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Editor-in-Chief
Harald Kristian (Kris)
Heggenhougen received
his BA in English and
American Literature
from Bowdoin College,
Maine, USA, an MA in
Sociology and his PhD
in Anthropology from
the New School for
Social Research, New
York City. He was a Pro-
fessor (now retired),
Department of Interna-
tional Health, Boston University School of Public Health,
(and Department of Anthropology at BU, Boston USA
(1999–2008)) where he will continue as an Adjunct
Professor. He is also an Adjunct Professor at the Centre
for International Health, University of Bergen, Norway
and a Lecturer in the Department of Social Medicine,
Harvard Medical School. He has carried out extensive
health and behavior/medical anthropological research
for several years each in Guatemala, Malaysia and
Tanzania and since starting out in Norway he has lived
and worked for at least three years on each of five con-
tinents and speaks a number of languages. Prior to his
professorship at Boston University he was for ten years
(1990–1999) an Associate Professor at Harvard Medical
School and at Harvard School of Public Health, and for
ten years prior to that was a Senior Lecturer at the
London School of Hygiene and Tropical Medicine
(1979–1999).
He is a fellow of the American Public Health Associa-
tion, the American Anthropological Association (and
other associations) and was for six years the Senior Editor
for Medical Anthropology of the journal Social Science and
Medicine,. From 1999 to 2008 he was a member of the
Committee on Social, Economic and Behavioural of
TDR/WHO, and he was also a consultant to WHO’s
EPI (immunization) program in the 1980s. In addition to
his academic activities, over the past 30 years he has
carried out consultancy work with UK, Scandinavian
and other development agencies in a range of countries
from Bhutan to Bolivia.

His most recent book (co-edited with J. Lugalla) is
Social Change and Health in Tanzania (2005). Some of
his other books include The Behavioural and Social Aspects

of Malaria and Its Control (2003), co-authored with V.
Hackethal and P. Vivek, Reaching New Highs: Alternative

Therapies for Drug Addicts (1997) and (with P. Vaughan,
E. Muhondwa and J. Rutabanzibwa-Ngaiza Community

Health Workers—The Tanzanian Experience (1987).
Among numerous book chapters is one based on his talk

at the 8th World Federation of Public Health Associations
meeting in Arusha, Tanzania, ‘‘A Return to Arusha – Struc-
tural Adjustment, Indeed! Violence, Globalization, Health
and Human Rights’’ which appeared in Health in Transition:

Opportunities and Challenges (1999). He has written more than
60 peer reviewed journal articles and numerous reports.

His research interests include health and development;
social change and health; the alternative therapies for
drug addiction; adolescent health and sexuality, including
the health and welfare of orphans (affected by AIDS); the
New Public Health, and the interaction of health, human
rights, inequity and poverty.
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Associate Editor-in-Chief
Stella Quah (Ph.D) is
Professor of Sociology
at the National Univer-
sity of Singapore. She
began conducting socio-
logical research on
health behaviour in
Singapore in 1972, initi-
ally at the Department
of Community Medicine
and Public Health and
later on at the Depart-
ment of Sociology of the National University of Singapore
(formerly known as the University of Singapore). She
was awarded a Fulbright-Hays scholarship from 1969
to 1971. Her research and professional activities include
sabbaticals as Research Associate and Visiting Scholar
at the Institute of Governmental Studies, University of
California Berkeley (1986–87); the Center for International
Studies at the Massachusetts Institute of Technology and
the Department of Sociology at Harvard University
(1993–94); the Harvard-Yenching Institute, Harvard
University (1997); the Stanford Program in International
Legal Studies, Stanford University (1997); the National
Centre for Development Studies, Australian National
University (2002); and the Walter H. Shorenstein Asia-
Pacific Research Center, Spogli Institute for Interna-
tional Studies, Stanford University (2006). She was
elected Vice-President for Research of the International
Sociological Association (ISA) and Chairperson of the
ISA Research Council for the session 1994–1998; and
served as Associate Editor of International Sociology

(1998–2004). As part of her professional activities, Stella
Quah serves in institutional review boards; is member of
the Society for Comparative Research (US); and is member of
international Editorial and Advisory Boards of several
referee journals. She has published extensively on medi-
cal sociology, public policy and family sociology. Among
her most recent publications are Crisis Preparedness: Asia

and the Global Governance of Epidemics, ed., (Stanford, CA:
Stanford University Shorenstein APARC & Brookings
Institution, 2007); ‘‘Public image and governance of epi-
demics: Comparing HIV/AIDS and SARS,’’ Health Policy,
volume 80, 253–272, 2007; ‘‘Crisis Prevention and Man-
agement during SARS Outbreak, Singapore’’, Emerging
Infectious Diseases, Vol. 10, No. 2 (February), 364–368,
2004, with Lee Hin Peng; ‘‘Traditional Healing Systems
and the Ethos of Science,’’ Social Science and Medicine, 57,
10, pp. 1997–2012, 2003; the International Handbook of

Sociology (London: Sage, 2000) edited with Arnaud
Sales; and Families in Asia: Home and Kin (London:
Routledge, forthcoming).
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Hilda Bastian is the
head of the Health Infor-
mation Department at
IQWiG (German Insti-
tute for Quality and Effi-
ciency in Health Care).
She is responsible for
the development
of evidence-based con-
sumer health informa-
tion, and is editor of
IQWiG’s bilingual
website for the public: Gesundheitsinformation.de
(Informed Health Online). She had previously been
responsible for developing evidence-based consumer
health information websites for the Cochrane Collabora-
tion. Ms. Bastian was for several years Coordinating Editor
of the Cochrane Collaboration’s Review Group on Con-
sumers and Communication, responsible for developing
systematic reviews on the effects of communication and
information on consumers. She had about 20 years’ experi-
ence in the field of consumer health advocacy, when her
career in health began in maternity consumer advocacy.
Stefan Beissert received
hisM.D. from theUniver-
sity of Goettingen, Goet-
tingen, Germany. He was
a post-doctoral fellow at
the Cutaneous Biology
Research Center, Massa-
chusetts General Hospi-
tal, Harvard University,
Boston, between 1993–
1995. He did his derma-
tology residency at the
University of Muenster,
Muenster, Germany. In
2001 he was promoted by the German Research Association
(DFG) to become a Heisenberg-Associate Professor in
Dermatology. In 2005 Dr. Beissert was recruited by the
Department of Dermatology in Muenster as a full professor
for dermatology. His research is funded by several grants
from the DFG, German Cancer Society, and industry. The
main research focus of his laboratory is functional genomics
of the skin, modulation of dendritic cell antigen-presenting
function, development and regulation of T cell function,
mechanisms of photocarcinogenesis, mechanisms of immu-
nological tolerance and its breakdown, and cutaneous innate
immunity. His clinical interest is the establishment of
more efficient and safer systemic immunosuppressive
treatment regimens for patients with bullous autoimmune
disorders and chronic inflammatory skin diseases. He
received several international awards for his contribution
in science. His work was published in journals such as
Lancet, Nature Medicine, Journal of Experimental Medi-
cine, Journal of Immunology, Blood, etc.
Annette Braunack-
Mayer is Associate Pro-
fessor in Ethics in the
Discipline of Public
Health at the University
of Adelaide, where she
teaches public health
ethics and qualitative
research methods to
graduate and under-
graduate students. She
holds an adjunct
appointment as Consul-
tant Ethicist for Ade-
laide Health Technology Assessment. Her current
research primarily concerns the ethical and social impacts
of inventions in health care, with a particular focus on
community involvement in decision making about new
technologies.
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Kent Buse is a political

economist with expertise
in health policy analysis.
He currently serves as a
Research Fellow at the
Overseas Development
Institute, London, the
UK’s leading indepen-
dent think tank on inter-
national development.
He has previously taught
at Yale University and at
the London School of Hygiene andTropicalMedicine. He
has worked and consulted for a range of organizations
including the World Bank, UNAIDS, the Global Fund,
UNICEF, DFID, WHO, UNFPA as well as for national
governments and major public–private health partnerships
(e.g., PMNCH, GAIN) at headquarters and field levels. He
holds a PhD in policy analysis and an MSc (Econ) in health
policy, planning, and financing. His most recent book is
Making Health Policy (Open University Press), which was
short-listed for the Baxter award. He has co-edited Health

Policy in a Globalizing World (Cambridge) and is presently
lead editor of Making Sense of Global Health Governance (Pal-
grave) and is the Policy Section editor of this Encyclopedia of
Public Health.
Guy Carrin is senior
health economist and
coordinator in the
Department of Health
Systems Financing at
the World Health
Organization in Geneva,
Switzerland. He is also
part-time professor of
health economics at the
University of Antwerp
(Belgium). He published
extensively in the areas
of social security, macro-
economic modelling,
and health economics. In the field of health economics,
he is the author of ‘‘Economic Evaluation of Health Care in

Developing Countries’’ and ‘‘Strategies for Health Care Finance
in Developing Countries’’. He is co-editor of ‘‘Macroeconomic

Environment and Health’’ and ‘‘Health Financing for Poor

People’’ and of a special issue of Social Science and Medicine

on ‘‘The Economics of Health Insurance in Low and Middle-

income countries’’.
He holds a M.A. and Ph.D. in economics from

the University of New Hampshire (USA) and the Univer-
sity of Leuven (Belgium), respectively. He was Canada
Council fellow at the University of Toronto (Canada),
econometrician at the Institut d’Economie Quantitative
in Tunis (Tunisia), researcher at the Center for Opera-
tions Research and Econometrics in Leuven, Takemi
Fellow in International Health at the Harvard School
of Public Health, economic adviser to the Minister of
Public Health of the Federal Government of Belgium and
adjunct-professor of public health at Boston University.
Sally Caswell is Profes-
sor of Social and Health
Research and the Direc-
tor of the Centre for
Social and Health Out-
come Research and
Evaluation (SHORE)
Massey University. Her
research interests are in
social and public health
policy, particularly in
relation to alcohol and
other drugs. In 1993
Professor Casswell received the Jellinek Award, which is
the premier international award for alcohol research. She
has a particular interest in development and implementa-
tion of healthy public policy on alcohol marketing and
policy implementation and evaluation at the community
level. She has a long association with the World Health
Organisation, chairing expert advisory committees, partici-
pating in working groups and on editorial committees
which have produced two volumes on Alcohol and Public
Policy published by Oxford University Press (1994 and
1995) and a follow-up project which resulted in the publi-
cation Alcohol, No Ordinary Commodity: Research and
Public Policy; Oxford University Press, 2003. She is cur-
rently a member of theWHOExpert Panel on Alcohol and
Drug Dependence and SHORE is a WHO Collaborating
Centre. Professor Casswell is a Fellow of the Royal Society
of New Zealand and an Officer of the Order of
New Zealand.
Michel Coleman cur-
rently leads the Cancer
Research UK Survival
Group at the London
School of Hygiene &
Tropical Medicine. Pre-
viously he was Deputy
Chief Medical Statisti-
cian at the Office for
National Statistics and
Head of the Cancer and
Public Health Unit at the
School. He has worked
for the International
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Agency for Research on Cancer in Lyon and was Medical
Director of the Thames Cancer Registry in London.

His main interests include trends in cancer incidence,
mortality and survival, and the application of these tools
to the public health control of cancer. He is involved in a
wide range of projects to quantify, describe and explain
patterns and trends in cancer survival by socio-economic
group, geographic area and ethnicity, as well as extending
the methodology and tools for survival analysis including
developing a STATA program for relative survival analy-
sis. Projects include updating national estimates of the
socio-economic gradient in cancer survival in England
and Wales among four million adults diagnosed with
one of 20 major cancers between 1971 and 1999, and
producing survival estimates for patients with one of
8 major cancers in English Health Authorities for use as
NHS High-Level Performance Indicators. He co-ordi-
nates the CONCORD project comparing survival
among over 2 million patients diagnosed with cancer of
the breast, bowel or prostate during 1990–94 and followed
up to 1999 in over 30 countries on five continents.
Paul R. Epstein, M.D.,
M.P.H. is Associate
Director of the Center
for Health and the
Global Environment
at Harvard Medical
School (http:/ /chge.
med.har vard .edu), and
has worked in medical,
teaching and research
capacities in Africa,
Asia and Latin
America. In 1993, Paul
coordinated an eight-
part series on Health
and Climate Change for The Lancet. Paul has worked
with the IPCC, the NAS, NOAA and NASA to assess the
health impacts of climate change and develop health
applications of climate forecasting and remote sensing.
He coordinated Climate Change Futures: Health, Ecological

and Economic Dimensions, an international project with
Swiss Re and the UNDP and is currently coordinating a
‘Cat Modeling Forum’ with A.I.G. and Lloyd’s of London
to facilitate integration of dynamic and statistical models
for better risk assessment and reduction. Paul is also
preparing a report that examines the ‘‘stabilization
wedges’’ through the lens of health and ecological safety.
Valery L. Feigin is a

neurologist and Associ-
ate Professor at the
Clinical Trials Research
Unit, School of Popula-
tion Health, The Uni-
versity of Auckland,
New Zealand. He
graduated in medicine
from the State Medical
School of Novosibirsk,
Russia and undertook
advanced training in
neurology and clinical epidemiology (PhD: Institute of
Neurology, Moscow, Russia; Master of Science in Clinical
Epidemiology: Mayo Clinic, Rochester, MN, USA and
Erasmus University, Rotterdam, The Netherlands).
Valery has contributed to the design and performance of
a number of national and international research projects
in stroke, including the WHO MONICA Project and
various clinical trials research unit projects including the
Freemasons Health Study, Auckland Regional Commu-
nity Stroke (ARCOS) study, the Neuroprotection Involv-
ing Cooling Evaluation in Stroke Study (NICE), Asian
Pacific Cohort Studies Collaboration (APCSC), and the
POLYPILL Recruitment pilot study. Valery is currently a
principal investigator of the Auckland Stroke Outcomes
(ASTRO) study and a named investigator on the Stroke
Attention Rehabilitation Trial (START), POLYPILL fea-
sibility study, and POLYPILL IMPACT (IMProving
Adherence using Combination Therapy) trial projects.
Valery is a member of a number of international profes-
sional societies, founding member of the Scientist Panel
on Neuroepidemiology and Task Force on Teaching of
Clinical Epidemiology of the European Federation
of Neurological Societies, and a Faculty member of Edu-
cational Activities in Eastern Europe of the European
Federation of Neurological Societies. Valery is a member
of the editorial boards of several medical journals and
serves as a peer-reviewer for a number of medical orga-
nizations and journals. He has authored and/or co-
authored over 200 scientific publications on stroke epide-
miology, prevention and management, including several
handbooks, book chapters, Cochrane systematic reviews,
and guidelines for physicians. He was a recipient of a
number of prestigious national and international awards
and distinctions, including a Fogarty International Centre
Research Grant Award (National Institute of Neurological
Disorders & Stroke of the Mayo Clinic, Rochester, MN,
USA), the Bruce Shoenburg International Award and Lec-
ture in Neuroepidemiology (American Academy of

http://chge.med.harvard.edu
http://chge.med.harvard.edu
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Neurology), the Gedeon Richter Award for Studies on
Cavinton in Acute Stroke, Honorary Professor (Novosi-
birsk State Medical Academy), and Professor of Neurology
(Russian Academy of Medical Sciences). Valery’s areas of
special interest are stroke prevention, epidemiology, and
treatment.
Ken Fox does com-
munity pediatrics. A
physician and medi-
cal anthropologist, he
works to make a prefer-
ential option for the
poor in health care as
a clinician, advocate,
scholar and teacher.

A graduate of the
Pritzker School of Med-
icine at the University
of Chicago, he trained
in Pediatrics at Children’s Hospital in Boston. After fel-
lowship as a Robert Wood Johnson Clinical Scholar at
the University of Pennsylvania, he worked in the Depart-
ment of Social Medicine at Harvard Medical School
under the direction of Arthur Kleinman. There he
co-directed a course with Paul Farmer and Jim Kim of
Partners in Health called ‘‘The Social Roots of Health
and Illness.’’

Dr. Fox later served as an Assistant Professor of
Pediatrics at Boston University Schools of Medicine
and of Public Health where he continued to bridge the
worlds of academic general pediatrics, anthropology
and clinical practice. He has extensive experience on the
frontlines of public health as a primary care physician
in several urban US health centers and has directed
community based projects in the US and abroad in col-
laboration with Partners in Health and Physicians for
Human Rights.

Dr. Fox is the recipient of numerous grants and awards
from The WK Kellogg Foundation, the Open Society
Institute, The Ford Foundation, the Fulbright Commis-
sion and the Institute for Health and Social Justice.

He has lectured nationally and internationally and
published on a wide range of topics from ‘‘poverty and
child health’’ and ‘‘racial inequities in health and care’’ to
‘‘cultural competence in medicine’’ and ‘‘the uses of hip
hop in health and human rights promotion.’’

Dr. Fox is currently a staff physician at Erie Family
Health Center and an Assistant Clinical Professor of
Pediatrics at Northwestern University’s Feinberg School
of Medicine.
Jeffrey Griffiths

trained as an infecti-
ous diseases consultant,
internist and pediatri-
cian. He was educated
at Harvard College,
Albert Einstein College
of Medicine, Tulane
University School of
Public Health and
Tropical Medicine,
Yale-New Haven Hos-
pital, Harvard School
of Public Health, and Tufts-New England Medical
Center. He current research is in the emerging disease
pathogen Cryptosporidium, the use of micronutrients to
ameliorate or prevent infectious diseases in malnourished
children, innovative curricula to link international sites,
and an heat stable measles vaccine. His research has been
funded by the US National Institutes of Health, the Envi-
ronmental Protection Agency, the Gates Foundation,
and the US Agency for International Development.
Dr. Griffiths has served on the US EPA’s National Drink-
ing Water Advisory Council and the EPA’s Science
Advisory Board’s Drinking Water Panel.
James Harlan, MD,
FACP, FACPM,
FAAFP, FAHA,
received his MD magna

cum laude from the
Medical College of
Virginia and trained
in internal medicine at
Duke University, with
subsequent training in
cardiology and bio-
chemistry at that insti-
tution. During a career
in academic medicine,
he has been a professor of medicine at Duke University,
University of Alabama, Birmingham, and The University
of Michigan. At the last two schools, he was also associate
dean of the schools of medicine. In 1987, Dr. Harlan
became Director of the Division of Epidemiology and
Clinical Applications at the National Heart, Lung and
Blood Institute, NIH. In this position, he was responsible
for the portfolio development and oversight of observa-
tional and interventional clinical research studies sup-
ported by the Institute. In 1991, Dr. Harlan was named
Associate Director for Disease Prevention for NIH and
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charged with the development of the Women’s Health
Initiative, a large multidimensional set of clinical trials
and observational studies. He was also responsible for
development of the National Center for Complementary
and Alternative Medicine and the Office of Dietary Sup-
plements at the NIH. Dr. Harlan retired from the govern-
ment in 2001, and has served as Senior Advisor on clinical
trials at the National Institute of Mental Health. He is
currently a senior consultant with ClinicalTrials.gov
(National Library of Medicine) on registration and results
reporting.
Craig R. Janes is
currently Professor and
Associate Dean (acade-
mic) in the Faculty of
Health Sciences at Simon
Fraser University. Prior to
coming to SFU he was at
the University of Color-
ado, Denver & Health
Sciences Center. There he
developedanddirected the
Ph.D. program in Health
and Behavioral Sciences.
Janes is a medical anthropologist interested in and
committed to social science approaches to public health
and global health policy. He received his B.A. degree in
Anthropology from the University of California, San
Diego in 1975; an M.A. degree in Anthropology from
the University of Colorado-Boulder in 1978, and his
Ph.D. in Medical Anthropology from the University of
California, Berkeley & San Francisco, in 1984. He has just
finished a three year term as president of the Society for
Medical Anthropology. Dr. Janes has worked on the prob-
lem of the globalization of market-based health reform
policy since the early 1990s, first in southwestern China
(Tibet), and most recently in Mongolia. In addition to the
work on health reform in Mongolia, he has also done
research there on the social determinants of maternal
and child health. At present he is funded by the National
Science Foundation of the U.S. to examine the impact of
recent climate disasters on herding households in rural
Mongolia.
Judith Justice is a

faculty member in
Medical Anthropology
and Health Policy at
the University of Cali-
fornia at San Francisco.
Research interests
include international
and national health
policy; foreign aid to
the health sector;
health and development; cultural context of emerging
and re-emerging infectious disease, and stigmatized
health conditions (e.g., HIV/AIDS, leprosy and tubercu-
losis); reproductive and child health; new vaccines and
immunization; and, the role of NGOs. Professor Justice
has conducted research in South and Southeast Asia and
Africa, and served as an evaluator for foundations and
international organizations, in addition to earlier working
with the United Nations and UNICEF/India. Her
research includes multi-country studies of the political
and cultural dimensions of reproductive and child health,
studies on immunization and adoption of new vaccines,
and a twenty-five year restudy of the fit between interna-
tional health polices and local needs in Nepal, which was
earlier published as Policies, Plans and People: Foreign Aid and
Health Development. Current research also focuses on Reli-
gious Organizations and HIV/AIDS in Malawi, and the
Role of Stakeholders in the California Stem Cell Initia-
tive. She has served on academic and professional review
panels, NGO boards and advisory groups, and is currently
a member of the steering committees of several interna-
tional forums.
Japhet Killewo is a
professor of Epidemiol-
ogy at the Muhimbili
University of Health
and Allied Sciences
(MUHAS) in Tanzania.
He teaches epidemiol-
ogy and biostatistics
as regular university
courses to undergradu-
ates and post-graduate
students and offers
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short courses in data management, research methodology
and monitoring and evaluation to other scholars. He does
research in communicable and non-communicable dis-
eases is currently involved in a large field study for
monitoring HIV infection trends and evaluating the
impact of HIV interventions in one of the twenty regions
of Tanzania. His teaching and research experience started
in 1980 when he joined the university. He has also worked
with the International Centre for Diarrhoeal Disease
Research (ICDDRB) in Bangladesh as part of his sabbati-
cal period in the university for four years (1999–2003)
doing research in reproductive health.

JK has critically reviewed a considerable number of
research proposals and manuscripts for various peer
reviewed international journals. JK has published widely
in local as well as international journals and has written
chapters in books. There are more than 55 published
articles in journals to his credit. Conference papers and
reports include more than 24 papers and reports in a
variety of topics in conference proceedings and in un-
published reports.
Jonathan I. Levy is an
associate professor of
Environmental Health
and Risk Assessment
in the Department of
Environmental Health
at Harvard School of
Public Health. He
received his Sc.D. from
Harvard School of
Public Health in Envi-
ronmental Science and
Risk Management, with
a B.A. in Applied Mathematics from Harvard College. His
research focuses on developing models to quantitatively
assess the health impacts of air pollution from local to
national scales, with a focus on urban environments.
Recent research efforts include using geographic infor-
mation systems to determine spatial heterogeneity in
indoor and outdoor air pollution in low-income urban
neighborhoods; and developing methods to better charac-
terize the magnitude and distribution of health benefits
associated with emissions controls for motor vehicles and
power plants, with consideration of environmental justice
issues. Dr. Levy was the recipient of the Walter
A. Rosenblith New Investigator Award from the Health
Effects Institute in 2005, and he served on the NRC
Committee on the Effects of Changes in New Source
Review Programs for Stationary Sources of Air Pollutants
and the NRC Committee on Improving Risk Analysis
Methods Used By the U.S. EPA. He teaches graduate
and undergraduate courses at Harvard related to risk
assessment and the urban environment.
John Lynch is Profes-
sor of Epidemiology
and Canada Research
Chair in Population
Health at McGill Uni-
versity in Montreal.
His research interests
include: life course
processes and health at
the individual and pop-
ulation levels; child
and adolescent health;
methods for monitoring
levels and trends in
health inequalities, and; comparing the effectiveness of
intervention strategies to improve population health and
reduce health inequalities.

He has more than 150 publications and has research
collaborations in Australia, Brazil, Britain, Canada, Den-
mark, Finland, Korea, Sweden and the US. He has received
research funding from the National Heart, Lung and Blood
Institute (NHLBI), National Institute for Child Health and
Development (NICHD), the Centers for Disease Control
and Prevention (CDC), National Cancer Institute (NCI),
RobertWood Johnson Foundation (RWJF), Canadian Insti-
tutes for Health Research (CIHR), and the Government of
Canada. He has served on international review boards and
working groups including the World Health Organization,
European Science Foundation, National Institutes of
Health, Wellcome Trust, UK Medical Research Council
and UK Biobank. He teaches graduate courses in life
course epidemiology, population health, and advanced epi-
demiological methods.
James Maguire is Pro-
fessor of Medicine
at Harvard Medical
School and Senior Phy-
sician in the Division of
Infectious Diseases at
Brigham and Women’s
Hospital in Boston,
Massachusetts. He re-
ceived the MD degree
from Harvard Medical
School, MPH in Tropi-
cal Public Health at
the Harvard School of Public Health, and training in
Internal Medicine and Infectious Diseases at the Peter
Bent Brigham Hospital in Boston. His work focuses on
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clinical and epidemiological aspects of parasitic diseases,
primarily in Latin America and Asia. His former positions
include Chief of the Parasitic Diseases Branch at the Cen-
ters for Disease Control and Prevention (CDC) in Atlanta,
Georgia, and Director of the Division of International
Health at the University of Maryland School of Medicine.
He has published over 150 original articles and book chap-
ters and serves as a section editor of the American Journal
of Tropical Medicine and Hygiene. He is the recipient of
numerous teaching awards and the Bean Kean Medal from
the American Society of Tropical Medicine and Hygiene,
and was elected to the American Society of Epidemiology.
Kenneth Manton is a
formal demographer
and health physicist
who develops and
applies mathematical
models of health and
disability changes to
the U.S. elderly popula-
tion. He has also worked
extensively with the
WHO on models of
chronic disease inci-
dence and prevalence
and population aging in developed countries. Dr. Manton
has published several books on statistical methods and the
use of fuzzy set models and has extensively published on
the effects of health care on changes in the health and
functional status of the elderly population of the United
States. He was the principal investigator on the 1989–2004
National Long Term Care Survey (NLTCS) and was one
of the first researchers to identify the recent acceleration
of declines in the prevalence of chronic disability among
U.S. elderly persons. He has also done extensive analyses
of the Medicare and Medicaid use and expenditures in
the U.S. elderly population. His recent work has focused
on interdisciplinary analyses of health processes using
extensions of multivariate Fokker-Planck equations by
describing fuzzy state systems and how disability rate
declines at later ages may be fostered by various interven-
tion scenarios. In addition, Dr. Manton has analyzed how
the effects of investment in biomedical research may
stimulate future economic growth.
Jonathan Mayer is

Professor of Epidemi-
ology and Geography
and Adjunct Professor
of Medicine (Division
of Allergy and Infec-
tious Diseases), Family
Medicine, and Health
Services, at the Univer-
sity of Washington in
Seattle, Washington. He is also Co-Director of the Under-
graduate Program in Public Health, and a member of the
International Health Faculty. Professor Mayer’s research
is in the epidemiology of infectious diseases, tropical
vectorborne diseases, and the epidemiology of pain and
accessibility to pain services and treatment. He is also a
researcher in the health effects of disasters, and in urban
slum health in developing countries. Mayer has served on
numerous Institute of Medicine and National Academy of
Sciences committees, as well as committees at the US
National Institutes of Health. He is also President and
founder of an NGO, the Health Improvement and Pro-
motion Al liance (HIP-Ghan a; see www.HIP-G hana.or g)
which works on improving public health and sanitation in
the largest slum in Accra, Ghana.
Terry O’Connor is a
practicing Respiratory
Physician with an
interest in tuberculosis
and other mycobacte-
rial diseases. He pro-
vides a regional service
for mycobacterial dis-
ease in the south of the
Republic of Ireland
with a catchment pop-
ulation of more than
500 000 people, run-
ning a busy tuberculo-
sis clinic with inpatient
beds for the small number of patients who need super-
vised therapy and are unsuitable for DOTS. He has
an interest in the global perspective of tuberculosis,
particularly because of a recent influx of immigrants
from developing countries to the Republic of Ireland.

www.HIP-Ghana.org
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Vikram Patel is a psy -

chiatrist commit ted to a
public health appro ach
to men tal health
problem s in und er-
resource d setting s. He is
a Prof essor of Inter na-
tional Menta l Health
and Wellcome Tr ust
Senior Clini cal Resea rch
Fell ow at the London
School of Hygi ene &
Tropical Medicine,
London. He holds hon-
orary prof essor ships at the Institu te of Psych iatry (Lon-
don), the Public Health Found ation of India and the
Univer sity of Me lbour ne and is an Honora ry Consul tant
Psychiatrist with the SLA M Tr us t, Londo n. His recent
books inc lud e Where There Is No Psychiatrist (Gaskell,
2003); Meet ing Mental Health Needs in Developing Co untries:

NGO Innovations in India (Sage Ind ia, 2003); and textbook s
of psych iatry for South Asia (2005) and sub-Sahar an
Africa (2005). He was an editor of the re cent Lanc et Serie s
on Gl obal Mental Heal th (2007). He is based in Goa,
India, where he serves on the boards of three community
based NGOs, including Sangath, a leading community
ment al health NGO (www.sangath. com). In Goa, he
leads mental health research projects focusing on the
influence of social determinants and cultural factors on
mental health, the treatments of mental disorders in com-
munity and primary care settings, and the interface of
mental health with other public health priorities in devel-
oping countries such as maternal and child health and
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FOREWORD 1
I warmly welcome this comprehensive guide to the many diseases, conditions, methods, approaches, and areas of
controversy and consensus that make up the challenging yet fascinating field of public health. As reflected by the vast
scope of this encyclopedia, public health has multiple dimensions over a broad range of areas, and relies on contributions
from an increasingly broad range of disciplines.

The impact of public health is historically greatest following the introduction of population-wide preventive
strategies that do not require behavioral change. The fortification of salt with iodine is one classic example. Childhood
immunization is another. Yet many fundamental determinants of health, such as adequate nutrition, sanitation, safe water,
and safe living and working environments, reside in sectors beyond the direct control of public health. Moreover, in our
closely interdependent and interconnected societies, the interests of public health are increasingly pitted against those of
powerful industries, with powerful marketing strategies.

International trade agreements influence the availability and prices of commodities, including food and pharmaceu-
tical products, often with little regard for the impact on health. At the same time, phenomenal increases in international
air travel, with airlines now carrying more than 2 billion passengers each year, have made emerging and epidemic-prone
diseases a much larger menace.

More and more, public health has strong political dimensions at the international level. More and more, public health
needs evidence, also from economic studies, to increase its bargaining and persuasive power.

This encyclopedia is issued at a time of unprecedented interest and investment in health. In particular, the
Millennium Declaration and its goals recognize the central place of health on the development agenda, and acknowledge
the contribution of health to poverty reduction. Health has also gained status as a fruitful – and friendly – arena for
foreign policy. Health is a foundation of prosperity and contributes to stability, and these are assets in any region, for any
state.

While most welcome, this elevated status of public health is also a challenge. More attention means closer scrutiny,
and resources come with an expectation of results. Advances in medical and scientific research continue to introduce new
technologies, new generations of drugs, and vaccines for new diseases, and these innovations are nearly always more
expensive. Public health is left to grapple with the obvious question: who pays, and how? The World Health Organization

(WHO) estimates that, each year, out-of-pocket health expenses cause 150 million people to suffer financial catastrophe
and push 100 million people below the poverty line. As this is a time when health is regarded as a poverty-reduction
strategy, ways must be found to ensure that the costs of health care are not themselves a driver of poverty.

Everywhere, health is being shaped by the same powerful forces. Urbanization and demographic aging are global
trends. The epidemiological transition has been joined by nutritional and behavioral transitions. Chronic diseases, long
considered the companions of affluent societies, now impose their greatest burden on low- and middle-income countries.
In developing countries, health systems still struggling to manage infectious diseases must now also cope with the
demands of long-term care for a growing number of patients with heart disease, cancer, diabetes, asthma, and other
chronic conditions. While prevention is by far the better approach, the lifestyle-related factors that increase the risk for
these diseases lie beyond the direct control of public health.

Everywhere, the costs of health care are increasing. The expectations of consumers are rising. And gaps in health
outcomes are growing wider, both between and within countries. The law of inverse care holds true: the availability of
good medical care tends to vary inversely with the need for it in the population served.

The world has never before possessed such a powerful arsenal of technologies for curing diseases and prolonging lives.
Yet each year, more than 10 million young children and pregnant women have their lives cut short, largely due to
preventable causes. Fairness in access to the benefits of medical progress and equity in access to essential care remain
fundamental concerns for public health. Questions about equitable, predictable, and sustainable access to care become
lv
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especially critical for a disease like HIV/AIDS, where therapy with antiretroviral drugs is lifelong and an interruption in
the supply of medicines is, quite literally, a death sentence.

In public health today, the weakness of health systems is arguably the greatest impediment to achievement of the
health-related Millennium Development Goals. Commitment, cash, and commodities cannot boost adequate progress in
the absence of delivery systems capable of reaching those in greatest need, on an adequate scale, in time.

For a variety of reasons, governments and the donor community have historically lacked incentives to make long-term
investments in health systems. Nor will health systems automatically gravitate toward greater fairness in the distribution
of health benefits or equity in access to essential care. Doing so arises from deliberate political decisions. Without such
decisions, steady advances in medicine and science will continue to benefit the privileged few, the poor will continue to
be excluded from basic essential care, and the current great imbalance in health outcomes will grow more acute.

Thirty years ago, in 1978, the Declaration of Alma-Ata articulated primary health care as a set of guiding values for
health development, a set of principles for the organization of health services, and a range of approaches for addressing
both priority health needs and the fundamental determinants of health. Primary health care sought efficient population-
wide solutions aimed at reducing gaps in health outcomes, with prevention on a par with cure, and resources invested
rationally in the different levels of care. Fairness and equity were its guiding values – values now revitalized by the
Millennium Declaration and its goals.

Users of this encyclopedia will have a chance to explore these and a multitude of other issues that make work in public
health so complex and challenging, and yet ultimately so rewarding. I challenge you to consider these issues in the
context of the overarching need for fair and equitable access to quality health care, always giving priority to unmet needs,
and always seeking ways to maximize the efficient use of resources. Apart from strong humanitarian and ethical
imperatives, doing so serves the self-interest of all nations. A world that is greatly out of balance in matters of health
is neither stable nor secure.

Dr. Margaret Chan
Director-General, World Health Organization



FOREWORD 2
From the overweening ambition of Diderot to the fusty reliability of the Encyclopedia Britannica—once staples of middle-
class libraries on at least two continents and several islands—collected knowledge has always required research,
synthesis, and discernment. But the notion that anything in print could ever be, however fleetingly, encyclopedic has
been challenged by new technologies that make it possible for anyone with access to a computer to find scores of entries
regarding even the most arcane topics. As Wikipedia, with over two million entries in English alone, becomes linked to
powerful search engines and is able to engulf important (if uncopywritten) collections of knowledge, why bother to try
and publish a book or series of them with the word encyclopedia in the title?1 Who can be trusted, especially in this age,
to sift through the veracity of contested claims and provide us with clear and concise definitions, syntheses, and
conclusions? Who might be entrusted with the process of research, synthesis, and discernment?

The answer to these rhetorical questions is simple enough: editors and authors.
Editors, but not just any editors, and not just any format; authors, but not just any authors. The latter are charged with

distilling complex bodies of knowledge into short articles. The task of charting the life of key concepts, or even of listing them,
involves summarizing clearly and fairly the contributions of researchers and of certain ‘‘schools’’; identifying the content and
lineage of these concepts and bodies of research; and weighing their value within a discipline. In a word, discernment.

In no arena is this more important than in public health, and The International Encyclopedia of Public Health is a tour de
force in sorting through the history and prospects of important (and often contested) arenas of research and policy. Public
health, it has been observed, is less a discipline than a collection of problems—and a hodgepodge of problems, at that. It
does not have any one agreed-upon methodology, but rather draws on many, including quantitative methods such as
epidemiology and, increasingly, the social sciences. It’s worth underlining the qualitative/quantitative divide, since these
articles—over 500 of them—are authored and edited by experts spanning many paradigms and disciplines. This
encyclopedia also offers, through its articles, what amounts to the first draft of a modern history of a field which,
while by some accountings more than two centuries old, is just now burgeoning.

It is fitting that the editor-in-chief, Kris Heggenhougen, is a medical anthropologist, representing one of the social
sciences poised to improve our understanding of public health. In an effort to contemplate problems ranging from
malnutrition to arms control, who better than an anthropologist to weigh the value of contributions from more than a
dozen different disciplines? In addition to being an important contributor to medical anthropology, Heggenhougen has
deep public health experience, having conducted long-term multidisciplinary research on three continents. He has also
been an important teacher of medical anthropology within several schools of medicine and public health. His even-
handedness is apparent throughout this encyclopedia, which offers an excellent summary of key concepts, ranking
challenges, and the works of those who have contributed to the field.

Preparing an encyclopedic overview of a subfield of medicine, such as Harrison’s Internal Medicine, is in some ways a
less difficult task than the one accomplished in The International Encyclopedia of Public Health. Claims of causality are always
contested in public health and in medicine, but the contests are often much longer-lived in public health than in
pathophysiology—especially when public health includes, as it should, examinations of who gets sick and why. It’s
difficult to say whether or not a certain contributor to the social sciences, or to public health, may be termed right or
wrong; contested claims cannot always be subjected to double-blinded, controlled studies. Even primarily ethnographic
books, those based on years of fieldwork, will likely be contested in time and on ethnographic grounds.

So too will epidemiological studies be contested not only on methodological grounds, but also in terms of what,
precisely, is the appropriate frame of analysis. Writing in 1995, Tony McMichael observed that modern epidemiology
‘‘assigns a primary importance to studying interindividual variations in risk. By concentrating on these specific and
presumed free-range individual behaviors, we thereby pay less attention to the underlying social-historical influences on
behavioral choices, patterns, and population health.’’2 One thing that sets The International Encyclopedia of Public Health

apart from other ostensibly similar attempts is the corrective to this myopia offered by the social sciences. The term
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‘‘social sciences,’’ adopted widely by the mid-twentieth century, does not mean that they are or should be scientific in the
way that, say, chemistry or molecular biology strive to be. Although anthropology, like sociology, has gone through phases
in which hypothesis-driven questions are to be answered by empiric research, the enduring strength of the discipline has
more to do with its central methodology—ethnography—and less to do with theories and hypotheses that fall in and out
of fashion. In a way, medical anthropology is the natural link between the basic sciences and public health writ large. It is
not that what are termed ‘‘the basic sciences’’ are immune to fads. They are not, as Thomas Kuhn suggested many years
ago3 and as ethnographic study of ‘‘laboratory life’’ has shown.4 But a benzene ring or the molecular structure of a certain
drug, once discovered or designed, does not change across horizons of time or space: chemistry and pharmacology are
essentially internationally replicable endeavors in a way that the social sciences and even epidemiology (the key
quantitative method in public health) are not. Rote memorization, which was much the fashion in medical schools
20 years ago, is now supplemented by more ‘‘problem-based learning,’’ but even today credentialing examinations in
medicine offer multiple-choice questions that are seldom contested.

While these volumes are published fully in English, contributors hail from 40 countries and many different languages.
There is no doubt that some readers will deplore certain lacunae: as a new field grows and as new information
technologies emerge, it is no longer possible to be truly encyclopedic in works such as this one. What we do need in
the age of the Internet are solid compendia of information that skip over arcane arguments and insignificant trends. The
past century has shown us that science changes rapidly, but public health and the social sciences are more tightly tied to
ideological frameworks and to certain schools of theory. This is not to disparage our collective endeavor, but rather to call
for assessments of any body of work to bring into relief those frameworks. Indeed, the longevity of encyclopedias in
tackling ranking challenges in public health will be determined not only by the discernment of editors but also by the
ability of authors of entries to situate contributors to the field in broader contexts of scholarship and in the history of the
discipline. The International Encyclopedia of Public Health manages to do just that.

A proliferation of texts and topics, a near infinity of data, and multiple methodologies lead us, I’ve argued here, to
need reliable compilations such as this one. To whom is this volume addressed? The best broad overviews are a godsend,
certainly, during graduate studies, when students are asked to digest impossible quantities of information and often
discrepant theories. This six-volume collection, one of the first to offer a comprehensive overview of global health, will
become a staple in libraries of public health, medicine, and graduate programs in the social sciences relevant to public
health. Beyond students,The International Encyclopedia of Public Health will have appeal among practitioners and teachers of
public health among others interested in the field and seeking an entry point to what must appear, from the outside, to be
an impossibly broad collection of problems.

Finally, this compilation, the fruit of others’ critical reading and synthesis, nonetheless helps us to read critically.
Some have recently argued that ready access to powerful search engines has weakened the modern reader’s ability to
concentrate on long or complex texts. Perhaps it is for this reason, among others, that we ask students not to cite
Wikipedia entries in term papers. But this is not so different from conventions established decades before Google: none
of us would have cited our own hasty excursions into other self-styled encyclopedic overviews in the same way that we
might have referred, in writing, to single-author overviews of public health.

Taking measure of a hodgepodge discipline, thinking and reading critically, and understanding key topics in historical
and social context: as regards public health, all three of these goals may be met more surely because of this important new
compendium. It addresses these unmet needs with clarity and as encyclopedically as is possible. For this, its readers have
reason to be grateful.

Paul Farmer, MD, PhD
Presley Professor of Social Medicine

Harvard Medical School
1In a recent book review in The New York Review of Books (‘‘The Charms of Wikipedia,’’ March 20, 2008;55[4], available at: http://www.

nybooks.com/articles/21131), Nicholson Baker outlines what was, to me, surprising information about the ways in which Wikipedia,
with its virtually limitless space, is redacted, altered, added to, and subtracted from. Because of the medium and mechanisms of editing,
strange things can happen to Wikipedia entries: an almost scholarly treatise on Harvard President James Conant Bryant can suddenly

be replaced by the words ‘‘He’s a big stupid head,’’ as occurred for 17 minutes in April, 2006. These cyber-attacks on meaning are
quickly caught and repaired, but serve as a reminder that there will likely always be a place for compendia and encyclopedias edited by
careful scholars with discernment.
2McMichael A (1995) The health of persons, populations, and planets: Epidemiology comes full circle. Epidemiology 6: 633–636.
3Kuhn TS (1962) The Structure of Scientific Revolutions. Chicago: University of Chicago Press.
4Latour B and Woolgar S (1986) Laboratory Life: The Construction of Scientific Facts. Princeton: Princeton University Press.



PREFACE
The field of public health has gone through considerable transformation and growth over the past decades. Advance-
ments have taken place at such a fast pace and with an ever-widening scope that it is time to take stock of what has been
accomplished. We endeavor in this International Encyclopedia of Public Health to provide a contemporary and comprehensive
account of what public health is today as a field of knowledge and practice.

One of the significant developments in the past three decades is that the field of public health has gone beyond a
biomedical focus on diseases to the current complementary scientific enquiry joining the biomedical with the social and
life sciences. The positive and very much needed synergy between biomedicine and social sciences in the field of public
health was the key theme of a former director of the World Health Organization (WHO) Committee on Medical
Research, Dr. V. Ramalingaswami, in his 1986 article ‘The Art of the Possible’ published in Social Science and Medicine. He
wisely pointed out that a great deal of progress could be made in public health by integrating the knowledge based on the
biomedical and the health social sciences. Interestingly, he was restating what Rudolf Virchow postulated more than a
century before, namely, that progress in public health, while dependent on new knowledge within independent
disciplines, requires, above all, integrated and interdisciplinary approaches. As the articles in this Encyclopedia
demonstrate, biomedical and social scientists today are actively engaged not only in collaborative interdisciplinary
research but also in advancing the knowledge in their own disciplines. It is through the combination of such approaches
to knowledge creation that we can best achieve a powerfully synergistic and integrated understanding of what is required
to improve public health, and of how to get there.

Public health has benefited from scientific inputs from biomedicine and the trend toward evidence-based research
both in biomedicine and the social sciences. The multidisciplinary character of current public health has established that
public health accomplishments inevitably depend on social and life science as well as biomedical evidence, analyzed
rigorously according to the norms and methodology of each discipline.

The diversity of conceptual and methodological approaches from the various fields of knowledge contributing to
public health has led to the coexistence of different schools of thought within the field: from the purely scientific or
laboratory-based studies and rigorous social science research to the experiences of practitioners and personal accounts of
activist and advocate groups. This dynamic range of perspectives is well represented in the 505 articles of the
Encyclopedia.

The advent of Primary Health Care (PHC) in 1978 – which may still be a dream for a better future, but not an
impossible dream – underscored the importance of what are considered today key issues in public health, namely, equity,
social justice, and poverty. These legitimate public health concerns, which must be incorporated into any understanding
of public health problems and into any plan for public health interventions, are also included as central topics in this
Encyclopedia. The contemporary and diverse conceptualization of public health is precisely what we attempt to reflect
in this International Encyclopedia of Public Health.

The Encyclopedia is written with the intent that the knowledge contained in its pages will contribute to understand-
ing and solving real-world problems in global and local health, be they far afield or near at hand, and that doing so
requires a multidisciplinary and comprehensive perspective and approach.

In order to live up to the ideal of taking a comprehensive approach, from the early stages of the project we
conceptualized the necessary articles for inclusion as coming from a number of distinct sections. We settled on 30 of
these, each headed by a section editor with particular expertise in the topic of his or her section. We have made a
concerted effort that the examples used in the articles be drawn from different countries and regions, and discuss health
systems of countries around the world: the Americas, Asia, Australia and New Zealand, Africa, and Middle East, and
Western and Eastern Europe. The article authors themselves are academic and applied scholars from institutions (a few
li
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dozen from the WHO) and programs around the world. Our authors are recognized scholars residing in 39 different
countries and representing all continents. All of the articles have been peer reviewed, and, in addition, the first to the last
drafts of each article have been carefully read by the section editors.

In our endeavor to make this Encyclopedia as comprehensive and authoritative as possible, we address major issues,
challenges, methods, and approaches of global public health today. With this objective in mind, its six volumes cover all
dimensions of the field, from details of specific diseases to the organization of social insurance agencies. The Encyclo-
pedia’s 30 sections and their respective articles are conceptualized according to three major themes as they relate to
public health – disease, health processes, and disciplines – with each section containing approximately 15 to 20 articles.
The sections under the disease theme address public health aspects of specific diseases and conditions. This theme
includes sections on cancer; cardiovascular diseases; emerging and re-emerging diseases; diet, obesity, and physical
inactivity; infectious diseases; malnutrition, infections and poverty; neurological disorders; parasitic diseases; respiratory
diseases; diseases involving sensory, gastrointestinal, and other issues; sexual and reproductive health; and tobacco,
alcohol, and drugs. The health processes theme includes sections on the public health dimensions of aging; at-risk
populations; child and adolescent health; consumerism, education, and outreach; global issues in public health; health
services; health systems; injuries and violence; policy; and general issues. The disciplinary theme deals with contribu-
tions of specific disciplines to public health, and includes sections on anthropology and sociology; economics and
finance; psychology and psychiatry; environmental and occupational health; epidemiology and demography; ethical and
legal issues; history of public health; and measurement and modeling.

The complete list of sections and their articles is provided at the beginning of Volume 1 for the readers’ convenience.
However, like any other encyclopedia, the International Encyclopedia of Public Health is not organized by section but rather
alphabetically by article title. The articles range in length from 2,800 to 8,400 words, though a few may be a little longer
or shorter than this. To enhance clarity, articles present information using diagrams, color illustrations, and tables
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students in tertiary institutions, and the more general readers seeking information on public health issues.
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reader.
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project. However, much of the work done under Prof. Murray’s leadership formed the basis for the conceptualization and
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We have gone through many stages, the first of which was to confirm the commitment of all the senior editors, a few of
whom have had to leave us before the completion of the project. Then came the agreement on each of the articles to be
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these articles. As with any project involving a large number of collaborators over a period of years, the movement of
people is expected. Some of the authors who agreed to write articles were unable to do so for various reasons, and this
resulted in considerable time needed to identify equally capable new authors for those articles. Meeting deadlines is
another stumbling block in projects this large, and a great deal of work was required on all of our parts to follow up on the
progress of the more than 500 manuscripts so as to be certain we kept to the publication schedule.

It has all come together in the end, and we are more than pleased with the final product, for which we wish to thank
the officials and staff at Elsevier Press, and of course the members of the Editorial Advisory Board; but most of all we
should like to thank and acknowledge the Section Editors, to whom we are extremely grateful for their incredible hard
work over several years to ensure that all the articles in their sections were finalized to the highest quality. We also wish to
acknowledge all of the institutions of the section editors and the authors involved for their support, which in our case are
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Abortion remains a major global health issue, with approx-
imately 42million of the 210million pregnancies that
occur each year ending in induced abortion; some
20millions of these abortions are estimated to be unsafe
(Sedgh et al., 2007). Induced abortions occur because con-
traceptive methods are not widely accessible to those who
need them and also because there is some risk of failure for
all of these methods. Induced abortions occur in unsafe
conditions primarily because in many countries the laws
regarding voluntary pregnancy termination remain very
restrictive, leading many women to seek clandestine,
unsafe procedures. Awoman’s decision to have an abortion
in countries with restrictive legislation may risk her to
criminal prosecution and expose her to the dangers
involved in unsafe procedures. Preventing unwanted preg-
nancies and unsafe abortion should be a priority among
women’s public health issues.
Defining Abortion

Abortion is defined as the termination of pregnancy
before the fetus is able to survive independently. From
the biological point of view, it is generally accepted that
pregnancy begins with implantation. This is based on the
understanding that pregnancy cannot exist independently
from the woman who carries the embryo. In assisted
reproduction, it is relatively easy to fertilize a woman’s
oocytes and to transfer one or more of these pre-embryos
to the woman’s uterus, but the women is only pregnant
after confirmation of implantation.

Pregnancy termination before 37 completed weeks of
gestation is defined as premature birth. The termination is
considered an abortion (spontaneous or induced) if it
occurs before the fetus has reached viability outside the
uterus, with viability defined by the World Health Orga-
nization (WHO) as 22 completed weeks of gestation, or
fetal weight of 500 g or more.
Induced abortion is defined by the Fédération Inter-
nationale de Gynécologie et d’Obstétrique (International
Federation of Gynecology and Obstetrics) (FIGO) Ethics
Committee as the termination of pregnancy using drugs or
surgical intervention after implantation and before the
embryo or fetus has become independently viable. The
method or procedure used and the person who induces
the abortion may vary enormously and determine whether
the procedure is safe or unsafe for the woman’s health.

WHO defines unsafe abortion as a procedure for
terminating an unwanted pregnancy either by persons
lacking the necessary skills or in an environment lacking
the minimal medical standards, or both.
The Magnitude of Induced Abortion

A recent publication by Sedgh et al. (2007) estimated that
a total of 42million abortions were performed in 2003,
down from 46million estimated for 1995 using the same
methods. The same study showed that 20% of all preg-
nancies, including miscarriages and stillbirths, terminate
in abortion each year. This means that one out of every
five pregnancies worldwide is voluntarily terminated
annually, a statistic that illustrates its enormous dimen-
sions. Expressed another way, the worldwide rate of
induced abortion was approximately 29 per 1000 women
between ages 15 and 44 years in 2003, down from 35 per
1000 in 1995. This means that globally one out of every 34
women within that age range has an abortion each year.
Regional Differences in Induced Abortion

The abortion rate in Eastern Europe was as high as 90 per
1000 women of childbearing age in 1995. This high number
was influenced by a culture of small families and was com-
pounded by the poor quality of contraceptive methods and
1
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inadequate access to them, while abortions have tradition-
ally been free and easily accessible. Increased availability of
modern, more effective contraceptive methods during the
following decade may explain a rapid drop in the abortion
rate to 44 per 1000 women of childbearing age in 2003.

The situation is the opposite in Western Europe, which
has the lowest rate in the world, with 12 induced abortions
per 1000 women between the ages of 15 and 44 years
(Sedgh et al., 2007).

Rates two to three times higher than those in Western
Europe prevail in Latin America with 31 per 1000, and in
Africa and Asia, both with an abortion rate of 29 per 1000.
Abortion rates almost twice as high as those of Western
Europe are observed in North America (21 per 1000)
according to the most recent estimates (Sedgh et al., 2007).

The country with the highest estimated abortion rate
in 1995 was Vietnam, which was close to 100 per 1000
women of childbearing age. The uncertainty of data
makes it impossible to evaluate eventual changes during
the period 1995–2003. In contrast, the estimated abortion
rate for South Central Asia, which includes some heavily
populated countries such as India, Pakistan, and Bangladesh
is the lowest of the Asian continent (27/1000).

Abortion rates in Latin America and the Caribbean
appear to be relatively homogeneous, varying between
25 and 35 per 1000 women aged 15–44 years. Although
Cuba had higher rates until the 1990s, there is evidence
that its rate has fallen in recent years approaching the
average for the region.

Great intracontinental variations are also apparent in
Africa. The highest rate (39/1000) is found in the Eastern
region, from Ethiopia and Somalia in the north toMozam-
bique and Zimbabwe in the south (Sedgh et al., 2007).

In contrast, the rates in Northern Africa, comprising
Algeria, Egypt, Libya, Morocco, Sudan, and Tunisia, are
almost half the rate in the Eastern region (22/1000).
Tunisia, one of the few countries in Africa where abortion
is legal on broad grounds, has the lowest abortion rate in
the region, at only seven per 1000 women of childbearing
age, similar to that of the countries with the lowest rates in
Western Europe.
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Regional Differences in Occurrence of Unsafe
Abortion

Most illegal abortions are performed under unsafe con-
ditions, and most legal abortions are performed under safe
conditions (although there are a number of exceptions to
this general rule). Out of the 42million induced abortions
estimated for 2003, 22million corresponded to generally
safe legal abortions and 20million to mostly unsafe illegal
abortions (Sedgh et al., 2007).

Safe and unsafe abortions are not homogeneously
distributed throughout the different regions of the world,
however. Developed countries make up more than 20% of
the world’s population, but only 2.5% of unsafe abortions
occur in these countries. This incongruity occurs because
abortions in developed countries are mostly legal and
safe, whereas abortions in developing countries, with the
exception of China and a few other countries, are mostly
illegal and unsafe. Like China, India is also a densely
populated country where abortion is legal on broad
grounds, but in India a large proportion of induced abor-
tions are still performed in unsafe conditions outside the
official health system.

The most recent available estimates of unsafe abortion
rates according to geographical region are shown in
Figure 1. When subregions are considered, the highest
rate is found in South America (29/1000), followed by
Central America (18/1000), Southeastern Asia (16/1000)
Eastern Africa and Northern Africa, both with a rate of
14/1000 women in fertile age. The rate of unsafe abortion
in the more developed regions is close to nil.
Methods of Pregnancy Termination

Pregnancy can be terminated by a variety of procedures
that may be safe or unsafe, mechanical or pharmacologi-
cal, which can be carried out at any time during preg-
nancy. We will start describing the methods that are
medically sanctioned as safe for pregnancy termination
during the first and second trimesters of pregnancy, the
period of pregnancy that fulfills the definition of abortion.
Surgical Abortion

All methods that involve the mechanical interruption of a
pregnancy by a doctor or other trained health professional
are classified as surgical abortions. The most traditional
method of surgical abortion is dilatation and curettage
(D&C). This procedure consists of dilating the cervix
by either mechanical or pharmacological means, which
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allows the introduction of a sharp curette to scrape the
walls of the uterine cavity. In recent times, D&C has been
progressively replaced by aspiration of the uterine con-
tents, which can be performed using either an electrical
pump (EVA) or by simple manual vacuum aspiration
(MVA). Several studies have shown that MVA is safer
and less painful for the woman than D&C and far less
expensive for the health system given its simplicity and
lower complication rate.

Both D&C and vacuum aspiration can be used up to
12weeks of pregnancy (up to 15weeks for vacuum aspi-
ration by specially trained providers). In very early preg-
nancy, up to 6weeks of amenorrhea, vacuum aspiration
can usually be carried out under local anesthesia without
cervical dilatation and can be performed as an office
procedure. Such a procedure is sometimes described as
menstrual regulation to emphasize the possibility that the
intervention may simply resolve a delay in menstruation
rather than terminating a very early pregnancy, as is the
situation in about 20% of cases since menstrual regulation
procedures are typically done without carrying out a prior
pregnancy test. Because of the absence of prior testing for
pregnancy, menstrual regulation may be permissible in
some countries (e.g., Bangladesh) that have restrictive
abortion laws.

Beyond 14weeks of gestation, fetal parts are too large
to be removed using D&C or vacuum aspiration, and a
different procedure, referred to as dilatation and evacua-
tion (D&E) is used. This procedure requires greater skill
than a D&C and involves a higher risk to the woman.
Greater cervical dilatation needs to be achieved to allow
the use of a larger curette as well as forceps for the
removal of fetal parts. Preparation of the cervix to allow
its greater dilatation without causing cervical injury may
involve use of either pharmacologic agents, such as pros-
taglandin analogs (discussed in more detail in the section
titled ‘Pharmacological abortion’) or mechanical hydro-
scopic dilators, such as laminaria. Laminaria dilators,
which are the dried stems of a species of seaweed, are
placed in the cervix where they absorb water from the
surrounding environment and increase in diameter,
thereby gently dilating the cervix. Greater dilatation can
be achieved by the simultaneous use of several laminaria
or by their sequential placement over time. Many provi-
ders find the use of ultrasound helpful during the actual
D&E procedure, but its use is not essential.

In exceptional cases, a microcesarean section, using a
vertical incision of the uterus, can be used. This proce-
dure should be avoided because the uterine scar compro-
mises the reproductive future of the woman in question.
Pharmacological Abortion

Pharmacological, or medical (nonsurgical), abortions may
use a variety of regimens to terminate a pregnancy. Most
commonly, regimens use a combination of the antiproges-
terone mifepristone (formerly known as RU 486) and a
prostaglandin analog. Mifepristone is a molecule very
similar to progesterone that acts as an antagonist at the
level of the progesterone receptor, thereby blocking the
action of this ovarian hormone. When given alone, mifep-
ristone is approximately 80% effective in inducing abor-
tions up to 9weeks amenorrhea. When a prostaglandin
analog is given vaginally 24–48 h after oral administration
of 200mg of mifepristone, the effectiveness of this combi-
nation reaches up to 97%.

Although several prostaglandins have been used alone
or in combination with mifepristone to induce abortion,
the prostaglandin E1 analog, misoprostol, is most com-
monly used because it is stable at room temperature and
equally or more effective and safe than other prostaglan-
dins. Misoprostol alone, administered by the vaginal route
at doses of 800 mg, is 85–90% effective in inducing
abortion. It has the advantage of being effective at any
gestational age and requires lower doses as pregnancy
advances.

Methotrexate has also been used, in combination with
misoprostol 800 mg vaginally between 3 and 7 days later,
and repeated daily up to three times, with a success rate
just above 90% to induce abortion within the first 9 weeks
of pregnancy. No difference in effectiveness after oral or
intramuscular administration of methotrexate has been
found.

Misoprostol is also used to prepare the cervix before
cervical dilatation for D&C or MVA. The most commonly
used schedule is the administration of 400 mg orally or
vaginally 3 h before the surgical procedure.

The later the abortion is performed, the greater the
risk of complications and death (Cates, 2003). Close to
20 or 25% of all abortions are performed at 14 weeks or
more of amenorrhea, and they represent a far greater
problem than first-trimester abortions. In such cases,
misoprostol offers the great advantage of being highly
effective and safer than surgical methods.

Other methods such as intra-amniotic injection of
hypertonic saline or hyperosmolar urea, intra- or extra-
amniotic administration of ethacridine, parenteral, intra-,
or extra-amniotic administration of prostaglandin analogs,
and intravenous or intramuscular administration of oxyto-
cin have been used in the past, but abandoned because of
their higher rate and greater severity of complications.

The availability of drugs with the capacity to induce
an abortion without the requirement of hospital facil-
ities and operating rooms is already changing dramati-
cally the resources required for safe abortions and
reducing the risk run by women who self-induced
their abortion in countries with restricted laws. Legal
medical abortion can be carried out in outpatient clinics
with appropriate emergency backup, and women can
wait for the abortion in their homes, at least within the
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first 9 weeks of pregnancy. Several studies suggest that in
countries with restrictive laws the availability of misopros-
tol appears to have reduced the rate of severe complica-
tions as compared with the use of other unsafe procedures
described in the following section titled ‘Methods of
Unsafe Abortion.’
Methods of Unsafe Abortion

Unsafe abortions may be induced by the women them-
selves, by nonmedical persons, or by health workers using
hazardous techniques in unhygienic conditions. A popular
method of unsafe abortion has traditionally been the
introduction of a solid, pointed object such as a stick,
wire, knitting needle, or stem through the uterine cervix
into the uterus. The intention is to rupture the membrane
protecting the fetus in order to induce abortion. It is easy
to understand that the insertion of solid, pointed objects
in unhygienic conditions by unskilled persons will often
cause severe infection and, not uncommonly, perforation
of the uterus and other pelvic organs.

A number of different potions, herbal teas, poisonous
and harmful substances, such as bleach and hair dye, have
also been used, either orally or vaginally. Over-the-
counter or prescription medicines, sold illegally and in
overdose by pharmacy salespersons, are also often used
orally, by injection, and vaginally. Poisonous substances
frequently intoxicate, and caustic substances cause genital
tract injuries.

Another traditional method used mostly in Asia is to
massage the pregnant woman’s abdomen forcefully, or to
apply blows or severe pressure to the abdomen by knead-
ing. Women also report intentionally falling down stairs
or jumping from heights in an attempt to abort. It is not
difficult to understand that applying violence to the abdo-
men may cause internal injuries.

All these methods of unsafe abortion commonly
result in incomplete abortions and infectious complica-
tions that may require emergency care to save the
woman’s life.
Complications and Consequences of
Unsafe Abortion

Unsafe abortions are commonly associated with a range of
complications that can lead to mortality, morbidity, and
permanent disabilities, such as chronic pelvic pain, pelvic
inflammatory disease, infertility, and genital fistula.

In contrast, when abortion procedures are performed
appropriately by trained providers, complications rarely
occur. In fact, the risk of death after a legal, safe abortion
in the United Stated is ten times lower than the risk of
death after childbirth (0.7 vs 7.0/100 000).
Acute Complications

The most frequent immediate complications of unsafe
abortion are hemorrhage, infection, traumatic or chemical
lesion of the genitals and other organs, and toxic reactions
to products ingested or placed in the genital tract.

Hemorrhage, which can lead to acute anemia, shock,
and death, frequently necessitates an emergency blood
transfusion. In countries with a high prevalence of HIV
and inadequate facilities for testing donated blood, blood
transfusion may result in HIV infection. Bacterial infec-
tions may be introduced into the uterus during the man-
euvers to procure an abortion and can be disseminated to
the fallopian tubes, the ovaries, and the abdominal cavity,
causing pelvic inflammatory disease and peritonitis. Infec-
tions can also disseminate through lymphatic channels
or through the blood, leading to sepsis and septic shock,
which frequently ends in the woman’s death.
Long-Term Sequelae

Women may suffer sequelae of unsafe abortion through
two different mechanisms: The treatment required to
prevent death may include the removal of the ovaries,
the fallopian tubes, and the uterus, rendering the woman
infertile, or the consequences of infection or trauma to the
reproductive tract may also lead to infertility or risk of
ectopic tubal pregnancy. Ectopic pregnancy may be fatal
if immediate access to treatment is not available.

Chronic inflammation of the internal genital organs or
surgical scars may result in chronic pelvic pain, which can
interfere with a woman’s daily activities, including sexual
intercourse. These chronic sequelae may have severe
social consequences.
Maternal Mortality

It is estimated that roughly 13% of the 527 000 or more
maternal deaths occurring worldwide every year are the
result of complications of unsafe abortions (World Health
Organization, 2004). This means that close to 70 000
women die every year following unsafely induced abor-
tion. In many countries, abortion is the third or fourth
most frequent cause of maternal death but in some, unsafe
abortion is the most common cause of maternal death. Up
to 98% of all abortion-related deaths occur in developing
countries, where abortion is mostly illegal and therefore
unsafe. Unsafe abortion related mortality rates per
100 000 live births, by region, are presented in Figure 2.
Psychological Consequences

Reviews of the literature on the psychological conse-
quences of induced abortion carried out over the last
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30 years have found that adverse psychological sequelae
occur in only a small percentage of women (Rogers et al.,
1989). More frequent and severe negative psychological
effects have been described among women who are
denied abortion and among the children who are born as
a result (David, 2006).

Several studies have identified some factors associated
with a greater risk of suffering psychological symptoms
following induced abortion; these factors include having
suffered the same symptoms prior to the abortion, having
been under pressure to abort from partners or others, or,
conversely, having experienced external cultural-religious
pressure not to abort (Major et al., 1998) or to terminate a
wanted pregnancy because a genetic fetal defect was diag-
nosed. The unanimous conclusion of a panel of experts
assembled by the American Psychological Association
to examine legal abortion in the United States was that
pregnancy termination has no negative psychological con-
sequences for womenwhomake the decision with no exter-
nal pressure and that there was no evidence to support the
purported existence of a so-called abortion trauma syn-
drome (American Psychological Association, 2005).

A more recent paper analyzed a cohort of women aged
15–25 years and controlled for a number of potentially
confounding factors existing before abortion. The authors
found a significantly greater risk of psychological disorder
among women who had induced abortion than among
those who had live births and those who were never preg-
nant (Fergusson et al., 2006). They accept, however, that
‘‘an important threat to the study validity comes from the
lack of information on contextual factors associated with
the decision to seek an abortion.’’ In fact, they controlled
only for the first of several factors listed above and,
consequently, did not invalidate the conclusions of
the American Psychological Association. In summary,
abortion may lead to psychological consequences if it is
not the woman’s free, informed decision, taken without
external pressure either in favor or against pregnancy
termination.
Economic Consequences

A safe abortion, carried out in a clinic or hospital envi-
ronment, costs less than the average delivery, while the
cost of caring for the complications resulting from an
unsafe abortion is far greater and has put a heavy burden
on the health system of many developing countries. The
care of women with complications resulting from unsafe
abortions can consume a large proportion of hospital
beds, operating room time, medical equipment, antibio-
tics, intravenous fluids, blood and blood products, dispos-
able supplies, and skilled human resources. For instance,
the cost of treating a patient for complications resulting
from an unsafe illegal abortion was nine times higher
than the cost of a safe abortion and five times higher than
the cost of delivery care in the main hospital of Maputo,
Mozambique, in 1993. Use of antibiotics was 100 times
greater, blood transfusions 16 times more frequent, and
the duration of hospitalization was 15 times longer in
women treated for complications resulting from unsafe
abortion than for womenwho underwent in-hospital preg-
nancy termination (Hardy et al., 1997).
Association Between Legal Status and the
Consequences of Abortion

Legal Status of Abortion in the World

A recent review of abortion legislation in the world
(Center for Reproductive Rights, 2007) shows that the
law permits abortion to save the life or to preserve the
physical health of the pregnant woman in 63% of the 190
countries or territories with a population that exceeds one
million. In addition, in 47% of these countries the law
explicitly permits abortion for the preservation of the
woman’s mental health. In 37% of the countries, abortion
is also allowed for socioeconomic reasons, and in 29%
(39.3% of the world’s population) women do not need any
justification to obtain a legal abortion, at least during the
first 12 weeks of pregnancy. Abortion is permitted only to
save a woman’s life or prohibited altogether in 69
countries inhabited by 26% of the world’s population
(Center for Reproductive Rights, 2007).

Abortion laws tend to be more restrictive in developing
countries. While in 87% of developed countries abortion is
permitted upon request or for socioeconomic reasons, only
15% of developing countries have laws that are equally
permissive. Laws tend to be more restrictive in Latin
America and Africa than in other world regions (Table 1).



Table 1 Grounds on which abortion is permitted in 190 countriesa

55 more developed
countries

135 less developed
countries All 190 countries

Number % Number % Number %

To save the woman’s life 54 98 132 99 186 98

To preserve her physical health 52 95 70 52 122 63
To preserve her mental health 50 91 39 29 89 47

Rape or incest 48 87 45 33 93 49

Fetal impairment 50 91 39 29 89 47

Socioeconomic reasons 48 87 20 15 68 36
Upon request 42 76 13 10 55 29

aAdapted from Center for Reproductive Rights (2007) The World’s Abortion Laws. http://www.reproductiverights.org/pub_fac_abor-

tion_laws.html (accessed February 2008).
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In general, in addition to the circumstances in which
abortion can be legally done, abortion laws establish other
conditions that must be fulfilled, such as upper gestational
age limit, the qualifications of the health professional(s)
who can carry out abortions, and the facilities in which
abortions can be performed, as well as requirements for
informed consent, counseling, and waiting periods.
Legal Status and Abortion Rate

It is likely that the intention of legislators who sanction
restrictive abortion laws is to inhibit its practice. Con-
sidering that the highest incidence of abortion is ob-
served in countries of Eastern Europe and Vietnam
(60–100 per 1000 women of childbearing age) where
abortion laws are rather liberal, and that countries in
Latin America, where abortion is severely restricted,
have moderate abortion rates (30–50), it would appear
that the legislators in the latter group of countries have
achieved their purpose. However, abortion rates are five
to ten times lower in Western European countries, such
as the Netherlands and Germany (6–10), where abortion
is broadly permitted and easily accessible (Henshaw
et al., 1999). All in all, there are strong indications that
legal prohibition is not an effective tool for reducing the
incidence of abortion.
Abortion Law and Maternal Mortality

Whereas virtually all legal abortions are safe, the vast
majority of illegal abortions are unsafe. The negative
consequences of the criminalization of abortion were dra-
matically illustrated by the increase in maternal mortality
observed in Romania following the prohibition of both
abortion and contraception in November of 1965. The
abortion-related maternal mortality rate, which was
below 20 per 100 000 live births in 1965, increased
approximately eightfold to almost 150 per 100 000 live
births between 1966 and 1988 (Stephenson et al., 1992).
Determinants of Induced Abortion

Abortion is almost always the result of an unintended and
unwanted pregnancy. A pregnancy may be unwanted for a
variety of reasons present in most cultures: Absence of a
father, economic constraints, interference with life pro-
spects, inability to provide good parenting, conflict with
prevailing social norms, and health concerns.

The main determinants of unwanted pregnancy and
resulting recourse to abortion are women’s lack of power
over their sexual activity; their lack of education, includ-
ing inadequate and inaccurate knowledge of contracep-
tive methods; limited access to effective contraception;
and the absence of social support for pregnant women
and their children. As long as these conditions exist, a
large number of unwanted pregnancies will occur, and,
despite legal, moral, or religious prohibitions and sanc-
tions, many will result in abortion. This is the situation in,
for instance, Vietnam and Eastern Europe, and to a lesser
degree in the majority of Latin American and African
countries. The low abortion rates in Western Europe are
likely related to the greater access of the population to
education in general and to sex education in particular,
universal knowledge and access to contraception, greater
power balance between the sexes, and greater social pro-
tection of motherhood, all of which contribute to reducing
unwanted pregnancies and abortions, irrespective of the
legality of and accessibility to abortion.
Knowledge of Contraception

The proportion of women who declared knowledge of at
least one modern contraceptive method (hormonal meth-
ods, intrauterine devices, diaphragm, male or female con-
dom, or surgical sterilization) varied from less than 50%
in Chad to close to 98% in Kenya, Nepal, the Philippines,
and Zambia, and almost 100% in developed countries as
well as some developing countries such as Bangladesh,
Brazil, and the Dominican Republic.

http://www.reproductiverights.org/pub_fac_abor-tion_laws.html
http://www.reproductiverights.org/pub_fac_abor-tion_laws.html
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There are also large differences within each country
between urban and rural residence and socioeconomic
status. While 98% or more of women who have at least
a secondary education in most developing countries
declare that they know of at least one modern contracep-
tive method, only about 50% of women with no education
have that knowledge.

Moreover, when a woman says that she knows of a
method it may only mean that she has heard of the
existence of that method; it is no guarantee that the
knowledge she has is correct. She may believe, for exam-
ple, that the IUD causes an abortion every month or that
women who take the pill for too long become sterile.

A study carried out among women living in a shanty
town in Rio de Janeiro, Brazil, found that 23% of con-
traceptive pill users were using them incorrectly. Simi-
larly, other studies have shown that adolescents and
women with little education who attempt to use periodic
abstinence for family planning have inaccurate knowledge
of the menstrual cycle and the fertile period (Castaneda
et al., 1996). Even in the United States, a study found that
close to one-third of female students and two-fifths of
male students who were sexually active were unaware of
the importance of leaving a space at the tip of the condom.
One-third of both groups believed wrongly that Vaseline
could be used with condoms (Crosby and Yarber, 2001).
Some adolescents in both developed and developing
countries are not even aware that girls can become preg-
nant the first time they have sexual intercourse.

The accuracy of contraceptive knowledge is positively
related to education attainment, according to Demo-
graphic and Health Surveys (DHS) in a variety of
countries. On the other hand, having a religious affiliation
has been found to be associated with several misconcep-
tions about how to use condoms correctly, according to a
national sample of adolescents in the United States
(Crosby and Yarber, 2001).

Distorted information on contraceptives disseminated
by the media may also have an effect on the abortion rate,
as occurred in the case of the sensationalist information
published regarding the reported increase in the risk of
adverse vascular effects associated with some new proges-
togens contained in third-generation combined oral con-
traceptive pills. At least two studies showed that these
reports coincided with a dramatic decrease in the use of
oral contraceptive pills in the United Kingdom and
Norway, and was followed by a sharp rise in unwanted
pregnancies and abortion (Skjeldestad, 1997).
Access to Contraception

If a sexually active woman does not desire a child and
has no access to family planning methods she is running
a high risk of having an unwanted pregnancy and
consequently of having an induced abortion. A study in
Nepal found, for example, that for many women unsafe
abortion was the only available method of fertility control.

The highest abortion rates have been observed in
countries in Eastern and Central Europe that belonged to
the former Soviet Union. Contraceptive prevalence in these
countries was low because only high-dose contraceptive
pills, associated with more side effects, were available, the
quality of condoms and IUDswas poor, and therewere legal
restrictions to surgical sterilization. For many women who
wanted to control their fertility, abortion was a more easily
accessible option than contraception.

Unfriendly or inappropriate delivery systems and con-
flicting cultural values can create insurmountable barriers
to obtaining contraception, affecting adolescents dispro-
portionally in both developed and developing countries.
Several studies carried out in developing countries, such
as India and Tanzania, or in developed countries, such as
Belgium and the United States, have found that many
adolescents are either unaware that they have a right to
request contraceptive services or are inhibited by cost, wait-
ing times, embarrassment, and fear of gynecological exami-
nation (Silberschmidt and Rasch, 2001).
Effectiveness of Contraceptive Methods

No contraceptive method is 100% effective, and pregnan-
cies resulting from contraceptive failure are often aborted.
All methods have an intrinsic failure rate, but for the meth-
ods that depend strongly on the users’ compliance such as
the pill or behavioral methods, most of the pregnancies are
caused by incorrect use by the woman or couple (Indian
Council of Medical Research, 1996). The contraceptive
pill’s effectiveness is close to 100% in controlled clinical
studies, but the pregnancy rate in actual use can be as much
as 6–8% per year of use in population-based studies.
Knowledge of correct use, as well as user error, contribute
to its decreased effectiveness outside of clinical trials.

Failure rates due to user error are negligible for meth-
ods that do not depend on user compliance, such as
intrauterine devices and implants. The very high effec-
tiveness of these methods in actual use makes their avail-
ability critical in the effort to reduce the number of
unwanted pregnancies and abortions.
Gender Power Imbalance

Knowledge about and access to contraceptive methods is
not enough if women do not have control over their use
every time they have sexual relations. Coerced sex is far
more common than has traditionally been acknowledged,
because most studies are limited to the incidence of rape,
defined as imposed sexual intercourse using force or the
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threat of force. The far more common cultural imposition
of male so-called rights over a woman’s body, ranging
from sexual coercion (in exchange for maintaining a job
or satisfying other personal needs) to the woman’s sense of
obligation to have sex with a stable partner, is usually not
counted in these studies.

Prevalence of sexual violence varies from less than
10% to close to 40% of women of childbearing age,
according to different studies. The variation between
studies depends both on the social environment and on
the definition of sexual violence. According to the United
Nations definition, gender-based violence includes threat-
ening and coercion, but many studies consider only direct
physical imposition as sexual violence. The woman’s cul-
tural acceptance of her obligation to satisfy the sexual
desires of a partner or husband above her own wishes
and above the risk of unwanted pregnancy is seldom con-
sidered. This more subtle cultural imposition of unwanted
sex and women’s lack of power to negotiate use of protec-
tion against pregnancy are far more relevant than actual
rape as a cause of unwanted pregnancy and abortion.
A good illustration of this cultural conditioning is a study
carried out among adolescent girls and boys in the United
States, which showed that a large proportion believed that
boys who had invested time or money in entertaining their
female partners had the right to have sex with them. In
South Africa, an overwhelming majority of adolescents
had the same opinion.

In addition, studies also show that both adolescent and
adult males believe that protection against pregnancy is
the responsibility of women; therefore, men may often be
an obstacle to contraceptive use. One-third of unwanted
pregnancies among women who requested legal abortion
in India could be attributed to the husband’s unwilling-
ness to use contraception (Banerjee et al., 2001).

The review of several studies on the subject strongly
suggests that male dominance in the decision to have sex
and the lack of male responsibility with respect to con-
traceptive use contribute to the incidence of unintended
pregnancy. This may be a major hurdle to reducing the
incidence of abortion among adolescents, who are more
resistant than adults to interventions against unwanted
pregnancy and abortion.
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Figure 3 Prevalence of contraceptives (Statistical Service) and

proportion of abortions related to all hospitalizations. Chile,

1964–78. Adapted from Maine D (1981) Family Planning: Its

Impact on the Health of Women and Children. New York:
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Interventions to Reduce Induced
Abortions

Abortions are the result of unwanted pregnancies; there-
fore, the logical strategy for decreasing the number of
abortions is to help women avoid unwanted pregnancy.
However, even after an unwanted pregnancy has occurred,
the number of abortions can be reduced by providing the
pregnant woman with the social support she needs to have
a baby without sacrificing her plans for the future.
Prevention of unwanted pregnancy has proven to be the
most effective strategy for decreasing the number of abor-
tions. The low abortion rate in Western Europe coincides
with conditions that favor the prevention of unwanted
pregnancies. The high incidence of abortion in Latin
America and Eastern Europe is a result of limited access
to effective means for preventing unwanted pregnancy.
Family Planning

The 1994 International Conference on Population and
Development (ICPD) Programme of Action urged all
governments to ‘‘strengthen their commitment to women’s
health’’ and ‘‘deal with the health impact of unsafe abor-
tion as a major public health concern.’’ The conference
participants pledged their commitment to reducing the
need for abortion ‘‘through expanded and improved family
planning services.’’

The call to reduce abortion through family planning is
based on the global experience acquired over the decades
since modern hormonal contraceptives and IUDs became
widely available. In 1966, the Chilean Government estab-
lished family planning as an official component of the
women’s health-care program, providing free contraceptive
services to 85% of the population through the National
Health Service. Several authors confirmed a direct correla-
tion between improved access to contraceptives and the
dramatic decrease in the number of women with abortion
complications who were admitted to public hospitals; these
data are illustrated in Figure 3. Similarly, in Brazil, the
number of abortion complications dealt with by the national
health service dropped from approximately 345 000 in 1992
to 228 000 in 1998 after the rapid increase in the use of
modern contraceptives.

Experience frommanycountries shows that when there
is a rapid decrease in desired family size, contraceptive use
increases, but induced abortions may also increase if
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family planning access cannot satisfy the increased
demand. Only when the unmet need for contraception
has beenmet does the number of induced abortions invari-
ably decline.
Sex Education

The majority of studies have shown that sex education
programs of adequate duration, content, and methodology
are effective in reducing pregnancy and abortion. Programs
with greater effectiveness are those that promote responsi-
bility, abstinence, and (for those who are sexually active)
protection against pregnancy and sexually transmitted
infections. Successful programs combine the promotion of
mutual respect and gender power balance with knowledge
of sexual and reproductive physiology and sexually trans-
mitted infection, knowledge that is mostly lacking, particu-
larly among young people in developing countries.

Contrary to the fears of some people, sex education does
not increase sexual activity or promote early sexual experi-
mentation; on the contrary, it may encourage adolescents to
postpone the initiation of sexual activity, thus reducing the
proportion of adolescents who have sexual relations.

The countries with the lowest abortion rates are those
that have broad-based, progressive sex education pro-
grams in their schools and nearly universal school atten-
dance. The Netherlands and several European Nordic
countries fulfilling these conditions have the lowest
teen abortion and teen pregnancy rates. This has been
achieved through implementation of comprehensive sex
education; confidential, high-quality family planning ser-
vices; and access to a wide selection of contraceptive
methods. Age of first intercourse has remained unchanged
in these countries, but contraceptive use has increased
dramatically. For instance, a study in Finland showed
that in 1997, 87% of sexually active 16-year-old girls
had used a condom during their last intercourse. These
data suggest that sex education is an effective intervention
for reducing gender power imbalance and promoting
mutual respect concerning sexual decisions, a basic factor
in the efforts to reduce unwanted pregnancy and abortion.

In contrast, countries that have a high abortion rate
either have no sex education programs or have local
programs that are narrow in scope. The emergency cre-
ated by the HIV epidemic has stimulated the acceptance
of sex education, but the lack of both adequately trained
personnel and strong political support reduces the effec-
tiveness of the few programs that are being implemented.
Other Interventions

Young, unmarriedwomen may become pregnant as a result
of a subconscious or conscious desire to have a child. They
may be pleased to be pregnant in the expectation that, with
the support of a partner or family, their motherhoodwill not
interfere with continuing their education or career. Since
their partners may disappear when they learn of the preg-
nancy and family support may be lacking, these women end
up choosing pregnancy termination as the only viable alter-
native. Studies show that womenwho find themselves in this
situation might have continued their pregnancies if they
had received more support.

Support is needed not only from the family but also
from society as a whole. Society must ensure, for instance,
that a pregnant adolescent does not have to interrupt her
studies in order to have a baby if she wishes to do so.
Otherwise, she will have to decide between having a
baby but discontinuing her studies or aborting as the
only means of achieving her objectives for the future.
An adult pregnant woman needs support to keep her
job, needs to receive appropriate care during pregnancy,
delivery, and the postpartum period, and facilities
enabling her to continue her career while breastfeeding
and taking care of her baby. Without that support, she may
have to decide between aborting and losing a job that is
incompatible with pregnancy, delivery, breastfeeding, and
child care.
Interventions to Reduce Unsafe Abortions
and Their Consequences

Even if all the interventions described above were imple-
mented, some abortions would still occur as long as peo-
ple are unable to fully anticipate what will happen in their
lives and as long as contraceptive methods are not 100%
effective. Therefore, other than diminishing the number
of induced pregnancy terminations, unsafe abortion can
be reduced by making safe all abortions that will still
occur in the foreseeable future.

Decriminalizing or Extending Legal Grounds for
Abortion

As described earlier, most legal abortions are safe while
the vast majority of illegal abortions are unsafe. Conse-
quently, the most effective approach to reducing unsafe
abortions is to eliminate the laws that penalize the volun-
tary termination of pregnancy.

The reduction of unsafe abortion and its consequences
following the liberalization of abortion laws has been
documented in several countries. For instance, during
the 3 years after the approval of the Abortion Act (1982
and 1984), which extended the legal grounds for abortion
and greatly facilitated free access to safe abortion in
England and Wales, no deaths related to induced abortion
were registered, compared with 75–80 deaths per trien-
nium before the act was passed (Stephenson et al., 1992).

A 50% reduction in the abortion-related maternal
death rate was observed in the state of New York during
the 2 years after the 1970 liberalization of abortion laws.
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A dramatic decrease in abortion-related maternal mortal-
ity was also observed in the whole of the United States
following the Supreme Court’s 1973 Roe v. Wade decision
(Cates et al., 2003).

We have already described the negative health effect of
the criminalization of abortion, dramatically illustrated by
the increase in maternal mortality after the prohibition of
both abortion and contraceptives in Romania in late 1965.
Even more dramatic was the reduction in abortion-related
maternal mortality after the decriminalization of abortion
and contraception following the fall of the Romanian
leader, Nicolae Ceausescu, in December of 1989: The
maternal mortality ratio fell from approximately 150 per
100 000 live births in the previous year to fewer than
50 per 100 000 live births 2 years after decriminalization
(Stephenson et al., 1992).
Improving Access to Legal Abortion

The experience of countries such as India, South Africa,
and Zambia has shown that the decriminalization of abor-
tion does not guarantee easy access to safe procedures. In
India and Zambia, and (to a lesser degree) South Africa,
the majority of women still do not have access to safe
abortion services. In these countries, it is essential to
accelerate the process of adapting and upgrading the
public health system to meet the demand for voluntary
pregnancy termination.

In a much larger number of countries, the restricted
laws permit abortion under specific circumstances, but
women who fulfill these requirements still may not have
access to safe pregnancy termination and may have to
resort to highly unsafe, back-street abortions. In these
countries, access to safe abortion greatly depends on how
liberally or restrictively the law is interpreted. A crucial
role is played by obstetricians/gynecologists, since ulti-
mately they are the ones who decide whether or not to
perform the abortion, and by the legal profession, whose
function it is to interpret the law.

Improving access to safe abortion to the full extent
permitted by law is an important means for reducing the
rates and consequences of unsafely induced abortion.
Despite current efforts, a large number of women around
the world who meet the requirements to have access to
safe and legal abortion are still denied their right.
Access to Postabortion Care

The mortality rates and severity of short- or long-term
complications of unsafe abortion may be strongly influ-
enced by the quality of the care received after the abor-
tion. Acute complications such as uterine perforation or
the perforation or injury of other internal organs may be
fatal if emergency care is not urgently provided. Infection
will progress locally and systemically as long as the proper
medical and surgical therapy is not given. The later and
the less efficient the care received, the more severe the
consequences are likely to be and the greater the risk of
death. Therefore, it is recommended that the assessment
of the woman’s condition and the provision of postabor-
tion care should be available on a 24-h basis and provided
with the urgency demanded by the severity of the condi-
tion. Accordingly, the governments represented at the
1994 ICPD Conference agreed that ‘‘in all cases, women
should have access to quality services for the management
of complications arising from abortion.’’

Unfortunately, the prevalent discrimination against
women who have induced abortions has frequently led
to inadequate emergency care. Delay in receiving care can
be attributable to lack of services within a reasonable
distance of the woman’s residence or lack of roads or
means of transportation, but may also be the result of social,
economical, religious, or legal restrictions on abortion. Sev-
eral studies carried out in countrieswith restrictive abortion
laws have found that, in some hospitals, particularly those
run by the Catholic Church, women suspected of having
had an induced abortion were turned away. In Chile, many
women were jailed after being denounced by personnel at
the hospital where they received postabortion care, effec-
tively inhibitingwomen from seeking themedical assistance
they needed. Thus, access to postabortion care may be
limited by providers in at least twoways: By direct rejection
or by threat of prosecution.

Postabortion care should not, however, be limited to
the emergency situation, but should take into consider-
ation the long-term needs of women, including counseling
and services for the prevention of later unwanted preg-
nancy and abortion. Several decades ago, it was shown
already that women who have had an abortion are at a
much higher risk of aborting the next pregnancy than
those who never had an abortion, and more recent studies
have shown the effectiveness of postabortion contracep-
tion in reducing future unplanned pregnancies and abor-
tions ( Johnson et al., 2002).
Conclusions

While there exists universal agreement on the need to
reduce the number of abortions and their consequences,
many governments in developing and developed countries
have still not fully adopted the necessary policies to
promote practices that could prevent abortion. The
deaths of thousands of women that result from unsafe
conditions in which abortion is practiced in the poorer
regions of the world are preventable, as the causes of
abortions and the interventions that could reduce their
numbers and the severity of their consequences are well
known. It is the obligation of international organizations
and of all of those dedicated to the health and well-being
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of women to promote the implementation of the measures
that would decrease the number of abortions and increase
women’s access to safe abortion services and to the means
to avoid unwanted pregnancy. We expect the current
trend toward a reduction in the number of abortions to
continue, but it depends on the public health community
and donors realizing that access to family planning infor-
mation and services is still very limited, particularly in
Africa and the more vulnerable communities in Latin
America and parts of Asia, and deserves more attention
than it has received in recent years. There has also been a
trend toward liberalization of abortion laws in some large
countries, while more restricted laws have been imposed
in a couple of countries. A better understanding of the
ineffectiveness of restrictive laws in reducing the number
of abortions and the heavy consequences on health and
well-being, unfairly borne almost exclusively by poor,
young, and rural women, should progressively lead the
world community to take the logical steps to reduce this
human drama and public health burden: Improving
education and services in sexuality and contraception;
greater social support to women who want to have a
baby, but are abandoned by their partner and family;
and more liberal abortion laws broadly implemented
without social, economic, or age limitations. Great prog-
ress in all these areas should take place in the next
7 years to achieve the Millennium Development Goal
of reducing by three-quarters the maternal mortality
ratio in the world.
See also: Reproductive Ethics: Perspectives on Contra-

ception and Abortion; Reproductive Rights.
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Fokker-Planck equation A matrix equation
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and (2) diffusion.

Fuzzy sets Methods for partial classification of

individual cases into two or more categories.

GoM A multivariate analytic procedure in which

persons are assigned intensity scores on a set of K

dimensions represented by the data.

Logistic regression A regression model in which

the dependent variable is a nonlinear (i.e., logistic)

function of the probability of an event occurring.

Markov models Transition models based on the

assumption that the change in state from t to t + 1 is

based only on the person’s state at t (and not earlier

states as t – 1).

Principal components A multivariate procedure

used to identify the K dimensions representing

the J variables in a second-order moments matrix.

Sullivan method A commonly used strategy for
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functions calculated from vital statistics mortality
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survey data.
Trussell J (1998) Contraceptive efficacy. In: Hatcher RA, Trussell J,
Stewart F, et al. (eds.) Contraceptive Technology, 17th edn.,
pp. 779–844. New York: Ardent Media.

United Nations (1995) Report of the International Conference on
Population and Development. Cairo, September 5–13. New York:
United Nations.

Warriner IK and Shah IH (eds.) (2006) Preventing Unsafe Abortion and its
Consequences. Priorities for Research and Action. New York:
Guttmacher Institute.

Weeks A (ed.) (2007) Supplement: Misoprostol for Reproductive Health:
Dosage Recommendations. Dublin, Ireland: Elsevier Ireland Ltd.

World Health Organization (2003) Safe Abortion: Technical and Policy
Guidance for Health Systems. 1st edn. Geneva, Switzerland: World
Health Organization.
Introduction

Active life expectancy (ALE) is a useful, and increasingly
used, concept for measuring the combined health, func-
tional, and longevity status of relatively long-lived national
populations. It has recently received emphasis as a public
health measure for cross-national comparisons of the health
of economically developed countries by, for example, the
World Health Organization (Robine and Michel, 2004).
This was, in part, because health policy analysts became
concerned that life expectancy in developed countries
might continue to increase, not primarily because of
improved health, but rather due to increasingly expensive
medical interventions that possibly were increasing the
length of life spent in disabled life states at later ages with
poor quality of health and impaired function.

This concern emerged most strongly in the United
States in the early 1980s because actuaries at the Social
Security Administration (SSA) had failed to anticipate the
renewed acceleration of the increase in overall life expec-
tancy in the United States starting in 1969 after significant
declines in male life expectancy due to increased cardio-
vascular disease mortality rates had been observed from
1954 to 1968. This was because the SSA actuarial fore-
casting models were based on extrapolations of prior long-
term (e.g., 10-year) cause-specific national mortality
trends. Thus, when U.S. male mortality started to increase
in 1954 due to increased circulatory disease risks, a trend
that continued to 1968, their cause-specific mortality
projections in the early 1970s, based primarily on that
14-year period of adverse male mortality experience,
suggested that life expectancy would not increase further
in the United States as a result of having reached what
some demographic researchers believed was the biological
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upper bound to human life expectancy (Myers, 1981). This
occurred despite U.S. female’s life expectancy continuing
to increase over the same period.

In 1982, sufficient new positive U.S. male mortality
experience (e.g., from 1969 to 1980) had accumulated
to suggest, in contrast to the prior SSA projections,
that continuing future reductions in adult male morta-
lity would be likely and, therefore, future increases in
life expectancy. As a consequence, it became necessary
to consider how to change the normal retirement age
(then 65) for the income-support component of the
U.S. Social Security program to preserve the long-term
(75-year) fiscal integrity of the SSA trust fund. Although
the evidence on U.S. life expectancy increases after 1968
was strong and consistent, there did not exist sufficient
data on the direction and magnitude of the longitudinal
correlation of disability and morbidity trends with those
life expectancy increases to confidently determine the
quality of life and level of functioning in the increasing
number of years expected to be lived at ever more
advanced ages (e.g., at ages 65 and above) (Feldman, 1983).

This concern was supported by a number of public
health researchers who argued that it was the intrinsic
nature of modern industrial society (e.g., due to social stress
and environmental pollution) to increase the prevalence of
chronic diseases. They viewed modern industrial society as
incapable of mounting effective public health responses to
chronic disease pandemics or to modulate the effects of
those chronic health problems on functioning at later ages
(e.g., Kramer, 1980; Gruenberg, 1977). These pessimistic
arguments, however, were also based on insufficient longi-
tudinal national morbidity and health data and thus were
speculative. For example, many examples were taken from
the mental health arena, where disease definition and diag-
nosis are often difficult and ambiguous. One set of argu-
ments was based on the increased survival of persons with
certain genetic disorders to reproductive age because of
medical advances (e.g., the improved surgical repair of
cardiac anomalies in persons afflicted with Down’s syn-
drome (Greunberg, 1977)). This, it was argued, would
serve to increase the future prevalence of these genetic
syndromes and their health and functional sequelae.

In contrast, other authors (e.g., Fries, 1980) suggested
that by appropriately targeting preventative measures (e.g.,
exercise and nutrition programs) to the general elderly
population – and rehabilitation services to the disabled
elderly – the period of life expected to be spent without
chronic disability could increase faster than total life expec-
tancy. This beneficial state of population health dynamics
was called ‘‘morbidity compression’’ (Fries, 1980). Fries,
however, continued to assume that the upper bound for
life expectancy was biologically fixed. Manton (1989)
argued, in his dynamic equilibrium model, that the cor-
relation of disability-free and total life expectancy was
not genetically fixed but modifiable through appropriate
public health policy supported by biomedical research
intended to improve clinical and rehabilitative interven-
tions in disablement processes and chronic morbidity at
late ages. Recent analyses (Manton et al., 2006b) tend to
support the dynamic equilibrium model in that active life
expectancy continues to increase faster than overall life
expectancy.

A different, but equally optimistic, argument suggested
that modern societies had indeed evolved in ways that
would better support the genetic constitution of humans
by modifying many social, environmental, and medical
conditions. This complex dynamic situation, labeled by
Professor Robert Fogel of the University of Chicago
‘‘techno-physiological’’ evolution, reflects both improve-
ment in nutrition and environmental quality (e.g., water
treatment), which, by increasing body size and strength,
led to increased economic productivity and reduced
health problems through rapid modification of technol-
ogy and environmental quality. In such conditions, health
improvements occurred far more rapidly than they could
have if changes were solely dependent on genetic selection
operating over multiple biological generations.

Fogel’s formulations were, fortunately, empirically veri-
fiable by using data on the health of Union army soldiers
both at enlistment in the Civil War (the Gould sample) and
later, when Civil War veterans applied for pensions from
1900 to 1910. The health of Union army veterans could be
compared, for example, with veterans of World War II as
assessed in national health surveys such as the National
Health Interview Surveys (NHIS) and the National Health
Nutrition and Examination Survey (NHANES) in the late
1980s and early 1990s. It was found that many chronic
diseases (e.g., CVD) and chronic disability declined 6%
over prevalence per decade in most of the twentieth
century.

Associated with these trends, body mass index (BMI)
increased as life expectancy increased. Fogel argued that
increases in BMI reflected better health as a result of
improved nutrition and water quality and reductions in
caloric expenditures directed to fighting acute and
chronic effects of infectious diseases. The rate of improve-
ment in health and functioning, in multiple analyses of the
National Long Term Care Surveys for 1982 to 2004, was
observed to accelerate starting in 1982 – results confirmed
both in other national surveys (e.g., the Medicare Current
Beneficiary Survey (MCBS), the Health and Retirement
Survey (HRS), and the NHIS) and in Medicare expendi-
ture and service use files longitudinally linked to the
49 000 sample persons from the six National Long Term
Care Surveys (NLTCS).

In contrast, recent increases in BMI were argued by
Lakdawalla and others (2005) to represent a potential
health risk for the future U.S. elderly population by
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causing increas es in disa bili ty pr evalence (e.g., as ear ly as
2012 to 2015), althou gh the mos t re cent availa ble data (i.e.,
the 2004 N LTCS; Manton et al ., 2006a ) do not yet show
such adver se health ef f ect s. Indeed, recent analyses of the
relation of BMI to mor tality and mor bidity by Flegal and
other researche r s at the U.S. Center for Dis ease Control
suggested prior estimates of th e health and mor tality
ef f ects of elevated BM I had been overestimated be cause
of a f ailure to us e recent dat a refl ecting lar ge impr ove-
ment s in the medical management of such obe sity-related
risk f actor s as hypert ension, hypercholesterolemia, and
elevate d blood g lucose. Rand researche r s, in a com-
prehen sive re por t to the CMS actua ries, also did not
find a significa nt relation of elevate d BMI to Me dicare
expendi tures to at least 2030 .

Since it was ar gued th at there were insuf ficient data on
disa bili ty and morb idity in 1980 to evaluate the longitudi-
nal cor re lation of age trends in the prevalence of disa bili ty
and longevity, it was decided in 1982 by Congres s and the
Gree nspan Commiss ion to conse r vatively incr ease the
SSA nor mal retireme nt age by only two year s (from age
65 to 67) star ting in 2000, with the increas e to be phas ed in
gradu ally by 2020. No cor respondin g changes were pro-
posed for the Medicare entitl ement age, which was left at
age 65. A number of Euro pean countr ies an d Japa n have
begun to con sider similar changes. In Britain, an incr ease
in the nor mal retireme nt age to 67, with a fu r ther incr ease
to age 69 in 2050, is being considered . It has be en suggested
that pens ion be nefits in Japan be restricted to a fixed
propo r tion of the total population. To main tain pension
coverage for 17% of the Japa nese popu lation would
require, with cur re nt Japanese mor tality, incr easing the
nor mal retireme nt age to 73.2 year s.

It is thus of interest that recent U.S. Bureau of Labor
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Figure 1 Survival curves for 1935, 1999, and 2080. Source: United
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ages 65+ from 2004 to 2014 suggest there will be significant
future increases in the economic activity of the U.S. elderly
population. A number of economists suggest that increased
labor force activity in the United States at later ages may be
stimulated by the transition from defined-benefit pension
programs to joint individual-enterprise savings pension
programs such as 401(k) systems (defined contribution
pensions), in which benefits continue to increase as long
as one continues to work and pay into the system.
Active Life Expectancy: Definition
and Operationalization

To qua ntify the popu lation health consequence s of
impr oved su r vival, Sullivan (1971) ar gu ed that sur vival
cur ves estimated from U.S. vita l statistics dat a cou ld be
paired with age-specific disa bili ty or diseas e prevalence
data provided by national health su r veys to calcula te the
average amoun t of time that one could expect to live in a
healthy state in a national population; i.e., active lif e
expect ancy, or ALE. This qua ntity could be compared to
total lif e expecta ncy, with changes in the rati o of tho se two
quantiti es be ing a sen sitive measure of population health
dynami cs and the rate of creati on of human cap ital at
later ages. The cal culation of ALE over time on a cross-
sectional basis (the Sullivan methodology) is illustrated
in Figure 1, where we present total age-specific survival
and survival without disability observed for 1935, 1999,
and projected to 2080 (Manton et al., 2006b). In all of our
ALE computations, U.S. longitudinal data will be used.

The survival curves in Figure 1 are based upon longi-
tudinal data from the 1982 to 1999 NLTCS that were used
to make survival and age-specific chronic disability
LE1999 ALE2080 LE2080

e
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prevalence estimates (Manton and Gu, 2001) from histor-
ical data on the Civil War veterans analyzed by Fogel and
Costa, and from official U.S. life tables. Future projections
of ALE were made from these curves using an assumption
of a 1.7% per annum decline in the prevalence of chronic
disability (Singer and Manton, 1998; Manton et al., 2006b).
In Figure 1, the dotted lines are survival curves. The solid
lines are age-specific disability prevalence rates among
survivors to each age.

Figure 1 suggests that there is a considerable increase
in ALE over time, both absolutely and proportionally
(morbidity compression), above age 65. The increases in
ALE above age 85 are, interestingly, relatively even
greater than those found at age 65. In Manton et al.
(2006b), the relatively faster rate of ALE increase, espe-
cially at age 85+ when long-term care (LTC) use is most
prevalent, suggested that the projected rapid growth of
both Medicare and Medicaid expenditures to 2080 (i.e., to
reach 24% of total GDP) might be significantly damp-
ened if the observed trend (1982 to 2004; Manton et al.,
2006a) toward the reduction of chronic disability preva-
lence were to continue at the rate of roughly 1.5% per
annum (Singer and Manton, 1998). This would have to
occur even with the projected large increases in survival at
advanced ages; e.g., almost 15% of persons alive at age 65
are expected to survive to age 100 in 2080.

These ALE calculations (Sullivan, 1971), based on the
sequential comparison over time of national life tables and
disease and disability age-specific prevalence rate cross-
sections, are also important because they help illustrate
(1) potential changes in human capital in the U.S. aging
population due to the effects of compression of morbidity
and (2) how recent public health, education, and clinical
innovations and the future benefits of current investments
in biomedical research may help drive future changes in
ALE and human capital at later ages.

The latter point is crucial to the debate about the rate of
growth of U.S. health expenditures and the future size,
relative to GDP, of the Medicare and Medicaid programs.
Specifically, if appropriately targeted acute and post-acute
care medical expenditures operate to increase the propor-
tion of life after age 65 that can be expected to be lived in
potentially socially or economically productive states,
then increases inMedicare expenditures may be beneficial
to human capital creation and maintenance, and thereby
further stimulate economic growth and increase GDP. If
GDP can be significantly increased due to such targeted
investments in health care, then the proportion of GDP
spent on expenditures on health care in the future may
grow relatively less rapidly than in currentMedicare Trust
Fund and Medicaid projections.

One issue for continuing debate is the sources of the
declines in disability at later ages. Cutler and colleagues,
analyzing the 1982 to 1999 NLTCS, suggest that a large
proportion of recently observed declines in chronic
disability at later ages may be due to improved medi-
cal management of circulatory diseases (see ‘Further
Reading’). The importance of medical innovations in
reducing chronic disability also has been suggested by a
number of other economists. Behavioral changes such as
reductions in male smoking rates and increased educa-
tional attainment at later ages have undoubtedly contrib-
uted to the observed declines in chronic disability – as
have changes in Medicare reimbursement policy (e.g., the
Balanced Budget Act of 1997), which mandated the use of
prospective payment for skilled nursing facilities.

One of the crucial issues in the construction and inter-
pretation of ALE estimates is how disability is to be
measured. For example, one approach is to assess whether
a person has difficulty performing activities of daily living
(ADLs) (Katz et al., 1963) or instrumental activities of daily
living (IADLs). It is generally agreed that the disability
measured should be chronic in nature (expected to last
90þ days) and involve physical, sensory, and cognitive
components. Other analysts have used panels of experts to
subjectivelyweight the functional impact of specific impair-
ments. Some suggest that objective physical performance
tests should be employed, such as the Nagi items. Others
would like to include clinical measures, although practical
concerns may apply when attempting to do so in in-person
home visits in a large nationally representative survey.

In general, the wide range of possible disability mea-
sures available suggests the need for objective multivariate
statistical procedures to identify the smaller number of
core disability dimensions represented by the measures –
each of which may be relatively crude and subject to error.
Although individual measures of ADLs and IADLs may
be crude, their ability – taken as a group – to predict both
service use (e.g., Medicare expenditures) and mortality is
quite high, so ADLs are frequently used in policy studies,
legislation, and in service use eligibility criteria (e.g., by
HIPPA based on the Health Insurance Portability and
Accountability Act (HIPAA) in setting LTC standards;
for example, impairment in two or three ADLs requiring
personal assistance as a trigger to receive LTC insurance
benefits). The fact that disability is multidimensional and
dynamic suggests that a single ALE index (e.g., defined as
the threshold of the sum of ADLs), although conceptually
useful, is probably too crude for effective economic and
actuarial Medicare and Medicaid policy studies. For real-
istic use in economic and health policy analysis, the
disabled portion of total life expectancy should be broken
down into several subtypes, or be continuously graded on
several qualitatively distinct dimensions, using disability
scores rigorously constructed in a multivariate procedure.

For example, in an economy dominated by information
technology, physical impairments may be less important
than cognitive impairment for many socially and econom-
ically important activities. This is in part due to the ability
to at least partially compensate for physical impairments
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by the appropriate construction of physical space (i.e.,
office buildings and private residences), the creation of
physical aides, and, in the future, even re-engineering of
various body parts (e.g., currently, the intraocular lens
replacement for cataracts, knee and hip replacements).

In addition, Fogel and other economists have recently
argued that, in a modern industrial economy, the relative
rate of short-term expenditures on health care perhaps
should increase as a proportion of total GDP as expendi-
tures made on, say, electronics and other consumer goods
become saturated and as disposable income increases.
Fogel suggests that if the short-term elasticity of health-
care expenditures is 1.6%, then the relative share of GDP
spent on health care could increase to roughly 20%
without adverse national economic consequences; that is,
we will make relatively more expenditures on preserving
human health as our ability to saturate consumer
demands (e.g., for televisions) and to manufacture highly
durable electronics and robust machinery (e.g., automo-
biles with smart chips to monitor their internal state for
efficient, prophylactic maintenance) increases. Other
economists have projected that in the United States up
to 30% of GDP could be spent on health care by 2050.

Thus, as durable goods have increased in longevity and
durability, it is reasonable to argue that equivalent or
greater expenditures need to be made on maintaining
and improving human capital by increasing human lon-
gevity and durability (health and functioning). An ana-
logue of this capital maintenance process in humans is to
improve early diagnosis of disease and to monitor and
improve individual health states (e.g., use of indwelling
insulin reservoirs to better maintain blood glucose
homeostasis as evaluated in real time by a microchip
blood glucose sensor; indwelling cardiac defibrillators;
and, recently, use of left ventricular cardiac assist devices).
Cross-National Implications of ALE/LE
Ratio Differences

ALE/LE ratio calculations have importance not only for
the U.S. economy but also in making economic compar-
isons cross-nationally for economically advanced countries.
Japan is currently the most rapidly aging population in
modern industrial nations. The Japanese fertility rate is
already so low (1.3 overall; 1.1 in Tokyo) that Japan will
soon begin to experience a rapid contraction in popula-
tion size (from a peak of 127million persons in 2006 to
between 110 to 100million persons by 2050), as may the
Russian Federation population and several other European
(e.g. Italy) and Eastern European (e.g. Latvia) nation states.

This aging-population health dynamic provides the
double burden on future economic growth and techno-
logical innovation that large proportions of the national
population in developed countries will be retired (under
current labor and tax law and economic conventions) and
that growing proportions of this elderly population will be
extremely elderly (e.g., aged 85þ and 95þ) and thus
require significant LTC – consequently promoting rapid
growth of LTC service industries and requiring large
amounts of human capital – but, without significant bio-
medical research, perhaps not adding significant value to
the productivity (measured in terms of improved health)
of LTC. This will be true if LTC continues to be defined
primarily as a labor-intensive residential warehouse ser-
vice function for what has been previously assumed to be
an economically non-productive very elderly population
with little capacity for rehabilitation (e.g., the hypotheti-
cal consequences of Baumol’s disease in a labor-intense
service industry).

Such negative conceptions of the ability of LTC to
change population health conditions are beginning to be
successfully challenged – at least in the United States. As
originally conceived, post-World War II nursing home
care was viewed primarily as a residential, not a true
medical, service option. Concerns were often expressed
about the quality of medical care received in nursing
homes – especially for patients whose care was primarily
funded by state Medicaid programs. The Balanced Budget
Act of 1997 imposed a prospective payment formula for
Medicare-reimbursed skilled nursing facilities (RUGS-III –
or Resource Utilization Groups Version III) that required
fixed amounts (in minutes) of rehabilitation services be
provided for skilled nursing facility (SNF) residents
with specific morbidity and disability case mixes. The
net effect of this policy was that discharge rates from
acute care hospitals to SNFs were reduced by 15%
and discharges from SNFs increased – without a cor-
responding increase in the U.S. community-resident
severely disabled population. Under the Medicare reim-
bursement formulas, per capita payments (inflation-
adjusted) were found in the 1982 to 2004 NLTCS to
have increased over time for severely disabled persons
and to have declined for nondisabled persons (Manton
et al., 2006a). This illustrates that it is possible to increase
productivity on a national level (here measured by the
expenditures necessary to achieve a unit of disability
reduction), even in LTC facilities for elderly residents, if
efficient provision of existing rehabilitation services is
emphasized. This may increase the rate at which patients
can be returned to independent living and has been fur-
ther promoted by the recent emphasis (in part due to the
Olmstead court decision in 1999) on Home- and Com-
munity-based waivers for LTC within the U.S. Medicaid
program.

The problem is that few other economically developed
countries have been as successful as the United States in
redefining the LTC system and in intervening in the
health and function of the elderly and oldest-old popula-
tion. China will shortly face this problem (i.e., rapid
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growth in the demand for LTC) but, with past government-
mandated restrictions on fertility rates, without the human
capital historically available in China from traditional
family sources to help solve it. The World Bank has
determined that if life expectancy and health in Russia
do not increase to the levels observed in the rest of
Europe, the Russian human capital situation may serve
to severely depress its future rate of economic expansion –
GDP growth – despite its economically dominant position
in terms of natural resources.

The effects of these recent morbidity and disability
trends are enhanced by recent economic, demographic,
and epidemiological conditions and fertility rates in dif-
ferent countries – but in very different ways. In the United
States, the post-World War II baby boom cohorts of 1946
to 1964 were both preceded by a birth dearth due to the
Great Depression and World War II – and then again
followed by a birth dearth. Part of the recent reductions
in fertility in the United States (and Canada) is due to the
increasing participation of females in higher education,
professional careers, and the labor force, with a conse-
quent delaying of first births until later ages. In China,
human resource problems may result due to population
aging because of the one-child, one-family policy
enhanced by the current Chinese pattern for LTC deliv-
ery based heavily on the extended family.

In the United States, the outline of a preferred public
health and health-care systems approach, by intervening
directly in the health and functional consequences of the
individual’s aging processes to expand the proportion of
the total life span that can be expected to be spent in an
active and economically productive state, is only begin-
ning to be consciously elaborated as part of a federal
policy initiative to help maintain U.S. global economic
competitiveness (Manton et al., 2007). Such a plan neces-
sarily involves significant investment in biomedical
research, so disability rate declines can, in the future,
occur at very advanced ages (e.g., above age 95), where
the prevalence of chronic disability and loss of social
independence is currently the highest. It also requires
retraining and other human capital enhancement activ-
ities, as envisioned in the Lisbon Agenda.

The fact that the decline in U.S. chronic disability
prevalence rates has averaged 1.5% per annum from
1982 to 2004, and the per annum rate has continued its
acceleration of decline to 2004 to 2.2% per annum 1999 to
2004 (Manton et al., 2006a), suggests that this strategy is
functioning well in the United States in dealing with the
projected large increases in Medicare and Medicaid
expenditures expected to be initiated starting in 2010
with the passing of age 65 by the initial post-World War II
baby boom cohorts. By 2080, the combination of Medi-
care and Medicaid is currently projected to consume 24%
of GDP – compared to only 7% for Social Security. One
set of projections by Manton et al. (2007), based on
modifications of the economic growth models of Romer,
Hall and Jones, and Jones and Williams, suggests that
increased investment in biomedical and other research
might reduce the proportion of GDP consumed by Medi-
care and Medicaid to 12% (i.e., a reduction by half from
the 24% projected to be consumed in 2080). This reduc-
tion would be achieved by (1) stimulating the rate of
GDP growth by better maintenance of human capital
and (2) slowing of the rate of growth of health-care costs
by the lagged effect of increased Medicare expenditures
in improving health. The latter argument holds if the
period projected to be spent chronically disabled by indi-
viduals increases more slowly than the rate of increase
in total life expectancy – as has been observed by Manton
et al. (2006a, 2006b) using the 1982 to 2004 NLTCS.
Longitudinal Methods for Calculating
Active Life Expectancy

The type of cross-sectional ALE calculation that has been
most often used is due to Sullivan (1971).

This calculation has great utility as a summary index of
one important facet of the quality of life and human
capital dynamics in a national population. It can be com-
pared over a sequence of points in time to examine aggre-
gate longitudinal health changes. Such aggregate increases
in health and function, however, are less useful in attempt-
ing to identify how changes in functioning occur in indi-
viduals over time or the specific factors that are associated
with, and which may cause, improvements in function at
late ages. Such factors, if identified, could be applied at
the population level to promote continuing declines in
chronic disability and disease prevalence. This analytic
effort requires considerably more longitudinal data (i.e.,
the tracking of individual health and disability changes),
in which the measurement characteristics of the interview
instrument and the survey sample design are preserved
over a lengthy enough period to make meaningful esti-
mates of ALE changes for specific elderly birth cohorts. It
is also necessary that covariates that may affect the emer-
gence of chronic disability (e.g., education, nutrition,
exercise, health care, BMI) be longitudinally measured
in those same surveys.

One nationally representative U.S. survey series with
the appropriate longitudinal sample design and measure-
ment characteristics to track such changes in disability
and disability risk factors is the six 1982 to 2004 NLTCS.
The temporal sampling and interview structure of the six
surveys is briefly summarized in Figure 2.

In addition to the six NLTCS survey waves (1982,
1984, 1989, 1994, 1999, 2004), there is also continuous
(daily) information from Medicare administrative service
use and expenditure records for individuals linked to
the NLTCS survey records – currently for the period
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1982 to 2005. A cr ucial aspect of the NLTCS for estimat-
ing longitu dinal changes is that re sponse rates were high
(� 95% from 1982 to 19 99), so that there is relatively little
chance for respon se bia s to af f ect disa bility trend esti-
mates. In 2004, to deal with an over all dro p in the
respon se rate to roughly 91%, dat a from longitu dinal
Medicar e files, availa ble for all per sons in the sam ple,
wer e us ed to ad just for health -related respon se bias in
disa bili ty transiti on rate estimates ( Manton et al., 20 06a ).
These ad justments, based on the ratio of Me dicare Par t
A expenditur e esti mates for nondisa bled per sons to the
Medicar e Par t A esti mates for dis a bled per sons, were
retros pectively applied to nonrespond er s in all NLTCS
waves so that a set of longitudin al weights consiste ntly
adjuste d for nonres ponse over all NLTCS 1982 to 2004
was generat ed ( Manton et al., 2006a ).

Given that one has data on cha nges in an ind ividual’s
functional status over time, as in the NLTCS, the question
arises as to how best to esti mate disa bility state transi-
tion parameter s between sur veys. This requir es con si-
deration of the types of disa bility transiti on rates one
attempts to estimate and the rates of disa bili ty change in
various age and demograph ic groups. There are several
possibl e methodo logical approac hes to estimate the nec-
essary disa bili ty transiti on rates for cal culating such lon-
gitudi nal ALE measures .

One mode l that could be used is the stand ard dis crete
time Markov model. This mode l is relatively cr ude when
asses sed in ter ms of the types of disa bility changes one can
estimate and what covariate s might be inc luded due to
convention al sam ple size limitation s (e.g., in the N LTCS,
N � 20 00 0 per sons per wave). The mode l also assum es
that there is no higher-o rder time de pend ency – the
Markov conditi on – and that disa bility is a homogeneous
and dis crete meas ure.

Regress ion mode ls can also be used to esti mate disa bil-
ity transitio n rates when the sam ple size is insuf ficient to
suppor t stra tification on all relevant control varia bles .
One type of regres sion mode l, due to Cox, does not
require esti mating the time de pendence of hazard rates,
but only that , conditio nal on covaria te value s, the unob-
ser ved time -de pend ent hazard rates are propor tional over
time. This is an emp irically testa ble assum ption that may
not hold for long period s of obser vation – especial ly if the
force of mor tality select ion on the po pulation system ati-
cally varies over disa bility status. Other re gression mode ls

http://ns.worldbank.org.ru/files/rer/RER_12_eng.pdf
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employ logistic functions of the probability of discrete
transitions to ensure that the estimated probabilities fall
within the range 0 to 1. In these models, there can be
difficulties in trying to compare population estimates
over time as temporal experience is accumulated; that
is, mathematically updating transition rates with incre-
mental adjustments for new experience collected over
different periods of time can be difficult due to certain
inconvenient parametric properties of logistic distribu-
tions. In all of these models, the dependent variable is a
discrete change in functional status and not a continuous
disability score.

An alternate approach is to use a large number of
measures of functional impairment to calculate, in a mul-
tivariate procedure, convex (bounded to the range 0 to 1)
continuous scores for multiple dimensions of disability. In
using a principal component or factor analytic type of
measurement model to calculate such disability scores,
one is restricted by the assumption that the scores have a
multivariate normal distribution; that is, information on
moments higher than order two is lost.

An alternate method of calculating chronic disability
indices involves using grade of membership (GoM) pro-
cedures (e.g., see Manton et al., 1991, 1992, 1993, 1994)
in which cases are assigned by using scores to ‘fuzzy’ sets,
that is, persons are generally not in one homogeneous
category but share properties of two, or more, fuzzy states.
The model does not require the assumption of multivariate
normality (i.e., they deal with more general distributions
with informative moments of order three or higher). Fur-
thermore, in GoM procedures, the K scores are estimated
so that they sum to 1 for each person and are non-negative.
This is equivalent to assuming disability changes occur in
a convexly constrained multidimensional space and that
the health trait scores for an individual vary between
0 and 1 for each of the K health and functional status
dimensions.

In engineering studies, in which fuzzy set methods and
computer algorithms are routinely used to study the
dynamic control of complex nonlinear stochastic pro-
cesses, such a measurement modeling step might be
referred to as ‘state fuzzification,’ with the dynamics of
the process studied in the more parsimonious, lower-
dimension, less noisy fuzzy-state variable space. Impor-
tantly, after the fuzzy disabilities, state space process
(with diffusion) is modeled, the new (forecast) distribu-
tion of the original disability measures can be extracted by
reversing the measurement process to ‘de-fuzzify’ the
distribution to get the new updated disability measure
distribution.

Use of fuzzy set process models to model disabling
processes has two other advantages. First, because the
parameters of a continuous state stochastic process are
being modeled, it is possible to calculate optimal solu-
tions under certain marginal resource, or control variable,
constraints. Second, because an individual’s state is des-
cribed as a continuous mixture of K health and functio-
nal dimensions, the measure precisely quantifies the
health-determined functional capacity of the population
under study.

Computing multivariate convex scores (i.e., bounded
by 0 to 1) in GoM is an important modeling difference,
compared to the calculations of DALYs and QALYs
(disability-adjusted and quality-adjusted life years, respec-
tively) and their application to planning for maximizing
health and functioning in a population under resource
constraints. In the latter two procedures, health status is
also scaled over a 0 to 1 range on a single dimension; for
example, death has a quality-of-life value of 0 and perfect
health of 1. This is done to force decisions under a Game
Theoretic model with a fixed payoff; that is, a zero sum
game with finite, fixed resources.

In reality, the operation of the health-care process may
serve, over time, to increase economic resources to further
improve future health; that is, a positive feed forward
mechanism. In GoM, persons are evaluated on multiple
dimensions so that there is not a fixed unidimensional
choice of an optimal state; that is, exchanges might be
made between different types and levels of impairment.
For example, if one dimension reflects primarily physical
dysfunction, and another cognitive dysfunction, there
might be very different payoffs for optimizing on one
dimension versus another. It is also possible that synergis-
tic (health-enhancing), as well as antagonistic, interactions
may emerge in the stochastic nonlinear process. Also, it is
possible that the timing and sequencing of specific inter-
ventions may be crucial to the disabling dynamics.

Stated differently, using the GoM-characterized mul-
tidimensional state of active life expectancy, the primary
optimization criteria (e.g., using the scores in a quadra-
tic optimization problem) could be an objectively identified
set of health states where the status on different health
dimensions for specific persons can be improved. This
arises because this model views increased investment in
health expenditures as a way to increase human capital
productivity as a strategy for stimulating economic
growth. It is arguable that this occurred during techno-
physiological evolution as discussed by Fogel and Costa;
that is, the work capacity and productivity of each person
might increase over time as nutrition improved and body
size and work capacity grew. Arguments by Flynn and
others suggest such enhancements may have also
occurred in cognitive skills (i.e., I.Q. increased) – again,
possibly due to improved nutrition, better education and
health, and smaller family size. Under these conditions, it
would be erroneous to assess health on one dimension
with a maximum value of one. This is made clear in
evaluations of human capital, in which skill level, training,
and socioeconomic factors have to be considered in add-
ing quality dimensions to human capital calculations.



Table 1 Life expectancy for aged 65þ in 1982–2004 NLTCS

Estimations from SSA life tables (LT)

Age GoM model Period Cohort (birth year 1917)

Male

65 15.32 14.23 14.91

67 14.08 13.21 13.74

72 11.23 10.80 11.02
77 8.70 8.48 8.55

82 6.56 6.34 6.37

87 4.91 4.58 4.62
Female

65 18.61 18.48 18.90

67 17.20 17.16 17.02

72 13.83 14.02 13.99
77 10.76 10.85 10.83

82 8.09 7.98 8.05

87 5.94 5.71 5.76
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Empirical Example of Longitudinal
Active-Life-Expectancy Calculations

As a first step in our example, the GoM measurement
model was applied to 27 ADL, IADL, Nagi performance
scores, and vision measures made in each of the six
NLTCS for the period 1982 to 2004. That analysis showed
that the 27 disability measures could be described by six
types of disability profiles/dimensions found in commu-
nity residents and a seventh discrete institutional resi-
dence disability category. With these seven disability
scores, and the sample weights for individuals, it was
possible to calculate a matrix of age-specific population
disability transition parameters and age- and disability-
dependent quadratic mortality functions estimated con-
ditionally on the temporally current disability score
values determined by the stochastic disability transition
matrix. With disability dynamic equations and a disability-
specific hazard function, life expectancy and ALE can be
calculated conditionally upon the GoM disability scores
by using generalizations of the well-known Fokker-Planck
equations (Manton et al., 1993). In addition, the disability
scores can themselves be made functions of medical con-
ditions and other possibly exogenous factors that may
affect individual disability trajectories over age/time.
For example, stroke may operate to decrement both the
physical and cognitive functions of an individual. This is
one way to bring exogenous (control) variable information
into calculations of endogenous changes of disability
scores between NLTCS waves and to make projections
of scores conditional on assumptions about trends in
exogenous factors (i.e., either as observed or as may be
generated by targeted interventions in control variables;
Manton et al., 1993, 1994).

It was found (Table 1) that life expectancy estimates
calculated using NLTCS data and exact times of death
from linked Medicare files were quite close to those
calculated by Social Security actuaries (SSA, Actuarial
Study No. 116). This confirms that the NLTCS sample
is representative of the survival experience of the entire
U.S. elderly population, a property not always found
in national health survey samples. This is illustrated in
Table 1.

At age 65, the SSA cohort and NLTCS life expectancy
values are quite close (i.e., 0.41 years higher in the
NLTCS than for the SSA for males and 0.29 years lower
than in SSA female cohort). The difference is, in part, due
to comparing the cross-sectional experience in the
NLTCS with the experience of the single year of age
cohort born in 1917.

In addition, longitudinal life tables showing the time/
age dependence of both survival and disability changes
may be calculated from the NLTCS. The disability
dynamic dependent life table is presented for males and
females in Table 2.
Table 2 was actually calculated as a complete (single
year of age) table but, because of space considerations, we
presented in the table only every fifth year of age up to 95
(where estimates begin to vary significantly due to small
counts). The columns to the right represent the propor-
tion of life expectancy at that age that is expected to be
lived in each of the seven disability states. The overall life
expectancy is a continuously weighted mixture of life
tables for each of the seven disability types. That is,
there exists a separate life table for PT1 (persons with
no functional impairment) for all persons exactly like that
pure type; that is, gi1¼ 1. The life expectancy for this first
type will be higher than the weighted average for the
total, mixed population. Likewise, the life table for frail
persons (i.e., gi6 ¼ 1) will have a much lower life expec-
tancy than the total (mixed) population.

The first pure type (PT1) in Table 2 represents people
with no chronic disability or physical limitations. The sec-
ond and third types have partial limitations only in
performing specific physical tasks. Pure type four is IADL-
impaired; PT5 and PT6 represent persons with ADL
dependency andwith increasing levels of IADL impairment.
The sixth type is frail; that is, highly ADL- and IADL-
impaired. The seventh pure type represents respondents
in institutional/nursing home residence. Such persons have
significant functional limitations (e.g., 4.8 ADLs impaired
on average) similar to the frail population; that is, PT6.

In Table 2, Lx and ex have standard demographic
interpretations; for example, that 30.8% of the male
population with a mixed disability distribution survives
from age 65 to 85, with life expectancy declining from
15.3 years at age 65 to 5.5 years at age 85. The first
disability dimension represents persons free of disability.
The value in parentheses is the standard deviation of the
disability score estimate. Since the space is convexly con-
strained, the standard deviation of 0.28 for PT1 at age 65
suggests the distribution of nondisabled persons is



Table 2 Life tables with male and female cross-sectional disability covariates for 1982 to 2004 NLTCS

Age Lx Ex PT 1 PT 2 PT 3 PT 4 PT 5 PT 6 PT 7

Male
65 100000 15.32 0.91 0.05 0.01 0.01 0.02 0.00 0.00

0.28 0.10 0.06 0.06 0.08 0.07 0.00

75 69652 9.67 0.88 0.03 0.01 0.01 0.02 0.02 0.02

0.33 0.07 0.09 0.10 0.09 0.14 0.15
85 30754 5.51 0.78 0.04 0.02 0.02 0.04 0.04 0.06

0.42 0.09 0.10 0.14 0.12 0.18 0.24

95 4606 3.30 0.71 0.06 0.01 0.03 0.05 0.03 0.10

0.45 0.10 0.09 0.16 0.14 0.18 0.30
Female

65 100000 18.61 0.92 0.02 0.02 0.01 0.02 0.01 0.00

0.27 0.11 0.09 0.07 0.12 0.11 0.06
75 79761 11.95 0.84 0.04 0.02 0.01 0.03 0.02 0.04

0.37 0.13 0.11 0.10 0.16 0.15 0.19

85 46235 6.73 0.66 0.05 0.03 0.03 0.07 0.05 0.12

0.47 0.15 0.13 0.16 0.23 0.21 0.32
95 10816 3.74 0.52 0.04 0.03 0.04 0.08 0.07 0.22

0.50 0.15 0.13 0.18 0.24 0.26 0.42

Source: World Bank Moscow Office, Economic Unit (2006) Russian Economic Report No. 12, p. 21 (http://ns.worldbank.org.ru/files/rer/

RER_12_eng.pdf).
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concentr ated in the interi or of the K -dimension al disa bil-
ity state space. The mean value of 0.78 (standa rd deviation
of 0.42) for the nondisa bled PT1 at age 85 ind icates the
burden of disa bili ty is much higher past age 85, with 16%
of the male populat ion living in the commu nity in
impair ed states (i.e., 8% in highly impaired states 5 and
6) and 6% of males resident in nur sing home s.

In the bottom panel of Table 2 is the cor re sponding
a b breviated lif e ta ble for f emales . Lif e expect ancy is
highe r for f emale s (18.6 year s at age 65; 6.7 ye ar s at age 85)
as is the age-specific prevalence of chr onic disa bility at
later ages; for example, 34% of f emales are imp aired at
age 85 compar ed to 22% of males.

Although the lif e ta bles are the end product of the ALE
analysis done cross-secti onally ( Sullivan, 1971 ), cer tain
inter mediate transiti on par ameter s are of interes t if one
wishes to exam ine the ind ividual biolog ical mech anisms,
and their con trol par ameter s, by which total and active lif e
expect ancy are generated over time in cohor ts of ind ivi-
duals. One set of inter med iate estimates are the par a-
mete r s describing the change in the disa bili ty scores
over time and the de pend ency of those transitio n par a-
mete r s on f actor s (e.g., disease or disa bility risk f actor s
such as smoking, dia betes, or obesity ) that are pot entially
control la ble by spe cific inter vention s. The second set of
inter mediate coef ficients describ es the risk of death spe-
cific to disa bility stat e at a specif ic time and age. These
two sets of coef ficients intera ct over time to deter mine
the lif e exp ectancy and risk f actor dis tribution in the
disa bili ty-de pend ent lif e ta bles previously describ ed.

In Table 3 , we pr esent the matr ix of disa bili ty-state
transiti on coef ficients calcula ted at ages 65 to 67 and
ages 85 to 87. In the fir st row of the top panel (disa bili ty
changes from age 65 to 67; or two-year transiti ons), 94%
of the nondisa bled male (and f emale) population (the fir st
disa bili ty dim ension or PT1 ) at age 65 remains nondis-
a bled at age 67 . The diagonal of the matr ix re pr esents the
two-year per sisten ce of per sons in eac h of the seven
disa bili ty states. For example, whereas male s in the secon d
pure type have littl e disa bility, though with som e mode r-
ate physical perfor mance limita tions, after two year s, only
34% of males remain in this type, whil e 33% of the type
become nondi sa bled (i.e., move to PT1 ), and 26% become
more sever ely disa bled (with a transition to PT4 to PT7 ).
PT3 to PT6 have only modest per sisten ce, though at ages
65 to 67 there is a signific ant likelihood of retur ning to a
less disa bled state. Only the group of sever ely disa bled
per sons re sident in institu tions has a high per sisten ce and
tends to remain in institu tions.

At age 85 to 87, the disa bility changes for males
(Table 3 ) show a per sisten ce in disa bl ed states tha t
tends to be higher than at age 65 to 67 exce pt for the
nondisa bled state (PT1). The retur n to the nondi sa bled
state for f emales (c olumn 1) is lower than at age 65,
wherea s the moderate ly disa bled show a great er likeli-
hood of their dis a bility’s wor sening. The transitio ns for
f emal es show pa tter ns simila r to th ose of male s, though
with a higher retention in institu tional residence . As a
conse quence, one way to view the transitio n matrix is as a
we b of trans ition paths between the two ‘anchor’ states of
the convex dis a bility space ; i.e., PT1 for per sons nondis-
a bled an d PT7 for per sons wholly disa bled in institutions .
The inter med iate states in the we b connecti ng the two
end points appear to be snap shots of the quali tative
inter mediate state changes that evolve at that age.
A compl etely dynami c picture of changes would require

http://ns.worldbank.org.ru/files/rer/RER_12_eng.pdf
http://ns.worldbank.org.ru/files/rer/RER_12_eng.pdf


Table 3 Disability state two year transitions between profiles

for age 65 and 85

Profiles for age 67

Age 65 PT 1 PT 2 PT 3 PT 4 PT 5 PT 6 PT 7

Male

PT 1 0.94 0.02 0.01 0.01 0.01 0.01 0.00

PT 2 0.33 0.34 0.06 0.05 0.10 0.09 0.02
PT 3 0.37 0.14 0.19 0.06 0.08 0.10 0.06

PT 4 0.27 0.15 0.09 0.21 0.13 0.12 0.03

PT 5 0.26 0.15 0.07 0.07 0.32 0.09 0.05
PT 6 0.23 0.11 0.07 0.06 0.09 0.38 0.06

PT 7 0.06 0.03 0.03 0.02 0.04 0.04 0.78

Female

PT 1 0.94 0.01 0.01 0.01 0.01 0.01 0.00
PT 2 0.35 0.32 0.10 0.04 0.10 0.07 0.01

PT 3 0.29 0.12 0.29 0.05 0.11 0.11 0.02

PT 4 0.34 0.12 0.10 0.15 0.12 0.12 0.04

PT 5 0.28 0.10 0.11 0.05 0.32 0.12 0.02
PT 6 0.19 0.06 0.13 0.06 0.14 0.36 0.05

PT 7 0.19 0.03 0.03 0.02 0.02 0.03 0.67

Profiles for age 87

Age 85 PT 1 PT 2 PT 3 PT 4 PT 5 PT 6 PT 7

Male

PT 1 0.87 0.02 0.01 0.01 0.03 0.03 0.03
PT 2 0.18 0.50 0.05 0.05 0.10 0.08 0.04

PT 3 0.18 0.10 0.41 0.07 0.10 0.10 0.05

PT 4 0.17 0.07 0.06 0.46 0.07 0.10 0.07

PT 5 0.20 0.07 0.05 0.04 0.50 0.08 0.05
PT 6 0.16 0.05 0.03 0.04 0.06 0.58 0.07

PT 7 0.17 0.01 0.01 0.02 0.02 0.02 0.76

Female

PT 1 0.81 0.02 0.02 0.02 0.04 0.03 0.06
PT 2 0.16 0.45 0.06 0.06 0.10 0.09 0.09

PT 3 0.17 0.08 0.40 0.05 0.10 0.10 0.10

PT 4 0.17 0.07 0.05 0.43 0.08 0.09 0.11
PT 5 0.16 0.06 0.05 0.04 0.55 0.07 0.08

PT 6 0.15 0.04 0.04 0.04 0.05 0.57 0.11

PT 7 0.10 0.02 0.01 0.01 0.02 0.03 0.80

Source: World Bank Moscow Office, Economic Unit (2006)
Russian Economic Report No. 12, p. 20 (http://ns.worldbank.

org.ru/files/rer/RER_12_eng.pdf).

Table 4 Hazard matrix B at age 65 (proportion of deaths in

one year) in NLTCS 1982–2004

PT 1 PT 2 PT 3 PT 4 PT 5 PT 6 PT 7

Male

PT 1 0.04 0.06 0.07 0.07 0.07 0.09 0.08

PT 2 0.08 0.09 0.10 0.09 0.12 0.11

PT 3 0.11 0.12 0.11 0.15 0.13
PT 4 0.13 0.11 0.16 0.14

PT 5 0.11 0.14 0.13

PT 6 0.20 0.18

PT 7 0.16
Female

PT 1 0.03 0.04 0.04 0.06 0.05 0.08 0.07

PT 2 0.04 0.05 0.07 0.06 0.08 0.08
PT 3 0.06 0.08 0.07 0.10 0.09

PT 4 0.11 0.10 0.14 0.12

PT 5 0.08 0.12 0.11

PT 6 0.17 0.16
PT 7 0.14

Source: Economic and Social Commission for Asia and the

Pacific, United Nations (2005) Economic and Social Survey of

Asia and the Pacific 2005, United Nations publication Sales No.
E.05.11.F.10, ISBN: 91-1-120420-8, http://www.unescap.org/

pdd/publications/survey2005/9_Survey05_Ch-III.pdf.

Table 5 The difference of senescence process (y) on

disability covariate model and Gompertz model

NLTCS 1982–2004
Age 65 and over

Female Male

Disability

covariate y (%) 6.96 6.54
dynamics w2 7816 2890

Ex (year) at age 65 18.61 15.32

Gompertz y (%) 9.62 8.62
Function (SE) (0.39) (0.20)

y difference between two models (%) �2.66 �2.08
z value �4.9 �7.4

Source: Economic and Social Commission for Asia and the
Pacific, United Nations (2005) Economic and Social Survey of

Asia and the Pacific 2005, United Nations publication Sales No.

E.05.11.F.10, ISBN: 91-1-120420-8, http://www.unescap.org/

pdd/publications/survey2005/9_Survey05_Ch-III.pdf.
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attachi ng time pa rameter s (waiting time s) to the inter me-
diate states.

Interactin g with thes e transiti ons is the risk of death for
age-specific disa bili ty states. This is illustrate d for both
males and f emales in Table 4 .

The hazard coef fici ents in Table 4 show that at age 65
there is a sm all sur vival advant age for f emales for mos t
pure types and pure ty pe interaction s (i.e., per sons whose
disa bili ty status is describ ed by a mixtu re of two, or more,
disa bili ty dim ensions). That mean s, for a given disa bili ty
profi le, that f emale mor tality at age 65 will be lower than
for male s. Those coef ficients are, however, de pendent on
age, as shown in Table 5 . Becau se the y (rate of aging
parameter ) for f emal es is lar ger tha n for male s, f emale
mor tality rates in specific disa bility states tend to incr ease
more rap idly with age.
In Table 5 , we show the age-de pendence of the male
and f emal e mor tality func tions, both withou t adjustm ents
for the seven disa bili ty ty pes and with adju stments for
those disa bility types ( scores).

The increas e of mor tality, specif ic to disa bili ty, is f aster
for f emales than for males (i.e., the y value is lar ger for
f emal es), indicating tha t a crossover will be exp ressed in
male/f emal e mor tality trajecto ries at later ages. This is
consiste nt with studies of gende r dif f erences in mor tality
and of disa bili ty traject ories.

http://www.unescap.org/pdd/publications/survey2005/9_Survey05_Ch-III.pdf
http://www.unescap.org/pdd/publications/survey2005/9_Survey05_Ch-III.pdf
http://ns.worldbank.org.ru/files/rer/RER_12_eng.pdf
http://ns.worldbank.org.ru/files/rer/RER_12_eng.pdf
http://www.unescap.org/pdd/publications/survey2005/9_Survey05_Ch-III.pdf
http://www.unescap.org/pdd/publications/survey2005/9_Survey05_Ch-III.pdf
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Discussion

Active life expectancy is a useful measure of the amount
of healthy, socially independent life expectancy existing
in a particular national population. It has often been
examined (e.g., Robine and Michel, 2004) by comparing,
over time, cross-sectional life tables of the type proposed
by Sullivan (1971) (see Manton et al., 2006b). It is now
widely accepted as a basic measure of the quality of health
in a country by WHO – especially in highly developed
countries.

If, however, those measures are to be useful for study-
ing how to intervene in the disablement/mortality pro-
cesses determining active life expectancy, then
longitudinal data on the functioning and survival of indi-
viduals must be available, and those data must be analyzed
longitudinally; that is, to explicitly identify the interac-
tions of age-specific disability and mortality over time in
well-defined groups (e.g., birth cohorts). This requires
either special longitudinal health surveys or long-term
population registries of health events and mortality.

We presented a stochastic fuzzy state model of these
disability dynamics and their interaction with mortality
that will allow more detailed study of the biological
mechanisms that generate and sustain chronic disability
of different types. This will permit better estimation of the
temporal parameters of disability processes – even at very
advanced ages. Indeed, because longitudinal estimates of
ALE require both age-specific estimates of disability
dynamics and age and disability-specific mortality, addi-
tional component parameters of the process are estimated
that can be examined to help better understand sources of
change in the processes.

With improved parameter estimates it will be possible
to (1) better quantitatively forecast change in ALE and
(2) better simulate the effects of specific interventions.
Thus, although true longitudinal analysis of ALE pro-
cess is more complex and has greater data require-
ments, it is also intrinsically more informative and can
be used to assess a broader range of issues, and in greater
depth, than can the Sullivan-type cross-sectional estimates.
Furthermore, by using an explicit stochastic model of
disability dynamics, more formal analysis of resource
allocation models can be conducted. The formal analyses
will better (more naturally and with fewer assumptions)
describe population health and functional changes over
time. This may lead ultimately to more effective and
better-targeted strategies to improve ALE/LE ratios at
late ages and thus to increase the human capital present at
late ages in developed nations.
See also: Aging, Physical Activity and Health; Circulatory

Diseases and Aging; Long Term Care for Aging Popula-

tions; Nutrition and the Elderly.
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Introduction

Acute care can be defined as the short-term care and treat-
ment of patients suffering an episode of serious illness or
who have sustained an injury. Across theworld, the preferred
location for the delivery of this form of care is the hospital.
Hospitals are a ubiquitous human institution, common to all
modern societies. However, the form and organization of
hospitals varies greatly from country to country, reflecting
different cultural, medical, and economic traditions.

Origins and History of Acute Hospitals

A number of European hospitals can trace their roots back
to the twelfth century. These were typically founded by
religious orders, and usually formed part of an almshouse
for the poor and infirm. By the late eighteenth century,
similar institutions were becoming more common in larger
towns and cities as the process of urbanization and industri-
alization began to gather pace in Europe andNorthAmerica.
However, these hospitals were still seen as places of death,
disease, and destitution from which few emerged alive, and
were shunned by the wealthy (who were treated at home by
their physicians and surgeons). This bleak picturewas trans-
formed during the nineteenth century as the concepts of
hygiene and antisepsis and the beginnings of modern anes-
thesia delivered startling improvements in patient survival,
so that hospitals began to be seen as a place of safety and
healing, rather than a place for the indigent to die. This
transformation was complete by the middle of the twentieth
century, as effective antimicrobials greatly reduced the
risks of infection, and advances in therapeutic technology
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steadily improved the clinical outcomes that patients could
expect to receive from hospital treatment. Indeed, by the
end of the twentieth century, calls for a reduced reliance on
hospital care and a concern that acute hospitals may over-
medicalize the natural processes of birth, aging, and dying,
had become commonplace in many countries.

Roles and Functions of Acute Care
Hospitals

Common Functions

An acute hospital is instantly recognizable as such any-
where in theworld. Yet the precise nature of the conditions
they treat, the staff who work in them, and their place
within the wider health-care system vary substantially. At
their most generic level, the common functions of all acute
hospitals can be described as follows:

1. To provide the fixed physical and technological infra-
structure required to support care for acutely ill
patients, much of which could not be provided (for
technical or economic reasons) at a smaller scale of
institution or in the patient’s home.

2. To concentrate personnel with specialized and scarce
skills onto the same location, allowing them to provide
24-hour care for many patients simultaneously, and to
give acutely ill patients rapid access to a wide set of
diagnostic and therapeutic skills should their condition
change.

Both of these functions fundamentally reflect the exis-
tence of some degree of economies of scale and of scope
(Posne tt, 2002 ) in the care of acutely sick pat ients.
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However, these economies are not fixed; over time and
across continents technologies, processes, and costs will
vary substantially. Certainly the mix of patients likely to
present at an ‘acute’ hospital of notionally similar size
(and the care that can be provided for them) might differ
wildly between Canada and Cameroon, for example.
While resource availability will dictate exactly what
activities are carried out, any acute hospital will provide
the following basic services:

. Initial assessment and stabilization of the acutely ill
patient;

. Provision of more definitive diagnosis;

. Immediate/urgent treatment.

What happens next for a patient with a given condition
may, however, vary more substantially between different
health systems. In some, patients may be hospitalized for
longer, receiving treatment and rehabilitation as inpati-
ents in the acute hospital; in others, they may be dis-
charged to home or nonacute facilities to receive
treatment and rehabilitation outside the acute setting.
In some systems, a single acute hospital may provide
both urgent and planned care (e.g., elective surgery),
while in others planned follow-up care may be provided
by different organizations.
Specific Functions

Beyond the most basic function of providing a clinically
and economically viable platform for round-the-clock
care for acutely ill patients, acute hospitals may often
perform a range of other very important roles within the
health-care system.

In most countries, acute hospitals form part of a refer-
ral system, which allows patients to be referred to increas-
ingly specialized levels of care – allowing escalation and
de-escalation of care from initial contact with generalist
first-contact providers up to highly specialized centers of
expertise. In many developing country health systems, an
acute hospital may well be the first level of care at which
any qualified physicians might be encountered. Many
acute hospitals also play an important role in the educa-
tion and training of health professionals, providing practi-
cal training opportunities for many different staff groups.
However, this role can vary substantially from country to
country, reflecting traditions and customs as much as
deliberate design. For example, practically every acute
hospital in the United Kingdom’s National Health Ser-
vice (NHS) is a training hospital – because almost all
NHS hospitals rely heavily on junior doctors who are
still in training posts for two years after initial qualifica-
tion to provide much of their basic nonspecialist medical
cover, and upon specialist registrars (i.e., more experi-
enced doctors who are training for accreditation as spe-
cialists) to provide much of their specialist care. In many
other countries, these doctors would be concentrated in a
much smaller proportion of hospitals, which are explicitly
designated as university or teaching hospitals.
The Organization of Acute Hospitals

Service Mix

Two related factors have together exerted a substantial
influence on the specific organization and service mix of
acute hospitals seen in different countries and contexts.
The first is the underlying service model to which hospitals
and health systems aspire; crudely, this can be considered
along an axis ranging from ‘fully comprehensive’ (i.e., each
acute hospital should provide a full and clearly defined
range of services) to ‘fully networked’ (i.e., different hospi-
tals provide quite different service ranges, supporting and
complementing each other through network arrangements
to ensure that a local health system – rather than any one
hospital – provides a comprehensive service range to
patients). Closely linked is the extent to which local health
services are systematically planned, or are driven by market
forces. The ideal of specifying a comprehensive service
model, and then planning and investing actively to ensure
that hospitals conform to this model, has had a powerful
influence on health planning in many countries. The basis
of this conceptual model was clearly stated in the United
Kingdom’s Hospital Plan of 1962, but has been restated in
many other countries since then: Each health district
should contain a single district hospital, providing a defined
set of acute care services capable of dealing with the vast
majority of acute care needs that might present themselves
from a defined district population (often specified in terms
of an ideal or typical population size). In this model, local
acute hospitals serve a defined population as a ‘natural
monopoly’ provider; patients requiring more specialized
care are referred up a clearly specified referral system.
Such an approach is still an important force in health
planning, for example, in the recent development of district
and regional hospital packages of care in the South African
public health system (Department of Health, 2002). By
contrast, many other systems have taken a less directive
approach to the service mix offered by acute hospitals. An
individual hospital may offer whatever mix of service it
believes it can sustain given likely local demand, revenue,
and market factors (within certain regulatory constraints);
funders or planners focus their efforts on ensuring that a
full range of services are provided to a defined population
(be they members of a particular insurance fund or inha-
bitants of a geographical area) from a collection of different
providers. These providers might find themselves in com-
petition with one another for certain services, yet mutually
dependent for others. This more ‘laissez faire’ approach is a
hallmark of systems with higher degrees of private insur-
ance funding (e.g., the United States, urban areas of India)
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and/or nonstate ownership of health facilities, but also
appears in many social health insurance systems (e.g.,
France, Germany). Although a copious and inconclusive
literature has examined the issues of competition and mar-
kets versus planned approaches to health care over many
years, it is interesting to note that very little attention has
been paid to studying the real differences in service mix
observed across different systems.

Clearly, the precise service mix of an ‘acute’ hospital
will vary tremendously according to context and setting.
Tertiary sub-specialists at hospitals such as Massachusetts
General or University College Hospitals London provide
acute hospital care; yet so does a medical officer at a district
hospital in Africa, single-handedly providing medical,
pediatric, obstetric, and surgical care to a rural population
hundreds of kilometers from any other hospital. Attempts
have periodically been made to specify particular service
packages that should be provided by acute hospitals in
different countries (see NHS National Leadership Net-
work (2006) for a recent exercise in England), yet such an
approach cannot possibly yield results applicable in all
settings.

Certain trends in overall service mix can clearly be
pointed to, however. Chief amongst these has been a
consistent downward trend in the number of acute hospi-
tal beds available and in the duration of hospital stay
across all developed economies (Hensher et al., 1999a).
Acute hospitals have increasingly focused their efforts and
activities on the sickest patients at the most acute phase of
their illness, as technological and infrastructural advances
have allowed patients to be discharged ever earlier and to
be cared for safely and effectively at home. This trend has
physically reshaped the acute hospital infrastructure
across Europe and North America, as bed and hospital
numbers have shrunk from their peak in the 1950s. In
many countries, another visible trend has been the sepa-
ration of planned care from emergency or unplanned care.
Routinely scheduled care (primarily but not exclusively
surgery) increasingly takes place in different facilities (in
separate theaters, wards, or even entirely different hospi-
tals) to ensure it is not disrupted by the unpredictable
demand for emergency care and to maximize productive
efficiency. Some writers (e.g., Herzlinger, 1997) have sug-
gested that the future may lie in ‘focused factories’ –
hospitals specializing in one specific condition or organ
system – to generate maximum expertise and efficiency.
Actual movement toward this model seems altogether
more limited; indeed, single-specialty hospitals were argu-
ablymore common 20 years ago than they are today, as they
were an important feature of Soviet bloc health systems.
Relationship with Primary Health-Care Services

It has been recognized for many years that high-quality
and efficient acute care requires effective coordination
between acute hospitals and the primary health-care ser-
vices that provide most of us with the overwhelming
majority of the health care we will require throughout
our lifetimes. The caricature of the hospital as the center-
piece of the health system has – especially in developing
countries – given way to an alternative caricature of the
hospital as a drain on primary care, sucking resources into
attempts to rescue the sickest patients and away from cost-
effective primary care and public health programs. Yet, in
developed countries, a great deal of care is now delivered
in community settings, care that previously would only
have been delivered within an acute hospital, and much
effort has been devoted to re-engineering systems and
care pathways to minimize the need for hospitalization.
Developments in pharmaceutical and diagnostic technol-
ogy have greatly facilitated this shift, but concerted efforts
have also been made to move key staff into community-
based settings. Such processes will clearly have limits at
any given point in time, especially in the presence of
economies of scale (see Roland et al., 2005, for a careful
study of the scope for and limitations on shifting care from
hospital to primary care settings in the UK). Great care
and pragmatism is required when considering this issue in
developing countries. Despite their many faults and fail-
ings, acute hospitals are often the most functionally effec-
tive and intact components of health systems in poor
countries; dismantling them in the name of primary care
principles should not be advocated without the most
serious consideration and technical challenge. Indeed,
the idea of a deep divide between primary care and
acute care is arguably an artifact of particular organiza-
tional models, particularly those that differentiate sharply
between primary care and hospital physicians. Thus, in
some systems, general practitioners handle primary care
activity, and hospital doctors are employed by and work in
hospitals – and never the twain shall meet. Yet in other
systems, specialist physicians frequently practice both in
the hospital and in office-based practice in the commu-
nity, whereas general practitioners may well have admit-
ting rights in acute hospitals, where they will admit and
care for their patients using hospital resources. The
export and import of novel models of care integration
often does not pay enough attention to the profound
differences between systems in the underlying models
of physician employment and the incentives that flow
from them.
Recent and Emerging Trends

The long-term historical trend toward a smaller number
of acute hospital beds and a reduced reliance on acute
inpatient care has already been noted. It has perhaps been
most pronounced in the United States, but is clearly
visible in all high-income and many middle-income
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countries. This trend has been less clear in developing
countries, due in part to more limited data availability,
and also to the very low baseline of health service provi-
sion in more countries – services that are inadequate to
meet current needs would hardly be expected to shrink. In
richer countries this trend has been driven by multiple
factors – better treatments and outcomes, reduced length
of stay, significant substitution of acute hospital stays with
stays in nursing homes, rapid growth in the ability to offer
interventions on an ambulatory care basis, and explicit
economic incentives (see Hensher et al., 1999b, for a fuller
discussion).

A parallel trend visible more recently has been a ten-
dency to concentrate more complex interventions (par-
ticularly, but not exclusively, specialized surgery) onto a
reduced number of centers. This trend has reflected
growing evidence that surgical and other outcomes are
related to the volume of specific procedures undertaken
by an individual practitioner. For many procedures, there
is now evidence that outcomes are poor when practi-
tioners undertake only small volumes; perhaps most far-
reaching in its implications has been evidence indicating
that outcomes are poorer in trauma surgery outside
specialized major trauma centers. As a result, many health
systems have attempted (via differing mechanisms) to
ensure that less common procedures are concentrated
into specialist centers. When combined with the parallel
shift of simpler activity out of hospital and into ambula-
tory care, this raises the prospect of a subset of hospitals
(primarily smaller general hospitals, without specialist
centers of expertise) being left with too small a core of
inpatient services to remain economically viable. Were
such hospitals to close, then local communities may face
significant reductions in their ability to access basic acute
care – a trade-off sometimes not explicitly addressed in
discussions of the benefits of service concentration of
specialized procedures.
The Future of Acute Hospitals –
Challenges and Risks

A growing challenge for acute hospitals has been the steady
rise in the incidence of drug-resistant health-care-acquired
infections (HCAIs), such as methicillin-resistant Staphylo-
coccus aureus (MRSA) and Clostridium difficile. HCAIs have,
in many developed countries, become endemic in acute
care hospitals, with around 9% of hospital patients in
England infected with an HCAI at any one time (Public
Accounts Committee, 2005). HCAIs lead directly to the
death of some patients; undermine care outcomes for
many more; lead to increased resource utilization and
costs in the care of infected patients; and undermine
patient and public confidence in hospitals and health
care more generally. Pharmaceutical solutions to HCAIs
seem not to be forthcoming; HCAIs are therefore likely
to continue to require greater attention to infection
control, effective case finding, using ambulatory care to
avoid admission to hospital in the first place, and even
changes to the physical design of hospitals if they are to
be controlled effectively. In the worst case, a failure to deal
effectively with HCAIs could turn the clock back signifi-
cantly on acute hospital care – the long downward trend in
hospital stays could be reversed, and the public may cease
to view hospitals as places of safety – reverting to their pre-
twentieth-century status as risky environments in which
only those who cannot afford other forms of care would
willingly enter. It is also possible that recent patterns of
acute hospital care may be challenged in adapting to a
low-carbon future. Service models that are reliant on long
or frequent journeys for either patients or staff might need
to be reconsidered if transportation costs start to rise signif-
icantly, due either to carbon taxes or increasing fuel scarcity.

There is little doubt that – barring truly extraordinary
scientific breakthroughs – the acute hospital will still be
with us in a hundred years’ time. Even if its physical form
has changed, and the treatments provided within its walls
have changed completely from those we know today, the
future hospital as a social institution would still be clearly
recognizable to us. The challenge for health systems is to
seek a continuous rebalancing of care provision and loca-
tion to reflect changing technologies, capabilities, and
relative costs. The designers of acute hospital systems
for the future – whether in rich or poor countries – will
need to strive constantly to ensure that hospitals provide
only that appropriately specialized acute care that cannot
be more cost effectively delivered in other settings – but
that they also support primary health care integrally
through the wider distribution of information, expertise,
and skills.
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Introduction

Adenoviruses cause a wide range of human illnesses. The
most common are gastroenteritis, respiratory infections,
and eye infections, especially in children and young
adults. They are the second most common cause of gas-
troenteritis in children and are a major source of serious
respiratory infections among military recruits. Increasing
evidence in recent years also suggests that infection with
adenovirus type 36 may be associated with obesity in
humans. While mortality from adenovirus infections is
usually low, there is a serious risk of death among the
immunocompromised (e.g., transplant patients, AIDS
patients), with rates approaching 60% of those infected.

Human adenoviruses belong to the family Adenovir-
idae. The family classification is subdivided into theMast-

adenovirus and Aviadenovirus genera. The Mastadenovirus

genus includes all of the species infecting humans as well
as the simian, murine, bovine, equine, porcine, ovine, and
canine species and those infecting opossums. The Aviade-
novirus genus only includes viruses that infect avian spe-
cies. In general, the natural host ranges of adenoviruses
are confined to one species or closely related species.
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Currently, there are 51 identifiable human adenovirus
serotypes. These are divided into six subgroups (A–F) and
four hemagglutination groups (I–IV). Each serotype is
distinguished by its resistance to neutralization by anti-
sera to other known adenovirus serotypes. Serotypes are
designated based on their oncogenicity and hemaggluti-
nation groups are based on their ability to agglutinate
rhesus monkey and rat erythr ocyt es. Table 1 outli nes
the current classification scheme for human adenovirus
serotypes.

Structure and Physical/Chemical
Properties

Adenoviruses have a nonenveloped, icosahedral virion
that consists of a core containing linear, double-stranded
DNA (26–45 kbp) enclosed by a capsid. The capsid is
composed of 252 capsomers, 240 of which are hexons
and 12 of which are pentons. Each penton projects a single
fiber that varies in length for each serotype, an exception
being the enteric adenovirus (EAds) pentons (serotypes
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40 and 41) that project two fibers. Adenoviruses are
approximately 70 to 100 nm in diameter.

Adenoviruses may survive extended periods of time
outside host cells. They are stable in the presence of many
physical and chemical agents, as well as adverse pH con-
ditions. For example, adenoviruses are resistant to lipid
solvents due to the lack of lipids within their structure.
Infectivity is optimal between pH 6.5 and 7.4; however,
the viruses can withstand pH ranges between 5.0 and 9.0.
Adenoviruses are heat resistant (particularly type 4) and
may remain infectious after freezing.
Illnesses

Routes of infection include the mouth, nasopharynx, and
the ocular conjunctiva. Transmission is largely person to
person, probably by way of aerosols and fomites. Of the
51 known human serotypes, only one-third are associated
with human disease (Table 2) while the remainder appear
to largely cause ion asymptomatic infections.

Adenoviruses are associated with a variety of clini-
cal illnesses involving almost every human organ system.
Illnesses include upper (pharyngitis and tonsillitis) and
lower (bronchitis, bronchiolitis, and pneumonia) respira-
tory illnesses, conjunctivitis, cystitis, and gastroenteritis.
Less frequently, the virus can become systemic and
affect the bladder, liver, pancreas, myocardium, or central
nervous system. Several studies have found that the
enteric adenoviruses are second only to rotaviruses as
Table 1 Human adenovirus serotype classification

Subgroup Serotype group

A 12, 18, 31
B 3, 7, 11, 14, 16, 21, 34, 35, 50

C 1, 2, 5, 6

D 8–10, 13, 15, 17, 19, 20, 22–30, 32, 33, 36–39, 42–49,
E 4

F 40, 41

Table 2 Common illnesses associated with human adenoviruses

Disease Individuals at risk

Acute febrile pharyngitis Infants, young children

Pharyngoconjunctival fever School-aged children

Acute respiratory disease Military recruits

Pneumonia Infants, young children, mili
Epidemic keratoconjunctivitis Any

Follicular conjunctivitis Infants, young children

Gastroenteritis/diarrhea Infants, young children

Urinary tract colon hepatitis Bone marrow, liver, or kidne
AIDS patients, or immuno
the causative agents of acute gastroenteritis in infants
and young children.

Most illnesses caused by adenoviruses are acute and
self-limiting. Although the symptomatic phase may be
short, all adenoviruses can remain in the gastrointestinal
tract and continue to be excreted for an extended period
of time. Species within subgenera C may continue to be
excreted for months or even years after disease symptoms
have resolved. Adenoviruses can remain latent in the body
(in tonsils, lymphocytes, and adenoidal tissues) for years
and be reactivated under certain conditions, such as a
change in immune status. The long-term effect of such a
latent infection is unknown.

Adenovirus infections may be accompanied by diar-
rhea, though the virus can be excreted even if diarrhea is
not present. A large proportion of infections caused by
subgenera A and D tend to be asymptomatic, whereas the
species within subgenera B and E tend to result in a higher
rate of symptomatic respiratory illnesses. Immunity is
serotype-specific. The presence of preexisting antibodies
resulting from a previous infection is usually protective
and, in such cases, symptomatic infection is rare.

It is often difficult to confidently link adenoviruses to
specific illnesses because asymptomatic, healthy people
can shed viruses. Occurrence studies comparing infection
in healthy and ill people have found up to 20% of asymp-
tomatically infected persons can shed adenovirus. Adeno-
viruses cause 5% of all infectious illnesses in infants and
3% in children aged 2 to 4 years.

Certain species of adenoviruses are oncogenic (from
subgenera A and B), yet only when a human virus is
Hemagglutination

IV (little or no agglutination)
I (complete agglutination of rhesus monkey erythrocytes)

III (partial agglutination of rat erythrocytes)

51 II (complete agglutination of rat erythrocytes)
III

III

Principal serotypes

1–3, 5–7

3, 7, 14

3, 4, 7, 14, 16, 21

tary recruits 1–3, 4, 6, 7, 14, 16
8–11,13, 15, 17, 19, 20, 22–29, 37

3, 7

18, 31, 40, 41

y transplant recipients,
suppressed

34, 35, 42–49, 1, 2, 5
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introduced into an animal model. Investigations into pos-
sible human cancer effects through searches for tumor
antigens and DNA sequences have been negative.
Gastroenteritis

The incidence of adenovirus gastroenteritis in the world
has ranged from 1.5 to 12%. Enteric adenoviruses are
second only to rotaviruses as the leading causes of child-
hood gastroenteritis. Diarrhea is usually associated with
fever and can last for up to 2weeks. Although diarrhea can
occur during infection by any type of adenovirus, Ad40
and Ad41 specifically cause diarrhea. Adenovirus type 31
(Ad31) is also suspected of causing infantile gastroenteri-
tis and, after detailed amino-acid sequence characteriza-
tion, has been determined to be closely related to Ad40
and Ad41. Ad31 has been more closely associated with
diarrhea than any of the other nonenteric adenoviruses.

Some estimate that Ad40 and Ad41 contribute to
5 to 20% of hospitalizations for diarrhea in developed
countries. Children younger than a few years are the most
vulnerable to infection.
Respiratory Infections

Adenoviruses, particularly serotypes 1–6, have been
shown to contribute to the etiology of acute respiratory
diseases (ARDs) throughout the world, especially in chil-
dren. It has been estimated through serologic surveys that
10% of all respiratory diseases in children are caused
by adenoviruses. Symptoms such as fever, chills, head-
ache, malaise, and myalgia are commonly observed during
adenovirus respiratory infections.

Secondary transmission in households can be as high as
50% due to fecal–oral transmission from children shed-
ding virus in the feces. Adenoviruses can be recovered
from the throat or stool of an infected child for up to
3weeks. Adenovirus respiratory infections are also well
documented in adults.

Adenovirus serotypes 1–7 are associated with upper
respiratory illnesses such as pharyngitis, tonsillitis, and
the common cold. Lower respiratory illnesses due to
adenoviruses include bronchitis, bronchiolitis, and pneu-
monia, with the latter sometimes resulting in severe
(sometimes fatal) illness in infants and children.
Acute Respiratory Disease of Military Recruits

ARD is a respiratory infection characterized by nasal
congestion, coryza (nasal discharge), and a cough found
simultaneously with fever, chills, malaise, myalgia, and a
headache. The disease may progress and become fatal due
to pneumonitis. It can be transmitted from person to
person, usually under conditions of fatigue and crowding,
and was thus initially recognized in military recruits. Due
to the disruption caused by this disease, a commission was
organized to define this illness during World War II.
Through epidemiologic and human volunteer investiga-
tions the disease was termed acute respiratory disease
(ARD) and distinguished from other respiratory tract
diseases as being caused by a filterable agent and as having
an incubation period of 5–6 days.

Vaccines against adenovirus serotypes 4 and 7 became
available in 1971 and drastically reduced ARD in military
institutions. In 1996, the manufacturer of these vaccines
ceased production, resulting in an ARD epidemic in more
than 1000 military trainees due to adenovirus type 4.
Deaths from adenovirus pneumonia in the military are
rare, but do occur. Studies have shown that other sources
of risk include college dorms, children’s institutions, and
day care facilities.
Pharyngoconjunctival Fever

Pharyngoconjunctival fever (PCF) refers to a syndrome of
pharyngitis, conjunctivitis, and spiking fever. Symptoms
of this syndrome include unilateral or bilateral conjuncti-
vitis, mild throat tenderness, and fevers up to 104 �F. The
illness usually lasts from 5–7 days, with no permanent eye
damage. Some cases may progress and result in pneumo-
nia. The most commonly isolated adenovirus serotype is
3, although 7 and 14 have also been associated with PCF.
The disease is best known for being found around summer
camps, pools, and small lakes. Transmission of the agent
appears to require direct contact with the water, allowing
the virus direct contact with the eyes or upper respiratory
tract. Secondary spread is common, although adults con-
tracting the disease tend to have milder symptoms, usu-
ally only conjunctivitis.
Eye Infections

Serotypes 8, 11, 19, and 37 can cause epidemic keratocon-
junctivitis (EKC) in which the conjunctiva becomes
infiltrated, chemotic, and hyperemic. Sporadic keratocon-
juctivitis has been observed, but the major epidemics have
been associated with Ad19 and Ad37. Cases have been
documented worldwide including in North America,
Asia, and Europe. Transmission occurs through direct
contact with eye secretions from an infected person as
well as through contact with contaminated surfaces, eye
instruments, ophthalmic solutions, towels, or hands of
medical personnel. Trauma to the eye can increase a
person’s risk of infection. Outbreaks have involved mostly
adults. The first identified outbreak occurred in 1955 and
involved shipyard workers in Hawaii exposed to rust and
paint chips. The workers became infectedwith Ad8 (‘ship-
yard eye’ or ‘shipyard’ conjunctivitis). Other documented
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outbreaks of keratoconjunctivitis due to adenoviruses
have involved ophthalmic solutions and a roller towel
used for drying faces and hands.

Outbreaks of EKC are commonly reported from offices
of ophthalmologists. Spread is thought to occur through
insufficient sterilization of equipment or contact lenses,
direct manipulation of the eye, or by use of eye solutions
and ointments. Secondary spread between children and
family members has also been documented, although
direct inoculation into the eye appears to be necessary
for disease.

Infections of the conjunctiva refer to a clear membrane
that coats the inner aspect of the eyelids and the outer
surface of the eye. Conjunctivitis can occur sporadically
or occur in large groups. Often, follicular conjunctivitis is
contracted by swimming in inadequately chlorinated
swimming pools or in lakes during the summer. The first
documented outbreak of conjunctivitis was in 1955, as
adenovirus was isolated from swimmers at a local pool.
Most cases result in only mild illness and complete recov-
ery. Adenoviruses 3 and 7 are the most commonly isolated
species, although many other serotypes have been asso-
ciated with this syndrome.
Obesity

There is accumulating evidence that several viruses may
be involved in obesity in animals and humans. Studies in
chickens, mice, and nonhuman primates indicate that
adenovirus type 36 can cause obesity. Obese humans
have a higher prevalence of serum antibodies to adenovi-
rus 36 than lean humans. Other adenoviruses are capable
of causing obesity in animals, but no correlation with
antibodies has been demonstrated. The metabolic and
molecular mechanisms of how adenovirus infections
cause obesity are not precisely understood; however,
increases in food intake alone cannot explain the observed
increases in adiposity (tendency to store fat), suggesting
that adenovirus 36 induces metabolic changes. One mech-
anism appears to be that adenovirus 36 influences the
differentiation of preadipocyte cells and/or the accumu-
lation of lipids by adipocytes (cells that accumulate fat in
the body).
Morbidity and Mortality

Since adenovirus is not a reportable disease agent, there
are no national or population-based morbidity and mor-
tality figures available; most of the epidemiological data
come from the study of select populations who appear to
be most affected by adenovirus exposure. These include
children in institutions such as hospitals and day care
centers, military recruits, immunocompromised indivi-
duals, and groups of families. Adenovirus infections
were common among military personnel in the 1950s
and 1960s, with as many as 10% infected. They were
also responsible for 90% of pneumonia hospitalizations.
The impact of adenoviruses subsided with the implemen-
tation of a vaccine; however, the sole vaccine manufac-
turer ceased its production in 1996. Subsequently,
morbidity ratios have again increased to 10–12% and
deaths have been observed in previously healthy military
recruits.
Impact on the Immunocompromised

The severity of disease resulting from an adenovirus
infection depends on the host’s immune system status.
Therefore, adenovirus infections in immunocompromised
hosts (including HIV-infected patients and transplant
recipients) have been well documented. While nonenteric
adenovirus infections produce usually moderate disease
in people with normal immune systems, the immunocom-
promised are at higher risk for serious and possibly fatal
disseminated disease.

Though adenovirus infection may result in mild or
asymptomatic infections in the immunocompromised,
the virus can disseminate into any body system and
cause pneumonitis, meningoencephalitis, hepatitis (espe-
cially in liver and bone marrow transplant patients),
and hemorrhagic cystitis (especially in kidney transplant
patients). The disease may progress to death. The enteric
adenoviruses are rarely isolated from immunocom-
promised patients with gastroenteritis or diarrhea
(Table 3).
Waterborne Disease Outbreaks

Adenoviruses have been responsible for numerous out-
breaks within facilities for children (e.g., day care centers,
schools, orphanages, and camps), within hospitals, health-
care centers, and among military personnel. Since all
serotypes of adenovirus (besides enteric alone) are excreted
in feces, contaminated water could be a source of exposure
for any type, either through ingestion, inhalation, or by
direct contact with the eyes.

Contact with recreational water has been associated
with numerous adenovirus outbreaks over the years. Ade-
noviruses are the most reported cause of swimming pool
outbreaks associated with viruses. Many outbreaks of PCF
from nonenteric adenoviruses have come from people
swimming in pools and lakes. Adenovirus types 3, 4, 7,
and 14 have been associated with outbreaks in swimming
pools and have been detected in pools.

There have been three drinking water outbreaks
reported in Europe in which enteric adenoviruses
may have been a cause of gastroenteritis. Multiple viral



Table 3 Mortality ratios associated with adenovirus illnesses in subpopulations

Subpopulation Mortality ratio (%) Citation

Immunocompromised patients 50–60 Zahradnik et al., 1980; Shields et al., 1985
Immunocompromised patients 48 Hierholzer, 1992

Children< 5 years 34 Murtagh et al., 1993

Immunocompromised children 83 Munoz et al., 1998

Immunocompromised patients 75 Pham et al., 2003
Bone marrow transplant patients (children) 19 Kampmann et al., 2005

Bone marrow transplant patients >25 Krilov, 2005
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agents were involved and the water had not been ade-
quately disinfected. No food-borne outbreaks have been
documented.
Occurrence in Sewage and Water

Adenoviruses are commonly detected in raw and non-
disinfected secondary sewage discharges, although little
published data are available for the United States. Entero-
viruses are removed to a greater extent than adenoviruses
by activated sludge. Likewise, when comparative studies
have been conducted, adenoviruses usually outnumber
enteroviruses in surface waters.

To date, there appear to have been no real attempts to
determine the occurrences of adenoviruses in groundwater,
although other enteric viruses have been detected in several
studies in the United States. Nonetheless, adenovirus was
one of the likely causes of a drinking water outbreak in
Finland. This indicated that adenovirus might be expected
to be present in sewage-contaminated groundwater.
Survival in the Environment

Limited data suggest that adenoviruses survive longer in
water than enteroviruses and hepatitis A virus. Adeno-
viruses also exhibit greater thermal stability than enter-
oviruses. This may explain their longer survival in water.
They are capable of surviving for months in water, espe-
cially at low temperatures. The double-stranded DNA
that makes up the genome of the virus may provide
more stability in the environment. In addition, adeno-
viruses may use host cell repair enzymes to repair dam-
aged DNA. This may also prolong their survival in the
environment and enhance their resistance to inactivation
by ultraviolet (UV) light.
Resistance to Disinfectants

Only limited studies have been performed on the sensi-
tivity of adenoviruses to disinfectants commonly used in
water treatment. These studies suggest that adenoviruses
have equal or greater sensitivity to oxidizing disinfectants
(e.g., chlorine) than other enteric viruses (e.g., hepatitis
A virus); however, they are the most UV-light-resistant,
waterborne pathogens known. They are more resistant
to UV-light disinfection than waterborne viruses with
single- and double-stranded RNA genomes. The adeno-
virus genome comprises double-stranded DNA. This
allows the virus to use host cell repair enzymes to repair
damage in the DNA caused by UV light.

Only one strand of the nucleic acid may be damaged
during UV-light disinfection. The undamaged strand may
then serve as a template for host cell repair enzymes. The
presence of host cell repair enzymes enables DNAviruses
to repair the damage caused by UV light. Adenovirus type
40 requires a dose of 226mJ/cm2 for a 99.99% inactiva-
tion of the original concentration while poliovirus type 1
(a single-strand RNA genome) only requires a dose of
31mJ/cm2 (Thurston-Enriquez et al., 2004).
Summary

Adenoviruses cause a wide variety of illness in humans,
but are largely associated with respiratory illnesses and
gastroenteritis. While these infections are often mild and
self-limiting they can cause serious mortality in the
immunocompromised. They are the most plentiful enteric
virus found in sewage or fecally contaminated waters and
have been regularly associated with infections associated
with swimming pools where disinfection levels have not
been properly maintained. While fairly susceptible to
common water disinfectants they are the most resistant
waterborne agents known to UV-light disinfection.

See also: Arboviruses; Bacterial Infections: Overview;

Enteroviruses; Environmental Opportunistic Myco-

bacteria.
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The definition of adolescence is variable; differing sources
include those aged as young as 10 to as old as 24 years. The
World Health Organization (WHO) defines adolescents as
those aged 10 to 19 years, youth 15 to 24 years, and young
people 10 to 24 years. Over 1.2 billion in number, adoles-
cents make up 20% of the world’s population. Although
their absolute number continues to rise, their proportion of
the world’s population is expected to fall over the next
20 years due to declining fertility rates. Over 85% of ado-
lescents live in developing countries; in many sub-Saharan
countries where the population is among the youngest in
the world, the median age is between 15 and 16 years old.
As a result, the vast majority of population growth in young
people is expected to take place in developing countries
(Figures 1 and 2).

Until recently, communicable diseases were the major
causes of adolescent mortality and morbidity. Due to
advances in health care and changes in the global eco-
nomic and political milieu, social and behavioral pro-
blems are the sources of most adolescent illness.
According to Blum and Nelson-Mmari (2004), the lead-
ing causes of death in 15- to 29-year-olds worldwide in
descending order are: unintentional injuries, HIV/AIDS,
other infectious causes, intentional injuries/violence,
and suicide (maternal mortality was not included in cal-
culations). Nearly 2million adolescents die annually
from mostly preventable and treatable causes including
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accidental injuries, suicide, and homicide, making them a
critical population for public health intervention.

Moreover, the quality of adolescent health is an impor-
tant determinant of adult well-being. Many behaviors
developed during adolescence, such as sexual activity or
tobacco use, are continued into later life, impacting adult
morbidity and mortality. WHO estimates that 70% of
premature deaths in adulthood are caused by behaviors
started during adolescence. Investing in adolescent health
is important for the advancement not only of young

1539
1691.3

230.8 205.1

0
200
400
600
800

1000
1200
1400
1600
1800
2000

Y
ou

th
 p

op
ul

at
io

n,
 m

ill
io

ns

Less developed

2007
2030

More developed

Figure 1 Population of youth aged 10–24 in millions, stratified
by regional economic development, 2007 and 2030. Reproduced

from U.S. Census Bureau (2007) International Data Base.

Washington, DC: US Census Bureau. http://www.census.gov/

ipc/www/idb/.



305.2

447.5

125.1 133.5
103.9 95.6

1091 1103.9

136.7 107.6

7.8 8.3

0

200

400

600

800

1000

1200

Y
ou

th
 p

op
ul

at
io

n,
 m

ill
io

ns

Africa North
America

South
America

Asia

2007

2030

Europe Oceania

Figure 2 Population of youth aged 10–24 in millions, stratified by region, 2007 and 2030. Reproduced from U.S. Census Bureau

(2007) International Data Base. Washington, DC: US Census Bureau. http://www.census.gov/ipc/www/idb/.

34 Adolescent Health
people, but for their families, their communities, and
society at large.
Adolescent Development

Similar to other periods in childhood, adolescence is
a time marked by rapid development. Young people
acquire an increasing sense of autonomy, individuality,
and responsibility as they cognitively and emotionally
transition to adulthood. The brain continues to mature
until age 24, organizing by creating and pruning neural
connections. The onset of puberty also brings about dra-
matic changes in a young person’s body. While most teens
advance through predictable stages of development, adoles-
cents are a heterogeneous population with great variance
between individuals regarding their level of maturity, even
among those of the same age. During this time of increasing
responsibilities and pressures, adolescents generally lack the
developmental capacities and life skills, as well as social and
financial resources, of mature adults. This paradox makes
adolescents vulnerable to outside pressures, which for some
youth potentiates poor decision making and, as a result,
common health and behavioral problems such as substance
use and early sexual activity.

Adolescence is typically divided into three stages,
reflecting changing abilities, priorities, and developmental
tasks over time. During early adolescence, ages 10 to 14,
puberty begins. These children begin to appear more like
adults due to the development of secondary sexual char-
acteristics such as breasts or facial hair and the growth
spurt. A mature appearance may cause unwanted sexual
attention or behavioral expectations unfit for their devel-
opmental level. Most girls begin to menstruate and are
physically able to have a family on their own, despite
lacking the resources and life skills to do so. Young
adolescents generally start to have romantic interests in
others, although their relationships tend to be short-lived
and relatively superficial. These children think in con-
crete terms, and so their behavior is based on societal
guidelines, such as school or peer rules, instead of by
their own code of ethics. They tend to have difficulties
associating risks with consequences, and are the most
optimistic about the future.

Physical maturation continues during middle adoles-
cence, ages 14 to 17. While romantic relationships are
more serious, they remain experimental and even exploit-
ive, as this group becomes more influenced by their peers.
This group tends to question societal rules as they develop
their own moral code and think in abstract terms more
effectively. During late adolescence, 17 to 24 years of age,
many youth face serious decisions regarding their future
career and establishing independent adult identities. Their
romantic relationships often reflect an emerging maturity
and intimacy and generally last for longer periods of time.

Ambivalence, conflict, and exploration are common and
normal during this time of transition and self-reflection.
A supportive environment made up of family, community,
and society is critical during this vulnerable period to
provide the best health outcomes for adolescents.
Environmental Factors

A sense of connectedness with one’s family has been asso-
ciated with a multitude of positive health outcomes in ado-
lescence. Teenagers who feel their parents love and support
them aremore likely to attend school and less likely to abuse
substances, become sexually active, and have mental health
problems. Connected families act as role models, offer ado-
lescents loving support to make good decisions, and set
boundaries for misbehavior. In the past, extended families

http://www.census.gov/ipc/www/idb/.


Adolescent Health 35
were more likely to live communally and thus were better
able to influence adolescent behavior; presently, the smaller
nuclear family is increasingly common, and families tend to
exert less power. Many adolescents live in single-parent
households or may lack supervision when their parents
work. Hundreds of thousands of teenagers are orphans due
to diseases such as HIVand are obliged to become heads of
households to care for their younger siblings, often leaving
school to do so. Other orphaned adolescents are sent to other
households to be fostered, or become homeless.

Education is also a critical factor in an adolescent’s
well-being. School not only provides the career training
necessary for adolescents to become self-sufficient but also
teaches them how to socially interact. More schooling has
been associated with many positive outcomes, especially in
females, including later ages of marriage, lower lifetime
fertility rates, improved infant survival, and higher earning
power. Fortunately, adolescents are more likely to complete
their secondary education now than ever before, although
a gap still exists between industrialized and developing
countries (Figure 3). Girls are less likely than boys to
continue schooling, especially during middle to late ado-
lescence. The gender gap is most pronounced in Africa and
West Asia, but there have been significant improvements in
the gender gap in northern Africa, and in South and East
Asia. Many young girls leave school early due to early
marriage or pregnancy. Boys may not complete their
schooling due to pressures to work to provide economic
relief to their families, or to become soldiers.

The International Labour Organization states that
the minimum age for full-time work should be at least
15 years, and should be after the completion of compul-
sory education. Despite this fact, many youth work at
younger ages, often for low wages for unskilled work in
poor conditions. In general, the proportion of young peo-
ple in the workforce has fallen worldwide. Young people
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often migrate to urban areas in search of paying jobs as
part of the worldwide trend toward urbanization. Such
youth can distance themselves from their family’s influ-
ence and previously known social structure, placing
them at risk for economic and other exploitation. Some
of these young people eventually sell sex for survival, as
they lack training or skills to more fully participate in the
workforce. Although adolescents today are less likely to
live in poverty, those living in regions in South Asia and
sub-Saharan Africa are stressed by lack of access to food
and other basic human needs.

Education systems need to adequately prepare students
for their economic well-being by teaching them the skills
they need in the modern global marketplace. Globalization
has created new economic opportunities for many adoles-
cents. For others, market values cause financial stress and
weakening of social networks. In many ways, adolescents
are at the forefront of globalization, as they are interested in
innovation and technology and thus are more likely to
participate in international forms of media such as the
Internet. Via the World Wide Web, they can experience,
export, and import cultures from thousands of miles away,
exchanging value systems and other lifestyle choices.
Access to Health Care

Many adolescents lack access to adequate health care.
Programs that manage adolescent care by grouping them
nondifferentially with children or adults do not effectively
address the unique needs of this population. Providers
may miss opportunities to educate and intervene early
regarding adolescent behavior and lifestyles. Accordingly,
WHO has detailed recommendations on the components
of adolescent-friendly health services (Table 1).
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Table 1 Selected characteristics of adolescent-friendly health care

Policies Protect adolescent rights as outlined in the UNConvention on the Rights of the Child
Do not discriminate based on gender, ethnicity, religion, or disability

Encourage autonomy by protecting privacy

Provide free or affordable care

Health-care providers and support staff Nonjudgmentally offer education and support to enable adolescents to make their
own decisions

Provide high-quality preventive and sick care

Treat all patients equally and respectfully

Health-care facilities Safe, convenient, and private
Offer educational materials

Communities Involved in improving access using peer-to-peer and outreach strategies

Support health services for adolescents
Comprehensive services Address each adolescent’s psychosocial, behavioral, and physical health needs

Only offer necessary procedures

Guided by evidence

Have necessary supplies to deliver effective care
Have quality improvement methods

Incorporate a management information system which tracks cost

Adapted from McIntyre P (2002) Adolescent friendly health services: An agenda for change. Geneva: World Health Organization, with

permission from WHO.
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Similar to adult services, health care for adolescents
should be easily accessible and affordable, address common
diseases, provide high-quality services, and offer continuity
of care. Helping youth negotiate and learn to access the
range of services in preestablished community networks is
an important aspect of health education and future access
to care. Because so many of their concerns are of a sensi-
tive nature and may be culturally taboo, assurance of
confidential services is vital for adolescent patients. Teen-
agers who are not confident in their privacy are less likely
to seek health care in the first place, and are less likely to
receive certain medical services such as testing for sexually
transmitted infections and early prenatal care. Judgmental
and unsympathetic attitudes of health-care workers only
serve to further marginalize this at-risk group.

Adolescents tend to delay seeking medical care until
they are truly distressed for a number of reasons. They
often lack the judgment to recognize symptoms, are in
denial about their potential diagnosis, or wish to hide
their problems from their family or peers. Barriers to
care such as extended waiting times, lack of transpor-
tation, or long distances to services are particularly
cumbersome for teenagers. School-based services can
eliminate some barriers by providing care on site to
those in the educational system, but do not address groups
at highest risk, including the homeless, sex workers, and
those who have dropped out or have been expelled from
school. Outreach services to these highly vulnerable
populations can be highly effective, but are not univer-
sally available in many areas of highest need. Adolescents
who do not trust traditional health services may seek
other sources of advice, such as peers or family members.
These sources may not be reliable and can delay appro-
priate care, causing aggravation of the child’s condition.
Adolescent Nutrition

Malnutrition

Adolescents have the greatest nutritional requirements
of any age group, mainly to support their growth spurt.
Teenagers who do physical labor or have certain chronic
diseases have even higher nutritional needs. When
resources are scarce, adolescents may not have access to
enough food. In some cultures, to preserve provisions,
females eat last and eat least.

Longstanding malnutrition causes adolescents to be
thin and their height stunted. Undernutrition is defined
by the WHO as having a body mass index (BMI, mea-
sured by weight in kg divided by height in m2) less than
the 5th percentile of the population of the same age.
Undernutrition in adolescence is most common among
youth in Southeast Asia, such as India and Nepal, where
overcrowded conditions and poverty are common. Mal-
nourished children chronically lack calories. At this
critical time in cognitive maturation, brain development
can be adversely affected by persistent energy defi-
ciency. These children are also commonly deficient in
micronutrients (trace minerals, essential amino acids,
vitamins, and essential amino acids). Micronutrient
deficiency is one of the most easily preventable causes
of death and disability. Iron deficiency, the most com-
mon micronutrient deficiency among youth, is asso-
ciated with anemia, poor cognition, and reduced work
capacity. Inadequate protein intake, vitamin deficien-
cies (A, B, D, E, K), and inadequate iron, zinc, and
copper can lead to inadequate immune functioning
and can increase risk of infection and disability. Nutri-
tional programs such as homestead production, plant
breeding, food fortification, and supplementation do
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exist and offer some benefit, but lose effectiveness when
not holistic or incorporated into larger social develop-
ment programs.

Women’s nutritional needs rise during pregnancy, which
can worsen their already poor nutritional status. Malnour-
ished females suffer more obstetric complications; delivery
may become obstructed due to their small pelvis. Prenatal
folate deficiency is associated with neural tube defects and
low birthweight. Children of malnourished young women
are at higher risk for growth retardation, cognitive delays,
infection, disease, and death. Efforts to improve nutritional
status in the chronically malnourished generally cause
weight gain, but may not cause a catch-up in height or
cognitive development, especially if a teenager has already
completed puberty. Short adult heights are associated with
reduced earning potential and working capacity.
Obesity

Obesity is an epidemic in the industrialized world, and
increasingly in developing areas. Obesity and overweight
are characterized by excess body fat, caused by a discrep-
ancy between the consumption and utilization of caloric
energy. The definitions for adolescent obesity and over-
weight vary. In the United States, most recently BMI
greater than the 95th percentile for age is termed ‘over-
weight,’ and BMI greater than the 85th percentile is termed
‘at risk for overweight.’ Cole et al. and the International
Obesity Task Force (2000) sampled children from six
countries and determined internationally based BMI cutoff
values for overweight and obesity based on the expected
trajectory to be an overweight or obese adult (defined by
BMI of 25 or 30, respectively). Lissau et al. and the Health
Behavior in School-aged Children ObesityWorking Group
(2004) compared BMIs derived from the self-reported
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height and weight in teenagers in 14 countries to the
group’s reference standard (Figures 4 and 5).

Globalization has brought Western diets to most of the
world, making obesity the most common disease of child-
hood worldwide. In many developing countries, such as in
Southeast Asia, obesity andmalnutrition coexist; as societies
are urbanized and modernized, their populations begin to
consume high-calorie, high-fat, processed foods and have a
sedentary lifestyle, all of which can contribute to obesity.
The highest adolescent obesity rates are found in the
Americas and Western Europe, particularly in the United
States; the lowest rates are in the former Soviet Union and
sub-Saharan Africa where food shortages still exist.

The causes of adolescent obesity aremultifactorial. Dur-
ing puberty, teenagers normally gain weight before their
peak in growth velocity, and females generally continue to
gain weight during puberty. Adolescents have an increasing
amount of control over their own diets, yet oftentimes lack
the judgment to make good nutritional choices. Unfortu-
nately, for many teenagers, this entails choosing calorie-
dense foods that lack nutritional value instead of those
high in fiber and low in fat such as fruits and vegetables.
Such processed ‘fast foods’ are readily available, cheap, and
often sold and eaten in large quantities. Teenagers who eat
quickly or eat during other activities such as watching
television are more likely to be obese. Those who are busy
in school or at work may skip meals, slowing their metabo-
lism. Low levels of physical activity compound these nutri-
tional issues; in the modern world, many young people
drive cars and play computer games instead of walking or
engaging in physical recreation. Formula feeding during
infancy and intrauterine growth retardation have also been
associated with childhood obesity.

The consequences of adolescent obesity are extensive.
Overweight adolescents are more likely to have poor
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self-esteem, and to be teased by their peers or family.
Many youth deal with the harassment by eating more,
often privately, causing a maladaptive cycle. They may
skip meals in an effort to reduce calorie intake, which
often leads to a pattern of under-eating and binging,
causing them to gain more weight. Obese youth are
more likely to have diabetes, fatty liver disease, asthma,
and obstructive sleep apnea. A large proportion of obese
adolescents become obese adults, as they develop eating
habits and sedentary habits that may last a lifetime. Over-
weight adults are more likely to suffer from hypertension,
atherosclerosis, cancer, osteoarthritis, and gall bladder
disease, and are more likely to die prematurely.

There are few randomized controlled trials evaluating
interventions to prevent adolescent obesity, most of which
have not shown any effect. Treatment of obesity has
predominantly focused on interventions at the personal
level, such as encouraging less television viewing and
controlling portion size. Many of these studies have
entailed only brief periods of intervention and support,
which may not translate into sustainable changes in life-
style. Some centers have begun to perform gastric bypass
surgeries on adolescents, a procedure previously reserved
for morbidly obese adults.

Adolescents often lack the motivation and self-
confidence to alter their routines. They are more vulnerable
to pressure from peer groups or family members who make
unhealthy nutritional choices. Teenagers may benefit from
a supportive environment in which their families and peers
improve their diet and activity level. Programs that take a
holistic approach toward an overweight adolescent, encom-
passing social and psychological issues, may be more suc-
cessful. More research is certainly needed to find useful
interventions to prevent and treat obesity in adolescents.
Sexual Health

Early Sexual Activity

Despite many cultural taboos, a large proportion of ado-
lescents are sexually active. According to the Guttmacher
Institute, 68% of adolescents in the United States and
72% in France have had premarital sex by age 20; 43%
of women in sub-Saharan Africa and 20% of 20-year-
old women in Latin America have had premarital sex
(Guttmacher Institute, 1998). Early sexual activity has
numerous consequences, including pregnancy and the
spread of sexually transmitted infections including HIV/
AIDS. As puberty tends to start earlier and the average
age of marriage rises, adolescents today are more likely
than ever to have premarital sex.

Sexual activity that is voluntary in which participants
are protected against sexually transmitted infections
and pregnancy likely minimizes physical and psycho-
logical risk. Sexual attraction is a normal part of matu-
ration, and is necessary for propagation of the species.
Despite this fact, many cultures hold a repressive atti-
tude about intercourse, particularly among young
unmarried adults. Experimentation is common in
many aspects of adolescents’ lives, including sexual
activity, and so many youth may participate in vaginal,
anal, or oral sex.

Sexual activity early in adolescence can also be asso-
ciated with coercion and abuse, and other risk behaviors
such as substance use. Adolescents often lack the self-
confidence to confront their partners and refuse to have
sex, especially when their partner is older. In societies
where femininity is defined by obedience and innocence,
and virginity is equivalent to virtue, the sexual health of
young women can be compromised for those who are less



Table 2 Percentage of females aged 15–19 years who are

pregnant or have had a child
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likely to access family planning services and be tested for
infections including HIV.
Country, year of survey Percent childbearing

Sub-Saharan Africa

Benin 2001 21.5

Burkina Faso 2003 23.2

Cameroon 2004 28.4
Chad 2004 36.6

Congo (Brazzaville) 2005 27.3

Ethiopia 2005 16.6

Ghana 2003 13.8
Guinea 2005 31.8

Kenya 2003 23

Lesotho 2004 20.2
Madagascar 2003/2004 34

Malawi 2004 34.1

Mali 2001 40.4

Mozambique 2003 41
Nigeria 2003 25.2

Senegal 2005 18.9

Tanzania 2004 26

North Africa/West Asia/Europe
Egypt 2005 9.4

Jordan 2002 4.3

Moldova, Republic of 2005 6.1
South & Southeast Asia

Indonesia 2002/2003 10.4

Nepal 2001 21.4

Philippines 2003 8
Vietnam 2002 3.4

Latin America & Caribbean

Bolivia 2003 15.7

Colombia 2005 20.5
Dominican Republic 2002 23.3

Honduras 2005 21.5

Nicaragua 2001 24.7

Source: Macro International Inc., MEASURE DHS STATcompiler.
http://www.measuredhs.com.
Pregnancy

Pregnancy in adolescence is a common occurrence in
the industrialized and developing world, with a myriad
of consequences for young women and men and their
communities. There are more than 14million births to
adolescents each year, with the vast majority (>90%)
occurring in developing countries in sub-Saharan Africa,
Asia, and Latin America. On average, worldwide adoles-
cent fertility rates have dropped as young women post-
pone childbearing, especially in North Africa and the
Middle East. Fertility rates in sub-Saharan Africa have
not fallen to the same degree (Table 2).

In most regions, adolescent pregnancy is associated
with risk behaviors, including having multiple sexual
partners, sexually transmitted infections, failure to use
contraception, and alcohol use. The relationship between
early pregnancy and poor economic or educational oppor-
tunities is increasingly being recognized. Most pregnan-
cies during adolescence are unwanted or unplanned, with
teens typically lacking resources and skills available to
older mothers. Access to safe and legal abortion services
is another important factor in determining birth rates.
In regions of the world such as Scandinavia, where ado-
lescent sexuality is accepted as a normal part of human
development and where teens have access to contra-
ception and abortion, birth rates are lowest. Other regions
of the world fare more poorly. In countries such as the
United States, where mixed messages are portrayed to
teenagers regarding sexuality and access to contracep-
tive and abortion services is more limited, birth rates
are higher than in many other industrialized countries
despite having similar rates of adolescent sexual activity.
Importantly, access to contraception is a key factor in
determining the adolescent birth rate, not regional dif-
ferences in rates of early sexual activity.

Adolescents use contraception at lower rates than
adults. The proportion of adolescents having knowledge
of their contraceptive options is rising, especially in Latin
America, yet a significant proportion of adolescents do
not have a basic understanding of sexual health and preg-
nancy. Adolescents can theoretically safely use any form
of birth control that adults can. Lack of access to family
planning services is especially prevalent among the poor
and uneducated. Teenagers tend to be risk takers and may
have an invincible attitude, thinking they cannot get preg-
nant. They may not have the judgment to plan ahead
to bring and use contraception regularly. The cost of
birth control may be prohibitive; teenagers may not have
health insurance or may be unwilling to use their parents’
insurance due to privacy issues. Fear of disapproval from
society or health-care workers can also lead to young
people to not seek birth control.

Early marriage is associated with adolescent preg-
nancy. One hundred million girls under the age of 18
will get married over the next 10 years, usually to older
partners. Child marriage is becoming less common world-
wide, except in South America. Poor, uneducated youth
tend to marry early, often for financial and/or cultural
reasons. Many young women, especially those in regions
where resources are scarce, may have sexual relationships
outside of marriage with older men (‘sugar daddies’) in
order to receive gifts or support themselves financially.

These relationships have an unequal power structure,
and young teenagers may feel uncomfortable asking their
partners to use contraception. Within the marital relation-
ship, sex tends to be unprotected. Older men may seek out
young women because they are more vulnerable to coer-
cion and less likely to be infected with HIV; these females
are correspondingly at higher risk to acquire sexually

http://www.measuredhs.com.
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transmitted infection from their older partner. Girls who
get married at an early age tend to not finish their sec-
ondary education, which adversely affects their earning
capacity and potential for financial independence. Young
women are more likely than adults to have their first child
very soon after they wed, to not space their children, and
to have a larger number of children. These behaviors
create unfavorable health outcomes for their offspring.

Childbearing during adolescence has significant effects.
Pregnant teenagers are less likely to finish school, either
because they drop out of school to avoid the stigma
or because they are expelled to prevent them from being
a role model for other young women. Unmarried preg-
nant adolescents may be outcasts in their community, fur-
ther marginalizing them. They represent lost workforce for
their community, hindering economic development of
their area. Their children further rapid population growth,
straining the community’s financial infrastructure.

Pregnant teenagers are less likely to access prenatal
care because they are less experienced and educated, and
more frequently attempt to hide their pregnancy than
adult women. Lack of prenatal care further jeopardizes a
young pregnant woman’s health as well as her baby’s.

Pregnancy-related complications are among the most
common causes of death for young women aged 15 to 19
worldwide. Adolescents in the developing world are more
likely to have obstetric fistulas, which can cause a lifetime
of sexual dysfunction, urinary obstruction, and poor self-
image. Pregnant teenagers are twice as likely to die during
childbirth, often from an abrupted placenta, hemorrhage,
or obstruction.

Pregnant youth are at high risk for physical abuse,
often from their partner. In turn, parenting adolescents
are more likely to physically abuse their own children,
often in desperation when feeling overwhelmed from a
lack of emotional or financial support. Infants born to
adolescent mothers are more likely be drug- or alcohol-
exposed, born prematurely at low birthweight, and die
within the first year of life. Teenagers often lack the cogni-
tive and emotional maturity to effectively parent their
children. Delaying childbearing for even a few years to
allow the body to mature and their economic and educa-
tional position to improve can drastically improve health
outcomes for adolescents and their children.
Abortion

Up to 4million abortions are performed each year on
adolescent girls. In regions where abortion is legal, abor-
tions are generally very safe and performed by licensed
practitioners. When abortion is illegal or difficult to access
for young women, most procedures are performed by
unskilled technicians, often in unsanitary conditions.
Death from abortion is one of the major causes of maternal
mortality worldwide; the majority of complications from
abortions occur in adolescents. Due to social pressures,
adolescents may keep their pregnancies secret, and delay
seeking an abortion, making the procedure riskier. They
also are less likely to seek care when complications do
occur, placing them at further risk for injury or even death.
Sexual Coercion

Nonconsensual sex is common during adolescence, espe-
cially in young females and those who are institutiona-
lized or homeless. Most often, the perpetrator is someone
known to the child, such as a peer, romantic partner, or
authority figure. Child marriages, especially those that are
arranged, are associatedwith early nonconsensual sex. It is
difficult to find reliable data regarding the frequency of
forced sexual relations among adolescents because the
vast majority of cases are never reported. Victims often
feel ashamed or guilty. In many regions, laws against
nonconsensual sex do not exist or are not enforced.

During this formative time, rape can have devastating
effects on a young person’s development. These youth are
more likely to be depressed, commit suicide, have poor
self-esteem, abuse substances, and engage in risky sexual
behavior, including having multiple sexual partners,
unprotected sexual activity, and prostitution. They are
less likely to finish school, and may be ostracized from
their community.

Adolescents under severe financial strain, such as those
who are homeless or refugees, may resort to selling sex in
order to survive. Youth involved in the sex industry are at
high risk for physical abuse, psychological problems, sub-
stance use, pregnancy, sexually transmitted infections,
HIV/AIDS, and early death. Sexual tourism has become
a worldwide phenomenon, particularly in countries
such as Thailand and Brazil; over 1million children and
adolescents are recruited or forced into this labor every
year. The highest demand appears to be for those aged
12 to 16 years. Tourists typically travel from wealthier
countries to poorer regions, where they are less likely to
be prosecuted.
Sexually Transmitted Infections

Adolescents and young adults carry a disproportionate
burden of sexually transmitted infections (STIs), including
trichomonas, chlamydia, gonorrhea, herpes, syphilis, and
human papilloma virus. STI rates are highest among
those aged 19 to 24; those 15 to 19 have the second-
highest rates. Each year, 1 in 20 adolescents contracts an
STI. STI prevalence rates are not always systematically
tracked, but seem to vary across regions and are highest in
developing countries.

Adolescents are at high risk to acquire STIs for a variety
of reasons. Persistence of the cervical ectropion in young
women confers on them an increased risk of infection with
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chlamydia and gonorrhea. Despite the fact that condoms
prevent transmission of most STIs, teenagers fail to consis-
tently use barrier contraception due to cost, poor access, or
an inability to stand up for their health needs in a relation-
ship where power is imbalanced. Many youth believe that
condoms mark them as already infected, imply distrust of
their partner, or reduce pleasure. Other teenagers have
never had the proper health education to understand the
importance of condom use in the protection of their repro-
ductive health. Unprotected sexual activity with multiple
sexual partners often occurs within the context of other
risk-taking behaviors, such as alcohol or drug use. Those
who are incarcerated, homeless, or work in the sex industry
are at highest risk for acquiring STIs.

Infection with gonorrhea or chlamydia can cause chro-
nic abdominal pain, pelvic inflammatory disease, enhanced
HIV transmission, ectopic pregnancy, abortion complica-
tions, and infertility. Infection during pregnancy can cause
miscarriage or preterm labor. Human papilloma virus
causes anogenital warts and cancers of the anus, vagina,
and cervix. Many adolescents, especially those in develop-
ing countries, lack access to Papanicolaou smears, which
are critical in the prevention of cervical cancer. Sexually
associated infections such as bacterial vaginosis appear
to enhance HIV transmission. Syphilis causes permanent
neurotoxicity. Herpes simplex virus leads to social isola-
tion, painful outbreaks, and perinatal complications includ-
ing neonatal encephalitis, seizures, and death.

STIs are often asymptomatic for extended periods of
time; unscreened adolescents may unknowingly spread
infection to a number of partners. Fortunately, some
STIs are easily diagnosed and treated. However, even
when symptomatic, an inadequate number of adolescents
actually seek care. Teenagers may be less likely to recog-
nize STI symptoms because they are uneducated. Seeking
medical attention for screening during an asymptomatic
period as well as when symptomatic takes maturity and
financial resources that many teenagers lack.
HIV/AIDS

HIV has caused the most devastating pandemic in history.
Adolescents, specifically young women, are at the epicen-
ter of this global crisis. WHO estimates that 2million
young people are infected each year, representing half of
all new infections. Nearly one-third of the 40million
people infected worldwide with HIV are between the
ages of 15 and 24 (WHO, 2004). Sub-Saharan Africa has
the highest rates of HIV where transmission is mostly via
heterosexual intercourse, unlike most of the world where
HIV is common in certain high-risk groups. The Carib-
bean is another emerging exception to this rule, where
heterosexual sexual activity is the most common means of
transmission, and HIV prevalence is rapidly increasing,
especially among young people. In most of Asia and the
Americas, those who engage in unprotected sex, men who
have sex with men, intravenous drug users, and sex work-
ers are at highest risk to acquire HIV. Adolescents who are
not HIV positive are also affected by the epidemic as they
lose family members, are orphaned, and become heads of
households.

There are a myriad of social, economic, and biologic
factors underlying the HIV epidemic in young people.
One of the hazards of the virus is its long latent period,
as most people with HIV are unaware of their infection
early in the course of the infection. Not only can this
make adolescents less likely to use protection to prevent
transmission to others, but they do not access antiretro-
viral medications. Lack of information about protecting
oneself from HIV is widespread (Table 3). According
to the Joint United Nations Programme on HIV AIDS,
20% of young women and 33% of young men know
effective ways to prevent the spread of HIV. In every
country surveyed, no more than half of the young people
had a complete understanding of HIV transmission. In
sub-Saharan Africa, some believe that having intercourse
with a virgin can cure HIV, leading older men to infect
young women. Teenagers may not seek out HIV testing or
use barrier protection because they think they can judge
partners to be ‘clean’ based on their appearance, or esti-
mate themselves to not be at risk. To many adolescents
who feel invincible, HIV is a disease that happens to other
people.

Fortunately, certain programs have been found to be
effective in stemming the epidemic. In countries such as
Brazil and India, public health programs promoting health
education have stabilized or reduced the HIV prevalence
rates. Successful interventions spanning multiple sectors
are tailored for the specific population at risk for HIV,
based on their exposure and patterns of behavior. Once
infected, HIV-positive young people are often margin-
alized, and social supports are necessary to improve
their health. Anti-retroviral therapy (ART) is crucial in
prolonging high-quality, disease-free life and is very
effective in preventing spread from a mother to her
baby. Most youth who live in countries of low or middle
income do not have access to ART, despite efforts like the
‘3 by 5’ campaign of WHO and UNAIDS designed to
improve availability in high-risk regions. Adolescents
infected with HIV also need access to modern
health services that can address both their routine and
complicated medical problems. Vaginal microbicides are
currently under development and may offer young
women an opportunity to prevent infection with HIV
without having to convince their partner to wear a con-
dom. Unfortunately, despite these interventions, HIV/
AIDS continues to negatively shape the economic out-
look, social behavior, and health of millions of young
people all over the world.



Table 3 Percentage of youths aged 15–24 who understand HIV prevention and transmission

Country

Percent with knowledge of HIV
prevention methodsa

Percent with no incorrect
beliefs regarding HIVb

Male Female Male Female

Sub-Saharan Africa
Burkina Faso 54 45 28 20
Cameroon 73 64 42 35

Ghana 75 72 54 48

Kenya 65 55 61 49

Mozambique 63 47 39 25
Nigeria 58 40 28 26

Tanzania 68 73 54 55

Uganda 74 66 46 39
Zambia 62 64 43 38

Central Asia
Uzbekistan 40 25 9 13

South & Southeast Asia
Indonesia 32 21 1 1

Nepal 75 38 – –

Vietnam 81 73 55 47

Latin America & Caribbean
Bolivia 60 52 22 18

Dominican Republic 78 80 – –

aThe percent of respondents who, in response to a prompted question, say that people can protect themselves from contracting HIV by

using condoms or having sex only with one faithful, uninfected partner.
bThe percent of respondents who, in response to a prompted question, correctly reject the two most common local misconceptions

about AIDS transmission or prevention (e.g., sharing food or via mosquitos), and who know that a healthy-looking person can be
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Other Diseases

Infectious diseases remain an important source of mor-
tality and morbidity in many developing countries.
Poor access to health services, overcrowding, and
poverty complicate disease for adolescents who are eco-
nomically and socially disadvantaged. Many of these
diseases are preventable by vaccines or treatable using
therapies readily available in the industrialized world.
Infectious diarrhea and respiratory infections all cause a
significant number of deaths among young people,
mostly in the developing countries. The worldwide
prevalence of tuberculosis (TB) increases sharply during
adolescence. The diagnosis and management of adoles-
cent TB is complicated by frequent coinfection of HIV,
especially in developing countries. Drug resistance is an
emerging crisis, causing progression of disease in many
young people.

The vast majority of deaths due to malaria occur in
sub-Saharan Africa. In many areas, youth do not have
access to insecticide-treated bed nets, whose widespread
use would prevent a large proportion of malaria-related
deaths. Drug resistance has also become a problem in
certain regions; artemisinin-based combination therapy
should be used in these areas for maximum effectiveness,
but its higher cost is often prohibitive.
In industrialized countries, there has been an increas-
ing amount of attention regarding chronic diseases in
adolescence. Due to advancements in health care, many
conditions that were previously untreatable in childhood
are now managed with medication or surgery. As a result
of improved child mortality, many teenagers now live
with chronic diseases that affect not only their health
but also their social, financial, and emotional well-being.
Effective management of conditions such as cystic fibro-
sis, diabetes, and congenital heart disease requires more
than medical treatment, necessitating multidisciplinary
approaches ideally involving the entire family.

Living with chronic disease can be emotionally drain-
ing and stressful for an adolescent. They may feel angry or
resentful for having the condition. Many act out and
engage in risky behaviors, including sexual activity or
substance use. As adolescents grow older, their parents
have less control over their disease-related behaviors; this
coupled with poor judgment and impulsivity often cause
teenagers to refuse to comply with medical care. A chronic
disease may isolate a young person at a time where belong-
ing to a peer group is extraordinarily important; noncom-
pliance with treatment may be a way that adolescents try to
be ‘normal.’ For some adolescents with more disabling
conditions such as certain types of cerebral palsy or spina
bifida, defining their adult identity may be difficult while
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they struggle to separate from their parents, find a romantic
partner, and become financially independent.
Unintentional Injury

Experimentation is a normal part of adolescent develop-
ment, as teenagers learn more about the world around
them. The desire to challenge authority, gain peer approv-
al, and try out mature roles causes youth to engage in
risky behavior. As a result, young people, especially young
men, are at the highest risk for disease and death due to
unintentional injury.

In the United States, unintentional injuries are the lead-
ing cause of death for young people; the Centers for Disease
Control and Prevention determined that motor vehicle
crashes cause one-third of all deaths for this group (National
Center for Injury Prevention and Control, 2006). Other
industrialized countries have similar epidemiologic pat-
terns. Adolescent drivers, especially males, while lacking
experience and skill, are more likely to be impulsive, pay
poor attention, and speed while they drive. Many motor
vehicle crashes involve drug or alcohol use, which further
impairs judgment. Accidents most commonly occur on
weekends, at night, with multiple passengers in the vehicle,
which can easily distract teenagers. Minimum driving ages,
graduated driving programs, curfews, and limitations on
the number and age of passengers an adolescent can have
in the vehicle have improved driving safety in some areas.
Improvements in general driving safety, such as mandatory
seatbelt laws and enforcement of blood alcohol limits, have
also benefited young drivers. Helmet laws may also help
prevent closed head injury for those youth who ride
mopeds and motorcycles.

In the developing world, injuries are increasingly a
major contributor to morbidity and mortality as infectious
diseases are becoming better controlled. Most motor vehi-
cle deaths worldwide occur in males living in low- and
middle-income regions, a large portion occurring in the
West Pacific and Southeast Asia. As economies improve,
societies become more mobile and youth have the finan-
cial resources to purchase automobiles. Injuries incurred
while driving usually involve poorly maintained roadways
and carrying overloaded vehicles with multiple passen-
gers. Improved conditions of highways and standards for
vehicle performance have helped reduce mortality in
some areas.

Drownings are another cause of death among young
people worldwide; these injuries similarly often involve
alcohol use. Inebriated teenagers may be more likely to
sustain head injury while diving, or they may overestimate
their swimming skills. Youth in developing countries are
at higher risk for burns and poisonings. Young people in
industrialized regions also risk injury while participating
in recreational activities. In particular, sports such as
skiing and football confer a higher risk of head injury.
Mandatory use of protective equipment such as helmets
has helped protect young people from injuries that could
cause paralysis or death.
Intentional Injury

Female Genital Cutting

Female genital cutting (FGC) is commonly performed in
regions in Africa and the Middle East, with or without
girls’ consent. It is estimated that 130million girls and
women have had the procedure, in which the structures of
the genitals are destroyed under frequently unsanitary
conditions with instruments such as rocks or glass. The
extent of the mutilation varies. Most girls are forced to
have the painful procedure while being held down with-
out the benefit of analgesics. Usually occurring during
childhood and early adolescence, some young women
have FGC before they are married or experience some
other major life event. FGC has long-lasting psychologi-
cal and physical effects. Many suffer lifelong sexual dys-
function; menstrual, urinary, and obstetric obstruction
risking infection and death; massive hemorrhage; and
shame from the trauma.
War

In many developing countries, war is a significant force
shaping the lives of adolescents. Young men are targeted
to be recruited to join militias, as youth are more mallea-
ble and susceptible to authority. Adolescents are more
likely to hold the lowest rank and fight on the front
lines. They may lose their life in battle or be permanently
injured or disabled. After witnessing or participating in
the violence of war, youth are frequently psychologically
damaged, and are more vulnerable than adult soldiers to
posttraumatic stress disorder (PTSD). Adolescents with
PTSD often have interpersonal problems and struggle to
subsequently function in the workplace. Young women
and men alike make up a large proportion of refugees,
often losing out on their education, while ties to their
families and communities dissolve.

Violence

Physical abuse is a common phenomenon in adolescents.
Accurate data are lacking due to underreporting. In many
cultures, females are expected to be subservient to males;
domestic violence may be accepted or ignored. Battering
a young woman may be proof of a man’s machismo, and is
a major cause of death among females. Young women may
be a victim of violence by their romantic partner or a
family member, or may witness their mother’s abuse. In
the United States, one-third of adolescents report vio-
lence within the context of dating relationships. Dating
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violence is more common than previously thought in
younger teens, is associated with other unsafe behaviors
such as alcohol and unprotected sex, and may play an
important role in establishing expectations and patterns in
adult relationships. Teenagers lack the financial resources
and maturity to be able to leave an abusive environment.
Young gay men are more likely to be assaulted by their
peers; other minorities may also be victims of hate crimes.

The role of the media has been increasingly evaluated
as a factor in adolescent violence. Children in many
industrialized countries witness countless violent acts in
movies and television; physical aggression is often por-
trayed as enjoyable, a sign of masculine power, or an
immediate response to a situation where a person was
wronged. Easy access to guns in places such as the United
States has caused many altercations to become deadly.

Adolescents are particularly vulnerable to the negative
psychological effects of physical abuse as their personal-
ities are in the process of development; they are more
likely to suffer anxiety and poor self-esteem due to self-
blame and guilt. Many teenagers who have been abused
have multiple physical complaints such as abdominal pain
or headaches, and visit medical providers repeatedly.
These youth are more likely to fail academically, drop
out of school, and abuse substances. They are also more
likely to continue a pattern of physical violence in their
romantic lives as adult victims or as perpetrators.

Gangs have become increasingly problematic in the
industrialized and developing world. Gangs offer vulner-
able young people who may have a bleak academic and
economic outlook a close-knit social network and oppor-
tunity to have an income. Youth in gangs commonly steal
property, deal drugs, commit violent crimes, and have
access to weapons. Warfare between gangs kills and
maims many young men every year, helping to make
homicide the leading cause of death among young men
in many countries, especially in the Americas. Homicide
is more common among young men than any other age
group in most regions worldwide.

Adolescents who engage in physical violence are more
likely to be arrested and spend time in juvenile detention
centers or adult jails. During this time, they may lose out
on educational opportunities and can become further
isolated from appropriate role models as healthy social
ties are weakened. Teenagers who are jailed in adult facil-
ities may be abused by older men; some evidence shows
that they may be more likely to continue a life of crime.
Substance Use

Experimentation with substances such as alcohol, tobacco,
and drugs is common during adolescence. Some teen-
agers may try these substances infrequently or in small
amounts, which may not significantly impact their lives.
Other more vulnerable adolescents become dependent or
addicted, which can have devastating effects on their
health and how they function in society. The younger a
person uses drugs or alcohol, the more likely he or she is
to abuse the substance as an adult. Substance use is asso-
ciated with other risk behaviors, and contributes to sui-
cides, motor vehicle crashes, pregnancy, STIs, violence,
and homicides in young people. Having a supportive
family and opportunities for economic development
seems to protect against substance abuse in teenagers.
Tobacco

Tobacco is one of the most addictive drugs known to
humans and is the second leading cause of deathworldwide.
Tobacco use is associated with lung, esophageal, and mul-
tiple other cancers, cardiovascular disease, and pulmonary
diseases such as pneumonia, chronic obstructive pulmo-
nary disease, and bronchitis. Tobacco is available in many
forms: cigarettes, hookahs, cigars, kreteks or ‘clove cigar-
ettes,’ pipes, bidis, and smokeless varieties. WHO estimates
that of the 300million young people who currently smoke,
half will die of smoking-related causes later in life, the vast
majority of these deaths occurring in the developing world
(WHO, 2005). Women who smoke during pregnancy are
more likely to have infants who are premature and small for
their age. The hundreds of millions of children exposed to
secondhand smoke are more likely to die from sudden
infant death syndrome and suffer from ear infections,
upper respiratory infections, asthma, pneumonia, and
malignancies. Children are most likely to be exposed to
secondhand smoke in areas in South and East Asia.

Although many of the adverse health effects do not
become evident until adulthood, tobacco use is in many
ways a disease of adolescence. The vast majority of adult
smokers started their habit during adolescence. The
Global Youth Tobacco Survey of young people at nearly
400 different sites found that 17.3% currently use tobacco,
with the highest use among males in the Americas and
Europe (Figure 6). Young people who desire peer accep-
tance or to appear mature or rebellious may try smoking.
Harmful health effects may be unknown to a young per-
son, or may seem a lifetime away. In the United States,
having a peer group that smokes is the most important
predictor of smoking in adolescence. Teenagers whose
parents smoke are also more likely to use tobacco. Teen-
agers who smoke are more likely to become addicted than
adults, often becoming addicted within the first few weeks
after trying their first cigarette.

For these reasons, tobacco companies target young
people, especially those living in developing countries
using ‘teen-friendly’ campaigns such as ‘‘Joe Camel,’’ fla-
vored tobacco, individually sold cheap tobacco ‘sticks,’
and promotions where teenagers can win tobacco-
branded items. Media campaigns generally portray
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people who smoke as attractive, energetic, and healthy. In
developing regions, regulations against marketing and
sales to minors are more relaxed, and tobacco is cheaper
and readily available. Some economically disadvantaged
adolescents may choose to purchase tobacco instead of
food as it acts as an appetite suppressant; girls in indus-
trialized countries may also smoke for this reason. Even in
industrialized countries, cigarette use is associated with
lower socioeconomic status.

Although most adolescent smokers want to quit, this
act is very challenging for those who are not only addicted
but also surrounded by peers, movie stars, and even their
own physicians using tobacco. Pharmacotherapy and
behavioral therapy have been shown to help adults stop
smoking, but are not as well studied in teenagers. Young
women are often worried about the potential for weight
gain associated with smoking cessation. All youth are at
risk to suffer nicotine withdrawal, which causes mood
changes, insomnia, and restlessness.

Increasing the price of tobacco through taxation has
been shown to prevent some young people from smoking,
since they tend to be more sensitive to price than adults.
Banning tobacco vending machines, enforcing a minimum
age to purchase tobacco, and establishing smoke-free
areas has also been effective in reducing smoking initia-
tion in young people. Nearly 200 countries have signed
the Framework Convention on Tobacco Control (FCTC),
a treaty designed to control tobacco use. The FCTC
recommends that governments ban tobacco advertis-
ing and marketing toward children under 18 years of
age. Many mass public health campaigns designed to
educate young people on the dangers of tobacco use
have been launched across the globe, some of which
have been demonstrated to be effective.
Alcohol

Alcohol is probably the most widely used drug in the
world. It is cheap, readily available, and sold in many
different formulations in industrialized regions. In devel-
oping countries, alcohol use is associated with importa-
tion of Western culture and improving economies.

Adolescents generally do not experience the long-term
adverse health consequences that adults do, such as delir-
ium tremens, stomach ulcers, pancreatitis, pancreatic and
stomach cancer, cirrhosis, and liver failure. However,
young people who drink are more likely to abuse alcohol
and incur alcohol-related injuries as adults, especially
those that initiate alcohol use at a younger age. Moreover,
the psychosocial implications for adolescents who abuse
alcohol cannot be underestimated.

Young people whose peer group or parents drink are
more likely to use alcohol. Those with low self-esteem,
depression, attention-deficit disorder, and antisocial dis-
order are also more likely to abuse alcohol, often creating
a maladaptive cycle. At first, an adolescent who imbibes in
small quantities may feel elated, relaxed, and friendly,
features that attract young people who are trying to
assimilate with their peer group. Young people, espe-
cially boys, are more likely than adults to ‘binge drink,’
(>5 consecutive drinks) in order to become intoxicated
(Figure 7). Teenagers who drink large amounts can
become moody, angry, and have impaired judgment, and
are more likely to take risks, such as drive quickly, physi-
cally fight, use other substances, and engage in unpro-
tected sexual activity, placing them at risk for STIs and
HIV. Alcohol is involved in a large proportion of fatal
motor vehicle crashes, drownings, and suicides involving
adolescents in the industrialized world. Alcohol is now the
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leading cause of death in young men in Europe, largely
due to alcohol-related injuries. Young alcohol users are
also at higher risk for school absenteeism and tend to have
trouble keeping a job because of missed hours.

Some companies market alcoholic products to young
people, selling bottles that may be small enough to be
concealed in a backpack, or in formulations that appeal to
teenagers, such as wine coolers and alcoholic lemonades
that are brightly colored and taste fruity. Adolescents who
drink these products may underestimate the amount of
alcohol they ingest.

Educational efforts have largely been ineffective in
changing adolescent behavior regarding alcohol use. Estab-
lishment of a minimum drinking age and taxation of alco-
holic drinks have curtailed use in many countries. For those
who abuse alcohol, counseling and treatment are necessary
to improve health. Research on adolescent alcohol abuse in
developing countries is limited; programs developed in
industrialized countries may not necessarily be effective.
Other Drugs

Marijuana is probably the most commonly used illicit
drug worldwide. Adolescents who use marijuana feel
relaxed, euphoric, and have lowered inhibitions; some
may feel anxious and have increased appetite. In most
regions where marijuana is illegal and unregulated, the
product may be mixed with other substances such as PCP
and used unknowingly by a young person.

Marijuana can be smoked or eaten. When smoked, it
theoretically can damage lung tissue like tobacco, although
marijuana users tend to use less frequently than cigarette
smokers. Adolescents who regularly use marijuana can
become psychologically dependent, and are at risk for
amotivational syndrome, in which they do not actively
engage in society. Marijuana does not contain nicotine,
and physical addiction has never been demonstrated. How-
ever, teenagers who smoke marijuana may be more likely to
try other more dangerous substances, hence its controver-
sial role as a ‘gateway drug,’ causing many law enforcement
agencies to enforce regulations against its sale.

Adolescents who are addicted to other illicit drugs are
at risk for overdose, dependency, suicide, and death. They
may resort to selling their bodies or drugs, or committing
crimes to finance their habit. They are more likely to be
jailed, drop out of school, and live on the streets. Young
people are the most likely age group to abuse intravenous
drugs, which has contributed to the spread of HIV in
many countries. Intravenous drug abusers are also at risk
for other infections including hepatitis C, which causes
liver failure. In the industrialized world, there has been
increasing attention surrounding the illicit use of pre-
scription medications, including painkillers, sedatives,
and stimulants. Teenagers may underestimate the danger
in these drugs because they are otherwise legal, and may
use a multitude of substances, placing them at risk for
cardiac arrhythmias and sudden death.

Cocaine, including crack cocaine, has had a devastating
effect on adolescents in every socioeconomic class. Meth-
amfetamine (‘crystal meth’) has reached near-epidemic
proportions in parts of the United States because it is
highly addictive and easy to make from cheap household
products. Adolescents, especially younger teenagers, may
experiment with inhalants that are cheap and readily
available, yet dissolve brain cells and can cause sudden
death. Phencyclidine (PCP) use causes young men to
become a dangerous combination of physically violent,
psychotic, and numb to pain. Numerous ‘club drugs’ in
the industrialized world such as Ecstasy make adolescents
euphoric and augments their sexual drive while lowering
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inhibitions, placing them at risk for pregnancy and STIs.
Teenagers may combine these drugs with erection-aiding
medications in order to combat impotence, which can be
a side effect.
Mental Health

WHO estimates that 20% of children and adolescents
have a disabling mental illness (WHO, 2001). However,
data are incomplete in most regions due to poor tracking
systems and underreporting. Untreated, mental health
issues can cause a lifetime of problems. As discussed
previously, anxiety and sadness are normal parts of ado-
lescence, and many teenagers can be moody and reflective
at times. However, these normal emotions are distinctly
separate from pathologic mental illness that impairs daily
functioning.

Many psychiatric illnesses present during adolescence:
14 years is the median age to develop a mental health or
psychiatric disorder. Common diagnoses include mood
disorders such as depression or bipolar disease, anxiety
disorders, behavioral problems such as oppositional defi-
ant disorder, and cognitive pathology such as learning
disabilities. Adolescents with mental illness may lack
judgment to recognize their symptoms and skills to deal
with the stress. As a result, they often turn to drugs or
alcohol as a coping mechanism; they are more likely to
engage in early sexual activity, perform poorly in school,
and be a victim or perpetrator of physical and sexual
abuse. Young people with mental illness represent lost
employment, lost productivity, poor educational out-
comes, and increased health expenditures, all of which
can contribute to a cycle of poverty and mental illness.

In particular, depression and suicide are major causes
of disease and death in young people. Depression is asso-
ciated with having poor relationships with one’s family
and community, and not having an interest in academic
achievement. Depressed youth are more likely to engage in
risk-taking behaviors, including ‘cutting’ or self-mutilation
to relieve pressure. Depression is also a leading cause of
suicide. Ninety thousand young people per year die from
suicide, which is a major cause of death across the world,
especially in Eastern Europe and the Americas. Teenagers
who closely identify with a religion that bans suicide are
less likely to attempt suicide, such as those living in the
Middle East and parts of Latin America. Although females
are generally more likely to attempt suicide, males are
more likely to complete suicides, often because they use
more effective methods such as guns or hanging.

Eating disorders seem to be more common in the indus-
trialized world, including anorexia nervosa and bulimia
nervosa. Anorexia nervosa is one of the most deadly forms
of mental illness, causing death by starvation, heart failure,
or arrhythmias. Eating disorders are more common among
females with low self-esteem, and are associated with other
types of mental illness including depression, anxiety dis-
orders, and borderline personality disorder.

Many societies have a stigma attached to mental ill-
ness. Parents, medical providers, and peers may believe
that a teenager’s illness is his or her own fault, imaginary,
or a normal part of growing up. This attitude may cause
adolescents to not seek care or to have a poor self-image.
There is an enormous gap in services for adolescents with
mental health issues. Many teenagers do not have access
to specialized providers who treat mental illness, while
most primary care providers have not been adequately
trained to provide care. In addition to improved mental
health and social services, improvements in housing, med-
ical care, and the economy are vital to improving the
mental health of adolescents.
Conclusions

The largest number of adolescents in history is cur-
rently making their way toward adulthood. Lacking
adult problem-solving skills, judgment, and resources,
they engage in risky behaviors that can have lifelong
devastating consequences. Now more than ever, social
and behavioral problems cause most deaths and diseases
in adolescence. Because many of these problems coexist,
are interrelated, and have common origins, piecemeal
and short-term interventions are ineffective in produ-
cing long-lasting health benefits. Widespread social and
economic reforms that improve education and augment
resources to enhance medical, reproductive, and finan-
cial health are needed to provide long-lasting change.
Specifically, future efforts to stem the HIV epidemic
and to disseminate reproductive health information and
resources will be important for the health of young people.

Health care for adolescents that respects their privacy,
engenders their trust, and is nonjudgmental and of high
quality is essential for this group. A focus on prevention
can have both immediate and lifelong effects on this
population’s health. Supportive and nurturing social
environments, along with educational and economic
opportunities, are necessary to provide this dynamic pop-
ulation with skills and resources to make good choices for
themselves and for society at large.
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and countries, recent empirical investigations have con-
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by the family, the level of autonomy exercised, the
importance of peer relationships, and the degree to
which behavior generally associated with adulthood
(such as sexual behavior and substance use) is manifest
(Richter, 2006).

The World Health Organization defines adolescence as
the period from 10 to 19 years. Using this definition, ado-
lescents constitute more than 20% of the world’s popula-
tion, and more than 85% of adolescents live in developing
countries (Blum and Nelson-Mmari, 2004).

In the past couple of decades, there have been unprec-
edented changes in the challenges facing adolescents.
These include high rates of migration between and within
countries (including from rural to urban environments); an
increase in the age of marriage, with consequent increases
in premarital sexual intercourse; a rising value on and
exposure to educational opportunities, especially for ado-
lescent girls; and economic and cultural globalization
(Blum and Nelson-Mmari, 2004). These changes all have
an impact on the health of adolescents.
Public Health Challenges in Adolescence

Mortality

The health challenges in adolescence have not always
been recognized by public health professionals, partly
because adolescence is a period of relatively low mortality
compared with other age groups. However, substantial
numbers die from unintentional injuries, homicide, sui-
cide, and other causes. In many countries (especially
high-income countries), unintentional injuries (the most
important cause of which is traffic accidents) are the
leading cause of death in adolescents, with rates of close
to 50 per 100 000 in some places. In low- and middle-
income countries, the current rates tend to be lower than
in developed countries. However, with the increase in the
number of motor vehicles, rates are rising precipitously in
recent years (Blum and Nelson-Mmari, 2004). Homicide
is the second major contributor to mortality among ado-
lescents. However, rates of death from homicide are
underestimated in many developing countries, as large
numbers of adolescents are killed in conflict situations in
which accurate mortality data are not available. Suicide is
the third leading cause of adolescent deaths worldwide,
although there is wide international variation in the ado-
lescent suicide rate. Whereas the suicide rate has risen in
most countries over the past few decades, especially
for males, there has been a decline in some countries
such as Australia and the United States in recent years
(Commission on Adolescent Suicide Prevention, 2005).
This decline has been attributed to factors such as reduced
access to firearms, increased access to antidepressant med-
ication, and improved economic circumstances.
Risk Behavior

Mortality data do not provide an accurate impression of
the health challenges of adolescence because they do not
reflect behavior that places one at risk for adverse con-
sequences later in life.

Unsafe sexual behavior can cause unwanted pregnancy,
abortions, and sexually transmitted infections such as HIV
infection. The proportion of adolescents who are sexually
active has been increasing in recent years, and less than
half of those who are sexually active use condoms (World
Bank, 2006). Unsafe sexual behavior is more likely to
occur among economically deprived adolescents, who
are not well placed to negotiate for safer sex practices
and are more likely to experience transactional sex or
sexual coercion. Sexual coercion in turn has a number of
adverse consequences such as behavioral and psychologi-
cal problems, relationship problems, suicidal ideation,
alcohol and other substance abuse, sexual dysfunction,
and unsafe sexual behavior.

Tobacco use is a preventable cause of mortality that is
particularly important for adolescents in that the majority
of people who smoke cigarettes commenced doing so
before the age of 18 years. Rates vary enormously between
countries, from 3% of males aged 13 to 15 years in
Sri Lanka to 46% in Lebanon (World Bank, 2006). Rates
are declining in high-income countries, but they are
increasing in low- and middle-income countries, where
ages of commencing smoking are dropping. While boys
generally report higher rates of tobacco use, the rates
among girls are starting to increase in low- and middle-
income countries. Alcohol is the most widely consumed
drug in the world, but of course only a small proportion of
alcohol users experience any harm from the habit. Among
young people aged 15 to 19 years, about 60% report ever
having consumed alcohol, but only 10% to 30% (depend-
ing on the country) engage in binge drinking (World
Bank, 2006). There is some evidence that young people
in low- and middle-income countries are starting to drink
at earlier ages. This is a source of concern, because early
onset of alcohol use is associated with a greater likelihood
of the development of alcohol dependence and alcohol-
related injury (World Bank, 2006). Finally, there are a few
young people who experiment with illegal drugs, and an
even smaller number who go on to develop long-term
problems with such substances.
Mental Health

It has been estimated that about 1 in 5 adolescents suffers
from one or more psychiatric disorders (Patel et al., 2007).
This has enormous public health significance for the
following reasons: (1) They are accompanied by a signifi-
cant amount of burden and impairment; (2) there are
long-term economic consequences of mental disorder in



50 Adolescents
terms of the inability to function occupationally, health-
care costs, and criminal involvement that can occur with a
subset of people with mental health problems; (3) psychi-
atric disorders are frequently associated with some of the
risk behaviors that have been mentioned earlier, such as
unsafe sexual behavior and substance use; (4) stigma can
accompany both adolescents suffering from a mental
health problems and their families; and (5) there is a
high degree of persistence of psychiatric disorders from
adolescence into adulthood. This is best illustrated by the
results of the National Comorbidity Replication Study in
the United States (Kessler et al., 2005). It was reported that
75% of all adults with a psychiatric disorder had an age
of onset of 24 years or less; 50% had an age of onset of
14 years or less; and 25% had an age of onset of 7 years or
less. For anxiety disorders, the corresponding ages were
21, 11, and 6 years or less.
Health Challenges of Adolescence in Context

It is clear from the preceding discussion that adolescence
is associated with substantial public health challenges.
However, this conclusion should be tempered by two
important caveats.

First, adolescence is not necessarily a period of tur-
moil, suffering, and conflict. Indeed, the majority of
adolescents do not engage in significant risk behavior,
nor do they suffer from significant mental health problems
(Rutter et al., 1976). However, it is important to identify
those that do engage in high rates of risk behavior or
suffer from mental health problems so that they can
receive the appropriate intervention. If one has the mis-
taken belief that adolescence is necessarily a period of
turbulence and instability, there is the potential danger
that adolescents who would benefit from pharmacological
and/or psychosocial interventions are denied such inter-
vention on the grounds that their distress is attributable
simply to their developmental stage. In short, one should
not attribute an adolescent’s risk behavior or mental
health problems (such as depression) to the fact that
they are adolescents. Adolescence is a developmental
stage and not a diagnosis.

Second, it is not necessarily the case that adolescents
have higher mortality rates, engage in more risk behavior,
or suffer from a greater degree of psychopathology than
adults. Indeed, for many challenges the prevalence of
problems is greater or at least similar in older age groups
(Graham, 2004). However, the public health challenges of
adolescence have increased salience because many of the
problems mentioned have their onset in adolescence. The
rates of suicide, for example, are not higher in adolescence
than in subsequent years, but there is rapid increase in the
incidence of suicide through the adolescent years. Many
risk behaviors, for example, unsafe sexual behavior and
substance use, have their onset in adolescence, and
preventing or postponing their onset in adolescence
clearly has long-term benefits. For example, if a person
does not commence smoking in adolescence, they are
unlikely to commence at a later stage. Similar considera-
tions apply to psychiatric disorders. Although we do not
yet have evidence that the early treatment of disorders that
commence in adolescence will alter the course of the
disorder, it is reasonable to suppose that this might be
the case. It is also reasonable to suppose that the early
identification and treatment of psychiatric disorders will
prevent the development of associated psychopathology.
General Considerations for Adolescent
Health Interventions

So far in this article, we have described the major health
challenges facing adolescents. We now present a set of
general considerations that should inform adolescent
public health interventions. The objectives of health pro-
grams for adolescents may be seen as helping them to
prepare for the transitions they will make into adulthood:
completing their education, entering the workforce, form-
ing their own family, and participating as a citizen in their
community and country (World Bank, 2006). Good health
in adolescence is a critical resource for successfully com-
pleting these tasks.
Promoting Resilience

As mentioned earlier, the majority of adolescents do not
engage in risk behavior or suffer from mental health
problems. Indeed, it is even the case that a large propor-
tion of those who are exposed to high degrees of adversity
do not manifest behavioral or mental health problems in
adolescence. This was demonstrated in a South African
birth cohort study (Richter, 2006). Of 2300 children fol-
lowed up from birth to the age of 16 years, over 50% lived
on less than $1 per day, 20% frequently went to bed
hungry, and more than 40% had experience of commu-
nity or family violence. However, only about 5% showed
significant behavioral difficulties in their preschool or
early school years, had started smoking or carrying a
weapon by the age of 14 years, or had been in conflict
with the law. An understanding of the factors that confer
this resilience in the face of adversity is helpful in inter-
vention and program development.

Resilience involves persistence, hardiness, goal-
directedness, orientation to success, achievement moti-
vation, educational aspirations, belief in the future, and a
sense of anticipation, purpose, and coherence (Commission
on Positive Youth Development, 2005). Personal resilience
cannot be divorced from the social and environmental
context. The context can act synergistically with individual
attributes to promote adolescent resilience, or can exert the
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opposite effect through preventing individual resilience
from developing or flourishing. The following are examples
of interventions in the individual and social context that
promote adolescent resilience (WHO, 1999):

. promoting bonding, the emotional attachment and
commitment, to family, peers, school, community and
culture;

. promoting skills and competencies in the social, emo-
tional, cognitive, behavioral, and moral arenas, for exam-
ple, skills to build motivation and persistence, make
well-informed and carefully assessed decisions, work
in teams, negotiate conflict, and resist peer pressure;

. nurturing a clear and positive self-identity and a belief
in the future;

. developing self-discipline and self-confidence, a per-
ception that one can achieve desired goals through
one’s own action; and

. establishing pro-social norms (those that involve fulfill-
ing one’s obligations to others), providing opportunities
for pro-social involvement with family, peers, and
adults, and recognizing positive behavior.

Promoting adolescent resilience is a worthwhile goal in
itself. However, by doing so one is also responding to a
range of specific health challenges. Promoting emotional
attachment and commitment to family, for example, has
been shown to exert positive effects on a range of outcomes
such as tobacco use, unsafe sexual behavior, and several
aspects of mental health. The impact of interventions that
aim to promote adolescent resilience may have a larger
overall impact on morbidity and mortality than discrete
interventions, such as a safe sex health promotion pro-
gram, precisely because the effects are manifest across a
range of outcomes.
Being Comprehensive

Problems result from influences at the following over-
lapping ecological levels: individual (for example, self
esteem, attitudes, knowledge, self efficacy, genotype, bio-
logical factors); interpersonal (for example, family and
peer relationships, interactions with health-care provi-
ders); community (for example, low level of access to
leisure resources, poverty, social norms, and discourses);
and public policy (Breinbauer and Maddelino, 2005).

These levels interact in complex manners that are only
recently starting to be elucidated. Poverty, for example,
can be linked to discourses that support an unequal dis-
tribution of sexual power between young men and women
(community level). This can be manifest in the power
dynamics characterizing romantic and sexual relationships
(interpersonal level). This can result in a young woman
having low self-esteem and low self-efficacy (individual
level), each of which may, for example, mitigate against
her refusing unwanted sexual advances or practicing safer
sexual practices within sexual relationships. Richter (2006)
draws on several studies to provide the following example of
the interaction between factors at each of these levels. Early
timing of puberty has been associatedwith poor attachment,
family discord, and low investment in children. The combi-
nation of these stressors and early puberty contributes to
conflict with parents, lower self-esteem, and associations
with deviant peers. These factors in turn contribute to risk
behavior and mental health problems.

A consequence of the complex web of causation of
problems in adolescence is that interventions need to oper-
ate at multiple levels, thus promoting mutually reinforcing
changes. The more traditional actions to strengthen an
individual’s capacity to protect their health need to be
supplemented by interventions at the interpersonal, com-
munity, and public policy levels (Nutbeam, 1997). For
example, banning advertisements for alcohol that target
young people, raising prices, enforcing age-related laws on
sales and consumption of alcohol, and banning alcohol at
sports events (public policy level) can be accompanied
by educational activities (individual level) and efforts to
change the social norms around drinking, its desirability
and acceptability (community level), and skills in dealing
with peer pressure (interpersonal level).

Health services that are networked across government,
nongovernmental organizations, private sector clinics, and
pharmacies increase the proportion of adolescents who
access the services (WHO, 2002). New information tech-
nology which especially appeals to adolescents should not
be ignored. There are interactive websites around issues
of bullying, violence, and power relationships in schools
which aim to provide a resource base of approaches,
develop a framework for sharing community solutions,
and help ensure safe and supportive school environments.
Also, health services that are integrated, for example,
providing family planning and treatment of sexually
transmitted infections at one site and perhaps by a single
health-care provider, are more acceptable and result in
fewer missed opportunities for treatment and preventive
interventions (Mayhew et al., 2000). Alternatively, an
effective referral system is needed, so that those who
receive post-coital emergency contraception or termina-
tions of pregnancy are referred to family planning ser-
vices in an efficient manner.
Intersectorality

A consequence of providing a variety of interventions
at different levels is that the involvement of more than
one sector is essential. For example, as implied earlier,
poverty is a risk factor for risk behavior and mental
health problems. This can only be addressed in collabora-
tion with, or by supporting the efforts of, government
officials in several departments such as economic affairs,
development experts, economic planners, and housing
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authorities, together with nongovernmental organizations
(NGOs) working in these fields.

Representatives of other sectors may not initially under-
stand the contribution of their area to adolescent health,
but through consultation can develop greater insight. For
example, fashion executives may come to understand their
industry’s contribution to the causation of anorexia ner-
vosa in adolescent girls through the employment of very
thin fashion models; housing officials and civic planners
may realize the relationships between crowded housing
and impersonal spatial arrangements and stress, and hence
adverse adolescent health outcomes; and the police ser-
vices may realize the opportunities that exist for more
sensitive and supportive relationships with adolescents
who witness or are victims of domestic violence.

Collaborations should be beneficial to all the sectors
involved. Improved adolescent health can benefit the jus-
tice system through resulting in fewer convictions; faith-
based organizations through increased participation in
their activities; and the education system by decreased
number of dropouts and improved academic performance.
If the other sectors do not perceive that they are benefit-
ing from their contributions to improving adolescent
health, the collaboration will not be sustainable and may
even have a negative impact by absorbing energy and time
that could have been more profitably used elsewhere.
‘Adolescent-Friendliness’

‘Adolescent-friendly’ services generally involve well-
trained adults who like working with adolescents and
treat them as responsible persons, rather than being
patronizing or judgmental. The protection of confidenti-
ality and privacy, especially around sensitive areas of sex-
ual health and drugs and alcohol use, is very important,
although this may raise issues of parental notification and
consent. ‘Adolescent-friendly’ services should be well pub-
licized, accessible by public transport, inexpensive, open in
hourswhen adolescents are not at school or work, and offer
a pleasant, secure environment (Graham, 2004).

Involving adolescents in planning and implementation,
and obtaining feedback from them, can improve the qual-
ity and responsiveness of care. Furthermore, involvement
can build adolescents’ skills and confidence in decision
making and social participation. Programs for adolescents
that actively consult them on their needs and wants, about
the content of services and the process of delivery, are
more likely to be ‘adolescent-friendly.’ Adolescents place
more emphasis on good interpersonal relationships with
providers and on confidentiality, than on technical quality
of services (WHO, 2002). Such technical quality involves
an emphasis on communication skills for providing infor-
mation and counseling, and clinical skills for problems that
often go untreated, such as menstrual disorders, physical
and sexual abuse, and mental problems (WHO, 2002).
Parents (whose permission may be required for some
programs), teachers, and youth and religious leaders at the
community level, are also needed to provide assistance.
Such supportive contacts with adults are crucial to ado-
lescents’ health and development, and the involvement of
adults increases their ownership and commitment to pro-
grams. The involvement of influential people in the com-
munity helps to legitimize the adolescent’s right to have
access to services, especially sexual and reproductive
health services, where community norms are diverse.
A contrary view holds that it is better to quietly engage
in activities such as providing contraceptives to unmar-
ried adolescents, so that ambivalent community members
can ignore these activities and not feel required to react.
Taking Account of Gender

The interplay of sex (biological) and gender (social) fac-
tors results in different disease burdens for boys and girls.
They are subject to differing norms and inequities in
access to resources and power, resulting in different life
opportunities. For example, norms that promote virginity
in girls before marriage reduce their ability to practice
safe sex, through lack of access to information and
resources such as condoms, whereas norms that encourage
boys in sexual experimentation also increase their expo-
sure to infections. Inequities in power may result in girls
being subject to sexual violence, poorer nutrition, and
lower participation in physical activity and sports, while
boys may face more exposure to violence, such as bully-
ing, or the dangers associated with risky activities such as
drink-driving (WHO, 1999). In health facilities, young
women may face judgmental providers, poor counseling,
and breaches of confidentiality, whereas young men may
be treated more sympathetically (Tangmunkongvorakul
et al., 2005).

These factors should inform the content and target
group of an intervention, since they affect male and
female adolescents’ ability to participate in activities
and use services. Adolescence is a formative period for
learning gender roles and expected behaviors regarding
the opposite sex, and programs should foster open discus-
sions about sexual relationships and gender roles in ways
that help both boys and girls to promote and protect their
health. There has been a tendency in programs to focus on
girls, who bear heavier consequences of risky sexual beha-
viors (WHO, 2004). Interventions should try to find ways
to overcome the disadvantages that gender inequities
present to adolescents, but, at a more fundamental level,
they should also attempt to change the norms and power
differentials in relationships that create the disadvantages.
Media campaigns have been used in attempts to change
social attitudes. For example, in Malawi radio broadcasts,
backed up by weekly contests and a comic book, dealt
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with the issue of young women becoming sexually
involved with older men, ‘sugar daddies’ and teachers. It
gave a voice to girls who had resisted pressure for sex from
older men, and created role models for other girls, as well
as providing opportunities to act as volunteers and peer
educators.
Including Disadvantaged Adolescents

Adolescents from the poorest families have the highest
health burden, and inequalities of opportunity are fre-
quently transmitted across generations. These adolescents
may replicate their parents’ poor life-histories unless spe-
cially targeted interventions can reach them (World Bank,
2006). Unfortunately, the most vulnerable adolescents can-
not be reached through school programs: orphans, homeless
and unemployed adolescents, sex workers, adolescents who
are disabled, from ethnic minorities, in prison, or stigma-
tized by having HIV/AIDS, a drug habit, or a child out of
wedlock. These groups require carefully targeted programs
through diverse, specialized providers. Such programs may
be more expensive to run than mainstream programs, and it
can be difficult to convince policy makers that these vul-
nerable groups deserve attention.

For adolescents who have made poor health choices, or
not benefited from preventive health programs, it is
important to provide services that help them minimize
the adverse consequences of, and recover from, their mis-
takes, in effect, giving them ‘a second chance’ to become
healthy and productive adults. Providing treatment for
sexually transmitted infections, emergency contraception
and legal abortion services, harm reduction programs for
drug users, and schooling and health care for unmarried
mothers are examples of cost-effective approaches that
have long-term benefits for the adolescents affected and
for society as a whole, in terms of reduced expenditures on
curative care, prevalence of infectious disease, and other
effects on welfare and security.
Using Theory

Theories can help the program designer understand what
they need to know before designing an intervention, can
help to choose program strategies that are likely to be
effective, and can identify what should be monitored and
how the intervention should be evaluated. Theories have
been developed that are applicable at each of the etiolog-
ical levels listed earlier in the article. The theories then
need to be translated into practice. For example, a school-
based AIDS prevention intervention in South Africa
aimed to delay the initiation of intercourse, using theory
about the determinants of sexual activity and the various
behaviors that affect this outcome. The determinants
included knowledge, social influence, self-efficacy, and
barriers to change, such as exposure to violence, and
behaviors such as avoiding risky situations, saying ‘no’ to
intercourse, and negotiation of alternative sexual prac-
tices (Aarø, 2006). These determinants and behaviors
then need to be operationalized and measured before
and after the intervention, in order to evaluate their
effectiveness.
A Framework for Developing,
Implementing, and Evaluating
Adolescent Health Interventions

There are a number of frameworks that can be used to
develop, implement, and evaluate adolescent health inter-
ventions. However, the framework that is most compati-
ble with the guiding principles set forth earlier is the
Youth: Choices and Changes Model (Figure 1), which
was developed by the Pan American Health Organization
(Breinbauer and Maddelino, 2005). According to this
model, there are six stages that one should follow when
developing, implementing, and evaluating interventions.
These are as follows:

. identify the target group in terms of adolescent stage
and gender;

. identify adolescent needs and wants, taking into
account the local cultural, social, linguistic, economic,
and spatial dimensions;

. identify the level(s) of intervention (individual, inter-
personal, community, and public policy), bearing in
mind that interventions are most likely to be effective
when they address multiple levels in a mutually rein-
forcing and synergistic manner;

. identify other actors’ needs and wants in a respectful
and meaningful consultation process, to ensure wide-
spread support and accurate information and insight in
the various contexts in which adolescents exist;

. identify the theories that will support the design of the
intervention, as interventions that are theory-based are
more likely to be effective as pointed out above; and

. translate theory into practice, which involves identify-
ing and operationalizing sets of health-promoting and
health-compromising determinants.

In developing, implementing, and evaluating adolescent
health interventions, it is important to bear in mind the
general considerations that have been set forth in this
article. A consensus has been developing about the peda-
gogical features of interventions that maximize their
chances of success (Table 1).
Conclusion

The majority of adolescents are healthy, and do not suffer
from significant mental health problems or engage in risk
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Table 1 Features of successful adolescent health-promotion

programs

. Greater duration of exposure to the program

. Early commencement, for example before adolescence

. Appropriate timing, for example before the behaviors are in
place

. Large amount of structure

. Implementation as intended (fidelity)

. Have supportive relationships with one or more adults as a
component

. Utilize active pedagogical approaches

. Address several ecological levels

. Focus on interrelationships between levels

. Socio-cultural relevance

. Guided by explicit theories

Adapted from Commission on Positive Youth Development (2005)
The positive perspective on youth development. In: Evans DL, Foa

EB, Gur RE, et al. (eds.) Treating and Preventing Adolescent Men-

tal Health Disorders: What We Know and What We Don’t Know.

A Research Agenda for Improving the Mental Health of our Youth,
pp. 497–528. New York: Oxford University Press.

54 Adolescents
behaviors such as unsafe sex or substance abuse. However,
the onset of health problems and risk behaviors in adoles-
cence, unless identified and dealt with early, may have
long-term and severe adverse consequences.

Programs that provide opportunities for adolescents to
access services and information, enhance their capacities
to protect and promote their health, and enable them to
live in safe and supportive environments, are key for
helping them make the transition to successful adulthood.
A coherent policy for adolescents, with clear objectives
and priorities, and integrated into wider health and
national policy planning and implementation mechan-
isms, forms the context for successful programs.
See also: Adolescent Health; HIV/AIDS; Mental Health

and Substance Abuse; Mental Illness, Historical Views of;

Specific Mental Health Disorders: Child and Adolescent

Mental Disorders.
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Introduction

Definitions

The public policy process, in simplified form, can
be understood as a sequence of four phases: agenda
setting, formulation, implementation, and evaluation.
Agenda setting is the first phase, the issue-sorting
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stage, during which some concerns rise to the attention
of policy makers while others receive minimal attention
or are neglected completely. The importance of this
phase lies in the fact that there are thousands of issues
that might occupy the attention of policy makers, but
in practice only a handful actually do gain their
consideration.
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Research in this field investigates how issues emerge on
the policy agenda, defined (Kingdon, 1984, p. 3) as ‘the list of
subjects or problems to which governmental officials, and
people outside of government closely associated with those
officials, are paying some serious attention at any given
time.’ Kingdon (p. 4) distinguishes between the governmen-
tal agenda, the list of subjects that are getting attention, and
the decision agenda, the subset of issues on the governmen-
tal agenda that are ‘up for an active decision.’
Agenda Setting and Priority Setting

The subject of public policy agenda setting has inspired
considerable research, but little of that is in the field of
public health. There has been much greater attention
in public health scholarship to a concept that is related to
but distinct from agenda setting: priority setting. While
those investigating priority setting in health have studied
how scarce resources are allocated among health causes,
their predominant concern has been how scarce resources
should be allocated, a normative issue. Often they are moti-
vated by uneasiness that resources and attention are
not fairly distributed. For instance, the Global Forum for
HealthResearchmonitors resource commitments for health
research. It is committed to redressing what it calls ‘the
10/90’ gap – a concern that only 10% of the world’s re-
search funds are being applied to conditions of the develop-
ing world that account for 90% of the world’s health
problems (Global Forum for Health Research, 2004).

An assumption in much, if not all, of this research tradi-
tion is that there are objective facts about theworld – such as
the burden caused by a particular disease and the cost-
effectiveness of an intervention – that can be used to
make rational decisions on health resource allocation. As
Reichenbach notes (2002), one example of priority-setting
research is cost-effectiveness analysis, which seeks to
evaluate alternative interventions based on how much
health improvement can be purchased per monetary unit.
A second example is the disability-adjusted life year
(DALY), a measure of the number of years of healthy life
lost due to individual conditions, enabling comparisons
across diseases. Its developers have usedDALYs to identify
the ten diseases posing the greatest burden globally: peri-
natal conditions, lower respiratory infections, ischemic
heart disease, cerebrovascular disease, HIV/AIDS, diar-
rheal diseases, unipolar major depression, malaria, chronic
obstructive pulmonary disease, and tuberculosis (Lopez
et al., 2006). Researchers have also combined studies of
DALYs with cost-effectiveness analysis to inform a disease
control priority project that offers recommendations
concerning which interventions should be prioritized
globally ( Jamison et al., 2006).

In contrast to priority-setting research, inquiry on
agenda setting is concerned primarily with explaining how
attention and resources actually are allocated (although
agenda-setting researchers often are motivated by norma-
tive concerns). Central to their inquiry is an interest in
power. They investigate matters such as which actors are
able to put issues on the agenda, how they come to hold this
capacity, and how this influence alters agendas away from
whatmight be considered a ‘rational’ allocation of resources.
Reichenbach (2002), for instance, demonstrates that despite
epidemiological evidence that cervical cancer presents a
higher burden than breast cancer in Ghana, the latter
received greater political priority. This outcome was due
in part due to local politics as well as to the influence of
international women’s groups from North America, along
with the higher incidence of breast than cervical cancer
among wealthier Ghanaian women.

Another difference from priority-setting research is
that many individuals investigating agenda setting are
influenced by a tradition called social constructionism,
which views issues not as problems objectively ‘out
there’ waiting to be discovered, but rather as created in
the process of social interactions. This idea is similar to
the observation that drives agenda-setting research: There
are thousands of conditions in society causing harm that
may become social priorities, including drug addiction,
HIV/AIDS, road traffic injuries, and homelessness. In
practice, however, only a handful of these conditions
become widely embraced social priorities (Hilgartner and
Bosk, 1988). Thus, we cannot explain how some problems
become prominent and others are neglected by appeal to
material facts alone: We must also consider social pro-
cesses, such as how problems are defined and framed, who
holds the power to define them, and how interest groups
mobilize to advance their agendas.
Actors in and Models of Public Policy
Agenda Setting

Actors in Agenda Setting

Many individuals and institutions are involved in shaping
health policy agendas, including political officials, civil
society organizations, United Nations agencies, and phil-
anthropic foundations (Table 1). Kingdon (1984) distin-
guishes between visible and hidden participants. Senior
political and administrative officials including prime min-
isters, legislators, ministers of finance, and leaders of
international donor agencies are likely to be more visible,
moving large problems and issues on to the agenda, such
as lack of health-care access for the poor and the reform of
national health sectors. Specialists including scientists,
doctors, academics, and career civil servants may play
less visible but nevertheless crucial roles, proposing pol-
icy alternatives that can address these problems, hoping to
convince political leaders to take the issue seriously.
However, this distinction is not clear-cut, and there are



Table 1 Actors in public health policy agenda setting

Type of actor Primary sectors Examples

Political officials Public President; prime minister; parliamentarian
Senior public servants Public Minister of health; minister of finance

Mid-level public servants Public Chief of Maternal and Child Health Division in Ministry of Health; head of

state-level family planning bureau

Domestic nongovernmental
organizations

Nongovernmental Women’s health advocacy groups; national family planning associations;
Catholic Church

Medical associations Nongovernmental American Medical Association; British Medical Association

Academics Nongovernmental;

international

Think-tank policy analysts; scientists and social scientists at universities

Philanthropic foundations Nongovernmental;

international

Bill and Melinda Gates Foundation; Wellcome Trust; MacArthur Foundation;

Rockefeller Foundation; Robert Wood Johnson Foundation

Medical journals and the
media

Private New England Journal of Medicine; Lancet; Journal of the American Medical
Association; New York Times; Guardian; CNN

For-profit companies Private Pharmaceutical companies (Merck; Bristol-Myers Squibb); health insurance

companies

United Nations agencies International World Health Organization; UNICEF; United Nations Population Fund (UNFPA)
International financial

institutions

International World Bank; Inter-American Development Bank; African Development Bank;

IMF

Bilateral donors International United States Agency for International Development (USAID); United

Kingdom’s Department for International Development (DFID)
International

nongovernmental

organizations

International International Planned Parenthood Federation; DoctorsWithout Borders; Oxfam

Public–private partnerships Mixed Global Fund to Fight AIDS, Tuberculosis and Malaria; Global Alliance for

Vaccines and Immunizations (GAVI)
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many instances where specialists – often as part of large
policy networks – take on visible roles, contributing to the
emergence of broad issues on to national and interna-
tional health agendas.

Walt (2001) notes a transformation in the relationships
among international actors involved in health that has
influenced agenda-setting processes. After World War II,
a system of vertical representation emerged globally, as
states cooperated in international health through the
United Nations system and particularly the World Health
Organization. Over time a complex array of actors became
involved in health, and the role of the UN system dimin-
ished. She argues that the global health system is now best
characterized as one of horizontal participation, with part-
nerships (and conflicts) among a broad array of actors.
A particularly notable development since the 1980s is the
growing role of the World Bank in global health, and the
tensions this emergence has caused between this institu-
tion and the World Health Organization, which originally
had the mandate for global health coordination (Buse and
Gwin, 1998). Another prominent development is the
increasing role of private actors in global health, includ-
ing philanthropic foundations (particularly the Bill
and Melinda Gates Foundation) and a proliferation of
public–private partnerships that link pharmaceutical
companies, foundations, international agencies, non-
governmental organizations, and donor governments in
cause-specific initiatives, such as the Global Fund to
Fight AIDS, Tuberculosis and Malaria (GFATM), and
the Global Alliance for Vaccines and Immunizations
(GAVI).
Early Models of Agenda Setting

Researchers have developed a number of public policy
agenda-setting models that consider actors, processes,
and contexts (Table 2). Early frameworks include the
rationality and incrementalist models, and a model invok-
ing the concepts of legitimacy, feasibility, and support.
Newer frameworks include the streams and punctuated
equilibria models. Public health policy researchers have
employed these in order to investigate health policy
agenda-setting processes. In recent years a body of work
on international relations has come to influence thinking
on health policy agenda setting, and it is worth consider-
ing ideas from this field as well.

The rationality model was founded on a presumption
that policy makers define carefully the nature of the
problems they face, propose alternative solutions, evalu-
ate these solutions on the basis of a set of uniform and
objective criteria, and select and implement the best solu-
tions. It continues to be employed by many economics-
oriented policy analyses that use cost–benefit calculations
to select among competing alternatives. As noted above, in
health policy the desire to inject rationality into resource
allocation decisions is the impetus behind the development



Table 2 Models of public policy agenda setting

Model View of how an issue emerges on the policy agenda Key developers

Rationality Through careful consideration of multiple possibilities Numerous
microeconomists

Incrementalism Slowly, as policy makers for a variety of reasons make only small changes

at a time

Lindblom (1959);

Wildavsky (1979)

Legitimacy, feasibility,
support

When policy makers consider the issue to be appropriate for government action,
easy to carry out, and supported by the public

Hall, Land, Parker, and
Webb (1975)

Streams Usually unpredictably; at random junctures, the problem itself, solutions to it, and

political developments converge to place it there

Kingdon (1984)

Punctuated equilibria In a burst, as new actors with new understandings of the issue take it up and
break existing policy monopolies

Baumgartner and
Jones (1993)
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of the disability-adjusted life year and underpins much
analysis in the cost-effectiveness tradition.

Many scholars who have studied the political dynamics
of policy making believe that the rationality model does not
capture howagendas are formed in practice, questioning the
presumption that actors deliberate in a logical, linear fash-
ion (Lindblom, 1959; Buse et al., 2005). Among the points
they raise are that actors have limited information, are not
able to imagine all the alternatives, even if cognizant of
multiple alternatives are not likely to consider each system-
atically, hold ambiguous goals, and change these goals as
they act. An alternative understanding of the agenda-setting
process, termed incrementalism, emerged that takes into
account a number of these critiques (Kingdon, 1984). Draw-
ing in part from research on public budgetary processes,
scholars have postulated that policy makers are inclined to
take the status quo as given and carryout only small changes
at a time, making the policy-making process less complex,
more manageable, and more politically feasible than a
comprehensive rational deliberative process would entail
(Lindblom, 1959; Wildavsky, 1979). Applying this idea to
health, we observe that one of themost reliable predictors of
the size of a national health budget, as well as its subcom-
ponents such as hospital construction and maternal and
child health, is the previous year’s budget, evidence that
policy makers alter their priorities slowly.

Hall and colleagues produced one of the earliest works
that considers the role of power in public policy agenda
setting (1975). They argue that an issue is more likely to
reach the policy agenda if it is strong on three dimensions:
legitimacy, feasibility, and support. Legitimacy refers to
the extent to which the issue is perceived to justify gov-
ernment action. For instance, the control of tobacco use in
the United States formerly had little legitimacy, defined
in these terms, but this situation has changed. Feasibility
refers to the ease with which the problem can be
addressed, and is shaped by factors such as the availability
of a technical solution and the strength of the health
system that must carry out the policy. For instance, the
development of a vaccine for polio made control of this
disease much more feasible. Support refers to the degree
to which interest groups embrace the issue and the public
backs the government that is to address it. Health-care
reform in the United States failed under the Clinton
administration in part because organized medical inter-
ests mobilized to oppose its enactment.
Newer Models of Agenda Setting

In the most influential model of the public policy agenda-
setting process, Kingdon (1984) challenges traditional
models of agenda setting that conceptualize it as a pre-
dictable, linear process. He argues that agenda setting has
a random character in which problems, policies, and poli-
tics flow along in independent streams. The problems
stream is the flow of broad conditions facing societies,
some of which become identified as issues that require
public attention. The policy stream refers to the set of
alternatives that researchers and others propose to address
national problems. This stream contains ideas and techni-
cal proposals on how problems may be solved. Finally,
there is a politics stream. Political transitions, global polit-
ical events, national mood, and social pressure are among
the constituent elements of the politics stream. At partic-
ular junctures in history the streams combine, and in their
confluence windows of opportunity emerge and govern-
ments decide to act. The opening of these windows usu-
ally cannot be anticipated. Prior to the combining there
may be considerable activity in any given stream, but it is
not until all three streams flow together that an issue
emerges on the policy agenda.

Several scholars have adapted ideas from Kingdon’s
model to explain how particular health issues have
emerged on policy agendas. Reich argues that five politi-
cal streams – organizational, symbolic, economic, scien-
tific, and politician politics – all favored child over adult
health through the 1990s, explaining the higher position
of the former on the international health agenda (Reich,
1995). By organizational politics he means efforts by orga-
nizations such as the WHO and World Bank to use their
resources to enhance their authority. Symbolic politics
concerns how actors use imagery to advance their
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positions – for instance UNICEF’s effective use of the
tragedy of child ill health to mobilize social institutions
and raise funds. Economic politics concerns the ability of
for-profit organizations to advance their interests, such
as the power that the tobacco industry has wielded to
block efforts to control this substance. Scientific politics
concerns the influence of financial support and other polit-
ical factors on public health research agendas. These four
streams shape the cost–benefit calculations of national
politicians – the politicians’ stream – concerning which
problems to place on national policy agendas. Ogden et al.
have also drawn on Kingdon’s ideas in their research on
tuberculosis (Ogden et al., 2003). They demonstrate that the
emergence of the HIV/AIDS epidemic contributed to the
opening of global policy windows, facilitating advocacy
networks to promote directly observed treatment, short-
course (DOTS) as a treatment of choice for tuberculosis.

Baumgartner and Jones (1993) have developed another
model that challenges the rationality and incrementalist
frameworks. Their punctuated equilibria model postu-
lates periods of stability with minimal or incremental
change, disrupted by bursts of rapid transformation.
Central to their model are the concepts of the policy
image and the policy venue. The policy image is the
way in which a given problem and set of solutions are
conceptualized. One image may predominate over a long
period of time, but may be challenged at particular
moments as new understandings of the problem and alter-
natives come to the fore. The policy venue is the set of
actors or institutions that make decisions concerning a
particular set of issues. These actors may hold monopoly
power but will eventually face competition as new actors
with alternative policy images gain prominence. When a
particular policy venue and image hold sway over an
extended period of time, the policy process will be stable
and incremental. When new actors and images emerge,
rapid bursts of change are possible. Thus, the policy
process is constituted both by stability and change, rather
than one or the other alone, and cannot be characterized
exclusively in terms of incrementalism or rationality.

For instance, Baumgartner and Jones show that little
changed in U.S. tobacco policy in the first half of the
twentieth century as the subject generated little coverage
in the U.S. media, government supported the industry
through agricultural subsidies, and the product was seen
positively as an important engine for economic growth.
Beginning in the 1960s, however, health officials mobi-
lized, health warnings came to dominate media coverage,
and the industry was unable to counter a rapid shift in the
policy image that focused on the adverse effects of
tobacco on health. Shiffman et al. (2002) have used the
punctuated equilibria model to examine the ebbs and
flows in global attention for polio, tuberculosis, and
malaria control. They argue that priority for each of
these three diseases rose surprisingly and rapidly at
different historical junctures, in ways not explainable by
the rationality and incrementalist models of the agenda-
setting process. In each case the rise of attention con-
formed to a punctuated equilibria dynamic, in which
new actors became involved with the issue, creating new
images of the nature of the problem and of its solutions.
International Influences

These five models were developed based on analyses of
national political systems. Increasingly, agenda-setting
researchers have come to understand that policy agendas
are set not by national actors and processes alone, but also
by forces from outside the borders of individual nation-
states. International organizations, officials from other
countries, donor agencies, and philanthropic foundations,
among other transnational actors, have considerable influ-
ence over domestic health priorities, particularly those of
poor countries that are reliant upon external sources for
health funding and technical advice. A body of research
from the political science subfield of international rela-
tions offers a set of concepts useful for understanding the
agenda-setting power of these actors.
Policy Networks

Scholars are giving increasing attention to the role of
policy networks as actors in the international system.
These vary both in form and level of institutionalization.
Two of the more widely researched forms are epistemic
communities and transnational advocacy networks. Haas
(1992) and colleagues coined the term ‘epistemic commu-
nities’ to refer to groups of professionals who by virtue of
their knowledge-based authority and shared beliefs about
causal processes are able to influence national policies.
The community of scientists concerned about global
warming is one example of an epistemic community. It
has been able to influence ozone protection policy suc-
cessfully. Keck and Sikkink (1998) have examined trans-
national advocacy networks. These differ from epistemic
communities in that their members consist of multiple
organizational types, from labor unions to churches, and
are linked not by expertise but by shared commitment to
particular causes. In the early 1990s a transnational advo-
cacy network formed for reproductive health, linking
domestic women’s groups, international nongovernmental
organizations, and governments across northern and
southern countries. This network was able to dominate
the agenda at the United Nations’ Third International
Conference on Population and Development in Cairo in
1994, mounting a significant challenge to the population
control paradigm that had been ascendant for decades.
The influence of this network is the major reason that
reproductive health is now on the global health agenda.
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Policy Transfer

While attention has been paid to the emergence and
forms of these health networks, there has been less
research on the means by which they influence national
priorities. One concept of value on this subject is that of
‘policy transfer,’ which concerns the use of knowledge
about policies or administrative arrangements in one time
or place to develop such arrangements in another time or
place (Dolowitz and March, 1996). Research by Ogden
et al. (2003) on the emergence of standards for the treat-
ment of tuberculosis, noted above, concerns an example of
an international network promoting policy transfer. Stone
(1999) notes that scholars employ multiple terms to
speak of the concept of policy transfer, including ‘lesson-
drawing,’ ‘emulation,’ ‘external inducement,’ ‘convergence,’
and ‘diffusion.’ She identifies three modes of transfer.
Policy may be transferred voluntarily if elites in one
country value ideas from elsewhere and import these of
their own accord. Policies may be transferred with com-
pulsion if powerful organizations such as the World Bank
threaten to withhold lending to countries that do not
embrace particular practices. Policies may be transferred
via structural forces when policy-making elites play no
active role and ideas enter national systems through pro-
cesses scholars often refer to as ‘convergence.’

Constructivist theory from political science offers a
useful framework for thinking about how policy transfer
may occur in certain instances. Constructivism works
from the premise that nation-states, like individuals,
are not isolated entities. They exist within societies of
other nation-states and are socialized into commonly
shared norms by their encounters with international
actors such as the policy networks just discussed (Finne-
more, 1996). Mainstream international relations scholars
traditionally have downplayed this form of transnational
influence as they have sought to understand the behavior
of nation-states in the international arena by looking
inside states, taking state preferences as given (Finne-
more, 1996). Constructivist theorists argue that on any
given policy issue, a state may not initially know what it
wants but come to hold certain preferences as a result of
interactions in international society with other state and
nonstate actors. For instance, a state originally may not
prioritize a health cause such as polio eradication, but it
may come to adopt the cause because domestic health
officials learn at international gatherings that other
countries are pursuing this goal and they are likely to
be left behind. Thus, constructivists argue, state prefer-
ences cannot be taken as given (Finnemore, 1996), but
rather should be conceived of as created in the process of
transnational interactions.

International organizations are critical global actors in
frameworks influenced by constructivism. Organizations
such as the WHO, UNICEF, the World Bank, and the
United Nations Population Fund are created by a global
community of nation-states with a view to serving their
jointly and individually held interests. However, these
organizations may acquire the power to act as indepen-
dent, autonomous agents, shaping the policy preferences
of the nation-states that created them (Abbot and Snidal,
1998). Thus, UNICEF pushes nation-states to prioritize
child health and UNFPA to prioritize reproductive
health, even as some of the nation-states that created
these organizations may object to their initiatives. Inter-
national health policy networks, which link these actors
with other kinds of organizations, may play similar roles
in shaping national policy preferences.
Future Research

Public policy agenda setting is a well-developed field of
inquiry. Few public health scholars have paid attention to
the subject or its constructs, however, and as a result we
have accumulated little systematic knowledge on health
policy agenda setting.

We do understand a few facets of the process. It is clear
that the emergence of health issues onto policy agendas
does not conform closely to criteria that many observers
would call rational or equitable. The diseases of rich
people are more likely to appear on health agendas than
those of the poor. The health problems of wealthy
countries attract more research funding than the condi-
tions that afflict less-developed nations. In many countries,
hospitals and other tertiary care facilities that serve cura-
tive functions, often directed toward members of wealthier
socioeconomic classes, command larger percentages of
national health budgets than do local-level primary
health-care facilities that might address the health pro-
blems of the poor.

At a general level we understand why such imbal-
ances exist: The distribution of power and wealth within
and across societies heavily shape which health condi-
tions are identified as problems, which health problems
receive attention, and which health causes receive public
and private resources. The problem lies in understand-
ing the specific dynamics of these processes. What influ-
ence does the public framing of a health issue have on its
likelihood of appearing on a national agenda? Under
what conditions do policy monopolies – networks of
actors that hold the power to control and define health
issues in ways advantageous to themselves – fall? Why do
some health causes such as HIV/AIDS control rise to
global prominence while other high-burden diseases
such as malaria struggle for attention? How is the global
health agenda formed? These constitute some of the
central questions for future research on agenda setting
in public health policy.
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Conclusion

It is useful to consider explicitly how health agendas are
formed, both nationally and globally. Doing so reminds us
that resources are scarce, not all needs can be met, and
factors beyond rational deliberation and careful consider-
ation of evidence shape the process. The five models dis-
cussed in this chapter – rationality; incrementalism;
legitimacy, feasibility, support; streams; punctuated equili-
bria – offer alternative understandings of the agenda-setting
process. Ideas from each may help in advancing our limited
knowledge of how health agendas are formed, and what
actors may do to alter health policy priorities.

See also: Health Policy: Overview; The State in Public

Health, The Role of.
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The Aging Process

Aging begins at birth. But in the public health context,
discussion focuses on changes occurring during adult life:
decreas es in physical and men tal perfor mance ( She phard,
1997 ), increas ed susce ptibility to vari ous diseas es, a
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resulting deterioration in the quality of life, and a pro-
gressive increase in the likelihood of death. There is much
inter-individual variation, and some 65-year-olds retain
greater functional capacity than a sedentary 25-year-old.
Individuals should thus be classed in terms of biological
rather than calendar age.

Distinction is drawn between middle age (typically,
aged 40–65 years, with minor functional losses), early
old age (65–75 years, with good overall health but more
marked function losses), middle-old age (75–85 years,
with growing difficulty in carrying out daily activities),
and very old age (>85 years, marked by chronic illness
and physical dependence) (Shephard, 1997).
10
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Effective
training intensity

Peak power
Public Health Issues

A substantial fraction of total medical expenditures is
incurred in the final year of life (Fries, 1980). The result-
ing burden upon health-care systems is growing steeply
because of more sophisticated medical technology and the
increasing percentage of old and very old people in devel-
oped countries.

The value of regular, moderate physical activity to the
immediate and long-term health of young and middle-aged
adults is well established (Bouchard et al., 1994). However,
there remains a need to define appropriate activity patterns
and to determine their effectiveness in the elderly. It was
once accepted that humans should ‘slow down’ as they
became older, but recent research has underlined the
important contribution of regular moderate physical activ-
ity to healthy and successful aging (Fries, 1980; Shephard,
1997, 2004; Berk et al., 2006; Nelson et al., 2007; Paterson
et al., 2007). Immediate function is maximized, with gains in
physical, psychological, and social health; independence is
prolonged, and quality-adjusted life expectancy is
increased, both in those who are currently healthy, and
those already afflicted by chronic disease.
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Figure 1 The age-related decrease in intensity of physical

activity needed for health benefit; in a typical person, 50% of

peak aerobic effort decreases from around 6 METs at age 35
to 2 METs at age 80.
Physical Activity for Older Adults

Types of Physical Activity

Physical activity embraces any movement incurred in
daily living, employment, or domestic chores, in caring
for significant others, or in recreation and sport. A contin-
uum of behavior extends from the ability to undertake
such ‘activities of daily living’ as dressing, personal
hygiene, eating, and moving in and outside the house
through participation in exercise and fitness programs
to deliberate training for masters competitions. Health
Canada (1999) recommends that seniors engage in ‘‘Active
Living’’ (the incorporation of an optimal amount of phys-
ical activity into everyday life), although Paterson et al.
(2007) argue that for efficacy, the activity must be
relatively vigorous; a few seniors continue with athletic
competition, but this is generally for social reasons rather
than a desire to break performance records (Kavanagh
et al., 1989; Shephard et al., 1995).
Efficacy

Critical variables for enhancement of function and health
are the intensity of effort relative to the initial fitness of
the individual and the total energy expended (Shephard,
2001). Some benefits require a relatively high intensity of
activity (Paterson et al., 2007), others a substantial total
volume of moderate effort. Intensity is commonly classi-
fied in METs (ratios to resting metabolic rate). If an
effective intensity is 50% of peak METs, the requirement
drops from around 6 METs at age 35 to 2 METs at age
80 years (Figure 1). Semantic descriptions show a similar
age sensitivity; an old person’s ‘fast walk’ may seem a
leisurely pace for a young adult.
Walking: The Activity of Choice

The main physical activity for old people is commonly
walking. A one-year study of seniors (Yasanuga et al., 2006)
showed peaks in the spring and fall, but declines in summer
heat, winter cold, and days with heavy rainfall. Step counts
ranged from 4000/day among those who engaged only in
limited movements about the house to 12 000 steps/day
in the most active. Assuming 8000 paces of deliberate walk-
ing (0.8m/pace), the most active individuals walked
6.4 km/day, corresponding to 1.6 hours at a pace of
4 km/hour.
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The average man was active for 60min/day at an
intensity <3 METs and for 23min >3 METs; in
women, the corresponding figures were 47min/day
<3METs and 17minutes/day >3 METs.
Immediate Benefits of Physical Activity

Immediate benefits include a restoration of functional
capacity, gains in general health, and possibly some
enhancement of immune function.
Restoration of Functional Capacity

Aging leads to a progressive decrease in maximal aerobic
power, peak muscle force, flexibility, balance, and coordi-
nation; all of these losses can be at least partially reversed
by appropriate programs of physical activity.
Maximal aerobic power

The maximal oxygen intake per kg of body mass (the most
appropriate functional yardstick for many activities)
decreases by about 10% per decade between 25 and
65 years, and more rapidly thereafter. About a half of the
decrease is due to an accumulation of fat and a decline in
habitual physical activity ( Jackson et al., 1995); a decline
in maximal heart rate is a second important factor. The
minimum aerobic power needed for independent living is
12–15ml/(kgmin), and many seniors drop below this
threshold around the age of 80 years (Paterson et al.,
1999, 2007; von Bonsdorff et al., 2006). The loss is some-
what less in an active person (6–8% rather than 10%
per decade, 2.8–4.2 vs. 5–6ml/(kg min) per decade)
(Figure 2) (Kavanagh et al., 1989).
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masters athletes. A more rapid loss of function may be
anticipated in sedentary individuals.
In percentage terms, the training response of 65-year-
olds matches that of younger adults (a gain of 10–20%,
3–6ml/(kgmin), equivalent to reversing at least 6–12 years
of aging) (Shephard, 1997; Paterson et al., 2007). Even
larger gains might be seen, but for the caution of the
supervising physician. In one three-year trial, we took
men who had sustained a myocardial infarction from an
initial aerobic power averaging 28ml/(kgmin) to a final
value >50ml/(kg min) (Shephard, 1981). If a task
demands a large fraction of peak aerobic power, even a
10% gain in oxygen transport can increase task endurance
by 100%.
Peak muscle force

The peak force of most muscle groups is maintained fairly
well until 35–40 years of age; there is then a progressive
loss, 20–25% to age 60 years, and accelerating there-
after (Shephard, 1997). A selective loss of type II muscle
fibers restricts rapid and powerful movements (Aoyaji and
Shephard, 1992). By 70 years, 30% of men and 50% of
women cannot lift one-half of their body mass. Gradually,
strength drops below the threshold needed for activities
of daily living such as carrying groceries, opening a jar
of preserves, climbing stairs, lifting the body mass from
a toilet seat, or even climbing out of bed (Buchner
et al., 1993).

Moderate walking or aqua-fitness classes do little to
restore muscle strength, but resistive exercise can yield
gains of 30–80% over 12months, even in frail nonagenar-
ians (Fiatarone et al., 1994; Porter, 2001; Latham et al.,
2003; de Vos et al., 2005). Test learning and a better
coordination of contractions are initially responsible, but
lost muscle mass is gradually restored. Practical conse-
quences include faster speeds of rising from a chair and
walking, less electromyographic activity when performing
daily tasks, and faster corrective movements after tripping.
Flexibility

An age-related loss of flexibility progressively restricts
important daily tasks such as climbing stairs, sitting in a
small car, dressing, or operating switches close to the
ground. Regular physical activity can conserve and even
enhance flexibility. Specific studies have shown an 11%
increase of hamstring length when 65- to 74-year-olds
underwent a 2-year program of aerobic, strength, and
flexibility exercises, and a 15% increase of sit-and-reach
scores with 10 weeks of flexibility exercises.
Balance and coordination

An age-related impairment of balance and coordination
increases the risk of falls and resulting life-threatening
fractures (Overstall and Downton, 1998). Contributing
factors include neuron loss in the brainstem and cere-
bellum, a deterioration of proprioceptor function,
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degenerative changes in the inner ear, postural hypoten-
sion, a slow reaction speed, and insufficient muscle
strength for rapid corrective movements (Orr et al.,
2006). Some studies have reported no benefit from bal-
ance training. Where gains have been seen, the likely basis
is an increase of muscle strength. Regular exercise may
also help by increasing stride length and reducing the risk
of postural hypotension.
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Other General Health Benefits

General benefits include an increase of social contacts,
mental arousal, an increase of appetite, improved bowel
movements, and a reduction of sleep disturbances.

Increased social contacts

Many seniors face progressive social isolation. Mental
stimulation and social interaction are thus important ben-
efits of participation in a walking club or an aqua-fitness
class. Indeed, when evaluating postulated benefits of
enhanced physical activity, it is important that the control
group also experience a broadening of interests and
increased social contacts (Avlund et al., 2002).

Arousal

Many seniors are not sufficiently aroused during the
daytime. Mental stimulation is thus a helpful immediate
outcome of vigorous exercise. Possible causes include a
lessening of anxiety and depression, an increased overall
interest in life, a transient increase in cerebral blood flow,
an increased activity of reticular formation neurons, an
increased secretion of catecholamines, and a facilitated
passage of arousing chemicals across the blood–brain
barrier.

Appetite

Many seniors have a poor appetite, with an inadequate
intake of vitamins, essential minerals, and other micronu-
trients (Tiidus et al., 1989). A greater daily energy expen-
diture is likely to restore appetite, augmenting ingestion
of necessary dietary constituents.

Bowel movements

Many elderly people complain of constipation. Colonic
motility seems to be stimulated by physical activity, and
this may contribute to a lower incidence of colonic cancer
in active individuals. Possible mechanisms include physi-
cal displacement of the intestines, and an increased secre-
tion of prostaglandins; both mechanisms would require
relatively vigorous exercise.

Sleep

Sleep disturbances are another common complaint as age
advances. Causes such as chronic pain or urinary fre-
quency are not susceptible to exercise. But the arousing
effect of exercise helps seniors remain awake during the
day. Subsequent relaxation may also facilitate sleep. How-
ever, if exercise is taken too late in the day, difficulty in
getting to sleep may increase.
Immune Function

An age-related involution of the thymus causes a progres-
sive deterioration of immune function (Shinkai et al.,
1998), increasing vulnerability to infection, neoplasms,
and autoimmune disorders (Shephard, 1997).

Moderately active individuals seem to avoid a decrease
of T cell proliferative response and reduced cytokine
production (Figure 3), possibly with some enhancement
of natural killer cell activity. Limited data further suggest
a reduced risk of upper respiratory tract infection (URTI).
Long-Term Benefits of Physical Activity

The long-term benefits of regular physical activity have
often been assessed in terms of overall life expectancy,
perhaps because this is easy to measure. However, from
the viewpoints of both the individual and public health
agencies, greater interest attaches to the disability-free
life expectancy (DFLE) and the quality-adjusted life
expectancy (QALE).



Table 1 Anticipated gains of life expectancy (LE) and

disability-free life years (DFLY) from regular physical activity

begun as a young adult.

Chronic
disease

Reduction by optimal
exercise

D LE
(yr)

D DFLY
(yr)

Circulatory

diseases

0.3 1.23 1.26

Locomotor

disorders

0.3 0.06 1.53

Respiratory

disorders

0.1 0.05 0.27

Malignant

neoplasms

0.15 0.26 0.30

Injuries 0.0 0.0 0.0
Vision & hearing 0.0 0.0 0.0

Mental

disorders

0.1 0.04 0.06

Diabetes
mellitus

0.2 0.14 0.18

Perinatal

mortality

0.1 0.07 0

Infectious
diseases

0.1 0.01 0.02

Totals 1.86 3.62
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Overall Life Expectancy

Those who maintain a physically active lifestyle from
early adult life have about a 2-year advantage of lifespan
(Paffenbarger and Lee, 1996). This reflects largely a
reduction of ‘premature’ mortality. The active person
shows a ‘squaring’ of the mortality curve (Fries, 1980),
with most of the cohort surviving to 80–90 years. It is
difficult to assess the minimum intensity of effort needed
for benefit; effects are often confounded by a resulting
increase in the volume of energy expended, but in middle
age, the critical intensity may be >6 METs (Figure 1).

It is not possible to assign individuals to lifelong exer-
cise on a random, double-blind basis. The underlying
evidence is thus essentially observational. Differences in
life expectancy can be adjusted for various covariates, but
the longer lifespan of the physically active reflects in part
a higher socioeconomic status and a healthier lifestyle (in
particular, cigarette smoking can shorten the life of a
young adult by as much as 8 years).

The increase in longevity seems less if activity is
begun later in life. At 70 or 75 years, the advantage
gained on a sedentary peer may be only a few months
(Paffenbarger and Lee, 1996). Survival curves converge,
and may even cross around 80 years (Pekkanen et al.,
1987). Those who pursue vigorous physical activity
into the ninth and tenth decades may reduce their
survival prospects slightly (Linstexd et al., 1991). How-
ever, this is not a good argument for remaining seden-
tary. The active person retains a substantial advantage in
terms of DFLE and QALE.
Disability-Free Life Expectancy

By 75 years of age, 90% of people have some clinically
diagnosed condition (U.S. National Center for Health
Statistics, 1993, 1994). Regular physical activity has a
substantial effect upon DFLE (Table 1); this reflects the
prevalence of chronic disease at any age, the impact of this
disease upon DFLE, and the influence of increased phys-
ical activity upon disease prevalence.

If physical activity is begun as a young adult, reason-
able estimates suggest a gain in life expectancy of
1.86 years (Table 1). However, this is supplemented by a
gain of 3.62 years DFLE (Robine and Ritchie, 1991; Jagger
et al., 2007). Benefits are likely to be smaller if activity is
begun in old age, in part because organs may already have
sustained severe damage, and in part because a lesser
intensity and total volume of activity are tolerated.
Quality-Adjusted Life Expectancy

Factors influencing QALE include not only the impact of
physical activity upon various diseases, but also gains in
physical and psychosocial functioning. A gain in QALE is
one of the strongest reasons for maintaining an active
lifestyle. If a person finishes life in a wheelchair or has
insufficient energy to undertake the activities of daily
living, survival must be heavily discounted relative to
normal good health (Shephard, 1996).

It is not easy to estimate the impact of various diseases
upon QALE; much depends on an individual’s philosophy,
environment, and social support. A ‘standard gamble’
indicates how many years of life a person would forego
to eliminate all health problems. Between 30 and 65 years,
the effects of acute and chronic disease are usually small,
but mood disturbances may reduce the average person’s
quality of life by 10%; if physical activity halves this loss,
there is a gain of (35 � 0.1 � 0.5), or 1.75 QALE. Between
65 and 75 years, the quality of life may be 20–50% less
than optimal, due mainly to a deterioration in functional
capacity; if regular physical activity halves this loss, a
further gain of (0.2–0.5) � (10 � 0.5), or 1.0–3.75 QALE
results. In the final year of life, limited functional capacity
reduces life quality to 20–50% of optimal, and again
assuming that physical activity has an efficacy of 0.5,
there is a gain of (0.5–0.8) � (1.0 � 0.5), or 0.24–0.40
QALE. Totaling these effects, there is a potential QALE
loss of 3.25–6.30, due mainly to poor physical function
and mood disturbances, and regular physical activity
could add 1.63–3.15 QALE over the course of adult life
(Shephard, 1996).
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Reduced Incidence of Chronic Disease

Exercise is effective in both prevention and rehabilitation
of atherosclerotic disease, hypertension, obesity, an
adverse lipid profile, diabetes mellitus, and osteoporosis.
It alleviates anxiety, depression, and other mood distur-
bances, reduces susceptibility to certain types of neo-
plasm, and boosts function before and after surgery.
It may also enhance function in chronic pulmonary dis-
ease, reduce the incidence of low back problems, and
increase mobility in those with rheumatoid or osteo-
arthritis (Bouchard et al., 1994). These gains enhance
DFLE and QALE with remarkably few side effects,
although if the intensity of effort is excessive, there can
be immunosuppression, musculoskeletal injury, and even
sudden cardiac death.

Few meta-analyses consider possible age differences in
the response to physical activity. Some benefits are likely
smaller in the very old; nevertheless, the response
depends more on biological than on chronological age,
and physical activity remains important in both preven-
tion and rehabilitation of many disorders.
Ischemic heart disease

Following myocardial infarction, regular physical activity
restores cardiac and skeletal muscle function, corrects
residual angina, and reduces the risk of a fatal recurrence.
Improvements in prognosis may be smaller in the very
old, in part because they have difficulty in completing the
weekly volume of exercise associated with benefit (8mega
Joules (MJ)/week in middle-aged adults; Paffenbarger
and Lee, 1996). The main arguments for exercise in the
elderly are an increase in functional capacity and a reduc-
tion in anginal pain, both augmenting QALE.
Congestive heart failure

Exercise programs are useful in stable congestive cardiac
failure, provided that the heart is operating on the favor-
able portion of the Frank/Starling curve. A cautious exer-
cise regimen can augment muscle strength, thus reducing
peripheral vascular impedance. Further, it increases the
ability to carry out the activities of daily living, and
enhances mood state.
Hypertension and stroke
The incidence of hypertension rises with age, and this
augments the risks of stroke and congestive heart failure.
Sedentary individuals have a 30% greater risk of hyper-
tension than those who are active, but a part of this
disadvantage reflects a greater accumulation of body fat.

In young hypertensive adults, regular physical activity
decreases both systolic and diastolic pressures by some
10mmHg. A decrease of body fat contributes to this
benefit, and reductions in pressure seem greater with
prolonged low-intensity than with high-intensity exercise.
Probably because arteriosclerotic lesions become calci-
fied in older individuals, it is more difficult to reduce
blood pressure in seniors than in young adults. Exercise
programs are particularly important in enhancing QALE
after a stroke.
Peripheral vascular disease

Physical inactivity is a risk factor for peripheral vascular
disease, although it tends to be overshadowed by other
factors such as hypertension, hyperlipidemia, diabetes
mellitus, and cigarette smoking. In the early stages of
disease, local exercise can increase regional blood flow
and improve QALE.
Chronic pulmonary disease

Regular physical activity plays an early preventive role,
encouraging abstinence from cigarettes. In those with
established disease, exercise cannot restore damaged
lung tissue, and some functional gains are undoubtedly
psychological. However, a strengthening of the respiratory
muscles allows a faster inspiration and a slow expiration,
thereby avoiding airway collapse. The wasting of skeletal
muscles may also be reversed, and the patient may learn
to walk more efficiently, all of these changes enhancing
QALE.
Arthritis and back problems
The prevalence of osteoarthritis is not increased by mod-
erate activities such as walking or jogging, but involve-
ment in contact sport may have such an effect. Once
disease is established, a strengthening of muscles around
affected joints can minimize functional losses.

Regular exercise also enhances residual function in
rheumatic arthritis and muscular dystrophies. It is unwise
to exercise the affected joint if arthritis is active, but if the
condition is quiescent, resistance and flexibility exercises
stabilize the joint and help to restore function.

Local exercises might be thought useful for low back
pain, but available evidence is conflicting; this may be
because back problems have been evaluated relative to
overall levels of aerobic activity rather than specific train-
ing of the lumbar muscles.
Osteoporosis

The age-related loss of bone mineral and deterioration of
bone structure predispose to fractures. Regular, weight-
bearing activity conserves bone mineral and helps to
reverse osteoporosis. The stimulus comes from repeated
application of force to the bone, and much depends on the
force that an old person can exert. Additional benefits
come from an increased calcium intake in the exerciser.
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Obesity
Many people, including former athletes, accumulate fat
with aging; however, the lean profile of masters athletes
suggests the problem can be avoided if endurance activity
is maintained. An increase in fat mass inevitably augments
the physical work an elderly person must perform when
moving about. Obesity is also a major risk factor for
diabetes mellitus, atherosclerosis, cholecystitis, certain
cancers, and osteoarthritis.

Regular physical activity helps to correct obesity, in
part because it increases overall energy expenditure, and
in part because it augments resting metabolic rate. It is
more attractive advice than dieting, and carries benefits
for many other body systems. Whereas dieting alone leads
to a loss of lean tissue, a combination of moderate exercise
and dietary restriction conserves muscle mass. Neverthe-
less, fat loss may be slower in the elderly, in part because
an overweight senior takes several months to increase
daily energy expenditure substantially.

Hypercholesterolemia

The blood lipid profile of the elderly person shows little
response to low-intensity exercise, but increases in HDL
cholesterol are seen if energy expenditures are sufficient
to decrease body fat. Benefit is more likely in men than in
women, perhaps because men are more willing to under-
take vigorous exercise.

Diabetes mellitus

Physical inactivity increases the risk of maturity-onset
diabetes mellitus. Moderate exercise may allow a halting
of insulin therapy, particularly if there is also some restric-
tion of food intake. Blood pressure is also reduced and the
lipid profile is enhanced, thus minimizing the cardiovas-
cular complications of diabetes. In advanced disease,
excessive physical activity may cause hyperglycemia
and/or hypoglycemia, worsening ketosis, a diabetic reti-
nopathy, infection of superficial injuries, and atheroscle-
rotic complications.

Neoplasia

Regular physical activity reduces the risk of cancer of the
colon, and possibly also the risk of breast, cervical, and
prostate tumors. Possible mechanisms of benefit include
an increase of natural killer cell activity, a prostaglandin-
based speeding of passage of carcinogens (colonic
tumors), and a decrease of body fat with reduced secretion
of sex hormones (breast and prostate tumors). Following
neoplasia, there is often poor appetite, muscle wasting,
and depression, and moderate physical activity can
enhance QALE.

Mental benefits

The enhanced physical abilities of the active person con-
tribute to an overall feeling of well-being, with enhanced
self-esteem, feelings of self-efficacy, and a reduced risk of
anxiety and depression. With vigorous physical activity,
these effects are enhanced by endorphin secretion.
Physical activity and surgery

Strokes, deep vein thromboses, and mental confusion are
frequent concomitants of surgery in the frail elderly.
Graded physical activity helps to maximize function
prior to surgery, and speeds recovery from trauma and
immobilization.
Risks Associated with Physical Activity
in Old Age

The three main risks of excessive exercise are immuno-
suppression, musculoskeletal injuries, and provocation of
a heart attack.
Immunosuppression

Very prolonged activity depresses immune function
(particularly salivary immunoglobulin secretion), increas-
ing the risk of URTI. However, old people are unlikely to
perform exercise of this severity, and because their initial
level of activity is usually low, they may reap more benefit
than younger individuals from training. Nevertheless,
masters competitors are conscious of a critical load
(often equivalent to running about 50 miles per week),
and their risk of URTI increases if this threshold is
exceeded (Shephard et al., 1995).
Musculoskeletal Injuries

Some organized exercise programs for the middle-aged
and elderly have been plagued by a high incidence of
musculoskeletal injuries, including stress fractures. The
usual cause is too rapid a progression of training, failure
to personalize exercise prescriptions, and excessive com-
petition by individuals with Type A personalities. The
best plan for the older person is to carry out only a little
more exercise than the previous week and, if this is well-
tolerated, to progress in similar fashion. Weakened bones
may be injured by a mild fall or even a vigorous muscle
contraction. It is thus important to avoid both icy outdoor
conditions and indoor obstacles such as loose mats. The
most popular form of physical activity for the elderly is
walking, and fortunately this has an extremely low rate of
injury. Nevertheless, poor vision can sometimes lead to
tripping and collision with overhead obstacles such as low
branches of trees.
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Heart Attacks

Physical activity increases the immediate risk of a heart
attack several-fold (Shephard, 1981). However, this disad-
vantage is offset by a substantial reduction in risk between
exercise bouts. Moreover, at any given absolute intensity
of effort, the risk of provoking a heart attack is less in a fit
person than in someone who is sedentary. Given that there
are occasions when even the sedentary person must engage
in vigorous activity, the overall prognosis is thus substan-
tially better for an active than for a sedentary person.

Aging leads to a dramatic increase in the overall inci-
dence of cardiovascular deaths, but the hours of jogging
per death do not increase, possibly because vulnerable
individuals have already died, or because the survivors
exercise less vigorously than a younger person. The risk of
death during exercise thus decreases with age. Neverthe-
less, it remains prudent to avoid heavy, violent, or com-
petitive exertion for which the individual is untrained.
Conclusions

Regular physical activity contributes both immediate and
long-term health benefits to elderly people, making a
valuable contribution to the prevention and treatment of
many chronic conditions. It extends total lifespan and,
more importantly, increases disability-free life expec-
tancy and the quality of life. Moreover, the risks of exer-
cise sometimes encountered in the younger adult are less
likely in the elderly, because they exercise less vigorously.
Regular, moderate physical activity is thus an important
health recommendation for all seniors, from those in early
old age to the very old.

See also: Active Life Expectancy; Nutrition and the

Elderly; Populations at Special Health Risk: The Elderly.
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Scope of the Problem

Agriculture originated more than 11 000 years ago and is
one of the world’s oldest and largest industries. Currently
over half of the world’s population is engaged in agricul-
ture, totaling 2.7 billion people in 1994 (Stellman, 1998).
Agriculture employment patterns vary in part by the level
of a country’s economic development. In many nations,
the largest share of employment is in the services sector,
followed by industry, with a small proportion, usually less
than 10%, in agriculture. In other nations, predominantly
transitional economies, agriculture accounts for the largest
proportion of employment, followed by services and then
industry (ILO, 2003). For example, in North America
7million people are engaged in agriculture, whereas in
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Relevant Websites
http://www.activelivingresources.org/ – Active Living Resource Center.
http://www.centre4activeliving.ca – Alberta Centre for Active Living.
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Sports.
http://www.cdc.gov – U.S. Centers for Disease Control and Prevention.
http://www.who.int – World Health Organization.
USA

Asia over 2 billion people are working on farms consisting
primarily of family-owned plots. Farming in developed
countries has transitioned into large-scale production
agriculture involving larger farms often owned by compa-
nies rather than individuals. In North America and Eur-
ope, the number of family-owned farms is shrinking and
the holdings of the remaining farms are increasing. In
developed and developing nations, peasants and subsis-
tence farmers working only small plots of land produce
four-fifths of developing countries’ food supply, yet these
agricultural workers may be among the poorest sectors of
society. They may live in isolated rural conditions with
substandard housing, inadequate access to clean water and
health care, andwith little or no educational opportunities
or other economic options.
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The economic hardships of rural poverty are com-
pounded by the health demands intrinsic to agricultural
labor. Farming is one of the most hazardous occupations
and people working on farms worldwide experience inju-
ries and disease associated with both subsistence and
production agriculture. Sources of hazards can be broadly
grouped into those from trauma, chemical exposure, psy-
chosocial stressors, and pulmonary exposures. Regardless
of the scale of operations, agricultural work entails
numerous occupational health risks, many of which can
be targeted for prevention. For the most part, this article
discusses health issues experienced by individuals work-
ing in agriculture including farm owners, farm family
members, and farmworkers. Risks to children living or
working in the farm environment are also discussed.
Agricultural Workers and Their Families

Some of the major health problems, both acute and
chronic, among adult farming populations include respi-
ratory disorders, cancer, neurologic problems, injuries and
traumatic deaths, skin diseases, hearing loss, stress, and
problems in reproduction. In countries where mechaniza-
tion is a routine part of farming, the leading agents of fatal
and nonfatal injuries to farmers and farmworkers are
tractors and farm machinery, followed by livestock, build-
ing structures, falls, and bodies of water. Environmental
exposures include pesticides, volatile organic compounds
(fuel), noxious gases, airborne irritants, noise, vibration,
zoonoses, and stress. Farm family members may also be
exposed to these hazards, making agriculture a unique
example of the intersection of occupational and environ-
mental exposures. On the approximately 2.2million farms
in the United States in 1999 for example, there were
1.3million farmworkers and 4.6million farm residents.
In 2002 the number employed in the agriculture and fish-
ing sectors in the 15 member countries of the European
Union (EU15) was over 10million people. The 2002 rate of
nonfatal injuries in the EU15 was 6000 per 100 000 workers,
and the leading agents responsible are similar to those in
the United States, including machinery, falls, and hazard-
ous environmental exposures. In countries where mechani-
zation is not routine, the leading agents of fatal and nonfatal
injuries to farmers and farmworkers are livestock, pesti-
cides, zoonoses, and stress.

Farming is also unique in that child labor is common.
Special consideration must be given to the health risks
faced by children working in agriculture. The maturing
organ systems of children and adolescents may be espe-
cially vulnerable to the harmful effects of hazards com-
monplace in agriculture such as chemical exposures and
physical stressors. Data on the scope of child farm labor in
developing countries are scarce; however, recent estimates
suggest 170million children worldwide are working in
agriculture. Globally, child labor has been a part of plan-
tation agriculture throughout its history: families working
on plantations as contract laborers must rely on all
members of the family unit working together to increase
productivity and in turn, their compensation. On family-
owned farms in the United States, approximately 27% of
farm residents are youths less than 20 years old, and at
least 300 000 youths between the ages of 15 and 17 work
alongside their parents as farmworkers. Although the
exact number of youths exposed to farm hazards annually
in the United States is unknown, it has been estimated at
more than 2million.

Women account for over half of the global agricultural
workforce; however, they are often overlooked in interna-
tional labor statistics. In addition to facing the same
hazards as male agricultural workers face, women working
in agriculture during their reproductive years may be
exposed to toxic chemicals or physical demands that can
also cause problems with reproduction and pregnancy
maintenance. There is also concern that all women who
are exposed to biologically active chemicals during agri-
cultural work may be at risk for hormone disruption
across the lifespan, from their prereproductive years
through menopause and beyond.
Sources of Hazards and Health Risks

Two health specialty areas dealing with agriculture are
worth noting. Agricultural medicine refers to the subdivi-
sion of public health and/or occupational medicine
included in the training and practice of health profes-
sionals. Agromedicine refers to a specialty partnership
between agricultural and medical professionals invested
in reducing illness and deaths related to agriculture.
Agromedicine has focused on core health areas of trau-
matic injury, pulmonary exposures, and agrochemical
injury. Table 1 provides a general guide to these agricul-
ture-related health risks. Rather than serving as a com-
plete guide, the table is designed to highlight the principal
exposures and possible manifestations that public health
practitioners should be aware of when designing programs
to improve health and safety in the agricultural environ-
ment (Zejda et al., 1993).
Fatal and Nonfatal Injuries

Disabling injuries and accidental deaths represent one of
the most disturbing aspects of safety risks in agriculture.
Globally 170 000 agricultural workers die each year from
traumatic injuries and the fatal injury rate in agriculture is
twice that of other industries. Injuries on the farm involve
tractor rollovers, machine injuries, animal injuries, and
farmyard injuries. An estimated 38 000 children under
the age of 20 years who lived on, worked on, or visited



Table 1 Public health practitioners’ guide to health risks in agriculture

Organ system or
disorder Principal exposures Possible medical manifestations Practitioners’ role

Lungs Organic dust, microbes, molds,

fungi, endotoxins, allergens

Chronic bronchitis, asthma,

hypersensitivity pneumonitis,

organic-dust toxic syndrome

Recognition,

environmental control,

appropriate treatment,

work practice changes
Neurologic

disorders

Herbicides, insecticides,

fungicides, solvents, fumes

Acute intoxication, peripheral neuritis,

Parkinson’s disease, acute and chronic

encephalopathy

Immediate treatment,

diagnosis, public health

leadership

Injuries Tractor rollovers, machine
injuries, animal injuries,

farmyard injuries, cumulative

trauma, repetitive strain

Suffocation, crushing, lacerations,
amputations, eye injuries,

musculoskeletal disorders

Community action,
emergency treatment,

public health leadership

Hearing loss Motor noise, animal noise Deafness Hearing conservation,

diagnosis, treatment

Skin Pesticides, fuels, fungi, sun,

mites, parasites

Dermatitis, dermatophyte infections,

cancer

Prevention, diagnosis,

treatment
Psychosocial

distress

Economic hardship, uncertainty,

excess work demands

Depression, anxiety, alcohol use, suicide

ideation

Community networks,

social support, fair labor

practices

Cancer Herbicides, insecticides,
fungicides, fumes, sunlight,

unknown

Non-Hodgkin’s lymphoma; Hodgkin’s
disease; multiple myeloma; soft-tissue

sarcoma; leukemias; cancer of prostate,

skin ovary, pancreas, testis

Early recognition,
education, integrated

pest management,

public health leadership

Adapted from Zejda JE, McDuffie HH, and Kosman JA (1993) Epidemiology of health and safety risks in agriculture and related
industries. Practical applications for rural physicians. Western Journal of Medicine 158: 56–63, amended with permission from the

BMJ Publishing Group.
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farms and ranches were injured in 1998, and approxi-
mately 100 unintentional injury deaths occur annually
among children and adolescents on U.S. farms (Myers
and Hendricks, 2001). Children account for about 20%
of all U.S. farm fatalities and a higher proportion of the
total number of nonfatal farm injuries. Farm machinery
(including tractors) is the leading cause of fatality to farm
youth less than 20 years of age in the United States. Thirty
percent of farm machinery-related deaths are among
children less than 5 years of age. Drowning is the second
leading cause of death on farms with children less than
5 years of age accounting for 32% of the deaths. The most
common injury resulting in death is to the head or brain,
accounting for nearly two-thirds of the total. The leading
sources of nonfatal injuries are surfaces, animals, and
nonindustrial off-road vehicles; and the leading causes of
these injuries are falls, off-road transportation accidents,
and being struck by objects. The parts of the body most
commonly injured are hands, head, and legs and the most
frequent types of injury are lacerations, fractures, and
scrapes or abrasions.

For all workers, but especially for field workers, fatigue
increases the risk of injury. Long hours, early morning
hours, and work in very hot conditions all increase fatigue,
as does the heavy physical labor entailed in most agricul-
tural work. The relative inexperience of young workers also
increases their risk of accidents and injury. Farmers identify
stress and overwork as a main reason for forgoing pesticide
safety practices and rushing is a well-established risk factor
for machine-related injury in a variety of settings. A study
of farm injuries in over 1000 U.S. farmers showed that
younger age, the presence of hearing loss or joint trouble,
and working more hours per day were among the strongest
predictors of severe injury (Hwang et al., 2001).
Trauma from Overexertion or Repetitive Motion

Ergonomic hazards refer to physical demands placed on
the body that can lead to disorders and loss of function.
Agricultural work in particular has been linked to muscu-
loskeletal trauma due to the stresses on the body of
constant bending, lifting, twisting, and other awkward or
punishing work. In the European Union for example,
close to 60% of workers in agriculture and fishing
are exposed to painful positions at work half the time or
more and 50% carry heavy loads at work half the time
or more. Numerous farming tasks such as propagation and
harvesting require workers to stand, bend, or stoop in
demanding positions for long periods of time. Sprains,
strains, and overexertion are all common injuries, espe-
cially for workers engaged in manual cultivation. Nursery
workers engage in repetitive gripping and cutting. They
work virtually full-time year round without rotation to
other jobs. In the short term, horticultural workers often
report pain and numbness in the hand, wrist, and arm.
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After an extended time on the job, they are at high risk for
carpal tunnel syndrome, a disabling condition of the hand.
Noise

Although little population-based data are available, as
much as 55% of farmers older than 50 may have clinically
significant hearing impairment. Hearing impairment
related to noise generated by farm equipment develops
early in life. Rural students have a 2.5 times greater hearing
loss than urban students and that discrepancy increases
with age and number of years worked in farming. Farmers
and farm family members are exposed to excessive noise
from equipment used on the farm, including tractors, grain
dryers, combines, bush hogs, and chain saws. Noise-
induced hearing loss occurs with continued exposure to
high levels of noise; it is cumulative and irreversible.
Noise-induced hearing loss results from the destruction
of the cochlear hair cells in the inner ear. There are two
types of hearing damage caused by excessive noise. Acous-
tic trauma occurs when the ears are exposed to a single
sudden sound above 140 dB(A) (decibels measured on the
A scale, which incorporates weighting that takes into
account the ear’s varying response to sounds of different
frequencies) and the sensory cells are permanently dis-
lodged and destroyed. Gunshot blasts or explosions can
cause acoustic trauma. Prolonged exposure to noises above
85 dB(A) can result in damage, though not necessarily
permanent, to the cochlear nerve cells. Permanent damage
to hearing occurs when exposure to excessive noise levels
continues and the nerve cells are not given sufficient time
to recover. There is no universal agreement on recovery
duration. There is ample evidence that the damage is
insidious, usually beginning at a young age, and in the
long run, usually severe enough to affect a person’s ability
to hear and understand speech. Some evidence suggests
that chemicals such as solvents and pesticides can interact
with occupational noise exposure, resulting in a greater
risk for hearing loss than noise exposure alone. This mix-
ture of exposures may be particularly harmful for young
farmworkers (Perry and May, 2005).
Stress

There is little doubt that farming is one of the most
stressful occupations in both developed and developing
countries. Both farm workers and farm family members
are exposed to the economic pressures of their family
livelihood, the future of which remains precarious at
best. The influence of stress is manifested by psychologi-
cal or emotional disturbance such as alcohol abuse among
family members, as well as by the creation of insecure
working conditions. Being unmarried, having negative life
events within the past year (legal problems, substantial
income decline, and loss of something of sentimental
value), and lower perceived general health status have
been identified as significant risk factors for depressive
symptoms among male farmers in the United States.

Farm workers in general have high rates of depression.
Extreme poverty and hardship, the stress of job uncer-
tainty and frequent moves, and social stigmatization and
isolation are contributing factors. This is true for children
and youth as well. Studies have also linked depression in
workers to long hours of work in high-intensity, low-
skilled jobs, precisely the kind of labor undertaken by
farm workers.

Having one’s livelihood controlled by the uncertainty
of the weather and the agricultural market combined with
the social isolation often experienced by rural inhabitants
increase the risk for psychological distress. Rural areas of
China and Sri Lanka, for example, have seen an increase
in suicides among subsistence farmers, many of whom are
using toxic farm chemicals to poison themselves. Identi-
fying symptoms of psychosocial stress in farmers requires
history taking and consultation to determine current
social and economic conditions in the family. Depressive
symptoms are expressed differently in men and women.
Knowing that adult farm owners and farm workers are at
higher risk for psychological disturbance should alert
health-care providers and public health practitioners to
the need for outreach to these high-risk groups. Because
health-care providers are usually the first mental health
contact for rural residents, they play an important role in
the early identification of psychological distress in farm-
ers, farm workers, and their families.
Sanitation

Agricultural health clinicians have identified hygiene as
being key in preventing bacterial infections from animals
and dermatoses caused by chemical contamination. How-
ever, farmers themselves may forego the minimum sani-
tation requirements when working in fields as a means of
saving time and effort or because water is simply not
available. Regulations in the United States illustrate how
basic public health protections may not be in place for
agricultural workers. Access to clean drinking water, water
for hand washing, and toilet facilities are the minimum
sanitation requirements imposed on farms by the Occu-
pational Safety and Health Administration (OSHA), the
occupational regulatory agency in the United States. Even
these minimal requirements, however, may be ignored by
growers and by the farm labor contractors who bring in
workers. Furthermore, labor laws prohibit enforcement of
these regulations on farms with ten employees or less,
essentially exempting small farms. An estimated 95% of
all U.S. farms fall under this exemption. Health-care pro-
viders and public health practitioners should consider the
multiple sources of contamination in the farm
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environment and consider hygiene as having a role in
sources of infections, especially of the skin.
Heat

Heat illnesses can lead to death or brain damage and are
an ever-present danger for field workers. In the United
States alone, there are approximately 500 deaths annually
from heat illnesses. Risk for heat stress during the growing
season is particularly acute, especially during haying and
harvesting. It is recommended that workers laboring
under hot weather conditions drink a minimum of 8 oz
of water every half hour. Very high heat or humidity
increases the amount of recommended water, so that, for
example, a person working in 90 �F heat under a full sun
should drink 8 oz of water every 15min. Ensuring sources
of fresh water are abundant is critical to maintain workers’
hydration needs. Excessive sun exposure places farmers at
risk for future skin malignancies and must be prevented
with proper head and body covering, which can also
increase the risk of heat stress from too much clothing.
Keeping farmers hydrated, protected from the sun, and
ensuring a minimum of 10min of break time during each
hour can reduce the risk of illnesses from overexposure to
heat and sun.
Hazardous Organic and Inorganic Exposures

Potentially harmful exposures exist in a variety of forms in
the farm environment, including solvents, pesticides, paints,
welding and combustion fumes, plant toxins, and animal
bacteria and viruses. Their possible health effects vary
widely and can include acute intoxication, Parkinson’s dis-
ease, peripheral neuritis, acute and chronic encephalopa-
thy, various cancers, and reproductive problems.

Solvents

A solvent is a liquid used to dissolve other substances, but
the most toxic solvents are extracted or manufactured for
chemical use. Most solvents are colorless liquids at room
temperature that volatilize easily and have strong odors.
These compounds may be referred to as volatile organic
compounds (VOCs) in reference to their physiochemical
properties. Many commonly used solvents such as gaso-
line, kerosene, and jet fuel are mixtures of solvents and
other chemicals. They are widely used for manufacturing,
degreasing and other cleaning, and as carrying agents in
products ranging from insecticides to glues and paints.
The most common solvents and solvent mixtures found in
the farm environment include pesticides, fuels, paints, and
metal degreasers.

There is little information from animal or human
studies about the health effects of chronic low-dose expo-
sure. Solvents are most commonly inhaled in their vola-
tilized form and absorbed via the respiratory track.
Significant doses of solvents may occur through skin
exposure and absorption. Most solvents are lipid-soluble
but some are water-soluble. Animal studies in the toxicol-
ogy literature emphasize the role of solvents as neurotox-
ins. The majority of solvents are central nervous system
depressants and some have long-term neuropsychological
effects, including chronic toxic encephalopathy. In adults,
the following neurobehavioral problems resulting from
chronic solvent exposure have been recorded in the
literature: memory loss, decreased problem-solving abil-
ity, decreased attention span, impaired dexterity and
hand–eye coordination, altered reaction time, reduced
psychomotor function, and altered personality or mood.
In addition to neurotoxic effects, other documented health
effects from solvent exposure in adults are pulmonary
sensitization, bradycardia, and ventricular fibrillation,
defatting of the dermis, chemical burns, and hearing loss.

Pesticides

Agriculture experienced a chemical revolution after the
Second World War with the broad-scale introduction of
pesticides to control unwanted pests and fertilizers to
enhance soil productivity. This revolution brought with
it a series of unintended occupational and environmental
health consequences, and exposure to pesticides is a seri-
ous risk to farmworkers worldwide. Data from the United
States illustrate exposure circumstances for people both
working in and living in the agricultural environment.
The U.S. Environmental Protection Agency (EPA) esti-
mates that as many as 300 000 farmworkers suffer pesticide
poisoning each year while the U.S. Natural Resources
Defense Council estimates as many as 40 000 physician-
diagnosed poisonings occur each year (NRDC, 1998). The
International Labour Organization reports that globally
40 000 agricultural workers die annually from exposures to
pesticides. Only a small percentage of pesticide-related
illnesses are reported to government or health officials.

Pesticides include herbicides to control weeds, insec-
ticides to control a range of insects, nematocides to con-
trol worms, and fungicides to control molds, fungi, and
other mycotoxins. Exposures can happen when workers
are mixing, loading, transporting, or applying pesticides
and the three main routes of exposure are dermal, inhala-
tion, or ingestion. Risk of exposure can be compounded by
lack of or improper protective gear, leaking containers,
illicit formulations, faulty labeling of the chemical,
improper application, and illiteracy. Workers may also
be exposed to pesticides if they drink from, wash their
hands, or bathe in irrigation canals or holding ponds,
where pesticides can accumulate.

While acute pesticide health effects have been well
documented, epidemiological investigations continue to
evaluate chronic health effects. Toxicologic and epidemi-
ologic data reviewed in this section largely originate from
adult animal and adult human studies. Infants and children
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may be exceptionally vulnerable to health complications
from exposures due to their developing neurological,
immunological, and reproductive systems and due to dif-
ferences in their ability to metabolize and excrete toxi-
cants (Perry, 2003).

There is evidence that farm families experience ele-
vated levels of pesticide residues in their blood and urine.
A recent investigation from the U.S. Agricultural Health
Study reported that agricultural families could receive an
absorbed dose of pesticides after application by a member
of the family. The report used indoor air sampling, hand
wipe sampling, serum, and urine monitoring to evaluate
exposures to the family of a single farm applicator. The
farmer applied the carbamate insecticide carbaryl to
pumpkins using a hand-cranked duster. His serum carba-
ryl levels rose by 3 orders of magnitude following use of
the pesticide, and the carbaryl metabolite was detectable
in his urine. Urine metabolite measurements taken from
his wife and two children showed a doubling of excretion
of the carbaryl metabolite following application of the
pesticide. These results were seen in the absence of a
quantifiable increased carbaryl concentration in indoor
air or house dust (Shealy et al., 1997).

Additional preliminary results from the Agricultural
Health Study revealed that elevated blood serum pesticide
levels were detected in some farm families. The very potent
organochlorine insecticide dieldrin, which has been banned
in the United States since 1987, was found at significantly
elevated levels in the blood of all members of one of the six
farm families sampled. Further investigation revealed per-
sistently elevated levels of this pesticide in food samples on
the farm, although all legal food uses of this pesticide were
canceled in 1974. Other persistent organochlorine pesti-
cides identified in the blood of farm families included
chlordane and trans-nonachlor (Brock et al., 1998).

Residents living near fields sprayed with organophos-
phate pesticides had small reductions in plasma andwhole
blood levels of the neurotransmitter enzyme cholinester-
ase during the spraying season compared with residents
living farther from the fields and with their own cholines-
terase levels off-season. At the same time, infirmary
records indicated a significant increase in visits for certain
symptoms on days when organophosphate pesticides were
sprayed. Symptoms included respiratory problems, head-
ache, and eye irritation (Richter et al., 1986). These data
suggested that exposures to organophosphate pesticide
drift might result in quantifiable cholinesterase inhibition
and symptoms requiring medical treatment in residents
living nearby application fields.

In adults, acute pesticide exposures resulting in poi-
soning symptoms have been well documented. The
chronic health effects from pesticide exposures that
have been reported include neurobehavioral problems,
Parkinson’s symptoms, various cancers, and problems in
reproduction including sterility.
The problem of unintended consequences of pesticide
exposures globally is compounded by poor public health
protections for workers and a lack of comprehensive reg-
ulations focused on controlling exposures for citizens.
The World Health Organization (Dinham and Malik,
2003) estimates that 20 000 women, men, and children
die of accidental pesticide poisonings each year; three
million are nonfatally poisoned, and nearly three-fourths
of a million new people each year experience chronic
effects from exposure. Some industrializing countries in
Asia and Africa are either importing pesticides that are
banned elsewhere or are producing them locally. Com-
pounds known to have considerable toxicity and that are
environmentally or biologically persistent such as organo-
chlorines remain in use in over 20 different countries
today, while the long-term ecological and public health
consequences of continued use remain unknown.
Microbes and Their Toxins
Grain dusts, molds, and fungi are among several plant-
based irritants that abound in the agricultural environ-
ment and that cause a host of respiratory problems in
adult farmers. The clinical features of adult illnesses
caused by these irritants should be considered with regard
to the potential for child exposures as well. As with other
chronic diseases, chronic respiratory diseases are likely to
originate during early exposures, with damage accumu-
lating over time until eventual clinical symptoms appear.
Preventing such exposures early may be the key to reduc-
ing respiratory disease in adulthood.

Grain dust is a complex substance composed of plant
debris, insect parts, silica, chemical residues, molds, fungi
and bacteria and their metabolites, including endotoxins.
Approximately 40% of its particles are less than 5 mm in
mean diameter and represent a respirable piece that can
penetrate the terminal bronchioles. Exposure to antigens
from organic dusts may be responsible for hypersensitiv-
ity pneumonitis, which has a reported prevalence of
0.1–15% among adult farmers. Hypersensitivity pneumo-
nitis is difficult to diagnose in adult farmers because it has
an insidious course and appears as recurrent influenza-
like episodes or nonspecific respiratory symptoms and
may result in chronic respiratory problems that look like
pulmonary fibrosis.

The organic-dust toxic syndrome is an acute response
to inhaling organic dust, usually characterized by a delayed
onset of fever, malaise, and chest tightness that does not
evidence immunologic involvement and has an apparently
benign course without long-term respiratory impairment.
Possible mechanisms include a toxic reaction to endotox-
ins, mycotoxins, or proteinase enzymes of moldy plant
materials. It is related to dust level and can be reproduced
in laboratory subjects exposed to high concentrations of
grain dust. Exposures responsible for the related condition
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extrinsic allergic alveolitis (farmer’s lung) are actinomy-
cetes such as Micropolyspora faeni, fungi, and animal pro-
teins present in many agricultural environments.

Working in confined spaces such as silos or manure pits
can pose risks for exposure to toxic gases such as nitrogen
dioxide from fermented grain or methane gas emitted
from manure. Both of these gases can be fatal when
inhaled and proper ventilation of enclosures is critical
for mitigating acute exposures.
Carcinogens

While the epidemiologic data are not conclusive enough
to demonstrate causality for any one agricultural expo-
sure, a number of increased cancer risks have been asso-
ciated with either farming or specifically with pesticide
exposure, including non-Hodgkin’s lymphoma, leukemia,
multiple myeloma, soft tissue sarcoma, Hodgkin’s disease,
and cancer of the prostate, pancreas, ovary, breast, and
testis. Currently only arsenic-containing insecticides are
recognized as known human carcinogens by the Interna-
tional Agency for Research on Cancer, but many other
pesticides are suspected. Agricultural workers are also
at excess risk for developing skin cancer, which is most
often caused by chronic exposure to ultraviolet radiation
from the sun.
Skin Irritants

Data from studies of adult farmers indicate that skin
irritation starts soon after employment commencement
and increases to involve more than 60% of workers after
4 years of employment in the grain industry (Zejda et al.,
1993). Skin cancers, dermatophyte infections, and pesti-
cide-related skin diseases are common in farmers.

The impact of microscopic fungi on farmers’ health
seems to be greater than originally understood. The infec-
tion may be transmitted from infected humans, animals,
plants, or soil. To date, little epidemiological data on
fungal skin disease in farmers are available. Epidemiologi-
cal studies from Poland suggest that mycoses are the most
prevalent skin diseases in farmers and may be present
in over 20% of the population (Spiewak, 1998). Working
conditions on farms directly contribute to the develop-
ment of fungal infections. Farmers may spend extended
periodsworking in humid conditions and long hourswear-
ing rubber boots or gloves. Besides infection, fungi may
also cause noninvasive forms of skin disease, such as der-
mato-mycotoxicosis professionalis or alternariosis. Most
pesticide-related dermatoses are contact dermatitis, both
allergic and irritant. Rare clinical forms also occur, includ-
ing urticaria, erythema multiforme, ashy dermatosis, para-
keratosis variegata, porphyria cutanea tarda, chloracne,
skin hypopigmentation, and nail and hair disorders.
Reducing Health Risks to Agricultural
Workers

In a work environment such as agriculture with an assort-
ment of hazards, what is the best approach to preventing
injuries and disease? A useful way of thinking about pre-
vention is to adopt an integrated strategy that draws upon
key aspects from public health, industrial hygiene, and
environmental leadership models. Occupational disease
and injury are caused by exposure to hazards on the job,
and prevention requires controlling exposures. Anticipa-
tion of hazardous exposures, surveillance of hazards and
health effects, analysis of health effects, and ultimately
hazard control are all critical parts of an integrated
approach to prevention.

Four basic choices for controlling hazards in order of
their preference are agricultural production process re-
engineering, work environment controls, administrative
controls, and worker behavior controls, including personal
protective equipment and devices. Reengineering produc-
tion agriculture means rethinking the machinery, tools,
equipment, and chemicals used to produce food world-
wide. In developed countries where farmers rely on
machinery for sowing, tilling, and cultivating crops, this
can mean redesigning how workers must interact directly
with machinery or the ways machines operate. In devel-
oping countries, production-process reengineering can
mean introducing machinery to reduce the amount of
punishing physical labor farmers must endure. Another
example of production-process reengineering is transi-
tioning to less chemically intensive agricultural practices.
Known as Integrated Pest Management (IPM), this com-
prehensive approach relies on crop diversity and natural
pest resistance sources such as beneficial insects, reducing
reliance on commercial inputs such as fertilizers and
pesticides. Integrated Pest Management programs can be
economically feasible, environmentally sustainable, and
health promoting by reducing harmful exposures to work-
ers and their families.

Developing healthy agricultural work environments
can be as basic as ensuring adequate access to clean drink-
ing water or as multifaceted as diversifying tasks within
farm cooperatives to reduce psychological monotony and
repetitive physical strain. Machine guarding the power
take off (PTOs) units on farm machines such as tractors,
hay bailers, and combines is a simple yet effective occu-
pational safety intervention focused on placing physical
barriers between workers and hazards. Optimizing admin-
istrative controls to reduce risks to workers’ health
includes enforcement of public health protections, from
child labor restrictions to controls over pesticide manu-
facturing and distribution. It is preferable to change the
working environment rather than the worker; however,
giving workers’ access to adequate information and train-
ing is a necessary part of promoting healthy working
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environments. Adequate training in the health risks posed
by personal exposures to pesticides and strategies for
protection is a good example of targeting worker behavior
controls to decrease hazardous exposures.

See also: Disease Prevention; Pesticides.
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regions in the world and has been particularly devastating
in sub-Saharan Africa, where more than 60% of all HIV-
infected adults and 90% of HIV-infected infants reside
( Jo i nt U ni te d N ations Program o n A IDS [UNAI DS]/Wo r ld
Health Or ga nization [WHO], 2006).  At the time of the  first
reports of AIDS cases among gay men in the United States
during the early 1980s, it would have been difficult to
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envision such a calamitous outcome. Even after identifica-
tion of the human immunodeficiency virus in 1983 and
diagnosis of HIV infection among heterosexual men and
women, infants and children, intravenous drug users, hemo-
philiacs, and recipients of other blood products, the enormity
of the situation was not fully recognized. As a result, the
global response to HIV was initially slow and in many parts
of the world remains inadequate, despite in-depth knowl-
edge of the salient risk factors for HIV transmission and
improved surveillance data defining the nature of the
epidemic.
Overall Prevalence of HIV

Despite significant advances in HIV prevention and treat-
ment, HIV remains a disease without a cure and continues
to threaten the social and economic stability of many devel-
oping nations. According to the AIDS Epidemic Update 2006

by UNAIDS, an estimated 39.5million (34.1–47.1) people
worldwide were living with HIV in 2006 (Figure 1).
Approximately 17.7million (15.1–20.9) of HIV-infected
were women, an increase of over 1million between 2004
and 2006. In the sameyear, an estimated 4.3million (3.6–6.6)
became newly infected with HIV, and approximately 2.9
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Figure 1 Adults and children estimated to be living with HIV in 200
AIDS Epidemic Update 2006. Geneva: UNAIDS/WHO.
million (2.5–3.5) lost their lives to AIDS (Figures 2 and 3).
HIV has infected over 65million people and claimed
over 25million lives worldwide since 1981 (UNAIDS/
WHO, 2006).
Distinctions between HIV Types 1 and 2

Two human immunodeficiency viruses have been identified
and characterized in humans: HIV type 1 (HIV-1) and HIV
type 2 (HIV-2). While HIV-1 and HIV-2 share the same
modes of transmission, HIV-2 has a less efficient rate of
transmission than HIV-1 (Kanki et al., 1994). Studies con-
ducted in Senegal estimated theHIV-2 transmission rate per
sexual act with an infected partner to be 3.4- to 3.9-fold
lower than that of HIV-1 (Gilbert et al., 2003). Other studies
conducted in The Gambia, Ivory Coast, and Senegal have
demonstrated rates of mother-to-child HIV-2 transmission
to be approximately 6- to 20-fold lower than those among
womenwithHIV-1 infection (Andreasson et al., 1993; Abbott
et al., 1994; Adjorlolo-Johnson et al., 1994; O’Donovan et al.,
2000). Studies have also demonstrated that progression to
AIDS is slower among individuals with HIV-2 compared to
HIV-1, although the consequences of immunosuppression
rn and
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and the propensity for opportunistic infections remain simi-
lar at lower CD4 counts (Marlink et al., 1994).

Another difference between HIV-1 and HIV-2 is in
their antiretroviral susceptibility, which may be impor-
tant in future delivery of antiretroviral therapy to Africa
and management of the epidemic. The current antire-
troviral therapy for HIV-1 includes various combinations
of nucleotide or nucleoside reverse transcriptase inhib-
itors (NRTIs), nonnucleoside reverse transcriptase
inhibitors (NNRTIs), and protease inhibitors (PIs). While
NRTIs have been found to be as effective against HIV-2 as
they are against HIV-1 in vitro (Mullins et al., 2004),
NNRTIs have been shown to be largely ineffective against
HIV-2 in vitro (Witvrouw et al., 1999). PIs have shown
mixed effectiveness against HIV-2 (Pichova et al., 1997).

Given lower rates of transmission and progression to
disease with HIV-2, it is not surprising that HIV-1 is
responsible for the majority of HIV infections and AIDS
cases worldwide. HIV-2 is restricted to relatively small
geographic areas and is the predominant HIV type in the
West African countries of Guinea-Bissau, The Gambia,
Cape Verde, and Senegal, where it was first described in
1985 (Figure 4) (Barin et al., 1985). HIV-2 is also found in
Portugal and former Portuguese colonies, such as
Mozambique, Angola, southwestern India, and Brazil,
although it is less prevalent in these regions than HIV-1
infection (Kanki, 1997).

While these differences betweenHIV-1 andHIV-2 pro-
mote a better understanding of HIV, it is clear that HIV-1
drives the HIV/AIDS epidemic globally, and HIV-1 will
therefore be the focus of the remainder of this article.
HIV-1 Groups and Subtypes

The great genetic diversity of HIV is reflected in the
many genotypes or clades that have been identified. Cur-
rently, HIV-1 genotypes are divided into Groups M, N,
and O, with Group M being further subdivided into
subtypes A to K because it is the most common. Groups
N and O are limited to West Africa. Group O represents
the outlier strains, while Group N represents ‘new group’
or non-O and non-M strains. Generally, intragenotype
strain variation is less than 15%, while intergenotypic
variation is 20–30% (Burke, 1997).
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Subtypes A to K are defined by significant clustering
across the genome and are often more prevalent in partic-
ular regions of the world (see Figure 4) (McCutchan,
2006). Of these subtypes, subtype C is currently the most
common subtype worldwide, and is found in the eastern
and southern parts of Africa and in India (McCutchan,
2000). Subtype B predominates in the United States and
Europe, subtypes A and D are found in eastern parts of
Africa, and subtype E in South-East Asia.

Several studies suggest that subtypes A to K differ in
their primary mode of transmission, virulence, and infec-
tivity. In Thailand, where subtypes B and E were both
prevalent at the start of the epidemic, subtype E was
initially the major subtype among female sex workers,
while subtype B was associated with intravenous drug
use (IDU) (Nelson et al., 1993; Nopkesorn et al., 1993).
However, subtype E subsequently became more common
than subtype B among IDUs, indicating that mode of
transmission may be less important than other biological
or behavioral factors (Nopkesorn et al., 1993). In Kenya,
subtypes A, C, and D all circulate and individuals infected
with HIV-1 subtype C have been found to have higher
plasma RNA levels and lower CD4 counts compared to
individuals with subtypes A or D (Neilson et al., 1999). In
Uganda and Kenya, HIV infection with subtype D has
been associated with more rapid progression when com-
pared to infection with subtype A (Kaleebu et al., 2001;
Baeten et al., 2007). However, in Sweden, studies showed
no differences among subtypes A, B, C, or D when exam-
ining clinical HIV disease progression (Alaeus et al., 1999).

Individuals may also be coinfected with 2 strains of
HIV-1 and these may be the same or different viral sub-
types. Coinfection occurs when a person acquires two
different viral strains simultaneously or when a chroni-
cally HIV-infected individual is reinfected with HIV-1, a
phenomenon also known as super-infection. This has led
to recombinant forms of HIV-1, which may in turn be
transmitted and have the potential to become major
strains within populations. For example, a recombinant
form comprised of subtypes A and E is a major circulating
strain throughout South-East Asia and a recombinant
strain of subtypes A and G is a major strain in West Africa.
Recombinant strains will undoubtedly continue to emerge
and challenge those involved in HIV vaccine develop-
ment, surveillance efforts, and clinical care.
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Modes of HIV Transmission: Rates and
Risk Factors

Understanding the different modes of transmission and
appreciating associated risk factors play an essential role
in grasping the epidemiology of the HIV/AIDS epidemic.
HIV may be transmitted via sexual intercourse (either
male to female, female to male, or male to male), via
IDU, vertically from mother to child, through transfusions
of blood or other blood products, or via occupational
exposure to HIV-infected bodily fluids.
Sexual Transmission

Sexual transmission accounts for the 75–85% of HIV
infections worldwide and heterosexual intercourse
accounts for the vast majority of these transmission events
(Royce et al., 1997). The likely explanation for this is that
heterosexual transmission predominates in those regions
of sub-Saharan Africa with the highest HIV prevalence,
rather than that heterosexual intercourse is a more effi-
cient means of transmission. The average rate of infection
for vaginal intercourse is estimated to be 0.0011 per
contact and several studies suggest vaginal transmission
from an infected male to an uninfected female is more
efficient than when the female partner is HIV-infected
(Figure 5) (Gray et al., 2001). This is in comparison to
significantly higher rates for unprotected anal sex, which
is the most efficient mode of sexual transmission and
has an average rate of infection of 0.0082 per contact
(Vittinghoff et al., 1999).

One of the most significant and well-established risk
factors in sexual HIV-1 transmission is the quantity of
HIV-1 in the blood of the infected partner. In a rural
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district of Uganda, one study demonstrated a significant
dose–response relationship between increased HIV-1
RNA viral load in plasma and increased risk of transmis-
sion. For every log10 increment in the viral load, there was
a 2.5-fold increase in HIV-1 transmission and no trans-
mission occurred in this cohort when the infected partner
had a plasma HIV-1 RNA level less than 1500 copies per
milliliter (Quinn et al., 2000).

The highest HIV-1 viral load occurs in the setting of
end-stage AIDS and during primary HIV infection,
making these periods of high transmission risk. The latter
is a particular concern from a public health standpoint
because when a person is first infected with HIV, he or she
may not know his or her HIV status, and may unknow-
ingly spread HIVat high rates. A study in Uganda demon-
strated that the highest HIV transmission rates were
within 2.5months after seroconversion of the infected
partner, which represents primary infection (0.0082 per
coital act), and during the period 6–26months before the
death of the infected partner, which represents advanced
AIDS (0.0028 per coital act). The average rates of HIV
transmission were 0.0007 per coital act among chronically
infected partners (Wawer et al., 2005).

Genital shedding of HIV-1 may also increase HIV
transmission risk and some have suggested that it may
be a better predictor of HIV transmission than systemic
HIV-1 viral load (Baeten and Overbaugh, 2003). A num-
ber of studies have reported strong correlation between
plasma and genital tract HIV-1 levels; however, one
published study has found a significant association
between genital HIV shedding and increased transmission
(Pedraza et al., 1999).

Another factor that appears to increase risk of trans-
mitting HIV, as well as risk of acquiring HIV in the
exposed, uninfected partner, is the presence of sexually
transmitted infections (STIs). STIs may facilitate HIV
shedding in the genital tract, cause local recruitment of
susceptible inflammatory cells, or disrupt genital mucosal
surfaces. Increased risk of both HIV transmission and
acquisition has been shown for both ulcerative and non-
ulcerative STIs. Early studies identified syphilis as
increasing risk of acquisition 3.1- to 12.8-fold (Otten
et al., 1994). A separate study found a fivefold increase in
acquisition of HIV in the presence of genital ulcers, where
89% of the ulcers were chancroid (Cameron et al., 1989).
The ulcerative STI that has received the most attention
recently has been herpes simplex virus type 2 (HSV-2).
Two meta-analyses have demonstrated that having
HSV-2 increases the risk of transmission approximately
threefold (Freeman et al., 2006) and increases risk of
HSV-2 acquisition twofold (Wald, 2004). The association
between HSV-2 infection and HIV systemically and in
genital secretions has been firmly established in a recent
trial in Burkina Faso which showed that HSV suppression
therapy with valacyclovir significantly reduced genital
and plasma HIV-1 RNA level in women who are coin-
fected with HSV-2 and HIV-1 (Nagot et al., 2007). Rando-
mized clinical trials (RCTs) testing the hypotheses that
HSV-2 suppression will reduce risk of HIV transmission
and acquisition are underway.

In terms of nonulcerative STIs, several studies have
shown significantly increased risk in the acquisition of
HIV in the presence of gonorrhea, chlamydia, trichomo-
niasis, and bacterial vaginosis (Plummer et al., 1991; Laga
et al., 1993; Craib et al., 1995; Sewankambo et al., 1997;
Taha et al., 1998). These data and others led to four
community-level RCTs conducted in Mwanza, Tanzania;
Rakai, Uganda; Masaka, Uganda; and Manicaland,
Zimbabwe to see the effect of STI treatment on HIV
transmission. The study in Mwanza showed a 38% reduc-
tion in HIV incidence among those receiving the inter-
vention to prevent STIs when compared with the
nonintervention group (Grosskurth et al., 1995); however,
none of the other three studies was able to demonstrate a
positive impact of STI treatment on HIV transmission
(Wawer et al., 1999; Kamali et al., 2003). The main expla-
nation for these discordant findings is that Mwanza repre-
sented a community that was in an early phase of the HIV
epidemic, while the other three communities were in a
more mature phase of the epidemic (Korenromp et al.,
2005). Therefore, new HIV epidemics characterized by
high-risk behavior may benefit significantly more from
interventions than HIVepidemics in a more mature phase.

Vaginal microbicides targeting STIs and HIV have also
been evaluated for a protective effect against HIV trans-
mission. Nonoxynol-9 has been studied in several RCTs,
and to date, none has shown any benefit against HIV
transmission (Kreiss et al., 1992; Wilkinson et al., 2002).
In fact, some of these studies have demonstrated increased
risk of HIV transmission among those women using the
microbicide, probably secondary to increased genital
inflammation and ulceration. Such risks are being closely
monitored in ongoing RCTs examining other microbi-
cides to determine their impact on HIV transmission.

Hormonal contraception is another potential risk fac-
tor for HIV acquisition that has been extensively studied.
Hormonal contraception could increase a woman’s sus-
ceptibility via hormonally induced changes in the vaginal
mucosa or through associated cervical ectopy (Chao et al.,
1994; Daly et al., 1994; Sinei et al., 1996). However, recent
studies, including a trial following 6109 women in
Uganda, Zimbabwe, and Thailand, have not found an
association between hormonal contraceptive use and
HIV acquisition (Mati et al., 1995; Morrison et al., 2007;
Myer et al., 2007).

Increased transmission rates have also been associated
with specific sexual practices and several partnership
factors. The different modes of sexual intercourse differ
in their efficiency of HIV transmission, with anal inter-
course having the highest rates of transmission, followed
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by vaginal, and then oral sex (Royce et al., 1997). In
addition, traumatic sex (fisting, rape), sex while under
the influence of alcohol or cocaine, sex during menses,
sex during pregnancy, the use of vaginal desiccants, and
the use of vaginal tightening agents have been associated
with increased HIV transmission risk in several studies
(Lazzarin et al., 1991; Henin et al., 1993; Seidlin et al., 1993).
Partnership factors that increase HIV transmission risk
include high number of partners, high frequency of sexual
contact, and concurrency. Concurrency is a partnership
timing factor defined as being engaged in more than one
sexual relationship at a single time point. In contrast,
serial monogamy occurs when each partnership ends
before the start of the next sexual relationship (Morris
and Kretzschmar, 1997).

One important intervention to prevent HIV trans-
mission is condom use. In several longitudinal studies,
consistent condom use was 80–87% effective in pre-
venting HIV transmission (Davis and Weller, 1999; Weller
and Davis, 2002). Condom use is also associated with
decreased transmission of gonorrhea, chlamydia, and
HSV-2, all important HIV risk factors (Shafii et al.,
2004). Despite these compelling data, increasing condom
use within at-risk populations has been a challenge. Sev-
eral behavioral studies designed to reduce risky behavior
and increase condom use have had no impact on HIV
incidence (Hearst and Chen, 2004).

Strong data also support circumcision of adult men as a
means to protect against HIV transmission. A number of
observational studies have demonstrated a significant
association between male circumcision and HIV trans-
mission (Quinn et al., 2000). These were recently validated
in three large clinical trials, which randomized men to
circumcision or no circumcision. One biological explana-
tion is that keratinization of the glans when circumcised
prevents tears and abrasions and decreases the presence of
Langerhans cells and other HIV target cells (Quinn,
2006). The first RCTwas completed in South Africa and
showed 60% protection against HIV infection in the
intention to treat analysis and 75% protection in the per
protocol analysis (Auvert et al., 2005). Two other concur-
rent RCTs in Kenya and Uganda were recently published
and confirmed that male circumcision reduced HIV inci-
dence in men with similar risk reduction as the RCT in
South Africa (Bailey et al., 2007; Gray et al., 2007).
Transmission via Injection Drug Use (IDU)

HIV transmission from IDU accounts for 15–25% of HIV
infection globally and approximately one-third of HIV in-
fection outside sub-Saharan Africa. The rate of HIV trans-
mission for IDU is 0.0067 per exposure (see Figure 5)
(Kaplan and Heimer, 1992). The majority of HIV-infected
intravenous drug users live in Southern China, East Asia,
the Russian Federation, and the Middle East. In some
regions, such as Eastern Europe and Central Asia, approxi-
mately 80% of incident HIV cases result from IDU
(UNAIDS/WHO, 2006). As there are approximately 13
million intravenous drug users globally, and 8.8 million in
Eastern Europe and Asia, HIV prevention efforts targeting
IDU are essential in curbing the rapid spread of HIV in
these regions.

The greatest risk factor for HIV transmission via IDU is
the use of contaminated syringes, needles, and other para-
phernalia. This is most often associated with the practice
of sharing drug paraphernalia, which can occur for cul-
tural, social, legal, or economic reasons. Sharing with
multiple injection partners is an added risk factor. This
can take place at sites where drugs are sold and injection
equipment is made available for rental, such as in ‘shooting
galleries’ (Marmor et al., 1987). Practices that increase risk
when sharing include backloading, frontloading, and boot-
ing. The first two occur when a drug solution is squirted
from a donor syringe into another by removing the
plunger (backloading) or needle (frontloading) from the
receiving syringe. Booting is the practice of repeatedly
drawing blood into the syringe and mixing it with drug.

In addition to drug practices, the type of drug may be
important. The use of cocaine has shown higher risk of
HIV transmission when compared to heroin (Anthony
et al., 1991), perhaps due to the need for more injection
frequency and also the more frequent practice of booting
in cocaine drug injection. Also, cocaine is associated with
high-risk sexual practices.

Another risk factor that is intimately linked with IDU
is commercial sex work (Astemborski et al., 1994). Drug
users often have to fund their habits by working as sex
workers and drug-using commercial workers are less
likely to use condoms than nonintravenous drug users.
HIVepidemics in China, Indonesia, Kazakhstan, Ukraine,
Uzbekistan, and Vietnam are fueled by the overlap of
commercial sex work and IDU (UNAIDS/WHO, 2006).

One way to decrease the risk of HIV transmission
among intravenous drug users is through cessation of
drug injection. Methadone or buprenorphine replace-
ment has been associated with a decrease in risk of HIV
infection among users as a result of decreases in drug use
(Sullivan et al., 2005). However, pharmacotherapy has
overall been unsuccessful in complete cessation of IDU
(Amato et al., 2004). Other methods to decrease the risk of
HIV include syringe and needle exchange programs.
These programs offer clean syringes and needles in
exchange for used injection equipment, with the goal of
decreasing needle and syringe sharing. Several studies in
the United States, the United Kingdom, and the Nether-
lands have shown them to be effective (Buning et al., 1988;
Donoghoe et al., 1989; Watters et al., 1994). Despite studies
that show decreased needle sharing, there has been much
controversy surrounding these programs due to concerns
that the programs are condoning drug use and may
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increase the prevalence of drug use by making syringes
and needles more available. These concerns have not been
validated in other studies in the United States, Britain,
France, Sweden, and the Netherlands, which showed no
increase in the prevalence of drug use in the setting of
needle exchange (Brickner et al., 1989; Oliver et al., 1994;
Paone and Des Jarlais, 1994). An additional benefit of
needle exchange programs is that they provide an oppor-
tunity for counselors to educate drug users about preven-
tive interventions.
Mother-to-Child Transmission

Vertical transmission rates in many developing countries
remain as high as 10–20% even though the likelihood an
HIV-1-infected mother will transmit HIV-1 to her infant
has been reduced to less than 1% in the United States and
Europe. As a result, more than 500 000 infant HIV infec-
tions occur each year in sub-Saharan Africa and other
resource-limited settings (UNAIDS/WHO, 2006). Differ-
ences in transmission rates may be attributed in part to
poor access and uptake of HIV diagnostic testing and
prevention interventions in those regions with the highest
HIV prevalence among women of reproductive age.
A number of other factors, including infant feeding prac-
tices, rates of coinfections, and breast pathology, also
contribute.

HIV may be transmitted from mother to infant during
pregnancy (in utero), during delivery (intrapartum), or
through breast-feeding. In the absence of antiretroviral
therapy, the overall transmission rate among non-breast-
feeders is approximately 15–30% (Figure 6). Among
non-breast-feeding women, approximately two-thirds of
mother-to-child HIV-1 transmission events occur during
delivery when the baby passes through the birth canal and
is exposed to infected maternal blood and genital secre-
tions. The remaining infant infections are attributable to
in utero transmission.

In resource-limited settings, the majority of HIV-1-
infected women breast-feed their infants due to lack of
clean water or safe alternatives to breast milk, or due to
stigma associated with not breast-feeding in regions
where breast-feeding is the norm. Consequently, overall
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rates of transmission in the absence of antiretroviral pro-
phylaxis increase to 30–45% ( John and Kreiss, 1996) and
several studies suggest that breast milk exposure accounts
for one-third to one-half of these transmission events.
Transmission during the in utero and intrapartum periods
contributes the remainder of infections in proportions
similar to those among non-breast-feeders (see Figure 6).

Valuable data on breast milk transmission rates were
collected in a randomized clinical trial of breast-feeding
versus formula feeding in Kenya where 16% of infants
acquired HIV-1 via breast milk during the 2-year study
period (Nduati et al., 2000). The proportion of trans-
mission events attributable to breast-feeding was 44%. A
subsequent meta-analysis of nine cohorts of HIV-
1-infected breast-feeding mothers found similar results,
reporting that the proportion of infant infections attrib-
utable to breast-feeding after the first month postpar-
tum was 24–42% (Coutsoudis et al., 2004). Risk of breast
milk transmission after the first month appears to
remain relatively constant over time, with transmission
events continuing to accumulate with longer duration of
breast-feeding (Coutsoudis et al., 2004). During this
period, the risk of infant HIV-1 acquisition per liter of
breast milk ingested is similar to the risk of an unpro-
tected sex act among heterosexual adults (Richardson
et al., 2003).

High maternal plasma HIV-1 RNA load has been
consistently associated with increased transmission and
is considered the most important predictor of vertical
transmission risk (Dickover et al., 1996). Several studies
have demonstrated that reduction of HIV-1 viral load
with antiretroviral drugs decreases overall rates of trans-
mission, and this has become the mainstay of global pre-
vention efforts. HIV-1 viremia is highest in the setting of
advanced disease and is usually associated with severe
immunosuppression. High HIV-1 levels also occur during
acute HIV infection, a time when a woman may not
realize she is at risk for transmitting HIV-1 to her child.
This has been examined in one study of women acquiring
HIV-1 postpartum which found that there was a twofold
increased risk of transmitting HIV-1 via breast milk dur-
ing acute HIV (Dunn and Newell, 1992).

In addition to HIV-1 viral load, several biological and
behavioral factors contribute to increased transmission
risk. Ascending bacterial infections that cause inflamma-
tion of the placenta, chorion, and amnion have been
associated with increased in utero transmission in several
observational studies (Taha and Gray, 2000). Sexually
transmitted infections (STIs), such as syphilis and gonor-
rhea, are considered to increase risk of transmission via
this mechanism (Mwapasa et al., 2006), as well as chorio-
amnionitis resulting from infection with local vaginal or
enteric flora. However, the role of chorioamnionitis was
not confirmed in a randomized clinical trial of more than
2000 women comparing antibiotic treatment of ascending
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infections to placebo which found no difference in trans-
mission events between the two arms (Taha et al., 2006).

Other risk factors include infant gender and malarial
infection of placental tissue, which has been inconsis-
tently reported to increase mother-to-child HIV-1 trans-
mission (Brentlinger et al., 2006). Strong associations have
been found between infant gender and in utero transmis-
sion in several cohorts (Galli et al., 2005; Taha et al., 2005;
Biggar et al., 2006). Female infants have a twofold
increased risk of infection at birth when compared to
male infants, perhaps because in utero mortality is higher
for male HIV-1-infected infants than for females (Galli
et al., 2005; Taha et al., 2005; Biggar et al., 2006).

Risk factors influencing the intrapartum period
include genital tract HIV-1 levels, genital ulcer disease,
delivery complications, and breaks in the placental barrier
that may cause maternal–fetal microtransfusions. Genital
ulcer disease has been shown to increase mother-to-child
HIV-1 transmission at least twofold, both in the presence
and absence of antiretrovirals ( John et al., 2001; Chen et al.,
2005; Drake et al., 2007). The majority of genital ulcers are
caused by HSV-2, and in regions with high HIV-1 sero-
prevalence, HSV-2 seroprevalence is greater than 70%
among women of reproductive age. Other risk factors for
intrapartum transmission include prolonged duration of
ruptured membranes and cervical or vaginal lacerations
that occur during delivery. To restrict exposure to mater-
nal HIV-1 in blood and mucosal secretions, cesarean
section has been used effectively in many settings.

Two of the most important determinants of breast milk
transmission risk are duration of breast-feeding and HIV-1
viral levels in breast milk. Introduction of food other
than maternal milk may also exert an effect on HIV-1
transmission risk, potentially by compromising infant
mucosal surfaces in the oropharynx and gut. Breast milk
viral load increases with increased plasma viremia and
also as a result of local factors. These include breast
inflammation resulting from mastitis, breast abscess, or
other breast pathology, and inflammation within the
breast milk compartment in the absence of clinical symp-
toms, which is known as subclincal mastitis ( John et al.,
2001). Rates of subclinical mastitis are reported to be as
high as 30% among HIV-1-infected breast-feeding
women, and several studies have found it to be associated
with increased HIV-1 levels in breast milk, as well as
greater risk of infant HIV-1 acquisition (Willumsen et al.,
2003).
Transmission via Exposure to Blood Products

HIV transmission through blood transfusion and blood
products has become rare after much progress in institut-
ing careful screening and limiting the use of transfusions.
Stringent screening of blood and blood products was a
high priority at the start of the epidemic when it became
known that transfusion with HIV-infected blood was an
extremely efficient mode of transmission. In retrospective
studies, approximately 90% of transfusion recipients were
infected per single contaminated unit of blood (Donegan
et al., 1990), and 75–90% of recipients of Factor VIII
concentrate acquired HIV (Caussy and Goedert, 1990).

In developed countries, blood product screening for
HIV includes serologic and nucleic acid donor testing. In
Canada, the estimated risk of HIV-infected donation being
acceptedwas 1 per 7.8 million donations in the period from
2001 to 2005 (O’Brien et al., 2007), and in the United States,
the estimated risk of an HIV-infected donation being
accepted was 1 per approximately 2.1million donations
in 2001 (Dodd et al., 2002). While great strides have been
made to improve the safety of the blood supply in many
countries, antibody screening of blood donors is not uni-
versally done in manydeveloping countries due to the lack
of resources. In addition, some developing nations still rely
on paid donors for their blood banks, and these paid donors
have been shown to be at high risk for bloodborne infec-
tions (Volkow and Del Rio, 2005).
Occupational Exposure and HIV
Transmission Risk

Health-care workers and laboratory personnel have a
higher risk of HIV infection than individuals in other
occupations. The average risk of HIV transmission is
approximately 0.3% following percutaneous exposure to
HIV-infected blood (see Figure 5) (Bell, 1997). Acciden-
tal percutaneous exposure carries the highest risk of
subsequent infection and is the most important cause of
occupational HIV transmission. Needlesticks are the most
common cause of a percutaneous accident, and factors
that increase transmission from a needlestick accident
include deep puncture with a large-bore needle, larger
quantity of blood, and exposure to blood from an HIV-
infected individual with a high HIV viral load (Cox and
Hodgson, 1988). Contaminated surgical instruments have
also been associated with percutaneous injuries. Non-
penetrating accidents that involve intact skin are far less
risky. Retrospective data suggest that immediate initiation
of effective antiretroviral drugs can decrease risk of
acquiring HIV after an occupational exposure (Cardo
et al., 1997). Currently, recommended postexposure pro-
phylaxis comprises a two- or three-drug antiretroviral
regimen, depending on the nature and severity of the
exposure (CDC, 2005).
Regional HIV Surveillance Data

The HIV epidemic has developed distinctly in different
regions. Generalized epidemics occur when the general
population HIV prevalence reaches 1% or more, and
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concentrated epidemics are described as an HIV preva-
lence of 5% or more in high-risk groups.
Sub-Saharan Africa: Overview

In 2006, HIV and AIDS continue to have a devastating
effect on sub-Saharan Africa which is home to 24.7million
people living with HIV and 63% of all HIV-infected
individuals in the world. Approximately 2.8million peo-
ple became newly infected in sub-Saharan Africa in
2006, and approximately 2.1million people died from
HIV in this same year. Women are more likely to be
infected than men in this region, and 59% of all HIV-
infected persons are estimated to be female (Figure 7)
(UNAIDS/WHO, 2006).

Southern Africa

Within sub-Saharan Africa, Southern Africa has the high-
est burden of disease, accounting for 32% of HIV-infected
individuals and 34% of AIDS deaths in the world. All
countries of Southern Africa continue to increase in prev-
alence, except Zimbabwe, where HIV seroprevalence
among adults has reduced to 20.1% from 22.1% in 2003.
A decrease in HIV prevalence was reported in antenatal
clinics in Zimbabwe from 30–32% in 2000 to 24% in
2004. Swaziland has the highest adult prevalence of HIV
globally at 33.4%, and South Africa has the second great-
est number of HIV-infected persons among all nations in
the world after India. Across Southern Africa, the death
rate from AIDS significantly increased in both men and
women between 1997 and 2004, despite increased anti-
retroviral availability and use.

East Africa

Overall, HIV prevalence has been stabilizing or decreas-
ing in this region of Africa. Kenya, Tanzania, and Rwanda
have all shown a decline in prevalence over the last
several years. In Kenya, adult HIV prevalence decreased
1990
0

10

20P
er

ce
nt

 fe
m

al
e 

(%
)

30

40

50

60

70

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 200

Figure 7 Percent of adults greater than 15 years of age living with H

from UNAIDS/WHO (2007) AIDS Epidemic Update 2006. Geneva: UN
from 10% in the late 1990s to approximately 6% in 2005
(Kenya Ministry of Health, 2005), and in Tanzania, adult
HIV prevalence decreased from 8.1% to 6.5% between
1995 and 2004 (Somi et al., 2006). There is concern that a
similar trend may not continue in Uganda where there is a
decrease in consistent condom use and increase in the
number of men with more than one partner (Uganda
Ministry of Health, 2006). In addition, there is concern
that the growing number of intravenous drug users, espe-
cially in Kenya, Tanzania, and Zanzibar may significantly
modify the course of the epidemic in these regions
(Ndetei, 2004; Odek-Ogunde, 2004).

West and Central Africa

The epidemic has been less severe overall in West Africa
compared to East and Southern Africa. There is declining
HIV prevalence in Ghana, Cote d’Ivoire, and Burkina
Faso; however, prevalence appears to be increasing in
Mali (WHO, 2005). In Mali, the HIV seroprevalence
using antenatal clinic data has increased from 3.3% in
2002 to 4.1% in 2005. In Nigeria, which is known to have
the third largest number of HIV-infected persons in the
world, as a result of its large population, HIV prevalence
appears to have stabilized at approximately 4.4% in 2005.
Asia: Overview

In 2006, there were 8.6million people infected with
HIV in Asia. Of these, 960 000 people were newly HIV-
infected in 2006, and approximately 630 000 people
died from AIDS. Compared to countries in sub-Saharan
Africa, seroprevalence in most Asian countries is lower;
however, generalized epidemics are found in Thailand,
Cambodia, and Myanmar.

South-East Asia

South-East Asian countries have the highest HIV preva-
lence in Asia due to the commercial sex industry,
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widespread IDU, and transmission among men who have
sex with men (MSM) (Figure 8). While the epidemic
appears to be stabilizing in Thailand, Cambodia, and
Myanmar, in Vietnam the number of infected individuals
has almost doubled in number between 2000 and 2005.
Despite the overall stabilizing trend in Thailand, there is a
growing concern that the epidemic is increasing within
the general population. One-third of newly infected indi-
viduals in 2005 were married women. In Cambodia, the
stabilizing trend may have been partly due to behavioral
changes in the commercial sex work industry. Consistent
condom use increased from 53% to 96% among brothel-
based sex workers in the major cities of Cambodia (Gor-
bach et al., 2006) and this was followed by a decline in the
HIV prevalence among sex workers from 43% to 21%
between 1995 and 2003 (National Center for HIV/AIDS,
2004).
China

Currently, there are 650 000 people living with HIV in
China, and approximately 45% of these individuals are
intravenous drug users (China Ministry of Health, 2006).
The epidemic initially occurred in rural provinces along
the major drug trafficking routes, and major outbreaks
from HIV-1 commercial plasma donors worsened the
epidemic (Wu et al., 2001). Sexual transmission has further
fueled the spread of HIV to urban areas in China, which
from 1998 to 2005 experienced an exponential increase in
newHIV cases (Wu et al., 2007). New cases were estimated
to climb from 3300 to 36 000 during this period, with a
greater proportion due to sexual transmission in popula-
tions considered at lower risk. As a result, there is concern
that the epidemic is now spreading from high-risk popu-
lations of intravenous drug users and commercial sex
workers to the general population.
IDU: Injecting drug users
MSM: Men having sex with men
CSW: Commercial sex workers

* India was omitted from this analysis because the scale of its H
to which other at-risk populations feature in the region’s epidem

Eastern Europe and
Central Asia

MSM 4%
CSW 5%

CSW
clients 7%

All others
17%

IDU 67%

Latin Ame

MSM 26

IDU 19%
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India
The second most populous nation, India, had approxi-
mately 5.7million HIV-infected people in 2005, more
than any other country in the world. Most of these
reported HIV cases are concentrated in 6 of the 28 states
of India where transmission is occurring through unpro-
tected heterosexual intercourse. Among those infected,
38% are women and HIV prevalence among women
from 206 antenatal clinics has declined from 1.7% in
2000 to 1.1% in 2004 (Kumar et al., 2006). The epidemics
in the northeast part of India are mainly due to IDU.
Eastern Europe and Central Asia

Currently, there are 1.7 million people living with HIV in
Eastern Europe and Central Asia, where new cases of
HIV have grown significantly in the past decade and
continue to increase. Ukraine and the Russian Federation
comprise 90% of HIV infections of this region (EuroHIV,
2006), and approximately 80% of those infected in
the Russian Federation are 15 to 30 years of age. The
primary mode of transmission in this area is IDU, which
makes up approximately 67% of cases in Eastern Europe
and Central Asia (see Figure 8). However, the number
of newly infected individuals through unprotected sex is
also growing.
Latin America and the Caribbean

Approximately 250 000 people are living with HIV in
the Caribbean. The epidemic was initially due to the
commercial sex industry and eventually spread into the
general population. In addition, 10% of those who are
HIV-infected are MSM. The HIV infection rates have
IV epidemic (which is largely heterosexual) masks the extent
ics.
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stabilized in the Caribbean, where Haiti and the Domini-
can Republic account for approximately 75% of HIV-
infected cases.

In Latin America, the epidemic has stabilized overall
with 1.7million people living with HIV and approxi-
mately 140 000 new infections annually. The majority of
the cases are due to unsafe IDU and MSM (see Figure 8),
and more than 60% of HIV-infected persons reside in
Argentina, Brazil, Colombia, and Mexico. There has been
much international praise for the efforts of the Brazilian
government for HIV prevention and treatment efforts
during the last decade.
North America, Western, and Central Europe

In North America and Western and Central Europe, the
number of living HIV-infected persons is 2.1 million, a
number that continues to increase. The United States
accounts for 1.2million people living with HIV, which
places it among the 10 countries in the world with the
highest number living with HIVor AIDS. This is because
individuals with HIV are living longer as a result of
increased use of antiretroviral drugs in these parts of
the world. In North America and Western and Central
Europe, there were 65 000 new infections and approxi-
mately 30 000 deaths from AIDS in 2006.

The main populations at risk in the United States
and Europe are MSM and intravenous drug users. How-
ever, women, African-Americans, and immigrants are
increasingly affected by the HIV epidemic. The pro-
portion of women newly infected with HIV increased
from 15% before 1995 to 27% in 2004 in the United
States, and between 2001 and 2004, half of all AIDS
diagnoses were in African-Americans. In 2004, Afri-
can-Americans had a significantly higher risk of HIV
infection than among Whites in the United States,
7 times greater in men and 21 times greater in women.
In Western and Central Europe, three-quarters of all
heterosexually acquired HIV are among migrants and
immigrants (EuroHIV, 2006).
Middle and North Africa

There are an estimated 450 000 people living with HIV,
with 68 000 newly infected, in Middle and North Africa.
The major modes of transmission are IDU, commercial
sex, and sex amongMSM. In this region, Sudan is the only
nation with a generalized epidemic with a prevalence of
1.6%. Other nations in this region have poor surveillance,
and therefore it may be difficult to understand fully the
nature of the epidemic. Greater efforts are needed to
improve surveillance and access to high-risk populations
to control the HIV epidemic.
Oceania

In Oceania, an estimated 81 000 persons were infected
with HIV and 7100 were newly infected in 2006. Three-
quarters of the infected in this region reside in Papua
New Guinea, where prevalence has increased to 1.8%.
Risk factors for transmission in Papua New Guinea
include inconsistent condom use, sex with commercial
sex workers, high rates of concurrent sexual relationships,
early sexual initiation, high rates of sexual violence
against women, and high rates of STIs (Brouwer et al.,
1998; Bank, 2006). In Australia and New Zealand, trans-
mission among MSM continues to drive the epidemic,
accounting for 66% and 90% of all new HIV cases,
respectively.

See also: AIDS: Overview; HIV Safety Guidelines.
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AIDS is the most devastating new infectious disease that
has originated in the recent past. First identified as a new
clinical entity in 1981, it has already killed more than
25million people. It is estimated that another 40million
are already infected with the causative agent, the human
immunodeficiency virus (HIV). AIDS was initially recog-
nized when certain unusual diseases, such as Pneumocystis
carinii pneumonia, Mycobacterium avian tuberculosis, and
Kaposi sarcoma were seen in groups of young homosexual
men who knew each other. A common underlying abnor-
mality was a severe loss of T helper cells, or CD4 cells,
which are considered the major driver of the immune
system. Within a few years the same syndrome was seen
in injection drug users, hemophiliacs, some blood transfu-
sion recipients, some Haitian and African immigrants who
moved to the United States or Europe, and a few infants.

Initial attempts to identify the cause of AIDS focused
on such factors as rectal exposure to semen, and amyl
or butyl nitrate ‘poppers,’ which were often used by
homosexual men to enhance sexual performance. Infec-
tious agents were subsequently considered, especially
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those known to be transmitted sexually, such as herpes,
and hepatitis B virus, which was already known to occur at
elevated rates in heterosexual men. Human retroviruses
were not well known or appreciated at the time AIDS was
first recognized. The first human retrovirus had only been
identified a year or two earlier, in association with a rare
form of cutaneous leukemia. However, for the few virol-
ogists familiar with the first human retrovirus, a related
virus seemed logical to consider as a cause of AIDS.
Among the reasons to look for a retroviral cause was
the knowledge that retroviruses were known to cause
immunosuppression in animals such as cats, and that the
first human retrovirus (human T-cell lymphotropic virus
type I, or HTLV-I) infected the same T helper lympho-
cytes that were depleted in AIDS patients.

Within a few years it became clear that the human
immunodeficiency virus was the cause of AIDS, that the
virus and the disease (HIV/AIDS) had spread around the
world, and that the highest rates were in Africa. It also
became evident that the disease usually took 3–10 years to
develop following infection with HIV, and that the disease

http://www.aidsinfo.nih.gov
http://www.cdc.gov
http://www.hivma.org/Content.aspx?id=1922
http://www.unaids.org
http://www.iasusa.org/pub/arv_2006.pdf
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was almost always lethal. Antiretroviral drugs, especially
those that could be used in combination chemotherapy,
were not available until the mid-1990s. By this time,
highly active antiretroviral therapy (HAART) could be
used to save the lives of AIDS patients.
HIV

HIV was identified in AIDS patients using serological
techniques, analysis for reverse transcriptase activity, and
electron microscopy. HIVs are lentiretroviruses, a genus
subset that are more complex than the oncoretroviruses
earlier linked with leukemias in chickens, mice, and cats.
All retroviruses replicate using reverse transcriptase, an
enzyme that is carried in the virus particle. This allows the
viral RNA genome to be transcribed into DNA, a function
that the cell cannot do alone. The DNA copy is then
integrated into the cell chromosomes of the lymphocytes
or monocytes that the virus infects.

The virus particles have projections on their surface,
designated the gp120 because they are glycoprotein mole-
cules of 120 000 d. They specifically attach to the CD4
receptor on lymphocytes and monocytes. This reaction
between the gp120 opens the molecule so that it then
attaches to a second cell surface receptor, or a coreceptor.
Several coreceptors are utilized, but either CCR5 or
CXCR4 is usually used. This allows the virus to pass
through the cell membrane and uncoat the RNA genome
to be copied by the accompanying reverse transcriptase.
The DNA copy becomes double-stranded before being
integrated into cell DNA as a complete viral genome,
containing all nine genes and various regulator sequences.
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Figure 1 Schematic representation of a mature HIV-1 virion. Repro
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Both the viral progeny RNA genomes and the mRNAs for
the viral proteins are then transcribed from this integrated
‘proviral’ DNA in much the same way that cell proteins
are made. However, virus production normally occurs
only when cells are stimulated, or undergo cell division,
allowing the virus to hide in latent form in many cells.
This in turn makes it impossible to get rid of the virus
from the entire body once the infection is established,
as only viral proteins or viral particles can be targeted
by drugs or immune responses. The assembly of progeny
virus particles also occurs at the cell surface, and after
activated cells produce a large batch of progeny virus,
they die. As a result, the volume of virus released into the
blood increases as more cells are infected, and a lowering
of CD4 cell numbers is directly correlated with an
increased viral load (VL) in the blood.

The viral particles are about 100 nm in diameter and
have a triangular core that is electron-dense when visua-
lized in electron micrographs (see Figure 1). The viral
genome has about 10 000 nucleotides, with a long termi-
nal repeat sequence for activation and regulation at each
end of the genome. The three largest genes are gag, pol,
and env. gag encodes for a polyprotein that is cleaved to
make four smaller proteins, which compose the structure
of the virus core (see Figure 2). The pol gene encodes
three essential enzymes: the protease, the reverse tran-
scriptase, and the integrase. All three of these enzymes
represent key targets for antiretroviral drugs. Almost all of
the major drug combinations (HAART) that are initially
used to treat AIDS are composed of two different classes
of reverse transcriptase inhibitors and, at least in developed
countries, where cost is less of a concern, one protease
inhibitor. The env gene encodes gp120, which is initially
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made as a gp160. The gp160 then undergoes cleavage to
make gp120 for the surface spikes, and gp41, which becomes
the transmembrane layer that holds the embedded spikes.
Three genes, tat, rev, and nef, make proteins that differen-
tially regulate the production of viral components in major
ways during the replication process. Three additional genes,
vpr, vpu, and vif, often called ‘accessory genes,’ perform
lesser regulatory functions.

HIVundergoes an extremely high rate of genomic vari-
ation or evolution. This is often described as accumulative
sequence (nucleotide or amino acid) changes that can equal
1% per year in a single infected individual. The high rate of
genomic changes occurs because the reverse transcriptase
allows a high rate of mutation errors, and because HIVs
have a diploid genome, which facilitates recombination
when a single cell becomes infected with two different
parental HIVs.When this high rate of viral mutation occurs
in the selection environment of an infected person, resistant
variantsmayemerge and rapidly become the dominant viral
population. In the case of AIDS patients on drugs, this
means selection pressure to make drug-resistant viruses.
In the case of virtually all infections, immune responses
result in the further selection of viruses that resist each
particular immune response. The infected person rapidly
makes antibodies to gp120, which can neutralize a particular
phenotype. Immunoselection then allows another pheno-
type to emerge and dominate the infection. This is followed
by rapidly repeated cycles of new neutralizing antibody
responses followed by cycles of viral selection to negate
the effects of the neutralizing antibodies. The same type
of immune selection pressure occurs with cell-mediated
responses, which may occur to epitopes in most of the
viral proteins.
HIV type 2 (HIV-2) is a related virus that is primarily
found in West Africa. It is about 40% related to HIV-1
at the nucleotide sequence level, and shares antibody
cross-reactivity for several proteins. Although HIV-2 can
also cause AIDS that is clinically indistinguishable from
HIV-1 AIDS, it is less virulent and less transmissible. While
about 95% of adults infectedwithHIV-1 showclinical signs
and symptoms of lethal AIDS within 10 years after infec-
tion, only about 10–20% of HIV-2-infected people show
evidence of AIDS within the same time frame.

Different HIV-1 viruses predominate in different parts
of the world, although most are present in sub-Saharan
Africa. These viruses are divided into subtypes according
to phylogenetic nucleotide relatedness. Four subtypes,
designated A, B, C, and D, each account for at least several
million infections in people (see Figure 3). Two circulat-
ing recombinant forms (CRFs), which are hybrids of two
subtypes, also account for infections in at least a few
million people. These are designated CRT 01 A/E,
which was earlier called subtype HIV-1 A/E or E, and
CRF 01 A/G. Two other groups of HIV-1 viruses, M and
N, have been found in small numbers of people, and at
least five other subtypes and 12 other circulating recom-
binant forms have been described.

All available evidence indicates that the HIVs moved
into human species quite recently from subhuman primates.
The earliest evidence for HIV-1 in people is from about
50 years ago. Viruses closely related to HIV-1, particularly
the M and N groups, have been identified in chimpanzees
in the region of Gabon and Cameroon. Viruses almost
indistinguishable from HIV-2s have been identified in
mangabey monkeys in West Africa. A variety of species of
African monkeys have infections with viruses that are



HIV

A
B
C
D
E
F
G
H
I
J
K
?

Type 2

Type 1
Group O

Group M

Group N

Figure 3 HIV types, groups, and subtypes.

Table 1 Representative prevalence rates for HIV in different

regions of the world, 2005

Region Prevalence (%)a Dominant virus

Africa

East Africa

Tanzania 6.5 A, C, D

Uganda 6.7 A, D
North Africa

Egypt <0.1 B

Morocco 0.1 B

Southern Africa
Botswana 24.1 C

South Africa 18.8 C

Swaziland 33.4 C
Asia

Cambodia 1.6 CRF 01

China 0.1 CRF 07, 08

India 0.9 B, C
Japan <0.1 B

Papua New Guinea 1.8 Unknown

Thailand 1.4 CRF 01

Caribbean
Bahamas 3.3 B

Haiti 3.8 B
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closely related toHIVs, called the simian immunodeficiency
viruses (SIVs). For some species, such as vervets, the major-
ity of adult animals caught in the wild are infected. African
monkeys and chimpanzees do not appear to become ill with
infections, suggesting that they have successfully evolved
with the viruses over a long period of time. Asian monkeys
do not appear to be infected under natural conditions, and
when captive rhesuses are infected they develop AIDS.
Eastern Europe
Russia 1.1 Several

Ukraine 1.4 Several

North America

United States 0.6 B
South America

Brazil 0.5 B, C

Western Europe

Germany 0.1 B
Spain 0.6 B

aAdults 15–49.

Source: UNAIDS (2006) Report on the Global AIDS Epidemic.

Geneva: UNAIDS.
Geographic Distribution of HIV/AIDS

Within about a decade of being identified as a new disease
and epidemic in 1981, it was clear that HIV had already
spread around most of the world. At the same time or soon
after, it was clear that different regions and countries had
different rates of HIV prevalence and different patterns of
infection within their populations. Sub-Saharan Africa
clearly has the highest rates, and an epidemic that is spread
by heterosexual transmission and the vertical transmission
of HIV from infected mothers to their infants. The initial
epidemics in the United States and Europe were largely
due either to rectal sex among homosexual men or to
blood exchange among injection drug users. Hemophiliacs
and blood transfusion recipients were also infected at the
earliest stages, but by the mid-1980s most blood for medi-
cal use was successfully screened.

It is estimated that about 6% of adults are currently
infected in sub-Saharan Africa, a rate that is about 10-fold
higher than the United States, Asia, Western Europe, or
Latin America (see Table 1). North Africa has much
lower rates, about 0.2%. Within sub-Saharan Africa, the
region of southern Africa has the highest rates, with about
20% of adults infected. In some places, such as Swaziland,
Botswana, or the KwaZulu-Natal region of South Africa,
more than one-third of all pregnant women may be
infected. The epidemic in southern Africa did not appear
to undergo rapid expansion until the 1990s, which was
later than for other regions of Africa. The epidemic
appeared to expand first in Central and East Africa, and
subsequently in West Africa. At present, rates in East
Africa are about average for sub-Saharan Africa, while
rates in Central and West Africa are below those in the
rest of sub-Saharan Africa. The epidemics are caused by
different viruses. In southern Africa, it is HIV-1 subtype
C, which appears to undergo genetic variation even faster
than the others. In East Africa, both HIV-1A and HIV-1D
are common. In Central andWest Africa, the predominant
virus is CRF 02 A/G. In Northern Africa, where rates are
so low, it is HIV-1B, the same virus that predominates in
the United States and Europe.

In Asia, rates are generally low. In China and Japan,
they are 0.1% or lower, and the predominant virus is
HIV-1B or recombinant viruses with components of
both B and C. The highest rates in Asia are in Papua New
Guinea (1.8%), Cambodia (1.6%), Thailand (1.4%), and
India (0.9%). The virus linked to the regional epidemic in
Cambodia, Thailand, andMyanmar is CRF 01 A/E. Multi-
ple viruses are associated with the epidemic in India. After
Africa, the next highest rates are in the Caribbean,
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particularly in Haiti (3.8%) and the Bahamas (3.3%) (see
Table 1). Russia and Ukraine now have rates that exceed
1%. Latin America has an overall rate of about 0.5%, which
is also the rate in Brazil, one of the largest countries that had
an aggressive response to the epidemic in the early stages.
Epidemiology and Transmission

Most transmissions in sub-Saharan Africa are due to vagi-
nal sex (seeTable 2). Virus is detectable as both free virus
particles and cell-associated proviral DNA in semen and
vaginal fluids. Because younger women seem to have sex
with older men much more often than older women have
sex with younger men, rates in young adults are usually
much higher in women. While overall rates are higher in
women than in men, this is particularly true for those at
ages 16–24, where four or five times as many women may
be infected. Coinfections with other sexually transmitted
diseases, particularly herpes, appear to enhance the sexual
transmission of HIV. Some viruses, such as HIV-1C, may
also have enhanced tropism for cells that line reproductive
tract surfaces, such as Langerhans cells in the foreskin of the
penis and at the vaginal–cervical junction.

Transmission by rectal sex is more important for
homosexual transmission. The recipient of insertional
sex seems to be at greatest risk. Injection drug use trans-
mission with dirty needles is still a major problem in many
regions of the world, including Thailand, China, Eastern
Europe, Latin America, and the United States. While
transmissions with whole blood are now unusual, care-
ful screening is still not done in some regions of the
world, and even with proper antibody screening a few
infectious blood units are tested and used after the
donor has become infected but before the development
of antibodies.

When large fractions of women are infected, as in
many countries in Africa, there are many opportunities
for infants to become infected by vertical transmission.
Except during the periods of late pregnancy, birth, or
breast-feeding, children are not at risk of infection until
they become sexually active. Infants who are infected
Table 2 Relative importance of different mechanisms for HIV

transmission

Region
Heterosexual
sex

Homosexual
sex

Injection
drug use

Asia Moderate Low High

Eastern Europe Moderate Moderate High

North America Low High Moderate
South America Low High Moderate

Sub-Saharan

Africa

High Low Low

Western Europe Low High Moderate
at birth, which is diagnosed using the polymerase
chain reaction (PCR) technique, become infected via
transplacental transmission of the virus. Infants who are
HIV-negative at birth using PCR but positive when tested
at 1month of age are listed as having become infected
while passing through the birth canal. This is clearly an
operational definition, as infants who become infected dur-
ing the last days before birth or during the first few days
of breast-feeding would be categorized as having become
infected at the time of birth. Although merely operational –
based on broad time intervals, and thus mechanistically
inaccurate – this definition has provided a useful reference
to compare interventions that may block mother-to-infant
transmission. When infants test PCR-negative at 1month
of age and positive some time later, the infant is classified
as having become infected during breast-feeding. This
obviously assumes that breast-feeding has occurred and
the infant was not exposed to blood by transfusion.

From 20–45% of infants born to HIV-positive mothers
may become infected, with the higher numbers more likely
to occurwhen breast-feeding is practiced. Inmost situations
in Africa, breast-feeding is practiced, and the risk of infec-
tion continues as long as breast-feeding has gone on, at least
for periods of up to two years. The largest number of
infections, perhaps 40–60%, occur during the time of
birth, with about 15–20% occurring in utero and 25–40%
occurring while breast-feeding. However, these percentages
vary in different situations and may vary with the HIV
subtype as well. For HIV-2, only about 1–2% of infants
become infected after being born to positive mothers.
Pathogenesis and Natural History

Infections that occur via sexual transmission almost always
involve an HIV classified as having the CCR5 co-receptor
pattern of tropism. In the case of most HIV-1 subtypes,
particularly B and D, this often results in the evolutionary
selection of a different co-receptor phenotype, CXCR4, in
the infected individual. For the first week or two, virus
replication appears to be restricted to local tissues such as
lymph nodes, and the individual would not be categorized
as infected using standard antibody screening tests. The
virus infection then spreads to blood lymphocytes, mono-
cytes, and analogous cells in systemic lymph nodes.
Although less than 1% of blood lymphocytes are infected,
much larger numbers of cells are infected in lymph nodes.
At the early stages, up to a few weeks after infection, high
levels of virus are usually present in blood (i.e., viremia),
but the person is still not detected as HIV-infected using
antibody tests alone (see Figure 4). At this stage, infection
would be detectable using PCR or antigen tests. The
infected individual is also highly infectious, by both sexual
transmission and blood transfusion (where the blood
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would have been scored as negative if antibody tests alone
were used).

During the stage of acute viremia, the numbers of CD4
lymphocytes also fall, though a partial recovery is seen as
soon as the virus load level goes down. This stage is also
characterized by a rapid rise in levels of antibodies, which
can then serve as a tool for diagnosis of infection, at least
until the very late stages of clinical AIDS.

Very few infected individuals develop sustained clini-
cal signs or symptoms until several years later, although
the acute stage of infection may be associated with
‘flu-like’ symptoms that soon get resolved. Although
almost all develop clinical AIDS after 8–10 years, a very
small fraction become ‘long-term nonprogressors’ who
exhibit no signs or symptoms for up to 15–20 years. The
signs and symptoms, whenever they occur, are normally
associated with reduced levels of CD4 T lymphocytes and
immune suppression. When symptoms of clinical AIDS
are apparent, the actual disease manifestation is associated
with the degree of immune suppression. Thrush, caused
by Candida albicans, is often one of the first things
observed. Outcomes such as pneumonia due to Pneumocy-

tis carinii or meningitis due to Cryptococcus neoformans only
occur at late stages, after the immune system is largely
destroyed. Tuberculosis is a common outcome in all parts
of the world, especially in Africa, and a wasting syndrome
and Kaposi sarcoma are also common in Africa.
Treatment

The first drug available for treatment of clinical AIDS,
zidovudine (ZDV or AZT), became available in the late
1980s. As additional drugs became available in the early
and mid-1990s, it became apparent that most patients
could achieve long-term remission and dramatic clinical
improvement if they strictly adhered to a schedule of
taking three or more drugs together. Selection of the
drugs is based on choosing combinations that are least
likely to have cross-reactive patterns of drug resistance.
Designated ‘HAART,’ for highly active antiretroviral ther-
apy, this approach became highly successful as more drugs
became available. The combinations that are used most
frequently in the developing world, where cost is a serious
problem, usually include two nucleoside reverse transcrip-
tase inhibitors (such as ZDV and lamivudine, or 3TC) and
one non-nucleoside reverse transcriptase inhibitor (such as
nevirapine). Although all three drugs are reverse transcrip-
tase inhibitors, they do not cause mutations that cause
resistance to more than one drug at a time. However,
some drugs, such as nevirapine and efavirenz, would never
be used together, as they share the same drug resistance
mutations.

Most of the drugs that are commonly used are listed in
Table 3.MostHAARTregimens used inWestern countries,
where cost is less of a problem, would include a drug from
the protease inhibitor category. As patients develop drug
resistance to the more common drugs, they are switched
to new regimens that are still efficacious. Drug resistance
occurs much more rapidly when patients do not adhere to
scheduling doses, or when only one or two drugs are taken
rather than three or four. More drugs are now available in
slow-release forms, which may decrease the frequency that
they must be taken from two or three times per day to once
per day. However, a major problem with adherence to
rigorous schedules for taking the drugs has always been
the accompanying toxicity, or side effects. Some of the



Table 3 Representative antiretroviral drugs used for

treatment of HIV/AIDS

Class Drug
Relative
cost

Current
use in
developing
world

Reverse
transcriptase

inhibitors:

nucleoside/

nucleotide
analogs

Abacavir High Negligible
Lamivudine Low Moderate

Stavudine Low High

Tenofovir High Negligible

Zidovudine Low High

Reverse

transcriptase
inhibitors:

non-nucleosides

Efavarinz Moderate Low

Nevirapine Low High

Protease inhibitors Indinavir High Negligible

Nelfinavir High Negligible
Ritonavir High Negligible

Entry inhibitors Enfuvirtide High Negligible
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most common are gastrointestinal disturbances and periph-
eral neuropathies. The discomfort associatedwith these side
effects is amajor reasonwhycertain patientsmay not adhere
to the required schedules for taking the drugs.

In developing countries, the same or closely related
drugs are often used as chemoprophylaxis, taking only
one or two at once, to prevent transmission of HIV from
infected mothers to their infants. Because all viral gen-
omes, including those with drug resistance mutations, are
archived as provirus in the host cell DNA, it may be
difficult or impossible to rid the body of drug-resistant
mutants once they are present at high levels. All drugs used
to treat AIDS are targeted to HIVreplication. However, as
many of the opportunistic infections, such as tuberculosis
or fungal infections, become established in the immuno-
suppressed individual, it is also essential that drugs be used
to target the opportunistic organisms. It may also be effi-
cient to give drugs such as cotrimoxazol as prophylaxis to
prevent the outgrowth of such opportunists in individuals
who have already lost most of their CD4 cells but have not
yet developed clinical AIDS.
Denialism

As a new epidemic of global proportions, AIDS was very
unusual. As an infectious disease, AIDS was unprece-
dented in that almost everyone developed a lethal illness,
but only after an induction period of several years. Infec-
tious agents normally cause disease after just a few days or
weeks, and most only cause disease in some of those that
become infected. Although some infectious agents, such
as papilloma viruses, cause diseases such as cervix cancer
after many years, such outcomes are unusual. With HIV,
the outcome of lethal immunosuppression is almost uni-
versal. Because the clinical outcomes that are observed
include a wide range of things, such as tuberculosis and
some cancers that also occur in the absence of HIV, a
small group of scientists or ‘denialists’ refused to accept
the evidence that AIDS itself was a disease and/or that
HIV was the cause. Yet, if the disease is defined by
immunosuppression caused by destruction of T cells, as
it should be, the epidemiologic evidence is overwhelming.
Similarly, the compelling evidence that AIDS pathology
can be reversed by drugs that target HIV is itself strong
evidence that the virus causes the disease. Despite this,
some denialists tried to twist this evidence by suggesting
that ZDV was a cause of AIDS.

In the earlier stages of the epidemic, particularly the
late 1980s and early 1990s, the denialists found some
sympathizers among AIDS patients in Western countries.
As with some other lethal diseases, desperate patients may
be particularly susceptible to arguments that dispute the
existence of their lethal condition. However, when public
health officials condone such denialist positions, as was
the case in the Republic of South Africa, the lives of
many individuals may be lost. If people are encouraged
to believe that AIDS is not a sexually transmitted infec-
tious disease, they have no reason to avoid exposure to
HIV. If they believe that antiretroviral drugs are not an
effective way to inhibit HIV, they do not use drugs for
chemoprophylaxis or treatment.
Prevention

Risk for HIV infection by sexual means can be reduced in
various ways. Abstinence from sexual intercourse and/or
reducing the number of partners and using condoms are
perhaps the most obvious (see Table 4). Ways to reduce
the efficiency of transmission among adults coinfected
with herpes are also being investigated, such as treatment
of the herpes with acyclovir. Avoidance of rectal sex may
also be important, particularly for homosexual men. Pro-
grams to learn one’s status through voluntary testing and
counseling are valuable, particularly when accompanied
by behavior change. In recent studies, male circumcision
appears to reduce risk of infection by 40–60%.

A major problem in developing countries is that
women often cannot learn the HIV status of male part-
ners, yet they wish to engage in sex to have children. The
development of vaginal or oral microbicides, which can be
controlled by the woman, has been proposed to address
this problem. Unfortunately, the first generation of exper-
imental microbicides were broad-spectrum toxic com-
pounds that also caused damage to the reproductive
tract epithelium, and had either no net beneficial effect
or increased risk. The current generation of microbicides
being tested in trials includes specific antiretroviral drugs.



Table 4 Interventions to reduce or prevent HIV infection

Transmission Intervention Effectiveness Availability

Sexual
Abstinence Very high Now

Circumcision Moderate Now

Condoms Very high Now

Microbicides – 5–10 years?
Post-exposure chemoprophylaxisa High Now

Blood

Accidental needle sticks Post-exposure chemoprophylaxis High Now

Injection drug use Clean needles High Now
Transfusions Antibody screening Very high Now

Mother/infant

Birth canal Chemoprophylaxis High Now
Cesarean Moderate Now

Breast-feeding Chemoprophylaxis High Now

Formula High Now

In utero Chemoprophylaxis High Now
Other

Education Moderate Now

Vaccine – 10–20 years?
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Although they could also cause the development of drug
resistance if used accidentally in patients that are already
infected, such preparations would not be spermicidal and
also seem more promising to reduce risk of infection.
Antiretroviral drugs have been proven to be very effective
when used as chemoprophylaxis following accidental
medical exposure, such as by needle sticks with HIV-
infected blood. Various antiretroviral drugs have also
been shown to be highly effective to reduce mother-to-
infant transmission of HIV. In this situation, drugs may be
given to the mother during pregnancy and at the time of
labor, as well as to the newborn infant. Drugs may also be
given to the mother and/or infant while breast-feeding to
reduce transmission by this route. Even the use of a single
drug, nevirapine, during labor can prevent birth transmis-
sions by up to 50%. However, this approach is less effec-
tive than giving multiple drugs for longer periods, and it
also gives high rates of nevirapine resistance in mothers
given such treatment.

Most transmissions associated with blood transfusions
have been prevented by screening donors for HIV anti-
bodies. The addition of blood screening techniques to
pick up the few who may be in the pre-antibody window
using PCR or antigen techniques are effective, but expen-
sive. For injection drug users, the availability of clean
needles will greatly reduce transmissions. Unfortunately,
needle exchange programs have been blocked by some
officials who believe they may contribute to the use of
illicit drugs.

An effective vaccine against HIV has long been sought
as an ideal way to prevent HIV infections. Unfortu-
nately, more than 15 years of vaccine research have not
yet resulted in any promising leads. The biggest impedi-
ment appears to be an inability to induce sufficient cross-
reactive immunity to cover the wide range of variants
that evolve during natural infection. However, newly inno-
vative approaches to identify more appropriate antigens
and better immune responses are underway. Although
previous approaches have been disappointing, vaccine
research still has many promising avenues for future
experimentation.

See also: AIDS, Epidemiology and Surveillance; HIV

Safety Guidelines; HIV/AIDS and TB; HIV/AIDS; Nutrition

and HIV; Orphans Due to AIDS; Sexually Transmitted

Infections: Overview.
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Introduction

Alcohol consumption is linked to over 60 health condi-
tions and the related burden of disease is high; it ranks as
the fifth most important risk factor for the burden of
disease worldwide (Rehm et al., 2003b); (WHO, 2002)
and ranked first in the region of the Americas for the year
2000 (Rehm and Monteiro, 2005). There is ample evi-
dence that the overall consumption of alcohol in a popu-
lation is a good proxy for the percentage of heavy drinkers
in that population. Overall consumption is related to
all-cause mortality and alcohol-specific mortality and
disability (Edwards et al., 1994); therefore, changes in
consumption lead to changes in the overall as well as the
alcohol-specific disease burden in a population. As a
result, national and international trends in alcohol con-
sumption are related to disease outcomes and serve as
monitoring tools of policy changes at country, regional,
and global levels.
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Two Dimensions of Alcohol Consumption

There are two dimensions of alcohol consumption: aver-
age volume of consumption and patterns of drinking, both
of which are related to disease burden (Rehm et al., 2003).
Average volume, or per capita consumption, is related
mostly to long-term health consequences, including alco-
hol dependence. Although average volume is also related
to acute consequences, such as injuries, several studies
indicate that the ability to predict such injuries is increased
by taking patterns of drinking into account (Rehm et al.,
1996). For example, the same average volume of consump-
tion (1 drink per day) can be consumed in one day of the
week (7 drinks on one occasion) or through daily drinking
(1 drink per day over 7 days), and the expected outcomes
are different. In other words, how an individual drinks,
which is influenced by cultural context, can moderate the
impact of average volume of consumption on mortality
and morbidity.

http://www.unaids.org
http://www.unaids.org
http://www.avac.org
http://www.amfar.org
http://www.cdc.gov
http://www.pedaids.org
http://www.aids.harvard.edu
http://www.iavi.org
http://www.unaids.org
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The pattern of drinking (how, when, and how much is
consumed) has been related to acute health outcomes
such as injuries and also to chronic diseases such as
coronary heart disease and sudden cardiac death (Rehm
et al., 2006).

As part of the World Health Organization (WHO)
Comparative Assessment of Risk Factors for the Global
Burden of Disease study (2000), both dimensions of alcohol
consumption for different regions of the world were quan-
tified. It is beyond the scope of this article to cover details
of such study, which can be found in other publications
(Rehm et al., 2003a, b). This article provides an overview of
some methodological issues regarding these two dimen-
sions relevant for comparative studies at the national level,
and presents an international trend analysis as well.
Methodological Issues

The WHO has recently updated international guidelines
for monitoring alcohol consumption and related harm
(WHO, 2000). This guide provides details on how to calcu-
late per capita consumption and related harms, including
limitations and problems in interpreting the data. It should
be consulted when planning to collect and use national and
international estimates.
Estimating Per Capita Consumption by Country

Estimating the average volume of alcohol consumption in
a country is best made using national sales and production
and/or taxation data, as population surveys invariably
underestimate total alcohol consumption. Retail sales data
are the most accurate means of estimating how alcohol is
consumed in a population, as governments often monitor
sales data for tax collection purposes. Although there are
some limitations to this type of data (e.g., beverages can be
purchased yet not consumed in the same year, stockpiling
can occur before a tax increase, neither home production
nor smuggling is accounted for), it is still a relatively
reliable source.

When gathering these data, the three major categories
of alcoholic beverages (beer, wine, and distilled spirits)
available within a country should be included in the
estimates. In many developing countries, however, local
beverages are as important as the three major categories
(e.g., cider, fruit wines, shochu, aguardiente, cachaca, samsu)
but often do not fall into the other categories or are sold in
informal markets or are not taxed. Therefore, additional
survey data can provide information on who drinks what
type of beverages (at least by gender and age groups),
which can then be useful in monitoring trends in con-
sumption and relating specific beverages to specific harms.

Per capita consumption figures are given in liters of
pure alcohol, which require estimates and/or assumptions
about alcohol content of different beverages. Beer, for
example, is usually estimated at 5% pure alcohol, but it
can vary from 0.9 to 12%. As there is no international
standard, countries should make periodic efforts to esti-
mate median alcohol content of each beverage category as
they can vary widely from country to country as well as
within regions of the same country.

According to WHO recommendations, the total esti-
mated adult alcohol consumption for a country is equal to
the total alcohol production plus alcohol imports minus
alcohol exports (in the same year) divided by the total
population of 15 years of age and over. However, in calcu-
lating the average consumption of the total population
there may be an underestimate of consumption, particu-
larly in developing countries in which a large proportion
of the population is under 15 years of age.

Market research firms serving the alcoholic beverage
industry, or industry associations are a good source of data
(e.g., Impact Databank, World Drink Trends, Statistical Hand-
book); however, these data are expensive to obtain and
therefore of limited use by governments or researchers.
These publications do not cover all countries, especially
developing countries, and the information is often not
reliable. However, in the absence of any other more reli-
able source of information, they can be used to supple-
ment data at country and international levels.

The impact of tourism can also be substantial, and
some estimate of the size of the tourist population in a
given year (15 years of age and older) can be used for
estimating adult per capita consumption for a country. If
there are special sales taxes or measures for alcoholic
beverages sold to tourists that can distinguish them from
local consumption, the estimates can be done more
adequately.

The United Nations Food and Agriculture Organiza-
tion (FAO) publishes the most complete set of statistics
available on the production and trade of beer, wine, and
distilled spirits, and this set can be used in the absence of
sales data. These statistics are collected from annual ques-
tionnaires sent to ministries of agriculture and trade (they
are also available to the public on the FAO’s website, see
under ‘Relevant Websites’ section). The data consist of
estimates of production and trade in metric tons for wine;
vermouth; must of grape; fermented beverages; spirits;
sorghum, millet, maize, and barley beer; and wheat-
fermented and rice-fermented beverages. Beverage data
are converted into metric tons of pure alcohol and then all
beers are combined into a single beer category, all wines
into a wine category, and all spirits into a ‘beverages,
alcoholic’ or distilled spirits category (WHO, 2000).
However, the data rely on national reporting (and not all
countries are included) and do not include estimates of
unrecorded consumption (e.g., home production, duty-
free alcohol, smuggling). Nonetheless, the FAO remains
the most comprehensive international data source on
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production of alcoholic beverages. Caution needs to be
taken, however, in interpreting the data. Because only
large-scale industrial production is quantified, data for
countries with substantial informal, low-technology, or
home production will be underestimated, as is the case
with several African countries. In addition, when data are
missing, the gaps are filled with repeated information of
the last year reported. As the country population grows,
per capita consumption may artificially decline, thus
providing a false trend (WHO, 2000).
Estimating Levels of Consumption and Patterns
of Drinking

General population surveys can provide a wide range of
information on where drinking takes place, patterns of
consumption, sociodemographic correlates, and alcohol-
related harms. At the simplest level of analysis, they can
provide information regarding, for example, the number
of abstainers in the population in the last 12months,
lifetime abstainers, and consumption of alcohol by gender.
There is variation worldwide on the rates of abstinence
for men and women. There are countries in which the rate
of abstinence is very high for both genders (e.g., where
drinking is prohibited for religious reasons), and countries
in which most of the drinking is done by males, with
females drinking relatively less. Some European countries
present no differences between genders. When rates of
abstinence are considered, the average amount of alcohol
consumption per drinker can be much greater than
expected.

Population-level data cannot, however, identify different
drinking patterns in a population, who does the drinking
(e.g., which age groups), how patterns relate to socioeco-
nomic characteristics of the population or to gender, where
the drinking takes place, when and how it is consumed, if it
is concentrated into special occasions of high consumption,
such as in festivals or holidays, or is more evenly distributed
throughout the year.

Surveys can also indicate the prevalence of high-,
moderate-, and low-risk drinkers, according to clearly
defined criteria. Patterns of drinking are not uniform
across different studies thus, for the global burden
of disease study, patterns of drinking have to be defined
and estimated. A key informant questionnaire was sent to
countries and, after two surveys, data were obtained
from 63 countries in all regions but the Eastern Medi-
terranean. Four different aspects of drinking were cov-
ered by the survey: heavy drinking occasions (e.g., festive
drinking at fiestas or community celebrations, the pro-
portion of drinking occasions in which drinkers get
drunk, the proportion of drinkers who drink daily or
nearly daily, drinking with meals, and drinking in public
places.
The results of this and other such surveys were com-
bined with available national or regional survey results
(unpublished information or publications in peer-review
journals). They were then analyzed using optimal scaling
analysis, which is similar to factor analysis but permits the
simultaneous inclusion of ordinal and categorical data, to
determine the number of underlying dimensions and the
relations of items to each dimension. The analysis identi-
fied one dimension called a detrimental impact that leads
to increased mortality and morbidity.

The countries were then classified into four categories
and assigned values from 1 (least risky drinking pattern) to
4 (most risky drinking pattern). Rates of abstention were
taken into account separately in the final comparative risk
analysis (for the final algorithms for calculating pattern
scores, see Rehm et al., 2003b).

Rates of a variety of alcohol-related problems can be
explored by surveys and linked to patterns of drinking and
amount or frequency of drinking. Information on alcohol
use disorders, using validated instruments such as AUDIT
(Babor et al., 2001) and CAGE (Ewing, 1984), and diag-
nostic criteria such as those found in the ICD-10 or DSM-
IV, can be of value. This information is important when
assessing coverage of treatment services in a particular
country and then planning the organization of health treat-
ment systems to respond to the range of alcohol-related
problems.

On surveys, the most used and recommended ques-
tions regarding alcohol consumption are quantity-
frequency, graduated frequency, and recent recall (WHO,
in press). Even though there is still little agreement in
the literature on which questions to include in surveys,
and how to ask them, international collaborative studies
have tried to increase comparability of data by agreeing
on common indicators on a core number of areas, thus
some progress has been made. Two studies are the GEN-
ACIS study (Gender, Alcohol, Culture: An International
Study), which included 35 countries from most regions of
the world and assessed alcohol consumption and related
problems from the adult general population, and the
ESPAD (European School Survey Project on Alcohol
and Drugs), which collected information from school stu-
dents 13–15 years of age in European countries in 1995,
1999, and 2003, using the same basic questionnaire.

There are numerous methodological issues to be con-
sidered when planning, undertaking, and interpreting data
from surveys. These include reference period, beverage-
specific or overall questions on consumption, quantity per
drinking day versus quantity per drinking occasion, drink
size and alcohol content of alcoholic beverages (and
mixed drinks), criteria for defining a drinker or non-
drinker, validity and reliability of the survey instrument
in the absence of international standardization, criteria for
risk drinking (on a single occasion and average daily
consumption, for acute or chronic problems), sample
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selection, and sample size, among others. The WHO
guide (2000) is a good source of information on these
methodological issues and how to address them.
WHO Alcohol Database

Although several attempts have been made in the past at
summarizing world and regional drinking trends from a
public health perspective, a key initiative from the WHO
has become the most comprehensive source of data on
alcohol in the world. In 1996, the WHO organized the
Global Alcohol Database, bringing together the most
reliable and updated information on alcohol consumption
and related harm by country. It was created by the Marin
Institute for the Prevention of Alcohol and Other Drug
Problems, and maintained for some time by the Swiss
Institute for the Prevention of Alcohol Problems. It is
currently hosted and maintained by the Centre for Addic-
tion and Mental Health in Toronto, Canada. Data from
recorded production are included as well as data from
national surveys and estimations of unrecorded consump-
tion, health effects, national alcohol policies, and inter-
ventions. The database has information from the majority
of countries in the world, although there are many gaps in
the validity and reliability of the information.

In 1999 the WHO published the first Global Status

Report on Alcohol, which included estimates of adult per
capita consumption for most countries, relying on a com-
bination of national and regional estimates, industry data,
and data from the FAO and the UN Statistical Office
(WHO, 1999). In 2001, it published the Global Status Report:
Alcohol and Young People (WHO, 2001). In 2004, WHO
(2004a) published the Global Status Report: Alcohol Policy

and the Global Status Report on Alcohol 2004 (2004b). The
latter publication provided time-series analysis from 1961
to 2001 for all beverages, and also for beer, spirits, and
wine separately, in liters of pure alcohol per adult per year
in each country. Data regarding alcohol consumption
from cross-border shopping, smuggling, legal or illegal
home production (unless included in FAO estimates), or
tourists were not included, however, estimates were given
for recent years for many countries. The adult per capita
consumption estimates were based on either FAO or
World Drink Trends data, except for a few countries in
which data were available directly from governments. The
WHO estimates of adult per capita consumption are
regularly updated, in support of WHO initiatives and
global burden of disease calculations.

The following section illustrates some examples of
uses of the WHO database for analyzing international
trends in alcohol consumption, globally and regionally.
Data available up to 2003, in most cases, were used for all
analysis. Even though there are methodological limitations
inherent in the data, the results still provide interesting
and useful information.
Results of Data Collection

Table 1 summarizes the characteristics of adult alcohol
consumption in different regions of the world for the year
2002; Figure 1 represents the global trend by beverage
type (beer, wine, spirits) with time-series analysis from
1961–2003.

In most regions, spirits represent the main source of
pure alcohol in total consumption, with the most growth
during the last 30 years. Beer consumption, however, is
also growing. Global wine production and consumption
has decreased, mainly due to decreases in consumption in
Southern Europe, a leading area of production and con-
sumption in the world (one should bear in mind that
regional differences can cancel each other out therefore
looking only at the data at global levels might be mislead-
ing). Figures 2, 3, and 4 are regional analyses of trends;
Figure 5 shows that the two regions showing recent and
continuing increases in consumption are South-East Asia
and the Western Pacific.

The average adult per capita consumption, including
unrecorded consumption, for 2002 is compared by coun-
try in Figure 6, indicating how countries and regions
differ in their overall consumption levels. Figure 7 illus-
trates the WHO subregions that show the typical pattern
of alcohol consumption around the world for the year
2002. As can be seen, detrimental patterns of consumption
are the norm in the vast majority of the developing world,
which means that in those countries, there is no evidence
that the population drinks at low-risk levels. Not surpris-
ingly, there were no protective effects of low levels of
alcohol consumption found for these countries.

Age and gender

Information by age and gender is insufficient for interna-
tional comparisons across time on volume or patterns
of alcohol consumption. Only recently, internationally
comparable data have been collected in different
countries. The ESPAD surveys in European countries,
for example, which collected data in 1995, 1999, and
2003 among 13- to 15-year-old school children, indicated
that lifetime use of alcohol (i.e., 40 times or more) has
increased in several countries, as well as in the proportion
of people who had been drunk 20 times or more in their
lifetime (trends were not uniform across all participating
countries).

Mortality data

Analysis of mortality data from alcohol-related causes
indicated that alcohol is responsible for most deaths
among young people aged 15–29 years (WHO, 2002),
but it is unknown if this has increased over the years,
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Table 1 Characteristics of alcohol consumption in the world in 2002

WHO region

Adult
population
(1000’s)a

Percent of
abstainers

Adult total per capita
alcohol consumption
(in liters of pure
alcohol)

Unrecorded
consumption

Pattern
valueb

Recorded beverage
most consumedM W

Africa D 180316 59.3 69.3 7.2 2.2 2.8 Other fermented

beverages

Africa E 208662 55.4 73.3 6.9 2.7 3.1 Other fermented

beverages and
beer

America A 262651 32.0 52.0 9.4 1.1 2.0 Beer

America B 311514 18.0 39.1 8.4 2.6 3.1 Beer
America D 46049 32.1 51.0 7.4 4.0 3.1 Spirits and beer

Eastern

Mediterranean B

94901 86.9 95.0 1.0 0.7 2.6 Spirits

Eastern
Mediterranean D

219457 90.8 98.9 0.6 0.4 2.6 Beer

Europe A 347001 11.4 23.0 12.1 1.3 1.5 Beer and wine

Europe B 155544 38.6 62.4 7.5 2.8 2.9 Spirits and beer

Europe C 197891 13.0 26.9 14.9 6.1 3.9 Spirits
South East Asia B 215853 77.6 96.9 2.3 0.9 3.0 Spirits

South East Asia D 854450 79.0 98.0 1.9 1.6 3.0 Spirits

Western Pacific A 131308 13.0 29.0 9.4 1.7 2.0 Spirits

Western Pacific B 1164701 26.3 62.5 6.0 1.1 2.2 Spirits
World 4388 297 44.8 65.6 6.2 1.7 2.6 Spirits (53%)

aThe adult per capita consumption is an average of the available data from 2001 to 2003 (usually the arithmetic mean of the 3 years).
bThis 4-point scale reflects how people drink instead of how much, and is very important in determining alcohol-attributable harms. A

score of 1 characterizes a less detrimental drinking behavior (moderate consumption with meals, no irregular heavy drinking), whereas a

score of 4 (highest level of irregular, heavy drinking) characterizes alcohol consumption in the most detrimental way for health. Source:
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is a new phenomenon, or has been happening for decades
because the data have not been analyzed in such a way
that would show alcohol as a key risk factor.
Alcohol Consumption in Various Regions
of the World

Both overall volume of alcohol consumption and patterns
of drinking have considerable measurement error but
remain the best indicators against which alcohol-related
health burden is calculated. Adult per capita consumption
should include, in many countries, an estimate of unre-
corded consumption (even though that estimate will have
limitations). In addition, systematic collection of data at
country level is needed for trend analysis, but given the
low priority given to alcohol (despite its importance as a
risk factor for disease burden), and the limited resources in
middle- and low-income countries, it remains a challenge
to promote alcohol policies in the absence of reliable data.

Alcohol consumption has decreased or stabilized in
developed countries overall, although averages are still
considered high, with a pattern of use that is not as detri-
mental as seen in other countries. Several European
countries, aware of their high per capita consumption of
alcohol, have enacted the best examples of alcohol control
policies over the years based on high prices and taxation,
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Figure 6 Adult per capita consumption including unrecorded consumption in 2002 (based on average 2001–03).
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Figure 7 Patterns of drinking in 2002. From Rehm J, Patra J, Baliunas D, Popova S, Roerecke M, and Taylor B (2006) Alcohol consumption and global burden of disease 2002.
Report to WHO. Geneva: World Health Organization.

1
0
6

A
lc
o
h
o
l
C
o
n
s
u
m
p
tio

n
:
O
v
e
rv
ie
w

o
f
In
te
rn

a
tio

n
a
l
T
re

n
d
s



Alcohol Consumption: Overview of International Trends 107
lowallowance for duty-free imports, and limits on the hours
of sale of alcohol. These have led tomeasurable decreases in
consumption and related harm.More recently, as a result of
policy changes, new increases in alcohol consumption and
related harm have been reported, such as in Sweden,
Finland, Canada, and the UK, among others. Given that in
many countries, unrecorded alcohol consumption is signifi-
cant but difficult to estimate, these trends can be seen as an
underestimation of the real situation, for example, upward
trends are informally reported in Latin America.

In contrast, other regions of the world have shown less
concern about the drinking habits of their residents.
These regions risk further escalation of the problem.
European markets are considered saturated, as the levels
of consumption have stabilized (although the pattern of
drinking might change, e.g., more binge drinking). As a
result, alcohol marketing strategies have focused on new
markets, including Asia and Latin America.
The Americas

Whereas the United States and Canada have population
characteristics similar to Western Europe, in the other
regions of the Americas countries are at different stages
of development, some with relatively higher child and
adult mortality rates, and an age structure different
from that in developed countries. Latin America and the
Caribbean have large proportions of young people, the
age group that drinks the most (Levy, 1999). The problem
is compounded because alcohol policies are absent or
nearly so in these countries, thus creating a fertile ground
for the growth of alcohol-related problems. Informal and/
or illicit production and smuggling are known to be wide-
spread in several countries in the Americas e.g., Brazil,
Mexico, Nicaragua, and Bolivia, with little or no govern-
ment control over them.

It is useful to look at the situation in the Americas as an
example of international trends. Despite great subregional
variations in per capita alcohol consumption, the popula-
tion-weighted average value in the Americas is about
9 liters per person, well above the global average of
5.8 liters of per capita consumption (Rehm and Monteiro,
2005). In addition, irregular, heavy drinking occasions are
very common, leading to a drinking pattern that is harm-
ful to health. This translates into acute health problems,
such as intentional and nonintentional injuries, including
homicides, traffic crashes, violence, drowning, and sui-
cides. At the same time, a significant proportion of the
population with alcohol use disorders, particularly depen-
dence, develop chronic health problems resulting in many
years of life lost to disabilities and accounting for over
50% of all alcohol-related disease burden. It is estimated
that there are over 30million people that meet diagnostic
criteria for alcohol use disorders in Latin America and the
Caribbean, and over 75% did not receive any care (Kohn
et al., 2005).

Most of the alcohol-related disease burden in the
Americas (77.4%) occurs in the population aged 15–44,
indicating that the most active and productive life years
are being lost by a preventable factor, that is, alcohol
consumption (Rehm and Monteiro, 2005). Socioeconomic
development tends to be associated with higher levels of
alcohol consumption, as people with more disposable
income will spend more on alcoholic beverages (as they
become more accessible and available). Concomitantly,
for those living in poverty, expenditures on alcohol con-
sumption can ruin family finances and their chances to
attain better education, shelter, nutrition, health, and
access to other goods and services (Room et al., 2002).
Conclusion

The absence of effective national policies renders unten-
able the current situation. The public is largely unin-
formed about how alcohol consumption is related to
harms, and what works to reduce public health problems
from such consumption. They often believe their personal
freedoms are at stake when alcohol controls are proposed.
International and national trends can be critical informa-
tion for advocacy groups, policy makers, and the public in
the promotion of effective strategies. There is a need to
continue to improve the knowledge base about alcohol
consumption and patterns of drinking, using standardized
indicators and collecting systematic information by age
and gender, and both developed and developing countries.

See also: Alcohol, The Burden of Disease of; Alcohol—

Socio-Economic Impacts (Including Externalities);

Alcohol—Treatment; The Alcohol Industry.
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Alcohol is a major risk factor for burden of disease and
injury. Alcohol increases the frequency of injury, both
intentional and unintentional, several categories of cancer,
neuropsychiatric conditions, and diseases of the cardio-
vascular system and the liver. Its effects are not confined
to the drinker but also result in a significant burden for
others. Overall, it is estimated that alcohol contributed to
4% of all disability-adjusted life years lost worldwide
in 2002, which means its global impact is comparable to
that of tobacco. The lack of adequate data on social costs
(Klingemann and Gmel, 2001), particularly to those borne
by others, suggests that the total costs may be even higher.
Alcohol is a larger net contributor to the global burden of
disease and injury than illicit drugs, but there has been no
international response aimed at comprehensive and
integrated alcohol control.

Other articles in this volume address alcohol policies
formulated by governments at national or state level and
illustrate a body of research evidence that demonstrates
effectiveness. Many such effective policies – for example,
random breath testing of drivers, controls on hours of
sale via licensing requirements, and early interventions
with those experiencing alcohol-related harm – require
WHO Expert Committee on Problems Related to Alcohol Consumption
(2007) Second Report, WHO Technical Report Series 944, World
Health Organization Geneva, Switzerland. WHO.
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effective implementation at a local level. Some work has
also illustrated the effective impact of community-wide
projects focusing on the implementation at the local level
of effective government policies.

The development, implementation, and evaluation of
effective policies at a local level rely on data gathering
of local intelligence, for example, from drunk-driving data
or alcohol-related crime, or from operations assessing the
willingness of the retail sector to sell to underage patrons,
which can help target problem premises or retail outlets
for attention. Community groups can also play a useful
role in raising local alcohol issues, monitoring local out-
lets and, if necessary, calling for improvements to policy
and legislation or to systems of enforcement to reduce
alcohol-related harm.

While the adoption and implementation of effective
strategies at the national and local levels are essential
to integrated alcohol control, there is also a need for
regional and global action, similar to that required for
both tobacco and illicit drugs. This article reviews the
reasons behind the need for a supranational response, its
nature, and some of the factors currently holding back
its implementation.

http://monographs.iarc.fr/ENG/vol44.pdf
http://www.espad.org
http://www.fao.org
http://www.who.int/alcohol
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Need for Public Health Policies in
Response

A Global Alcohol Industry

As with tobacco, the ownership of alcohol production and
the marketing of international and local brands of alcohol
is now global business. Alcohol companies that grew in
Western Europe and North America through mergers and
acquisitions have now gone global. The global consolida-
tion of industry ownership has implications for the public
health response to alcohol-related harm. These include
the sheer power of these companies, sometimes referred
to as transgovernmental corporations (Bendell and Kearins,
2005), to indicate their capacity to act outside national
boundaries and constraints. In turn, this capacity allows
these corporations to influence international trade agree-
ments, to market their products aggressively to existing
and potential consumers, and to engage at all levels with
public and private debates on what alcohol control poli-
cies are appropriate.

With regard to trade agreements, the alcohol industry
has been an active supporter of the liberalization that has
both assisted the expansion of the global companies and
also challenged effective public health policies at the
national level. Alcohol and tobacco have been the subjects
of many challenges and not only countries’ ability to
restrict imports but also their ability to restrict marketing
have been reduced as a consequence of the trade agree-
ments (Gould, 2005).

The size and nature of the industry’s marketing activity
is another spin-off of the globalized industry. The profits
available to these corporations and their sophistication as
marketers has allowed for effective marketing in mature
markets such as Europe and North America, where alco-
hol companies target products to the cohort of predrin-
kers (who must be recruited on an ongoing basis to
maintain profits), and also to younger cohorts, women,
and ethnic groups with below-average patterns of con-
sumption. By 2001, the Council of the European Union
noted a disturbing growth in alcohol consumption among
children and adolescents. In Western Europe, marketing
contributed to shifts away from wine consumption as
part of meals toward a more fiesta or intoxication-focused
pattern of beer drinking (Gual and Colom, 1997).

Of considerable global public health importance is the
use of brand marketing of international alcohol products,
and newly acquired local ones, to extend alcohol sales in
new markets. The global corporations’ primary focus is
to reach beyond the mature markets of their country
and region of origin to seek emerging markets in other
regions: Eastern Europe, Latin America, and Asia. Tar-
geted countries are those with developing economies,
growing middle classes, high proportions of young people,
and relatively low levels of alcohol consumption, suggest-
ing considerable potential for growth. The rapid increases
in consumption of branded products in these emerging
markets suggests that the industry’s aim of targeted pro-
motion is proving successful.

Also of public health concern is the role and resource
of alcohol companies in influencing national alcohol con-
trol policies. The largest global companies fund the Inter-
national Center for Alcohol Policy (ICAP) inWashington,
which is engaged in an active program of publication,
communication, and lobbying. ICAP has surveyed Health
Ministers and other officials developing alcohol policy in
countries around the world to identify priority areas for
policy development. Its website provides a ‘‘comprehen-
sive guide to key issues in alcohol policy development,’’
and its reports are translated into languages widely used
in several emerging markets. The Center has released
publications that serve to counter public health research
by recommending policies that are relatively ineffective
or less likely to affect sales (International Center for
Alcohol Policies, 2002, 2003, 2004; Stimson et al., 2007).
It also advocates a partnership approach between the
alcohol industry, governments, and public health groups
on alcohol policy and prevention. ICAP’s work is com-
plemented by other, less-visible, global associations (such
as the Global Alcohol Producers Group) and a growing
number of regional and national social aspects organiza-
tions, including a number in low- and middle-income
countries (Benegal, 2005; Thamarangsi, 2006).
Absence of Effective Policies

In many mature market countries, there are national
alcohol policies and laws in place; for example, in regard
to the sale of alcohol, driving while intoxicated, and
alcohol taxation (which serves a public health goal as
well as raising revenue). Shortcomings are often in the
operational detail of such policies and laws, including
whether the laws and licensing systems are being suffi-
ciently well enforced, and whether sufficient resources
are being put behind the most cost-effective policies.
Perhaps the weakest area of regulation is that concerned
with alcohol advertising and other forms of marketing. In
most mature markets, alcohol is heavily advertised. Many
countries use a mix of partial restrictions on exposure to
alcohol advertisements – in certain media or at certain
times – and systems of industry self-regulation in regard
to the content of alcohol advertisements. There is little
research or policy on other forms of marketing. For exam-
ple, there are few studies of integrated marketing of
the global alcohol brands that sponsor international sports
events and reach loyal and potential drinkers across a
range of mature and emerging markets.

Alcohol control often relies too heavily on classroom-
based education of young people that seeks to reduce
alcohol-related harm. Systematic reviews have consis-
tently shown little or no evidence of effectiveness in
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terms of either medium- or longer-term behavior change
or harm outcomes (Babor et al., 2003; Foxcroft, 2006).
However, in part because this approach has face validity
and in part because it provides no challenge to vested
interests and is actively promoted by industry-funded
commentators (International Center for Alcohol Policies,
2004), educational interventions of this kind have been
popular. Similarly, there is a focus on public information
campaigns and social marketing approaches in some juris-
dictions, where, once again, the evidence of effectiveness
in reducing alcohol-related harm is lacking.

In emerging markets for alcohol, there is often very
little in the way of alcohol policy and regulation, or very
little enforcement of such laws as have been passed. Typ-
ically, there are very few data on alcohol-related harm on
which to base advocacy for government interventions,
particularly for restrictive measures to protect public
health that may appear contrary to trade principles. The
need for assistance with research and data collection, and
to share information and technical expertise between
countries with regional similarities, has been recognized
by the World Health Organization. As in mature markets,
there is a danger of over-reliance on less effective strate-
gies, with active promotion of educational approaches
despite the lack of a supportive policy environment.

Taxation, including tariffs on imported alcohol pro-
ducts, is often a key policy and a source of government
revenue, particularly in countries in which incomes and
perhaps economic activity levels are low. For a number
of countries, informal illegally produced alcohol or cross-
border smuggling may reduce government revenue, and
revenue would be increased if governments were able to
reduce these nontaxed sources of alcohol. Greater control
over alcohol production and distribution would also allow
them to increase tax (and therefore price to the consumer).
Many emerging markets do not regulate or license the sale
of alcohol by bars or stores; alcohol may be sold anywhere.
A minimum age at which young people may be sold
alcohol may exist in law but often goes unenforced.

It is in this context, that the World Health Organiza-
tion has been commissioning research and presen-
ting recommendations on effective policies to reduce
alcohol-related harm.
Global Governance on Alcohol

NGO Movement in Global Governance

Global governance, as a response to the global nature of
the markets and communication networks, requires not
just intergovernmental responses, such as those carried
out by the UN system (see the section titled ‘the UN
system’ below), but also response from NGOs and volun-
tary organizations operating at a regional and inter-
national level. In response to growing awareness of the
contribution alcohol is making to the global burden of
disease, a number of NGOs focused on alcohol policy
have emerged and a number of health NGOs have
demonstrated concern for alcohol policy development.
For example, in 2005 the World Medical Association
passed a Statement on Reducing the Global Impact of
Alcohol on Health and Society, which urged consider-
ation of a Framework Convention on Alcohol Control
similar to that of the WHO Framework Convention on
Tobacco Control. This was followed in 2006 by a state-
ment from the American Public Health Association,
which also urged the adoption by the World Health Orga-
nization of a binding international treaty, modeled after
the Framework Convention on Tobacco Control.

The World Bank, which in 2000 issued a Note calling
for caution in relation to funding of alcohol beverage
projects as part of development aid, has more recently in
its World Development Report for 2007, Development and
the Next Generation, emphasized the dangers of alcohol
(and tobacco) use by the world’s cohort of younger people
and called for action via raising taxation, comprehensive
bans on advertising and product promotions, age restric-
tions on sales, and prominent health warnings.

Newly emerging global and regional networks on alco-
hol policy are monitoring and advocating for action within
the U.N. system as well as by national governments. These
include the Global Alcohol Policy Alliance, Eurocare,
the Asia Pacific Alcohol Policy Alliance, and the Indian
Alcohol Policy Alliance.
The UN System

A regional approach to alcohol policy was initially
mapped out by Health Ministers in Europe, in consulta-
tion with nongovernment organizations. In 1995, a WHO
European Charter on Alcohol was adopted, with ten stra-
tegies for action. This was followed by an Action Plan,
later revised for 2000–07. In 2001, the Health Ministers of
WHO Europe countries issued a Declaration on Young
People and Alcohol, with policy targets to 2006.

The European Commission also reviewed the policies
of its member countries in 1998 and in October 2006
released a European Union Alcohol Harm Reduction
Strategy. This strategy had had considerable input from
industry representatives and, upon its release, received a
more favorable response from industry interests than the
NGO sector. Its focus on education as the strategy of
choice reflected the lobbying on the part of the industry
interests who were pleased to see no specific plan with
regard to taxation or product labeling (Anonymous, 2006).

In 2006, following concern raised by public health
agencies and community organizations in the Western
Pacific Region, the World Health Organization’s Western
Pacific Regional Office drafted and consulted on a
Regional Strategy to Reduce Alcohol-Related Harm that
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reflects current evidence on effective policy. The Strategy
notes that effectiveness will depend on member countries
combining as many as possible of the recommended
measures, which included: public awareness and health
promotion; building capacity among health workers, sup-
port for advocacy and community action; regulation of
advertising and sponsorship enforced by a government
agency; drunk-driving laws with a low blood alcohol
concentration (BAC) and frequent random enforcement;
collaboration between health and law enforcement on
alcohol-related crime and public safety; regulating alco-
hol sales through a minimum age, restrictions on avail-
ability and a licensing system; appropriate enforcement of
the above alcohol laws, using taxation based on alcohol
content to reduce harmful use, and giving consideration
to alcohol harm reduction when participating in trade
negotiations.

The Western Pacific Regional Strategy was adopted by
the region’s Heath Ministers in October 2006. The same
month, Health Ministers of WHO’s South-East Asian
Region adopted a short Resolution endorsing a report
on Policy Options for Alcohol Consumption Control as
a guide and minimal framework for member states. The
report noted research on effective and cost-effective inter-
vention, and its options included taxation and other price
controls, regulating alcohol availability, drunk-driving mea-
sures, regulation of production and distribution, restrictions
on advertising, and community action. It noted the expense
and limited effectiveness of mass media moderation cam-
paigns countered by industry advertising. The report also
commented on the role of key players, noting that local
communities and groups were crucial for effective action
and monitoring practices and policies, and there was a more
limited role for the industry in ensuring high standards and
compliance with regulations (World Health Organization
Regional Office for South-East Asia, 2006).

Following evidence of the large contribution that alco-
hol makes to the burden of injury and disease in all regions
of the world, the World Health Organization reviewed
current alcohol policies in WHO member countries
(World Health Organization, 2004) and sponsored a proj-
ect to evaluate the most effective and cost-effective alcohol
policies to reduce alcohol-related harm (Chisholm et al.,
2004, 2006). In 2005, HealthMinisters gathered at the 58th
World Health Assembly adopted a report on ‘Public health
problems caused by harmful use of alcohol’ (World Health
Organization, 2005). It noted the policy strategies most
likely to be effective or ineffective in reducing alcohol-
related harm and mandated further work by WHO in this
area. In the following year, a resolution supported by more
than 40 countries calling for work toward a global strategy
on alcohol failed to achieve a consensus and was referred
back to the Executive Board for further work.

In addition to the partial progress made to date on
regional and global strategy, there have been, as described
earlier, calls from NGOs and also in the scientific litera-
ture for action more in line with that taken with regard
to tobacco, in the form of a binding international
agreement – a Framework on Alcohol Control Policy
(Room, 2005). There are differences between tobacco
and alcohol that militate against such an agreement, the
most important of which is probably the much shorter
time of widespread use of the two drugs. Whereas tobacco
has been widely used only in the last 100 years, alcohol
has a much longer history. However, the new situation
brought about by vastly increased globalization, resulting
in much faster spread of commercial alcohol in contexts
without traditional social controls constraining harm, and
the size and vulnerability of the world’s youth cohort, are
factors that are as relevant for alcohol as for tobacco.

There is good evidence of effective policies to reduce
alcohol-related harm that may be implemented at the
national and local level. An international infrastructure
is needed to ensure the appropriate dissemination and
adoption of these effective strategies, but such a frame-
work is currently lacking.

See also: Alcohol Consumption: Overview of Internation-

al Trends; Alcohol, The Burden of Disease of; Alcohol—

Socio-Economic Impacts (Including Externalities);

Alcohol—Treatment; Controlling Illegal Stimulants: A

Regulated Market Model; The Alcohol Industry.
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Depending on the cultural context and particular circum-
stances, the same drink of alcohol can generate a feeling
of benign content, or moroseness, or stupor. The immedi-
ate health benefits for the individual may also be benign
(or even beneficial), or the drink may result in injury or
death – in the short run from accident or in the long run
from one of the diseases alcohol can precipitate. The
consequences for others may also be benign or beneficial,
or damaging or mortal from violence or collateral acci-
dent. Someone may be born as the result of intentional or
unintentional impregnation. The loss of production due
to lower workplace productivity or non-attendance from
drinking alcohol may cause financial loss to the drinker
and possibly to others. Alcohol may, or may not, generate
additional costs in many sectors of the economy, espe-
cially in the criminal system, in the health system, and
in the transport system. The national budget probably
gains from the specific tax it levies on alcoholic beverages,
but this levy may, or may not, cover its costs from the
consumption of alcohol.

The impact of alcohol consumption is so multifarious
that it is not easy to track all its social and economic
impacts. This review confines itself to those to which
social costs of alcohol misuse studies have paid most
attention, excluding the burden of disease caused by
alcohol which is covered in this encyclopedia by Rehm.
Relevant Websites
http://www.apapaonline.org – APAPA, Asia Pacific Alcohol Policy
Alliance.

http://www.globalgapa.org/ – Eurocare, European Alcohol Policy
Alliance.

http://www.globalgapa.org/ – Global Alcohol Policy Alliance.
http://www.indianalcoholpolicy.org – Indian Alcohol Policy Alliance

(IAPA).
http://www.who.int/gb/e/e_wha58.html – World Health Organization,

58th World Health Assembly report Public Health Problems Caused
by Harmful Use of Alcohol, A 58, WHA58.26.

http://www.who.int/substance_abuse/en – World Health Organization,
Management of Substance Abuse.

http://www.searo.who.int/ – WHO Regional Office for South East Asia,
Resolution on Alcohol Consumption Control: Policy Options,
Meeting Reports.

http://www.wpro.who.int/ – World Health Organization Regional Office
for the Western Pacific, 2006 Resolution adopting Regional Strategy
to Reduce Alcohol-Related Harm, Library and Information Sources,
Policy Documents, WPR/RC57.R5.
(Including Externalities)
rch and Evaluation (SHORE) Massey University,

The framework used is that of the WHO report, Interna-
tional Guidelines for Estimating the Costs of Substance Abuse

(Single et al., 2003), and related and subsequent studies,
although some of the technical issues, such as the valua-
tion of life, counterfactual hypotheses, and discounting,
are not considered here.

As the opening sentence reminds us, the social and
economic impact of alcohol is affected by the cultural
context, even though the physiological impact may not
be. This means that each country, or culture within a
country, has its own quantitative and qualitative particu-
larities. This entry deals with the heterogeneity by includ-
ing in its bibliography recent country-specific studies
(especially cost studies, because they look at most dimen-
sions of the impact).

Following brief discussions on externalities and irra-
tionality, the main areas of impact are dealt with in alpha-
betical order, because their relative significance will vary
from country to country.

Externalities

The social cost of an activity is the total of all the costs
associated with it, including both the costs borne by the
economic agent involved and all costs borne by society at

http://www.searo.who.int/en/Section%201430/Section%201439/Section1638/Section2234/Section%202272_11902
http://www.searo.who.int/en/Section%201430/Section%201439/Section1638/Section2234/Section%202272_11902
http://www.apapaonline.org
http://www.globalgapa.org/
http://www.globalgapa.org/
http://www.indianalcoholpolicy.org
http://www.who.int/gb/e/e_wha58.html
http://www.who.int/substance_abuse/en
http://www.searo.who.int/
http://www.wpro.who.int/
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large. This includes the costs reflected in the organiza-
tion’s charge (price), which covers the use of the various
resources (including labor capital and risk as well as
natural resources) excluding taxation, together with the
costs external to the firm’s private costs. If social costs are
greater than private costs – the costs of purchase – then a
negative externality is present.

When the market economy is working effectively, and
there are no external social costs, rational consumers will
purchase and consume the product only if it is more
valuable to them than the price paid for it. In this case,
society is better off since the consumers deem themselves
better off from the transaction, and society is no worse off,
since it has traded off the social costs of the consumption
for the payment, which embodies the ability to purchase
other products with equivalent social costs.

There are all sorts of subtle assumptions embodied in
this analysis: Public health analysis often worries about
the equity in the distribution of income – the power
to purchase. But even if those assumptions hold (near
enough), alcoholic beverages are one of a number of
products for which the purchase price cannot generally
equal social costs because the social cost of each unit of
consumption varies greatly. Thus the social cost of the
first drink in a session may reflect the private cost, but
later drinks may generate additional social costs in poor
health, material damage, public and private outlays that
were ignored when the drinking decision was made, vio-
lence to others, and even death to the drinker or, in
the case of motor vehicle accidents and the like, to inno-
cent bystanders.

As a later section discusses, taxation and other public
policy measures aim to reconcile in one way or another
the inconsistency between the purchase price and social
costs. However, there is still likely to be a substantial
difference for at least a number of significant ingestions.

A useful term is misuse for occasions where the con-
sumption generates outcomes that were unintended
by the consumer and not taken into account when the
purchase or drinking decision was made. It is sometimes
preferred to abuse in order to emphasize that much alco-
hol consumption is useful, in the sense of its social impact
being benign or even (mildly) beneficial.
Irrationality

The previous discussion has assumed that consumers are
acting rationally, taking into consideration all the costs of
the consumption that affect them (although they may
discount costs in the more distant future).

However, it is not immediately obvious that ratio-
nality applies when there is drunkenness or addiction.
Economists explore this by using a theoretical definition
of irrationality where consumers show time inconsistency
between decisions, as for example when they go into a
bar to have three drinks, change their minds in conse-
quence of the resulting euphoria and drink more, and the
following day regret the change of mind (Ainslie, 1992;
Frederick et al., 2002; O’Donoghue and Rabin, 2003).

It is unclear how to define externalities in such cir-
cumstances. The tendency has been to ignore such irra-
tionality, but increasingly cost of alcohol studies need to
address it, incorporating it in a rigorous way consistent
with the theory.
Crime

Pernanem et al. (2000, 2002), based on Goldstein (1985),
propose four models (modes might be a better word) to
account for alcohol-associated crime.

1. The pharmacological model, in which intoxication
encourages the commission of crimes which otherwise
would not have been committed.

2. The economic means model, in which crimes are com-
mitted to fund alcohol consumption.

3. The systemic model, involving the illegal economy, as
in unlawful brewing or distilling or sale of liquor.

4. The substance-defined model, where actions are de-
fined as being criminal by laws which regulate drug
use, such as drunkenness in a public place, supplying
underage or drunk people (if that be illegal) and
drunk-driving.

Note these apply also to illicit drugs, for which modes 3
and 4 are more important than for alcohol.

This crime causes social costs, both directly via dam-
age to property and individuals but also with consequent
costs to the public purse for policing, justice and correc-
tions, transport management, and indirectly when it adds
to concerns about community safety and security.

Estimating the attributable fractions (the proportions
which alcohol causes) for criminal activity is much less
advanced than for disease. Because law, practices of
enforcement, and culture vary by country, fractions can-
not be easily borrowed from other jurisdictions. (Indeed
care is also required in generalizing research findings on
the relationship between crime and alcohol.)
Harm to Others

As well as affecting the health of its drinkers, alcohol can
affect the health of others. These effects include:

1. Children born as the result of an unplanned con-
ception as a result of intoxication (it is not obvious
how to deal with this);
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2. Fetal alcohol syndrome and fetal alcohol effects, said to
be the major source of mental illness and behavioral
disorders, and generating on average a large public cost
during their lifetime (Harwood, 2000);

3. Pain and suffering, abuse, violence, injury, and death
experienced by those close to the drinker;

4. Pain and suffering, violence, and death including from
motor vehicle accidents, experienced by the wider
public.

There are rarely good estimates of these phenomena, and
the incidence and costs vary from country to country.
Motor Vehicle Accidents

As well as injury and death from motor vehicle accidents
caused by alcohol consumption, there is damage to cars
and property, the costs of law enforcement and prevention
(which may include road design), and the costs of admin-
istrating the insurance system. (There are also costs in the
resulting travel delays.)

Motor vehicle accidents are particularly onerous, but
there are other types of accidents. Industrial accidents
caused by alcohol are covered in the next section.
Production Losses

Drinking alcohol may result in production losses from the
following:

1. Reduced workforce size as a consequence of death or
premature retirement;

2. Absenteeism from sickness or injury;
3. Reduced on-the-job productivity from sickness or in-

jury and accidents.

Alcohol misuse may also cause loss of production in
the unpaid household sector and in other non-market
activities. Although the informal economy is not included
in the standard measures of market output (such as GDP
or GNP), the losses or production in it caused by alcohol
misuse may be significant.
Public Spending

Most of the above-mentioned events impact to some
extent on public spending (or, for those countries that
depend more upon private provision, on the private insur-
ance system). Such an impact is a classic externality,
because it is unlikely to be taken into account by the
drinker.

Among the most significant sectors affected by addi-
tional spending are costs to the health system (at every
level from prevention to advanced tertiary specialties, but
also for nursing care later in life), social security or other
forms of public income maintenance, traffic management,
and also to policing, justice, and corrections.
Taxation and Public Policy

Historically, specific taxes on alcohol were imposed
because they could be readily collected at brewery, dis-
tillery, or port. (There are greater difficulties collecting
excise from small vineyards.) Later in some but not all
jurisdictions, the justification for special duties shifted
from convenience to a notion of the propriety of taxing
sinful activities.

More recently, in some jurisdictions, alcohol taxes have
been justified by the arguments that raising the cost of
alcohol better reconciles the private cost and social cost
of alcohol consumption. If so, pure logic might conclude
that the level of taxation should be related to the quantity
of absolute alcohol rather than the value of the drink,
imposing more heavily on low-value drinks. An extension
would be to focus on the minimum cost of alcohol, struc-
turing the excise to maintain a minimum cost of absolute
alcohol, where some of the worse social costs occur
(Easton, 2002).

However, no country has an economically rational
alcohol taxation regime, and revenue considerations still
remain as important in its design as political and cultural
considerations.

Moreover, as previously mentioned, the divergence
between private and social cost varies from drink to
drink, so a taxation regime cannot be perfect. Therefore,
other public policy measures have to be implemented.
Insofar as such policy measures are effective, there
would be a reduction in the divergence between private
and social cost, and the optimal excise duty would be
lower than if the policies are ineffective.
Conclusion

The impacts of alcohol consumption are manifold, and it
is not practical to list them all. The ones discussed here
are generally those which are known to be largest in
quantifiable terms, as measured by their impact on GDP
(or GNP) the standard measure of the aggregate output
produced in the formal economy (generally valued at
market prices). This approach asks what of the available
production had to be diverted to deal with the costs of
alcohol misuse. (Technically it is an estimate based on
supposing that if alcohol misuse had not occurred, what
additional resources would have been available for con-
sumption and other purposes.)

Table 1 provides estimates for two countries of this
(tangible) social cost of alcohol, as a proportion of GDP.
The estimates come from studies that broadly conform to



Table 1 The (tangible) social costs of alcohol as a proportion

of GDP

Australia Canada
1998–99 1992

Costs of crime, law and

order

0.42% 0.20%

Health-care costs 0.03% 0.19%

Loss of production 0.23% 0.60%
Motor vehicle accidents 0.24% 0.07%

Other government

resource costs

NA 0.03%

Total 0.92% 1.09%

Source: Collins DJ and Lapsley HM (2002) Counting the Cost:

Estimates of the Social Costs of Drug Abuse in Australia in

1998–9. Canberra, Australia: National Drug Strategy Monograph
Series No. 49; Single E, Robson L, Xie X, and Rehm J (1998) The

economic costs of alcohol, tobacco and illicit drugs in Canada,

1992. Addiction 93(7): 983–998.
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the International Guidelines (Single et al., 2003). They do not
include estimates of the intangible costs, arising from
death, injury, and poor-quality life that alcohol misuse
generates (avoiding, among other things, the problem of
valuing life). Nor do they include the impact on the
informal economy, because there is no measure of the
aggregate value of its output (the equivalent of GDP).

In each case the costs are estimated to be near 1% of
GDP, the implication being that without alcohol misuse
effective GDP would be 1% greater. However, the
increase in GDP per capita would be lower, depending
on the mortality impact on the population.

Note that despite using the same international guide-
lines, there are considerable differences between the
subtotals, only some of which may be explained by
classification differences or by the different cultures
and institutional arrangements of Australia and Canada.
Nevertheless, while other countries may have different
social costs of alcohol misuse, representing the waste
from drinkers not taking into consideration the social
consequences of their decisions, the magnitude as a
proportion of total output is likely to be significant. The
quantification reinforces the common sense conclusion of
a need for behavior change and public policies in regard
to alcohol consumption in order to reduce its misuse.

See also: Alcohol Consumption: Overview of Internation-

al Trends; Alcohol, The Burden of Disease of; Alcohol—

Treatment; The Alcohol Industry.
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Introduction

Despite its positive role as a beverage, a mood enhancer,
and a social lubricant, alcohol accounts for a significant
portion of the global burden of disease and disability,
primarily through its toxic effects on different organ
systems in the body, its ability to cause psychomotor
impairment through intoxication, and its dependence-
producing properties that can impair the drinker’s control
over the frequency and amount of drinking. For these
reasons, various interventions have been developed to
help people who are experiencing medical and social
problems associated with their misuse of beverage alcohol.
This article reviews conceptual advances and scien-
tific evidence within the framework of a public health
approach to the management of alcohol-related problems
through clinical interventions. Such an approach assumes
that an organized response to alcohol use disorders
requires a conceptual understanding of the medical con-
dition, the availability of screening and diagnostic proce-
dures to identify cases for treatment, and the existence
of effective interventions that can be made available to
people in need of treatment and early intervention.

Conceptual Overview: What Is Being
Treated?

Alcohol consumption varies enormously in terms of the
frequency and amount of drinking, not only among
individuals, but also over time and between different
population groups. Variations in drinking affect rates of
alcohol-related problems and have implications for the
organization of treatment interventions. There is no sharp
demarcation between social or moderate drinking, on the
one hand, and problem or harmful drinking, on the other.
But as the average daily amount of alcohol consumed and
frequency of intoxication increase, so does the incidence
of medical and psychosocial problems in a society. As
illustrated in Figure 1, three mechanisms have been
annual meeting of the Kettil Bruun society for Social and
Epidemiological research on Alcohol Toronto, May 2001.

Skog OJ (1985) The collectivity of drinking cultures: A theory of
the distribution of alcohol consumption. British Journal of Addiction
80(1): 83–99.
Farmington, CT, USA

identified to explain alcohol’s ability to cause medi-
cal, psychological, and social harm (Babor et al., 2003):
(1) physical toxicity, (2) intoxication, and (3) dependence.

Alcohol is a toxic substance in terms of its direct
and indirect effects on a wide range of body organs and
organ systems. In addition, one of the main causes of
alcohol-related harm in the general population is alcohol
intoxication, which is strongly related to violence, traffic
casualties, and other injuries. Alcohol dependence has
many different contributory causes, including genetic
vulnerability, but it is a condition that is often contracted
by repeated exposure to alcohol. In general, the heavier
the drinking, the greater the risk is of developing alcohol
dependence.

As illustrated in Figure 1, the mechanisms of toxicity,
intoxication, and dependence are closely related to the
ways in which people consume alcohol, called patterns of
drinking. Drinking patterns that lead to rapidly elevated
blood alcohol levels result in problems associated with
acute intoxication such as accidents, injuries, and vio-
lence. Similarly, drinking patterns that promote frequent
and heavy alcohol consumption are associated with chro-
nic health problems such as liver cirrhosis, cardiovascular
disease, and depression. Sustained drinking may also
result in alcohol dependence. Once dependence is pres-
ent, it impairs a person’s ability to control the frequency
and amount of drinking. For these reasons, the public
health response should be designed to address not only
the treatment of alcohol dependence, but also the man-
agement of persons who are both harmful and hazardous
drinkers. Harmful drinkers are people without serious
alcohol dependence whose alcohol misuse is already caus-
ing problems to their health, whereas hazardous drinkers
are people who drink in ways that increase the risk of
experiencing health or social problems.

Alcohol dependence has long been recognized to run
in families. There is an estimated sevenfold risk of alcohol
dependence in first-degree relatives of alcohol-dependent
individuals. But the majority of alcohol-dependent indi-
viduals do not have a first-degree relative who is alcohol
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Figure 1 Schematic diagram illustrating how alcohol

consumption is linked to alcohol-related problems through three
mechanisms of action: Toxicity, intoxication, and dependence.

Reproduced from Babor T, Caetano R, Casswell S, et al. (2003)
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dependent. This underscores the fact that the risk for
alcohol dependence is also determined by environmental
factors, which may interact in complex ways with genetics.

Avariety of approaches have been proposed to describe
the diverse types of alcohol dependence encountered
in clinical settings (Hesselbrock and Hesselbrock, 2006),
in the interest of developing specialized treatment inter-
ventions that would address the needs of different types
of alcohol-dependent drinkers, commonly called alco-
holics. These include diagnostic classifications based on
single characteristics such as onset age of alcohol pro-
blems (early vs. later in life), drinking pattern (continuous
vs. binge drinking), family history of alcoholism, per-
sonality style, and the presence or absence of psycho-
pathology. Multidimensional approaches combine these
characteristics into meaningful clusters. One of the best
known of these typologies is theType 1/Type 2 distinction
developed by Cloninger and colleagues (1987). Type 1
alcoholics are characterized by the late onset of problem
drinking, rapid development of behavioral tolerance to
alcohol, prominent guilt and anxiety related to drinking,
and infrequent fighting and arrests when drinking. Clon-
inger also termed this subtype milieu-limited, which
emphasizes the etiologic role of environmental factors.
In contrast, Type 2 alcoholics are characterized by early
onset of an inability to abstain from alcohol, frequent
fighting and arrests when drinking, and the absence of
guilt and fear concerning drinking. Differences in the
two subtypes are thought to result from differences in
three basic personality (i.e., temperament) traits, each of
which has a unique neurochemical and genetic substrate.

Babor and colleagues (1992) used statistical clustering
techniques to derive a dichotomous typology (Type A
vs. Type B) similar to that proposed earlier by Cloninger.
The analysis identified two homogeneous subtypes that
may have important implications for understanding the
etiology of different forms of alcoholism. Type A alcoholics
have a later onset of alcohol-related problems, few child-
hood psychological problems, a less severe drinking history,
and amore benign course of the disorder. Type B alcoholics
have an early onset of alcohol-related problems, childhood
behavior problems, parental alcoholism, co-occurring
psychopathology, a more problematic drinking history,
severe alcohol dependence, and a worse prognosis.

In addition to these different types of alcoholics, there
are also substantial differences in the manifestation of
alcohol dependence among different gender, age, and
racial/cultural groups, suggesting the need for different
treatment approaches. Adolescents have comparatively
short histories of heavydrinking, and physiological depen-
dence on alcohol and alcohol-related medical complica-
tions are rare. The manifestations of alcohol dependence
in the elderly are often more subtle and nonspecific than
those observed in younger individuals.
Detection, Diagnosis, and Assessment
of Alcohol Use Disorders

Diagnosis is the first step in the selection of treatment for
persons with alcohol use disorders. Diagnosis not only
includes the core syndrome of alcohol dependence, but
also related conditions such as alcohol withdrawal and
comorbid medical and psychiatric disorders. Diagnostic
criteria for alcohol use disorders are described in the
International Classification of Diseases, 10th edition (ICD-
10) (World Health Organization, 1992). These criteria
were based upon the alcohol dependence syndrome
(ADS) concept of Edwards and Gross (1976), a theoretical
formulation of ADS that includes biological, cognitive,
and behavioral elements. As illustrated in Table 1, the
ICD-10 diagnosis of alcohol dependence is given when
three or more of the six criteria are present. Because phy-
siological dependence is associated with greater potential
for medical problems (particularly acute alcohol with-
drawal), the first two criteria to be considered are toler-
ance and withdrawal. The remaining criteria reflect the
behavioral and cognitive dimensions of ADS: (a) impaired
control (i.e., alcohol is consumed in larger amounts or over
a longer period of time than was intended; there is a
persistent desire or unsuccessful efforts to cut down or
control drinking; the individual continues to drink despite
knowledge of a persistent or recurrent physical or psycho-
logical problem), and (b) increased salience of alcohol (i.e.,
a great deal of time spent drinking or recovering from its
effects; important social, occupational, or recreational
activities are given up or reduced due to drinking).

Alcohol withdrawal is a condition that follows a reduc-
tion in alcohol consumption or an abrupt cessation of
drinking in alcohol-dependent individuals. Uncomplicated



Table 1 Diagnostic guidelines for alcohol dependence

syndrome according to the International Classification of

Diseases, 10th edition

A definite diagnosis of dependence should usually be made only

if three or more of the following have been experienced or

exhibited at some time during the previous year:
a. A strong desire or sense of compulsion to consume alcohol

b. Difficulties in controlling alcohol consumption in terms of its

onset, termination, or levels of use

c. A physiological withdrawal state when alcohol use has
ceased or been reduced

d. Evidence of tolerance, such that increased doses of alcohol

are required in order to achieve effects originally produced
by lower doses

e. Progressive neglect of alternative pleasures or interests

because of alcohol use, increased amount of time

necessary to consume alcohol or to recover from its effect
f. Persisting with alcohol use despite clear evidence of overtly

harmful consequences, such as harm to the liver through

excessive drinking, depressive mood states consequent to

periods of heavy use, or alcohol-related impairment of
cognitive functioning

Adapted fromWorld Health Organization (1992) The ICD-10 Clas-

sification of Mental and Behavioural Disorders: Clinical Descrip-

tions and Diagnostic Guidelines. Geneva, Switzerland: World
Health Organization.
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cases of alcohol withdrawal are characterized by increased
heart rate, elevated blood pressure, hyperthermia, dia-
phoresis, tremor, nausea, vomiting, insomnia,
and anxiety. Onset of withdrawal usually occurs between
4 and 12 h following the last drink. Symptom severity
tends to peak around the second day, usually subsiding by
the fourth or fifth day of abstinence. Alcohol withdrawal
delirium (also known as delirium tremens) can occur
in 5% of cases, usually between 36 and 72 h following
alcohol cessation. This condition is characterized by auto-
nomic hyperactivity as well as illusions, hallucinations,
psychomotor agitation, cloudiness of consciousness, and
disorientation. Prior history of delirium tremens, older
age, poor nutritional status, comorbid medical conditions,
and history of high tolerance to alcohol are predictors
of increased severity of alcohol withdrawal.

In addition to alcohol dependence and alcohol with-
drawal, chronic drinking is associated with disturbances
in mood, sleep, and sexual function, which are typically
included in the diagnostic evaluation. Alcohol-induced
mood disorder is characterized by depressed mood and
anhedonia, as well as expansive or irritable mood. Although
mood disturbances are common among patients entering
treatment, alcohol-inducedmood symptoms tend to subside
within 2–4weeks following alcohol cessation. Heavy drink-
ing can also induce generalized anxiety symptoms, panic
attacks, and phobias. As with depression, a substantial
improvement is often observed with abstinence with a full
remission of taking as long as 3–4weeks. Alcohol-induced
psychotic disorder is another psychiatric syndrome observed
in chronic alcoholics. This disorder is characterized by
hallucinations or delusions that usually occur within a
month of an alcohol intoxication or withdrawal episode.
These psychotic symptoms tend to subside within a few
weeks of abstinence, although some patients may require
long-term treatment with antipsychotic medication.
Assessment of Alcohol Use Disorders

Improvements in the diagnosis of alcohol use disorders
have been facilitated in part by the development of psychi-
atric and psychological tests. Comprehensive assessment
provides the basis for accurate diagnosis and an indi-
vidualized plan of treatment. Depending on the severity
of alcohol dependence, the nature of comorbid medical
and psychiatric pathology, and the presence of family and
other social supports, decisions can be made concerning
the most appropriate intensity, setting, and modality of
treatment. The optimal approach to the assessment of a
drinking problem begins with the use of standardized
measurement procedures, including screening tests and
structured diagnostic interviews.

A number of self-report screening tests have been
developed to identify alcoholics as well as persons at
risk of alcohol problems. One of the most widely used
screening tests is the CAGE (Ewing, 1984), which con-
tains four questions: (1) Have you ever felt you ought to
cut (the ‘‘C’’ in CAGE) down on your drinking? (2) Have
people annoyed (A) you by criticizing your drinking? (3)
Have you ever felt bad or guilty (G) about your drinking?
(4) Have you ever had a drink first thing in the morning to
steady your nerves or get rid of a hangover that is, an eye
opener (E)? A score of 1 positive response suggests possi-
ble alcoholism and a score of two or more is interpreted as
definite grounds for further diagnostic evaluation.

The Alcohol Use Disorders Identification Test
(AUDIT) is a 10-item screening instrument developed by
the World Health Organization for use in primary care
settings (Saunders et al., 1993). The AUDIT covers the
domains of alcohol consumption, alcohol dependence, and
alcohol-related consequences. It has been shown to be sen-
sitive and specific in discriminating alcoholics from non-
alcoholics and is superior to other tests in identifying
hazardous drinkers. The AUDIT total score increases with
the severity of alcohol dependence and related problems
and can be used as part of a comprehensive approach to
early identification and patient placement.

Following a positive screen or other indications of
alcohol problems, diagnostic assessment should be con-
ducted with a standard interview schedule. The alcohol
sections of the Composite International Diagnostic Inter-
view (CIDI) and the Structured Clinical Interview for
DSM (SCID) provide accurate classification of alcohol
use disorders according to both ICD criteria and the
criteria contained in the Diagnostic and Statistical Manual

of the American Psychiatric Association. An important
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purpose of clinical assessment is to obtain an estimate of
illness severity. The number of ICD symptoms obtained
using a structured interview or the total score on the
AUDIT screening test can serve this purpose.

Several laboratory tests can be helpful in detecting
heavy drinking and assessing its effects on liver func-
tion. Tests commonly used by clinicians include serum
transaminases, bilirubin, gamma-glutamyl transpeptidase
(GGTP), carbohydrate-deficient transferrin (CDT), and
mean corpuscular volume (MCV) of erythrocytes.

Diagnostic assessment of people with alcohol depen-
dence also includes measures of family alcohol history,
psychopathology, social adjustment, personality disorder,
and medical conditions.
Treatment, Early Intervention, and
Long-Term Management

With progress in the understanding of how alcohol
use disorders are manifested, whom they affect, and
how they can be diagnosed, a broad range of interventions
have been developed to manage people with alcohol
dependence and harmful drinking. This section describes
three types of intervention: (1) interventions designed for
nondependent high-risk drinkers, (2) formal treatment
for problem drinkers and alcoholics, and (3) mutual help
organizations for alcoholics and their families.
Interventions Designed for Nondependent
High-Risk Drinkers

Harmful drinking typically precedes the development
of alcohol dependence, but it can also by definition cause
serious medical and psychological problems in the absence
of dependence. It is generally assumed that harmful drink-
ing can be arrested before dependence develops if the
drinker is motivated to reduce the quantity and frequency
of alcohol consumption to amounts not exceeding mod-
eration levels of no more than approximately one or two
drinks a day (i.e., 20 g pure alcohol). With the increased
interest in clinical preventive services in both developed
and developing countries, early intervention programs
have been developed by the World Health Organization
to facilitate the management of harmful drinking in pri-
mary care and other health-care and social service settings.
Following an initial assessment with a screening test such
as the AUDIT, the patient is referred to either a diagnostic
evaluation or a brief intervention with further monitoring.
Brief interventions are characterized by their low intensity
and short duration. They typically consist of one to three
sessions of counseling and education and seek to motivate
high-risk drinkers to moderate their alcohol consumption
rather than promote total abstinence.
During the past two decades, more than 100 rando-
mized controlled trials have been conducted to evaluate
the efficacy of brief interventions. The results of these
trials have been summarized in several integrative litera-
ture reviews and meta-analyses (for example, Whitlock
et al., 2004). The cumulative evidence shows that clinically
significant reductions in drinking and alcohol-related
problems can follow from brief interventions. In general,
nurses are as effective as doctors in producing behav-
ior change. Regarding the nature of the intervention,
drink resistance training, simple advice, and motivational
enhancement approaches seem to be equally effective.
In addition, brief interventions seem to be equally effec-
tive with adolescents, adults, older adults, and pregnant
women. However, there is no evidence that these inter-
ventions are beneficial for alcohol-dependent individuals.
Specialized Treatment for Persons
with Alcohol Dependence

In countries with well-developed health-care systems,
the range of agencies and professional service providers
involved in specialist treatment of alcohol-related pro-
blems is extensive. In addition to the medical sector, which
encompasses psychiatric services and specialist treatment
units, treatment is also delivered by social and welfare
agencies, workplace programs, and court-mandated pro-
grams for persons convicted of drunk-driving. Some
of the key issues that treatment research has addressed
with increasing scientific rigor include the most effective
detoxification measures, the impact of different treat-
ment settings, whether some therapeutic modalities are
better than others, the effects of treatment intensity, and
factors that influence long-term outcomes.
Detoxification

As noted above, many patients with a history of chro-
nic drinking (especially those with poor nutrition and
prior experience of an abstinence syndrome) experience
withdrawal symptoms, and for some patients alcohol with-
drawal can be life-threatening. It is generally assumed
that successful management of the alcohol withdrawal
syndrome provides a basis for subsequent efforts at
rehabilitation. Administration of thiamine and multivita-
mins is a low-cost, low-risk intervention that prevents
alcohol-related neurological disturbances and is typically
combined with supportive care and treatment of con-
current illness, including fluid and electrolyte repletion.
Social detoxification, which involves the nonpharmacolo-
gical treatment of alcohol withdrawal has been shown
to be effective. It consists of frequent reassurance, moni-
toring of vital signs, personal attention, and general
nursing care. Increasingly, detoxification is being done



120 Alcohol—Treatment
on an ambulatory basis, which is much less costly than
hospital-based detoxification. A variety of medications
have been used for the treatment of alcohol withdrawal,
but the benzodiazepines, especially diazepam and chlordi-
azepoxide, have largely supplanted all other medications
because of their favorable side-effect profiles.
Optimal Treatment Settings for Rehabilitation

Following detoxification, a variety of programmatic ele-
ments and therapeutic modalities have been incorpo-
rated into service settings designed to treat the patient’s
alcohol-related problems, promote abstinence from alco-
hol, and prevent relapse. Service settings are an important
component of treatment for alcohol problems, not only
because they control access to treatment, but also because
the setting often determines the climate (sometimes called
the milieu), the resources and the professional staff pro-
viding treatment. Alcohol treatment is typically provided
in outpatient hospital settings, but it can also be delivered
in psychiatric clinics, social service agencies, and health-
care settings. Treatment is also delivered in residential
settings, which include hospital-based rehabilitation pro-
grams, freestanding units, and psychiatric units.

In most comparative studies, outpatient programs have
been found to produce outcomes comparable to those
of residential programs. This conclusion, however, should
be tempered by a consideration of the kinds of problem
drinkers who are appropriate for each type of pro-
gram (Finney et al., 1996). Some studies comparing outpa-
tient with residential treatment have not controlled for
the possibility that patients who choose outpatient set-
tings are less severely alcohol-dependent, less physically
ill, or less psychiatrically impaired. Residential treatment
may be indicated when motivation is weak to continue
treatment, when patients are psychotic, depressed, or
suicidal, and when there are medical complications.
Other factors that affect the choice of treatment setting
include patients’ social stability, the severity of their
symptoms, and the ability of a program to respond to
individual needs. An obstacle to ambulatory treatment is
the higher rate of attrition usually encountered among
more severely impaired alcoholics. An obvious question is
whether some treatment settings are more cost-effective
than others. In general, the research evidence on the
cost-effectiveness of different treatment modalities has
consistently found that the more expensive modalities
do not necessarily produce better treatment outcomes.
Therapeutic Modalities: Nonpharmacological

A variety of therapeutic modalities are used within
the context of outpatient and residential treatment ser-
vices, and many programs use a combination of these
interventions. The approaches with the greatest amount
of supporting evidence are behavior therapy, group ther-
apy, family treatment, and motivational enhancement
(Edwards et al., 2003). Behavior therapists stress the
importance of teaching new, adaptive skills designed to
alter the conditions that precipitate and reinforce drink-
ing. One example of this approach is relapse prevention,
which focuses on coping with situations that represent
high risk for heavy drinking. Research (Ouimette et al.

1999; Babor and Del Boca, 2003) also indicates that
Twelve Step Facilitation, which is designed to introduce
problem drinkers to the principles of Alcoholics Anony-
mous, is as effective as more theory-based therapies.
Therapeutic Modalities: Pharmacological

There are three kinds of pharmacotherapy for persons
with alcohol dependence: Alcohol-sensitizing drugs,
medications to directly reduce drinking, and medications
to treat comorbid psychopathology (Kranzler, 2000).
Alcohol-sensitizing drugs such as disulfiram and calcium
carbimide cause an unpleasant reaction when combined
with alcohol. Although these drugs may help alcohol-
dependent personswhen special efforts are made to ensure
compliance, their efficacy in the prevention or limitation
of relapse has not been demonstrated. Several approaches
to enhancing voluntary compliance with disulfiram ther-
apy have been evaluated, such as the use of incentives, and
enlisting the help of family members. Under these condi-
tions, disulfiram can significantly increase the number of
abstinent days and decrease total drinks consumed.

In contrast to drugs like disulfiram that precipitate an
aversive reaction following drinking, another class of
medications has been developed to reduce drinking and
prevent relapse by operating on the specific brain neuro-
transmitter systems implicated in the control of alcohol
consumption, including endogenous opioids, catechola-
mines (especially dopamine), and serotonin. Based on
research suggesting that opioid antagonists, such as nal-
trexone, decrease ethanol consumption in laboratory
animals and humans, a series of double-blind, placebo-
controlled trials have been conducted with alcohol-
dependent patients. In general, naltrexone has been
found to be superior to placebo in delaying the time to
relapse and reducing the rate of relapse to heavy drinking
among patients (Kranzler and Van Kirk, 2001). The most
comprehensive clinical trial of naltrexone therapy was
conducted at 11 U.S. sites with nearly 1400 patients
(Anton et al., 2006). Naltrexone was associated with more
abstinent days and reduced the risk of a heavy drinking
day after a relapse. The effects, however, tended to be
short-lived, with no advantage evident 1 year later after
medication had been suspended. The findings open the
possibility that naltrexone with medical management may
be delivered by primary care clinicians as an alternative to
traditional alcohol treatment programs. Another focus of
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medications research has been Acamprosate, an amino
acid derivative. Multicenter studies conducted in a variety
of countries have shown significant advantages for acam-
prosate over placebo, but other large-scale studies have
been negative (Kranzler and Van Kirk 2001; Anton et al.,
2006). In summary, despite advances in the search for a
pharmacological intervention that could reduce craving
and other precipitants of relapse, the additive effects of
pharmacotherapies have been marginal beyond standard
counseling and behavior therapies.

Because psychiatric disorders may contribute to the
development or maintenance of heavy drinking, it is
generally believed that the treatment of psychiatric
comorbidity may have beneficial effects on drinking out-
comes. Subsequent to detoxification, many patients with
alcohol dependence complain of persistent depression,
anxiety, insomnia, and negative emotional states, includ-
ing frustration and anger. These symptoms may last for
weeks or months, and they may contribute to relapse.
Although most instances of postwithdrawal depression
and anxiety will spontaneously remit within a few days
to several weeks, there are still substantial numbers of
patients whose severe and persistent psychiatric symp-
toms may require treatment. In many cases antidepres-
sants, such as the selective serotonin reuptake inhibitor
fluoxetine, and nonbenzodiazepine anxiolytics, may treat
the co-occurring disorder and also have a beneficial effect
on treatment outcomes for alcohol use (Kranzler, 2000).
Treatment of Multiple Substance Use and
Dependencies

Multiple substance use has become increasingly prevalent
in many countries, and with it there has been an increase
in the proportion of treatment-seeking alcoholics who
have multiple dependencies. The pattern of multiple
drug use depends on a variety of factors, including the
cultural setting, the availability of different substances,
and the age of the substance user. A pattern of tobacco
and illicit drug use, for example, is common among
young adult heavy drinkers. The drugs most frequently
implicated with alcohol dependence are cocaine, opioids,
cannabis, benzodiazepines, and nicotine. In general, the
presence of multiple drug use in persons with alcohol
dependence is associated with more severe dependence,
worse retention in treatment, and poorer outcomes
(Edwards et al., 2003). Unfortunately, there has been little
research on the treatment of multiple drug use, and
virtually no attention to the sequencing of interven-
tions in persons dependent on two or more substances.
Is it better, for example, to treat multiple substance
use simultaneously or should individual substances be
addressed sequentially? In a study of cocaine- and alcohol-
dependent patients (Carroll et al., 2000), simultaneous
treatment with disulfiram was associated with better
treatment retention and abstinence from both substances,
especially when combined with out-patient psychotherapy.
But in the case of co-occurring dependence on alcohol and
nicotine, research suggests that patients prefer sequential
treatment and simultaneous cessation therapy can nega-
tively impact alcohol use outcomes (Kodl et al., 2006).
Treatment Matching and Patient Placement

In response to concerns about the inappropriate use of
expensive residential treatment, patient placement cri-
teria have been applied in some countries to standardize
the way in which patients are assigned to different types
and intensities of care. The Patient Placement Criteria for the
Treatment of Substance-Related Disorders, of the American
Society of Addiction Medicine (ASAM) provides detailed
guidelines for different levels of care, including detox-
ification, outpatient, and residential care. The decision to
refer the patient to a particular level of care is based
on the following considerations: Acute intoxication and
withdrawal, biomedical conditions, emotional/behavioral
conditions, acceptance of treatment, relapse potential, and
recovery environment.

Another approach to patient placement is based on the
notion that patients should initially be matched to the
least intensive level of care that is appropriate, and then
stepped up to more intensive treatment settings if they
do not respond. This approach is consistent with the
ASAM criteria, which specify that residential treatment
should not be recommended unless the patient has failed
at outpatient treatment.

Another approach is called treatment matching, which
relies on the cumulative evidence of research to suggest
the treatment modalities most likely to produce favorable
outcomes with different types of patients. In one large-
scale study of treatment matching, patients with certain
characteristics (e.g., severe dependence, high levels of
anger, social networks that support drinking) responded
marginally better to certain types of therapy (e.g., Twelve
Step Facilitation, motivational enhancement, cognitive
behavioral therapy, respectively) (Babor and Del Boca,
2003). Other research (McLellan et al., 1993) suggests the
importance of including psychological and social services
within specialized treatment facilities in order to meet the
diverse psychosocial needs of alcohol-dependent patients.
Long-Term Residential Care and Mutual
Help Societies

Some people with alcohol dependence relapse repeat-
edly in spite of multiple treatment episodes. Long-term
residential treatment is used in some countries for alco-
holics who do not respond to more limited efforts at
rehabilitation. Unfortunately, the effectiveness of these
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programs has not been evaluated systematically. In con-
trast, continuing care by means of aftercare groups and
other mutual help organizations has received increased
research attention. For example, a study of the long-term
outcomes of treated and untreated alcoholics (Timko
et al., 2000) found that individuals who obtained help
for a drinking problem, especially in a timely manner,
had better outcomes over 8 years than those who did
not receive help. The type of help they received (e.g.,
mutual help societies or specialized treatment) made little
difference in long-term outcomes.

Although mutual help societies composed of recover-
ing alcoholics are not considered a formal treatment,
they are often used as a substitute, an alternative, and
an adjunct to treatment. With an estimated 2.2 million
members affiliated with more than 100 000 groups in
150 countries, Alcoholics Anonymous (AA) is by far the
most widely utilized source of help for drinking problems
in the world. Related organizations have been developed
in a number of other countries, such as Danshukai in
Japan, Krcuzbund in Germany, Croix d’Or and Vie
Libre in France, Abstainers Clubs in Poland, Family
Clubs in Italy, and Links in the Scandinavian countries.

Although it is regarded as one of the most useful
resources for recovering alcoholics, the research literature
supporting the efficacy of AA is limited. Attendance at AA
tends to be correlated with long-term abstinence, but this
may reflect motivation for recovery. Several large-scale,
well-designed studies (Walsh et al., 1991; Ouimette et al.,
1999) suggest that AA can have an incremental effect
when combined with formal treatment, and AA atten-
dance alone may be better than no intervention. When
AA is combined with a 12-week individual therapy called
Twelve Step Facilitation (TSF), one study (Babor and Del
Boca, 2003) found that TSF not only increased affiliation
with AA, it also had a demonstrable effect on clients
whose social networks contained many drinking compa-
nions. This study suggested that AA is effective because it
helps to change the drinker’s social environment, rather
than through some form of spiritual conversion.
Special Features Influencing Treatment

There is considerable evidence that links the outcome of
alcohol dependence treatment to comorbid psycho-
pathology. General measures of psychopathology, as well
as the specific diagnoses of drug abuse, drug dependence,
antisocial personality disorder, and major depressive dis-
order predict poorer outcomes in alcoholics (Edwards
et al., 2003). Demographic characteristics such as age,
gender, and socioeconomic level also influence treatment
outcomes.

A wide variety of treatment approaches have been
adapted to suit the needs of women, adolescents, and the
elderly, including multidisciplinary inpatient treatment
programs, outpatient individual therapy, group therapy
or day treatment, and outpatient recovery support groups.
Although treatment programs with experience in treating
these groups are better able to coordinate rehabilitation
with medical and social services, there is little evidence
that tailored treatment settings produce better outcomes
than more generic programs.
Mediators and Moderators of Treatment
Effectiveness

The investigation of mediators and moderators helps
to answer questions about how and why treatment works
(mediating effects) and for whom certain treatments
work best (moderators). The search for mediators and
moderators of treatment effects has taken place within
the clinical technology model of treatment efficacy and
treatment matching, which postulates that patient attri-
butes and treatment process elements, respectively, con-
stitute mediators and moderators of change in drinking
following treatment. Studies show that matching to
therapeutic orientation is not an essential ingredient to
substantially enhanced outcomes, as previously believed
(Babor and Del Boca, 2003). They also indicate that the
mediational mechanisms underlying several of the most
popular therapies are different than what is suggested by
their proponents. In general, the Technology Model of
(psychotherapy) treatment effectiveness may be flawed as
it applies to alcohol dependence. Instead of distinct, non-
overlapping elements, therapy may work through common
mechanisms, such as empathy, an effective therapist–client
alliance, a desire to change, inner resources, a suppor-
tive social network, and the provision of a culturally
appropriate solution to a socially defined problem.
Aggregate Effects of Treatment

Given the scarcity of specialized treatment services in
most countries, they are not likely to have an impact on
aggregate rates of morbidity and mortality at the popu-
lation level. Nevertheless, there is some evidence that
treatment has the potential to produce an aggregate
impact in countries where the treatment system is rela-
tively well developed. For example, researchers have
found an association between declining liver cirrhosis
rates and the growth of specialized treatment (Smart
and Mann, 2000).

Despite evidence of the effectiveness of treatment
interventions, little attention has been paid to the mech-
anisms of action that would translate individual benefits
to the population. Treatment interventions are primarily
designed to serve the needs of individual patients and
clients, but there are a number of ways that these interven-
tions may have an impact at community and population
levels: By raising public awareness of alcohol problems,
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influencing national and community agendas, involving
health professionals in advocacy for prevention, and
providing secondary benefits to families, employers, and
automobile drivers. The effect of treatment interventions
can also be manifested more directly by not only reducing
the amount of alcohol consumed by the drinker (and his or
her associated risks), but also influencing the socialmilieu of
the drinker. By removing a source of reciprocal influence
that is likely to contribute to the maintenance of heavy
drinking subcultures, treatment may diminish the alcohol-
related problem rates of an entire society.
Conclusion

This article has described a public health approach to
the provision of services for people with alcohol use
disorders. Such an approach is broadly conceived to
include the consideration not only of specialized services
for alcohol dependence, but also of medical care and
social welfare services that interact with and complement
specialized alcohol services. During the past 30 years,
significant progress has been made in the scientific study
of alcohol dependence and its treatment. On the basis of
evidence reviewed in this article, a number of conclusions
appear warranted at this time:

1. People with alcohol-related problems are hetero-
geneous with respect to demographic features (e.g.,
age, gender, race/ethnicity), age of onset of heavy
drinking, severity of alcohol dependence, comorbid
psychopathology, genetic vulnerability, and other pro-
gnostic factors.

2. Any treatment for alcohol dependence is better than
no treatment. The majority of those treated demon-
strate improvement, but many improve with minimal
treatment.

3. The intensity of treatment has not been shown to
produce pronounced differences in outcome. Similarly,
medical inpatient treatment, while more costly, is not
demonstrably more effective than nonmedical residen-
tial or outpatient treatment. For patients with serious
comorbid medical and psychiatric disorders, medical
inpatient treatment may, nonetheless, be necessary.
Continuing aftercare helps to maintain abstinence fol-
lowing short-term intensive rehabilitation in inpatient
settings.

4. There is little evidence that any one treatment ap-
proach is superior. There is some support for certain
kinds of behavior therapy, but the effectiveness of AA
and disulfiram seem to depend on patient character-
istics and compliance. Several new pharmacological
interventions show promise as a basis for a new gener-
ation of ambulatory treatments, but they add little to
the effect of nonpharmacological treatment.
5. Brief interventions for harmful drinkers are effective in
reducing hazardous drinking and are feasible to imple-
ment in primary care settings.

6. A combination of early intervention, specialized
treatment, and mutual help groups has the potential
to reduce the rate of alcohol-related problems in a
society.
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Introduction

The quaint history of Stella Artois – ‘it all began in the
Belgian city of Leuven with a charming house the locals
call ‘‘Den Horen’’. . . in the year 1466 it was converted to a
small brewery . . .’ – is typical of self-presentation that
links global alcohol corporations with local traditions
and culture. It is a marketing strategy that perpetuates
outdated imagery about breweries, distilleries, and famil-
iar brands. That little brewery is now InBev, the world’s
largest brewer with around 14% of the global market.

Relatively little research looks at the supply side of
alcohol, that is, the dynamics of production, trade, and
distribution. (A noteworthy exception was the special
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Relevant Websites
http://www.jointogether.org/ – Join Together.
http://ncadi.samhsa.gov/ – The U.S. government’s National

Clearinghouse on Alcohol and Drug Information.
http://www.who.int/substance_abuse/en/ – The World Health

Organization, Management of Substance Abuse.
rch and Evaluation (SHORE), Massey University,

issue of the journal Addiction, an international project
published in 2000; see the section ‘Further Reading.’)
This article reviews the rapid global consolidation of the
alcohol industry, based on public information of about 24
of the largest transnational companies. It notes ownership
changes, particularly over the last 5 years, and identifies
key corporate strategies, including support for free trade
agreements.

The Internet is nowan important vehicle for the alcohol
industry’s marketing and communication strategies. Web-
sites target three separate audiences – drinkers, investors,
and policy makers. This article draws mainly from corpo-
rate websites providing information for shareholders and
investors – annual reports, presentations, company

http://www.jointogether.org/
http://ncadi.samhsa.gov/
http://www.who.int/substance_abuse/en/
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policies, media releases – as well as from media commen-
tary and academic analysis. These websites seldom men-
tion government policies on alcohol. The largest
corporations now fund separate organizations, at national
and global levels, to address the ‘social aspects’ of alcohol.
The strategies of these organizations to influence public
opinion and alcohol policies are also identified and
discussed.
Global Consolidation of Alcohol
Ownership

In 2003 the world’s top ten distilling companies produced
306million 9-liter cases of spirits. Three years later pro-
duction was dominated by just two companies, who also
own much of the world’s wine production. In 2005, 60%
of the world’s commercially brewed beer was produced by
global companies, with 44% produced by the largest
four. Economies of scale benefit companies with a global
footprint, notes SABMiller, the third largest brewer in the
world. With consumption stabilizing in industrialized
countries, these economies of scale are being achieved
through a scramble for position in the emerging markets
of Eastern European, Latin America, and Asia.

Brief profiles of the largest alcohol corporations illus-
trate recent global consolidation.
InBev

In 2004 InBev became the world’s largest brewer by
volume, and is either the first or second largest brewer
in 20 key beer markets. It markets four key global
beer brands and over 200 local brands. In December
2006, the company reported a production of 211.6million
hectoliters. Its total revenue from alcohol and nonalco-
holic drinks was about US$17 773 million, making 24.2%
profit on operations before tax.

InBev was created from the 2004 merger of AmBev,
based in Canada and the then second largest brewer
worldwide, and Interbrew, the third largest brewer, based
in Belgium. AmBev had expanded into Brazil and other
Latin American countries, while Interbrew expanded
into East Europe, including Poland and Russia. InBev
now operates in Korea and in China, where it has 18
breweries in six provinces. It bought the China operations
of Lion Nathan, the brewer licensed for InBev brands
in Australia, New Zealand, and the Pacific Islands. For
the period 2002–04, InBev reported 8–11% returns on
investment in its Asia Pacific region.
Anheuser Busch

Anheuser Busch is the second largest brewery, with 11.5%
of the world beer market (2005), and 48% of the U.S.
market. In 2006 Budweiser and Bud Light were the biggest
selling beer brands worldwide and international sales
provided a third of the company’s income (after alcohol
tax) of US$17 717million.

Anheuser Busch’s U.S. operations include malt-based
liquor, energy drinks, drinks packaging, and family adven-
ture parks. Its early international operations followed
U.S. troop deployments in Korea, Japan, and the Philippines
in the 1940s and 1950s. The company boasts ‘150 years of
military support’ and a Budweiser Heroes Tour, with
draught horses, supported the Iraq war.

In 2004, international beer sales tripled as a result of a
growth strategy in Canada, the UK, and China. In Canada
Budweiser is brewed under license by the InBev Labatt
breweries, in Ireland by the InBev Guinness breweries,
and in Italy by Heineken. In Britain, where Budweiser is
the top-selling canned or bottled beer in pubs, clubs, and
restaurants, the company does its own brewing. In China,
Budweiser and Bud Ice sales increased 21.5% in 2002 and
by 2003 had achieved nearly half the premium-priced
beer market. Anheuser-Busch partly owns 64 breweries,
and in 2004 beat SABMiller to buy Harbin, China’s fourth
largest brewery. China was seen to have great sales poten-
tial because ‘‘current per-capita consumption levels are
only 20% of the levels of many developed countries’’
(Anheuser-Busch Report, 2006: 15).

Latin America is marked for expansion through local
partnerships for similar reasons. Anheuser Busch owns
50% of the leading Mexican brewer Grupo Modelo,
which exports its Corona brands to the United States.
In 2006 Anheuser-Busch licensed Heineken to brew
Budweiser in Panama and also in Russia, the world’s
fifth-largest beer market.

Anheuser Busch’s marketing practices have been at
times controversial. Budweiser’s cartoon frogs are well
recognized by children in the United States. The brand
targets different demographic groups through sports –
especially major league baseball – music and sponsored
concerts, and product placement in films.

Sport is an important strategy internationally. Anheuser
Busch has sponsored the U.S. Olympics team since the
early 1980s, and now also supports the Chinese Olympics
team. It spent US$20million for Budweiser to be the official
beer of the 1996Olympics inAtlanta, with a further US$100
million spent on related marketing. It paid US$20 million
to sponsor World Cup Soccer in 1998, but failed to get
the French government to lift its Loi Evin (French alcohol
policy law) against alcohol company sponsorship of sports.
In the United States, it sponsored the 2002 Winter
Olympics in Salt Lake City, Utah, a nondrinking Mormon
community. Starting in 1996, with a legal challenge,
the company pressured the state government into changing
a law that allowed advertising for low-alcohol beer only. It
was Anheuser Busch that lodged a case against the Utah
state government. In 2006 it sponsored the OlympicWinter
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Games in Italyand the FIFAWorldCup Soccer inGermany
andwill sponsor the 2010WorldCup in SouthAfrica. These
sponsorships promote Budweiser to millions of beer drin-
kers and potential drinkers at matches and through televi-
sion, by way of official tournament logos, on-field signage,
packaging, point-of-sale materials, and advertising cam-
paigns around the globe.
SABMiller

The third largest brewer is SABMiller, with 11.1% of the
world market. It operates in 60 markets and produced 176
million hectoliters of lager in 2006, as well as 45 million
hectoliters of other beverages. SABMiller was formerly
South African Breweries until 2002, when it bought Miller
Brewing Company, the second largest U.S. beer company,
with additonal breweries in Central America. Previously,
international expansion had been held back by the anti-
apartheid boycott but progressed rapidly after 1994. The
first purchase was in the Czech Republic. The company is
now the largest (or second largest) producer in several
Eastern European countries, including Russia. By 2003 it
was the largest foreign brewer in China, and operated
in seven other Asian countries. In 2005 it doubled its
stake in India and with 10 breweries became the second
largest brewer there. SABMiller also bought a controlling
share in Bavaria, the second largest beer brand in South
America. Its 2006 revenue of US$15 307 million was up
19% from the previous year.

SABMiller attributes its global success to experience
operating in countries with limited infrastructure. It is
the largest brewer in Africa, producing lager and sorghum
beer as well as soft drinks (Coca-Cola) and bottling in 20
countries. Sorghum is a grain used to produce traditional
African ‘cloudy’ beer, which was often a source of income
for women in poor circumstances. SABMiller played a
role in bringing this cottage industry under the licensing
system that regulates sales of industrially produced and
imported alcohol products in South Africa. SABMiller
notes that international brands are often too expensive
for many drinkers in developing countries, so it reduces
production and transport costs by brewing its brands
locally, using local produce and training suppliers as
required.
Heineken

Heineken had 7.8% of the world beer market in 2005 yet
describes itself as the ‘most international brewer.’ It owns
115 breweries in more than 65 countries and sells 170
beer brands. Its beer volumes grew 5.3% in 2005 and
13.8% in 2004. In 2006, it sold 111 905million hectoliters
of beer, an increase of 11.8% from the previous year,
earning about US$15 749million.
Heineken is the largest beer brand in Europe, and
its Amstel brand is the third largest. Based in the
Netherlands, it bought breweries in Germany and Austria,
then in Russia, Siberia, Hungary, Poland, and Croatia
in the years 2002–03. During that period, it also purchased
breweries or increased holdings in Panama, Chile, and
Argentina, and formed a partnership with Mexican
brewer FEMSA to target the fast-growing Hispanic mar-
ket in the United States. Heineken also wholesales spirits,
wine, and soft drinks in Europe, and produces Budweiser
in Italy for Anheuser Busch. In 2004 it formed a 40-brands
partnership with Diageo and Namibia Breweries in South
Africa and in 2006 consolidated volumes increased by 1.7
million hectoliters, with more than 70% of this increase
in Nigeria, Congo, Burundi, Rwanda, and the Democratic
Repabulic of the Congo. In 2006 it acquired part-owner-
ship of a Tunisian drinks company and planned a brewery
there. In the Middle East, it set up a beer company with
Tempo, the Israeli beer, and increased its minority share-
holding of a Lebanese brewery to 79%. In New Zealand,
Heineken and Amstel are produced by DB Breweries,
which is now owned by two Singapore companies, Fraser
and Neave and Asia Pacific Breweries, the latter of which
is half-owned by Heineken. In Australia Heineken formed
a joint venture with Lion Nathan, DB Breweries’ tradi-
tional competitor. Through Asia Pacific Breweries’ acqui-
sitions in 2006, Heineken now has brewery interests in
Vietnam and Laos and has expanded in India. It has fully
owned operations in Indonesia and New Caledonia,
exporting to Taiwan, Hong Kong, and South Korea, and
has a partnership with Kirin in Japan. In China which
Heineken describes as the largest beer market in the
world it has been buying part-ownership in the largest
breweries in several provinces. These will produce Hei-
neken alongside local brands, using local distribution net-
works and local marketing knowledge.

In 2006 Heineken reported spending 12.6% of revenue
on marketing, including films and high-profile football
sponsorships. These included the Rugby World Cup in
Paris in 2007 (Figure 1) – France lifted its ban for inter-
national events – and the Rugby World Cup to be held in
New Zealand in 2011. By 2008 Heineken anticipates that
savings from consolidation of its global operations will
enable more money and people to be focused behind
‘winning’ brands.
Pernod Ricard

This French producer of spirits, champagne, and wine
now does nearly 90% of its business outside France,
mainly in Asia and the Americas. In June 2005 it pur-
chased Allied Dolmecq to become the world’s second
largest spirits and wines company, after Diageo. Its inter-
national acquisitions began with Scottish and Irish



Figure 1 Heineken sponsorship of 2007 Rugby World Cup, with major integrated promotions in rugby-playing countries: ‘One
world, one cup, one beer’. Television ads – this one of mates watching the match in Paris (‘Better get some more’) – features the new

5-liter Heineken DraftKeg, now marketed in 54 countries. In 2006 Heineken’s EUFA Championship League sponsorship ads showed

fans, with keg, watching the games in remote locations in eight countries. From Heineken’s website.
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distilleries, then expanded beyond Europe in the 1980s.
The company doubled in size in 2001 when it and Diageo
carved up Canadian spirits producer Seagram’s. The
Allied Dolmecq purchase gave it another nine top inter-
national spirits brands, as well as wine interests in Europe,
the United States, Argentina, Australia, and New Zealand
(Diageo declined an option to purchase half the New
Zealand wine industry). Another 25 spirits brands were
passed on to Fortune Brands, owner of Jim Beam. This
makes Fortune Brands the fourth largest global spirits
company, behind Barcardi, a privately owned family com-
pany in the Bahamas, which works closely with another
family-controlled spirits company, Brown Forman.

With consolidation of these acquisitions, Pernod
Ricard’s sales ( June 2006) were about US$8153million,
with net profit up 32% at about US$1685 million. It spent
17% of revenue on marketing, 70% of which went to 15
‘strategic’ brands that generated half its 2006 profits.
These brands were the focus of new marketing campaigns
in 2007.
Constellation Brands

Ownership of wine has also consolidated and globalized.
Constellation Brands is now the largest wine maker by
volume, alongside Diageo and Pernod Ricard. Acquisi-
tions in California, Australia, and New Zealand put it
ahead of E.&J. Gallo, the largest U.S. wine company,
and Carlton Fosters, which bought Australia’s largest
wine company Southcorp in 2005. It has 20% of the U.S.
wine market and in 2005 sold 72 million cases of wine
worldwide.
Constellation began in the 1950s marketing a cheap,
high-alcohol-content dessert wine, then doubled its reve-
nue with wine coolers in the 1980s. A series of acquisitions
since the 1990s gives Constellation brands that span
the price range. This includes very prestigious vineyards
that retain control of production while Constellation
focuses on distribution and marketing. In the United
States Constellation sells mainly through supermarkets
and convenience stores. It also sells spirits brands, includ-
ing cocktails and mixed drinks, and imported beers,
including distribution in 25 states of Corona beer, which
is half-owned by Anheuser Busch. Over the past 5 years
Constellation’s sales grew 16% a year, with sales after
alcohol tax of US$4603 million in 2006. In June 2006,
Vincor, Canada’s leading wine producer and marketer,
joined the group.
Diageo

Diageo is the largest alcohol corporation overall, produ-
cing leading spirits brands as well as beers and wines. Its
2006 sales after alcohol taxes were about US$14 471
million, up 6% from 2005, and its operating profit was
up 18%. Much of this came from international operations
(outside the European Union [EU] and the United
States), in which volumes were up 14% compared with
6% worldwide, following a 28% increase in marketing
expenditure.

Diageo was formed in 1997 from a merger of the Irish
and British producers Guinness (including United
Distillers) and GrandMet (including International Distil-
lers & Vintners), adding a 60% share of Seagram’s in 2001.
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It operates in 180 countries including emerging markets
in Asia, India, the Middle East, Latin America, the
Caribbean, and the Pacific. In Africa it is also a lead-
ing brewer in 15 countries, with 10 breweries as well as
six distilleries. In New Zealand, Diageo’s main spirits
brands are managed by brewers Lion Nathan (46%
owned by Kirin, Japan) and in Australia by its competitor
Carlton Fosters – although it recently ran a supermarket
price promotion there involving Diageo spirits and Lion
Nathan beers.

Diageo’s marketing focuses on eight ‘global priority’
brands, which contributed 59% of total volume sold in
2006. A further 17% of volume came from 30 local prior-
ity brands. In 2006 Diageo spent about US$2246 million
on marketing its brands.
Global Market Strategies

From annual reports and websites of the top 24 alcohol
companies worldwide, a set of industry strategies can
be identified. From a shareholder perspective, the first
three of these involve corporate ownership, expansion,
and consolidation, but they are also a market strategy.
The following list outlines industry strategies:

. Global marketing of higher-priced premium brands;

. Targeting emerging markets in growing or recovering
economies;

. Buying or part-buying the largest competing local pro-
ducer, then running international and local brands to-
gether;

. Adoption of corporate social responsibility policies.

Political influence is little discussed in annual reports and
other public documents, but from what is known about
the alcohol industry’s lobbying activities, we can add to
this list:

. Actively supporting free trade agreements and chal-
lenging barriers to competition.

Global alcohol brands are marketed as ‘premium’ pro-
ducts to bring higher revenue. Production and ownership
changes may reflect this. For example, SABMiller’s
license to produce Heineken in South Africa was termi-
nated because Heineken preferred to profit directly from
the growing premium beer sector. In developed countries,
regulatory approval of ownership changes may require
a brand or two to be shed to avoid an anticompetitive
monopoly of a national market – such as seen with
the purchases of Seagram’s and Allied Dolmecq. Of note
is that these companies are consolidating globally, rather
than nationally. Profitability comes from owning the
most profitable global brands and the most successful
local brands in each market, not from owning all brands
in any particular market.

Shareholders are told of the economies of scale
expected from partnerships and acquisitions in developing
countries. There are cost savings in local production of the
global brand and distribution through existing customer
networks. Relocation of production or other functions also
brings cost savings, as with InBev’s current ‘footprint opti-
mization’ program to free up resources for brand building
and marketing. A local company can provide cultural
knowledge for marketing purposes. For example, the
Swedish corporation Vin Spirits now makes puns with
Chinese characters in its Absolut vodka advertisements.
Buying up or buying into alcohol companies in Eastern
Europe, Russia, China, or Brazil gives the global corpora-
tion entry into new markets with growing or recovering
economies, growing middle classes, and population
growth among young adult drinkers. In each market, the
strategy is to run premium international brands and pop-
ular local brands alongside each other. As SABMiller’s
2005 annual report told shareholders (p. 6), ‘‘We now
have a continuum of businesses from emerging to mature;
enabling us to benefit from both value and volume growth.
In many cases, there’s also an upward trend towards higher
value brands as consumers enter the market at the bottom
end and others progress towards the premium end.’’

What is most striking about this strategy of buying up
the local competition is that global alcohol corporations
have been doing this out of surplus operating profits.
Some report buying a brewery or distillery every few
months. The top companies have reported operating
profit increases of 7–12% per year in recent years. On
a global scale of operation, this provides a great deal
of money to be reinvested. Profit itself, as well as the
saturation of Western markets, helps drive the need
to find new markets and more drinkers.

These strategies ensure business success in the twenty-
first century. However, the product is alcohol, not orange
juice. The World Health Organization (WHO) reports
that alcohol is now the leading risk factor for injury
and disease in developing countries with overall low
mortality – countries whose growing prosperity and
current underconsumption are attracting the alcohol
companies.

It is often assumed that investment by global alcohol
companies will have positive effects on local economic
development and employment, but emerging markets
typically lack alcohol policies and appropriate health
services. In 2000 the World Bank issued a cautionary
statement entitled, Note on Alcohol Beverages. Few of its
loans now relate to production or consumption of alcohol,
and any projects related to alcohol must be consistent
with public health issues and social policy concerns. A
WHO study of the ambiguous role of alcohol in
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developing countries shows that alcohol problems
increase with development. Yet local politicians often
have favorable attitudes toward alcohol, and there is little
recognition of negative social and economic effects from
increased alcohol consumption (Room and Jernigan,
2000).
Alcohol Globalization and Free Trade
Agreements

As alcohol corporations globalize, their interest in policy
at the international level necessarily increases. An alcohol
industry strategy of active support for free trade agree-
ments is noted from known lobbying activities and media
items, as well as from a series of challenges to tariff and
nontariff barriers to trade and competition in alcohol.
Company size and global consolidation are relevant to
resources and influence on these issues, compared to
the countervailing views of public health organizations.
For example, in 2003 the World Spirits Alliance, repre-
senting distillers in mainly industrialized countries, met
in Geneva to agree on a unified international trade strat-
egy of open markets. Its position paper on the General
Agreement on Trade and Services (GATS) states the
industry’s priority objectives as significant liberalization,
and where possible, elimination, of tariffs and nontariff
barriers, including barriers to distribution and advertising.
In mid 2004, World Spirits Alliance representatives from
around the world went to Geneva to meet with the World
Trade Organization (WTO).

Free trade agreements require governments to pro-
gressively eliminate import quotas, tariffs, and regulations
to ensure foreign and domestic companies have equal
market opportunities. They have opened up markets for
global alcohol brands and constrained domestic public
health policies in ways that policy makers – and even
local alcohol industries – often did not anticipate when
the treaties were signed.

In 2000 Grieshaber-Otto and colleagues looked at
the impacts of trade treaties on customs and tax policies.
For example, the WTO required Japan to allow imports
of vodka and other spirits because they were like or
substitutable for the traditional drink shochu. Alcohol
taxes have been challenged and changed under the Gen-
eral Agreement on Trade and Tariffs (GATT), the North
American Free Trade Agreement (NAFTA), and WTO
Membership, for restricting market access in Canada
(including minimum pricing), Denmark, Finland, Chile,
and Korea. Tariffs on alcohol imports can be replaced
by alcohol excise taxes provided these are evenhanded.
In practice, challenges have led to excise taxes being
harmonized downward – within the single market of the
EU, for example – rather than upward to meet public
health costs and goals. The effect of tax reductions on
price has resulted in increased consumption. Trade agree-
ments allow governments to temporarily exclude some
goods from negotiations. However, in a 2006 report for
WHO, Grieshaber and colleagues noted extraordinary
difficulty in using ‘exceptions’ processes under trade
agreements to protect public health.

Gould (2005) notes that treaties apply to trade within
member countries as well as between countries, and so
increasingly constrain domestic policies. Regulation may
be considered a barrier to competition or even de facto

discrimination if it restricts a foreign company from mar-
keting a new product. There have been challenges to
Scandinavian policies that specify where different types
or strengths of alcoholic drinks can be sold or advertised.
In Scandinavia, Canada, and some U.S. states, government
monopoly ownership of bottle stores has been challenged
under European Treaty, GATT, or NAFTA rules, despite
evidence that this reduces alcohol-related harm. Sweden
retained most restrictions on alcohol advertising by
rewriting the legislation to state clearly that the policy
was necessary to achieve public health purposes. France
has similarly defended its Loi Evin policy restricting alco-
hol advertising and sport sponsorship against challenges
in the French and European courts.

The WTO defines advertising as both goods under
GATT and services under GATS. GATS covers the pro-
duction, distribution, marketing, sale, and delivery of all
services unless specifically (and temporarily) excepted.
GATS addresses domestic regulation explicitly, requiring
it to be no more restrictive than necessary to achieve
a specified policy objective. Standards and licensing
must not present unnecessary barriers to trade. Although
negotiations on GATS have stalled, a growing number of
bilateral and regional trade agreements are modeled on
it. Some, such as NAFTA, allow companies, not just
governments, to challenge noncompliance. Gould (2005)
reports that although companies may exaggerate their
ability to win such cases, the possibility has had a chilling
effect on public health legislation.

It is commonly argued that free trade will improve the
availability, choice, and price of products to consumers.
Negotiators and decision makers may not have considered
the health implications of this with alcohol. Public health
groups may be equally unaware of trade issues. Early
and ongoing communication between these groups is
important. In 2005 and 2007 the inclusion of alcohol and
tobacco in the Pacific Islands Countries Trade Agreement
(PICTA) was deferred as a result of such efforts by health
ministers and nongovernment organizations (NGOs).

The competition principle enshrined in trade treaties
is less apparent in the reports and websites of the 24
largest alcohol corporations. More notable are examples
of cooperation. Some produce a competitor’s brand under
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license or manage its distribution. Arrangements in new
markets may cut across traditional competition in old
ones. Mergers that comply with antimonopoly laws have
been achieved with the cooperation of competitors.
As Pernod Ricard told the media on 31 January 2006,
‘‘Our partnership with Fortune Brands will remain an
example of cooperation and represents what two groups,
otherwise competing, can achieve together when their
strategic objectives are complementary.’’
Global Promotion of Alcohol

Global corporations entering new markets in developing
countries have a huge capacity to advertise and promote
alcohol products and drinking – in contrast to the limited
resources available for health promotion messages.
Annual reports usually provide little or no detail on
marketing expenditure. However, in 2006 Heineken
reported spending 12.6% of net sales on marketing;
Diageo, 15.5%; and Pernod Ricard, 17% – that is, about
US$1985million, US$2246million, and US$3367million,
respectively.

Through a range of marketing strategies, alcohol is
linked to desirable middle-class lifestyles, embedded in
the enjoyment of sports or music, linked to masculinity,
and social success, or to other concepts, aspirations, and
cultural traditions specific to a locality or market segment.
As the brand’s philosophy on Inbev’s website states
(cited 4.12.07), ‘‘We believe that developing strong brands
requires insights into consumer behaviors and motiva-
tions. With these insights, we can build powerful connec-
tions and, ultimately, enduring bonds with our
consumers.’’

Industry representatives have argued there is little
evidence that advertising increases alcohol consumption;
its purpose is to increase a brand’s share of the market.
The statistical studies they refer to are inconclusive
when comparing annual advertising expenditure with
total consumption, but do show positive effects when
data are disaggregated by beverage type, or by age of
consumers, or for shorter periods or local markets, to
better capture the fluctuations of advertising campaigns.
These are studies of saturated markets in industrialized
countries, not emerging ones in Latin America or Asia.
Annual reports to shareholders express clear expectations
that marketing strategies in these new markets will
increase consumption of alcohol.

Alcohol companies say their advertising targets adult
consumers. There is considerable spillover to younger
audiences, however. A large body of research shows that
cumulative exposure to alcohol advertisements shapes
the perceptions of children and young people, encourag-
ing pro-drinking attitudes and greater consumption.
Those who see the most alcohol ads tend to overestimate
how much other people drink, and consequently to drink
more themselves. Longitudinal research in New Zealand
links higher recall of alcohol ads at age 15 to heavier
drinking at age 18. Those who responded more positively
to alcohol ads at age 18 were heavier drinkers at
age 21, reported more alcohol-related aggression, and
drank more frequently by age 26 (Casswell et al., 2002).
Further research has confirmed the relationship between
rising alcohol advertising expenditure and high exposure
of children and underage teenagers over a period of policy
liberalization and industry self-regulation. In 2004–05,
90% of 5- to 14-year-olds and 91% of 10- to 17-year-
olds saw alcohol ads on television at least weekly. Among
those who drank, nearly half the heavier drinkers and a
third of lighter drinkers said their friends talked about
alcohol ads on television and that alcohol ads were among
their favorite ads (Huckle and Huakau, 2006).

More than half of all expenditure is now on other
forms of alcohol promotion. There is little research
on young people’s exposure to alcohol messages by way
of sponsorships of sports, music, and other events. This
is a major marketing strategy for the alcohol industry,
as it has been for the tobacco industry. For example,
Diageo is paying around US$57million over ten years
for Bundaberg Rum to sponsor rugby union football in
Australia. Bundaberg’s chairman told B&T Magazine

‘‘Rugby has achieved record growth in participation,
match attendance and TV audiences over the past
five years, while Bundy has doubled in size during the
period — it’s hard to think that is a coincidence.’’

There is also little research on direct marketing via
drinking venues, promotional events, or the new elec-
tronic media. The Internet provides a new marketing
tool with a global reach. Alcohol corporations often
run a separate, highly sophisticated website for each key
brand, protected only by a date-of-birth question. The
websites are designed to attract niche markets of mainly
younger drinkers. They are highly interactive, offering
competitions, free software, and music, and branded
memorabilia for purchase (Figure 2). Some post photos
sent in by drinkers. They support other marketing strands
by providing news and events calendars for sponsored
sports or music, or competitions to win tickets to branded
concerts or to ‘be a rock star,’ and other promotional
events. Brand websites also engage in viral marketing
by way of emails and text messages to friends.

In 2005, the World Medical Association called for a
Framework Convention on Alcohol Control similar to
that which had just taken effect for tobacco, and expressed
concern about alcohol marketing:

Alcohol advertising and promotion is rapidly expanding

throughout the world and is increasingly sophisticated

and carefully targeted, including to youth. It is aimed

to attract, influence, and recruit new generations of



Figure 2 Websites as brand marketing tools: Heineken has music gig guides for each country in which it operates at

www.heinekenmusic.com. Anheuser Busch has free ‘wallpapers’ and other direct marketing downloads at www.budweiser.com.
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potential drinkers despite industry codes of self-regulation

that are widely ignored and often not enforced (p. 1).

Other NGOs have begun networkin g inter national ly
to share infor mation a bout alcohol mar keting, trade
issues, and ef f ect ive policies. The Glo bal Al liance on
Alcoho l Policy has regional networks in India, Asia and
the Pacifi c, and Euro pe. Member s in emer gi ng mar kets
re por t ir responsi ble and cultu rally insensitive pro motions
that would not be acce pta ble in the cor poratio n’s home
countr y.
Corporate Responsibility

One cor porate strat egy a bove has not yet been discusse d –
cor porate social re sponsibili ty. This is a public re lations
strateg y. The top alco hol cor porati ons are adoptin g cor-
porate respon sibility policies that re flect the UN Gl obal
Com pact on la bor, environme ntal, and social issues.
This Global Compac t aros e from publi c concer n a bout
the impac ts of g lob al ind ustries, which also led to the 2005
adoption of the Bang kok Char ter on Heal th Promoti on
in a Glo balized Wor ld.

Health impacts are a notable omission from both the
Global Compact and the policies of alcohol corporations –
despite being the key issue in regard to the global
marketing of alcohol. Some brand websites give brief
mention to health risks and benefits, urging the customer
to drink responsibly to reduce the adverse impacts of their
product. Just one company, Heineken, has learned from
liability cases against the tobacco industry and provides
fairly extensive website information on alcohol’s adverse
effects on health. Lessons from tobacco, as well as threat
of regulation, may also have contributed to the UK alcohol
industry’s voluntary adoption of warning labels to inform
drinkers of risks.

Alc ohol compan ies kee p the focus on the respon si-
bility of the drinker, not the risk inh erent in the pr oduct.
Most brand we bsites, and even some ads, now car ry
‘Drink re sponsibly’ slogans. Some U.S. compan ies r un
public ser vi ce-style adver tisement s (w ith brand logos) to
encourage re sponsible drinking, but these are scheduled
at times that make them more likely to be seen by par ents
than by te enager s (Cent er for Al cohol Marketing and
Youth, 2004). SABMil ler and Diageo fu nd respon sible
drinkin g campaign s aimed at teenager s and are esta blish-
ing par tner ships on dr unk dr iving with gover nment and
nongover nme ntal agencies in emer ging mar kets. Alcohol
company par ticipati on in health promotion may send a
mixed message, making it less ef f ect ive. Research shows
heavy dr inker s ignor e responsi ble drinkin g messages on
ads, f avoring those for cut-pr ice bar promotion s (Chri stie
et al. , 2001) . In cou ntries with a high propor tion of
nondri nker s, campai gns a bout respon sible drinking or
not driving while dr unk may have the ef f ect of pr omoting
drinkin g as a new social nor m.

In the past two year s, the largest alcohol corporations
have developed policies on responsibility marketing,
although this is not one of the Global Compact’s 10 princi-
ples. These support national industry codes of standards for
alcohol ads but are often less detailed. In its 2003 report
Pernod Ricard states that it has actively participated in
developing advertising codes as it is ‘‘confident that self-
discipline is the most effective means of regulating all forms
of business communication’’ (p. 41). Allied Dolmecq urged
other alcohol companies to market responsibly to ensure
th e c on ti nu at io n o f i nd ust ry s el f- re gu lati on . S in ce 2 0 03 , 3 9
countries have imposed new and tighter restrictions on the
marketing of alcohol, Allied Domecq said in its 2005 Social

http://www.heinekenmusic.com
http://www.budweiser.com
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Report (pp. 5–6); responsible self-disciplinedmarketing was
necessary to avoid a ‘regulatory backlash.’

There are frequent reports from public health organi-
zations that alcohol advertising standards are being
infringed upon or manipulated by the alcohol, advertising,
and media industries. Industry self-regulation is prone
to collapse, as happened in Australia (Figure 3) and the
United States in the 1990s. Studies showing how alcohol
ads influence children and young people are based on
code-compliant advertisements, not rogue examples.
Industry self-regulation does not limit the many ways in
which ads depicting the lifestyles of young adult drinkers
are attractive to younger teenagers.

Most importantly, industry self-regulation of alcohol
ad content does not, and will not, reduce the exposure of
children and young people to the growing volumes
of commercial messages promoting alcohol products and
a drinking lifestyle. Only legislation – the ‘regulatory
backlash’ – can achieve that.

The alcohol industry argues it has the right to market
a legal product, and in the United States commercial
speech has a degree of constitutional protection. Yet all
industrialized countries have long-standing laws and
licensing systems that restrict the sale of alcohol, in
recognition of its harmful effects. Policies on alcohol
advertising tend to be weaker, and few countries have
policy on other forms of marketing. Most restrictions to
reduce exposure relate to the broadcast media, and may
operate alongside an industry code on the content of ads
Figure 3 Australia’s self-regulatory code for alcohol advertising coll
continue to infringe the rules. The Archer’s ad (Diageo) uses a slogan a

ad (InBev) infringes the rule against linking alcohol with sexual succe

Foundation, Melbourne. See Geoff Munro, A decade of failure: self-r

http://www.ias.org.uk/resources/publications/theglobe/globe200603
permitted in other media. The mix of legislation and
industry self-regulation in industrialized countries
reflects the contested nature of alcohol policy. Saffer
and Dave’s (2002) comparative research shows, however,
that alcohol advertising bans, even partial ones, can
reduce alcohol-related harm.
Global Alcohol Commodity Chain

Insights from debates about globalization show the
importance of effective policy on alcohol advertising.
The concept of commodity chains – production net-
works of multiple firms operating across multiple
countries – is used to analyze modern dynamics of
power and profit-taking. Globalization takes advantage
of cost variations between labor markets, supported by
advances in communications and transport. These shape
decisions about which links need be owned directly by
the corporation. Jernigan (2000) applies this concept to
the alcohol industry’s networks of local producers,
importers, advertisers, and distributors. Exports, distri-
bution agreements, brewing under license, joint ven-
tures, part-ownership, or purchase of local plant or
companies are all options in the international expansion
of alcohol companies. Commodity chain analysis con-
cludes that to ensure profits accrue to shareholders,
corporations should retain direct control over two links
in the chain: design/recipe and advertising/marketing.
apsed in the mid 1990s. A new code was adopted in 1998 but ads
nd other tactics likely to appeal to children. The Becks bus shelter

ss – she appears to be offering both. From Alcohol Research

egulation of alcohol advertising in Australia, The Globe, 3, 2006.

/gl200603_p15.html

http://www.ias.org.uk/resources/publications/theglobe/globe200603/gl200603_p15.html
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An ex ample of this i s the 2006 restr ucturing of Per nod
Ricar d into four regional or ganizations, inc l uding sub-
sidi ary companies, and fou r ‘bran d owne r’ companies –
that is, the se paration of local production and logistics
from contr ol ove r g lobal m arke ting.

As designs /recipes for lager or ethanol are broadly
similar, wha t makes a ‘premiu m’ product is par tly a
marketing strategy tar geting the hig h end of th e market.
Each brand image is tailored to attract a par ticula r
demo graphic or market segment. In her book , No Logo,
Klein describ es the Abs olut vodka brand as a cultural
sponge be cause of the flexibility with which it achieves
this. The focus is the ico nic bottle shape, filled with
what ever sym bol or emotion appeal s most to the audience
tar geted by each magazine or oth er mediu m in which this
award -winnin g adver tising appear s.

Commodi ty cha in analysis highlig hts the impor tance
of adver tising and other mar ket ing to a g lobalized alcohol
indus try. Polici es that restrict brand marketing will
af f ect sales, con sumptio n levels, and g lobal profits. This
lies be hind the assur ances of respon sible marketing and
lob bying to retain indus try self-regu lation.
Social Aspects Organizations

A re sponsible f ace for the industry as a whole is presented
by social aspects or ganiza tions. Thes e are colla boratively
funded by the lar ge cor por ations to re present their non-
compe titive interests . They have a strong focus on re spon-
sible drinkin g, and cor porate we bsites cite suppor t
for these or ganiza tions as evidence of respon sibility.
Figure 4 An e-postcard from the Get Serious campaign for effectiv

program of the Boston School of Public Health, www.jointogether.co
A key function, however, is to influence poli cy and public
opinio n.

The Inter nat ional Center for Alc ohol Policy in
Washi ngton operates at the g lob al level, publish ing
re por ts on poli cy issu es and of f ering advice to developi ng
countr ies. The European For um for Resp onsible D rinking
(The Amste rdam Group, unti l 2006) plays the sam e role
in Europe, and simil ar nat ional or ganizations operate in
most ind ustrialized countrie s – for example, the Por tman
Group in Britain and the Centur y Counc il in the United
States ( Figu re 4 ). Other industry bodies may re pr esent
beer, wine, or spirits pro ducer s, so it is not always ap par-
ent to the publi c that these responsi ble-sound ing or gani-
zatio ns re pr esent the interes ts of ‘B ig Alcoho l.’

The advocacy or ganization Eur ocare (2002) iden tifies
five viewpoints pr omoted by social aspe cts or ganiza tions:

1. Individual s’ patter ns of drinkin g, rather than volume of
alcohol con sumption, is the be st basis for alcohol poli-
cy.

2. Respons ible drinkin g can be lear ned, so educ ation
should be the cor ner stone of alco hol policy.

3. Alcohol, despite its potenti al for a buse, con f er s a net
benefit to society.

4. Marketing should be self-regulated by the alcohol in-
dustry itself.

5. Social aspects organizations or other industry repre-
sentatives should have an equal place at the policy
table.

The first three views are not consistent with research
evidence. Social aspects organizations support policies
that are not effective in reducing alcohol-related harm,
e alcohol policies in the United States. Source: Join Together, a

m.

http://www.jointogether.com
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such as the youth education and designated driver pro-
grams for which they generously provide funding. These
policy positions are promoted by directly lobbying policy
makers, by discrediting evidence and funding alternative
research, and by seeking to work in partnership with
public health agencies and NGOs.

Partnership is a core value for community-based pub-
lic health organizations. However, Eurocare has issued
a public health ‘warning’ about partnerships with the
alcohol industry and its social aspects organizations, as
they result in weak policies being adopted and less effec-
tive use of public resources. In Australia, a partnership
relationship with industry to promote responsible drink-
ing led an advocacy group to change its previous position
on alcopops (flavored alcoholic beverages) and support
the appeal of an alcohol company against the licensing
authority’s decision to prohibit distribution of its alcoholic
milk product, Moo Joose. Attendance at industry confer-
ences has been used to imply endorsement of industry
positions. Meetings to debate issues have later been used
as evidence that industry participation in policy develop-
ment is legitimate.

Eurocare’s warning concludes with recommendations
for relations with the alcohol industry. Governments
should base policies on independent research and the
public interest, recognizing that social aspects organiza-
tions are not impartial. NGOs play an important advocacy
role on alcohol policy but for this role to be effective, they
should maintain their independence from the industry
and its organizations. The editors of the leading journal
on alcohol, Addiction, have made similar recommendations
to ensure the integrity of alcohol research (Edwards and
Savva, 2001). In their view, any relationship with the
industry, particularly funding, should be at arm’s length,
entered into with care, and made public.

These rules of engagement are consistent with the
European health ministers’ Declaration on Alcohol and
Young People in 2001: ‘‘Public health policies concerning
alcohol need to be formulated by public health interests,
without interference from commercial interests’’ (p. 1).
Conclusion

The recent rapid global consolidation of the alcohol
industry in the hands of relatively few large corporations
has implications for public health. This is particularly
so for developing countries now targeted as emerging
markets for alcohol. Such countries typically have few
alcohol policies or health services in place and govern-
ments may lack awareness of potential negative social and
economic consequences of increased consumption.

Brand marketing is a feature of globalized companies.
Economies of scale confer an unprecedented capacity to
market alcohol and promote drinking – and this is a
matter that requires policy attention. Company size and
consolidation also mean increased resources for influen-
cing policy to align with the interests of industry rather
than of public health.

A globalized alcohol industry requires a globalized
public health response. As policy makers and public
health organizations formulate policies to reduce alco-
hol-related harm in communities, they need to be aware
of industry strategies at both national and global levels.
Effective responses will include international policy state-
ments and precautionary trading principles agreed
to by governments, supported by information sharing
and collaboration between public health networks in
industrialized and developing countries.

See also: Alcohol Consumption: Overview of International

Trends; Alcohol, The Burden of Disease of; Alcohol—

Socio-Economic Impacts (Including Externalities);

Alcohol—Treatment; Socio-Cultural Context of

Substance Use/Abuse (Alcohol/Drugs/Tobacco); The

Regulation of Drugs and Drug Use: Public Health and

Law Enforcement.
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Introduction

In the World Health Organization (WHO) Comparative
Risk Assessment (CRA) study (Ezzati et al., 2004; Lopez
et al., 2006; for details on alcohol, see Rehm et al., 2004),
alcohol proved to be one of the most important risk
factors for global burden of disease (GBD), ranking fifth,
just behind tobacco (alcohol attributable burden in 2000:
4.0% of global burden compared to 4.1% of tobacco). Only
being under weight, resulting mainly from malnutrition
and underfeeding, unsafe sex, and high blood pressure,
had more impact on burden of disease than these two sub-
stances (WHO, 2002).

This article outlines the comprehensive background of
and updates the comparative risk analyses and their cal-
culations on alcohol-attributable burden of disease. It is
based on:

. A review of evidence on developments of alcohol expo-
sure in different parts of the world between 2001 and 2003
based on the WHO Global Alcohol Database (GAD);
Holder HD (ed) (2000) Special issue: The supply side Initiative
International collaboration to study the alcohol supply. Addiction
95(Sup. 4).

Jernigan DH (1997) Thirsting for Markets. San Rafael: Marin Institute.
Jernigan DH and Mosher JF (eds) (2005) Special section: Global Alcohol

marketing and youth-public health perspectives. Journal of Public
Health Policy 26(3): 287–376.

Marshall M (2003) Market highs: Alcohol, drugs and the global economy
in Oceania. In: Lockwood V (ed.)Globalization and Culture Change in
the Pacific Islands. New Jersey: Prentice-Hall.

Room R, Jernigan D, Carlini-Marlatt B, et al. (2002) Alcohol in
developing countries: A public health approach. Helsinki, Finland:
Finnish Foundation for Alcohol Studies/World Health Organization.

Riley L and Marshall M (1999) Alcohol and Public Health in 8 developing
Countries. Geneva, Switzerland: World Health Organization.
Relevant Websites
http://www.policyalternatives.ca – Canadian Centre for Policy
Alternatives (CCPA).

http://camy.org – Center on Alcohol Marketing and Youth.
http://www.eurocare.org – Eurocare.
http://www.globalgapa.org – Global Alcohol Policy Alliance (GAPA).
f
and B Taylor, Centre for Addiction and Mental Health,

. An update of current knowledge on the relationships
between consumption of alcohol and disease and injury
outcomes; and

. Newcalculations on burden of disease for the year 2002
undertaken by Colin Mathers and his team at the
WHO (Mathers et al., 2003).

Establishing Alcohol as a Risk Factor for
Burden of Disease

Dimensions of Alcohol Relevant for Burden of
Disease and Social Harm

The relationship between alcohol consumption and health
and social outcomes is complex and multidimensional.
Figure 1 gives an overview. Alcohol consumption is linked
to health and social consequences through three inter-
mediate outcomes: direct biochemical effects, intoxica-
tion, and dependence (Rehm et al., 2003a). An example of
such direct biochemical effects is the promotion of blood

http://www.who.int/healthpromotion/conferences/6gchp/bangkok_charter/en
http://www.who.int/healthpromotion/conferences/6gchp/bangkok_charter/en
http://www.policyalternatives.ca
http://camy.org
http://www.eurocare.org
http://www.globalgapa.org
http://www.camy.org


clot dissolution or direct toxic effects on acinar cells trig-
gering pancreatic damage. Figure 1 shows only the main
causal pathways thus indirect consequences were not
included. For example, the model does not explicitly
cover the situation in which a drunk driver kills somebody
and, due to the emotional impact of this event on the
drunk driver, he or she loses employment and becomes
socially marginalized. In this example, the model covers
the effects of alcohol on acute consequences (i.e., the
driving accident), but does not explicitly cover the sub-
sequent job loss and social marginalization.

Intoxication and dependence are, of course, also influ-
enced by biochemistry. However, since these two interme-
diate outcomes are central in shaping the effect of alcohol
on many health and social outcomes, they are discussed
separately. The other pathways are often specific for one
disease or a limited group of diseases. Both intoxication
and dependence are defined as health outcomes in the
International Classification of Diseases (ICD-10).

Direct biochemical effects, intoxication, and

alcohol dependence
Direct biochemical effects of alcohol may influence
chronic disease either in a beneficial or harmful way.
Beneficial effects include the influence of moderate drink-
ing on coronary heart disease by way of effects on reduc-
tion of plaque deposits in arteries, on protection against
blood clot formation, and on promotion of blood clot
dissolution. Examples of harmful effects include increas-
ing the risk for high blood pressure and direct toxic effects
on acinar cells triggering pancreatic damage or hormonal
disturbances. The label of direct toxic and beneficial
effects is used to summarize all the biochemical effects
of alcohol on body functions, which are independent of

intoxication and dependence. In terms of the level of
burden, special emphasis should be given to the hepato-
toxic properties of some forms of alcohol, such as surro-
gate alcohol in Russia and other countries in Central and
Eastern Europe (McKee et al., 2005).

Intoxication is a powerful mediator mainly for acute
outcomes, such as accidents, intentional injuries or deaths,
and domestic conflict and violence, although intoxication
episodes can also be implicated in chronic health and
social problems. The effects of alcohol on the central
nervous system mainly determine the subjective feeling
of intoxication. These effects are felt and can be measured
even at consumption levels that are light to moderate
(Eckhardt et al., 1998).

Alcohol dependence is a disorder in itself, but is also a
powerful mechanism sustaining alcohol consumption and
mediating its impact on both chronic and acute physiolog-
ical and social consequences of alcohol (Rehm et al., 2004).

This article is restricted to health consequences only.
However, when analyzing the burden of disease linked to
alcohol one should not overlook that in some regions and
countries, the social harm related to alcohol is more
important or costly than the health consequences.

To Which Disease and Injury Conditions is
Alcohol Causally Relevant?

Two general types of disease and injury conditions caus-
ally impacted by alcohol can be distinguished (Rehm et al.,
2003a): (1) disease and injury conditions that are caused
by alcohol by definition (e.g., alcohol dependence or alco-
hol intoxication), and (2) disease and injury conditions in
which alcohol is a contributory cause. In identifying the

Chronic 
disease

  Accidents/injuries 
(acute disease)

Acute 
social

Chronic
social

Intoxication
Toxic and 

benefical biochemical
effects*

Dependence

Patterns of drinking Average volume

Figure 1 Model of alcohol consumption, intermediate outcomes, and long-term consequences. Asterisk indicates independent of

intoxication or dependence. Reproduced from Rehm J, Room R, Graham K, et al. (2003a) The relationship of average volume of alcohol

consumption and patterns of drinking to burden of disease – an overview. Addiction 98: 1209–1228, with permission of Blackwell
Publishing.
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latter (current burden of disease study), the usual epide-
miological standards were applied. Thus, to establish suf-
ficient evidence of causality there had to be: (1) consistent
evidence of an association (positive or negative) between
alcohol consumption and the disease or injury; (2) chance,
confounding variables, and other bias could be ruled out
with reasonable confidence as factors in this association;
and (3) evidence of a plausible mediating process (English
et al., 1995). These judgments were made using the usual
criteria for establishing causality in epidemiology, with
the most weight placed on the following four criteria:

1. Consistency across studies;
2. Established experimental biological evidence of med-

iating processes or at least physiological plausibility
(biological mechanisms);

3. Strength of the association (effect size); and
4. Temporality (i.e., cause before effect).

Disease and injury conditions wholly attributable
to alcohol

With regard to the attribution of alcohol-relatedness,
the conditions shown in Table 1 are, by definition,
wholly attributable to alcohol and thus have an alcohol-
attributable fraction of 100% (AAF; see under ‘Risk rela-
tions’ for equation). In other words, in a counterfactual
scenario of no presence of alcohol, these disease

conditions would not exist. For these conditions, no sta-
tistical procedures are necessary to estimate risk relation-
ships. This does not mean that the underlying data are
always free of measurement error, that is, that all diag-
noses of ‘alcoholic cirrhosis of liver’ are caused by alcohol.
Measurement error may also work in the opposite direc-
tion, for example, alcoholic liver cirrhoses are not identi-
fied as such and erroneously classified as other forms of
liver cirrhosis.

Chronic disease conditions and injuries in which

alcohol is a contributory cause

Table 2 gives an overview of chronic conditions that are
not wholly attributable to alcohol, but in which alcohol
has been identified as causally relevant, based on the
previously mentioned four criteria. Two examples of the
considerations undertaken with regard to somewhat con-
troversial outcomes illustrate this process. For lung can-
cer, after adjusting for smoking, meta-analyses showed
a clear relationship. However, since evidence for the pos-
sible biological mechanism was not conclusive and resid-
ual confounding from smoking could not be excluded,
English and colleagues (1995), in their first seminal
assessment, decided to exclude lung cancer from the list
of diseases causally influenced by alcohol. A decade later,

Table 1 Disease and injury conditions that are by definition alcohol related (AAF¼1 or 100%)

ICD 10 code Disease or injury condition

E24.4 Alcohol-induced pseudo-Cushing’s syndrome

F10.0, F10.3-F10.9 Alcoholic psychoses and other alcohol-related mental and behavioral disorders

F10.1 Alcohol abuse

F10.2 Alcohol dependence syndrome
G31.2 Degeneration of nervous system due to alcohol

G62.1 Alcoholic polyneuropathy

G72.1 Alcoholic myopathy

I42.6 Alcoholic cardiomyopathy
K29.2 Alcoholic gastritis

K70.0 Alcoholic fatty liver

K70.1 Alcoholic hepatitis
K70.2 Alcoholic fibrosis and sclerosis of liver

K70.3 Alcoholic cirrhosis of the liver

K70.4 Alcoholic hepatic failure

K70.9 Alcoholic liver disease, unspecified
K86.0 Alcohol-induced chronic pancreatitis

O35.4 Maternal care of (suspected) damage to fetus from alcohol

P04.3 Fetus and newborn affected by maternal use of alcohol

Q86.0 Fetal alcohol syndrome (dysmorphic)
R78.0 Finding of alcohol in blood

T51 Toxic effect of alcohol

X45 Accidental poisoning by and exposure to alcohol
X65 Intentional self-poisoning by and exposure to alcohol

Y15 Poisoning by and exposure to alcohol, undetermined intent. Supplementary factors related to causes of

morbidity and mortality classified elsewhere

Y90 Evidence of alcohol involvement determined by blood alcohol level
Y91 Evidence of alcohol involvement determined by level of intoxication

Z72.1 Problems related to lifestyle: alcohol use
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we still believe this judgment is correct, although some
tentative pathways have meanwhile been established.

In contrast, although English et al. (1995) concluded
there was not sufficient evidence linking alcohol con-
sumption and breast cancer, recent advances both in
biological and epidemiological research have changed
this evaluation, so that breast cancer was included in
this article as an alcohol-related outcome. Similar scien-
tific advances hold true for colorectal cancer. These two
conditions were the only two that had been added to the
list in the last decade.

Measuring Alcohol Exposure: Key Indicators
of Alcohol Consumption at Country and
Regional Levels

The following key indicators of exposure are involved in
estimating alcohol-attributable burden of disease (Rehm
et al., 2004):

. Adult per capita consumption of recorded alcohol;

. Adult per capita consumption of unrecorded alcohol;

. Prevalence of abstention by age and sex;

. Prevalence of different categories of average volume of
alcohol consumption by age and sex; and

. Score for patterns of drinking.

We first discuss each of the indicators separately and then
the overall procedure to estimate exposure for alcohol-
attributable burden of disease.

Adult per capita consumption of recorded alcohol
Per capita data on alcohol consumption denote the con-
sumption in liters of pure alcohol per inhabitant in a given
year. These data are available for the majority of
countries, often in time series, and avoid the underestima-
tion of total volume of consumption commonly seen in
survey data. Adult per capita consumption, that is, con-
sumption by everyone aged 15 and above, is regarded as
preferable to per capita consumption per se as the over-
whelming proportion of alcohol is consumed in adult-
hood. The age pyramid varies in different countries,

Table 2 Disease and injury conditions that are not by

definition wholly attributable to alcohol (AAF < 1)

ICD 10 code Disease or injury condition

C00–C14 Mouth and oropharynx

cancers

C15 Esophagus cancer

C18–C21 Colon and rectum cancers
C22 Liver cancer

C32 Laryngeal cancer

C50 Breast cancer

D00–D48 Other neoplasms
Diabetes

E10–E14 Diabetes mellitus

Neuropsychiatric conditions
F32–F33 Unipolar major depression

G40–G41 Epilepsy

Cardiovascular diseases

I10–I13 Hypertensive heart disease
I20–I25 Ischemic heart disease

I47–I49 Cardiac arrhythmias

150–I52, I23, I25.0,

I97.0, I97.1, I98.1

Heart failure and ill-defined

complications of heart
disease

I60–I69 Cerebrovascular disease

I60–I62 Ischemic stroke
I63–I66 Hemorrhagic stroke

I85 Esophageal varices

Digestive diseases

K74 Fibrosis and cirrhosis of liver,
without mention of alcohol

K80 Cholelithiasis

K85, K86.1 Acute and chronic pancreatitis

(not alcohol induced)
Skin diseases

L40 Psoriasis

Conditions arising during the
perinatal period

P05–P07 Low birth weight and short

gestation

Unintentional injuries
a Road traffic accidents

X40–X49 Poisonings (except

X45 – Accidental poisoning by

and exposure to alcohol)
W00–W19 Falls

X00–X09 Fires

W65–W74 Drownings
bRest of V and W20–W64,

W75–W99, X10–X39,

X50–X59, Y40–Y86, Y88,

Y89

Other unintentional injuries

Intentional injuries

X60–X84, Y87.0 Self-inflicted injuries

X85–Y09, Y87.1 Violence and homicide

Y35 Other intentional injuries

aV01.1–V01.9, V02.1–V02.9, V03.1–V03.9, V04.1–V04.9, V06.1–

V06.9, V09.2, V09.3, V10.4–V10.9, V11.4–V11.9, V12.3–V12.9,

V13.3–V13.9, V14.3–V14.9, V15.4–V15.9, V16.4–V16.9, V17.4–

V17.9, V18.4–V18.9, V19.4–V19.6, V20.3–V20.9, V21.3–V21.9,
V22.3–V22.9, V23.3–V23.9, V24.3–V24.9, V25.3–V25.9, V26.3–

V26.9, V27.3–V27.9, V28.3–V28.9, V29.4–V29.9, V30.4.V30.9,

V31.4–V31.9, V32.4–V32.9, V33.4–V33.9, V34.4–V34.9, V35.4–

V35.9, V36.4–V36.9, V37.4–V37.9, V38.4–V38.9, V39.4–V39.9,

V40.4–V40.9, V41.4–V41.9, V42.4–V42.9, V43.4–V43.9,

V44.4–V44.9, V45.4–V45.9, V46.4–V46.9, V47.4–V47.9,

V48.4–V48.9, V49.4–V49.9, V50.4–V50.9, V51.4–V51.9,
V52.4–V52.9, V53.4– V53.9, V54.4–V54.9, V55.4–V55.9,

V56.4–V56.9, V57.4–V57.9, V58.4–V58.9, V59.4–V59.9,

V60.4–V60.9, V61.4–V61.9, V62.4– V62.9, V63.4–V63.9,

V64.4–V64.9, V65.4–V65.9, V66.4–V66.9, V67.4–V67.9,
V68.4–V68.9, V69.4–V69.9, V70.4–V70.9, V71.4– V71.9,

V72.4–V72.9, V73.4–V73.9, V74.4–V74.9, V75.4–V75.9,

V76.4–V76.9, V77.4–V77.9, V78.4–V78.9, V79.4–V79.9, V80.3–

V80.5, V81.1, V82.1, V83.0–V83.3, V84.0–V84.3, V85.0–V85.3,
V86.0–V86.3, V87.0–V87.8, V89.2, V89.9, V99, Y850.
bRest of V ¼ V-series � a.
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therefore per capita consumption figures based on the
total population tend to relatively underestimate con-
sumption among drinkers in countries in which the larger
proportion of the population is below age 15, as is the case
in many developing countries. (For more information and
guidance on estimating per capita consumption, see
WHO, 2000.)

There are three principal sources of data for per capita
estimates: national government data, data from the Food
and Agriculture Organization of the United Nations
(FAO), and data from the alcohol industry (Rehm et al.,
2003b).

Where available, the best and most reliable data gen-
erally stem from national governments, usually based on
sales figures, tax revenue, and/or production data. Gen-
erally, sales data are considered the most accurate,
provided that sales of alcoholic beverages are separated
from sales of any other possible items sold at a given
location, and that sales data are beverage specific. One
of the drawbacks of production data is that they are always
dependent on accurate export and import data, as other-
wise the production figures will yield an under- or an
overestimation.

The most complete and comprehensive international
data set on per capita consumption is published by FAO.
FAOSTAT, the database of the FAO, publishes production
and trade data for almost 200 countries for different types
of alcoholic beverages. The estimates are based on official
reports of production by national governments, mainly as
replies by the ministries of agriculture to an annual FAO
questionnaire. The statistics on imports and exports
derive mainly from customs departments. If these sources
are not available, other government data such as statistical
yearbooks are consulted. The accuracy of the FAO data
relies on member nations reporting the data. It is likely
that the data underestimate informal, home, and illegal
production.

The third main source of data comes from the alcohol
industry. In this category the most widely used source is
World Drink Trends (WDT). WDT estimates are based
on total sales in liters divided by the total mid-year
population and use conversion rates that are not pub-
lished. WDT also tries to calculate the consumption of
both incoming and outgoing tourists. Currently, at least
partial data are available for 58 countries. There are other
alcohol industry sources, as well as market research com-
panies, which are less systematic, contain fewer countries,
and are more limited in time scope.

The WHO GAD also systematically collects and com-
pares per capita data from different sources on a regular
basis using United Nations (UN) data for population
estimates (for procedures and further information, see
WHO, 2004; Rehm et al., 2003b).

The main limitations of adult per capita estimates are
twofold: (1) they do not incorporate most of unrecorded

consumption (see the following section), and (2) they are
only aggregate statistics that cannot easily be disaggre-
gated into sex and age groups. Thus, surveys have to play
a crucial role in any analysis of risk of alcohol for burden
of disease.

Adult per capita consumption of unrecorded

alcohol

Unrecorded consumption stems from a variety of sources:

. Home production of alcoholic beverages;

. Illegal production and sale of alcoholic beverages;

. Illegal and legal import of alcoholic beverages; and

. Other production and use of alcoholic beverages, not
taxed and/or part of the official production and sales
statistics.

Most of these categories are self-explanatory. However,
the relation between legal import of alcoholic beverages
and unrecorded consumption deserves further explora-
tion. Consider Sweden as an example. Alcohol has been
traditionally sold in monopoly stores. After joining the
European Union (EU) and after a grace period, the very
generous travel allowances of the EU became law, which
allowed anybody to import several hundred bottles of
beer or wine providing that they claimed these imports
exclusively for personal use. As a result, recorded sales
went down in parts of the country with borders nearby,
and this kind of unrecorded consumption went up. For
the year 2002 for Sweden, it is thus estimated that about
3 liters of the overall adult per capita consumption of
approximately 9 liters was unrecorded.

How is unrecorded consumption estimated? The pre-
ceding Swedish data given stem from survey information.
Currently, survey data are probably the most widely used
source for estimating unrecorded consumption but there
are other methods, such as indirect calculations based on
use of raw materials for alcohol production (e.g., sugar or
fruits), or based on indicators strongly related to overall
alcohol consumption such as alcohol poisoning. Of course,
the latter methodology is not possible as part of a study
trying to estimate alcohol-attributable burden of disease,
as it would lead to circular reasoning.

Prevalence of abstention by age and sex

Prevalence of abstention was assessed by surveys. Absten-
tion information is part of many surveys, not necessarily
restricted to health or alcohol surveys. Last-year absten-
tion is usually measured, however, there is an error intro-
duced using this measurement, as former drinkers who
stopped drinking for health reasons have a higher risk for
mortality and morbidity compared to lifetime abstainers,
in most cases exceeding the risk of moderate drinkers.
However, this error will result in an underestimation of
alcohol-attributable burden when risk relations are
applied, which are based on lifetime abstention, and will
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result in correct estimation if risk relations used are based
on all kinds of abstention. Thus, this decision will never
result in an overestimation of alcohol-attributable burden,
and is therefore acceptable. Moreover, it can be suspected
that former drinkers quitting for health reasons are mainly
to be found in developed countries, and to a lesser degree
in developing countries and emerging economies.

For the current estimate of alcohol-attributable burden
for the year 2002 discussed in this article, large represen-
tative surveys were used, which are in closest proximity to
the year 2002. Data on abstention from these surveys is
available from 118 out of 184 countries included (64.1%
of the countries), representing 92.8% of the adult popula-
tion in all the countries.

Prevalence of different categories of average
volume of alcohol consumption by age and sex

Prevalence of different categories of average volume of
alcohol consumption by age and sex was also assessed by
survey. The same criteria for survey selection as specified
previously applied. The categories of drinking as defined
inTable 3 were used, constructed in a way that the risk of
many chronic diseases such as alcohol-related cancers
were about the same for both men and women in the
same category (Rehm et al., 2004). These categories were
first used as the basis to derive attributable fractions in the
first Australian study on the costs of substance abuse
(English et al., 1995) and have been used in many epide-
miological and cost-of-illness studies.

The results of the surveys constitute only the raw input
into the exposure calculations. They have to be made
comparable to be used in a risk assessment by adjusting
them to per capita consumption (Rehm et al., 2004, 2006).

Score for patterns of drinking

Patterns of drinking impact certain disease categories
such as ischemic heart disease or injuries independently
of volume consumed. To quantify the impact of patterns
of drinking, a score has been constructed and validated for
the CRA of the year 2000. The score and its underlying
algorithms have been described in detail elsewhere (Rehm

et al., 2003b, 2004). It comprises four different aspects of
heavy drinking: high usual quantity of alcohol per occa-
sion, frequency of festive drinking at fiestas or community
celebrations, proportion of drinking occasions when drin-
kers get drunk, and distribution of the same amount of
drinking over several occasions, as well as no drinking
with meals and drinking in public places. These aspects
were found to be related to one underlying dimension in
an optimal scaling analysis. In several analyses with dif-
ferent methodology, they were found to be related to
ischemic heart disease and to different forms of injury.

Patterns scores have been assessed by a mixed meth-
odology of key expert interviews and surveys. They are
part of the GAD, and currently only one score per country
has been calculated. There are efforts to apply this meth-
odology sex-specifically.

Data Indicating Burden of Disease

Both event-based and time-based measures indicating
population health status are used in the usual analyses
on burden of disease. We will present the burden of
alcohol for the year 2002. Mortality, as measured in num-
ber of deaths, was the event measure. Years of life lost due
to premature mortality (YLL) and burden of disease, as
measured in disability-adjusted life years (DALYs), con-
stituted the time-based gap measures (Murray et al., 2002;
Rehm et al., 2004). The DALY measure combines YLL
with years of life lost to living with a disability. Estimates
for mortality and DALYs for the years 2002 and 2005 were
directly obtained by the WHO (Mathers et al., 2003). YLL
and DALYs were 3% age-discounted and age-weighted to
be comparable with the GBD study. Population data were
obtained from UN population division. Age groups used
were: 0–4 years, 5–14 years, 15–29 years, 30–44 years,
45–59 years, 60–69 years, and 70þ years.

Definition of Regions

The regional classification used in this article was defined
by the WHO on the basis of levels of adult and infant
mortality. The regional groups are organized as follows:
A stands for very low child and low adult mortality, B for
low child and low adult mortality, C for low child and high
adult mortality, D for high child and high adult mortality,
and E for high child and very high adult mortality. There
were 14 subregions defined in total. The allocation of
countries into different subregions can be found inTable 4.

Relating Alcohol Exposure to Disease and
Injury Outcomes

Defining alcohol-attributable diseases
Alcohol consumption was found to be related to the
following GBD categories: conditions arising during

Table 3 Definition of drinking categoriesa

Drinking categories Men Women

Abstainer or very light

drinker

0�< 0.25g/day 0�<0.25g/day

Drinking category I 0.25�< 40g/day 0.25�< 20g/day

Drinking category II 40�< 60g/day 20�< 40g/day
Drinking category III 60þg/day 40þg/day

aThe limits of these categories are stated in grams of pure alcohol

per day. For reference, a bottle of table wine contains about 70g

of ethanol; 0.25g/day corresponds to somewhat less than one
glass of wine per month.
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the perinatal period: low birth weight; cancers: mouth
and oropharynx cancers, esophageal cancer, colon
and rectal cancers, liver cancer, breast cancer and
other neoplasms; diabetes mellitus; neuropsychiatric
conditions: alcohol-use disorders, epilepsy; cardiovas-
cular diseases: hypertensive heart disease, ischemic
heart disease; cerebrovascular diseases: hemorrhagic
stroke, ischemic stroke; cirrhosis of the liver; uninten-
tional injuries: road traffic accidents, poisonings, falls,
drownings, and other unintentional injuries; intentional
injuries: self-inflicted injuries, violence, and other
intentional injuries.

These disease categories are the same as for the CRA
2000 with one exception: colorectal cancer has been
added. In other words, all of the major review studies in
the 1990s and in the early part of this decade concluded a
causal relationship between alcohol and the respective
disease or injury category selected, except for colorectal
cancer, for which some of the evidence is newer.

Risk relations

Table 5 gives an overview on relative risks (RR) for
different diseases by drinking categories. For most chronic
disease categories, AAFs of disease were derived from

combining prevalence of exposure and RR estimates
based on meta-analyses using the following formula:

AF ¼
hXk

i¼1PiðRRi � 1Þ
i
=
hXk

i¼0PiðRRi � 1Þ þ 1
i

in which i is exposure category with baseline exposure or
no exposure (i¼ 0), RRi is RR at exposure level i com-
pared to no consumption, and Pi is prevalence of the ith
category of exposure.

AAFs, as derived from the preceding formula, can be
interpreted as reflecting the proportion of disease that
would not exist if there had been no alcohol consump-
tion. For depression and injuries, AAFs were taken from
the CRA study (see Rehm et al., 2004, for a detailed
description of underlying assumptions and calcula-
tions). Protective effects of alcohol consumption on
ischemic heart disease, strokes, and diabetes were not
estimated in all non-A regions due to the evidence that
the pattern of drinking for most alcohol consumption
is not protective in these regions (for physiological
mechanisms, see Puddey et al., 1999). Thus, where in
A regions a RR of less than 1 would represent the pro-
tective effect for strokes and diabetes, in non-A regions
a RR of 1 was used. For ischemic heart disease, the
results of pooled, cross-sectional time-series analyses
were used (Rehm et al., 2004).

Table 4 Classification of countries into WHO subregions

Africa D Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Comoros, Equatorial Guinea, Gabon,
Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria,

Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, Togo

Africa E Botswana, Burundi, Central African Republic, Congo, Côte d’Ivoire, Democratic Republic of the Congo, Eritrea,
Ethiopia, Kenya, Lesotho, Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland, Uganda, United

Republic of Tanzania, Zambia, Zimbabwe

Americas A Canada, Cuba, United States of America

Americas B Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Brazil, Chile, Colombia, Costa Rica, Dominica,
Dominican Republic, El Salvador, Grenada, Guyana, Honduras, Jamaica, Mexico, Panama, Paraguay, Saint

Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago, Uruguay,

Venezuela

Americas D Bolivia, Ecuador, Guatemala, Haiti, Nicaragua, Peru
Eastern

Mediterranean B

Bahrain, Iran (Islamic Republic of), Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Oman, Qatar, Saudi

Arabia, Syrian Arab Republic, Tunisia, United Arab Emirates

Eastern
Mediterranean D

Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan, Somalia, Sudan, Yemen

Europe A Andorra, Austria, Belgium, Croatia, Cyprus, Czech Republic, Denmark, Finland, France, Germany, Greece,

Iceland, Ireland, Israel, Italy, Luxembourg, Malta, Monaco, Netherlands, Norway, Portugal, San Marino,

Slovenia, Spain, Sweden, Switzerland, United Kingdom
Europe B Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria, Georgia, Kyrgyzstan, Poland, Romania,

Slovakia, The Former Yugoslav Republic Of Macedonia, Tajikistan, Turkmenistan, Turkey, Uzbekistan,

Yugoslavia

Europe C Belarus, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Republic of Moldova, Russian Federation, Ukraine
South East Asia B Indonesia, Sri Lanka, Thailand

South East Asia D Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, Maldives, Myanmar, Nepal

Western Pacific A Australia, Brunei Darussalam, Japan, New Zealand, Singapore
Western Pacific B Cambodia, China, Cook Islands, Fiji, Kiribati, Lao People’s Democratic Republic, Malaysia, Marshall Islands,

Micronesia (Federated States of), Mongolia, Nauru, Niue, Palau, Papua New Guinea, Philippines, Republic of

Korea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu, Vietnam
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Table 5 Relative risks for alcohol-attributable diseases and injuries by consumption stratum (reference group is ‘current abstainers’) for globally available disease categories

Disease condition ICD-10
GBD
code

Drinking
category IRR

Drinking
category IIRR

Drinking
category IIIRR

Sources and
comments

Conditions arising during the perinatal period: Low birth

weight and short gestation

P05–P07 U050 M/W 1.00 M/W 1.40 M/W 1.40 Gutjahr et al., 2001;

Rehm et al., 2004
Mouth and oropharynx cancers C00–C14 U061 M/W 1.45 M/W 1.85 M/W 5.39 Gutjahr et al., 2001

Esophagus cancer C15 U062 M/W 1.80 M/W 2.38 M/W 4.36 Gutjahr et al., 2001

Colon and rectum cancers C18–C21 U064 M/W 1.00 M 1.16W 1.01 M/W 1.41 Cho et al., 2004

Liver cancer C22 U065 M/W 1.45 M/W 3.03 M/W 3.60 Gutjahr et al., 2001
Breast cancer C50 U069 <45 yrs W 1.15

45þ yrs

W 1.14

<45 yrs W 1.41

45þ yrs

W 1.38

<45 yrs W 1.46

45þ yrs

W 1.62

Ridolfo and

Stevenson, 2001

Other neoplasms D00–D48 U078 M/W 1.10 M/W 1.30 M/W 1.70 Rehm et al., 2004
Diabetes mellitus (A regions) E10–E14 U079 M 0.99 W 0.92 M 0.57 W 0.87 M 0.73 W 1.13 Gutjahr et al., 2001

Diabetes mellitus (non-A regions) E10–E14 U079 M/W 1.00 M/W 1.00 M 1.00 W 1.13 Gutjahr et al., 2001

Mental and behavioral disorders due to use of alcohol F10 U086 n/a n/a n/a AF 100%
Unipolar major depressiona F32–F33 U082 Rehm et al., 2004

Epilepsy G40, G41 U085 M 1.23 W 1.34 M 7.52 W 7.22 M 6.83 W 7.52 Gutjahr et al., 2001

Hypertensive heart disease I10–I13 U106 M 1.33 W 1.15 M 2.04 W 1.53 M 2.91 W 2.19 Corrao et al., 1999

Ischemic heart diseasea I20–I25 U107 M/W 0.82 M/W 0.83 M 1.00 W 1.12 Corrao et al., 2000;
Rehm et al., 2004

Hemorrhagic stroke (A regions) I60–I62 U108 M 1.12 W 0.74 M 1.40 W 1.04 M 1.54 W 1.94 Reynolds et al., 2003

Hemorrhagic stroke (non-A regions) I60–I62 U108 M 1.12 W 1.00 M 1.40 W 1.04 M 1.54 W 1.94 Reynolds et al., 2003

Ischemic stroke (A regions) I63 U108 M 0.94 W 0.66 M 1.13 W 0.84 M 1.19 W 1.53 Reynolds et al., 2003
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Ischemic stroke (non-A regions) I63 U108 M/W 1.00 M 1.13 W 1.00 M 1.19 W 1.53 Reynolds et al., 2003

Cirrhosis of the livera K74 U117 M/W 1.26 M/W 9.54 M/W 13.0 Rehm et al., 2004
Road traffic accidentsa b U150 Rehm et al., 2004

Poisoningsa X40–X49 U151 Rehm et al., 2004

Fallsa W00–W19 U152 Rehm et al., 2004

Drowningsa W65–W74 U154 Rehm et al., 2004
Other unintentional injuriesa cRest of V,

W20–W64,

W75–W99,
X10–X39,

X50–X59,

Y40–Y86, Y88,

Y89

U155 For all injury categories (shaded areas), the approach

assuming that consumption strata specific RRs are

generalizable across countries was only used as a
sensitivity analysis. The main analyses used region-

specific alcohol-attributable fractions, based on both

the level of consumption and drinking pattern (for

derivation see Rehm et al., 2004)

Rehm et al., 2004

Self-inflicted injuriesa X60–X84, Y870 U157 Rehm et al., 2004

Violence and homicidea X85–Y09, Y871 U158 Rehm et al., 2004

Other intentional injuriesa Y35 U160 Rehm et al., 2004

aAAFs are taken from CRA for non-A regions (based on pooled cross-sectional time-series analyses).
bV01.1–V01.9, V02.1–V02.9, V03.1–V03.9, V04.1–V04.9, V06.1–V06.9, V09.2, V09.3, V10.4–V10.9, V11.4–V11.9, V12.3–V12.9, V13.3–V13.9, V14.3–V14.9, V15.4–V15.9, V16.4–V16.9,

V17.4–V17.9, V18.4–V18.9, V19.4–V19.6, V20.3–V20.9, V21.3–V21.9, V22.3–V22.9, V23.3–V23.9, V24.3–V24.9, V25.3–V25.9, V26.3–V26.9, V27.3–V27.9, V28.3–V28.9, V29.4–V29.9, V30.4.

V30.9, V31.4–V31.9, V32.4–V32.9, V33.4–V33.9, V34.4–V34.9, V35.4–V35.9, V36.4–V36.9, V37.4–V37.9, V38.4–V38.9, V39.4–V39.9, V40.4–V40.9, V41.4–V41.9, V42.4–V42.9, V43.4–V43.9,

V44.4–V44.9, V45.4–V45.9, V46.4–V46.9, V47.4–V47.9, V48.4–V48.9, V49.4–V49.9, V50.4–V50.9, V51.4–V51.9, V52.4–V52.9, V53.4–V53.9, V54.4–V54.9, V55.4–V55.9, V56.4–V56.9,
V57.4–V57.9, V58.4–V58.9, V59.4–V59.9, V60.4–V60.9, V61.4–V61.9, V62.4–V62.9, V63.4–V63.9, V64.4–V64.9, V65.4–V65.9, V66.4–V66.9, V67.4–V67.9, V68.4–V68.9, V69.4–V69.9,

V70.4–V70.9, V71.4–V71.9, V72.4–V72.9, V73.4–V73.9, V74.4–V74.9, V75.4–V75.9, V76.4–V76.9, V77.4–V77.9, V78.4–V78.9, V79.4–V79.9, V80.3–V80.5, V81.1, V82.1, V83.0–V83.3,

V84.0–V84.3, V85.0–V85.3, V86.0–V86.3, V87.0–V87.8, V89.2, V89.9, V99, Y850.
cRest of V¼V-series �b.

RR, relative risk; n/a, not applicable.
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Consumption and Alcohol-Attributable
Burden: A Global Overview

Global Patterns of Drinking and Burden
of Disease

Figure 2 gives an overview of adult per capita consump-
tion in different countries. Overall, there is wide variation
around the global average of 6.2 liters of pure alcohol
consumed per adult per year. The countries with highest
overall consumption are in Eastern Europe around the
Russian Federation, but other areas of Europe also have
high overall consumption. The Americas are the region
with the next highest overall consumption. Except for
some individual countries, alcohol consumption is lower
in other parts of the world. In interpreting these numbers
one should keep in mind that the majority of the adult
population around the world actually abstain from drink-
ing alcohol. Table 6 gives further details on consumption.

Deaths attributable to alcohol consumption for all age
groups are shown in Table 7. Both those deaths caused
and prevented by alcohol consumption are shown, but for
both sexes the number of deaths caused by alcohol con-
sumption far exceeds the number prevented. Among men
the number of deaths caused is approximately 20 times
greater than the number prevented, among women the
comparable figure is approximately three times greater.
Alcohol consumption was responsible for approximately
1.8million net deaths among men and close to 300 000 net
deaths among women. Overall, in 2002, 6.1% of all deaths
among men and 1.1% of all deaths among women were
attributable to alcohol consumption. Among men, the
single largest category of alcohol-attributable deaths was
unintentional injuries, which accounted for 25.9% of
deaths caused by alcohol consumption.

The second largest category of deaths caused by alcohol
among men was cardiovascular disease deaths, which
accounted for 23.3% of alcohol-attributable deaths. The
burden of alcohol-attributable cardiovascular disease deaths,
however, was offset somewhat by those deaths that were
prevented by alcohol consumption: about 20% as many
deaths were prevented by alcohol consumption as were
caused by alcohol consumption. Cancer deaths make up
the third largest category of deaths caused by alcohol con-
sumption, accounting for 18.7% of alcohol-attributable
deaths among men. Among women, the single largest cate-
gory of alcohol-attributable deaths was cancer deaths, which
accounted for 25.0% of deaths caused by alcohol consump-
tion; deaths due to cirrhosis of the liver account for 18.2%
of alcohol-attributable deaths among women.

The second largest category of deaths among women
caused by alcohol consumption was unintentional injuries,
which accounted for 22.7% of alcohol-attributable deaths.
Cardiovascular disease deaths and liver cirrhosis deaths
accounted for 18.2% of the total each. In contrast to the
situation observed among men, cardiovascular disease
deaths prevented by alcohol consumption among women
exceeded those caused by alcohol consumption by
approximately 70%.

Overall, deaths relatively increased in comparison to
the CRA analyses for 2000 (Rehm et al., 2004), both for
men and women (see Table 7). This increase is mainly
due to chronic disease deaths, whereas the relative impact
of alcohol-attributable injuries decreased.

The net impact of alcohol on mortality was relatively
larger in younger age groups, again for both sexes.
Whereas 3.7% of all deaths were attributable to alcohol
in all age groups (6.1% in men; 1.1% in women), 5%
of the deaths under the age of 60 were attributable

Average per capita alcohol consumption
in liters pure alcohol, 2002
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9−12
12−15
15−25

Figure 2 Adult per capita consumption including unrecorded consumption in 2002.
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to this risk factor (7.5% in men; 1.7% in women;
Table 8). Injury deaths especially occurred relatively
early in life.

More details on premature deaths attributable to alco-
hol consumption (i.e., for those 0–59 years of age) are
shown in Table 8. Both those premature deaths caused
and prevented by alcohol consumption are shown, and, as
was the case for deaths for all ages, the number of prema-
ture deaths caused by alcohol consumption far exceeds
the number prevented. In fact, this pattern is greater for

those in the younger age group: among men the number of
premature deaths caused is approximately 80 times
greater than the number prevented, and among women
the comparable figure is approximately 40 times greater.
Alcohol consumption was responsible for close to
1.2million net premature deaths among men and approx-
imately 200 000 net premature deaths among women.
Overall, in 2002, 7.5% of all premature deaths among
men and 1.7% of all premature deaths among women
were attributable to alcohol consumption. Among men,

Table 6 Characteristics of alcohol consumption in the world in 2002

WHO Region
Adult
populationa

Percent of
abstainers
Mb Wb

Total alcohol
consumptionc

Unrecorded
consumption

Pattern
value

Recorded beverage
most consumed

Africa D 180 316 59.3 69.3 7.2 2.2 2.8 Other fermented

beverages

Africa E 208 662 55.4 73.3 6.9 2.7 3.1 Other fermented
beverages and

beer

America A 262 651 32.0 52.0 9.4 1.1 2.0 Beer

America B 311 514 18.0 39.1 8.4 2.6 3.1 Beer
America D 46 049 32.1 51.0 7.4 4.0 3.1 Spirits and beer

Eastern Mediterranean B 94 901 86.9 95.0 1.0 0.7 2.6 Spirits

Eastern Mediterranean D 219 457 90.8 98.9 0.6 0.4 2.6 Beer
Europe A 347 001 11.4 23.0 12.1 1.3 1.5 Beer and wine

Europe B 155 544 38.6 62.4 7.5 2.8 2.9 Spirits and beer

Europe C 197 891 13.0 26.9 14.9 6.1 3.9 Spirits

South East Asia B 215 853 77.6 96.9 2.3 0.9 3.0 Spirits
South East Asia D 854 450 79.0 98.0 1.9 1.6 3.0 Spirits

Western Pacific A 131 308 13.0 29.0 9.4 1.7 2.0 Spirits

Western Pacific B 1 164 701 26.2 62.5 6.0 1.1 2.2 Spirits

World 4 388 297 44.8 65.6 6.2 1.7 2.6 Spirits (53%)

aNumbers in thousands.
bM¼Men, W¼Women.
cAdult per capita (age 15þ) consumption for 2002 in liters of pure alcohol, derived as average of yearly consumptions from 2001 to 2003,

including unrecorded consumption.

Table 7 Deaths (in 1000s) attributable to alcohol consumption in the world in 2002

Disease category Ma Wa
Total
M and W % M % W

Total %
M and W

Maternal and perinatal conditions (low birth weight) 1 1 3 0.1 0.3 0.1

Cancer 361 105 466 18.7 25.0 19.8

Diabetes mellitus 0 1 1 0.0 0.2 0.0

Neuropsychiatric disorders 106 25 130 5.5 5.9 5.5
Cardiovascular diseases 452 77 528 23.3 18.2 22.4

Cirrhosis of the liver 293 77 370 15.2 18.2 15.7

Unintentional injuries 501 96 597 25.9 22.7 25.3

Intentional injuries 220 40 260 11.4 9.6 11.1
Total alcohol-attributable deaths ‘caused’ 1934 421 2355 100.0 100.0 100.0

Diabetes mellitus �8 �5 �12 7.7 3.5 5.3

Cardiovascular diseases �90 �130 �220 92.3 96.5 94.7
Total alcohol-attributable deaths ‘prevented’ �98 �135 �232 100.0 100.0 100.0

All alcohol-attributable net deaths 1836 287 2123 100.0 100.0 100.0

All deaths 29 891 27 138 57 029

Percentage of all net deaths attributable to alcohol 6.1% 1.1% 3.7%

aM¼Men, W¼Women.
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injuries alone make up more than half of the alcohol-
attributable premature deaths.

The single largest category of alcohol-attributable
premature deaths, which was more than twice as large
as the next largest category, was unintentional injuries,
and accounted for 35.6% of premature deaths caused
by alcohol consumption among men. The next largest
category of premature deaths caused by alcohol was
intentional injuries, which accounted for 16.6% of
alcohol-attributable premature deaths. The third largest
category of premature deaths caused by alcohol was
cirrhosis of the liver, which accounted for 15.1% of
alcohol-attributable premature deaths. Cardiovascular
disease deaths encompassed only 12.5% of premature
deaths among men. Alcohol consumption prevented a
relatively smaller number of deaths in this disease cate-
gory as compared to the overall as well: in contrast to a
figure of 20% for all ages, only about 8% as many
premature deaths were prevented as were caused by
alcohol consumption among men.

As was the case among men, among women the single
largest category of alcohol-attributable premature deaths
was unintentional injuries, which accounted for 29.8% of
premature deaths caused by alcohol consumption. The
next largest category of premature deaths caused by alco-
hol consumption was cancer deaths, which accounted for
20.6% of alcohol-attributable premature deaths among
women. Deaths due to cirrhosis of the liver make up the
third largest category of premature deaths caused by
alcohol consumption, accounting for 18.6% of alcohol-
attributable premature deaths among women.

Alcohol-attributable YLLs are shown in Table 9.
YLLs are a summary measure that take the age at which
death occurs into account, thereby giving higher weight
to deaths that occur among younger-aged populations

(i.e., higher number of years of life lost). As usual,
the proportion of alcohol-attributable YLLs among all
YLLs exceeds the proportion of alcohol-attributable deaths
among all deaths. This is another indication that alcohol
kills relatively early in life, thus time-based gap measures
such as YLLs indicate proportionally higher burden of
disease than event-based measures (i.e., 3.7% of global
mortality was attributable to alcohol [cf. Table 7] vs.
4.1% of YLL [cf. Table 9]).

Table 9 illustrates these data, in which over half of
all the alcohol-attributable YLLs are accounted for by
intentional and unintentional injury categories combined,
which tend to affect younger populations. In contrast,
lower relative percentages of YLLs due to diseases are
more associated with older-aged populations (e.g., cancers
and cardiovascular diseases). Over three times as many
YLLs occur among men compared to women worldwide,
for the simple reason that men tend to drink more than
women, both in number of occasions and in quantity of
alcohol consumed per occasion. In addition, across all
disease categories caused by alcohol consumption, raw
numbers of YLLs among men are four to five times higher
than those seen for women.

However, there are some proportional variations within
disease categories that deviate from this overall trend.
For example, among alcohol-attributable YLL caused,
the proportion of alcohol-attributable YLLs among
women is proportionally higher for cancers, neuropsy-
chiatric disorders, and liver cirrhosis. Among burden pre-
vented, however, women have higher raw numbers and
relative proportions of YLLs prevented due to their more
moderate use of alcohol generally. Among men, however,
the lower proportion of cardiovascular disease YLLs
prevented is due to the higher alcohol consumption and
more hazardous drinking pattern.

Table 8 Premature deaths (in 1000s; 0–59 years of age) attributable to alcohol consumption in the world in 2002

Disease category Ma Wa
Total
M and W % M % W

Total %
M and W

Maternal and perinatal conditions (low birth weight) 1 1 3 0.1 0.5 0.2

Cancer 159 45 204 13.3 20.6 14.5

Diabetes mellitus 0 0 0 0.0 0.0 0.0

Neuropsychiatric disorders 80 18 98 6.7 8.3 7.0
Cardiovascular diseases 149 16 165 12.5 7.2 11.7

Cirrhosis of the liver 180 41 221 15.1 18.6 15.6

Unintentional injuries 424 65 489 35.6 29.8 34.7

Intentional injuries 198 33 231 16.6 15.0 16.4
Total alcohol-attributable deaths ‘caused’ 1191 218 1409 100.0 100.0 100.0

Diabetes mellitus �3 0 �3 16.9 8.7 14.9

Cardiovascular diseases �12 �4 �17 83.1 91.3 85.1
Total alcohol-attributable deaths ‘prevented’ �15 �5 �20 100.0 100.0 100.0

All alcohol-attributable net deaths 1177 213 1390 100.0 100.0 100.0

All deaths 15664 12371 28035

Percentage of all net deaths attributable to alcohol 7.5% 1.7% 5.0%

aM¼Men, W¼Women.
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Alcohol-attributable YLLs andDALYswere also slight-
y higher in 2002 compared to 2000 (Rehm et al., 2004).
Table 10 shows global alcohol-attributable DALYs for
2002. DALYs are proportionally higher overall than both
deaths or YLLs because this summary measure of burden
of disease additionally accounts for years lived with a
disability prior to death, and many alcohol-attributable
diseases are not fatal.

For this reason, the most striking difference between
alcohol-attributable deaths and YLLs and this table is the
high contribution of neuropsychiatric disorders to the
overall alcohol-attributable burden for both men and
women (proportionally, between three- and fivefold
higher for DALYs than for the other burden measures).
For DALYs, the burden of alcohol-attributable neuropsy-
chiatric disorders now approximately equals that of injury

categories combined. Many of the same trends exist in
alcohol-attributable DALYs as were seen in alcohol-
attributable YLLs, such as the disparity among men and
women with respect to prevented deaths, especially in
cardiovascular diseases, and the gender-based disease
distribution among alcohol-attributable DALYs caused
(among women, cancer and cirrhosis of the liver are
proportionally higher; among men, injury categories and
cardiovascular diseases are higher).

Table 11 shows the AAFs and average age of death
for each alcohol-attributable disease category examined
in this report. One will notice that for acute outcomes
such as injury categories, the average age for alcohol-
attributable outcome is lower. In addition, the ages
for these outcomes are usually a number of years
older for women than for men, indicating that these

Table 9 Years of life lost (YLLs in 1000s) attributable to alcohol consumption in the world in 2002

Disease category Ma Ma
Total
M and W % M % W

Total %
M and W

Maternal and perinatal conditions (low birth weight) 47 37 83 0.1 0.5 0.2

Cancer 4510 1368 5878 13.5 20.4 14.7

Diabetes mellitus 0 12 12 0.0 0.2 0.0

Neuropsychiatric disorders 2005 484 2489 6.0 7.2 6.2
Cardiovascular diseases 5003 791 5794 15.0 11.8 14.4

Cirrhosis of the liver 4403 1118 5521 13.2 16.7 13.8

Unintentional injuries 11910 1963 13873 35.6 29.3 34.6

Intentional injuries 5540 934 6475 16.6 13.9 16.1
Total alcohol-attributable burden ‘caused’ in YLLs 33417 6707 40124 100.0 100.0 100.0

Diabetes mellitus �85 �41 �126 9.8 3.8 6.5

Cardiovascular diseases �779 �1041 �1820 90.2 96.2 93.5
Total alcohol-attributable burden ‘prevented’ in YLLs �864 �1082 �1946 100.0 100.0 100.0

All alcohol-attributable net YLLs 32553 5625 38177 100.0 100.0 100.0

All YLLS 496059 426418 922476

Percentage of all net YLLs attributable to alcohol 6.6% 1.3% 4.1%

aM¼Men, W¼Women

Table 10 Disability-adjusted life years (DALYs) (in 1000s) attributable to alcohol consumption in the world in 2002.

Disease category Ma Wa
Total
M and W % M % W

Total %
M and W

Maternal and perinatal conditions (low birth weight) 52 42 94 0.1 0.4 0.1

Cancer 4593 1460 6054 8.2 12.9 9.0
Diabetes mellitus 0 20 20 0.0 0.2 0.0

Neuropsychiatric disorders 19 393 3722 23115 34.6 32.9 34.3

Cardiovascular diseases 5711 887 6598 10.2 7.8 9.8

Cirrhosis of the liver 5415 1468 6883 9.7 13.0 10.2
Unintentional injuries 14499 2647 17146 25.9 23.4 25.5

Intentional injuries 6366 1051 7417 11.4 9.3 11.0

Total alcohol-attributable burden ‘caused’ in DALYs 56029 11297 67 326 100.0 100.0 100.0

Diabetes mellitus �225 �86 �312 21.3 6.7 13.3
Cardiovascular diseases. �834 �1205 �2039 78.7 93.3 86.7

Total alcohol-attributable burden ‘prevented’ in DALYs �1059 �1291 �2351 100.0 100.0 100.0

All alcohol-attributable net DALYs 54970 10006 64975 100.0 100.0 100.0

All DALYs 772912 717213 1 490126
Percentage of all net DALYs attributable to alcohol 7.1% 1.4% 4.4%

aM¼Men, W¼Women.
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Table 11 Average age at death and alcohol attributable fractions by age and sex in world, 2002

Men Women Men Women

Avg
age

Avg
age 0–4 5–14 15–29 30–44 45–59 60–69 70 plus 0–4 5–14 15–29 30–44 45–59 60–69 70 plus

Low birth weight

and short

gestation

0.0 0.0 0.2.% – – – – – – 0.2.% – – – – – –

Mouth and

oropharynx

cancers

60.3 64.1 – – 19.9% 34.3% 37.5% 26.3% 20.9% – – 10.5% 14.3% 13.2% 11.4% 7.3%

Esophagus
cancer

65.4 66.6 – – 31.8% 44.6% 46.5% 39.7% 36.4% – – 10.7% 19.0% 20.8% 14.8% 12.1%

Colon and

rectum

cancers

63.9 63.6 – – 3.9% 6.6% 7.6% 5.7% 2.9% – – 1.3% 1.5% 2.0% 1.2% 0.5%

Liver cancer 60.8 63.7 – – 32.0% 43.0% 43.2% 36.4% 31.8% – – 13.9% 21.3% 20.0% 16.0% 12.7%

Breast cancer 61.4 – – – – – – – – – 6.1% 8.2% 8.9% 7.1% 5.9%

Other neoplasms 63.9 66.8 – – 7.1% 10.5% 12.3% 10.0% 7.8% – – 4.8% 5.6% 5.7% 5.1% 4.7%
Diabetes mellitus 66.1 81.8 – – �1.0% �2.0% �2.2% �2.0% �1.3% – – 0.2% �0.1% 0.0% �0.3% �1.2%
Unipolar

depressive

disorders

61.4 76.7 – – 0.0% 2.0% 2.0% 2.3% 7.5% – – 0.5% 0.1% 0.1% 0.2% 1.7%

Epilepsy 41.7 42.5 – – 51.4% 63.5% 63.0% 46.2% 30.5% – – 29.2% 36.5% 35.4% 28.1% 18.6%

Mental and

behavioral

disorders due
to use of

alcohol

51.1 54.9 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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Hypertensive

heart disease

68.4 72.2 – – 17.8% 28.6% 28.0% 22.5% 19.3% – – 6.1% 9.3% 8.3% 6.0% 5.0%

Ischemic heart

disease

57.7 81.8 – – 4.6% 7.0% 7.6% 3.9% 0.7% – – 0.0% �0.2% �0.3% �0.2% �1.4%

Cerebrovascular

disease

68.4 89.7 – – 6.7% 10.9% 9.1% 6.6% 4.6% – – 1.9% 2.2% 1.9% 0.6% �2.6%

Cirrhosis of the

liver

56.4 59.3 – – 47.7% 71.2% 67.4% 56.8% 43.9% – – 13.7% 38.3% 37.9% 31.9% 20.4%

Road traffic
accidents

35.2 39.6 9.3% 10.1% 32.0% 34.4% 17.8% 14.8% 14.1% 5.4% 6.6% 9.3% 12.8% 9.6% 7.6% 8.1%

Poisonings 43.7 46.7 0.0% 0.0% 31.7% 26.5% 25.6% 24.0% 9.2% 0.0% 0.0% 16.2% 13.5% 14.4% 10.3% 5.2%

Falls 53.3 63.3 0.0% 0.0% 18.4% 21.2% 22.1% 16.5% 11.0% 0.0% 0.0% 7.6% 9.1% 8.8% 6.0% 3.5%

Drownings 40.0 47.7 0.0% 0.0% 23.3% 32.9% 33.1% 27.1% 21.5% 0.0% 0.0% 14.3% 19.2% 20.6% 15.8% 16.2%
Other

unintentional

injuries

42.2 52.9 10.5% 8.6% 27.2% 30.3% 29.6% 28.8% 24.5% 2.7% 2.3% 11.2% 14.6% 13.3% 13.8% 15.0%

Self-inflicted
injuries

40.6 43.5 0.0% 0.0% 15.4% 17.3% 14.2% 13.2% 5.9% 0.0% 0.0% 4.9% 6.3% 5.5% 6.3% 4.1%

Violence and

homicide

35.4 41.1 9.0% 9.4% 32.5% 32.6% 34.1% 33.6% 26.3% 8.0% 8.7% 20.8% 21.9% 22.0% 21.0% 23.6%

Other intentional
injuries

36.3 44.5 0.0% 0.0% 14.9% 13.6% 13.1% 10.5% 5.1% 0.0% 0.0% 7.2% 11.1% 10.8% 7.0% 2.8%

Total 51.9 47.0
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Table 12 Alcohol attributable fractions of DALY by age and sex in world, 2002

Men Women

0–4 5–14 15–29 30–44 45–59 60–69 70 plus 0–4 5–14 15–29 30–44 45–59 60–69 70 plus

Low birth weight and short

gestation

0.2% – – – – – – 0.2% – – – – – –

Mouth and oropharynx
cancers

– – 20.9% 35.6% 38.9% 27.2% 32.4% – – 11.0% 15.1% 13.9% 12.1% 13.4%

Esophagus cancer – – 34.0% 47.6% 49.7% 41.2% 55.5% – – 10.9% 20.4% 21.8% 15.3% 20.9%

Colon and rectum cancers – – 4.2% 6.9% 8.2% 6.0% 4.7% – – 1.4% 1.6% 2.1% 1.3% 0.9%
Liver cancer – – 32.8% 45.4% 44.3% 37.6% 48.1% – – 14.2% 22.0% 20.8% 16.4% 21.4%

Breast cancer – – – – – – – – – 7.0% 9.0% 9.5% 7.4% 10.5%

Other neoplasms – – 7.4% 10.7% 12.8% 10.5% 14.5% – – 4.9% 5.7% 5.8% 5.3% 10.1%

Diabetes mellitus – – �1.3% �2.8% �3.9% �2.9% �2.3% – – 0.0% �0.5% �0.5% �0.6% �2.0%
Unipolar depressive

disorders

– – 3.4% 3.6% 3.7% 4.0% 4.7% – – 0.6% 0.6% 0.6% 0.6% 0.9%

Epilepsy – – 46.9% 60.3% 59.5% 47.7% 45.0% – – 28.5% 34.3% 34.7% 28.8% 28.2%

Mental and behavioral
disorders due to use of

alcohol

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Hypertensive heart disease – – 18.4% 30.0% 29.4% 23.1% 32.0% – – 6.3% 9.7% 8.6% 6.1% 9.5%
Ischemic heart disease – – 4.6% 7.2% 7.8% 3.9% 1.1% – – �0.1% �0.4% �0.4% �0.3% �2.9%
Cerebrovascular disease – – 6.9% 11.3% 9.6% 6.9% 7.5% – – 2.0% 1.7% 1.5% 0.2% �5.1%
Cirrhosis of the liver – – 50.9% 73.8% 68.6% 57.4% 65.0% – – 16.7% 40.1% 38.6% 32.2% 30.8%

Road traffic accidents 1.5% 11.3% 29.7% 31.9% 16.8% 14.5% 21.5% 1.3% 6.8% 8.1% 11.5% 8.9% 7.5% 12.4%
Poisonings 0.0% 0.0% 32.2% 26.7% 25.1% 23.6% 14.2% 0.0% 0.0% 15.9% 13.5% 14.6% 10.5% 8.7%

Falls 0.0% 0.0% 11.9% 15.6% 18.4% 14.6% 17.0% 0.0% 0.0% 4.3% 5.6% 6.8% 4.7% 5.5%

Drownings 0.0% 0.0% 23.2% 32.7% 33.2% 27.6% 35.9% 0.0% 0.0% 14.1% 18.9% 20.5% 16.2% 29.2%

Other unintentional injuries 2.2% 8.5% 18.6% 21.6% 22.1% 22.4% 34.4% 0.4% 2.8% 7.1% 8.8% 9.1% 9.9% 24.8%
Self-inflicted injuries 0.0% 0.0% 15.2% 17.1% 14.0% 13.4% 9.2% 0.0% 0.0% 4.4% 6.1% 5.4% 6.4% 6.5%

Violence and homicide 0.7% 8.3% 26.6% 27.3% 30.4% 31.6% 39.7% 0.3% 10.0% 17.1% 18.9% 20.3% 20.8% 33.5%

Other intentional injuries 0.0% 0.0% 14.0% 12.8% 12.8% 10.7% 7.5% 0.0% 0.0% 7.2% 11.1% 10.5% 7.0% 5.0%
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alcohol-attributable disease deaths occur in men at a
younger age. With respect to the AAFs, one can see that
they are universally higher for men than women in the
same age group, and, in most cases, decrease as age
increases. This is because in most countries volume of
drinking decreases with age.

Table 12 shows the AAFs used for DALY calculations.
Note the overall increased proportion for men compared
to women and increased fractions for some chronic con-
ditions such as unipolar.

Conclusions and Implications

Alcohol is one of the most important risk factors for
burden of disease globally. Given the current trends
both in exposure, with expected increases in alcohol con-
sumption in the most populous countries India and China,
and in outcomes, with an overall relative increase in
alcohol-attributable causes of death, the detrimental
impact of alcohol is expected to increase in the future if
no additional interventions are introduced.

A large part of alcohol-attributable burden is avoidable,
however, and some of it in the short term (WHO, 2002). It
is beyond the scope of this article to detail potential inter-
ventions to achieve this goal. However, such interventions
exist (e.g., Babor et al., 2003), not only for the developed
world, but also for developing countries, and they are cost-
effective in comparison to other public health measures.
Thus, it is up to public health policy to set priorities
establishing such interventions.

See also: Alcohol Consumption: Overview of International

Trends; The Alcohol Industry; Alcohol—Socio-Economic

Impacts (Including Externalities); Alcohol—Treatment.
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Overview

The story of how Alma-Ata and Primary Health Care
gained the attention of the world’s health leader ship must
be seen as one of the most intriguing in the history of health
and development. The postcolonial year s in the developing
world saw health care that was largely hospital-based and
curative in its orientation, which meant, of course, that most
people who needed health care had little or no access to it.
The shift to community-oriented care with outreach beyond
hospitals to health centers and even to households called
for dramatic changes in all aspects of the health sector.

It was during those year s tha t WHO was shifting its
concer ns from issues such as malari a eradica tion (which
could not be accom plished) to the developm ent of basic
health ser vices . In the c luster of year s pr ior to Alma-A ta,
1978 , WHO went throug h an explor atory pr ocess, par t-
nerin g with interest ed or ganizat ions, conc e ptual izing var-
ious aspects of health care, culmina ting in the notion of
prim ary health care, which was re fined for and fully
acce pted at the Alma-A ta Conf er ence.

This was the era of Halfdan Mahler, who became director
gen eral o f W HO during these year s and provide d c haris-
matic leadership that led to the planning for and remarkable
outcomes of Alma-Ata. The WHO staff was initially mixed
in its perceptions of this process, but then turned in the
direction of strong support of what turned out to be one of
the signal events in t he history of t he or ganization.

The Conf erence in Alma-Ata was a splend id event,
well plann ed, widely attended , and focus ed on pr oblems
of maj or impor tan ce, with th e policy-related pr oduct of
Prima ry Healt h Car e an d Heal th for All by 2000 . It was
seeking ways to translate the eme r ging kn owled ge base
into health care for people all over the wor ld.

Following Alma-A ta, a major interest , reaching to pr es-
ent times, has be en to follow imp lementati on of the con-
ce pts, poli cies, and acti ons integr al to primary health care
in various par ts of the wor ld, and also to note con flicting
conce pts, polic ies, and proce sses. Here foll ows a list ing of
majo r relevan t events, preceding and following Alma-A ta,
up to the prese nt, inc lud ing relevant documenta tion (the
time period that is the focus of each of the re f erenced
material s will be noted, followed by the ref erence):

. The Christian Medical Commiss ion and WHO’s PHC
Approac h (late 1960s and 1970s ), ( Lit sios, 2004 );

. Alma-Ata Revisited (1970s to present), (Tejada, 2003);
. Alma-Ata 1978 – Primary Health Care; Declaration of
Alma-Ata (Alma-Ata, 1978);

. Selective Primary Health Care, 1979 (1978 to present),
(Cueto, 2004);

. The Ottawa Charter – 1st International Conference on
Health Promotion (WHO/HPR/HEP, 1986);

. From Alma Ata to the Year 2000 – Reflections at
the Midpoint, Riga, USSR, 1988 (World Health
Organization 1988);

. Alma-Ata and After (1978 – present), (Venediktov, 1998);

. Primary Health Care – 21 Almaty, Kazakhstan, 1998
(WHO, 2000);
1. Foreword, G. Brundtland
2. Conclusions, D. Sanders

. Global Review of Primary Health Care, Madrid, 2003,
Emerging Messages;

. Renewing PHC in the Americas, 2005 (PAHO, 2007);

. Commission on Macroeconomics and Health;

. MillenniumDevelopmentGoals, andMillenniumProject;

. The Commission on Social Determinants of Health;

. Primary Health Care and the new Director General of
WHO, Dr. Margaret Chan;

. Addendum to Alma-Ata and Primary Health Care. An
Evolving Story Buenos Aires 30/15 International Confer-
ence, August 2007 From Alma-Ata to the Millennium
Declaration: Towards Equity-Based Comprehensive Health

Care;
. Building from Common Foundations. The World Health
Organization and Faith-Based Organizations in Primary
Health Care (World Health Organization 2008).

. Unequivocal regional support for Margaret Chan’s com-
mitment to primary health care. (Lancet, Correspondence,
June 19, 2008).
Historical Reflections On Factors Leading
to and Following Alma-Ata 1978

The Christian Medical Commission and WHO’s
PHC Approach (late 1960s and 1970s)

The 1968–1975 period saw dramatic changes in the prio-
rities that governed the work program of WHO. For more
than a decade, the global malaria eradication campaign
had been WHO’s leading program. Initiated in the mid-
1950s, it was a strictly vertical program based on the
insecticidal power of DDT. As it became evident that
malaria eradication would not be achieved, greater
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priority was given to the developm ent of basic health
ser vices. O ver the ensui ng yea r s, various ste ps were
taken to focus attent ion on the impor tan ce of health
ser vices and how they might be pur sued ( Litsio s, 2004 ).

The primary health care appr oach was introdu ced to
the Executive Board of WHO in 1975. It is usefu l to
review the changes that took place in the precedi ng
year s tha t made it possibl e for such a radical appr oach
to health ser vices to eme r ge when it did. Here, we will
review the paralle l appr oaches be ing taken by WHO and
by the Christian Medical Com mission (CMC) of the
Wor ld Counc il of Chu rches and how they cam e into
useful asso ciation.

Dr. Halfdan T. Mahl er became assist ant director gen-
eral of WH O in Se ptem ber, 1970, and D irector Gen eral in
1973. Workin g with Dr. Ken Newell, a new division,
Streng thening of Heal th Ser vices, was created in 1972
with Newell as director.

In May, 1973, the 26t h Wor ld Health Asse mbly
adopted resolution WH A26.35, titled ‘Or ganizational
Study of Metho ds of Promoti ng the Developmen t of
Basic Heal th Ser vices.’ Am ong other thing s, this resolu-
tion con fir med the high pr iority to be given to the devel-
opme nt of health ser vic es that were both access ible and
acce pta ble to the total popu lation, suited to its needs, to
the socioec onomic con ditions of the country, and at the
level of health technolo gy consi dered necess ary to mee t
the problem s of that countr y at a given time.

The search for new appr oaches led to two impor tant
WHO publications in 1975:

. Alter native A pproaches to Meeting Basic Health Needs of Popu-

lations in Developing Countries, edited by V. Djukanovic
a n d E .P. M ac h, ( Djukanovic and Mach, 1975)

. Healt h by the People, edite d by K. Newell ( Newall, 1975 ).

Thes e wer e products of Newell’s Division of Str ength-
ening Healt h Ser vic es.
Establishment and Early Work Program of
the Christian Medical Commission

The Christian Me dical Commiss ion (CMC) was esta b-
lished in 1968 as a semiaut onomous body to assis t the
Wor ld Coun cil of Chu rches (WCC ) in its evaluation and
assist ance with church-rel ated medical programs in the
developing wor ld. Of par ticul ar concer n to the WCC was
the f act that many of th e more tha n 1200 hosp itals that
wer e r un by af filiated ass ociations were rapidly becoming
obsole te, with oper ating costs increas ing dr amatical ly.
What was needed were som e crit eria for evaluating
these programs that would help reorient the directi on
for their fu ture developm ent.

Key contrib utions to the for mu lation of the mand ate of
the com mission came from the Rockef ell er Found ation
and its extensive study of ‘Health and the Developing
Wor ld’ (Bryant, 1969 ). This book was, ‘one of the mos t
definit ive resou rces for all engaged in health care in the
lesser developed countrie s’ (McGilv ray, 1981). Its author,
John Bryant, became th e fir st chair man of the Christian
Medical Com mission.

The CMC was compos ed of 25 member s from diver se
countr ies and levels of health developm ent that met annu -
ally and was ser ved by an executive staf f of a director and
three oth er s. Its pur pose was to engage in su r veys, data
colle ction, and research into the mos t appr opriate ways of
deliver ing health ser vices that could be relevan t to local
needs and the miss ion and resou rces of the Churc h.

The fir st director of the CMC, James C. McGilvray,
found the contribution of Dr. Robert A. Lambourne to be
most significant, reporting a disturbing picture of the man-
ner in which modern care was at odds with the quest for
health and wholeness (McGilvray, 1981). Hospitals became
a factory for repair of things rather than a hospice for the
care of souls. The growth of medical specialization tended
to break down the patient into pathological parts so that he
is regarded or treated less and less as a whole patient.

Lamb our ne’s con ce pt of health an d who leness had
strong implic ations for the con gregatio n. It is only when
the Christian commu nity ser ves the sick per son in its
midst tha t it becomes itself healed and whole, suggesti ng
a mor al basis for individual s and communi ties to be
involved in any consider ation of how resource s are to
be us ed to pro mote their health .

The theological basis for health and healing became
impor tant points of discussi on during the CM C’s fir st
meetings. These took the form of a dialogue between
John Bryant, the commission’s first chairman and a pro-
fessor of public health, and David E. Jenkins, a commission
member and a theologian. Even though there were differ-
ences of opinion between them, both were committed to a
distribution of resources that improved the lots of those
wo r s t o f f ( Bryant and Jenkin s, 1971 ; Bryant, 1977).

CMC staff and members of the commission searched
for community-based experiences around the world that
would shed light on how best to develop programs that
were comprehensive, part of a network of services ranging
from the home to specialized institutions, and would
incorporate human resources ranging from church mem-
bers to specialist professionals, including auxiliary and
midlevel health workers.

Three community-based experiences presented to the
CMC between 1971 and 1973 proved to be critical in
WHO’s conceptualization of primary health care:

. Central Java, Dr. and Mrs. (Dr.) Gunawan Nugroho

. Jamkhed, India, Drs. Raj and Mabelle Arole

. Chimaltenango, Guatemala, Dr. Carroll Behrhorst.

These programs were strongly community-based,
reaching out to those in greatest need, in continuous
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partnership with the community, and committed to
community empowerment. They reached beyond health
programs to other sectors – agricultural productivity,
shelters, education, water, and sanitation – that were
seen as important to community well-being and often
directly supportive of health.

These programs and others similar to them were given
wide publicity by the CMC through its publication
Contact (Christian Medical Commission, 1979). These dis-
coveries were not only exciting in themselves but they
were illustrative of the growing awareness that health-care
systems must respond to the basic needs of people for
social justice.
WHO and CMC Join Forces

By the summer of 1973, the CMC had brought to the
world’s attention many projects that offered innovative
ways to improve the health of populations in developing
countries. The first official meeting of WHO and the
CMC took place in 1974. A joint working group was
established, with Dame Nita Barrow and Dr. Ken Newell
designated as representatives from CMC and WHO
respectively.
Primary Health Care: WHO’s New Approach to
Health Development

The World Health Assembly in 1974 called on WHO to
report to the 55th Executive Board in January 1975 on steps
undertaken by WHO to assist governments toward their
major health objectives, with priority being given to the
rapid and effective development of the health delivery
system. This was at the time the smallpox campaign was
concluding. It providedMahler andNewall with the oppor-
tunity to introduce primary health care in a comprehensive
manner, drawing on the work of the previous 2 years.

The paper presented to the board argued that the
resources available to the community needed to be
brought into harmony with the resources available to
the health services. For this to happen, a radical departure
from the conventional health services approach is
required, one that builds new services out of a series of
peripheral structures that are designed for the context
they are to serve, including the reorientation of existing
health services so as to establish a unified approach to
primary health care.
Conclusion

How dramatic a change primary health care was for
WHO can be seen in the contrast between it and the
ideas and approaches being promoted several years earlier
concerning how best to develop national health systems.
Instead of the top-down perspective of health planning
and systems analysis, priority was now being given to the
bottom-up approaches of community involvement and
development, but without losing sight of the importance
of planning and informed decision making.

It needs to be appreciated that real courage was
required for Mahler to challenge the organization to
rethink its approach to health services development or
for Newell to respond to that challenge in the way he did.

In January 1975, Newell formally created the Primary
Health Care program area, whose members included
those who had drafted the report to the executive board.
While there was mixed reaction within WHO to this new
priority, a wide range of nongovernmental organizations
(NGOs) joined forces in what soon became the NGO
Committee on Primary Health Care, which worked in
close support of WHO’s PHC group. This group of orga-
nizations prepared for the International Conference on
Primary Health Care held at Alma-Ata in September
1978 in an independent manner, thus helping to keep
WHO on track. The CMC continued its constructive
relationship with WHO, learning as it was contributing
(CONTACT, Christian Medical Commission, 1979).
Alma-Ata Revisited, Reflections of
Dr. David Tejada (1970s to present)

By the end of the 3-day event, nearly all of the world’s
countries had signed on to an ambitious commitment.
The meeting itself, the final Declaration of Alma-Ata
and its Recommendations, mobilized countries worldwide
to embark on a process of slow but steady progress toward
the social and political goal of Health for All. Since then,
Alma-Ata and Primary Health Care have become insepa-
rable terms (Tejada, 2003).

Looking back, the 1970s saw the cresting of the scien-
tific and technological revolution that began with the end
of World War II, a revolution that produced, among other
major changes, what is today known as globalization. But
there was also recognition of growing inequality among
the vast sectors of the world’s population. This recogni-
tion provided the impetus during the 28th and 29thWorld
Health Assemblies in 1975–76 for the commitment to
Health for All in the Year 2000.

For Mahler and others, ‘Health for All’ was a social and
political goal, but above all a battle cry to incite people to
action. Its meaning, however, has been misunderstood,
and confused with a simple concept of programming
that is technical rather than social and more bureaucratic
then political.

When Mahler proposed Health for All in 1975, he
made it clear that he was referring to the need to provide
a level of health that would enable all people without
exception to live socially and economically productive
lives. The reference to the year 2000 meant, as of that
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date, all the world’s countries would have developed the
appropriate political strategies and be carrying out con-
crete measures toward achieving this social goal, albeit
within different time frames.

Perhaps because of what might be called professional
deformation, it was not really understood that health is a
social phenomenon whose determinants cannot be neatly
separated from other social and economic determinants.
Nor can it be assigned solely to one bureaucratic-
administrative sector of the state. Nor was it understood
sufficiently – though it was spelled out clearly – that
health is, above all, a complex social and political process
that requires political decision making not only at the
sectorial level but also by the state, so that these decisions
are binding upon all sectors without exception.

There is a fundamental difference between integral
health care for everyone and by everyone – care that is
multisectoral and multidisciplinary, health-promoting
and preventive, participatory and decentralized – and
low-cost (and lower-quality) curative treatment that is
aimed at the poorest and most marginalized segments of
the population and, what is worse, provided through
programs that are parallel to the rest of the health-care
system without the direct, effective participation of the
population.

It was at the 28th World Health Assembly in 1975 that
the urgent need for new approaches to health care for
everyone and by everyone was finally recognized. This is
how the notion of primary health care emerged, and it was
a victory for the developing world. No one thought about
an international conference on the subject, and during the
28th assembly, the prevailing wisdom was that new
experiences were needed in this area.
A Soviet Proposal

In January 1976, at the meeting of WHO’s Executive
Board, Dmitri Venediktov, the powerful Soviet vice-
minister for international affairs in the Ministry of Health,
proposed a major international conference on primary
health care and offered $2 million as an extraordinary
contribution by the Soviet Union.

The idea was formally accepted 4 months later at the
World Health Assembly, and the conference was sched-
uled for 1978, to be held in Alma-Ata, Kazakhstan, USSR.
Dr. Tejada was designated by the director-general as the
general coordinator in charge of the technical, logistical
and political aspects. Importantly, the conference was co-
hosted and jointly organized with UNICEF, as the prod-
uct of several years of interaction.

A New Era

The conditions that led to the social and political goal of
Health for All and to the strategy of primary health care
still exist and are, indeed, even more pronounced. How-
ever, there remain gaping inequities and social injustice
that leave large segments of populations without integral
health care. Poverty is on the rise, and the few resources
that societies have for education and health are invested
and spent in misguided and unfair ways. The confusion
between health and curative medical treatment that is
focused on a few diseases inexplicably still prevails.
Health systems have not been decentralized effectively,
and both citizen participation and social control in health
remain distorted concepts.

In today’s globalized, unipolar world, where national
sovereignty is increasingly threatened, one of the few
ways in which countries can still control their own destiny
is through the development of genuine decentralized and
participatory democracies. Nowadays it is essential to
transfer, or rather, to return political power for social
decision making to its point of origin, that is, the citizenry.
Integral health care for all and by all – perhaps the best
way to phrase Alma-Ata’s call for genuine primary health
care – is a necessity not only for health but also for the
future of countries that aspire to remain sovereign nations
in an increasingly unjust world.

There have been major global changes and many
important new experiences in the world during the
25 years since the first International Conference on
Primary Health Care. Perhaps it is time to convene an
Alma-Ata II, to set forth again, without distortions, the
original concept that led to the conference in 1978.
Alma-Ata 1978 – Primary Health Care
Report of the International Conference
on Primary Health Care, Alma-Ata, 6–12
September 1978

Declaration of Alma-Ata

The International Conference on Primary Health Care,
meeting in Alma-Ata this twelfth day of September in the
year Nineteen hundred and seventy-eight (World Health
Organization, 1978), expressing the need for urgent action
by all governments, all health and development workers,
and the world community to protect and promote the
health of all the people of the world, hereby makes the
following Declaration:

I

The Conference strongly reaffirms that health, which is a
state of complete physical, mental, and social well-being,
and not merely the absence of disease or infirmity, is a
fundamental human right and that the attainment of the
highest possible level of health is a most important world-
wide social goal whose realization requires the action of
many other social and economic sectors in addition to the
health sector.
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II

The existing inequality in the health status of people
particularly between developed and developing countries
as well as within countries is politically, socially, and
economically unacceptable and is, therefore, of common
concern to all countries.

III

Economic and social development, based on a New Inter-
national Economic Order, is of basic importance to the
fullest attainment of health for all and to the reduction of
the gap between the health status of the developing and
developed countries. The promotion and protection of
the health of the people is essential to sustained economic
and social development and contributes to a better quality
of life and to world peace.

IV

The people have the right and duty to participate indi-
vidually and collectively in the planning and implemen-
tation of their health care.

V

Governments have a responsibility for the health of their
people which can be fulfilled only by the provision of
adequate health and social measures. A main social target
of governments, international organizations, and the
whole world community in the coming decades should
be the attainment by all peoples of the world by the year
2000 of a level of health that will permit them to lead a
socially and economically productive life. Primary health
care is the key to attaining this target as part of develop-
ment in the spirit of social justice.

VI

Primary health care is essential health care based on practi-
cal, scientifically sound, and socially acceptable methods and
technology made universally accessible to individuals and
families in the community through their full participation
and at a cost that the community and country can afford to
maintain at every stage of their development in the spirit of
self-reliance and self-determination. It forms an integral part
both of the country’s health system, of which it is the central
function and main focus, and of the overall social and
economic development of the community. It is the first
level of contact of individuals, the family and community
with the national health system bringing health care as close
as possible to where the people live and work, and consti-
tutes the first element of a continuing health care process.

VII

Primary health care:

1. reflects and evolves from the economic conditions
and sociocultural and political characteristics of the
country and its communities and is based on the appli-
cations of the relevant results of social, biomedical, and
health services research and public health experience;

2. addresses the main health problems in the community,
providing promotive, preventive, curative, and rehabili-
tative services accordingly;

3. includes at least education concerning prevailing health
problems and the methods of preventing and controlling
them; promotion of food supply and proper nutrition; an
adequate supply of safe water and basic sanitation;
maternal and child health care, including family
planning and immunization against the major infectious
diseases; prevention and control of locally endemic dis-
eases; appropriate treatment of common diseases and
injuries; and provision of essential drugs;

4. involves, in addition to the health sector, all related
sectors and aspects of national and community devel-
opment, in particular agriculture, animal husbandry,
food, industry, education, housing, public works, com-
munications, and other sectors, and demands the coor-
dinated efforts of all those sectors;

5. requires and promotes maximum community
and individual self-reliance and participation in the
planning, organization, operation and control of primary
health care, making the fullest use of local, national, and
other available resources; and to this end develops
through appropriate education the ability of commu-
nities to participate;

6. should be sustained and integrated, functional and
mutually supportive referral systems, leading to the
progressive improvement of comprehensive health
care for all, and giving priority to those most in need;

7. relies, at local and referral levels, on health workers,
including physicians, nurses, midwives, auxiliaries, and
community workers as applicable, as well as traditional
practitioners as needed, suitably trained socially and
technically to work as a health team and to respond to
the expressed health needs of the community.

VIII

All governments should formulate national policies, stra-
tegies, and plans of action to launch and sustain primary
health care as part of a comprehensive national health
system and in coordination with other sectors. To this
end, it will be necessary to exercise political will, to
mobilize the country’s resources and to use available
external resources rationally.

IX

All countries should cooperate in a spirit of partnership
and service to ensure primary health care for all people
since the attainment of health by people in any one
country directly concerns and benefits every other coun-
try. In this context, the joint WHO/UNICEF report on
primary health care constitutes a solid basis for the further
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development and operation of primary health care
throughout the world.

X

An acceptable level of health for all people of the world by
the year 2000 can be attained through a fuller and better
use of the world’s resources, a considerable part of which
is now spent on armaments and military conflicts.
A genuine policy of independence, peace, détente, and
disarmament could and should release additional
resources that could be devoted to peaceful aims and in
particular to the acceleration of social and economic
development of which primary health care, as an essential
part, should be allotted its proper share.
Primary Health Care

Primary Health Care is essential health care made uni-
versally accessible to individuals and families in the com-
munity by means acceptable to them, through their
full participation and at a cost that the community and
country can afford. It forms an integral part both of
the country’s health system of which it is the nucleus
and of the overall social and economic development of
the community.

Primary health care addresses the main health pro-
blems in the community, providing promotive, preventive,
curative, and rehabilitative services accordingly. Since
these services reflect and evolve from the economic con-
ditions and social values of the country and its commu-
nities, they will vary by country and community, but will
include at least promotion of proper nutrition and ade-
quate supply of safe water; basic sanitation; maternal and
child care, including family planning; immunization
against the major infectious diseases; prevention and con-
trol of locally endemic diseases; education concerning
prevailing health problems and methods of preventing
and controlling them; and appropriate treatment for com-
mon diseases and injuries.

In order to make primary health care universally
accessible in the community as quickly as possible, maxi-
mum community and individual self-reliance for health
development is essential. To attain such self-reliance
requires full community participation in the planning,
organization, and management of Primary Health Care.
Such participation is best mobilized through appropriate
education that enables communities to deal with their
real health problems in the most suitable ways. They
will thus be in a better position to make rational decisions
concerning primary health care and to make sure that the
right kind of support is provided by the other levels of the
national health system. These other levels have to be
organized and strengthened so as to support primary
health care with technical knowledge, training, guidance
and supervision, logistic support, supplies, information,
financing, and referral facilities, including institutions
to which unsolved problems and individual patients can
be referred.

Primary health care is likely to be most effective if
it employs means that are understood and accepted by
the community and applied by community health workers
at a cost the community and the country can afford. These
community health workers, including traditional pra-
ctitioners where applicable, will function best if they
reside in the community they serve and are properly
trained socially and technically to respond to its expressed
health needs.

Since primary health care is an integral part both of the
country’s health system and of overall economic and
social development, without which it is bound to fail, it
has to be coordinated on a national basis with other levels
of the health system, as well as with the other sectors that
contribute to a country’s total development strategy.
Selective Primary Health Care (1978 to
Present)

The Alma-Ata Declaration was criticized for being too
broad and idealistic, with an unrealistic timetable. A com-
mon criticism was that the slogan Health for All by 2000
was not feasible. Concerned about the identification of the
most cost-effective strategies, in 1979 the Rockefeller
Foundation sponsored a small conference entitled Health
and Population in Development at its Bellagio Conference
Center in Italy. The goal of the meeting was to examine
the status and interrelations of health and population pro-
grams as the organizers felt there were ‘disturbing signs of
declining interest in population issues.’

The conference was based on a published paper by
Julia Walsh and Kenneth Warren entitled: ‘Selective
Primary Health Care, an Interim Strategy for Disease
Control in Developing Countries’ (Walsh and Warren,
1979). The paper sought specific causes of death, paying
special attention to the most common diseases of infants
in developing countries such as diarrhea and diseases
produced by lack of immunizations. In the paper, and at
the meeting, selective primary health care was introduced
as the name of a new perspective. The term meant a
package of low-cost, technical interventions to tackle the
main disease problems of poor countries.

The interventions were known as GOBI, meaning
growth monitoring, oral rehydration techniques, breast
feeding, and immunizations. These four interventions
appeared easy to monitor and evaluate. Moreover, they
were measurable and had clear targets. Funding appeared
easier to obtain because indicators of success and report-
ing could be produced more rapidly. Later, some agencies
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added FFF (food supplementation, female literacy, family
planning) to the acronym GOBI, creating GOBI-FFF.

One participant of the Bellagio meeting who was
strongly influenced by the new proposal was James
Grant of UNICEF. A Harvard-trained economist and
lawyer, Grant was appointed executive director of
UNICEF in January 1980 and served until January 1995.
Under his dynamic leadership, UNICEF began to back
away from a holistic approach to primary health care. Like
Mahler, he was a charismatic leader who had an easy way
with both heads of state and common people. A few years
later, Grant organized a children’s revolution and
explained the four inexpensive interventions contained
in GOBI (Cueto, 2004).

A debate between the two versions of primary health
care was inevitable.
The Debate

The supporters of comprehensive primary health care
accused selective primary health care of being a narrow,
technocentric approach that diverted attention away from
basic health and socioeconomic development, did not
address the social causes of disease, and resembled vertical
programs. The debate between these two perspectives
evolved around three questions: What was the meaning
of primary health care? How was primary health care to
be financed? How was it to be implemented?

The passage of time has not resolved these differences.
They have persisted, with positions reshaped by evolving
local, national, and global contexts. The history of pri-
mary health care and selective primary health care ana-
lyzed in this paper illustrate two diverse assumptions
in international health in the twentieth century. First,
there was a recognition that diseases in less-developed
countries were socially and economically sustained and
needed a political response. Second, there was an assump-
tion that the main diseases in poor countries were a
natural reality that needed adequate technological solu-
tions. These two ideas were taken – even before primary
heath care – as representing a dilemma, and one path or
the other had to be chosen.

A lesson of this story is that the divorce between goals
and techniques and the lack of articulation between dif-
ferent aspects of health work need to be addressed.
A holistic approach, idealism, technical expertise, and
finance should – must – go together. There are still
problems of territoriality, lack of flexibility, and fragmen-
tation in international agencies and in health programs in
developing countries. Primary and vertical programs
coexist. One way to enhance the integration of sound
technical interventions, socioeconomic development pro-
grams, and the training of human resources for health
is the study of history.
Ottawa Charter

The first International Conference on Health Promotion,
meeting in Ottawa this 21st day of November 1986,
hereby presents this CHARTER for action to achieve
Health for All by the year 2000 and beyond.

This conference was primarily a response to growing
expectations for a new public health movement around
the world. Discussions focused on the needs in industria-
lized countries, but took into account similar concerns in
all other regions. It built on the progress made through
the Declaration on Primary Health Care at Alma-Ata, the
World Health Organization’s Targets for Health for All
document, and the recent debate at the World Health
Assembly on intersectoral action for health.
Health Promotion

Health promotion is the process of enabling people to
increase control over, and to improve, their health. To
reach a state of complete physical, mental, and social
well-being, an individual or group must be able to identify
and to realize aspirations, to satisfy needs, and to change
or cope with the environment. Health is, therefore, seen
as a resource for everyday life, not the objective of
living. Health is a positive concept emphasizing social
and personal resources, as well as physical capacities.
Therefore, health promotion is not just the responsibility
of the health sector, it goes beyond healthy life-styles to
well-being.
Commitment to Health Promotion

The participants in this Conference pledge:

. to move into the arena of health public policy and to
advocate a clear political commitment to health and
equity in all sectors;

. to counteract the pressures toward harmful products,
resource depletion, unhealthy living conditions and
environments, and bad nutrition, and to focus attention
on public health issues such as pollution, occupational
hazards, housing, and settlements;

. to respond to the health gap within and between soci-
eties and to tackle the inequities in health produced by
the rules and practices of these societies;

. to acknowledge people as the main health resource, to
support and enable them to keep themselves, their fami-
lies, and friends healthy through financial and other
means, and to accept the communityas the essential voice
in matters of its health, living conditions, and well-being;

. to reorient health services and their resources toward
the promotion of health and to share power with other
sectors, other disciplines, and, most importantly, with
people themselves;
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. to recognize health and its maintenance as a major
social investment and challenge; and to address the
overall ecological issue of our ways of living.

The Conference urges all concerned to join them in
their commitment to a strong public health alliance.
Call for International Action

The Conference calls on the World Health Organization
and other international organizations to advocate the pro-
motion of health in all appropriate forums and to support
countries in setting up strategies and programmes for
health promotion.

The Conference is firmly convinced that if people in
all walks of life, nongovernmental and voluntary organi-
zations, governments, the World Health Organization, and
all other bodies concerned join forces in introducing
strategies for health promotion, in line with the moral
and social values that form the basis of this charter, Health
For All by the year 2000 will become a reality.
Reflections on the Ottawa Charter

It is notable that the Ottawa Charter was followed by an
international insistence on the further development of
health promotion as a conceptual and policy centerpiece
of international health. This led, in turn, to establishing in
WHO the Department of Chronic Diseases and Health
Promotion. A dramatic indication of its evolving strength
was the establishment in 2005 of the Bangkok Charter for
Health Promotion, with strong international support
(WHO/HPR/HEP, 1986).
From Alma-Ata to the Year 2000,
Reflections at the Midpoint, Riga, Latvia

The first of several meetings celebrating the anniversaries
of Alma-Ata took place in Riga, Latvia Republic, USSR,
1988 (World Health Organization, 1988). The meeting
reflected the intense interest of multiple parties in the
consequences of the Alma-Ata conference and what had
happened to the key concepts of Health for All and
primary health care. Following are comments by John
Bryant, who was on the U.S. Delegation to Alma-Ata,
and helped to plan and organize the Riga meeting, and
Halfdan Mahler, then Director General of WHO.

. Bryant. In reviewing the successes and failures since
Alma-Ata, we have concluded that there is no doubt
that health for all and primary health care have served
the world well. At the same time, despite substantial
gains in most countries, there has been a slowness and
even stagnation in many countries. If you look from
now, in 1988, at projections for the year 2000, you will
find a large number of African and South Asian
countries where infant, young child, and maternal mor-
tality rates will still be at levels that the world must
consider completely unacceptable.

This was a turning point at Riga: The recognition
that what is being done is not enough. As WHO turns
the corner of the first decade after Alma-Ata, it needs
to ready itself for new sets of problems. Tomorrow will
not be yesterday, and yesterday’s answers, though they
brought glory, will not serve tomorrow. So there was a
call for new forms of analysis, new partnerships, new
mechanisms of action, and new resources.

Reflecting on the debate at Riga, the result was
Alma-Ata reaffirmed at Riga – a statement of renewed
and strengthened commitment to health for all by the
year 2000 and beyond. But this was not simply a self-
congratulatory exercise. There was an acknowledge-
ment of the important shortfalls, that serious problems
remained almost untouched by the Health for All effort,
and new problems are emerging that are already defying
solutions. An example would be the emergence of the
HIV/AIDS pandemic. To address this range of persisting
and emerging problems, the meeting at Riga suggested a
number of actions to be taken, including empowering
people, strengthening district health systems based on
primary health care; overcoming problems that continue
to resist solution, and finally a special priority initiative
in support of the least developed countries.

The last point, about the least developed countries,
is based on the fact that, while most countries have
benefited from the Health for All movement, a tragic
residuum remains. These nations are not the causes of
the problems of severe underdevelopment, they are the
victims of it. They have been marginalized by it and, to a
large extent, abandoned to it. The resources and pro-
cesses involved in international development have failed
these people, andHealth for All to date has failed them as
well. And so a special initiative is proposed, which should
be strongly intersectoral in nature as well as long term.
Finally, we believe thatWHO should monitor the rate of
progress, which should serve as an indicator of the
resolve of WHO and the Member States to deal with
this most fundamental of challenges, namely the needs of
countries which, without effective help, will likely slip
further down the spiral of development failure.

The comments of Dr. Halfdan Mahler are of spe-
cial interest, both because of his commitment to the
underlying values and principles of Health for All and
primary health care, and because this was one of the last
events in his professional life as Director General of
WHO.

. Mahler. There is one last point, which is very close to
my heart, especially as I leave WHO. We must have an
obsession, a moral obsession, about the least developed
of the developing countries. They are missing out
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totally, as Jack Bryant said, in the development process.
It is development gone wrong. They are marginalized
in the cynical economic climate of the contemporary
world. With the kind of platform we are talking about,
with UNICEF and WHO together with UNFPA and
other multilateral agencies, we can look at how we can
address the problems of their predicament at this time
in history. They must be brought on board in a real and
true sense before the year 2000. It is indispensable, not
so that they survive in misery, but that they survive so
their children can realize their physical, social and
spiritual potential.

If we could make a real entry point into the
development dilemma of these countries through
health for all and primary health care, I think we
could also challenge the other partners in development,
and somehow shame them into saying that this cannot
possibly go on if we have the minimum of morality on
spaceship earth.

Alma-Ata and After – Dmitry Venediktov
(1978 to present)

Of particular interest are the reflections of Dmitry Vene-
diktov relating to the Alma-Ata Conference (Venediktov,
1998). He played a key role in representing the Russian
government in negotiating with WHO in favor of an
international conference on health system development
and also for having the conference in a Russian city, which
turned out to be Alma-Ata. He was serving at that time on
the Executive Board of WHO and was one of the most
influential persons in concepts, events, and decisions lead-
ing to Alma-Ata.

We have known Venediktov for many years, beginning
during the latter years of planning for Alma-Ata, and
served with him on the Executive Board of WHO for
a number of years. We have also seen him on occasion
in more recent years. He contributed an exceedingly
interesting article to the World Health Forum in 1998 in
which he reflects on various issues relating to Alma-Ata
(Venediktov, 1998). At the end of the article, which ana-
lyzes a variety of issues relating to the conference, he
offers three lessons from Alma-Ata.

First, it marked the beginning of a new international
understanding of the real dimensions of health-care
needs, especially in developing countries, and of the
enormous social and economic problems involved. It
made it clear that meeting these needs was one of the
foremost responsibilities of any government.

Second, it brought to a close the era in which technical
assistance and efforts at disease eradication could be
thought of as a sufficient activity for WHO. By showing
that it was both necessary and possible to redesign health
systems on the basis of primary health care, it pointed the
way toward national self-reliance in health.
Third, it opened up new prospects for international
cooperation in health. Long before the current talk of
globalization, it demonstrated not only the advantages
but the necessity of sharing information and strategies for
promoting health and preventing and controlling disease.

The conviction that health is a human right and that
governments must uphold that right for present and
future generations is the most important message that
comes to us from Alma-Ata as we approach the year 2000.
Primary Health Care – Everybody’s
Business, 20 Years after Alma-Ata,
Meeting in Almaty, Kazakhstan 1978

Primary Health Care 21, Gro Brundtland,
Director General, WHO

The Alma-Ata Declaration of 1978 emerged from the
International Conference on primary health care as a
major milestone of this century in the field of Public
Health. Motivated by gross inequality in health status
within and between countries and arguing that health is
essential to social and economic development, the decla-
ration identifies primary health care as the key to the
attainment of Health for All by the people of a level of
health that will permit them to lead a socially and eco-
nomically productive life. It advocates the essential
elements and intersectoral nature of primary health care
(World Health Organization, 2000).

As we move into the next millennium, we have new
challenges, new opportunities, and unfinished agendas.
Accessibility to essential care remains a challenge. Most
affected is the growing number of poor and economically
dependent, such as the agedwho are unable to afford basic
health care. Intersectoral action for health, at all levels of
society, and particularly in communities where people
live and work, has become a critical element of any
approach to public health that aims to improve the health
outcomes and help people maintain and improve their
health. While the delivery of essential health care and
cost-effective interventions is critical, the social relevance
of health systems plays an equally if not more important
role in sustaining acceptable and affordable health ser-
vices. Ultimately, it is the individual, the family and the
community who make the most important decisions about
their health. The degree to which they are able to respond
to the health challenges they encounter contributes to
their ability to maintain their health and to the effective-
ness of the health and social services available to them.
These are key aspects of primary health care, which
remain relevant and need to be an integral part of any
effort to strengthen national health systems.

In today’s context, I am emphasizing the need for a new
universalism that includes a commitment to primary
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health care to maximize the efficiency and equity gains
and create a win/win situation in poorer countries with
larger burden of disease. Practical steps toward universal
coverage need to be taken. There is no single blueprint
available for replication in all countries. We are living a
world of increased democratization with expanding free
market forces, which affect all sectors. Within that context,
we must find ways of using these forces to incorporate the
values and principles of primary health care together with
partners in the private sector and civil society.

Primary health care remains a key strategy in imple-
menting the policy of HFA. We will continue to work with
our partners in UNICEF as well as new partners includ-
ing the World Bank, United Nations Development
Programme (UNDP) and the United Nations Population
Fund (UNFPA) in ensuring that the primary health care
movement continues and builds on the lessons learned
and the gains achieved and the leadership and commit-
ment of the many who have tirelessly worked to make
primary health care a reality.
Primary Health Care 21, Dr. David Sanders,
University of Western Cape

Conclusions

While there have been significant achievements, it is clear
that progress toward Health for All has been uneven.
Gains made are at risk from a complex and accelerating
process of globalization and economic policies that have a
negative impact on the livelihoods and health of an
increasing percentage of the world’s population and the
large majority in developing countries. Although the
global primary health care initiative has been successful
in disseminating a number of effective technologies and
programs that have substantially reduced the impact of
certain (mostly infectious) diseases, its intersectoral focus
and social mobilizing roles – which are the keys to its
sustainability – have been neglected, both in discourse but
also in implementation.

Governments enthusiastically promoting partnerships
between sectors, agencies, and communities to develop
intersectoral policies that address the determinants of
inequities and ill health can halt, and reverse, this trend.
The policy development process needs to be inclusive,
transparent, and supported by legislative and financial
commitment.

WHOhas the opportunity to lead in the development of
a strategy for primary health care by working in collabora-
tion with Member States and national and international
health agencies and professional organizations. The strategy
should capture the diversity of needs and capacities and aim
to establish linkages between primary care services, disease
prevention, and health promotion at local levels.

A defined research agenda, and lessons about what is
being learned about the impact of different primary
health care models and effective approaches to dissemi-
nating best practice, will underpin all these activities.

In promoting the above move from policy to action,
WHO has to play a much bolder role in advocating for
equity and legislation to facilitate its achievement; point-
ing out the dangers to health of globalization and liberal-
ization; stressing the importance of partnerships between
the health sector and other sectors; integrating its own
internal structures and activities to ensure that compre-
hensive primary health care programs are developed;
entering into partnerships with and influencing other
multilateral and bilateral agencies and donors as well as
nongovernmental organizations and professional bodies
toward a common vision of primary health care; and
arguing for major investment in health, especially in
human resource development, without which Health for
All will remain a mere statement of intent.
Global Review of Primary Health Care:
Emerging Messages

The Global Report by WHO in 2003 is based on a review
of primary health care derived from the six regions of
WHO (World Health Organization, 2003a).
Primary Health Care in a Changing World.
What’s New?

. Since Alma-Ata there have been dramatic changes in
the pattern of disease, in demographic profiles, and in
the socioeconomic environment, which present new
challenges to primary health care.

. There have been significant changes in how gov-
ernments are interpreting their roles and this has
implications for both policy development and globally
driven health programs.

. The policy environment now includes the widespread
presence of nongovernmental organizations (NGOs) as
major stakeholders in health and health care.

. The delivery of a wide range of WHO’s own strategies
is dependent on there being appropriate primary
health care capacity at a local level.

. Both the recommendations of the Commission on
Macro-economics and Health and the Millennium
Development Goals (MDGs) set out a future
agenda that would see major new investments in
health systems. It will be vitally important for
WHO to offer guidance on the most effective health
solutions, including a contribution that can be
expected from primary health care close-to-client
services.

. It is unrealistic to expect the achievement of the MDGs
without an organized primary health care.
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Primary Health Care and Evidence

Many countries have included PHC as a policy corner-
stone in their health system reforms. As part of these
reforms, many have carried out reviews of the available
and relevant evidence. An earlier review of international
literature noted that the paucity of rigorous evaluation
research in such a broad policy area as primary health
care delivery is striking. Whatever policies are contem-
plated for the reform of primary health care systems
around the world, their implementation should be con-
sidered in the context of a strong policy-informing
research agenda.
Responding to the Typology for Development

There are three scenarios that could be the basis for
identifying development needs and taking forward PHC
policies and models in the twenty-first century.
Scenario 1

The first scenario involves completing implementation.
The challenge to key stakeholders is to understand why
implementation is failing and plan remedial action to
secure the benefits of primary health care for their popu-
lations. For example:

. Lack of political commitment, leadership, and insuffi-
cient policy continuity.

. Initial objectives were unrealistic.

. Local primary health care services were seen as
inappropriate.

. Lack of integration between primary health care and
other parts of the health system.

. Primary health care staff have the wrong skills and are
not motivated.

. An effective intersectoral approach has not been
developed.

. PHC policies and models are not sustainable.

. Community involvement is not working.
Scenario 2
The second scenario involves strengthening PHC to meet
new challenges.

. To be successful community participation must
become part of a community’s common experience
and not just imposed from the outside.

. Strengthening the primary health care model at the
local level.
1. Making the primary health care model problem-

oriented;
2. Reinforcing community involvement;
3. Reinforcing intersectoral collaboration;
4. Strengthen integration of primary health care with

other health care organizations;
5. Building leadership capacity in change management
within the local primary health care team.

. Policy alignment at a national level. The impact of
central policies which promote PHC will be less if:
1. intersectoral collaboration is not reinforced at gov-

ernment level;
2. tensions between vertical programs for health

improvement and PHC are not addressed;
3. the drive for integration of PHC with other parts of

the health care system is undermined.
Scenario 3

The third scenario involves locating primary health care
in a new paradigm, such as integrating health goals in the
larger and transcendent goals of social justice, human
rights, and equity. For example:

. Promote wider social change in areas such as gender,
children’s rights, education, employment.

. Changes in leadership to reflect concern for social
justice, human rights, and equity.

. Change education of primary health care practitioners
to reinforce a values system concerned with social
justice, human rights, and equity.

. Focus primary health care attention on those who suf-
fer most from inequality and social injustice.
Renewing Primary Health Care in the
Americas

The Pan American Health Organization is in a global
leadership role in reviewing problems and current inade-
quacies in primary health care and in proposing corrective
patterns that are strongly responsive to global challenges.
Director’s Letter

Nothing great in the world has ever been accomplished

without passion. Hebbel, 1818–1863

In 2003, motivated by the 25th Anniversary of Alma-Ata
Conference and at the behest of its member countries,
the Pan-American Health Organization decided to re-
examine the values and principles that a few decades ago
inspired the Alma-Ata Declaration in order to develop its
future strategic and programmatic orientations in primary
health care. The resulting strategy, presented in this arti-
cle, provides a vision and renewed sense of purpose for
health systems development: That of the Primary Health
Care-Based Health System. This position paper reviews
the legacy of Alma-Ata in the Americas, articulates com-
ponents of a new strategy for primary health care renewal,
and lays out steps that need to be taken in order to achieve
this ambitious vision.
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The process of developing the position paper has
helped to invigorate debate about the meaning of health
systems and their relationship to other determinants of
population health and its equitable distribution in societies.
Initial discussions about PHC renewal moved quickly from
technical talk about health services to reflection about
social values as fundamental determinants of health and
health systems. Country consultations and meetings
revealed a desire to assure that technical discussions
about health policies continue to reflect the real meanings
such policies have on the lives of citizens within the region.

The vision of a primary health care-based health sys-
tem is well within the spirit of Alma-Ata, while acknowl-
edging new developments such as the Ottawa Charter for
health promotion, the Millennium Declaration, and the
Commission on the Social Determinants of Health.

This document presents the work of numerous indivi-
duals and organizations and thus the extent and ambition
of its vision reflects the diversity of its architects. The
position paper focuses on the core values, principles, and
elements likely to be present in a reinvigorated primary
health care approach, rather than describing an all-
encompassing mold into which all countries are expected
to fit. Each country will need to find its own way to craft a
sustainable strategy for basing their health system more
firmly on the primary health care approach.

The road to achieving this vision is not expected to be
a simple one, but few things of value come without dedi-
cation. Challenges include the need to invest in integrated
networks of health and social services that have in many
areas been inadequately staffed, equipped, or supported
and inequitably distributed. This overhaul needs to take
place within the context of shrinking budgets, which will
require more rational and more equitable resource utili-
zation, especially if they want to reach those with greater
needs. The best available evidence supports the contention
that a strong primary health care orientation is among the
most equitable and efficient ways to organize a health
system, although we must continue to strengthen the evi-
dence base on innovations in primary health care and learn
how to maximize and sustain their impact over time.

The position paper ‘Renewing Primary Health Care in
the Americas’ is intended to be a reference for all
countries moving forward to strengthen their health care
systems, bringing health care to people living in urban and
rural areas, regardless of their gender, age, ethnicity, social
status, or religion. We invite you to read this document
conveying the view and feelings of a great diversity of
individuals living and working in the Americas as well as
many experts from around the world and look forward to
continuing this ongoing dialogue as we embark together
on this ambitious endeavor.

Mirta Roses Periago

Director, PAHO
Executive Summary, February 2007

For more than a quarter of a century primary health care
has been recognized as one of the key components of an
effective health system. Experiences in more developed
and less developed countries alike have demonstrated that
primary health care can be adapted and interpreted to suit
a wide variety of political, social, and cultural contexts.
A comprehensive review of primary health care – both in
theory and practice – and a critical look at how this
concept can be renewed to better reflect the current
health and development needs of people around the
world, is now in order. This document – written to fulfill
a mandate established in 2003 by a resolution of the Pan
American Health Organization (PAHO) – states the posi-
tion of PAHO on the proposed renewal of PHC. The goal
of this paper is to generate ideas and recommendations to
enable such a renewal, and to help strengthen and rein-
vigorate primary health care into a concept that can lead
the development of health systems for the coming quarter
century and beyond.

There are several reasons for adopting a renewed
approach to primary health care, including: The rise of new
epidemiologic challenges that primary health care must
evolve to address; the need to correct weaknesses and incon-
sistenciespresent in someof thewidelydivergent approaches
to primary health care; the development of new tools and
knowledge of best practices that primary health care can
capitalize on to bemore effective; and a growing recognition
that primary health care is an approach to strengthen
society’s ability to reduce inequities in health. In addition, a
renewed approach to primary health care is viewed as an
essential condition for meeting the commitments of inter-
nationally agreed-upon development goals, including those
contained in the United Nations Millennium Declaration,
addressing the social determinants of health, and achieving
the highest attainable level of health by everyone.

By examining concepts and components of primary
health care and the evidence of its impact, this document
builds upon the legacy of Alma-Ata and the primary health
care movement, distills lessons learned from primary
health care and health reform experiences, and proposes a
set of key values, principles, and elements essential for
building health systems based on primary health care. It
postulates that such systems will be necessary to tackle the
unfinished health agenda in the Americas, as well as to
consolidate and maintain progress made and rise to the
new health and development challenges and commitments
of the twenty-first century.

The ultimate goal of the renewal of primary health
care is to obtain sustainable health gains for all. The
proposal presented here is meant to be visionary; the
realization of this document’s recommendations, and
the realization of primary health care’s potential, will be
limited only by our commitment and imagination.
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The main messages include:

. Throughout the extensive consultation process that
formed the basis for this paper, it was found that pri-
mary health care represents, even today, a source of
inspiration and hope, not only for most health person-
nel, but for the community at large.

. Due to new challenges, knowledge, and contexts, there
is a need to renew and reinvigorate primary health care
in the region so that it can realize its potential to meet
today’s health challenges and those of the next quarter-
century.

. Renewal of primary health care entails recognizing and
facilitating the role of primary health care as an
approach to promote more equitable health and
human development.

. Primary health care renewal will need to pay increased
attention to structural and operational needs such as
access, financial fairness, adequacy and sustainability of
resources, political commitment, and the development
of systems that assure high-quality care.

. Successful primary health care experiences have
demonstrated that system-wide approaches are needed,
so a renewed approach to primary health care must
make a stronger case for a reasoned and evidence-based
approach to achieving universal, integrated, and com-
prehensive care.

. The proposed mechanism for primary health care
renewal is the transformation of health systems so that
they incorporate primary health care as their basis.

. A primary health care-based health system entails
an overarching approach to the organization and oper-
ation of health systems that makes the right to the
highest attainable level of health its main goal while
maximizing equity and solidarity. Such a system is
guided by the primary health care principles of
responsiveness to people’s health needs, quality orien-
tation, government accountability, social justice, sus-
tainability, participation, and intersectoriality.

. A primary health care-based health system is composed
of a core set of functional and structural elements that
guarantee universal coverage and access to services that
are acceptable to the population and that are equity-
enhancing. It provides comprehensive, integrated, and
appropriate care over time, emphasizes prevention
and promotion, and assures first-contact care. Families
and communities are its basis for planning and action.

. A primary health care-based health system requires a
sound legal, institutional, and organizational founda-
tion as well as adequate and sustainable human, finan-
cial, and technological resources. It employs optimal
organization and management practices at all levels to
achieve quality, efficiency, and effectiveness and develops
active mechanisms to maximize individual and collective
participation in health. A primary health care-based
health system develops intersectorial actions to address
other determinants of health and equity.

. International evidence suggests that health systems
based on a strong primary health care orientation
have better and more equitable health outcomes, are
more efficient, have lower health care costs, and can
achieve higher user satisfaction than those whose
health systems have only a weak primary health care
orientation.

. The reorientation of health systems toward primary
health care requires a greater emphasis on health pro-
motion and prevention. This is achieved by assigning
appropriate functions to each level of government,
integrating public and personal health services, focus-
ing on families and communities, using accurate data
in planning and decision making, and creating an insti-
tutional framework with incentives to improve the
quality of services.

. Full realization of primary health care requires addi-
tional focus on the role of human resources, develop-
ment of strategies for managing change, and aligning
international cooperation with the primary health care
approach.

. The next step to renewing primary health care is to
constitute an international coalition of interested parties.
The tasks of this coalition will be to frame primary
health care renewal as a priority, develop the concept
of primary health care-based health systems so that it
represents a feasible and politically appealing policy
option, and finds ways to capitalize on the current win-
dow of opportunity provided by the recent 25th anni-
versary of Alma-Ata, the international consensus on the
importance of attaining the Millennium Development
Goals (MDGs), and the current international focus on
the need for strengthening health systems.
Building Primary Health Care-Based
Health Systems

The conceptual framework presented here is meant
to serve as a foundation for organizing and understand-
ing components of a primary health care-based health
system; it is not meant to define, exhaustively, all of the
necessary elements that constitute or define a health
system. Due to the great variation in national economic
resources, political circumstances, administrative capaci-
ties, and historical development of the health sector, each
country will need to design their own strategy for primary
health care renewal. It is hoped that the values, principles,
and elements described below will aid in that process.

A. Values
. Right to the highest attainable level of health
. Equity
. Solidarity.
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B. Principles
. Responsiveness to people’s health needs
. Quality-oriented
. Government accountability
. Social justice
. Sustainability
. Participation
. Intersectoriality.

C. Elements
. Universal coverage and access
. First contact
. Comprehensive, integrated, and continuing care
. Family- and community-based
. Emphasis on promotion and prevention
. Appropriate care
. Active participation mechanisms
. Sound policy, legal, and institutional framework
. Pro-equity policies and programs
. Optimal organization and management
. Appropriate human resources
. Adequate and sustainable resources
. Intersectorial actions.

The Commission on Macroeconomics
and Health

The Commission was launched by Gro Brundtland,
Director General of WHO, in the year 2000, with Jeffrey
Sachs as its director, with the mandate of examining the
interactions of health and economic development. The
Commission argued that by taking essential interventions
to scale and making them available worldwide, eight
million lives could be saved each year by 2010. To achieve
these huge gains in health and economic development,
the Commission called for a major increase in the
resources allocated to the health sector of the next few
years. Then, on a very practical note, the Commission
recommends that the most effective interventions can be
delivered through health centers and similar facilities
and through outreach, which they collectively describe
as close-to-the-client (CTC) systems. This can be seen
as an important endorsement of PHC principles and
practice (CMH, 2000).

The Millennium Development Goals
Coupled with the Millennium Project

The MDGs were the product, in the year 2000, of 189
countries signing the UN Millennium Declaration. This
historic call to action – at the dawn of the new century –
set forth an ambitious agenda for improving the lives of
the world’s poorest citizens by 2015, through a joint effort
of both developed and developing countries. The key
goals were then expanded, refined and operationalized
as the MDGs, including concrete targets and a specific
timetable, with accountability at all levels: international,
regional and country, as well as municipal and community
(Sachs, 2005).

Given the ambitious range and the global complexities
of the MDGs, it became apparent that further refinement
of strategies would be required, thus the establishment of
the UN Millennium Project in 2002 under the leadership
of Jeffrey Sachs. Thirteen task forces were formed to
address the goals and targets, and their work culminated
in a final report in 2005: Investing in Development –

A Practical Plan to Achieve the MDGs.

This must be seen as a remarkable process encompass-
ing threats to the health and well-being of humanity, and
the need to extend responsive actions not only to diverse
national settings, but onward to community levels. This is
well stated by Jeff Sachs.

Our Project has been a microcosm of a larger truth:

achieving the MDG will require a global partnership

suitable for an interconnected world. Another special

aspect of the Project is the rare and powerful opportunity

to help give voice to the hopes, aspirations, and vital needs

of the world’s poor and most voiceless people. We have

met countless heroes and heroines of development in the

three years of our work – in the villages and slums of

Africa, Asia, Latin America and other parts of the devel-

oping world (Sachs, 2005).

Not surprisingly, multiple flaws in the nature of
responses and coverage relating to populations in need
have been identified in the MDGs, and the insights of the
Millennium Project have covered many of them. Indeed,
it is impressive to see the realities specified by the task
forces of the project.

Overall, there is no doubting the implications of these
global developments for PHC. They provide a new plat-
form for PHC policy and program development, with
profound potential for constructive change.
The Commission on Social Determinants
of Health

Established by the Director General of WHO in 2005, the
Commission on Social Determinants of Health (CSDH) is
a strategic mechanism to promote a global health agenda
to improve equity in health and health through action on
the social determinants of health at global, regional, and
country levels.

The CSDH states that today, an unprecedented oppor-
tunity exists to improve health in some of the world’s
poorest and most vulnerable communities by tackling
the root causes of disease and health inequalities. The
most powerful of these causes are the social conditions
in which people live and work.
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In assessing the general field of health and development,
the founders of the Commission have reflected on the
policies and processes that have been supportive of social
factors in health and those that have been conflictual. It is
interesting to include PHC in those considerations as it
is closely related to social determinants of health.

One factor of importance has been intersectoral action,
which was central to the model of comprehensive primary
health care proposed to drive the Health for All agenda
following the 1978 conference at Alma-Ata, USSR.

One of the conflictual approaches was that of selective
primary health care, introduced in 1979, which focused on
a small number of cost-effective interventions and down-
played the social dimensions of health.

Like other aspects of comprehensive primary health
care, action on social determinants was weakened by the
neoliberal economic and political consensus that was dom-
inant in the 1980s and beyond, with its focus on privatiza-
tion, deregulation, shrinking states, and freeing markets.
A key postulate of the neoliberal economic orthodoxy of
the 1980s and 1990s was that, since economic growth was
the key to rapid development and ultimately to a better life
for all, countries should rapidly and rigorously implement
policies to stimulate growth, with little concern for the
social consequences in the near term.

Another major factor related to neoliberal doctrines
was the structural adjustment programs (SAPs) imposed
on a large number of countries as a condition for debt
restructuring, access to new development loans and other
forms of international support. The SAPs were implemen-
ted in many countries of Africa, Asia, and Latin America
under the guidance of the International Financial Institu-
tions (IFIs). A central principle of SAPs was sharp reduc-
tion in government expenditures, in many cases meaning
drastic cuts in social sector budgets. These cuts affect areas
of key importance as determinants of health, including
education, nutrition programs, water and sanitation, trans-
port, housing, and various forms of social protection and
safety nets, in addition to direct spending in the health
sector. In addition, many SAPs demanded large and abrupt
cuts in public sector payrolls. The negative impacts on
primary health care aswell as social determinants of health
were striking (World Health Organization, 2005).

In contrast, the Millennium Development Goals
(MDGs) shape the current global development agenda
in strongly positive ways. The MDGs recognize the inter-
dependence of health and social conditions and present an
opportunity to promote health policies that tackle the
social roots of unfair and avoidable human suffering.

It is interesting, indeed, to see that although several
global processes or policies, like neoliberal perspectives
and structural adjustment programs, have had distinctly
negative impacts on the social side of health development
where primary health care resides in the development
process, other actions, such as the Commission on Mac-
roeconomics and Health, the MDGs, and the Commission
on Social Determinants of Health, are being envisaged
and implemented that are strongly supportive of the
social and economic base for health development for
poor populations. How timely it is to recall Mahler’s
comments in his address to the 1978 World Health
Assembly: ‘Health and economic development are
indivisible; cutting back on health programs retards eco-
nomic development.’
Primary Health Care and the New Director
General of WHO, Dr. Margaret Chan

It has been dramatic, indeed, to hear the remarks of the
new Director General of WHO, Dr. Margaret Chan,
regarding her perspectives on health and health care.
Here are excerpts of her presentation to the World Health
Assembly, November, 2006. (The sequence of these
remarks has been modified from the presentation)

So let me be clear about the results that matter most.

Reducing burden of disease is important. Improving the

strength of health systems is important. Reducing the

threat of risk factors for disease is important.

These are all vital. But what matters to me is peo-

ple. And two specific groups of people in particular.

I want us to be judged by the impact we have on the

health of the people of Africa, and the health of women.

Health systems are the tap root for better health.

When we talk about capacity, we absolutely must talk

about the importance of primary health care. It is the

cornerstone of building the capacity of health systems.

I plan to promote primary health care as a strategy for

strengthening health systems. The reason is simple: It

works. This is the only way to ensure fair, affordable,

and sustainable access to essential care across a popula-

tion. We have the evidence. I have experienced this per-

sonally. During my tenure in Hong Kong, I introduced

primary health care from the diaper to the grave.

There have been numerous enthusiastic responses to
her call for special attention to primary health care. She
has sought advice from Halfdan Mahler and others with
close familiarity with the Alma-Ata story and its contem-
porary challenges. There will be a Conference on Primary
Health Care in Buenos Aires, Argentina, August 13–18,
2007, sponsored by PAHO, with the title ‘Rights, Facts,
and Realities, strengthening PHC and health systems to
achieve the MDGs’. This conference is seen as setting the
stage for another conference to be held in 2008 to cele-
brate the 30th Anniversary of Alma Ata and the 60th

Anniversary of the founding of WHO, including the pos-
sibility of organizing an Alma-Ata II!
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Addendum to Alma-Ata and Primary
Health Care: An Evolving Story. Buenos
Aires 30/15 International Conference,
August 2007 From Alma-Ata to the
Millennium Declaration: Towards
Equity-Based Comprehensive Health Care

Background

The interest in and commitment to primary health care,
which found its origin at the WHO/UNICEF Interna-
tional Conference on Primary Health Care at Alma-Ata
in 1978, has been increasing globally. Important support
has come from Dr. Margaret Chan, the new Director
General of WHO, who has called for a global rejuvenation
of primary health care. Virtually all of the six regions of
WHO have been taking supportive steps. The support of
the Pan American Health Organization has been particu-
larly strong, as illustrated by the publication in 2005 of its
position paper on Renewing Primary Health Care in the

Americas.
These factors coalesced into the convening of the

International Conference – From Alma Ata to the
Millennium Declaration, Buenos Aires 30/15. The title
of the conference is revealing – 30 years since Alma Ata,
and now near the mid-point in the countdown to 2015,
the year given so much significance and promise by the
Millennium Declaration and its goals.

The conference brought together a wide range of
persons who have had major impacts on global health
policies with special interest in Primary Health Care.
The following presentations are illustrative of the
broad international support given to the Buenos Aires
Conference:

. Gines Gonzalez Garcia, Minister of Health of Argentina:
Prologue ;

. Halfdan T. Mahler, Director General, WHO, at the
time of the International Conference, Alma Ata in
1978: Leadership and Equity in Health ;

. Michael Marmot, Chairman, Commission on Social
Determinants of Health, WHO: Social Determinants of
Health. Global Context and Challenges ;

. Ravi Narayan, Coordinator of the Peoples Health
Movement: Health for All – A Supreme Challenge ;

. Margaret Chan, Director General, WHO: Contribution
of Primary Health Care to the Millennium Development

Goals ;
. Mirta Roses Periago, Director, PAHO: Closing Statement.

The Conference Report concludes with the Buenos Aires
Declaration: Towards a Health Strategy for Equity-Based Pri-
mary Health Care, which deserves special attention, as it
expresses the concern of the participants for equity-based
comprehensive care, accessible to all including those who
are most disadvantaged.
Prologue

Gines Gonzalez Garcia, Minister of Health of
Argentina

The main challenges for world health systems are the
access to quality services for all, a more humanized care
at health centers, and an equity-based distribution of
resources and sanitary results.

These were the conclusions of the Buenos Aires 30/15
International Conference, held in August, 2007, which
gathered specialists and representatives from over 60
countries and was attended by more than 3000 people.

The two major breakthroughs in the interests of the
right to health for our people have been the Universal
Declaration of Human Rights (1948) and the Alma-Ata
Conference (1978). The 30-year period between both
milestones outlined the most important paradigm in pub-
lic health policies: primary health care.

In a few months, another 30 years will have passed.
The objective of the Conference held in Buenos Aires
was to relaunch primary health care as essential approach
to tackle new and old health problems.

During Buenos Aires 30/15, we all realized that the
primary health care strategy is still producing very good
results in the countries of the region. But there is still a lot
to be done. This is why we must deepen the reforms,
turning this strategy into the core of the whole system.
Our main struggle is not against biological agents, but
against society and behavior models that bring disease
and death to millions of people.

Recent experience in the region has shown that the
sanitary reforms that focused on primary health care pro-
duced excellent results, and Argentina is a good example.
This forces us to deepen the ongoing transformations. If we
can adequately implement the ideas set out in Buenos
Aires 30/15, we will be closer to the scenario where every-
one has the opportunity to live a long and healthy life.
Leadership and Equity in Health

HalfdanMahler, Former Director General ofWHO

I am morally and intellectually convinced that the Health
for All approach and the primary health care strategy
provide significant initial strengths and have added impe-
tus to health development in the whole world.

I see amazing inequity patterns in health indicators
throughout our whole miserable world. I am not talking
about the first, second, or third world. I am talking about
one single world, the only one that we have to share and
take care of. Therefore, I will continue supporting every-
thing that contributes to providing health levels to allow
all the people in this one world to have a productive and
both socially and economically satisfactory life.



168 Alma-Ata and Primary Health Care: An Evolving Story
What hundreds of millions of people around the
underprivileged world need and want is the same as
everyone in any part of the world needs and wants: The
well-being of their loved ones and a better future for their
children, the eradication of the increasing injustice, and
the beginning of hope.

Equity, understood as assurance of satisfaction of basic
needs in terms of health as well as social and economic
needs, especially in connection with vulnerable groups,
such as the poor, children, women, the elderly, and the
handicapped, is for me the fundamental objective of every
development.

Actually, I consider equity as a moral imperative that
involves all social and economic activities.

This morally binding commitment of Health for All
was the basis of the primary health care strategy, which
implied a commitment not only to the reorientation of
traditional health care systems – which should be called
medical palliative systems – but also to a change where
people have their own control over their health and well-
being, up to the point when they actually lead to deep
social reforms in the health care field. This implies a
process of permanent empowering, by means of which
people acquire a skill and the desire to become a social
agent of their own health and well-being.

This is why I actually believe that the fundamental
values of social justice and equity are the essence of the
Health for All approach and the primary health care
strategy. And this approach and strategy can actually
become true and constitute a powerful force and conduc-
tion line to achieve equity and social justice. Health might
not be all, but without health there will be very little well-
being.
Social Determinants of Health Global
Context and Challenges

Michael Marmot, Chairman, Commission on
Social Determinants of Health, WHO

It’s a pleasure to be here in this most important
conference.

I have one clear point: When we rediscover the impor-
tance of primary health care, we should also rediscover the
importance of the social determinants of health. They are
not the same. I think that saying that social determinants of
health are simply a part of primary health care is liable to
cause confusion. They need each other. There should be a
partnership between social determinants of health and the
redevelopment of primary health care.

A central task of the Commission on Social Determi-
nants of Health is to gather and synthesize evidence in
such a way that it can lay the basis for action. The problem
with which the Commission is concerned is health
inequalities between and within countries.
There are substantial health differences within
countries. For example, in the 25-year follow-up of the
first Whitehall Studies of British Civil Servants, we
showed that for men classified according to grade of
employment in the civil service, the higher the position
in the hierarchy, the lower the mortality. The importance
of this Whitehall study is that it shows that we are not
dealing only with absolute deprivation. Even people at the
bottom of the British Civil Service are not poor. Twenty
percent of the national population of Argentina lives on
$2 a day or less. No one in the British Civil Service lives
on $2 a day or less – they are not poor in the sense of
absolute deprivation. Yet there is a remarkable social
gradient in health, running from the top to the bottom
of the society. In the United States, we see a 17-year gap in
life expectancy between poor Blacks in downtown,
Washington, DC, and richer Whites of nearby Montgom-
ery County, Maryland.

The Commission is action-oriented. High-quality aca-
demic work is an important foundation of our delibera-
tions but we want to see academic work translated into
action. We want to create a global movement that places
fair health, health equity, at the head and heart of social
policy. Coming to Argentina, I felt the need to read your
most famous author, Jorge Luis Borges, who said ‘‘My
humanity is in feeling we are all voices of the same
poverty.’’ That, colleagues, is what the Commission is
trying to deal with.
The People’s Health for All Movement

Ravi Narayan, Coordinator, People’s Health
Movement Global Secretariat

How can we go beyond the market forces that operate all
over the world and prevent health from being only for
those who can afford it? I represent the people who are
being left out of our current health programs. On their
behalf, I would like to say that the first step any of you as
decision makers and political scientists must take is to
listen to the people. What are people saying?

Today, I would like to show you the evidence, the
proof people gave us and the way we interpreted it. People
come to see us with a cough and we give them cough
syrup. But if we sit down and listen to their life stories,
they tell us stories of poverty, injustice, discomfort,
exploitation. Is the cough syrup enough?

In the lives of ordinary people, then, to summarize what
people are saying, there are social, political, economic fac-
tors that impact our lives, our access to health care, our
access to all types of public policies, and unless we address
these determinants health for all cannot be a reality.

Finally, I would like to emphasize, together with all of
you and all of the people of the world, that health for all
needs a new paradigm. We have to confront WHO and the
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World Bank and other international health players to
ensure that their policies have the needs of the people at
the center, and not the market economy: that the Millen-
nium Development Goals (MDGs) become more sustain-
able. We have to make sure that the MDGs are not only
eight stand-alone vertical programs, but that there must
be a more integrated and holistic approach. We cannot
have MDG 3, empowering women, and MDG 5, that of
children, being tackled separately. We have to move from
top-down, vertical globalization to a people-led globali-
zation involving everybody from the bottom up.

We are glad that PAHO has quoted our people’s health
charter and emphasized that for a good PHC service in
the new millennium we should ‘‘encourage community
participation, prepare accountable health programs, pro-
vide appropriate services for all, and we have to make sure
that services become accessible regardless of people’s
ability to pay.’’
Contribution of Primary Health Care to the
Millennium Development Goals

Margaret Chan, Director General of WHO

The topics explored in this conference embrace some of
the most pressing issues in public health today. Obviously,
if we want better health to work as a poverty reduction
strategy, we must reach the poor. And we must do so with
appropriate high-quality care.

What role can primary health care play in this quest?
What are our prospects of reaching the health-related

MDGs?
More specifically, how can we overcome major bar-

riers, such as weak health systems, inadequate numbers of
health-care staff, and the challenge of financing care for
impoverished people?

When I took office at the start of this year, I called for a
renewed emphasis on primary health care as an approach
to strengthening health systems.

The experiences and recommendations coming from
this conference are extremely relevant to public health
today, both within countries and for the work of WHO.

1. Millennium development goals. We are near the mid-
point in the countdown to 2015, the year given so much
significance and promise by the Millennium Declara-
tion and its Goals. These goals represent the most
ambitious commitment ever made by the international
community. Their achievement would make the big-
gest difference in the lives and future prospects of
impoverished populations in the history of humanity.

2. Health for all. Looking back, we are approaching the
30th anniversary of another historical set of commit-
ments: the Declaration of Alma-Ata. That document
promoted primary health care as the key to attaining an
acceptable level of health for all people in this world.
This was the heart of the Health for All movement.

Apart from its passionate call for equity and social
justice, Health for All also launched a political struggle
on at least three fronts.
. First, it sought to make health part of the political

agenda for development, to upgrade the profile of
health and increase its prestige.

. Second, it sought to broaden the approach to health,
to move away from the narrow medical model of
curative care. It acknowledged the power of preven-
tion. And it recognized that health has multiple
determinants, including some in sectors other than
health.

. Third, the Declaration of Alma-Ata argued that
better health for populations should go hand in
hand in a mutually supportive way, with better eco-
nomic and social productivity.

These, then, were some of the political struggles sur-
rounding a movement launched in the name of social
justice and for the good of our common humanity. But
the Health for All movement paved the way for even more
ambitious goals agreed on at the start of this century.

. First, the goals place health firmly at the center of
the development agenda.

. Second, the goals make intersectoral collabora-
tion a prerequisite for success. They attack the
root causes of poverty and acknowledge that these
causes interact.

. Third, by making better health a poverty reduc-
tion strategy, the goals move the health sector
from a mere consumer of resources to a producer
of economic gains.

3. Present situation. It is by no means certain that we will
reach the health-related Millennium Development
Goals. We are still not reaching underserved populations
with sustainable, equitable, and comprehensive care on
an adequate scale. In 2005, the Millennium Project Task
Force issued its assessment of the prospects for achieving
the goals for child and maternal health. ‘‘The health
system that should make interventions available, acces-
sible, and utilized is in a crisis. Only a profound shift in
how the global health and development community
thinks about and addresses health systems can have the
impact necessary to meet the Goals.’’ When I think
about this dilemma, I reach two conclusions.
. First, in matters of health, I believe our world is out of
balance, possibly as never before in history. We have
never had such a sophisticated arsenal of technologies
for treating disease and prolonging life. Yet, the gaps
in health outcomes keep getting wider. Life expec-
tancy can vary by as much as 40 years between rich
and poor countries. This is unacceptable.

. My second conclusion relates directly to the topic of
this conference. I do not believe we will be able to
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reach the Millennium Development Goals unless we
return to the values, principles, and approaches of
primary health care. Decades of experience tell us
that primary health care is the best route to universal
access, and the best way to ensure sustainable
improvements in health outcomes.

Having said this, I want to commend PAHO and its
member states for their enduring commitment to primary
health care.

I would now like to suggest four principles that can
guide us as we explore ways to achieve equity-based
comprehensive health care and look at the contribution
of primary health care.

. First, we must maintain our commitment, determina-
tion, and above all, our sense of urgency. As Dr. Mahler
stated almost 30 years ago, our determination must be
absolute. We must refuse to retreat.

. Second, we must hold our politicians accountable for
the promises they make, whether to their voting con-
stituency or at international summits.

. Third, if we want politicians to make the right priorities
and keep them, we must provide solid evidence. Evi-
dence gives health arguments persuasive power at the
policy level. As I have said, what gets measured gets done.

. Finally, we must never underestimate the power of
human ingenuity. This power goes hand in hand with
resolute determination to reach a goal.

As my last remark, I believe that, when we talk
about primary health care, we must also acknowledge
the great ingenuity of communities. Human nature has
certain commonalities that transcend differences of
place, race, religion, and culture. Time and time again
we see how, when communities are given opportunities
they want and programs they can own, they are empow-
ered to achieve the lives they desire. Given a hand up,
they can indeed lift themselves out of poverty and
improve their health.

This, then, is part of our common humanity, as
expressed in the Millennium Declaration. These are our
shared traits of compassion, inspiration, aspiration, and
great ingenuity. Our common humanity gives us reason to
care. It is why we must act with urgency in the face of an
emergency. It is also why we have so much to gain, in the
name of social justice.
Toward an Equity-Based Comprehensive
Health Care

Mirta Roses Periago, Director, Pan American
Health Organization

We have arrived at the final moment of this Buenos Aires
30/15 International Conference. It has been a very intense
week for the delegations that are present, with many
months of preparation and fruitful participation from
across the world.

At first glance, Buenos Aires 30/15, and the Declara-
tion that it has produced, are very important symbolically
because they come 30 years after the International Con-
ference in Alma-Ata, and at the halfway point of the
period set for the fulfillment of the Millennium Develop-
ment Goals (MDGs).

There is historical continuity between the most
important political and doctrinal definition of public
health in the world, which established a noble and ambi-
tious goal (Health for All) and put us on the road to
achieve it (Primary Health Care), and the most ambi-
tious commitment to combat poverty ever undertaken by
the international community, the Millennium Develop-
ment Goals.

What is the Legacy of Alma-Ata? The social and health
policy itinerary from 1978 to 2007 shows us that PHC has
had an enormous influence on public policies, on the
configuration of health systems, and on the thinking and
actions of health workers.

Developments derived from Alma-Ata are consoli-
dated and enriched by contributions from political and
moral philosophy and the economy of development (as
pointed out in the work of Amartya Sen), which have
produced a reconfiguration of frameworks for social pol-
icy and governmental action. Along the way there has
arisen a new vision of sustainable human development
and the relationship between economic development,
democracy, and social protection that has led to a new
view of social and health policies and the contribution of
health systems.

The view from this perspective of the fundamental
social determinants of health and human development
has assigned health a more important place on the global
development agenda and has strengthened the role of
health in public policies. Health is not only an input for
economic growth, but rather, and principally, an essential
component of human development.

Following Sen, this new approach regards health as a
basic human capacity, as a fundamental requirement for
human beings to be able to carry out their life projects and
achieve their maximum life potential, and as an essential
human right and a dimension of freedom.

We can say that as long as social and health inequities
persist and social exclusion in health continues, the ideal,
as well as the principles and values of Alma-Ata will
remain in force.

It is on that axiological and ethical legacy, and on the
enormous experience of public health workers accumu-
lated over 30 years, that we can and should build a new
vision of the role of PHC in health systems in order to
make them capable of achieving health for all. This is to
say health systems based on PHC.
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Reflections and Looking Ahead

At least three generations have met here, inspired by
Alma-Ata and under the wise and firm guidance of the
founders, and they are now carrying the torch forward as
in the Olympics.

From these days of work, three points remain clear for
all of us.

. We do not need weak, selective, or incomplete PHC
that, as we say, is like a poor man’s blanket that when
stretched to one side leaves the other side uncovered.
We want something that covers us all, not a PHC with
basic packages only for the poor, or for rural areas, or
for marginal areas.

. We need andwe want PHC that has equity, universality,
solidarity, and social participation, that reflects a rich
encounter of knowledge, that is intersectoral, that
makes it possible for us to successfully address the
social determinants of health, and that affirms and
ensures the right to health care.

. We need and we want the PHC of Alma-Ata firmly
rooted in the passion and commitment of 1978 andwith
the projection and capacity to transform current health
systems, because we need them urgently, and because
they are indispensable to the viability and sustainabil-
ity of human society in the twenty-first century, when
we will all have to share the same and only planet.
Buenos Aires 30/15 Declaration Towards
a Health Strategy for Equity, Based on
Primary Health Care August 17th 2007

We, the Ministers of Health and representatives of
the Ministries of Health attending the International
Conference of Health for Development: Rights, Facts
and Realities, have gathered in the City of Buenos Aires
on August 16th and 17th, 2007, to analyze the achieve-
ments and difficulties in the implementation of the
Primary Health Care Strategy and with the object to
foster the strengthening of already established consen-
sus and generate new proposals, tending toward the
establishment of a strategy of an equity-based compre-
hensive health care.

Whereas, and taking into account that:

1. We reaffirm that the enjoyment of the highest attain-
able standard of health is one of the fundamental rights
of every human being without distinction as to race,
religion, political belief or economic or social condi-
tion. This is a key responsibility of the State, together
with the participation of the citizens.

2. We acknowledge that the efforts of the public poli-
cies and societies must be oriented towards human
development. This implies that said efforts require an
orientation towards the improvement of quality of life
for the people, against poverty and exclusion, ensuring
equal opportunities and the development of the capa-
cities of the persons and their communities.

3. Health is an outcome of different and dynamic social,
economic, cultural, and environmental determinants.
Responsibility for it belongs to everyone. Although it
goes far beyond the curative, disease-oriented medical
care, health services systems have a key role in bringing
sectors together including the community. This
implies a need for policies by the State and the collab-
oration and commitment from all the sectors: public
organizations, private sector, community organizations,
international organizations, and each citizen.

4. We acknowledge that health is fundamental to secure
the objectives of development agreed to internation-
ally, including those stated in the Millennium Decla-
ration, and that these objectives create an opportunity
to integrate health as an essential part of development
and therefore, to increase the political commitment
and the resources destined to the sector.

5. We affirm that equity, solidarity, and universality
should govern health and development systems and
policies.

6. The Primary Health Care (PHC) Strategy is based on
values and principles that remain relevant and which
must guide the structure and operation of the health
systems at all levels and for all.

7. Health problems do not respect boundaries between
states and jurisdictions. Furthermore, old problems of
poverty and exclusion still exist today, and new chal-
lenges exist related to the environment, demographic
changes, unhealthy lifestyles, and emerging and re-
emerging diseases.

8. The Primary Health Care (PHC) Strategy must be
capable of dealing with both old health problems as
well as the new and emerging ones.

9. Nearly 30 years after the Alma-Ata Declaration the
health situation of a great part of humanity is deplorable
and large parts of humanity do not enjoy equitable,
comprehensive, or even basic health care.

10. Health human resources are generally not trained
to respond to socially complex health problems
involving prevention, promotion, intersectoral coop-
eration, client–provider relations, and community
participation.

11. We are very far from reaching the goals related to
health contained in the Millennium Declaration. We
acknowledge that international and national policies,
including social and economic policies, have affected
our ability to meet the MDGs and develop equitable
health systems.

12. It is imperative that we solve these difficulties and
develop a new implementation plan for the strategy
that brings us nearer not only to reaching the
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objectives of the Millennium Declaration, but to the
full implementation of the values and principles of
Primary Health Care.

We accept the following principles:
13. Health is a cause and generating factor of develop-

ment and growth of a nation. For this reason, we
consider health as an investment and not as an expen-
diture, and also a responsibility of the State and
society as a whole.

14. Equitable health care is a key factor for development
and can stimulate equitable approaches in other
fields. This requires priority and strong public poli-
cies which involve all stakeholders.

15. In order to achieve equity-based health care, it is
imperative to strive towards universal and compre-
hensive coverage. In doing so, policies and programs
need to be gender-responsive, inclusive, nondiscrimi-
natory, and prioritize vulnerable groups.

Therefore we commit to develop processes that:
16. Take into account the values and principles of pri-

mary health care, to guide the policies, structure, and
functions of the health systems at all levels for all.

17. Support the leadership and stewardship role of the
State and the participation of families, communities
and all other stakeholders in guiding planning and
where appropriate, in the implementation and sup-
port of health programs and services in a comprehen-
sive and intersectoral manner.

18. Determine the set of programs and services necessary
to achieve equity-based health care, that the countries
can implement according to their national contexts.

19. Assure adequate financing of the programs and ser-
vices that are considered necessary for each country,
ensuring sustainability and working towards universal
coverage.

20. Incorporate into the design and implementation of
health and development policies, factors such as
socioeconomic status, culture, ethnicity, gender, age,
and disability.

21. Strive to eliminate inequities in the quality of health
services within the countries.

22. Ensure that health systems do not reproduce inequi-
ties found in other sectors and engage in intersectoral
collaboration to promote social inclusion and poverty
reduction public policies.

23. Strengthen relationships between the health authori-
ties and educational institutions to meet the needs of
the population by training health workers to use
interdisciplinary approaches for new social, environ-
mental and health problems.

24. To involve the health authorities in intersectoral col-
laboration to help develop public policies of other
sectors when they affect health, such as those aimed
at improving access to drinking water, safe food,
decent work, a healthy environment, and adequate
shelter.

25. Include in official publications indicators to measure
equity.

26. Strengthen joint cooperation between countries and
institutions in managing health issues of local,
national, and international concern.

27. Support rapid implementation of the above-
mentioned actions, in a framework of equity and
social justice, to achieve the enjoyment of the highest
attainable standard of health, which is one of the
fundamental rights of every human being without
distinction as to race, religion, political belief or eco-
nomical or social condition.
Building from Common Foundations:
The World Health Organization and
Faith-Based Organizations in Primary
Health Care. WHO 2008

The World Health Organization worked closely with
faith-based organizations (FBOs) in preparing for the
Alma-Ata Declaration of 1978. The role of the Christian
Medical Commission was particularly notable in that
process. Together they gained a clearer picture of health-
care in the developing world, and then established the
concept of primary health care. This report of WHO
focused on FBOs is intended to assist in the process of
rejuvenating dialogue and partnership with FBOs in the
face of widespread health challenges in communities
around the world, not least of which is HIV/AIDS. The
revival of the primary health care model within WHO
underscores that if this framework is to be promoted as a
more sustainable system of health servicing and delivery,
then the inclusion of FBOs will add greater potential for
breadth and effectiveness.

In 2006, WHO commissioned South Africa-based Afri-
can Religious Health Assets Programme (ARHAP) to con-
duct an extensive survey of FBO healthcare delivery in two
South African countries. The study concluded that the
proportion of faith-based health service provision averages
about 40 percent in many sub-Saharan African nations.

Thus, the current scale of FBOs’ involvement in health
care in sub-Saharan Africa makes a compelling case that
religious entities (not only Christian) could become sig-
nificant players in the new primary health care approach
to strengthening health systems globally, especially
related to achieving the goal of universal access.

Conclusion: Much can be achieved in renewed inter-
action and cooperation between WHO and FBOs. This
requires a clear long-term commitment to dialogue and
mutual learning. The next step should involve forming a
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road map that interested parties can commit to so they can
embark on the next stage of the journey together.
Unequivocal Regional Support for
Margaret Chan’s Commitment to Primary
Health Care. (Lancet, Correspondence,
June 19, 2008.)

An exceedingly interesting dialogue was prompted by an
editorial written by Richard Horton, Editor of Lancet, pub-
lished May 31, 2008, highlighting that Dr. Chan had placed
PHC at the center stage at the WHO. Mr. Horton had
attended a Technical Briefing on PHC during the May
World Health Assembly, which was very well-attended
andwell-received.While applauding the DG’s PHC priori-
tization,Mr. Horton questioned whether the WHO’s six Regional

Directors (RDs), who as he stressed, have influence at country level,

would support the DG’s PHC agenda. This sentence caused an
immediate reaction among the six RDs. Drafts were
exchanged back and forth among the RDs and Dr. Chan. It
seems unlikely thatThe Lancet ever anticipated this reaction!

The Lancet issued a press release, June 19, stating
WHO DG’s quest to revitalize Alma-Ata gets unqualified and

unprecedented support from her lieutenants. In that press release,
Mr. Horton said

“…the alignment and combined advocacy of WHO’s

global leadership is an unprecedented moment in

WHO’s history. Revitalizing PHC is the single most

important action that countries and donors can do to

save lives and avoid disability. WHO is now perfectly

poised to lead this new movement for PHC…’’

The RDs issued a statement in The Lancet, Correspon-
dence, June 19:

‘‘Dr. Chan’s commitment to primary health care is in itself

an expression of the unequivocal support from the six

regional directors and of the unanimity of views among

the senior management of the organization with regard to

primary health care. Despite the wide variation across and

within regions with respect to health challenges and the

responses required to address these, there is mutual agree-

ment that primary health care will continue to be central to

WHO’s strategy to strengthen health system towards the

vision of ‘Health for All’ ’’.
Concluding Comments

The Alma-Ata story is truly inspirational with reference
to several issues.

First, to have been at Alma Ata, as the authors of this
article were (as members of the U.S. Delegation), to have
played a small part in the formulation of the Declaration,
was truly one of the great honors of our professional lives.

Second, to have absorbed the major features of Alma-
Ata as it happened, and to now be tracking the diverse
events and processes that have followed, many of them
unpredictable, some with negative impacts, others posi-
tive, but still building on the solid base that Alma-Ata
provided, is exhilarating.

Third, to have experienced the Buenos Aires Confer-
ence, August 2007, entitled: From Alma-Ata to the
MillenniumDeclaration: Towards Equity-Based Compre-
hensive Health Care, in the presence of Margaret Chan,
Mirta Roses Periago (Director, PAHO) and Halfdan
Mahler (Director General, WHO, at the time of Alma-
Ata), was so uplifting. It was filled with clear expressions of
local, regional, global commitment to primary health care.
Of special interest was that such commitment was often
expressed in new terms, new values, new concepts, reach-
ing beyond the solid foundation of Alma-Ata. This is
not to diminish the importance of the original perspec-
tives, but to show that there is room for expanding the
conceptualization and actions of Alma-Ata.

Fourth, at this very moment we are seeing the new
initiative of WHO as it seeks constructive interaction
with faith-based organizations in global pursuit of pri-
mary health care. And to have the new Director General
of WHO, Dr. Margaret Chan, herself championing pri-
mary health care in this way is an extremely important
positive factor.

Fifth, is an intriguing example of the support Margaret
Chan is gaining in her call for the revitalization of primary
health care. Richard Horton, Editor of Lancet, was con-
gratulating WHO on its support for primary health care,
but in the process asked if the regional directors of WHO
were in full support of that process. Surprised by that
question, Dr. Chan and the Regional Directors came
forward with strong support, which led Horton to add an
editorial in The Lancet, in which he stated: WHO DG’s
quest to revitalize Alma-Ata gets unqualified and unprec-
edented support from her lieutenants! Further, the align-
ment and combined advocacy of WHO’s global leadership
is an unprecedented moment in WHO history.

Sixth, and finally, to look around the world and sense
the myriad people who have benefited from the Alma-Ata
story, and to know that there will be many more in the
future, gives one a sense of encouragement that our world
will allow and support such processes. And, we who are
involved in those processes are indeed honored.
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Consul tative Group, 1979; De Maeyer, 1989 ). Iro n defi-
ciency anemia (IDA) is the most prevalent type of anemia.

The World Health Organization (WHO) has estab-
lished the expected values of hemoglobin according to
sex, age, and physiological status. The cut-off values are as
follows: For children 0.5–5 years of age and pregnant
women, 110 g/l; for nonpregnant women, 120 g/l, and
for men 130 g/l ( Wor ld Heal th Or ganizat ion, 2001 ).
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Table 2 Countries ranked by percentage of children

estimated to be iron deficient, by region, 2000

Estimated

prevalence of
iron deficiency

Estimated prevalence of
iron deficiency

Anemia in children

under 5 years (%)

Anemia in children under

5 years (%)

South Asia Western and Central Africa
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Hemoglobin is the protein responsible for carrying 97%
of the oxygen from the lungs to the peripheral tissues.
Oxygen combined with hemoglobin is optimally trans-
ported; it is 30–100 times better than when dissolved in
plasma. When the concentrations of hemoglobin decrease,
as in the case of anemia, less oxygen is delivered to the cells,
so the heart and the lungs increase their activity in order to
offset the reduced oxygen-carrying capacity of the blood.
Bangladesh 55 Gabon 43

Pakistan 56 Congo 55

Afghanistan 65 Niger 57

Nepal 65 Cameroon 58

India 75 Congo, Dem. Rep. 58

Bhutan 81 Liberia 69

Nigeria 69

East Asia and Pacific Senegal 71

China 8 Togo 72

Thailand 22 Mauritania 74

Philippines 29 Central African Rep 74

Mongolia 37 Gambia 75

Viet Nam 39 Chad 76

Indonesia 48 Mali 77

Myanmar 48 Benin 82

Lao PDR 54 Burkina Faso 83

Cambodia 63 Guinea-Bissau 83

Sierra Leone 86

Latin America and

Caribbean

Dominican Rep. 25 Middle East and North Africa

El Salvador 28 Lebanon 21

Honduras 34 Egypt 31

Guatemala 34 Iran 32

Venezuela 41 Syria 40

Brazil 45 Morocco 45

Nicaragua 47 Yemen 59

Peru 50

Paraguay 52

Bolivia 59

Haiti 66 Central and Eastern Europe and

newly independent states

Eastern and

southern Africa

Turkey

Armenia

23

24

South Africa 37 Uzbekistan 33

Botswana 37 Georgia 33
Worldwide Prevalence of Anemia

According to the WHO, between 1990 and 1995 there are
about 2 billion people with anemia in the world, half of
whom have IDA (Allen et al., 2006). The prevalence of
anemia has reached alarming figures in Africa (46%),
Southeast Asia (57%), and in the eastern Mediterranean
countries (45%) (Indian Council of Medical Research,
1989) (Table 1).

As for its distribution by age group, it is estimated that
the prevalence of anemia reaches 50% of pregnant
women and children aged 1–2 years, up to 25% of pre-
schoolers, 40% of school-age children, 30–55% of ado-
lescents, and 35% of nonpregnant women. Regardless of
the age group, the risk of anemia is two- to sevenfold
greater in developing compared to developed countries,
particularly in rural areas (Galloway, 2003a, 2003b).

In a large study conducted in more than 80 countries
supported by UNICEF, it was reported that an average of
45% in children less than 5 years old had iron deficiency.
The prevalence was higher than 70% in 20 countries
(Table 2) (UNICEF, 2004).

Acute anemia has been associated with a higher risk for
death in mothers and infants. There are negative conse-
quences of ferropenic anemia on the cognitive and physi-
cal development of children and in the work performance
of adults (Stoltzfus, 2001). The presence of anemia in
Table 1 Prevalence of anemia by WHO region

Anemia a (total population)

WHO region No. (millions) % of total

Africa 244 46

America 141 19
Southeast Asia 779 57

Europe 84 10

Eastern Mediterranean 184 45
Western Pacific 598 38

Total 2030 37

aBased on the proportion of the population with hemoglobin
concentrations below established cut-off levels.

Proportions do not total 100% because they were calculated on

the basis of the population of individual regions.

Namibia 42 Azerbaijan 33

Swaziland 47 Turkmenistan 36

Lesotho 51 Kyrgyzstan 42

Zimbabwe 53 Tajikistan 45

Kenya 60 Kazakhstan 49

Zambia 63

Uganda 64

Tanzania 65

Rwanda 69

Angola 72

Madagascar 73

Eritrea 75

Mozambique 80

Malawi 80

Burundi 82

Ethiopia 85

From UNICEF (2004) Vitamin and Mineral Deficiency. Global Progress

Report. Ottawa: The Micronutrient Initiative.

Data based on a global review of existing surveys of vitamin

and mineral deficiencies, 2004. Proportions do not total 100%

because they were calculated on the basis of the population of

individual countries.
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surgical patients can increase the risk of postoperative
morbidity and mortality.

In terms of disability-adjusted life years (DALYs), IDA
accounts for approximately 25million lost DALYs, or
2.4% of the overall total. Annually, IDA leads to 134 000
deaths of children, and indirectly, 841 000 maternal and
perinatal deaths.
Causes of Anemia

Several factors are responsible for the development of ane-
mia; among them, deficiencies of some micronutrients are
probably the most common. Iron deficiency is the first
nutritional cause, followed by deficiencies of folate, vitamin
B12, and vitamin A, alone or in combination. Deficiencies of
other vitamins and minerals, such as vitamin B6, vitamin C,
riboflavin, and copper, have been implicated as causes of
anemia, although there is little evidence that those deficien-
cies contribute significantly to the pathogenesis of anemia
(Galloway, 2003a, 2003b; WHO/UNICEF, 2005).
Table 3 Causes of anemia

Direct causes Components (in order of

Poor, insufficient, or abnormal red blood

cell production

. Poor dietary intake and

. Poor dietary intake and
and riboflavin) and cop

. Increased needs for nu

. Other infectious diseas

. Genetic blood diseases

Excessive red blood cell destruction Malaria

Excessive red blood cell loss . Helminth (worm) infecti
. Bacterial or viral infecti
. Reproduction (excessiv

period; too many pregn
. Contraceptive methods

Contributing causes Components

Knowledge and behavior . Poor knowledge among

anemia prevention and
. Poor knowledge among

prevention and control
. Cultural taboos or biase
. Practices that restrict fo

inadequate introduction
. Poor compliance with r

tuberculosis and other

facilities; HIV prevention

Evironmental Contamination by heavy m
Lack of access to services . Low use of antenatal an

. Lack of trained birth att

. Lack of access to sanit

. Lack of access to bedn
Poverty Lack of income to buy foo

supplements, malaria tr

infection, and other pre

From Galloway, R; International Nutritional Anemia Consultative Gro
Part I. Program Guidance. Washington, DC: USAID.
Some pathologies produce anemia byothermechanisms.
In tropical countries, a common cause of chronic blood loss
are infestations by intestinal hematophagous parasites,
such as ancylostoma and trichocephalus. Endemic malaria
produces anemia as well. Environmental conditions play an
important role in the development of anemia in susceptible
subjects (Galloway, 2003a, 2003b; WHO/UNICEF, 2005)
(Table 3).

Besides the participation of iron in the synthesis of
hemoglobin, anemia is involved in a large number of func-
tions within the body, including the respiratory chain,
phagocytosis, prostaglandin synthesis, and the cytochrome
P450 system, among others (Langseth, 1996).
Iron Functions in the Body

Iron is a key component of flavonoids, substances that
transfer electrons in the final stage of body energy pro-
duction; it also intervenes in cellular replication, partici-
pates in the immune system, is essential during early life
for the growth and development of the spinal cord and the
importance)

/or absorption of iron

/or absorption of vitamins (A, B12, folic acid, and possibly B6, C,
per

trients due to growth or disease (diarrhea), HIV/AIDS

es (tuberculosis, malaria)
(sickle cell disease or trait, thalassemia)

ons (hookworm, schistosomiasis)

ons (peptic ulcers, gastritis, diarrhea)
e blood loss during menstruation, delivery, and postpartum

ancies, shortened postpartum amenorrhea)

(intrauterine devices)

health workers about anemia, iron supplementation, and other

control interventions.

vulnerable groups about the importance of anemia and anemia

interventions.
s (e.g., women eating after others)

od intake, including poor infant breastfeeding practices and

of complementary foods.

ecommended behaviors (iron supplementation; malaria,
medication regimens; use of family planning; use of sanitation

behaviors)

etals (lead)
d other services providing iron supplements

endants to manage bleeding during delivery

ation services that mitigate helminth infestation

ets to prevent malaria transmission
ds with adequate amounts of absorbable iron or to obtain iron

eatment, insecticide-treated bednets, shoes to prevent helminth

ventive commodities or services.

up (INACG) (2003a) Anemia Prevention and Control: What works.



Table 4 Substances that inhibit and enhance absorption

of iron

Inhibitors Enhancers

Phytates Vitamin C (ascorbic acid)

Food sources: Whole grains

(maize, millet, rice, wheat,

sorghum), cereal bran,
grains, flour made fromwhole

grains, legumes (soybeans),

nuts, seeds

Food sources: Fruits and

vegetables

Polyphenols (e.g., tannins) Animal blood, organ, and
muscle products

Food sources: Legumes (green

and brown lentils), tea,
coffee, cocoa, eggplant,

green leafy vegetables

(spinach, beetroot greens)

Food sources: Meat, poultry,

fish and other seafood.

Calcium salts Food processing
Food sources: Milk products,

tortillas prepared with

calcium oxide

Food sources: Some

fermented and germinated

foods (soy sauce, miso,

leavened bread)
Oxalates Citric and other organic acids

Food sources: Green leafy

vegetables (spinach,
beetroot greens)

Plant protein

Food sources: Legumes

(soybeans), nuts

From Galloway, R; International Nutritional Anemia Consultative

Group (INACG) (2003b) Anemia Prevention and Control: What

works. Part II Tools and Resources. Washington, DC: USAID.
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brain, and acts as a cofactor participating in the activity of
numerous enzymes related to the synthesis of neurotrans-
mitters and desoxyribonucleic acid (DNA). Thus, iron is
vital for cellular functioning, although it is also known to
be potentially toxic for the cells. Because of this, the body
has a complex system that maintains the body stores of
iron under very tight control, facilitating the accretion of
iron while preventing the excessive accumulation of this
mineral.

Human beings get iron mainly from food, and its
intestinal absorption is regulated by the actual body stores
of iron, the iron content in food, and the balance between
promoter and inhibitor factors of iron absorption.

There are two types of iron available in the diet:
Hematinic and nonhematinic iron. The former is present
only in animal tissues, i.e., red meat, pork, fish, poultry,
and viscera. The latter is found in milk, eggs, cereals,
legumes, and vegetables. Additionally, the use of iron-
made pots and pans for cooking may increase the content
of iron in food, particularly of those foods with an acid
pH (Kapur et al., 2002; Galloway, 2003a, 2003b; WHO/
UNICEF, 2005).

The quantity of both types of iron absorbed by the
body depends on the content of iron in the diet, the
balance between dietary enhancers and inhibitors of iron
absorption, and the size of the body stores (Galloway,
2003a, 2003b; WHO/UNICEF, 2005) (Table 4).

Iron is absorbed in an inverse proportion to the size of
the body stores, hematinic from 15% in normal indivi-
duals to 35% in those with iron deficiency. Nonhematinic
iron absorption varies from 8% with the presence of
enhancer factors to roughly 3% without their presence.

In the long run, a low content of iron in the diet or its
inadequate absorption causes a reduction of the body’s
production of red cells and hemoglobin. During periods of
fast growth such as fetal growth, the first 2 years of life,
and adolescence, the red cell mass grows; therefore the
body’s iron requirements increase accordingly (Galloway,
2003a, 2003b).

When iron stores are not sufficient to carry out cellu-
lar functions properly, individuals are in a negative bal-
ance, which is divided into four stages. In stage I, low
availability of iron results in depleted stores of this
mineral. In stage II, the concentration of serum ferritin,
the main storage protein for iron, decreases, but no
alterations in the hemoglobin concentrations are seen.
Stage III is characterized by an insufficiency of iron for
erythropoiesis, which decreases saturation of iron in
transferrin, the main plasma transporter of iron, with a
consequent increase in the number of serum transferrin
receptors and erythrocytic free protoporphyrin concen-
trations. In stage IV, the depletion of iron stores and the
reduction of its circulating concentrations persist, which
is associated with a reduction in the concentration of
circulating hemoglobin and the size of erythrocytes and
their hemoglobin content. Such alterations are reflected
in smaller red cells (microcytosis) with a paler color
(hypochromia). This last stage is known as iron defi-
ciency anemia (Beard, 2001; Galloway, 2003a, 2003b;
WHO/UNICEF, 2005).

It should be noted that the level of iron depletion
observed in stages I and II (with no alteration of hemoglobin
levels) is reversible provided that iron is supplemented.
Individuals at these stages do not develop functional changes.

Individuals with iron deficiency at stage IV usually do
not experience any symptoms; however, if anemia persists,
they may show some symptoms, such as fatigue, lassitude,
extreme fatigue after exercising, pale mucosa, palpitations
(awareness of heart throbbing), tinnitus (hissing or ringing
in the ears or head), headache, irritability, dizziness, weak-
ness, and alterations in the immune and the thermoregu-
latory systems. Older persons may also develop cardiac
pain (angina) and cardiac failure.

When anemia is caused by cobalamin or folate defi-
ciency, patients may show some other symptoms besides
those mentioned above, particularly a sore mouth and
tongue, which may be due to a possible lack of renovation
of scaly cells.

The impact of anemia goes beyond its clinical mani-
festations; for example, fatigue may have negative
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consequences on an individual’s productivity and have
economic consequences. A review of the literature found
that in subjects with anemia, a 10% increase in hemoglo-
bin concentrations was associated with a 10–20% increase
in work performance (Galloway, 2003a, 2003b).

It has been suggested that IDA in women of childbear-
ing age is caused mainly by an inadequate diet, poor social
and economic conditions (Figure 1), and increased iron
requirements due to the rapid expansion of blood volume
and the development of the fetus and the placenta. Preg-
nant women with anemia are 3.5-fold more likely to die of
complications during and after childbirth than nonane-
mic women. Additionally, fatigue due to anemia makes
delivery more difficult, which may be life-threatening
(Galloway, 2003a, 2003b); 40% of perinatal deaths are
related to anemia.

Although the level of hemoglobin at which anemia
starts affecting the health of the mother and her newborn
has not been clearly established (Beard, 2000; Rush,
2000), it is clear that acute anemia increases the risk of
maternal mortality (Rush, 2000; Grantham-McGregor
and Ani, 2001). There is a negative relationship between
maternal hemoglobin levels and intrauterine fetal growth
delay, premature birth, and low birth weight, resulting in
lower survival (Galloway, 2003a, 2003b, 2004). Inade-
quate iron stores in the mother also result in low iron
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stores in the newborn. Thus, the infant will develop
earlier and have more severe iron deficiency during the
first months of life.

The risk of premature delivery is closely related to
maternal hemoglobin levels and stage of pregnancy.
A study of a cohort of 173 031 pregnant women in the
United States, 96% of whom belong to the Special Sup-
plemental Nutrition Program for Women, Infants, and
Children, found that the risk of premature birth was
10–30% higher in women with low hemoglobin levels
during the first and the second trimesters of pregnancy,
compared with women with normal levels of hemoglobin
at comparable pregnancy stages. Women with mild ane-
mia have 30–40% greater risk, while those with moderate
to severe anemia have up to 70% higher risk for prema-
ture delivery. Low levels of hemoglobin during the third
trimester of pregnancy are not associated with preterm
births (Scanlon et al., 2000). Similar findings have been
reported in other studies, confirming that the association
between anemia and the risk of premature birth or low
birth weight is greater when anemia occurs early in the
gestation period than when it occurs in the last trimester
of pregnancy (Scholl, 2005).

On the other hand, it has been observed that high
levels of hemoglobin during pregnancy may also lead to
unwanted outcomes (Scanlon et al., 2000). The same study
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of the cohort of pregnant women in the United States
(Scanlon et al., 2000) found that women with high levels of
hemoglobin during the first and second trimester of preg-
nancy had a 30–40% higher risk of delivering a child
small for the gestational age than women with normal
hemoglobin concentrations.

During a normal pregnancy without anemia, the fetus
accumulates iron during the last weeks of gestation, in
such an amount that the infant will fulfill his iron needs
for the first 4–6months of extrauterine life, provided
exclusive breastfeeding, which supplies the infant with
highly bioavailable iron. However, fetuses of anemic
women will develop limited iron stores; therefore, they
will be more likely to develop IDA early in the first
months of life, a period characterized by rapid growth
requiring a fast expansion of the blood volume.

During the first 2 years of life, the iron requirements of
the human body increase progressively in order to carry out
multiple functions related to the development of the brain,
the immune and endocrine systems, etc. Several studies
have found an association between anemia and growth
delay, low cognitive, motor, and behavioral development,
aswell as reduced resistance to infections (Beard andTobin,
2000). Unfortunately, the effects of anemia during the first
2 years of life are nonreversible. In their first year of life,
10–20% of infants in industrialized countries and approxi-
mately 30–80% in nonindustrialized countries have anemia
and will suffer from impaired motor development charac-
terized by deficiencies in language, motor, and coordination
skills, with a five- to ten-point deficit in their intellec-
tual quotient (IQ) (Grantham-McGregor and Ani, 2001;
Galloway, 2003a, 2003b).

At any stage of life, IDA damages the capacity of the
body to regulate internal temperature. It may encom-
pass alterations in hormone production and in energy
metabolism, affecting the synthesis of neurotransmitters
and thyroid hormones related to muscular and neuro-
logical functions involved in the regulation of body
temperature.
Mortality Associated with Iron Deficiency
Anemia

Anemia is a risk factor for perinatal (591 000) and maternal
(115 000) deaths globally. Approximately 18.4% of mater-
nal and 23.5% of perinatal deaths are attributable to ane-
mia. Combined with the direct impacts of IDA, the total
deaths are 841 000 annually (Sanghvi et al., 2007).

Anemia has a negative impact on the health and eco-
nomic situations of individuals, families, and nations. For
instance, the Permanent Nutrition Committee of the
United Nations has calculated that economic costs of
anemia in Bangladesh are equivalent to 7.9% of the coun-
try’s gross domestic product (GDP).
Some researchers in Indonesia have found workers
with IDA to have less physical productivity than those
without anemia, and a productivity of 1.5% less per
1.0 g/dl when hemoglobin is below the normal value
(Basta et al., 1979; Sanghvi et al., 2007). Productivity and
income decrease by more than 15% because of iron
deficiency. The benefits of interventions aimed at reduc-
ing iron deficiency anemia are worth 9.8 times the esti-
mated costs.

A study conducted by Micronutrient Initiative and
UNICEF carried out in 80 countries – accounting for
about 80% of the world’s population – documents that
the damage caused by iron deficiency represents nearly
67 500 maternal deaths related to acute anemia annually
(UNICEF, 2004).
Strategies for the Prevention and Control
of Iron Deficiency Anemia

There are several public health strategies to prevent or
reduce IDA. Most frequently, the interventions are based
on supplementation or fortification of foods. Strategies
aiming at enhancing dietary diversification are less
frequently used, but are also relevant. Those three stra-
tegies have produced favorable results, mainly in devel-
oped countries but less frequently in developing ones.
A faster improvement in the micronutrient status of the
target population is possible through supplementation
programs. Food fortification has a less immediate effect
but a more sustained impact. Most probably, the best
options are interventions, promoting the diversification
of the type of foods included in the diet. However, a
sustainable change in the dietary habits of a population
takes more time and effort to be implemented. Further-
more, the cost of foods that are good sources of bio-
available iron, such as meat, is not easily accessible for
unprivileged populations.
Food Fortification Strategies

Fortification of food is the deliberate addition of one or
more micronutrients to some foods aiming to increase the
intake of micronutrients that are in deficit in the diet of a
given population so as to correct or prevent identified
deficiency and improve the health of individuals.

For the best results from a fortification program, care-
ful selection of the foods to which iron will be added is
recommended (Grantham-McGregor and Ani, 2001).
The selected foods must be staples frequently consumed
by the population, low cost, and easily available. The
choice of the iron compound must be based in its bio-
availability and stability; unfortunately, the most bioavail-
able iron compounds, i.e., ferrous sulfate or fumarate,
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frequently cause changes in the color, smell, and taste of
foods during preparation and storage.

Nevertheless, the food industry has successfully met
this challenge, either masking the negative sensory effects
of iron fortifiers or selecting more sophisticated iron
compounds to fortify foods (Table 5) to ensure the suc-
cess of fortification programs with positive cost–benefit
results.

As previously mentioned, because certain diet compo-
nents may promote or inhibit iron absorption, it is neces-
sary to explore several ways of improving the
bioavailability of iron used in the fortification of foods,
either adding absorption enhancers or neutralizing inhi-
bitors. For example, adding enzymes that break down
phytic acid, a potent inhibitor of iron absorption found
in cereals, could be particularly useful in the fortification
of cereals commonly used for interventions intended for
infants. In recent years, considerable efforts have been
made to develop and test iron compounds such as
NaFeEDTA or ferrous bisglycinate, which circumvent
the inhibitory effect, and phytate. Another technical prob-
lem is the negative effect that some highly reactive iron
compounds such as ferrous sulfate have on the sensory
Table 5 Key characteristics of iron compounds commonly used

Compound Iron (%) Rel

Water soluble
Ferrous sulfate 7H2O 20 100

Ferrous sulfate, dried 33 100

Ferrous gluconate 12 89
Ferrous lactate 19 67

Ferrous bisglycinate 20 >10

Ferric ammonium citrate 17 51

Sodium iron EDTA 13 >10
Poorly water soluble, soluble in dilute acid

Ferrous fumarate 33 100

Ferrous succinate 33 92

Ferric saccharate 10 74
Water insoluble, poorly soluble in dilute acid

Ferric orthophosphate 29 25–

Ferric pyrophosphate 25 21–
. Elemental iron – –
. H-reduced 96 13–
. Atomized 96 (24)
. CO-reduced 97 (12–
. Electrolytic 97 75
. Carbonyl 99 5–2

Encapsulated forms

Ferrous sulfate 16 100
Ferrous fumarate 16 100

aRelative to hydrated ferrous sulfate (FeSO4.7H2O), in adult humans.
bRelative to dried ferrous sulfate. Per milligram of iron, the cost of hy
cAbsorption is two to three times better that from ferrous sulfate if th
dThe high value refers to a very small particle size which has only be

EDTA, ethylenediamineteraacetate; H-reduced, hydrogen reduced; C
characteristics of the foods to be fortified. One alternative is
to microencapsulate them to prevent their oxidative effects
on food. However, despite the advances in food technology,
a large proportion of the population living in poverty is at
risk of developing anemia, because they do not have access
to fortified industrialized food or are not covered by
public nutrition programs using fortified foods.

Some innovating strategies, such as the use of sprin-
kles, spreads, and foodlets (a hybrid of foods and tablets)
look promising. Sprinkles are a mixture of encapsulated
iron and other micronutrients, presented as a powder in
small sachets that is directly added to homemade food.
Sprinkles are easily carried in small sachets, which have a
cost of about $0.023 per sachet. In some parts of the world,
spreads have been successfully employed for the fortifica-
tion of foods, particularly those aimed at complementing
infant feeding (Allen et al., 2006). However, the applica-
tion of such strategies is recent, and experts recommend
that its cost-effectiveness be documented in the near
future.

Iron fortification of foods is widely used in many parts
of the world. In nearly 20 countries of Latin America, iron
fortification programs have been implemented, mostly
for food fortification purposes: Solubility, bioavailability, and cost

ative bioavailabilitya Relative costb (per mg/iron)

1.0

1.0

6.7
7.5

0c 17.6

4.4

0c 16.7

2.2

9.7

8.1

32 4.0

74 4.7
–

148d 0.5

0.4

32) <1.0
0.8

0 2.2

10.8
17.4

Values in parentheses are derived from studies in rats.

drated and dry ferrous sulfate is similar.

e phytate content of food vehicle is high.

en used in experimental studies.

O-reduced, carbon monoxide reduced.



Table 6 Summary of Institute of Medicine (IOM) Guidelines

for Iron Supplementation during pregnancy

Hemoglobin Ferritin mg/l Recommended management

First trimester

<90 g/l Any Obtain medical evaluation

90–109 g/l >30 Obtain medical evaluation

90–190 g/l 12–20 30 mg supplemental Fe/day
�110 g/l �20 30 mg supplemental Fe/day

90–190 g/l <12 60–120 mg supplemental Fe/day

�110 g/l >20 No iron

Second trimester
<90 g/l Any Obtain medical evaluation

�105 g/l �20 30 mg supplemental Fe/day

90–104 g/l <12 60–120 mg supplemental Fe/day
�105 g/l >20 No iron

Third trimester

<90 g/l Any Obtain medical evaluation

�110 g/l Any 30 mg supplemental Fe/day
90–109 g/l Any 60–120 mg supplemental Fe/day

From Cogswell ME, Parvanta I, Ickes L, Yip R, and Brittenham

GM (2003) Iron supplementation during pregnancy, anemia, and

birth weight: A randomized controlled trial. American Journal of
Clinical Nutrition 78: 773–781.
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using maize or wheat flour as food vehicles. In other
regions of the world, other foods, such as fish sauce, soy
sauce, milk, rice, cacao products, and cereal by-products
such as bread, breakfast cereals, and snacks have been
used as an iron vehicle. It should be noted that the daily
intake of iron depends on the amount of food consumed
and the level of fortification (Allen et al., 2006).

Several efficacy and effectiveness studies have demon-
strated the impact of fortification on improving the intake
of iron and thus decreasing the prevalence of anemia.
Examples include the fortification programs in Chile
(wheat flour and powdered milk for infants), Ghana
(complementary food for children), Guatemala (sugar),
Indonesia (soy sauce), India (salt), Mexico (infants’ com-
plementary food and powdered milk), and Venezuela
(maize and wheat flour) (Zimmermann et al., 2003).

In Mexico, a recent study on the efficacy of milk
fortification, which is distributed through a federal pro-
gram to approximately 5 million children, reported a
decrease in the prevalence of anemia in children aged
12–30months from 41.4% to 12.1% ( p< 0.001) in a
6-month period (Villalpando et al., 2006).
Strategies Using Iron Supplements

Efforts to improve nutrition in vulnerable groups have
been attempted in the past, but it was not until 1990 that
UNICEF gathered political leaders and concerned orga-
nizations from many countries at the World Summit for
Children to establish policies focused on reducing iron
deficiency in children, with the aim to decrease to one-
third the prevalence of IDA in pregnant women. Later, in
1992, the goal of addressing the high prevalences of ane-
mia, affecting particularly children and pregnant women,
was reiterated. In subsequent international forums and
meetings, those goals were confirmed (UNICEF, 2004;
Allen et al., 2006).

Supplementation is the most frequently recommended
method to address iron deficiency and limited iron intake
(The Manoff Group, 2001) ‘‘Supplementation is the
action of supplying relatively high doses of micronutrients
in the form of syrups, pills, and capsules. Supplementation
furnishes optimal quantities of micronutrients in a highly
absorptive presentation’’ (Allen et al., 2006: 3–20).

Nevertheless, implementing a supplementation pro-
gram is not easy. First, the quantity of supplemented
iron must be established so as not to exceed the amount
of required iron. The Institute of Medicine of the United
States has produced a supplementation guide specific for
pregnancy (Table 6). Secondly, a reliable system of dis-
tribution must be set up. Adherence to the consumption of
supplements by the target population is also essential,
particularly when supplements are to be consumed for
long periods (Cogswell et al., 2003; Allen et al., 2006).
Faulty distribution of supplements and low adherence
are the main obstacles for the success of supplementation
programs (Allen et al., 2006). Several recommendations have
been proposed to improve the adherence to supplement
consumption, for instance, encouraging consumption and
educating people about the benefits of supplementation,
and using iron supplements with a low rate of adverse
gastrointestinal effects. A study conducted in India among
women who consumed 60, 120, and 240mg of iron/day
reported adverse gastrointestinal effects in 32%, 40%, and
75% of cases, respectively, concluding that adverse effects
increased as iron doses increased. It is possible that people
experiencing more adverse effects are less likely to adhere
to supplementation.

There is some controversy as to the most adequate
frequency of dosing with iron supplements. Beaton and
McCabe (1999) concluded in a meta-analysis that daily
and weekly supplementation are equally effective as far as
people’s adherence to treatment is concerned. This high-
lights the important role of compliance during
supplementation.

Efficacy studies have demonstrated that the impact of
supplementation depends mainly on:

1. diet composition;
2. the presence of certain physiologic or pathologic con-

ditions that could be influential for the absorption of
iron (i.e., achlorhydria);

3. the composition of the supplement;
4. initial severity of iron deficiency;
5. time of intervention (Allen et al., 2006).
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One randomized controlled study conducted in the
United States with 513 low-income women pregnant for
less than 20 weeks showed that women who received
supplementation during the first trimester had a lower
incidence of low birth weight and preterm birth. The
conclusions from this study are clear: Iron supplementa-
tion administered prophylactically deserves to be exam-
ined as a measure for improving birth weight (Cogswell
et al., 2003).

It should be noted that a considerable proportion of
cases of anemia are not solely the consequence of iron
deficiency. If the goal of public health programs is to
keep anemia under control, the problem cannot be seen
solely as iron deficiency. A randomized controlled trial
of women from rural Nepal, supplemented with (a)
folic acid, (b) folic acid plus iron, (c) folic acid plus
iron plus zinc, and (d) folic acid plus iron plus zinc plus
11 other micronutrients and a control group treated
with vitamin A showed greater hemoglobin concentra-
tions in those who consumed the combination of folic
acid plus iron.

Addition of iron absorption enhancers has yielded
successful results in several studies. Recently, in Sweden
an oats-based beverage to which citric acid and phytase
were added to improve the absorption of supplemented
iron found that citric acid improved the absorption of iron
by 54% and phytase treatment by 78%.

The estimated cost of iron supplementation is
US$3.17–$5.30 per child, which seems expensive, because
of the long periods of treatment (daily or intermitt-
ently) required. This issue should be examined for
cost-effectiveness. According to the reports of the Manoff
Group (2001) and the Micronutrient Initiative (UNICEF,
2004), for each U.S. dollar invested in iron supplementation
programs for pregnant women, there is a return of US$24 in
lifelong salaries and prevention of disabilities. As for iron
fortification of foods, for each U.S. dollar invested, the
return is $84 in higher productivity and fewer disabilities.

Safety aspects

Iron toxicity is relatively uncommon, mainly because its
intestinal absorption is tightly controlled. Iron intestinal
absorption is downregulated when iron stores are replete
or the dietary intake is excessive. Some populations
suffering from a genetic alteration called hemochroma-
tosis are at risk of iron poisoning during iron supplemen-
tation or food fortification interventions because the
intestinal absorption of iron is two to three times the
normal levels. Toxicity caused by excessive consumption
of iron tablets or syrup has been reported in children
attending health services in the United States. An
increase in morbidity has also been reported in small
children with full stores of iron living in endemic malaria
areas, as documented by the Pemba study. Iron and zinc
compete for intestinal absorption, when administered in
combination; one offsets the other’s absorption depend-
ing upon the molecular ratio. There are not large-scale
programs in operation investigating this issue (Sazawal
et al., 2006).
Strategies Including Dietary Diversification

In practice, there is a need for implementing programs to
improve the availability, consumption, and access to food
rich in micronutrients (such as animal flesh, fruits, and
vegetables) in adequate amounts, especially among
vulnerable groups suffering from micronutrient deficien-
cies. In poor communities, an adequate consumption
of oils and fats should be stressed to optimize the absor-
ption of certain micronutrients such as vitamin A
(Allen et al., 2006).

Increasing dietary diversity also improves the nutri-
tional status of the population, as it enhances the intake of
food components other than micronutrients, In addition,
this strategy may improve the diet of other family mem-
bers, which would not occur with fortification or supple-
mentation strategies targeted to specific members of the
family. (Allen et al., 2006).

The prevention and reduction of anemia by improving
diet quality is only possible if policy makers and program
designers at the local, national, and international levels
encourage the production of selected foods and facilitate
the access to particular foods such as meat (high in hema-
tinic iron), beans, and fruits rich in vitamin C (an
enhancer of iron absorption), through definition of appro-
priate policies such as:

1. provision of subsidies;
2. access to better animal products;
3. programs to support production and conservation;
4. education on the need for including foods from animal

sources in the diet of target populations.

The implementation of programs to reduce poverty
would promote greater access to food, including food
from animal sources (Allen et al., 2006).
Examples of Ongoing Interventions to
Control and Reduce Iron Deficiency
Anemia

Some countries have adopted diverse strategies to reduce
iron deficiency. In some countries, prenatal care services
provide iron to pregnant women through public health
programs. The private sector in other countries supplies
iron to women to attain better iron levels (Bolivia). Other
countries are expanding the coverage of their programs by
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supplementing young children (Nicaragua). Supplementa-
tion combined with nutritional education has yielded good
results in reducing iron deficiency in students (Egypt).
Some companies have invested in the health and well-
being of their employees by distributing iron supplements
at the work place (Indonesia and Sri Lanka). Flour fortifi-
cation has been the key to success in countries such as the
United States, Chile, and Sweden. Flour fortification pro-
grams are operating in Sri Lanka, India, Mexico, Vene-
zuela, Egypt, Morocco, South Africa, and the Philippines.
The fortification of seasoning products such as curry pow-
der and soy sauce has been successfully implemented in the
Philippines and China. Another example is the public
education programs in Thailand and Indonesia, which
have improved daily consumption of iron-rich foods.
Conclusions and Recommendations

The literature has documented the overwhelming mag-
nitude of IDA worldwide, as well as its causes and its
consequences on human capital and economic losses.
Several international, national, and local forums have
set the goal of defeating anemia by doubling efforts to
increase the access, consumption, and use of micronu-
trient-rich foods in adequate quantity and quality, with
the vision to reach a more diversified diet. Vulnerable
underprivileged groups should receive particular
attention.

The WHO has proposed the following recommenda-
tions (WHO/UNICEF, 2005), setting as a final goal that
the world’s population will be able to enjoy a diet with full
energy and macro- and micronutrient content needed to
live a healthy and productive life:

1. To carry out interventions to supply iron combined
with other micronutrients in environments where the
lack of iron is not the only cause of anemia.

2. To establish strategic interventions designed by the
health sector and supported by a firm political commit-
ment and the agreement of all sectors of the population.

3. To implement surveillance systems with trusted, read-
ily available, and easy-to-use methods to evaluate the
efficacy of the interventions.

Together with these recommendations, other public health
issues must be addressed, such as treatment of intestinal
parasites, and prevention and treatment of malaria and
diarrhea. Those conditions bring about iron deficiency
due to blood loss or destruction of red blood cells. Likewise,
programs in endemic malaria areas must provide antihel-
minthic treatment, insecticides, bed nets, and sanitary infra-
structure (cleanwater supply and toilets). These actionswill
help reduce iron deficiency and are essential for long-term
success. Populations at particular risk, such as refugees,
those in emergency situations such as natural disasters,
children aged 6–24months, and pregnant and lactating
women must be a priority for implementing interventions
to prevent iron deficiency anemia.

Several countries have implemented iron supplemen-
tation programs to reduce the occurrence of anemia in
pregnant women and in breastfed infants. However, most
programs were not as successful as expected because in
many instances women were treated in the later stages of
pregnancy, when treatment is not effective or because the
program is not operated properly. Very few countries have
large-scale programs to control the high prevalence of
IDA in infants. As a result, over the past 15 years, there
have been very few changes in the incidence of anemia
throughout the world.

The meta-analysis performed by Beaton and McCabe.
(1999) on iron supplementation in developing countries
indicates that iron deficiency is not the only cause of
anemia, since other factors may contribute to its presence
such as deficiencies of other micronutrients (folate, vita-
min B12 and vitamin A) and the presence of malaria and
other parasitosis.

In summary, iron deficiency anemia persists as one of
the most pressing nutritional problems globally. Children
younger than 2 years of age living in developing countries
are of special concern because the deleterious effects on
their physical and mental development. Another group of
special concern is pregnant women because iron defi-
ciency anemia during early pregnancy is associated with
higher perinatal morbidity and mortality. Such negative
effects on young children and pregnant women cause
serious losses in terms of productivity and human capital
of affected countries (Layrisse et al., 1996). Despite
the national and international efforts to implement
interventions distributing iron supplements or iron-
fortified food, the global prevalence of iron deficiency
anemia has not been curbed accordingly. Research to
improve effectiveness of such interventions and bring
about stronger political commitments on the part of
national and international agencies to enhance coverage
of effective interventions is urged.
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between countries and within countries. The field specif-
ically identified as ‘public health ethics’ is still in its early
stages and is broadly defined as the study of moral dilem-
mas in population health. Public health ethics is distinct
from medical ethics; it is primarily a response by public
health practitioners to such unique challenges as HIV/
AIDS research, treatment, and prevention or the complex
epidemiological and public policy issues surrounding



Anthropological Perspectives in Bio-Ethics 185
SARS and avian flu. However, there is a growing recogni-
tion in the public health world that issues typically
addressed by anthropologists, ethicists, and activists,
such as the relationship between culture and health
behavior or the position that health is a human right, is
moving to the center of the global practice of public
health. This suggests that public health practitioners will
increasingly rely on and collaborate with anthropologists
and ethicists to solve the public health challenges of the
twenty-first century.
Ethics

In the public health literature, the terms ‘ethics,’ ‘morals,’
and ‘values’ are rarely precisely defined and are, in fact,
often mistakenly used interchangeably. Any discussion of
ethics in public health must first clearly differentiate these
distinct concepts. Values are qualities that each person
wishes to embody or to guide his or her life; for example,
honesty, compassion, generosity, tolerance, beauty, wis-
dom, education, wealth, and so on. Morals or morality is
a system of ‘dos’ and ‘don’ts’ that help guide a person’s
individual actions and behaviors; for example, treat
others as you would have them treat you. In philosophy,
ethics is a distinct field of study focusing on the princi-
ples and cultural rules that determine what is considered
‘right and wrong’ or ‘good and evil.’ For example, the
study of health-related ethics is an attempt to understand
why societies and biomedicine differ in their definition
of a ‘good death’ or hold different models of ‘truth-
telling’ between physician, patient, and family. There
are two main traditions in ethics: (1) theoretical ethics,
which analyzes the internal logic of ethical systems; and
(2) normative ethics, which defines and describes norms
and guidelines for behaviors and action in ‘real-life’
situations. Public health ethics is mainly concerned with
normative ethics.
Bioethics

The foundation of the philosophical application of ethical
theory to health-related issues is medical ethics: an exam-
ination of the rules that define proper and good conduct
between a physician and patient. However, since the
1960s, a new field of ethics, bioethics, is responding to
contemporary challenges such as cases of abuse in human
participant research, entrenched physician paternalism,
the rise of the patient-as-consumer and patients-rights
movements, and new health technologies designed to
improve or extend life, for example, in vitro fertilization
or kidney dialysis. Bioethics is the study of the principles
of right and wrong behaviors that guide medical research
and practice with both humans and animals. It is an
interdisciplinary field that focuses primarily on the
moral and ethical issues that arise from the application
in everyday life of biotechnological innovations in the life
sciences, medicine, genetics, biology, demography, repro-
ductive health, and the environment. Bioethics can be
further subdivided into the fields of research ethics, clini-
cal ethics, and public health ethics. Research ethics is the
study of problems related to correct and appropriate
conduct of lab-, clinic-, and field-based health research;
clinical ethics is concerned with the challenges of patient
care; and public health ethics is the study of the values and
rules that guide research, action, and policy to promote
population health and prevent disease.

Many universities now offer specialized programs of
ethics study, some leading to advanced degrees in bioeth-
ics. Most national governments and international organi-
zations have formal commissions to investigate the social
and ethical implications of innovations in biotechnology.
Bioethicists are employed by universities, hospitals, pri-
vate biotechnology companies, and governments, but the
practice of and resources available for bioethics varies
from country to country. For example, in the United
States, the growth of bioethics consultations by clinical
and academic bioethicists for the private sector, especially
the pharmaceutical industry, is controversial. Further-
more, there is growing concern about the dominance of
English-speaking bioethicists, particularly those based in
the United States, and the relatively small number of
publications by scholars in the developing world. In
response, a number of international initiatives, in particu-
lar the Fogarty International Center at the U.S. National
Institutes of Health, offer bioethics training for scientists
from resource-poor countries.
Public Health Ethics

It is helpful to distinguish between public health ethics and
biomedical ethics. Public health is generally concernedwith
improving human health and reducing disease at the popu-
lation level; medicine is concerned with diagnosis and
treatment of an individual patient. Public health interacts
with public agencies and governments; Western medicine
generally focuses on the physician–patient relationship.
Western medicine has a long tradition of operating within
a formal code of ethics, such as the Hippocratic Oath; in
contrast, public health practitioners have only recently
formalized their own code of ethics. In February 2002,
the American Public Health Association became the first
American public health organization to adopt explicitly a
code of ethics, the ‘‘Principles of the Ethical Practice of
Public Health.’’ These principles are most noteworthy for
their reaffirmation that the pursuit of public health is a
moral one and for the assertion that the central focus of
public health ethics is to exercise power to ensure the
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health of populations while at the same time avoiding
potential abuses related to the implementation of health
interventions.
Anthropology

Anthropology is the study of the physical, biological, and
cultural aspects of humankind, ranging from the evolu-
tionary origins of Homo sapiens to the cultural significance
of DNA testing and the human genome. The term
‘anthropology’ is derived from the Greek anthropos

(human being) and logos (word). Of all the academic dis-
ciplines that study humans, anthropology pursues the
broadest approach by asking these central questions:
What does it mean to be human? To what degree are
humans alike or different? What is the relationship
between the individual, society, biology, and culture? Is
it possible to really understand how cultures other than
one’s own function? Two aspects of anthropology are of
particular interest to the convergence of bioethics, public
health practice, and public health research: the culture
concept and the anthropological method.
The Culture Concept

Culture is the central organizing concept of the discipline
of anthropology, and it refers to everything that people
create, possess, think, and do. Although this definition is
so general as to be almost meaningless, most anthropolo-
gists would agree that a major feature of culture is embod-
ied in the learned ability to transmit knowledge from one
generation to the next through the spoken abstract sym-
bols of language. In addition, the majority of contempo-
rary anthropologists agree on three observations: (1) The
development of human language and the communication
of complex abstract concepts mark the emergence of
human culture; (2) complex abstract language distin-
guishes human culture from the cultures of tool-making
primates; and (3) culture is a learned behavior, it is uni-
versal, and it is not static but in a constant state of change
and adaptation. However, in the late nineteenth and early
twentieth century, the concept of culture was primarily
based on describing the physical characteristics, material
objects, and kinship structures of non-European and non-
Euro-American peoples. Culture was empirical and tan-
gible; it was defined by geographical areas, and it could be
measured, named, and classified. By the mid- to late
twentieth century, cultural anthropology shifted from a
descriptive science to an interpretive discipline analyzing
the meanings humans constructed to explain the values
and ethics that guided their lives. According to one of
the preeminent anthropologists of the second half of
the twentieth century, the late Clifford Geertz, the pri-
mary role of the cultural anthropologist is to use ‘‘thick
description’’ to describe and interpret these various ‘‘webs
of significance’’ (1973). For Geertz, culture is a symbolic
system that gives both an account of the world (describes)
and outlines a set of rules for acting in it (prescribes).
Despite Geertz’s widespread influence, a lack of consen-
sus continues in anthropology about what culture is, what
it does, and how it changes. Today, the culture concept in
anthropology ranges from an emphasis on the behavioral
(culture is a learned behavior), to the functional (culture
is human adaptation to the physical and biological envi-
ronment), to the ideational (culture is shared ideas and
symbolic systems of explanation).

Beyond anthropology, the observation that culture,
however defined, is a significant determinant of popula-
tion health is a recent development in public health
research and practice. However, a similar lack of consen-
sus concerning the definition of culture and its relation-
ship to health plagues the public health literature and
threatens the success of interventions to improve both
individual and population-level health. For example, pub-
lic health interventions to reduce transmission of HIV/
AIDS have variously focused on culture as a barrier to
change (among Latino men, the culture of machismo can
prevent self-identification as a person who engages in same-
sex behaviors) as well as a facilitator of change (in Uganda,
the traditional practice of widow-inheritance, in which
the brother of the deceased husband marries the widow,
is now marked by a symbolic ceremony rather than an
actual marriage, thus reducing the risk of transmission
of HIV). The study of culture as a determinant of
population-level health is an outgrowth of Wilkinson
and Marmot’s (2003) research on the socioeconomic deter-
minants of health and other contributions to the devel-
opment of social epidemiology. However, it is essential
that epidemiologists avoid resurrecting the nineteenth-
century definition of culture that focused on culture as a
reified object, behavior, or belief that existed outside a polit-
ical, economic, and historical context. Culture is never a
unified whole, and its impact on health is unevenly dis-
tributed both between societies and within them. Analyzing
the nature of that relationship – causal or associational – is
yet another challenge in the application of the culture
concept to public health practice.
The Anthropological Method

The hallmarks of anthropological research are fieldwork
and participant observation. In contrast to research con-
ducted in the controlled settings of a clinic or laboratory,
anthropological research is conducted in the place where
the study population lives and works every day; this is the
‘field’ and anthropological data collection is ‘fieldwork.’
To understand a cultural system as fully as possible,
classic cultural anthropological fieldwork consists of the
researcher spending an extended period of time in a
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village, town, or city where he or she learns at least the
basics of the local language and develops trust and rapport
with neighbors and others in the community. Anthropol-
ogists observe daily life and keep detailed notes on what
they learn, hoping to discover the hidden patterns of
meaning and social significance that appear to the com-
munity to be so natural as to be literally invisible. The
process of moving beyond the role of outside observer
into the deeper understanding of the cultural ‘insider’ is
achieved primarily through participant observation, the
signature anthropological method. By literally participat-
ing in everyday activities, rituals, and celebrations, an
anthropologist hopes to gain a new perspective on the
culture. To master these skills, it is common for an anthro-
pologist to return to the same region repeatedly, even over
his or her entire academic career. However, participant
observation is only one of many different types of data
collection anthropologists will use; other methods include
archival research, in-depth interviews, surveys, demo-
graphic data, basic health measurements (height, weight,
nutritional analysis, diagnostic testing for infectious dis-
ease), and so on. The use of these similar research meth-
ods creates a bridge between anthropology and public
health, promoting the citation of each other’s data and
facilitating constructive collaboration on difficult and
complex health issues, such as enforcing quarantine pro-
cedures during an Ebola outbreak or vaccinating children
against polio when other health concerns, such as malaria
or malnutrition, are considered a higher priority by the
local population.
Anthropological Perspectives in Public
Health Ethics

The anthropological perspective in bioethics and public
health ethics is evident in three areas: (1) the influence of
anthropology’s culture concept on the practice or appli-
cation of ethics in public health; (2) the adoption of
anthropological methods and perspectives in research on
public health and bioethics research; and (3) the study, by
anthropologists, of the fields of public health and bioethics
as distinct cultures themselves. Anthropology’s involve-
ment in bioethics flourished in the 1990s as complex
health-related concerns, such as decision making regard-
ing biotechnology and end-of-life care, were no longer
satisfactorily addressed by professional or academic
bioethicists. Growing out of medical sociology and its
focus on the doctor–patient relationship, anthropologists
expanded research on health communication to explore,
for example, the impact of gender and medical authority
on patient communication and outcomes. Anthropologists
also studied cultural interpretations of human biological
processes. For example, in the Buddhist tradition, brain
death is not accepted as the definitive marker of the end of
human life; this and other culturally determined beliefs
significantly restrict options for organ transplantation
(Scheper-Hughes, forthcoming). In another example of
the influence of culture on the social meaning of disease,
Japanese women do not report the same physical symp-
toms related to menopause as American women; and
when they do experience similar physical symptoms, Jap-
anese women underreport them in comparison to Ameri-
can women (Lock, 1993). Therefore, therapies for aging
women in Japan are significantly different than those in
the United States. Through the ethnographic method,
anthropology foregrounds the experiences of individuals
and the moral frameworks that govern their ethical
decision making, thus challenging bioethics’ focus on
hegemonic ethical norms or biomedical authority
(Kleinman, 1999, 2006). Anthropology also moves the
study of bioethics into non-Western contexts, expanding
its narrow geographical scope and promoting the impor-
tance of cross-cultural analysis; for example, introducing
public health interventions to eliminate female feticide in
South Asia. The central lessons of anthropology for public
health are that: (1) the human experience of health, illness,
and disease is shaped not only by biological facts, but also
by social and cultural issues; and (2) health-seeking
behavior and decision making are significantly influenced
by historical and economic contexts. Anthropological
research demonstrates that local moral experiences and
norms of reproduction, immunization, body modification,
genetic testing, and research participation as well as defi-
nitions of health, personhood, or death are key variables
shaping public health outcomes.

Anthropology and the Ethics of Public Health
Practice

One of the most influential American medical anthropol-
ogists is Arthur Kleinman, a practicing psychiatrist and
professor of anthropology. In an effort to improve com-
munication between provider and patient in biomedical
and public health settings, Kleinman pioneered a simple,
but highly effective, series of eight questions to explore
the experience of illness from the patient’s perspective
(Kleinman, 1980). His ‘Explanatory Model’ method probes
individual cultural interpretations of sickness through the
use of standard anthropological interview techniques that
establish rapport between the patient and the interviewer,
encourage open-ended responses, and validate the individ-
ual illness experience even when biomedical or epidemio-
logical models do not recognize the patient’s symptoms or
explanations.

1. What do you call the problem?
2. What do you think has caused the problem?
3. Why do you think it started when it did?
4. What do you think the sickness does? How does it

work?
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5. How severe is the sickness? Will it have a short or long
course?

6. What kind of treatment do you think the patient should
receive? What are the most important results you hope
they receive from this treatment?

7. What are the chief problems the sickness has caused?
8. What do you fear most about the sickness?

The current focus on cultural competency in health
care is rooted in the widespread adoption of Kleinman’s
model. Anne Fadiman’s award-winning book, The Spirit
Catches You and You Fall Down: A Hmong Child, Her American

Doctors, and the Collision of Two Cultures (1997), is a study of
a catastrophic breakdown in communication between an
immigrant Hmong family and the public health system in
Merced, California. It is widely cited as an example of a
tragic health outcome that probably could have been
averted if the local health officials had embraced
Kleinman’s approach. The Hmong example highlights
several ethical dilemmas facing most health practitioners.
How does an individual health professional engaged in
public service balance the need for intensive individual
attention to achieve the highest health outcomes against
the reality of limited resources? To what extent is a health
professional obligated to acknowledge and understand the
culture-bound health models of his or her patients? Can a
practitioner ever transgress public health policy in order
to better serve one individual? Anthropological knowl-
edge of local cultural models of illness can play a signifi-
cant role in answering these public health ethical
questions.

The challenges of delivering care and enforcing quar-
antine in a hemorrhagic fever outbreak underscore similar
ethical dilemmas for public health specialists. Two recent
examples from Africa, Ebola virus in northern Uganda in
2000 and Marburg virus in the border region of Angola
and Congo in 2005, clearly demonstrate both the positive
effect of applying local cultural models of disease trans-
mission to disease response efforts and the negative out-
comes that can result from a lack of collaboration between
epidemiologists and anthropologists. Applying Kleinman’s
explanatory model, epidemiologists and social scientists
from the U.S. Centers for Disease Control and Prevention
dramatically reduced the number of new Ebola cases in
Uganda in 2000 by immediately collaborating with tradi-
tional healers to modify local high-risk burial practices.
The epidemic was quickly and effectively contained
(Hewlett and Amola, 2003). In contrast, Angola, which
suffered the largest outbreak of Marburg virus on record,
delayed their response several months after discovering
the first case. In lieu of working with the local community,
the Angolan government dispatched soldiers to this
already chronically underserved area, resulting in local
refusal to accept quarantine restrictions and inciting
serious violence against public health workers. Health
workers, both local and international, pressed by the
urgency of the situation, deployed stringent quarantine
protocols even though they recognized that these acti-
vities clearly heightened local fear, stigma, and violence.
All public health interventions require a balance between
benefits, risks, harms, and costs; however, including
anthropological analysis in this intervention process
could have drawn attention to the critical economic and
political circumstances that shaped Angolan health beha-
viors related to the transmission of theMarburg virus. The
ethical dilemma for these public health workers was to
assess the paradox of continuing to deliver services
designed to contain the epidemic but that actually con-
tributed to the transmission of the virus, versus sus-
pending services until community cooperation could be
organized. Public health actions, especially those imple-
mented in high-risk crisis situations, have a higher rate of
success if local cultural models of disease transmission are
incorporated into the intervention planning from the onset
of the epidemic.

A third example of a tragic public health outcome
directly related to the mismanagement of communication
between public health workers and local communities is
the 2003–2004 polio immunization crisis in northern
Nigeria. Between 1988 and 2002, the WHO Global
Polio Eradication Initiative, the world’s single largest
internationally coordinated public health project, reduced
the number of cases of wild polio virus worldwide by
99%. However, in August 2003, three states in northern
Nigeria suspended polio immunization campaigns, fol-
lowing concerns by some public figures regarding the
safety of the polio vaccine. Local political and religious
leaders counseled parents to refuse the polio vaccine and
accused Western countries of deliberately contaminating
the vaccine in a plot to sterilize African children, particu-
larly Muslim children. Subsequently, a new outbreak
occurred, originating in the northern state of Kano, rein-
fecting previously polio-free areas within Nigeria
(including Lagos) and eight previously polio-free
countries across west and central Africa. In 2003 as a
result, for the first time since efforts to eradicate polio
began, more countries suffered polio cases due to impor-
tations than were themselves endemic for the disease.
Within 12 months, polio eradication campaigns resumed
across northern Nigeria, in July 2004. However, Nigeria
continues to report wild polio virus. In 2006, 1124 cases
were identified in Nigeria, accounting for well over two-
thirds of the total number of cases worldwide.

Local anxieties about the 2003 polio campaign in
Nigeria reflect a difficult history of externally supervised
public health projects. It is widely believed that the deaths
of five children enrolled in a 1996 research study in
northern Nigeria were caused by the unethical use of
Trovafloxacin (Trovan), a vaccine produced by Pfizer to
combat meningitis. Even before this tragedy, aggressive
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anti-fertility campaigns sponsored by the southern-
dominated Nigerian government in the 1980s generated
mistrust of the public health system in the northern areas
of the country. The significance of these facts was grossly
underestimated by the implementers of the ‘Kick Polio
Out of Africa’ campaign. However, anthropological anal-
ysis offers a clearer assessment of why parents refused an
effective life-saving public health intervention, while
public health ethics outlines a more responsive, and ulti-
mately effective, approach to mass vaccination conducted
in an atmosphere of fear and mistrust. Several anthropol-
ogists cautioned that local suspicion of the polio eradica-
tion campaign was rooted in the stark contrast between
the well-organized and free delivery of the polio vaccine
and the chronically underfunded and dysfunctional pri-
mary health-care system (Renne, 2006). Furthermore,
from the perspective of the local community, more press-
ing health issues, such as malnutrition or malaria, were
consistently ignored by public health officials. Even the
2003 Nigerian government report that confirmed the
safety of the polio vaccine was rejected by the northern
states because the local Muslim community did not par-
ticipate in the government report’s production. The
impasse was finally broken after the government and exter-
nal health agencies consulted with the local communities
and fresh testing of the polio vaccine was commissioned in
Muslim-operated biomedical facilities in Muslim
countries. One of the primary principles of ethical public
health decision making is a respect for autonomy and
human dignity; this is the opposite of the paternalism
demonstrated by both the Nigerian government and the
international sponsors of the immunization campaign.
Understanding local cultural norms is a cornerstone for
effective collaboration between public health workers and
community leaders and members. Anthropologists can
help public health workers anticipate when health inter-
vention protocols may be at odds with local sentiments,
thus avoiding these tragic breakdowns of communication
between the community and the public health sector.

In addition to these examples of their contributions to
ethical matters in public health interventions and clinical
practice, anthropologists are part of a renewed focus on
the social determinants of health and the impact of the
organization of health systems on health outcomes, such
as life expectancy at birth, infant mortality, and overall
morbidity. Thomas McKeown demonstrated the impor-
tance of economic growth, rising living standards, and
improved nutrition, rather than the development of sci-
entific medicine or the public health movement, as the
primary driver of mortality decline in Britain (McKeown
and Brown, 1955). Michael Marmot’s Whitehall study
shows that even in the absence of poverty, social hierar-
chies and economic disparities lead to inequalities in
health outcomes (Marmot et al., 1991). Davidson Gwatkin
and colleagues (2005) at the World Bank discovered that
most interventions aimed at alleviating poverty and
improving health in poor countries usually benefit the
middle tier more than the most disadvantaged. Richard
Wilkinson (1996) demonstrated that high wealth does not
always guarantee the best health; it is the countries with
the smallest income gaps that have the best overall health.
In light of these findings, public health practitioners are
turning to the ethical principles of distributive justice
(Rawls, 1985; Daniels et al., 1999) to argue that achieving
equity in health is our brightest hope for significantly
improving global health. Equity is a value-based ethical
concept that means social justice or fairness. Unlike the
descriptive fact of equality, equity is an ethical assessment
often calling for action or change. Equity in health is
defined as ‘‘differences in health that are not only unnec-
essary and avoidable, but in addition, unfair and unjust’’
(Whitehead, 1992: 431); equity in health calls for the
elimination of the social and economic barriers that
lead to these disparities. However, some disparities are
unavoidable (genetics) while others are clearly avoid-
able (access to care). Inequities in access to health sys-
tems must be addressed by public health practitioners
because they systematically exacerbate the health of
people already socially and economically marginalized.

In 1990, Mongolia began a transition from a Soviet-
style socialist public health system to one based on such
liberal economic reforms as the privatization of health
care in a free market system. Mongolia is an exceptional
case study of the deleterious effects of the rapid expansion
of social and economic inequalities on health outcomes.
Anthropological inquiry can contribute to explaining how
and why those hierarchies amplify poor health by analyz-
ing them in a broader historical and sociocultural frame-
work. For over 70 years, the socialist government in
Mongolia delivered adequate levels of access to biomedi-
cine. However, within two years of the sudden introduc-
tion of neoliberal reforms, GDP dropped 20% and the
delivery of health services deteriorated as the public
health budget shrank. But most significantly, between
1995 and 2000, the social inequality index (GINI index)
rose 20%. Craig Janes, a medical anthropologist, argues
that the case of Mongolia clearly demonstrates how stra-
tegies for health reform, developed by a few influential
macro-economists in the centers of global health gover-
nance, meet and articulate with local-level health policies
and practices. These social and institutional ‘‘border-
lands’’ ( Janes et al., 2006: 7) literally embody the collision
of neoliberal global health discourses with local realities,
and the result is a devastating increase in health inequi-
ties. Janes’s research confirms Gwatkin’s observation that
the vulnerable poor suffer more than any other group as
access to health services beyond the primary care system
is privatized. Careful anthropological interviewing of
female heads of households elicited personal narratives
of illness episodes that cogently demonstrated the flawed
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assumption that, in the case of rural Mongolia, privatized
health care is an efficient distribution of health-care
resources. An equity analysis focuses on the unnecessary
and unfair imbalance in access to services between the
rich and poor, confirming that ‘essential care’ for the
poor is little more than poor medicine.’’ And finally,
the architects of global health governance must be held
responsible for the local consequences of their global
‘‘good ideas’’ ( Janes et al., 2006: 26–27).
Anthropology and the Ethics of Public
Health Research

In 2001, the U.S. President’s National Bioethics Advisory
Commission (NBAC) published a major report recom-
mending that U.S.-based institutional review boards
(IRBs) become more familiar with the local realities of
developing countries, especially those conditions that
affected the ability of researchers to conduct ethical health
research. This recommendation was based, in part, on
anthropological research presented to NBAC on the cul-
tural implications of health research in resource-poor set-
tings (Marshall, 2001). NBAC further recommended that
the United States encourage and facilitate ethically sound
collaborative health research. This recommendation was a
response to one of the most hotly contested debates in the
conduct of U.S.-sponsored health research in developing
countries: the ethical standing of the international imple-
mentation of the U.S. AIDS Clinical Trial Group (ACTG)
study protocol 076 to reduce mother-to-child transmis-
sion (MTCT) of HIV. By the 1990s, the life expectancy in
several African countries had dropped by as much as 20
years as a result of the HIV epidemic. Treatment was
widely available in resource-rich countries, but only zido-
vudine (AZT), the treatment to reduceMTCTof the HIV
virus, was potentially within the budgets of African
countries. The NIH and CDC funded several research
trials to test the hypothesis that a lower, and therefore
less expensive, dose of AZTwas equally effective in reduc-
ing MTCT in resource-poor settings. By 1998, interna-
tional controversy swelled over the use of a placebo
research design to test the hypothesis. In simplistic terms,
one position argued that the use of a placebo design was
unethical because an effective dose of AZT was already
established, while another position argued that the current
standard dose was only affordable in theWest and therefore
the placebo design was ethical during an epidemic in order
to test the hypothesis as quickly as possible. This case
opened a new era in the discussion of ethics of international
health research. Anthropologists have contributed to this
debate, and their cultural research is cited in new guidelines
for the ethical conduct for international public health
research in resource-poor countries (Marshall, 2001).

As outlined in the U.S. Belmont Report, autonomy
(respect for persons), one of the central principles of
ethical health research, holds that each individual
research participant should be treated as an autonomous
agent. For public health researchers, the concept of auton-
omy demands they demonstrate that research participants
enter into the research process voluntarily. In the context
of health research in Africa, for example, the determina-
tion that research participants freely and voluntarily give
consent to participate is sometimes difficult to assess
because in some cases, individuals, such as married
women, do not give consent in the same manner as indi-
viduals in the United States, but rather defer to husbands
or village leaders to indicate consent for them. Overem-
phasis on this specific case has narrowed the debate over
autonomy in Africa to the notion that Africans have no
sense of individual personhood, but rather organize them-
selves communally and do not recognize individual rights
over the rights of the community (Stewart, 2003). The
anthropological literature on African philosophy offers
two important points about African concepts of autonomy
and communality. First, African personhood is not a static
identity or a function of a legal age of consent; instead,
personhood for many Africans is a dynamic process that
changes over a lifetime and therefore challenges theWest-
ern concept that individual autonomy is reached at age 18
and is permanent until infirmity or death. Second, many
Africanist anthropologists argue that this contrast
between community and individual is overstated; both
concepts exist in African societies, but the important
question is which concept takes precedence in which
situation and for what reasons. Therefore, it is critical to
test the contours of the concept of autonomy in specific
situations; for example, in the context of the lived experi-
ences of Africans participating in health research. The
toolbox of the anthropologist is best suited for this task.

The second important concept listed in the Belmont
Report is beneficence, or an obligation to do no harm to a
research participant and to maximize benefits for the
participant. There are two types of benefits: first, the
material benefits to the individual or to the community
related directly to the research itself, such as compensa-
tion and medical services, and second, a larger responsi-
bility of the research project to improve society through
capacity building, such as training, or other obligations
beyond the tenure of the research project. In the context
of HIV/AIDS research in Africa, controversy over this
concept is related to the issue of standard of care; that is,
should international researchers offer local participants
the same standard of care they would receive if they
were a research participant in the United States, or is the
international researcher only obligated to offer the local
standard of medical service, which may in fact be no
medical service at all? The current debate about benefi-
cence is limited to technical, legal, and logistical concerns.
Anthropologists broaden the discussion to consider what
the local research community itself holds to be a
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reasonable balance between a community’s cooperation
with a research project and the investigators’ responsibility
to the participants beyond the standard issues of safety and
informed consent. For example, if an experimental inter-
vention cannot be sustained beyond the end of the research
study, researchers now consider broader benefits, such as a
new bore hole for clean water, to recognize the contribu-
tion of the local community to the research study. It is now
not unreasonable to suggest that health researchers nego-
tiate a sort of bilateral agreement between the research
project and the community for benefits beyond individual
compensation of the research participant. Anthropological
research, focusing on the local perspective of research and
the individual experiences of the research participant, has
contributed to broadening the concepts of benefits, com-
munity, and collaboration in health research. By studying
the contrasts in the concepts of beneficence between
researcher and participant, for example, we can more
clearly understand how local communities themselves
define the ethical and proper relationship between
research, health interventions, education, and develop-
ment (Stewart, 2003).

Finally, public health researchers increasinglyacknowl-
edge the importance of understanding cultural models of
the body before collecting human biospecimens, such as
tissue, hair follicles, breast milk, semen, and, of course,
blood. Standard ethical issues related to the conduct of
research with human biologic materials are informed con-
sent, ownership of the specimens, and the commercial
value of research results. However, new issues concerning
ethically appropriate methods of collection, storage, and
use focus on the social meaning and cultural values of the
human biologic material itself in the community, outside
its functional role in the research study. A central topic is
the power of the biologic specimen to redefine the donor’s
personal identity or reshape his or her relationship to his
or her family or community. For example, the placenta
holds great cultural value for many societies, yet it is
treated as a piece of disposable, potentially infectious
human tissue in the Western hospital setting. Ownership
of the placenta was at the center of some of the conflicts
discussed above between immigrant Hmong communities
and hospital staff in Merced, California. Burying the pla-
centa under or near the family home is an important
cultural ritual for many groups. In fact, the unwillingness
of the Merced hospital to allow Hmong mothers to return
home after a hospital delivery with their placentas fueled a
preference to deliver outside the hospital (Fadiman, 1997),
thus increasing risk to both the mother and the baby.

Genetic research, specifically DNA analysis for such
epidemiologic purposes as identifying risk of birth
defects, understanding disease etiology, pharmacogenetic
testing for variation in drug response, or measuring expo-
sure to environmental hazards, also presents new cul-
tural and social challenges for health researchers. Group
membership, for example in a family, kin group, or ethnic
group, typically is defined and maintained by social inter-
actions. Genetic testing may conflict with the lived expe-
rience of an individual in a family (paternity), an ethnic
group (a specific Native American tribe), or a religious
community (Ashkenazi Jews). Which identity should an
individual claim: their lived identity or that of their
genome? And which category of genetic information
should take precedence over another in determining iden-
tity when access to valuable resources might be at stake?
One of the largest international genetic research studies,
the International HapMap project, is a population-based
study to discover genes associated with human health and
disease and to identify genes that mediate individual
responses to medications and environmental insults.
A significant ethical challenge with all genetic research
is to anticipate and mitigate potential stigma that could
devastate small, vulnerable social groups, such as Native
Americans in the United States. Is it ethically responsible
to conduct research on a biologically defined population
group if some group members oppose the research on the
principle that their genome will be studied without their
consent? Identifying a socially defined group based on
genomic evidence implicates the entire social group, not
just those with the genetic marker of interest. A central
goal of anthropology is to study race and ethnicity as
primarily cultural and historical constructs. Although
geneticists assign racial and ethnic identity based on biol-
ogy, in contrast, anthropologists privilege the lived expe-
rience of an individual member of a population group and
analyze many other nonbiological variables before attri-
buting membership to one group or another. Insights from
the anthropological study of group identity, definitions of
community, and social norms regulating group member-
ship improve the ethical dimensions of health research
with human biospecimens and contribute to a deeper
understanding of the social implications of genetic
epidemiology.
Future Directions: Toward a Global Public
Health Ethics Informed by Anthropology

Clearly, the challenges of conducting ethically sound,
morally satisfying, collaborative health research continue
to outpace the development of an internationally recog-
nized global public health ethic. At this moment, it
appears that global public health ethics are reactive, not
proactive; therefore, the strategy needs to shift to a pre-
dictive mode that can anticipate emerging trends that
might benefit from a global public health ethics analysis.
The field of global public health ethics should build a
pluralistic ethical framework based on empirical, social
scientific data grounded in the locally experienced effects
of global processes, sometimes referred to as the ‘glocal.’
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For the fields of anthropology, global public health, and
bioethics this means examining social values that might
appear conceptually similar across a diversity of cultural
traditions but in practice are very different. For example,
the concept of autonomy is clearly present in doctor–
patient decision making in both Asian and American
settings, but in Asia, autonomy in the context of disclosure
of end-of-life information is often located in the patient’s
family, while in the West, the focus is on confidential
disclosure directly to the individual patient. Similarly,
the concept of risk and other Western ideals related to
ethical standards for participation in medical research, as
codified in the U.S.-authored Belmont Report, are ill-
suited for direct translation into the local language of
the research participants. Resolving this conceptual gap
demands not more regulation, but deeper cultural analy-
sis of both sides of the intersection between participant
knowledge and research instruments in global public
health research. Global governance of medical research
and public health-care practice is debated, defined, and
established beyond the borders of nation states, yet its
ultimate relevance and success is dependent on the accep-
tance of these regulations and practices at the local level
where they become lived experiences. Therefore, the
challenge of global public health ethics in the twenty-
first century is not to preemptively regulate it through
abstract universal declarations, for example, but first to
document the global diversity of bioethics beliefs and
practices and then to confront the challenge of building
a new field of inquiry, global public health ethics, in full
consideration of this diversity.
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Introduction

Archaeological evidence points to constant changes in
human health and illness, associated with changes in
living conditions, housing, sanitation, and the distribution
and prevalence of pathogens. But imperialism and coloni-
zation, together with developments in science, medicine,
and public health since the Enlightenment and especially
over the past 100–150 years, have had particularly pro-
found effects on population density and distribution,
fertility and birth outcomes, and longevity. In turn, with
development, changes in exposure to disease and access to
medical interventions resulted in what was assumed to
be a general and inevitable shift from high prevalence of
infectious disease, characteristic of low-income countries
and resource-poor communities, to the high prevalence of
noncommunicable disease. This in turn has been charac-
terized by the declining importance of infection onmorbid-
ity and mortality among people in the highly industrialized
countries of Western Europe, North America, and the
Pacific and, increasingly, in rapidly industrializing coun-
tries. This epidemiological shift, especially evident in the
second half of the twentieth century, is reflected by the term
health transition.

The explanation for differences in patterns of morbidity
and mortality, explicated by Omran in 1971, initially
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he Health Transition

appeared to be straightforward. The provision of potable
water and sanitation, immunization, maternal and child
health care, and improved nutrition all reduced the infant
mortality and child mortality rates, the incidence and prev-
alence of infectious disease, and increased life expectancy.
Increased life expectancy in turn, combined with sedentary
occupations, smoking and the increased consumption of
processed foods led to an increase in so-called lifestyle
diseases, resulting in the greater incidence of chronic
illnesse s and degenerative conditi ons ( Omra n, 1971 ).

Increasingly, however, it has become clear that this is an
overly simple model. Concurrent with the increased prev-
alence of diseases related to overweight and obesity and,
in association with an increased aging population, other
noncommunicable, chronic and degenerative diseases, and
deaths from injury (including war) continue to be preva-
lent. Economic changes and medical and public health
interventions, instrumental in the shift from infectious
to noncommunicable disease and from high to low mor-
tality, combine with other environmental changes
and varied standards of living associated with the global
political economy. Premature deaths have continued in
highly industrialized and urbanized societies with the
resurgence of old and introduction of new infectious dis-
eases. Additionally, infectious diseases have continued to
impact on poorer populations, even in countries where
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epidemiological and demographic transitions had influ-
enced population structure and where noncommunicable
diseases were increasing as a proportion of total morbidity.

This suggests that there is considerable variation in the
patterns of diseases and life expectancy within and
between countries. Frenk and colleagues (1991) in partic-
ular have powerfully argued the relevance of biology, the
physical and social environment, economic, political, and
structural factors, and proximate factors as all influencing
the health transitions that occur in different settings.
Anthropology’s interest has been to explore these differ-
ences in context, and their interrelationships in influen-
cing health outcomes. Social, cultural, and behavioral
factors, belief systems and practices, geography and econ-
omy, all influence changes in health status and outcomes,
and patterns of illness and disease, population structure,
and survival.
The First Health Transition

Although the term health transition is primarily used to
refer to a shift from communicable to noncommunicable
disease, the first health transition is associated with a rise
in infectious diseases during the Neolithic period due to
climate and population changes. Barrett and colleagues
(1998) illustrate that for much of human history, human
populations were relatively stable and too sparse to sus-
tain many communicable pathogens. However, there is
strong evidence of the prevalence of infections with a
long latency period, and of those that survive in other
animal populations, including diseases associated with
various parasites and enteric pathogens. As populations
moved from nomadic hunting and gathering to sedentary
living, changes took place in social organization, food
production, and behavior. These factors led to an increase
in the introduction of zoonotic infections to human hosts,
increased virulence of existing pathogens, and increased
exposure to new pathogens through increased contact
between communities. The domestication of animals pro-
vided a reservoir for zoonoses such as tuberculosis and
brucellosis, while the introduction of farming increased
the exposure of populations to other vectors, such as
mosquitoes, and to nonvector parasites.

The intensification and specialization of agriculture also
resulted in a decline in dietary diversity, leading
to nutritional deficiencies and particular vulnerability dur-
ing drought (Harrison and Waterlow, 1990). Physical
anthropological research in China, for example, links a
decline in health status to the rise of hierarchical states
from 5000 BC. Skeletal remains from this period indicate
increased porotic hyperostosis (related to nutritional stress)
and dental caries (associated with increased processing of
food and a decline in nutrients), as well as decreased adult
stature associated with increased population density
(Pechenkina et al., 2002). There is also extensive archaeo-
logical evidence of signs of immunocompromise and infec-
tious diseases, including leprosy, tuberculosis, and malaria,
among early sedentary populations, probably due to
increased colonization and thus the introduction of
diseases to immunologically naive populations (Mitchell,
2003). Further developments in urbanization and nascent
industrialization created the preconditions to favor the
further spread of infectious diseases such as smallpox, mea-
sles, plague, cholera, typhus, and sexually transmissible
infections. Disease spread with population movement,
shipping and commercial trading. By the fourth century
BC, port cities in Greece, North Africa, South Asia, and
East Asia were lively centers of commerce, internationally
and between the coast and inland centers, facilitating the
spread of disease as well as goods and people.
The Second Health Transition

The term health transition conventionally refers to
changes in health outcomes as a result of changes in the
cultural, social, and behavioral determinants of health, so
drawing attention to the broad factors that affect fertility,
morbidity, mortality, and life expectancy (Caldwell, 1993).
The term draws attention to how societies and individuals
interact with the environment, with the presumption that
demographic and epidemiological transitions take place
with development and consequently with changes in
living standards. Although Caldwell explicitly excludes
medical advancement and changes in the material envi-
ronment as contributing to the health transition, quality of
health care, access to medical advances, housing, commu-
nications, and the provision of and access to goods and
services all contribute to health outcomes. These factors
are all also shaped by cultural context. Ideas, beliefs,
and interactions, social structures and institutions all, in
diverse ways, influence health status and complicate the
nature and direction of the transition.

The health transition in developing countries followed
these broad changes. The decline in infectious disease in
part derived from changes in public health, water, sanita-
tion, and housing, discoveries of the causes of potentially
fatal diseases, and the development and application of
technologies such as pasteurization, vaccination, and anti-
microbial treatments (McKeown, 1976). Improved under-
standing of the etiology of vector-borne disease and the
application of insecticides and pesticides, the manage-
ment capacity of infectious disease control programs, the
acceptability of interventions, and changes in production
all reduced exposure of humans to vectors and so reduced
the incidence of infection. The concurrent increase in
noncommunicable disease and degenerative conditions
reflected improved life expectancy, the effectiveness of
early medical interventions, and changes in living
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conditions, nutrition, and other behaviors, including those
that are risk factors for the development of disease.

Developments in public health and immunization and
the extension of primary health care, particularly mater-
nal and infant health programs, reduced infant and child
mortality rates, resulting in improved child survival and
increased life expectancy. This occurred in many coun-
tries coincident with increasing industrialization, wage
labor, urbanization, and increased female literacy and
formal education. These factors in turn interacted to
influence ideas about the value of children, desired num-
ber of children, and timing of first and subsequent births.
From the early 1960s especially, changes in contraceptive
technology including oral, injectable, and implantation
methods, assisted in ensuring smaller family sizes. These
factors resulted in changes in population structure in both
advanced and developing economies.

These broad changes in demography were accompa-
nied by an increase in noncommunicable diseases asso-
ciated with longevity, changed conditions of labor and
patterns of residence, and changes in diet, behavior, and
levels of activity. By the early twenty-first century, non-
communicable and chronic diseases accounted for
approximately 60% of 57 million deaths globally per
annum – almost half (47%) of the global burden of dis-
ease. These diseases, discussed further below, include
cardiovascular disease, type 2 diabetes, cancer, and respi-
ratory diseases, all of which often occur concurrently with
other mental and physical health problems due to changes
in personal behavior, conditions of living, and patterns of
employment. These have outpaced developments in
health-care provision and expenditure, raising concerns
by anthropologists and others about inequalities that are
increasingly evident in health outcomes in advanced and
developing economies.

While life-style diseases escalated, it became apparent
that infectious diseases were not declining significantly in
either developing or highly developed countries. In the
early 1980s, because of its novelty, distribution, and prog-
nosis, HIV attracted the most attention in this regard,
although other infectious diseases transmitted sexually or
via blood, such as genital herpes, chlamydia, and hepatitis
B and C, had also increased. But from this time, increased
anthropological research was undertaken in developing
countries on old infectious diseases such as tuberculosis
(TB), malaria, schistosomiasis, and dengue. These are not
diseases unique to the geography of the countries in which
they had remained endemic, but rather, they are associated
with poverty. Diseases have continued or re-emerged in
urban settings because of poor infrastructure, poor or
declining socioeconomic and physical conditions, and
lack of capacity to provide safe water and hygiene, acces-
sible health services, and sustainable disease control. In
remote and rural areas, the continued transmission and
re-emergence of vector-borne diseases are influenced by
ecological conditions that favor vector breeding and par-
asite reproduction. The re-emergence of old and the
emergence of new infectious diseases, such as SARS
(severe acute respiratory syndrome) and H5N1 avian
flu, concurrent with rapid increases in certain noncom-
municable diseases (such as diabetes), led to the idea of a
third health transition.

The characterization of the second transition became
increasingly problematic too because of its representation
as a linear pattern (economic development is accompa-
nied by changes in the distribution of disease) and because
it failed to account for variations in health status within
countries as a result of social, economic, and cultural
differences. Inequalities within countries due to race,
ethnicity, class, and locality all influence exposure to
pathogens, the prevalence of certain risk behaviors (e.g.,
smoking), and access to health services. Poverty produces
its own pathogenic environments, influencing interper-
sonal and community level violence, depression and anx-
iety, work place, vehicular and everyday accidents, and
physical and mental trauma from war and displacement,
affecting people of all ages. As discussed below, the health
status of aboriginal populations in North America and
Australia and New Zealand in particular fail to fit with a
simple health transition model and highlight the ways in
which social inequality complicates morbidity, morality,
survival, and life expectancy.
The Continued Transmission of
Vector-Borne Disease

The health transition of the twentieth century was char-
acterized initially by the decline in infectious diseases and
the concomitant increase in the numbers and proportion
of people with noncommunicable diseases. This has now
been disproved, because of the continued prevalence of
parasitic, viral, and mycobacterial infections. Multiple
factors contribute to their sustained or potential epidemic
transmission. The transmission of parasitic infections is
linked to patterns of human settlement and land use.
Vector-borne diseases rely on population density in an
environment ideal for vector habitat and breeding.
Deforestation and the introduction of irrigation systems,
mining, dams, and human resettlement programs all sustain
cycles of infectious disease by changing the local eco-
logy to favor vector breeding and disease transmission
(Heggenhougen et al., 2003). Climatic variations, including
as a direct consequence of human behavior, global warming,
and increased humidity and inundations, also have signifi-
cant effects on pathogens and disease vector environments.

While the distribution and transmission of malaria
depends among other things on vector habitat and behav-
ior, malaria has become increasingly an urban disease, as
endemic countries lack the capacity to provide the
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infrastructure for water, sanitation, and dry waste disposal
to meet the needs of rapidly expanding informal settle-
ments on the periphery of cities (Utzinger and Keiser,
2006). In African cities, for example, unplanned suburbs
have developed along rivers and lakes; the waterways
provide residents with both water for household use and
the means to wash away human waste. Urban waterways
also provide an ideal environment for vector breeding and
a sufficiently dense human population to maintain the
cycle of infections such as dengue and malaria. People
lack the resources to pay for complete medication, and the
partial exposure only of parasites to drugs has resulted in
drug resistance and the need therefore to use more expen-
sive second-line drugs. Given that at least 1.2million
people die from malaria each year and that it is pervasive
throughout Africa, with continued transmission also in
much of Asia, it is not surprising that people have distinc-
tive ideas of its etiology, diagnosis, and treatment. One
common feature is that caregivers (primarily mothers) of
children consider malaria to be an ordinary fever without
serious implications, and accordingly use home-based and
village treatment, and local herbalists and drug sellers
compete with hospital clinics and pharmacies to sell anti-
malarials. Delays in treatment seeking, associated with
ideas about the normality of fever, contribute to con-
tinued severe morbidity and mortality among infants
and children from malaria. The same understanding of
fever and childhood illness also influences patterns of
treatment seeking for dengue, acute respiratory infections
and other febrile infections.

Attitudes toward the prevention of malaria also vary
according to affordability, viability, and local under-
standings of disease transmission and prevention. In the
Philippines, for example, poor rural householders are
rarely able to afford to buy and use bed nets but are
often also reluctant to accept residual wall spray, because
they dislike the smell and appearance of the spray and
question the possibility of infection taking place in the
village environment rather than in the rice fields or forest.
In Ghana, rural women see the value of bed nets, but these
are not always affordable, while urban women are more
likely to pay for mosquito coils or, if they have the funds,
install electric fans to keep mosquitoes away. Access to
cash, technology, and appropriate services all shape what
people can do in order to minimize the risk of being bitten
and infected.

Dengue fever illustrates how vector-borne disease
can become increasingly prevalent with globalization.
Airplane travel has introduced larvae, mosquitoes (Aedes
sp.), and infected individuals to new areas. Methods of
controlling dengue in the 1950s – spraying areas of epi-
demic outbreaks – ceased to be effective, and the cost
of this kind of strategy, like the cost of the use of mol-
luscicides for schistosomiasis control or insecticide for
malaria or filariasis, is often beyond country capacity.
As a consequence, anthropologists have been involved in
community-based interventions to reduce the risk of
transmission and to encourage early diagnosis and appro-
priate treatment. The work on community participation
to control dengue fever has been especially important,
because it highlights difficulties in resources, continuity,
and sustainability, and how these are dependent upon
relations between the population and the state. This
has been well illustrated in comparing dengue preven-
tion programs in the Dominican Republic, where the
population resisted community participation because of
their lack of confidence in the government, in contrast to
Cuba where, at least until the 1980s, popular support
of the government was mobilized in local programs de-
signed to reduce breeding sites (Whiteford, 2000). How-
ever, Winch and colleagues (2002) have illustrated how
because early programs ignored gender relationships,
women resisted interventions that involved the male
vector control personnel intruding into the home.
Women may need to make significant investments of
time and money to carry out recommended control mea-
sures, highlighting the need for control programs to take
account of structural factors such as gender in developing
interventions (Vlassoff and Manderson, 1998).

Environmental changes that occur through human
activity, as occur when large dams are built to provide
hydroelectricity or water for irrigation, have contributed
to the spread of schistosomiasis. Dams and other changes
to water resources affect water flow, creating new ecolog-
ical niches for the vector. In addition, the settlement
conditions for migrant workers are poor, and bathing
and toileting takes place near or in infested water, main-
taining the cycle of infection. Migrant workers, without
prior infection and so without immunity to infection,
move to work in areas where schistosomiasis is already
transmitted; conversely, people already infected with
schistosomiasis move to work in areas without infestation
but with the vector, and hence establish new sites of
infection. Other social factors also influence the risk of
infection. People are exposed to water for various pur-
poses: Agriculture, fishing, bathing, washing dishes and
clothing, and recreation. These activities are undertaken
to different degrees, and at different times of the day,
according to economic organization and cultural region,
age, and gender, influencing the likelihood and inten-
sity of infection. People’s ability to recognize schistosomi-
asis infection and to prioritize its treatment over other
severe and acute conditions varies, and is influenced
by the social context in which people use water. For
example, in Hunan and other provinces in China where
schistosomiasis is still endemic, young children and their
parents have extensive knowledge of the nature of infec-
tion, its transmission, and prevention, because of the
energetic efforts in health education by the village Anti-
Schistosomiasis Stations. However, this has had limited
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effect on the changing use of water resources: Men still
wade through water to fish and to water domesticated
animals, women gather reeds from marshy areas to feed
pigs, and children – particularly young boys – swim in the
lakes in summer as this provides a key recreational activity
during school holidays (Manderson and Huang, 2005).

Vector-borne diseases require prompt diagnosis and
appropriate treatment to reduce the risk to others of
transmission, severe morbidity, and mortality. Consider-
able work has been undertaken by anthropologists on the
distribution and promotion of pharmaceuticals (Whyte
et al., 2003). Allopathic drugs produced in industrialized
countries such as France and Switzerland are increasingly
available, as are analogs and generic drugs produced in
developing countries. Drugs are available from hospitals
and biomedical practitioners, and from local vendors who
often sell small affordable quantities. These drugs meet
the needs of people who accept the efficacy of pharma-
ceuticals for symptomatic relief. People may believe con-
currently in the need for other approaches to disease
treatment and cure: Herbs, roots and tonics, massage,
incantation, and trance. The inappropriate use of drugs,
such as failure to complete a full prescription, purchasing
too few drugs to be effective, and using particular medi-
cations unnecessarily, has led to growing drug resistance,
for instance of parasites (resulting in the ineffectiveness of
chloroquine for malaria in much of the world) and bacte-
ria, resulting in drug resistance to various antibiotics.
Delays in seeking medical advice, inappropriate use of
drugs, and resort to home-based care or traditional ther-
apy may indicate the absence or inaccessibility of formal
health services. They also illustrate the lack of financial
resources of people to seek advice for particular illness
episodes, and reflect the diversity of healing practices and
different ideas of illness and treatment.
Noncommunicable Diseases

Noncommunicable diseases, including cardiovascular dis-
ease and hypertension, various cancers and diabetes, are
associated with overnutrition and obesity and with other
behavioral activities such as smoking and physical inac-
tivity. In highly and newly industrialized countries, the
majority of the population lives and works in urban
settings in sedentary occupations and in impoverished
conditions. Much industrial work requires a limited
expenditure of energy, but can be highly stressful on the
musculoskeletal system, leading, for instance, to lower
back pain and joint pain. Workers may lack varied work
tasks, resulting in particular musculoskeletal stress; in
poorer countries where there is little regulation of indus-
try, they may also work without adequate furniture,
lighting, ventilation, and noise control, all resulting in
physical health problems. However, the most prevalent
diseases globally – heart disease, cancer, and diabetes
mellitus – are associated with lifestyle risk factors, includ-
ing the consumption of high levels of saturated fats and
excess salt, lack of physical activity, obesity, psychosocial
stress, and smoking. Typically, people lack discretionary
time to exercise and to prepare their own food, and tend
to eat energy-rich food, including a high amount of pre-
prepared and processed foods, which are typically high in
sodium, sugar, unsaturated fats, and transfats. Anthropo-
logical research on understandings of disease causality,
their prevention and treatment, illustrates variations in
cultural understandings and a poor fit between lay and
biomedical explanatory models. Diabetes mellitus, for
instance, is often treated as an indexical disease of the
health transition: A lifestyle disease that, while it has a
genetic basis, reflects environmental factors including diet
and physical activity. Like other noncommunicable dis-
eases, diabetes has tended to be linked to high levels of
industrialization, but it is increasingly a problem in devel-
oping countries with large numbers of people working in
urban environments as wage labor, with little discretion-
ary time to grow their own food or prepare home-cooked
meals. In Bangkok, Thailand, for example, people often
live in apartments or rooms without cooking facilities, and
may need to spend long hours on public transport com-
muting to and from work. Without the facilities or time to
prepare food, they rely increasingly on bought food, the
quality of which is compromised by the need to mass-
produce to feed a rapidly expanding population, and for
producers to maximize profit. In addition, tourism has
precipitated changes in food markets, including the adap-
tation of local menus and recipes to cater for foreign taste
preferences, the proliferation of and prestige associated
with American-based fast food outlets, and commercially
produced snack foods. The consequence has been major
shifts in taste preference from savory to sweet. The lack of
opportunity, sufficient knowledge of chronic disease and
its management, and lack of affordable places to exercise,
have further compromised people’s general health,
reflected now in a marked increase in obesity and type
2 diabetes. But, in addition, peoples’ different understand-
ings of diabetes as a disease, the meaning of chronicity,
and the structure of their everyday lives influence their
deviations from medical advice and strict adherence to
regimes of disease control.

This example is one of rapid industrialization, urbani-
zation, and development. In contrast, the epidemic of
noncommunicable diseases in Micronesia illustrates the
health effects of a shift from subsistence production to a
wage-based economy, in which context people have lost
the time to maintain gardens and to fish; consequently
traditional staples such as plantain and yam, and fresh
seafood have been replaced by canned fish and beef and
white rice. In one district in Micronesia, Kosrae, 88% of
adults are regarded as overweight and 53% as obese, and
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increasingly, the poorest in the population here – as in
highly industrialized societies – are most likely expending
less energy while eating foods high in sugar, salt, and fats
(Brownell and Yach, 2006). In The Gambia, West Africa, a
country in the early stages of the demographic transition,
a similar pattern has emerged, with older women espe-
cially being overweight or obese through greater reliance
on highly processed food, with a high fat intake and cheap
calories (Siervo et al., 2006).

Dietary change and changes in energy expenditure,
previously associated with modernity and industrializa-
tion, also occur with migration. A study conducted with
Cambodian refugees resettled in the United States, for
instance, observed that while some changes in behavior
clearly affected health status, in other respects people’s
health had improved substantially, due to access to certain
forms of health care unavailable in the country of origin
and by supporting behavioral change promoting good
health. Changes in life circumstances and cultural atti-
tudes to weight, eating, exercise, and medication sche-
dules were important in these changes, and life events and
social circumstances frequently dictate that adherence to
public health or medical advice are secondary considera-
tions. Similarly, demands of family and community for
indigenous Australians consistently impede people’s abil-
ity to follow dietary and other regimes.

Smoking

Smoking causes or exacerbates acute respiratory diseases,
tuberculosis and asthma, and noncommunicable diseases
such as chronic lung disease, cardiovascular diseases, and
cancer; it is estimated to kill around 5million people per
annum. Tobacco consumption involves a set of learned,
patterned social behaviors. The incidence of smoking, like
other risk factors for chronic disease such as dietary change,
typically increases with increased exposure to Western
influence, as occurred with colonization and occurs with
tourism and migration. Anthropologists have taken a par-
ticular interest in smoking because it illustrates how the
tobacco industry constantly defines and penetrates new
markets, and because of the meanings given to its practice
that encourage uptake. However, while people may associ-
ate smoking with modernity and so take up smoking on
migration, acculturationmay also lead to individuals adopt-
ing health-promotive behavior, giving up risk-related beha-
viors (including smoking) and accessing services not
available in their own country.

While the number of people smoking in highly in-
dustrialized countries has decreased in response to the
evidence of the relationship between smoking and noncom-
municable diseases, tobacco companies have aggressively
promoted smoking in Asia, Africa, Eastern Europe, and
South America. By 2025, the number of smokers worldwide
will have increased by 45% and the deaths attributed to
smoking will have increased to 10 million (Beaglehole and
Yach, 2003). Apart from the aggressive marketing strategies
of tobacco companies, reasons for increased rates of smok-
ing in poor countries have received limited attention. In
India, however, a number of studies have been conducted of
trends in smoking. In general, advertising is targeted at men
rather than women, and men are significantly more likely
than women to smoke commercial filter cigarettes as well
as traditional bidi and cigars. Male students believe that
cigarette smoking enhances their manliness, but also, they
smoke to relieve boredom and ease tension. In general,
however, smoking is inversely related to class and occupa-
tion: It is most prevalent among illiterate, unskilled, unem-
ployed, and service workers, for whommotivation of uptake
has yet to be established.

Chronic Infectious Disease

The most prevalent new infectious disease, now regarded
as a chronic condition because of the effectiveness of
drug therapy, is HIV (human immunodeficiency virus);
without ART (antiretroviral therapy), HIV can quickly
develop to AIDS (acquired immunodeficiency syndrome)
and early death. Anthropological research on HIV and
AIDS has been substantial since the first diagnoses in
the United States in the early 1980s, and has drawn
attention to the ways in which HIV has tracked – and
served as an index of – poverty, stigma, and marginaliza-
tion (Farmer et al., 1996; Farmer, 2006). The shift from a
discourse of risk to one of vulnerability, drawing attention
to practices rather than populations, has been important
in contributing to successful interventions. The approach
supported a focus on safe practices, such as the use of
condoms in the case of sex, or the use of disposable
needles and bleach in the case of drug injecting, rather
than suggesting a fixed category of people – for example,
sex workers and drug users. This research has also drawn
attention to the realities in which very poor people in
highly industrialized settings such as the United States as
well as the poorest countries in the world are in need
of cash to meet basic needs, leaving many women with
little choice other than sex work to cover emergency
health costs, food, and other living expenses. The spread
of HIV also highlights links between the movement of
commodities and people and the fluidity of borders.
Increasingly, itinerant and other mobile workers, such as
soldiers, traders, and truck drivers, have the cash to pay
for commodities, and sex, as they travel across poorer
landscapes; those stationed along traffic routes of trade
(including bar and brothel workers), and those left behind,
usually women, are vulnerable to infection when they
trade with such local migrants and their partners when
they return home. Political, social, and economic inequi-
ties, including those structured by ethnicity, gender, and
sexuality; armed conflict and natural disasters; and
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macro-level structural changes that affect employment,
housing, and social stability all create conditions in which
HIV is transmitted and limit the resources available to
avoid infection. Adherence to medication regimens is
important with combination of antiretroviral therapy as
for other chronic conditions, but access to medical ser-
vices, social beliefs in relation to medication, stigma asso-
ciated with the regimen, and the side effects of drugs all
interfere with adherence and the course of illness.

With the spread of HIV, there has been increased
coinfection with tuberculosis (TB), and anthropological
research on TB has been important in drawing attention
to the parallels between economic and social vulnerabil-
ity, poverty, and disease. TB has persisted in poor
countries and in poor conditions: In factories, mines,
crowded urban slums, shelters for the homeless in inner-
city areas, prisons, and dense squatter settlements char-
acterized by poverty, high rates of unemployment, and
structural and interpersonal violence. As several studies
have identified, most patients accept biomedical ideas of
tuberculosis and antituberculosis chemotherapy and
desire to finish treatment, but may be unable to do so,
because they cannot afford the direct and indirect costs
of services and are often poorly treated by health provi-
ders. However, the resurgence of TB has provided an
opportunity to build partnerships between biomedical
and traditional healers, and between private and govern-
ment-employed doctors, both in health education and
counseling programs and for DOTS anti-TB programs.
The latter approach to TB – the direct observation of
short-course multidrug therapy – is critical with the
increase in drug resistance to chemotherapy.0

Conclusion

The first health transition describes the rise of infectious
disease with increases in sedentarism and population
mobility. The second health transition refers to the major
changes that occurred with advances in economics, medi-
cine, science, technology, and public health, resulting in
the apparent decline in infectious disease and a concurrent
escalation of noncommunicable diseases. Current under-
standings of the patterns and distributions of disease
acknowledge far greater complexity, resulting in the char-
acterization of the third health transition: The continued
transmission of long-established infectious disease, now
often mutated and resistant to earlier drug regimens, and
the emergence of new infectious diseases, concurrent with
noncommunicable diseases and degenerative conditions.
Yet even this is somewhat inaccurate. Transitions in mor-
tality and morbidity occur routinely as a result of popula-
tion movement, changes in population density, and natural
and engineered changes to the environment. These factors
influence exposure to pathogens and transmission of dis-
ease. They are complicated by the introduction of goods
and technologies and the appropriation of behaviors,
including those that prevent disease, sustain health, and
extend life expectancy: The extension of early preventive
technologies such as the provision of potable water or
vaccination, for instance, the extension of primary health
care and screening, or the introduction of new diagnostics
as well as surgical and medical interventions. They also
include goods, services, and behaviors that are detrimental
to health and cause disease, such as alcohol and drugs,
tobacco, overnutrition, inactivity, and particular work and
living environments. The so-called third transition refers,
therefore, to the continued transmission of infectious dis-
eases and the continued incidence of chronic diseases,
complicated by the globalization of disease and changes
in disease ecology. International trade, temporary and
permanent migration for work and pleasure, and globa-
lized information networks contribute to people’s knowl-
edge of disease, access to goods, ideas of modern living,
and patterns of how people live and how they care, or fail
to care, for their bodies.

It is in this context that anthropologists have intro-
duced the term syndemic to describe with greater accu-
racy and acuity current patterns of epidemiology, health,
and illness. The term refers to the interaction of two or
more coexistent diseases – HIV ‘and’ TB, diabetes ‘and’
cardiovascular disease, malaria ‘and’ schistosomiasis, the
resultant excess burden of disease, and the interactions of
the two (or more), both at the level of physiology and at the
levels of individual psychology and society (Singer et al.,
2006). Anthropologists have consistently argued the artic-
ulation of culture, society, and disease. But anthropologists
have also drawn attention to the fact that socioeconomic
conditions, typically associated with higher prevalence of
both infections and noncommunicable diseases, produce
widespread structural and personal disadvantage. Co-
infections impact at biological, social, and community
levels, shaping personal experiences of diagnosis, treat-
ment, and prognosis, and also – as expressions of structural
inequality and disadvantage – shaping the life opportu-
nities of entire communities.

See also: Populations at Special Health Risk: Indigenous

Populations.
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However, the notion of antibiotic effects exerted by
specific biologicals or chemicals is a true child of late
nineteenth-century medicine. It can be traced back to
practices and theories in pharmacology and medicine
that evolved around bacteria as causes of infectious dis-
eases and of chemical and biological substances able to
damage these.

The founders of modern bacteriology, Louis Pasteur
(1822–1895) and Robert Koch (1843–1910), conceptua-
lized the idea that specific and stable microbial species
can act as necessary causes of infectious diseases. This so-
called ‘germ theory’ gave transmittable diseases a new
face as bacterial infections, and it also provided a new and
promising angle for intervention. As bacteria were seen as
necessary causes of such conditions, the control of patho-
gens offered a logical point of intervention which implied
control of the diseases themselves. Based on studies of
wine fermentation, Louis Pasteur in 1877 proposed that
some organisms might contain compounds that killed
other microorganisms. In the strict sense of the word, an
antibiotic is a substance produced by living organisms
which is capable of killing or inhibiting growth of bacteria.
Color Therapy

A different and more specific source of inspiration for
antibacterial chemotherapy was the contemporary inno-
vations in staining of microbes and bodily tissues. Affi-
nities of colors, aniline dyes in particular, to prokaryotic
bacterial cells were described in the late 1870s by the
German pathologist Carl Weigert (1845–1904). Paul
Ehrlich (1854–1915) (Figure 1) later put forward the idea
that such staining should not be seen merely as a mechani-
cal clinging of color to the cell wall but interpreted as a
chemical reaction between the dye and the cell which
might influence the physiology of the bacterium.

This chemical and physiological understanding of
staining was not only the basis for Ehrlich’s so-called
‘side-chain theory’ of immunity, it could also be exploited
along pharmacological lines. It was but a small step to take
Figure 1 200 Deutsche Mark banknote from Germany of

1996 showing Paul Ehrlich (1854–1915) who won the

1908 Nobel Prize in recognition of his work on immunity.
from staining to the idea of using synthetic dyes as ‘magic
bullets’ capable of pinpointing desired objects such as
pathogens in the human body without affecting the organ-
ism at large. This concept of antibacterial chemotherapy
can be seen as a pharmacological complement to Paul
Ehrlich’s theory of histological staining. Turning such
theoretical considerations into applicable medicine, how-
ever, was not only tedious but also implied a number of
changes in the research and development, production, and
application of medicine that essentially shaped the face of
twentieth-century antibacterial chemotherapies. Research
and development which had traditionally been done in
a workshop fashion now became a matter of systematic
experimental research done in specialized laboratories.
Manufacturing of such medicines was transformed into
standardized mass production while the necessary exper-
tise was increasingly protected by patents. Testing and
application of such substances also took a more standar-
dized form which, for example, included the evaluation of
clinical efficacy by means of statistical methods. As indus-
trial products, chemotherapeutics were part and parcel of
a highly complex system of shared labor between numer-
ous participants according to industrial standards. This
system facilitated the transfer of knowledge and technol-
ogy about medicines among scientists, clinicians, and
industrialists. With regard to the chemotherapies of infec-
tious diseases this had one implication that may seem
trivial but had far-reaching consequences: While facilitat-
ing the invention of potent medicines, on the one hand,
such large quantities of standardized therapies prompted
the microbes to counter the therapeutic challenges, on the
other hand, by developing resistances.

During the first 30 years of its history, antibacterial
chemotherapy largely followed the tracks that had been
laid out by Ehrlich and had successes in relation to
sexually transmitted diseases (STDs) and some tropical
infections. Large-scale testing of hundreds of synthetic
dyes by Ehrlich and his assistant Japanese bacteriologist
Dr. Hato Sahachiro (1873–1938) resulted in the invention
of the arsenical compound arsphenamide known by its
brand name Salvarsan. This was the first modern chemo-
therapeutic agent effective in the treatment for syphilis.
Marketed from 1910 on, and aided by World War I, it
quickly replaced traditional mercury applications. The
success of Salvarsan also had implications in the field of
public health beyond curing the disease, since it decisively
influenced the debate about the moral status of people
suffering from such conditions. With the availability of an
effective treatment, the moral stigma on its victims gave
way to a medicalization of the STD issue and a moral
obligation for the infected to undergo therapy.

Shortly after 1900, research into tropical parasitic dis-
eases provided a setting for early studies of antibiotic
resistance. Atoxyl, which turned out to be of limited
quality as a medicine for African trypanosomiasis, was
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nonetheless capable of producing resistant strains of its
pathogen – resistance in this sense being an inheritable
property of parasites induced by medication. Work done
on Trypanosoma gambiense by Ehrlich around 1907 shaped
the image of the so-called ‘Festigkeit’ (resistance). Since,
however, the phenomenon did not occur in connectionwith
syphilis and Salvarsan treatment, the concept remained a
specialist issue for the time being. It was primarily discussed
in relation to tropical parasitic diseases such as sleeping
sickness and malaria, for which new preparations such as
Germanin and Atebrin were marketed in the 1920s.

The final breakthrough of so-called color therapy was
reached with the discovery of the pharmacological activ-
ity of synthetic azo-dyes, which became known as sulpha
drugs. The sulfonamide Prontosil, developed by Gerhard
Domagk (1895–1964, Figure 2), was the first drug effec-
tive against many important bacterial infections. It was
marketed from 1935 onward.

Since their activity against the most common patho-
gens of sepsis, streptococci in particular, could be demon-
strated, the sulpha drugs quickly became popular. The
success of Prontosil triggered more research, and until
the mid-1940s, when sulpha drugs lost ground to the
biological antibiotics, more than 1500 different variants
had been described, resulting in antibiotic treatments for
urinary tract infections, gastrointestinal infections, pneu-
monia, gas gangrene, and STDs. Since the application of
sulpha drugs pioneered the chemotherapy of common bac-
terial infections, it was in this context that resistant strains of
certain microbes were first noted. Little research has been
done on the history of such resistances, but it seems that the
Figure 2 Gerhard Domagk (1895–1964) won the Nobel Prize in
1939 for his discovery of the antibacterial effects of prontosil.

Photo courtesy of The Nobel Foundation.
appearance of resistant forms of gonococci became a fre-
quently noted phenomenon during World War II.
Penicillin and the Golden Age of
Antibiotics

Although the history of chemically synthesized color
therapy, from Salvarsan to Prontosil, can be reasonably
described as a pharmaco-medical spin-off from the chem-
ical industry, the case with the biological antibiotics was
different. In the case of color therapy, the main obstacle
was to identify applicable chemotherapeutic substances.
Candidate compounds could then fairly easily be pro-
duced in large quantities, since they had been developed
by means of the technology needed for their own mass
production in the first place. In the case of biological
antibiotics, however, the problem was precisely about
mass producing medicine from substances whose antibi-
otic activities already had been established.

The first scientist to study the antibiotic properties of
the penicillinum mold was probably the young French
researcher Ernest Duchesne (1874–1912). As part of his
PhD research (1897), he observed how E. coli was elimi-
nated by the fungus Penicillinum glaucum when they were
both grown in the same culture. He also inoculated labo-
ratory animals with lethal doses of typhoid bacilli, but
when given together with Penicillinum glaucum, the animals
did not contract typhoid. Although Duchesne urged fur-
ther research to be carried out, he himself was unable to
do so. After his dissertation, he entered the army, where
he soon became ill from tuberculosis and died.

Alexander Fleming’s (1881–1955) rediscovery of the
antibiotic properties of penicillin in 1928 was a first step
on a rather extended road toward an effective medicine
(Figure 3). Even though Fleming quickly realized the
antibiotic qualities of the extract from his fungus, the
Figure 3 Alexander Fleming (1881–1955) in his laboratory. In
1945 he shared the Nobel Prize with Ernst Boris Chain and

Howard Walter Florey for the discovery of penicillin and its

curative effect in various infectious diseases.



Figure 5 Production of penicillin at the end of the World War II.
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interest in that discovery remained moderate for the time
being. Fungi, having a reputation for high toxicity, appeared
as rather unlikely candidates for making effective antibiotic
medicines. One of Fleming’s former students, Cecil Paine,
even tested raw penicillin extracts on a few patients with
some success in 1930, but he did not publish the cases.
However, he discussed them with the newly (1932) arrived
professor in pathology inOxford,Dr.HowardWalter Florey
(1898–1968). When interest in penicillin finally increased
and British researchers reacted to the challenge of the
sulpha drugs, formidable technical obstacles had to be over-
come in order to turn Fleming’s and Paine’s mold juice into
an industrially produced medicine. Howard W. Florey and
Ernst Boris Chain (1906–1979) managed to isolate the
active substance in 1939, and their group, which also
included Norman Heatley (1911–2004), began to produce
penicillin in their laboratory in Oxford. This way of pro-
ducing the medicine, however, proved inadequate, and the
treatment of the first patient in 1941 failed (with fatal
consequences) because the team ran out of penicillin. It
was with the entry of the United States into World War II
that British and U.S. pharmaceutical companies developed
the appropriate technology for mass production of benzyl-
penicillin, that is, penicillin G (Figures 4 and 5).

Penicillin proved clinically effective in the treatment
of infections caused by many bacterial species such as
staphylococci, streptococci, gonococci, meningococci,
pneumococci, and the diphtheria bacteria. Furthermore,
penicillin was also successfully used in the treatment of
anthrax and syphilis. Penicillin worked well without toxic
effects and without impairing the ability of white blood
cells to defeat the infection. In particular, it was its effec-
tiveness in the treatment of STDs and surgical sepsis in
wounded allied soldiers that in a short time earned peni-
cillin the reputation as a ‘magical bullet’ or a miracle drug
(Figure 6). Its availability was first restricted to military
Figure 4 Production of penicillin in bedpans during the first

years of the World War II.
uses, and it did not reach civilian medicine until the end
of the war (Figure 7).

The German pharmaceutical industry, although it had
knowledge of the qualities of the medicine as such, never
managed to successfully handle the problems of mass
production. The medicine only arrived in central Europe
after the military defeat of Nazi Germany.

After the war, penicillins other than penicillin G were
developed by adding certain precursors to the fermenta-
tion process. However, it was not until 1954 that phen-
oxymethylpenicillin (penicillin V) was recognized for its
acid stability, implying that this drug could be taken by
mouth. During the 1950s, semisynthetic penicillins were
developed in the UK: ampicillin and amoxicillin, which
Figure 6 ‘‘Thanks to penicillin he’ll come home’’: World War II

poster.



Figure 7 Advertisement for penicillin: ‘‘In syphilis the product
of choice is penicillin.’’
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both had broader antimicrobial spectrums than penicillin
G. During the next two decades, a period often referred to
as the antibiotic revolution or the antibiotic era, penicillin
was followed by a large number of new antibiotics.

Selman Waksman (1888–1973), a Ukrainian-born sci-
entist who had his entire research career in the United
States, was the person who actually coined the term
‘antibiotic.’ René Jules Dubois (1901–1982), a young French
microbiologist, joined his laboratory. In the late 1930s
Dubois, who is also credited for the maxim ‘Think glo-
bally, act locally,’ isolated a soil bacterium that could
attack the capsular polysaccharide of Streptococcus pneumo-
niae. This discovery inspired Waksman to look for more
preexisting antibacterial organisms in soil samples, and in
1940 he isolated actinomycin from Actinomycetes antibioticus.
Although this substance was a highly effective antibiotic
in vitro, it was very toxic and could therefore not be used
in humans. However, in 1944 he was able to isolate Strep-
tomyces griseus from the same source. This was the basis
for streptomycin, which was launched in 1946 as the
first drug able to cure tuberculosis. In 1952 Waksman was
awarded with the Nobel prize for this discovery. After
streptomycin, several other antibiotics in this group, for
example, gentamicin, netilmicin, and neomycin, were dis-
covered. Although effective antibiotics, they all have toxic
properties and may cause deafness and renal failure.

Para-aminosalisylic acid (PAS) was developed by
Jörgen Lehmann (1898–1989) in Sweden in 1946. The
combined use of streptomycin and PAS caused fewer pro-
blems with resistance compared to the use of a single drug.
In 1951 isoniazid, which is still in use, was synthesized.
The rifamycins were isolated from Streptomyces mediterranei

in 1957, and rifampicin has since then been a mainstay
of tuberculosis treatment. Standard first-line treatment
against tuberculosis has for many years been the concurrent
use of rifampicin, isoniazid, pyrazinamide, and ethambutol.

In 1945, the first tetracyclines were isolated from Strep-

tomyces aureofaciens by the U.S. researcher Benjamin
M. Duggar (1872–1956).

The first cephalosporin was isolated from the mold
Cephalosporium acremonium at the end of World War II by
the Italian researcher, Giuseppe Brotzu (1895–1976).
Since then, a large number of cephalosporins with broad
spectrums of activity have been developed.

In 1947, chloramphenicol was isolated from Streptomy-

ces venezuelae. This was the first broad-spectrum antibiotic
used to treat serious infections like typhus and meningitis
caused by Haemophilus influenzae. The use of chloramphen-
icol is somewhat restricted due to its ability to cause bone
marrow suppression. Topically, however, it is commonly
used for bacterial conjunctivitis.

In 1952 in the United States, erythromycin, the best-
known macrolide antibiotic, was isolated from Streptomyces

erythreus by Robert Bunch and James McGuire. Erythro-
mycin is often the preferred antibiotic option for patients
allergic to penicillin, and the drug is also commonly used
for pneumonia caused by ‘atypical’ microbes such as
Legionella and Chlamydia. Azithromycin and chlarithromy-
cin represent the newer macrolides on the market.

The glycopeptide vancomycin was marketed in 1956;
the product name was derived from ‘vanquish’ (i.e., con-
quer) due to the ability of the substance to suppress prac-
tically all Gram-positive bacterial species. The producing
organism Streptomyces orientalis (later renamed Amycolatopsis
orientalis) was first isolated by an Eli Lilly chemist whose
missionary friend had sent him a bag of dirt from a Borneo
jungle path. Vancomycin played a significant role for
treatment of beta-lactamase-producing S. aureus, but was
largely abandoned due to toxic side effects when beta-
lactamase-stable penicillins were introduced in 1961.
Vancomycin made a comeback in the 1980s due to the
widespread emergence of methicillin-resistant Staphylo-
coccus aureus (MRSA).

The quinolones belong to the synthetic antibacterials.
The first quinolone, nalidixic acid, was introduced as a
remedy against urinary tract infections in 1962. More
recently, compounds such as ciprofloxacin, norfloxacin,
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ofloxacin, and levofloxacin have been introduced to treat
a wide range of infections. Because of their side effects,
they are generally not recommended for infants or preg-
nant women.

In 1952, the reductase inhibitor, trimethoprim, was
developed and has since then been widely used for uri-
nary tract infections caused by E. coli and Proteus, eventu-
ally given in combination with a sulfonamide.

The latest classes of antibiotics to be developed were
carbapenems and lipopeptides in the 1980s and oxazoli-
dinones and glycylcyclines in the 1990s.
Table 1 Microbiological mechanisms for antimicrobial drug

resistance

Mechanism Example

1. The drug is modified or

destroyed before it can

reach the bacterial target

Beta-lactamases in

staphylococci, gonococci

and H. influenzae
Aminoclycoside resistance in

staphylococci and

enterococci
2. Access to the bacterial

target is reduced by

reduced permeability into

the cell or active export out
of the cell

Tetracycline resistance in

enteric bacteria

Karbapenem resistance in

P. aeruginosa (one of
several mechanisms)

3. The bacterial target is

modified by mutations or

acquisition of new genes
leading to reduced affinity

for the antibiotic

Methicillin resistance in

staphylococci (e.g., MRSA)

Penicillin resistance in
pneumococci

Vancomycin resistance in

enterococci

Rifampicin resistance in TB
Early Recognition of Antimicrobial
Drug Resistance

Antimicrobial resistance (AMR) accompanied the appli-
cation of penicillin almost from the outset, and it was even
mentioned as a typically occurring phenomenon by its
inventors. As early as 1945, in an interview with The

New York Times, Fleming warned that the misuse of
penicillin could lead to selection of resistant forms of
bacteria. In fact, Fleming had already experimentally
demonstrated development of penicillin resistance by
varying the conditions and penicillin dosage he added to
bacterial cultures. According to Fleming, resistance to
penicillin could occur in two ways: either through
strengthening of the bacterial cell wall which the drug
destroyed, or through selection of bacteria expressing
mutant proteins capable of degrading penicillin.

Indeed, the new ‘miracle drugs’ represented such an
effective therapy against major bacterial pathogens that it
was long a widely held opinion by experts, health policy-
makers, and patients that infectious diseases now were
under complete therapeutic control. Until the mid 1950s,
penicillin was generally available without prescription,
which probably contributed to extensive drug misuse.
Unfortunately, antibiotics are still sold over the counter
in many countries, and the widespread belief in this ‘mag-
ical bullet’ still creates inappropriate expectations for an
antibiotic solution regardless of the nature of the infec-
tion. Inappropriate prescription patterns by physicians to
play safe, that is, the common practice of prescribing anti-
biotics on patients’ demand for minor and self-limiting
bacterial infections as well as for viral infections such
as acute bronchitis and the common cold, is well docu-
mented in many countries and settings. Furthermore,
patients failing to complete the full course of antibiotic
treatment may contribute to the development of resistant
bacteria, a situation that is of particular relevance to
tuberculosis. If tubercle bacilli are attacked with a sub-
therapeutic dosage failing to completely eliminate them,
the surviving bacteria, those most resistant to treatment,
are left alone to proliferate, thus causing a subsequent
infection that is harder to treat.
Barber et al. (1948) reported that in one U.S. hospital in
1946, 14% of staphylococcal strains isolated from sick
patients were penicillin resistant. By the end of the
decade, the same hospital reported resistance in 59% of
the strains studied. These early observations can now be
explained by studies of the exceptional genetic plasticity
of bacteria. A vast number of specific genes and gene
products are involved in the phenotypical expression of
AMR, but the mechanisms can basically be sorted into
three broad categories (Table 1).

Resistance can develop through point mutations in
preexisting genes or reassortment of genes from different
sources, and the completed genetic determinant will often
be localized on a plasmid or another kind of mobile
element which can be transferred between strains of the
same species and also between different species. The
capacity of AMR development is further enhanced by
the short generation times and environmental adaptabil-
ity of bacteria. With few exceptions, the microbial world
has proved its ability to generate resistance against all
antibiotics developed over the last 70 years.
Tipping the Balance: More Antimicrobial
Resistance, Fewer New Drugs

The early emergence of AMR was for a long time over-
shadowed by the spectacular successes of the pharmaceu-
tical industry in bringing new classes of antibiotics to the
market. However, the supply of new drugs eventually
diminished, and many of the novelties were chemical
modifications to improve pharmacokinetic properties of
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older drugs. In the context of drug resistance, however,
they were often susceptible to the resistance mechanisms
selected for by the parent compounds. Concomitantly, a
number of clinically significant resistant microorganism
emerged as public health concerns through the 1970s,
including beta-lactamase-producing gonococci, multire-
sistant intestinal pathogens such as Salmonella and Shigella,
enterococci with reduced susceptibility to ampicillin and
high-level resistance to aminoglycosides, as well as chlo-
roquine-resistant Plasmodium falciparum.

However, it was not until the 1980s that the full impact
of AMR became apparent both in industrialized and
developing countries. MRSA spread rapidly through hos-
pitals, and the ensuing increase in vancomycin usage has
contributed to the selection and dissemination of vanco-
mycin-resistant enterococci (VRE), particularly in inten-
sive care units. MRSA accounted for less than 1% of
systemic S. aureus infections in the UK until 1990, but
since 1995 the prevalence has increased steadily to reach
the present level above 40%. VRE were first reported
from the UK and France in 1986 and the United States
in 1987, but reached a prevalence of almost 30% in U.S.
intensive care units in 2003, according to the National
Nosocomial Infections Surveillance (NNIS, 2004). A mul-
titude of resistance mechanisms have been described in
common Gram-negative pathogens such as E. coli and
Klebsiella pneumoniae. In a global perspective, the most
significant development may have been the dissemination
of multiple resistant Mycobacterium tuberculosis. After sub-
stantial reductions of both incidence and mortality, tuber-
culosis made a comeback in the 1980s, thus precipitating
immediate public health crises in Eastern Europe and
countries of the Third World. The excess financial costs
Table 2 Some consequences of increased antimicrobial resistan

Direct consequences
More difficult for a physician to choose appropriate antibiotic thera

infections

Trial and failure of more antimicrobial agents for obtaining cure wil
hospital, and increased mortality

More use of third-line antibiotics, which in general cost more, are m

Lowered efficacy of antibiotic prophylaxis in surgery will lead to m

Microbes generally regarded as harmless may becomemore patho
artificial parts or devices, and in those using immunosuppressive o

More frequent hospitalizations due to infectious complications

Longer-lasting risks for contamination

More need for isolation in hospital which will increase the demand
Indirect consequences

More restrictions on the use of antibiotics in human and veterinary

More comprehensive monitoring and assessment of antibiotic utili
Increased demands for hygienic efforts both within and outside healt

More use of nonantibiotic treatment such as surgery and isolation

More use of vaccines/immunizations

Increased demands for rapid microbiological testing in clinical pra
Increased demands for specialist assessment in policlinics

Increased demands for microbiology services for diagnostics and

Increased need for educating specialists in microbiology and infec
of treatment, as well as the ominous links to the HIV/
AIDS epidemic, has led to increased awareness of this
silent scourge of the poor.

In parallel with the resurgence of diseases caused by
traditional microbial pathogens, the patient population
has changed in many hospitals with increased use of
immunosuppressive therapies, invasive procedures, and
synthetic implants. This has created an ecological niche
for species which are inherently more resistant to anti-
biotics, such as coagulase-negative staphylococci, Pseudo-
monas aeruginosa, Enterococcus faecium, and Candida albicans.
These microbes were formerly regarded as low-virulence
commensals with limited clinical significance, but their
combined ability to adhere to artificial surfaces and acquire
resistance determinants has transformed them into pri-
mary pathogens in many settings. Concomitantly, tradi-
tional community-acquired pathogens such as Streptococcus
pneumoniae and Haemophilus influenzae have acquired resis-
tance to penicillins and, in the case of pneumococci, also to
macrolides, fluoroquinolones, and cephalosporins.

Most recently, the resistance problems of hospitals and
ambulatory care have in a sense merged as MRSA and
multiple resistant Gram negatives are now encountered
both within and outside institutions. Interventions such as
screening procedures and cohort isolation will need to be
reevaluated in light of this new situation.
The Public Health Burden of
Antimicrobial Resistance

Some important direct and indirect consequences of
increased AMR are listed in Table 2. Although it is easy
ce

py based on clinical grounds in patients with acute and serious

l imply longer disease duration, longer sick leaves, more days in

ore toxic, and have a poorer ecological profile

ore complications

genic. This is particularly relevant for patients who have implanted
r cytostatic treatment

s for infrastructure and staffing

medicine and in industry and food production

zation in society
h-care facilities

ctice in hospitals and in general practice and primary health care

susceptibility testing

tion medicine
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to agree on the many possible consequences of AMR, the
level of evidence for each point varies. There is neverthe-
less an increasing body of knowledge concerning the
rapidly increasing impact AMR exerts on mortality, mor-
bidity, and costs.
Mortality

Before year 2000, numerous published studies were
unable to establish the correlation between mortality
and resistance, or to demonstrate that penicillin resistance
in Streptococcus pneumoniae was associated with clinical fail-
ures. This was probably because most studies had
included isolates with intermediate susceptibility in the
resistant group. However, a significant association is now
established between a high-level penicillin resistance in
S. pneumoniae and increased mortality.

Some studies have aimed at reporting the effect of
AMR on mortality from infectious diseases. From the
United States, Cassell and Mekalanos (2001) reported
that the overall death rate from infectious diseases had
increased by 58% from 1980 until 1992, and even when
the figures were age-adjusted, the increase still was 39%.
AMR is probably an important reason for this increase.

The interactions between new (HIV) and old patho-
gens (pneumococcus) combined with more multidrug-
resistant strains have set the stage for a new and serious
public health problem. In San Francisco, more than half
of all cases of invasive pneumococcal infections are in
patients infected with HIV, and their mortality rates
are almost eight times higher than in those infected by
penicillin-susceptible strains.

In the early 1990s, 28% of the patients in U.S. intensive
care wards carried strains resistant to the preferred anti-
biotic treatment, and 19 000 deaths were estimated to be
directly caused by nosocomial infections. By the turn of
the century, nosocomial infection of the bloodstream was
the eighth leading cause of death in the United States
according to Wenzel and Edmond (2000). The crude
mortality rates for the three leading nosocomial infections
were 21% for coagulase-negative staphylococci, and 25
and 32% for S. aureus and enterococci, respectively.

MRSA is currently one of the most common and dan-
gerous nosocomial bacteria. Even after adjusting for severity
of illness, comorbidity, and source of bacteremia, Cosgrove
et al. (2003) found a doubled mortality in patients infected
with MRSA as compared to methicillin-susceptible strains.
Morbidity

A number of studies have been undertaken to substantiate
the increased burden of morbidity caused by increased
AMR. Outcomes most commonly studied are frequency
and duration of hospital stays, need for intensive care
unit admissions, need for surgery and other procedures,
functional status at discharge, and loss of functional time
(i.e., attendance to work or school).

In 1989 in Iceland, the import of a resistant pneumo-
coccal strain from Spain combined with high antibiotic
pressure resulted in a rise in the prevalence of resistant
strains in children from 0% in 1989 to 20% in 1993 as
reported by Arason et al. (2006). This had dramatic con-
sequences for children with common illnesses such as
otitis media because so many of them had to be hospita-
lized to receive adequate antibiotic treatment.

In the United States, the incidence of bacteremic
pneumococcal pneumonia has increased significantly in
children and in the elderly during the last decades. Despite
some methodological problems with confounding factors
in many studies, there is now increasing evidence support-
ing that penicillin resistance is an independent predictor
for mortality in patients with pneumococcal bacteremia.
These patients also have a generally higher risk for suppu-
rative complications of their infections.
Therapeutic Delay

It is well documented that antibiotic resistance commonly
leads to a delay in providing an effective cure. For example
in the United States, Lautenbach et al. (2001) showed that
patients infected with extended-spectrum beta-lactamase-
producing K. pneumoniae or E. coli did not receive effective
antibiotic cure until a median of 72 hours after the infection
was suspected, as compared to 11.5 hours for matched
control subjects. The unfortunate consequence of therapeu-
tic delay is that more people will succumb to their
infections.
More Toxic Therapy

More infections caused by resistant organisms will also
increase the need for using more toxic antibiotics, including
a heavier toll in terms of more serious adverse effects. For
example, colistin, used for infections caused by highly resis-
tant Pseudomonas or Acinetobacter, poses a risk of damaging the
patients’ kidneys. Furthermore, patients infected with bac-
teria resistant to available antibioticsmore oftenwill require
surgical procedures to revise the site of infection.
The More Antibiotic Use, the More
Antimicrobial Resistance

In local settings, the relationship between antibiotic con-
sumption and AMR has not been so easily demonstrated.
However, by linking individual-based data regarding anti-
biotic use and occurrence of AMR, the association has
become evident.

Based on extensive data from 26 European countries,
Goossens et al. (2005) have substantiated the positive



Table 3 Studying adverse outcomes due to antimicrobial

resistance: Issues that may bias, confound, or limit the

relevance of the results

Type of outcome
examined Points to consider

Mortality In-hospital patients only
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relationship between a nation’s total antibiotic utilization
and the level of resistance in the country. This relation-
ship has in particular been demonstrated for penicillins
and pneumococci, macrolides and pneumococci, macro-
lides and group A streptococci, and quinolones and co-
trimoxazole and E. coli.
In hospital and after discharge
All-cause mortality

Mortality attributable to infection

Morbidity Length of hospital stays

Intensive care unit admission
Need for surgery or other procedures

Patients’ activity level at discharge

Loss of functional time (missed work
and activities)

Economic Hospital costs

Hospital charges

Resource utilization
Health-care costs

Loss of income

Total costs for society

Perspective of study
Hospital Hospital morbidity, mortality, and

costs

Third-party payer In- and out-of-hospital health-care
costs

Patient Decreased functional status, loss of

work

Decreased availability of antibiotic
therapy

Society Total health-care costs

Loss of previously effective antibiotics

Comparison group
Not infected Interpret as added infection

Infected with Interpret as impact of resistance
Costs

Although most of the direct consequences inevitably will
lead to increased health-care costs, it is difficult to precisely
estimate the total economic burden caused by resistance.
The economic impact of AMR is substantial. Because it is
more feasible to estimate morbidity, mortality, and costs
in a hospital setting compared to primary care or a com-
munity setting, most studies investigating consequences of
AMR have been hospital based.

In the hospital setting, the need for using expensive
antibiotics and longer hospital stays contributes
directly to more costs. Cassell and Mekalanos (2001)
estimated the U.S. hospital costs in 1997 caused only by
resistant S. aureus to be US$122 million, whereas the
total costs for all nosocomial infections were US$4.5
billion.

Another estimate made by the U.S. Office of Tech-
nology Assessment in 1995 concluded that the direct costs
for AMR that year were US$4 billion. If all indirect costs
had been included, this estimate would probably have
increased several-fold.
susceptible strain
Colonized with

resistant strain

Interpret as the impact of the

progression from colonization to

infection

Factors that improve
quality

Adjustment for relevant variables such
as illness duration before

hospitalization, severity of illness,

and comorbidities before infection

Adapted from Cosgrove SE and Carmeli Y (2003) The impact
of antimicrobial resistance on health and economic outcomes.

Clinical Infectious Disease 36: 1433–1437.
Antimicrobial Resistance and Antibiotic Use:
The Spiral Effect

As AMR emerges and increases, this will have a direct
impact on antibiotic prescription in both hospitals and
primary care. Especially in primary care, antibiotics are
given based on symptoms and signs without microbiolo-
gical evaluation. When AMR reaches a certain critical
level for penicillin-resistant pneumococci, for example,
this will prompt the use of other antibiotics, which in
practice will be the more broad-spectrum agents, which
in turn will increase the selection pressure favoring resis-
tant microbes. This will in turn strengthen the tendency
toward preferring the broad-spectrum agents, thus creat-
ing a spiral effect or a vicious circle. This has been the
case for S. aureus and is now happening in the treatment of
suspected pneumococcal infections in countries with high
AMR levels.

Table 3, which is modified from Cosgrove and
Carmeli (2003), summarizes points to be considered in
AMR outcome studies to elucidate bias, confounding
factors, and limited relevance in outcome estimates.
Public Health Programs Addressing
Antimicrobial Resistance: Successes
and Failures

Although the concept of AMRwas recognized by scientists
and clinicians alike at an early stage, a systematic public
health approach to the problem has evolved only recently.
The danger of increasing AMR has nevertheless been a
significant argument over many years for improving disease
control systems and drug legislation in many countries.
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An early recognition of the scope of the AMR problem
was pr esented in 1969 by the Briti sh Joint Com mittee on
the use of Anti biotics in Animal Husband ry an d Veteri-
nary Me dicine in the so-call ed Swann re por t (1969). The
report recommended guidelines for veterinary antimicro-
bial use explicitly in order to preserve the efficacy of
antimicrobials in human medicine. In the early 1990s,
WHO adopted the DOTS framework, which was aimed
at improved detection and treatment of tuberculosis as
well as prevention of multiresistant TB. However, it was
not until the late 1990s that the full complexity of AMR
containment in a public health context was discussed in a
series of national and international consultations and was
formulated in comprehensive strategies and action plans.
The U.S. Institute of Medicine and the UK House of
Lords issued reports in 1997 and 1998, respectively, and
the World Health Assembly discussed the matter in 1995
and 1998. In 2001, the WHO Global Strategy for Containment

of Antimicrobial Resistance gave recommendations to gov-
ernments, the pharmaceutical industry, individual pre-
scribers, health administrators, and the general public
(WHO, 2001). Within the EU, the Copenhagen declara-
tion of 1998 was followed by the Council Resolution ‘‘A
Strategy against the Microbial Threat’’ in 1999. Since
2005, AMR has been designated as one of the priority
areas for the European Centre for Disease Control and
Prevention (ECDC). A number of countries have pub-
lished national action plans for AMR containment.

It is not surprising that all these official reports and
documents give the same general outline of how to
approach the AMR problem:

. Methodologically valid surveillance of resistance and
antimicrobial usage is a prerequisite for any public
health program.

. Infection control must be improved in hospitals, in ambu-
latory health care, and in the community as a whole.

. The difficult issue of prudent drug use must be
addressed through improved education of prescribers
and other health-care workers combined with informa-
tion campaigns directed at the public in general.

. Diagnostic services, both bedside and in the labora-
tories, must be developed in order to better target
antibacterial therapies.

It is difficult to ascertain the impact of all these docu-
ments in terms of changes in the epidemiology of AMR.
The multifaceted nature of the problem makes the effect of
single interventions often impossible to determine because
of confounding by other factors. The countries which so far
have been successful in AMR containment have been
able to rely on established organizational structures within
their health-care systems, such as microbiological refer-
ence laboratories, dedicated infection control personnel,
and effective drug-regulatory agencies. It is generally
recognized that any containment program must be sup-
ported by political commitment and adequate funding.

Despite the urgent need for new antibiotics and
chemotherapeutics, the research in this field unfortu-
nately seems to have a low priority in the pharmaceutical
industry. Pharmaceutical and diagnostic companies should
therefore be invited to collaborate with governmental
bodies to seek incentives to facilitate innovation of new
tools for management of infectious diseases.
Antimircrobial Resistance: Future
Perspectives

There are no immediate solutions to the myriad problems
related to AMR. The forces driving the emergence and
spread of resistance, as well as the interventions needed
for containment, are deeply integrated into the organiza-
tion of health-care systems and society as a whole. Any
successful approach to AMR containment will have to
include efforts to curtail the inappropriate prescription
of antibiotics to both animals and humans, and at the same
time reduce the need for antimicrobial treatment by
effective infection control measures.

The so-called ‘low-prevalence countries’ in Northern
Europe demonstrate how cultural and societal determi-
nants can act to preserve antimicrobial susceptibility, but
it is not easy to see how this can be effectively disseminated
to other countries. One may even question whether expe-
riences from the Nordic countries and the Netherlands
will have any relevance to countries where AMR is
already established at a high level.

In spite of the continuing focus on prudent drug use,
physicians and veterinarians will often maintain their estab-
lished prescription practices, fearing undertreatment or
loss of patient consumer confidence. Furthermore, most
countries do not have effective enforcement of drug legisla-
tion, with the consequent widespread over-the-counter sales
of antibiotics, although this is often formally illegal. Internet
pharmacies represent another challenge in this respect.

Implementation of infection control programs in order
to reduce the burden of disease is not feasible in many
settings due to lack of adequate funding or breakdown of
society’s structure due to poverty, failed states, natural
disasters and war.

However, there are areas which offer some hope for
changes in the right direction. The emergence and spread
of macrolide-resistant group A streptococci in Finland, as
reported by Säppala et al. (1997), and penicillin-resistant
pneumococci in Iceland in the late 1980s, as shown by
Arason et al. (2006), were halted and eventually reversed
through concerted efforts including improved prescrip-
tion practices and infection control measures. It has been
argued that this reversal of resistance should be explained
at least partly by escalating herd immunity against specific
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resistant bacterial clones, but the overall conclusion is
nevertheless that AMR is not necessarily an irreversible
phenomenon. A similar downward trend in penicillin-
resistant pneumococci has recently been noted in Spain.
France has managed to reduce the consumption of anti-
biotics substantially through massive information cam-
paigns directed toward both prescribers and the general
public over the last few years, but it is too early to
determine the effect this will have on resistance rates.

Furthermore, the use of antimicrobials as growth pro-
moters in animal husbandry has largely been abandoned
in Europe. The anticipated increase in therapeutic veter-
inary usage has so far been very limited. It is also encour-
aging that the introduction of bacterial vaccines against
H. influenzae, and just recently also shown for S. pneumoniae
by Kyaw et al. (2006), has led to substantially reduced
prescription of antibiotics to children and also lower
prevalence of resistance. The underlying mechanisms
for this decrease are probably complex. Vaccine-induced
immunity toward resistant serotypes can directly reduce
the transmission of these clones, and the lower overall
prevalence of infection may at the same time lead to
reduced selection by antibiotic exposure. One can there-
fore hope for a downward spiral in antimicrobial usage
and resistance as opposed to the escalating trend over the
previous decades. Candidate vaccines for bacterial patho-
gens, such as staphylococci, as well as rotavirus and other
agents often treated by antibiotics, will undoubtedly have
a large effect in the area of drug resistance. It will of
course be of critical importance to ensure sufficient fund-
ing to extend these benefits also to the population of the
developing world. Finally, in the area of infectious disease,
there may be signs of renewed interest from pharmaceu-
tical and diagnostic companies in development of novel
medicines and diagnostic tools supporting the shift from
empiric to pathogen-directed therapy. It is hoped that we
can learn from past experiences of substandard diagnos-
tics and uncritical antimicrobial usage so that infectious
diseases will remain manageable in the future. As we
should have learned by now, mankind should handle
microorganisms with great care, as they are the true rulers
of this world.

See also: Bacterial Infections: Overview; Bacteriology,

Historical; Meningitis, Bacterial.
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Infectious diseases have shaped human history for centu-
ries. For example, the plague pandemic of the 13th cen-
tury, which spread throughout Europe and the Middle
East to the far corners of the globe, claimed approximately
25% of the world’s population. Infectious dysentery rav-
aged Napoleon’s armies, and tuberculosis, also known as
‘the white plague,’ condemned many of history’s most
influential leaders, writers, artists, and scientists to early
deaths, often in their most productive years. The micro-
organisms against which we struggle include dreaded bac-
teria, such as those that cause anthrax, bubonic plague, and
tuberculosis, as well as those that cause much more com-
mon infections like Streptococcus pneumoniae (ear infections,
pneumonia, and meningitis), Staphylococcus aureus (boils
and abscesses), and Streptococcus pyogenes (strep throat and
rheumatic fever). Other microorganisms including fungi
(Aspergillus fumigatis), malarial parasites (Plasmodium falci-

parum), and the human immunodeficiency virus (HIV)
may also become resistant to anti-infective agents.

Beginning around the middle of the 20th century,
major advances in the development of antimicrobial
agents, better understanding of how infections spread in
hospitals and community settings, and better access to
clean water that was safe for drinking helped reduce the
global impact of infectious diseases on human health.
Penicillin, which became available for use in the early
1940s, is an excellent example of a new antimicrobial
agent that reduced the morbidity and mortality of diseases
such as pneumococcal pneumonia and staphylococcal
sepsis by half. However, the euphoria over the potential
conquest of infectious diseases was short-lived, as bacteria
became resistant to the new wonder drugs. As use
of antimicrobial agents became widespread, resistance
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Prevention (CDC).
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http://www.who.int/drugresistance/ – World Health Organization
(WHO).
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spread and the array of different mechanisms of resistance
increased. Once again, humans had to struggle to gain the
upper hand against infections even as the number of new
antibacterial agents began to dwindle. Herein, the rise of
resistance to antibacterial agents will be reviewed.

How Do Antibacterial Agents Work?

Most antimicrobial agents used for the treatment of bac-
terial infections can be categorized according to their
principal mechanism of action. There are four major
modes of action: (1) interference with cell wall synthesis,
(2) inhibition of protein synthesis, (3) interference with
nucleic acid synthesis, and (4) inhibition of a metabolic
pathway (Tenover, 2006).

Antibacterial drugs that work by inhibiting bacterial
cell wall synthesis include the b-lactams, such as the
penicillins, cephalosporins, carbapenems, and monobac-
tams, and the glycopeptides, including vancomycin and
teicoplanin. b-lactam agents inhibit synthesis of the bac-
terial cell wall by interfering with the enzymes required
for the synthesis of the peptidoglycan layer. Vancomycin
and teicoplanin also interfere with cell wall synthesis by
preventing the cross-linking steps required for stable cell
wall synthesis.

Six different classes of drugs, the macrolides, amino-
glycosides, tetracyclines, chloramphenicol, streptogra-
mins, and oxazolidinones, all inhibit bacterial protein
synthesis. Bacterial ribosomes, which are the site of bac-
terial protein synthesis, differ in structure from their
counterparts in eukaryotic cells. Antibacterial agents
take advantage of these differences to selectively inhibit

http://www.react-group.org
http://www.tufts.edu/med/apua/home.html
http://www.cdc.gov/drugresistance/
http://www.esac.ua.ac.be/
http://www.rivm.nl/earss/
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bacterial growth. Macrolides, aminoglycosides, and tetra-
cyclines bind to the 30S subunit of the ribosome, while
choramphenicol binds to the 50S subunit.

The class of antimicrobial agents known as fluoroqui-
nolones (which includes widely used drugs such as cipro-
floxacin and levofloxacin) disrupt DNA synthesis in the
bacterial cell, causing double-strand DNA breaks during
DNA replication. Sulfonamides and trimethoprim, on the
other hand, block the folic acid synthesis pathway, which
ultimately inhibits DNA synthesis. The common antibac-
terial drug combination trimethoprim (a folic acid analog)
plus sulfamethoxazole (a sulfonamide) inhibits two steps
in the enzymatic pathway for bacterial folate synthesis
and thus work in synergy with one another.

Another way of inhibiting bacterial cells is by disrupt-
ing their inner membranes. Drugs such as polymyxin
B and colistin increase the permeability of the membrane,
which makes the cells leaky. Daptomycin, a cyclic lipo-
peptide, apparently inserts its lipid tail into the bacterial
cell membrane causing membrane depolarization, which
also kills bacterial cells.
Overview of Mechanisms of Resistance to
Antibacterial Agents

Bacteria can become resistant to antimicrobial drugs
through a variety of mechanisms. First, the organism can
produce enzymes that chemically modify or break down
the antibacterial agent before it can have an effect. Sec-
ond, bacteria can use one or more efflux pumps to extrude
the antibacterial agent out of the cell before it can reach
its target site and exert its inhibitory effect. Third, bacte-
ria can eliminate the target site of an antimicrobial agent
through mutation so the drug has no place to bind to exert
its inhibitory effect. Fourth, bacteria may alter the perme-
ability of their cell walls and membranes such that they
limit access of the antimicrobial agents into the cell.
Finally, the organism can acquire genes, forming an alter-
nate metabolic pathway that is not inhibited by antimi-
crobial agents.

Normally susceptible populations of bacteria may
become resistant to antimicrobial agents through sponta-
neous mutation, or by acquiring the genetic information
that encodes resistance from other bacteria. The latter may
occur through one of three genetic mechanisms: conjuga-
tion (which involves cell-to-cell contact and exchange of
DNA), transformation (the uptake of naked DNA from the
environment), or transduction (DNA transferred from one
bacterial cell to another by viruses). Through genetic
exchange mechanisms, many bacteria have become resis-
tant to multiple classes of antibacterial agents, and these
multi-drug-resistant bacteria (defined as resistance to
three or more bacterial drug classes) have become a
cause for serious concern, particularly in hospitals and
other health-care institutions where they tend to occur
most commonly.

As noted above, susceptible bacteria can acquire resis-
tance to an antimicrobial agent via de novomutation. Spon-
taneous mutations may cause resistance directly by
altering the target protein to which the antibacterial
agent binds thus modifying or eliminating the binding
site (e.g., change in penicillin binding protein (PBP) 2b in
pneumococci, which results in penicillin resistance), or
indirectly by (1) upregulating the production of enzymes
that inactivate the antimicrobial agent (e.g., erythromycin
ribosomal methylase in staphylococci), (2) downregulat-
ing or altering an outer membrane protein channel that the
drug requires for cell entry (e.g., outer membrane protein
F (OmpF) in Escherichia coli), or (3) upregulating pumps
that expel the drug from the cell (efflux of fluoroquino-
lones in S. aureus). In all of these cases, strains of bacteria
carrying resistance-conferring mutations are selected by
antimicrobial use, which kills the susceptible strains but
allows the newly resistant strains to survive and grow.
Acquired resistance that develops due to chromosomal
mutation and selection is often deemed vertical evolution.

Bacteria also develop resistance through the acquisition
of new genetic material from other resistant organisms.
This is called horizontal evolution and may occur between
strains of the same species or between different bacterial
species or genera. During conjugation, a Gram-negative
bacterium transfers a plasmid containing resistance genes
to an adjacent bacterium, often using an elongated pro-
teinaceous structure known as a pilus to join the two
organisms together. Conjugation among Gram-positive
bacteria is usually initiated by production of sex phero-
mones by the mating pair, which facilitate the clumping of
donor and recipient organisms, allowing the exchange of
DNA. During transduction, resistance genes are trans-
ferred from one bacterium to another via bacteriophage
(bacterial viruses). This is now thought to be a relatively
rare event. Finally, transformation, that is, the process
whereby bacteria acquire and incorporate DNA segments
from other bacteria that have released their DNA comple-
ment into the environment after cell lysis, can move resis-
tance genes into previously susceptible strains.

Mutation and selection (selection is the use of antimi-
crobial agents, particularly in suboptimal concentrations,
that allows the new antimicrobial resistant organisms to
survive), together with themechanisms of genetic exchange,
enable many bacterial species to adapt quickly to the intro-
duction of antibacterial agents into their environment.
While a single mutation in a key bacterial gene may only
reduce the susceptibility of the host bacteria to that anti-
bacterial agent slightly, that may be just enough to allow its
initial survival until it acquires additional mutations or
additional genetic information resulting in full-fledged
resistance to the antibacterial agent. However, in rare
cases, a single mutation can be sufficient to confer
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high-level, clinically significant resistance to an organism
(such as with high-level rifampin resistance in S. aureus, or
high-level fluoroquinolone resistance in Campylobacter jejuni,
both of which can be the result of a single geneticmutation).
Selection of Resistant Organisms

Any use of antimicrobial agents can provide the selective
pressure that allows a newly resistant bacterial isolate
(whether it developed by mutation or by acquisition of
new genetic information) to survive and multiply. The
susceptible isolates will, of course, be eliminated from the
population by the antimicrobial agent. Antimicrobial
agents are used not only for treatment of human and
animal diseases but for a variety of other applications
including growth promotion of animals (except in the
European Union, where this application has been banned),
control of fire blight and other plant diseases in pome
fruit orchards (where the drug may be applied from air-
planes, similar to crop dusting), control of fish diseases in
aquaculture farms (such as for raising salmon), and inhi-
bition of barnacle growth on large ships. Thus, limiting
the selective pressure that promotes the development of
antimicrobial-resistant organisms is not simply a matter of
optimizing the use of these drugs in humans.
Emerging Resistance: Mechanisms of
Resistance

Intrinsic Resistance

Some bacteria are intrinsically resistant to antimicrobial
agents, either because they lack the target site for that drug
or because the drug is unable to transit through the orga-
nism’s cell wall or membrane to reach its site of action. For
example, most enterococci are resistant to low levels of
aminoglycosides because the drug cannot penetrate the
organism’s thick peptidoglycan layer in the cell wall to
reach the ribosomes, which are the site of aminoglycoside
action. Only in the presence of cell wall-active agents, such
as penicillin or vancomycin, which damage the cell wall
and make it more permeable, can aminoglycosides reach
the ribosomes. Intrinsic resistance also includes chro-
mosomally encoded enzymes, such as b-lactamases, that
are characteristic of some bacterial species. For example,
the chromosomally encoded AmpC b-lactamase of Enter-
obacter cloacae, which when induced can mediate resistance
to extended-spectrum cephalosporins and cephamycins
(such as cefoxitin and cefotetan), is an example of such
an intrinsic mechanism of resistance.
Acquired Resistance

Bacteria that are by nature susceptible to an antimicrobial
agent may become resistant by chromosomal mutation or
by the acquisition of new genetic material. For example,
point mutations that occur in the chromosomal rpsL gene
that encodes a ribosomal protein found in E. coli and
Mycobacterium tuberculosis may result in an amino acid
change that prevents the binding of streptomycin to the
ribosome, resulting in resistance.

Acquisition of new resistance genes carried on plasmids
(which are extrachromosomal pieces of DNA), transposable
elements (highly mobile elements that can contain multiple
genes), integrons (a structure that provides a hot spot for
collecting resistance genes), and other cassettes usually
result in the synthesis of new proteins in the cell. The
known modes of plasmid- and transposon-encoded resis-
tance mechanisms include enzymatically inactivating the
antimicrobial agent, altering the target sites for the antimi-
crobial agent, blocking the transport of the agent into the
bacterial cell, enhancing the efflux of the antimicrobial
agent out of the cell, and bypassing the metabolic steps
inhibited by the antimicrobial agent (Table 1). Multiple
resistancemechanismsmay be encoded on a single plasmid,
transposon, integron, or cassette. In addition, organismsmay
harbor more than one mechanism of resistance for a single
class of drugs.

Examples of resistance mechanisms for several classes of
antimicrobial agents are described in the following sections.

Resistance to b-lactam drugs

The family of b-lactam drugs is large and includes peni-
cillins, cephalosporins, monobactams, carbapenems, and a
series of other related compounds. The most common
mechanism of b-lactam resistance among bacteria is the
production of a b-lactamase, which is an enzyme that
cleaves the key structure of the antimicrobial agent, that
is, the b-lactam ring. This renders the drug inactive. The
number of different b-lactamases that have been recog-
nized among Gram-negative and Gram-positive organisms
exceeds 400 ( Jacoby and Bush, 2008) and continues to grow
each year as novel enzymes are described. b-lactamases
are divided into four different classes based on chemical
structure, substrate profile, isoelectric point, and amino
acid sequence. They include the class A enzymes, which
are serine-based; class B enzymes, which are metallo-
enzymes; class C enzymes, which are typically the intrinsic,
chromosomally encoded enzymes; and class D enzymes,
which are usually oxacillin-hydrolyzing, or OXA, type.
Point mutations in the structural genes of b-lactamases,
such as in blaTEM, blaSHV, and blaCTX-M, often result in
changes in the amino acid structure of the enzyme that
extend their spectrum of activity to more b-lactam drugs,
such as the third-generation cephalosporins (sometimes
called extended-spectrum cephalosporins because they are
active even against organisms with b-lactamases that
can hydrolyze simple b-lactam drugs, like penicillin or
ampicillin). Such enzymes are called extended-spectrum
b-lactamases, or ESBLs. In addition, spontaneous mutations



Table 1 Examples of bacterial mechanisms of antimicrobial resistance

Antimicrobial class Example Mechanism Organisms

Aminoglycosides Gentamicin Drug modification Enterobacteriaceae
Pseudomonas

Enterococci

Staphylococci

Amikacin Reduced permeability Pseudomonas
b-lactam drugs Penicillin b-lactamase Staphylococci

Enterococci

Enterobacteriaceae

Pseudomonas
Gonococci

b-lactam drugs Penicillin Altered cell wall Pneumococci

Meningococci
Fluoroquinolones Ciprofloxacin Altered DNA gyrase Staphylococci

Pseudomonas

Enterobacteriaceae

Glycopeptides Vancomycin Altered DNA ligase Enterococci
Macrolides Erythromycin RNA methylase Staphylococci

Pneumococci

Streptococci

Tetracyclines Doxycycline Drug efflux Streptococci
Enterobacteriaceae

Staphylococci

Pseudomonas
Trimethoprim Trimethoprim Altered enzymes Enterobacteriaceae

Pseudomonas

Adapted from Neu HC (1989) Overview of mechanisms of bacterial resistance. Diagnostic Microbiology and Infectious Disease 12:

1095–1165.
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that result in changes in the porins of the organism’s outer
membrane can enhance resistance to ceftazidime, or loss of
porins can result in resistance to carbapenems. In the early
2000s, carbapenem resistance (i.e., resistance to the antimi-
crobial agents that are usually held in reserve to treat the
most difficult infections, often seen in intensive care unit
patients in hospitals) caused by a Class A b-lactamase, desig-
nated KPC-1 (for Klebsiella pneumoniae carbapenemase),
emerged in the United States. Klebsiella pneumoniae isolates
harboring KPC-1 and the related b-lactamases KPC-2 and
KPC-3 emerged and spread in several geographic areas,
but particularly in New York City and the surrounding
region. Similar b-lactamases have been recognized
elsewhere in the United States and abroad. Carbapenem
resistance can also be mediated by the Class B, metallo-b-
lactamases, which includes the enzymes SPM-1, VIM-1,
IMP-1, and other related enzymes, which are widely
disseminated among bacterial species that frequently
cause infections in debilitated, hospitalized patients.
These bacterial species, including Pseudomonas aeruginosa,
Acinetobacter species, and other Gram-negative organisms,
are very difficult to treat because they are frequently
resistant to multiple antimicrobial agents.

Bacterial resistance to b-lactam drugs also can be
mediated by changes in the cellular targets where the
antimicrobial agents bind, which are known as the peni-
cillin binding proteins (PBPs). These proteins are
involved in building the bacteria’s cell wall. Thus, when
a b-lactam drug binds to its target, the machinery for
building new cell walls during the process of cell division
is disrupted and the new cells become fragile and lyse
under osmotic pressure. This is why b-lactam drugs are
often referred to as ‘cell wall-active agents.’

A related form of b-lactam resistance that is recog-
nized in some bacterial species results when the bacteria
acquire DNA from a genetically related organism that,
through a process called recombination, results in pro-
duction of a mosaic gene for one or more PBPs. These
mosaic PBP genes (which in effect are chimeras of DNA
from two different organisms) also produce proteins with
reduced affinity for b-lactam agents, yet still can make
functional cell walls. Such mosaics are seen in Streptococcus
pneumoniae (the pneumococcus) and various species of the
genetically related Viridans Streptococci. These mechan-
isms of PBP remodeling were responsible for the dramatic
increase in penicillin resistance seen in S. pneumoniae in
the early 1990s. Additional mutations in PBP genes result
in higher levels of resistance to the third-generation
cephalosporins cefotaxime and ceftriaxone, which are
the major drugs used to treat serious pneumococcal infec-
tions such as meningitis. The formation of mosaic PBP
genes through acquisition of DNAvia transformation also
has been reported in Neisseria meningitidis, an organism
that is a cause of epidemic meningitis.
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Resistance to erythromycin and other macrolides
Erythromycin resistance in bacteria may be mediated by
several different mechanisms. These include efflux
mechanisms, such as the msr (A) pump of staphylococci
and the mef genes of pneumococci and streptococci, and
modification of the drug-binding sites in rRNA. Methyl-
ation of the 23S RNA of the 50S ribosome unit usually
occurs at a specific adenine residue in Gram-positive
organisms, which leads to resistance not only to macro-
lides but also to several unrelated classes of drugs that
bind to the same target region. These include the linco-
samides (e.g., clindamycin) and streptogramin B-type
drugs. The erm genes (for erythromycin rRNA methylase)
are a large family of resistance determinants that are
common among staphylococci, streptococci, actinomy-
cetes, and a variety of anaerobic bacteria species. Several
erm gene variants have been discovered among Gram-
negative organisms, including Haemophilus species,
members of the Enterobacteriaeceae, several genera of
Gram-negative anaerobes, and even some Mycobacterium

species. Erythromycin resistance can also be the result of
chemical modification of the drug by esterification or
phosphorylation.
Aminoglycoside resistance
The aminoglycosides are drugs that are frequently given
in combination with other classes of antimicrobial agents
early in the course of an infection, before the species of
bacteria that is causing the infection is known. This is
known as empiric therapy. The aminoglycosides often act
synergistically when given together with cell wall-active
agents, that is, the two drugs are more effective at killing
bacteria together than when given separately (see above).
The most common mechanism of resistance is the chemi-
cal modification of the aminoglycoside molecule by bac-
terial enzymes that add a phosphate, acetyl, or adenyl
group to the antimicrobial agent. This prevents the bind-
ing of the drug to its target site but also acts to inhibit the
passage of the drug through the bacterial cell wall and
membrane. The number of aminoglycoside resistance
genes discovered amongGram-positive andGram-negative
organisms is large and very diverse. Recently, a novel muta-
tion in the gene that encodes one particular aminoglyco-
side-modifying enzyme, the aac6’Ib enzyme, designated
aac6’Ib-cr, was reported (Robicsek et al., 2006). This subtle
change in amino acid sequence enabled the enzyme to
acetylate ciprofloxacin and several other fluoroquinolones
(a totally different class of antimicrobial agents), leading to
low-level resistance to the fluoroquinolones. The ability of
one enzyme to modify two highly divergent classes of
antimicrobial agents leading to resistance is very unusual.

Reduced permeability of the cell envelope, which can
occur by spontaneous mutation of the genes that encode
the cells’ porins, change in the ribosomal target site, and
active efflux of drugs out of the cell, also contribute to
resistance, particularly in Gram-negative organisms.

Tetracycline resistance

Tetracycline resistance is widespread among Gram-positive
and Gram-negative bacteria and can be the result of pump-
ing the drug out of the cell before it reaches it site of action
(efflux), protection of the ribosomal binding site, which
decreases drug binding, or changes in the permeability of
the cell envelope that reduce drug uptake. Several tetracy-
cline resistance determinants, such as the tet(M) gene, which
mediates resistance to several drugs in the tetracycline
class, including doxycycline and minocycline, are widely
distributed in species as diverse as the Gram-positive coccus
Enterococcus faecalis; the Gram-negative coccus Neisseria

gonorrhoeae; the Gram-negative cell wall-deficient organism
Mycoplasma pneumoniae; and the anaerobic Gram-negative
bacillus Bacteroides fragilis. The tet(M) resistance gene, and
a number of other tetracycline resistance genes, are com-
monly found on transposable elements, often linked
together with determinants for resistance to chlorampheni-
col or macrolides in Gram-positive organisms.

Glycopeptide resistance

The glycopeptides are antimicrobial agents that are used
primarily to treat infections caused by Gram-positive
organisms. Vancomycin, which is the most widely used
glycopeptide agent around the world, is very effective
for treating infections that are already resistant to other
classes of antimicrobial agents, such as methicillin-
resistant S. aureus, ampicillin-resistant enterococci, and
fluoroquinolone-resistant Clostridium difficile (a Gram-
positive anaerobic bacillus that is a frequent cause of
antibiotic-associated diarrhea among hospitalized patients).
Vancomycin resistance among enterococci is typically
mediated by a set of genes (the van operon) that produce
enzymes that build a bacterial cell wall that is missing in
the target site of the drug. These are different from the
PBPs that build a different part of the cell wall, which are
the targets of b-lactam drugs. The enzymes, called ligases,
cross-link the major structural units of the cell wall
together. The ligases fall into two distinct groups. The
first group, designated vanC and vanE, are intrinsic to
several species of enterococci including Enterococcus galli-

narum and Enterococcus casseliflavus and are chromosomally
mediated traits. These ligases produce only low levels of
vancomycin resistance (8–16mg/ml). Only rarely are
these resistance genes transferred to other species of
enterococci. The second group, which is more interesting,
with the designations vanA, vanB, vanD, and vanG, are the
novel ligases that have been acquired from organisms
outside of the genus Enterococcus. These genes usually
mediate high-level vancomycin resistance (1024 mg/ml)
and often encode resistance to other glycopeptides, such
as teicoplanin, as well. In 2002, the transfer in nature of
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the vanA operon from a vancomycin-resistant E. faecalis
donor to an MRSA recipient was reported from the
state of Michigan. The vancomycin MIC for the result-
ing vancomycin-resistant S. aureus (VRSA) isolate was
1024 mg/ml, which is 1000 times the normal vancomycin
MIC for S. aureus (i.e., 1mg/ml). An investigation of
the molecular mechanisms surrounding the transfer of
the resistance gene indicated that the vanA operon, which
was responsible for the resistance, was present on an entero-
coccal plasmid, and transferred to a recipient S. aureus by
conjugation. The enterococcal plasmid was present in the
S. aureus cell just long enough for the vanA-containing
transposon (called Tn1546) to transfer to a smaller staphy-
lococcal plasmid already present in the S. aureus strain. The
transfer of the vanA operon on Tn1546 to the S. aureus

plasmid resulted in the new vancomycin-resistant S. aureus
(VRSA) isolate (Weigel et al., 2003). Subsequently, eight
other VRSA isolates have been documented in the United
States, and all contained the vanA resistance gene. However,
the latter VRSA isolates contained a variety of plasmids,
and not all of the isolates demonstrated high-level vanco-
mycin resistance. The lower vancomycin resistance level of
the Pennsylvania VRSA strain (32 mg/ml) was attributed to
the instability of the enterococcal plasmid on which the
gene was located. Unlike the case in Michigan, the vanA

operon was located on a much larger plasmid composed of
both enterococcal and staphylococcal DNA.

Low-level resistance to vancomycin has also been
reported in S. aureus. This is likely the result of unusually
thickened cell walls that contain thousands of copies of
the D-alanine-D-alanine dipeptide, which is the binding
site for vancomycin, and changes in cellular metabolic
pathways. These organisms, designated as vancomycin-
intermediate S. aureus or VISA strains because the vanco-
mycin MICs were in the intermediate range according to
Clinical and Laboratory Standards documents, were first
reported in 1997, and have been reported subsequently
from the United States and around the world. In some
isolates, the changes in cell wall structure and metabolic
pathways that lead to decreased susceptibility to vanco-
mycin are subtle and are not easily detected in a clinical
laboratory. This can lead to patients who fail vancomycin
therapy because the bacteria essentially contain a subpop-
ulation of cells that are vancomycin resistant, even though
the organisms appear to be susceptible to vancomycin
in the laboratory. Such strains are referred to as ‘vanco-
mycin heteroresistant’ VISA, or hVISA for short. Studies
in Australia have shown that such strains of S. aureus are
clinically important. However, the optimal method for
detecting such strains with reduced susceptibility to
glycopeptides, such as vancomycin, is still a challenge.

Fluoroquinolone resistance

The fluoroquinolones have been used very effectively by
many physicians over the years to treat respiratory tract
infections, diarrheal diseases, gonorrhea, and a variety of
other infections. Unfortunately, in part due to overuse of
these agents, the fluoroquinolones have lost their effec-
tiveness for treating certain respiratory tract pathogens
and gonorrhea in several regions of the world. This means
empiric therapy for these diseases must change, which
increases cost and in some cases requires multiple days
of therapy instead of single doses of the drug. Resistance
to the fluoroquinolones is frequently mediated by muta-
tions in the genes that produce the enzymes that coil and
uncoil DNA during replication. These enzymes are
known as DNA gyrase and topoisomerase IV. Because
both of the enzymes each have two components that act
in tandem, each enzyme requires two genes for synthesis.
These are known as gyrA and gyrB for the former enzyme,
and parC and parE for the latter. Both enzymes are critical
for DNA replication and thus for cell survival. The muta-
tions change the amino acid structure of the enzymes,
which prohibits the binding of the fluoroquinolone to
the DNA–enzyme complex. Thus, DNA replication con-
tinues unabated.

Fluoroquinolone resistance is also mediated in some
bacteria by efflux pumps. In fact, there are many such
pumps in both Gram-negative and Gram-positive bacte-
ria that are capable of extruding fluoroquinolones out of
the cell before they can exert their activity. Thus, fluoro-
quinolone resistance is increasing in many species world-
wide, compromising the effectiveness of a class of
antimicrobial agents that many thought would be spared
from the usual bacterial resistance mechanisms. The folly
of such suppositions is now readily apparent.

Another more subtle form of resistance to the low-level
fluoroquinolones was reported in 1998. The gene, desig-
nated qnrA,was of particular note because it was located on
a transmissible plasmid and thus was capable of moving
among many different species of bacteria. It is now clear
that qnrA is one of a family of small proteins that mediates
fluoroquinolone resistance in Gram-negative bacteria.
Other qnr genes, including qnrB, have been detected in
bacteria in association with aac6’Ib-cr aminoglycoside/cip-
rofloxacin resistance determinant. Although resistance is
low-level, it apparently is high enough to allow bacteria
to survive in the presence of a fluoroquinolone (such
as during therapy) long enough to develop chromo-
somal mutations in gyrA or parC that provide high-level
resistance, insuring the survival of the host bacteria.
This highlights the fact that resistance to virtually any
class of antimicrobial agent does not have to be high-
level to insure the ultimate survival of the host bacterial
species.

Sulfonamide and trimethoprim resistance

Sulfa drugs and trimethoprim, both of which are inexpen-
sive and broad-spectrum antimicrobial agents, are often
used in combination because they act synergistically. Both



Antimicrobial Resistance 217
drugs inhibit folic acid synthesis in bacteria, which is
necessary for DNA synthesis. However, genes encoding
resistance to one or both of these drugs have been
detected on transmissible plasmids, and resistance has
become widespread among a wide variety of bacteria
over the last 2 decades. Sulfonamides work through com-
petitive inhibition of the enzyme dihydropteroate synthe-
tase. The plasmid-encoded form of the enzyme that
escapes inhibition is smaller and requires 1000 times
more sulfa drug than the chromosomally encoded enzyme
for inhibition. Similarly, some bacterial strains that are
resistant to high levels of trimethoprim, an agent that
inhibits dihydrofolate reductase, contain a plasmid-
mediated gene coding for a new, trimethoprim-resistant
dihydrofolate reductase. Often it is the same plasmid that
provides both resistance mechanisms.

Resistance to multiple antimicrobial agents
Resistance to multiple classes of antimicrobial agents,
such as chloramphenicol, tetracycline, and fluoroquino-
lones, in both Gram-negative and Gram-positive bacterial
organisms is often due to efflux of the drugs out of the
bacterial cell. There are several genetic determinants that
mediate such resistance, including marA, mexAB-oprD, and
norA. Many multiresistant organisms that were previously
thought to have permeability barriers that prevented
entry of drugs to their sites of action are now known to
contain effective efflux pumps (Poole, 2007). Another
novel mechanism that results in resistance to multiple
classes of drugs is the cfr methyltransferase gene. This
gene encodes an enzyme that methylates ribosomal RNA
at a specific location (the adenine at site 2058 in
23 S ribosomal RNA of S. aureus) that results in resistance
to chloramphenicol, floramphenicol, and the oxazolidi-
nones, among other agents. This has been seen particu-
larly among linezolid-resistant S. aureus isolates.

Antimicrobial resistance in M. tuberculosis
Resistance to antimycobacterial agents, such as isoniaizid,
rifampin, streptomycin, and ethambutol, is often asso-
ciated with point mutations in critical genes, including
katG, rpoB, rpsL, and embB. However, a sizeable percent-
age of resistant strains do not contain mutations in these
loci, indicating that there is still much to learn about
resistance mechanisms, particularly in Mycobacterium

tuberculosis. Resistance to isoniazid and rifampin, often
with resistance to one or more additional agents active
against M. tuberculosis, is termed multi-drug-resistant
tuberculosis, or MDR-TB. MDR-TB spread rapidly
among cities such as New York, Miami, and Los Angeles
in the early 1990s, just at a time when many public health
officials thought the control of tuberculosis in the United
States was within reach (Centers for Disease Control,
1991). The Public Health Service had even established a
strategy to eliminate tuberculosis from the United States.
The control of the spread of MDR-TB in U.S. cities was
exceedingly difficult, as the public health infrastructure
that supported tuberculosis control programs had eroded
over the years due to the sense that tuberculosis was
waning as a public health threat. Once again, the ability
of bacteria to adapt to hostile environments, in this case
to inhibition by antimycobacterial therapy, was under-
estimated, and many patients again lost their lives to this
ancient scourge of mankind, albeit in a multi-drug-
resistant form. The infusion of millions of dollars into
tuberculosis treatment campaigns and the institution of
directly observed therapy (i.e., sending public health offi-
cials to watch patients take their medications each week)
eventually stemmed the tide of MDR-TB. While MDR-
TB was not eliminated, it was controlled, but not before
spreading to many other parts of the world. Now, resis-
tance to multiple second-line antimycobacterial agents,
in addition to resistance to isoniazid and rifampin, has
emerged to create extensively drug-resistant tuberculosis
(XDR-TB). XDR-TB has been observed in multiple
regions around the world, including the United States,
and again is stretching the capabilities of public health
agencies to respond. Tuberculosis will likely remain a
public health challenge for decades to come.
Resistance Among Health Care-Associated
Pathogens

Health care-associated infections are those that arise after
the patient has been in a hospital or other health-care
institution (such as a long-term care facility) for more
than 48 h. Among Gram-positive organisms, two health-
care-related pathogens that continue to be of particular
concern are methicillin-resistant S. aureus (MRSA) and
vancomycin-resistant enterococci (VRE). According to
recent statistics from the Centers for Disease Control
and Prevention, approximately 70% of the S. aureus iso-
lates obtained from patients in intensive care units in 2005
were MRSA and most were resistant to multiple antimi-
crobial agents. Although strains of MRSA that are highly
resistant to vancomycin have been isolated from patients
in the United States, as noted above, no spread of the
isolates to other patients was observed. In part, this may
have been due to the fact that good infection control
practices were in place in those health-care institutions
in which the MRSA arose. Nonetheless, MRSA has
become highly endemic in many hospitals and, more
recently, in community settings, which makes tracking of
outbreaks more difficult. Once introduced into a hospital,
MRSA is very difficult to eradicate. Problems with eradi-
cation are also true for vancomycin-resistant strains of
Enterococcus faecium, which are often resistant to most, if
not all, other clinically approved drugs. Guidelines from
the Hospital Infection Control Practices Advisory Com-
mittee of the Centers for Disease Control and Prevention
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(CDC) and the Society for Healthcare Epidemiology of
America stress the need for prudent use of antimicrobial
agents, effective implementation of infection control in
health-care settings, and the requirements for adequate
laboratory support of infection control (Hospital Infec-
tion Control Practices Advisory Committee, 1995). All
are of critical importance to reduce the selective pressure
for the emergence of resistant microorganisms. Antimi-
crobial use, particularly of vancomycin and cephalospor-
ins, is frequently a risk factor for developing VRE
infections. Programs to promote proper stewardship of
antimicrobial use have become frequent in health-care
organizations, and guidelines for such programs are
being developed by professional societies.

There are several species of multi-drug-resistant
Gram-negative organisms that continue to cause signifi-
cant levels of morbidity and mortality among hospitalized
patients around the world. Traditionally, these included
Enterobacteriaceae (such as Klebsiella pneumoniae and Escher-
ichia coli) that were resistant to aminoglycosides, b-lactams,
chloramphenicol, and trimethoprim–sulfamethoxazole.
Such organisms emerged in the late 1970s and have become
endemic in a number of hospitals in the United States.
More recently, these organisms have become resistance
to the extended-spectrum cephalosporins through ESBL
production, and, particularly on the Eastern seaboard
of the United States, they have become resistant to the
carbapenems through production of KPC enzymes. Two
other Gram-negative pathogens of note that may be resis-
tant to all available antimicrobial agents are Pseudomonas

aeruginosa and Acinetobacter species, especially A. baumannii.
The latter organisms have been associatedwith infections in
military personnel returning to the United States from the
Middle East.
Resistance Among Community-Associated
Pathogens

Development and spread of resistance in community-
associated bacteria (e.g., bacteria that cause respiratory
tract infections, diarrheal diseases, and gonorrhea) have
compromised many established therapeutic regimens for
infectious diseases. The increase in resistance has resulted
from increased world travel in which people are exposed
to novel microorganisms that they bring back to their
home country; greater reliance on imported foods, such
as fruits and vegetables, from international sources that
may be contaminated; and dramatic increases in world-
wide use of antimicrobial agents. Among the organisms
implicated in large outbreaks of disease in community
settings are Shigella dysentariae strains that were resistant
to all major drug classes, including the quinolones, multi-
drug-resistant strains of Salmonella typhi (the cause of
typhoid fever) and other Salmonella species, and more
recently, MRSA. The emergence of MRSA strains that
predominantly have centered in the community, but now
are spreading into health-care settings as well, compli-
cates treatment and prevention strategies for this organ-
ism that for decades was know only as a nosocomial
pathogen. Gram-negative bacilli that are part of endoge-
nous flora, such as E. coli and K. pneumoniae, are also
associated with increasing prevalence of resistance to
antimicrobial agents commonly used in community-
acquired infections. The impact is especially notable in
treatment for community-acquired urinary tract infec-
tions in women.

Another important community-acquired pathogen,
S. pneumoniae, is a major cause of meningitis, sepsis, pneu-
monia, and ear infections in the United States and around
the globe. Strains resistant to penicillin, tetracycline,
chloramphenicol, and trimethoprim–sulfamethoxazole
have now been isolated in the United States and in
several areas of the world. Other strains of pneumococci
highly resistant to the extended-spectrum cephalospor-
ins, the drugs of choice for treatment of penicillin-resis-
tant strains, have emerged and appear to be spreading.
This has significantly impaired the development of
rational plans for treatment of meningitis caused by
these strains. Pneumococci can spread particularly well
among children in day care centers, but pediatric strains
of pneumococci are also now found with increasing
frequency in adults. Thus, the availability of more effec-
tive pneumococcal vaccines that are immunogenic in
younger children (especially those �2 years of age)
may play a significant role in controlling the spread of
these resistant pathogens.

Another community-acquired pathogen that continues
to develop multidrug resistance is Neisseria gonorrhoeae, the
agent of gonorrhea and a sexually transmitted pathogen
that has been epidemic in the world for almost three
decades. High-level plasmid-mediated penicillin resistance
emerged in N. gonorrhoeae in 1976, when penicillin was the
drug of choice for treating gonorrhea. This was followed
by the emergence of tetracycline resistance after doxycy-
cline therapy replaced penicillin treatment. Recently, the
CDC withdrew the recommendation of using fluoroqui-
nolones for empiric treatment of gonorrhea in the United
States because the levels of resistance to the fluoroquino-
lones were high enough that successful treatment could
not be expected. The emergence of resistance to the
fluoroquinolones, which were highly effective oral drugs
that were easy to administer, clearly threatens our ability
to control this epidemic disease. Community-acquired
infections due to the first cousin of the gonococcus, that
is, Neisseria meningitidis, continue to occur both in devel-
oping countries, often as epidemics, and in developed
countries, primarily as sporadic infections and localized
outbreaks. Outbreaks of meningococci can be limited by
vaccination campaigns, especially among those attending
college and military training camps.
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Summary and Conclusions

It is clear that bacteria will continue to develop resistance
to currently available antibacterial drugs by either de novo
mutation or the exchange of genetic information, that
is, by putting old resistance genes into new hosts. In
many health-care facilities around the world, bacterial
pathogens that express multiple resistance mechanisms
are becoming the norm, complicating treatment and
increasing both human morbidity and financial costs.
Prudent use of antibacterial drugs – using the appropriate
drug at the appropriate dosage and for the appropri-
ate duration – is one important means of reducing the
selective pressure that helps resistant organisms emerge.
The other vital aspect of controlling the spread of
multi-drug-resistant organisms is providing sufficient
personnel and resources for infection control in all
health-care facilities. New antibacterial agents with dif-
ferent mechanisms of action are also needed. It is difficult
to outsmart organisms that have had 3.5 billion years
to learn how to adapt to hostile environments, such as
those containing antimicrobial agents. Yet, with sufficient
efforts to use antimicrobial agents wisely, thereby pre-
venting the emergence of resistant organisms, and strict
attention to infection control guidelines to contain the
spread of resistant organisms should they develop, we
should be able to stay at least one step ahead of the next
resistant plague.
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Introduction

The word arbovirus is derived from the term ‘arthropod-
borne virus,’ and is used to describe a group of viruses
that are principally found in nature, and biologically
transmitted between susceptible vertebrate hosts by
hematophagus (blood-sucking) arthropods. The concept
of arboviruses can be traced back to the late 1800s when
See also: Factors Influencing the Emergence of New (and

‘‘Old’’) Diseases; Re-emerging Diseases: Overview.
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a Cuban physician, Dr. Carlos Finlay, postulated that
yellow fever was transmitted by mosquitoes (Calisher,
2005). The prevailing belief had been that filth was respon-
sible for the spread of yellow fever. However, the mos-
quito transmission theory was subsequently proven in a
series of experiments between 1898–1901 by Walter Reed
and collaborators using human volunteers. Yellow fever
was named after the jaundice that occurs in some patients,
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but most arboviruses are named after the geographic loca-
tion inwhich theywere first identified. The term arbovirus
has no taxonomic significance because it includes viruses
with different properties that belong to diverse families of
viruses. Arboviruses are found worldwide but are more
common in tropical than temperate climates. There are
approximately 500 known arboviruses of which about
100 are capable of causing disease in humans and 40 in
domestic animals (Bres, 1988). The most important arbovi-
rus vectors are mosquitoes and ticks, but phlebotomus flies
(sandflies) and biting midges may also transmit viruses.
Arbovirus Cycles

A typical arbovirus cycle is presented in Figure 1. For an
arbovirus to be successfully amplified in nature, the fol-
lowing conditions must be satisfied: (1) a susceptible ver-
tebrate host (or hosts) must be present, possibly a
mammal, bird, reptile, or amphibian; (2) during infection
of the vertebrate, a viremic phase must ensue (i.e., a time
when the virus is present in the blood stream in sufficient
titer, or quantity, and of sufficient duration to be capable
of infecting an arthropod when it is taking a blood meal);
and (3) the virus in question must be capable of replicat-
ing in the species of arthropod taking the blood meal.

The general pattern of arthropod infection involves
initial growth of virus in the cells of the arthropod gut
after ingestion of an infected blood meal. This is followed
by distribution of the virus to various parts of the body
by way of hemolymph (arthropod blood). Generally this
occurs without any significant deleterious effect on the
arthropod host. If the arthropod is capable of transmitting
the virus, virus replicationmust occur in the salivaryglands.
It is only when virus infection of the arthropod has
progressed to the stage where the salivary glands are
Arthropod vectors

Virus amplification

Amplifying hosts (reservoirs)

Figure 1 Typical arbovirus transmission cycle. Source: Bres P (198

In: Monath TP (ed.) The Arboviruses: Epidemiology and Ecology, vol.
infected that the arthropod is capable of transmitting
virus. The time it takes between initial infection of the
arthropod and progression to the salivary gland is called
the extrinsic incubation period, and is dependent on envi-
ronmental factors such as temperature as well as the virus
and vector species.

Some infected arthropods are capable of maintaining
arboviruses without involvement of vertebrate hosts by
transovarial transmission (e.g., transmission of La Crosse
virus from infected female to eggs of the mosquito, Aedes
triseriatus). Vertebrate-to-vertebrate transmission of arbo-
viruses is rare but has been documented (e.g., transmission
of West Nile virus can occur between infected birds).

Vertebrates that contribute to successful arbovirus
cycles are called amplifying hosts. Those that are not
infected or do not develop sufficient viremia to infect
more arthropods are called incidental or dead-end hosts.
Humans are usually incidental hosts for most arboviruses.
However, for arboviruses such as dengue and Chikungu-
nya, people serve as the principal amplifying host. Disease
may or may not occur in amplifying and incidental hosts.

Susceptibility to virus infection varies greatly among
arthropods as it does in vertebrates with certain species
of arthropods such as A. aegypti and A. albopictus being
particularly efficient vectors. In areas where arboviruses
are circulating, it is often possible to isolate arboviruses
from many different species of arthopods including some
that do not have an important role in the amplifica-
tion cycle of the arbovirus in question. This spillover to
other species can include bridging vectors that may play
an important role in transmitting viruses to humans.
For example, eastern equine encephalitis virus is main-
tained in a bird–mosquito transmission cycle in Culiseta

melanura, a mosquito species that feeds almost exclusively
on birds. Transmission to humans occurs when certain
Aedes, Coquillettidia, and Culex species feed upon birds and
Virus spill-over

Incidental or
dead-end hosts

8) Impact of arboviruses on human and animal health.

1, pp. 1–18. Boca Raton, FL: CRC Press.
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then humans, thus acting as a ‘bridging’ vector between
the enzootic (affecting a limited number of animals in
a specific geographic area) and epizootic/epidemic
(increased number of cases in animals/humans) cycles.
Diversity of Arboviruses

Arboviruses may have markedly different biological prop-
erties and belong to at least eight different families of
viruses (Figure 2). However, the majority of arboviruses
are single-stranded, spherical, enveloped RNA viruses
belonging to one of three families called Flaviviridae,
Togaviridae, and Bunyaviridae.

The family Togaviridae contains the alphavirus genus
consisting of 27 viruses distributed worldwide. The occur-
rence of alphaviruses is mainly limited to the Southern
Hemisphere. All alphaviruses of medical importance are
transmitted to humans by mosquitoes. More than one
mosquito species is usually involved in an alphavirus
cycle, and bird migration often plays a role in the impor-
tation of alphaviruses into countries in the Northern
Hemisphere. Important vertebrate-amplifying hosts
include: birds (eastern equine encephalitis, Sindbis, Sem-
liki Forest, western equine encephalitis), rodents (Barmah
Forest, Ross River, Venezuelan equine encephalitis), and
primates (Chikungunya, Mayaro, O’nyong-nyong). Clini-
cal manifestations generally include encephalitis and
febrile disease often with joint involvement. Diseases
caused by alphaviruses tend to be more severe in children.
Single-stranded RNA viruses
(negative sense)

Family Rhadboviridae
 • Vesicular stomatitis virus

Family Orthomyxoviridae
 • Batken virus
 • Dhori virus
 • Thogoto virus

Double-stranded DNA viruses

Double-stranded RNA viruses

Family Reoviridae
 • Bluetongue virus
 • Colorado tick virus

Family Asfaviridae
 • African swine fever virus

Family Bunyaviridae
Genus Bunyavirus
 • La Crosse virus
Genus Phlebovirus
 • Sandfly fever virus
Genus Nairovirus
 • Crimean-Congo hemorrhagic fever viru

Figure 2 Biodiversity of arboviruses.
The family Flaviviridae includes the Flavivirus genus
that has at least 74 viruses with a worldwide distribution.
There are approximately 40 mosquito-borne and 16 tick-
borne viruses, and 18 viruses for which an arthropod
vector is not known. Birds are the most important verte-
brate hosts for those flaviviruses that are transmitted by
mosquitoes that belong to the Japanese encephalitis com-
plex. However, simians and humans are the important
hosts for mosquito-transmitted dengue and yellow fever
viruses. Rodents are the most important hosts for tick-
transmitted flaviviruses. Some of the most relevant
human-disease-causing arboviruses belong to this genus
and produce a wide range of symptoms including fever,
arthralgia, rash, hemorrhagic fever, and encephalitis.
Examples of flaviviruses of medical importance include
dengue, yellow fever, Japanese encephalitis, West Nile,
St. Louis encephalitis, Murray Valley encephalitis, and
tick-borne encephalitis (TBE) viruses. Diseases caused
by flaviviruses tend to be more severe in the elderly.

The family Bunyaviridae constitutes the largest family
of viruses with over 300 viral species in five genera. Three
genera, Bunyavirus, Nairovirus, and Phlebovirus, contain
viruses capable of causing disease in humans and are
transmitted in nature by different types of arthropods
including mosquitoes, ticks, and sandflies. Arthropod-
transmitted bunyaviruses are closely adapted to their
vectors and can survive without involvement of a verte-
brate host by transovarial (female arthropod to progeny)
transmission under unfavorable climatic conditions.
Members of the Bunyaviridae family can be found
Single-stranded RNA viruses
(positive sense)

Family nodaviridae
• Nodamura virus

Family Togaviridae
Genus Alphavirus
 • Chikungunya virus
 • Eastern equine encephalitis virus
 • Ross river virus
 • Sindbis virus
 • Venezuelan equine encephalitis virus
 • Western equine encephalitis virus

Family Flaviviridae
Genus Flavivirus
 • Dengue virus serotypes 1–4
 • Japanese encephalitis virus
 • Kyasanur forest disease virus
 • Louping ill virus
 • Murray valley encephalitis virus
 • St. Louis encephalitis virus
 • Tick-borne encephalitis virus
 • West Nile virus
 • Yellow fever virus

s
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worldwide with approximately 20 viruses capable of caus-
ing clinical disease in humans. Manifestations include:
fever (sometimes hemorrhagic), renal failure, encephali-
tis, meningitis, and blindness. Examples of bunyaviruses
of medical importance include Crimean-Congo hemor-
rhagic fever, Rift Valley fever, and La Crosse, Naples, and
Sicilian sandfly fever viruses.

Other families of viruses contain smaller numbers of
arboviruses and are of less significance from a human health
perspective but do reflect the great diversity of arboviruses.
The family Rhabdoviridae has certain viruses within the
genus Vesiculovirus that are proven or probable arboviruses
with sandflies acting as the significant arthropod vectors
for this group of viruses. The family Reoviridae, a virus
family with a double-stranded RNA genome as opposed to
the single-stranded RNA arboviruses noted previously,
contains a few tick-transmitted human pathogens including
Colorado tick fever and Kemerovo viruses. Finally, there
is one double-stranded DNA arbovirus, African swine
fever virus, a tick-transmitted virus belonging to the family
Asfaviridae that causes disease in swine.
Arboviruses of Human Health Importance

Arboviruses infect human populations in patterns ranging
from sporadic infections to large epidemics (Krauss et al.,
2003). The most common disease manifestations include:
systemic febrile illnesses, encephalitis, and hemorrhagic
fever; however, infections can range from no symptoms to
severe disease. Many arboviruses rarely, or only sporadi-
cally, cause outbreaks and are scarcely known to the
general public. However, others have caused significant
human disease and mortality. Table 1 contains a sum-
mary of the geographic occurrence of selected arboviruses
of human health importance based on their continent of
activity (Monath, 1988).

Historically, the most important arbovirus of human
health significance has been yellow fever virus, a virus
that circulates between humans and monkeys in a sylvatic
Table 1 Geographical distribution of selected arboviruses of hum

Region Arbovirus

North

America

California serogroup – La Crosse, Jamestown Canyo

encephalitis, Everglades, Powassan, St. Louis enc

equine encephalitis
South

America

Bussuquara, dengue, eastern equine encephalitis, Il

Venezuelan equine encephalitis, vesicular stomati

Europe Crimean-Congo hemorrhagic fever, Louping ill, sand
Asia Chikungunya, Crimean-Congo hemorrhagic fever, de

hemorrhagic fever, sandfly fever, TBE

Australia Dengue, Murray encephalitis, Ross River, West Nile,

Africa Banzi, Bunyamwera, Bwamba, Chikungunya, Crimea
fever, Sindbis, Wesselbron, West Nile, yellow feve
(forest) cycle in parts of Africa and South America. Work-
ers felling trees where the sylvatic cycle is present, for
example, may be bitten by canopy mosquitoes that main-
tain yellow fever among the forest monkeys. Occasionally
the virus may establish an urban cycle of transmission in
which humans serve as the sole amplifying host. The
important mosquito species for the urban cycle are
A. aegypti and A. simpsoni. However, Haemagogus species
are responsible for the sylvatic cycle. Infection ranges
from inapparent to severe disease with a 10–50% fatality
rate. Effective vaccines exist for yellow fever virus.

Currently the arbovirus with the heaviest disease bur-
den is dengue virus of which there are four different
serotypes. The World Health Organization (WHO) states
that 2.5 billion people in over 100 countries are at risk
from dengue virus and estimates that there may be
50 million cases of dengue infection occurring worldwide
every year. Dengue infections range from inapparent to
fever or more severe manifestations of dengue hemor-
rhagic fever and dengue shock syndrome. Important mos-
quito species for virus transmission include A. aegypti and
A. albopictus. Although several vaccine candidates exist, no
approved vaccine is currently available.

Chikungunya virus occurs in Africa and Asia and is
transmitted primarily by A. aegypti and A. albopictus. The
virus is generally considered to cause aminor, self-limiting
disease with fever, rash, and joint arthritis and/or arthral-
gia. However, large outbreaks can occur with severe man-
ifestations being reported. In 2006 an outbreak of close to
2 million cases occurred in a number of islands in the
Indian Ocean (the Comoros, Mauritius, the Seychelles,
Madagascar, Mayotte, and Reunion) and in India. It appears
that a new variant of the virus was responsible for most of
these cases.

Ross River fever or epidemic polyarthritis is caused by
a mosquito-transmitted alphavirus that normally occurs
in Australia but has been documented in parts of the
South Pacific including New Guinea, Fiji, and Samoa.
Mosquito species of importance in its transmission
include A. vigilax and Cx. annulirostris. Mammalian
an health importance

n, snowshoe hare, Colorado tick fever, dengue, eastern equine

ephalitis, Venezuelan equine encephalitis, West Nile, western

heus, Mayaro, Oropouche, Rocio, St. Louis encephalitis,

tis virus, West Nile, western equine encephalitis, yellow fever

fly fever, Sindbis, Tahnya, tick-borne encephalitis (TBE), West Nile
ngue, Japanese encephalitis, Kyasnur Forest disease, Omsk

Japanese encephalitis

n-Congo hemorrhagic fever, dengue, O’Nyong-Nyong, Rift Valley
r
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amplifying hosts are believed to include the Western
Grey kangaroo and possibly other marsupials and wild
rodents. Clinical signs are seen in 20–30% of infected
individuals and may include a rash as well as rheumatic
symptoms primarily affecting the wrist, knee, ankle, and
small joints of the extremities.

Japanese encephalitis virus is transmitted by Culex

species of mosquitoes occurring in endemic and epidemic
cycles in much of Asia, including recently documented
activity in Australia. Several vertebrate species may be
infected, with pigs and herons appearing to be the impor-
tant amplifying hosts for the virus. Clinical infections
range from inapparent to encephalitis with fatality rates
around 20% in children, but as high as 50% in adults over
50 years of age. It is estimated that 50 000 cases occur
annually in eastern Asia. Vaccines exist for Japanese
encephalitis virus.

West Nile virus is a virus of growing interest since
its incursion into North America in 1999. Initially
known primarily for manifestations of fever with most
infections documented in Africa, West Nile virus has
become increasingly recognized as an important cause
of neurological disease in Europe and North America
since the 1990s. Culex species of mosquitoes are important
vectors of the virus with many species of birds acting as
amplifying hosts. West Nile virus has a global distribution,
having been found in Africa, Europe, Asia, Australia,
North America, and South America.

St. Louis encephalitis has been the most important
flavivirus circulating in the Americas prior to the incursion
of West Nile virus. Several Culex species of mosquitoes
serve as the most important vectors and birds are the
amplifying hosts. The virus does circulate in Central and
South America but epidemics due to St. Louis encephali-
tis virus have occurred primarily in North America. It is
estimated that about 10 000 human cases of symptomatic
infection have occurred since the virus was first identified
in 1933. Infections range from inapparent to severe neu-
rological manifestations.

Mosquito-transmitted flaviviruses occur on every con-
tinent except for Antarctica. The major Australian repre-
sentative is Murray Valley encephalitis, a virus that is
transmitted by Cx. annulirostis and uses waterfowl (herons
and pelicans) as major amplifying hosts. Eight large epi-
demics have occurred in Australia between 1917 and 1974
with a range of symptoms from fever to neurological
disease and a fatality rate of approximately 20%.

Rift Valley fever is another mosquito-transmitted virus
that can cause a significant disease burden in humans. The
virus is found in Africa where it is a significant disease
of livestock as well as humans. Humans may become
infected by handling infected animals or by mosquito
bite. More than 40 Aedes and Culex species of mosquitoes
have been shown to be potential vectors but the important
vector species for transmission of the virus to humans has
not been clearly established. Disease manifestations may
be mild to severe with severe manifestations including
hemorrhagic fever symptoms as well as encephalitis and
ocular complications.

Venezuelan equine encephalitis is amosquito-transmitted
viral disease occurring in Central and South America,
although outbreaks have been documented in the south-
ern part of North America. Several different subtypes of
Venezuelan equine encephalitis virus exist. Both enzootic
and epizootic cycles of virus activity have been documen-
ted. Numerous mosquito species as well as birds play a
role in the distribution of the epizootic variants of the virus
whereas the enzootic variants persist in maintenance
cycles involving small rodents. Infection of humans may
include respiratory tract manifestations as well as neuro-
logical symptoms.

Eastern and western equine encephalitis viruses are
maintained in cycles involving mosquitoes and birds in
different parts of the Americas. Human infection with
either virus may be inapparent or cause symptoms that
can range from fever to encephalitis. The natural cycle of
eastern equine encephalitis virus involves Cu. melanura

mosquitoes whereas Cx. tarsalis is the most important
vector for western equine encephalitis virus.

A group of mosquito-transmitted viruses belonging to
the California encephalitis complex can be found on
several continents. The major amplifying hosts for these
viruses are mammals, usually rodents. Virus can be main-
tained for many generations by passage through mosquito
eggs (transovarial transmission). Several members of the
California encephalitis complex can cause disease in
humans although most infections are mild or inapparent.
Tahyna virus occurs in Europe and causes influenza-like
illness whereas La Crosse, snowshoe hare, and Jamestown
Canyon viruses occur in North America and can occa-
sionally cause serious neurological manifestations, partic-
ularly in children.

A number of different tick-transmitted flaviviruses are
capable of causing human infections and are classified in a
subgroup called the TBE complex. Rodents are the most
important vertebrate hosts although hedgehogs, deer, and
livestock may be inapparently infected. Ixodes, Dermacentor,
and Haemaphysalis ticks are the principal transmitters of
the group of viruses. Some of these viruses include: TBE,
European subtype (Central European encephalitis); TBE,
Eastern subtype (Russian spring-summer encephalitis);
Louping ill; Powassan; Kyasanur Forest; and Omsk hem-
orrhagic fever. TBE is the most critical arboviral infection
in Central Europe.

Crimean-Congo hemorrhagic fever virus is transmitted
by ticks and has been documented in Africa, Europe, and
Asia. The virus has been isolated for more than 30 differ-
ent tick species, primarilyHyalomma species, and can cause
disease in livestock as well as humans. Clinical manifesta-
tions may include fever, sometimes hemorrhagic, and a
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wide range of other symptoms. Fatality rates as high as
30–50% have been reported from some outbreaks.
Prevention and Control of Arboviruses

Surveillance is undertaken to alert us to which viruses are
circulating in a given area and is an important first step for
the prevention and control of arbovirus infections. It can
involve detection of virus activity in humans or other
hosts, particularly the vertebrate amplifying hosts, vec-
tors, or all of the above. Information from surveillance
provides the basis for ongoing risk assessment and imple-
mentation of disease prevention strategies such as distri-
bution of health education materials and vector control
operations. The following examples underscore how sur-
veillance data are used to help prevent arbovirus infec-
tions. The work of Moore et al. (1993) provides some
excellent examples of how surveillance is conducted for
the arboviruses of North America.

In North America, surveillance for West Nile virus has
served as the primary gauge of the spatial and temporal
risk of human infections through the examination of
patterns of infection in dead and live birds (amplifying
hosts), mosquitoes (vectors), horses, and humans. (The
U.S. Geological Survey maintains an interactive website
with maps of West Nile and other arbovirus infections in
the United States; see the section ‘Relevant websites.’)
This website shows the progression of West Nile virus
across the United States during its introduction and
subsequent change to an endemic disease, and has maps
for human, bird, mosquito, and veterinary cases. In turn,
the surveillance data are used to modulate the intensity of
health education (e.g., whether to alert the public and
increase personal protection messaging) and to help
guide decisions about mosquito abatement (i.e., where,
when, how intensely, and what type of mosquito control
measures are warranted).

Surveillance for dengue operates in a similar manner
to West Nile virus; however, surveillance for disease in
people is paramount because humans are the amplifying
host for dengue. The serotypes of the virus that people are
repeatedly exposed to are important risk factors in pre-
dicting whether the outbreaks will result in occurrence of
the more severe dengue hemorrhagic fever manifestation.
As a consequence, prevention of dengue hemorrhagic
fever outbreaks relies heavily on surveillance for fevers
(evidence of dengue activity), recognition of dengue hem-
orrhagic fever cases and virological surveillance (i.e.,
knowledge of the serotypes currently and previously cir-
culating in the area), as well as in-depth mosquito surveil-
lance. Outbreaks of dengue hemorrhagic fever are
typically brought under control through the integration
of disease surveillance and treatment of people and
vector control activities. Thus, in both of these examples,
maintaining functional surveillance networks is critical as
it provides the ‘science-based’ information required to
make sound decisions about the need for, and extent of,
intervention activities.

The onlymethods currently available to reduce the risk
of human illness or death as a result of arbovirus infection
are vaccination, health education, and vector control stra-
tegies. Unfortunately, few vaccines exist for the vast array
of arboviruses capable of causing human or animal disease.
There are commercially available vaccines for human use
only against yellow fever, Japanese encephalitis, and TBE.
Unfortunately, the use of some of these vaccines by trav-
elers can be problematic. For example, two vaccines are
available to prevent TBE; however, long-term protection
requires three doses (the first two separated by 4–12 weeks
and the last one at least 9months after the second). As a
result, relatively few travelers will be in a position to
benefit from immunization, though an accelerated sched-
ule can be employed when travelers are likely to be in
high-risk situations (i.e., high probability of contact with
infected ticks). Fortunately, yellow fever vaccine is protec-
tive after a single dose. A greater number of vaccines are
available to protect horses and other livestock from com-
monly occurring arboviruses. For example, in North
America, vaccines are available for use in horses to protect
against eastern equine encephalitis, western equine
encephalitis, Venezuelan equine encephalitis, and West
Nile viruses. Vaccines for selected arboviruses (e.g., Rift
Valley Fever) are available to high-risk individuals under
special circumstances (e.g., laboratory workers in an out-
break situation) and research continues to develop and
validate human vaccines for several important arboviruses
such as West Nile virus and dengue.

Health education is a disease-prevention tool that
protects individuals within a target population through
the dissemination of information on risk factors for expo-
sure to arboviruses. For example, results of regional and
global surveillance programs are often available for
selected arboviruses (e.g., reports in local media or
through travel medicine clinics or websites) such that
citizens can be informed about current and/or seasonal
changes in risk of exposure to particular arboviruses and
whether vaccines are available for a particular arbovirus.
Health education also provides people with information
about strategies that can be employed to reduce the fre-
quency of bites from infected vectors.

The suitability and effectiveness of a particular strat-
egy will vary somewhat depending on the type of arthro-
pod vector and include:

. use of appropriate clothing such as long-sleeved shirts,
long pants (i.e., to minimize the amount of skin exposed
to biting arthropods);

. use of repellents on skin (e.g., DEET) or clothing
(e.g., permethrin);
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. avoiding habitats infested with vectors and limiting out-
door activity at times of the day when vectors are most
active (e.g., dawn and dusk for some mosquito vectors);

. minimizing contact with vectors while indoors
(e.g., making sure window screens and doors are in
good repair or through the use of bednets);

. physical examination and prompt removal of attached
arthropods (e.g., performing a tick check);

. elimination or modification of local microhabitats suit-
able for vector development (e.g., elimination of stand-
ing water to prevent mosquito development or
vegetative/landscape management to increase mortali-
ty of ticks).

Theoretically, if the majority of people followed these
health education messages, human cases of arboviruses
would be extremely rare. However, all health education
programs suffer from lack of compliance, and although
many people hear the message, for a variety of reasons
including ‘listener fatigue,’ relatively few modify their
behavior accordingly.

In addition, humans cases or infection rates in vectors
can reach very high levels in a short period of time, for
example, dengue andWest Nile virus in adult mosquitoes,
such that more proactive responses in the form of vector
control operations are warranted to further mitigate risk
of arbovirus exposure. That vector control activities are
often conducted during a medical health emergency fur-
ther complicates the operation.

Controlling mosquito populations is not a simple or
inexpensive task. For example, mosquito control programs
are usually implemented at a municipal level, because
local mosquitoes are a nuisance (large numbers of biting
females), a threat to public health, or both. The most
successful mosquito control programs are those that use
an integrated pest management (IPM) approach, involv-
ing the integrated use of all available mosquito control
methodologies. The basic components of any IPM plan
include: source reduction (i.e., removal of standing water
where the larval and pupal stage exist), storm- or waste-
water management, use of biological control (e.g., mos-
quito predators and parasitoids), and the application of
larvicides (products to destroy mosquito larvae) and/or
adulticides (products to destroy adult mosquitoes). Mos-
quito control programs must also monitor spatial and
temporal changes in adult and larval populations includ-
ing distribution of larval development sites as well as
environmental parameters such as patterns of rainfall
and ambient air temperatures to be effective. Lastly,
most IPM programs also incorporate education, exten-
sion, and outreach components into their programs to
develop a strong connection in the community in which
they operate.

Most public health authorities (WHO, Pan American
Health Organization, the Centers for Disease Control and
Prevention, the Public Health Agency of Canada, etc.)
recommend that mosquito control (including larviciding)
be used to mitigate the risk of human infections with
arboviruses (as well as other mosquito-borne illnesses).
Each organization recommends that a ‘graded response’
to virus activity be employed such that mosquito control
activities can intensify (from larviciding to the use of
adulticides) as surveillance data indicate imminent or
ongoing human infections with a particular arbovirus.

The success of larviciding as a means of reducing
mosquito populations will depend to varying degrees
on knowledge and distribution of, and access to, larval
mosquito development sites (i.e., private vs. municipal
land) and the total coverage obtained in treated areas (e.
g., what proportion of available larval development sites
receive treatment). Coverage obtained will depend in
part on the method of application (i.e., ground vs. aerial)
and the frequency and intensity of larvicide applications.
Because most mosquito species have several generations
each year, to be successful, effective coverage needs to be
obtained against each larval cohort. The relative timing
of product application can also affect efficacy. In addi-
tion, seasonal accumulations of rainfall and temperature
extremes have potential to impact the success of mos-
quito control efforts. Periods of prolonged rainfall,
which create large numbers of new larval development
sites, followed by warm temperatures, which increase
the rate of mosquito development, can create conditions
that promote rapid buildup of mosquito populations.
Under these conditions it may be impossible to get to
all of the larval development sites to treat them before
adult mosquitoes have emerged. Finally, it may not be
practical to employ mosquito control measures in all
affected localities.

Mosquito control programs are most cost-effective
(and have traditionally been operated) in urban rather
than rural areas. Many, if not most, small rural commu-
nities will have too few people, or too many and/or
inaccessible larval development sites to apply larvicides
or even adulticides in an effective manner. Under these
conditions, the most practical recommendation for
prevention of arbovirus infection might be limited to
personal protective measures, or specialized control stra-
tegies (e.g., barrier treatments with residual insecticides
in or around small communities). Lastly, mosquito control
experts continuously need to balance the short- and long-
term risks of pesticide use, high costs of program mainte-
nance, sustainability, and resistance of target species to
chemical insecticides with the predicted risk of arbovirus
disease.

The possible development of resistance by the target
vector population to the chemicals used to control larvae
or adult mosquito populations has prompted the search
for novel control strategies or enhancement or refine-
ments of existing ones. One area that has received
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considerable attention is genetic manipulation of vector
mosquitoes. Because vector competence (i.e., the ability to
transmit viruses) is at least partly genetically determined,
efforts to create incompetent ‘transgenic’ mosquitoes have
been suggested as the key to controlling many vector-
borne infections (Beaty, 2000). The molecular characteri-
zation of genes that influence vector competence is
becoming routine. With the development of effective
transducing systems, potential antipathogen genes now
can be introduced into candidate mosquito species and
their effect on virus or parasite development can be
assessed in vivo. With the recent successes in the field of
mosquito germ-line transformation, it seems likely that
the generation of a pathogen-resistant mosquito popula-
tion from a susceptible population soon will become a
reality. However, interventions based on genetic manipu-
lation of vector mosquitoes face serious technical, theo-
retical, and political hurdles such that traditional methods
of vector control will prevail in the foreseeable future.

Efforts to control nonmosquito vector populations to
prevent arbovirus infections are rarely attempted or are
performed on a much smaller scale. Control of nonmos-
quito vectors such as ticks may not be justified because
the arboviruses they transmit are rare (e.g., Powassan
encephalitis in North America), or alternative disease-
prevention strategies are highly effective (e.g., vaccination
to prevent indigenous cases of TBE or generalized use of
personal protective strategies). Historically, application of
chemicals (acaricides) to the environment has been one
of the main methods to control tick populations.
Undoubtedly, the continuous and heightened burden of
human disease caused by mosquito-borne pathogens
(including nonarboviruses like malaria) has demanded
greater effort be extended to this group of arthropods
compared to the others.
Future Trends

The occurrence of arboviral and other vector-borne dis-
eases will continue to pose a threat to human and animal
health worldwide. Infections occur not only in individuals
residing within their own country but many travel-
associated infections have been identified, particularly
due to dengue and Chikungunya viruses. The sporadic
and epidemic nature of arbovirus activity does not ensure
the long-term maintenance of control programs in many
jurisdictions or of activities to better understand arbovirus
cycles in nature and factors that influence these cycles.
Future studies are needed to provide a better understand-
ing of the spatial and temporal spread of arboviral dis-
eases, the development of biological control measures
and of vaccines against arboviruses that cause large dis-
ease burdens such as dengue. The establishment of the
important disease vector, A. albopictus, in the Americas in
the 1980s, and the incursion of West Nile virus into North
America in the 1990s, reinforces the potential for the
spread and establishment of arboviruses into new areas
of the world for which we must maintain continued vigi-
lance. This potential for spread, compounded by the risk
that climate change factors may provide improved condi-
tions for the establishment of arboviruses in new geo-
graphic locations, ensures that we will need to be aware
of, and prepared to respond to, arboviruses in the years
to come.
See also: Adenoviruses; Dengue, Dengue Hemorrhagic

Fever; Enteroviruses; Environmental Opportunistic

Mycobacteria; Rabies.
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Introduction

Given concerns that certain states and substate actors have
either pursued or expressed an interest in pursuing an
offensive biological weapons capability, and in view of the
implications of September 11th and the Fall 2001 anthrax
letters incident with respect to homeland security and
defense in theUnited States, the need for strategicmeasures
to specifically address the threat of deliberate biological
weapons use has become increasingly clear both in the
United States and internationally. Likewise, the continued
threat of pandemic influenza and other emerging infectious
diseases around the world has underscored the need for
crossover application of such measures to address disease
outbreaks of natural etiology, and synergy with existent
public and animal health measures to this end on a local,
national, and international level. A network of barriers
addressing sequential steps along the time line leading up
to, including, and following a biological event, whether of
natural or deliberate origin, minimizes both the likelihood
and potential effects of such an event.

For a deliberate biological event (i.e., attack) to occur, a
number of thingsmust happen (Pilch, 2003). First, a potential
perpetrator must decide to pursue a biological weapons
capability. Second, the perpetrator must attain that capability
by acquiring a pathogenic or toxigenic agent, producing an
amount of the agent or its toxin sufficient for use as aweapon,
formulating the product if possible for enhanced stability and
overall effect, and establishing a reliable delivery method.
(Toxins, which are defined as chemicals of biological origin,
make up a so-called gray area between biological and chem-
ical weapons, but are considered in the context of biological
weapons for the purposes of this article.) Third, the perpe-
trator must decide to use this weapon. And fourth, a success-
ful attack must be carried out.

‘Success’ in the case of a terrorist event might be
defined in a number of ways, from demonstrating the
ability to effectively deliver a viable biological agent to
cause a single case of disease to creating a sustained out-
break, whereas ‘success’ in a wartime or criminal event
might considerably differ, given the different goals of such
events. For the purposes of this article, bioterrorism is
defined as ‘‘the use of pathogens or toxins against human,
animal, or plant populations by a terrorist group to achieve
political, social, or religious aims’’ (Zilinskas and Carus,
2002). Biological warfare is defined as ‘‘the use of patho-
gens or toxins against human, animal, or plant populations
by a state or sub-state actor to achieve military aims’’
(Zilinskas and Carus, 2002). Biocriminality is defined as
‘‘the use of pathogens or toxins by an individual or group to
attack human, animal, or plant populations for reasons of
greed, blackmail, revenge, or other apolitical objectives’’
(Zilinskas and Carus, 2002). It should be noted that it is
often challenging to distinguish between these events.

This article describes a stepwise approach to addres-
sing the threat of a deliberate biological event along this
continuum, using the ‘seven D’s’ of national security. (The
‘seven D’s’ is not the author’s original idea; nor am I aware
of any preceding reference to or application of the ‘seven
D’s’ approach. It is credited to an anonymous attendee of
the l’Institut Francais des Relations Internationales semi-
nar, ‘‘Biotechnologies, Biological Weapons, and Bioterror-
ism,’’ Paris, 2003, where an early iteration of the idea was
presented in open forum.) Each ‘D’ aligns with a chrono-
logical node where barriers might be implemented, from
the initial interest of a potential perpetrator to the ulti-
mate use of a weapon and resulting response. The ‘D’s are
not independent but rather may influence one another
considerably, such that barriers at one chronological node
may affect barriers at other nodes in either direction along
the continuum. They are:

1. Dissuasion
2. Disarmament
3. Denial
4. Disruption
5. Deterrence
6. Detection
7. Defense.

Each ‘D’ is discussed below, first providing a general
description of the node, then describing specific barriers
that might be implemented at the node, as well as their
advantages and limitations. Each discussion concludes
with recommendations for strengthening or supplement-
ing existent barriers for the node in question. Discussions
focus on terrorism as opposed to warfare or criminality,
with barriers directed accordingly. Biological agents con-
sidered are limited to those agents that appear in the U.S.
Centers for Disease Control and Prevention’s (CDC)
categorical listing of biological agents, and discussions
are limited to human disease (Rotz, 2002).
Dissuasion

The goal of dissuasion is to counter the initial interest of a
potential perpetrator to seek out a biological weapons
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capability. This primarily involves emphasizing the effects
of the weapons themselves, which, given the prolonged
course of debilitation and resultant morbidity and mor-
tality associated with infection or intoxication, are widely
perceived to be particularly cruel on a human level when
compared to conventional and even other nonconven-
tional weapons. Furthermore, the unpredictable nature
of biological weapons allows for the possibility of a so-
called boomerang effect, such that on attack, a perpetrator
and/or his/her constituency may become exposed to the
released agent, either in addition to or instead of the
target population.

Such arguments may be of little value in the real world,
however, because realities may differ based on the context
in which they are experienced. For example, while indivi-
duals in certain developed countries may find a moral
argument compelling, individuals in parts of the develop-
ing world may adhere to a vastly different moral code
shaped by personal, familial, or community suffering, par-
ticularly in the face of regional strife (e.g., as in Iraq). In
such cases, biological weapons might be seen as offering a
relatively inexpensive and readily concealable, asymmetri-
cal solution to a regional threat or its transnational support
base, particularly if applicable belief systems or ideologies
failed to prohibit or even encouraged such action (e.g., as in
apocalyptic groups). As another example, many analysts
continue to consider the so-called lone actor, a deranged/
disgruntled scientist in the mold of the Unabomber, to be
the greatest categorical threat with respect to weapons of
mass destruction (WMD), and biological weapons in par-
ticular, even in the face of September 11, 2001, largely
because his/her perceived psychopathology may render
him/her immune to dissuasion. In other words, in addition
to having the technical capability (and often resources) to
carry out an attack, the lone actor may be less likely to
operate under the samemoral constraints as the population
at large and arguably even terrorist organizations to some
degree. (Terrorist organizations rely on their constituen-
cies tomaintain cash flowand otherwise support operations
such that those organizations radical enough to pursue and
ultimately use WMD face the challenge of maintaining
their constituencies long enough to develop the technical
capability to do so.)

A review of the open literature reveals little about
public diplomacy and influence campaigns conducted by
the United States or other countries to dissuade potential
terrorists in any capacity, but it can be safely assumed that
such campaigns are underway in the Middle East and
beyond. Unlike psychological operations (PSYOPS),
which are primarily directed toward countering propa-
ganda and reinforcing national objectives, influence cam-
paigns are directed toward building bridges founded on a
universal truth with which all can identify. Public health
thus provides a clear opportunity in this regard: diseases
don’t respect international boundaries nor should the
Hippocratic oath, making cooperation in times of crisis
grounds for confidence-building, goodwill, and the hope
for change. Other examples include human rights, land-
mine awareness, and environmental preservation cam-
paigns. Ultimately, dissuading potential perpetrators
from the path to violence by way of such influence cam-
paigns must remain an ongoing focus of U.S. and other
countries’ efforts in the so-called War on Terror, but
nevertheless represents only the first of many approaches
to countering a deliberate biological event.
Disarmament

If dissuasion is ineffective and a potential perpetrator
decides to pursue a biological weapons capability, s/he
must next attain three major assets generally required for
such a capability: (1) the biological agent itself; (2) the
equipment/infrastructure necessary for its acquisition,
production, formulation, and delivery; and (3) the exper-
tise necessary for the same. Most biological agents are
widely available in both nature and the laboratory (where
legitimate research, e.g., on pathogenesis and therapy, is
performed). As well, both the equipment/infrastructure
and expertise necessary to produce a bulk amount of
agent, formulate it, and deliver it are largely dual use in
nature, meaning that the same materials and thus knowl-
edge required for the peaceful development and produc-
tion of experimental and commercial products like food
additives, pesticides, pharmaceuticals, and vaccines can be
diverted toward weapons-related applications with rela-
tive ease. Regardless, options exist to address the availabil-
ity of these assets, including disarmament, denial, and
disruption.

Disarmamentmeans the abolition of not only biological
weapons themselves but also the means to possess or use
them, and is founded on the idea that without offensively
directed, state-level, or substate weapons programs or
their remnants, overcoming the technical hurdles toward
attaining a weapons capability is largely left to potential
perpetrators themselves, who may have limited means to
do so. Two international treaties are of primary consider-
ation in this regard: (1) the Biological and Toxin Weapons
Convention (BWC, 1972), which prohibits the develop-
ment, production, and stockpiling of biological and toxin
weapons – ‘use’ is prohibited by the Geneva Protocol of
1925 (BWC, 1925) – and contains no intrinsic mechanisms
to verify compliance; and (2) the Chemical Weapons Con-
vention (CWC) (OPCW, 1993), which is relevant in the
context of biological weapons because toxins fall under its
purview and provides verification of compliance on the
part of its members. For the purposes of this article, the
CWC will be considered only in reference to provisions
of the BWC. Membership in these Conventions, while
encouraged, remains voluntary; each boasts over 170
States Parties at the time of this writing.
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The BWC consists of 15 short sections, or Articles, four
of which (Articles I, III, IV, and X) are of particular
relevance to this discussion. Article I contains the primary
prohibition against biological weapons, and, as noted,
extends beyond development and possession of the weap-
ons themselves to address the proliferation of related
materials and technologies as well.

Each State Party . . . undertakes never in any circ-

umstances to develop, produce, stockpile or otherwise

acquire or retain:

1. Microbial or other biological agents, or toxins whatev-
er their origin or method of production, of types and in
quantities that have no justification for prophylactic,

protective or other peaceful purposes;
2. Weapons, equipment or means of delivery designed to

use such agents or toxins for hostile purposes or in

armed conflict. (BWC, 1972: 2)

Article III restricts the transfer of all items covered by
Article I to substate actors, including terrorist groups, and
is thus of direct relevance to terrorism:

Each State Party to this Convention undertakes not to

transfer to any recipient whatsoever, directly or indirectly,

and not in any way to assist, encourage, or induce any

State, group of States or international organizations to

manufacture or otherwise acquire any of the agents, toxins,

weapons, equipment or means of delivery specified. . . .

(BWC, 1972: 2)

Article IV affirms the need for national measures
to impede proliferation, such that the provisions of this
and other relevant international agreements are im-
plemented by States Parties as part of their national
legal framework.

Each State Party to this Convention shall . . . take any

necessary measures to prohibit and prevent the develop-

ment, production, stockpiling, acquisition, or retention of

the agents, toxins, weapons, equipment and means of

delivery specified in article I of the Convention, within

the territory of such State, under its jurisdiction or under

its control anywhere. (BWC, 1972: 2)

‘Peaceful’ applications of these same materials remain
preserved by Article X:

. . . the economic or technological development of States

Parties to the Convention or international cooperation in

the field of peaceful bacteriological (biological) activities,

including the international exchange of bacteriological

(biological) agents and toxins and equipment for the pro-

cessing, use or production of bacteriological (biological)

agents and toxins for peaceful purposes in accordance

with the provisions of the Convention. (BWC, 1972: 3–4)

As noted, the primary limitation of the BWC is its lack
of compliance and verification measures, hence the failure
to detect and address substantial covert biological weap-
ons programs in the past (e.g., in the former Soviet Union
and Iraq). By comparison, the CWC possesses a rigorous
compliance protocol and is thus widely considered the
stronger of the two Conventions. While the CWC com-
pliance protocol may one day serve as a template for
similar provisions in the BWC, incorporation of such
provisions requires caution on at least two fronts.

First, the aforementioned dual-use nature of the three
major assets required for a biological weapons capability
complicates verification considerably, a limitation further
compounded by modern clean-in-place technology,
which allows for the clearance of research and develop-
ment as well as production pathways within hours, and
which might therefore be used to conceal a given facility’s
true activities. This so-called dual-use dilemma ulti-
mately necessitates that the motivation(s) behind any
activity with potential dual-use implications be clarified
to determine whether it is in breach of the BWC.

Second, the number of stakeholders who would con-
ceivably be affected by a BWC compliance protocol far
outweighs that of the CWC, given the comparative invest-
ment of resources across research, business, and industry;
stakeholders desiring to protect these investments have
little incentive to disclose confidential business informa-
tion, particularly with respect to the ever-growing and
now interdisciplinary field of biotechnology. Regardless,
the utility of the BWC hinges on the development of an
effective, multilateral verification strategy, without which
the Convention will remain incapable of disarming states,
whether preemptively or after the fact, and thus of limit-
ing the proliferation of such arms or their related assets to
other states or substate actors.
Denial

Whether or not disarmament measures are effective, and
purely offensive, biological weapons-related assets and
activities abolished, the dual-use dilemma described pre-
viously precludes complete elimination of the three major
assets required for a biological weapons capability. Thus,
the next ‘D’ along the threat continuum, denial, protects
those assets that cannot be eliminated by way of disarma-
ment by implementing robust security, import/export and
transfer control measures, and scientific oversight at the
source.

The field of biosecurity, like the ‘sevenD’s,’ involves the
implementation of a series of barriers (in this case called a
system) that act together to impede illicit acquisition of the
first of the three major assets required for a biological
weapons capability, the biological agents themselves.
As noted previously, in the most general terms, biological
agents can be acquired from one of two sources: the envi-
ronment and the laboratory. Conceding the point that
little can be done about the former (a discussion that falls
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beyond the scope of this article), effective biosecurity
measures in the laboratory can nevertheless limit acquisi-
tion options of a potential perpetrator.

Three types of potential perpetrators must be consid-
ered. They are, in order of priority: the insider (acting
alone or in collusion with an outsider), the covert outsider,
and the overt outsider (potentially in force). An insider is
defined as anyone with legitimate access to the laboratory
in question, whether a scientist, technician, custodian, or
other authorized worker. An outsider is defined as anyone
without legitimate access, such as a burglar or member of
a strike team. Historically, some 95% of all attempted
acquisitions in the laboratory setting have involved an
insider, whether acting alone or in collusion with an
outsider. Thus, biosecurity measures traditionally reflect
an ‘inside-out’ approach such that the insider is addressed
first, beginning with personnel reliability programs to
minimize the potential for insiders, then protecting a
given biological agent at point of storage (e.g., a secured
freezer) and point of use (e.g., a secured laboratory), and
building out from there to secure pathways into and out of
the laboratory, the respective building, and the facility as a
whole. Adequate and appropriately trained protection forces,
responsible for operating the security system and responding
to any alarm, must also be ensured. Baseline vulnerability
assessments guide biosecurity specialists in identifying exis-
tent security gaps to each type of perpetrator, and upgrade
vulnerability assessments provide theoretical assurance of
overall security system effectiveness (to a predefined degree
of certainty) after measures are implemented.

A major limitation of laboratory biosecurity measures is
the potential for secondary purchase or transfer of
biological agents from a secured laboratory, obviating the
need for direct access to a given agent and thus circum-
venting biosecurity measures. The second major asset
required for a biological weapons capability – relevant
equipment/infrastructure – can be purchased or trans-
ferred similarly. Thus, import/export and transfer controls
are necessary to deny such purchases and transfers. Gener-
ally, these measures may be international or national in
scope, with national measures implemented in accordance
with the BWC as described previously. International
measures include, for example, those established by the
Australia Group, an informal organization of states with
no legal authority, which monitors the transfer by its mem-
ber states of assets with potential weapons applications to
minimize the risk of contributing to the offensive capability
of a state or substate actor. National measures include, for
example, the CDC’s Select Agent Program, which ‘‘regu-
lates the possession, use, and transfer of select agents and
toxins that have the potential to pose a severe threat to
public health and safety’’ under the USA PATRIOT Act
and Public Health Security and Bioterrorism Preparedness
and Response Act of 2002. Both international and national
measures require complementary security of materials in
transit, and, importantly, are of limited effect in preventing
third-party transfer (i.e., beyond the verified recipient).

Scientific oversight is performed in conjunction with
the above to address the third major asset required for a
biological weapons capability: relevant expertise. This
expertise can come from former weapons programs or
from legitimate scientific programs, by way of direct per-
sonnel hire, open sharing of information (e.g., in scientific
publications), or intangible transfers such as phone calls,
faxes, or emails. The knowledge of former bioweaponeers
and the so-called brain-drain phenomenon remain of
concern with respect to the former Soviet offensive
biological warfare (BW) program, and are primarily
addressed by cooperative programs designed to bring
these scientists into the international scientific commu-
nity and aid them in establishing legitimate research
collaborations. Open transfer of information stems from
the virtually unlimited amount of science with potential
dual-use implications, most of which holds the potential
for vast benefits and thus requires oversight measures
founded on the principle of scientific self-regulation,
such that national and international scientific commu-
nities establish their own boundaries for such activities
(and any resulting data) to maximize benefits while mini-
mizing risks. Patent applications, declassified military
documents, and other so-called gray literature require a
similar approach. The oversight of intangible transfers is a
special case that generally necessitates national legislation
such as the USA PATRIOTAct, as encouraged by Article
IV of the BWC discussed previously.

Denial measures seek to establish asset accountability
on a global scale. Thus, the universality of such measures
is critical to their success, in that effective measures in one
part of the world only do little to reduce the biological
threat in any part of the world because assets can simply
be attained in areas where such measures are lacking and
transferred to a target location of choice. Recognizing this,
the World Health Organization (WHO) has recently
released the third edition of its Laboratory Biosafety Manual

(WHO, 2004), which for the first time includes recom-
mendations for biosecurity. This manual only serves as a
guideline for countries wishing to follow it, however; its
recommendations are not legally binding. The recently
released fifth edition of the CDC’s corresponding manual
Biosafety in Microbiological and Biomedical Laboratories also
includes biosecurity recommendations for the first time
(U.S. Dept. of Health and Human Services, 2007), which,
like the WHO guidelines, are advisory only (though it is
possible that they will become legally binding in the
United States at some point in time). International and
national oversight measures have been similarly on the
rise, involving such groups as the WHO’s World Health
Assembly and the U.S. National Institutes of Health
(NIH) National Science Advisory Board for Biosecurity
(NSABB) (for the latter, see the section ‘Relevant
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websites’). These fledgling efforts may lay the ground-
work for sensible, reliable, and legally binding interna-
tional and national regulations in the years to come.

Disruption

If denial measures fail and a potential perpetrator does
attain the three major assets required for a biological weap-
ons capability, these assets or their cumulative product
(i.e., a produced, formulated, and ready-to-be-delivered
weapon) can still be interdicted before or upon reaching
the prospective end user. Such disruption measures include
border and maritime security programs, import/export and
transfer control measures mirroring those described previ-
ously, and, perhaps most importantly, the diligent ‘tasking’
of intelligence systems to identify trafficking networks or
simply the movement of an armed end user to the target
locationwhere theweapon is to be used, so that interfering/
intervening action may be taken. Unfortunately, because
both biological weapons-related activities and the resulting
weapons themselves have few signatures and are readily
concealable (i.e., weapons are small enough to be hidden on
a person in many cases), disruption measures have proven
challenging in comparison to, for example, those targeting
radiological materials, which possess signatures that are
clearly identifiable by dosimeters and the like. Thus, while
disruption remains a necessary barrier in the biological
threat continuum, its contribution may be limited.

Deterrence

Once a weapon is in the possession of its end user, deter-
rence measures may still prevent its use by assuring the
subsequent punishment of all involved. Deterrence pri-
marily involves the criminalization of any biological
weapons-related activity (including use) on both an inter-
national and national level, backed by a substantial law
enforcement and/or military capability. While interna-
tional law remains largely lacking with respect to crimi-
nalization, at least two multilateral Conventions have
been proposed to draw attention to and potentially fill
this gap (Meselson and Robinson, 2001; Kellman, 2002).
National measures that implement the prohibitions
of Articles I and III of the BWC in accordance with
Article IV – for example, the U.S. Biological Weapons
Anti-Terrorism Act of 1989 – and similar laws in other
nations, are more prominent and have served their
purpose over time (see Tucker and Pate, 2000). To be
effective, such legislation requires successful attribution
(e.g., crime scene investigation, forensic analysis) in the
event of an attack, and thus is considered by some analysts
to hold little promise in the now distant wake of the
Fall 2001 anthrax letters incident, the perpetrator(s)
of which remains at large. Deterrent measures neverthe-
less remain a top priority of the U.S. government with
respect to biological weapons (see, e.g., Bolton, 2001) and,
as attribution capabilities improve, may indeed become a
cornerstone of the U.S. biodefense initiative.
Detection

At this point on the biological threat continuum, an attack
occurs. Deterrence has failed, the end user has used a
weapon, and now that use must be addressed. Thus,
detection refers to recognizing an attack such that expo-
sure is limited if possible and postexposure prophylaxis
or treatment is expedited. Time to initiation of prophy-
laxis/treatment is the critical factor affecting patient out-
come upon exposure, with early intervention (hours to
days) reducing morbidity and mortality considerably,
making barriers at this node paramount in limiting the
overall effect of an attack.

In general, an attack may be detected in one of two
ways. First, a detection system ‘alarm’ may be triggered.
Second, populations (animal or human) may begin to fall
ill. In the first instance, detection systems may identify an
increased level of a biological agent over ‘background’
levels that exist naturally in the environment, suggesting
a deliberate biological event and thus setting in motion a
dedicated response. In the United States, for example,
both military and civilian systems are in place to this
end, with the civilian BioWatch program active in over
30 (undisclosed) U.S. cities (see Shea and Lister, 2003).

In the second and arguably more likely instance, ill
animal or human populations and epidemiological trace-
back may lead to awareness of a common exposure, with
certain characteristics of that exposure indicating a delib-
erate event, for example, occurrence of an unusual disease
for an area or animal, or the unusual presentation of a
given disease in humans (e.g., if a patient presents with
respiratory symptoms and signs indicative of an inhala-
tional exposure as opposed to symptoms and signs that
would be expected from infection via more common
routes of natural exposure). Affected populations may be
identified by individual diagnosis and case reporting to
public health agencies, sentinel surveillance in which
representative subsets of a population are monitored for
trends in such indicators of illness as over-the-counter
pharmaceutical sales and child absenteeism (animal
populations may be similarly monitored), or syndromic
surveillance in which subsets of a population are moni-
tored for certain constellations of symptoms and signs
associated with, for example, flulike, respiratory, gastroin-
testinal, cutaneous, or neurological illness. Other possible
ways in which an attack may be detected include law
enforcement interdiction, whether pre-attack, at the
time of attack, or postattack; notification or tip-off, possi-
bly on the part of the perpetrator himself; or identification
and subsequent characterization of a visible substance
such as a powder.
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While detection capabilities both in the United States
and in other countries have improved considerably in
recent years, much still needs to be accomplished for
barriers to be effective at this node. First, employed detec-
tion systems remain limited in a number of respects. Bio-
Watch, for example, is a detection system based on the
polymerase chain reaction (PCR), which amplifies genetic
material picked up by the system to a level that allows
identification. This PCR-based system requires the manual
collection of air-sampling filters distributed throughout a
location and subsequent analysis to identify a potential
release. Filters are collected every 24 hours, but may be
collected more frequently with increased resources. On
collection, PCR time is estimated at 10–12 hours, such
that identification of a release would require 10–36 hours
depending on the delay between release and filter collec-
tion. The system detects only a limited number of undis-
closed agents, and notably no toxins given their lack of
nucleic acid (unless supplemented by a protein signature
assay). Non-PCR-based detection systems may improve on
these limitations while presenting new challenges; research
and development in this area remains intensive.

Second, the recognition of ill populations involves com-
parable challenges. Case-by-case diagnosis and reporting
requires an underlying level of awareness/education on the
part of health-care personnel and the public as well as
adequate laboratory diagnostic capabilities, while both senti-
nel and syndromic surveillance systems provide only non-
specific information about the possibility of an exposure and
require static populations for regional spikes to be fully
appreciated. It should be noted, however, that because of
their lack of specificity, these surveillance systems identify
disease outbreakswith relatively high sensitivity regardless of
outbreak etiology, and have therefore been implemented
both nationally and internationally to provide early recogni-
tion of both natural and deliberate disease outbreaks (see the
section ‘Relevant Websites’). Both detection systems and
recognition of ill populations rely on classical characteristics
of disease agents, such that modified agents may initially go
unnoticed. Both also require that potentially exposed persons
be identified on detection or recognition of a release, an
extraordinarily complex issue given possible dispersal pat-
terns of both disease agents during an attack and potentially
exposed persons afterward. This is particularly important
given limitations in health-care surge capacity and the poten-
tial for concerned but unexposed people (‘worried well’) to
overload the system. Streamlined approaches to the rapid
identification of potentiallyexposed persons and thus prompt
intervention will remain a focus of preparedness and
response planning until this issue is appropriately addressed.
Defense

Defense serves as a catch-all term for crisis and conse-
quence measures enacted once an attack has been
detected or recognized. Such measures rely on, for exam-
ple, a field-tested incident response capability; adequate
health-care surge capacity; the availability, mobilization,
and administration of therapeutic countermeasures; rapid
and reliable forensics to ensure attribution; and ready,
proven decontamination technologies. Notably, the ade-
quate safety of responders and health-care workers is of
primary consideration in crisis and consequence manage-
ment, and is critical in preventing exposure to persistent
agents and/or propagation of infection. Perhaps most
importantly, good communication, which serves as the
backbone of all defensive efforts not only among those
involved in a response but extending to policy makers and
the general public locally, nationally, and internationally,
cannot be overemphasized. In the United States, respon-
sibility for much of the above belongs to Project Bioshield
and its Strategic National Stockpile (SNS), the contents of
which continue to be refined (see the section ‘Relevant
websites). The improved understanding of specific disease
pathogenesis and therapy, as well as the validation of
approaches to mass casualty response, attribution, and
environmental remediation, will contribute considerably
to such efforts in the future.
Conclusion

The ‘seven D’s’ paradigm offers one approach to the
systematic implementation of barriers to a successful
biological weapons event, from reducing initial intent to
limiting the establishment of a biological weapons capa-
bility to addressing the consequences of an actual attack.
Certain characteristics of biological weapons make such
barriers inherently limited, namely that biological agents
exist naturally in the environment, that such agents are
self-replicating (with the exception of toxins), and that
much of the equipment and expertise necessary for agent
acquisition, production, formulation, and delivery is dual
use. Regardless, the ‘seven D’s’ approach informs policy
makers and public health professionals, in a comprehen-
sive fashion, of alternative and often complementary
options with respect to bioterrorism preparedness and
response to ensure that efforts are optimized. Ultimately,
measures that address both natural and deliberate
biological events, for example, robust surveillance and
public health capacity-building, may prove to be most
cost effective in both the near and long term.
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nonmetallic properties, and is the third element in Group
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20mg/kg. Arsenic is concentrated in magmetic sulfides
and iron ores, most commonly associated with sulfide and
oxide complexes in soil and rock formations. Some of the
more prominent arsenic-bearing minerals include orpi-
ment (As2S3), realgar (AsS), arsenopyrite (FeAsS), and
scorodite (FeAsO4�2H2O) (Bissen and Frimmel, 2003).

In nature, arsenic is found in oxidation states of þV
(arsenate), þIII (arsenite), 0 (arsenic), and –III (arsine)
(Bissen and Frimmel, 2003). In the aqueous environment,
the oxy-anions consisting of arsenite species (H3AsO3,
H2AsO3

�, HAsO3
2�, and ASO3

3�) and arsenate species
(H3AsO4, H2AsO4

�, HAsO4
2�, and AsO4

3�) predominate.
Arsenite species tend to predominate in groundwater
under reducing conditions, whereas arsenate species are
more frequently found under oxidizing conditions. Excep-
tions, however, are common in the natural environment,
where arsenate and arsenite species are found in both
reducing and oxidizing waters. Bacteria, fungi, yeasts, and
animals can methylate inorganic arsenic species to form
monomethyl arsenic (MMA) and dimethyl arsenic (DMA)
(Bissen and Frimmel, 2003).

The mobility of arsenic compounds in soils depends on
the pH value, the redox potential, organic matter, clay and
sand content, and other elements in the soil (Bissen and
Frimmel, 2003). Arsenic in soil has the potential to be trans-
ported in wind or in runoff, or can leach into the subsurface
soil; however, many arsenic compounds strongly partition to
soil or sediment under oxidizing conditions, resulting in
limited mobility. Under reducing conditions, as can occur
during flooding or in underwater sediment, arsenic absorbed
to iron andmanganese oxidesmay be released.Microbes can
also play a role in arsenic dissolution from sediment.
History of Anthropogenic Uses

Arsenic has a colorful history of commercial and medici-
nal uses. Arsenic compounds have seen widespread use as
pesticides and herbicides, wood preservatives, feed addi-
tives, medicines, constituents of organic and inorganic
pigments, in a variety of electronic and industrial applica-
tions, and, of course, as a poison (Bissen and Frimmel, 2003).
One of the first references to arsenic was in 55 A.D., when
Nero reputedly used arsenic to poison Brittanicus to secure
his Roman throne (Azcue and Nriagu, 1994). Arsenic was
very popular as a poison due to its availability, low cost, the
fact that it is tasteless and colorless, and that it could not
be detected in human bodies (until 1836). During the age
of Buddha, arsenic compounds were valued by Indian
cultures for external and internal medications (Azcue
and Nriagu, 1994). In the nineteenth and early twentieth
centuries, Fowler’s solution (1% potassium arsenite),
Donovan’s solution (arsenic iodide), and deValagin’s solu-
tion (arsenic trichloride) were widely used to treat rheu-
matism, arthritis, anemia, asthma, malaria, trypanosome
infections, tuberculosis, and diabetes. After its discovery in
1909, Salvarsan (arsphenamine) was the main medicine
used against syphilis until the discovery of antibiotics in
the 1940s. In addition to their use in medicines, arsenic
compounds were the preferred insecticides used by farm-
ers and fruit growers from the 1860s until the introduction
of DDTand other organic pesticides in the 1940s. In recent
decades, approximately 70% of the United States (U.S.)
demand for arsenic was accounted for by chromated copper
arsenate compounds used in wood preservation (Azcue and
Nriagu, 1994); those compounds are now being phased out
of wood preservation worldwide. Metallic arsenic is also
used for constructing alloys and arsine gas is involved in the
processing of solid-state electronic components.

Arsenic contamination is ubiquitous in soils, largely as a
result of its use as a pesticide and herbicide and its occur-
rence as an unwanted byproduct in coals and base metal
ores. Contamination is also common in industrial sites, as
demonstrated by arsenic’s prevalence in the immediate
environment of U.S. Environmental Protection Agency’s
(USEPA’s) National Priorities List facilities, also known as
Superfund sites. Arsenic ranked #1 in 2003 as the most
commonly found contaminant that poses a significant
potential threat to human health at USEPA Superfund sites.
Primary Sources of Exposure: Drinking
Water and Food

Although anthropogenic arsenic contamination is wide-
spread, it is mainly a cause for human health concern in
occupational settings and local communities faced with
industrial contamination. The primary sources of expo-
sure for the majority of the world’s population remain
food and groundwater. Due to widespread natural con-
tamination of aquifers around the world, groundwater is
the predominant source of elevated inorganic arsenic
exposure for most individuals. Arsenic is mobilized from
geologic deposits into groundwater via oxidation, reduc-
tion, and/or carbonation mechanisms, although precise
mechanisms of arsenic mobilization are not well under-
stood. Arsenic concentrations exceeding 10 mg/L, the
World Health Organization (WHO) guideline value,
have been identified in water samples from aquifers
in many parts of the world (Figure 1) (Smedley and
Kinniburgh, 2002). Estimates indicate that approximately
50million people worldwide are exposed to arsenic con-
centrations in drinking water in excess of 50 mg/L
(Table 1). More than 100million people are estimated
to be exposed to arsenic concentrations above 10 mg/L,
with the population in the Bengal delta at greatest risk.
These estimates of populations at risk do not include
estimates from parts of Asia, Africa, and South America,
where data are lacking. Elevated arsenic concentrations
are increasingly being reported as other regions are
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Table 1 Estimates of worldwide population exposed to arsenic in drinking water

Country
Population exposed
to As ≥ 300mg/L

Population exposed
to As ≥ 50mg/L

Population exposed to
As ≥ 10mg/L

Bangladesh 5 000000 25000000 38000000

West Bengal, India 1 000000 6 000000 12000000

Nepal ? ? 2 500000

Taiwan 150000 900000 1 800000
Mainland China 1 000000 5 600000 14600000

Vietnam 600000 3 000000 6 000000

Argentina ? 270000 ?

Chile ? 500 000 ?
Mexico ? 400000 ?

United States ? 350 000 13000000

Hungary ? 29000 450000
Total �10000000 �50 000000 �100000000
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investigated, suggesting that contamination of drinking
water may be more widespread than previously
recognized.

The scale of contamination in Bangladesh is worthy of
particular attention. In the 1970s and 1980s, the United
Nations Children’s Fund (UNICEF), working with the
Bangladesh Department of Public Health Engineering,
installed tube-wells to provide a putative source of safe
drinking water for the Bangladeshi people. Estimates
indicate that more than 11million tube-wells were dug
to supply groundwater in Bangladesh. In the early 1990s,
the well water, which had seemingly provided a solution
to the country’s water problems, was discovered to have
high concentrations of arsenic. Standard water testing
procedures did not check for arsenic during initial well
installation. Arsenic contamination in Bangladesh is one
of the worst environmental health disasters in history,
and various vascular and dermal diseases have been iden-
tified; additional health problems are expected in coming
years. Efforts are ongoing to identify tube-wells that have
water with low arsenic content, and to discover simple,
inexpensive, effective arsenic treatment strategies for
tube-wells with high arsenic concentrations.

In addition to water, food is a major source of arsenic
exposure. Reported average food intakes of arsenic vary
from 17 to 291mg/day for representative adults from
different countries (Delgado-Andrade et al., 2003). Differ-
ential seafood consumption between populations helps
explain this variation, as seafood accounts for 60–96% of
the total dietary intake of arsenic. Most of the arsenic in
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seafood, however, is in the form of organic arsenic com-
pounds (arsenobetaine and arsenosugars), believed to be a
relatively nontoxic form of arsenic. There is more con-
cern toxicologically from ingesting inorganic forms of
arsenic (and subsequent methylation of these inorganic
forms once in the body), which are believed to account for
10–40% of the arsenic in food. Inorganic arsenic levels in
foodstuffs are only beginning to be reported; vegetables,
mushrooms, grains, roots, milk, chicken, beef, and pork
are believed to be the primary dietary sources of inorganic
arsenic (Schoof et al., 1999). In arsenic-endemic regions,
crops irrigated with arsenic-rich water accumulate inor-
ganic and other forms of arsenic. In nonarsenic-endemic
regions, rice and chicken appear to be the principal
sources of inorganic arsenic in the diet. Natural uptake
of arsenic by rice results in accumulation of inorganic
arsenic (55–97 ng/g) and methylated arsenic compounds.
Arsenic accumulates in chicken when arsenic compounds
are added to chicken feed to control intestinal parasites.
Herbal medicines and some forms of seaweed have also
been identified as important sources of inorganic arsenic.
Toxicokinetics and Metabolomics

Inorganic arsenic compounds enter the human body most
readily via ingestion and inhalation routes; absorption via
dermal exposure has not been well characterized. Gener-
ally, arsenic in food or water is more bioavailable than
arsenic in soil. Once absorbed, arsenic is distributed by
the circulatory system to all tissues of the body and
metabolized through a series of reduction, oxidation,
and methylation reactions. In hepatocytes of the liver
and in cells in other organs, As(V) is reduced to As(III),
which is then methylated and reduced to MMA(V)
and MMA(III), and DMA(V) and DMA(III) (Figure 2)
(Thomas et al., 2001). Once widely believed to be strictly a
detoxification process, the biotransformation of inorga-
nic arsenic can also yield species more reactive and toxic
than the parent compound. These reactive forms are
believed to be the trivalent methylated forms, MMA(III)
and DMA(III). Therefore, arsenic methylation should be
regarded as an activation process.

These methylated trivalent metabolites have been
shown to be more cytotoxic, more potent inhibitors of
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Figure 2 Pathway of arsenic metabolism in humans.
some important enzymes, and stronger promoters of oxi-
dative DNA damage in cultured human cells compared to
inorganic arsenite, as well as strongly genotoxic, and hence
a likely contributor to arsenic-induced health effects by
processes as yet unknown. Although much progress has
been recently made in understanding arsenic’s mode of
carcinogenic action, animal models remain elusive and
scientific consensus has not been established. The list of
possible mechanisms include induction of chromosomal
abnormalities, oxidative stress, altered DNA repair, altered
DNA methylation patterns, altered growth factors,
enhanced cell proliferation, suppression of p53, and gene
amplification (Kitchin, 2001). Evidence suggests that arse-
nic might be acting as a cocarcinogen, a promoter, or a
progressor of carcinogenesis.

In engendering acutely toxic effects, arsenic has been
shown to impair cellular respiration by inducing mito-
chondrial enzymes and uncoupling oxidative phosphory-
lation. The resulting decline in adenosine triphosphate
(ATP) levels affects nearly all cellular functions and can
prove fatal. Much of arsenic’s acute toxicity is mediated
by its ability to interact with sulfhydryl groups of proteins
and enzymes, and to substitute phosphorous in a variety
of biochemical reactions. At lower doses, arsenic appears
to generate reactive oxygen species leading to cell dam-
age. It is interesting to note that these same oxidative
processes are thought to lead to both noncarcinogenic
and carcinogenic effects. Although experimental studies
suggest possible modes of action for several arsenic-
induced health effects, few studies have been performed
at dose levels relevant to common population-wide expo-
sures (<100 mg/L) and therefore mechanisms of action
remain equivocal at low-to-moderate levels of exposure.

The human body eliminates arsenic primarily via urine,
but also through hair and nails. Urinary excretion consists
of inorganic arsenic, the methylated metabolites, MMA(V),
MMA(III), DMA(V), and DMA(III), and arsenosugars
from seafood consumption. Observed variations in profiles
of arsenic metabolites in urine of different people suggest
inter-individual variability in arsenic metabolism. Genes
involved in the metabolic pathway, and their associated
polymorphisms, are beginning to be identified. As a result
of these elimination pathways, urine, hair, and nails are
frequently used as biomarkers of arsenic exposure. Arsenic
species excreted in hair and nails, however, have not yet
been well characterized.
Health Effects

Arsenic is one of the most dangerous elements known to
humankind, both because of its wide range of health effects
and its extensive prevalence in the environment. Most
arsenic-related health effects are a result of exposure
to the inorganic form of arsenic, although mechanistic
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studies suggest that biotransformation of inorganic arsenic
within the human body into mono- and di-methylated
trivalent forms of arsenic may be of critical etiologic
importance (as already described).

Ingestion of inorganic arsenic in doses exceeding
60 000 ppb can result in death. Exposure to doses at this
level is almost exclusively the result of intentional poison-
ing. Ingestion in the 1000–30 000 ppb range can cause irri-
tation of the stomach and intestines and impairment of
vascular flow, and is also mostly due to intentional or
accidental poisoning. At concentrations more relevant to
population-wide exposures (below 1000mg/L in drinking
water), long-term ingestion has been associated with
changes in skin pigmentation, including hypo- and hyper-
pigmentation; circulatory ailments including stroke, peri-
pheral vascular disease, and high blood pressure; diabetes
and renal effects; birthing and reproductive complications;
respiratory effects; decrements in intellectual function; and
cancers of the bladder, kidneys, liver, lungs, and skin (e.g.,
see Figure 3). The International Agency for Research on
Cancer (IARC) has concluded that there is sufficient evi-
dence of a relationship between arsenic exposure and
human cancer. Evidence of these health effects is largely
the result of epidemiologic studies conducted in regions of
Argentina, Bangladesh, Chile, and Taiwan with elevated
concentrations of arsenic in drinking water.
Figure 3 Gangrene due to arsenic poisoning. Photo
courtesy of Dr. Richard Wilson’s Arsenic Project Website,

http://phys4.harvard.edu/%7Ewilson/arsenic/pictures/

arsenic_project_pictures2.html.
Inhalation of arsenic in occupational settings is com-
monly a result of arsenic fumes and arsenic-containing
dust. Inhalation of high levels of arsenic (above 100mg/m3)
for short periods of time can result in sore throat and
irritated lungs. Longer exposure at lower concentrations
(50–70mg/m3) has been associatedwith skin effects, circula-
tory disorders, and lung cancer. These effects have been
documented in occupational settings, such as smelting,
mining, and industries involved in manufacture, packaging,
and distribution of arsenical pesticides or other arsenic-
containing chemicals.

Acute dermal exposure to high levels of inorganic
arsenic in water, soil, or dust has been reported to be
associated with redness or swelling. Chronic exposure
and associated health effects from dermal exposures, how-
ever, have not been extensively investigated. Evidence to
date suggests that skin contact is not likely to result in
serious internal complications.
State of Risk Assessment: Regulations
and Advisories

Because valid and reproducible animal models of arsenic’s
mode of action are not available at low doses, epidemio-
logic studies are the primary source of data used to assess
arsenic-related health risks for exposed populations.
Researchers and policy makers have faced difficulties char-
acterizing risk to low-to-moderate arsenic concentrations
(10–100mg/L), in part, because of considerable exposure
misclassification common to epidemiologic investigations
of chronic diseases with long latency periods. The assess-
ment of health risks at concentrations below 170mg/L has
involved extrapolations which yield different estimates
depending on model assumptions (e.g., the point of inter-
cept, consideration of arsenic exposure through food) and
model choice (e.g., multistaged model or linear regression)
(Karagas et al., 1998). This inability to estimate the dose–
response curve for lower levels of arsenic has driven much
of the debate and controversy surrounding arsenic-induced
diseases. As a result of this controversy, governments around
the world have established different guidelines for arsenic
in drinking water typically ranging from 10–50 mg/L, as
best estimates of a safe concentration (e.g., Bangladesh:
50mg/L; USA: 10mg/L (as of 2006); World Health Organi-
zation (WHO) provisional guideline value: 10mg/L (as of
1992)). In addition, as a guideline for ingestion of inorganic
arsenic from water and food, USEPA set an oral reference
dose of 0.3mg/kg/day (as of 1993). WHO also established a
guideline for ingestion of inorganic arsenic from food and
water, although at a considerably higher threshold of safety:
15mg/kg/wk for the provisional tolerable weekly intake
(PTWI) of inorganic arsenic (as of 1989). For occupational
inhalation of inorganic arsenic, a permissible exposure level
(PEL) equal to 10mg/m3 averaged over an 8 hour work shift

http://phys4.harvard.edu/%7Ewilson/arsenic/pictures/arsenic_project_pictures2.html
http://phys4.harvard.edu/%7Ewilson/arsenic/pictures/arsenic_project_pictures2.html


238 Arsenic
is shared by U.S. and international labor groups (e.g., OSHA,
ILO). TheU.S. National Institute of Occupational Safety and
Health set a more stringent recommended exposure limit
(REL) from inhalation of inorganic arsenic, not to exceed
2mg/m3. These guidelines were developed by using a risk
assessment process that relies on a variety of assumptions
when existing data are insufficient to draw definite conclu-
sions (as almost always is the case). Given the nature of the
process, these guidelines are revised periodically in the
interest of balancing public health with costs of compliance.

There are many unanswered questions regarding the
mechanisms of toxicity/carcinogenicity, risks from multi-
ple forms of arsenic and different routes of exposure, and
the shape of the dose–response curve at low levels of
exposure. Carefully designed and conducted epidemio-
logic studies with detailed assessment of retrospective
arsenic exposure, combined with mechanistic studies of
low-dose exposure, offer the best hope for answering
these questions.

See also: Agricultural Health and Safety; Carcinogens,

Environmental; Environmental Health: Overview; Environ-

mental Protection Laws; Hazardous Wastes; Human

Exposure Science; Pesticides; Risk Assessment, Envi-

ronmental/Occupational; Water Pollution: Emerging Con-

taminants Associated With Drinking Water.
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Nevertheless, exposure in these countries continues
during repair or removal of insulation and other asbestos-
containing materials (ACM) (Landrigan and Kazemi,
1991). In addition, asbestos continues to be marketed and
promoted for use in countries with few restrictions, thus
raising the possibility of a continuing epidemic of serious
disease among exposed workers.
Fiber Types

Traditionally commercial fibers known as asbestos have
been classified based on chemical composition, physical
properties, and appearance (Table 1 and Figure 1).

All asbestos fiber types have been found to cause all
major types of asbestos-related disease (IARC, 1977;
Dupre et al., 1984; IPCS, 1998; WHO, 2006). In reality,
most asbestos use involves either intentional mixing of
different fiber types or inadvertent contamination of a
fairly pure product with small quantities of another. For
the discussion that follows, and for practical purposes,
the single term ‘asbestos’ will be used to refer to naturally
occurring inhalable, durable, bio-persistent fibers confer-
ring disease risk to people exposed at work or in the
general environment.
Exposure Settings

Occupational

The industries and occupations associated with asbestos
exposure vary with the industrial profile of a region
or country. Exposure occurs in the mining and milling
of asbestos and of other minerals if they are contami-
nated with asbestos (Figure 2). Workers involved in the
manufacture of any asbestos-containing materials such as
pipes, roofing, friction materials, or cloth may be exposed
during many points in the manufacturing process or while
maintaining or cleaning plant or equipment.
Table 1 Main commercial forms of asbestos

Category Name Primary uses

Amphibole Anthophyllite

(Mg,Fe)7Si8O22(OH)2

Insulation

Amphibole Amosite

(Mg,Fe)Si8O2(OH)2

Asbestos-cement sh

(construction) ther

insulation roofing p
Amphibole Crocidolite

NaFe32Fe23+Si8O22(OH)2

Ship insulation

Amphibole Tremolite (tremolite-actinolite)

Ca2Mg5Si8O22(OH)2

Whitewash

Serpentine Chrysotile MgSi2O5(OH)2 Woven materials; fric

products; insulatio

cement
The application of asbestos for pipe or structural insu-
lation has been the source of significant exposure both to
the primary insulator and to bystanders. Thus not only
insulators but also workers identified as pipe fitters, plum-
bers, and sheet metal workers have had documented dis-
ease from their occupational exposures. Any maintenance
or repair workers involved in processes requiring the
removal of asbestos-containing materials may be at risk.
For example, pipe or boiler repair or replacement in a
chemical plant may require removal of asbestos insulation
and attendant exposure.

People working in proximity to others engaged in
asbestos removal are at risk. For example, anyone working
in railroad steam engine repair shops had potential asbes-
tos exposure even if they were not directly involved in
removal or application of asbestos ‘lagging.’
Home

Family members of people with occupational exposure
to asbestos may also experience ‘take home’ exposure to
asbestos that clings to the clothing of the worker. Docu-
mented cases of asbestos-related diseases have occurred
when the only apparent exposure has been shaking
and laundering of the clothing of an exposed worker
(NIOSH, 1995).

Asbestos exposure may occur in homes as asbestos-
containing construction materials such as pipe insulation,
gaskets, and duct insulation deteriorate or need to be
repaired or replaced. Consumer products such as hair
driers, ironing board covers, and in one instance cigarette
filters have been documented to contain asbestos. People
who maintain their own automobiles may be exposed
during replacement of asbestos-containing brakes pads.
Vermiculite mined in Libby, Montana, that was used
widely as loose-fill home insulation in the United States
and elsewhere was contaminated with asbestos, creating
potential risk. Restrictions in the use or labeling of asbes-
tos in consumer products have varied over time and by
Notes

Found primarily in Finland; no mining, marketing,

or new use since 1974
eets

mal

roducts

Known as brown asbestos

Blue asbestos

Frequent contaminant of chrysotile, vermiculite,

or talc; stronger association with mesothelioma
than lung cancer

tion

n; asbestos

‘White asbestos’; 95% of asbestos used; finer

and more flexible than amphiboles



Main asbestos fiber types of commercial importance

-------------------------------------------------------------------------------------

-------------------------------------------------------------

Amosite − brown 
straight, brittle fibers 

Crocidolite − 
blue and straight 

Anthophyllite − 
brittle, white fibers

Chrysotile − white 
fine, silky, flexible

95% of all asbestos 5% of all asbestos consumed

Tremolite and actinolite, anthophyllite is found mainly as a contaminant in other minerals. 

Figure 1 Asbestos fiber types of commercial importance.

Figure 2 Modern asbestos mine in Russia (NIOSH).
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jurisdiction, so exposure may occur without the knowl-
edge needed for control.
Environmental Asbestos Exposure

Noncommercial environmental exposure to durable
fibers conferring risk of asbestos-related diseases has
been documented in regions of Turkey, where erionite
is naturally occurring. This fibrous mineral has been used
in whitewash and has resulted in high rates of character-
istic disease. Other minerals such as winchite and richter-
ite, as well as tremolite asbestos, contaminated most of the
vermiculite mined in the United States and contaminated
the community surrounding the mining and milling
operations. There has also been concern about disease
risk in communities adjacent to quarries where small
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quantities of asbestos contaminate the mined minerals
(Xue-lei et al., 2005).
Diseases and Conditions from Asbestos
Exposure

Asbestosis

Asbestosis is a chronic lung disease caused by the inha-
lation of asbestos fibers, characterized by diffuse inter-
stitial parenchymal fibrosis (Figure 3). Asbestosis is
frequently associated with pleural fibrosis or pleural
calcification. Radiographic changes are usually small
irregular opacities occurring mainly in the lower and mid-
dle lung fields. Pulmonary fibrosis usually develops slowly
over years; radiographic detection is a direct correlate of
the extent and profusion of fibrosis. In some cases, minor
fibrosis with considerable respiratory impairment and dis-
ability can be present. Pulmonary hypertension may be
associated with advanced asbestosis and in severe cases
cor pulmonale (right-sided heart failure) may be a cause
of death. Asbestosis is a progressive disease even after
exposure has ceased. Individuals diagnosed with pulmo-
nary asbestosis are at a higher risk of developing and dying
of cancer. Most researchers believe that the probability of
developing asbestosis is linearly related to cumulative
exposure to asbestos. Asbestosis is generally recognized
based on an abnormal radiograph consistent with asbesto-
sis in an individual with a plausible history of asbestos
exposure ten or more years previously with no more
compelling alternate explanation for the X-ray changes
(ATS, 2004). An international method of classifying radio-
graphs distributed by the International Labour Organiza-
tion (ILO) is helpful in recognizing and classifying
abnormalities; however, upwards of 18% of individuals
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Figure 3 What happens to asbestos in the respiratory system.
with pathologically determinable fibrosis will have chest
radiographs classified as showing no clear asbestosis (Kipen
et al., 1987).
Pleural Disease

Asbestos exposure can cause abnormal discrete or diffuse
thickening of the lining of the chest wall or the lung or
the dome of the diaphragm. These areas of thickening
or plaques may become calcified. Pleural plaques, with
or without calcification, are frequently bilateral and
situated on the parietal pleura. Plaques are often the
first indication of response to asbestos exposure, preced-
ing fibrosis, and may or may not be associated with abnor-
mal symptoms such as breathlessness or loss of lung
function. Although plaques themselves are usually harm-
less, they indicate sufficient latency for the occurrence
of asbestos-induced cancers. There is evidence that per-
sons with pleural plaques are more likely to develop
asbestos-induced parenchymal fibrosis than those without
such plaques (Rosenstock, 1994). Individuals with asbes-
tos-induced pleural plaques are at a markedly increased
risk of developing and dying of lung cancer or malignant
mesothelioma (Fletcher, 1972; Edge, 1976; Cullen et al.,
2005).

In populations without exposure to naturally occurring
asbestos in the environment, 80–90% of plaques found
at autopsy are due to occupational exposures, includ-
ing those with low-level exposure. People with pleural
plaques in general have lower lung function.

Pleural effusions may also be an early indication of a
response to asbestos exposure. Effusions often resolve
spontaneously but may leave a residual diffuse pleural
thickening that, itself, may be associated with abnormal
chest symptoms and reduced pulmonary function.
Nose filters out 
fibers >100 µm long

Cilia clears mucus 
(and fibers) from lung

Free alveolar macrophages 
(FAMs): phagocytize fibers within 
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Lung Cancer

Asbestos exposure increases the risk for all histological
types of lung cancer (Karjalainen, 1994). Both those with
asbestos exposure and also those with asbestosis have risks
of lung cancer higher than found in the general popu-
lation not exposed to asbestos (Broderick, 1992). It is
more likely that asbestosis is not a precursor to lung
cancer, but that both are independent diseases that
increase as exposure to asbestos increases (Abraham,
1994; McDonald et al., 1994; Roggli, et al., 1994; Jones
et al., 1996). Thus workers with asbestosis are more likely
to have lung cancer than those without visible fibrosis,
although both have increased risk proportional to their
asbestos exposure (Morinaga et al., 1993).

Lung cancer risk in asbestos workers who also smoke
tobacco products is substantially greater than the risk
from asbestos exposure alone. An analysis of 23 studies
on asbestos exposure and smoking shows that asbestos
multiplies the risk of lung cancer in nonsmokers and
smokers by a similar factor and that risk resulting from
exposure to both asbestos and smoking can be best
described by a multiplicative rather than an additive
model (Lee, 2001). One of the largest cohorts of asbestos
workers to demonstrate this is that of the North American
insulators studied by Selikoff and Hammond in the 1960s.
They reported that when 12 051 insulation workers with
more than 20 years of work experience were compared to
a control population from the ACS of 73 763 men with
known smoking history, the relative risk of lung cancer
(RR) went from 1 in the nonsmoking control group to 5.17
in nonsmoking asbestos workers to 10.85 in smokers with-
out asbestos exposure up to 53.24 for smoking asbestos
insulation workers (Hammond et al., 1979).

Efforts have been made to assess the relationship
between fiber exposures over time with increase in lung
cancer risk. In West Germany, a case-control study
reported a doubling of lung cancer risk with 25 fiber-
years of exposure. Other studies have shown elevated
risk at lower levels of exposure (Stayner et al., 1997;
Gustavsson, 2002). There is evidence of an increased
number of multiple primary cancers at the same time
among those exposed to asbestos compared with the gen-
eral population (Selikoff and Hammond, 1979). Never-
theless, the overall poor prognosis in lung cancer outcome
has meant that the prognosis and treatment of asbestos-
induced lung cancer is no different than lung cancer
having another etiology. It appears that all cell types
of lung cancer can occur in asbestos workers and that
the presence or absence of one cell type cannot be used
to prove or disprove an association of asbestos exposure
with the lung cancer (Churg, 1985).

Since 1997, asbestos has been the leading cause of
occupationally induced lung cancer in Japan (Morinaga
et al., 2001). TheWorld Health Organization has estimated
that 90 000 lung cancers, mesotheliomas, and asbestosis
are attributed to occupational asbestos exposure annually.
As tobacco use declines, the percentage of lung cancers
attributable to asbestos exposure in areas where asbestos is
in use will climb.

Mesothelioma

Mesothelioma is a cancer of the mesothelium, the thin
lining that covers the major internal organs of the body.
The rarity of this tumor and its strong association with
asbestos exposure make it a ‘signal tumor,’ that is, it is
considered an epidemiological marker for exposure to
asbestos (Mullan and Murthy, 1991; Roggli et al., 1992).
Although pleural tumors were recognized in the late
nineteenth century, modern concepts concerning the
pathology and diagnosis of mesothelioma were set forth
in 1931 by Kemperer and Rabin (Klemperer and Rabin,
1931). An exposure–response relationship for mesotheli-
oma was first demonstrated among textile workers
exposed to asbestos and then subsequently among gas
mask workers, miners and millers, and shipyard workers
(Newhouse and Berry, 1976; Hobbs et al., 1979; Jones et al.,
1979; Sheers and Coles, 1980).

Mesothelioma is reported in almost every major study
of people exposed to asbestos. Pleural mesothelioma inci-
dence has been increasing in all asbestos-using countries
despite control measures put in place since the 1970s
(McDonald and McDonald, 1981). Peritoneal mesotheli-
oma is a much rarer tumor than pleural. The U.S.
National Institute for Occupational Safety and Health,
in conjunction with the National Center for Health
Statistics, reports between 1987 and 1996 that various
occupational groups had extremely elevated proportion-
ate mortality ratios (PMR) for pleural malignancies such
as insulation workers at 23.08 (95% CI 1059–43.80);
boilermakers at 15.37 (95% CI 7.68–27.50); plasterers
11.61 (95% CI 3.76–27.13); sheet metal workers 10.35
(95% CI 6.55–15.54); plumbers, pipe fitters, and steamfit-
ters 7.02 (95% CI 5.12–9.40), as well as 13 other specific
occupations with PMRs of 2 or greater. They also report
elevations in several industries, including ship and boat
building and repairing, with a PMR for pleural tumors of
12.60 (95% CI 8.75–17.52) and petroleum refining with a
PMR of 5.76 (95% CI 3.29–9.35). Another 15 industries
also had PMRs over 2 (NIOSH, 1999).

The ratio of occurrence for pleural to peritoneal meso-
thelioma appears to be associated with the degree of expo-
sure. Among the large occupationally exposed groups
studied, approximately 5–10% of the deaths have been
due to mesothelioma (Lemen, 2006).

Death-certificate-derived data generally underestimate
mesothelioma mortality, as there has not been a unique
International Classification of Diseases (ICD) code to allow
adequate coding for mortality analysis. Since adoption
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of the tenth revision of the ICD (ICD-10) with unique
codes for pleural and peritoneal mesothelioma, recording
of mesothelioma as a cause of death in the United States
has increased substantially.

The association of mesotheliomas with recollection of
asbestos exposure is very high, generally over 80%.
Where exposure has not been recognized on initial ques-
tioning, careful follow-up often identifies a past exposure.
In Scotland, only 5% of people with mesotheliomas gave
no history of asbestos exposure (79), but in other studies
up to 23% have not recalled exposure (Lemen, 2006).

Since mesotheliomas are so closely associated with
asbestos exposure and lung cancers from asbestos are
indistinguishable from others, from tobacco or other
causes, the ratio of mesotheliomas to increased lung can-
cers is of interest in assessing the overall disease burden
from asbestos use. The ratio of mesotheliomas to lung
cancers varies by cohort studied. One review found esti-
mates of excess lung cancers to mesothelioma between 0.3
and 18.5, with most in the range of 2 to 4 (McDonald and
McDonald, 1981).
Other Cancers

A recent comprehensive review of scientific literature
concerning malignant diseases associated with asbestos
exposure concluded that in addition to lung cancer and
mesothelioma, asbestos exposure causes laryngeal cancer
and perhaps gastrointestinal cancers. The review panel
found that some other cancers such as kidney cancer were
inconsistently associated with asbestos and the evidence
was inadequate to confirm this relationship.

Despite the panel findings, and because of the diversity
of studies in the scientific literature, controversy remains
concerning the possible association of asbestos exposure
with gastrointestinal tract cancers. Studies show a range
Figure 4 Refugee housing in the Philippines with asbestos cement
of relative risk from 0.5 (Edge, 1976) to 3.1 (Mancuso and
El-Atar, 1967; Selikoff, 1974). Reports of gastrointestinal
tract cancers associated with asbestos exposure have been
reviewed by the World Health Organization (WHO); they
have concluded that ‘‘overall, there seems that there is a
correlation between lung cancer and gastrointestinal can-
cer rates in occupational cohorts [exposed to asbestos]
which is not due to chance’’ (WHO, 1989).
Prevention Strategies

There is a clear linear relationship between national
consumption of asbestos and mesothelioma incidence.
Use of an average of 2.8 kg of asbestos per capita can be
expected to cause about 22 mesothelioma cases/million
or about 130 tons of asbestos will cause one death from
pleural or peritoneal mesothelioma (Tossavainen, 2005).
Most of the asbestos used worldwide is in the produc-
tion of asbestos-cement products along with other major
uses including friction material, gaskets, floor tiles, insu-
lation boards, and textiles (Tossavainen, 2005). Asbestos-
cement roofing is in common use in developing countries
(Figure 4).

Although mesothelioma is the disease of most interest
in Western Europe and North America, asbestosis is still
a disease of concern in developing countries where
uncontrolled exposures to asbestos continue to occur.

Shipbreaking – the industry that demolishes old ships
for scrap metal and recyclable parts – is of particular
concern, since the average ship contains 6 tons of asbestos
(Figure 5). Shipbreaking often takes place in developing
countries such as Bangladesh and is often not covered by
labor laws. Child labor and high exposures are not
uncommon. The ILO has prepared safety and health
guidelines for shipbreaking. These guidelines point out
roof (photo by R. Lemen).



Figure 5 Shipbreaking in Chittagong, Bangladesh’s largest port.

Source: Photo by Edward Burtynsky and Brendan Corr (ArkiBlog-

info@arkiblog.net).
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that the waste from such ship breaking can also carry a risk
to the communities where the waste is deposited.

Public health advocates have called for bans on mining,
importation, and new use of asbestos as the only effective
way to prevent future health effects. Noting that lung
cancers and mesotheliomas have resulted from low levels
of asbestos exposure, a draft policy paper of the WHO
recommends cessation of use of asbestos (WHO, 2006).

Even in the absence of new use, extreme care must be
taken in work processes that involve contact with existing
asbestos-containing materials. Traditional occupational
hygiene measures include isolation of any areas where
asbestos fibers may be liberated, wet methods of dust
suppression, enclosure of all friable materials, continual
environmental monitoring, aggressive workplace hygiene,
and separate changing facilities and on-site disposal or
laundry for potentially contaminated work clothes. Nev-
ertheless, these measures, even if combined with labeling
both asbestos-containing materials and work areas where
asbestos may be liberated, can only reduce but not elimi-
nate risk. Workers who must contact airborne asbestos
fibers should be educated about the hazard and trained
in the means to control risk. They should wear properly
fitting respirators providing a high level of protection as
part of an ongoing respiratory protection program.
Exposed workers should be offered ongoing medical mon-
itoring. Asbestos-containing materials that have been
removed from their original use must be enclosed and
disposed of in a manner that avoids additional environ-
mental contamination.

In general, the kinds of aggressive programs needed to
reduce risk from asbestos are extremely expensive,
require a fair level of technical sophistication, and are
difficult to sustain, thus arguing for elimination of new
use whenever possible.
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(airway hyperresponsiveness), and cellular inflammation.
This airway inflammation and injury, as well as structural
changes in the airways in some patients, are essential
components of asthma. The host environmental factors
that allow the airways of patients with asthma to be
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susceptible to these processes, either with the initiation of
the disease or its persistence, have yet to be fully estab-
lished. However, the initiation of asthma can occur
through interaction with a variety of factors, including
allergens, airborne irritants, respiratory viral infections,
and occupational exposure, each of which likely acts
through different pathways to produce the same result,
airway inflammation, airway hyperresponsiveness (AHR),
and airflow obstruction.
Prevalence

The prevalence of asthma varies widely when countries
are compared. This has been best documented in older
children and adults in whom the diagnosis can be accu-
rately established. The International Study of Asthma and
Allergies in Children (ISAAC) was established to deter-
mine whether these differences were explained by differ-
ences in the tools used to measure prevalence. Using a
standardized protocol in children ages 6–7 years for whom
the parents completed a questionnaire and in older chil-
dren ages 13–14 years who completed their own question-
naire, the 12-month prevalence of asthma symptoms
ranged from 3% to 5% in countries that included
Indonesia, China, and Greece to more than 20% in
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Figure 1 The prevalence of childhood asthma in a range of countrie

with the lowest (<3%). Reproduced with permission from Masoli M,

executive summary of the GINA Dissemination Committee report. All
Canada, Australia, New Zealand, and the United Kingdom
(Figure 1). These results likely represent real differences
between countries, but also raise the possibility of either
underdiagnosis in countries with a lower prevalence or
difference in risk factors in these areas of the world.

In adults, asthma prevalence is not as well studied as
in children. Efforts to compare adult prevalence have
been undertaken using the European Community Respi-
ratory Health Survey (ECRHS) ( Janson et al., 1997).
This study compared asthma prevalence in 22 countries
and in 48 centers, where a random population com-
pleted a postal questionnaire evaluating respiratory and
allergy symptoms, previous asthma diagnosis, and smoking
history and occupational exposures. As found in children,
a striking finding in the study was a wide range of self-
reported wheezing and breathlessness from 3% in India to
16% in New Zealand. Also, diagnosed asthma ranged from
2% in Estonia to 11% in New Zealand. The objective
measures of AHR also varied widely. AHR, as defined by
a provocative concentration of methacholine causing a
20% fall in 1-s force expiratory volume (FEV1) at less
than 1mg/ml (PC20), ranged from 7% in Iceland to greater
than 20% in all centers in New Zealand. In general,
countries with a high prevalence of diagnosed asthma had
higher levels of AHR. The reasons for these marked differ-
ences in asthma prevalence between countries remain
20 5 10 150 20
Case fatality rate per 100 000 asthmatics

s, including those with the highest prevalence (>15%) and those

Fabian D, Holt S, et al. (2004) The global burden of asthma:

ergy 59: 469–478.
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unclear but have led to the development of studies evalu-
ating risk factors for asthma and the importance of the
gene-by-environment interaction.

Asthma and other allergic diseases, such as allergic
rhinitis and atopic eczema, are among the few chronic
diseases marked by increasing worldwide prevalence and
again have been best described in children. Several studies
have used the same evaluative tool to measure asthma
symptoms, such as recurrent wheezing, and made the
measurements over 5 to more than 30 years. In the United
States the National Health and Nutrition Examination
Surveys (NHANES), performed measurements 5 years
apart, and found the asthma prevalence rose from 4.8%
to 7.6%. In the United Kingdom, asthma prevalence
increased from 6.9% in 1973 to 12.8% in 1986. A further
30–40% increase in persistent wheeze was reported
by the same research group between 1982 and 1992. In
Scotland the prevalence of asthma, allergic eczema, and
rhinitis was measured in 1964 and again in 1989. The
prevalence of diagnosed asthma rose from 4% to 10%,
whereas eczema increased from 6% to 12% and allergic
Figure 2 World map showing direction of change in prevalence of

14-year age group. Each symbol represents a center. Blue triangle, p
(<1 SE); red triangle, prevalence increased by �1 SE per year. Repro

et al. (2006) Worldwide time trends in the prevalence of symptoms of

ISAAC Phases One and Three repeat multicountry cross-sectional su
rhinitis from 3% to 12%. All the important allergic dis-
eases of childhood increased by about the same extent.
However, the ISAAC study was repeated in many of the
original countries between 2002 and 2003 (Asher et al.,
2006) and demonstrated that in older children (aged
13–14 years) the prevalance of asthma appeared to be
decreasing slightly, but this trend was not seen in younger
children (aged 6–7 years) (Figure 2).

The evidence of increasing asthma prevalence in
adults is less robust than in children. A Canadian medical
insurance database provided evidence of increasing
prevalence between 1981 and 1990. Also, evaluating the
prevalence both of asthma and AHR, a study of Belgium
army recruits found that the prevalence of diagnosed
asthma increased from 2.4% in 1978 to 7.8% in 1991.

These studies consistently indicate that the diagnosis
of asthma and other allergic diseases has increased greatly
over the past 40 years. This increase may partly be
accounted for by an increased acceptance of the label
asthma and by methods used for its diagnosis, such as
spirometry or peak flowmeters and measurements of
asthma symptoms for 6- to 7-year age group and 13- to

revalence reduced by �1 SE per year; green square, little change
duced with permission from Asher MI, Montefort S, Bjorksten B,

asthma, allergic rhinoconjunctivitis, and eczema in childhood:

rveys. Lancet 368: 733–743.
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AHR. However, these measures are unlikely to account
for all these increases and would not explain the parallel
increases in allergic eczema and allergic rhinitis.
Pathology

Cellular Inflammation

The initial knowledge of the pathology of asthma came
from postmortem studies of fatal asthma or airways of
patients with asthma who have died of other causes or
who had undergone lung resections. All showed similar,
although variably severe, pathologic changes and pro-
vided key directives as to the causes and consequences
of the inflammatory reactions in the airway. Persistent
airway inflammation is considered the characteristic
feature of severe, mild, and even asymptomatic asthma.
The characteristic features include infiltration of the air-
ways by inflammatory cells, hypertrophy of the airway
smooth muscle, and thickening of the presumably former
basement membrane, but now realized to be the lamina
reticularis, just below the basement membrane (Figure 3).

The characteristic mucus plugs of the asthmatic
airways can cause airway obstruction leading to
ventilation–perfusion mismatch and contributing to
hypoxemia. Mucus plugs are composed of mucus, serum
Goblet cell hyperplasia,
mucus production and

epithelial desquamation

Dendritic cell,
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and mast cell

mediated events

Inflammatory
cell production,
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Initial antigen recognition,
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Figure 3 Schematic representation of the likely mechanisms of alle
proteins, inflammatory cells, and cellular debris, which
include desquamated epithelial cells and macrophages
often arranged in a spiral pattern (Curschmann’s spirals).
The excessive mucus production in fatal asthma is attrib-
uted to hypertrophy and hyperplasia of the submucosal
glands. The mucus also contains increased quantities of
nucleic acids, glycoproteins, and albumin, making it more
viscous. This altered mucous rheology, coupled with the
loss of ciliated epithelium, impairs the mucociliary
clearance.

The airway wall thickness is increased in asthma and is
related to disease severity. Compared with nonasthmatic
subjects, the airway wall thickness is increased from 50%
to 300% in patients with fatal asthma and from 10% to
100% in nonfatal asthma. The greater thickness results
from an increase in most tissue compartments, including
smooth muscle, epithelium, submucosa, adventitia, and
mucosal glands. The inflammatory edema involves the
whole airway, particularly the submucosal layer, with
marked hypertrophy and hyperplasia of the submucosal
glands and goblet cell hyperplasia. Goblet cell hyperpla-
sia and hypertrophy accompany the loss of epithelial cells.
There is hyperplasia of the muscularis layer and micro-
vascular vasodilation in the adventitial layers of the air-
ways. Also, morphometric studies have shown that the
bronchial lamina propria of asthmatic subjects had a
larger number of vessels occupying a larger percentage
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area than in nonasthmatic subjects and in some circum-
stances correlated with the severity of disease.

An important feature of the airway inflammatory infil-
trate in asthma is the multicellular nature of the reaction,
which is mainly composed of eosinophils but includes
neutrophils, lymphocytes, and other cells in varying
degrees (Hogg, 1984). Whereas neutrophils, eosinophils,
and T lymphocytes are recruited from the circulation,
mast cells are resident cells of the airways. Macrophages
and dendritic cells are both resident cells and are
recruited to the lungs. Histologic evidence of mast cell
degranulation and eosinophil vacuolation reveals that the
inflammatory cells are activated. The mucosal mast cells
are not increased but show signs of granule secretion in
asthmatic patients. Postmortem studies have shown an
apparent reduction in the number of mast cells in the
asthmatic bronchi as well as in the lung parenchyma,
which reflects mast cell degranulation rather than a true
reduction in their numbers. Eosinophils are considered to
be the predominant and most characteristic cells in
asthma, as observed from both bronchoalveolar lavage
(BAL) and bronchial biopsy studies. The bronchial epi-
thelium is infiltrated by eosinophils, which is evident in
both large and small airways, with a greater intensity in
the proximal airways in acute severe asthma. However,
well-documented studies report the virtual absence of
eosinophils in severe or fatal asthma, suggesting some
heterogeneity in this process. Alveolar macrophages are
the most prevalent cells in the human lungs both in
normal subjects and in asthmatic patients and, when
activated, secrete a wide array of mediators. The prin-
cipal role of T cells in the lung appears to be the
orchestration and implementation of an immune
response with initially a strong T helper type 2 (Th2)
cell basis.
Physiological Hallmarks of Asthma

Airway Responsiveness

AHR consists of an increased sensitivity of the airways to
constrictor agonists, as indicated by a smaller concentra-
tion of a constrictor agonist needed to initiate the broncho-
constrictor response (Hargreave et al., 1981), a steeper
slope of the dose–response curve, and a greater maximal
response to the agonist (Figure 4). In asthmatic subjects,
AHR is present to many chemical or physical stimuli,
such as inhaled histamine, the inhaled cholinergic
agonists methacholine, leukotriene (LT)C4 and LTD4,
PGD2, and PGF2a, as well as physical stimuli such as
exercise, hyperventilation of cold dry air, and both hypo-
tonic and hypertonic solutions.

AHR can be demonstrated in almost all patients with
current symptomatic asthma (Cockcroft et al., 1977).
However, defining an exact level of airway responsiveness,
which would distinguish asthmatic subjects from nonasth-
matic subjects, is not possible because of a continuous
distribution of airway responsiveness in the general
population, with asthmatic subjects in one tail of this
distribution. In addition, even subjects with normal
methacholine airway responsiveness can develop symp-
tomatic asthma if exposed to specific stimuli to which they
are sensitized, such as inhaled allergen. The severity of
AHR correlates with the severity of asthma, as deter-
mined by the amount of treatment needed to control
asthma, with variability in peak expiratory flow (PEF)
and improvement in FEV1 after inhaled bronchodilator.

Measurements of AHR are particularly useful in
patients with normal airway caliber in whom a diagnosis
of asthma is being considered. Another important appli-
cation of measuring airway responsiveness is the diagnosis
of occupational asthma. Lastly, measurement of airway
responsiveness may be useful in determining the optimal
treatment requirements in asthma.

AHR has been correlated to a number of markers of
persisting airway inflammation in asthma. These include
the number of eosinophils, mast cells, and T lymphocytes
in bronchoalveolar lavage fluid and bronchial biopsies
and the extent of deposition of collagen and other ECM
proteins below the basement membrane in asthmatic
airways. AHR improves in most asthma patients when
treated with inhaled corticosteroids over weeks to months,
both in children and adults. These observations suggest
that persisting AHR in asthma is caused by inflammatory
and structural changes in the airways. However, the pre-
cise role these different cells play in causing AHR has not
yet been clarified.
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Airflow Obstruction

Asthma is identified by the presence of reversible airflow
obstruction; however, some asthmatic patients also have a
component of irreversible airflow obstruction, as deter-
mined by a lack of response over time to even aggressive
asthma treatment. In asthmatic patients who are also
smokers, the irreversible component of the airflow
obstruction may be a result of smoking. Some asthmatic
patients with irreversible airflow obstruction have never
smoked, however, and the irreversible airflow obstruction
results from persistent asthma.

Peat et al. (1987) followed a cohort of asthmatic and
normal subjects from Busselton, Western Australia, for
18 years and described a greater decline in lung function,
as measured by height-adjusted forced expired volume in
1 s (FEV1), in asthmatic patients compared with normal
subject (Figure 5). The investigators also noted consider-
able variability within the asthmatic population, with
some having much greater rates of decline than others.
These observations have been confirmed by other in-
vestigators, who have measured lung function over time
in asthma.

If irreversible airflow obstruction is caused by persist-
ing airway inflammation, early treatment with effective
therapy such as inhaled corticosteroids (ICS) may prevent
the development of the accelerated decline in FEV1. The
early introduction of ICS in newly diagnosed asthma in
children or adults results in a greater improvement in
lung function than when ICS are introduced as soon as
20 30 40 50 60 70 80

0.0

0.2

0.4

0.6

0.8

1.0

Normal

F
E

V
1/

H
t3

(L
/m

3 )

Age (years)

Asthmatic

Asthmatic smokers 

Figure 5 Decline in height-adjusted forced expired volume in

1 s (FEV1) in patients with asthma who do or do not smoke,

compared to normal subjects. Asthmatic patients lose lung
function more rapidly than do normal subjects. Reproduced with

permission from Peat JK, Woolcock AJ, and Cullen K (1987) Rate

of decline of lung function in subjects with asthma. European

Journal of Respiratory Diseases 70: 171–179.
2 years later. Thus, not treating airway inflammation early
can result in airway abnormalities, which are less amena-
ble to ICS treatment later.
Risk Factors for Asthma

Genetics

It has long been recognized that there is familial cluster-
ing of asthma. This could be the result of environmental
influences, genetic influences, or both. Genetic and envi-
ronmental factors likely interact in a complex manner to
produce both disease susceptibility and disease expres-
sion. Two types of studies have helped to differentiate
these genetic and environmental factors. Twin studies
compare monozygotic twins (with identical genotypes)
and dizygotic twins (that share half their genes), as well
as twins reared apart in different environments. Diseases
with a significant genetic component will show higher
rates of concordance in monozygotic than in dizygotic
twins. Segregation analysis attempts to determine the
mode of inheritance of a disease phenotype by studying
its segregation (transmission) within families.

Many studies have confirmed that the familial concor-
dance of asthma is at least partly caused by shared genes
(Holgate et al., 1995). Evidence also suggests that the
specific end organ involved in allergic diseases (airways,
nose, or skin) is also inherited in a familial manner. The
study of asthma and its genetics has linked a wide spec-
trum of candidate loci and genes to asthma and atopic
phenotypes.

Several genes on chromosome 5q31–33 may be impor-
tant in the development or progression of the inflamma-
tion associated with asthma and atopy, including the
cytokines interleukin-3 (IL-3), IL-4, IL-5, IL-9, IL-12,
IL-13, and granulocyte-macrophage colony-stimulating
factor (GM-CSF). In addition, a number of other genes
may play a role in the development of asthma or its
pathogenesis, including the corticosteroid receptor and
the b2-adrenergic receptor. Chromosome 5q32 contains
the gene for the b2-adrenoceptor gene, and its involve-
ment in genetic susceptibility to asthma has long been
suggested. The b2 adrenoceptor is highly polymorphic,
and a number of variants of this gene have been discov-
ered that confer altered receptor functioning. The most
common polymorphisms include Arg-16�Gly and
Gln-27�Glu, both of which affect downregulation of
the receptor in response to b2 agonists.

IL-4 plays an essential role in the atopic immune
response because it induces IgE synthesis by B cells and
enhances differentiation of T cells to a Th2 phenotype.
An IL-4 promoter polymorphism on chromosome
5q31–33 has been shown to increase transcriptional levels
of IL-4 in association with high serum IgE levels. Another
candidate gene in the 5q region, CD14 (a toll-like
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receptor), is present on the surface of monocytes and
macrophages and is also present in a soluble form
(sCD14). It acts as a high-affinity receptor for bacterial
lipopolysaccharide (endotoxin). In this way, CD14 is a key
molecule in the initiation of the innate immune response
to bacterial infection. A polymorphism of the gene has
been associated with high levels of sCD14 and low levels
of IgE. CD14 polymorphism in relation to asthma and
allergy phenotypes is highly dependent on environmental
interactions.

Other chromosome regions linked to the development
of allergy or asthma include chromosome 11q which con-
tains the gene for the b chain of the high-affinity IgE
receptor (FceRIb). Chromosome 12 contains several can-
didate genes that might be important in the development
of atopy and asthma, including IFN-g, stem cell factor
(SCF), IGF-1, and the constitutive form of nitric oxide
synthase (cNOS). A genome-wide scan was conducted on
460 Caucasian families and identified a locus on chromo-
some 20p13 that was linked to asthma. The ADAM 33 gene
(a disintegrin and metalloproteinase 33) has been identi-
fied as being significantly associated with asthma using
case–control, transmission dysequilibrium, and haplotype
analyses. ADAM proteins are membrane-anchored pro-
teolytic enzymes. The restricted expression of ADAM 33
to mesenchymal cells and its close association with AHR
suggests it may be operating in airway smooth muscle or
in events linked to airway remodeling.

Genetic variability may predispose to the severity of
asthma, partly by influencing the response to therapy. In
addition to the b2 adrenoceptor, a number of other candi-
date genes might be involved. Two distinct forms of
glucocorticoid receptor (GR), designated GR-a and
GR-b, have been shown to be created through alternative
gene splicing. The GR-b isoform inhibits GR-a activa-
tion, and polymorphisms in splice junctions may alter the
ratio of these different forms of the receptor. Similarly, a
polymorphism in the 5-lipoxygenase (5-LO) enzyme of
the leukotriene synthesis pathway has been reported to
modify transcription factor binding and gene expression
that seems to be associated with a reduced response to
5-LO inhibitor therapy. More recently, a polymorphism in
the promoter region of leukotriene C4 (LTC4) synthase
has been strongly associated with aspirin-intolerant
asthma and to the clinical response to leukotriene recep-
tor antagonists.
Triggers of Asthma

Allergens

Environmental allergens have been identified in many
epidemiologic studies as an important cause of asthma.
More than 80% of children with asthma are sensitized to
environmental allergens, and some allergens, particularly
those found within the household environment, are par-
ticularly implicated. Studies of allergen-induced asthma
have been important in demonstrating a central role for
airway inflammation in asthma pathogenesis. Subjects
with allergic asthma develop an immediate IgE-mediated
early asthmatic response (EAR) following inhalation of a
sufficient dose of an allergen to which they are sensitized.
Up to 70% of these subjects also develop a late asthmatic
response (LAR), which usually begins 3–4 h after allergen
inhalation (Figure 6). The LAR is associated with ele-
vated levels of eosinophils, as well as with other effector
cells including basophils and mast cells. Eosinophils can
appear as early as 7 h after allergen inhalation and
can persist for 3 days after allergen exposure. Increases
in airway basophils also occur after allergen inhalation
and are most marked 7 h after inhalation. The broncho-
constrictor mediators responsible for the EAR and LAR
have been largely clarified. Considerable evidence is now
available supporting a role for cysteinyl leukotrienes
(cysLts: LTC4, LTD4, LTE4) in the pathogenesis of aller-
gen-induced responses. The residual allergen-induced
bronchoconstriction, which is not attenuated by antileu-
kotrienes, is likely mediated by histamine, which has been
measured in urine during both EAR and LAR, as treat-
ment with a combination of an antileukotriene and an
antihistamine attenuate the EAR and LAR more than
the antileukotriene alone. Allergen-induced AHR and
airway inflammation may also be mediated in part by
cysLTs.
Respiratory Infections

Respiratory infections play a role in asthma as a major
cause of asthma exacerbations. Moreover, new information
has shown that some respiratory infections, such as Myco-

plasma pneumoniae and Chlamydia pneumoniae, may contribute
to asthma pathogenesis and possibly disease persistence
and severity.

Studies in children and adults with asthma provide
conclusive evidence that viral respiratory infections are
the most important cause for acute episodes of wheezing.
Rhinovirus (RV) has emerged as the most important cause
of these acute episodes (Johnston et al., 1996), which can
be severe in some patients. Several other respiratory
infections can also provoke acute asthma. RSV and influ-
enza virus are thought to affect lower airway physiology
because these organisms infect and injure lower airway
tissues. RV, in contrast, has been considered to be an upper
airway pathogen, and its injurious effects on airway tissue
are limited. However, RV induction of acute asthma
appears to occur by infecting lower airway tissues.

Recent evidence has also shown some bacterial infec-
tions may participate in the pathophysiology of chronic
asthma. Mycoplasma pneumoniae is a common cause of
human respiratory infections that can be temporally
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linked to severe acute exacerbations of asthma, can persist
in the respiratory tract for months, and is associated with
changes in airflow and AHR. Chlamydia pneumoniae is an
intracellular pathogen that may establish a persistent
infection in patients with chronic asthma and thus assume
a causal relationship to the establishment of disease.
Occupation

Occupational asthma is defined as variable airflow
obstruction caused by sensitization to agents in the work-
place. A large and ever-growing number of occupational
sensitizers have been described as causing asthma. More
than 200 agents found in the workplace have been identi-
fied (Chan-Yeung, 2004), including allergens such as
animal danders, wheat flour, psyllium, and enzymes,
which cause airway narrowing through IgE-mediated
responses. Some chemicals, such as platinum salts, also
act as haptens by binding to albumin, against which IgE
antibodies develop. In contrast, other chemicals, including
low-molecular-weight (LMW) substances such as isocya-
nates, acid anhydrides, ethanolamines, complex amines,
and plicatic acid, are occupational sensitizers to which
specific IgE or immunoglobulin G (IgG) antibodies have
not been clearly implicated.

When occupational chemical sensitizers are inhaled by
a sensitized subject in the laboratory, an early asthmatic
response can often be elicited, similar to that induced by
allergen. This can be followed by a late asthmatic
response. Some differences may exist, however, between
the response to inhaled allergens and to chemical sensiti-
zers. For example, isolated early responses are unusual;
the onset of the late response can occur earlier than with
allergen, and the prevalence of isolated late responses is
higher than with allergen. The airway inflammatory
responses caused by occupational sensitizers do not
appear to differ substantially from other causes of asthma,
such as environmental allergens.

When occupational sensitization is suspected to cause
asthma, it is important to establish carefully whether
sensitization has occurred, because this form of asthma
is potentially curable by removing the worker from the
sensitizing agent. Alternatively, asthma may become per-
sistent if exposure is continued. In addition, it is now
clearly established that, as with allergen exposure, expo-
sure to the occupational sensitizing agent causes AHR and
that removal from the sensitizing agent can allow AHR to
return to normal. Thus the prognosis may be different
from non-occupational-induced asthma.
Exercise-Induced Bronchoconstriction

Exercise-induced bronchoconstriction (EIB) occurs in
70–80% of patients with currently symptomatic asthma
(McFadden and Gilbert, 1994). The bronchoconstriction
typically starts within 1–3min after exercise is completed
and can last for 1–2 h if untreated (Figure 7). The mag-
nitude of EIB correlates with the degree of AHR. There-
fore, in many patients with mild episodic asthma and only
mildly increased airway responsiveness, even strenuous
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exercise does not cause bronchoconstriction. Occasionally,
however, EIB can be the only manifestation of asthma.

EIB is probably caused by the airways’ efforts to warm
(to body temperature) and fully humidify the increased
volume of air inhaled during exercise. This process causes
the release of bronchoconstrictor mediators, most likely
from airway mast cells. The most important of these
mediators identified to date are the cysLTs (LTC4 and
LTD4) and histamine. In many asthmatic patients with
EIB, the episode of bronchoconstriction is followed by a
period during which exercise causes less bronchoconstric-
tion, and that with repeated bouts of exercise the broncho-
constriction can be abolished. This effect was labeled as
exercise refractoriness. The effect progressively increases
with repea ted exercise, however, and in some patients,
EIB can be abolished. Exercise refractoriness generally
lasts less than 4 h after a single episode of EIB. The most
probable mechanism causing exercise refractoriness in
asthmatics involves cysLT-mediated release of inhibitory
prostaglandins (e.g., PGE2).
Treatment of Asthma

Asthma treatment guidelines have been remarkably con-
sistent in identifying the goals and objectives of asthma
treatment (Global Initiative for Asthma, 2006):

1. to minimize or eliminate asthma symptoms;
2. to achieve the best possible lung function;
3. to prevent asthma exacerbations;
4. to do the above with the least possible medications;
5. to minimize short- and long-term adverse effects;
6. to educate the patient about the disease and the goals
of management.

One other important objective should be the preven-
tion of the decline in lung function and the development
of fixed airflow obstruction, which occurs in some asth-
matic patients. In addition to these goals and objectives,
each of these documents has described what is meant by
the term asthma control. This includes the above objec-
tives, but also includes minimizing the need for rescue
medications, such as inhaled b2-agonists to less than daily
use, minimizing the variability of flow rates that is char-
acteristic of asthma, as well as having normal activities of
daily living. Achieving this level of asthma control should
be an objective from the very first visit of the patient to
the treating physician. The pharmacological treatment of
asthma must only be considered in the context of asthma
education and avoidance of inducers of the disease.
Mild Persistent Asthma

Mild persistent asthmatic patients constitute a sizable
proportion of patients with the disease (up to 70% of all
asthmatic patients), who might be considered the silent
majority of asthmatic patients, because they rarely attend
their primary care physician with symptoms of asthma,
and even more rarely are seen in a secondary or tertiary
health-care setting, where most physicians with a focused
interest in asthma management are based.

The currently available evidence indicates that low
doses of ICS can often provide ideal asthma control and
reduce the risks of severe asthma exacerbations in both
children and adults with mild persistent asthma, and
should be the treatment of choice (Pauwels et al., 2003).
There is no convincing evidence that regular use of
combination therapy with ICS and inhaled long-acting
b2-agonists (LABA) provides any additional benefit. Inter-
mittent ICS therapy at the time of an exacerbation has
also been suggested to be an effective treatment strategy
for mild persistent asthma, but for most important out-
comes is less effective than low-dose regular therapy. Leu-
kotriene receptor antagonists are another treatment option
in this population, but they are also less effective than low-
dose ICS. There are considerable interindividual and
intraindividual differences in responses to any therapy.
This is also true for response to treatment with ICS and
LTRA in both adults and in children. While on average,
ICS improve almost all asthma outcomes more than LTRA,
there may be some patients who show a greater response to
LTRAs. Currently, it is not possible to accurately identify
these responders based on their clinical, physiological, or
pharmacogenomic characteristics.

The other issue that needs to be considered when
making a decision to start ICS treatment in mild asthma
is the potential for side effects. ICS are not metabolized in
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the lungs and every molecule of ICS that is administered
into the lungs is absorbed into the systemic circulation.
All of the studies in patients with mild persistent asthma
have used low doses of ICS (maximal doses, 400 mg/day).
There is a wealth of data demonstrating the safety of these
low doses, even used long term, in adults. However, a
significant reduction in growth velocity has been demon-
strated with low doses of ICS in children. This is unlikely
to have any effect on the final height of these children, as
the one study that has followed children treated with ICS
to final height did not show any detrimental effect, even
with a moderate daily ICS dose.
Moderate Persistent Asthma

Moderate persistent asthma describes those patients
whose asthma is not well controlled on low doses of ICS
(�500 mg of beclomethasone or its equivalent for other
ICS in adults, and � 250 mg in children). Asthma treat-
ment guidelines recommend that combination therapy
with ICS and a LABA is the preferred treatment option
in these patients (Global Initiative for Asthma, 2006). This
is because the use of combination treatment of ICS and
LABA for moderate persistent asthma has also been
demonstrated to improve all indicators of asthma control,
when compared to ICS alone. It is important to note
that the evidence of the enhanced benefit of combination
therapy with ICS and LABA in moderate persistent asthma
exists mainly in adult asthmatics. Another recently
described treatment approach for the management of mod-
erate asthma is the use of an inhaler containing the combi-
nation of the ICS, budesonide, and the LABA, formoterol,
both as maintenance and as relief therapy, which has been
shown to reduce the risk of severe asthma exacerbations
when compared to the other approaches studied, with an
associated reduction in oral corticosteroid use.

Several studies have compared clinical benefit when
LTRAs are added to ICS in patients with moderate per-
sistent asthma in both adults and children. The addition of
LTRAs to ICSs may modestly improve asthma control
compared with ICS alone, but this strategy cannot be
recommended as a substitute for increasing the dose of
ICS. In addition, LTRAs have been shown to be less
effective than LABAs when combined with ICS. Low-
dose theophylline has also been evaluated as an add-on
therapy to ICS. The magnitude of benefit achieved is less
than for LABAs. Another potential treatment option for
patients with moderate asthma is omalizumab, which is a
recombinant humanized monoclonal antibody against
IgE. This anti-IgE antibody forms complexes with free
IgE, thus blocking the interaction between IgE and effec-
ter cells, reduces serum concentrations of free IgE. When
compared with placebo in patients on moderate to high
doses of inhaled corticosteroids, omalizumab reduces
asthma exacerbations and enables a small, but statistically
significant, reduction in the dose of ICS. However, this
treatment has not been compared with proven additive
therapies such as LABAs, which are less expensive. There-
fore, this therapy is not currently recommended in inter-
national guidelines for patients with moderate asthma.
Severe Persistent Asthma

Severe asthmatic patients are those who do not respond
adequately to even high doses of ICS and LABAs. This
population disproportionately consumes health-care
resources related to asthma. Physiologically, these patients
often have air trapping, airway collapsibility, and a high
degree of AHR. Often this population will require oral
corticosteroids in addition to ICS in an effort to achieve
asthma control.
Use of Biomarkers to Guide Therapy

Examination of markers of inflammation would intui-
tively help to better guide the use of anti-inflammatory
therapy. Currently, two tests are available for clinical use.
Total and differential cell counts in sputum and fraction
of nitric oxide (FeNO) in exhaled breath are both reliable
and reproducible. Using sputum cell counts, eosinophilic
bronchitis has been shown to be steroid responsive,
whereas noneosinophilic bronchitis is usually not. Also,
an eosinophilic bronchitis in an asymptomatic patient is a
predictor for an exacerbation and therefore requires to be
suppressed with an increase in the dose of ICS. While
trying to work out the minimum dose of ICS in an
individual patient, it is prudent not to reduce the dose
in a patient whose asthma is well controlled if the per-
centage of eosinophil count is greater than 2%.

A raised level of FeNO in exhaled breath is associated
with loss of asthma control during reductions in ICS dose
and correlates moderately with eosinophilic bronchitis.
However, it is less able to discriminate eosinophilic from
noneosinophilic airway inflammation in patients on ICS.
The level of FeNO often decreases before the airway
eosinophilia is controlled. Also, FeNO levels are a reflec-
tion of the nitric oxide synthase enzyme activity in a
number of cells in the airway, notably the airway epithe-
lium, and are nonspecific. FeNO may also increase with a
noneosinophilic bronchitis. Monitoring levels of FeNO
can be used to guide asthma therapy, as this strategy
enables a reduction in the maintenance dose of ICS;
however, it does not provide a reduction in the rates of
asthma exacerbations. Thus, while the measurement is
easy to use, particularly in children, its precise role in
improving therapy of moderate asthma needs further
evaluation, particularly when it is associated with a non-
eosinophilic bronchitis.
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Conclusions

Asthma is a very common disease, whose prevalence has
been increasing worldwide in the past 30 years. In some
countries, more than 20% of children are being treated for
asthma. Asthma is a chronic inflammatory disease of the
airways, with a number of initiating factors identified,
including environmental allergens, viral infections, and
volatile molecules or allergens in the workplace. Variable
airflow obstruction and airway hyperresponsiveness are the
physiological hallmarks of asthma and a variety of stimuli,
such as exercise, atmospheric pollutants, and strong
smells can induce airflow obstruction and symptoms in
asthmatic patients. Inhaled corticosteroids are the mainstay
of treatment of persistent asthma and these medications in
combinations with long-acting inhaled b2-agonists are
effective in many patients if inhaled corticosteroids are
not providing optimal asthma control.

See also: Indoor Air Pollution/Developing Countries; Lung

Diseases, Occupational; Smoking, The Burden of Mor-

tality of.
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Introduction
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Demography
Aboriginal and Torres Strait Islander peoples have been
the original inhabitants for over 40 000 years. There
are no accurate estimates of the size of their populations
before European settlement in the late 1700s. However,
following colonization, the indigenous population
decreased rapidly as a result of introduced disease, violent
dispossession of land, and repressive disruption of cul-
ture and communities; this decline continued well into
the twentiet h century ( Austral ian Bureau of Statist ics
[ABS], 2007 ).

Today, Australia is home to an estimated 20.3million
people. The population represents a great diversity of
ethnic backgrounds, resulting from waves of migration
from many countries over the last two centuries. In 2005,



256 Australia and New Zealand, Health Systems of
people born overseas made up almost one-quarter (24%)
of the total population. In 2001, the indigenous population
was estimated to be 2.4% of the total population.

The population is contained in six states, two major
mainland territories, and other minor offshore territories.
The states are New South Wales, Victoria, Queensland,
South Aus
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distribution presents challenges in ensuring appropriate
access for nonmetropolitan communities to preventive
and treatment-based health services. Indigenous people
are also more likely to live in very remote areas than
nonindigenous people.

Australia’s population is aging because of continued
low fertility, and increased life expectancy, leading to
proportionally more older people in the population. How-
ever, the indigenous population is relatively young, with a
median age of 21 years, compared with 36 years for the
nonindigenous population (Figure 3).

It is predicted that the population’s health will con-
tinue to improve in Australia and, as it does, the number of
people living into older age will increase, together with
the average age of the population. As life expectancy rises,
the chance of living long enough to suffer from age-
related diseases and disability also increases. It is likely
that age-adjusted morbidity rates may decrease over the
next decade for cardiovascular diseases and injuries, but
increase for cancer, diabetes mellitus, dementia, and men-
tal health disorders (Australian Institute of Health and
Welfare [AIHW], 2002).
Economy and government

Australia is a prosperous nation with an established capi-
talist economy. It has an internationally high standard of
living and a gross domestic product (GDP) per capita
close to the average for the Organisation for Economic
Co-operation and Development (OECD). In recent years,
Australian GDP per capita has grown more rapidly than
the OECD average (ABS, 2007). However, significant
socioeconomic inequalities remain across the population,
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particularly for indigenous peoples and other disadvan-
taged Australians (Table 1).

The Commonwealth of Australia is a constitutional
monarchy with a federal system of government, within
which there are four divisions: commonwealth (federal),
state, territory, and local. As such, the formal powers of the
commonwealth Parliament are limited to areas of national
importance such as trade and commerce, taxation, foreign
relations, defense, immigration, and quarantine. However,
Constitutional amendments, commonwealth-state agree-
ments and the use of grants to the states and territories
have seen the commonwealth gain influence in regard
to other areas including industrial relations, financial
regulation, health, and education (ABS, 2007). The over-
lapping of certain fiscal and functional responsibilities
results in regular disagreement between the common-
wealth and the states and territories, especially in the
funding and administration of the health sector (Healy
et al., 2006).
Health of Australians

Historical trends
A substantial decline in mortality in Australia occurred
during the twentieth century, with a major improvement
in life expectancy. A ‘health transition’ occurred, from a
pattern of high mortality from infectious diseases to one
of lower overall mortality from noncommunicable dis-
eases and injury (Figure 4). From 1951, trends in death
rates from major causes were evident, with the rise and
partial fall of two ‘epidemics,’ coronary heart disease and
stroke, and lung cancer (Hetzel, 2001).
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Table 1 Key demographic and health indicators, Australiaa

Indicator Australia
Indigenous cf. total
populationb

Lowest cf. highest
socioeconomic statusc

Outcome indicators
Life expectancy (years)

At birth

Males 78.5 �17.2 years �3.8 years
Females 83.3 �17.2 years �2.2 years

At 65 years

Males 18.1 �7.4 years �1.5 years

Females 21.4 �9.4 years �0.9 years
Infant mortality (rate) 4.8 1.8 to 3.5 timesd 2.0 times

Avoidable mortality (rate) 176.6 3.7 times 1.8 times

Mortality (rate) 674.8 2.8 times 1.3 times
–Ischemic heart disease

Males 70.5 2.8 times 1.3 times

Females 58.7 3.2 times 1.3 times

–Lung cancer
Males 54.5 1.9 times 1.5 times

Females 23.7 2.0 times 1.3 times

–Female breast cancer 26.8 no difference no difference

Health status
Self-assessed health: % rating health as fair or poor 15.8 1.9 times 2.2

Chronic diseases
Diabetes (%)
Males 4.0 10.6 times 2.3 times

Females 3.2 4.0 times

Heart disease (%)

Males 4.0 4.6 times 2.0 times
Females 3.7 4.3 times

Risk factors
Current smokers, 18+ years (%)

Males 26.2 2.0 2.0 times
Females 20.4 2.5 2.0 times

Overweight (pre-obese), 15+ (%)

Males 40.5 0.8 times 0.9 times
Females 24.9 1.5 times 0.9 times

Obese, 15+ (%)

Males 17.8 0.6 times 1.4 times

Females 15.1 1.8 times 1.7 times
Health determinants
Educational participation (%) 78.6 0.6 times 0.8 times

Unemployment (%) 5.0 2.7 times 2.5 times

aData are for various time periods: life expectancy 2003–05 (1996–2001 for the indigenous estimates); infant mortality, 2003; avoidable

mortality, 1997–2000; chronic diseases, risk factors, and self-assessed health, 2004–05; educational participation, 2001; unemploy-

ment, 2003.
bIndigenous cf. total population’ shows the variation between the rate for the indigenous population and the rate for the total Australian

population. For mortality rates, the comparison is between indigenous deaths in selected States and the Northern Territory and the total
population for Australia.
cSocioeconomic status is based on the area of residence: comparison is between the most disadvantaged areas and least disadvan-

taged areas, each made up of approximately 20% of the population.
dShows range in IMR from selected states, from NSW (smallest difference between indigenous and total population) to WA (largest).

Note – Rates are: for infants, deaths under 12 months of age per 1000 live births; for avoidable mortality, potentially avoidable deaths
before age 75 years per 100 000 population, indirectly age-standardized. Educational participation is proportion of 16-year-olds in
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However, for indigenous peoples, the picture was sig-
nificantly worse. In the late 1990s, the life expectancy at
birth of indigenous Australians reflected life expectancies
that were a hundred years behind those for nonindigenous
people. Furthermore, the mortality rates for Australian
indigenous people were worse than for their indigenous
counterparts in Canada, New Zealand, Alaska, and other
parts of the United States. While significant gains in



Note: Age-standardized to the population at 30 June 1991.

Source: AIHW National Mortality Database.
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indigenous life expectancy have been made in the past
two decades in Canada, New Zealand, and the United
States, Australia has fallen significantly behind in improv-
ing the life expectancy of its indigenous peoples.

Current health status

Today, the overall Australian population is one of the
healthiest when compared internationally with indicators
such as life expectancy, birth and death rates, incidence of
disease, and self-perceptions of health status (Figure 5).
Australian life expectancy at birth, for example, is among
the highest worldwide. Its ranking among OECD
countries has improved markedly for mortality rates
from coronary heart disease, stroke, lung cancer, and trans-
port accidents. Smoking rates have reduced, and the
dental health of 12-year-old children is at the top of the
‘best’ third, as is mortality from accidental falls. However,
Australia’s ranking has fallen in relation to mortality from
suicide, diabetes, and respiratory diseases and for infants;
its ranking has not changed for prevalence of obesity,
which remains among the ‘worst’ third in the OECD
group (AIHW, 2006).

Self-assessed health status provides an indication of a
person’s perception of their overall health. In 2004–05, the
majority of Australians aged 15 years and over considered
themselves to be in good health, with 84% reporting their
health status as good, very good, or excellent. However,
29% of indigenous Australians reported their health as
fair or poor – nearly double the rate of nonindigenous
Australians (AIHW, 2006).
Regardless of how health is measured, good health is
not shared equally by all Australians. There are significant
differences in health depending on sex, age, area of resi-
dence, ethnic background, employment, income, and level
of education. Many of these differences are avoidable. As
indicated, Aboriginal and Torres Strait Islander peoples
generally have much poorer health than the population as
a whole; other vulnerable groups include disadvantaged
children and young people, people with mental illness,
those with disabilities, and the frail aged.

Socioeconomic disparities in health are evident in the
prevalence of chronic diseases (e.g., heart disease and dia-
betes) and their associated biomedical risk factors (such as
obesity and overweight, high blood pressure, smoking,
physical inactivity), which are an increasing social and
economic burden in Australia (seeTable 1). These diseases
are major contributors to the extent of illness, disability, and
premature mortality in the population, and are estimated
to make up the greatest proportion of the burden of disease,
mental health problems, and injury for the Australian pop-
ulation as a whole (about 80%), and for particular sub-
groups (Mathers et al., 2000).
The System to Address Indigenous Health
in Australia

One of the recommendations of the United NationsWork-
ing Group on Indigenous Health is the right to respect
indigenous peoples’ traditional medicin es and health

http://www.aihw.gov.au/publications/health/ah00
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aAverage number for 12 year olds.
bDaily smokers as a proportion of the population aged 15 years or over.
cLitres of pure alcohol per person aged 15 years or over.
dProportion of the population with a body mass index greater than 30.

Source: OECD 2005.

Figure 5 Australia’s ranking among OECD countries, selected indicators, 1987 and 2002. Reproduced with permission of the

Australian Institute of Health and Welfare (AIHW), originally published in Australia’s Health 2006. http://www.aihw.gov.au/publications/

index.cfm/title/10321.
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practic es (UN, 19 94). For Austral ia’s many dif f erent
Aborig inal and Tor res Stra it Islande r peopl es, coloniza-
tion re sulted in significant erosi on of culture, languages,
custom ary health pra ctices, and owner ship of spiritual
lands.

Unlike the individual istic bi omedical mode l, the
indigenous conce pt of health is broa d, encom passin g the
well -being of the whole communi ty and linked to the
health and spir it of their sacred lands. Thus, th e National
Aborig inal Health Strat egy def inition indicates tha t
achieving health and well-being is an attribut e of com-
muniti es as well as of the indivi duals within a communi ty,
and it ident ifies cultural well-being – along with physical,
social, and emoti onal well -being – as equally impor tant

http://www.aihw.gov.au/publications/index.cfm/title/10321
http://www.aihw.gov.au/publications/index.cfm/title/10321
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(National Aboriginal Health Strategy Working Party
[NAHSWP], 1989). Culture and identity are central to
Aboriginal perceptions of health and ill health.

Today, inequalities exist for Aboriginal and Torres
Strait Islander peoples at all ages and in all settings, the
result of detrimental events experienced throughout a
lifetime. The legacy of colonization produced pervasive
social and cultural change, and led to complex effects on
health and well-being, many of which have been cumula-
tive over generations. The resulting trauma, loss, and
disempowerment contributed to the further erosion of
culture and community, and undermined the holistic
nature of indigenous health and well-being; it is difficult
to determine the extent to which traditional approaches
to healing are still practiced in some form by Aboriginal
communities. Aboriginal and non-Aboriginal practitioners
and scholars have long identified social inequality, racism,
and oppression as the key issues affecting indigenous
well-being.

Over the last three decades, the indigenous population
has advocated for greater funding and control of cultur-
ally sensitive health services to address their health needs.
Today, the state and territory governments provide fund-
ing primarily through mainstream hospitals, community
clinics, and Aboriginal Community-Controlled Health
Services (ACCHS). The ACCHS approach to service
delivery is broad and encompasses an indigenous model
of health. The federal government provides funding for a
range of indigenous-specific primary health-care and sub-
stance misuse services, which are largely delivered in
community-based settings. However, most secondary
and all tertiary medical services are provided by the
mainstream health system, which remains largely insensi-
tive to the specific cultural needs of Aboriginal and Torres
Strait Islander peoples.

Despite their much poorer health status, average-per-
person expenditure on health goods and services for
indigenous Australians in 2001–02 was just 18% higher
than for the rest of the population (AIHW, 2006). There
are increasing numbers of trained Aboriginal and Torres
Strait health workers and indigenous medical and nursing
practitioners, but still far fewer than required, given the
perilous state of indigenous health.

Indigenous Australians are still more likely to live in
conditions considered to be unacceptable by general
Australian standards and detrimental to health: over-
crowding, poorly maintained buildings, high housing
costs relative to income, and, in many remote areas, a
lack of basic environmental health infrastructure, such as
adequate sanitation, water supplies, fresh and nutritious
food, and appropriate shelter.

In the period 1996–2001, life expectancy at birth for
indigenous Australians was estimated to be 59.4 years for
males and 64.8 years for females, compared with 76.6
years for all males and 82.0 years for all females for the
period 1998–2000: a substantial difference of approxi-
mately 17 years for both males and females. This situation
is overtly inequitable, and there is an urgent need to
remedy the profound disadvantage in health and well-
being experienced by indigenous Australians.
The Mainstream Australian Health System

Although Australia consistently ranks in the best-
performing group of countries for healthy life expectancy
and health expenditure per person, its dominant health
system is complex, largely biomedical in focus, and char-
acterized by a wide variety of service providers and fund-
ing and regulatory mechanisms (AIHW, 2006). Health
service providers include general and specialist medical
and nursing practitioners, other health professionals, hos-
pital staff, community health workers, pharmacists, and
some Aboriginal health workers.

Funding and expenditure

In 2004–05, health expenditure in Australia was AU$87.3
billion, representing 9.8% of GDP, and average health
services’ expenditure was AU$4319 per person (AIHW,
2006). The majority of health spending was funded by
governments (68%), with the federal government contri-
buting 46%; state, territory, and local governments 23%;
and the nongovernment sector funding 32%. Hospitals
represented the largest area of health expenditure (33% of
the total). Public hospitals accounted for AU$22.1 billion
and private hospitals for AU$6.9 billion. Other funding
sources included health insurers, private organizations,
and individual patients.

The overall health expenditure estimates mainly rep-
resent health spending on health goods and services, such
as pharmaceuticals, services by medical practitioners, and
hospital care, as well as related activities, such as research
and administration. It excludes areas such as the training
of health practitioners and the ‘insurance component’ of
private health insurance premiums; the former is regarded
as expenditure on education and the latter as expenditure
on insurance (AIHW, 2006).

The Australian health system is largely funded
through taxation and a small personal income tax-based
health insurance levy. The federal government’s contribu-
tion is made primarily via two national subsidy schemes:
Medicare and the Pharmaceutical Benefits Scheme (PBS).
These schemes subsidize payments for services provided
by doctors, optometrists, and psychologists, and for a high
proportion of prescription medications.

Medicare has operated since 1984, and its three objec-
tives are to make health care affordable for all Australians,
to give all Australians access to health-care services, and
to provide high-quality health care. In its present form,
the scheme guarantees all residents of Australia free pub-
lic hospital care, subsidized access to their doctor of
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choice for out-of-hospital care, and subsidized medica-
tions. Medicare and the PBS also provide larger rebates
for those who are eligible for income support payments
(such as for unemployment or disability), and there are
additional health-care provisions for members of the
defense forces, and war veterans and their dependants
(AIHW, 2006).

The PBS subsidizes the cost of a broad range of pre-
scription medications and is an integral part of Australia’s
health-care system. It is widely recognized as a world
leader in controlling government expenditure on pharma-
ceuticals, while providing consumers with equitable
access to affordable medicines. Before a medicine is sub-
sidized by the PBS, it is assessed by the Pharmaceutical
Benefits Advisory Committee for its clinical effectiveness,
safety, and cost-effectiveness compared with other treat-
ments. Once recommended, a price is negotiated between
the manufacturer and the federal government and the
medicine is listed. In 2005–06, the PBS had 168.3million
benefit prescriptions, representing a cost to the govern-
ment of AU$6163.1million.

Australians can also purchase insurance from private
health insurers to cover services in private hospitals, as
well as those provided in public hospitals for private patients
and associated medical services. Additional schemes cover
other allied health and other professional services, including
some complementary health services. In response to a
decline in private health insurance membership, the federal
government introduced a 30% rebate on membership fees
in 1999 and a policy of lifetime cover in 2000. For the three
months ending June 2006, the private health insurance
participation rate for the population was 43%.

Regulation
The federal government’s regulatory roles include over-
seeing the safety and quality of pharmaceutical and ther-
apeutic goods and appliances, managing international
quarantine and pandemic outbreaks, ensuring the safe
supply of blood products, and regulating the private health
insurance industry (AIHW, 2006). State and territory gov-
ernments are responsible for licensing private hospitals
(including free-standing day hospital facilities) and for
registering medical practitioners and other health profes-
sionals, and each state and territory has legislation relevant
to the operation of public hospitals, and to public health.
There is also a role for governments in the regulation of
food safety and product labeling, safe handling and disposal
of hazardous substances, sale of alcohol and tobacco pro-
ducts, air quality, and other relevant regulation. Local
governments within states and territories deliver most envi-
ronmental health programs (AIHW, 2006).

Hospital and health service operations

State and territory governments have principal responsi-
bility for the operation of the hospital and health-care
system. They receive substantial funding through the
Medicare agreements that exist between each state and
the federal government, and also apply state revenue to the
operation of recognized hospitals. These funds are also
applied to public health and preventive and community
health services, including mental health and dental ser-
vices, health promotion, immunization, injury prevention,
and screening programs for diseases such as breast and
cervical cancers (AIHW, 2006).

The private hospital system accounts for approxi-
mately 30% of total hospital expenditure, and private
hospitals receive their revenue from charges that are
largely reimbursed through private health insurance
funds. The private hospitals are a mixture of private, for-
profit, and taxable hospitals; charitable not-for-profit hos-
pitals; and community not-for-profit hospitals.

Health workforce
In 2005, there were almost 570 000 people working in
health occupations, of whom four in five (over 462 000)
were employed in the health services industry. The health
workforce has been undergoing considerable growth in
recent years, partially in response to shortages of certain
personnel (such as doctors, dentists, pharmacists, and
nurses) because of an aging workforce, changing work
practices, and demand in areas such as indigenous health,
rural health, and general practice.

Australia is currently dependent on overseas-trained
practitioners to fill vacancies in public hospitals and pri-
vate practice, particularly in rural and outer suburban
areas where locally trained professionals are reluctant to
work. The number of temporary resident overseas-trained
doctors arriving in Australia towork in ‘areas of need,’ such
as rural and remote areas, increased significantly over the
decade, from 667 in 1992–93 to 2899 in 2001–02 (Scott et al.,
2004). A considerable number of these doctors are from the
developing world: in 2001, 5.7% (2930) of the Australian
medical workforce was born in Africa or the Middle East
and 16% (8348) in Asia. Such practices serve to undermine
the viability of crucial health programs in poor countries
(Scott et al., 2004).

Health-care reform

Reform moves slowly in Australia as both tiers of gov-
ernment must concur on any proposed changes (Healy
et al., 2006). Recent initiatives include reform of the
Australian Health Care Agreements; efforts to address
national priorities by way of the Australian Health
Ministers’ Conference and the Council of Australian
Governments; national funding for the prevention of
chronic and complex conditions, electronic health
records, and improved safety and quality of hospital
care; and better national health information.

Ongoing areas of concern are indigenous health, rural
and remote health, socioeconomic disparities in health,
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cost containment, an aging workforce, and the increasing
burden of chronic conditions. The challenge for the health
system will be in managing the relationship between these
demands, the health workforce mix, and the levels, types,
and quality of services supplied in response.
New Zealand

Introduction

Geography

New Zealand, or Aotearoa (in Maori – the land of the
long white cloud), is an archipelago with over 700 offshore
islands, which lies in the southwest Pacific Ocean to the
east of Australia (Figure 6). Its three main islands, the
North and South islands and Stewart Island, are spread
over 1600 km and have 18 000 km of coastline, and an area
of 268 000 km2. The northern outlying islands are sub-
tropical in climate, while those in the south are subant-
arctic; between these extremes, the climate is cool to
temperate.
Demography

New Zealandwas the last habitable land mass in the world
to be discovered, by the ancestors of Maori, over 1000
years ago. In 1840, the country became a British colony
when more than 500 Maori chiefs and representatives of
the British monarch signed the Treaty of Waitangi. The
North Island

South Island

Tasman Sea

Pacific Ocean

Figure 6 Map of Aotearoa – New Zealand. Adapted from
Public Health Intelligence, NZ Ministry of Health.
Treaty still governs the relationship between the Crown
and Maori, and has been interpreted in the health system
through the principles of ‘partnership, protection and
participation’ (Ministry of Health, 2003).

Today, about one in seven New Zealanders identify
themselves ethnically as Maori. As the country’s original
inhabitants, Maori culture is a key element of the New
Zealand identity, and theMaori language (Te reo) is spoken
by more than 160 000 people. Maori are disadvantaged
compared to most other groups, with lower life expectancy,
living and housing standards, and educational attainments,
and poorer health. They share these characteristics with
Pacific Islander inhabitants.

New Zealand has an estimated 4.14million people,
including about 565 000 people identifying as Maori
(14.6% of total), 355 000 as Asian, and 266 000 as Pacific
peoples. European background remains the largest of the
major ethnic groups, totalling 2 609 592 (67.6%) in 2006.
The majority of the population resides in urban areas
(86%), and approximately three-quarters (76%) live in
the North Island (Figure 7).

The population of New Zealand is aging, although the
Maori population is younger than the New Zealand
population as a whole. The median age of the Maori
ethnic group was 22.8 years as of 30 June 2006,
13.1 years younger than that of the total population.
Only 3% of Maori are aged 65 years and over, compared
to 12% overall. The Pacific Island population is also a
younger population.
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Figure 7 Population density, New Zealand, 2001. Adapted

from Public Health Intelligence, NZ Ministry of Health.
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Economy and government
New Zealand has an established capitalist economy, with
a relatively high standard of living and a GDP per capita
below the OECD average in 2003. Its economic perfor-
mance improved significantly over the 1990s following a
sustained period of low economic growth during the
1980s. Significant socioeconomic inequalities exist across
the population: Maori and Pacific peoples are more dis-
advantaged on all socioeconomic indicators than New
Zealanders of European and other backgrounds.

New Zealand is a parliamentary democracy and a
constitutional monarchy. There is a single chamber in
the Parliament, whose powers are the approval of govern-
ment revenue raising and expenditure, and the enactment
of legislation. Maori have had separate representation in
the Parliament since 1867. More than 3000 Crown enti-
ties, funded by the state, perform a variety of functions.
Important Crown entities include 21 District Health
Boards (DHBs), which operate the country’s hospitals,
and nine Crown Research Institutes.
Health of New Zealanders

Historical trends

Over the last 130 years, there has been a shift from the
predominance of infectious diseases, and from significant
levels of infant and childhood mortality, to that of chronic
and degenerative diseases of late adulthood as the main
causes of death (Statistics New Zealand [NZ], 2006).
A major contributor to the decline in the size of the
Maori population until the 1890s was deaths in the New
Zealand Wars and associated dislocation, susceptibility to
disease, and reduced population in the reproductive ages
(Statistics NZ, 2006). This decline eased partly because
of improved health as Maori developed immunity to dis-
eases introduced by the non-Maori population. For a
small country, the impact of the two World Wars and
the 1918 influenza pandemic on death rates of all young
adults, especially males, was substantial.

Current health status

The New Zealand population is one of the healthiest
when compared internationally; for example, its life
expectancy is above that in the United States and the
UK, but slightly below that of Australia. Life expectancy
at birth overall for 2003–05 was 77.5 years for males and
81.7 years for females.

However, there are marked ethnic differences in life
expectancy. In 2000–02, male life expectancy at birth was
77.2 years for non-Maori and 69.0 years for Maori, a dif-
ference of 8.2 years. Female life expectancy at birth was
81.9 years for non-Maori and 73.2 years for Maori, a
difference of 8.8 years. Other health disparities are also
evident. For example, the overall infant mortality rate was
5.1 per 1000 live births in 2005, but was almost twice as
high for the Maori population. In the National Health
Survey 2002–03, non-Maori adults generally rated their
health higher than Maori adults.

Since the 1990s, improvements in New Zealanders’
health have been most evident for ischemic heart disease,
cervical cancer, road traffic injuries, alcohol-related dis-
eases, and control over HIV/AIDS. Other conditions have
continued to increase, however, such as diabetes (French
et al., 2001). Cancer has been the leading cause of death since
1993; other major causes are heart and cerebrovascular
disease. In 2003, New Zealand’s all-ages suicide rate was
the sixth highest among selectedOECD countries for males
and the fourth highest for females. Some key health indica-
tors and disparities in health indicators are in Table 2.

In 2006, almost one in four New Zealanders aged
15 years or above were smokers (23.5%); Maori smoking
rates (45%) were almost twice those of non-Maori, with
elevated rates also apparent for Pacific Islander people
(37%). More Maori people (proportionally) die from
heart disease, lung cancer, and chronic respiratory dis-
eases than non-Maori. Despite the continued disparities
in health, there have been some gains for Maori health
over the last decade, with an improvement in areas such as
asthma and other respiratory problems, immunization,
and mental health (French et al., 2001).
The System to Address Maori Health in
New Zealand

Prior to European settlement, Maori customs, similar to
those of other Polynesian peoples of Pacific islands, recog-
nized land as the sacred trust and asset of the people as a
whole community. After colonization, the loss of ancestral
land undermined Maori identity and well-being and the
social links between families and within tribes; thus with
the loss of the resources necessary to sustain well-being,
the health of the people also deteriorated (Durie, 2001).

The Maori philosophy towards health, Te Whare Tapa
Wha, is based on a wellness or holistic health model – a
four-sided concept representing four basic beliefs of life:
TeTahaHinengaro (psychological health), TeTahaWairua
(spiritual health), Te Taha Tinana (physical health), and Te
Taha Whanau (family health). Knowledge of whakapapa
(one’s ancestry) and whenua (land) are also important.

It was not until 1983 that the Department of Health
allowed awhina (healers) to work alongside doctors in hos-
pitals. There has been a growing awareness that the key to
Maori wellness lies in a more holistic approach; and that
rongoa Maori (traditional Maori healing) practitioners and
practices need to be combined with Western health meth-
ods to give people the best of both healing systems.



Table 2 Key demographic and health indicators, New

Zealanda

Indicator
New
Zealand

Maori cf. total
populationb

Outcome indicators
Life expectancy (years)

At birth
Males 76.3 �7.3 years

Females 81.14 �7.9 years

Infant mortality (rate) 6.5 1.5 times

Avoidable mortality (rate) 219.3 2.7 times
Mortality (rate)

–Ischemic heart disease

Males 144.0 1.9 times
Females 71.0 2.3 times

–Lung cancer

Males 36.4 2.5 times

Females 20.0 4.0 times
–Female breast cancer 23.0 1.5 times

Chronic diseases, 15+ years
Diabetes (%)

Males 4.5 2.1 times
Females 3.7 1.8 times

Heart disease (%)

Males 9.6 1.4 times
Females 8.4 1.3 times

Stroke (%)

Males 1.9 1.3 times

Females 1.5 1.9 times
Risk factors
Current smokers (% age � 15 y)

Males 23.7 1.8 times

Females 22.2 2.2 times
Overweight (not obese) (%)

Males 42.1 0.9 times

Females 28.4 1.2 times
Obese (%)

Males 20.1 1.5 times

Females 21.7 1.3 times

Health determinants
School completion (%) 64 1.6 times

Unemployment (%) 4.7 1.5 times

aData are for various time periods: life expectancy 2001; infant
mortality rate 2000; avoidable mortality rate, 1997–2000; morta-

lity, 1997–2001; chronic diseases and risk factors, 2002–03;

school completion, 2000; unemployment, 2003.
b‘Indigenous compared with total population shows the

variation between the rate for the indigenous population and
the rate for the total New Zealand population. Note – Rates

are: for infants, deaths under 12 months of age per 1 000 live

births; for avoidable mortality, potentially avoidable deaths
before age 75 years per 100 000 population, indirectly age-

standardized; for mortality by cause, deaths per 100 000 pop-

ulation, directly age-standardized. Risk factor expressed as

percentage (crude) and comparison with Maori based on
percentage (standardized). School completion is proportion

of the population completing 6th Form Higher Certificate or

higher; unemployment is the proportion of the labor force
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Today, health policy for Maori people is governed by
He Korowai Oranga, the Maori Health Strategy (2002).
All primary health organizations (PHOs) are required to
develop a Maori Health Action Plan appropriate to the
needs of their enrolled population, to contribute toward
reducing health inequalities. In addition, Maori-led
programs designed to improve health-care access are
aimed at developing Maori provider services and sup-
porting self-sufficiency, and enhancing mainstream ser-
vices through provision of culturally safe care.

There is a shortage of health professionals with an
understanding of Maori and Pacific health perspectives
and cultures. To this end, the government has adopted the
Raranga Tupuake Maori Workforce Development Plan
2006, with the aims of removing barriers to Maori and
Pacific people entering the health workforce, actively
attracting Maori and Pacific people into the sector, and
implementing measures to retain existing workers (Health
Workforce Advisory Committee, 2006).

Continuing disparities in health between Maori and
other New Zealanders are an indicator that more remains
to be done. The achievement of good health for Maori
people necessitates an approach that goes beyond building
the capacity of Maori to manage their own health needs
and the provision of Maori specific health services. It also
requires access to culture and heritage, amelioration of
existing socioeconomic inequities, and greater opportu-
nities for cultural expression within society’s institutions.
The Mainstream New Zealand Health System

The organization of these health services in New Zealand
has undergone considerable change in the last decade,
from a ‘purchaser/provider,’ market-orientedmodel intro-
duced in 1993, to a more community-oriented model. In
2000, the purchase and provision of services were brought
back together into the same organizations, and decision
making was devolved to 21 community-focused DHBs.

The Minister works through the Ministry of Health to
enter into accountability arrangements with DHBs, deter-
mines the health strategy, and agrees with government col-
leagues how much public money will be spent on the
delivery of services. DHBs are Crown entities responsible
to the Minister of Health (administration is through the
Ministry of Health). Each board has up to eleven members,
seven of whom are elected by the community, aminority are
appointed by the Minister, and at least two must be Maori.

DHBs are responsible for planning, funding, and
ensuring the provision of health and disability services
to a geographically defined population, in keeping with
national priorities and Ministry guidelines on essential
service provision (Ministry of Health, 2005). Services
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are delivered by a range of providers including public
hospitals, nonprofit health agencies, iwi (tribal) groups,
or private organizations. Funding is allocated to DHBs
using a weighted population-based funding formula.

Funding and expenditure

The New Zealand health-care system is predominantly a
publicly financed system, with the government funding
78% of national health-care expenditures. Private health
insurance payments account for only 6% of national health
expenditures, with the remaining 16% paid by individuals.
Although the private health insurance share of national
health expenditures is modest, about 40% of New Zealand
adults had private health insurance in 2002–03.

In 2001, New Zealand’s public expenditure on health
was equivalent to 8.1% of GDP, similar to the OECD
average of 8.3%, and total health expenditure was approx-
imately NZ$9.9 billion.

Regulation and operation of the health system

Government funding of health services means that all
New Zealand residents receive free inpatient and outpa-
tient public hospital services, and subsidies on prescrip-
tion medications. The New Zealand Public Health and
Disability Act 2000 gives DHBs overall responsibility for
assessing the health and disability needs of communities
in their regions, and for managing resources and service
delivery to best meet those needs.

The New Zealand Health Strategy (2000) provided an
overall framework for the health sector. In July 2002, not-
for-profit PHOs began operating under the PrimaryHealth
Care Strategy (2001) to promote a population focus to
health service delivery, with particular emphasis on reduc-
ing the cost of access to services. To support this direction,
the PHOs are funded on a population basis through a needs-
based capitation formula. This aims to reduce inequalities
by directing resources to communities in greatest need.

This represented a new direction for primary health
care, with a greater emphasis on population health and the
role of the community, health promotion, and preventive
care. PHOs involve a team of health professionals offering
public health and health promotion initiatives, and primary
care for their enrolled populations. Community participa-
tion in the PHO governing process allows people a voice in
the planning and delivery of services in their communities.

In 2005, over three million people had access to
reduced cost visits to their PHO practices, paying no
more than NZ$3.00 for most of their medicines and
increasingly able to use a growing range of primary health
services within their communities (Ministry of Health,
2005). Improved health outcomes are being demonstrated
at a population level.

New Zealanders have had access to subsidized phar-
maceutical drugs since the 1930s. Since 1993, the
Pharmaceutical Management Agency of New Zealand
(Pharmac) has managed around 2600 prescription medi-
cines and related products subsidized by the government.
Many drugs are purchased in bulk by Pharmac by way of a
tendering system, which helps contain the cost of drugs.
Those on low incomes or who are high health-care users
receive subsidies for medical and pharmaceutical costs.
In 2005–06, the Community Pharmaceutical budget was
NZ$583 million.

Public hospitals are fully funded by the central govern-
ment. They provide emergency and advanced medical care
free of charge. There are also private, fee-charging hospitals
that are used mostly for nonurgent surgery. General dental
care for adults is not funded by the government in New
Zealand, although basic dental care for eligible school
children is free up to 18 years of age.

Health workforce

In 2001, there were 8615 registered medical practi-
tioners in New Zealand. However, as a small country,
New Zealand has difficulty retaining its medical and
other health graduates, losing many practitioners to other
countries able to offer better remuneration and working
conditions. In 2002, up to 36% of medical graduates of
working age failed to renew their annual practicing certi-
ficates, equating to a loss of approximately 3000 doctors of
current working age (HealthWorkforce Advisory Commit-
tee, 2006). Consequently, New Zealand has the highest
proportion of overseas-trained doctors (34.5% of its medi-
cal workforce) of any Western country.

There is also evidence that the situation may worsen.
Models produced by the New Zealand Institute of Eco-
nomic Research (2004) forecast a significant shortage
of health workers, including medical practitioners. The
aging population, greater incidence of key chronic dis-
eases, and changing expectations of practitioners and
consumers are likely to further increase pressure on the
existing New Zealand health workforce.

Health-care reform

The New Zealand health system has undergone numer-
ous waves of change since the early 1990s. A move away
from a competitive, market-driven model, to one that
focuses more on improved population health and greater
consultation with health-care providers and communities
regarding the strategic directions of the health system, has
improved waning public confidence (French et al., 2001).
Issues of equity of health outcomes across the population
remain an ongoing challenge, particularly for Maori and
Pacific Islander peoples and others who are socioecono-
mically disadvantaged.

See also: The Health Care of Indigenous Peoples/Nations;

Health Inequalities; Innovative Financing of Health Promo-

tion; Populations at Special Health Risk: Indigenous

Populations; Public/Private Mix in Health Systems.
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B cells Lymphocytes that mature primarily in the

bone marrow.

Chemokines Cytokines that attract cells.

Cytokines Proteins made by cells that affect the

behavior of other cells.

Haplotype A linked family of genes, such as the

MHC.

HLA Human leukocytes antigen, the human MHC.
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Lymphocyte A small round white cell circulating in

the blood or found in tissue; it bears a receptor for a

specific antigen.

Major histocompatibility complex (MHC) A gene

segment encoding the antigens primarily responsible

for organ and tissue rejection and regulatory immune

responses.

T cells Lymphocytes that mature in the thymus.
Introduction

Autoimmune diseases represent a family of at least 80
illnesses that share a common pathogenesis, namely an
immune-mediated attack by the body on its own organs,
tissues, and cells. They can affect any site in the body and
so their clinical manifestations are highly variable. While
most of these diseases individually are rare, collectively
they are among the most common diseases in industria-
lized societies. They represent increasing threats to public
health around the world because their prevalence is rising
in developing as well as more developed countries. The
disease is often disabling, leading to loss of organ function
and decreased productivity, requiring extensive care.
Since cures are not available for any of the autoimmune
diseases and most are unremitting, patients may face a
lifetime of debilitating illness and costly treatment.
Because most of the autoimmune diseases disproportion-
ately afflict women, particularly in their childbearing
years, they impose an especially heavy burden on families
and on society generally as well as on patients themselves.

This article will summarize our present understanding
of the dimensions of the autoimmune disease problem,
our understanding of the etiology of the diseases, the
available approaches to treatment and prevention, and
the directions of present and future research. Emphasis
is placed on issues in the study of the autoimmune dis-
eases that relate to public health.
The Dimensions of the Problem

Unfortunately, we currently lack regular vital statistics on
the incidence and prevalence of the autoimmune diseases,
as they are not reportable in any country. Hospital dis-
charge data provide primary and secondary diagnoses, but
fail to reflect the true morbidity because most patients are
seen only in the outpatient setting or physician’s offices.

The most recent approximations of incidence and
prevalence of the autoimmune diseases include only 24
of the estimated 80 autoimmune diseases. They suggest
an annual incidence of 1.3 per 1000 females and 0.5 per
1000males in the United States in 1996. However, many
of the studies on which these figures were based were
carried out more than 20 or 30 years ago, and there are
now strong data showing that the incidence of many of the
autoimmune diseases, such as type 1 diabetes mellitus and
multiple sclerosis, are increasing. Furthermore, the data
are based entirely on the industrialized countries of North
American and Europe; there are virtually no reliable
estimates from the developing countries.

Analyses have also estimated the prevalence of autoim-
mune disease in the United States in 1996 at 8.5 million,
or 3.2% of the population, having at least one of the 24
autoimmune diseases. More recent estimates by the
National Institutes of Health range from 5 to 8% of the
U.S. population, which amounted to 14.7–23.5million peo-
ple in 2004. One study has estimated the combined mor-
tality from these 24 diseases in the United States and found
that they are among the top ten leading causes of death for
women in every age group up to 64 years of age.

One of the most striking features of the distribution of
the autoimmune diseases in the population is their dis-
proportionate effect on women. For some autoimmune
diseases such as thyroiditis, scleroderma, lupus, and Sjö-
gren’s syndrome, more than 85% of the patients are
women. There is, however, a spectrum of sex-related
incidences so that some diseases such as multiple sclero-
sis, myasthenia gravis, and inflammatory bowel disease
show much smaller sex-related discrepancies. Type
I diabetes mellitus affects men and women almost equally
and, in a few cases such as myocarditis and ankylosing
spondylitis, men are more frequently involved. Age is also
an important determinant since many of the best-studied
autoimmune diseases such as lupus and multiple sclerosis
are most common in women during their childbearing
years. On the other hand, rheumatoid arthritis and the
autoimmune thyroid diseases, Hashimoto’s thyroiditis,
and Graves’ disease, are more common in older women,
whereas type I diabetes mellitus and rheumatic heart
disease often begin in juveniles.

There are also marked differences related to race
and ethnicity. For example, Americans of African origin
are at much higher risk for lupus and scleroderma than
are Americans of European origin. On the other hand,
African-Americans have a lower risk of thyroiditis, type I
diabetes, and multiple sclerosis. Asians initially have low
rates for most autoimmune diseases such as thyroiditis,
multiple sclerosis, and type I diabetes, but these rates
tend to increase as Asians move to the United Kingdom.
These observations point to the difficulty in separating
genetic from environmental influences on the initiation of
autoimmune disease.

The financial burden of disease includes not only the
amount spent for direct health care of people affected, but
also the total cost to society. In the case of the autoim-
mune diseases, the financial burden falls not only on the
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individuals who are ill, but also on their families and their
associates, a burden heightened by lost income. To the
public generally, the cost of health care and insurance are
affected directly. These diseases are clearly a major socie-
tal expense, especially because so many of them require
lifelong treatment.
Etiology and Pathogenesis

Common to all autoimmune diseases is an impaired
immune function that results in a response harmful to
the body’s functions. The principal job of the immune
system is to recognize and respond to the universe of
foreign agents that may enter the body by a parenteral
route. Normally a number of mechanisms are in place that
serve to eliminate or at least limit immune responses to
contents of the body itself. When these controlling
mechanisms are deficient or when the stimulus is suffi-
ciently strong to overcome them, an unchecked autoim-
mune response can result in disease.
Genetic Factors

The risk of developing an autoimmune disease is partly
inherited. Frequently, multiple cases of autoimmune
disease occur in the same family. Controlled epidemio-
logical studies comparing the occurrence of autoimmune
disease in genetically identical twins to the occurrence of
these same diseases in nonidentical twins have shown
concurrence rates between 15 and 50%, with a median
of approximately 30%. In contrast, nonidentical twins
have about the same risk of developing an autoimmune
disease as other siblings, approximately 2–5%, a figure
that is still higher than the general population. Therefore,
heredity may account for as much as one-third of the risk
of developing an autoimmune disease.

In most instances, it seems that the risk results from the
accretion of a number of genes acting in diverse ways. Of
the known genes, the most prominent ones are numbers
of the major histocompatibility complex (MHC). These
are the genes that determine cellular interaction. Some of
these genes control key steps in the immune response,
especially those related to recognition of specific antigens
by T cells. It is not surprising, therefore, that virtually all
autoimmune diseases show some relationship to the
human MHC (referred to as HLA) haplotype of the host.

Other prominent groups of genes are associated
with the regulation of the immune process itself. These
include genes involved in signaling the T cell (such as
CTLA-4) or producing particular cytokines, chemokines,
or other immunoregulatory molecules. The involvement
of these regulatory genes may explain the frequent clini-
cal observation that a patient with one autoimmune dis-
ease is inordinately susceptible to a second or even third
autoimmune disorder. Sometimes these relationships are
very strong; for example, a large proportion of patients
with thyroiditis are at significant risk for developing type
I diabetes, pernicious anemia, or other endocrinopathies.
Vitiligo serves as an early sign for a number of autoim-
mune diseases such as thyroiditis.
Environmental Factors

If approximately one-third of the risk of developing an
autoimmune disease is attributable to heritable factors,
the remainder can be attributed to noninherited events.
Some of these events are associated with the epigenetic
changes that occur normally during cell proliferation and
differentiation. The immune system, in particular, fea-
tures a large measure of genetic randomness due to the
reassortment mechanisms used for generating the huge
number of receptors necessary to recognize the broad
range of present and potential pathogens. Thus, identical
twins will not have identical immune systems.

Beyond the stochastic variations of the immune system,
it is clear that external agents can play a role in instigating
or intensifying autoimmune processes. For example, a
number of drugs such as procainamide and hydralazine
have been associatedwith a lupus-like syndrome in a small
number of genetically susceptible individuals. Other drugs
have been described as precipitating agents in some cases
of hemolytic anemia, thrombocytopenia, and leukopenia.
Characteristically, drug-induced autoimmune diseases
remit when the drug is discontinued.

A large number of other environmental agents have
been implicated in the initiation of autoimmune disease,
although often the evidence is indirect and circumstantial.
Heavy metals, especially mercury, are known to induce
autoimmune processes in genetically susceptible experi-
mental animals and may well be responsible for autoim-
mune disease in some humans. Other examples of possible
relationships between autoimmune disease and environ-
mental exposures include organic compounds, such as the
halogenated hydrocarbons. A few epidemiologic studies
have suggested that occupational exposure to pesticides
may increase the probability of developing autoimmune
disease in farm workers. Exposure to silica has been
implicated in systemic sclerosis and possibly other auto-
immune disorders, especially in miners.

Several dietary factors have been studied in some
detail. For example, selenium deficiency has been linked
to autoimmune thyroiditis and cardiomyopathy in certain
populations. Supplementation of the diet with iodine has
been associated with an increase in Hashimoto’s thyroid-
itis in epidemiologic and experimental studies.

Infectious organisms are the most commonly cited
environmental agents to use as triggers of autoimmune
disease. The classic example is the beta hemolytic strep-
tococcus, which has long been implicated in the
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development of rheumatic fever. Acute Guillain-Barré
syndrome has been associated with chlamydial infections
as well as other microbial infections. Reactive arthritis has
been linked to intestinal bacterial infections. Several stud-
ies have suggested that group B Coxsackieviruses are
involved in type I diabetes mellitus. A number of recent
reports have called attention to the possible role of
Epstein-Barr virus in lupus, rheumatoid arthritis, and
perhaps other autoimmune disorders.

Despite many studies, however, it has been difficult to
tightly tie a particular microorganism to a particular
human autoimmune disease. Part of the problem is that
the same microorganism seems capable of inducing a
number of different autoimmune disorders depending
upon the genetics and age of the host. The beta hemolytic
streptococcus, for example, can induce both heart disease
and a pediatric form of obsessive-compulsive disorder
referred to as PANDAS. The group B Coxsackieviruses
have been associated with both myocarditis and type
I diabetes. Conversely, it seems that a number of different
microorganisms can predispose to the same disease. For
example, many different viruses have been reported to
serve as the trigger agent of multiple sclerosis. The prob-
lem in establishing a linkage, however, is that the onset of
disease may occur years after exposure. In the case of
multiple sclerosis, for example, children moving from
areas of relatively high prevalence of the disease before
puberty to one of low incidence retain their height-
ened susceptibility, whereas children moving from low-
incidence areas retain their relatively protected status.
These observations suggest that early childhood exposure
to a particular infection may lead to autoimmune con-
sequences years or even decades later.
Sex Differences

The dramatic differences in the prevalence of autoim-
mune disease between men and women suggest that sex
hormones such as estrogens may be important in the
etiology or pathogenesis of these disorders. Estrogens can
stimulate B cell proliferation, antibody production, and
release of cytokine mediators and therefore may enhance
the development of B cell-mediated autoimmune disease.
Yet estrogenic hormones may have dramatically different
effects in different forms of autoimmune disease. Some
diseases such as rheumatoid arthritis, multiple sclerosis,
and thyroiditis generally remit during pregnancy, whereas
others such as lupus do not, and may even exacerbate.
A better understanding of the role of estrogenic hormones
is of the greatest importance in accessing the risk of hor-
mone replacement treatments. In addition, many natural
and synthetic chemicals that have estrogenic or antiestro-
genic activities such as insecticides and herbal products
need more attention by public health investigators.
In addition to steroid hormones, several protein hor-
mones act differently in men and women. Prolactin is
elevated in several autoimmune disorders and is believed
to enhance autoimmunity. These hormones may act
directly or indirectly to produce sex-based differences in
autoimmune disease. Finally, microchimerism resulting
from the passage of maternal lymphocytes into the fetal
circulation or fetal lymphocytes into the bloodstream of
the mother has been suggested as a mechanism for induc-
tion of autoimmune diseases such as schleroderma.
Treatment and Prevention

The first step in treating autoimmune disease is to estab-
lish a proper diagnosis. The task is made difficult, how-
ever, because these diseases can be subtle in onset and
diverse in clinical manifestations. Often characteristic
symptoms are not present before the disease has reached
a relatively advanced stage. Diagnosis depends first upon
careful clinical evaluation, including a thorough assess-
ment of family and social history and possible environ-
mental exposures. In some cases, a list of characteristic
signs and symptoms has been agreed upon by professional
societies as a basis for epidemiologic studies, as exempli-
fied by lupus and rheumatoid arthritis. In most cases, the
available clinical evidence is sufficiently variable that a
precise diagnosis is difficult. In these cases, laboratory
testing can be of great value.

Virtually all autoimmune diseases are marked by the
presence of particular autoantibodies or of a characteristic
panel of autoantibodies. While not in themselves diagnos-
tic, the demonstration of autoantibodies supports the
diagnosis. Sometimes the absence of autoantibodies can
be useful in excluding a particular autoimmune disorder.
Unfortunately, however, most tests for autoantibodies are
not well standardized and the results obtained in different
laboratories by different methods may not be comparable.
Better standardization of autoantibody testing remains an
important public health objective.

There is often a long period of time between the
initiation of a destructive autoimmune process and the
clinical manifestations of disease. During this incubation
period of months or even years, autoantibodies may rise.
Recent studies have suggested that autoantibody detec-
tion may be valuable in the earlier diagnosis of autoim-
mune disease, allowing treatment to be initiated sooner.

In general terms, there are two approaches to the
treatment of autoimmune disease. The first involves
repairing or replacing damaged function. In myasthenia,
where the transmission of an impulse at the neuromuscu-
lar junction is impaired, patients are treated with drugs to
delay acetylcholine breakdown. In type I diabetes, the
hyperglycemia of insulin deficiency can be remedied by



Autoimmune Diseases 271
administration of the hormone. Similarly, patients with
thyroid deficiency can be treated with thyroid hormones,
whereas patients with the hyperthyroidism of Graves’
disease can benefit from drugs or radioisotopes that inter-
fere with hormone production or by surgical removal of
the gland. In patients with end-stage renal disease or
dilated cardiomyopathy, transplantation of the injured
organ may be the only treatment available. In the future,
stem cell therapies might allow repair of damaged organs
by replacing specialized cells.

The second approach to treatment involves suppres-
sing the autoimmune response. Most often this means a
global suppression of immunity by administration of
broad immunosuppressive drugs such as corticosteroids
or antimetabolites. However, because these drugs reduce
the individual’s resistance to infection, their use requires
great care. In addition, they have adverse side effects.
There is, therefore, a great deal of effort going into finding
more specific therapies. In some cases, this may involve
agents that will suppress only the most damaging aspects
of the immune response, such as particular cytokine med-
iators of inflammation such as tumor necrosis factor
(TNF), or may block the activation by monoclonal anti-
bodies of B cells that are essential to the production of
harmful antibodies. While these biotherapy agents are
more targeted than the general immunosuppressant
drug, they still carry the hazard of increasing the patient’s
vulnerability to certain infections. For that reason, efforts
have been extended in identifying the particular antigen
responsible for an autoimmune condition and in design-
ing a treatment that will reduce or eliminate the unique
pathogenic autoimmune response.

Another interesting approach is to completely elimi-
nate the immune response of a patient by radiation and
drug treatment. It is then replaced by new, compatible
bone marrow cells that should lack the pathogenic T cell
subpopulation.

Ultimately, the ideal approach to autoimmune diseases
will aim toward prevention wherever possible. This will
require earlier diagnosis of disease and the development
of intervention strategies that are sufficiently benign to
treat patients who are not yet seriously ill. While several
such treatments are possible in experimental animals,
they are not yet at a stage when they can be implemented
for human use.
Final Commentary

The autoimmune diseases recognize a family of related
disorders that are best considered collectively. They
are caused by an inappropriate immune response that
produces damage to the host organs and can affect any
part of the body. Their clinical manifestations, therefore,
are varied and often difficult to recognize. They share
many features in their etiology and pathogenesis. Over-
lapping genetic traits account for the clustering of diseases
within a patient or aggregation within a family. Treatment
of these diseases depends upon early and accurate diag-
nosis, which is often difficult because of their subtle
progression and varied presentation. While symptomatic
treatments are available for most of the diseases, there are
no cures and, in most cases, treatment must be continued
throughout the lifetime of the patient.

Many of the major problems associated with the auto-
immune diseases relate to public health issues. The inci-
dence and prevalence of these diseases and their
distribution among different populations is known only
in the most general terms and need to be accurately
determined. Although it is obvious that the autoimmune
diseases are most prevalent in industrialized societies and
that they are rising in prevalence, they appear to be
increasing in the developing world as well. Both genetic
and environmental factors are involved in their etiology.
Greater knowledge of genetics will allow early recognition
of persons predisposed to these diseases, and identification
of environmental triggers and will open opportunities for
preventing the diseases in individuals who are genetically
predisposed.

See also: Lupus Erythematosus: Pathogenesis of Cuta-

neous Manifestations.
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Introduction

Bacteria are ubiquitous. They play an important role in
maintaining the environment in which we live. Only a
small percentage of the world’s bacteria cause infection
and disease. These bacterial infections have a large impact
on public health. As a general rule, bacterial infections
are easier to treat than viral infections, since the arma-
mentarium of antimicrobial agents with activity against
bacteria is more extensive. More so than with infectious
diseases caused by viruses and parasites, however, bacte-
rial resistance to antimicrobials is a rapidly growing prob-
lem with potentially devastating consequences.

Bacteria are unique among the prokaryotes in that so
many of them are normal flora that colonize the host
without causing infection. Once a person is infected,
clinically apparent disease may or may not be seen, and
only in a small subset of infections do we see clinically
significant disease. Bacterial infections can be transmitted
by a variety of mechanisms. In order to be spread, a
sufficient number of organisms must survive in the envi-
ronment and reach a susceptible host. Many bacteria have
adapted to survive in water, soil, food, and elsewhere.
Some infect vectors such as animals or insects before
being transmitted to another human.

New species and new variants of familiar species con-
tinue to be discovered, particularly as we intrude into new
ecosystems. Both Lyme disease and Legionnaire’s disease,
now well-known to health-care professionals, were dis-
covered as recently as the 1970s. The recent increased
prevalence of highly immunosuppressed individuals,
both due to AIDS and the increasing use of immunosup-
pressive drugs as chemotherapy and for transplantation
of organs, tissues, and cells, has led to a population of
patients highly susceptible to types of bacterial infections
that were comparatively rare before.

Several factors lead to the development of bacterial
infection and disease. First, the infectivity of an organism
determines the number of individuals that will be infected
compared to the number who are susceptible and
exposed. Second, the pathogenicity is a measure of the
potential for an infectious organism to cause disease.
Pathogenic bacteria possess characteristics that allow
them to evade the body’s protective mechanisms and use
its resources, causing disease. Finally, virulence describes
the organism’s propensity to cause disease, through prop-
erties such as invasiveness and the production of toxins.
Host factors are critical in determining whether disease
will develop following transmission of a bacterial agent.
These factors include genetic makeup, nutritional status,
age, duration of exposure to the organism, and coexisting
illnesses. The environment also plays a role in host sus-
ceptibility. Air pollution as well as chemicals and con-
taminants in the environment weaken the body’s defenses
against bacterial infection.
Structure and Classification of Bacteria

Bacteria are prokaryotic organisms that carry their
genetic information in a double-stranded circular mole-
cule of DNA. Some species also contain small circular
plasmids of additional DNA. The cell cytoplasm contains
ribosomes and there is both a cell membrane and, in all
species except Mycoplasma, a complex cell wall. External
to the cell wall, some bacteria have capsules, flagella, or
pili (see Figure 1). Bacteria normally reproduce by binary
fission. Under the proper conditions, some bacteria can
divide and multiply rapidly. Consequently, some infec-
tions require only a small number of organisms to cause
potentially overwhelming infection.

Bacteria are classified as Gram-positive or Gram-
negative based on the characteristics of their cell wall, as
seen under a microscope after stains have been adminis-
tered, a procedure called Gram staining, that was devel-
oped in 1882 by Hans Christian Gram (see Figure 2).
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Figure 1 Structure of a bacterium. Reproduced from Bannister BA, Begg NT, and Gillespie SH (eds.) (1996) Structure and

classification of pathogens. In: Infectious Disease, 2nd edn., ch. 2, pp. 23–34. Oxford, UK: Blackwell Science Ltd., with permission from
Blackwell Publishing.

Figure 2 Gram stains of Gram-negative (left) and Gram-positive (right) bacteria (courtesy of Tufts Medical Center Microbiology

Laboratory).
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Most, but not all, bacteria fall into one of these two
categories. Clinically, one of the main differences between
gram-positive and gram-negative organisms is that gram-
negative bacteria tend to produce an endotoxin that
can cause tissue destruction, shock, and death. The two
classes of bacteria differ in their antibiotic susceptibilities
as well.

Bacteria can also be classified based on their growth
responses in the presence and absence of oxygen. Aerobic
bacteria, or aerobes, grow in the presence of oxygen.
Obligate aerobes such as Bordetella pertussis require oxy-
gen. Facultative organisms can grow in the presence or
absence of oxygen. Anaerobic bacteria such as the Clostri-
dia are able to grow in the absence of oxygen and obligate
anaerobes require its absence.

Some bacteria are not classified as Gram-positive or
Gram-negative. These include the mycobacteria, of which
Mycobacterium tuberculosis is the most well-known, which
can be seen under the microscope using a special stain
called the acid-fast stain; organisms that do not take up
Gram stain such as the spirochetes (which cause diseases
such as syphilis and Lyme disease); and the Rickettsia

(which cause Rocky Mountain spotted fever and epidemic
typhus).
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Clinical Manifestations of Bacterial
Infection

All of the human organs are susceptible to bacterial infec-
tion. Each species of bacteria has a predilection to infect
certain organs and not others. For example, Neisseria

meningitidis normally infects the meninges (covering) of
the central nervous system, causing meningitis, and can
also infect the lungs, causing pneumonia. It is not, how-
ever, a cause of skin infection. Staphylococcus aureus, which
people typically carry on their skin or mucus membranes,
often causes skin and soft tissue infections, but also
spreads readily throughout the body via the bloodstream
and can cause infection of the lungs, abdomen, heart
valves, and almost any other site.

Disease can be caused by destruction of the body’s cells
by the organism or the body’s immune response to the
infection. Antibiotics may be of little or no use when the
disease manifestations are a result of the body’s attempts
to rid itself of the bacteria. The systemic inflammatory
response syndrome (SIRS), usually caused by a bacterial
infection, is an overwhelming inflammatory response to
infection, manifested by the release of large numbers
of cytokines and presenting with signs of infection and
early signs of hemodynamic instability. If allowed to
progress, SIRS patients can go on to develop sepsis, with
multiorgan failure and death. Once the cascade of events
has begun, even the strongest antibiotics are often
powerless to stop this progression.
Epidemiology

The external environment is usually the setting in which
the bacterial agent and the host interact and the infection
is acquired. Bacteria can be transmitted to humans
through air, water, food, or living vectors. The macro- or
microenvironments can also be thought of as playing a
role in the spread of bacteria. Certain settings such as
hospitals and prisons harbor specific types of organisms.
Some bacteria are endemic in certain geographic regions
and rare or nonexistent in others.
Reservoirs

A reservoir is any site where a pathogen can survive until
its transfer to a host. Often pathogens multiply within
their reservoirs. Some reservoirs are living. Humans, ani-
mals, birds, and arthropods are all common reservoirs and
do not always manifest illness due to the pathogen they
are harboring. Nonliving reservoirs include food, air, soil,
and water. Fomites are inanimate objects capable of trans-
mitting infection.
Human reservoirs

Humans are the reservoirs for many bacterial infections
and in some instances they are the exclusive host in nature
to harbor the bacteria. When a human is colonized with
a pathogen without manifesting disease, he or she is
referred to as a carrier. Passive carriers carry pathogens
without ever having the disease. The deadly meningitis
caused by Neisseria meningitidis is often transmitted by
passive carriers who harbor the bacteria in their respira-
tory tracts. An incubatory carrier is a person who is
harboring, and can transmit, an infection during the incu-
bation period (the time between acquisition and manifes-
tation of illness) for that infection. Sexually transmitted
infections are frequently transferred by individuals who
have not yet shown symptoms. Convalescent carriers man-
ifested symptoms of an infectious disease in the recent past
and continue to carry the organism during their recovery
period. Active carriers have completely recovered from a
disease and harbor the organism indefinitely. Salmonella,
especially Salmonella Typhi, the cause of typhoid fever, is
an example of a bacterial infection that can produce a
prolonged carrier state without the individual being
aware of the condition. Salmonella can lurk in a quiescent
state in organs such as the gallbladder, sometimes even
permanently. These individuals may continuously transfer
the pathogen to their contacts. Mary Mallon, a New York
City cook in the early 1900s, known as Typhoid Mary, was
a carrier responsible for many cases of typhoid fever.
Animal reservoirs

Infections acquired from animal reservoirs are referred to
as zoonoses or zoonotic diseases. Humans acquire infec-
tion from animals either by direct contact, as in the case of
pets or farm animals, by ingestion of the animal or inhala-
tion of bacteria in or around its hide, or through an insect
vector that transmits the pathogen from the animal to the
human via a bite. Diarrhea caused by Salmonella can occur
after handling turtles and contaminating one’s hands with
their feces, or from ingesting undercooked chicken con-
taminated with the bacteria, or through other routes such
as eating undercooked or raw chicken eggs. The disease
tularemia, caused by the organism Francisella tularensis, is
often seen in individuals who have recently skinned a
rabbit. Similarly, anthrax caused by Bacillus anthracis fol-
lows either inhalation of spores from dead animals or
hides, or entry of spores into a wound. In Lyme disease,
the deer tick transmits the spirochete Borrelia from the
white-footed mouse to the human.

Overflow is a phenomenon particularly relevant to
zoonotic diseases. Using the example of Lyme disease,
the cycle of transmission between tick hosts and animal
hosts (such as deer and mice) leads to the presence of
infected ticks that can also infect humans. Thus the cycle
allows the Lyme organisms to overflow from the natural
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cycle of infection into humans. Reducing the number of
infected deer on a New England island through culling,
for example, has been shown to greatly decrease the
number of infected ticks and almost eliminate infection
in humans.

Arthropod reservoirs

Arthropods reservoirs include insects and arachnids.
A vector is commonly understood to be an arthropod
that is involved in the transmission of disease. Common
insect vectors for bacterial infection include fleas, lice,
and flies. Arachnid vectors include mites and ticks. The
diseases caused by the bacteria Borrelia (which include
relapsing fever and the disease referred to in the Unites
States as Lyme disease after it was discovered in Lyme,
Connecticut) infects ticks that take a blood meal from an
infected deer or mouse. These ticks (see Figure 3) then
inject the bacteria into a human some time later during
another blood meal. Other bacterial diseases caused by
arthropods include epidemic, murine, and scrub typhus,
caused by Rickettsia carried by lice, fleas, and mites,
respectively, Rocky Mountain spotted fever also caused
by Rickettsia and carried by ticks, and bubonic plague
carried by fleas.
Figure 3 Adult female Ixodes tick, capable of transmitting

Borrelia burgdorferi, the agent of Lyme disease, and Anaplasma
phagocytophilum, the agent of human granulocytic

anaplasmosis, previously known as human granulocytic

ehrlichiosis (courtesy of CDC/Dr. Amanda Loffis, Dr. William
Nicholson, Dr. Will Reeves, Dr. Chris Paddock).
Nonliving reservoirs

Air can become contaminated by dust or human respira-
tory secretions containing pathogenic bacteria. Bacteria
do not multiply in the air itself, but may be transported by
air currents to areas more conducive to their growth.
Infections acquired through the air are characterized as
airborne. The classic airborne bacterial infection is
tuberculosis.

Soil is typically a reservoir for bacteria that form
spores when not in a host. The various species of Clostrid-
ium can be acquired from exposure of a wound to dirt or
soil. These anaerobic bacteria cause tetanus, botulism, and
gas gangrene. Anthrax spores can survive for as long as
100 years in soil. Heavy rain, excavation, and tilling may
bring them to the surface and cause an outbreak of
anthrax among livestock. In medieval Europe, specific
pasturelands were avoided for domesticated animal
grazing because of the risk of anthrax.

Food, including milk, when not handled properly, can
be the reservoir for a wide variety of pathogenic organisms.
Food may be contaminated by feces, or the animal itself
may be infected, such as in the case of chickens with
Campylobacter or Salmonella. Food can also be contaminated
with the ubiquitous spores of Botulinum, which can cause a
form of paralysis called botulism. Pasteurization and food
sterilization are important public health safeguards against
these infections. Food handlers can carry a variety of
bacteria on their hands, and indeed there are stringent
regulations in many countries regulating food handling
and handlers. Seafood can be contaminated from bacteria
in the water. Soft cheeses are common reservoirs for Lis-
teria monocytogenes. Sometimes, unexpected foods become
reservoirs for bacterial infection, as in the case of alfalfa
and other raw seed sprouts, which since the 1970s were
known to be reservoirs for both Salmonella and Escherichia

coli. It is thought that the presoaking and germination of
the seeds in nutrient solutions is conducive to the growth
and multiplication of these pathogenic bacteria. The seeds
themselves can become contaminated at any point in
their production and distribution. Transmission via these
uncooked foodstuffs has been documented to cause the
majority of foodborne bacterial outbreaks in some locations.

Water generally becomes a reservoir for infection when
it is contaminated by soil microbes, or animal or human
feces. Raw sewage may contaminate drinking water during
a storm or floodwhen sewage systems are overwhelmed, or
if it is inadequately treated and dumped into local waters
(see Figure 4). There is also concern about the potential
for terrorists to use water as a reservoir for bioterrorism
pathogens.

Many inanimate objects are considered fomites, as they
are capable of indirectly transmitting infection from one
person to another by acting as an intermediate point in the
cycle of transmission. Fomites commonly found in house-
holds that allow transmission of infection between family
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Table 1 Reservoirs for bacteria

Reservoirs Disease examples

Human Typhoid fever, syphilis
Animal Anthrax (cows), Salmonella (turtles), tularemia

(rabbits), Lyme disease (white-footed mice)

Arthropods Rocky Mountain spotted fever (ticks), endemic

typhus (fleas), scrub typhus (mites)
Air Tuberculosis

Soil Tetanus, botulism, gas gangrene
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members include doorknobs, toilet seats, and utensils. At
daycare centers and pediatrician’s offices, infection is
transmitted via toys handled by children with contami-
nated hands. In hospitals, there are countless fomites
capable of spreading infection. Many respiratory infec-
tions are not spread through aerosols, but rather through
respiratory secretions (saliva, sputum, etc.) being depos-
ited on surfaces and hands, with secondary transmission
via hand-to-mouth contact to the next host (Table 1).
Food Vibrio, E. coli 0157:H7

Water Shigella, Legionella
Modes of Transmission

There are five principal modes by which bacterial infec-
tions may be transmitted: Contact, airborne, droplet, vec-
tors, and vehicular (contaminated inanimate objects such
as food, water, and fomites) (see Figure 5).
Contact

Transmission via contact includes direct skin-to-skin or
mucous membrane-to-mucous membrane contact or
fecal–oral transmission of intestinal bacteria. Transfusion
of contaminated blood products also transmits several
bacterial infections, such as syphilis.

Airborne
Some bacteria are carried on air currents in droplet nuclei.
Q fever, tuberculosis, and Legionella travel great distances
from their origin. Animals with Q fever have been known
to transmit infection to other animals as far as 10 miles
away.
Droplet

When an infection is spread via droplets greater than 5mm
in diameter, this type of spread is not considered airborne
given that the droplet is unlikely to travel through the air
for more than 1 m. They are generally more susceptible
than airborne droplet nuclei to filtering in the nose via
nasal hairs or to removal by nasal or facial masks.
Vectors

Typically, the arthropod (mosquito, tick, louse) takes a
blood meal from an infected host (which can be human or
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Table 2 Modes of transmission of bacterial infections

Mode of
transmission Disease examples
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animal) and transfers pathogens to an uninfected individ-
ual. Bacteria such as Shigella can adhere to the foot pad of
house flies and be transmitted in this manner.
Contact Streptococcal impetigo (skin-to-skin),

gonorrhea (mucus membrane-to-mucus

membrane), Salmonella (fecal–oral), syphilis

(transfusion)
Airborne Tuberculosis, Q fever, legionella

Droplet Pertussis, meningococcus, Haemophilus

influenzae
Vectors Lyme disease (tick), Shigella (fly) epidemic

typhus (lice), bubonic plague (fleas)

Vehicular Campylobacter (food), trachoma (fomites)
Vehicular (including food, water, and fomite

transmission)
Bacterial infection due to food and water generally devel-
ops when bacteria enter the intestine via the mouth.
Those organisms that survive the low pH of the stomach
and are not swept away by the mucus of the small intestine
adhere to the cell surfaces. There they may invade the
host cells or release toxins, causing diarrhea.

Infection acquired from fomites is usually the result of
the organism attaching to the host’s skin (generally on their
hand) when they come in contact with a contaminated
object, and then being deposited onto a mucus membrane
when the host touches his or her face, or in some cases his
or her genitals, with the contaminated body part (Table 2).
Prevention of Bacterial Infection

Among the top causes of mortality in the world, lower
respiratory infection is the third most common and
diarrhea is the sixth. Both are often caused by bacteria.
Tuberculosis is the seventh most common cause of death.
Clearly, measures to prevent infection have a dramatic
impact on morbidity and mortality. Prevention is espe-
cially important in this age of increasing antibiotic resis-
tance, because treatment can be so difficult to achieve.
There are three major principals of control of bacterial
infection: Eliminate or contain the source of infection,
interrupt the chain of transmission, and protect the
host against infection or disease. In addition, there is
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increasing recognition that elimination of important
cofactors, such as air pollution from vehicles or from
indoor cooking, can markedly reduce the incidence of
bacterial infections. Which measure is most effective
often depends on the reservoir for the infection. Preven-
tion of infection, e.g., through a vaccine, is generally called
primary prevention, treatment of infected people to
prevent symptomatic infection is called secondary pre-
vention, and treatment of infected people to prevent
transmission to other humans is called tertiary prevention.
Zoonoses

Animals transmit disease in various ways. Some expo-
sures, such as anthrax from animal hides, may be occupa-
tional, others, such as Campylobacter or Yersinia, result from
contamination of food or water by animal feces. Measures
to prevent infection include the use of personal protective
equipment when handling animals, animal vaccinations
(such as for anthrax or brucellosis), use of pesticides to
prevent transmission from animal to human by insect bite,
isolation or destruction of diseased animals, and proper
disposal of animal waste and carcasses. For control of
plague, rat populations can be suppressed by the use of
poisons as well as improved sanitation. Infections acquired
from insect vectors can be minimized by the use of win-
dow screens, insect repellent, and protective clothing.
Checking the body (including pets) for ticks at the end
of each day can prevent transmission of tickborne bacte-
rial infections, as most require a sufficient period of time
after attachment to transmit infection.
Water Treatment

Improperly treated water can lead to outbreaks of
typhoid, Escherichia coli, or Shigella as well as viral and
parasitic diseases. Improvement of the water supply in
developed areas has been instrumental in decreasing
the burden of infection in communities. The process of
modern water treatment involves filtration, settling, and
coagulation to remove particles that may carry bacteria;
aeration; and chlorination or treatment with another reac-
tive halogen. Novel disinfection methods increasingly
being used include ultrafiltration and the use of ozone
or ultraviolet (UV) light. Water can be tested for the
presence of fecal bacteria with relatively simple and inex-
pensive kits. The number of coliforms (bacteria typically
found in feces) present in a given quantity of treated water
is taken as a measure of fecal contamination. Potable (safe
to drink) water has less than a predetermined number of
coliforms per milliliter, as defined by governmental reg-
ulations. When traveling in developing countries or while
camping, treating water with chlorine tablets or iodine
solution or boiling the water for 5 min decreases the
likelihood of acquiring bacterial intestinal infection.
Air

Controlling the spread of airborne bacteria is extremely
difficult. Sterilizing the air is impossible. In hospitals,
laminar-flow units are used so that air contaminated by
patients with airborne bacterial infections such as tuber-
culosis does not flow to other parts of the building. Sus-
ceptible individuals should minimize or eliminate their
time in rooms where infectious agents may be present
(e.g., tuberculosis, measles, or varicella).
Milk and Food

Milk and food must be handled properly and protected
from bacterial contamination at every stage of preparation
including at their source, during transport and storage, and
during preparation for consumption. Milk is pasteurized, a
process that consists of heating the milk for a specified
period of time. The allowable bacterial counts before and
after pasteurization are standardized. In order to maintain
these low bacterial counts, pasteurized milk must remain
at 5–10 �C during transport and storage. Listeria, an organ-
ism which has a predilection to infect pregnant women, is
tolerant of these cold temperatures, and can continue to
grow, particularly in soft cheeses, which provide an excel-
lent growth medium. Pregnant women are therefore cau-
tioned against eating soft cheeses, even those that have
been pasteurized. An important public health approach for
foodstuffs, with wide industry and regulatory adoption, is
the identification of critical places or points where con-
tamination is most likely, known by the acronym HACCP
(Hazard And Critical Control Point analysis). In many
countries all food manufacturers must have an HACCP
plan in place to assist with their focus on eliminating
foodborne infections.

In developing and tropical countries, soil may be
enriched with human feces. Produce is therefore at risk
for contamination with pathogenic bacteria. Any food
may be contaminated by the hands of workers who handle
it during harvesting or processing for distribution.
Cooking immediately prior to eating reduces the risk by
killing the bacteria; however, some bacteria such as Staph-
ylococcus, Bacillus, and Clostridium produce toxins that are
not inactivated by heat.
Human Reservoirs

Immunization is one of the great technological advances of
the modern era. Immunization can be passive, by transfer
of antibody against a specific disease, or active, by admin-
istering a small dose of the organism and allowing the body
to produce its own antibody. Live bacterial vaccines
include Bacillus Calmette-Guerin (BCG) for tuberculosis,
oral typhoid vaccine, and a tularemia vaccine. Other bac-
terial vaccines are antigenic derivatives of the organism,
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such as the vaccines for meningococcus, streptococcus,
diphtheria, pertussis, and anthrax. It would be impossible
to develop a vaccine for every known species of bacteria
capable of causing disease, and therefore the other mea-
sures of prevention of infection will always be of critical
importance.

The spread of disease from person to person can be
prevented by quarantine, the use of isolation measures,
and antibiotic prophylaxis. In the fourteenth century, sus-
pected plague victims were required to stay on ships or in
their homes for 40 days until it was clear that they would
not exhibit signs of the disease. In the twenty-first century,
large numbers of people were quarantined in Toronto and
Hong Kong due to severe acute respiratory syndrome
(SARS), a virus. Today, the only bacterial infections for
which the WHO still uses quarantine measures are plague
and cholera. In hospitals, standard precautions are used on
all patients regardless of whether they have known infec-
tion, and special isolation precautions are instituted for
patients with specific infections such as highly resistant, or
easily transmitted, bacteria. Standard precautions include
the practice of performing hand hygiene (washing hands
or applying waterless hand sanitizer) after touching a
patient, using gloves for contact with body fluids, secre-
tions, excretions, and contaminated items, and using a
cover gown, mask, and eye protection when body fluid
splashes are likely. Patients infected with airborne bacteria
such as tuberculosis are placed in special laminar air
flow rooms. Patients with antibiotic-resistant nosocomial
bacterial infection or colonization such as methicillin-
resistant Staphylococcus and vancomycin-resistant Enterococcus
are cohorted in roomswith others like themselves and gloves
are routinely used in their care. Patients who have diarrhea
caused by the spore-forming bacteria Clostridium difficile are
placed in private rooms when possible, and cover gowns and
gloves are used to prevent spread of spores throughout the
hospital. Special cleaning agents are used in these rooms to
kill the spores.

Antibiotic prophylaxis is used in certain settings to
prevent bacterial infection. As a mass prevention tech-
nique, it is not very effective, since infection with resistant
organisms would be expected to develop in response to
antibiotic use. It is, however, very useful in preventing
infection in close contacts of patients with meningococcal
meningitis and pertussis, in preventing development of
sexually transmitted disease in those exposed, and in
preventing serious disease in known carriers of diphtheria
and tuberculosis. Antibiotic prophylaxis has been shown
to be useful for patients undergoing certain surgical
procedures to prevent postoperative infection, and for
patients with severe immunosuppression due to bone
marrow or solid organ transplantation.

Lifestyle changes can have a major impact on the
spread of infection. Safer sex practices decrease the spread
of sexually transmitted infection. Simple personal hygiene
measures can also have a dramatic effect on the incidence
of infection. In Karachi, Pakistan, diarrhea and acute
respiratory infection, often caused by bacteria, are lead-
ing causes of death. Between 2002 and 2003, U.S. and
Pakistani health officials conducted a study (Luby et al.,
2005) in which households in squatter settlements were
randomly assigned to be part of a hygiene campaign
(involving education and the distribution of soap) or to
be simply observed. Washing hands with soap reduced
the incidence of diarrhea and pneumonia by half, and the
incidence of impetigo, a superficial bacterial skin infection,
by one-third. In the developed world, numerous studies
have shown an association between poor hand hygiene and
the spread of multidrug-resistant organisms within hospi-
tals, and countless studies have shown that compliance
with hand hygiene requirements remains low in health-
care settings. Body lice, which carry louse-borne typhus,
are associated with poor general hygiene. Improved
personal hygiene and delousing procedures (heat and
chemical treatment) are used to control infestation.
Diagnostic Tests

Stains and Microscopy

Stains are applied to specimens that have been fixed to a
microscope slide. Typically, the first test performed to
diagnose a possible bacterial infection is the Gram stain.
The cell wall is made of sugars and amino acids, and in
Gram-positive bacteria this wall is thick, lies external to
the cell membrane, and contains other macromolecules,
whereas in Gram-negative bacteria the wall is thin and
is overlaid by an outer membrane. When subjected to
the Gram staining procedure, Gram-positive organisms,
such as the staphylococci, retain the purple stain, whereas
Gram-negative organisms do not. A second stain is then
added to allow visualization of the Gram-negative orga-
nisms, such as E. coli, which appear pink or red under
the microscope. Identifying the causative agent under the
microscope as either Gram-positive or Gram-negative
(see the section titled ‘Structure and classification of
bacteria,’ above) allows the clinician to more accurately
predict the antibiotic that is likely to be effective. The
morphology of the bacteria under the microscope (short
vs. long, plump vs. thin, branching vs. straight) provides
another clue to the identity of the organism. Some
organisms such as the Mycobacteria which include tuber-
culosis, do not readily take up Gram stain and require
special stains to be visualized. Other stains that are less
commonly used contain specific immunofluorescent-
labeled antisera and provide a diagnosis of such organ-
isms as group A hemolytic streptococcus, plague, and
syphilis. While a species-level diagnosis is not possible
with this method, it does help to rapidly categorize the
type of infection and to guide initial treatment.
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Dark Field and Fluorescent Microscopy

Dark field microscopy is a technique that involves adapt-
ing the microscope so that the organisms are viewed
against a dark instead of light background, with the light
source illuminating the bacterium from the side rather
than from behind the organisms. The spirochetes, thin
bacteria that include the agents of syphilis and yaws, are
visualized this way. Fluorescent microscopy, with or with-
out special dyes, is a technique that utilizes a UV light
source and can be used to visualize Mycobacteria such as
tuberculosis.
Antigen Detection

Commercial kits are used to identify a variety of organ-
isms from body fluid specimens. Legionnaire’s disease
is diagnosed from a urine sample, meningococcal or
pneumococcal meningitis from cerebrospinal fluid, and
Streptococcus pyogenes from a throat swab. Recently, a com-
mercial kit for the detection of Helicobacter pylori antigen in
feces was developed, which has greater sensitivity and
specificity than does the detection of antibody to this
organism. The advantage of this approach is its rapidity.
Nucleic Acid Probes and Polymerase Chain
Reaction

Probes are molecules that identify the presence of certain
known genes in a specimen without the necessity for
culture. Probes for the toxins of E. coli or cholera can be
applied directly to feces. Probes for gonorrhea and chla-
mydia are applied to genital secretions or urine. The
polymerase chain reaction (PCR) is used to amplify a
small amount of DNA from a few bacteria to produce
millions of copies in a few hours. Bacteria for which this
technique has been useful include Helicobacter pylori, the
agent responsible for gastric ulcer disease, andMycoplasma

pneumoniae, which causes walking pneumonia.
Culture

A basic microbiology laboratory is generally able to cul-
ture bacteria from blood, sputum, and urine, but with the
right materials any body fluid or tissue can be processed
for culture. Specimens suspected of being infected with
bacteria are plated on solid nutrient-rich media or inocu-
lated into broth. On solid media, bacteria grow and pro-
duce colonies composed of thousands of cells. Colonies of
different species have characteristic appearances and
smells that help in their identification. In broth, growth
is detected by the presence of turbidity and then the broth
is subcultured onto solid media for identification. Some
parasitic bacteria, such as Chlamydia and rickettsia, cannot
be grown on artificial media and require the presence of
host cells (cell culture) for growth. Others, such as Myco-

bacterium leprae (the agent of leprosy) and Treponema palli-

dum (the agent of syphilis) cannot be grown at all except in
live animals. Once a bacterial colony is present on solid
medium, it can be identified by classifying it based on its
ability to grow under aerobic or anaerobic conditions, by
observing its appearance on Gram stain, by testing its
ability to produce enzymes and metabolize sugars as
detected by simple tests, and by its ability to utilize
various substrates for growth. After the organism is iden-
tified, its susceptibility to various antibiotics must be
determined in order to guide therapy. The organism is
incubated with the various test antibiotics in order to
determine whether it will grow in their presence.
Serology

Testing for antigen–antibody interactions can be a useful
way to determine the presence of a bacterial infection,
particularly in the case of organisms that are difficult to
grow in the laboratory. Serological testing is limited in
most cases by the need for several weeks to pass in order
for the body to develop an immune response to the
infection. Serology is particularly useful for bacterial
infections such as syphilis and brucellosis, which are not
easy to grow in culture. Indeed, sometimes the only way
to judge the efficacy of treatment for an infection is to
follow serological results. For example, with syphilis one
may expect a fourfold decrease in the strength of the
serological response after successful treatment.
Treatment

An ideal antimicrobial agent acts at a target site that is
present in the infecting organism but not the host cells.
Four major sites in the bacterial cell can be targeted by
antibiotics because they are sufficiently different from
human cells. These are the cell wall, the cell membrane,
the nucleic acid synthetic pathway, and the ribosome.
Antibacterial agents, or antibiotics, are typically products
of other microorganisms, elaborated by them in order to
compete for space and resources. There are three ways to
classify an antibacterial agent:

1. Based on whether it is bactericidal (kills bacteria) or
bacteristatic (inhibits growth of bacteria);

2. By its chemical structure;
3. By its target site.

Some bacteria are innately resistant to certain classes
of antibiotics, either because they lack the target or are
impermeable to the drug. Others are innately susceptible
but develop resistance by one of a growing variety of
mechanisms. Resistant strains of bacteria have a selective
advantage, surviving in the presence of antibiotics, and
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can spread throughout the host and even be transferred to
other hosts. This phenomenon is important where antibi-
otic use is common, such as in hospitals or in congregate
housing such as nursing homes. Some resistance genes
are carried on plasmids, autonomously replicating circu-
lar extrachromosomal DNA molecules, and can thus be
transferred to bacteria of other species. There are three
main mechanisms of resistance:

1. Alteration in the target site;
2. Alteration in access to the target site (by decreasing

permeability or pumping antibiotic out of the cell);
3. Production of enzymes that inactivate the antibiotic.

When an individual takes an antibiotic, all of the
microbes in his or her body are exposed to the drug, not
just the organism causing infection. Since use of antibio-
tics is associated with the development of resistance, the
prudent use of antibiotics is an essential component in the
effort to combat the problem of antibiotic resistance.
Throughout the world, antibiotics are overused and mis-
used. Examples of improper use include the use of anti-
bacterial agents for viral infections, for infections that
resolve spontaneously without treatment and without a
high risk for negative sequelae, and for infections caused
by organisms not susceptible to the antibiotic used.
Another example of misuse is the consumption of broad-
spectrum antibiotics, which inhibit or kill a wide variety of
organisms simultaneously, when a narrower spectrum
agent will suffice.
See also: Antimicrobial Resistance; Botulism; Brucello-
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Bacteria, along with other microorganisms, were first
observed anddescribed in 1683 byAntoni vanLeeuwenhoek
(1632–1723), a Dutch draper, instrument maker, and mem-
ber of the Royal Society. Van Leeuwenhoek, who ground
tiny lenses and built his own single-lens microscopes, called
the entities he had seen ‘animalcules,’ a group that we
now believe to have included bacteria as well as protozoa.
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Sporadic observations ofmicroorganisms continued through
the eighteenth century. JohnT.Needham (1713–81), Comte
de Buffon (1707–88), and Lazzaro Spallanzani (1729–99)
conducted experiments and debated the possibility of
spontaneous generation of microorganisms from organic
matter. Linnaeus included Leeuwenhoek’s animalcules in
his Systema Naturae under Vermes, in a class he called
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Chaos, which contained a species called Chaos infusorium.
These temporally and geographically isolated observa-
tions, descriptions, and classifications were not signs of
an emerging scientific specialty. Bacteriology became an
institutionalized specialty only after 1870, when the asso-
ciation between specific microorganisms and infectious
diseases came to mean that the study of bacteria was
recognized as important for medicine and public health.

Improvements in the quality of microscopes at the begin-
ning of the nineteenth century brought ‘infusoria’ back to
some scientists’ attention, but while better lenses minimized
chromatic aberration, the use of the new microscopes did
not necessarily lead to agreement as to what was being
observed. A German naturalist and professor of zoology in
Berlin, Christian Gottfried Ehrenberg, for example, devoted
extensive attention to the classification and description
of infusoria. Ehrenberg believed that infusoria were by no
means simple organisms, but were equipped with complex
organ systems, including elaborate ‘polygastric’ digestive
systems that he was able to observe with his new achromatic
microscope. Ehrenberg’s observations of the complex mor-
phology of microorganisms fit well with his ideas about
the stability of species and his opposition to notions of
spontaneous generation, just as the ideas of his opponents
(such as the French biologist Félix Dujardin), who disputed
morphological analogies between infusoria and other organ-
isms, depended not simply on observations under the micro-
scope but also on their beliefs about evolution, cell theory,
the genesis of life, and so forth.

Questions about classification, morphology, and gen-
eration continued to dominate interest in microorganisms
in Germany from the 1840s through the 1870s. In 1845,
Karl Theodore von Siebold (1804–85), a zoologist at
the University of Freiburg, reclassified the infusoria by
drawing a distinction between bacteria and protozoa.
A proponent of the cell theory of life, he assigned bacteria
to the plant kingdom and installed unicellular microor-
ganisms as the simplest organisms in both the plant and
the animal kingdoms. General biological issues were also
at stake in debates between Ferdinand Cohn (1828–98)
and Carl von Nägeli (1817–91), who disagreed as to
whether bacteria could be divided into stable species,
as well as about evolution and the possibility of spontane-
ous generation. Nägeli emphasized the evolutionary
continuity and unity of life, and saw bacteria (or schizo-
mycetes, as he called them) as pleomorphic and flexible,
and thus also impossible to classify into distinct species.
Cohn, by contrast, emphasized the stability and fixity of
the bacterial species he was classifying. Cohn’s ideas about
the fixity of bacterial species were of great importance
for Robert Koch’s version of the germ theory of disease:
The constant association between a specific germ and a
specific disease made sense only within a framework in
which bacteria could be reliably classified into distinct
and fixed species.
In the 1850s, Louis Pasteur (1822–95), a chemist by
training, turned to the study of microorganisms, focusing
his investigations initially on practical problems in the
production of alcohol, wine, and beer. Pasteur’s studies,
however, also addressed two more general and, at the
time, contentious problems: the theory of fermentation
and the (im)possibility of spontaneous generation. Pas-
teur was not the first scientist to suggest that fermenta-
tion was a result of the activity of living microorganisms.
Charles Cagniar de Latour (1777–1859), Theodor
Schwann (1810–82), and Friedrich Kützing (1807–93)
had made such claims earlier; while Justus Liebig, the
preeminent German chemist of the first half of the
nineteenth century, saw fermentation as a purely chemi-
cal process analogous to the process of digestion. Pasteur
established that living microorganisms were necessary
for fermentation, showed that some microorganisms
(like yeast) could grow and multiply in the absence of
oxygen, and that different living ferments caused specific
types of fermentation (lactic, alcoholic, acetic, butyric,
etc.). Defining fermentation as ‘life without air,’ Pasteur
emphasized the importance of the process of fermenta-
tion and putrefaction in the general ‘economy of nature.’
Since at the time, diseases were often understood as
processes of fermentation and putrefaction, Pasteur’s
studies suggested an analogy for investigations of the
role of microbes in disease etiology. Already in 1859,
before he actually turned his attention to the study of
infectious diseases, Pasteur argued that contagious dis-
eases are likely ‘‘to owe their existence to similar causes’’
as specific fermentations. Moreover, the demonstration
that different microbial organisms are responsible for
different types of fermentation established the notion
of specificity, which became a central idea in the germ
theory of disease. (In 1897, Eduard Buchner isolated an
enzyme he called zymase and showed that, contrary to
Pasteur’s claims, fermentation can in fact take place
outside of a living yeast cell.)

Pasteur’s studies of fermentation were in part moti-
vated by his belief that life processes are fundamentally
distinct from the processes taking placed in inorganic
matter. Just asfermentation required the action of live
yeast ‘globules,’ so, according to Pasteur, even the smallest
and simplest living organisms could originate only from
other living beings, and any form of heterogenesis was
impossible. Historically, support for spontaneous genera-
tion in France was associated with materialist, atheist, and
revolutionary ideas; and given this history, Pasteur’s debate
with F.A. Pouchet (1800–72), who claimed to have observed
the generation of microorganisms from organic matter and
pure air, had scientific, religious, philosophical, and political
implications. Pasteur’s elegant series of experiments –
including demonstrations with swan-necked bottles and
the incubation of microorganisms in pure mountain air –
was designed to show that if the hay infusion and air were
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indeed sterile, no microorganisms could be recovered.
Pasteur’s victory ended the spontaneous generation debate
in France. However, the controversy erupted again in the
1870s in Britain, when H.C. Bastian’s claims of heterogen-
esis in his book on The Beginnings of Life were disputed
byJohn Tyndall in his studies on sterilization. Though
Pasteur’s work on spontaneous generation, like his work
on fermentation, was not medically motivated, acceptance
of the belief that bacteria originate from other bacteria
(andbreed true) was crucial for the establishment of the
bacterial etiology of diseases.

Pasteur turned to the study of the association between
microorganisms and disease only in the mid-1860s when
he investigated pébrine, a disease of silkworms, and again in
the 1870s and 1880s when he investigated chicken cholera,
anthrax, and rabies, and developed vaccines against these
diseases.

As a scientific accomplishment, the bacteriological rev-
olution rested on the assertion that specific microorgan-
isms cause specific diseases and that no infectious disease
originates de novo, without the presence of a causative
pathogenic organism. In this formulation, the germ theory
of disease has been traditionally associated with the work
of Pasteur, Robert Koch (1843–1910), and Joseph Lister
(1827–1912). However, its establishment was a long and
protracted process, and what is today understood as ‘the’
germ theory of disease was in the middle decades of the
nineteenth century far from a single unified theory. Scien-
tists as well as practicing physicians, veterinarians, and
epidemiologists commonly explained infectious or conta-
gious diseases as resulting from some particulate, usually
organic, and occasionally even living matter (which could
be described as a poison, a germ of disease, a microzyme, a
fungus, a bacillus, or a vibrio) that was either generated in
particular locations (for example, from decomposing
organic matter), transmitted directly from person toper-
son, or passed on indirectly via water or ‘fomites.’ Many
diseases were seen as forms of putrefaction and fermenta-
tion; and when the chemical theory of fermentation was
still generally accepted, the pathological process was
believed to be initiated by chemical changes affecting
organic matter that made it ‘zymotic’ and allowed for the
transmission of its fermentative powers to new sufferers.

Although they shared a belief that infectious diseases
were distinct entities and that specific microorganisms
were causally implicated in their origin and spread, the
germ theory developed by Pasteur and his students was
significantly different from that of Koch and his colla-
borators. Because of his work on fermentation, Pasteur
tended to view microorganisms as adaptable to their envi-
ronment and physiologically flexible. Accordingly, in his
research on infectious diseases he focused on modifica-
tions of virulence and immunity and the development of
vaccines (most famously against anthrax and rabies). In
contrast, Koch’s medical perspective, and perhaps also his
military experience (he had served in the Franco-Prussian
War and later surrounded himself with other army doc-
tors), led him to view microorganisms as deadly enemies
to be hunted down in all nooks and crannies and eradi-
cated. Moreover, Koch’s commitment to the idea of
the specificity, stability, and distinctiveness of bacterial
species played a key role in his and his collaborators’
etiological investigations, which associated specific and
stable bacterial species with specific diseases.

Koch began his bacteriological experiments while work-
ing as a country doctor in eastern Prussia. In 1876,
hedescribed the entire life cycle (including the spore
stage) of the anthrax bacillus, and demonstrated how to
grow pure cultured colonies of the anthrax bacteria on
solid media. Though Koch was not the first to suggest
thatanthrax wascaused by bacilli (he was preceded by the
Frenchman Casimir Devaine, 1812–82), the presentation of
his experiments in the Breslau laboratories of Ferdinand
Cohn generated enthusiasm not only because it posited a
credible mode of transmission of anthrax and explained
the known epidemiological facts about this disease, but
also because Koch’s new experimental techniques advanced
the researchers’ ability tomanipulatemicroorganisms in the
laboratory and suggested new ways to conduct etiological
investigations. In 1880, Kochmoved to Berlin and continued
both his etiological research and his methodological inno-
vations. In 1882, hedescribed the bacilli responsible for
tuberculosis and formulated his famous postulates, the
criteria to be met when establishing a bacterial etiology
for any disease (Koch, 1882). In the last two decades of
thenineteenth century, Koch and his students and colla-
borators identified the specific microorganisms responsible
for diphtheria (Loeffler, 1884), glanders (Loeffler, 1882),
typhoid (Gaffky, 1884), cholera (Koch, 1884), and tetanus
(Kitasato, 1889). Others, using Koch’s methods of isolation,
pure culture, and inoculation, identified and described
the specific organisms responsible for the plague (Yersin,
1894), dysentery (Shiga, 1898), gonorrhea (Neisser, 1879),
leprosy (Hansen, 1873; Neisser, 1880), and pneumonia
(Sternberg and Pasteur, 1881), among others. In 1905, Fritz
Richard Schaudinn (1871–1906) and Erich Hoffman
(1868–1959) identified aspirochete now known asTreponema
pallidum as the microorganism responsible for syphilis.
Koch’s etiological endeavor was extended in the late nine-
teenth/early twentieth century to the identification of spe-
cific viruses responsible for human, animal, and plant
diseases and to infections transmitted by microorganisms
carried byanimal vectors. Discoveries of such associations
between bacteria and disease continue to this day. In the
1980s, forexample, Willi Burgdorfer isolated a specific spi-
rochete (now known as Borrelia burgdorferi) as the causative
agent of Lyme disease, and two Australian researchers,
Robin Warren and Barry Marshall, showed that Helicobacter
pylori, ahelicalbacterium found in human stomachs, was a
cause of stomach ulcers.
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The bacteriological revolution of the late nineteenth
century led not only to changes in the way in which
diseases were understood, but also to changes in the orga-
nization of medical research.Within a few decades, bacteria
became the central preoccupation of a variety of medical
researchers and physicians working in hospitals, public
health laboratories, and medical schools and faculties.
The precise institutional location of bacteriology differed
in different countries: In Germany, for example, bacteriol-
ogists tended to be appointed to chairs of hygiene, while in
the United States they were more likely to be employed in
departments of pathology. But while finding an appropriate
institutional setting for bacteriology took time, the hope for
medical progress generated bybacteriological discoveries
was a stimulus for the establishment of a number of major
medical research institutes such as the Pasteur Institutes
(1888), the Lister Institute inLondon (1893), the Koch
Institute in Berlin (1892), andthe Rockefeller Institute in
New York (1902). All of these institutes shared a commit-
ment to laboratory studies of disease, although they dif-
fered in the scope of the research that was envisaged and
performed. In addition to sponsoring research, these insti-
tutes disseminated the knowledge of medical bacteriology
to clinicians and public health professionals, and taught the
laboratory skills and methods of sterilization, bacterial
cultivation, staining, and identification essential to all bac-
teriological work. Of special importance here were the
courses offered by Koch and his collaborators.

Although the scientific successes of bacteriologists were
publicly acclaimed and widely celebrated, the new under-
standing of infectious diseases did not lead to immediate
ordramatic changes in clinical approaches to specific
diseases or in public health measures. Generalizations
here are made more difficult by the fact that changes
inpublic health measures were local events, and the
policies implemented in London were not the same as
those followed in Paris, Berlin, or New York, not to men-
tion the whole wide world beyond such metropolitan
centers. Moreover, the introduction of bacteriologically
informed policies directed against a particular disease
(e.g., diphtheria) or a specific mode of transmission (e.g.,
via contaminated water) cannot be taken as representative
of measures designed to combat other conditions (e.g.,
tuberculosis) or modes of transmission (e.g., contaminated
food). It is clear, however, that there was much continuity
inthe sanitary measures taken before and after the 1870s.
Many sanitation measures taken against disease in the
1850s and 1860s were premised on the idea that illness
was due to the transmission of some kind of organic poison,
‘seed,’ ‘ferment,’ or ‘germ’ that could be carried by water
orair. The discovery that that seed or germ was a specific
bacterium did not necessarily change the methods used to
guard against contamination or transmission. Accordingly,
efforts to provide safe water predated the identification
of the cholera vibrio or the typhoid bacillus (and were
not uniformly successful either before or after that identi-
fication), and the disinfection of houses following a case
of measles or scarlet fever was a common procedure both
before and after it was known that specific microorganisms
caused these childhood afflictions. The new knowledge
also did not eliminate some of the older fears of the
dangers posed, for example, by bad odors or sewer gas,
even if in the 1880s and 1990s ‘sewer gas’ was believed to
carry dangerous microbes rather than the unidentified
poisons or miasmas it was supposed to have carried in
the 1850s or1860s.

In the longer run, however, public health measures
didcome to be informed by the new knowledge of bacte-
riology. The diphtheria antitoxin developed in the 1890s
by an associate of Koch’s, Emil Adolf von Behring
(1854–1917), and by Pasteur’s collaborator Emile Roux
(1853–1933) became available to doctors relatively
quickly. Campaigns against spitting, the establishment of
sanatoria, and the isolation of advanced cases were
directed at combating tuberculosis. Water testing gradu-
ally shifted towards bacteriologically informed app-
roaches and came to focus more specifically on fecal
contamination – even if the criteria of what constituted
such contamination continued to be debated. The discov-
ery of healthy carriers of diphtheria and then of typhoid
bacilli was rapidly incorporated into public health policies
in Germany and the United States. In 1903, a systematic
campaign to isolate typhoid sufferers and others harbor-
ing the bacilli was conducted in Germany, while the most
famous of the healthy carriers was Mary Mallon, an Irish
cook popularly known as ‘‘Typhoid Mary,’’ who was
imprisoned in New York for more than 30 years because
she was considered a danger to public health. Although
Mallon’s imprisonment was unusual, her case is often
taken as symptomatic of the general narrowing of con-
cerns that the bacteriological revolution brought to public
health policies. As the ‘new public health’ gradually
replaced all hygienic or sanitarian reforms, policies
became more focused on the specific modes of transmis-
sion of germs and sources of infection than on general
social and environmental conditions. Bacteriologically
informed approaches tended to be more reductionistic
in their biological understanding of infectious diseases,
and more focused on (immune or susceptible) individuals
than on populations and environments.

Bacteriological research in the first half of the twenti-
eth century focused chiefly on studies of immunity to
bacteria, on immunological methods of diagnosing
bacterial infections (as in the Widal agglutination test
for typhoid developed in 1896, or the Wasserman test for
syphilis discovered in 1906), and on investigations of
chemical and immunological aspects of bacterial specificity
(e.g., Oswald Avery’s multifaceted research on the pneumo-
coccus, or the streptococcus classification work by Rebecca
Lancefield). Scientists interested in microorganisms in this
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period also began to investigate bacterial physiology, bio-
chemistry, and genetics (e.g., Marjorie Stephenson, Albert
Jan Kluyver, Paul Fildes). These developments were
continued in the post-World War II period, when micro-
organisms became the favorite experimental objects for
molecular biologists and geneticists. Others attempted to
combine bacteriological and epidemiological approaches
(e.g., W.W.C. Topley and Major Greenwood in the United
Kingdom, and Leslie Webster in the United States).

New chemotherapeutic substances to treat infectious
diseases included salvarasan, shown in 1910 by Paul Ehr-
lich to be active against syphilis and trypanosomiasis,
followed in the 1930s by sulfanilamide, which Gerhard
Domagk (1895–1964) and his coworkers at I.G. Farben
showed to be effective against a whole range of infections.
Penicillin first became available during World War II, and
other antibiotics, such as streptomycin, were isolated
inthe years after the war.

The so-called epidemiological transition – the change
from infectious to degenerative diseases as major causes of
mortality in Europe and North America – brought withit
hopes of similar control and eradication of infectious dis-
eases in the developing world. The immediate causes of
the transition (aswell as its evolutionaryassumptions) – par-
ticularly the role of technologies based on microbiological
knowledge, including immunization and chemotherapy –
continued to be debated. The discussion was stimulated by
the writings of the British demographer and epidemiologist
Thomas McKeown (1976), who argued that the epidemio-
logical transition in Europe and the United States was a
result of better nutrition, changes infamily size, and better
living conditions rather than anoutcome of any medical
measures targeted at specific diseases or their causes.
While many scholars agreed thatspecific therapies (such
as the use of diphtheria antitoxin or the introduction of
antibiotic treatment for tuberculosis) became available
only after the mortality from these diseases had begun to
decline, others used historical and demographic studies to
show the significance of public health and sanitation mea-
sures as well as some vaccines. Moreover, whatever the
historical precedents, in the decades following World War
II mortality from infectious disease appeared to be declin-
ing in the developing world.

The optimistic hope of achieving worldwide control
over infectious diseases gave way to a new concern about
the emergence of new diseases (such as AIDS) and the re-
emergence of certain old infections such as tuberculosis
or dengue fever. Initially brought to public attention by
Stephen Morse (1995) and Joshua Lederberg et al. (1992),
the concerns about emergent and re-emergent infectious
diseases signaled a number of distinct dangers (the antibi-
otic resistance of an increasing number of pathogens, the
AIDS epidemic, transfer of infections across species,
the effects of encroachments on natural habitats, etc.)
whose causes were social (travel, globalization, man-made
environmental change, the use of antibiotics, privatization
of health care, and the collapse of some public health
systems) as well as biological, and whose consequences
were seen to be global, potentially affecting developed as
well as developing countries. To this day, however, the
effects of these new threats are distributed among devel-
oped and developing countries as unequally as ever.
See also: AIDS, Epidemiology and Surveillance; Antimi-

crobial Resistance; Health and Disease, Concepts of;
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Bioaerosols are defined as airborne compounds or micro-
fragments from plant or animal matter or from microor-
ganisms. Whole microorganisms that are either dead or
alive are also included in this definition. Bioaerosols
may include fungi (especially molds and yeasts), fungal
spores, hyphae and fungal allergens; bacteria and bacterial
spores; microbial toxins and pro-inflammatory compo-
nents (e.g., mycotoxins, (1!3)-b-D-glucans, endotoxin,
exotoxins, peptidoglycans and bacterial DNA); allergenic
pollens; arthropod allergens (e.g., from mites and cock-
roaches); pet allergens; algae; amoebae; and viruses. The
effects of exposure to bioaerosols can include infectious
diseases, allergic diseases, acute toxic effects, respira-
tory diseases including asthma, neurological effects, and
possibly cancer.

Microorganisms and other bioaerosols are ubiquitous
in the environment and may be found in elevated con-
centrations in the air in damp and poorly ventilated
buildings, as well as industrial environments where
plant, animal, or microbial products are handled. One of
the earliest references suggesting adverse health effects
related to bioaerosols in the indoor environment is found
in the Bible in Leviticus, in which home occupants were
warned against what was probably mold growth, that is,
‘‘greenish or reddish depressions on the inside wall of a
house’’ (Bible). Sir John Floyer in A Treatise of the Asthma

(Floyer, 1698) warned of asthma exacerbation with expo-
sure to damp houses, smoke from burning wood and coal,
and London air. In 1864, Henry Hyde Salter wrote of
allergy to cats (Salter, 1864): ‘‘Cat-Asthma. The cause of
this asthma is the proximity of a common cat; the symp-
toms are very similar to those of hay fever, and, as in the
case of hay fever, are occasioned by some sudden influ-
ence inappreciable by the senses.’’ First reports of health
problems related to bioaerosols in the workplace date
back to the eighteenth and nineteenth century and include
Ramazzini’s DeMorbis Artificum Diatrib’ (Ramazzini, 1700),
which describes flour-dust-induced bakers’ asthma.

The interest in bioaerosol exposure has increased in
more recent times, in particular as a result of the global
increase in allergies and asthma and the occurrence of
building-related health issues (i.e., sick building syn-
drome) in the late 1970s. It was suggested that increased
insulation and tightness of buildings combined with poor
ventilation created indoor environments prone to ele-
vated exposures of microorganisms and house dust mites
which could explain the increased prevalence of these
diseases. Paradoxically, more recently, indoor exposure
to moderate levels of bioaerosols have been suggested to
reduce the risk of developing allergies and allergic asthma
in early life.

In addition to changes in the home environment, sev-
eral new industrial activities have emerged in recent years
in which exposures to biological agents can be abundant
and symptoms highly prevalent. Examples include the
waste recycling industry (e.g., waste sorting, organic waste
collection, and composting), and industries that produce
purified biological substances such as microbial enzymes
that are used particularly in the food-processing industry
(e.g., a-amylase in commercial bakeries) and detergent
industry. Many of these enzymes are potent allergens
that can cause allergic asthma and rhinitis. Furthermore,
the widespread nontherapeutic use of antibiotics in live-
stock as growth promotants has accelerated the develop-
ment of antibiotic-resistant pathogens that may increase
the risk of severe infectious diseases in workers handling
and processing livestock.

There is also a renewed interest in bioaerosols for their
potential use for bioterrorism, in particular viruses, bac-
teria, rickettsia, and fungi. For instance, anthrax was a
relatively unknown disease outside well-defined geo-
graphical areas and incidental occupational infections
until 2001, when spores were spread by mail, causing
five deaths in the United States.

Despite the recognition of the importance of bioaer-
osols, the precise role of these agents in the induction,
aggravation, and progression of symptoms and diseases is
only poorly understood. In this article, we present an
overview of the health effects associated with bioaerosol
exposure in both the indoor and occupational environments.
Infectious Diseases Transmitted by
Inhalation

Exposure to bioaerosols, both infectious and noninfec-
tious, is a daily occurrence. Airborne transmission of
disease agents can occur locally from large aerosols
(> 10 mm) or more commonly from smaller aerosols and
droplet nuclei less than 5 mm. These smaller bioaerosols
remain airborne for longer periods and distribute longer
distances. This facilitates transmission of infection from a
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single person potentially to a large number of individuals.
Handling soil or sweeping dust contaminated with rodent
feces may also lead to infection. Zoonotic diseases may
arise from working in livestock confinement barns or
animal facilities. Being in close proximity to contagious
individuals in confined areas greatly accentuates the risk
of developing disease. Exposure to inhalable aerosols
containing infectious viruses or bacteria is common in
winter when more time is spent indoors, ventilation
rates are reduced, and people are coughing and sneezing,
thus generating bioaerosols. This contributes to increased
incidence of influenza, acute viral gastroenteritis, respira-
tory syncytial viral pneumonia, measles, mumps, rubella,
and varicella. Bacterial infectious diseases with airborne
transmission include Haemophilus influenza, meningococcal
meningitis, pertussis, tuberculosis, and the common cold.

Bioaerosol-associated infectious diseases can be read-
ily transmitted where there is clustering of people. Facil-
ities such as day-care centers, schools, health clinics,
correctional facilities, dormitories, military barracks, or
shelters for the homeless are examples. Occupational set-
tings in the service sector can place large numbers of
workers in a shared space, thus leading to increased trans-
mission of diseases. This is especially true for diseases
with annual outbreaks, such as influenza, acute viral
gastroenteritis, and colds. As a consequence of treating
patients with these diseases, health-care workers are at
increased risk of exposure to these viral and bacterial
bioaerosols. Increased attention to isolation of contagious
patients, vaccination, improved air filtration, control of
companion and experimental animals in health-care
facilities, handling of hospital laundry, and use of appro-
priate respirators (N95 or N100) can help reduce the
risks. Zoonotic diseases (diseases communicated from
animals to humans) with airborne transmission such as
Q-fever, psittacosis, histoplasmosis, and multidrug-resistant
Staphylococcus aureus (MRSA) may affect farmers, animal
handlers, pet store clerks, veterinarians, zookeepers and
abattoir workers. Some infectious diseases are associated
with episodic exposures arising from engineering errors,
maintenance failures, or unusual exposures. For example,
outbreaks and individual cases of Legionella pneumonia have
occurred as a result of contamination of building cooling
towers and evaporative condensers and use of water
without added biocides in whirlpool spas, dental office
apparatus, and produce misters in grocery stores.

The global transmission of influenza is a re-emerging
concern and many experts wonder not if, but when,
a pandemic will occur. The influenza pandemic of
1918–1919 that killed nearly 50million people worldwide
underscores this concern. Influenza can be transmitted to
humans from avian species or swine, or from avian species
via swine. Strains with high transmissibility and pathoge-
nicity such as H5N1 continue to evolve and may create
the next global pandemic (Nature, 2005). Outbreaks of
avian influenza in South-East Asia have demonstrated
that infections generally arise from live animal markets
and small farms raising poultry in close proximity to
domiciles and to other animals. The practice in Europe
and the Americas of raising swine and poultry in concen-
trated animal feeding operations, often in close proximity,
increases the risk of rapid transmission and mixing of
viruses. In Hong Kong in 1997, 18 people were infected
with bird flu and six died. This outbreak resulted in the
extermination of Hong Kong’s entire poultry population
over several days. Since 2003 there have been 167 deaths
from avian H5N1 flu worldwide. Thailand has experi-
enced four waves of outbreaks in this period with 16
fatalities. In 2005, four deaths from avian H5N1 virus
were reported in Turkey in people raising poultry. Then
in Britain in February 2007, 160 000 infected turkeys were
exterminated to prevent the spread of avian H5N1 virus
after 2500 turkeys died from the virus. This event pointed
out the potential role of global commerce in spreading
avian flu. It appears that the H5N1 virus traveled from a
goose farm in Hungary to a distant abattoir, which then
shipped contaminated meat to Britain. The same facility
in Britain both processed meat and raised turkeys, and the
H5N1 virus moved from the processing side to the turkey-
growing operation. Thus far, the most effective control
strategies have been culling of birds in infected areas,
banning live animal markets, and improving sanitation,
vaccination of poultry, and surveillance with sentinel
flocks. The concern is that if the virus develops the ability
to be readily transmitted from person-to-person, there
will be an epidemic with the potential for high casualties
and worldwide dissemination.

Table 1 provides a list of infectious diseases with
airborne transmission that affect the general public and
workers in a variety of occupational settings. Extensive
information is available elsewhere for each disease and the
reader is referred to the excellent website maintained by
the U.S. Centers for Disease Control and Prevention (see
Relevant Websites). Workers who study agents of bioter-
rorism have risks specific to the agents they handle.
Included are Bacillus anthracis (anthrax), Yersinia pestis

(pneumonic plague), Francisella tularensis (tularemia),
filoviruses (Marburg and Ebola virus hemorrhagic fevers),
and arenaviruses (Lassa fever and a variety of hemor-
rhagic fevers). These workers are typically vaccinated
against 20 or more agents. They also are subject to
extreme biosafety operations and a host of administrative
and engineering controls. Nevertheless, cases associated
with laboratory exposure occasionally do occur.
Respiratory Disease

Respiratory symptoms are the most common health
effects associated with bioaerosol exposure and generally



Table 1 Examples of bioaerosol-associated infectious diseases affecting workers and the general population

Disease People at greatest risk Organism(s)
Disease
type

Acinetobacter pneumonia Foundry workers, machinists Acinetobacter

calcoaceticus

Bacterial

Acute viral gastroenteritis

(stomach flu)a
General public, health-care workers Norwalk-like viruses

(Caliciviridae)

Viral

Adiaspiromycosis Grain handlers, farmers warehouse workers Chrysosporium parvum Fungal

Anthrax Bioterrorism researchers, farmers, abattoir and rendering

workers, veterinarians

Bacillus anthracis Bacterial

Arenaviruses Farmers, warehouse workers, animal handlers, health-care
workers

Lassa, Junin, Machupo,
Tacharibe viruses, etc.

Viral

Aspergillosis Compost workers, farmers, grain handlers Aspergillus niger,

A. fumigatus, A. flavus

Fungal

Avian influenza Poultry workers, general public Avian influenza A (H5N1)

virus

Viral

Blastomycosis General public; construction, cemetery, and road crew

workers

Blastocystis dermatitidus Fungal

Coccidioidomycosis Archeologists, construction workers Coccidioides immitis Fungal

Cryptococcosis Pigeon breeders, animal handlers, zookeepers Cryptococcus

neoformans

Fungal

Equine morbillivirus Veterinarians, animal handlers, farmers, stable hands Morbillivirus Viral
Filovirus Bioterrorism researchers Ebola and Marburg

viruses

Viral

Hantavirus pulmonary
syndrome

Warehouse workers, farmers, animal handlers, field biologists Hantavirus Viral

Histoplasmosis Poultry handlers, pigeon breeders, farmers, construction

workers

Histoplasma capsulatum Fungal

Influenza (flu, grippe) General public, health-care workers Influenza virus
(Orthomyxoviridae)

Viral

Legionellosis

(Legionnaire’s disease,

Pontiac fever)

General public, engineers, machinists, grocers, office workers Legionnella

pneumophilia,

Legionnella sp.

Bacterial

Multidrug-resistant

Staphylococcus aureus

(MRSA)

Health-care workers, hospitalized patients, livestock handlers Staphylococcus aureus Bacterial

Pneumonic plague Bioterrorism researchers, farmers, ranchers, animal handlers,

zookeepers

Yersinia pestis Bacterial

Psittacosis (Ornithosis) Pet store clerks, pigeon breeders, zookeepers, veterinarians,

poultry handlers

Chlamydia psittaci Bacterial

Q-fever Farmers, ranchers, veterinarians, abattoir workers, rendering

plant workers, dairy farmers, bioterrorism researchers

Coxiella burnetti Bacterial

Streptococcal flu Swine farmers Streptococcus suis Bacterial

Swine influenza Swine farmers Swine influenza virus Viral
Tuberculosis General public, law enforcement officers, farm workers Mycobacterium

tuberculosis hominie

Bacterial

Tuberculosis (bovis) Farmers, veterinarians, abattoir workers, zookeepers Mycobacterium bovis Bacterial

Tularemia Bioterrorism researchers, trappers, abattoir workers Francisella tularensis Bacterial
Measles (Rubeola) Unvaccinated general public Measles virus

(Paramyxoviridae)

Viral

Mumps Unvaccinated general public Mumps virus
(Paramyxoviridae)

Viral

RSV pneumonia General public, health-care workers Respiratory syncytial virus

(Paramyxoviridae)

Viral

Rubella (German measles) Unvaccinated general public Rubella virus
(Togaviridae)

Viral

Varicella (chickenpox) Unvaccinated public, health-care workers Varicella-zoster virus

(Herpesviridae)

Viral

Haemophilus influenza
(HIB)

Unvaccinated general public, health-care workers Haemophilus influenza
type B

Bacterial

Meningococcal disease General public Neisseria meningitidis Bacterial

Pertussis (whooping
cough)

General public, health-care workers Bordetella pertussis Bacterial
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result from airway inflammation caused by exposures to
toxins, pro-inflammatory agents, or allergens. Many of the
symptoms and conditions described in detail in the fol-
lowing sections are not exclusively associated with bioaer-
osols but can also be caused by exposures to a number of
non-biological agents; for example, cigarette smoke, air
pollution, and occupational chemicals.
Asthma

Asthma is a heterogeneous chronic inflammatory disorder
of the airways involving airflow limitation that is at least
partly reversible and results in recurrent episodes of
symptoms such as wheezing, breathlessness, chest tight-
ness, and cough. Asthma has increased dramatically in the
past few decades in most Western countries, and environ-
mental exposures (in particular bioaerosols) are believed
to play a major role (Wong et al., 2006). There is increasing
evidence that the allergic phenotype may account for only
50% of all asthma, thus suggesting that in addition to
allergens, nonallergic exposures may also play an impor-
tant role in its pathophysiology.

The environmental exposures commonly assumed to
cause asthma in the general population include a wide
range of bioaerosols such as mite, pet, and cockroach
allergens (IOM, 2000), allergenic and nonallergenic fun-
gal agents (IOM, 2004), and other nonallergenic microbial
agents, including bacterial endotoxin (Douwes et al.,

2002). Exposures to several of these agents are elevated
in damp homes (especially mites and fungi), and a consis-
tent association between home dampness and respiratory
symptoms and asthma has been observed in a large num-
ber of studies (IOM, 2004), suggesting that these bio-
aerosols may indeed be related to asthma (and other
symptoms). However, although house dust mite and pet
allergens cause sensitizations and may induce symptoms
in subjects with pre-existing asthma (IOM, 2000), the
evidence that they cause new-onset asthma is limited
(see the section ‘House dust mite and pet allergens’).
Also, it is commonly assumed that fungal exposure plays
a major role in explaining the association between damp
homes and asthma, but the evidence is mostly based on
self-reports of fungal exposure, and it is therefore unclear
whether fungi and other microbial agents are just markers
of dampness or whether they are causally related. Of those
studies that have included objective exposure measure-
ments, few have found significant associations. This may
be due to problems related to exposure assessment
(IOM, 2004).

Bioaerosol exposure is also a well-known cause of
occupational asthma, and several occupational environ-
ments have been identified in which workers have an
increased risk, including many agriculture and related
industries, waste recycling, wood processing, and furniture
making, biotechnology and primary enzyme producers,
and the bakery industry (Douwes et al., 2003). The causal
exposures can be broadly divided into allergens (e.g., from
enzymes, animals, latex, and fungi) and inflammatory
agents (e.g., bacterial endotoxin, bacterial CPG DNA,
and fungal b(1,3)-glucans), which can cause allergic and
nonallergic asthma, respectively. In the occupational lit-
erature the nonallergic phenotype is sometimes also
referred to as irritant-induced asthma or asthma-like
syndrome.
Rhinitis

Rhinitis is caused by allergic or nonallergic inflammation
in the upper respiratory tract mucosa. Typical symptoms
of rhinitis include sneezing, rhinorrhea, and/or nasal con-
gestion (runny and/or stuffy nose) often accompanied by
tears, itchy eyes, and red and swollen eyelids (conjuncti-
vitis). As with asthma, rhinitis has increased in the last few
decades and approximately only half of all rhinitis appears
attributable to allergy. Episodic symptoms are the hall-
mark of hay fever or allergic rhinitis that is caused by
pollen or fungal exposure. The list of pollens that may
cause hay fever is long and includes pollens from ragweed,
timothy, and ryegrass, Russian thistle, English plantain,
and many other grasses, as well as tree pollens such as
birch, maple, oak, and willow (IOM, 2000). The outdoor
environment is the primary source of pollen exposure,
although occupational allergy to flower pollen has also
been documented. Rhinitis is associated with asthma, but
they are separate conditions and the overlap between the
two conditions is not very great (ISAAC, 1998). Some
studies have suggested a role for pollen in asthma. How-
ever, the evidence is weak, and it is does not appear to be a
very important causal factor. Nonallergic rhinitis in the
general population is common and is most likely caused
by air pollution and other chemical exposures; bioaerosols
may also play a role, but most studies linking bioaerosol
exposure and nonallergic rhinitis have been conducted in
the occupational environment.

Occupational nonallergic rhinitis is sometimes referred
to as mucous membrane irritations and is characterized
by dry cough and irritation in the eyes, nose, and throat.
It is among the most commonly observed conditions
in subjects occupationally exposed to high levels of
bioaerosols, particularly farmers. Bacterial endotoxins, as
well as other agents including fungi, nonorganic dusts,
fumes, and vapors, are believed to be important causes.
Organic Dust Toxic Syndrome

Organic dust toxic syndrome (ODTS) is an acute febrile
illness characterized by fever, shivering, dry cough, chest
tightness, dyspnea, headache, muscle and joint pains,
fatigue, nausea, and general malaise (Douwes et al., 2003).
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The symptoms resemble those of influenza, but symptoms
usually disappear the following day. ODTS is also known
as toxic alveolitis or inhalation fever; in the past this
syndrome of symptoms was named after the particular
environment in which the symptoms were observed; for
example, mill fever, grain fever, humidifier fever, and
silo unloaders syndrome. It is based on an acute intense
airway inflammation dominated by neutrophils that
occurs within 4–8 h after exposure. No prior sensitization
is required and, with high enough exposures, all exposed
subjects may develop the disease. Repeated exposures
can induce adaptation or tolerance, and ODTS may not
reappear until there is an unusually large exposure or
there has been a period of absenteeism, such as during
holidays.

The disease is relatively common in workplaces where
people are heavily exposed to bioaerosols, but it may also
occur in the home and office environment where humi-
difiers or air-conditioning systems are being used that are
heavily contaminated with microorganisms. ODTS is par-
ticularly common among farmers and workers in the
textile fiber processing industry. Microorganisms and bac-
terial endotoxin are believed to be the main causal
exposures.
Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis (HP) is used synonymously
with extrinsic allergic alveolitis (EAA) or ‘farmer’s lung’
or ‘pigeon breeder’s lung’ and is a generic term used to
describe a pulmonary condition with delayed febrile sys-
temic symptoms, manifested by an influx of inflammatory
cells to the lung parenchyma and the formation of gran-
ulomas there. Prior sensitization is required, but immu-
nological mechanisms are still only partly understood
(Fink et al., 2005).

Typical symptoms during the acute form of HP
include systemic symptoms such as fever and chills, as
well as chest tightness, dyspnea, and cough, and closely
resemble those of ODTS. Symptoms develop 4 to 8 hours
after inhalation of the offending substance and usually last
for several days. In the subacute form, dyspnea and cough
are manifested gradually over several weeks or months
and it can progress to severe respiratory impairment (both
obstructive and restrictive). The chronic form of HP is
often afebrile and associated with dyspnea, malaise, weak-
ness, weight loss, and cough. Pulmonary function abnor-
malities range from diffusion defects with restrictive
dysfunction to varying degrees of obstructive dysfunction,
and very severe disease can result in fibrosis and even
death (Fink et al., 2005).

HP is a rare condition, generally only described in case
reports particularly in relation to exposure to thermo-
philic microorganisms. Most well known is farmer’s lung
disease, which occurs most in farmers exposed to one or
more of four thermophilic mycelial bacteria: Saccharopoly-
spora rectivirgula, Saccharomonospora viridis, Thermoactino-
myces sacchari, and Thermoactinomyces vulgaris growing in
hay and straw. Evidence from Finland and France suggests
that molds may play a role in farmer’s lung disease in
these regions (Erkinjuntti-Pekkanen et al., 1999; Roussel
et al., 2004). HP has also been described for grain workers,
mushroom growers, bird breeders, sawmill workers, and
compost workers. Other examples include occupants of
fungus-infested buildings or buildings with humidifiers
heavily contaminated with microorganisms, but this is
very rare.

Case reports of HP began to arise in the early 1990s
among metal machinists exposed to water-based metal-
working fluids treated with biocides. These outbreaks
were often associated with nontuberculous Mycobacteria

found growing in the metal working fluids. Using an
established animal model for HP, Thorne and coworkers
showed that Mycobacteria immunogenum in metal-working
fluids induces HP and that co-exposure of this organism
with endotoxin can augment the severity of the HP
(Thorne et al., 2006).
Chronic Bronchitis

Chronic bronchitis in public health research is most often
defined as cough with phlegm most days for at least three
months of the year for a consecutive period of at least two
years, and may present with or without airway obstruction
and symptoms such as dyspnea, chest tightness, and
wheezing. The underlying mechanism is an increase in
mucus-secreting glands and alterations in the character-
istics of the mucus itself. Smoking is one of the most
important causes of chronic bronchitis. However, expo-
sure to bioaerosols may play a role as well, as has been
demonstrated in several occupational environments such
as farming, the cotton and compost industries, and other
industries in which workers are exposed to high levels of
organic (and inorganic) dust. Whether indoor exposures
play a role is not clear.
Airflow Obstruction

Several studies have shown associations between chronic
airflow obstruction – measured by spirometry – and
bioaerosol exposures in industrial and agricultural occu-
pational populations. Associations were particularly strong
for endotoxin exposure (Douwes et al., 2002). A decline in
forced expiratory volume in 1 second (FEV1; a lung func-
tion parameter indicative of airway obstruction if
decreased) has also been shown in occupants of damp
and moldy homes, although results have not always been
consistent. Indoor b(1!3)-D-glucan and endotoxin levels
as well as floor dampness have also been shown to be
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associated with greater variability in peak expiratory flow
(PEF; reduced PEF is another marker of airway
obstruction).
Pulmonary Hemorrhage

Pulmonary hemorrhage is a condition that is character-
ized by strongly elevated levels of hemosiderin, an iron-
containing pigment, in lung tissues. The condition can be
fatal and is caused by diffuse bleeding and/or hemorrhage
in the alveoli. Although not commonly associated with
bioaerosol exposure, a U.S. Centers for Disease Control
and Prevention (CDC) report suggested that exposure to
Stachybotrys chartarum was the cause of a cluster of acute
pulmonary hemorrhage in ten infants presenting at the
Cleveland children’s hospital in 1993–1994 (CDC, 1994,
1997; Etzel et al., 1998). These findings were later criti-
cized by others and retracted by the CDC on the basis of
shortcomings in the collection, analysis, and report-
ing of study data (CDC, 2000), and to date the role of
S. chartarum is still controversial. In particular, spores
of S. chartarum are not likely to be inhaled indoors because
spores are produced in slimy aggregates that are splash-
dispersed by raindrops outdoors. Based on these uncer-
tainties, a recent report by the U.S Institute of Medicine
(IOM, 2004) concluded that ‘‘available case-report infor-
mation, taken together, constitutes inadequate or insuffi-
cient information to determine whether an association
exists between acute idiopathic pulmonary hemorrhage
and the presence of S. chartarum.’’ Many other scholars in
this field have reached the conclusion that there is little
scientific evidence for this hypothesis.

Despite the enormous media attention and the serious
nature of the condition it is important to note that in terms
of public health relevance the Cleveland cluster was fairly
insignificant. This is in sharp contrast with other well-
established respiratory health effects associated with
damp homes that have been largely ignored by the public
despite hundreds of thousands of people being at risk.
Sick Building Syndrome

Sick building syndrome (SBS) is a term used to describe
a combination of nonspecific symptoms in the absence
of diagnosed disease related to the building that people
live or work in (IOM, 2004). The symptoms commonly
include (but are not limited to) irritation of the skin
and eyes, nasal itching and dryness, headaches, fatigue,
prolonged sore throat, hoarseness, dry cough, chest
discomfort, and less often include nausea, vomiting, diffi-
culty with concentration, joint pain, and low-grade fever.
A high frequency of respiratory tract infections and
enhanced or abnormal odor perception can also be a com-
ponent of SBS. Although SBS is believed to be relatively
common, no accurate estimates of the prevalence are avail-
able mainly because of the lack of objective criteria to
diagnose SBS.

SBS may be related to irritant effects of bacteria and
fungi and/or their structural components that cause loca-
lized and systemic nonspecific inflammation, but the
evidence for this is weak. Chemical contaminants, inade-
quate ventilation, odor, thermal factors, and psychologi-
cal factors have also been suggested as possible causes
(Seppänen and Fisk, 2002).
Cancers

Most reports linking bioaerosols with cancer come from
the occupational literature, and to date there is little
evidence that bioaerosols play any role in cancer causa-
tion in the general population. The only clearly estab-
lished nonviral biological occupational carcinogens are
particular mycotoxins. These occur in industries in which
mold-contaminated materials are handled. Aflatoxin from
Aspergillus flavus-contaminated grain is an established
human carcinogen particularly with regard to liver cancer.
Ochratoxin A is also considered a possible human carcin-
ogen. The most relevant route of exposure to aflatoxin
and ochratoxin is by ingestion, but exposure can also
occur by inhalation in industries such as peanut proces-
sing or livestock feed processing and in industries in
which grain dust exposure occurs. However, a definitive
role for inhalation exposure is not established. Workers
frequently exposed to livestock and grain (farmers) and
meat (abattoir workers and butchers) are at increased risk
for several cancers, including lung cancers, hematologic
cancers, lip, and stomach, prostate, connective tissue, and
brain cancer. Hypothesized explanations involve exposure
to pesticides or exposure to zoonotic viral exposures such
as herpes, avian leucosis and papilloma viruses, mycotox-
ins, and other yet unidentified biological exposures.
Other Adverse Health Effects

Some studies have suggested associations between bioaer-
osol exposure and skin problems (including eczema and
general skin irritations), nausea, vomiting, and diarrhea.
In addition, mycotoxins have been suggested to be in-
volved in reproductive effects in grain farmers. However,
to date these effects have not been studied extensively, the
results remain largely inconclusive, and the causal expo-
sures have only been poorly characterized (IOM, 2004).
The Hygiene Hypothesis

The hygiene hypothesis postulates that growing up in a
more hygienic environment may increase the risk of
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developing allergies (Liu andLeung, 2006). This hypothesis
has been prompted by the results of epidemiological studies
showing that overcrowding and unhygienic conditions were
associated with a lower prevalence of allergies, eczema and
hay fever, and asthma. Infections and exposure to certain
microbial agents early in life have been proposed as an
explanation for these protective effects.

In particular, several cross-sectional studies reported
significant inverse associations between indoor endotoxin
levels and atopic sensitization, hay fever, and atopic
asthma. A recent prospective birth cohort study showed
an inverse association between floor levels of bacterial
endotoxin and fungal components measured at three
months and doctor-diagnosed asthma and persistent
wheeze at age four, thus confirming some of the earlier
findings from cross-sectional studies (Douwes et al., 2006).
Several studies have also reported a reduced risk of atopy,
hay fever, asthma, and eczema in farmer’s children and
adolescents, and although the specific protective factors
were not conclusively determined, an important role for
endotoxin and other microbial agents has been suggested
(Douwes et al., 2002). However, there are also several large
studies that have not found a protective effect or even a
positive association. For instance, the U.S. National Survey
of Allergens and Endotoxin in Housing found
an exposure-dependent increase in diagnosed asthma,
wheeze, and asthma medication use in adults with increas-
ing bedroom floor and bedding endotoxin (Thorne et al.,

2005). Animal studies are also contradictory regarding a
protective effect of endotoxin for atopy and airways hyper-
reactivity (Douwes et al., 2002). Part of these inconsisten-
cies may be related to the timing of exposure, with early
life exposures being protective and exposures later in life
being a risk factor. Alternatively, it may be that endotoxin
exposure prevents allergic asthma but at higher exposure
levels is a cause of nonallergic asthma (Douwes et al., 2002).

There are some other limitations of the current
hygiene hypothesis. In particular, although housing con-
ditions have not become more hygienic in U.S. inner city
populations, asthma prevalence has increased signifi-
cantly in those populations, and particularly among
African-Americans living in poverty, which is in contrast to
previous findings showing a positive association between
affluence and asthma prevalence. Further, epidemiologic
studies have assessed exposure to a limited suite of bioaer-
osols, and the causal agents responsible for immuno-
modulation may remain unknown.
Specific Exposures

Fungal Spores and Hyphal Fragments

Many fungi and some yeasts replicate by production of
numerous spores that are well adapted to airborne dis-
persal. Spore sizes range typically from 2 to 10 mm. They
can stay airborne for long periods and may deposit in the
respiratory system, with a substantial fraction of the smal-
ler spores reaching the alveoli (Eduard, 2007). The same
applies to Actinomycetes, which are Gram-negative bacteria
but produce spores very similar to the microfungi. Fungi
also release hyphal fragments that are even smaller. To
date it is not clear whether hyphal fragments can also
cause health effects.

Fungal spores are ubiquitous in outdoor air; levels
range from less than 100 to more than 105 spores/m3

depending on region and season. Indoor levels are usual-
ly lower than outdoors but may be elevated (up to
104 spores/m3) by unintended fungal growth, for example
in damp buildings. Fungal spore levels can be very high at
workplaces where moldy materials are handled, for exam-
ple in agriculture, waste handling facilities, sawmills, and
in biotechnological and food industries where cultivation
of fungi is part of the process. Exposure levels often
exceed 106 spores/m3 and can be as high as 1010 spores/m3.

Fungal spores have often been suggested to be causally
relatedwith symptoms associatedwith damp indoor spaces,
but the evidence is weaker than generally assumed. Assess-
ment of exposure to molds in most studies has invariably
been by questionnaire, and it is unknown to what extent
questionnaire reports of mold growth correlate with expo-
sure to fungal spores. The studies that have included objec-
tive measurements for mold exposures generally involved
culturing spores from the indoor air or from settled dust,
and only a few of these studies showed a positive associa-
tion between measured exposure and asthma or asthma-
like symptoms (IOM, 2004). This result may, however, be
due to the severe limitations of exposure assessment meth-
ods applied in most of these studies (IOM, 2004).

Human challenge studies have shown no observed
effect levels (NOEL) in school personnel with sick build-
ing syndrome of 4.103 and 8.103 spores/m3 for Trichoderma
harzianum and Penicillium chrysogenum, respectively (Meyer
et al., 2004), whereas lowest observed effect levels (LOEL)
for airway obstruction of 1.104 and 2.104 spores/m3 were
found for Alternaria alternata and Penicillium sp., respec-
tively, in patients with mild allergic asthma (Licorish et al.,
1985). (The applied doses are calculated to equal an
8-hour exposure.) In various working populations, for
example wood workers, waste handlers, and farmers, a
variety of respiratory effects such as lung function changes
and increased inflammatory markers in the airways have
been shown at levels in excess of 105 spores/m3. Experi-
mental studies have further shown that the inflammatory
effects do not depend on viability, although there may be
differences in allergenicity.
Fungal Glucan

(1!3)-b-D-glucans are nonallergenic water-insoluble
structural cell wall components of most fungi, some
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bacteria, most higher plants, and many lower plants. They
consist of glucose polymers with variable molecular
weight and degree of branching. Elevated levels of
(1!3)-b-D-glucans have been demonstrated in buildings
with mold problems and in several occupational settings,
including sawmills, paper industry, waste handling and
recycling, and farming (Douwes, 2005).

The first reports suggesting a potential role for (1!3)-
b-D-glucans in the development of respiratory health
effects appeared in the late 1980s and early 1990s. Since
then, a limited number of population studies have been
conducted both in the indoor and occupational envi-
ronment. These studies reported associations between
(1!3)-b-D-glucan exposure and upper airway irritations
and fatigue/tiredness; however, these associations were
not confirmed in other studies. Also, no clear associations
with lung function were found; that is, some studies
reported adverse effects on lung function whereas others
found no or even an opposite association. One study also
suggested that (1!3)-b-D-glucan exposure was asso-
ciated with an increased risk of atopy, similar to what
has been observed in some animal studies, but this was
not confirmed in a smaller study (Douwes, 2005).

The data with regard to the potential effects of glucan
on airway inflammation are also mixed. In vitro studies
have demonstrated the potential of (1!3)-b-D-glucans
to induce inflammatory responses, and several studies
in laboratory animals have shown that (high levels of)
(1!3)-b-D-glucan may cause airway inflammation.
However, in most population and human challenge stud-
ies no such association was found (Douwes, 2005). Thus,
the currently available epidemiological data do not permit
conclusions to be drawn regarding the presence (or
absence) of an association between environmental glucan
exposure and specific adverse health effects, nor is it clear
from the currently available evidence which specific
inflammatory mechanisms underlie the presumed health
effects (Douwes, 2005).
Mycotoxins

Mycotoxins or fungal toxins are low-molecular-weight
biomolecules produced by fungi, some of which are
toxic to both animals and humans. Several (e.g., aflatoxin
from Aspergillus flavus and Aspergillus parasiticus) are potent
carcinogens (see ‘Cancers,’ above). Other important myco-
toxins are the trichothecenes produced by Fusarium and
Stachybotrys species, fumonisins and zearalenone produ-
ced by Fusarium species, and ochratoxin A produced by
Aspergillus ochraceus and Penicillium verrucosum. Many myco-
toxins are immunotoxic. However, the trichothecene
mycotoxins are immuno-stimulating at lower doses.

Numerous other mycotoxins have been classified that
possess distinct chemical structures and reactive func-
tional groups, including primary and secondary amines,
hydroxyl or phenolic groups, lactams, carboxylic acids,
and amides. Very little is known about airborne exposures
and respiratory health effects of mycotoxins. Mycotoxins
of Fusarium, Aspergillus, and Penicillium genera are known to
be present in the inhalable fraction of airborne corn dust,
cotton dust, and grain dust. However, it is not clear
whether these components contribute to respiratory symp-
toms in the cotton, textile, or grain industries.

As already mentioned, several mycotoxins can be car-
cinogenic, but only few studies have demonstrated an
increased risk for inhaled mycotoxins. Autrup et al.
(1991) detected serum albumin adducts of aflatoxin B1
in animal-feed workers who had handled aflatoxin
B1-containing raw material. These findings may explain
the elevated risk of liver and biliary cancer observed in a
study of animal-feed workers in Denmark (Olsen et al.,

1988). Also, warnings of climatic conditions favorable for
fungal infection of crops have been found to correlate
with hormone-dependent cancers (as well as reproductive
effects) in Norwegian farmers, and similar associations
have been found for pre-eclampsia and lip cancer. Other
studies have shown that fungal warnings were correlated
with the trichothecene mycotoxin level in fine grain dust
and DNA of toxigenic Fusarium species in personal air
samples (Eduard, 2007).
Bacterial Endotoxin

Endotoxins are composed of lipopolysaccharides (LPS)
and lipooligosaccharides (LOS) and are a nonallergenic
cell-wall component of Gram-negative bacteria with strong
pro-inflammatory properties. Endotoxin is commonly
present in many occupational environments but also in
the ambient environment (Mueller-Anneling et al., 2004)
and in house dust (Douwes et al., 2002; Thorne et al., 2005).

Endotoxin has long been recognized as an important
factor in the etiology of occupational lung diseases,
including (nonallergic) asthma and ODTS. Subjects
exposed to endotoxin in inhalation experiments experi-
ence clinical effects such as fever, shivering, arthralgia,
influenza-like symptoms (malaise), blood leukocytosis,
neutrophilic airway inflammation, asthma symptoms
such as dry cough, dyspnea and chest tightness, bronchial
obstruction, as well as dose-dependent lung function
impairment (FVC, FEV1, and flow-volume variables)
and decreased lung diffusion capacity (Douwes et al.,

2002). Many occupational studies have shown positive
associations between endotoxin exposure and health effects,
including both reversible (asthma) and chronic airway
obstruction, respiratory symptoms (symptoms of asthma,
bronchitis, and byssinosis), and increased airway respon-
siveness. This was consistently observed in a large variety
of occupational environments characterized by different
exposure levels and different compositions of the bioaer-
osol exposures, and several of these studies reported clear
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exposure–response relationships (Douwes et al., 2002).
Subjects with increased bronchial hyperresponsiveness
and/or asthma may be more sensitive to develop symp-
toms, but large differences in airway responsiveness to
inhaled endotoxin also exist in healthy (nonallergic) sub-
jects (Kline et al., 1999).

More recently, endotoxin has also been suggested to
play a role in nonoccupational respiratory disease, most
notably asthma. Several studies showed a positive associa-
tion between endotoxin in house dust and symptoms, lung
function, and medication use in children with pre-existing
asthma (Michel et al., 1996). A positive association
between indoor endotoxin and respiratory symptoms
was also reported in infants (Park et al., 2001) and adults
(Thorne et al., 2005). In contrast, there are several other
studies suggesting that domestic endotoxin exposure in
early life may protect against the development of allergies
and new-onset asthma (see ‘Hygiene Hypothesis,’ above
and ‘House dust mite and pet allergens,’ below), and it has
even suggested that endotoxin may reverse pre-existing
atopic sensitization and related diseases (Douwes et al.,

2004). Thus, the role of indoor endotoxin exposure in the
development of allergies and asthma is not currently clear.
Allergens

Allergens comprise a large variety of macromolecular
structures ranging from low-molecular-weight com-
pounds that require conjugation to a protein (chemicals
such as di-isocyanates, anhydrides, aldehydes, resins, and
plicatic acid from Western red cedar) to high-molecular-
weight sensitizers, which are most often proteins of bio-
logic origin.

House dust mite and pet allergens

The major allergens produced by the house dust mite,
Dermatophagoides pteronyssisus, (called Der p1 and Der p2)
are proteases present in high amount in fecal pellets (IOM,
2000). Another house dust mite species,D. farinae produces
as its major allergen Der f1. Elevated levels of these aller-
gens have been detected in house dust, mattress dust, and
bedding collected in damp homes. The major cat and dog
allergens are proteins called Fel d1 and Can f1, respec-
tively. They are present in dander, saliva, and urine of cats
and dogs and can be found in house dust and on clothes of
people who keep pets or are regularly exposed to them.

Indoor allergens can exacerbate pre-existing asthma
in sensitized subjects (IOM, 2000) and epidemiological
studies have also shown an association between indoor
allergen exposure and specific atopic sensitization (Lau
et al., 2002). For instance, many studies have shown an
association between dust mite allergen levels in house
dust and dust mite specific sensitization. There is also a
strong association between house dust mite sensitization
and asthma. Moreover, several challenge studies have
demonstrated that inhalation of dust mite allergen in
allergic asthmatics could produce a strong asthmatic
response. Finally, asthma in mite-allergic subjects was
shown to significantly improve when they moved from
high- to low-mite-exposure areas. Thus, there is sufficient
evidence that allergen exposure can cause asthma exacer-
bations. However, few studies have shown a clear associa-
tion between allergen exposure and new-onset asthma.
In fact, Pearce et al. (2000) concluded based on the avail-
able evidence that indoor or outdoor allergens are not a
major cause of new-onset asthma in the general popula-
tion. The authors suggested that the evidence from cross-
sectional studies was weak with weighted averages of the
population-attributable risks in children of 4% for Der
p1, 11% for Fel d1, –4% for Bla g2 (cockroach), and 6%
for Can f1. Most of the longitudinal studies found no or
inconsistent associations between early dust mite allergen
exposure and asthma later in childhood. For example, in
the German Multicentre Allergy Study (MAS) levels of
mite and cat allergens in early life were strongly related to
specific sensitization, but no dose–response relationship
between allergen exposure and asthma or wheeze was
found at age 7 years (Lau et al., 2002). Also, intervention
studies minimizing exposure to indoor allergens in early
life have not proven effective in preventing asthma
(Pearce et al., 2000). These observations suggest that fac-
tors different from those involved in the development of
new-onset asthma may be important in the development
of allergy. Aside from the possibility that indoor allergen
exposure per se does not cause asthma, studies might have
suffered from unmeasured or unknown confounding from
other inhalation exposures indoors, such as fine particles,
ozone and/or pro-inflammatory compounds such as endo-
toxin or glucan. Thus, although indoor allergens are impor-
tant in causing exacerbations, they may not play a major
role in the development of (new-onset) asthma.

Fungal allergens
Many fungal allergens are glycopeptides with enzymatic
properties and can be found in spores and hyphae but
are released in greater amounts during germination and
mycelial growth. Viability of spores therefore appears
important for allergenic expression, a notion that has
been confirmed in some animal studies. However, inhaled
hyphae may be involved in fungal allergy as well.

Species from the genera Cladosporium, Alternaria, and
Aspergillus are most often involved in fungal allergy and
have been shown to produce a variety of allergens. These
species are also most prevalent in outdoor air. Other
species have been suggested to be related to asthma in
the general population and in workers, but these are not
commonly included in allergy tests, and their contribu-
tion to fungal allergy is not known. Some studies have
shown a higher prevalence of fungal sensitization among
subjects living in damp buildings and among severe
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asthmatics. Also, in a large European multicenter study,
an association between mold sensitization (Alternaria alter-
nata and Cladosporium herbarum) and asthma severity was
demonstrated (Zureick et al., 2002), and allergic responses
to molds have been shown in relation to outdoor air
exposures of Alternaria in desert environments. Thus, it
appears that exposure to fungal allergens may be related
to asthma; however, the evidence that allergic responses
play a major role in the development of asthma is limited
(IOM, 2004). This may be because mold allergens and
immunoglobin E (IgE) directed against these allergens are
very difficult to measure, because the production of mold
allergen in nature is highly variable. Another possible
explanation is that resting spores are less allergenic (see
above). Few studies have examined fungal allergy in
highly exposed occupational populations, but specific
IgE to prevalent species is remarkably absent in some of
the studies (Eduard, 2007).

Occupational allergens

Most potent occupational IgE-binding allergens include
enzymes derived from fungi and bacteria produced by
biotechnological companies for use, for example, in wash-
ing powders and both the human and animal food indus-
tries. Populations at risk are therefore not only workers
in the enzyme-producing industries but also workers in
food-processing industries where enzyme preparations
are used. Other well-known IgE-binding allergens are
plant pollens, which may cause allergies in greenhouse
workers. Latex allergens have received extensive attention
during the last decade as a result of high numbers of
health and hospital workers being sensitized from use of
latex gloves produced from sap from the rubber tree Hevea
brasiliensis. Finally, several animal proteins (dust mite, cat
and mouse and rat allergens) are known to have strong
allergenic properties. In particular, it is well established
that laboratory animal workers are at risk of developing
occupational IgE-mediated allergy to mice and rat aller-
gens. In addition to IgE-binding allergens, workers may be
exposed to IgG-binding allergens. These allergens are
assumed to be involved in the pathogenesis of HP or
farmer’s lung (see ‘Hypersensitivity pneumonitis,’ above)
and are produced by molds and actinomycetes. However,
although an allergic immune response is suspected in HP,
the exact pathology is unknown, and other mechanisms
are assumed to play a role as well.
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Biodiversity at Present

Biodiversity loss, namely a reduction in the variety of
life on Earth, has rarely been cast as a public health
concern. Yet, human health depends on biodiversity. Bio-
diversity maintains the availability of basic human neces-
sities such as clean water, clean air, and food. It also serves
as a resource for the discovery of new medicines and as
the resource for the plant, animal, and microbial experi-
mental models that scientists rely on every day to better
understand how cells and organs function in health and
disease.

Current species’ extinction rates, a measure of biodi-
versity loss, have been estimated to be 100, or even as
much as 1000 times higher than natural background rates.
A 1998 survey of 400 members of the American Institute
of Biological Sciences found that some 70% of respon-
dents believed that 20% of all living species would be
extinct by 2028 (Louis Harris and Associates, 1998).
According to the IUCN Red List of Threatened Species,
nearly one-quarter of all mammals, one-third of all pri-
mates and amphibians, and two-fifths of tortoises and
turtles risk extinction in the next 100 years.
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Human activities are, in large part, bringing about
these extinctions. Overharvesting, pollution, and invasive
species, which may displace native organisms or spoil
their habitat, have contributed to the tally of lost species.
By far the greatest contributor, however, to recent extinc-
tions has been habitat loss. Through extensive transforma-
tions of the Earth’s surface, oceans, and freshwater bodies,
many species have lost the habitat they need to survive.
A recent study by Chris Thomas and coworkers (2004) has
suggested that, in the coming century, climate change
looms as the major threat to biodiversity with 15% or
more of species committed to extinction by 2050 due to
the effects of climate change.

Medicines from Natural Products

No more direct a connection can be made between
human health and biodiversity than the reliance of medi-
cine on natural products for drug development. Roughly
50% of the most prescribed medicines in the United
States are directly or indirectly derived from a natural
source and, despite the significant contributions from

http://www.cdc.gov
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rational drug design in recent years, a recent analysis
demonstrates that the majority (116 out of 158) of new
drugs licensed between 1998–2002 can be traced to
natural product origins (Chivian and Bernstein, 2007)
(Table 1).

Some of the most successful drugs, such as the choles-
terol-lowering statins or the penicillin class of antibiotics,
come from abundant microbial species. Yet, not all drug
leads come from abundant organisms. Several drugs in
development provide examples of how species loss, occur-
ring over the span of just a few decades, may preclude new
treatments.

Diazonamide A, an extract from a sea squirt Diazona
angulata, has emerged as a potential anticancer agent
(Williams et al., 2007). Originally discovered in 1991,
diazonamide garnered much interest, yet it took another
5 years of searching before the same of species of Diazona,
would be re-found. A similar story can be told for cala-
nolide A, a drug under investigation for treatment of HIV.
This medicine was first found in Calophyllum lanigerum, a
tree that lived in what may be the oldest rainforest on
Earth on the island of Borneo. After the initial extraction
of the compound and the demonstration of its potent
anti-HIV activity, researchers returned to Borneo to
find the original tree but could not. Samples from other
C. lanigerum in the area did not contain calanolide
A. Fortunately, enough calanolide A survived from the
first harvest so that it could be synthesized (Chivian and
Bernstein, 2008). The documentation of several other
near misses suggests that many more potential medicines
are vanishing with the species that produce them before
we even know those species exist.
The Use of Organisms in Biomedical
Research

Biologists have always made use of organisms to investi-
gate how human cells, tissues, and organ systems function
in health and disease. It is difficult to estimate the exact
Table 1 A short list of medicines derived from natural

products

Lipid-lowering drugs: statins, niacin

Pain killers: morphine, aspirin, ziconotide

Anticoagulants: warfarin, heparin, lepirudin

Antibiotics: penicillins, cephalosporins, aminoglycosides,
tetracyclines, and vancomyin

Antiparasitics: quinine, artemisia

Antivirals: acyclovir and AZT

Cancer chemotherapies: cytarabine (Ara-C), taxol, vincristine,
vinblastine

Immunosuppressive agents: cyclosporine, rapamycin,

tacrolimus
value of these organisms to the public’s health as essen-
tially all medicines, vaccines, and radiologic imaging
modalities, as well as many surgical techniques, were
first tested in experimental models.

Many readers will be familiar with the more common
workhorses of biomedical research – Escherichia coli,
Caenorhabditis elegans, fruit flies (Drosophila melanogaster),
yeast (Saccharomyces cerevisiae), and the laboratory mouse
(Mus musculus), to name a few. Dozens of other organisms
have great value as well as they have particular attributes
that make them uniquely well suited to a particular scien-
tific question. Black-capped chickadees (Parus atricapillus),
for example, proved to be ideal for the discovery of
neurogenesis, the process of growing new neurons, in
the central nervous system. In a series of revolutionary
experiments conducted at Rockefeller University, which
debunked the long-held belief that neurons in the central
nervous system once lost can never return, Barnea and
Nottebohm (1994) demonstrated that these birds sprout
new neurons in their brains year round and particularly in
the autumn, which likely helps them remember where
they bury their food. This breakthrough paved the way
for the discovery of neurogenesis in humans.
Cone Snails

Cone snails, long prized for their exquisite shells, have
become an invaluable resource to biologists. Each of the
700 or so cone snail species manufactures its own unique
blend of about one hundred peptides that it uses to
paralyze its prey. Taken together, the cone snails produce
an estimated 100 000 peptides of which only a few hun-
dred have been well studied. Even within these few hun-
dred can be found a startling array of molecular probes for
voltage- and ligand-gated ion channels. The conopeptides
also have exceptional specificity for their molecular tar-
gets, an attribute first noted by Baldomero Olivera. For
example, conopeptides have enabled researchers to tap
deeper into the activities of over a dozen forms of nico-
tinic acetylcholine receptors, molecules essential to the
working of the nervous system and of great importance in
diseases such as Parkinson’s, Alzheimer’s, epilepsy, and
alcoholism (Terlau and Olivera, 2004).
Thermus Aquaticus

Arguably no recent scientific discovery has had greater
influence on the course of biological research than the
polymerase chain reaction (PCR). PCR takes a small
amount of genetic material and makes multiple copies
of it, and, in so doing, allows for the study of genetic
processes in cells never before possible. In essence, PCR
can be thought of as a biological copying machine with
the essential cog being an enzyme found in the bacteria
Thermus aquaticus. T. aquaticus was found by Thomas
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Brock and Hudson Freeze in 1966 living in the waters of a
hot spring in Yellowstone National Park. The bacteria
thrive at about 75 �C, a temperature that would kill most
of its microbial cousins (e.g., cow’s milk pasteurization
typically occurs at 63–72 �C). What makes it able to
flourish is the ability of its enzymes to maintain structural
integrity at these temperatures. This feature made the
Taq polymerase an ideal enzyme for making copies of
DNA by way of PCR, as PCR relies on heating samples to
separate paired DNA strands so as to make them accessi-
ble to the polymerase for copying.

Taq polymerase has made possible the sequencing of
genomes, including the human genome; it has greatly
advanced the diagnosis of various infectious diseases,
including HIV; and it has been used in tens of thousands
of published biological experiments.
Horseshoe Crabs

With four eyes, six pairs of legs, and blood that turns a
brilliant hue of cobalt blue when exposed to air, the four
species of horseshoe crabs (genus Limulus) appear more as
a life form from another planet than our own. Despite
their alien appearance, this organism has been a key
research model for the study of vision, which naturally
has direct bearing on human sight. Two of the crab’s eyes
are compound eyes, meaning that each of them consists of
500–1000 individual light-detecting devices, known as
Table 2 Some biomedical research advances made possible by

Around 1881 – Agar first used to culture bacteria. Although the m
agar, derived from any one of several marine red algae species (gen

macrocystis), the idea to do so came from Fanny Eilshemius, the w

puddings. Agar plates remain to this day the mainstay of bacterial
1905 – Discovery of sex chromosomes in the yellow mealworm b

includes various species of beetle and bugs). The sexes of the m

the yellowmealworm beetle (Tenebrio molitor) used by Nettie Steve

were easily identifiable. This trait led to the recognition that an orga
1909 – Discovery of giant axons in squid. The squid axon was idea

first measurements of voltage changes underlying a nerve impulse

Andrew Fielding Huxley (for which they won the Nobel Prize in Med

clarified how nerve cells transmit information
1931 – Discovery of genetic transposition. In her studies on corn c

transferred between paired chromosomes during cell division, a pr

For this pioneering work, she won the Nobel Prize in 1983
1964 – Mitochondrial DNA from Neurospora crassa; or red bread

Luck used this organism to uncover that mitochondria, the main fu

DNA is maternally inherited. Neurospora had also been used earlie

encodes just one protein
1984 – A complete map of neurons in the brain of C :elegans is c

(connections between neurons), this first comprehensive blueprint

observe how genes and environment interplay in the course of neu

2004 – Adenovirus used to reverse the bleeding tendencies of do
the gene defective in hemophilia. Viruses have emerged as the m

have a built-in apparatus for delivering genes to cells, and they hav

normal copy of a defective gene without causing disease.

Adapted from Chivian E and Bernstein A (eds.) (2008) Sustaining Life
ommatidia, that work together to form the eye as a
whole. Because each ommatidium has its own nerve and
each individual nerve fiber can be dissected and isolated,
scientists can perform detailed experiments to investigate
how light input into one ommatidium of the eye affects
another. H. Keffer Hartline won a Nobel Prize in 1967 for
experiments in horseshoe crabs that led to the discovery
of lateral inhibition, a phenomenon that helps crabs, and
humans, see the boundaries of objects.

Something of even more value to humanity than the
crab’s eyes has been its blood. Experiments done in the
late 1950s by Frederik Bang and Jack Levin revealed that a
lysate made from the crab’s blood cells clots on exposure
to endotoxin, a molecule found on the surface of Gram-
negative bacteria. This capability translated into a
remarkably sensitive test for the presence of endotoxin
and this assay has become the standard screen used to
ensure that all medical supplies are sterile. In 2004, the
horseshoe crab lysate assay was responsible for the detec-
tion of influenza vaccine contaminated with Serratia mar-

sescens, averting a public health catastrophe (Sargent,
2006) (Table 2).
Ecosystem Services

The benefits that all living things derive from ecosystems
are known as ecosystem services, and life would not exist
diverse species over the past 125 years

icrobiologist Robert Koch has been credited with the first use of
era include euchema, gelidium, gracilaria, hypnea, gigartina, and

ife of one of Koch’s colleagues, who had been using it in her

culture around the world
eetle and various Hemiptera (a large order of insects that
any species of butterfly used by Edmund B. Wilson, as well as of

ns, have differences in the composition of their chromosomes that

nism’s sex depends on the X and Y chromosomes
lly suited to the experiments of K.C. Cole, who, in 1937, made the

, as well as further experiments by Alan Lloyd Hodgkin and

icine, sharing it with John Eccles, in 1963), and others that further

hromosomes, Barbara McClintock showed that genes are

ocess essential to promoting genetic diversity among offspring.

mold, identified and characterized. Edward Reich and David

el source of eukaryotic cells, not only possess DNA, but that this

r in the century by Beadle and Tatum to establish that each gene

ompleted. Comprising 302 neurons and about 8000 synapses

of an organism’s brain has yielded an exceptional opportunity to

ral development

gs and mice with hemophilia by introducing a normal form of
ost promising means of administering gene therapy because they

e easily manipulable genomes that can be designed to carry a

. New York: Oxford University Press, with permission.
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without them. Ecosystems on a local or regional level can
purify air and water, and provide food and timber. On a
global scale, they regulate the Earth’s climate by seques-
tering carbon and participate in many nutrient cycles,
such as those for nitrogen and phosphorous. Ecosystems
may cease to function even in the absence of species
extinction, and as a result many experts have argued
that conservation should address preservation of ecosys-
tems as much as individual species, because the main
importance of biodiversity to humanity may be its role
in sustaining ecosystem services.
Water Purification

About one-third of the most populated cities on Earth –
New York and Los Angeles among them – rely at least in
part on protectedwatershed ecosystems to clean their water.
Watershed ecosystems contain species that work like a giant
drip filter to remove many substances from rainfall and
runoff. Plants can absorb excess nitrogen and hazardous
heavy metals, and microbes can break down toxic sub-
stances, including petroleumproducts, pesticides, and poly-
chlorinated biphenyls (PCBs). In the face of declining water
quality in the 1990s, New York City decided to purchase
land in the watershed surrounding the city – land critical to
filtering runoff that ultimately entered into the city’s water
supply – instead of building a water treatment facility. This
choice was not only cheaper than building a filtration plant
but has maintained the city’s water quality.
Agriculture

For any given crop to be produced, scores of organisms
are needed. Starting in the soil, which is arguably one of
the most diverse ecosystems on Earth, species of fungus
known as mychorrhizae make vast and intricate networks
of fine threads called hyphae that facilitate nutrient
uptake in plant roots. The soil is also home to the rhizo-
bacteria, organisms that work with legumes (such as
beans, lentils, and peanuts) to fix nitrogen into the soil
by capturing nitrogen gas in the air and converting it into
ammonia that can be trapped in the ground and used by
plants. Without this symbiosis, soils would be nitrogen
depleted in the absence of synthetic fertilizer application.
Also subterranean are numerous worms, rodents, and
other organisms that maintain pores in soil, which are
essential to the distribution of air and water to the organ-
isms that support plant growth. Moving above the ground,
many plants require pollinators to yield a crop, and while
not all major crops require pollinators (some are wind or
self-pollinated), as many as 80% of crops, for example,
grown in the European Union, require insect pollination.
Many more species, such as insectivores that control
insect pests, contribute to the successful raising of agri-
cultural crops.
Mental Health Value

In the midst of the many tangible benefits of nature, it is
easy to overlook its great importance to human mental
health. Nature supplies not only a place for respite and a
source of inspiration to artists, but research has documen-
ted that people function better, whether at their job or
school, or may even recover from illness faster, when they
have a connection to the natural world.
Infectious Diseases

For the majority of the approximately 1400 known human
infectious diseases, the infectious agent passes through
other species before it infects humans. It follows then
that changes to the composition or function of an ecosys-
tem that contains organisms involved in the life cycle of
an infectious disease may alter the spread of that disease.
This has been observed many times over with diseases
such as Lyme disease, schistosomiasis, and dengue fever,
which have arthropod or snail vectors that spread the
disease. In addition, about 75% of the 175 emerging
infectious diseases, which are diseases that are increasing
in incidence or geographic range, infect species other than
humans. This suggests that the present-day ecosystem
disruptions are already transforming the landscape of
the infections humans contract (Patz et al., 2004).

The case of influenza provides an example of how
ecosystems affect the spread of infectious disease. Each
year, a strain of the influenza virus migrates out of East
Asia to spread around the rest of the world. Asymptomatic
infection in shorebirds and waterfowl in Asia guarantees
the survival of the virus and these wild birds may spread
the infection to domestic birds, especially chickens, or
occasionally transmit it directly to humans.

An added dimension to influenza ecology is that strains
of avian influenza, which are strains of the virus that
primarily infect birds, as well as strains of the virus that
infect humans, can both infect pigs or humans. When
these different strains mingle within the same host, they
may swap genetic information leading to new, and poten-
tially highly virulent, forms of the virus. Thus, the partic-
ular genetic composition of the strain depends both on
genetic mutation that occurs within the virus and also on
the possibility of a chance exchange of genetic material
between different strains that can occur when strains
coinfect the same host.
The Future of Biodiversity

Although we do not know with any great certainty what
the outcome of the present extinction event will be in
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terms of its effects on human health, the stakes are high.
Biodiversity cannot be replaced. In the coming century,
no action in the interest of public health may be of greater
benefit than preserving the biodiversity we have, even as
it comes under increasing pressures from the growing
human population.
See also: Emerging Diseases: Overview; Energy Use,

Health Implications of; Environmental Health: Overview;

Influenza; Land Use / Land Change and Health; Outdoor

Air Pollution: Sources, Atmospheric Transport, and

Human Health Effects; Water Pollution: Emerging Con-

taminants Associated With Drinking Water.
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public health research studies have been termed biostatis-
tics. The use of these methods will be discussed later in
the section titled ‘Basic analytical statistics (biostatistics)
concepts.’ While most readers are unlikely to be practicing
biostatisticians, most probably they will be expected to
understand and interpret correctly journal articles summar-
izing research projects relevant to public health practice.
Most such articles use statistical techniques in their
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summaries and analyses (perusal of any recent research
journal in medicine or public health verifies this assertion).
We review the rationale and interpretation of basic statisti-
cal summaries and biostatistical analyses. (Details on many
specific statistical methodologies may be found in the sev-
eral textbooks listed in the section titled ‘Further reading.’)
Descriptive Statistics

Descriptive Statistics in Public Health

Many nations and all U.S. states mandate that certain data
are routinely collected on births, deaths, and other key
measures of population health. Under federal law, the U.S.
National Center for Health Statistics (NCHS) is required
to collect, compile, and disseminate a large number of
such health measures. As a result, several important health
statistics programs have been developed by NCHS in
recent decades to better estimate and understand the
status and trends of the health of the American population
and several subpopulations. These programs include not
only the standard vital statistics (NCHS, 2006) such as
births, low birth weights, and deaths, but also national
surveys of morbidity and health practices. Naturally the
collection of such voluminous amounts of data, by NCHS
and other public health organizations, requires suitable
methods for summarization, depiction, and interpretation.
Collectively labeled descriptive statistics, there are a wide
variety of these methods including rates, proportions, and
other summary measures.

Several summary descriptive statistics have become the
bedrock for assessing population health. As such, they can
also provide quantified goals for national and state health
programs (U.S. Dept. of Health and Human Services, 2000).
For example, the infant mortality rate is widely perceived as
the single most important statistic by which to assess the
overall health status of large populations. This is the rate at
which infants less than one year of age die. In the United
States the infant mortality rate for the entire country was 26
per 1000 live births in 1960, which decreased to 6.9 per 1000
live births in 2000, clearly documenting significant progress
in maternal and infant health.

Mortality statistics, by age, gender, cause of death, and
state are one of the routine, ongoing reports that appear
annually in NCHS publications (Heron and Smith, 2006).
To account for the aging population, age-adjusted mor-
tality rates are frequently used as the basis for comparing
populations, as well as for comparing disease levels and
trends. Naturally, the year-to-year changes in such rates
usually are not profound. However, one of the most impor-
tant public health phenomena in the last century was
the slow-to-be-recognized turnaround in the age-adjusted
mortality rates for coronary heart disease (CHD) that
occurred in the late 1960s in the United States. For decades
the CHD age-adjusted mortality rate inexorably increased
every year. Considered by most as an unavoidable conse-
quence of modernization in all developed countries, CHD
had become the leading cause of death with a mortality rate
that was gradually worsening every year. But, in the late
1970s, careful examination of this rate by scientists from
the NCHS, the National Institutes for Health (NIH), and
others, revealed that an unexpected and dramatic change
had occurred. It was noted from these data that in the
late 1960s, theCHD age-adjustedmortality rate had peaked
and had begun a steady decline. This remarkable reversal
occurred in both genders, all age groups, and all ethnic
categories during a time window of just a few years. Health
administrators convened a now famous conference (Havlik
and Feinleib, 1979) in 1978 to determine whether this
change in the leading cause of death was real or caused by
some artifact in the cause of death classification processes.

Once it was determined that the change in the CHD
mortality rate was real (i.e., it has continued to decline for
decades) several research efforts were launched to deter-
mine the cause. While both therapists and those in public
health disease prevention were willing to take much of the
credit, the lack of accurate CHD morbidity data on a
national scale precluded an accurate evaluation of this
important finding. Incidence data on first heart attacks
were not available and this lack demonstrated the need for
accurate morbidity data as well as mortality data on which
to prioritize health programs. Public health administra-
tors wanted to know the causes of this important change
and, accordingly, promote those practices and programs
underlying them. The reasons simply were not clear
at that time. Years later, it was generally concluded that
both better care after a heart attack as well as increasing
CHD prevention activities (which would delay the onset
of first attacks) were both instrumental in the decline.
Most eventually agreed that prevention activities (e.g.,
increased public attention to diet, smoking, and blood
pressure) were probably responsible for a greater propor-
tion of the decline. This ‘data dilemma’ in 1978 showed
the need for both national morbidity and mortality infor-
mation to assess health situations. This episode also illu-
strated how useful routinely collected health data may be
in revealing important aspects of a society’s changing
health patterns by carefully examining the annual collected
descriptive statistics on population health.

TheNCHSperiodically produces a variety of extremely
useful public health statistics. They annually summarize
infant and general mortality statistics so that public health
practitioners may assess absolute and relative changes
in population health characteristics. The National Health
Interview Survey (HIS) (Pleis and Lethbridge-Çejku, 2006)
and the National Health and Nutrition Examination
Survey (NHANES) (CDC/NCHS, 2006) have proven
extremely useful over the years as a way to evaluate the
morbidity and disease prevention risk factor status of the
U.S. population. A comprehensive general summary of
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the nations’ health is published every year by NCHS. It is
simply called Health United States (NCHS, 2006). In this
single volume, one can find detailed information on major
diseases as well as risk factors and their trends. The tables,
charts, and figures displayed in this annual publication are
illustrative of the most efficient and sensible methods of
summarizing and conveying large amounts of health infor-
mation using easily understood descriptive statistics. The
World Health Organization (WHO) also produces sum-
mary health statistics for the world in which comparable
data allow (WHO, 2006). Both the NCHS andWHO web-
sites can be referenced for many more helpful examples of
descriptive heath statistics.
−4 −3 −2 −1 0 1 2 3 4

Figure 1 Standard normal distribution.

Figure 2 Positive skewed distribution.
Descriptive Statistics – Some Comments
on Methods

It is useful to separate data into two major types of mea-
surements, discrete and continuous. Discrete data include
counts in which only isolated points on a numerical scale
may be observed. Sometimes the counts are converted into
percentages. The number of deaths and the percent of
persons dying among those alive at the beginning of a
time period are two examples. The percentage of females
in a population is another. Prevalence and incidence rates
are two categorical data descriptive summaries widely
used in epidemiology.

Continuous data are measurements that may theoreti-
cally assume any value (limited only by the accuracy of
our measuring devices) between two defined points on a
numerical scale. Height, weight, blood pressure, and
serum cholesterol measurements are common examples.
A frequency distribution is usually examined to display
the ‘picture’ of the location and spread of the measure-
ments along a numerical scale. Such distributions come in
many shapes. Many but not all data sets display something
resembling a bell shape with a grouping of recorded
values near or in the center. A statistical model usefully
employed to describe such a shape is called the Gaussian
or normal distribution model (Figure 1).

If this is the case, a simplemean, or arithmetic average, is
used to describe this ‘central tendency’ (or middle group-
ing) and a standard deviation is calculated to describe the
spread of the observations around the mean. Thus only two
simply computed statistics can describe a bell-shaped, or
relative, frequency distribution very well. The population
values for these statistics are usually designated as m (mean)
and s (standard deviation). We use our sample data to
calculate estimates of these population parameters. The
mean indicates the central value and the standard deviation
efficiently describes the spread of values around this mean.
It can be demonstrated that about 68% of the values will lie
within one standard deviation from the mean and about
95%will lie within two standard deviations from the mean.
If the distribution of measurements is approximated by a
normal distribution, then this distribution may be summar-
ized very simply and efficiently in this manner. These
two descriptive statistics tell everything about the central
tendency and spread of the data.

The symmetry of a normal distribution is important.
However, a simple mean may be inappropriate as a mea-
sure of central tendency if the data are highly skewed, that
is, if the distribution is severely asymmetrical – having a
single long tail on either side (Figure 2). Blood pressures
in untreated populations usually display such a shape.

The median, or middle ranking number, may be the
measure of choice in such cases. Another common error is
the use of the standard deviation to describe the spread in
a set of numbers that clearly are asymmetric. The mean
plus or minus two standard deviations will not include
68% of the measurements in these cases. To describe the
spread in such distributions, the use of percentiles is usu-
ally recommended. Using percentiles in this manner does
not require any particular distribution shape for validity.

The reader should consult one of the many basic text-
books on statistics or biostatistics for a review of descriptive
statistics methodology (Rosner, 2006). Sometimes these
methods are given short shrift compared to analytical meth-
ods in courses because of their relative simplicity. However,
when summarizing data, it is important to use the most
appropriate descriptive statistics, ones that make the points
clear for any reader and do not cause a wrongful
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interpretation of the data. It is easy to convey, intentionally
or unintentionally, erroneous messages with poorly chosen
descriptive statistics, including poor tables and graphs. One
of the best-selling statistics books ever published is entitled
How to Lie With Statistics (Huff, 1993). This useful work
contains many examples that illustrate how even simple
descriptive statistics and graphs may mislead. The choice
of graph scales is particularly important. Caremust be taken
in even the seemingly simplest summaries to make certain
that the correct informational message is given. It is also
recommended that readers examine how reputable public
health agencies such as theWHO, theNCHS, and theNIH
summarize and display health data. Their publications pro-
vide many useful examples of descriptive statistics.
Basic Analytical Statistics (Biostatistics)
Concepts

Most of the field of biostatistics and statistics for that
matter is devoted to analytical methods for drawing
appropriate inferences from research studies, whether
they are nonexperimental or experimental. In both types
of studies there are five fundamental concepts that are
essential to any statistical analysis: population-sample
construct, variation, probability, randomness, and causa-
tion. An understanding of these ideas is essential to grasp
the role of biostatistics in making inferences from our
sample data to the population of interest. These concepts
and the use of confidence intervals (CIs) and tests of
significance are discussed in this section.
Populations and Samples

For a health-related measurement on an individual to have
the most meaning, it is desirable to be able to compare it
with the distribution on all such measurements in an
appropriate reference population. For example, to have
the entire measurement distribution for all healthy and
the distribution of all sick, untreated persons in the same
age and gender group as the individual being measured
would be ideal. It would help in making the most informed
decision about whether some medical intervention is
required. Unfortunately, it is almost never possible to
obtain such population distributions for an entire popula-
tion and we must be satisfied with measurements from a
portion of the target population called a sample. Naturally,
we want our sample to be representative of the target
population and not biased. In this sense, bias may be
defined as something that makes a sample different from
what it purports to be.

While the population-sample concept is clear when
counts or measurements are made in defined human
populations, it is useful in other contexts aswell. Sometimes
such populations are hypothetical. For example, we may
consider the population of all total serum cholesterol mea-
surements possible if repeated measurements were made at
one time period on one person. Such repeated measure-
ments will differ. The distribution of such measurements in
this hypothetical population is due to inherent biological
variability (in this case, the within-person variability). If we
assume a single value for an individual at one time period,
then we may consider the distribution of all such values
among a group of persons in a defined population (the
between-persons variability). Since we cannot make mea-
surements on the entire population, we use our sample data
to make inferences about our target population.

Another important hypothetical distribution comes
into play in experimental situations. Here, while we may
be able to conduct one experiment, we realize that if
we were to conduct the same experiment under the
same (as close as possible) conditions we would almost
never achieve exactly the same results. Conceptually, the
distribution of all such possible experimental results is
the target population from which our single observed
result is taken. Using this conceptual population-sample
idea allows us to use the same statistical inference struc-
ture as we would with a very tangible population. We want
to make inferences about this hypothetical distribution
from our single experiment.
Variation in Health Data

The discipline of statistics developed during the last cen-
tury in response to a need in all of science to handle
variation in measurements. Of course, this is a generic
issue, not unique to health data. A brilliant English math-
ematics professor, Sir Ronald A. Fisher, took the lead in
this activity in the 1920s and 30s with much of his work
being directed toward improving the design and analysis
of experiments in agricultural research, a field that his
ideas revolutionized. However, it was soon recognized that
manyof these concepts andmethods had broad utility in the
design and analysis of both experimental and nonexperi-
mental studies in any field of science. Fisher and his collea-
gues showed the world how much of a role randomness
played in all studies and suggested methods of analysis
using probability methods. As a result, statistical signifi-
cance tests and confidence intervals (CIs) became a stan-
dard for nearly all scientific studies, including public health
research. As well, many of the methods were not limited to
experimental studies. Statistical methods became recog-
nized as the most appropriate way to handle variation in
all research data.

One useful definition of variation is differences between
things ‘bearing the same label.’ Thus, for example, when
several similar persons are given the same drug and dosage
their measured responses will differ. The degree to which
they differ is called response variation. Measurement of a
single individual’s systolic blood pressure (SBP) will display
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considerable variation even at one sitting. Variation in SBP
readings among different members of a defined population
will naturally be even greater. If this measurement is quan-
titative, such as weight, blood pressure, or cholesterol level,
analytical methods involving frequency distributions are
used. Often these are based upon the Gaussian or normal
distribution models. If the response is categorical, such as
improved or unimproved, methods such as a chi-square (w2)
analysis are usually used in the analysis.
Probability

The definition of probability is still debated among phi-
losophers of science. There is the traditional relative
frequency definition and the Bayesian definition, which
uses information beyond the scope of this article. Each
school of thought has its proponents and each approach
has its uses in the analysis of data. However, in most of
science, including the health sciences, the most common
interpretation is that of relative frequency.

First consider a random process, which is a repetitive
process that in a single trial may result in any number of
possible outcomes such that the particular outcome is
determined by chance and is impossible to predict. The
simplest illustrations are often presented using examples
from games of chance. We cannot know in advance whether
a tossed coin will fall heads or tails, nor can we predict in
advance what number will occur when a pair of dice are
rolled. That we cannot predict such outcomes is due to the
element of chance or randomness. If a random process can
result in n equally likely and mutually exclusive outcomes,
and if a of these outcomes have attribute A, then the proba-
bility of A is said to be the ratio a/n. Thus, symbolically,

PðAÞ ¼ a=n:

Two outcomes are said to be mutually exclusive if,
when one occurs, the other cannot. Thus, when a coin is
tossed, the result is either a head or a tail. The probability
of each is one-half. When a single die is rolled, there are
six equally likely outcomes, all with a probability of one-
sixth. By considering the makeup of coins, dice, or cards,
it is easy to determine the long-run probability of such
events. We cannot predict the outcome of any specific
trial, but we know the relative frequency of the events.

It is easy to comprehend this definition of probability
when the mechanisms involved are simple, as in games of
chance. When it comes to using this concept in the
domain of biological, medical, or public health research,
it is not always so clear. The very simple two-group exam-
ple just cited could easily apply in a simple population
question in which everyone could be considered as having
been inoculated or not inoculated. The cumulative per-
cent inoculated, seen from repeated sampling from such a
defined population, obviously converges toward the true
population percentage, the relative frequency. We can call
this potentially empirically derived percentage the proba-
bility of the event. This relative frequency interpretation
of the probability of an event is used throughout the
experimental and nonexperimental sciences, including
public health research.
Randomness

Although we have previously defined a random process,
let us give further consideration to this important notion.
Of course, researchers had realized for a long time that
variation occurs among persons in similar categories or in
response to treatments. Understanding the precise role of
randomness in this situation was a major breakthrough in
the sciences.

In surveys (e.g., nonexperimental studies) we now
know how best to draw a sample from a population so
that the sample will be unbiased andwill be representative
of the parent population. In earlier times samples may
have been chosen haphazardly or by methods that seemed
free of bias but, in fact, were not. The surest way to ensure
unbiasedness is to select a random sample from the popu-
lation. Sometimes this is easier said than done. Some
games of chance seem to have clearly random drawings,
whether cards or dice. But when sampling from a large
defined human population, stringent attention must be
given to the details. A random sample is defined as one
selected in such a way that every member of the popula-
tion has an equal and independent chance of being
selected. If this definition is met by our sampling method,
then we know our sample is not biased; that, in the long
run, our estimate of any population attribute or character-
istic will converge toward the true value. (Independence,
in this sense, means that the selection of any element in no
way influences the selection of any other element.)

Health surveys may be modified, of course, to improve
efficiency by taking into account characteristics of the target
population. While many national surveys are complex, ran-
dom selection is at the core of the method. There are two
compelling reasons for using random sampling in surveys.
First, it assures unbiasedness. Secondly, it allows for the
methods of probability to be used in the analyses of the data.

While the design and analysis of experiments is quite
different than that of surveys, the role of randomness is no
less crucial. Here, it is not random sampling from a
defined population; it is random allocation of experimen-
tal treatments to subjects (i.e., patients) in clinical trials.
Causation

Like variation, causation is important in the sciences. And,
like the concept of variation, the science of statistics plays
a major role in ‘handling’ this frequently controversial
topic. The old adage is true – correlation does not imply
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causation. Just because two variables are associated does
not mean that one caused the other. This basic principle is
necessary to keep in mind when such observations are
made. However, it is frequently ignored. Examples may be
seen almost every day in the public arena when two
variables, suspected of being causally related, are seen to
occur together in a sensible time frame. Do certain med-
ications cause unexpected side effects? Are hormones
used in livestock harmful to humans? Are cancers occur-
ring near nuclear or other industrial plants due to being in
proximity to such plants? Do certain herbs delay the onset
of osteoarthritis? It is so easy, yet often treacherous, to
assume two events such as these examples linked in time
and/or space are causally related.

Science learned centuries ago (mostly from Galileo’s
demonstration) that the best way to test, compare, or sort
out competing hypotheses is through experimentation.
While this is not always possible, due to financial or logistical
reasons, it is mandatory when it is possible. It is useful to
divide scientific studies into two classes, experimental and
nonexperimental. The latter, which include population sur-
veys, are sometimes called observational studies. (This
seems a poor terminology, however, because it implies that
observations are not made in experiments.) The difference is
that in an experiment, the investigator has control over the
major ‘independent’ or ‘predictor’ variable(s) under study –
that is, drugs, treatments, and so on – and assigns their values
to the experimental units. In a nonexperimental study there
is no such control and the investigator studies the relation-
ships among variables as they occur in nature.

In nonexperimental studies, researchers look for asso-
ciations among variables, often in a search for possible
cause-and-effect relationships. Because of the complex
interactions that may exist among both observed and unob-
served variables, however, it is nearly always inappropriate
to assume that an association among variables implies that
they are causally related. Causal inference is proper only in
experiments in which it is possible to rule out other com-
peting hypotheses, at least for most situations encountered
in biomedical and public health research.

The basic elements of experimental design may be
summarized as follows:

1. Specification of the objectives. This usually requires
stating the hypothesis to be tested.

2. Specification of the experimental units (animals, cells,
human beings, etc.).

3. Specification of the appropriate experimental design,
including the choice of control or comparison group(s).

4. Random allocation of experimental units to study groups.
5. Making every reasonable effort to ensure that study

groups are treated as exactly alike as possible through-
out the course of the experiment.

Items 4 and 5 above are essential to ensure that any
apparent treatment differences in responses are due to
(1) true differences in treatment effects, or (2) random
processes. When random allocation is properly employed,
we ensure that estimates of treatment differences are
unbiased and that we may employ analytical statistical
methods based on probability in the analysis of the results.
Without random allocation such analyses are erroneous.

A clinical trial is an experiment in which the experi-
mental unit is a human being. The same general principles
of good experimentation apply, of course, but there are
areas of special interest. Ethical and logistical issues are
unique to the use of human beings in experiments.
Sampling Variation and Confidence
Intervals

When drawing random samples from a defined popula-
tion, the usual goal is to estimate some specific character-
istic, or parameter, of that population. We cannot know
that characteristic exactly without observing, or sampling,
the whole population. For example, if every member of
the population may be classified into one of two mutually
exclusive categories, the population may be labeled as
binomial. For generality, we may call the two classes,
successes (s) and failures ( f ). The percent of successes
in the population may be the characteristic we would like
to estimate. We may randomly draw a small sample of size
n from a binomial population and count the number of
successes. Obviously, the number of successes in our sam-
ple divided by the sample size, n, is our (unbiased) esti-
mate. Common sense tells us that if we took another
sample of the same size, the new observed sample per-
centage would not be identical to the first sample. Repeat-
ing the same exercise would reveal a distribution of
sample percentages. This distribution represents the sam-
pling variation in such an exercise.

One would rightly expect that the mean of this sam-
pling distribution if continued indefinitely would be the
same as the underlying target population mean or attri-
bute that we are attempting to estimate. Recognizing the
degree of variation in sample results, and quantifying this
variation, will allow us to better assess the results from a
single sample. It enables us to make a quantified statement
about how close our sample estimate is likely to be to the
corresponding population value. This knowledge has led
to the now common practice of constructing CIs.

Estimates of population values should always be accom-
panied by aCI. Thuswe can understand how to evaluate the
point estimate of a population characteristic. Usually, CIs
are constructed using a 95% probability statement. Thus, if
a sample of size n¼ 50 taken from a binomial population
yields 30 successes, the obvious point estimate of the popu-
lation success percentage is 60%. From statistical tables we
find an accompanying 95%CI for this result is 45% to 73%.
We state that our best point estimate is 60%. But, unless we
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are exceptionally lucky, this estimate will not hit the true
population value (%) on the nose. The CI is a way of stating
howclose to the truth we likely are.We can state that we are
95% confident that the true population value (%) is
between 45% and 73%. The proper interpretation of
this statement is that on repeated samplings of this same
size (50), 95% of the time the true value will be included
in such intervals. If our sample size is increased to n¼ 100
and we observe the same sample percentage (60%), the
corresponding 95%CI shrinks to 50% to 70%.This smaller
interval reflects that larger sample sizes increase the chance
of obtaining sample estimates that are closer to the true
value. The CI method allows researchers to quantify what
we all generally knew about sample size. It is now nearly a
requirement in all of the sciences that any point estimate
from a study be accompanied by a CI.

The above example illustrates how knowledge of sam-
pling variation from a binomial population may be used to
construct a useful assessment of quality of a sample per-
centage through the use of a CI. The same approach may
be used to assess sample values from a population of
measurements as well. For example, we want to estimate
the population mean of a distribution of weights in a
defined population of adult males. In this case we know
that means calculated from repeated random samples will
vary from sample to sample. The sample mean, usually
designated as �x, will form a distribution around the true
population mean, usually designated m. The standard
deviation of this hypothetical distribution is called the
standard error of the mean (SEM), or simply, the standard
error (SE). For any such sample from a normal distribu-
tion or close to it the sample mean, �x� 2 SE will result in
an approximate 95% CI for the true mean. That is, about
95% of the time with such sampling, this interval, calcu-
lated on the basis of a single random sample, will include
the population mean m. Once again, this allows us to assess
the quality of the sample estimate. Shorter intervals obvi-
ously imply that the corresponding point estimate is bet-
ter than one with a wider interval. It is a quantitative
method of handling sampling variation.

Confidence intervals are required as part of the display
of results from health surveys and experimental results.
These intervals must accompany estimates in more com-
plex statistical analyses as well. The basic interpretation
remains the same, however. CIs quantify how good our
estimates are in the face of inescapable variation.
Tests for Statistical Significance
(Testing Hypotheses)

Most medical and public health research involves com-
parative studies. That is, because of variation in all
things biological, control or comparison groups are man-
datory. One looks for differences in the means of group
measurements, percentages, or some other population
characteristic. Usually this comparison takes the form of
a hypothesis. A researcher usually suspects a difference
between the groups (the reason for the interest) but the
hypothesis that a difference exists often includes an infi-
nite number of possibilities. The easiest solution to formu-
lating a probabilistic approach is to state the hypothesis
(H) that there is no difference in the population values and
then see if the data support that hypothesis. This statement
of no difference is called the null hypothesis (Ho). The data
from a comparative study are collected and used to examine,
or test, this Ho of no difference between the two groups.
Thus,wedonot directly test the hypothesis ofmost interest –
that of a difference. We test the null hypothesis and make
a decision, based on probability, about whether the data
are reasonably compatible with that hypothesis. If the obs-
ervations do not support the null hypotheses, we conclude
that there really is a difference between the two groups. In a
sense, we set up a straw man that we hope can be knocked
down by our study’s data. This strategy may seem to be a
backward approach but it is the most tenable one, compared
to examining the myriad of other possibilities.

Comparing the data from a study with the null hypoth-
esis, Ho , is called a test of that hypothesis. The quantitative
issue addressed is that of assessing the compatibility of the
observations with Ho. Due to variability we know that
there will be a distribution of study results. However, if
our procedures were proper (random sampling or random
allocation) we know that in most cases the summary
results will be close to the null value, if the null hypothesis
is true. By bad luck due to variation sometimes the results
may be misleading. Quantifying this degree of deviation
from Ho , using a probability statement, is called a test of
the null hypothesis. If our sample or experimental result is
unlikely to have occurred if Ho were true, we do not
accept, or we reject, Ho . If our result is likely to have
occurred under Ho , we accept Ho . How is ‘likely’ defined?
Convention (starting with Fisher) uses 5% as a demarca-
tion. That is, if our study result is shown to have less than
a 5% chance of occurring under Ho , we do not accept Ho .
It is usually stated that Ho is rejected. Therefore, we
conclude that there is a real difference between the
groups. Of course, we may be wrong in rejecting Ho , but
we know the probability of this judgment error. This
probability assessment of study data has become nearly
universal in the sciences. We may use other probabilities,
such as 0.01, should we wish. But this chosen value
(P-value) should be stated prior to any data collection.
An Example of Hypothesis Testing with Discrete
(Binomial) Data

Suppose that we have drawn random samples, each of size
40, from two defined populations. The populations were
all men aged 40 to 49 years. We determined one group as
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current cigarette smokers. The other group is defined as
having never been a smoker. Both groups were examined
for evidence of coronary heart disease (CHD) and all
were found free of CHD. We have the ability to follow
each group for several years. After a specified time period,
the two groups are reexamined for evidence of CHD
during the period of observation. Our null hypothesis
in this case is that there is no difference in the CHD
rates (incidence) of the two groups. We may classify our
sampling results into a 2� 2 table. (Table 1).

The question now is: Could the above sample results
have easily occurred by chance alone? Equivalently,
could these results have occurred if the null hypothesis –
that is, CHD rates in the two populations were identical –
was true? The sample differences (10/40¼ 25% vs.
20/40¼ 50%) seem large enough that the null hypothesis
seems surely false by any assessment of these data. But a
statistical analysis is needed to quantify this judgment.
(Often such judgments are in error.) A data summary
statistic has been found to be a simple and useful way of
evaluation of such data. It is the well-known chi-square
(w2) statistic, which is calculated from such a 2� 2 table.
The distribution of this statistic is known for all 2� 2
tables under the assumption that the null hypothesis is
true. From theoretical and empirical considerations, we
know that 95% of chi-square statistics calculated from
2� 2 tables, when Ho is true, will be less than the value,
3.84. And 5% will exceed this value. In our example, the
calculated chi-square is 5.32. The researcher is justified in
concluding that these specific results would be unlikely to
have occurred if Ho were true. How unlikely? Less than a
5% chance. Usually such a result is expressed at follows; Ho

is rejected, or, more precisely, not accepted, at the 5% level.
Equivalently, P< 0.05. This is also interpreted as having
found a statistically significant difference between our two
samples at the P< 0.05 level. This is a simple example of
testing a hypothesis.

Suppose, in our example, that the two sample percen-
tageswere closer together, such as 10/40 and 15/40? In this
case the calculated chi-square value is 0.93, well below
3.84, sowewould accept theHo . Such a sample result could
easily have occurred by chance alone. We would write
P > 0.05. The observed sample difference is said to be
not statistically significant at the 0.05 level.

The above examples are a simple illustration of the
difference between a statistically significant difference
and one that is not statistically significant. The probability
Table 1 Coronary heart disease (CHD) incidence rates:

2�2 table

CHD Non-CHD Total

Smokers 20 20 40

Nonsmokers 10 30 40

Total 30 50 80
statements are made, assuming that the null hypothesis is
true. It should be kept in mind that a statistically signifi-
cant difference refers only to the reality of a difference. In
a statistical test of which the chi-square test is but one of
many examples, nothing is said about the magnitude of
the difference. Clearly, there are statistically significant
differences that are real but too small to be clinically or
practically important. That is why a CI should always
accompany the results of such a significance test. The
accompanying point and interval estimates clarify the
likely size of the difference. Actually, if a 95% CI includes
the null value, one may use the interval as an equivalent
test of Ho. If the null value (zero difference) is included in
the 95% CI, we accept Ho. If it is outside the range of the
CI we would reject Ho , at the 0.05 level. Because of this
fact, some scientists have called for the abandonment of
significance testing and the use of P-values in the evalua-
tion of study results. Rather, they argue, the CI gives
everything one needs. However, there are more complex
statistical tests in which a CI is not so easily calculated or
interpreted. Tests of significance have become a regular
part of data analyses and most scientists seem to prefer the
computation of both significance tests and CIs.

There are several ways in which a 2� 2 table may arise
in research. The above example is one in which two
groups of subjects are followed for a period of time to
see if illness rates differ in two groups exposed to a
suspected causal factor (cigarettes in this case). This is
the most elementary example of a cohort epidemiological
study. In such an instance an attack rate or incidence rate
may be computed for the two groups being compared.
From Table 1, we can see that the two rates are 50% and
25%. Each of these figures could be construed as the risk
of contracting the defined illness in the study’s time frame.
The two percentages are estimates of the absolute risk.
The ratio of the two is labeled the relative risk (RR), a
bedrock statistic in epidemiology. In our simple example,
the RR is 20/40 divided by 10/40, or 2.0. That is, one is
twice as likely to contract CHD when exposed to cigar-
ettes than if there was no such exposure. From our chi-
square test, we know that this RR is statistically significant
at the 0.05 level. We may wish to construct a CI for our
RR estimate as well.

It is important to note the relationship between CIs
and tests of hypotheses. If our CI contains the null value,
then the null hypothesis is accepted. If our CI excludes
the null value, then the null hypothesis is rejected. Thus
one may always use the CI as both an indication of how
accurate our point estimate is and also to test Ho .
An Example of Hypothesis Testing with Two
Sets of Continuous Data

Suppose that we have drawn two random samples not
from binomial populations but from two populations of
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continuous measurements. We have the same two popula-
tions as in the previous binomial example, but now
(instead of asking a yes/no question) we record a measure-
ment on each member in our two samples. Our single
measurement in this case is a simple fasting total choles-
terol value. The hypothesis to be tested is that the popula-
tion mean, m, is the same in both populations. That is, the
two samples essentially come from the same population.

Symbolically, we write the null hypothesis, Ho :
m1¼ m2¼ m (the common population mean). Naturally,
to investigate this null hypothesis, the first thing to look
at is the two sample means. If they are identical, we
immediately conclude that the data support Ho. But, of
course, this almost never happens. The real question is
how far apart must the two sample means be before we
reasonably conclude with a precise probability statement
that they could not likely have been drawn from the same
population? We know that the two samples were actually
drawn from two different groups but, if the population
means (m) were identical, then, for our purposes, we are
dealing with only one population.

To assess this probability we calculate a summary
statistic called the t-statistic. Knowing the distribution of
this t-statistic under Ho allows us to test Ho, creating a
t-test, as was the case with the chi-square test with bino-
mial data. The t-statistic is a ratio of the difference in the
two sample means divided by an estimate of the standard
deviation of this difference, called the standard error of
the mean difference. If this calculated t-value is close to
zero, obviously we are more likely to accept Ho . If the
t-value is large (i.e., the sample means are far apart rela-
tive to their standard deviation), then we are more likely
to reject Ho and conclude that the samples came from two
different populations; that is, we would reject Ho . Again,
such statements are placed in a probabilistic basis, just
as was the case with the chi-square test. The same in-
ferences are drawn with respect to Ho and its likelihood
of yielding our observed data – two sets of measurements
in this case.
Other Tests of Hypotheses

The previous two examples are among the simplest and
most common tests of hypotheses: comparing percentages
(discrete data) between two groups and comparing sample
means (continuous data) between two groups. Obviously,
there are numerous other situations in which a hypothesis
may be tested. We may have several groups of means we
want to compare. The technique known as the analysis of
variance is usually employed in that instance. If we wish to
investigate the association between two continuous vari-
ables, the methods of regression and correlation are used.
The same principles apply; the null hypothesis is stated
and a statistic is calculated by which to make a probability
statement (test of significance) about the likelihood that
our data could have resulted from a situation in which our
null hypothesis was true. The same interpretation is used
for the resulting significance tests. (For an excellent
source of statistical software, including tutorials, for con-
ducting many tests, see under the section titled ‘Relevant
Websites.’)
Sample Size and Statistical Significance

If a properly conducted test for statistical significance
reveals a statistically significant result, we trust the prob-
ability statement, regardless of the sample size. All tests
take into account the size of the samples. As just stated, the
researcher must then decide if the difference is large
enough to be important. However, if a test result shows
that an observed difference is not statistically significant
(P> 0.05), this result is interpreted as meaning that the
observed difference could easily have arisen by chance
alone (Ho , true), that is, more than 5% of the time. Is it
possible that there is a real difference and that the testing
procedure missed it? Are we wrong in accepting Ho in
such cases? Whereas our probability statement is correct,
the answer is maybe. It is possible to miss real and possibly
important differences between the two groups being stud-
ied. This can easily happen if our sample size is too small.
Although it is beyond the scope of this article, the rela-
tionships among the sample size, size of the difference,
and the statistical power (probability of rejecting Ho) to
detect real differences must be considered in study
planning. Sample size calculations should be undertaken
as part of the study planning process to ensure that the
sample sizes are adequate to detect important differences
with a reasonable degree of probability. (See some of the
biostatistics references listed for computational details
under the section titled ‘Further Reading.’)
Biostatistics in Public Health

Epidemiology and Clinical Trials

Most epidemiological research is involved in the search
for associations, for potential cause-and-effect relation-
ships among variables. Before following up on an observed
association, it must first be demonstrated that it could not
easily have arisen by chance alone. Obviously, this is
where a biostatistical approach is mandated. If you cannot
convince your peers that your result is not easily explained
by chance, you will not have much success in engendering
support for further investigation. Tests of hypotheses and
CIs play a basic role in such evaluations.

Once it has been determined that observed differences
or associations are unlikely to have been the result of
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chance alone (i.e., statistically significant), the epidemiol-
ogist must evaluate the possibility that the association
may be causal. Of course, as we have pointed out, real
associations do not imply that two variables are causally
related. The surest way to establish causation is by means
of an experiment. As we have noted, using human volun-
teers in an experiment is called a clinical trial. Most
clinical trials conducted are in the area of clinical medi-
cine, that is, testing and comparing treatments for persons
already diagnosed with an illness. However, in recent
years, there have been an increasing number of clinical
trials in epidemiology known as prevention trials. The
difference between the two approaches is not trivial.
Few question the ethics of using volunteers in an experi-
mental search for improved therapies. But if preliminary
epidemiological research implicates a possible cause of a
disease, it seems unethical to directly test this hypothesis
in an experiment. Such a study would mean that some
healthy individuals would be subjected to a variable sus-
pected of causing illness.

Despite the ethical issues involved, there now have
been many clinical trials examining the possible cause
and effect of variables believed to cause illness. One
approach is to find a volunteer population that is already
exposed to a suspected cause and randomly remove, or
greatly reduce, the exposure to that cause in half of them.
Following both groups until some new illnesses occur and
comparing the two rates is a logical test of the causal
hypothesis. This certainly was the approach in the early
cholesterol reduction trials. Such trials showed experi-
mentally that cholesterol reduction was an effective way
to reduce the incidence of CHD.

Another aspect of clinical trials among healthy,
symptom-free persons is that the time period from ini-
tial observation to an adverse health event is usually
much longer than would be the case in clinical trials of
sick patients. Sample size requirements are correspond-
ingly much higher. And the time of such trials is much
longer. One approach to ameliorating this situation is to
select volunteers from high-risk subjects, the logic being
that such a group would yield more cases of illness in a
shorter period of time than from the general population.
Thus, when epidemiological research (i.e., an observed
association) indicated that beta-carotene supplementa-
tion might possibly reduce the risk of lung cancer, trials
were begun among smokers who were cancer free.
A trial using volunteers from the general population
would have been prohibitively expensive and lengthy
because the incidence of lung cancer is very low. How-
ever, among cigarette smokers, the expected number of
cases is much higher. Two well-conducted major trials
examining the protective effect of beta-carotene in smo-
kers actually revealed that this supplement was not
beneficial and likely increased the risk of lung cancer
in smokers. These trials once again demonstrated the
need for experimentation to verify a suspected cause-
and-effect relationship. It is too easy to assume such a
relationship when it has not been proven with sound
experimentation.
Some Common Errors in Biostatistics
Reasoning

Assuming an observed association implies
causality

Epidemiology, the search for variables suspected of being
in the causal pathway of disease and disability, is the
cornerstone of public health. When such causal variables
are found, many public health activities are devoted to
reducing their impact. Several successful public health
interventions have taken place. These include the reduc-
tion of cigarette smoking, serum cholesterol levels, and
blood pressure levels. These reductions have had an
impact on several diseases seen at the population level,
particularly in the area of CHD. In these cases an associa-
tion was noted between levels of the suspected variables
and the onset of disease. However, one cannot be certain
that some other perhaps genetic variable may play a role
in both the suspected causal variable and a disease. Usu-
ally, clinical trials must be employed to rule out other
than causal hypotheses.

Of course, there are timeswhen a public health decision
must be made in the absence of experimental evidence of
causality (i.e., clinical trials). The classic example of such
an action is documented in the famous 1964 Surgeon
General’s Report on cigarette smoking as a cause of lung
cancer (U.S. Dept of Health, Education, and Welfare,
1964). It is neither ethical nor logistically feasible to con-
duct the definitive trial in this situation. However, the sum
of the evidence from many nonexperimental studies was
consistent enough to result in stating that the association
likely was causal and public health action was required.
The magnitude of the population effect necessitated this
particular action. In most cases, however, experimental
evaluation would be required.
Assuming statistical significance equates to

practical significance

Aswe have emphasized, statistical testing relates only to the
reality of a group or treatment difference, not to the magni-
tude of any difference. What does it matter if an analgesic
dissolves 5 seconds faster than a competing brand in terms
of affecting a headache? That is whymany persons prefer to
emphasize CIs in biostatistics, rather than statistical tests.
A CI allows one to examine the magnitude of an estimated
difference along with a significance test. If the interval
doesn’t include the null value, the null hypothesis may be
rejected.
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Assuming relative risk is more important than

absolute risk

A pharmaceutical advertisement may state simply that the
use of their drug will reduce the risk of a heart attack by
25%. By itself, this statement is meaningless. Among what
population and over what time period are the first clar-
ifications that come to mind. However, even more impor-
tant may be the contrast of a reduction in RR versus a
reduction in absolute risk. Suppose that the untreated risk
of an attack were 4 per 1000 men in a year, and that the
treated risk was reduced to 3 per 1000 men in a year. This
is a RR reduction of (4-3)/4, or 25%. But the absolute
reduction is 1 per 1000 men or 0.1% in a year, which is not
as impressive as the RR reduction. Obviously, both risks
must be considered and weighed in making a decision
about a cost/benefit evaluation regarding embarking on
a drug regimen. Oftentimes, the absolute risk is ignored.
See also: Clinical Trials; Health Surveys.
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distribution of histologies varies in different populations.
TCC accounts for over 95% of bladder cancers in white
populations, for about 85% in black American populations,
and for a lower proportion in Middle East populations,
among whom squamous-cell type is frequent. Tobacco
smoking and occupational exposures are the main determi-
nants for both TCC and non-TCC bladder tumors.

As concerns the subsite of origin within the bladder, in
a large U.S. investigation about 43% of bladder cancers

http://www.cdc.gov/nchs-cdc
http://www.cdc.gov/DataStatistics
http://www.cdc.gov/epiinfo
http://www.healthypeople.gov/LHI
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Figure 1 Trends in age-standardized (adjusted to the world

standard population) death certification rates per 100 000 for
bladder cancer (all ages), 1970–2001. Data from theWorld Health

Organization. (a) Males; (b) females.△ European Union,□ United

States, ○ Japan.
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occurred at an unspecified subsite, and 13% arose in more
than one subsite. Of bladder cancers occurring in a single
subsite, most occurred on one of the bladder walls (40%
on lateral walls, 11% on the posterior wall, and 3% on the
anterior wall). Less common subsites included the ure-
teric orifice (17%), followed by the trigone (13%), dome
(9%), and neck (7%).

Substantial variability exists in the rates recorded in
various cancer registries, partly reflecting different diag-
nostic criteria, since the distinction between benign and
malignant tumors is not straightforward. Thus, bladder
cancer incidence rates and trends are difficult to inter-
pret. These cautions notwithstanding, the highest inci-
dence rates are recorded in Europe and North America,
although Northern Africa and Western Asia are high-risk
areas, too (Parkin et al., 1999).

Mortality rates are more informative. Data on mortal-
ity are available from the World Health Organization in a
uniform and standardized format for most of Europe, and
for selected extra-European countries, including the
United States and Japan. In most European countries,
male bladder cancer mortality rates (age-standardized,
world standard population) in early 2000 ranged between
5 and 8/100 000, whereas rates for women varied between
1 and 2/100 000, the highest rates being observed in
Denmark (2.6) and the UK (1.8). In the United States,
bladder cancer mortality rates were 3.7/100 000 in men
and 1.1 in women; corresponding values in Japan were
2.5/100 000 in men and 0.7/100 000 in women. Bosetti
et al. (2005) provided mortality data for some countries of
Central and South America, where bladder cancer mortal-
ity rates in the year 2000 varied between 1.0 (in Ecuador)
and 4.6 (in Argentina) in men and between 0.6 (in Ecuador
and Mexico) and 1.1 (in Chile, Cuba, and Puerto Rico) in
women. These marked differences across South American
countries probably reflect different smoking habits and
patterns, such as use of black tobacco, which is strongly
associated with bladder cancer, in Argentina and Cuba.

With reference to trends over time, male rates
(Figure 1a) in the European Union (EU) were 6.7/
100 000 in 1970–74, peaked at 7.4 in 1985–89, and declined
thereafter to 6.1/100 000 in 2000–01. Important differences,
however, existed in different regions, as mortality rateswere
still increasing inmanycountries of Eastern Europe, includ-
ing Bulgaria, Poland, and Romania. In the United States,
male bladder cancer mortality rates rose until the mid-
1970s to a value of 5.1/100 000, and then started to decline
(Bosetti et al., 2005), that is, about 10–15 years prior to
the EU, whereas in Japan the rates were stable around a
value of 2.4/100 000 between 1970 and 2001. For women
(Figure 1b), mortality rates from bladder cancer in the EU
were 1.5/100 000 in 1970–74, 1.6 in 1975–79, and declined
thereafter to 1.3 in 2000–01. In the United States, female
rates increased to 1.5/100 000 during the 1970s and then
declined, as observed in men. In Japan, female mortality
rates constantly tended to decrease between 1970 and 1995,
and then leveled off (from 0.9/100 000 in 1970–74 to 0.7 in
2000–01). Data on mortality trends from Central and South
America are less clear, with some countries showing declin-
ing rates from the 1970s (e.g., Argentina and Venezuela),
others with fairly constant levels, and a few others that
showed a steep increase in male rates after 1995 (e.g.,
Cuba, Costa Rica, Puerto Rico), possibly reflecting the
patterns of tobacco smoking for subsequent generations of
American men (Bosetti et al., 2005).

Although problems of case ascertainment and death
certification may have affected bladder cancer mortality
certification, the trends observed in Europe and other
developed areas of the world are probably real, and well
reflect the pattern of exposure to tobacco smoking – and
to a lesser extent occupational carcinogens – of sub-
sequent generations of men. The pattern of mortality
from bladder cancer is similar to that of lung cancer,
with downward trends over the last decade in several
southern and northern European countries – 10–15 years
later than in the United States – and still appreciably
upward in some Eastern European countries, where
tobacco control is less implemented.
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Symptoms and Diagnosis

The main signs of bladder cancer are hematuria (often
frank and painless), frequent and/or urgent urination, and
painful urination. Although these symptoms are fre-
quently related to other urinary tract conditions, such as
cystitis and bladder stones, their medical evaluation is
critical, particularly for gross hematuria.

Classic methods to diagnose bladder neoplasms
include cystoscopy (passing a tube through the urethra
to examine the inner lining of the bladder), urine culture
and cytology, followed by transurethral biopsy/resection.
Histological analyses of small samples of tissue provide
the diagnosis. Although many urinary markers showed
promising results as diagnostic or screening tools for
bladder cancer, none has yet been proven sufficient for
diagnosing or excluding bladder neoplasms.

Screening practices are currently not recommen-
ded for bladder cancer, even in high-risk groups (e.g.,
Table 1 Summary of potential risk factors for bladder cancer
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occupationally exposed subjects), due to high proportions
of false-positive results. Clinical studies of screening have
failed to demonstrate a beneficial effect on outcome or
mortality (Silverman et al., 2006).
Risk Factors

Several epidemiological studies investigated in different
populations the role of potential risk factors in bladder
carcinogenesis, and a few etiological agents are now estab-
lished. Known or potential etiological factors for bladder
cancer are summarized in Table 1, and are discussed in
the following sections.
Tobacco

Cigarette smoking is the main recognized cause of bladder
cancer in both developed and developing countries for
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which data are available. The risk in smokers is two to four
times that of nonsmokers, and increases with number of
cigarettes per day and duration of smoking. Risk is up to
fivefold higher in heavy and in long-term smokers as com-
pared to never-smokers. Smokers of unfiltered, high-tar, or
black (air-cured) tobacco cigarettes (i.e., those with higher
levels of aromatic amines) are at higher risk than smokers of
filtered, low-tar, or blond (flue-cured) tobacco ones. It has
been suggested that bladder cancer risk may be higher in
women than in men who smoke comparable numbers of
cigarettes, but recent investigations and combined reanalysis
of earlier studies did not support this hypothesis.

Cessation of smoking led to a 30–60% decrease in risk
as compared to current smokers. Though the risk declines
with increasing time since quitting, it does not approach
that of never-smokers even after 25 or more years since
cessation of the habit.

There is some evidence that pipe and cigar smoking
are also associated with bladder cancer risk, though not all
findings were consistent, whereas there is no evidence from
epidemiological data that link smokeless tobacco consump-
tion (i.e., chewing tobacco and snuff ) to bladder neoplasms.

To date, only a small number of studies have provided
information on the relation between exposure to environ-
mental tobacco smoke and bladder carcinogenesis, finding
inconsistent results.
Occupation

Control of occupational carcinogens has been an impor-
tant contributor to the recent reduction in bladder cancer
mortality, particularly among males. Exposure to some
aromatic amines, and particularly 2-naphthylamine and
benzidine, is the most important determinant of the
excesses of bladder cancer observed in workers from sev-
eral types of industries. An excess bladder cancer risk was
in fact reported more than a century ago among workers
employed in dyestuff manufacture, including aromatic
amines, whose production has been dramatically reduced
since the 1950s. A number of other occupations have been
associated with increased risk of bladder cancer, including
rubber manufacture, aluminum industry, painting, leather
industry, and truck and other drivers, although their risk
quantification is mostly undefined. Hair dyes used during
the early 1970s contained somemutagenic aromatic amines,
and thus occupational use of hair dyes gathered a wide
interest and was largely investigated over the last decades
in relation to bladder carcinogenesis. In a reanalysis of
ten cohort studies including over 81 000 occupationally
exposed subjects, it was estimated that there was an overall
40% increased risk of bladder cancer, which was stronger in
men (þ60%) thanwomen (þ10%) (LaVecchia andTavani,
2001). It is unclear whether the risk difference between
genders is real or due to other exposures in males (such
as to brilliantine) or confounding from smoking or other
lifestyle factors. On the other hand, a combined reanalysis
of available data excluded any association between personal
use of hair dyes and bladder cancer.
Diet

Several substances contained in foods and their metabo-
lites are excreted through the urinary tract, and thus a
role of dietary factors in bladder carcinogenesis is
plausible.

Consumption of fruit and vegetables, on the one hand,
reduced the risk of bladder cancer in a major fraction of
studies that investigated the issue. On the other hand,
there is some evidence suggesting a direct relation with
fat intake. In 2000, Steinmaus et al. conducted a meta-
analysis of 38 studies on six dietary variables that gave a
relative risk (RR) of 0.7 for high vegetable, 0.8 for high
fruit, and 1.4 for high fat intake, whereas no significant
association was found for meat (RR¼ 1.0), retinol
(RR¼ 1.0) or beta-carotene intake (RR¼ 0.9) (Steinmaus
et al., 2000). Recent cohort studies conducted in Eastern
Asia found that a high intake of soy was associated with a
more than twofold excess bladder cancer risk.

Considering micronutrient intake, results on vitamin
A and carotenoids were inconsistent, whereas an inverse
association was reported between selenium intake and
bladder cancer risk. Long-term use of vitamin E, but not
vitamin C, supplements were found to reduce bladder
cancer mortality.

With reference to the use of artificial sweeteners,
laboratory tests found that large quantities of saccharin
cause bladder cancer in rats. In the 1970s, consider-
able public concern followed the results of an epide-
miological study reporting a 60% increased risk of
bladder cancer in men (but not women) who used artifi-
cial sweeteners (Howe et al., 1977). Nevertheless, large
and informative studies conducted thereafter excluded
an association with ever use of artificial sweeteners, both
in men and women, and according to type or form of
sweeteners.

Although it is difficult to separate the effects of single
artificial sweetener substances, as these are usually com-
bined in food products, the epidemiologic evidence does
not support an association between saccharin and other
ar tific ial sweetener s and bladder can cer. Thus, the Inter-
national Agency for Research on Cance r cha nged the
evaluation of saccharin from group 2B (possibly carcino-
genic to humans) to group 3 (not classifiable as to its
carcinogenicity to humans).
Fluid Intake

Fluid intake may dilute metabolites in the urine and
increase the frequency of voiding, thus reducing contact
of carcinogens with the bladder epithelium. According to
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an opposite theory, the risk of bladder cancer rises with
total intake of fluids, as these may contain carcinogenic
contaminants too.

Consistently with the first hypothesis, data from the
Health Professionals Follow-up Study found that men in
the highest fluid intake category had half the risk of
bladder cancer as compared to those in the lowest level,
and such protection was observed for water as well as for
consumption of other fluids (Michaud et al., 1999). How-
ever, epidemiological findings on the issue are largely
inconsistent, with a majority of case-control studies
reporting a direct relation with bladder cancer risk. The
issue remains unsettled, due to the extreme difficulties in
undertaking and interpreting such studies.

According to the second hypothesis, besides the
amount of fluids ingested, the type of beverage and the
source of drinking water would be most important.
Indeed, a meta-analysis of studies on consumption of
chlorinated drinking water found a 40% increased risk
for long-term users (Villanueva et al., 2003), and pooled
data from six case-control studies gave a higher risk of
bladder cancer for consumption of tap water, but no
association with non-tap water. High concentrations of
arsenic in drinking water, such as those reported in some
regions of Taiwan, Bangladesh, Argentina, and Chile, are
associated with large increases in risk and incidence of
bladder and other cancers, whereas in areas characterized
by lower levels of exposure – as the United States and
Finland – the pattern of risk is less clear and may be
modified by smoking habits.
Beverages

A potential association between coffee drinking and blad-
der cancer has been investigated since the early 1970s in a
large number of epidemiological studies. In 2001, a meta-
analysis estimated summary odds ratios (ORs) of 1.26
(95% confidence interval (CI), 1.09–1.46) from studies
of male, 1.08 (95% CI, 0.79–1.46) of female, and 1.18
(95% CI, 1.01–1.38) of male and female coffee drinkers
combined, after adjustment for smoking (Zeegers et al.,
2001). Thereafter, other European cohort and case-
control studies have reported consistent results that sup-
ported these estimates as well as the presence of gender
differences in risk. Besides this feature, several studies
reported no trend with dose or duration of coffee drink-
ing, and thus coffee is probably not causally related with
bladder cancer, although at the same time it may repre-
sent an indicator of risk.

Epidemiological findings on a possible relation
between alcohol drinking and bladder cancer are compat-
ible with no association or a moderate positive one. The
results obtained from various studies are generally incon-
sistent, and this has been attributed to the fact that various
populations have different drinking patterns, as well as
different correlates (including coffee and diet) of alcohol
drinking. As for coffee consumption, a possible explana-
tion of the moderate increase in risk observed in some
studies may be linked to residual confounding by smok-
ing, which is usually directly correlated with both alcohol
and coffee consumption, or to an association between
alcohol, coffee, and a yet unidentified risk factor.
Urinary Tract and Other Diseases

Bladder cancer is frequent in areas (such as Northern
Africa) with a high prevalence of infection with Schistosoma

haematobium, which is responsible for chronic irritation
of the urothelium. In these areas, a consistent relation
between bladder schistosomiasis and cancer has been
reported, and the percentage of squamous cell type carci-
noma is high (Bedwani et al., 1998).

Chronic irritation of the bladder epithelium caused by
urinary tract infections and stones may also increase blad-
der cancer risk. Various case-control studies reported an
approximately twofold excess risk in patients with (recur-
rent) urinary tract infections, although bladder cancer
cases may recall previous urinary diseases more accu-
rately than healthy controls, and thus some of this excess
may be explained by recall bias. There is some evidence
from both epidemiological and laboratory studies that a
history of kidney or urinary stones may moderately
increase bladder cancer risk. Microsatellite alterations
have been reported in urinary sediments from patients
with cystitis and bladder cancer.

Recent prospective and retrospective studies found
that subjects with a history of gastric ulcer could share
an increased risk of bladder cancer (Michaud et al., 2004).
The low antioxidant levels and the bacterial colonization
of the stomach occurring during chronic gastritis may
explain the association observed, as they lead to endoge-
nous production and subsequent excretion through the
urinary bladder of nitrosamines, which are known bladder
carcinogens in animals. However, no association emerged
with history of duodenal ulcer.

Drugs

The current epidemiological knowledge on the relation
between drug use and risk of bladder cancer support an
inverse association with non-steroidal anti-inflammatory
drugs, a direct association with heavy consumption of
phenacetin-containing analgesics (a similar link also
emerged with renal cell carcinoma), whereas no consis-
tent relation has been reported for paracetamol. Studies
of animal models reported a preventive effect of non-
steroidal anti-inflammatory drugs in bladder carcinogenesis.

Further, there is some evidence that patients treated
with cyclophosphamide for non-Hodgkin’s lymphoma
had an increased risk of developing bladder cancer,
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whereas in a few – but not all – studies, treatment with
phenobarbital was inversely associated with bladder can-
cer risk, particularly among smokers.
Family History of Bladder Cancer

Various retrospective studies consistently reported a 1.5-
to 2-fold increased risk of bladder cancer in individuals
with a history of the same neoplasm in first-degree rela-
tives. These studies were also generally concordant in
suggesting that bladder cancer risk is higher when the
relatives of bladder cancer patients are diagnosed at
early age. Otherwise, a potential involvement of an
X-linked susceptibility gene was suggested by findings of
higher risks in siblings, and particularly in brothers of
young probands, than in offspring of bladder cancer
cases, but not all studies found consistent results, and
the issue is therefore open to discussion.

There is no evidence in support of an interaction be-
tween smoking and familial factors in bladder carcinogene-
sis, as available data suggest independent effects on risk.
Biomarkers of Bladder Cancer
Susceptibility

Polymorphic distribution of the enzymes involved in the
activation and/or deactivation of aromatic amines in
humans is an important determinant of individual suscep-
tibility to their carcinogenic effects.

N-acetyltransferase (NAT) is an enzyme whose activ-
ity may result in the detoxification of aromatic amines. Its
activity in humans is coded by two distinct genes named
NAT1 and NAT2. The NAT2 enzyme has long been
known to be polymorphic, and in about half of Cauca-
sians, termed slow acetylators, its activity is reduced.
Various studies suggested that the slow NAT2 genotype
could be a risk factor for bladder cancer, specifically by
interacting with occupational exposures to aromatic
amines or cigarette smoking, but generally the power to
identify significant gene–environment interactions was
limited. A first meta-analysis of 22 case-control studies
reported an overall RR of bladder cancer for NAT2 slow
acetylators of 1.4 (95% CI, 1.2–1.6), as compared to rapid
acetylators (Marcus et al., 2000a). Despite significant het-
erogeneity across studies, this meta-analysis suggested
that in most populations slow NAT2 acetylation status is
associated with a modest increase in bladder cancer risk.
Further, Marcus et al. (2000b) reviewed the relation
between cigarette smoking and NAT2 acetylation status
in a subsequent meta-analysis of case series that found an
interaction between slow acetylation status, tobacco smok-
ing, and bladder cancer risk (RR¼ 1.3, 95% CI, 1.0–1.6).

There is also a variant polyadenylation signal of the
NAT1 gene (NAT1*10 allele) associated with higher
enzyme activity (Bell et al., 1995). The activity of NAT1
is reported to be higher than that of NAT2 in the bladder
and may increase the formation of DNA binding metabo-
lites of aromatic amines within the target organ. However,
less is known about NAT1 polymorphism than about
NAT2, and the NAT1 genotype has not been associated
with increased risk of bladder cancer.

The enzyme glutathione S-transferase M1 (GSTM1)
is involved in the detoxification of a number of carcino-
gens. About 50% of Caucasians have an inherited deletion
of two copies of the gene coding for GSTM1, and several –
but not all – studies suggested that individuals homozy-
gous for the deleted genotype (GSTM1 0/0) have an
increased risk of bladder cancer. A large Spanish case-
control study found RRs of 1.2 (95% CI, 0.8–1.7) and 1.9
(95% CI, 1.4–2.7) for individuals with deletion of one or
two copies of the GSTM1 gene, respectively (Garcia-
Closas et al., 2005). The same study also confirmed an
increased risk of bladder cancer for NAT2 slow acetyla-
tors that was stronger among current smokers.

Most studies do not, however, have adequate power to
address the interaction between NAT2, GSTM1, cyto-
chrome P4501A2, environmental factors, and bladder
cancer risk. A recent cohort study from Los Angeles
provided valuable results highlighting that NAT2 slow
acetylators who used permanent hair dyes had a RR of
bladder cancer of 2.9 (95% CI 1.2–7.5), and that among
lifelong non-smokers, the RR for permanent hair dye use
was 6.8 (95% CI 1.7–27.4) for non-NAT1*10 subjects
(Gago-Dominguez et al., 2003). Both the estimates were,
however, based on few subjects, and much larger studies
are required to confirm the associations in subgroups.
Therefore, this point is at present unsettled.
Population-Attributable Risks

The population-attributable risk (PAR, i.e., the propor-
tion of bladder cancer attributable to each etiological
factor) depends not only on the RR, but also on the
frequency of exposure to each factor, and therefore it
varies across geographical areas and time periods. The
major recognized risk factor for bladder cancer, tobacco
smoking, is also the factor to which a large fraction of
bladder cancer cases are attributable in most countries,
both in men and women. In men, estimates of PAR
of bladder cancer related to tobacco smoking varied
from 50% in some areas of the United States and in the
Netherlands to 70% in Southern Europe and Egypt and
to 80% in the UK, whereas in women the PARs were
around 30% in developed countries and very low in
studies conducted in world areas where tobacco smoking
is infrequent in women (such as Egypt). With reference
to gene–environment interactions, assuming a RR of
bladder cancer of 2.5 for smokers in a predominantly
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male European population, the PAR was about 35% for
slow acetylators who had ever smoked.

It has been estimated that the risk of bladder cancer
attributable to occupational factors is between 4 and 7%
in Western European countries, and similar results (PARs
between 5 and 10%) were previously reported in studies
from Great Britain and North America. As the control of
occupational exposure to carcinogens improved widely in
the last decades in developed countries, the proportion of
cases attributable to occupational exposures has probably
been declining during recent years. Scanty information is
available from other areas of the world, however, where
measures to reduce occupational hazard may still be
inadequate.

Little information is available on the proportion of
cases of bladder cancer attributable to other risk factors,
as data are often inadequate to provide useful indications
for prevention. Nevertheless, it was estimated that schis-
tosomiasis, a parasitic disease caused by flatworms of the
genus Schistosoma, could be responsible of 28% of bladder
cancer cases occurring in an urban population of
Zimbabwe. Control of schistosomiasis is based on drug
treatment, control of freshwater snails that release larval
forms of the parasites, improved sanitation, and health
education. Thus, reduction of Schistosoma haematobium

infection is one of the major preventable causes of bladder
neoplasms in various areas of Africa and Middle East.
If the association between exposure to chlorination
by-products in tap water and bladder cancer is real, the
estimated PAR in a Canadian population would be around
15%, while the proportion of bladder cancers attributable
to familial and heritable factors was estimated to be rela-
tively low, for example, between 2 and 7%.

In conclusion, there is ample information for preven-
tion and control of bladder cancer. Avoidance of tobacco
smoking, close surveillance of occupational exposures
to aromatic amines and other chemical agents, and con-
trol of bladder and other urinary tract infections would
considerably reduce the incidence of bladder cancer
worldwide.
See also: Cancer Epidemiology; Carcinogens, Environ-

mental; Diet and Cancer; Pesticides; Smoking, The
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Blindness is a health and social concern of significant public
health dimensions that, until recently, has not received the
attention it warrants on the global health agenda.

As will be seen, the majority of the world’s blind live
in developing regions and in the impoverished regions
of rapidly economically developing countries. There has
been, however, as seen in recent studies, a transition from
infection- and nutrition-related causes of blinding eye
diseases to those of a chronic nature that generally stem
from noncommunicable disorders, referred to as the
‘epidemiological transition.’ This is in keeping with the
demographic transition that is occurring at an enhanced
pace in the developing regions of the world, consequent
to their inevitable population momentum. These transi-
tions have far-reaching consequences for population eye
health, with all its implications in terms of underdevelop-
ment, social costs, and poverty alleviation in general, and
the quality of life of affected individuals and communities,
in particular. The lowered life expectancy consequent
to becoming blind is an illustrative example.

What Is Blindness?

There is no simple answer. The reason for this is that
until recently there has been great variation in the defini-
tion of blindness from one country to another. This is
despite the availability of a definition and classification
dating back to 1972 that has found international accep-
tance and was included in the 10th revision of the WHO
International Statistical Classification of Diseases Injuries
and Causes of Death.
Zeegers MP, Kellen E, Buntinx F, and van den Brandt PA (2004) The
association between smoking, beverage consumption, diet and
bladder cancer: a systematic literature review. World Journal of
Urology 21: 392–401.
Relevant Websites
http://www.nlm.nih.gov/medlineplus/bladdercancer.html –
MedlinePlus, U.S. National Library of Medicine and National
Institutes of Health: Bladder Cancer.

http://www.who.int/schistosomiasis/en/ – World Health Organization:
Schistosomiasis.
anization, Geneva, Switzerland

In this classification, blindness is defined as visual acu-
ity of less than 3/60 (20/400 or 0.05) or corresponding
field not greater than 10 degrees in the better eye, with best
possible correction. Low vision is defined as visual acuity
of less than 6/18 (20/70 or 0.30) but equal to or better than
3/60, or corresponding visual field not greater than
20 degrees in the better eye, with best possible correction.

Some of the definitions, such as ‘best corrected’ in the
current classification, have been under review, because they
do not reflect the true magnitude of uncorrected refractive
error as a cause of visual impairment, including blindness.
Such defective vision resulting from refractive error has
remained masked as a result of the existing definition.

The use of the concept of ‘presenting vision’ instead
of ‘best corrected vision’ will overcome this anomalous
definition. The current definition is being amended. In
addition, there is currently confusion over the use of
the term ‘low vision’ to describe the various categories
of visual impairment other than blindness. It has been
recommended that the use of the term ‘low vision’ be
avoided for use in this context.

Epidemiology

There are some limitations inherent in describing the
epidemiology of visual impairment and blindness. These
stem from the use of different definitions and visual cut-
off points for the different categories of visual impairment
in different studies. However, more recent epidemiol-
ogical surveys have begun to use more standardized

http://www.nlm.nih.gov/medlineplus/bladdercancer.html
http://www.who.int/schistosomiasis/en/
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definitions and methodologies based on them. As such,
the recent estimation would more closely reflect the real
situation.
Magnitude and Causes of Visual Impairment

The estimate of the global magnitude of visual
impairment in relation to the 2002 world population was
updated using the most recent available data on blindness
and low vision (Pascolini et al., 2004). The number of
people globally who are visually impaired is an estimated
161million, of whom 36.8million are blind (Resnikoff et al.,
2004). A more recent estimate based on presenting vision
has revealed the truemagnitude of visual impairment, now
estimated at 314million (Resnikoff et al., 2007), with an
estimated 153million cases due to uncorrected refractive
error alone, of which 8.2million are in the blind category.

Thus the most recent update indicates that globally
there are 314 million persons who are visually impaired
(when presenting vision is used in studies), of whom
45million persons are blind.
Causes of Visual Impairment Including
Blindness

According to WHO estimates (2002) (in, Resnikoff et al.,
2004), the causes of blindness are as follows: cataract, 47.8%;
Tracoma
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Onchocerciasis
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Age-related macular 
degeneration
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Childhood blindness
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Diabetic retinopathy
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Figure 1 Global causes of blindness (best corrected visual acuity). w

impairment in the year 2002. Bulletin of the World Health Organizatio
glaucoma, 12%; age-related macular degeneration, 8.7%;
trachoma, 3.6%; corneal opacity (various causes excluding
trachoma), 5.1%; diabetic retinopathy, 4.8%; onchocercia-
sis, 1%; childhood blindness (various causes), 3.8%; and
other causes, 12.9%.

The above conditions also predominate as causes of
visual impairment not amounting to blindness. However,
in light of the data that have been recently determined in
relation to uncorrected refractive error, it is seen that this
represents the major causes of visual impairment, if pre-
senting vision rather than best corrected vision is used as
the criterion, as has been recommended.

Figure 1 depicts the causes and their relative magni-
tude from a global perspective.
Inequity in Eye Health Status and Causes
of Visual Impairment

There is wide variation in both the prevalence and under-
lying causes of visual impairment and blindness based
on geographical location, demographic structure, gender,
socioeconomic status, and health system development. An
estimated 90% of the world’s visually impaired persons
live in developing parts of the world.

Figure 2 illustrates the geographical distribution of
global blindness.
Cataract
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Vision Impairment Across the Life Spectrum

Visual impairment is not equally prevalent across various
age groups of the population. For instance, over 82% of all
persons who are blind are 50 years and over. However, this
cohort currently represents only 19% of the global popu-
lation. Those persons 50 years and older therefore bear a
disproportionate load of blindness.

At the other end of the life spectrum, blindness in
childhood has a lower absolute prevalence, constituting
only an estimated 1.4million children, or 3.8% of global
blindness. A child going blind in early childhood and
surviving to, say, 50 years of age has many years of blind-
ness ahead. Therefore in terms of ‘years of blindness,’
childhood blindness ranks second to blindness from cata-
ract in adults, and merits to be addressed as a global
priority in public health ophthalmology.
Gender Disparities

Gender variations have been reported in all age groups
and in all regions of the world. Consistently, for reasons
such as limited access and uptake of eye care services,
females are at a higher risk than males of being visually
impaired or blind.
Biological Determinants

Many of the causes that result in visual impairment and
blindness have biological determinants such as genetic
background, age, and gender. These are nonmodifiable,
and prevention or treatment of these are related to biomed-
ical interventions. These include treatment for cataract
and trichiasis (in trachoma) or a mix of interventions, as in
glaucoma and diabetic retinopathy. Where underlying eco-
logical determinants prevail such as in onchocerciasis and
trachoma, medical treatment together with interventions
such as vector control, personal hygiene, (e.g., facewashing),
and environmental improvement are employed.
Social Determinants

An understanding of the underlying social determinants
of eye health is a necessary prerequisite not only for
an understanding of the public health dimensions of the
problem, despite the availability of appropriate knowl-
edge, technology, and skills, but also for preventing and
controlling the many determinants and diseases that lead
to visual impairment.

However, when dealing with these conditions as
causes of vision impairment and blindness in a population
setting, the existence of social determinants is often over-
looked. These include various barriers to uptake of
services. Health illiteracy, poverty along with its related
deprivations, physical and social distance from health
facilities, and cultural beliefs and barriers predominate.

In general, these factors determine the availability,
accessibility, and affordability of services even when
they are provided. Compounding these determinants of
visual impairment is the inequitable distribution of ser-
vice in terms of geographic distribution, quality, cost, and
accountability.
Prevention of Blindness: What Can Be
Done?

Cataract

Cataract remains the leading cause of blindness, account-
ing for nearly half of all cases, as shown in Figure 1,
except in the most developed countries.

This is certainly not due to the lack of an effective
intervention.

Evidence-based, cost-effective interventions are being
practiced to deal with the surgical management of cata-
ract (Baltussen et al., 2004). Removal of the affected lens
of the eye and replacement with a synthetic posterior
chamber intraocular lens (IOL) is standard practice the
world over. Refinements in technology and approaches
in IOL material and design ensure a near normal restora-
tion of vision for the large majority of patients. In low- and
middle-income countries, it has been estimated that
the cost-effectiveness ratio of these surgical interven-
tions are below US$200 per disability-adjusted life year
(DALY) averted, and less than US$24 000 in high-income
countries.

However, to be able to minimize the magnitude of
cataract as a cause of blindness, interventions must go
beyond technology to outcome-oriented interventions
that vigorously address the various social determinants
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that predicate the high prevalence of cataract and other
blinding conditions in developing countries. Even in these
countries, studies have demonstrated the wide disparity
in cataract surgical rates (defined as the number of cata-
ract surgeries carried out per 1million population annu-
ally), surgical outcome, and population coverage, not only
between countries but also between regions in the same
country.

The equitable provision of efficient and effective
health systems delivering eye care should be an essential
public health priority for all developing countries.
Trachoma

The SAFE strategy (Surgery, Antibiotics, Facial cleanliness,
Environmental improvement) is an integrated approach
based on the principles of primary health care recom-
mended by WHO to help eliminate blinding trachoma in
a sustainable manner. The four elements complement each
other and comprise a mix of primary, secondary, and
tertiary preventive interventions, with strong community
involvement and educational activities.

Studies on the cost-effectiveness of these interventions
are limited. However, the few reported studies point to a
range of approximately US$4 to US$82 per DALYaverted
across trachoma-endemic areas, in the case of trichiasis
surgery. In the case of antibiotic treatment, it has been
estimated that across the endemic regions studied, the
cost per DALY averted ranged between US$4000 to
US$220 000, depending on whether the drug is part of a
donation program or is calculated at the market price.
Diabetic Retinopathy

Diabetic retinopathy, already a leading cause of blindness
in working-age populations in developed countries, is
fast assuming epidemic proportions worldwide with the
upsurge of diabetes mellitus even in developing countries.
The causes of vision loss are multifactorial and are closely
linked to the duration of diabetes. Other risk factors in-
clude uncontrolled blood sugar, high blood pressure, and
increased blood lipids.

Besides controlling the disordered metabolic state,
available interventions include periodic examination of
the ocular fundus through dilated pupils, early identifi-
cation of sight-threatening lesions, and treatment with
laser photocoagulation. Health promotion and patient edu-
cation are important supportive interventions. A multidisci-
plinary team approach to care of these patients is desirable.
Extended follow-upwith carefulmonitoring and tracking of
patients is important. In patients with some residual vision
that is not amenable to further treatment, low-vision care
should be offered.
Glaucoma

This comprises a group of conditions that lead to irrevers-
ible vision loss and blindness through damage to the optic
nerve (optic neuropathy). WHO has estimated that 4.5mil-
lion persons are blind due to glaucoma (Resnikoff et al.,
2004). Published projections indicate that by 2010, 4.5mil-
lion persons will be blind from open-angle glaucoma and
3.9million from primary angle-closure glaucoma. Given
the aging of the world population, these numbers are set
to increase further by 2020 (Quigley and Broman, 2006).

Significant improvement in treatment interventions
has been made in recent years, such as laser therapy,
medication, and surgery to prevent vision loss from glau-
coma. However, given the fact that the tools currently
required for the identification, assessment, and manage-
ment of early glaucoma are often lacking, particularly in
poorer parts of the developing world, the management of
glaucoma at a community level holds many challenges.
Childhood Blindness

Childhood blindness results from a number of causes that
range from genetically determined and congenital condi-
tions to micronutrient deficiency (vitamin A) and infective
conditions (measles, ophthalmia neonatorum, rubella) to
conditions requiring specialized surgical treatment such
as childhood cataract, glaucoma, and retinopathy of
prematurity. In developed and rapidly economically devel-
oping regions of the world, retinopathy of prematurity is
more than an emerging problem.With increased survival of
low birth weight and low gestational age infants, there is
already an upsurge in vision loss from this cause.

Uncorrected refractive errors comprise a significant
cause of vision impairment, particularly among certain
ethnic groups. These have implications for child develop-
ment and education, future employment prospects, and
performance.

Considerable regional variations between and within
countries exist with regard to the magnitude and causes
of childhood blindness. Services for children are arranged
through vision screening in schools and community centers
with follow-up assessment and provision of spectacles.

A concerted primary eye care approach could control
and minimize causes related to poverty and deprivation
such as malnutrition, measles, and harmful traditional
practices. Other causes such as cataract, glaucoma, and
retinopathy of prematurity require specialized surgical
care and management, including low vision care and
inclusive education of affected children.
Uncorrected Refractive Errors

These include conditions such as myopia (nearsighte-
dness), hypermetropia (farsightedness), and astigmatism.
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Age-related presbyopia also falls within this category. There
are an estimated 153 million persons with visual im-
pairment due to uncorrected refractive errors (not includ-
ing presbyopia), in other words, presenting visual acuity less
than 6/18 in the better eye. This comprises the commonest
cause of visual impairment. The proportion of uncorrected
refractive errors varies based on cultural norms, gender, and
availability and affordability of services.

Services to correct disabling refractive errors should
include identification of persons requiring correction,
assessment and prescription of appropriate correction,
and the provision of spectacles that are affordable and
cosmetically acceptable.
Age-Related Macular Degeneration

This condition presents an emerging challenge given the
rapidly escalating number of older populations globally. It
is already the major cause of blindness in the developed
countries. While there is greater knowledge regarding
the cause and pathophysiology of the disease, efforts at
prevention and treatment have not been promising until
now. Ongoing research has suggested the potential value
of newer treatment modalities, but the outcome of such
treatment on a large scale has yet to be determined. In the
interim, much can be gained through the provision of
low-vision care to improve the functioning and quality
of life of these patients.
Low Vision

The following definition was agreed upon to identify
persons who could benefit from low-vision care:

A person with low vision is someone who, after medical,

surgical, and/or standard refractive intervention, has a

corrected visual acuity in the better eye of less than 6/

18 down to and including light perception or a central

visual field of less than 20 degrees, but who uses or has the

potential to use vision for the planning and/or execution

of a task.

Currently there are no global estimates of the number
of people with low vision who would benefit from low-
vision services. Based on available data, this is estimated
to be around 40–65 million. However, with the advancing
age of the population and a concomitant increase in age-
related chronic diseases such as glaucoma, diabetic reti-
nopathy, and macular degeneration, the unmet need for
low-vision services could rapidly escalate.

The coverage of low-vision services currently is
extremely sparse, even in developed countries. Low-
vision care needs to be developed in close collaboration
with the correction of uncorrected refractive errors, and
follow the same principles, such as affordability and
acceptability.
Concepts of Primary Eye Care and the
Domains of Prevention of Blindness

The basic principles of primary health care, as enshrined
in the Alma Ata declaration (1978) and subsequent World
Health Assembly resolutions, provide the basic frame-
work for the development of health systems that could
provide equitable, comprehensive, and sustainable eye
care as an integral part of health care.

Primary health care, of which prevention of blindness
needs to be an integral part, consists of:

Essential health care based on practical, scientifically

sound, and socially acceptable methods and technology

made universally accessible to individuals and families in

the community through their full participation and at

a cost that the community and country can afford to

maintain at every stage of their development in the spirit

of self-reliance and self determination.

Primary eye care comprises a simple but comprehen-
sive set of promotive, preventive, curative, and rehabilita-
tive activities that can be carried out by suitably trained
primary health-care workers, who in turn are supported
by a referral system that ought to comprise secondary and
tertiary level of services and in some regions provide
mobile services.
Available Primary Eye Care Interventions
to Eliminate Avoidable Blindness

Cataract, glaucoma, a corneal opacities (from various
causes), diabetic retinopathy, trachoma, and onchocerciasis
lend themselves to potential health promotion, prevention,
treatment, and rehabilitative strategies.

Similar interventions are possible in the case of child-
hood blindness.

Another area in which primary-level services could
provide effective support is in vision screening, early
detection, and appropriate referral of persons of all age
groups with uncorrected refractive error. This constitutes
a large segment of the population across the life spectrum
that could benefit from appropriate corrective services.
Economic Implications of Visual
Impairment and Blindness

Studies on the economic losses to individuals and society
from visual impairment and the economic gains from the
application of cost-effective interventions to prevent
blindness and restore sight provide supportive evidence
for investment in blindness-prevention programs. The
economic burden of avoidable visual impairment includes
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the direct costs in terms of resources spent in individual
and community care, including the various components of
the eye care system at all levels, and the indirect costs,
which comprise a range of productivity losses, with
their far-reaching implications, social and rehabilitative
expenses, impaired quality of life, and premature death.

Studies have been published to highlight the economic
aspects of some of the commoner individual blinding
conditions such as cataract, trachoma, onchocerciasis,
glaucoma, and diabetic retinopathy. Most of these have
been carried out in developed countries.

For instance, an Australian study (Taylor et al., 2004)
assessed the overall economic impact of the five most
prevalent visually impairing conditions (75% of all
causes) in Australia (Figure 3). This included cataract,
age-related macular degeneration, glaucoma, diabetic ret-
inopathy, and errors of refraction. The economic analysis
predicted an estimated direct cost of AU$1.824 billion
(US$1.3 billion). Indirect costs were estimated to add a
further AU$8 billion (US$5.6 billion) to the annual eye
care budget for 2004. These estimates cannot be easily
extrapolated to other parts of the world, however, due to
different disease patterns, health-care costs, work force
wage structures, and social security systems.

There has been an effort to calculate on a global
basis the projected annual personal productivity loss of
individuals over the period 2000–2020 (Frick and Foster,
2003). The conservative annual estimate amounts to US
$42 billion for the year 2000. This figure was projected to
rise to US$110 billion per year (in year 2000 dollars) by
2020, if then-current prevalence levels showed no
decrease. If, however, the implementation of VISION
2020 showed successful outcomes (see ‘VISION 2020:
The right to sight’), it was estimated that the annual
productivity loss would increase to only US$58 billion
(in year 2000 dollars). It was further estimated that the
overall global saving that could accrue over 20 years
would amount to US$223 billion.
 Refractive error
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Glaucoma $144.2 m

Cataract $326.6 m

AMD $19.4 m

59%

1%
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Other
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Figure 3 Cost of eye diseases, 2004, AU$, by condition. AMD,
age-related macular degeneration. Source: Taylor H, et al. (2004)

Clear Insight: The Economic Impact and Cost of Vision Loss in

Australia. Melbourne: Center for Eye Research Australia.
Partnerships for Prevention of Blindness

Global and Regional Initiatives

Onchocerciasis Control Program (OCP)

This was established in West Africa in 1974. The objec-
tives of this international collaboration were to eliminate
onchocerciasis in the 11 countries covered by the pro-
gram and consequently improve the socioeconomic con-
dition of the people, who largely comprised an agrarian
society.
African Program for Onchocerciasis Control

This was launched in December 1995 with the sole aim of
eliminating onchocerciasis from the African countries
where the disease continued to be endemic. The region
covered extended to 11 countries beyond those included
in OCP. While WHO serves as the executing agency, the
fiscal agency is the World Bank.

The primary strategic objective was to create, by 2007,
a system of community-directed distribution of ivermec-
tin, as a microfilaricidal agent, donated at no cost by
Merck. Much success has been achieved toward reaching
this objective, and steps are underway to use community-
directed distributors in the control of coexistent diseases
such as lymphatic filariasis and trachoma that respond to
periodic administration of appropriate medications.
Onchocerciasis Elimination Program

for the Americas

This is a regional initiative for Brazil, Colombia, Ecuador,
Guatemala, Mexico, and Venezuela, initiated in 1991. The
goals are to eliminate morbidity and to interrupt trans-
mission of river blindness. This is a partnership program,
including the six countries, the Pan American Health
Organization, the private sector, specialized institutions,
and international nongovernmental developmental orga-
nizations. The program strategy is to provide sustained
mass distribution of ivermectin every six months, with
the aim of reaching at least 85% of the at-risk population.
WHO Global Alliance for the Global Elimination of

(Blinding) Trachoma (GET 2020)

GET 2020 was constituted in 1997 to provide support and
technical assistance to a number of international institu-
tions and organizations, nongovernmental development
organizations, and foundations in working toward elimi-
nation of trachoma as a public health problem, using the
SAFE strategy. The Alliance meets on an annual basis and
involves concerned member state representatives. The
agenda includes the sharing of information on the prog-
ress of national programs, research initiatives and results,
future plans, and reports on available financial and in-
kind resources.
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VISION 2020: The Right to Sight

On January 18, 1999, WHO’s then Director General,
Dr. Gro Harlem Brundtland, launched the Global Initia-
tive for the Elimination of Avoidable Blindness under the
title ‘VISION 2020: The Right to Sight.’ The initiative
was spurred by the dismal global data on blindness that
became available in the mid-1990s. These data were
compounded by the predicted near-doubling of the global
magnitude of visual impairment and blindness by the year
2020, with many of the underlying causes being pre-
ventable or treatable. These predictions were based on
demographic projections and a presumed relatively
unchanged eye care delivery as part of national health-
care systems. Such a scenario was likely to be realistic
in the developing countries, where the problem was
greatest and the resources for eye care are severely
limited. Moreover, these countries were beset with com-
peting demands for resources from limited health budgets
to control other priority diseases such as HIV/AIDS,
malaria, tuberculosis, and childhood diseases.

The initiative was thus seen not only as a health chal-
lenge but also as a moral imperative that needed to be
urgently addressed.

VISION 2020 is a collaborative effort conceived by the
World Health Organization and the International Agency
for the Prevention of Blindness and its constituent mem-
bers. The objective was to support member countries by
providing technical and financial support to realign and
strengthen existing national programs or to initiate and
develop new national programs aimed at the collective
achievement of the common goal of eliminating avoidable
blindness globally.

The initiative identified three strategic components as
the Framework for Action:

. Cost-effective disease control;

. Human resource development;

. Infrastructure, including appropriate technology.

The overarching supportive elements included advo-
cacy, public awareness campaigns, resource mobilization,
and improved governance and management of health
systems, including monitoring and evaluation for quality
assurance.

Partnership development was a key factor.
The underlying guiding principle was delivering eye

care as an integral part of primary health care.
Global political commitment to VISION 2020 was forth-

coming in 2003 and 2006 through the unanimous adop-
tion by the WHO member states of resolutions WHA
56.26, Elimination of Avoidable Blindness, and WHA 59.25,
Prevention of Avoidable Blindness and Visual Impairment,
respectively.

At the national level, a number of countries have signed
national declarations of support, and outcome-oriented
national action plans have been formulated and are being
implemented.

Overall, there is greater global awareness of the dimen-
sion of the problem of visual impairment, including blind-
ness, as a public health concern.

This has led to the all-important political commitment
at all levels to eliminate avoidable blindness as a public
health problem globally before 2020. It has also led to the
development of partnerships among a variety of partners,
such as WHO, member countries, international nongov-
ernmental developmental organizations and institutions,
academia, the corporate sector, and civil society.

The ultimate goal is to establish a sustainable, equita-
ble, and comprehensive eye care system as an integral part
of national health systems based on the principles of
primary health care.
See also: Alma Ata and Primary Health Care: An Evolving

Story; Helminthic Diseases: Filariasis.
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Blood Transfusion Services
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Definitions and Approaches

‘Blood’ is a fluid tissue, composed from various cells with
complex functions (erythrocytes, red cells – oxygen car-
riers; leucocytes and lymphocytes, white cells – immune
response to disease; and thrombocytes – clotting factor),
which are carried by plasma. Blood is vital as carrying
oxygen, nutrients, and other essential elements to the
tissues and removing residues of cellular metabolism. It
also carries various clotting factors which normally inter-
vene when bleeding occurs.

Blood donation is a benevolent gesture of offering
blood for patients in need. Every healthy individual 18
to 65 years of age can donate blood, about 7ml per kg
body weight, up to a maximum of 450ml whole blood per
donation. The interval between two whole blood dona-
tions has to be at least 72 days. Voluntary nonremunerated
blood donation is considered a cornerstone of blood safety
and it is advocated and supported by many international
bodies, such as World Health Organization, the Interna-
tional Federation of Red Cross and Red Crescent Socie-
ties, and the International Federation of Blood Donor
Organizations (see Relevant Websites).

Blood transfusion is a medical treatment in which
blood, blood components, or blood products are collected
and prepared from a healthy person (a donor) and admi-
nistered to the patient being treated. The most appropri-
ate blood transfusion therapy should provide for the
missing or reduced element. Transfusion of whole blood
can be life-saving in situations such as massive blood loss
due to trauma or extensive surgery. Blood component
therapy is used to treat conditions in which the specific
element is missing; for example, severe anemia (a reduc-
tion in oxygen supply to vital organs) or an abnormal
decrease in the number of platelets. People suffering
from sickle-cell disease may require frequent transfusion
of red cell concentrates. In the case of hemophilia, the
administration of the missing clotting factor is required.
Blood transfusion treatment is usually performed in
health-care settings.

Blood transfusion service is an organizationwhich deals
with various aspects of the blood transfusion chain, from
the potential donor (information and selection of donors,
blood collection, blood testing, blood processing, blood
storage, blood transportation) to the potential recipient
(selection and distribution of appropriate components for
transfusion), and should link to the clinical interface or
administration of blood and patient follow-up.

This process is usually carried out by organizations or
health departments operating at a local, regional, or
national level. In some countries blood services are hospi-
tal based. The range of responsibilities of the hospital
blood banks varies, therefore, according to the organiza-
tion of the national health-care system. Usually, the hos-
pital transfusion department bears the responsibilities of
storage, selection (compatibility testing), and distribution
of blood components according to medical prescription.

A blood component results from separation of col-
lected whole blood through centrifugation at various
speeds. Components include red cells, white cells, throm-
bocytes, and plasma. Each component has specific char-
acteristics, including a special storage temperature and
shelf life (e.g., thrombocytes must be stored at þ21 �C;
plasma must be frozen at –40 �C). Blood components can
also be collected from the individual donor through aphe-
resis procedures (separation of the required component
from collected blood during the donation procedure, with
the remaining being returned to the donor at the end of
the separation process). The procedure can be fully or
partially automated.

In separating blood derivatives or components, raw
plasma is subject to industrial fractionation procedures.
These procedures must follow the pharmaceutical cur-
rent good manufacturing practices (cGMP) so that result-
ing products comply with required safety standards. The
purified and concentrated coagulation factors (e.g., Factor
VIII, Factor IX) and human albumin are usually prepared
as 5% or 20% solutions, and immune globulins are the
most frequently used blood derivatives.

Technological progress has been achieved in obtaining
recombinant coagulation factors, as well as volume replace-
ment solutions and plasma expanders, in the continuous
search to identify responses to an insufficient blood supply
which is increasingly exposed to safety threats.
Safety Aspects of Blood Transfusion

Being a complex but undeniable life source, blood has
been given historically mythical attributes. After unsuc-
cessful transfusions of blood from animals to humans,
and sometimes from humans to humans as well, it was
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only after 1900, when Karl Landsteiner discovered the
ABO major blood groups, that blood transfusion therapy
became possible. The history of blood transfusion has
shown that once the blood group compatibility barrier
had been overcome, there are infectious threats to which
increased attention must be given. Blood-borne pathogens
can be transferred with the donor’s blood to the recipient
patient. Such pathogens may be viruses (e.g., HIV/ AIDS,
hepatitis B and C), parasites (e.g., malaria, Chagas’ disease),
bacteria (e.g., syphilis, brucellosis), or prions (e.g., vCJD).

In the late 1980s the transmission of the HIV virus by
blood, blood components, and by pharmaceutically man-
ufactured blood derivatives raised important concerns.
A large number of patients chronically depending on
therapy with blood components or derivatives were
proven to be infected with HIV and other blood-borne
pathogens. These findings led to more firm regulations of
the entire blood transfusion area, with patient protection
being of central importance. Intensive work in the field of
quality assurance of blood-banking operations, including
viral inactivation of blood derivatives, was initiated. For
a more comprehensive overview of the history of blood
transfusion, see Starr (1998).

Other crisis situations, such as the variant Creutzfeldt-
Jakob disease (vCJD) infections (mad cow disease), severe
acute respiratory syndrome (SARS), or avian flu epi-
demics, have strongly affected the availability of the
blood supply at times. A more complete list of infectious
agents which can be transmitted by blood transfusion is
presented in Table 1. It is important to note that these
agents in their early stage of infection induce a healthy
carrier state with few or no symptoms of disease.
Present Situation

The safety and availability of and access to adequate
blood supplies remain challenges in many parts of the
Table 1 Transfusion-transmitted infectious diseases

Agent Remarks with

HIV-1 and HIV-2 (human immunodeficiency virus Acquired immu

HTLV-1 and HTLV-II)

Hepatitis type B and type C Liver disease a
Syphilis (Trepanoma pallidum) Sexually transm

Malaria High incidence

Chagas disease (Trypanosoma cruzi) Vector-borne t

parts of Mex
West Nile virus Detected in the

American co

Other transfusion-transmissible infections Human parvov
Brucellosis

Epstein–Barr v

Toxoplasmosis

Infectious mon
Lymes’ diseas
world. According to the WHO global database for blood
safety, 81million units of whole blood and 20million
liters of plasma were donated annually in the period
2001–2002. Analysis of blood donations in relation to the
human development index (HDI – United Nations indi-
cators) showed that 82% of the world’s population, which
lives in low and medium HDI countries, has access to
only 39% of the total blood supply. This limited access
has a dramatic impact on the capacity to respond to
various health needs of the population, and the strong
links between blood availability and maternal mortality
rates have been demonstrated. The differences in blood
donation rates reflect not only the degree of awareness
of the population with respect to blood transfusion, but
also the level of development of health care in which
the blood service is embedded. With mounting safety
requirements and technological progress, blood transfu-
sion services have become an increasingly expensive
part of public health. In countries with restricted
resources, the safety of blood transfusion is of particular
concern, especially because these countries often have
high prevalence rates of HIV, hepatitis B and C, and
other particular blood-borne diseases. (See Relevant
Websites for the WHO global database on blood safety.)
An appropriate blood supply – defined as a situation in
which no patient will die due to lack of appropriate
treatment with blood or blood components – varies from
one country to another.
Essentials in Blood Safety

Important components of blood safety are:

. Organization and regulatory framework for the blood
transfusion services;

. Safe blood donors – education, recruitment, retention;

. Testing of all blood units and further processing;
respect to geographical distribution or generated disease

ne deficiency syndrome (AIDS)

nd organ failure
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ransmission is confined to the Americas, principally rural areas in

ico, Central America, and South America
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ntinent and throughout Mexico

irus B19
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. Appropriate use of blood and blood components at the
clinical site;

. Hemovigilance, reporting and follow-up on safety
issues and transfusion outcomes.

WHO-integrated strategy for blood safety recommends
nationally coordinated blood services with quality systems
functional in all areas and a blood supply based on volun-
tary nonremunerated blood donors from low-risk popula-
tions that is appropriately tested (100% for blood-borne
pathogens, blood grouping, and compatibility testing), pro-
cessed, stored, and distributed, as well as adequately used at
the hospital site (alternatives to transfusion should be avail-
able), including posttransfusion follow-up.
Organization and Supportive Frameworks for
the Blood Transfusion Services

The blood transfusion service should be integrated with
the health-care system of a country. Its appropriateness
depends on the strength of public health interventions,
the level of health service delivery, and on the health
status of the population and existing patterns of disease.

The blood transfusion service usually functions under
government responsibility. A national blood policy and
plan should define the vision and the steps required for
strengthening quality, safety, availability, and access to
adequate blood supplies. A national blood program for
defined periods of time will allow addressing priorities
and monitoring progress in the field. Constantly updated,
dedicated, legal provisions and regulatory frameworks are
part of the supportive mechanisms to implementation.
Appropriate and sustainable resources, including funding
mechanisms, are vital.

Involvement of the various stakeholders in the process
is essential, and a dedicated national commission can play
an advisory function at a high decision-making level with
respect to blood safety issues, as well as enhance dialogue
among interested parties, such as blood transfusion spe-
cialists, clinicians, and patients.

Experience has shown that the organization of blood
services on a nationally coordinated basis ensures harmo-
nized quality standards along the blood chain and increases
consistency in delivery of products, information, and statis-
tics. In addition, such organization has been proven to be
more cost effective owing to economies of scale.
Standards and Regular Inspections of Blood
Transfusion Services

Following the early period of the HIV/AIDS epidemic,
the blood transfusion community began to realize that
production of blood should take place in a more con-
trolled environment. In order to accomplish this, two
specific initiatives were taken: (1) quality standards for
blood components were established, as well as for the raw
plasma used in pharmaceutical processing, and (2) quality
management systems were implemented to ensure that
products meet the established standards. This has gener-
ated enhanced work of national and international organiza-
tions to support both the development and implementation
of quality and safety standards for the blood services and
deliverables (e.g., Council of Europe ‘‘Guide to the Prepa-
ration, Use and Quality Assurance of Blood Components,’’
AABB Standard for Blood Banks). These standards are all
grounded in more general standards, such as the ISO 9000-
series standards and the current good manufacturing prac-
tice (cGMP) guidelines for medicinal products for human
and veterinary use (e.g., EU published by the European
Commission). These specify basic requirements and prin-
ciples for quality management, including personnel man-
agement and training, premises and equipment layout,
production operations and requirements for standard
operating procedures, design and methods for ensuring
maintenance and documentation for all activities, how to
perform quality controls, contract manufacture and analy-
sis, and how to perform and document self-inspection.
Monitoring the compliance to defined standards is part of
a regular process of quality assessment and control.

In line with the above, WHO developed a comprehen-
sive training program (including interactive toolkit and
external quality assessment schemes) in quality manage-
ment principles for the blood service.
Safe Blood Donors

According to data available from various sources and
studies, voluntary nonremunerated regular blood donors
recruited from low-risk populations carry a much lower
risk of infections. The safe blood donors are the corner-
stone of a safe blood supply and therefore an important
and central point in WHO recommendations as well as
those emerging from the IFRCRCS, the ISBT, and other
international organizations concerned.

Establishing a pool of safe blood donors requires long-
term commitments to education, information, and social
involvement. Efforts in this respect have been particu-
larly enhanced with the World Blood Donor Day, which
became a global event after its endorsement by the World
Health Assembly in 2005. Co-sponsored by WHO, the
International Federation of Red Cross and Red Crescent
Societies (IFRCRCS), International Federation of Blood
Donor Organizations (IFBDO/FIODS) and International
Society of Blood Transfusion (ISBT), it aims to increase
awareness toward blood donation and enhance the differ-
ent steps in the process of education, recruitment, and
retention of low-risk donors and establishment of youth
donor programs.

Safe donor selection criteria – the education to healthy
lifestyles – proved to be highly effective in the prevention
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of sexually transmitted infections, including HIV/AIDS.
The ‘Club 25’ initiative in Africa (youth initiative pro-
moting lifestyles and regular blood donation, aiming for
about 20 blood donations by the age of 25) led to a
dramatic decrease in transfusion-transmitted infections
and related risks, to the mutual benefit of donors and
recipient patients.
Testing and Processing of Blood

Collected blood needs to be screened for blood-borne
pathogens prior to transfusion. Basic screening includes
tests for HIV, hepatitis B, hepatitis C, and syphilis. In some
parts of the world, additional tests are necessary for local
epidemiological threats. It is the responsibility of health
authorities to outline a national strategy for screening of
all donated blood and specify the most appropriate testing
and diagnostic algorithms to be used. In addition, testing
for ABO and RhD blood groups, as well as screening for
irregular antibodies, are performed to avoid an incompat-
ible (hemolytic) transfusion reaction.

Reliable testing of blood units requires the following:

1. Uninterrupted supply of high-quality test systems; this
includes procurement, supply, central storage, and dis-
tribution of reagents and materials to ensure continuity
of testing;

2.. Maintenance of a quality assurance system and good
laboratory practice, including the use of standard
operating procedures (SOPs) for all aspects of blood
screening and processing;

3. Continuous training of staff members in all aspects of
blood screening and processing of blood units, includ-
ing storage and transportation of blood products.

Collectedwhole blood can be stored for a time depend-
ing on the mixture of anticoagulant preservation solution
used. The whole blood unit may be separated into major
blood components – red cell concentrates, fresh frozen
plasma, and platelet concentrate – to increase efficiency
of use. Processing of donated blood into its different com-
ponents reduces the occurrence of adverse transfusion
reactions and tailors therapeutic response to the particular
needs of the patient. Since each blood component can be
stored according to its specific requirements, effectiveness
is increased and shelf-life adjusted. For example, fresh
frozen plasma can be stored at –40 �C for 24months,
platelet suspended in plasma or suspension media (T-
SOL) can be stored at þ20–24 �C for 3–5 days, and red
cells suspended in an additive solution (SAG-MAN or
ADSOL) can be used up to 45 days if stored at þ4 �C.
Appropriate Clinical Use of Blood

Blood is a scarce resource and should always be used with
care. As with any medical procedure, it carries also a
measurable risk to the recipient patient. In evaluating
the indication for blood transfusion therapy, the benefits
for the patient should outweigh the risks. Several interna-
tional recommendations and guidelines have been devel-
oped in this respect, but these are not always available and
in many circumstances the process continues to rest on
historically based practices and the clinical experience of
the attending physicians.

The training of clinical users in the adequate use of
blood is an important endeavor which requires constant
updates not only regarding scientific progress and tech-
nologies but also the availability of and access to alter-
natives to blood (e.g., volume replacement solutions).
Strengthening the cooperation with other sectors of
health care (i.e., primary health care) may help reduce
blood usage through (1) early diagnosis and treatment of
diseases or conditions which may lead to the need for
blood transfusion (obstetric antenatal care, iron substitu-
tion); (2) pre-operative blood collection for auto-transfu-
sion; (3) intra-operative normo-volemic hemodilution;
(4) per-operative and post-operative blood salvage.

Blood usage in Western Europe and North America
shows a moderate decrease in number of units used,
mostly due to modern surgical techniques, such as endo-
scopic interventions with minimal tissue injury. To fur-
ther respond to blood availability challenges, increasing
attention is given to the development of blood substitutes
and oxygen carriers. The Network for Advancement of
Transfusion Alternatives also aims to reduce unnecessary
blood transfusion and provides additional information.
Hemovigilance

The word ‘hemovigilance’ is derived from the word ‘phar-
macovigilance,’ which encompasses activities and systems
to collect information useful in supervising medicinal
products, with particular reference to adverse drug reac-
tions in human beings, and to evaluate such information
scientifically. It comprises a set of surveillance procedures
covering the whole transfusion chain (from the collection
of blood and its components to the follow-up of the
transfused patient).

The aim of hemovigilance is to detect, collect, and
analyze all information of unexpected or undesirable effects
resulting from the therapeutic use of blood and blood
components in order to correct their cause, prevent recur-
rence, and improve the safety of blood transfusion. Adverse
reactions are defined as reactions which are harmful and
unintended and which occur at doses normally used for
prophylaxis, diagnosis, or treatment of various conditions.

Hemovigilance concerns blood components (e.g.,
whole blood, erythrocyte concentrates, platelet concen-
trates, and fresh frozen plasma). Pharmacovigilance in
transfusion medicine concerns plasma derivatives (e.g.,
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clotting factor concentrates, immunoglobulins, albumin,
and other fractionated products).

Reporting of serious adverse events related to transfu-
sion therapy appears to be one of the oldest reporting
systems in place. However, the development of national
hemovigilance systems poses increasing challenges due to
the various taxonomies in use, the limited resources for
supportive informative technologies, and, mainly, the need
for enhanced communication between blood services and
hospital services. The increasing role of the patient in
this process is expected to strengthen hemovigilance at its
operational level. Several websites provide data on hemo-
vigilance (national and regional), such as those from the
United Kingdom, the European Haemovigilance Network,
and the Danish Haemovigilance Network.
See also: Brucellosis; The History of Malaria and its

Control; Hepatitis, Viral; HIV/AIDS and TB; Lyme Dis-

ease; Protozoan Diseases: Malaria Clinical Features,

Management, and Prevention; Protozoan Diseases:

Toxoplasmosis.
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Introduction

Botulism is a rare, severe, neuroparalytic disease caused
by accidental or intentional exposure to seven distinct
botulinum toxins (BoNTs, A–G types) that affect humans
and a variety of domestic and wild lower animals. The
disease is characterized by symmetrical cranial nerve
palsies that may be followed by descending, symmetric
flaccid paralysis of voluntary muscles, which may lead to
death because of respiratory or heart failure.
Council of Europe Publishing (2007) Guide to the Preparation, Use and
Quality Assurance of Blood Components, 13th edn. Strasbourg,
France: Council of Europe.

Hillyer CD, Silberstein LE, Ness PM, Anderson KC, and Roback JD
(2006) Blood Banking and Transfusion Medicine. Basic Principles
and Practice, 2nd edn. London: Elsevier.

Klein HG and Anstee DJ (2006) Mollison’s Blood Transfusion in Clinical
Medicine, 11th edn. Oxford, UK: Blackwell.

Lozano M, Contreras M, and BlajchmanM (2006)Global Perspectives in
Transfusion Medicine. Bethesda, MD: AABB Press.

Van Aken WG (2006) Gift or good? Transfusion Clinique et Biologique
13: 196–199.

Van der Poel CL, Seifried E, and Schaasberg WP (2002) Paying for
blood donations: Still a risk? Vox Sanguinis 83: 285–293.

Wislow RM (2006) Blood Substitutes. San Diego, CA: Elsevier.
World Health Organization, Blood Transfusion, Safety (2001) The

Clinical Use of Blood: Handbook. Geneva, Switzerland: WHO.
Relevant Websites
http://www.aabb.org/ – AABB.
http://www.redcross.org/ – American Red Cross.
http://www.coe.int/ – Council of Europe.
http://www.haemovigilance.dk/ – Danish Haemovigilance Network.
http://eur-lex.europa.eu/ – EUR-Lex.
http://www.ehn-org.net/ – European Haemovigilance Network.
http://www.fiods.org/ – International Federation of Blood Donor

Organizations.
http://www.ifrc.org/ – International Federation of Red Cross and Red

Crescent Societies.
http://www.nataonline.com/ – Network for Advancement of Transfusion

Alternatives.
http://www.shotuk.org/ – SHOT: Serious Hazards of Transfusion.
http://www.transfusionguidelines.org.uk/ – UK Blood Transfusion and

Tissue Transplantation Services.
http://www.who.int/ – World Health Organization.
http://www.who.int/bloodsafety/ – World Health Organization: Blood

transfusion safety.
http://www.who.int/bloodsafety/global_database/en/ – WHO global

database on blood safety (full report).
per la Qualita’ e i Rischi Alimentari, Rome, Italy

Botulinum toxins are neurotoxins of extreme potency
and lethality (they can be lethal at doses as low as 1 mg/kg
orally) released by vegetative cell death and lysis. Four
toxigenic anaerobic Gram-positive spore-forming bacte-
ria of the genus Clostridium produce the botulinum toxins:
the classic C. botulinum that produces type A, B, C, D, E,
and F toxins (BoNT/A–F), C. argentinense that produ-
ces type G toxin (BoNT/G), and two rare strains of
C. butyricum and C. baratii that produce types E and F
botulinum-like toxins, respectively.
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From the first years of the twentieth century, the
potent toxicity of neurotoxins and their specific action
have drawn the attention of many researchers and pro-
moted the growth of research in different fields. The
understanding of the environmental distribution of the
organism, the mechanism of spore germination and heat
resistance, the chemical and physical factors controlling
the survival and growth of vegetative form, and the pro-
duction, release, and stability of the toxin have allowed
the development of technology to produce safe food and
strategies to manage the disease efficiently.

Botulism that follows the consumption of preformed
neurotoxin in an improperly preserved food (foodborne
or ‘classic’ botulism) has now became relatively rare,
although sporadic outbreaks continue to occur from
homemade food. Furthermore, this deadly food poison
has been recognized as a potent therapeutic agent for
many human syndromes caused by hyperactivity of chol-
inergic nerve terminals and, more recently, as a popular
cosmetic useful to reduce or eliminate wrinkles on the
face and neck as an alternative to cosmetic surgery. Nev-
ertheless, because even a single case of botulism repre-
sents both a public health emergency that requires
immediate intervention to prevent additional cases and a
medical emergency that requires prompt provision of
botulinum antitoxin and prolonged intensive care among
the affected persons, it has mandated intensive sur-
veillance and control measures (prompt reporting,
epidemiological investigation, and diagnostic confirma-
tion) in developed countries to determine the source.

Over the past 50 years, several ‘new’ or emergent forms
of botulism have been recognized and described. These
occur after the absorption of the botulinum neurotoxin
produced in vivo when the spores of toxin-producing
clostridia have contaminated a wound associated with
trauma (wound botulism; Merson and Dowell, 1973) or
sniffing/injecting drugs, or from infection of the intestine
of small babies (infant botulism; Midura and Arnon, 1976;
Pickett et al., 1976) or adults (adult infantlike botulism;
Chia et al., 1986) who have altered intestinal flora that
allows germination and growth of Clostridia spores occa-
sionally present in food. The two last forms were recently
grouped under the term ‘intestinal toxemia botulism.’

Another form of botulism (inhalational botulism;
Holzer, 1962) was described among German laboratory
workers as a consequence of accidental exposure during
animal experiments. Because of the presumption that
the disease may be caused by aerosolized toxin, the
C. botulinum and its toxins are classified as major agents
in biological weapons or bioterrorism attack (‘Class
A agents’ by the Centers for Disease Control and Preven-
tion (CDC)).

Finally, one form of botulism with local or generalized
weakness (iatrogenic botulism) has been reported after
the injection of higher doses of toxins as therapeutic
agents in patients with neuromuscular conditions result-
ing from abnormal, excessive, or inappropriate muscle
contractions (Bakheit et al., 1997) or of unlicensed, highly
concentrated botulinum toxin for cosmetic purposes
(Chertow et al., 2006).

In conclusion, humans may be affected by four acci-
dental or ‘natural’ forms of botulism (foodborne botulism,
wound botulism, infant botulism, and adult infantlike
botulism) and by two intentional ones (iatrogenic botu-
lism and inhalational botulism), all of those associated
with toxin types A, B, E, and, sometimes, C and F.

Botulism affects mammals, birds, and fish by neurotox-
ins produced by C. botulinum.

Animal botulism occurs in three accidental forms:
(1) ingestion of preformed toxins produced by the growth
of C. botulinum in decaying crops, vegetation (forage), or
carcass material, or (2) gastrointestinal, or (3) wound infec-
tion resulting from proliferation of C. botulinum in situ.
Forage botulism occurs when the pH (>4.5), moisture,
and anaerobic conditions within the forage allow prolifer-
ation of C. botulinum. Carrion-associated botulism occurs
when the carcass of a dead animal is invaded by C. botulinum,
generally types C and D strains, and the toxin is produced.
Disease in farm animals is produced primarily by types
A (cattle and horses), B (swine, cattle, horses), C (wild
and domestic bird, minks, and sometimes cattle, sheep,
and horses), D (cattle, wild and domestic birds), and
E (fish, wild and domestic birds). Birds may harbor type
D-producing strains in the gut without showing
symptoms.

The signs and symptoms of human botulism are essen-
tially the same for all forms of the disease, whereas it is not
clear which of the animal exposures is the more important
or whether there is a difference in clinical features.
Etiologic Agents: The Toxins

Designation

The seven toxigenic types have been assigned the letters
A through G as convenient clinical and epidemiological
markers. The designation of the botulinum toxin is iden-
tical to the designation of the producing strain.

Because some rare C. botulinum strains are capable of
producing the major type-specific toxin as well as a minor
toxin of another type, the capital letter is to designate the
major type-specific toxin, for example, Ab, Af, Ba, and Bf.
One of two letters is bracketed when one of two botuli-
num toxin genes is unexpressed (‘silent’ gene).
Structure

Botulinum neurotoxins are released from vegetative cell
death and lysis as progenitor toxins that contain a
150-kDa relatively inactive single-chain polypeptide of
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similar structure as well as a variable number of associated
nontoxic proteins (ANTPs) which include the nontoxic
nonhemagglutinating component (NTNH) and hemag-
glutinating components (HAs). These proteins appear to
protect the toxin from stomach acid and intestinal pro-
teases. They dissociate from the progenitor toxins when
the complexes reach the small intestine, which is the main
site of absorption of BoNTs into the bloodstream, where
they translocate from the apical to the basolateral side of
the polarized epithelial monolayer. The noncomplexed
proteins do not have any toxic activity.

The single-chain polypeptides become fully active
after a specific proteolytic cleavage within a surface-
exposed loop subtended by a highly conserved disulfide
bridge. Several bacterial and tissue proteinases are able to
generate toxins formed by two subunits, a 100-kDa heavy
chain (H) and a 50-kDa light chain (L) linked by a single
disulfide bond and organized in three distinct 50-kDa
domains endowed with different biological properties.
The C-terminal domain (Hc) of the H chain is responsible
for the specific presynaptic binding through specific recep-
tors and subsequent internalization of the toxin molecules
into cholinergic neurons; the N-terminal domain (the
L-chain), which act as a zinc-dependent endopeptidase,
cleaves the proteins involved in acetylcholine vesicle dock-
ing and fusion to the presynaptic membrane; and the
middle domain (HN) of H chain, known to form ion chan-
nels in lipid bilayers, mediates translocation of the L-chain
into the nerve terminal cytosol.

Although all of the neurotoxin types inhibit acetylcho-
line release from the nerve terminal, their intracellular
target proteins, their characteristics of action, and their
potencies vary substantially.
Genetics and Toxicogenesis

Genes encoding components of the botulinum neurotoxin
complexes are arranged in clusters, chromosomally located
in all types of C. botulinum, except for types C, D, and G,
where they are carried by distinct bacteriophages, whereas
the type G resides in a plasmid. The structure and compo-
sition of the neurotoxin gene clusters of C. botulinum vary,
some clusters possessing genes (ha) encoding the hemag-
glutinins, such as those of types A1, B, C, D, and G, and
other clusters lacking these genes (types A2, E, and F).

All botulinum toxin gene clusters include a ntnh gene,
and a gene (botR) for an alternative RNA polymerase s
factor, the latter positively regulating the synthesis of the
botulinum neurotoxin complexes. The expression of BotR
(encoded by botR) is likely regulated by other factors;
hence the positive regulation of the synthesis of the botu-
linum toxin complexes is a cascade process. In addition,
evidence of negative regulation has been achieved, yet the
factors directly involved in these mechanisms still remain
to be elucidated.
The nucleotide sequences of genes encoding the dif-
ferent botulinum toxin gene types have been determined,
and the derived amino acid sequences compared. Despite
a high degree of homology in regions involved in similar
structure/function, a certain gene and protein sequence
variability has been recognized among the different sero-
types and even within each serotype. Since sequence
variation influences the biological properties of the neu-
rotoxins (including receptor binding affinity, substrate
recognition and cleavage efficiency, and antibody bind-
ing), botulinum neurotoxin subtypes have been desig-
nated, which differ one from another by at least 2.6% in
the amino acid composition.

Botulinum neurotoxin genes types E and F from neu-
rotoxigenic C. butyricum and C. baratii have also been
sequenced: They show high relatedness with the
corresponding BoNT genes from C. botulinum strains of
97% and 70–74%, respectively, which are indicative of
lateral gene transfer among progenitor strains. The possibil-
ity that botulinum neurotoxin genes are mobile is substan-
tiated by the existence of C. botulinum strains harboring two
different neurotoxin genes, and by the mosaic sequences
observed in some neurotoxin genes of type C and D.

The sequencing of the C. botulinum genome, which has
recently been released, (Sebaihia et al., 2007), will hope-
fully unravel many aspects concerning the regulation of
toxin production that are still unknown.
Mechanism of Action

After absorption throughout the intestinal tract by tran-
cytosis, the toxin passes into the bloodstream and is
transported to the nerve tissue, where it paralyzes the
cholinergic neuromuscular junction via four sequential
steps (Arnon et al., 2001):

1. rapid and specific binding by the H chains to receptors
on the presynaptic membrane of the cholinergic nerve
terminals;

2. internalization inside a vesicle endowed with an
ATPase proton pump;

3. membrane translocation triggered by acidification of
the vesicular lumen into the cytosol; and

4.. enzymatic cleavage by the L-chain, a zinc-dependent
endopeptidase of SNARE (soluble NSF, N-ethyl mal-
eimide-sensitive factor, attachment receptors, proteins
essential for regulated exocytosis) of the complex of
proteins (VAMP, SNAP-25, and syntaxin) required for
fusion of the synaptic vesicle with the presynaptic
plasma membrane.

Inparticular, vesicle-associatedmembraneprotein (VAMP),
also referred to as synaptobrevin, plasma membrane synap-
tosome associated proteins (SNAP-25), and syntaxin form a
trimeric complex by winding one around the other two.
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This forms a stable, four-helical, coiled-coil structure that
brings the synaptic vesicle membrane and the plasmamem-
brane close enough to permit fusion and subsequent release
of the vesicle neurotransmitter content (acetylcholine) into
the synaptic cleft. Cleavage of any one of these proteins
prevents the SNARE complex formation, which in turn
inhibits acetylcholine release and results in flaccid paralysis.
Each toxin cleaves the specific component of the synaptic
vesicle fusion machinery at a single site: the L chains
of BoNT/A, C, and E cleave SNAP-25; the L chains
of BoNT/B, D, F, and G cleave synaptobrevin (VAMP).
Only BoNT/C cleaves two proteins: syntaxin other than
SNAPS-25.

Within a few days, the affected nerve terminals are no
longer capable of neurotransmitter exocytosis, but newly
formed sprouts release acetylcholine, forming a functional
synapse. In conclusion, the different spectrum of symp-
toms exhibited by patients derives from different sites of
intoxication, rather than from a different molecular
mechanism of action.
Toxicity

The mouse LD50 values of the seven BoNTs vary between
1 ng and 5 ng of toxin per kg of body weight; in humans,
the LD50 for a 70-kg person has been calculated to be
similar or lower, approximately 40U/kg or about
2500–3000U (1U is 1 mouse LD50 for a 20 g Swiss strain
mouse). Clinical observations have indicated that type
A neurotoxin is often associated with higher mortality
than botulism from types B and E, and causes the
longest-lasting disease. The estimated lethal doses for
purified crystalline toxin type A extrapolated from studies
on primates are 0.09–0.15 mg for a 70-kg person when
administrated intravenously, 0.80–0.90 mg by inhalation,
and 70 mg when introduced orally.
Duration of Inhibitory Effect

The duration of the effect of the BoNTs may be several
weeks to months (from 4–6weeks for type E to 3–6months
for the other types) and is dependent on the toxin serotype,
the dose, the type of cholinergic nerve terminal affected,
the amount of toxin ingested, and the animal species. After
several weeks/months, the original terminal resumes ace-
tylcholine exocytosis. Weakness and autonomic dysfunc-
tion may persist for more than one year.
Commercial Preparations

Since botulinum toxin has become a powerful therapeutic
tool for a growing number of human diseases (such as
those caused by hyperfunction of cholinergic terminals
and, more recently, diseases of the autonomous nervous
system, pain, and migraine), different preparations have
been commercially available. The first one was type
A botulinum toxin, marketed as BOTOX (Allergan, Inc,
USA). Other preparations of botulinum toxin available for
therapeutic purposes are at present: other botulinum
toxin type A, such as Dysport (Beaufour-Ipsen, Dreux,
France), ‘Hengli’ (Lanzhou Institute of Biological Pro-
ducts, Lanzhou, China), Linurase (Prollenium, Inc.,
Canada), Xeomin (Merz Pharma, Germany), Puretox
(Mentor Corporation, USA), Neuronox (Medy-Tox, Inc.,
South Korea); and one botulinum toxin type B named
Myobloc (Elan Pharmaceuticals, USA). The above list is
likely incomplete, since the number of licensed botulinum
toxins is expanding, due to the successful use of botuli-
num toxin for cosmetic treatments. Available botulinum
toxins are approved for specific uses depending on the
country. In some patients, formation of antibodies against
botulinum neurotoxins A and B may occur, leading to
treatment failure. As a consequence, the therapeutic
potential of other types of botulinum neurotoxins has
been evaluated as an alternative to the most widely used
botulinum toxin type A.
Sensitivity and Immunity

Different animal species show a great range of sensitivity
to the different BoNTs. Humans, carrion-eating carnivo-
rous, swine, cattle, sheep, mink, and horses are sensitive,
whereas snakes and amphibians are rather resistant. Birds
are sensitive to BoNT/A and very sensitive to BoNT/C
and BoNT/E, whereas invertebrates are not sensitive to
BoNTs. Cattle are believed to be more sensitive to the
effects of botulinum toxin than birds.

For reasons that remain uncertain, not all exposed
persons manifest symptoms of botulism. Besides the
uneven distribution of the toxin in contaminated foods,
host factors may play a role, because at least one person
has had demonstrable levels of toxin in circulation with-
out manifesting any clinical symptoms (Kalluri et al.,

2003).
An attack of food botulism does not produce an immu-

nological response in human populations. The absence of
immunity probably results because the quantities of neu-
rotoxins causing foodborne disease may be smaller than
an immunizing dose.

In contrast, antibody to neurotoxin has been detected
in a small number of patients receiving multiple expo-
sures to neurotoxin, whether in adult intestinal toxemia
botulism, infant botulism, or after receiving doses of
injected type A botulinum toxin as therapy. Also, the
administration of a toxoid that contains formalin-
inactivated toxins of types A–E (pentavalent A–E botuli-
num toxoid) yields botulism-immune globulins and is
recommended for protecting laboratory workers who
work with cultures of C. botulinum or its toxins. Active
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immunization of cattle in high-risk herds, of animals
grown for their fur, and of ducks with a bivalent forma-
lin-inactivated toxoid is a current option.
Stability

Botulinum toxins are heat-sensitive; types A, B, E, and
F neurotoxins are inactivated by heating at 79 �C for
20min or 85 �C for 5min. However, if a food contains the
botulinum toxin, higher temperature and time conditions
may be necessary to completely eliminate it, depending on
the presence of food matrix compounds that may protect
the toxin. The toxins are stable at pH 5. Botulinum toxins
can persist in carrion for at least one year.
Botulinum Neurotoxin-Producing Clostridia

Until recently, the ability of a Clostridium strain to produce
botulinum neurotoxin was necessary and sufficient to
include it in the botulinum species. Upon phenotypic
and genotypic characterization of C. botulinum strains,
however, it became evident that the species encom-
passes a group of very diverse organisms; in addition,
organisms taxonomically identifiable as species other
than botulinum, such as C. butyricum and C. baratii, can
produce botulinum toxin types E and F, respectively.

Polyphasic taxonomic approaches relying on 16S and
23S rRNA gene sequencing, in addition to traditional
phenotypic characterization and DNA hybridization
studies, have identified at least six (I to VI) distinct groups
of botulinum neurotoxin-producing clostridia. Group I
includes all C. botulinum type A strains, and the strains of
C. botulinum types B and F capable of hydrolyzing complex
proteins such as those of meat and milk (proteolytic
strains); the strains of C. botulinum types B and F that do
not digest complex proteins, and all strains of C. botulinum
type E are included in group II; group III consists of the
C. botulinum types C and D strains; and C. argentinense,
C. butyricum type E, and C. baratii type F fall into groups
IV, V, and VI, respectively.

Habitat

C. botulinum occurs naturally in the environment and is
commonly found in soil, dust, fresh water and marine
sediments, vegetation, and wild and domestic animals.
Environmental reports show that a relationship exists
between the incidence of different C. botulinum types and
geographic areas. Specifically, C. botulinum type B is pre-
dominant in Europe and the eastern United States;
C. botulinum type A predominates in the western United
States, South America, and China; C. botulinum type E is
widely spread in northern areas of the world, such as
Scandinavia, Canada, and Alaska, and in several Asian
andMiddle East countries. Accordingly, most cases of bot-
ulism in the same regions are caused by the predominant
toxin types. C. butyricum type E and C. baratii type F seem
to be less ubiquitous, the former having been associated
with botulism only in Italy, India, and China, and the
latter only in the United States and Hungary. Environ-
mental sources of these organisms have not been identi-
fied, except for numerous lake sediments in China found
positive for C. butyricum type E.

Control factors in foods

Because of the environmental ubiquity of C. botulinum,
food can become contaminated with the microorganism
at any stage of the ‘farm-to-fork’ food chain. Although the
application of hygienic practices can generally decrease
the level of microbial contaminants in a food, the presence
of C. botulinum spores cannot be ruled out. Foodborne
botulism occurs (1) when the food contaminated with
C. botulinum spores is processed and stored under conditions
permissive for the survival and proliferation of the organ-
ism, with (2) consequent toxin synthesis in the food, and
(3) when the food containing the botulinum neurotoxin
is not cooked before consumption. Hence, eliminating
C. botulinum in foods, controlling its growth, and destroying
the toxin eventually produced in the food are the most
effective tools to prevent foodborne botulism.

Heat treatment is commonly applied to inactivate
C. botulinum spores in foods. Spore resistance to heat is con-
ventionally designated as a D value (decimal reduction
time at a certain temperature). Spores of Group I are
more heat resistant than those of Group II, as demon-
strated by their higher D value, and they represent a
threat in the canning process of low-acid, high-moisture
foods. Based on the assumption that the D121 �C value of
C. botulinum is � 0.204min, a 5D (five decimal) thermal
process is industrially employed to consider canned food
safe, which in practice consists of heat treatment at 121 �C
for 5min (sterilization). Milder temperature and time
conditions, such as those of pasteurization processes, are
not lethal to botulinum spores. In order to minimize the
loss of nutrients and organoleptic quality caused by the
sterilization processes, the use of high-hydrostatic pres-
sure (HHP) in combination with temperatures > 70 �C
has been investigated for the inactivation of C. botulinum
spores, because they are insensitive to pressure treatment
at ambient temperatures.

A few data are available on the efficacy on the inacti-
vation of C. botulinum spores of other physical methods,
such as gamma irradiation, pulsed electrical field technol-
ogy, and microwave. In those food matrixes that can
be affected by the sterilization conditions, control of
C. botulinum is achieved through inhibition, rather than
destruction. C. botulinum grows well in foods with high
free-water (water activity > 0.94), low acid (pH> 4.6),
and low salt (<5–10%) contents. C. botulinum is capable
of growth at temperatures as low as 3 �C in the presence
of reduced oxygen.
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The most effective control measures are achieved
through the combination of multiple different hygienic
factors influencing clostridial growth. For example, while
refrigeration alone is not sufficient to ensure inhibition of
nonproteolytic C. botulinum, both lowering the pH of foods
through the addition of acidulants and/or decreasing the
amount of water available for microbial growth through
the addition of salt or sugar will enhance the safety of
refrigerated foods. Biopreservatives, such as nisin and
other bacteriocines formed by lactic acid bacteria in com-
bination with other preservation techniques have been
shown to be effective. Additives, including nitrites, phos-
phates, and organic acids, are mostly used for safe preser-
vation of meat products. Other chemical substances
are not generally used because the doses able to destroy
C. botulinum are not allowed in foods.

Currently, consumers are increasingly demandingmin-
imally processed foods with low levels of preservatives.
However, when such foods are packed under a low-oxygen
atmosphere or a vacuum and stored for long periods of
time, they may pose a serious risk for botulism even if the
cold chain is maintained. These foods (REPFED, refriger-
ated processed food of extended durability) are generally
pasteurized and have a shelf-life of 4–6 weeks. Should
spores of Group II (nonproteolytic strains) be present,
they survive the heat processing and can multiply and
produce the toxin during storage. Storage temperatures
of <3 �C and limitation of the storage time (5–10 days,
depending on the refrigeration temperature) are recom-
mended in order to improve the safety of such foods.
Clinical Features

Botulism is characterized by its classic triad: (1) symmet-
ric descending flaccid paralysis with prominent bulbar
palsies, (2) the absence of fever, and (3) a clear sensorium.
The paralysis usually begins in the cranial nerves and
diplopia, dysphagia, dysphonia, areactive mydriasis, and
ptosis are the initial complaints. As the disease progresses,
the onset of motor disorders occurs in descending order
with possible involvement of the respiratory muscles,
hence requiring reanimation measures and sometimes
mechanical ventilation.

The symptoms in the classical form of botulism fol-
lowing the consumption of food containing preformed
neurotoxin may appear from 12 to 72 h later and start
with gastrointestinal symptoms such as nausea, vomiting,
and constipation.

Infant botulism typically affects babies under 1 year of
age, with the youngest reported patient being only 54 h
old. As the gut microflora of small babies is poorly devel-
oped, neurotoxigenic Clostridia spores may germinate and
form a toxin-producing culture in the intestine.
Investigations in a mouse model and clinical observa-
tions in cases suggest that transient lack of competitive
microbial intestinal flora and/or alteration in motility or
pH permit outgrowth of vegetative forms from ingested
spores. Infant botulism may be difficult to recognize
because of its insidious onset. The typical initial symptom
is constipation. Other early signs include a weak cry,
difficulty in sucking and swallowing, pooled oral secre-
tions, hypotonia, general muscle weakness, and loss of
head control. The baby often appears ‘floppy.’ Neurologic
findings can include ptosis, ophthalmoplegia, sluggish
pupillary reaction to light, dysphagia, and weak gag reflex.
The weakness progresses in a descending fashion in a
matter of days. Affected infants become irritable and
lethargic. In severe cases, respiratory difficulties begin as
a late sign of disease, quickly leading to respiratory arrest.
Clinically, cholinergic blockade in infant botulism causes
symptoms ranging from mild hypotonia to sudden death.
Historically, a link between the fulminant type of infant
botulism and sudden infant death syndrome (SIDS) was
noted in California, but a recent 10-year prospective
study did not find occult botulism to be a significant factor
for SIDS. The prognosis is excellent when the onset of
illness is sufficiently gradual to permit hospitalization.
The incubation period for infants is estimated to be
from 3 to 30 days. For infant botulism, in addition to
group I C. botulinum types A and B, Bf, and F, cases due
to type E and F toxins produced by Clostridium butyricum

and Clostridium baratii, respectively, and rarely by C. botuli-
num type C have been reported.

Wound botulism is a rare form of botulism, although it
is increasingly diagnosed among injecting drug abusers
due to the use of contaminated needles or impure heroin.
The clinical outcome is similar to the foodborne form,
albeit with an absence of gastrointestinal signs. The adult
form of infectious botulism is rare and resembles infant
botulism in its pathogenesis and clinical status. Infectious
botulism in adults is distinguished from the foodborne
form because they miss a linkage to the consumption of
food permissive of clostridia spores outgrowth with con-
sequent toxin production.
Management

Persons with clinically suspected botulism should be
placed immediately in an intensive care setting, with
frequent monitoring of vital capacity and institution of
mechanical ventilation if required. Parenteral nutrition
may be required. Besides supportive and respiratory
care, the only specific treatment for all forms of botulism
other than infant botulism is administration of botulinum
antitoxin. Antitoxin is most effective if given within 24 h
after symptoms onset, before all circulating toxin is bound
at the neuromuscular junction. While antitoxin cannot
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reverse existing paralysis, it will neutralize the free toxin
in the bloodstream, preventing further binding, and thus
arresting its progression. In wound botulism, it is also
necessary to surgically debride the wound and administer
antibiotics (usually penicillins).

Bi-(AB) or trivalent (ABE) equine immunoglobulins to
toxin types A, B, and E or botulinum antitoxin (equine)
type E are the currently available antitoxins for botulism.
Polyvalent IgGs are essential since the toxin type is rarely
known at the time of suspected diagnosis. The adminis-
tration of equine botulinum antitoxin is not recom-
mended to treat infant botulism because of the favorable
outcome without the administration of antitoxin, and
particularly of the risks (9% hypersensitivity in adult
patients) and short half-life of the antitoxin (5–8 days),
which is considered inadequate for a syndrome caused by
ongoing intestinal absorption of botulinum toxin.

Recently, the California State Department of Health
Services introduced a botulinum immune globulin (Baby-
BIG; Arnon et al., 2006) derived from pooled plasma
of adults immunized with pentavalent (A–E) botulinum
toxoid and selected for high titers of antibodies against
type A and B toxin. Baby-BIG was approved by the Food
and Drug Administration for use in infant botulism after a
5-year clinical investigation that reported statistically sig-
nificant reductions in hospital stay and need for mechani-
cal ventilation and tube feeding. Baby-BIG (BIG-IV) is
available as a public service orphan drug and may be
obtained by contacting the California Department of
Human Services, Infant Botulism Treatment and Preven-
tion Program (Arnon et al., 2006). BIG-IV is not available
for use in any form of botulism other than infant botulism.

Polyvalent equine-based antineurotoxin immunoglo-
bulins or botulinum type E antitoxin are not commercially
available; however, they may be supplied from governmen-
tal institutions for emergencies. With improved supportive
care, the overall mortality rates in botulism have dropped
to less than 10%, with rates of less than 2% in infant
botulism and higher rates in patients above 60 years of age.

Antibiotic administration is not generally part of
human botulism therapy, but may be practiced for the
treatment of secondary infections. In this circumstance,
aminoglycosides should be avoided because they may
potentiate the blocking action of botulinum toxin at the
neuromuscular junction. In all the infective forms of bot-
ulism, the preference should be given to an antibiotic with
an inhibitory, static mode of action rather than a clostri-
diocidal mechanism of action in order to minimize the
release of additional toxin from dying, neurotoxigenic
clostridia vegetative cells.

In veterinary practice, the administration of antiserum
is used mainly as a prophylactic measure in cattle herds in
which an outbreak has just started. Active immunization
of cattle in high-risk herds against type C and type D
botulism with a bivalent toxoid is also an option.
Risk Factors

The inadequate preservation by controlling factors such
as pH, water activity (aw) , potential redox (Eh), antimi-
crobials (alone or combined), or the failure to maintain
the time and temperature conditions required for sterili-
zation continue to account for most cases of foodborne
botulism seen with commercial and home-prepared or
preserved foods. Examples from the United States include
foil-wrapped baked potatoes, sauteed onions held under
a layer of butter, garlic in oil, commercially produced
cheese sauce, and commercially prepared chili; in the
United Kingdom, hazelnut yogurt; in Egypt, traditionally
prepared fermented fish; in Italy, mushrooms in oil,
vegetables in oil, vegetable soup, mascarpone cheese,
olives in oil and in salt, truffle sauce, salami, and macro-
biotic foods such as seitan and tofu. A variety of salted,
fermented, smoked, and canned fish sources have been
implicated in type E botulism outbreaks in the United
States and worldwide.

Residence in an area of high spore density and soil
disruption and consumption of honey are the two recog-
nized sources of botulinum spores for infant botulism.

Meat and milk from cattle affected or suspected of
having botulism should not enter the food chain.
Incidence

Because C. botulinum spores are ubiquitous worldwide,
botulism has been reported from countries on all the
inhabited continents.

Reporting of cases in different countries depends on
the existence of a national center of reference for the
disease, such as the Centers for Disease Control and
Prevention (CDC) in the United States and the National
Reference Center for Botulism (NRCB) in Italy. An aver-
age of 9.4 outbreaks involving 24.2 cases occurs annually
in the United States. In Italy from 1984 to 2005, an
average of 7.45 outbreaks involving 12.14 persons were
annually laboratory-confirmed at the NRCB. Toxin types
A, B, and E account for most cases of foodborne botulism,
and toxin types tend to be geographically distributed
within different countries. The outbreaks reported to
the CDC between 1990 and 1996 were distributed as
167 type A outbreaks, 67 of type E, and 61 of type B.
Among 145 laboratory-confirmed outbreaks in Italy from
1984 to 2005, 126 were from type B toxin, 12 from type A,
3 from type Ab, 3 from type E, and 1 from type F toxin.
One outbreak from type E toxin was caused by a strain of
neurotoxigenic C. butyricum. A similar strain of C. butyricum
type E was isolated in foodborne outbreaks of botulism in
China and India.

Ninety percent of the world’s cases of infant botulism
are diagnosed in the United States, mainly because of
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physician awareness. The prevalence of infant botulism
has surpassed that of foodborne and wound botulism. It is
estimated that more than 100 cases of infant botulism
occur in the United States per year. To the best of our
knowledge, 63 cases of infant botulism have been reported
in Europe through 2006 since the first case was identified
in 1978. These include 1 case in the Czech Republic, 2 in
Denmark, 1 in Finland, 2 in France, 4 in Germany, 2 in
Hungary, 27 in Italy, 3 in the Netherlands, 4 in Norway,
9 in Spain, 1 in Sweden, 1 in Switzerland, and 6 in the
United Kingdom.

Cases of wound botulism are reported from the United
States, France, Italy, Australia, China, the United Kingdom,
Switzerland, Germany, and most recently from the Ecua-
dorian rain forest. However, wound botulism may go
undiagnosed and untreated in many countries. Since
1991, the number of reported cases of wound botulism
has increased dramatically. Much of the increased inci-
dence of wound botulism has been reported from the
western United States among deep-tissue injectors asso-
ciated with use of ‘black tar’ heroin. Similarly, in the
United Kingdom and Switzerland, bacterial infections
among injection heroin users have increased markedly
since 2000. Intranasal cocaine use has been the source of
wound botulism in few cases.
Laboratory Diagnosis

Early diagnosis is largely clinical, based upon the symp-
toms. Additionally, electromyogram (EMG) studies that
show features of a pre-synaptic neuromuscular junction
deficit, with reduced amplitude compound muscle action
potentials (CMAPs) but with normal motor conduction
velocities and completely normal sensory studies, may
support an early diagnosis. The definitive diagnosis is
established by the identification of neurotoxigenic Clos-

tridia with or without the concomitant presence of toxin
in the clinical specimen (serum, feces, and gastric content)
of a patient with an illness consisting of bulbar palsies,
flaccid paralysis, and intact sensation and sensorium.
However, neither failure to detect toxin nor failure to
recover C. botulinum excludes the clinical diagnosis.

Toxin isolation from serum occurs in 35% of cases, but
this figure drops if the sample is collected more than two
days after onset of symptoms. Only 35% of stool cultures
are positive after three days. In many countries, a single
national public health laboratory is responsible for detect-
ing botulism neurotoxins and for isolating and character-
izing implicated clostridia.
Specimen Collection

In all forms of suspected botulism, stool is the preferred
clinical specimen for culture and toxin investigation. In
food botulism, appropriate specimens to collect within
72 h of symptom onset include vomitus and/or gastric
fluid. In wound botulism, one should collect exudates,
tissue samples, or swabs of the wound.

Specimens to collect at autopsy include contents from
different sections of small and large intestines (10 g per
sample in separate containers). A serum sample should be
obtained for a toxin assay. Implicated or suspected food
(30–50 g or the residue in original container), honey, and
environmental samples such as dust or soil from clothing
have to be collected in foodborne or infant botulism cases,
respectively, to inform epidemiological investigations.
Specimen Transport: Storage Temperature
and Rules

The appropriate temperature to transport the specimens
is 4 �C if the consignment will arrive within 24 h; other-
wise, the specimens should be shipped frozen.

The shipment of ‘infectious substances’ is today regu-
lated by national and/or international rules that list the
relative documentation, permits, correct identification,
classification, packaging, marking, and labeling.
Analysis: Traditional and Innovative Methods

Toxin detection, isolation, and identification of the organ-
isms require specialized techniques.
The neurotoxins

The standard test for the detection of C botulinum toxin is
the mouse inoculation test, whereby mice that are, or are
not, given specific botulinum antitoxin are injected with
the patient’s specimens. A test is deemed positive if the
unprotected mice that were not given antitoxin die within
3 days (Solomon and Lilly, 2001). Alternative tests,
including enzyme-linked immunosorbent assay (ELISA)
or enzyme-linked coagulation assay (ELCA), have been
developed during the past decade to gain speed and
sensitivity.

The identification of botulinum toxin in and around
C. botulinum colonies grown on agar plates would facilitate
the identification and isolation of C. botulinum and neuro-
toxin-producing C. butyricum and C. baratii among compet-
itive microflora. Procedures based on immunodiffusion or
immunoblotting have been published.
The microorganisms

Conventional detection and isolation methods for neuro-
toxigenic Clostridia are based on culture in liquid medium,
with subsequent detection of botulinum toxin in the cul-
ture supernatant by the mouse bioassay. Positive samples
are streaked on solid media, and the toxin formation by



Botulism 337
colonies is traditionally further confirmed by the mouse
test. Clinical samples, such as feces or gastrointestinal
content, can be cultivated directly or pretreated with
ethanol to eliminate vegetative bacteria while recovering
bacterial spores. As alternatives to the time-consuming
conventional methods, numerous DNA-based detection
methods have been published for C. botulinum. Most
reports on PCR detection of C. botulinum are based on a
single detection of one of the seven types of toxin genes.

An improvement has been the development of a mul-
tiplex PCR assay that enables the simultaneous detection
of the botA, botB, botE, and botF genes in a single reaction.
The sensitivities of the PCR and probe hybridization
assays reported for the detection of C. botulinum in feces,
serum, and food samples vary markedly. Greater sensitiv-
ity is generally obtained when extracted DNA, as opposed
to crude cell lysates, is used as a template. The sensitivity
of PCR can also be increased by a nested design, where
two primer sets targeted to the same gene are used in
subsequent reactions. Another approach to ensure that
only live cells are detected is reverse-transcription PCR
(RT-PCR), where gene expression rather than the gene
itself is detected.

Finally, molecular typing tools have been used for the
genetic characterization of C. botulinum to gain epidemio-
logical information. These include DNA sequencing,
pulsed-field gel electrophoresis (PFGE), and ribotyping,
as well as PCR-based techniques such as amplified frag-
ment length polymorphism (AFLP), randomly amplified
polymorphic DNA analysis (RAPD), and repetitive ele-
ment sequence-based PCR (Rep-PCR).
See also: Bacterial Infections: Overview; Foodborne

Illnesses: Overview.
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Malignant brain and nervous system tumors account for
18 820 new cancer diagnoses each year in the United
States, or 1.3% of all primary incident cancers, and
12 820 or 2.3% of annual cancer deaths (American Cancer
Society, 2006). Each year more than 41 130 new benign or
malignant primary brain tumors are diagnosed among
residents of the United States (CBTRUS, 2005). World-
wide the incidence rate of primary malignant brain and
nervous system tumors ranges from 5.8 per 100 000 per-
son-years for males in developed countries (4.1 per
100 000 females) to 3.0 per 100 000 person-years for
males in less developed countries (2.1 per 100 000 per-
son-years females) (Ferlay et al., 2004). Brain tumors are
the second leading cause of death from neurological dis-
ease, second only to stroke, and the eleventh most com-
mon cause of death from cancer in the United States.
Five-year survival rates published by the American Can-
cer Society show that survival from 1974 to 2001 for all
types of brain tumors combined significantly improved in
the United States; however, the average survival rate from
1995 to 2001 was still only 33% (American Cancer Soci-
ety, 2006). The average 5-year brain tumor survival rate
for 22 European countries when including follow-up data
through 1998 was 18% (Sant et al., 2003). However, differ-
ences in survival by country are likely to be heavily
influenced by variation in histology types diagnosed in
each country.

Benign tumors can result in similar symptoms and
prognoses as malignant tumors. For this reason, many
cancer registries have routinely included both benign
and malignant intracranial tumors. The U.S. Surveillance,
Epidemiology, and End Results (SEER) network of
population-based cancer registries now reports both
benign and malignant CNS tumors. Brain tumor patients
may present with general symptoms, such as headaches
and seizures, which result from an increase in intracranial
pressure. One-third of patients present with headaches
and one-fifth with seizures. Other symptoms may include
specific motor, speech, or sensory deficits resulting from
compression of the corresponding region of the brain;
slow-growing tumors may present with change in charac-
ter only.

The discussion in this article will include benign and
malignant tumors of the brain, cranial nerves, and cranial
meninges, which account for 95% of all CNS tumors and
93% of all nervous system tumors. For simplicity, this
group of tumors will be called brain tumors or, when
benign tumors are excluded, brain cancer. The term cen-
tral nervous system tumors (or cancer) indicates that
tumors of the spinal cord and spinal meninges are inclu-
ded along with brain tumors, and nervous system (NS)
tumors indicates that tumors of the peripheral nerves are
included aswell. Three major histologic groups are used in
the descriptive tables of this article, corresponding to
International Classification of Diseases for Oncology
(ICD-O-3) morphology codes 9530–9534 and 9537–9539
for gliomas, 9530–9534 and 9537–9539 for meningiomas,
and 9540–9571 for nerve sheath tumors. The statistics
reported on incidence will focus on data from Surveil-
lance, Epidemiology, and End Results (SEER).
Classification

Anatomic Classification

Tumors of the central nervous system include tumors of
the brain, cranial nerves, cerebral meninges, spinal cord,
and spinal meninges. These subsites are represented by
the International Classification of Diseases for Oncology
(ICD-O) codes C70.0–C72.9. We will not include tumors
of sites such as the eye and the pituitary gland, which
appear to be etiologically distinct.
Histopathology

The WHO classification of tumors system has allowed for
international standardization of CNS malignancies based
on cell of origin and histopathologic features, including
degree of anaplasia. Tumors are classified into one of four
grades: grade 1 is benign, grade 2 is considered low grade,
while grades 3 and 4 are considered high grade or malig-
nant. The most common are tumors of neuroepithelial
origin, including astrocytomas, oligodendrogliomas, mixed
gliomas, ependymal tumors, choroid plexus tumors, glial
tumors of uncertain origin, neuronal and mixed neuronal-
glial tumors, neuroblastic tumors, pineal parenchymal
tumors, and embryonal tumors. The majority of CNS
primary tumors are of astroglial origin, called gliomas. In
the United States, according to recent data from the Los
Angeles County Cancer Surveillance Program, gliomas
account for 55% and 40% of primary CNS tumors
among men and women, respectively (Table 1). The
astrocytic tumors account for 80% of gliomas and include
astrocytomas (grade II), anaplastic astrocytomas (grade III),



Table 1 Average annual age-adjusted incidence by major histologic type of primary tumors of the brain, cranial nerves, or cranial

meninges by gender and race, Los Angeles County, 1972–2002a

Glioma Meningioma Nerve sheath tumor All primary CNS tumors

Rate CI N Rate CI N Rate CI N Rate CI N

Males

Blacks 4.26 3.84,4.67 473 2.70 2.33,3.07 238 0.52 0.38,0.66 57 9.37 8.74,10.0 987

Latinos 4.56 4.23,4.89 1185 1.43 1.21,1.65 238 0.53 0.43,0.62 141 8.37 7.90,8.83 2016
Other

Whites

7.59 7.36,7.81 4530 2.21 2.09,2.34 1266 1.40 1.30,1.49 855 13.64 13.34,13.94 8059

Chinese 3.07 2.37,3.77 80 1.17 0.72,1.62 28 0.72 0.39,1.05 19 6.16 5.15,7.17 157
Japanese 2.29 1.55,3.03 39 0.87 0.44,1.31 16 1.33 0.79,1.86 25 5.64 4.50,6.77 101

Filipino 2.44 1.80,3.09 58 2.03 1.38,2.68 39 1.15 0.69,1.61 25 7.11 5.95,8.27 152

Korean 2.68 1.77,3.58 40 1.15 0.47,1.83 13 0.71 0.25,1.18 10 5.72 4.32,7.12 78

Other races 2.17 1.59,2.75 92 1.38 0.86,1.91 40 0.82 0.53,1.12 34 5.21 4.23,6.19 191
All races 6.08 5.92,6.23 6497 2.03 1.94,2.13 1878 1.08 1.01,1.14 1166 11.29 11.08,11.50 11741

Females

Blacks 2.89 2.59,3.18 387 4.20 3.82,4.57 506 0.50 0.38,0.62 67 9.08 8.55,9.62 1145

Latinos 3.58 3.32,3.83 997 3.13 2.88,3.39 660 0.68 0.57,0.78 181 8.79 8.38,9.20 2190
Other

Whites

5.06 4.89,5.23 3478 3.97 3.82,4.12 2873 1.31 1.22,1.40 872 12.03 11.77,12.29 8454

Chinese 1.90 1.38,2.42 54 2.16 1.61,2.72 61 0.59 0.31,0.88 17 5.57 4.67,6.47 155
Japanese 1.52 0.96,2.07 30 2.28 1.63,2.93 48 0.81 0.44,1.17 19 5.59 4.56,6.62 117

Filipino 1.87 1.31,2.44 49 3.94 3.14,4.74 100 1.07 0.68,1.47 29 7.92 6.78,9.05 203

Korean 1.95 1.27,2.63 33 2.59 1.69,3.50 37 0.72 0.31,1.13 12 6.77 5.41,8.13 105

Other races 1.45 1.08,1.82 71 2.35 2.17,3.33 100 1.14 0.80,1.47 48 6.13 5.31,6.94 254
All races 4.10 3.99,4.22 5099 3.69 3.58,3.80 4385 1.03 0.97,1.09 1245 10.37 10.19,10.55 12623

aData from University of Southern California/Los Angles County Cancer Surveillance Program (CSP), the population-based tumor

registry for Los Angeles County. Age-adjusted rates are a weighted average of the age-specific rates, where the weights represent the
age distribution of a standard population. Rates are adjusted by the direct method to the 2000 U.S. population and are calculated per

100 000 persons.
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and glioblastoma multiforme (grade IV). These represent
increasing grades of anaplasia and clinical virulence of
tumors of astrocytic cells. Two clinical variants of glioblas-
toma multiforme (GBM), primary and secondary, have
been described, with primary GBM representing the
more common (75%) of the two forms. Primary GBM is
believed to develop de novo and grows very aggressively
without evidence of a malignant precursor lesion. Second-
ary GBM is believed to arise from a low-grade lesion that
has undergone genetic alterations to transition to a high-
grade tumor. Oligodendrogliomas are classified as tumors
with a cellular morphology most closely resembling that
of the normal oligodendrocyte. There are two grades of
oligodendrogliomas in the WHO classification system,
where grade II is the lowest grade of oligodendroglioma
and grade III (anaplastic) is the highest.

Tumors in the cranium can also originate from struc-
tures surrounding the brain, including the meninges,
cranial nerves exiting the brain, blood vessels, or primi-
tive remnants left from early development. Tumors of
the peripheral nerves represent a subheading of the
WHO classification scheme that includes schwannomas,
neurofibromas, and malignant peripheral nerve sheath
tumors. Acoustic schwannomas, which originate from
the eighth cranial nerve, account for 90% of CNS
schwannomas and 8% of all CNS tumors. Using recent
data from the Los Angeles Cancer Surveillance Program
in the United States, tumors of the meninges account for
approximately 16% and 35% of central nervous system
tumors in men and women respectively (Table 1). These
originate in the cells of the dura mater, which is the
covering for the brain and spinal cord. Tumors of the
last three subheadings include lymphomas and hemopoi-
etic tumors, germ cell tumors, and tumors of the sellar
region. Tumors of the sellar region include cranio-
pharyngiomas, tumor-like processes growing from epithe-
lial rests remaining from Rathke’s pouch, the progenitor
for the pituitary gland.
Molecular Genetic Characteristics

Advances in molecular genetics are of growing impor-
tance for the correct classification of brain tumors, as
well as the prediction of patient prognosis (i.e., survival)
and treatment response. Details have been described in
recent reviews (Ohgaki, 2005). As with other human
malignancies, the pathogenesis of brain tumors is known
to be associated with inactivation of tumor suppressor
genes (TSG) and/or the activation of oncogenes, which
may occur through several mechanisms including gene
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mutation, chromosomal loss, chromosomal gain or ampli-
fication, and methylation. In the sections below, we focus
on several of the more common molecular genetic char-
acteristics of brain tumors.

Chromosomal loss
Molecular studies indicate that gliomas frequently have
loss of several chromosomal regions, referred to as loss of
heterozygosity (LOH), at chromosomal regions 1p, 9p,
10q, 17p, 19q, and 22q. Frequent LOH suggests that inac-
tivation of tumor suppressor genes in these regions may
contribute to the development of gliomas. LOH 10q is one
of the most frequent genetic alterations in gliomas, occur-
ring in 40–50% of astrocytomas (grades II–III) and
60–80% of glioblastomas. Loss of one specific tumor
suppressor gene on chromosome 10, named phosphatase
and tensin homolog (PTEN), is associated with high-
grade tumors and has been observed in 15–40% of glio-
blastomas. Mutations in PTEN can cause disruptions in
cellular growth, migration, apoptosis or cellular death,
and interaction with the extracellular matrix. Chromo-
somal loss is also a common distinguishing feature of
oligodendrogliomas. Loss of the short arm of chromosome
1 (1p) and the long arm of chromosome 19 (19q) is present
in 50–90% of oligodendrogliomas and is considered a
marker of better patient outcome. Oligodendrogliomas
from patients without loss of 1p/19q may instead have
loss of chromosomal regions 9p and 10q; these losses
frequently occur in the presence of amplification (i.e.,
multiple copies) of the oncogene known as epidermal
growth factor receptor (EGFR).

Loss of chromosomal region 17p or mutations in the
tumor suppressor gene p53 located in the 17p region is
believed to play a major role in both the formation of low-
grade glioma and in the transition of low-grade gliomas to
malignant glioblastoma. This tumor suppressor gene is
known to be involved in many types of cancer, potentially
through a regulatory role in apoptosis and cell cycle
control. TP53 mutations are the earliest detectable
change in gliomas and have been observed in as many as
53% of low-grade and anaplastic astrocytomas (WHO
grades II and III, respectively) and 65% of glioblastomas.
TP53 mutations are more common among the secondary
glioblastomas (65%) than primary glioblastomas (28%)
(Ohgaki, 2005). Some studies suggest that there is no
difference in survival between patients with or without a
p53 mutation, while others suggest there may be a survival
benefit.

Mutations or loss of part of the promoter of the tumor
suppressor gene retinoblastoma (RB1) can decrease gene
activity and therefore diminish its ability to regulate cell
cycle control. Mutations in RB1 have been detected
primarily in high-grade gliomas, suggesting RB1 muta-
tions represent a late event in astrocytoma development.
Cyclin-dependent kinase inhibitor-2A (CDKN2A, also
known as P16) is a second tumor suppressor gene in the
RB1 pathway that contributes to cell cycle regulation.
Loss of chromosomal regions of this tumor suppressor
gene are found in high-grade gliomas and some types of
oligodendrogliomas.

Chromosomal gain

The epidermal growth factor receptor gene (EGFR),
located on chromosome arm 7p, is a pro-oncogene
involved in cellular proliferation. Amplification or chro-
mosomal gain through accumulation of multiple gene
copies are rarely found in low-grade gliomas and anaplas-
tic oligodendrogliomas (<10%) but frequently found
(40%) in primary glioblastomas (Ohgaki, 2005). Overex-
pression of the protein coded by EGFR is less common
(<10%) among secondary glioblastomas, but common in
primary glioblastomas (>60%). The frequency of EGFR
amplification in brain tumors in the United States is more
common in white non-Hispanic cases than other racial/
ethnic groups. The prognostic value of EGFR is contro-
versial. Some studies suggest EGFR amplification or over-
expression may contribute to radiotherapy resistance and
to overall poor survival; however, these differences may be
due to confounding by age, because EGFR is more com-
mon in older patients and survival significantly decreases
with age. EGFR amplification was not associated with
survival in a recent meta-analysis (Huncharek and
Kupelnick, 2000); however, some studies suggest EGFR is
predictive of poor prognosis when present in younger
patients.
Demographic Patterns

Incidence and Mortality

From the 1970s through the mid-1990s, incidence rates of
primary brain tumors steadily increased in the United
States (Figure 1), leading to speculation that the number
of people being diagnosed with brain tumors was rising
due to changes in the environment or lifestyle exposures.
Age-adjusted incidence rates of primary malignant brain
tumors increased by 22% from 1973 to 2003, using data
from nine U.S. SEER registries (SEER Program, 2006).
However, two reports using SEER incidence data and the
U.S. National Center for Health Statistics mortality data
found that the changing patterns of incidence and mor-
tality were best explained by increasing use of better
diagnostic equipment, in particular computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) (Smith
et al., 1998; Legler et al., 1999). Legler et al. found that from
1975 to 1995, incidence rates were significantly increasing
only among children under 15 years of age and adults
65 years of age and older. During this same time period,
mortality declined for the youngest age group and
increased among the oldest age group. The difference in
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Figure 1 Age-adjusted incidence rates by year of primary malignant tumors for nine U.S. SEER registries combined, 1973–2003.
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mortality by age may be explained in part by the fact that
low-grade tumors that have better prognosis are more
common in children and high-grade tumors that have
poorer prognosis are more common in adults. The authors
also showed that use of CT and MRI procedures by
doctors for their patients 65 years and older increased
during the mid-1980s and early 1990s, suggesting greater
use of available technology to diagnose patients.
Survival

Age-adjusted 5-year survival rates for all malignant pri-
mary brain tumors in the United States, as catalogued by
theNational Cancer Institute from 1989 to 1996 were 31%
(Gurney and Kadan-Lottick, 2001). While this represents
an improvement from rates observed in 1974–76 (23%),
the survival rates remain extremely low. Five-year survival
rates recently published by the American Cancer Society,
show that the average survival rate from 1995 to 2001 is
still only 33% (American Cancer Society, 2006). Similarly,
the weighted 5-year brain cancer survival rate calculated
for 22 European countries through 1998 was also low,
reaching only 18%.

Survival rates are dependent on a number of patient and
tumor characteristics, including age and histologic type of
tumor. For example, the SEER 5-year survival rate for
patients aged 0–19 years of age at diagnosis is 65%, while
the rate for those aged 65–74 years or 75 years and older are
6.5% and 3.6%, respectively (Ries et al., 2000).

A study using SEER data that examined malignant
brain tumor survival by histology (Davis et al., 1998) also
found that survival declined with increasing age at diag-
nosis. For the most part, the survival rates between the
sexes did not differ. The survival rate for patients with
glioblastoma whose brain tumor was diagnosed between
the years 1986 and 1991 was only 1% for all ages
combined. The rate of survival was 34% for astrocytomas
and 84% for pilocytic astrocytomas, which occur predom-
inantly in children. Survival from medulloblastoma for
all age groups combined improved from 40% in the
1970s to 60%. The survival rates for oligodendroglioma
also substantially improved to 65% between 1986 and
1991. Five-year survival rates remained similar over the
20 years for ependymomas (60%), mixed gliomas (51%),
other gliomas (23%), and gliomas not otherwise specified
(NOS) (17%).

It is thought that improveddiagnostic abilities, treatment
modalities, and earlier age at diagnosis may account for the
improvements in survival of astrocytomas, medulloblasto-
mas, and oligodendrogliomas over the last 20 years.

Incidence patterns of primary brain tumors by age,
gender, and race are described using data from SEER.
Age

Incidence rates of primary brain tumors show a bimodal
peak by age. Incidence rates of tumors vary by histologic
type; however, for all tumor types combined, incidence
rates peak in early childhood (generally by age 5 years),
decline and increase again from approximately ages 25
through 75 years of age. The average annual age-specific
incidence of brain tumors in nine SEER registries is
shown in Figure 2.
Gender

Table 1 shows the age-adjusted annual incidence for the
major histologic groups of primary brain tumors by sex
and racial/ethnic group in Los Angeles County, CA for
1972–2002. For all histologic types and races combined,
the rate is higher in men than in women. However, inci-
dence rates vary considerably by histologic subtype.
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Glioma rates are higher in males than in females in each
racial/ethnic group and meningiomas are higher in
women.
Race and Ethnicity

The incidence of gliomas in the United States is highest in
non-Spanish-surnamed Whites for males and females,
while the incidence of meningiomas is highest in Blacks
for males and females (see Table 1).
Environmental Factors

This section reviews recent findings from epidemiologic
studies, which have investigated the association between
human brain tumors and various potential risk factors.
N-nitroso Compounds (NOCs)

N-nitroso compounds (NOCs) and their precursors are
experimental carcinogens (Lijinsky, 1992) that have been
investigated as potential causes of brain tumors in
humans. NOCs are divided into two major categories
based on their chemical structure – nitrosamines and
nitrosamides. Nitrosamines are carcinogenic in animal
studies, but have never been shown to cause tumors in
the brain or spinal cord. Nitrosamides are direct-acting
agents that can cause DNA adducts and have been shown
to be potent nervous system carcinogens in a variety of
species. Ethylnitrosourea (ENU), a type of nitrosamide,
has been shown to be a neurocarcinogen in rats, mice,
rabbits, opossums, and monkeys through various routes of
administration and when given in a single dose or through
chronic low-dose exposure. Transplacental exposure is
the most potent route of exposure, as only one-fiftieth
(1/50) of the dose of ENU required to induce tumors in
adult animals is necessary to cause 100% tumor induction
in fetal animals (Ivankovic, 1979).
Population Exposure to NOCs

The major sources of population exposure to NOCs in the
United States are tobacco smoke, cosmetics, automobile
interiors, cured meats, and some types of pesticides
(National Research Council Committee on Diet Nutri-
tion and Cancer, 1982). Other sources of NOC exposure
include soaps, shampoos, hand lotions, rubber baby bottle
nipples, and pacifiers. Endogenous formation of NOCs in
humans occurs in the stomach or bladder when both an
amino compound and a nitrosating agent are present
simultaneously. Food is a primary source of both highly
concentrated nitrite solutions (e.g., from cured meats) and
amino compounds (e.g., in fish and other foods, and in
many drugs). Drinking water also contains nitrate (in the
absence of vitamins), but this is a minor source unless
levels are extraordinarily high.
Diet and Vitamin Supplementation

The majority of hypotheses regarding dietary factors and
brain tumors have focused on cured meats (sources of
N-nitroso compounds), antioxidants, and inhibitors of
nitrosation, including vitamins C and E. Eight of ten
epidemiologic studies that investigated the role of cured
meats during pregnancy found a significant positive asso-
ciation between the frequency of maternal cured meat
intake by the mother (individual or combined cured
meats) and the risk of childhood brain tumors (CBT)
(Baldwin and Preston-Martin, 2004). The individual
foods most consistently found to be associated with
increased risk for CBT were hot dogs and bacon. In a
study of adults, serum levels of ascorbic acid (vitamin C)
and alpha- and gamma-tocopherol (vitamin E) were
both inversely related to glioblastoma risk (Schwartzbaum
and Cornwell, 2000). Furthermore, high intake of fruits
and vegetables has been associated with lower risk of
childhood brain tumors in several studies of CBT (mater-
nal intake of fruits and vegetables during pregnancy)
and has also been reported in a number of studies of
adult brain tumors.

The apparent reduction in risk of brain tumor devel-
opment associated with fruits, vegetables, and vitamin
intake may be interpreted as supportive of the N-nitroso
hypothesis due to the inhibition of the endogenous for-
mation of NOCs in the presence of vitamins C or E, or
the apparent protective effect may be due to another
mechanism such as the inhibition of free radical formation
in the brain.
Radiation

High-dose exposure to ionizing radiation is the only estab-
lished environmental cause of brain tumors. Several stud-
ies have shown an excess risk of brain tumors following
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exposure to high-dose therapeutic radiation (2500 cGy)
for primary malignancies or benign conditions (Wrensch
et al., 2002). Meningioma appears to be the most common
brain tumor resulting from radiotherapy for other medical
conditions; however, tumors of other histological types
have occurred, including glioblastoma.

One of the strongest pieces of evidence supporting a
role of therapeutic radiation and brain tumor risk comes
from an Israeli cohort study of adults irradiated as children
for tinea capitis (i.e. ringworm of the scalp); adults with a
history of irradiation were at high risk of developing nerve
sheath tumors of the head and neck (RR¼ 33.1 or exposed
children were 33 times more likely to develop a nerve
sheath tumor), intermediate risk of meningioma
(RR¼ 9.5), and lowest risk of glioma (RR¼ 2.6). Recent
updated results from this cohort show that risk remains
elevated after 40 years of follow-up for both benign
meningiomas and malignant brain gliomas (Sadetzki
et al., 2005).

The association between brain tumors and prior expo-
sure to low-dose, diagnostic X-rays remains less certain.
A Swedish case-control study found that X-rays of the
head and neck were associated with increased risk of adult
brain tumors (OR 1.64; 95% CI 1.04–2.58) and that this
risk was strongest among individuals irradiated 5 or more
years before tumor diagnosis (OR 2.10; 95% CI 1.25–3.53)
(Hardell et al., 2001). Epidemiologic studies have found
that prior dental radiography, particularly in earlier dec-
ades when doses were high, was associated with subten-
torial, intracranial meningiomas (Preston-Martin and
White, 1990). Other studies, however, did not confirm
these findings.
Electric and Magnetic Fields

In the 1990s, numerous studies of electric and magnetic
fields were completed to investigate the potential associa-
tion with child and adult brain tumor risk. Electric and
magnetic fields induce weak electric currents in the body;
however, they can neither break bonds nor heat tissue.
Several studies that have explored the association between
exposure to electromagnetic fields (EMFs) and brain
tumor risk have been recently reviewed (Kheifets, 2001).
Although early studies of childhood brain tumors and
residential exposure (both from ambient fields and use of
electrical appliances) were suggestive of an increased risk,
findings from the most recent studies have produced
inconsistent results. Methodologic limitations of studies
have included small sample sizes, in particular small num-
bers of subjects with high levels of exposure; measurement
errors; lack of a standardized reference interval for the
evaluation of magnetic fields; and incomplete evaluation
of potential confounding variables. Exposure to radiofre-
quency sources is difficult to quantify in the laboratory
setting; their measurement in large epidemiologic popula-
tions is even more challenging.

Studies of residential exposure to EMF and adult brain
tumors have provided little evidence that EMF is a risk
factor for brain tumors. A meta-analysis of 29 studies of
occupational sources of EMF and brain cancer found a
small increase in risk among electrical workers (Kheifets
et al., 1995), but there was substantial heterogeneity in
findings across studies due to differences in study design,
occupations included, and exposure assessment methods.
Cellular Telephones and Other Radiofrequency
Exposures

In recent years, public concern has focused on the poten-
tial risk of brain tumors due to cell phone usage. However,
experimental data indicate that nonthermal radio fre-
quency (RF) waves do not have enough energy to damage
DNA, either directly or through epigenetic changes. Addi-
tionally, animal studies indicate RF exposure does not
increase malignancies in rodents. Several early occupa-
tional studies did report associations between RFexposure
and hematopoietic or brain cancers (Moulder et al., 2005).
Nevertheless, these studies did not provide adequate sup-
port for a causal relationship between RF and cancer, due
to limitations in design and exposure assessment.

The majority of epidemiologic studies to date do not
support an association between cell phone use and brain
tumor risk. No excess risk was found in a number of
large case-control studies. Two case-control studies did
find an elevated risk of brain tumors on the side of the
head where the phone was most often held (Muscat et al.,
2000; Hardell et al., 2001); however, the conclusions for
one of these studies was questioned due to the use of
prevalent cases and other design issues. Data from the
Interphone Study found no overall increase in risk for
temporal glioma or meningioma among cellular phone
users (Lonn et al., 2005). Further, a Danish cohort found
no increase in brain cancer or any other cancer incidence
when including 450 085 mobile phone subscribers during
the period of 1982–95 (Johansen et al., 2001). However, a
Finnish registry-based study found a significant associa-
tion (OR 1.5; 95% CI 1.0–2.4) between gliomas and ana-
log cellular phones (Auvinen et al., 2002). No excess of
brain cancer was found among employees of a cell phone
manufacturing company or in a cohort study designed to
examine cancer mortality in Korean War radar and radio
technicians (Groves et al., 2002).

Misclassification of exposure is a potential design lim-
itation in all cell phone studies, because RF exposure
levels have changed over time with changes in cell
phone technology and RF exposure varies with a person’s
distance from cellular phone stations at the time they are
using a cell phone. Current studies estimate risk for a
maximum of 20 years of RF exposure; brain tumor risk
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for long-term cell phone usage of more than two decades
is not known. Despite these limitations, these studies
seemingly rule out large and immediate increases in
brain cancer rates in cellular phone users.
Trauma

Several case reports and series provide anecdotal evi-
dence that prior head trauma is associated with brain
tumor development, but larger studies have not consis-
tently confirmed this relationship. One report describes a
case of malignant glioma occurring in the same spot
where a man suffered a metal splinter injury 37 years
earlier (Sabel et al., 1999); most previous case reports of
this sort have involved meningiomas. An international
case-control study of head trauma and risk of gliomas
and meningiomas found an increased risk of meningioma
only among men who had a serious head injury
15–24 years prior to diagnosis (Preston-Martin et al.,
1998). Other investigators have found a weak relationship
between trauma and meningiomas, suggesting that cellu-
lar proliferation due to repair of the dura may explain the
increase in risk. However, recall bias is a concern when
interpreting these studies because those who developed a
brain tumor may be more likely to remember a previous
head injury. Large studies from Sweden and Denmark
have not confirmed a trauma–brain tumor risk relation-
ship (Inskip et al., 1998; Nygren et al., 2001).
Infectious Agents

Several types of viruses cause brain tumors in experimen-
tal animals, including simian immunodeficiency as well as
JC and BK viruses. In one of the earliest epidemiologic
studies of brain tumors, astrocytomas were associated with
positive antibody titers to Toxoplasma gondii (Schuman
et al., 1967); however, more recent studies have failed to
confirm this association. It is believed that over 62% of
the United States population have been exposed to Sim-
ian virus 40 (SV 40), a member of the Polyomaviridae

family, through administration of polio vaccine contami-
nated with the virus between 1955 and 1963 (Shah and
Nathanson, 1976). Early animal studies revealed the car-
cinogenic effect of the virus and recent studies detected
specific SV40 complexes in brain cancer tissue, suggesting
a possible SV 40 role in primary brain tumor pathogenesis
(Eddy et al., 1962). The tumorigenicity of other common
polyomaviruses, including JC and BK viruses, have been
well established through in vitro and animal experimental
studies (Inskip et al., 1995). While JC and BK viruses
normally do not cause symptoms in healthy individuals,
JC and BKviral DNA sequences have been isolated from a
number of types of human brain tumors, including
medulloblastoma, ependymoma, and gliomas.
Other studies have found associations between risk of
maternal infections during pregnancy and childhood
brain tumors. Bithell et al. found an increased risk of
brain tumors among children of mothers who had chick-
enpox during the pregnancy (Bithell et al., 1973). History
of varicella-zoster infection was related to a reduced risk
of adult gliomas if a history of chickenpox or shingles or
serum levels of immunoglobulin G antibodies to the virus
was used in the analysis (Wrensch et al., 2002). In a recent
case-control study, Wrensch et al. reported that glioma
cases (particularly those with glioblastoma) had signifi-
cantly lower levels of anti-varicella zoster virus immuno-
globulin G than controls and that cases were less likely
than controls to report a history of chickenpox. However,
no significant differences were noted between cases and
controls for positivity to three other herpesviruses:
Epstein-Barr virus, cytomegalovirus, and herpes simplex
virus (Wrensch et al., 2002).
Allergies, Epilepsy, and Other Medical
Conditions

Several epidemiologic studies have reported a protective
association between brain tumor risk and a history of
asthma and other allergic conditions. This finding has
been consistent across a number of large case-control
studies conducted in various countries (Wrensch et al.,
2002). One study specifically reported an inverse associa-
tion of autoimmune disease with both glioma and menin-
gioma, with the greatest reduction in risk found among
glioma patients with both asthma and diabetes (Brenner
et al., 2002). Three cohort studies using Swedish data
provide limited support for this association (relative risk
(RR) 0.45; 95% CI 0.19–1.07 and RR 0.45; 95%
CI 0.11–1.92 among low-grade and high-grade gliomas,
respectively) (Schwartzbaum et al., 2003).

Recent studies of immunologic biomarkers and gliomas
further support the association between allergic conditions
and brain tumor risk. In a case-control study of adult
glioma, Wiemels et al. found cases had significantly lower
serum IgE levels than controls; this was particularly true
among subjects reporting food allergies. However, it
remains possible that differences in IgE levels were due
to changes in IgE after the tumor was diagnosed (Wiemels
et al., 2004). Schwartzbaum et al. completed a population-
based case-control study to investigate the association
between GBM and common genetic changes in immune
pathway genes. The study focused on genes coding for
interleukins, which regulate and cause differentiation of
cells of the immune system. Investigators found that people
with a history of asthma, eczema, and fever were signifi-
cantly less likely to be diagnosedwith a GBM. Two genetic
variants in the interleukin-4 receptor were associated with
a greater chance of developing a GBM, while a single
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genetic variant in the interleukin-13 gene was associated
with a lower risk of developing GBM (Schwartzbaum et al.,
2005). Additional molecular studies are needed to explore
the biological basis of this association.
Occupational Exposures

Associations between employment in various occupations
and industries and brain tumor risk have been investi-
gated in numerous epidemiological studies, but few asso-
ciations have been found consistently across studies.
Further, results have been limited by difficulties in deter-
mining past workplace exposures and by small numbers of
people who have been exposed to any specific agent.

Several epidemiological studies have investigated asso-
ciations between employment in the petrochemical
industry and brain tumor risk. One study found an excess
of brain cancers among white men with 10 or more years
of employment in a particular building complex of in-
terest (Beall et al., 2001). Another case-control study of
workers at a petrochemical research facility found posi-
tive associations between gliomas and ionizing radiation,
n-hexane, organometallics, and amines other than
nitrosamines.

Epidemiological studies of brain tumor deaths have
reported elevated risk of mortality due to brain tumors
for a variety of occupations involving exposure to electro-
magnetic fields (EMFs). These include electrical or elec-
tronic engineers, electronics teachers, and electrical
technicians and assemblers, electric utility workers, and
workers in the communications industry. A recent review
on this subject found that the quality of epidemiological
studies of EMF exposure has improved and there is a
large body of high-quality data on brain tumor risk and
occupational EMF exposure (Ahlbom et al., 2001). No
excess brain tumor risk was seen in a cohort of British
electrical utility workers (Sorahan et al., 2001). A case-
control study conducted in eight Canadian provinces,
with emphasis placed on variations in EMF-related
risk across different histological types found a pro-
nounced risk for glioblastoma multiforme, but no associa-
tion for astrocytoma or other brain tumors (Villeneuve
et al., 2002).
Smoking and Environmental Tobacco Smoke

Most studies of adult brain tumors have not established
any relationship between smoking tobacco and brain
cancer. However, a study of adult gliomas in the San
Francisco Bay area found that male cases are more likely
to report smoking unfiltered cigarettes than controls (Lee
et al., 1997). A second study reported that a history of active
smoking was associated with a significant dose–response
increase in risk of meningioma in men. In the same study,
exposure to passive smoke from a spouse on the part of
never smokers was associated with increased risk of brain
tumors in both sexes (OR¼ 2.0) and risk increased with
increasing duration of exposure ( p for trend¼ 0.02) (Phil-
lips et al., 2005).

Overall, the epidemiologic data do not support an
association between maternal smoking during pregnancy
and risk of CBT (Boffetta et al., 2000). However, the meta-
analysis of ten studies found a small increase in risk for
childhood brain tumors (OR 1.2; CI 1.1–1.4) in relation to
father’s smoking during pregnancy. An international col-
laborative population-based case-control study conducted
in seven countries found a small association between
paternal smoking before pregnancy and risk of childhood
astroglial tumors (OR 1.4) (Cordier et al., 2004). A recent
prospective study of 1.4million Swedish births found an
association between maternal smoking during pregnancy
and risk of CBT (RR 1.24; 95% CI 1.01–1.53) (Brooks
et al., 2004).
Alcohol

Findings relating to parental alcohol intake are mostly
unremarkable. Most studies of adult brain tumors find no
excess and possibly a reduced risk related to intake of
wine and beer.
Use of Pesticides

Several epidemiologic studies have investigated home and
occupational use of pesticides, insecticides, or herbicides
as possible etiologic factors for brain tumors. Case-control
studies have linked household pest exterminations to the
development of childhood brain tumors, while others
have found no association with parental pesticide use.
A recent review indicated 14 of 17 studies of maternal
and childhood pesticide exposure and CBT found posi-
tive associations (Zahm, 1999). One large case-control
study found an excess risk of CBT related specifically to
prenatal exposure to flea and tick products (Pogoda and
Preston-Martin, 1997). A cohort study of licensed pesti-
cide applicators (Blair et al., 1983) found an excess risk of
brain cancer. More studies are needed to confirm associa-
tions seen and to identify which compounds may relate to
brain tumor development.
Summary of Environmental Risk Factors

The cause of most types of brain tumor remain unex-
plained. High-dose levels of ionizing radiation (IR) are
the most clearly established cause of pediatric and adult
brain tumors based on both experimental and epidemio-
logic data. However, few cases are likely to be explained
by this factor because precautions are now taken to avoid
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exposing individuals to unnecessarily high doses of IR.
A growing number of epidemiologic studies suggest a
strong, protective association between brain tumor risk
and a history of asthma and other allergic conditions.
Other environmental factors have been less consistently
associated with brain tumor risk. Occupational studies
suggest that employment in the petrochemical industry
or employment involving exposure to electromagnetic
fields may increase risk. N-nitroso compounds and pesti-
cide use in the home have been associated with risk of
pediatric brain tumors in some studies, but challenges in
recreating exposure years in the past limit the strength of
conclusions that can be drawn from these data. Current
evidence that cell phones, smoking history, or alcohol are
risk factors for brain tumors is weak.
Host Factors

Familial Aggregation

The potential heritability and familial clustering of CNS
tumors iswell documented. The implication of such reports
is that shared genes, environment, or gene–environment
interaction could be responsible for some neoplasms, but
reports estimate that familial gliomas account for 5% or
fewer of total cases.
Neurogenetic Syndromes

Various hereditary syndromes have been associated with
increased brain tumor risk, including neurofibromatosis-1
and -2, Von Hippel-Lindau disease, Li-Fraumeni syn-
drome, tuberous sclerosis, and Gorlin’s syndrome. How-
ever, these hereditary syndromes are rare and are likely to
account for few cases in a population-based series of CNS
neoplasia.
Preventive Measures

Few causes of brain tumors in adults or children have
been identified. Etiologic associations may be more likely
to be detected if analyses are restricted to more homoge-
neous tumor sets with common morphologic and molec-
ular genetic characteristics. For many subgroups, in order
to obtain sufficient numbers of subjects it will become
necessary to pool data from studies across geographic
areas. We have the most to gain using this approach in
studies of the etiology of gliomas, whose causes remain
largely unknown. Gliomas appear far more morphologi-
cally and genetically diverse than do the other major
categories of CNS tumors. Perhaps more is known about
the etiology of meningiomas and nerve sheath tumors
because each of these major groups represents a more
homogeneous entity than do gliomas. Diet, genetics, and
immunology will continue to be an important focus of
the next generation of epidemiologic studies of brain
tumors.

See also: Cancer: Global Burden/Trends and Projections;

Cancer Mortality; Cancer Screening; Cancer Survival;

Radiation Therapy.
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Glossary
pTNM Tumor-node-metastasis classification system.

. p refers to pathological examination;

. T refers to the size of the tumor;

. N describes whether or not the cancer has spread

to nearby lymph nodes, and if so, how many;

. M shows whether the cancer has spread

(metastasized) to other organs of the body;

pT1,mic Refers to primary tumor size and degree of

local extension; mic indicating microinvasive cancer.

pN0(i+) No regional lymph node metastasis

histologically, positive isolated tumor cells.

Her2/neu An oncogene often expressed in breast

cancer.

BRCA-positive Result of genetic testing for breast

and ovarian cancer indicating a high-risk subject.

ipsilateral carcinoma Carcinoma located on the

same breast.

EORTC European Organisation for Research and

Treatment of Cancer.

Ki67 The Ki-67 biomarker is a proliferation index that

is detected by immunohistochemical staining.
Breast cancer is one of the major public health problems.
Every year some 1.2million new cases of breast cancer are
diagnosed and some 400 000 women die from it. World-
wide, some 50million women are living after a previous
breast cancer experience. Approximately 200 000 deaths
from breast cancer occur in developed countries and
200 000 in developing countries. In Europe, there were an
estimated 370 000 new cases and 130 000 deaths in 2004.
Mortality rates rose from 1951 to about 1990 but have fallen
since then in most European countries, noticeably in the
UK (Figure 1(a)), but mortality rates in Central and East-
ern European countries have been rising (Figure 1(b)).
Although rates in Hong Kong and Japan have been lower
than those in Europe, they have also been increasing
(Figure 1(b)). Rates in North and South America have
been similar to those in Western Europe (Figure 1(c)).

The decline in mortality rates in Western Europe,
Australia, and the Americas may be due to widespread
mammographic screening, good diagnosis, and increased
numbers of women receiving the best treatment, includ-
ing hormonal drugs (Ferlay et al., 2004).
Causes

Family History

In countries where breast cancer is common, the lifetime
excess incidence of breast cancer is 5.5% for women with
one first-degree relative who has had breast cancer and
13.3% for women with two. Eight out of nine women who
develop the disease do not have an affected mother, sister,
or daughter, however. Only 3–4% of women with breast
carcinoma have a genetic mutation (BRCA1 or BRCA2),
although these are the most strongly associated risk fac-
tors: Affected women have a 50–70% risk of developing
breast carcinoma during their lifetime.
Pregnancy-Related and Hormone-Related
Factors

Women who have their first full-term birth at an early age
have a lifetime reduction in risk. Increased parity is asso-
ciated with a long-term risk reduction, even when the age
at first birth is controlled for; the additional, long-lasting
protective effect of a young age at subsequent full-term
pregnancies is not as strong as that for the first full-
term pregnancy; a nulliparous woman has roughly the
same risk as a woman who has her first full-term birth
aged about 30 years; the risk is transiently increased after a
full-term pregnancy. Long duration of lactation confers a
small, additional reduction in risk after the age at preg-
nancy and the number of full-term pregnancies is con-
trolled for. Breast cancer risk factors are set out inTable 1.

The decision not to breastfeed or a very short lifetime
duration of breastfeeding, typical of women in developed
countries, contributes substantially to the high incidence
of breast cancer in these areas. The risk is significantly
reduced by breastfeeding, in addition to the reduction for
every birth. Breastfeeding practices can be modified and
promoted usefully as a strategy to prevent breast cancer.

There is no pronounced excess risk of diagnosis in
women 10 or more years after the cessation of oral con-
traceptive use. The cancers diagnosed in women who have
used combined oral contraceptives tend to be less advanced
clinically than those diagnosed in women who have never
used them. The risk of breast cancer is raised in women
using hormone-replacement therapy and increases with
duration of use. This effect declines after cessation of hor-
mone-replacement therapy and largely disappears after
about 5 years; the benefits and risks associated with this
hormone treatment should be taken into account.
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After adjustment for known risk factors, induced abor-
tion is not associated with an increased risk of breast
cancer. Pregnancies that end as a spontaneous or induced
abortion have been shown not to increase a woman’s risk
of developing breast cancer (Veronesi et al., 2005).
Anthropometric Indices and Physical Activity

With pooled data from seven prospective studies (337 819
women and 4385 incident breast cancer cases in total) and
after adjustment for reproductive, dietary, and other risk



Table 1 Risk factors in breast cancer

Factor Relative risk High-risk group

Age >10 Elderly individuals
Geographical location 5 Developed countries

Breast density >5 Extensive dense breast tissue visible on mammogram

Age at menarche 3 Before age 11 years

Age at menopause 2 After age 54 years
Age at first full pregnancy 3 First child after age 40 years

Family history �2 Breast cancer in first-degree relative

Previous benign breast disease 4–5 Atypical hyperplasia

Cancer in other breast >4 Previous breast cancer
Socioeconomic group 2 Groups I and II

Body mass index

Premenopausal 0.7 High body mass index
Postmenopausal 2 High body mass index

Alcohol consumption 1.07 7% increase with every daily drink

Exposure to ionizing radiation 3 Abnormal exposure to young girls after age 10 years

Breast feeding and parity Relative risk falls by 4.3% for
every 12months of breast

feeding in addition to

a 7% reduction for each birth

Women who do not breast feed

Use exogenous hormones
Oral contraceptives 1.2 Current users

Hormone replacement therapy 1.66 Current users

Diethylstilbestrol 2 Use during pregnancy

From Veronesi U, Boyle P, Goldhirsch A, Orecchia R, and Viale G (2005) Breast cancer. Lancet 365: 1727–1741.
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factors, the pooled relative risk of breast cancer per height
increment of 5 cm was 1.02 (95% CI 0.96–1.10) in pre-
menopausal women and 1.07 (1.03–1.12) in postmeno-
pausal women. The body mass index showed substantial
inverse and positive associations with the disease in pre-
menopausal and postmenopausal women, respectively.
Height is an independent risk factor for breast cancer
after menopause but not in premenopausal women.

In postmenopausal women not taking exogenous hor-
mones, general obesity is an important predictor of breast
cancer. In premenopausal women, weight and body mass
index showed nonsignificant inverse associations with
breast cancer.

Increased physical activity seems to be inversely
related to the risk of breast cancer, although the findings
are inconsistent. Physical activity and weight control can
be recommended at present, although further research
may highlight additional benefits.
Dietary Factors

A pooled analysis of eight prospective studies showed
relative risks for an increment of 5% of energy intake
were 1.09 for saturated fat, 0.93 for monounsaturated fat,
and 1.05 for polyunsaturated fat, compared with equiva-
lent energy intake from carbohydrates.

The Nurses’ Health Study II (Cho et al., 2003) showed
that intake of animal fat, mainly from red meat, before
menopause, was associated with an increased risk of breast
cancer. To assess the risk of invasive breast cancer
associated with total and beverage-specific alcohol con-
sumption and to establish whether dietary and nondietary
factors change such an association, data from six prospec-
tive studies were examined. Alcohol consumption corre-
lated with breast cancer incidence in women. A reduction
of consumption amongwomenwho drink alcohol regularly
could reduce their risk of breast cancer. Cigarette smoking,
frequently analyzed with alcohol consumption in etiologi-
cal studies, does not seem to be related to risk.
Environmental Exposures

An increased risk of breast cancer in women exposed to
ionizing radiation, particularly during puberty, has been
widely accepted even with low-dose exposure. Environ-
mental exposure to organochlorines has been examined
as a potential risk factor for breast cancer. Based on
current evidence, the association between risk and expo-
sure to organochlorine pesticides and their residues seems
to be small, if it exists at all. The combined evidence from
five large U.S. studies that assessed the link between breast
cancer risk and concentrations of 1,1-dichloro-2,2-bis
(p-chlorophenyl) ethylene and polychlorinated biphenyls
in blood plasma does not support such an association
(Cuzick et al., 2003).
Possibilities of Chemoprevention

The pharmacological prevention of cancer represents a
comparatively novel field in clinical oncology, but it offers
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a very promising approach to reducing the burden of
cancer and its incidence. In cardiology, it is common
practice to treat subjects at higher risk for cardiovascular
disease long before clinical evidence of the disease can
be detected. This has made a definite contribution to
lower mortality. A similar strategy could be adopted for
cancer prevention in subjects ‘at higher risk’ (Hong and
Sporn, 1997).

The peculiarity of carcinogenesis is that it is a multi-
step, multipath, and multifocal process, involving a series
of genetic and epigenetic alterations that develop from
genomic instability all the way to the final development of
cancer. This is the key notion lying behind the rationale
for intervention in the initial steps of the process, by
employing natural or synthetic agents capable of delaying,
arresting, or even reversing the pathogenesis of cancer.
Since the process is generally very long (10–20 years,
sometimes more), there is potentially a great deal of
time to assess the true risk and intervene with nutrients
and/or pharmacological agents that may interrupt the
chain of molecular events long before the onset of clinical
symptoms. This may prove of particular use where solid
tumors are concerned, since they are often characterized
by multifocality and metachronous growth. Recently, a
number of compounds have been shown to be clinically
effective in breast carcinoma, covering all three settings
into which prevention may be typically divided. In pri-
mary prevention, the goal is to prevent the onset of the
disease, selecting healthy cohorts who are at high risk
because of their environment, lifestyle, or familial/
genetic factors. Secondary prevention (screening) is
aimed at detecting and treating persons with a premalig-
nant condition or an in situ malignancy, thus blocking its
evolution to an invasive cancer. Tertiary prevention is a
term that can be applied to the protection of individuals
who have previously been treated for cancer from devel-
oping a second primary tumor (Figures 2 and 3;Table 2).
Years

0.0
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Figure 3 Fenretinide to prevent Breast Cancer (Italian Study).
From Veronesi U, Mariani L, Decensi A, et al. (2006) Fifteen-year

results of a randomized phase III trial of fenritinide to prevent

second breast cancer. Annals of Oncology 17: 1065–1071.

Table 2 Big killers: Pharmacoprevention

Breast Tamoxifen, SERMs (raloxifene) fenretinide,
aromatase inhibitors, NSAIDs, statins

Colon NSAIDs, aspirin, vitamin D/calcium,

allopurinol

Prostate Finasteride, selenium E, vitamin E, green tea
Oral cavity Vitamin A, NSAIDs

Lung cancer Budesonide, NSAIDs

Cervix a-Dfmo, indole-3-carbinol, curcumin
Pathogenesis

Progression from Healthy Tissue to Invasive
Carcinoma

In contrast to the position for adenocarcinoma of the
colon, no definitive model of progression from the com-
mon benign proliferative lesions of the breast to invasive
malignancy has been identified. Cytological or architec-
tural dysplastic changes can be identified in various non-
malignant breast diseases, such as florid and columnar
duct hyperplasia, adenosis, and papilloma, but their true
precancerous potential remains undefined.

Atypical duct hyperplasia has been regarded as the
missing link between healthy duct hyperplasia and
low-grade, ductal neoplasia in situ (DIN). Morphologi-
cal features of atypical duct hyperplasia, which are
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intermediates of those in healthy and malignant tissues,
and the substantially raised risk for subsequent carcinoma
in affected women, have been claimed as sufficient proof
of a precancerous nature. However, genetic changes in
atypical duct hyperplasia are identical to changes in
fully developed DIN, which raises questions about
whether atypical duct hyperplasia is a distinct entity
from low-grade intraductal neoplasia.

Novel approaches such as gene-expression profiling
will increasingly be used to ascertain the occurrence of
true preneoplastic lesions in the breast. Precise identifi-
cation of these precursor lesions will be vital for planning
interventions in women at high risk of breast cancer and to
assess the effectiveness of prevention trials.

Ductal lavage is currently undergoing investigation. In
this procedure, luminal cells from the ductal tree are
obtained by cannulation of the lactiferous ducts and gen-
tle massage of the breast. Harvested cells can then be
examined not only for morphological changes but also
for the expression of early markers of cell transformation
that will eventually be identified. This procedure is being
tested for validation as an additional research instrument
to identify patients at high risk of developing breast car-
cinoma (O’Shaughnessy et al., 2002).

In view of the uncertainty of the occurrence of true
preneoplastic lesions of the breast, the morphologically
identifiable initial phases of neoplastic transformation
remain in situ neoplasia, either ductal or lobular. However,
this encompasses various lesions, ranging from low-grade
to high-grade neoplasms, with remarkably different
modes of presentation, histopathological features, genetic
alterations, risk of relapse and of progression to invasive
carcinoma.

To emphasize the non-life-threatening nature of in situ
lesions and reduce any psychological effect caused by the
use of carcinoma as a description, the term ductal intra-
epithelial neoplasia has been suggested to define these
cell masses. This has been revised to encompass candi-
date preneoplastic lesions: Flat epithelial atypia and
atypical duct hyperplasia (Tavassoli and Devilee, 2003).
The same procedure has been done for noninvasive
lobular neoplasms (atypical lobular hyperplasia and
lobular carcinoma in situ), which have been classified
into a three-tiered system of lobular intraepithelial
neoplasia.

Invasion and metastasis are the hallmarks of fully
developed breast carcinoma. Extensive histopathological
examination of axillary sentinel lymph nodes by complete
and serial sectioning at very close cutting intervals (e.g., at
least 60 serial sections at 50-mm intervals, as used at
the European Institute of Oncology, Milan, Italy) has
greatly improved the detection rate of axillary lymph-
node association (Veronesi et al., 2003). Detection is
strongly associated with the definitive features of the
primary breast cancer, such as tumor size and type,
occurrence of peritumoral vascular invasion, and
multifocality.

Randomized trials (Veronesi et al., 2003) have shown
that the recorded number of patients with clinically overt
axillary progression of breast cancer is much lower than
expected, based on the false-negative rate of the sentinel
lymph-node biopsy. This difference suggests that meta-
static cells may not progress to clinical disease in all
patients and that only some cells are able to sustain
tumor progression, which is consistent with the hypothe-
sis that the growth, progression, and clinical outcome of a
cancer depend on the activation of tumorigenic stem/
progenitor cells.

This redefinition of the malignancy of breast cancer is
recognized in the new pTNM classification, whereby
minimum nodal invasion (1mm or less) is classed as
pT1mic (indicating microinvasive cancer) and isolated
tumor cells or tumor-cell clusters (0.2 mm or less) in the
regional lymph node are no longer regarded as metastatic,
and qualify as pN0(iþ). These new classifications are
designed to prevent overstaging of the disease and hence
overtreatment for the patient.

Systemic adjuvant therapy is currently offered to
patients according to selected clinicopathological features
of the primary tumor, which include the status of estrogen
and progesterone receptors and expression of human
epidermal-growth-factor receptor 2 (HER2/neu); such
treatment is undertaken independently of the axillary
node status, with an equivalent survival benefit.

Quantification of tumor cells circulating in the blood
of patients with breast cancer may also be a predictor of
the duration of survival.

Gene-expression profiling of breast carcinoma has
already shown that differential expression of specific
genes is a more powerful prognostic indicator than tradi-
tional determinants such as tumor size and lymph-node
status. These molecular assays now await clinical valida-
tion by prospective randomized trials before being intro-
duced into routine clinical practice.
Diagnosis and Staging

Organized screening, education programs, and improved
consciousness of the female population have substantially
changed the type of patients seen nowadays compared
with those a fewdecades ago. The revolution in diagnostic
imaging over the past 20 years has also profoundly mod-
ified diagnostic strategies in breast cancer.
Diagnostic Procedures

Procedures commonly used for the diagnosis of breast
cancer include mammography, ultrasonography, MRI
(magnetic resonance imaging), and PET (positron emission
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tomography). Physical examination of the breast remains
important, however, because a substantial minority (11%)
of breast cancers are not seen on mammography.

Mammography remains the most important diagnostic
tool in women whose breast tissue is not dense. After
menopause, mammography is generally the best method
to discover tiny, nonpalpable lesions. By contrast, ultraso-
nography is the most effective procedure to diagnose
small tumors in women with dense breast tissue and to
differentiate solid lesions from cystic lesions. Although
mammography can identify suspicious microcalcifica-
tions, it is not good at distinguishing between breast
densities and has difficulty in identifying certain lobular
invasive carcinomas, Paget’s disease of the nipple, inflam-
matory carcinoma, and particularly peripheral, small
carcinomas.

MRI is mainly used as a problem-solving method after
conventional diagnostic procedures. It is highly sensitive
and is used mainly to screen high-risk, BRCA-positive
patients. In dynamic, contrast-enhanced MRI, images
are acquired before and after patients are given a sub-
stance to improve contrast when imaging the lesion.
Malignant lesions are generally highly permeable, with
rapid uptake and elimination of contrast, whereas be-
nign lesions have slow-rising, persistent-enhancement
kinetics. Although MRI has good diagnostic accuracy,
the false-positive detection rate is still high and MRI
findings should not be the sole indication for breast
surgery.

PET is currently used to detect metastatic foci in any
distant organ or to assess the status of axillary nodes in
preoperative staging. However, PET may fail to identify
low-grade lesions and tumors smaller than 5mm.

The use of imaging techniques to detect unknown
breast cancers in women who had no symptoms (i.e.,
screening) was inaugurated by the Health Insurance
Plan of New York in the 1960s. In many randomized
studies and population studies, mammography has been
confirmed as the only screening test that can reduce
breast cancer mortality if a large proportion of the popu-
lation uses the procedure.

However, ultrasonography seems promising for
women with dense breast tissue, such as those before
menopause, and MRI has been valuable in the screening
of women at high risk of breast cancer who are younger
than 50 years.
Staging

The TNM (tumor-nodes-metastasis) system defines the
extent of disease. It is the language used to compare
different cases from various centers. With respect to
the primary carcinoma (T), T1 can be divided into three
subgroups (T1a, T1b, T1c), depending on the size of the
primary lesion. However, with new subdivisions, most
instances arise in one subcategory (e.g., T1c). In the era
of computerized data analysis, classification is thought
to be less necessary, whereas precise description of
specific cases is regarded as essential and functional to
the different needs of statisticians. Therefore, the
T classification will probably be determined by a contin-
uous metric description of the size (cm) of the carcinoma
(e.g., T0.9, T2.4). The same system could apply to nodes
(N) in which the numbers of involved and examined
nodes will define the patient’s condition (e.g., N2/18 for
two lymph nodes with tumor out of 18 sampled).

Finally, we believe that the TNM system should rely
more on biological characteristics (e.g., hormonal receptors,
proliferation rates) and biomolecular aspects (e.g., gene
expression profile) of tumors. The present biometric, ana-
tomical description will probably be replaced by molecular
staging.
Surgery

Once a diagnostic procedure indicates a tumor in the
breast, cytological or histological confirmation is vital
before further treatment is given. Cytology is effective
in solid lesions, especially if sonographically guided. The
histology of the lesion, which can be obtained by a core
biopsy, is most useful for surgeons. This is the simplest
method for palpable lesions that are easily reached,
whereas a vacuum-assisted needle biopsy can obtain
enough material for a good histological diagnosis in non-
palpable or deep lesions (Burbank et al., 1996). Excision
biopsy a few days before definitive surgery is no longer
done, because it creates a local anatomical distortion that
makes conservative treatment difficult.

The sophisticated technique of sentinel lymph node
biopsy provides knowledge about the condition of the
axillary nodes without the need for dissection, when
lymph nodes are not affected. Internal mammary nodes
can also be easily reached during surgery, to complete the
staging procedure. With respect to distant, occult metas-
tases, PET will help identify occult foci of cancer cells
anywhere in the body.

Breast conservation is the most popular treatment
because most carcinomas have a restricted size and large
primary tumors can be reduced in size by primary
(neoadjuvant) chemotherapy before surgery. In most
breast cancer centers, conservative surgery (lumpectomy)
accounts for 75–85% of all operations. Total removal of
the mammary gland (mastectomy) is required for multi-
centric invasive carcinoma, extensive intraduct carci-
noma, inflammatory carcinoma, and large primary
carcinomas that have not been sufficiently shrunk by
neoadjuvant chemotherapy. Early recurrences or even a
second ipsilateral carcinoma of restricted size can also be
treated with conservative surgery.
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Several options are available for reconstruction of the
breast, from simple positioning of an expander to the use
of musculocutaneous flaps (such as the thoracodorsal or
abdominal flap, TRAM). One method becoming widely
used is the skin-sparing mastectomy that conserves an
extensive section of skin, as well as the more recent
skin- and nipple-sparing mastectomy, which preserves
the nipple-areolar complex.

Identical 5-year survival has been recorded in women
with axillary dissection and in women who underwent
axillary dissection only if the sentinel lymph node was
affected by tumor, although other clinical trials of the
long-term effect on survival are ongoing. The histological
diagnosis of the sentinel node should be immediately
available. The traditional frozen-section procedure
(which takes three or four sections of the node) often
fails to detect micrometastases. As a consequence, sur-
geons should completely and definitively examine the
sentinel node during surgery, and accurately section the
node (up to 60–80 sections) to avoid missing even very
small micrometastases. In about 85% of cases in which a
micrometastatic sentinel node is found, other axillary
nodes are not implicated. Therefore, many surgeons
now consider the option of simply monitoring patients
carefully with ultrasonography and PET.

In situ lesions are mainly treated with mammary resec-
tion. Since axillary metastases are rare, both lymph node
dissection and biopsy are optional.

In situ neoplasia should not be incorporated in the
TNM classification. Instead, it should be described with
the new ductal-intraepithelial-neoplasia system proposed
by Tavassoli (Tavassoli et al., 2003).
Radiotherapy

Radiotherapy in Breast Conservation

The current standard of care for patients with early-stage
breast cancer consists of breast-conserving surgery, fol-
lowed by 5–6weeks’ postoperative radiotherapy. The
need for radiotherapy in breast conservation is still
debated. Some subgroups of patients may be expected to
have a low risk of local recurrence, and radiotherapy
could therefore be avoided. Attempts have been made to
identify these populations, which might include indivi-
duals with small, low-grade tumors that are estrogen-
receptor-positive, or elderly patients resected with wide
tumor-free margins, but no subgroup has been identified
that would be adequately treated by breast-conserving
surgery alone.

Radiotherapy is used on the whole breast. Some data
support the effectiveness of an additional dose applied to
the tumor bed (i.e., boost irradiation) to reduce local
recurrence. The EORTC study results suggest that the
patients deemed to receive the greatest absolute benefit
from boost doses are those younger than 50 years and
at higher risk of local recurrence (large tumor size or
positive or small tumor-free margins in the surgical
specimen).

Different radiation treatment schedules with rapid
fractionation have been used for years in centers in the
UK and Canada. Results from a randomized trial support
delivery of a reduced total dose in a shortened schedule
(42.5Gy in 16 fractions for 22 days) in patients with
lymph-node-negative breast cancer treated by lumpec-
tomy. A short schedule (20 fractions) with concurrent
use of the boost dose is currently used at the European
Institute of Oncology Milan after quadrantectomy. In
patients younger than 48 years who receive an intraopera-
tive boost dose of 12Gy, a rapid course of external radio-
therapy is used (13 fractions of 2.85Gy each).

Partial breast irradiation

The rationale for partial breast irradiation (restricted to
the excision site and adjacent tissues) instead of the con-
ventional approach is based on the finding that most
recurrences arise near the primary tumor location. Partial
breast irradiation can be delivered by different techniques,
such as low- or high-dose-rate brachytherapy (delivered
interstitially or with an intracavitary balloon), conformal
external-beam irradiation (including intensity-modulated
radiotherapy), and intraoperative radiotherapy.

Intraoperative radiotherapy

ELIOT (ELectron Intra Operative Therapy) refers to the
application of a high dose of radiation during surgical
intervention, after removal of the tumor.

ELIOT is currently used in early-stage breast cancer
as the only treatment at the European Institute of Oncol-
ogy, and a prospective randomized trial is ongoing. Two
miniaturized mobile-linear accelerators producing a vari-
able range of electron energies are available. Apart from
low costs, ELIOT is advantageous because it potentially
overcomes problems related to the accessibility of radio-
therapy centers after surgery and has a beneficial impact
on the patient’s quality of life. ELIOT does not irradiate
the skin or the other breast, and irradiation to the lung and
the heart is greatly reduced. ELIOT can also be used to
give boost doses: One boost of 10–15Gy in an intraopera-
tive session will extend surgery by just 10–20min and
reduces the time for external treatment by 2weeks. The
TARGIT (TARGeted Intraoperative radio-Therapy)
trial is based on the use of a low-energy radiography
source to compare one fraction of radiotherapy with a
conventional postoperative approach.

Radiotherapy for ductal carcinoma in situ

The role of radiotherapy in ductal carcinoma in situ
(DCIS) managed with conservative treatment has been
defined by results from three randomized trials. Addition
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of radiotherapy reduced the local recurrence rate by
about 50%, with no effect on survival, and women with
positive margins benefited the most. Despite these posi-
tive data, the best management of DCIS is still controver-
sial. In fact, according to an analysis of a database of more
than 25 000 patients treated between 1992 and 1999,
almost half the women did not undergo postoperative
radiotherapy after breast-conserving surgery.
Development in radiation techniques
Nowadays, the target volume can be tailored to indivi-
duals, which reduces the dose to the lung on the same side
as the affected breast, and to the heart, the other breast,
and surrounding soft tissue. Intensity-modulated beam
arrangement ensures a more homogeneous dose delivery.
The increasing use of optic or electronic devices (or both)
to monitor organ motion and daily setup variations guar-
antees the accuracy and safety of the delivery system.
Radiotherapy in Locally Advanced Carcinoma

Breast-conserving surgery followed by radiotherapy can
be offered to patients with locally advanced disease who
respond to induction chemotherapy. A study of 340
patients given this combined treatment had a total loco-
regional recurrence rate of only 9% at 5-year follow-up.
Breast reconstruction after mastectomy has become a
standard procedure, and postmastectomy radiotherapy
might represent an obstacle to good aesthetic results
because of radiation-related fibrosis. The use of radio-
therapy after mastectomy is still controversial.
Radiotherapy of Metastases

With metastases in the skeleton, short courses of irradia-
tion can palliate symptoms and prevent fractures. Radio-
therapy and diphosphonates can improve the efficacy of
the treatment. Brain metastases or carcinomatous menin-
gitis can be treated successfully: Radiotherapy after com-
plete surgical resection can substantially improve control.
Patients with one brain metastasis who can be treated with
more aggressive therapies, including surgery and high-
precision radiotherapy, are especially challenging. Stereo-
tactic radiotherapy is also used in other secondary tumor
sites such as the liver, lung, and soft tissues.
Systemic Treatment

Treatment of Locally Advanced Disease

The presence of estrogen and progesterone receptors in
tumor cells shown by immunohistochemical staining is
a good predictor of endocrine-responsiveness. Staining
for either receptor indicates a response to endocrine
therapies. Chemotherapy is also effective in endocrine-
responsive disease, but the chances of more extensive cell
killing are lower for these tumors than for tumors that
are unresponsive.

The distinction between disease lacking expression of
steroid-hormone receptors and disease showing some
presence of these receptors is associatedwith gene-expres-
sion profiling and with the clinical course. Recognition of
such a distinction will require a fundamental shift away
from reporting whether the receptor status is positive or
negative, which is current practice in many laboratories, to
the quantitative reporting of receptor determinations.

Overexpression of the epithelial growth factor receptor
HER2/neu on tumor-cell membranes is a strong predictor
for response to trastuzumab (Tripathy et al., 2004). Over-
expression of both steroid-hormone receptors and
HER2/neu has been postulated as a condition for selective
resistance to tamoxifen, but less so to aromatase inhibitors
in postmenopausal women, and not to tamoxifen com-
bined with suppression of ovarian endocrine function.
Adjuvant Treatments

Adjuvant systemic therapy is given to attempt eradication
of micrometastatic disease, which may still be present in
all patients with invasive breast cancer. It aims to reduce
relapse and increase survival. Postoperative adjuvant
therapies cannot be checked for efficacy except with
respect to long-term outcomes in a randomized trial. In
contrast, the efficacy of systemic treatment given either
before surgery (i.e., primary treatments for operable or
locally advanced breast cancer) or for metastases, should
enable evaluation of the effect of treatment after short-
term treatment.

Adjuvant systemic treatments are usually offered to
reduce the risk of relapse. An expected 10-year survival
below 90% would justify the use of adjuvant chemother-
apy. The major concern about adjuvant cytotoxic treat-
ments is that they are offered to a large proportion of
patients who are either cured by local treatments or who
might have their small risk of relapse reduced by endo-
crine drugs alone.

Selection of adjuvant treatments is based on the dis-
tinction between endocrine-unresponsive and endocrine-
responsive breast cancer.

Patients with endocrine-responsive disease are offered
adjuvant systemic therapy based on endocrine treatments.
High risk of relapse (with metastatic lymph nodes in the
operated axilla or vascular invasion) can justify some
chemotherapy being given before endocrine treatment in
adjuvant therapy.

Premenopausal women with endocrine-responsive dis-
ease are usually offered tamoxifen, with or without sup-
pression of ovarian function. Use of cytotoxic drugs before
endocrine therapy is recommended only if the risk of
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relapse is very high. However, the role of both ovarian
function suppression and chemotherapy is still uncertain
for many of these patients, and trials are in progress.
Aromatase inhibitors, which need ovarian function sup-
pression, represent an additional treatment choice.

Women with endocrine-responsive disease after men-
opause are usually offered endocrine therapy with tamox-
ifen and increasingly with aromatase inhibitors. Efficacy
in reduction of recurrence and mortality well beyond
5 years’ treatment (carryover effect) is the reason for its
standard use. When prescribed, chemotherapy should be
given before the start of tamoxifen treatment.

New alternatives for tamoxifen are available to treat
postmenopausal women with endocrine-responsive dis-
ease after surgery, after 2–3 years of tamoxifen to complete
standard duration, or after 5 years to further reduce risk of
relapse (especially for patients at high risk of relapse)
(Coombes et al., 2004). These alternatives include nonste-
roidal (anastrozole and letrozole) and steroidal (exemes-
tane) aromatase inhibitors. The IBCSG (International
Breast Cancer Study Group) trial 18–98 or BIG 1–98,
which compares tamoxifen and letrozole alone or in the
two possible sequences, recently provided data on greatly
improved disease-free survival for postmenopausal
patients with endocrine-responsive disease who received
letrozole compared with those who received tamoxifen.
Neoadjuvant (Primary) Systemic
Treatments

Systemic primary treatment is usually offered to patients
with large primary tumors and aims to reduce tumor size
for breast-conserving surgery. With such treatment, phy-
sicians can also induce regression of axillary node metas-
tases and obtain knowledge on the responsiveness of the
disease to treatment.

Endocrine therapies for patients with endocrine-
responsive disease showed an improved outcome for aro-
matase inhibitors compared with that for tamoxifen.

Endocrine-unresponsive disease and high proliferation
rates (e.g., Ki67 expressed in �20% of tumor cells) are
important predictors of complete pathological response to
six courses of primary chemotherapy. Disease-free sur-
vival is substantially longer for patients with endocrine-
responsive disease than for patients who do not express
steroid-hormone receptors, even though patients with
endocrine-unresponsive disease are at least four times
more likely to obtain a pathological complete remission
after primary chemotherapy (Colleoni et al., 2004).

Anthracyclines and taxanes are usually used for
patients with both operable and locally advanced disease
(Nowak et al., 2004). Anthracycline-based primary chemo-
therapy has been reported to yield a large proportion of
responses in small-sized tumors with a high proliferation
index (Ki67) or grade, and with simultaneous overexpres-
sion of HER-2/neu and topoisomerase II, whereas
mutation of p53 has been associated with a reduced
response rate to chemotherapy. Chemotherapy regimens
that do not contain anthracycline (that have vinorelbine,
platinum, and fluorouracil) were also reported to be effec-
tive, especially for patients with endocrine-unresponsive
disease, with or without inflammatory features.
Conclusions

Breast cancer is the most common type of tumor inwomen
in most parts of the world. Although stabilized in Western
countries, its incidence is increasing in other continents.
Prevention of breast cancer is difficult because the causes
are not well known. We know of many risk factors such as
nulliparity, late age at first pregnancy, little or no breast-
feeding, which, however, are linked to the historic devel-
opment of human society. On the contrary, a great effort is
needed to improve early detection of the tumor. Screening
programs among the female population should therefore
be implemented. The early discovery of a small breast
carcinoma leads to a very high rate of curability and entails
verymild types of treatment, with preservation of the body
image. Treatments are improving, but a strict interdisci-
plinary approach is essential. It is conceivable that in all
countries specialized centers or units for breast cancer
management should be set up.
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Introduction

Historically, brucellosis has been known as Undulant
fever, Gibraltar fever, Rock fever, Mediterranean fever,
and Malta fever for humans, and Bang’s disease, swine
brucellosis, or contagious abortion for animals. It is a
highly transmissible zoonosis affecting a wide variety
of mammals. Human infections arise through direct con-
tact with infected animals or their products. Human-to-
human transmission is rare. Brucella melitensis is the most
common agent causing human brucellosis and results in
more severe infections than B. abortus. Failure to diagnose
brucellosis, which frequently presents as a chronic dis-
ease, is largely due to a lack of clinical awareness. In
addition, the bacterium that causes the disease is fastidi-
ous and not easily detected in clinical samples. Brucellosis
has important effects on both public health and animal
health and is widespread in many areas of the world. The
control of human disease is affected by control of animal
disease through vaccination, test, and slaughter of infected
herds, and by pasteurization of milk products. Brucellae
represent a significant aerosol biohazard to laboratory
workers and others at occupational risk such as veterinar-
ians, abattoir workers, and farmers. The interest in bru-
cellosis has increased since Brucella species has been
considered as a potential biological weapon.
Historical Aspects

In 1859, Marston, a British army physician, while working
on the island of Malta, described for the first time the
clinical manifestation of human brucellosis as ‘Mediterra-
nean gastric remittent fever.’ The causative organism for
Malta fever was discovered in 1887 by Sir David Bruce,
who named it Micrococcus melitensis. It was isolated from
the spleen of a British soldier who had died of the disease.
In 1897, Almroth Wright applied the newly discovered
bacterial agglutination test to the diagnosis of Malta fever.
In 1905, Zammit was the first to isolate brucella in goat
blood, and Major William Horrocks, also on the Mediter-
ranean Fever Commission, found the organism in milk,
thus demonstrating its zoonotic nature (Vasallo, 1996). This
important discovery led to the total ban on consumption
of goat’s milk by the military in order to eradicate the
disease. This discovery also helped to explain the epide-
miology of the disease. For example, officers were three
times more likely to become ill because they drank
more milk than private soldiers, and large numbers of
cases were found in hospitals where milk was widely
distributed.

A Danish physician and veterinarian, Bernhard Bang,
discovered Brucella abortus in 1897 while investigating
contagious abortion which had been affecting cattle in
Denmark for over a century. He also discovered that the
organism affected horses, sheep, and goats. Thus the dis-
ease became known as ‘Bang’s disease.’

The connection between animals and humans was dis-
covered in the 1920s by Alice Evans, an American bacteri-
ologist, who renamed the genus Brucella to honor Bruce.
The morphology and pathology of the organism was very
similar between Bang’s Bacterium abortus and Bruce’sMicro-

coccus melitensis. The name of Sir David Bruce has been
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carried on in today’s nomenclature of the organisms. B. ovis
was isolated in 1953 from sheep with ram epididymitis in
New Zealand and Australia. B. caniswas discovered in 1966
from dogs, caribou, and reindeer. In 1994, the first Brucella
strain isolated from an aborted fetus of a bottlenose dolphin
(Tursiops truncatus) was described. Since then, several Bru-
cella strains have been isolated frommarine mammals. They
are distinct from the six recognized species in terms of their
phenotypic and molecular characteristics.
Epidemiology

Routes of Transmission

Sheep, goats, cattle, swine, dogs, and other mammals are
the principal reservoir for human contagion. The main
route for dissemination of Brucella is the placenta, fetal
fluids, and vaginal discharges expelled by infected animals
after abortion induced by the infection. It provides an
important source of infection for man and other animals.
Brucellosis is transmitted directly by infected aerosols, via
the gastrointestinal tract, or wounds in skin and mucosae.
After entry in the body, the organisms arrive at the lymph
nodes before bacteremia occurs. Bacteremia often leads to
the invasion of the uterus, udder, the mammary glands,
and sometimes the spleen. Products derived from infected
animals and environmental conditions are secondary
routes of transmission just as important as the route
related to abortion. Survival of Brucella in such situations
is summarized in Table 1. Rare cases of acquisition
through organ transplantation, sexual contact, breastfeed-
ing, the transplacental route, and contaminated cosmetic
derivates have been described (Grave and Sturn, 1983;
Pappas et al., 2005a). In 1983, Stantic-Pavlinic et al.
described the first uncommon case of human-to-human
transmission when a laboratory worker probably transmit-
ted the disease to his wife.

In industrialized countries there is a clear correlation
between animal brucellosis and an occupational hazard to
Table 1 Survival of Brucella species in the environment

Environment Conditions Survival time

Direct sunlight <31 �C 4h 30min

Tap-water 4�–8 �C > 2months
Dump soil 60days

Street dust 3–44days

Wool In warehouse 4months

Hay Several days to months
Animal feces 100days

Animal urine 37 �C, pH=8.5 16h

Heating at 60 �C 10min
Phenol 1% 15min

Milk Several days

Fresh cheese 3months
persons engaged in certain professions (shepherds, abattoir
workers, veterinarians, and dairy industry professionals),
whereas in developing countries the disease is related to
people who consume unpasteurized or uncooked animal
products. Microbiology laboratory personnel and physi-
cians are also at risk.

Prevalence and Incidence

This zoonosis has important repercussions for both the
public health and the economies of especially undevel-
oped countries. The first country declared officially free
of brucellosis as regards bovine herds was Sweden in 1957.
Since then, effective government-supported vaccination,
programs for slaughter of infected animals, and control of
home-made animal products have almost eradicated or
steadily decreased the number of brucellosis cases in most
industrialized countries. In 2004, 42 countries around the
worlddeclared no bovine brucellosis cases. However, bovine
brucellosis has become an emerging disease in many
parts of the world. For example, Scotland was declared
free of bovine brucellosis in 1993; however, 10 years later,
B. abortus was isolated from cattle in four herds.

To date, only two countries (Switzerland andMyanmar)
claim to be free of all forms of animal brucellosis (Table 2).
The real incidence of brucellosis may be higher because of
the inability of status reporting from many countries,
because some cases are treated as if they were other
infectious diseases, and also because the current diagnosis
procedures are inaccurate.

The current worldwide prevalence of all forms of
brucellosis is in practice limited to the Middle East, the
Balkan area, certain Mediterranean countries, and some
Latin America countries. Brucellosis in small ruminants
caused by B. melitensis is the most common form of the
disease in developing countries and it is almost always
associated with clinically apparent disease in humans.
Only 24 countries currently claim to be free of this form
of the disease, which has proved to be a difficult problem
to solve. As regards human brucellosis, the 15 countries
with the highest incidence are summarized in Table 3,
with Syria in first place. Syria has experienced a steep
increase in recent years: from 6487 human cases in 2000 to
29 580 cases in 2004, statistics that also correlate with an
increase since 2002 in ovine brucellosis, the only domestic
animal affected. In countries such as Mexico, where con-
trol measures such as screening, surveillance, border
control, vaccination, and slaughter of sick animals are
lacking, there is a high prevalence of brucellosis in small
ruminants. Animal disease occurrence does not seem to
have decreased in years, and could explain the sustained
incidence of human disease. Although rare, porcine
brucellosis is widely spread internationally. In 2004, the
highest numbers were registered in French Polynesia,
Portugal, Croatia, Cuba, and India (Table 3).



Table 2 Countries reporting (year of) eradication of bovine,

ovine, caprine, and porcine brucellosis, 2004a

Bovine Ovine Caprine Porcine

Andorra 2001

Australia 1989

Austria 2003 2003 2003

Barbados 1978
Belarus 1984

Belgium 2000

Botswana 1995 1995

Brazil 2001 2001 2003
Bulgaria 1958 1941 2003

Canada 1989

Chile 1975 1987
Croatia 1965

Czech Republic 1964 1996

Denmark 1962 1999

Dominican Republic 1998 1998
Eritrea 2002 2002

Estonia 1961 1988

Ethiopia 2002

Finland 1960
France 2003 2003

French Polynesia 1984 2000

Georgia 1997 1997 1995
Germany 2000

Ghana 2002

Greece 2001

Guyana (France) 1995
Hungary 1985

Israel 1984

Italy 2003

Jamaica 1994
Japan 2002 1949 1949

Korea (Republic of ) 1995

Kosovo 2003 2003
Latvia 1963 1994

Lithuania 1992 1992

Luxembourg 1995

Malta 1996 2001 2001
Moldavia 1985 2002

Myanmar 2003 1999 1999 2002

Netherlands 1996 1973

New Zealand 1989
Norway 1953

Panama 2001 2001 2001

Poland 2003

Romania 1969
Russia 2003

Serbia and

Montenegro

2003

Singapore 1989

Slovakia 1964 1992

Slovenia 1998 1997

South Africa 1999
Sri Lanka 1998 1998 1998

Swaziland 2003 2003

Sweden 1957 1957

Switzerland 1996 1985 1985 2002
Syria 1999

Taipei China 1990

Togo 2003 2003

Continued

Table 2 Continued

Bovine Ovine Caprine Porcine

Turkmenistan 2002 2003

Uganda 2001

UK/Isle of Man 1978
Ukraine 1992 1999 2002

United States of

America

1999 1999

Uzbekistan 1995
Vanuatu 1992

Zimbabwe 1996 1996

aData obtained from http://www.oie.int/hs2/report.asp?lang¼es.
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The epidemiologic pattern of human brucellosis has
changed in the United States in the past 60 years as a
result of veterinary control efforts. In 1947, the number
of human cases was the highest ever reported. Thanks to
successful brucellosis eradication programs consisting of
vaccination of young animals and slaughter of sick animals
or older animals with serologic evidence of infection, the
annual incidence has been lowered to fewer than 100 cases
in the past two decades. These few cases are situated in
Texas and California and are probably due to the illegally
imported animals and dairy products from Mexico.
Causative Organism

Taxonomy of Brucella Species

Brucella is a member of the a-Proteobacteria class. Brucella
species are named based on their primary host species.
There are currently six recognized species within this
genuswhich varies in preference host and grade of virulence
for humans (Table 4). Since 1994, when two new species
frommarine mammals (temporarily called B. pinnipediae and
B. cetaceae) were isolated, only three cases of acquired human
infection with these strains have been reported. In recent
years, an important controversy has developed concerning
the taxonomy of the genus Brucella. Several molecular geno-
typing methods have been used to show that all Brucella
species, including the recently isolated marine mammal
strains, share a high degree of DNA-relatedness, which
feeds the controversyover considering a singlemonospecific
genus, B. melitensis, and other species as biovars. Moreover,
the close relationship between the genera Ochrobactrum and
Brucella has been recently sustained by the study of the
genetic diversity among Ochrobactrum strains. Leal-Klevezas
et al. suggest that the family Brucellaceae should be revised
and only Brucella and Ochrobactrum should be included.

Description of Brucella Species

Brucellae are aerobic, Gram-negative, non-motile cocco-
bacilli 0.6 to 1.5 mm long by 0.5 to 0.7 mm in width.
They are non-motile, non-hemolytic, non-spore-forming,

http://www.oie.int/hs2/report.asp?lang=es
http://www.oie.int/hs2/report.asp?lang=es


Table 4 Brucella species and biovars, natural host and pathogenicity to humans

Species Biovar Host species Human pathogen Virulence Infective dose

B. melitensis 1
2 Goats, sheep, and cattle Yes þþþþ 1–10

3

B. abortus 1

2
3

4 Cattle Yes þþ 100000

5
6

9

B. suis 1 Swine Yes þþþ 1000–10000

2
3

4 Reindeer and caribou

5 Rodents

B. canis None Canids Yes þ 1000000
B. ovis None Sheep No � None

B. neotomae None Desert wood rat No � None

B. maris ? Marine mammals Yes ? ?

Table 3 Main 15 countries in number of brucellosis cases (registered in 2004)a

Human brucellosis Bovine brucellosis Caprine/ovine brucellosis Swine brucellosis

Syria (29 580) Chile (143 171) Spain (110299) French Polynesia (500)
Turkey (18264) Brazil (81 298) Italy (55 769) Portugal (374)

Iraq (7261) Mexico (56363) Iraq (30 013) Croatia (332)

Mexico (2582) Spain (23872) Macedonia (Former Yug. Rep. of ) (15 384) Cuba (33)

Mongolia (634) Russia (7769) Mexico (12 172) India (31)
Italy (631) Venezuela (7136) Kazakstan (5214) Mexico (24)

Spain (596) South Africa (5432) Algeria (2290) Germany (12)

Russia (506) Bolivia (4605) Tayikistan (2121) Austria (8)

Uzbekistan (484) Korea (Rep. of) (4076) Turkey (1980) Rumania (3)
Azerbaijan (407) Italy (3695) Egypt (1410) Nicaragua (1)

Tunisia (354) Iraq (2618) Serbia and Montenegro (1354)

Macedonia (297) Paraguay (2447) Cyprus (998)
Greece (223) Cuba (1832) Yemen (867)

Palestinian territories (160) Georgia (1764) Bosnia-Herzegovina (784)

Georgia (157) Kazakstan (1518) Saudi Arabia (687)

aData obtained from http://www.oie.int/hs2/report.asp?lang¼es.
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non-toxigenic, and non-capsule-forming bacteria. Their
metabolism is largely oxidative. Brucella species are cata-
lase positive and usually oxidase positive; most strains
reduce nitrate to nitrite (except B. ovis and some B. canis

strains), and some may also reduce nitrite to gas. The
identification of cultured Brucella species carries an array
of 25 phenotypic features, including serological typing for
the A and M antigens, phage typing, requirement for
elevated CO2 atmosphere, and metabolic process. All spe-
cies are indole-negative and VP-negative. Lysis by Brucella
phages is a useful tool to confirm the identity of Brucella
species. Brucella biovars are differentiated by their require-
ment for CO2 for growth, production of urease which varies
from fast to very slow, H2S production, sensitivity to the
dyes basic fuchsine and thionine, and seroagglutination in
serum (Table 5). Penicillin is used for the routine differ-
entiation of the vaccinal strain B. abortus species biovar 1
strain 19, and streptomycin for B. melitensis biovar 1 strain
Rev. 1.
The Genome

Recently, B. melitensis, B. abortus, and B. suis species gen-
omes have been completely sequenced (Del Vecchio et al.,
2002). B. melitensis has a circular large chromosome of
2.12Mb and a small chromosome of 1.18Mb, respectively,
with a 57% GC content. It has no plasmids. Out of the
3197 open reading frames, 2487 had a known function. B.
abortus biovars 1 and 4 and B. suis biotype 1 are remarkably
similar to B. melitensis. In contrast, B. suis biotypes 2 and 4

http://www.oie.int/hs2/report.asp?lang=es
http://www.oie.int/hs2/report.asp?lang=es


Table 5 Biovar differentiation of Brucella species

Growth on dyes
Agglutination in
serum

Species Biovar
CO2

requirement H2S Urease Oxidase
Basic fuchsin
(20mg)

Thionine
(40mg) A M R

B. melitensis 1 – – þ þ þ þ – þ –

2 – – þ þ þ þ þ – –
3 – – þ þ þ þ þ þ –

B. abortus 1 þ/v þ þ þ þ – þ – –

2 þ/v þ þ þ – – þ – –
3 þ/v þ þ –/v þ þ þ – –

4 þ/v þ þ þ þ/v – – þ –

5 – – þ þ þ þ – þ –

6 – – þ þ þ þ þ – –
9 – þ þ þ þ þ – þ –

B. suis 1 – þ þ þ –/v þ þ – –

2 – – þ þ – þ þ – –

3 – – þ þ þ þ þ – –
4 – – þ þ –/v þ þ þ –

5 – – þ þ – þ – þ –

B. canis – – þ þ –/v þ – – þ
B. ovis þ – – – –/v þ – – þ
B. neotomae – þ þ – – – þ – –

Abbreviations: þ, positive; �, negative; þ/v or �/v, variable; A, monospecific B. abortus antiserum; M, monospecific B. melitensis

antiserum; R, anti-rough Brucella serum.
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are composed of two replicons of 1.35 and 1.85Mb, respec-
tively, whereas B. suis biotype 3 is composed of a single
circular replicon of 3.3Mb.
Virulence

In contrast to other intracellular pathogens, Brucella spe-
cies do not produce exotoxins, antiphagocytic capsules
or thick cell walls, resistant forms or fimbriae, and do
not show antigenic variation. Brucella lipopolysaccharide
(LPS) is one of the key molecules involved in its virulence.
It has a remarkable set of properties such as resistance to
binding by antimicrobial peptides and proteins, low com-
plement activation, low stimulation of cells triggering the
cytokine network, and low toxicity for the cells where
the bacterium grows. Brucella strains may occur smooth
or rough, expressing smooth LPS (S-LPS) or rough LPS
(R-LPS) as major surface antigens. Normally, except for
B. ovis and B. canis, rough strains contain less or no LPS and
are less virulent than smooth strains. Like other intracel-
lular organisms, Brucella can resist killing by neutrophils
following phagocytosis (Finlay and Falkow, 1997) but also
can replicate within membrane-bound compartments in
macrophages and nonprofessional phagocytes. Its ability
to survive and multiply intracellularly relies mostly on
the inhibition of phagolysosomal fusion through rapid
acidification of the phagosome following uptake. It
has been shown that B. abortus produces 50-guanosine
monophosphate (GMP) and adenine that inhibit the
myeloperoxidase-H2O2-halide antibacterial system of
polymorphonuclear neutrophils by inhibiting degranula-
tion. The mechanism used to avoid phagolysosome fusion
is not clearly known; however, some metabolic activities
seem to be responsible for this.

Since 1990 a number of virulence factors have been
described for Brucella species by molecular techniques
suggesting a crucial role in Brucella’s intracellular survival.
Potential virulence factors that include several stress-
induced proteins, heat shock proteins, proteases, and
compounds associated with LPS synthesis have been
described (Riley and Robertson, 1984). The aminoacid
sequence of the first virulence-associated gene of Brucella
species was detailed by Beck et al. (1990). This gene, des-
ignated Cu-Zn SOD, encodes a copper-zinc superoxide
dismutase that forms part of the antioxidant defense sys-
tem that protects bacteria-eliminating intermediate oxy-
gen products. Genes within the loci encoding the type IV
secretion system of Brucella species (vir B) have been
described in macrophages and epithelial cells as well
as in animal models to be induced by the acidification
of the vacuole in the phagocyte. Brucella has no plasmids
and it is probable that the proteins encoded by the vir
B genes are involved in protein secretion rather than
conjugation.

The greater number of virulence genes required for
chronic infection versus acute disease may reflect the req-
uirement for additional adaptations to ensure long-term
persistence, such as those that prevent clearance of B. abortus
by the host immune system ( Jones and Winter, 1992).
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Recently, a new virulence factor has been identified.
It is a small periplasmic protein unique to the genus
Brucella called BvfA (for Brucella virulence factor A).
The BvfA deletion mutant made from B. suis was highly
attenuated both in in vitro macrophage infection assays
and in in vivo murine models of brucellosis. It was shown
that the expression of this factor is induced within macro-
phages by phagosome acidification and coregulated with
the B. suis vir B operon, suggesting that it too may play a
role in the establishment of the intracellular niche
(Detilleux et al., 1990).
Table 6 Frequency of symptoms and signs in patients with

brucellosis according to 8 major series

Symptoms
Frequency
(range, %)

Fever 62–100
Chills 32–86

Diaphoresis 12–96

Headache 16–77
Back pain 24–73
Clinical Manifestations of Human
Brucellosis

The clinical complexity of human brucellosis is shown in
Figure 1. Not everyone who has contact with Brucella

specimens develops active brucellosis. For example, more
than 50% of slaughterhouse workers and up to 33% of
veterinarians have high anti-Brucella antibody titers, but no
history of recognized clinical infection. Persons who
develop acute, symptomatic brucellosis can manifest a
wide spectrum of symptoms including fever, sweating, mal-
aise, anorexia, headache, arthralgias, myalgias, backache,
and weight loss (Table 6). Fever may become undulant
(recurrent) if left untreated, with periods with and without
fever. Examination frequently shows nothing abnormal,
apart from fever, but lymphadenopathy, splenomegaly,
or hepatomegaly is found in some cases (see Table 6).
Complications of brucellosis can affect any organ, and,
apart from abscess formation, can occur anywhere in
the body. Complications include spondylitis, sacroiliitis,
osteomyelitis, meningitis, and orchitis (Table 7). The
main cause of mortality, however, is endocarditis. Moreover,
the most important contributor to a poor outcome is proba-
bly a delay in instituting effective antibiotic treatment.

Brucellosis must be distinguished from other endemic
acute and subacute febrile illnesses. Influenza, malaria, deep
Therapy
intensity

Disease
severity

Exposition without infection

Focal disease

Clinical brucellosis

Asymptomatic infection

Figure 1 The complexity of human brucellosis.
abscesses, tuberculosis, amebic liver abscess, encephalitis,
dengue, leptospirosis, infectiousmononucleosis, endocardi-
tis, typhoid fever, typhus, visceral leishmaniasis, toxoplas-
mosis, lymphoproliferative disease, and connective-tissue
diseases should be considered. For patients in countries
where brucellosis is not endemic, a travel history is crucial.
Management

Diagnosis

The absence of specific symptoms or signs makes the
clinical diagnosis of human brucellosis difficult. Diagnosis
depends on a keen awareness of a possible infection and a
thorough occupational and travel history. Definite diag-
nosis requires isolation of the organism from blood, or
other clinical samples of infected patients. However, the
diagnosis of brucellosis is often made serologically.
Isolation of Brucella

Blood cultures are still the standard diagnostic method.
They are positive in 60% to 80% of patients with acute
brucellosis. The sensitivity of blood cultures is highest in
the first weeks of the illness, is reduced by prior use of
antibiotics, and increases with the volume of blood
cultured. Culture of bone marrow is more sensitive.
Results are positive in 80% to 95% of patients with
Fatigue 20–73

Arthralgia 14–77

Myalgia 40
Anorexia and weight loss 16–62

Abdominal symptoms (including pain, nausea,

emesis, constipation, or diarrhea)

16–50

Respiratory symptoms (including chest pain,
cough, or sputum)

0–25

Fever 84–96

Hepatomegaly 6–46
Splenomegaly 7–42

Lymphadenopathy 8–25

Osteoarticular findings (arthritis, spine and joint

tenderness)

12–43

Orchitis/epididymitis 0–10

Skin rash 0–5

Neurologic abnormalities 0–5

Relative bradycardia 0–10



Table 7 Clinical syndromes and focal complications of brucellosis

Type Comment

Skeletal
Arthritis, spondylitis, sacroiliitis, osteomyelitis, bursitis,

tenosynovitis

Occur in about 20–85% of patients. In children, arthritis of hip and
knee joints most common. Unilateral sacroiliitis common in

young adults. Spondylitis is the most serious complication and

paraspinal and epidural abscess not infrequent

Neurological and psychiatric
Meningoencephalitis, cerebral abscess, myelitis, neuritis,

depression and psychosis, cerebral venous thrombosis

Occur in about 2–5% of patients. Cerebrospinal fluid (CSF)
examination reveals a lymphocytic pleocytosis with an elevated

protein and normal or low glucose level. Gram’s stain and

culture low sensitivity. Computerized tomography may

demonstrate basal ganglia calcification and abscesses
Genitourinary

Epididymo-orchitis, prostatitis, cystitis, interstitial nephritis,

glomerulonephritis

Unilateral epididymo-orchitis frequent in young men. Renal

involvement is uncommon although interstitial nephritis,

pyelonephritis, immunoglobulin (Ig) A and membranous
glomerulonephritis, massive proteinuria, and caseating

granulomas have all been reported in the literature. Increased

rates of spontaneous abortion, premature delivery, and

intrauterine infection with fetal death have been described
among pregnant women with clinical evidence of brucellosis

Cardiovascular

Endocarditis, myocarditis, pericarditis, endarteritis,

thrombophlebitis

Endocarditis occurs in <2% of cases, being the most common

cause of death. Aortic valve involvement is the most frequent

endocarditis subtype. Embolic phenomena are common. Valve
re-emplacement is warranted in most cases. Mycotic

aneurysms of the aorta and large vessels are rare

Hepatobiliary
Nongranulomatous and granulomatous hepatitis,

hepatic abscess, cirrhosis, acute cholecystitis

Abnormal liver function tests occur in 30%–90% of patients.
Percutaneous drainage and prolonged course of antibiotics

Spleen

Splenomegaly, spleen abscess, splenic calcifications

Surgical drainage of localized suppurative lesions and

splenectomy may be of value if antimicrobial treatment is
ineffective

Pulmonary

Bronchitis, bronchopneumonia, hiliar adenopathy, perihiliar

infiltrates, nodular lesions, lung abscess, interstitial pattern,
empyema, pleural effusions

Cough and other pulmonary symptoms in about 15–25% of

patients. Less than 40% of patients with a cough have normal

chest X-rays

Hematological

Anemia, leukopenia, thrombocytopenia and pancytopenia,
hemophagocytosis, disseminated intravascular coagulation

More common in patients with Brucella melitensis.

Hemophagocytosis

Cutaneous

Rashes, papules, petechiae, purpura, cutaneous

granulomatous vasculitis, erythema nodosum

Occur in about 5% of patients. Many transient and often

nonspecific skin lesions have been described

Other

Ocular infection, thyroiditis, mastitis, colitis

Ophthalmologic complications of Brucella infection include uveitis,

keratitis, endophthalmitis, dacryo-cystitis, and optic neuritis.

Brucellosis could involve any organ or organ system. Many other

rare complications have been described
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brucellosis, even in patients who have been taking anti-
biotics for several days, regardless of the duration of the
infection. Blood cultures are less sensitive than bone mar-
row cultures because of the lower numbers of microor-
ganisms in blood as compared with bone marrow. Blood
may be cultured using the biphasic method of Castaneda
which uses both a solid and a liquid medium in the same
container. The modern semiautomatic culture systems
have somewhat improved the speed of detection. Brucella,
however, is a slow-growing organism and cultures are
rarely positive before the third day of incubation. Usually
cultures become positive in the first week, but should be
kept for at least 3 weeks before concluding that the culture
is negative for Brucella. Blind subculture is recommended
at the end of the third week of incubation. Cultures have
also been made from the synovial, pleural, peritoneal, and
cerebrospinal fluids, urine, and biopsies of various tissues
(liver, spleen, lymphadenopathy). The sensitivity of body
fluid and tissue cultures depends on the amount of mate-
rial used; however, the positivity rate is lower than that of
blood cultures.

Brucella is isolated on most standard media (e.g., sheep-
blood, chocolate, tryptic soy agars). The optimum pH for
growth varies from 6.6 to 7.4 and the temperature is
36�–38 �C. Brucella requires biotin, thiamine, and nicotin-
amide. The growth is improved by serum or blood, but
haemin (V-factor) and nicotinamide-adenine dinucleo-
tide (X-factor) are not required. The growth of most
Brucella strains is inhibited on media containing bile
salts, tellurite, or selenite. Growth is poor in liquid
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media unless culture is vigorously agitated. On suitable
solid media, colonies can be visualized after 4 days as
pinpoint, 1–2mm in diameter, smooth borders, translu-
cent, and a pale honey color. CO2 enhances growth of
some biovars of B. abortus. Smooth Brucella cultures, espe-
cially B. melitensis cultures, tend to change to rough forms,
and sometimes to mucous forms. Colonies are then less
transparent with granular surface and the color changes
from matt white to brown.
Serological Diagnosis

Most serological tests rely on the unique antigenic prop-
erties of LPS that are shared among the three Brucella

species that cause disease in humans. The use of LPS as
an antigen causes cross-reactivity with organisms such
as Vibrio and Yersinia enterocolitica that share common
features of the LPS. More important in the use and
interpretation of LPS-based testing is the fact that in
endemic areas a large proportion of the population may
have developed antibodies due to previous disease or
exposure.

The most frequently used test is the standard tube
agglutination (STA) test, measuring antibody to B. abortus
antigen. This test equally detects antibodies to B. abortus,
B. suis, and B. melitensis but not to B. canis. STA is per-
formed by mixing serial dilutions of serum, usually 1:20
through 1:2560, with Brucella antigen in test tubes or in
wells of an enzyme-linked immunosorbent assay (ELISA)
plate. After overnight incubation, agglutination is read
either by the unaided eye or under a binocular. A pre-
sumptive case is one in which the agglutination titer
is positive (>1:160) in single or serial specimens, with
symptoms consistent with brucellosis. In endemic areas
the diagnostic threshold value will have to be set at
least 1 titer step higher (1:320) to provide a sufficiently
high specificity as many asymptomatic individuals
will have titers equal to the lower threshold level of
1:160. The use of the higher threshold level, however,
severely restricts the sensitivity and clinical importance
of the test.

Sometimes STA is performed in the presence of the
reducing agents 2-mercaptoethanol (2-ME) or dithio-
threitol (DTT). These reducing agents destroy the agglu-
tinating activity of immunoglobulin M (IgM) leaving IgG
intact. The 2-ME or STA-DTT test is used to increase
the specificity of the reaction by looking at IgG only,
which is important in patients with a more persistent
infection.

A simple and rapid diagnostic test could be very useful
in clinical practice. The Rose Bengal test (RB) is often
used as a rapid screening test. RB is based on the aggluti-
nation of serum antibodies with a stained whole cell
preparation of killed Brucella. RB is performed by mixing
on a glass plate a drop of RB reagent with an equal volume
of serum and agglutination is read after 2 to 4minutes.
The sensitivity of RB is very high (>99%) but the speci-
ficity can be disappointingly low. As a result, the positive
predictive value of the test is low and a positive test result
thus requires confirmation by a more specific test. The
negative predictive value of RB, though, is high and a
negative test result excludes active brucellosis with a
high degree of certainty. To increase the specificity and
the positive predictive value of RB the test may be applied
to a serial dilution (1:2 through 1:64) of the serum sample.
The specificity of the RB increases when higher dilutions
agglutinate and titers of 1:8 or 1:16 and above may be
regarded as positive. This approach, however, inevitably
results in a lower sensitivity.

Many other serological tests, less labor intensive, and
subjective methods like enzyme immunoassays (EIAs)
have been exploited for serologic diagnosis of Brucella

infections but none of them have been demonstrated as
superior to classical tests.

In brucellosis, specific IgM antibodies dominate dur-
ing the acute phase of the disease. Specific IgG antibodies
are present in the serum of patients at later stages of the
illness and in the serum of relapsing patients. ELISA is
used to discriminate between the presence of specific IgM
and IgG antibodies and to roughly access the stage of
illness. STA and the 2-ME test are also used for this
purpose but are less accurate.
Molecular Diagnosis

Polymerase chain reaction (PCR)-based diagnostic meth-
ods have been developed in the last two decades to detect
Brucella DNA in human samples. PCR has proved to be
more sensitive than culture in patients with relapsed or
focalized brucellosis, and it is particularly useful when
antibiotic therapy has been administered before clinical
specimens have been collected for Brucella culture.

PCR technology represents one of the few diagnostic
tests with the potential to detect infections caused by all of
the known species of Brucella. PCR-based assays are rapid,
simple, sensitive, and specific, as well as inexpensive to
perform, and often can be automated to accommodate
minimal labor and/or high production.

Various qualitative (conventional and nested) PCR
using a variety of single primer sets or multiplexed assays
based on identification of different parts of the Brucella

species genome have been developed for diagnosis of both
animal and human brucellosis or supervision of food
products. Most assays typically differentiate Brucella spe-
cies by amplicon size and have been designed using dif-
ferent DNA targets (Colmenero et al., 2004).

To date, a variety of clinical specimens from patients
with suspected brucellosis have been analyzed by the
mentioned PCR-based methods with blood samples
being the most frequently tested (Table 8).



Table 8 Sensitivities and specificities of PCR assays for detection of Brucella species. DNA in different clinical specimens from

patients with brucellosisa

Clinical specimen
No. of patients
included (range)

No. of
studies
included

Median %
sensitivity
(range)

Reported %
specificity range Referents

Conventional PCR

Blood (10–263) 12 84.35 (50–100) 95.43 (60–100) (Navarro, 1999), (Matar, 1996),
(Queipo-Ortuño, 1997),

(Zerva, 2001),

(Al-Nakkas, 2002), (Nimri,

2003), (Morata, 2003),
(Vrioni, 2004), (Queipo-

Ortuño, 2005), (Al-Nakkas,

2005), (Elfaki, 2005), (Morata,
1999)

Serum (25–243) 3 89.67 (79–96) 100 (Zerva, 2001), (Vrioni, 2004),

(Elfaki, 2005)

CSF 1 1 100 100 (Elfaki, 2005)
Synovial fluid 8 1 87.5 100 (Morata, 2001)

Pus abscesses 5 1 100 100 (Morata, 2001)

Urine 5 1 100 100 (Morata, 2001)

Bone 4 1 100 100 (Morata, 2001)
Sputum 2 1 100 100 (Morata, 2001)

Renal cyst fluid 2 1 100 100 (Morata, 2001)

Pleural fluid 1 1 100 100 (Morata, 2001)
Renal tissue 1 1 100 100 (Morata, 2001)

Thyroid tissue 1 1 100 100 (Morata, 2001)

Real-time PCR

Blood 18 1 100 100 (Navarro, 2006)
Serum (17–60) 3 81.77 (64.7–91.7) 96.13 (93–100) (Debeaumont, 2005),

(Queipo-Ortuño, 2005),

(Queipo-Ortuño, 2005)

CSF 6 1 100 100 (Colmenero, 2006)

aOnly studies published in English in MEDLINE.

CSF, cerebrospinal fluid; PCR, polymerase chain reaction.
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Real-time PCR has revolutionized the way clinical
microbiology laboratories diagnose many human mic-
robial infections. Real-time permits detecting and quan-
tifying DNA targets by monitoring PCR product
production, measured by increased fluorescence during
cycling, rendering post-amplification manipulations
unnecessary. Sample processing is automated minimizing
the risk of carryover contamination and reducing time
consumption. A real-time PCR assay was first reported
for detection of three different Brucella species in 2001
by Redkar. The three PCR reactions permit identifica-
tion of each of the three species (B. abortus, three biovars
of B. melitensis, and B. suis biovar 1) separately. Recen-
tly, Navarro et al. (2006) have detected for the first
time Brucella melitensis DNA in blood of patients with
brucellosis throughout treatment and post-treatment
follow-up, despite apparent recovery from infection,
using quantitative real-time PCR. The data suggest that
brucellosis may be a chronic, relapsing disease compara-
ble with those caused by intracellular pathogens such as
Mycobacterium tuberculosis.
In general, PCR assays have not been widely accepted
for laboratory diagnosis of brucellosis because of the lack
of standardization between laboratories, and the cost in
poorer countries.
Treatment

Antimicrobial therapy is useful for shortening the natural
course of the disease, decreasing the incidence of compli-
cations, and preventing relapse. Appropriate antibiotics
should have high in vitro activity and good intracellular
penetration. Current treatment recommendations are
based on the results of published scientific studies and
on clinical experience (Table 9).
Treatment of acute brucellosis in adults without

complications or focal disease

The preferred regimen is combination therapy with
doxycycline 100mg orally twice daily for 45 days and
streptomycin 1 g intramuscularly once daily for the first



Table 9 Treatment of brucellosisa

Clinical syndromes Recommended Alternative

Acute brucellosis (adults and
children > 8 years)

Doxycycline 100mg PO b.i.d.�45days plus
either streptomycin 15mg/kg IM

daily�14–21days or gentamicin 3–5mg/kg IV

daily�7–14days

Or
Doxycycline 100mg PO b.i.d.�45days plus

rifampin 600–900mg PO daily� 45days

Rifampin 600mg PO daily� 42days plus
quinolone (ofloxacin 400mg PO b.i.d. or

ciprofloxacin 750mg PO b.i.d.)�42days

Or

Doxycycline 100mg PO b.i.d. plus TMP-
SMZ 1 DS tablet b.i.d.� 2months

Children < 8 years TMP-SMZ 5mg/kg (of TMP component) PO

b.i.d.� 45days plus gentamicin 5–6mg/kg IV
daily� 7days

Rifampin 15mg/ kg PO daily� 45days plus

gentamicin 5–6mg/kg IV daily�7days

Focal Brucella infections

(endocarditis, spondylitis,
meningitis, paraspinous

abscess)b

Doxycycline 100mg PO b.i.d. and rifampin

600mg PO daily�6–52weeks plus either
streptomycin 1 g IM daily or gentamicin

3–5mg/kg IV daily�14–21days

Consider TMP-SMZ, ciprofloxacin 750mg PO

b.i.d. or ofloxacin 400mg PO b.i.d. as
substitute for doxycycline or rifampin.

Surgery should be considered for patients

with endocarditis, cerebral or epidural

abscess, spleen or hepatic abscess, or
other abscesses that are antibiotic resistant

Brucellosis during pregnancy Rifampin 600mg PO daily� 45days plus

TMP-SMZ 1 DS tablet b.i.d.�45days

Rifampin 600–900mg PO daily�45days

aThe choice of regimen and duration of antimicrobial therapy should be based on the presence of focal disease and underlying

conditions that contraindicate certain antibiotics.
bPatients with focal disease (such as spondylitis or endocarditis) may require long courses depending on the clinical evolution.

Aminoglycoside and quinolone dosage should be adjusted in patients with poor renal function.
b.i.d., twice a day; DS, double strength; IM, intramuscular; IV, intravenous; PO, bymouth; TMP-SMZ, trimethoprim and sulfamethoxazole.

366 Brucellosis
14 days. Gentamicin 5mg/kg/day once daily can be sub-
stituted for streptomycin. Alternative treatment consists of
the same dosage and time of doxycycline plus rifampin
600–900mg daily for 45 days (Solera et al., 1997). For
patients in whom tetracyclines are contraindicated no
other antibiotic combination offers a consistent treatment
option that is as effective as doxycycline-streptomycin or
doxycycline-rifampin in the treatment of acute brucellosis.
Therapy in patients with focal disease

The most common complications of brucellosis are sum-
marized in Table 7. Except for a few localized forms for
which surgery is necessary, the basic treatment for focal
brucellosis consists of administration of antimicrobial
agents. The preferred regimen is the same as for brucel-
losis without focal disease (see Table 9). However, dura-
tion of therapy must be individualized. Some patients,
especially those with endocarditis, neurobrucellosis, or
spondylitis, may require longer courses. Surgery should
be considered for patients with endocarditis, cerebral or
epidural abscess, spleen or hepatic abscess, or other
abscesses that are antibiotic resistant.
Pregnancy

Increased rates of spontaneous abortion, premature deliv-
ery, and intrauterine infection with fetal death have
been described among pregnant women with clinical
evidence of brucellosis. Women who received early
diagnosis and adequate treatment had good maternal
and fetal outcome. Tetracyclines and streptomycin should
be avoided during pregnancy. Rifampin 900mg once daily
for 6 weeks is considered the regimen of choice.
Trimethoprim-sulfamethoxazole (TMP-SMZ) plus ri-
fampin is an alternative regimen.
Children under 8 years old

Children often have fewer or less severe symptoms than
adult patients. Tetracyclines are generally contraindicated
for children aged <8 years as it permanently stains teeth.
The preferred regimen is rifampin with TMP-SMZ for 6
to 8weeks. An alternative regimen is rifampin or TMP-
SMZ for 8weeks with gentamicin 5mg/kg/day for the
first 5 days. Treatment during prolonged periods (>6
months) with TMP-SMZ has produced favorable results
in some clinical studies.
Risk factors and therapy for relapses

Despite treatment with several antibiotic regimens, bru-
cellar relapse is not infrequent. This probably results
from intracellular location of the organism, which pro-
tects the bacteria from certain antibiotics and host de-
fense mechanisms. Relapse occurs most frequently within
6months after initial infection but may occur as long as
2 years after apparently successful treatment. Relapse
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infection is difficult to distinguish from reinfection in high-
risk groups with continued exposure. One retrospective
study identified several independent risk factors for relapse
of brucellosis: suboptimal antibiotic therapy, male sex, posi-
tive blood cultures at baseline, illness for less than 10 days
before the start of treatment, thrombocytopenia, elevated
L-lactate dehydrogenase (LDH), and a high initial temper-
ature (>38.3 � C).

We have analyzed demographic, clinical, and labora-
tory data from 200 consecutive patients with acute bru-
cellosis with univariate and multivariate methods to
identify correlates of relapse (Solera et al., 1998). A risk
score for predicting relapse was then calculated by using
Cox proportional hazard model. The independent pre-
dictors of relapse were temperature of 38.3 �C or higher,
positive blood cultures at baseline, and a duration of
symptoms before treatment of less than 10 days. Stratifi-
cation according to the risk score demonstrated that rates
of relapse were significantly different among risk groups
(p< 0.0001). The low-risk group had a 4.5% probability
(6 of 135) of relapse at 12months. In contrast, relapse was
present in 15 of 47 patients in the medium-risk group
(p< 0.0017); and in 12 of 18 patients in the high-risk
group (p< 0.0001). This study provides a rational basis
for estimating the risk of relapse in patients with acute
brucellosis, and may be helpful in deciding which subjects
might benefit from extra attention.

Generally, the susceptibility of strains from patients
after relapse remains identical to that of strains isolated
during the initial episode, so nearly all relapse cases
respond to a repeated course of antimicrobial therapy.
However, the use of rifampin, ciprofloxacin, or streptomycin
alone has led to drug resistance in a few documented
clinical reports. Thus, it could be argued that patients
who failed to respond to treatment with either rifampin
or ciprofloxacin should be treated with alternative regi-
mens if the susceptibility of this particular strain cannot
be determined.
A Summary of Recommendations for Therapy

Recommendations for therapy of brucellosis are listed in
Table 9 (Solera et al., 1997). Decisions regarding brucel-
losis therapy often require the provider to present various
options to the patient with a discussion of short- and long-
term goals. The age of the patient, severity of disease,
likelihood of response, and potential for adherence are all
important factors to consider.

Therapy for human brucellosis should be prescribed
with the following rules in mind. The diagnosis of brucel-
losis must be sound (clinical evidence of disease sup-
ported by bacteriologic or serologic tests), and focal
disease or complications should be identified. The choice
of regimen and duration of antimicrobial therapy should
be based on the presence of focal disease and underlying
conditions that contraindicate certain antibiotics (i.e.,
pregnant patients and children under 8 years old). Most
individuals with acute brucellosis respond well to a com-
bination of doxycycline plus aminoglycosides or rifampin
for 6 weeks. Patients with focal disease (such as spondyli-
tis) may require longer courses depending on the clinical
evolution. Patients with persistent symptoms after a long
course of antibiotic therapy, when focal disease or relapse
has been ruled out, pose a difficult management prob-
lem. This disabling syndrome, which is sometimes called
‘chronic brucellosis,’ is similar to chronic fatigue syn-
drome and must be treated in a symptomatic manner.
Control Measures

Eradication of Brucellosis

There are many recommendations for eradicating brucel-
losis. Availability of proficient animal health services,
good animal management, intensive breeding, and control
of movement and trade of animals are necessary condi-
tions for implementing successful vaccination campaigns.
Wherever flocks are large, or animals are bred extensively,
and transhumance (the seasonal migration of herds from
one site to another) or other migration practices are
necessary, eradication becomes an extremely difficult
task, even with the best means available.

In some areas of the world livestock and wildlife are in
contact, and so it is important to invest in adequate
surveillance, screening, and monitoring of wildlife. For
example, in Europe, wild hares are reservoirs of B. suis
biotype 2 which can be transmitted to domestic or wild
swine.

Pasteurization is an important tool for making dairy
products free of Brucella. Banning the consumption of
unpasteurized dairy products is a measure that seems to
work in some countries (FAO/WHO, 1986).

Both immigration and foreign trade of animals are
growing. Therefore, in order to maintain the current
brucellosis-free or brucellosis-rare status of most indus-
trialized countries, animal precautions at the border and
movement controls inside the country are necessary.

Vaccination has been a key component of animal bru-
cellosis control efforts. Vaccines protect against abortions
as well as Brucella shedding mechanisms, for example,
secretion of the strain in milk. It also confers humoral
and cellular immune protection that can interrupt the
transmission of the organism. The attenuated B. melitensis

strain Rev. 1 is one of the most successful vaccines for the
prevention of brucellosis in sheep, rams, and goats. It has
been shown that it protects against not only B. melitensis,

but also B. abortus and B. suis. One disadvantage of Rev. 1 is
that it induces high levels of circulating antibodies which
persist for many years after vaccination, making differen-
tiation between infected animals and those that were
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vaccinated impossible. This is one reason why the use of
Rev. 1 is prohibited in those countries where Brucella

melitensis has been eradicated. B. abortus S19 vaccine is
historically used against bovine brucellosis. Although it
induces good prevention levels it cannot be administered
to pregnant cattle, and re-vaccination is not advised due
to interference in the discrimination between infected
and vaccinated animals during immune-screening pro-
cedures. A highly attenuated rough organism, B. abortus
strain RB51 has replaced the smooth strain 19 for cattle
vaccination in the United States and other countries,
and can be applied in adult animals without causing
abortion. Various authors have used acellular extracts of
Brucella including DNA as strategies to develop novel
molecular-based vaccines. Although several human vac-
cines have been listed to date, none is completely
satisfactory.

Together with vaccination and slaughter programs, a
multidisciplinary collaboration among laboratories, the
veterinary field services, and the public health services
is imperative for the implementation of a successful con-
trol program. Familiarity with the manifestations of the
disease, optimal laboratory diagnosis, and adequate treat-
ment of infected patients are essential for physicians to
recognize this re-emerging zoonosis.
Bioterrorism

B. melitensis, B. suis, and B. abortus are listed as category
B biothreat agents by the Centers for Disease Control and
Prevention Strategic Planning Group. The category
B agents include those that are moderately easy to dis-
seminate and result in moderate morbidity and low mor-
tality rates (Pappas et al., 2005b). In 1954, B. suis became
the first agent weaponized by the United States in the
early days of its offensive biological warfare program. The
infective inhalation dose is as low as 10 to 100 bacteria.
It is also inexpensive to produce this easily dissemina-
ted route of infection. Human mortality is reported to
be negligible, but the illness can last for several years.
Animal brucellosis is characterized by repetitive abortions
and infertility, so economic losses are of paramount
importance.

A bioterrorism scenario has been evaluated using an
aerosolized Brucella melitensis agent spread along a line
with prevailing winds and optimal meteorologic condi-
tions. It is assumed that the dose needed to infect 50%
(median infective dose, or ID50) of the population would
require inhalation of 1000 vegetative cells. The case-
fatality rate was estimated to be 0.5%, with 50% of the
people being hospitalized and staying 7 days on average. If
not hospitalized, they often made 14 outpatient visits and
received oral doxycycline for 42 days, and parenteral gen-
tamicin for 7 days. Relapses occurred at 5% and required
14 outpatient visits in one year. In looking at the economic
impact of such a threat, the minimum cost of exposure
would be around $477.7million per 100 000 persons
exposed for all the costs related to health care.

If a significant attack with Brucella is suspected, special
care should be taken to avoid generation of aerosols and to
protect against them. Whatever is the cause, if Brucella is
dispersed over a wide area, all individuals present in the
exposed area must be identified, decontaminated, and
receive prophylaxis (doxycycline and rifampin for 3 to
6weeks). Even though exposed persons have not received
prophylactic therapy they should be followed for at least
6months. Diluted hypochlorite solutions, ethanol, iso-
propanol, or iodophores, and, better, substituted phenols
are effective for decontamination of the exposed skin.
In contrast, the alkyl quaternary ammonium compounds
are not recommended. Because person-to-person spread
of Brucella is rare, no quarantine of infected patients or
treatment for secondary contacts is required.
Laboratory Precautions

The concentration of Brucella organisms in the blood of
patients with brucellosis is usually low, and therefore
these clinical specimens probably pose a low risk for
contagion for laboratory personnel. In contrast, aerosols
can be created by routine bacteriologic procedures such
as the preparing, centrifuging, or vortexing of bacterial
suspensions, by performing subcultures and biochemical
testing, and particularly by the catalase test. There is also
the potential for accidental spillage. Although Brucella

identification is straightforward, laboratory-acquired
disease has frequently resulted from misidentification of
the organism as Moraxella phenylpyruvica.

As Brucella is a class 3 pathogen, some recommenda-
tions for preventing acquired brucellosis should be taken
into account. Brucella cultures and suspicious organisms
must be handled by experienced, appropriately trained
staff in a class II or III biologic safety cabinet. All positive
isolates and cultures should be sent to a Brucella Reference
Unit for confirmation. To transport all specimens some
recommendations must be adopted. For decontaminating
surfaces, an hour’s treatment with 2.5% sodium hypo-
chlorite, 2% to 3% caustic soda, 20% freshly slaked
lyme, or 2% formaldehyde solution is sufficient. If a sus-
pension of living bacteria is spilled and the organism is
recognized as Brucella, the entire laboratory should be
immediately evacuated, doors should be shut, and an effec-
tive germicide such as 3% phenol or 10% bleach should be
applied by a trained person wearing a safety mask, goggles,
an impermeable laboratory gown, and gloves.
See also: Bacterial Infections: Overview; Bacteriology,

Historical; Dengue, Dengue Hemorrhagic Fever;

Quarantine Through History; Vaccines, Historical.
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Introduction

Burns are caused by thermal energy arising from exposure
to sources of flames (flame burns), hot liquids (scalds) and
hot surfaces (contact burns). Injury occurs when some or
all of the different layers of cells in the skin are destroyed
(Latarjet, 1995). Skin injuries resulting from exposure to
electricity, chemicals, ultraviolet and ionizing radiation,
as well as respiratory insults from smoke inhalation are
also regarded as fire and burn injuries (Latarjet, 1995).

Burn severity depends on a number of factors includ-
ing the size and depth of the burn, the location of the
burn, the age and previous health condition of the victim,
and the severity of associated injuries such as respiratory
damage from smoke inhalation. The size of the burn
is usually described in terms of the percent of total
body surface area affected. The depth of the burn is
dependent on both the temperature of the heat source
and the duration of exposure. Burn depth has often been
described in terms of first, second, and third degree to
reflect increasing depth, but more recently classification
of burns as partial or full-thickness has become common.

Burn injuries are a major public health problem world-
wide, especially in developing countries, where the risk
is greatest and access to specialist care limited. Burns can
result in devastating injury causing death or significant
long-term morbidity and disability. Burn injuries repre-
sent a significant cost to society both in terms of human
suffering and health-care costs. Fire and burn injuries
accounted for about 2% of the total cost of injuries occur-
ing in the United States in 2000, equating to a cost of
US$7.5 billion dollars (Finkelstein et al., 2006).

The focus of this article will be on unintentional burn
injuries arising from flames, hot liquids, and hot surfaces.
A brief reference to intentional burn injuries is made at
the end of the article.
Surveillance of Burn Injuries

Systematic surveillance is the essential first step in the
public health approach to the prevention of disease and
injuries. Most high-income countries have formal sur-
veillance systems capable of providing reliable data on
mortality and hospitalization due to burn injury, but
few low- and middle-income countries do, with data
significantly underestimating the incidence. Most countries
code data using the World Health Organization’s Inter-
national Classification of Disease Codes (ICD), the latest
version of which is ICD-10. Under this system, the
chapter titled ‘External Causes of Morbidity and Morta-
lity’ permits the classification of the manner (the intent)
and the mechanism of the burn injury. For example, in the
case of unintentional injury, codes X00–X09 represent
exposure to smoke, fire, and flames, and X10–X19 repre-
sent contact with heat and hot substances.

Health and vital statistics do not provide all the infor-
mation necessary to understand burn epidemiology or to
set priorities in burn prevention, so other sources of data
are required. These include data from presentations to
accident and emergency departments, data from individ-
ual hospitals and burn units, and specific epidemiological
studies.
Epidemiology

The relative importance of different burn sources varies
with age, gender, and geographic location.

Globally, fire-related burns (that is, flame burns and
respiratory damage due to smoke inhalation) account for
5% of injury mortality (Peden et al., 2002). In 2000, the
World Health Organization estimated that fire-related
burns caused 238 000 deaths, over 95% of which occurred
in low- and middle-income countries (Peden et al., 2002).
South Asia accounted for just over half of all fire-related
deaths, with females in this region suffering the highest
burn mortality rates in the world (11.3 per 100 000).
Figure 1 shows fire-related burn mortality rates by
WHO region. Globally, children aged less than 5 years
of age and adults aged over 70 years are most at risk of
death from fire-related burns. Table 1 shows fire-related
burn mortality rates in WHO regions by age and sex.

Fatal and nonfatal outcomes from injury can be
reflected in disability-adjusted life years (DALYs). This
is a measure that accounts for the years of life lost
from premature death, and the years of life lived with
disability, with one DALY representing 1 lost year of
healthy life. Fire-related burns account for 6% of the
global burden of injury; over 50% of the total number of
disability-adjusted life years lost are among children aged
0–14 years (Peden et al., 2002).

The available global data on burns concentrates
on fire-related burns, particularly fire-related mortality
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(Peden et al., 2002). An understanding of nonfatal burn
injuries, or burn injury from other mechanisms, requires
the analysis of individual studies or the data collected by
individual countries or jurisdictions.

Forjuoh (2006) undertook a review of over 100 studies
reporting on burns in low- and middle-income countries.
The majority of these were hospital- or clinic-based
studies. He found that scalding from hot liquid accounted
for one-third to one-half of all burns for all age groups,
followed by hot objects and flame in children, and
by flame in adults. Children under 4 years were most at
risk for burns, with another peak occurring in older ado-
lescence due to occupational exposure and improper use
of flammable materials. Most studies in children reported
a preponderance in males, but gender differences in older
age groups varied across different countries.

In high-income countries, children also have the high-
est rates of admission for burns. Scalds are the most
common form of burns in children, and result from
exposure to hot tap water and other sources of hot fluid,
such as hot food and drink. Contact burns, often the
result of contact with hot household appliances, are
common as well. The incidence of scald injuries also
increases in older people, possibly the result of their
decreased mobility and other comorbidities. Some
countries show a peak in admissions for burns among
young males in their teens and early adult years, probably
reflecting occupational exposures and their greater risk-
taking behaviors.

There are a number of differences in the risk factors
for burns between high-, and low- and middle-income
countries, and this has important implications for burn
prevention. For example, sources of open flames are
common in many households in low- and middle-income
countries, particularly in rural areas without electricity.
Flame sources include open fires, kerosene and naphtha
stoves and lanterns, and candles, which are a risk for
fire-related burns due to (Barss et al., 1998):

. the lack of enclosures for open fires, and the location of
fires and stoves at floor level;

. the physical instability of candles, small stoves, and
lanterns which can easily tip over;

. the use of volatile, highly flammable fuels;

. the structure of housing (flammable materials, insuffi-
cient exits).

In these settings, certain clothing styles (such as saris,
which are loose and flowing) put women at particular



Table 1 Fire-related burn mortality rates (per 100 000 population) in WHO regions by age group and sex, 2000

World Africa Americas Southeast Asia Europe Eastern Mediterranean Western Pacific

Age group
(years) Both sexes Male Female Male Female Male Female Male Female Male Fe ale Male Female Male Female

All ages 3.9 3.4 4.5 6.6 4.4 1.5 1.0 5.5 11.3 3.5 1.8 3.7 6.4 1.3 1.1

0–4 6.6 7.6 5.7 23.6 9.3 2.6 2.6 4.4 7.1 3.8 4.0 11.4 9.1 1.4 1.6

5–14 2.5 1.6 3.6 3.4 2.3 0.5 0.4 2.3 9.3 0.6 0.5 1.6 3.3 0.7 0.7

15–29 3.9 2.4 5.5 1.1 2.3 1.0 0.4 5.5 15.6 1.0 1.1 2.9 7.7 0.9 1.0
30–44 3.5 3.1 3.9 2.1 2.0 1.1 0.5 6.9 12.1 4.1 1.0 2.3 5.0 1.0 0.5

45–59 3.1 3.7 2.5 3.8 3.7 1.7 0.7 6.6 6.8 5.4 1.3 4.0 4.3 1.5 0.8

60–69 4.2 4.3 3.9 11.1 10.0 4.5 1.0 8.8 10.8 5.4 2.2 2.7 4.6 1.9 1.9

70–79 6.9 7.1 6.3 25.0 20.0 7.7 2.4 12.5 16.7 4.5 2.9 6.5 25.0 3.8 3.1
�80 12.5 12.5 13.3 5.1 41.2 8.3 5.4 25.0 40.0 14.3 6.3 5.1 35.6 14.3 8.3

From Peden M, McGee K, and Sharma G (2002) The Injury Chart Book: A Graphical Overview of the Global Burden of Injuries. Ge va: World Health Organization.
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risk as they lean over open flames while cooking; and
children can readily fall or crawl into open fires or be
scalded by hot water from unstable, open pots on the fire.
Not surprisingly, Forjuoh’s review (2006) found that
the vast majority of childhood and adult female burns
occurred in the home, with the kitchen being the most
common location. Two peak times of the day for burn
events were identified: late morning and evening, these
being periods when food is prepared, cooked, and served.
A higher incidence of burns was reported in winter
months in those places with seasonal variations. Identi-
fied risk factors for burns in children included the factors
listed above, as well as the presence of a preexisting
impairment in a child (such as mobility impairment,
epilepsy, or blindness), the history of burn in a sibling,
insufficient supervision of children, low maternal educa-
tion, overcrowding, and housing location (slum areas).

In high-income countries, smoking materials and light-
ers, heating appliances and electrical faults, cooking and
children playing with matches are the cause of most
residential fires (Liao and Rossignol, 2000). Groups at
increased risk of fire-related injury or death in the United
States include young children and older adults, African
Americans, Native Americans, the poor, and those living
in substandard housing. Alcohol misuse is an impor-
tant risk factor. A seasonal variation is evident, with
most residential fires occurring during winter. Similar
socioeconomic and seasonal factors have been identified
in other developed countries.

The significant role of hot tap water in scalds in high-
income countries was not appreciated until the 1970s
when Feldman and colleagues (1977) demonstrated that
tap water scalds accounted for between 7% and 17%
of all childhood scald burns requiring hospitalization.
Subsequent studies have confirmed the importance of
scald injuries due to hot tap water in children, as well as
in persons aged 60 years and older. Childhood exposure
often results from falling, or being placed, into a hot
bathtub or sink, or turning on the hot tap while left
unattended in the bathtub. For adults, scald injuries may
result from falling or losing consciousness in a bath
or shower.

Despite differences between high-, and low- and
middle-income countries, risk factors for burns in both
settings can be understood in terms of the classic epi-
demiologic triad of agent, host, and environment. In this
case, the agent refers to the thermal energy and its source;
the host refers to the individual at risk and intrinsic
factors (such as age, sex, or behavior) that affect his or
her likelihood of exposure to thermal energy; and the
environment refers to the setting or context in which
burn injury occurs. This includes risk factors in both
the physical environment (e.g., an open fire place, or an
accessible cup of coffee) and the social environment (e.g.,
overcrowding, lack of parental supervision, and poverty).
Burn Prevention

Effective burn prevention requires an understanding of
the epidemiological characteristics and the risk factors
associated with burn injuries. Continued research in
these areas has resulted in significant achievements in
burn prevention in many high-income countries, and
subsequent declines in deaths and hospitalization for
burn injuries (Brigham and McLoughlin, 1996).

Strategies for burn prevention can be divided into
three main types (Liao and Rossignol, 2000):

. education, which requires behavioral or lifestyle change
in the individual (that is, host factor modification);

. product design and/or environmental modification
(agent and/or environmental factor modification);

. legislation and regulation (leading to agent, host, or
environmental factor modification).

As with all injury prevention initiatives, passive pre-
ventive measures (such as the latter two strategies) are
generally more effective than active preventive strategies,
which require continuing action and compliance on the
part of the individual. Nonetheless, education is impor-
tant. Education can promote awareness of risk and
encourage actions or measures that can prevent burns
from occurring or reduce the severity of burn injuries
(such as the application of cool water to a burn). Many
burn prevention programs combine both active and pas-
sive strategies. For example, a community-based burn
prevention program in Harstad, Norway used a mix of
strategies that included education, stove safeguards, and
lowered hot tap water temperature settings to reduce the
burn injury rate by 51.5% (Ytterstad et al., 1998).

Burn prevention strategies can be classified as primary,
secondary, or tertiary. Primary prevention refers to inter-
ventions aimed at reducing the likelihood of a burn occur-
ring; secondary prevention refers to the early management
of burn injury to minimize adverse outcomes, and tertiary
prevention refers to postacute care and rehabilitation
aimed at reducing long-term sequelae from burn injury.

WilliamHaddon Jr. combined the concept of risk factors
(agent-host-environment) with the idea of primary, second-
ary, and tertiary prevention to create what has become
known as the Haddonmatrix. Initially developed to explore
traffic injuries, it has become a tool for identifying poten-
tial interventions for many different types of injuries.
Table 2 gives an example of the Haddon matrix applied
to the prevention of residential fire-related injury in chil-
dren. The horizontal axis of the matrix addresses the risk
factors for residential fires, while the vertical axis identifies
the period of time in which an intervention may be imple-
mented relative to the fire event; the individual cells within
the matrix identify potential actions, and together they
provide a comprehensive list of strategies for preventing
or reducing residential fire-related injury in children.



Table 2 Interventions to prevent residential fire-related injury in children: Haddon’s matrix

Host Agent Environment

Pre-event Child and parent education on
fire safety

Fire-safe cigarettes
Heater designs that avoid

tipping over

Child-proof containers for

storage of flammable fluids

Building codes addressing structural
adaptations and use of less pyrogenic

material

Access to safe heating and lighting options

(subsidies for electricity)
Ban the private use of fireworks

Event Teach children to stop-drop-roll

to smother flames on clothes

Fire-retardant children’s clothing

(nightwear)

Install functional smoke alarms

Install sprinkler systems

Fire exit options
Post-event Teach children and parents first

aid for burns

Heater with automatic shut-off

switch to shutdown if tipped

over

Availability of burn treatment and

rehabilitation

Adapted from McClure R, Stevenson M, and McEvoy S (eds.) (2004) The Scientific Basis of Injury Prevention and Control. East

Hawthorn: IP Communications, with permission from IP Communications Pty Ltd.
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Primary Prevention

A number of landmarks in burn prevention have been
identified in a review by Liao and Rossignol (2000).
These have contributed to a reduction in burn mortality
and morbidity in developed countries. Some of these are
presented below, but readers are referred to the original
article for further details and other strategies.
Prevention of hot tap water burns in

domestic settings

Following the identification of hot tap water as a signifi-
cant cause of burns, Feldman and colleagues (1977) found
that water heaters were preset at the factory to deliver
water at temperatures that could cause full-thickness
burns within seconds. They argued that such burns could
be prevented passively, by limiting household water
temperatures to less than 52 �C (125 �F). Since then, edu-
cational campaigns to inform the public about safer water
temperatures have been successful. Many jurisdictions
have also adopted legislation that mandates lower hot
tap water temperatures, and this has been associated
with declining admission rates for scald injuries from
this source.
Prevention of fire-related injury from residential

fires through installation of smoke alarms

Central to the prevention of residential fire-related deaths
is the prevention of smoke inhalation and asphyxia. For
the majority of victims of residential fires, this is the cause
of death, rather than burns. Smoke alarms are a means of
providing early warning of fire. Research shows that
smoke alarm ownership is associated with a decreased
risk of fire-related death, especially for fires involving
young children (Runyan et al., 1992). Interventions to pro-
mote smoke alarm ownership have shown modest benefi-
cial effects. For example, community trials providing free
smoke alarms appear to have been successful in reaching
high-risk homes and in decreasing fire-related injuries,
although the quality of the evidence is limited (DiGui-
seppi and Higgins, 2003). Legislation also appears effec-
tive, with evidence supporting an increase in the
proportion of homes with working alarms following the
introduction of laws requiring homes to be fitted with
smoke alarms.
Prevention of clothing ignition burns

Burns from the ignition of clothing are often very severe,
and are associated with high mortality rates. Girls are
more frequently affected than boys, and this has been
attributed to the loose and flowing nature of their clothing,
which is more likely to both ignite and burn, than closely
fitted clothes. Epidemiological studies, such as the study
by McLoughlin and colleagues (1977) have identified
children’s sleepwear as a significant risk factor for clothing
ignition fires. A number of countries have subsequently
passed legislation requiring the use of fabrics with low
flammability potential in children’s sleepwear, which has
resulted in a fall in the number of burn admissions due
to sleepwear ignition. Some countries, such as Australia,
have also instituted labeling on children’s clothes to indi-
cate potential flammability, and mandated closer fitting
styles in children’s sleepwear.
Prevention of firework-related burns
Many countries celebrate special days with fireworks.
Unfortunately, when used without the necessary caution
or supervision, fireworks have been a source of signifi-
cant injury, including burn injuries. As a result, many
jurisdictions have restricted the sale and manufacture
of fireworks through legislation. For example, in the
United States, the federal government prohibits the sale
of the most hazardous fireworks to the public. Some states,
however, have further restricted sales with even greater



Burns and Scalds 375
benefit. Professionally managed and controlled public
displays of fireworks have been implemented as a safer
alternative to private use.
Reduction in cigarettes as an ignition source

Fire-safe cigarettes, also known as reduced ignition pro-
pensity cigarettes, have a reduced likelihood to burn
when left unattended. Smoking has consistently been
identified as a leading cause of residential and total
fire deaths, thus the introduction of fire-safe cigarettes
promises to be another landmark in burn prevention.
Some jurisdictions in the United States have announced
the adoption of a fire safety standard for cigarettes; in
2005, Canada became the first country to implement a
cigarette fire-safety standard, nationwide. Other countries
are considering similar action (Coalition for Fire-Safe
Cigarettes, no date).

Because the risk factors are often different for low-
and middle-income countries, compared with high-
income countries, measures found to be successful in
high-income countries may not be directly transferable
to low- and middle-income countries. For example,
reducing the temperature at which hot tap water is
delivered to prevent scald injuries in high-income
countries would not be effective in places where house-
holds do not have hot running water (Forjuoh, 2006);
similarly, while legislation may be easy to create, it will
be of limited effectiveness if there are insufficient
resources to enforce it (Liao and Rossignol, 2000).
Therefore, burn prevention efforts need to be tailored
to specific risk factors and settings. Burn prevention
recommendations for low- and middle-income countries
include a blend of active and passive measures, with
particular attention to the kitchen which is the setting
for most burns (Forjuoh, 2006). Few studies in low- and
middle-income countries have evaluated the effective-
ness of burn prevention interventions and more research
in these settings is required. Proposed potential primary
prevention strategies reported in the literature include
(Forjuoh, 2006):

. interventions to improve socioeconomic status such as
education, better housing (including separating cooking
areas from living areas), and the provision of basic
amenities such as water;

. the regulation and safer design of products such as
kerosene stoves and lamps;

. correct storage of flammable substances;

. the provision of a bucket of sand in the kitchen;

. use of flame-resistant materials in clothing;

. wearing close-fitting clothes while cooking;

. the provision of adequate child supervision, especially
for children with impairments;

. parental education about burn prevention and burn
first aid.
Secondary Prevention

Research supports the immediate application of cool
water to a burn as an effective secondary intervention
strategy. For example, a study undertaken by Nguyen
and colleagues (2002) in Vietnam indicated that early
cooling prevents a significant percentage of superficial
burns from progressing to deep burns, reducing the pro-
bability that skin grafting will be required, and reducing
the other risks associated with deep burns that may be
fatal. The authors conclude that public health programs
promoting immediate cooling of burns with cool water
are at least as important in determining outcome as
subsequent medical and surgical treatment.
Tertiary Prevention

Advances in burn care treatment in developed countries
have markedly improved survival rates for burn patients.
Over the past five decades, the burn size associated with
50% mortality has increased from 40% to 80% of total
body surface area. Improved outcomes can be attributed
to therapeutic developments, which include vigorous
fluid resuscitation, early burn wound excision, advances
in critical care and nutrition, control of infection, and
the development of specialized, multidisciplinary burn
centers (Saffle, 1998). Burn survivors may suffer signifi-
cant long-term physical and psychological sequelae. For
example, scarring can lead to considerable disfigurement
and loss of function. Rehabilitation is commenced early
following injury and may continue for many years after
discharge from hospital. It addresses both the physical
and psychological problems that arise as a consequence
of burn injury. Rehabilitation aims to assist individuals to
achieve their optimal level of function (physical, mental,
social, and vocational), thus supporting their reintegration
into the community.
Intentional Burn Injuries

Most burns are reported as unintentional; however, inten-
tional burn injuries do occur. Intentional burn injuries
include cases of self-inflicted burns and burns caused by
assault or maltreatment. Cases of deliberate self-burning
have been classified into three broad groups (Laloe, 2004):
Those with psychiatric illness, those with personal reasons
such as interpersonal problems and marital disharmony,
and those who are politically motivated. Maltreatment by
burning is recognized in children and the elderly. While
the prevalence in the elderly is unknown, Greenbaum and
colleagues (2006) report recent estimates in children that
range from 9% to 18% of pediatric burn admissions
(depending on whether injuries resulting from neglect
are included with intentional injury). Homicidal bride
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burning (or dowry deaths) in India is increasingly being
recognized as a major public health problem (Sharma et al.,
2002). While its true extent is unknown, it may account for
some of the difference in burn risk between males and
females in the region.
See also: Suicide and Self-Directed Violence.
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Cadmium (Cd), a naturally occurring element, is often
found in nature combined with other elements such as
oxygen, chlorine, or sulfur in the form of complex oxi-
des, sulfides, and carbonates in zinc (Zn), lead (Pb), and
copper (Cu) ores. Cd is not regarded as essential to
human life (unlike other metals such as Cu), and excess
exposure to Cd may result in adverse health effects to
humans. Cd compounds, which do not have any recog-
nizable taste or odor, are often found in, or attached to,
small particles present in air. Most Cd used in the United
States (U.S.) is extracted as a byproduct during the pro-
cessing of other metals such as Zn, Pb, or Cu. Cd has
many uses in industry and consumer products, such as in
batteries, pigments, metal coatings, plastics, and some
metal alloys. This article addresses human exposure to
Cd, the exposure pathways for Cd in the human body,
and the potential health effects of such exposures. The
article also presents a discussion of the public health
impacts of Cd exposure and the mitigation of risks
from exposure.
Sources of Exposure to Cadmium

Fish, plants, and animals can be exposed to Cd through
air, water, or food. Soils and rocks contain varying
amounts of Cd; approximately 30 000 tons of Cd are
released to the environment each year, with roughly
half from the weathering of rocks into rivers and then
to the oceans (Thorton, 1992). Anthropogenic sources
of Cd from mining activities and burning of fossil fuels
and household waste, such as NiCd batteries, are
responsible for 4 000–13 000 tons released per year
(Hutton, 1983). Forest fires and volcanoes also discharge
Cd to the air; atmospheric transport of Cd attached to
small particulate matter contributes to deposition in
remote regions, such as the Arctic, where there are
few local Cd sources (Nriagu, 1990). A lack of infra-
structure to properly dispose of electronic equipment
and batteries, as well as open burning of waste products
containing Cd, could contribute as an important source
in some developing countries (Nriagu, 1990). Cd pres-
ent in water may bind to soil, remain in water, or be
taken up by plants (Muntau and Baudo, 1992). Fertili-
zers often contain Cd that can enter the soil when
applied to crops. Cd can also enter the soil or water
from spills or leaks at hazardous waste sites. Cd metal
does not breakdown in the environment, but it can
change into different forms. Most forms of Cd have
long environmental half-lives and may persist in media
for long periods.
Pathways of Human Cadmium Exposure

Cd can enter the human body through consumption of
food and water and by inhalation of particles in the air or
cigarette smoke. For ingestion route exposures, diet is a
major Cd exposure pathway in most human populations
worldwide. Drinking water, though, is a much less signifi-
cant source of Cd in the United States.

Cd that is not absorbed into the body from food or
water leaves the body slowly in urine and in feces. Most of
the Cd that enters the body distributes to the kidney and
liver and can remain there for many years. The human
body can change most Cd into a form that is not harmful;
however, too much Cd can overload the capacity of the
liver and kidneys to transform Cd. Virtually no Cd enters
the human body through skin. The biological half-life of
Cd in humans is lengthy; Cd can remain in the human
body 13 to 47 years. Both Cd tissue concentration and
total body burden tend to increase in concentration with
age (Hammons et al., 1978).
377
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Ingestion

Average Cd levels in U.S. foods range from 2 to 40 parts of
Cd per billion parts of food (2–40 ppb). The lowest levels
are found in fruits and beverages; the highest levels are
found in leafy vegetables and potatoes. The level of Cd in
most drinking water supplies is less than 1 ppb, which is
well below the drinking water standard of 50 ppb. Levels
in drinking water, however, may vary greatly depending
on local conditions. The average level of Cd in unpolluted
soil is about 250 ppb. At hazardous waste sites, Cd has
been measured in soil at 4 ppm and in water at 6 ppm.

At the 2005 meeting of the Joint FAO/WHO Expert
Committee of Food Additives, data on Cd levels in seven
commodity groups reported from around the world to the
Global Environmental Monitoring System (GEMS) was
analyzed (WHO, 2005). The evaluation included rice,
oysters, other mollusks, wheat, stem/root vegetables,
leafy vegetables, other vegetables, and potatoes. Total
intakes from regional diets in the GEMS database ranged
at 2.8–4.2 mg/kg body weight per day (mg/kg/day); this is
roughly 3–4 times the Provisional Tolerable Weekly
Intake of 1 mg/kg/day. The Third National Report on
Human Exposure to Environmental Chemicals con-
ducted by U.S. Centers for Disease Control and Preven-
tion (2005) estimates that the mean lifetime Cd exposure
to adults in the United States from food only is estimated
to be approximately 0.14 mg/kg/day.
Inhalation

Air levels of Cd in major U.S. cities range from less than 1 to
40 nanograms per cubic meter (ng/m3), although levels
greater than 40 ng/m3 may occur in urban areas with high
levels of air pollution from the burning of fossil fuels.
Inhalation exposures from smoking cigarettes are a more
serious health concern than Cd in food. Smokers may be
exposed to roughly twice the daily intake of Cd compared
with nonsmokers. Uptake of Cd via the inhalation route in
humans can be considerable (i.e., 10–50%), with as much as
60% transferred to the GI tract through mucociliary clear-
ance. Mucociliary clearance refers to the mechanical elimi-
nation of foreign substances from the respiratory tract
through ciliary function and airway surface fluid secretion.
Assuming that a cigarette contains from 1 to 2mg of Cd
(WHO, 1992), there are 20 cigarettes in a pack and the
upper bound of inhaled Cd absorption is 0.5: inhaled Cd
equals 20mg Cd per pack (2mg Cd/cig � 0.5 � 20 cig/pack)
multiplied by 0.6 transfer to GI tract translates that smokers
may take in an additional 12mg of Cd into their body per
day from each pack of cigarettes smoked.

Aside from smokers, individuals living near hazardous
waste sites or factories that release Cd into the air have
the potential for increased exposure to Cd in air. How-
ever, numerous state and federal regulations control the
amount of Cd that can be released into the air from waste
sites and incinerators. In the United States, Cd is regu-
lated by the Environmental Protection Agency (EPA)
and some states under the Clean Water Act’s National
Pollutant Discharge Elimination System and General
Pretreatment Regulations. EPA offices overseeing regu-
lations and guidelines applicable to Cd include
the Offices of Air Quality Planning and Standards; of
Drinking Water; of Toxic Substances; of Solid Waste;
of Pesticide Programs; and of Emergency and Remedial
Response. The general population and people living near
hazardous waste sites may be exposed to Cd in contami-
nated food, dust, or water from unregulated releases or
accidental releases.

Approximately 512 000 workers in the United States
may be exposed to Cd in air from smelting and refining of
metals or from the air in factories that make Cd products
such as batteries, coatings, or plastics (OSHA, 2004). Work-
ers can also be exposed when soldering or welding metal
that contains Cd. The Occupational Safety and Health
Administration (OSHA) sets two 8-hour time-weighted
average permissible exposure limits (TWA PEL) of 5 and
1mg-Cd/m3-air to protect workers and ensure that occupa-
tional levels of Cd in the air are considerably below levels
thought to result in harmful effects (OSHA 2004).
Human Health Effects of Cd

General Health Effects

Studies by Friberg et al. (1986) and Cleveland and Drag-
gan (2007) have established that excess Cd exposure pro-
duces adverse health effects on human beings. Though Cd
accumulates in the liver and kidneys, it can also be depos-
ited in other organs and tissues, depending on its chemical
form (inorganic or free). A determinant of Cd toxicity is
the constitutive and inducible nature of the protein metal-
lothionein (MT), which exists as three isoforms in
humans. MT is ubiquitous in animals and has a high
binding capacity for Cd and other divalent metals such
as zinc (Zn) and copper (Cu). MT plays an important role
in the human placenta by serving as a partial barrier to Cd
transfer to the fetus. The mammary glands may also serve
as a partial barrier. Iron (Fe) deficiency plays an important
role in Cd absorption. Studies on both rodents (Cleveland
and Draggan, 2007) and humans have conclusively shown
that Cu deficiency results in increased Cd absorption.
A Cd–MT complex is formed in the liver but may be
released to the blood (e.g., hepatic damage) and trans-
ported to the kidney, thus potentially causing nephrotoxi-
city. Cd–MT complexation, however, is considered a
protective mechanism against hepato- and nephrotoxicity.
Renal damage is believed to occur when Cd dissociates
from MT during proteolysis.
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Cancer

The EPA has classified Cd as a probable human carcino-
gen based on sufficient evidence of carcinogenicity in rats
and mice by inhalation and intramuscular and subcutane-
ous injection (EPA, 1992). Increased risk of lung and
prostate cancer has been linked to occupational exposure
to Cd. Many of the reported studies did not control for
confounding factors, such as smoking, alcohol intake, and
co-exposure to other metals such as nickel (Ni) and arse-
nic (As). Occupational studies reported in countries other
than the United States have found some increases in lung
cancer but no clear relationship between level and dura-
tion of Cd exposure and increased risk of lung cancer (see
ATSDR in the Relevant Websites section). The exposed
workers in the cohorts study were from an English Zn-Pb-
Cd smelter, from 17 different manufacturing or proces-
sing facilities involving Cd in England, from a nickel-Cd
battery plant in Sweden, and from a nickel-Cd battery
plant in England. These data, however, suggest a lower
relative risk in the groups exposed to Cd in the absence of
As and Ni. Human evidence also exists for Cd-induced
carcinogenesis in the prostate, kidney, pancreas, liver, and
other organs. In rodents, Cd has been associated with
tumor induction by various routes at various sites concor-
dant with sites in humans. Testicular tumors in rats,
however, are thought to arise from early toxic lesions as
opposed to a specific carcinogenic effect.

Studies in worker populations in Europe exposed to
Cd indicated an elevation of prostrate cancer, but
subsequent investigations found either no increases in
prostate cancer or increases that were not statistically
significant (ATSDR, 2004). However, any positive corre-
lation between Cd and prostate cancer may be partially
masked by the relatively high incidence of prostate cancer
in the general population and the low numbers of prostate
cancer deaths in the cohorts studied. In particular, studies
based on mortality incidence may not be sufficiently
sensitive because increased screening for prostate cancer
in exposed populations could lead to increased survival.

No exposure–response relationship between cumulative
exposure to Cd and lung cancer was found in the most
recent follow-up of the cohort of 869 Swedish batterywork-
ers exposed to Cd oxide. A series of studies conducted
(ATSDR, 2004) on a cohort at an American smelter in
Colorado that had been used for both As and Cd reported
an increase in lung cancer deaths related to cumulative Cd
exposure. None of these studies have eliminated the possi-
bility of either As or smoking as confounders, both of which
are strongly associated with lung cancer mortality.
Non-Cancer Health Effects

Ingestion of Cd by the oral route is not an immediate
threat because high doses are irritating enough to induce
vomiting. The only known fatalities are reported to be
associated with intentional ingestion of high doses of Cd.
In contrast, inhalation exposure to high doses of Cd can be
particularly dangerous because early symptoms are often
as mild as those associated with low-levels of exposure,
thus possibly prolonging the period of exposure until a
harmful event or a fatal dose is observed.

The critical effect following chronic exposure of
humans to Cd was found to be proteinuria resulting
from damage to the proximal tubule cells of the kidney.
The progression of Cd-induced nephropathy in humans
is as follows: Cd–MT in blood is filtered at the glomerulus
into the urine. Essentially all of the filtered Cd–MT is
reabsorbed by pinocytosis into proximal tubule cells in
the renal cortex and MT is catabolized by lysosomes,
releasing the free Cd+2. Free Cd then stimulates the
production of MT in proximal tubule cells, and the
Cd–MT remains in the cells; although the free Cd ion is
toxic to these cells, intracellular Cd–MT apparently is
not. During chronic exposure, Cd accumulates in the
kidneys, which may eventually account for more than
one-third of the body burden of Cd. When the level of
Cd in the renal cortex exceeds the critical concentration,
there is a rapid increase in the level of unbound Cd
in proximal tubule cells. Unbound Cd nonspecifically
binds to other intracellular ligands, including metalloen-
zymes. Although the toxicological mechanism of action of
unbound Cd on proximal tubule cells is not known, it may
initially involve Cd displacement of Zn from metalloen-
zymes involved in cellular metabolism. In addition, Cd
may destabilize proximal tubule cell membranes, result-
ing in decreased resorption of filtered substances and
increased urinary excretion of low-molecular-weight pro-
teins, amino acids, glucose, and calcium. Destruction of
proximal tubule cells releases intracellular components
including enzymes and MT into the filtrate; increased
urinary excretion of these substances are biomarkers of
proximal tubule damage.

Chronic exposure of humans to Cd in the workplace
or environment has resulted in debilitating bone changes,
including osteoporosis, osteomalacia, and spontaneous
bone fractures (Kazantzis, 1979). Cd may cause these
effects through a direct action on bone, or the effects
may be secondary to Cd-induced alteration of renal
metabolism of vitamin D and decreased tubular resorp-
tion of calcium, both leading to loss of calcium and phos-
phate from bone. Cd could also be shown to be associated
with occurrences of Itai-Itai disease, in which patients
show a wide range of symptoms such as: low grade of
bone mineralization, high rate of fractures, increased
rate of osteoporosis, and intense bone-associated pain
( Jarup et al., 1998).

Oral exposure to Cd has produced neurological effects
in animals characterized by changes in behavior, neuro-
transmitter levels, and histological effects in the brain.
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The mechanism of action for Cd neurotoxicity may be a
suppression of neurotransmitter release, possibly by a Cd-
induced decrease in the influx of calcium into the nerve
terminal following an action potential. However, overall
the data are inadequate to assess whether Cd is likely to
cause neurological effects in humans at exposures near
those causing renal effects.

Oral exposure of animals to Cd has resulted in
decreases in hemoglobin levels and hematocrit in some
studies, but not in others (ATSDR, 2004); a similar situa-
tion exists for data regarding the effects of Cd on the
hematological system in humans. A possible mechanism
for this effect of Cd is the inhibition of Fe absorption. The
inconsistency in the results observed in different studies
may be related to iron content in the diets.

In addition, exposure of animals to Cd has been shown
to result in respiratory, cardiovascular, gastrointestinal,
hepatic, developmental, and reproductive (i.e., testicular)
effects. However, many of these toxic effects were induced
in animals by using routes of exposure and/or exposure
levels and experimental conditions not relevant to human
environmental exposure scenarios. In addition, some of
these effects are observed in animals but not in humans.
Thus, these effects may not be sensitive endpoints of Cd
toxicity in humans.

The EPA reference dose (RfD) for the critical effect of
significant proteinuria from chronic oral exposure from
water is 5� 10–4 mg/kg/day (EPA, 1992). The Rfd for
human studies involving chronic exposures from food is
1� 10–3 mg/kg/day (EPA, 1992).
Public Health Implications

Cd is a cumulative toxicant for which the human exposure
conditions of most concern are long-term exposure to
inhaled Cd in cigarette smoke and elevated Cd levels in
the diet. For populations living in close proximity to
hazardous waste sites, increased dietary consumption
could occur from Cd-contaminated dust on food or
hands, from garden vegetables or fruit grown in Cd-
contaminated soil, and from Cd-contaminated water
used for drinking or garden irrigation. Fugitive dust
emissions from Cd-contaminated soil could expose such
populations by the inhalation route. Currently there is
insufficient information to assess potential absorption or
toxicity of Cd from the dermal route of exposure. Advances
in analytical chemistry have allowed for the measurement
of Cd in blood and urine, giving public health-care provi-
ders the ability to determine whether people have been
exposed to higher levels of Cd than those found in the
general population. These biomarker data also will help
scientists plan and conduct research about Cd exposure
and health effects.
See also: Carcinogens, Environmental; Environmental

Health: Overview; Environmental Protection Laws;

Hazardous Wastes; Human Exposure Science;

Occupational Health: Overview; Risk Assessment,

Environmental/Occupational.
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Introduction

The Canadian health system reflects the inherent com-
plexity and diversity of a country covering the second
largest landmass in the world (Figure 1). In addition to
its original Aboriginal inhabitants and official language
communities of French and English, the population is
made up of immigrants, many recent, from virtually
every part of the globe. Most live in large urban centers
that hug the southern border with the United States but
Figure 1 Source: Atlas of Canada, Natural Resources Canada.
vibrant communities, some predating European coloniza-
tion, are sprinkled throughout the ten provinces and three
northern territories.

Not surprisingly, the Canadian health-care system
reflects the country’s complexity and diversity. Indeed, it
is misleading to use the term ‘system’ when in fact there
aremany health-care systems, sometimes operating simul-
taneously, within the same country. For this reason, inter-
governmental cooperation among the federal, provincial,
and territorial governments – along with significant
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nongovernmental health-care stakeholders – is so promi-
nent in the financing, administration, and delivery of pub-
lic health care in Canada. This article describes the
political and administrative organization of health care in
Canada, including its intergovernmental dimensions for
conventional as well as alternative medicine and public
health, and the relationship of each with conventional
illness care. Since Canadians have played a major role in
the development of the determinants of health approach to
health policy internationally, this history is briefly
recounted.
Political and Administrative Organization

The provinces and northern territories of Canada cover a
land area of about 10million km2. Under the constitution
of Canada, the provinces have the primary jurisdiction
over health care. As a consequence, provincial govern-
ments are mainly responsible for the financing and
administering of public health care in Canada. To enforce
and uphold the Canada Health Act, the federal govern-
ment makes cash transfers to the provinces, portions of
which it can deduct from the transfers to provinces if they
permit or encourage facilities or physicians to charge user
fees for medically necessary and/or required services or
breach the five broad principles of public administration,
comprehensiveness, universality, portability, and accessi-
bility as defined in the Canada Health Act (Figure 2).
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While provincial governments play a dominant and
direct role in the financing and administering of health
care, they have a more arm’s-length role in the delivery of
many public health-care services. Most physicians, for
example, are responsible for their own private practices
and clinics, and receive their remuneration through a fee
schedule negotiated between these governments and the
provincial medical associations. Most of the health profes-
sions are self-regulated under provincial government laws
that set out a general framework under which the profes-
sions operate. Many health facilities, including nursing
homes and other long-term care institutions, home care
and community care organizations, medical laboratories,
and diagnostic clinics are privately owned and adminis-
tered. The majority are community-based not-for-profit
organizations but some are private for-profit enterprises
conducted on a commercial basis. Figure 3 illustrates the
extent to which services are delivered privately in the
Canadian system even when such services are publicly
funded and administered.

Until recently, almost all hospitals in Canada were
owned and administered at the local level by municipali-
ties or private not-for-profit corporations, including reli-
gious-based organizations. However, some (but not all) of
these hospitals have recently been subsumed by new pub-
lic arm’s-length organizations known as regional health
authorities (RHAs), which were established by the pro-
vinces beginning in the late 1980s. This change, commonly
referred to as regionalization in Canada, involved the
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Figure 3 Matrix of funding, administration, and delivery. Reproduced from Marchildon GP (2005) Health systems in transition: Canada, p. 120. Brussels: World Health Organization on
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provincial governments carving up their respective terri-
tories into geographic regions and then creating RHAs to
administer the delivery of a continuum of health services,
from hospitals and nursing homes to home care and public
health. As arm’s-length public organizations established
under provincial law, RHAs have a mandate to meet the
health needs of the populations within their boundaries as
both purchasers and providers of services. The type and
extent of services purchased from independent facilities or
professionals vary considerably among RHAs and among
provinces. As can be seen inTable 1, the population size of
RHAs varies considerably from province to province.

Although the provincial governments are responsible
for administering most public health care in Canada, the
federal government nonetheless plays a critical role in
health care beyond upholding the broad principles and
conditions under the Canada Health Act. These other
activities include: funding health research; collecting
health data through Statistics Canada; financing and
administering health services for First Nations people
and Inuit, inmates of federal penitentiaries, war veterans,
and active members of the Canadian armed forces and the
Royal Canadian Mounted Police; as well as regulating the
pharmaceutical and natural health products industries.

In 2000, the federal government replaced the Medical
Research Council with the Canadian Institutes of Health
Research (CIHR), which in turn, is made up of 13 fund-
ing bodies supporting research on Aboriginal peoples’
health, aging, cancer, circulatory and respiratory disease,
gender, genetics, health services/policy, human develop-
ment, children/youth, infection/immunity, metabolism
and diabetes, neurosciences/mental health/addiction,
and population and public health. Through CIHR fund-
ing of both investigator-driven as well as more govern-
ment-driven strategic research, the federal government’s
objective is to put Canada in the top five health research
nations in the world.
Table 1 Regionalization reforms in Canada, 1989–2005

Province or territory
Total population
(in thousands)

(Establi
(year)

British Columbia 4196 (1997) 2

Alberta 3202 (1994) 2
Saskatchewan 995 (1992) 2

Manitoba 1170 (1997–9

Ontario 12 393 2005

Québec 7.543 (1989–9
Nova Scotia 937 (1996) 2

New Brunswick 751 (1992) 2

Prince Edward Island 137 (1993–9

Newfoundland and Labrador 517 (1994) 2
Northwest Territories 43 (1997–9

Reproduced fromMarchildon GP (2005) Health systems in transition:

of the European Observatory on Health Systems and Policies.
Nonbiomedical Alternative Medicines and
Approaches to Health

In Canada as in the United States, it has been customary
to include alternative nonbiomedical medicines and
approaches, including traditional Chinese medicines and
acupuncture as well as native Canadian (Aboriginal) heal-
ing practices, with less mainstream biomedical therapies
such as chiropractic and psychological therapies in a single
category known as complementary and alternative medi-
cine (CAM). The first category of therapies in particular
share four common characteristics: (1) they are presumed
to work in conjunction with the body’s own self-healing
mechanisms; (2) they are holistic in the sense that they
treat the whole person; (3) they try to involve the individ-
ual as an active participant in the healing process; and
(4) they tend to focus on prevention and well-being as
much as on treatment (Achilles et al., 1999).

Most nonbiomedical treatments and approaches,
including nutritional and herbal medicinal products and
therapies, are paid for and delivered privately, outside the
public health-care system. The further west one travels in
Canada, the more popular are nonbiomedical therapies.
In addition, the intensity of their use is correlated with
individuals with higher income and higher education, and
with women more than men (McFarland et al., 2002). In
2004, the federal government, through the Natural Health
Products Directorate in Health Canada, began regulating
and approving traditional herb products, vitamins and
mineral supplements, and homeopathic preparations.
Intergovernmental Collaboration in Health
Regulation, Planning, and Policy

Relative to Australia, Germany, and the United States,
Canada is a relatively decentralized federation. As a
shed) changed Current number
of RHAs

Range in population
size of RHAs (2005)

001 5 (16) 1 314 635! 285560

003 9 1 042855! 66005
001–02 13 272195! 2125

8) 2002 11 622015! 955

14 1 356500! 234000

2) 2003 18 1 782835! 9600
001 9 398038! 33 165

002 8 179840! 29 325

4) 2005 0 –

003–04 6/4/2 295 145! 40 516
8) 2002 8 18115! 2441

Canada, p. 28. Copenhagen: World Health Organization on behalf
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consequence, Canadian governments at the federal and
provincial levels have been highly reliant on intergovern-
mental collaboration to administer, deliver, and reconfigure
public health care. At the apex of this collaboration is the
Conference of Federal-Provincial-Territorial Ministers of
Health as well as a mirror committee of deputy ministers
of health (O’Reilly, 2001). In addition to this committee
structure, intergovernmental organizations with specific
health-care mandates and varying degrees of independence
from their sponsoring governments have been established
in recent years.

The federal government regulates the safety of food
and pharmaceutical products through Health Canada and
the Food and Drugs Act, and the prices of patented phar-
maceutical products through the Patented Medicine
Prices Review Board. Since the provincial governments
operate their own prescription drug programs, most of
which are categorical programs targeting seniors and the
poor, they in turn attempt to control cost by limiting the
number and type of pharmaceuticals placed on provin-
cial formularies. A minority of provinces have instituted
reference-based pricing policies, in which only the lower-
cost therapeutic alternative is subsidized in full by the
provincial drug plan. To manage the jurisdictional and
policy overlaps in pharmaceutical regulation, the federal
and provincial governments work through an intergovern-
mental body known as the Canadian Agency for Drugs and
Technologies in Health (CADTH). Conducting clinical-
and cost-effectiveness studies under a Common Drug
Review, CADTH makes formulary listing recommenda-
tions to all provincial governments with the exception
of Quebec. Through the Canadian Optimal Medication
Prescribing and Utilization Service, CADTH promotes
evidence-based best practices in pharmaceutical prescrib-
ing and use. Finally, CADTH conducts a major health
technology assessment program for a broad range of pre-
scription drugs, medical devices, and other similar health
technologies to assist all jurisdictions in decisions con-
cerning the purchase of new health technologies on the
basis of both clinical and cost-effectiveness.

The Canadian Institute for Health Information (CIHI)
was established in 1994 to coordinate the gathering and
dissemination of health data previously done by jurisdic-
tions in isolation of each other. CIHI’s core functions
include identifying national health indicators, coordinating
the development and maintenance of national informa-
tion standards, developing and managing health databases
and registries, as well as conducting and disseminating basic
research and analysis. In its work, CIHI cooperates closely
with Statistics Canada, a federal government agency which
enjoys an international reputation for the gathering and
dissemination of population health data.

Since the late 1990s, Canadian governments have
collaborated in the establishment of a number of new
intergovernmental health organizations. These include
Canadian Blood Services, which was set up by the pro-
vinces and territories in response to a major ‘‘tainted
blood’’ controversy surrounding the safety of the coun-
try’s blood supply as then managed by the Canadian Red
Cross. Established in 2001, Canada Health Infoway
emerged out of the desire of federal, provincial, and
territorial ministers of health to accelerate the devel-
opment of electronic health records in all jurisdictions.
In 2003, the Health Council of Canada was created to
provide both an assessment of progress in priority areas of
health reform, as identified by the prime minister and the
premiers of the provinces and territories, as well as make
recommendations for future health reform on a national
basis. Beginning its work in 2005, the Canadian Patient
Safety Institute was established to provide systematic
evidence on medical errors and initiate change to improve
patient safety throughout Canada.
Health Care Expenditures and Financing

As can be seen in Figure 4, approximately 70% of health
expenditures are channeled through the public system
while a further 30% are funneled through the private
sector. Of the C$142 billion spent on health in 2005,
approximately $99 billion was public health care financed
and administered by the provincial and federal govern-
ments. Of this sum, roughly $56 million was spent on
medically necessary or required hospital and physician
services. As insured services under the Canada Health
Act, they are made universally available to all Canadians
without user fees on the same terms and conditions.

Total health-care expenditures have now reached 10%
of Canada’s gross domestic product. As can be seen in
Table 2, much of this growth can be attributed to mixed
and private (i.e., non-Canada Health Act) goods and ser-
vices including prescription drugs, home care services,
long-term institutional services including nursing homes
for seniors, dental services, vision care, as well as nonmed-
ical goods and services. Whereas the first three categories
of services may be subsidized by provincial governments
for some of their residents, the other categories of health
services and products are largely provided through the
market and paid for through a combination of private
insurance and out-of-pocket payments by consumers.

Almost all public health-care expenditures are
financed through general government taxation at both
the provincial and federal levels of government. Private
health care is paid for out-of-pocket or through private
insurance, the majority of which is employment-based.
Unlike ‘voluntary’ health insurance in many other
countries, private health insurance in Canada is generally
part of a fixed (i.e., nonvoluntary) benefit package nego-
tiated through a collective agreement between employers
and employees. Private health insurance benefits generally
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Figure 4 Overview of Canadian health care from an expenditure perspective, 2005. Reproduced from Canadian Institute for

Health Information (CIHI) (2005) National Health Expenditure Trends, 1975–2005. Ottawa: Canadian Institute for Health Information.

Table 2 Five-Year Trends in Canadian Health Expenditures, 1976–2005

Five-year averages 1976–1980 1981–1985 1986–1990 1991–1995 1996–2000 2001–2005

Total health expenditure (THE) as % of GDP 7.0 8.0 8.5 9.6 9.0 10.0

Canada Health Act (CHA) services as % of THE 58.1 56.7 55.4 51.7 46.2 43.3

CHA services as % of GDP 4.1 4.5 4.7 5.0 4.2 4.3

Non-CHA services as % of THE 41.9 43.3 44.6 48.3 53.8 56.7
Non-CHA services as % of GDP 2.9 3.5 4.7 4.6 4.9 5.7

Mean annual growth rate in THE 12.8 12.4 8.9 4.0 5.8 7.7

Mean annual growth rate in CHA services 11.6 12.2 8.2 1.8 3.8 6.8
Mean annual growth rate in non-CHA services 14.6 12.7 9.8 6.3 7.5 8.4

Mean annual growth rate in GDP 12.6 9.1 7.0 3.6 5.8 4.8

Mean real annual growth rate in THE 3.3 4.2 4.0 1.6 4.0 5.2

Mean real annual growth rate in CHA services 2.2 4.0 3.3 �0.5 2.1 4.3
Mean real annual growth rate in non-CHA

services

4.9 4.5 4.8 3.9 5.7 5.9

Mean real annual growth rate in GDP 3.6 3.1 2.3 2.0 4.3 2.5

Reproduced fromMarchildon GP (2005) Health systems in transition: Canada, p. 55. Copenhagen: World Health Organization on behalf
of the EuropeanObservatory onHealth SystemsandPolicies. Updated byCanadian Institute for Health Information (CIHI) (2005) National

Health Expenditure Trends, 1975–2005. Ottawa: Canadian Institute for Health Information; Organisation for Economic Co-operation and

Development (OECD) (2005) OECD health data 2005: A comparative analysis of 30 countries, 5th edn. Paris: Organisation for Economic

Co-operation and Development; Statistics Canada (2005). 1975 to 2005 national accounts. Ottawa, Canada: Statistics Canada.
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target dental care, vision care, and prescription drugs
(Figure 5) (Marchildon, 2005).
Public Health in Canada’s Public Health
Care System

Public health can be defined as the science and art of
promoting health, preventing disease, and prolonging life
through policies and programs that focus on the popula-
tion as a whole. The implicit contrast is with health-care
policies, the main focus of which is on treating already ill
or injured individuals. Today, public health in Canada is
generally identified with six discrete functions: (1) disease
and injury control at the population level, (2) health
protection at the population level, (3) emergency pre-
paredness and response, (4) surveillance, (5) population
health assessment, and (6) health promotion.
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Figure 5 Revenue sources for total health expenditures in Canada, 2003. Reproduced from Canadian Institute for Health

Information (CIHI) (2005) National Health Expenditure Trends, 1975–2005. Ottawa: Canadian Institute for Health Information.
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Before the introduction of universal hospital insurance
in the 1950s, and universal physician care insurance in the
1960s – together referred to as Medicare – public health
programs and services, at least those concerned with
infectious disease control and public health and safety,
constituted the main health-care responsibilities of all
governments in Canada. This was reflected in the names
of the departments that emerged in the early twentieth
century – almost all were officially designated as depart-
ments of public health. At the same time, however, the
work of such departments was largely limited to treating
and preventing infectious diseases on a population basis as
well as recording vital statistics such as births and deaths.

With the introduction of Medicare, the responsibilities
of departments and ministers of public health were greatly
expanded. At the same time, the provincial departments
of health, as they were renamed, increasingly assumed
the public health responsibilities of cash-strapped and
tax-poor municipalities. Only larger urban centers in
Canada were able to provide their inhabitants with public
health services including infectious disease control and
the administration and enforcement of health and safety
standards.

The definition of public health, and along with it the
role of government, did not change or expand fundamen-
tally until the emergence of the determinants of health
approach in the 1970s and 1980s, and the introduction of
regionalization in most provinces in the 1990s. Although
health scholars and program decision makers were aware
of the impact of living standards, education, employment,
and healthy lifestyles on health outcomes, as well as the
elimination of financial barriers to Medicare for all nec-
essary treatment and the marginal influence of illness care
on the ultimate health of a population, it took consider-
able time for the full policy implications of this basic
insight to be systematically examined.
The Lalonde Report and the Ottawa
Charter: New Approaches to Health
Determinants?

In 1974, Marc Lalonde, the federal minister of the Depart-
ment of National Health and Welfare, released a working
report entitled A New Perspective on the Health of Canadians

(Lalonde, 1974). Although it attracted little media attention
at the time, the four-quadrant health field concept at the
center of the Lalonde report would prove to be exception-
ally influential not only in Canada but throughout the
world, in large part because of its emphasis on the impact
of lifestyle and environmental factors as major determi-
nants of health alongside the long-emphasized factors of
human biology and health care. The Lalonde report was
the product of a group of policy thinkers in the Long Range
Health Planning Branch of the federal department of
health. For its eight-year existence, the branch operated
more like a think tank than a bureaucratic unit within
government (McKay, 2000).

The reasoning behind the Lalonde Report was subse-
quently used to support the federal government’s decision
to loosen the conditions on transfer funding in 1977 and to
reduce the rate of growth of such transfers by the early
1980s. At the same time, a new Health Promotion Direc-
torate within the federal Department funded and super-
vised cost-shared projects with citizen groups to pilot the
new approach to health determinants. Although the pro-
jects at the local, regional, and national level initially
focused on encouraging lifestyle changes, they eventually
targeted larger societal and structural changes. This work
had a profound impact on Health and Welfare Canada’s
Framework for Health Promotion as well as the major
contributions of Canada to the World Health Organiza-
tion’s first international conference on health promotion
and the release of the Ottawa Charter for Health
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Promotion, both of which appeared in 1986 (Epp, 1986;
Boyce, 2002). Despite these advances, Canada’s more tra-
ditional system of public health remained highly frag-
mented, poorly coordinated, and poorly funded by
federal, provincial, and local governments. As a conse-
quence, it did not fare well when faced with its first
major crisis of the twenty-first century.
Aspects of physical and mental
health that are a result of organic
make-up 

The institutional arrangements
governing the provision of health
services: access and quality 

Figure 6 Health field concept from the Lalonde Report.

Reproduced from Lalonde M (1974) A new perspective on the

health of Canadians: A working document. Ottawa: Department

of Health and Welfare.
The SARS Crisis and the Establishment
of the Public Health Agency of Canada

In 2003, Canadians were caught by surprise with a major
outbreak of severe acute respiratory syndrome, or SARS.
By August of that year, there were 400 probable and
suspect SARS cases in Canada, as well as 44 deaths in the
greater Toronto area. Health-care workers were among
the most vulnerable and three of the 100 SARS-infected
health-care workers ultimately died. As the hardest-hit
country outside of the Asian continent, Canada became
the focus of international attention, with the World Health
Organization recommending against nonessential travel
to Toronto for almost a month during the worst part of
the crisis.

As a consequence of the problems of coordination and
communication associated with the public health response
by the city of Toronto and the governments of Ontario
and Canada, Health Canada established a National Advi-
sory Committee on SARS and Public Health chaired by
Dr. David Naylor of the University of Toronto. The man-
date of the Naylor Committee went beyond recommenda-
tions on how to organize responses to infectious diseases
crises in the future to providing directional recommenda-
tions on the future of public health in Canada. Influenced
by the coordinating function of the Centers for Disease
Control and Prevention (CDC) in the United States, the
Naylor Committee recommended the establishment of a
national public health agency in Canada (Health Canada,
2003). The federal government established the Public
Health Agency of Canada (PHAC) in 2004. Although
created as a government department separate fromHealth
Canada, PHAC reports directly to the federal Minister of
Health and is headed up by a Chief Public Health Officer.
Although cities, provincial governments, and RHAs have
long had chief public health officers, this was the first
national officer for the country as a whole.

PHAC’s internal organization is illustrated in Figure 6.
The Scientific Director General is responsible for strength-
ening the Agency’s scientific networks externally as well
as coordinating scientific research and scientific policy
throughout the Agency.

The Infectious Disease and Emergency Preparedness
Branch is responsible for enabling the prevention and
control of infectious diseases on a national basis as well
as improving the health of Canadian residents actually
infected. This branch ensures that PHAC is ready to
respond to public health emergencies including pan-
demic influenza, HIV/AIDS, West Nile virus infection,
Creutzfeldt-Jakob disease, food- or waterborne disease,
and other diseases and outbreaks at all times. To meet
PHAC’s emergency preparedness mandate, the Branch
administers five national laboratory and response centers:
(1) Centre for Infectious Disease Prevention and Control;
(2) Centre for Emergency Preparedness and Response;
(3) National Microbiology Laboratory; (4) Laboratory for
Foodborne Zoonoses; and (5) Pandemic Preparedness
Secretariat (Figure 7).

The Health Promotion and Chronic Disease Preven-
tion Branch works with numerous stakeholders to facili-
tate leadership in health promotion, surveillance, chronic
disease control and preventions, and evaluation of existing
programs. To help achieve this objective, this branch
administers the Centre for Chronic Disease Prevention
and Control and the Centre for Health Promotion. The
Public Health Practice and Regional Operations Branch
provides strategic direction in public health surveillance
on a national basis while helping build public health
capacity at the regional level.
Health Status and Health System
Outcomes

Based upon a number of indicators,Table 3 illustrates the
growing improvement in the health of the Canadian pop-
ulation. Since 1970, life expectancy has risen dramatically
for both men and women and infant mortality has dropped
significantly. In terms of two indicators – potential years
of life lost and life expectancy at birth – Canada is ranked
among the very top of the Organisation for Economic
Co-operation and Development (OECD) nations. At the
same time, Canada’s perinatal mortality rate is more in
the middle of OECD countries: by way of illustration, it is
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Figure 7 Public health agency of Canada: Organization chart, 2007. Derived from http://www.phac-asp.gc.ca/about_apros/index.
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Table 3 Life expectancy and mortality indicators, Canada, 1970–2000

1970 1980 1990 2000

Life expectancy (Females at birth – years) n/a 78.9 80.8 82
Life expectancy (Males at birth – years) n/a 71.7 74.4 76.7

Life expectancy (Total population at birth – years) n/a 75.3 77.6 79.4

Infant mortality (Deaths /1000 live births) 18.8 10.4 6.8 5.3

Maternal mortality (Deaths/100000 live births) 20.0 8 2.5 3.4
Potential years of Lost Life (Per 100 000, aged 0–74) n/a 6250 4716 3571

All malignant neoplasms (Deaths/100000 pop.) 183.4 185.8 191.7 175.7

Lung cancer (Deaths/100 000 pop.) 30.5 42.9 51.1 46.9

Prostate cancer (Deaths/100000 pop.) 24.0 25.7 30.1 24.6
Breast cancer (Deaths/100 000 pop.) 30.2 29.7 31.3 24.5

Colorectal cancer (Deaths/100000 pop.) 30.9 25.0 21.1 17.1

Digestive diseases (Deaths/100000 pop.) 31.8 32.5 24.7 21.3
All circulatory disease (Deaths/100 000 pop.) 488.4 379.1 260.7 191.5

Acute myocardial infarction (Deaths/100000 pop.) n/a 139.9 86.1 52.1

Cerebrovascular disease (Deaths/100 000 pop.) 100.8 70.2 47.6 37.8

Ischemic heart diseases (Deaths/100 000 pop.) 309.4 231.8 154.2 108.5
Respiratory disease (Deaths/100000 pop.) 64.7 52.3 55.9 44.3

Pneumonia and influenza (Deaths/100 000 pop.) 36.1 22.3 22.0 n/a

Infectious and parasitic disease deaths (Deaths/100000 pop.) 7.0 3.6 7.8 8.3

HIV (Deaths/100000 pop.) n/a n/a 3.2 1.4
Mental and behavioral disorders (Deaths/100000 pop.) 2.7 6.1 9.6 13.6

External causes (Deaths/100 000 pop.) 70.9 65.5 46.9 38.2

Reproduced from Marchildon GP (2005) Health systems in transition: Canada, p. 13. Brussels: World Health Organization on behalf of

the European Observatory on Health Systems and Policies.
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better than the rates in Fran ce, the United King dom, and
the United Stat es but poorer than tho se in Sweden and
Austral ia (OECD, 2005 ).

Outcome s in ter ms of diseas e ind icator s are more
mixed. Whereas the rate for circ ulatory diseas e ha s seen
a major dec line, and respira tory disea se rates have f allen
apprecia bly, overall can cer rates have barely dec lined.
Inf ectious diseas es have actu ally increas ed and men tal
disor der s have increas ed dra matically. In a compar ison
with other O ECD countrie s, Canad a ranks high in te r ms
of cere brovascular diseas es but ranks c loser to the mid-
range of 30 OECD countr ies for re spiratory diseas e, hear t
diseas e, and cancer ( OECD, 2005 ).
As the Lalo nde Re por t points out, many if not mos t of
the f actor s influ encing health are outsi de the health-c are
system . Lif estyl e and environ mental f actor s both play a
signifi cant role in shaping an individual’s diet as well as
risky behavior s in ter ms of alcohol, tobacco, and oth er
dr ug consu mption. As Table 4 shows, tobacc o consump -
tion has f alle n by almost 50% since the ear ly 1980s,
a result in par t of aggressive ant itobacco initiatives by
the f ederal and provincial gover nments and fu ndamental
changes in attitudes and lif estyl e behavior s by Canad ians.
Though not as dr amatic, alco hol consu mption has also
f alle n over the same period , again in par t the re sult of
attitudi nal and behavioral changes. However, Canad ians

http://www.phac-asp.gc.ca/about_apros/index


Table 4 Factors influencing the Health Status of Canadians, 1981, 1991 and 2001

1981 1986 1991 1996 1997 1998 1999 2000 2001 2002

Total calories intake (per capita) 2337 2411 2356 2585 n/a 2715 2725 2732 2757 2788
Alcohol consumption (liters per

capita, 15þ)
97.8 92.2 83.4 77.8 78.5 79.8 80.8 81.2 80.6 81.1

Daily smokers (% of pop.) 32.8 28.3 25.9 24.5 23.8 23.7 20.9 19.8 18.0 17.8

Obese population (% of total
pop. BMI>0 kg/m2)

n/a n/a 12.2 12.2 14.6 n/a 14.5 n/a 14.9 14.9

Reproduced from Marchildon GP (2005) Health systems in transition: Canada, p. 17. Brussels: World Health Organization on behalf of

the European Observatory on Health Systems and Policies.

Table 5 Satisfaction of Canadians with health care and/or

health system

Province or territory

2001–%
Excellent
or good

2003–%
Excellent
or good

British Columbia 84.0 82.8
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have been increasing their intake of calories, apparently
the result of greater reliance on prepared foods from both
supermarkets and restaurants, which tend to have higher
fat content. As a consequence, the rate of obesity has also
gradually climbed, particularly among children and teen-
agers (CIHI, 2004).
Alberta 83.6 85.7
Saskatchewan 85.6 88.4

Manitoba 80.3 85.6

Ontario 84.5 87.1

Quebec 85.0 89.0
New Brunswick 82.8 86.9

Nova Scotia 85.3 87.3

Prince Edward Island 89.6 88.6
Newfoundland and Labrador 88.9 86.1

Yukon 81.7 85.3

Northwest Territories 80.5 79.1

Nunavut 70.8 77.1
Canadian average 84.4 86.8

Reproduced from Marchildon GP (2005) Health systems in tran-

sition: Canada, p. 129. Brussels: World Health Organization on

behalf of the European Observatory on Health Systems and
Policies.
Conclusion and Assessment

Canada’s relatively high ranking in terms of health status
is due to a number of factors including relatively low
disparities in socioeconomic status and access to health
care. When compared to the United States, in particular,
both factors – socioeconomic status as measured by
income, education, and occupation, and access based on
medical rather than income – combine to produce better
health outcomes (Lasser et al., 2006). However, the poor
health status associated with the majority of Canada’s
Aboriginal peoples, many of whom are economically,
geographically, and socially marginalized, has nonetheless
resulted in an enormous health disparity within the Cana-
dian population (Adelson, 2005).

In terms of health-care organization, Canada is in the
mid-range of OECD countries in terms of the extent to
which its system is publicly financed and administered.
During the early to mid-1990s, access to, and the quality
of, some health services were impaired as a result of gov-
ernment budget cutbacks. As a consequence, public confi-
dence in the system was eroded although most Canadians
remained committed to the solidarity principles underlying
Medicare (Romanow, 2002). Since the late 1990s, both
federal and provincial governments have been reinvesting
in public health care in an effort to improve quality and
reduce waiting time. As a consequence, as can be seen
in Table 5, patient satisfaction has improved, albeit
gradually.

This public reinvestment in health care has triggered
concerns about the fiscal sustainability of Medicare. In
reality, most of the cost drivers appear to be in the mixed
and private categories of health services rather than
Medicare services. In particular, the growth of private
and public prescription drug plans has been in excess of
double the rate in growth of hospital and physician expen-
ditures. Despite this, most media and think tank commen-
tators continue to focus on Medicare, occasionally
suggesting alternatives to the current single-payer model
of administration. These arguments were given consider-
able political support in a recent Supreme Court of
Canada judgment. In the now famous Chaoulli case, the
court concluded that the Quebec government’s prohibi-
tion on private insurance for Medicare services violated
the province’s Charter of Rights in a situation in which a
patient waits an unreasonable amount of time for elective
surgery. While the decision is not likely to lead to private,
multipayer insurance for Medicare services, it has fueled
the ongoing debate concerning the appropriate divide
between the public and the private sector in financing,
administration, and delivery of health care in Canada.

See also: Health Systems of Mexico, Central America

and the Caribbean; United Kingdom, Health System of;

United States, Health System of.
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Increased Risk of Cancer Development
with Aging

The adult human body consists of approximately 60 trillion
cells. The rate of proliferation and growth of this vast
number of cells are under strict regulation and are highly
coordinated. However, in rare cases, a few cells in a partic-
ular organ escape this tight regulation of growth, start
uncoordinated proliferation, acquire invasive and meta-
static properties, and become cancerous. The incidence of
cancer rises exponentially with age in humans (Ries et al.,
2006). As shown in Fi gu re 1 , until age 35, the incidence of
cancer is 0.2% in the general population. This incidence
rises to about 1.5% at ages 50–60. The maximum incidence
of cancer, which is close to 5%, occurs between ages 70 and
80. Therefore, cancer tends to develop after 50 years of
age, which is halfway from the 100th year, the maximum
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lifespan of humans. In addition, women tend to have twice
the incidence of cancer at age 30–50 than men, although
this trend reverses after age 50. After age 85, there tends to
be a slight decline in the incidence of cancer.

The genetic basis of this increased incidence of cancer
with age is unclear. Recent progress in aging and cancer
research suggests that errors accumulated in DNA during
each round of replication, together with several other
genetic and epigenetic factors, are involved in the increased
risk of cancer with advanced age. In addition to genetic
factors such as the accumulation of mutations in DNA,
epigenetic factors, such as methylation of DNA and acety-
lation or deacetylation of histones, which do not affect DNA
sequence per se, but change the expression of genes, also
contribute to various diseases, including cancer (reviewed
in Jones and Laird, 1999). Other factor s that may contribute
to the age-dependent increase in cancer incidence areDNA



00

0

500

1000

1500

2000

2500

3000

01
−0

4

05
−0

9

10
−1

4

15
−1

9

20
−2

4

25
−2

9

30
−3

4

35
−3

9

40
−4

4

Age at diagnosis

R
at

e 
pe

r 
10

0
00

0

45
−4

9

50
−5

4

55
−5

9

60
−6

4

65
−6

9

70
−7

4

75
−7

9

80
−8

4

85
+

Figure 1 Age-specific SEER (Surveillance Epidemiology and End Results) incidence rates by sex for all cancer sites. These data are
from SEER 17 Registries for 2000–2003 and do no include American Indians/Alaska Natives cases for the 2003 diagnosis year. The

statistics are from malignant cases only and rates are expressed as cases per 100000. Blue squares, male; green diamonds, female;

red circles, male and female. The figure is reproduced from the SEER website, http://seer.cancer.gov/, of the National Cancer Institute,

Bethesda, MD.

392 Cancer and Senescence
repair defects (reviewed in Lombard et al., 2005),
impaired mitochondrial function (reviewed in Taylor and
Turnbull, 2005), and the decrease in immune surveillance
(reviewed in Burns and Leventhal, 2000). Here we focus on
the role of an altered cellular phenotype, known as cellular
senescence, which is associated with aging in culture
and in vivo.
Cellular Senescence and Accumulation of
Senescent Cells in Aging Tissues

Normal human cells irreversibly arrest growth with a large
and flat cell morphology after a limited number of cell
divisions. This process is termed cellular senescence and
was first described by Hayflick and colleagues in cultured
human fibroblasts (Hayflick and Moorhead, 1961). Since
eukaryotic cells have linear chromosomes, each chromo-
some shortens from the ends, or telomeres, during every
round of cell division due to the biochemistry of DNA repli-
cation. It is thought that senescence in culture may also
reflect an aging process in vivo (reviewed in Itahana et al.,
2004). It is generally accepted that human fibroblasts and
other types of cells senesce because they eventually acquire
one or more short dysfunctional telomeres. In addition to
telomeric signals, recent evidence suggests that cells also
undergo senescence in response to acute signals that are
potentially oncogenic. These signals include inappropriate
activation or expression of oncogenes, strong mitogenic sig-
nals, direct DNA damage, and chromatin remodeling agents
(Figure 2) (reviewed in Campisi, 2005; Dimri, 2005). Senes-
cence induction by these nontelomeric signals may bemuch
more important in age-related diseases such as cancer.

Using senescence-associated b-gal (SA-b-gal) as a bio-
marker to detect senescent cells (Dimri et al., 1995), it has
been shown that at least in some tissues, senescent cells
accumulate in the human bodywith advanced age (Itahana
et al., 2004). For example, senescent cells accumulate in
aging human skin, primate retina, and liver. Senescent cells
have also been detected at sites of age-related pathology,
such as benign hyperplastic prostate and atherosclerotic
lesions. If senescent cells do accumulate in vivo, the natural
question is what is the cell’s role in vivo? In the late 1990s,
based on theory of evolutionary antagonistic pleiotropy,
Campisi proposed a hypothesis of senescence being a
double-edged sword (Campisi, 1996). The theory of evo-
lutionary antagonistic pleiotropy states that genes and
processes that are beneficial to an organism early in life
are detrimental later in life (Kirkwood and Austad, 2000).
When this theory is applied to senescence, Campisi
proposed that senescence, by virtue of its tumor suppres-
sor nature, must be beneficial to us early on in life but
actually may be bad in later life by contributing to an age-
dependent increase in cancer incidence (Campisi, 1996,
2005). As discussed below, there is accumulating evidence
to support this hypothesis.

http://seer.cancer.gov/
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Figure 2 Various types of human cells undergo senescence in response to telomeric and non-telomeric signals. Telomeric signals

such as telomere shortening and uncapping of telomere ends trigger replicative senescence while non-telomeric signals such as DNA
damaging agents (e.g., X-rays, g-radiation and H2O2), oncogenic/mitogenic signaling (e.g., RAS, RAF, BRAF, and E2F1), epigenetic

factors (e.g., polycombs, HDACs, HMTs and other chromatin remodeling agents), and undefined stress signals induce premature

senescence. Both phenotypes (replicative senescence and premature senescence) resemble very closely and exhibit an overlapping

pattern of gene expression. Telomeric and non-telomeric signals induce senescence via upregulation of p53 transcriptional activity,
which results in upregulation of p21 and other growth inhibitors. Independent of p53, non-telomeric signals also induce p16, which

blocks kinase activity of CDKs and maintains pRb in its growth-inhibitory form (under-phosphorylated). The black filled circle inside the

non-senescent cell represents an active DNA synthesis in such cell as measured by 3H-thymidine labeling, while in this assay,

senescent cell does not incorporate 3H-thymidine into DNA.
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Possible Contribution of Senescence to
Oncogenesis

Elegant studies from Campisi’s laboratory have shown
that, at least in some cases, the accumulation of senescent
cells provides a pro-oncogenic signal (Campisi, 2005).

It has been found that compared to nonsenescent cells,
senescent cells secrete a high level of matrix metallopro-
teinases, growth factors, and inflammatory cytokines
(Campisi, 2005). The inappropriate expression of these
factors can influence oncogenesis in multiple ways, most
notably by altering the stromal environment, making it
such that cancer cells can thrive and prosper in it. Indeed,
it was shown that senescent fibroblasts stimulate prolifera-
tion of premalignant epithelial cells in culture and facilitate
tumorigenic conversion of preneoplastic epithelial cells in
a mouse model (Krtolica et al., 2001). Recently, it was shown
that senescent fibroblasts upregulate vascular endothelial
growth factor (VEGF) expression and secretion (Coppe
et al., 2006). The secreted VEGF by senescent fibroblasts
was shown to increase invasiveness of human umbilical
vascular endothelial cells in culture and cause increased
vascularization of tumors in vivo (Coppe et al., 2006).
Recently, senescent prostate fibroblasts were also shown
to enhance proliferation of neoplastic prostate epithelial
cells through paracrine mechanisms (Bavik et al., 2006).

The detailed characterization of other secretory mole-
cules responsible for pro-oncogenic activities of senescent
fibroblasts remains to be investigated. It is also important to
note that most of these studies employed fibroblasts only; at
present, not much is known about the pro-oncogenic con-
tribution of other senescent cell types. Moreover, at pres-
ent, direct evidence showing the accumulation of senescent
cells in the vicinity of a malignant tumor is lacking. None-
theless, it seems reasonable to assume that the accumula-
tion of senescent cells in aged tissues could facilitate cancer
development by creating a matrix environment that is more
conduit to cancer progression.
Senescence Acts as an Initial Barrier to
Cancer Development

On the bright side, senescence has been convincingly
shown to be a tumor suppressor mechanism and an initial
barrier to cancer development. It is very well established
that cellular senescence is regulated by tumor suppressor
pathways (Dimri, 2005). In particular, functional pRb (reti-
noblastoma tumor suppressor protein) and p53 pathways
are required for the genesis and maintenance of the senes-
cent phenotype (Dimri, 2005). Inactivation of these tumor
suppressors results in the bypass of senescence and propen-
sity to cell immortalization. Due to essentially irreversible
growth arrest characteristics and the requirement for p53
and pRb functions, cellular senescence is considered a
potent tumor suppressor mechanism.
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The importance of cellular senescence in cancer is
underscored by the fact that the first step in creating an
in vitro model of human cancer involves the abrogation of
cellular senescence (reviewed in Boehm and Hahn, 2005).
These studies show that a combination of SV40 large T,
small t, hTERT (human telomerase catalytic subunit),
and H-RAS is able to transform a variety of normal
human cell types such as fibroblasts, embryonic kidney
cells, mammary epithelial cells, ovarian epithelial cells,
and endothelial cells (Boehm and Hahn, 2005).

Recent published reports from various laboratories
clearly show that cellular senescence is an important
anticancer defense and acts as an initial barrier to cancer
development in vivo. It was found that the expression of
BRAF oncoprotein, activated H-RAS, or inactivation of
the tumor suppressor PTEN induces an acute senescence
response in vivo, and, as a result, tumor progression is
blocked at a very early stage (Braig et al., 2005; Chen
et al., 2005; Collado et al., 2005; Michaloglou et al., 2005).
Tumor progression was facilitated only by additional
mutations that caused bypass of senescence. Accordingly,
malignant tumors that eventually arose in these systems
were largely devoid of biomarkers of senescence includ-
ing SA-b-gal. In the Michaloglou et al. study, it was found
that the benign nevi in human patients, which express the
oncogenic form of BRAF, by and large are made of sen-
escent melanocytes, as these cells express markers of
senescence such as SA-b-gal and p16 tumor suppressor.
Patients with malignant melanomas showed no presence
of senescent cells. In the transgenic model of lung cancer
progression by K-Ras, it was shown that premalignant
tumors but not malignant tumors contained senescent
cells (Collado et al., 2005). In another study, oncogene-
induced senescence (OIS) was shown as an initial barrier
in lymphoma development in the Eu-N-Ras transgenic
mouse model (Braig et al., 2005). Finally, Chen et al.
showed that PTEN inactivation per se leads to the induc-
tion of premature senescence in vitro and in vivo, which is
p53-dependent. It was also shown that early-stage benign
human prostate cancer samples but not late-stage prostate
cancer samples contained senescent cells (Chen et al.,
2005). Collectively, these studies suggest that senescence
induction, in particular OIS, acts as an initial barrier to
cancer progression in vivo. Although it is yet to be shown,
it is very likely that senescence induction in response to
other potential oncogenic signals such as DNA damage,
mitogenic signals and chromatin remodeling signals, and
telomere attrition also act as an antioncogenic response.
Senescence in Cancer Treatment

A number of in vitro studies have demonstrated that
chemotherapeutic drugs act in part by inducing prema-
ture senescence (Roninson, 2003). In addition, recent
studies provide compelling evidence that senescence can
also be induced in vivo by chemotherapeutic drugs (Schmitt
et al., 2002; te Poele et al., 2002; Roberson et al., 2005).
In a mouse model, Schmitt et al. showed that a chemo-
therapy drug CTX (cyclophosphamide) is able to engage a
senescence program when apoptosis is inhibited by Bcl2
overexpression. In another study, te Poele et al. stained
newly sectioned archival breast tumors from patients who
had undergone chemotherapy regimens for senescence
markers. It was found that the normal tissues adjacent to
the tumors were devoid of SA-b-gal and p16 protein, while
15 out of 36 (41%) tumors stained positive for the SA-b-gal
marker and had high expression of p16 (te Poele et al.,
2002). Similarly, induction of premature senescence by
chemotherapy treatment of human lung cancer was also
recently demonstrated (Roberson et al., 2005).

Thus, chemotherapeutic drugs can induce a senes-
cence-like stage in vivo, implying that these drugs may
work via induction of a senescence-like stage. Another
important regulator of senescence is telomerase and its
target telomeres. More than 90% of tumors contain read-
ily detectable telomerase activity; in principle, telomerase
can be targeted to cause telomere shortening and induce
apoptosis or senescence in precancerous and tumor cells
(Shay and Wright, 2002). Indeed, several telomerase inhi-
bitors are known to induce senescence and/or apoptosis
in tumor cells (Dimri, 2005). Thus, senescence induction
by chemotherapeutics clearly contributes to the antionco-
genic activity of these compounds.
Concluding Remarks

The relationship between aging and cancer is well recog-
nized; however, the underlying mechanisms are not fully
understood. As discussed here, senescence is a common
thread that connects cancer and aging. Senescence can act
both ways: it can protect an organism from cancer or it can
facilitate cancer development, depending on when and
where it occurs. Although the latter role of senescence
may be more significant during aging, it is also possible
that the failure of cells to undergo senescence due to
defects in senescence checkpoints contributes to late life
cancers. It is conceivable that, due to genetic and epigenetic
factors, in some cells, senescence checkpoints are compro-
mised, and that these cells, when challenged with potential
oncogenic signals, fail to invoke a senescence response and
undergo oncogenesis. On the other hand, as discussed
earlier, the presence of senescent cells could be detrimen-
tal, when present in the vicinity of cells that are halfway
from being fully malignant. It is important to note that
although senescent cells do accumulate with age, the frac-
tion of senescent cells is always minor when compared to
the vast overall number of nonsenescent cells in various
organs, even in the aged tissues. Nobody can predict how
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many senescent cells are needed to facilitate cancer devel-
opment. On the other hand, it is predictable that if senes-
cence checkpoints are compromised, there is a good chance
that the cells will become cancerous. In other words, senes-
cence may be guilty of aiding and abetting cancer unknow-
ingly in some cases, but by and large, it protects us from
developing cancer. In summary, a better understanding of
the facts is just what the jury needs to convict or acquit this
fascinating phenotype, when it comes to one of the most
frightening diseases of our time, cancer.
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and impressive treatments have emerged, resulting
in markedly prolonged survival for many patients. These
advances mean that cancer could well become a chronic
disease within the next 20 years, but that promise depends

http://seer.cancer.gov
http://www.nature.com/nature/focus/senescence/index.html
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on sustained investment in innovation, both in diagnostics
and therapies, as well as on society’s willingness to pay
for both.

The three great challenges facing cancer medicine
in the future will be an understanding of the biology of
the very wide range of cancers affecting different organs;
the increased prevalence of the disease that can be
expected in an aging population, and the optimal way in
which to deliver care across a wide range of economic
environments. How will biomedical science and health-
care systems rise to these challenges? An understanding
of the way in which advances have been applied in perso-
nalizing treatments in the past points a way ahead to
address future challenges.

Our cancer future will emerge from the interaction of
four factors: The success of new technology, society’s
willingness to pay, future health-care delivery systems,
and the financial mechanisms that underpin them. The
only way to reduce the costs of cancer care is to ensure
that the right patient gets the right treatment. Investing
in sophisticated diagnostics is a clear imperative in
making personalized medicine for cancer a reality and
delivering it as close to patients’ homes as possible.

The age of the world’s population is rising dramati-
cally. This will increase the total burden of cancer, with
many patients living with considerable comorbidity.
At the same time, new technology in many areas of
medicine is bringing improvements to the quality and
length of life. Major innovations in the following six
areas are likely to have the greatest impact on cancer:

. molecularly targeted drugs with associated sophisticat-
ed diagnostic systems to personalize care;

. biosensors to detect, monitor, and correct abnormal
physiology and to provide surrogate measurements
of cancer risk;

. our ability to modify the human genome through new,
systemically administered targeted vectors;

. the continued miniaturization of surgical intervention
through robotics, nanotechnology, and precise imaging;

. computer-driven interactive devices to help with ev-
eryday living;

. the use of virtual reality systems, which, together with
novel mood control drugs, will create an illusion of
wellness.

Developments in all these areas will need to be antici-
pated in designing the future configuration of cancer
services. Global providers will arise to deliver optimal
care tailored to the local economic environment. The
future landscape of cancer service delivery will be very
different from now: Fast-paced, competitive, consumer-
focused, and internet-driven, with far more real patient
empowerment. New organizations with associated fran-
chises are likely to emerge to drive optimal cancer care in
a world where national borders and cultures will be no
barrier to excellence in service delivery. The same service
changes that have occurred in mobile phones, airline
travel, and insurance will take place in health care. The
consumer will be king; this is difficult to imagine when we
see how cancer services are still provided today, even in
some wealthy countries, especially Britain.

Over the last 20 years, a huge amount of fine detail of
the basic biological processes that become disturbed
in cancer has been amassed. We now know the key ele-
ments of growth factor binding, signal transduction,
gene transcription control, cell cycle checkpoints, apop-
tosis, and angiogenesis. These have become fertile areas
to hunt for rationally based anti-cancer drugs. This
approach has already led to a record number of novel
compounds currently in trials. Indeed expensive targeted
drugs such as rituximab, Herceptin, imatinib, gefitinib,
Avastin, and Erbitux are now all in routine clinical use.
Over the next decade, there will be a marked shift in the
types of agents used in the systemic treatment of cancer.

Because we know the precise targets of these new
agents, there will be a revolution in how we prescribe
cancer therapy. Instead of defining drugs for use empiri-
cally and relatively ineffectively for different types of
cancer, we will identify a series of molecular lesions in
each tumor biopsy. Future patients will receive drugs that
target these lesions directly. The Human Genome Project
provides a vast repository of comparative information
about normal and malignant cells. The new therapies
will be more selective and less toxic, and will be given
for prolonged periods of time, in some cases for the rest of
the patient’s life. Many will be given as tablets, requiring
less frequent clinic visits but still with close monitoring.
This will lead to a radical overhaul of how we provide
cancer care.

Investment in more sophisticated diagnostics is going
to be essential to target treatment to those in whom it
will have the biggest impact. Holistic systems such as
genomics, proteomics, metabolomics, and methylomics
provide fascinating clues to understanding disturbed cell
growth. By developing simple, reproducible, and cheap
assays for specific biomarkers, a battery of companion
diagnostics will emerge. It is likely that for the next
decade, these will be firmly rooted in tissue pathology,
making today’s histopathologist essential to move this
exciting field forward. Ultimately, the fusion of tissue
analysis with imaging technologies may make virtual
biopsies possible for any part of the body – normal and
diseased. The radiologists of the future will be the new
pathologists in a world without needles.

Individual cancer risk assessment by DNA analysis
will lead to tailored prevention messages and a specific
screening program to pick up early cancer. This will
have far-reaching public health consequences. Cancer-
preventive drugs will be developed to reduce the risk
of further genetic deterioration. The use of gene arrays
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to monitor serum for fragments of DNA containing
defined mutations could ultimately develop into an
implanted gene chip. When a significant mutation is
detected, the chip would signal the holder’s home com-
puter and set in train a series of investigations based
on the most likely type and site of the primary tumor.

There will be an increase in the total prevalence of
cancer as a result of improved survival, as well as a shift
in the distribution of cancer types toward those with longer
survival, such as prostate cancer. This will create new chal-
lenges for assessing the risks of recurrence, designing care
pathways, use of information technology, and improving
access to services. There will be new opportunities for
further targeting and development of existing therapies as
experience grows with risk factors over the longer term.
Careful monitoring of patient experiences could help in
improving results. Cancer could soon become a long-term
management issue for many patients, where they enjoy a
high quality of life even with a degree of chronic illness.

The funding of cancer care will become a significant
problem. Already we are seeing inequity in access to
the taxanes for breast and ovarian cancer, and gemcitabine
for lung and pancreatic cancer. These drugs are only
palliative, adding just a few months to life. The emerging
compounds are likely to be far more successful and their
long-term administration will be considerably more
expensive. Increased consumerism in medicine will lead
to increasingly informed and assertive patients seeking
out novel therapies and bypassing traditional referral
pathways through global information networks. It is
likely that integrated molecular solutions for cancer will
develop, leading to even greater inequity than at present.
Cost-effectiveness analyses will be used to scrutinize
novel diagnostic technology as well as therapies.

Future cancer services will be rigorously reviewed
for their value. Two simple value equations pertain. The
first relates value to access and quality of services.

Value ¼ ðAccessþQualityÞ=Cost
Providing better access and increasing quality can obvi-

ously add costs to the service. Better value will be obtained
from providers that can use new technology, recruit more
productive staff, create incentives for greater efficiency, and
deliver economies of scale. These improvements are
unlikely to come from the public sector acting alone.

The second equation expresses the value of a specific
treatment intervention. Sophisticated new diagnostics
are likely to increase the value of treatments by guiding
the right treatment to the right patient – heralding an era of
personalizedmedicine. A revolution in diagnostics will lead
to increased effectiveness of new therapies, because they
will increasingly be given only to those patients who will
benefit from them, thus increasing their value. Quantifying
the top line of this equation is difficult, as can be seen in
many recent health technology assessments. While increase
in overall survival is easy to measure, the toxicity and
lifestyle impact is much more difficult to quantify because
of huge variability between patients.

Value ¼ ðBenefit� Toxicity� Lifestyle disturbanceÞ=Cost
However imperfect they may be, these two equations

will relentlessly drive the economic future of cancer in
all health-care systems.
The Future

Within 20 years, cancer will be considered a chronic dis-
ease, joining conditions such as diabetes, heart disease,
and asthma. These conditions impact on the way people
live, but do not inexorably lead to death. The model
of prostate cancer, where many men die with it rather
than from it, will become more usual. Progress will be
made in preventing cancers. Even greater progress will
be made in understanding the myriad causes of cancer.
Our concepts will be different to those of today, and
the new ways in which cancer will be detected, diagnosed,
and treated will be crucial to understanding the future.

When a cancer does develop, refinements of current
technologies and techniques – in imaging, radiotherapy,
and surgery – together with the availability of targeted
drugs, will make it controllable. Cure will still be sought,
but it will not be the only satisfactory outcome. Patients will
be closely monitored after treatment, but fear that cancer
will definitely kill, still prevalent in the early years of the
twenty-first century, will be replaced by an acceptance that
many forms of cancer are a consequence of old age.

Looking into the future is fraught with difficulties.
Medicine will be overtaken by unexpected step-changes
in innovation.

For this reason, economic analysis of the impact of
developments in cancer care is difficult. The greatest
benefit will be achieved simply by ensuring that the best
care possible is on offer to the most patients. This would
be irrespective of their socioeconomic circumstances
and of any scientific developments. But this is unrealistic.
Technologies are developing fast, particularly in imag-
ing and the exploitation of the human genome. Well-
informed patients, with adequate funds, will ensure that
they have rapid access to the newest and the best, wher-
ever it is in the world. More patients will benefit
from better diagnosis and newer treatments, with greater
emphasis on quality of life. Innovation will bring more
inequality to health. The outcome of the same quality
of care differs today between socioeconomic groups and
it will continue to do so.

Clinicians in Europe will continue to be dependent
on technologies primarily designed for the major health
market in the world, the United States, which currently
consumes nearly 55% of cancer medication but contains
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less than 5% of the population. European legislation
covering clinical trials has threatened to bring research
in the UK to a grinding halt, while ethicists – zealously
overinterpreting privacy legislation – could force the
imposition of restrictions on the use of tissue. Targeted
niche drugs will be less appealing to industry, because the
costs of bringing each new generation of drugs to market
will not be matched by the returns from the most eco-
nomically successful drugs that are currently on the mar-
ket. The delivery of innovation will be underpinned by
patient expectation. The well-informed will be equal
partners in deciding the health care they will receive.
Much of it will take place close to their homes, using
mechanisms devised by innovative service providers.

These developments will have huge implications for
the training of health professionals and for the demarca-
tions between specialties. Emerging technologies will
drive the change. Intraprofessional boundaries will blur;
doctors from traditionally quite distinct specialties may
find themselves doing the same job. Some clinical respon-
sibilities will be taken up by health professionals who will
not be medically qualified. All professionals are likely to
find challenges to their territory hard to accept. Table 1
shows the challenges that need to be addressed in order to
deliver most health benefit.
Prevention and Screening

At the beginning of the twenty-first century, 10million
people in the world developed cancer each year. The
cause of these cancers is known in roughly 75% of cases:
3million are tobacco-related; 3million are a result of diet;
and 1.5million are caused by infection. In the UK, 120 000
people died from cancer each year, even though many of
those cancers were preventable, with one-third related to
smoking. But cancer prevention absorbs only 2% of the
total funding of cancer care and research. Antismoking
initiatives are considered to be successful, although it has
taken 50 years from the time the association between
smoking and cancer was first identified. In the 1960s,
80% of the population smoked; by 2006 the average was
under 30%. This masks real health inequality, the
Table 1 The challenges of cancer care

. Increasing the focus on prevention

. Improving screening and diagnosis and the impact of this on

treatment
. New targeted treatments – how effective and affordable will

they be?
. How the expectation of patients and their carers will translate
into care delivery

. Reconfiguration of health services to deliver optimal care

. The impact of reconfiguration on professional territories

. Will society accept the financial burden of these opportunities?
percentage of smokers in the higher socioeconomic classes
is well under 10%, while the percentage in the deprived is
still about 50% in some parts of the country. Despite the
known risks, if friends and family smoke and there is no
social pressure to stop, there is no incentive to stop. Ban-
ning smoking in public places will lead to a further drop of
approximately 4%. Increases in tax have been a powerful
disincentive to smoke, but the price of a packet of cigarettes
is so high that smokers turn to the black market: As many as
one in five cigarettes smoked is smuggled into the country.
Lung cancer is now a rare disease in higher socioeconomic
groups: It is a disease of poverty.

Lessons from antismoking initiatives will be instructive
for prevention in the future. Although the link between
poor diet, obesity, and lack of exercise and cancer has
not been confirmed, there is sufficient circumstantial evi-
dence to suggest that strong associations will be found.
There will be bans on advertising for potato chips, candy,
and soft drinks on television, the introduction of a health tax
on these products and a ban on sponsorship of any public
event by manufacturers of these products. By 2010, obesity
among the middle classes will be socially unacceptable, but
it will remain common among the economically disadvan-
taged. Creating meaningful, imaginative incentives for peo-
ple to adopt healthy lifestyles will be a major challenge.

The future prevention picture will be colored by post-
genomic research. In 2006, it is accepted that about
100 genes are associated with the development of a whole
range of cancers. The detection of polymorphisms in low-
penetrance cancer-related genes – or a combination of
changed genes – will identify people who are at increased
risk. Within 20 years, most people will be genetically
mapped. The information – gained from a simple blood
test – will be easily stored on a smart-card. Legislation will
be required to prevent this information being used to deter-
mine an individual’s future health status for mortgage,
insurance, and employment purposes. However, the process
of mapping will reveal that every person who has been
screened will carry a predisposition to certain diseases.
People will learn to live with risk.

Today the average age at diagnosis of cancer is 68.
Improvements in screening, detection, and diagnosis
will reduce this. A predisposition for some cancers that
currently manifests itself in a patient’s 70s or 80s will in
the future be detected in young adult life and corrected
successfully while the patients are still in their 30s.
Increasing age will remain the strongest risk predictor.
Little of what has been described is not happening already
in some form, but the computing power of the future will
bring accurate calculation of risk, and risk predictions will
take place on a currently unimaginable scale. Screening
programs will be developed on a national basis if they are
simple, robust, and cheap. Patients will expect that screen-
ing will take place at a convenient venue for them, such as
shopping malls, and that it will not be painful or overly
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time-consuming. Health professionals will demand that
any program be accurate and not give misleading results,
and governments will demand that its costs lead to more
effective use of other resources. Novel providers of risk
assessment services are likely to emerge (Table 2).
Table 3 Innovation in diagnostics
Detecting Cancer

Cancers are fundamentally somatic genetic diseases that
result from several causes: Physical, viral, radiation, and
chemical damage. Other processes are also implicated,
e.g., chronic inflammatory change, immunosurveillance
and failure of programmed cell death (apoptosis). In the
future, cancer will no longer be understood as a single
entity – it will be considered to be a cellular process
that changes over time. Many diseases labeled as cancer
today will be renamed, as their development will not
reflect the new paradigm. Patients will accept that cancer
is not a single disease and increasingly understand it as
a cellular process. Many more old people will have
increased risk or a precancer. This has huge implications
for cancer services. Today, most diagnoses of cancer
depend on human interpretation of changes in cell struc-
tures seen down a microscope. Microscopes will be super-
seded by a new generation of scanners to detect molecular
changes. These scanners will build up a picture of change
over time, imaging cellular activity rather than just
a single snapshot. We will have the ability to probe
molecular events that are markers for early malignant
change. This dynamic imaging will lead to more sensitive
screening and treatments; imaging agents that accumulate
in cells will exhibit tell-tale signs of precancer activity
and will be used to introduce treatment agents directly.

Imaging and diagnosis will be minimally invasive, and
will enable the selection of the best and most effective
targeted treatment (Table 3). Even better imaging will
be able to pick up predisease phases and deal with them
at a stage long before they are currently detectable. These
techniques will also be crucial in successful follow-up.
A patient who has a predisposition to a certain cancer
process will be monitored regularly and offered treatment
when necessary. Not all cancers will be diagnosed in
these earliest of stages – some patients will inevitably fall
through the screening net. Nevertheless, there will be
Table 2 Balancing cancer risk

. Great health inequity exists in smoking-related diseases

. Novel prevention strategies are likely to lead to similar inequity

. Creating meaningful incentives to reduce risk will be essential

. Individually tailored messages will have greater power to

change lifestyles
. Biomarkers of risk will enhance the validation of cancer-

preventive drugs
. Novel providers of risk assessment and correction will emerge
opportunities to offer less invasive treatment than at pres-
ent. Surgery and radiotherapy will continue, but in greatly
modified form as a result of developments in imaging. Most
significantly, surgery will become part of integrated care.
Removal of tumors or even whole organs will remain
necessary on occasion. However, the surgeon will be sup-
ported by 3D imaging, by radiolabeling techniques to guide
incisions, and by robotic instruments. And although many
of the new treatments made possible by improved imaging
will be biologically driven, there will still be a role for
radiotherapy – the most potent DNA-damaging agent –
to treat cancer with great geographical accuracy. The tar-
geting of radiotherapy will be greatly enhanced, enabling
treatment to be more precise.

In addition to the reconfiguration and merging of the
skills of clinicians, the delivery of care will also change.
Minimally invasive treatments will reduce the need for
long stays in hospital. As more patients are diagnosed with
cancer, the need to provide the care close to where
patients live will be both desirable and possible, and it
will be expected by the patients. The prospect of highly
sophisticated scanning equipment and mobile surgical
units being transported to where they are required is not
unrealistic. Technicians, surgical assistants, and nurses
would provide the hands-on care, while technical support
will be provided by the new breed of clinician – a disease-
specific imaging specialist working from a remote site.
Cost control will be an essential component of the diag-
nostic phase. Health-care payers will create sophisticated
systems to evaluate the economic benefits of innovative
imaging and tissue analysis technology.
New Treatment Approaches

Future cancer care will be driven by the least invasive
therapy that is consistent with long-term survival. Eradi-
cation, although still desirable, will no longer be the
primary aim of treatment. Cancers will be identified ear-
lier and the disease process regulated in a similar way
to chronic diseases such as diabetes. Surgery and radio-
therapy will still have a role, but how much will depend
. Radiology and pathology will merge into cancer imaging

. Dynamic imaging will create a changing image of biochemical

abnormalities
. Cancer changes will be detected prior to disease spread from

primary site
. Greater precision in surgery and radiotherapy will be used for

precancer
. Molecular signatures will determine treatment choice
. Cost control will be essential for health-care payers to avoid
inefficient diagnostics
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on the type of cancer a patient has and the stage at which
disease is identified. It will also depend on how well the
drugs being developed today perform in the future.

Cancer treatment will be shaped by a new generation
of drugs (Figure 1). The profile of this new generation of
drugs will depend critically on the relative success
of agents currently in development. Over the next
3–5 years, we will understand more fully the benefits that
compounds such as kinase inhibitors are likely to provide.
It is estimated that there are about 500 drugs currently
being tested in clinical trials. Of these, around 300 inhibit
specific molecular targets. But this number is set to rise
dramatically: 2000 compounds will be available to enter
clinical trials by 2007, and 5000 by 2010. Many of these
drug candidates will be directed at the same molecular
targets. The pharmaceutical industry is racing to screen
those most likely to succeed in the development process.
Tremendous commercial pressures will arise from the
loss of patent protection for the majority of high-cost
chemotherapydrugs by 2008. Unless new premium-priced
innovative drugs are available, cancer drug provision will
come from global generic manufacturers currently gearing
up for this change.

So what will these drug candidates look like? Small
molecules are the main focus of current research, most
of which are designed to target specific gene products that
control the biological processes associated with cancer,
such as signal transduction, growth of new blood vessels
(angiogenesis), cell cycle control, apoptosis, inflammation,
invasion, and differentiation. Treatment strategies involv-
ing monoclonal antibodies, cancer vaccines, and gene
therapy are also being explored. Although we do not
know exactly what these targeted agents will look like,
there is growing confidence that they will work. More
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Figure 1 Predicted new drug application dates for molecular therap
of novel therapies coming into clinical use outside the research settin
uncertain is their overall efficacy at prolonging survival.
Many could just be expensive palliatives. In future,
advances will be driven by a better biological understand-
ing of the disease process (Figure 2).

Already we are seeing the emergence of drugs targeted
at a molecular level: Herceptin, directed at the HER2
protein, Glivec, which targets the Bcr-Abl tyrosine kinase,
and Iressa and Tarceva, directed at EGFR tyrosine
kinase. These therapies will be used across a range of
cancers. What will be important in future is whether
a person’s cancer has particular biological or genetic
characteristics. Traditional categories will continue to be
broken down, and genetic profiling will enable treatment
to be targeted at the right patients. Patients will under-
stand that treatment options are dependent on their
genetic profile. The risks and benefits of treatment will
be much more predictable than today.

Therapies will emerge from our knowledge of
the human genome and the use of sophisticated bioinfor-
matics. Targeted imaging agents will be used to deliver
therapy at the time of screening or diagnosis. Monitor-
ing cancer patients will also change as further develop-
ments in technology allow the disease process to be
tracked much more closely. Treatment strategies will
reflect this, and drug resistance will become much more
predictable. Biomarkers will allow specialists treating
cancer patients to measure if a drug is working on its
target. If it is not, an alternative treatment strategy will
be sought. Tumor regression will become less important
as clinicians look for molecular patterns of disease and its
response.

There will be greater focus on therapies designed to
prevent cancer. A tangible risk indicator and risk-reducing
therapy, along the lines of cholesterol and statins, would
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Figure 2 The future of cancer drug development. Drugs will enter patients for the first time accompanied by effective biomarkers.

These in turn will be used to identify surrogate markers of response, thus selecting patients early in pivotal studies to either continue or
stop a specific trial. In addition, continued laboratory research will be used to create diagnostic kits to identify signatures of response.
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allow people to monitor their risk and to intervene. Deliv-
ering treatment early in the disease process will also be
possible because subtle changes in cellular activity will
be detectable. This will lead to less aggressive treatment.
The role of industry in the development of new therapies
will continue to change. Smaller, more specialized compa-
nies, linked to universities, will increasingly deliver drug
candidates and innovative diagnostics for the major phar-
maceutical companies to market (Table 4).

People will be used to living with risk and will have
much more knowledge about their propensity for disease.
Programs will enable people to determine their own
predisposition to cancer. This in turn will encourage
health-changing behavior and will lead people to seek
out information about the treatment options available
to them. Patients will become more involved in decision
making as medicine becomes more personalized. Indeed,
doctors may find themselves being directed by well-
informed patients. This, and an environment in which
patients are able to demonstrate choice, will help drive
innovation toward those who will benefit. However, ineq-
uity based on education, wealth, and access will continue.
Barriers to Innovation

Innovation in cancer treatment is inevitable. However,
there are certain prerequisites for the introduction
of new therapies (Table 5). First, innovation has to be
translated into usable therapies. These therapies must be
deliverable, to the right biological target and to the right
patient, in a way that is acceptable by patient, health-care
professional, and society. Late-stage attrition – failure of a
drug at a late stage in the development pipeline, with
the loss of substantial research investment – must be
minimized. Innovation must also be marketed successfully
so that professionals, patients, and those picking up the
cost understand the potential benefits. Those making
the investment in research will inevitably create a market
for innovation even if the benefits achieved are minimal.
As one oncology marketing director said, ‘‘I enjoy my job
for the challenges it brings. Selling drugs that work is
no fun but oncology is about selling hope.’’ The explosion
of new therapies in cancer care will continue and the
prices of these drugs will remain high. The cost of cancer
drugs in 2005 is estimated to be $24 billion globally, of
which $15 billion is spent in the United States. If effective
drugs emerge from the research and development pipe-
line, the cancer drug market could reach $300 billion
globally by 2028, with this cost spreading more widely
around the world (Table 6).

But parallel to this explosion in therapies and the
increase in costs, a number of confounding factors
will make markets smaller. The technology will be there
to reveal which patients will not respond to therapy:
Blockbuster drugs that bring huge commercial rewards
to the developer will become rare. Doctors will know the
precise stage of the disease process at which treatment
is necessary. And as cancer becomes transformed into a
chronic disease, people will have more comorbidity,
which will bring associated drug–drug interactions and
an increase in care requirements.



Table 4 The future of cancer diagnostics

Baseline 2018 Upside 2018

Risk prediction in small subsets Population risk banding for cancer
Examples of early cancer detection Identify people for chemotherapy and prevention

Used for dose determination for some mechanistically based drugs Massive expansion in patients with early cancer

Accepted by regulators in some diseases Universal use

Microbrands targeting specific pathways reclassify disease Short-term surrogates used to register and obtain sNDAs
Low impact as drugs less toxic Routine molecular phenotyping prior to Rx decision

Used to avoid adverse events and to adjust dose

There are six areas where diagnostics could be helpful in personalizing cancer medicine. Here a baseline picture very similar to today is

compared to an upside future in 2018 with step changes in technology bringing much greater benefit.

Table 5 The uncertainty of novel drugs for cancer

. Will the new generation of small-molecule kinase inhibitors really make a difference or will they just provide expensive palliation?

. How will the major pharmaceutical companies cope when most of the current high-value cytotoxics lose patent protection in 2008
(when they can be supplied as cheaper generic drugs)?

. Can expensive late-stage attrition really be avoided in cancer drug development?

. How will sophisticated molecular diagnostic services be provided?

. Will effective surrogates for cancer-preventive agents emerge?

. Will patient choice involve cost considerations in guiding therapy?

Table 6 Marketed targeted therapies showing their high cost per year

Drug Generic Manufacturer Yearly cost

Herceptin Trastuzumab Roche $80K
Mabthera Rituximab Roche $50K

Glivec Imatinib Novartis $80K

Erbitux Cetuximab BMS $80K
Avastin Bevacizumab Genentech $90K

Tarceva Erlotinib Roche $75K

Iressa Gefitinib AZ $60K

Sutent Sunitinib Pfizer $80K
Nexavar Sorafenib Bayer $70K

Tykerb Lapatinib GSK $60K
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How do we balance this equation? The pharmaceutical
companies will not necessarily want to do the studies to
fragment their market. Research leading to rational
rationing will need to be driven by the payers of health
care. There is a risk that pharmaceutical companies
will stop developing drugs for cancer and focus instead
on therapeutic areas where there is less individual varia-
tion and therefore more scope for profit. Furthermore,
development costs are rising. Ten years ago, the average
cost of developing a new cancer drug was around
$400million. Now it is $1 billion. At this rate of growth,
the cost of developing a new drug could soon reach
$2 billion, an amount unsustainable in a shrinking market.
With this in mind, the process of developing drugs needs
to be made faster.
However, instead of research being made simpler,
changes in legislation concerned with privacy and prior
consent are making it more difficult. The EU Clinical
Trials Directive will make quick, hypothesis-testing
trials impossible. Other challenges exist, such as obtaining
consent for new uses of existing, stored human tissue,
following political anxiety when consent for removing
and storing tissues had not been obtained in the early
years of the twenty-first century. However, surveys have
shown that patients who give consent for tissue to be used
for one research purpose are happy for it to be used for
another. They do not wish to be reminded of their cancer
years later. To overcome these constraints, regulators
will have to start accepting surrogate markers when
approving therapies, rather than insisting on clinical



Table 7 Barriers to innovation

. The drug industry will continue to compete for investment in a
competitive, capitalist environment

. Blockbuster drugs drive profit; niche products are unattractive

in today’s market
. Personalized therapies are difficult for today’s industry

machine
. Surrogate endpoints will be essential to register new drugs
. Novel providers will emerge, providing both diagnostic and
therapy services

. Payers will seek robust justification for the use of high-cost

agents
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outcomes. Outcome studies may well move to postregi-
stration surveillance of the efficacy of a drug, similar to
the position for cholesterol-lowering agents today.

The rise of personalized medicine will mean the temp-
tation to overtreat will disappear. Doctors and patients
will know whether a particular treatment is justified.
The evidence will be there to support the decisions.
As a consequence of this, treatment failure – with all its
associated costs – will be less common (Table 7).
The Cancer Patient’s Experience

Two separate developments will determine the patient’s
experience of cancer care in future. Increasing expecta-
tions of patients as consumers will lead health services
to become much more responsive to the individual, in
the way that other service industries have already become.
Targeted approaches to diagnosis and treatment will
individualize care. People will have higher personal
expectations, be less deferential to professionals and
more willing to seek alternative care providers if dissatis-
fied. As a result, patients will be more involved in their
care. They will take more responsibility for decisions,
rather than accepting a paternalistic doctor knows
best approach. This will partly be fueled by the internet
and competitive provider systems. By 2026, the over-
whelming majority of people in their 70s and 80s will be
familiar with using the internet to access information
through the massive computing power that they will
carry personally.

Patients will need someone to interpret the huge
volumes of accessible health information, to help them
assess the risks and benefits, as well as to determine
what is relevant to them. These patient brokers will be
compassionate but independent advocates who will act as
patients’ champions, guiding them through the system.
They will be helped by intelligent algorithms to ensure
patients understand screening and the implications of
early diagnosis. They will spell out what genetic suscepti-
bility means and guide patients through the treatment
options. Patients and health professionals will have confi-
dence in computer-aided decision making because they
will have evidence that the programs work.

The extent to which the service will be designed
around patients’ needs and expectations will be deter-
mined by the improved treatments available and their
individualization (Figure 3). Care in the early stages
will be provided near to where the patients live. Even
the most sophisticated diagnostic machinery or robotic
surgeon will be mobile, so much of this intervention will
be carried out by technicians and nurses, with the most
highly trained professionals in audiovisual contact from
a distant base. When cancer centers developed in the mid-
twentieth century, these diseases were relatively rare,
and survival was low. Although distressing for patients
when they were referred to a center, their existence
concentrated expertise. Cancers will become commonly
accepted chronic conditions, and even when inpatient
care is required, patients will be able to choose many
places in the world where they will receive care at a
cancer hotel. But for many patients, even that option
will not be necessary (Figure 4). Most new drugs will
be given orally, so patients will be treated in their com-
munities. However, this approach to cancer and other
chronic conditions will place a huge burden on social
services and families. Systems will be put in place to
manage the ongoing control of these diseases and condi-
tions, psychologically as well as physically. The relief of
pain and the control of other symptoms associated with
cancer treatment will be much improved. Figure 5 shows
the integration required to reconfigure the entire cancer
service around the patient at its center.

Today, 70% of the cancer budget is spent on care
associated with the last 6months of people’s lives.
Although many recognize that such treatment has more
to do with the management of fear than the management
of cancer, medical professionals have relatively few treat-
ment options available and there is limited awareness
of which patients would benefit. There is also an institu-
tional reluctance to destroy patients’ hopes that leads to
confusion between the limits of conventional medicines
and reluctance to face the inevitable – by patients, their
families, and their doctors. There is a widespread percep-
tion that if terminally ill patients continue to be offered
anti-cancer treatment, there is the possibility that their
health might be restored.

With better treatments, consumers of services will
be able to focus on quality of life. Much of the fear now
associated with cancer will be mitigated. Demand for
treatments with few side effects or lower toxicity will be
high, even if there are only quite modest survival gains.
The transition between active and palliative care is often
sudden, but in future, because patients will be in much
greater control of their situation, the change in gear will
not be as apparent (Table 8).
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Table 8 Experiencing cancer in future

. Patient brokers will guide people with cancer through the
system

. Choice will be real and will involve cost decisions

. Patients will make a contribution to the costs of their care

. Complementary therapies will be widely available and well

regulated
. Themed death chosen by patients will be possible
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Professional Reconfiguration

One of the greatest challenges to providing the best can-
cer care in future will be having the right people in the
right jobs. It will be essential not to continue to train
people for jobs that will no longer exist. Policy makers
have begun to grasp some of the workforce difficulties
that lie ahead. There are moves to ensure that health-care
professionals have responsibilities that are commensurate
with their level of education and professional skills.
Nurses and pharmacists are being encouraged to take
over some responsibilities that have been firmly held
by doctors, such as prescribing, while some of their tra-
ditional roles are handed on to technicians and other
support staff.

The appropriate skill mix will become even more
critical. Barriers between health-care professions will
have to be broken down so that new approaches to the
care of patients with cancer and many other diseases
can be delivered. Intraprofessional barriers will disappear.
The work of pathologists and radiologists will become
one as their traditional skills are augmented by the new
generation of diagnostic and treatment devices. Oncolo-
gists will find that many forms of chemotherapy will
be delivered with the aid of the new technology, and
surgeons will be using robots to enable them to operate.
Fewer of the most highly trained specialists will be
required, since much of their responsibility will be dele-
gated to specialist technicians and nurses working to pro-
tocols. In addition, the most highly trained individuals
will be able to work at a number of sites on the same
day, since the technology will be mobile and their skills
can deployed remotely. The balance between skills will
be driven by a number of factors: The size of the medical



Table 9 The right person for the right job: Key challenges

. Manpower planning for new technology

. Doctors and other health-care specialists

. Prescribing cancer drugs by nurses, pharmacists, and others

. Training carers for elderly people with substantial comorbidity

. Making patients equal partners in decision making
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workforce and the capacity of the system to provide
care, as well as the availability of trained support staff
(Table 9).
Conclusion

Cancer will become incidental to day-to-day living.
A cancer will not necessarily be eradicated by treatment,
but that will not cause patients the anxiety that it does
today. People will have far greater control over their
medical destinies. Patients in all socioeconomic groups
will be better informed. In addition, surgery and chemo-
therapy will no longer be rationed on grounds of age,
since all interventions will be less damaging, psychologi-
cally as well as physically.

The accuracy of this image of the future depends
on whether the technological innovations do actually
emerge, and the extent to which they become widely
available. For example, will people really live in smart
houses where their televisions play a critical role in
monitoring their health and well-being? It is also depen-
dent on health-care professionals working alongside each
other, valuing the input of carers who, even more than
today, will provide voluntary support, because of the
number of people in older age groups compared with
those of working age. The reality for cancer care may be
rather different. The ideal will exist for a minority of
patients, but the majority may not have access to the full
range of services. Old people, having been relatively poor
all their lives, may suffer from cancer and a huge range
of comorbidities that will limit their quality of life. Look-
ing after them all – rich and poor – will place great
strains on younger people: Will there be enough of them
to provide the care? As with all health issues, the question
of access will be determined by cost and political will.
In 2006, a cancer patient consumes about £25 000
($50 000) of direct medical care costs, 70% of which is
spent in the last 6months of life. Conservatively, with
patients living with cancer, rather than dying from it,
and with access to new technologies, this could reach
£100 000 per patient per year by 2026. In theory, cancer
care could absorb an ever-increasing proportion of the
health-care budget. Would this be a reflection of what
patients want? Probably yes. Surveys reveal that three-
quarters of the population believe cancer care should
be the main priority of the health-care system, with no
other disease even a close second.

But to achieve that expenditure – and assuming that
part of the health service will be funded from taxation –
the tax rate might have to rise to 60%. Inevitably, there
will be conflicting demands on resources: The choice may
be drugs or care costs. And how are the costs computed?
Although the technology will be expensive, it will be used
more judiciously, since it will be better targeted. Another
argument suggests that when patients are empowered
they use fewer and less-expensive medicines, in effect
lowering the overall costs. An extension of this argument
is that although costs will increase for treating each indi-
vidual patient, the overall costs will decrease because
more care will be delivered at home. But because people
will live longer, the life-time costs of cancer care will
rise along with comorbidity costs. Politicians will be
faced with a real dilemma: If the prevalence of cancer
increases, the cost of delivering innovative care could
be massive. Will cancer care need to be rationed in a
draconian way?

One dilemma for the future will be the political
power of old people. More will be living longer and
their chronic problems will not necessarily incapacitate
them physically or mentally. This educated elderly popu-
lation will have high expectations, sharpened through
the first two decades of the twenty-first century, and
they will not tolerate the standards of care now offered
to many old people. They will wield considerable influ-
ence. Will a tax-based health system be able to fund
their expectations? Politicians will have to consider the
alignment between patients’ requirements, and taxpayers’
and voters’ wishes. Fewer than 50% of voters now pay
tax, and the percentage of tax-paying voters is set to fall as
the population ages. Will the younger taxpayers of the
future tolerate the expensive wishes of non-taxpayers?
The interests of voters may be very different from the
interests of taxpayers. It seems likely, therefore, that
the days of an exclusively tax-funded health service are
numbered. Co-payments and deductibles will be an inev-
itable part of the new financial vocabulary. Figure 6
shows the four components of cancer’s future: Innovation,
delivery, finances, and society.

Whatever system is put in place, there is the prospect of
a major socioeconomic division in cancer care. A small
percentage of the elderly population will have made
suitable provision for their retirement, both in terms of
health and welfare, but the vast majority will not be prop-
erly prepared. Policy makers need to start planning now.
The most productive way forward is to start involving
cancer patients and health advocacy groups in the debate,
to ensure that difficult decisions are reached by consensus.
Societal changewill create newchallenges in the provision
of care. A decline in hierarchical religious structures, a
reduction in family integrity through increasing divorce,
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Figure 6 The four building blocks of cancer’s future: Innovation, society, delivery, and finances.
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greater international mobility, and the increased selfish-
ness of a consumer-driven culture will leave many lonely
and with no psychological crutch to lean on at the onset of
serious illness. There will be a global shortage of carers –
the unskilled, low-paid but essential component of any
health-care delivery system. The richer parts of the
world are now obtaining this resource from the poorer
parts of the world, but the supply of this precious human
capital will eventually dwindle.

New financial structures will emerge with novel con-
sortia from the pharmaceutical, financial, and health-care
sectors, enabling people to buy into the level of care
they wish to pay for. Cancer, cardiovascular disease, and
dementia will be controlled, and will join today’s list
of chronic diseases such as diabetes, asthma, and hyper-
tension. Hospitals will become attractive health hotels,
run by competing private-sector providers. Global fran-
chises will provide speciality therapies through these
structures, similar to the internationally branded shops
in today’s malls. Governments will have long ceased
to deliver care. Britain’s NHS, one of the last centralized
systems to disappear, will convert to UK Health, a regu-
lator and safety-net insurer early in the twenty-first
century.

The ability of technology to improve cancer care is
assured. But this will come at a price: The direct costs
of providing it and the costs of looking after the increas-
ingly elderly population that it will produce. We will
eventually simply run out of things to die from. New
ethical and moral dilemmas will arise as we seek the holy
grail of compressed morbidity. Living long and dying fast
will become the mantra of twenty-first-century medicine.
Our cancer future will emerge from the interaction of four
factors: The success of new technology, society’s willing-
ness to pay, future health-care delivery systems, and the
financial mechanisms that underpin them.
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Cancer economics may be defined as a nascent field
of applied research focusing on the resource implications
of all forms of malignant disease. The field has been
forged by the rapid growth in cancer incidence and prev-
alence worldwide, by continuing technological advances
in detection and treatment of the disease, and reimburse-
ment and pricing issues facing virtually all medical care
financing systems. Empirical methods dominate work
in the field, with hypotheses generated typically by sim-
ple economic precepts and tested with secondary data
such as administrative claims records. As a result, the
nature and scope of cancer economics vary over time
and place, and the growth of its cumulative knowledge
base is both slow and uneven. Any attempt to delineate the
field will perforce be time-dependent, restricted in scope,
and limited in the depth of coverage. The aim of this
article is to present key features of the field as it has
developed in the English language literature in the more
advanced economies of North America, Western Europe,
and Australia over the past decade, 1995–2005. These
limitations in focus make the task at hand more manage-
able, while still providing a meaningful basis for describ-
ing the central characteristics of this emerging field.
Conceptual Overview

A fundamental premise of economics is that resources
are always scarce relative to the wants they may satisfy,
so they must be used as efficiently as possible. Economists
have developed an elaborate theory that posits that scarce
resources will be used most efficiently under the condi-
tions prevailing in well-functioning market systems.
Market allocations to cancer detection, treatment, and
research, however, may not yield fully efficient outcomes
because cancer markets are thought to function imper-
fectly, if they exist at all. Public policy actions targeting
cancer markets are then needed to shift, arrange, and/or
attract resources to ensure better outcomes. Cancer eco-
nomics contributes policy-relevant knowledge to decision
makers charged with the responsibility of designing and
evaluating these policies. In recent years, these contribu-
tions have focused mostly on the opportunity costs of
cancer, that is, the value of resources given up (foregone)
for alternative uses when they are committed to fight
cancer in various ways. Opportunity costs of cancer have
been investigated at two levels: (1) the full costs to patients,
their families, and society in detecting and treating the
disease itself, and (2) the opportunity costs of alternative
interventions for detecting, diagnosing, and treating can-
cer to patients, payers, and society.

The most visible costs of the disease are the amounts
spent on all cancer-related health-care services –
conventionally referred to as the direct costs of cancer.
Direct costs are computed as Si ci qi, where q represents
service units, c represents mean cost, and i indexes
all relevant services used in detecting and treating cancer
during a given period. The ci in the cancer field are
invariably observed amounts paid to health-care provi-
ders, which differ by how the payer group is defined. The
literature often takes the limited perspective of third-
party payers, so the costs are valued only for reimbur-
sable services (inpatient hospital care, physician services,
skilled nursing, and the like) and the types of providers
covered by the insurance plan. From a broader societal
perspective, the costs incurred by patients and their
families (deductibles and coinsurance payments, expen-
ditures for special diets, durable medical equipment, out-
patient drugs, etc.) are also included in the tally. In either
case, the key research question is what determines the
level and distribution of direct costs. This question has
assumed increasing policy significance because of the
widespread assumption that cancer costs are bloated by
inefficiencies in the delivery system. These inefficiencies
stem from demand distortions introduced by extensive
insurance coverage and imperfect rate-setting policies,
among others; they also stem from the high degree of
uncertainty surrounding the effectiveness of cancer treat-
ment and the corresponding wide variation in what
is considered best-practice care.

Opportunity costs of the disease are also incurred
even if cancer is never detected or treated, and these
costs add cumulatively to overall direct costs when it is.
Individuals with undetected disease, as well as treated
survivors, may experience periods when they are unable
to fulfill major role responsibilities and, regrettably, they
may die prematurely. The time away from major respon-
sibilities such as market work or home making can be
valued (by human capital methods) as the lost market
earnings of workers and the replacement value of home-
making services. When they refer to cancer patients
or survivors themselves, these losses are called morbidity
or disability costs. They are typically calculated for n

prevalent cases as Sn wn Tn, where T represents time
away from work and w average earnings loss per time
unit. Family or household members may also lose
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time away from market work to assist cancer patients
and/or provide valuable in-home services to those
patients that substitute for formal health-care services.
The imputed value of household-produced care is often
referred to as the informal costs of cancer, and they are
estimated in a way analogous to morbidity costs. For
decedents, economists compute the number of years an
individual might be expected to live with and without
cancer, and then use the difference to gauge how many
years the cancer death was premature. The stream of
foregone income (market earnings) over these lost years
is then estimated and discounted back to its present value,
which adjusts for the fact that income received sooner is
valued more highly than income received later. These
computations are called mortality costs. Because morbid-
ity, disability, informal, and mortality costs are not valued
directly in the market, they are referred to as the indirect
costs of the disease. Research has focused mostly on the
determinants and distribution of the morbidity and in-
formal components of indirect costs.

Opportunity costs at the level of interventions are the
central focus of cost-effectiveness analyses (CEAs) of
alternative means of detecting and treating cancer, such
as alternative types of surgery, chemotherapy regimens,
screening and diagnostic tests, supportive care protocols,
and so forth. CEAs appraise the extent to which the
incremental difference in costs (C) between any substitut-
able pair of interventions (a and b) is commensurate with
the incremental change in outcomes (E) that each yields,
that is, (Ca�Cb)/(Ea�Eb ). (We refer hereafter to this as the
incremental cost-effectiveness ratio or ICER.) Estimated
ICERs typically encompass elements of the opportunity
costs of the disease: Direct costs of care figure promi-
nently in the cost numerator term and effectiveness
denominators use many of the same disease parameters
as indirect cost estimates. However they are measured,
ICERs are ultimately judged in terms of the commensu-
rability between extra costs and outcome gains. (How
commensurability is judged depends on the metric of
the denominator term, a matter taken up below.) The
issue of commensurability creates tension between eco-
nomic and clinical decision processes. The clinicians’
decision rule is, above all, do no harm. In contrast, econ-
omists believe that even an intervention that does a
small amount of good can be economically inefficient
if it can do this good only at incommensurately higher
costs. This conclusion depends crucially on whether
the perspective of the analysis is society at large, a payer
group, or an individual patient.

For expository purposes, applied research on the
opportunity costs of cancer may be divided three ways:
aggregate studies of the economic burden of cancer; micro-
level studies of direct and indirect costs of cancer, and
cancer-related CEAs. The next three sections discuss
each of these aspects of the field in turn.
Aggregate Estimates of the Economic
Burden of Cancer

The sum of total direct, morbidity, and mortality costs
in a given year is referred to as the economic burden
of cancer in that year. In any given country and point
in time, aggregate burden estimates provide a convenient,
though imprecise, measure of the size and structural
characteristics of the cancer economy. The United States,
for instance, now routinely produces estimates of these
costs, cross classified by the most common cancers and
by type of provider. The total economic burden for
2005 was put at $US214 billion, up from an estimated
$US72 billion (current dollars) in 1985 (Brown, 1990;
ACS, 2006). When general and medical care inflationary
trends are taken into account, the 1985 value is roughly
equivalent to 152 billion in 2005 constant U.S. dollars.
(Note: unless otherwise indicated, all cost figures
reported in this article have been adjusted by the author
to year 2005 U.S. dollars; seeTables 1 and 3). The present
discounted value of mortality losses is the largest com-
ponent, accounting for about 56% of the total in 2005,
whereas direct costs accounted for slightly more than
35%, and indirect morbidity costs the remaining 9%.
Direct costs differed substantially by type of cancer and
provider. For example, more than half of total direct costs
in 2005 was accounted for by the four most prevalent
cancers: lung, breast, colorectal, and prostate; and roughly
90% of total direct costs was accounted for by hospital
and physician services. Over the period 1985–2005, con-
stant dollar aggregate costs rose at an annual rate of
approximately 1.7% per annum, though the indirect and
direct components increased at different rates, roughly
2.2 and 1.1% per year, respectively. While direct costs
grew at approximately twice the rate of annual new cancer
cases, they grew at the same general pace as all health-care
spending in the United States over the same period. The
percentage of total spending accounted for by cancer,
therefore, is roughly the same now (4.7%) as it was 20
(and, indeed, 40) years ago (Brown et al., 2001).

Countless methodological problems mar aggregate bur-
den estimates. To illustrate, estimates of direct and indi-
rect morbidity costs are usually based on annual cancer
prevalence data, whereas mortality costs are, by defi-
nition, incidence-based. The admixture tends to gauge
only short-term, as opposed to lifetime, effects of a can-
cer diagnosis, especiallymorbidity/disability consequences.
Human capital accounting probably overstates indirect
costs relative to newer methods, for example, the friction
cost approach. Top-down procedures used to allocate
health-care utilization to cancer on the basis of principal
diagnostic codes often omit significant interactions between
cancer and major comorbidities. The policy uses of these
aggregate burden estimates have also been questioned.
There is a line of economic reasoning that interprets them



Table 1 Proportional differences in treatment costs by stage at diagnosis and treatment phase, selected cancer sites and patient

populations in the United States

Reference cost by phase (%)

Site/population stage at diagnosisa Reference costb (US $ 2005) Initial Continuing (per year) Final

Colorectal, Medicare � 65c 25 300

Stage 1 100.0 25.7 143.7

Stage 2 127.5 26.3 141.3
Stage 3 141.9 31.7 154.5

Stage 4 135.9 49.7 156.9

Lung, Medicare � 65d 38 950
Local 100.0 20.7 70.7

Regional 100.4 21.5 67.7

Distant 88.4 26.3 71.9

Female breast, Medicare � 65d 16 900
Local 100.0 35.3 125.0

Regional 116.6 38.5 137.5

Distant 141.8 54.9 140.4

Female breast, HMO, all agese 24 600
Local 100.0 29.5 133.2

Regional 123.0 36.0 124.5

Distant 102.9 54.4 119.6

aExcludes in situ and unstaged cases. Note: colorectal stage data use post-1985 AJCC categories; all others use pre-1985 AJCC

categories.
bReference costs are reported costs for the initial treatment phase of cases diagnosed with local or stage 1 disease, each adjusted for

inflation to year 2005 U.S. dollars by means of the Medical Care component of the U.S. Consumer Price Index.
cBrown et al. (1999).
dRiley et al. (1995).
eFireman et al. (1997).
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as the present value of annual economic yields realized in
perpetuity of investments that (hypothetically) prevent all
cancers this year. This interpretation assumes, amongmany
other assumptions, cause-independence in the disease data,
which overstates economic benefits relative to those that
might be yielded in a competing risk framework. The
aggregate figures thus tend to be presented without much
theoretical justification, and they are used simply as guide-
lines for research investments and as background data
for budget deliberations in the legislative process.

Methodological differences also render international
comparisons of aggregate cancer burdens difficult, if
not impossible, to make. For example, computed real
changes in total direct and indirect costs over the period
1986–1998 in Canada grew at an annual rate of 0.9%
per year, or only about one-half that of the United States
(Health Canada, author’s calculations). However, the pol-
icy relevance of this comparison is quite limited, because
the methods used to compute indirect costs, among
others, differ significantly between the two nations. As
a result, international comparisons are often just restricted
to direct cancer costs. But even these estimates differ
widely, not only because of variations in medical practice
patterns, but also because of the methods used to allo-
cate national health expenditures to disease categories
and to differences in the items, for example, patient co-
payments, included in the expenditure data. Polder and
colleagues (2005) recently demonstrated that the pub-
lished percentages of total health expenditures attribut-
able to cancer in Australia, Canada, Germany, the
Netherlands, United Kingdom, and Sweden are much
higher than they are in the United States, averaging
6.1% (SD¼ 1.5) across the six nations versus the 4.7%
in the United States. But when adjustments are made
that account for the differences in methodology, the
mean of the six nations is 4.5% (SD¼ 0.5), or 0.2
percentage points lower than in the United States. Of
course, absolute cost differentials are much greater,
because the United States spent in 2005 about 15% of
its GDP on the health sector, whereas the six countries
just mentioned averaged only 9.5% (SD¼ 1.5) of GDP.
Microlevel Studies of Direct Cancer Costs

Given the methodological limitations of aggregate esti-
mates, attention has shifted recently to microlevel stud-
ies of direct costs, in some cases to build economic
burden estimates from the bottom up rather than top
down and, simultaneously, to shift from prevalence to
incidence-based estimates of the cumulative costs of can-
cer episodes. Microlevel studies have also been designed
to advance our understanding of cost drivers for reim-
bursement and cost containment purposes. Although
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there is increasing interest in payments to medical care
providers beyond those covered by third-party insurance,
especially out-of-pocket spending by cancer patients
themselves, most microlevel studies take a payer perspec-
tive. This focus is not surprising because these studies
have been based on newly generated administrative
claims data sets.

One such data set, constructed by researchers at
the U.S. National Cancer Institute, links cancer registry
cases in 11 surveillance epidemiology and end results
(SEER) regions to Medicare claims records at the indi-
vidual patient/beneficiary level. In contrast to preva-
lence-based studies, these linked data permit samples
of patients with confirmed cancer diagnoses to be fol-
lowed analytically over the entire course of the disease
episode. Direct costs (program reimbursements) can be
cumulated over the disease episode, both in total and for
various subcategories built up from available diagnosis
and provider service codes. These cost profiles only
encompass the set of services reimbursable under the
insurance plan. (Medicare coverage excludes, for instance,
nursing home care and, until quite recently, outpatient
drugs.) A methodological limitation of most linked data
sets such as SEER-Medicare is that cost profiles are often
truncated or censored, on the right-side for patients still
alive at the end of the observation period, and sometimes
also on the left for individuals who may have been diag-
nosed before they became Medicare-eligible. Incomplete
cost profiles have led researchers to divide the cancer
episode into various phases or treatment-related periods.
The most common set of phases is three-fold: the initial
6-month period following cancer diagnosis, the 6-month
period immediately prior to death for decedents, and the
annual costs between the initial phase and death
for decedents or the end of the observation period for
survivors. Differing numbers of patients thus contribute
complete data for computing cumulative cost totals for
each treatment phase. With the aid of projected annual
survival probabilities, these phase-specific estimates can
then be assembled serially to compute the lifetime costs of
the cancer in question.

Linked registry/claims data at the level of individual
beneficiaries can also be used to analyze the myriad
factors that shape the cost distributions of cancer care.
Common points of departure in such analyses are dif-
ferentials in costs across the stages at which various
malignancies are diagnosed, as well as across the phases
of treatment. The general expectation is that treatment
costs of virtually all cancers rise systematically with the
stage at which the cancer is diagnosed. With respect to
the phase of treatment, the expectation is that costs will
be higher in the initial and terminal phases of treatment,
but lower in between. Table 1 sets out stage- and phase-
related data as percentages of initial phase, early
stage cumulative cost amounts for three common
malignancies in the United States; two different results
are presented for female breast cancer to illustrate the
potential confounding effects of age and type of pro-
vider. Costs of the initial treatment phase do generally
differ by stage, though late-stage disease often costs less
if physicians choose not to treat aggressively. Note that
the longer stream of follow-up costs that attend longer
periods of survivorship may offset lower initial treat-
ment costs.

Stage at diagnosis, of course, is only one of a large
number of variables that help explain cost variat-
ions across patients. Unless these other explanatory
variables are also included in the analysis, measured
effects of stage are probably overstated. Other signifi-
cant predictors include the sociodemographic char-
acteristics of patients, especially age and income status,
and medical comorbidities. In some U.S. studies,
the economic characteristics of providers such as the
supply of specialist physicians and the volume of pro-
cedures at specific hospitals, are also significant predic-
tors. Yet the predictors included in multivariate
statistical models of cancer treatment costs do not ordi-
narily account fully for the dispersion (variance) in
cumulative cost distributions, even those for the most
common cancers. Statistical noise in cost data suggests
the presence of economic inefficiencies. Second-gener-
ation studies are needed to explain a greater fraction of
the variance in costs across subgroups of cancer patients,
as well as pinpoint areas of likely inefficiency requiring
policy action. These studies will require additional and
better-measured covariates, as well as more robust mul-
tivariate statistical techniques, for dealing with the com-
plexities of cancer cost data.
Microlevel Studies of Indirect Costs

These microlevel studies focus mainly on morbidity/dis-
ability effects on the economic fortunes of individuals
diagnosed and treated for malignant disease; many
also focus on informal costs, the economic impact of that
cancer on family or household members. Table 2 lists
some basic hypotheses tested in recent studies (most, but
not all, conducted in the United States) as a means of
summarizing a disparate, though growing, literature on
indirect/informal costs. Many studies test hypotheses
about the work activity of cancer survivors. An earlier
literature on this topic probed simply whether individ-
uals treated for various cancers returned to market work
after treatment, if working before diagnosis. The more
recent literature examines a broader set of questions,
including whether survivors work progressively fewer
hours and/or earn less per hour worked so as to experi-
ence diminutions in economic welfare the longer they
survive their cancer. There is convincing evidence that



Table 2 Examples of hypotheses tested in recent studies of indirect and informal costs of cancer

Target population Hypothesesa

Patients/survivors: Ho: Patients undergoing treatment for cancer have the same rates of short-termwork absence
and/or short-term disability as matched controls

H1: Over a 5-year follow up period, prostate and bladder cancer survivors earn less per week

than age-sex-adjusted average workers

Ho: Long-term survivors of breast cancer experience the same changes in market earnings,
annual hours of market work and/or hourly wage rates in the 5-year period post-

diagnosis as those experienced by an age- and work-matched set of controls without a

history of cancer

Ho: Womenwith breast cancer have the same probability of labor force participation 1–2 and 3
or more years post-diagnosis as women with no history of the disease, controlling for

other predictors of labor force participation

Ho: Married working women with breast cancer work the same number of hours per week as
married working women without a history of the disease, controlling for other work

predictors

Ho: Cancer survivors identified in a national sample survey have the same likelihood of:

working, reporting inability to work for health reasons, and/or number of days lost-from-
work as a nationally representative sample of population controls, irrespective of type of

cancer or time from diagnosis

H1: There is a systematic time path of when cancer survivors who were engaged in market

work at the time of diagnosis leavemarket work, i.e., right after treatment, after one-year
post-diagnosis, after two years, etc.

Ho: Health insurance coverage of the spouse of married women with cancer influences the

probability of labor force participation of those women to the same degree as women
without a history of the disease, controlling for other participation predictors

Families of patients/survivors: H1: Informal family costs of caring for a cancer patient differ by cancer, by number of activities

of daily living, by living arrangements, by type of treatment, and/or by elapsed time since

treatment
Ho: Caregivers of cancer patients have the same rates of short-term work absence and/or

wage losses as matched caregiver controls

Ho: Informal family costs of breast cancer survivors do not differ from those of non-survivors

Ho: Households of breast cancer survivors experience the same changes in market earnings,
household income, and household assets over the 5-year period post-diagnosis as

households of an age- and work-matched set of controls without a history of cancer
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cancer survivors do reduce their own work effort after
diagnosis and initial treatment, though this evidence
refers to only several of the most common cancers
and has been based mostly on small convenience sam-
ples. These short-term effects are easy to understand,
given the rigor of many cancer treatments, especially
chemotherapy. Longer-run changes are more challenging
to explain. Evidence of residual functional impairment is
often implicated, for example, the impaired use of arms
and shoulders of women developing lymphedema after
axillary surgery for breast cancer. Yet there is also evi-
dence that family income and availability of pensions
predict work reductions, suggesting that preferences for
more leisure also play a role in the economic beha-
vior of long-term survivors. Whether cancer shifts these
preferences warrants further study.

Whatever the impact on the survivor herself, research
suggests that the economic behavior of household members
also changes when an individual is diagnosed and treated
for cancer. In the immediate period of treatment, family
members change their work schedules in order to accom-
modate the cancer patient. A more important issue from an
economic perspective is what happens over the longer
run. On the one hand, there is fragmentary evidence that
householdmembers change their own commitment tomar-
ket work in the aftermath of a family member’s cancer
treatment, though the direction of this change is ambiguous.
Some individuals work less, perhaps as a means of sharing
the additional leisure time sought by the cancer patient
herself, whereas others engage in more market work to
compensate for the losses to family income by reduced
work effort of the patient. On the other hand, family mem-
bers may spend more time producing informal care and
home services, both in caring for the patient and substitut-
ing for the patient’s historical role in running the household.

Second-generation studies should focus on the grow-
ing policy importance of indirect cancer costs. Rising
prevalence rates are one reason; the advent of novel
therapies are another. Consider, for example, that targeted
therapies based on recent advances in genomics and
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molecular biology are expected to have high direct costs,
in part because the number of patients that can benefit
from any one of them is expected to be small. Yet if
these therapies lessen side effects and/or shift some ther-
apy away from highly invasive procedures performed
in formal settings, there may be highly significant, com-
pensatory effects on indirect costs. Cancer economists
should be preparing now to analyze the net effect of
the shift from provider to patients and families on the
costs of these new therapies.
Cancer-Related Cost-Effectiveness
Analyses

Cost-effectiveness analysis (CEA) is used in the cancer
field in virtually the same way it is used elsewhere. The
boundaries of this part of the field thus overlap with
cognate areas such as pharmacoeconomics. Yet cancer-
related CEAs warrant discussion here because they rely
algebraically on direct and indirect cost estimates in
ICER numerator terms, and many ICER denomina-
tors are disease-specific.

With respect to denominators, some studies use cancer-
specific process measures, for example, the number of
mammographies performed or the number of polyps
detected in breast or colon cancer screening interventions,
which permit within-class comparisons of cost per process
unit. These comparisons, however, are conditioned on the
assumption that the entire class of interventions itself is
cost-effective, often a doubtful assumption. Thus, many
studies use more broadly conceived denominator terms,
the twomost common being changes in life years (LYs) and
quality-adjusted life years (QALYs). LY denominators
gauge changes in life expectancy, and thus can be com-
pared across an extensive set of life-saving health inter-
ventions. QALY denominators may be described as
composite measures that reflect functional capacities or
quality of life during, as well as the length of, cancer
survivorship. Although LYs are only disease-specific to
the extent that changes in cancer deaths are translated
into differences in life expectancy, many cancer-related
QALYs are constructed in terms of health states unique to
cancer treatment. Some illustrations from a recent review
by Earle and colleagues (2000) include recurrence of dis-
ease, adverse events attending therapy, advanced cancer
but responding to hormonal therapy, partial impotence
from prostate cancer surgery, and terminal metastatic
breast cancer, among others. These health states are then
assigned preference or utility weights by various means
to reflect their relative value. (Utilities here have the
same conceptual meaning as those described in economic
textbooks; their role in calculating QALYs explains why
studies using these denominators are now referred to
as cost-utility analysis.) In cancer-related analyses,
utility weights have been elicited mostly from oncology
specialists and cancer patients. QALY denominators admit
to comparisons across a broad range of health-saving
interventions.

There are two primary analytic frameworks within
which incremental cost per LY or cost per QALY ratios
have been estimated. One is the modeling approach,
which relies on decision-analytic (or equivalent) techni-
ques to project under conditions of uncertainty differ-
ences in disease outcomes and the cumulative use of
cancer-related services of synthetic cohorts undergoing
a specific intervention versus, say, standard care. The
expected values of the temporal outcome and cost streams
are then used to construct the ICER for the intervention.
Parameter estimates needed to estimate the model such
as likelihood of death or probability of recurrence at each
time point are retrieved from literature reviews, meta-
analyses of clinical trial results, and so forth. Since the
true values of many parameters are unknown, modeling
studies typically conduct sensitivity analyses based on
small changes in the values of critical parameters, either
alone or in combination, to assess their impact on
the estimated ICER.

Since the gold standard for determining the true
effect of an intervention is a randomized control trial,
the second framework is thus a cancer clinical trial
that adds cost endpoints. Perhaps surprisingly, there has
been continuing controversy about the desirability of
adding CEAs to trials. One reason is that trial CEAs may
not generalize well. Trials enroll comparatively homoge-
neous, but not always representative, patient populations,
whereas CEAs attempt to gauge the costs and outcomes
that obtain in the community at large. Another is that
the cost of conducting a trial increases substantially
because sample size and the length of the observation
period for cost endpoints are much greater than clinical
endpoints. When CEAs are just tacked on to trials, ques-
tions of statistical power and heavily censored cost end-
points arise. Finally, cost comparisons run into problems
in international trials enrolling patients across national
borders because of variations in practice patterns, as well
as in relative and absolute price differences across nations.

Although they are often combined, the recent cancer-
related CEA literature nonetheless divides naturally
between trial-based and modeling efforts. CEA studies
built into trials tend to focus on cancer therapies, espe-
cially new drugs or drug combinations, and they are
usually conducted from a payer perspective. Although
straightforward, these CEAs often yield divergent results,
especially across time and place. Nonetheless, this class
of CEAs has found a ready group of decision makers
interested in using the results for reimbursement and
pricing policies, practice guideline development, and
other actions influencing how scarce cancer resources
are allocated. The development of institutional decision
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mechanisms has fostered this use. The creation of NICE
(National Institute for Health and Clinical Excellence)
in the United Kingdom and the threshold levels of
cost per QALY that they have set to appraise new medical
technologies is a case in point.

Modeling-related CEAs tend to appraise ICERs from
a societal as well as payer viewpoint. They often compare
a given intervention to no intervention and/or assess
whether an intervention thought to be economically effi-
cient when targeting a particular population subgroup
is also cost-effective when targeting another subgroup.
Cancer-related CEA studies of adjuvant therapy are
cases in point. They have focused on the economic impli-
cations of adding adjuvant therapy to the treatment regi-
mens of patients who have typically not received it, such
as older patients or those with less severe disease.
A related area of interest in modeling studies is cancer
screening interventions. Table 3 summarizes some recent
findings of screening CEAs testing age limits in breast
cancer, different detection methods in colorectal cancer,
and the use of expensive CT scanning to detect lung
cancer. As might be expected, there are wide variations
in these results, particularly for screening at different
Table 3 Selected cancer screening cost/effectiveness results

Cancer, program alternatives, and study perspective

Breast cancer

Biennial mammography screening. Dutch societal perspectivec

Screen all women � 50 years of age versus only women 50–69 yea

Screen all women � 50 years of age versus only women 50–75 yea
Biennial mammography screening. US societal perspectived

Screen women age 50–79 versus only women age 50–70

Screen all women � 50 versus only women age 50–70
Colorectal cancer

Annual fecal occult blood test (FBOT) versus no screen. U.S. paye

Flexible sigmoidoscopy every five years versus no screen. U.S. pa

Colonoscopy every ten years versus no screen. U.S. payer perspe
Lung cancer

Screen with low-dose, helical CT scan; 5-year screening round ver

U.S. payer perspective

Screen with low-dose, helical CT scan, 5-year screening versus no
smokers ages 60–64. Australian payer perspectiveg

Screen with low-dose, helical CT scan, 20-year annual screening v

U.S. societal perspectiveh

Screen current smokers

Screen former smokers

aICER¼ Incremental cost-effectiveness ratio; C/LY¼ cost per life-yea
bCosts reported in other national currencies were first converted to

Purchasing Power Parity index; they were then adjusted to constant 2
cBoer et al. (1995).
dMandelblatt et al. (2005).
ePignone et al. (2002). These are the means of the ratios of five studi
fChirikos et al. (2002).
ages or by means of an expensive technology for which
there are yet no trial data determining actual efficacy. The
differences often stem from analytic assumptions about
the discount, attrition, and/or recurrence rates, among
others; they also stem from how uncertainty is treated
in the model. Yet the results are useful in showing the
range of potential opportunity costs of such screening,
thereby providing a point of reference for conducting
screening trials.

These results, however, illustrate a more fundamental
limitation of CEAs that is not always appreciated by
cancer specialists. These results can only be interpreted
in relative or ordinal terms and few, if any, computed CEA
ratios can ever be completely ruled out. To be sure, the
maintained hypothesis is that viable ICERs do not exceed
some rule of thumb or cut point – $50 000 per QALY
is one. From the viewpoint of economic theory, however,
this cut point is completely arbitrary, so caution must
be exercised when using it to judge the commensura-
bility of costs and outcomes. Furthermore, in theory, all
CEA results are rank-ordered from low to high, and
interventions are then funded seriatim until the overall
budget is exhausted. This rank-ordering should
ICER by typea (US $ 2005)b

Cost/LY Cost/QALY

rs of age – 28 100

rs of age – 120300

101700 –

187675 –

r perspectivee 14700 –

yer perspectivee 24600 –

ctivee 18750 –

sus no screening 60000 –

screening, male 48400 88 750

ersus no screening,

– 137800

– 275250

r saved; and C/QALY¼ cost per quality-adjusted life-year saved.

U.S. dollars for the reported year by means of the OCED GDP

005 dollars by means of the Medical Care component of the CPI.

es considered by the U.S. Preventive Services Task Force.
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encompass all interventions with identical denominator
terms, not necessarily just cancer interventions. More
important is the fact that the budget is determined exog-
enously by the political or payer authorities. There is
nothing in cost-effectiveness analyses that provides guid-
ance to the determination of the overall amount of
resources to be allocated to the cancer sector. In contrast,
cost–benefit analysis, wherein both numerator and
denominator terms are measured in monetary units, can
be used, at least in principle, to determine the optimal
budget for cancer interventions by equalizing the rate of
return across all competing interventions. Similarly,
willingness to pay or contingent valuation methods may
also provide usable economic results for decisions about
the cancer budget. There is growing sentiment in the field
that cost–benefit analysis should be used more exten-
sively, despite ethical concerns arising from the need to
value life in monetary terms.
See also: Cancer Epidemiology; Cancer: Global Burden/

Trends and Projections; Decision Analytic Modeling;

Determinants of National Health Expenditure; Global

Burden of Disease; International Classification Systems

for Health; Measurement and Modelling of Health-Related

Quality of Life; The Measurement and Valuation of Health

for Economic Evaluation.
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Cancer Distribution Worldwide

Cancer is a major public health problem throughout the
world, causing more than a quarter of all deaths in many
countries. Cancer accounted for approximately 7million
deaths worldwide in 2002, one in eight of all deaths. In the
same year, 11million people were diagnosed with cancer
and nearly 25million people diagnosed with cancer over
the previous 3 years were still alive (Parkin et al., 2005).
The absolute number of people diagnosed with cancer
is increasing steadily because of continuing increases
in life expectancy and world population, and it has
been estimated that there will be 15million new cases
per year by 2020.

Lung (1.4million cases), breast (1.2 million cases), and
colorectal (1million cases) cancer are the most commonly
diagnosed cancers, whereas lung cancer (1.2 million can-
cer deaths), stomach cancer (700 000 deaths), and liver
cancer (600 000 deaths) are the most common causes of
cancer death (Parkin et al., 2005).

Numbers of new cancer cases (incidence) and deaths
(mortality) in 2002 are presented in Figure 1 for devel-
oped and developing countries. The ratio of mortality to
incidence reflects the fatality rate of the cancer. Pancreas
and liver cancer, for instance, have similar incidence and
mortality because their prognosis is poor. Breast cancer
has a relatively good prognosis, so mortality is much lower
than incidence, particularly in developed countries.

Many types of cancer vary in incidence by more than
one order of magnitude between different populations,
and every type is rare in some part of the world (Doll and
Peto, 1981). The convergence toward local cancer rates
seen among immigrants (Figure 2) excludes a genetic
explanation of these differences. By the 1960s, cancer
epidemiologists had therefore concluded that most can-
cers are in principle preventable and many could be
avoided by a suitable choice of lifestyle and environ-
ment. Many specific causes of cancer are now known,
the most important being smoking, obesity, and a few
cancer-causing (oncogenic) viruses, but a large propor-
tion of global variation for common cancers such as breast,
prostate, colon, and rectum remains unexplained.

Age-specific cancer incidence and mortality rates have
fallen for some cancer sites, while other cancers have
become more common, reflecting changes in relevant
exposures, diagnosis, treatment, and screening. Increases
in cigarette smoking since the 1950s caused large
increases in death rates for smoking-related cancers, but
overall mortality from cancers not caused by smoking has
generally decreased or remained stable in most Western
countries (Peto et al., 2006).
Effect of Cancer Screening on Incidence
and Mortality

Cancer screening programs can reduce mortality by early
detection of the disease and hence earlier treatment, but
for some cancers the benefit may be too small to justify
the costs. Well-organized cervical screening prevents the
majority of cervical cancers by detecting and treating
premalignant disease, but for breast and prostate cancers
mortality is reduced while cancer incidence is increased
by screening, because early cancers are detected that
would never have become symptomatic. Widespread
prostate specific antigen (PSA) testing from around 1986
onward has caused an enormous increase in the incidence
of prostate cancer in the United States, followed a few
years later by smaller increases in other countries, but has
had only a small effect on mortality.

Population screening for colorectal cancer has recently
been introduced in some Western countries, but its long-
term impact on mortality and morbidity in a population
setting will not be known for many years. Studies on the
benefits of lung cancer screening are ongoing. Some screen-
ing programs are targeted at individuals at high risk, partic-
ularly people with a strong family history of the disease.
Environmental and Lifestyle Causes of
Cancer

Carcinogenic Effects of Tobacco

The most important discovery in the history of cancer epi-
demiology is the carcinogenic (cancer-causing) effect of
tobacco. Lung cancer incidence increases rapidly among
continuing smokers, but remains roughly constant in
ex-smokers. The risk is therefore greatest in those who
begin to smoke when young and continue throughout life.
Secondhand, or environmental, tobacco smoking is also
carcinogenic, but it is hard to quantify the magnitude of
the risk.
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The large increase in male cigarette smoking in most
developed countries that occurred during the first half of
the twentieth century caused an unprecedented epidemic
in the lung cancer rate several decades later. A reduction
in tar levels in cigarettes combined with decreases in
smoking has subsequently reduced the lung cancer rate
in many developed countries. Women in most Western
countries began smoking later than men and fewer have
stopped, so their lung cancer rates are either still increas-
ing or falling less rapidly.

For many years, the carcinogenic effects of tobacco
were thought to be restricted largely to the lung, pan-
creas, bladder, and kidney, and (synergistically with
alcohol) the larynx, mouth, pharynx (except nasophar-
ynx), and esophagus. More recent evidence indicates
that stomach, liver, cervix, myeloid leukemia, and prob-
ably colorectal cancer are also increased by smoking.
This makes smoking the most important known risk
factor for cancer.

The relative importance of different smoking-related
diseases varies widely between populations, as smoking
usually multiplies the background rate due to other fac-
tors. In China, where liver cancer is common, smoking
causes more premature deaths from liver cancer than
from heart disease, while in the United States liver cancer
is rare even in smokers (Figure 3).
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The Effects of Diet and Overweight

Nutritional epidemiology is notoriously complex owing
to the variety of foods and their many constituents and
to intercorrelations and temporal changes in their pat-
terns of use. Cancer risks in old age may also depend as
much on diet in early life as on current habits.

Most dietary factors do not show a strong and consis-
tent enough effect to establish them unequivocally as
important carcinogens or anticarcinogens. Exceptions
are drinking alcohol, consumption of various foods con-
taminated with aflatoxin, and a few local customs (such
as feeding Chinese-style salted fish to infants, which
causes nasopharyngeal cancer). Extensive research dur-
ing the past two decades has shown that rates for various
cancers correlate fairly consistently with certain aspects
of diet, but opinions still differ on the strength of the
evidence. In the 1980s, nutritional epidemiology focused
mainly on meat, fat, and total energy intake as potential
risk factors, and on dietary fiber, fruits, and vegetables,
vitamins A, C, and E, and b-carotene as protective fac-
tors. More recent research has concentrated on red and
processed meat as risk factors, and on folate and other
B vitamins, vitamin D and calcium, selenium and specific
non-nutrient components of fruits, vegetables, and whole
grains (e.g., phytoestrogens and isothiocyanates present
in cruciferous vegetables) as protective factors. The
overall evidence that fats are hazardous and fruits and
vegetables are protective seems less convincing than
initially thought, and more specific compounds and
mechanisms are being investigated. Fat is classified
according to its source (animal or vegetable fat) and its
different subtypes (e.g., saturated fat). A high intake of
n-3 fatty acids, derived from fatty fish, may prove to be
beneficial. The evidence on diet and cancer has been
systematically reviewed and summarized by the World
Cancer Research Fund/American Institute for Cancer
Research in 2007.
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Dietary supplements may not have the same effects as
the foods that contain them, and some may even
be harmful. For example, b-carotene appeared to be
associated with reduced risk of cancer in observational
studies, but 12 years of treatment in a large randomized
trial showed no benefit, and in two shorter trials the lung
cancer risk was higher in those who received b-carotene
supplements (Greenwald et al., 2007). Aspirin probably
reduces colorectal cancer incidence but may take a
decade or more to do so.

Most reports conclude that about one-third of cancer
deaths might be avoidable by dietary change. However,
dietary recommendations differ, and Doll and Peto (2005)
concluded that only cancers due to obesity are definitely
avoidable. Radical changes in national dietary habits
would not be easy to achieve even if there were a consen-
sus on which foods are relevant.

There is now a consensus that cancer is commoner in
those who are overweight. The evidence on weight is
strongest for postmenopausal breast cancer and cancers of
the endometrium, gallbladder, and kidney, but several other
sites contribute to the observed overall cancer risk. A large
prospective cohort of nonsmokers in America, where obe-
sity is particularly common, provides the strongest evi-
dence on the association between body mass index (BMI;
weight divided by the square of height) and cancer mortal-
ity (Calle et al., 1999). The authors did not calculate an
attributable fraction, but if the observed excess mortality
reflects a direct effect their data suggest that approximately
10% of all cancer deaths among American nonsmokers
(7% in men and 12% in women) would be avoided if no
one’s BMI exceeded 25 kg/m2. It is, however, not clear how
much the risk can be reduced by weight reduction in those
who are already overweight. Mortality from nonmalignant
diseases is increased in those who are either too thin or too
fat. Since obesity is an increasing problem in Western
societies, the number of weight-related cancers will inevi-
tably increase in the years to come.
Reproductive and Hormonal Factors

The effects of reproductive factors on breast and ovarian
cancer have long been assumed to reflect underlying
hormonal processes, and this is confirmed by the effects
of both endogenous and exogenous hormones. Breast
cancer incidence is transiently increased by pregnancy
and while estrogens are administered as oral contracep-
tives or hormone replacement therapy (HRT), and is
permanently lowered by late menarche, early menopause,
early first childbirth, and high parity. Endometrial cancer
incidence is also transiently increased by HRT. Combined
estrogen and progestin HRT has a larger effect than
estrogen alone for breast cancer, but a smaller effect for
endometrial cancer. Ovarian cancer incidence declines
with increasing parity, and both endometrial and ovarian
cancers are less common in oral contraceptive users.
Both oral contraceptives and HRT appear to reduce
colorectal cancer incidence.

The Western diet is associated both with earlier age at
menarche and with postmenopausal obesity, which
increases endogenous estrogen production. Breast cancer
incidence is much higher in most Western countries than
in many developing countries, and this is partly (and
perhaps largely) accounted for by these dietary effects
combined with later first childbirth, lower parity and
shorter breastfeeding. The development of cancers of
the testis and prostate may also depend on hormonal
effects, but apart from the increased risk in an un-
descended testis, no behavioral or reproductive correlate
is strongly predictive of these diseases.
Viruses, Bacteria, and Parasites

Important discoveries of the past 30 years in cancer epi-
demiology relate to the carcinogenic effects of infectious
agents. Recent estimates of the global cancer burden
caused by specific viruses, bacteria, and parasites (Parkin,
2006) imply that about 20% of all cancers worldwide are
caused by known infections (Table 1).

Helicobacter pylori, a chronic gastric bacterial infection
that can cause gastric ulcers, is a major factor in the devel-
opment of stomach cancer, accounting for an estimated
63% of all stomach cancers and 5.5% of all cancers world-
wide. The evidence is particularly strong for noncardiac
gastric cancers, which comprise more than 80% of gastric
cancers. H. pylori is common in developed and developing
countries, and more than half of all stomach cancers might
be prevented if H. pylori could be eradicated.

More than 100 human papillomaviruses (HPVs) have
been identified, and DNA from a subgroup of sexually
transmitted HPVs that includes HPV16, HPV18, and
HPV45 is detectable in virtually all cervical cancers world-
wide. These and other HPVs are also found in other
anogenital cancers, and in some cancers of the mouth and
pharynx. HPV vaccines are now available, but their long-
term effect on overall cervical cancer incidence remains to
be established. At present, the high cost of HPV vaccines
precludes their widespread use in developing countries
that lack the resources for organized cervical screening,
where their potential impact is greatest. Their effect in
countries that already have effective screening is unclear.
They are only effective against specific HPV types, so they
will not prevent all cervical cancers; they are unlikely to be
effective in women who have already been infected; and
vaccinated women may be less likely to participate in
cervical screening, which is known to be very effective.

The contribution of hepatitis B virus (HBV) to liver
cancer in high-incidence regions has long been recognized,
and the hepatitis C virus (HCV) is similarly carcinogenic.



Table 1 Carcinogenic infectious agents and the percentage of the global cancer burden they account for

Percentages caused by organism

Agent Organism Cancer % of this cancer % of global cancer burden

Helicobacter pylori Bacterium Stomach 63 5.5

Human papillomaviruses (HPV) Virus Cervix 100 4.5

Other anogenital 56 0.5

Mouth, pharynx 4 0.1
Hepatitis B and C virus (HBV, HCV) Virus Liver 85 4.9

Epstein-Barr virus (EBV) Virus Nasopharynx 98 0.7

Hodgkin
lymphoma

46 0.3

Burkitt’s

lymphoma

82 0.1

Human immunodeficiency virus/Herpes virus
8 (HIV/HHV8)

Virus Kaposi sarcoma
Non-Hodgkin

lymphoma

100
12

0.6
0.3

Schistosomes Parasite Bladder 3.0 0.1

Human T-cell lymphotropic virus I (HTLV-1) Virus Leukemia 1.1 0.03
Liver flukes Parasite Liver 0.4 0.02

Total – 17.8

Adapted from Parkin DM (2006) The global health burden of infection-associated cancers in the year 2002. International Journal of

Cancer 118: 3030–3044.
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Hepatitis B infection is common in developing countries,
and together with hepatitis C it accounts for 85% of all
liver cancers worldwide (Parkin, 2006). The incidence of
several virally induced cancers is further increased by
specific cofactors such as salted fish (nasopharynx), smok-
ing (liver and cervix), aflatoxin (liver), and malaria (the
major cofactor with EBV for Burkitt’s lymphoma in
Africa). There is also strong epidemiological evidence for
an infective etiology in childhood leukemia, but no spe-
cific pathogen has been implicated. Therapeutic immuno-
suppression causes a marked increase in the incidence of
non-melanoma skin cancer and some virally induced can-
cers. The discovery that many other epithelial cancers are
also increased by immunosuppression (Buell et al., 2005)
suggests that unidentified viruses may be important in
these cancers as well. The alternative is the long-standing
but equally speculative theory that many nonviral cancers
are normally kept in check by the immune system.
Occupational and Environmental
Carcinogens

Roughly a dozen specific occupational exposures and
several complex mixtures, particularly the combustion
products of coal, have caused high risks of certain cancers
(predominantly lung cancer) in heavily exposed workers.
Exposure levels for many industrial hazards have been
progressively reduced in many Western countries since
the 1930s, and by the late 1970s it was assumed, probably
correctly, that the occupational exposure levels then cur-
rent would contribute a very small proportion of future
cancer incidence. But uncontrolled asbestos use had been
widespread in the construction industry in Western
countries from the 1950s to the mid-1970s, when public
concern led to a rapid reduction. The resulting epidemic
of mesothelioma in building and other workers born after
1940 did not become apparent until the 1990s because of
the long latency of the disease. Incidence rates are still
rising, and asbestos exposure prior to 1980 may eventually
cause 250 000 mesotheliomas and a similar number of
lung cancers in Western Europe. Chrysotile (white asbes-
tos) causes a much lower mesothelioma risk than other
types, but all forms of asbestos cause cancer.

This tragic episode was largely avoidable, as the carci-
nogenic effects of asbestos were known by 1960; but it
illustrates the major weakness of epidemiology as an early
warning system. The increase in cancer incidence caused
by increased exposure to a carcinogen might not be
detectable for several decades, and laboratory testing
must remain the first line of defense against potentially
dangerous new agents, particularly those affecting endo-
crine or paracrine signaling that could be biologically
active at very low levels.

Epidemiological studies of markers such as DNA
adducts in the lung or chromosomal aberrations in lym-
phocytes might also provide early warning of a potential
hazard. But such direct or indirect measures of mutagenic
or transforming potency have never detected an impor-
tant carcinogen and even today cannot provide quantita-
tive estimates of risk.

Epidemiological data on human cancer rates still pro-
vide the only reliable evidence that the cancer risks
caused by long-established activities such as working in
an oil refinery or living near a high-voltage power line are
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not large. There is as yet little evidence of a link between
mobile phone use and cancer risk, but it may be too early
for an effect to be detected. Apart from melanoma and
other (usually nonfatal) skin cancers due to excessive
exposure to sunlight, the only substantial and widespread
cancer risk known to be caused by an avoidable environ-
mental factor in developed countries is the further
increase in lung cancer among smokers caused by indoor
radon escaping from the ground or from building materi-
als, although both indoor and outdoor air pollution from
fossil fuels may also contribute to the risk in smokers. The
risk to nonsmokers is relatively trivial in developed
countries, but burning fossil fuels indoors without ade-
quate ventilation certainly contributes to the high lung
cancer rates, even in nonsmokers, seen in parts of China.
Genetic and Molecular Epidemiology
of Cancer

An inherited mutation that predisposes carriers to cancer
often involves a gene that is mutated or deleted during the
transformation of a normal cell to cancer in people who
have not inherited a defective gene. Some of these genes
affect metabolism of carcinogens, but many are involved in
normal cellular mechanisms such as detection and repair
of DNA damage, control of the cell cycle, or apoptosis
(programmed cell death). They have been discovered in
many ways, notably by laboratory studies of such path-
ways, linkage in families with cancer syndromes such as
hereditary retinoblastoma, DNA sequence homology
with oncogenic viruses, and recently by direct comparison
of normal and tumor DNA, which is now being done
systematically throughout the genome for a few cancers.
Polymorphisms in Candidate Genes

There have been many studies comparing the prevalence
in cancer patients and unaffected controls of differences
in DNA sequence in genes involved in the metabolism of
external or endogenous mutagens or in the production or
processing of sex hormones or their analogs. A few poly-
morphisms in such genes seem to alter the risk substan-
tially, such as the N-acetyltransferase 2 (NAT2) variant
underlying the slow acetylator phenotype, which increases
the risk of bladder cancer, particularly in workers heavily
exposed to certain aromatic amines. But systematic meta-
analysis reveals little or no effect for most such single
polymorphisms, and the pooled data for the minority that
are statistically significant usually suggest carrier:noncar-
rier risk ratios of less than two, and often much less.

There have been various reports of statistically signifi-
cant gene–environment interactions, such as a much
larger lung cancer risk due to passive smoking in women
with glutathione S-transferase m1 (GSTM1) deficiency,
or an increased breast cancer risk due to smoking in
postmenopausal women that was confined to NAT2 slow
acetylators. In these examples, however, the estimates of
the risk in susceptibles (although not their lower confi-
dence limits) were inconsistent with the much lower
overall effect of passive smoking on lung cancer or of
smoking on breast cancer (which is nil) in larger studies.
Many apparently significant gene–gene or gene–exposure
interactions will arise by chance, but some will be real.
The reported interaction between a polymorphism in the
methylenetetrahydrofolate reductase (MTHFR) gene and
dietary folate in colorectal cancer is a biologically plausi-
ble mechanism with epidemiological support.
Familial Risks for Common Cancers

Hereditary cancer syndromes caused by an inactivating
mutation in a single crucial gene such as hereditary
breast cancer (BRCA1 or BRCA2), polyposis coli (APC),
Li-Fraumeni syndrome (TP53), and familial retinoblas-
toma (RB1) are very rare, and most familial cancers seem
to be the result of a spectrum of genetic risk in the
population, varying continuously from very low to very
high, because of the combined effects of dozens or even
hundreds of low-penetrance variants in different genes,
each with a very small effect. The people at highest risk
are those who happen to inherit a large number of such
variants. This has been studied most extensively for breast
cancer. The high risk in patients’ identical twins indicates
that susceptible women contribute a high proportion,
and perhaps even the majority, of overall breast cancer
incidence. This must be due mainly to low-penetrance
genes, as only about 2% of all cases are attributable to
inactivating mutations in BRCA1 or BRCA2. Such poly-
genic susceptibility conferring a site-specific lifetime
risk the order of 30–50% in those at highest risk may
underlie many cancers. The effects of such variants in
combination with each other and with environmental
risk factors could be substantial, but their total contribu-
tion to cancer incidence will not be known until data on
risk factors and extensive genotyping are available for
very large numbers of patients and controls. Recent stud-
ies have focused on inactivating mutations or polymorph-
isms in genes involved in cellular mechanisms of cancer
development rather than carcinogen metabolism. This is
now a major area of research, and several low-penetrance
genes have already been discovered. Inactivating muta-
tions in several genes that interact with BRCA1 or BRCA2
(ATM, CHEK2, BRIP1, PALB2) increase the breast cancer
risk by approximately twofold, and some polymorphisms
in such genes also confer a moderately increased cancer
risk. An example is the I1307K single nucleotide poly-
morphism (SNP) in the APC gene, which is carried by
about 1 in 20 Ashkenazi Jews and almost doubles their
colon cancer risk.
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Genomewide Studies

Complete genetic information on cancer patients and
healthy controls will ultimately require sequencing of the
whole genome in many thousands of individuals. This is
not yet feasible, but a million known SNPs throughout the
genome can now be analyzed simultaneously, and very-
large-scale studies involving protein and RNA expression
profiles or DNA methylation at specific sites are also being
carried out. Genomewide SNP studies have identified
common haplotypes (ancient DNA sequences that may
be carried by 10% or more of the population) associated
with prostate, colorectal, and breast cancer risk. These
associations sometimes identify a specific gene, but some
are in noncoding regions, and their significance is not yet
understood. A SNP that is commoner in cancer patients
may cause the specific alteration in a protein that produces
the increased cancer risk, but most merely identify a region
containing an unknown susceptibility locus, and discover-
ing the relevant sequence variant and its effects may
require extensive further research.
Mechanisms of Carcinogenesis

Age-incidence patterns for non-hormone-dependent
carcinomas, and the effects of timing and dose level of
various agents alone and in combination (particularly
smoking, alcohol, ionizing radiation, and some occupa-
tional carcinogens), are parsimoniously explained by the
multistage model of carcinogenesis. This was developed
many years before the identification of any of the
hypothesized sequence of heritable events in human car-
cinogenesis and has led to several important conclusions,
notably the epidemiological and experimental evidence
that somatic aging processes per se play little or no role in
carcinogenesis (Figure 4).

The incidence rate of cancer is presumably propor-
tional both to the rate of the final rate-limiting step in
carcinogenesis and to the number of premalignant cells
that have undergone all but this final step. The rapid
increase in the lung cancer incidence rate among
continuing smokers ceases when they stop smoking, the
rate remaining roughly constant for many years in ex-
smokers. The fact that the rate does not fall abruptly
when smoking stops indicates that the mysterious final
event that triggers the clonal expansion of a fully malig-
nant bronchial cell is unaffected by smoking, suggesting a
mechanism involving signaling rather than mutagenesis.
Such data are still generating newmechanistic hypotheses.
The Future of Cancer Epidemiology

Over the next decade, cancer epidemiologists will be
increasingly preoccupied with genetically susceptible
subgroups. Comparison of the DNA in cancerous and
normal cells from the same patient may lead directly to
the identification of most of the genes that are commonly
mutated in carcinogenesis. Candidate genes are also being
identified on the basis of structural homologies from the
human genome sequence. Extensive sequence or SNP
comparisons between affected relatives and between
cancer patients and controls may define combinations of
polymorphisms or inherited defects in such genes that
identify a few percent of the population whose average
lifetime risk may be as high as 50% for a particular cancer.
An alternative possibility is that many susceptibility genes
will be discovered by studying phenotypic characteristics
such as mammographic density or chromosomal instability
that correlate with cancer risk. Assays for defective DNA
repair correlate consistently with substantially increased
susceptibility, and chromosomal aberrations predict
increased cancer risk irrespective of carcinogenic exposure.

Once they are identified, susceptible people might
benefit disproportionately from screening or prophylaxis,
while those at low risk would be reassured. But there will
also be penalties. A different susceptible minority will be
identified for each disease, and a high proportion of the
population may eventually suffer the consequences of
being classed as genetically susceptible to some major
risk. The hazards of screening for cancer susceptibility
are illustrated by the widespread introduction of testing
for prostate-specific antigen in the United States, which
has reduced prostate cancer mortality only marginally but
has led to a sharp increase in recorded incidence and
considerable postoperative psychosexual and physical
morbidity. Striking gene–environment interactions may
be discovered, but most causes of cancer are likely to
increase the risk by a smaller amount but a similar factor
in those who are less susceptible. If smokers are less likely
to stop smoking on discovering that their lifetime lung
cancer risk is only 10%, the population death rate might
even be increased by such knowledge.

Advances in genetic and molecular understanding will
increasingly enable epidemiologists to quantify the rela-
tionships between risk factors and specific events in car-
cinogenesis. Direct monitoring of changes in the genes
that underlie carcinogenesis or their products is likely to
provide sensitive and specific measures that can be corre-
lated both with cancer incidence and with exposure to
carcinogenic agents or activities. Characteristic mutations
in DNA from subclinical cancers or their precursor
lesions can already be quantified, and serum levels of
hormones such as estrogen and prolactin, or growth
factors such as insulin-like growth factor-I, as well as
chromosomal damage itself, are predictive of increased
risk for certain cancers. The effects of some carcinogens
are seen mainly in histological subtypes of cancer. For
example, smoking increases the risk for squamous cell
cervical cancer, but not for the adenomatous type. Such
research is now extended through the identification of
subtypes of cancer that develop through different



C
um

ul
at

iv
e 

m
es

ot
he

lio
m

a 
ris

k 
(%

)

C
um

ul
at

iv
e 

sk
in

 tu
m

or
 r

is
k 

(%
)

20
Age at first
exposure
(years)

Age at first
exposure
(weeks)

15–24
25–34
35+

10

0

100

50

0
10 25 35

Years since beginning exposure Weeks since beginning exposure
45 55

10
25
40
55

40 50 60 70 80 90 100

Figure 4 Age has no effect on susceptibility to some carcinogens. Left panel, cumulative mesothelioma risk in US insulation workers.

Right panel, cumulative skin tumor risk in mice treated weekly with benzo(a)pyrene. Mesothelioma rates in humans and skin tumor rates

in mice depend on time since first carcinogenic exposure but not on age, suggesting an initiating effect of these carcinogens. Lung
cancer incidence in smokers depends on duration of smoking but not on age, and stops increasingwhen smoking stops, indicating both

early- and late-stage effects. Radiation-induced cancer incidence increases with age at exposure above age 20, suggesting

predominantly late-stage effects.

Table 2 Approximate percentages of future cancer deaths

among smokers and nonsmokers in the United States that would

be prevented by successive elimination of smoking, known
infections, alcohol, sun exposure, current levels of workplace

and air pollution, lack of exercise, and obesity

Deaths (%) after removing
preceding causes

Cause Current smokers Nonsmokers

Smoking 60 –

Known infections 2 5
Alcohol 0.4 1

Sunlighta ? ?

Air pollution 0.4 1

Occupation 0.4 1
Lack of exercise 0.4 1

Diet

Overweight

(BMI>25kg/m2)

4 10

Other dietary factorsb 4–12? 10–30?

Presently unavoidable About a quarter At least half

aSunlight is the main source of vitamin D and hence may prevent

more deaths from other cancers than it causes through melano-
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pathways by analysis of their patterns of gene alterations
or protein expression.

The most significant developments in cancer epidemi-
ology may result from discoveries in virology and tumor
immunology. The speculation that unidentified viruses
(perhaps including some animal viruses) are associated
with many human cancers is consistent with the large
increase in overall cancer rates seen in immunosuppressed
patients (Buell, 2005). The difficulty is that an unknown
virus might mimic the epidemiological effects of dietary or
genetic mechanisms. Thus, for example, the migrant pat-
terns for prostate cancer (Figure 2) might be due partly to
an endemic infection, as they are for stomach cancer.
Viruses usually act synergistically with other carcinogens
and therefore provide alternative approaches to risk reduc-
tion. The crucial issue is which of the increased cancer risks
in immunosuppressed patients reflect an unknown viral
etiology and which reflect immunosurveillance targeted
at nonviral tumor markers. Some cancers may well be
preventable by vaccination with tumor-specific antigens
or by some less specific immunostimulation.
ma and other skin cancers.
bThe effects of specific dietary factors in people of normal weight

are still uncertain.
Current Priorities in Cancer Prevention

The large differences in the pattern of cancer incidence
between developed and developing countries (Figure 1)
imply different priorities for prevention, but at an indi-
vidual level the most important difference is between
smokers and nonsmokers, particularly in developed
countries. Table 2 shows approximate percentages of
future cancer deaths in the United States that would be
avoided by successively removing the effects of smoking,
known infections, alcohol, current occupational and envi-
ronmental pollution, inactivity, and obesity. Whether
sunlight increases or reduces overall cancer mortality is
not yet established. The additional effect of specific die-
tary recommendations such as those of the American
panel (American Institute for Cancer Research/World
Cancer Research Fund, 1997) is much more speculative.
Avoidance of overweight and prevention or treatment of
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oncogenic infections are the most important aims for
nonsmokers; but it is absurd for smokers in the West to
worry about anything except stopping smoking.

Tobacco causes one-third of all cancer deaths in devel-
oped countries. About one in five of cancers worldwide
are caused by known infectious agents. HBV alone causes
almost as many cancers as smoking in China, and can be
prevented by vaccination. HPV vaccines may eventually
prevent almost all cervical cancers, and if the prevalence
of H. pylori can be reduced, many stomach cancers would
be avoided. The belated elimination of asbestos by many
Western countries will eventually prevent the great
majority of mesotheliomas and many lung cancers. Vari-
ous cancer screening tests are partially effective, and
cervical screening is very effective.
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are then presented in the third section, primarily based
on high-quality incidence data from established cancer
registries worldwide. The final section discusses how the
global profile of cancer might look around 2020, on the
basis of projections of population aging and growth and
some assumptions on future cancer trends.
Routine Measures of Cancer Burden

Definitions, Uses, and Caveats

Cancer incidence is the frequency of occurrence of new
cases of cancer in a defined population for a given period
of time. It can be expressed as the absolute number of
cases, although computation of rates is required for com-
parative purposes, with the denominator the person-time
at risk from which the cases in the numerator arose. The
statistic is useful in providing clues to the underlying risk
factors and in planning and prioritizing resources for
primary prevention, where the aim is to reduce incidence
via changes in cultural and personal patterns of behavior.

Population-based cancer registries collect and classify
information on all new cases of cancer in a defined popu-
lation and provide statistics on occurrence for the pur-
poses of assessing and controlling the impact of cancer in
the community. Registries may cover entire national
populations or selected regions. The comparability, com-
pleteness, and accuracy of incidence data are essential in
making reliable inferences regarding geographical and
temporal variations in incidence rates. The Cancer Inci-

dence In Five Continents (CI5) series, first published in 1962,
is now in its eighth volume (Parkin et al., 2002) and covers
diagnoses of cancer 1993–97 in 186 registries in 57
countries. Inclusion is a good marker of the quality of an
individual registry, given that the editorial process
includes numerous assessments of data quality.

Mortality provides a measure of the impact of cancer
and is expressed either as number of deaths occurring or
as a mortality rate: The number of deaths per 100 000
persons per year. Mortality is a product of the incidence
and the case fatality from a given cancer. Death rates
estimate the average risk to the population of dying
from a specific cancer, while fatality, the inverse of cancer
survival (the time that elapsed between the diagnosis of
cancer and death from it), represents the probability that
an individual with cancer will die from it. Data derive
from vital registration systems, where usually a medical
practitioner certifies the fact and cause of death. The
International Classification of Diseases (ICD) provides a
standardized system of nomenclature and coding, and a
suggested format for the death certificate.

Mortality data are affected by both the degree of detail
and the quality of the information, that is, the accuracy of
the recorded cause of death and the completeness
of registration. These are known to vary considerably
between countries and over time. Mortality data are,
however, more comprehensively available than incidence:
The WHO mortality databank contains national cancer
mortality data on over 70 countries, and for many, over
extended periods of time. This availability partly explains
its common application as a surrogate for incidence in
both geographic and temporal studies of cancer, although
its use must be guarded where survival differences are
suspected between the groups being compared.

Prevalence is a more complex measure of cancer inci-
dence, fatality, and other influences operating in affected
individuals prior to death or cure. Partial prevalence is a
useful measure for quantifying the resource requirements
needed for treating and supporting cancer patients, as it
limits the number of patients to those diagnosed during a
fixed time in the past. Prevalence for cases diagnosed
within a certain number of years are of relevance to initial
treatment (within 1 year), clinical follow-up (2–3 years)
and possible cure (4–5 years). There are some exceptions,
primarily that of female breast cancer, for which the risk
of death remains higher than the general population for
many more years.
Producing Global Estimates of Cancer Burden

For several decades, the International Agency for Research
on Cancer (IARC) has complied and published estimates
of global cancer burden. The first publication in 1984
estimated cancer incidence for 12 common cancers in
1975 in 24 world areas (Parkin et al., 1984); the most recent
estimates (for 2002) were compiled as part of IARC’s
GLOBOCAN series published in 2004 (Parkin et al., 2005).
This database contains regional- and country-specific
estimates of the cancer incidence, mortality, and preva-
lence worldwide for 26 cancer sites (Ferlay et al., 2004).

National cancer incidence and mortality data are avail-
able for a minority of countries of the world, so estimation
procedures are necessary to obtain a comprehensive
global picture of cancer. The available sources and meth-
ods used to derive the GLOBOCAN 2002 estimates are
summarized in Table 1 and Figure 1 (incidence) and
Figure 2 (mortality). The baseline data for the compila-
tion are the cancer incidence, mortality, and survival data
sets considered the best available within a given country.
Incidence rates for a country are obtained wherever pos-
sible from cancer registries serving the whole population,
or a representative sample of it. The most recent national
mortality data from theWHO databank are used to obtain
information on cancer deaths. As cancer registries record
mortality as well as incidence, a country’s incidence may
be estimated by applying a registry-based incidence:mor-
tality ratio to its national mortality data. As mortality data
are available for many more countries than incidence
(Figures 1 and 2), there are known problems of accuracy
and completeness. Adjustments are made where



Table 1 Compiling the GLOBOCAN 2002 database: Sources and estimation of cancer incidence, mortality, and prevalence

worldwide

National incidence estimated, in order of priority, from:

1. National incidence data

Incidence rates for a country were available

2. Mortality data
Dependent on the degree of detail and accuracy of the national mortality data. Main method of estimating incidence involved

applying an incidence:mortality ratio (derived from representative cancer registries) to the country’s national mortality, where

available

3. Local (regional) incidence data
Derived from the data of one or more cancer registries covering a part of a country

4. Frequency data

Incidence rates for all cancers partitioned to specific cancer sites using any available data on relative frequency of different cancers
(by age and sex)

5. No data

The country-specific rates calculated from the average of those of neighboring countries in the same regions

National mortality estimated, in order of priority, from:
1. National mortality data

National mortality data complete for all cancers, or for themajor cancer sites. Missing sites estimated using cancer-specific mortality

proportions from registries. Adjustment factor applied to national mortality where underestimates of true cancer mortality could be

quantified
2. Local (regional) mortality

Derived from the data of one or more cancer registries covering a part of a country

3. No mortality data were available or known to be of poor quality

Mortality estimated from country-specific numbers of new cases and country or region – within a country-specific survival data
Where no survival data, pooled survival estimates from developing countries

National prevalence estimated, in order of priority, from:

Estimates of partial prevalence in each country, by cancer derived by combining the annual number of new cases and the
corresponding probability of survival by time. Country-specific incidence from GLOBOCAN 2002. Observed survival obtained

from existing sources in countries or regions, or by applying corresponding lifetable mortality rates

From Ferlay J, Bray F, Pisani P, and Parkin DM (2004)GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence Worldwide. IARC

Cancer Base N�5. Lyon: IARC.
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underrecording of mortality is suspected, and deaths
recorded as uterus cancer are reallocated back to the
specific sites of cervix or corpus uteri. Global prevalence
is estimated from combining the estimated incidence data
with appropriate estimates of survival (Pisani et al., 2002)
(Table 1).
Geographical Variations in Cancer
Worldwide

To provide a recent profile of global cancer burden as well
as highlight some of the international variations, inci-
dence, mortality, and prevalence estimates are presented
from GLOBOCAN 2002. As well as describing the num-
bers of persons affected, comparisons of risk in different
groups are described by the age-standardized rate using
the weights from the world standard. Such an adjustment
for age allows for the differing population age structures
between countries and regions.

The international variability of cancer burden is briefly
presented here according to 23 geographical areas for
which the United Nations provides population estimates.
In the following text, the terms developed and more
developed refer to the regions or countries of North
America, Europe (including all of the former USSR),
Australia and New Zealand, and Japan, and developing
or less developed, the remainder. According to this classi-
fication and the corresponding United Nations (UN)
population estimates, just over 5.1 billion people of the
global population of 6.3 billion were living in less devel-
oped regions of the world in 2002, four times the number
resident in developed areas (1.2 billion).
Global Burden of Cancer 2002

Almost 11million people were diagnosed with cancer in
2002, over 6.5million died from cancer, and approxi-
mately 24.5million were living with cancer worldwide
(Table 2). These total cancer estimates exclude non-
melanoma skin cancers, given difficulties in their accurate
measurement and resultant lack of data. In terms of inci-
dence, the leading four cancers, lung (12.4% of global
total), female breast (10.6%), colorectum (9.4%), and
stomach (8.6%) comprise over 40% of the world cancer
burden. A similar percentage emerges for mortality,
although lung cancer alone is responsible for one in
every six of the deaths from cancer worldwide in 2002
(17.5%). Half of the global cancer mortality burden is
explained by five cancers on adding liver cancer (respon-
sible for 8.9% of all cancer deaths) to the above list. The
relative magnitude of prevalence reflects both incidence
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Figure 1 Map depicting sources of incidence data andmethods of estimation worldwide for GLOBOCAN 2002. From Ferlay J, Bray F,
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and prognosis, and therefore the most prevalent cancers
are female breast (17.9%) followed by colorectum
(11.5%) and prostate (9.6%).

The distribution and frequency of the different cancer
types varies by sex and region as well by the measure used
to profile disease burden. In women, breast and cervical
cancer rank first and second in frequency above colorec-
tal, lung, and stomach cancers worldwide, while liver
cancer in men ranks as the fifth most frequent cancer
globally and the third most common cause of cancer
death (Figure 3 and Table 3). Previous estimates for
1990 showed that the division of cancer burden between
less and more developed countries was quite similar
(Parkin et al., 1999). The more recent estimates indicate
a disproportionate number of cancer cases occur in the
developing world (53%), while in terms of mortality,
closer to two-thirds of the burden now occurs in less
developed regions (Table 4). The shift partly reflects
increasing incidence rates of some common cancers in
these areas, but the numbers of cases are also profoundly
affected by the demographic phenomenon of continuing
rapid population growth and aging, particularly in the
developing world (see the section titled ‘Predicting cancer
in 2020’). According to world area, about one-fourth of
the global incidence (2.9 million new cases) and one-fifth
of the global mortality (1.4 million deaths) occurs within
Eastern Asia, which includes China; in contrast, an esti-
mated 1400 new cases occurred in the Micronesia and
Polynesia regions combined. On adjusting for population
size and age structure, the comparison reveals a fourfold
and threefold variation in age-standardized rates between
regions in men andwomen, respectively (Figure 3). Over-
all rates are highest in North America, Australia/New
Zealand, and Western Europe, and lowest in Northern
and Western Africa (Figure 3).

The relative importance of different cancer sites also
varies between and within the developing and developed
regions (Table 3). Liver and cervical cancer are the fourth
and fifth most common new cancers after lung, stomach,
and female breast in less developed regions, while the
incidence of esophageal cancer (ranking sixth) is more
common than colorectal cancer. In developed areas, pros-
tate cancer ranks above stomach cancer as the fourth most
frequent cancer in 2002 (after lung, colorectal, and female
breast), while cervical and esophageal cancer only rank
16th and 18th in frequency, respectively. The overall risk in
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Pisani P, and Parkin DM (2004) GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence Worldwide. IARC Cancer Base N�5.
Lyon: IARC.

428 Cancer: Global Burden/Trends and Projections
different regions evidently reflects the additive contribu-
tion of different forms of cancer (Figure 4), so that in
Northern Africa, for instance, rates are low for most
cancer types other than bladder cancer in men and breast
cancer in women. In contrast, in Southern Africa where
rates are twice as high, there are elevated rates of a
number of neoplasms including prostate, lung, and esoph-
agus in men, and cervix and breast cancer in women.
Geographical Variations in the Eight Most
Common Cancers

Lung cancer has ranked as the most common neoplasm
globally for several decades. In 2002, over 1.3million new
cases were diagnosed, of which almost one million were in
men, making it the most frequent cancer to affect men and
the third most common among women (Figure 3). Lung
cancer incidence and mortality rates rank first in many
developed and developing regions. Age-adjusted inci-
dence rates are highest in Northern America (in both
sexes) and in Europe, particularly among Eastern European
men (Figure 5). Moderately high rates of lung cancer
are seen in Eastern Asia (including China and Japan) and
Oceania, with rates lowest in Africa.

Among women, breast cancer dominates in both devel-
oping and developed regions, with over 1.1million new
cases per year worldwide (Figure 3). Thus, close to one in
four of the five million women diagnosed with a cancer in
2002 were diagnosed with breast cancer (Table 3),
making it the second most frequent cancer when both
sexes are considered together. In terms of mortality, breast
cancer ranks lower (fifth) and given the high incidence
and relatively favorable prognosis, it is by far the most
prevalent form of cancer, with almost 4.5 million women
diagnosed and living with breast cancer within the 5-year
period up to 2002 (Table 2). More than half the incident
cases occur in the developed world, with the highest
incidence seen in Northern America, Oceania, and
Northern and Western Europe (Figure 6). The disease
tends to be less common in developing countries,
although incidence rates are increasing in many (see the
section titled ‘Cancer trends worldwide’).



Table 2 Estimated new cancer cases, deaths and 5-year prevalence by cancer

Both sexes
Cancer site Incidence cases 2002 % Deaths 2002 % 5-year prevalence %

Oral cavity 275000 2.5% 128000 1.9% 741000 3.0%
Nasopharynx 80000 0.7% 50000 0.7% 209000 0.9%

Other pharynx 130000 1.2% 84000 1.2% 269000 1.1%

Esophagus 462000 4.3% 386000 5.7% 424000 1.7%

Stomach 933000 8.6% 700000 10.4% 1473000 6.0%
Colon and rectum 1 024000 9.4% 529000 7.9% 2830000 11.5%

Liver 626000 5.8% 598000 8.9% 385000 1.6%

Pancreas 232000 2.1% 226000 3.4% 143000 0.6%
Larynx 159000 1.5% 90000 1.3% 455000 1.9%

Lung 1 352000 12.4% 1179000 17.5% 1362000 5.5%

Melanoma of skin 160000 1.5% 41000 0.6% 643 000 2.6%

Female breast 1 152000 10.6% 411000 6.1% 4408000 17.9%
Cervix uteri 493000 4.5% 273000 4.1% 1410000 5.7%

Corpus uteri 199000 1.8% 50000 0.7% 775000 3.2%

Ovary, etc. 205000 1.9% 125000 1.9% 539000 2.2%

Prostate 679000 6.2% 221000 3.3% 2369000 9.6%
Testis 49 000 0.5% 9000 0.1% 192000 0.8%

Kidney, etc. 208000 1.9% 102000 1.5% 585000 2.4%

Bladder 357000 3.3% 145000 2.2% 1111000 4.5%
Brain, nervous system 189000 1.7% 142000 2.1% 277000 1.1%

Thyroid 141000 1.3% 35000 0.5% 531000 2.2%

Non-Hodgkin lymphoma 300000 2.8% 172000 2.6% 751000 3.1%

Hodgkin lymphoma 62000 0.6% 22000 0.3% 216000 0.9%
Multiple myeloma 86000 0.8% 63000 0.9% 182000 0.7%

Leukemia 301000 2.8% 222000 3.3% 512000 2.1%

All sites but skin 10 865000 100.0% 6725000 100.0% 24576000 100.0%

From Ferlay J, Bray F, Pisani P, and Parkin DM (2004)GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence Worldwide. IARC
Cancer Base N�5. Lyon: IARC.
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There were just over one million new cases of colo-
rectal cancer in 2002. Similar numbers of men and
women are affected, with one in ten cancer patients
diagnosed with this cancer. Approximately 50% fewer
colorectal deaths (5.3 million) were estimated worldwide
in the same year, making it the second most prevalent
cancer globally (2.8 million). In more developed
countries, two-thirds of a million colorectal cancer
cases were estimated for 2002, ranking it second to
lung cancer in global frequency (Table 2). It is the
most common cause of cancer in Australia and New
Zealand, and rates tend to be high in most developed
regions (Figure 7 and Table 5). In formerly low-risk
Japan, markedly increasing trends in colorectal cancer
incidence have been observed in recent decades, to the
extent that Japanese populations now have among the
highest incidence rates in the world.

Stomach cancer has historically ranked as the second
most frequent cancer worldwide, but according to the
2002 estimates, the disease ranked fourth (0.9million
new cases) behind lung, breast, and colorectum. It remains
the second most common cause of mortality from cancer,
however, with 0.7million deaths occurring worldwide in
the same year (Table 2). Roughly two-thirds of the new
cases and deaths in 2002 occurred in men (Table 3), with
a similar fraction occurring in developing countries. Rates
are highest in Eastern Asia (Figure 8), notably in Japan,
where one in five cancers diagnosed were stomach cancer.
Rates are also elevated in Eastern Europe and in some
South American countries, notably Uruguay and Argentina.

An estimated 0.7million new cases of prostate cancer
occurredworldwide in 2002 (Table 2), making this the fifth
most common cancer globally and second in importance in
males (Table 3). Mortality is much lower than incidence,
with an estimated 0.2million deaths in the same year
(Figure 9). Three-quarters of the prostate cancer incidence
worldwide occurred in the developed regions where the
disease affects one in five male cancer patients. Incidence
rates are notably elevated in North America, with rates
considerably higher than next placed Australia/New
Zealand, Northern and Western Europe. In contrast, rates
in many developed countries are low: There is at least a 75-
fold variation in the incidence if one compares rates in the
United States and China in 2002. The magnitude of such
variations reflects more the high prevalence of prostate
specific antigen (PSA) testing in some Western countries
– as a means to detect latent cancers in asymptomatic
individuals – than real differences in risk. In this respect,
mortality rates may be a better guide to true geographical
differences than incidence.
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Table 3 Estimated new cancer cases and deaths by cancer and sex

Males Females

Cancer site
Incidence cases
2002 %

Deaths
2002 %

Incidence
cases 2002 %

Deaths
2002 %

Oral cavity 176 000 3.0% 81000 2.1% 99000 2.0% 47000 1.6%

Nasopharynx 56000 1.0% 35000 0.9% 24000 0.5% 15000 0.5%

Other pharynx 106 000 1.8% 68000 1.8% 24000 0.5% 16000 0.5%

Esophagus 315000 5.4% 261000 6.9% 147000 2.9% 125000 4.3%
Stomach 603000 10.4% 446000 11.7% 330000 6.5% 254000 8.7%

Colon and rectum 551000 9.5% 278000 7.3% 473000 9.3% 251000 8.6%

Liver 442 000 7.6% 417000 11.0% 184000 3.6% 181000 6.2%
Pancreas 125 000 2.2% 119000 3.1% 107000 2.1% 107000 3.7%

Larynx 139 000 2.4% 79000 2.1% 20000 0.4% 11000 0.4%

Lung 965000 16.6% 848000 22.3% 387000 7.6% 331000 11.3%

Melanoma of skin 79 000 1.4% 22000 0.6% 81000 1.6% 19000 0.6%
Female breast 1 152000 22.8% 411000 14.0%

Cervix uteri 493000 9.7% 273000 9.3%

Corpus uteri 199000 3.9% 50000 1.7%

Ovary, etc. 205000 4.0% 125000 4.3%
Prostate 679 000 11.7% 221000 5.8%

Testis 49 000 0.8% 9000 0.2%

Kidney, etc. 129 000 2.2% 63000 1.7% 79000 1.6% 39000 1.3%
Bladder 274 000 4.7% 108000 2.8% 83000 1.6% 37000 1.3%

Brain, nervous system 108000 1.9% 80000 2.1% 81000 1.6% 62000 2.1%

Thyroid 37000 0.6% 11000 0.3% 104000 2.1% 24000 0.8%

Non-Hodgkin
lymphoma

175000 3.0% 99000 2.6% 125000 2.5% 73000 2.5%

Hodgkin lymphoma 38000 0.7% 14000 0.4% 24000 0.5% 8000 0.3%

Multiple myeloma 47000 0.8% 33000 0.9% 39000 0.8% 30000 1.0%

Leukemia 171 000 2.9% 125000 3.3% 130000 2.6% 97000 3.3%
All sites but skin 5 803 000 100.0% 3796000 100.0% 5062000 100.0% 2929000 100.0%

From Ferlay J, Bray F, Pisani P, and Parkin DM (2004)GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence Worldwide. IARC

Cancer Base N�5. Lyon: IARC.
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Liver cancer is the fifth most frequent cancer glo-
bally: Over 0.6million new cases were estimated in 2002
(Table 2). Due to its poor prognosis, it is also the third
most common cause of cancer death after lung and stom-
ach cancer, with just under 0.6million deaths in the same
year. Much of the burden is observed among men
and populations residing in developing regions: It is the
third most common cancer of cancer incidence and the
second most common cause of cancer death among males.
Rates are highest in Eastern Asia, with China having half of
the global liver cancer burden (Figure 10). Rates are also
elevated in Central and Eastern Asia.

Esophageal cancer was responsible for approximately
0.45million of the global cancer incidence and has a
rather poor prognosis, almost 0.4million deaths (Table 2).
Over four-fifths of the burden is borne by the less devel-
oped world, where it is the fourth most common cause of
cancer death after lung, liver, and stomach cancer. The
geographic variability in the risk of esophageal cancer
worldwide is striking, with the highest risk areas of the
world in the so-called esophageal cancer belt, which
extends from northern Iran through central Asia to
north-central China. Rates are thus elevated in Eastern
Asia, but are also high in sub-Saharan Africa (Figure 11).
Cervix cancer is the second most common cancer
among women worldwide in 2002, with almost 0.5million
new cases and about 0.25million deaths (Table 3). Over
80% of the burden occurs in the less developed regions,
where cervix cancer accounts for 15% of female cancers.
The highest incidence rates are observed in Southern and
Eastern Africa, Melanesia, and the Caribbean (Figure 12).
Rates in most developed countries are low, and overall,
cervix cancer accounts for less than 4% of the total cancer
incidence burden.

Kaposi’s sarcoma is a very rare form of cancer in most
world regions but is now one of the most common cancers
in sub-Saharan Africa as a result of the AIDS epidemic.
Approximately 57 000 new cases occurred in Africa in
2002 and, due to poor survival associated with AIDS,
approximately 52 000 deaths.
Cancer Trends Worldwide

Investigations of cancer trends have important applica-
tions in epidemiological research and in planning and
evaluating cancer control strategies. Analyses of how
rates of different cancers are changing in different



Table 4 Estimated new cancer cases and deaths by cancer and area

More developed countries Less developed countries

Cancer site
Incidence cases
2002 %

Deaths
2002 %

Incidence cases
2002 %

Deaths
2002 %

Oral cavity 91 000 1.8% 31000 1.2% 184000 3.2% 97000 2.4%

Nasopharynx 7000 0.1% 3000 0.1% 73000 1.3% 47000 1.2%

Other pharynx 48000 1.0% 24000 0.9% 82000 1.4% 60000 1.5%
Esophagus 74000 1.5% 65000 2.4% 386000 6.6% 319000 7.9%

Stomach 311000 6.2% 212000 7.9% 619000 10.6% 485000 12.1%

Colon and rectum 666000 13.3% 314000 11.7% 356000 6.1% 214000 5.3%
Liver 110 000 2.2% 109000 4.1% 513000 8.8% 487000 12.1%

Pancreas 135 000 2.7% 139000 5.2% 97000 1.7% 88000 2.2%

Larynx 65000 1.3% 31000 1.2% 95000 1.6% 59000 1.5%

Lung 677000 13.5% 585000 21.8% 672000 11.5% 591000 14.7%
Melanoma of skin 131 000 2.6% 27 000 1.0% 29000 0.5% 14000 0.3%

Female breast 636 000 12.7% 190000 7.1% 515000 8.8% 221000 5.5%

Cervix uteri 83 000 1.7% 40000 1.5% 409000 7.0% 234000 5.8%

Corpus uteri 136 000 2.7% 29000 1.1% 62000 1.1% 21000 0.5%
Ovary, etc. 97 000 1.9% 62000 2.3% 108000 1.9% 63000 1.6%

Prostate 513 000 10.2% 130000 4.8% 165000 2.8% 91000 2.3%

Testis 28 000 0.6% 2000 0.1% 20000 0.3% 6000 0.1%
Kidney, etc. 140 000 2.8% 66 000 2.5% 68000 1.2% 36000 0.9%

Bladder 225 000 4.5% 71000 2.6% 131000 2.2% 74000 1.8%

Brain, nervous

system

75000 1.5% 57000 2.1% 115000 2.0% 85000 2.1%

Thyroid 59000 1.2% 10000 0.4% 82000 1.4% 25000 0.6%

Non-Hodgkin

lymphoma

151000 3.0% 74000 2.8% 149000 2.6% 98000 2.4%

Hodgkin lymphoma 28000 0.6% 8000 0.3% 34000 0.6% 15000 0.4%
Multiple myeloma 55000 1.1% 38000 1.4% 30000 0.5% 24000 0.6%

Leukemia 124 000 2.5% 84000 3.1% 176000 3.0% 138000 3.4%

All sites but skin 5 016 000 100.0% 2688000 100.0% 5830000 100.0% 4023000 100.0%

From Ferlay J, Bray F, Pisani P, and Parkin DM (2004)GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence Worldwide. IARC
Cancer Base N�5. Lyon: IARC.
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populations over time can provide clues to the underlying
determinants and serve as an aid to formulating, im-
plementing, or further developing population-based
preventative strategies. Genetic factors have only a
minor impact on time trends of cancer in the absence of
large migrational influxes and exoduses within the popu-
lation under study.

Issues concerning data quality and other detectable
artifacts in interpreting time trends have been compre-
hensively addressed (Saxen, 1982; Muir et al., 1994).
Truly valid studies would require, for instance, that the
definition and content, criteria of malignancy, and like-
lihood of diagnosis of cancer have not changed with time,
that case ascertainment has been equally efficient
throughout the study period, that ICD indexing has not
changed, and the accuracy and specificity of coding is
consistent with time (Muir et al., 1994). Although few
data series would meet each of these criteria, cancer-
specific artifacts and their likely effects on time trends
are reasonably well understood. The efforts of cancer
registries in standardizing procedures and data defini-
tions have been important in establishing consistently
the high quality and comparability of cancer incidence
data over time.
Temporal Variations in the Five Most Common
Cancers

Global trends in the five most common cancers are
presented as age-adjusted incidence rates by 5-year
calendar period using data from 16 cancer registries
representing countries within four regions complied in
successive volumes of CI5. While these figures can only
provide a broad overview of trends, references are made
to trends in cancer mortality (where the trends diverge
from incidence), in the age-specific rates by calendar
period or birth cohort (where the age-adjusted trends
are partially misleading), and according to subsite or
histological groups (where they differ from the
overall trend).

Lung cancer

Temporal studies of lung cancer incidence and mortality
have played an important role in validating smoking as the
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primary cause of the disease. The contrasting trends
observed in different parts of the world largely reflect
the changing profile of tobacco use – the number of
cigarettes smoked, the duration of habit, and the com-
position of the tobacco – within different populations
over time. Among males (Figure 13), overall rates in
many developed countries – in Northern Europe, North-
ern America, and Australia – have tended to peak and
subsequently decline, although there is a distinct varia-
bility in the magnitude of the rates and the year of peak
incidence. There have been dramatic increases in rates in
many Eastern European countries including Hungary,



Table 5 Estimated new cancer cases and deaths by world region

World region
Incidence
cases 2002a %

Deaths
2002a %

Most common
cancer %

Most common
death %

World 10864000 100.0% 6725000 100.0% Lung 12.4% Lung 17.5%

More

developed

countries

5 016 000 46.2% 2688000 40.0% Lung 13.5% Lung 21.7%

Less developed

countries

5 830 000 53.7% 4023000 59.8% Lung 11.5% Lung 14.7%

Eastern Africa 248000 2.3% 196000 2.9% Kaposi’s sarcoma 13.7% Kaposi’s sarcoma 15.9%

Middle Africa 78000 0.7% 64000 1.0% Kaposi’s sarcoma 17.4% Kaposi’s sarcoma 18.2%
Northern Africa 120000 1.1% 94000 1.4% Breast 13.9% Bladder 13.7%

Southern Africa 64000 0.6% 44000 0.7% Cervix 12.1% Cervix 10.0%

Western Africa 140000 1.3% 108000 1.6% Breast 15.5% Cervix 15.2%
Caribbean 66000 0.6% 43000 0.6% Prostate 13.7% Lung 14.9%

Central America 154000 1.4% 91000 1.4% Cervix 11.1% Lung 10.9%

South America 613000 5.6% 345000 5.1% Breast 12.4% Lung 11.8%

Northern
America

1571000 14.5% 632000 9.4% Prostate 16.4% Lung 28.2%

Eastern Asia 2 890 000 26.6% 2016000 30.0% Stomach 18.7% Lung 20.7%

Southeastern

Asia

525000 4.8% 363000 5.4% Lung 13.1% Lung 17.5%

South-central

Asia

1 264 000 11.6% 846000 12.6% Cervix 12.5% Cervix 10.2%

Western Asia 200000 1.8% 130000 1.9% Lung 13.0% Lung 18.3%
Eastern Europe 903000 8.3% 637000 9.5% Lung 15.9% Lung 20.6%

Northern Europe 426000 3.9% 241000 3.6% Breast 14.6% Lung 21.0%

Southern

Europe

617000 5.7% 348000 5.2% Lung 13.0% Lung 20.3%

Western Europe 874000 8.0% 475000 7.1% Breast 14.4% Lung 18.7%

Australia/New

Zealand

104000 1.0% 44000 0.7% Colorectal 14.4% Lung 19.5%

Melanesia 6000 0.1% 4000 0.1% Oral cavity 15.7% Oral cavity 13.5%
Micronesiab 600 0.0% 400 0.0% Lung 19.1% Lung 26.1%

Polynesia b 800 0.0% 500 0.0% Breast 10.9% Stomach 16.9%

aTo nearest thousand.
bTo nearest hundred.

From Ferlay J, Bray F, Pisani P, and Parkin DM (2004)GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence Worldwide. IARC

Cancer Base N�5. Lyon: IARC.
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which presently has the highest rate worldwide. In
contrast, there are the beginnings of a decline in some
European countries, as observed in Spain and Slovakia
(Figure 13). Uniform increases are observed in Japan,
with rates of lung cancer doubling within 20 years. In
the developing countries displayed in Figure 13, rates
tend to be reasonably stable or decreasing; there is, how-
ever, a consistent and large variation in lung cancer risk:
Rates in Cali are, for instance, five times those of Mumbai.

The global profile of female lung cancer trends is
somewhat different. Rates tend to be steadily increasing
with time in most countries, an observation that reflects
the more recent acquisition of the smoking habit among
women (Figure 14). In someWestern populations – in the
United States and United Kingdom, where the downturn
in the prevalence of smoking among women has been
established longest – plateaus and recent declines are
emerging in the trends. In Spain, as in many (mostly
developing) countries, lung cancer rates have been
historically low. However, recent increases – as can
be can now be detected in the Zaragoza population –
illustrate the shift in smoking activity among women
during the past two or three decades. A similar pattern
can possibly be seen in Mumbai, India.

Recent estimates of the proportion of lung cancer cases
due to smoking indicate about 85% of cases in men
and 47% in women are due to smoking worldwide,
although there is considerable regional variation, and
these figures are more representative of countries/regions
with a long history of smoking: The current fraction is
much lower, for example in Africa and Southern
Asia. With transnational tobacco companies using a global
tactic to expand their sales, however, a smoking epidemic
is emerging in many developing countries and the
corresponding attributable fraction is likely to increase.
The extent of the projected increases in lung cancer and
other tobacco-related diseases have been quantified in
China, the pattern of substantially increased burden will
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likely be repeated in many countries in Asia, Africa, and
South America (Peto et al., 1999).

Since the 1950s, its has been established that lung
cancer incidence or mortality trends by age are primar-
ily a birth cohort phenomenon, that is, incidence rates
in a given birth cohort can be related to the smoking
habits of the same generation. The smoking epidemic
therefore produces changes in rates first observed
within younger age groups that lead to increasingly
higher overall rates as these generations reach the
older age groups, where lung cancer is most common.
Figure 15 depicts lung cancer mortality rates plotted
against birth cohort by age for U.S. men and women
according to race (Devesa et al., 1989), and provides an
illustrative example of the importance of these genera-
tional influences. Successive cohort-specific declines in
mortality can be observed in men born in the 1930s and
in women born 10–15 years later, as they begin to relin-
quish the smoking habit. The impact of the phenome-
non in the overall age-adjusted rates can be seen in
Figures 13 and 14.

There are intriguing differences in time trends by
histological type of lung cancer. Squamous cell carcinoma
incidence rates among men have declined in North
America and in some European countries, whereas
among women they have generally increased. In contrast,
lung cancer adenocarcinoma rates have increased in both
sexes in many world areas. Such observations are probably
explained by shifts in cigarette composition, towards
low-tar, low-nicotine, and filtered cigarettes (Wynder
and Muscat, 1995).
Breast
Female breast cancer incidence and mortality rates have
been increasing in many populations in both developed
and developing regions in the last few decades. The
temporal patterns are complex, however, in view of the
numerous and interactive risk factors involved, as well as
the introduction of screening (affecting both incidence
and mortality) and improving therapy (affecting mortality)
in some Western countries. In several Nordic countries,
England and Wales, and The Netherlands, incid-
ence rates had been rising before the introduction of
national screening programs in the mid- to late 1980s
(e.g., Sweden in Figure 16) (Botha et al., 2003). Mean
annual incremental increases of 1–3% were observed in
a number of European countries in the 1980s and 1990s,
including those that had either not introduced pro-
grams, had implemented them recently, or had only
regional or pilot programs under way (e.g., Slovakia in
Figure 16).

The pattern observed in North America resembles
that of Europe, with similar increases in incidence in
both white and black women (Figure 16). Most of the
increase in the United States occurred in the early to
mid-1980s and is related to the escalation of screening
during this time. The overall rate of increase slowed in
the late 1980s. Early studies of Connecticut incidence
trends prior to widespread mammography emerging
documented the importance of birth cohort effects
(Stevens et al., 1982).

Increasing mortality rates were observed in many
Western countries from the 1950s to 1980s, particularly
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in eastern and southern Europe. A plateau and subsequent
decline in mortality in the 1980s in several northern
European countries has also been noted in the United
States and Canada. The decrease was seen in both youn-
ger and older women (Figure 17). Despite the interna-
tional consensus that there is sufficient evidence for the
efficacy of screening women aged 50–69 by mammogra-
phy in reducing breast cancer mortality (International
Agency for Research on Cancer, 2002), quantification of
its contribution to the observed mortality declines has
been problematic. While some of the overall reduction
in breast cancer mortality has been attributed directly
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to screening via prediction models, the observed
declines – a 25% reduction by 2000 – started in 1986,
before screening was introduced. In addition to mammog-
raphy, a number of improvements have probably
contributed to the trend, and include the establishment
of treatment protocols, improved chemotherapeutic
options, and better therapeutic guidelines. Some recent
decreases in mortality are also seen in several countries
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without national screening programs, although these tend
to be confined mainly to younger age groups. Mortality is
increasing in several eastern European countries, includ-
ing the Russian Federation, Estonia, and Hungary.
Some of the largest increases in breast cancer mortality
are observed in non-Western countries historically at
relatively low risk (Figure 17). Breast cancer remains rela-
tively rare in Japan for instance, although rates of both
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incidence and mortality have been increasing fairly rapidly
(Figures 16 and 17), an observation consistent with the
reported increasing risk among successive generations of
women (Wakai et al., 1995). In less developed countries,
increases in breast cancer incidence and mortality are
evident and are often more marked in younger generations
of women (Parkin, 1994). There have been reported
increases in Bombay, Shanghai, Singapore, and Hong
Kong in the last few decades, although in relatively high-
risk South American countries such as Uruguay and Chile,
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the observed mortality rates are reasonably stable among
younger women (Parkin, 1994). These increases are often
attributed to the westernization of lifestyles, an ill-defined
surrogate for changes in factors such as childbearing, dietary
habits, and exposure to exogenous estrogen, toward a distri-
bution closer in profile to that of women of the industria-
lized countries in theWest. In Japan, for instance, decreasing
age at menarche, increasing age at menopause, decreasing
fertility, increasing age at first birth, and increases in both
height and weight have been noted (Wakai et al., 1995).
Colorectal

While there are some important differences in the epi-
demiological characteristics of colon and rectal cancer,
Figures 18 and 19 depict the sex-specific trends for
colon and rectum combined, thus avoiding the recognized
problems of varying subsite allocation of cancers found at
the rectosigmoid junction. The most notable features of
global trends are the rather rapid increases in male and
female rates in countries formerly at low risk. The greatest
increases in incidence of colorectal cancer are in Hong
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Figure 15 Age-specific lung cancer mortality trends in the United S

Fraumeni JF Jr (1989) Declining lung cancer rates among young men
National Cancer Institute 81: 1568–1571. With permission from Oxfor
Kong, Singapore, Israel, and particularly in the presently
high-risk Japan, where there has been a threefold increase
in incidence in men in just two decades (Figures 18 and
19). There have also been large rises in several Eastern
European countries, including Slovakia, Hungary, and
Poland as well as in parts of South America, including
Colombia and Puerto Rico. In the high-risk countries,
incidence trends are either gradually increasing (South
Thames, Sweden), stabilizing (New South Wales), or
declining with time (North America). Such moderation
has been noted particularly in younger age groups
(Coleman et al., 1993). In contrast to the recent attenuation
of rates seen in some Western and Northern European
countries, relatively large increases have been also
observed in Spain (Figures 18 and 19).

Declines in mortality may be a consequence of
changes in incidence, a result of progress in therapy or a
result from the effects of improved early detection. The
pattern in the United States is probably due to more
widespread screening, resulting in stage-specific shifts
in incidence and a subsequent increase in survival (Troisi
et al., 1999).
Females

870 1880 1890 1900 1910 1920 1930 1940 1950 1960

Cohort year of birth
870 1880 1890 1900 1910 1920 1930 1940 1950 1960

85+years
80−84 years
75−79 years
70−74 years
65−69 years
60−64 years
55−59 years
50−54 years
45−49 years
40−44 years
35−39 years
30−34 years
25−29 years

Ages

tates by cohort year of birth. From Devesa SS, Blot WJ, and

and women in the United States: A cohort analysis. Journal of the
d University Press.



1 5 10 20 50 100 200

Age-standardized rates (0−85+) per 100 000 (world)

1960

1970

1980

1990

2000

1960

1970

1980

1990

2000

1960

1970

1980

1990

2000

1 5 10 20 50 100 200

1 5 10 20 50 100 200

China Shanghai
Colombia Cali 

India Bombay
Japan Miyagi

Australia NSW
Canada

U.S. SEER Whites
U.S. SEER Blacks

Slovakia
Spain Zaragoza

Sweden
England S Thames

Figure 16 Female breast cancer: Trends in age-standardized incidence rates (world) in 12 populations. From Parkin DM, Whelan S,

Ferlay J, and Storm HH (2005) Cancer Incidence in Five Continents Vol. I–VIII. IARC CancerBase No. 7. Lyon, France: IARC Press.

442 Cancer: Global Burden/Trends and Projections
In high-risk Western countries, there has been a
notable shift in the subsite distribution within the colo-
rectum, with increases in incidence of proximal (ascend-
ing colon) relative to distal cancer (descending and
sigmoid colon) (Thorn et al., 1998; Troisi et al., 1999). In
low-risk populations such as Singapore, however, the
reverse effect has been reported (Huang et al., 1999),
while the trend in proximal and distal rates was similar
in Shanghai ( Ji et al., 1998). For rectal cancers, the
countries with the most rapid increases tend to be in
Eastern Europe and Japan. In the United States, there
has been a decline in incidence and mortality for several
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decades in females of both races and in white men,
although a recent increase in rectal cancer is apparent in
black males (Troisi et al., 1999).

The risk factors that could explain the geographical
and temporal variations in colorectal cancer are likely
numerous and interactive. The observed declines in distal
cancer incidence in some Western populations may be
the result of increasing detection and treatment of prema-
lignant polyps, although some improvements in the
quality of the diet in younger generations may explain
the observation, notably in the United States and some
European populations, and the result of cohort-led
declines in incidence rates among younger age groups
(Coleman et al., 1993). Where rates are increasing,
in Asia and in Eastern Europe, a westernization of
lifestyle may in part be responsible, particularly with
respect to a Western diet. The rapid increases in some
populations in Asia imply the importance of genetic
susceptibility.
Stomach
Uniform declines in rates during the last half century in
most populations worldwide remain the central epidemio-
logical feature of stomach cancer; the effect can be seen in
both men (Figure 20) and women (Figure 21). While the
decreases are more marked in more affluent countries,
trends in those developing countries with suitable data
also portray downward trends (Figures 20 and 21). The
temporal profile is consistent with improved food preser-
vation techniques and better nutrition, particularly the
invention of refrigeration for the transport and storage of
food, making obsolete salting, smoking, and pickling. There
is also evidence that, at least inWestern countries, there is a
progressive decline in infection rates with Helicobacter pylori

between successive birth cohorts, likely a result of continual
changes within the childhood environment.

Some studies have reported that the declines in gastric
cancer are restricted to intestinal-type adenocarcinoma,
with rather stable incidence trends observed for the
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diffuse-type carcinomas. There has been particular inter-
est in the distinct trends of cancers of the gastric cardia,
where rising rates are observed in several populations
(Powell et al., 2002). While explanations are not yet estab-
lished, there have been concomitant increases in the
prevalence of Barrett’s esophagus and adenocarcinoma
of the lower third of the esophagus. It is possible, there-
fore, that much of the increase in cardia incidence repre-
sents misclassification of cancers at the gastroesophageal
junction (Ekstrom et al., 1999).
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Prostate

The large increases in prostate cancer incidence in high-
risk countries shown in Figure 22 can be attributed mainly
to increasing detection following transurethral resection of
the prostate (TURP), and, more recently, due to the use of
PSA. In the United States, incidence rates were increasing
slowly up to the 1980s (Figure 23), probablydue to a genuine
increase in risk, coupled with an increasing diagnosis of
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latent, asymptomatic cancers in prostatectomy specimens,
due to the increasing use of TURP (Potosky et al., 1990).
Beginning in 1986, and accelerating after 1988, there was a
rapid increase in incidence, coinciding with the introduction
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Figure 20 Stomach cancer: Male trends in age-standardized incid
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of testing with PSA, allowing the detection of preclinical
(asymptomatic) disease (Potosky et al., 1995).

Prostate cancer mortality rates in the United States
had been increasing slowly since the 1970s (Figure 23).
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Figure 21 Stomach cancer: Female trends in age-standardized incidence rates (world) in 12 populations. From Parkin DM,Whelan S,
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With the introduction of PSA screening, and the dramatic
surge of incidence induced by it, there was an increase in
the rate of increase in mortality, but this was very much
less marked than the change in incidence. More recently
(since 1992 in white men, 1994 in black men), morta-
lity rates have decreased. The contribution that PSA
screening and/or improved treatment has made to the
slow, steady decline continues to be the subject of much
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debate. The increased mortality is probably partly due to
miscertification of cause of death among the large number
of men who had been diagnosed with latent prostate
cancer in the late 1980s and early 1990s. The later decline
may be partly attributable to a reversal of this effect; it
seems unlikely that screening was entirely responsible.
The lead-time (between screen detection and usual clini-
cal presentation) would have to be very short, if screening
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wer e to have such a rapid ef f ect on mor tality. Simila r
mor tality trends have been re por ted in Austral ia, Canad a,
the UK, Fran ce, and the Nether lands, although, in gen-
eral, they are less pronoun ced, or occur re d later, tha n in
the United Stat es. In som e of the countrie s concer ned
(Canad a, Aus tralia), there has been con sidera ble screen -
ing activity, but this is not the case in oth er s wher e the
f alls in mor tality are just as marked (France, Ger many,
Italy, UK ) ( Oliver et al ., 2001 ).

Fi gu re 2 2 also illus trates a rap id increase in incidence
in sever al low- risk countr ies inc luding the Chinese,
Colom bian and Indian populations inc luded, and par tic-
ular ly in Japa n, where the three-fold incr ease in 20 year s
paralle ls the growth of breas t and col orectal canc er inci-
dence . The upsur ges may in par t result from great er
awarenes s of the diseas e, and the diagnos is of small and
latent cancer s, althou gh its remain s likely that there are
genuine increa ses in risk, related to the aforem entioned
weste r nization of lif estyle. It is wor th noting that the
increas e in mor tal ity rates in these populations is also
lar ge and of a simil ar mag nitude to the changes in
incidence .
Predicting Cancer in 2020

Predi ctions of future can cer bur den have be come esta b-
lished tools in plann ing health poli cy and allocatin g future
resou rces, as well as in measuri ng the succe ss (or f ailu re)
of specific inter vention s. Com monly, predicte d rates are
obtai ned by extrapol ating recent trends forward into the
future via a simple statistical model, w ith the cor res-
ponding population projecti ons applied to this to obtai n
the pr edicted numb er of cases. On a g lobal scale, however,
it is not easy, even for the maj or cancer site s, to predi ct
burden in 2020 by such mean s. Historical patt er ns are not
always a sound basis for future projecti ons, and past tren ds
of the common cancer for ms are often dif f erent between
and withi n wor ld re gions. Fur ther, it is impossibl e to
achieve in practica l ter ms, given the insuf ficient availa bil-
ity of data for mos t of the wor ld.

It is assum ed, ther efore, that cur rent over all canc er
incidence rates will be the sam e in 2020, with the pre-
dicted numb er s pr esented by applying sex- and age-
specif ic population forecasts for the same year. Irrespective
of changing risk, population growth and aging are

http://seer.cancer.gov/csr/1975�2001


Table 6 Predicted number of cancer cases in 2020 by world area and age. Projections assume rates estimated for 2002

hold in 2020

All cancers (both sexes) New cases 2002 % Burden 2002 New cases 2020 % Burden 2020

World 10800000 100.0 15800000 100.0

Persons aged <65 5 900000 54.7 8220 000 52.0

Persons aged �65 4 900000 45.3 7580 000 48.0

Less developed areas 5 830000 53.7 9410 000 59.6
Persons aged <65 3 780000 34.8 5750 000 36.4

Persons aged �65 2 050000 18.9 3660 000 23.2

More developed areas 5 020000 46.3 6390 000 40.4

Persons aged <65 2 160000 19.9 2470 000 15.6
Persons aged �65 2 860 000 26.3 3920 000 24.8

All cancers (males) New cases 2002 % Burden 2002 New cases 2020 % Burden 2020

World 5 790 000 100.0 8600 000 100.0
Men aged <65 2 980000 51.5 4180 000 48.6

Men aged �65 2 810000 48.5 4420 000 51.4

Less developed areas 3 090000 53.4 5030 000 58.6

Men aged <65 1 880000 32.4 2880 000 33.5
Men aged �65 1 210000 21.0 2150 000 25.0

More developed areas 2 700000 46.6 3560 000 41.4

Men aged <65 1 100000 19.0 1290 000 15.0

Men aged �65 1 600000 27.6 2270 000 26.4
All cancers (females) New cases 2002 % Burden 2002 New cases 2020 % Burden 2020

World 5 050 000 100.0 7200 000 100.0

Women aged <65 2 950000 58.5 4040 000 56.1
Women aged �65 2 100000 41.5 3160 000 43.9

Less developed areas 2 740000 54.1 4380 000 60.7

Women aged <65 1 900000 37.5 2870 000 39.8

Women aged �65 840000 16.6 1510 000 21.0
More developed areas 2 320000 45.9 2830 000 39.3

Women aged <65 1 060000 20.9 1180 000 16.4

Women aged �65 1 260000 24.9 1650 000 22.9

From Ferlay J, Bray F, Pisani P, and Parkin DM (2004)GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence Worldwide. IARC
Cancer Base N�5. Lyon: IARC.

Table 7 Predicted number of cancer cases in 2020 based on

demographic effect only and crude scenarios of trends for four

common cancers.

All cancers (both sexes)
Approximate extra number of
cases 2020

Demographic effect 2020 þ4 956000
1% Increase in breast þ332000
1% Increase in colorectal þ313000
1% Increase in prostate þ218000
1% Decrease in stomach �241000

FromFerlay J, Bray F, Pisani P, and Parkin DM (2004)GLOBOCAN
2002: Cancer Incidence, Mortality and Prevalence Worldwide.

IARC Cancer Base N�5. Lyon: IARC.
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extremely important in determining likely future burden,
and demographic changes will continue to have major con-
sequences over the next half century, particularly in the
developing world. One illustrative scenario that allows for
changing risk of several common cancers is also examined.

Table 6 displays the predicted number of new cases of
all cancers based on the estimated incidence rates in 2002
applied to population projections in 2020. In the absence of
changing risk or intervention, it is projected that by 2020,
there will be about 15.8million new cases of cancer world-
wide, an approximately 45% increase from 2002. Three-
fifths of the total burden will reside in less developed
regions as a result of a more rapid aging and population
growth. The greatest relative increase in developing
countries will occur among the elderly (defined here as
aged 65 or over): An 80% increase is projected from the
2million cases in 2002 to 3.7million by 2020. Worldwide,
roughly half of the predicted 5million additional incident
cases in 2020 will occur in this age group.

To give an indication of the impact of changing risk on
future numbers, Table 7 shows the additional burden that
would occur if the generally observed (increasing) breast,
colorectal, and prostate cancer incidence trends and (de-
creasing) stomach cancer trendswere to continue at a rate of
growth/reduction of 1% per annum. While the increases
are modest compared to the demographic component, a
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nearly 0.75 million additional new cases would be expected
in 2020 given the combined 1% increases in breast, colo-
rectal, and prostate cancer rates. This would be partially
offset by a quarter million drop in incidence were stomach
cancer rates to decline with the equivalent rate of change.

In practice, th e net ef f ect of time trends on fu ture
wor ldwide burden is dif ficu lt to gu ess. For sever al site s,
trends are in dif f erent directi ons in dif f erent wor ld regio ns
and can cha nge directi on even on the shor t ter m, as has
been obser ved for lung cancer in the last decade . The
foreseea ble dem ographic changes are projecte d to sub-
stanti ally increas e the magnitude of g lobal cancer inci-
dence in th e next decade s. Other th an making provisio ns
for an older and dis propor tionat ely lar ger num ber of per-
sons diag nosed w ith can cer withi n the developi ng regi ons,
ef f ective can cer control activities – inc luding the cap acity
to reduce and nul lify the tobacco e pidemic – can limit its
impac t. This is par tic ular ly the case among the vast popu -
lations living in Asia, Afr ica, and South America, where
the destr uctive ef f ec ts of tobacco to health are beginni ng
to be re alized.

See also: Colorectal  Cancer;  Diet  and Cancer;

Esophageal Cancer; Gastric Ca ncer; L iver Ca ncer;

Prostate Cancer.
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Introduction

According to all-cause estimates from the World Health
Organization, 7.6million people died from cancer in the
year 2005, representing approximately 13% of deaths
from all causes worldwide (WHO, 2006). The proportion
of all annual deaths attributed to cancer varies consider-
ably between and within the world regions, from around
23% in North America to only 4% in Africa (Ferlay et al.,
2004). Age-adjusted (world standard) mortality rates of
cancer in men of around 138 per 100 000 are about 50%
higher than rates observed for women. Generally, rates
are also higher in more developed areas: 169.8 and 119.3
per 100 000 for men in more and less developed countries,
respectively, compared with 102.5 and 83.1 per 100 000 for
women, respectively. The global map of overall cancer
mortality by sex in Figure 1(a), (b) illustrates the varia-
bility between and within world areas, with high rates
observed both among men and women in certain
countries in each of the world’s continents.

Overall, the most common cause of death from cancer is
lung cancer, which accounts for close to two-fifths of all
deaths due to cancer. Stomach cancer is in second place
(10%), followed by liver cancer (9%). There are some
differences in the five leading causes of cancer mortality
between sexes: In men, deaths from cancers of the lung,
stomach, liver, colorectal, and esophagus are the most fre-
quent, while in women, breast, lung, cervix, stomach, and
colorectal cancer dominate. Except for esophageal cancer (in
men), these cancer sites also represent the cancers with the
highest incidence globally (Ferlay et al., 2004), although
the specific incidence ranking is somewhat different given
the variation in the survival rates from these tumors.

In this article we discuss the properties of cancer mortal-
ity, the primary data sources, and the availability and quality
of data between countries and over time, and the ensuing
difficulties with interpretation. We also provide some
selected descriptions of cancer mortality patterns by sex
and populations. In particular, we focus on lung, stomach,
and liver cancer, the threemajor causes of death from cancer
at the global level. The article concludeswith an assessment
of the application of mortality trends as an indicator of the
progress against cancer.
Characteristics of Cancer Mortality

Definition

Cancer mortality is expressed either as number of cancer
deaths occurring, or as a mortality rate, i.e., the number of
cancer deaths per 100 000 persons per year. Cancer mor-
tality provides a measure of the impact of cancer in a
given population. Mortality data derive from vital regis-
tration systems, where usually a medical practitioner
certifies the fact and cause of death. The International

Classification of Diseases (ICD) provides a uniform system
of nomenclature and coding and a recommended format
for the death certificate.

Cancer mortality is the product of the incidence and
the case fatality rate of a given cancer. Death rates esti-
mate the average risk to the population of dying from a
specific cancer, whereas the case fatality rate, the inverse
of survival, represents the proportion of individuals with
specific cancer that will die from it within a specified
time. Thus, for stable trends over time, a case fatality
rate of 0.25 (equal to a survival of 0.75) would yield a
mortality rate one-quarter that of incidence.
Relation to Incidence and Survival

Cancer incidence data tend to be available in fewer popu-
lations and for shorter time periods than cancer mortality
data. Mortality data are therefore sometimes used as a
practical surrogate for incidence. Still, mortality data do
not always reflect incidence given its dependence on both
incidence and fatality. For certain cancers associated with
reasonable survival, prognosis over several decades may
have improved. The concomitant declines in case fatality
may then result in substantial and misleading variability in
the temporal trends of the incidence and mortality rates.
Mortality is better suited as a proxy for incidence of
cancers with poor survival and for which there is a short
interval between diagnosis and death (e.g., lung cancer):
Here the variability between the two indicators will be
much less heterogeneous.

Historically there have also been some concerns with
incidence. In their landmark study of environmental causes



Figure 1 (a) Age-adjusted cancer mortality rates (world standard) per 100000 (men). All-sites but nonmelanoma skin.
(b) Age-adjusted cancer mortality rates (world standard) per 100 000 (women). All-sites but nonmelanoma skin.
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of cancer in the United States, published in 1981, Doll and
Peto utilized mortality rather than incidence, citing that
the latter was a more complex statistic to interpret. They
were concerned about two factors. First, and in addition to
the artifacts associated with changing efficiency of the
registration process, they considered the effects of changing
practice in classification of cancers associatedwith different
rates of fatality and the spread of screening tools that detect
cases earlier as having had a large impact on the record
incidence of many cancer types. Second, they noted that
incidence, while of great value, did not remove the need for
mortality data, necessary – in combinationwith incidence –
to detect improvements in therapy, and partly to verify the
validity of incidence trends. While Doll and Peto’s circum-
vention of the available incidence data drew some criticism
(Clemmesen and Nielsen, 1982; Devesa et al., 1984), there
has long been consensus that combined description of
trends in incidence, mortality, and survival often serves to
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confirm and clarify understanding of the underlying
biological and epidemiological processes, as well as restate
the relative strengths and weaknesses of each measure in
interpretation (Boyle, 1989). However, mortality rates are
effective indicators of disease outcome, for instance in
determining the beneficial effects of a specific treatment
regimen at the population level.
Sources of Data, Availability, and
Estimation

Mortality data are commonly available from national
statistics offices by year of death, 5-year age group, and
sex. Their relative advantage over incidence stems from
their more comprehensive availability. Partly for this rea-
son, temporal analyses of cancer mortality tend to be
more common than those of incidence in the medical
and epidemiological literature. The national data are
combined in the WHO mortality databank, which con-
tains data series going back in time for 70 countries.
Country-specific estimates worldwide are available (pres-
ently for 2002) from the GLOBOCAN database.
The WHO Mortality Databank

The WHO mortality databank is an updated database of
cause-specific national mortality for many countries in
both developed and developing areas, and contains data
as far back as the 1950s. The mortality data were previ-
ously published in the World Health Statistics Annual,
but are now available on WHO’s website. Online tables
and figures are available from the International Agency
for Research on Cancer (IARC) website containing data
from 1955 to 2004. The WHO data are based on deaths
registered in national vital registration systems, with
underlying causes of death coded using ICD9 and
ICD10. The number of registered deaths are coded by
cause, sex, and age for each country and year. Some
discussion of the availability and quality of death registra-
tion data, assessed by timeliness, completeness and cover-
age of registration, and proportion of deaths assigned to
ill-defined causes for national mortality data in general, is
available from the Bulletin of the World Health Organization

(Mathers et al., 2005).
GLOBOCAN 2002

The IARC compiles the GLOBOCAN database, a data-
base that in addition to cancer mortality data also provides
data on cancer incidence and prevalence (Ferlay et al.,
2004). The data are presented by sex for 175 countries
worldwide for 27 cancer sites. GLOBOCAN currently
presents cancer mortality estimates by world country for
the year 2002, i.e., GLOBOCAN 2002.

Several data sources and methods have been utilized to
provide these estimates depending on the availability of
data, the level of detail, and its accuracy. National mortal-
ity data have been applied whenever available. If the data
were known to underestimate the number of deaths, this
has been corrected for in the published data. If no national
mortality data were available, local or regional data were
used for the entire country. Finally, for countries with no
mortality data or data considered of poor quality, the
estimates are based on incidence and country- or
region-specific survival. Where cancer data were neither
available nationally nor regionally, mortality was esti-
mated from the average of selected neighboring countries
within the same regions.

Since cancer data are always collected and compiled
sometime after the events to which they relate, the most
recent statistics are only available several years after the
end of the corresponding year of death. The cancer deaths
estimated in GLOBOCAN 2002 are generally based on
the application of population data derived from 1997
to 2000. As the sources of data are continuously improving
in quality and extent, and the methods re-evaluated, one
should be careful when comparing GLOBOCAN 2002
estimates with worldwide estimates published in prior
years. The estimates are not strictly comparable, and
observed differences may in part be a result of changes
in methodology.
Data Quality

Mortality statistics are produced according to the under-
lying cause of death, although this may not equate with
the presence of a particular tumor. Comprehensive mor-
tality statistics require that diagnostic data are available
on decedents, which are transferred in a logical, standar-
dized fashion to death certificates, which are then accu-
rately and consistently coded, compiled, and analyzed.
Death registrations require that the correct diagnosis is
written on the death certificate and further that this diag-
nosis is then certified as the underlying cause of death.

Many studies have investigated the accuracy of death
certificate diagnoses in vital statistics data, comparing cause
of death entered on the death certificate with a reference
diagnosis derived from autopsy reports, detailed clinical
records, or cancer registry data. Such studies have shown
that the level of accuracyof the stated cause of death declined
as the precision in the diagnosis increased; although the
total number of deaths from cancer of all types mayonly be
slightly underestimated, the corresponding distribution by
site of cancer may be associated with more substantial
errors. A tendency to overregister nonspecific diagnoses
instead of the correct location (e.g., large intestine instead
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of rectum) has been noted, and the accuracy tends to be
lower in those dying at older ages.

Illustrative examples include a study by Grulich and
co-workers (1995) on cancer trends in England and Wales
1970–90 in the 75–84 year age group. They found that the
rise in all-cancer mortality in the elderly was in part due
to increasing lung cancer mortality, but data artifacts were
responsible for much of the increase in the other com-
monly specified cancers (Grulich et al., 1995). Another
well-known study by Percy and co-workers (1981) com-
pared death certificates mentioning cancer as the under-
lying cause of death for almost 50 000 incidence cases,
contrasting detection rates (proportion of death certifi-
cates conveying the same diagnosis as that made in life)
and confirmation rates (proportion of cancer deaths for
which the underlying cause was confirmed by hospital
diagnosis) (Percy et al., 1981). Overreporting on death
certificates was indicated when the detection rate was
high relative to the confirmation rate, as was the case
for neoplasms of the larynx and colon, and unspecified
cancers of the uterus. Conversely, underreporting was
observed (confirmation high relative to detection rates)
for cancers of the cervix and corpus uteri, and rectal
cancers. For melanoma and breast cancer, death certifica-
tion was deemed more or less correct.

There may also be quite marked differences between
countries in the allocation of ICD codes to death certifi-
cate diagnoses (Percy and Dolman, 1978). As well as
erroneous death certification, mortality data are affected
by changes in coding practice.
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Worldwide CancerMortality: Variations by
Cancer Site and Sex

The estimated eight million people dying from cancer in
2005 translates to approximately one in eight deaths
worldwide, irrespective of cause. Overall, the age-adjusted
mortality rate of cancer (world standard) is higher in men:
137.5 per 100 000 compared to 92.1 per 100 000 for
women. Rates vary greatly between different populations
of the world as shown in Figure 1 and 2. Male all-cancer
mortality rates among Western African men are almost
three times lower than those for men in Central and
Eastern Europe (73.5 and 197.2 per 100 000, respectively)
(GLOBOCAN, 2002).

With almost 19 000 cancer deaths in 2002, rates in men
in Hungary are the highest in the world: The cumulative
mortality of 13.3 indicates that close to one in seven
Hungarian men are dying of lung cancer before the age
of 65. While the high mortality rates in Hungary and other
Eastern Europe countries (Slovakia, Czech Republic)
largely reflect smoking patterns and lung cancer, the pat-
terns among women are indicated by a lesser geographical
clustering of high rates and a lesser degree of clear cancer-
specific causes: All-cancer mortality rates are highest for
instance in Zimbabwe (165.4 per 100 000), where there
are particularly high rates of cervical cancer and Kaposi
sarcoma. The second-highest rates among women are
observed in Denmark (148.1 per 100 000), a country with
notably high mortality rates of breast and lung cancer.
While mortality rates in the more developed regions of
0 50 100 150
GLOBOCAN 2002, IARC
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the world are three to four times as high as those of the
less-developed countries, in terms of absolute numbers
more than 70% of all cancer deaths in 2005 occurred in
low- and middle-income countries (WHO, 2006).

Compared to estimates that were given for 1990, there
has been a worldwide increase in mortality rate of approx-
imately 10% (Pisani et al., 1999). Given the current
trends and an aging population, the death toll from cancer
globally will likely continue to rise.

Looking at men andwomen together, lung cancer is the
most frequent cause of death from cancer worldwide, as it
is when we consider global cancer incidence. Stomach and
liver cancer rank second and third, respectively. In devel-
oping countries, these cancers predominate, although
cervical cancer and esophageal cancer are also impor-
tant causes of cancer death. Figures 3(a), (b) present
global numbers of cancer deaths for the most common
cancer sites for men and women, respectively, as well
as age-adjusted mortality rates worldwide. They are
partitioned into developed and developing regions in
Figures 4(a), (b), (c).

For men, lung cancer, stomach cancer, and liver cancer
are the most common causes of death from cancer, fol-
lowed by colorectal and esophageal cancer. For most
cancer forms, mortality rates are higher for men than for
Lung 22.3%

Stomach 11.8%

Liver 11.0%

Bladder 2.9%

Colon and rectum 7.3%
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Pancreas 3.1%

Other 25.6%
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Figure 3 (a) Worldwide number of cancer deaths (men).
(b) Worldwide number of cancer deaths (women).
women, and for all cancers combined, worldwide rates in
men are about 25% higher (Figure 4(a)).

For women, breast cancer is the main cause of death
from cancer, accounting for 14% of all female cancer
deaths worldwide (Figure 3(b)). More than 400 000
women die of breast cancer every year; some 220 000
living in the less developed parts of the world. The age-
adjusted death rate from breast cancer ranges from 29.8
and 27.8 per 100 000 in Malta and Belgium, respectively,
to 2.0 per 100 000 in Haiti and 2.8 per 100 000 in Mozam-
bique. The second to fifth most common causes of death
from cancer in women worldwide are neoplasms of the
lung, cervix uteri, stomach, and colorectum.
Lung Cancer

Lung cancer is the most common cause of death from
cancer worldwide, with approximately 1.1million people
dying of it every year. Approximately half of the lung
cancer deaths occur in less developed areas of the world.
The highest age-adjusted mortality rates for males are
found in Hungary (83.9), Belgium (69.9), and Poland
(68.4), whereas in women the highest figures are found
in Denmark (27.8 per 100 000), Northern America (26.7),
and Iceland (25.2). As can be seen in Figure 5, the rates
are considerably higher in developed than in developing
countries.

Overall, the age-adjusted mortality rate for lung can-
cer is more than three times higher in men than in women
(31.2 and 10.3 per 100 000, respectively). Maps describ-
ing the geographical variation in lung cancer mortality
rates for men and women are given in Figures 6(a), (b),
respectively.

Survival following a lung cancer diagnosis is poor. The
geographical and temporal variations in mortality rates
therefore tend to be a good indicator of overall incidence,
largely reflecting population-level changes in smoking
patterns, with mortality rates by age related primarily to
year of birth. Smoking prevalence has either leveled off or
declined in recent decades in some developed countries,
particularly among men (e.g., United States, United
Kingdom), where birth cohort-specific mortality is
related to the smoking habits of the same generation;
and those countries where smoking was first established
were also the first to observe a decline in smoking preva-
lence among males, followed, in the same generations of
men, by a decline in risk. In most other countries, there is
a continuing rise in rates, and this is most dramatic in the
countries of Eastern Europe. In women, the tobacco habit
has generally been adopted quite recently, or not at all.
Thus, the most common picture in Western populations is
of rising rates, while in many developing countries (where
female smoking generally remains rare), lung cancer rates
remain very low.
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Figure 6 (a) Age-adjusted lung cancer mortality rates (world standard) (men). (b) Age-adjusted lung cancer mortality rates (world
standard) (women).
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However, tobac co consump tion is rising in the po pula-
tions within the developing wor ld (Mackay and Eriks en,
2002), and a mar ked increas e in lung can cer mor tality can
theref ore be ant icipated in many of the highly populated
regio ns of Afr ica and Asia ( Peto et al., 1996 ).
Stom ach Can cer

Stomach canc er is the second mos t common cause of
death from canc er. GLOBOC AN 2002 estimates the
numb er of stom ach cancer deat hs to be around 83 500
and 128 500 for women in developed and less developed
countr ies, respec tively. There wer e c lose to 170 000 deaths
caused by stom ach cancer in men in develope d countrie s,
compar ed to mor e tha n 315 500 in men in less developed
areas. The g lobal age-adjusted mor tality rate for stom ach
cancer is 16.3 per 100 000 for men and 7.9 per 100 000 for
women . As can be seen in Figu res 7 and 8(a ) and (b) , the
age-adjusted mortality rate varies greatly across different
regions of the world. The large variation in stomach
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cancer mortality rates worldwide may be exemplified by
the figure of 32.5 per 100 000 for Eastern Asian men
compared to 3.2 per 100 000 for men in Western Africa.

Stomach cancer was formerly the leading site of cancer
deaths worldwide, but during the last several decades
there has been a uniformly declining trend in stomach
cancer mortality in most countries worldwide. This trend
is probably due to a declining incidence of Helicobacter
pylori infections in many populations along with better
nutrition, including a need for less salt and salt-preserved
food, alongside the higher relative consumption of fresh
fruits and vegetables.
Liver Cancer

Liver cancer is a highly fatal neoplasm, with 5-year sur-
vival estimated at around 5% (Spangenberg et al., 2006).
Nearly 600 000 people were estimated to have died of the
disease in 2002, making it the third most common cause of
death from cancer worldwide (GLOBOCAN, 2002).
A large proportion of these deaths can be attributed to
chronic infection with hepatitis B (Parkin, 2006), and the
mortality largely follows the distribution of this infection
agent (Figures 9, 10). Hepatitis C infection and con-
sumption of foods contaminated by aflatoxin (WHO,
2006) are also important risk factors.

Liver cancer mortality is highest in Mongolia and
Mozambique, with age-adjusted mortality rates of 93.3
and 78.4, respectively, per 100 000 for men, and 47.3 and
41.8, respectively, per 100 000 for women, whereas in
South Central Asia, age-adjusted liver cancer mortality
is 2.5 per 100 000 for men and 1.4 per 100 000 for women.
The age-adjusted liver cancer mortality is generally
higher in developing than in developed countries. More
than 80% of all liver cancer deaths occur in the less
developed parts of the world.

Liver cancer mortality rates are considerably higher in
men than women (Figure 11(a), (b)). In fact, the global
age-adjusted liver cancer mortality rate among men is
more than 2.5 times as high as for women: 14.9 and 5.7
per 100 000, respectively.

Consideration of the temporal variation of liver can-
cer mortality is particularly problematical for liver cancer.
Mortality data may be unreliable because of the variable
inclusion of metastatic liver cancers. There also have
been changes in the ICD rubric in successive classifications,
with the ICD code for liver cancer including gallbladder
neoplasms in the seventh revision, only cancers of the liver
and intrahepatic bile ducts specified as primary in the
eighth revision, and including tumors that are unspecified
(either primary or secondary) in the ninth revision.
Assessing Progress Against Cancer

Establishing whether a society is winning or losing the
battle against cancer, and the relative merits and prioriti-
zation of primary, secondary, and tertiary prevention,
have received much attention (in the United States in
particular). Trends in cancer mortality rates have been
at the forefront of the debate; the direction of trend has
been considered by some as ‘the’ indicator of progress,
pointing toward success or failure in controlling cancer,
and informing the need to redress the balance of



Figure 8 (a) Age-adjusted stomach cancer mortality rates (world standard) (men). (b) Age-adjusted stomach cancer mortality rates
(world standard) (women).
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allocation of funding to preventative and treatment-
orientated research.

Bailar and Smith’s paper in the New England Journal of

Medicine in 1986 (Bailar and Smith, 1986), an assessment
of the progress against cancer, based on trends in cancer
mortality in the United States, 1950–82, was pessimistic in
this respect, highlighting the failure of cancer control
strategies to reduce the long-term mortality burden, and
specifically, the need to shift research efforts away from
treatment – given its perceived lack of impact on the
mortality trend – to prevention. The conclusions were
largely drawn from the fact that the overall age-adjusted
mortality rates for all cancers combined had not changed
appreciably over three decades. As the authors concluded,
‘‘by making deliberate choices among the measures, one
can convey any impression from overwhelming success
against cancer to disaster’’ (Doll et al., 1990: 501.)

Indeed, several authors were critical of some aspects of
the study and a number of subsequent papers sought to
readdress the issue. Sir Richard Doll (1999), in his assess-
ment of progress in Europe, indicated that while mortality
from all cancers was the correct outcome, the use of the



Figure 9 Geographic distribution of hepatitis B prevalence worldwide, 2005. Source: http://www.cdc.gov/
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all-age-adjusted rate was ‘‘profo undly wrong,’’ in that it
outweig hs th e ef f ect of recent pr ogress w ith the ‘‘preva-
lence of carci nogenic agents in the distant past, which are
ir relevant’’ (Doll et al., 1994). Any progres s among young
people, therefo re, as would have been see n in the age-
specif ic rates, would have be en mas ked on combining age
group s, and the no ta ble suc cesses (in high-res ource set-
tings) of ther apeutic impr oveme nts for several relatively
uncom mon can cer s, as disc ussed a bove, lar gely ig nored.
Delibe rations on progress against canc er, and the capa bil-
ity of dif f erent strategies to control the disease on the
basis of past, prese nt, and anticip ated future mor tality
trends undoubt edly are set to continue in both scientific
and poli tical arenas well into the fu ture. However, evalu-
ating tren ds in many cou ntries is c lear ly problem atic
given th e paucity of dat a in many areas of th e developi ng
world as well as concerns as to the quality of the existing
data.

http://www.cdc.gov/


Figure 11 (a) Age-adjusted liver cancer mortality rates (world standard) (men). (b) Age-adjusted liver cancer mortality rates (world
standard) (women).

Cancer Mortality 463
Predicted Cancer Mortality in 2020

We end this article by predicting cancer mortality at the
global level in 2020, demonstrating the profound impact
that forecasted demographic changes will have on the
predicted global number of cancer deaths. The planning
of services is an integral component of cancer control
programs, and predictions may inform us of the extent
to which the determinants of the disease, and interven-
tions, planned or unplanned, are likely to impact on the
frequency of cancer in the years that follow. Investigation
of the root determinants of the underlying trends is criti-
cally important in translating predictions to policy evalu-
ation. Artifacts related to the data source and coding issues,
the possible effect of interventions, and the etiological
profile of the cancer type all need to be investigated.

Incorporating exposure data in making predictions
may be considered among the best approaches; these are
difficult to implement, however, given the present lack of
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under stand ing of the f actor s tha t drive most cancer tren ds,
as well as a lack of availa bility of suc h dat a where deter-
minant s are esta blished . As w ith inci dence, however, time
trends of cancer mor tality rates cannot be accur ately
ascer tained in many regio ns of the wor ld, and it is not
possibl e to spec ulate with any re asona ble accu racy future
burden. Thus even the use of extrapol ation techni ques
involving recent cancer mor tality trends is not readily
achieva ble, and in making thes e predictions, we theref ore
make the cr ude ass umption that canc er mor tality rates
will re main constant in the future.

The mag nitude of the g lob al cancer mor tality burden
will substa ntially increas e in the next decade s. In men,
popu lation aging and growt h will mean a projecte d 55%
increas e in cancer deaths from the 3.8 milli on deat hs
estimated in 2002 to 5.9 million by 2020, even if overall
rates re main the sam e. A similar increase in the can cer
mor tality bur den is pr ojected for women, with numb er s
of deaths expected to rise from 2.9 milli on in 2002 to
4.4 million in 2020, a 51% increas e in the number of
wor ldwide cancer deat hs.

See also: Cancer Epidemiology; Cancer: Global Burden/

Trends and P rojections; E sophageal Cancer; L iver

Cancer.
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including a burden on economic resources and implica-
tions for the quality of life. Screening usually implies
an increase in health expenditure. The effects on the
quality of life of screened subjects can be both positive
and negative.
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Cancers Suitable for Screening

Cancer is characterized both by an insidious onset and by
an improved outcome when it is detected early. For a
cancer to be suitable for screening, therefore, the natural
history of the disease should include a phase without
symptoms during which the cancer can be detected by a
screening test earlier than by ordinary clinical diagnosis
after the subject has experienced symptoms. The outcome
of treatment following diagnosis during this detectable,
preclinical phase (DPCP) (Cole and Morrison, 1978)
should also be better than following clinical detection.
Sometimes the screening program may reduce morbidity
or improve the quality of life. For example, a mammogra-
phy program may increase the number of women under-
going surgery because of overdiagnosis; early diagnosis
increases the duration of sickness, but mammography
enables breast-conserving operations, which improves
the quality of life and produces less morbidity than the
treatment of more advanced disease.

The objective of screening is to reduce the burden of
disease. The impact of disease covers both death and
morbidity, that is, detriment of the disease for the patient
while alive, including reduced well-being and loss of
functional capacity. The prognosis should be better fol-
lowing early treatment of screen-detected disease than of
clinically detected disease. If a disease can be successfully
treated after it manifests clinically, there is no need for
screening. Screening should not be applied for untreat-
able diseases. Cancer is always a potentially lethal disease
and the primary goal of treatment is saving the patient’s
life. Thus, a reduction of mortality is the most important
indicator of the effectiveness of screening.

The disease should be common enough to justify the
efforts involved in mounting a screening program. Disease
in the preclinical phase is the target of detection. The
frequency of preclinical disease in the population to be
screened depends on the incidence of clinical disease and
on the length of the detectable preclinical phase. Screen-
ing for disease is a continuous process. The prevalence of
disease at initial screening may be substantially different
from the prevalence at subsequent screens. This variation
in yield is not due to the length of the preclinical phase,
that is, the basic biological properties of the disease only,
but is simply a consequence of the length of intervals
between screening rounds, or the screening regimen.

The screening test must be capable of identifying
disease in the preclinical phase. For cancer, the earliest
stages of the preclinical phase are thought to occur in a
single cell, and they remain beyond identification. The
detectable preclinical phase starts when the disease
becomes detectable by the test and ends when the cancer
would surface clinically. The length of the DPCP is called
the sojourn time (Day andWalter, 1984). The sojourn time
is not constant, but varies from case to case. It can be
described with a theoretical distribution. Factors influen-
cing the sojourn time include (1) the biological character-
istics of the disease (growth and progression rate)
influencing the time from start of detectability to diagno-
sis at symptomatic stage, (2) the screening test and the
cut-off value or criteria for positivity, used for identifying
early disease (detectability threshold), and (3) behavioral
factors and health care affecting the end of DPCP, or the
time of diagnostic confirmation of the disease.

The occurrence of disease in a population is measured
in terms of incidence or mortality rates. Stomach cancer is
still common in middle-aged populations in many
countries, but the risk is rapidly decreasing, which con-
trasts with a substantial increase for cancer of the breast,
another disease occurring at a relatively early age in many
countries. In contrast, the incidence of prostate cancer has
been very low under 65 years of age, and the increase in
incidence is mainly attributable to diagnostic activity.
Therefore, the number of life-years that can potentially
be saved by a (successful) screening program is small.

If screening postpones death, screening increases the
prevalence of disease, that is, the number of people living
who have been diagnosed with it at some time in the past.
Prevalence may also increase as a consequence of earlier
diagnosis or overtreatment, so the prevalence of disease
and the survival of cancer patients are not appropriate
indicators of the effect of screening.

Effects of screening on the quality of life and cost are in
principle considered in decisions on whether or not to
screen. In practice, however, public health policies related
to cancer screening are invariably initiated, run, and eval-
uated by their effect on mortality. In fact, there is no
agreement on how to apply criteria other than mortality
to policy decisions about screening. Such a decision would
require evidence on the magnitude of effect on these
criteria, and agreement on how to weigh the benefits
and harms in different dimensions of death, quality of
life, and cost.
Benefits and Harms of Screening

Independently of effectiveness, screening has adverse
effects. The effectiveness of screening is related to the
degree to which the objectives are met. As indicated
above, the purpose of screening is to reduce disease bur-
den and the main goal is the reduction of deaths from the
disease. If the treatment of screen-detected disease has
fewer or less serious adverse effects than the treatment of
clinical disease, then the iatrogenic morbidity for the
patient is decreased. If late-stage disease is avoided, highly
debilitating effects can be reduced. Costs can be saved if
treatment and follow-up of early disease requires fewer
resources than clinically detected cancer. A correct
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negative test also has a beneficial effect in terms of reas-
surance for those without disease.

Because screening requires preclinical diagnosis of
disease, the period of morbidity is prolonged by the
interval between diagnosis at screening and the hypothet-
ical time when clinical diagnosis would have occurred if
the patient had not been screened. This interval is called
the lead time.

Screen-positive cases are confirmed by the standard
clinical diagnostic methods. Many screen-detected cases
are borderline abnormalities, some of which would pro-
gress to clinical disease, while some would not progress
even if untreated. Cervical cancer screening results in
detection of early intraepithelial neoplasia (premalignant
lesions or in situ carcinomas), not all of which would
progress to (fatal) cancer, even without treatment
(IARC, 2005). Occult intraductal carcinomas of the breast
(IARC, 2002), occult papillary carcinomas of the thyroid
gland (Furihata and Maruchi, 1969), or occult prostatic
cancer (Hugosson et al., 2000) may fulfill the histological
criteria for malignancy, but would remain indolent clini-
cally. Any screening program will disclose such abnorm-
alities, which are indistinguishable from a case that would
progress into clinical disease during the person’s lifetime,
if not subjected to early treatment. Therefore, one of the
adverse effects of screening is overdiagnosis, that is, detec-
tion of indolent disease and its unnecessary treatment
(overtreatment), which results in anxiety and morbidity
that would be avoided without screening and which is
unnecessary for achieving the goals of screening.

A false-negative screening test (a person with disease
that is not detected by the test) provides undue reassur-
ance and may result in delayed diagnosis and worse out-
come of treatment. In such cases, the effect of screening is
disadvantageous.

Screening tests are applied to a population without
recognized disease. In addition to the abnormal or bor-
derline diagnoses, therefore, there will be false-positive
screening results (a person without disease has a positive
test), and these can cause anxiety and morbidity. The test
itself may carry a risk. For example, screening for breast
cancer is based on mammography, which involves a small
radiation dose. The small risk of breast cancer induced by
irradiating a large population should be compared with
the benefits of mammography.
Table 1 Validity of screening test

Screening test

Disease in DPCPa

Present Absent

Positive a b

Negative c d

Sensitivity¼ a/(aþc)
Specificity¼d/(bþd)
Validity of Screening

The validity of screening indicates the process or perfor-
mance of screening and consists of two components: sen-
sitivity and specificity. Sensitivity is an indicator of the
extent to which preclinical disease is identified and speci-
ficity describes the extent to which healthy individuals are
so identified. Predictive values are derived from those
indicators and they describe the performance from the
point of view of the person screened (the screenee).

The purpose of the screening test is to distinguish a
subset of the population with a high probability of having
unrecognized disease from the rest of the population, with
average or low risk. Sensitivity is the proportion of persons
who have a positive test among those with the disease in
the DPCP (Table 1). Sensitivity is a basic performance
measure because it indicates the proportion of early dis-
ease that is identified by screening. Specificity is the pro-
portion of persons with a negative test among all those
screened who are disease-free. Specificity is a basic mea-
sure of the disadvantages of a test, since poor specificity
results in high financial costs and adverse effects due to
false-positive tests. Both the sensitivity and the specificity
of a screening test are process indicators. A screening
program based on a valid test may nevertheless fail in its
objective of reducing mortality in the screened population.

As with clinical diagnostic procedures, the screening
test is not always unambiguously positive or negative, and
classification depends on the subjective judgment of the
individual who is interpreting the test. The test result is
often quantitative or semi-quantitative rather than dichot-
omous (positive or negative). Serum prostate-specific
antigen (PSA) concentration is measured on a continuous
scale and the results of Pap smear for cervical cancer were
originally given on a 5-point scale of increasing degree of
suspected malignancy (I, normal; II, benign infection; III,
suspicious lesion; IV, probably malignant; V, malignant).
The repeatability and validity of any classification are
imperfect, because of both subjective interpretation and
other sources of variation in the screening test. Because of
this ambiguity, the cut-off point on the scale classifying the
population in terms of screening positives and negatives
can be selected at varying levels. The selection of the cut-
off point crucially affects the test performance. Definition
of a cut-off level influences both sensitivity and specificity
in an opposite, counterbalancing fashion: a gain in sensitiv-
ity is inevitably accompanied by a loss in specificity.

Selection of a particular cut-off point will fix a partic-
ular combination of specificity and sensitivity. Several
approaches have been proposed to select the cut-off
point to distinguish best the high-risk group from the
average-risk population. The simplest approach is to



Table 2 Predictive values of a screening test

Screening

Disease

Present Absent

Positive a b

Negative c d

Positive predictive value¼ a/(a+b)
Negative predictive value¼d/(c+d)

Table 3 The effect of preclinical prevalence on the predictive

value assuming specificity¼ sensitivity¼95%

Prevalence in DPCPa (%)

Predictive value (%)

Positive Negative

10 68 99.4

1 16 99.9

0.1 2 99.99
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accept that cut-off which minimizes the total proportion
of misclassification, which is equivalent to maximizing the
sum of sensitivity and specificity. However, these two
components of validity have different implications, which
cannot be directly compared. Sensitivity is mainly related
to the objective of screening and specificity to the adverse
effects. When the total number of misclassified cases is
minimized, sensitivity and specificity are considered of
equal importance. This may be problematic, because it
implies that false negatives and false positives have a similar
impact. The importance of sensitivity relative to specificity
implies a weighted sum of misclassification as the basis to
find a correct cut-off point. However, there are no objective
weightings for sensitivity and specificity. Selection of a
particular combination for validity components, that is,
sensitivity and specificity, always involves value judgment.

This does not mean that any combination of specificity
and sensitivity is acceptable. It depends on the test and the
disease to be screened: for Pap smear some false positives
are regarded as acceptable. This is because the yield is of
primary importance and confirmation of the diagnosis is
regarded, not necessarily correctly, as relatively reliable,
noninvasive, and inexpensive. False-positive diagnoses
pose a problem in breast cancer screening, because some
degree of abnormality is common in the breast, but con-
firmation of a positive test is rather expensive. Low speci-
ficity is problematic because of the potentially high cost of
diagnostic confirmation and exceeding the capacity of
clinical diagnostic services with screen-positive cases.

Episode validity describes the ability of the screening
episode to detect disease in the DPCP and to identify
those who are healthy. Attempts to confirm the diagnosis
after a positive screening test may fail to identify the
disease and a (true-positive) case may thus be labeled as
a false-positive screening test. For example, the PSA test
has a high sensitivity (Stenman et al., 1994), but biopsy
may fail to identify the malignant lesion. Therefore, many
cases that are in the DPCP will not be diagnosed during
the screening episode. The difference between test sensi-
tivity and episode sensitivity is obvious for a screening
test that is independent of the biopsy-based confirmation
process. Screening for cervical cancer is based on exfo-
liated cells and the lesion where the malignant cells ori-
ginated may not be detected at colposcopic biopsy. Even a
biopsy for a breast cancer seen on screening mammogra-
phy may fail to contain the malignant tissue.

Program validity is a public health indicator. Program
sensitivity is related to the yield of the screening program,
the detection of disease in DPCP in the target population.
The program specificity indicates the correct identifica-
tion of subjects free of the disease in the target population.
Program validity depends on the screening test, confir-
mation of the test, attendance, the screening interval, and
the success of referral for diagnostic confirmation of
screen-positive cases.
Predictive Values of a Screening Test

Estimates of sensitivity are derived from the screening
program itself. Themost immediate indication of sensitivity
is theyield, or cases detected at screen. The rate of detection
is insufficient because it does not as such consider the total
burden that stems from the cancers detected both at screen
and clinically in between the screens if repeated. The rela-
tionship between these interval cancers and screen-
detected cancers is not recommended as a measure of
sensitivity because the cases that would not surface clini-
cally if the population were not screened (overdiagnosis)
cause a bias. Cancers diagnosed in nonattenders (those
invited but not attended) at screening and in an indepen-
dent control population contribute in estimating and under-
standing the screening validity. Methods are available that
allow unbiased and comparable estimation of test, episode,
and program sensitivity (IARC, 2005; Hakama et al., 2007).

For the screenee, it is important to know the conse-
quences of the result of a screening test and episode
(including also the subsequent examinations). These can
be described by the predictive values of a test and episode
(Table 2). The positive predictive value (PPV) is the
proportion of persons who do have unrecognized (pre-
clinical) disease among those who have a positive test or
episode. The negative predictive value (NPV) is the pro-
portion of those who are free from the target condition
among those with a negative episode. The predictive
values depend on the validity of the test and the episode
and on the prevalence of the disease in the DPCP
(Table 3). High predictive values require valid screening
and diagnostic tests. Particularly for a rare disease, PPV is
usually low and the majority of positive screening tests
will then occur among those who do not have the disease.
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In contrast, if the prevalence is low, the NPV is high, that
is, a negative test gives a very high probability of absence
of the disease. Many of those who attend a screening
program are seeking reassurance that they do not have
the disease. In practice, this is the most frequent benefit
of screening for rare diseases, and it emphasizes the
importance of high specificity.
Evaluating the Effect of Screening

An effective program shows an impact in the process
indicators, that is, intermediate end points in screening.
Such proxy measures reflect the performance of the pro-
gram, but are only indirect indicators of the ultimate goal,
which is mortality reduction. To be effective, mammo-
graphic screening for breast cancer must provide sufficient
coverage of the target population, identify preclinical
breast cancer reliably, and lead to the detection of early
cancers that are more curable than those diagnosed with-
out screening. An evaluation of the effect of a screening
program based on process indicators alone is inadequate:
these are necessary but not sufficient requirements for
effectiveness, because an ineffective program may still
produce favorable changes in process indicators.

The screening test detects disease in the DPCP and the
yield depends on the prevalence of unrecognized disease.
Prevalence depends on the length of DPCP. For many
cancers, the length of DPCP correlates with the progno-
sis: fast-growing cancers with a short DPCP have a poor
prognosis. Screening detects a disproportionate number
of slow-growing cancers compared with normal clinical
practice, especially when pursuing a high sensitivity.
Therefore, screen-detected disease tends to have a more
favorable survival than clinically detected disease, because
the cancers are selected to be more slow-growing than
clinically detected ones. The bias introduced by this selec-
tion is called length bias (Feinleib and Zelen, 1969).
Length bias cannot be directly estimated and adjustment
for it is cumbersome. Therefore, study designs and mea-
sures of effect that are free from length bias should be used
to assess the effectiveness of screening. They are based on
the total target population. Randomized screening trials
evaluating mortality outcome are free from bias caused by
overdiagnosis, length bias, and lead time.

Lead time (Hutchison and Shapiro, 1968) is the
amount of time by which the diagnosis of disease is
brought forward compared with the absence of screening.
By definition, an effective screening program gives some
lead time, since earlier diagnosis is a requirement for achiev-
ing the goals of screening. The maximum lead time is
equivalent to the length of the DPCP, or sojourn time.
Therefore, even if screening does not postpone death, sur-
vival from the time of diagnosis is longer for a screen-
detected case than for a clinicallydetected case. Comparison
of survival between screen-detected and symptom-detected
patients is therefore biased unless it can be corrected for lead
time. Such corrections remain crude at best, and survival is
not a valid indicator of the effectiveness of screening.

Length bias and lead time are theoretical concepts of
key importance in screening. Empirical assessment of
length bias and lead time can provide valuable informa-
tion on the natural history of the disease and the effects of
screening (Day et al., 1984). These sources of bias, in
addition to overdiagnosis, make indicators such as survival
unsuitable for the evaluating the effectiveness of screen-
ing programs.

Evaluation of the effectiveness of screening should
therefore be made in terms of the outcome, which for
cancer is mortality. However, screening programs also
affect morbidity and, more broadly, quality of life. Such
effects should also be taken into account in screening
decisions although they should not be mixed with process
indicators of the program. For example, fertility may be
maintained after treatment for a screen-detected precur-
sor lesion of cervical cancer, and breast-conserving
surgery with less cosmetic and functional impairment may
be used for screen-detected breast cancer compared with
clinically detected cancer. Such procedures may reduce
physical invalidity and adverse mental effects, and thereby
improve the quality of life. However, the process measures,
for example, the number of conisations of the cervix or
breast-conserving surgery or their proportion of all surgical
procedures, are invalid indicators of effect, because of
potential overdiagnosis. Overdiagnosis increases the pro-
portion of cases with favorable features because healthy
individuals are misclassified as cases of disease.

A randomized preventive trial with mortality as the
end point is the optimal and often the only valid means of
evaluating the effectiveness of a screening program.
Cohort and case-control studies are often used as a substi-
tute for trials. Most evidence on the effectiveness of screen-
ing programs stems from comparisons of time trends and
geographical differences between populations subjected to
screening of different intensity. These nonexperimental
approaches remain crude and insensitive, however, and do
not provide a solid basis for decision making.

Several biases may distort comparability between
attenders and nonattenders at screening. The most obvi-
ous is the ‘healthy screenee’ effect: an individual must be
well enough to attend if he or she is to participate. Fur-
thermore, a patient with, for example, a previous diagno-
sis or who is already under close medical surveillance due
to a related disorder has no reason to attend a program
aimed at detection of that disease. Elimination of bias in a
nonexperimental design is likely to remain incomplete. In
randomized trials, previously diagnosed cancer is an
exclusion criterion, that is, prevalent cases are excluded
and randomization with analysis based on the intention-
to-screen principle guarantees comparability.
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The randomized screening effectiveness trials with
mortality as end point provide a solid basis for a routine
screening program that is run as a public health policy.
Such mass screening programs should be evaluated and
monitored. Intervention studies without a control group
(also called demonstration projects or single-arm trials)
and other nonexperimental designs (cohort and case-
control studies) have been proposed for this type of
evaluation, but each approach has inherent biases. A
randomized approach with controls must be considered
the gold standard, to be adopted if possible.

All routine screening programs are introduced gradu-
ally. Extension from the initial stage requires time and
planning and involves more facilities. In several countries,
use of Pap smears developed from very infrequent to
become part of normal gynecological practice or public
health service within about 10 years. It follows that a
screening program can be introduced as a public health
policy in an experimental design, with comparison of
screened and unscreened groups formed by random
allocation. Under such circumstances, provision of
screening can be limited to a randomly allocated sample
of the population, instead of a self-selected or haphaz-
ardly selected fraction of the population. As long as the
resources for the program are only adequate for a pro-
portion of the population, it is ethically acceptable to
randomize, because screening is not withheld from any-
body. There is, a priori, an equal chance for everybody in
the target population to receive the potential benefit of
the program and to avoid any adverse effects of the
program. In this context, the equipoise (lack of firm evi-
dence for or against an intervention), which is an ethical
requirement for conducting a randomized trial, gradually
disappears as evidence is accrued within the program. For
those planning public health services, this will provide the
most reliable basis for accepting or withholding new
activities within the services.
Organizing a Screening Program

Screening is a chain of activities that starts from defining
the target population and extends to the treatment
and follow-up of screen-detected patients. A screening
program consists of several elements that are linked
together.

Different cancer screening programs consist of differ-
ent components. In general, they can be outlined as eight
distinct steps, divided into four components.

Population component:

1. Definition of target population.
2. Identification of individuals.
3. Measures to achieve sufficient coverage and atten-

dance, such as personal letter of invitation.
Test execution component:

4. Test facilities for collection and analysis of the screen
material.

5. Organized quality control program for both obtaining
screen material and its analysis.

Clinical component:

6. Adequate facilities for diagnosis, treatment, and fol-
low-up of patients with screen-detected disease.

Coordination component:

7. A referral system linking the screenee, laboratory
(providing information about normal screening tests),
and clinical facility (responsible for diagnostic exam-
inations following an abnormal screening test and
management of screen-detected abnormalities).

8. Monitoring, quality control, and evaluation of the pro-
gram: availability of incidence and mortality rates for
the entire target population, and separately for both
attenders and non-attenders.

Routine screening can be divided into opportunistic
(spontaneous, unorganized) and organized screening (mass
screening, screening program). The major differences are
related to the level of organization and planning, systematic
nature, and scope of activity. The components described
previously are characteristics of an organized screening pro-
gram.Most of them are not found in opportunistic screening.

Spontaneous screening frequently focuses on high sen-
sitivity at the cost of low specificity. This is due to several
factors including economic incentives (fee-for-service)
and risk-averse behavioral models (avoiding neglect,
fear of litigation). However, more emphasis on specificity
would be consistent with the primary ethical responsibil-
ities of the physician under the Hippocratic oath: First, do
no harm. For a high-technology screening program, such
as mammography for breast cancer, low specificity results
in high cost and frequent adverse effects. Furthermore, in
countries with limited resources for the follow-up of
screen-positive cases, screening competes for scarce
resources that could be used for the treatment of overt
disease with worse outcomes.

Major organizational considerations of any screening
program are the age range to be covered and screening in-
terval. For example, in Western populations with similar
risk of disease and available resources, cervical cancer
screening policies range from annual testing from the start
of sexual activity to a smear every 5 years from age 30 to age
55. Hence, the difference in the cumulative number of tests
over a lifetime varies from 6 tomore than 60, that is, 10-fold.

In general, only organized screening programs can be
evaluated. An organized program with individual invita-
tions can prevent excessively frequent screening and over-
use of the service, and is therefore less expensive. If
screening appears ineffective, an organized screening
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program is also easier to close than a spontaneous activity.
Therefore, organized screening programs should be
recommended over opportunistic screening.
Cancer Screening by Primary Site

The following sections on cervical, breast, and colorectal
cancer screening describe cancer screening with proven
effectiveness.
Cervical Cancer Screening

Cervical cancer is the second most common cancer
among women worldwide, with 493 000 new cases in
2002 and 273 000 deaths. The great majority of the burden
is in developing countries, with highest incidence rates in
Africa and Latin America.
Natural history

Cervical cancer is thought to develop gradually, through a
progression of a series of precursor lesions from mild
abnormality (atypia) into more aberrant lesions (dyspla-
sia) and eventually malignant changes (initially in situ,

then microinvasive and finally invasive carcinoma).
Human papillomavirus (HPV) infection is a common
early event. Most infections are cleared spontaneously
within 6–12months or less. Early precursor lesions seem
to be a rare consequence of persistent infection with
oncogenic HPV types. High-grade neoplasia occurs
rarely without persistent HPV infection and viral load
also predicts the probability of progression. Regression
of lesions occurs commonly at early stages and the rate
of progression is likely to increase during the process,
with accumulation of abnormalities. The duration of the
detectable, preclinical phase has been estimated at as long
as 12–16 years.

Screening with cervical smears

Screening for cervical cancer is based on detecting and
treating unrecognized disease, primarily premalignant
lesions to prevent their progression into invasive carci-
noma. Traditional techniques are based on cytological
sampling of cells from the cervix. The classical smear is
based on cytological assessment of exfoliated cervical
cells from the transformation zone, where the squamous
epithelium changes into columnar epithelium. The sam-
ple is collected from the vaginal part of the cervix using a
spatula and from the endocervix with a brush or swab.
Sampled cells are fixed on a glass slide for evaluation with
microscope.

There are several classifications for cytological and
histopathological abnormalities of the cervix. The present
Bethesda 2001 system consists of two classes of benign
atypical findings (atypia thought to occur as reactive
change related to infection; atypical squamous cells of
unknown significance [ASCUS], or a result that cannot
exclude higher grade lesion, ASC-H) and two classes of
more aberrant changes (low- and high-grade squamous
intraepithelial lesion, LSIL and HSIL, respectively). The
diagnostic classification of preinvasive changes is based on
cervical intraepithelial neoplasia (originally CIN1–3,
corresponding to mild, moderate, and severe dysplasia
[including carcinoma in situ], modified by combining
mild, moderate, and in situ into high-grade CIN).

Diagnostic assessment requires colposcopic examination
(microscopic visualization with 6- to 40-fold magnification)
for assessment of morphological features of the cervix.
Histologic assessment is based on colposcopy-directed
punch or cone biopsy.

The incidence of cervical cancer is very low in the first
year following a negative smear and increases gradually,
returning to baseline at about 10 years. The risk has still
been 50% lower at 5 years, compared with unscreened
women. The risk of cancer decreases further with the
number of consecutive negative tests.

Effectiveness of screening

The objective of cervical cancer screening is to reduce
both cervical cancer incidence and mortality. A successful
screening program detects early, preinvasive lesions dur-
ing the preclinical detectable phase and is able to reduce
deaths by preventing the occurrence of invasive cancer.

No randomized trials were conducted to evaluate the
mortality effects of cervical cancer screening at the time
when it was introduced. There is, however, evidence for
substantial incidence and mortality reduction from non-
randomized studies conducted in several countries when
screening was introduced. In such studies, a screened
population is identified at the individual level. The
screened and unscreened women may however not be
comparable in terms of disease risk, which can induce
selection bias. Several such studies have been summarized
by IARC (2005). In British Columbia, Canada, a screening
program was introduced in 1949. During 1958–1966, the
incidence of cervical cancer among 310 000 women
screened at least once was well below the rates preceding
the screening project (standardized incidence ratio (SIR)
0.16, 13 cases), while 230 000 unscreened women showed
no decrease (SIR 1.08, 67 cases). In Finland, a population-
based cervical cancer screening program was started in
1963 and evaluation of more than 400 000 women covered
showed effectiveness of 60% at 10 years in terms of inci-
dence reduction. A Norwegian study with 46 000 women
invited for screening showed approximately 20% lower
cervical cancer incidence and mortality among partici-
pants than among the reference population.

Several case-control studies have been carried out in
Denmark, Latin America, Canada, South Africa, and
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other countries to evaluate the efficacy of cervical cancer
screening. Most have shown odds ratios in the range of
0.3–0.4 for invasive cervical cancer associated with ever
versus never having had a screening test, but the results
are prone to selection bias (IARC, 2005).

In ecological analyses without individual data, intro-
duction of screening has been associated with a reduction
in cervical cancer incidence and mortality. Major differ-
ences in the timing of introduction and the extent of
cervical cancer screening between Nordic countries
with similar baseline risk has allowed assessment of the
effect of screening on cervical cancer incidence and mor-
tality. Adoption of screening as a public health policy has
been followed by a sharp reduction in cervical cancer
occurrence. Comparison between counties in Denmark
with and without cervical cancer screening showed that
both incidence of and mortality from the disease were
lower by a third in the areas with organized mass screen-
ing. Conversely, in an area where organized screening had
been discontinued, increased incidence of invasive cancer
was found. An analysis of 15 European countries was also
consistent with a 30–50% reduction in cervical cancer
incidence related to organized cervical cancer screening.
Similar reductions in cancer incidence and/or mortality
have been reported after launching screening programs in
England and Wales, the United States, and Australia.

Screening programs

The recommended interval between screens has ranged
from 1 to 5 years. Most screening programs start from 18–
30 years of age and are discontinued after age 60–70 years.
The most intensive screening protocols with an early start
and frequent testing involve 10 times as many tests over
a woman’s lifetime as the most conservative approaches.
Organized programs with large, population-based target
groups tend to be least intensive, but nevertheless able to
produce better results than less organized efforts, with
ambitious screening regimens but very incomplete cover-
age of the target population and a weaker link among the
program components (testing, diagnosis, and treatment).
In some programs, the frequency of screening has been
modified according to the screening result, either start-
ing at annual screening, for example, and increasing the
interval after negative results, or conversely, offering initi-
ally a longer, 3–5-year interval that is shortened if there
is any abnormality.

Adverse effects of screening

Overdiagnosis of preinvasive lesions (i.e., detection and
treatment of changes that would not have progressed into
malignancy) appears common in cervical cancer screen-
ing, as only a small proportion of preinvasive lesions
would develop into a cancer, even if left untreated. The
cumulative risk of an abnormal screening test is relatively
high compared with lifetime risk of cancer in the absence
of screening (10–15% or higher versus approximately
3%). Treatment has several adverse effects. Excisional
treatments are associated with pregnancy complications,
including preterm delivery and low birth weight. Hyster-
ectomy, quite obviously, leads to loss of fertility.

Other screening tests

Direct visualization of the cervix has been evaluated as a
screening method that does not require sophisticated tech-
nology or highly trained personnel. Unaided visual inspec-
tion (also known as downstaging) can identify bleeding,
erosion, and hypertrophy. Low-level magnification (� 2–4)
has not been shown to improve performance of visual inspec-
tion. Use of acetic acid in visual inspection results in white
staining of possible neoplastic changes and improves test
sensitivity. Lugol’s solution (or Schiller’s iodine test) stains
neoplastic epithelium yellowand it appears to have similar
or better performance than acetic acid. Visual inspection
with iodine solution or acetic acid offers an effective and
affordable screening approach.With trained personnel and
quality control a 25% reduction in cervical cancer mortal-
ity can be achieved (Sankaranarayanan et al., 2007).

Commercially available HPV tests are based on
nucleic acid hybridization and are able to identify more
than 10 different HPV types. No trials have been com-
pleted that have compared effectiveness of HPV testing
with cytological smears. Yet, preliminary findings indicate
that HPV screening is likely to be at least as effective as
screening based on smears, but is also likely to have more
adverse effects including lower specificity. Etiology-based
screening may label cervical cancer as a sexually trans-
mitted disease, despite common nonsexual transmission
of the virus. This may reduce the acceptability of screen-
ing and reduce participation. One hazard is the stigmati-
zation of the woman carrying the virus, regardless of the
route of transmission (e.g., infidelity of the woman’s part-
ner), especially in cultures where the norms guard female
sexuality more strictly than that of men.

In summary, the effectiveness of cytological smears in
cervical cancer screening has never been established with
current, methodologically stringent criteria. However,
there is extensive and consistent evidence showing that a
well-organized screening program will reduce both the
incidence of and mortality from invasive carcinoma.

In the future, HPV vaccination has the potential to
influence profoundly the conditions in which screening
operates, and possibly to reduce the demand for cervical
cancer screening by lowering the risk of the disease. This
may take at least one generation to achieve.
Breast Cancer Screening

Breast cancer is the most common cancer among women
and it accounts for a fifth of all cancers among
women worldwide. Approximately 1 150 000 new cases
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occurred in the world in 2002. The number of breast
cancer deaths in 2002 was estimated at 410 000. Increasing
incidence rates have been reported in most populations.
The highest incidence rates have been reported in high-
income countries, in North America, Europe, as well as in
Australia and New Zealand. Yet, in terms of numbers of
cases, the burden of breast cancer is comparable in rich
and poor countries of the world.
Natural history

In a synthesis of seven reports on breast cancer as an
autopsy finding, the median prevalence of invasive breast
cancer at autopsy was 1.3%. The mean sojourn time has
been estimated at 2–8 years. Sojourn times tend to be
longer for older ages and may depend on the histological
type of breast cancer.
Mammography screening

In screening, the primary target lesion is early invasive
cancer, but ductal carcinoma in situ is also detected with a
frequency about 10–20% that of invasive cancer.

Mammography is X-ray imaging of the breast with a
single or two views read by one or two radiologists. The
screen-positive finding is a lesion suspicious for breast
cancer, appearing typically as an irregular, starlike lesion
or clustered microcalcifications. Two views are likely to
increase detection rates by approximately 20%, with most
benefit for detection of small cancers among women with
radiologically dense breasts. In some screening programs,
two views are used only at first screening, with only one
view (mediolateral oblique) subsequently. Similarly, dou-
ble reading appears to increase both the recall rate and
detection of breast cancer by some 10%. Currently, digital
mammography is replacing film technology.

Screen-positive findings result in the recall of 2–15%
of women for additional mammographic examinations,
with biopsy in approximately half of these women. Detec-
tion rates vary between populations of 3–11 per 1000,
Table 4 Randomized trials evaluating mortality effects of mamm

Reference Setting Sample size

Shapiro, 1988 Greater NY 60995

Andersson and Janzon, 1997 Malmö 42283

Malmö 17793
Tabár, 2000b Kopparberg 56448

Nyström et al., 2002 Östergotland 76617

Alexander et al., 1999 Edinburgh 52654

Miller et al., 2002 Canada 50430
Miller et al., 2000 Canada 39405

Moss et al., 2006 UK 160921

Nyström 2002 Stockholm 60117
Bjurstam et al., 2003 Gothenburg 51611

Hakama et al., 1997 Finland 158755
corresponding to PPVs of 30–70% for biopsied women.
Sensitivity has been estimated at 60–70% in most rando-
mized trials and close to that also in service screening.
Specificity (the proportion of true negatives among all
negative screens) has been reported at 95–98% in most
studies, with lower figures in the initial (prevalence)
screen than in subsequent screens.
Effectiveness of screening

Twelve randomized trials have evaluated mortality reduc-
tion in mammography screening (Table 4). In the age
range 50–69, the trials have shown relatively consistent
mortality reduction in the range of 20–35%. Excluding
the Canadian trial with women 50–59 years, which showed
no benefit, estimates of the number of women needing to
be screened (NNS) to prevent one death from cervical
cancer has ranged from 1000 to 10 000 women at 10 years.

The Health Insurance Plan trial in New York was the
first randomized screening trial. It had approximately
60 000 women randomized pair-wise. The subjects were
aged 40–64 years at entry. Four screening rounds with
1-year intervals were performed using two-view
mammography and clinical breast examination (CBE).
CBE was also used in the intervention arm. Causes of
death were evaluated by a committee unaware of the
allocation. Breast cancermortalitywas reduced in the screen-
ing arm by 20% (5.5 vs. 6.9 per 100 000). In the analysis with
the longest follow-up, the mortality difference persisted after
18 years of follow-up.

Several cluster-randomized screening trials have been
carried out in Sweden. In the Kopparberg trial with three
screening rounds, an 18% reduction in breast cancer
mortality was reported after 20 years of follow-up. The
Östergötland study showed 13% lower breast cancer mor-
tality in the screening arm after four screening rounds and
17 years of follow-up. The Malmö trial with 22 000
women aged 45–69 years reported an 18% reduction in
breast cancer mortality for the screening group after
ography screening

Age range Follow-up (years) Mortalitya (10�5)

40–64 18 23/29

45–70 19 45/55

43–49 9 26/38
40–74 20 27/33

40–74 17 30/33

45–64 13 34/42

40–49 13 37/38
50–59 13 50/49

39–41 11 18/22

40–64 15 15/17
39–59 13 23/30

50–64 4 16/21



Cancer Screening 473
19 years. In the Stockholm trial, nearly 40 000 women
aged 40–64 years were enrolled and breast cancer mortal-
ity was 12% lower in the screening group after 15 years of
observation.

Two mammography screening trials have been con-
ducted in Canada. Both were started simultaneously, one
enrolling volunteers aged 40–49 (CanadianNational Breast
Screening Study (CNBBS1) 50 000 women) and the other
50–59 years (NBBS2 40 000 women). Intervention was
annual two-view mammography and CBE for 5 years in
both trials, with no intervention for the control arm in
the younger group and CBE only in the older cohort.
No reduction in breast cancer mortality was found in either
age group in analyses covering 13 years of follow-up.

The Edinburgh trial used cluster randomization based
on general practices, with more than 44 000 women aged
45–64 years at entry. The screening interval was 12 or
24months and covered four screening rounds. After
13 years of follow-up, breast cancer mortality was 19%
lower in the screening arm.

The randomized trials have been criticized for meth-
odological weaknesses (Olsen and Gøtzsche, 2001), espe-
cially for incorrect randomization and postrandomization
exclusions leading to lack of comparability between the
trial arms. In a systematic review excluding studies
with possible shortcomings, only two trials were finally
evaluated and no benefit was demonstrated (Olsen and
Gotzsche, 2001). It was also argued that breast cancer
mortality is not a valid end point for screening trials.
However, the validity of these criticisms has been rebutted
by several investigators and international working groups.
The dismissal of studies based on mechanistic evaluation
of technical criteria of questionable relevance has been
considered inappropriate.

Service screening

National breast cancer screening programs are ongoing in
several European countries. They are organized either
regionally or nationally and use guidelines and quality
assurance systems for both radiology and pathology.
Common features are target groups at ages 50–69 and
2-year intervals. In several Northern European countries,
participation around 80% has been achieved with recall
rates of 1–8%. PPVs have been in the range of 5–10% and
detection rate of invasive cancer generally has been at
4–10 per 1000 in the initial screen and 2–5 per 1000 in
subsequent rounds (IARC, 2002). In the evaluation of
effectiveness, nonrandomized approaches have been
used (with the exception of Finland where screening was
introduced using a randomized design). In such studies,
definition of controls and estimation of expected risk of
death is problematic. Extrapolations of time trends and
comparisons between geographical areas have been used
as in evaluation of effectiveness. Yet, comparability
between screened and nonscreened groups in such studies
is questionable. Also, exclusion criteria are not as strict as
in randomized trials and exclusion of prevalent cancers at
baseline has not always been possible.

In Finland, the female population was divided into a
screening group and a control group based on birth year.
The women were aged 50–59 at entry and 89 000 women
born on even years were invited to mammography screen-
ing every second year, while 68 000 born on odd years
were not invited but served as a reference group. Partici-
pation was 85%. Refined mortality was used, that is, breast
cancers diagnosed before the start of the screening pro-
gram were excluded. Overall, a 24% reduction in breast
cancer mortality was reported at 5 years, which did not
reach statistical significance.

In the Netherlands, a statistically significant reduction
in breast cancer mortality was reported following introduc-
tion of mammography screening. The target age group was
50–69 years and participation reached 80%. Compared
to rates before screening, the reduction in mortality was
19% at 11 years of follow-up (85.3 vs. 105.2 per 100 000).
No similar decrease was found for women in older age
groups, suggesting that the reduction was attributable to
screening and not to improvement in treatment.

In an evaluation of mammography screening in
Sweden, mortality from breast cancers diagnosed during
the screening period was evaluated in seven counties
between 1978 and 1990. A statistically significant 32%
reduction in refined breast cancer mortality was observed
following introduction of screening in counties with
10 years of screening and an 18% reduction in areas
with shorter screening periods. A more recent assessment
showed a 26% mortality reduction after 11 years among
109 000 women with early screening, compared with areas
with later introduction of screening.

In England and Wales, breast cancer mortality
decreased by 21% after introduction of mammography
screening for women aged 50–69 years compared to that
expected in the absence of screening (predicted from
underlying trend). The estimated reduction in breast can-
cer mortality gained by screening was 6%, while the rest
was attributed to improvements in treatment.

A Danish study showed a significant 25% reduction in
nonrefined breast cancer mortality within 10 years after
introduction of screening in Copenhagen for the age
group 50–69 years compared with earlier rates and con-
trol areas.

No substantial effect on breast cancer mortality at
population level was shown in an early analysis of a
screening program in Florence, Italy. During the first
9 years of the program, breast cancer mortality declined
by merely 3%, which was attributed to the relatively low
coverage of the program (60%).

In a comparison of Swedish counties that introduced
mass screening with mammography in 1986–87 with
those starting after 1992, only a nonsignificant 10%
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mortality reduction from breast cancer was found at
10 years among women aged 50–69 at entry. Among
women aged 70–74 years, the mortality reduction was
even less (6%).

The results from nonrandomized evaluation are con-
sistent with a mortality reduction obtained in screening
trials and suggest that mortality reduction is achievable
when mammography screening is applied as public health
policy, though it may be somewhat less than the average
effect of approximately 25% seen in randomized trials.
Further, improvement in quality of life can be gained by
early diagnosis, allowing a wider range of treatment
options, with the possibility of avoiding radical surgery
(and possibly adjuvant chemotherapy).

Adverse effects

The extent of overdiagnosis and subsequent unnecessary
treatment of lesions that would not have progressed may
not be as large for breast cancer screening as for several
other cancer types. The estimates of overdiagnosis have
been in the range of 3–5%.

Preinvasive cancer (in situ carcinoma) is detected at
screening with a frequency of approximately 1 per 1000
screens and is commonly treated surgically, even if all
cases would not progress to cancer. Mammography causes
a small radiation dose (1–2mGy) to the breast, which can
be expected to increase breast cancer risk. The excess risk
is, however, likely to remain very small (in the range of
1–3% or less increase in the relative risk).

Other screening tests

Digital mammography has been adopted recently. It
appears to yield a higher detection rate than conventional
film mammography, but correspondingly, specificity
seems lower. It remains unclear if the higher detection
rate also increases overdiagnosis. No studies have evalu-
ated the effect of digital mammography on breast cancer
mortality.

Studies of magnetic resonance imaging among high-
risk groups have suggested higher sensitivity compared
with mammography, but no randomized trials have com-
pared its effect on mortality with mammography. An
advantage is avoidance of exposure to ionizing radiation.
Yet, it is also more expensive and time-consuming.

CBE consists of inspection and palpation of the breasts
by a health professional to identify lumps or other lesions
suspicious for cancer. No randomized trials have evaluated
the effectiveness of CBE alone, but it was included in the
intervention arm of the Health Insurance Plan (HIP),
Canadian, and Edinburgh trials. It may increase the sensi-
tivity of screening if combined as an ancillary test in a
mammography screening program.

Breast self-examination (BSE) has been evaluated as a
resource-sparing option for early detection of breast can-
cer. A randomized trial in Shanghai showed no reduction
in breast cancer mortality following instruction in BSE.
A similar conclusion was reached also in a trial carried out
in the former Soviet Union.

Several randomized trials have shown that mammog-
raphy screening can reduce mortality from breast cancer
and evidence from studies evaluating service screening
indicates a similar or slightly smaller effect at population
level. The age group with most benefit is 50–69 years. The
methodological limitations of the studies are not severe
enough to justify ignoring their results.
Colorectal Cancer Screening

Colorectal cancer ranks as the second most common
cause of cancer death. There were more than 1million
new cases in 2002, with more than 500 000 deaths.

Natural history
The majority of colorectal carcinomas are thought to arise
from benign precursor lesions (adenoma). Adenoma (par-
ticularly those with a diameter of up to 1 cm, or dysplasia)
and early carcinoma make up the principal target of
screening. The duration of the detectable preclinical
phase has been estimated at 2–6 years.

Screening tests

Several screening methods are available for colorectal
cancer screening, including fecal occult blood testing
(FOBT) and endoscopic examination (sigmoidoscopy or
colonoscopy) as well as radiographic examination (dou-
ble-contrast barium enema).

FOBT is based on detection of hemoglobin in stools
using guaiac-impregnated patches, where an oxidative
reaction (pseudoperoxidase activity) results in color
change, which is detectable on inspection. The most com-
monly used test, Hemoccult II, is not specific to human
blood. Other tests are also available that immunologically
detect human hemoglobin, but they are also more expen-
sive. Rehydration (adding water to the specimen) can be
used to increase the detection rate, but this also leads to
more false-positive results. For screening, two specimens
are usually obtained on 3 consecutive days. Dietary
restrictions (avoiding red meat, vitamin C, and nonsteroi-
dal anti-inflammatory drugs) and combination of tests
may increase specificity, but can also reduce acceptability.

The detection rate of carcinoma with FOBT has been
0.2–0.5% for biennial screening. Sensitivity is consider-
ably lower for detection of polyps, which do not bleed as
frequently as cancers. The PPV has been 10% for cancer
and 25–50% for adenoma.

Effectiveness of FOBT

Two-year screening intervals have been most widely used
and most studies have targeted the age groups
45–75 years. Three randomized trials evaluating
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incidence and mortality have been reported (Table 5).
They show a consistent 6–18% reduction in mortality
with biennial screening. A systematic review showed a
16% (95% confidence interval [CI] 7–23%) reduction
in mortality. The NNS to prevent one colorectal cancer
death was estimated as less than 1200 at 10 years, given
two-thirds participation.

In the Nottingham (UK) trial, more than 150 000 sub-
jects aged 45–74 years were recruited between 1981 and
1991 and randomized by household. No reduction in
colorectal cancer incidence was shown, but mortality
was 19% lower in the screening arm after a median
12 years of follow-up.

In the Danish Funen study, approximately 62 000 sub-
jects aged 45–75 were enrolled in 1985. Randomization
was performed in blocks of 14 persons (with spouses
always in the same arm). The mortality reduction was
11% after a mean follow-up of 14 years. No decrease in
colorectal cancer incidence was observed.

In theMinnesota (United States) trial, 46 551 volunteers
aged 50–80 years were recruited between 1975 and 1977.
After a mean follow-up of 15 years, a mortality reduction of
33% was shown in the annual screening group and 21% in
the biennial screening group, compared with the control
arm. The incidence of colorectal cancer was also approxi-
mately 20% lower in the screened groups.

Service screening

Provision of colorectal cancer screening for the popula-
tion has been tested in several countries. In France, a 16%
mortality reduction was reported in a population of
90 000 offered screening, compared with control districts
in the same administrative area. The incidence of colo-
rectal cancer was similar in both populations during
11 years of follow-up.

Finland was the first country to launch a population-
based FOBT screening program, in 2004. It was intro-
duced using individual randomization, but the effects on
colorectal cancer incidence and mortality have not been
evaluated yet.

Adverse effects of screening

FOBT is safe, but a positive result requires further diag-
nostic examinations such as endoscopy, which cause
inconvenience, rare complications (e.g., perforation), and
Table 5 Randomized trials evaluating mortality effects of colorec

Reference (setting) Sample size

Mandel et al., 1999 (Minnesota, U.S.) 46 551b

Scholefield et al., 2002 (Nottingham, UK) 152850
Kronborg et al., 2004 (Fynen, Denmark) 61 933

aRR, ratio of mortality rates in screening arm and no-screening arm.
costs. Some overdiagnosis is likely, because not all precur-
sor lesions would advance to cancer. Yet, the morbidity
related to the removal of polyps is very moderate.

Other screening tests

Flexible sigmoidoscopy covers approximately 60 cm of
the distal colon, where roughly half of all colorectal
cancers occur. Any adenomas detected can be removed
during the procedure. Compliance with sigmoidoscopy as
a screening investigation has only been 50% or less. The
detection rate is higher than with FOBT, suggesting
higher sensitivity. Three case-control studies and a cohort
study have suggested lower mortality from colorectal
carcinoma following sigmoidoscopy, as well as lower inci-
dence. These studies do not provide evidence as strong as
that from randomized intervention trials, because selec-
tion bias and other systematic errors may affect the
results. Therefore, the mortality reduction achievable
with sigmoidoscopy remains unclear. A population-
based randomized trial is ongoing in Norway with
20 000 subjects aged 50–64, comparing one sigmoidoscopy
with no intervention. It is expected to provide important
new information.

Screening colonoscopy has the advantage of covering
the entire colon, but the procedure is expensive, bears
substantial discomfort and has the potential for complica-
tions such as perforation (reported in 1–2 patients per
10 000). No trials have evaluated the effectiveness of
screening colonoscopy.

Recently, fecal DNA analysis has been introduced as a
new option for colorectal cancer screening, but no studies
assessing its effectiveness have been conducted.

In summary, FOBT has been shown to decrease mor-
tality from colorectal cancer in several randomized trials.
It appears to be an underutilized opportunity for cancer
control. Other screening modalities are also available, but
there is currently no solid evidence for their effectiveness.

Screening for other cancers

Some evidence for effectiveness is available for oral can-
cer and liver cancer screening, but it is not as well estab-
lished as for cervical, breast, and colorectal cancers.

Oral cancer is among the most common cancers in
some areas of the world, largely due to the habit of
tobacco chewing. Globally, more than 270 000 cases are
tal cancer screening based on fecal occult blood testing (FOBT)

Age range Follow-up (years) Mortality (RR)a

50–80 15 0.67 (0.51–0.87)

45–74 11 0.87 (0.78–0.97)
45–75 11 0.89 (0.78–1.01)

14 0.82 (0.69–0.97)
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detected annually, primarily in developing countries.
A recent cluster-randomized trial of visual inspection
for oral cancer demonstrated a 20% reduction in mortal-
ity among more than 190 000 subjects (Sankaranarayanan
et al., 2005).

Liver cancer is the sixth most common cancer in
the world, with more than 600 000 new cases in 2002.
In terms of cancer deaths it ranks third, with nearly
600 000 deaths annually. Serum alpha-fetoprotein (AFP)
and ultrasound have been used as a screening test for
hepatocellular cancer. Two randomized trials have been
carried out in China, both among chronic carriers of
hepatitis B virus, who are at high risk of liver cancer.
The smaller study found a nonsignificant 20% reduction
associated with 6-monthly AFP tests among 5500 men in
Qidong county (Zhang et al., 2004). Another trial involved
18 000 people and showed a one-third mortality reduction
at 5 years with 6-monthly AFP and ultrasonography
(Chen et al., 2003).

The following section, ‘Lung Cancer Screening,’ des-
cribes cancer screening with evidence against effectiveness.
Lung Cancer Screening

Lung cancer is the most common cancer in many
countries. Mortality rates are very similar to incidence
due to its very poor prognosis. In 2002, the global number
of cases was 1.35million and there were 1.18million
deaths.
Natural history, diagnosis, and treatment

The target lesion for lung cancer screening is early,
resectable (stage 1) carcinoma. Diagnostic examinations
may include high-resolution computerized tomography
(CT), positron-emission tomography (PET), transtho-
racic needle biopsy, and thoracotomy. A conclusive diag-
nosis of early lung cancer is based on biopsy.
Screening with chest X-rays, with or without

sputum cytology

The plain chest X-ray was evaluated as a screening test in
several randomized screening trials in the 1960s and
Table 6 Randomized trials assessing mortality effect of lung c
cytology

Reference (setting) Study subjectsa

Studies comparing chest X-ray during vs. after study period

Kubik, 1990 (Czechoslovakia) 3172+3174
Studies comparing chest X-ray with sputum cytology vs. chest X-ray

Melamed 1984 (Sloane-Kettering U.S.) 4968+5072

Levin, 1982 (Johns Hopkins U.S.) 5161+5225

Marcus et al., 2000 (Mayo Clinic, U.S.) 4618+4593
1970s. Commonly, it was combined with cytological
assessment of exfoliative cells that are most commonly
detected in squamous cell carcinoma.

Small nodules are easily missed in chest X-rays and
sensitivity is low, with specificity above 90%. Detection
rates have been 0.1–0.8% and positive predictive value
40–60%. False-negative results in sputum cytology are
common among patients with lung cancer; its sensitivity
is also regarded as inferior to that of chest X-rays.
Effectiveness of screening

Four randomized trials of lung cancer screening with
chest X-rays have been conducted, but only one com-
pared chest X-ray screening against no intervention
(until the end of the 3-year study period, Table 6). One
compared chest X-ray and sputum examination offered
within the trial against a recommendation to have such
tests. The other two trials assessed the impact of chest
X-ray alone with chest X-ray and sputum cytology. The
interval between rounds ranged between 4months and
1 year. The detection rate of lung cancer at baseline
examination has been 0.1–0.8%. In a meta-analysis, lung
cancer mortality was increased by 11% with the more
intensive screening.
Adverse effects of screening

A false-positive test leads to invasive diagnostic proce-
dures. Overdiagnosis has been estimated as 15% based on
long-term follow-up in one of the trials.
Other screening methods

In spiral low-dose CT, the screen-positive finding is a
noncalcified nodule, usually at least 1 cm in diameter.
For smaller lesions, follow-up examinations may be
needed to define whether the nodule is growing.

No randomized trials have been done, so the effect on
mortality has not been established. Adverse effects due to
false-positive results appear common but the extent of
overdiagnosis has not been established. In the United
States, the National Lung Screening Trial is comparing
annual chest radiography with annual low-dose CT
among 50 000 smokers.
ancer screening based on chest X-ray with or without sputum

Follow-up (years) Mortality rate per 1000 (no. of deaths)a

6 (15) 6.0 vs. 4.5 (247 vs. 216)
alone

8 2.7 vs. 2.7

8 3.4 vs. 3.8

20 4.4 vs. 3.9 (337 vs. 303)
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To conclude, chest X-rays have been shown not to
reduce mortality from lung cancer. Opportunities
provided by novel radiological technology have been
eagerly advocated for screening, but currently there is
no evidence on the effectiveness of screening based on
spiral CT.

Screening for other cancers

Neuroblastoma is a tumor of the sympathetic nervous
system in children, with an overall annual incidence rate
of approximately 1 per 100 000 under the age of 15 years.
Peak incidence is during the first year of life, and occur-
rence decreases after that. The natural course is highly
variable. Early-stage disease, occurring mainly in young
children, has a very favorable prognosis, while diagnosis at
an advanced stage (and usually above 1 year of age) is
associated with poorer survival. There is a subgroup of
tumors with the potential to disappear spontaneously or
mature into a benign tumor (ganglioneuroma), even in the
presence of metastasis. Hence there is obvious potential
for overdiagnosis. Screening is possible using urine tests
for metabolites of the neuronal transmitters, catechola-
mines (homovanillic acid and vanillylmandelic acid),
which are secreted by most (60–80%) tumors. Studies in
Germany, Canada, and Japan have compared screened and
unscreened cohorts to evaluate the effects of screening.
Screening has led to a two- to sixfold increase in the
recorded incidence of neuroblastoma, and an increase at
young ages has not been counterbalanced by a reduction at
older ages. No reduction in mortality or in the occurrence
of advanced disease has been demonstrated. Screening for
neuroblastoma is therefore not recommended, even if no
randomized trials have been conducted. Screening was
recently discontinued in Japan.

The follow section, ‘Prostate Cancer Screening,’
including other cancers, describes cancer screening with-
out sufficient evidence for or against effectiveness.
Prostate Cancer Screening

The recorded incidence of prostate cancer has increased
rapidly in the past 10–15 years in most industrialized
countries and it is currently the most common cancer
among men in several countries. Globally, 679 000 pros-
tate cancers were diagnosed in 2002, with 221 000 deaths
from it.
Natural history

The target lesion in prostate cancer screening is early
invasive prostate cancer. The natural course of prostate
cancer is highly variable, ranging from indolent to highly
aggressive. Premalignant lesions such as prostatic intra-
epithelial neoplasia (PIN) exist, but are not strongly pre-
dictive of prostate cancer and are not considered as an
indication for treatment. Latent prostate cancer is a com-
mon autopsy finding. It has been detected in more than
10% of men dying before the age of 50 years, and much
more frequently in older men. The common occurrence
of indolent prostate cancer is a clear indication for poten-
tial overdiagnosis. The mean lead time in prostate cancer
has been estimated as 6–12 years.
Prostate cancer screening based on PSA

PSA is a serine protease secreted by the prostate and it is
usually found in low concentrations in serum, with levels
increased by prostate diseases such as benign prostatic
hyperplasia, prostatitis, or prostate cancer.

The specificity of PSA has been estimated as approxi-
mately 90%. Detection rates have ranged from less than
2% to above 5%, depending on the cut-off and popula-
tion. In serum bank studies, where no screening has been
offered, but baseline PSA levels have been used to predict
subsequent incidence of prostate cancer, sensitivity has
been estimated as 67–86% at 4–6 years.
Effectiveness of PSA screening

Mortality analysis has been published from only one,
relatively small, randomized trial. A study carried out in
Quebec, Canada, randomized 46 500 men aged 45–80 years
in 1988 with two-thirds allocated into the screening arm
(Labrie et al., 2004). Compliance with screening was only
24%. Screening interval was 1 year, with PSA cut-off
3 ng/ml. By the end of 1999, the mean length of follow-up
was 10 years among unscreened men and 7 years in the
screened group. When analyzed by trial arm (intention to
screen analysis), no reduction in prostate cancer mortality
was seen.

Two large randomized trials are being carried out, one in
Europe and the other in the United States. The European
Randomized trial of Screening for Prostate Cancer
(ERSPC) has eight centers in the Netherlands, Finland,
Sweden, Italy, Belgium, Spain, Switzerland, and France. It
has recruited a total of more than 200 000 men aged
50–74 years. The first mortality analysis is planned in 2010.

In the United States, the Prostate, Lung, Colorectal
and Ovary screening trial (PLCO) recruited 76 705 men
aged 55–74 years in the prostate screening component
between 1993 and 2001. Both serum PSA and digital
rectal examination are used as screening tests. No mortal-
ity results are available yet.

Four case-control studies have evaluated prostate can-
cer screening, but they have not given consistent results.
At any rate, the evidence from such nonrandomized stud-
ies should be seen as tentative.

Several ecological studies and time series analyses
have been published, correlating the frequency of PSA
testing (or the incidence of prostate cancer as a surrogate
for PSA testing) with prostate cancer mortality. The
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results have been inconsistent. Given the shortcomings
inherent in these approaches, the findings do not have the
potential to provide valid conclusions.

Adverse effects of screening

Overdiagnosis is potentially a major problem in prostate
cancer screening. It has been estimated that 30–45% of the
cancers detected by screening would not have been diag-
nosed in the absence of screening during the man’s
expected lifetime. Overdiagnosis leads to unnecessary
treatment of prostate cancer, which has several major
adverse effects, including high rates of erectile dysfunction
and urinary incontinence with surgery, as well as urinary
incontinence and irritation of the rectum or bladder
(chronic radiation cystitis and proctitis) with radiotherapy.

Other screening tests

The effect of digital rectal examination (DRE) as a
screening test on death from prostate cancer has not
been evaluated in randomized studies. Five case-control
studies have yielded inconsistent results, which is thought
to be due to the low sensitivity of DRE for the detection of
early disease.

In summary, no effect on mortality from prostate can-
cer with screening by serum PSA or other means has been
established. Screening should be limited to randomized
trials. Randomized trials are on-going and should provide
important evidence.

Screening for other cancers

Ovarian cancer is among the 10 most common cancers
among women. In 2002, 204 000 new cases were diagnosed
globally and there were 124 000 deaths from ovarian
cancer.

The natural history of ovarian carcinoma is not well
understood. It is unclear how commonly cancers develop
from benign or borderline lesions to malignant disease,
relative to carcinoma arising de novo. Similarly, the dura-
tion of the detectable preclinical phase remains unknown.
Screening tests include transvaginal or transabdominal
ultrasound for imaging and serum CA-125 as a biochem-
ical marker. There is no evidence on the effectiveness
of ovarian cancer screening in terms of mortality reduc-
tion. Preliminary results obtained from nonrandomized
studies are not encouraging: the sensitivity is low and
false-positive findings are common.

Cutaneous melanoma incidence has been increasing
rapidly in most industrialized countries and it now ranks
among the 10 most common cancers in several European
countries. There are approximately 160 000 new cases
diagnosed annually in the world. Some of the increase
may be due to more active case finding and changes in
diagnostic criteria. Mortality has not shown a similar
increase. Survival is favorable in the early stages.
A substantial proportion of melanomas (approximately a
fifth) arise from atypical moles (naevi). Visual inspection
can be used to identify early melanomas (or premalignant
lesions). Diagnostic assessment requires a skin biopsy. No
randomized trials have been conducted to evaluate the
effect of screening on melanoma mortality.

Gastric carcinoma is the third most common cancer in
the world with 930 000 cases in 2002. With 700 000 deaths
annually, it is the second most common cause of cancer
death globally. Fluoroscopic imaging (photofluorography)
and endoscopy have been used in screening for stomach
cancer. As no randomized trials have been reported, there
is not sufficient evidence to allow sound evaluation of
effectiveness or to make recommendations concerning
screening.
Cancer Screening Guidelines

Several international and national organizations have
given recommendations for cancer screening as public
health policy (Table 7). They have been based on a
variety of approaches from expert opinion and consensus
development conferences to more objective methods of
evidence synthesis. There is some degree of consistency
between the guidelines, but also differences. For some
organizations, the rationale for evaluation has been
strictly based on evidence for effectiveness, with the goal
of assessing whether there is sufficient high-quality
research to justify screening. Other organizations, notably
the American Cancer Society, have adopted a more ideo-
logical approach, with a bias in favor of screening (a low
threshold for advocating screening). Similarly, medical
specialty societies tend to adopt screening recommenda-
tions relatively eagerly (not included in the table).

The role of the organization or the task of the working
group also affects the outcome, so that groups with more
responsibility for planning health-care services tend to
apply more stringent evaluation criteria than those
without such responsibility. Countries with publicly
financed health-care systems tend to be more conserva-
tive than countries with systems based on fee-for-service
health-care systems.
Conclusion

In summary, establishing the benefits of screening usually
requires evidence of a significant reduction in mortality
from large randomized trials. Such a knowledge base
exists for cervical, breast, and colorectal cancer
(Table 8). The evidence is more limited for oral and
liver cancer. Screening tests exist for numerous primary
sites of cancer, but either their effectiveness has not been
adequately evaluated, or a lack of effectiveness has been
demonstrated. Even after randomized trials have shown
efficacy (typically in specialist centers with volunteer
subjects), the introduction of mass screening requires
that pilot studies should first be done to demonstrate



Table 8 Summary of evidence for cancer screening

Primary site Screening method

Efficacy Effectiveness

Nonrandomized Randomized Randomized trial Service screening

Cervical cancer Pap smear NAa NA 0–80%

Visual inspection NA NA
HPV testing NA NA NA

Breast cancer Mammography 35% 15–25% 6–20

Colorectal cancer Fecal occult blood 24 15 NA
Sigmoidoscopy NA NA NA

Colonoscopy NA NA NA

Lung cancer Chest X-ray � sputum cytology None NA

Low-dose CT NA NA NA
Prostate cancer Serum PSA NA NA NA

Digital rectal exam None NA NA NA

Oral cancer Visual inspection 20% NA

Liver cancer Serum AFP � ultrasound 20–33% NA
Ovarian cancer Ultrasound with CA-125 NA NA NA

Table 7 Cancer screening recommendations by various organizations

Organization Cervical cancer Breast cancer Colorectal cancer Prostate cancer

WHO Recommended without details Every 2–3 years at
ages 50–69 years

Mortality can be reduced; no
clear recommendation

Not recommended

UICC Pap smear every 3–5 years from

age 20–30 until 60 years or

later

Mammography

every 2 years at

ages 50–69

FOBT every 2 years at ages

above 50 years

No evidence

EU Start at ages 20–30, screening

interval 3–5 years,

discontinue at age 60 or later

Mammography

every 2–3 years at

ages 50–69 years

FOBT every 1–2 years at ages

50–74 years

Not recommended

Canadian
Taskforce on

Preventive

Health Care

Pap test every year from age 18
or start of intercourse;

frequency every 3 years after

two negative smears;
discontinue at age 69

Mammography
every 1–2 years at

ages 50–59 years

Insufficient evidence Not recommended

U.S. Preventive

Services

Taskforce

Pap smear at least every 3 years

among sexually active

women until age 65 years

Mammography

every 1–2 years at

ages 50–69 years

Yearly FOBT after age 50 years;

sigmoidoscopy as alternative

Not recommended

American

Cancer

Society

Pap test annually since age 18

or start of intercourse; less

frequently after 2–3 negative

smears

Mammography

annually from age

40 years

Annual FOBT and

sigmoidoscopy after age

50 years; alternatively

colonoscopy every 10 years
or barium enema every

5–10 years

Annual DRE and

PSA from age

50 years
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feasibility. After an organized screening program has been
implemented, continuous evaluation is required to ensure
that the benefits are maintained. Ideally, this is achieved
by introducing a mass screening program with a rando-
mized design, that is, comparing subjects randomly allo-
cated to early entry with those covered only later. This
approach is particularly important when the effect
demonstrated in trials of efficacy is small. It is also highly
recommended when an established technique is being
replaced with a new one.

See also: Cancer Economics; Cancer: Global Burden/

Trends and Projections; Cancer Mortality; Cancer

Survival.
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Introduction

It is of considerable interest to know the outcome of
treatment for all cancer patients in a population. Clinical
trials or studies of hospital records cannot provide this
information. Trials include patients who are selected on
the basis of strict inclusion and exclusion criteria such as a
restricted age range or a lack of serious comorbidity. Trials
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focus on a pragmatic comparison of efficacy between
treatment regimens: They are generally quite small (a
few hundred or occasionally a few thousand patients),
and in general fewer than 10% of all adult cancer patients
are included in trials, even in developed countries. Hos-
pital statistics can only indicate the fate of patients who
have been referred to that hospital. The criteria for refer-
ral to a given hospital are not usually explicit, and the
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statistics on outcome are most unlikely to be representa-
tive of any population.

In contrast, the public health interest in cancer survival
is in the outcome for all cancer patients. Population-based
cancer survival estimates are used to monitor trends in
survival over time, as one measure of overall progress in
cancer control. They can display breakthroughs in cancer
treatment, as happened for childhood cancers in the 1970s
and 1980s. They provide a basis for resource estimation
for cancer care and a baseline for planning of the clinical
trials. They are used to assess inequality in the outcome of
cancer between population subgroups defined by age, sex,
social class or degree of affluence, and race or ethnic
group, or to compare survival between regions within a
country or with other countries. Survival estimates pro-
vide a crucial measure of the overall efficacy of the entire
cancer patient pathway, from the initial health-seeking
behavior of a person with symptoms that may be due to
cancer, through primary care, referral to secondary care
for investigation and diagnosis, and the efficacy and acces-
sibility of available treatment resources. All these uses
of cancer survival figures require that the estimates be
statistically robust and adequately comparable.

Population-based survival estimates should include
the outcome for all cancer patients in a given popula-
tion. For this reason, the data are usually derived from a
population-based cancer registry that collects information
on all persons diagnosed with cancer who are normally
resident in the region or country covered by that registry.
Further reference here to cancer survival will be to pop-
ulation-based estimates, unless otherwise stated.

It is worth considering whether the follow-up of cancer
patients, to ascertain their vital status, is in fact required in
order to estimate cancer survival, since cancer mortality
rates should also reflect survival, and they are routinely
available in many countries. Mortality rates cannot be
used for this purpose, however. First, mortality reflects
both incidence and survival; in other words, the number
of deaths from a given cancer will reflect the number of
people who are diagnosed with it, as well as their chances
of surviving it. In a steady state, therefore, mortality from
a very common cancer with good survival could be higher
than mortality from an uncommon cancer with poor sur-
vival. Second, the deaths from cancer in a given year will
arise not just in patients who were diagnosed in that year,
but also those diagnosed up to ten or more years earlier,
and this backscatter of diagnoses will vary with the lethality
of the cancer andwith any recent advances in treatment for
that cancer. For this reason, mortality trends can rarely
offer more than a delayed and blurred reflection of the
public health impact of advances in treatment. Third,
the accuracy of cancer mortality statistics depends on the
accuracy of death certification, and of the coding of the
underlying cause of death; both these components of mor-
tality statistics vary with the type of cancer, as well as
between countries and over time. For these reasons, mor-
tality statistics are not an adequate surrogate for cancer
survival in the context of public health.

Public interest in internationalcomparisonsofpopulation-
based cancer survival has increased in recent years (Berrino
et al., 2003). Such comparisons can be useful for understand-
ing national survival data and for the interpretation of
incidence rates. They serve as broad indicators of the qual-
ity of patient care. For example, the EUROCARE studies
have clearly demonstrated lower survival among cancer
patients in several Eastern European countries than in
Western European countries, differences that are directly
attributable to inferior diagnosis and treatment.
Observed Patient Survival

Survival and the duration of life after diagnosis have been
considered to be among the most important indicators of
success in the management of cancer patients. In what
follows, the analysis of survival is demonstrated in detail.
The method is also applicable to the analysis of other
clinical outcomes, e.g., relapses or side effects of treatment.

A characteristic problem with follow-up studies is that
the patients have different potential follow-up times.
A patient diagnosed a long time ago can, potentially, be
followed up for much longer than a patient who was
diagnosed only recently. It is much more likely that the
death of a patient with a long potential follow-up time
will be observed than the death of a patient with a short
potential follow-up time. Because the times of death are
not usually available for all patients, it is not advisable to
calculate a mean of the observed survival times, whether
of all patients or only of those who have died. Again,
because of these differences in potential follow-up time,
it is also inappropriate to calculate direct proportions of
survivors after certain fixed durations of follow-up time.
Those proportions can be obtained by special methods,
such as the life table method or the product-limit
(Kaplan-Meier) method.

Let us take the colon cancer patients diagnosed in
Finland during 1992–2002 as an example. The follow-up
time of the patients starts on the date of diagnosis and
ends with the date of death, or emigration or 31 December
2003, whichever comes first. Thus, the potential follow-up
time for patients diagnosed during 1999–2002 was less
than 5 years, whereas it was more than 10 years for
patients diagnosed during 1992–93. The actual follow-
up was shorter than the potential follow-up for any
patient who died or emigrated before 31 December 2003.

Nonlocalized colon cancer was diagnosed in 1230
males aged 60–74 (Table 1). During the first month of
follow-up, 53 died from colon cancer and nine from other
causes of death. During the second month, 90 died, 79
from colon cancer and 11 from other causes.
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The life table has a row for each interval (month) of
follow-up i, including the number of patients alive and
under follow-up at the beginning of the interval (li), the
number of deaths during the interval (di), and the number
of persons who were alive when withdrawn or lost to
follow-up at some point during the interval (wi). For
months 13–24, the number of withdrawals includes
patients diagnosed in 2002 who were still alive on 31
December 2003, when follow-up in the study ceased.
Those patients had only been followed up for 1–2 years;
their follow-up is said to have been censored (i.e., cut
short) after the last possible date on which their death
could have been observed.

Loss to follow-up is a good reason for censoring a
patient’s follow-up time in the analysis, since the patient
is no longer under observation, and a death could not be
observed. In Finland, it is rare for cancer patients to move
Table 1 Monthly life table of the first 2 year follow-up Finland, 19

Survivors
Deaths during interval

Interval at start Cancer Other Total Censo

i li d1i d2i di wi

1 1230 53 9 62 0

2 1168 79 11 90 0
3 1078 61 8 69 0

4 1009 44 3 47 0

5 962 42 0 42 0
6 920 30 2 32 0

7 888 25 2 27 0

8 861 35 0 35 0

9 826 34 1 35 0
10 791 27 2 29 0

11 762 28 2 30 0

12 732 27 2 29 0

13 703 25 1 26 7
14 670 20 5 25 7

15 638 17 2 19 5

16 614 18 0 18 10
17 586 15 3 18 7

18 561 12 1 13 5

19 543 14 2 16 7

20 520 11 0 11 10
21 499 15 2 17 8

22 474 15 0 15 1

23 458 12 0 12 8

24 438 6 1 7 4

I ¼ follow-up month (interval).

li ¼ number of patients alive at the beginning of interval i.

d1i ¼ number of deaths due to colon cancer during interval i.

d2i ¼ number of deaths due to other causes during interval i.
di ¼ d1i þ d2i.

pi ¼ observed survival proportion in interval i for those alive at the be

ipo ¼ cumulative observed survival proportion from the start of follow

Survival proportions calculated by the life table and product-limit (Ka
From Hakulinen T and Dyba T (2006) Hoidon tulosten mittaaminen ja

Tenhunen H (eds.) Syöpätaudit, 3rd edn., pp. 227–240. Helsinki: Duo
abroad, and because of highly efficient population and
death registration systems, it is also rare to lose patients
from follow-up. In many other countries, however, with-
drawals will also include both patients known to have
emigrated and patients who have been lost to follow-up.

The interval-specific observed survival proportion in
Table 1, pi, is an estimate of the probability that a patient
who is alive at the beginning of interval i will survive until
the end of it. This proportion is often incorrectly called a
rate (Elandt-Johnson, 1975). The observed survival pro-
portion can be calculated from the formula:

pi¼ l� di=ðli�wi=2Þ:

This is simply the complement of the proportion of
deaths among those who started the interval, with a cor-
rection for censoring, in which we assume that the wi

patients who did not die but who were not followed up
92–2002.

Survival proportion

Life table Product-limit

red Interval Cumulative Interval Cumulative

pi ip0 pi ip0

0.94959 0.94959 0.94959 0.94959

0.92295 0.87642 0.92295 0.87642
0.93599 0.82033 0.93599 0.82033

0.95342 0.78211 0.95342 0.78211

0.95634 0.74797 0.95634 0.74797
0.96522 0.72195 0.96522 0.72195

0.96959 0.70000 0.96959 0.70000

0.95935 0.67154 0.95935 0.67154

0.95763 0.64309 0.95763 0.64309
0.96334 0.61951 0.96334 0.61951

0.96063 0.59512 0.96063 0.59512

0.96038 0.57154 0.96038 0.57154

0.96283 0.55030 0.96302 0.55041
0.96249 0.52966 0.96269 0.52987

0.97010 0.51382 0.97022 0.51409

0.97044 0.49864 0.97068 0.49902
0.96910 0.48323 0.96928 0.43869

0.97672 0.47198 0.97683 0.47248

0.97034 0.45798 0.97053 0.45856

0.97864 0.44820 0.97885 0.44886
0.96566 0.43281 0.96593 0.43357

0.96832 0.41910 0.96835 0.41985

0.97357 0.40802 0.97380 0.40885

0.98394 0.40147 0.98402 0.40231

ginning of the interval.

-up (i.e., at diagnosis) up to the end of interval i.

plan-Meier) methods.
ennusteelliset tekijät. In: Joensuu H, Roberts PJ, Teppo L, and

decim.
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Figure 1 The observed survival curves for male colon cancer

patients diagnosed with a nonlocalized tumor in Finland during
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throughout the entire interval were, on average, followed
up until the mid-point of the interval.

The cumulative observed survival proportion up to a
given time interval since diagnosis, which is an estimate of
the corresponding probability of survival, is obtained by
calculation of the product:

ipo¼ p1 � p2 � p3:::pi :

This quantity gives an estimate of the probability of
surviving i intervals (months) from the start of follow-up.
For the 24th month, for example, the observed survival
proportion is p24 ¼ 0.98394, while the 24-month (2-year)
cumulative observed survival proportion is 24po¼ 0.40147
(Table 1).

This formula for the survival proportion is based on an
assumption that the probability of surviving for those who
could not be followed after interval i is the same as the
probability of survival for those who were successfully
followed up during subsequent intervals. This is called
the assumption of independence between dying and
censoring.

The assumption may well be valid, but even if follow-
up information is complete, problems can arise when the
data set includes patients who were diagnosed a long time
ago. Obviously, patients diagnosed a long time ago have
longer potential follow-up times than patients diagnosed
recently, for whom the observed follow-up will thus end
more frequently with the patient being censored alive
(death has not been observed). Patients whose follow-up
times are censored are assumed to have had the same
pattern of survival after censoring as patients whom it
was possible to follow up for longer, i.e., generally those
patients who were diagnosed a longer time ago. Since
survival generally improves with time, however, this
assumption is not necessarily valid. Under those circum-
stances, therefore, the cumulative observed survival pro-
portion is likely to be somewhat too low.

The consecutive estimates of the cumulative observed
survival proportion can be joined up to produce observed
survival curves (Figure 1). The older the patients, the
lower is the cumulative observed survival. The use of
straight lines to connect the survival estimates illustrates
the idea that deaths within each time interval are evenly
spaced in time.

With the product-limit (Kaplan-Meier) method, it is
assumed that the times of different events are exactly
known. The survival times are then tabulated individ-
ually by observed lengths, not by fixed subintervals as in
Table 1. In order to apply the product-limit method to
the material in Table 1, a decision must be made on how
to treat apparently simultaneous deaths and censorings,
i.e., those that occur during the same interval. Most com-
puter programs are set to assume that withdrawals (events
in the wi column) would happen slightly later than deaths,
although there is no particular logical basis for this choice.
The survival proportion pi will then be calculated from
the formula:

pi¼ 1� di=li :

The number of withdrawals is used only to obtain a new
value li+1 = li – di – wi. Otherwise, the calculations are the
same as with the usual life-table method outlined above.

Observed survival curves obtained with the product-
limit method are step functions, that is, they run horiz-
ontally (constant survival proportion) in the intervals
between deaths, then drop vertically when deaths occur.
In practice, the life-table method and the product-limit
method give nearly the same results when the time inter-
vals are short, on the order of 1 month.

The 2-year cumulative observed survival proportion
can also be estimated by annual intervals; results are
virtually identical. The choice of subintervals for the
life-table method depends on the cancer and on the
desired degree of detail. The intervals may be unequal,
e.g., short intervals at the start of follow-up, when deaths
are more frequent, and longer intervals later on, when
deaths are less frequent. Intervals should not be longer
than 1 year. The assumption of exact event times with
the product-limit method requires intervals no longer
than 1month. The life-table method with longer, say,
yearly intervals is efficient in summarizing survival infor-
mation when the data set is large, as is typically the case
with population-based cancer registries.
Cause-Specific Survival

We cannot conclude from Figure 1 that colon cancer is
more fatal in older patients. The probability of survival for



Table 2 Cause-specific survival proportion and survival

ratio, Finland, 1992–2002.

Cause-specific Relative

Monthly Cumulative Cumulative

i pci ipc0 ir0

1 0.95675 0.95675 0.95208

2 0.93204 0.89173 0.88101

3 0.94320 0.84109 0.82677
4 0.95633 0.80435 0.79031

5 0.95634 0.76924 0.75778

6 0.96736 0.74413 0.73333

7 0.97182 0.72315 0.71288
8 0.95935 0.69376 0.68568

9 0.95881 0.66518 0.75834

10 0.96582 0.64245 0.63585
11 0.96321 0.61881 0.61241

12 0.96306 0.59595 0.58968

13 0.96423 0.57464 0.56937

14 0.96988 0.55733 0.54956
15 0.97321 0.54240 0.53465

16 0.97044 0.52637 0.52031

17 0.97418 0.51278 0.50567

18 0.97849 0.50175 0.49530
19 0.97400 0.48871 0.48197

20 0.97864 0.47827 0.47301

21 0.96964 0.46374 0.45806
22 0.96832 0.44905 0.44481

23 0.97357 0.43718 0.43427

24 0.98622 0.43116 0.42851

Monthly and cumulative cause-specific survival proportion
and cumulative relative survival ratio during the first 24months

of follow-up, male colon cancer patients diagnosed with a non-

localized tumor aged 60–74 in Finland during 1992–2002. From

Hakulinen T and Dyba T (2006) Hoidon tulosten mittaaminen ja
ennusteelliset tekijät. In: Joensuu H, Roberts PJ, Teppo L, and

Tenhunen H (eds.) Syöpätaudit, 3rd edn., pp. 227–240. Helsinki:

Duodecim.
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older people is lower in part because of mortality due to
other causes of death. If the cause of death of each patient
is known, it is possible to calculate cause-specific survival
proportions to estimate the probability of survival in the
hypothetical situation where colon cancer is the only
cause of death. The cause-specific survival proportion in
each interval (Table 1) can be obtained as:

pci¼ l� d1i=½li�ðd2iþwiÞ=2�:

Here, deaths from the cancer of interest in the ith
interval are counted as events, d1i, while deaths from
other causes (d2i) are considered as censorings (compare
this formula with that for observed survival in the previ-
ous section). Thus the follow-up time has been cut short
(censored) by the death of the patient, but the death is not
considered as an event of interest for this particular anal-
ysis, if it is not a death from the cancer being studied and
is therefore not included in the numerator of the estimate
of the proportion who have died. In this context, there-
fore, as with other reasons for censoring the follow-up,
deaths from other causes than the cancer of interest are
assumed to occur, on average, at the mid-point of the
interval.

The cumulative, cause-specific survival proportion is sim-
ply the product of the interval-specific proportions, as before:

ipco¼ pc1� pc2� pc3::::pci :

At the end of the 2nd year of follow-up, the cumula-
tive cause-specific survival proportion 24pco¼ 0.43116
(Table 2) is slightly higher than the observed survival
proportion 0.40147 (Table 2).

With the product-limit approach to estimating cause-
specific survival, the assumption of independence is more
difficult to accept than for observed survival, particularly
if the patient group is very heterogeneous with respect to
age. This is because the risk of death from the cancer and
the risk of death from other causes are usually both higher
in older patients. This introduces dependence between
the risk of death (from the specific cancer) and the risk of
censoring (death from another cause). The usual approach
to eliminating most of this dependence is to analyze
survival by age group. If this is not done, the resulting
survival estimate will be too high, because the follow-up
of older patients will more often be censored due to death
from other causes, and censored patients are assumed to
have the same survival experience as those who were not
censored, who are on average younger, and in fact have
better survival. In other words, censoring for other causes
removes from the analysis a group of patients (the elderly)
whose actual survival is lower than average, leading to an
inflated estimate of overall survival.

The cumulative cause-specific survival proportions
may be used to construct cumulative cause-specific
survival curves. While the range of the observed 3-year
cumulative survival proportions is from 19% (patients
aged 75 years or more at diagnosis) to 34% (those aged
0–44 years), the range of the cause-specific survival pro-
portions is 24–34%. Colon cancer is thus more fatal for
older patients.
Relative Survival

If the cause of death of the cancer patients is not known,
or unreliable, the cause-specific survival can be estimated
by using the relative survival ratio, i.e., the ratio of the
survival actually observed in the cancer patients and
the survival that would be expected in the absence of
cancer. Relative survival is thus a ratio of two survival
proportions.

The expected survival of the cancer patients is esti-
mated from mortality in the general population, using life
tables by sex, age, calendar period, and possibly also other
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Figure 2 The relative survival curves for male colon cancer
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edn., pp. 227–240. Helsinki: Duodecim.

100
%

80

60

40

20

0

Males

Localized Nonlocalized

1 2 3 4
Females
1 2 3 4

Males
1 2 3 4

Females
1 2 3 4

Figure 3 The 5-year observed survival proportions (shaded

bars) and relative survival ratios (shaded bars with white
continuations) of colon cancer patients diagnosed in Finland

during 1992–2002, by sex, age, and tumor stage at diagnosis

(age groups: 1: 0–44, 2: 45–59, 3: 60–74, and 4: 75 years and

over). From Hakulinen T and Dyba T (2006) Hoidon tulosten
mittaaminen ja ennusteelliset tekijät. In: Joensuu H, Roberts PJ,

Teppo L, and Tenhunen H (eds.) Syöpätaudit, 3rd edn.,
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factors such as region, social class or degree of depriva-
tion, and race. This can be done in Finland for the patients
in Table 1 by using the general population life tables by
sex, age, and time. Thus, if the patients in Table 1 were a
sample of the general population in Finland, their expected
survival proportion would be pi*¼ 0.9974 during each
month within the 1st year of follow-up and pi*¼ 0.9972
during each of the following 12months. The 2-year
expected survival proportionwould then be 24p0*¼ 0.93725.

Relative survival in the 1st month of follow-up for
the patients in Table 1 is thus r1¼ p1/p1*¼ 0.94959/
0.9974¼ 0.95208. The ratio in the 2nd month is r2¼ p2/
p2*¼ 0.92295/0.9974¼ 0.92535. The 2-year cumulative
relative survival is 24p0/24p0*¼ 0.40147/0.93725¼ 0.42851
(Table 2).

Relative survival can be interpreted as the cause-specific
survival, i.e., an estimate of the probability of survival if the
patient’s cancer were the only cause of death. Because of the
method of calculation, this interpretation is not always
strictly possible. Sometimes, particularly when the life
table intervals are short and the mortality in the cancer
patients is low, the relative survival in a particular time
interval may exceed the value of one. This leads to slight
upward turns in a survival curve, such as the curve for the
youngest age group in Figure 2.

Five-year relative survival for colon cancer is highest
in females when the tumor is localized and lowest in males
with nonlocalized tumors (Figure 3). Relative survival is
lowest for the oldest patients. The variation in relative
survival by age is much smaller than for the corresponding
observed survival estimates, particularly when the tumor
is localized at diagnosis.

The 5-year relative survival ratios and the cause-
specific survival proportions for colon cancer patients
are generally similar (Table 3). The differences increase
with age and with follow-up time since diagnosis. It is
difficult to conclude which estimates of survival are more
correct when the differences are large. Knowledge that
the patient has cancer may influence the physician’s
assessment and certification of the cause of death. On
the other hand, cause-specific 15-year survival of those
aged 75 years or more at diagnosis may not be of such
great interest in practice.

It is important to know when cancer patients are cured.
This can be estimated from either the relative survival ratio
or the cause-specific survival proportion within successive
intervals of time since diagnosis. The estimates should be
close to 100% for cured patients. For cause-specific survival,
cure implies that patients surviving up to that point would
no longer die from their disease. For relative survival, cure
would imply that patients surviving up to that point have
approximately the same mortality as a comparable group of
the general population. On the basis of these quantities, the
point of cure for Finnish colon cancer patients occurs
around 9 years after diagnosis (Figure 4).
Confidence Intervals and Tests

The survival proportion is an estimate of the probability
of survival. A confidence interval expresses the range of
values in which the true survival probability is most
probably located. In a hypothetical repetition of 100
identical studies, the estimates from 95 studies would on
average produce a 95% confidence interval covering the
true value of the probability (provided that the statistical
model used is appropriate). The confidence interval of the
survival proportion (Table 4) is often based on a standard
error obtained by Greenwood’s formula and an approxi-
mation based on the normal distribution.



Table 3 Cumulative observed and cause-specific survival proportions and relative survival ratios (%) at 1, 5, and 10 years after

diagnosis, by sex and age, patients diagnosed with a nonlocalized tumor in Finland during 1992–2002

Age group (years) Males Females

Follow-up Observed Cause-specific Relative Observed Cause-specific Relative

0–44

1 year 63.6 63.6 63.8 69.5 69.5 69.6

5 years 28.3 28.8 28.8 36.6 37.4 36.9
10 years 21.2 21.7 22.1 30.9 31.6 31.4

45–59

1 year 62.2 62.9 62.7 71.0 72.0 71.3
5 years 25.9 27.1 27.2 34.2 35.0 34.9

10 years 22.1 25.1 25.1 30.8 31.4 32.3

60–74

1 year 57.2 59.9 59.0 58.8 59.5 59.6
5 years 21.8 26.2 26.2 26.9 29.0 29.5

10 years 14.7 20.8 23.5 18.8 24.6 24.5

75 and over

1 year 40.9 45.8 45.8 40.8 43.6 44.6
5 years 12.6 20.8 24.3 14.3 19.8 24.0

10 years 4.0 17.7 19.9 7.1 17.4 24.6

From Hakulinen T and Dyba T (2006) Hoidon tulosten mittaaminen ja ennusteelliset tekijät. In: Joensuu H, Roberts PJ, Teppo L, and

Tenhunen H (eds.) Syöpätaudit, 3rd edn., pp. 227–240. Helsinki: Duodecim.
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Figure 4 The annual cause-specific survival proportions and

relative survival ratios for colon cancer patients diagnosed in
Finland during 1992–2002. From Hakulinen T and Dyba T (2006)
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Roberts PJ, Teppo L, and Tenhunen H (eds.) Syöpätaudit, 3rd edn.,

pp. 227–240. Helsinki: Duodecim.

Table 4 Survival proportions and survival ratios after

diagnosis, Finland, 1992–2002.

Follow-up Observed Cause-specific Relative

1 year 57.2 59.9 59.0

(54.3–60.0) (57.1–62.7) (56.1–61.9)

5 years 21.8 26.2 26.2

(19.1–24.4) (23.3–29.2) (23.0–29.4)
10 years 14.7 20.8 23.5

(11.9–17.5) (17.6–24.1) (19.0–28.0)

Cumulative observed and cause-specific survival proportions

and relative survival ratios with 95% confidence intervals (%), at
1, 5, and 10 years after diagnosis, male patients diagnosed with a

nonlocalized tumor aged 60–74 years in Finland during

1992–2002. FromHakulinen T and Dyba T (2006) Hoidon tulosten

mittaaminen ja ennusteelliset tekijät. In: Joensuu H, Roberts PJ,
Teppo L, and Tenhunen H (eds.) Syöpätaudit, 3rd edn.,

pp. 227–240. Helsinki: Duodecim.
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For cause-specific survival, the numbers of deaths due
to other causes are regarded as fixed. For relative survival,
the expected survival is assumed to lack random error
because it is usually based on the mortality experience of
the (large) general population.

Differences between groups of patients in observed,
cause-specific, and relative survival can be tested for
statistical significance. The logrank test is most commonly
used for observed and cause-specific survival, but it lacks
power when the data are heavily grouped, e.g., with
annual follow-up intervals. Alternatives with better power
are available, which can also be used to test for differences in
relative survival (Hakulinen et al., 1987).

Simple testing of the difference between survival pro-
portions or ratios in observational studies is problematic,
because the groups being compared were not formed by
random allocation. The groups will usually differ with
respect to many factors that should be controlled for in
testing. This control in testing, including the logrank
method and its extensions, is best done by proper statistical
modeling (Dickman et al., 2004), which will be introduced
in the section for regression analysis. Modeling both facil-
itates proper statistical testing and produces estimates
that are adjusted for important prognostic factors.
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The Maximally Updated Survival
Estimates

The colon cancer patients in the example used here were
diagnosed in Finland during 1992–2002 and followed up
to the end of 2003. The problem with the survival esti-
mates is that they tend to be outdated. For example, one
can think that the 5-year survival analysis consists of a
combination of five analyses, each specific to a follow-up
year. The 1st-year analysis is based on follow-up that
occurred in 1992–93 for those diagnosed in 1992, in
1993–94 for those diagnosed in 1993, and so on until in
2002–2003 for those diagnosed in 2002. A similar check
reveals that also the 2nd-year, 3rd-year, etc., analyses are
based on follow-up that occurred a longer time ago.

In demography, the current expectation of life is based
on age-specific mortality rates of the most recent year.
This principle can also be followed successfully in making
an estimate for the current survival, based on the most
recent 1st-year, 2nd-year, etc., follow-up year-specific
figures. It is usual to use at least two recent calendar
years, to avoid statistical uncertainty in the estimates
arising from small numbers of events.

Many cancer registries use this period analysis
(Brenner et al., 2004b) to produce maximally updated
estimates of patient survival. For example in Finland,
when all five follow-up year-specific analyses are based
on follow-up that took place in 2001–2003, the 5-year
relative survival for female colon cancer patients is 62%,
whereas it is 59% based on the patients diagnosed during
1992–2002.

The period analysis result is based on patients who
were followed up in 2001–2003. Patients diagnosed during
2000–2002 had their 1st year of follow-up within that time
window 2001–2003 (no patients diagnosed in 2003 were
included); patients diagnosed during 1999–2002 had their
2nd year of follow-up within that window, those diag-
nosed during 1998–2001 their 3rd year, etc., and those
diagnosed during 1996–99 had their 5th year of follow-up
within that time window.

In period analysis, both the period of diagnosis and that
of the follow-up should be reported. Here, patients diag-
nosed during the period 1996–2002 and followed up during
the period 2001–2003were the basis of the analysis. Of these
two periods, the period of follow-up, here 2001–2003, gives
the name period analysis for 2001–2003 to the method.
Prognostic Factors

Prognostic factors can be divided into four groups: those
related to the patient, the tumor, the diagnosis, and the
treatment. Prognostic factors related to the patient
include age, sex, symptoms, weight, genetic background,
and immunological status. Tumor-related factors include
tumor size, stage, histologic type, degree of malignancy,
presence and location of metastases, hormone receptor
status, and biochemical, molecular, and genetic markers.
Diagnosis-related factors include the various diagnostic
methods that may have been deployed and for solid tumors,
the numbers of lymph nodes examined. Treatment-related
factors also include the treatment techniques and their
quality, e.g., dose intensity of cytostatic treatment and the
total treatment time in radiation therapy.

All these factors may have independent effects on can-
cer survival, and they may also modify each others’ effects.
The effects of certain factors may also be confounded by
other factors. It may also depend on the context whether a
certain effect should be regarded as confounding or not.

For example, one geographic region may have lower
relative survival than another. Patients diagnosed in this
region may have a less favorable distribution of disease
stage. If diagnosing the tumors early has not been of high
priority in that region and a comparison is made between
the health system performances, it may be improper to
adjust for stage, because stage is then a part of the out-
come being studied, and thus an intervening variable on
the causal pathway between the exposure under consid-
eration (the performance of the health-care system) and
the effect of that exposure (cancer-specific survival). On
the other hand, it may only be of interest to compare
cancer treatment services between the areas, and then
adjustment for stage may be important. Thus, when sur-
vival comparisons are made between population groups,
great care should be taken whether or not to adjust for the
disease stage.

Population-based cancer registries normally collect
information on a limited set of these variables, to enable
monitoring of outcome over time and between population
subgroups. In so-called high-resolution studies (Sant et al.,
2003), this basic set of variables is extended, for represen-
tative samples of registered patients, by collection of addi-
tional data items from clinical and laboratory sources,
e.g., diagnostic determinants or data on state-of-the-art
treatment. This enables the explanatory impact of such
variables on relative survival to be modeled.
Cause-Specific and Excess Mortality

With a large number of prognostic factors, estimating
survival within each of the strata defined by the levels of
those factors becomes difficult, because the required
number of strata increases rapidly. The solution is statistical
regression modeling of survival times, which can be based
on individual data or on strata formed by individuals.

The most commonly used regression model is the Cox
proportional hazards model, included in many software
packages. It is possible and important to check and, when
necessary, to give up the proportionality assumption in
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this method. This model can be used to study observed
and cause-specific mortality. Observed (overall) mortality
has two components, the first related to the cancer, the
second due to other causes of death. It is unlikely that the
second component would have the same prognostic factor
background as the first.

In cause-specific analysis, only the first component of
the overall risk of death is modeled. That is viable when
the patients’ causes of death are available and can be
assessed in a reliable and similar way in all the population
subgroups to be compared and over time if the purpose of
the study includes monitoring over time. Frequently, this
ideal situation is not available. Death certification has
changed over time and certification and coding practices
have varied between countries and population subgroups
to be compared. The solution is to model relative survival.

The Cox proportional hazards model has been gen-
eralized to relative survival. This allows relaxation of the
assumption of proportionality, which does not usually
hold in population-based data. In relative survival regres-
sion, the two components of mortality are explicitly
recognized. The second component, the expected mor-
tality, is estimated from life tables, and the difference
between the total mortality and the expected mortality
is then modeled. This difference, the excess mortality in
the cancer patients, can generally be considered as attrib-
utable to the cancer. It may not always be true, for example
if certain social classes or geographic areas are under- or
overrepresented among the cancer patients and this has
not been taken into account in the selection of the general
population comparison group, i.e., in the choice of life
tables. For analyses comparing survival between social
groups and geographic areas, it is particularly important
to use the appropriate data on general mortality. Other
factors such as smoking may make it difficult to identify a
truly comparable general population group. For example,
lung cancer patients tend to have a higher mortality due
to many other smoking-related causes of death than just
the lung cancer itself.

Finally, one might consider it important to exclude
from the general population (or background) mortality
that component of overall mortality that is due to the
cancer being studied. This can be done, but the effect is
generally small, because even the most common cancer
typically accounts for only a small proportion of the total
mortality in any one age group. For all cancers combined,
however, it may be important if relative survival is to be
used as an overall indicator of cancer survival when other
causes of death have been eliminated. Such an analysis
may be justified if relative survival is to be used as an
index of the overall excess mortality of cancer patients.

Statistical modeling is based on the concept of hazard,
the details of which will not be covered here. A mortality
rate is an estimate of the hazard and for simplicity here it
can be used synonymously. It is simply defined as the ratio
between the number of deaths and the amount of person-
time at risk.

Let us take the patients in Table 1 as an example. In
the first interval, 62 deaths occurred. On the assumption
that the deaths occurred, on average, in the middle of the
interval, the patient group had n1¼ 1230 – 62/2¼ 1199
person-months at risk in that interval; there were no
withdrawals (wi is zero). In general terms, the approxi-
mate formula for person-months at risk in interval i is
ni¼ li – (di þ wi)/2. The Finnish Cancer Registry data do
not allow greater accuracy because the date of diagnosis
does not include the day.

The observed mortality in the 1st month is thus
62/1199 person-months¼ 5.2/100 person-months or
62/100 person-years. Cause-specific mortality rates
are 53/100 person-years for colon cancer and 9/100
person-years for other causes of death. In the section
titled ‘Relative survival,’ it was noted that expected sur-
vival in each month of the 1st year was p1*¼ 0.9974, based
on the corresponding general population mortality. This
corresponds to an expected mortality of –ln[p1*] ¼ 2.6/
1000 person-months or 3.1/100 person-years (Dickman
et al., 2004). In the 1st month, therefore, observed mortal-
ity among the cancer patients even due to causes of death
other than cancer exceeds the expected mortality by
almost threefold. Only nine such deaths were observed
in that month, however, and after the 3rd month of follow-
up, the numbers of deaths due to other causes are rather
close to the expected number (Table 1). For example, in
the 4th month of follow-up, the number of person-months
at risk is n4 ¼1009 – 47/2¼ 985.5, the expected mortality
is 2.6/1000 person-months, as above, and so the expected
number of deaths from other causes is 0.9855� 2.6¼ 2.56,
close to the observed number of three deaths from other
causes.

The excess mortality of the cancer patients is the
difference between the total mortality rate and the
expected mortality rate. In the first month in Table 1, it
is 62/100 – 3.1/100 ¼ 58.9/100 person-years. In the 4th
month, the total mortality is 47/985.5 person-months or
57.2/100 person-years and the excess mortality thus 57.2/
100 – 3.1/100 ¼ 54.1/100 person-years, slightly lower
than in the 1st month.
Regression Analyses

Regression analysis with the Cox proportional hazards
model and its extension for relative survival (Dickman et al.,
2004) can be conducted with statistical software packages
such as SAS, STATA, R and Sþ. Let us now look at
modeling the cause-specific and relative survival during
the first 5 years of follow-up for the patients in Table 3.

The results (Table 5) show the ratios between the
cause-specific mortality rates (cause-specific hazard



Table 5 Model-based cause-specific hazard ratios and excess hazard ratios, with 95% confidence intervals, for colon cancer

patients diagnosed with a nonlocalized tumor in Finland during 1992–2002

Cause-specific hazard ratio Excess hazard ratio

95% CI 95% CI

Sex

Males 1.00 Reference 1.00 Reference

Females 0.95 0.89–1.01 0.93 0.87–0.99
Period of diagnosis

1992–97 1.00 Reference 1.00 Reference

1998–2002 0.85 0.80–0.90 0.83 0.78–0.89
Follow-up Age group

1 year 0–44 4.46 2.72–7.33 4.65 2.26–9.59

45–59 4.46 2.83–7.01 4.75 2.38–9.50

60–74 5.77 3.70–8.98 6.12 3.08–12.17
75 and over 9.16 5.89–14.25 9.47 4.77–18.81

2 years 0–44 2.96 1.69–5.18 3.18 1.48–6.83

45–59 3.57 2.24–5.77 3.76 1.86–7.57

60–74 3.41 2.18–5.36 3.57 1.79–7.14
75 and over 4.18 2.66–6.59 4.02 2.00–8.07

3 years 0–44 2.47 1.30–4.68 2.70 1.19–6.15

45–59 2.59 1.59–4.23 2.74 1.33–5.61
60–74 2.34 1.47–3.72 2.48 1.23–5.01

75 and over 2.40 1.48–3.88 2.06 0.98–4.30

4 years 0–44 1.89 0.88–4.02 1.95 0.77–4.92

45–59 1.50 0.86–2.61 1.53 0.71–3.31
60–74 1.58 0.97–2.58 1.55 0.75–3.21

75 and over 1.25 0.72–2.16 0.81 0.31–2.11

5 years 0–44 0.23 0.03–1.68 0.21 0.02–2.05

45–59 1.00 0.53–1.92 0.96 0.41–2.27
60–74 1.16 0.68–1.97 1.14 0.53–2.47

75 and over 1.00 Reference 1.00 Reference

From Hakulinen T and Dyba T (2006) Hoidon tulosten mittaaminen ja ennusteelliset tekijät. In: Joensuu H, Roberts PJ, Teppo L, and

Tenhunen H (eds.) Syöpätaudit, 3rd edn., pp. 227–240. Helsinki: Duodecim.
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ratios) in different age groups and time intervals since
diagnosis, and, similarly, ratios between the excess mor-
tality rates (excess hazard ratios). For example, the
cause-specific hazard ratio for women is 0.95 that of
men (reference) and the excess mortality hazard ratio is
0.93, i.e. women have a 5–7% advantage over the males.
According to this model, the advantage holds true for the
5 years of follow-up. The hazard ratios are significantly
lower by 15–17% for patients diagnosed during
1998–2002 than for those diagnosed during 1992–97.

The models for cause-specific and relative survival
both introduce an interaction between age and time
since diagnosis, meaning that the cause-specific and
excess hazards do not retain their proportionality between
age groups throughout the duration of follow-up. The
differences in the hazard between the age groups are the
largest in the first interval and nearly disappear by
the third interval. Methods exist to smooth these effects
and to provide a continuous representation for the inter-
action (Remontet et al., 2007).

It is important that the analysis does not stop after the
coefficients of Table 5 have been obtained. When the
model adequately describes the data, model-based
estimates with standard errors should be calculated for
the cause-specific survival proportions and the relative
survival ratios. The model-based estimates have smaller
standard errors than the empirical estimates, because the
entire data set has been used in the model, rather than a
particular subset (Table 6). The modeling has thus
removed unnecessary randomness from the estimates.

In principle, the modeled results are also free from
problems caused by differences in potential follow-up
times by age group. The validity of the independence
assumption between the causes of death can be improved
by a finer stratification by age.
Proportion Cured, Parametric Methods

It was roughly estimated from Figure 4 that the point of
cure for Finnish colon cancer patients diagnosed in
1992–2002 was achieved after approximately 9 years of
follow-up. Thus the proportion cured is practically the
same as the 10-year cumulative relative survival by sex
and age (Table 3).



Table 6 Cumulative 5-year cause-specific and relative survival (%), with their standard errors (SE), females diagnosed with

nonlocalized colon cancer in Finland during 1997–2002, by age at diagnosis

Model-based Empirical

Cause-specific Relative Cause-specific Relative

Age group SE SE SE SE

0–44 37.7 3.8 38.1 3.5 35.3 7.6 35.5 7.6
45–59 34.5 2.0 35.2 1.9 39.0 3.6 39.4 3.6

60–74 31.4 1.4 32.3 1.4 30.0 2.1 31.4 2.2

75 and over 23.2 1.3 26.8 1.5 21.8 1.8 28.8 2.7

Estimates derived from models in Table 5, and empirical estimates. From Hakulinen T and Dyba T (2006) Hoidon tulosten mittaaminen ja
ennusteelliset tekijät. In: Joensuu H, Roberts PJ, Teppo L, and Tenhunen H (eds.)Syöpätaudit, 3rd edn., pp. 227–240. Helsinki: Duodecim.
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It is possible to study cure systematically by fitting
parametric excess mortality models that explicitly include
the possibility of cure for a proportion of patients
(De Angelis et al., 1999), and that the proportion cured
may depend on prognostic factors. The cured patients are
considered as subject to general population mortality
only, i.e., having no excess mortality. The proportion of
patients who are not cured (fatal cases), or those bound to
die from their cancer in the absence of competing risks of
death, may be characterized by the mean or median
duration of survival.

The proportion cured and the mean duration of sur-
vival for fatal cases have both increased for Finnish colon
cancer patients. For males aged 65–74 years at diagnosis,
some 20% of those diagnosed during 1953–59 were cured,
whereas the proportion rose to 44% for those diagnosed
during 1980–92. At the same time, the mean survival time
for fatal cases increased from 0.59 to 1.51 years. Earlier
diagnosis and more effective treatment may both be
involved in these favorable trends.
Summarizing Results, Age
Standardization

The results inTables 5 and 6 can conveniently be used to
summarize survival trends over time and differences
between populations. However, there is still a need for
conventional methods as for direct standardization, par-
ticularly if model-based results are not available. Model-
based results may also be standardized for age, particularly
when the empirical stratum-specific results have large
standard errors and are thus very inaccurately estimated.

The standardization of survival proportions and parti-
cularly of relative survival ratios is much more complicated
than that for incidence rates, because of the follow-up time
dimension. The choice of method depends on the desired
interpretation of the standardized ratio.

The traditional interpretation of a directly age-
standardized survival proportion is the survival that would
be observed in the index population of cancer patients under
study if its age structure were the same as that in a chosen
standard population. The solution is to stratify the analysis
by age and to take a weighted average of the age-specific
survival curves as the age-standardized survival curve.

For example, due to demographic changes the number
of old patients can increase by calendar time, whereas that
of young patients does not. As a consequence, the old
patients have, on average, shorter potential follow-up
times than the young patients, and the more favorable
survival of the young patients that can be followed longer
will be predicted for the old patients after the time of
censoring. The result is that the nonstandardized survival
proportions will be higher than the age-standardized pro-
portions even when the age distribution of the patients
themselves is used as a standard. This is not a problem for
colon cancer patients diagnosed in Finland in 1992–2002
(Table 7).

Two new methods of age standardization have been
proposed by Brenner and Hakulinen (2003) and Brenner
et al. (2004a). They both use time-varying weights and the
newer of them does not presuppose any age stratification,
which is very advantageous with smaller data sets. They
are both consistent with the interpretation of relative
survival as a ratio and not an estimate of cancer-specific
survival probability.

Traditional standardization is required at least in lon-
ger-term follow-up for probability interpretation of the
relative survival ratio even when there is no aim at com-
parisons between populations. Standardization controls
both the effect of informative censoring and that of depen-
dence between the causes of death. Standardization may
also be needed for comparisons between patient popula-
tions, even when the age structures of the populations do
not differ when there is informative censoring by age.

With the exception of one standardization method
for the ratio interpretation of the relative survival ratio
(Brenner et al., 2004a), all the age standardization methods
presented depend on survival analyses stratified by age.

There are three different methods for calculation of
the expected survival, and hence for the relative survival
ratio, two proposed by Ederer et al. (1959, 1961) and one



Table 7 Observed, cause-specific, and relative survival (%)

at 5 and 10 years after diagnosis, with and without

standardization for age, females diagnosed with nonlocalized
colon cancer in Finland during 1992–2002

Duration of follow-up

5 years 10 years

Age-standardized No Yes No Yes
Type of survival estimate

Observed survival 22.4 22.3 15.3 15.3

Cause-specific survival 25.9 25.8 22.3 22.4
Relative survival 28.8 27.9a 26.8 25.9a

Relative survival 28.8 28.8b 26.8 26.7b

Age profile of the patients at diagnosis was used for the standard

weights in direct standardization.
aTraditional standardization.
bRatio of the standardized observed and expected survival
proportions.

From Hakulinen T and Dyba T (2006) Hoidon tulosten mittaami-

nen ja ennusteelliset tekijät. In: Joensuu H, Roberts PJ, Teppo L,
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proposed by Hakulinen (1982). With stratified analyses,
such as age standardization with the direct method, and
nonstratified analyses up to 10 years of follow-up, it does
not in practice matter which one of the methods is used.
In longer-term follow-up for nonstratified and nonstan-
dardized analyses, as well as in the standardization
method of Brenner et al. (2004a), the method proposed
by Hakulinen should be used because it gives the best
control against informative censoring.
Concluding Practical Remarks

The relative survival ratio was proposed in 1950 by
Berkson and Gage (Berkson and Gage, 1950). Ever
since then, it has been used to monitor progress in
population-based cancer survival, in the United States
(the SEER project), in Europe (the EUROCARE project),
in the world (the CONCORD project), and in many
countries and cancer registration areas.

Socioeconomic differences generally determine the
differences observed. Thus, for example, differences in
relative survival could directly be related to the degree
of deprivation of the population in England and Wales
(Coleman et al., 1999), whereas differences within the
Nordic countries by region and in Finland by social class
were small (Dickman et al., 1997). Diagnostic determi-
nants, e.g., numbers of lymph nodes examined, explain
differences observed in relative survival between European
countries and between Europe and the United States.
Comparability of disease definition is still an issue in
attempts to further elucidate the advantage that American
patients tend to have in relative survival compared to
European patients. To aid in the interpretation of relative
survival, it is useful to examine the corresponding inci-
dence and mortality rates (Dickman and Adami, 2006).

Estimates of relative survival do not depend on the
certified cause of death, or on temporal trends or socio-
geographic differences in death certification practices.
This property of relative survival is extremely valuable
for examining trends or differences in survival, in direct
contrast with cause-specific survival proportions. In
Finland, where death certification is accurate and where
the cancer registry uses causes of death that, when neces-
sary, have been corrected by the registry, relative and
cause-specific survival analyses quite often give results
that agree with each other. This provides further empiri-
cal support to the validity of relative survival as an
estimate of cause-specific survival.

Nevertheless, interpretation of relative survival requires
care. The general population group must be comparable
with the patient group, particularly for analyses specific to
region, social class, or degree of deprivation (Dickman
et al., 1998).

Tumors are increasingly diagnosed early. As a result,
survival times become longer even when there is no true
improvement in the sense of postponement of death.
Screening or particularly intense diagnostic activity, espe-
cially with prostatic cancer, may also lead to the diagnoses
of cases that would not otherwise have been detected
during the person’s lifetime. These cases, naturally, have
favorable survival.

The methods of tumor diagnosis have changed over
time. Consider the spectrum of disease progression in just
two categories, localized and nonlocalized. In the past,
when diagnostic facilities were less effective at detecting
metastatic spread than they are now, cases described as
localized would have included some that would now be
classified, more correctly, as nonlocalized. As a result,
newly diagnosed cases described as localized are now, on
average, even less advanced than in the past. Similarly,
nonlocalized cases now include some that are less advanced,
and on average, nonlocalized cases are also less advanced
than in the past. Thiswas reflected in trends of survival from
cancer of the oral cavity in females in Finland over the
period 1953–74: Relative survival increased with time both
for localized and for nonlocalized cases, whereas for all
cases combined, there was no change (Hakulinen, 1983).
This problem, called stage migration, does not just apply
over time; it also affects stage-specific comparisons between
populations.

Newly diagnosed patients included in cancer registries
normally include a small proportion of cases for whom the
diagnosis is based solely on a death certificate or autopsy.
These cases are often excluded from survival analyses
because the diagnosis is based on persons who are already
dead, and for whom the date of diagnosis (and thus the
duration of survival) is unknown. Some cancer registries,
more than others, try to trace back the individuals
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of whom the first notification came through a death certif-
icate. Sometimes this is successful. On average, these
so-called death-certificate-initiated cases have poorer sur-
vival than the other patients. Thus, attempts to trace back
(or follow-back) individuals may confer the cancer regis-
try area a somewhat lower patient survival compared with
another area where follow-back is not done.

On the other hand, a large proportion of cases in the
cancer registry’s database with diagnosis based solely on a
death certificate or autopsy is likely to be an indication
that the registry may miss the recording of many nonfatal
cases. This leads to survival that is unduly low. This has
been one of the possible explanations behind the observa-
tion that the relative survival in England and Wales
tends to be lower than in the other countries of Western
Europe.

A high proportion of cases in which there is micro-
scopic confirmation of the diagnosis is also important for
unbiased survival analysis. If survival is high for patients
with a cancer that is usually fatal, this may indicate poor
quality of diagnostic information.

High survival figures are also observed when there are
problems in the follow-up of patients. Relative survival is
again a very good indicator of data quality: If relative sur-
vival ratios within successive intervals show that patients
survive more favorably in the long term than the general
population, there is reason to suspect incompleteness of
the cancer registry’s follow-up procedures to ascertain the
deaths of registered patients.

Population-based relative survival is a challenging
concept to use. It can be used for many important pur-
poses within cancer control, and its use has certainly led
to changes in public health policy to improve the diagno-
sis, treatment, and care of cancer patients. But the use of
relative survival requires considerable care and a sound
understanding of the basic data, as well as of the underly-
ing principles and methods.

See also: Biostatistics; Cancer Epidemiology; Cancer

Mortality; Cancer Screening.
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Definition and History

This article defines both environmental and occupational
causes of cancer as either chemical or physical agents in
the workplace or in the general environment to which
individuals are involuntarily exposed. Although most
sources consistently define occupational causes of cancer
as involuntary exposure to agents found in the work-
place, the definition of environmental causes of cancer
varies and can include lifestyle factors (such as smoking
and alcohol consumption), reproductive factors, diet and
infectious agents.

Much of the scientific evidence linking cancer with
involuntary occupational and environmental agents comes
from studies of workers who often experience more
intense and prolonged exposures than the general public.
One of the earliest examples of cancer caused by involun-
tary exposures is that of Percival Pott’s 1775 observation
of an excess incidence of scrotal cancer among young
chimney sweeps in London. Studies later confirmed
Pott’s observation and identified polycyclic aromatic
hydrocarbons (PAHs), particularly benzo-(a)-pyrene, as
the causal agent.

The Debate: How Much Cancer is Caused
by Involuntary Occupational and
Environmental Exposures?

The discussion regarding the contribution of environ-
mental and occupational exposures to the overall cancer
burden has been an area of contention for at least the past
three decades, since the assertion in 1977 by Higginson
http://seer.cancer.gov/ – National Cancer Institute, Surveillance,
Epidemiology and End Results.

http://www.pitt.edu/�super1/lecture/lec5611/index.htm –
Supercourse, Modelling Time Dependent Hazard Ratios in Relative
Survival: Application to Colon Cancer.

http://www.mf.uni-lj.si/ibmi-english/biostat-center/Programje.html –
Statistical software developed at the Institute of Biomedical
Informatics, Faculty of Medicine, University of Ljubljana.

http://www.cancerregistry.fi/surv3/index.html – SURV3: Windows
Software for Relative Survival Analysis.
SA

and Muir that 80% of all cancers were due to environ-
mental exposures. The evidence that Higginson and Muir
invoked in their seminal article included, ‘‘descriptive
epidemiological data relating to migrants, geographical
variation in incidence, changes in risk over time, correla-
tion studies, c luster s an d case re po r ts’’ ( Hi ggi nson and
Muir, 1977 ). Altho ugh thes e author s were ref er ring to
‘‘widespread general exposures of air and water pollution,
the work environment, exposures resulting from personal
choice such as smoking and drinking, and the diet,’’ the
concern that involuntary exposures to substances in the
air, water, and work environment are major contributors to
cancer in humans has persisted.

In the past three decades, there have been several
efforts to estimate the proportion of cancer due to these
involuntary exposures, starting with an ambitious effort
by Doll an d Peto (1981) and more recently by a group of
authors at the Harvard Center for Cancer Prevention
(1996). These well-cited sources have estimated that
roughly 2% of cancer deaths are due to pollution and
4% to occupation. However, some (including Doll and
Peto themselves) have argued that assigning categories of
exposure-specific percentages in causing cancer that total
100% is erroneous, given what we know about how cancer
is caused ( Clapp et al ., 2006 ). Cur rent knowledge of the
mechanisms of cancer suggests that all cancers evolve
from a complicated combination of multiple exposures.
One recent description of this dynamic process reduces
it to six essential alternations that may overwhelm the
natural defenses built into human cells and tissues to pro-
duce a tumor ( Hanah an and Weinbe r g, 2000 ). Assumi ng
that this mechanism is correct, no one exposure single-
handedly causes cancer; all categories of cancer causes

http://www.lshtm.ac.uk/ncdeu/cancersurvival/
http://www.eurocare.it
http://www.pauldickman.com
http://unimed.mf.uni-lj.si/relsurv/index.pl
http://seer.cancer.gov/
http://www.pitt.edu/~super1/lecture/lec5611/index.htm
http://www.pitt.edu/~super1/lecture/lec5611/index.htm
http://www.mf.uni-lj.si/ibmi-english/biostat-center/Programje.html
http://www.cancerregistry.fi/surv3/index.html
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(genetic, environmental, occupational, behavioral/life-
style, etc.) are likely to play a role, to some extent, in the
development of an individual’s cancer. Consequently, the
number of cancer cases in which environmental and occu-
pational factors play a role in the development of the
disease is likely to be extremely high, given the ubiquitous
presence of some known carcinogens.
Cancer Clusters

People occasionally perceive clusters of cancer in their
communities or workplaces and believe that they must
have been caused by a common environmental exposure.
These concerns are understandable and often lead to
some type of investigation or study to determine the
cause. Often, there are small numbers or rare types of
cancers involved. This is one of the most vexing issues
facing occupational and environmental health because
tools to investigate cancer clusters are crude and often
inadequate. Statistical methods to evaluate cancer clusters
typically lack power to detect a significant excess, even if
it is there in a community or workplace.

Cancer clusters can and do occur because of exposures
from a common source. There are several famous examples
of this, including the cluster of angiosarcoma of the liver in
workers exposed to vinyl chloride at a manufacturing plant,
the cluster of clear-cell adenocarcinoma of the vagina in
offspring of women who took DES, and the cluster of
childhood leukemia in Woburn, Massachusetts residents
exposed to contaminated drinking water. These examples
give validity to concerns that exposures in other commu-
nities or workplaces might also generate legitimate cancer
clusters, although it may be difficult or even impossible to
determine this with presently available tools. History has
shown that some clusters are indeed signals that a preven-
table exposure occurred, but exposures linked to perceived
clusters can be difficult to document. The proper response
to such health concerns is not to dismiss them as improba-
ble statistical artifacts but to engage concerned families or
workers and public health representatives in honest com-
munication about what is known and what is not known
about the exposures and the cancers that are perceived to
constitute a cluster.
Environmental and Occupational
Carcinogens: The State of the Science

The following sections provide a summary by cancer site
of the state of the science relating to environmental and
occupational exposures that are known or suspected to
cause cancer. Only those cancer types that have substan-
tial literature describing established and suspected causal
associations with environmental and occupational agents
in humans are described, and we refer readers to other
reviews detailing other cancer types (see Further Reading
section). Although scientific evidence regarding causes of
cancer is based on several disciplines of study, the evi-
dence provided in this review is primarily from epidemi-
ologic studies of groups of individuals exposed to agents
at work or in their communities. Much of the experimen-
tal evidence of carcinogenicity comes from animal studies
that would not be possible or ethical in humans. When
direct human data are not available, it is both necessary
and appropriate to extrapolate from animal studies. At
present, there are many more chemicals that have been
shown to cause cancer in experimental animals than are
considered established human carcinogens, although the
number for which sufficient human data exist is increas-
ing. This article does not address the complexities of
timing of exposure, dose, and additive or synergistic
effects of multiple exposures, but a rapidly growing
body of evidence points to their importance (see Further
Reading section). Similarly, this article does not address
racial and socioeconomic disparities in cancer risk and
differential exposures to occupational and environmental
carcinogens (see Further Reading section).

Table 1 briefly outlines the sources and uses of most of
the carcinogenic agents reviewed. A brief overview of the
causes of cancer reviewed in this article can be found in
Table 2. See Tables 3–4, developed by Siemiatycki et al.
(2004), for additional information on substances and indus-
tries classified as definite (group 1) carcinogens by the
International Agency for Research on Cancer (IARC),
occupational exposures to them, and the cancer sites with
which they are associated. From 1972 through 2003, the
International Agency for Research on Cancer (IARC) eval-
uated over 880 substances, complexmixtures, and industrial
processes. IARC classified 89 of these substances as defin-
ite human carcinogens, 64 as probable human carcino-
gens, and 264 as possible human carcinogens. Siemiatycki
et al. (2004) determined that these groupings consisted
of 28 definite, 27 probable, and 113 possible human occu-
pational carcinogens and identified 18 occupations or
industries that have been considered by IARC to defi-
nitely, probably, or possibly entail ‘‘excess risk of cancer
among workers’’ (Siemiatycki et al., 2004).
Bladder Cancer

The epidemiologic evidence linking metal exposure, spe-
cifically arsenic, with bladder cancer is strong and exten-
sive. Much of the evidence comes from epidemiologic
studies conducted in regions with high concentrations
of inorganic arsenic contaminants in drinking water
and in medicinal formulations such as Fowler’s solution.
A Belgian case-control study suggests cadmium may
also be a bladder carcinogen based on a nearly six-fold
increased risk among those with the highest blood levels



Table 1 Sources and uses of environmental and occupational carcinogens

Category Carcinogenic agent Source/uses

Aromatic amines Benzidine, 2-naphthylamine, 4,4’-

methylenebis 2-choloraniline
(MOCA), chlornaphazine

Used as antioxidants in the production of rubber and cutting oils, as intermediates in azo dye manufacturing, and as pesticides.

Common contaminant in chemical and mechanical industries, aluminum smelting and tobacco smoke. Used widely in the
textile and beautician (as hair dyes) industries

Chlorination

byproducts

Trihalomethanes Trihalomethanes include chloroform, bromodichloromethane, chlorodibromomethane, and bromoform. Result from the

interaction of chlorine with organic chemicals. Several other halogenated compounds may form from these reactions

although trihalomethanes are the most common. Brominated by-products are also formed from the reaction of chlorinated
by-products with low levels of bromide in drinking water

Metals Arsenic Produced commercially as a byproduct of nonferrous metal production, primarily from copper production, comprising greater

than 10% of dust content in some smelter operations. Inorganic arsenic is primarily used to preserve wood, but is also used
as a pesticide mainly on cotton plants

Beryllium Used in the nuclear, aircraft, and medical device industries. Used also as an alloy or in specialty ceramics for electrical and

electronic applications. Found as a contaminant in the combustion of coal and fuel oil

Cadmium Occurs naturally in ores together with zinc, lead, and copper. Used as stabilizers in polyvinyl chloride (PVC) products, color
pigment, several alloys, and now most commonly in rechargeable nickel-cadmium batteries. Also present as a pollutant in

phosphate fertilizers

Chromium Chromium is used in steel and other alloy production. Chromium III and chromium VI are used in chrome plating, the

manufacture of dyes and pigments, leather tanning, and wood preserving
Lead Used primarily in the production of batteries, ammunition, metal products such as solder and pipers and devices to shield X-

rays. Lead is also found in gasoline, paints, ceramic products, caulking, and pipe solder, but has been reduced dramatically

in many countries
Nickel Used primarily as an alloy in stainless steel. Also used in nickel plating and battery production

Metalworking

fluids and

mineral oils

Straight oils, soluble oils, synthetic

and semi-synthetic fluids

Used in a variety of industries including metal machining, print press operating, and cotton and jute spinning

Natural fibers Asbestos An inorganic naturally occurring fibrous silicate particle used primarily in acoustical and thermal insulation. Asbestos fibers can

be divided into two groups: chrysotile (most widely used) and amphibole, which includes amosite, crocidolite, anthophyllite,

actinolite, and tremolite fibers

Silica An inorganic particle used in foundries, brickmaking, and sandblasting
Pesticides Herbicides, fungicides, and

insecticides

Used for preventing, destroying, repelling, or mitigating any pest or as a plant regulator, defoliant, or desiccant. The majority of

pesticides as registered with the U.S. EPA are used in agricultural applications, although residential application is also an

important source
Petrochemicals

and combustion

products

Petroleum products, motor

vehicle exhaust (including

diesel), polycyclic aromatic

hydrocarbons (PAHs), soot, and
dioxins

Petrochemicals are derived from natural gas or petroleum and used to produce a variety of other chemicals and materials,

including pesticides, plastics, medicines, and dyes. Substances can be produced as the building blocks for other products,

but mainly result from the incomplete combustion of coal, oil, gasoline, diesel fuel, household waste, tobacco, and other

organic substances. Dioxins are the byproducts of combustion processes containing chlorine and carbon-based chemicals
such as PVC plastics. Dioxins are also created during the chlorine-bleaching processes for whitening paper and wood pulp

Radiation Ionizing radiation Any one of several types of particles and rays given off by radioactive material, high-voltage equipment, nuclear reactions, and

stars. Alpha and beta particles, X-rays, and gamma rays are radiation particles of concern to human health

Non-ionizing radiation Microwaves and electro-magnetic frequencies, including radio waves and extremely low-frequency electric and magnetic
fields. Cellular and mobile cordless telephones emit radiofrequencies in the microwave region of the electromagnetic

spectrum. Radio frequencies at 300 MHz are created by radio, television, wireless telephony, emergency communications,

and radar, among other sources. Extremely low-frequency electromagnetic fields are emitted during the transmission and

distribution of electrical power in the 60MHz region

Continued
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Table 1 Continued

Category Carcinogenic agent Source/uses

Reactive
chemicals

Butadiene Used in the production of polymers for the manufacture of styrene-butadiene rubber for tires, nitrile rubber for hoses, gaskets,
adhesives, and footwear; acrylonitrile-butadiene-styrene polymers for parts, pipes, and various appliances; and styrene-

butadiene latexes for paints and carpet backing. Also a key mobile source pollutant in outdoor air

Ethylene oxide Used as a sterilant, disinfectant, and pesticide. It is also used as a raw ingredient in making resins, films, and antifreeze

Formaldehyde Used primarily in the production of urea, phenol, or melamine resins for molded products such a appliances, electric controls,
and telephones, in particle-board and plywood and in surface coatings

Mustard gas Produced and used primarily in World War I as a chemical warfare agent

Sulfuric acid Used widely for the production of isopropanol, ethanol, treatment of metals, and the manufacture of soaps, detergents, and
batteries

Vinyl chloride Used in polyvinyl resins for the production of plastic pipes, floor coverings, and in electrical and transportation applications

Solvents Benzene Used as an intermediate in the production of plastics, resins, and some synthetic and nylon fibers. Also used to make some

types of rubbers, lubricants, dyes, detergents, drugs, and pesticides. Is also found in crude oil, gasoline, cigarette smoke,
and outdoor air

Carbon tetrachloride Used primarily in various industrial applications. Before being banned, was also used in the production of refrigeration fluid and

propellants for aerosol cans, as a pesticide, as a cleaning fluid and degreasing agent, in fire extinguishers, and in spot

removers
Methylene chloride Used primarily as a solvent in a variety of industrial applications and in paint strippers. It may also be found in some aerosol and

pesticide products and in the production of photographic film

Styrene Used in the production of rubber, plastic, insulation, fiberglass, pipes, automobile parts, food containers, and carpet backing
Toluene Used in the production of paints, paint thinners, fingernail polish, lacquers, adhesives, and rubber. Also used in some printing

and leather tanning processes

Trichloroethylene (TCE) Used mainly for degreasing metal parts. Previously used as a dry cleaning agent. TCE may be found in printing inks, varnishes,

adhesives, paints, and lacquers. Important contaminant in the general environment as a result of emissions and leakage from
industrial settings

Tetrachloroethylene (PCE) Used to degrease metal parts and as a solvent in a variety of industrial applications. Since 1930s used by an increasingly large

percentage of U.S. dry-cleaning operations

Xylene(s) Used as a cleaning agent, a thinner for paint, and in paint and varnishes. Used in printing, rubber and leather industries and
found in small amounts in gasoline, airplane fuel, and in outdoor air

Other Creosotes Includes coal tar and coal tar pitch formed by high-temperature treatment of wood, coal, or from the resin of the creosote bush.

Wood creosote was historically used as a disinfectant, laxative, and cough treatment. Coal tar products are used inmedicine,

animal and bird repellents, and pesticides. Coal tar creosote is widely used as a wood preservative. Coal tar and coal tar
pitch are used in roofing, road paving, aluminum smelting, and coking

Endocrine disruptors A number of chemicals capable of mimicking the body’s natural hormones. See: http://www.ourstolenfuture.org/Basics/

chemlist.htm
Nitrates Inorganic chemicals used heavily as agricultural fertilizers

Nitrosamines and N-nitroso

compounds

A class of chemicals that forms when amines and nitrosating agents chemically react and are found in the rubber, metal, and

pesticide industries, and in cosmetics and foods such as fried bacon and cured meets

Polychlorinated biphenyls (PCBs) Used as coolants and lubricants in transformers, capacitors, and other electrical equipment. PCBs were banned in the U.S. in
1977
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Table 2 Evidence linking environmental and occupational exposures with cancer

Causal evidence regarding involuntary environmental or occupational exposures

Cancer type Strong Suspected

Bladder Aromatic amines; arsenic; coal tars; metalworking

fluids; mineral oils

Chlorination byproducts; ionizing radiation; PAHs;

tetrachloroethylene

Brain and other central

nervous system

Ionizing radiation Arsenic; benzene; lead; mercury; methylene

chloride; non-ionizing radiation (extremely low
electro-magnetic frequency, microwaves and

radio frequency waves); N-nitroso compounds;

pesticides; toluene; xylene
Breast Endocrine disruptors (DES); ionizing radiation Endocrine disruptors; environmental tobacco

smoke; dioxin; ethylene oxide; non-ionizing

radiation; PAHs; phthalates; PBCs; pesticides

(including DDT/DDE, hexachlorobenzene,
lindane, heptachlor breakdown products and

triazine herbicides); solvents

Kidney Coke oven emissions Arsenic; benzene; cadmium; lead; trichloroethylene;

tetrachloroethylene; pesticides
Leukemia Benzene; ethylene oxide; ionizing radiation Carbon disulfide; carbon tetrachloride; butadiene;

DDT; non-ionizing radiation (including electro-

magnetic frequencies and radio frequencies);
methyl bromide; phosphine; trichloroethylene;

unspecified pesticides

Liver and biliary tract Ionizing radiation; trichloroethylene; PCBs; vinyl

chloride

Arsenic; methylene chloride; unspecified organic

solvents
Lung cancer Air pollution (indoor and outdoor); arsenic; asbestos;

beryllium; cadmium, chromium; chloromethyl

ethers; coal tar and pitches; diesel exhaust;

environmental tobacco smoke; ionizing radiation
(including radon); nickel; mustard gas; PAHs;

silica; soot; wood dust

Benzene; lead; pesticides; sulfuric acid; toluene

Mesothelioma Asbestos

Multiple myeloma Benzene; ionizing radiation Dioxin; hair dyes; pesticides; 1,1,1-trichloroethane
Non-Hodgkin’s

lymphoma

Benzene; dioxin Carbon disulfide; chlorophenols; ethylene

dibromide; hair dyes; organophosphate

insecticides; methyl bromide; PCBs; phenoxy
acid herbicides; phosphine; styrene;

trichloroethylene; tetrachloroethylene

Prostate Aromatic amines; arsenic; cadmium; dioxins;

endocrine disruptors; metal working fluids; PAHs;
unspecified pesticides

Soft tissue sarcoma Dioxin; ionizing radiation; vinyl chloride Arsenic; chlorophenols; DDT; phenoxyacetic acid

herbicides; unspecified pesticides

Skin Arsenic; coal tars; creosotes; ionizing radiation;
metalworking fluids; mineral oils; PAHs

Thyroid Ionizing radiation
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of cadmium; however, further confirmation of this asso-
ciation is needed. Several volatile chemicals have been
linked with bladder cancer. Evidence from multiple stud-
ies examining chlorination by-products has consistently
found elevated risk of bladder cancer, especially among
populations with long-term exposure to chlorinated
water. Risk of bladder cancer from exposure to solvents
is also suspected, particularly for the solvent tetrachloro-
ethylene (PCE), as documented in studies of dry cleaning
workers.

Aromatic amines (arylamines), including 2-naphthyl-
amine (b-naphthylamine), benzidine, 4-aminobiphenyl,
and chlornaphazine (a derivative of 2-naphthylamine
previously used in the treatment of polycythemia), as
well as the manufacturing of auramine and magenta dye,
are well-established causes of bladder cancer and one of
the first carcinogens to be associated with an occupational
exposure. Studies of several other aromatic amines,
including O-toluidine and aniline, have demonstrated
elevated risks associated with bladder cancer. Strong evi-
dence demonstrates that workers in the rubber industry
are at elevated risk for bladder cancer. Elevated risk of
bladder cancer has also been observed among occupations
exposed to hair dyes.

A number of epidemiologic studies have documented
an increased risk of bladder cancer among workers



Table 3 Substances and mixtures that have been evaluated by IARC as definite (group1) human carcinogens and that are occupational exposures

Substance or mixture
Occupation or industry in which the
substance is founda

IARC
Monograph
volume (year)b

Human
evidencec

Animal
evidencec Site(s)

Physical agents
Ionizing radiation and sources thereof,
including, notably, X rays. gamma

rays, neutrons, and radon gas

Radiologists; technologists; nuclear workers; radium-dial
painters; underground miners; plutonium workers; cleanup

workers following nuclear accidents; aircraft crew

Vol. 75 (2000a)
Vol. 78 (2001a)

Sufficient Sufficient Boned

Leukemiad

Lungd

Liverd

Thyroidd

Othersd

Solar radiation Outdoor workers Vol. 55 (1992b) Sufficient Sufficient Melanomad

Skind

Respirable dusts and fibers
Asbestos Mining and milling; by-product manufacture; insulating; shipyard

workers; sheet metal workers; asbestos cement industry

SuppI. 7 (1987) Sufficient Sufficient Lungd

Mesotheliomad

Larynxe

GI tracte

Erionite Waste treatment; sewage; agricultural waste; air pollution control

systems; cement aggregates; building materials

Suppl. 7 (1987) Sufficient Sufficient Mesotheliomad

Silica, crystalline Granite and stone industries; ceramics. glass, and related
industries: foundries and metallurgical industries: abrasives;

construction; farming

Vol. 68 (1997b) Sufficient Sufficient Lungd

Talc containing asbestiform fibers Manufacture of pottery, paper paint, and cosmetics Suppl. 7 (1987) Sufficient Inadequate Lungd

Mesotheliomad

Wood dust Logging and sawmill Workers; pulp and paper and paperboard

industry: woodworking trades (e.g. furniture industries,

cabinetmaking, carpentry and construction), used as filler in
plastic and linoleum production

Vol. 62 (1995b) Sufficient Inadequate Nasal cavities and

paranasal sinusesd

Metals and metal compounds
Arsenic and arsenic compounds Nonferrous metal smelting, production, packaging, and use of

arsenic-containing pesticides, sheep dip manufacture; wool
fiber production; mining of ores containing arsenic

Suppl. 7 (1987) Sufficient Limited Skind

Lungd

Liver (angiosarcoma)e

Beryllium Beryllium extraction and processing; aircraft and aerospace

industries; electronics and nuclear industries; jewelers

Vol. 58 (1993a) Sufficient Sufficient Lungd

Cadmium and cadmium compounds Cadmium-smelter workers, battery production workers;
cadmium-copper alloy workers, dyes and pigments production;

electroplating processes

Vol. 49 (1990a) Sufficient Sufficient Lungd
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Chromium compounds, hexavalent Chromate production plants; dyes and pigments; plating and
engraving: chromium ferro-alloy production; stainless-steel

welding; in wood preservatives; leather tanning; water

treatment; inks; photography: lithography: drilling muds;

synthetic perfumes; pyrotechnics; corrosion resistance

Vol. 49 (1990a) Sufficient Sufficient Lungd

Nasal sinusese

Selected nickel compounds, including

combinations of nickel oxides and

sulfides in the nickel refining industry

Nickel refining and smelting; welding Vol. 49 (1990a) Sufficient Sufficient Lungd

Nasal cavity and sinusesd

Wood and fossil fuels and their
by products

Benzene Production; solvents in the shoe production industry, chemical,

pharmaceutical, and rubber industries, printing industry

(rotogravure plants, bindery departments); gasoline additive

Suppl. 7 (1987) Sufficient Limited Leukemiad

Coal tars and pitches Production of refined chemicals and coal tar products (patent

fuel); coke production; coal gasification; aluminum production;

foundries; road paving and construction (roofers and slaters)

Suppl. 7 (1987) Sufficient Sufficient Skind

Lunge

Bladdere

Mineral oils, untreated and mildly

treated

Production; used as lubricant by metal workers, machinists,

engineers; printing industry (ink formulation); used in cosmetics;

medicinal and pharmaceutical preparations

Suppl. 7 (1987) Sufficient Inadequate Skind

Bladdere

Lunge

Nasal sinusese

Shale oils or shale-derived lubricants Mining and processing; used as fuels or chemical plant

feedstocks; lubricant in cotton textile industry

Suppl. 7 (1987) Sufficient Sufficient Skind

Soots Chimney sweeps; heating-unit service personnel; brick masons

and helpers; building demolition workers; insulators;
firefighters; metallurgical workers; work involving burning of

organic materials

Vol. 35 (1985) Sufficient Inadequate Skind

Lungd

Esophaguse

Monomers
Vinyl chloride Production; production of polyvinyl chloride and co-polymers;

refrigerant before 1974; extraction solvent; in aerosol

propellants

Suppl. 7 (1987) Sufficient Sufficient Liver (angiosarcoma)d

Liver (hepatocellular)e

Intermediates in plastics and rubber
manufacturing

Bis(chloromethyl) ether and

chloromethyl methyl ether (technical

grade)

Production; chemical intermediate; alklating agent; laboratory

reagent; plastic manufacturing; ion-exchange resins and

polymers

Suppl. 7 (1987) Sufficient Sufficient Lung (oat cell)d

Aromatic amine dyes
4-Aminobiphenyl Production; dyestuffs and pigment manufacture Suppl. 7 (1987) Sufficient Sufficient Bladderd

Benzidine Production; dyestuffs and pigment manufacture Suppl. 7 (1987) Sufficient Sufficient Bladderd

2-Naphthylamine Production; dyestuffs and pigment manufacture Suppl. 7 (1987) Sufficient Sufficient Bladderd

Pesticides
Ethylene oxide Production; chemical industry; sterilizing agent; (hospitals, spice

fumigation)

Vol. 60 (1994) Limited Sufficient Leukemiad
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Table 3 Continued

Substance or mixture
Occupation or industry in which the
substance is founda

IARC
Monograph
volume (year)b

Human
evidencec

Animal
evidencec Site(s)

2,3,7,8-Tetrachlorodibenzo-para-
dioxin (TCDD)

Production; use of chlorophenols and chlorophenoxy herbicides;
waste incineration; PCB production; pulp and paper bleaching

Vol. 69 (1997a) Limited Sufficient All sites combinedd

Lunge

Non-Hodgkin lymphomae

Sarcomae

Others
Aflatoxin Feed production industry; workers loading and unloading cargo;

rice and maize processing

Vol. 82 (2002b) Sufficient Sufficient Liverd

Involuntary (passive) smoking Workers in bars and restaurants; office workers Vol. 83 (2004) Sufficient Sufficient Lungd

Mustard gas Production; used in research laboratories; military personnel Suppl. 7 (1987) Sufficient Limited Larynxd

Lunge

Pharynxe

Strong inorganic-acid mists containing
sulfuric acid

Pickling operations; steel industry; petrochemical industry;
phosphate acid fertilizer manufacturing

Vol. 54 (1992a) Sufficient Not available Larynxd

Lunge

Source: Siemiatycki J, Richardson L, Straif K, et al. (2004) Listing occupational carcinogens. Environmental Health Perspectives 112(15): 1447–1459.
aNot necessarily an exhaustive list of occupations/industries in which this agent is found; not all workers in these occupations/industries are exposed. The term ‘production’ is used to

indicate that this substance is man-made and that workers may be exposed in the production process.
bMost recent IARC evaluation; for those referenced to Supplement 7 (IARC 1987), it is possible that the 1987 review was quite perfunctory and that the essential evidence was cumulated at

an earlier date.
cAs judged by the IARC working group; we added the notation ‘not available’ to signify those substances for which there was no evidence at all.
dWe judged that evidence for an association with this site was strong.
eWe judged that evidence was suggestive.
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Table 4 Definite or probable occupational carcinogens and carcinogenic circumstances, by site

Site Strength of evidencea High-risk substance or circumstance

Pharynx and nasopharynx Suggestive Mustard gas; formaldehyde
Nasal cavities and paranasal sinuses Strong Boot and shoe manufacture and repair, furniture and cabinet

making; isopropanol manufacture, strong acid process;

selected nickel compounds, including combinations of nickel

oxides and sulfides in the nickel-refining industry; wood dust
Suggestive Chromium compounds, hexavalent; formaldehyde; mineral

oils, untreated and mildly treated

Esophagus Suggestive Soots; tetrachloroethylene

Stomach Suggestive Soots; tetrachloroethylene
Gastrointestinal tract Suggestive Asbestos

Liver and biliary tract Strong Aflatoxin; ionizing radiation

Suggestive Polychlorinated biphenyls; trichloroethylene
Liver (angiosarcoma) Strong Vinyl chloride

Suggestive Arsenic and arsenic compounds

Liver (hepatocellular) Suggestive Vinyl chloride

Pancreas Suggestive Acrylamide
Larynx Strong Isopropanol manufacture, strong acid process; inorganic acid

mists containing sulfuric acid; mustard gas

Suggestive Asbestos; rubber industry

Lung Strong Aluminum production; arsenic and arsenic compounds;
asbestos; beryllium; cadmium and cadmium compounds;

chromium compounds, hexavalent; coal gasification; coke

production; hematite mining, underground, with radon
exposure; involuntary (passive) smoking; ionizing radiation;

iron and steel founding; selected nickel compounds,

including combinations of nickel oxides and sulfides in the

nickel refining industry; painters; silica, crystalline; soots; talc
containing asbestiform fibers

Suggestive Benz[a]anthracene; benzo[a]pyrene; a-chlorinated toluenes;

coal tars and pitches; dibenz[a,h]anthracene; diesel engine

exhaust; epichlorohydrin; hairdressers and barbers;
inorganic acid mists containing sulfuric acid; isopropanol

manufacture (strong acid process); mineral oils (untreated

and mildly treated); nonarsenical insecticides; mustard gas;
production of art glass, glass containers, and pressed ware;

rubber industry; TCDD

Lung (oat cell) Strong Bis(chloromethyl) ether and chloromethyl ether (technical

grade)
Bone Strong Ionizing radiation

Melanoma Strong Solar radiation

Suggestive Ultraviolet radiation (A, B, and C) from artificial sources

Skin Strong Arsenic and arsenic compounds; coal tars and pitches; coal
gasification; coke production; dibenz[a,h]anthracene;

mineral oils, untreated and mildly treated; shale oils or

shale-derived lubricants; solar radiation; soots

Suggested Benz[a]anthracene; benzo[a]pyrene; creosotes
Mesothelioma Strong Asbestos; erionite; talc containing asbestiform fibers

CNS Suggestive Epichlorohydrin

Sarcoma Suggestive TCDD
Cervix Suggestive Tetrachlorethylene

Ovary Suggestive Hairdressers and barbers

Kidney Suggestive Coke production

Kidney (renal cell) Suggestive Trichloroethylene
Bladder Strong Aluminum production; 4-aminobiphenyl; auroamine

manufacture; benzidine; coal gasification; magenta

manufacture; 2-napthylamine; rubber industry

Suggestive Benz[a]anthracene; benzidine-based dyes; benzo[a]pyrene;
boot and shoe manufacture and repair; 4-chloro-ortho-

toluidine; coal tars and pitches; coke production; benz[a,h]

anthracene; diesel engine exhaust; hairdressers and
barbers; 4,4’-methylene bis(2-chloroaniline); mineral oils,

untreated and mildly treated; ortho-toluidine; painters;

petroleum refining

Continued
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Table 4 Continued

Site Strength of evidencea High-risk substance or circumstance

Brain Suggestive Nonarsenical insecticides; petroleum refining

Thyroid Strong Ionizing radiation

Non-Hodgkin lymphoma Suggestive Hairdressers and barbers; nonarsenical insecticides; TCDD;
tetrachloroethylene; trichloroethylene

Lympho-hematopoietic system Suggestive 1,3-butadiene

Multiple myeloma Suggestive Nonarsenical insecticides

Leukemia Strong Benzene; boot and shoe manufacture and repair; ethylene
oxide; ionizing radiation

Suggestive Formaldehyde; nonarsenical insecticides; petroleum refining;

rubber industry

Other sites Suggestive Ionizing radiationb

ALL sites combined Strong TCDDc

Source: Siemiatycki J, Richardson L, Straif K, et al. (2004) Listing occupational carcinogens. Environmental Health Perspectives;

112(15): 1447–1459.

CNS, central nervous system; TCDD, 2,3,7,8-tetrachlorodibenzo-para-dioxin.
aOur judgment of strength of evidence regarding each site.
bThere is suggestive evidence of an effect of ionizing radiation on several sites in addition to those shown here.
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exposed to petrochemicals and combustion products in
different industries, thus suggesting an association with
polycyclic aromatic hydrocarbons (PAHs), their nitro-
derivatives, and to diesel exhausts. An increase of bladder
cancer risk, although inconsistent, is also found among
industries with high exposure to PAHs from coal tars and
pitches. Studies of workers using metalworking fluids and
mineral oils offer strong evidence for an association with
bladder cancer. Recent reviews of studies of A-bomb
survivors have documented elevated risks of bladder
cancer associated with ionizing radiation. Other agents
possibly associated with bladder cancer are seen in occu-
pations entailing exposures to leather dusts, solvents other
than PCE, paints and inks, and coal tar and pitches.
Brain and Other Central Nervous System
Cancers

Cancer of the brain and the central nervous system (CNS)
is relatively rare in adults but is one of the most common
cancers in children.

Metals, primarily exposure to lead, have been weakly
supported as risk factors of brain cancer by several studies,
including a meta-analysis of eight studies of populations
with high occupational exposures to lead. Additional stud-
ies provide limited evidence for increased risk of brain or
CNS cancers and exposure to arsenic and mercury. Studies
have suggested an association between exposure to solvents
including benzene, toluene, xylene, and methylene chlo-
ride (particularly among women) and brain cancer. Studies
of fathers occupationally exposed to solvents as well as
paints and/or inks provide limited evidence for increased
risk of brain or CNS cancers among their children.

Ionizing radiation is a proven etiologic agent associated
with brain cancer based on evidence from therapeutic
radiation studies and children exposed to diagnostic
radiation in utero. The evidence regarding risk of brain
cancer from exposure to non-ionizing radiation from
extremely low-frequency electromagnetic fields is consid-
ered strongly suggestive, based on studies examining both
workers and children. However, paternal exposure to elec-
tromagnetic fields associated with elevations of childhood
nervous system cancers has also been suggested. Studies
are conflicting regarding the risk of brain cancer from
exposure to microwaves and radio frequencies, primarily
from cellular phone use, and exposure to radio and TV
transmitters and are limited by poor detail on actual expo-
sures, short follow-up periods, and a lack of consistency
regarding tumor grade and location.

Numerous studies have demonstrated that pesticide
exposure is associated with CNS and brain cancer among
children and adults. Studies generally found greater risks
among children associated with parental exposure to pes-
ticides prior to conception and during pregnancy than for
exposures experienced during childhood.

Multiple studies examining frequent maternal con-
sumption of cured meats during pregnancy indicate that
exposure to N-nitroso compounds increases the risk of
CNS tumors in children. Scientists have found some
evidence for increases of brain and CNS cancers among
women in various industries, including laboratories, rub-
ber, painting, plastics, metals, wool and textile spinning,
and petroleum refining.
Breast Cancer

Breast cancer is by far the most commonly diagnosed
cancer in women in industrialized countries.

The etiology of breast cancer may be among the most
complicated of all cancers given inherent, life-long
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exposures to multiple endogenous and exogenous factors.
Timing and dose are likely to have particular relevance to
the developing bodies of girls.

Ionizing radiation is the best and longest established
exogenous environmental cause of breast cancer based on
analyses of A-bomb survivors and medical radiation stud-
ies. Additional possible links to breast cancer have been
established for non-ionizing radiation from electromag-
netic fields (EMFs).

Endocrine disruptors (also known as xenoestrogens and
synthetic estrogens) mimic the actions of estrogens and are
found in many pesticides, fuels, plastics, detergents, and
prescription drugs. The tragic story of DES (diethylstilbes-
trol) has provided some of the most convincing evidence
that synthetic chemicals can act like hormones. Daughters
of womenwho took DES during pregnancy have more than
twice the breast cancer risk of women in their age brackets
who were not exposed to DES in utero.

Unspecified solvents have been linked to increased
breast cancer risk, particularly in occupational settings
such as electronics, semiconductor industries, metal fab-
rication, lumber, furniture production, printing, chemical,
and textile and clothing industries. Styrene, benzene, car-
bon tetrachloride, and formaldehyde are some of the
specific solvents suspected to increase breast cancer risk.

The research is not clear with regard to breast cancer
and pesticide exposure. Some studies have established
probable links with a number of pesticides, including
dichloro-diphenyl-trichloroethane/dichlorodiphenyldi-
chloroethylene (DDT/DDE), hexachlorobenzene (HCB),
hexachlorocyclohexane (lindane), heptachlor epoxide
(a breakdown product of the insecticide heptachlor), and
triazine herbicides (including atrazine). However, well-
designed cohort studies, such as the U.S. Agricultural
Health Study – whose preliminary results reveal signifi-
cantly increased risk of breast cancer among women
whose husbands used a variety of pesticides – will help
clarify such links.

The sum of the literature examining links between
breast cancer and polychlorinated biphenyls (PCBs) is
vast and inconclusive. However, a synthesis of this vast
literature noted that women with a polymorphism in the
CYP1A1 gene were at greater breast cancer risk when
exposed to PCBs.

Several lines of evidence suggest that environmental
tobacco smoke (ETS) – a complex mixture of nearly 5000
chemical compounds, 43 of which are known human or
animal carcinogens – is a likely cause of breast cancer
among pre-menopausal women. Combustion byproducts,
specifically PAHs, are one of the components of environ-
mental tobacco smoke. Among premenopausal women in
both occupational settings and the general environment,
PAHs are suspected to increase breast cancer risk. Con-
cern for the role of PAHs in breast cancer development
has more recently been extended to male breast cancer as
well. Other combustion byproducts such as dioxin are
suspected to increase breast cancer, as well as reactive
chemicals, including ethylene oxide.
Kidney Cancer

Cancer of the kidney and renal pelvis is less common than
bladder cancer, with which it shares some common risk
factors. Kidney cancer has been linked to exposure to
some metals, including arsenic, cadmium, and lead.
Although not considered conclusive, several studies of
arsenic exposure in drinking water in regions of South
America and Taiwan have documented excess mortality
from kidney cancer. Studies examining kidney cancer in
relation to lead exposure provide some evidence (albeit
weak) of a causal link.

Links have also been established with kidney cancer
and solvent exposure. A thorough review of over 80 pub-
lished papers and letters examining cancer epidemiology
associated with exposure to trichloroethylene (TCE)
found strong and consistent evidence of an increased
risk of kidney cancer, primarily based on studies that
assessed exposure using urinary biomarkers (Wartenberg
et al., 2000). The review similarly found some evidence to
suspect elevated rates of kidney cancer among laundry and
dry cleaning workers exposed to PCE. Increased kidney
cancer rates have also been observed among workers ex-
posed to gasoline, particularly those who distribute gasoline.

Several studies demonstrate an association with Wilm’s
tumor (a childhood cancer of the kidney) and exposure to
pesticides (Zahm and Ward, 1998). Paternal employment
as welder or mechanic has also been suggested as a risk
factor for Wilm’s tumor in children.
Leukemia

Leukemia has been relatively rare in adults but is the most
common cancer in children, and childhood leukemia rates
have been rising for the past few decades.

Workers exposed to organic solvents have shown sig-
nificantly elevated mortality from leukemia. Benzene is
etiologically related to the development of leukemia,
specifically acute non-lymphocytic leukemia. A large-
scale cohort study in China (a collaboration of the NCI
and the Chinese Academy of Preventive Medicine) has
linked benzene to other leukemia subtypes even at low
levels of exposure (Hayes et al., 2001). Evidence for an
association between childhood leukemia and paternal expo-
sure to solvents, including benzene, carbon tetrachloride,
and TCE, as well as to paints and pigments, is also quite
strong. Strong evidence demonstrates that employment in
the rubber industry entails an elevated risk for leukemia,
probably due to exposure to benzene, other solvents, and
reactive chemicals, such as 1,3-butadiene. There is strong
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evidence for increased risk of leukemia from exposure to
other reactive chemicals, such as ethylene oxide.

Exposure to ionizing radiation is a well-recognized
cause of leukemia. Prenatal exposure to diagnostic radi-
ography of mothers during pregnancy is an established
cause of childhood leukemia. The evidence is conflicting
regarding the risk of leukemia from exposure to non-
ionizing radiation, including electromagnetic frequencies
(EMFs). However, on balance, a precautionary approach
regarding exposure to EMFs is warranted, particularly for
childhood leukemia.

Substantial evidence indicates that exposure to pesti-
cides increases the risk of leukemia in both adults and
children. Over a dozen studies found elevated rates of
leukemia among children whose parents were occupation-
ally exposed to pesticides or who used pesticides in their
home or garden.Occupational studies of workers exposed to
pesticides consistently demonstrate increased risk and mor-
tality, and evidence regarding risk associated with specific
pesticides will be more firmly established as data emerge
from studies such as the U.S. Agricultural Health Study.
Liver and Biliary Cancer

The incidence of liver and biliary cancer is low in indus-
trialized nations, although it has been rising in recent
years. This cancer is one of the most common in the
developing nations of Africa and Asia. The major risk
factors for liver cancer in these countries are aflatoxin
and the hepatitis virus.

Liver cancer has been linked with exposure to metals,
primarily arsenic. Although not considered definitive,
several studies suggest that ingesting arsenic in drinking
water is associated with liver cancer.

Strong evidence supports significantly elevated mor-
tality from cancer of the liver and biliary tract among
workers exposed to organic solvents. Specific solvents,
including TCE and methylene chloride, are suspected
to increase the risk of developing liver and biliary cancers.

Exposure to ionizing radiation is a well-established
cause of liver cancer. Some evidence is offered for ele-
vated risk of liver cancer associated with reactive chemi-
cals. Vinyl chloride-exposed populations have an elevated
rate of mortality from angiosarcoma of the liver. An addi-
tional strong risk factor for liver cancer includes PCBs.
Lung Cancer

Lung cancer is the second most commonly diagnosed
cancer in much of the world, and it is usually fatal. Recent
trends in industrialized countries indicate a reduction in
male lung cancer incidence and mortality, and female
lung cancer may follow this pattern in coming years.

Exposure to a number of metals has been linked to
an increased risk of lung cancer. Strong evidence from
multiple studies has demonstrated increased risk of mor-
tality due to lung cancer from exposure to arsenic dusts.
Increased risk of lung cancer has also been observed
among workers involved in the manufacturing of arsenical
pesticides. Studies of arsenic contamination in drinking
water as a result of either natural or industrial contamina-
tion have consistently demonstrated increased risks for
lung cancer. Beryllium exposure among workers is con-
sidered an established cause, as is exposure to cadmium
and chromium (primarily hexavalent chromium salts),
based on evidence from occupational studies. Studies in
workers show that some nickel compounds (sparingly
soluble and soluble) are linked to lung cancer.

Exposure to ionizing radiation is a well-recognized
cause of lung cancer. In addition to studies of survivors
of the atomic bomb, radon-exposed miners and indivi-
duals exposed to radon in their homes have been consis-
tently linked to elevated risk of lung cancer.

Workers exposed to reactive chemicals have elevated
risk of lung cancer. Bis (chloromethyl) ether (BCME) and
chloromethyl methyl ether (CMME), used primarily in
the preparation of anion exchange resins, are established
occupational carcinogens of the lung. Exposure to mus-
tard gas is also a well-known cause of lung cancer. Sulfuric
acid is a suspected cause of lung cancer among exposed
workers.

Exposure to environmental tobacco smoke (ETS) is an
established cause of lung cancer based on numerous stud-
ies, although the number of cases caused by direct or
mainstream tobacco smoke is much greater.

Studies of varied designs and diverse settings have
repeatedly found rates of lung cancer associated with
outdoor air pollution, mainly from exposure to fossil
fuel vapors. Although examination of carcinogenic risks
from individual chemicals in air pollution is difficult,
there is a biological rationale for links to cancer from
numerous compounds including benzo[a]pyrene, ben-
zene, some metals, particles, and possibly ozone. Studies
in regions of China and other countries of indoor air
pollution from combustion sources used for heating and
cooking, as well as high levels of cooking oil vapors, have
identified these exposures as risk factors for lung cancer.

Substantial evidence examining both occupational and
residential exposure to petrochemicals and combustion
byproducts provides support for an association with lung
cancer. Exposure to PAHs has been repeatedly shown to
increase lung cancer risk. Suggestive evidence supports a
causal link between lung cancer and exposure to coal tar
and pitches, and strong evidence supports a link to soot.
Evidence from populations most highly exposed to dioxin
provides support for an increased risk of lung cancer.

Elevations of lung cancer have been observed in occu-
pational studies examining exposure to pesticides, notably
DDT, although these findings are somewhat inconsistent.
More recently, some evidence has emerged relating to an
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increased risk of lung cancer associated with the insecti-
cides chlorpyrifos and diazinon and the herbicides meto-
lachlor and pendimethalin, especially among pesticide
applicators. Several studies of printing workers exposed
to metalworking fluids based on mineral oil formulations
have found excess lung cancer. Strong evidence supports
an increased risk of lung cancer associated with exposure
to silica and natural fibers, including asbestos (all fiber
types) and other mineral fibers, although evidence is
conflicting for man-made fibers such as glass wool,
rock/slag wool, and ceramic fibers. Some evidence sup-
ports an excess risk of lung cancer in other specific indus-
tries, including the rubber industry.
Mesothelioma

Mesothelioma is a rare but extremely fatal cancer. Expo-
sure to the natural fiber asbestos (all fiber types) is an
established cause of mesothelioma of the pleura and
peritoneum.
Multiple Myeloma

Multiple myeloma is somewhat rarer than leukemia in
adults, and it shares many of the same occupational and
environmental risk factors with the hematopoietic and
lymphatic system malignancies.

Solvent (particularly benzene) and ionizing radiation
exposure has been linked to increased risk of multiple
myeloma. Exposure to various pesticides, including those
contaminated with dioxin, has been associated with multi-
ple myeloma in some studies. Limited evidence suggests an
elevated risk of multiple myeloma associated with personal
and occupational exposure to hair dyes.
Non-Hodgkin’s Lymphoma

Non-Hodgkin’s lymphoma (NHL) is the most common
cancer of the hematopoietic and lymphatic system.

Strong evidence supports an increased risk of NHL
following occupational exposure to organic solvents, par-
ticularly benzene exposure. Benzene is also suspected in
increases in NHL observed among children living near
railways, oil refineries, and petrochemical plants. There is
also support for increased risk of NHL following exposure
to TCE, PCE, and styrene.

Although the evidence is somewhat conflicting, multi-
ple studies have documented elevated risks of NHL among
agricultural and forestry workers exposed to pesticides. Of
studies that have examined specific pesticides, increased
risk and death from NHL have been associated with phe-
noxy acid herbicides, chlorophenols and organophosphor-
ous insecticides, carbon disulfide, phosphine, methyl
bromide, and ethylene dibromide. Limited evidence from
a number of studies of occupational exposures to DDTand
a case-control studyexamining adipose tissue levels of other
organochlorine pesticides (i.e., dieldrin, oxychlordane, hep-
tachlor) provides some support for increased risks of NHL.
Evidence from a few studies provides limited support for an
increased risk of childhood lymphoma (including both
Hodgkin’s lymphoma and NHL) associated with parental
occupational exposure to pesticides.

Substantial evidence links NHL with dioxin exposure,
although not all studies are in agreement. Several studies
have linked higher chlorinated congeners of PCBs in
adipose tissue with NHL, consistent with findings that
PCBs are immunotoxic substances. A review of the epi-
demiologic evidence regarding occupational and personal
exposure to hair dyes suggests that hair dye exposure can
produce a small elevation in NHL risk.
Prostate Cancer

Prostate cancer is by far the most commonly diagnosed
cancer in men and is the second leading cause of cancer
death in men. Studies of the extreme geographic varia-
tions in prostate cancer incidence around the globe (up to
30-fold) and changes in incidence or mortality among
migrants from developing to developed countries provide
the strongest evidence that diet and/or environmental
factors play a significant role in prostate cancer etiology.

Cooking red meat produces various aromatic amines,
many of which have proven to be carcinogens in animal
studies. One of the aromatic amines (2-amino-1-methyl-
6-phenylimidazol[4,5-b]pyridine) is known to cause inva-
sive prostate cancer in rats.

Metals, including cadmium and arsenic, have been
linked to prostate cancer. Studies also suggest increased
risk of prostate cancer associated with pesticide exposures,
notably herbicides. A number of occupational studies,
though not all, have shown an elevated risk of prostate
cancer incidence and/or mortality among farmers and
pesticide applicators. The findings of elevated risk for
the latter group are particularly significant.

Considerable evidence associates exposure to endocrine-
disrupting chemicals in the environment with prostate
cancer and suggests that the timing of the exposure is crit-
ical, especially in the cases of fetuses and developing boys.

Excess risks have also been found for exposure to
metalworking fluids, and liquid fuel combustion products,
dioxin, and other substances.
Soft Tissue Sarcomas (STS)

Soft tissue sarcomas (STS) (including heart) are rare
cancers of the muscle, fat, and connective tissue.

Evidence supporting a link between soft tissue sarco-
mas and metals is provided only in some studies suggesting
elevated rates of STS among patients treated with arseni-
cal medications. The reactive chemical vinyl chloride
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monomer is an established cause of angiosarcoma of
the liver. There is suggestive evidence of an association
between occupational arsenic exposure and angiosarcoma
of the liver. Exposure to ionizing radiation among radium
workers and patients receiving medical treatment is a
recognized cause of both bone and sinus sarcomas but is
less strongly recognized in association with STS.

Risk of STS has repeatedly been elevated in studies
examining exposure to pesticides among farmers, forestry
and horticultural workers, and pesticide applicators.

Strong evidence supports excess risk of STS associated
with exposure to dioxin. Limited evidence from one case-
control study suggests that fluoridated water could
increase risk of osteosarcoma.
Skin Cancer

Non-melanoma skin cancers (namely basal and squamous
cell) are by far the most commonly diagnosed cancers,
though they are rarely fatal. Melanoma of the skin is
relatively rare among Blacks, but among Whites, the inci-
dence rate has been increasing rapidly in many parts of
the world in recent years.

Ionizing radiation is a well-recognized cause of non-
melanoma skin cancer based on evidence from studies of
atomic bomb survivors and radiologists. Exposure to
ultraviolet radiation and sun exposure is a definitive
cause of all types of skin cancer including melanoma.

Metals such as inorganic arsenic are well recognized as
skin carcinogens. Studies examining medicinal uses of
arsenic, such as Fowler’s solution (potassium arsenic),
also demonstrated skin carcinogenicity. There is estab-
lished evidence that early formulations of metalworking
fluids and mineral oils used in cotton and jute spinning
and metal machining were carcinogenic to the skin and an
established cause of scrotal cancer among workers in the
textile and metalworking industries.

Exposure to creosotes used as wood preservatives is an
established cause of non-melanoma skin cancer in addi-
tion to exposure to PAHs and coal tars. In the 1950s,
researchers identified an increased incidence of scrotal
cancer among men working with cutting oils.

Among other specific occupations, limited evidence
supports an increased risk of skin cancer, particularly
melanoma, among workers in the petroleum industry
and fire-fighters.
Thyroid Cancer

Thyroid cancer incidence has increased in recent years,
although this rare cancer is seldom fatal. Survivors of the
atomic bomb, patients treated medically with radiation,
workers at nuclear facilities, and residents exposed to
radioactive fall-out are all part of the body of evidence
definitively linking exposure to ionizing radiation as a
cause of thyroid cancer. Recent evidence from studies of
the Chernobyl accident demonstrates strong concern for
increased risk of thyroid cancer among exposed children.
Conclusions

The scientific literature provides substantial evidence of
involuntary environmental and occupational causes of
cancer and fully justifies ongoing efforts to prevent carci-
nogenic exposures.

Even though tobacco smoke remains the single most
significant preventable cause of cancer, it has been linked
neither to the majority of cancers nor to many of the
cancers that have increased rapidly in recent decades,
including melanoma, lymphomas, testicular, brain, and
bone marrow cancers. The rise and fall of lung cancer has
tracked the rise and fall of the prevalence of smoking, with
expected, distinct time delays for men and for women.

If ethnicity were to play a significant role in determin-
ing cancer risk, then immigrants should retain the cancer
incidence rates of their country of origin. Yet immigrants
to a new land acquire the cancer rates of their new home
within one to two generations.

Elevated cancer rates follow additional patterns – the
disease is more common in cities, in farming states, near
hazardous waste sites, downwind of certain industrial activ-
ities, and around certain drinking-water wells. Patterns of
elevated cancer incidence and mortality have been linked
to areas of pesticide use, toxic work exposures, hazardous
waste incinerators, and other sources of pollution.

Farmers in industrialized nations die more often than
the rest of the population from multiple myeloma, mela-
noma, prostate cancer, Hodgkin’s lymphoma, leukemia,
and cancers of the lip and stomach. They have higher
rates of non-Hodgkin’s lymphoma and brain cancer.

A considerable portion of the evidence presented
above derives from occupational studies, in part because
the workplace can provide the structure that epidemio-
logic studies need. Unequal workplace exposures among
different populations provide further indications of the
ability of occupational exposures to cause harm.

In this article, we have briefly summarized the evidence
of some of the most compelling involuntary environmental
and occupational links to cancer. This summary does not
encompass the full body of scientific knowledge, including
the rapidly developing genetic and mechanistic under-
standings of how cancer arises. It is nevertheless clear that
there are substantial preventable exposures to occupational
and environmental carcinogens that justify ongoing efforts
to reduce their contribution to the cancer burden.

See also: Agricultural Health and Safety; Arsenic;

Asbestos; Bioaerosols; Cadmium; Cancer Epidemiology;

Human Exposure Science; Lead Hazards and Poisoning;

Outdoor Air Pollution: Sources, Atmospheric Transport,

and Human Health Effects; Pesticides.
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Introduction

Cardiovascular disease remains the leading cause of death
in most countries in the Western world and is predicted to
emerge as the leading cause of mortality worldwide over
the coming decades. Although significant reductions in
cardiovascular disease death have been achieved in
countries like Canada and the United States over the
last 40 years, unfavorable trends in the incidence of obe-
sity and diabetes foreshadow a worsening epidemic of
cardiovascular diseases in the years to come.

Risk factors for the development of coronary artery
disease include high blood pressure, lipid abnormalities,
smoking, diabetes, obesity, a sedentary lifestyle, and psy-
chosoci al f actor s su ch as perc eived str ess ( Yusuf et al.,
2004 ). Clini cal inter vention s su ch as lif estyle modifi cation
and pharmacological therapy can reduce the severity of
these risk factors and can delay or prevent the early onset
of coronary artery disease. Primary prevention is the
management of risk factors in patients who have not
developed symptoms of heart disease. Secondary preven-
tion aims to prevent or delay recurrent complications
and delay death in those who have known heart disease.
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Programs of cardiac rehabilitation have been found to
signifi cantly reduce total and cardiac mor tality ( Taylor
et al., 2004 ). In additi on to saving lives, cardi ac reha bili ta-
tion programs significantly improve cardiovascular risk
factors and may reduce the number of rehospitalizations
for cardiac disease as well as the need for invasive proce-
dures such as percutaneous coronary interventions or
coronary ar te ry bypass sur gery ( Belardin elli et al., 2001;
Sdringola et al., 2003; Ham brecht et al., 2004 ).

While the earliest cardiac rehabilitation programs
were solely exercise-based, current definitions of cardiac
rehabilitation are much more comprehensive. Contempo-
rary cardiac rehabilitation is defined as:

[t]he enhancement and maintenance of cardiovascular

health through individualized programs designed to

optimize physical, psychological, social, vocational,

and emotional status. This process includes the facili-

tation and delivery of secondary prevention through

risk factor identification and modification in an

effort to prevent disease progression and recurrence

of card iac events. (Canadian Association o f Cardi ac

Reha bili tation, 1 999)

http://database.healthandenvironment.org/


Table 1 Core elements of cardiac rehabilitation programs

. Patient referral process

. Patient assessment
. Risk stratification
. Exercise stress testing
. Risk factor assessment

. Lifestyle and risk factor modification

. Nutritional counseling

. Risk factor counseling and management
. Lipids
. Hypertension
. Smoking cessation
. Diabetes
. Psychosocial issues
. Weight management, particularly abdominal obesity
. Psychosocial management
. Physical activity counseling and exercise training

. Patient education programs
. Lifestyle adherence strategies
. Medication adherence strategies

. Outcomes assessment programs
. Health outcomes
. Educational outcomes
. Behavioral outcomes
. Service outcomes

. Continuous quality improvement programs

. Continuous professional development programs
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The Science of Cardiac Rehabilitation

At least a portion of the beneficial effects of cardiac
rehabilitation on the outcomes related to coronary artery
disease are attributable to the positive effects of exercise
training, such as: reductions in markers of inflammation,
reductions in blood clotting factors, improvements in
blood glucose levels, reductions in low-density lipopro-
tein (the so-called bad cholesterol), and reductions in
blood pressure (Booth et al., 2000; Maiorana et al., 2003;
Laufs et al., 2004; Laughlin, 2004). Taken together, these
beneficial effects of exercise promote a healthy vascular
endothelium.

Five meta-analyses of cardiac rehabilitation trials have
been conducted to date to establish the effectiveness of
this intervention. The most recent meta-analysis (Taylor
et al., 2004), and also the most extensive, included 19
exercise-only trials and 30 trials of comprehensive cardiac
rehabilitation. The results confirmed the previously
observed reductions in total and cardiac mortality
through participation in cardiac rehabilitation programs.
These mortality benefits were consistent across post-
myocardial infarction, post-revascularization, and chronic
angina patients and were similar to the reductions in
mortality seen in secondary prevention trials that focused
on pharmacological interventions. There were no differ-
ences in the outcomes between exercise-only and compre-
hensive cardiac rehabilitation programs. Since this meta-
analysis was completed, a number of additional trials of
cardiac rehabilitation have been published that have
demonstrated significant improvements in cardiovascular
risk factors, cardiovascular outcomes, and the benefits of
cardiac rehabilitation in populations over age 70.

Since contemporary cardiac rehabilitation programs
are more comprehensive than simply offering exercise
training, it may take more time to demonstrate their
benefits over and above the beneficial effects of exercise
training alone. The beneficial effects of comprehensive
cardiac rehabilitation may be attributed to improved
cardiovascular disease risk factor management and
improved patient adherence to lifestyle interventions
and prescribed medications. In 2003, Sdringola et al.
published the results of a trial of exercise, healthy diet,
and maximal medical therapy, i.e., contemporary com-
prehensive cardiac rehabilitation, compared to both
standard care and no intervention. After 5 years of
follow-up, the incidence of cardiovascular disease events
was 30.6% in the group that received no intervention,
20.3% in the standard care group, and 6.6% in the
comprehensive care group. Thus, both exercise therapy
and comprehensive, target-driven, risk factor reduction
therapy can have significant benefits on patient out-
comes, and the combination of the two is fully developed
and completely expressed within contemporary cardiac
rehabilitation programs.
The Core Elements of Cardiac
Rehabilitation

Comprehensive cardiac rehabilitation programs actively
engage in the provision of most, and frequently, all of the
core elements presented inTable 1. Cardiac rehabilitation
interventions are based on three fundamental patient self-
management tenets: (1) Know your vascular risk; (2) know
the treatment targets required to reduce or eliminate those
risks; and (3) know how to apply the appropriate lifestyle
interventions, pharmacological therapies, and behavioral
modifications required to achieve those treatment targets.
Thus, cardiac rehabilitation is a disease intervention
whose success is derived not only from the interventions
or therapies prescribed but equally from the process
of how those interventions or therapies are delivered
to patients. It is the systematic, deliberate, methodical,
target-driven, process portion of cardiac rehabilitation
that sets it apart from the usual care cardiac patients
receive outside of cardiac rehabilitation programs.

The following section describes briefly the core
elements presented in Table 1.
Patient Referral Process

Ideally all patients with symptomatic coronary artery dis-
ease should be referred for cardiac rehabilitation. This
goal is best achieved with patient care algorithms that
contain cardiac rehabilitation as part of the discharge
clinical path. Failing that, patients should be able to gain
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access to cardiac rehabilitation programs and services
through either family physician or specialist referrals.
Patient Assessment

Once referred, patients should undergo a standardized
intake assessment, performed by a physician skilled in
cardiovascular disorders. A focused history and physical
examination, with particular emphasis on cardiovascular
symptoms, exercise limitations, psychosocial problems,
and evidence of significant valvular heart disease or heart
failure are vital to this process.

Risk stratification of every cardiac rehabilitation patient
is critical if the degree of disease intervention is to be
matched to the degree of risk. The need tomatch the degree
of coronary artery disease intervention to the degree of
coronary artery disease risk is driven by both clinical and
economic factors. Clinically, the risk for future cardiac
events will determine to a great extent whether patients
need to have supervised, program-based exercise training
or program-associated, home-based exercise training. From
an economic perspective, the greatest cost-effectiveness of
interventions such as cardiac rehabilitationwill likely occur
in the highest-risk populations (Lowensteyn et al., 2000).
Lifestyle and Risk Factor Modification

Following the risk stratification process, cardiac rehabili-
tation programs should provide each patient with an
individualized exercise prescription, recommendations
for lifestyle modification (focusing specifically on those
risk factors relevant to each patient), and a risk factor
modification program that is usually a combination of
lifestyle and pharmacological interventions.
Nutritional Counseling

Currently, dietary recommendations for most patients in
cardiac rehabilitation include the following: less than 7%
of daily caloric intake derived from saturated fats, 10% of
calories from polyunsaturated fats, up to 20% of calories
from monounsaturated fats, and less than 200mg of
cholesterol per day. Dietary protein should make up
15% of the total daily energy, accompanied by more than
5 servings of fruits and vegetables and more than 6 servings
of whole grains respectively per day, including 10 to
25 g/day of viscous fiber. Lower sodium intake in conjunc-
tion with increased potassium and adequate calcium intake
is recommended. In keeping with the individualized nature
of cardiac rehabilitation prescriptions, dietary recommen-
dations may need to be tailored for individuals with specific
risk factors such as diabetes.
Risk Factor Counseling and Management

Initiating and maintaining positive behavior changes and
risk factor reduction is a major obstacle for many people.
Since behavior change is at the core of most cardiac
rehabilitation interventions, health-care professionals
working with cardiac patients should have basic knowl-
edge of relevant theories and practices such as social
cognitive theory (Bandura, 1997) and motivational inter-
viewing (Miller and Rollnick, 2002).

Cardiovascular risk factors

Nationally and internationally agreed-upon targets have
been published related to the medical treatment of car-
diovascular risk factors such as diabetes, high blood cho-
lesterol, and high blood pressure. Most persons with
documented coronary artery disease will require pharma-
cological interventions in conjunction with lifestyle mod-
ification to achieve these treatment targets. The target for
tobacco abuse of all kinds is complete cessation.

Weight management, particularly abdominal

obesity

Persons with abdominal obesity (waist circumference
� 94 cm in men and � 80 cm in women) are at increased
risk of future cardiac events; therefore, assessment and
treatment of abdominal obesity is integral to cardiac
rehabilitation. An intervention that combines cognitive
behavioral therapy with a moderate reduction in caloric
intake and increased physical activity carries the greatest
chance for success over the long term. The long-term
(months to years) goal is weight loss and not necessarily
a target body weight. Even relatively modest reductions
in weight, such as 10% of the baseline measurement,
can result in substantial improvements in cardiovascular
disease risk (Poirier and Després, 2003).

Physical activity counseling and exercise training
Physical inactivity is arguably the most important, and
seemingly the most prevalent, fundamental cause of ath-
erosclerotic vascular disease. With the ever-increasing
worldwide migration of populations from a rural, physi-
cally intense setting to an urban-based, physically inactive
environment, the recent reductions in the incidence of
vascular disease mortality are predicted to be reversed in
the next few decades (Booth et al., 2000). Physical inactiv-
ity worsens and potentiates the adverse effects of other
cardiovascular risk factors such as hypertension, diabetes,
and dyslipidemia. The scientific literature is now rich
with reports, trials, and meta-analyses identifying physi-
cal inactivity as one of the primary determinants of not
only vascular disease but also site-specific cancers, type
2 diabetes mellitus, osteoporosis, hypertension, dyslipide-
mia, obesity, and osteoarthritis. Previously sedentary indivi-
duals who choose to become physically active will still
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significantly reduce their risk of cardiovascular events com-
pared to thosewho chose to remain sedentary. Thus, whether
one has maintained a lifelong commitment to physical activ-
ity and a healthy lifestyle or one comes to this realization
later in life, there remains significant potential for benefit.

Cardiac rehabilitation specialists typically deal with pre-
viously sedentary populations. Research has shown that the
most promising approach to adoption of, and adherence to,
active lifestyles require activities that are enjoyable, allow
for social interaction, and continually reward participants
with positive feedback through improved symptom status,
progressive weight loss or weight maintenance, and an
overall improvement in quality of life. Thus, persons with
sedentary, exercise-adverse lifestyles should be encouraged
to participate in programs of physical activity that they find
rewarding, pleasurable, and sustainable. Those patients who
consistently increase their training intensities and exercise
at the highest prescribed activity levels may well obtain
the greatest benefits.

Psychosocial management

Depression and anxiety often complicate cardiovascular
events and cause distress in their own right. Depression
predicts mortality following MI, and even minor depressive
symptomatology appears to be a marker for risk (Frasure-
Smith et al., 1999). Furthermore, depression reduces partici-
pation in cardiac rehabilitation, thus depriving patients of an
effective secondary prevention treatment.

All cardiac rehabilitation patients should undergo
screening for current and past history of depression and
anxiety at the time of the intake assessment. Those indivi-
duals who initially screen positive for mild depression or
anxiety, without evidence of past depression, should be
screened again at 3 to 6months post-intake. Persistence of
mild symptomatology, or exacerbation, should result in
referral for assessment or treatment by a qualified profes-
sional such as a psychologist or psychiatrist. Individuals who
are moderately or severely depressed at intake, or have mild
depression combined with a past history of depression,
should also be referred to a psychologist or psychiatrist.

In addition to psychological assessments, a systematic
vocational assessment, including careful documentation of
both physical and psychological demands of the patient’s
work, should be performed in all patients referred for cardiac
rehabilitation. All patients should receive appropriate feed-
back from their care providers regarding their likelihood of
returning to their previous employment and the timelines
required to achieve their vocational and employment goals.
Patient Education Programs

Patient education programs that help patients to under-
stand cardiovascular disease and enhance lifestyle and
medication adherence are part of the core elements of
comprehensive cardiac rehabilitation programs.
Summary

Cardiac rehabilitation is a systematic model of chronic
vascular disease care inwhich proactive disease surveillance
is achieved through comprehensive, targeted cardiovascu-
lar risk factor management and behavior modification
strategies designed to improve long-term lifestyle and
pharmacological adherence. National and international
governmental and health-care organizations have recom-
mended that cardiac rehabilitation be an integral part of
the recovery process for people with known heart disease
and that the best way to deliver cardiac rehabilitation
is through comprehensive, multidisciplinary programs.
The breadth and depth of services required to success-
fully achieve these goals are beyond the resources of
family physicians and possibly most cardiovascular spe-
cialists. Thus, cardiac rehabilitation programs are crucial
to successful secondary prevention for cardiac patients.

There continue to be barriers to participation in car-
diac rehabilitation programs andwhile recent research has
begun to elucidate the factors associated with low referral
and poor uptake, research now needs to focus on interven-
tions to promote referral, uptake, and adherence, particu-
larly in previously marginalized groups such as women
and patients from high-risk ethnic groups. In all likelihood,
it is chronic diseasemanagement programs, such as cardiac
rehabilitation, that will produce the largest future returns
on health-care investment. Therefore, strategies to reduce
barriers and enhance self-maintenance of cardiac rehabil-
itation recommendations should be the focus of the next
wave of research in this cardiovascular specialty.

See also: Cardiovascular Disease: Overview and Trends;

Cholesterol and Lipids; Diet and Heart Disease; Genetic

Factors of Cardiovascular Diseases; Health Behavior and

Risk Factors; Health Inequalities; Physical Activity and

Health; Populations at Special Health Risk: The Elderly;

Populations at Special Health Risk: Women.
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Introduction

Of all the estimated 57million deaths in the world in 2002,
cardiovascular disease was the largest single cause, resulting
in 17 million deaths (World Health Organization, 2003).
With the proportion of all deaths in the world due to
cardiovascular disease predicted to increase (Figure 1),
attention is focusing on understanding how societies
across the spectrum of development come to experience
high rates of different cardiovascular diseases (Ta b l e 1 )
and how these effects may be mitigated. Cardiovascular
disease – particularly atherothrombotic cardiovascular dis-
ease – has been described as an indicator of a society’s
economic development (Kawachi and Marmot, 1998). Eco-
nomic development has resulted in widespread urbaniza-
tion that is associatedwith an increased uptake of sedentary
habits, tobacco use, and high-fat diets and this has resulted
in increased rates of coronary disease (Ta b l e 2 ) (Te l l n e s
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et al., 2005). This change in population behavior has con-
tributed to a shift in patterns of disease and mortality and is
described within the concept of the epidemiological transi-
tion, originally described by Omran in 1971 (Omran, 1971).
This models how the decline of infectious diseases from the
late nineteenth century – as a result of improved sanitation
an d p ub l ic h ea lt h m ea su re s s uch a s vac ci na ti on ( Szreter,
1999) – yielded the steep rise in life expectancy observed at
the start of the twentieth century, only to be followed by a
sharp increase in the prevalence of degenerative and
human-made diseases. This has been more recently elabo-
rated for cardiovascular diseases by Yusuf (Yusuf et al., 2001)
(Ta b l e 3 ) as a framework in which to under stand cardio-
vascular disease in its global context. Developing countries
undergoing urbanization are now facing the phenomenon
of the epidemiological transition (Yu s u f et al., 2001), result-
ing in cardiovascular diseases being a leading cause of
mortality in these countries (Fi gure 2 ).
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Figure 1 Global mortality from chronic diseases. Data from
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Table 1 The spectrum of atherothrombotic cardiovascular

disease (International Classification of Diseases (ICD-10) codes)

Diseases of the circulatory system (I00–I99)

I10–I15 Hypertensive diseases

I20–I25 Ischemic heart diseases

I60–I69 Cerebrovascular diseases
I70–I79 Diseases of arteries, arterioles and capillaries

From World Health Organization (2007) International Statistical

Classification of Diseases and Related Health Problems 10th

Revision Version for 2007. http://www.who.int/classifications/
apps/icd/icd10online/ (accessed January 2008).

Table 2 Risk factors for myocardial infarction

Older age
Male sex

Cigarette smoking

Higher blood pressure

Higher serum total/LDL cholesterol
Lower serum HDL cholesterol

Diabetes mellitus

Obesity

Physical inactivity
Family history of premature coronary heart disease

Ethnic characteristics

Social position
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However, such transitions are not inevitable or
straightforward. The epidemiological transition in devel-
oping countries is different from that previously experi-
enced by developed countries. There is commonly a
double burden with communicable disease and noncom-
municable disease at high rates and those that are afflicted
are not just the affluent but also those in lower-income
brackets (Reddy and Gupta, 2004; Ezzati et al., 2005b) with
deaths occurring at coexisting younger ages compared
with developed countries (Rodriguez et al., 2006). Cardio-
vascular diseases commonly disables before it kills, and
disability adjusted life years (DALYs) are increasing in
most developing regions of the world (Figure 3). This
has serious economic repercussions through its impact on
the health of the workforce (Murray, 1994). Nor is the
decline in mortality from cardiovascular disease, observed
in the United States, Australia, and Western Europe since
the 1960s (National Heart, Lung, and Blood Institute, 2002;
Peterson, 2004), observed throughout Europe: InRussia and
other former communist countries, there has been a sharp
increase in mortality from cardiovascular disease.

This article has three objectives. First, we seek to
describe the global burden of cardiovascular diseases
according to stages in the epidemiological transition. We
will examine regions in each stage and their particular
current public health issues. Second, we seek to outline
the causes for the wide variations in rates of cardiovascu-
lar disease between countries and over time. A broad
overview is given of the macroeconomic (distal) and to
some of the molecular (more proximal) causes. Third, we
seek to draw implications for national and international
public health policy and practice.
Disease Burden Across the
Epidemiological Transition

Stage 1–3: South Asia

The prevalence of coronary heart disease and risk factors
has increased sixfold in urban areas and doubled in
rural areas over the past four decades (Reddy, 1993).

http://www.who.int/classifications/apps/icd/icd10online/
http://www.who.int/classifications/apps/icd/icd10online/


Table 3 Modified model of the stages of epidemiological transition as it pertains to cardiovascular diseases

Stages of
development

Deaths from cardiovascular
disease, % of total deaths

Predominant cardiovascular diseases and risk
factors Regional examples

1. Age of pestilence

and famine

5–10 Rheumatic heart disease, infections, and nutritional

cardiomyopathies

Sub-Saharan Africa,

rural India, South

America

2. Age of receding
pandemics

10–35 As aboveþ hypertensive heart disease and
hemorrhagic strokes

China

3. Age of

degenerative and

human-made
diseases

35–65 All forms of strokes, ischemic heart disease at

young ages, increasing obesity, and diabetes

Urban India, former

socialist economies,

aboriginal
communities

4. Age of delayed

degenerative
diseases

<50 Stroke and ischemic heart disease at old age Western Europe, North

America, Australia,
New Zealand

5. Age of health

regression and

social upheaval

35–55 Re-emergence of deaths from rheumatic heart

disease, infections, increased alcoholism, and

violence; increase in ischemic and hypertensive
diseases in the young

Russia

From Yusuf S, Reddy S, Ounpuu S, and Anand S (2001) Global burden of cardiovascular diseases: Part I: General considerations, the

epidemiologic transition risk factors, and impact of urbanization. Circulation 104: 2746–2753.

Nigeria
34 427

USA
266 172

Russia
352 072

Brazil
77 760

Total number of deaths
ischaemic heart disease

Gall Peters “equal area” Projection map 

France
25 716

China
343 490

India
854 508

WHO global infobase (infobase.who.int)

Figure 2 Ischemic heart disease deaths in selected countries in 2002. From WHO Collaborating Centre for Surveillance of

Cardiovascular Diseases (2006) Global cardiovascular infobase. http://www.cvdinfobase.ca/who.htm (accessed January 2008).
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Deaths from coronary heart disease in India rose from
1.17million in 1990 to 1.59million in 2000 and are
expected to rise to 2.03million in 2010 (Ghaffar et al.,
2004). The age-standardized mortality rate for cardiovas-
cular diseases per 100 000 population in India is estimated
at 428.4 for 2003, the rate for the United States being 187.8
(World health Organization, 2006), while the prevalence
of type 2 diabetes is projected to increase from an esti-
mated 19�3million in 1995 to a projected 57.2million in
2025 (King et al., 1998; Zimmet et al., 2001).

Though coronary risk factors tend to be concentrated
in those of higher social classes (Singh et al., 2005), the
poor in India are increasingly affected. Higher levels
of tobacco consumption are associated with low levels of
education and income (Reddy and Gupta, 2004) and both
urban slums in Delhi and rural south India have high
prevalence of diabetes and dyslipidemia, not a pattern
predicted by the classic model of the epidemiological
transition (Misra et al., 2001). A study of the prevalence
of diabetes in rural India revealed a rate of 13.2%, 6.4% of
which were known and 6.8% were previously undiag-
nosed (Chow et al., 2006b). Prevalence of other cardio-
vascular risk factors such as smoking, high blood
pressure, and overweight are also high (Chow et al.,

http://www.cvdinfobase.ca/who.htm
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2006a). More than 70% of people in India still live in
rural settings and with persisting poor management
of infectious diseases, immunization coverage in 9- to
24-month-olds in Indian urban slums being still only
around 50% (Money and Mohan, 1999), India is begin-
ning to suffer from a double burden of both noncommu-
nicable and communicable diseases.

Stage 1: Sub-S aharan A frica

In Sub-Saharan Africa, cardiovascular disease is the
second-leading killer behind HIV/AIDS, accounting for
an estimated 9.2% of total deaths in 2001 (World Health
Organization, 2002). Hypertensive and rheumatic heart
diseases predominate over ischemic diseases. However,
there are early signs of an epidemiological transition
from urban–rural comparisons that reveal that inhabitants
of semi-urban areas have higher body weights, pulse rates,
and urinary sodium-potassium ratios, possible portents of
hypertension (Poulter et al ., 1985). Hypertension is more
prevalent in semi-urban populations than rural ones
(32.9% vs. 24.1%) (Cappuccio  et al ., 2004), while age-
specific mortality rates for stroke are higher than in rich
nations, measured at 65/100 000 in men aged 15–64 in
urban Tanzania from 1992 to 1995, as compared with the
1993 England and Wales rate of 10.8 (Walker et al., 2000).

However, it is estimated that between 12 and 65% of
cardiovascular hospital admissions are still as a result
of rheumatic heart disease (World Health Organization,
2001c). The intimate relationship between rheumatic
heart disease and socioeconomic status is well illustrated
in South Africa where incidence of rheumatic fever has
fallen in the white population but remains high in poor
Blacks (McLaren et al ., 1994), with modern tertiary care
facilities treating cardiovascular disease coexisting in cit-
ies with environments that foster rheumatic fever among
the poor (Marcus et al., 1994). Cardiomyopathies also
remain a significant burden for sub-Saharan Africa and
are a major cause of heart failure (Sliwa et al ., 2005).

There is now evidence to demonstrate an increasing
incidence and prevalence of diabetes mellitus in Africa,
rising from 1% in rural areas up to 5–7% in urban sub-
Saharan Africa, and between 8 and 13% in more devel-
oped areas such as South Africa and in populations of
Indian origin (Kengne et al ., 2005).

Stage 2–3 : China

Age-specific death rates from cardiovascular disease are
now approximately two-thirds of those in the United
States and are increasing in all ages, especially those of
working age (Woo and Donnan, 1989; Yach et al., 2004).
China’s population is aging (National Bureau of Statistics
of China, 2000), and increasing urbanization and greater
household ownership of motorized transportation are
associated with an increase in the prevalence of cardio-
vascular risk factors such as elevated blood pressure
(Wu et al., 1995) and obesity (Bureau of Statistics of the
People’s Republic of China, 2004; Bell et al ., 2002; Wu,
2006). Chinese national surveys on school children show
that the prevalence of overweight and obesity in children
aged 7–18 years increased 28 times and obesity increased
four times between 1985 and 2000 ( Figure 4 ). The preva-
lence of diabetes is increasing (Center for Health Statis-
tics and Information, 2004), and 7.3% of Chinese adults
have been reported to have impaired fasting glucose (Gu
et al ., 2003). Smoking rates are high in men at over 60%
(though rates remain low in women, at around 4%) (Yang
et al., 1999), equating to more than 300million men and
20millionwomenwho smoke.Cholesterol levels are greater
in residents living in the more urban north (He et al., 2004)

http://www.who.int/whosis
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and higher rates of increase of serum cholesterol in regions
are being seen with faster economic growth (Li et al., 2002).
In line with this finding, examination of coronary mortality
reveals higher rates in the more urbanized north of the
country compared to the south, supporting an epidemio-
logical transition (People’s Republic of China, United
States Cardiovascular and Cardiopulmonary Epidemiology
Research Group, 1992; Tao et al., 1989).

The stroke incidence rate for China is one of the
highest in the world (Cheng et al., 1995), leading to a
higher ratio of stroke deaths to ischemic heart disease
deaths, reflecting higher levels of elevated blood pressure
(Murray, 1996). A community-based study of 8268 first-
ever stroke events from ten populations using CTscans to
distinguish stroke type showed that ischemic stroke was
more frequent than haemorrhagica stroke in both rural
(from 55%) and urban areas (up to 76%) (Zhang et al.,
2003). Hemorrhagic stroke was more frequent in Chinese
than in Western populations, and thus these findings are
consistent with China lying between stages 1 and 3 of the
epidemiological transition.
Stage 2–3: Central and South America

With child mortality and death rates from communicable
diseases and injuries falling substantially in Central
and South America (Lopez et al., 2006), the population
is ageing (Departamento Administrativo Nacional de
Estadı́sticas, 2003a) and the prevalence of cardiovascular
risk factors is increasing, leading to an epidemic of car-
diovascular disease (Rodriguez et al., 2006). The number
of cases of diabetes in Latin America is estimated to rise to
39million in 2025 from 15million in 1995 (King et al.,
1998), though the region is large and heterogeneous, with
higher prevalence in more urbanized countries (Aschner,
2002). As well as between-country variation, there is a
considerable degree of within-country variation with high
internal migration (Schargrodsky et al., 1998) .The region
has become the most urbanized in the developing world,
with 75.3% of the population living in cities, similar to
Europe (74.8%) (United Nations Population Division,
2001). Marked income inequality and socioeconomic dif-
ferences are present in most cities of the region, and there
is increasing evidence that social stresses cause the urban
poor to smoke and drink more while still suffering from
diseases of the first stage of the epidemiological transition
(Stephens, 1996). This has led to the paradoxical coexis-
tence of 7.6% overnutrition and 30% undernutrition in a
population of children in shantytown Sao Paulo, Brazil
(Sawaya et al., 1995).
Stage 3: East Asia and the Pacific/Middle East
and North Africa

These areas comprise mostly middle-income counties in
rapid epidemiological transition. Increasing levels of
the cardiovascular risk factors, changing diets, and
increasing cardiovascular mortality are indicators that
many of these countries are passing from the age of
receding pandemics to the age of degenerative and
human-made diseases (Alwan, 1993; Suh, 2001; Musaiger,
2002; Cheng et al., 2005). The economic boom, particu-
larly in Southeast Asia in the 1990s, has been accom-
panied by improvements in health as a result of
improved nutrition and public health and greater access
to primary health care (Frankenberg, 1995). However,
increased economic development has resulted in an
explosion of smoking rates across the region, with 59%
of males estimated to smoke (World Health Organiza-
tion, 1997). Traditional Arab diets meanwhile, with their
high-fiber and low-fat content, have changed to a diet
containing more fat, free sugars, sodium, and cholesterol
(Musaiger, 2002).
Stage 4: Established Market Economies

The high-income countries of North America, Western
Europe, Japan, and Australasia have common behavioral
changes and medical advances that have reduced the
likelihood of people dying from cardiovascular disease
(Uemura and Pisa, 1988; Levi et al. 2002). This decline
in mortality can be explained by both the declining inci-
dence of myocardial infarction in the population and
the improved survival of patients with myocardial infarc-
tion. Improved survival from myocardial infarction has
been paralleled by increases in the use of thrombolytic
therapy, heparin, aspirin, and coronary angioplasty (Ford
et al., 2007). These countries thus represent the age of
delayed degenerative diseases. In the United States and
Canada, coronary heart disease mortality rates have
declined by around 60% since the 1960s, though it remains
the leading cause of death overall (Rodriguez et al., 2006)
(Figure 5), while in the UK, mortality has been falling
since its 1970s peak (British Heart Foundation, 2005).

The incidence and prevalence of all cardiovascular
disease increase with age and globally the percentage
of the population over the age of 65 is increasing
(United Nations Population Division, 2007). Thus, the
absolute number of people living with cardiovascular
disease is increasing (Kelly, 1997; Batchelor et al., 1999),
aided by improved survival following myocardial infarc-
tion (Rosamond et al., 2001). There have been significant
increases in some cardiovascular risk factors with increased
levels of physical inactivity and obesity (Mokdad et al., 2003)
and reports of increasing prevalence of hypertension in the
United States (Hajjar and Kotchen, 2003). Morbidity from
cardiovascular disease has also not fallen (Lampe et al. 2001;
Centers for Disease Control and Prevention, 2004b). The
prevalence of stable angina pectoris may not be decreasing
in line with declines in the incidence of myocardial infarc-
tion (McCormick, 1995; Murphy et al., 2004; Lampe et al.,
2005). The burden of heart failure is also projected to
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increase over the next 20 years due an increasingly older
population and improved survival of patients (Stewart et al.,
2003), as evidenced by an increase in the number of hospi-
talizations for heart failure, the number of deaths attributed
to heart failure, and the increasing costs associatedwith care
for heart failure that have been already observed in the
United States (Redfield, 2002). The cost of cardiovascular
disease remains greater than for any other disease category,
costing the European Union €169 billion in 2003 (Leal et al.,
2006) and it is likely that the burden of cardiovascular
disease will continue to affect these countries over the
next two decades. However, considerable between-country
and within-country heterogeneity exists, with mortality
from cardiovascular disease increasing west to east in
Europe (Figure 6) and mortality rates of stroke being
higher in southeastern United States in comparison to the
rest of the country, a pattern referred to as the Stroke Belt
(Borhani, 1965).
Japan
Although age-adjusted mortality rates for coronary heart
disease in Japan have followed similar secular trends to
other market economy nations, with an increase until the
1960s and a decrease since 1970 (Ministry of Health and
Welfare, 1995), Japan has had an order of magnitude lower
mortality rate from ischemic heart disease compared with
other developed countries (Keys et al., 1984) (Figure 7 )
and succeeded in eliminating diseases from the age of
pestilence and famine without contracting cardiovascular
risk factors (Howson et al., 1986). The low coronary heart
disease rate may reflect the low serum cholesterol related
to a diet low in saturated fat (Ueshima, 1990; Toshima,
1994), protective factors within the traditional diet
(Ueshima et al., 1982), or diagnostic customs (Yamashita
et al., 1997; Saito et al ., 2000). Smoking patterns in Japan
have not followed Western trends since a shortage of
tobacco during and after the World War II resulted in a
delayed epidemic of smoking in Japan (Wynder et al.,
1991), with rates rising sharply only from the 1960s, a
time in which most Western countries were experiencing
a fall in smoking rates (Ans Nicolaides Bouman, 1993).

However, the prevalence of cigarette smoking among
adult Japanese is currently the highest among developed
countries (World Health Organization, 1997), especially
in males (57.5% in 1996; cholesterol levels in Japan have
reached levels comparable to that of the United States)
(Ministry of Health and Welfare, 1993), having started to
rise in the 1980s (Okayama et al ., 1993) while diabetes
prevalence is increasing (Fujishima et al., 1996). Studies
in Japan have shown a strong relationship between hyper-
cholesterolemia and cardiovascular risk (Okamura et al.,
2003) and smoking and stroke (Ueshima et al., 2004),
suggesting that the risk factor–disease relationship is
comparable to other populations, with migrant studies
confirming this (Robertson et al., 1977). Prevalence of
hypertension has remained stable (Kubo et al ., 2003), yet
there has been a marked reduction in Japan’s previously
high stroke rates. This has been attributed to improved
case survival, better blood pressure control, and lower salt
intake (Morikawa et al., 2000; Kubo et al ., 2003). It is thus
unclear whether Japan’s westernizing behaviors will in-
crease coronary disease rates in the future or whether
public health measures such as the increasing smoking
awareness in Japan and medical interventions will avert an
epidemic of coronary disease.
Stage 5: Russi a and Eastern Eu rope

Cardiovascular mortality rates in Russia rose sharply in
the 1990s (Shkolnikov et al ., 1997), contrasting with the
reduction observed in Western Europe over the same
period (Bobak and Marmot, 1996) (Figu re 8 ). Epidemio-
logical investigation revealed simultaneous increases in
rates of death from diseases of the cardiovascular system
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as well and accidents/violence. The unique set of social
and economic changes after the fall of communism has
caused an unparalleled situation that did not fit with the
original stages of the epidemiological transition and has
been given a fifth stage, an age of health regression and
social upheaval (Leon et al., 1997; Yusuf et al., 2001). The
public health situation in Russia has thus been attributed
to a social stress and this has been associated with an
increase in alcohol consumption. It is proposed that
alcohol-induced cardiomyopathy and arrhythmias, rather
than ischemic cardiovascular disease, are the result of the
binge-drinking pattern of alcohol consumption common
in Russia (Bobak et al., 1999; McKee et al., 2001). Encour-
agingly, between 1994 and 1998 Russia experienced an
improvement in life expectancy that has almost succeeded
in reversing the declines in the early 1990s, and this
has coincided with a fall in the average consumption of
alcohol (Shkolnikov et al., 2001).

Similar trends in mortality have been paralleled in
other parts of the former Soviet Union and the former
socialist countries of Central and Eastern Europe (World
Health Organization Regional Office for Europe, 1996).
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However, while the sharp upward trends observed in
Russia can be accounted to sharp changes in social stres-
ses, there is an underlying slower rise in uptake of cardio-
vascular risk factors resulting in chronic cardiovascular
diseases. The prevalence of elevated systolic blood pres-
sure is higher in Eastern Europe, as is smoking prevalence
(Ginter, 1995), although cholesterol levels are low, as the
percentage of total dietary energy derived from fat is
lower in Eastern Europe (Watson, 2000). Hence, this
region can be placed at stages 2–3 in the epidemiological
transition, and these predictable changes with increasing
economic development are occurring in the region over
and beyond any short-term consequences of the social and
economic upheaval in these countries.
Ethnic Groups

With advancing economic development, market economy
countries attract migrants from poorer nations (Hollifield,
1992). However, the cardiovascular risk factors (Winkleby
et al., 1998; Sundquist and Li, 2006) and mortality
(McKeigue et al., 1989; Winkleby et al., 1998) of minority
groups are commonly worse than that of the majority
population.

African-Americans, compared with whites, have higher
prevalence of risk factors, particularly hypertension (Joint
National Committee on Prevention Detection, Evaluation,
and Treatment of High Blood Pressure, 1997), left ventric-
ular hypertrophy (Drazner et al., 2005), obesity (Flegal et al.,
2002), and diabetes (Brancati et al., 2000). African-
Americans have consistently higher rates of strokemortality
compared to Whites (Howard et al., 2001). Hypertension
in African-Americans occurs earlier in life, is more severe,
and is more often associated with hemorrhagic strokes
(Williams, 1991; Gillum, 1997; Flack et al., 2003). However,
the higher mean blood pressures and higher prevalence
of diabetes mellitus only explain about 50% of their excess
stroke risk (Kittner et al., 1990). The associations with
African ancestry and risk factors and stroke are broadly
consistent with that observed among Blacks in the UK
(Balarajan, 1996; Primatesta et al., 2000). However, the
pattern of coronary disease is more complex. Though
African-Americans have the highest overall coronary
mortality rate of any ethnic group in the United States
(Gillum, 1997), coronary mortality is lower for Jamaican,
other Caribbean, and West African men in the UK
(Harding et al., 2007). It is interesting to note that despite
similar HDL and LDL cholesterol values to those in
whites, population studies show that those of African
descent in the United States have lower coronary artery
calcification scores, after adjustment for risk factors
(Bild et al., 2005).

There is growing interest in optimizing medical ther-
apy in different ethnic groups as many drug metabolizing
polymorphisms show large interracial variation. Although
self-reported ethnicity, or outward appearance, is not a
genetically robust test, the Food and Drug Administration
in the United States recently gave approval for a heart
failure drug (BiDil) in self-identified Blacks (Goldstein
and Hirschhorn, 2004). Among a sample identified as
White from different localities of Rio Grande do Sul in
Brazil, mitochondrial DNA haplogroups suggested
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significant fractions of Native American (36%) and Afri-
can (16%) ancestry (Alves-Silva et al., 2000).

Globally, migrants from South Asia have also been
found to have higher rates of coronary heart disease
mortality than the indigenous population (Figure 9)
(McKeigueet al., 1989; Khoo et al., 1991; Wild and Mckei-
gue, 1997; Sheth et al., 1999). In England and Wales, the
death rate from coronary heart disease is not declining as
fast in South Asians as it is in the rest of the population.
From 1971 to 1991, the national average standardized
mortality ratios for ischemic heart disease fell by 29%
for men and by 17% for women, with shallower declines
observed in South Asians (20% for men and 7% for
women) (Wild and Mckeigue, 1997). Furthermore, the
1999 Health Survey for England (Joint Health Surveys
Unit, 1999), which focused specifically on the health of
ethnic groups, suggested that the prevalence of angina was
higher in Indian, Pakistani, and most notably Bangladeshi
men. They also have a higher prevalence of diabetes,
higher blood pressures, higher fasting and postglucose
serum insulin concentrations, higher plasma triglyc-
eride, and lower high-density lipoprotein (HDL) choles-
terol concentrations, with lower levels of risk factors
such as elevated blood pressure and hyperlipidemia
(McKeigue et al., 1989). Socioeconomic circumstances
of South Asians are often very different from those of
Whites. South Asians are more likely to live in areas
with increased social and economic deprivation
(Acheson, 1998). They have more depression, less social
support at work, less job control, more effort–reward
imbalance, and higher levels of hostility after adjusting
for age and sex (Hemingway et al., 2001). Among patients
undergoing coronary angiography for suspected cardiac
chest pain, South Asian patients are less likely than White
patients to undergo subsequent coronary revascularization,
taking into account clinical need and socioeconomic status,
irrespective of the fact that South Asians had more con-
sultations with a general practitioner in the year before
South Asia

Caribbean

West Africa

East Africa

All Ireland

Scotland

500 100

Figure 9 Ethnicity and risk of death from coronary disease by sex.

ratios. From British Heart Foundation (2007) British Heart Foundation
(accessed January 2008).
angiography and more severe angina and coronary artery
disease thanWhite patients (Feder et al., 2002). South Asians
are, however, composed of subgroups such as Indians,
Bangladeshis, and migrants to East and South Africa, and
the prevalence of risk factors for coronary disease varies
between the subgroups, Bangladeshi men having diabetes
and smoking rates of 26.6% and 38%, respectively, com-
pared to 15.2% and 18% in Indians (Bhopal et al., 1999).
Bangladeshis and Pakistanis in particular are experiencing
less favorable declines in mortality than their Indian coun-
terparts (Harding et al., 2007). Classical risk factors do not
fully explain the increased risk in South Asians (Hodge
et al., 1996; Anand et al., 2000; Forouhi et al., 2006), and there
remains a lack of cohort studies that include significant
numbers of South Asians, rendering the prediction of risk
in these groups difficult (Brindle et al., 2006).

Ethnic inequalities are not confined to immigrant
populations. Indigenous Australians die from cardiovascular
disease at twice the rate of other Australians (Australian
Institute of Health and Welfare, 2001b). In 2000, it was the
leading cause of death among Indigenous persons (28%
of Indigenous deaths), while in 1998–2000, the median
age at death from cardiovascular disease for Indigenous
males was 57 years compared with 78 years for the non-
Indigenous male population. Similarly, Maori men and
women are both 1.8 times more likely to die from coro-
nary heart disease than non-Maori males and the
coronary heart disease mortality rate for Maori aged
under 65 years is almost three times higher than that of
non-Maori in this age group (Hay, 2001).
Gender

Cardiovascular diseases are the most common cause of
death in both women and men living in countries in stage
4 of the epidemiological transition (Figure 10). The inci-
dence of acute myocardial infarction (MI) shows a uni-
versal male excess across countries with widely differing
150
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absolute rates of MI mortality (Kalin and Zumoff, 1990;
Barrett-Connor, 1997). Figure 11 shows that the same
pattern of male excess is not seen for angina pectoris.
Male sex is not associated with physician-defined angina
occurrence in either a small (146 cases in women) healthy
population study (Framingham) (Murabito et al., 1993), or
in a large (67 832 cases in women) study of primary care
patients (Hemingway et al., 2006). In a meta-analysis,
based on almost 25 000 angina cases in women and men
from 24 countries, women had a slightly higher preva-
lence of stable angina pectoris compared to men, with a
pooled sex ratio of 1.20. This finding was consistent across
countries with widely differing MI mortality rates, span-
ning four decades of study and four decades of participant
age. These findings suggest that, globally, symptoms of
heart disease represent an important burden in women as
well as men.
Etiological and Prognostic Factors

Social and Environmental Determinants

Societies that have moved beyond the pandemic stage of
the epidemiological transition tend to have high rates of

http://www.heartstats.org/homepage.asp
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cardiovascular disease. Whether such societies have
medium or high income per capita, they share an inverse
relation between social position and cardiovascular disease
risk. Across the social spectrum, those who are poor are at
greatest risk. Coronary heart disease rates are higher with
each step down the social strata, and Figure 12 shows that
this is a graded increase from highest (I) to lowest (V)
lower social class, and that this gradient has increased in
Great Britain from 1971 to 1991.
Social position and social structure

Attention was drawn to the inverse socioeconomic
gradient in coronary heart disease risk by a study in civil
servants, none of whom was in absolute poverty (Marmot
et al., 1978). A total of 17 500 men aged 40–64 years in
secure civil service employment experienced widely dif-
fering rates of coronary mortality according to their grade
of employment over 7.5 years of follow-up. Compared to
top administrative grades, relative risk of disease was 2.1 in
professional and executive grades, 3.2 in clerical grades,
and 4.0 in other grades (messenger, porter, etc). Conven-
tional cardiovascular risk factors explained only about
one-third of this social gradient. Furthermore, this social
class gradient is widening. By 1981, the gradient had
become considerably steeper so that the rate was almost
double in the lowest social class V (280/100 000 men)
compared to social class I (80/100 000 men). The inverse
gradient across the classes expanded further in 1991, both in
relative and absolute terms, with a rate among unskilled
manual workers (social class V) little different from 1971. In
contrast, the coronary heart disease rate among professional
workers was 60% lower than at the height of the epidemic.
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Neighborhood environment
Coronary heart disease incidence has been linked to area
deprivation in the United States (Diez Roux et al., 2004),
and death rates are almost twice as high in disadvantaged
compared with advantaged neighborhoods. Individual
measures of social position – income, education, and
occupation – accounted for about 40% of the area effect
on cardiovascular disease mortality, but the adjusted rates
remained about 50% higher in the deprived areas. As
individuals grow older, they tend to develop increasing
reliance on their locality, making journeys outside the
immediate area difficult. Food shopping, recreation, out-
door and social activities may thereby be restricted to
local substandard facilities, while housing and other
aspects of the physical environment may foster rational
anxieties about crime and road safety. Psychosocial fac-
tors may add to the vulnerability of older people in the
form of social isolation and limited formal and informal
social support (Stafford and McCarthy, 2006).
Physical environment

There is increasing concern that exposure to air pollution
contributes to the development of cardiovascular disease.
In a study of 65 893 postmenopausal women without
previous cardiovascular disease in 36 U.S. metropolitan
areas from 1994 to 1998, long-term exposure to increased
concentrations of fine particulate air pollution was asso-
ciated with an increased risk of first cardiovascular events
(Miller et al., 2007). Analyses of data from the World
Health Organization’s MONICA project have shown
that rates of coronary events increase during compara-
tively cold periods, especially in warm climates (Barnett
I II IIIN IIIM IV V

81 1991
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nary heart disease, Great Britain 1971–91. Rates are

ree national censuses. Social class I, higher professional,
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et al., 2005). Though the hazard ratios of such exposures
are small compared with the impact of established cardio-
vascular risk factors such as smoking, obesity, or high
blood pressure, they have the potential to affect a very
large number of people over an entire lifetime.
Psychosocial factors
Prospective data support a causal link for the contribution
of working conditions, depression, and other psychosocial
factors to risk of incident coronary heart disease (Kuper
et al., 2002; Belkic et al., 2004; Nicholson et al., 2006). Low
control, high demands, and low support at work (Theorell
and Floderus-Myrhed, 1977; Karasek et al., 1981), and an
effort–reward imbalance resulting in an employee consid-
ering he or she is exploited in the workplace are two
models of psychological work stress (Siegrist, 1996).
Other health-related aspects of work stress include job
insecurity (Ferrie et al., 2005) and organizational justice
(Kivimaki et al., 2004). The INTERHEART study, a
52-country case-control study of myocardial infarction,
revealed that stress at home and at work, financial stress,
stressful life events, low locus of control, and depression
Rosengren et al, Lancet 2004;364:953-62
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were associatedwith coronary heart disease risk (Rosengren
et al., 2004), accounting for 33% of the population’s attrib-
utable risk of myocardial infarction (Figure 13). Basic
science describes a number of plausible physiological
mechanisms that may translate chronic stress into increased
coronary risk (Brunner, 1997, 2002; Brunner and Marmot,
2006). Altered functioning of stress-related autonomic
and endocrine axes has been identified among men with
increased coronary heart disease risk (Brunner et al., 2002)
and low self-reported control at work (Hemingway et al.,
2005). Prospectively, chronic work stress increases the risks
of metabolic syndrome and obesity, in a dose–response
manner after adjustment for smoking, diet, and physical
activity levels (Chandola et al., 2006, Brunner et al., 2006).
Randomized trials aimed at reducing depression in people
with heart disease have to date not shown an effect on
lowering cardiovascular event rates (Writing Committee
for the ENRICHD Investigators, 2003).

Income inequality

Income inequality can be conceived in both material and
psychosocial terms (Molarius et al., 2000). The example of
adult rates of obesity illustrates these two complementary
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views. Ecological comparisons reveal that the prevalence
of obesity tends to be higher in countries with higher
income inequalities. Figure 14 shows that a correlation
between income inequality and female sex exists (r¼ 0.62,
p¼ 0.003) (Pickett et al., 2005). The influence of inequality
appears to involve an obesogenic environment of lower
levels of physical activity and the wider availability of
cheap, energy-dense foods that overcome normal appetite
controls (Hu et al., 2003; Prentice and Jebb, 2003; Schulze
et al., 2004). Lower-income consumers within rich nations
consume lower-quality diets than do higher-income con-
sumers, buying more lower-cost items with spending a
greater proportion of their food shopping on fats, sweets,
and alcohol (Wilde et al., 2000). Low social status may
increase anxiety, stress levels, and ability to exercise con-
trol over many domains in life, including health behaviors
(Marmot, 2004) such as eating.
Behavioral and biological determinants

Atherogenesis comprises a complex series of molecular
and cellular processes in the circulatory system, leading
ultimately to arterial thrombosis. The accumulation of
lipid transforms mononuclear leukocytes in the intima
of coronary arteries into foam cells, which form the
early atheromatous precursor, the fatty streak. Progres-
sion of the lesion depends on the interaction of behavioral
and biological factors (Libby, 2000). Early epidemiologi-
cal studies, led by the Framingham studies in the United
States identified some of these risk factors (Dawber, 1980).
The recent 52-county INTERHEART study concluded
that nine risk factors accounted for 90% of the population
attributable risk in men and 94% in women (Yusuf et al.,
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2004). These factors were smoking, apoB/apoA, high
blood pressure, diabetes, abdominal obesity, psychosocial
factors, fresh fruit and vegetables, alcohol, and physical
activity (Figure 15). The World Health Organization’s
Multinational Monitoring of Trends and Determinants
in Cardiovascular Disease (MONICA) Project, which
was initiated in the early 1980s to assess the trends in
cardiovascular disease, has monitored trends in events and
risk factors in 38 populations from 21 countries; changes
in these classic risk factors seem to have only partly
explained the variation in population trends in disease
(Kuulasmaa et al., 2000). Figure 16 shows that declines
in risk factor levels correlate with declining coronary
event rates in most populations. Most of the populations
are in the lower left quadrant of the scatter-plots, which
shows that in these populations, the event rates and the
risk factors are declining in tandem, with the exception of
body mass index and smoking in women.
Lipids and nutrition

Mean serum total cholesterol concentrations are higher in
developed countries, with average levels of 6mmol/l
compared to 3–3.5 in rural China (Law and Wald, 1994).
The 25-year follow-up of the Seven Countries Study
showed in men that across cultures, cholesterol was
linearly related to coronary heart disease mortality, and
the relative increase in coronary heart disease mortality
rates with a given cholesterol increase is the same
(Verschuren et al., 1995). A nutrition transition has
occurred among populations in high-income nations,
leading to higher energy intakes per person due to huge
increases in refined fat and sugar intake at the expense of
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complex carbohydrates. Furthermore, a greater propor-
tion of energy intake is now derived from added sugars
and fat (Figure 17) (Drewnowski, 2003).

However, the large difference in absolute coronary
heart disease mortality rates at a given cholesterol level
indicated that other factors, dietary and nondietary, are
involved. For example, high rates of coronary disease exist
in South Asians in the UK with relatively low total cho-
lesterol (McKeigue et al., 1989). A further paradox exists in
France, where the correlation between intake of saturated
fat and mortality from coronary heart disease observed
in most countries is weaker (Figure 18). This may be
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explained by the different pattern of alcohol consump-
tion, which is spread out over the week rather than con-
centrated at weekends, which results in lower blood
pressures (Renaud and de Lorgeril, 1992; Marques-Vidal
et al., 2001) as well as dietary factors such as the high
consumption of fruit and vegetables (Ferrieres, 2004).

Smoking

Cardiovascular disease, in particular ischemic heart dis-
ease, is the commonest cause of death attributable to
smoking (Doll et al., 1994). There were estimated to be
670 000 smoking-attributable cardiovascular deaths in the
developing world and 960 000 in industrialized regions in
2000 (Ezzati et al., 2005a). Tobacco use is one of the most
important causes of myocardial infarction globally, espe-
cially in men (Yusuf et al., 2004). All forms of tobacco
consumption are harmful and a close link is found
between amount of exposure and level of risk (Teo et al.,
2006). Rates of smoking have fallen dramatically in many
developed nations, yet rates in women remain high in
Southern and Eastern Europe (Tyczynski et al., 2004)
and are increasing for both sexes in many developing
countries. Four-fifths of the world’s 1.1 billion smokers
lived in low- or middle-income countries in 1995
(Jha et al., 2002), and with rates of smoking often double
that of developed countries (WHO Collaborating Centre
for Surveillance of Cardiovascular Diseases, 2006), it has
been suggested that global deaths attributed to tobacco
will rise from 6% of all deaths in 1990 to 12% in 2020, a
resulting 8.3million deaths (Murray, 1996). Many studies
have shown that in the poorest households, as much as
20% of total household expenditure is on tobacco, accent-
uating health inequalities (Haustein, 2006).

Blood pressure

As much as 26.4% of the world’s population have been
estimated to have elevated blood pressure, amounting
to 972million people (Kearney et al., 2005). Of these,
639million were in economically developing countries.
The mainstay of treatment remains pharmacological inter-
vention at cut-points of blood pressure. Dietary changes
(Appel et al., 1997), reduced alcohol (Xin et al., 2001), and
reduced weight (Stevens et al., 2001) lower blood pressure.
Epidemiological evidence suggests a continuous association
between blood pressure values (down to 115mmHg (sys-
tolic)) (Figure 19) and the risks of major cardiovascular
diseases (Prospective Studies, 2002), while most cardiovas-
cular events occur at normal blood pressures.

Diabetes

Diabetes mellitus is a major risk factor for the develop-
ment of cardiovascular diseases (Stamler et al., 1993).
Sedentary lifestyles, overly rich nutrition, and obesity
accompanying economic development have resulted in a
dramatic increase in the incidence of type II diabetes
worldwide (Amos et al., 1997; King et al., 1998; Mokdad
et al., 2003) (Figure 20). The number of diabetics is
estimated to be rise from the 124million in 1997 to
221million by the year 2010, with Asia and Africa experi-
encing the greatest potential increases. The prevalence
rates of type 2 diabetes in Korea, Indonesia, and Thailand
have increased threefold to fivefold during the past
30 years and the prevalence of type 2 diabetes in Asian
countries is currently similar to that in the United States
(Yoon et al., 2006). The diabetes epidemic has been most
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pronounced in non-Caucasian populations such as South
Asians (Ramachandran et al., 1997), Pacific and Indian
Ocean Islanders (Dowse, 1996), and Australian Aboriginals
(Daniel et al., 1999). The thrifty genotype hypothesis (Neel,
1962) is a potential explanation: An evolutionary advanta-
geous thrifty genotype that promoted fat deposition in
times of plenty to prepare for frequent periods of undernu-
trition has, with modern overnutrition, rendered this previ-
ously favorable metabolic profile into a handicap. Increased
weight strongly predicts onset of type II diabetes (Ford et al.,
1997). Diabetes is potentially preventable by implementa-
tion of dietary changes at the prediabetic stage of impaired
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glucose tolerance (Tuomilehto et al., 2001) and behavioral
modifications (Hu et al., 2001). With increasing levels of
obesity in the developing world (Martorell et al., 2000) and
the unavailability of insulin in these areas (Alberti, 1994),
the importance of early identification of those at highest
risk of developing diabetes and preventive strategies
through dietary changes has been raised. Higher body
mass index in healthy populations is associated with incre-
ased cardiovascular mortality largely through its effects on
blood pressure and lipids.

Life-course influences

Factors acting in early life are increasingly thought to
interact with factors acting in later life in the production
of cardiovascular disease in adulthood. Poor nutrition in
early life increased susceptibility to the effects of an affluent
diet in adulthood, showing that ischemic heart disease was
strongly correlated with both neonatal and postneonatal
mortality (Barker and Osmond, 1986). Impaired fetal
growth has been found to be associated with increased
death from stroke and coronary heart disease in adult life
(Martyn et al., 1996) while low weight gain during infancy is
associated with increased risk of coronary heart disease,
having accounted for birthweight (Eriksson et al., 2001).
Such findings have led to increasing interest in the life-
course perspective on cardiovascular disease etiology,
which considers the long-term effects on chronic disease
risk of physical and social exposures during gestation, child-
hood, adolescence, young adulthood, and later adult life
(McKeigue et al., 1989; Kuh, 1997). Thus the improvement
of fetal and childhood nutrition and reduction of social
inequalities in the developing world may not only improve
early survival from diseases of malnutrition and infection
but late survival from noncommunicable disease.

Genetic determinants

Such wide variations in the rate of cardiovascular disease
across the globe and such rapid changes among migrants
and indigenous populations have, traditionally, been
interpreted as leaving little scope for the play of genetic
factors in global cardiovascular health. Indeed the find-
ings from the INTERHEART study suggest that the
population attributable risk of nine risk factors is approx-
imately 90% (Yusuf et al., 2004). Cardiovascular disease
events are strongly associated with the presence and
strength of family history (Hunt et al., 2003) and proximal
coronary artery stenosis (Fischer et al., 2005), coronary
artery calcification (Peyser et al., 2002), and most interme-
diate phenotypes such as blood pressure, BMI, and cho-
lesterol (Abney et al., 2001) show heritability coefficients
between 0.2 and 0.8. Nonetheless, the additional contri-
bution to the population attributable risk of family history
(a marker of shared genetic and environmental back-
ground) in INTERHEART was only 1%. However,
there are several reasons why examination of the role of
genetic and genomic factors contribute to public health
understanding of cardiovascular disease in populations.
Genetic differences across current political

borders

Until recently, it has been assumed that genetic differ-
ences across political borders might be small, particularly
for a border across which there has been large and recent
(within the last 60 years) two-way migration. This view
has been challenged by the observation of significant
genetic differentiation between Poland and Germany,
which follows present-day political borders. Haplogroup
analysis of the Y chromosome (Kayser et al., 2005) in
Poland (eight regions) and Germany (11 regions) shows
that the ratio of haplogroup R1a1* to haplogroup R1*
(xR1a1) (the numbers in Figure 21) vary widely across
the political border and show a gradient from east to west.
The ratio varies from 0.19 in western Germany to 8.2 in
northeastern Poland, a greater than tenfold difference.
Acute myocardial infarction mortality rates are higher in
Poland than Germany (462 and 346 per 100 000 popula-
tion, respectively, among men aged 65–74 years), and
although the causative variants are unknown (Russo
et al., 2006), differences in population genetics may, along-
side environmental factors, contribute to the coronary
heart disease rates.
Simple single-gene disorders

Mutations in the low-density lipoprotein receptor which
underlie familial hypercholesterolemia have large and
clinically important effects on an individual’s cholesterol
levels, but, because these mutations are rare, their impact
on population variability is small. The interest in public
health terms of this condition is what it might tell us about
the interactions between gene and environment. Since
familial hypercholesterolemia is caused by mutations in
a single gene, is inherited as a simple Mendelian domi-
nant trait, and has such large effects on cholesterol levels
it might be considered as a linear, deterministic factor in
causing cardiovascular disease. Recent evidence suggests
that this is not the case. Based on a large pedigree of 250
individuals, with probands selected during screening (and
not on the basis of having suffered cardiovascular disease),
mortality was not increased in carriers of the mutation
during the nineteenth and early twentieth century; it rose
after 1915 and reached its maximum between 1935 and
1964 (standardized mortality ratio, 1.78; 95% confidence
interval, 1.13–2.76) and fell thereafter. Furthermore,
mortality differed significantly between two branches
of the pedigree (Figure 22). This large variability over
time and between branches of the pedigree points to a
strong interaction with environmental factors such as
changing dietary patterns and medical care (Sijbrands
et al., 2001).
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Common genetic variants and interactions with

the environment
By contrast with familial hypercholesterolemia, coronary
heart disease and stroke are complex diseases that are
known to aggregate in families but not to segregate in a
mendelian fashion. Under the common disease/common
variant hypothesis, a number of genes, each with modest
effects, are thought to operate. A person with the epsilon 4
allele of the apolipoprotein E (APOE) gene has, on aver-
age, slightly higher serum cholesterol concentrations than
people without the allele. At the population level, varia-
bility in apo E accounts for a substantial proportion
(approximately 7%) of the variability in cholesterol
levels, and several studies have shown that the allele
frequency of e4 allele differs widely between populations,
with low prevalence in Japan (prevalence of 7%)
(Utermann, 1987) and high prevalence in Finland (19%)
(Lehtimaki et al., 1990) and a gradient of decreasing prev-
alence from north to south Europe (Tiret et al., 1994). The
APOE gene HAS e4e4 allele has been shown in a recent
meta-analysis of 48 studies with over 15 000 cases to be
associated with coronary artery disease with a relative risk
of 1.42 (1.26–1.61) (Song et al., 2004). This effect was
weaker in European (1.11) than Asian (1.73) populations.
While the prevalence of the risk alleles in other genes
differs between ethnic groups, the relative risk impact
appears similar in the few examples examined to date
(Ioannidis et al., 2004).

Using genes to understand environmental

determinants

Recently common genetic variants have been used to help
understand whether specific environmental exposures are
causal. Confounding from behavioral and socioeconomic
factors is a major problem with observational studies; such
studies suggested that antioxidant vitamins (Stampfer et al.,
1993) and hormone replacement therapy (Stampfer and
Colditz, 1991) might be protective for cardiovascular
disease, but randomized controlled trials have failed to
demonstrate this (Hulley et al., 1998; Writing Group
for the Women’s Health Initiative Investigators, 2002;
Vivekananthan et al., 2003). Recently it has been proposed
that plasma homocysteine is associated ,with coronary
heart disease with meta-analyses suggesting a relative
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risk of 1.13 for a 2.6 mmol/l higher homocysteine (Homo-
cysteine Studies Collaboration, 2002). In global public
health terms, this observation is of particular interest
because there is a simple intervention – increasing folate
consumption substantially decreases homocysteine levels
(Homocysteine Lowering Trialists’ Collaboration, 1998).
But there is major scope for confounding – homocysteine
levels are associatedwith smoking and low social position –
and reverse causality: Cardiovascular disease may lead to
elevated homocysteine levels. However, a common genetic
variant in the MTHFR gene (677C to T substitution) is
associated with homocysteine levels, and people with the
TT genotype have about 2.6 mmol/l higher homocysteine
levels compared to those with the CC genotype. Since,
under Mendel’s second law, assortment of alleles at the
time of gamete formation is random, confounders are
likely to be evenly distributed by genotype, a situation
analogous to a randomized controlled trial. Under the
Mendelian randomization design, the association between
genotype and coronarydisease predicts that TT individuals
have a risk of 1.16, which is very close to that observed,
lending some support to causal inference (Klerk et al., 2002).
The complementary randomized trials of folate supple-
mentation in a primary prevention (etiological) setting are
awaited, although trials in a secondary prevention (prog-
nostic) setting (Bonaa et al., 2006; The Heart Outcomes
Prevention Evaluation, 2006) have been negative.
Implications for Policy

High-Risk Individuals and Health Care

Up to 90% of cardiovascular disease events are preven-
table by mitigating the effects of known risk factors.
Geoffrey Rose presented two strategies for prevention.
The high-risk strategy, the traditional medical approach
to prevention, identifies individuals at high risk of
subsequent cardiovascular disease events who are then
offered behavioral or pharmacological interventions.
This has advantages in that those at higher absolute risk
have the greatest individual benefits from risk factor
reduction and people who perceive themselves at risk
may be more motivated to change. The effectiveness of
primary prevention – seeking to avert the first onset
of disease – of pharmacological modification of risk fac-
tors such as lipid levels (with statins; Heart Protection
Study Collaborative Group, 2002) and blood pressure
(Turnbull, 2003) has been demonstrated, based on rando-
mized trials carried out in high-income countries. There
are also effective methods to modify behavior such as
dietary change (Stamler et al., 1986; Sacks and Katan,
2002) and cessation of tobacco smoking (Doll et al., 1994),
and it is assumed that such changes will then be associated
with lower rates of subsequent disease.

However, there are major limitations to the high-risk
approach. Screening uptake for high-risk individuals may
initially favor those in higher socioeconomic groups and
ethnic majority populations, hence increasing inequality.
For example, a primary care-based UK cardiovascular risk
factor screening programme showed decreasing trends in
current smoking prevalence significantly slower in more
deprived groups (Lyratzopoulos et al., 2006). Furthermore,
compliance with treatment regimens in chronic asymp-
tomatic diseases in the developed world remains difficult
to achieve even with high standards of health care (Miller,
1997) and without adequate support from health-care
infrastructure and personnel, compliance in the develop-
ing world is likely to be worse. It is difficult to induce
actual reductions in levels of cardiovascular risk such as
smoking habit, blood pressure, cholesterol, or body mass
index through individualized health promotion (Cupples
and McKnight, 1994; Ebrahim and Smith, 1997). Repeat-
edly, international surveys show suboptimal quality of
care: The EUROASPIRE II study, conducted across 15
European countries, revealed that even in the high-risk
group of patients with coronary disease, behavioral modi-
fication was poor, as was pharmacological control of car-
diovascular risk factors such as elevated blood pressure
(Anonymous, 2001) Most fundamental of all, the high-risk
approach is palliative and temporary in that it does not
seek to alter the underlying causes of the disease but to
identify individuals who are particularly susceptible
to those causes.
Population-Based Prevention

Within countries

The second approach to prevention, the population strat-
egy, seeks to control the determinants of incidence in the
population as a whole (Rose, 1985). The risk associated
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with many clinical variables (Stamler et al., 1986; Zaman
et al., 2007) is continuous, with no evidence of threshold.
Such variables are strong, consistent predictors of cardio-
vascular disease in groups, but are poor predictors of
susceptibility in individuals. Plotting the population dis-
tributions of five groups with increasing median values of
risk reveals that their normal distributions shift rightward
(Figure 23). A reduction of 10% in cholesterol levels in
the entire population has been predicted to reduce coro-
nary heart disease mortality by 20% (Jousilahti et al.,
1998). while Framingham data suggest that a 10-mmHg
lowering of the blood pressure distribution as a whole
would correspond to about a 30% reduction in the total
attributable mortality (Rose, 1985).

Population interventions

The North Karelia project in Finland targeted dietary
behavior to reduce cholesterol levels began in 1972, at a
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time when the country had one of the highest rates of
cardiovascular disease in the world (Puska, 2000). The
intake of saturated fat from liquid dairy products and
spreadable fat decreased by two-thirds between 1972
and 1992, as did mean cholesterol levels (Jousilahti et al.,
1996). The project influenced dietary behavior through-
out the country and was also associated with changes in
the food industry, with increased production of healthier
cooking oils and salt reduction in food products. South
Korea’s government has encouraged continuing adher-
ence to the relatively healthy traditional Korean diet,
which, despite a large intake in the consumption of animal
products over the last 30 years, has contributed to limiting
fat intake and slowed the rise in obesity (Kim et al., 2000).
The lesson is similar to that learned in Japan and implies
that economic development can occur without adoption
of atherogenic behavioral patterns. The National Service
Framework (NSF) for Coronary Heart Disease, which
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set national standards for the prevention as well as the
diagnosis and treatment of coronary heart disease in
England (Department of Health, 2000), is an example of
a government-led programme on population-based pre-
vention and included the 5-a-day programme that aimed
to increase fruit and vegetable intake, a national school
fruit scheme that provided a free piece of fruit each school
day to over a million children aged 4–6 years and local
healthy living centers.
Globalization and Risk Factors

An important mechanism for bringing about improve-
ments of the cardiovascular health of whole populations
lies in national and international fiscal and legislative
change – so-called health protection – in which individ-
ual members of the population need have no knowledge
or understanding of the changes, nor how they may be
linked to health. The changing ways in which people
now interact across physical, temporal, and cognitive
boundaries, most commonly referred to as globalization,
is increasing interdependence, integration, and interac-
tion between people and companies in disparate loca-
tions and influencing human health in disparate ways
(Lee, 2003). Public health policies need to take into
account the role that agriculture, trade, education, the
physical environment, town planning, and transport have
on cardiovascular disease etiology (Taylor, 1996) and
public health professionals, encouraged by health cam-
paigners, have moved away from a biomedical model of
health to a social model that considers growing differ-
ences in health status the product of environment, cul-
ture, and institutions outside the health sector (Blane
et al., 1996) (Figure 24).
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Food
Obesity may represent normal physiology within a
pathological environment (Egger and Swinburn, 1997).
The influence of the Common Agricultural Policy
(CAP) of the European Union on food consumption is
one developed-world example of how cardiovascular dis-
ease is indirectly but strongly influenced by agriculture
and trade policy (Elinder, 2003). The EU has kept the cost
of fruits and vegetables high (Veerman et al., 2006) while
maintaining subsidies to producers of full fat milk and
beef. The Western environment that causes obesity, it has
been argued, is now being exported around the world
(Hill et al., 2000). In the United States alone, the food
industry spends over $30 billion (£16.5 billion, €25 billion)
on marketing, more than any other industry, with food
advertising having tripled in Southeast Asia (Lang, 2001).
While fast-food companies sponsor preventive health
programs for adolescents (The Scripps Research Institute,
2006), simultaneously they aggressively market to the
same age range in developing countries (Jacobsen, 2000;
Lang, 2001). The transition toward a high-fat diet that
took more than five decades in Japan has occurred in less
than two in China (Chopra and Darnton-Hill, 2004). Food
habits are becoming globalized, encouraged by World
Trade Organization-led market penetration in developing
countries, resulting in 71% of supermarket sales in
Mexico transacted at foreign-owned stores (Reardon and
Berdegue, 2002).
Smoking

Increased tobacco consumption results from trade liberal-
ization (Bettcher, 2001) and global marketing (Collin, 2006).
The WHO Framework Convention on Tobacco Control is
an example of a legally binding health treaty that entered
into force on the 27 February 2005, becoming binding
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international law for signatory countries and setting inter-
national standards on tobacco price, advertising, packaging,
education, public awareness cessationmeasures, illicit trade,
sales to minors, and support for economically viable alter-
natives (United Nations Development Programme, 2003).
However, major countries such as the United States and
Russia have yet to ratify the treaty, highlighting the lack of
global governance for public health.
Conclusion

There is ample evidence with which to inform public
health policy. There is an urgent need for better surveil-
lance data in order to monitor the burden of disease and
the impact of prevention programmes in developing
countries. The World Health Organization Collaborating
Centre for Surveillance of Cardiovascular Diseases is
currently collating data on demographics, cardiovascular
mortality, morbidity, risk factors, and the organization and
provision of related health services (WHO Collaborating
Centre for Surveillance of Cardiovascular Diseases, 2006).
Countries at earlier stages of the epidemiological transi-
tion are potentially advantaged in being able to learn from
those that have already passed through the changes asso-
ciated with increasing economic development. In devel-
oping countries, increased expenditure on health should
focus on primary prevention at the population level.
Changing the environment requires an appreciation of
the economic and social causes of disease. By changing
the environment that causes cardiovascular disease, the
causes of the causes are being treated.

See also: Cardiac Rehabilitation; Cardiovascular Disease

Prevention; Coronary Heart Disease; Genetic Factors of

Cardiovascular Diseases; Heart Failure; Hypertension;

Peripheral Arterial Disease; Rheumatic Fever and
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Introduction

Cardiovascular diseases (CVD) include vascular diseases
of the heart and brain as well as the peripheral blood
vessels. The most common clinical manifestations are
myocardial infarction (MI), angina pectoris (AP) summar-
ized as coronary heart disease, congestive heart failure
(CHF), stroke, and intermittent claudication. The inci-
dence of these diseases increases with age but is not an
inevitable consequence of increasing age. The pathologi-
cal background is in the vast majority atherosclerosis of
the arteries often with superimposed thromboembolism.
These events have been established in animal experi-
ments as well as in humans.

Epidemiological studies of factors measured before a
person suffers disease in many different populations have
found hundreds of such risk factors for an MI, the most
commonly investigated disease. In the other CVD mani-
festations mentioned above, the risk factor pattern has
often been the same as for MI, but in general fewer risk
factors have been isolated. Only a limited number of the
intervention studies investigating these factors have
resulted in decreased disease incidence and consequently
are important for prevention in humans.
Epidemiology

It is well known that the incidence of CVD manifestations
varies between populations and that the incidence of
events in the heart is not always related to manifestations
in the brain or other vascular areas. Thus, MI is uncom-
mon in China, but stroke is relatively common there
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compared to the rate found in Western Europe. Until
recently, these differences were not corroborated by stud-
ies with well-standardized methods, but the World Health
Organization (WHO) MONItoring of trends and deter-
minants of CArdiovascular diseases (MONICA) Project
(Tunstall-Pedoe, 2003) used defined methods and showed
that such differences were real and even could be seen
within countries. Figures 1 and 2 show examples of
MI and stroke incidence rates in MONICA centers. The
relatively rapid changes of incidence (within 5–10 years)
indicate that the differences are not mainly due to gene-
tic differences between populations. Figure 3 shows
the change in MI incidence during a 10-year period in
MONICA centers.
Risk Factors

Coronary Heart Disease: Myocardial Infarction
and Angina Pectoris

Findings of risk factors for coronary disease have been
remarkably similar in different populations even though
disease incidence has differed. Three basic factors, which
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are associated with increased risk, cannot be influenced,
namely sex, age, and family history.

Findings regardingMI based upon a prospective popula-
tion study amongmen inGothenburg, Sweden (Wilhelmsen
et al., 2004) are presented in Table 1. Most factors listed in
the table were simultaneously significant in multivariable
analysis. As in many prospective studies in Western popula-
tions, family history, hypercholesterolemia, hypertension,
smoking, diabetes mellitus, psychological stress, and low
socioeconomic status were significant in multivariable anal-
ysis. Risk factors for AP have in general been similar to those
in MI ( Ha g m a n et al., 1987). In a smaller prosp ective study in
women followed for 19 years, the risk factors were the same,
but triglycerides emerged as more important predictors
than among men. Other studies have found triglycerides
of importance both in men and women and in a recent
study nonfasting triglycerides emerged as an important
risk factor both in men andwomen. Inflammatory markers
such as C-reactive protein (CRP) have also emerged as
independently associated with later MI.

Another factor that has gained great interest is meta-
bolic syndrome, which is a conglomerate of several factors
that increase the risk of CVD, namely elevated blood
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Figure 2 Stroke event rates during 1985 and 1995, respectively according to the WHO MONICA Project. Used with permission

from the World Health Organization, Geneva.
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pressure, elevated plasma glucose, elevated triglycerides,
increased waist circumference, and low HDL cholesterol.
This syndrome seems to be of greater importance in
women than men.

In a multinational study of 15 152 MI patients com-
pared with 14 820 controls from 52 countries by Yusuf
et al. (Yusuf et al., 2004), the following factors increased
risk significantly in multivariable analysis: Smoking,
raised ratio of the blood lipid ApoB/ApoA fractions, his-
tory of hypertension, diabetes mellitus, abdominal obe-
sity, and psychosocial stress, whereas high physical
activity, consumption of fruit and vegetables as well as
moderate alcohol consumption lowered the risk for an MI
(Table 2). An interesting finding was that these associa-
tions were noted in men and women, old and young, and
in all regions of the world. Collectively these nine risk
factors accounted for 90% of population-attributable risk
in men and 94% in women.
It should be noted that the results are based upon a
case–control study, in which patients had suffered an MI
and the recall of factors such as stress may have been
influenced by the experience of the previous MI. How-
ever, psychological stress was also shown to predict MI in
a prospective study using the same questionnaire.
Cerebral Stroke

In order to compare the risk factor patterns in MI and
stroke in the same population, results from the previously
mentioned prospective population study in Gothenburg
were chosen. Table 3 shows significant risk factors for MI
and stroke. Fewer influenceable risk factors were signifi-
cantly associated with stroke than with MI. An important
difference is the lack of association between total choles-
terol and stroke. A reason for this may be the difference
in the disease processes leading to these two diseases,
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Table 1 Baseline factors independently associated with incidence of coronary events at multiple Cox regression analysis over

28 years of follow up of the primary prevention study in Gothenburg

Baseline factor HR (95% CI) P

Age, year 1.09 1.06–1.12 <0.0001
MI in father, yes/no 1.39 1.20–1.62 <0.0001

MI in mother, yes/no 1.41 1.17–1.69 0.0002

MI in brothers/sisters, yes/no 1.31 1.05–1.63 0.0153
Chest pain on exercise, yes/no 1.45 1.23–1.70 <0.0001

Low social class, yes/no 1.19 1.04–1.37 0.0138

Diabetes mellitus, yes/no 3.20 2.34–4.38 <0.0001

Smoking, all smokers/nonsmokers þ exsmokers 1.63 1.45–1.84 <0.0001
Psychological stress, 5–6/1–4 1.21 1.02–1.43 0.0255

Physical activity leisure, 1–2/3–4 >0.25

Body mass index, kg/m2 >0.25

Serum cholesterol, mmol/L 1.22 1.17–1.28 <0.0001
Diastolic blood pressure, mmHg 1.02 1.01–1.02 <0.0001

5006 men had data on all independent variables.

HR, hazard ratio.

Body mass index, serum cholesterol, and systolic blood pressure were entered as continuous variables.
From Wilhelmsen L, Lappas G, and Rosengren A (2004) Risk of coronary events by baseline factors during 28 years follow-up and three

periods in a random population sample of men. Journal of Internal Medicine 256: 298–307, with permission.
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Table 2 Results of the INTERHEART study: Prevalence of risk factors in patients with MI, in controls as well as odds ratios adjusted

for other risk factors and population attributable risk

Risk factor
Prevalence in
controls, %

Prevalence in
MI patients, % Odds ratio

Population attributable
risk, %

Smoking, current and former 48.1 65.2 2.87 35.7

Diabetes 7.5 18.5 2.37 9.9

Hypertension 21.9 39.0 1.91 17.9
Abdominal obesity 33.3 46.3 1.62 20.1

All psychosocial factors – – 2.67 32.5

Vegetables and fruit 42.4 35.8 0.70 13.7

Exercise 19.3 14.3 0.86 12.2
ApoB/ApoA1 (5 vs 1) 20.0 33.5 3.25 49.2

All factors, men/women – – 129.2 90/94

Adapted from Yusuf S, Hawken S, Öunpuu S, et al. (2004) Effect of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): Case–control study. Lancet 364: 937–952, with permission.

Table 3 Significant risk factors for MI and stroke,

respectively, at multivariable analysis in the same follow-up

study of men

Baseline factor MI Stroke

Age Yes Yes

MI in father Yes No

MI in mother Yes No
MI in brothers/sisters Yes No

Stroke in either parent No No

Chest pain on exercise Yes Yes

Low social class Yes No
Diabetes mellitus Yes Yes

Smoking Yes Yes

Psychological stress Yes Yes
Physical activity leisure No No

Body mass index No Yes

Serum cholesterol Yes No

Diastolic blood pressure Yes Yes

Reproduced with permission from Wilhelmsen L, Lappas G, and

Rosengren A (2004) Risk of coronary events by baseline factors

during 28 years follow-up and three periods in a random popula-

tion sample of men. Journal of Internal Medicine 256: 298–307.
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with MI generally caused by atherosclerotic plaques with
added thrombosis. However, stroke is a mixture of various
processes with thrombotic strokes being caused by similar
disturbances as MI, whereas hemorrhagic strokes most
often have less of an atherosclerotic background. Throm-
botic stroke is the most common manifestation (70–80%)
at least in European countries, but elevated total choles-
terol levels have not emerged as an important risk factor
for stroke. High low-density lipoprotein (LDL) choles-
terol and low high-density lipoprotein (HDL cholesterol)
values seem to be more important for thrombotic stroke
than total cholesterol. The risk factor pattern for ischemic
stroke has recently been summarized in guidelines for
treatment (Goldstein et al., 2006). The nonmodifiable risk
factors are age, sex, low birth weight, race/ethnicity, and
genetic factors. Modifiable risk factors are hypertension,
cigarette smoking, diabetes, atrial fibrillation and certain
other cardiac conditions, dyslipidemia, carotid artery ste-
nosis, sickle cell disease, postmenopausal hormone therapy,
poor diet, physical inactivity, obesity and body fat distribu-
tion as well as some less well-documented factors including
the metabolic syndrome, alcohol abuse, hyperhomocystei-
nemia, hypercoagulability, and inflammation.

In this context, it is interesting that several lipid-
lowering trials with statins in a total of 90 000 stroke
patients showed decreased incidence of stroke in the
overview by Cholesterol Treatment Trialists’ Collaborators
(Cholesterol Treatment Trialists’ Collaborators, 2005).
Congestive Heart Failure

Congestive heart failure is a major cause of morbidity and
mortality, and regardless of the underlying cause, the
prognosis is often as bad as in many malignancies. While
mortality from CHD has declined in several countries, no
such trend has been seen regarding CHF. Elevated serum
cholesterol has not been significantly associated with
CHF according to prospective population studies, but
high blood pressure, atrial fibrillation, smoking, obesity,
diabetes mellitus, and in one study psychological stress,
have been risk factors.

According to these studies, 50% of CHF cases have
previously suffered an MI or AP. In a series of patients
with CHF, coronary angiography documented that coro-
nary artery disease is very common in these patients.
Peripheral Artery Disease

There are comparatively few studies on risk factors for
peripheral artery disease such as intermittent claudica-
tion, but its risk factors are similar to those in MI. Smok-
ing, hypertension, and diabetes were the most important
risk factors, but high plasma homocysteine was also
important.
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Ridker et al. found in a study of nearly 15 000 men
that among 11 atherothrombotic biomarkers the total
cholesterol/HDL-C ratio and C-reactive protein (CRP)
were the strongest independent predictors.
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attributed to various smoking habits. The primary prevention
study. Reproduced with permission from Wilhelmsen L, Lappas

G, and Rosengren A (2004) Risk of coronary events by baseline

factors during 28 years follow-up and three periods in a random

population sample of men. Journal of Internal Medicine 256:
298–307.
Population-Attributable Risk

Many CVD events hit individuals with only moderately
increased risk factor levels such as moderate elevations of
blood pressure, serum cholesterol, or moderate smoking.
The reason for this is that a moderate risk increase of
several individual risk factors is common among many
more people than very high risk.

An example shows risk in percentages at various smok-
ing habits according to the previously mentioned pro-
spect ive study in Gothe nbur g ( Wilh elmsen et al., 2004 )
(Figure 4). The population’s attributable risk is calculated
as the excess risk associated with the factor in people
affected by that risk in the population multiplied by the
number of individuals with that risk. The excess risk
for all smokers in the population was 8.4% (27.1% risk
among all smokers, 18.7% risk among never smokers).
The number of smokers was 3698. Thus, 311 events or
18% of the MI events could be attributed to smoking. The
number of MIs that can be attributed to smoking in the
different smoking categories is shown in Figure 5. It is
evident that most events that can be attributed to smoking
occur among men with moderate smoking habits. The
same is true for most risk factors; most events occur
among people with moderate lipid and blood pressure
elevations. Regarding risk factors, which are continuous
variables, the normal range must be defined, for example
5.0mmol/L or less for total cholesterol, and then the
attributable risk for levels above that normal level can
be calculated. These findings stress the importance of
moderate disturbances of risk factors because of the com-
mon occurrence of them. Observe that the attributable
risk may differ with time due to changes in the risk factor’s
prevalence. If smoking declines, the attributable risk will
also decline in spite of unchanged excess risk.
Synergistic Effects of Risk Factors

Between 250 and 300 risk factors for CVD have been
identified, but they have not been consistently analyzed
for the additional predictive capacity they provide. If the
risk factor pattern is similar for the different manifesta-
tions of CVD the preventive actions will be the same. In
many instances, effective treatment against a factor is not
available, clinical trials have not been conducted, or trials
have not shown any effect of intervention; consequently,
preventive actions cannot be recommended for these fac-
tors. For example, high homocysteine levels have been
associated with increased risk for CVD events, but recent
trials have not shown a reduction of risk when the homo-
cysteine levels were reduced.

The risk factor pattern also differs markedly between
countries, with cholesterol levels being markedly lower in
China and Japan compared to most Western populations,
and therefore priorities on preventive actions may differ.

The recently published multinational INTERHEART
study (Yusuf et al., 2004) is valuable in this context. Popu-
lations from all parts of the world were included, and the
same risk factors for MI were found in all regions and
among men and women as well as young and old subjects.
These findings strongly indicate that the above-
mentioned risk factors have the highest priority for preven-
tion in most countries of the world. The question is to what
extent intervention has been shown to prevent events.
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Several of the risk factors act synergistically to increase
risk of CVD. Thus, a combination of several risk factors
may considerably increase risk.
Who Should Be Approached in
Prevention?

There are three different strategies for prevention:

1. The high-risk strategy or the individual strategy. Indi-
viduals at high risk for disease are identified and their
risk factor levels are reduced. This approach is
matched to the needs of the individual, who can be
made aware of his or her high risk.

2.. The population strategy. Because the risk of certain
diseases in a population is not only confined to certain
high-risk individuals, but is elevated in most indivi-
duals in any high-risk population, it is also relevant to
try to lower the risk in that population. The importance
of this strategy was elaborated by Rose (1992). It seeks
to shift the entire risk factor distribution in a more
favorable direction, for example to lower the entire
blood pressure or cholesterol distribution. Rose coined
the terms sick individuals and sick populations to em-
phasize the importance of the population approach.
The high number of individuals with moderate risk is
a problem in prevention because people with the mod-
erate disturbances do not consider themselves at risk
for disease and do not see a strong reason to change
habits. Actions by the community to change habits in
the general population are important, although an in-
dividual appreciation of risk cannot often be used as an
incentive for change.

3. Secondary prevention includes people who have al-
ready suffered disease. People with established disease
are in general subject to a high risk of recurrence, and
the risk factors that were associated with their first
event generally also increase the risk of a new event.
However, it is important to emphasize that individuals
may not have suffered clinical disease, but theymay still
have extensive atherosclerosis and therefore are at high
risk of symptomatic disease and need preventive action.
Thus, a clear differentiation between secondary and
primary prevention is artificial.
Priority for Preventive Actions

Modifiable Risk Factors

Risk factors that can be changed are lipid disturbances,
elevated blood pressure and hypertension, smoking, dia-
betes or a tendency to diabetes, a low level of physical
activity, and psychosocial stress. Related to several of
these factors are dietary habits.

There is ample evidence that interventions will reduce
complications related to lipid disturbances, high blood
pressure, and diabetes mellitus. There are no controlled
intervention trials of smoking cessation, but many obser-
vational studies have shown higher risk in smokers, which
is an indication of the value of stopping.

Even though the importance of the population’s attrib-
utable risk and prevention covering whole populations is
important, there are individuals who are at especially high
risk and therefore require special action. To help in
deciding their individual risk, evaluation instruments
have been constructed. Among these is the Framingham
Risk Score, which is the best known. Others are SCORE
by Conroy et al. (2003) based on several prospective Euro-
pean studies and the UKPDS Risk Engine for patients
with diabetes. These programmes have shown that mod-
erate elevations of several risk factors may contribute to a
higher risk than very high levels of single factors.

Several European organizations have recommended
individual preventive actions at or above the 5% level of
combined CVD mortality risk (De Backer et al., 2003),
which approximates the 20% risk for coronary heart
morbidity and mortality according to the Framingham
Risk Score. In general, it is found that risk increases
markedly with increasing age. A person who is 50 years
old may well be at rather low risk at that age but might
well be at high risk at age 60. Therefore, it is recom-
mended that actions are planned already at the lower
age to prevent disease later in life. In contrast, a person
at age 70 will often be at high risk, and it is suggested that
actions be considered by calculating risk as if the individ-
ual were 60 years of age.
Which Factors Should Be Acted Upon?

When primary preventive actions are concerned, one has
to be cautious regarding drug treatment, which may
induce side effects over several years for people at rela-
tively moderate risk for CVD events, and such complica-
tions may outdo the possible beneficial effects. Therefore,
lifestyle interventions always have priority over drug
treatment. However, lifestyle changes are often difficult
to achieve and often time-consuming improvement of
individual knowledge and counseling may be necessary.
Diet and Alcohol

There is convincing evidence that lowering of lipids both
by dietary means, which includes reduced intake of
saturated fat, and use of lipid-lowering drugs have positive
effects on lowering cardiovascular disease risk, and the
effect is clearly related to the effect on the most important
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lipid fraction in blood, low-density lipoprotein (LDL)
cholesterol. Effects on lipids are generally regarded as
the most important of the dietary changes, but effects to
reduce obesity and effects on coagulation factors are prob-
ably also important.

Additional consumption of antioxidant vitamins, such
as beta-carotene, vitamin E, or the addition of vitamin B6,
folic acid, or vitamin B12 is useful. Intake of fruits and
vegetables do not have any known negative effects, and as
previously reported, such intake was related to lower
risk for myocardial infarction in the INTERHEART
case–control study (Yusuf et al., 2004); consequently,
such intake can be recommended.

Even if epidemiological findings indicate that moder-
ate consumption of alcohol is beneficial, it is questionable
that it should be recommended.
High Blood Pressure

Several trials have documented preventive effects with
blood pressure-lowering drugs in people with ele-
vated blood pressure, and international recommendations
have given priorities for various drugs (Chobanian et al.,
2003; World Health Organization/International Society
of Hypertension, 2003). However, any intervention that
could lower blood pressure or prevent its increase without
drugs would be preferred. It is known that obesity and
increases in body weight raise the blood pressure level
and that weight loss as well as increased physical activity
are beneficial (Canadian Hypertension Society, 2004).
A population blood pressure shift toward lower levels
would be desirable, which could be accomplished by
weight loss in the entire population, as would a reduction
in salt intake. It has recently been shown that a change in
diet to lower levels of salt intake can significantly lower
blood pressure (Sacks et al., 2001). Even a minor decrease
in sodium intake in the general population would result in
a shift in lowering the blood pressure distribution, which
in turn can have important implications for the incidence
of CVD in the population.
Tobacco Smoking

It is not considered feasible or ethical to perform clinical
trials regarding incidence of future cardiovascular dis-
eases by randomizing people to continued smoking and
comparing them to those who stop smoking. The evidence
from epidemiology regarding both CVD and various
forms of cancer is considered sufficient to recommend
not smoking. There is a graded relationship between the
amount of tobacco consumed and CVD morbidity, but it
is also documented that there is no level of smoking that is
safe. In the previously mentioned prospective study of
men, there was a significantly increased risk for coronary
heart disease, cancer, and total mortality even among men
smoking only one to four cigarettes per day. This finding
is also comparable to the findings of increased risk for
people subjected to environmental smoke (second-hand
smoke). Complete smoking cessation is the only useful
recommendation.
Diabetes

Both type 1 and type 2 diabetes as well as impaired
glucose tolerance increase the risk for CVD events.
There is evidence that interventions that improve diabe-
tes control also lower CVD incidence. Nonpharmacologic
measures, including weight reduction and increased phys-
ical activity, can prevent or delay diabetes occurrence
according to a recent Finnish study.
Obesity

High body mass index is an important risk factor for var-
ious manifestations of CVD, but this is not a consistent
finding in all populations. In prospective studies among
men in Gothenburg, obesity was found to be indepen-
dently associated with later stroke, congestive heart fail-
ure, and atrial fibrillation, but not with MI (Wilhelmsen
et al., 2004). However, in women obesity was associated
with increased risk of MI during follow-up. Because of the
adverse effects of obesity on other risk factors and obesity
being a risk factor on its own, the prevention of weight
increase and reducing weight are important interventions.
The increasing body weight in most populations, in spite
of more or less intensive actions to prevent obesity, is a
serious problem. There is no question that nonpharmaco-
logical means are the only ways to combat the obesity
epidemic. There are people at the high end of the weight
distribution who may be candidates for drug therapy and
surgery, but even though positive short-term results are
presented, this intervention is only a remedy for a minor-
ity and the long-term results regarding various deficien-
cies of nutrients must be considered.
Physical Activity

It is generally agreed that physical activity is important to
prevent weight increase and also to prevent or postpone
diabetes, and epidemiological studies, for example INTER-
HEART (Yusuf et al., 2004), have shown that low activity is
an independent risk factor for MI. However, so far no
controlled trial supports the value of increased physical
activity on CVD incidence, but positive effects on blood
lipids, general well-being and so forth are evident. As for
smoking, it is difficult to conduct controlled and blinded
trials. With the relatively small risks for adverse effects,
increased activity is generally recommended.
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Psychosocial Factors

There are relatively few prospective studies indepen-
dently relating these factors to risk of future CVD (Yusuf
et al., 2004). It is reasonable that reduction of psychosocial
stress is of importance both by itself and by promoting the
individual’s possibility to change habits in a positive direc-
tion. Thus, a less stressful life situation most probably
enables a better lifestyle, which could be associated with
lower CVD incidence, but there is little scientific evidence
from controlled trials to prove that.
Aspirin

The problem of taking drugs in primary prevention has
been discussed above. However, aspirin is used by many
people for all sorts of complaints, and when it was
documented to prevent CVD in high-risk patients,
summarized by Antithrombotic Trialists’ Collaboration
(Antithrombotic Trialists’ Collaboration, 2002), it was
recommended for use for men and women at increased
risk of CVD.
Hormone Replacement Therapy

Prospective epidemiological studies have found that
women treated with HRT have had lower risk of CVD
complications compared to nonusers. However, two rando-
mized controlled trials showed that there in fact was
increased CVD risk with such treatment, but there were
positive effects on osteoporotic fractures. The rather com-
mon prescriptions of HRT, especially in the United States,
have declined due to these results.
Nonmodifiable Risk Factors

Sex, race, age, and family history of CVD cannot be
influenced, but it is worth considering these factors
when preventive actions are discussed. Using the
SCORE risk chart for example (Conroy et al., 2003), it is
easily seen that age plays an important part in risk pre-
diction; a man who is 40 years may have only a moderate
risk, but with the same risk factor levels he may well be a
high-risk person at age 50. The risk in women generally is
similar to men who are 10 years younger.

There is a series of risk factors, according to prospec-
tive studies, for which the risk increase is well established,
but interventions are not known, or randomized con-
trolled trials have so far not shown that intervention
provides benefit. Examples of such factors are homocys-
teine as detailed above, fibrinogen, and CRP.
Community Intervention Programs

Since the early 1970s, there has been a series of community
intervention programs to try to reduce coronary risk factors
and coronary incidence, starting with the Primary Preven-
tion Study in Sweden and the Multiple Risk Factor Inter-
vention Trial in the United States. Followers were the
Stanford 5-City Project, The Minnesota Heart Health
Program (Luepker et al., 2006), and the Pawtucket Heart
Health Study. In general, it was found that risk factor
changes could be achieved in the population, but similar
changes often occurred in the control groups simulta-
neously, resulting in an inability to detect significant dif-
ferences between actively intervened groups and control
groups regarding CVD incidence.
Effects of Interventions in the General
Population

Repeated population studies since the middle of the 1960s
in Sweden and Finland have shown substantial declines
in the risk factors serum cholesterol, tobacco smoking,
and to a lesser extent blood pressure among both men
and women, and the declines are continuing. There has
concomitantly been a decline in coronary incidence,
which strongly supports the positive importance of popu-
lation changes of risk factors on CVD incidence. Similar
declines in MI incidence, and more consistently in mortal-
ity, have also been reported from several other countries.
The decline in the most important coronary risk factors in
the community and a concomitant decline in coronary
incidence may be taken as the best indication available
for the effects of primary prevention, since it is evident
that community-based trials are difficult to conduct. This
is primarily due to difficulties in achieving differences
between control and intervention groups living in the
same community.
Secondary Prevention

It is established that patients who have suffered a CVD
event such as an MI, angina pectoris, or a stroke often
have had risk factors such as elevated blood pressure,
smoking, diabetes mellitus, and for coronary disease ele-
vated blood cholesterol levels before the event, to men-
tion only some of the most important factors. When these
persons suffer an event and become patients, this event
carries with it another set of important predictors for
future outcome. The above-mentioned cardiovascular
diseases are generally regarded as different manifestations
of an underlying atherothrombotic process and the gen-
eral appreciation is that CVD risk factors enhance this
process. However, the new predictors occurring as a con-
sequence of the disease event may take over as more
important for the immediate prognosis and it may be
difficult to see the association with the original predisease
risk factors. Long-term follow-up is often needed to
establish the prognostic factors of importance. Female
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sex has been regarded as protective against MI and sudden
coronary death, but when a woman has suffered an MI,
this protection seems to be lost; her prognosis is not better
than that of a man.

It is generally appreciated that patients who have suf-
fered an MI should have their risk factor profile analyzed
and corrected, but the immediate prognosis is often mark-
edly influenced by age (higher age generally associated
with higher risk of both nonfatal recurrences and death).
Women have often been diabetics at a higher rate than
men and have also had other complicating factors that
have influenced prognosis. Factors related to the indexMI
have been shown to affect prognosis both during the first
weeks and up to several years after the event; these factors
will be discussed first.

It has long been known that the size of the index MI,
the number of previous MIs, as well as the presence of
ventricular arrhythmias are serious prognostic factors.
Refined methods to measure the extent of myocardial
damage have proved that this is an important predictor.

Several prospective studies indicate the adverse out-
come among patients with signs of more extensive coro-
nary artery disease. Thus, patients with angina pectoris
both before and after their MI have a worse outcome than
those without such symptoms, and the extent of vascular
lesions at coronary angiography is prognostically impor-
tant. Thus, it is logical to improve the blood flow of the
coronary arteries by coronary by-pass surgery and/or
percutaneous coronary interventions. It is established
that the outcome in MI patients with heart failure com-
plicating the MI is associated with worse prognosis.

There are few if any therapeutic possibilities to heal the
damaged myocardium. However, amelioration of heart
failure has been followed by improved prognosis. Prevent-
ing ventricular arrhythmias with drugs has so far not been
very successful according to The Cardiac Arrhythmia
Suppression Trial (The Cardiac Arrhythmia Suppression
Trial, 1989), but implantation of cardiac pacemakers is
useful in selected patients.

It is logical to assume that the underlying athero-
thrombotic vascular process will continue after any surgi-
cal intervention, and that action to reduce risk factors
therefore ought to be useful.
Importance of Primary Risk Factors After
a Myocardial Infarction

Blood Lipids

Elevated total or LDL cholesterol has been prognostically
negative after an MI. Interestingly, it was found in one
study that total serum cholesterol was a significant pre-
dictor in multivariable analysis and was a better predictor
than LDL cholesterol. The post-MI trials showed an
important reduction in mortality and recurrences by
treatment with a lipid-lowering statin (Cholesterol Treat-
ment Trialists’ Collaborators, 2005).
C-Reactive Protein and Endothelial Function

C-reactive protein has attracted great interest in recent
years as an independent risk factor for a first MI, and
recently it was shown also to be related to outcome after
such events. The findings were independent of the LDL
cholesterol levels. So far no study has shown any effect on
recurrences by normalization of CRP levels.
Diabetes Mellitus

Diabetes mellitus, as well as increased blood glucose
levels, carries independent negative prognostic informa-
tion after an MI, and treatment with the lipid-lowering
drug Simvastatin is useful (Cholesterol Treatment Trial-
ists’ Collaborators, 2005).

It has also been reported that glucose intolerance
detected during hospitalization for an MI in patients not
known to have diabetes is associated with increased risk
during follow-up. Prognosis after an MI is definitely
worse when the diabetes control is not good, but so far
there is no clear proof that better antidiabetic treatment
can improve prognosis.
Elevated Blood Pressure

All studies that have analyzed the prognostic importance
of elevated blood pressure, both treated and untreated,
have found it to be independently associated with in-
creased risk of recurrence and death after an MI. No
controlled trial of antihypertensive treatment after an
MI has been conducted, but there is consensus that
post-MI patients should be treated according to the
same guidelines as patients without an MI.
Tobacco Smoking

When analyzing the importance of smoking after an MI, it
is important to keep in mind the process causing MI.
Nonsmokers who suffer an MI as a group have had higher
levels of other risk factors than smokers. This selection is
important because any comparison of the effect of smok-
ing habits has to be between those who continue and those
who stop smoking after the MI. Different studies, most
of them conducted long ago, have found a significantly
better prognosis among both male and female post-MI
patients who stopped smoking compared to continuing
smokers. The mortality reduction varied between 38%
and 70%, and the reduction in the rate of nonfatal
recurrences was of at least the same magnitude.
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Psychosocial Factors

Most studies on psychosocial factors have been rather
short – often with only 1–1.5 years of follow-up. Prognosis
was related to depression, anxiety, and lack of social
support, but not to a type A personality pattern.

A longer, 10-year follow-up investigation studied
whether prognosis after an MI was related to psychologi-
cal stress, lack of social support, anxiety and a tendency to
be depressed as well as marital status, education, extra
work, mental strain at work, mental strain in the mar-
riage, dissatisfaction with family life, problems with chil-
dren, dissatisfaction with the financial situation, life
events, irritability, type A behavior, and sleep problems.
In multivariable analysis, it was shown that mortality was
significantly related to left ventricular failure, ventricular
dysrhythmias, and high depression scores, with borderline
significance for low social support, but not to any of the
other variables.

The effects of antidepressant drugs after MI have been
analyzed, but due to the lack of randomized controlled
trials, there has been no definitive answer to the effect.
Other Interventions After a Myocardial
Infarction

So far, conventional risk factors and factors associated with
the indexMI have been discussed. However, positive effects
based upon randomized clinical trials have also been
reported for aspirin (Antithrombotic Trialists’ Cooperation,
2002), clopidogrel beta-blocking drugs, and angiotensin
converting enzyme (ACE) inhibitors.
Angina Pectoris

Elevated lipids, hypertension, and tobacco smoking have
been found to increase risk for a following MI among
patients with AP, and in addition the following factors
independently predicted adverse prognosis in order of
decreasing contribution: Age, left ventricular ejection
fraction, smoking, white blood cell count, diabetes, casual
blood glucose concentration, creatinine concentration,
previous stroke, at least one angina attack per week, coro-
nary angiographic findings, lipid-lowering treatment,
QT interval, systolic blood pressure at 155mmHg or
above, the number of drugs used for angina, previous
MI, and sex.
Prognostic Factors After Coronary
Surgery

Coronary by-pass surgery or percutaneous coronary
interventions have a beneficial impact on the prognosis
of coronary patients, but relatively few reports have ana-
lyzed the combined effect of common cardiovascular risk
factors as well as myocardial and coronary artery anatomy
on prognosis. In one study, it was found that maxi-
mum stenosis of the graft at coronary angiography imme-
diately after the operation, small minimum graft diameter,
male sex, prior MI, high triglyceride levels, low HDL
cholesterol level, high LDL cholesterol level, high blood
pressure, and tobacco smoking were predictors of athero-
sclerosis progression.
Risk Factors for Recurrence or Death
After a Stroke

In conformity with the discussion on prognosis after MI,
the importance of factors associated with the underlying
atherothrombotic disease and the index stroke are first
analyzed.
Factors Associated with the Index Stroke and
Signs of Atherothrombosis

In both men and women, higher age, the severity of the
index stroke, and atrial fibrillation were associated with
higher in-hospital mortality. In addition, in men previous
stroke and diabetes mellitus were important predictors.
A history of transitory ischemic attacks (TIA), atrial fibril-
lation, coronary heart disease, and disability at discharge
were independent predictors for recurrence and death
after a first-ever stroke.
Hypertension

Hypertension is the strongest risk factor for a first stroke.
Only higher age and high systolic blood pressure (treated
or untreated) were prognostic factors during follow-up of
stroke patients in the Primary Prevention Study in
Gothenburg.
Diabetes Mellitus

Diabetes mellitus increases the risk of recurrent stroke by
about 35%, and it was also found that blood pressure
reduction reduced recurrence as much in diabetes
patients as in those without diabetes.
Serum Cholesterol

There is an interesting difference between prospective
epidemiological studies, which in general showed no asso-
ciation between stroke incidence and total cholesterol
levels, whereas statin therapy reduced stroke incidence
by about 17% for all stroke types taken together
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(Cholesterol Treatment Trialists’ Collaborators, 2005).
However, logically there was no effect on hemorrhagic
strokes.
Tobacco Smoking

The risk of a first stroke is significantly higher among
tobacco smokers as well as among subjects with high blood
fibrinogen levels. Continued smoking has been associated
with adverse prognosis after a stroke, and it is generally
agreed that stroke patients should stop smoking.
Hormone Replacement Therapy

The effect of hormone replacement therapy was studied
in nearly 40 000 subjects and it was found that it increased
risk of worse outcome.
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suffered severely from malaria during World War I, and
although the reported incidence had dropped during the
1930s, a cyclical 5- to 7-year pattern of disease raised
concern. Because the disease had been endemic in the
southern United States, concern was heightened because
600 military bases and more than 1000 essential war
establishment facilities were located there. MCWA was
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the actualization of the vision of Joseph W. Mountin, MD
(1891–1952), an assistant surgeon general in the PHS and
director of the Bureau of State Services, who reported to
the surgeon general of the PHS. The headquarters was
located in Atlanta, Georgia, with close associations with
15 state health departments, Puerto Rico, and the Virgin
Islands, as well as laboratory facilities and field stations in
multiple states that worked with all the affected states and
territories.

Although the PHS provided leadership for the new
program, much of the expertise in malaria had been
recruited by the military; therefore, substantial training
became an essential component of the multifaceted
approach taken by MCWA. Physicians assessed clinical
malaria and parasitologists managed the laboratories;
however, mosquito control was the emphasis, and engi-
neers and entomologists dominated MCWA. Field staff
from the recently terminated Works Progress Adminis-
tration were recruited to continue their work of draining
malaria breeding grounds and larviciding with diesel oil
and insecticides (beginning with Paris Green but adding
DDT in 1943, which substantially changed the approach
to malaria control). State laboratory staff were trained
to diagnose malaria by using the most effective techni-
ques. The program’s scope expanded to the civilian
population and to other vector-borne diseases such as
dengue and typhus. MWCA laboratory workers also
responded to requests from states for assistance in epi-
demic investigations, a role previously left to the
National Institute for Health (NIH) (now the National
Institutes of Health). The MCWA program was
regarded as highly successful, and even before the end
of the war, Mountin and his staff were considering the
future. With the support of Surgeon General Thomas
Parran, Jr. (Surgeon General, 1936–48), the Communi-
cable Disease Center was established on July 1, 1946. At
the time, CDC had 400 employees and a budget of
$1.2 million (Table 1).

The legislation that created the CDC explicitly
charged the new agency with responsibility for dealing
directly with state health departments in the control of
communicable diseases. This role was solidified in 1950
when the Association of State Health Officials and the
American Public Health Association agreed that CDC
take the lead in defining what diseases were of highest
priority and should be reportable. The key figure in this
expansion of the CDC role was Alexander D. Langmuir,
MD (1910–93), who was brought to the CDC in 1949 as
Chief of the Epidemiology Division. Langmuir brought
experience as a member of the Armed Forces Epidemiol-
ogy Board, as a practicing epidemiologist at both the local
and state health departments in New York, and as a
professor teaching at the Johns Hopkins School of
Hygiene and Public Health. He also brought vision and
a strong personality that helped bring the role of the
epidemiologist to prominence at the CDC and in public
health practice throughout the country.

The CDC expanded during those first years to include
field stations in Missouri, Colorado, and Texas, and to
conduct special studies in other states. Influential events
and decisions in the 1950s, however, truly established
the CDC as an agency with national recognition, and
Mountin and Langmuir were forces behind the majority
of these changes. In 1950, the Cold War set the tone in
international affairs, and the Korean Conflict fueled a con-
cern about the pointed use of biologic weapons there and
in the United States. Langmuir successfully championed
the concept of the Epidemic Intelligence Service (EIS),
which would respond to disease outbreaks as part of a
program of biologic warfare defense. The EIS program
was established in 1951 with the recruitment of 23 men,
including 22 physicians and a sanitary engineer. This first
class became the disease detectives, the symbol of applied
epidemiology practiced at the CDC and the core of
epidemiologists who would come to lead the agency in
future years. By 2006, more than 2700 men and women
had graduated from the program, all with different back-
grounds and experiences. Together they have conducted
more than 10 000 investigations, not only in infectious
disease but also in chronic diseases, injury, and the many
other health areas that the CDC has engaged in during
subsequent years (Table 2). EIS alumni have become
public health leaders at the CDC, throughout the United
States, and around the world.
The CDC Attracts National Attention
in the 1950s

The event that first brought national attention to the
CDC came with poliomyelitis, the crippling childhood
disease. In 1952, more than 50 000 cases were reported in
the United States, and polio was the leading infectious
cause of childhood death in the country. In 1954, the
University of Michigan conducted a national randomized
trial of the killed virus vaccine developed by Jonas Salk on
more than 200 000 U.S. school children during a year when
more than 38 000 cases had been reported. The positive
results were announced on April 12, 1955, the tenth anni-
versary of the death of Franklin Delano Roosevelt, and the
response was dramatic. Within hours, Surgeon General
Leonard A. Scheele (Surgeon General, 1948–56) announced
a national vaccination program.

Unfortunately, however, on April 25 of that year, a baby
was reported to have contracted polio 9 days after vacci-
nation; this proved to be the index case of an epidemic of
vaccine-associated polio that led to a decision to shut
down the program. Four days later, Langmuir was
directed to establish the national polio surveillance unit
he had been advocating, and he immediately directed the



Table 1 Centers for Disease Control and Prevention (CDC) timeline

1946 – Communicable Disease Center formed on July 1
1947 – Public Health Service (PHS) Plague Laboratory transferred to CDC, including epidemiology division

1950 – CDC conducts first investigation of a poliomyelitis epidemic (Ohio) and provides epidemiologic assistance to Canada during the

Winnipeg flood
1951 – Epidemic Intelligence Service (EIS) established

1953 – CDC reports first case of bat rabies in United States

1955 – CDC establishes Polio Surveillance Unit during national investigation of contaminated vaccine

1957 – Asian influenza pandemic; Venereal Disease Division (VDD) transferred to CDC
1958 – First assistance to southeast Asia in response to cholera and smallpox epidemics

1960 – Permanent facilities open on property adjacent to Emory University campus; tuberculosis program transferred to CDC

1961 – Morbidity and Mortality Weekly Report (MMWR) moves to CDC; Cooperative Cholesterol Standardization Program established

1967 – Foreign Quarantine Service joins CDC; hemorrhagic fever investigation (Marburg, Germany)
1968 – Hong Kong influenza pandemic

1969 – Biocontainment laboratory completed; Lassa fever investigation (Nigeria); Nutrition Program moved to CDC

1970 – CDC renamed the Center for Disease Control; smallpox eradicated in West Africa
1972 – National Institute for Occupational Safety and Health moves to CDC

1973 – MMWR reports that lead emissions in residential area are a public health threat

1975 – First Field Epidemiology Training Program established in Canada

1977 – Global smallpox eradication achieved (eradication certified by the World Health Organization in 1980)
1978 – First outbreak of multidrug-resistant tuberculosis (Mississippi) reported

1979 – Publication of Healthy People established measurable public health goals for the United States for 1990

1980 – Agency for Toxic Substances and Disease Registry established; MMWR publishes first report of toxic shock syndrome

associated with tampon use
1981 – MMWR publishes first report of fatal disease eventually called acquired immunodeficiency syndrome (AIDS)

1982 – CDC reorganized with new centers for infectious diseases, environmental health, prevention services, and health promotion;

CDC advisory published inMMWR regarding risk for Reye’s syndrome associated with using aspirin among children with chickenpox
and influenza

1983 – CDC established Violence Epidemiology Branch

1986 – Office on Smoking and Health moves to CDC

1987 – National Center for Health Statistics moves to CDC
1988 – National Center for Chronic Disease Prevention and Health Promotion established

1991 – PHS recommends that all women of childbearing age consume 400mg of folic acid daily to reduce risk for spina bifida and

anencephaly

1992 – National Center for Injury Prevention and Control established
1993 – CDC’s prevention mission is recognized, and it becomes the Centers for Disease Control and Prevention

1994 – Polio elimination certified in the Americas

1996 – CDC reports measurable levels of serum cotinine in blood of 88% of nonsmokers in United States

1997 – CDC participates in presidential apology for the Tuskegee study of syphilis treatment among black men
1999 – CDC’s Laboratory Response Network established

2001 – National Center for Birth Defects and Developmental Disabilities established

2002 – Director’s Emergency Operations Center opened
2003 – CDC provides global assistance for surveillance and clinical and laboratory evaluation regarding severe acute respiratory

syndrome (SARS); CDC reorganized around coordinating centers and offices to address cross-cutting goals in life stages,

preparedness, places, and global health
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EIS officers to focus their efforts on this national emer-
gency. Within less than a week, daily reports were pro-
duced by the epidemiologists in the unit. Rapid
investigation in the field and in the laboratory clearly
implicated one of the five vaccine manufacturers as the
source of the epidemic (although a second manufacturer
might have had problems as well). Weeks later Surgeon
General Scheele was able to announce that the problem
had been identified, safety standards had been instituted,
and the vaccine was now safe to distribute. The CDC’s role
had been critical, and the importance of public health
surveillance and of the EIS was recognized. National sur-
veillance for Asian influenza in 1957–58, together with the
work of CDC epidemiologists and laboratory staff, cemen-
ted the national role of the agency in disease control.
The second major event of the decade was less obvious
to the public – the transfer of the PHS Venereal Disease
Division (VDD) to the CDC in 1957. At the time the
VDD had a larger budget than the CDC and certainly a
longer history. However, the effect was more important
than the budget. The VDD brought with it a grant pro-
gram that distributed money to states and a program
management function – the public health advisor. The
grant program enhanced the agency’s connection and col-
laboration with state health departments, and the public
health advisor became the primary nonscientific manager
of CDC programs and of the agency itself. Another pro-
gram that came to the CDCwith the VDD – unfortunately
one that was highly negative – was the Tuskegee study of
the complications of syphilis, which had begun in 1932



Table 2 Select investigations in which EIS officers have

participated, 1951–2006

1951–60
. Contamination of killed poliovirus vaccine with live virus
. Asian influenza epidemics
. Nosocomial staphylococcal epidemics
. Childhood lead poisoning from peeling paint

1961–70
. Cases of poliomyelitis associated with oral vaccine
. Smallpox epidemics through 1977
. Hong Kong influenza epidemics
. Hurricane Camille after-effects
. Salmonellosis in commercially produced chicken
1971–80
. Salmonella associated with pet turtles
. Oyster-associated hepatitis
. Bacteremia from contaminated intravenous fluids
. Childhood lead poisoning from environmental exposure
. Norwalk virus epidemic
. Vinyl chloride-associated liver cancer
. Legionnaires’ disease
. Ebola virus in Zaire and Sudan
. Guillain-Barré syndrome associated with swine influenza

vaccine
. Toxic shock syndrome associated with tampon use
. Heat wave-associated morbidity and mortality in Missouri
. Aspirin-associated Reye’s syndrome
. National Study of the Efficacy of Nosocomial Infection Control
(SENIC)

. National cancer and steroid hormone study

. Investigation of the health effects of the Three Mile Island

nuclear incident (Pennsylvania)
. Health effects of the Mount Saint Helens volcano eruption

(Washington state)
. Health effects of exposure to chemicals from an abandoned

toxic waste site at Love Canal (New York)
1981–90
. Human immunodeficiency virus and acquired

immunodeficiency syndrome
. Acne medication Isotretinoin is associated with

birth defects
. Escherichia coli O157:H7 associated with hemorrhagic

diarrhea and hemolytic uremic syndrome
. Role of parvovirus in erythema infectiosum

(Fifth disease)
. Toxic oil syndrome in Spain
. Eosinophilia-myalgia syndrome
. Clusters of suicides by teenagers
. Vietnam War veterans health studies
. Mercury poisoning from commercial paint
1991–2000
. Multistate outbreak of E. coli O157:H7-associated diarrhea

and hemolytic uremic syndrome from hamburgers
. Hantavirus pulmonary syndrome
. Health after-effects of Hurricane Andrew
. Cryptosporidiosis from contaminated public drinking water in

Milwaukee (Wisconsin)
. Acute renal failure in Haiti from acetaminophen contaminated
with diethylene glycol

. Impact of physician-assisted suicide in Oregon

. Multistate outbreak of salmonellosis associated with

commercial ice cream
. Suicide after natural disasters
. Rotavirus vaccine recall
. West Nile virus epidemic

Table 2 Continued

. Cardiac valvulopathy associated with fenfluramine and

phentermine (fen-phen)
. Violence against mothers of newborns from unintended
pregnancies

. Definition of excessive weight gain in pregnancy

2001–06
. Aftermath of World Trade Center and Pentagon terrorist
attacks and anthrax mailings

. Monkeypox

. Severe acute respiratory syndrome (SARS)

. Health effects of Hurricanes Katrina and Rita

. Multistate outbreaks of E. coli and Salmonella associated with

eating raw vegetables
. Multiple investigations of the obesity epidemic

Adapted from Thacker SB, Dannenberg AL, and Hamilton DH
(2001) Epidemic Intelligence Service of the Centers for Disease

Control and Prevention: 50 years of training and service in applied

epidemiology. American Journal of Epidemiology 154: 987.
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among black men in rural Alabama. Although the gravity
of this study was little recognized in 1957, the matter
became public in 1972 and led to a formal apology by
President William J. Clinton in 1997.
The 1960s: The CDCPlays a Global Role in
Disease Control

The CDC moved into new facilities adjacent to the
Emory University campus in 1960. At the time, the
CDC had more than 1000 employees and a budget of
$20 million. The expansion of the agency mission was
equally substantial. By the end of the decade, the budget
had reached $45 million, and the CDC encompassed
programs in immunization, hospital infection control, tuber-
culosis, and environmental health. The journal Morbidity

and Mortality Weekly Report (MMWR) was brought from
the National Office of Vital Statistics to the CDC by
Langmuir in 1961. The publication rapidly became the
agency’s premier publication and the avenue for publish-
ing concise, science-based articles of current events of
public health interest such as epidemics, as well as current
data regarding disease occurrence and death. The CDC
increasingly was recognized for its responsiveness to epi-
demics of infectious diseases, including drug resistance
among hospitalized patients, Salmonella in commercially
produced chicken, polio associated with oral vaccine, and
for its international work in smallpox eradication and
disaster assistance. The CDC also maintained its lead
federal role in disaster assistance, and staff studied the
immediate and long-term health effects of such disasters
as Hurricane Camille in 1969.

Possibly, the most important event for the CDC during
that decade, however, occurred in Geneva at the World
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Health Assembly in 1966 when the World Health Organi-
zation (WHO), under the joint leadership of the United
States and the United Soviet Socialists Republic, endorsed
the plan to eradicate smallpox. This political will, together
with improved technology (e.g., the jet injector gun to
deliver vaccine), was the impetus for an extraordinary
global program. Donald A. Henderson, MD (EIS 1955),
was transferred to WHO to help lead the international
effort. A global mass-vaccination strategy was undertaken,
and active surveillance documented rapid decreases in
illness and death. However, the program began to founder
and eradication appeared out of reach. William H. Foege,
MD, another EIS alumnus (1962), demonstrated in West
Africa that an active surveillance and containment strategy
was an effective complement to the mass-vaccination strat-
egy. In 1979, these efforts resulted in the first successful
eradication of a human disease in history, 2 years after the
last case of wild-strain smallpox in Somalia.

The CDC’s global role in disease control was founded
on its active role in smallpox eradication. Two future
CDC directors, Foege and Jeffrey P. Koplan, MD, who
had served as an EIS officer (1972) in the program, and
dozens of future public health leaders and hundreds of
public health workers domestically and internationally
were trained in this effort. The critical role of epidemiology
and public health surveillance was now recognized by a
much broader audience, and the importance of interna-
tional, cross-disciplinary, and cross-cultural collaboration
was appreciable.
The CDC’s Expansion during the 1970s

The 1970s brought further change to the CDC and
initiated its programmatic expansion to broader areas of
public health, including environmental health, additional
chronic diseases, occupational safety and health, and
injury prevention and control. The CDC’s expansion in
part came from the transfer of programs in these areas,
notably the National Institute for Occupational Safety
and Health, which was transferred in 1972. Other expan-
sions resulted from calls for assistance from states or other
federal agencies. Childhood lead poisoning was being
reported as a result of industrial pollution or from parents
bringing lead home on their work clothing. Vinyl chlo-
ride-associated liver cancer was demonstrated in popula-
tion studies. Investigating the short- and long-term effects
of exposure to radiation after the incident at the nuclear
reactor at Three Mile Island in Pennsylvania was initiated
at the end of the decade. A collaborative study with the
National Cancer Institute was conducted to investigate
the association of cancer with both oral contraception and
estrogen therapy. All these changes provided background
for major organizational changes that occurred at the end
of the decade.
Meanwhile, the CDC continued to have active engage-
ment in infectious diseases. The identification of Salmo-
nella among pet turtles altered that industry, as did
discovery of the contamination of commercial intravenous
preparations with bacteria and the subsequent documen-
tation of a nationwide epidemic leading to a product
recall. The Study of the Efficacy of Nosocomial Infection
Control (SENIC) confirmed the effectiveness of hospital
infection-control practices. Internationally, the CDC was
involved in documenting the threat of hemorrhagic fever
viruses – first the Marburg virus in Germany, and subse-
quently the Lassa and Ebola viruses in Sierra Leone,
Zaire, and Sudan.

Two events in 1976, the agency’s 30th year, however,
might have had the most enduring impact. In spring
1976, an outbreak of influenza at a military base in New
Jersey was identified as being caused by a new strain of
influenza A, a strain that was quite different than the
strain (A/Hong Kong/H3N2) circulating since 1968.
The new strain (Hsw1N1) had demonstrated pathogen-
icity among humans and its ability to be transmitted
person to person, circumstances that were believed to
always lead to pandemics. As important, this strain was
believed to be closely related to the influenza virus that
had led to a pandemic in 1918–19, which had killed
500 000 U.S. residents and an estimated 25million persons
globally, affecting particularly young adults. With the
CDC in the lead, scientific experts were engaged during
the following months to study the problem. They ulti-
mately recommended the policy that led to the National
Influenza Immunization Program, which targeted the
entire U.S. population. Vigorous efforts by the president,
Congress, the vaccine manufacturers, and the public health
system enabled the program to begin in October 1976.
Within weeks, the CDC’s national surveillance program,
in collaboration with the states, uncovered an increased
reporting of Guillain-Barré syndrome among persons
who had been vaccinated during the program. Subse-
quently, the program was suspended and no epidemic
occurred. An association was confirmed in a national
case-control study conducted by the agency; the agency
was criticized harshly, and other vaccination programswere
called into question.

In early August 1976, a report from Pennsylvania of
possible swine influenza led to an investigation of fatal
pneumonias among veterans and their families who had
attended a statewide convention of the American Legion
in Philadelphia during the third week of July. The legion-
naires’ disease epidemic eventually brought 25 EIS offi-
cers and many other staff to Pennsylvania and stayed on
the front pages for weeks during this bicentennial year. By
the end of August, the field team had identified more than
200 cases – laboratory staff had ruled out all known
human pathogens – and together they had investigated
multiple leads in an effort to determine a toxin. Terrorism
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was considered, and external experts were called in. How-
ever, the strongest association identified was with the
hotel that had housed the conventioneers and had hosted
major business and social activities. The team returned to
Atlanta without a definitive answer, and in the context of
the mounting criticism around the swine influenza pro-
gram, continued its work. Finally, in December, Joseph
E. McDade, PhD (1940–), in the CDC’s Rickettsial Dis-
eases Laboratory, identified the Gram-negative rod that
proved to be the bacterium that caused the epidemic.
Legionella pneumophila became the first new human bacte-
rial pathogen identified in decades, and McDade and his
coworkers linked it to two previously unsolved epidemics
in 1965 and 1968.
The 1980s: The AIDS Crisis

The 1980s was dominated by the epidemic caused by
HIV, but the CDC was also to undergo another major
organizational change that reflected a new direction for
the agency. However, the decade opened with two inves-
tigations of a more traditional nature that brought
national visibility to the agency and brought lawyers
into the public health policy arena in a dramatic fashion.
In the summer of 1980, a report from Arizona in the
MMWR linked Reye’s syndrome with using aspirin. That
report was followed by similar data from Ohio and Michi-
gan, which led the CDC to conclude that the association
might be real. The aspirin industry aggressively attacked,
but the CDC held firm and recommended that aspirin be
avoided for children with chickenpox and during influ-
enza epidemics. Surgeon General Julius B. Richmond
(1977–81) soon followed with a similar recommendation.
The struggle with industry did not stop, but national data
demonstrated a noticeable decrease in Reye’s syndrome
during the next few years. Meanwhile, the CDC was
responding rapidly to the national epidemic of toxic
shock syndrome among women. Within 6 months, the
disease was linked to use of tampons and by the end of
1980, specifically to the use of the Rely tampon, made by
Proctor and Gamble. After the manufacturer voluntarily
withdrew the product, the epidemic abated dramatically.

Major change was continuing to happen in public
health, and the CDC was involved in measuring the
health effects of the radiation release from the nuclear
reactor at Three Mile Island in Pennsylvania, the toxic
effects of dioxin at Love Canal (New York) and among
Vietnam War veterans, and the volcanic eruption at
Mount Saint Helens (Washington state). The chemical
release in Bhopal, India, and the investigation of toxic
oil syndrome in Spain reflected the international recogni-
tion of the CDC in environmental health. In 1982, the
agency announced a reorganization to reflect these new
public health concerns and environmental health, chronic
diseases, occupational health, unintentional injuries, vio-
lence, and maternal and child health, while maintaining
excellence in the prevention of infectious diseases. This
reorganization enabled the programmatic growth for the
next two decades.

However, a brief report of an unusual pneumonia
among five homosexual men in a June 1981 issue of the
MMWR changed health practice at the CDC and around
the world. The pandemic of acquired immunodeficiency
syndrome (AIDS) caused by HIV crept slowly into public
consciousness, but by the end of the decade, no health
problem in the world generated more interest and con-
troversy. The CDC was at the center of both. During those
years, more than a third of the agency’s budget was
directed toward researching this illness and the virus
that causes it. The agency’s budget grew to approximately
$1 billion by the end of the decade. Its constituency grew
with the budget, and both domestic and global partner-
ships expanded considerably. At the CDC, behavioral and
social scientists rapidly developed an important niche,
and the move of the National Center for Health Statistics
in 1987 to what was now the Centers for Disease Control
brought a wealth of data and enhanced the role of the
statistician at the CDC and in public health practice.
Expansion of the CDC in the 1990s

The last decade of the twentieth century was marked by
expansion of programs and budget in the newly defined
priority areas at CDC, especially chronic diseases. In 1993,
the CDC’s name changed to reflect its broadened mission,
and it became the Centers for Disease Control and Preven-
tion. By 2000, the CDCbudget had exceeded $3 billion. The
chronic disease budget was $660 million that year and was
dedicated primarily to development of programs for pre-
venting breast and cervical cancer. In addition, routine data
collectionwas being established at the state level through the
Behavioral Risk Factor Surveillance System, and state-based
cancer registries were implemented to provide a data base-
line for defining problems and evaluating program effective-
ness. Emerging infections (e.g., Escherichia coli O157:H7, the
hantavirus, and West Nile virus) and reemerging infections
(e.g., antibiotic and drug resistance for bacteria, tuberculosis,
and malaria), together with an increasing number of effec-
tive vaccines, underscored the continuing importance of
infectious diseases. By the end of the century, ten major
programs (then termed centers, institute, and offices) were
located at the CDC, the last focusing on unintentional
injuries and violence. An 11th center was created a year
later. Global health programs related to HIV and other
worldwide public health concerns continued to grow. By
2000, a global network of more than 30 Field Epidemiology
Training Programs modeled on the EIS was established. On
any give day, the CDC had more than 200 persons stationed
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internationally on long-term assignments. Nationally and
globally, the science and services of the CDC were in great
demand. The MMWR was available on the Internet and in
2006 received 1.2million hits.
The Twenty-First Century and Beyond

Additional notable public health events marked the early
years of the twenty-first century – the terrorist attacks on
the World Trade Center and the Pentagon (and the down-
ing of a fourth airliner in a field in Pennsylvania) and the
deliberate anthrax poisonings in 2001. Those two major
events were followed in 2005 by Hurricanes Katrina and
Rita occurring in rapid succession. All of these crises had
an extraordinary effect on the country and on the CDC.
The emergence of a major change in influenza made real
the threat of another pandemic, and this also played out
markedly at the agency. Two important themes emerged
from these events. First, the nation and the CDC needed
to adapt their approach to public health emergencies.
Although the traditional approaches worked, improve-
ment was needed. The impact on the public health system
was significant and long-lasting. Second, the CDC
received substantial additional funding, most of which
was provided to traditional partners in state and local
health departments to strengthen public health system
infrastructures and to adapt to new demands. More than
9000 staff are now employed at the CDC, and the budget
in 2006 exceeded $9 billion, $6 billion of which was shared
with state and local governmental partners and with non-
profit organizations.
Conclusion

The new era stimulated a major examination of the agency
and its future, and in 2003 led to a major reorganization
that focused both on adaptation and response to crises but
also greater collaboration across the major programs. The
intent was to focus on major public health goals and not
necessarily specific disease or injury programs, except in
support of these goals. As with the reorganization two
decades earlier, this process will take years to finalize and
to assess the impact.

Beginning with a regional focus on a single parasite, the
CDC has become the premier public health agency in the
world, and its expertise has expanded in direct correlation
with the expanding view of public health needs. The
emerging concerns of the new century – genomics, global-
ization, the built environment, information technology,
global warming, emerging infections, violence, and so on –
will require not only the traditional disciplines but also
new expertise and new global partners, both public and
private. What will remain the same at the CDC is the
dedication to its mission in global public health and its
adherence to the core values of accountability, integrity,
and respect. The new century has already proven chal-
lenging and exciting, a situation that CDC anticipates
eagerly.

See also: Dietary Guidelines, International; World Bank;

World Health Organization.
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Introduction

Cerebrovascular disease is a heterogeneous disorder. It
comprises of a number of distinct pathologies, including
transient ischemic attack, stroke pathological types (ische-
mic stroke, intracerebral hemorrhage, subarachnoid hem-
orrhage) and etiological subtypes (e.g., cardioembolic,
atherothrombotic, lacunar ischemic strokes, aneurysmal
subarachnoid hemorrhage), and other intracranial vascu-
lar disorders (e.g., vascular malformations, unruptured
aneurysms), each of which has different epidemiological
and management features. Stroke is the most important
and devastating clinical manifestation of all the cerebro-
vascular disorders.

Stroke is the second most common cause of death
worldwide and the most frequent cause of disability in
adults in many countries (Kaste et al., 1997). It also has an
enormous physical, psychological, and financial impact
on patients, families, the health-care system, and society.
The lifetime costs per stroke patient in various countries
are estimated to range from US$59 800 to US$230 000.
Moreover, stroke burden on families and societies is pro-
jected to rise from around 38 million disability-adjusted
life years (DALYs) lost globally in 1990 to 61million
DALYs in 2020, largely due to aging of most populations.
Although stroke mortality in Western populations has
declined steadily over the last few decades, stroke inci-
dence trends differ between the countries and the overall
number of stroke survivors has tended to increase. The
best management strategy to reduce burden of stroke is its
prevention on both individual and population levels.
Given that over half of survivors remain dependent on
others for everyday activities, often with significant
adverse effects on caregivers, reducing the impact of
stroke, on caregivers as well as patients, is key to the
maintenance of independence, quality of life, and burden
on health services in populations.
Incidence and Prevalence

Stroke

In epidemiological research, stroke is commonly defined
using the WHO definition of stroke, ‘rapidly developing
signs of focal (or global) disturbance of cerebral function,
leading to death or lasting longer than 24 hours, with no
apparent cause other than vascular’. Despite a continuous
decrease in stroke mortality rates observed in many devel-
oped countries over the last few decades, globally stroke
as a cause of death has moved from third to second place
in the world and is now the leading cause of physical
disability in adults aged 65 years and older. In recent
years, there has been an unprecedented increase in stroke
burden in developing countries (Figure 1). Although
causes of the changing epidemiology of stroke are not
fully understood, the importance of aging of the popula-
tion has been postulated.

Why do we need stroke incidence studies? Good-
quality stroke incidence studies are essential for evi-
dence-based health-care planning and resource allocation
in stroke, and they are also important for quantifying the
burden of stroke. Monitoring trends in stroke incidence
and outcomes allows projection of future stroke burden as
well as an evaluation of effectiveness of various stroke
prevention and management strategies. A physician who
knows age- and sex-specific incidence rates of stroke in
his or her area is able to tell their patients an exact
probability (absolute risk) that an individual will have
a stroke during a specified period of time (usually a
year). For example, Table 1 shows age- and sex-specific
incidence rates of stroke types derived from a population-
based study in Auckland, New Zealand in 2002–03 (Feigin
et al., 2006). As shown in the table, the absolute risk of
having an ischemic stroke during 1 year for anymanwithin
the 65- to 74-year age band is approximately 0.6% (95%
CI, 0.5–0.7%). In other words, one can say with 95%
confidence that approximately 10–14 of 200 men of this
age group would have an ischemic stroke during a year.

Of course, this absolute risk does not take into account
other risk factors for stroke (for more information on
absolute risk of stroke, see the section titled ‘Risk factors’).
This information can be used by doctors and patients for
some decision-making (e.g., weighting benefits and risk
of carotid endarterectomy against the background risk of
stroke). Another useful utilization of good-quality stroke
incidence data is for health-care planning. For example, if
one knew the total stroke incidence rate in the population
served, the number of hospital beds that are needed for
acute stroke patients in the population could be calcu-
lated. For example, if stroke incidence rate in a given
population is 1.5 per 1000 people per year (this is an
average stroke incidence rate in developed countries),
the total population is 200 000 residents, the expected or
desirable percentage of hospitalization with acute stroke
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Table 1 Age- and sex-specific incidence rates of major pathological types of stroke per 100 000 population per year

Sex, age group (years) Ischemic stroke Intracerebral hemorrhage Subarachnoid hemorrhage

Rate (95% CI) Rate (95% CI) Rate (95% CI)
Men

15–64 40 (34–47) 8 (6–12) 7.9 (6–11)

65–74 568 (486–663) 82 (54–123) 21 (10–47)

75–84 1013 (865–1186) 158 (106–235) 20 (6–61)
85þ 1156 (854–1564) 55 (14–220) 55 (14–220)

Women

15–64 28 (24–34) 6 (4–9) 8 (5–11)

65–74 333 (274–403) 70 (46–107) 13 (5–34)
75–84 832 (721–959) 150 (108–211) 35 (18–71)

85þ 1307 (1090–1568) 180 (111–294) 34 (11–105)

Modified from Feigin V, Carter K, Hackett M, et al. (2006) Ethnic disparities in incidence of stroke subtypes: Auckland Regional

Community Stroke Study, 2002–2003. Lancet Neurology 5(2): 130–139.
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is between 80% and 95% with the average length of
hospital stay in an acute stroke unit (ASU) of 6 days
(bed turnover of 50 during a year), then one would need
approximately five to six beds in the ASU to serve acute
stroke patients in the population (1.5� 200� 0.8:50¼ 4.8
beds; 1.5� 200� 0.95:50¼ 5.7 beds). Similar calculations
can be used to compute an expected workload for CT/
MRI head scanning of admitted stroke patients, number of
staff members, medications, and diagnostic procedures
that would be required for the hospitalized stroke patients
per year. Knowing the total number of acute stroke
patients in the population served and assuming that
approximately 20% of acute stroke patients die within a
month after stroke onset, 20% of survivors live in rest
homes or private hospitals, 50% of survivors are dis-
charged home, and only 30% of survivors remain inde-
pendent in their activities of daily living (these figures are
common in many developed countries), one can also
approximate the number of out-patient services and
stroke-associated costs needed in the community.

Stroke incidence data are commonly reported together
with stroke mortality and/or stroke case-fatality data
obtained in the same population-based study. While
high mortality rates may be a reflection of high stroke
incidence rates in the population (especially if incidence
rates parallel mortality rates), high stroke case fatality is
suggestive of either greater severity of stroke (e.g., a high
proportion of hemorrhagic strokes or large cerebral
infarcts) and/or poor management of stroke patients in
the population. These data have clear practical implica-
tions. Finally, incidence rates by stroke subtypes may
provide some information on the etiology of the stroke
subtypes. For example, a high incidence of intracerebral
hemorrhage is suggestive of high prevalence and/or poor
control of hypertension in the population; high incidence
of large anterior circulation infarctions (atherothrombotic
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strokes) is suggestive of high prevalence and/or poo r
control of carotid ar tery stenosis in the populat ion,
etc . Data on incidence of various patholog ical types of
stroke and its su btypes can also be us ed for mor e spe cific
health -care planning and resou rce allocation (e.g., num-
ber of acut e atherothr ombotic stro kes in the population
can be used to calcul ate the expected number of eme r-
gency inter ventiona l procedu res on carotid ar teries; the
numb er of patient s with aneu rysm al su barachn oid hem-
or rh age can be us ed to calcul ate the required num ber of
neuros ur gi cal ser vices for th ese patient s, etc .).

However, validity and genera liza bili ty of infor mation
a bout stroke incidence rates lar gely de pend on the valid-
ity of the meth ods used to colle ct the data . Stroke mor tal-
ity and hospitali zation data common ly us ed in the past,
whil e providing impo r tant infor mation for trends and
patter ns of stroke mor tality and hospitali zation, can not
be generalized to the who le popu lation, suf f er from selec-
tion (hosp ital data) and c lassifica tion (mor tality da ta)
biase s, and theref ore are of limited scientific value. Ana-
lyses limited to hosp ital cases, incom plete mor tality data,
or cases with varying crit eria and definitions, may disto r t
results due to no nstandar dized meas ures and nonre pre-
senta tive study populations .

It is well recognized tha t population- based good -
quali ty studies are the most re lia ble source of infor mation
on stro ke inci dence on a popu lation level. However, iden-
tifying all new stroke events in a popu lation is par ticul ar ly
chall enging, so suc h e pid emiolog ical studies are rela-
tively rare compared with studies using mor tality data,
hospita l-based stroke register s, or incidence stud ies in
younger age group s only. Moreover, even among pub-
lished popu lation- based stroke incidence studies there
are dif f erences in the meth odolog ies used to ens ure com-
pletenes s of case ascer tainm ent and some studies c laimed
to be po pulation- or communi ty-based are not really
popu lation-bas ed becaus e they did not mee t all the cri-
teria for a popu lation- based study. In 1987, Malmg ren
et al. published a list of 12 core criteria for ideal stroke
incidence studies that were related to defini tions,
meth ods, and mode of da ta pr esentation, by which the
quali ty of po pulation-ba sed studies of str oke could be
judged. These criter ia have been updated by Sud low and
War low (1996) , and most recently by Feigin et al . (2003)
(Table 2 ).

Although develope d primari ly for af fluent developed
countr ies, thes e crit eria for an ideal stroke incidence study
have been successf ully utilized in re cent stro ke incidence
studies in Chi le and Geor gi a, suggestin g tha t they can be
of use in som e less-af fluent countrie s. However, these
criter ia may not be pr actical for stroke studies under taken
in oth er developi ng countrie s, where mos t strokes occu r
and resource s are limited . To address the pr oblem of
accur ate an d compara ble data in thes e countrie s, a ste p-
wise appro ach to incr easing detail in the data to be
colle cted for stroke su r veillance has recently been pro-
posed by the WHO. This flexible and sustain a ble system
includes three steps: standard (hospital-based case ascer-
tainment for calculating hospital admission due to stroke),
expanded population coverage (ascertainment of death
certificates or verbal autopsy in the whole community to
calculate mortality rates), and comprehensive population-
based (additional ascertainment of nonfatal events to cal-
culate incidence and case fatality in the community).
These steps could provide vital basic epidemiological
estimates of the burden of stroke in many countries
around the world.

The first most reliable single-center population-based
data on stroke incidence and outcomes came from
Roches ter, Minne sota, USA (Hom er et al ., 1978 ). In this
important study, stroke registration on the population
level started in 1935 and continues until the present day,
providing one of the most reliable sources of information
on stroke incidence, outcomes, and risk factors, including
trend data. The first international multicenter study on
stroke incidence was carried out under the auspices of the
WHO in 17 centers representing 12 countries in 1971–74.
It is noteworthy that in this study registration of stroke
cases was not restricted by age of stroke patients. This
study demonstrated a relatively low stroke incidence in
developing countries and rather moderate geographical
differences in stroke incidence worldwide. Noticeable
geographical variations in stroke incidence were also
demonstrated in the WHO MONICA Project (1985–87),
but this study registered stroke in people 25–74 years old
only (in the majority of centers, only people aged 25–64
were registered). Interestingly, substantial geographical
differences in the incidence of subarachnoid hemorrhage
were also noted in this age group of the population at the
study period.

In 1997, SudlowandWarlow published a comprehensive
overview of the 11 available (at that time) population-based
stroke incidence studies from Europe (Oxfordshire, UK;
Dijon, France; Umbria and Valle d’Aosta, Italy;
Frederiksberg, Denmark; Söderhamn, Sweden; Warsaw,
Poland); Russia (Novosibirsk), Australia (Perth), New
Zealand (Auckland), and the United States (Rochester,
Minnesota) (Sudlow and Warlow, 1997). Age- and sex-
standardized annual incidence rates for subjects aged
45–84 years were similar (between approximately 300/
100 000 and 500/100 000) in most places but were signifi-
cantly lower in Dijon, France (238/100 000) and higher in
Novosibirsk, Russia (627/100 000) (Sudlow and Warlow,
1997). The distribution of pathological types, when these
were reliably distinguished, did not differ significantly
between studies. Our recent overview of population-based
stroke incidence studies (Feigin et al., 2003) included 17 new
studies (nine new stroke incidence studies published since
1990 and eight new studies on secular trends in stroke
incidence) confirmed Sudlow and Warlow’s findings



Table 2 Gold standards for an ideal stroke incidence study

Domains Core criteria Supplementary criteria

Standard
definitions

. World Health Organization definition of stroke

. At least 80% CT/MRI verification of the diagnosis of

ischemic stroke, intracerebral hemorrhage, and

subarachnoid hemorrhagea

. First-ever-in-a-lifetime stroke

. Classification of ischemic stroke into subtypes (e.g.,
large artery disease, cardioembolic, small artery

disease, other)a

. Recurrent strokea

Standard methods . Complete, population-based case ascertainment,

based on multiple overlapping sources of information

(hospitals, outpatient clinics, general practitioners,

death certificates)b

. Prospective study design

. Large, well-defined and stable population, allowing

at least 100 000 person-years of observation
. Follow-up of patients’ vital status for at least 1

montha

. Reliable method for estimating denominator (census

data not more than 5 years old)b

. Ascertainment of patients with TIA, recurrent

strokes and those referred for brain, carotid or

cerebral vascular imaginga

. ‘Hot pursuit’ of cases

. Direct assessment of under-ascertainmenta by

regular checking of general practitioners’

databases and hospital admissions for acute
vascular problems and cerebrovascular imaging

studies and/or interventions

Standard data

presentation

. Complete calendar years of data; not more than

5 years of data averaged togetherb
. Unpublished 5-year age bands available for

comparison with other studies
. Men and women presented separately
. Mid-decade age bands (e.g., 55–64 years) used in
publications, including �85 years old

. 95% confidence interval around rates

aNew criteria.
bUpdated andmodified by Feigin and Carter (Feigin VL, Lawes CM, Bennett DA, and Anderson CS (2003) Stroke epidemiology: A review

of population-based studies of incidence, prevalence, and case-fatality in the late 20th century. Lancet Neurology 2(1):43–53.) from

Sudlow CLM and Warlow CP (1996) Comparing stroke incidence worldwide: what makes studies comparable? Stroke 27(3): 550–558,
with permission.
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(Sudlow and Warlow, 1997) of modest geographical varia-
tions in the incidence of total stroke and stroke pathological
types. As shown in Figures 2–6, toward the end of the
twentieth century and early in the twenty-first century,
the incidence of all strokes combined, age-specific
incidence, proportions of stroke subtypes, prevalence, and
1-month case fatality show, with a few exceptions, rather
modest geographical variation between the studies included
in the analyses, as compared to that observed in the
MONICA Project.

Only population-based studies published after 1990 in
which a CT/MRI or autopsy was done in more than 70%
of cases were included in the analyses of stroke types. All
stroke subtype analyses were based on cases classified by
CT/MRI or autopsy findings for ischemic stroke (IS) and
primary intracerebral hemorrhage (PICH), or cerebrospi-
nal fluid examination and/or cerebral angiography for
subarachnoid hemorrhage (SAH). The error bars are
95% confidence intervals. Box size is proportional to the
number of events contributing to the analysis in each
graph.

It has been suggested that the highest stroke incidence
in Russia and Ukraine may be attributed to well-known
social and economic changes that have occurred in these
countries over the last decade, including changes in med-
ical care, in access to vascular prevention strategies among
those at high risk, and in the prevalence of risk factors.
The reasons for the relatively high stroke incidence in
Japan compared to other developed countries are not
clear but may be related to genetic and environmental
(e.g., diet, prevalence of cardiovascular risk factors, etc.)
parameters. In this overview, the hospitalization rate of
acute stroke patients ranged from 41% in Japan to 95% in
Germany, averaging 81%, 1 month case fatality averaged
23%, and the prevalence of stroke per 1000 population in
nine studies published after 1990 ranged from 5 to 11.

Over the last few years, data from new reviews and
population-based stroke incidence studies have become
available. Overall proportional frequency of pathological
types of stroke and of ischemic stroke subtypes in white
populations was reviewed by Warlow and colleagues
(Warlow et al., 2003). According to their review, ather-
othromboembolism accounts for half of all ischemic
strokes, while intracranial small vessel disease and cardio-
embolism account for 25% and 20% ischemic strokes,
respectively (Figure 7).

Rothwell and colleagues recently reported results of a
population-based TIA/stroke incidence study that ana-
lyzed changes in TIA/stroke rates, outcomes, and risk
factors in Oxfordshire, UK over the period 1981–2004.
This was the first ideal population-based study that
showed a significant reduction in stroke incidence
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Figure 2 (a–d) Age-standardized annual incidence per 1000 population of all strokes combined and by pathological type in people

aged 55 years and older. Reproduced from Feigin VL, Lawes CM, Bennett DA, and Anderson CS (2003) Stroke epidemiology: A review

of population-based studies of incidence, prevalence, and case-fatality in the late 20th century. Lancet Neurology 2(1): 43–53, with
permission.
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(particularly for ischemic stroke and intracerebral hemor-
rhage) and mortality (but not case fatality) over the last
20 years, thus providing evidence that preventive strate-
gies do actually reduce the incidence of stroke on the
community level. It was also the first population-based
study to document the predominance of acute cerebrovas-
cular incidence (stroke and transient ischemic attack com-
bined) over the incidence of acute coronary events
(myocardial infarction and unstable angina combined)
(relative incidence 1.2; 95% confidence interval, 1.1–1.3).
Anderson and colleagues have recently completed the
largest Auckland Regional Community Stroke (ARCOS)
2002–03 stroke incidence and outcomes study in Auck-
land, New Zealand and compared its results with two
similar stroke population-based studies in Auckland
carried out in 1981–82 and 1991–92. This study showed
modest declines in overall stroke incidence and attack
rates in Auckland over the two decades. Two other recent
publications based on the ARCOS 2002–03 study demon-
strated substantial ethnic differences in trends and stroke
subtype incidence rates in New Zealand (Carter et al.,
2003; Feigin et al., 2006), with non-white populations (par-
ticularly Pacific and Maori people) experiencing a high
and increased incidence rate and a greater risk of stroke
(especially ischemic stroke and intracerebral hemorrhage)
compared with New Zealand people of European descent.
A decrease in stroke incidence rates was also recently
observed in Tartu, Estonia (Vibo et al., 2005). These and
other ideal population-based studies (Feigi et al., 2003)
published after 1990 showed a decline in stroke incidence,
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as summarized in Table 3. A stroke incidence and out-
comes study by Lavados and colleagues in Iquique, Chile
(the PISCIS Project) was the first population-based stroke
incidence study in Latin America that met not only the
standard (Sudlow and Warlow, 1997), but also the most
rigorous criteria for an ideal stroke incidence study (Feigin
and Carter, 2004). The key findings of this study were that
stroke outcomes and incidence rates in a predominantly
Hispanic-Mestizo population of the city of Iquique, Chile,
are similar to those in other populations, but the propor-
tion of intracerebral hemorrhage is somewhat higher.
Another population-based stroke incidence study in less
affluent countries was recently carried out in Tbilisi,
Georgia (Tsiskaridze et al., 2004). This study demonstrated
overall stroke incidence rates comparable to those reported
in developed countries, but the proportion of hemorrhagic
strokes and 1-month case fatality were greater than those in
developed countries. Table 4 summarizes key features of
modern stroke incidence and prevalence.
Transient Ischemic Attack

Transient ischemic attack (TIA) is commonly diagnosed
on the basis of presence of focal neurological symptoms
relating to focal cerebral, brain stem, or retinal ischemia
with abrupt onset and complete resolution within 24 h
(usually within minutes). Although this definition of TIA
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is commonly used in epidemiologic research, it should be
noted that structural lesions in the brain relevant to TIA
can be found in 30–67% of the patients (Winbeck et al.,
2004). TIA constitutes approximately 10–50% of stroke
incidence but population-based data on TIA are scarce
and inconsistent. The highest incidence rates of TIA
(approximately 70 cases per 100 000 people per year)
were reported in Rochester, Minnesota, USA (Brown
et al., 1998) and Northern Portugal (Correia et al., 2006),
the lowest (approximately 30 cases per 100 000 people per
year) in Tartu, Estonia and Novosibirsk, Russia (Feigin
et al., 2000). Overall, 80% of all TIAs occur in the carotid
artery and 20% in the vertebrobasilar distribution, with
incidence rates increasing with age.
Risk Factors

A number of stroke risk factors have been identified and
commonly described as well documented and less well
documented, modifiable and nonmodifiable. The major
established risk factors for stroke that can be addressed
therapeutically are elevated blood pressure, cardiac disease,
TIA, asymptomatic carotid stenosis, cigarette smoking, and
diabetes mellitus. Less well-documented but also poten-
tially controllable risk factors include low socioeconomic
status, unhealthy diet/nutrition, alcohol abuse (especially
binge drinking; the overall relationship between alcohol
consumption and stroke is J-shaped), obesity, diabetes mel-
litus, physical inactivity, some blood disorders and lipid
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abnormalities, migraine with aura, hormone replacement
therapy, oral contraceptives, drug abuse, inflammatory pro-
cesses, and low personal and environmental temperature.
Although some risk factors are similar for various stroke
pathological types and subtypes (e.g., elevated blood pres-
sure, cigarette smoking), some are more specific for partic-
ular types of stroke (e.g., unruptured intracranial aneurysms
for SAH, atrial fibrillation for cardioembolic stroke). Non-
modifiable but well-documented risk factors for stroke
are increasing age (almost doubling for each successive
decade), sex (men are at greater risk of stroke than women
until the age of 65 years but women are at greater risk of
stroke than men at older age). Some studies suggest that
a parental history of stroke and genetic predisposition are
also important risk factors for stroke. Current evidence
suggests that stroke and vascular risk factors have similar
relative effects across the world, with modest interaction
with ethnicity and nation (Feigin and Rodgers, 2004; Pearce
et al., 2004).

At least two-thirds of strokes are explained by identifi-
able risk factors and there is suggestive evidence that at
least 80% of strokes can be prevented (Wald and Law,
2003). The modern approach to stroke prevention
includes a combination of population-based (control of
risk factors on the population level) and individual-based
or high-risk strategies. The high-risk strategy includes
identification and management of individuals with high
risk of stroke or even preclinical individuals with high risk
of developing some stroke risk factors (e.g., subjects with
increased left atrial volume). Current American Heart



Table 3 Secular trends in stroke incidence rates in ideal

population-based studies

Study region (city, country)
Period of
study

Change in
stroke
incidence

Rochester, Minnesota, USA

(Brown et al., 1996)

1955–89 30% decline

Fredericksburg, Denmark

(Jorgensen et al., 1992)

1972–90 15% increase

Copenhagen, Denmark

(Thorvaldsen et al., 1999)

1982–91 3% decline

Espoo-Kauniainen, Finland 1972–91 20% decline

Oyabe, Japan 1977–91 30% decline

Novosibirsk, Russia
(Feigin et al., 1995)

1982–92 22% decline

Perth, Australia 1989–96 23% decline

Tartu, Estonia

(Vibo et al., 2005)

1991–2003 18% decline

Auckland, NZ 1981–2003 11% decline

Oxfordshire, UK 1981–2004 29% decline

Table 4 Key features of modern stroke incidence and

prevalence research

The overall age-standardized incidence of stroke in people

aged 55 years and older ranges from 4.2 to 11.7 per 1000

person-years. The proportion of ischemic stroke ranges from

67 to 81%; intracerebral hemorrhage, 7 to 20%; and
subarachnoid hemorrhage, 1 to 7%. The risk of ischemic

stroke (including ischemic stroke subtypes) and intracerebral

hemorrhage and the proportion of intracerebral hemorrhage in

non-white populations is about two times greater than that in
white populations

Two-thirds of stroke-related deaths occur in developing

countries and there is some evidence that, at least in
developed countries, acute cerebrovascular events (stroke

and transient ischemic attack) are becoming more common

events than acute coronary events (myocardial infarction and

unstable angina)
Stroke incidence, prevalence, stroke-subtype structure, 1-month

case fatality, and mortality rates show modest geographical

variations, with the exception of Ukraine, Russia, and Japan,

where incidence rates are highest, and Italy and the UK where
prevalence rates are highest

The average age of patients affected by stroke is 70 years in men

and 75 years in women, but it is substantially younger in

non-white populations and developing countries. In developed
countries, more than half of all strokes occur in people over

75 years of age. Approximately 25% of all strokes occur in

people younger than 65 years, and 5% in people younger than
45 years

The age-standardized prevalence rate of stroke in people aged

65 years and older ranges from 5 to 7% and is tending to

increase due to the aging of the population and improved
survival; therefore, the overall burden of stroke is likely to

continue to increase

In developed countries, overall case fatality within 1 month of

stroke onset is approximately 23% and is higher for
intracerebral hemorrhage (42%) and subarachnoid

hemorrhage (32%) than for ischemic stroke (16%). Early

stroke-related case fatality in developing countries is
substantially greater than that in developed countries

Overall, there is a trend toward stabilizing or decreasing stroke

incidence in some developed countries, but there is suggestive

evidence that incidence of stroke is increasing in developing
countries

Modified from Feigin VL, Lawes CM, Bennett DA, and Anderson

CS (2003) Stroke epidemiology: A review of population-based

studies of incidence, prevalence, and case-fatality in the late 20th
century. Lancet Neurology 2(1): 43–53.
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Association Guidelines for primary prevention of cardio-
vascular disease and stroke recommend risk factor screen-
ing in adults to begin at age 20 years, with blood pressure,
bodymass index, waist circumference, and pulse (to screen
for atrial fibrillation) to be recorded at least every 2 years;
and fasting serum lipoprotein profile (or total and high-
density lipoprotein cholesterol if fasting is unavailable)
and fasting blood glucose measured according to person’s
risk for hyperlipidemia and diabetes, respectively (at least
every 5 years if no risk factors are present, and every
2 years if risk factors are present). For all adults 40 years
of age and older or people with two or more risk factors
(e.g. smoking, elevated blood pressure, total/LDL choles-
terol, ECG documented left ventricular hypertrophy, or
diabetes), the absolute risk of developing coronary heart
disease and stroke can be calculated. Prediction charts
have also been developed for selecting people with an
increased risk of cardiovascular disease (stroke, TIA, cor-
onary heart disease, congestive heart failure, or peripheral
vascular disease) (Figure 8). Control of risk factors should
be aimed to lower the absolute risk of developing coronary
heart disease and stroke as much as possible. A stepwise
implementation of evidence-based interventions with
comprehensive and integrated action at the country level
have recently been suggested by the WHO as the major
means to the worldwide prevention and control of chronic
diseases including stroke.
Stroke Outcomes

Clinical outcomes in stroke have often been classified into
survival (death), impairment (signs and symptoms of the
underlying pathology), disability (limitation in functional
activities), handicap (disadvantage to the individual result-
ing from impairment and disability), and quality of life
(patient’s general well-being resulting from physical, psy-
chological, and social aspects of life that may be affected
by changes in health states). The recent International
Classification of Functioning (ICF), Disability and Health
(World Health Organization, 2001) describes outcomes in
terms of body functioning, activities (related to tasks and
actions by an individual) and participation (involvement
in a life situation), and environment.
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Figure 8 Absolute 5-year risk of developing cardiovascular disease and stroke. Adapted from Jackson R (2000) Updated New

Zealand cardiovascular disease risk–benefit prediction guide. British Medical Journal 320(7236): 709–710, with permission.
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According to the ICF (Salter et al., 2005), functioning
and disability are viewed as a complex interaction
between the health condition of the individual and the
contextual factors of the environment as well as personal
factors. The picture produced by this combination of
factors and dimensions is of ‘the person in his or her
world’. The classification treats these dimensions as inter-
active and dynamic rather than linear or static. It allows
for an assessment of the degree of disability, although it is
not a measurement instrument. It is applicable to all
people, whatever their health condition. The language of
the ICF is neutral as to etiology, placing the emphasis on
function rather than condition or disease. It also is care-
fully designed to be relevant across cultures as well as age
groups and genders, making it highly appropriate for
heterogeneous populations. The ICF is currently consid-
ered as the standard measure of outcomes and has been
shown to have reasonably good psychometric and admin-
istrative properties in the area of stroke rehabilitation
and research. Accurate information on short-term and
long-term stroke outcomes is important to the patients,
their families, and health-care providers for setting up
appropriate goals and expectations and developing
appropriate management options (e.g., discharge plan,
interventions).
Survival

On average, about one-quarter of stroke patients die
within the 1stmonth after stroke onset, one-third within
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the first 6–12months, and one-half within the first 2 years
after stroke, with the average case fatality of 5% between
years 1 and 10 and about 2% between years 10 and 21
after stroke, with older patients having the worse progno-
sis. Based on these and other similar population-based
studies, cumulative case-fatalities have been estimated at
40 to 60% at 5 years, approximately 80% at 10 years, 90%
at 15 years and 93% at 21 years. Stroke patients have
nearly twice the mortality rates of the general population.
The most important prognostic factors for death are
increasing age, urinary incontinence, stroke severity, pre-
stroke disability, and the presence of cardiovascular risk
factors. While approximately two-thirds of deaths within
the 1st month after the stroke onset are due to the direct
effects of the brain lesion and another one-sixth due to
recurrent stroke, among 1-month stroke survivors one-
fifth of subsequent deaths between 30 days to 1 year, 1- to
5-year and 5- to 10-year periods are due to recurrent
strokes and about one-third due to cardiovascular causes.
Functional Outcomes

Since stroke often results in activity limitations across
multiple domains of functioning and some outcomes
may have independent prognostic implications, it is
important to exercise a multifocal approach to studying
stroke outcomes and include patient-centered measures
that evaluate different functions so that the impact of
stroke on the patient as a whole can be understood and
quantified. Although a relationship between impairment,
disability, handicap, and quality of life has been documen-
ted, these relationships are not simple.

While the number of studies of outcomes (especially
death, disability, and neurological impairments) in stroke
survivors is substantial, there have only been three popu-
lation-based studies evaluating medium- to long-term
functional outcomes in stroke survivors. Two early popu-
lation-based stroke incidence studies in Auckland
(1981–82 and 1991–92) showed that approximately 55%
of 3-year stroke survivors have incomplete recovery, and
one third of them require assistance in at least one self-
care activity (Bonita et al., 1997). In the 1991–92 study
(Hackett et al., 2000), health-related quality of life
(HRQoL measured by the SF-36 questionnaire) and
basic activities of daily living were assessed in stroke
survivors 6 years after stroke (n¼ 639) and compared to
an age- and sex-matched general population (n¼ 310).
The authors found that although the majority of stroke
survivors (77%) were living at home, 42% of the patients
were dependent in at least one aspect of basic care
activities of daily living, and they had lower scores for
the physical health, general health, vitality, and social
function components of HRQoL compared with the gen-
eral population. In the Perth Community Stroke Study
(Australia, 1989–94) (Hankey et al., 2002), 152 stroke
patients (41% of acute stroke patients) survived to
5 years. Of survivors who were neither institutionalized
nor disabled at the time of their initial stroke, 21 (14%)
were institutionalized in a nursing home, and 47 (36%)
were disabled at 5 years after stroke. In a larger and more
recent population-based study in South London (UK
1995–2000) (Patel, 2001), of 639 registered stroke patients,
392 without previous disability survived and were
assessed for disability at 3 months, of whom 34 (9%)
were severely disabled and 60 (15%) moderately disabled.
Of 225 survivors (35%) at 12 months after stroke, 11%
had moderate or severe disability (Barthel Index <15).

As noted above, stroke is a heterogeneous disorder
that consists of three major pathological types, each of
which has differing short- to medium-term outcomes.
However, data on the long-term functional outcomes
and costs in survivors of different stroke subtypes are
scarce, limited to 1-year follow-up, and are often incon-
sistent. There is good evidence that cost of stroke
differs in different stroke subtypes, but there was only
one population-based study that addressed this issue.
In the population-based study in Australia, the total
lifetime costs of all new strokes was estimated to be
Aus $1.3 billion a year, of which ischemic stroke (IS)
costs constituted 72% (Aus $937million), intracerebral
hemorrhage (ICH) 26% (Aus $334million), and unclas-
sified stroke 2% (Aus $30million), with the average cost
per case of Aus $44 428 (Dewey et al., 2001, 2003). The
lifetime cost per person of first strokes occurring in the
USA was estimated to be $228 030 for SAH, $123 565 for
ICH, $90 981 for IS, and $103 576 averaged across all
stroke subtypes, and indirect costs accounted for 58% of
lifetime costs (Taylor et al., 1996).

To our knowledge, there are only three population-
based studies that investigated health outcomes by stroke
subtype (Patel, 2001; Sturm et al., 2002). In the study in
Perth (Australia) (Sturm et al., 2002), handicap (measured
by the London Handicap Scale) differed significantly
with severity of disability (measured by the Barthel
Index) in ischemic stroke subtypes (defined by the
Oxfordshire stroke classification) at 12months. In the
Australasian study, incomplete recovery at 1 year after
SAH was found in 46% of survivors, of which ongoing
memory problems were recorded in 50%, mood abnorm-
alities in 39%, and speech problems in 14%, while a
substantial proportion of survivors had diminished level
of HRQoL. No association between cognitive impairment
and the Oxfordshire Community Stroke Project classifi-
cation of stroke subtypes was found in the South London
population-based study (Patel et al., 2002).

Although prognostic factors of stroke outcomes have
been the subject of much discussion in the literature, there
have been only a few studies that addressed some aspects
of this issue in the population-based setting (Hankey et al.,
2002; Patel et al., 2002). In a population-based study in
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Perth, Australia (n¼ 152), factors found to be associated
with poor outcome (death or disability) at 5 years
included increasing age, baseline disability, hemiparesis,
and recurrent stroke (Hankey et al., 2002). No predictors
of complete recovery from SAH were determined in a
population-based study of SAH in Australasia, but the
follow-up period was restricted to 1 year and no other
measures of disability and handicap were undertaken in
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this report. In a population-based study in the UK (Patel
et al., 2002), initial incontinence was found to be the best
predictor of moderate or severe disability (Barthel Index
<15) at 1 year after stroke; however, it remains unclear
whether this association holds true in the long term.
A useful model for predicting ipsilateral ischemic stroke
after TIA has recently been developed by Rothwell and
colleagues (Figure 9). These models allow clinicians to
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Table 5 Acute stroke treatment

Level of
evidencea

All patients with suspected stroke/TIA should

be referred to, and assessed by, the ASU

team as soon as possible after the patient is

considered for admission to hospital

A

All patients should have a CT head scan ASAP

to confirm the diagnosis of stroke and stroke

subtype

B

Unless there is absolute contraindication, or the
patient has agreed to thrombolysis with

Alteplase or an experimental hyperacute

treatment, all patients with ischemic stroke
should be given aspirin (150–300mg) as soon

as possible after onset

A

All patients with subarachnoid hemorrhage,

potentially caused by intracranial aneurysm
rupture, should be urgently evaluated by

neurosurgeon for possible neurosurgical

intervention

A

All patients should be closely monitored for
hyperglycemia and hyperthermia (�37.5 �C);
those with diabetes or raised blood-glucose

concentration should receive insulin; in
patients with hyperthermia, an antipyretic

such as paracetamol or cooling devices such

as cooling blankets or compresses may be

B
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take into account the many characteristics of an individual
patient and their interactions, to consider the risks and
benefits of interventions (e.g., carotid endarterectomy for
stroke prevention) separately if needed, and to provide
patients with personalized estimates of their likelihood of
benefit. Although stroke incidence and mortality are
known to be inversely related to socioeconomic status
(SES) (Bennett, 1996; Engstrom et al., 2001; Boden-Albala
and Sacco, 2002; Avendano et al., 2005), data on the rela-
tionship between SES and stroke functional outcomes are
scarce. In a recent UK hospital-based study (Weir et al.,
2005), social deprivation was found to be strongly and
inversely related to disability after stroke. Overall, about
half of the patients who survive for 6 months after stroke
are partially or totally dependent in their activities of
daily living such as bathing, dressing, feeding, and mobil-
ity (10% need long-term nursing care). About one-third
of patients surviving stroke for 1 year are unable to remain
independent, and this proportion remains relatively
unchanged in survivors followed for up to 5 years. How-
ever, functional recovery (lessening of disability or handi-
cap) often continues long after specific neurologic deficits
have ceased to change. Therefore patients and their
families should never give up their fight for recovery
and greater independence.
considered to maintain body temperature in
the normal range

All patients with deteriorating clinical state due

to cerebellar hemorrhage should be

considered for neurosurgical referral for
possible intervention

B

aA, at least one randomized controlled trial as part of the body of
literature of overall good quality and consistency addressing spe-

cific recommendation; B, availability of well-conducted clinical

studies but no randomized clinical trials on the topic of recom-

mendation; C, evidence obtained from expert committee reports
or opinions and/or clinical experiences of respected authorities.
Management Strategies

Any acute stroke patient should be admitted to a hospital
stroke unit as soon as possible (Table 5). There is robust
evidence that stroke patients who receive organized inpa-
tient care in a geographically defined acute stroke unit
(ASU) are more likely to be alive, independent, and living
at home 1 year after the stroke (Stroke Unit Trialists’
Collaboration, 2001). All patients with acute stroke or
TIA, irrespective of age or stroke severity or any other
considerations, should be admitted to the ASU for initial
evaluation and management. There are two major types of
stroke units: (1) the ASU unit for acute care only (the
average length of staying in such units is usually a few
days) and (2) the comprehensive stroke unit that provides
both acute care and rehabilitation (the average length of
staying in such units is usually from several days to a few
weeks). A mobile stroke team is usually not regarded as a
stroke unit, although it is part of the organized stroke care.
Current evidence shows superiority of the two types of
acute stroke units over a mobile stroke team. The key
elements of acute stroke units are the coordinated expert
interdisciplinary team working in a geographically based
setting with regular team meetings (at least weekly). The
tasks of the team are to establish an accurate diagnosis,
observe vital signs, maintain homeostasis, provide acute
treatment, prevent complications, implement early reha-
bilitation, initiate secondary prevention strategies, and
develop the most appropriate discharge and rehabilitation
plan. There is no evidence that extensive (and expensive!)
laboratory monitoring of acute stroke patients is more
effective than conventional management in the ASU. Cur-
rent recommendations for management and rehabilitation
of acute stroke patients are summarized in Tables 5–8
(Feigin, 2005).

It is commonly accepted that all patients should have a
follow-up plan at discharge from hospital. Follow-up may
involve different community services. The patients
should be reviewed at the stroke (neurovascular) clinic
or have a home visit. At follow-up, the caregiver should be
interviewed and an attempt made to minimize caregiver
stress.

Although the duration of rehabilitation therapy is gen-
erally determined by the rate of functional recovery, the
probability of improvement of movement in paralyzed
limbs is maximal during the 1stmonth after stroke and



Table 6 Prevention and management of complications of

acute stroke

Level of
evidencea

Each stroke patient should undergo swallowing

assessment

B

Urinary catheters should be used with caution
and alternative methods for the management

of continence explored

C

All those involved in moving stroke patients

should receive training in lifting, transferring,
and moving and handling of the upper limb

C

In patients at high risk of deep vein thrombosis

and/or pulmonary embolism, external
compression stockings or intermittent

pneumatic compression devices should be

used where heparin/Clexane is

contraindicated

B

Awareness of the possibility of depression and

other related mood disorders should lead to

prompt evaluation and treatment

B

aA, at least one randomized controlled trial as part of the body of

literature of overall good quality and consistency addressing

specific recommendation; B, availability of well-conducted clini-
cal studies but no randomized clinical trials on the topic of rec-

ommendation; C, evidence obtained from expert committee

reports or opinions and/or clinical experiences of respected

authorities.

Table 7 Rehabilitation following acute stroke

Level of
evidencea

Rehabilitation should be started as soon as the

patient’s condition permits

B

Rehabilitation aims, with short- and long-term

rehabilitation objectives, should be
established and agreed by all parties

including the patient and carers

C

Physiotherapy should aim to promote recovery

of motor control, independence in functional
tasks, optimize sensory stimulation, and

prevent secondary complications such as

soft tissue shortening and chest infections

C

The broad role of occupational therapy in the

rehabilitation of stroke patients should be

recognized. Early referral for assessment is

appropriate

C

All patients with a communication problem

resulting from stroke should be referred for

speech and language therapy assessment

and treatment

A

Intensive speech and language therapy should

be initiated as soon as the patient’s condition

is stable and may be required to continue
over the long term

B

Where intelligible speech is not a reasonable

goal, the speech and language therapist

should augment speech attempts and enable
communication through means other than

spoken language

B

Speech and language therapist should play a

key role in swallowing assessment

C

Patients with diabetes, high blood cholesterol

levels, and poor oral intake or who are

significantly underweight should be referred
to dietician

C

Active bowel and bladder management should

be implemented. Catheters should be used

only after full assessment. It is important to
have regular bowel movements with at least

C
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decreases significantly after 6months, whereas improve-
ment of speech, domestic and working skills, and unstead-
iness can continue for up to 2 years. Recovery of arm
movement is usually less complete than that of leg move-
ment, and complete lack of any movement at onset of
stroke, or no measurable grip strength by 4weeks, is
associated with a poor prognosis for return of useful arm
function (Katrak, 1990).
one bowel emptying every 2–3days.

Continence services can be approached

when required
Screening for depression and anxiety should be

provided. Persistently (>6weeks) depressed

patients should be given antidepressant

treatment

B

aA, at least one randomized controlled trial as part of the body of

literature of overall good quality and consistency addressing
specific recommendation; B, availability of well-conducted clini-

cal studies but no randomized clinical trials on the topic of rec-

ommendation; C, evidence obtained from expert committee

reports or opinions and/or clinical experiences of respected
authorities.
Conclusion

The epidemiology of stroke, like any other noncommu-
nicable disorder, is changing over time. Reliable data on
stroke incidence, prevalence, and risk factors are essential
for evidence-based health care, therefore more good-
quality stroke incidence, prevalence, outcomes, and risk
factor studies in various regions and populations (espe-
cially in developing countries) are warranted. Despite a
continuous decrease in stroke mortality rates observed in
many developed countries over the last few decades,
globally stroke as a cause of death has moved from third
to second place in the world and is now the leading cause
of physical disability in adults aged 65 years and older.
Recent advances in stroke prevention and management
offer an opportunity to reduce the burden of stroke. Urgent
and practicable preventive measures, such as those
recommended by the WHO, need to be implemented to
limit the epidemic of stroke in developing countries.
See also: Circulatory Diseases and Aging; Coronary

Heart Disease; Hypertension; Peripheral Arterial Disease.



Table 8 Secondary prevention of vascular events

Level of
evidencea

All patients with ischemic stroke or TIA should

be given long-term aspirin (100–150 mg) for

prevention of future vascular disease,

unless contraindication to aspirin or
warfarin is considered more appropriate.

Other antiplatelet strategies which can be

considered are aspirin plus dipyridamole or

clopidogrel, particularly in situations of
aspirin failure

A

All postacute patients with either ischemic

stroke or primary intracerebral hemorrhage
(when the patient is medically stable, which

is usually within the first 5–10days after

stroke onset) should receive blood

pressure-lowering therapy (preferably ACE
inhibitor-diuretic combination) irrespective

of initial blood pressure (hypertensive or

nonhypertensive), age, and gender

A

Warfarin anticoagulation (INR 2–3) should be
used where the stroke resulted from a

cardiac source (e.g., atrial fibrillation), the

patient has a good understanding of the
treatment, and the patient is at low risk of

hemorrhagic complications (e.g., low risk of

falls, no alcohol abuse)

A

Carotid ultrasound should be organized in
patients with severe ipsilateral disease who

have no major comorbidities that reduce life

expectancy and are prepared to accept the

real early risk of surgery

A

Carotid endarterectomy for patients with

high-grade carotid artery stenosis should

be considered

A

Post-stroke or TIA patients who have a

persistent elevation of cholesterol despite

dietary modification and two fasting levels

above 5mmol/l should be considered for
statin therapy to reduce the risk of further

stroke

A

Secondary prevention of stroke should

include adequate control of stroke risk
factors, including lifestyle modifications

(e.g., diet low in saturated fat, salt, and

cholesterol; smoking abstinence;

reasonable physical activity; etc.)

B

aA, at least one randomized controlled trial as part of the body of

literature of overall good quality and consistency addressing
specific recommendation; B, availability of well-conducted clini-

cal studies but no randomized clinical trials on the topic of rec-

ommendation; C, evidence obtained from expert committee

reports or opinions and/or clinical experiences of respected
authorities.
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Introduction

Child abuse and neglect, synonymous with the more
current term ‘child maltreatment,’ is a multifactorial
problem affecting the health and well-being of large
numbers of children worldwide. Ever-increasing amounts
of research into the cause and effects of child abuse, what
treatments are most effective in ameliorating its conse-
quences, and how best to prevent it from occurring in the
first place are being conducted and reported upon. One
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research team has commented that studying child mal-
treatment is akin to climbing a mountain: The further you
ascend, the more you see that you have to climb (Gough
and Lynch, 2000). Because of the multifaceted causes of
child abuse and neglect and owing to the wide range of
observed responses by children exposed to abuse and
neglect, this mountain-climbing analogy rings true to
professionals and advocates interested in understanding
the child maltreatment problem.

Approximately a decade and a half ago, in a commen-
tary about the public health implications for violence
published in the prestigious Journal of the American Medical

Association, Rosenberg, O’Carroll, and Powell (1992) from
the U.S. Centers for Disease Control defined child abuse
as a component of interpersonal violence and made clear
that both public health as a field and public health-minded
professionals as a group ought to rightly address violence
including child abuse because:

Violence is a major cause of injuries and deaths . . . proba-

bly has no simple solution, but the public health

method of health-event surveillance, epidemiologic analy-

sis, and intervention design and evaluation can undoubt-

edly make important contributions to the solution.

(p. 3072)

Dr. James Gilligan (2000), writing in the equally presti-
gious Lancet, draws an insightful comparison of the public
health approach to preventing epidemics to the necessary
approach to addressing the public health aspects of vio-
lence including child maltreatment:

A century and a half ago, public health and preventive

medicine discovered that cleaning up the water supply

and the sewer system was more effective in preventing

epidemics of illness and death than all the doctors,

medicines, and hospitals in the world. When those same

medical specialties are applied to the study of violence,

we discover that cleaning up the social and economic

system, by reducing the huge inequities in income and

wealth between the rich and the poor, are more effec-

tive in preventing epidemics of violence and death than

all the police, prisons, and punishments in the world.

(p. 1803)

The United Nations Office of the High Commissioner for
Human Rights (1996), in discussing the ratification of the
Convention on the Rights of the Child, calls for attention
to the health, safety, and development of children
throughout the world, including ‘‘children who have suf-
fered mistreatment, neglect or exploitation’’ who need
appropriate services in order to recover from this trauma
(p. 5). In August 2006, the UN Secretary General received
an in-depth study from an appointed independent expert
that presented a global study of the problem of violence
against children and presented a sobering picture of the
magnitude of the problem of abuse and mistreatment of
our planet’s children. The independent expert, Paolo
Sergio Pinheiro, began the report with the observation
that no violence against children can be justified and that
all violence is preventable. Specifically, Mr. Pinheiro, in
describing the intended result of sharing the report’s
results with the Secretary General, stated:

The Study should mark a turning point – an end to adult

justification of violence against children, whether accept-

ed as ‘tradition’ or disguised as ‘discipline.’ There can be

no compromise in challenging violence against children.

Children’s uniqueness – their potential and vulnerability,

their dependence on adults – makes it imperative that

they have more, not less, protection from violence.

Much of the violence described in this UN report would
be seen as child abuse and neglect, so this call to action
includes a call to stop child abuse and neglect perpetrated
against the world’s children. Finally, the World Health
Organization (WHO) in collaboration with the Interna-
tional Society for the Prevention of Child Abuse and
Neglect (ISPCAN) in 2006 issued a worldwide guide on
preventing child maltreatment, in the hopes of generating
action to protect children and also to systematize the
collection of evidence in the study of child maltreatment
such that the impact of such prevention efforts can be
quantified and assessed.

This article will briefly summarizewhat is known about
the problem of child abuse and neglect from a public
health perspective, focusing on the size of the problem
worldwide and looking at the risk factors for being mal-
treated, what the known consequences are of being
exposed to this form of violence, and, finally, what is
proposed as being effective at preventing this form of
violence that threatens the health and well being of chil-
dren throughout the globe.
Definitions and Typologies

Child abuse and neglect can be broadlydefined as occurring
when harm to a child happens by the actions or omissions of
someone in a caregiving role for the child. The harm can be
an actual injury or a significant risk to the health and safety
of a child. The WHO defines child abuse as including all
forms of physical and/or emotional ill treatment, sexual
abuse, neglect or negligent treatment, or commercial or
other exploitation that results in actual or potential harm
to the child’s health, survival, development, or dignity in the
context of a relationship of responsibility, trust, or power
(WHO, 1999). Child abuse and neglect is then further
categorized into five different subtypes, namely, physical
abuse, sexual abuse, neglect and negligent treatment, emo-
tional abuse, and exploitation. See Table 1 for WHO defi-
nitions of each child maltreatment subtype.



Table 1 WHO definitions of child abuse and neglect sub-types

Sub-type Definition

Physical abuse Actual or potential physical harm from an interaction or lack of interaction, which is reasonably within
the control of a parent or person in a position of responsibility, power, or trust. There may be

single or repeated incidents (WHO, 1999)

Child sexual abuse The involvement of a child in sexual activity that he or she does not fully comprehend, is unable to

give informed consent to, or for which the child is not developmentally prepared and cannot
give consent, or that violates the laws or social taboos of society. Child sexual abuse is evidenced

by an activity between a child and an adult or another child who by age or development is in a

relationship of responsibility, trust or power, the activity being intended to gratify or satisfy the

needs of the other person. This may include but is not limited to the inducement or coercion of
a child to engage in any unlawful sexual activity; the exploitative use of a child in prostitution or

other unlawful sexual practices; the exploitative use of children in pornographic performances

and materials (WHO, 1999)
Neglect and negligent

treatment

The inattention or omission on the part of the caregiver to provide for the development of the child

in all spheres: health, education, emotional development, nutrition, shelter, and safe living

conditions, in the context of resources reasonably available to the family or caretakers and

causes, or has a high probability of causing harm to the child’s health or physical, mental, spiritual,
moral, or social development. This includes the failure to properly supervise and protect children

from harm as much as is feasible (WHO, 1999)

Emotional abuse The failure to provide a developmentally appropriate, supportive environment, including the

availability of a primary attachment figure, so that the child can develop a stable and full range of
emotional and social competencies commensurate with her or his personal potential, and in the

context of the society in which the child dwells. There may also be acts toward the child that cause

or have a high probability of causing harm to the child’s health or physical, mental, spiritual,
moral, or social development. These acts must be reasonably within the control of the parent or

person in a relationship of responsibility, trust, or power. Acts include restriction of movement,

patterns of belittling, denigrating, scape-goating, threatening, scaring, discriminating, ridiculing, or

other non-physical forms of hostile or rejecting treatment (WHO, 1999)
Exploitation, commercial or

other forms

Refers to use of the child in work or other activities for the benefit of others. This includes, but is

not limited to, child labor and child prostitution. These activities are to the detriment of the

child’s physical or mental health, education, moral, or social-emotional development (WHO, 1999)

Adapted from: http://www.who.int/violence_injury_prevention/violence/neglect/en/
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Physical abuse typically refers to bodily injuries that
are observable on physical examination, via diagnostic test-
ing, or through various imaging techniques and include
bruising, cuts and/or abrasions of the skin, various degrees
of burns, and broken bones. Head and brain injuries are
particularly concerning in infants because of the risk for
severe injury to the developing child that often results in
disability or even death.

Child sexual abuse (CSA) is a form of child maltreat-
ment in which a child or adolescent is engaged in sexual
activities to which they can not developmentally consent
by an older, more dominant person. These imposed sexual
activities may include exhibitionism, inappropriate view-
ing of the child, allowing the child to view inappropri-
ate sexual material, taking sexually related photographs
of the child, sexualized kissing, fondling, masturbation,
digital or object penetration of the vagina or anus, and
oral–genital, genital–genital, and anal–genital contact
(Sgroi, 1982).

Neglect occurs when a child’s caregivers fail to provide
for the child’s basic needs. These basic needs are wide-
ranging and are described by the United Kingdom’s
Hobbs, Hanks, and Wynne (1993) as typically including
such things as food, warmth, clothing, shelter and protec-
tion, grooming and hygiene, fresh air and sunlight, activity
and rest, prevention from illness and accidents, affection,
continuity of care, security of belonging, nurture, and
opportunity to learn.

Emotional or psychological abuse refers to styles
of child rearing that are injurious to the child’s sense
of self-worth and well-being. Its forms are listed in
Table 1.

Finally, commercial exploitation, often involving
the commercial sexual exploitation of children (CSEC),
is being increasingly identified. In this, children and ado-
lescents are involved in the production of pornographic
materials, prostitution, and human trafficking across
national borders for the sexual pleasure of people willing
to pay for the material produced or for sexual access to the
children themselves.

Child maltreatment may be seen as part of the contin-
uum of family violence, and increasing attention is being
paid to the relationship of child abuse, specifically physi-
cal abuse, to the well-recognized problem of domestic
violence or its synonym, interpersonal violence. In 2006,
the United Nations International Children’s Emergency

http://www.who.int/violence_injury_prevention/violence/neglect/en/
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Fund (UNICEF) in conjunction with The Body Shop
International through the Stop Violence in the Home
campaign issued a report entitled ‘‘Behind closed doors:
The impact of domestic violence on children,’’ which
reported the following findings:

. Children who live with and are aware of violence in the
home face many challenges and risks that can last
throughout their lives.

. There is an increased risk of children in domestic viol-
ence situations becoming victims of abuse themselves.

. There is a significant risk of ever-increasing harm to
children’s physical, emotional, and social development
when they find themselves in living situations affected
by domestic violence.

. There is a strong likelihood that behaviors and atti-
tudes that underlie domestic violence may become a
continuing cycle of violence that impacts the following
generation.

The year prior to the report, the Stop Violence in the
Home campaign was launched in 35 countries throughout
Africa, the Americas, Asia, Australia, Europe, and the
Middle East.

In a landmark study, researchers Tjaden and Theonnes
discussed a range of issues related to violence against
women in various settings and they (Tjaden and Theonnes,
1998), identified the overlap of child abuse and domestic
violence. They refer to children often being in ‘‘harm’sway’’
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when there is intimate partner violence in the home or
family setting. Figure 1 demonstrates this overlapping,
often coexistent relationship.

Finally, regretfully, noncaregivers also harm children.
This type of violence and injury is seen as a different type
of problem and is defined as physical or sexual assault
rather than as child abuse or child maltreatment, since
abuse occurs in the context of a caregiving relationship
that fails to protect the child, whereas assault is violence
perpetrated against a child from someone not in a care-
giving role.
Epidemiology

A caregiving context underlies child abuse and neglect.
Thus, gaining accurate incidence and prevalence statistics
on child maltreatment is notoriously difficult for public
health officials owing to the shrouding of problems that
occur primarily in the private, potentially isolated familial
context as well as to the stigma attached to harming
children in one’s care. On a global basis, with the wide
range of cultural norms surrounding privacy in the home,
parental rights, and the rights of children, this problem is
magnified. According to the report of the independent
expert for the UN study on violence against children, the
global scope of the maltreatment of children is estimated
as follows:
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. Approximately 53 000 children died worldwide as a
result of homicide in 2002.

. Up to 80–98% of children suffer physical punishment
in their homes, with at least one-third experien-
cing severe physical punishment from the use of an
implement (e.g., belt, stick, whip).

. Between 20–65% of school-aged children have been
verbally or physically bullied in the past 30 days.

. Approximately 150million girls and 73million boys
under 18 experienced forced sexual intercourse or
other forms of sexual violence during 2002.

. Between 100–140million girls and women have under-
gone some form of genital cutting or mutilation.

. At least 218million children were involved in child
labor practices, with at least 126million of these being
engaged in hazardous work in 2004 (this is an 11%
decrease from the child labor observed in 2002 and a
25% decrease in the number of children in hazardous
work).

. In 2000, at least 5.7million children were in forced or
bonded labor, at least 1.8million were in prostitution and
pornography, and 1.2million were victims of trafficking.

The numbers above are believed to be underestimates
because of the illegal, illicit, and stigmatized nature of
child maltreatment as well as the well-established under-
reporting of this problem.
The U.S. Example

An illustrative example of the public health challenges to
measuring the national scope of the child maltreatment
problem via epidemiologic efforts is the data from the
United States regarding the incidence and prevalence of
child sexual abuse. Historically, professional attention to
the problem of child abuse and neglect is entering its fifth
decade in the United States, after the landmark JAMA

publication of C. Henry Kempe and colleagues’ article
(1962) detailing the injury of children at the hands of
caregivers entitled ‘‘The battered child syndrome.’’
Nearly 15 years later, C. Henry Kempe challenged his
colleagues again with the publication of an address enti-
tled ‘‘The hidden epidemic’’ that chronicled the existence
of child sexual abuse in our midst.
Incidence

Incidence studies look at the number of new cases of
abuse and neglect that occur in a given time period,
typically one year’s time frame. Recent national compila-
tions of U.S. data consistently find that approximately
3million reports of suspected child maltreatment are
being made to child protective services (CPS) agencies
for investigation. Of these, ultimately, after processing and
investigation, anywhere from 900 000 to about 1million
children are found to have been maltreated; thus, about
1million cases are substantiated each year in the United
States. Specifically, in 2005 there were approximately
3.3million reports made to CPS involving alleged mal-
treatment of nearly 6million children and, after proces-
sing and investigation, approximately 899 000 children
were determined to have been victims of maltreatment
(referred to as being substantiated) (U.S. Dept. of Health
and Human Services, 2007). Approximately 60% of the
cases are substantiated for child neglect in which a basic
need is not met; 15% of cases are substantiated for physi-
cal abuse in which a child sustains an injury at the hands of
his or her caregivers; approximately 10% are substan-
tiated for CSA; and the remainder are cases of emotional
abuse, educational neglect, and combinations of the dif-
ferent forms of child abuse and neglect.

In addition to the annual compilations of individual
state data discussed above, the U.S. Congress mandated a
series of national incidence studies to determine the
national incidence of child abuse and neglect from repre-
sentative samples of the population. These national inci-
dence studies were viewed as necessary to overcome the
well-recognized underreporting to official agencies for all
forms of child abuse and neglect, especially of CSA. The
Third National Incidence Study on Child Abuse and
Neglect (NIS-3), conducted in 1993 and published in
1996, captured data on possible cases of sexual abuse, as
inclusively as possible, by using data collection techniques
that did not rely solely on state child protective services
reports (Sedlak and Broadhurst, 1996). TheNIS-3 included
a number of methodological enhancements beyond what
was employed in the first and second national incidence
studies (NIS-1 andNIS-2) andwas able tomore completely
characterize the full continuum of cases that were known
to professionals, not just those known to CPS. Even this
approach, however, may underestimate the true number of
cases of maltreatment and particularly CSA because it does
not capture cases known to nonsampled types of agencies
and, of course, does not capture those cases not known to
anyone other than the child victim and perpetrator. The
NIS approach is frequently displayed as an ‘iceberg,’ with
the visible portion of the iceberg being the cases known to
CPS, the portions of the iceberg below the surface being
those cases known to other professionals but not known by
CPS, and the deepest portion being those cases not known
to anyone except the victim and perpetrator (Sedlak, 2001).
Figure 2 displays the NIS iceberg approach to conceptua-
lizing the awareness that professionals have about the num-
bers of cases of abuse, known and unknown, with those
known being visible ‘above the water line’ and those
unknown (unreported) being ‘below the water line’ and
potentially being quite large.

The NIS-3 estimated an overall rate of child mal-
treatment in the U.S. in 1993 of 23.1 per 1000 children
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(representing 1 553 8000 children) if stringent rules were
used (called the harm standard) and 41.9 per 1000 (repre-
senting 2 815 600) if less stringent rules were used (called
the endangerment standard). Over half the cases were
for neglect, followed sequentially by physical abuse, sexual
abuse, emotional abuse, and various forms of educational
maltreatment. The Fourth National Incidence Study
(NIS-4) is currently underway and will provide the most
up-to-date epidemiologic incidence data once completed.
The NIS methodology views maltreated children who are
investigated byCPS agencies as representing only the ‘tip of
the iceberg,’ so children investigated by CPS are included,
along with maltreated children who are identified by pro-
fessionals in a wide range of agencies in representative
communities. The NIS-4, underway at the time of this
printing, uses data gathered from a nationally representative
sample of 122 counties, and the final report for the NIS-4 is
expected to be available by February 2008. CPS agencies
in these counties provide data about all children in cases
they accept for investigation during one of two reference
periods (September 4–December 3, 2005 or February
4–May 3, 2006). Additionally, professionals in these same
counties serve as NIS-4 sentinels and will report data
about maltreated children identified from the following
organizations: elementary and secondary public schools;
public health departments; public housing authorities;
short-stay general and children’s hospitals; state, county,
and municipal police/sheriff departments; licensed day
care centers; juvenile probation departments; voluntary
social services and mental health agencies; and shelters for
runaway and homeless youth or victims of domestic
violence.

In the mid-1980s, Finkelhor and colleagues (1986)
noted that yearly occurrence rates for CSA substantially
underestimated its incidence, primarily because the
identification and reporting of sexual abuse is discouraged
because of the nature of sexual abuse, the secrecy and shame
associated with it, the criminal sanctions against it, and the
young age of its victims. In addition, varying levels of
professional education and public awareness affect the fre-
quency of case detection and make it difficult to judge the
true scope of the problem accurately.Most authorities agree
that published incidence figures dealing with the occur-
rence of child sexual abuse are in reality underestimates of
the actual incidence of sexual maltreatment.

The specific rate for CSA appeared to decrease
throughout the 1990s, with a decrease in the rate from
2.3 per 1000 in 1990 to 1.6 per 1000 in 1998. As more data
became available, Finkelhor and Jones (2004) were able to
provide a national estimate of the number of sexual abuse
cases substantiated by CPS from 1992 to 2000; the number
of substantiated sexual abuse cases peaked at 149 800 in
1992, followed by annual declines through 2000, reaching
a low of 89 355 in 2000.
Prevalence

As an alternative to examining incidence of sexual abuse,
there has been a great deal of interest in the prevalence of
sexual abuse. Prevalence looks at the proportion of the

https://www.nis4.org/NIS_History.pdf
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population who have been sexually abused during their
childhood. Incidence studies rely on data reported to
county, state, and national authorities such as seen with
the state compilations and NIS-3 data reported above and
are recognized as deficient because of the suspected large
amount of underreporting that Finkelhor has observed.
Prevalence studies, on the other hand, rely on victim and
offender self-reports. Because it is believed that most sexual
abuse goes unreported, studies that rely on large surveydata
from a variety of potential victim populations may more
accurately reflect the scope of the problem. Prevalence
studies, however, may suffer from several problems:

. differences in definition of sexual abuse (e.g., inclusion
of noncontact sexual abuse such as exposure, inappro-
priate comments or requests for sex; inclusion of inci-
dents involving peers as perpetrators; and use of
specific age differences between participants, such as
age difference greater than 5 years);

. differences in sample characteristics (e.g., age of sub-
ject, education level of subject, ethnicity of subject, and
region of country surveyed);

. differences in methodological characteristics of studies
(e.g., sampling techniques, specifically around populations
selected to sample; random vs. nonrandom techniques
(e.g., random dialing telephone surveys vs. nonrandom
surveys of undergraduates taking an introductory psy-
chology course); and questioning techniques, specific-
ally around face-to-face interviews, self-administered
questionnaires, and phone call surveys).

In a comprehensive review of 16 survey-type preva-
lence studies of nonclinical, North American samples that
were performed over three decades, Gorey and Leslie
(1997) attempted to adjust or correct the reported preva-
lence figures for females and males who had experienced
sexual abuse in their childhood. The adjustments were
done to account for as much variation as possible that
might be attributed to differences in each study’s response
rate and the definitions of abuse used. The authors
explained that these corrections were necessary because
adults who are aware that they have experienced sexual
abuse in their childhood are more likely to respond to
surveys addressing this issue, so a high response rate is
necessary to balance this out. Additionally, the definition
adjustment was necessary because how the survey ques-
tions are phrased is central to how the respondents answer
the questions. The unadjusted prevalence rates for having
experienced childhood sexual abuse was 22.3% for
women and 8.5% for men. When adjustments were
made in the calculation for a survey response rate of
60% or more (considered a good survey), the prevalence
rates became 16.8% for women and 7.9% for men. Addi-
tionally, when the calculations were done excluding the
broadest, noncontact form of sexual abuse (exhibitionism)
from the comparisons, the prevalence figures were 14.5%
for women and 7.2% for men. Using these adjustments,
the authors argued that the prevalence rates during the
three decades in which the studies were done had not
changed significantly.

Professionals in the child abuse field have conserva-
tively used Finkelhor’s (1994) U.S. prevalence estimates of
20% for women and 5–10% for men. The careful analysis
by Gorey and Leslie (1997) suggest that prevalence fig-
ures should at their upper end be set at about 17% for
women and 8% for men (Leventhal, 1998). Finally, both
Runyan (1998) and Leventhal (1998) individually call for
rigorous, epidemiologically sound future studies that
limit bias and that are longitudinal in design and focused
on the clinically relevant areas of risk and prognosis. This
call for increased rigor is echoed in the jointly sponsored
WHO and ISPCAN report on preventing child maltreat-
ment (2006).
Consequences: Physical and
Psychological Effects

Child maltreatment may have physical, psychological,
and emotional effects. The immediate physical conse-
quences vary depending on the type and severity of the
injury; depending on the structures and organ systems
involved, child maltreatment may have long-term conse-
quences as well. The immediate and long-term physical
consequences are often visible and obvious. The psycho-
logical and developmental aspects may be less obvious
and may be more complex to understand. The anticipated
negative impact of child maltreatment on a child’s psy-
chological functioning and developmental trajectory
may be lessened by ‘mediating’ factors that include the
child’s coping strategies and personality characteristics,
supportive people in the child’s environment, and per-
ceived level of response to the identification of the abuse
and neglect once it comes to light. Certainly, children do
best when in an environment that provides positive, nur-
turing interactions that promote psychomotor, cognitive,
psychosocial, and emotional well-being. If these aspects
are absent, as is the case in an abusive or neglectful
situation, then the child’s development can be impaired.
For example, if the abusive environment interferes with
the achievement of an internal sense of safety and trust,
the child may as a result have difficulty attaining devel-
opmental tasks related to cooperation and interactive play.
The extent of the negative impact on the child’s psycho-
logical and developmental progress could be modified,
however, by the various mitigating factors mentioned
above. Typical negative consequences that may be seen
in cases of physical abuse and neglect include behavioral
difficulties related to self-control such as aggression, vio-
lence, and juvenile delinquency; psychosocial and cognitive
problems such as decreased academic and vocational
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achievement; and psychological disorders such as poor
attachment formation, low levels of empathy, and low
self-esteem (Silverman, 1996).
Physical Consequences

Child abuse and neglect can have a wide range of both
immediate and long-term consequences on nearly every
dimension of a child’s physical, emotional, cognitive,
developmental, and social health and well-being. Perhaps
the easiest to understand are the potential physical health
consequences from physical abuse. Injury types vary, and
children may experience skin and soft-tissue injuries such
as bruises, abrasions, lacerations, and burns. Skeletal inju-
ries include fractures and sprains, as well as abdominal
and chest injuries to major organs and structures. Central
nervous system injuries may occur to the brain and spinal
cord. A variety of other types of injuries to the eyes, face,
and teeth are possible, as well as injuries resulting from
poisoning. Depending on the severity of the injury, the
number of injuries, and the duration of abusive caregiving,
children may recover fully or may suffer long-term
consequences. Some children are so injured that they
have long-term disfigurement, as from severe burns
from an immersion-type injury in hot liquid; some may
have long-term neurological disabilities, as might be seen
from a shaking-impact injury to an infant’s fragile skull
and brain. Other children may experience a level of vio-
lence so severe that their life is violently ended.

Physical injuries to the genitalia from CSA are increas-
ingly understood to be relatively uncommon, primarily
due to the perpetrator’s desire to elude being detected
and as a result engaging in activities with the child that are
unlikely to cause physical signs and symptoms that would
prompt a medical evaluation and hence detection. Heger
and colleagues (2002) have identified a number of possi-
ble reasons for a general paucity in genital findings on
physical examination, which include the perspective that
the perpetrator does not want to be detected, as well as
specific anatomic and physiologic characteristics of the
child victim and also specific psychological and social
factors that seem to promote underreporting or late
reporting of the abuse, which permits time for minor
injuries to heal.

In addition to the injuries that might be seen to the
genitalia, CSA has been associated with a number of ‘func-
tional’ physical complaints, which are so called because
extensivemedical diagnostic workups do not reveal obvious
physical etiologies to the symptoms described. Specifically,
Berkowitz (1998) discusses a number of medical effects
from child maltreatment that impact on the child’s physical
health andwell-being, includingmost notably abdominal or
gastrointestinal disorders, genital and anal disorders, and
various forms of somatization, including headaches and
pain syndromes.
Neglect may lead to poor growth, injury, and death.
Perhaps the most commonly recognized physical mani-
festation of neglect is seen in cases in which the child’s
basic need for food and nutrition is not met. In these cases,
which are frequently referred to as psychosocial failure
to thrive (FTT), the child receives inadequate nutrition
to sustain his or her anticipated growth potential. The
child’s growth parameters fall below the expected per-
centile and demonstrate a pattern of growth retardation.
Figure 3(a and b) demonstrates the types of growth
curves that might be seen in typical cases of FTT.

Other physical symptoms that might be seen in neglect
cases are a lack of hygiene and appropriate cleanliness. In
cases in which the child is not provided with adequate
clothing or shelter for the climate, one might see frostbite
injuries, heat prostration, or even death from exposure to
the elements.

Of particular note when discussing potential long-
term physical health consequences of child abuse and
neglect on children as they grown into adulthood are a
set of well-designed epidemiologic studies by Felitti and
Anda referred to collectively as the Adverse Childhood
Experience (ACE) studies. In these epidemiologic stud-
ies, over 17 000 health records were analyzed – and the
findings were astounding, in that children who had expe-
rienced a variety of adverse experiences in childhood,
including child abuse and neglect, were found to be at
higher risk for a number of health problems in adult-
hood, including cardiovascular disease, diabetes, and
clinical depression. Figure 4 illustrates the ACE pyra-
mid, which graphically represents the ACE studies’ con-
ceptual model of how these adverse childhood exposures
work in the aging adult’s life to lead to poor health
outcomes.
Psychological Consequences

Suffering injury or neglect at the hands of a caregiver is a
negative event and typically characterizes a negative care-
giving environment that may predispose children who
have been abused or neglected to a wide range of poten-
tial mental health problems. The child’s response to the
abusive events and abusive environment varies widely,
however. Depending on a number of mitigating or protec-
tive factors, a child’s acute and long-term consequences
may vary from mild to severe. These include individual
characteristics such as sense of self-esteem, autonomy, and
inherent intelligence; family characteristics such as the
availability of a caring, nonabusing caregiver; and social
characteristics such as access to health-care services
within one’s community.

Mental health professionals have characterized the
mental health consequences of child maltreatment along
several continua including:
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1. a severity range going from mild to severe symptoms
and conditions;

2. a time course range going from relatively short-term
effects to those that are long term, sometimes even
lifelong; and

3. an internalizing versus externalizing type of symptom
pattern, ranging from children who internalize and re-
spond to the stress by withdrawing and becoming de-
pressed to those children who externalize and become
aggressive and disruptive in response to the trauma.

In looking at acute and long-term mental health con-
sequences, both Kendall-Tackett and colleagues (1993) and
Paolucci and colleagues (2001) have concluded that no
universal response pattern and psychological consequence
can be found in all cases of child abuse and child sexual
abuse. Paolucci and her colleagues (2001) conducted a
meta-analysis of published research on the effects of child
sexual abuse and identified 37 English-language studies
published between 1981 and 1995 that collectively
contained 25 367 people. Despite not finding conclusive
evidence to support a specific or universal child sexual
abuse syndrome, they found clear evidence of a link
between experiencing child sexual abuse and a set of multi-
faceted negative short-term and long-term consequences
impacting the child’s development and emotional well-
being. These negative consequences included posttraumatic
stress disorder, depression, suicide, sexual promiscuity, poor
academic performance, and risk for the victim to adopt
perpetrator-like behavior toward others.
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Intervening on Behalf of the Children
and Family

Effective public health intervention begins with case iden-
tification. Reporting of suspected cases of abuse and
neglect has wide variation throughout the world. In the
United States, there are mandatory reporting require-
ments in all 50 states that require professionals to alert
authorities about suspicions of potential child abuse and
neglect. Mandated reporters include professionals who by
virtue of their work with children are obligated to make
reports to the child protective services agency and in some
cases to law enforcement. Physicians, nurses, and teachers
are consistently included in the list of mandated reporters.
The UN, WHO, and ISPCAN support the notion of
mandated reporting as a means to ensure the identification
of children who are being harmed by abusive caregivers.
Health-Care Evaluation

The medical evaluation of suspected abuse and neglect is
fairly standardized and follows the typical health-care
evaluation format, namely, history or interview from child
and caregiver, complete head-to-toe physical examination
of the child, appropriate laboratory/diagnostic studies,
consideration of diagnostic possibilities consistent with the
findings in the case (the differential diagnosis), and the
formulation of a diagnostic impression and treatment plan.
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The health-care evaluation forms an important component
of the overall investigation of a case of suspected child
maltreatment. A comprehensive investigation also requires
the input of the child welfare agency, which should focus
on the safety and custody issues of the affected child, as well
as the input of law enforcement, which should be respon-
sible for criminal investigation and for protection of the
child from further violence from the alleged perpetrator.
Investigation and Service Delivery

Psychosocial management that requires a significant
amount of coordination among various service providers,
including the physician and other health-care providers,
complements the medical management.

The child welfare agency, frequently referred to as
child protective services, in each community should be
responsible for performing investigations of suspicion of
child maltreatment. CPS will assess the caregivers’ back-
ground, caregiving abilities and potential, environmental
safety, risk for repeat abuse, and risk to other siblings.
A variety of treatment options are available, ranging from
periodic contact with the child and family to removal of
the child from the home, either temporarily or perma-
nently, with termination of parental rights. The CPS
process for child maltreatment cases in the United States,
for example, typically involves the following steps
(DePanfilis and Salus, 1992):

. Intake – Screening of reports and acceptance of case;

. Initial risk assessment – Caregiver interviews, medical
information gathering, home evaluation, and possibility
of contact with law enforcement;
. Case planning – Determination of safety for the child
with essentially three options:
1. The child goes home with the caregiver with or

without services, depending on the circumstances.
2. The child is removed from home and family with

caregivers’ consent, and caregivers are offered ser-
vices to assist them in working toward reunifying
with the child.

3. The child is removed from the home and family
without caregivers’ consent, involving court action
and incorporation of legal steps and processes to
determine the ultimate plan for the child.

In the United States, once a report of possible abuse or
neglect is made by someone who is concerned, usually in
the form of a call to the state or county hotline followed by
some form of written documentation, the state laws outline
a timeline for the subsequent evaluation. CPS will screen
the information, conduct an investigation, and provide sup-
portive services for the child and family. Law enforcement
may become involved, depending on the locality and the
circumstances of the case. Under state statute, the people
making the report in good faith will be able to claim
immunity from criminal and civil liability should an angry
caregiver file a lawsuit against them for making the report
even if it ultimately is determined that no maltreatment has
occurred. Certain professionals, such as physicians, who fail
to make a report of suspected abuse may be held liable for
failing to report the case under the state’s statues.
Prevention

Preventing child maltreatment before it occurs and exposes
the child to its potential negative physical and psychologi-
cal consequences remains the ultimate goal of the public
health professional, regardless of level of activity, including
international, national, regional, or local/ institutional. The
collaborative WHO and ISPCAN report on prevention
begins with seeking a sound scientific public health
approach and promotes more accurate identification and
reporting, and more effective intervention on behalf of
children who are at risk or who have already been harmed
as a result of child abuse and neglect. Additionally, a special
focus on childhood fatalities resulting from preventable
causes and prevention strategies for all potentially fatal
childhood events can be developed, including those from
abusive and nonabusive causes. Using the public health
model, strategies dealing with preventable causes of
death, in particular those related to child maltreatment,
can be thought of as being primary, secondary, or tertiary.

Primary (or universal) prevention deals with broad,
relatively untargeted initiatives aimed at reaching all of
a community’s members. Secondary (or selected) preven-
tion efforts are more focused initiatives aimed at indivi-
duals or groups who are deemed at higher risk for the
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exposure to the problem – those children and families
who have indicators that suggest a higher risk for child
maltreatment. For example, a secondary child maltreat-
ment prevention effort might be targeted to first-time
teen mothers, who may have fewer parenting skills when
compared to an older mother with several children. Ter-
tiary (or intervention) prevention are efforts directed at
providing treatment-oriented services to those children
already victims of abuse. The WHO/ISPCAN guide for
prevention concludes with a call for (1) information for
effective action, (2) prevention of child maltreatment, and
(3) care services for victims and families, which includes
child protection as well. The prevention strategy called
for in this guide describes a comprehensive plan that
includes interventions at all levels of the human ecology
model and that addresses an array of risk including,
among others, cultural norms conducive to child mal-
treatment and to unwanted pregnancies.
Conclusion

Child abuse and neglect is increasingly recognized as a
significant risk to the health and well-being of children
in every nation in our world. From a public health perspec-
tive, the ever-increasingly accurate epidemiologic statistics
that are being collected, analyzed, and publicly shared serve
a number of purposes beyond simply being an academic
exercise. First, by looking at accurate numbers that have
solid academic foundations, victims, the public, and all
concerned professionals and organizations can begin to see
the magnitude of the problem requiring focused attention
and action.This is importantwith regard to developing inter-
ventions, treatment services, and prevention efforts, and
informs training efforts as well. In addition, having accurate
measures of the problem allows for a baseline in which there
is some degree of confidence fromwhich tomeasure the pro-
blem’s worsening or improvement. Several reports from
international organizations were released in 2006 and, in
the words of the UN’s independent expert, Paolo Sergio
Pinheiro, it is time to move beyond any excuses that might
distract our united, international resolve to make the protec-
tion of children from the risks posed by exposure to abuse
and neglect a high priority that is firmly committed to
success – in short, let us commit to making these reports a
true turning point, and let us all redouble our efforts to im-
plement the calls toward effective action to protect children.

See also: Child Labor; Child Rights; Child Witness to

Violence.
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Child labor is a prevalent global public health and human
rights problem. It puts children at risk for acute and
chronic health problems, in many cases prevents comple-
tion of formal education, and thwarts the right to freely
choose economic opportunities. Child labor also limits
the opportunities of girls and women. Current, predomi-
nant child labor practices have ramifications not only for
individual children, but their families, communities, and
society at large. Both the labor itself and the interfer-
ence with schooling can negatively affect a child’s over-
all physical, mental, social, and moral development. The
complexity of the problem of child labor warrants a multi-
disciplinary approach that takes into account familial,
cultural, societal, and economic elements that allow the
demands of cheap labor to supersede consideration of
the health and well-being of children.

According to UNICEF, approximately 317million
children between the ages of 5 and 17 work. Work is a
broad concept that involves the production of goods and
services that may or may not generate income for chil-
dren, their families, or others; that may be part-time or
full-time, sporadic or routine; and that may be in the
formal or informal, legal or illegal sectors. Of this group,
218million are classified as child laborers. The distinction
between children who work and child laborers includes
criteria such as the age of the child (the International
Labor Organization’s Minimum Age Convention defines
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child labor as most work done by children under the age
of 15), the number of hours worked, excessive interference
with or prevention of school attendance, whether the
work is exploitative, and whether the work puts the
child at undue risk of significant negative health out-
comes. In spite of these criteria, use of one term or
the other is at times culturally and/or geographically
dependent. Nonetheless, applying the above definition,
equal numbers of boys and girls in the 5- to 11-year-old
age range are child laborers. Among older adolescent
laborers, almost two-thirds are boys, whereas slightly
more than one-third of girls are engaged in similar activ-
ities (Figure 1). Nearly 15% of all children between the
ages of 5 and 17 are child laborers, but the rates vary
geographically: the greatest proportion (26%) is in sub-
Saharan Africa, whereas a slightly lower proportion
(19%) is found in Asia and the Pacific, and a much
lower proportion (5%) exists in Latin America and the
Caribbean (Figure 2). The majority of child laborers
engage in agriculture, forestry, and fishing. Child laborers
comprise roughly 15% of the total global workforce
and contribute up to 25% of family income. Accurate
numbers are difficult to obtain because most forms
of child labor are officially illegal activities, definitions of
child labor differ and may encompass a large range of
activities performed for various reasons (e.g., children are
viewed as helpers rather than employees, doing piece work
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as part of the entire family’s work), and traditional forms
of labor inspection tend to focus on factories or formal
businesses. Using a surrogate measure – the number of
children not attending school, which is approximately
500million – makes the current estimate of 218million
child laborers a conservative one.

To understand the origin of these statistics and to oper-
ate from a common framework, definitions are necessary to
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avoid overgeneralization (i.e. all child labor is bad), provide
clarity, and help direct advocacy efforts. Economically
active is defined by the International Labor Organization
(ILO) as productive work (whether paid or unpaid, in an
informal or formal market, on a casual or regular basis,
legal or illegal activity) by a child for at least 1 h in a 7-day
period. This term is used mostly for statistical purposes.
Child labor is a narrow concept that excludes children over
12 years of age working only few hours a week in light
permitted work and those 15 years old and above whose
work is not hazardous. Hazardous work is any work that has
or leads to adverse effects on a child’s health, safety, and
moral development.

UNICEF provides a useful, comprehensive definition
of child labor: Full-time work at too early an age; too
many hours spent working; work that exerts undue physi-
cal, social, or psychological stress; work and life on the
streets in bad conditions; inadequate pay; too much respon-
sibility; work that hampers access to education; work that
undermines children’s dignity and self-esteem, such as
slavery or bonded labor or sexual exploitation; work that
is detrimental to full social and psychological develop-
ment. This definition captures the breadth and depth
of child labor practices, i.e., ones that have obvious, fla-
grant, adverse health effects, and others that do not have
negative health effects but nonetheless are detrimental to
children because they supplant educational attainment.

Within the pool of 218million child laborers is a subset
of 126million who are engaged in what the ILO refers to
as worst forms of child labor: Slavery, bondage, and other
forms of forced or compulsory labor; prostitution or the
pornography industry; illicit activities, such as the drug
trade; and hazardous work, ‘‘work which, by its nature or
the circumstances in which it is carried out, is likely to
harm the health, safety, or morals of children.’’ Forced
labor is all work and service not voluntarily performed
that is exacted from an individual under threat of force
or penalty. Bonded labor involves children working in
Table 1 Estimates of different categories of child work by age, 2

Child population

Age group (years) 2000 2004

5–17 Number (millions) 1531.4 1566.3

Incidence (% age group) 100.0 100.0
% change from 2000 to 2004 – 2.3

5–14 Number (millions) 1199.4 1206.5

Incidence (% age group) 100.0 100.0

% change from 2000 to 2004 – 0.6
15–17 Number (millions) 332.0 359.8

Incidence (% age group) 100.0 100.0

% change from 2000 to 2004 – 8.4

Reproduced from International Labor Organization (2006) The End of
Session 2006, Report I(B).
conditions of servitude to pay off debt (in many cases
simply paying the interest and not the actual debt, leading
to protracted lengths of work). Included in these worst
forms of child labor are 1.2million trafficked children,
1million sexually exploited children, 300 000 child soldiers,
and 5.7million bonded children. There have been some
inroads in decreasing the number of child laborers. As
Table 1 illustrates, from 2000 to 2004 the number of child
laborers globally decreased 11%, the number of children
in hazardous work declined 26%, and the number of child
laborers in the 5- to 14-year-old age group fell 33%.
Global Backdrop for Child Labor

One reason why child labor is so prevalent is because so
many families worldwide are economically destitute. Par-
ents come from lower social classes, have little, if any,
formal education and very little earning power. Currently
half of the world’s population attempts to survive on
less than US$2 a day. Increasing the number of wage
earners is one way for a family to increase its overall
earnings and stave off food insecurity and hunger. But to
choose or force young children to work beyond their
ability and at great cost to their physical, mental and
social well-being, while unemployment and underem-
ployment are a problem for 1 billion young people
between the ages of 15 and 24 years merits reflection
and a response. In Africa in particular, the HIV/AIDS
pandemic has fueled child labor indirectly. Current esti-
mates say 10% of all children orphaned due to HIV/
AIDS are heads of households and caring for siblings.

Another factor that fuels child labor is the inherent
power imbalance between adult employers and children.
Children are often hired because they are more easily
controlled and are paid lower wages than an adult. They
are expected to perform menial, repetitive tasks related to
000 and 2004

Economically
active children Child laborers

Children in
hazardous work

2000 2004 2000 2004 2000 2004

351.9 317.4 245.5 217.7 170.5 126.3

23.0 20.3 16.0 13.9 11.1 8.1
– �9.8 – �11.3 – �25.9

211.0 190.7 186.3 165.8 111.3 74.4

17.6 15.8 15.5 13.7 9.3 6.2

– �9.6 – �11.0 – �33.2
140.9 126.7 59.2 51.9 59.2 51.9

42.4 35.2 17.8 14.4 17.8 14.4

– �10.1 – �12.3 – �12.3

Child Labor: Within Reach. International Labour Conference 95th
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goods and services in the informal sector that are often
linked to final production in the formal sector.

Finally, there are amultitude of societal issues that have
a role in child labor. Inadequate public health infrastruc-
ture, insufficient monitoring of the formal and informal
business sectors, poor maternal health, food insecurity, and
lack of universal primary education or prohibitive costs
associated with attending school remain major impedi-
ments to the elimination of hazardous child labor.

A vicious circle is created when children work rather
than attend school. Numerous studies demonstrate the
link between child labor, missed educational opportu-
nities (both less school enrollment and final educational
attainment), and less economic attainment. Breaking this
circle can have a positive effect on overall child well-
being and economic development. The International
Programme on the Elimination of Child Labor, a depart-
ment within the ILO, conducted a study to examine
these linkages and found the following: Eliminating child
labor and educating all children found a total benefit of
US$4.4 trillion over a 20-year period, with benefits exceed-
ing costs by 6.7 to 1.
Health Effects of Child Labor

It is difficult to fully ascertain the breadth and depth of
health effects of child labor, as it is a relatively nascent field
of rigorous study. Nonetheless, existing studies of adult and
child laborers provide strong evidence of child rights viola-
tions that demand urgent attention and build a firm basis to
compel the public health community to explore the rela-
tionship between child labor, health and child rights within
the local, national, and international community.

Hazards may be divided into many types (e.g., biologi-
cal, chemical, physical, mental) and these may be further
subdivided into hazards leading to acute-onset harm (e.g.,
injury, pesticide poisoning) and latent-onset harm
(e.g., degenerative diseases, silicosis). While these categories
are neither exclusive nor exact, they offer a starting point
for the development of a more concise understanding of the
nature of work-related hazards and their impact on children.

In many parts of the world where child labor is highly
prevalent, multiple societal and environmental problems
are also present such as poor water and sanitation, garbage
and pollution, and inadequate or nonexistent medical
care. These realities need to be taken into account as
potential confounding factors when examining the harm-
ful contribution of work to child health.

There is a significant body of evidence that child
growth and development is characterized by select, spe-
cific time periods whereby rapid, complex creation or
maturation of systems occurs. These periods are critical
because they must occur if growth and development is to
proceed in a normal fashion. It is during this time of great
change and growth that these systems are susceptible to
environmental insults that could have permanent, irre-
versible effects. These periods of heightened fragility are
not present in later years.

Pound for pound, children breathe more, eat more,
drink more and have more exposed surface area than
adults. In addition, mechanisms for detoxification of che-
micals are immature (U.S. Agency for Toxic Substances
and Disease Registries). These special pathophysiologic
vulnerabilities result in increased risk of absorption and
reduced capacity to effectively metabolize and excrete
harmful substances (e.g., pesticides, lead).

Nonoccupational studies of the impact of many toxins
on the health of children do exist. Perhaps the best-
studied toxic substance is lead. Children are more likely
to absorb lead than are adults. Lead exposure at an early
age, when there is accelerated growth of neural tissue,
causes neurocognitive deficits and a lower IQ , which may
be irreversible. The extent of this effect can be compounded
if the child was exposed to lead in utero, is anemic and
malnourished, or lives in a home or community where lead
is also present. Exposures to mercury and carbon monox-
ide can have a similar negative effect on development and
reproduction. Other environmental toxins can affect
molecular pathways (e.g., DNA synthesis and repair). For
hazardous substances that have not been studied in rela-
tion to their impact on children, we can surmise that they
will affect childrenmore than adults. For instance, it is well
known that in pharmacology, therapeutic doses are
adjusted for the size and age of the child in order to
avoid toxic effects.

Nutrition-related problems may become long-term
through their impact on behavior, brain growth, and
development. Micronutrient deficiencies may also exa-
cerbate environmental and occupational exposures. Iron-
deficient children who are exposed to lead at work (e.g.,
battery workers) may suffer inordinately from worsening
iron deficiency and lead toxicity due to the preferential
absorption of lead by the body in this scenario. Further-
more, the problem of lead exposure in the setting of iron
deficiency is compounded when young working girls
become pregnant and their rate of lead absorption as
well as release of lead stored in bone increases, thus
exposing the fetus to this toxic metal.

Injuries and exposures during periods of rapid skeletal
growth can leave children permanently disabled. The phys-
iologic changes related to puberty, which begin at ages
6–8 years, are highly susceptible to environmental toxins,
such as endocrine disruptors (a chemical that acts like a
hormone or blocks the normal activities of hormones). This
has implications for children’s future reproductive capaci-
ties, risk of cancers (especially leukemia), and the possibility
of congenital malformations in their offspring.

Depending on the type of labor, children may be
exposed to pathogens that may cause skin infections and
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sexually transmitted diseases. Their risk is heightened if
they are unvaccinated. For example, an unvaccinated child
who labors as a garbage scavenger is at risk for tetanus, a
life-threatening infection; likewise, a child who is traf-
ficked for sexual purposes can be infected with hepatitis
B or C, or HIV.

Even in the absence of epidemiological studies focus-
ing specifically on acute injury or toxic exposure to child
workers, it is easy to understand how many types of work
could be hazardous. For example, scavenging garbage for
materials to sell (e.g., metal, glass) can have obvious and
serious adverse health consequences, yet this is a common
practice in many underdeveloped and developing nations.
Garbage scavengers work around heavy machinery, includ-
ing trucks and bulldozers, and often climb on top of moving
vehicles. Spontaneous combustion causes constant small
fires, and occasionally dump landslides occur. While scav-
enging, children and adults frequently eat food that they
find, leading to digestive illnesses. Puncture wounds are
common and may result in tetanus.

Child labor is an issue of safety. Protective equipment
is rarely available because it is expensive. If it is available,
it is usually sized for adults. Children being forced to work
machinery designed for adults puts them at elevated risk
for orthopedic and ergonomic injuries. It is logical to
conclude that a child with early repeated exposure to
dangerous work has a higher chance of chronic health
problems such as arthritis and silicosis. Table 2 provides
a summary of these health issues.

In the last century, there has been a general shift from
viewing childhood solely as the time when children can
Table 2 Health impacts of child labor for selected industries that

Industry Task(s) Selected hazards

Agriculture Pesticide application,

lifting, tending animals,

lifting, operating
machinery

Toxic chemicals, p

moving machine

and snakes

Mining Crushing and carrying

stone

Dust, heavy lifting,

machinery

Brick factories Shaping bricks, carrying Repetitive trauma

Carpet factories Hand knotting carpets,

cutting

Organic dusts, sha

repetitive traum

Machine shops Polishing metal, cutting,
grinding

Unguarded machi
objects, metal d

Garbage picking Picking and sorting

garbage

Chemical and biol

infectious organ
other vermin

Housework Cleaning, cooking, child

care

Sexual violence, is

removal from fa

Child soldiers Most forms of military
service

Military violence, f
against family an

members

Reproduced from Parker D and Bachman S (2001) Economic exploit

health approach. Health and Human Rights. 5(2): 3–29, with permi
François-Xavier Bagnoud Center for Health and Human Rights, Harv
begin to be productive members of society to one in
which formal educational experiences are most essential.
For this reason, primary education is generally viewed
as compulsory until age 14 years. Perhaps the most in-
sidious effect of harmful and hazardous child work
that impedes or prevents appropriate education is on intel-
lectual development and the repercussions of illiteracy on
child health, community health, and the child’s ability to
become a self-sufficient, responsible, and contributing
member of society.

The psychological effects of child labor can be signifi-
cant and long-lasting. Bonded labor is one of the most
glaring examples of the inherent power imbalance among
children, their families, and their adult employers. The
involvement of minors in financial contracts without
stringent restrictions and monitoring is abusive because
young children lack the developmental capabilities and
social power to assert their rights in such contractual
arrangements. Loss of self-esteem, anxiety, and depression
may result. In most instances, child labor does not take
into consideration the developing capacity of children to
make decisions that affect their health and well-being and
in almost all instances contracts are made with unsuspect-
ing parents or are multigenerational.
International Law and Human Rights
Regarding Child Labor

A human rights framework can critically assess and high-
light the linkages among child labor, child health, and
frequently employ children

Health impacts

hysical strain,

parts, insects

Agriculture presents a broad range of

task-dependent risks, e.g., pesticide

poisoning, machine-related injuries, bites
and stings

falls, Pneumoconioses, including

silico-tuberculosis, injuries

Pneumoconioses, including
silico-tuberculosis, injuries

rp objects,

a

Asthma, arthritis, lacerations,

pneumoconioses

nes, sharp
usts, noise

Noise-induced hearing loss, amputations and
lacerations, pneumoconioses

ogic wastes,

isms, rats and

Infectious diseases, injuries, bites and stings

olation,

mily

Sexually transmitted diseases, failure to

thrive, poor nutrition

orced violence
d community

Psychological trauma, loss of life, disability

ation and the health of children: Towards a rights-oriented public

ssion from Health and Human Rights: An International Journal
ard School of Public Health.
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education to promote optimal well-being for children.
Laws governing children are primarily of a protectionist
nature because children are not fully physically and psy-
chologically developed. These laws apply to states, indi-
viduals, and businesses.

Multiple human rights documents (e.g., International
Covenant on Economic, Cultural and Social Rights, Inter-
national Covenant on Civil and Political Rights, Conven-
tion on the Suppression of Slave Trade and Slavery, United
Nations Convention on the Rights of the Child) forbid
economic exploitation of young people; prohibit employ-
ment harmful to a child’s health, morals, or development;
state that paid employment of young children should be
banned and punishable by law; outlaw forced or compul-
sory labor and servitude; and state that children as minors
have a right to special protection. The Slavery Convention
requires signatory states to take ‘‘all necessary legislative
and other measures to bring about progressively and as soon
as possible the complete abolition of all exploitative forms
of labor.’’ The United Nations Convention on the Rights of
the Child highlights principles of the best interests of the
child, protection, survival, membership in society, and
empowerment. It also stresses that children have a right to
compulsory free primary education that includes not only
basic reading and math skills, but also personal develop-
ment; to the highest attainable standard of health and the
treatment of illness and rehabilitation of health; and to a
standard of living adequate for the child’s physical, mental,
spiritual, moral, and social development.

The ILO has a total of 12 conventions on child labor
covering the minimum age requirements and maximum
number of hours for certain types of work and stipulates
that work cannot interfere with school. The ILO’s Worst
Forms of Child Labor Convention defines forbidden work
as ‘‘work, which by its nature or the circumstances in
which it is carried out, is likely to harm the health, safety
or morals of children.’’
Business Code of Ethics

In addition to provisions in domestic and international
human rights law, there are authoritative international
principles on business conduct that prohibit child labor.
These include the Tripartite Declaration of Principles
Concerning Multinational Enterprises and Social Policy
and the Guidelines for Multinational Enterprises (which
have been in place since 1976). The obligations contained
within pertain to both the corporation and to local part-
ners in country.

The UN’s Draft Human Rights Principles and Respon-
sibilities for Transnational Corporations and Business
Enterprises prohibit the use of bonded labor, hazardous
work, and the exploitation of children. Businesses must
ensure that ‘‘their activities do not contribute directly or
indirectly to human rights abuses, and that they know-
ingly benefit from these abuses.’’ Ignorance of abuses is
not a defense because businesses are obligated ‘‘to inform
themselves of the human rights impact’’ of their activities.
Furthermore, businesses shall pay workers such that they
have an adequate standard of living; shall respect and
contribute to the realization of rights of health, education
and development; and are obligated to respect other UN
treaties and international instruments.

Multinational business is also the subject of the UN
Global Compact, a set of universal principles that not
only oblige businesses to respect human rights, but to
‘‘ensure that they are not complicit in human rights
abuses,’’ that they ‘‘promote the elimination of all forms
of forced or compulsory labour’’ and ‘‘the effective aboli-
tion of child labour.’’

Starting in the 1970s, a number of business groups and
corporations have adopted business principles and codes
of conduct, such as the Sullivan Principles and those
developed by the Caux Roundtable, whose language ech-
oes that of international human rights documents. Multi-
national companies must look beyond their own practices
to ensure that other companies they interact with, includ-
ing suppliers, subcontractors, intermediaries, and even
customers respect human rights, including the rights of
children.

In spite of this lengthy list, the challenge remains the
enforceability of laws. Rather than being required by law
and held responsible, businesses voluntarily sign on to
various codes of ethics. Thus it is difficult, if not impossi-
ble, to hold them accountable.
Conclusion

Child labor is a complex issue that has repercussions for
the health and well-being of the child, and long-lasting
effects on the family and community. As clearly delineated
in the UNConvention on the Rights of the Child, children
require respect, protection and fulfillment of their rights,
i.e., to food, clean water, shelter, basic education, and
access to health care, among others. These are essential
conditions for health. Though child labor may provide
short-term benefits for families, it perpetuates a cruel,
inhuman, and degrading economic system of enforced
inequality. Though the survival of a child and his or her
family may depend on a childworking long hours for mere
pennies, and under dangerous conditions, such conditions
are an affront to the dignity of us all and cannot be allowed
to persist.

Harmful practices must end first, followed by compre-
hensive plans to eliminate child labor without jeopardiz-
ing the family’s ability to survive.

Multiple sectors of society, including families, commu-
nities, teachers, physicians, public health practitioners,
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government, and business at the local, national, and inter-
national levels need to be involved. Local businesses and
transnational corporations alike need to be held socially
accountable. Solutions include a livable wage for adults
(the ILO’s Decent Work Agenda promoting decent and
productive work for women and men in conditions of
freedom, equity, security and human dignity, and integrat-
ing this into national policies is working toward this);
improved mechanization; universal access to free, primary
schooling (since 2002, an interagency collaboration among
UNICEF, ILO, UNESCO, World Bank, and the Global
March Against Child Labour has been working on this);
and development of microenterprises and cooperatives.

Public health professionals can conduct case finding,
surveillance, and monitoring; work with NGOs, busi-
nesses, and governments in eliminating the worst forms
of child labor; provide rehabilitation for these children;
highlight and address the socioeconomic and cultural
forces involved in perpetuating child labor; and advocate
on behalf of and with children.
See also: Child Rights; Child Abuse/Treatment.
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Relevant Websites
http://www.solidaritycenter.org – American Center for International
Labor Solidarity.

http://www.stopchildlabor.org – Child Labor Coalition.
Child Obesity and Health
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Introduction

The obesity epidemic has become a serious public health
problem in many countries worldwide (World Health
Organization, 2000; Janssen et al., 2005; Ogden et al.,
2006; Wang and Lobstein, 2006; Wang and Beydoun,
2007). For example, obesity has become the second lead-
ing cause of preventable disease and death (next to smok-
ing) in the United States (U.S. Department of Health and
Human Services, 2001). Childhood and adolescence are
two critical periods for the development of this condition
(Dietz, 1994). Obese children are likely to remain obese as
adults (Serdula et al., 1993; Power et al., 1997). Increasing
evidence shows that childhood obesity has a long-term
effect on mortality and morbidity (Dietz, 1998; Must and
Strauss, 1999). Obesity may also have many negative social
and psychological consequences on individuals affected.
A large number of studies have been conducted to
help fully understand the etiology, health consequences,
prevention, and management of childhood obesity. How-
ever, current understanding of many related issues, includ-
ing the classification of childhood obesity, remains very
limited. This article provides a briefly review of the recent
related studies, divided into four sections: (1) classifications
of childhood obesity, (2) the worldwide childhood obesity
epidemic, (3) risk factors (predictors), and (4) health con-
sequences of childhood obesity.

Classifications of Childhood Obesity

According to the World Health Organization (WHO),
obesity is a condition of abnormal or excessive fat accu-
mulation in adipose tissue to such an extent that health
may be impaired (World Health Organization, 2000).
The Centers for Disease Control and Prevention
(CDC) (n.d.) defines obesity as ‘‘Having a very high
amount of body fat in relation to lean body mass, or
Body Mass Index (BMI¼weight [kg]/height [m]2) of
http://www.endchildlabor.org – Child Labor Coalition.
http://www.globalmarch.org – Global March Against Child Labour.
http://www.rugmark.org – Rugmark Foundation.
http://www.stolenchildhoods.org/mt/archives/videostories/nightline/

index.php – Stolen Childhoods.
30 or higher.’’ Worth noting is that in the obesity litera-
ture, the terms ‘obesity’ and ‘overweight’ are often used
interchangeably, especially in studies of children and
adolescents. But obesity and overweight are not the
same. Obesity refers to increased amounts of body fat,
while overweight is defined as increased weight relative
to height. In other words, overweight is an increase in
weight in relation to some standards or references
(e.g., weight-to-height ratios such as ideal body weight
and BMI). Currently, it is widely accepted that obesity
is a disease that is influenced by many factors and has
many health and social consequences for individuals
affected by the condition. (Note: In this article, in most
cases both children and adolescents are meant when the
term ‘children’ is used, but in a few cases, ‘children’ refers
to young people less than 10 years old and ‘adolescents’ to
those age 10–18).

There is a growing consensus that BMI is a good
measure of adiposity for children and adolescents
(World Health Organization, 1995, 2000; Cole et al.,
2000; Kuczmarski et al., 2000; Wang, 2004). The WHO
recommends the use of BMI cut points of 25 and 30 to
define overweight and obesity in adults, respectively.
Ample evidence indicates that they are good indicators
of risks for adverse health outcomes, although the health
consequences for overweight children may differ from
those for adults (World Health Organization, 1995,
2000). Unlike in adults, BMI varies substantially by age
and gender during childhood and adolescence (e.g., Cole
et al., 2000; Kuczmarski et al., 2000). Thus, the BMI cutoffs
used for children and adolescents to classify obesity
should be gender- and age-specific.

Different references based on weight-for-height
indexes such as BMI and weight-for-height have been
proposed to classify child and adolescent body weight
status, and these references vary considerably (Must et al.,
1991; Himes and Dietz, 1994; World Health Organization,
1995; Cole et al., 2000; Kuczmarski et al., 2000;Wang, 2004).
Several widely used references are listed inTable 1. In the
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Table 1 Different classifications of childhood overweight and obesity

Overweight Obesity
Data and reference
population Reference

World Health

Organization

Reference

(1) Child (6–9 years): weight-

for-height >2 Z-scoresa; (2)

Adolescent (10–18years):

BMI 85th percentile (called
‘‘at risk of overweight’’)

(1) Child (6–9 years): No

reference. (2) Adolescent

(10–18 years): �BMI 85th

percentile, and
subscapular and triceps

skinfolds �90th percentile

US NHANES I data

(1971–74)

World Health

Organization,

1995

IOTF Reference �BMI-for-age cutoffs derived

from BMI-age curves
passed BMI of 25 at age 18

�BMI-for-age cutoffs derived

from BMI-age curves
passed BMI of 30 at age 18

Data from the

United States,
Brazil, Britain,

Hong Kong, the

Netherlands, and
Singapore

Cole et al., 2000

‘Old’ US BMI

Percentiles

�BMI 85th percentile (called

‘‘at risk of overweight’’)

�BMI 95th percentile (called

‘‘overweight’’)

U.S. NHANES

I data (1971–74)

Must et al., 1991

‘New’ US
Percentiles (2000

CDC Growth

Chart)

�BMI 85th percentile (called
‘‘at risk of overweight’’)

�BMI 95th percentile (called
‘‘overweight’’)

U.S. NHANES data
(1971–1994)

Kuczmarski et al.,
2000

Europe-French BMI
reference

�BMI 90th percentiles �BMI 97th percentiles Data collected for
the French

population

Poskitt, 1995;
Rolland-Cachera,

1991

Abbreviations: BMI, Body Mass Index; CDC, Centers for Disease Control and Prevention; IOTF, International Obesity Task Force;

NHANES, National Health and Nutrition Examination Survey.
Source:Wang Y, Moreno LA, Caballero B, and Cole TJ (2006) Limitations of the current World Health Organization growth references for

children and adolescents. Food and Nutrition Bulletin 27: s175–188.
aA Z-score of 2 corresponds to the 97.7th percentile.
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United States, the sex- and age-specific BMI 85th and 95th
percentiles are used to classify childhood obesity. Several
other countries, such as China, France, the United King-
dom, Singapore, and the Netherlands, have developed
their own BMI-for-age, gender-specific reference charts
using local data. The BMI cut points of these national
references differ considerably.

For making appropriate comparisons across studies
conducted in different countries and monitoring the
global obesity epidemic, an international reference will
be useful. To meet this demand, two international re-
ferences have been proposed since the mid-1990s:
(1) A WHO committee recommended using the 85th
BMI percentile developed based on U.S. data collected
in the 1970s to define adolescent (10–19 years) overweight
and using weight-for-height Z-score to define overweight
for children under 10 years – known as the WHO refer-
ence (World Health Organization, 1995); (2) Recently the
Childhood Obesity Working Group of the International
Obesity Task Force (IOTF) proposed a new international
reference using two sets of gender- and age-specific BMI
cut points corresponding to the BMI cut points used for
adults to define overweight and obesity for children and
adolescents ages 2–18 years (Cole et al., 2000). However,
both of these two references have some limitations, and
new international references are needed (e.g., Wang, 2004;
Wang et al., 2007). Currently the WHO is making effort to
develop a new growth reference for school children and
adolescents (Butte et al., 2006).
The IOTF Reference

To define overweight and obesity among children ages
2–18 years, the IOTFrecently published a series of gender-
age-specific BMI cutoffs developed from gender-specific
BMI-age curves that pass through a BMI of 25 for
overweight and 30 for obesity at age 18 (see Table 1;
Cole et al., 2000). The IOTF reference has been recom-
mended for international use because of its unique
strengths. First, it is based on large data sets from six
countries or regions, including Brazil, Britain, Hong
Kong, the Netherlands, Singapore, and the United States.
Second, the BMI cutoffs are linked to adult cutoffs for
overweight and obesity, which are good indicators of
risks for adverse health outcomes. Moreover, it is simple
to use and consistent for children and adolescents.

On the other hand, there are concerns about this
reference (Wang and Wang, 2002). First, as the authors
acknowledged, the reference data set may not adequately
represent non-Western populations (Cole et al., 2000).
Second, there is great variation in the prevalence of over-
weight and obesity across the six countries or regions that
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made up the IOTF reference population. Furthermore,
little is known about whether or how BMIs above these
cutoff points are related to health consequences for chil-
dren and whether such consequences vary across popula-
tions. But it is worth noting that other existing BMI
references share these limitations as well. The cutoffs
provide obesity prevalence values that are lower than
those based on the U.S. reference (Wang and Wang,
2002), with the obesity cut-off corresponding to about
the 99th percentile of the U.S. distribution (International
Obesity Task Force, 2003).
The WHO Reference

A WHO Expert Committee recommended the use of
different weight-for-height indexes to classify overweight
and obesity in children and adolescents – to use BMI
in adolescents and weight-for-height Z-score in children
(World Health Organization, 1995): (1) For adolescents (age
10–19 years), define overweight using the gender-age-
specific BMI 85th percentile developed by Must et al.

(1991) anddefine obesity using both the gender-age-specific
BMI 85th percentile and triceps skinfold thickness 90th
percentile. (2) For children under 10 years of age, use
weight-for-height (>Z-score of 2) to define overweight.
(Note: a Z-score of 2 corresponds to the 98th percentile; a
Z-score of 1.04 to the 85th percentile; and 1.65 to the 95th
percentile.) The committee recommended not using the
term obesity for children on an individual basis, but it stated
that ‘‘on a population-wide basis, high weight-for-height
can be considered as an adequate indicator of obesity.’’
The committee did not provide a reference for obesity.
Currently it appears that the IOTF reference is replacing
this WHO reference in international studies.
BMI References Used in the United States

In 2000, the U.S. National Center for Health Statistics
(NCHS) and the CDC updated growth charts using data
from five national health examinations from 1963 to 1994
and provided new BMI percentiles – the 2000 CDC
growth charts (Kuczmarski et al., 2000). They recom-
mended the use of BMI for children and adolescents
over age 2 to classify childhood obesity. The CDC recom-
mends that those children with a BMI greater than or
equal to the 95th percentile be classified as overweight
and those children with a BMI between the 85th and 95th
percentiles be classified as ‘at risk of overweight’ (see
Table 1). Note that they did not recommend use of the
term ‘obesity’ for children. To avoid an upward shift of
the weight and BMI curves, when the NCHS developed
these BMI cut points, data from the most recent survey
were excluded for children over the age of 6. The cut
points themselves are arbitrary and were not developed
on the basis of evidence of health risks. Before the release
of the 2000 CDC growth charts, an old set of BMI 85th and
95th percentiles were widely used in the United States and
inmanyother countries. They were developed on the basis
of the U.S. First National Health and Nutrition Exam-
ination Study (NHANES I) data collected in 1971–74.
The Worldwide Childhood Obesity
Epidemic

Although a growing number of studies help shed light on
the current situation and time trends regarding obesity
among children worldwide (e.g., Wang et al., 2002; Wang
and Lobstein, 2006), our understanding remains limited
due to several challenges. Some of the main challenges
include the following: (1) lack of updated comparable
representative data from different countries; (2) very few
countries with longitudinal data allowing for assessment
of time trends; and (3) varying criteria, such as different
BMI cut points, used for defining obesity in previous
studies among different countries and researchers. More-
over, several other issues need to be considered when one
interprets the findings of previous studies. First, some
studies are based on national, representative data, while
others are based on small, nonrepresentative data. In
addition, in some countries there are large differences
in the prevalence of obesity as well as in secular trends
between regions, racial/ethnic groups, age cohorts, and
socioeconomic groups.
The Worldwide Situation of Childhood Obesity

Rich data have been collected in a large number of devel-
oped countries over the past 1 to 2 decades that allow for
examining the trends in obesity in both adults and young
people; however, very limited national survey data are
available in developing countries. The IOTF has esti-
mated that in developed countries, in adults, the current
overall combined prevalence of overweight and obesity
was 50.2%, and the prevalence of obesity is 16.6%. Based
on recent estimates (Wang and Lobstein, 2006), summar-
ized in Table 2, and findings of others (e.g., Livingstone,
2001; Tremblay et al., 2002; Lobstein and Frelut, 2003;
Willms et al., 2003; Janssen et al.., 2005; Jackson-Leach
and Lobstein, 2006; ), approximately 20% of school-age
children in the European countries are overweight or
obese, and 5% are obese. In North America, the figures
are 30% and 15%, respectively. Overall, nationally repre-
sentative data are scare in the developing world (Wang and
Lobstein, 2006). In a few exceptions where such data are
available, for example in China, the alarming message is
that the prevalence of overweight and obesity has
increased over the past 2 decades, and currently in urban
and high-income groups in these countries, it has reached



Table 2 Prevalence of overweight and obesity (in percentages) in school-age children based on latest available data and the

International Obesity Task Force criteria, and estimated for 2006 and 2010 based on population-weighted annualized increases in

prevalence

World Health Organization Region
(dates of most recent surveys)

Most recent surveys Projected 2006 Projected 2010

Overweight
(including
obesity) Obesity

Overweight
(including
obesity) Obesity

Overweight
(including
obesity) Obesity

Africa (1987–2003) 1.6 0.2 a a a a

Americas (1988–2002) 27.7 9.6 40.0 13.2 46.4 15.2

Eastern Mediterranean (1992–2001) 23.5 5.9 35.3 9.4 41.7 11.5
Europe (1992–2003) 25.5 5.4 31.8 7.9 38.2 10.0

South East Asia (1997–2002) 10.6 1.5 16.6 3.3 22.9 5.3

West Pacific (1993–2000) 12.0 2.3 20.8 5.0 27.2 7.0

Source: Wang Y and Lobstein T (2006) Global trends in childhood obesity. International Journal of Pediatric Obesity 1: 11–25.
aThere were insufficient data on school-age children in the World Health Organization African region to make estimates of projected

prevalence rates.

Child Obesity and Health 593
a level similar to that in some European countries ( Ji et al.,
2004; Wang and Lobstein, 2006).

The 2001–02 Health Behaviour in School-Aged Chil-
dren Study (called the WHO 35-Country Study) and
the IOTF have provided the most recent survey data
collected in a large number of countries. The WHO 35
Country Study surveyed more than 162 000 young people
11, 13, and 15 years old from 35 countries and regions
predominantly in Europe and North America (World
Health Organization, 2004; Vereecken et al., 2005). It
collected adolescents’ self-reported height and weight,
which was used to calculate BMI, for estimating the
prevalence of overweight and obesity, which on average
was approximately 15–20%. It is worth noting that since
overweight people are likely to underreport their weight
and since people may tend to overreport their height, it is
likely that such self-reported data may have underesti-
mated the prevalence of overweight and obesity. The fact
that the estimated prevalence of overweight and obesity
for U.S. adolescents based on the WHO 35-Country
Study data was lower than that estimated on the basis of
measured weight and height in the NHANES conducted
in 1999–2000 (25.1% vs. 30.9%) may further raise this
concern, although the differences may also be contributed
by other differences between these two data sources
(e.g., samples and BMI cut points used to classify over-
weight and obesity). The most recent NHANES 2003–04
data show that 34.3% and 17.4% of U.S. adolescents
age 12–19 are overweight (including obesity) and obese,
respectively (Ogden et al., 2006).
Worldwide Trends in Childhood Obesity

A recent comprehensive meta-analysis based on studies
published between January 1980 and October 2005 from
more than 60 countries, in which data were available from
24 countries for school-age children, studied global trends
in childhood obesity (Wang and Lobstein, 2006). It shows
that the prevalence of overweight and obesity among
school-age children has increased in almost all countries
for which data are available, although two exceptions are
found: Russia and to some extent Poland during the 1990s
(Figure 1). The changes have been taking place at differ-
ent speeds and in different patterns. From the 1970s to the
end of the 1990s, the prevalence doubled or tripled in
several large countries, such as Canada and the United
States in North America, Australia in the Western Pacific
region, and Finland, France, Germany, Italy, and Spain in
Europe. For example, in the United States, rich nationally
representative data have been collected over the past 3
decades that reveal trends in overweight and obesity (e.g.,
Ogden et al., 2006; Wang and Beydoun, 2007). They
showed a dramatic increase since the 1970s: The preva-
lence of overweight (called ‘at risk of overweight’ accord-
ing to the CDC) more than doubled, and the prevalence
of obesity (termed overweight) tripled in U.S. adolescents
ages 12–19. (Data from this study are summarized in
Figures 1 and 2.) Assuming that the prevalence will
continue to increase at the same average rate seen in the
past decade, the overall combined prevalence of over-
weight and obesity is likely to approach 36% in Europe
and the United States in 2010 based on our projections
(see Table 2).
Risk Factors of Childhood Obesity

Although obesity is caused by many factors, in most indi-
viduals weight gain results from a combination of excess
calorie consumption and inadequate physical activity. In
order to maintain a healthy weight, there must be a balance
between calories consumed and calories expended through
metabolism and physical activity (World Health Organiza-
tion, 2000). A number of individual-, population-, and inter-
national-level factors and environmental factors, and the
interactions between them, might have contributed to the
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From Wang Y and Lobstein T (2006) Global trends in childhood obesity. International Journal of Pediatric Obesity 1: 11–25.
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growing global obesity epidemic, such as changes in people’s
physical activity and inactivity patterns, dietary intake, occu-
pation, development of technology, culture exchange, and
global trade (Popkin andDoak, 1998; World Health Organi-
zation, 2000; Wang et al., 2002; Wang and Lobstein, 2006).
A growing consensus is that environmental factors have
played an important role in influencing people’s lifestyles
and fueling the global obesity epidemic (Egger and Swin-
burn, 1997; Hill and Peters, 1998; World Health Organiza-
tion, 2000; Davison and Birch, 2001; French et al., 2001).
Biological Factors

Genetics

Genetics contributes substantially to individual differ-
ences in BMI and plays a significant role in the develop-
ment of obesity. Twin and adoption studies suggest that
about 25–75% of obesity might be attributable to genetics
(Allison et al., 2001; Bray et al., 1998; Jacobson and Rowe,
1998). This helps explain why some individuals who have
similar characteristics and lifestyles and live in similar
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environments can nevertheless have very different body
weight statuses. Many researcher have argued that the
rapid increase in the prevalence of obesity in the United
States and many other countries worldwide over the past
two decades probably suggests that environmental factors
(and the interactions between environmental and bio-
logical factors), but not genetic factors, are the major
driving forces, since genetic factors cannot change so
dramatically within such a short period (Hill and Peters,
1998; Allison et al., 2001).

Birth weight

Large-scale studies have suggested that adult BMI is linked
to weight at birth through a nonlinear relationship, with the
higher adult BMIs associated with both the lowest and the
highest weights at birth. Barker (2001) has suggested that
poor fetal nutrition may be linked to a future propensity for
developing cardiovascular disease, diabetes, and obesity.
Much controversy remains, however, regarding the associ-
ation between birth weight and obesity in later life.

Adiposity rebound

Normally around 5–6 years of age, body fatness declines
(BMI drops) to a minimum, a point called adiposity
rebound, before increasing again into adulthood. The
timing of onset of adiposity rebound is a good predictor
of obesity. Early rebound in childhood predicts higher
BMI levels in adolescence and adulthood and an incre-
ased risk for children to become obese adults. The earlier
the rebound, the higher the adiposity at adult age
(Rolland-Cachera et al., 1984, 1987, 2006; Whitaker et al.,
1998). For example, Whitaker et al. (1998) found that the
odds ratio (OR) for adult obesity associated with early
versus late adiposity reboundwas 6.0 (1.3–26.6) after adjust-
ment for parental BMI and children’s BMI at adiposity
rebound. Very few studies have examined what factors
may be associated with early adiposity rebound, although
it has been suggested that those factors may include some
dietary variables and parental obesity (Dorosty et al., 2000).
Sexual maturation

Children’s growth and sexualmaturation are closely related,
especially during puberty. A large body of literature shows
that maturation is associated with body fat (the total
amount, percentage, and distribution). Great efforts have
been made to understand the causal relationship between
body fat and onset of menarche. Mixed results support
two opposite hypotheses: (a) the ‘critical weight hypothesis’
(or ‘critical fat theory’), which hypothesizes that increased
fatness promotes earlier onset of menarche (e.g., Frisch and
McArthur, 1974); and (b) the hypothesis that maturation
affects change in body fat, that is, earlymaturation promotes
accumulation of body fat (e.g., Garn et al., 1986). Increasing
evidence suggests that maturational timing affects body
composition, at least, and that it has a greater long-term
effect on the level of fatness than the level of fatness has
on maturational timing (Garn et al., 1986; Van Lenthe et al.,
1996; Guo et al., 1998). This topic is addressed further in the
section titled ‘Menstrual problems.’
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Dietary Intake

Excessive energy intake is a primary risk factor for the
development of childhood obesity, although the idea is
still controversial (Parsons et al., 1999). Dietary factors
such as diet composition, energy density, fat intake, vege-
table and fruit consumption, snacks, sugar-rich foods, and
soft drinks are found to be associated with obesity.
Energy density and fat intake

Studies in adults have clearly shown that energy density is
an important aspect of solid food intake, but there are far
fewer studies of energy density in children. Energy den-
sity is determined primarily by the fat content of a food,
but moisture content and fruit and vegetable intake also
play a role. Increased fat intake promotes weight gain and
obesity, whereas reduced fat intake promotes weight loss
(Bray and Popkin, 1998; Astrup, 2001). Several biological
mechanisms have been suggested to explain the influence
of fat intake on obesity (Flatt, 1993; Blundell and Stubs,
1999; Astrup, 2001). A number of representative surveys
suggest that American children and adolescents consume
too much dietary fat, obtaining approximately 33–35% of
their calories from total fat and 12–13% from saturated fat
(McDowell et al., 1994; Fox et al., 2001). More than 84% of
children and adolescents eat toomuch total fat (i.e.,>30%of
calories from fat), and more than 91% eat too much
saturated fat (i.e., >10% of calories from saturated fat).
Vegetable and fruit intake

Increased vegetable and fruit (V and F) consumption
can help reduce the intake of dietary fat and calories
because Vand F are naturally low in fat and energy density
compared with other foods (Rolland-Cachera et al., 1997).
Adequate consumption of V and F is important for good
health (U.S. Department of Agriculture and U.S. Depart-
ment of Health and Human Services, 2000). Americans
older than 2 years are urged to eat 3–5 servings of vegeta-
bles and 2–4 servings of fruits each day (USDHHS, 2005).
But studies show that American children and adolescents’
V and F consumption is very low compared with the
recommendations (Centers for Disease Control and Pre-
vention, n.d.; Krebs-Smith et al., 1996; Pesa and Turner,
2001). Only one in five children eats five servings of
V and F a day, 51% eat less than one serving of fruit a
day, and 29% eat less than one serving a day of vegetables
that are not fried. Children and adolescents eat, on average,
only 3.6 servings of V and F a day, and fried potatoes
account for a large proportion of the vegetables eaten.
Other dietary variables

Soft drinks, snacking, portion sizes, and infant feeding
have been linked with increased risk of childhood obesity.
Soft drinks

Soft drinks make a growing contribution to the diet of
children and adolescents. The quantity of soft drinks con-
sumed, especially carbonated soft drinks, increases with
age and accounts for the largest single food contribution to
nonmilk extrinsic sugar intake among young people in the
UK (Burniat et al., 2002). One prospective study has
reported a positive association between consumption of
sugar-sweetened drinks and obesity in 548 children age 11
or 12 years over 19months’ follow-up (Ludwig et al., 2001).
It found that each sugared soft drink the children con-
sumed each day inched their BMI up by 0.18 points. If they
increased their daily soft drink intake, each extra soda
made them 60% more likely to become obese, regardless
of how many sodas they were drinking before.
Snacking

Outside the home, the types of foods commonly consumed
as snacks are often high in fat or high in sugar (Wildey et al.,
2000), and snacks constitute a considerable proportion of
children’s and adolescents’ total energy intake.
Portion sizes

Increases in standard portion sizes have occurred across
a range of foods eaten inside and outside the home.
Studies suggest that while very young children have a
precise innate control of appetite and are able to match
intake to energy needs, this biological mechanism can be
overridden by environmental and social factors in older
children (French et al., 2001).
Infant feeding

Recent studies suggest that breastfeeding may help reduce
the risk of child obesity. Dewey (2003) reviewed 11 studies
that examined the prevalence of overweight in children
older than 3 years of age and that had a sample size of at
least 100 per feeding group. He found that eight studies
showed a lower risk of overweight in children who had
been breastfed, after controlling for potential confoun-
ders. The hypothesis is that the infant’s ability to regulate
its intake, and/or the mother’s encouragement to feed,
differs between breast and formula feeding. However,
on balance, the protective effect of breastfeeding on later
obesity remains controversial (e.g., Butte, 2001; Armstrong
and Reilly, 2002; Dewey, 2003).
Physical Activity and Inactivity

Physical activity

Physical activity may be the most important factor in
explaining the increase of obesity in the United States
and many other industrialized countries over the past
2 decades (Centers for Disease Control and Prevention,
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n.d.; Hill and Peters, 1998; Hill et al., 2000). Emerging
evidence shows that American children and adolescents
are engaged in much less physical activity than in earlier
times (U.S. Department of Health and Human Services,
1996; Luepker, 1999; Pratt et al., 1999). Nearly half of
young people ages 12–21 do not regularly engage in
vigorous physical activity (Adams et al., 1995). Walking
and bicycling by children ages 5–15 dropped by 40%
between 1977 and 1995 (U.S. Department of Trans-
portation, 1997). Further, participation in all types of
physical activity declines strikingly as children grow
older, especially during adolescence and among girls
(Pratt et al., 1999; Kann et al., 2000). For example, 69%
of children ages 12–13 reported regular participation
in vigorous physical activity, but only 38% of those
ages 18–21 did so. Leisure time activities low in energy
expenditure (also called ‘inactivities’), such as watching
television and playing video or computer games, also con-
tribute to the increase in obesity (Gortmaker et al., 1996;
Robinson, 1999, 2001; Dietz, 2001).

Television viewing

Television viewing is a major source of inactivity among
American children and adolescents. A 1999 U.S. national
survey found that on average, children ages 2–18 spend
more than 4 h a day watching television, watching video-
tapes, playing video games, or using a computer. Most
of this time (2.8 h) is spent watching television. Nearly
one-fifth (17%) watch more than 5 h of television a day
(Kaiser Family Foundation, 1999). Gortmaker et al. (1996)
reported an adjusted odds ratio (OR) for obesity of 8.3 for
adolescents who watched television more than 5 h daily
compared with those who watched 0–2 h daily. More
convincing evidence comes from intervention studies,
which show that reducing television viewing time could
help prevent childhood obesity (Robinson, 1999). Televi-
sion watching may promote obesity by reducing physical
activity, lowering metabolic rate, and increasing energy
intake. The latter may occur because television viewing
may be associated with snacking and may modulate eating
habits through increasing children’s exposure to advertis-
ing of foods high in added sugars and fat or by conveying
mixed messages about lifestyle and health in the content
of advertisements.
Socioeconomic Status and Parental and Family
Characteristics

Socioeconomic status

In both industrialized and developing countries, studies
suggest that those socioeconomic groups with greatest
access to energy-rich diets are likely to be at increased
risk of being overweight. In general, studies show that
groups of low socioeconomic status (SES) in industrialized
countries and high-SES groups in developing countries
are at higher risk of being overweight than are their coun-
terparts. For example, among the 32 studies conducted
on girls from developed societies that were reviewed
by Sobal and Stunkard (1989), 40% found an inverse
relationship between SES and obesity, although 25%
found a positive relationship and 35% found no relation-
ship at all. The results were similar for boys. The majority
of the 16 studies conducted among children from devel-
oping societies indicate a clear positive relationship.

In developing countries, there is a tendency for urban
children and children in high-income families to be more
at risk of excessive weight gain, and often there are
marked gender differences. For example, children and
adolescents from advantaged backgrounds tend to be
heavier than those from disadvantaged backgrounds, and
the prevalence is much higher for boys than for girls
(Wang, 2001). The causal direction of the relationship
between SES and obesity is complex. Prospective studies
have shown that the correlation reflects, in part, causa-
tion – SES helps determine the prevalence of obesity
and thinness; meanwhile, the presence of obesity may
influence SES as well (Stunkard, 1996).

However, a growing body of literature suggests that
the association between SES and obesity is complex
and varies by country, age, gender, and ethnicity. For
example, previously it was widely accepted that low-
SES groups in the United States are at greater risk of
being overweight than are their higher-SES counterparts.
However, recently this perception has been challenged
(e.g., Ball and Crawford, 2005; Gordon-Larsen et al., 2003;
Wang and Zhang, 2006; Zhang and Wang, 2004). A recent
study based on nationally representative NHANES data
collected since the 1970s from adults and young people
indicates an overall trend of a weakening association
between SES and obesity, with the patterns differing across
age, gender, and ethnic groups (Wang and Zhang, 2006;
Zhang andWang, 2004). It is possible that with the growing
obesity epidemic, the association between SES and obesity
in some populations (e.g., industrialized countries) may
tend to become weaker and even disappear, while in some
populations (e.g., some developing countries) it may change
direction in the future.
Parental obesity and family environment

Studies suggest that children with overweight parents
are at higher risk of being overweight than are their
peers. For example, the prevalence of childhood obesity
was around 20–40% for children with one obese parent
and 80% for those with two obese parents (Whitaker et al.,
1997). It is likely that the family association is due to both
genetic factors and shared lifestyles involving dietary
intake and physical activity patterns. Family environmen-
tal factors influence children’s eating behavior and their
risk of overweight (Birch and Davison, 2001).
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Ethnicity
In some countries, specific population groups are found to
have a higher prevalence of obesity. In the United States,
minority children and adolescents in African-American
and Hispanic communities clearly have a much higher
prevalence of obesity than do white children (Troiano
and Flegal, 1998; Ogden et al., 2006). For example, most
recent data show that non-Hispanic black and Mexican-
American adolescents ages 12–19 were more likely to
be overweight (BMI > 95th BMI percentile) than non-
Hispanic white adolescents were (24% vs. 13%; Ogden
et al., 2002). Some studies suggest that Native Americans
are also at higher risk of obesity. These racial/ethnic
differences may be related to differences in SES, culture,
lifestyles, and living environments as well as biological
susceptibility.
Table 3 Health consequences of childhood and adolescent

obesity

Categories/
systems Conditions/diseases

Immediate and intermediate consequences

Cardiovascular hypertension, dyslipidaemia

Endocrine insulin resistance/impaired glucose

tolerance, type 2 diabetes, menstrual
abnormalities, polycystic ovary

syndrome

Gastroenterological cholelithiasis, liver steatosis,

gastro-esophageal reflux
Neurological idiopathic intracranial hypertension

(e.g., pseudotumour cerebri)

Orthopedic slipped capital epiphyses, Blount’s
disease (tibia vara), flat feet, ankle

sprains

Pulmonary asthma, sleep disorders, Pickwickian

syndrome
Long-term consequences

Persistence

(tracking)

Obese children are likely to remain obese

as adults

Morbidity coronary heart disease, diabetes,
atherosclerosis, hip fracture, some

types of cancer

Mortality all-cause, disease-specific mortality

(e.g., coronary heart disease)
Environmental Factors: The ‘Obesogenic’
Environment

It is increasingly recognized that environmental factors
play an important role in influencing people’s lifestyles
and their risks of developing obesity (Egger and Swin-
burn, 1997; Hill and Peters, 1998; Allison et al., 2001;
Davison and Birch, 2001; French et al., 2001). Modern in-
dustrialized societies have provided their citizens with
abundant food at relatively low costs and numerous
opportunities to reduce energy expenditure at work
and at home, and they facilitate sedentary behaviors.
The current environment in the United States is character-
ized as ‘obesogenic,’ meaning that it promotes high energy
intake and low energy expenditure. The causal web of
societal influences on obesity, proposed by Ritenbaugh
et al. (1999), shows how multiple factors affect individuals’
behaviors and thus affect obesity. People’s social and physi-
cal environments affect their risks of gaining weight due to
easy access to foods, numerous choices of foods, limited
exercise facilities, and sedentary lifestyles. For example,
ubiquitous advertisements for energy-dense food, low
prices of unhealthy foods, large portion sizes, and food
preparation practices at home promote excess energy intake
(French et al., 2001).

With the increasing use of labor-saving devices in
work and at home, people’s lifestyles are becoming
more sedentary than in the past. In addition, safety
concerns prevent many people from exercising (Mor-
bidity and Mortality Weekly Report, 1999). In many
industrialized countries, suburban communities often
lack safe sidewalks, and the lack of neighborhood
resources makes it difficult to walk even short distances
to stores and recreation. Schoolchildren often lack
facilities or adequate supervision to engage in physical
activity and active play before and after school. As a
result, children and adolescents spend a large propor-
tion of their time watching television and playing
videogames (Crespo et al., 2001; Dietz and Gortmaker,
2001). It is argued that historically, epidemics have been
controlled only after modifications of environmental
factors and that, similarly, the obesity epidemic cannot
be effectively controlled until the environment that
facilitates the epidemic is modified (Egger and
Swinburn, 1997).
Health Consequences of Childhood
Obesity

Increasing evidence suggests that childhood obesity has
a number of immediate, intermediate, and long-term
health consequences. Several comprehensive reviews have
examined this topic (e.g., Power et al., 1997; Must and
Strauss, 1999; World Health Organization, 2000; Must
and Anderson, 2003). These health consequences of obe-
sity include cardiovascular risk factors, type 2 diabetes,
menstrual abnormalities, and sleep-disordered breathing
(see Table 3). Childhood obesity also has long-term
effects on morbidity and mortality (Rossner, 1998; Must -
et al., 1999; Must and Strauss, 1999). However, most of our
current knowledge is accumulated from small, unrepre-
sentative, short-term, hospital-based studies. More
research is needed to help narrow the gaps in the
literature.
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Immediate and Intermediate Health
Consequences

Cardiovascular risk factors

Dyslipidemia

Increased total serum cholesterol, low-density lipoprotein
(LDL) cholesterol, and triglyceride levels and decreased
levels of high-density lipoprotein (HDL) cholesterol are
correlated with obesity in children. For example, data
from the Bogalusa Heart Study show that overweight
during adolescence predicted a 2.4-fold increase in the
prevalence of high total cholesterol (>240mg dl�1), a
threefold increase in high LDL (>160mg dl�1), and an
eightfold increase in low HDL (<35mg dl�1) in young
adulthood (Srinivasan et al., 1996; Freedman et al., 1999;
Freedman, 2002).

Elevated blood pressure and hypertension

Obesity is a strong risk factor for hypertension in adults,
and the same appears to be true in children. Prospective
data suggest that overweight children and adolescents
are 8–10 times more likely to develop hypertension as
young adults than are their nonoverweight counterparts
(Srinivasan et al., 1996; Freedman, 2002), and the NHANES
III data show a strong positive correlation between blood
pressure and BMI in children and adolescents.

Endocrine risk factors

Insulin resistance and type 2 diabetes

Hyperinsulinemia and impaired glucose tolerance are
found to be associated with childhood obesity, and the
association seems to be stronger among females. With
the increase of childhood obesity, the prevalence of
type 2 diabetes in youth is also increasing dramatically
(American Diabetes Association, 2000; Silverstein and
Rosenbloom, 2001; Rowell et al., 2002). The Bogalusa
Heart Study showed that 2.4% of the overweight adoles-
cents developed type 2 diabetes by the age of 30, while none
of the nonobese adolescents developed the disease (Srini-
vasan et al., 1996). The onset of diabetes in youth will
increase the risk in early adulthood of having advanced
complications of the disorder: cardiovascular disease, kid-
ney failure, visual impairment, and limb amputations.

Menstrual problems

Abnormalities in menstruation and early menarche are
associated with fatness in girls. Oligomenorrhea or amen-
orrhea associated with obesity, insulin resistance, hirsut-
ism, acne, and acanthosis nigricans constitute polycystic
ovary syndrome (PCOS) (Must and Strauss, 1999). PCOS
is defined as the presence of enlarged ovaries with multi-
ple small cysts and thickened white capsule (Burniat et al.,
2002). However, the biological mechanisms for the linkage
between obesity and PCOS remain unclear. Two explana-
tions have been suggested: (1) Body weight affects the
proportion of androstenedione, which converts to estrone,
which is the major serum estrogen; and (2) obesity is
associated with lower levels of circulating sex-hormone-
binding globulin, which results in higher free testosterone
levels. Recent findings suggest that adolescent girls with
PCOS may be at increased risk of diabetes and cardiovas-
cular disease, all of which may be related to a common
risk factor, obesity (Kent and Legro, 2002).

Numerous studies have shown a close association
between obesity and early sexual maturation in females
(e.g., Adair andGordon-Larsen, 2001; Frisch andMcArthur,
1974; Van Lenthe et al., 1996; Wang, 2002). To explain the
association, Frisch developed the critical weight (fat) theory
in the 1970s, which is based on the observation that heavier
girls mature earlier and suggests that a critical body weight
or body fatness is needed for the onset of menarche (Frisch
and McArthur, 1974). However, the causal relationship
between obesity and early sexual maturation remains con-
troversial. Other researchers have questioned the critical
weight theory and argued that sexual maturity influences
the accumulation of adipose tissue or at least has a greater
effect on fatness (Bronson and Manning, 1991; Garn et al.,
1986; Scott and Johnston, 1982; Trusell, 1980; Van Lenthe
et al., 1996). Results regarding the association between
obesity and sexual maturation are limited and less con-
sistent for males. National representative data from the
NHANES III (1988–94) show that the prevalence of
overweight in early maturers versus nonearly maturers
was 23% versus 32% (Wang, 2002). However, causal direc-
tion cannot be tested with these cross-sectional data.
Pulmonary risk factors

Asthma

Cross-sectional studies have suggested an association
between childhood overweight and asthma. Using the
NHANES III data, Von Mutius et al. (2001) found that
the prevalence of asthma rose significantly with increas-
ing quartiles of BMI (8.7% vs. 9.3% vs. 10.3% vs. 14.9%,
p¼ .0001) among U.S. children. Another large study in
Germany found that the adjusted OR for asthma in girls
was 2.12 (95% CI 1.22–3.68) for overweight and 2.33 (95%
CI 1.13–4.82) for obesity, but no association was found
for boys (von Kries et al., 2001). However, causality should
not be assumed because children with asthma may have
reduced physical activity levels and asthma treatment
medications may cause weight gain. Von Kries et al.

(2001) argued that the effects of increased BMI on
asthma might be mediated by the mechanical properties
of the respiratory system associated with obesity or by
upregulation of inflammatory mechanisms.
Sleep disorders

A better-established pulmonary consequence of childhood
obesity is sleep-associated breathing disorders, which are



600 Child Obesity and Health
more prevalent in severely obese children than in children
who are less obese. Sleep-associated breathing disorders
refers to a broad spectrum of sleep-related conditions,
including increased resistance to airflow through the
upper airway, heavy snoring, reduction in airflow (hypop-
nea), and cessation of breathing (apnea) (International
Obesity Task Force, 2003).
Pickwickian syndrome

This syndrome refers to hypoventilation, somnolence,
polycythemia, and right ventricular hypertrophyand failure
that are related to severe obesity (Must and Strauss, 1999).
These may be due to the impact of large amounts of
abdominal fat that result in a rapid, shallow breathing
pattern with subsequent increase in dead space ventilation,
which is also referred to as ‘wasted ventilation.’ It includes
air that enters only conducting airways and air that reaches
alveoli but does not exchange carbon dioxide or oxygen
with the capillary blood.
Long-Term Health Consequences

Persistence (tracking) of obesity

The tracking of obesity from childhood and adolescence
to adulthood is well documented (Serdula et al., 1993;
Power et al., 1997). Serdula et al. (1993) reviewed the
epidemiologic literature published between 1970 and
1992 and found that approximately one-third (26–41%)
of obese preschool children were obese as adults, and
about half (42–63%) of obese school-age children remained
obese as adults. For all studies and across all ages, the risk
of adult obesity was at least twice as high for obese children
as for nonobese children. The risk of adult obesity is greater
for children who are at higher levels of obesity and for
children who continue to be obese at older ages. Power
et al. (1997) reviewed studies published between 1985 and
1996 and concluded that although the prediction of adult
obesity from child and adolescent adiposity measures is
only moderate, the child-to-adult adiposity relationship
is clear: Consistently elevated risks of adult obesity are
evident for fatter children. Differences in the definitions
of childhood obesity, follow-up periods, samples, partici-
pants’ ages at the beginning and end of the study, samples,
andwhere andwhen a studywas conducted help explain the
variations in the tracking rates found.
Morbidity

Very limited studies have been conducted to examine
the long-term impact of childhood obesity on morbidity
in adulthood. Emerging evidence suggests that childhood
obesity increases the risk of adult morbidity (Must et al.,
1992; Dietz, 1998; Muste and Strauss, 1999). A widely
cited study based on the Harvard Growth Study data
collected over a 55-year follow-up period found that
when compared to lean adolescents, overweight adoles-
cents had increased risks of diabetes, coronary heart
disease, atherosclerosis, hip fracture, and gout (Dietz,
1998; Must et al., 1999). The risk of these diseases was
only slightly attenuated after adjustment for smoking
and adult body weight. Childhood obesity may also have
a long-term impact on female reproductive health.

Mortality

Available data also suggest that childhood obesity has a
long-term effect on mortality, although mortality is an
imperfect measure of disease risk for nonfatal diseases
and chronic diseases or conditions. However, often mor-
tality data are easier to collect than data on morbidity as
mortality data can be obtained from death certificates.
Related studies from different populations have consis-
tently shown elevated mortality associated with obesity
in early stages of life (Must and Strauss, 1999). For exam-
ple, the Harvard Growth Study found that overweight
in adolescence was associated with an increased risk of
total mortality and disease-specific mortality (from car-
diovascular disease and colon cancer) among males.
Another 32-year follow-up study conducted among Dutch
men shows that high BMI during adolescence (>25) was
associated with a 1.5-fold increased risk for all-cause
death and 2.5-fold increased risk for coronary heart dis-
ease mortality (Hoffmans et al., 1988). Studies also suggest
that BMI in adolescence may have lasting implications for
risk of cancer mortality in later life (Okasha et al., 2002).
The Influence of Obesity on Young People’s
Psychosocial Development and Well-Being

A growing number of studies, predominately based on
cross-sectional data collected from school-age youths, have
examined the association between obesity and young peo-
ple’s psychosocial development and well-being, although
few are cohort studies based on nationally representative
data. In general, most of these studies indicate an adverse
impact of obesity.

Obesity and self-esteem

The relationship between self-esteem and obesity, in
particular among school-age children, has received a
lot of attention (e.g., French et al., 1995; Strauss, 2000;
Friedlander et al., 2003; Bosch et al., 2004; Hesketh et al.,
2004). During recent years, a growing number of studies
confirm a negative impact of obesity on self-esteem in
young people, although the findings from different studies
vary, in part because of differences in study designs, study
samples, and the assessment of study variables. In an early
comprehensive review, French et al. (1995) analyzed find-
ings from 35 studies on the relationship between self-
esteem and obesity in children and adolescents. Thirteen
of the 25 (52%) cross-sectional studies clearly showed lower
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self-esteem in obese adolescents and children. Six of eight
(75%) treatment studies showed that weight loss treatment
programs appear to improve self-esteem, although it is
unclear whether increases in self-esteem might enhance
weight loss. Many of the studies reviewed suffered from
some methodological weaknesses such as small and select
samples and lack of appropriate comparison groups.

Stronger studies have been published since then.
A recent prospective cohort study followed a random
sample of 1157 Australian children, who were 5–10 years
old at baseline, for more than 2 years. Overweight/obese
children had lower median self-esteem scores than non-
overweight children at both time points, especially at
follow-up. On the other hand, nonoverweight children
with low baseline self-esteem were twice as likely to
develop overweight/obesity ( p< .05; Hesketh et al., 2004).
Another 4-year follow-up study conducted among 1520
U.S. children ages 9–10 at baseline has shown a strong
impact of obesity on self-esteem (Strauss, 2000). Over the
4-year period, obese Hispanic females and obese white
females showed significantly decreased levels of global
self-esteem compared with nonobese Hispanic females
and nonobese white females, respectively. Mild decreases
in self-esteem also were observed in obese boys compared
with nonobese boys. As a result, by 13 to 14 years of age,
significantly lower levels of self-esteem were observed in
obese boys, obese Hispanic girls, and obese white girls
compared with their nonobese counterparts. Decreasing
levels of self-esteem in obese children were associated
with significantly increased rates of sadness, loneliness,
and nervousness compared with obese children whose
self-esteem increased or remained unchanged. In addition,
obese children with decreasing levels of self-esteem over
the 4-year period were more likely to engage in high-risk
behavior such as smoking or consuming alcohol.

Obesity and quality of life

Several recent studies have examined the relationship
between obesity and quality of life (QOL) in young peo-
ple. The Health of Young Victorians Study in Australia,
with data collected from 1456 children ages 9–12, shows
that QOL scores in physical and social functioning
were lower in obese children than in nonoverweight chil-
dren (p< .001; Williams et al., 2005). In a recent U.S.
study, based on cross-sectional data collected in the 1996
Add Health Study, a nationally representative sample of
adolescents in grades 7 to 12 during the 1994–95 school
year (N¼ 4743), Swallen et al. (2005) studied the associa-
tion between obesity and QOL. Health-related QOL was
assessed in four dimensions: general health (self-reported
general health), physical health (absence or presence of
functional limitations and illness symptoms), emotional
health, and a school- and social-functioning scale. The
researchers found a statistically significant relationship
between BMI and poor total QOL score, general health,
and physical health, although not psychosocial outcomes.
Adolescents who were overweight or obese had sig-
nificantly worse self-reported health (OR¼ 2–5) and
were also twice as likely to have a functional limitation.
This study also found considerable differences between
blacks and whites. In other words, although there was a
strong reverse association between obesity and functional
limitations in whites, this relationship was not observed
among blacks. Similar findings have been reported in
several recent smaller studies (e.g., Friedlander et al.,
2003; Schwimmer et al., 2003).
Conclusions

In conclusion, childhood and adolescence are two critical
periods for the development of obesity since obese children
are twice as likely as nonobese children to become obese
adults. Childhood obesity has many immediate, intermedi-
ate, and long-term negative consequences on health in
addition to the many immediate effects it has on children’s
psychosocial development. Because childhood and adoles-
cence are the most important times for one to form lifelong
dietary habits, lifestyles, and health beliefs, the development
of effective programs and policies for the prevention and
management of obesity in children and adolescents should
be a priority in order to combat the growing global obesity
epidemic. Population-based health promotion approaches
should emphasize moderate amounts of activity, gradual
and sustainable lifestyle modifications, and the flexibility
to vary choices according to personal preference and life
circumstances in order to encourage more people to adopt
regular physical activity and healthy eating in their daily
lives. School-based interventions for youth are particularly
promising. This is not only because almost all young people
between the ages of 6 and 18 attend school but also because
of the potential impact of the behaviors formed during these
years on one’s lifelong habits.
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The relevance and importance of children’s rights to the
global health and well-being of children and families
cannot be overstated. In developed countries, changes in
the demography of children, socioeconomic and political
movements, and globalization are establishing a new ecol-
ogy of childhood and child health. As a result, social and
environmental determinants of health have replaced the
historical causes of childhood morbidity – for example,
infectious diseases and nutritional deficiencies – as the
critical contemporary health issues challenging children
(Spencer, 2003; Wood, 2003). In developing countries,
excess childhood morbidity and mortality remain rooted
in mutable social and environmental determinants (Black
et al., 2003; Jones et al., 2003). Despite the worldwide
annual expenditure of trillions of dollars for health care
and public health, great disparities remain within and
between wealthy and low-income countries. A rights-
based approach to health will be necessary to ensure
child health equity, overcome these disparities and achieve
optimal health for children.

The history of public and child health is a chronicle of
the relationship between health and human rights, equity,
and social justice (Markel and Golden, 2005). However,
globalization has changed the balance of power and loci of
decision making for public policies related to the human
condition (Huynen et al., 2005). This and other societal
transitions demand a new context for conceptualizing the
health and well-being of children and childhood. They
demand a shift in the roles and functions of public and
children’s health professionals if these disciplines are to
remain viable and relevant to the health and well-being of
children and families. The application of a rights-based
approach to health provides such a conceptual framework
(Mann et al., 1999), as well as tangible strategies and skills
that can be applied by public and child health profes-
sionals to the delivery of the core functions of public
health, health services, child advocacy and the genera-
tion and implementation of relevant and effective public
policy (Institute of Medicine, 1988).

This article provides insight and understanding of the
relevance and importance of the principles of human
rights and the UN Convention on the Rights of the
Child to the health and well-being of children (UNICEF,
2005). In so doing, it attempts to increase understanding
of the relevance of the application of children’s rights to
the core functions of public health, and to encourage a
commitment by public and child health professionals
to the development of an advocacy role in respect of
children’s rights. The United Nations Convention on the
Rights of the Child (the Convention) is discussed in detail
as the foundation and framework for the integration of
children’s rights into the practice of public and child
health (UNICEF, 2005).
The UN Convention on the Rights
of the Child

The UN Convention on the Rights of the Child is an
international human rights treaty that introduces the
concept of children as subjects of rights with the same
inherent value as adults. It was drafted over a ten-year
period by a working group established by the UNGeneral
Assembly, who adopted it in 1989, and is among the eight
current UN human rights treaties (United Nations, n.d.)
(Table 1).

The Convention promotes a philosophy of respect for
children. While acknowledging that children are entitled
to special protection and care, the Convention also insists
that they are entitled to participate, in accordance with
their age and competence, in the protection of their own
rights. The Convention challenges the traditional percep-
tion of children as mere recipients of adult protection,
and requires their acceptance by society as social actors
with rights to be listened to and taken seriously. This
challenge has significant implications for the ways adults
relate to children.

The importance of the Convention is derived from the
legal and ethical precedent it establishes for children. It is
the first and only legal document to assert a full array of
rights that are inherently due to children. It is the world’s
only universally accepted human rights document. (The
United States is the only country to have signed but
not ratified the document). It is the strongest foundation
we have as communities, professionals, parents, advocates,
educators, etc., to support our individual and societal
efforts on behalf of children.

The Convention recognizes that children are vulnera-
ble and includes a range of protection rights that are
specific to children; for example, the concept of best
interests, obligations associated with alternative care, and
adoption. However, its key significance is that it also
acknowledges them as actors and subjects of rights in its
inclusion of civil and political rights. In other words,



Table 1 United Nations Human Rights Documents

International Covenant on Civil and Political Rights (1966)
International Covenant on Social, Economic and Cultural Rights

(1966)

International Convention on the Elimination of All Forms of Racial

Discrimination (1966)
Convention on the Elimination of All Forms of Discrimination

against Women (1979)

Convention against Torture, and Other Cruel, Inhuman and

Degrading Treatment (1984)
Convention on the Rights of the Child (1989)

International Convention on the Protection of the Rights of All

Migrant Workers and Members of Their Families (1990)
International Convention on the Rights of Persons with

Disabilities (in progress)
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it introduces the obligation to balance protection and
participation. It introduces the concept of participation
precisely because children lack the automatic autonomy
to exercise rights on their own behalf.

The Convention deals comprehensively with the
critical contemporary determinants affecting children’s
health. Traditionally, most laws in the North have been
framed primarily in terms of child protection – protecting
children from exploitation and abuse; ensuring their best
interests in family issues, educational programs, health
systems, and so forth; and protecting the legal entitle-
ments that are extended to them. Legal systems have
promulgated a large patchwork of laws to protect children
but relatively few that define their fundamental rights
and establish measures to protect them. Laws that protect
rights are fundamentally different from those that extend
privileges that can and often are revoked by executive
or legislative actions. The Convention establishes the
legal basis for extending human rights to children. It
establishes a concrete foundation for child advocacy and
defines the social systems that are required to protect
children’s rights.

The Convention contains some 40 ‘articles’ that can be
broadly categorized as the following:

. Social rights: The right to life and optimal survival
and development, to the best possible health and
access to health care, to education, to play, to family
life unless not in the child’s best interests, to alternative
care when children are unable to be in the custody of
parents, to family reunification, to promotion of the
fullest possible social inclusion for disabled children,
to support for parents so that they can protect their
children’s rights.

. Economic rights: The right to an adequate standard of
living for proper development, to benefit from social
security, to protection from economic exploitation.

. Cultural rights: The right to respect for language, cult-
ure, and religion, to abolition of traditional practices
likely to be prejudicial to the child’s health.
. Protective rights: The right to promotion of the
child’s best interests, to protection from physical and
sexual abuse and exploitation, armed conflict, from
harmful drugs, illegal sale and trafficking, abuse
and neglect, to rehabilitative care following neglect,
and so forth.

. Civil and political rights: The right to be heard and
taken seriously, to freedom from discrimination in the
exercise of rights on any grounds, to freedom of relig-
ion, association and expression, to privacy, to informa-
tion, to respect for physical and personal integrity and
freedom from all forms of violence, torture or other
cruel, inhuman or degrading treatment, to respect for
due process in the law, recognition of the importance of
treating the child with respect within the criminal
justice system and respect for the right not to be
detained arbitrarily.

Although all rights defined in the Convention are
indivisible and apply to all children, four key principles
must be considered when implementing all other rights.

. Article 2 – the right to nondiscrimination. All rights in
the Convention apply to all children without discri-
mination on any grounds. Governments must take mea-
sures to ensure that all the rights in the Convention
apply without discrimination to all children within the
jurisdiction of the state. This means both direct and
indirect discrimination.

. Article 3 – the duty to promote the best interests of
the child. Article 3 places an obligation on public and
private social welfare institutions, courts of law, admin-
istrative authorities or legislative bodies, etcetera, that
in all actions affecting children, the best interests of
the child must be a primary consideration.

. Article 6 – the right to survival and development. Article
6 stresses the right of every child to life and optimal
survival and development. This right imposes obligations
to create environments in which children’s development
can flourish. It means that the lives of all childrenmust be
equally protected, irrespective of disability, gender, eth-
nicity, or any other factors.

. Article 12 – the right to be listened to and taken
seriously. Article 12 provides that all children have
the right to express their views on all matters of
concern to them and to have those views taken seri-
ously in accordance with their age and maturity. Chil-
dren are entitled as a right to be consulted when
decisions that affect them are being made, either as
individuals or as a body. Respecting the rights of
children is an important mechanism through which
children can contribute toward their own health and
protection. Adults can make better-informed decisions
if they first listen to children. Only if children are
listened to by adults can they challenge abuses or
neglect of their rights.
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Translating Children’s Rights into
Improved Health Outcomes

A review of the articles of the Convention will clarify
how the rights defined by them relate to the practice of
public and children’s health. It provides a framework and
mechanism for fulfilling the World Health Organization’s
definition of health, a ‘‘state of complete physical, mental
and social well-being and not merely the absence of
disease or infirmity,’’ by establishing the responsibility
of governments, institutions, and families to ensure chil-
dren’s rights are respected (World Health Organization,
n.d.). With respect to public and child health professionals:

. The rights afforded to children for survival, develop-
ment, and health care (Articles 6 and 24), education
(Articles 28 and 29), and a standard of living adequate
for physical, mental, and social development (Articles
26 and 27) establish an expanded set of obligations
for the generation of public policy and child advocacy.

. The definition of an explicit set of rights for the vulnera-
ble child – orphaned, adopted, refugee, disabled, and
abused children (Articles 20 through 23, 37) – including
responsibility for rehabilitative care (Article 39), expand
the required breadth and expertise of public and child
health systems in the context of their public health assur-
ance role.

. The rights of protection from maltreatment and neglect
(Article 19) and from all forms of exploitation, includ-
ing child labor, drug abuse, sexual exploitation, abduc-
tion, and in the juvenile justice system (Articles 32
through 36, and 40), confirm and extend the public
and child health practitioner’s role in ensuring the
child’s physical and social well-being.

. The child’s rights, within the context of their com-
petencies and family, to form and express an opinion,
associate with peers, enjoy freedom of thought and
conscience, maintain privacy, and have access to appro-
priate information (Articles 12 through 17) contribute
to an evolving child image of great relevance to public
and child health professionals.

. The rights of children to be free from all forms of
discrimination (Article 2), to a name, nationality, and
identity (Articles 7 and 8), and to enjoy and practice
their own culture and religion relate to the challenges
to serve children in diverse communities.

. The obligation of all parties at all times to act in the
best interest of the child (Article 3) and to provide
families with the support and assistance they require
to fulfill their parental responsibilities, including access
to child care services for working parents (Article 18),
define a set of standards to guide and support child
advocates.

. With respect to families, the Convention establishes the
obligation of governments to respect the rights and
duties of parents to raise their children and to provide
the resources necessary for families to fulfill these
responsibilities (Articles 2, 5, 7, 8, 9, 10, 11, and 18).

The rights defined in the Convention are indivisible
and universal. There is no hierarchy of importance.
Together they create a holistic framework of rights that,
if fully respected, would promote the health, welfare,
development, and active participation of all children. It
is not possible, for example, to tackle violence and sexual
exploitation against children without also addressing the
violation or neglect of rights that expose children to
violence – poverty, lack of access to education, discrimi-
nation, racism, prejudice and xenophobia, and failure to
listen directly to and take seriously children’s accounts of
their lives. Similarly, children’s right to optimal health and
development cannot be fulfilled without a commitment to
simultaneously address their right to an adequate standard
of living, decent housing, and protection from violence
at home and in institutions, economic exploitation, expo-
sure to harmful work environments, and so forth. Given
the impact of behavior on health, it is not possible to
ensure children contribute to their own health without
providing them access to information to enable them to
make informed choices and protect themselves.
Obligations of Governments that Ratify
the Convention

All governments, except the United States, have ratified
the Convention, a process of making a formal commit-
ment under international law to implement its principles
and standards. Three obligations are established with
ratification:

. To implement rights without discrimination for all
children.

. To make the Convention and the rights contained in
it known to both children and adults.

. To report regularly to the UN Committee on the
Rights of the Child.

The principles of children’s rights contained in the
Convention do not require ratification for implementa-
tion, nor is ratification a guarantee that governments
will cease to violate, abuse, or neglect children’s rights.
In many countries that have ratified the Convention,
children continue to be discriminated against, forced
into armed conflict, sexually exploited, denied education,
exposed to violence, denied access to health care, exposed
to living and working conditions detrimental to their
health and well-being, forced into bonded labor, to die
of preventable disease, and to be denied a voice in matters
of concern to them (UNICEF, 2005). However, neglect
and abuse of children’s rights is not just a problem in the
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developing world. In many developed countries, immi-
grants and refugees are routinely denied equal rights,
children continue to be subjected to physical violence
and sexual abuse, significant numbers of children live in
poverty, children are homeless, and there is vulnerability
to widespread drug misuse.

Realization of the rights contained in the Convention
is a goal toward which much progress has been made
during its relatively short life-span. Since its adoption by
the UN General Assembly in 1989, the Convention has
already achieved a great deal for children.

. At the international level, for example, there is a far
greater awareness of and commitment to end exploitive
child labor, sexual abuse and exploitation of children,
discrimination against the girl child and disabled chil-
dren, and the use of children as soldiers.

. At the national level, many governments have begun
to analyze and improve their legislation to bring it in
line with the Convention’s rights, establish indepen-
dent children’s rights commissioners or ombudsmen
(European Network of Children’s Ombudsmen, n.d.),
raise public awareness of children’s rights, develop pro-
grams designed to promote the best interests of chil-
dren, end all forms of violence against children, and
divert extra resources to fulfill obligations to children.

. At the national, regional, and local levels, many countries
have implemented measures to ensure children have
the opportunity to express their views and have them
taken seriously, and have executed strategies to tackle
discrimination, improve child protection, and encourage
breast-feeding (Lansdown, 2001, 2005).

Although sanctions cannot be brought against govern-
ments that violate children’s rights, the Committee on the
Rights of the Child, the international body established
under the terms of the Convention to monitor govern-
ments’ progress in fulfilling their obligations to children,
engages countries and communities in constructive dia-
logue about the relevance of human rights to health. This
continuing dialogue is a tool and catalyst for change and
has resulted in an increasing awareness and understanding
about the nature of children’s rights and the ways in which
they are violated. It is a slow process but one that has
continued to achieve real change for children.
Is the Convention Anti-Family or
Anti-Parent?

Concerns have been expressed in many countries that
by emphasizing the rights of children the Convention is
anti-family and undermines parental authority. These
concerns are based on a fundamental misunderstanding
of the Convention. The preamble, as well as many of the
Convention’s articles, emphasize that growing up within a
caring family environment is crucial to children’s healthy
development. The Convention requires that societies pro-
vide families the capacity to extend the rights it contains
to their children as a prerequisite for fulfilling children’s
rights.

. Article 5 recognizes parents’ rights and duties to pro-
vide direction and guidance to children.

. Article 9 stresses the right of children not to be sep-
arated from their parents unless necessary for their best
interests.

. Article 18 stresses the obligations of governments
to provide support to parents in order to help them
fulfill their role of promoting and protecting their
children’s rights.

However, the Convention does imply changes to the
traditional way in which children have often been viewed
within the family. It requires that

. they are listened to and their views taken seriously,

. increased recognition is given to their ability to make
decisions for themselves as they grow older,

. parents consider children’s best interests when making
decisions that affect them, and

. recognition is given to the fact that children’s interests
will not always coincide with those of their parents.

The Convention encourages a culture of respect for
children within families as well as in society. But this does
not undermine or diminish the role of parents. Rights
allow children to take part in decisions that affect them,
not to take over. They place a responsibility on parents to
provide proper care and protection through listening and
valuing children’s opinions. Parental respect for children
is likely to encourage children’s respect for their parents.
Implementing a Rights-Based Approach
to Children’s Rights

The application of children’s rights to health has critical
implications to the core functions of public health. Assur-
ance of the functionality of the health, social, and educa-
tional systems that are required to attain optimal child
health will need to include a rights-based context framed
by the articles of the Convention. Assessment func-
tions, including indicators and surveillance strategies,
will similarly need to be expanded to include rights-
based indicators that reflect proximal social, civil and
political, economic, cultural, and environmental determi-
nants of health (Equity Gauge, n.d.; Hillemeier et al., 2003).
Finally, the core policy function of public health will need
to be retooled to include a human rights, equity, and social
justice framework (Rodriguez-Garcia and Akhter, 2000).
This will require a new approach and parlance to the
generation and implementation of public policy, as well
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as education of the public health and clinical medicine
workforce.

Figures 1 and 2 present a series of schematics of a
health system model that will facilitate the visualization
of a rights-based approach to public health. Figure 1
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biomedical determinants (calories, genetics) present as
morbidities (obesity, diabetes), which we measure through
surveillance systems as outcomes; for example, rates and
disparities of obesity, chronic illnesses, hospitalizations,
and deaths. In this biomedical paradigm, our advocacy
priorities are primarily clinical interventions that respond
to the indicators we measure and that reflect our system’s
predominant construct of health and illness; for example,
access to health care, improved and expanded pharma-
cological interventions, expanded treatment modalities,
and diet manipulation. These biomedical interventions
receive priority and funding. Not surprisingly, poor health
outcomes and disparities continue to mount.

In an equity (rights) model of health (Figure 2b), child
health morbidities result from proximal social, political,
civil, economic, cultural, and environmental determinants.
The recently coined term ‘Millennial Morbidities’ is used
in this model to encompass children’s health issues that
are rooted in these determinants (Palfrey et al., 2005).
Surveillance systems and indicators are not formulated as
biomedical measures, but rather in terms of measurements
of rights, social justice, and social capital. Advocacy inter-
ventions are equity-based, extend beyond the clinical
interface, and result in interventions that relate to the
proximal determinants of health outcomes and disparities.
Figure 2c again uses childhood obesity and type 2 diabetes
to illustrate the utility of using the equity (rights) approach
to a common and mounting public health issue affecting
children.
Challenges to Implementing Children’s
Rights and the Convention

Public and child health professionals will experience many
challenges in their efforts to advance a rights-based ap-
proach to children’s health. The primary barriers impeding
respect for children’s rights fall into four broad areas:

. Tradition and attitudes

. Children’s invisibility

. Economic constraints

. Lack of democratic traditions.

Understanding and responding to these challenges is
crucial to the successful implementation of a rights-based
approach to health.

Tradition and Attitudes

There is widespread resistance to changing cultural tradi-
tions that have long affected attitudes and behaviors
toward children; for example, early marriage of girls,
harsh forms of physical punishment, female genital muti-
lation, expectations of respect for authority, and failure to
take children’s views seriously. Although the Convention
includes clear recognition of the importance of respecting
children’s culture and the right of parents to exercise
direction and guidance to children, this must be done in
a manner that is consistent with children’s rights. Adult,
institutional, and societal behaviors toward children that
threaten or violate their rights, even if they result from
traditional practices, are prejudicial and undermine chil-
dren’s opportunities for optimal health and development.
For many children, rights are denied by discriminatory
attitudes – denial of the right to education for girls, social
isolation and segregation of disabled children, violence
and hostility toward ethnic minority and immigrant
groups, and so on.

The Convention’s demand that adults listen to children
is perhaps the most fundamental challenge to traditional
attitudes. Its central tenet is that without listening to
children, adults cannot protect them or enable them to
protect themselves. Children who are silenced cannot act
to bring an end to the abuse of their rights. Nor can they
provide information to help socially responsible adults
provide them proper protection.
Invisibility of Children

Children’s rights are often breached or neglected simply
because politicians and policymakers fail to give consid-
eration to children when they make decisions that affect
them. Subsequently, their rights, needs, and interests are
not given sufficient priority. This barrier to respecting
children’s rights results from their invisibility or power-
lessness in public arenas, as compared with more powerful
influences on government agendas. For example, chil-
dren’s rights to the best possible health will rarely be
considered in the context of urban development or zoning
for industrial development, despite the potential impact
of the environment on children and their relative vulner-
ability. Construction of new roads may increase children’s
exposure to pollution and accidents and reduce their
opportunities for safe play. Tobacco and alcohol compa-
nies seeking to promote their product often have a greater
influence on governments than those seeking to protect
children. Children’s lack of access to those in power
and to the media, combined with their lack of voting
rights, renders them vulnerable to being ignored by
those in power. Subsequently, their rights and interests
can be and are often neglected. Children need public and
child health advocates who can help them articulate their
concerns to those in power.
Economic Constraints

In many countries there are overwhelming economic
constraints that limit governmental capacity for imple-
mentation of children’s rights, particularly economic
and social rights. There are difficulties, for example, in
implementing universal access to health care and primary
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education, or in providing an adequate standard of living
for all children. The Convention states that these rights
must be implemented to the maximum extent of avail-
able resources. It recognizes that implementation will be
necessarily incremental.

All governments, however poor, make choices about
priorities. For example, in India, Pakistan, and many
African countries, expenditures on military hardware are
greater than on primary health care. Haiti, Ethiopia, Mali,
and Niger enroll less than 50% of children in primary
school. However, in other countries with per capita GNPs
below $500 – for example, Bangladesh, Malawi, and
Vietnam – rates of school enrollment of over 80% have
been achieved. Zimbabwe, with a per capita GNP of $480,
achieves a rate of 90% compared with Guinea, which has
the same GNP but enrolls less than 60%. Even the poor-
est economies can make a significant contribution toward
the implementation of social and economic rights for
children (UNICEF, 2005).
Lack of Democratic Traditions

In undemocratic countries, or in newly emerging democ-
racies, there is likely to be a weaker culture of respect for
human rights for all people, including children. Mechan-
isms through which democratic rights are exercised and
strengthened – elections, the media, the courts, pressure
groups, trade unions, ombudsmen, or human rights com-
missions, for example – are less developed or accessible to
individuals. However, even in democratic countries, some
children have very limited access to these processes. In
undemocratic or newly democratic countries, there may
be little opportunity for children’s rights to be articulated
or represented.
Summary

Ensuring the rights of children is a necessary strategy to
achieve their optimal health and well-being. A rights-
based approach to child health is consistent with and
reflects the history of public and child health. The UN
Convention on the Rights of the Child provides a frame-
work and mechanism to support the work of public and
child health professionals.

. The Convention defines the full range of children’s
needs and provides a practical approach for address-
ing these needs in an integrated and holistic way by
fulfilling children’s rights.

. It poses a challenge to traditional approaches to child-
ren, which have viewed them as incompetent, passive
objects of adult protective care, and acknowledges chil-
dren as both capable of and entitled to active participa-
tion in decisions that affect their lives.
. It is legally binding on all countries that have ratified it.
Governments are required under international law to
take all necessary measures to implement its provisions.
It provides a universal set of standards against which
to measure and improve the treatment of children.

. Although there are no formal sanctions that can
be brought against governments for failing to comply
with its provisions, the process of reporting to the
UN Committee on the Rights of the Child is an invalu-
able mechanism for monitoring how a government is
complying. It provides an opportunity for all those
involved in children’s health and well-being to work
together to improve standards.

A rationale for public and child health professionals to
apply children’s rights to child health can be structured
from the following four principles.

. All children have needs. The UN Convention on the
Rights of the Child establishes international recogni-
tion that children have a right to have these needs met.

. The Convention provides a comprehensive framework
of rights that will facilitate a holistic approach to pro-
moting the well-being of children.

. Children’s health and development is best promoted by
responding to all of their needs. Respect for all the
rights embodied in the Convention will help achieve
this goal.

. The Convention is legally binding and imposes obliga-
tions on governments to respect children’s rights.

In one comprehensive document, the UN Convention
on the Rights of the Child defines the prerequisites for
the health and well-being of children, and the obligations
of individuals, parents, communities, and governments
to meet children’s needs by fulfilling their rights. Imple-
mentation of a rights-based approach to the core func-
tions of public and child health that uses the framework of
children’s rights contained in the Convention would
herald a fundamental change in the status of children in
all societies in the world and help ensure their optimal
health and development.
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Child soldiers comprise a new class of combatants distinct
from those of immature years who have, since the times of
ancient Greece, served in uniform as an adjunct to former
armies and navies. The child soldier of today is enmeshed
in a triad of anarchic civil war, light-weight weaponry, and
drug or alcohol addiction. One profile of the child soldier
of today is a rag-clad, drug-addicted 10- to 18-year-old
male carrying an automatic weapon and bonded to a
group of other compunctionless combatants led by an
older teenager. He lives and kills with impunity and in
the absence of identifiable conventions of war or other
ethical principles. He acts without the constraints of any
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regimental tradition. Child soldiers are a unique phenom-
enon first encountered in the later decades of the twenti-
eth century.

Public health and medicine have traditionally focused
on those killed or wounded in battle or on the care of
civilians caught in the crossfire of violent political conflict
and its aftermath. Since the 1970s, interest has also devel-
oped on the identification and care of the psychiatrically
scarred among the ranks of both victors and vanquished.
Although not traditionally counted among the battle
casualties of war, children today are indeed numbered
among the victims of each of these categories.
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However, today’s disciplines of public health and med-
icine also include study of the plight of child soldiers. The
existence of these victims, analogous to those stricken by
occupational or industrial disease and morbidity, is due to
social forces. And like the plight of other vulnerable
populations, the predicament of child soldiers may be
understood and addressed by public health approaches:
Identification of risks, examination of patterns of injury
and death, and engagement in effective, concerted pre-
vention, intervention, and advocacy efforts.

There is nothing new about warfare. There has, how-
ever, since the establishment of the Red Cross in 1864 and
the St. Petersburg Convention of 1869, been an evolution
of the international Laws of War in an attempt to alleviate
the horrors of war. This has achieved much in the context
of international warfare, particularly in conflicts between
first-world nations. Less has been achieved in the context
of civil wars where the genocide experienced in such
places as Bosnia (1991) and Rwanda (1994) has again
demonstrated that there is indeed a thin veneer of civili-
zation in contemporary humankind when civil wars erupt.
In spite of the ethic of the Geneva Conventions and the
influence of the International Red Cross, the Pershing
(1921) and Ottawa (1997) Conventions, children and ado-
lescents remain unprotected in many regions of the world
where they exist both as perpetrators and victims of com-
bat violence. Children, and particularly orphan children,
who are born into and survive in communities that are all
but destroyed by civil war, grow and develop both as
unprotected victims on the one hand and are subject to
recruitment as child soldiers on the other. In both
instances, they are not subject to either of the two princi-
pal moderating, even humanizing, sanctions of (a) family
traditions and (b) civilized, societal mores.

Scholars estimate that there are 300 000 child soldiers
in the world today, and they have been involved in over
two dozen of the world’s armed conflicts since the start of
the twenty-first century. These combatants fall into two
classes. The first class includes those adolescents who are
still voluntarily or semi-voluntarily recruited into the
ranks of combatants in armies that subscribe to interna-
tional codes and principles such as the Geneva Conven-
tions or more generic concepts of the Laws of War. In the
past, such children and adolescents have been a proud and
important part of the military forces of many nations.

The second class of child soldiers, and the focus of this
review, differs from the former group in that there is no
formal institutional socialization of such child soldiers.
Rather, they may become socialized informally by an
ethos that has superficial parallels with urban civilian
gangs. The social dynamics of bonded groups of child
soldiers, however, differ from those of such urban criminal
gangs in at least one very important respect. Criminal gangs
remain subject to the sanction of law enforcement and exist
within otherwise relatively stable societies. By contrast,
child soldiers in their formal or informally bonded groups,
do not operate in environments where violent behavior is
held in check by the rule of law, law enforcement, or other
mechanisms of formal or informal social control. This
absence of social controls means that these combatants
engage routinely in wanton atrocities and hideously violent
acts without remorse or constraint. Consequently, child
soldiers often behave to satisfy the dictates of primal grati-
fication rather than to serve asmilitary agents of the State or
of organized rebel movements engaged in more traditional
forms of warfare or insurgency.

The tragic syndrome of the typical contemporary child
soldier involves a boy between the ages of 8 and 16 years,
bonded into an armed group of peers. He is almost always
an orphan, drug- or alcohol-addicted, amoral, merciless
and dangerous, illiterate, and armed with an automatic or
semiautomatic weapon and a knife. These combatants
rape, steal, and pillage without compunction or remorse.
Their targets are never strategic or tactical, but idiosyn-
cratic and personal. The attacks by child soldiers tend to
be opportunistic and targets may be either male or female,
young or old, civilian or uniformed. The modus operandi of
killing is often brutal, even mutilatory.
Historical Comparisons

In the preliterate past, adolescent boys after initiation
have always taken part in intertribal conflicts as fighting
combatants, serving alongside their adult relatives. In
recorded history, children have formed part of traditional
armies since the fourth century BC. Some of the best
recorded examples relate to the boys of ancient Sparta.
Such youths were taught the socially desirable virtues of
courage, discipline, self-sufficiency, and resilience, often
in the context of extreme training that was demanded of
all, irrespective of age, who undertook military service.
Unquestionably, many such youths were exploited sexu-
ally. Although they were in most cases voluntarily recrui-
ted, the term voluntary had little meaning in the absence
of child rights and in a context where social pressures and
expectations compelled participation.

Armies and navies of the past have always recruited
young adolescents. Hospital Apprentice Fitzgibbon, of the
Bengal Medical Department, received the Victoria Cross
for his action at North Taku Fort, in China, on 21 August,
1860, when he was 15 years of age. Boy Cornwell of the
Royal Navy received the award of the Victoria Cross
posthumously, for his action at the Battle of Jutland
when he was 16 years of age. Both these examples were
of child soldiers who were already military veterans in
their early teenage years. Many boys under the age of
16 years joined the American Revolutionary (Patriot)
Army in 1776.
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In this context of the use of young adolescents as
members of traditional armies, many nations have lauded
the underage enlistment of teenagers. The untruthful
overstating of age, by which young adolescents could go
to war, is today usually regarded with paternalistic admi-
ration. The most recent use of this type of formal child
soldier was seen in the Iran–Iraq War of 1982–83. In some
campaigns in that conf lict, young children were used in
the vanguard of assaulting troops in the belief that this
might deter tactical artillery counter-bombardments.

There has been a progressive evolution among civi-
lized nations and combatant States to forbid the use of
young teenagers in combat. The 1998, Statue of the Inter-
national Criminal Court defined the conscription or
enlistment of children under 15 years of age into armed
forces for their use in combat as a war crime.
Child Soldiers of the Twenty-First Century

Child soldiers often exist when a society has broken down
and anarchy pervades. Under such circumstances, author-
ity is exerted by brute force or its threat. In the twenty-
first century, such occurs almost exclusively in civil war
contexts or in protracted border disputes between devel-
oping nations.

Child soldiering imposes extreme stress. This, in turn,
has three profound consequences. The first of these is that
the desocialization and dehumanization of a young ado-
lescent’s mind become self-perpetuating. The thrill and
rush of physical combat, of using powerful weapons, and
of domination and sexual conquest intoxicate. Secondly,
the lost childhood of such victims means that schooling
and rehabilitation are very difficult to institute. This has
been very evident in the African experience as the educa-
tional rehabilitation of former child soldiers has proven
extremely difficult there once the normal window of
childhood has closed. Thirdly, many who work with chil-
dren and adolescents who were child soldiers find high
rates of posttraumatic stress disorder (PTSD) among them.
Though published work on the long-term mental health
and developmental sequelae is lacking, many anticipate
that rehabilitation of those once engaged as child soldiers
will be difficult if not impossible to achieve.

The responses of young adolescents to violence and
disaster cause profound changes in their attitudes toward
life and their future. Traumatized adolescents may be espe-
cially likely to engage in risky behaviors. Often, in the
prerecruitment phase when a child or young adolescent
has already lost parents, siblings, and extended family mem-
bers, he is particularly vulnerable to enmeshment as a child
soldier in societies engaged in long-term political or mili-
tary conflict. The situation may be compounded by the fact
that when parents or other close relatives are lost in mas-
sacres, land mine or bomb blasts, or in epidemics, normal
rituals of grief and closure do not occur. In the aftermath of
conflict, burials and memorialization are a luxury of those
civilian societies where the Laws of War still apply.

Young adolescents enmeshed in civil wars are con-
stantly exposed to threats to their own life. This engen-
ders perhaps the highest risk of psychiatric morbidity.
Those who are themselves injured by violence or disaster
are at highest risk. Exposure to dead bodies and mutilated
victims increases the potential for adverse psychiatric
sequelae. Of the many different types of stressors, the
most powerful predictor of PTSD is direct experience
and engagement in physical violence. Children and young
adolescents as soldiers and the perpetrators of violence
are often simply continuing in the chronological sequence
of their entire lifetime experience, themselves having
been traumatized as preschool children. Preschool chil-
dren exposed to violent trauma, even in the civilian
sphere, sometimes re-enact their trauma in their play
and storytelling. Moreover, exposure to violence may
alter developmental trajectories and cause other problems
with behavior, cognition, emotional status, and social
skills. Thus, the milieu in which child soldiers operate
represents a high-risk setting for children already dam-
aged by exposure to violence and in which they might
have unfortunate and unchecked opportunities to exe-
cute violent acts of revenge and aggression ordinarily
restricted to play and fantasy.

Violent behavior by male adolescents is highly corre-
lated with prior violent acclimation, even in otherwise
stable, civilian, developed nations where violence is
eschewed. In a United States study from Yale, it was
shown that there exists a very high correlation between
prior violent victimization and later perpetration of phys-
ical assault. Adolescent males in particular are likely to re-
enact their own experiences of violent victimization by
perpetrating similar forms of violence on others.

There are no quantitative research reports about vio-
lence exposure among child soldiers. Methodological
challenges rule the day. Almost all child soldiers are
illiterate, the contexts they exist within are extremely
volatile and dangerous, and the social destruction of
civil wars where they thrive make defining and obtaining
representative samples difficult if not impossible.

However, journalistic accounts, reports of nongovern-
mental organizations and first person narratives like Ismael
Beah’s A Long Way Home: Memoirs of a Boy Soldier (2007)
grant important insights into this emerging problem.
Aftermath and Rehabilitation

Child soldiers have almost never been to school and
almost all are illiterate. The harm and disabilities from
this denial of a basic human right have lifelong conse-
quences. For example, in the context of the 2001 war in
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Afghanistan, the Wall Street Journal reported that ‘‘A key
issue is what to do with thousands of young men who
have, over two decades of conflict in Afghanistan, learned
little more than how to pull a trigger’’ (p. A14).

Some adolescents exposed to violent trauma respond
by developing a perspective and outlook that life will be
short and that a fragile, shortened future marked by
suffering and vulnerability is their inevitable lot. Under
such circumstances, they often spiral downward into a
maelstrom of hedonism and hopelessness.

Many children enmeshed in war develop fear-
conditioned responses to early experiences of violence.
As adolescents they may regress or engage in aggressive
behavior throughout their lives. While many normal
adults without traumatic histories of exposure to violence
have flashbacks triggered by the smell of certain foods or
plants, these hippocampus-mediated responses are often
pleasurable. However, for survivors exposed to violence
or war during childhood, their olfactory triggers are the
stench of burning flesh, bloody wounds, or explosives.
Some postulate that flashbacks induced in these ways re-
sult from neuronal short circuits of the rhinencephalon –
the atavistic remnants of the highly developed smell
memories of lower animals. But whatever the mechan-
isms, experiences of war and violence can make their mark
extremely early in life, indelibly, and even prior to con-
sciousness. In this way, many communities embroiled in
long-term violent political conflict may produce children
who have been affected by war long before they become
weapon-carrying combatants themselves. For example,
research into the aftermath of the Bosnia–Croatia conflict
of 1995 showed that the average birthweight and nutri-
tional indices of breastfed infants were reduced during
periods of continued immediate combat threat.

Of sinister import is that children chronically exposed
to the injury and death of war may carry a unique and
dangerous datum reference point into their adult lives:
That violence is the fundamental relationship that char-
acterizes human interaction. Perhaps this is why studies of
child survivors of the Spanish Civil War of 1936, the Nazi
Holocaust, and the London Blitz have revealed that they
grow up to be adults more inured than their unexposed
peers to the horrors of violence.

One of the most important tasks of normal childhood is
the development of conscience, that is, the acquisition of a
sense of higher-order morality and ethics. Among child
soldiers, the development of this sense of right and wrong
is either never attained or is lost in the absence of normal
influences of family and society.
Advocacy

Children are sometimes injured or killed inwar by its direct
effects: Blast, bomb, missile, burns, or gas. Larger numbers
suffer or die from exposure to the elements or from disease
and starvation. Just like other calamities – earthquakes,
famine, cyclones, and epidemic pestilence – war is another
type of social catastrophe that destroys families, commu-
nities, and societies. Just as in these other disasters, the
problem of child soldiers can be ameliorated by approaches
common to public health and preventive medicine. Advo-
cacy can make a difference here as well.

The humanitarian work of nongovernmental organiza-
tions (NGOs) does much to rehabilitate child soldiers.
Some term these efforts demobilization, disarmament,
and reintegration programs (DDR). However, one of the
great challenges of these efforts is that surviving child
soldiers often return to brittle, depleted, post-conflict
societies. The survivors may be hard to identify and the
road to recovery is long and difficult. These realities
elevate the importance of prevention, a task which requires
vigorous national and international advocacy.

International advocacy has done much to protect the
plight of civilians (the third Geneva Convention), to
achieve considerable reduction in the use of chemical
warfare (the Pershing Convention of 1921), and to offer
partial protection to future generations by the Ottawa
Convention (1997) by which an increasing number of
nations have become signatories to the banning of the
manufacture and international sale of antipersonnel land
mines. The 1972 Biological and Toxin Weapons Conven-
tion banned the development of biological weapons for
offensive purposes. Although it was violated by several
nations, its spirit is implicitly accepted by all governments
today. Professor John Steinburner, Professor of Public
Policy at the University of Maryland, has described it as
‘‘arguably among the most significant universal rules of
human civilization,’’ (Steinburner J, 2006: 20).

To this pantheon of conventions has been added one of
great significance. This is the convention to ban child
soldiers. The International Criminal Court by its 1998
Statute (also known as the Rome Statute) bans the con-
scription and enlistment of children aged under 15 years
into armed forces for use in combat and other military
activities such as scouting, spying, sabotage, and use as
couriers and decoys or at checkpoints. In addition, the
ILO Worst Forms of Child Labor Convention 182,
enacted in 2000, commits states which ratify it to take
measures to prohibit and eliminate the ‘‘worst forms of
child labor,’’ which include use in armed conflict. More-
over, the recruitment and use of any person under age
15 years in armed conflict is prohibited by Article 38 of
the Convention on the Rights of the Child (the Optional
Protocol of the CRC enacted in 2002 raised the minimum
age of use in armed conflict to 18 years). Like all such
international conventions and rules, there will continue to
be violations. Nevertheless, the legal infrastructure to
prevent child soldiers now in place is a global standard
against which interventions can be evaluated and toward
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which advocacy can be directed. Ongoing national and
international advocacy to prevent, ban, and rehabilitate
child soldiers has become a critical global humanitarian
and public health goal and is the way forward.

See also: Child Rights; Child Witness to Violence; Ethnic

Conflict and Public Health; Torture and Public Health.
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Introduction

Children’s exposure to violence is a pervasive challenge in
the world today. Leading scholars argue that exposure to
violence may include seeing or hearing violent interper-
sonal events, direct involvement like trying to prevent
a violent encounter or to call for outside help, or experi-
encing the visible or emotional consequences of such
encounters. Data from the United Nations Secretary-
General’s Study on Violence Against Children estimates
that up to 275million of the world’s children are exposed
to violence in their homes. In the United States, where
the epidemiology of the problem is increasingly well-
described, at least 3million children are exposed to vio-
lence within their homes each year.

This article will discuss the impact on children of
exposure to interpersonal violence. Our review takes
on the following questions: How common is childhood
exposure to violence? How do children make sense of
the violence around them? What are the developmental
implications of exposure?

Epidemiology

Statistical estimates of the rates of violence exposure among
children abound and differ vastly. Many hypothesize these
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differing rates are due to different methods of data collec-
tion, different definitions of types of violence, and both
over- and under-reporting. This is perhaps most true
when attempting to quantify the exposure of children to
domestic violence. For examples, the U.S. National Family
Violence Survey (NFVS) and the National Crime Victimi-
zation Survey (NCVS), national telephone surveys of rep-
resentative samples of households, are currently the
primary sources of information on violence between inti-
mate adults in the United States. The 1987 NFVS sampled
6000 households by telephone interviews (Gelles and
Straus, 1988). This survey indicated that 116 per 1000
women reported experiencing some form of physical or
verbal aggression by an intimate partner in 1 year, and
44 per 1000 women reported that they had engaged in
some form of physical or verbal aggression toward their
male partners in that year. Thirty-four per 1000 women
surveyed reported that they had experienced severe

violence at the hands of their intimate male partners.
Although the NFVS did not gather data on child exposure
to domestic violence, survey results have been used to
estimate the prevalence of child exposure to be at least
3.3 million annually (Carlson, 1984).

The NCVS, conducted by the U.S. Department of
Justice, is designed to provide annual estimates of crimes
experienced by the public at large (Greenfield et al., 1998).
Telephone survey data on the frequency, characteristics,
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and consequences of criminal victimization were collected
from a sample of approximately 49 000 households. NCVS
reported that the annual rate in 1993 of physical attacks
against women by intimate partners was 9.3 per 1000, and
that children under the age of 12 reside in slightly more
than half of the affected households.

In 1995 and 1996, the National Institute of Justice and
theCenters for Disease Control and Prevention cosponsored
the National Violence Against Women Survey (Tjaden and
Thoennes, 1998). A sample of 8000 men and 8000 women
was drawn from random-digit telephone dialing to house-
holds in all 50 states and the District of Columbia. Find-
ings indicated that in the United States approximately
1.5million women and 834 700 men are raped and/or
physically assaulted by an intimate partner annually.

But what about the children? One major multicity
research effort in the United States sponsored by the
National Institute of Justice, the Spousal Assault Replica-
tion Program (SARP), was designed to address some of
the limitations of other data sources by providing sub-
stantiated data on children exposed to family violence
obtained by law enforcement officers and researchers
using standardized methods (Fantuzzo et al., 1997). Find-
ings revealed that, in all five cities studied, children were
present in the households of the domestic violence group
at more than twice the rate they were present in compa-
rable households in the general population. Furthermore,
children ages 5 and under were more likely than older
children to be exposed to multiple incidents of domestic
violence over a 6-month period, and to parental sub-
stance abuse. Other well-known risk factors, such as pov-
erty, status as a single-parent household headed by a
female, and a primary care provider with a low educa-
tional level, were also more likely to be present in the
homes in which domestic violence occurred. Overall,
these data suggest that those childrenwho are most depen-
dent on their caregivers are most vulnerable to witnessing
serious domestic violence, and are additionally threatened
by a host of other developmental risk factors. These co-
occurring risk factors also complicate efforts to identify
the unique developmental consequences of exposure to
family violence.

The statistics on children’s exposure to community
violence also face many challenges and limitations. Data
on children’s exposure to community violence are often
based on parental report. In a survey at a pediatric clinic
in Boston, MA, parents indicated that 10% of the children
under the age of 6 years reported witnessing a shooting or
a stabbing (Taylor et al., 1994).

Richters and Martinez found that 84% of U.S. children
they studied in grades 1 and 2 had witnessed community
violence and 21% had been directly victimized (Richters
andMartinez, 1993). By grades 5 and 6, 90%hadwitnessed
and 35% been victimized. In an interesting approach,
among these same 5th- and 6th-grade children, 97%
indicated that they had witnessed violence and 59%
had been victimized themselves when measured by their
own self-reports.
Developmental Effects

The initial response for a child of exposure to violence
may be anxiety, depression, or stress symptoms. These
symptoms may alter a child’s developmental trajectory.
For example, a preschooler who has witnessed domestic
violence may be anxious about his mother’s safety and
somay have trouble separating from themother at the start
of the day, experience difficulty with other transitions, or
may be unable to engage in typical imaginary play because
of his concerns. Exposure to violence may not only stall
the developmental trajectory but may also lead to behav-
ioral regression. For example, a child who was toilet-
trained may begin to have ‘accidents’ in which he wets or
soils his clothes. In addition, for very young children who
are developing primary attachments to their caregivers,
these fundamental relationships may be challenged by the
caregivers’ inability to be ‘available’ for the child because
of their own fears and concerns for physical safety.

Much of the research conducted on the association
between violence exposure and child developmental out-
come is more descriptive than theoretical. Several types of
outcomes have been tracked. The first of these is future
externalizing problems (aggressive behavior and conduct
problems). The studies are mixed. Some show no link
between domestic violence and child aggression, conduct
disorders, and other externalizing problems (Wolfe, 1995;
Jouriles et al., 1987). Others demonstrate a link between
domestic violence and increased aggression (Holden and
Ritchie, 1991; McCloskey et al., 1995; Graham-Berman
and Levendosky, 1998).

The finding that resounds through much of the work is
that exposure to domestic violence and community vio-
lence may differ in their impact on and meanings for
children. Witnessing threats to one’s own mother and
receiving threats to one’s own physical safety from a
caregiver may extract a different and more serious toll
on a child’s emotional stability than exposure to commu-
nity violence outside the home. It may also be that domes-
tic violence and chronic community violence may be only
the visible crest of a deep and powerful pervasive wave of
terror. Moreover, the fear of violence might disrupt emo-
tional development more than actual specific violent
encounters. And the ways children cope with chronic
fear may lead to locked-in patterns of coping that can
persist into their adult lives.

The literature also shows a link between witnessing
community and domestic violence and internalizing pro-
blems such as depression and anxiety. The link between
childhood exposure to violent physical aggression
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between parents and internalizing problems has been a
robust finding in multiple studies (Gordis et al., 2001;
Davies et al., 2006). However, Gorman-Smith and Tolan
(1998) found that exposure to community violence is
also related to anxiety and depression, and Schwab-
Stone et al. (1995) found that exposure to violence pre-
dicted depressed/anxious mood among 6th-, 8th-, and
10th-graders.

Longitudinal studies have shown compelling results
on how exposure to community violence influences chil-
dren’s later violent behavior. Farrel and Bruce examined
the effects of witnessing community violence on emo-
tional distress and frequency of violent behavior across
three time points within a predominantly African-
American sample of 436 6th-grade students in an urban
U.S. public school system (Farrell and Bruce, 1997).
A high percentage of students, particularly boys, reported
witnessing a variety of violent incidents (e.g., shootings,
beatings, and stabbings). Exposure to violence was related
to subsequent changes in the frequency of violent behav-
ior among girls, but not among boys. Exposure to violence
was not related to subsequent changes in emotional dis-
tress for either boys or girls.

Another longitudinal study in Chicago among a sam-
ple of 245 African-American and Latino boys and their
caregivers from economically disadvantaged inner-city
neighborhoods in Chicago showed that exposure to com-
munity violence was related to increases in aggressive
behavior and depression over a 1-year period even after
controlling for previous status (Gorman-Smith and
Tolan, 1998). Similarly, Miller found that in a cohort of
6- to 10-year-old urban American boys (N¼ 97) at famil-
ial risk for antisocial behavior 15months later boys
reported high rates of lifetime exposure to community
violence. In families with low conflict, higher levels of
witnessed violence predicted increases in antisocial
behavior over time (Miller et al., 1998).

The issue of exposure to violence is not only limited to
the inner city in the U.S. context. Sullivan showed in a
study of 1200 adolescents in five rural counties that high
levels of parental monitoring and family support were
effective in buffering the relation between witnessing
violence and initiation of cigarette and advanced alcohol
use at low levels of witnessing violence. With increasing
levels of witnessing violence, however, the protective
effects of monitoring and support were substantially
diminished (Sullivan et al., 2004).
Treatment

As the U.S. Surgeon General has described so eloquently,
youth violence is a pressing public health problem, and
schools and school systems have begun to realize that
health professionals can contribute to a school’s ability
to deal with problems of aggression and violence
(US Dept. of Health and Human Services, 2001).
Schools are taking an active role in developing violence
prevention programs and in many cases are using a
public health model to organize a comprehensive
approach to the problem. Health professionals can sup-
port school efforts both through direct service to indi-
vidual students and families and by consulting with
schools on system-focused interventions and the further
application of a public health perspective to the school’s
prevention efforts.

Schools provide a natural setting for implementing
programs directed at teaching youth attitudes, knowl-
edge, and skills to reduce their involvement in violence.
Although multitudes of these programs exist, few have
been rigorously evaluated. Developers of violence pre-
vention programs need to pay particular attention to the
type of violence being addressed, the target population,
relevant risk and protective factors, and the target of the
intervention.

Several studies have showed promise. One involved
the program Responding in Peaceful and Positive Ways
(RIPP), a 6th-grade universal violence prevention pro-
gram. Classes of 6th-graders at three urban middle
schools serving predominantly African-American youth
were randomized to intervention (N¼ 321) and control
(N¼ 305) groups. Intervention effects were found on a
knowledge test but not on other mediating variables.
RIPP participants had fewer disciplinary violations for
violent offenses and in-school suspensions at posttest
compared with the control group. The reduction in sus-
pensions was maintained at 12-month follow-up for boys
but not for girls (Farrell et al., 2001).

Some programs such as the Seattle Social Develop-
ment Project (Hawkins et al., 1992) and the Positive
Action Program (Flay et al., 2001) have individual,
school, and family components. Although the specific
elements and foci of these programs may differ from
program to program, all build on earlier research
demonstrating multiple, interdependent, and mutually
reinforcing pathways to healthy development (McCord
et al., 2001; Leaf, 2005).

At a microcosm level, child–parent psychotherapy
(CPP) is a relationship-based treatment that showed effi-
cacy in decreasing behavior problems and symptoms of
posttraumatic stress disorder among both children and
their battered mothers in a culturally diverse, low-income
group of preschoolers exposed to marital violence when
they were compared with a control group receiving a
combination of case management and individual psycho-
therapy (Lieberman et al., 2005). This program is cur-
rently being replicated in several sites across the country
through the National Child Traumatic Stress Network.
The Child Witness to Violence Project is one site where
CPP is being used within a pediatric framework, thus
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breaking down some of the barriers between ‘mental’
health and ‘medical’ health for families.

What is perhaps most striking about the intervention
literature is its sparse nature. Favored and widely used
interventions either have not been evaluated or, if evalu-
ated, show no efficacy. Further, there has been little
examination of how interventions work beyond some
exploratory discussion. It is perhaps in this area that the
greatest work remains to be done.
Advocacy

Beyond treatment of individual cases, it is critically
important that we begin examining societal trends and
responses to the issue. Raising awareness of the problem of
exposure has in the majority of cases begun through
media focus on target cases of either domestic violence
or school violence. These cases have spearheaded local,
state, and national coalitions to target these issues, such
as the National Coalition Against Domestic Violence and
the National Coalition Against Bullying. In the next de-
cade, advocates must move from a reactive strategy to a
proactive one in which prevention and education are the
hallmarks.

See also: Children and Adolescents, Measuring the

Quality of Life of; Mass Media Interventions; Sexual

Violence; Young People and Violence.
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Introduction

In the late twentieth century, substantial reductions in child
mortality occurred in low- and middle-income countries.
The fall in child deaths during 1960–90 averaged 2.5% per
year and the risk of dying in the first 5 years of life halved – a
major achievement in child survival. In the period
1990–2001, the rate of mortality reduction averaged 1.1%
annually, mostly after the neonatal period. Most neonatal
deaths are unrecorded in formal registration systems and
communities with most neonatal deaths have the least infor-
mation related to mortality rates and interventions. Not
surprisingly, therefore, current global burden figures of new-
born and young infant deaths are largely estimates. These
figures suggest that 10.6million children under 5 years die
annually and of the 130million births, 3.8million die in the
first 4weeks of life – the neonatal period, with three-
quarters of neonatal deaths occurring in the first week after
birth. The south-East Asian region accounts for the highest
number of child deaths (3million), whereas the highest
mortality rates are seen in sub-Saharan Africa. Annually,
sub-Saharan Africa and South Asia share 41% and 34% of
child deaths, respectively (Ta b l e 1 ). Surprisingly, only six
countries account for half of worldwide deaths and 42
for 90% of child deaths. The predominant causes are pneu-
monia, diarrhea, and neonatal disorders with additional
contribution from malaria and AIDS (see Ta b l e s 2 an d 3
for details). In all, 99% of neonatal deaths occur in poor
countries (estimated average neonatal mortality rate (NMR)
of 33/1000 live births), while the remainder occur in 39 high-
income countries (estimated NMR of 4/1000 live births).

Determinants of Child Health and
Mortality: A Social Perspective

A number of social determinants contribute to the high
burden of infectious diseases in developing countries.
These include distal determinants such as income, social
http://www.nctsnet.org/nccts/nav.do?pid=typ_mt_ptlkt – National
Child Traumatic Stress Network, Pediatric Medical Traumatic Stress
Kit for Health Care Providers.

http://www.nccpr.org/index_files/page0007.html – National Coalition
for Child Protection Reform, Summary of Expert Testimony on the
Impact of Children of Witnessing Domestic Violence.

http://www.ojp.usdoj.gov/ovc/assist/cwwv.htm – U.S. Department of
Justice, Office for Victims of Crime.
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arachi, Pakistan

status, and education, which work through an intermedi-
ate level of environmental and behavioral risk factors
(Figure 1). These risk factors, in turn, lead to the proximal
causes of death (nearer in time to the terminal event), such
as undernutrition, infectious diseases, and injury. Themajor
social determinants affecting the under 5 years’ mortality
and morbidity include poverty, malnutrition, inequity, lack
of education, failure to implement the breast-feeding and
complementary feeding programs, the presence of debili-
tating disease in addition to infections, complications of
labor and low birth weight, and inadequate health-related
social behaviors and practices and other social and cultural
determinants of health. A detaileddescription of each deter-
minant is beyond the scope of this article.

The Role of Infectious Disease in Child
Health and Mortality

The World Health Organization’s (WHO) work on the
global burden of disease, consistent with the International
Classification of Diseases (ICD), stipulates one cause of
death, considered to be the ‘‘disease or injury which
initiated the train of morbid events leading directly to
death.’’ The risk of neonatal death from infection in very
high-mortality countries is about 11-fold higher than in
low-mortality countries. Major categories of neonatal
deaths in poor communities include preterm birth (28%),
severe infections (36%) (sepsis/pneumonia [26%], tetanus
[7%], diarrhea [3%]), and complications of asphyxia
(23%). Of the remaining 14%, half are related to congenital
abnormalities (see Fi gu re s 2 an d 3).

Four million babies die in the neonatal period and a
similar number are stillborn. Around 99% of deaths occur
in the developing countries (averageNMRof 33), and about
half occur at home. In poor communities many deaths are
unrecorded, indicating the perceived inevitability of their
deaths. Globally, neonatal deaths account for 38% of deaths
in children aged under 5 years.



Table 1 Regional classification of mortality rates and causes of death in children under 5 years

< 5
mortality
rate per

Infant
mortality
rate per

Neonatal
mortality
rate per

Cause of death among children under 5 years

Region

1000 live
births
(2004)

1000 live
births
(2004)

1000 live
births
(2000)

Neonatal
causes
(2000)

HIV/
AIDS
(2000)

Diarrhea
(2000)

Malaria
(2000)

Pneumonia
(2000)

Other
(2000)

African region 167 100 43 26.2 6.8 16.6 17.5 21.1 5.6
Americas region 25 21 12 43.7 1.4 10.1 0.4 11.6 27.9

South-East Asia

region

77 56 38 44.4 0.6 20.1 1.1 18.1 9.9

European region 22 18 11 44.3 0.2 10.2 0.5 13.1 25.4

Eastern

Mediterranean

region

94 69 40 43.4 0.4 14.6 2.9 19.0 13.5

Western Pacific

region

31 25 19 47.0 0.3 12.0 0.4 13.8 18.4

World Health Organization (WHO) (2006) Working together for health. World Health Report. Geneva: WHO.

Table 2 Global burden of diseases: Deaths and DALYsa 2001d

Low and middle income High income World

Deaths DALYs (3,0)b Deaths DALYs (3,0)b Deaths DALYs (3,0)b

All causes: total number (thousands) 48 351 1386709 7891 149161 56242 1 535871

Rate per 1000 population 9.3 265.7 8.5 160.6 9.1 249.8

Age-standardized rate per 1000c 11.4 281.7 5.0 128.2 10.0 256.5

Selected cause groups Number in thousands (%)

Communicable diseases 17 613 (36.4) 552 376 (39.8) 552 (7.0) 8561 (5.7) 18 166 (32.3) 560 937 (36.5)
HIV/AIDS 2552 (5.3) 70 796 (5.1) 22 (0.3) 665 (0.4) 2574 (4.6) 71 461 (4.7)

Diarrhea 1777 (3.7) 58 697 (4.2) 6 (<.1) 444 (0.3) 1783 (3.2) 59 141 (3.9)

Malaria 1207 (2.5) 39 961 (2.9) 0 (0.0) 9 (<.1) 1208 (2.1) 39 970 (2.6)
Lower respiratory infections 3408 (7.0) 83 606 (6.0) 345 (4.4) 2314 (1.6) 3753 (6.7) 85 920 (5.6)

Perinatal conditions 2489 (5.1) 89 068 (6.4) 32 (0.4) 1408 (0.9) 2522 (4.5) 90 477 (5.9)

Protein-energy malnutrition 241 (0.5) 15 449 (1.1) 9 (0.1) 130 (<.1) 250 (0.4) 15 578 (1.0)

DALY, Disability-adjusted life year.
aNumbers in parentheses indicate percentage of column total. Broad group totals are additive but should not be summed with all other
conditions listed in table.
bDALYs (3,0) refer to the version of the DALY based on a 3% annual discount rate and uniform age weights.
cAge-standardized using the WHO World Standard Population.
dIncludes only causes responsible for more than 1% of global deaths or DALYs in 2001.

Table 3 World leading causes of DALYsa in 2000

All causes Rank % of total

Lower respiratory infectionsb 1 6.4

Perinatal conditionsb 2 6.2
HIV/AIDS 3 6.1

Diarrheal diseasesb 5 4.2

Malaria 9 2.7

DALY, Disability-adjusted life year.
aDALYs indicate time lived with disability and time lost due to
premature mortality.
bPrimarily or exclusively childhood diseases (<5 yrs).
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Issues in Presentation

Eighteen million babies are estimated to be born with low
birth weight (LBW) (under 2.5 kg at birth) every year,
with half in south Asia. LBW is due to short gestation
(preterm birth) or in utero growth restriction, or both.
Prematurity, asphyxia, and in utero growth restriction are
also indirect causes or risk factors for neonatal deaths,
especially during childbirth or the first week of life. The
increased risk of death among LBW infants may persist
for all of infancy and, indeed, may carry long-term
consequences.
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Figure 1 Overview of the burden of disease framework. This diagram is intended for a broader scale. For example, environmental
factors can be an underlying factor of to the causes of death but injuries can directly cause disability or death.
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Figure 2 Percentage distribution of cause-specific mortality among neonates. Reproduced with permission from Lawn JE, Cousens S,

Zupan J (2005) Lancet Neonatal Survival Steering Team. 4 million neonatal deaths: when? Where? Why? Lancet 365: 891–900.
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Implications for Public Health

The relative importance of different causes of death varies
with NMR. So, too, varies the number of births assisted by
a skilled attendant and the proportion of births within
a health facility. Since neonatal deaths account for 24
to 56% of deaths in children under 5 years everywhere,
no region can afford to ignore them. Further reductions
in child mortality will depend on substantially improving
neonatal survival. Reductions of up to 70% of neonatal
deaths can be achieved if proven interventions are imple-
mented effectively with high coverage in populations
of highest need. Table 4 summarizes known maternal and
newborn interventions that can improve newborn survival.
Neonatal Sepsis and Meningitis

Sepsis and meningitis are significant causes of newborn
morbidity and mortality, particularly in preterm, LBW
infants. Neonatal sepsis may be defined both clinically
(Table 5) and microbiologically, by positive blood and/or
cerebrospinal fluid cultures. It may also be classified
as either early-onset sepsis (EOS) or late-onset sepsis
(LOS). Meningitis can occur as a part of either EOS



Pneumonia/sepsis

Diarrhea

Preterm birth

Asphyxia

Others

36%

17%

29%

10%
8%

Figure 3 Percentage distribution of cause-specific mortality in children under 5 years. Reproduced with permission from Black RE,

Morris SS, Bryce J (2003) Where and why are 10 million children dying every year? Lancet 361: 2226–2234.

Table 4 The salient maternal and newborn interventions that increase newborn survival

Maternal interventions Level of evidence Newborn interventions Level of evidence

Antenatal
Clean delivery practices Clear evidencea Pneumonia case management Clear evidencea

Syphilis screening and treatment

TT immunization

Maternal schooling/health education

Clear evidence

Clear evidence

Some evidenceb

Newborn resuscitation

Prevention and management of

hypothermia

Some evidenceb

Some evidence

Antenatal care package(s)

Balanced protein-energy supplementation

Some evidence

Some evidence

Prevention and management of

hypoglycemia

Some evidence

Periconceptional folate supplementation

Iodine supplementation

Some evidence

Some evidence

Prevention of ophthalmia

neonatorum

Some evidence

Malaria treatment and chemoprophylaxis,

IPT and ITNs

Some evidence Hepatitis B vaccination

Topical emollient therapy

Some evidence

Some evidence

Deworming Some evidence Neonatal care packages Some evidence
Antibiotics for PPROM Some evidence Care in peripheral health facilities Some evidence

Traditional birth attendant/CHW training Some evidence

Maternal care packages Some evidence

Intrapartum
Maternal vaginal and newborn skin antisepsis Some evidence

After childbirth

Breast feeding Clear evidence

Kangaroo mother care (low-birth-weight
infants in health facilities)

Clear evidence

Abbreviations: CHW, community health workers; IPT, intermittent preventive treatment; ITN, insecticide-treated bed net; PPROM,

preterm prolonged rupture of membranes; TT, tetanus toxoid.
aEvidence of efficacy and effectiveness. Interventions of incontrovertible efficacy and which seem feasible for large-scale implementa-

tion based on effectiveness trials.
bInterventions effective in reducing perinatal or neonatal mortality, or primary determinants thereof, but there is a lack of data on
effectiveness in large-scale program conditions.

Childhood Infectious Diseases: Overview 623
or LOS, or as focal infection with late-onset disease. The
distinction has clinical relevance, as EOS is mainly due to
bacteria acquired before and during delivery, and LOS,
to bacteria acquired after delivery (nosocomial or com-
munity sources). In the literature, however, there is little
consensus as to what age limits apply, with EOS ranging
from 48 hours to 6 days after delivery.

Serious infections cause an estimated 30 to 40% of
neonatal deaths, especially in rural populations, and are
associated with several risk factors. The proportion of
deliveries assisted by a skilled attendant is low in most
such circumstances, ranging from 37 to 69% in Africa and
29 to 66% in Asia.

Survival of neonatal meningitis relates to factors such as
age, time, and clinical stability before effective antibiotic
treatment; the exact microorganism and number of bacteria
or quantity of active bacterial products in the cerebrospinal
fluid (CSF) at the time of diagnosis; intensity of the child’s
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inflammatory response; and time required to sterilize CSF
cultures through antibiotic treatment. The highest rates of
mortality and morbidity occur following meningitis in the
neonatal period.
Global and Regional Epidemiology

Severe bacterial infections are responsible for 460 000
deaths annually, in addition to an additional 300 000 fatal-
ities from tetanus. Although maternal tetanus vaccination
during pregnancy reduces rates of neonatal tetanus, con-
tamination of the umbilical cord stump after delivery with
tetanus spores continues to be a core problem. The
reported incidence of neonatal sepsis varies from 7.1 to
38 per 1000 live births in Asia, from 6.5 to 23 per 1000 live
Table 5 WHO’s recommended clinical criteria for diagnosing

sepsis and meningitis in neonatesa

Sepsis Meningitis

Symptoms General signs

Convulsions Drowsiness

Inability to feed Reduced feeding

Unconsciousness Unconsciousness
Lethargy Lethargy

Fever (>37.7 �C or feels hot) High-pitched cry

Hypothermia (<35.5 �C or feels cold) Apnea
Signs Specific signs

Severe chest in-drawing Convulsions

Reduced movements Bulging fontanelle

Crepitations
Cyanosis

aThe more symptoms a neonate has, the higher the probability of

disease.

Table 6 The organisms causing sepsis in the developing and de

Neonatal sepsis

Developing countries Developed countries

Gram-negative organisms
(more common) Gram-negative organisms

Klebsiella Escherichia coli (more common)
Escherichia coli

Pseudomonas

Salmonella

Gram-positive organisms
(less common) Gram-positive organisms

Staphylococcus aureus

Coagulase-negative

staphylococci (CONS)
Streptococcus pneumoniae

Group B Streptococcus (GBS)

(more common)

Coagulase-negative
staphylococci (CONS)

Streptococcus pyogenes Staphylococcus aureus
births in Africa, from 3.5 to 8.9 per 1000 live births in
South America and the Caribbean, and from 6 to 9 per
1000 in the United States and Australia. The incidence
of neonatal meningitis is 0.1 to 0.4 per 1000 live births, and
higher in developing countries. Despite major advance-
ments in neonatal care, overall case-fatality rates (CFR)
from sepsis range from 2% to as high as 50%.

The WHO’s recommended clinical criteria for diag-
nosing sepsis and meningitis in neonates are shown in
Table 5. The organisms causing sepsis and meningitis,
respectively, in developing and developed countries
are given in Table 6.
The Nosocomial Pathway

Unfortunately, hospitals in developing countries are also
hotbeds of infection transmission, especially multidrug,
antibiotic-resistant, hospital-acquired infection. Reported
rates of neonatal sepsis vary from 6.5 to 38 per 1000 live
hospital-born babies, and the rates of bloodstream infec-
tion range from 1.7 to 33 per 1000 live births, with rates in
Africa clustering around 20 and in South Asia around
15 per 1000 live births (Table 7).
Evidence-Based Interventions to Address
Neonatal Infections

Child survival and safe motherhood strategies have yet
to adequately address neonatal mortality. The fourth
Millennium Development Goal (MDG-4) commits the
international community to reducing mortality in chil-
dren aged under 5 years by two-thirds from 1990 base
figures by 2015. Real progress in saving newborns will
veloped countries

Neonatal meningitis

Developing countries Developed countries

Gram-negative organisms (more
common in <1wk) Gram-negative organisms

Klebsiella Escherichia coli
Escherichia coli Listeria monocytogenes

Serratia marscesens

Pseudomonas

Salmonella Listeria
monocytogenes

Gram-positive organisms Gram-positive organisms

Streptococcus pneumoniae

(more common in < 1wk)

Coagulase-negative staphylococci
(CONS)

Group B Streptococcus

(GBS)

Streptococcus
pneumoniae

Staphylococcus aureus



Childhood Infectious Diseases: Overview 625
depend upon provision of a good mix of preventive and
therapeutic services.
Preventive Measures

Preventive interventions need to bridge the continuum
of care from pregnancy, through childbirth and the neo-
natal period, and beyond. Lack of positive health-related
behavior, education, and poverty is an underlying cause
of many neonatal deaths, either through increasing the
prevalence of risk factors such as maternal infection, or
through reducing access to effective care.

Attempts to reduce LBW births at the population level
have had limited success.Manydeaths in preterm andLBW
babies can be prevented with extra attention to warmth,
feeding, and prevention or early treatment of infections. In
developing countries, 90% of mothers deliver at home
without skilled birth attendants present. Simple low-cost
interventions, notably tetanus toxoid vaccination, exclu-
sive breast feeding, counseling for birth preparedness, and
breast-feeding promotion through peer counselors and
women’s groups have been shown to reduce newborn
morbidity and mortality. Postnatally ‘kangaroo’ mother
care for LBW infants (where babies are carried next to the
mother’s chest for warmth), hand washing and decreased
congestion in medical facilities, attention to environmental
hygiene and sterilization, and antibiotics for neonatal infec-
tions are additional health system measures. Alcohol-based
antiseptics for hand hygiene are an appealing innovation
because of their efficacy in reducing hand contamination
and their ease of use, especially when sinks and supplies for
Table 7 Major reasons for the nosocomial spread of sepsis

and meningitis in a neonate

Lack of aseptic technique for procedures

Inadequate hand hygiene and glove use

Lack of essential equipment and supplies
Failures in sterilization/disinfection or handling/storage of

multi-user equipments, instruments, equipment and supplies,

leading to contamination

Inadequate environmental cleaning and disinfection
Overuse of invasive devices

Re-use of disposable supplies without safe disinfection/

sterilization procedures

Pooling or multiple use of single-use vials
Overcrowded and understaffed labor and delivery rooms

Excessive vaginal examinations

Failures in isolation procedures/inadequate isolation facilities for
babies infected with antibiotic-resistant or highly transmissible

pathogens

Unhygienic bathing and skin care

Lack of early and exclusive breast feeding
Contaminated bottle feedings

Absence of mother–baby cohorting

Lack of knowledge, training, and competency regarding infection

control practice
Inappropriate and prolonged use of antibiotics
hand washing are limited. Creation of a ‘step-down’ neona-
tal care unit for very-low-birth-weight babies with mothers
providing primary care has been shown to lead to early
discharge and reduction in hospital-acquired infection
rates in Pakistan. These interventions can be delivered
through facility-based services, population outreach, and
also family/community strategies.

The role of breast feeding

Early initiation of breast feeding improves neonatal health
outcomes through several mechanisms. Mothers who
suckle their offspring shortly after birth have a greater
chance of successful breast feeding throughout infancy.
Breast milk provides a variety of immune and nonimmune
components that accelerate intestinal maturation, resis-
tance to infection, and epithelial recovery from infection.
Prelacteal feeding with nonhuman milk antigens may
disrupt normal physiologic gut priming.

Application of antiseptics to the umbilical cord and

skin care

Although WHO currently recommends dry cord care for
newborns, the application of antiseptics such as chlorhex-
idine has been shown to kill bacteria, and in community
studies, to reduce rates of newborn cord infection and
sepsis. Somewhat related is the issue of general skin
care. A randomized controlled trial of topical application
of sunflower seed oil to preterm infants in an Egyptian
neonatal intensive care unit (NICU) showed that treated
infants had substantially improved skin condition and half
the risk of late-onset infection.

Maternal preventive strategies

For prevention of tetanus, at least two doses of inactivated
tetanus toxoid vaccine should be given during pregnancy,
so that protective antibodies can be transferred to the
fetus before birth and protect it from neonatal tetanus.
Women with a history of prolonged rupture of mem-
branes, especially if preterm (PPROM), should be given
antibiotics prophylactically. Maternal antibiotic therapy
in this situation is effective in prolonging pregnancy and
in reducing maternal and neonatal infection-related mor-
bidities. Babies born to women with PPROM who
received erythromycin, in a multicountry study (ORA-
CLE I) from urban centers, had significant health benefits.
Birth attendants can potentially be trained to recognize
PPROM, provide referral, and, possibly, provide initial
antimicrobial therapy.

Group B streptococcal (GBS) infections are an impor-
tant cause of neonatal infections in developed countries.
Guidelines developed and implemented in the United
States have led to a significant reduction in the burden
of disease. The majority of newborns born to mothers with
risk of GBS colonization undergo a full diagnostic evalu-
ation and empiric therapy.
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Medical Treatment

Promptly reaching, identifying, and treating sick newborn
infants with infections is critical to their survival. Case
management of neonatal infections is mainly provided
through child health services, both in facilities and through
family/community care. Guidelines for integrated manage-
ment of pregnancy and childbirth (IMPAC) identify oppor-
tunities for combining, and scaling up, maternal and
neonatal care. Similarly, integrated management of child-
hood illness (IMCI) has been widely implemented as the
main approach for addressing child health in health sys-
tems. However, IMCI management guidelines do not as
yet include the first week of life, which is the highest risk
period for child mortality. IMCI also depends on the sick
child being brought to a health facility. Modifications of
IMCI to include the neonatal period (IMNCI) and expan-
sion to community settings have now been included as a
public health strategy in many countries, including India.
The ideal strategy would be to provide linked community
setting care with referral to facilities in case of need.

Recent studies have demonstrated significant reductions
in neonatal mortality with the use of oral co-trimoxazole
and injectable gentamicin by community health workers.
This strategy could be employed in circumstances where
referral is difficult. Currently, in some health systems out-
reach health workers and community nutrition and child
development workers are being trained to visit all mothers
and neonates at home two to three times within the first
10 days of life, to provide home-based preventive care/
health promotion and to detect neonates with sickness
requiring referral. Extra contacts are proposed for LBW
babies. With slight modifications, these visits can be used
to provide postpartum care to the mother as well.

A combination of ampicillin and gentamicin is often used
to treat neonatal sepsis in health-care facilities. However,
increasing antibiotic resistance among common neonatal
pathogens, in both community and hospital settings, is
making appropriate antibiotic choice difficult, and guidelines
for the treatment of neonatal sepsis are in flux. Furthermore,
local antibiotic resistance patterns may differ substantially.
This issue is discussed at greater length in the section on
treatment of childhood meningitis. Table 8 shows the anti-
biotic treatment of sepsis and meningitis in neonates.
Childhood Meningitis

Meningitis is a potentially fatal infection. It is also asso-
ciated with the risk of chronic morbidity and developmen-
tal disability.
Global and Regional Epidemiology

Although the exact incidence of meningitis in developing
countries is uncertain, CFRs are estimated to range from
10 to 30%. Furthermore, despite treatment between 20%
and 50% of survivors develop neurological sequelae.
There is a relative paucity of microbiological information
from developing countries, but beyond the neonatal
period, the main agents of meningitis include Haemophilus
influenzae type b (Hib), Streptococcus pneumoniae, and
Nisseria meningitidis with reported CFRs of 7.7%, 10%,
and 3.5%, respectively. Table 9 shows the common
bacteria causing meningitis in the developing and devel-
oped countries.
Issues in Presentation and Diagnosis

The clinical features that may help in diagnosing menin-
gitis are summarized in Table 10. In general, a low thresh-
old is kept for investigating and excluding meningitis
in children as features may be nonspecific. The clinical
diagnosis can be confirmed by lumbar puncture and the
examination of CSF. The CSF will have a cloudy appear-
ance and the presence of pathogens on Gram stain, or as
indicated by latex agglutination, is the definitive method of
diagnosis.
Preventive Measures

Although poverty, malnutrition, and overcrowding are
important risk factors for meningitis, delayed and inap-
propriate case management is a common determinant of
adverse outcomes. The development of effective vaccines
has substantially reduced the burden of meningitis in the
developed world. These vaccines include Hib, pneumo-
coccal, and N. meningititis.

Haemophilus influenzae type b (Hib) vaccine

Currently three Hib conjugate vaccines are available for
use in infants and young children with comparable effi-
cacy rates of greater than 90% protection against invasive
disease. All industrialized countries now include Hib vac-
cine in their national immunization programs, which has
resulted in the virtual elimination of invasive Hib disease
in these richer countries. There is comparable impressive
evidence of benefit from several developing countries
following introduction of Hib vaccine, and many
countries are beginning to include Hib vaccine in their
repertoire with support from the Global Alliance for
Vaccines and Immunization.

Pneumococcal vaccine

The recent development of 7-valent protein-conjugate
polysaccharide vaccine (7-PCV), 9-valent, and 11-valent
vaccines is a major advance in the control of invasive
pneumococcal disease, as the older 23-valent polysaccha-
ride vaccine (23-PSV) is unsuitable for young children. In
the United States, the 7-PCV was included in routine
vaccinations of infants and children under 2 years in



Table 8 Antibiotic treatment of neonatal meningitis and sepsis

Antimicrobial choice

Patient group Likely etiology Developed countries Developing countries

Sepsis

Immunocompetent

children

Developed countries: Ampicillin/Penicillin plus

gentamicin

Ampicillin/Penicillin plus aminoglycoside

Streptococcus (Group B) Or

E. coli Co-trimoxazole plus gentamicin
Developing countries:

Klebsiella

Pseudomonas
Salmonella

Meningitis

Immunocompetent

children
(age < 3months)

Developed countries: Ampicillin plus ceftriaxone

or cefotaxime

Ampicillin plus gentamicin

Streptococcus (Group B)
E. coli

L. monocytogenes

Developing countries:

S. pneumoniae
E. coli

Immunodeficient Gram-negative organisms: Ampicillin plus ceftazidime

L. monocytogenes

Table 9 Comparison of bacterial meningitis etiology in the

developing and developed world (prior to the widespread

introduction of Hib vaccine)

Developing countries
Developed
countries

H. influenzae 30% 65%

S. pneumoniae 23% 13%

N. meningitidis 28% 18%
Other organisms 19% 4%

Table 10 Signs and symptoms of childhood meningitis

Symptoms Signs

Vomiting Stiff neck
Inability to feed and drink Repeated convulsions

Headache or pain in back of neck Fontanelle bulging

Convulsions Petechia/purpura

Irritability Irritability
Recent head injury Lethargy

Evidence of head trauma

Signs of raised intracranial pressure additional

Unequal pupils

Rigid posture or posturing

Focal paralysis in any limbs or trunk
Irregular breathing
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2000, and by 2001 the incidence of all invasive pneumo-
coccal disease in this age group had declined by 69%.
Currently several Latin American countries are beginning
to introduce PCV as part of their Expanded Program for
Immunization (EPI) programs.
N. meningitidis (‘Meningococca’) vaccine

A polysaccharide vaccine is available for A, C, W-135, and
Y strains of N. meningitides. It is being introduced in several
developed countries as part of routine vaccine schedules,
especially for those adolescents who will be rooming in
crowded college dormitories.
Medical Treatment

The mainstay of treatment is prompt antibiotic therapy for
suspected bacterial meningitis, which needs to be started
before the results ofCSF culture and sensitivity are available.
This requires selection of an appropriate antibiotic, known to
be effective against the common bacterial pathogens preva-
lent locally. An increasing number ofb-lactamase-producing
strains of Hib are resistant to ampicillin (a b-lactamase is an
enzyme that destroys penicillin class antibiotics, such as
ampicillin). A smaller number of chloramphenicol acetyl-
transferase-producing strains are resistant to chlorampheni-
col. Additionally, the proportion of CSF isolates of S.

pneumoniae that are resistant to penicillin, ceftriaxone, and
cefotaxime has also increased. Currently, the drugs for either
suspected or confirmed bacterial meningitis include cefotax-
ime (or ceftriaxone) alone or with ampicillin (preferred). If
this is not available, then ampicillin plus either gentamicin or
chloramphenicol may be used. If sepsis is suspected, then
cases should be treated with ampicillin or penicillin plus an
aminoglycoside, until meningitis is confirmed. Antimicrobial
therapy is described further in Table 11.
Ancillary therapy

Very early parenteral administration of corticosteroids
(before or with initiation of antibiotics) significantly
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reduces severe adverse outcomes and CFRs. Although a
meta-analysis of randomized, controlled trials has shown
the benefit of steroids in all-cause bacterial meningitis,
predominantly Hib meningitis, a recent study of their use
in pneumococcal meningitis found no significant benefits.
However, there was a significantly lower rate of hearing
loss in the treatment group at 3months post-discharge.
Similarly, there is evidence to suggest that restriction of
fluids in the first 48 hours may improve outcomes.
Pneumonia

Acute respiratory infections (ARIs) are classified as upper,
or lower, respiratory tract infections and include laryngi-
tis, tracheitis, bronchitis, bronchiolitis, pneumonia, and
any combination thereof. ARIs are the most common
causes of both illness and mortality in children under
5 years with bronchiolitis and pneumonia accounting for
the maximum number of deaths. ARIs not only are con-
fined to the respiratory tract, but also have systemic effects
because of possible extension of infection or microbial
toxins, inflammation, and reduced lung function.
Global and Regional Epidemiology

The annual childhood ARI incidence in Europe and
North America is 34 to 40 cases per 1000, higher than at
any other time of life, except perhaps in adults older than
75 or 80 years of age. Pneumonia is the most severe and
largest killer of children, causing almost 20% of all child
deaths globally. Recent estimates indicate that there are
approximately 1.9million pneumonia deaths annually
(95% confidence interval, 1.6–2.2 million); with 75% of
all childhood pneumonia cases occurring in just 15
countries. Table 12 shows the pathogen-specific causes
of childhood pneumonia.
Issues in Presentation and Diagnosis

Currently, the standard WHO algorithm for ARI detec-
tion by community workers defines nonsevere pneumonia
Table 11 Treatment of childhood meningitis

Patient group Commo

Immunocompetent children (aged � 3months – 18 yrs) H. influen

S. pneum
N. menin

Immunodeficient L. mono

Neurosurgical problems and head trauma S. aureu
S. pneum

aFor resistant S. pneumoniae, the American Academy of Pediatric

empiric therapy.
as cough or difficult and fast breathing (respiratory rate of
50 breaths per minute or more for children aged 2months
to 11months; or respiratory rate of 40 breaths per minute
or more for children aged 12months to 59months), and
either documented fever of above 101 �F or chest in-
drawing. Elsewhere, severe pneumonia has been defined
as having cough or difficult breathing, with tachypnea and
in-drawing of the lower chest wall (with or without fast
breathing); and very severe pneumonia/disease, cough or
difficult breathing with one or more danger signs (central
cyanosis, inability to drink, or unusually sleepy).

The WHO has defined pneumonia solely on the basis
of clinical findings obtained by visual inspection and by
setting respiratory rate cutoffs. It is recognized that mor-
tality in children due to ARI could be reduced by one half
if early detection and appropriate treatment are provided.
Evidence-Based Interventions

Only in the early 1980s, long after immunization and
diarrhea control programs were launched, did the inter-
national community become aware of the epidemiological
magnitude of ARI and the need for action. TheWHO and
UNICEF decided that the reduction of pneumonia mor-
tality would be the main initial ARI program objective.
Only about half of children with pneumonia receive
appropriate medical care, and, according to limited data
from the early 1990s, less than 20% of them receive
antibiotics. Microbiological studies in hospitalized chil-
dren with pneumonia in developing countries have shown
that bacteria are present in more than 50% of all cases,
with an increasing proportion of bacterial cases in more
severe cases. Thus, prompt treatment with a full course of
effective antibiotics can be life-saving. Measles associated
pneumonia is an important cause of death particularly in
malnourished children, with mortality rates as high as
50% in some studies.
Preventive Measures

Poverty, overcrowding, air pollution, malnutrition, harm-
ful traditional practices, and delayed and inappropriate
n organisms Antimicrobial treatment

zae Developing countries:

oniae Ampicillin plus chloramphenicol
gitidis Developed countries:

Cefotaxime or ceftriaxonea

cytogenes Ampicillin plus ceftazidime

s Vancomycin plus 3rd generation cephalosporin
oniae

s recommends vancomycin plus cefotaxime or ceftriaxonease



Table 12 The pathogen-specific causes of childhood

pneumonia

Age range
Most common causative
organism

Neonates (from birth to

30days after birth)

Streptococcus pyogenes,

Staphylococcus aureus,

Escherichia coli
Infants (from 3wks to 4mos) Streptococcus pneumoniae

Infants older than 4mos and

in preschool-aged children

Viruses and Streptococcus

pneumoniae

Children in developing
countries

Staphylococcus aureus and
Haemophilus influenzae,

including nontypeable
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case management are important underlying determinants
for high ARI case-fatality rates. Preventive strategies for
pneumonia include the reduction of the incidence of
LBW, ensuring warmth after birth and appropriate feed-
ing, immunizing children, promoting adequate nutrition
(including exclusive breast feeding and zinc intake), and
reducing indoor air pollution. Vitamin A has been found
to substantially reduce mortality from measles.
The use of vaccines

Three vaccines have the potential to substantially reduce
ARI deaths in children under 5 years of age, that is, the
Hib, measles, and pneumococcal vaccines. As discussed
earlier, several versions of both the Hib and pneumococ-
cal vaccines exist and have been shown to be efficacious.
Newer improved versions of PCV may be available by
2010 and have the potential to significantly reduce pneu-
monia deaths in developing countries.
The effect of hand washing

Many respiratory pathogens are spread as fomites or by
hand-to-hand contact, and not as aerosols. Thus, basic
hygiene measures such as hand washing can be effective
tools for preventing ARI. Controlled trials of hand washing
promotion in child-care centers in developed countries
have reported significant reduction (12–32%) in rates of
upper respiratory tract infections. A community-based
cluster randomized trial of hand washing promotion from
Pakistan also reported that frequent hand-washing (with
or without soap) led to a 50% reduction in pneumonia
incidence and a 36% lower incidence of impetigo.
The effect of reduction in indoor air pollution

About 3 billion people still rely on solid fuels for cooking
and heat. Approximately 2.4 billion people use biomass
fuels such as wood or dried cow dung, and the rest rely on
coal, mostly in China. Globally there is marked regional
variation in solid fuel use with rates of less than 20%
in Europe and Central Asia and greater than 80% in
Sub-Saharan Africa and South Asia, intricately linking
to poverty. More than half of all the deaths and 83% of
disability-adjusted life years (DALYs) lost attributable to
solid fuel use occur as a result of lower respiratory tract
infection (pneumonia) in children under 5 years of age.
A systematic review of the health outcomes resulting from
indoor air pollution, including pneumonia, indicated that
substantial pneumonia prevention benefits could occur
from mitigating indoor air pollution.

The role of zinc in prevention

Previously, a meta-analysis of trials of daily preventive
zinc supplementation showed a significant impact on
pneumonia incidence. A recent update of this meta-
analysis reaffirms the impact on reduction in the risk of
respiratory tract infections (by 8%) but not on duration
of disease.
Medical Treatment

Antibiotic treatment of pneumonia

Although recommendations for antibiotic therapy for
pneumonia are often based on identification of the causa-
tive organism, in routine clinical care this is rare and
difficult, and empirical antibiotic therapy is instituted.
Since S. pneumoniae and H. influenzae are the most common
causes of childhood pneumonia in developing countries,
the WHO recommends using oral cotrimoxazole or
amoxicillin as first-line drugs for the treatment of non-
severe pneumonia at first-level health facilities. Cloxacil-
lin or other antistaphylococcal antibiotics should be
available to treat cases in which the initial combination
fails within 48 hours. Young infants with signs of pneu-
monia, sepsis, or meningitis should be referred to a hos-
pital for parenteral rather than oral treatment. Similarly,
children with pneumonia and malnutrition should be
referred to a hospital for tuberculosis evaluation as well
as for parenteral antimicrobial treatment for bacterial
pneumonia.

The various modalities for antibiotic treatment
according to disease severity are shown in Table 13.
However, resistance to first-line antimicrobial drugs
recommended for home treatment of nonsevere pneumo-
nia has led to treatment failure rates as high as 22%.
Recent data on standard antimicrobial treatment of severe
pneumonia in HIV-infected children in Africa with par-
enteral penicillin or amoxicillin show failure rates of 24%,
which is even more alarming.

Antibiotic treatment of pneumonia in HIV-infected

children

The current WHO ARI treatment guidelines were
designed before the rise of HIV infection in sub-Saharan
Africa, and they do not include empiric treatment for
Pneumocystis (carinii) jiroveci infection. Daily administra-
tion of cotrimoxazole (trimethoprim-sulfamethoxazole) is
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advocated since it reduces deaths from opportunistic
infections in symptomatic HIV-infected children, includ-
ing pneumonia caused by Pneumocystis. It has been shown
that standard empiric therapy for severe pneumonia with
injectable penicillin or oral amoxicillin in infants is
inadequate where HIV prevalence is high. The benefits
of the WHO ARI guidelines would be enhanced if they
could be modified for areas with high rates of HIV
infection and where the pneumonia burden is high,
even in HIV-negative children.
Integrated management of childhood

infections (IMCI)

In the mid-1980s, WHO initiated a control program for
ARI that focused on cases managed by health workers. The
WHO current case management of ARI has been
incorporated into the global IMCI which trains health
workers to recognize fast breathing, lower chest wall in-
drawing, or danger signs in children with respiratory symp-
toms (such as cyanosis or inability to drink). One criticism of
this approach is that there may be other conditions that
mimic pneumonia, which may result in inappropriate anti-
biotic therapy, thereby contributing to antibiotic resistance.
On balance, however, the need to provide treatment to
children with pneumonia may outweigh these concerns.
Implications for Public Health

Despite the introduction of a global program for ARI
control almost 15 years ago, there has been little change
in the overall burden of pneumonia deaths. The bulk of
deaths from childhood pneumonia disproportionately
affect the poor who have many risk factors for developing
ARI, such as overcrowding, poor environmental condi-
tions, and malnutrition, as well as limited access to cura-
tive and preventive health services. The importance of
Table 13 Treatment of pneumonia according to disease severity

Signs/symptoms Classifi

Fast breathing: Pneum
�60 breaths/min in child aged < 2mos

�50 breaths/min in child aged 2–11mos

�40 breaths/min in child aged 1–5 yrs

Definite crackles on auscultations

The signs of pneumonia plus chest wall in-drawing Severe

The signs of severe pneumonia plus central cyanosis,

severe respiratory distress, and inability to drink

Very se
reaching the poor with pneumonia in community settings
must be underscored. Such strategies involve recognizing
the disease, ambulatory management of pneumonia in
community settings through community health workers,
assuring transportation and access to facilities for severe
pneumonia, and availability of antibiotics. As more vac-
cines active against pneumonia pathogens become avail-
able at costs appropriate for poor countries, their
incorporation into community-based strategies should
be promoted.
Diarrhea

Infectious diarrhea remains a principal cause of preven-
table morbidity and mortality among developing world
children under 5 years.
Global and Regional Epidemiology

Several recent reviews have evaluated diarrhea burden
and mortality rates. Snyder et al. (1982) estimated that
4.6 million children died annually from diarrhea two
decades ago. Kosek et al. (2003) have recently updated
these estimates by reviewing 60 studies of diarrhea mor-
bidity and mortality published between 1990 and 2000.
They conclude that diarrhea accounts for 21% of all
deaths at under 5 years of age and causes 2.5million
deaths per year, although morbidity rates remain rela-
tively unchanged. Despite the different methods and
sources of information, each successive review of the
diarrhea burden over the past 3 decades has demonstrated
declining mortality but relatively stable morbidity. Persis-
tent high rates of diarrhea morbidity may have significant
long-term effects on linear growth and physical and
cation Treatment

onia Home care
Give appropriate antibiotics for 5 days

Soothe the throat and relieve the cough

with a safe remedy

Advise the mother when to return
immediately

Follow-up in 2 days

pneumonia Admit to hospital

Give the recommended antibiotics
Manage airway

Treat high fever if present

vere pneumonia Admit to hospital

Give the recommended antibiotics
Give oxygen

Manage airway

Treat high fever if present



Childhood Infectious Diseases: Overview 631
cognitive function in children. Figure 4 shows specific
trends for diarrhea in the world from 1954 to 2000.
Issues in Presentation and Diagnosis

Overall, three major diarrhea syndromes are recognized.
These are acute watery diarrhea, bloody (invasive) diar-
rhea, and persistent diarrhea.

Acute watery diarrhea
Acute watery diarrhea can be rapidly dehydrating, with
stool losses of 250ml/kg/day or more, a quantity that
quickly exceeds total plasma and interstitial fluid volumes
and is incompatible with life unless fluid therapy can keep
up with losses. Such dramatic dehydration is usually due
to rotavirus, enterotoxigenic E. coli, or V. cholerae, and it is
most dangerous in the very young.

Bloody (invasive) diarrhea

Bloody diarrhea is a manifestation of invasive intestinal
infection and is associated with intestinal damage and
nutritional deterioration, often with systemic manifesta-
tions including fever. It accounts for approximately 10%
of diarrheal episodes, and approximately 15% of diar-
rheal deaths, in children under 5 years of age worldwide.
Although clinicians often use the term interchangeably
with dysentery, the latter is a specific syndrome consist-
ing of the frequent passage of characteristic, small-
volume, bloody mucoid stools; abdominal cramps; and
tenesmus. Although less frequent than acute diarrhea,
bloody diarrhea generally lasts longer, is associated with
a higher rate of complications and case fatality, and is
more likely to adversely affect a child’s growth. Agents
such as Shigella or specific E. coli that cause bloody
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studies published between 1992 and 2000. Bulletin of the World Hea
diarrhea or dysentery can also provoke a form of diar-
rhea that clinically is not bloody diarrhea, although
mucosal damage and inflammation are present and
fecal blood and white blood cells are usually detectable
by microscopy.

Persistent diarrhea

Persistent diarrhea is defined as diarrhea (either watery or
bloody) lasting 14 days or longer, manifested by malabsorp-
tion, nutrient losses, and wasting; and is typically associated
with malnutrition. Although persistent diarrhea accounts
for 8 to 20% of the total number of diarrhea episodes,
it is associated with a disproportionately increased risk
of death. Persistent diarrhea more commonly follows an
episode of bloody diarrhea with a 10-fold higher risk of
mortality. HIV infection is another risk factor for persistent
diarrhea in both adults and children.
Evidence-Based Intervention

Use of oral rehydration solution (ORS), improved nutri-
tion, increased breast feeding, better supplemental feed-
ing, female education, measles immunization, and
sanitation and hygiene improvements have contributed
to substantial declines in the morbidity and mortality of
diarrhea over the past 30 years. Syndromic diagnosis pro-
vides important clues to optimal management and is both
programmatically and epidemiologically relevant. The
best outcome for diarrhea requires that mothers recognize
the problem and seek medical care promptly; and that
health workers give ORS or other fluids to prevent or
treat dehydration, dispense an appropriate antibiotic
when needed, advise on appropriate feeding, and provide
follow-up, especially for children at increased risk of
 

1954−1979 (Synder 
and Merson, 1982)

1980−1990 (Bern, 1992)

1990−2000 (Kosek, 2003)

Deaths (million)

eillance in the developing areas from 1954 to 2000.

03) The global burden of diarrhoeal disease, as estimated from

lth Organization 81: 197–204.



632 Childhood Infectious Diseases: Overview
serious morbidity or death. Recently, low osmolality ORS
and zinc supplementation (10–20mg/day) have led to
significantly improved diarrhea outcomes.
Preventive Measures

Malnutrition is an independent predictor of frequency
and severity of diarrheal illness and can lead to a vicious
cycle in which sequential diarrheal episodes to increasing
nutritional deterioration, impaired immune function, and
greater susceptibility to infection.

Although diarrheal disease can affect anyone, a strong
relationship exists between poverty, an unhygienic envi-
ronment, access to adequate and affordable health care,
the ability to provide appropriate diets, and the number
and severity of diarrheal episodes – especially for children
under 5 years of age. Thus, preventive and management
strategies for diarrhea must have an equity focus.

Family knowledge about diarrhea must be reinforced
in areas such as prevention, nutrition, hand washing and
hygiene, measles vaccination, preventive zinc supple-
ments, and when and where to seek care. It is estimated
that in the 1990s, more than 1million deaths related to
diarrhea might have been prevented each year, had these
interventions been implemented at scale.
The role of breast feeding
A meta-analysis of three observational studies in devel-
oping countries shows that breast-fed children under age
6months are 6.1 times less likely to die of diarrhea than
infants who are not breast-fed. Continued breast feeding
during the diarrhea episode provides nutrients to the child,
prevents weight loss, and improves recovery from diarrhea.
Improved and safe complementary feeding

Contaminated and poor-quality complementary foods are
associated with increased diarrhea burden and stunting.
Ideally, complementary foods should be introduced at age
6months, and breast feeding should continue for up to
2 years or even longer. Appropriate, safe, and aptly
initiated complementary feeding has been shown to sig-
nificantly reduce mortality in young children. Recent data
from preventive use of probiotics suggest that these may
have promise for the prevention of diarrhea episodes.

Diarrhea frequently causes fever, altering host metab-
olism and leading to the breakdown of body stores of
nutrients. Those losses must be replenished during con-
valescence, which takes much longer than the illness does
to develop. For these reasons, appropriate feeding strate-
gies during diarrhea episodes are a cornerstone of treat-
ment. Available evidence indicates that while special
formulas are widely used, in most developing countries
dietary management of diarrhea is possible with home-
available diets.
The role of zinc in the prevention of diarrhea
Various studies suggest that zinc-deficient populations
are at increased risk of developing diarrheal diseases,
respiratory tract infections, and growth retardation.
A meta-analysis published in 1999 showed that continu-
ous zinc supplementation was associated with decreased
rates of childhood diarrhea, and a recent meta-analysis
confirms the previous findings and indicates that zinc
supplementation for young children leads to reduction
in the risk of diarrhea (by 14%), serious forms of diarrhea,
and the number of days of diarrhea per child.
Improved water and sanitary facilities and
promotion of personal and domestic hygiene

Human feces and contamination are the primary source
of diarrheal pathogens. Poor sanitation, lack of access to
clean water, and inadequate personal hygiene are respon-
sible for an estimated 90% of childhood diarrhea. Promo-
tion of hand washing reduces diarrhea incidence by an
average of 33%, and rigorous observational studies have
demonstrated a median reduction of 55% in all-cause
child mortality associated with improved access to sanita-
tion facilities. Hand-washing promotion strategies have
been shown to reduce diarrhea burden with ancillary
benefits in community settings.
The role of measles vaccine

Measles is known to predispose to diarrheal disease sec-
ondary to measles-induced immunodeficiency. It is esti-
mated that measles vaccine at varying levels of coverage
(45–90%) could prevent 44 to 64% of measles cases, 0.6 to
3.8% of diarrheal episodes, and 6 to 26% of diarrheal
deaths among children under 5 years of age. Global mea-
sles immunization coverage is now approaching 80%. The
disease has been eliminated from the Americas, raising
hopes for global elimination in the near future, with a
predictable reduction in diarrhea as well.
Medical Treatment

Oral rehydration therapy (ORT)

ORS, ORT, and other components of clinical manage-
ment of diarrhea have made a significant contribution to
reducing deaths from diarrhea. For more than 25 years,
UNICEF and WHO have recommended a single formu-
lation of glucose-based ORS considered optimal for chol-
era, irrespective of cause or age group affected. However,
in comparison with standard ORS, low-osmolality ORS
with lower sodium and glucose concentration further
reduces stool output, vomiting, and the need for intrave-
nous fluids. Full details of the management of diarrhea
and dehydration are beyond the scope of this article;
however, Figure 5 summarizes various steps in diarrhea
management.
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In home settings, dehydration can usually be pre-
vented by having the child drink recommended home
fluids or by providing food-based fluids (such as gruel,
soup, or rice-water) as soon as the diarrhea starts. If
dehydration occurs, the child should be brought to a
community health worker or health center for further
treatment. Where feasible, families should have ORS
ready-to-mix packages and zinc (syrup or tablet), readily
available for use. Breast feeding should continue simulta-
neously with the administration of appropriate fluids
or ORS.
Ancillary therapy

Given that Shigella spp. cause about 60% of dysentery cases
and nearly all episodes of life-threatening dysentery, appro-
priate treatment of invasive diarrhea must include oral
antibiotics as dictated by local susceptibility patterns. Oral
zinc supplements (10–20mg elemental zinc/day for 10–14
days) should be given to children with acute diarrhea.
Recent studies do not reveal any added benefit of adminis-
tering zinc for infants under 6months of age with diarrhea.

Adsorbents (such as kaolin, pectin, or activated char-
coal) are not useful for treatment of acute diarrhea. Anti-
motility drugs (such as tincture of opium or loperamide)
may be harmful, especially in children under 5 years of
age, although they decrease diarrheal flux.
Malaria

Global and Regional Epidemiology

Malaria is the most important of the parasitic human dis-
eases, with 107 countries and territories (with half the
human population) at risk of transmission. Although people
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Figure 5 The steps to treat diarrhea. Source: World Health Organiz
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of all ages can be victims of this infectious disease, children
and pregnant women suffer the most. Recent estimates of
the global falciparum malaria morbidity burden have
increased the number to 515million cases, with Africa
suffering the vast majority of this toll. Of the four species
affecting humans, Plasmodium falciparum (the most lethal
species) and P. vivax (like P. falciparum, quite widespread)
aremore important than P. ovale or malariae.Almost 250mil-
lion clinical episodes of malaria occur among children in
endemic areas annually, with an estimated 1 million deaths
annually. Severe attacks in children include about 1million
cases of cerebral malaria and 4million cases of severe ane-
mia. Of childrenwith clinical attacks, several thousand have
neurological damage and up to 250 000 will have develop-
mental problems.

Current trends in global climate change suggest that
malaria incidence may increase dramatically worldwide.
Furthermore, efforts to create more impounded water
reservoirs to meet drinking water MDG objectives will
inevitably increase vector breeding opportunities.
Issues in Clinical Presentation and Diagnosis

Normally people with malaria develop an abrupt onset of
fever (a ‘fever spike’), accompanied with chills; other symp-
toms include headache, musculo-skeletal discomfort,
periods of high fever separated by normal temperature,
nausea, vomiting, abdominal pain, splenomegaly, and, less
commonly, hepatomegaly. Fever spikes followed by sweat-
ing are a prominent feature. Anemia is common, and is
associated with 17 to 54% of malaria-attributed deaths in
children under 5 years of age.

Malaria is often more common during the rainy season
or afterward, as stagnant water reservoirs provide
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breeding sites for the Anopheles mosquito vectors. Malaria
due to P. vivax is an acute illness, in a nonimmune patient,
having recurrent and paroxysmal fever ‘spikes’ associated
with chills and drenching sweats. Falciparum malaria is
associated with mortality rates of up to 40% in naive
hosts, as well as the bulk of severe disease (such as cerebral
malaria, severe anemia, and the dreaded though rare
blackwater fever), while the other species may result in
fatality rates of 1 to 2%.

The gold standard for malaria diagnosis is parasite
detection in blood smear or via antigen-based rapid
diagnostic tests. If laboratory diagnosis is not feasible
or is difficult, then the diagnosis is made on clinical
grounds. Health workers must monitor the therapeutic
efficacy of drugs closely and have on hand different
treatment policies when parasite resistance to chloro-
quine, sulfadoxine-pyrimethamine (SP), and other drugs
emerges. Artemesinin-based regimens, despite their high
costs, are now required in many parts of the world. Con-
cerns include unreliable and inaccurate microscopy and
the disadvantages of alternative tests, plus the widespread
distribution and use of substandard and counterfeit drugs.

Maternal or fetal malaria infection during pregnancy
can be fatal, or may lead to stillbirths, low birth weight
births, spontaneous abortion, and maternal anemia. Other
long-term effects of malaria include anemia and impaired
cognitive development after cerebral malaria, a condition
characterized by diffusely impaired cerebral blood flow.
Preventive Measures

Preventive measures against malaria require public–
private cooperation. They include netting of the windows
and other open channels, and environmental management
of stagnant water to remove mosquito breeding sites. To
kill developing mosquito larvae, breeding sites should be
drained, larvae-eating fish can be introduced, and organic
oils such as kerosene can be spilled onto stagnant water
reservoirs. Recent and historical evidence suggests that
drinking and irrigation water reservoir management can
significantly decrease mosquito population densities.

Insect repellants such as N,N-diethyl-3-methyl-
benzamide (DEET), and pyrethrins are advised in
malaria-dominant areas. Although DDT spraying did
not lead to malaria eradication in the past, there is
growing interest (and controversy) in this as a public
health strategy in endemic areas despite its toxic effects
in animals, including humans, when it bio-accumulates.
Bed nets treated with insecticide can prevent transmis-
sion of nocturnally transmitted, vector-borne diseases
including malaria. Insecticide-treated bed nets (ITNs),
insect-treated curtains, and other insecticide-treated
materials (ITMs) are considered highly effective against
new malarial cases, and have proven to be valuable preven-
tive measures that can be applied in the highly endemic
areas. The use of ITNs has been shown to reduce the
incidence of uncomplicated malaria by about 39 to 50%.

Intermittent preventive treatment in infancy (IPTi)
refers to full therapeutic doses of an antimalarial at spe-
cified time points to cure incipient malaria, usually with
single doses of therapeutic agents. It has fewer adverse
events than continuous prophylaxis because it is taken less
often, and it is easier to deliver through clinics, reducing
the poor adherence of self-administration. Although ques-
tions remain concerning the safety, sustainability, and
public health impact of this intervention for children,
the potential gains are large in terms of a possible effect
on malaria episodes, anemia, and mortality.

Malnourished infants and children have higher malaria
death rates, and reducing malnutrition may reduce
malaria mortality. Although a previous meta-analysis of
zinc supplementation suggested a reduction in malaria
incidence, recent randomized controlled trials do not
show much impact. Recent studies of iron supplementa-
tion among children in malaria-endemic areas suggest
that the risk of malaria hospitalization and mortality
increases significantly, perhaps because malaria parasites
require iron as a nutrient. Thus, care must be undertaken
in isolated nutrient interventions, and, instead, improve-
ment in general nutrition status must be targeted.
Medical Treatment

In endemic areas any febrile illness in infants and children
should be suspected and treated as malaria, especially
if laboratory confirmation is not available. For sensitive
strains of malaria in Central America and theMiddle East,
chloroquine is the drug of choice. During the past 2 to 3
decades, chloroquine-resistant strains have evolved in
Asia, Africa, and Latin America. These require treatment
with SP, mefloquine, quinine, or artemisinin combination
therapy (ACT). Primaquine can be used to kill dormant
hepatic malaria forms that can cause relapses of P. vivax
and ovale.

The preferred treatment for malaria in areas with
resistance to single drugs or multi-drug resistance
(MDR) is ACT. While ACT is more expensive, it is a
cost-effective intervention in areas with widespread drug-
resistant malaria. Also complicating malaria treatment is
recent, disquieting data showing that many children with
positive blood smears may also have coincident bacterial
infections, requiring antimicrobial treatment as well. It
should be emphasized that optimal malaria treatment is
a topic in flux.
Typhoid

Typhoid fever, a systemic disease caused by Salmonella

enterica serovar Typhi, is an acute illness characterized
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by protean and nonspecific symptoms, including fever and
gastrointestinal infection. The systemic disease caused
by S. paratyphi is clinically similar and both typhoid
and paratyphoid are collectively labeled as enteric fevers.
Infants suffer substantial morbidity from typhoid and, in
addition, the emergence of MDR strains has complicated
treatment options.
Global and Regional Epidemiology

Typhoid fever is a major cause of illness, with a global
incidence of over 21million cases with an estimated
216 510 deaths in 2000. Approximately 10.8million cases
occur annually in the developing world (the majority in
Asia). Typhoid is a disease confined solely to humans, and
its existence in a population is prima facie evidence of
inadequate water treatment and the lack of separation of
human feces from food and water (sanitation). Dramatic
outbreaks have occurred when drinking water supplies are
contaminated by sewage or after lapses in water chlorina-
tion. In travelers to endemic regions, the use of contami-
nated groundwater, consumption of street foods, and poor
personal hygiene are common risk factors for infection.
In South Asia, recent community-based studies indicate
that children under 5 years suffer high infection rates, and
a disproportionately large burden of disease. The global
CFR of 1% is based on conservative estimates from hospi-
tal-based fever studies, and actual mortality figures may be
much higher in areas where referral is difficult, MDR
organisms are prevalent, and health services dysfunctional.
Table 14 shows the regional distribution of crude typhoid
incidence rates.
Issues in Presentation and Diagnosis

Various organs are involved in the course of enteric fever,
resulting in a wide array of presentations, and there are no
Table 14 Regional distribution of crude typhoid incidence

rates

Area/region
Crude
incidencea

Typhoid
cases

Incidence
classification

Global 178 10 825 487 High

Africa 50 408 837 Medium
Asia 274 10 118 879 High

Europe 3 19 144 Low

Latin America/

Caribbean

53 273 518 Medium

Northern America <1 453 Low

Oceania 15 4656 Medium

aPer 100 000 persons per year.
clinically distinct signs and symptoms that unequivocally
separate it from other diseases. The incubation period
ranges from 5 to 14 days. Most children present with
fever, headache and abdominal discomfort, diarrhea,
sore throat, anorexia, dry cough or myalgia, and constipa-
tion. In the later phase of illness, more specific physical
signs include hepatomegaly and splenomegaly. Evanes-
cent skin rashes (‘rose spots’) may be seen in an early
stage of the illness in fair-skinned children, and a large
proportion of children have a centrally coated tongue.

Most complications – including intestinal perforation
and peritonitis, encephalopathy, intestinal hemorrhage,
hepatosplenomegaly, vomiting, and diarrhea – are of late
onset. The most serious complication, intestinal perfora-
tion, occurs in 0.5 to 3% of the patients with typhoid,
and because they occur most commonly in areas where
optimal medical care is not readily available, it may be
associated with CFRs ranging from 4.8 to 30.5%.

Diagnosis of typhoid and paratyphoid fever requires cul-
tures of blood, bone marrow, stools, or urine to detect the
pathogens. Laboratory findings commonly include leucope-
nia, thrombocytopenia, proteinurea, and elevated hepatic
transaminases, but these are relatively nonspecific and are
inconsistently found. In developing countries, culture facil-
ities are expensive and confined mostly to hospitals, while
most typhoid patients are diagnosed clinically and treated in
outpatient settings. In other instances serological diagnosis
may bemadewith theWidal test. The latter, though useful, is
insufficiently sensitive in endemic areas and hence there is a
need for further refinement in serological or molecular
diagnosis of the disease using ELISA or PCR-based tests.
Evidence-Based Intervention

Typhoid has essentially disappeared, without the need for
population-wide vaccination, from countries with good
sanitation, water treatment, and the rejection of untreated
sewage for food crop fertilization.
Preventive Measures

Sanitation, personal hygiene, and the provision of clean
drinking water are the most critical elements in preven-
tion. When cases occur, preventing secondary transmis-
sion through investigating household contacts and
commercial food handlers as well as contaminated drink-
ing water sources is essential to containing this disease.
Typhoid vaccines

Older, whole-cell, inactivated typhoid vaccines have been
withdrawn because of side effects. There are two licensed
vaccines for prevention of disease: oral Ty21a (an attenu-
ated strain of S. typhi administered orally) and Vi (the
purified bacterial polysaccharide vaccine, given
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parenterally). These two vaccines have comparable protec-
tive efficacy. Although used primarily for travelers, recently
the Vi vaccine has been used for school vaccination
programs in large public health settings inAsia. For younger
children and infants, the Vi-conjugate vaccine was shown in
a series of studies in Vietnam to provide a high degree of
protection. However, the vaccine as yet has not been widely
produced and administered for public health use.
Medical Treatment

In the pre-antibiotic era, typhoid fever CFRs approached
20%. Treatment with effective antimicrobial agents – such
as ampicillin, chloramphenicol, trimethoprim-sulfamethox-
azole (cotrimoxazole), and, later, ciprofloxacin – progres-
sively reduced fatality rates to under 1%, except for
MDR isolates. Floroquinolones and third-generation
cephalosporins are effective inMDR typhoid, but recently
S. typhi strains with reduced susceptibility to floroquino-
lones in Asia have emerged, leading to therapeutic failures.
Given the considerable morbidity and higher mortality
rates reported with MDR typhoid in children, it is imper-
ative that appropriate antibiotic therapy be instituted
promptly.
Dengue Fever

In recent years dengue (a mosquito-borne viral disease)
has become a major international public health concern. It
is the most common and fastest spreading human arboviral
disease worldwide. Dengue virus belongs to the family
Flaviviridae (single-stranded, nonsegmented RNAviruses)
and has four serologically distinct serotypes (DEN-1,
DEN-2, DEN-3, and DEN-4). Variations in virus strains
within and between the four serotypes influence the dis-
ease severity with limited protection across serotypes.
Secondary infections (particularly with serotype 2) are
more likely to result in severe disease and dengue hemor-
rhagic fever. Humans and mosquitoes are the principal
hosts of dengue virus; the mosquito remains infected for
life, but the viruses are only known to cause illness in
humans and some nonhuman primates. Dengue epide-
mics occur during the warm, humid, rainy seasons, which
favor abundant mosquitoes and shorten the extrinsic (virus
multiplication in the mosquito) incubation period.
Global and Regional Epidemiology

More than two fifths of the world’s population (2.5 billion)
live in areas potentially at risk for dengue. It is endemic in
more than 100 countries across the globe, with a distribution
pattern similar to that of malaria. South-East Asia and the
Western Pacific area are themost seriously affected regions.
In some case series, dengue fever has been reported
as the second most frequent cause of hospitalization (after
malaria) among travelers returning from the tropics.
Global prevalence estimates range from 50 to 100million
annually, including 250 000 to 500 000 cases of dengue
hemorrhagic fever, a severe manifestation of dengue, and
25 000 deaths. Around 95% of cases are children under
15 years of age; infants represent 5% of the cases.
Issues in Presentation and Diagnosis

The incubation period can vary from 3 to 14 days (typi-
cally 5 to 7 days), and viremia can persist up to 12 days
(typically 4 to 5 days). The fever of dengue usually lasts
for 5 to 7 days. Fevers persisting beyond 10 to 14 days
suggest another diagnosis. The clinical features of dengue
vary with patient age. The majority of dengue infec-
tions, especially in children, is minimally symptomatic
or asymptomatic and may also present with atypical
syndromes such as encephalopathy and fulminant liver
failure (Figure 6).
Classic dengue

Dengue fever is characterized by a high fever of
abrupt onset, sometimes with two peaks (‘saddle back
fevers’), severe myalgias, arthralgia, retro-orbital pain,
and headaches. Any of three types of rashes may occur -
a petechial rash, a diffuse erythematous rash with isolated
patches of normal skin, or a morbilliform rash. There may
be hemorrhagic manifestations and leucopenia. Other
manifestations include flushed facies, sore throat, cough,
cutaneous hyperesthesia, and taste aberrations. Convales-
cence may be prolonged and complicated by profound
fatigue and depression.
Dengue hemorrhagic fever
When only the hemorrhagic manifestation is provoked
(by a tourniquet test), the case is categorized as grade
I dengue hemorrhagic fever, but a spontaneous hemor-
rhage, even if mild, indicates grade II illness. Grades III
and IV dengue hemorrhagic fever (incipient and frank
circulatory failure, respectively) represent dengue shock
syndrome with sustained abdominal pain, persistent vomit-
ing, sudden change of fever to hypothermia, alteration of
consciousness, and a sudden diminution in platelet count.
Around 40% of patients also have liver enlargement and
tenderness. Rare presentations of infection include severe
hemorrhage, severe hepatitis, rhabdomyolysis, jaundice,
parotitis, cardiomyopathy, and variable neurological syn-
dromes. Infection with one serotype is thought to produce
lifelong immunity to that serotype but only a few months’
immunity to the others. It has also been seen that a person
previously infected with a certain serotype will have an
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increased risk of dengue hemorrhagic fever, compared with
those who have not been so infected.

Diagnosis

Differential diagnosis for dengue fever includes typhoid
fever, leptospirosis, Epstein-Barr virus, cytomegalovirus,
HIV sero-conversion illness, measles, and rubella.

Dengue virus serotypes are distinguishable by comple-
ment-fixation and neutralization test. Other tests help-
ful for the management and diagnosis of patients with
dengue include packed cell volume, platelet count, liver
function tests, prothrombin time, partial thromboplastin
time, electrolytes, and blood gas analysis. Laboratory
findings commonly associated with dengue include leu-
copenia, lymphocytosis, increased serum concentrations
of liver enzymes, and thrombocytopenia. Diagnosis can
be confirmed with several laboratory tests, most often
the hemagglutination inhibition test and IgG or IgM
enzyme immunoassays. Platelet counts and hematocrit
determinations should be repeated at least every
24 hours to allow prompt recognition of the development
of dengue hemorrhagic fever and institution of fluid
replacement.Table 15 outlines the clinical categorization
of dengue fever.

Evidence-Based Interventions

Rapid urbanization has led to an increase in the environ-
mental factors that contribute to the proliferation of Aedes
mosquito which transmits dengue. These factors include
uncontrolled urbanization, inadequate management of
water and waste, and provision of a range of large water
stores and disposable, nonbiodegradable containers that
become habitats for the larvae. Such environmental fac-
tors can change a region from nonendemic (no virus
present) to hypoendemic (one serotype present) to hyper-
endemic (multiple serotypes present).
Preventive Measures

In the absence of a vaccine, environmental control of the
vector mosquito, Aedes aegypti, is the only effective pre-
ventive measure. At a personal level the risk of mosquito
bites may be reduced by the use of protective clothing and
repellents. The single most effective preventive measure
for travelers in areas where dengue is endemic is to avoid
mosquito bites by using insect repellents containing
DEET. The insect repellents should be used in the early
morning and late afternoon, when Aedes mosquitoes are
most active. These measures require constant reinforce-
ment and may be difficult to sustain because of their cost.

At a public health level, the risk of dengue fever out-
breaks can be reduced by removing neighborhood sources
of stagnant water or by using larvicides (especially for
containers that cannot be eliminated). In addition, preda-
tory crustaceans may be introduced into water bodies.
Vaccines for dengue fever

Live, attenuated tetravalent vaccines are being evaluated
in phase 2 trials and have produced 80 to 90% sero-
conversion rates in trial participants. New approaches to
vaccine development now being studied include infec-
tious clone DNA and naked DNA vaccines. These vac-
cines offer promise in terms of protection against all
serotypes as well.
Medical Treatment

No specific therapeutic agents exist for dengue fever
apart from analgesia and medications to reduce fever.
Treatment is supportive and steroids, antivirals, or carba-
zochrome (which decreases capillary permeability) have
no proven role. However, ribavirin, interferon alpha, and
6-azauridine have shown some antiviral activity in vitro.
Mild or classic dengue is treated with antipyretic agents



Table 15 Diagnosis of dengue fever and dengue hemorrhagic

fever

Dengue fever
Acute illness with two or more of the following:
. Arthralgia
. Headache
. Hemorrhagic manifestations
. Leucopenia
. Myalgia
. Rash
. Retro-orbital pain

WHO definition for dengue hemorrhagic fever
. Evidence of plasma: Leakage caused by increased vascular

permeability manifested by at least one of the following:
. Elevated hematocrit (�20% over baseline or a similar drop

after intravenous fluid replacement)
. Pleural or other effusion (e.g., ascites)
. Low protein

. Fever

. Hemorrhagic manifestations

. Platelet count � 100000/mm3

Dengue shock syndrome
Criteria for dengue hemorrhagic fever:
. Hypotension (defined as systolic pressure < 80mm/Hg for

those aged < 5 yrs or < 90mm/Hg for those > 5 yrs)
. Pulse pressure < 20mm/Hg

Probable diagnosis
At least one of the following:
. Occurrence at same location and time as confirmed cases of

dengue fever
. Supportive serology

Confirmed diagnosis
At least one of the following:
. Detection of dengue virus or its genomic sequences by reverse

transcription
. Fourfold or greater increase in serum IgG or increase in IgM

antibody
. Isolation of dengue virus

World Health Organization (WHO) (2006) Working together for

health. World Health Report. Geneva: WHO.

Table 16 Global and regional estimates for helminths

Helminth infections
Total
cases

Regions with highest
distribution

Roundworm (Ascaris

lumbricoides)

807 million Sub-Saharan Africa,

India, China, East Asia

Whipworm

(Trichuris trichiura)

604 million Sub-Saharan Africa,

India, China, East Asia
Hookworm (Necator

americanus or

Ancylostoma

duodenale)

576 million Sub-Saharan Africa,

Americas, China, East

Asia

Geo-Helminths � 2 billion

Source: Hotez PJ, Brindley PJ, Bethany JM, King CH, Pearce EJ,

and Jacobson J (2008) Helminth infections: the great neglected
tropical diseases. Journal of Clinical Investigation 118: 1311–1321.
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such as acetaminophen, bed rest, and fluid replacement
(usually administered orally and only rarely parenterally).
Most cases can be managed on an outpatient basis.

The management of dengue hemorrhagic fever and the
dengue shock syndrome is purely supportive with a prom-
inent role for hydration. Aspirin and other nonsteroidal
anti-inflammatory drugs should be avoided owing to the
increased risk for Reye’s syndrome and hemorrhage.
Soil Helminth Infections

Parasitic worms may be the commonest cause of chronic
infection in humans. There are about 20 major helminth
infections of humans, and all have some public health
significance, but the most common are the geo-helminths.
In many low-income countries it is more common to be
infected than not. Indeed, a child growing up in an endemic
community can be infected soon after weaning, and con-
tinue to be infected and constantly reinfected for life.
Global and Regional Epidemiology

Recent global estimates indicate that more than a quarter
of the world’s population is infected with one or more
helminths. In low- and middle-income countries, about
1.2 billion people are infected with roundworm (Ascaris
lumbricoides), and more than 700 million are infected with
hookworm (Necator americanus or Ancylostoma duodenale) or
whipworm (Trichuris trichiura). In 2002, WHO estimated
that 27 000 people die annually from geo-helminthic
infections. Many investigators, however, believe that this
figure is underestimated. It has been estimated that
155 000 deaths annually occur from these infections
(CFR 0.08%). See Table 16 for the global and regional
estimates for helminths.
Health Effects

Children of school age are at greatest risk from the clini-
cal manifestations of disease. Studies have shown associa-
tions between helminth infection and undernutrition, iron
deficiency anemia, stunted growth, poor school atten-
dance, and poor performance in cognition tests. Some
44 million pregnancies are currently complicated by
maternal hookworm infection, placing both mothers and
children at higher risk of anemia and death during
pregnancy and delivery. Intense whipworm infection in
children may result in trichuris dysentery syndrome, the
classic signs of which include growth retardation and
anemia. Heavy burdens of both roundworm and whip-
worm are associated with protein-energy malnutrition.
Preventive Measures

Better sanitation reduces soil and water contamination
with egg-carrying feces. Sanitation is the only definitive
intervention to eliminate helminthic infections, but to be
effective it should cover a high percentage of the popula-
tion. Ascaris lumbricoides and Trichuris trichiura are primar-
ily spread by ingestion of contaminated foods, water, and
soils. With high costs involved, implementing this strategy
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Figure 7 Anti-helminthic treatment and its effects on preschool and school-going children.

Table 17 Interventions and their effect on diseases

Major intervention Disease prevented or treated

Effective antenatal care Neonatal deaths, infections,
pneumonia

Skilled maternal and

neonatal care

Neonatal deaths, neonatal

tetanus, infections

Maintenance of personal
hygiene

Neonatal deaths, typhoid,
diarrhea, infections

Drug treatment Diarrhea, pneumonia, infections,

typhoid, dengue, malaria,
neonatal deaths, infections,

meningitis

Vaccines Pneumonia, typhoid, infections,

meningitis
Oral rehydration therapy Diarrhea

Vitamin A Diarrhea, malaria

Zinc Diarrhea, pneumonia, malaria

Water/sanitation/hygiene Neonatal deaths, diarrhea,
pneumonia, typhoid, helminth

Breast feeding Diarrhea, pneumonia, infections,

typhoid, neonatal deaths

Complementary feeding Diarrhea, pneumonia, malaria,
neonatal deaths

Intermittent preventive

treatment in pregnancy

Malaria and other infections

Insecticide-treated nets Malaria, dengue
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is difficult where resources are limited. Both the World
Bank and WHO promote helminth control programs and
consider the programs to be one of the most cost-effective
strategies for improving health in developing countries.
Wearing shoes, to prevent transmission of hookworms and
Strongyloides through skin contact, has also been promoted.

Deworming

Recommended drugs for use in public health settings
include benzimidazole anthelmintics, albendazole (single
dose: 400mg, reduced to 200mg for children between 12
and 24months), or mebendazole (single dose: 500mg), as
well as levamisole or pyrantel palmoate. Programs aim for
mass treatment of all children in high-risk groups (com-
munities where worms are endemic) with anthelmintic
drugs every 3 to 6months. Gulani and colleagues (2007)
have estimated that deworming increases hemoglobin
by 1.71 g/l (95% confidence interval 0.70 to 2.73), which
could translate into a small (5–10%) but significant
reduction in the prevalence of anemia.

Home delivery of antihelminthics is problematic for
several reasons and thus school-based deworming pro-
grams are preferred. These have been shown to boost
school participation and are practical as schools offer a
readily available, extensive, and sustained infrastructure
with a skilled workforce that can be readily trained. In
Kenya, such a program reduced school absenteeism by a
quarter, with the largest gains among the youngest chil-
dren. Perhaps even more important, this study showed
that those children who had not been treated benefited
from the generally lowered transmission rate in the
schools. Figure 7 depicts the antihelminthic treatment
and its effects on preschool and school-going children.

These preventive measures must be coupled with com-
munity behavior change strategies with the aim of redu-
cing contamination of soil and water by promoting the use
of latrines and hygienic behavior. Without a change in
defecation habits, periodic deworming cannot attain a
stable reduction in transmission.
Medical Treatment

The WHO recommends the use of albendazole, meben-
dazole, pyrantel, and levamisole. A review of the 14 stud-
ies showed that both benzimidazoles have high efficacy
against roundworm and moderate efficacy against whip-
worm. Single-dose mebendazole is much less effective
against hookworm, with cure rates typically below 60%.
Conclusions

The global burden of infectious diseases contributing to
child mortality is considerable. The situation is further
compounded by increasing antimicrobial resistance and
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the emergence of newer infections with viruses such as
avian influenza (H5N1) and severe acute respiratory syn-
drome (SARS). Although the contribution of neonatal
infections to overall child mortality has only recently
been recognized, the persistent global burden of deaths
due to diarrhea and pneumonia underscores the need for
improved public health strategies for change. We have
interventions that can make a difference (Table 17) to
childhood infectious diseases. What is needed is their
implementation at scale to populations at greatest risk.
This will require not only biomedical approaches but
measures to address the social determinants of disease.

See also: Bacterial Infections: Overview; Dengue,

Dengue Hemorrhagic Fever; Drinking Water and Sani-

tation; Gastrointestinal Disorders: Overview; The History

of Malaria and its Control; Infant Mortality/Neonatal

Disease; Protozoan Diseases: Cryptosporidiosis, Giardia-

sis and Other Intestinal Protozoan Diseases; Protozoan

Diseases: Malaria Clinical Features, Management, and

Prevention; Typhoid Fever; Water Pollution: Emerging

Contaminants Associated With Drinking Water.
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Introduction

Consistent with the World Health Organization’s
definition of health as ‘‘a state of complete physical,
mental, and social well-being and not merely the absence
of disease or infirmity’’ (WHO, 1948: 100) the concept of
good health has moved from the absence of disease to a
more positive concept that embraces subjective well-
being and quality of life (QOL). In pediatrics and child
health, as in other areas of health care, awareness is
growing that traditional outcome measures such as sur-
vival or reduction of symptoms do not capture the whole
range of ways in which a patient may be affected by illness
or treatment. The inclusion of more holistic outcomes
such as measures of QOL and health-related quality of
life (HRQOL) is gaining increasing interest.
Emergence of QOL in Pediatrics and Child
Health

There are now a range of potential interventions for
children and adolescents with chronic illnesses and dis-
abilities, as well as a spectrum of public health population-
based interventions. Over the past 10 years, there have
been increasing efforts to demonstrate empirically that
interventions are effective in improving a child’s life.
A range of outcome measures is used depending on
the disability or illness; however, they are often focused
on outcomes at the level of body structure and function.
These outcomes on their own are inadequate for eval-
uating medical and health interventions that not only
impact on symptoms but on a child’s whole life. For
example, some interventions may result in discomfort,
pain, inconvenience, or embarrassment for the child, as
well as increased well-being, self-esteem, happiness, or
improved sleeping. To examine the impact of an interven-
tion on a child’s whole life, researchers and clinicians
increasingly refer to a child’s QOL. The realization that
measures of emotional and social health and well-being
are equally as important as measuring the reduction of
symptoms and improved survival to evaluate medical
outcomes has brought about the measurement of QOL.
QOL is now considered to be a key outcome variable to
evaluate the effectiveness of interventions for children
and adolescents.
Unfortunately, the field of QOL measurement of chil-
dren and adolescents lags behind that of adults. Although
there are now over 30 000 publications relevant to QOL
in medicine, only 12% of these are related to children
and adolescents, and most of these involve theoretical
and conceptual work. There are unique measurement
challenges in assessing the QOL of children and adoles-
cents. The language, content, and setting all need to
be pertinent to the activities and stages of children’s
experience and development.
Defining QOL and HRQOL for Children
and Adolescents

Quality of Life

Due to differing opinions, theories, and professional per-
spectives, QOL is variously defined. For example,
researchers often cite the World Health Organization’s
definition of QOL as ‘‘the individual’s perception of
their position in life, in the context of culture and value
systems in which they live and in relation to their goals,
expectations, standards and concerns’’ (WHOQOL, 1993).
Other researchers develop their own definitions for
children, such as ‘‘QOL includes, but is not limited
to the social, physical and emotional functioning of the
child, and when indicated, his or her family, and it must
be sensitive to the changes that occur throughout devel-
opment’’ (Bradlyn et al., 1996). Although there are many
different definitions, one core theme is that QOL refers
to well-being, or feelings about life, across multiple
domains of life.
Objective and Subjective QOL

QOL can be measured by objective indicators and subjec-
tive indicators, although the latter are more common.
Objective indicators of QOL can be observed by other
people, such as family income, number of sick days from
school, and number of medications a person takes. Sub-
jective indicators, in theory, cannot be completed by
another person as they refer to a person’s feelings such
as their feelings about their health, school, or family.
Objective indicators of QOL generally have a poor rela-
tionship with subjective indicators. A child may take sev-
eral medications but may still perceive their health to
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be good. This highlights the complexity in the subjective
QOL construct, which may be influenced by personality,
coping style, and attitudes. The remainder of this article,
as with much of the empirical literature on QOL, concerns
subjective QOL.
Is QOL the Same as Health-Related QOL?

Although, in the past, researchers and clinicians have used
the terms QOL and HRQOL interchangeably, there is
now recognition that these terms are not interchangeable,
nor are the instruments used to assess them. Definitions
of HRQOL tend to focus on the health domain, that
is, symptoms and functioning. HRQOL is considered
to be a subdomain of the more global construct of QOL.
For example, HRQOL has been defined as ‘‘a multidi-
mensional functional effect of an illness or a medical
condition and its consequent therapy upon the child’’
(Schipper et al., 1990).
Measuring QOL

Multidimensional versus Global Instruments

QOL is quantifiable and there are two major types
of instruments. Multidimensional instruments focus on
domains of life and assess well-being, or feelings about
each domain (e.g., health, school, family, friends). Global
instruments ask the person to rate his or her whole life,
and include more general questions such as ‘Overall, how
do you feel about your life as a whole?’ For children, the
majority of instruments are multidimensional.
Condition-Specific and Generic Instruments

The QOL literature includes generic and condition-
specific instruments, both of which have different pur-
poses. Generic instruments are designed to be applicable
to all population subgroups. They are useful for compar-
ing outcomes between groups, such as the QOL of chil-
dren with asthma compared to the QOL of children with
diabetes. They are less useful to evaluate the effectiveness
of an intervention for children with a specific illness or
disability because they do not include domains that
are specific to the illness or disability. Hence, if a child
with asthma completed a generic QOL instrument, the
scores may not completely capture their QOL, as some
important domains that impact their life (i.e., medication)
would not be assessed.

Condition-specific instruments are designed to be
applicable to one group (i.e., individuals with asthma)
and are useful to detect changes following an intervention.
As they include domains that are specific to an illness, it
is more likely that if a change occurs as the result of
an intervention, it will be detected.
Increasingly, instrument developers are producing
QOL instruments that have a generic core and additional
condition-specific modules. This means that even for a
specific condition, the core module can be compared
to the general population. For example, KIDSCREEN is a
generic cross-cultural QOL instrument that assesses
the subjective health and well-being of children and
adolescents aged 8–18 years. The KIDSCREEN instrument
comes in 10-, 27-, and 52-item versions and has child/
adolescent self-report and parent-proxy versions. The core
QOL domains included in the KIDSCREEN-52 are physi-
cal well-being, psychological well-being, moods and emo-
tions, self-perception, autonomy, parent relation and home
life, financial resources, peers and social support, and school
environment and bullying (Ravens-Sieberer et al., 2005).
KIDSCREEN also has condition-specific instruments
referred to as DISABKIDS Disease Modules that include
arthritis, asthma, atopic dermatitis, cerebral palsy, cystic
fibrosis, diabetes, and epilepsy (Baars et al., 2005).
Challenges in Measuring QOL/HRQOL
for Children and Adolescents

One of the reasons that the child QOL literature lags
behind that of the adult is the measurement challenges
of childhood. There is consensus that the language and
content of children’s QOL instruments need to be appro-
priate to children’s experience and development, and
therefore researchers have been reluctant to simply
apply the principles and definitions of adult QOL to
child and adolescent QOL. One issue that has generated
much discussion concerns the reporter of QOL.
Child Self-Report and Parent-Proxy

In the adult QOL literature, QOL refers to an individual’s
perceptions and self-report questionnaires are regarded
as the primary method of assessing QOL. In the child
QOL literature, it is proposed that because of children’s
cognitive immaturity, limited social experience, and
continued dependency, parents may be more able to rate
some aspects of their child’s QOL than the child them-
selves. Increasingly, in an attempt to capture both parent
and child opinions, instrument developers are now pro-
ducing parent-proxy and child/adolescent self-report
versions. The majority of child self-report instruments
start at about 8 or 9 years of age. This is because, accord-
ing to Piaget, children at age 7 are in their preoperational
stage of development, which means that their understand-
ing is limited by their inability to carry out a variety
of logical operations (Piaget, 1929).

Parents are generally able to estimate their child’s
well-being, and daily monitoring of a child’s well-being



Children and Adolescents, Measuring the Quality of Life of 643
can alert parents to small behavioral changes or physical
symptoms. However, parents may easily over- or under-
estimate the importance their child attributes to certain
aspects of his or her well-being at a specific point in
time. For example, peer-related issues may be far more
important to an adolescent than parents might think
they are. Moreover, parental expectations and previous
experiences with the child may influence their views of
the child’s current health state.

Researchers have commenced examining the degree
of concordance between parent-proxy and child self-
report scores. A systematic review of 14 studies assessing
the relationship between parent-proxy and child self-
reported QOL demonstrated that the level of agreement
between parents and children appeared to depend on the
domain (Eiser and Morse, 2001). Generally there was
good agreement (correlations >0.5) between parents and
children for domains reflecting physical activity, function-
ing, and symptoms and there was poor agreement (corre-
lations <0.30) for domains that reflected more social or
emotional areas.

The differences between parent-proxy reported QOL
and child self-reported QOL become particularly prob-
lematic when only parent-proxy data can be collected,
due to a variety of reasons such as the child’s age, severity
of illness, type of disease, cognitive ability, or communi-
cation ability. In these cases, where parent-proxy reported
QOL is used to guide clinical decisions, it is important
to understand how and why scores differ.

There are several reasons why parents and children may
report different levels of QOL. Parents and children
may think about different events that have happened,
or interpret events differently. Additionally, parents and
children may use different response styles (i.e., approach
questions, items, response scales differently). Finally,
parents and children may also differ in their understand-
ing and interpretation of the items. We recently con-
ducted a qualitative study with parents and children to
examine possible reasons for discordance. The results
suggest that the major reasons for discordance were that
parents and children were providing different reasons
for the answers and had different response styles (Davis
et al., 2007).
Child Development

There are several developmental issues that researchers
and clinicians need to be aware of when measuring a
child’s QOL using self-report methods. The child needs
to understand the question, understand the response
scale, and be able to formulate a response. There is
some variation in the type of response scale that is used,
such as Likert scale, happy–sad faces scale, and visual
analogue scale. Although a happy–sad faces scale appears
to be a suitable option for young children, the scale
is based on the assumption that pointing to faces to
indicate relative levels of satisfaction or happiness is a
simpler task than verbal responding; however, this
assumption has not been tested. Furthermore, often ques-
tions require the child to think about the previous week or
month. The child’s ability to respond to a time frame will
be influenced by their developmental status. Often, in
order to address these developmental issues, instrument
developers produce separate instruments for children
based on their age. For example, the Pediatric QOL
Inventory has several versions (2–4 years, 5–7 years,
8–12 years, 13–18 years) (Varni et al., 2003).
Domains of QOL

In designing a pediatric QOL instrument, one question
that requires consideration is which domains constitute
QOL for children. Although in the past domains of QOL
were decided a priori by researchers and clinicians, there
is increasing recognition that families and children need
to be consulted in this process. Qualitative research is the
most suitable design for researching the underpinning
elements of QOL for children. For example, Ronen and
colleagues identified domains of QOL for children with
epilepsy by conducting focus groups with both parents
and children to discuss how epilepsy impacted on their
lives (Ronen et al., 1999).
QOL Instruments for Children
and Adolescents

Condition-Specific and Generic Instruments

Many pediatric QOL instruments have been developed
and several reviews have been published (see section
titled ‘Further reading’). We recently conducted a review
of QOL instruments for children, identifying 14 generic
and 25 condition-specific instruments (Davis et al., 2006).
Condition-specific instruments were identified for a
range of illnesses including asthma, cancer, and spina
bifida.
Domains of QOL

Common domains of QOL included in pediatric QOL
instruments are emotional well-being, social interactions,
medical treatments, cognition, activities, school, family,
independence/autonomy, pain, behavior, future, leisure, and
body image. Common domains for adolescents include emo-
tional well-being, social well-being, self-esteem, physical
health, relationships, school, environment, participation,
and leisure.

Some of the domains may be different in condition-
specific instruments, as the factors that impact on QOL
may vary by condition. For example, domains of QOL that
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children with cerebral palsy and their parents believe
are important include social well-being and acceptance,
functioning, participation and physical health, emotional
well-being, access to services, pain and impact of disabil-
ity, and family health.
QOL Items

Items measuring QOL are often framed in terms of
problems or difficulties, intensity of feelings, frequency
of feelings, or comparisons between current state and
ideal self or other children. Instruments that examine
problems include items such as ‘How much of a problem
have you had with . . . ?’ ‘Have you had any difficulty
with . . . ?’ and ‘How much were you bothered by . . . ?’
Instruments that assess intensity of feelings examine feel-
ings of satisfaction and being upset such as ‘How do you
feel about . . . ?’ Instruments that examine frequency of
feelings include items such as ‘Have you felt . . . ?’
(never–always). Instruments that examine comparisons
between actual self and ideal self or other children
include items such as ‘How much are you like . . . ?’ and
‘How much do you want to be like . . . ?’
Scoring and Interpretation of QOL
Instruments

EachQOL instrument has specific scoring instructions; how-
ever, most QOL instruments provide domain scores and/or
a total QOL score. To calculate domain scores, items
within each domain are totaled or averaged. A total QOL
score is the (weighted) average of all the domain scores.
Scores must be calculated separately for parent-proxy
reports and child/adolescent self-reports. Although the
level of agreement between the two scores can be calcu-
lated, it is important to note that unlike the adult QOL
literature, one score is not superior to the other. Neither
parents nor children are right or wrong; they may simply
have different views. It is recognized however that if
parent and child scores are significantly different, it
may be difficult to select an appropriate course of action.
In a clinical context, if parent and child scores are very
different, it may be useful to interview the parent and
child together to understand why the discrepancy exists.
In a research context, a follow-up qualitative study with
a subsample of parents and children may be useful.
Example of a Generic Instrument: KIDSCREEN

KIDSCREEN is a generic HRQOL instrument for
children and adolescents. KIDSCREEN was developed
across seven European countries, and participants of
the project include Austria, Czech Republic, France,
Germany, Greece, Hungary, Ireland, Poland, Spain,
Switzerland, The Netherlands, and the United Kingdom.
KIDSCREEN consists of 10 dimensions: physical well-
being, psychological well-being, mood and emotions,
self-perceptions, autonomy, parent relations and home
life, peers and social support, school environment, bully-
ing, and financial resources. There are two versions
of KIDSCREEN: one for child and adolescent self-report
(8–18 years) and one for parent-proxy report (8–18 years).
KIDSCREEN can be administered in hospitals, medical
establishments, and schools by professionals in the fields of
public health, epidemiology and medicine.
Example of a Condition-Specific Instrument:
Cerebral Palsy QOL for Children

The cerebral palsy QOL questionnaire for children (CP
QOL – Child) is a condition-specific QOL questionnaire
for children with cerebral palsy aged 4–12 years. The
CP QOL – Child was developed by an international
team of researchers. The CP QOL – Child has seven
domains: social well-being and acceptance, feelings
about functioning, participation and physical health, emo-
tional well-being, access to services, pain and feelings
about disability, and family health (refer to Figure 1 for
sample items). There are two versions of the CP QOL –
Child: a primary caregiver-proxy report for children aged
4–12 years (66 items) and a child self-report for children
aged 9–12 years (52 items) (Waters et al., 2007).
Economic Evaluation

Resources (both workforce and health budgets) are lim-
ited and treatment for children with chronic illnesses or
disabilities can be expensive. Researchers, clinicians, and
policy makers increasingly need to demonstrate that the
effects of a treatment warrant the costs. Economic evalu-
ation builds on the results of analyses of clinical effective-
ness to explicitly compare the effectiveness of an
intervention (over and above the best alternative care) to
the additional costs of that intervention. Economic evalu-
ation produces estimates of the cost-effectiveness of inter-
ventions in a variety of formats, most frequently in the
form of ‘additional cost per additional unit of effect’ using
clinical outcome measures in their natural measurement
units (e.g., ‘additional cost per unit increase in PEV’).
Expressing cost-effectiveness in natural units of clinical
outcome measures makes it hard to compare the cost-
effectiveness of different interventions that are competing
for the same limited health-care resources. Even when
cost-effectiveness is expressed using QOL measures,



How do you feel about...

Friends and family

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

Unhappy

Neither
happy nor
unhappy Happy

Very
happy

Very
unhappy

The way you get along with people, generally?

The way you get along with other chilldren outside of
school?

The way you get along with adults?

The way you get along with your teachers and/or carers?

Your ability to play on your own?

Your ability to play with friends?

Going out on trips with your family?

How you are accepted by your familiy?

The way you get along with the person who looks after you

The way you get along with yours brothers and sisters?
OR     I do not have any brothers or sisters

The way you get along with other chilldren at school? (if
you attend more than one school, please think about the
school where you spend the most time)

Figure 1 Example of the cerebral palsy quality of life questionnaire for children (CP QOL – Child), child self-report version.
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the outcomes are not comparable if different QOL mea-
sures have been used to evaluate different interventions.
Quality-Adjusted Life Years

The quality-adjusted life year (QALY) is a composite
health outcome measure that combines a measure of
QOL with a measure of survival. QALYs provide a com-
mon currency for measuring the extent of health gain that
results from health-care interventions and, when com-
bined with the costs associated with the interventions,
can be used to assess their relative worth from an eco-
nomic perspective. QALYs therefore offer the potential
for all evaluations of child health interventions to be
comparable in terms of the improvement to generic
child health and, where economic evaluation has been
included, in terms of the relative value-for-money of the
intervention.

However, to combine QOL and survival, the QOL
measure used to construct QALYs must have particular
methodological properties. The QOL measure must be
able to express any health state as a single numerical
utility score, where a utility score of 0 equates to being
dead (the absence of health status) and a score of 1 equates
to perfect health. Negative scores can be used to represent
health states considered worse than being dead. Current
generic QOL measures of child and adolescent health,
such as KIDSCREEN and PedsQL, do not hold these
properties. There are generic adult QOL measures that
can be used to construct QALYs (such as SF-36, Health
Utility Index [HUI], and EQ-5D), although the only
measure derived from a child or adolescent population
is the HUI (Feeny et al., 1998). As detailed above, there are
additional domains that are particularly relevant to child
health (including autonomy, body image, cognitive skills,
and family relationships) that are not captured by these
generic QOL measures.

In the absence of an existing suitable QOL measure for
child and adolescent health, there are a number of ways
to generate health utility scores to express the outcomes
of an intervention in QALY terms. Three broad strategies
include expert judgment, indices from relevant literature,
and direct measurement of the preferences of an appro-
priate population (Dolan, 2000). The third strategy is
the most common, given that experts may focus on differ-
ent attributes than patients, and valuations in one study
may be inappropriate for another study. There are several
ways to obtain direct measures of preferences, including
visual analogue scale (VAS), standard gamble (SG), and
the time trade-off (TTO). The VAS requires respondents
to directly rate their health state on a scale from 0–1.
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The standard gamble asks the respondent to choose
between the certainty of an intermediate health state
and the uncertainty of a treatment with two possible out-
comes, one of which is better than the certain outcome
and one of which is worse. The time trade-off asks
the respondent to choose between a defined length of
life in an intermediate health state and a shorter length
of life in full health. Use of these measures in pediatrics
and child health has been vigorously debated. As children
do not have the cognitive ability to comprehend and
complete valuation or preferences, parent-proxy reports
are required, which may be influenced by the parent’s
beliefs (Griebsch et al., 2005).
Evaluating and Selecting QOL
Instruments

There are an increasing number of QOL questionnaires
for children and adolescents and it is becoming increas-
ingly difficult for researchers and clinicians to choose the
best instrument. A good QOL instrument is

. Appropriate for children’s developmental status (i.e.,
number of items, wording of items, response scales,
age groupings)

. Based on a clear, accepted definition of QOL

. Piloted with an appropriate sample to ensure the items
are acceptable

. Structured using domains of QOL that are based on
consultations with children/adolescents and parents

. Available in parent-proxy and child/adolescent self-
report format

. Reliable and valid (for the particular country and
sample)

. Sensitive to clinically significant change in condition.

(Further information is provided in the next section about
the desired psychometrics properties.)
Reliability

A measure is judged to be reliable when it consistently
produces the same results when applied to the same
subjects, when there is no evidence of underlying change
in the health state being assessed. Reliability of an instru-
ment is most frequently evaluated by internal consistency
and test–retest reliability. For internal consistency, Cron-
bach’s alpha coefficient (a) measures the average correla-
tion among the items in the scale. This measure has a
range of 0–1 with higher values indicating a closer corre-
lation, which suggests that the set of questions is assessing
a single domain. A low alpha coefficient (e.g., <0.5) indi-
cates that the item does not arise from the same concep-
tual domain. If the coefficient is too high, it is likely to
indicate that some of the items are unnecessary and the
scale may be too narrow in its scope to have much validity.
Coefficients greater than 0.7 and probably less than 0.9 are
recommended.

Test–retest reliability is assessed when the instrument
is administered to the same population on two occasions
and the results are compared by correlation. However,
repeating a QOL instrument to assess its stability or
reliability over time is often not as simple as repeating a
measurement in the physical sciences. The main problem
is that the second response to a question is likely to be
affected by the previous administration. A subjective
report on QOL may change between administrations
depending on what life experiences have occurred in the
intervening time.

Agreement and association are measures of the discre-
pancies between pairs of ratings such as between a mother
and her child. Agreement may be assessed by examining
the distribution in the score given for a particular domain
between a pair of reporters. Association refers to the
relationship between two sets of scores, for example, par-
ent scores with child scores, and is usually tested by a
correlation coefficient.
Validity

Validity is defined as the extent to which the instrument
measures what it is intended to measure. Face validity
refers to the extent to which the scale appears to be a good
test of the construct in question (i.e., whether the items
and scales look reasonable at face value). Criterion valid-
ity establishes whether the variable or concept can be
measured with accuracy by comparison with an existing
gold standard, and whether the instrument can substitute
for the gold standard or vice versa. Testing this involves
application of the two measures simultaneously or ran-
domly to alternate subjects, and is important when you
are attempting to develop a scale that is simpler or
less expensive to administer than an existing measure.
Construct validity requires establishing theories and test-
ing these theories and models against the relationships
of the measure. Establishing construct validity is an ongo-
ing process, as often there is no one single study that
can satisfy the criteria. Discriminant validity assesses the
‘success’ of an item to correlate more strongly with its
hypothesized scale than with any other scale within a
questionnaire, and provides evidence of the conceptual
logic for placing an item within a particular scale relative
to other scales within the instrument.
Sensitivity to Change

When examining the effectiveness of interventions in
increasing children’s QOL, it can be difficult to interpret
QOL scores. Researchers and clinicians may detect a
statistically significant difference of 5 points, however,
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this then leads to the question about what those 5 points
mean. Does it mean their QOL is improved? Are they
noticing differences in their everyday life? These ques-
tions are referring to the detection of clinically important
differences. There has been much research in the area of
minimal clinically importance differences, which is ‘‘the
smallest difference in score in the domain of interest
which patients perceive as beneficial and which would
mandate, in the absence of troublesome side-effects and
excessive cost, a change in the patient’s management’’
( Jaeschke et al., 1989).
Conclusion and Recommendations
for Future Research

The field of pediatric QOL, and in particular the mea-
surement of child and adolescent QOL, has advanced
significantly within the last decade. There are now seve-
ral generic and condition-specific QOL instruments for
children and adolescents. Many of these instruments now
have both parent-proxy and child self-report versions and
adequate reliability and validity. One concern, which
requires urgent action, is the small number of instruments
that have examined sensitivity to change. This is essential,
particularly if the instrument is to be used to evaluate the
effectiveness of interventions. We need to know whether,
for example, a 5-point difference in QOL makes a mean-
ingful difference to a child’s QOL.

Another concern, also related to sensitivity to change,
is the lack of understanding about the process by which
children, adolescents, and parent-proxies determine
QOL. If child QOL is greatly determined by personality,
then it must be questioned whether an intervention can
increase a child’s QOL. More importantly, if we under-
stood the determinants of children’s QOL, interventions
can be designed to ensure they increase a child’s QOL.
See also: Child Obesity and Health; Happiness, Health

and Altruism; Health Surveys; Measurement and Model-

ling of Health-Related Quality of Life; Pediatric Cancers;

The Measurement and Valuation of Health for Economic

Evaluation.
Citations
Baars RM, Atherton CI, Koopman HM, Bullinger M, and Power M (2005)
The European DISABKIDS project: Development of seven
condition-specific modules to measure health related quality
of life in children and adolescents. Health and Quality of Life
Outcomes 3: 70.

Bradlyn AS, Ritchey AC, Harris CV, et al. (1996) Quality of life research in
pediatric oncology: Research methods and barriers. Cancer 78:
1333–1339.
Davis E, Waters E, Mackinnon A, et al. (2006) Paediatric quality of life
instruments: A review of the impact of the conceptual framework on
outcomes. Developmental Medicine and Child Neurology 48:
311–318.

Davis E, Nicolas C, Waters E, et al. (2007) Parent-proxy and child
self-reported health-related quality of life: Using qualitative
methods to explain the discordance. Quality of Life Research 16(5):
863–871.

Dolan P (2000) A note on QALYs versus HYEs. Health states versus
health profiles. International Journal of Technology Assessment in
Health Care 16(4): 1220–1224.

Eiser C and Morse R (2001) Can parents rate their child’s health-related
quality of life? Results of a systematic review.Quality of Life Research
10(4): 347–357.

Feeny D, Furlong W, and Barr RD (1998) Multiattribute approach to the
assessment of health-related quality of life: Health utilities index.
Medical and Pediatric Oncology 30: 54–59.

Griebsch I, Coast J, and Brown J (2005) Quality-adjusted life-years lack
quality in pediatric care: A critical review of published cost-utility
studies in child health. Pediatrics 115(5): e600–e614.

Jaeschke R, Singer J, and Guyatt GH (1989) Ascertaining the
minimal clinically important difference. Controlled Clinical Trials 10:
407–415.

Piaget J (1929) The Child’s Conception of the World. New York:
Harcourt, Brace Jovanovich.

Ravens-Sieberer U, Gosch A, Rajmil L, et al. (2005) KIDSCREEN-52
quality-of-life measure for children and adolescents. Expert
Review of Pharmacoeconomics and Outcomes Research 5(3):
353–356.

Ronen GM, Rosenbaum P, Law M, and Streiner DL (1999) Health-
related quality of life in childhood epilepsy: The results of children’s
participation in identifying the components. Developmental Medicine
and Child Neurology 41: 554–559.

Schipper H, Clinch J, and Powell V (1990) Definitions and conceptual
issues. In: Spilker B (ed.) Quality of Life Assessment in Clinical Trials,
pp. 11–24. New York: Raven Press.

Varni JW, Burwinkle TM, Seid M, and Skarr D (2003) The PedsQL 4.0 as
a pediatric population health measure: Feasibility, reliability, and
validity. Ambulatory Pediatrics: The Official Journal of the Ambulatory
Pediatric Association 3(6): 329–341.

Waters E, Davis E, Mackinnon A, et al. (2007) Psychometric properties
of the quality of life questionnaire for children with CP. Developmental
Medicine and Child Neurology 49: 49–55.

World Health Organization (1948) Preamble to the Constitution of the
World Health Organization as adoped by the International Health
Conference, New York, 19–22 June 1946. Official Records of the
World Health Organization 2: 100.

WHOQOL Group and World Health Organization (WHO) (1993) Study
protocol for the World Health Organization project to develop a
Quality of Life assessment instrument. Quality of Life Research. 2:
153–159.
Further Reading
Bullinger M and Ravens-Sieberer U (1995) Health-related QOL
assessment in children: A review of the literature. European Review
of Applied Psychology 45(4): 245–254.

Crosby RD, Kolotkin RL, and Williams GR (2003) Defining clinically
meaningful change in health-related quality of life. Journal of Clinical
Epidemiology 56: 395–407.

Eiser C and Morse R (2001) A review of measures of quality of life for
children with chronic illness. Archives of Disease in Childhood 84(3):
205–211.

Harding L (2001) Children’s quality of life assessments: A review of
generic and health related quality of life measures completed by
children and adolescents. Clinical Psychology and Psychotherapy 8:
79–96.

Levi R and Drotar D (1998) Critical issues and needs in health-related
quality of life assessment of children and adolescents with chronic
health conditions. In: Drotar D (ed.)Measuring Health-Related Quality



648 Children and Adolescents, Measuring the Quality of Life of
of Life in Children and Adolescents, pp. 3–24. Mahwah, NJ:
Lawrence Erlbaum.

Matza LS, et al. (2004) Assessment of health-related quality of life in
children: A review of conceptual, methodological, and regulatory
issues. Value in Health 7(1): 79–92.

Rajmil L, et al. (2004) Generic health-related quality of life instruments in
children and adolescents: A qualitative analysis of content. Society
for Adolescent Medicine 34: 37–45.

Schmidt LJ, Garratt AM, and Fitzpatrick R (2002) Child/parent-assessed
population health outcome measures: A structured review. Child:
Care, Health and Development 28(3): 227–237.

White-Koning M, et al. (2005) Subjective quality of life in children with
intellectual impairment – how can it be assessed? Developmental
Medicine and Child Neurology 47(4): 281–285.
Children, Media and Health
S Goldstein and S Usdin, Soul City Institute for Health a
South Africa

ã 2008 Elsevier Inc. All rights reserved.

Introduction

An increasing number of countries (199 by the new
millennium) are signatories to the United Nations Conven-
tion on the Rights of the Child. Ironically, one of the largest
producers and consumers of mass media, the United States,
is not one of them. According to the Convention:

States Parties recognize the important function

performed by the mass media and shall ensure that

the child has access to information and material from a

diversity of national and international sources, especially

those aimed at the promotion of his or her social, spiritual,

and moral well-being, and physical and mental health.

Over the past century, technology has advanced
exponentially, with the greatest area of change being
arguably in media and communication. While the shift
from books to electronic media to the so-called ‘new
media’ (Internet, video games, e-mail, and mobile
devices) has not been global, few people have not been
touched by this phenomenon and, despite growing
inequalities, people are exposed to the same products
and services from childhood throughout the world.

Unfortunately, this access to media comes at a price
and the risks, particularly to children, are becoming better
understood.

The distribution of access to the media throughout the
world is varied. The total number of book titles published
per 100 000 population varies from 537 in Iceland to 20
in the United States to less than 1 in many African
countries (for example, Kenya, Namibia, Tanzania).
Relevant Websites
http://acqol.deakin.edu.au – Australian Centre on Quality of Life
(ACQOL).

http://disabkids.org – DISABKIDS.
http://www.healthutilities.com – Health Utilities Index.
http://www.isoqol.org – International Society of Quality of Life Research

(ISOQOL).
http://www.isqols.org – International Society for Quality-of-Life Studies

(ISQOLS).
http://kidscreen.org – KIDSCREEN.
http://www.mapi-research.fr – MAPI Research Institute.
http://www.pedsql.org – Pediatric Quality-of-Life Inventory (PedsQL).
nd Development Communication, Houghton,

The possession of radios also varies remarkably, with
a number of countries such as Korea, Australia, Bermuda,
Denmark, and Finland having more than 1000 radios
per 1000 population, while the United States has 2122
radios per 1000 population. The Seychelles has the high-
est access to radio in Africa, with 490 radios per 1000
population.

Television access follows a similar pattern, with
Bermuda having the largest percentage – 924 receiving
sets per 1000 people – followed by the United States
(817), Japan (681), Oman (662), and again, low in Africa,
with many countries having under 10 viewing sets per
1000 population (e.g., Chad, Ethiopia, Malawi).

Personal computer access is far lower than other
media, but growing. The country with highest access to
a personal computer per 100 people was Israel (135) – the
United States (30), Switzerland (29), and Australia (22)
follow. In Africa, only South Africa (2), Senegal (1), and
Tunisia (1) have recordable levels. The Kaiser Family
Foundation study ‘Generation M: Media in the Lives
of 8- to 18-Year-Olds’ (Robert et al., 2005) shows that
86% of children in the United States live in a home
with a computer and 74% have an Internet connection.

In the United States:

A typical 8–18 year old lives in a home containing

three TV sets, three CD/tape players, three radios,

three VCR/DVD players, two video game consoles and

a computer.

These figures give some idea of media access but not
of patterns of behavior in relation to the media. The most

http://www.concertation.org
http://disabkids.org
http://www.healthutilities.com
http://www.isoqol.org
http://www.isqols.org
http://kidscreen.org
http://www.mapi-research.fr
http://www.pedsql.org
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detailed studies have been done in the United States,
where the ‘Generation M’ study found that children
spend close to 6.5 h per day using media, and for 25% of
the time, use more than one medium, exposing them to a
total of 8.5 h of media messages per day.

Their exposure to visual electronic media is the great-
est (4.5 h), followed by listening to radios, tapes, CDs, and
MP3 players (1.75 h), and 1 h using the computer (not
for homework). In contrast, children spend about 45min
in recreational reading. This compares with the time
that they spend socializing with family (2.17 h) and friends
(2.16 h), though they may also be using media while
socializing.

This pattern of extensive media use is not global, and in
many poorer countries children have little leisure time,
often having to participate in family chores such as collect-
ing water or doing part-time work to support their families.
However, the trend is towards using more media, and it is
thus critically important that we understand the media, its
content, and the impact it has, or can have, on children.

In recent years, there has been a growing concern
about the increasing centralization of media ownership
and its impact on children’s programming, with huge
media conglomerates such as Disney, News Corporation,
and Viacom owning not just ‘global media,’ but also dif-
ferent kinds of media (vertical integration). The concern,
among others, is that with profit as the major motive
for media production, there may be a decrease in chil-
dren’s programming and educational programming
in general. Also, local programming, critical to the devel-
opment of children’s identity, decreases, as it is cheaper
to use one international program (shown on numerous
co-owned channels) than to produce a number of local
programs. A study by the children’s advocacy organization
Children Now shows that over a period of media owner-
ship consolidation from 1998 to 2003 there was a decrease
in original children’s programming. A further concern is
the increase in commercialism, which means increased
advertising, product placement (advertising within enter-
tainment programming), and increased merchandising.
While the impact of this on children of the developed
world is becoming more understood, what is not known
is how this increased commercialism impacts on children
in poorer countries who watch the same programming
but have fewer resources.

The media can be classified according to its intent – it
may be educational, news, entertainment, advertising
and promotional, or informational. Of course, there is overlap
of the various categories and one gets entertainment edu-
cation, and product placement within entertainment pro-
gramming. It is also classified according to its form, so it
may be electronic, print, outdoor (such as billboards
or signboards), small media such as T-shirts and caps, or
other promotional items. The new media includes the
Internet, mobile phones with picture and text messaging,
MP3 players, mobile electronic games, and other fast-
developing media.

This article looks at both the positive and negative
effects of the use of media on children’s health and well-
being.
Impact of Media on Children’s Health

It would seem to be a fair assumption that mass media,
globally ubiquitous in different forms, helps shape what
we think, think about, and do, including whether we
smoke, drink, or slouch passively in front of a television
set, eating unhealthy food and becoming obese. However, in
order to invest public health time and money into interven-
tions to address these concerns, hard evidence is required,
particularly if the interventions alter the bottom-line of
powerful industries such as tobacco, food, and alcohol man-
ufacturers. To this end, countless studies have tried to
measure the impact of mass media exposure and use on a
range of health outcomes. Yet, despite what appears to be
common sense, research findings have oftenbeen conflicting
or inconclusive as to the contribution of the media in the
first instance or, if there is one, the extent of that contribu-
tion relative to other contextual factors. Lack of evidence is
often attributed to methodological concerns and towhether
media effects are immediate or emerge over a longer time.
Also important to note is that the outcomes under discus-
sion are the results of extremely complex behaviors, and
teasing out the threads of causation is not a simple task.
Some go as far as to dismiss the causation debate as mis-
guided, given that a single-source causation is unlikely in
these instances. After decades of research, however, there is
sufficient evidence linking media exposure to negative
health outcomes, including obesity, alcohol and tobacco
initiation and consumption, and violence.

There are two key ways in which mass media is
thought to impact on health behaviors:

1. through programming content that glamorizes and
normalizes unhealthy body images, behaviors, social
norms, and attitudes; and

2. through product advertising, sponsorships, and promo-
tions through which young people are encouraged to
use unhealthy substances or foods and whose images
contribute to the above.

While the health experts argue, the various industries
such as tobacco, alcohol, and those manufacturing
unhealthy foods believe the link is strong enough
to warrant the expenditure of billions of dollars in adver-
tising their products to children through the mass media.
Indeed, corporate America spends around $12 billion
a year on such advertising. Marketing approaches have
also diversified beyond conventional mass media to
encompass gaming, product placement, the Internet, and
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sophisticated ‘brand stretching’ through clothing and
accessories ranges that are then advertised as independent
products with the same brand.
Tobacco

There is a large body of research that points to a direct
relationship between advertising and tobacco use among
youth. Although the industry disingenuously claims it
targets only existing smokers to switch brands, there is
a plethora of evidence to the contrary indicating that
tobacco companies are proactively targeting young people.
Tobacco advertising has been shown to increase the risk of
smoking initiation in youth. According to the U.S. Centers
for Disease Control and Prevention, brands that children
buy are those that are the most heavily advertised brands.
Studies have shown that children are more likely to
be affected by advertising than adults and that much of
youth experimentation with smoking in California can be
attributed to tobacco promotional activities. Research
also shows advertising, more than peer pressure, influences
teenagers to smoke and that exposure to cigarette advertis-
ing is predictive of smoking among adolescents.

In addition to aggressive advertising of tobacco pro-
ducts, the impact of mass media on children’s smoking
habits has also been attributed to the positive portrayal of
smoking in the mass media as a whole, from TV, movies,
music videos, and print media.

Research suggests that pervasive tobacco promotion cre-
ates the perception that more people smoke than actually
do, and taps into youth aspirations by associating smoking
with aspirational traits such as confidence, adventure, glam-
our, success, wealth, coolness, masculinity, athletic ability,
and – increasingly with the targeting of women and young
girls – independence and emancipation.

As with all research into the impact of mass media on
behavioral outcomes, some of the above studies have been
criticized for the conclusions that have been drawn, but
what seems to be unequivocal is the finding that compre-
hensive bans on tobacco advertising and promotion do
reduce tobacco consumption. Partial bans have, however,
been shown to have little or no effect.
Obesity

Obesity is considered a global health priority with
approximately 2–3% (155million) of the world’s children
being overweight and about a fifth of those (30–45mil-
lion) obese.

The Kaiser Foundation report ‘The Role of Media
in Childhood Obesity’ (Kaiser Foundation, 2004) main-
tains that:

while there are many factors that contribute to childhood

obesity (genetics, biology, culture, physical and social

environments, culture and values), major studies indicate
that children’s use of media is an important piece of the

puzzle. The mechanisms of this are still not clear.

Mass media has been thought to impact through dis-
placement of physical activity, exposure to unhealthy food
advertising, and cross-promotions between blockbuster
TV and movie characters and food companies such as
McDonald’s. Poor eating habits and lowering of metabolic
rates while engaging with mass media and distorted
depictions of nutrition and body weight are also thought
to contribute. To date, however, there is little direct
empirical evidence implicating a displacement of physical
activity, nor supporting the theory that passive viewing
lowers metabolic rates. A number of experimental studies
have, however, found that reducing the amount of
television viewing can have a positive impact on children’s
body weight.

The Kaiser report suggests that the critical question
may not be ‘howmuch children watch’ but rather ‘how and
what they watch,’ and that the link may be the huge
exposure to advertising of unhealthy food products. Fast
food outlets are said to spend $3 billion a year in television
ads targeted to children in the United States. There
is evidence showing that the rise in childhood obesity
parallels the rise in exposure of children to food adver-
tisements, and that most of these advertisements are
for foods high in fat, sodium, and sugar, such as sweets
and fast foods. Television viewing has also been shown
to have a negative relationship to fruit and vegetables
consumption, and research in the United States by
the National Academy’s Institute of Medicine shows
advertising has significant impact on preferences and diets.

Beyond direct advertisements, content analyses of
children’s programming and blockbuster movies show a
high degree of exposure to unhealthy food.

Of great concern is that children under 8 years
old perceive commercials as entertainment or an informa-
tional source rather than attempts to persuade them
to buy particular goods. They are also unable to under-
stand disclaimers (Kirsh, 2006).
Alcohol

Despite extensive research, the association between
advertising and youth alcohol consumption until recently
was found to be weak, if any at all.

However, a groundbreaking longitudinal survey of
the influence of alcohol advertising on youth (Snyder
et al., 2006) shows that greater exposure to alcohol adver-
tising does indeed contribute to an increase in drinking
among underage youth. Exposure to one more advertise-
ment than the average for underage youth was correl-
ated with a 1% increase in drinking, and a 3% increase
correlated with every additional dollar spent per capita on
alcohol advertising.
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Additionally, a time-series study of advertising bans
(Saffer, 1991) in 20 countries over 26 years suggests
that countries with advertising bans have lower levels
of alcohol consumption and lower levels of motor vehicle
fatalities. In another study, Saffer also found that a com-
plete ban on alcohol advertising could ‘‘reduce monthly
drinking by adolescents by roughly 24%, and monthly
binge drinking by 42%’’ (Saffer and Dave, 2003).

Research has also found a significant association
between ‘naturalistic exposure’ to alcohol advertising and
the consumption of alcohol among a sample of American
teenagers controlling for a range of variables and exclud-
ing reverse causation (Atkin et al., 1984).
Gender and Sexuality

Research conducted by Signorelli (2001) shows that
media plays a central role in shaping children’s identity,
especially their gender roles. Television has been found to
contribute to the endorsement and maintenance of tradi-
tional gender roles, with children mimicking the gender
stereotypes and constructs they see in the media. Both
correlational and experimental research by Signorelli
has shown a dose-related association between levels of
television viewing and stereotypical gender role attitudes,
including how men and women should behave and what
kinds of jobs they should engage in (men should
be breadwinners, firefighters, doctors, and police officers,
while women should be homemakers, nurses, or teachers).

The media also bombards young people with images
of successful people with unrealistically thin body types,
while overweight characters are depicted as failures in life
and love. Thin characters are seen to be so regardless of
how they drink and eat. The world of television also
portrays a deceptively larger number of underweight
women than exist in reality. These television distortions
have been linked to problem eating even in preteen
children, and the ‘Growing Up Today’ study of 6000
girls and 5000 boys aged 9–14 years found that in adoles-
cent girls, trying to look like females in television, movies,
or magazines was predictive of beginning to purge at
least once a month (Field et al., 1999).
Violence

With societal violence contributing to a significant global
burden of disease, the role of violent media is increasingly
under the spotlight. Young children are bombarded
with violent images through television and movies, video
games, cartoons, animation, comics, and music. Concerns
extend to the glamorization of violence, the increasingly
graphic depictions, and the sense of violence (including
gender-based violence) as normative and a legitimate
approach to conflict resolution. Although less research
has been conducted on newer media forms such as the
Internet and video games, there is mounting evidence of
violent media as important a contributor as other risk
factors including parenting approaches, genetic traits,
and growing up in a violent environment.

Steven Kirsh (2006) has written a comprehensive
book examining the links between various forms of
mass media and violence. He demonstrates that research
over a number of years and across multiple studies has
shown that violent media can influence aggression and
psychological traits that are associated with aggression
such as impulse control, and anger management, and
that violent media does not function as a cathartic outlet
for children, making them less likely to be violent in
real life. He points to meta-analytic studies that confirm
this for both television and violent video games. While
some postulate that video games are more dangerous
than violent television due to an increased identification
with a single aggressor, direct reward for violent behavior,
and the consistent reinforcement and active practice of
violent behavior (as opposed to passive TV viewing),
these assumptions have not been verified. In fact, meta-
analytic studies have shown that the effect sizes associated
with TV and aggression are actually slightly higher than
video games.

The comic book/graphic novel industry is worth around
$700million annually and churns out material full of
extremely violent imagery. The nature of the genre also
necessitates active use of the reader’s imagination. Very
little credible scientific research has actually been con-
ducted on the link between comics and violence, and
only one study to date has shown an influence on aggres-
sive behavior or feelings. Violent stories have, however,
been shown to heighten fears even into the future and
do not, as is sometimes argued, help children overcome
fearful feelings. Given the significant number of young
people reading this material, further research into potential
links is important.

Music is universally central to the period of adoles-
cence, and young people in countries of the West
spend at least as much time, if not more, listening to
it than watching television. Violence, racism, and misog-
yny pervade many genres of music, from rap to heavy
metal.

Violent lyrics are thought to prime aggressive thoughts
and lead to the chronic activation of aggression-related
constructs and to the imagination of violence imagery.
While the phenomenon of ‘backward-marked lyrics’ has
been found to exist, when played forward they are incom-
prehensible and do not cause suicidal behavior as has been
claimed. Neither has heavy metal music been shown to
be a significant risk factor for suicidal behavior, although
the prevalence of deliberate self-harm and attempted
suicide has been found to be high with Goth subcultures
and it is possible that there is mutual reinforcement
at play.
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Music videos have grown exponentially in popularity
since first introduced to the market and often depict
graphic violence. According to Kirsh, they have been
shown to increase adolescents’ acceptance of violence as
a means to solve problems, but there is no research to
date that relates them directly to aggressive behavior in
youth. In his opinion, research is still needed on how
moderators ‘‘characteristic of youth and their environ-
ment interact with total media consumption to affect
aggression and aggression related constructs.’’

There is mounting evidence showing that excessive use
and addiction to video game playing and increased
aggressiveness can be shown. Another negative effect of
video game playing that is well-documented is seizures
in photosensitive individuals with epilepsy.
The Portrayal of Children in the News Media and
HIV/AIDS

The portrayal of children by mass media journalism
also shapes the way in which issues are understood
by the public, which in turn has implications for policy
making and resource allocation. A case in point is
the framing of children in relation to the HIV/AIDS
pandemic. While few countries have conducted content
or discourse analysis on coverage of children per se, those
that have identify a number of areas for concern. Children
tend to be labeled as ‘innocent victims’ of ‘guilty’ adults
who through reckless, immoral, abusive, and uncaring
behavior infect children. The net impact of this frame is
to increase stigma surrounding the disease and push the
pandemic further underground. While journalists may
be operating with the best of intentions, the focus on
the epidemic in Africa tends to be one of despair and
hopelessness, with a large emphasis on the vulnerability of
orphans, specifically children heading up households.
This has two effects: the first being to focus more on
emergency relief, rather than on sustainable solutions,
and the second being to shift interventions and resources
toward child-headed households and orphans, with
less attention given to children made vulnerable by the
epidemic in other ways, and almost to the exclusion of
children made vulnerable through other (although often
linked) problems, most notably, poverty. In real terms,
this translates into resources targeted to children in one
house while their neighbors, equally in need of support,
remain out the loop. While the problem of child-headed
households is critical, by omission the far more common
scenario of already resource-strapped relatives absorbing
the children into their own households and potentially
deepening their own poverty goes unnoticed. Out of the
public spotlight, interventions supporting these families
and the children under their care become few and far
between.
Uses of Media to Promote Health and
Public Health Interventions to Mediate
the Negative Impacts of Media

Positive, Pro-Social Media

The Convention on the Rights of the Child calls upon
states to take all necessary steps to ensure children’s
right to life, survival, and development and recognizes
the important role of the mass media in this regard.

Despite the potential hazards of the media, there is
an enormous amount of media produced especially for
children with educational content or pro-social intent.
Some, like Sesame Street (a pro-social children’s education
program aimed at preschoolers), have been produced
throughout the world. In Israel/Palestine, Sesame Street

dealt with tolerance; in South Africa, an HIV-positive
character was introduced. There have been numerous
studies showing the positive effects in a number of areas
of Sesame Street on children who watch it compared to
those who don’t. Studies show improved cognitive skills,
particularly literacy and number skills, and improved pro-
social behavior such as altruism, cooperation, self-control,
and reduction of stereotypes (Fisch, 2005).

Campaigns have used all forms of media – radio,
television, pamphlets, posters, billboards, interactive
media and so on – to promote health. Evaluations of
many such interventions show impact, particularly
when they are part of multilevel prevention programs
like the Minnesota Heart Health Program and the
University of Vermont School and Mass Media Project,
which show that comprehensive efforts that combine
media, school-based, and community-based activities
can postpone or prevent smoking in 20–40% of adoles-
cents. The case study of Soul Buddyz (see discussion
below) provides further evidence of the demonstrable
positive effects that a pro-social media program can have.

The positive effects of pro-social media for children
are multifold: Children can become better informed
and are shown to be more equipped for school in terms
of math readiness, vocabulary, and pre-reading readiness.
Recent studies have also shown that playing video games
can provide a context in which participants can discuss
scenarios and outcomes. Educational video games have
been shown to improve reading and spelling. Further
benefits of video-game playing include enabling children
to develop strategies, test them, and alter them (with
immediate feedback). Some video games encourage
collaboration, and this improves social skills. Video
games have also been effectively used in pain manage-
ment by providing cognitive distraction for children
during chemotherapy for cancer treatment and for treat-
ment of sickle cell disease (Griffiths, 2005). They have
been used as a form of physical therapy or occupational
therapy, for example, for arm injuries and for increasing
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hand strength. Video games have also been used in compre-
hensive programs to help develop social and spatial ability
skills in children with severe learning disabilities and
autism.
Soul Buddyz: A case study of positive

children’s media

Soul Buddyz is a project of the Soul City: Institute for
Health and Development Communication (SC: IHDC),
an internationally acclaimed multimedia health promo-
tion organization. The Soul City ‘edutainment’ media
has successfully reached about 70% of the South African
population and has demonstrated positive impact on those
who access the Soul City materials. In order to have a
holistic impact on the huge health and development issues
facing South Africa and the rest of sub-Saharan Africa,
it is critical to reach preteen children. As in all popula-
tions, they are just a few years away from the time of
greatest risk-taking, which in South Africa will often
mean death or disability. Emotional and health problems
often originate or become embedded in this age group,
with social problems such as physical and sexual abuse
severely retarding the potential of many children. Despite
this, the needs of this age group are largely neglected.
In view of this, Soul Buddyz was developed to reach
children 8–12 years old and their caregivers.

A partnership between Soul City: IHDC and SABC
Education (a division of the national public broadcaster),
Soul Buddyz is an ongoing vehicle, and thus is able to
deal with a number of health and development issues
over time. The edutainment methodology, in which social
issues are embedded within prime-time dramas, is used
to ensure substantial audiences and ongoing identifi-
cation with characters and stories. Issues of children’s
rights, gender equality, respect for diversity, advocacy,
and social mobilization are underlying themes in all the
Soul Buddyz vehicles. The vehicles are:

. A television adventure drama series with child protago-
nists. They form a club and uncover and find solutions
to problems. The children come from all races and
classes, and communicate with each other in a number
of different languages, depicting the diversity of South
African society. The last 2min of each episode include
real children commenting on the issues in the series.

. A radio magazine program in nine languages, consisting
of a short rural drama, an information piece, and an
interactive segment with youth presenters alongside
topic experts. Given the paucity of radio programming
for this age, with no children’s dramas whatsoever, the
series was considered groundbreaking.

. Print material based on the electronic media, which is
distributed to schools. The book specifically targets the
life-orientation curriculum and is a combination of
photo comics based on the television drama, activities,
true-life stories, fact files, and a page to assist educators
in teaching with that unit and linking them to
resources. Complimentary posters addressing the
issues in the series are also distributed to schools.

. A parenting booklet, with information and suggestions
on how to communicate with one’s children on the
topics raised in the series. This is produced and
distributed through a large national weekly paper and
through nongovernmental organizations and informal
channels in three languages.

. An advocacy campaign that links up with key issues in
the series, for example, road safety. That campaign
aimed to promote scholar patrols in every primary
school in the country and to get legislation passed to
enforce the use of reflector material in the
manufacturing of school uniforms.

. A network of Soul Buddyz Clubs that has been formed,
emulating the club portrayed on the television show.
The clubs are a form of social mobilization, aiming to
nurture civic activism among young children and an
awareness of their rights and responsibilities.

Through a thorough research process, communication
around topics as varied as HIV/AIDS, the environment,
and substance abuse are integrated into the drama.
The intervention is effective because massive audiences
are reached, materials are thoroughly researched, and
stakeholders, including children, are included throughout
the development process. Additionally, the edutain-
ment methodology allows for audiences to identify with
characters and takes them through a learning process so
that issues can be integrated into their own lives.

Each series is evaluated using a mixture of qualitative
and quantitative research. Some highlights of the evalua-
tions include:

. 74.8% of children interviewed knew of Soul Buddyz
and 67.1% watched, listened to and/or used Soul Bud-
dyz material on television, radio, or through the Grade
7 booklet;

. more than 1 in 3 of the parent sample interviewed and
2 in 3 teachers interviewed watched Soul Buddyz on
television;

. quantitative and qualitative analysis indicate that Soul
Buddyz is relevant to its primary target audience, that
messages largely come across accurately, and that mes-
sage retention is high;

. 81.2% of the children who had watched Soul Buddyz on
television felt that the episodes that they had watched
had helped them with the things that had happened in
their lives;

. 92.9% of the caregivers who engaged with the Soul
Buddyz electronic media felt that it had given them a
new understanding of the issues faced by children;
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. Soul Buddyz was valued for impacting positively on a
range of life skills issues as well as contributing to
knowledge and skills within specific content areas,
such as children’s rights, safety, HIV/AIDS, and sexu-
ality;

. 90.5% felt that Soul Buddyz made it easier for them to
discuss difficult and sensitive issues with their children
or wards,

. children exposed to Soul Buddyz on television were
more likely to say that they were willing to be friends
with someone who has HIV/AIDS than children who
were not exposed to Soul Buddyz on television – regard-
less of age, geographical area, or degree of discussion of
HIV/AIDS with parents/caregivers, peers, or teachers.

Peer support is a strong message in Soul Buddyz, and
emerged as a strong theme, particularly in the qualitative
analysis, and is to a degree supported by analysis of
quantitative data.

While some areas of the Soul Buddyz intervention as a
whole can be strengthened (for example, increasing the
reach of the radio series, the parenting booklet, and the
utilization of the Grade 7 booklet), Soul Buddyz is asso-
ciated with positive outcomes – both in terms of scope and
depth.

The results documented further reinforce the growing
body of evidence of the power of mass media edutainment
in the field of health and development. Over the longer
term, research using longitudinal designs needs to be
conducted to investigate the sustained and longer-term
impact of a program such as Soul Buddyz, which seems
to have the potential to effect powerful change in a future
generation of youth and adults.
Interventions to Deal with Possible Negative
Effects of the Media

Complex problems require comprehensive, multistrategy
approaches that take into account all the pillars of health
promotion: creating an enabling environment, ensuring
a friendly policy environment, developing personal skills,
supporting community action, and reorienting services.
Media can function as an important component of such
an approach, and some examples are described in
the following.
Media literacy

Teaching media literacy to children is gaining increasing
currency as a way of enabling young people to understand
and critically engage with the media. It covers the com-
plete process of critically accessing, analyzing, evaluating,
and creating media and addresses areas such as digital,
information, and technology literacy. It teaches not
only how to make media and how to understand it, but
also what influences media choices and the larger
economic perspective of who owns the media and ‘who
pays for what’ in the media.

The theory is that once children are media literate,
they will not be so easily influenced by advertising, mar-
keting, and product placement. They will also be less
influenced by the gender stereotypes and distorted body
images that they see portrayed in various forms of media.

The American Media Literacy Association states:

as communication technologies transform society, they

impact our understanding of ourselves, our communities,

and our diverse cultures, making media literacy an essen-

tial life skill for the 21st century (American Literacy

Association, www.amlainfo.org).
Counteradvertising

Public service advertising (PSA) or counteradvertising,
as it is sometimes called, is often provided as a public
service by the media owners themselves, or sponsored by
industry. In many cases, counteradvertising is paid for
by governments, NGOs, or consumer rights organizations.
Public service advertising has been found to be of limited
benefit as a single strategy and may even legitimize parti-
cipating industries. These ads are also often aired at times
when there are small audiences to access them.

In its more radical form, counteradvertising targets
the industries themselves rather than trying to change
individual behavior. In this tactic, the ads reveal the true
intentions of industry (profits over health) and appeals
to both the public and policy makers to take action to
curtail the industries through policy change. A major
limitation of this approach is that media owners often
refuse to use these ads out of fear of losing major sources
of advertising revenue. Similarly, advertising agencies
with industry clients have refused to take on this work.
However, counteradvertising has been able to shift public
opinion, shaming the industry, questioning its legitimacy,
and generating support for structural, policy-level
change.
Media advocacy

Media advocacy is described as the strategic use of
the news media to advance a social or public policy
initiative (Wallack et al., 1993). Media advocates strategi-
cally frame issues to best access the news media and
put the root problem and its policy solution onto the
public agenda. They also frame the issue in a way that
shifts the focus from individuals and toward socioeco-
nomic determinants and systemic causes of a problem,
promoting policy and legislative change. The practice of
media advocacy can take a number of forms, but has been
described as at its most powerful when used as a social
mobilization tool and giving voice to communities them-
selves (Ryan, 1991; Wallack et al., 1993).
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Policy interventions

Relying on the media to regulate itself has proven to
be ineffectual. Internet ‘nanny’ software that blocks por-
nographic or violent content, movie ratings systems,
and V-chips (which allow caregivers to block violent
content) have also been used with limited success. Pro-
blems with the latter include ambiguous and often inac-
curate ratings that do not fully equip caregivers to make
substantially informed choices.

Other suggestions are to restrict the time children
watch television. For example, the American Academy of
Pediatrics recommends that children older than 2 years
spend no more than 2 h per day with screen media, and
that this time should be devoted to educational screen
media.

While it is not always clear as to the extent of the
media’s contribution to unhealthy behaviors, most agree
that banning or curbing youth exposure to the advertising
of products such as tobacco, alcohol, and unhealthy foods
must form part of a comprehensive, multilevel strategy
to address legitimate public health concerns. In the case
of tobacco, this has led to outright bans on advertising
and sponsorship in many countries and forms a key
article within the WHO’s Framework Convention on
Tobacco Control. ‘Brand stretching’ – ways that compa-
nies have found to advertise and increase brand loyalty
and awareness, such as using tobacco brands like Camel
in relation to clothes or cigarette lighters when they
are forbidden to advertise legally – is the new frontier
and needs to be accommodated within the legislative
dispensations.

Many countries have watershed or other advertising
and television policies that limit or ban advertising to
children. Sweden does not allow advertising to children
under the age of 12 years at all, while Austria and Norway
have bans on advertising around children’s programs, and
others like Belgium and Denmark do not allow commer-
cial breaks within children’s programs.

Media globalization and international trade agree-
ments are, however, having an impact on countries’ ability
to impose regulatory policy, and in many countries there
are concerns about ordinary people’s ability to influence
media policy in light of multilateral and bilateral trade
agreements.
Protection and Promotion of Child Rights
Through News Media and the Role of
Children as Participants in Media
Production

While recognizing the role that the media can play in
placing children’s issues on the public agenda, concerns
around privacy, confidentiality, and further victimization
need to be considered. Public health advocates are
increasingly recognizing the need to engage more closely
and constructively with journalists to ensure that chil-
dren’s issues feature on the media’s agenda and do so in
a constructive way. Many organizations, including
UNICEF, have developed codes of conduct or ‘guidelines’
to provide direction to broadcasters. Some media owners
and journalists have resisted these attempts, seeing them
as a form of ‘censorship’ or ‘interference’ and an affront to
the principles of freedom of expression and journalistic
independence. Others recognize the need for sensitivity,
and a number of journalist organizations have formed to
organize themselves around issues, particularly in relation
to coverage around HIV/AIDS.

Guidelines include encouraging the media to play an
active role in putting children’s rights on the public
agenda; ensuring space for children’s voices to be heard
on matters affecting them; protecting the rights of chil-
dren by refraining from coverage that demeans children
on basis of ethnicity, nationality, race, gender, sexual pref-
erence, religion, or mental or physical disability; and
not using visuals that depict children in compromising,
sexual, or degrading situations. The issue of informed
consent and confidentiality is stressed in most guide-
lines, particularly with children affected or infected with
HIV, where stigma and discrimination with often serious
consequences may result. Journalists are requested to
ensure that photographs are obtained with the knowledge
and consent of a responsible adult, parent, guardian, or
caregiver or, when appropriate, from the child him- or
herself, and to carefully consider whether the publication
of any images or material, photography, and reportage
would expose the child to further abuse from society.

The media is also encouraged where possible to pro-
vide children with the opportunity to develop media
programming themselves. Many examples of this empow-
ering approach can be found throughout the world.
Conclusion

It is clear that mass media can play an important role in
supporting and enhancing the health and development
of children. But mass media also can have significantly
negative health and developmental impacts that require
concerted public health interventions. This article has
examined the evidence of these impacts and the kinds
of programs and initiatives that have been used, with
varying degrees of success, to ensure that the mass
media serves as a source for public good, as far as possible.
With the trend toward increasing use of and exposure to
mass media throughout the world, further research is
necessary to deepen our understanding of the nature
and extent of its impact and the most effective ways to
harness its potential good.
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Introduction

There is a Chinese saying that well describes the relation-
ship among China, Hong Kong, and Taiwan – that they all
‘‘spring from the same root.’’ Historically, all three places
were one political entity until Hong Kong was ceded to the
British from 1842 through 1997, andwhenTaiwan became a
Japanese colony from 1895 until 1945, followed by the
establishment of a separate government by the Nationalists
(or Kuomintang) retreating from the Communists in 1949.

Given the divergence in political systems from these
historical ‘accidents’ but a common geo-historical lineage,
the development of the health systems of China, Hong
Kong, and Taiwan provide an ideal natural social experi-
ment to study how macro politico-economic forces can
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and have shaped the financing, organization, and delivery
of health care among similar peoples. Because Hong Kong
and Taiwan are not member countries of theWorld Health
Organization, although the former has observer status at
the World Health Assembly, their health and health-care
statistics are seldom published in international compendia,
and comparative examination of the three systems has not
been systematically undertaken and disseminated. The
present article attempts to fill this gap in the literature.

In the following sections, we first describe how health
care has been and is currently financed, organized, and
delivered by noting thematic similarities while highlight-
ing important differences between the three populations.
We then assess each system’s performance on the equity
and efficiency axes, in particular drawing on evidence

http://www.nber.org/papers/w9676
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from standardized health accounts and recent work by the
15-country, pan-Asian Equity in Asia-Pacific Health Sys-
tems or EQUITAP consortium. We show how policy-
makers are trying or might attempt to rise up to and
overcome these key challenges in the medium- to long-
term. Finally, we conclude with important lessons and
various solution options that these three economies
could learn from each other as well as across neighboring
countries in East and South-East Asia.
Financing of Health and Health Care

The history of modern health financing arrangements in
all three economies began in the 1950s, albeit under very
different circumstances but uniformly driven by the local
prevailing political economy at the time.Table 1 contains
general descriptive statistics relevant to the different
health systems.

China

In the two decades following the establishment of the
People’s Republic of China in 1949, the bulk of health
Table 1 Health financing overview

China

Population (million) 1292a

of which

Urban 530
Rural 762

GDP per capita (constant 2000 US$) 1162b

Total health spending per capita 60
of which

Government 7

Social health insurance 17

Private health insurance 2
Out of pocket 33

Total health spending as % of GDP 5

General government (government þ social)

spending as % of total government
spending 10

Pharmaceuticals as share of total health spending 46

aChina Statistical Yearbook 2004.
bWorld Development Indicators 2007.
c2004 National Health Accounts (data refer to 2003).
dCalculations based on 2004 National Health Accounts. Governme

administration, and medical assistance programs. Social health ins
insurance scheme, rural cooperative medical scheme (old and new)

and village enterprises.
eGovernment and social health expenditure from 2004 NHA; total go
fHong Kong’s Domestic Health Accounts 2004.
gFor government spending, Hong Kong Annual Digest of Statistics.
hEstimate based on IMS data (sale price of health-care providers, ph
i2005 Monthly Bulletin of Interior Statistics, Department of Statistics,
j2005 Taiwan Department of Health National Health Expenditures fig
based on Annual Report of Life Insurance, Republic of China (figures
kFor government spending, 2007 Taiwan Statistical Data Book by CE
lFor pharmaceuticals, 2005 Taiwan Department of Health Statistics/H
spendingwas financed publicly, through either tax-financed
support of nationalized health facilities or contributions to
one or other health insurance schemes: the cooperative
medical system (CMS) for rural residents, the government
insurance scheme (GIS) for civil servants, and the labor in-
surance scheme (LIS) for workers in state-owned enter-
prises (SOEs). China’s economic liberalization at the end
of the 1970swas associatedwith a sharp drop in government
fiscal revenues, and led to financial difficulties for many
SOEs and a dismantling of village collective welfare funds
(Zhu et al., 1989; Liu et al., 1995; Liu et al., 2001; Liu 2002).
The CMS all but collapsed, and GIS and LIS came under
increasing financial strain. The government’s initial
response was to encourage government health facilities to
supplement budget allocations with direct charges to
patients. Despite increases in government health expendi-
ture (GHE) (approximately 8% per year in real terms since
the early 1990s), the public share of overall health spending
declined steadily, reaching just 12% in 2003. Over the same
period, government subsidies to providers accounted for a
steadily declining share of operational expenses.

Starting in the mid-1990s, the government changed
tack and introduced a variety of health insurance reforms
(2004) Hong Kong (2004) Taiwan (2005)

7b 23i

N/A 16
N/A 7

28 174b 14902j

.0d 1504f 954j

.3 838 55

.0 N/A 523

.2 185 108

.5 467 239

.6% 5.3% 6.4%j

.8%e 15.6%g 18.7%j,k.

.2%c 7.8%h 22.8%l

nt expenditure includes provider subsidies, medical education,

urance includes the basic medical insurance, the government
, as well as various health expenditures by social organizations

vernment expenditure from China Statistical Yearbook.

armacies, and other retail stores).

Taiwan Ministry of the Interior.

ures with estimates for private insurance expenditures by R. Lu
are in $U.S., $1 U.S. ¼ 32.85 NTD in 2005).

PD.

ealth and Vital Statistics.
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aimed at reducing the system’s emphasis on out-of-pocket
(OOP) payments (Table 2), which has resulted in both
disparities in access to health care and exposure to health-
related financial risk (Bloom and Gu, 1997; Wu, 1997; Liu
and Mills, 2002). Building on these experiences, a new
urban employee health insurance system, the basic medi-
cal insurance (BMI), funded by a social coordinated med-
ical fund in combination with personal medical savings
accounts, was established in 1998. The scheme covers
government agencies, state and collective enterprises,
and private companies. Although the BMI aims at broad
coverage, dependants of BMI participants, students, and
the unemployed are not covered. Moreover, some
employers, in particular in the private sector, have also
opted to remain outside the scheme.

In rural areas, piloting of a new model of voluntary but
heavily subsidized health insurance (the new CMS or
NCMS) started in 2003. As with the BMI, local (county)
governments have considerable discretion in the design
and implementation of the scheme. The government aims
for national coverage by 2008. It is also currently rolling
out a medical assistance (MA) scheme, which will cover
Table 2 Recent trends in financing mix and health insurance cov

$US at 2000
price level

THE per
capita

Financing mix
Government SHI PHI

Chinaa

1990 14 19.8% 43.4% 0.0%
1995 22 12.8% 40.8% 0.0%

2003 60 12.1% 28.4% 3.7%

Hong Kongb

1991 797 45.6% N/A 11.5%

1998 1,130 53.7% N/A 12.8%

2004 1,504 55.7% N/A 12.3%

Taiwanc

1994 472 14.5% 34.7% 3.4%

1995 527 12.9% 46.6% 3.2%

2005 954 5.7% 54.8% 11.4%

THE, total health expenditures; SHI, social health insurance; PHI, priv
aCalculations based on 2004 National Health Accounts. Governme

administration, and medical assistance programs. Social health in

insurance scheme, rural cooperative medical scheme (old and new

and village enterprises. Health insurance coverage based on Nationa
bHong Kong’s Domestic Health Accounts; all Hong Kong residents h

copayment, where 95% total bed-days and 15–20% ambulatory ep

health care in Hong Kong. Social Science and Medicine 61(3):577–59
cData sources: for THE and Financing mix, based on 2005 National He

estimates of private health insurance by R. Lu based on Annual Re

coverage, 1994 and 2001 Health Interview Survey.
d1993.
e1998.
f2003.
gEmployer-provided or privately purchased in addition to universal a

Topics Report No.8.
hEmployer-provided or privately purchased in addition to universal a

Topics Report No.24.
iEmployer-provided or privately purchased in addition to universal ac
j2001 Health Interview Survey.
poor households in both urban and rural areas, and possi-
bly also employees in enterprises that cannot afford to
participate in the BMI and households with very high
health-care expenditures.
Hong Kong

Of the three populations, Hong Kong was the first to
achieve near universal coverage through a system that
derives over 55% of its funds from government general
revenue (Table 2), albeit sustained by a very narrow tax
base (Leung et al., 2006). Direct taxes contribute about
one-half of government general revenue. Only 55% of the
working population (3.3million out of a total population
of almost 6.9million) in Hong Kong pay any income
tax, and only the richest 1.4% of the working population
fall into the top tax bracket (i.e. 16% flat tax), contributing
38.8% of total salaries tax receipts. Personal income tax
constitutes one-third and corporate tax makes up one-half
of all direct taxes. The remaining direct tax is property
tax, which applies to the 60% of the population who live
in private housing but not to the 40% that live in
erage

OOP
Health insurance coverage
Urban Rural Total

36.9% 72.7% 15.9% 30.1%d

46.4% 55.9% 12.7% 23.6%e

55.9% 55.2% 21.0% 29.7%f

41.6% N/A N/A 28.5%g

32.0% N/A N/A 40.2%h

31.0% N/A N/A 39.6%i

47.4% 55.8% 62.5% 57.6%

37.3% N/A N/A N/A

25.0% 98.2% 98.0% 98.2%j

ate health insurance; OOP, out-of-pocket payments.
nt expenditure includes provider subsidies, medical education,

surance includes the basic medical insurance, the government

), as well as various health expenditures by social organizations

l Health Surveys (1993, 1998, 2003).
ave universal access to public hospitals and clinics for a minimal

isodes are provided. Data from Leung GM, et al. The ecology of

0.
alth Expenditures released by Taiwan Department of Health, with

port of Life Insurance, Republic of China; for Health insurance

ccess to public sector care; General Household Survey Special

ccess to public sector care; General Household Survey Special

cess to public sector care; Thematic Household Survey 2005.
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government-subsidized housing. Because of its colonial
background, Hong Kong has reproduced a tax-financed
system as per the UK National Health Service as it devel-
oped the welfare state since the 1970s. Government gen-
eral revenue has funded most of hospital care, initially
through publicly operated facilities and subvention of
hospitals run by charities, and since 1991 these have
been consolidated under the single corporatized umbrella
of the Hospital Authority. In contrast, most of ambulatory
care has always been privately financed and provided
where OOP payments are common, amounting to about
one-third of total health expenditure, with limited prospec-
tive payment arrangements through employer-provided
(mostly multinationals or large local firms), and to a much
lesser degree self-purchased, medical insurance.
Taiwan

In contrast to the boom-bust trajectory of health insur-
ance coverage (and therefore access to care) on the main-
land, Taiwan has used the fruits of socioeconomic
development to progressively expand coverage by estab-
lishing three major social insurance programs (and seven
other smaller public insurance schemes), namely Labor
Insurance in 1950, Government Employee Insurance in
1958, and Farmers Insurance in 1989 (for which its prede-
cessor demonstration project started in 1985) (Lu and
Hsieh, 2000a; Cheng, 2003). Collectively, this had covered
about 57% of the total population by 1995. The 43%
uninsured, mostly consisting of the two age extremes
with the highest health-care need, were nevertheless
deterred from seeking necessary medical services, which
predictably resulted in socially patterned access to care, as
in China progressively since the 1980s, that was consistent
with Tudor Hart’s Inverse Care Law (Tudor Hart, 2000).

After nearly a decade of planning, including a 2-year
legislative marathon (Cheng, 2003), Taiwan replaced its
previous patchwork of ten separate social health insur-
ance funds with a single-payer, National Health Insurance
(NHI) scheme in 1995. The government planned its new
NHI system to achieve two essential objectives: providing
equal access to health care for all citizens, and controlling
total health spending within a reasonable level. The NHI
provides a comprehensive benefit package that covers
preventive and medical services, prescription drugs, den-
tal services, Chinese medicine, and home nurse visits
(Lu and Hsiao, 2003). It is financed mainly through pre-
miums (in the form of payroll tax) and supplemented with
direct government funding, and it compensates a mixed
health-care economy of public and private (dominant)
providers predominantly on a fee-for-service basis
(Chiang, 1997). Population coverage in the NHI scheme
had reached 99% by the end of 2004 (International Sym-
posium on Achievements and Challenges of National
Health Systems, 2005). Therefore, both Taiwan and
Hong Kong have now achieved universal coverage
through social insurance and tax financing, respectively,
which were instituted in tandem with their economic
development (the former lags the latter by about
15 years). Table 3 summarizes the current health
financing arrangements in the three populations.
Organization and Delivery of Care

China

On the supply side, the widespread nationalization of
facilities during the 1950s and 1960s was accompanied
by substantial investment in hospitals, public health infra-
structure, and the training of health professionals. The
delivery of personal health services was organized around
a three-tier system, whereas preventive and other public
health services were provided by ‘anti-epidemic stations’
at province, prefecture/city, and county/district levels,
the anti-epidemic department of township health centers
(THC), and health workers at village/street clinics.

In China (Chan et al., 2002), as in Taiwan (Chi et al.,
1996), traditional Chinese medicine is highly popular and
accessible and is widely practiced alongside Western allo-
pathy throughout the country. In a recent household sur-
vey in three provinces, 74% of individuals claimed that
they prefer to see a practitioner that practices both West-
ern and Chinese medicine (Kin, 2002). Every city has a
hospital practicing traditional Chinese medicine, and
there are plans for expansion so that every county is
covered (Hesketh and Zhu, 1997). Practitioners ofWestern
allopathic medicine report a high level of acceptance and
belief in traditional methods and medicines (Harmsworth
and Lewith, 2001). Although there are dedicated facili-
ties for traditional healing methods, most notably acu-
puncture and herbal remedies, as hospitals and clinics for
Western medicine are organized independently, there is
considerable overlap in the concurrent deployment of
mixed-treatment modes in both types of care settings.
Ninety-five percent of the Western hospitals also have
departments of traditional Chinese medicine, and 40%
of prescribed medicines are traditional (Zheng and Hiller,
1995). Herbal medicines accounted for 33.1% of the drug
market in China (World Health Organization, 2003).

In the 1980s, in addition to the already noted increased
emphasis on charging patients, some local governments
went further and privatized hospitals, health centers, and,
most frequently of all, village clinics. Despite the sharp-
ening of incentives that these reforms implied, they were
not accompanied by effective regulation or provider pay-
ment reforms to limit overprovision of care. In fact,
continued price regulation that set prices of basic services
below cost, and those of high-tech services and drugs
above cost, created strong incentives for providers to
focus their attention on those services on which they



Table 3 Health financing arrangements

China Hong Kong Taiwan

Health insurance

coverage

Urban social health insurance (BMI) covers

employees in the formal sector. Participation is

mandatory but not strictly enforced. Dependants,
unemployed, and informal sector workers are

excluded. Rural health insurance (NCMS) is

voluntary. Geographical coverage remains

limited but is being expanded rapidly. In both
urban and rural areas, private complementary

insurance is available to increase the level of

maximum benefit. For those outside formal health

insurance schemes, government subsidies to
health-care providers provide a form of implicit

insurance. However, due to the declining share of

these subsidies in overall financing, the implied

price subsidy is limited

Through a tax-financed system, all Hong Kong

residents are entitled to full, universal access to

public hospitals and clinics for a minimal
copayment, where 95% of total bed-days and

15–20% of ambulatory episodes are provided.

Supplementary private insurance, whether

provided by employers or self-purchased, is
generally enjoyed by the middle and upper

socioeconomic strata, but such coverage is

usually inadequate in the case of serious or

chronic illnesses, which are predominantly
provided for in the public sector

National Health Insurance (NHI), a compulsory

social insurance program implemented in 1995,

expanded the insurance coverage rate from 57%
to 92% by the end of 1995 and 99% in 2004

Risk pool structure/

fragmentation

Risk pooling in BMI is at city-level (country or

municipality); in NCMS, it is at county level. In

neither case is there risk-equalization across risk
pools, although there are targeted central

government subsidies in the NCMS

The tax-financed public sector covers the entire

population where private services are funded by

household out-of-pocket payments and mostly
employer-provided insurance policies

NHI operates on a common risk pool

Government

subsidies to health
insurance

In BMI, government pays contributions for

government employees, and also allocates some
funds to cover deficits and some extra benefits

for civil servants. The NCMS is partly financed by

central and local government. Some or all of

funds from the new medical assistance (MA)
scheme may be channeled through existing

health insurance schemes

N/A Government subsidizes 10% of the premium for the

labor workers and 100% for the low-income
households, veterans, and military service

personnel

Health insurance
contributions

In BMI, both employers and employees make
contributions that are a fixed percentage of

income. In many localities, individuals can make

voluntary payment for complementary coverage.

Part of contributions go into a personal MSA, and
the other part to a social pooling account. In

NCMS, individual contributions are fixed for all

beneficiaries within risk pools, but vary across

risk pools (counties). MSA model is used in some
counties

Public sector services are funded from government
general revenue. Private supplementary schemes

such as employer-provided medical benefits for

private care typically form part of the

remuneration package whereas individually
purchased insurance premiums vary a great deal

and such policies typically exclude pre-existing

medical conditions

Current contribution rate: 4.55% (of wage income);
the relative shares borne by employees and

employers depend on the category (currently, the

insured is classified into 6 major categories) that

the insured falls into. For instance, for labor
workers, employers, employees, and

government pay for 60%, 30%, and 10%,

respectively; the self-employed bear 100% of the

premium
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Benefits package

and copayments

BMI covers a certain percentage of eligible

expenditures (after deductible), up to a ceiling. In
most localities, MSAs are used to finance

outpatient care and social pooling account for

inpatient care. In other localities, social pooling

account is only accessed when personal account
is exhausted. Eligible expenditures and benefit

caps vary across risk pools. NCMS arrangements

are similar. However, due to lower level of

financing, the range of eligible services is
considerably more limited, and co-insurance

rates are often high. As with the BMI, benefits

packages varies across risk pools

The public sector provides the full range of

health-care services with minimal copayments,
amounting to 3–5% of total bed-day costs and

about 10–20% of ambulatory episode costs. All

pharmaceuticals are included and are not

separately billed

NHI provides a comprehensive benefit package

that covers preventive and medical services,
prescription drugs, dental services, Chinese

medicine, and home nurse visits. It also

incorporates a copayment of U.S.$5 for each

outpatient visit to clinics, U.S. $8 for each visit to
hospital outpatient clinics. There is a higher

copayment for hospital outpatient visits without a

referral by a primary care physician. For inpatient

services, the coinsurance rate is 10%, but the
total payable amount is capped at 6% for each

admission and 10% for each year of the average

national per capita income. People with
catastrophic illness, children under the age of 6,

and users of maternal and preventive services, as

well as low-income households, are exempted

from the copayment requirement
Special

arrangements for

the poor

(exemptions,
subsidized

insurance, etc.)

The new medical assistance program is intended to

provide benefits to the poorest segments of the

population, and to those facing ‘very high’ health

expenditures. Program details and
implementation, including the extent to which the

MA scheme is integrated with health insurance

schemes, varies considerably across localities. In
addition, some localities require hospitals to

provide health care to the poor for free or at

reduced prices, but this requirement is often not

enforced

Free (i.e. the usually minimal copayments are

waived) public health-care services for welfare

(namely, Comprehensive Social Security

Assistance) recipients

The low-income group whose premium is fully

subsidized by the government is also exempted

from point-of-care copayments

BMI, basic medical insurance; CMS, cooperative medical system; MA, medical assistance; MSAs, medical savings accounts; NCMS, new cooperative medical system; NHI, National

Health Insurance.
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could make a profit. These trends have continued to the
present, resulting in provision of unnecessary care and
contributing to the ensuing rapid cost escalation. The new
financing arrangements also had an impact on public
health institutions, which responded by introducing
charges for some services that had previously been free,
and by expanding their range of chargeable services. This
has negatively affected the delivery of key population
health interventions, such as immunization and tuber-
culosis control (Liu and Mills, 2002). Moreover, the
heavy reliance on county financing for public health has
resulted in large disparities in local capacity to implement
disease prevention and control programs.

In recent years, there has been limited experimenta-
tion with new forms of provider payment by health
insurers in both urban and rural areas. There have also
been efforts to address the adverse incentives that arise
from the distorted prices for services, including attempts
to better align service charges with costs. Progress has
been slow, however, because of a reluctance to increase
prices for the uninsured population.
Hong Kong

Postwar developments in health-care delivery in colonial
Hong Kong faced the dual challenges of population
explosion through births and, more important, immigra-
tion from China, as well as the legacy of an understaffed
and underfunded institutional infrastructure. The focus of
expansion was centered on the number of public and
‘subvented’ (run by nongovernmental organizations and
charities but largely funded from the public purse) hospi-
tal beds, almost to the exclusion of developing primary
care and integrating with the private sector. This
continued on an ad hoc path that had failed to meet health
needs until the 1980s (Gauld and Gould, 2002).

The mid-1980s to early 1990s saw major reorganiza-
tion of government and subvented hospitals under a new
parastatal corporation, the Hospital Authority (HA). The
HA introduced a modern managerialist culture and
improved quality, explicitly taking reference from parallel
reforms in Britain’s NHS; however, without concomitant
increase in user fees. Cost recovery has remained at 3–5%
for inpatient care and 10–15% for outpatient visits. This
predictably attracted away 10–15% of total bed-days from
the private sector, further consolidating the already
dominant market position of the public sector to 95%
inpatient bed-days, whereas private providers have con-
sistently looked after 70–85% of outpatient episodes, in a
compartmentalized (between levels of care and at the
public–private interface) mixed medical economy (Hsiao
and Yip, 1999; Leung et al., 2005). The HA, as a result of
the economic downturn from the late 1990s until 2004
and the ever-upward cost spiral associated with technol-
ogy diffusion, has sustained annual structural deficits
since 2001. At the same time, the government has been
handicapped by popular pressure (where most enjoy
essentially free health care because of Hong Kong’s nar-
row tax base and HA’s universal entitlement policy),
bureaucratic inertia, and political paralysis (arising from
strained executive-legislative relations resulting from
post-repatriation constitutional adjustments) frommaking
any meaningful change to the system despite numerous
consultancies and reports that have warned of an unsus-
tainable future (Health and Welfare Bureau 1993, 2001;
Hsiao and Yip, 1999).
Taiwan

Taiwan’s delivery system reflected its colonial heritage
under Japan, although to a much lesser extent than Hong
Kong mirrored the British. For example, hospitals run
large outpatient departments, the main purpose of which
is to maintain a steady supply of inpatients. The Japanese
policy of rapidly scaling up the supply of Western-style
allopathic physicians and midwives extended into the
Kuomintang-led era post-1945 (Hsiao et al., 1990); in
contrast, the Japanese suppressed and eventually banned
the practice of Chinese medicine, thus resulting in a
drastic decrease of licensed Chinese medicine prac-
titioners from 1903 to 24 (1901–1945) (Lin, 2004). Through
the aggressive advocating of the Chinese medicine practi-
tioners themselves, the government finally resumed the
licensing system for them in 1947. To enhance its scientific
attributes and gain market competitiveness, the practice
of Chinese medicine has been modernized through estab-
lishing medical training programs within the formal med-
ical school education system, which enrolls 270 medical
students yearly (people can also obtain a license to practice
through completing the Professional and Technical Spe-
cial Examinations for Doctors of Chinese Medicine and
undertaking an 18-month clinical training program) (Lin,
2004). Even though Chinese medicine, which is deeply
rooted in culture, has gained in popularity through the
expansion of insurance program coverage, neither the
supply of medical professionals nor the use rates are on a
par with its Western medicine counterpart.

Since 1945, the government has adopted a laissez-
faire attitude toward the development of the health-care
market, which experienced substantial, uninterrupted
expansion throughout the 1970s and 1980s (Lu and
Hsieh, 2000b).

The centralization of health-care dollars disburse-
ment, namely the NHI, gave it the market power to set a
uniform fee schedule, to experiment with various new
payment reforms (such as case payment and global bud-
geting), and to effectively exercise managerial control in
constraining provider behavior through its single-payer
system (Lu and Hsiao, 2003). Since NHI was implemen-
ted in 1995, there has been further sustained capacity
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expansion in Taiwan. Table 4 compares the health-care
establishment for the three economies in Greater China,
which shows that Taiwan has more than 15% more beds
than Hong Kong in three times as many hospitals per
100 000 population, but providing only about half as
many inpatient episodes per capita. Most of Taiwan’s
health providers operate in the private sector, where
86% of hospitals or 66% of all hospital beds, and 97% of
clinics (including some with short-stay beds) are privately
owned (Chang, 2001, 2003; Department of Health, 2005).
Therefore, there has been increasingly fierce competition
for and inducement of patient demand. Recent research
has shown that competition, mostly through non-price
strategies, has intensified since 1995, particularly in the
high-margin, competitive market of inpatient care. For
instance, many hospitals are quick to adopt and exploit
new medical technology to compete for patients (Lu and
Hsieh, 2003). By comparison, Taiwan andHong Kong have
Table 4 Service delivery establishment

China

Human resources Total

Western allopathic doctors per 100 000 population 104.4

Chinese doctors per 100 000 population 13.3
Nurses per 100 000 population 101.2

Dental practitioners per 100 000 population N/A

Hospitals
Hospitals per 100 000 population 1.4

of which

Public 0.8

Private 0.7
Hospital beds per 100 000 population 183.0

of which

Public 139.7

Private 43.3
Primary care providers

Primary care providers per 100 000 population 20.7

of which
Public 4.2

Private 16.5

Per capita outpatient visits per year Urban Rur

Total outpatient visits (including western allopathic,
Chinese doctor, and emergency room)

Total 0.86 0.9

richest 20% 1.10 0.9

poorest 20% 0.64 0.8
Cl 0.11 0.0

Western allopathic doctor visits

Total
richest 20% N/A N/A

poorest 20% N/A N/A

Cl N/A N/A

Chinese doctor visits
Total

richest 20% N/A N/A

poorest 20% N/A N/A

Cl N/A N/A
similarly high (benchmarked against Organization for
Economic Co-operation and Development (OECD)
countries) levels of outpatient utilization, distributed
more or less similarly across Western allopathic, Chinese
medicine, and emergency care and generated by about
the same number of Western allopathic doctors per
capita, although the population-standardized ratio of
Chinesemedicine providers registered inTaiwan is approx-
imately one-sixth of Hong Kong’s (Table 4). However,
like the deep urban–rural divide in China and indeed
in many Western countries with expansive land mass
and uneven population densities, Taiwan’s overcapacity
varies unevenly by geography and between specialties (as
physicians trade off risk, workload, lifestyle, and reward)
(Cheng, 2003).

Table 5 summarizes the different methods China,
Hong Kong, and Taiwan are currently using to remuner-
ate health-care providers.
Hong Kong (2004) Taiwan (2005)

a. Total e. Total i.

165.7 149.6

119.3 20.2
655.0 406.0

28.0 44.5
b. f. i.

0.7 2.5

0.6 0.4

0.2 2.1
456.5 570.9

415.4 196.4

41.2 374.5
c. g.

54.9 N/A

N/A N/A

N/A N/A

al d. Overall h. Urban Rural j.

2 11.04 10.72 10.76

8 12.28 10.36 10.70

2 11.81 12.01 10.79
4 0.02 �0.03 �0.01

8.27 8.53 9.39
9.34 8.02 8.51

8.61 9.75 9.44

0.02 �0.04 �0.02

2.55 2.05 1.25

2.82 2.18 2.05

2.82 2.08 1.29

0.02 0.01 0.10

Continued



Table 4 Continued

China Hong Kong (2004) Taiwan (2005)

Emergency room visits per year
Total 0.22 0.15 0.13

richest 20% N/A N/A 0.11 0.16 0.13

poorest 20% N/A N/A 0.39 0.17 0.11
Cl N/A N/A �0.25 �0.01 0.03

Total inpatient episodes

Total 0.04 0.03 0.14 0.09 0.13

richest 20% 0.06 0.04 0.13 0.07 0.14
poorest 20% 0.03 0.03 0.21 0.12 0.12

Cl 0.12 0.06 �0.10 �0.11 �0.03
Dental visits

Total 1.14 2.69 1.93
richest 20% N/A N/A 1.85 2.87 2.00

poorest 20% N/A N/A 0.62 2.77 2.05

Cl N/A N/A 0.23 0.01 0.03

CI, concentration index.
aStaffing data from MOH Health Statistical Digest (2005), population data from China Statistical Yearbook. The distinction between

traditional Chinese medicine (TCM) and western allopathic doctors is based on data from 2002, which indicates that 11.3% of all

doctors work in TCM departments. Note that professional classifications in China do not in all cases follow international norms or
standards.
bHospital data from MOH Health Statistical Digest (2005); hospitals include general hospitals, TCM hospitals, minority hospitals,

specialized hospitals.
cIncludes health service center for community, urban, and township health centers, outpatient departments, clinics, MCH centers, and
first-aid stations.
dEstimates of service utilization are based on National Health Survey (2003); estimates by quintile are not available for the population as

a whole; the survey-based estimates of utilization are lower than estimates based on administrative data from the China Health

Statistical Digest (1.6 outpatient visits per capita and 0.047 inpatient episodes per capita in 2004). In part, this discrepancy reflects
the fact that the survey-based estimates do not include preventive visits, but other factors may also be important.
eHong Kong Annual Digest of Statistics; for Chinese doctors, Chinese Medicine Council of Hong Kong (2004 figures).
fDepartment of Health Annual Report.
gEstimate based on 2004 Health Manpower Survey of Department of Health.
hThematic Household Survey 2002.
i2005 Department of Health, Health Statistics.
j2001 Health Interview Survey.
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Assessment of System Performance

How well do the health systems under consideration fare?
Two yardsticks often used are ‘equity’ and ‘efficiency,’
with the latter being assessed in terms of how well the
system deals with ‘market failures’ – instances in which a
free market would produce socially inefficient outcomes.
‘Externalities’ and ‘public goods’ are a key pair of market
failures in the health sector; together they provide the
economic rationale for public health programs. ‘Adverse
selection’ in insurance is another – some people are more
likely to fall sick than others and can conceal this informa-
tion from a prospective insurer. The final type of market
failure is known as ‘moral hazard.’ Once insured, patients
have an incentive to overconsume health care. This ten-
dency will be reinforced if providers have a financial
incentive to deliver extra care, and if, as is likely, providers
are better informed than both patients and insurers
about the patient’s medical needs. Demand-side moral
hazard will be reinforced by supply-side moral hazard;
the effect will be upward pressure on health-care costs.
China

Government spending on health (including social
insurance) disproportionately benefits the better-off
(O’Donnell et al., 2007b). This results in part because
nearly half goes toward supporting urban health insurance
schemes, the members of which are disproportionately from
the higher income groups, even within urban areas. But
it also reflects the heavy concentration of supply-side sub-
sidies in urban hospitals (Ministry of Health, 2004). Further-
more, there are large geographic inequalities in government
health spending favoring richer localities, because China’s
intergovernmental fiscal system does relatively little to
break the link between a province’s per capita income and
the resources it has available for government spending.
Table 6 summarizes observed inequalities across the three
economies and shows the rich–poor and urban–rural divide
that characterizes the current Chinese health system.

Some think that China’s government ought to be doing
more on public health. Allowing public health institutions
(PHIs) to raise revenues from patients and others, coupled



Table 5 Provider payment methods

China Hong Kong Taiwan

Provider
payment

methods

Government subsidies to providers
typically based on bed or staffing

norms, or on historical standards.

Government sometimes

cofinances capital expenditures
of health-care providers. In BMI

and NCMS, fee-for-service is

predominant, although some

localities have experimented with
case-based or capitation

payment

All public sector providers are
salaried whereas private health

care is mainly fee-for-service.

Private charges are largely

market-driven with no uniform fee
schedule, except in the case of

third-party payers or preferred

provider network arrangements

Mainly fee-for-service (FFS) based
on a uniform fee schedule;

capitation for remote island

experimental sites; case payment

method (prototype of DRG) for
selected 50 treatment

procedures; quality-based FFS is

experimented on selected

disease types; separate global
budget for Chinese medicine,

dental services, primary care

clinics, and hospitals
Role of

government

in price

regulation/fee
setting

Government regulates prices paid

by self-paying patients, with

prices set below cost for ‘basic’

services and above cost for
advanced/high-tech services.

Where prospective payment

methods have been introduced,

the fee schedule has been
determined on the basis of local

negotiation between insurer and

provider

Government, through the statutory

Hospital Authority, sets user fees

for public health care only. It

takes a laissez-faire approach to
private provider payment levels

and methods

NHI pays providers based on a

uniform fee schedule which is not

cost-based but rather derived

from some gradual modification
made to the fee schedule

adopted by Labor Insurance (pre-

1995), but the prices paid by self-

financing patients, and for
noncovered services, are

unregulated

Pharmaceutical

regulation

(drug lists,

etc.)

The prices of some drugs are

regulated. In the past, fixed

margin was permitted in retail

sale of pharmaceuticals, but
recently the government instead

introduced guiding prices and

promoted competition in the retail

market. The use of drug
formularies is common, but

practices vary considerably

across localities

No drug list or price regulation

although the Hospital Authority

receives substantial discount

from oligopolistic bulk purchasing
due to its market size

NHI sets drug prices listed in the

formulary through various

methods, such as

pharmaceutical price surveys,
negotiation, etc.

BMI, basic medical insurance; FFS, fee-for-service; NCMS, new cooperative medical system; NHI, National Health Insurance.
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with fiscal decentralization, appears to have impacted
negatively on the coverage of personal public health
interventions, such as immunization, and is also believed
to have hindered the development of public-good-
type programs such as disease surveillance, especially in
poor areas.

The obvious policy to reduce the risk of adverse
selection – making insurance compulsory – has been
adopted by the government in the case of the urban scheme.
However, it seems likely that the low rates of coverage
reflect high rates of noncompliance by some enterprises,
possibly those with a younger and healthier workforce. In
the rural scheme, the government has decided not to make
enrollment compulsory, worried about being seen to be
introducing a new tax or ‘fee’ at a time when it is trying to
reduce the fiscal burden on rural households and to pro-
mote ‘social harmony.’ It is possible that by making insur-
ance so attractive financially, subsidies will reduce or
eliminate any adverse selection. Time will tell.

Although the evidence on adverse selection in China’s
health system is not clear-cut, the evidence points
strongly toward the spread of moral hazard. Health-care
costs have risen rapidly in recent years. One study found
that 20% of expenditures associated with the treatment of
appendicitis and pneumonia were clinically unnecessary
(Liu and Mills, 1999). China has one of the highest shares
of pharmaceutical expenditures in total health expendi-
ture in the world—46.2% in 2003, compared to an aver-
age of around 15% in the OECD, 8.4% in Hong Kong,
and 22.8% in Taiwan (Table 1). One study of village
clinics found that only 0.06% of drug prescriptions were
reasonable (Zhang et al., 2003). In an attempt to curb
overuse of services among the urban insured, China intro-
duced demand-side cost-sharing by getting patients to
pay a sizeable fraction of the cost of care out of their
own pocket, through a complex system of medical savings
accounts (MSAs). These may have done more harm than
good: their effects on use appear to have been limited (Yip
and Hsiao, 1997), but they do seem likely to have caused
financial hardship by limiting the amount the scheme will
reimburse. More successful, it seems, has been the intro-
duction in a limited number of localities of supply-side



Table 6 Inequality in financing

China Hong Kong Taiwan

Urban Rural Totala Effective coverage via

tax-financed schemed
Supplementary

private

coveraged

Totalg

Health insurance coverage

Total 55.2% 21.0% 29.7% 100% 49.3% 98.2%

Richest 20% 80.5% 31.9% 100% 80.1% 99.5%

Poorest 20% 24.0% 20.1% 100% 25.1% 96.5%

OOP as % total household consumption Totalb Totale Totalh

Total N/A N/A 4.1% 2.3% 4.5%

Richest 20% N/A N/A 3.5% 2.7% 3.3%

Poorest 20% N/A N/A 4.6% 1.9% 5.5%

Households with catastrophic health-care

expenses (%) (15% of income/expenditure)

7.0% 3.0% 3.1%

Benefit incidence of government health

spending

Inpatient Outpatientc Inpatient Outpatientf Total

Richest 20% 35.7% 25.3% 6.1% 11.1% N/A

Poorest 20% 6.9% 10.9% 38.9% 38.7% N/A

Distributional incidence of health-care financing Concentration

indexi
Kakwani

index Weights

Concentration

index

Kakwani

index Weights

Concentration

indexj
Kakwani

indexj Weightsj

Direct taxes 0.6038 0.1521 0.0242 0.7840 0.3940 0.3755 0.5331 0.2576 0.0331

Indirect taxes 0.4915 0.0398 0.1298 0.5003 0.1102 0.0975 0.2953 0.0198 0.0262

Social insurance 0.6865 0.2348 0.1818 N/A N/A N/A 0.2980 0.0225 0.5653

Private insurance N/A N/A N/A 0.4304 0.0403* 0.1489 0.4200 0.1445 0.1173

Direct payments 0.4349 �0.0168* 0.6642 0.4014 0.0113* 0.3781 0.1856 �0.0899 0.2581

Total financing 0.4921 0.0404 0.5590 0.1689 0.2909 0.0155

aHealth insurance coverage based on National Health Surveys (2003); estimates for combined rural and urban population by quintile are not available.
bData from EQUITAP Working Paper #2, based on subsamples of China Urban Household Survey and China Rural Household Survey by National Bureau of Statistics.
cBenefit incidence analysis from EQUITAP Working Paper #3, based on National Health Household Interview Survey (MOH); estimate is the simple average of results from two provinces (Gansu and

Heilongjiang) and are therefore not representative for China as a whole.
dAll Hong Kong residents have universal (effective coverage approximates 100%) access to public hospitals and clinics for a minimal copayment, where 95% total bed-days and 15–20% ambulatory

episodes are provided (Leung GM, et al. (2005) The ecology of health care in Hong Kong. Social Science and Medicine 61(3): 577–590). Supplementary private coverage refers to employer-provided

medical benefits and individually purchased health insurance, over and above universal access to public sector care; Thematic Household Survey 2002.
eHousehold Expenditure Survey 1999/2000.
fThematic Household Survey 2002.
g2001 Health Interview Survey.
hCl (concentration index) and Kakwani index are computed based on data from 2005 DGBAS Survey of Family Income and Expenditure; weights are derived from 2005 Department of Health NHE

figures with estimates of private insurance expenditures by R Lu based on Annual Report of Life Insurance, Republic of China.
iInference not undertaken for taxes and total financing indices, since these are computed as weighted averages. The concentration index is an index of the distribution of payments. It is restricted to

the range (�1,1). A negative (positive) value indicates that the poor (rich) contribute a larger share than the rich (poor). A value of zero indicates that everyone pays the same, irrespective of ability to

pay. The Kakwani index, the difference between the concentration index and the Gini coefficient of inequality, is used as a summary measure of proportionality. Its value ranges from �2 to 1.

A negative number indicates that payments fall as a proportion of ability to pay (ATP) as the latter increases. A positive number indicates that the share of payments made by the rich is greater than their

share of total ATP. In the case of proportionality, the index is zero.
j2005.

*Indicates not significantly different from zero at 5%.
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cost-sharing: paying providers a pre-agreed sum per case
depending on the diagnosis, rather than letting providers
simply bill the insurer for whatever tests and care they
decide to provide (Cai et al., 1999; Liu et al., 2001; Yip and
Eggleston, 2004). The relative success of supply-side cost-
sharing reflects the fact that it addresses some of the
perverse incentives caused by China’s official price sched-
ule (Liu and Mills, 1999; Liu et al., 2000).
Hong Kong

Hong Kong is an exceptional example of progressive
financing arising from reliance on taxation and an ability
to shield those on low incomes from OOP payments
(O’Donnell et al., 2007a). The territory boasts a highly
vertically equitable system in which the rich pay more
absolutely and as a proportion of income (Table 6). Nev-
ertheless, it does not fare as well on the dimension of
horizontal equity. There is pro-rich inequity in the deliv-
ery of general outpatient care (but not specialist care) and
very marginally for inpatient care (Leung et al., 2005).

On dealing with externalities, Hong Kong has contin-
ued to maintain a sound basic set of public health
institutions (PHIs), although it has yet to develop a com-
prehensive portfolio of modern public health responsibil-
ities – including technology assessment, economic and
policy analyses, health target setting, regulatory oversight,
and health information management – befitting its stage
of development. All this would require new funding com-
mitments, however, beyond the current and stagnated 3%
of total health expenditure for disease prevention and
health promotion (Leung et al., 2006).

In 1999, Hong Kong legislated for the regulation of the
practice of Chinese medicine practitioners and the use,
manufacture, and trading of Chinese medicines; and from
2005, the Department of Health has run trials on the
development of standards for some commonly used
herbs through the dissemination of the Hong Kong
Chinese Materia Medica Standards. Government has
clearly been trying to bring the previously underregulated
sector into the formal care system, from the licensing and
oversight of practitioners to the registration and testing
of herbs and medicines. However, there remains a large
gap at the practice level in terms of integration between
traditional therapies and the dominant allopathic sector.

Given its universally accessible public sector, adverse
selection is virtually nonexistent. In the private supplemen-
tary insurance market, however, coverage is highly pat-
terned according to health and socioeconomic gradients
(Table 6). Moral hazard also appears to be relatively lim-
ited in Hong Kong. One recent study (Wong et al., 2006)
suggested that third-party coverage, be it public entitle-
ment or private insurance, mostly facilitated access that
met genuine health need rather than inappropriate overuse
of services. A supply-driven public sector and high OOP
co-payments for private services probably explain these
observations.

Therefore, Hong Kong’s system appears to be func-
tioning well overall. The most pressing question seems to
be more one of residents genuinely wanting more spent,
but the government being reluctant to use its tax dollars to
increase health expenditure. This raises the question of
whether the appropriate response is not to reexamine the
tax base and to raise the share of the gross domestic
product (GDP) going to taxes. After all, it is the govern-
ment’s tax take that is the real issue, not a health system
that is broken.
Taiwan

Taiwan’s compulsory NHI program has delivered broadly
satisfactory results in terms of equity in both the financing
and delivery of care (Lu et al., 2007; O’Donnell et al.,
2007a). Although social insurance financing is almost
always regressive, the extent to which it is so in Taiwan
is relatively limited (Wagstaff et al., 1992; O’Donnell et al.,
2007a) (Table 6). On the delivery side, the scope of
service coverage by NHI largely determines the extent
to which the principle of equal treatment for equal need is
followed. For comprehensively covered services, such as
inpatient and outpatient visits, a pro-poor or proportional
pattern emerges, albeit with a clear urban–rural differ-
ence accounted for by the uneven geographic supply of
providers (Lu et al., 2007). NHI has in recent years used
monetary incentives to encourage providers to relocate to
underserved areas (Lu and Hsiao, 2003).

There has been increasing investment in addressing
public health externalities. Spending on PHIs reached a
record high of 4.24% of total health spending in 2004
compared to an average of 3.5% between 2000 and 2003
and 2.5% in the second half of the 1990s (Department of
Health, 2005).

With close to 100% coverage, adverse selection is not
an issue in post-NHITaiwan. However, like inHongKong,
supplementary private insurance, which has grown con-
siderably and now accounts for 9% of total health finance,
is largely distributed by social advantage (Table 6).

Where NHI has shielded needy patients from financial
barriers to access, moral hazard (that is, the incentive of
patients, once insured, to overconsume health care) is also
likely to increase. Average inpatient utilization increased
by 10% immediately after NHI came into effect, andwent
up another 10% by 2001 (Lu and Hsiao, 2001). In the
outpatient setting, those who were previously uninsured
had increased their use to the same level as those who
were previously covered (Cheng and Chiang, 1997).
Technology diffusion, the main cost driver in any modern
health system, also accelerated post-NHI where there
was, for example, a pronounced increase in the use of
computed tomography (CT) and magnetic resonance
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imaging (MRI) (Lu and Hsieh, 2003). Notwithstanding
this higher utilization (be it the effect of moral hazard or
enhanced accessibility due to NHI), the total increase in
national health spending between 1995 and 2000, after
controlling for exogenous spending growth drivers, was
not more than the amount that Taiwan would have spent
without the program. Such cost containment on the macro
level was attributable to the single-payer feature of NHI
(Lu and Hsiao, 2003).
Rising up to Challenges

In this section, our discussion is not about identifying
challenges but about how policymakers in each system
are trying or might try to tackle them.
China

China’s government has already taken steps to achieve
greater equity through better-targeted and additional gov-
ernment spending. NCMS is to be subsidizedwhere central
government subsidies are to be targeted toward the coun-
try’s poorer central and western provinces, and reinforced
by subsidies from provinces to counties. The new medical
assistance (MA) program is geared toward the poor. Both
will help improve equity, but neither is likely to eliminate
the pro-rich bias in government health spending. One
option would be to reduce the emphasis on programs that
disproportionately benefit the better off, such as govern-
ment support to urban insurance and supply-side subsidies
to hospitals, and to increase the share of spending going to
pro-poor programs, such as central government spending
on the NCMS. Another option is to keep the spending mix
the same but reduce the degree towhich pro-rich spending
items benefit the better off, and increase the degree to
which pro-poor items benefit the poor. Through changes
to the contribution schedules, some existing government
expenditure on urban health insurance could be redirected
to making insurance more affordable for the poor. Supply-
side subsidies could be targeted increasingly to lower-level
facilities used by China’s rural poor rather than to city
hospitals. Central government support to the new rural
insurance scheme could be targeted increasingly to poorer
provinces. Many other options are possible.

The government has increased spending and made
substantial progress in better tackling externalities and
public goods, especially those associated with public
health. Recent efforts include rolling out directly observed
therapy for tuberculosis across the country and developing
a new nationwide computer-based communicable disease
surveillance system. Other new programs have been intro-
duced, including the Four Frees and One Care initiative
for human immunodeficiency virus/acquired immunode-
ficiency syndrome (HIV/AIDS), which includes, for
example, free anti-retroviral (ARV) drugs to AIDS
patients who are rural residents or people with financial
difficulties living in urban areas. Geographical disparities
in local government spending on public health remain an
issue. Tighter targeting of resources from central or pro-
vincial government would be one option. Less unequal
public health expenditures, as well as strengthened coor-
dination and technical guidance, could also be achieved
through a centralization of public health responsibilities.
This could be accompanied by horizontal integration to
overcome some of the duplication and coordination pro-
blems that currently plague the public health system.

As far as tackling moral hazard is concerned, the
increased use of prospective purchasing by some urban
and rural insurers ought to be – given the OECD
countries’ experience (Docteur and Oxley, 2003) – a posi-
tive development. This will be especially true if insurers
develop a greater capacity to control quality and act as
champions for their members’ interests, including the
amount they pay OOP. Other measures being piloted –
including the separation of prescribing and dispensing
drugs – would also seem worth continuing. The benefits
of some other measures are perhaps less clear. For exam-
ple, the government has allowed – and in some provinces
positively encouraged – the privatization of health facil-
ities and the development of a for-profit market. In the
absence of firmer regulation by government and by medi-
cal associations, there is a risk that these developments
could encourage further moral hazard. Finding the appro-
priate incentives and institutions to address moral hazard
is arguably one of the biggest of all the problems China’s
government faces in its health sector.

Although indigenous traditional medicine remains an
important part of health care, China’s rapid development
has placed heavy pressures to modernize, Westernize, and
globalize every sector of society; these developments, on
the one hand, in turn may inadvertently reduce the highly
popular and widespread role of Chinese medicine in the
delivery system (Burke et al., 2003). On the other hand, the
process of economic reform and modernization may fur-
ther facilitate the industrialization of Chinese traditional
therapies in the form of standardized pills and ampoules
that are subjected to western-style drug regulatory pro-
cesses including randomized, placebo-controlled testing.
The challenge will remain sorting out truly efficacious
niche roles of Chinese medicine that are truly integrative
with Western allopathy. Sadly, such examples, with nota-
ble exceptions, such as the anti-malarial artemisin,
analgesic properties of acupuncture, and some immuno-
modulatory herbal compounds, are few and far between
(Hesketh and Zhu, 1997).
Hong Kong

Of the three populations, Hong Kong has perhaps the
fewest serious diagnosable problems, yet its people are
increasingly unhappy with the state of the system. The
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(upper) middle classes, overrepresented politically, face a
double-financial burden by almost exclusively bearing the
direct taxes that fund public care while paying OOP for
private services. There is also anecdotal evidence to sug-
gest that more generally Hong Kong people place consid-
erable emphasis on individual responsibility (i.e., there is
declining solidarity) for health care, and that attitudes to
equity have changed from the 1970s and 1980s when the
territory was transitioning through economic develop-
ment (Fung et al., 1999; Health Welfare and Food Bureau,
2004). On the supply side, the powerful medical lobby has
been intensifying its push for restoring the pre-HA
(Health Authority) public–private inpatient market share
and further shifting outpatient care to the private sector.
Thus, the political viability of continuing to rely on tax
financing alone has been increasingly questioned.

Mandatory supplementary insurance and medical sav-
ings accounts (MSAs) have been suggested as possible
options to finance further privatization of care, which
seems likely given Hong Kong’s otherwise laissez-faire
economy and present political pressures (Fung et al.,
1999; Health and Medical Development Advisory Com-
mittee, 2005). The key challenge with both instruments is
to minimize moral hazard. For MSAs in particular, there
are also the attendant dangers of cost escalation, which
plagued the Singaporean Medisave (Hsiao, 1995) reform,
if the funds can be used contemporaneously, or inter-
temporal economic deadweight loss if the funds can only
be expended in old age as government seems to have
suggested (Health Welfare and Food Bureau, 2004).

From a macroeconomic efficiency perspective, how-
ever, the tax system exists to generate revenue for gov-
ernment programs, and if it is not generating enough for a
well-functioning health system, the obvious answer seems
to be to focus on fixing the tax system, not putting on the
table reform ideas like private insurance and medical
savings accounts, which may well undermine existing
strengths of the system and lead to other problems not
currently evident. Notwithstanding its narrow tax base
and low contribution rates, which essentially funds almost
all inpatient and some outpatient care, Hong Kong only
spends 5.0% of GDP on health overall. Although there is
little sensible reason to preset an arbitrary level of health
expenditure, and officials are loathe to tinker with the
territory’s low-tax regime, there should be a reexamina-
tion of the relative distribution of the tax dollar among
different policy areas such as health, education, and
housing.
Taiwan

The single most important challenge confronting Taiwan
concerns financial sustainability. NHI’s revenue base has
not kept pace with GDP growth because contributions are
capped at the upper end of income (where the top earning
base is only 5.5 times that of the lowest earning base).
Meanwhile, health-care costs have grown andwill continue
to increase more quickly than national income (Organisa-
tion for Economic Co-operation and Development, 2006).
Therefore, the contribution rate was raised from 4.25 to
4.55% in 2002 amid a major political storm. Facing a nearly
depleted reserve in 2005, NHI quickly promulgated a series
of ‘multi-facet micro-tuning’ programs to expand the reve-
nue base and further contain cost, but it deliberately cir-
cumvented further increase in the contribution rate across
the board. Specifically, the contribution cap was raised so
that the highest earning base became 8.3 times that of the
lowest; tobacco tax was doubled; and new budgets were
sought to finance high-priority and easily identifiable
items such as preventive interventions, infection control,
and medical education in the form of teaching cost from
relevant government agencies. On cost containment, NHI
strengthened primary care gate-keeping by increasing
copayments for hospital services without a referral. It also
further tightened the claims review process to reduce dupli-
cate testing and fraud. Nonprescription drugs are now no
longer reimbursed, and the reimbursement rates for pre-
scription medicine were lowered.

Nevertheless, ‘multi-facet micro-tuning’ was only a
temporary measure to ameliorate the imminent threat of
insolvency. In 2006, the government proposed to change
the premium contribution from a payroll tax base to a
household income base, thereby broadening the risk pool,
and to limit (by explicitly capping contributions at a fixed
percentage of the total revenue base) the financial
exposure of employers and government. Moreover,
occupation-based public subsidy would be replaced by a
household income assessment mechanism, which should
bring about more targeted support to the socially indi-
gent, although it could prove costly administratively in
terms of premium assessment and collection.

In dealing with moral hazard, NHI has employed both
demand side and supply side strategies, but has placed
more emphasis on the latter recently. For instance, Bureau
of National Health Insurance announced its plan to phase
in diagnosis-related groups (DRGs) for inpatient services
in a four-year period starting in 2008. Although this policy
is designed and expected to improve cost containment, it
may inadvertently encourage ‘cream skimming’ by provi-
ders. In addition, a more insidious ramification of this
policy may be a slow creep down the quality gradient by
imperceptibly trading patients’ quality of life for cost
savings imposed by global budgeting instead of trimming
back non-core-patient-related activity.
Lessons Learned

This article has provided a brief overview of all three
health systems in the Greater China region and the chal-
lenges they face in terms of achieving equity and addres-
sing market failures in the health sector. Some interesting
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patterns emerge. As regards equity, China faces the big-
gest challenges, performing worse than both Taiwan and
Hong Kong in terms of both inpatient and outpatient
utilization and the prevalence of catastrophic health-
care expenditures. China has a highly pro-rich distribu-
tion of OOP health-care expenditures (i.e. the rich spend
more) and OOP spending is less regressive in China than
in Taiwan. However, this pattern largely reflects the low
levels of utilization among the poor in China.

Achievement in terms of catastrophic health-care
expenditures and equity in utilization in Hong Kong and
Taiwan relative to China reflect the higher insurance
coverage in the former populations. Indeed, both Hong
Kong and Taiwan have achieved near universal coverage,
although through quite different routes. Whether through
implicit insurance through tax-financed health care
(Hong Kong) or mandated social health insurance
(Taiwan), universal coverage effectively confines adverse
selection problems in these health systems to the rela-
tively small private health insurance market. Adverse
selection in the insurance market is a more serious con-
cern in China, where the new rural health insurance
scheme is based on voluntary participation, and where
mandatory participation in the urban scheme is not effec-
tively enforced.

It is harder to reach a conclusive assessment of how
successful the respective health systems have been at
addressing other market failures in the health sector.
Severe acute respiratory syndrome (SARS) and, more
recently, avian influenza, have brought home the chal-
lenges all three systems face in the area of public health.
In all cases, these challenges have been met by increased
government financing and attention. Reflecting a high
degree of decentralization and a continued reliance on
‘own business revenues’ to finance public health institu-
tions, China is perhaps unique in the institutional and
organizational challenges in public health.

Moral hazard has been a challenge in all the health
systems, although to a different degree. Like many tax-
financed health systems, Hong Kong has successfully
mitigated moral hazard problems through a combination
of modest demand-side cost sharing and effective control
of provider incentives through public ownership. In recent
years, corporatization of the hospital sector and other
supply-side reforms have sought to balance the need to
control supplier-induced demand, on the one hand, and
incentives for efficiency, on the other. Insofar as moral
hazard has been a problem in Hong Kong, it has largely
been limited to drug prescriptions in ambulatory care. In
contrast, provision of unnecessary care and drugs is a well-
documented problem in both China and Taiwan. Taiwan
has made important strides in addressing this problem,
primarily through the introduction of new forms of pro-
vider payment and efforts to separate drug prescription
and dispensing functions. The recognition of moral hazard
has been growing in China in recent years. Measures to
date have included a mix of demand- and supply-side
measures, with supply-side cost-sharing apparently being
the more effective and popular approach.

Echoing the WHO’s Traditional Medicines Strategy
2002–05, all three systems in Greater China have a rich
legacy of traditional healing that should undergo further
modernization reforms in terms of a coherent policy
framework, safety, efficacy and quality regulation, effec-
tive access, and promotion of rational use in an integrative
framework with Western allopathy (Bodeker and Kronen-
berg, 2002).
See also: East Asia and Pacific States, Health Systems of;

Health System Organization Models (Including Targets

and Goals for Health Systems); Japan, Health System of;

South Asia, Health Systems of; Urban Health Systems:

Overview; World Bank; World Health Organization.
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The Organism

Classification

Chlamydiae are obligate intracellular bacteria with a
unique developmental cycle. They are ubiquitous patho-
gens, infecting many species of mammals and birds. The
genus Chlamydia comprises at least four species, three of
which can infect humans. C. trachomatis affects only
humans and causes ocular, genital, and systemic infections
that affect millions of people worldwide. C. pneumoniae
causes mainly human respiratory disease, has been asso-
ciated with atherosclerosis, and equine and koala strains
exist. C. psittaci infects birds and other animals, resulting in
major economic losses, and is occasionally transmitted to
humans. The fourth chlamydial species, C. pecorum, causes
pneumonia, polyarthritis, encephalomyelitis, and diarrhea
in cattle and sheep.

An alternative taxonomic classification, based on 16S
RNA sequence analysis, has been proposed. In this, the
order Chlamydiales contains four families, the first of
which, Chlamydiaceae, comprises two genera, namely,
Chlamydia (for example, Chlamydia trachomatis) and Chlamy-
dophila (for example, Chlamydophila pneumoniae). This pro-
posal has not been universally accepted by those working
in the field.
Developmental Cycle, Serovars, and Protein
Profile

Chlamydiae probably evolved from host-independent,
Gram-negative ancestors that contained peptidoglycan
in their cell wall. The chlamydial envelope, like that of
Gram-negative bacteria, has inner and outer membranes.
The infectious elementary body is electron-dense, deoxy-
ribonucleic acid-rich, and approximately 300 nm in
diameter. The elementary body begins its intracellular
life cycle by binding to the eukaryotic host cell and
entering by parasite-specified endocytosis. Inside the
host cell, fusion of the Chlamydia-containing endocytic
vesicle with lysosomes is inhibited and the elementary
body begins its unique developmental cycle. After
approximately 10 h, it has differentiated into the larger
(800–1000 nm), noninfectious, metabolically active, retic-
ulate body (RB). This divides by binary fission, and by
20 h RBs start to reorganize into a new generation of
elementary bodies, which reach maturity 20–30 h after
entry into the cell. Their rapid accumulation within the
endocytic vacuole precedes release from the cell between
30 and 48 h after the start of the cycle (Figure 1).

The complete genome sequence of C. trachomatis (ser-
ovar D) was published in 1998. The genome is small
relative to other bacteria (approximately 1.04Mbp), and
encodes 894 proteins. Since 1998, the complete genome
sequences of C. pneumoniae, serovar A of C. trachomatis, and
C. muridarum (otherwise known as the mouse pneumonitis
strain of C. trachomatis), and of various species within the
C. psittaci complex have been published. Gene order and
content are highly conserved between chlamydial species,
with the exception of a variable region known as the
plasticity zone, which contains genes involved in trypto-
phan metabolism, nucleotide biosynthesis, and cellular
toxicity.

A number of outer membrane proteins have been
identified, several of which have been proposed as possi-
ble vaccine candidates. The major outer membrane pro-
tein (MOMP) is immunodominant in the elementary
body, and contains epitopes that exhibit genus, species,
and serovar specificity. The serovar-specific epitope is
the basis of the microimmunofluorescence test by which
C. trachomatis has been separated into 15 serovars: A, B, Ba,
and C are responsible mainly for endemic trachoma, and
D–K for oculogenital infections. Serovars L1, L2, and L3
of C. trachomatis cause the genital disease, lymphogranu-
loma venereum. Amino acid sequences of the MOMPs of
all C. trachomatis serovars are now known and epitope
maps of different antigenic domains have been published.
The MOMP genes contain five highly conserved regions
punctuated by four short variable sequences. Serovar-
specific epitopes have been demonstrated in variable
sequences I and II, while species-specific epitopes have
been found in variable sequence IV.
Immune Response and Pathogenesis

The immune response to chlamydial infections may be
protective or damaging, much of the pathology being
immunologically mediated. The hallmark of C. trachomatis
infection is the lymphoid follicle. Follicles contain typical
germinal centers, consisting predominantly of B lym-
phocytes, with T cells, mostly CD8þ cells, in the para-
follicular region. Between follicles, the inflammatory
infiltrate contains plasma cells, dendritic cells, macro-
phages, and polymorphonuclear leucocytes in addition
to T and B lymphocytes. The late stage of chlamydial
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infection is pathologically characterized by fibrosis, seen
typically in trachoma and pelvic inflammatory disease. In
fibrosis, T lymphocytes are also present and outnumber
B cells and macrophages. Biopsies taken from patients
with scarring trachoma and persisting inflammatory
changes show a predominance of CD4 cells, but those
from patients in whom inflammation has subsided contain
mainly CD8 cells.

Repeated ocular infection by C. trachomatis induces
progressively worse disease with a diminished ability to
isolate the organisms, features noted both naturally and
experimentally. There is also experimental evidence that
such events occur in the genital tract. For example, pri-
mary inoculation of the oviducts of pig-tailed macaques
with C. trachomatis produced a self-limiting salpingitis
with minimal residual damage, whereas repeated tubal
inoculation caused hydrosalpinx formation with adnexal
adhesions. In the cynomolgus monkey model, a similar
exaggerated inflammatory response was elicited by the
genus-specific 57-kDa protein that has sequence homol-
ogy with the GroEL heat-shock protein of Escherichia coli.
It is thought that the damaging sequelae of chlamydial
infections, such as scarring in trachoma, tubal adhesions
following pelvic inflammatory disease, and reactive
arthritis consequent to urethritis, may result from soluble
mediators of inflammation in response to the 57-kDa
protein. Thus, it is possible that interferon-g secreted
by lymphocytes from immune subjects, together with
other cytokines, particularly those that stimulate fibro-
blast activity, such as interleukin 1 and tumor necrosis
factor-b, may play a part in the scarring process.

The epidemiology of trachoma suggests that protective
immunity follows natural infection, as active disease is
uncommon in adults in endemic areas, and C. trachomatis

can rarely be isolated from them. Similarly, the chlamyd-
ial isolation rate for men with nongonococcal urethritis
is lower in those who have had previous episodes. In
trachoma-endemic communities, the duration of untreated
ocular C. trachomatis infection decreases with age (Bailey
et al., 1999). These observations, and the results of animal
experiments, indicate that infection with C. trachomatis eli-
cits a protective immune response. Nevertheless, attempts
to develop an effective vaccine against anyof the chlamydial
species have, so far, been unsuccessful.
Genital Tract Infections

Magnitude of the Problem

Infections of the genital tract due to C. trachomatis occur
worldwide. The World Health Organization estimates
that 89million new sexually transmitted infections occur
annually (Gerbase et al., 1998). Their incidence continues
to increase even in European countries with extensive
screening programs, with the highest incidence in young
women. The economic burden on health services due to
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genital chlamydial infections is enormous; for example,
more than $3 billion per year for pelvic inflammatory
disease in the United States, based on 1994 incidence data.
Disease Syndromes

Nongonococcal urethritis

C. trachomatis is detectable in the urethra of up to 50% of
men with nongonococcal urethritis. In women, there is no
doubt that chlamydial urethral infection may cause ure-
thritis but, in contrast to men, infection and inflammation
are usually asymptomatic.
Prostatitis and epididymo-orchitis

There is no evidence that C. trachomatis causes acute
symptomatic prostatitis. In chronic abacterial prostatitis,
biopsy tissues taken transperineally to avoid the urethra
have shown chronic inflammation, but chlamydiae have
not been detected in them by culture and direct immuno-
fluorescence techniques, although approximately 10%
have proved positive using polymerase chain reaction
(PCR). These largely negative observations, and the fail-
ure to detect chlamydial antibody, suggest that chlamydiae
are not often implicated directly in the chronic disease.
However, the possibility cannot be excluded that a portion,
at least, of chronic disease is chlamydial in origin, main-
tained perhaps by immunological means. A predominance
of CD8þ cells in the tissues is consistent with this notion.

C. trachomatis is responsible for epididymitis primarily
in young men (35 years of age or less) in developed
countries, since it is detected in at least one-third of
epididymal aspirates. Furthermore, there is a strong cor-
relation between IgM and IgG chlamydial antibodies,
measured by microimmunofluorescence, and chlamydia-
positive disease. In patients older than 35 years, an age
boundary that, of course, is not strict, epididymo-orchitis
tends to be caused by urinary-tract pathogens.
Bartholinitis, vaginitis, and cervicitis

C. trachomatis has been weakly associated with infection of
Bartholin’s glands at the entrance to the vagina, but is not
regarded as a major cause of this condition. C. trachomatis
may be detected more frequently in women with bacterial
vaginosis than in those without this condition, but there is
no evidence that they are causally associated or in any way
contribute to the disease. It is apparent that the squamous
epithelium of the vagina is not susceptible to chlamydial
infection, and that the cervix is the primary target for
C. trachomatis. Indeed, it is a well-known cause of muco-
purulent/follicular cervicitis, although infection often
may be asymptomatic. Women younger than 25 years,
unmarried, using oral contraceptives, and who have signs
of cervicitis are the most likely to have a chlamydial
infection. An association between cervical chlamydial
infection and cervical intraepithelial neoplasia has been
seen, but a causal link has not been proven.

Pelvic inflammatory disease

Spread of C. trachomatis to the upper genital tract leads to
endometritis, which is often plasma-cell-associated and
sometimes intensely lymphoid. Further spread causes
salpingitis, perihepatitis (Curtis Fitz-Hugh syndrome),
sometimes confused with acute cholecystitis in young
women, in addition to periappendicitis and other abdom-
inal complaints. Surgical termination of pregnancy or
insertion or removal of an intrauterine contraceptive
device may predispose to dissemination of the organisms.

C. trachomatis is the major cause of pelvic inflammatory
disease in developed countries. Infertility is the outcome
in roughly 10% of cases and may be the first indication
of asymptomatic tubal disease (Low et al., 2006). Fertility is
influenced adversely by an increasing number and severity
of upper genital tract chlamydial infections and infertility
could result from endometritis, blocked or damaged tubes,
or perhaps abnormalities of ovum transportation. Other
consequences of salpingitis are ectopic pregnancy and
chronic pelvic pain.

Adult paratrachoma (inclusion conjunctivitis) and

otitis media

Adult chlamydial ophthalmia is distinguished from tra-
choma because it is caused by serovars D to K of
C. trachomatis and commonly results from the accidental
transfer of infected genital discharge to the eye. Chlamydiae
can be detected in conjunctival specimens, and in this
respect the condition is different from the reactive conjunc-
tivitis seen in Reiter’s syndrome (see the section titled
‘Arthritis’ below), where isolation from the conjunctiva is
extremely unusual. Adult chlamydial ophthalmia usually
presents as a unilateral follicular conjunctivitis of acute
or subacute onset, the incubation period ranging from
2 to 21 days. The features are swollen lids, mucopurulent
discharge, papillary hyperplasia due to congestion and
neovascularization and later follicular hypertrophy, and
occasionally punctate keratitis. About one-third of patients
have otitis media, complaining of blocked ears and hearing
loss. The disease is generally benign and self-limiting, but
pannus formation and corneal scarring may occur unless
systemic treatment is given. Patients and their sexual con-
tacts should be investigated for the existence of genital
chlamydial infections and managed accordingly.

Arthritis

Arthritis occurring with or soon after nongonococcal
urethritis is termed sexually acquired reactive arthritis
(SARA); in roughly one-third of cases, conjunctivitis and
other features characteristic of Reiter’s syndrome (causing
arthritis, redness of the eyes and urinary tract signs) are
seen. At least one-third of cases of such disease are initiated
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by chlamydial infection and C. trachomatis elementary bod-
ies and chlamydial DNA and antigen may be detected in
the joints. C. trachomatis has also been associated in the same
way with seronegative arthritis in women. Viable chlamy-
diae have not been detected in the joints of patients with
SARA and the pathogenesis of the disease is probably
immunologically based. Nevertheless, early tetracycline
therapy is advocated by some investigators.
Neonatal infections

Although intrauterine chlamydial infection can occur, the
major risk of infection to the infant is from passing
through an infected cervix. The proportion of neonates
exposed to infection depends, of course, on the prevalence
of maternal cervical infection, which varies widely. How-
ever, between one-fifth and one-half of infants exposed to
C. trachomatis serovars D–K infecting the cervix at the time
of birth develop conjunctivitis, which generally presents
1–3weeks after birth. A mucopurulent discharge and
occasionally pseudomembrane formation occur, but it is
usually self-limited, resolution occurring without visual
impairment. If complications do arise, however, they tend
to be in untreated infants.

About half of the infants who develop conjunctivitis
develop pneumonia, although the latter is not always
preceded by conjunctivitis. A history of recent conjuncti-
vitis and bulging eardrums is found in only about half of
the cases. Chlamydial pneumonia occurs usually between
the 4th and 11th week of life, preceded by upper respira-
tory symptoms, and has an afebrile, protracted course in
which there is tachypnea and a prominent, staccato cough.
Hyperinflation of the lungs with bilateral, diffuse, and
symmetrical interstitial infiltration and scattered areas of
atelectasis are the radiographic findings. The occurrence
of serum IgM antibody to C. trachomatis in infants with
pneumonia is diagnostic. Children thus affected during
infancy are more likely to develop obstructive lung dis-
ease and asthma than are those who have had pneumonia
due to other causes.

The vagina and rectum also may be colonized by
C. trachomatis at birth. However, vaginal colonization has
not been associated with clinical disease, nor has there
been evidence for chlamydial gastroenteritis in infants.
Diagnosis

The laboratory diagnosis of chlamydial infection depends
on detection of the organisms or their antigens or DNA,
and to a much lesser extent on serology. With the advent
of highly sensitive nucleic acid amplification tests such as
polymerase chain reaction (PCR) and strand displace-
ment amplification (SDA), it is possible to diagnose
chlamydial infection from first-catch urine specimens or
self-administered vaginal swabs.
Culture and staining of chlamydia

The growth of chlamydiae approximately 40 years ago
in cultured cells, rather than in embryonated eggs,
revolutionized both their detection and chlamydial
research. The method of detection used widely for
C. trachomatis involves the centrifugation of specimens
on to cycloheximide-treated McCoy cell monolayers.
Inoculation of cell cultures is followed by incubation
and staining with a fluorescent monoclonal antibody or
with a vital dye, usually Giemsa, to detect inclusions;
one blind passage may increase sensitivity. However,
the cell-culture technique is no more than 70% sensitive
and is slow and labor-intensive, drawbacks that have has-
tened the development of noncultural methods. Because
of its high specificity, culture is usually recommended
for the diagnosis of C. trachomatis infection in medicolegal
cases.

Staining of epithelial cells in ocular and genital speci-
mens with vital dyes was used first to detect chlamydial
inclusions, but the method is insensitive and often non-
specific. Papanicolaou-stained cervical smears provide
an excellent example of these drawbacks. In contrast,
detection of elementary bodies by using species-specific
fluorescent monoclonal antibodies is rapid and, for
C. trachomatis oculogenital infections, sensitivities ranging
from 70 to 100% and specificities from 80 to 100% have
been achieved. Skilled observers, capable of detecting a
few elementary bodies, even one, provide values at the top
of these ranges. However, the test is most suited for
dealing with a few specimens and for confirming positive
results obtained with other tests.
Enzyme immunoassays and DNA amplification

techniques

The popularity of enzyme immunoassays that detect
chlamydial antigens is due to their ease of use and not to
their sensitivity. Indeed, it is rarely possible to detect
small numbers of chlamydial organisms (less than ten) of
whatever species. Since at least 30% of genital swab speci-
mens and a larger proportion of urine samples from
women contain such small numbers, some chlamydia-
positive patients are misdiagnosed. Nonetheless, immu-
noassays still occupy a diagnostic niche largely because of
cost savings.

By enabling enormous amplification of a DNA
sequence specific to the chlamydial species, nucleic acid
amplification techniques have overcome the problem of
poor sensitivity and may provide evidence for the exis-
tence of chlamydiae in chronic or treated disease, when
viable or intact organisms no longer exist. These sensitive
assays have replaced culture as the gold standard and have
a place not only in research, but also in routine diagnosis
and in promoting and maintaining effective screening
programs.
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Serological tests

The complement fixation test does not distinguish
between the chlamydial species and, therefore, is used
infrequently. Most of the pertinent diagnostic information
has come through the use of the microimmunofluores-
cence test, by which class-specific antibodies (IgM, IgG,
IgA, or secretory) may be measured. However, a fourfold
or greater increase in the titer of antibody (IgM and/or
IgG) is detected infrequently, limiting the value of serol-
ogy in the diagnosis of chlamydial infections in individual
patients. In pelvic inflammatory disease, especially in
the Curtis Fitz-Hugh syndrome, antibody titers tend
to be higher than in uncomplicated cervical infections.
Avery high IgG antibody titer, for example 512 or greater,
suggests causation in pelvic disease, but high titers do
not always correlate with detection of chlamydiae and
are associated more with chronic or recurrent disease.
However, specific C. trachomatis IgM antibody in babies
with pneumonia is pathognomonic of chlamydia-induced
disease.
Treatment

Chlamydiae are particularly sensitive to tetracyclines and
macrolides, but also to a variety of other drugs. The
rifampicins are probably more active than the tetracy-
clines in vitro, but there is evidence for chlamydial resis-
tance to the rifampicins, which, in any case, are usually
reserved for mycobacterial infections. Tetracycline resis-
tance has been reported but is insufficiently widespread to
cause a problem clinically. However, vigilance should be
kept for resistant strains that might jeopardize clinical
practice, particularly as the move away from cultural
diagnostic procedures has made their detection less easy.
Of the macrolides, erythromycin is used most often, par-
ticularly to treat chlamydial infections in infants, young
children, and in pregnant and lactating women. Azithro-
mycin in a single dose has gained popularity because it is
effective and enhances compliance. Other alternatives,
such as some of the quinolones, particularly ofloxacin,
are effective but have not found regular use.

The principle of giving systemic as well as topical
treatment to eradicate nasopharyngeal carriage in tra-
choma (see below) also applies in neonatal chlamydial
conjunctivitis, where topical treatment provides no addi-
tional benefit. Oral erythromycin should be given to treat
the conjunctivitis and to prevent the development of pneu-
monia. Azithromycin in a single oral dose (20mg/kg)
has been shown to be as effective as 6weeks of topical
tetracycline for active trachoma and may well be the drug
of choice in this setting as well. Azithromycin as a single 1-g
oral dose has also been shown to be effective in treating
nongonococcal urethritis. In complicated genital tract
infections such as epididymo-orchitis and pelvic inflamma-
tory disease, treatment will almost certainly be needed
before a microbiological diagnosis can be established, fol-
lowing which additional broad-spectrum antibiotic cover
may be required. Finally, it should be kept in mind that
treatment is likely to be most effective when given over a
long rather than short time, suboptimal doses are avoided,
compliance is strict, and when, in the case of genital infec-
tions, partners of patients are also treated.
Lymphogranuloma Venereum

Lymphogranuloma venereum (LGV) is a systemic, sexu-
ally transmitted disease caused by serovars L1, L2, L2a,
and L3 of C. trachomatis. These are more invasive than the
other serovars and cause disease primarily in lymphatic
tissue. Although a small papule or necrotic genital lesion
may be the first sign of infection, with the rectosigmoid
colon also a primary site, the chlamydiae are soon carried
to regional lymph nodes. These enlarge rapidly and
inflammation of the capsule causes them to mat together.
Multiple minute abscesses form in the parenchyma and in
the absence of treatment they may coalesce and form
sinus tracts, which rupture through the overlying skin.
Scar tissue may obstruct lymphatic flow, causing lym-
phoedema and elephantiasis of the genitalia, and stric-
tures, ulcers, and fistulas may develop.
Clinical Features

Three stages of infection are usually recognized. After an
incubation period of 3–21 days, a small, painless, papular,
vesicular, or ulcerative lesion develops and disappears
spontaneously within a few days without scarring. In
men, the lesion is on the penis, and in women most
commonly on the fourchette, often going unnoticed, espe-
cially if it is in the rectum of homosexual men. Extra-
genital primary lesions on fingers or tongue are rare.

The secondary stage is conventionally separated into
inguinal and genitoanorectal syndromes. The former is
more common and is usually seen in men as an acute
painful inguinal bubo. Buboes are accompanied by fever,
malaise, chills, arthralgia, and headache and about 75% of
them suppurate and form draining sinus tracts. In women,
the external and internal iliac lymph nodes and the sacral
lymphatics are involved more often than are the inguinal
lymph nodes. Signs include a hypertrophic suppurative
cervicitis, backache, and adnexal tenderness.

In homosexual men, a hemorrhagic proctitis or proc-
tocolitis is often the presenting feature, without inguinal
lymphadenopathy. Inflammation is limited to the recto-
sigmoid colon and is accompanied by fever, a mucopuru-
lent or bloody anal discharge, tenesmus, and diarrhea.
Histopathological changes in such cases may mimic
Crohn disease. The process usually resolves spontane-
ously after several weeks but, rarely, anal, rectovaginal,
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rectovesical, and ischiorectal fistulas occur and, late in the
disease, a rectal stricture. Rare manifestations of the sec-
ondary stage are acute meningoencephalitis, synovitis,
pneumonia, cardiac involvement, and follicular conjunc-
tivitis, which is self-limited.

Lesions of the tertiary stage appear after a latent period
of several years. They include genital elephantiasis, occur-
ring predominantly in women as a sequel to the genito-
anorectal syndrome and often accompanied by fistula
formation, and rectal stricture, which is found almost
exclusively inwomen or homosexual men. Gross ulceration
and granulomatous hypertrophy of the vulva (esthiomene)
is very rare. Indeed, all late complications are rare today
because of broad-spectrum antibiotics.
Epidemiology

Due to its nonspecific clinical features and the difficulty
in confirming the diagnosis, the epidemiology of LGV is
not well defined. It is found worldwide, but its major
incidence is thought to be in endemic foci in sub-Saharan
Africa, Southeast Asia, South America, and the Caribbean.
The reported sex ratio is usually greater than 5:1 in favor
of men because early disease is recognized more easily in
them. In North America and Europe, there has been an
increasing incidence of proctocolitis due to LGV among
homosexual men, often associated with HIV infection
(Nieuwenhuis et al., 2004).
Diagnosis

The differential diagnosis of LGV includes genital herpes,
syphilis, chancroid, donovanosis, extrapulmonary tuber-
culosis, cat-scratch disease, plague, filariasis, lymphoma,
and other malignant diseases. Of these, primary genital
herpes can be the most difficult to distinguish. LGV
proctocolitis needs to be distinguished from bacillary
and amebic dysentery, Crohn disease, and ulcerative coli-
tis. Lymphadenitis of the deep iliac nodes may mimic
appendicitis or pelvic inflammatory disease. Tuberculosis
and certain parasitic and fungal infections of the genital
tract cause lymphoedema and elephantiasis of the genita-
lia that may cause confusion.

Staining of infected tissues to detect elementary bodies
or inclusions is not often used because the frequent bac-
terial contamination makes detection difficult. The use of
cell culture is preferable, but only 25–40% of patients
with lymphogranuloma venereum have positive cultures
of bubo aspirate, endourethral or endocervical scrapings,
or of other infected material. The much more sensitive
DNA amplification methods are being used with increas-
ing frequency.

Of the serological tests, complement fixation is not
specific for lymphogranuloma venereum. Themicroimmu-
nofluorescence test is also not entirely specific, but is the
method of choice and antibody titers of 1:1024 or more are
not uncommon and can be regarded as diagnostic, particu-
larly in a patient with typical signs and symptoms.
Treatment

Of the several antimicrobial drugs available, oral tetracy-
cline is usually recommended, although azithromycin is
finding a place. Fever and bubo pain rapidly subside after
antibiotic treatment is started, but buboes may take sev-
eral weeks to resolve. Suppuration and rupture of buboes
with sinus formation is usually prevented by antibiotic
treatment. Surgical incision and drainage is neither nec-
essary nor recommended. How long treatment needs to
be continued to prevent relapse or progression of disease
is debated, but a minimum of 2weeks is recommended.
Fistulas, strictures, and elephantiasis may require plastic
repair but surgery should not be attempted until the
patient has had weeks or months of antimicrobial treat-
ment to reduce inflammation and necrosis.
Trachoma

Magnitude

Endemic in at least 50 countries, trachoma is the most
common infectious cause of blindness, accounting for
about 4% (1.3million) of the estimated global total of
37million blind individuals. A further 7.6million have
trachomatous trichiasis and are at imminent risk of being
blinded from trachoma, while some 84million have active
trachoma and face the prospect of blindness in the next
few decades if successful interventions are not provided in
time. The estimated total worldwide productivity loss due
to trachoma is US $2.9 billion each year (Figure 2).

Clinical Features and Pathogenesis

Most conjunctival infections with C. trachomatis are sub-
clinical. In patients seen during an acute infection, a mild
mucopurulent conjunctivitis may be noted. Such signs are
nonspecific, however, and a single infection generally
resolves spontaneously without obvious sequelae.

With repeated infection, signs of active trachoma may
develop. The key feature of active trachoma is the appear-
ance of lymphoid follicles immediately subjacent to the
conjunctival epithelium. In severe inflammation, there may
be accompanying papillary hypertrophy and inflammatory
thickening of the conjunctiva. Infiltration of the edge of the
cornea by fibrovascular tissue (pannus) is common.

Resolution of the inflammatory changes of active tra-
choma is accompanied by deposition of collagen in the
form of scar. Over many years, scar laid down within the
conjunctiva by multiple cycles of inflammation and reso-
lution may become visible to the naked eye. Resolution of
follicles at the sclerocorneal junction can leave crater-like
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Figure 2 Global distribution of active trachoma. Kindly provided by Ms. Sarah Polack.
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depressions known as Herbert’s pits; such pits are patho-
gnomonic of previous episodes of active trachoma.

In some individuals, contraction of scar tissue in the
conjunctiva and subconjunctival tissues ultimately leads to
distortion of the architecture of the lid, with the develop-
ment of trichiasis (in which one or more eyelashes are
pulled inwards so that they touch the eye) and/or entro-
pion (in which there is inversion of a segment of the lid
margin). In either case, abrasion of the cornea by in-turned
lashes leads directly to corneal scarring and opacification,
as well as providing a route of entry into corneal tissues for
pathogenic bacteria and fungi, which generate their own
burden of corneal scar. Destruction of mucous and serous
glands by scarring elsewhere in the eyelid reduces the
volume and alters the composition of the tear film, which
also potentiates secondary infection. Patients with trichia-
sis or entropion complain of a foreign body sensation, eye
pain, blepharospasm, photophobia, excessive tearing (due
to obstruction of the nasolacrimal duct or malposition of
the puncta lacrimalia) or impaired vision, which may be
due to a combination of blepharospasm and corneal edema.
These are intensely irritating conditions: Sufferers often use
home-made forceps to pluck out their eyelashes or attempt
to keep the lids elevated with strips of cloth tied around
the head. Corneal scar overlying the visual axis perma-
nently impairs vision and results eventually in blindness.
Diagnosis

Diagnosis of trachoma is based on clinical criteria. Using
binocular magnifying loupes in good light, the examiner
should first inspect the eyes from the side to determine the
presence or absence of trichiasis and entropion.The corneas
should then be inspected for opacities. If trichiasis, entro-
pion, or corneal opacities are present, visual acuity should
be recorded for each eye. The eyelids should then be gently
everted to expose the tarsal conjunctiva, and a decision
made as to whether there are any signs of active trachoma
or trachomatous conjunctival scarring in each eye.

To facilitate standardization, a number of different
scoring systems have been developed. The one most com-
monly used is the World Health Organization’s simplified
trachoma grading scale, which requires the examiner to
assess for the presence or absence of each of five signs
(Figure 3):

. Trachomatous inflammation – follicular (TF): The
presence of five or more follicles at least 0.5mm in
diameter, in the central part of the upper tarsal con-
junctiva.

. Trachomatous inflammation – intense (TI): Pro-
nounced inflammatory thickening of the upper tarsal
conjunctiva obscuring more than half the normal deep
tarsal vessels.

. Trachomatous conjunctival scarring (TS): The pres-
ence of easily visible scars in the tarsal conjunctiva.

. Trachomatous trichiasis (TT): At least one eyelash rubs
on the eyeball, or evidence of recent removal of in-
turned eyelashes.

. Corneal opacity (CO): Easily visible corneal opacity
over the pupil, so dense that at least part of the pupil
margin is blurred when viewed through the opacity.
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Figure 3 Appearance of trachoma. (a) Normal everted upper tarsal conjunctiva; it is pink, smooth, thin, and transparent. Over the

whole area of the tarsal conjunctiva, there are normally large deep-lying blood vessels that run vertically. The dotted line shows the area

to be examined. (b) Trachomatous inflammation – follicular (TF). (c) Trachomatous inflammation – follicular and intense (TFþTI).

(d) Trachomatous scarring (TS). (e) Trachomatous trichiasis (TT). (f) Corneal opacity (CO). Reproduced with permission from the WHO
Programme for the Prevention of Blindness and Deafness.
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In this scheme, active trachoma is defined as the pres-
ence of TF and/or TI in either or both eyes. A prevalence
of TFof 5% or more in 1- to 9 year-old children and/or a
prevalence of TT of 1 or more per 1000 total population
are now taken to indicate that trachoma presents a public
health problem in the population.
Epidemiology

Patterns of distribution

Blinding trachoma is found principally in Africa, with
lesser foci in Asia, the Middle East, South America, and
the Aboriginal communities of Australia. Within ende-
mic areas, the distribution of disease is heterogeneous.
Some communities are badly affected, while others with
seemingly similar risk factors (see below) are not. In
affected communities, clustering of active disease by sub-
village, compound, and bedroom has been noted.

Risk factors for active trachoma

Poverty and crowding

Trachoma is found almost exclusively in poor countries,
with occasional pockets of disease in disadvantaged
populations of more industrialized nations. It is a disease
associated with poverty and sociocultural, economic, or
geographic upheaval. In all of these circumstances, over-
crowding is typical.

There is an established association between risk of
active trachoma and the number of people per sleeping
room. Usually, all infected members of a household har-
bor the same C. trachomatis serotype and strain variant.
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Sharing a bedroom with an active case doubles one’s risk
of having active disease. These findings probably reflect
an increased risk of exposure to infected secretions due to
a scarcity of living and sleeping space, though other char-
acteristics of impoverished populations (such as poor
nutrition or inadequate access to water and sanitation;
see below) could be responsible.

Age and exposure to children

The prevalence of both active trachoma and laboratory
evidence of ocular C. trachomatis infection generally
decline with age after a peak in early childhood. In a
hyperendemic area, for example, the prevalence of active
disease might be 60% or more in preschool children,
falling to 10% in young adults, and 2% in those over
the age of 50. Studies using quantitative PCR suggest
that the bulk of the C. trachomatis reservoir in a community
is found in children below the age of 10 years.

Gender

In most cross-sectional surveys, females are more likely
than males to have trachoma. Usually, the prevalence
difference between genders is small or minimal in child-
hood and increases with age.

Education

Education of the household head associates negatively
with risk of active trachoma in household children,
while parental illiteracy has shown a positive association.
These associations may be confounded by exposures
related to poverty or hygiene.

Water and face washing

Trachoma is typically found in dry dusty regions where
water is scarce. In many settings, increased distance of a
household to the nearest water correlates with increased
risk of trachoma. It is postulated that decreasing the
distance that people must travel to collect water might
increase the volume of water collected and so increase
water availability in the household, which might in turn
increase the amount of water allocated to personal
hygiene activities. In practice, these associations are not
invariably true. Dirty faces are associated with the pres-
ence of active trachoma, however, and increased fre-
quency of face washing in a household or community
seems to reduce trachoma prevalence. Face washing
might impact trachoma by decreasing the accessibility of
infected secretions to flies and fingers, which are putative
carriers of infectious inocula; by washing fly-attracting
substances off both infected and yet-to-be-infected faces;
or by removing chlamydia-free secretions that could pro-
vide a portal of entry for the organism into a new eye.
Similarly, hand washing might reduce transmission of
trachoma if fingers provide a mechanism for carriage of
chlamydiae from infected to uninfected eyes.
Unfortunately, no rigorously controlled intervention
study to evaluate the effect of an improved water supply
on trachoma has been performed; data on the impact of
face-washing education programs will be discussed below.

Flies and latrines

Synanthropic flies (flies that live in close proximity to
humans) have for centuries been suspected to be vectors
of trachoma. In trachoma-endemic villages of The Gambia,
the bazaar fly (Musca sorbens) has been shown to make 90%
of fly–eye contacts, with the house fly (M. domestica)
accounting for the remainder. These fly species are able
to carry viable C. trachomatis, both externally and in their
gut, and to transmit active trachoma from the eyes of
experimentally infected to disease-free guinea pigs.

Household fly density is significantly associated with
active trachoma and with ocular C. trachomatis infection;
the number of flies landing on an individual’s face during
a 5-s facial inspection is an even stronger personal risk
factor. Data from trials of fly control as an intervention
will be presented in the section titled ‘Management.’

Cattle

Active disease is more common in children whose families
keep cows. Though there is some evidence that human
feces is the optimal (and preferred) larval medium for
M. sorbens, and that the flies caught from children’s eyes
are from the same population as those found emerging
from human feces, female M. sorbens do oviposit on the
manure of cows and other domestic animals. It has there-
fore been suggested that positioning cattle pens away from
living quarters might help to control trachoma. No proof
of this hypothesis exists.

Nutrition

In Mali, night blindness and Bitot spots – the clinical fea-
tures of vitamin A deficiency – seem to be associated with
active trachoma, even after controlling for socioeconomic
status. However, no association has yet been found between
overall nutritional status (as measured by mid upper arm
circumference) and active trachoma.
Extraocular reservoirs of C. trachomatis

Ocular C. trachomatis strains can be isolated from nasopha-
ryngeal and rectal swabs taken from a proportion of chil-
dren living in endemic villages. No animal reservoirs of
human C. trachomatis strains have been identified.

Mechanisms of transmission

The actual mechanisms of transmission of ocular
C. trachomatis infection are unproven. Factors associated
with active disease suggest that flies, fingers, and fomites
are probably responsible for carriage of elementary bodies
from infected to uninfected eyes. Droplet transmission is
probably also possible.
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Risk factors for cicatricial trachoma

Age

The prevalences of TS, TT, and CO all increase with age.
Gender

Conjunctival scarring occurs more commonly in women,
as does trichiasis. In fact, in some areas, women may have
up to a fourfold increased risk of trichiasis and of visual
impairment as a result of trachoma compared to men.
Cumulative C. trachomatis-induced conjunctival

inflammation

The excess risk of scarring and trichiasis borne by women
is usually thought to result from increased exposure to
ocular C. trachomatis infection, related to the traditional
role of women as primary caretakers of young children.
Obtaining accurate information on chronic exposures
(such as lifetime contact with young children) is inher-
ently difficult, however.

The few longitudinal studies that have been published
seem to support a link between inflammatory trachoma
and later development of scarring. In Tanzania, West et al.
(2001) suggested that constant, severe trachoma (defined
as the presence of severe inflammatory trachoma (TI) on
at least three of four examinations over the course of the
1st year of follow-up) was associated with the develop-
ment of conjunctival scarring over a 7-year interval. It is
unclear whether these individuals have high levels of
exposure to infection, an increased susceptibility for
development of severe inflammation, or both.

Cumulative exposure to other conjunctival irritants

Sleeping in a room with a cooking fire and the use of kohl
(an eye cosmetic made from crushed lead sulfide ore and
applied to the inside of the eyelid) have both been identi-
fied as possible risk factors for trichiasis. Whether eye
powder or smoke induce chronic conjunctival inflamma-
tion and thereby contribute to scarring, or whether – in
the case of kohl – sharing of the applicator is a transmis-
sion mechanism, is not known.

Immunological factors

Conjunctival scarring and trichiasis tend to cluster in
families, though whether this is due to common environ-
mental exposures or shared genes has been difficult to
determine. Various polymorphisms in gene loci important
in the human immunological response to chlamydial
infection have been associated with a propensity to scar-
ring in case-control studies.
Management

An eye blind from trachoma is a permanently blind eye.
Corneal transplantation has poor results in the dry,
scarred conjunctival sacs of blind trachoma patients, and,
in any event, such technology is generally beyond the
reach of the impoverished populations in which blindness
from trachoma occurs. The management strategy there-
fore focuses on prevention: Provision of corrective eyelid
surgery to those with trichiasis, treatment of C. trachomatis
infections with antibiotics, and reduction in transmission
of infection through promotion of facial cleanliness and
improvements in the environment. These interventions
are encapsulated by the acronym SAFE (surgery, antibio-
tics, facial cleanliness, and environmental improvement).
Tertiary prevention (surgery) takes first priority, since
people with trichiasis are at most immediate risk of blind-
ness. However, SAFE represents a package of interven-
tions that should be delivered at community level to
whole populations that are at risk: Trachoma blindness
will not be prevented simply by treating symptomatic
individuals presenting to health-care facilities.

Using the SAFE strategy, the World Health Organiza-
tion and its partners aim to eliminate trachoma as a pub-
lic health problem by the year 2020. The campaign is
guided, encouraged, and monitored by the Alliance for
the Global Elimination of Trachoma by 2020 (GET2020),
a network of multilateral agencies, national governments,
nongovernmental development organizations, research insti-
tutions, and other interested parties, with a secretariat
based at WHO. GET2020 has defined its goal of trachoma
elimination as a reduction in the prevalence of TT to less
than 1 per 1000 total population, and a reduction in the
prevalence of TF in 1- to 9-year-old children to less than
5%. The effort is one element of VISION 2020: The
Right to Sight, an initiative launched by WHO and the
International Agency for the Prevention of Blindness to
rid the world of the major causes of avoidable blindness.

Surgery

Many different techniques are described for the cor-
rection of trachomatous trichiasis and entropion. Two
randomized surgical trials conducted by Reacher et al. in
the 1990s (Reacher et al., 1990, 1992) suggested that tarsal
rotation produces the best results. In this procedure, the
tarsal plate is divided through an incision made a few
millimeters from the lid margin, and the distal fragment
is rotated outward and sutured in the everted position
under moderate tension. Tarsal rotation can be safely,
effectively, and rapidly performed by trained paramedical
staff in relatively basic surroundings, such as village dis-
pensaries. This is fortunate, since in Africa, for example,
there is only one ophthalmologist for every one million
people. Uptake of trichiasis surgery is highest when sur-
gery is offered at no cost to the recipient, in her own
community, by surgeons who are trusted by the popula-
tion they serve. There is some evidence to suggest that
one oral dose of azithromycin in the perioperative period
can reduce the risk of postsurgical recurrence.
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Due to the large backlog of patients requiring lid
surgery and the relative scarcity of trained trichiasis sur-
geons, some control programs advocate epilation rather
than surgery for cases in which only a few lashes touch the
eye. The efficacy of this approach has yet to be established
by randomized controlled trials.
Antibiotics

Though there is presently insufficient evidence to prove
that antibiotics are more effective than placebo in the
treatment of active trachoma or ocular chlamydial infec-
tion, expert consensus supports their use. Antibiotics are
used against trachoma with two overlapping goals. They
are given to an individual with signs of active disease in an
effort to cure the presumed underlying C. trachomatis

infection, lessen inflammation, and decrease the likeli-
hood of transmission of infection from the patient to his
or her contacts. Recognizing that many infected individuals
do not have clinical signs, antibiotics may also be given to
entire populations to try to reduce the community load of
C. trachomatis and thereby produce sustained changes in the
intensity of transmission in a community (Schachter et al.,
1999). The latter mass treatment approach is the one
recommended by the WHO wherever the prevalence of
TF in 1- to 9-year-old children is 10% or more.

Until the 1990s, the standard antibiotic treatment
employed against trachoma was 1% tetracycline eye oint-
ment, applied to both eyes twice a day for 6 weeks or
(following the intermittent schedule) twice a day for
5 consecutive days a month for at least 6months a year.
Such treatment schedules have low adherence, particu-
larly since most individuals to whom they are recom-
mended are asymptomatic and the ointment stings on
application. Bailey et al. (1993) provided a practical
alternative, by demonstrating that a single oral dose of
azithromycin was at least as effective as these prolonged
courses of tetracycline ointment. The discovery prompted
azithromycin’s manufacturer to establish a donation pro-
gram through which this expensive antibiotic could be
provided free of charge to trachoma-endemic populations
in a number of countries. Where azithromycin is not yet
available or not affordable, tetracycline remains the anti-
biotic of choice.

Recent work using quantitative PCR has demon-
strated that children under 10 have the highest ocular
C. trachomatis loads, with particularly heavy infections
being found in children below 12months of age. In
many settings, because of a lack of data demonstrating
its safety in this age group, azithromycin is felt to be
contraindicated for infants. Solutions to ensure that this
group are adequately treated must be found.

There is a lack of empirical data to help determine the
optimal frequency of antibiotic treatment in settings of
different endemicity, the best method for monitoring the
effect of treatment, and criteria for discontinuing treat-
ment. In the absence of such data, WHO currently rec-
ommend that once a decision has been taken to initiate
mass treatment, antibiotics be offered to a community on
an annual basis for at least 3 years before reassessment to
determine whether to stop or continue. There is some
evidence to suggest that where baseline infection preva-
lence is moderate or low and azithromycin coverage is
high, infection is virtually cleared after a single treatment
round, so such a strategy may result in unnecessary distri-
bution of a scarce antibiotic. Further trials are awaited.

No evidence has yet been found of the emergence of
either azithromycin- or tetracycline-resistant ocular
C. trachomatis strains. There is some evidence that mass
azithromycin distribution may lead to the emergence of
macrolide resistance in nasopharyngeal Streptococcus

pneumoniae, but this may depend on the extent of back-
ground antibiotic use in the community and the number
of doses or frequency of dosing with azithromycin.
Facial cleanliness

Clean faces appear to be protective against trachoma. Sti-
mulating changes in behavior that will lead to people hav-
ing clean faces where they previously did not is extremely
difficult. In the 1990s, West et al. (1995) conducted a com-
munity randomized trial comparingmass topical antibiotics
to mass topical antibiotics plus a month-long package of
highly intensive community-based interventions to encour-
age face washing. Children in face-washing villages were
more likely to have clean faces at follow-up, but there was
no impact on the prevalence of TF. The effect of less-
intensive behavior change campaigns is unproven.
Environmental improvement

In the context of trachoma control, environmental
improvement is generally taken to mean (1) improvement
in water supply and (2) fly control. The rationale for each
of these has been presented in the section titled ‘Immune
response and pathogenesis’ discussing the epidemiology
of trachoma.

There are no data from randomized controlled trials
to show whether or not improving water supplies to
trachoma-endemic communities can have an impact on
trachoma. However, such interventions are popular with
recipient communities, and have health and economic
impacts that go far beyond their importance for trachoma
control. Unfortunately, improving rural water supply is
beyond the resources (and often beyond the influence) of
trachoma control programs or Ministries of Health in
most countries. Collaborations must be forged that will
facilitate provision of water to these communities.

Two community-randomized trials by Emerson et al.
(1999, 2004) in The Gambia have shown a reduction in
the number of new prevalent cases of active trachoma in
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villages in which flies were controlled with insecticide.
Because M. sorbens preferentially breeds on human feces
but is not found emerging from the drop holes of pit
latrines, and because a number of surveys have associated
having a household latrine with decreased risk of disease,
it seems intuitive to suggest that improved availability and
use of latrines could reduce muscid fly density and the
prevalence of trachoma. A community-randomized trial
designed to demonstrate this showed evidence of such an
effect, but lacked sufficient power to definitively prove
the impact of the intervention.
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the Sanskrit term generally used to refer to cholera, as
well as the description of a representative case. Reports
can be found in the Arab literature by AD 900, with
descriptions subsequently appearing with increasing fre-
quency in Europe, India, and China. The modern history
of cholera begins in 1817, with the occurrence of what
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has been designated as the first of what are now seven
cholera pandemics, or worldwide epidemics (Barua, 1992).
It was during the spread of the third pandemic to London
in 1854 that John Snow demonstrated the association
between illness and consumption of sewage-contaminated
water. His work established the role of epidemiology in
public health, and highlighted the efficacy of simple inter-
ventions, in this case the removal of the handle of the
Broad Street pump, which had been linked with illness.
The seventh (and most recent) cholera pandemic began in
1961, with an outbreak of disease in the Celebes Islands.
The strain responsible for this outbreak (Vibrio cholerae O1
biotype El Tor) has subsequently spread through Asia,
Africa, Europe, and the Americas, resulting in substantial
global morbidity and mortality.

The microbiologist Robert Koch, studying outbreaks
of cholera in Egypt and Calcutta, India in 1883–84 that
were part of the fifth pandemic, is credited with demon-
strating that cholera is caused by the microorganism
that we now call Vibrio cholerae. While the focus of early
microbiologists was the identification of the causative
agent of cholera, it became increasingly apparent as
microbiologic sophistication increased that the disease
cholera was associated with a distinct subset of strains
within the species V. cholerae. These strains were initially
identified by their agglutination with specific antisera,
and were designated as being within O group 1 (V. cholerae
O1). All other Vibrios were called ‘non-agglutinating’
Vibrios (NAGs) or ‘non-cholera’ Vibrios (NCVs). Work
done during the past 50 years has demonstrated that
NAGs/NCVs are a very heterogeneous group, including
a number of other V. cholerae O groups as well as other
Table 1 Vibrio species implicated as a cause of human disease

Species Clinical presentationa

Gastroenteritis W

V. cholerae

‘epidemic’ (O1, O139) other serotypes þþ (þ
þþ þ

V. mimicus þþ þ
V. parahaemolyticus þþ þ
V. fluvialis þþ þ
V. furnissii þþ
V. hollisae þþ þ
V. vulnificus þ þ
V. alginolyticus þ
V. damsela þ
V. cincinnatiensis

V. carchariae (þ
V. metschnikovii (þ)
aþþ denotes most common presentation, þ other clinical presentati
bData reflect vibrio infections reported to CDC during 2004. Data a

infections is not routine, and consequently numbers may underestim
Control and Prevention (www.cdc.gov/foodborneoutbreaks/vibrio_su
cData include three cases caused by CT-producing isolates of V. chol

or with exposure to raw, imported seafood.
Vibrio species. Table 1 lists the Vibrio species that have
been associated with human disease; V. cholerae is sub-
divided between the serogroups that have been associated
with the disease cholera (primarily O groups 1 and 139),
and all other serogroups, loosely grouped as non-O1/
non-O139 V. cholerae. Table 1 also includes data from
the U.S. Centers for Disease Control and Prevention
(CDC) from 2004 on frequency of isolation of Vibrio

species from patients in the United States; while this
reflects disease incidence in a temperate, developed coun-
try, it does provide insight into the relative public health
impact of other Vibrio species.

Vibrios are free-living bacteria found in aquatic envir-
onments throughout the world. They tend to be more
common in warmer waters (temperatures >17–20 �C),
with recent studies suggesting that increases in water
temperatures associated with global warming are result-
ing in an increase in the frequency with which Vibrio-
associated diseases (particularly V. parahaemolyticus) are
being identified. Depending on the species, they tolerate
a range of brackish, saline waters. As would be anticipated
given their abundance in water, Vibrio species are also
commonly isolated from fish and shellfish, and may be
concentrated up to 100-fold by filter-feeding shellfish
such as oysters. During warm summer months, virtually
100% of oysters harvested in the United States will carry
V. vulnificus and/or V. parahaemolyticus, with densities in
U.S. Gulf Coast oysters often exceeding 104/g of oyster
meat. In addition to being found as a planktonic organism
in the water column and in shellfish, V. cholerae has been
reported in association with the mucilaginous sheaths
of blue-green algae, and on the chitinous exoskeletons
# U.S. cases (deaths), 2004b

ound/ear Septicemia

) 8 (1)c

þ 40 (1)
9 (0)

(þ) 240 (3)

þ 17 (0)

2 (0)
(þ) 2 (0)

þ þþ 92 (32)d

þ 44 (1)
þ 3 (0)

(þ) 0

) 0

(þ) 0

ons, and (þ) very rare presentation.

re from 32 states; for many of these states, reporting of vibrio

ate the true number of cases. Data from U.S. Centers for Disease
m/cstevibrio2004.pdf).

eraeO141. All O1 cases were associated either with foreign travel

http://www.cdc.gov/foodborneoutbreaks/vibrio_sum/cstevibrio2004.pdf
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of molts of copepods (with chitin apparently having
the ability to induce natural competence in the micro-
organism (Meibom, 2005)). Most recently, it has also been
linked with egg masses of chironomids (nonbiting
midges), which are the most widely distributed and fre-
quently the most abundant insects in freshwater (Broza
and Halpern, 2001).

In the following sections, further information is
provided about V. cholerae O1/O139 and the disease chol-
era. Subsequent sections deal with illness associated
with the three most common NAGs: non-O1/non-O139
V. cholerae, V. parahaemolyticus, and V. vulnficius.
Cholera (V. cholerae O1/O139)

Cholera is characterized by the rapid onset of profuse,
watery diarrhea, which, if untreated, can lead to dehydra-
tion, circulatory collapse, and death. Cholera is still a
major cause of illness in the developing world. In World
Health Organization (WHO) data from 2005, 131 943 cases
Case-fatality rate (%)

0–0.9

1–4.9

= >5

Imported cholera cases

Figure 1 Countries reporting cholera to the World Health Organizat
of cholera were reported from 52 countries (Figure 1).
Actual numbers of cases are probably at least one to
two orders of magnitude higher, with several countries
with known endemic foci of cholera reporting no cases
to WHO. Cases are increasingly reported from Africa,
where vestiges of the seventh pandemic have established
clear endemicity. While the global case fatality rate
was 1.72% (reflecting the widespread acceptance and
availability of oral rehydration therapy), fatality rates
among vulnerable groups in ‘high-risk’ areas can range
up to 40%. Overall, the WHO statistics suggest that
we are not making great headway in controlling this
disease: Case rates remain high, and, in the words of
WHO, ‘‘almost every developing country is facing either
a cholera outbreak or the threat of a cholera epidemic’’
(WHO, 2006).
Microbiology/Physiology

V. cholerae is traditionally classified by O group serotype
(with >150 O serotypes currently recognized in the
ion in 2005, with case fatality rates by country (from WHO, 2006).
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widely used Sakazaki grouping system) and by biotype
(Classical and El Tor), with each biotype having two
distinct and one intermediate serotype (Ogawa, Inaba,
and Hikojima, respectively). Until recently, V. cholerae

strains belonging to serogroup O1 were regarded as
the sole etiologic agents of cholera. However, since
1992, V. cholerae serogroup O139 has emerged as a second
etiologic agent of cholera in the Indian subcontinent and
neighboring countries (Nair et al., 1994). While there were
initial concerns that V. cholerae O139 would form the basis
for the eighth cholera pandemic, it has remained confined
to the Asian continent; it remains to be seenwhether it will
ultimately spread globally. It is also becoming apparent
that cholera-like disease can be caused by strains in other
V. cholerae serogroups (such as O37 and O141) that produce
cholera toxin and have a genetic background similar to
that of O1 and O139 strains.

The signs and symptoms of cholera are caused
by cholera toxin (CT), a protein enterotoxin that elicits
profuse diarrhea. Net gastrointestinal chloride and
sodium absorption are absent and net secretion is present
during cholera; glucose, potassium, and bicarbonate
absorption, however, remain intact, as does glucose-linked
enhancement of sodium and water absorption. Thus,
although plain salt water is not absorbable during cholera
and aggravates the diarrhea, the addition of glucose ren-
ders the solution absorbable, providing the physiologic
basis for oral rehydration. This remarkable public health
advance, based on sophisticated physiological studies
in Bangladesh and India, was developed in the 1960s
and 1970s.

Genes for cholera toxin are carried by the CTX phage,
and are capable of transfer among V. cholerae strains. Viru-
lence has also been linked with the presence of the Vibrio
pathogenicity island (VPI), which carries key genes
involved in intestinal colonization. As molecular studies
have progressed, we have come to realize that cholera-
associated strains demonstrate a remarkable degree of
overall genetic similarity, particularly when compared
with the rest of the species. Many attempts to genetically
distinguish among clinical isolates of V. cholerae have found
only minimal variability, based on biochemical tests, pulsed
field gel electrophoresis (PFGE), ribotyping, and studies
with multi-locus sequence typing (MLST).

V. cholerae does undergo striking changes in gene expres-
sion patterns as strains pass from the environment into and
out of the human intestine. Recent studies have suggested
that as part of this process, strains acquire the ability to
become ‘hyperinfectious’ for a period of up to 18 h after
passage in the feces, demonstrating a 700-fold increase in
infectivity in animal models. While these findings are still
under investigation, inclusion of this observation in mathe-
matical models of disease transmission provides results that
are consistent with the explosive nature of cholera epi-
demics (Hartley et al., 2006).
Epidemiology

After passage of a pandemic wave through a geographic
region, cholera generally settles into an endemic pattern of
seasonal outbreaks separated by periods of quiescence.
Factors responsible for triggering these seasonal epidemics
are not completely understood, although there is an
increasing body of literature linking such events (and
their intensity) to large-scale environmental dynamics
such as monsoon rains and the El Nino Southern Oscilla-
tion (Rodo et al., 2002). At a local level, studies in Peru
suggest that the seasonal (summer) cholera epidemics are
heralded two months before by increases of V. cholerae in
the environment (triggered, in turn, by seasonal increases
in water temperature) (Franco, 1997), with apparent
subsequent ‘spill-over’ of the bacterium into human popu-
lations.What is clear is that as humans become infected, one
sees the initiation of rapid person-to-person (or person-to-
food/water-to-person) transmission, a process that may be
facilitated by the hyperinfectious state noted above.

In household studies conducted in Calcutta, transmis-
sion within households has been closely linked with con-
tamination of water stored in the household (i.e., water
brought in from community pumps and stored for later use).
Data further suggest that use of containers with a
narrow mouth, preventing insertion of potentially con-
taminated hands, can prevent much of this household
transmission. There are also increasing data highlighting
the importance of food as a vehicle of transmission
for the microorganism within households and within
the community (through street vendors). Cooked rice
appears to be a particularly effective vehicle for transmis-
sion of cholera, with rice implicated as the cause of a
number of outbreaks in settings as diverse as meals served
at African funerals, on a U.S. oil rig platform, and to a
group of luxury cruise ship passengers in Thailand.

In the United States and Australia, outside of tradi-
tional cholera-endemic areas, there are small environ-
mental foci of potentially epidemic V. cholerae, reflecting
the global distribution of the microorganism. Of particular
note, there is evidence for persistence of a single, unique
clone of V. cholerae along the U.S. Gulf Coast for
over 30 years; cholera cases caused by this strain have
generally been linked with consumption of undercooked
crab or raw oysters harvested from the Gulf Coast
(Blake et al., 1980). Between 1995–2000, there were six
cholera cases in the United States linked with this focus.
However, with rare exceptions, the sporadic seafood-
associated cholera cases that have occurred in the U.S.
population have not spread beyond the index, seafood-
associated case, presumably because of high extant levels
of sanitation.

For unknown reasons, persons with blood group O
are significantly more likely to have severe disease.
Factors that predispose to a lack of gastric acid, or
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hypochlorhydria (malnutrition, gastrectomy, acid-
reducing medications), decreasing the gastric acid barrier
to infection, also increase susceptibility to illness. The
atrophic gastritis and hypochlorhydria associated with
chronic Helicobacter pylori infection has also been asso-
ciated with an increased risk of severe illness.
Clinical Presentation

Despite the dread inspired by the term ‘cholera,’ the major-
ity of persons infected with epidemic V. cholerae strains do
not have severe illness: 75% of persons infectedwith strains
of the classical biotype have inapparent or mild disease,
while 93% of infections with biotype El Tor strains
(which are responsible for the most recent pandemic) have
illnesses that are inapparent or mild. The incubation period
for cholera ranges from 12h to 5 days. In the most severe
cases (cholera gravis), rates of diarrhea rapidly increase
during the first 24 h of illness, peaking at rates of up to 1 l
per hour, with diarrheal stools assuming a pale gray, ‘rice-
water’ appearance. In the absence of appropriate rehydra-
tion, this degree of purging can lead to circulatory collapse
and death within a matter of hours.

Clinically, dehydration is generally not detectable
until patients have lost fluid equal to 5% or more of
their body weight. Such moderately dehydrated patients
are restless and irritable, with sunken eyes and dry mouth
and tongue, poor skin turgor (a skin pinch returns
to normal slowly), and no urine output. Patients are
thirsty, and drink eagerly. As illness progresses toward
severe dehydration (loss of approximately 10% of body
weight), patients become lethargic and drift into uncon-
sciousness, with low blood pressure, decreased or absent
pulses, and worsening skin turgor; they drink poorly, or
are not able to drink (Sack, 2004).

Dehydration is reflected in abnormal metabolic para-
meters and laboratory tests, such as a higher plasma
protein concentration, hematocrit, serum creatinine, urea
nitrogen, and plasma specific gravity. Stool bicarbonate
losses and lactic acidosis associated with dehydration can
result in a severe acidosis manifested by depression
of blood pH and plasma bicarbonate and an increased
serum anion gap. Despite profound potassium loss, uncor-
rected acidosis may result in a normal or high serum
potassium level; with correction of the acidosis, this may
rebound, with dangerously low serum potassium levels.
Plasma sodium and chloride concentrations remain in
the normal range. Most cholera patients have low blood
glucose, and some may be severely hypoglycemic. Acute
renal failure may result from prolonged hypotension.
Diagnosis

The clinical diagnosis of cholera is based on the rapid
onset of diarrhea and vomiting with dehydration and the
profuse, rice-water stool, in an appropriate epidemiologic
setting; cholera is the only disease that can consistently
cause severe dehydration (leading to death) in adults.
Laboratory diagnosis is based on isolation of the org-
anism from stool. This generally requires use of a sel-
ective media such as thiosulfate-citrate-bile salt-sucrose
(TCBS) agar. For specimens sent to clinical microbiology
laboratories in the developed world, it is generally neces-
sary to specifically request use of this media (which is also
required for isolation of other Vibrio species) in suspected
cholera cases. Rapid immunologic tests are commercially
available for testing of stool for the microorganism. In the
hands of a trained technician, it is possible to identify
V. cholerae with a reasonable degree of certainty by using
darkfield microscopy. The diagnosis can also be made
retrospectively by serologic testing.
Treatment

Treatment of cholera is based on replacement of fluids
and salts lost through diarrhea. For persons with moderate
dehydration, this can almost always be done by oral rehy-
dration. In severe cases, intravenous rehydration is gener-
ally required. The composition of recommended oral
rehydration solutions and intravenous fluids is outlined
in Table 2. Packets of oral rehydration solutes are now
widely available throughout the developing world, with
rice-based solutions, when available, generally preferred
to glucose-based solutions. Recent data further suggest
that supplementation of rice-based oral rehydration solu-
tion with L-histidine can further reduce stool volume
and frequency (Rabbani et al., 2005).

Patients undergoing rehydration must be carefully
monitored, and ongoing diarrheal output measured.
This is done optimally with a ‘cholera cot,’ a simple camp
cot with a hole in the middle and a plastic sheet that has a
sleeve draining into a plastic bucket for collection of stool
(Figure 2). Patients with severe dehydration should have a
volume equal to 10% of their body weight replaced as
rapidly as possible (over a period no longer than 2–4 h).
For patients with moderate levels of dehydration, replace-
ment can be by mouth using oral rehydration solution,
starting with replacement of 5–7.5% of body weight.
After initial stabilization by either intravenous or oral
fluids, oral rehydration solution should be administered
so that, at a minimum, ongoing fluid losses are matched
by oral intake. Patients should be encouraged to eat when-
ever they are hungry, with free water provided.

Antibiotics have been shown to shorten the duration
of diarrhea and reduce the period of excretion of the
microorganism. However, antibiotics should always be
regarded as ancillary therapy to vigorous rehydration.
Recommended antibiotic regimens are included in
Table 3. While the drug of choice is doxycycline, adminis-
tered as a single oral dose, resistance to tetracycline has



Table 2 Composition of cholera stools and electrolyte rehydration solutions used to replace stool losses

Fluid NA (mmol/L) Cl (mmol/L) K (mmol/L) Bicarb (mmol/L) Carbo-hydrate (g/L) Osmolality (mmol/L)

Cholera stool
Adults 130 100 20 44

Children 100 90 33 30

ORS

Glucose (WHO) 75 65 20 10a 13.5b 245
Rice 75 65 20 10a 30–50c �180
IV fluids

Lactated Ringer’s 130 109 4 28d 271

Dhaka solution 133 154 13 48e 292
Normal saline 154 154 0 0 308

aTrisodium citrate (10mmol/L) is generally used rather than bicarbonate.
bGlucose 13.5 g/L (75mmol/L).
c30–50g rice contains about 30mmol/L glucose depending on degree of hydrolysis.
dBase is lactate.
eBase is acetate.

Data sheet similar to this sample.
Kept at bedside and all intake-
output recorded.

NOPT�s name
Date Time NSS Incare

xx OutputStool
and

ulrine
Vomitus

Cholera cot is an ordinary folding
canvas cot with a 9�� reinforced hole
made just above middle. (NOT
directly over middle legs).

Bucket or pail is placed
under opening to collect stool.

‘Dip stick’ calibrated to
measure stool volume directly
from the pail.

Figure 2 Cholera cot (from Hirshon, Kobari, and Carpenter, 1974).

Table 3 Antibiotic therapy for cholera

Antibiotic Children Adults

Single-dose therapy
Doxycycline – 300 mg single dose

Ciprofloxacin 20mg/kg single dose 1g single dose

Azithromycin 20mg/kg single dose 1g single dose

Multiple-dose therapy
Tetracycline 12.5mg/kg QID � 3days 500mg QID � 3day

Strimethoprim (TMP)-

sulfamethoxazole (SMX):

TMP 5mg/kg and SMX 25mg/

kg BID � 3days

TMP 160mg and SMX 800mg

BID � 3days

Furazolidone 1.25mg/kg QID � 3days 400mg single dose

688 Cholera and Other Vibrioses
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become increasingly common throughout the developing
world. In areas where tetracycline resistance is known
to occur, single-dose ciprofloxacin or azithromycin provide
reasonable alternatives. However, resistance to these latter
two drugs is also being reported. Clinicians need to be
familiar with resistance patterns in their region. Cholera
isolates from travelers should always be tested for
resistance.
Prevention

Outside of the setting of endemic or seasonal epidemic
cholera, the risk of acquiring the disease is low, and can
be further reduced by maintenance of good sanitation
and provision of safe potable water. Because the infectious
dose of cholera is relatively high (�1million bacteria),
boiling water and cooking food are effective methods
for preventing transmission through these routes. The use
of squeezed citrus juice, such as lemon, on suspect foods
has been reported to decrease the risk of cholera. However,
as long as there are environmental foci of epidemic strains
(such as the one seen along the U.S. Gulf Coast), it is not
possible to totally eliminate the risk of V. cholerae infection.
Cooking of seafood/shellfish reduces but does not elimi-
nate the risk: In studies conducted by the U.S. Centers for
Disease Control, epidemic V. cholerae could still be isolated
from infected crabs that had been boiled for eight or
steamed for 25min, cooking times that resulted in crabs
that were red in appearance, with meat that was firm and
appeared well-cooked (Blake et al., 1980).

Research continues on the development of an oral
cholera vaccine. The best data are for a vaccine that
consists of killed whole-cell V. cholerae O1 with purified
recombinant B-subunit of cholera toxoid (WC/rBS). This
vaccine has been shown to have efficacy in cholera-
endemic areas in Bangladesh, Peru, and Mozambique.
Its use in emergency settings, including major natural
disasters, has been explored, but remains controversial
(WHO, 2006).
‘Nonepidemic’ Vibrio Cholerae

Strains of V. cholerae that do not carry virulence factors
necessary to cause epidemic cholera have been implicated
as a cause of diarrheal disease and seawater-associated
wound and ear infections. In susceptible hosts (persons
with liver disease, a history of alcoholism, diabetes, or
immunosuppression), exposure/infection may result in
septicemia, with high associated mortality rates.

Strains associated with diarrheal illness represent a
subset of all non-O1/non-O139 isolates. Strains within
this subset, in turn, cause disease through a variety of
mechanisms (or postulated mechanisms), each of which
has its own set of associated genes. Diarrheal disease has
been linked with production of a heat-stable enterotoxin
(NAG-ST) similar to that produced by enterotoxi-
genic E. coli; with production of cholera toxin or a cholera
toxin-like toxin; and with the ability of a strain to colonize
the intestine. Recent molecular studies have demon-
strated the presence of genes encoding a type III secretion
system in non-O1/non-O139 strains, which may also play
a role. In contrast to V. cholerae O1, which is not
encapsulated (and which, with one or two possible excep-
tions, does not cause sepsis), >90% of nonepidemic
V. cholerae produce a polysaccharide capsule. Heavily
encapsulated strains are significantly more likely to be
isolated from patients with septicemia than strains with
minimal or no encapsulation.

As is true for other Vibrios, nonepidemic strains of
V. cholerae are part of the normal, free-living bacterial flora
in estuarine areas throughout the world. In areas such as
the U.S. Gulf coast, these strains are several orders of
magnitude more common than epidemic V. cholerae strains
in the environment. Isolation is not associated with the
presence of fecal coliforms, which is the marker currently
used by state and national regulatory agencies to regulate
shellfish-harvesting waters. Diarrheal illness due to non-
epidemic V. cholerae has been linked at a global level with
contaminated water and a variety of different foods, with
seafood most commonly implicated. In the United States,
infection has been associated primarily with eating raw
oysters, particularly during warmer, summer months,
when counts of the bacterium are highest in harvest waters.

The most common manifestation of nonepidemic
V. cholerae infection is diarrhea. Based on outbreak reports
and volunteer studies, the incubation period is short
(<24 h). Abdominal cramps may be prominent; bloody
diarrhea is occasionally reported. Illness is usually mild
and self-limited, although a diarrheal stool volume of
5.3 l was seen in one volunteer receiving 106 bacteria of a
NAG-ST-producing strain (Morris et al., 1990). Persons
with wound and ear infections almost always have a history
of exposure to estuarine waters (swimming, boating, etc.).
As noted above, nonepidemic V. cholerae strains can also
cause septicemia. This may be in association with a wound
infection, or may occur without an obvious source of
infection (‘primary septicemia’); these latter cases are
assumed to be due to ingestion of the bacterium in food.
For patients with septicemia, the case fatality rate in a
recent case series from Taiwan was 47%; in older U.S.
literature, the rate exceeds 60%. Septicemia occurs almost
exclusively in persons with cirrhosis or other liver disease,
alcoholics, diabetics, or persons who are immunocompro-
mised in some way.

Treatment of diarrhea is dependent on adequate rehy-
dration. Septicemia requires aggressive antibiotic therapy
and supportive care. In in vitro studies from Taiwan, a



690 Cholera and Other Vibrioses
synergistic response was noted when minocycline was
combined with either cefazolin or cefotaxime. While
no controlled clinical studies are available, a combination
of minocycline (100mg q 12 h PO) and cefotaxime
(2.0 gm q 8 h IV) has been recommended for treatment of
V. vulnificus sepsis, and would appear to be reasonable
in management of sepsis due to V. cholerae.
Vibrio Parahaemolyticus

In the fall of 1950 there was an outbreak of food poisoning
in Osaka, Japan; of 272 patients with acute gastroenteritis,
20 died. These deaths led to an intensive investigation
of the outbreak and, ultimately, to the identification
of an etiological agent that was named V. parahaemolyticus.
V. parahaemolyticus is halophilic, or salt-loving, and requires
NaCl for growth. Isolates from ill persons have tradition-
ally been differentiated from (presumably nonpathogenic)
isolates from environmental sources based on their hemo-
lytic activity when grown on special media (Wagatsuma
agar); this is termed the Kanagawa reaction, named for the
Japanese prefecture where the original study was done.
Hemolytic activity in Kanagawa-positive strains has been
linkedwith production of a thermostable direct hemolysin
(Vp-TDH). Thermostable direct hemolysin-related
hemolysins (Vp-TRH) have also been identified that
appear to have phenotypic activity similar to that of
Vp-TDH and that share sequence homology with
Vp-TDH.

While always recognized as an important enteropatho-
gen, there has been a striking global increase in the
incidence of V. parahaemolyticus infections since the mid-
1990s. First noted in Asia, this increase has now
been reported from all continents in association with the
appearance of a new clonal V. parahaemolyticus group
(the ‘pandemic’ clone). Isolates in this group share a
common genetic background, but may be in one of several
serotypes, including O3:K6, O4:K68, and O1:K untype-
able (O1:KUT). Increases in case numbers have also been
associated with increases in water temperatures in both
the United States (McLaughlin, 2005) and Chile. Many
of the U.S. cases have not involved the pandemic clone,
suggesting that the spread of the pandemic clone and rising
water temperatures are independent (but interrelated)
factors. Prior to 1980, V. parahaemolyticus outbreaks in the
U.S. had been associated with seafood, but not specifically
consumption of raw oysters; in contrast, in the 1990s, raw
oysters were the vehicle of transmission in 11 (69%) of the
16 V. parahaemolyticus outbreaks reported to CDC (Daniels
et al., 2000).

V. parahaemolyticus most commonly causes gastroenteri-
tis. In a summary of clinical data from 202 patients
with V. parahaemolyticus gastroenteritis reported to CDC
between 1973 and 1998 (Daniels et al., 2000), manifesta-
tions included diarrhea (98%), abdominal cramps (89%),
nausea (76%), vomiting (55%), and fever (52%); 29%
of patients reported bloody diarrhea. In foodborne out-
breaks, the median incubation period was 17 h (range:
4–90 h); median reported duration of illness was 2.4 days
(range: 8 h to 12 days). A frank dysentery-like syndrome
associated with V. parahaemolyticus has been reported in
India and Bangladesh, and occasional cases in the United
States. V. parahaemolyticus also is a cause of infection in
seawater-associated wounds, and has been linked with
occasional cases of primary septicemia (i.e., septicemia
without an obvious focus of infection, presumably acquired
by ingestion of the bacterium). As is true for other Vibrio
species, serious wound infections and sepsis occur most
commonly in persons with underlying liver disease, alco-
holism, or (particularly for wound infections) diabetes. In
the 1973–98 CDC case series, the case fatality rate for
persons with V. parahaemolyticus septicemia was 29%.

Blood agar and other nonselective media support
the growth of V. parahaemolyticus, but isolation from feces
generally requires the use of a selective medium such
as TCBS. As in other diarrheal diseases, the key to man-
agement of patients with V. parahaemolyticus gastroenteritis
is provision of adequate rehydration. Although there are
no data regarding antimicrobial efficacy, patients with
persistent diarrhea (>5 days) may benefit from treatment
with tetracycline or a quinolone. In the absence of data,
it would appear reasonable to use the treatment protocols
recommended for V. vulnificus infections (outlined in
the following) for severe V. parahaemolyticus wound infec-
tions or septicemia.
Vibrio Vulnificus

V. vulnificus, first identified in 1979, causes severe wound
infections, septicemia, and gastroenteritis. The majority of
clinical and environmental V. vulnificus isolates reported
to date are in Biotype 1. Strains in Biotype 2 (now known
as serovar E) cause sepsis in eels, but do not affect humans;
Biotype 3 strains were described in association with
wound infections related to handling of live fish (tilapia)
from fish farms in Israel (Bisharat et al., 1999). As reported
for non-O1 V. cholerae, V. vulnificus strains produce a
polysaccharide capsule that has been strongly linked
with virulence. Typing systems based on the capsule
have not been developed, due in part to the great diversity
seen in capsular types: In one study of 120 strains, 96
different capsular types (‘carbotypes’) were identified.
V. vulnificus is very sensitive to the presence of iron, and
consequently illness is more common in patients with
hemochromatosis or other iron-overload conditions.
Estrogen has been found to play a protective role
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in mouse models of V. vulnificus sepsis, perhaps account-
ing for the increased incidence of serious infections
in men.

As is true for other Vibrios, V. vulnificus is a naturally
occurring bacterium in estuarine or marine environments.
Highest numbers (in water and oysters) are found in
areas with intermediate salinities (5–25 ppt) and warmer
temperatures (optimally, >20 �C). V. vulnificus is the most
common cause of Vibrio-related deaths in the United
States (Table 1), with an incidence in community-based
studies in coastal regions of approximately 0.5 cases/
10 000 population/year. Sepsis without an obvious focus
of infection (‘primary septicemia’) occurs in persons who
are alcoholic or who have chronic underlying illnesses,
such as liver disease, cirrhosis, diabetes, or hemochroma-
tosis (Table 4). Infection is generally acquired by eating
oysters containing the organism, or exposure to the bac-
terium while swimming or boating.

Patients with primary septicemia present with fever
and hypotension (Table 3): One-third have shock
when first seen or become hypotensive within 12 h of
Table 4 Epidemiologic features and clinical manifestations of pa

Feature
Gastroenteritis
(n¼ 23)

Major risk factorsb

Liver disease 14%

Alcoholism 14%
Diabetes 5%

Heart disease 10%

Hematologic disorder 0

Peptic ulcer disease 0
Malignancy 16%

Immunodeficiency 5%

Renal disease 5%
GI surgery 11%

Any of above 35%

Patient characteristics

Median age, years (range) 35 (0–84)
% Male 57

Symptoms/signs

Fever 59%

Diarrhea 100%
Abdominal cramps 84%

Nausea 71%

Vomiting 68%
Shockc 0

Localized cellulitis –

Bullous skin lesions 0

Hospitalized 65%
Death 9%d

aData from Shapiro et al., 1998; table used with permission from Mor
bConditions are not mutually exclusive.
cSystolic blood pressure <90mmHg.
hospitalization. Fifty to 90% of patients have been
reported to have distinctive bullous skin lesions (Figure 3).
Thrombocytopenia is common, and there is often evi-
dence of disseminated intravascular coagulation. Over
50% of patients with primary septicemia die; the mor-
tality rate exceeds 90% for those who are hypotensive
within 12 h of initial presentation. Wound infections range
from mild, self-limited lesions to rapidly progressive cel-
lulitis and myositis. Patients who survive severe V. vulni-

ficus infections often have some degree of residual
disability. This does not appear to be related to the actual
infection, which clears readily with antibiotic therapy, but
rather to the consequences of multiple organ system fail-
ure and the prolonged hospitalization associated with
occurrence of a shock syndrome.

A definitive diagnosis requires isolation of V. vulnificus
from blood, wounds or skin lesions (if present), or stool.
Blood agar and other nonselective media, including media
used in commercial blood culture systems, are adequate
for isolation from blood and wounds. TCBS agar is neces-
sary for isolation from stool.
tients with primary septicemia caused by Vibrio vulnificusa

Primary septicemia
(n¼ 181)

Wound infections
(n¼189)

80% 22%

65% 32%
35% 20%

26% 34%

18% 8%

18% 10%
17% 10%

10% 9%

7% 7%
7% 6%

97% 68%

54 (24–92) 59 (4–91)
89 88

91% 76%

58% –
53% –

59% –

54% –
64% 30%

– 91%

49% –

97% 89%
61% 17%

ris 2002.



Figure 3 Typical bullous skin lesions in patient with Vibrio

vulnificus septicemia.
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The early administration of antimicrobial agents is
critical to successful treatment, with case fatality rates
showing a significant increase with increasing time
between onset of symptoms and initiation of therapy.
Recent in vitro and animal studies from Taiwan have led
to recommendations that patients be treated with mino-
cycline (100mg q 12 h PO) and cefotaxime (2.0 g q 8 h IV),
with doses adjusted appropriately for underlying hepatic
or renal diseases. Because of the need for rapid initia-
tion of therapy, and the delays inherent in waiting
for culture results, patients should be treated empirically
if V. vulnificus sepsis is suspected. A presumptive clinical
diagnosis of V. vulnificus sepsis can be made on the basis
of (1) occurrence of shock or hypotension, or other
signs suggesting sepsis (for wound infections, evidence
of rapidly progressive cellulitis or myositis), (2) a history
of cirrhosis, chronic alcoholism, immunosuppression, or
hemochromatosis, (3) a history of recent consumption of
raw oysters, or exposure of wounds to estuarine water, and
(4) the presence of characteristic bullous skin lesions
(Morris, 2003).

Prevention requires avoidance of raw shellfish by per-
sons who are in the high-risk categories for sepsis. Harvest
of oysters from areas with low fecal coliform counts
does not provide any assurance about the presence or
absence of V. vulnificus, as the bacterium is free-living
in the marine/estuarine bacterium. However, restrict-
ing oyster consumption to cold months (when Vibrio
counts are lowest) does reduce the risk of infection; in
this context, adherence to the adage that oysters should
only be eaten in months that contain the letter ‘r’ is of
clear value.
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Introduction

Worldwide, vascular disease accounts for about half of
all adult deaths, and coronary heart disease (CHD) and
stroke are the leading causes of disability (WHO, 2002).
Differences in blood cholesterol, blood pressure, and cig-
arette smoking account for most deaths from vascular
disease, so understanding the relevance of these risk
factors is important. Observational studies have shown
that higher blood total cholesterol is associated with an
increased risk of CHD, and randomized trials have shown
that drugs that lower cholesterol can substantially reduce
the risk of CHD, confirming that these associations are
causal. While epidemiologic associations between total
cholesterol and stroke of any type remain uncertain, trials
have shown that lowering cholesterol reduces the risk of
ischemic stroke, so raised blood cholesterol is clearly a
cause of at least some types of stroke. This article assesses
the importance of blood lipids, including total cholesterol
and the various forms in which it is carried in the blood,
for risk of CHD and stroke in different populations, and
assesses the public health importance of strategies to
modify blood lipids by diet or drug therapy for the pre-
vention of vascular diseases.
Cholesterol Metabolism and Its Role
in Atherosclerosis

Cholesterol Metabolism

Cholesterol is a fatlike substance (a lipid) that is an essen-
tial component of all cells. It plays an important role in
membrane repair and growth, and is a precursor of bile
acids, steroid hormones, and vitamin D. Cholesterol is
synthesized in the liver along a metabolic pathway begin-
ning with acetyl Co A, and converted to cholesteryl esters
prior to being incorporated, together with apolipopro-
teins and triglycerides, into complexes known as lipopro-
teins. These lipoproteins are the major vehicle by which
cholesterol is transported in the bloodstream: Figure 1
shows a schematic representation of the major circulating
lipoproteins.

The function of each type of lipoprotein particle
depends on the apolipoproteins(s) on its surface and its
size (with larger ones generally being of lower density).
Approximately 60–70% of cholesterol is transported in
the bloodstream in low-density lipoprotein cholesterol
(LDL) particles, the function of which is to provide cells
with cholesterol. LDL cholesterol is a major cause of
atherosclerosis and higher levels are positively related to
CHD. Most of the remaining cholesterol is transported
in high-density lipoprotein (HDL) particles, which trans-
fer cholesterol from the peripheral tissues to the liver.
Since higher levels of HDL cholesterol are associated
with lower CHD risk, HDL cholesterol is often referred
to as ‘good cholesterol.’ Thus, total cholesterol concentra-
tion can be approximately derived by adding the concen-
trations of LDL cholesterol andHDL cholesterol, which are
respectively positively and negatively associated with CHD
risk. Consequently, plasma concentrations of the surface
proteins on LDL and HDL, apolipoprotein B (Apo B) and
apolipoprotein A1 (Apo A1), are also positive and negative
risk factors for CHD, respectively.

While laboratory methods for measurement of total
cholesterol and HDL cholesterol have been available for
half a century, reliable methods for direct measurement
of LDL cholesterol, Apo B and Apo A1, have only become
available in recent years. Hence, our knowledge of the
precise function of individual cholesterol fractions and apo-
lipoproteins, their relationship with each other, and their
relationship with vascular risk, is still incomplete. The
relationships between particular dietary components and
the concentration, type, and size of different lipoprotein
particles are also poorly understood.
Role of Cholesterol in Atherosclerosis

Atherosclerosis is the process by which fibro-fatty plaques
form in major arteries. Rupture of an atherosclerotic
plaque may lead to clot formation at the site of rupture
and, if the artery is completely blocked, death of tissue
supplied by that vessel. In the coronary arteries, such
blockage causes a heart attack (myocardial infarction),
while in vessels supplying the brain it results in a stroke
(more specifically, an ischemic stroke). The link between
blood cholesterol and atherosclerosis was first suggested
by animal models in which rabbits fed a diet rich in
saturated fat subsequently developed atherosclerosis in
their arteries. In humans, LDL cholesterol accumulates
in vessel walls early in adult life, and oxidation of LDL
cholesterol by reactive oxygen species results in inflam-
mation; thereafter, a cascade of events culminate in plaque
formation. This model of atherosclerosis is consistent with
the epidemiological evidence that higher LDL cholesterol
is associatedwith an increased risk of CHD, and provides a
biological rationale for attempts to lower blood LDL
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Figure 1 Schematic representation of the major circulating

lipoproteins in blood. Lipoprotein particles consist of a lipid-rich

core surrounded by an outer surface of phospholipids, with one
or more apolipoprotein molecules in their surface layer. LDL

particles contain apolipoprotein B (Apo B) and HDL particles

contain apolipoprotein A1 (Apo A1).
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cholesterol in randomized controlled trials. More recently,
evidence from angiographic studies has also suggested that
increasing blood HDL cholesterol may prevent growth of
arterial plaques, and the availability of new drugs that
increase HDL cholesterol has led to several large-scale
trials designed to assess their effects on vascular risk.
Determinants of Blood Cholesterol
Concentration

Differences in dietary intake of fats account for most of
the variation in blood cholesterol levels between indivi-
duals. The major dietary sources of saturated fat include
dairy produce, meat, and confectionery. Saturated fatty
acids and exogenous dietary cholesterol are absorbed in
the intestine and undergo a complex series of processing
steps before being transported to peripheral tissues and
the liver. The most reliable evidence for assessing the
quantitative relationship between intake of saturated fat
and blood cholesterol concentration has been provided by
‘metabolic ward’ studies, in which participants consumed
diets that exchanged a particular dietary fat or amount of
fat for complex carbohydrates under controlled condi-
tions. A meta-analysis of around 400 such studies showed
that replacement of saturated fats in the diet by complex
carbohydrates for 10% of dietary calories resulted in a
reduction of about 20mg/dL (0.5mmol/L) in blood total
cholesterol (Clarke et al., 1997). Replacement of complex
carbohydrates with polyunsaturated fats for 5% of dietary
calories resulted in a further 5mg/dL reduction in total
cholesterol, while further reduction of dietary cholesterol
by 200 g/day (e.g., from 340 g/day to 140 g/day) produced
similar changes.

Trans fatty acids – unsaturated fatty acids with at least
one double bond in the transmolecular configuration –
are produced by partial hydrogenation of vegetable oils.
This process converts vegetable oils into semisolid fats.
These fats have no known nutritional value but are widely
used in margarines, commercial cooking, and in manufac-
tured foods. Higher intakes of trans fatty acids increase
LDL cholesterol and lower HDL cholesterol levels. Com-
pared with equivalent changes in intake of saturated fat,
intake of trans fatty acids has a more adverse effect on the
ratio of total cholesterol to HDL cholesterol concentra-
tions. The metabolic ward studies indicate that replacing
saturated fat and trans fatty acids with unhydrogenated
unsaturated fats is likely to be more effective in reducing
vascular risk than reducing the overall fat intake.

Genetic differences only account for a small propor-
tion of the variation in LDL cholesterol between indivi-
duals. Familial hypercholesterolemia (FH) is the best
understood genetic cause of hyperlipidemia. The classic
form of FH (diagnosed by markedly elevated LDL cho-
lesterol) is caused by a variety of different mutations in
genes encoding proteins that interfere with normal LDL
receptor function, thereby raising plasma levels of LDL
cholesterol and Apo B. Approximately 1 in 500 of most
populations are heterozygous carriers for FH. About half
of untreated FH carriers develop CHD before middle age
(i.e., age 50 in men, 60 in women), but drug therapy to
lower LDL cholesterol is remarkably effective in reducing
the risk of CHD among such individuals. A more common
polymorphism in the gene encoding Apo E, a ligand of the
LDL receptor, accounts for about 3–5% of the variance
in LDL cholesterol levels between individuals, with those
carrying Apo E e4 having higher cholesterol levels and
higher risks of CHD compared with those without it.
However, the majority of variation in LDL cholesterol
between individuals is explained by environmental
factors, of which diet is the most important.
Associations between Blood Cholesterol
and Vascular Disease

Associations between Blood Cholesterol and
CHD Risk

The associations of blood total cholesterol with risk of
CHD, stroke, and other vascular disease outcomes have
been extensively studied in geographically diverse popu-
lations, in different age groups, and in populations with a
range of different levels of other risk factors such as
smoking, blood pressure, diabetes mellitus, and obesity.
Taken together, these studies have clearly shown that
higher blood total cholesterol is associated with a higher
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risk of CHD throughout the range of cholesterol concen-
trations that have been studied, with no lower threshold
below which there is no longer lower risk. The shape of
the association is approximately log-linear; that is, when
risk is plotted on a doubling (i.e., logarithmic) scale, it is
linear. This is important because it implies that strategies
to lower total cholesterol should be effective irrespective
of the initial (pretreatment) level.

Many previous prospective studies have underestimated
the shape and strength of associations between blood cho-
lesterol and CHD risk by failure to appreciate the effects of
random variability of a single measurement of cholesterol.
Errors in measurement, short-term biological variability
(i.e., diurnal or seasonal variations), and systematic changes
in cholesterol (due to changes in diet or treatment or
disease) all influence blood levels of cholesterol in indivi-
duals (Clarke et al., 1999). Consequently, a single measure-
ment of cholesterol at enrollment in a prospective study
may not reflect an individual’s average (or ‘usual’) level over
the course of the study. The effect of this variability in
cholesterol is to underestimate the associations of CHD
risk with cholesterol, referred to as regression dilution bias.

The effect of variability in plasma levels of total cho-
lesterol within individuals over several decades is shown
in Figure 2 using total cholesterol measurements taken
every two years for 16 consecutive surveys in the Framing-
ham study(Clarke et al., 1999). Individuals were divided
into quintiles according to the mean of the first pair of
measurements. When individuals in the top quintile had
total cholesterol remeasured a few years later, those who –
because of random fluctuations – had an unusually high
cholesterol on their initial measurement had a lower value
on remeasurement, so the overall mean of the remeasured
values in that quintile was lower (Figure 2). Conversely,
some in the bottom quintile had cholesterol levels that were
lower than their long-term usual levels, and remeasured
levels were higher. The net effect was for the average
cholesterol level for those in the top quintile to fall when
they were remeasured, and for the average level in the
bottom quintile to increase. Less extreme shifts occurred
among those in the 2nd and 4th quintiles, and the 3rd
quintile average remained approximately constant. The
result of this shrinkage of the range of usual values as
compared to the range of single baseline values is that
the biologically relevant association between usual total
cholesterol and CHD risk is substantially steeper than the
association with a single baseline measurement. The mag-
nitude of this underestimation is illustrated using data from
the Prospective StudiesCollaboration, ameta-analysis of 61
prospective studies among 900 000 healthy individuals in
which re-measurements of total cholesterol were available
on 170 000 participants (Prospective Studies Collaboration,
2007). Figure 3 shows the log-linear relation of CHD
mortality with total cholesterol plotted using baseline
measurements (dotted line) or ‘usual values’ (solid line),
which are the means of the remeasurements (about 7 years
later) in the groups defined at baseline. This figure demon-
strates that the association between mean usual blood cho-
lesterol and CHD mortality is 50% steeper than the
analogous association with a single measurement recorded
at baseline.

When appropriate allowance is made for regression
dilution bias (with particular regard to the increase in
the size of this bias in proportion to the time between
screening and an event; see Figure 2), prospective studies
of healthy people allow the effects of prolonged exposure
to blood lipids to be estimated reliably. In the Prospective
Studies Collaboration, more than 55 000 vascular deaths
(34 000 CHD, 12 000 stroke, 10 000 other) occurred during
12million person-years at risk between the ages of 40 and
89. Information on HDL cholesterol was available for
150 000 participants, among whom there were 5000 vascu-
lar deaths (3000 CHD, 1000 stroke, 1000 other). Reported
associations were with usual cholesterol levels (i.e., cor-
rected for the regression dilution bias). The results indicated
that, throughout the range studied, with no apparent thresh-
old, 1mmol/L lower total cholesterol was associated at ages
40–49, 50–69, and 70–89 years with, respectively, about one-
half, one-third, and one-sixth lower CHD mortality in
both sexes (Figure 4). As the logarithmic scale in Figure 4
demonstrates, however, although the strength of the associ-
ation was weaker at older ages, the absolute effects of such
cholesterol differences on annual risk were substantially
greater at older than younger ages.

The positive association between blood total cholesterol
and CHD mortality risk is the net result of a positive
association with LDL cholesterol and a negative association
withHDL cholesterol.Measured associations between total
cholesterol andCHD riskwill systematically underestimate
the association between LDL cholesterol (themain cause of
atherosclerosis) and CHD risk because the HDL choles-
terol subfraction is negatively associated with CHD risk;
this has been termed surrogate dilution bias. In the Prospec-
tive Studies Collaboration meta-analysis, only a minority of
studies had recorded LDL cholesterol, so non-HDL cho-
lesterol (i.e., total minus HDL cholesterol) was used as a
surrogate for LDL cholesterol (Prospective Studies Collab-
oration, 2007). As expected, associations between total cho-
lesterol and CHD risk were slightly shallower than those
between non-HDL cholesterol and CHD risk (Figure 4
and Figure 5).
Associations between HDL Cholesterol and
CHD Risk

There was a strong negative association of usual HDL
cholesterol with CHD risk at all ages, with no evidence of
a threshold above which higher HDL cholesterol was no
longer associated with a lower risk of CHD (Figure 5a)
(Prospective Studies Collaboration, 2007). The strength



Interval between paired measurements (years)

m
m

ol
/l

5

6

7

8

4

9

<5.2

5.2−5.7

5.8−6.1

6.2−6.8

6.9+

4.6

3

5.1

6

2

4.9

16

2

5.1

0 26

1Range:

Initial

7.6

7.2

6.5

6.3

Range:

Initial
values

Figure 2 Regression dilution associated with serial measurements of blood total cholesterol in the Framingham study. Mean

values initially and at subsequent follow-up are plotted for persons subdivided into five similar-sized groups according to the value

of the first pair of measurements. The size of each square is proportional to the amount of statistical information available, and the

95%confidence intervals (CIs) for the top and bottom group are represented by the vertical bars. Themean values in the top and bottom
groups and the absolute differences between them are given at baseline and at later intervals. Reproduced from Clarke R, et al. (1999)

Underestimation of risk associations due to regression dilution in long-term follow-up of prospective studies. American Journal of

Epidemiology 150: 341–353.

696 Cholesterol and Lipids
of this association was comparable for men and women.
As was the case for associations with total and non-HDL
cholesterol, the proportional (though not the absolute)
association of cholesterol with CHD risk was less extreme
in old age, and the effects of HDL cholesterol and
non-HDL cholesterol were largely independent of each
other. This independence is important because it suggests
that the effectiveness of drug treatments that increase
HDL cholesterol, such as niacin, may not depend much
on blood LDL cholesterol concentration. The effects of



Baseline total cholesterol (mmol/L)

5·0 6·0 7·0 8·04·0 9·0

1

2

0·5

4
H

az
ar

d 
ra

tio
 (

an
d 

95
%

 C
I)

Baseline
value range

‘Usual’
value
range

Figure 3 Effect of correction for regression dilution bias on the
association of blood total cholesterol with CHD mortality

(Prospective Studies Collaboration; n¼ 33744 CHD deaths).

Mean baseline values are plotted for six categories of total

cholesterol (<4.5, 4.5�, 5.5�, 6.5�, 7.5�, � 8.5mmol/L), and
‘usual values’ are calculated by applying the regression dilution

ratio (0.66) to the mean baseline values. The hazard ratios in

these categories are plotted as floating absolute risks (see
Prospective Studies Collaboration, 2007 for details).

Cholesterol and Lipids 697
combining a drug that lowers LDL cholesterol with one
that increases HDL cholesterol may therefore be greater
than the effects of either in isolation.
Improving Prediction of CHD Risk

Since total cholesterol and HDL cholesterol have oppos-
ing effects on CHD risk, the ratio of total/HDL choles-
terol is a better predictor of CHD risk than either on its
own. In the Prospective Studies Collaboration, the ratio of
total/HDL cholesterol was about twice as informative as
total cholesterol (Figure 5c). Other ratios of cholesterol
fractions or apolipoproteins may be even better predictors
of CHD risk. For example, in the INTERHEART case-
control study of myocardial infarction involving 15 000
cases and 15 000 controls recruited in 52 countries, the
ratio of Apo B/Apo A1 was a very strong risk factor for
CHD, with a population-attributable risk fraction for the
top four quintiles versus the bottom quintile of Apo
B/Apo A of 49% (compared to 36% for current smoking
vs. never smoking, and 18% for a history of hypertension
vs. no such history) (Yusuf et al., 2004).
Associations between Cholesterol and
Stroke Risk

Owing to the inconclusive results of epidemiological stud-
ies there has been some uncertainty about the strength
and shape of the associations of total cholesterol and its
fractions with stroke. The Prospective Studies Collabora-
tion showed that total cholesterol was positively related to
ischemic and total stroke mortality only in middle age, and
only in those with below-average blood pressure; indeed,
at older ages (e.g., 70–89 years) and, particularly, for those
with systolic blood pressure over 145mmHg, total
cholesterol was negatively related to hemorrhagic and
total stroke mortality (Figure 6). In addition, there was a
weakly positive association of stroke mortality with the
ratio total/HDL cholesterol at ages 40–69, but no evi-
dence of an association at older ages, and no statistically
significant association in either age range for HDL choles-
terol or non-HDL cholesterol considered separately (see
Prospective Studies Collaboration, 2007 for details). The
positive association with stroke mortality in middle age or
among those with lower blood pressure was in keeping
with the proven ability of cholesterol-lowering statin ther-
apy to reduce CHD and stroke rates, but the negative
association of cholesterol with stroke mortality at older
ages or, particularly, at higher blood pressures was not, and
was unexplained. Despite this, there is strong evidence from
randomized trials that statins substantially reduce total
stroke rates even among people with high blood pressure.
Associations between Cholesterol and
Nonvascular Causes of Death

In the 1980s, several prospective studies had reported that
low cholesterol levels were associated with an increased
risk of death from nonvascular causes, raising concerns
that the beneficial effects of lowering cholesterol on vas-
cular causes may be offset by an increase in nonvascular
causes of death. In a systematic review of published mor-
tality findings from observational epidemiological studies,
however, there was no evidence that low cholesterol con-
centration increased the risk of nonvascular causes of
death (Law, 1994). Among these studies there was a con-
trast between the results in cohorts of employed men
(who were likely to be healthy at baseline) and commu-
nity studies (where some of those screened would be
expected to have existing disease). There was no evidence
of excess nonvascular mortality in the employed cohorts,
whereas in the community studies there were associations
between low cholesterol and various nonvascular diseases,
including lung cancer, hematopoietic cancers, suicide,
chronic bronchitis, and chronic gastrointestinal diseases.
These associations were probably due to the presence
of early disease or to causes of disease which themselves
lower cholesterol (i.e., an artefact resulting from certain



(a) (b)
Usual total cholesterol (mmol/L)

4·0 5·0 6·0 7·0 8·0
0·5

1

2

4

8

16

32

64

128

256
H

az
ar

d 
ra

tio
 (

an
d 

95
%

 C
I)

80−89

70−79

60−69

50−59

40−49

Age at risk: Age at
risk

Sex No. of
deaths

80−89 Men 0·79 (0·74−0·84)
Women 0·92 (0·86−0·97)
Total 0·85 (0·82−0·89)

Test for heterogeneity: χ
1
2= 12·0 (p = 0·0005)

70−79 0·80 (0·77−0·83)
0·86 (0·82−0·90)
0·82 (0·80−0·85)

Test for heterogeneity: χ
1
2= 4·1 (p = 0·04)

60−69 0·71 (0·69−0·74)
0·73 (0·68−0·78)
0·72 (0·69−0·74)

Test for heterogeneity: χ
1
2= 0·3 (p = 0·6)

50−59 0·59 (0·57−0·61)
0·55 (0·49−0·61)
0·58 (0·56−0·61)

Test for heterogeneity: χ
1
2= 1·5 (p = 0·2)

40−49 0·45 (0·41−0·48)
0·43 (0·34−0·55)
0·44 (0·42−0·48)

Test for heterogeneity: χ
1
2=0·0 (p = 0·8)

Test for trend by age: χ
1
2= 415 (p < 0·0001)

0·4 0·6 0·8 1·0

Hazard ratio (and 95% CI) for
1 mmol/L lower usual total cholesterol

2919
2707
5626

Men
Women
Total

7372
3457

10 829

Men
Women
Total

8594
1825

10 419

Men
Women
Total

5001
560

5561

Men
Women
Total

1191
118

1309
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mortality: Effect modification by age, sex and blood pressure in a meta-analysis of 61 prospective studies with 56000 vascular deaths
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nonvascular diseases lowering total cholesterol levels).
Concerns about the possible nonvascular hazards of low-
ering cholesterol to below-average levels persisted, how-
ever, until they were dispelled by the reassuring results
of large-scale, randomized trials of statin therapy. In these
studies, LDL cholesterol was reduced to much lower
levels than had been achieved in the early trials, and so
they provided a more stringent test of the safety of lower-
ing cholesterol than had previously been possible.
Interventions to Reduce LDL
Cholesterol

Interventions to prevent vascular disease by lowering LDL
cholesterol can be applied at the population level (e.g., by
reducing the saturated fat content in foods) or can be
targeted at individuals (e.g., through cholesterol-lowering
drug therapy). As the positive association between LDL
cholesterol and CHD risk extends across the whole range
of LDL cholesterol, with only moderate differences in its
strength in different populations (e.g., by geographical
region, age, gender, blood pressure), a small shift in the
population distribution of LDL cholesterol would be
expected to have a large impact on population CHD
event rates (Rose, 1985). Interventions at the population
level have tended to involve multiple interventions to
investigate whether community programs could produce
favorable changes in cholesterol, blood pressure, and
smoking. With the exception of the community programs
tested in Finland, the benefits of such programs have been
small and difficult to quantify reliably.

The alternative (or perhaps complementary) approach
to population modification of cholesterol levels is the
reduction of cholesterol in individual people at increased
risk of major vascular events. Such an approach is easier
to organize, but its impact on overall population CHD
event rates is more limited. Until recently, decisions about
whom to treat with cholesterol-lowering interventions
were most often made on the basis of blood cholesterol;
only those people with total or LDL cholesterol above
a given threshold were considered for treatment. This
approach does not capture all those at high risk of CHD,
however, because many with cholesterol levels below the
threshold are at increased risk owing to the presence of
other risk factors (such as raised blood pressure or ciga-
rette smoking). A better strategy is to estimate total coro-
nary risk (e.g., using age, sex, total cholesterol, HDL
cholesterol, smoking, blood pressure, diabetes, as in the
Framingham coronary risk score) instead of the level of
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total cholesterol to identify people whose predicted abso-
lute risk of suffering a major vascular event in the next
10 years exceeds a given threshold. The use of such a
strategy prevents a higher proportion of vascular events
than one in which people are selected on the basis of their
cholesterol level alone.

Prospective studies provide an indication of the effects of
prolonged differences in usual LDL cholesterol or HDL
cholesterol, but randomized trials of cholesterol-modifying
treatments are needed to show that associations are causal,
and to assess to what extent, and over what timescale, any
associated increase in risk can be reversed. Possible inter-
ventions among individual people include dietary advice
and drug treatments, and a large number of randomized
trials now provide reliable information about the effective-
ness of each of these approaches.
Randomized Trials of Dietary Regimens

Although it is possible to achieve 10–15% reductions in
LDL cholesterol under the stringent conditions of a meta-
bolic ward, randomized trials of dietary advice among free-
living people have shown that such advice is much less
effective at reducing blood cholesterol. In a meta-analysis
of 19 randomized trials, advice to limit fat intake resulted in
3–6% reductions in blood total cholesterol, chiefly owing to
poor adherence to the prescribed regimens (Tang et al.,
1998). Since the results of prospective studies predict that
such differences in total cholesterol would be associated
with only a small relative reduction in CHD of about
5–10%, as previously discussed, randomized trials designed
to assess whether such diets can prevent vascular disease
would need to be very large. In a meta-analysis of rando-
mized trials in which the intention was to reduce or modify
fat or cholesterol intake in healthy adults, alteration of fat
intake had small (and statistically nonsignificant) effects on
vascular mortality (Hooper et al., 2001).
Randomized Trials of Drugs That Lower LDL
Cholesterol

The first cholesterol-lowering drugs to be developed, such
as resins, fibrates, and niacin, were relatively ineffective at
reducing blood cholesterol, reducing it on average by
about 10%. Nevertheless, even with relatively modest
reductions in cholesterol, there was clear evidence that
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lowering cholesterol reduced the risk of CHD among
people with a history of the disease. Moreover, there was
evidence of a dose–response relationship in the early trials:
regimens reducing cholesterol by about 5–9% were asso-
ciated with 8% less CHD, whereas those producing
cholesterol reductions of about 10–15% were associated
with 19% less CHD. These trials lacked the statistical
power to assess effects on mortality, however, and the
small excess of mortality from various, unrelated nonvas-
cular causes that was observed among patients allocated to
cholesterol-lowering therapy exacerbated existing con-
cerns about the possible hazards of reducing cholesterol.

A new class of drugs, the HMG CoA reductase inhi-
bitors (or ‘statins’), became available in the 1980s, and the
earliest statin drug regimens were capable of reducing
total cholesterol by 20–25% and LDL cholesterol by
30–35% (but had little effect on HDL cholesterol). Trials
of such treatments were therefore initiated to test whether
reducing LDL cholesterol could reduce vascular causes of
death without increasing the risk of nonvascular mortality.
The first randomized trials of statin therapy were conduc-
ted among patients with known CHD (e.g., a prior heart
attack or history of angina), among whom the expected
benefits were large. The earliest trials recruited people
with above-average LDL cholesterol, but later trials studied
those with average and below-average levels (as the
absence of a lower threshold in the log-linear associations
in observational studies predicted benefit irrespective of
baseline cholesterol). As it became evident that statin ther-
apy prevented both CHD and ischemic stroke in patients
with known CHD, subsequent trials extended the range of
populations studied, and included people with no known
vascular disease (primary prevention), people with risk
factors for occlusive vascular disease (e.g., a history of dia-
betes or of hypertension), or other forms of vascular disease
(e.g., a history of stroke).

In the early 1990s, when the first large statin trials were
still in progress, it was clear to the principal investigators of
these trials that no single trial would have enough statisti-
cal power to assess the effects of statin therapy on vascular
and nonvascular causes of death reliably. As a result, a
collaborative meta-analysis of individual participant data
from all trials was planned. The first cycle of the Choles-
terol Treatment Trialists’ (CTT) Collaborators’ meta-
analysis was published in 2005 (see CTT Collaborators,
2005), and provided very clear evidence about the effects
of lowering LDL cholesterol in different populations.

As predicted by prospective studies, the absolute ben-
efits of statin therapy on CHD and stroke were roughly
proportional to the absolute size of the reduction in LDL
cholesterol achieved by therapy (Figure 7). Allocation
to statin therapy reduced the risk of major vascular events
(a composite outcome defined as a heart attack, death
from CHD, coronary revascularization, or stroke) by about
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one-fifth for every 1mmol/L reduction in LDL cholesterol
achieved, with similar proportional reductions in major
coronary events, presumed ischemic stroke, and the need
for coronary revascularization (Figure 8). The reduction
in risk appeared rapidly: during the first year the risk of
major vascular events was reduced by about 10% per
mmol/L lower LDL cholesterol achieved at 1 year, while
in subsequent years the reduction was about 25–30% per
mmol/L reduction. In practice, therefore, a regimen that
produced a 1.5mmol/L reduction would reduce major
vascular events by at least a third. The reduction in
major vascular eventswas similar irrespective of age, gender,
blood pressure, history of diabetes, history of vascular dis-
ease, and other prognostic factors. Most importantly, the
proportional reduction was independent of baseline LDL
cholesterol, at least down to about 2.6mmol/L (100mg/
dL), indicating that worthwhile benefit can be achieved by
reducing LDL cholesterol among those who, whilst they
have below-average blood LDL cholesterol concentration,
are for other reasons at high risk of vascular disease.

The CTT Collaborators’ meta-analysis of randomized
trials also showed conclusively that statin therapy was not
associated with an increased risk of nonvascular causes of
death (Figure 9), or of cancer, during 5 years of treatment.
Statin therapy is associated with an increased risk of mild
abnormalities of liver function, but these are reversible on
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stopping treatment, and there is no evidence that statins
increase the risk of hepatitis. Statin therapy is also associated
rarely with a muscle disorder (known as statin-associated
myopathy) in which pain or weakness (or both) are asso-
ciated with increased creatine kinase levels; myopathy is
also reversible on stopping treatment. Very rarely, statins
can cause a more severe muscle disorder called rhabdomy-
olysis, which, if untreated, leads to renal failure and may be
fatal. The benefits of statin therapyonmajor vascular events,
however, far outweigh these small hazards.

More recently, trials comparing a more intensive statin
regimen versus a less intensive one have assessed the effects
of further reduction of LDL cholesterol among people with
CHD whose LDL cholesterol has already been reduced.
These trials showed that further reduction of LDL choles-
terol produced additional benefits, and in each trial the
benefits were broadly as predicted by the relationship
between LDL cholesterol reduction and relative risk
reduction observed in trials in the CTT Collaborators’
meta-analysis.
Trials of Drugs That Increase HDL Cholesterol

Prospective studies have shown that there is an inverse
association between usual HDL cholesterol levels and risk
of CHD. In the Prospective Studies Collaboration meta-
analysis, each 0.2mmol/L higher usual HDL cholesterol
was associated with about a third lower risk of CHD
mortality (Figure 5). Since the association between HDL
cholesterol and CHD is largely independent of LDL cho-
lesterol, a drug that increases HDL cholesterol substan-
tiallymay reduce the risk of CHD even among people who
are already taking a statin. Niacin (or nicotinic acid), when
given in doses of at least 2 g daily, produces a relative
increase of about 20–25% in HDL cholesterol (in addition
to lowering LDL cholesterol by 15–20%), but is poorly
tolerated because of its tendency to cause uncomfortable
‘flushing’ symptoms. The only large randomized trial to
have assessed the effects of niacin on clinical outcomes is
the CoronaryDrug Project (CDP). During the 5- to 8-year
treatment period, a significant one-fifth reduction in
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nonfatal heart attack or coronary death was observed
among the 1119 men allocated niacin 3 g daily compared
with the 2789 allocated placebo. Subsequently, surviving
patients were observed for an additional 9 years and
there was a significant reduction of about one-fifth in all-
cause mortality by 15 years after randomization (Canner
et al., 1986).

The CDPwas conducted before the statin era, however,
so it remains uncertain whether niacin would be effective
among people who have received a statin. Several trials are
assessing niacin among statin-treated people with known
vascular disease or diabetes. One of these, the AIM-HIGH
trial, is comparing extended-release niacin (Niaspan) 2 g
daily versus placebo among about 3300 patients with
established vascular disease in whom LDL cholesterol
has been reduced in accordance withNational Cholesterol
Education Program (NCEP) guidelines. Since the flushing
caused by niacin is mediated, at least in part, by prosta-
glandin D (PGD) receptors, a drug that blocked the PGD
receptor might help to improve the tolerability of niacin.
Such a drug (laropiprant) has now been developed, and a
second study, HPS2-THRIVE, will assess the effects of
extended-release niacin (2 g daily) in conjunction with
laropiprant among about 20 000 patients with a history of
vascular disease or diabetes mellitus in whom LDL cho-
lesterol has been reduced to a mean of about 2mmol/L.

HDL cholesterol may also be increased by drugs
that block the activity of cholesteryl ester transfer protein
(CETP). This protein facilitates the redistribution of cho-
lesteryl esters, triglyceride, and phospholipids between
plasma lipoproteins. Its function is complex, and informed
opinions differ on whether it promotes the formation
of atherosclerotic plaques or prevents them. Because
CETP promotes reverse cholesterol transport by increas-
ing the rate of clearance of cholesteryl ester from periph-
eral tissues, it may prevent atherosclerosis. But, CETP
also redistributes cholesteryl esters from HDL particles
(which protect against CHD) to LDL and very-low-
density lipoprotein (VLDL) particles (which cause
CHD), so it might well be a cause of atherosclerosis.
The development of one drug that inhibits CETP, torce-
trapib, was abandoned recently after the early results of a
large trial suggested that it might be associated with an
increase in mortality, but other similar drugs are currently
being developed.
Burden of Disease Attributable to Blood
Cholesterol

After correction for regression dilution bias in prospective
studies, it is evident that blood total cholesterol is a
much more important cause of CHD than was previously
believed. Taken together, blood lipids, blood pressure, and
cigarette smoking explain more than 70% of variation
in CHD risk between individuals. The Global Burden
of Disease study has attempted to quantify the burden of
disease attributable to ‘nonoptimal’ levels of blood cho-
lesterol, set arbitrarily to total cholesterol greater than
147mg/dL. (Since prospective studies have shown that
there is no lower threshold below which the risk of vascu-
lar disease does not decrease, there is actually no known
‘optimal’ level of total cholesterol.) Globally, 4.4million
deaths were attributed to nonoptimal levels of total cho-
lesterol in 2000, with these deaths distributed equally
between men and women, and a large fraction occurring
in middle age, especially in developing countries (Ezzati
et al., 2004). High cholesterol also contributed about
40million disability-adjusted life years (DALYs), and
because developing countries have large populations
they experienced about 60% of the total worldwide bur-
den of DALYs. Surveys suggest that industrial growth and
urbanization result in increased consumption of diets
that are energy-rich and high in saturated fat, leading to
increases in LDL cholesterol, as well as other major risk
factors for vascular disease. It is therefore likely that
raised LDL cholesterol will make a substantial contribu-
tion to the burden of cardiovascular disease worldwide in
the years to come. Efforts to reduce obesity, promote
physical activity, and to limit saturated fat consumption
in populations, together with drug therapy to lower LDL
cholesterol among high-risk individuals, are important
components of a global strategy to reduce this.
See also: Diet and Cancer; Diet and Heart Disease; Meat

Consumption and Cancer; Meat Consumption and

Cardiovascular Disease; Obesity/Overweight: Health

Consequences of; Obesity/Overweight: Prevention and

Weight Management.
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Why and When to Use Modeling

Modeling of chronic diseases is undertaken to answer
research questions on these diseases and their health impact.
General background knowledge, data from research and
disease registries, expert knowledge, and judgment are
all crucial in modeling. Models are applied to explain
observations and make predictions, similar to scientific
theory in general. Modeling, which can be defined as
reasoning and theorizing in the language of mathematics,
is required when natural language becomes too ambiguous
or too complex to address the questions at hand. Modeling
is virtually mandatory when research questions involve
changes over time. Consider, for example, the future preva-
lence of a chronic disease. A survey can give an estimate of
the current prevalence, yet to assess future prevalence,more
information is needed. The present prevalence is a result of
past incidence and survival rates, and trends in these rates
are important for estimating future prevalence. Incidence
is – with delays – influenced by trends in risk factors.
Finally, population dynamics will have to be taken into
account. Thus, answering the seemingly simple question
on future prevalence can require complex modeling.

Chronic Disease

A chronic disease is a disease of long duration. This
definition is necessarily ambiguous, because every disease
has a particular duration, and thus it is a matter of judg-
ment whether a disease is considered of ‘long’ duration; it
cannot be approximated by a specific endpoint in time.

A chronic disease is a dynamic entity whose conse-
quences may change dramatically as medical interventions
evolve. As knowledge of a disease and the array of available
interventions for prevention, diagnosis, and treatment
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expands, modeling of the disease process may move
accordingly. An impressive example is cervical cancer.
Without treatment, as is often the case in resource-poor
countries, it is a 100% lethal disease. With surgical and
other treatment possibilities, stage distribution at diagno-
sis, and stage-specific survival become relevant. With the
possibility of early detection by a Pap smear, models might
expand to include preclinical stages and even preinvasive
stages. With the discovery of the human papilloma virus
(HPV) as a cause of cervical cancer, it is useful to further
extend models to capture HPV-infection stages and HPV
screening tests. And the recent development of HPV
vaccination will make the next generation of cervical can-
cer models a combination of infectious disease and chronic
disease modeling (Kim et al., 2007).

Public Health Impact of Chronic Diseases

The significance of chronic diseases for public health
includes concern for both mortality and morbidity. Mor-
tality affects life expectancy, while morbidity causes loss
in health-related quality of life. The quantity and quality
aspects of disease burden can be combined in the overall
measure of quality-adjusted life years (QALYs), disability-
adjusted life years (DALYs), or other summary measures
for population health (see Murray et al., 2002). Models for
chronic diseases require embedding in a population per-
spective to calculate public health impact.

A Basic Model

In what is a basic model for assessing the burden of a
chronic disease (Figure 1(a)), a disease-specific, yearly
mortality l acts on a stationary, homogeneous population
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(i.e., unstratified by age, sex, or other individual charac-
teristics) and competes with a mortality rate m from other
causes. These rates enable us to calculate life-years lost.
The loss in life expectancy caused by the disease equals
1/m – 1/(l+m). For example, when death statistics indicate
that m equals 0.012 and l equals 0.001, the life expectancy
in the population equals 76.9 years, andwith elimination of
the disease the life expectancy would increase by 6.4 years
to 83.3 years.When health-related quality of life, on a scale
of 0 to 1, is measured to be 0.9 without the disease and 0.7
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with the disease, the loss in QALYs because of the lower
life expectancy equals 5.76, calculated as 6.4 years times
the 0.9 quality-of-life value. When a health survey gives a
disease prevalence of 0.01, we can calculate that persons
live on average 0.01� 76.9¼ 0.8 years with the disease, and
the QALY-loss during life because of the disease therefore
equals 0.8� 0.2¼ 0.16 QALY. The total QALY-loss from
this disease is 5.92 QALYs per person on average, being
the sum of 5.76 and 0.16.

With this basic model we can not only calculate the
impact on population health of total elimination of the
disease, but also the impact of interventions that reduce
mortality rate, incidence, and the loss in quality of life.
Because themodel describes its components in their mutual
coherence, it allows us to calculate also the unobserved
duration and incidence of the disease. The approximate
disease duration is 10 years, obtained by dividing the preva-
lence of 0.01 by the cause-specific mortality rate of 0.001 (it
will be somewhat shorter because of mortality from other
causes). And, to keep prevalence at 0.01, the yearly inci-
dence has to equal the loss in prevalence due to mortality.

Other models for chronic diseases can be considered as
extensions of this basic model, by adding age and sex, risk
factors, time trends, multiple disease states, unobserved
heterogeneity between persons, population dynamics, and
appropriate dependencies and stochasticities.
Research Question and Model Structure

Research question and model structure are intimately
connected. Figure 1 gives model structures that corre-
spond to different research questions. Figure 1(a)
describes the basic model discussed in the previous sec-
tion. Figure 1(b) is an appropriate structure for modeling
treatment improvements. It includes a cure rate, which can
be influenced by treatment. Figure 1(c) distinguishes
early disease from late disease. This is appropriate for
exploring implications of shorter patient and doctor
delays, which lead to an earlier diagnosis, and for assessing
newdiagnostic techniques, which can lead to more accurate
disease staging and better treatment choice. Figure 1(d)
includes preclinical (screen-detectable) disease stages to
model screening. Figure 1(e) gives a structure for primary
prevention in which changes in risk-factor distribution lead
to changes in incidence. More complex model structures
are obtained by combining features of Figures 1(a)–1(e).
Extension to several diseases can lead to great complexity
and to demanding data requirements, and simplifications
are needed to maintain tractability.
Time

Disease models will usually have ‘age,’ ‘time,’ and ‘sex’ as
dimensions. Time and age are continuous phenomena, but
manymodels use discrete time steps of, for example, 1 year.
This is easy to implement but it also introduces a problem.
Since we do not know where during the time step an event
took place, we cannot tell by how much it changes the risk
of other events. With continuous time modeling this prob-
lem does not exist. Therefore, continuous time modeling is
preferred, but it is more difficult to implement. Two the-
ories dealing with time underlie much of the modeling of
transition rates. Life-table methods are almost exclusively
in discrete time (Manton and Stallard, 1988). The continu-
ous time theory of multistate models is firmly embedded in
event-history analysis, survival analysis, and competing
risk theory (Andersen and Keiding, 2002). Multistate
models usually use Markov assumptions, which means
that transition probabilities only depend on the current
state and not on the duration in the state or on previous
states. Markov models are much used in decision analytical
modeling of chronic diseases (Beck and Pauker, 1983).
A number of extensions have been developed by Manton
and Stallard (1988) to account for age-dependence,
individual differences, preclinical disease phases, disease
dependency, and unobserved heterogeneity; they also pro-
pose a nonparametric modeling approach for situations in
which there is insufficient background knowledge for
building a more traditional multistate model.
Model Implementation: Macrosimulation
and Microsimulation

For simple models with convenient assumptions, analyti-
cal and numerical solutions are possible. Otherwise, there
are two main types of implementation of chronic disease
models: macrosimulation and microsimulation (Law and
Kelton, 1991).

In macrosimulation, the unit of simulation is a group.
Applying themodel equations to a group as a whole implies
an assumption of homogeneity. When this assumption is
not met, the group can be divided into more homogeneous
subgroups. For example, there are usually separate life
tables for men and women, and within each there is always
a subdivision by age. Further subdivisions – for example, by
health state – lead to a multistate life table. Subdivision
works up to a point. With comorbidity, exposure to various
risk factors (with possibly several exposure levels), and
subdivision by time (since exposure, incidence, etc.), the
number of cells quickly gets unmanageable. Currently, most
simulation models in public health and health care are
macrosimulation models.

With microsimulation, a life history is simulated for
each individual using an algorithm that describes the
events that make up that life history. Random draws
decide if and when specific events occur. Microsimulation
population-level outcomes are obtained by aggregating
over individual life histories. Microsimulation has the
advantage in that there is no limit to what heterogeneity
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can be modeled. It produces individual-level artificial
data that can be analyzed using standard statistical tech-
niques. But microsimulation tends to be computationally
intensive. Large runs are required because outcomes are
stochastic. Additional assumptions are needed because the
model is defined by distributions instead of single para-
meters. And the implications of the combined algorithmic
assumptions defining the model can be so complex that
they are discovered only through the simulation process
itself. On the other hand, microsimulation can make
exhaustive use of longitudinal, individual-level data in
quantifying and fitting the model.
Population Models

For addressing public health questions, the chronic dis-
ease model has to be embedded in a population context.
We will look at three types of population model: single
cohort, multiple cohort, and dynamic population models.

A single cohort model is basically a period life table.
A group of usually 100 000 people of an exact age (often 0)
is subjected to cross-sectional (‘period’) mortality prob-
abilities by age and followed until the cohort is extinct. In
the multistate version, cross-sectional incidence and case
fatality by age make it possible to calculate disease preva-
lence and mortality. The single cohort model is easy to
implement, in particular when the discrete time/age
option is chosen: a spreadsheet will suffice. The model
has two mutually exclusive interpretations. One is the
‘stationary population’ interpretation: the life table is
interpreted as a population of people of all ages at a single
point in time. The second is the ‘cohort’ interpretation:
the interpretation is of a cohort of people that is followed
over time into the future while they age. Dynamic effects,
defined as the time-delayed effects of a change, cannot be
captured. Despite its strong limitations, the ease of use
makes the single cohort model the natural starting point
of almost any modeling exercise.

The multiple cohort model can be thought of as sepa-
rate, single cohort models for each age group in the start
population. All of these initial cohorts are followed over
time until all are extinct. The sizes of these initial cohorts
can be those of the real population. The model has both
time and age, so trends and dynamic effects can be mod-
eled, and the economic evaluation of costs and benefits at
different points in time causes no problems. However, all
evaluations apply to the current population only, so the
population becomes increasingly incomplete with longer
follow-up. When implemented as discrete time macro-
simulation, it is still possible to use a spreadsheet for the
multiple cohort model, although it tends to become rather
big. Size can be reduced by taking, for example, 5-year
instead of 1-year cohorts.

The dynamic population model adds births to the mul-
tiple cohort model. The population can be a life-table
population (‘dynamic life-table population’) or the
observed one (‘dynamic real population’). Because the
dynamic population model describes complete popula-
tions at every point in time, it can handle interventions
for future populations, and is easily the most realistic of all
population models, at the price of more complexity (espe-
cially when migration is also included). Implementation of
a discrete time, macrosimulation, dynamic population
model in a spreadsheet is a challenge, especially with
long time horizons. It can be done, but using custom-
made software for the task is a better option.
Validation

Validation refers to the process of increasing confidence
that the model is producing the correct results. Face valid-
ity exists when a plain explanation of the model structure
and assumptions appears reasonable to a critical audience.
At the next level, themodel assumptions can be justified by
reference to an evidence base of results of good empirical
research, and, when necessary, complemented by expert
opinion. It is even better when model parameters are
estimated by optimizing the fit between simulated and
observed data, using, for example, least-squares, minimum
chi-square, or maximum-likelihood methods. Fitting to
data is well defined when a model is built for a particular
intervention, and there are one or more randomized trials
in which the effects of the intervention are reported in
terms of end results and intermediate outcomes, which can
be compared with model predictions. Often, the data to be
fitted come from diverse studies and disease registries. In
this case, expert judgment is required for assessing data
quality and prioritizing data for their importance in fitting.

Internal validation of the model can subsequently be
undertaken by assessing the quality of model predictions
for data that were not used in the estimation process. Even
more convincing is external validation in which the model
is applied to prediction of future observations or predic-
tion of outcomes in studies that were not used at all in the
model quantification. A quite different type of validity is
formal validity in which the modeler makes sure that the
model indeed performs the calculations that it is supposed
to do. This kind of validity is often taken for granted; to
establish formal validity, extensive testing and analysis, in
particular for complexmodels, may be required. For further
discussion on model quality, including the role of sensitiv-
ity and uncertainty analysis, see Weinstein et al. (2003).
Actual Models

Until now we have discussed the different characteristics
of models. In practice modelers will have to make
many choices on how to proceed, and chronic disease
models in public health can be seen as a cocktail of
statistical, demographic, epidemiological, disease-course,
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and intervention modeling. We will briefly describe what
choices have been made in some of the models developed
over the last decades.

The model Prevent is a population-level model to
evaluate the effect of changes in exposure to risk factors
(Gunning-Schepers, 1989). It allows for multiple risk
factors and multiple diseases, using independence
assumptions and simple disease models to minimize com-
plexity. Prevent uses macrosimulation, and the risk factors
and diseases are embedded in a discrete time, dynamic
population model. Applications include projections of
future disease incidence, scenarios, and what-if questions
(Brfnnum-Hansen, 2002).

The DisMod model was developed for the Global
Burden of Disease (GBD) project. The purpose of the
model was to supplement incomplete data, and ensure that
the disease data used in the GBD calculations were inter-
nally consistent (Barendregt and Ott, 2005). DisMod II (the
current version of this model) allows input of three differ-
ent disease variables, but usually only three suffice to
calculate all seven. DisMod II is a macrosimulation, con-
tinous time, single cohort model, but switches to a multi-
ple cohort model when time trends are incorporated in the
input variables (Barendregt et al., 2003). DisMod II is in the
public domain, and can be downloaded at the World
Health Organization’s (WHO) website.

Popmod was developed for the WHO cost-effective-
ness program, WHO-CHOICE. It models two diseases, in
addition to a ‘healthy’ and a comorbid state, where the two
diseases can interact. It evaluates the population-level
effects of health-care interventions over time and age.
Popmod is a continuous time, dynamic population
model (Lauer et al., 2003) and is available from the
WHO on request (see Murray et al., 2003 for an applica-
tion to cardiovascular risk reduction).

The MISCAN model was developed to evaluate mass
screening for cancer, including breast, cervical, prostate,
and colorectal cancer. It is a microsimulation model
with continuous time and discrete events that simulates
a dynamic population (Habbema et al., 1985). The simula-
ted life histories include date of birth and age at death
from other causes than the disease, a preclinical, screen-
detectable disease process and survival from diagnosis, and
how the moment of death is affected by different possible
screening programs. The MISCAN model has been used
to design and monitor several cancer-screening programs
and for surveillance of population trends (see, e.g., Koning
et al., 1991; for a review of screening models, see Stevenson,
2000).

The POHEM model of Statistics Canada is a micro-
simulation model of a comprehensive series of chronic
diseases intended to track health effects and costs result-
ing from the diseases and from interventions (Wolfson,
1994). It includes risk factors, disease onset, and progres-
sion, health-care resource utilization, direct medical care
costs, and survival from a disease (see Evans et al., 1995 for
an application to lung cancer diagnosis and treatment).

The Coronary Heart Disease Policy Model has been
developed to project the future mortality, morbidity, and
cost of coronary heart disease (CHD) in the United States
(Weinstein et al., 1987). The model simulates the distribu-
tion of coronary risk factors and the incidence of CHD in
a dynamic population; subsequent events in persons with
a previous CHD event; and the effects of preventive and
therapeutic interventions on mortality, morbidity, and
costs. It is a discrete time, dynamic macrosimulation
model. (For an application to risk factor modifications,
see Tsevat et al., 1991; for a review of heart disease models,
see Cooper et al., 2006.)

The Archimedes model is continuous in time and
represents biological variables continuously by differen-
tial equations (Schlessinger and Eddy, 2002). It consists of
components that represent the physiology of several
organ systems and medical care processes. It comprises a
general framework that is intended to represent a com-
prehensive set of diseases and care processes, and has so
far been applied to diabetes (Eddy and Schlessinger,
2003). The extraordinary level of detail is intended to
eventually represent complete, textbook-level details of
medical practice.

In the CISNET cancer intervention and surveillance
modeling network, many models have been developed
for different cancer sites. For example, seven breast
cancer models were developed and extensively discussed
(Feuer et al., 2006). All CISNET models are described
using a newly developed ‘model profiler’ that facilitates
description and comparison of models (CISNET, 2007).
See also: Decision Analytic Modeling; Global Health

Initiatives and Public Health Policy; Infectious Disease

Modeling; Quality Adjusted Life Years.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a pro-
gressive condition characterized by irreversible airflow
limitation. In general, this condition results from an
abnormal inflammatory response after exposure of the
lung to noxious particles and/or gases. Since the early
nineteenth century, an association between smoke expo-
sure and symptoms of chronic lung disease has been
recognized. To date, cigarette smoke remains the most
significant risk factor for developing COPD. Aworldwide
increase in smoking has led to a dramatic rise in the
prevalence of this condition. Individuals with COPD typ-
ically complain of nonspecific symptoms that include
chronic cough, mucus hypersecretion, and shortness of
breath. The identification of patients with COPD is often
complicated by the fact that symptoms develop late in
the course of the disease. To increase awareness of this
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condition, the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) was established in 1998. This
program, a cooperation between the World Health Orga-
nization and the National Institutes of Health in the
United States outlines strategies for the diagnosis, pre-
vention, and treatment of COPD. In this article, we will
discuss the pathogenesis of COPD and review current
strategies for managing this condition.

Diseases Resulting in Irreversible Airflow
Obstruction

COPD is a general term that describes a group of diseases,
which result in irreversible airflow obstruction. Condi-
tions associated with development of this physiologic
impairment include chronic bronchitis, emphysema, and
in some instances long-standing asthma.

http://cisnet.cancer.gov/resources
http://www.who.int
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Chronic bronchitis is defined as a cough productive of
sputum for at least 3 consecutive months during a period
of 2 consecutive years. Individuals often minimize this
symptom referring to it as a simple smokers’ cough.
Importantly, cough reflects a deeper problem that relates
to ongoing airway inflammation, epithelial cell injury, and
the progressive narrowing of the airway lumens. In con-
trast to chronic bronchitis, emphysema is not a clinical
diagnosis, but rather is recognized by identifying dilated
air sacs in the distal lung. These air sacs, also called
alveoli, are the units of the lung involved in gas exchange.
Emphysema occurs when these small air sacs become
destroyed, and the formation of large dilated air spaces
becomes evident in the lung. Patients with this condition
develop impaired gas exchange as a result of the gradual
loss of surface area of the lung. While chronic bronchitis
and emphysema can be easily separated in textbooks,
most patients with COPD have features of both condi-
tions. Current estimates suggest that approximately 25%
of all smokers will go on to develop COPD.

Classically, asthma does not result in irreversible airflow
obstruction. In fact, asthma is typically distinguished from
COPD by its reversibility. However, for unclear reasons
a small fraction of non-smoking asthmatics develop irre-
versible or fixed airflow obstruction, and are clinically
indistinguishable from individuals with smoking-related
COPD. It is speculated that irreversible airflow obstruc-
tion in these patients results from airway remodeling due
to long-standing inflammation. Other chronic lung condi-
tions that result in irreversible airflow obstruction include
bronchiectasis, cystic fibrosis, sarcoidosis, and tuberculo-
sis. Importantly, these latter conditions should not be
confused with COPD as their pathogenesis, treatment,
and prognosis are quite different.
Table 1 GOLD classification of COPD by severity

Stage 0: at risk
Normal spirometry

Chronic symptoms (cough, sputum)

Stage 1: mild

FEV1/FVC< 0.7, FEV1>80% predicted
With or without symptoms (cough, sputum)

Stage II: moderate

FEV1/FVC< 0.7; 50%<FEV1< 80% predicted
With or without chronic symptoms (cough, sputum, dyspnea)

Stage III: severe

FEV1/FVC< 0.7; 30%<FEV1< 50% predicted

With or without chronic symptoms (cough, sputum, dyspnea)
Stage IV: very severe

FEV1/FVC< 0.7; FEV1<30% predicted or

FEV1< 50% with respiratory failure or clinical signs of right

heart failure

Source: www.goldcopd.com
Airflow Obstruction and Stages of COPD

The diagnosis of COPD is based on identifying patients
with irreversible airway obstruction. Current recommen-
dations suggest that all smokers with chronic cough, excess
sputum production, and/or dyspnea undergo physiologic
evaluation with pulmonary function tests. The gold stan-
dard test for identifying airflow obstruction is spirometry.
Spirometry assesses the mechanical properties of the
respiratory system by measuring expiratory volumes and
flow rates during a maximal expiratory effort. The spi-
rometer measures two important numbers: forced expira-
tory volume in one second (FEV1), and the forced vital
capacity in 6 s or forced vital capacity (FVC). In indivi-
duals with obstructive airway disease, the FEV1/FVC
ratio will be less than 70%. To determine whether airflow
obstruction is irreversible, a patient’s spirometry must be
repeated after the delivery of inhaled bronchodilators to
the distal lung. In patients with COPD, airflow obstruction
will not reverse after administration of these drugs.

In general, COPD is a progressive illness, and patients
present at various time points along the disease contin-
uum. Disease severity is assessed based on one’s
impairment in lung function (Table 1). Individuals with
signs and symptoms (i.e., chronic cough, dyspnea) of the
disease, but who have normal lung function by spirometry
are considered to be at risk (GOLD stage 0) for develop-
ing the condition. Patients with abnormal spirometry are
classified based on their decrement in FEV1. Stage I is a
mild impairment, and stage IV represents the most
severely impaired. Stage IV patients have FEV1 measure-
ments of less than 30% of their predicted values. While
such classification based on FEV1 is reproducible and a
useful tool for assessing COPD severity in epidemiologi-
cal studies, FEV1 is not a very good predictor of mortality.
This has led to interest in a more multidimensional,
composite grading system that includes Body mass
index, airflow Obstruction, symptoms (Dyspnea), and
Exercise capacity (the BODE score) (Celli et al., 2004).
This grading system has recently been shown to be a
better predictor of health-care utilization and mortality.
Burden of COPD

Economic Costs

The high prevalence of COPD imposes a considerable
economic burden on health-care systems. In Japan, data
from 2004 have estimated the total cost of COPD to be
805.5 billion yen (US $6.8 billion) per year, of which
645.1 billion yen (US $5.5 billion) were direct costs
and 160.4 billion yen (US $1.4 billion) indirect costs. Of
direct costs, inpatient care accounted for almost half of the
expenditure. Of direct out-patient costs, long-term home
oxygen therapy accounts for the largest proportion (40%).
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In France, total cost for the average individual with
COPD is estimated at 4366 euros (US $5200) per year.
This is substantial when one considers that up to 10% of
the general adult population may have this condition.
Similar estimates have been reported in the United States
and the United Kingdom. The loss of revenue as a result
of disability, work absence, and reduced productivity is
significant. In the UK, current estimates indicate the total
cost to be about 2 billion pounds sterling (US $3.4 billion)
annually. Together, these figures underscore the impor-
tance of identifying strategies to reduce the overall bur-
den of this disease.
Prevalence

COPD is an underdiagnosed condition, and in part this
relates to the fact that patients with mild to moderate
alterations in lung function are frequently asymptomatic.
Overall, the prevalence of COPD parallels that of ciga-
rette smoking. Indoor and outdoor air pollutants from the
combustion of biomass fuels and coal contribute, but play
a minor role.

In 2001, the estimated worldwide prevalence of COPD
was 1013 per 100 000 individuals. Regional differences in
the prevalence of COPD are now recognized. For exam-
ple, the prevalence of COPD in the Western Pacific
Region far exceeds that of African nations. Regional dif-
ferences in cigarette smoking do not entirely account for
these differences, however, race, gender, and environmen-
tal factors also play a role.

In the United States, the most complete data source for
determining COPD prevalence comes from the National
Health Interview Survey (NHIS), which is conducted
annually, and relies on individual self-reporting of symp-
toms. In 1996, the estimated number of adults aged 25 years
and older with COPDwas 10.1million, or 6.0% of the total
U.S. population. Similar estimates have been reported in
European and Latin American countries. Notably, epide-
miological surveys that rely on self-reporting methods
invariably underestimate the prevalence of this condition
given that signs and symptoms often go unnoticed until
30–40% of lung function has been lost.
Morbidity

Morbidity refers to the consequences and complications
(other than death) that result from a disease. While overall
morbidity related to COPD is substantial, a complete
discussion on this topic is beyond the scope of this article.
Like other chronic diseases, COPD causes a significant
economic burden on the patient. Costs related to medica-
tions, hospitalizations, and diminished work productivity
are enormous, and difficult to measure. In the United
States, in 2000 alone, COPD exacerbations resulted in
16million physician office visits, 1.5 million emergency
department visits, and 726 000 hospitalizations. In addition
to the financial burden of the disease, chronic symptoms
cause significant physical and psychological impact. These
include chronic cough, mucus hypersecretion, shortness
of breath, decreased exercise capacity, anxiety, and depres-
sion. Epidemiologists have attempted to quantify the mor-
bidity associated with COPD by using disability-adjusted
life-years (DALYs). Based on this, COPD has been esti-
mated to be the eighth leading cause of DALYs among U.S.
men and the seventh among U.S. women. Worldwide,
COPD currently ranks 13th, but is expected to rise to
the fifth leading cause of DALYs by 2020.
Mortality

Of the top fivemajor causes of death in developed countries,
only COPD-related mortality continues to rise. In the
United States, the death rate due to COPD doubled from
1970 to 2002 (Figure 1). The World Health Organization
now ranks COPD as the fourth leading cause of death
(trailing only cardiovascular disease, pneumonia, and
HIV/AIDS). In 2002, it was estimated that COPD caused
2.75million deaths, or 5% of all deaths during that year.
Importantly, these estimates are likely low since individuals
with coexisting illnesses, in particular heart disease, are
often excluded from these statistics. Overall, mortality
fromCOPDrelates tovarious factors that include pollution,
climate, education, health-care access, genetics, and most
importantly the prevalence of cigarette smoking within the
population. Based on current smoking trends, it is specu-
lated that Africa and Asia will see the largest increase in
COPD-related mortality in the coming decades.
Risk Factors for COPD

The current paradigm is that COPD develops in suscepti-
ble individuals who are exposed to noxious gases or parti-
cles. Exposure to tobacco smoke is the most significant
risk factor. Two main sets of factors determine one’s risk
of developing COPD: (1) individual susceptibility and
(2) environmental exposures.
Individual Susceptibility Factors

The genetic risk factor most closely linked to the develop-
ment of COPD is an inherited disorder due to mutations in
the SERPINA gene causing deficiency of the serine prote-
ase a-1 anti-trypsin. Patients with this genetic defect
develop severe emphysema as a result of uninhibited neu-
trophil elastase, an enzyme released into the lung tissue
during inflammation. Importantly, individuals with this
genetic defect represent only a small fraction of all COPD
patients. Recent reports using mice genetically engineered
to have specific gene deletions have provided clues to other
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susceptibility genes; however, mutations in these genes have
yet to be linked to human disease.

Other recognized individual susceptibility factors
include low birth weight (or small lungs at birth), intrinsic
airway hyperresponsiveness, and possibly gender. Whether
gender is truly a risk factor for developing COPD is
controversial. Historically, the prevalence of COPD was
greater among men than women; however, in recent stud-
ies there has been a shift in the prevalence toward women.
These findings likely reflect changes in the patterns of
cigarette smoking among men and women rather than
true gender-related susceptibility differences.
Environmental Factors

The environmental risk factor most closely linked to the
development of COPD is an individual’s exposure to
cigarette smoke. Doll and Hill first confirmed the associ-
ation between lung disease and cigarette smoking in a
study of British medical doctors in 1954 (Doll and Hill,
1954). Two decades later, Fletcher and Peto (1977)
reported on the natural history of smoking-related lung
disease. In this study, it was shown that only a subset
(25%) of smokers go on to develop the disease. These
individuals, often referred to as susceptible smokers, have
a rapid decline in FEV1 that is twice that of the normal
population (Figure 2) (Fletcher, 1977). Exposure to pipe
and cigar smoke also increases one’s risk of developing
respiratory symptoms and COPD, but to a lesser degree
than cigarette smoke. Importantly, passive exposure to
smoke, often referred to as second-hand smoke, is also a
risk factor. Indeed, even exposure to cigarette smoke
in utero may result in the development of respiratory
symptoms and airflow obstruction in later life.

Air pollution (both indoor and outdoor) and heavy
exposure to occupational dusts and chemicals are other
significant environmental risks. Air pollution has been
recognized as a possible risk for COPD for some time,
but epidemiological data that support this association are
limited. According to the World Health Organization,
more than half of the world’s population relies on dung,
wood, crop waste, or coal for cooking and heating pur-
poses and the International Energy Agency expects this
proportion to rise as alternatives such as kerosene and
petroleum become more expensive. In unvented areas, the
burning of such biomass fuel results in significant indoor
air pollution. Women exposed to indoor smoke are three
times more likely to suffer from COPD than women who
cook and heat with electricity, gas, or other cleaner fuels.
Current estimates suggest that indoor air pollution might
be responsible for 1.6million deaths per year worldwide,
and half of these are COPD-related.

Simple measures to decrease one’s exposure to indoor
air pollution might be helpful. For example, a recent study
from the Xuanwei province in China found that by simply
installing chimneys on coal stoves the incidence of COPD
could be substantially reduced within 10 years (Figure 3)
(Chapman, 2005). These findings suggest that modifying
one’s exposure to indoor air pollution, along with smoking
cessation, should be encouraged.

Other factors that have been associated with the devel-
opment of COPD include prior respiratory tract infections
and malnutrition. Recent findings suggest that specific viral
infections might contribute to the pathogenesis of COPD.
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In particular, latent adenoviral infections seem to play a role
(Hogg, 2001). Malnutrition might also be a risk factor for
developing COPD. Speculation about this association is
based on observational reports demonstrating an increased
frequency of emphysema in severely malnourished indivi-
duals. To date, these findings have yet to be confirmed in a
prospective study. Moreover, the failure of numerous nutri-
tional supplements to decrease the incidence or slow the
progression of COPD could argue against the association.
Pathogenesis

Recent advances have led to a greater understanding of
the pathogenesis of COPD (MacNee, 2005). For many
decades, two prevailing theories existed, and these were
often referred to as the Dutch and the British hypotheses.
The Dutch hypothesis purports that the development of
chronic airflow obstruction relates principally to an indi-
vidual’s genetic susceptibility. In contrast, the British
hypothesis speculates that exogenous factors are the pre-
dominant cause, and genetics play a minor role. While the
two sides have continued to debate, scientific discoveries
now provide clear evidence that both the environment
and genetics play complementary roles (Figure 4).

The development of chronic bronchitis begins when
noxious gas and fumes enter the lungs of a susceptible
host. In response to this, inflammation develops around
the airways, and the associated blood vessels. Inflammatory
Cigarette smoke 
pollution

Genetic factors

Lung inflammation 
Respiratory bronchiolitis Protease imbalance 

Oxidative stress 
Repair/remodeling 
Apoptosis 
Viral infection

COPD 
emphysema

Figure 4 Model for disease pathogenesis in COPD.
Emphysema is the anatomical end-result of the factors that

combine to cause COPD. A CT image is shown and displays a

cross-section of the lungs where dilated air spaces can be seen
(arrows).
cells such as macrophages, CD8þ lymphocytes, and neu-
trophils are increased in the lung. These activated cells
release a variety of mediators, which directly injure the
lung and stimulate the recruitment of additional inflamma-
tory cells. Chronic inflammation results in respiratory
bronchiolitis, which damages the small airways. In virtually
every cigarette smoker, some degree of respiratory bron-
chiolitis is evident; however, in only a small subset of
individuals will this inflammation persist after cessation
of smoking. In these susceptible individuals, chronic
inflammation results in airway fibrosis and fixed airway
obstruction.

Emphysema is characterized by the breakdown of elas-
tin. Elastin is a key extracellular matrix protein that is
critically important for maintaining lung elasticity and
resilience. During inflammation, enzymes known as pro-
teases are released from infiltrating neutrophils, which
cause destruction of tissue elastin. In the normal lung,
degradative enzymes are kept in check by proteins known
as anti-proteases. Failure to inactivate proteases, as occurs
in individuals with deficiency of the antiprotease a-1
antitrysin, results in destruction of the lung and the devel-
opment of early, severe emphysema. This finding has led
some experts to argue that the imbalance in proteases and
anti-proteases is the principal explanation for the devel-
opment of emphysema. However, recent evidence indi-
cates that oxidant-induced lung injury also plays a role.
Consistent with this, cigarette smoke is a rich source of
reactive oxygen species. It is speculated that repeti-
tive exposure to cigarette smoke overwhelms the lungs’
anti-oxidant defenses and results in cellular injury. Other
mechanisms implicated in the pathogenesis of emphysema
include viral-induced cellular injury, and loss of cells as a
result of uncontrolled apoptosis (programmed cell death).
In animal models, induction of apoptotic machinery in the
distal lung results in emphysema. Relevant to this, ciga-
rette smoke has been shown to directly induce epithelial
cell apoptosis in culture. Together, these findings suggest
that emphysema is the unfortunate endpoint to various
pathologic processes.
Natural History

Signs and symptoms of COPD start insidiously, and pro-
gress slowly, which is why the disease typically does not
present until middle age or later. Initially, patients develop
a cough productive of sputum. At first, the cough is inter-
mittent, but over time becomes persistent in nature.
Blood-tinged sputum or hemoptysis is not a feature and
suggests an alternative diagnosis such as tuberculosis or
lung cancer. Shortness of breath, or dyspnea, is the symp-
tom that most commonly prompts patients to seek medical
attention. Dyspnea tends to occur late in the course
of the disease, and signifies impaired lung function.
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Dyspnea is not usually appreciated until lung function
decreases by 30–40%. In most patients, shortness of
breath is limited to exertional activities, but in those with
severe disease, symptoms may be brought on by simply
performing activities of daily living such as bathing, eating,
and dressing.

Longitudinal studies indicate that patients with COPD
have an accelerated decline in lung function. During
normal aging, lung units are lost at a fixed rate beginning
after 30 years of age. The normal rate of decline in FEV1

is approximately 30 ml/year; however, in COPD the loss
in FEV1 is nearly doubled. In smokers with COPD, this
rapid decline in lung function can be arrested by the
cessation of smoking (Figure 2). Over time, disease pro-
gression results in worsening airflow obstruction (lower
FEV1/FVC ratio), and subsequent air-trapping, which
results in hyperinflation of the lungs, and the alteration
in lung mechanics (Pauwels, 2004).

Patients who progress to end-stage disease develop
signs and symptoms of a systemic illness. These include
weight loss, anorexia, anxiety, memory loss, and depres-
sion. The etiology of these systemic symptoms is unclear
but likely relates in part to the accumulation of systemic
inflammatory mediators. At this point, muscle wasting
occurs, which contributes to a patient’s diminishing exer-
cise capacity. Ongoing impairment in gas exchange results
in a decrease in arterial oxygen (hypoxemia) and an
increase in arterial carbon dioxide (hypercapnia). These
metabolic derangements can directly affect the pulmo-
nary vascular system by inducing vascular constriction,
and a subsequent increase in pulmonary artery pressure.
Long-standing elevation in pulmonary artery pressures
ultimately places strain on the right ventricle, and in
time may lead to heart failure and death.
Treatment

Therapies Directed at Reducing COPD-Related
Mortality

A principal goal of disease management is to reduce
COPD mortality. To date, very few interventions exist
that alter the natural history of COPD. These include
smoking cessation and the delivery of supplemental oxy-
gen (for more than 15 h per day) to patients who demon-
strate significant hypoxemia at rest (Nocturnal Oxygen
Therapy Trial Group, 1980). Given this, intensive efforts
should be made to encourage all smokers to quit. In
clinical studies of smoking cessation, abstinence is most
likely, at least in the short term, when a multidimensional
approach is utilized. This includes behavioral counseling
and pharmacotherapy. Long-term smoking cessation rates
are low unless individuals are motivated to quit. The
benefit of oxygen therapy in patients who desaturate
only with exercise is unproven, but nevertheless such
therapy is frequently provided. Yearly vaccination against
influenza appears to also lower COPD-related mortality
(Baker, 1980). Similar results have not been appreciated
with the pneumococcal vaccine, but this intervention is
often prescribed to patients.
Symptom-Based Treatment

The most troubling symptom for patients with COPD is
shortness of breath. Shortness of breath results in reduced
productivity at work and significantly alters one’s life-
style. Medications to improve this symptom consist
largely of bronchodilators. Three general types of bron-
chodilators exist: (1) beta 2-agonists, (2) anticholinergics,
and (3) methylxanthines. The first two are usually deliv-
ered by inhalation route, and stimulate dilation of the
airways through augmenting sympathetic and attenuating
cholinergic tone. Often, these medications are prescribed
together since they have added benefit. Short- and
long-acting formulations of each exist, and long-acting
formulations are reserved for patients requiring frequent
administration of short-acting drugs to alleviate symptoms.
In this situation, long-acting formulations are superior for
controlling symptoms, improving exercise capacity, and
reducing the number of exacerbations. Methylxanthines
have a long history in the treatment of obstructive lung
diseases. Theophylline is the most widely used methylxan-
thine. This drug is typically delivered by the oral route,
and produces a wide range of physiologic effects, including
smooth muscle relaxation, diaphragmatic contraction, and
downregulation of inflammation. Despite these effects,
currently available methylxanthines are not used as
first-line agents for the treatment of COPD due to their
numerous unwanted and potentially fatal side effects.

As discussed, COPD is an inflammatory condition.
However, the role of anti-inflammatory agents in the
treatment of this condition is relatively unproven. The
best-studied anti-inflammatory agents are corticosteroids.
Current guidelines recommend the use of inhaled formu-
lations of these drugs in only select patients. These
include (1) patients who have a documented physiologic
improvement on corticosteroids, (2) patients who have
a very low FEV1 (<50% predicted), and (3) patients
who have frequent exacerbations. The hope is that new,
more targeted anti-inflammatory agents, which have
fewer side effects, will have a future role in the treatment
of COPD.

The principal nonpharmacologic method for improv-
ing COPD-associated shortness of breath is through par-
ticipation in a pulmonary rehabilitation program. Studies
indicate that COPD patients who complete these pro-
grams have an improved exercise capacity and a decrease
in symptoms. Pulmonary rehabilitation is a multidisci-
plinary program that includes skeletal muscle training,
respiratory muscle training, psychological support, and
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nutritional counseling. Patients who respond best are
those who initially have muscle weakness. This suggests
that improvement may be, in part, due to the recondition-
ing of atrophic muscle. Evidence suggests that pulmonary
rehabilitation can also improve the extraction and utiliza-
tion of oxygen by skeletal muscles.

In select COPD patients with advanced disease,
dyspnea can sometimes be relieved by a surgical proce-
dure referred to as lung volume reduction surgery. The
rationale behind this procedure is an assumption that
reducing the size of hyperinflated lungs will result in
improved respiratory mechanics and less dyspnea. Studies
suggest that this may be true for patients with poor exercise
capacity and predominantly upper lobe emphysema.
Importantly, in patients who do not meet these criteria a
worse outcome may occur with this procedure. In young
patients who have severely impaired functional status, sin-
gle lung transplantation may be considered.

Other COPD-related symptoms such as cough and
mucus hypersecretion are difficult to treat. Currently
the best treatment option is smoking cessation. Approxi-
mately 90% of all smokers will report a decrease in these
symptoms within several months of smoking cessation.
Antitussive agents and mucolytics (drugs that break up
secretions) are of limited efficacy, do not alter the natural
history of COPD, and have no role in the long-term
management of this disease.
Treatment of Exacerbations

The clinical course of COPD is characterized by a slowly
progressive increase in shortness of breath punctuated by
frequent acute exacerbations that result in transient wors-
ening of airway obstruction. In most cases, acute exacer-
bations result from viral and/or bacterial infections. Air
pollution may also contribute, but to a much lesser extent.
The pathogens causing infectious exacerbations are
thought to change as lung function declines. In early
stages, viral infection and community-acquired bacteria
are the most common pathogens, whereas in late stages of
COPD, Gram-negative bacteria, in particular Pseudomonas
aeruginosa, are thought to play a more significant role.
Exacerbations of respiratory symptoms are important
clinical events in COPD. They are very common reasons
for seeking medical treatment and are associated with a
significant increase in mortality. Treatment involves anti-
biotics and anti-inflammatory agents that include sys-
temic corticosteroids. Mild exacerbations may be treated
on an outpatient basis; however, during severe exacerba-
tions patients should be hospitalized. The mortality asso-
ciated with severe exacerbations is reported to be as high
as 40% within 12months of hospitalization. An advance in
the management of acute exacerbations has been the use
of noninvasive positive pressure ventilation (NIPPV).
This therapy, which makes use of a face or nasal mask to
deliver air or oxygen under pressure to the patient,
improves gas exchange, decreases the need for invasive
mechanical ventilation, and reduces in-hospital mortality
and length of stay among COPD patients.
Conclusion

COPD is a worldwide epidemic and its prevalence con-
tinues to rise. Overall cigarette smoking is the most sig-
nificant risk factor contributing to the development of this
disease. Efforts to reduce its overall burden include smok-
ing cessation and limiting exposure to noxious gases.
Importantly, only a subset of at-risk individuals will go
on to develop this condition. Family clusters provide
strong support for a genetic basis to the disease. At present
few genes have been definitely linked to the development
of COPD and explain disease in only a minority of
patients. Nonetheless, these genetic links have provided
important insight into the pathogenesis of COPD. The
hope is that continued epidemiological and basic science
investigation will provide additional clues to disease
mechanisms and direct us toward developing novel thera-
pies to treat the condition.
See also: Evidence-Based Public Health Policy; Global

Burden of Disease; Indoor Air Pollution/Developing

Countries; Second Hand Smoke; Smoking Cessation;
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Introduction

Circulatory diseases (CDs) are currently the most com-
mon cause of death in the United States and the world.
The most common form of CD is caused by atherosclero-
sis, or the hardening of arteries. When this process affects
the vessels supplying the heart muscle, it results in coro-
nary heart disease. Hardening of the arteries that supply
the brain can result in a stroke. When the arteries to the
legs are affected, peripheral vascular disease results, etc.
Long before death, CD can cause loss of quality of life.

CDs are often considered aging-related diseases. This
is because respective incidence and mortality rates
increase at a certain part of the age interval. Such an
increase, however, is not necessarily caused by the senes-
cence process per se. Exposure to harmful environmental
and living conditions contributes to such an increase as
well. When the level and duration of this exposure are
unknown, it is impossible to evaluate the effects of each
contributing factor. The age patterns of incidence or
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mortality rates summarize all the effects and can be used
for predicting respective health and survival outcomes.
Surprisingly, there is only a limited number of studies
where the age patterns of CD incidence rates have been
evaluated for the elde r ly ( Ar nold et al., 2005 ). The need to
elucidate the underlying factors affecting age patterns of
CD incidence and mortality rates in the U.S. elderly pop-
ulation, to evaluate roles of comorbidity and other risk
factors in their age patterns, and to estimate time trends in
respective hazard rates are motivations for this analysis.

Information about trends and determinants in CD for
the 35- to 64-year age range is provided by the World
Health Organization MONICA Project, which is an inter-
national study of CD covering 38 populations in 21
countries and on four continents, and similar studies
that took place in the U.S. such as ARIC (ages 35–74)
and the Minnesota Heart Survey (ages 30–74). The main
question was to confirm the decline in CD mortality
observed in the U.S. in the mid-1970s and to investigate
which forces are driving these trends.

http://www.thoracic.org
http://www.goldcopd.com
http://www.nhlbi.nih.gov
http://www.who.int/whr/en
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The basic MONICA finding (Tunstall-Pedoe et al.,
1999) was that both CD morbidity and case-fatality trends
contribute to the decline in CD mortality, and the contri-
bution of change in coronary-event rates seems to be
twice that of trends in case fatality. Tunstall-Pedoe et al.
(1999) formulated a set of research questions that await
analysis by the WHO MONICA Project in the future.
Why do the results from MONICA and ARIC differ?
Which component of declining mortality will be carried
forward into subsequent decades? Can lifestyle influence
case fatality? Can medical care influence coronary-event
rates? It was also recognized that without extending the
age range above age 65, it is difficult to obtain significant
and comprehensive conclusions about CD events, their
connection to aging-related factors, and their time trends
(Tunstall-Pedoe et al., 2003).

Similarly, the Minnesota Heart Survey Investigators
concluded that CD mortality trends in the second half
of the 1980s can be explained by both the declining
incidence of acute myocardial infarction (MI) in the
population and the improved survival among patients
with MI. The decline in the CD incidence rate was
consistent with continuing improvements in the risk-fac-
tor profile with respect to CD, particularly smoking and
high serum total cholesterol concentrations (McGovern
et al., 1996).

These findings, however, are not in agreement with the
U.S. ARIC study, where no trends of CD morbidity were
found (Rosamond et al., 1998). The basic conclusion of
the ARIC study was that the decline in CD mortality in
the four studied communities may be largely due to the
improvements in treatment and secondary prevention of
myocardial infarction.

The age patterns of circulatory diseases in the elderly
population were recently investigated by Arnold et al.
(2005) using data collected in the Cardiovascular Health
Study (CHS). Following up individuals aged 65 and older
at enrollment over 10 years and analyzing incidence rates
in 5-year intervals, they showed that the occurrence of
new CVD events in older Americans is still high. Basic
conclusions about incidence rates of four basic CDs, i.e.,
MI, coronary heart disease (CHD), congestive heart fail-
ure (CHF), and stroke, are:

1. Men aremore likely thanwomen to have anMI, CHD, or
CHF, but older women are more likely to have a stroke.

2. For women, the incidence of CHD throughout the older
ages is similar to that for men younger than 75, whereas
the rates in men continued to increase with age.

3. Although CHD and MI are more common in men
than women, CHF and stroke are more common in
men and women aged 75 and older than in those
younger than 75.

4. There are few differences between African-Americans
and Caucasians, but it was observed that, on average,
African-Americans were 1.5 years younger than
Caucasians at first diagnosis of CHF.

Although the CHS is a population-based study, it is
not a nationally representative study. The lack of com-
prehensive and representative analyses of age patterns
of incidence of major age-associated diseases at a national
level is another motivation for our investigation.

We will begin with a brief discussion on sources and
types of data available for population data analysis and
modeling. Then we will evaluate CD-caused age patterns
of mortality and analyze underlying and secondary causes
of death, paying particular attention to diseases most fre-
quently appearing on death certificates and to their time
trends. Combining data on Medicare histories with data
from a demographic survey, we will also evaluate age pat-
terns of incidence rates of these CDs and analyze their time
trends. Thenwe will study the effects of risk factors that are
measured longitudinally.Wewill discuss awide spectrum of
approaches for analysis of such data, starting from standard
empirical analysis and ending with the use of models capa-
ble of evaluating effects of medical interventions. Finally,
we will discuss unsolved problems and prospective direc-
tions of research in the area of aging and health that require
more sophisticated methods for their analyses.
Data

The types of data available for the analysis of the effects of
aging and circulatory diseases are diverse: data collected
in case–control studies, grouped data (i.e., determination
of the number of disease or death cases and estimation
of person-years of exposure), epidemiological registers,
follow-up data with covariate measurements made at reg-
ular (or irregular) time intervals, tracking of individual
medical histories, surveys (i.e., categorical measurements),
and follow-ups of categorical measurements.

Biomedical and demographic data collected in the
United States and used for this study include:

1. the Framingham Heart Study, a 50-year follow-up of
hundreds of risk factors measured biannually, 5209
persons at the inception in 1948–50;

2. the National Long-Term Care Survey (NLTCS)
(1982, 1984, 1989, 1994, and 1999), 41 947 different
individuals, with roughly 70 000 screening interviews
and 28 500 detailed interviews, 26 000 deaths recorded
by 2003, approximately 400 000 person-years;

3. Medicare service use files from 1982 to 2001 linked to
the NLTCS. Continuous Medicare history files con-
tain information about costs, treatments, diagnoses, the
dates delivered, and the date of death;

4. Multiple Cause of Death (MCD) data files: 1968–2001;
65 million death certificate records including underly-
ing and secondary causes of death.
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Approaches to Data Analysis
and Modeling

Analysis of the Causes of Death

Different diseases from the long list of circulatory disor-
ders have different population burdens and social values.
We use the MCD data to identify the specific diseases that
appear most often on the death certificates, and therefore
are responsible for the most deaths associated with the
circulatory system. Table 1 presents the results of this
calculation in accordance with the ICD-9-CM coding
system for the period from 1978 to 1998.

The frequencies in this table are calculated as a ratio of
the total numbers of respective ICD codes that appeared
on death certificates to the total numbers of deaths. Only
diseases with mean occurrence larger than 0.1% are shown
in the table. Note that since several different CDs can appear
on the same death certificate as underlying or secondary
causes of death, the frequencies are summed to n� 100%
where n is the mean number of diseases per death certificate.
Table 1 Fraction of ICD code occurrence in MCD data files

Year of death

ICD9 79/98 79/80 81/82 83/84 85/86

394 0.21 0.22 0.22 0.21 0.21

398 0.11 0.19 0.17 0.14 0.13

401 4.17 2.84 2.97 3.08 3.19
402 1.70 1.85 1.76 1.67 1.58

403 0.59 0.57 0.55 0.51 0.48

404 0.16 0.23 0.20 0.18 0.16
410 11.66 13.80 13.28 12.59 11.86

411 0.35 0.56 0.48 0.41 0.38

412 0.26 0.40 0.37 0.32 0.29

413 0.22 0.19 0.20 0.23 0.25
414 18.85 20.06 19.67 18.97 18.22

415 1.19 1.52 1.38 1.27 1.19

416 0.51 0.46 0.45 0.47 0.47

423 0.19 0.20 0.19 0.19 0.19
424 1.12 0.71 0.76 0.82 0.89

425 1.41 0.48 0.63 0.83 1.05

426 0.36 0.38 0.39 0.38 0.38

427 21.69 16.90 19.77 22.71 25.20
428 11.03 10.27 10.28 10.33 10.45

429 5.54 5.86 5.68 5.60 5.44

430 0.32 0.33 0.31 0.30 0.30
431 1.08 1.20 1.09 1.04 1.05

432 0.19 0.11 0.12 0.13 0.14

433 0.11 0.12 0.12 0.11 0.10

434 1.47 2.30 1.98 1.72 1.61
436 6.17 5.78 5.70 5.69 5.72

437 1.92 3.15 2.70 2.27 1.90

438 0.76 0.61 0.64 0.66 0.66

440 4.35 6.77 5.96 5.14 4.44
441 0.91 0.84 0.84 0.86 0.86

443 0.60 0.26 0.32 0.37 0.42

444 0.20 0.24 0.23 0.23 0.22
447 0.12 0.14 0.14 0.13 0.12
Frequencies defined in this way take into account the contri-
bution of secondary causes of death and illustrate a relative
burden among other circulatory diseases. Furthermore, this
table provides insights into recent time trends for these
diseases.

The first conclusion that can be made is that there are
eight specific CDs whose three-digit ICD-9 codes give
the most important contribution to the death rates caused
by circulatory diseases. They include hypertensive disease
(401–405), acute myocardial infarction (410), other forms
of chronic ischemic heart disease (414), cardiac dysrhyth-
mias (427), heart failure (428), ill-defined descriptions and
complications of heart disease (429), acute cerebrovascu-
lar disease (436), and atherosclerosis (440). The mean
frequencies for the period from 1978 to 1998 are in the
second column of Table 1.

If only the underlying cause of death is considered,
then corresponding contributions (summed to 100% now)
are essentially different. These, as well as total contribu-
tions of all CDs and cancer, are presented in Table 2. MI
87/88 89/90 91/92 93/94 95/96 97/98

0.21 0.21 0.21 0.21 0.20 0.20

0.11 0.11 0.10 0.08 0.07 0.05

3.47 4.07 4.57 5.21 5.85 6.43
1.50 1.62 1.66 1.72 1.81 1.87

0.48 0.57 0.63 0.67 0.72 0.76

0.14 0.15 0.15 0.15 0.14 0.13
11.12 11.56 11.32 10.77 10.36 10.02

0.33 0.33 0.30 0.27 0.25 0.24

0.26 0.26 0.23 0.19 0.16 0.14

0.25 0.26 0.25 0.22 0.19 0.16
17.83 18.65 18.81 18.88 18.88 18.61

1.17 1.19 1.12 1.03 1.04 1.02

0.47 0.52 0.55 0.55 0.56 0.60

0.19 0.20 0.19 0.18 0.18 0.18
0.99 1.18 1.32 1.40 1.51 1.61

1.30 1.62 1.86 1.99 2.10 2.21

0.38 0.40 0.38 0.34 0.28 0.25

26.40 22.33 21.47 20.83 20.40 20.47
10.57 11.25 11.66 11.91 11.78 11.83

5.36 5.57 5.55 5.58 5.47 5.36

0.31 0.33 0.34 0.32 0.33 0.33
1.03 1.06 1.07 1.05 1.08 1.17

0.16 0.19 0.21 0.23 0.26 0.33

0.09 0.10 0.10 0.10 0.12 0.12

1.46 1.40 1.24 1.12 1.01 0.87
5.83 6.19 6.35 6.65 6.92 6.87

1.69 1.62 1.49 1.48 1.48 1.43

0.69 0.74 0.81 0.88 0.94 0.95

4.04 3.91 3.59 3.40 3.27 3.03
0.88 0.96 0.98 0.95 0.96 0.97

0.50 0.64 0.71 0.83 0.92 0.99

0.20 0.21 0.19 0.18 0.17 0.16
0.12 0.12 0.12 0.12 0.12 0.12



Table 2 Fraction of ICD code occurrence in MCD data files (underlying cause only)

Year of death

ICD-9 79/98 79/80 81/82 83/84 85/86 87/88 89/90 91/92 93/94 95/96 97/98

401 0.22 0.14 0.15 0.17 0.18 0.19 0.21 0.23 0.28 0.31 0.34

410 11.73 15.37 14.75 13.93 12.77 11.69 11.31 10.70 9.90 9.33 8.81

414 11.83 12.91 12.94 12.72 12.18 11.87 11.41 11.29 11.27 11.17 10.91

427 1.98 1.45 1.77 2.13 2.50 2.62 1.94 1.84 1.85 1.83 1.90
428 1.82 1.34 1.49 1.69 1.86 1.96 1.78 1.82 1.99 2.02 2.13

429 3.52 3.75 3.74 3.80 3.68 3.62 3.49 3.42 3.42 3.29 3.15

436 3.92 4.24 4.14 4.03 3.86 3.82 3.74 3.73 3.83 3.98 3.89
440 0.99 1.49 1.38 1.25 1.11 1.04 0.87 0.79 0.76 0.72 0.67

CD 44.70 50.11 49.30 48.39 46.65 45.26 43.19 42.32 41.72 41.28 40.71

Cancer 23.00 21.30 21.97 22.40 22.52 22.71 23.59 24.13 23.72 23.62 23.56
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(410, 414) and stroke (436) are dominating causes of death
among circulatory diseases. Frequencies of CDs have a
stable negative rate trend, while cancers show a positive
trend except for the last few years.

The time trends in the decline of the CD incidence
rate differ for different ages. Figure 1 presents the age
distribution of 1-year trends for total CDs (390–459), for
MI (410–414), and stroke (436).

One can see that the progress in CD reduction is less
pronounced at advanced ages.
−5

−4

−3

40 50 60 70 80 90 100 110
Age

Figure 1 Age patterns of 1-year time trend observed between

1979 and 1998 for total CD, myocardial infarction, and stroke

calculated as relative decline of frequencies of circulatory
diseases (CDs) as underlying cause of death.
Age-Specific Incidence Rates

Medicare service use files (linked to the NLTCS) provide
detailed information about the occurrence of diseases that
could be used for evaluating incidence rates. We follow
the empirically verified rule that an individual has an
onset of a disease at the time when the first record with
a respective disease code (in our case ICD-9) appears in
the Medicare Service Use files (either institutional or
noninstitutional) and only if this record appears no earlier
than 12 months after enrolling in Medicare (usually at age
65). If the periods of observation are known for each
individual in a cohort, this approach allows for evalua-
tion of incidence rates for chronic and acute diseases.
Figure 2 presents the results of such an evaluation for
the U.S. population for eight selected CDs identified in
the previous section.

Projection to the entire U.S. population is possible due
to weights assigned to each individual in the NLTCS
cohort. Statistical error is calculated using a generalized
Wilson approach (Brown et al., 2001).

Simulation modeling showed that the effects of par-
tial Medicare coverage, uncertainties in the onset identi-
fication, the influence of different censoring schemes, and
the effect of incorrect reporting of the birth dates do not
seriously distort the findings on U.S. incidence rate age
patterns, being at a maximum of 10% of the main effect.
Estimations for myocardial infarction (410) and stroke
(436) are in agreement with those found by (Akushevich
et al., 2006; Arnold et al., 2005). Figure 3 shows the
age-specific incidence rates of total CDs, myocardial
infarction, and stroke for three distinct time periods:
1984–90, 1992–96, and 1997–2001.

One can see stable decline in the incidence rates
except for in advanced ages.
Risk Factors for Circulatory Diseases

Risk factors for CD are widely discussed in the book by
Labarthe (1998), where not only a broad review of current
knowledge about risk factors is found, but also important
lessons in prevention and control of CD. Historically, the
Framingham Study was the first longitudinal study with a
focus on examination of personal risk factors (Dawber,
1980). After many years of follow-up, they found that the
classic risk factors such as cigarette smoking, blood
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Figure 2 Age-specific incidence rate of selected CDs estimated using NLTCS/Medicare data in (1992–2001).
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Figure 3 Age-specific incidence rate of total CD, myocardial infarction, and stroke estimated using NLTCS/Medicare data for
distinct time periods.
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pressure, and blood (serum or plasma, also known as total)
cholesterol are the most consistent and powerful in
explaining CD risk. Others were less common (diabetes
mellitus), less consistent (obesity and exercise), or less
readily measured (diet, alcohol, and psychosocial factors)
(Tunstall-Pedoe et al., 2003; Kannel, 2006). Similar results
were found for a Japanese male population followed up by
the Honolulu Heart Study (Yano et al., 1984).

Daily cigarette smoking, systolic blood pressure, total
blood cholesterol, and obesity, or body mass index (BMI),
were investigated by researchers of the MONICA projects
at a global level. They concluded that observable popula-
tion trends in risk factor dynamics can partly explain the
variation of population trends in CD (Kuulasmaa et al.,
2000). The research on the role of risk factors in the
elderly was recently reviewed by Mukamal et al. (2004)
and Kannel (2006). In addition to well-known risk factors
for CD, novel risk factors were suggested. They include
hemostatic factors, inflammatory markers, infectious
agents, metabolic parameters, and genetic determinants.
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The role of these factors in CD development and effects
of their interaction with standard risk factors have to be
clarified. The results of aging studies suggest that the role
of risk factors as predictors of short- and intermediate-
term events can be different, and the role can change with
the age of individuals. Development of new analysis
approaches and mathematical models is needed to clarify
the prognostic power of each risk factor and these factors’
strengths and limitations.
Empirical Studies and Standard Regression
Modeling

Empirical analysis includes stratification of data over
studied risk factors, estimation risks of the event of inter-
est for each strata, and statistical testing of hypotheses on
their association. If data are sufficient such an analysis
leads to a clear association between the studied risk and
the risk factor. This approach to empirical analysis
allowed for justification of the U- or J-shaped dependence
of CD mortality on risk factors. Limitations of standard
methods of empirical analyses are that large sample sizes
are required; the results depend on the number and bor-
ders of strata; and statistical criteria for making necessary
conclusions are frequently absent.

Standard models of survival analysis such as logistic
and Cox regressions can often overcome these obstacles.
These models do not require stratification of data; how-
ever, they have specific assumptions, for example Cox
regression assumes proportionality of hazards across
groups. Usually these models are used when empirical
methods fail to provide the required conclusions. The
standard logistic and Cox’s regressions allow the research-
ers to detect the effects of distinct risk factors as well as
their combinations on respective hazard. For instance, the
approach using the Cox-proportional hazards model was
used in the MONICA project to detect the risk score of
CD events, which is defined as a linear combination of the
levels of the separate risk factors such as systolic blood
pressure, daily smoking, total cholesterol, and BMI.

Since these regression approaches exploit the Markov
assumption on the transition under study, they have lim-
itations in taking into account information on the series
of events that happened to the individual in the past.
If capturing such effects is required, the methods of
event history analysis, which exploit the semi-Markov
property of the transition process, must be used. The
event history analysis methods extend both traditional
Cox’s and Markov chain approaches in analyzing trans-
itions between health states or to death. However, often
assumptions of standard methods can be difficult to
motivate biologically, for example the Cox regression
with proportional risk assumptions. In this case, the
methods that incorporate specific findings of empirical
analyses must be applied.
Stochastic Process Modeling and Interventions

In the stochastic process model with quadratic hazard, an
individual’s health state is described by a set of risk factors
that change with age. The individual dynamics of risk
factors and the rate of death must be modeled to describe
population or cohort changes with age or time. Such
dynamics are described by a system of autoregressive equa-
tions, inwhich the future health state is represented in terms
of the current state, a drift function that can be dependent
on age, and diffusion, which represents the contribution of
latent stochastic heterogeneity in the population.

Mortality is assumed to be a quadratic function of
covariates that provide biologically justified U- or
J-shaped hazard functions of covariates (Manton and
Stallard, 1988). The minimum of these functions identifies
a point (or a multidimensional domain) in the risk factor
state space corresponding to optimal health status. The
probability of death increases in all directions going away
from the optimal domain. This model generalizes the
concepts of frailty and competing risks and, in addition,
allows one to consider the dynamics of observed and
unobserved covariates (risk factors). With this model, it is
possible to calculate life table functions and to forecast the
characteristics of the health state distribution over age and
time. Thus, human life is modeled by a random walk of an
individual over a biological state space with the distribu-
tion of manholes representing death risks at each point
distributed according to the quadratic hazard function.

This model requires data with small and fixed time
intervals, which are not always available. Furthermore,
applications of this model to measurements that are
right-censored, include missing data, or use the exact
date of an event require additional assumptions. All
these problems can be addressed without additional
assumptions by using an important modification of this
approach, developed by Yashin and Manton (1997) and
known as a stochastic process model.

Assumptions about linear drift and constant diffusion
restrict the predictive power of the model. Akushevich
et al. (2005) described how to generalize the model for the
dynamics of any complexity by using a formalism based
on the microsimulation of individual trajectories. They
also demonstrated the quality of the quadratic hazard
models, i.e., how the model being estimated reproduces
data used for the estimation procedure, and described
applications of microsimulation models to intervention
analyses and forecasting.

The construction of projections based on the micro-
simulation technique includes several steps:

1. a simulation of the initial population; e.g., 100 000
individuals with normally distributed risk factors;

2. a calculation of mortality (and other transition rates,
e.g., birth events) for each individual conditional on his
or her health state (e.g., set of risk factors);
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3. a random definition of whether or not an individual
survives (or another transferring event occurs) within a
time interval;

4. a simulation of the risk factors (or sets of variables
describing a person’s health state) for individuals sur-
viving to the next age.

Typically, these models are quite flexible, which makes
them appropriate for analysis of medical, financial,
and technological interventions. The transition rates or
parameters describing the stochastic heterogeneity of a
population (diffusion parameters) can be changed in
accordance with the formulation of alternative strategies.
Below we discuss several examples of such projections.

For the first example, we used mortality rates modeled
as a quadratic function of risk factors estimated in a bino-
mial quadratic hazard model from Framingham data. Sur-
vival functions with and without two interventions are
shown in Figure 4 for males and females for nonlinear
models developed by Akushevich et al. (2005). The first
one (curves 2 and 4) corresponds to the increase of the
standard deviation of population distribution for the vital
capacity index (VCI) by a factor of 2. Since the VCI can be
considered a biomarker of senescence, this intervention
illustrates the case of a subpopulation with accelerated
aging. The second intervention describes blood pressure
control, i.e., the standard deviations for pulse pressure and
diastolic blood pressure are lowered by a factor of 2.

The other intervention is designed to estimate the
impact of progenitor cell therapy for atherosclerosis on
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diffusion for blood and pulse pressure. Akushevich I, Kulminski A,

and Manton K (2005) Life tables with covariates: Dynamic model

for nonlinear analysis of longitudinal data: Mathematical

Population Studies 12(2): 51–80.
cardiovascular mortality, life expectancy, and survival, as
compared to the lifetime control of conventional risk
factors (Kravchenko et al., 2005). Age projections of CD
mortality (Figure 5) were constructed analytically using
the same rates for risk factor dynamics and mortality. Two
types of interventions were considered: 1. keeping risk
factors within selected limits to model current clinical
recommendations; 2. an age shift of 10 years to model
the effect of rejuvenation of the cardiovascular system by
progenitor cell therapy.

The examples considered are only the simplified
illustrations of population modeling of medical
interventions. In practice, much more information is
required to perform them, for example, more precise
modeling of the results of interventional therapy or a
distribution of individuals (perhaps conditional to their
health state) who refused interventional therapy. How-
ever, it is clear that the microsimulation approach is
a sufficient methodological basis for such calculations,
which allows the researcher to implement available
and future information as building blocks and therefore
to investigate comprehensive interventional cases.
Discussion

The analysis of the effects of aging on CDs indicates the
importance of: (1) quantifying the age patterns of incidence
and mortality rates, (2) investigating time trends in these
rates, (3) analyzing comorbidity effects, (4) performing
analysis of sensitivity of findings to violation of basic assump-
tions, and (5) using methods of mathematical modeling.
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Figure 5 CD mortality for three scenarios: Without

interventions (thick line), progenitor cell therapy (thin line), and
restrictions (dashed line) of CD risk factors.
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The cha nces of disea se developmen t in the hum an
or ganis m are age-depe nden t. Theref ore analyses of age-
specif ic morb idity and mor tality pa tter ns, as well as com-
paris ons, are mu ch more info r mative than tho se of re spec-
tive cr ude rates. The age pat ter ns of incidence cau sed by
specif ic CDs be ing the most fundam ental characte ristics
are poor ly meas ured for the U.S. popu lation at advanced
ages. We used the NLTCS long itudinal data colle cted
from 1982 to 1999 and linked to Medicar e ser vice use
files to estimate the national age patter n of circ ulatory
diseas es with the lar gest bur den. We assoc iated such a
burden with the frequencie s of cor re sponding ICD
codes in death cer tific ates shown in the MC D data. D iag-
noses and dat es of onset were identif ied using ICD-9-CM
codes from Medicar e ser vice use files lin ked to the
NLTCS. From Figu re 2 , one can see that the CD inci -
dence rates can be increa sing funct ions of age tha t can
level of f , or even dec line, at later ages. Such ef f ec ts can be
attribu ted to sel ection in heterogeneous populat ions
(Vaupel et al., 1998 ), where frail ind ividuals do not su r vive
to advanced ages. Anoth er explanati on involves possibl e
under diagnos is at advan ced ages, which, however, can not
be proven with availa ble data. Other possible biologically
and physiologically motivated exp lanation s are discus sed
by Ukrain tseva and Yashin (2001). To analyze these
ef f ects, meth ods of mathematica l mode ling can be helpful.

It is a well -known f act th at during the past several
decade s CD mor tality has markedly dec lin ed. Consid er-
ing CDs only as the und er lying cause of deat h in the
MCD data ( Table 2 ) reveals that the 2-year tren d in
total CDs is a bout –2.3%. The lar gest dec line (–6.0%
per 2 year s) was achieved for acute myocardia l inf arction
(AMI) . However, if CDs are con sidered as one of the
multip le sets of dis eases on deat h cer tifica tes, one can
immed iately see ( Ta b l e 1 ) that the dec lin e is mu ch less;
e.g., the dec lin e of AMI is only –3.5% per 2 year s, while
stroke has a posi tive tren d (2.0 %), i.e., appear s on death
cer tific ates more often tha n before. The age str ucture
of CDs as the under lying cause of death is also nonuni-
for m. After age 75, the a bsolu te value of the time trend
rapidly dec lines and can become po sitive at the oldest
ages ( Figure 1 ).
CD and Oth er Diseases

Stalla rd (2002) evaluated associat ions of disea ses and
their secu lar tren ds by examining statistics on the joint
distrib utions of cause s of death for the year s 1980, 1990,
and 1998. Estimat ing ratios of the obser ved to expected
age-standardized joint freque ncies of each pair of 15
selected conditi ons, he fou nd 57 associat ions, which
wer e equivalent to a posi tive cor re lation of the dis ease
indica tor varia bles. He ar gued that any ana lysis of cause-
specif ic mor tality that does not account for the join t
occur re nce of multiple diseases among elder ly deced ents,
as well as the dif ficulti es inh erent in selectin g one of these
diseas es as the und er lying cause, will be incom plete.
Time Trends

Secu lar trends in CD mor tality, inci dence, and case f atal-
ity rates in adul ts aged 35 –74 year s in the U.S. were
recently investigated by Er gin et al. (2004 ). They com-
pared 1971–82 and 1982–92 cohorts from the first
National Health and Nutrition Examination Survey Epi-
demiologic Follow-up Study and found declines in CD
incidence, AMI (except women), and stroke (except black
men). Note: several studies reported a reduction in inci-
dence, whereas others found no change or even an
increas e over time ( see discussio n in Er gin et al ., 2004 ).
The age pattern of this trend is also unknown. We used
NLTCS/Medicare data to check time trends of age-
specific incidence rates for three periods: 1984–90,
1992–1996, and 1997–2001. To reduce possible bias, we
restricted our analysis by considering inpatient incidence
rates. We found that CD incidence rates continued to fall
except for the oldest ages (90+). MI shows a stable decline
in incidence rates for almost all age groups, while stroke
displays an increasing trend with the exception of the
latest years and the oldest ages (Figure 3). Note that the
NLTCS/Medicare data have the potential for evaluating
case fatality rates and their time trends.

Estimates of hazard rates are subject to biases of differ-
ent origin. That is why detailed sensitivity analysis must
always accompany empirical findings and the results of
statistical modeling. One important source of bias, espe-
cially at advanced ages, deals with errors in the reported
date of birth. Using methods of statistical modeling and
results from other studies, Akushevich et al. (2006) showed
how the bias of incidence rates from this source and from
all other significant sources of uncertainty discussed in
the demographic literature can be estimated. The effect of
a source of uncertainty is estimated by analysis of the
difference between incidence rates for a standard (basic)
calculation and for a calculation in which the effect of the
given source of uncertainty is modeled and simulated.
Specifically, the authors considered the effects of partial
Medicare coverage, uncertainties in onset identification,
the influence of different censoring schemes, and the
effect of incorrect reporting of date of birth, and showed
that such uncertainties (both realistic and the maximum
possible) do not seriously distort our findings on the U.S.
incidence age patterns, since they are a maximum of 10%
of the main effect.

Risk factors affecting circulatory diseases include
genetic, demographic (e.g., sex, marital status, education,
employment), physiologic (e.g., blood pressure, pulse
pressure, pulse rate, serum cholesterol, body mass
index), and behavioral (physical inactivity, dietary imbal-
ance, smoking, and alcohol intake) factors. Detailed
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discussion of the role of the risk factors in the epidemiol-
ogy and prevention of CVD is given by Labarthe (1998). It
is much less clear how specific risk factors affect age
patterns of morbidity and mortality rates for specific dis-
eases. Evaluation of the effects is nontrivial and often
requires combining information from different data sets
and applying methods of mathematical modeling.
The Role of Comorbidity

The importance of comorbidity is clear from the analysis
of the underlying and multiple causes of death performed
above. Comorbidity is understood as a presence of two
or more chronic diseases or conditions in the same indi-
vidual. Fried et al. (2004) noted that the two-thirds of all
Medicare beneficiaries older than 65 years of age have
two or more chronic conditions, and one-third have four
or more. They argued that comorbidity is causally related
to other frequently used terms such as frailty and disabil-
ity. Therefore, further progress in comprehensive analysis
of health states in the adult population can be achieved by
joint investigation of different measures (de Groot et al.,
2003), possibly collected in different data sets with differ-
ent study designs. One possibility is to perform joint
analysis of data from MCD, Medicare, and the NLTCS.
Large sample size (MCD), exact data of onsets (Medi-
care), and risk factors and weights for U.S. projections
(NLTCS) could be beneficial for such an investigation.

Mathematical modeling is helpful when the analysis of
all empirical findings is insufficient to make conclusions
about the phenomena of interest. It is also important in
investigating specific biological mechanisms responsible
for the health effects of risk factors. Assumptions used in
standard statistical analyses are often too simplified. In
this case, a researcher can model a mechanism and com-
pare predictions of the model with the measurements.
One more situation deals with projection of health
changes (and possibly associated medical expenditures)
over time, using what-if scenarios to investigate and
develop different preventive and intervention strategies.
In this case, a model can provide a tool for extrapolating
current health status for the future or elucidating the
health consequences of hypothetical scenarios. Finally,
there are many examples in which data are collected in
an irregular study design. Categorical data measured lon-
gitudinally, tracking medical event data, gene expression
data, and complete information from death certificates are
examples of data with irregular structure. Modern data-
bases often include data from several sources, and in the
majority of cases they have missing data. In such situa-
tions, standard methods often fail to produce reliable
estimates and a comprehensive analysis becomes possible
only by using appropriate mathematical models.

The quadratic hazard model that is used for modeling
risks caused by CDs proceeds from empirical observation
that hazard risks quadratically depend on covariates repre-
sented by physiological risk factors. The model is con-
structed to describe risk factor dynamics and mortality as
linked stochastic processes. In this model, age projections
are constructed analytically or by using the microsimula-
tion technique, which is based on the simulation of trajec-
tories (that is, serial values of physiological parameters
that define the health state of an individual in his or her
life). Recent advances in suchmodeling are summarized by
Yashin et al. (2007). Further development of this model is
related to multidimensional analysis, implementation of
categorical risk factors (e.g., demographic or genetic), and
implementation of other observed covariates (e.g., changes
in gene expression and the internal biological milieu).
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Glossary

Axiology A philosophical branch studying the

nature of value. This includes not only moral

value. For instance, the question, what is good for

human beings and prudential for them to pursue, that

is, so-called prudential values, is also a topic of

axiology.

Epistemology Concerned with the nature, sources,

and limits of knowledge. When can we justifiably

claim to know something? In medicine, we need, for

example, to know whether a certain condition is

abnormal and how it has been caused to establish

whether it is pathological.

Ontology The philosophical investigation into

existence or being. Ontological questions involve

which things (e.g., specific diseases) exist and what

it means for something to exist (e.g., whether

diseases exist as concrete entities or abstract

names).

Substance dualism A specific version

of mind-body dualism that holds that mind

and body exist separately in their own right.

René Descartes endorsed it by distinguishing

between res extensa and res cogitans, that is, an

extended substance in contrast to a thinking

substance.
Vaupel JW, Carey JR, Chr istensen K, et al. (1998) Biodemographic
trajectories of longevity. Science 280(5365): 855–860.

Yano K, Reed DM, and McG ee DL (1984) Ten-yea r incidence of
coronary heart disease in the Honolulu Heart Progra m. Relationship
to biologic and lifestyle characteristics. American Journal of
Epı̂demiology 119(5): 653–666.

Yashin AI and Man ton KG (1997) Effects of unobserved and partial ly
observed covariate processes on system failure: A revi ew of models
and esti mation strategies. Statistical Science 12(1): 20–34 .

Yashin AI, Arbeev KG, Kulminski A, Akushevich I, Akushevich L, and
Ukraintseva SV (2007) Stochastic model for analysis of longitudinal
data on aging and mortality.Mathematical Bioscience 208: 538–551.
Relevant Websites
http://www.nh lbi.nih.gov/resour ces/deca/directory.htm – US National
Heart, Lung and Blood Institute.

http://www.ktl.t i/monica/ – The WHO MONKA Project .
K

The concepts of health and disease form the very founda-
tion of public health and medicine. Therefore, the debate
concerning the proper definition of the terms, which is
mainly pursued in philosophy of medicine, is of utmost
importance and does not serve merely scholastic pur-
poses. Disease is furthermore a notion with important
normative consequences. Social interests influence
which conditions are regarded as disease. It is no wonder,
then, that it is a highly contested concept.

In this article, I focus on systematic aspects of defining
disease. I do not offer a chronological history of different
attempts to come to grips with the concept of disease,
although the article is informed by the history of medicine
and uses historical illustrations. After introducing some
groundwork for the discussion to follow, I focus on three
aspects: the ontology, epistemology, and axiology of disease.

Preliminaries Concerning the Logic
of Medical Terminology

Concepts and Conceptions

It has become customary in philosophy to distinguish
between concepts and conceptions. A particular concept,
such as ‘disease,’ implies certain elements as criteria, which
identify individual phenomena as falling under a particular

http://www.nhlbi.nih.gov/resources/deca/directory.htm
http://www.ktl.ti/monica/
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idea. This is often achieved bymeans of theorizing about the
phenomenon in question, with the purpose of extracting its
essentials. Such a theory usually culminates in a definition,
which captures the meaning of a term. For instance, some-
one might define the concept of disease as ‘an undesired
process or condition of an organismwhich can be altered by
intervention.’ A definition need not be explicitly stated. In
fact, an important task of the philosophy and history of
medicine is to identify implicit definitions of disease in
different times and belief systems.

A concept might, however, lead to different concep-
tions, because the core elements of an idea can be inter-
preted in several ways. In the example mentioned, it is
possible to give different accounts of ‘a condition of an
organism’ by referring, for example, to organs, cells, or the
whole organism. A conception determines, as it were, a
particular shape of a structure that is set by a concept. It
is an interpretation of the meaning of a notion. A concep-
tion of human disease is an interpretation that is based
on specific experiences and ideas concerning the body
and the human organism, life and death, and other
aspects of what it means to be human. A conception of
disease is therefore determined by a mix of anthropologi-
cal, biological, and evaluative aspects.

But there seems to be a limit to what can plausibly be
regarded as different conceptions of the same concept.
For instance, one might wonder whether someone who
defines disease as ‘a punishment for sins’ is still talking
about the same concept, since this idea of disease is fairly
remote from the definition mentioned earlier. We might,
therefore, assume that different times and people actually
had different concepts of disease, and it is possible to find
various conceptions at one particular time or in one belief
system, even for the same concept. This point of view still
allows for a debate on whether there might be some
conceptions of disease that are plainly false, because
they are not in line with the allegedly true core elements
of the concept of disease. I shall not take sides in this
debate but assume that there is no single true meaning of
the term, and hence that there is a reasonable plurality of
concepts (not just conceptions) of disease.
Different Perspectives

There is another aspect of the distinction between con-
cept and conception, which stems from the fact that
medicine cannot be reduced to a scientific discipline but
is first and foremost concerned with the patient. This has
important repercussions on the conceptualization of med-
ical terminology, because the concepts of health and dis-
ease need to be seen in relation to aspects of the human
condition that are difficult to pin down in an objective
manner; for example, suffering or individual ideals of how
to live. From this perspective medical terminology seems
to be subjective and relative. On the other hand, medicine
relies on scientific observations and generalizations when
it comes to diagnosis, treatment, and prognosis. From this
perspective, the language of medicine is, on the contrary,
objective and universal. And yet ill health is not merely a
medical problem but typically has social consequences
that culminate in particular liberties and responsibilities
of patients; for example, the right to absence from work.
Here we have another perspective on medical terms that
relies on certain public interests. Obviously, these three
different perspectives on the phenomenon of ill health
need not be the end of the story, for example religious
beliefs might add to the picture.

Some theorists have suggested using various terms in
order to distinguish between these different perspectives.
The concepts of disease, illness, and sickness may be
feasible in order to capture the respective aspects. Disease
would then be rendered a feature of the biological organ-
ism, illness a mode of being and feeling of an individual
person, and sickness a particular social role. There is
ample discussion about the logical relation between
these terms, especially whether there can be illness with-
out disease and the other way around. Be that as it may,
this differentiation is clearly an analytical device, not
common to all languages and also not found explicitly in
the history of medicine. It is nonetheless important to
keep these different perspectives on the phenomenon of
ill health in mind, because it will then become obvious
that some accounts of disease might not be in conflict,
because after all they focus on dissimilar aspects – for
instance the biological organism, personal well-being, or
social role. Some theories of ill health might even discuss
different concepts, which could be distinguished by using
dissimilar terms.
The General Concept and Specific Concepts
of Disease

There is yet another way to conceive of concepts of
disease. We use concepts such as syphilis or tuberculosis
in order to single out specific conditions or processes;
these specific disease concepts are studied in nosology
and eventually form the content of classification systems.
However, when these notions are used, it is not the gen-
eral concept of disease that is addressed. There is a differ-
ence between disease as a generic term and specific
concepts of disease.
The Ontology of Disease

Ontology is concerned with existence or being. With
regard to disease it focuses on issues such as (1) the
location of disease and (2) the ontological status of spe-
cific diseases. Other topics concerning ontological pro-
blems in medicine are (3) the role of dispositions and the
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environment in the constitution of disease, (4) the distinc-
tion between disease and illness, and (5) the relation
between somatic and mental disease.
The Location of Disease

In antiquity, the whole person was regarded as the site of
disease. Health was equilibrium, whereas disease was
imbalance. According to some theories, for example,
Egyptian, the imbalance was not merely an internal one
but seen in relation to the environment, in particular gods
or spirits. However, the most influential, Hippocratic,
school did not believe in religious influences on the
disease process. Their conception was mainly drawn
from an analogy derived from a certain account of har-
monies in nature. The human organism, or microcosm,
was seen in parallel to the macrocosm of nature, a belief
that can also be found in other traditions, for example,
Ayurvedic and Chinese medicine. Disease for the ancient
Greeks, and for many subsequent generations, was an
imbalance of the humors: blood, phlegm, yellow bile,
and, added later, black bile.

With the advancement of knowledge about the human
body the location of disease becamemore specific. Although
anatomical studies had already been conducted, albeit on
animals, by Galen (ca. 130–ca. 201 C.E.) in the Roman era,
Giovanni Battista Morgagni (1682–1771) was the first to
locate disease in organs. His theory was in line with the
progress of pathological anatomy, especially attributable
to anatomical and physiological findings of medical scien-
tists such as Andreas Vesalius (1514–1564) and William
Harvey (1578–1657). Marie François Xavier Bichat
(1771–1802) later situated disease in tissues, and Rudolf
Virchow (1821–1902) famously founded cell pathology. In
recent times, medicine has become accustomed to identify
DNAas a site of possible pathology. So it is tempting to posit
a reductionist trajectory in medical history. However, this
would be too simplistic, as different levels of disease location
have almost always been present in medical theory.
The Ontological Status of Specific Diseases

Another pervasive subject matter of medical theory is the
ontological status of disease entities. Does a specific dis-
ease such as arthritis exist in its own right or is it an
abstraction derived from individual cases? This problem
is obviously related to the previously mentioned topic of
the localization of disease, because if the whole body is the
site of disease, it is difficult to attach to it an ontological
status in its own right. For theorists such as Hippocrates
(ca. 460–ca. 375 B.C.E.), disease cannot be distinguished
from the affected person; it is as individual as the patient.
Diseases therefore have no common, let alone indepen-
dent, existence, but are singular and heterogeneous occur-
rences in individuals. This is called the physiological
theory. However, once disease is localized in areas that
are shared by organisms, it is but a small step to see
diseases as separate entities, a creed that is known as the
ontological theory. According to this view particular path-
ological alterations follow the same pattern and can there-
fore be identified as occurrences of one single type. These
types can then be collated in a classification system.
Historically it may be speculated that the frequency and
similarity of particular disease events such as the bubonic
plague and syphilis fuelled the belief in homogeneous
disease entities.

Strictly speaking, there are two different claims of
the ontologists that need to be distinguished. First, the
assumption that disease comes in types that can be coher-
ently differentiated. Individual occurrences of a disease
are, according to this view, tokens of a particular type, that
is, a specific disease such as gout or lumbago that has a
certain unity or identity. These specific diseases can be
discovered. Second, ontologists believe that disease itself
exists independently of a patient who has the disease. It is
an entity in its own right that can befall a person. Again, in
the history of medicine the discovery of germs and their
relevance for the onset of disease was especially congenial
to this belief. The foreign entity invading the organism,
according to this view, is the disease.

The second of the ontologists’ claims has now become
hard to believe, since more recent discoveries in medical
science have shown that germs or other bodies are rarely the
sole causes of disease. The interaction with the host builds
the sufficient condition of the onset of disease. Neverthe-
less, the first of the ontologists’ beliefs, that is, that diseases
come in types, is still widely shared by medical theorists.
But to be sure, there is a huge difference between the
ontological view that we can discover these specific disease
entities by reading them, as it were, off from nature and the
alternative, physiological, account such that these entities
are our own making, that is, inventions.

The debate about whether disease entities are discov-
eries or inventions is mainly led by the question of whether
diseases are natural kinds. Paracelsus (1493–1541) was
one of the first to directly abandon the physiological
Hippocratic and Galenic tradition in virtue of opposing
the humoral account of disease. He considered specific
diseases to have a natural unity, similar to varieties of fruit.
Indeed, if diseases were like, for example, minerals or
plants, then they might be distinguishable on grounds of
observation only. If not, then their classification is relative
to human interests. It is interesting to notice that Thomas
Sydenham (1624–89) perceived medical categories in
analogy to the classification of biological species. He obvi-
ously thought of them as natural kinds.

However, it is difficult to maintain this conception once
it is agreed that disease kinds are not independently existing
entities like plants. It seems therefore more plausible that
specific disease categories result from our own making. But



Classic Concepts of Disease 729
still, the way we draw boundaries between diseases does not
seem to be arbitrary either, but mainly determined by
widely shared interests of medical science such as the
reliability and validity of diagnosis or prognosis.

The debate between ontologists and physiologists has
shown that specific diseases do not exist materially outside
of bodies and therefore not independently of organisms.
They do exist, however, although not materially but as
abstract entities. This is not at all unusual; we are, for
instance, accustomed to using categories like ‘youth’ and
‘adolescence’ to refer to certain processes of organisms.
Specific diseases therefore exist insofar as we gather
processes and conditions that share certain characteristics
in specific categories. Disease entities can change and have
indeed been altered in the history of medicine according
to certain purposes. For example, today we use the concept
of Alzheimer’s disease, whereas in former times similar
phenomena used to be called senility. Not only the words,
but also the criteria for specific diseases have changed, the
main purpose being reliability and validity.
Dispositions and the Environment

In antiquity, medical theorists developed sophisticated
ideas about how individual and environmental conditions
interact in the constitution of disease. An imbalance of the
humors could be due to particular influences of the sea-
sons. For instance, summer was believed to increase the
level of one of the humors, yellow bile. In addition, indi-
vidual constitutions were also held responsible as factors
in the onset of disease. So disease was a highly individu-
alized and relative condition.

Further knowledge about the interactions between
environment and organisms in the causation of disease
led to speculations about unhealthy environments. In
some extreme cases, these milieus themselves were
regarded as the site of disease. However, to be strict,
there can only be pathological environments in the
sense that they are instrumentally unhealthy, that is, lead
with a certain (higher than normal) probability to the
outbreak of disease. Environments themselves are not
pathological, but pathogenic, relative to the organism
that lives in these surroundings. For instance, extreme
climates are unhealthy for human beings; but neither are
these conditions diseases nor do human beings who live
in these conditions suffer from a disease only by virtue of
living in pathogenic surroundings.

Another aspect of instrumental health is the individual
disease disposition. Some people are more prone to fall
ill than others, not only because they live in different
environments but also because they differ in their consti-
tution. Again, medical theorists speculated about certain
characteristics of human beings that form the basis of a
particular disposition. A person might, for example, be a
phlegmatic character, hence more likely than others to
develop a humoral imbalance due to too much phlegm. In
modern times, these speculations about character survive,
for example, in beliefs regarding ‘cancer personality’ – a
disposition to develop cancer because of a certain lifestyle
and temperament.

Again, it would be wrong to confuse disposition to
develop a disease with having a disease. Things become
more difficult, however, when we consider an example
such as phenylketonuria (PKU), a condition that involves
the inability to metabolize the amino acid phenylalanine.
It seems to be a clear-cut case of a disease, although
patients can stay unaffected if they follow a strict diet.
The condition results from alterations on a genetic level,
which are usually regarded as pathological. PKU there-
fore does not seem to be an instance of a disease disposi-
tion but disease proper, even though it is treatable in such
a way that it becomes an asymptomatic condition.
Although the distinction between a disease and a ‘bad’
disease disposition is often difficult to draw, it seems
plausible to maintain that disease dispositions are not
pathological because they do not necessarily lead to dys-
function under normal circumstances. The need to live on
a special diet is not normal for a human being, therefore
PKU is a disease proper and not just a disease disposition.
This differs considerably to the nowadays popular tests
for individual genetic makeup, which may or may not
come with a certain propensity to develop a disease like
cancer. Here we have instances of disease dispositions, and
it is a mistake to confuse them with diseases themselves.

This being said, it is obvious that knowledge about
dispositions and the pathogenic effects of particular
environments – including social conditions such as pov-
erty and lack of education – is important for preventing
diseases. Progress in health status has often been due
to these prophylactic aspects, possibly more than to cura-
tive medicine. To better health dispositions by public
health measures and changes in individual lifestyle is an
important goal of medicine, but that does not imply that it
is tantamount to treating already existing diseases.
The Distinction between Disease and Illness

It was said earlier that the concepts of disease and illness
differ in that they imply dissimilar perspectives on the
phenomena of ill health. It seems that the concept of
illness refers to the person who experiences an unpleasant
and disabling condition. Patients say that they are ill, not
that they are diseased. Illness is a mode of existence,
whereas disease is regarded as a detachable property of a
person; people have a disease. It is therefore not illnesses,
but diseases that are located in particular organs, cells, or
other sites, and it is diseases that are regarded as cate-
gories that can be transferred into specific types, whereas
illnesses are unique and individual affective events in the
life of whole persons. Illness therefore seems to be a
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consciously experienced condition. This, again, is in con-
trast to disease, which might be present yet unknown to
the affected person. There are no cases of asymptomatic
illness. Nevertheless, the notion of asymptomatic disease
is a rather current idea. For a long time, the presence of
disease meant dis-ease. Diagnosis of ill health was mainly
due to the presence of felt symptoms such as pain or
incapacity. With the advance of scientific methods to
measure objective data of organisms and better under-
standing of disease processes, it has become easier to
detect disease at stages at which a patient need not feel
ill. Whether this has always served the interests of patients
and society is not for me to discuss, but it can certainly be
claimed that the number of people with diseases has
increased ever since.
The Relation Between Somatic and Mental
Disease

For most contemporaries there seems to be a clear split
between somatic and mental disease. In medicine, there
are two different departments, somatic medicine and psy-
chiatry. Indeed, we are used to considering the mind as an
entity distinct from the body. In that sense, we follow the
path of René Descartes (1596–1650), who famously
founded a dualistic account of mind and body. But we
know today that mental phenomena do not exist in their
own right, but only in virtue of material brain states and
processes, although we still do not know how to solve the
philosophical mind–body problem. The heyday of Carte-
sian substance dualism is gone; a separate entity, the mind,
cannot be accounted for in a scientific worldview. But
what does that imply for the concept of mental disease
or mental illness?

Scientific medicine accepts only verifiable data as the
basis of a diagnosis of disease. We can usually measure and
sometimes even see pathological alterations of the body.
But pathological afflictions of the mind appear to follow a
different logic. The lack of scientifically valid, objective,
findings in cases of alleged mental disease has even led to
an attack on the soundness of the concept of mental illness
that is unheard of in somatic medicine. Some theorists
hold that there is no such thing as mental illness,
because the mind cannot be afflicted by disease. Since
the latter argument seems to be in line with modern
anti-Cartesianism, psychiatry has responded to this chal-
lenge mainly by looking for biological foundations of
mental disease, that is, by somatizing it. But this move
still puts a separate concept of mental disease into doubt.
There does not seem to be mental illness proper, but only
bodily disease, including brain disease, and psychiatry
might dissolve into neurology.

This debate is still going on. A more holistic, less
departmentalized account of the human organism might
be a way to proceed, because it may rid us of the Cartesian
heritage. It is also important to notice that the dismissal of
substance dualism does not force us to give up our
assumption that mental phenomena, hence mental illness,
exist. They might, for instance, be explained as emergent
properties of material processes in the nervous system,
similar to well-established properties such as the trans-
parency of glass, which is due to its underlying chemical
structure. It is also not compelling to give up our common
concepts that we use to refer to the mental, including the
concept of mental disease, since we are not constrained
to the assumption that mind and body are distinct entities
merely by using a psychological language. It is, however,
a tall order to identify valid criteria for diagnosing
pathological afflictions in psychiatry, hence to define the
concept of mental disease. Similarly, the problem of estab-
lishing plausible specific psychiatric disease entities is
another area in which theorists of psychiatry still have
much to discuss.
The Epistemology of Disease

Epistemology focuses on theoretical aspects of knowl-
edge. Central epistemological questions regarding disease
are (1) the causation or etiology of disease, (2) generalities
versus individual cases, (3) the role of norms in the deter-
mination of the concept of disease, and (4) the relation
between health and disease.
The Causation of Disease

In order to treat patients properly it is vital to know about
the causation of disease. We have already discussed the
role of the environment and individual dispositions.
A more general problem in etiological theory is the
potential confusion of the causes and the consequences
of disease with disease itself. Take for instance the ancient
account of disease as imbalance of humors: Is it a sign of a
disease, like fever can be a sign of an inflammation, or is
the imbalance the disease? Doctors often deal with signs
and symptoms as the basis of a diagnosis of disease. But
these seem to be consequences of disease and not diseases
themselves.

Similarly, the causes of disease sometimes get mixed up
with disease itself. People have always speculated about
the causes of disease. They came up with ideas about
invading evil spirits or material causes such as contami-
nated food and contagious bodies; they also reflected on
internal forces that may play a role in the onset of disease,
for example specific ‘bad’ desires, or depletion in the case
of Chinese medicine. Some of these causes became iden-
tifiedwith disease itself, for example when people began to
see particular sexual behavior or lifestyles as pathological
and not as potential contribution to the onset of diseases
such as syphilis.

A disease is preceded by a series of events, which can be
interpreted as elements of the etiology of disease. Very
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rarely, these causes are individually sufficient for the onset
of disease, more likely they are necessary causes that
together add up to a sufficient proximate basis of disease.
For example, Robert Koch (1843–1910) identified Myco-

bacterium tuberculosis as the cause of tuberculosis. We know
today that this bacterium is not sufficient for the outbreak
of tuberculosis but needs a particular organismic environ-
ment. The bacterium is, however, a necessary condition for
most cases of tuberculosis. The earlier-mentioned ideas
about potential causes of disease need therefore not be
regarded as conflicting causal explanations, but can be
seen as building different links of a chain of events that
eventually lead to disease. The obvious problem, then, can
be stated: What exactly is disease if we do not confuse it
with either causes or signs and symptoms? It seems clear
that it is an internal state of the organism.
Generalities versus Individual Cases

Doctors have always realized that each patient is different
and unique to a certain degree. But they have also known
that patients can be afflicted in similar ways by disease.
The first viewpoint seems to conflict with the notion of
generalities in medicine, the second to support it. Syden-
ham famously said that a disease of a Socrates and a
simpleton lead to the same phenomena; hence he assumed
that diseases follow a general pattern. More recently,
Friedrich Curtius (1959) argued that disease is a singular
event and that there can be only an individual pathology.

As noted earlier, this issue is related to the question of
the level at which we identify disease, for example, the
person, organs, or tissues. There might be recognizable
generalities, even law-like regularities, for instance on a
cellular level, but only individual phenomena if we take
the whole person into account. Again, there does not need
to be an inconsistency involved. Disease can both follow a
general pattern and at the same time be an individual
event, depending on the perspective we take on the
afflicted organism. The same disease can have very differ-
ent significance for a Socrates in contrast to a simpleton.

This has repercussions on debates about nosology:
Regularities in the onset, course, and effects of disease
seem to build a valid basis for subsuming them into
specific disease categories. But this works only insofar as
we ignore individual aspects of these diseases such as
personal evaluations or patient narratives, for example.
Some theorists have argued that we should therefore
think about new ways of classifying diseases.
The Role of Norms

The distinction between health and disease depends on
norms. Disease is usually regarded as abnormality, or
subnormality, to be precise, because perfection is also
abnormal but still healthy. An important epistemological
question in medicine is how we can know and justify
standards of normality. Are they objective, purely
biological, based on facts about human organisms, or do
they depend on certain values found in a particular soci-
ety? This question is continuously raised in psychiatry.
Here there seems to be no other basis than value judg-
ments, which are used to determine what is normal. But
similar points about the dependence of medical norms on
values have been made in respect to somatic disease as
well. Attempts to determine norms on a purely quantifi-
able basis, which can be found in the history of medicine,
seem to be futile.

Norms in medicine rely on biological findings about
physiological and psychological functions and statistical
considerations, because biological subnormality, or dys-
function, has to fall under a certain minimal threshold in
order to count as pathological. There are also specific
human interests that influence the norm. For instance,
high blood pressure can be biologically and statistically
abnormal but still count as normal, that is, healthy, for
certain cultural reasons. In times of shortage of resources,
perceptions of health and disease might be altered. We also
know from historical examples that even the most extreme
abnormalities might be regarded as healthy or beautiful.
Bound feet, for instance, which resulted in severe defor-
mities, were highly praised in ancient China. So medical
norms can, in the final analysis, be seen as value-laden.
They cannot be just read off from nature. To acknowledge
these elements does not, however, commit us to maintain
that medical norms are arbitrary or unscientific.
The Relation between Health and Disease

A corollary of the problem of determining the norm of
health is how to account for the division between health
and disease. There seems to be continuity between the
two conditions, which puts a straightforward polarity into
doubt. To be sure, in many acute cases disease is clearly
the opposite of health. But there are some, specifically
chronic, conditions, where health seems even to be con-
gruent with the presence of disease. People can adapt to
impairments and ailments in such a way that some of them
do not feel ill. To stress disease in these circumstances and
only focus on lack of health does not seem to do justice to
the patient’s situation.

Another aspect of the relation between health and
disease is the possibility of defining health as an ideal.
For example, the World Health Organization famously
defined health thus: ‘‘Health is a state of complete physi-
cal, mental and social well-being and not merely the
absence of disease and infirmity’’. If we would insist on
conceiving of disease and health as contraries, persons who
were not in a state of complete physical, mental, and social
well-being, which would probably include everyone, had
to be regarded as being ill. But this rather undesirable
result can be avoided if we acknowledge the difference
between health as an ideal and health as a minimal norm.



732 Classic Concepts of Disease
In the latter interpretation it can be seen as incongruent
with disease. Many medical theorists therefore account
for health in a negative and minimal sense as the absence
of disease.
The Axiology of Disease

Axiology is the theory of value. Disease is often regarded
as a value term, with negative connotations. (1) There is an
ongoing debate in philosophy of medicine about whether
disease really is an evaluative concept. (2) Other value
aspects include the relation of disease to human well-
being and (3) normative consequences of disease.
Is Disease an Evaluative Concept?

The philosophical discussion on the concept of disease
has been focused on whether a reference to values is
necessary to state what disease is or if disease can be
defined in a value-neutral way. The two main competitors
in this debate are called normativism and naturalism.

Normativism states that disease is unpleasant and
undesired. In short, disease is harmful. Health, on the
other hand, is a condition in which we feel well. Both
concepts can only be defined by reference to our evalua-
tions. This is the basic claim of the normativists: disease
and illness always are negatively evaluated conditions.
Normativism can easily explain historical and cultural
differences in the ascription of disease. For example, mas-
turbation and homosexuality were regarded as mental
illness for a long time because they were negatively val-
ued. Today our values have changed insofar that only very
few would see them as medically relevant problems.
Depending on how the involved value-judgment is inter-
preted, that is, whether universal values are believed to be
possible, the normativist theory is also relativistic.

Naturalists start their account from the fact that
humans are part of nature just as other organisms are.
Their basic claim is that there are certain mental and
bodily processes that may not work in the way they
usually do. If this is so, we speak of a pathological condi-
tion. Thus, the concept of disease is value-neutral accord-
ing to the naturalists. From the naturalist perspective, it
can be explained why there should be universal disease
judgments. Since human beings – just as other organisms
of a respective species – are similar in structure, they are
affected in the same way by a disease if deviations from a
natural norm occur. Nevertheless, there remains the pos-
sibility of variety regarding disease in the naturalistic
interpretation. Although nature delivers the standard of
medical normality, it may have a different content in
different environments. For example, supposing con-
ditions of severe anxiety were universally regarded as
pathological, it may nevertheless express itself in different
ways in different cultures. So there may be culturally
impregnated diseases despite universal disease-judgments,
for example, the syndrome called Koro that occurs only in
South and East Asia. Affected people suffer from the spe-
cific anxiety that their genitals are shrinking and possibly
retracting into the body, thereby causing death.

Usually normativism and naturalism are regarded as
mutually exclusive positions. But both accounts seem to
be important in their own right, since they reflect two
different perspectives on medical phenomena. Naturalism
is focused on the living organism and its functioning or
dysfunctioning – the internal mechanisms an individual is
or is not able to perform. Normativism concentrates on
the evaluation of a specific condition, that is, what it
means for a person to be suffering from an illness. One
may even say that both accounts use different concepts, a
theoretical and a practical one. As I have stated before, the
different notions ‘disease’ and ‘illness’ capture these dif-
ferent perspectives.
The Relation of Disease to Human Well-Being

To state that a certain condition is pathological alone
does not establish whether and why this situation might
be harmful. This needs to be clarified from an evalua-
tive perspective. According to this perspective we must
address, for example, the important question: who is to
evaluate, the affected person herself, the doctor, or society?
Can a person bewrong about his or her ownwell-being? Is a
patient in a specific pathological condition able to evaluate
his or her condition? There is often a clash between evalua-
tions of pathological conditions from the subjective point of
view and an external view, for example, the stance of
medical professionals. For instance, some people with dis-
abilities reject the common assumption that they are
harmed by a medical impairment and insist that their dis-
advantages are only due to alterable social arrangements.

What we need, seen from an evaluative perspective, is a
convincing argument why these people might be wrong in
the assessment of their own well-being. This is a tall order,
since it seems to demand an objective account of human
welfare. Although it may be that there are convincing
arguments against the individual subjective evaluation of
a patient, a finding of medical abnormality as such cannot
establish whether a condition is harmful. The concept of
harm is not straightforward; it cannot be determined by
medical standards alone. It is as much in need of clarifica-
tion as the concept of disease and therefore points to
another genuine philosophical problem in relation to the
concepts of disease and illness.
Normative Consequences of Disease

There are mainly two normative consequences of using
the concept of disease: The first establishes the social role
of a patient; the second entitles a patient to the use of
medical resources.
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In modern societies the notion of disease serves as
a prerequisite for particular rights and obligations. For
instance, to be entitled to sick leave depends on the
status of being a patient. Again, people who commit
criminal offences may be sentenced under consideration
of the insanity defense if they are incapacitated by mental
illness.

Another function of the concepts of health and disease
is to work as a gate-keeper in the access to medical
resources. In most of the developed countries the acknowl-
edgment of disease functions as a prima facie entitlement
to publicly funded treatment. To be sure, when resources
are scarce and not all diseases can be treated, further
criteria to prioritize or ration medical resources are
needed. If a person is healthy, however, he or she does
not usually have a claim to these resources because he or
she is not regarded as a person in medical need.

There is yet another related normative consequence of
the medical concepts. They work as a barrier for legiti-
mate medical interventions by implying a distinction
between treatment and enhancement. Treatment of dis-
ease is regarded as a proper goal of medicine while the
improvement of features of organisms over and above the
mere removal of pathological conditions is not seen to be
within the remit of medicine. However, this distinction
between treatment and enhancement seems to rely on a
clear-cut definition of the concept of disease and its
opposition to health. As we have seen in this article,
both tasks are difficult to accomplish.
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Introduction

The diagnosis and classification of mental disorders has
been a controversial issue throughout history. Multiple
philosophical and theoretical approaches have been put
forward to understand the nature of mental disorders in
their various forms and types. Only in the last half of the
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twentieth century have systematic efforts toward an oper-
ational classification enabled scientific studies regarding
the description, possible causes, and treatment responses
to mental disorders. A common way of defining, describ-
ing, naming, and classifying mental disorders was made
possible by the International Classification of Diseases
(ICD) Mental Disorders (World Health Organization,
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1992, 1993) developed by the World Health Organiza-
tion and also the Diagnostic and Statistical Manual
(DSM) of Mental Disorders (American Psychiatric Asso-
ciation, 1994). General acceptance of the ICD and DSM
rests on the merits of their descriptive and operational
approach toward diagnosis (Stengel, 1959). Operational
criteria are logical descriptive statements about the clini-
cal features of the disorders, which can be observed or
measured if possible, and as a whole identify similar
groups of disorders. These classifications have greatly
facilitated practice, teaching, and research by distinguish-
ing the mental illnesses from each other. The absence of
etiological information linked to brain physiology, how-
ever, has limited the understanding of mental illness.

Classification of mental disorders creates great interest
because it offers a synthesis of our current knowledge
of mental disorders. A classification represents a way of
seeing the whole spectrum of mental disorders and hence
provides a general overview. As an accepted standard of
theory and knowledge, a classification reflects both the
nature of mental disorders and our approach to knowing
them. The classification of mental disorders may thus
yield some knowledge about the essence of the underly-
ing mechanisms of mental disorders and it may offer some
clues toward an understanding of how the brain works.
At the same time, the organization of the classification
may reflect the conceptual path of how we know and
group various mental disorders. Having all this knowledge
organized in a classification presents a challenge in terms
of consistency and coherence. It also helps us to identify
the limits of our knowledge and leads to further research
on unresolved issues.
Uses of Mental Health Classifications

Classification of mental disorders has traditionally started
from practical efforts to seek similarities and differences
among patient groups. Today its greatest use is for
administrative and reimbursement purposes. In addition,
researchers use mental disorder classifications to iden-
tify homogeneous groups of patient populations so as to
explore their characteristics and possible determinants of
mental illness such as the cause, treatment response, and
outcome. Use of mental disorder classifications has also
gained importance as a guide in teaching and clinical
practice. Earlier practice of psychiatry and behavioral
medicine was mainly based on clinical judgment and
speculative theories about etiology; the introduction of
operational diagnostics has demystified aspects of various
practices: Identification of a clinical feature should be
defined, observed, and if possible measured in a similar way
independent of the assessor. One of the greatest achieve-
ments of mental disorder classifications so far has been
understanding that mental illnesses could be explained as
brain dysfunctions. For example, schizophrenia, which was
seen as a myth or a societal label, was defined as an integra-
tion of mental functions originating in the brain: Errors in
thought processing, for example, result in this mental
disorder.
Epistemological State of Mental Health
Classifications

The current classifications of mental disorders have
largely been built on observation of so-called pathological
human behaviors or deviant mental states. They identify
patterns of signs or symptoms that are observable and
relatively stable over time, across different cultural set-
tings, that can be informed by new knowledge of the way
the mind and brain work. Such a classification is a reflec-
tion of (a) natural observable phenomena; (b) cultural
ways of understanding these; and (c) the social context
in which these experiences occur. Since one of the major
purposes of a diagnostic classification is to help clinicians
communicate with each other by identifying patterns
linked to disability, interventions, and outcomes, these
classifications have often evolved based on the sorting
techniques that clinicians use. All psychiatric classifica-
tions are therefore human tools intended for use within a
social system. Therefore in thinking about the classifica-
tion of mental disorders, multiple factors need to be taken
into account, simply because our understanding of genet-
ics, physiology, individual development, behavioral pat-
terns, interpersonal relations, family structures, social
changes, and cultural factors all affect how we think
about a classification. The twentieth century was marked
by several distinct phases in the way mental phenomena
and disorders have come to be understood (see Table 1).
The determinism of psychoanalysis and early behavior-
ism has been superseded by the logical empiricism of
biological psychiatry that is searching for the underpin-
nings of human behavior in the brain in particular and
in human biology in general.

Our current knowledge of psychiatric disorders remains
limited because of the lack of disease-specific markers and
is largely based on observation of concurrent behavioral
and psychological phenomena, on response to pharmaco-
logical and other treatments, and on data on the familial
aggregation of these elements. The task of creating a
universal classification of mental disorders is, therefore,
a very challenging one that seeks to integrate a variety of
findings within a unifying conceptual framework.
ICD-10 System of Classification of Mental
Disorders

The International Classification of Diseases (ICD) is the
result of an effort to create a universal diagnostic system
that began at an international statistical congress in 1853



Table 1 Timeline of landmark events in psychiatric classification in the twentieth century

Late nineteenth
century

Human-rights-based treatment of mentally ill (Pinel, Tuke, Rush and others)

1895 Freud asserts mental disorders are caused by the unconscious mechanisms and uses the psychoanalytic

method for assessment and therapy
1910 Watson and Skinner founded behaviorism, which advocates the use of experimental procedures to study

observable behavior in relation to the environment

1917 Precursor of DSM: the American Medico-Psychological Association and the United States Bureau of the Census

produced the statistical manual including 59 mental illnesses to classify mental inpatients
1922 Krapelin stressed the likely physiological causes of mental disorders and their study through well-defined tests

and measurements

1930 ECT was introduced as a reliable method to treat depression

1948 ICD-6 and DSM-I (1952) listing 106 mental illnesses
1955 Major psychotropic drugs introduced to alleviate symptoms of mental illness

1959 Stengel: quest for operational criteria

1960 Deinstitutionalization of mental patients started in Italy, United States, UK
1967 Lin et al.: WHO Programme on Diagnosis of Mental Disorders

1968 ICD-8 and DSM-II

1970 Robins and Guze criteria for validity of mental disorders, including clinical description (symptom clusters);

laboratory studies; treatment response; family studies and long-term follow-up
1980 DSM-III: fulfilling Stengel’s operational criteria quest and paralleling ICD-9 from 1975

1994 ICD-10 and DSM-IV: following a 5-year global collaborative effort
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with an agreement to prepare the causes of death for
common international use. Subsequently, periodic revisions
were made and, in 1948, when the World Health Organi-
zation was formed, the 6th revision of the ICD was pro-
duced. Since this date, Member States have decided to use
the ICD in their national health statistics. The 6th revi-
sion of the ICD for the first time contained a separate
section on mental disorders. Since then, extensive efforts
have been undertaken to better define mental disorders.
Work on the ICD Chapter V for mental disorders has
been significantly supported by international work,
mainly by the development of the Diagnostic and Statis-
tical Manual (DSM) of Mental Disorders (American Psy-
chiatric Association, 1994). There has been a synchrony
between ICD 6 and DSM I, ICD 8 and DSM II, ICD-9
and DSM III, and ICD-10 and DSM IV, with increasing
harmony and consistency between the two thanks to the
international collaboration between WHO, APA, WPA,
and a large network of international collaborative centers.
Similarly, work on national classificatory systems, such as
the Chinese Classification of Mental Disorders (CCMD)
in China, The Latin American Guide for Psychiatric
Diagnosis, and the Cuban Glossary of Psychiatry have
been standardized with ICD-10 Chapter V, forming a
useful internationally comparable yet culturally adapted
system.

In the most recent 10th revision of the International
Classification of Diseases (ICD-10), the mental disorders
chapter has been considerably expanded and several
different descriptions are available for the diagnostic
categories: The clinical description and diagnostic guide-
lines (CDDG) (World Health Organization, 1992), a
set of diagnostic criteria for research (DCR) (World
Health Organization, 1993), diagnostic and management
guidelines for mental disorders in primary care (PC)
(World Health Organization, 1996), a pocket guide (Coo-
per, 1994), a multiaxial version (World Health Organiza-
tion, 1997), and a lexicon (World Health Organization,
1989). These interrelated components all share a common
foundation of ICD grouping and definitions yet differen-
tiate to meet the needs of different users.

In the ICD-10, explicit diagnostic criteria and rule-
based classification have replaced the art of diagnosis with
a reliable and replicable descriptive scheme that has con-
siderable predictive validity in terms of effective inter-
ventions. Its development has relied on international
consultation and has been linked to the development of
assessment instruments. The mental disorders chapter of
the ICD-10 has undergone extensive testing in two phases
to evaluate the CDDG (Sartorius et al., 1993) as well as the
DCR (Sartorius et al., 1995) and agreement between dif-
ferent assessors as measured by the kappa statistic for
most categories was over 0.70, indicating very good agree-
ment. Low agreement categories were later revised so as
to improve the reliable use of the classification.
Main Principles and Concepts for
Classification of Mental Disorders

The new classification systems have generally greatly
facilitated teaching, clinical practice, scientific research,
and communication. These improvements depend on
better definition of concepts and application of certain
principles such as definition of the unit of classification;
identification of thresholds between wellness and illness;
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clinical significance and utility; classification style and
other factors. These concepts and principles are briefly
described below.
Unit of Classification: Definition of Mental
Disorder

While ICD is a classification of diseases (or disorders in
the context of mental illness), there is no explicit agree-
ment on the definition of a mental disorder (or disease).
Disease in general is now proposed by the WHO to be
defined as a set of dysfunction(s) in any of the body
systems defined by:

. Symptomatology and manifestations: Known pattern of
signs, symptoms, and related findings;

. Etiology: An underlying explanatory mechanism;

. Course and outcome: A distinct pattern of development
over time;

. Treatment response: A known pattern of response to
interventions;

. Linkage to genetic factors, e.g., genotypes, patterns of
gene expression;

. Linkage to interacting environmental factors.

The status of disorder is less well defined and it refers
to a similar group of syndromes that share similar features
usually without having a clear-cut etiological explanation.

This ambiguity creates a fuzzy boundary between
wellness and arbitrarily defined disorder. At the lowest
level, a mental disorder is an identifiable and distinct set
of signs and symptoms that commonly produce disability,
and that the healers in the society claim to be able to
ameliorate through various interventions. While practical,
such a definition can lead to error; for example, homosex-
uality was once defined as a mental disorder.

The answer to the question ‘What is a disorder?’ needs
to be evaluated against rigorous scientific standards rather
than just from societal or personal points of view. Robins
and Guze (1970) in their classic paper proposed five
phases for establishing the validity of psychiatric diagno-
sis: Clinical description, laboratory studies, delimitation
from other disorders, follow-up study to show diagnostic
homogeneity over time, and family study to demonstrate
the familial aggregation of the syndrome. Experience
gathered since then shows that some of these criteria
lead to contradictory conclusions. For example, if one
wants to define schizophrenia by its diagnostic stability
over time, the best approach is to define the illness at the
very outset by a duration criterion of 6months of contin-
uous illness, which tends to select for subjects with a poor
outcome. In contrast, the familial aggregation of schizo-
phrenia is best demonstrated when the notion of the disor-
der is broadened to include the notion of schizotaxia – a
broad-spectrum notion that views the predisposition to
schizophrenia to be characterized by negative symptoms
(such as withdrawal, motivation loss, disorganized speech,
and blunted effect, etc.) – neuropsychological impairment,
and neurobiological abnormalities, and schizophrenia to
be a psychotic neurotoxic endpoint in the process. The
latter approach suggests that narrowing the definition of
schizophrenia using the former strategy may in fact hinder
progress in identifying the genetic causes of the disorder
(Tsuang et al., 2000).
Threshold for Illness

The lack of a definition of what is a disorder also creates
an ambiguity. In many instances, for example, depressive
disorders, the distribution of mental disorder symptoms
forms a continuum in a population without a distinct
threshold. This raises questions on where to set the thres-
hold. Even when clinicians have agreed on an arbitrary
expert consensus on the placement of a threshold, there
remains a large proportion of so-called subthreshold cases
that do not fulfill the criteria for a disorder but suffer from
signs of mental disorders and display significant disability
(e.g., inability to perform daily activities) (Hasin and
Paykin, 1999). A good illustration is subthreshold depres-
sion. Perhaps the most common of psychiatric presenta-
tions in primary care, subjects with this diagnosis do not
meet the diagnostic criteria for any depressive disorder in
the classification systems and yet are associated with
sufficient distress to lead to a consultation and have an
impact on the person’s functioning (Pincus et al., 1999).
There is a need to understand what establishes normal
mood fluctuations in response to life events: Every person
may react with sadness to the loss of a loved one, but may
come out of grief in time by a homeostatic regulation of
the mood. In some people, however, this homeostatic
regulation fails and a disorder takes place. It is therefore
necessary to know the exact nature and determinants of
these events so as to clearly identify the disorder (Kendler
et al., 1992).
Clinical Significance

Use of operational descriptions has resulted in augmented
numbers of cases identified in the community surveys.
Similarly, the numbers of cases in clinical studies identi-
fied through research criteria but somehow not diagnosed
by clinicians were also increased (Regier et al., 1998;
Spitzer and Wakefield, 1999). It has therefore been sug-
gested that the criterion of clinical significance be used
to define mental disorders. Clinical significance has two
main components: (a) Distress; (b) disability. Distress is
expressed by the subjects or their significant relatives in
terms of worry, concern, suffering, and pain about the
condition. There are many clinical cases, however, in
which distress may not be expressed or be explicitly
denied. The second component, disability, may usually
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be associated with diseases (as people who are ill cannot
function properly in their daily functions), but not always
need to be there (Ustun et al., 1998). For example, a person
may have tuberculosis with bacillus-positive status but
may not exhibit any functional limitations. Similar exam-
ples could be given for HIV infection and other infections,
noncommunicable diseases such as diabetes and hyper-
tension, or any type of cancer. In all these conditions,
diagnosis is conditional on the presence of a physiological
disturbance and does not require any disability to be
present. Hence, calling for the existence of disability
(i.e., functional impairment in DSM parlance) is contro-
versial because it creates an unequal theoretical position
between so-called physical and mental illnesses. This
issue remains a key target for further revision of current
diagnostic classifications, ICD, and ICF.

The development of the International Classification of
functioning, disability, and health (ICF) (World Health
Organization, 2001) is an important landmark in this
regard. The distinct assessment and classification of dis-
ability is a strong theoretical and practical requirement
to refine the definition of mental disorders. The separate
classification of disease and disability phenomena in ICD
and ICF is likely to lead to better understanding the
underlying body function impairments for mental disor-
ders and associated disability. In this way, we would be
able to describe and delineate the features of mental
illness more clearly.
Classification by Syndrome Similarity

In the current mental disorder classifications, disorders
are grouped by similarity of their clinical features. All
substance-related disorders are grouped together, simi-
larly as psychotic disorders, mood disorders, or anxiety
disorders. An important grouping issue is about lumping
and splitting. Different users have different needs and
views regarding the level of detail of a classification.
Usually, for primary care and initial clinical care uses,
one needs broad categories of classification that lump
relatively similar cases. On the other hand, some users
search for even minor differences that may identify dif-
ferent aspects such as response to treatment. Current
classification systems are debated in terms of whether
the level of detail and the number of diagnostic categories
are justified. Also, as scientific knowledge advances, we
become aware that the current grouping of classifications
may not fully fit neurobiology. For example, obsessive
compulsive disorder has been grouped with anxiety dis-
orders even though it has been shown to have a totally
different neural circuit (Montgomery, 1993; Lucey et al.,
1997; Liebowitz, 1998). Similarly, despite the hair-splitting
categorizations of anxiety and depressive disorders with
complex exclusion rules, clinical and epidemiological
studies indicate high rates of comorbidity and similar
psychopharmacological agents prove efficacious in their
treatment (Mineka et al., 1998; Boerner and Moller, 1999;
Kaufman and Charney, 2000; Kessler et al., 2001). Despite
the belief in distinct genetic mechanisms between schizo-
phrenia and bipolar disorders, family studies have shown
the concurrent heritability (Kendler et al., 1998). Such
examples will inevitably accumulate to identify paradoxes
in grouping depending on the appearance or the essence
(i.e., the underlying mechanisms).
Atheoretical Approach

The separation of the diagnostic criteria from etiological
theories (i.e., what causes mental disorder) was an explicit
approach undertaken to avoid being speculative, since
these theories about causation had not been empirically
tested. However this atheoretical approach has also been
severely criticized because if one takes a totally atheoreti-
cal and solely operational approach, it may be possible to
classify normal but statistically uncommon phenomena as
psychiatric disorders, for example, one can propose to
classify happiness as a disorder (Kendler et al., 1992).
Diagnostic categories have been proposed and accepted
merely because of recognizable patterns of co-occurring
symptoms rather than because of a true understanding of
their distinctive nature that would make them discrete
categories within a classification.
Classification Approach: Mind, Brain, or
Context?

Recent progress in the cognitive sciences, developmental
neurobiology, and real-time in vivo imaging of the intact
human brain has provided us with new insights into the
basic correlates of emotions and cognitions that should
inform a new psychopathology. A better understanding
of the neural circuitry involved in complex emotional and
cognitive functions will accelerate the development of
testable hypotheses about the exact pathophysiological
basis of mental disorders.

Genetic sciences emphasize the interaction between
the genome and the environment. This approach is
important in understanding the plasticity of the human
brain and how it malfunctions in mental disorders. There
is not necessarily a molecular pathology for every mental
sign, and there may be multiple paths that may explain the
progress of gene expression through central nervous sys-
tem function to emotional and cognitive constructs.

Progress in the neural sciences is already blurring the
boundaries of the brain and mind, yet such a mind–body
dualism as expressed in the organic versus nonorganic
distinction in the ICD (but not in DSM) does have a
utility. It directs the clinician to pay special attention to
an underlying physical state as the cause of the mental
disturbance. However, the term organic implies an
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outmoded functional versus structural and mind versus
body dualism. Similarly, at the other end of the spectrum,
cultural relativism can undermine efforts toward the
meaningful diagnosis of mental disorders. The view that
stigma and labeling can wrongly define a person as ill
implies that mental illnesses are myths created by society.
This has resulted in a devaluation of insights that are
inherent in a cultural perspective. A similar danger of
further dismissing the role of cultural factors in the cau-
sation, maintenance, and outcome of mental disorders
exists when culture is seen as antithetical to neurobiology.
International Use: Need for Universalism and
Diversity

Although some cultural elements have been included in
the ICD and DSM, such as culture-bound syndromes,
much remains to be done. There is a need to move beyond
this because of the role that culture plays in the manifes-
tation of mental disorders. Culture-bound syndromes
reflect an extreme view and represent generally rare
exotic cases, and provide little if any understanding
of the complex interaction between culture and mental
phenomena. There is a need for a better cultural formu-
lation of diagnosis and for informed research to address
the impact of culture on the explanatory, pathoplastic, and
therapeutic processes. Unless typologies are formulated
on the basis of careful research, sound theory, and clinical
relevance, they are likely to be relegated to the status of
historical artifacts.
Etic versus emic approaches

There is a fundamental dilemma with all international
crosscultural comparisons: The need to provide an inter-
national common language without losing sight of the
unique experiences that occur as a feature of living in
different social and cultural contexts. There is a need to
look for global, universal features of mental conditions, an
approach that is driven by analysis and emphasizes simi-
larities rather than differences. This etic approach relies
on multigroup comparisons and is often carried out from a
viewpoint that is located outside of the system. On the
other hand, an emic approach emphasizes the local and
specific interpretation that is more bound within culture
interpretation. Although the etic and emic approaches
are usually presented as opposites, perhaps a balance
between the two approaches is in the interest of an inter-
national classification. The cultural applicability of interna-
tional classification warrants careful consideration in future
comparative research. For example, WHO’s research on
drinking norms definitely show differences in terms of
thresholds of problem drinking and dependence in wet
and dry cultures (Room et al., 1996). Cultural differences
in themeaning of mental distress may vary in different ways:
1. In terms of threshold, the point at which respondents
from different societies recognize a disorder as some-
thing serious;

2. Whether the entities described in international classi-
fications count as problems in all cultures;

3. In causal assumptions about how mental problems arise;
4. In the extent to which there exist culture-specific

manifestations of symptoms not adequately captured
by official disease nomenclature.
Categorical and Dimensional Models

There are two quite different ways of conceptualiz-
ing mental disorders: As dimensions of symptoms or as
categories, often by identifying a threshold on the dimen-
sion. Clinicians are usually obliged to use categorical
concepts, as they must decide who is sufficiently ill to
justify treatment. But in our efforts to understand the
relationships between social and biological variables,
dimensional models are more appropriate (Goldberg,
2000). Dimensional models are more consistent with the
polygenic models of inheritance favored for most mental
disorders. These models assume that a number of genes
combine with one another and interact with the environ-
mental factors to cause the disorder. Persons can thus have
various doses of the risk factors that predispose to the illness
and depending on the dose, the severity of the manifest
condition may vary along a continuum. Such approaches
have been shown to provide important clinical advantages
with psychotic illnesses (Ustun et al., 1997) and personality
disorders.
The Concept of Comorbidity

The concept of comorbidity becomes important when the
classification logic posits discrete categories. Comorbid-
ity, the concurrence of more than one diagnosis, does
occur in real life and it is more the norm rather than the
exception. The phenomenon of comorbidity poses a great
challenge to the classification because it can be an artefact
of hierarchical rules used in classification systems. Exces-
sive splitting of classical syndromes into subtypes of
disorders with overlapping boundaries and indefinite
thresholds adds to the confusion. Though the co-occurrence
of pathology in different subsystems of the body is indeed
possible, it can either be attributed to the same underlying
etiological cause affecting different body systems (as is the
case, for example, with diabetes causing hyperglycemia,
peripheral neuropathy, and nephropathy) or to distinct
causes that just happen to co-occur (as is the case with
diabetes and a lacerated wound following an injury). Fur-
ther, the notion of comorbidity can only be accepted
when the categories are not mutually exclusive, in order
to avoid category errors.
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Future of Mental Health Classifications

WHO’s network on the family of international classi-
fications has planned for an overall revision of the classifi-
cation of diseases before 2015. Similarly, DSM has
announced a revision by 2012. This period will allow for
a more extensive knowledge base to develop and build up
mechanisms so that such a knowledge base informs the
mental health classifications. In particular, new informa-
tion on genetics, neurobiology, and epidemiology can be
used in an iterative process to update the categories, cri-
teria, and grouping of disorders. A sound epistemological
approach could be used to identify the disorder, disease,
and disability. It is expected that future classifications
should go beyond an expert consensus and reliability.
Operationalization and reliability are indeed useful guides
for classifications; however, they are not sufficient for valid-
ity. An evidence-based review mechanism and focused
empirical testing for specific categorizations should be
started. Underlying physiological mechanisms should
be preferred for disease grouping instead of traditional
conventions. Applicability and reliability of the new
proposals for classification should be tested in field trials.

The ICD and DSM in their current forms are both
descriptive classifications with operationally defined cri-
teria and rule-based approaches to generating diagnoses.
The efforts to harmonize the two classifications have left
minor differences between the two systems. Currently,
both systems are not entirely homologous, but in a large
majority of criteria they are identical or differ in a insig-
nificant ways in terms of diagnostic categories and criteria.
Differences are most marked in the case of near-threshold,
mild, or moderate conditions. Discordance is particularly
high with categories such as posttraumatic stress disorder
and harmful use or abuse of substances (Andrews et al.,
1999; Farmer and McGuffin, 1999; First and Pincus, 1999;
van Os et al., 2000). Substantive differences between the
ICD and DSM also exist; for example, the ICD separates
disability from diagnosis, and the ICD does not put per-
sonality disorders or physical disorders in a different axis.

Future classifications will be more than a common
language between clinicians. First, the use of computeri-
zation in health records will require linkages between
clinical symptoms, laboratory findings, and other features
of diseases. A number of various domains will have to come
together to build classification systems. Such a comprehen-
sive integrated system will require identification of each
entity and relations between them as a sound ontology-
based system. Different use cases on clinical utility, quality
of care, research, administrative reimbursement uses can be
defined with different levels of granularity based on such a
flexible system. Second, the health information should be
shared by all parties, including consumers and providers,
which will require more elaborate systems. Consumers
and various care providers sharing the same classification
system will require different levels of complexity, which is
based on the same groupings expressed in different terms.
In terms of comparison of views between different users,
countries and across-time use of a common international
classification is essential. The closer this system comes to
the scientific evidence, the more reliable and valid its use
between different agents will become.
See also: Measurement of Psychiatric and Psychological

Disorders and Outcomes in Populations; Mental Health,

Morbidity and Impact; Women’s Mental Health.
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Definitions of Clinical Epidemiology

Clinical epidemiology is the application of epidemiologi-
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health) perspective. Whereas classical epidemiology
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methodological strategies and tactics mostly confined to
epidemiology and biostatistics. Over the past six decades
it has evolved in two ways. First, it has widened the
research methods it employs, including health economics
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of that evidence, the development of evidence-based
medicine and health care, and the systematic review and
synthesis of evidence.

A Brief History of Clinical Epidemiology

The term ‘clinical epidemiology’ was introduced by John
Paul (born 1893, died in 1971), an infectious disease inter-
nist who was appointed head of the Section of Preventive
Medicine in Yale’s Department of Medicine in 1940. In his
president’s address to the American Society for Clinical
Investigation in 1938 (when it was still an organization
with broad interests that included intact humans), he
proposed clinical epidemiology as a ‘‘new basic science
for preventive medicine’’ in which the exploration of rele-
vant aspects of human ecology and public health began
with the study of individual patients (Paul, 1938). Dr. Paul
wrote the first book and offered the first course in clinical

http://www.who.int/classfications/ICD11
http://www.who.int/classfications/ICD11
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epidemiology for undergraduate medical students. How-
ever, his concept of clinical epidemiology had a population
rather than individual patient orientation in which he
described the role of the clinical epidemiologist as being
‘‘like that of a detective visiting the scene of the crime’’
who then ‘‘branches out into the setting in which that
individual became ill.’’ Thus the procedure in his course
for third and fourth year Yale medical students was to
‘‘start the student at the bedside and lead him gradually
away from it.’’ This was in sharp contrast to the orientation
of other pioneers who, although they didn’t refer to them-
selves as clinical epidemiologists, exemplified the applica-
tion of epidemiology in bedside neonatology (where
William Silverman showed that the traditional prophylac-
tic antimicrobial therapy of babies with kernicterus did
more harm than good) and gastroenterology (where
Thomas Chalmers showed that the traditional regimen of
prolonged bed rest for Type A hepatitis was unnecessary).

The shift in the focus of clinical epidemiology from
community ecology to individual patients and groups of
patients took place in the 1960s in the form of the first
Clinical Epidemiology Research Unit in the Department
of Medicine at the State University of New York at
Buffalo, United States, in 1966, followed shortly by the
Department of Clinical Epidemiology and Biostatistics at
McMaster Medical School in Canada in 1967. In the
prospectus for each of them clinical epidemiology was
defined as

the application, by a physician who provides direct pa-

tient care, of epidemiologic and biostatistical methods to

the study of diagnostic and therapeutic processes in order

to effect an improvement in health. (Sackett, 1969)

Thus, at McMaster the external, public health orientation
was set aside and replaced with a focus on individual
patients and groups of patients in clinical, not community,
settings.

In 1968 Alvan Feinstein published a series of papers on
clinical epidemiology in the Annals of Internal Medicine

(Feinstein, 1968). He defined the ‘‘territory’’ of clinical
epidemiology as:

the clinicostatistical study of diseased populations. The

intellectual activities of this territory include the follow-

ing: the occurrence rates and geographic distribution of

disease; the patterns of natural and post-therapeutic

events that constitute varying clinical courses in the di-

verse spectrum of disease; and the clinical appraisal of

therapy. The contemplation and investigation of these or

allied topics constitute a medical domain that can be

called clinical epidemiology.

Thus, he cast a wider net, and included elements of
classical epidemiology and public health. His inclusion
of public health in his definition of clinical epidemiology
was repeated 18 years later in his book of that name:
clinical epidemiology represents the way in which classi-

cal epidemiology, traditionally oriented toward general

strategies in the public health of community groups, has

been enlarged to include clinical decisions in personal-

encounter care for individual patients.

Early clinical epidemiologists received important
encouragement from Archie Cochrane, who provided a
powerful rationale for the rigorous scientific evaluation of
diagnosis, treatment, and preventive medicine (Cochrane,
1972). The first modern textbook in clinical epidemiology
was written by Robert Fletcher, Suzanne Fletcher, and
Edward Wagner at the University of North Carolina, pub-
lished in 1982. Now in its fourth edition, it continues to be
a favored introductory text. It was followed by ones from
McMaster (now in its third edition) and Yale in 1985, from
the University of Washington in 1986 (now in its third
edition), and from McGill in 1988. Each has its own flavor
and niche, and they are now available in several languages.
Typical Clinical Epidemiologic
Investigations

Typical clinical epidemiological investigations include:

1. Comparing patients’ symptoms and signswith the results
of ‘reference standard’ diagnostic tests. High-quality
studies of this sort sample patients inwhom it is clinically
sensible to suspect a specific diagnosis (e.g., patients
suspected of chronic airflow limitation), carry out spe-
cific bits of the clinical examination (e.g., the position of
the thyroid cartilage relative to the suprasternal notch),
and then carry out an independent, reference standard
test (e.g., spirometry) while ‘blind’ to the results of the
clinical examination. The results of these studies, com-
monly expressed as likelihood ratios, improve both the
accuracy and efficiency of the clinical examination. In
doing so, they have confirmed the usefulness of some
traditional signs and symptoms (e.g., the presence of an
S3 gallop on cardiac auscultation of a patient with sus-
pected heart failure), added new signs and symptoms
(e.g., clinical prediction rules for deep vein thrombosis
and the ‘Ottawa ankle rule’ for ruling out the need for
ankle radiographs), and, equally important, shown that
other signs and symptoms are useless (e.g., the tourniquet
test for carpal tunnel syndrome).

2. Relating patients’ later outcomes (prognoses) to the
results of earlier (baseline) clinical and laboratory
findings. High-quality studies of this sort sample
patients at the very start of their illness (an inception
cohort), perform baseline clinical and laboratory
examinations on them, and then follow them to the
conclusion of their disease. The results of these studies
provide more accurate predictions and advice to
patients at the start of an illness.
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3. Randomized clinical trials in which consenting patients
are assigned, by a system analogous to tossing a coin, to
receive or not receive a new (experimental) treatment
and then closely followed for the occurrence or preven-
tion of unfavorable outcomes. High-quality studies of
this sort have now been applied not only to medications
(e.g., caffeine for premature babies), but also to opera-
tions (e.g., carotid endarterectomy for threatened
stroke), behavioral and educational interventions (e.g.,
behavioral maneuvers for improving compliance with
medications and exercise), health professionals (e.g., the
nurse practitioner), and the like. The results of these
studies determine whether new treatments or other
health-care interventions do more good than harm.
For example, the preventive and therapeutic interven-
tions for coronary heart disease that have been vali-
dated in randomized trials are credited with halving
both the incidence and case-fatality of myocardial in-
farction in high-income countries.
Education Programs for Training Clinical
Epidemiologists

Opportunities for clinicians to obtain education and train-
ing in clinical epidemiology gradually spread from Yale
and McMaster to other North American health sciences
centers and to centers in Europe and the Far East. Com-
bined training in clinical medicine and clinical epide-
miology greatly expanded in the United States in 1974
with the creation of the Robert Woods Johnson Clinical
Scholars Program. The internationalization of clinical
epidemiology began in 1980 when Kerr White and the
Rockefeller Foundation initiated the International Clini-
cal Epidemiology Network (INCLEN). In this program,
young clinicians from low-income countries came for
training in clinical epidemiology to ‘training centers’ at
McMaster in Canada, Newcastle in Australia, and the
University of Pennsylvania. A key element of their career
development was linkage to a mentor who spent part
of each year working with them back at their home
institutions. The organization now includes 64 medical
institutions in 26 countries. In the eyes of many, its most
important accomplishments have been the repeated
redefinition of clinical epidemiology to suit local needs
and the taking over of the training of clinical epidemiol-
ogists by regional centers in Africa, China, India, Latin
America, and South East Asia.
Clinical Epidemiology’s Detractors

Clinical epidemiology has not been without its detrac-
tors, especially among more traditional epidemiology
departments who perceived (often correctly) their
loss of resources and bright young minds to this new
discipline. For example, in 1983 Walter Holland urged
the abandonment of the term ‘clinical epidemiology’ alto-
gether (Holland, 1983). While acknowledging its useful-
ness over the previous 15 years, he now found it a divisive
term that conferred ‘‘respectability’’ only on those epide-
miologists who practiced medicine, created the impres-
sion that one form of teaching (using epidemiology for
solving clinical problems) was more appropriate than
another (mastering classical epidemiological methods),
and fashioned students’ perceptions of the priorities and
needs of societies. In response to his criticism, it was
suggested that the distinction between clinical and non-
clinical epidemiologists was on a nominal, not ordinal,
scale, but that his other criticisms were not only true,
but to be applauded: clinical epidemiology was a better
way to teach medical students, and clinical epidemiology
was reshaping the perceptions of not only medical stu-
dents (who began to see it as a relevant basic science) but
also entire faculties (departments of clinical epidemiology
were growing in number and size; clinical departments
were carrying out more and better ‘clinical-practice’
research), and learned societies were acknowledging the
relevance of clinical epidemiology to ‘clinical research’
in ways that classical epidemiology had been unable to
achieve (Sackett, 1984).
The Current State of Clinical
Epidemiology

Having established itself, gained formal recognition at
universities, granting agencies, and learned societies, and
populated academic departments and research groups
around the world, the field of clinical epidemiology
became increasingly able to emphasize its similarities to,
rather than its differences from, classical public health
epidemiology and the related sciences of economics, polit-
ical science, psychology, and sociology. This is perhaps best
seen in low- and middle-income countries, where clinical
epidemiologists have begun to perform highly pragmatic
cluster trials of public health interventions (such as insec-
ticide-bearing mosquito nets) that have incorporated eco-
nomic analyses and sociological inquiries. As predicted by
Walter Spitzer, all of these disciplines carry out and collab-
orate in studies of ‘‘diagnostic and therapeutic processes in
order to effect an improvement in health’’ (Spitzer, 1986).
Clinical Epidemiology and the Clinical
Journals

Although a wide spectrum of clinical journals have
published the concepts, methods and results of clinical
epidemiological research, and the Journal of Clinical Epide-
miology has been a natural home for the discipline, some
general medical journals also fostered the field and its
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recent evolutions. In the 1970s the Journal of Clinical

Pharmacology and Therapeutics turned Donald Mainland’s
‘‘Notes from a Laboratory of Medical Statistics’’ over to
Alvan Feinstein for his landmark series in ‘‘Clinical Bio-
statistics.’’ In the 1980s the Canadian Medical Association

Journal hosted series on ‘‘How to Read Clinical Journals’’
and ‘‘How to Interpret Diagnostic Data’’ from the clinical
epidemiology group at McMaster. In the 1990s, the Jour-
nal of the American Medical Association initiated the ‘‘Ratio-
nal Clinical Examination’’ series that hosted reviews of
the accuracy and precision of the clinical history and
examination. It went on to host a series of ‘‘Users’ Guides
to the Medical Literature’’ that were collated into a major
text. Throughout this era, the Annals of Internal Medicine

published several fundamental papers and series, culmi-
nating in the ACP Journal Club and Evidence-Based Medicine

series of journals of secondary publication. The British

Medical Journal edited several ‘evidence-based’ journals
and became a major international publisher of clinical
epidemiological research.
Clinical Epidemiologic Contributions to
Five Recent Evolutions

Clinical epidemiology has played a central or major role
in five recent evolutions (some say revolutions) in health
care: in evidence generation, its rapid critical appraisal, its
efficient storage and retrieval, evidence-based medicine,
and evidence synthesis.
Evolution 1: Evidence Generation

The evolution in evidence generation since 1970,
although most easily documented in the growth in reports
of and about the randomized trial (with more of them
published in the single year 2000 than in the entire decade
1965–1975), is paralleled by similar, although less spec-
tacular, increases in the numbers and sophistication of
reports about diagnosis, prognosis, and the appropriate-
ness and quality of clinical care. Clinical epidemiologists
are providing leadership in both the generation and
continuing methodological development of this burgeon-
ing body of clinically relevant evidence.
Evolutions 2 and 3: The Critical Appraisal,
Storage, and Retrieval of Evidence

The price to be paid for this vast increase in relevant
evidence was an increasing difficulty in finding it, retriev-
ing it, and keeping up-to-date with it. By 1972 there were
about 4M articles published in the biomedical literature
per year (in all languages). Restricting one’s reading to just
the journals that provided the content that is sound and
relevant for internal medicine required clinicians to read
33 articles everydayof theyear.When the dramatic decline
in general medical knowledge after certification was docu-
mented by a group of clinical epidemiologists, it became
impossible to ignore this growing problem. A second prob-
lem became evident when this growing body of evidence
was subjected to the critical appraisal of its validity: the
majority of it was found wanting. These two situations
combined to place clinicians at increasing risk of ‘‘drown-
ing in doubtful data.’’ The parallel evolutions in (1) the
rapid critical appraisal of evidence (for its validity and
potential clinical usefulness) and in (2) the efficient storage
and rapid retrieval of evidence combined to rescue clin-
icians who were striving to track down the evidence than
might help their patients. Several clinical epidemiologists,
as well as library scientists, statisticians, and qualitative
researchers, made contributions to these parallel evolu-
tions, most notably Brian Haynes at McMaster University,
who brought these evolutionary streams together in pow-
erful and clinically relevant ways (Haynes et al., 1994). The
example he set by reducing the internal medicine literature
to just the 2% that was both valid and clinically relevant in
the ACP Journal Club introduced the revolution that today
provides frontline clinicians in a number of clinical fields
with manageable chunks of up-to-date, reliable evidence,
right at the bedside (Wu and Straus, 2006).
Evolution 4: Evidence-Based Medicine

As more and more clinicians, armed with the strategies
and tactics of clinical epidemiology, cared for more and
more patients, they began to evolve the final, vital link
between evidence and direct patient care. Building on the
prior evolutions, and manifest in clinically useful mea-
sures such as Andreas Laupacis’s NNT (the Number of
patients a clinician would Need to Treat in order to
prevent one more bad outcome) (Laupacis et al., 1988),
and often incorporating the patient’s own values and
expectations as in Sharon Straus’s LHH (the Likelihood
that a treatment would Help vs. Harm the patient’s
achievement of their health objectives) (Straus, 2002),
the Revolution of Evidence-Based Medicine was introduced
by Gordon Guyatt (Evidence-Based Medicine Working
Group, 1992). Since its first mention in 1992, its ideas
about the use (rather than just critical appraisal) of evi-
dence in patient care and in health professional education
have spread worldwide and have been adopted not only
by a broad array of clinical disciplines but also by health-
care planners and evaluators. In 2006, the British Medical

Journal designated evidence-based medicine one of the
15 greatest medical breakthroughs since 1840.
Evolution 5: Evidence Synthesis and the
Cochrane Collaboration

Simultaneous with these other evolutions and revolutions,
and both supporting and building upon them, has been the
evidence-synthesis evolution of strategies and tactics for



assembling and systematically reviewing the totality of
evidence about the effects of health care. This evolution
is epitomized in the Cochrane Collaboration, a worldwide
collaboration of patients, clinicians, and methodologists,
who prepare, maintain, and promote the accessibility of
systematic reviews of the effects of health-care interven-
tions ( Cochrane Colla boration , 2007 ). Conce ived and
initiated by Iain Chalmers in Oxford, this undertaking
has been characterized as equal in importance to the
human genome project. Many consider the contributions
of clinical epidemiologists to evidence synthesis their
greatest accomplishment since the term was introduced
65 years ago.

See also: Clinical Epidemiology; Environmental and

Occupational Epidemiology; Injuries, Epidemiology of;

Mental Health Epidemiology (Psychiatric Epidemiology);

Observational Epidemiology; Social Epidemiology.
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Introduction

Clinical trials are prospective tests of the effects of inter-
ventions in humans in which the assignment of interven-
tion (treatment) is made by the investigator usually
according to a protocol. These studies are designed to
provide reliable estimates of beneficial and harmful
effects on health outcomes and inform society, health-
care providers, and policy makers regarding treatment
decisions. The randomized controlled trial provides the
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gold standard of evidence regarding preventive, diagnos-
tic, and therapeutic approaches and is critical in develop-
ing guidance for treatment (Gibbons et al., 2003). Clinical
trials of treatments are required by regulatory authorities
worldwide for licensure of new drugs, biologicals, and
devices because this study design provides for unbiased
testing of efficacy and safety. Although not required for
marketing, trials are commonly used to establish the effec-
tiveness of surgical and radiological procedures, behav-
ioral interventions (including diet), combined treatments,
and treatment paradigms.

James Lind is widely credited with conducting the first
controlled trial in 1753 that found the addition of lemons
to the diet of British sailors would prevent scurvy (Lind,
1753). In the ensuing 200 years, observational, rather than
experimental, studies predominated and guided treat-
ment recommendations until the middle of the twentieth
century when clinical trials became the standard for
determining treatment effectiveness. Currently, tens of
thousands of clinical trials are being conducted worldwide
and over 100 000 reports have been published. While
many aspects of trial conduct continue to change, there
are core principles and practices that underpin clinical
trials. These best practices are followed in planning, con-
ducting, monitoring, analyzing, and interpreting trials.

This article is intended to provide a brief review of
trial components and the application of these principles.
The description follows the sequence of trial development
and the publication of results. It is intended to assist in
reading and understanding reports of trials and to provide
the rationale behind the design and conduct of studies.
Because good reporting of studies guides careful planning
and analysis, references are made to the evolving Con-
solidated Standards for Reporting Trials (CONSORT)
recommendation and definitions (Altman et al., 2001).
Some aspects of trial planning are sketched only briefly
in published reports but the rationale is discussed
in greater detail here. Several texts provide detailed
coverage of design, conduct, and analysis and are listed
in the Further Reading.
Trial Development

Rationale for Conducting a Clinical Trial

Clinical trials are conducted to answer specific questions
regarding efficacy and safety of interventions. When
planning or reporting a trial, the investigators should
provide a concise explanation of the specific question(s)
being addressed, the rationale, and the background of evi-
dence supporting the need for a study. In general, trials
are needed when there is uncertainty about the effects,
beneficial or harmful, of the intervention, and the expected
difference has importance for health. Importantly, the
question should be addressed within ethical and safety
limits. If the effects are clearly apparent and statistically
supported from observational studies, it would be inappro-
priate to initiate a trial. The relationship between smoking
and lung cancer is very strong and based on numerous
studies (odds ratios of 12 or greater); there is no reason to
conduct a trial of smoking cessation versus no cessation. It
would not add to the evidence on which recommendations
not to smoke are made. Such a trial would be unethical
as it places the nonintervened group at inordinate risk
and unlikely to receive any benefit. However, there is a
continuing need to compare different smoking cessation
strategies and in this instance all groups receive an active
treatment. The need for a trial may not always be obvious
especially when a treatment has widespread and often long-
term acceptance. Postmenopausal hormone treatment
was generally accepted for over 50 years and used by
about a third of U.S. women, but there was no reliable
evidence for a balance of benefit over harms. When tested
in a large randomized controlled trial, the public ‘conven-
tional wisdom’ for a predominance of benefit was over-
turned (Anderson et al., 2004) and the widespread use
declined. Because clinical trials are developed to resolve
uncertainties associated with moderate or small treatment
differences, the public health utility may be underrated.
However, application of modest effects over large popula-
tions can have profound public health consequences.

The initial step in trial development is describing the
questions to be addressed in the context of previous
studies and unresolved questions. This requires review
of the information available from previous studies, both
observational and interventional. Reviews should be con-
ducted systematically and often can use meta-analysis or
statistical aggregation of results from prior trials. This
review can clarify the populations to be recruited, the
potential magnitude of interventional effect, the most
effective dose or approach to application, the competing
treatments or interventions, and the potential harms that
might be associated with the trial. From this summariza-
tion, the investigators are prepared to formulate the
question(s) in specific terms, select an appropriate study
design, and develop a detailed protocol. The background
and rationale section of a published report provides a
synopsis of this review.
Protocol

Creation of the experimental protocol is essential to any
investigative work but is critical in clinical trials, espe-
cially multicenter studies that require many investigators
to follow a common plan of study.

The document characteristically contains detailed
specifications of all of the methods to be used from
recruitment through treatment management, outcome
measurement, and statistical analysis. The organizational
structure for the collaboration is described as is the
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handling of data, usually by a designated data management
group. Protocol development is done by investigators and
may have the assistance of study sponsors. Following
approval by the collaborating investigators, the protocol
is reviewed and approved by an ethics review committee
and by the data and safety monitoring group. These
approvals must occur before the first participant is
enrolled. The trial should be registered in one of the global
trial registries (see the section titled ‘Relevant Websites’).
This provides prospective disclosure of the essential ele-
ments of the trial to potential participants, to other inves-
tigators, and to those who might want to compile all the
evidence for treatment guidance (Zarin et al., 2007).

Adherence to the protocol by investigators is usually
monitored by the data management center and by the data
and safety monitoring committee. While the protocol
represents the rules of the road for the study and should
be referred to when questions arise, it remains a ‘living
instrument’ that can, and often does, undergo modifica-
tions in the course of the trial. The modifications can be
clarifications to ambiguous definitions or major altera-
tions in the trial including treatment changes or elimina-
tion of an arm of the study. Major changes in protocol
must be reviewed and approved by the ethics committee
and by the data and safety monitoring committee before
further enrollment and treatment can continue. The pro-
tocol for a study is not currently made public during the
study but is filed with the sponsor and may become
available on study completion. A brief synopsis of the
protocol is provided in the ‘Methods’ section of a pub-
lished report.
Ethical and Safety Oversight

In a clinical trial, special responsibilities fall to investiga-
tors and overseers of research because the assignment of
treatment is made according to an experimental protocol
rather than by a caregiver or patient preference. Trials are
conducted to advance knowledge for future management
and the individual subject may not benefit and could be
harmed from his or her participation. The subjects should
have an altruist motivation. The investigators have an
obligation to design a study that does not inordinately
disadvantage participants while carefully assessing effi-
cacy and harms that will reliably inform future treatment.
These potential benefits and harms must be carefully
explained to potential subjects who indicate acceptance
through informed consent. A review of the ethics is con-
ducted by a review group independent of the investigators
or sponsors. When subjects are to be randomly assigned to
different treatments it is important for the investigators
and monitoring groups to consider whether the compared
interventions are in ‘clinical equipoise’ (Freedman, 1987).
This term is used to indicate that experts consider
that there is reasonable uncertainty about the clinical
superiority of the compared treatments and that the
subjects assigned to the groups will not be inordinately
disadvantaged by the assignment.

The investigators and sponsors have an obligation to
participants to ensure that the efficacy and harms of the
treated groups are monitored and that the study is con-
ducted with integrity. The participants should be pro-
tected from continued exposure if the study objectives
have been achieved sooner than expected or the harms
exceed potential efficacious results. Continuation of the
study beyond this point exposes participants to risks with-
out providing additional information. There is a further
need to assure integrity of the study by ensuring adher-
ence to the protocol and achieving reliable collection and
analysis of data. All studies should have data and safety
monitoring conducted by an independent group. This
group reviews and approves the protocol before study,
reviews major protocol changes, and develops a plan for
monitoring the study progress. It periodically reviews
data on recruitment and retention and aggregated data
on efficacy and harms during the course of the study. The
committee may make these assessments with the treat-
ment assignments masked or with the treatment assign-
ments disclosed. The monitoring committee generally
makes decisions regarding continuing or stopping in
confidential meetings and communicates its decision
to the sponsor and responsible ethics review committees.
The independence of the committee members protects
the participants’ interest from influence by sponsors and
investigators. Monitoring of trials involves difficult deci-
sions but is critical to the ethical conduct of a study (see
Ellenberg et al., 2002).
Study Design

The study design is selected to accomplish the objectives
of the trial and is outlined in the published report. The
single group design is used in early exploratory phases of
investigations, and is often categorized as Phase 0, Phase 1,
or Phase 2 by national regulatory authorities such as the
U.S. Food and Drug Administration (FDA). These early
studies are the first trials in humans and follow preclinical
studies in animals. They are designed to determine the
pharmacokinetics and safety of interventions, principally
drugs, and whether changes in biologic parameters might
alter disease processes. The sample sizes are small, vary-
ing from 10 to about 100 with increasing numbers as
successive experiences and changing dose exposure pro-
vide data about potentially efficacious biologic and bio-
chemical changes and an acceptable level of harmful
effects. The earliest exploratory studies can be conducted
with healthy volunteers, or in the case of life-threatening
cancers and rare disorders, in volunteers with these con-
ditions. All enrolled subjects receive the intervention.
Measurements of biochemical and physiologic variables
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are made before administration of the test material and at
intervals after administration. Varying doses may be used
to determine dose levels that produce desirable effects
without unacceptable harms. Promising early phase mate-
rials move to testing in larger groups and to parallel group
studies comparing interventions. These early phase stud-
ies represent an important and stringent barrier to further
development; the overwhelming majority of study com-
pounds do not progress to further confirmatory trials.
Treatment trials for rare conditions with serious prog-
noses may always be conducted as single group studies
relying on comparisons of before and after changes and
historical experience to determine efficacy.

Confirmatory and comparative trials (late Phase 2,
Phase 3, and Phase 4 in regulatory parlance) commonly
Assessed for eligibility (n = …)

Excluded

Randomized (n = …)

Did not 
Inclusio
(n = …)
Refused
(n  = …)
Other re

Allocated to intervention (n = …) 
Received allocated
intervention (n = …)
Did not receive allocated
intervention (n = …)

Alloca
Rec
inte
Did
inte

Lost to follow-up 
 (give reasons) (n = …) 
Discontinued intervention 
 (give reasons) (n = …) 

Analyzed (n = …) 
Excluded from analysis 
(give reasons) (n = …) 

Lost 
 (give
Disco
 (give

Analy
Exc
(giv

Enrollment

Allocation

Follow-up

Analysis

Figure 1 Scheme of participant flow and measurements in random

controlled trial. Measurements to be made during the course of stud

Moher D, et al., and CONSORT (Consolidated Standards of Reportin
reporting randomized trials: Explanation and elaboration. Annals of In
use parallel group design with assignment of a study
treatment to one group or arm (Figure 1) and compara-
tive treatment(s) – either placebo or an active comparative –
treatment in the other. The intermediate changes from
baseline and the clinical outcomes are compared across
arms. The sample sizes vary from several hundred (Phase
2 and 3) to thousands (Phase 4) depending on the require-
ments for statistical comparison of outcomes. Participants
are recruited and enrolled according to the criteria for
inclusion and exclusion and if eligible and willing to
participate are assigned to a treatment group. Baseline
measurements are made and are compared to measure-
ments made during the course of the treatment. The
parallel group design is the most common model for
comparing two or more treatments. The regulatory
 (n = …) 
meet
n criteria

 to participate

ason (n = …)

ted to intervention (n = …) 
eived allocated
rvention (n = …)
 not receive allocated
rvention (n = …)

to follow-up 
 reason) (n = …) 
ntinued intervention 
 reason) (n = …) 

zed (n = …) 
luded from analysis 
e reasons) (n = …) 

Measurements

Summation
• Outcomes 
• Harms 
• Modifiers and mediation

Interval measures
• Outcome
• Harms 
• Side effects 
• Mediating  

Baseline
• Sociodemographics
• Physiologic 
• Outcome

ized trials. Participant flow in a parallel design, randomized

y are shown on right side. Adapted from Altman DG, Schulz KF,

g Trials) Group (2001) The revised CONSORT statement for
ternal Medicine 134: 663–694.



748 Clinical Trials
approval of drugs or devices depends on demonstration of
efficacy and safety of a tested intervention using this
design. The conduct and analysis are considered further
in a subsequent section of this article.

Cross-over design provides for comparison of treat-
ments, either active or placebo, but each participant
receives both treatments at different time periods. After
baseline measurements, subjects are assigned, prefer-
ably randomly, to receive one of two treatments during
an initial treatment period. Measurements of baseline,
mediating, and outcome variables are made before, during,
and at the conclusion of this period. After a washout period
to allow dissipation of the initial treatment effect, each
group crosses over to the alternative treatment. Measure-
ments are made during the washout period (a second
baseline) and at the same intervals during the second period.
This approach effectively doubles the sample size from a
simple parallel group design and matches the groups on
important variables, because each subject receives both
treatments. While efficient, this approach has some impor-
tant limitations. The conditions being treated should
remain stable through both periods of the study so there is
no time-dependent change in the measured outcome. Such
a change might be attributed to the treatment but, in fact,
represented a variation in the study condition. For example,
depression may resolve over 6 to 8weeks in about 40% of
those treated with placebo, and comparisons should not be
made through this period of spontaneous resolution. Parti-
cipants must complete both periods of the crossover to be
included in analysis so minimizing attrition becomes
important. The washout period before the crossover must
be sufficiently long to provide for a dissipation of the effects
of the initial regimen. Measurement of blood chemistries at
the end of the washout can be helpful in determining the
return to baseline. However, learned behaviors such as
dietary changes may not be easily discarded or replaced
resulting in persistent but difficult-to-measure effects that
carry over into the second period.

Factorial design tests two or more interventions, their
combinations, and a control for their effects against com-
mon outcome(s). A 2 � 2 factorial design would have four
groups when testing interventions ‘A’ and ‘B.’ The treat-
ment assignment can be randomized and the resultant four
treatment groups would be: A, B, AB, and control. The
outcomes are measured for each of the four groups and
compared. This is an efficient design for testing two inter-
ventions that might affect the same primary outcome. The
attribution of effects on the treatment groups depends on
knowing the interactions between the interventions (e.g.,
Avs. B). If there is no interaction between A and B then the
AB group can be combined with both A and B to increase
sample size for A versus control and B versus control. An
interaction occurs when the effect of the two combined
treatments is different (greater or lesser magnitude) from
each individually. An interaction might be anticipated if the
two interventions operate through the same or similar
mechanisms and are additive or multiplicative. Whether
the interaction is important is determined statistically, but
the power to find an interaction is less than the power to
find a difference between any intervention and control, as
the available sample sizes for comparisons are less. Careful
planning is required to anticipate potential or proven inter-
actions and is preferred to post hoc tests of interactions.
Interactions are less likely when the biologic mechanisms
of the interventions are different and less likely to facilitate
or compete with each other.
Other Design Variations

The basic designs can be varied to suit particular ques-
tions or issues that arise. This presentation will only
illustrate variations that are more frequently used.

Withdrawal of intervention(s) can be usedwhen there is
a desire to know whether the treatment remains active or
necessary after initial and perhaps continuing therapeutic
success has been demonstrated. For example, when and for
whom could medication be discontinued after several
years of drug or behavioral treatment? This can be tested
by randomly discontinuing treatment in a group of suc-
cessfully managed patients while continuing treatment in
another group. Randomized discontinuation of successful
therapy requires careful attention as withdrawal might
result in rapid clinical deterioration.

Cluster randomized design is used to test public health
or community interventions (Rosen et al., 2006). If an
intervention is to be tested in a population and the inter-
vention(s) might spill over or contaminate the comparison
group(s) because of shared learning or resources, then the
intervention and comparison groups must be sufficiently
isolated to avoid cross-contamination. This is especially
an issue for behavioral interventions and for prevention
studies. For example, interventional trials in school chil-
dren often involve classroom, school, and parental activ-
ities that could not be isolated for individual students.
It would be necessary to cluster the intervention to
schools or even school districts, if policy interventions
within a school are likely to contaminate the comparison
group. Similarly, trials of complex regimens requiring
special skills or training can only be provided by practi-
tioners who would be unwilling or unable to provide the
treatment regimens with equal fidelity. Therefore, the
treatment groups might be clustered to the specially
prepared practitioners and participants to the treatment
regimens.
Sample Size, Recruitment, and Enrollment

The protocol and the report of the trial should provide
information on critical elements. A trial should provide a
valid estimate of the effect of the intervention to inform
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future management of health and disease. Determining
adequate sample size is an important consideration for
planning or interpreting comparative studies designed to
confirm differences between interventions. It is important
to verify that a significant difference exists, if there is truly
a difference, and to be sure that a difference could be
detected if it exists. The power of the study is the proba-
bility that a clinically important effect could be detected
if it truly exists (Cohen, 1992). Power is a function of
sample size and the magnitude of interventional effect
(i.e., effect size). The effect size to be tested should be
sufficient to lead to adoption of the more favorable treat-
ment. When the magnitude of effect is large, smaller
sample sizes are required to find statistically significant
and clinically important effects. Small effect sizes might
be detected with statistical significance in studies when
very large sample sizes are available, but the small bio-
logic differences might not have any clinical importance.
It is important for the investigators to consider what
degree of biologic or clinical difference is likely to lead
to a change in treatment and use this level in planning.
When comparing two or more active treatments, it is often
important to determine whether a tested treatment is
equivalent or not inferior to another treatment. The non-
inferiority difference between treatments to be exceeded
is set at a level that might result in adoption of the new
treatment. Noninferiority trials are common in compar-
ing treatments that have been demonstrated to have supe-
riority over placebo (Piaggio et al., 2006).

The information for determining sample size includes
expected event rate for the control group (and its varia-
bility), the difference in outcomes to be detected between
the comparison groups, and estimates of the attrition from
the groups during study. The event rates can be estimated
from other studies, including observational studies, but
should be adjusted for the healthier status of the trial
volunteers. Allowance should be made for the potential
loss of subjects. The expected effect size for a randomized
comparison can be suggested by previous trials, but it
should be appreciated that effect sizes estimated from
nonrandomized and poorly designed studies usually pro-
vide overestimates and can lead to sample sizes inadequate
to test the hypothesis. In general, studies are designed
with sample sizes to provide a power of 80% or greater
and to be able to detect significant differences at the 0.05
(two-sided) level.
Interventions

A broad spectrum of preventive, diagnostic, and treatment
approaches can be tested by clinical trials. Drugs, bio-
logics, diagnostic tools (e.g., mammography), surgery,
manipulative approaches (e.g., acupuncture), behavioral
treatments (e.g., diet, cognitive behavioral therapy), and
treatment regimens requiring multiple simultaneous or
sequential treatments have been successfully assessed in
clinical trials. Recently completed and current trials can
be found in registries of clinical trials (see the section
titled ‘Relevant websites’). Regardless of the type of inter-
vention, there should be a clear specification of the quan-
tity (or dose) of the treatment, the timing of application
(and repetition), and assurance of the uniformity and
quality of application over time. Additionally, changes in
treatment that would be permitted or additional permit-
ted interventions should be specified, along with whether
such changes should be counted as adherence to the
protocol, or, conversely, whether they constitute a proto-
col violation. Standardized training for therapists may be
needed to ensure consistent application. This requires
particular attention when manipulative or behavioral
therapy is being used because the therapist may pursue
a personal variation of the principal therapeutic approach,
either improving or diminishing the result.

Determining the dose, both strength and frequency,
regardless of the type of the intervention may require
preliminary studies in which the dose is varied and
responses of intermediate markers are assessed. This is
especially important when efficacy and safety can depend
on age and gender. Rules for and frequency of monitoring
anticipated side effects and harms are usually stated in the
protocol.

Adherence to treatment can be prespecified with the
intention that a particular level of adherence is necessary
for response. Monitoring of intermediate measures respon-
sive to the intervention can assist in determining adherence
by disclosing changes in these intermediates. For example,
in studies of the effects of cholesterol-lowering agents on
cardiovascular disease, one would expect the serum choles-
terol (an intermediate) to decrease with adherence to the
active agent but not in the placebo group. Adherence to
mediation sufficient to alter a key mediating measure is
assumed to be necessary to test the intervention against
the more distal clinical outcome of cardiovascular disease.

To establish efficacy of an unproven treatment, it is
common to use a placebo or sham treatment in one arm
and to compare the responses for effectiveness. A placebo
is an inactive intervention disguised to plausibly resemble
the active intervention and is delivered with similar fre-
quency and attention to dosing and measurement of
effect. In some conditions, notably depression, about
40% of patients will respond with a positive outcome to
placebo treatment and the putative active treatment must
have a significantly greater effect. For drugs, placebos can
be produced to have remarkably similar characteristics of
appearance, texture, and taste as the active medication.
For manipulative procedures, such as acupuncture, a nee-
dle inserted very superficially or at an incorrect site might
be used as a placebo for a needle inserted to the correct
depth at the correct site. The confidence of the therapist
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and his or her interaction with the patient is very impor-
tant as the placebo effect is related to patient expectation
of improvement. The use of ‘sham surgery’ as a placebo
comparison is controversial because of the risks inherent
in undergoing anesthesia and ‘postoperative’ care. How-
ever, sham surgery was performed as a placebo control
for a surgical ligation of the internal mammary arteries
to relieve angina. The sham-treated patients received as
much symptomatic benefit as the patients receiving liga-
tion and this failure to prove a therapeutic effect led to
abandonment of the procedure and subsequent health and
economic benefits. There are examples in which those
receiving placebo have fared better than those on active
treatment. In a study of antiarrhythmic agents, patients
received an appropriate antiarrhythmic or a placebo to
prevent death, presumably from an arrhythmia. The trial
was stopped early by the monitoring board when a strong
excess of death was observed in the actively treated
patients compared to those receiving placebo. The clini-
cal use of antiarrhythmic agents changed remarkably
thereafter. In other situations, it is deemed unethical to
use a placebo control and place the placebo-treated
patient at a disadvantage. In this situation, the comparator
might be an established treatment or ‘active control.’
When this approach is used, it is important to recognize
that the study will only test the difference (or similarity)
of the new intervention to an accepted intervention and
not disclose that the new intervention has efficacy greater
than no treatment. If the established treatment has ques-
tionable efficacy, then the new equivalent treatment could
have a similar questionable efficacy. The appropriateness
of using a placebo intervention or active control requires
thoughtful consideration regarding risks and benefits to
participants and to the interpretation of the results.
Outcomes

The outcomes of a clinical trial represent the bottom-line
assessment of interventional effect and measure the capa-
bility of the intervention to change important aspects of
human health or disease. For single group, early phase
studies, the outcomes are physiologic changes whereas for
later phase, confirmatory studies the outcomes are prin-
cipally clinical. Outcomes are classified as primary or
secondary. The primary outcome is the principal measure
for which the study is designed and conducted. The
statistical power and the sample size are predicated on
finding a difference in primary outcomes across the com-
parison groups. Usually there is one primary outcome and
it is measured by the most reliable and clinically relevant
measurement method. The outcome and the measure-
ment methodology are prespecified in the protocol. The
methods for assessing outcomes should be validated
in observational and interventional studies and should
ideally measure aspects of health having prognostic
importance and for which treatment might improve prog-
nosis. Composite outcomes can be developed from a
variety of clinical outcomes and used to capture different
manifestations of disease. For example, angina, myocar-
dial infarction, and heart failure may be combined in a
composite primary outcome for treatment or prevention
of coronary heart disease if the intervention is hypothe-
sized to affect all manifestations. If the intervention is
presumed to be specific to one of these outcomes, then
that single outcome should be measured, thus the other
manifestations become secondary.

Other outcomes that are prespecified before study
initiation are secondary outcomes. Estimates of the likeli-
hood of finding significant differences in secondary out-
comes can be made, but the sample size is usually not
changed to accommodate them. When secondary out-
comes are prespecified, attention to measurement is
warranted so as to avoid posttrial estimates of interven-
tional effect that are based on less than the best assess-
ments. Secondary outcomes often clarify the mediators
and mechanisms underlying the primary effect and can
inform the development of further studies through gener-
ation of testable hypotheses.

The measurement and timing of measurement must be
clearly defined in the protocol. The most objective and
reliable methods should be used, but the measurements
should have clinical and public health utility that will lead
to application of the proven interventions. When special
training is required for measurement or when adjudica-
tion of conflicting assessments is necessary the methodo-
logic approach requires description. The assessor of
outcomes, whether investigator or designated evaluator,
might have to rely on measures requiring personal judg-
ment or subjective assessment. If the perceptions of the
evaluator can influence outcome measurement, it is
important to ‘blind’ the evaluator to treatment allocation.
Similarly, the participant may be biased in reporting out-
comes or symptoms based on allocation to a particular
treatment, thus blinding the participant to treatment
assignment minimizes biased reporting.
Allocation of Treatments, Randomization,
and Blinding

Patients are most commonly allocated to treatment arms
by a process of random assignment for most studies with
two or more treatment arms (see Figure 1). Random
allocation balances the treatment groups with respect to
measured and unmeasured variables and effective ran-
domization ensures that the groups receiving the inter-
vention have essentially identical characteristics. This
maximizes the likelihood that the effects on outcomes
can be attributed to the treatment or intervention and
not to differences in the treatment groups. Therefore,
random allocation of treatments is a critical feature in
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minimizing bias and maximizing treatment attribution.
To mitigate investigator bias in allocation, the allocation
is best conducted independent of the researchers. There
should be minimal likelihood that the investigator or
participant could anticipate the next allocation. Truly
random sequences can be generated and are preferable to
predictable or haphazard sequences. A scheme that gen-
erates sequences centrally can provide blocks of randomly
sequenced allocations to clinics discouraging ‘guessing’ of
the next allocation to be made based on the last assign-
ment. The information regarding assignment can be con-
veyed from the central generation by computers or opaque
envelopes provided at the point of randomization.

Randomization is done only after verification that the
subject is eligible for the study and has agreed to partici-
pate and to be randomly assigned to treatment. This
means that informed consent has been obtained and mea-
surements have been recorded that meet enrollment cri-
teria. These requirements can be included in a computer
program that releases the random assignment only after
eligibility and consent are confirmed. When clinics are
likely to enroll different numbers of participants, the
randomization can be blocked to increase the likelihood
that each clinic will have relatively equal numbers of each
group assignment. Randomization is critically important
to balancing the subjects across arms. To confirm the
balance across arms, baseline demographic, physiologic,
and biochemical measures across subject groups are com-
pared in analysis.

In multicentered studies, it is useful to assure that
there is an adequate representation in each center of
participants with important variables related to outcome.
Among these are age and other prognostic determinants.
The randomization can be stratified by the variable(s) one
wishes to balance. After stratifying the variables, then the
randomization provides an equal chance that the variables
will be balanced even though clinics may recruit from
different populations. These permutations of randomiza-
tion improve the statistical comparisons during analysis.

Concealment of the treatment assignment (i.e., mask-
ing) is important to minimize biases in management and
evaluation or reporting of outcomes. Several groups can
be blinded to treatment assignment. These include: inves-
tigators, participants, evaluators of outcomes, and those
analyzing or monitoring the outcomes. There may be situa-
tions in which the investigator or therapist must know
treatment to make adjustments to treatment or avoid pro-
gression of harmful effects. The therapist or a medical
monitor can be unblinded but the evaluator should be
blinded. To determine whether blinding has been success-
ful, the participants and evaluator can be asked their per-
ception of the treatment assignment at the conclusion of
the study.

In some studies, particularly late phase studies testing
management variations or safety issues, the subjects may
be randomized but the allocation of treatment is disclosed
and the study is termed an open randomized trial.

After completion of the randomized period of study,
observations of the groups can be extendedwithout repeat-
ing randomization to provide long-term data on effective-
ness or safety. However, the groups may not remain in the
treatments originally assigned and the specificity of effects
to the treatment is decreased. Also, the subjects may be
randomized again to new treatments based on the earlier
responses and the sequential treatments evaluated.
Conduct and Reporting of Trials

Recruitment and Enrollment

Specific criteria are described for recruitment of the
study population and include conditions for risk status
and clear description for inclusion and exclusion. Speci-
fications for inclusion might include age, health, disease
status, and prior treatment. Recruitment of the study
population represents a major task. Studies having over
50 participants often require multiple clinics to recruit
and randomize the numbers needed for adequate sample
size. Multicenter trials require unambiguous definition
of eligibility. Only individuals meeting criteria can be
considered for enrollment. A participant can be enrolled
if he or she meets the criteria and provides informed
consent. It is informative to characterize those responding
to recruitment, their eligibility, and whether they are
ineligible or unwilling to participate. The information
bears on the generalizability of the study results as it
allows characterization of the population volunteering
for the study and how this may differ from those eligible
for the study.
Participant Follow-up and Measurements

After randomization, the comparison arms are considered to
be equivalent in characteristics that affect outcomes. This
sets the stage for being able to attribute differences in out-
come to the tested interventions. However, important differ-
ences between the treatment arms may occur during the
follow-up. These differences can occur nonrandomly and
differentially affect differences in outcomes across the arms.

The repeated observations and clinic visits during the
postrandomization follow-up are critical in accounting for
these changes, as well as measuring outcome efficacy and
treatment harms. Figure 1, adapted from the CONSORT
flow diagram for a randomized parallel group design,
provides a scheme to account for participants during the
course of study from enrollment through analysis. This
format is used in reporting of trials in leading journals and
allows for comparison of participant numbers in each of
the treatment groups and displays graphically treatment
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assignment, withdrawals, lost to follow-up, and those ana-
lyzed for outcomes.

Participants may choose not to continue the assigned
treatment and withdraw or the investigators may discon-
tinue treatment because of measured harms. Participants
may fail to return or seek other care. The sequence of
measurements is indicated on the right side of Figure 1.
Measurements are made at prespecified intervals from
prerandomization and baseline through the period of fol-
low-up on treatment and to the assessment of final out-
comes. Both efficacious outcomes and harms are tabulated
as well as the time of occurrence. The data are compiled by
a data management center for monitoring reports on prog-
ress and for subsequent analysis of results. The sponsors,
investigators, evaluators, and patients are usually not privy
to the aggregated data on efficacy and harms as knowledge
of these data could bias recruitment, conduct, and contin-
uance of the trial. The independent data monitoring group
reviews periodic reports from the data center and deter-
mines discontinuance and integrity of the trial.
Adverse Events and Harms

Clinical trials make important contributions to assessment
of harmful effects of interventional agents and strategies.
The assessment of adverse events is a primary concern in
Phase 1 and 2 trials (exploratory) of new agents and their
discovery is a major cause for not pursuing further devel-
opment. The frequency and magnitude of harmful effects
are critical in efficacy (Phase 3 and 4) trials and in large
postapproval trials comparing competing interventions
over extended periods. Large studies with long follow-
up periods can disclose serious harms that are relatively
frequent and require long follow-up and careful recording
to be detected. The capability of detecting serious, but
relatively infrequent, adverse events is limited in many
moderate-sized studies and it may not be possible to find
statistically significant differences in a single trial. Con-
sider that serious events occurring with a frequency of 1 in
500 persons exposed would be detected only 4 times when
the sample size of those exposed is 2000. The sensitivity is
limited but the specificity is good because the exposure is
controlled by treatment assignment, improving attribu-
tion of the effect to the intervention. Harms should be
assessed throughout the study and reported fully, even if
the frequency in an individual study does not achieve
statistical significance. If the rate of harms is not signifi-
cant in a single study, the aggregation of harms data from
multiple studies may achieve statistical significance and
thereby guide treatment. More prevalent harms and side
effects of a less serious nature can be reliably compared in
larger studies and provide estimates of benefits and harms.
Many interventions are associated with competing effi-
cacy and harms. The careful assessment of each dimen-
sion can aid in choosing and directing treatment. An
example is preventive use of hormonal therapy in post-
menopausal women in which reduction of coronary heart
disease and osteoporoses are potential benefits, but breast
cancer, thrombophlebitis, and stroke are harms. The
net effect when these risks and harms were studied was
significant excess of harms over benefits leading to a rec-
ommendation to avoid long-term preventive use of hor-
mones. A more complete discussion of recording of harms
and useful definitions is available in the CONSORT
statement on harms (Ioanidis et al., 2004).
Analysis

The primary and secondary outcomes are compared
across the treatment groups. Because the groups are
assumed to be equivalent at randomization, the differ-
ences in outcomes are attributed to the differences in
treatment if there are not losses in groups that are not
random (see Figure 1). All participants who received at
least one treatment are included in analysis in the groups
to which they were originally assigned even though parti-
cipants may be lost from the groups for various reasons.
This is an intention-to-treat analysis and is generally
favored as the principal analysis because it avoids the
bias associated with nonrandomized loss of participants.
For example, subjects may withdraw or be withdrawn
from their treatment assignment because of failure to
control the condition or for intolerable symptoms or
adverse effects from the condition or the treatment. With-
out an intention-to-treat approach, this nonrandom loss
would bias the results because only participants respond-
ing to treatment or experiencing no adverse events might
remain for comparison, yielding incorrect estimates of
efficacy and harms. An additional analysis of ‘as treated’
or ‘per protocol’ participants can be performed using
those who continue or adhere to treatment. While this
may be useful if noncompliance to treatment is common,
it is a less rigorous test of treatments.

Baseline levels of demographic, biochemical, and clin-
ical characteristics are compared across groups to deter-
mine whether randomization balanced the treatment
groups with respect to known and measured variables.

The measured outcomes to be compared can be quan-
titative, categorical, or time-to-event (survival). Quantita-
tive changes, such as serum cholesterol response to diet or
drugs, are compared across groups using comparisons of
mean differences in final levels or differences between
baseline and final measures or both. Multiple logistic
models can control for variables that could influence the
differences.

Categorical outcomes such as mortality from cancer or
heart disease or clearly defined nonfatal events are com-
pared using the differences in odds ratios across treatment
groups. The denominators for each treatment group are
the number randomized to each treatment and the
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numerators are the number of events for each group using
the intention-to-treat principle. Proportional hazard mod-
els can be used to account for moderating variables.

Time-to-event analysis can be used to determine the
time course of response to treatments and help to identify
when the treatment response occurs and the course
of changes in response over the duration of the study.
Statistical significance is determined for the treatment
differences.

The primary outcomes are the first consideration in
analysis. Prespecified secondary outcomes should be ana-
lyzed with the understanding that the sample size may not
provide adequate statistical power to find significant dif-
ferences, as the sample size with adequate power for
finding differences was determined for the primary out-
come(s) only. When multiple comparisons are made,
adjustment should be made to the level of significance
to reflect the increased likelihood of chance findings.
Interpretation

The questions addressed in clinical trials are specifically
stated in terms of the interventions, populations, and con-
ditions studied. The results and the interpretation are
specific as well. The results apply to the conditions studied
and the stage or severity, the intervention and its dose and
duration, the outcomes measured, and the demographics of
the population enrolled in the study. If well conducted, the
results have good internal validity but extrapolation
beyond the study intervention and populations is limited.
Generalizations are improved if the populations are repre-
sentative of the broader group of affected persons and the
exclusion criteria and recruitment have not constrained
trial enrollment. It is important that the findings be inter-
preted in the context of other relevant studies. It has been
suggested that discussion and interpretation of clinical
trials in published reports should include a review or
meta-analysis of all related studies. This would place the
reported study in context with other trials and observa-
tional studies and provide for discussion of the implications
for and limitations of treatment. The total body of evidence
regarding an intervention is often evaluated in additional
analyses using systematic reviews and meta-analysis.
These allow integration of all relevant information into
the evidence base on which recommendations are made.

On one hand, when the differences in outcomes are
significant, either beneficial or harmful, the interpretation
is generally straightforward. On the other, failure to find a
significant difference does not prove that there is truly no
difference. The planning and conduct may not be able to
find a difference. For example, sample size might have
been inadequate to detect a significant difference or the
conduct of the study and resulting dropouts or losses may
have biased toward the null. If differences are found that
are not statistically significant, it is useful to compute the
sample size that might have found a significant difference
as a guide to future studies.
Reporting

There are scientific and ethical reasons that all clinical
trials should be reported. From the ethical perspective,
the participants were subjected to risk and inconvenience
with the expectation of increasing societal knowledge
about the treatment and with the hope that the trial
might improve treatment for others. Failure to report
the findings is a breach of this trust. Society, either
directly or indirectly, has paid for these studies and
reporting of data is a responsibility. Further, data from
trials, even if not productive of significant differences, can
inform planning of future studies or be included in meta-
analysis.

Trials providing clear evidence for efficacy find a
receptive audience in journals that are eager to publish
such reports. Similarly, trials that report an excess of
harms, particularly serious adverse events, receive journal
attention and publication. Successful trials describe sig-
nificant and important differences whether efficacious or
deleterious. However, not all trials provide clear-cut
answers for a variety of reasons. If the totality of evidence
is to be compiled to guide treatment then all relevant data
should be made publicly available. It has been suggested
that clinical trials registries have a reasonably complete
listing of all initiated trials and should also capture trial
results and provide a complete record of all trials whether
published or not.
Future Directions

Clinical trials are complex, resource-intensive, and
require attention to myriad details to achieve valid and
useful results. The investment is small in comparison to
the gains in evidence that improve medical care and
public health. The number, size, and scope of clinical
trials continue to increase exponentially. Increasing reli-
ance on the methodology for evidence-based decisions
and the proliferation of new treatments requiring valida-
tion are important drivers of this increase. There is a need
to increase and broaden subject participation as well as
increase efficiency. Developing designs that allow effi-
ciencies without compromising scientific principles or
introducing biases is increasingly important. Adaptive
designs are being pursued that allow for modifications
of sample size or outcomes. It is important that these
adaptations are overseen by independent monitors
and do not permit the sponsors or investigators to change
the study to achieve a biased outcome. Improving
public trust is critical in improving support for trials.
Registration and reporting of all clinical trials can avoid



duplication of studies, increase scientific scrutiny,
improve quality, and demonstrate the utility to public
health and medical care.

See also: Health and Disease, Concepts of; Biostatistics;

Meta-Analysis; Systematic Reviews in Public Health.
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Introduction

Scholarly and professional interest in public health ethics
has increased dramatically in recent years, with new
attention on the ethical principles underlying the practice
of public health and on a professional code. Public health
traditionally has focused more on practice and cases than
on developing formal theories of professional ethics.
Nonetheless, particular values, such as social justice and
prevention, have animated the day-to-day activities and
practice of public health over time. The current interest in
naming ethical values demonstrates the field’s need for
guidance in analyzing, making, and justifying decisions
that are becoming increasingly complex and publicly
contentious. It also shows the field’s commitment to
strengthening its professional identity and role, a process
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that also includes the development of professional com-
petencies, credentialing, and accreditation.
The Need for Codes of Ethics in
Professions

Throughout history, many professions such as the medical
profession have used codes of ethics, codes of conduct, and
oaths to provide a source of guidance and judgment about
right and wrong behavior, and good and bad practice. The
recent development of a public health code, however,
comes at a time when the nature of the professions in
society, as well as the usefulness of professional codes, is
being challenged – despite a simultaneous proliferation in
both the number and variety of codes. A brief consider-
ation of the role of professions and codes provides a helpful
context for the discussion of codes of public health ethics.

The term profession generally means a vocation or
occupation with the following characteristics: A practice
or function grounded in an intellectual tradition that
includes specialized knowledge, training, and skill; a
commitment to serving clients; and self-regulation. Some
describe another feature that involves a public purpose
and social function. For example, Mark Frankel (1989)
suggests that the professions and society negotiate the
terms of their relationship in order to satisfy the profes-
sion’s desire for autonomy and society’s interest in
accountability. He states, ‘‘Society’s granting of power
and privilege to the professions is premised on their will-
ingness and ability to contribute to the social well-being
and to conduct their affairs in a manner consistent with
broader social values’’ (Frankel, 1989: 110).

Implicit in this traditional social role are ethical chal-
lenges for a profession since it owes obligations to a number
of parties such as clients, other members of the profession,
and the general public. New and even more difficult chal-
lenges to the professions today are social, economic, and
political pressures that can render professionalsmere ‘‘tech-
nical experts in the service of the political and cultural
economy,’’ as stated by Eliot Friedson (2001: 213), writing
on professionalism. Friedson explained: ‘‘Serving only
immediate political, economic, and popular interests crip-
ples both the intellectual development of disciplines and
their distinctive moral position that considers the use of
their knowledge in light of values that transcend time and
place. Should that occur, the character of their responsibil-
ity and their relationship to their societies will have gone
through a momentous change’’ (Friedson, 2001: 213). He
believes that professionals should be the moral custodians
of their disciplines.
The Functions of Codes of Ethics

A code of ethics is one important way for a profession
to create, support, and preserve its moral foundations, its
professional integrity, and its relationship of trust with clients
and society. Frankel, who believes a code expresses the col-
lective conscience and norms of a profession, identifies three
types of codes: An aspirational code that sets ideals to strive
for; an educational code that provides commentary and in-
terpretation to help identify and address ethical problems in
professional practice; and a regulatory code that sets rules
and provides mechanisms for adjudication and enforcement.

Frankel also catalogues eight functions that a code may
perform:

1. Enabling document (provides guidance based on col-
lective experience and reflection);

2. Source of public evaluation (provides a basis for public
expectation and accountability);

3. Professional socialization (supports group identity and
common purpose);

4. Enhance profession’s reputation and public trust (per-
suades the public to trust the profession);

5. Preserve entrenched professional biases (protects
dominant values but can censor or restrict important
lesser values);

6. Deterrent to unethical behavior (promotes ethical con-
duct through sanctions);

7. Support system (provides a source of support against
improper demands);

8. Adjudication (provides a method for resolving disputes
among members).

A profession must decide which type of code and which
functions are most appropriate at any point in time, given its
relationship with its clients and its relationship with the
public. In public health, the professional relationship
between the public health professional and client is complex:
Public health officials often act both as government officers
with public responsibility and police powers, usually author-
ized through statutes or regulations, on the one hand, and as
health professionals, with health as a primary good, on the
other. Communities and individuals relate to government
officials as both citizens and patients. In a democracy, public
health officials may act as physicians with the ethical duty to
engage in an informed-consent process, favoring voluntary
action over action for which a population has not given
its consent (Childress and Bernheim, 2003). In addition, in
some circumstances, public health officials act as research-
ers, yet another relationship that requires public health pro-
fessionals to follow federal, state, and local laws and ethical
principles governing human particpants research.
The Value and Authority of a Code of
Ethics

Objections to codes of ethics include their unhelpfulness
in guiding conduct or resolving ethical conflict and their
potential for misuse as a legalistic document instead of as
a reflective tool. This can certainly be true when a
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profession’s organizational structures, culture, education,
and leadership do not support the spirit of the code.

Others question the moral authority of a code to guide
behavior. Potential sources of authority suggested by
Pellegrino (2001) include external sources (e.g, positive
public outcomes from the application of a code) and
internal sources (e.g., consistency with established beliefs
and values of the professionals). Public health activities
are generally outcome-oriented. As stated by Childress
et al. (2003: 170) ‘‘the health of the public is the primary
end that is sought and the primary outcome for measuring
success.’’ In addition, the writing of the U.S. Public Health
Code of Ethics began with the identification of values and
beliefs inherent to a public health perspective. Thus, the
moral authority of the Public Health Code of Ethics
derives from both external and internal sources.
Codes of Ethics in Public Health

Codes of ethics in public health are a recent development.
While the American Medical Association (AMA)
approved its first code of ethics in 1847, the American
Public Health Association approved its code in 2002
(Thomas, 2002). The Society of Public Health Educators
(SOPHE), representing a constituent discipline of public
health, established their code earlier, in 1976. Two other
documents relevant to public health are a set of ethics
guidelines published in 2000 by the American College of
Epidemiology and a code of ethics established by the
American College of Healthcare Executives in 2003.
Other traditional disciplines within public health either
refer to the Public Health Code of Ethics or the codes of
related fields. For example, the code of ethics for clinical
dieticians applies to aspects of public health nutrition,
and codes of ethics pertaining to the environment or
to engineering are relevant to environmental health and
engineering. Although there is no separate national level
code of ethics for environmental health, there are some
state level codes.

The late emergence of a code of ethics in public health
may reflect that, until recent years, many public health
institutions have been commonly led by physicians who
would naturally recognize medical codes of ethics. More-
over, for centuries, physicians have been regarded as the
overseers of all health-related matters. Only in the past
fewdecades have nonclinical health professionals begun to
assume more authority in health care and prevention. The
landmark 1988 Institute of Medicine (IOM) report on
public health set the tone for the writing of the U.S. Public
Health Code of Ethics. It focused on strengthening federal,
state, and local government agencies in their mission of
protecting and promoting the health of the public.

Codes of ethics related explicitly to public health in
countries other than the U.S. have yet to be written.
Instead, one can find lists of values and principles that
are often invoked in the context of a particular public
health threat. Pandemic influenza planning provides one
example. The World Health Organization Project on
Addressing Ethical Issues in Pandemic Influenza Planning
divided themselves into four working groups:

1. Equitable access to therapeutic and prophylactic mea-
sures;

2. Ethics of public health measures in response to pan-
demic influenza;

3. The role and obligations of health-care workers during
an outbreak of pandemic influenza;

4. Issues that arise between governments when develop-
ing a multilateral response to a potential outbreak of
pandemic influenza (WHO, 2006).

The working group addressing public health measures
identified four values: public health necessity (a govern-
ment should exercise its public health police powers on an
individual or group only if the person or group poses a
threat to the community such as the likelihood of spread-
ing an infection); reasonable and effective means (the
methods by which a threat is addressed should have a
reasonable chance of being effective); proportionality (the
human burden imposed by a public health regulation
should be proportionate to the expected public health
benefit); and distributive justice (the risks, benefits, and
burdens of public health action should be fairly
distributed, thereby precluding the unjustified targeting
of an already socially vulnerable population).

Speaking to the tension in public health between the
rights of individuals and the good of the community, this
group noted The Siracusa Principles, which are internation-
ally recognized limitations on human rights established at
a meeting in Siracusa, Italy (United Nations Economic
and Social Council, 1985). They are as follows:

. The restriction is provided for and carried out in ac-
cordance with the law.

. The restriction is in the interest of a legitimate objec-
tive of general interest.

. The restriction is strictly necessary in a democratic
society to achieve the objective.

. There are no less intrusive and restrictive means avail-
able to reach the same objective.

. The restriction is not drafted or imposed arbitrarily,
that is, in an unreasonable or otherwise discriminatory
manner.

Other lists of values in public health ethics are on websites
in the section titled ‘‘Relevant websites,’’ below.
Distinctive Characteristics of the U.S.
Public Health Code of Ethics

Codes of ethics typically address the situations in which
professionals of a particular discipline most commonly
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encounter ethical challenges. In the case of physicians, it
is the patient–physician interaction in a clinical setting. In
contrast, the key interaction in public health is between a
government agency and the population it serves. For this
reason, ethical challenges in public health often have to do
with the ways in which a governmental organization, such
as a county or state health department, makes decisions
and implements policies affecting everyone within a geo-
graphical area. In a democratic society, this brings issues
of participation and communication to the foreground.
Thus, for example, the third of the 12 principles of the
Public Health Code of Ethics (Table 1) states ‘‘Public
health policies, programs, and priorities should be devel-
oped and evaluated through processes that ensure an
opportunity for input from community members.’’ The
sixth principle states ‘‘Public health institutions should
provide communities with the information they have
that is needed for decisions on policies or programs
Table 1 The US Public Health Code of Ethics

1. Public health should address principally the fundamental
causes of disease and requirements for health, aiming to

prevent adverse health outcomes

2. Public health should achieve community health
in a way that respects the rights of individuals in

the community

3. Public health policies, programs, and priorities should be

developed and evaluated through processes that ensure an
opportunity for input from community members

4. Public health should advocate and work for the

empowerment of disenfranchised community members,

aiming to ensure that the basic resources and conditions
necessary for health are accessible to all

5. Public health should seek the information needed to

implement effective policies and programs that protect and
promote health

6. Public health institutions should provide communities with

the information they have that is needed for decisions on

policies or programs and should obtain the community’s
consent for their implementation

7. Public health institutions should act in a timely manner on the

information they have within the resources and the mandate

given to them by the public
8. Public health programs and policies should incorporate a

variety of approaches that anticipate and respect diverse

values, beliefs, and cultures in the community
9. Public health programs and policies should be implemented

in a manner that most enhances the physical and social

environment

10. Public health institutions should protect the confidentiality of
information that can bring harm to an individual or

community if made public. Exceptions must be justified on

the basis of the high likelihood of significant harm to the

individual or others
11. Public health institutions should ensure the professional

competence of their employees

12. Public health institutions and their employees should engage

in collaborations and affiliations in ways that build the
public’s trust and the institution’s effectiveness

Available on the website of the Public Health Leadership Society,

http://www.phls.org (accessed September 2007).
and should obtain the community’s consent for their
implementation’’ (Thomas et al., 2002)

The U.S. Public Health Code of Ethics is unusual among
codes in that it is worded to apply to organizations. Most
other codes of ethics, including the code of SOPHE and the
ethics guidelines of the American College of Epidemiolo-
gists, address the actions of individualswithin the profession.
Of the 12 principles of the PublicHealth Code of Ethics, five
state obligations of public health institutions, four state
responsibilities of public health, and three state ethical prin-
ciples of public health policies and programs. For example,
the eleventh principle in the Code states ‘‘Public health
institutions should ensure the professional competence of
their employees.’’

In a population, one person’s action or condition affects
others. This is perhaps clearest in the case of an infectious
disease where an infected person can transmit the in-
fection to others. Thus, the role of patient autonomy, so
prominent in medical ethics, takes a back seat to the role
of interdependence in public health. Interdependence
dictates that in some instances an individual’s autonomy
or freedom must be restricted to protect the health of
others. Perhaps the key ethical challenge of public health
in a democratic society, then, is the tension between indi-
vidual rights and the health of the community. The Public
Health Code of Ethics acknowledges but does not resolve
this tension by stating in its second principle: ‘‘Public
health should achieve community health in a way that
respects the rights of individuals in the community.’’
Notes on the individual principles that accompany the
Code underscore that in the tension between the individ-
ual and the community, the starting place for public health
is the community.
Relations Between Various Codes Within
Public Health

The codes of the constituent disciplines of public health
narrow in on particular concerns within the profession. In
doing so, they enumerate more principles than does the
code for public health. The Code of Ethics of the Ameri-
can College of Healthcare Executives consists of 39 prin-
ciples grouped into six responsibilities: to the profession,
to patients, to the organization (i.e., an employer), to
employees, to the community, and to report violations of
the Code. The SOPHE Code of Ethics consists of 38
sections or principles categorized into six articles or
responsibilities. The responsibilities are to the public,
the profession, employers, the delivery of health educa-
tion, research and evaluation, and professional prepara-
tion. As an example of the level of detail, the first section
of the third article (pertaining to responsibilities to
employers) states ‘‘Health Educators accurately represent
their qualifications and the qualifications of others whom
they recommend.’’

http://www.concertation.org
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None of the principles in the three codes for constitu-
ent organizations (ACE, ACHE, SOPHE) disagrees with
the Public Health Code of Ethics. Each affirms account-
ability, equity, confidentiality, professional competence,
and more. One potential area for disagreement between
the codes for epidemiologists and public health relate to
advocacy. Some epidemiologists assert that advocating for
certain groups or needs compromises scientific objectivity.
Yet, the Public Health Code states that ‘‘Public health
should advocate and work for the empowerment of disen-
franchised community members.’’ The ACE avoided this
controversy by stating both sides of the issue: ‘‘In confront-
ing public health problems, epidemiologists sometimes act
as advocates on behalf of members of affected commu-
nities. Advocacy should not impair scientific objectivity.’’

A few principles in the Public Health Code of Ethics
are not addressed in the other codes. The Public Health
Code, for example, emphasizes the importance of preven-
tion and addressing the fundamental causes of disease. It
also speaks clearly of the need to allow communities to
have input into policies affecting them, and for collabora-
tion among institutions and organizations. The absence of
these principles from the other codes does not represent a
disagreement. Rather it highlights the value of a code that
transcends the perspectives of the constituent disciplines
within public health, one that maintains a broader, inter-
disciplinary perspective. The agreement and complemen-
tarity of the codes demonstrate that one code does not
supersede another. A professional needs both the global
perspective of the Public Health Code and the particu-
larity of the code of his or her narrower profession.
Research Ethics

Principles and rules for research ethics have developed
along a path separate from codes of ethics. They have
evolved out of recommendations resulting from high-
profile research abuses such as Nazi war crimes and the
Tuskegee study of untreated syphilis. The principal con-
cerns in research ethics are informed consent and the
protection of vulnerable individuals such as prisoners
and minors. To ensure compliance with prescribed pro-
cedures in federally funded research, there exists an in-
stitutional infrastructure reaching from the federal
government to individual institutions such as universities.
Institutions found not to comply with the prescribed pro-
cedures can lose their license to conduct federally funded
research until they are found to be compliant once again.

Codes of ethics for the practice of public health do not
have the enforcement structures seen in research ethics.
Rather, the codes are aspirational, articulating the values
and expectations of the profession. They are a means of
being transparent and enabling the public they serve to
hold them accountable for their actions. In addition, they
serve as a tool for identifying and addressing ethical
issues. For example, ethical issues in the application of
genomics to public health were identified by considering
genomics in light of each principle of the Public Health
Code of Ethics in turn (Thomas, 2005).
Conclusion

Codes of ethics are important to the degree they lead to
trust in public health institutions. The effectiveness of
public health institutions depends heavily on the trust of
the populations they serve. Distrust results in passive
resistance and in some cases active resistance to policies
and programs. A code of ethics reminds an institution of
what it must do to maintain that trust.
See also: Ethics of Health Promotion; Ethics of

Immunization; Ethics of Infectious Disease Control;

Ethics of Organ Transplants; Ethics of Screening; Health

Technology Assessment: Ethical, Legal and Social

Issues; Reproductive Ethics: Ethical Issues and the

Menopause; Reproductive Ethics: New Reproductive

Technologies; Reproductive Ethics: Perspectives on

Contraception and Abortion; The Ethics of Public Health

Research: Moral Obligations to Communities.
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As we age, changes in the physical aspects of our bodies
have corresponding changes in function. Transformation
in physical stature as a result of aging may be accompa-
nied by reduced flexibility or decreased motor speed, and
although it is not a welcome change, it is one with an
observable correlate that is often understood or expected.
In contrast, changes in cognition are not associated with
any directly observable physical alteration, and as a result,
they can be unexpected or a source of distress. However,
there are in fact structural changes that occur in the brain
as we age.

These changes over time result from loss of neurons
that occurs throughout the life span, resulting in
decreased brain weight and volume. This is influenced
in part by genetics, but is also affected by the environment
and lifestyle factors, such as nutritional status, alcohol
consumption, tobacco usage, level of education, and his-
tory of trauma. These lifestyle factors may be associated
with one’s vulnerability to developing cognitive disorders
with aging. For example, high levels of education have
been associated with cognitive reserve, a concept that
supposes that an individual’s education and other life
experiences create a supply of skills or a knowledge base
that can be called upon in situations when cognitive
functioning is challenged (i.e., following neuronal loss
from injury or disease). In theory, individuals with greater
cognitive reserve (e.g., better educated) may be able to
sustain greater cerebral insult before cognition becomes
noticeably compromised. On the contrary, factors such as
cerebral insult sustained in one’s lifetime (traumatic head
injury) may increase risk for development of cognitive
disorders in late life. Perhaps one of the most striking
examples of this comes from the literature on professional
boxers who, as a result of their occupation, sustain
repeated blows to the head. Boxers with greater exposure
to the sport have been found to be at increased risk for late
life cognitive decline. More common everyday examples
include increased vulnerability associated with the dele-
terious effects of a lifetime of chronic alcohol consump-
tion, tobacco use, or prolonged nutritional deficiencies.
Patterns of Age-Related Cognitive
Decline and Cognitive Disorders

It is difficult to gauge whether the changes one experi-
ences in thinking abilities can be attributable to normal
aging, or if there is an issue of greater concern. Normal
age-related changes in cognition are not disabling, and
generally present as more of a nuisance than a real prob-
lem. They do not interfere with an individual’s ability to
carry on conversations, manage finances, and coordinate
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other basic everyday activities. Differentiating normal
age-related changes in cognition from disease-associated
impairment can be a challenge, even for health-care prac-
titioners. Not all aspects of thinking abilities decline with
age. Studies show that over-learned verbal information,
such as vocabulary, general fund of knowledge, and
reasoning, tend to stay relatively intact until advanced
old age. The degree to which these abilities do decline is
relatively small and typically imperceptible by others. In
comparison, performance-based skills, such as novel prob-
lem solving or tests that involve speed of information
processing, tend to show more significant age-related
declines.

Perhaps the most frequent cognitive complaint of older
adults is decreased memory, especially with advanced
aging. Common complaints include entering a room and
forgetting what you went in there for, forgetting names,
and misplacing basic everyday objects such as glasses or
keys.Many have referred to this in jest as ‘senior moments,’
given their increased frequency in older adults. These
types of forgetting are similar to difficulties encountered
in the early stage of a cognitive disorder, yet they differ in
terms of frequency and severity. Although forgetting
where you put your car key can be distressing, it is some-
thing that may be regarded as a normal memory failure or
result of inattention. However, forgetting that you need the
key to start the car, or confusion about how to use it, would
be a better indicator of an issue that warrants medical
attention.

Cognitive complaints can often signify other issues of
clinical concern. Table 1 shows common conditions that
may initially present with complaints of cognitive diffi-
culties. It has been said that if you think you have Alzhei-
mer’s disease (AD), you probably don’t. The reasoning
here is that those with disease-associated impairments in
cognition are often not the ones who complain about it
most; it is typically family members that are more
concerned. Individuals with early dementia may be
aware of a change in cognition but tend to minimize the
impact on their everyday functioning. Lack of complaint
should not be erroneously assumed to be indicative of a
lack of impairment.
Table 1 Common factors associated with changes in

cognition

Lifestyle changes (retirement, residential move)

Death of spouse, relatives, friends
Diminution of social network

Sleep disturbance

Depression
Chronic pain

Sensory changes (i.e., reduced vision or hearing)

Medication side effects
Loss of Mental Faculties Is Not a Normal
Part of the Aging Process

Years ago, it was generally accepted that losing one’s
mental faculties was a normal part of the aging process
referred to as senility. Many of those individuals
previously identified as senile probably had what is now
recognized as AD or some other form of dementia. The
term senility has fallen out of favor because its use implies
an unknown etiology and, as a result, no specified treat-
ment or progress. Instead, the term dementia is used as a
way to describe impairment in cognition, usually in the
domain of memory plus some other aspect of cognition,
that interferes with an individual’s ability to function
independently. There have been major advances in the
field of cognitive disorders in the past decade. Most
notably, now there are treatment options for dementia,
and although they were originally thought to simply
delay disease progression, more recent evidence suggests
that these agents may in fact be disease modifiers. In recent
years, increasing efforts have focused on diagnosing
dementia in its earliest stages, since treatment at the first
indication of cognitive compromise may prove to be the
most beneficial.
Mild Cognitive Impairment Is a Risk
Factor for Dementia

The term mild cognitive impairment (MCI) has been
used to describe cognitive decline greater than expected
as compared to age-matched peers, yet not at a level
consistent with a dementing disorder. In its original con-
ception, the term implied mild memory changes (now
referred to as amnestic MCI), but the concept has evolved
to include difficulties in other cognitive domains (non-
amnestic MCI) as well as mild changes in more than one
cognitive domain (MCI-multidomain). MCI reflects cog-
nitive difficulties in the context of otherwise normal
functioning (no interruption in activities of daily living).

Individuals with MCI can be viewed as being in a
transitional state between normal age-related decline
and dementia, yet they may not necessarily progress to a
dementing condition. Estimates vary, but numbers are as
high as suggesting up to 40% of patients with MCI
develop dementing conditions within three years of
diagnosis. Figure 1 shows the annual rates of conversion
fromMCI to dementia over a 48-month period. The litera-
ture suggests that those with amnestic MCI are most
likely to go on and develop AD at a rate of 15–25% per
year. Those with MCI multidomain and nonamnestic
MCI may progress to Alzheimer’s or some other form of
dementia (e.g., frontotemporal dementia, vascular demen-
tia, Lewy body dementia) or other conditions associated
with cognitive compromise.
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Table 2 Common forms of dementia

Alzheimer’s disease

Vascular dementia (also referred to as multi-infarct dementia,

Binswanger’s disease)

Primary progressive aphasia
Dementia with Lewy bodies

Corticobasal degeneration

Posterior cortical atrophy

Infectious diseases (HIV dementia, syphilis, Creutzfeldt-Jakob
disease)

Structural abnormalities (hydrocephalus, tumors)

Toxic substances (alcohol, exposure to heavy metals)
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AD Is theMost Common Formof Dementia

One hundred years ago, there was not as much concern
about late life dementing disorders, mainly because
people were not living long enough to get them. AD
is an age-related disorder, and as a result the incidence
has dramatically increased over the years as the popula-
tion throughout the world is living longer. Numbers of
affected individuals will differ across countries as a func-
tion of life expectancy. World-wide estimates suggest over
25 million people have dementia, and this estimate is
expected to double every 20 years. These staggering pro-
jections are likely the result of numerous factors, includ-
ing increased life expectancies, greater awareness, as well
as the availability of treatments that are delaying the
disease process and possibly extending the lives of
affected individuals. AD is the most common form of
dementia. The neuropathology of senile plaques and
neurofibrillary tangles that are characteristic of the dis-
ease are also found to a much lesser degree in the brains of
healthy older adults.

Aside from age, other hypothesized risk factors for
development of AD include female gender, history of
head trauma, and low levels of education. There are rare
forms of AD that are associated with genetic risk factors,
but the most common form of the disease is likely a result
of a combination of genes and the environment. Genetic
risk associated with the most common form of the dis-
order has been associated with the presence of a particular
type of gene that makes a form of a protein present in
all individuals. Presence of a specific form of this gene
(Apolipoprotein-e4 allele; APOE-e4) has been associated
with increased chance of developing late-onset sporadic
AD. APOE is a susceptibility factor for development of
AD; its presence does not determine who will get the
disease. Given its low sensitivity and specificity as well
as equivocal predictive value for an individual patient,
testing for APOE (APOE genotyping) is not recom-
mended for clinical purposes.

In AD, the primary symptoms of memory decline tend
to come on slowly. It often takes a year or longer before
these symptoms come to medical attention. Symptoms of
forgetfulness and confusion are often observed by family
members, since the affected individual typically has
diminished insight, and even if they admit to memory
problems, they tend to minimize the impact on their
everyday life. In its most common manifestation, AD is
slowly progressive, and cognitive decline may occur over
a period of 8 to 10 years or longer before death. AD is just
one type of dementia. Table 2 lists common forms of
dementia. In the advanced stages, all progressive demen-
tias present with very similar clinical manifestations, and
it is difficult to distinguish among them.
Mixed Dementia (Primary Dementia Plus
Vascular Disease) Is Likely
Underdiagnosed

Perhaps the second most common form of dementia
is that attributable to vascular disease. Aging of the
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cerebrovasculature (blood vessels in the brain) can result
in cognitive difficulties ranging from mild deficits to a
full-blown dementia (vascular dementia, also referred to
as multi-infarct dementia or Binswanger’s disease). These
changes frequently occur in conjunction with Alzhei-
mer’s-like plaques and tangles, resulting in a mixed
dementia (i.e., neuropathology of both AD and vascular
dementia). Given the prevalence of age-related changes in
the cerbrovasculature, and the fact that vascular disease
risk factors have also been found to be associated with
increased risk for AD, mixed dementias likely occur more
frequently than they are recognized. In fact, some inves-
tigators have reasonably argued that mixed dementias
may be the most common cause of late-life cognitive
disorders. Although initially used to describe AD symp-
toms in the presence of cognitive impairment attributable
to vascular disease, the term mixed dementia is also used
to represent the combination of other primary dementing
disorders and evidence of cerebrovascular compromise.
Cognitive Disorders Can Present Initially
as Behavior or Personality Change

Not all cognitive disorders will present with complaints
about memory or thinking as the primary symptom.
Frontal systems dementias, such as Pick’s disease or
frontotemporal dementia, may initially present as changes
in behavior or personality. In some cases, there may be an
exacerbation of premorbid personality characteristics, or
behavior may be uncharacteristic of the individual.
Cognition may be affected, but deficits may be secondary
to behavioral disturbances such as impulsivity, poor judg-
ment, reduced initiative and planning, and impaired ability
to organize. The individual is unable to engage and interact
effectively with the environment, resulting in difficulties
learning and conducting everyday activities independently.
For example, someone with a frontal systems dementia
may be able to conduct each element of food preparation
in isolation, but because they are unable to plan, organize,
and sequence the events appropriately, they cannot prepare
a meal. Presence of these types of symptoms can help in
determining the etiology of the cognitive disturbance.
Visual hallucinations and misidentification syndromes
(e.g., Capgras syndrome, the belief that loved ones have
been replaced by imposters) in the early stages of a demen-
tia may be of diagnostic significance. For example, these
behaviors are more likely to be seen in the early stages of
dementia with Lewy bodies (DLB) than some of the other
forms of dementia. Patients with DLB also present with
confusion and cognitive difficulties not unlike that
observed in AD, although their symptoms may fluctuate
throughout the day between periods of lucidness and con-
fusion. In addition, patients with DLB can be differentiated
from AD by the presence of motor symptoms similar to
those observed in Parkinson’s disease.
Dementia Can Occur in Conjunction with
Movement Disorders

Cognitive disturbances associated with movement dis-
orders can progress to a global dementia. In move-
ment disorders such as Parkinson’s disease, Huntington’s
disease, corticobasal degeneration, and progressive
supranuclear palsy, cognitive difficulties can occur in
conjunction with or following initial symptoms of a dis-
turbance in motor systems. In keeping with slowing of
motor functions (bradykinesia) often found in these dis-
orders, the cognitive disturbance typically reflects slow-
ing of thought processes referred to as bradyphrenia.
Performance on timed tasks is often particularly affected,
as are skills generally referred to executive functions,
which require organization and planning, rapid genera-
tion of responses, and task persistence. Cognitive deficits
can be relatively mild but can advance to a full-blown
dementia as the disease progresses, such that the cognitive
disturbance may be indistinguishable from an Alzhei-
mer’s-type dementia in the advanced stages.
Not All Cognitive Disorders Are
Progressive or Irreversible

The dementing disorders described thus far have gener-
ally referred to progressive and irreversible disturbances
in cognition, the majority of which have a slow, insidious
onset. Those characteristics do not appropriately describe
all late-life cognitive disorders. Perhaps the best example
of an acute alteration in mental status that is also revers-
ible is delirium, which can closely follow medical illness
and present as a sudden change in thinking abilities,
reduced alertness, and confusion. This transient deficit
has a fluctuating course throughout the day, but eventu-
ally resolves shortly after the disturbance that provoked it
is alleviated. Delirium can be differentiated from demen-
tia by several factors relating to the onset, course, and
presentation (see Table 3). Delirium does not necessarily
negate a subsequent diagnosis of dementia, and all else
being equal, those with even mild symptoms of dementia
are at greater risk for developing delirium relative to
cognitively intact individuals.

There are several types of dementias generally
referred to as reversible dementias (e.g., normal pressure
hydrocephalus, depression, metabolic/endocrine disturb-
ances), but it is important to note that cognitive decline
associated with these conditions is not always completely
reversible. For example, if unrecognized, untreated, or



Table 3 Differential diagnosis of delirium versus dementia

based on presenting features

Feature Delirium Dementia

Onset Acute onset Insidious onset

Arousal Reduced consciousness

(drowsy, semi-comatose)

Alert

Attention Clouded attention Intact attention
Symptom

fluctuation

Fluctuating

symptoms

throughout

the day

Insignificant

daily

fluctuationsa

Behavioral

changes

Agitation

and aggression

Agitation and

aggression

usually not
present until

moderate to

advanced

stages

aDementia with Lewy bodies can present with fluctuating cogni-

tive symptoms.
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subject to significant delays in treatment, the cognitive
disturbance in patients with normal pressure hydrocepha-
lus can evolve into a dementing disorder indistinguishable
from other dementias (e.g., AD). The dementia syndrome
of depression is typically regarded as a reversible condi-
tion; however, late life depression may be a warning
signaling the earliest stages of a dementing disorder.
There is a substantial literature describing a relationship
between depression and cerebrovascular disease, and
depression has been regarded as a prodrome to dementia
and a risk factor for development of cognitive disorders
such as AD.
Differentiating Normal Cognitive Changes
from Disease-Associated Impairment

The process of distinguishing between different cognitive
disorders for the purpose of diagnosis includes considera-
tion of demographic and clinical factors such as age,
family history, onset and course of symptoms, and pres-
ence of other signs of dysfunction (e.g., presence and
symmetry of motor abnormalities). Factors such as an
acute onset versus a slowly evolving disturbance in cog-
nition can signal particular etiologies. Neuroimaging can
be helpful in identifying tumors or vascular lesions, and
although there are no specific neuroimaging signs asso-
ciated with primary dementing disorders, imaging may
identify greater than expected atrophy (brain cell loss) for
one’s age. In some cases, it may be necessary to observe an
individual over time to determine whether the disturb-
ance is in fact progressive. The profile of cognitive
functioning on neuropsychological measures (formal
tests of cognitive abilities) can help inform diagnosis as
well as treatment planning.
Neuropsychology: The Study of Brain
Behavior Relationships

The field of neuropsychology involves investigation of
how developmental changes across the life span, diseases,
and injury to the brain affect cognitive functioning. Clin-
ical neuropsychology consists of administration of various
types of tests of thinking abilities, and the resulting infor-
mation is compared to age- and education-matched nor-
mative data and interpreted in the context of an
individual’s demographic, medical, psychiatric, and social
history. Many people are familiar with neuroimaging,
structural assessment of the brain in the form of CT or
MRI (magnetic resonance imaging), in which the struc-
ture of the brain is assessed at a given time point. Neuro-
psychology can be thought of as a functional assessment of
the brain, putting the brain to work and measuring its
functional abilities at a given point in time. In clinical
practice, this information is used in conjunction with
results of structural imaging, a physical exam, and a
detailed medical history to explain cognitive and behav-
ioral symptoms.
Cognitive Disorders Can Be Differentiated
Based on Neuropsychological Profiles

Differences in the profile of cognitive functioning on
neuropsychological tests give clues to the etiology of the
cognitive deficit. For example, the memory changes in AD
differ from those associated with vascular dementia. AD is
characterized by rapid forgetting of new information.
Basic attention is typically intact in the early stages, and
as a result, the AD patient may be able to demonstrate
learning (albeit at a rate compromised relative to premor-
bid expectation). Despite learning of material, recall of
this information after a delay is markedly impaired. The
AD patient may not even remember being given the
information to begin with. In comparison, individuals
with vascular cognitive impairment tend to have signifi-
cantly greater difficulty learning at the point of acquiring
the new information, particularly when there is no inher-
ent structure in the information to be remembered
(e.g., lists of words as compared to story recall). Never-
theless, when questioned about the material after a delay
period, these individuals tend to recall the information
they initially learned. Certain cognitive disturbances
that may be present in a variety of disorders may be
the predominant presenting symptom distinguishing a



764 Cognitive Disorders
particular type of dementia, such as marked aphasia in the
patient with primary progressive aphasia, visuospatial
deficits in patients with posterior cortical atrophy, or
marked behavioral disturbances and social inappropriate-
ness in patients with Pick’s disease.
Preservation of Cognitive Function
with Aging

The phrase ‘use it or lose it’ implies that engaging in
challenging cerebral activity will stimulate the brain and
help to maintain mental fitness, and failure to do so will
have undesirable consequences. Research supports this
notion, with studies showing that seniors who stay active,
mentally as well as physically, perform better on tests of
cognitive functioning. Further, people who engage in
mentally stimulating behaviors throughout their life are
believed to build cognitive reserve that may serve a pro-
tective role in preventing the development of late-life
cognitive disorders. The literature suggests that other
health and lifestyle factors may affect age-associated cog-
nitive decline.

Studies have shown that higher fish consumption (at
least once per week) in North Americans and Europeans
was associatedwith reduced incidence of AD.Other studies
have shown that eating fruits and vegetables high in anti-
oxidants helps to fight off free radicals, which are de-
trimental to brain function. Alcohol consumption has
been said to have an aging effect on the brain. While
many sources cite benefits of modest consumption (partic-
ularly red wine) for cardiovascular health, excessive abuse
has been associated with increased brain atrophy (wasting
away of brain tissue) and cognitive dysfunction. Smoking
is associatedwith changes in the cerebrovasculature, affect-
ing blood flow to the brain and other vital organs.

Numerous clinical trials have been conducted to assess
possible neuroprotective effects of prescription medica-
tions, herbal supplements, and hormones. Nonsteroidal
anti-inflammatory drugs (NSAIDs) such as aspirin or
ibuprofen have been investigated as potential agents to
ward off cognitive decline based on the theory that brain
inflammation plays a role in the development of late life
cognitive disorders. It is unclear whether the preventative
benefit observed in some studies with NSAIDs was due to
other extrinsic factors, and their use is not recommended
for preventing cognitive decline at this time. These agents
should not be taken without a doctor’s advice, since their
use can cause severe bleeding and other complications.
Early studies on estrogen were promising in terms of a
protective effect on cognitive decline; however, later
studies yielded contradictory findings. Given equivocal
findings and the risks associated with use, more research
needs to be done on hormones and cognition.
There is no one substance that will prevent dementia;
other agents such as statins (used to control cholesterol) and
herbal supplements (such as Ginkgo biloba) are regarded by
some as neuroprotective, but the results of controlled exper-
imental investigations in these types of agents have been
regarded as equivocal due to methodological limitations (e.
g., lack of statistical power) or inconsistent findings across
studies. Ginkgo biloba is widely used throughout Europe
for treatment of cognitive decline. Although a systematic
review of Gingko biloba revealed a positive effect over
placebo, specific recommendations for use in treating cog-
nitive disorders are deferred awaiting further investigations.
The GEM trial (Ginkgo Evaluation of Memory) is a large-
scale (>3000 participants), double-blind, randomized con-
trolled trial designed to investigate Ginkgo biloba in the
prevention of dementia that completed recruitment in 2002
(DeKosky et al., 2006). When the results of this well-
designed 5-year trial are published, they may shed some
light on the effectiveness of Ginkgo biloba in preventing
late-life cognitive decline.

Sensory changes can mistakenly present as or exacer-
bate cognitive decline; failure to accurately hear what has
been said or see clearly interferes with one’s ability to
process and retain information. Correcting hearing and
vision as needed may improve one’s ability to engage in
the environment and acquire what is needed to process
information efficiently. Systemic illness and medications
used can also influence how well a person engages in the
environment, having an indirect effect on cognitive abil-
ities. Given the known effects of cerebrovascular disease
on mental status as well as the association of vascular risk
and changes with the development of late life cognitive
disorders, Alzheimer’s Disease International researchers
advocate public health policies that address reducing mod-
ifiable risk factors for cerebrovascular disease (elevated
cholesterol, tobacco use, diabetes). These risk factors not
only are associated with diseases that threaten mental
functioning, but have in and of themselves been associated
with cognitive decline. Sleep and mood disturbances also
influence how well an individual processes information
and can present with changes in cognitive function that
may be alleviated once the primary disturbance is treated.
Perhaps the best plan for dementia prevention is conso-
nant with recommendations to prevent other diseases:
maintain your best health by paying attention to lifestyle
factors that influence your physical and mental status (e.g.,
diet, exercise, alcohol/tobacco consumption, stress). In
general, those that fare best tend to be those with a healthy
attitude toward aging. Keeping active, both physically and
mentally, may serve a protective role against cognitive
decline associated with aging.

See also: Cerebrovascular Disease; Genetic Factors of

Cardiovascular Diseases.
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Glossary
Antithrombosis prophylaxis A treatment given to

prevent the formation of a clot inside a blood vessel,

obstructing the flow of blood.

Crohn’s disease An inflammatory condition of

unknown etiology that can affect any portion of the

gastrointestinal tract from the mouth to the perianal

area.

Epidermal growth factor A growth factor that plays

an important role in the regulation of cell growth,

proliferation and differentiation.

Familial adenomatous polyposis A genetic

predisposition to colorectal cancer caused by

mutations in the adenomatous polyposis coli gene.

Genitourinary The genitourinary system is the

organ system of all the reproductive organs and the

urinary system.

Hereditary nonpolyposis colorectal cancer

(or Lynch syndrome) A genetic predisposition to

colorectal cancer caused by germline mutations

in DNA mismatch repair genes.
Hyperinsulinemia Too much insulin in the blood.

Laparoscopic resection A modern surgical

technique in which operations in the abdomen are

performed through small incisions.

Laparotomy A surgical procedure involving an

incision through the abdominal wall to gain access

into the abdominal cavity.

Methionine An a-amino acid.

Microsatellites Regions of the gene characterized

by repetition of short DNA sequences.

Postoperative ileus A lack of passage due to

paralysis of the bowel, after intra-abdominal surgery.

Ulcerative colitis An inflammatory bowel disease of

unknown etiology that is characterized by recurring

episodes of inflammation.

Vascular endothelial growth factor A growth factor

that plays an important role in the regulation of both

vasculogenesis (the de novo formation of the

embryonic circulatory system) and angiogenesis (the

growth of blood vessels from pre-existing

vasculature).
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Epidemiology

Incidence

In terms of incidence, colorectal cancer ranks fourth in
frequency among males, with approximately 550 000
new cases a year worldwide, and third among females,
with an estimated 473 000 newcases. The age-standardized
incidence is 20.1 per 100 000 a year for males and 14.6 for
females. Mortality is about one-half that of incidence with
approximately 530 000 deaths in 2002 (males, 280 000;
females, 250 000). With an estimated 2.8 million persons
alive within 5 years of diagnosis, colorectal cancer repre-
sents 11.5% of all prevalent cancer cases, the second most
prevalent cancer in males after prostate cancer (1 515 000
cases) and the third most prevalent cancer in females after
breast and cervix uteri (1 315 000 cases).

In general, the incidence of colorectal cancer is high
in developed countries (North America, Western Europe,
Australia, New Zealand, and Japan) and low in Africa
and Asia, with incidence rates varying by as much as
25-fold worldwide. In high-risk populations, the ratio of
incidence between colon and rectal cancer incidence is
2:1 or more, whereas colon and rectal cancer rates are
generally similar in low-risk countries. The geographical
differences in incidence rates, and the disparity in colon
and rectal cancer, are likely to be due to environmental
exposures and dietary factors.

Colorectal cancer is rare before the age of 40. Inci-
dence increases significantly in each successive decade
of age. The lifetime incidence of sporadic colorectal can-
cer is approximately 5%, with nearly 50% of the cases
occurring after the age of 70.

Incidence rates have been declining in the United
States since 1985. This decline has been attributed to
increased screening and therapeutic interventions, follow-
ing the then U.S. President Ronald Reagan’s diagnosis
of colorectal cancer in 1985. Incidence rates have tended
to stabilize in recent years in Western Europe, suggesting
that similar trends toward a decline may be seen in the near
future. On the other hand, incidence is increasing rather
rapidly in countries where overall risk was formerly low,
especially in Japan. A proportional shift in tumors from
the rectum and sigmoid to the colon has been reported.
Survival

Improvement in survival has been reported recently in
some European countries and in the United States. In
Europe, there was an overall 10% increase in relative
survival between 1978–80 and 1987–89, more marked in
Western than Northern Europe. Improved diagnostic and
treatment procedures, allowing earlier diagnosis and a
more effective treatment, with reduction of periopera-
tive mortality and better adjuvant chemotherapy are all
potential explanations for the improvement in colorectal
cancer survival.

Population-based data from cancer registries suggest
that colorectal cancer survival is higher in the United
States than in Europe. The overall relative survival was
65.2% in the United States for the 1991–2000 period,
whereas the European average 5-year relative survival
was only 51% for colon cancer and 48% for rectal cancer.
One study (Gatta, 2003) reported that the survival advan-
tage for colorectal cancer patients in the United States can
only be partly explained by differences in the distribution
of subsite and morphology and that the main explanatory
difference was the proportion of adenocarcinomas arising
in a bowel polyp (13% in the United States vs. 2% in
Europe). In this study (Gatta, 2003), the proportion of
cases with unspecified subsite was higher in Europe than
the United States (10% vs. 2%) and the 5-year survival
13–22% higher in the United States than in Europe for
each anatomical subsite. Five-year survival was also higher
in the United States than Europe for each morphological
group, with the exception of non-microscopically verified
cases, which were more frequent in the United States
than in Europe (16% vs. 3%). Survival data for the
United States, obtained from nine cancer registries in
the U.S. Surveillance, Epidemiology and End-Results
(SEER) study, may be subject to methodological flaws
and are not fully representative of the United States as
a whole either. To date, there is no definitive explana-
tion to this survival difference. The first population-
based survival comparison between the United States
and Europe since the 1960s, the CONCORD study, is
currently in progress and will provide new data.

There are important regional differences in survival
across Europe reflecting differences in the effectiveness
of health-care systems, availability of diagnostic and ther-
apeutic facilities, and quality of treatment. Whereas the
5-year relative survival for men with colon cancer is
higher than 55% in Spain, France or Austria, it is below
45% in Denmark, Wales or countries in Eastern Europe
(26.3% for Poland). Relative survival rates for men diag-
nosed with colon cancer during 1982–92 in five deve-
loping countries – China, Cuba, India, the Philippines,
and Thailand – ranged from 28% to 42%.

Stage at diagnosis is probably the major prognostic
factor. It has recently improved in many countries because
of better information with earlier visits to the doctor
for digestive tract symptoms and more widespread use
of endoscopy. The proportion of tumors diagnosed at an
advanced stage remains too high, however, with 20–30%
of patients having clinically detectable metastases at the
time of the initial diagnosis. Stage at diagnosis is the major
determinant of survival differences between European
populations.

Age is also a major prognostic factor. In Europe, 5-year
relative survival for colon cancer declines slowly with
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increasing age up to 74 years (from 56% to 51% between
45–54 years to 65–74 years), but fell sharply in patients
over 74 years (46%). The prognosis of elderly patients is
bad and, contrary to what was observed for younger
patients, there was no significant change for survival in
elderly patients. Those patients are more likely to be
diagnosed with advanced stage and less likely to receive
optimal treatment. This is a major public health problem
since, in the near future, the majority of colorectal cancers
will occur in patients aged 75 and above.

It is well established that socioeconomic status is
a major prognostic factor for many cancers, including
colorectal cancer. In England and Wales, improvements
in survival were usually greater for those living in affluent
areas than those in deprived areas, even after correction
for the widening differences in overall mortality between
rich and poor. The overall increase in survival during
the 1990s was significantly associated with a widening
deprivation gap in survival, suggesting the influence of
delay or less effective access to diagnosis and treatment
for patients living in more deprived areas.

In the United States, racial disparities are particularly
pronounced. Whereas colorectal cancer mortality rate
decreased approximately 1.9% a year for white patients,
it has fallen by 0.8% a year for African-American patients.
The 5-year relative survival was 65% for Whites and 55%
for African-Americans. Much of this difference in survival
is explained by differences in stage at diagnosis. This
apparent race effect is in fact a socioeconomic effect:
African-Americans have lower median incomes, are
more likely to be poor, less likely to have health insurance,
and more likely to have less than a high school education
than white patients.
Risk Factors and Causes

The risk factors for colorectal cancer are both environ-
mental and genetic. There is no family history in approx-
imately 70% of colorectal cancer, and these cases are
Sporadic cases
70%

Cases with familial risk
10–30%

Figure 1 Distribution of colorectal cancer. Reproduced fromBurt RW
with permission from Elsevier.
considered to be sporadic. Roughly 10–30% of colorectal
cancers occur among patients with a familial risk. Fewer
than 5–10% of colorectal cancer cases develop in the
setting of defined hereditary cancer syndrome with an
inherited predisposition related to specific germline
mutation. Familial adenomatous polyposis (FAP) and
hereditary nonpolyposis colorectal cancer (HNPCC, or
Lynch syndrome) are the most common of these familial
colon cancer syndromes (Figure 1).
Familial Cancer Syndromes

Familial adenomatous polyposis

FAP is caused by a germline mutation in the adenomatous
polyposis coli (APC) gene and inherited in an autosomal
dominant pattern. FAP and its variants account for less than
1% of colorectal cancers. Patients with the classical form of
FAP develop hundreds to thousands of colon polyps, usu-
ally starting in their teenage years. All patients will develop
colorectal cancer from the colon polyps by age 40 and must
be offered a prophylactic colectomy to prevent cancer.
A milder type of familial adenomatous polyposis, called
autosomal recessive familial adenomatous polyposis, has
been identified and is related to mutations of the MYH
gene. People with the autosomal recessive type have fewer
polyps than those with the classic type.

Hereditary nonpolyposis colorectal cancer

HNPCC, Lynch syndrome, is an autosomal dominant
syndrome that accounts for 2–3% of colorectal cancers.
It is caused by germline mutations of mismatch repair
genes (see the section titled ‘Pathogenesis’). Colon can-
cers in HNPCC are characterized by early age of onset
and predominant involvement in the right (or ascending)
side (or part) of the colon. Cancer risk is also increased
for endometrial, ovary, stomach, small bowel, the hepato-
biliary system, and the urinary system. Clinical criteria
defining HNPCC have been developed (Amsterdam cri-
teria, Bethesda guidelines).

Genetic counseling is mandatory when a familial
cancer syndrome is suspected.
HNPCC
2–5%

FAP
= 1%

(2000) Colon cancer screening.Gastroenterology 119: 837–853,
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Familial or Personal History of Colorectal
Cancers or Adenomatous Polyps

Patients with a personal or a familial history of colorec-
tal cancer or adenomatous polyps have a greater risk
of colorectal cancer than the general population. After
resection of a single colorectal cancer, the risk of meta-
chronous (subsequent) primary colorectal cancer in the
first 5 years is between 1.5 and 3%. First-degree relatives
of persons with colon cancer have a two- to threefold
increased risk of colorectal cancer.
Inflammatory Bowel Disease

Studies have reported a five- to 15-fold increased risk
of colorectal cancer in patients with ulcerative colitis
(UC), a chronic and inflammatory disease of the large
bowel. The risk factors for colorectal cancer in UC
include longer duration of disease, greater extent of
disease (pancolitis), associated primary sclerosing cho-
langitis, and the finding of precancerous dysplasia of
the bowel. Patients with Crohn’s disease (CD), another
inflammatory bowel disease, are also at increased risk for
colorectal cancer, but the risk is not as great as that in
UC. Recent studies suggest that colorectal cancer in
patients with preexisting inflammatory bowel disease
may be less frequent than previously believed, possibly
because of effective therapies and prevention strategies
(periodic colonoscopic examinations with biopsies to
identify dysplasia and cancer).
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Figure 2 Colorectal cancer carcinogenesis.
Environmental Risk Factors in Sporadic Cases

Studies of migrants clearly show that the risk of colon
cancer is related to environmental factors: When popula-
tions moved from low-risk to high-risk areas, the inci-
dence of colorectal cancer increased rapidly within the
first generation, implying that dietary and other environ-
mental factors constitute a major component of risk.

Recognized risk factors are related to lifestyle and
environment. There are strong correlations between risk
of colorectal cancer and the intake of a diet high in red
and processed meat or in animal fat. Physical inactivity
and excess body weight are consistent risk factors. Insulin
resistance and subsequent hyperinsulinemia is induced
by excess energy intake and some aspects of the Western
diet (e.g., saturated fats and refined carbohydrates). High
alcohol consumption, probably in combination with a
diet low in some micronutrients such as folate and methi-
onine, and smoking early in life are all likely to increase
risk of colon cancer. Whereas previous studies have iden-
tified a role for dietary fibers in the pathogenesis of
colorectal cancer, recent epidemiologic studies have
tended not to support a strong influence of fiber. Fiber
supplementation had no significant protective effect for
the development of recurrent colorectal adenomas in
randomized controlled studies.

Some protective factors have been identified such as
a diet high in fruit and vegetables, regular physical activity,
and the regular use of aspirin or nonsteroidal anti-
inflammatory drugs. A meta-analysis of three controlled
trials concluded that calcium supplementation significantly
decreased the risk of recurrence of colorectal adenomas.
Pathogenesis

Colorectal carcinogenesis is a long-term multistep pro-
cess, the adenoma-to-carcinoma sequence, with each step
corresponding to key generic events (Figure 2). Specific
germline mutations are responsible for the inherited colo-
rectal cancer, while the accumulation of somatic muta-
tions over time, linked to environmental exposures and
affected by individual genetic susceptibility, results in
a pathologic evolution from premalignant adenoma to
invasive cancer in sporadic cases. It is estimated that the
complete adenoma-to-carcinoma sequence can take from
7 to 15 years.

Recent progress in molecular biology has identified
at least two types of colorectal tumors that are distinct
by their carcinogenic processes (Figure 2). The first
group, LOH-positive (loss of heterozygosity) colorectal
cancers, is characterized by a chromosomal instability
with hyperploidy and allelic losses involving preferen-
tially chromosome 18q and chromosome 17p. Mutations
of tumor-suppressor genes (e.g., APC, DCC, SMAD4,
SMAD2, p53) and oncogenes (e.g., K-ras, c-myc, c-erb-2)
are characteristic. Mutations in the APC gene occur
early in the process, while others generally occur later.
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This mechanism is responsible for about 85% of sporadic
colorectal cancers and involved in patients with PAF.

The second group, MSI-positive (microsatellite insta-
bility) colorectal cancers, is characterized by genetic
instability. Microsatellites are genomic regions in which
short DNA sequences (or a single nucleotide) are repeated.
During DNA replication, mutations occur in some micro-
satellites, resulting in instability. These abnormalities are
usually repaired by the mismatch-repair proteins, coded by
mismatch-repair genes (e.g., hMSH2, hMLH1, or hMSH6).
The repair is inefficient in tumorswith germ-line or acquir-
ed mutations of these genes. HNPCC is the hereditary
form of this pathway, which is responsible for approximately
15% of sporadic colorectal cancers. Besides oncogenes
and tumor-suppressor genes, which are also involved in
the chromosomal instability mechanism, further tumor-
suppressor genes (e.g., BAX, IGF2R, and TGFBR2) are also
involved in this pathway.
Screening

Colorectal cancer is a common disease, fatal if left
untreated, and usually preceded for many years by a
benign lesion that can be detected before clinical symp-
toms. It therefore meets the main requirements to justify
mass screening, providing the screening test is effective
and acceptable, and treatment for screening-detected
disease is more effective than treatment for disease diag-
nosed later, when clinical symptoms arise. The objectives
of screening are to prevent death from colorectal cancer
by detecting and treating curable cancers and to prevent
colorectal cancer from arising in the first place by remov-
ing adenomas.

The fecal occult blood test (FOBT), sigmoidoscopy,
and colonoscopy (direct visual inspection of the lower
bowel or the entire bowel using a flexible telescope)
have all been considered screening tests for colorectal
cancer, but only FOBT has been extensively evaluated
as a screening tool at the population level.

Mass screening using FOBT, followed by a colo-
noscopy in the event of a positive test result to detect
the source of bleeding, is effective in reducing mortality
from colorectal cancer. A study conducted in Minnesota
among 46 551 volunteers aged between 50 and 80 years
showed the efficacy of 2-yearly rehydrated FOBT in redu-
cing colorectal cancer mortality by 21%. This result may
not be directly transposable to the general population
because the compliance of the general population with
FOBT is much lower than that of volunteers, and the
rehydration technique used to examine the stool sample
for occult blood in that study is known to produce unduly
high rates of positivity (incorrectly suggesting blood in the
feces), and thus of subsequent colonoscopies; this is not
compatible with mass screening. Four population-based
studies have been set up to evaluate the effectiveness
of biennial FOBT screening in more typical conditions
of medical practice. The interest of the study conducted in
Sweden (Kewenter, 1988) is limited because the screening
test was only performed twice. Acceptability of the test
ranged between 53 and 67% at the first screening; positivity
rates were 2.1% initially and 1.3% on average in the suc-
cessive rounds. Colorectal cancer mortality was signifi-
cantly lower in the screening population compared with
the control population (mortality ratio, 0.82 to 0.86). The
reduction in mortality was more pronounced in those who
participated at least once (mortality ratio, 0.61 to 0.67).
A meta-analysis including all controlled trials of screening
for colorectal cancer using the Hemoccult® FOBT has
reported a reduction in colorectal cancer mortality of
16% (RR, 0.84; CI, 0.77–0.93) among persons allocated to
screening. When adjusted for screening attendance, the
mortality reduction was 23% (RR 0.77, CI: 0.57–0.89).
Overall, it may be concluded from these studies that if
10 000 people were offered a biennial Hemoccult screening
program and two-thirds attended for at least one Hemoc-
cult test, 8.5 deaths (CI, 3.6–13.5) from colorectal cancer
would be prevented over 10 years.

More complex fecal occult blood tests, especially
immunological tests, have been developed. They are
more sensitive, but their specificity at the population
level is not well established.

The effectiveness of flexible sigmoidoscopy as a
screening tool is currently being tested in randomized
trials in England and Italy. Preliminary results of the UK
trial suggest that the flexible sigmoidoscopy screening
regimen is acceptable, feasible, and safe, with a high
prevalence of neoplasia and an acceptable colonoscopy
referral rates of 5%.

Colonoscopy remains the gold standard for colorectal
exploration. It has the advantage of allowing assessment
of the entire colon with the possibility of simultaneous
biopsy and removal of any polyps (polypectomy). It can-
not, however, be considered as the reference test for
mass screening of asymptomatic people in the general
population because of its cost, the risks, and the incon-
venience to the subject, and it should only be performed
when the fecal occult blood test is positive.

Recommendations on colorectal cancer screening in
the European Union are as follow:

Faecal occult blood screening should be seriously consid-

ered as a preventive measure. The decision on whether or

not to embark on these screening programs must depend

on the availability of the professional expertise and

the priority setting for healthcare resources. If screening

programs are implemented they should use the fecal

occult blood screening test and colonoscopy should be

used for the follow-up of test positive cases. Screening

should be offered to men and women aged 50 years to
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approximately 74 years. The screening interval should be

1–2 years. Other screening methods such as immunologi-

cal tests, flexible sigmoidoscopy and colonoscopy can at

present not be recommended for population screening

(Advisory Committee on Cancer Prevention, 2000:

1473–1478).

People with high risk (medical or family history
of colorectal cancer or adenomas, inflammatory bowel
disease) or very high risk (familial syndromes) should
not enter mass screening programs. They deserve individ-
ual screening based on colonoscopy at frequent specified
intervals.

New screening tests are being developed such as virtual
colonoscopy and the stool DNA-based screening test. They
are not yet considered to be viable options for mass screen-
ing, because their test performance and effectiveness in
reducing colorectal cancer mortality have not been char-
acterized in average-risk patients in the community.
Diagnosis and Staging

The most frequent clinical symptoms of patients with
colorectal cancer are intestinal bleeding, abdominal
pain, and/or a change in bowel habits. Less frequently
weakness, anemia without other gastrointestinal symp-
toms, and weight loss may be the initial symptoms. The
most common metastatic sites are the regional lymph
nodes, liver, lungs, and peritoneum. Patients may present
with signs or symptoms referable to any of these areas.

In addition to a complete physical examination with
a digital rectal examination, colonoscopy should be per-
formed when colorectal cancer is suspected. It will allow
lesions to be localized anywhere in the large bowel, a
biopsy to be taken of any tumor, and removal of any
polyps. Biopsies will allow pathological confirmation of
the diagnosis. The majority of colorectal cancers are ade-
nocarcinomas, arising from glandular tissue of the lining
of the bowel.

Treatment and prognosis will depend upon local and
distant disease extension, and complementary tests should
be performed once the diagnosis is established. Abdomi-
nal and pelvic ultrasound and chest radiography are
routinely recommended for the evaluation of regional
tumor extension, regional lymphatic spread, and metas-
tases to other organs. The necessity for a preoperative
scan with computerized tomography (CT) for all patients
with CRC is still being debated because, compared with
ultrasound, the information from CTwill rarely alter the
planned surgical approach and is generally not justified
for routine preoperative evaluation of all patients. Local
staging of rectal cancer is essential to distinguish early
tumors, suitable for treatment by surgery alone, from
locally advanced tumors that need additional therapy in
order to facilitate surgery and improve outcome. Besides
digital rectal examination, endorectal ultrasound and
magnetic resonance imaging (MRI) are recommended.

The TNM (tumor, nodes, metastasis) system of the
American Joint Committee on Cancer (AJCC) is cur-
rently recommended for colorectal cancer staging. It
divides colorectal cancers into four stages depending
upon depth of the primary ‘tumor,’ presence and number
of involved ‘nodes,’ and presence of distant ‘metastases’
(Table 1). TNM stage at diagnosis remains the best
indicator of long-term prognosis for both colon and rectal
cancer. Five-year survival rates in a series of over 119 000
patients treated between 1991 and 2000 and stratified
according to the TNM staging system were as follows:
Stage I, 93%; stage IIA, 85%; stage IIB, 72%; stage IIIA,
83%; stage IIIB, 64%; stage IIIC, 44%; and stage IV, 8%.
Treatment

Colorectal cancer management will depend upon disease
extension and patient condition. It should be discussed
at a multidisciplinary meeting of the specialists treating
the patient.
Surgery for Primary Tumor

Radical surgery remains the only potentially curative
treatment for colorectal cancer. Major changes in the
principles of rectal cancer resection have been recently
described, whereas there have been few changes in the
principles of colonic cancer resection. Improvements
in perioperative care (mechanical bowel preparation, sys-
temic antibiotics, and prevention of blood clots) have
reduced the operative morbidity and mortality.

The principles of colonic resection for colon cancer
are well accepted. They have not undergone major change
over the last 30 years. The principles of radical resection
include ligation of the vascular pedicle, draining the
tumor, complete resection of the tumor and the adjacent
colon with free margins, and resection of any involved
contiguous organs. Laparoscopic (key-hole) resection for
colon cancer may offer several advantages over conven-
tional laparotomy (open surgery). These include less pain,
shorter postoperative ileus (temporary paralysis of bowel
muscle movements), shorter hospital stay, faster recovery,
and a better cosmetic result. Key-hole surgery can be per-
formed following the same principles as open surgery, with
an equivalent quality and the same results in terms of
disease control and survival. The laparoscopic approach is
considered an acceptable alternative to open surgery for
colon cancer.

Recent progress in the surgery of rectal cancer allows a
better chance of cure, with less mutilation and a better
preservation of intestinal and genitourinary function. The
most important advance in rectal surgery has been the



Table 1 TNM staging system for colorectal cancer

T stages describe tumor size and the depth of penetration through the tissue layers of the colon and rectum
. Tx: Tumor cannot be assessed
. T0: No evidence of cancer
. Tis: Carcinoma in situ, intraepithelial or invasion of lamina propria (intramucosal)
. T1: Tumor invades submucosa
. T2: Tumor invades muscularis propria
. T3: Tumor invades through the muscularis propria into the subserosa, or into nonperitonealized pericolic or perirectal tissues
. T4: Tumor directly invades other organs or structures, and/or perforates visceral peritoneum

N stages describe the absence or presence of the tumor’s spread into nearby lymph nodes
. Nx: Regional nodes cannot be assessed
. N0: No regional nodes metastases
. N1: Metastases in 1–3 regional lymph nodes
. N2: Metastases in 4 or more regional lymph nodes

M stages describe the absence or presence of distant metastasis
. Mx: Distant metastasis cannot be assessed
. M0: No distant metastasis
. M1: Distant metastasis

Stages
. Stage 0: Tis N0 M0
. Stage I: T1–2 N0 M0
. Stage IIA: T3 N0 M0
. Stage IIB: T4 N0 M0
. Stage IIIA: T1–2 N1 M0
. Stage IIIB: T3–4 N1 M0
. Stage IIIC: any T N2 M0
. Stage IV: any T any N M1
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introduction of the proctectomy with total removal of
the mesorectum (total mesorectum excision). The meso-
rectum is the fatty tissue surrounding the rectum, beneath
the peritoneum, which covers the abdominal organs. This
procedure allows complete removal of the tumor and
the regional lymph nodes that may be affected by the
tumor, while sparing the nearby nerves and vessels. The
circumferential margin (the minimum distance between
tumor and the edge of the tissue removed at surgery) is
correlated to recurrence rate, and it should be greater
than 1mm. The local relapse rate after total mesorectum
excision is lower than 10%. In specialized centers, more
than 80% of surgical resections for rectal cancer are
associated with preservation of the anal sphincter.
Neoadjuvant Treatment for Rectal Cancer

Preoperative radiotherapy is recommended for tumors
located in the middle or lower rectum that are large,
locally invasive, or clinically node-positive (T3/4, N+).
In these situations, radiotherapy has been shown to signif-
icantly reduce the risk of local recurrence, even after total
mesorectum excision, and increase the rate of sphincter
preservation. Preliminary results of controlled trials sug-
gest that the addition of concomitant chemotherapy to
radiotherapy increases the likelihood of a complete path-
ologic response and improves local control; neoadjuvant
radiochemotherapy is increasingly utilized for locally
advanced tumors (fixed tumors, circumferential margin
�1mm on MRI), but its impact on sphincter preservation
and survival remains to be proved.
Resection of Colorectal Cancer Liver
Metastases

Approximately 20–30% of patients with metastatic colo-
rectal cancer have liver only metastases, and potentially
removable at surgery. Sometimes, initially nonresectable
liver metastases may become resectable after chemother-
apy. Patients being considered for treatment of hepatic
metastases should be discussed by a multidisciplinary
team that is experienced in the management of liver
metastases. Surgery should be discussed if all macroscopic
disease can be resected with clear margins and leave
a sufficiently functioning liver. After complete resection,
5-year survival ranged from 25 to 44%, with an operative
mortality of 0–6.6%.
Adjuvant Chemotherapy

The use of adjuvant fluorouracil-based chemotherapy
is considered standard care in patients with resected
stage III colon cancer. Such treatment is associated with
an approximately 30% reduction in the risk of dis-
ease recurrence, and a 20–30% reduction in mortality.
A randomized controlled trial recently demonstrated the
superiority of the FOLFOX4 regimen (oxaliplatin plus
bolus and infusional 5-fluorouracil) over a regimen based
on 5-fluorouracil alone. A 6-month course of FOLFOX4
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is presently considered the standard for adjuvant treat-
ment of stage III colon cancer.

Adjuvant chemotherapy is not routinely recommended
in resected stage II colon cancer, since its benefit is
not clearly demonstrated in this setting. It should be
considered for patients with high-risk stage II (e.g., T4
tumors, perforation, bowel obstruction, poor differentia-
tion, inadequate number of examined lymph nodes).

Palliative Chemotherapy

The objectives of palliative surgery are to increase sur-
vival and improve quality of life. Major progress has been
made over the last 10 years with the use of infusional
5-fluorouracil and the development of regimens using
new cytotoxic drugs such as irinotecan (FOLFIRI regi-
men) or oxaliplatin (FOLFOX regimen). These regimens
have been shown to significantly improve the response
rate, disease-free survival, and overall survival compared
with single-agent 5-fluorouracil, which was the only avail-
able drug until the mid-1990s.

More recently, biologic agents cetuximab (an antibody
that targets the EGF receptor) and bevacizumab (an anti-
body that targets the VEGF), in association with chemo-
therapy, have provided improved results compared to
chemotherapy alone.

Inmore recent clinical trials using newdrugs and biolog-
ical agents, median survival rates were close to 25months.
This is substantial improvement compared to the 10-month
median survival observed with 5-fluorouracil-based
regimens, but the great majority of patients with
metastatic disease remain incurable, with a very poor
5-year survival rate.

The public health burden of colorectal cancer can be
reduced in all the classical ways: By primary prevention,
stopping the disease arising in the first place; by screen-
ing to detect and treat disease at an early stage, when
the outcome is more favorable; by better clinical investiga-
tion to improve the precision of diagnosis; by more effec-
tive surgery and chemotherapy; and by palliation, to reduce
the pain and suffering of patients who cannot be cured. The
balance between these approaches that will be adopted in
different countries will depend on the extent of public
knowledge and concern, on political priorities, and on the
availability of human, physical, and financial resources.

See also: Cancer and Senescence; Cancer Epidemiolo-

gy; Clinical Epidemiology; Gastrointestinal Disorders:

Overview; Genetic Epidemiology.
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History and Background

Community health worker (CHW) is an umbrella term to
describe a lay person who lives and/or works closely with
local communities and who provides basic health care,
including health education. Community health workers
emerged as part of the health workforce during the
twentieth century as a result of the changing environ-
ment. New discoveries in causes of disease during the
nineteenth century began to translate into public health
interventions (such as the provision of clean water and
disposal of human waste) during the twentieth century. As
a result, prevention was seen to be equally important as
cure, and involving local communities in public health
actions became increasingly necessary. This new situation
gave rise to two developments that underpinned the
role of the CHW at the end of the century. The first,
resulting from the lack of human resources to deliver
the new interventions, particularly in the less developed
(and often postcolonial) world, was the involvement of
local lay people in health-care delivery. The second,
promoted in a classic text on health care in the developing
world edited by Maurice King in 1966 (King, 1966), was
the advocacy of involving local communities through
their leaders in planning, executing, and managing health
prevention activities focusing on health education for
behavioral changes and health actions for sanitation.

As a result of this new situation, health professionals
began to use lay people in the community to deliver
health care. In China, in the 1920s, a Rockefeller Founda-
tion pilot program in Ding Xian trained farmers to record
births and deaths, vaccinate for smallpox and other dis-
eases, give first aid, give health education talks, and main-
tain clean wells. In other countries in the developing
world, locals were trained for control of infectious dis-
eases such as diarrhea and malaria. In rural Africa, doctors
would train locals to help with surgery. In the United
States, health guides were trained to link the health ser-
vices with black communities.

Experiences of local community involvement in health
provided evidence and inspiration for the World Health
Assembly’s 1978 meeting in Alma Ata. At that meeting,
the policy of primary health care (PHC) was proposed and
accepted by all member states. PHC, reflecting concerns
for social justice, highlighted the values of equity, commu-
nity participation, prevention, multisectoral collaboration,
and appropriate technology to rapid health improvements
(WHO, 1978). It has been argued that a health-care model
(often described outside the political context of the
Chinese revolution) developed in the People’s Republic
of China gave proof of reasons to pursue these principles.
The most highly profiled contribution was a community
health worker, seen to be a replication of China’s ‘barefoot
doctor.’ Supporting solutions to few human resources for
health care and promoting the political context of a mass
people’s revolution, a ‘barefoot doctor’ was a local person
trained to give basic health care but also to become an
‘agent of change,’ promoting broader engagement of com-
munity people in decision making and responsibility.
Although most often taken outside the political context in
which it developed, the ‘barefoot doctor’ concept became
the focus of debates about the role of the community in
health care.

In the Alma Ata aftermath, there was a flurry of docu-
ments and activities pursuing CHW programs. Many gov-
ernments, reacting to the lack of more concrete proposals
to implement PHC, focused on launching CHWprograms
to prove their commitment to the new strategy. A tendency
arose to identify PHC as CHWs (Mburu, 1994).

More critical than the limited interpretation of PHC,
however, was the development and implementation of
the programs themselves. The debates focused around
two sets of issues. The first was the technical issues,
including training, tasks, competencies, payment (or vol-
unteer), support and supervision, and sustainability. The
second group of issues revolved around the CHW as an
‘agent of change,’ highlighting issues around power and
control. These issues, best articulated in an article by
David Werner (1977) included whether CHWs were
empowered or oppressed as a result of the existing socio-
economic-political structures, bureaucracies, and health
professionals; whether CHWs were valued by community
people; whether CHWs used their positions to gain mate-
rial rewards for themselves; andwhether CHWs promoted
the medicalization of health by overprescribing medicines.

The decade following the Alma Ata Declaration saw a
proliferation of both governments and nongovernmental
organizations (NGOs) initiating and supporting CHW
programs, both in developing and developed countries.
By the end of the 1980s, researchers had collected data to
examine the above issues in some detail. The experiences
of several smaller NGOs in impoverished rural areas
recorded success stories. Several of them, such as Jamkhed
in India, gave proof of how CHWs could extend medical
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care and create opportunities for community participa-
tion and empowerment. In 1959, Maybelle and Raj Arole
graduated from Vellore Medical College in India and
began their rural service, which led them to commit
their lives to the rural poor. By 1970, their experience
inspired them to set up a program in one of the poorest
and most remote places in India. Using curative services
as a community entry point, they began to gain the
trust and confidence of the local people. Responding to
the most immediate need – no water – the doctors worked
with local people to build wells, siting them in the lowest-
caste areas so caste taboos would begin to break. In 1974,
members of farmers’ clubs attached to the hospital carried
out a health survey. As a result of this exercise, the farm-
ers’ club demanded that women be trained as village
health workers. These workers served community people
and began to develop community funds helping those
who lacked resources. They did follow-up on mothers to
ensure antenatal care and vaccination of newborns,
gave health education, and carried out ‘village clean-up’
drives. The program spread throughout the district.
By 1990, Jamkhed was providing training for other
CHWs, both Indian and foreign (Figure 1) (Arole and
Arole, 2002).

Other NGO experiences, such as the White Mountain
Apache program in eastern Arizona, USA, gave evidence
Figure 1 The face of a CHW — kind, caring, compassionate,

and experienced. Photo courtesy by Pitt Reitmaier.
of success in attacking rural poverty and poor health in
areas of deprivation in comparatively rich industrial
nations ( Taylor-Ide and Taylor, 2002).

However, data from large government programs
recorded more difficulties. Examining government
programs in Community Health Workers in National Pro-

grammes? Just Another Pair of Hands?, Walt (1990) and her
colleagues investigated three programs (in Botswana,
Colombia, and Sri Lanka). They concluded that needs for
local health care, the demands of government bureaucracy,
and the lack of money and support by professionals for
wider community development (change agent) roles meant
that the CHW was essentially a low-cost health worker
extending government services. The vision of a community
person able both to extend health services and to facilitate
greater choice and potential for individual health and
material improvement proved difficult to realize.

The period from the 1990s until the early 2000s
saw interest in CHWs begin to wane. Several national
programs disappeared. PHC and CHW programs in
particular proved to be much more costly than previ-
ously considered. Concerns about cost-effectiveness over-
took the Alma Ata vision of a more just, equitable, and
people-oriented health system. The political environment
that supported more social welfare concerns and broad
government benefits gave way, after the collapse of the
Soviet Union, to a more market-oriented political and
economic system. This new environment had several con-
sequences for CHW programs. On the one hand, the new
role of government to oversee rather than to provide
health care meant much less money for government
health delivery programs. On the other hand, decen-
tralization and reduced state support for care provision
stimulated communities to become more involved in
health care at the local level.

In the new millennium, with growing emphasis by
international organizations including the World Bank,
which provides the greatest amount of funding to the
UN, and other Bretton Woods institutions for poverty
alleviation, the CHW has again attracted interest. The
agendas of many international organizations and bilateral
donors began to focus on equity and empowerment as
the way of improving and sustaining the lives of the poor.
As a result, promotion of community-based activities as a
means to break cycles of poverty regained ground. In
health, for example, India has initiated a Rural Health
Mission in 2005, calling again for the support of an
expanded female CHW cadre responsible for building
awareness around village health rights, giving first-level
health care with appropriate referrals, and supporting
family welfare programs (GOI, 2005). Interest also has
been stimulated in training local people to fill large gaps
created by migration of trained health staff to more lucra-
tive jobs in industrialized countries (Haines et al., 2007).
For example, the United Nations Millennium Project in
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2005 called for a massive increase in human resources to
meet the UN Millennium Development Goals.

This overview of the development of CHWs suggests
the importance, value, success, and/or failure of CHW
program can be analyzed by examining five issues.
Issue One: Who is a CHW?

The CHW is a local resident who learns health knowl-
edge and skills, particularly in the area of preventive work
and health education, and serves the local community
people. This person (usually female) should be account-
able to the community for her work. She should be sup-
ported by the health system, but not part of it, and should
be trained for meeting community needs with shorter
courses than professionals (Kahassay et al., 1998).

This wide definition covers both men and women with-
out defining educational qualifications. This definition cov-
ers uneducated women who learn to perform tubectomies
with highly successful outcomes in a rural health program
in Bangladesh. This definition also includes people trained
to extend clinical and preventive services that focus on a
single disease such as malaria. It includes local high school
graduates in New York City, trained to encourage behav-
ioral change to prevent hypertension-related disease
(Walt et al., 1990). However, traditional healers who are
part of local communities are not covered by this defini-
tion unless they are specifically trained as part of a CHW
program. CHWs are not part of the formal health system,
but rather an important support for the system at the
grassroots level.

There has been some discussion as to whether a stan-
dard definition of CHWis critical to their development. It
has been suggested that without such a definition, the
tasks to be carried out and quality of service cannot be
assured. However, the range of experiences of CHW
programs is wide and varied. CHWs record results both
positive and negative that reflect the culture and environ-
ment in which they operate. The reality of CHW pro-
grams rather suggests that flexibility is more important
than standardization, because it allows programs to meet
needs defined by the community that each CHW serves.

Kaseje and Sempebwa (1987) give an example of com-
munity health workers in Saradidi, Kenya. This program
sought to provide outreach to villages covering about
43 000 people in 56 villages. As a beginning 126 CHWs
were trained. Each CHW served 10 households that had
about an average of 4 persons per household. The CHWs
were chosen and supported by the community in which
they lived. They were not required to be literate or to
have a formal education. About 98% were women
between 25–39 years old. They spent about 5–10 days
in the program each month spending about 2 hours
with each household they visited. Although barriers
were identified barriers such as lack of pay, lack of trans-
port, weak village support committees, and lack of med-
icines, only 4 of the 126 CHWs dropped out of the
program after 4 years. The reasons for remaining
included: receiving continuous training; their commit-
ment to serving the village; their view that they were
contributing to the health of the community; the pay
they occasionally received; and their own personal
development.

Experience shows that the CHWs are people who work
with local communities carrying out tasks that range from
extending clinical services to mobilizing at-risk indivi-
duals or all community members to undertake preventive
activities. While small NGO programs have explored and
promoted programs in which CHWs became involved in
wider community development work and empowerment
activities, it appears their immediate value to health
improvements is as an extension of a resource-constrained
health service.

However, demands continue for addressing the role of
CHWas an agent of change.
Issue Two: Can CHWs Be Both Service
Extenders and Facilitators for Community
Improvement?

CHWs within the PHC framework were conceived to be
both service providers and agents of change. The Alma
Ata Declaration posed a challenge for this vision to be
realized. PHC broadened the definition of good health to
include addressing root causes of poor health in the exist-
ing social, economic, and political environment. The view
recognized that health improvements were not simply the
result of health service provision.

The experiences of poverty and community over the last
30 years gives evidence that to be effective CHWs need
to play both roles. They must respond to the commu-
nity needs of health provision but also support community
people to make changes to improve their lives. A study by
Bhattacharyya et al. (2001) reviewing incentives for CHWs
well illustrates this point.

The study reviewed the experiences of a number of
CHW programs. The main conclusion was that the effec-
tiveness of CHWs depends primarily on their relationship
to the community. They noted that it was vital to involve
the community in all aspects of the program. For this
reason, CHWs must play a role as a facilitator in order
to function as a health service provider. One example is
that community people use CHWs for health care when
trust and credibility has been established between pro-
vider and patient. Another example is to meet the high
demands for health care; when the CHWs have worked
closely with other community organizations such as reli-
gious groups or women’s groups and shared concerns and



Figure 2 CHWs—mapping community health problems in Iran.

Photo by SB Rifkin.
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objectives, these groups can lighten the load by taking on
health education activities.

An equally important aspect of facilitation is the pro-
cess that supports empowerment. This process has been
critical, particularly for women, who are the majority of
CHWs around the world. The CHW profits from this
process, in the first instance, by learning new skills and
knowledge and gaining confidence through working with
colleagues and trainers in the program. She helps to
empower the people she serves by giving them the bene-
fits from her own experience and serving as a role model.
This role is particularly evident in countries where
women’s movements and opportunities are limited. The
female CHW is allowed to go to meetings with other
CHWs to promote her work and also take knowledge
and skills to other women who are fairly isolated in their
homes. For women in particular, the facilitation role is as
important as the health provider role. It enables both the
CHWand those she serves to find ways of improving their
lives and their health.

Sheikh et al. (2007) give an example of women health
volunteers in Tabriz City, Iran that illustrates this point.
In the city of Tabriz, a cadre of Women Health Volunteers
(WHV) was created in 1994 to provide health center
outreach to urban women. In the early years, this program
focused on collecting vital statistics from and giving
health education (mainly family planning information)
to the 50 families to whom each WHV was assigned. In
2005, a pilot program was designed to shift the emphasis
of work from information provision to opportunities for
empowerment. A group of WHV were trained in partici-
patory methods then used these visualization of mapping
and priority matrices to do a participatory needs assess-
ment with volunteers from their assigned cohorts. The
needs assessment revitalized the WHV and engaged the
local women actively in health promotion activities. In
one case, the neighborhood women identified priority as
‘reclaiming’ the local park from drug addicts who prevent
them from using it. With the help of one of the WHV an
exercise hour was organized each morning where 40–50
local women would walk together in the park for one hour.
The sight of a large number of women dressed in tradi-
tional chador (a black material covering women from
head to foot) frightened addicts from the park. The
group continued to walk and to organize other activities
such as health education classes for women over 50 and
meetings with young men at the local mosques to discuss
the problem of drug addiction (Figure 2).

The role of a community worker as change agent and a
focal point for the process of empowerment has been
particularly difficult in the field of health. In large part,
the reason is because health professionals define most
causes of health improvements as ‘interventions.’ Such a
framework demands standard indicators for outcome and
impact. It does not give flexibility to assess individual
experiences or examine community work as a process. It
restricts the understanding about how this process links to
attitudes, beliefs, and behaviors of people and how the
CHWs promote positive change in these areas (Rif kin,
1966). This aspect of the contribution of CHWs calls for a
new framework and more research.
Issue Three: What Training and Support
Does the CHW Need?

CHW programs developed in response to specific situa-
tions. Because there was no standard definition of the
term, there has been no standard program of training.
Most training programs are focused on teaching CHWs
to respond to local health problems. CHWs are most
often trained in the place where they live. This situation
allows the training to be responsive to other demands on
the trainee’s time. Lankester and his colleagues (1992)
describe a model that has been adapted by many other
CHW programs. It suggests that the training program
begins by teaching CHWs for a period of one week to
three months. After this period, training continues once a
week or every two weeks until the participants cover the
material that has been designed for their program. Train-
ing can also be done intermittently, teaching one or two
days per week. However, this obviously takes more time
and risks the problem of the community losing interest.

CHW training programs focus, for the most part, on
health and disease problems and solutions. Topics covered
are commonly: care of children under 5 years old, care of
pregnant mothers, prevention and treatment of common
diseases in the location of the community, first aid, and
environmental health, as well as more general topics such
as record-keeping, methods of communication, and build-
ing partnerships with those concerned with health in the
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community. Programs in which the aspects of agents of
change are important emphasize communication and, at
present, participatory approaches to health promotion
(Figure 3).

Topics on community facilitation have gained more
emphasis with the recognition of the threat of the HIV/
AIDS epidemic. CHW programs expanded in commu-
nities where this disease is rampant. CHWs supervise the
use of antiretroviral therapy, encourage people to take up
services, and reach out to vulnerable groups to involve
them in prevention, care, and treatment. However, WHO
promotes a wider role for workers in this area. In theWorld

Health Report (2004), WHO argues that CHWs should not
merely be seen as a source of cheap health-care delivery.
Rather, they can and should be a part of the broader
strategy to help community people gain more control
over their own health and their own lives. HIV/AIDS
has helped to bring the idea of CHWs as agents of change
back on the agenda, andWHO has sought to integrate this
training in the programs to address issues around the
control of this disease.

Support for CHWs and their work depends on three
pillars: the community, the health system, and internal
program incentives. Support from the community is per-
haps the most critical. Without this support, the CHW
cannot operate. A major contribution to gaining this sup-
port has been to ask the community to choose its own
Figure 3 A CHW weighing children to check if they are

malnourished. Photo courtesy of Pitt Reitmaier.
workers. Although this process can and has been abused, it
is the only one that has the potential to create a sense of
ownership and accountability between CHWs and the
people they are to serve. Small-scale programs have
tried to strengthen this bond by forming community
health committees to provide a direct link between the
CHW and community representatives. However, these
committees appear not to have been as successful as the
individual relationships the CHW forms.

Support from the existing health system is critical for
cementing the relationship between the community and
the CHW. Components of this support include the health
service structure (hospitals, health centers, and health
posts); the health service management (the heads of all
local health units); and, in the presently promoted decen-
tralization policies in an expanding number of countries,
the district and lower government units as well as civil
society (members of groups outside the health system
such as women’s groups, labor groups, etc.). These com-
ponents support CHWs by providing referral units for
care, providing supervision of their work, giving them rec-
ognition for their contributions, and building local-level
partnerships so their work can be carried out effectively.
Where these systems are unstable, where the infrastructure
and/or management capacity is weak or nonexistent, and
where funds and/or commitment are lacking, CHWs strug-
gle to provide effective and valued contributions (Kahssay
et al., 1998).

CHWs want to know what incentives the program
provides for them as individuals. Receiving payment is
the most obvious. There are no standard remuneration
schemes for CHWs. Programs vary from giving a small
standard payment each month to having people work
as volunteers without any money. CHWs do sometimes
get nonmonetary contributions from community people.
However, a study by Bhattacharyya et al. (2001) gives
evidence that money is not the sole incentive. CHWs
are supported by recognition of their work, by gaining
new skills, by gaining status in the community, by getting
preferential treatment, and by having flexible hours and
clear roles. The study highlights that the main incentive is
the commitment of the CHW to contribute to improving
health in his or her own community. Where this commit-
ment is not recognized and supported, programs have
high dropout rates or may close.
Issue Four: Are CHW Programs Effective?

The promotion of CHWs in the 1970s and in the wake of
the Alma Ata Declaration was based on the failure of
clinical care to meet the need of the majority of people,
particularly the rural and the poor. Clinical care was
limited to institutional curative care. It did not reach
those far from clinics, nor did it address integrating
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other aspects of care, such as prevention and health pro-
motion activities needed to insure good health. The intro-
duction of CHWs was an attempt to overcome these
barriers. What is the evidence that these programs have
met these expectations?

A study undertaken by Witmer and colleagues (1995)
summarized the evidence of CHW contributions to the
delivery of primary and preventive care in the United
States. The studies showed that, working with underserved
populations, CHWs facilitate health care through outreach,
prevention, and health-promotion services. They also have
been effective in maternal and child health programs
through health education and improved service access.
They helped people in the community keep health service
appointments and follow their medication regimens. They
proved to be an effective link with mental health services
and with services to those vulnerable to HIV/AIDS.
Beyond service provision, CHWs have informed health-
care providers about community needs for the communities
with which they work, CHWs promote consumer protec-
tion and advocacy. CHW programs also contribute to the
empowerment of the CHWbyallowing low-skilled unem-
ployedworkers andwelfare recipients to seek new jobs and
career advancement (Figure 4).

In the area of disease control and prevention programs,
there also is evidence of some success. Data from Latin
America shows that CHWs have been key to full immu-
nization coverage in urban areas of Mexico and rural
Ecuador (Walker and Jan, 2005). Their flexibility for ser-
vice delivery and their ability to target each separate
household was key to this success. A review of CHWs
in Africa assessed their contribution to disease control
programs, particularly to malaria and TB with the admin-
istration of directly observed treatment, short course
(DOTs) (Lehmann et al., 2004). HIV/AIDS is another
Figure 4 CHW providing health education for a group of communi
area in which using CHWs as service providers has
recorded positive results. These programs have also often
expanded the role to emphasize CHWs as change agents as
described above. InHaiti, for example, a small NGO called
Zanmi Lasante uses CHWs (called ‘accompagnateurs’) to
supervise antiretroviral therapy and provide community
outreach, including case identification in marginalized
populations. A study showed that the CHWs properly
identified at-risk people at the community level and facili-
tated uptake of services. These encouraging results will be
used to argue for a standardized training for all CHWs in
both biological and social realms (Mukherjee, 2007).

In a review of the evidence, Berman and his colleagues
(1987) concluded that in small-scale, well-managed pro-
grams, CHWs had the potential to overcome problems
of health-care delivery due to limited human resources.
There is much less evidence that this potential has been
equally recognized in large-scale government programs.
Many governments reduced or discontinued their CHW
programs in the 1980s due to the pressures of finan-
cial constraints and health system reforms. However, in
Pakistan, where a program training CHWs (called ‘lady
health workers’) was created in the 1990s, some positive
gains have been seen (Douthwaite and Ward, 2005). The
tasks of the lady health workers focused on promotion of
health for women of reproductive age. In addition to
making contraception services available in the home,
they promoted childhood vaccinations, monitored chil-
dren’s growth, gave first aid, made referrals for more
serious cases, and gave health education. Evidence shows
that in the first years of the program, contraceptive uptake
grew from 12% to 28%.

However, experience also suggests there are major bar-
riers that result in CHW programs not reaching expecta-
tions. The following are some of the more frequent:
ty people. Photo courtesy of Pitt Reitmaier.
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1. CHWs’ roles are fragmented. They are asked to deliver
services and facilitate community change. In terms of
the former, the demands of the health service and of the
community means that they must have knowledge about
a very wide range of topics. As a result, they often do not
have basic knowledge about topics that are the most
relevant at the moment. In terms of the latter, they do
not receive support from professionals. Often, health
professionals do not have skills and attitudes to promote
wider community development roles.

2. Their training is not standardized. Thus, some CHWs
might know quite a bit about a topic while others may
know very little. Available training material has not
been disseminated, used, or adapted. There is no system
to check information or integrate new information into
training and in-service programs.

3. Supervision from formal health staff and monitoring
and evaluation of CHW work is often weak. Supervi-
sion is erratic or often not done. Lack of monitoring
and evaluation means programs cannot correct faults.

4. Incentives are not supportive of their work. Payment
is not standard. There are few opportunities to learn
new skills and knowledge. CHWs are often treated as
low or nonpaid labor and see themselves as being
exploited.

5. CHWs do not integrate with other health providers.
They do not receive support for their work from other
health-care organizations in the community. Their
links to the formal health-care system are weak, so
they do not get support from government institutions.
They often are seen as rivals for work from private
providers or traditional healers.

The above barriers also help to explain why the role of
a change agent is difficult to assess. It is not only because
there are no adequate frameworks at present to assess the
effects of community interactions with CHWs but also
because there are difficulties in formulating these inter-
actions in a standard model. These difficulties reflect both
the problems of describing what a supportive environ-
ment is as well as describing replicable relationships
between CHWs and community people. As a result, stud-
ies that assess the influence of the CHWon empowerment
of communities are either anecdotal or combined with
program descriptions of the entire range of CHW work,
which mainly focuses on health-care provision.
Issue Five: Are CHW Programs
Sustainable?

With examples of positive program results and increas-
ing interest in developing CHWs as a supplement to
increased demand for but reduction in supply of health
service providers, programs are likely to expand. What is
known about their sustainability?
In the present environment of neoliberal economics
and health system reform, sustainability is most often
discussed in the context of cost-effectiveness. In other
words, what is the return on investment in any specific
intervention? Some of the early thinking about CHWs
suggested that there was very little cost, so this criterion
was not often considered. However, it very soon became
apparent that even with free voluntary labor, primary
health-care programs and CHW programs generated con-
siderable expenditures. CHW programs needed trainers,
trainingmaterials, upgraded training sessions andmaterials,
medicines, often transport, and supervision and support
from health professionals. Such expenditures had to be
traded off against other types of interventions and use of
human resources. Thus, CHW programs were quickly
absorbed into this framework for the assessment of value
for money.

The criteria for biomedical interventions are fairly
easy to determine. Costs and expected outcomes are
readily identifiable. In the case of making the same analy-
sis for CHWs, there are several constraints. In their arti-
cle, Walker and Jan (2005) discuss in detail some of these
problems. They note that objectives of CHW programs
can be classified into three categories: health gains,
individual nonhealth benefits (looking at benefits to indi-
viduals resulting from the process of care and the infor-
mation given in the cultural context and in autonomy
given to patients in treatment), and social nonhealth
gains (the changes that take place in the wider community
because of the existence of the program). Particularly the
last two criteria are obviously not amenable to a single
standard indicator.

Despite these recognized constraints, there have been
attempts to examine whether investment in CHWs gives
enough benefit to continue to fund them. A study by Islam
et al. (2002) published in the Bulletin of the World Health

Organization reports research that compared the cost of a
TB control program run by an NGO, Bangladesh Rural
Advancement Committee (BRAC), with a program run by
the government that did not use CHWs in the same area.
In the government area, 185 patients who were identified
as positive cases and were treated by DOTS provided at
health units had an 82% cure rate. In the BRAC areas, a
total of 186 patients used CHWs to deliver DOTS with an
84% cure rate. The government program cost US$96 per
patient while BRAC’s program cost US$64 per patient.
Thus, the BRAC program was found to be more cost-
effective than that of the government.

In an earlier study, Berman and colleagues (1987), while
acknowledging the difficulties of using cost-effectiveness,
nevertheless reviewed a number of programs in this con-
text. This article served as a basis for other evaluations of
programs. After reviewing six large-scale CHW programs
and several small-scale programs, the authors concluded:
(1) in the programs under review, CHWs reached more
people than programs that were clinic-based, (2) after a
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review of the costs, CHW programs in general had a lower
cost than clinic-based programs, (3) CHWs had the
potential of delivering effective interventions that
addressed the health problems causing major mortality
in the population, but (4) the quality of care was poor due
to failures in training, supervision, and logistics, and (5) to
date there was no evidence of a large-scale impact on
health . Their review suggested that in the 10-year period
following Alma Ata, CHW programs had both low
cost and low effectiveness. What the programs needed to
improve was the combination of more adequate support,
and that implied more resources.

Whether more support and more money will be forth-
coming depends. Haines and his colleagues (2007) suggest
it depends on four factors. The first is the national socio-
economic and political environment in the countries
where CHWs operate. Influences here include the politi-
cal will, the level of poverty, the existence and support for
participatory structures and governance, and the level of
corruption.

The second factor is the community. Whether pro-
grams will be sustained and grow depends not only on
cultural factors but, equally important, on community
leadership and location of the community. It depends on
the health situation and health beliefs. More critically,
it depends on community support and the commitment
of CHWs to work in the community. The situations
that influence this factor have been discussed previously,
concerning barriers to CHWs being effective. In addi-
tion, it depends on how issues of community mobili-
zation and empowerment are addressed. CHW programs
that succeed are ‘owned’ by the community – the
community is not merely mobilized to support the
program.

The third factor is the health system. The links and
support of health system infrastructure and professional
health staff, as seen above, are key to program sustain-
ability. Where there is unclear communication, lack of
interest from and/or competition with health staff, lack
of recognition and value for CHWs, and no perception
of future developments for CHWs, programs are weak
or fail.

The fourth factor is the international environment.
What determines support for CHW programs is, first,
the support, particularly in financing, from the interna-
tional and bilateral donor agencies. Particularly in low-
income countries, where there is a great need for more
human resources (often the result of migration of local
health staff) to deliver low-cost and effective interven-
tions, donor aid is needed to support these programs.
Donor support depends on evidence that the community
values the role of CHWs in service delivery and that
CHWs’ work contributes to empowerment of themselves
and community people. The international environment
also contributes to more technical developments affecting
CHW work. These developments include both biomedi-
cal research for new cost-effective interventions and tech-
nical assistance to improve the delivery of interventions at
the community level.
Community Health Workers: The Way
Forward?

This review of CHWs has described and analyzed the role
of CHWs in both health-care delivery and in becoming
catalysts for changing attitudes, beliefs, and behaviors
of people at the community level. It reviewed the history
of the theory and practice of CHW programs. It high-
lighted how the role of the CHW has reflected advances
in medicine, particularly in public health, as well as the
international and local social, political, and economic
environment. It summarized the experiences of CHW
work. The remaining question is: What is the way forward?

In the immediate future, the value of the CHW is seen
mainly as an additional resource for meeting increasing
demands from overstretched health professionals in all
parts of the world. There is also recognition of the value
of CHWs in supporting empowerment among themselves
and local people to break the cycle of poverty. This situa-
tion provides the possibility for poor people who have the
potential to contribute to health care, mainly women, to
gain skills and knowledge to improve their own health and
their own lives. It also provides opportunities for others in
the community to get the same opportunities. For these
reasons, it can be argued that CHW programs continue to
be relevant and will gain new and critical support.

In the longer term, the determinants of the future of
medicine and society will also determine the role of the
CHW. While it is predictable that biomedical advances
will need people to deliver these interventions and to
promote changes in the community to make the interven-
tions effective, it is less predictable that CHWs will be
able to play an important role. One reason is that the
political environment that promoted social justice in
health now emphasizes a market economy with incentives
for individual community gains. Another reason, in part a
response to these new values, is that communities where
CHWs functioned best (tightly bound communities with
a history of mutual support, most often poor and fairly
isolated) are beginning to break down. The young, want-
ing to take advantage of this new environment, leave rural
areas for the big cities. In rapidly growing urban areas,
communities are much less structured, competition is
fierce, and there is less support for individuals. This
situation poses new challenges for community workers
in all fields of development.

In the field of health, the role of the CHW will depend
on answers to a number of questions. These include, for
example: What are the incentives for those who get
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training and opportunities to remain in their own com-
munities and help those less well off ? How can those who
move out and gain better living conditions help support
those who remain at home? More questions and more
answers will determine the future of the CHW.

In conclusion, this review gives evidence of the contri-
bution CHWs have made to health improvements at the
community level in the twentieth and early twenty-first
centuries. Although hard to quantify and generalize, this
support has a wide range of evidence to suggest an impact
on health improvements. However, in a rapidly changing
world, it is difficult to make predictions about how this
important role will develop and whether and how it will
remain relevant. CHWs were a creation of the changes in
understanding about how health improves. Their future
rests in the continual exploration of this topic and, as in
the past, in the political, social, and economic environ-
ment that creates the response to this change.
See also: Health Issues of the UN Millennium Develop-

ment Goals.
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Scope and Origin of an Evolving Approach

Community Health Insurance (CHI) is an exciting yet
elusive concept. Indeed, the term CHI covers a wide
variety of health insurance schemes, each in its distinctive
setting and each designed for different population groups.
In theory, there are five characteristics that CHI schemes
all share:

. solidarity, where risk sharing is as inclusive as possible
and membership premiums are independent of indi-
vidual health risks;

. community-based social dynamics, where the schemes
are organized by and for individuals who share common
characteristics (geographical, occupational, ethnic, reli-
gious, gender, etc.);

. participatory decision making and management;

. nonprofit character;

. voluntary participation.

In practice however, all CHI schemes apply all of these
principles to a greater or lesser extent. Schemes set up by
health-care providers, for example, might not permit the
full development of participatory decision making and
management. A trade unionmight decide to make subscrip-
tion to a CHI scheme compulsory for its affiliates, thus not
upholding the principle of voluntary participation.

In the English-language literature, the term CHI is the
phrase used to describe all such schemes. Less common is
the descriptor mutual health organization, although its
French equivalent Mutuelle de Santé is widely employed in
francophone Africa. In West Africa especially, the social
and political dimensions of CHI come to the forefront and
scheme management relies considerably on community
participation. On the other hand in East Africa, where
provider-driven schemes are encountered more fre-
quently, the financial dimensions of CHI attract more
attention. This latter approach to CHI is reflected in the

use of the term health micro insurance, a phrase endorsed
over recent years by the International Labour Organiza-
tion (ILO). The ILO denomination is, however, less spe-
cific than CHI, as it does not refer to participatorydecision
making or to the independence of premium calculation
from individual health risks. CHI is concentrated in, but
not limited to, the informal labor sector. Resource-pooling
initiatives taken by workers’ organizations in the formal
sector, in search of better access to health care, are also
included. CHI is not necessarily an informal business
either: The insurance may be purchased from an existing
insurance company, as is often the case in India.

The wide variety of CHI models has led to various
attempts at classification (Bennett et al., 1998). Until now,
CHI has been classified by ownership, management,
membership, and risk coverage:

. Classification by ownership refers to the initiator of a
CHI scheme rather than to strict legal ownership.
Essentially, such a scheme can be initiated and run by
a group of people with similar health-care needs (com-
munity-based) or by a health-care provider (provider-
driven). By extension, a community-based scheme can
also be owned by representative organizations within a
community, for example, a nongovernmental organiza-
tion (NGO) or a trade union. Provider-driven schemes
can further be categorized according to the character of
the provider. Common examples include faith-based
providers wishing to improve access to their health-
care facilities, other private providers wanting to
improve income flow, or governmental institutions
attempting to implement CHI at the district level.

. Classification by management differentiates between
schemes on the basis of organization and control and
is thus somewhat more specific. A CHI scheme can
either be managed by elected representatives of the
membership, by an NGO with existing connections to
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the scheme, or by a health-care provider, or the man-
agement may be contracted out to a third party such as
a professional insurer.

. Classification by membership can provide useful addi-
tional information.Membership of a CHI schememay be
defined on a geographical basis (for example, people
living in the same village or district, or using the
same health facility), on the grounds of occupation, eth-
nicity, religion or gender, or on membership in another
organization.

. Classification by risk coverage distinguishes between
CHI schemes covering infrequent but costly events
(such as hospital admissions) and those covering
common low-cost events (e.g., first-line consultations).
Such a distinction assumes a direct relation between
high-cost events and high risk, whereas others have
reported that frequent low-cost events can also lead
to catastrophic health expenditure (Segall et al., 2000).
In addition, classification by risk coverage is becoming
obsolete since more and more CHI schemes set out to
cover both high-cost and low-cost events, and – in some
cases – even indirect costs.

It is essential to consider CHI within the framework of
health insurance as a whole and to highlight both the
common features and the distinctions that exist across com-
mercial, community, and social health insurance schemes
(seeTable 1). All three types of schemes, being risk-sharing
arrangements, accomplish risk reduction by pooling pre-
paid premiums in a fund earmarked for the health-care
expenses of their affiliates. What differentiates them is a
series of characteristics based on their different rationale,
resulting in a narrower or broader insurance spectrum:

. Commercial health insurance generally operates in a
private-for-profit environment. Premiums are a func-
tion of the expected cost of health care and set on the
basis of individual risk assessment of the client. Clients
with high health risks pay more, while those with low
health risks pay less. Solidarity and cross-subsidy play
no role. Subscription is usually voluntary.

. CHI – as already described in this section – thrives on
community solidarity and has a social purpose in a

private nonprofit environment. Premiums are generally
fixed according to the risk faced by the average scheme
member, i.e., a system of community rating, indepen-
dent of individual income. Thus there is an element
of cross-subsidy from the healthier to the less healthy
but not from richer to poorer affiliates, except where
the very poor are exempted from premium payments.
Subscription is usually voluntary.

. Social health insurance (SHI) pursues nationwide risk
sharing from a public rights-based perspective and in a
nonprofit environment. Premiums are generally pro-
portional to income, independent of the individual risk,
and paid principally by employees and their employers
through legislation and financial levies. SHI implies
both cross-subsidy from the healthy to those with
poor health, and from the rich to the poor, provided
that affiliation is mandatory and universal.

In the European countries where it originated, social
health insurance (the so-called Bismarck model, referring
to the German chancellor Otto von Bismarck who intro-
duced the first national compulsory health insurance
scheme in 1884) delivers almost universal coverage, thus
maximizing the benefits of solidarity. Non-European
high-income countries such as Japan and the Republic of
Korea followed a similar path. Other European countries
attained the same goal by providing tax-financed health
care (the so-called Beveridge model, referring to the
British academician William Beveridge whose 1942
Report to the Parliament on Social Insurance and Allied
Services was at the basis of the National Health Service’s
establishment in 1948). The financing models on which
both systems are based are far from incompatible and
blends of both models are the rule rather than the excep-
tion. The fact that Bismarck included state subsidies in the
first SHI scheme is often overlooked. Recent history
shows that SHI systems in the world increasingly rely
on revenue from general taxation, partly in response to
the explosion of health-care costs that occurred in the late
twentieth century and the need to subsidize or pay for the
contributions of vulnerable groups such as the unem-
ployed and low-income pensioners. With health insurance

Table 1 Types of health insurance

Commercial health insurance Community health insurance Social health insurance

Private for-profit rationale Private nonprofit rationale Public nonprofit rationale
Premium is a function of individual risk Premium is a function of average risk Premium is a function of individual

income

Limited cross-subsidy from the healthier to

the less healthy

Cross-subsidy from the healthier to the less

healthy

Cross-subsidy from the healthier to the

less healthy
No cross-subsidy from the wealthier to the

less wealthy

Limited cross-subsidy from the wealthier to

the less wealthy

Cross-subsidy from the wealthier to

the less wealthy

Individual or corporate client Member of a community Citizen of a state
Usually voluntary affiliation Usually voluntary affiliation Mandatory affiliation
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defined as effective health-care risk protection, a national
pool of tax contributions to pay individual health-care
expenses can be seen as the consummate manifestation
of the health insurance function. From this perspective, a
British citizen is equally as well insured as his German
counterpart, albeit without a formal insurance arrangement
(Kutzin, 1998). Clearly, the successes of both the Bismarck
and theBeveridgemodels are related to a particular context:
Combinations of civic voice, political stability, govern-
ment stewardship, and administrative competence that
most developing countries can only covet (Criel and Van
Dormael, 1999). Only a few low- and middle-income
countries share these characteristics and were able to
approximate universal coverage. Historic examples are
Costa Rica (by and large following the SHI path) and
Cuba (using state revenues). In most developing countries,
neither of the two models succeeded. Most developing
countries’ social health insurance systems remained at best
highly fragmented (of which core exemplars can be found in
Latin America) or restricted to civil servants (typical of
Africa). The case of Africa is illuminating: In the 1960s
and 1970s, neither SHI nor free health care at the point of
use brought the desiredwelfare state any closer. In fact, both
SHI and the free care concept were inherited from colonial
powers and lacked the underpinning of autonomous socio-
political development (Criel, 1998). During the 1970s, the
African public health systems deteriorated in parallel with
the deepening economic crisis. From the 1980s on, the
introduction of user fees further impeded access to care,
in Africa as elsewhere. In many cases, it was the emergence
of widespread problems with exclusion from effective
health care that prompted the development of CHI in the
late 1980s and early 1990s.

Community Health Insurance in Africa

CHI in Africa must be seen in the context of large majo-
rities within the population trapped in poverty and
excluded from formal social security systems. The African
CHI movement was started out of a concern to either
improve access to health care for a greater proportion of
the population or to ensure a stable source of income for
health-care provision or both. The first initiatives were
developed under the direction of expatriate development
aid workers who were most familiar with the history and
operation of Europe’s SHI systems. A well-known exam-
ple is the provider-driven Bwamanda district hospital
scheme in the Democratic Republic of Congo that com-
menced in 1986 with Belgian support. Also in 1986, the
first community-based schemes emerged with the inau-
guration of the Mutuelle Pharmaceutique de Tounouma
in Burkina Faso. Over time, different models and blends
developed, first in West and Central Africa, followed later
by East Africa.

Community Health Insurance in West Africa

From the early 1990s on, theWest African CHI movement
enjoyed increasing external support – often from organi-
zations that had a strong attachment to the European SHI
model. These organizations, such as the International
Department of the Belgian Christian Mutualities,
organized training sessions for schememanagers, designed
technical manuals, and helped create and develop local
support organizations. Gradually, governments and donors
became interested in the potential of CHI to increase
access to health care in adverse conditions. The movement
gained strength and in 1998 several African countries,
international partners, and local actors met in Abidjan to
create the network La Concertation entre les acteurs du
développement des mutuelles de santé en Afrique, cur-
rently known and referred to as La Concertation. This
network supports and monitors the development of CHI
schemes, mainly in francophone West Africa.

The rise in CHIs in this region has led to a sixfold
overall increase in the number of schemes between 1997
and 2003, as documented by La Concertation in 2004.
Table 2 provides an overview count of the almost 600
CHI initiatives registered in 2003 in francophone West
Africa. Forerunner Senegal ranks first in terms of number
of schemes. A closer look at country level discloses not
only different speeds of implementation, but also varia-
tions in the mode of implementation.

In Mali, the CHI movement benefited from the start of
the Technical Union of Community Health Insurance
Schemes, the Union Technique de la Mutualité Malienne
(UTM). This federation offers urban communities a stan-
dard package (called assurance maladie volontaire) and rural
communities a tailor-made CHI suited to local needs.
The Union also acts as an interface between the move-
ment and the government. Initially the UTM targeted
organized formal urban workers, but now has extended
its reach to include both the informal sector and the rural
communities.

In Senegal, CHI schemes extended their remit in the
opposite direction, expanding gradually from rural vil-
lages to urban and periurban settings and from the infor-
mal to the formal sector. New initiatives continue to
emerge. Today formal workers are adopting the CHI
concept as a welcome complement to bureaucratic social
security arrangements with limited coverage. The Sene-
galese government supports the CHI concept and has
provided a legal framework and a strategic plan for CHI
development.

Guinea presents yet another particularity: A research
project (the PRIMA project: Projet de Recherche sur le
Partage du Risque Maladie) set out the stakes back in
1996. More recently the implementation of MURIGA
(Mutuelles pour les Risques liés à la Grossesse et à l’Ac-
couchement, i.e., CHI schemes for the management of
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pregnancy and birth-related risks, which differs from the
classical CHI concept by focusing on a narrower target
group), provides a possible entry point for yet additional
risk sharing among populations.

Burkina Faso worked toward extending of CHI
schemes through the medium of the health-care providers
themselves, but today community-run CHI schemes are
increasingly common. Approximately 40 CHI schemes,
representing 20 000 beneficiaries, receive technical sup-
port and training from the Réseau d’appui aux mutuelles
de santé. The Burkinian government endorses this third-
party organization to enhance the negotiation capacity of
the demand side, and eventually to contribute to a better-
quality health-care supply.

Benin focused on the involvement of locally elected
leaders. Cameroon, Niger, andMauritania became involved
only recently in CHI, but are fortunate in being able to
rely on strong social and religious networks.

The bulk of West African CHI schemes have less than
1000 members within each scheme, in fact the majority of
schemes only count a few hundred members. Moreover,
most of them remain firmly linked to a single social
setting, such as a village, a neighborhood, or a professional
body. These features lead to high transaction costs and
limited risk pooling with insufficient and unsustainable
coverage of expensive risks, such as surgical interventions
or prolonged medical treatment (HIV/AIDS being the
most prominent example, but also hypertension, diabetes,
etc.). Currently however, West African CHI managers
show an increasing interest in creating unions, federations,
and networks, in order to increase efficiency and common
voice (Waelkens and Criel, 2007).

More than 60% of the West African CHI schemes
handle activities in addition to health insurance, especially

in Cameroon, Guinea, and Burkina Faso. The provision of
microcredits (small loans for poor families) or health care
is most likely to be associated with health insurance. This
relation runs in both directions: 33% of micro-credit
schemes report health insurance as an associated activity.

In English-speaking West Africa, the case of Ghana is
of particular interest. By 2002, 46 CHI schemes were
active, but covered only a fraction of the population. In
2003, the government passed a Health Insurance Act,
which significantly changed health financing across the
entire country. The aim was to replace out-of-pocket
payments (called cash and carry in Ghana) with health
insurance, which would meet up to 20% of total health
expenditure, while the remaining 80% would be under-
written by the government. This, it was intended, would
facilitate less restrictive and more sustainable national
health-care financing. In fact, the Health Insurance Act
paved the way for scaling up CHI, as a basis for social
health insurance in the long run. The act envisaged that
every district would set up a district-based CHI scheme,
the establishment of a National Health Insurance Council
(NHIC, known as the Council) and the creation of a
National Health Insurance Fund (NHIF, known as the
Fund). The Council accredits and regulates both district-
based and other CHI schemes, as well as commercial health
insurance schemes. It also manages the Fund, whose main
function is to subsidize district-based CHI schemes. The
Fund is financed by a combination of earmarked levy pro-
portional to income, a transfer from formal sector social
security contributions, general taxation, and donations. By
the end of 2005, 83 out of 138 districts boasted a CHI
scheme. Most of these schemes provided coverage for
between 20% and 40% of their target community. Enroll-
ment at national level has reached 14.4% and is still rising.

Table 2 Number of CHI schemes in francophone West Africa

1997 2000 2003

Functional schemes Functional schemes
Functional
schemes

Starting
up In difficulty All Beneficiaries

Benin 11 23 42 11 0 53 41 428

Burkina

Faso

6 26 35 50 4 89 14 873

Cameroon 18 20 22 14 2 38 15 947

Chad 3 4 7 0 0 7 1775

Guinea 6 27 55 44 10 109 84 820
Ivory Coast 0 29 36 1 3 40 527 670

Mali 7 22 51 16 4 71 469 815

Mauritania 0 0 3 4 0 7 13 055

Niger 6 12 9 3 1 13 49 868
Senegal 19 29 79 48 9 136 303 563

Togo 0 7 9 8 0 17 20 011

Total 76 199 348 199 33 580 1 547 825

Inventory by the Concertation entre les acteurs du développement des mutuelles de santé en Afrique (http://www.concertation.org),
adapted from Ndiaye P, Soors W, and Criel B (2007) A view from beneath: Community health insurance in Africa. Tropical Medicine and

International Health 12(2): 157–161.
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While implementation continues, some strengths andweak-
nesses can already be identified. Among the strengths,
both cross-subsidies and tax allocations are seen as poten-
tially effective innovations. Among the weaknesses, highly
deficient health provision in deprived areas is recognized as
an impediment to progress. In between, the combination of
relatively low and differential individual contributions
with a wide benefit package (first-line and referral care,
but no antiretrovirals) is seen as attractive by some but as
barely sustainable by others.

Community Health Insurance in East and
Central Africa

In East Africa, CHI has recently been enjoying increased
attention. In this part of Africa, both health-care providers
and governments tend to play a prominent role in the
launch and management of CHI schemes.

In Uganda for example, roughly a dozen CHI schemes
are in existence. These were created in the late 1990s
with the help of British bilateral aid. Nonprofit church-
affiliated hospitals manage the majority of these schemes.
Only recently, the community-based model – of the type
that is common in West Africa – was introduced with
support from the Centre International de Développe-
ment et de Recherche (CIDR), a French NGO with
long-standing experience in West Africa. The importance
of CHI is on the wane in Uganda, at least in the public
sector where user fees were abolished in 2001. However, it
is still a significant force in the private-nonprofit sector,
which makes up half of all district hospitals in rural
Uganda.

In Kenya, CHI was introduced in 1999–2000 as a result
of the first Community Based Health Financing (CBHF)
conference held in Uganda in 1998. These pioneering
efforts were largely arranged by religious organizations.
By 2005, Kenya boasted 32 schemes in various stages of
development.

In Tanzania, user fees have progressively replaced
financing from general taxation since 1993. As a result, a
diversity of insurance configurations has emerged. The
compulsory National Health Insurance Scheme (NHIS),
which is restricted to civil servants and their families,
covers only 3% of the population. A similarly compulsory
National Social Security Fund (NSSF) was established for
the remaining parts of the formal employment sector.
Voluntary health insurance initiatives address the vast
informal sector. Since 2002, these initiatives have received
technical support from the Tanzania Network of Com-
munity Health Funds (TNCHF). There are approxi-
mately a dozen provider-driven CHI schemes, most of
them based on church-related facilities, together with a
few community-based schemes. Alongside these CHI
schemes run district-based community health funds
(CHF). While the 2001 CHF act made the creation of a

community health fund obligatory for every district
within a 2-year span, only 67 out of 129 districts had
achieved a CHF by the end of 2005. Where a CHF
scheme is in place, enrollment rises to approximately
10%. As in other CHI schemes, because of obvious pro-
blems in ability to pay, the poorest sectors of the commu-
nity almost never join. In order to address this problem,
the German Technical Cooperation is assisting in the
development of a hybrid CHI and social assistance pro-
gram. In this project, called CHFplus, district councils
guarantee to meet the cost of insurance premiums for
the very poor, following their identification by the local
communities. This innovative concept could be of interest
to policy makers and scheme organizers in Tanzania and
elsewhere.

In Central Africa, the pioneering Bwamanda scheme
in the Democratic Republic of Congo survived politi-
cal instability, economic decline, and war. Subscription
declined during wartime, but began to increase again begin-
ning in 2003. Most impressively, the scheme reported a
total of 114 465 members in 2004. A recent survey of 28
Congolese schemes highlighted evidence of a countrywide
renewal in CHI activities since 2000, and to a great variety
of CHI models (Atim and Criel, 2004).

In Rwanda, the government launched a health center-
based CHI program in 1999 as part of the national recon-
struction effort, following the 1994 genocide. With the
assistance of USAID, 54 Mutuelles were implemented in
three pilot districts, during 2000 and 2001. By 2005, 19 out
of a total of 39 districts had a CHI scheme and a detailed
legal framework was established. This determined state-
driven approach yielded exceptional enrollment levels
(up to 2.5 million people), but also contains inherent
weaknesses: Cost-recovery rates are low, the benefit pack-
age at the referral level is limited, and peripheral man-
agement capacity and performance is frail. Moreover,
the pushed-through CHI boom hardly takes account of
preceding nongovernmental initiatives, such as prepay-
ment arrangements organized by a number of nonprofit
providers. Still, the current Rwandan approach includes
promising novel features, such as the prepayment of
premiums using microcredits at the community level.

Community Health Insurance in Asia

CHI in Asia began as part of a political process in the
middle of the twentieth century. In China, the first medi-
cal cooperatives saw the light of day in a few communist-
controlled rural areas as far back as the 1940s. This
modest initiative eventually led to the nationwide imple-
mentation of the Rural Cooperative Medical System
(RCMS) in the 1960s, which by the 1970s covered 90%
of China’s rural population. However, the RCMS col-
lapsed following the market-oriented reforms of the
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early 1980s and by 2006 had not really recovered. In the
Indian subcontinent, the Students Health Home was
the first CHI scheme to be recorded, set up by the com-
munist movement in West Bengal back in 1952. It was
not until the late 1990s, however, that a crossover between
the microfinance movement (which originated mainly as
microcredit, but now encompasses a variety of products
including microcredit, microsavings, and microinsurance)
and CHI initiatives led to a spurt of CHI schemes in both
Bangladesh and India. Except for China and the Indian
subcontinent, CHI in Asia – as in Africa – is a relatively
recent introduction.

Community Health Insurance in China

The early Medical Cooperatives in the Shanxi, Gansu,
and Ningxia provinces were established as a mechanism
to help defray the cost of medical treatment and drugs.
Initially set up as mutual prepayment funds, they sub-
sisted on the peasants’ voluntary contributions in the form
of both cash and in-kind payments, as well as initial drug
stocks provided by the ruling communist local govern-
ments. These initiatives proliferated and gained financial
strength during the 1950s, when the communist state
organized the agricultural workers into farmer coopera-
tives and consequently were able to introduce welfare
funds at the community level. As an integral part of the
collective system for agricultural production and social
services, the Rural Cooperative Medical System became a
nationwide structure of prepayment schemes for health-
care financing during the 1960s. Most villages funded
their Cooperative Medical Scheme from three separate
sources: Household health insurance premiums, the col-
lective welfare fund, and state subsidies. Depending on
the plan’s benefit structure and the village’s economic
status, the household premium was usually fixed at
between 0.5% and 2% of a peasant family’s annual
income. The welfare fund was a state-defined portion of
the village’s collective income from agricultural produc-
tion. Subsidies from upper-level tiers of governments
were typically earmarked to compensate health workers
and purchase medical equipment. In 1965, the state
explicitly encouraged the entire rural sector to adopt the
Cooperative Medical Scheme as the mode of financing
and organizing health-care services. The resulting com-
munity financing and organization model is believed by
many to have contributed significantly to the achieve-
ments of the Chinese primary care of that era. Between
1949 and 1973, the infant mortality rate was reduced from
about 200 per 1000 to 47 per 1000 live births and life
expectancy increased from 35 to roughly 65 years. From
the late 1960s until 1979, when the process of collectivi-
zation began to be reversed, the RCMS covered 90% of
China’s rural residents.

Due to market-oriented reforms, both the communal
administrative structure that employed the health workers
and the collective welfare funds (that once counted for
30–90% of the schemes’ funding) disappeared. By 1984,
population coverage had dropped to less than 5%.
Between 1981 and 1993, the contribution made by the
RCMS to national health expenditure fell from 20%
to 2%. Despite several government-driven attempts to
re-establish the RCMS in the second half of the 1990s,
by the end of the century 90% of China’s rural residents
were uninsured (Carrin et al., 1999). Still, the Rural Coop-
erative Medical System never disappeared entirely from
the political agenda. In 2002, the Asian Development
Bank made an appeal for its reinstatement, at least in
central China’s middle-income regions, a plea contingent
on renewed and committed government support (Liu
et al., 2002). In 2003, China created a new RCMS, based
on voluntary participation, co-funded by the local and
central government, and managed on county level. Still
expanding, the new RCMS covered 641 out of some 2000
counties by mid-2005 and is projected to cover the whole
of rural China by 2008.

Community Health Insurance in the Indian
Subcontinent

CHI in the Indian subcontinent emerged (though rarely
as a stand-alone phenomenon) as an effort to improve
access to health care and to protect households from
catastrophic medical expenditure. Of the 49 Indian,
Nepalese, and Bangladeshi health-related schemes listed
in the International Labour Organization inventories
(ILO 2003a, 2003b, 2005), all but three piggybacked onto
existing organizations drawn from a spectrum that ranged
from health-care providers to microfinance institutions,
but consisted mainly of broad-spectrum development
organizations. Typically, the resulting schemes took the
form of NGOs and were able to build on a foundation of
trust and financial capability. Most schemes are of rela-
tively recent origin. Out of the 49 schemes mentioned, 30
were started after 1995 and so coincided with the shift of
interest by the microfinance sector from microcredits to
microinsurance.

The fact that most CHI schemes are NGO-owned still
leaves room for organizational diversity. Where the NGO
is also the health-care provider – as is more frequently the
case in Nepal and Bangladesh than in India – the provider
usually runs the scheme. Where the NGO has no health-
care functions, it may act as an insurer for the community
and purchase care from independent providers. In a third
option, which became increasingly popular in India, the
NGO purchases insurance – not care – from a formal
insurance company. In this so-called partner-agent or
linked model, augmented pooling can lead to wider risk
sharing (Devadasan et al., 2005). This gain may be
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overshadowed by several drawbacks: Where the premium
and the benefit package is based on actuarial calculations,
the premium may be prohibitive or the benefit package
too limited. The resulting insurance product cannot be
tailored to meet local conditions, while the patient still
has to pay up front and reimbursement is often cumber-
some. However, this model is still evolving: NGOs are
improving their negotiating capacity and insurance com-
panies are continuously adapting their products.

Across the whole Indian subcontinent, CHI focuses on
the poorer sections of society: Small farmers, landless
laborers, women’s groups, self-employed vendors, in fact
all communities within the informal sector. Enrollment
ranges from a few thousand to several hundred thousand.
Most of the Nepalese and Bangladeshi schemes focus on
first-line health care, whereas in India the main benefit on
offer is reimbursement of hospital costs. In all three
countries – and particularly in Nepal and Bangladesh –
there are considerable co-payments required. In most
schemes, the providers operate either in the private not-
for-profit or the private-for-profit sector, seldom in the
public sector. Fee-for-service payment is ubiquitous and
so is overprescribing. In this scenario, the need for provider
regulation is obvious if cost escalation is to be kept under
control. Though most of the operating NGOs lack techni-
cal expertise and a health-systems perspective, many of
them have evolved mechanisms to manage risks (see
Table 3). The lack of technical expertise led to the incep-
tion of microinsurance training centers in India – six by
2006 – encouraged by donors and the insurance industry.

Community Health Insurance in Indonesia, the
Philippines, and Cambodia

CHI in Indonesia is mainly of historical interest. From the
1970s onward, the Indonesian government promoted the
Dana Sehat (Health Fund) community schemes as an
alternative form of health-care financing (Thabrany et al.,
2003). The main motive for this top-down approach was to
compensate on a nationwide scale for decreased access to

care in low-income groups due to increased user fees.
Despite renewed efforts to promote CHI, by 1998 only
1.9% of the Indonesian households were members of health
funds. The lack of success associated with the Dana Sehat
approach can be seen as a quintessential example of inap-
propriate scaling up, targeting, and implementation. Indeed,
the concept was based on the embryonic experience of
small NGO schemes during the late 1960s. The targeting
of poor households in order to raise health-care finance
proved misguided against a background where 80% of the
household income is spent on food. Limited fund collection
led to limited benefit packages, which in turn discouraged
individuals from participation. Dropout rates from the first
to the second year ranged from 60% to 90%. The Dana
Sehat approach has now been almost completely replaced
by a social assistance scheme (SSN), which enables the
authenticated poor to access some basic and reproductive
health services through a health benefits card.

CHI in the Philippines began life as an effort to improve
access to health care among the poor. Many schemes are
offshoots of community-based health programs initiated
in the 1980s; most of them are cooperative-driven and are
plagued by low enrollment (Yap, 2003). In addition, several
local government-prompted schemes were set up in the
1990s. At the same time, CHI schemes (alongside health
maintenance organizations) were activated by NGOs with
external assistance. The Social Health Insurance Net-
working and Empowerment project (SHINE) anticipated
an ongoing attempt to link and to frame these disparate
efforts within the central Philippine health insurance
corporation (PhilHealth), installed by law in 1995 and
whose mission is to ensure universal coverage by 2010.

In contrast, CHI in Cambodia is still at the embryonic
stage: The SKY scheme (Khmer acronym for health for
our families) was only started in 1998. SKY was intro-
duced by the French NGOGRET (Groupe de Recherche
et d’Échanges Technologiques), based on an impact study
among clients of a large microfinance program run by the
same organization since 1991 (McCord, 2001). Initially
offering only a limited-benefit package, the scheme had to

Table 3 Risk management in Indian CHI schemes

Risk Methods used to mitigate risk Methods not used to mitigate risk

Adverse selection Definite collection period Household as enrolment unit

Definite waiting period Mandatory nature

Exclusion of pre-existing diseases
Patient-induced moral hazarda Co-payments Referral system

Upper limits

Provider-induced moral hazard Fixed salary for providers Case-based instead of fee-for-service billing

Fraud Community checks
ID cards for the insured
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overcome high dropout rates and was redesigned several
times. In its current form, it offers both insurance for first-
line care and hospital care after referral, and uses a vast
array of risk-management strategies (see Table 4).

Membership has increased significantly since 2004,
approaching 8% of its target population. Being the sole
example within Cambodia and with still modest coverage,
SKY is widely considered by CHI planners to be a case of
special interest. Indeed, the scheme exhibits some features
that, nowadays, are viewed as promising options in the
field of CHI: It has achieved external financing for its
administrative costs and has begun to link its activities
with existing targeted social assistance programs (the so-
called health equity funds). While administrative cost
subsidies are believed to deserve the consideration of
international policy makers, it is the latter linkage of
health care and social assistance programs that ensures
that care reaches those too poor to insure and to that the
efficiency of the targeted funds is increased.

Community Health Insurance in Latin
America

CHI in Latin America is a marginal phenomenon, especially
when compared to the venerable record of social health
insurance and the recent expansion of commercial health
insurance on the continent, despite the presence of mutual
aid societies, which have existed since the nineteenth cen-
tury. In the context of a highly inegalitarian society, seg-
mented social protection systems and elitist private
premiums, exclusion is common practice, also in health. It
is the preoccupation with the excluded that gave rise to new
CHI initiatives, without, however, really taking off.

Within a small number of case studies analyzed by the
International Labour Organization, all such initiatives led
to improved access to health care among their target
populations, but only a minority were judged to be finan-
cially sustainable in the absence of external funding. Even
so, most still exist and new schemes are being established.

In the light of a growing regional commitment to univer-
sal social protection (ECLAC, 2006), it is pertinent to
question if and how the scattered Latin American CHI
efforts can contribute to this broader development goal.

Roundup of Current and Future
Challenges

The growing interest in CHI should not divert the atten-
tion from the shortcomings and obstacles that have been
reported by many observers. These include a lack of trust
among potential members, limited operational capacity –
certainly when managed on a voluntary basis – and the
weak purchasing power of most schemes (Carrin et al.,
2005). Above all, the perceived poor quality of the health
care on offer deters people from investing scarce house-
hold resources in health insurance (Waelkens and Criel,
2004). Paradoxically, this key obstacle to enrollment is
precisely one of the providers’ deficiencies that CHI
could in some degree counteract.

The advantages and disadvantages of CHI have been
the subject of comments by observers representing a range
of perspectives: The possible contributions of CHI to
equitable health-care access, to health sector financing,
to provider responsiveness, and to quality of care. Addi-
tionally, CHI can be regarded as a conduit for other devel-
opmental objectives aside from health. The increased
social control and transparency observed in the presence
of a well-implemented CHI scheme may boost sustainable
development and democratization at community level.
Eventually, CHI may contribute to poverty reduction
(Waelkens et al., 2005). These are challenging issues
indeed; the bottom line, however, is that our current
knowledge remains insufficient to draw definite conclu-
sions.While there is little doubt by now that a CHI scheme
can improve access to health care for its members, the
evidence on the broader impact of CHI in developing
countries is still scanty. For the time being, research into
CHI tends to concentrate on the technical and

Table 4 Risk management in the Cambodian SKY scheme

Risk Methods used to mitigate risk Methods not used to mitigate risk

Adverse selection Definite collection period Mandatory nature

Definite waiting period

Exclusion of membership outside definite groups
Exclusion of preexisting diseases

Patient-induced moral hazard Co-payments

Upper limits
Referral system

Provider-induced moral hazard Preselection of first-line providers

External assessment of first-line providers

Capitation payment for hospital care
Internal assessment of hospital care

Fraud ID passbooks, including the insured’s medical history
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managerial aspects. A more comprehensive evaluation of
CHI schemes spanning the full breadth of their sociopo-
litical, cultural, and economical contexts is needed to
assess the performance and potential of CHI.

Equally, guidelines for the implementation of CHI
focus on the technical and managerial aspects are needed.
Yet, introducing CHI generates complex dynamics: It
changes the relationship between patients and health-
care providers, influences the roles of the actors within
the health system and the interactions between them, and
may introduce new actors hitherto excluded from the
decision-making process. Clearly, CHI staff need more
than just technical and managerial training and support.

The time has come for research on CHI and imple-
mentation of CHI schemes to go hand in hand. Perfor-
mance of CHI can only benefit from better information,
which, in turn, will only be generated by action-oriented
research taking into account the broader picture. Essential
investigation into the contextual factors that determine
the successful development of CHI still has its place.
Beyond this, a series of questions remains unanswered:

. How can a better-organized demand side, in effect an
insurance scheme, contribute to better quality of care?

. Which mix of interventions, on both the demand and
supply sides of the health-care equation, can bring
about improvements to the quality of health services?

. What are the broader social and political consequences
of CHI?

. How can CHI be scaled up and integrated in a nation-
wide social protection system for health?

. How can CHI be linked to social assistance for the very
poor?

. How can subsidies – whatever their source, be they
domestically or externally funded – enhance the devel-
opment and performance of CHI without damaging the
internal dynamics?

CHI is too complex a subject for cavalier treatment.
Hence the need to approach the issue from a medium-
term perspective, resisting the temptation for quick gains.
At best, CHI is one step on the road to sustainable uni-
versal coverage, and this needs time to develop properly.

See also: Comparative Health Systems; Ethics of Health

Promotion; Health Inequalities; Resource Allocation:

International Perspectives on Resource Allocation;

South Asia, Health Systems of; Universal Coverage in

Developing Countries, Transition to.

Citations

Atim C and Criel B (2004) Faisabilité de la mise en œuvre de mutuelles
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Saharienne: état des lieux et réflexions sur un agenda de recherché.
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What Is Community-Based Nutrition
Programming?

Community-based nutrition programming is the process
of building capacities and empowering people at the grass-
roots toward creating a demand for their own nutrition
improvement. This involves establishing in them a strong
sense of ownership for the developmental programs, which
in essence become community investments for promoting
their own nutrition, health, and development.
Role and Scope

Problems of food security and nutrition that prevail in
developing countries can usually be traced to three major
factors, namely, (1) poverty, meaning low income levels
and poor purchasing power among large sections of the
community, as a result of which they have poor access
to food and other basic necessities of life, (2) lack of basic
knowledge and illiteracy, especially female illiteracy,
which prevents households and communities from appro-
priately utilizing available food and related resources and
improving their nutritional status, and (3) poor quality
and poor outreach of basic health, nutrition, and related
services, if available in a country.

As its ultimate goal in addressing problems of food
security and undernutrition, CBNPs ensure that the com-
munity is led to a process of capacity building and empow-
erment, so that it becomes as self-reliant as possible.
Community members are expected to work out strategies
to resolve their food and nutrition problems by developing
solutions that to the largest extent possible lie within their
own community contexts, and that are equitable and
sustainable.

Such an approach emphasizes maximization of commu-
nity participation and makes for efficient use of services
available. Where nutrition programs are provided through
the government infrastructure, the community-based app-
roach can be linked to basic service delivery structures.
Process and System of Community-Based
Programs

First and foremost, community-based nutrition programs
need to be jointly developed and implemented by a team
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of micro-level planners (those at the community and
subdistrict and district levels) and micro-level implemen-
ters at the grassroots. Most of this can be achieved through
effective social mobilization strategies, for which com-
munity-level volunteers or mobilizers are identified and
trained on a community-wide scale. Such a system needs
to be built into a logical developmental process, for which
institutional arrangements at both central and micro levels
of administration must be in place.

TheCBNP strategy is based on the premise that in order
to address problems of malnutrition on an equitable and
sustainable basis, the community needs to be involved in the
entire process of developing and implementing nutrition
and developmental projects. Such projects would need to be
(primarily) planned and executed by the community, but
supported and encouraged by the subdistrict and district
levels.

Planning CBNPs

First of all, there should be consideration of careful
planning. The community, which could be a rural commu-
nity or even an urban group, needs to be closely involved
in the planning, development, and implementation pro-
cess of developmental projects and activities. Planning can
be undertaken largely at the micro level (community and
subdistrict levels) and must foster close collaboration and
support of meso levels or macro levels, which can include
the district or provincial levels.

The micro-level planning process involves the com-
munity (village committee) and community leaders and
district and subdistrict team, who are well represented
from the sectors of agriculture, rural development, edu-
cation, health, and related areas. Related technical profes-
sionals and the local government can also be represented
in many cases. Such a planning process would then lead
service providers (the district- and subdistrict-level offi-
cials) and community leaders to collectively set up clear,
measurable goals and objectives and working plans. This
can be developed from simple indicators that are based on
essential minimum needs required by the community to
lead a well-nourished and improved quality of life. Coor-
dination of the sectors is key to providing an integrated
approach to the community-based programs.

CBNP Infrastructure

This includes the administrative machinery, in terms of
the planning team, delineating their roles for planning and
implementation of the CBNP process, as well as the role of
related partners in deliveryof the health, agricultural exten-
sion, and related services, and realistically converging to
meet community-level nutrition anddevelopment needs. In
undertaking this task, strengthening of leadership at dis-
trict/subdistrict levels is essential to support the commu-
nity in the CBNP process. Such an infrastructure needs to
be established at the community levels as illustrated in
Figure 1 (Mason et al., 2001).

Community mobilization and empowerment

Crucial to the community-based approach is the selection
and empowerment of community-level volunteers ormobi-
lizers. This involves adopting a ‘community volunteering
system’ where community volunteers are selected on the
basis of a sociogram process in which the identification and
selection of the volunteers is done in consensus with and
through a shared view of all the households and community
members. In many countries, community volunteers are
given government-supported short-term training or orien-
tation. Experiences from various Asian countries testify to
this. The most classic case of community health volunteer-
ing is seen in Thailand (Tontisirin and Gillespie, 1999),
where one mobilizer community volunteer takes respon-
sibility for motivating and mobilizing a cluster of ten
households in a community toward making use of available
basic services in the community. She also motivates them to
engage in activities that can help to support her livelihood
and her family’s nutrition. The community volunteers
essentially serve as ‘change agents’ and as community lea-
ders and are trained in problem solving and community
mobilization techniques. The selected community volun-
teers are given appropriate government training to enable
them to function as mobilizers or change agents, with
the required knowledge and motivation to translate vital
nutrition improvement strategies into concrete actions. The
volunteers are not given any salary but are motivated to
work with provision of medical care for themselves and
their families in addition to other periodic incentive
schemes. Such a system has been linked to basic service
delivery structures in order to significantly improve cover-
age and outreach of services. This has contributed in a
large measure to the overall community efforts for the
alleviation of malnutrition.

A focus on nutrition improvement can be achieved
through a community empowerment process using social
mobilization strategies. This will lead to the development
of a set of integrated actions to address the root causes of
undernutrition and guide households and communities
on an ongoing basis through ways and means to secure
their own nutritional well-being. CBNPs can additionally
provide support to put in place the basic and supportive
services provided by the government for the community.

Studies from Asia (Mason et al., 2001) have shown that
this could be made possible through a network of commu-
nity volunteers (mobilizers) who work in close collabora-
tion with the community. These volunteers or mobilizers
mobilize the community toward community-based actions
and also serve to link up the community with the subdis-
trict and districts. At the subdistrict and district levels are
the facilitators who support this interface so as to provide
leadership and promote implementation. It would also
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enable increasing the coverage of basic services available
to the community, along with facilitating greater demand
for the services.

Linking CBNPs to service delivery structures for

addressing malnutrition

Community-based programs provide a key process by
which the individuals and communities who are vulnera-
ble and largely affected by problems of malnutrition
emerge as key actors rather than mere beneficiaries of
services. When a community becomes aware of the nature
and cause of malnutrition in its environment and its ability
to improve it, community members will normally change
decisions on the use of available resources so as to improve
nutritional outcomes. A sound framework of methods
and services planned from the grassroots backed with
support from the service delivery system can be well
provided by CBNPs.

Community education and mobilization are critical
but often need strengthening in service delivery-related
health programs. Mobilizing the community and creat-
ing a demand for health services are key components of
effective strategies. National and district budgets often
overlook this aspect while developing programs. Accord-
ingly, the problem of poor coverage for services has
been clearly recognized by most communities, and this
has led to the evolution of the community volunteers in
many countries in Asia.

The immediate goals of community-based programs
are to promote and sustain nutrition improvement and
ultimately bring about social equity through reducing
poverty and promoting nutrition-linked income gen-
eration. Short-term goals include eliminating maternal
mortality and poor health, reducing prevalence of iron-
deficiency anemia among pregnant women, reducing low
birth weight, promoting and protecting exclusive and
continued breast-feeding and appropriate complementary
feeding of infants and young children, eliminating moder-
ate and mild protein energy malnutrition (PEM) among
under-5s, and addressing problems of overnutrition (over-
weight and obesity) among children in various age groups.
Long-term goals included promoting desirable dietary
habits and practices among households and communities
to bring about nutrition improvement.

The implementation of the community-based programs
envisages carrying out the following activities: (1) suggest-
ing the most appropriate institutional arrangements,
(2) providing approaches for strengthening multisectoral
collaboration and promoting community development
based on the use of essential minimum needs indicators,
(3) developing the process of social mobilization for imple-
menting effective household- and community-level action,
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(4) providing approaches and guidance for capacity build-
ing at district, subdistrict, and community levels through
appropriate training, and (5) developing appropriate and
practical sets of relevantmenus and activities for implemen-
tation by the community (FAO, 2003).
Models of Community-Based Programs

Above all, the existence of suitable community organiza-
tions is essential for effective community-based programs.
There have been several major intervention programs in
operation in Asia that have been largely service-driven
but with attempts made to elicit close involvement and
participation of the community. Consequently, several
local-level organizations including nongovernmental orga-
nizations (NGOs) have been well established and remain
functional for a range of development and poverty allevia-
tion activities. Research and evaluation of the net effects of
interventions must be undertaken so that resources may be
effectively allocated. Successful community health and
nutrition programs should be replicated more broadly. Pri-
marily it is important to strengthen these programs on the
understanding that nutritional status is the most important
outcome indicator to measure progress against poverty and
malnutrition. The following highlights some of the case
studies from Asia and discusses the main lessons learned.
Thailand Case Study

Thailand has addressed malnutrition in national develop-
ment policies since the mid-1970s. Thailand stands out as
a unique example for a moderately large developing
country (population of 61million) that has been success-
ful in rapidly reducing the prevalence of malnutrition on a
countrywide basis, and that has been sustaining this effort
for almost 30 years. One key to this success has been the
development and implementation of a Poverty Allevia-
tion Plan that focused strongly on people’s participation,
instead of leaving the government to shoulder the burden
alone. A primary-health-care approach was used as a
practical, community-based, and participatory mecha-
nism to address the problems of health and malnutrition.
After some trial and error with strategies, it became
increasingly apparent that malnutrition has multiple
causes and that its prevention required a multisectoral
collaboration involving the ministries of Public Health,
Agriculture, Education, and Interior. Following an evalu-
ation of unsuccessful initial efforts, the first observation
was that ministry actions were vertical, with virtually
no multisectoral collaboration. In addition, efforts were
entirely dependent on government-provided services,
with the result that only a small proportion of the popula-
tion was being reached. Communities also were not
prepared for a participatory process, therewere insufficient
human resources to reach a large proportion of households,
and there was a poor understanding of the significance of
malnutrition among communities and households.

Planners recognized that malnutrition was a symptom
of poverty and that efforts directed to alleviating poverty
needed to focus on improving nutrition as one of its
principal indicators. Good nutrition was not a goal in itself
but a means of promoting development. To increase the
human resource capacity, health volunteers were selected
by means of a sociogram process, resulting in a ratio of
about one volunteer (mobilizer) per ten households.
Those village health volunteers were trained and made
responsible for mass social mobilization. Today there are
some 700 000 volunteers or mobilizers, covering almost
every village in the country.

The poverty alleviation plan was broad-based, being
directed toward improving the quality of life of the com-
munity, which included better health and well-being. The
strategic use of a series of indicators based on the concept
of ‘basic minimum needs’ led the practical implementa-
tion of this plan. These ranged from physiological needs
related to food security and nutrition, food variety, and
adequate clean water, as well as social needs such as
adequate housing, a clean environment, and care of public
properties. This highly participatory and multisectoral
process that was put in place for the purpose of improving
the well-being of all was the key to Thailand’s success.
The initial setting up of the process required considerable
effort, time, and energy, but once in place the system
became relatively easy to sustain with a low operational
cost (Winichagoon et al., 1992).
Lao People’s Democratic Republic (Lao PDR)

The Government of Lao PDR in collaboration with the
Food and Agriculture Organization (FAO) of the United
Nations implemented a novel pilot project on the promo-
tion of home gardens for improved nutritional well-being
among rural communities in Laos (Khammounheuang
et al., 2004). The project developed and implemented a
creative process that evolved from participatory planning
of its action plan for implementation and included the
community and district levels right up to the policy
makers in the Department of Agriculture. Through an
integrated home gardening program supported with
nutrition education, model home gardens were estab-
lished by each of the target households and communities
in four villages of the central regions of Lao PDR. The
home gardening components included growing vegeta-
bles and fruit, raising small livestock such as poultry and
pigs, promoting fish ponds, and creating nutrition aware-
ness to increase the usage of a diverse variety of foods.
The home gardens were planned and established to pro-
vide a year-round supply of micronutrient-rich foods that
were compatible with local taste preferences.
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One of the major project outputs was the development
of provincial-, district-, and community-level capacities
to implement and manage home gardening and nutrition
improvement programs. Training of trainers and in-
service training were provided by FAO on key modules
of nutrition, horticulture, small livestock, and fisheries to
the government and community partners engaged in the
project implementation. Field demonstrations were key
outputs of the transfer of technology component. The
technique of growing vegetables in a net house (green-
house or shading net house is a technique to provide
favorable growth conditions inside a fabricated structure
like netting material to protect plants from excessive
heat, rain, and other adverse climatic conditions) for
year-round production of vegetables both on a tabletop
(suitable when space is limited) as well as the ground was
promoted. Small-scale fish farming provided opportu-
nities for both nutrition and an increase in income,
while small livestock production mainly served as means
of accumulating capital.

At 18months of implementation, an increase in the
production of vegetables, fruit, poultry, and fish was
noted in the target households, with an awareness created
for enhancing the consumption of this home-grown pro-
duce. Specifically, the consumption of green leafy vege-
tables and fish showed an increase among the households.
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Impacts on nutrition

One of the important findings of the implementation of
the project was its impact on the prevalence of under-
nutrition among children under 5 years. Anthropometric
assessment was carried out during a period of 15months
(April 2003 to July 2004). The weight and height measure-
ments of a total of 196 children under 5 years were fol-
lowed, beginning with a baseline conducted in April 2003,
a semester measurement in October 2003, and postinter-
vention period measurement in July 2004.

The children identified as undernourished were
provided special dietary rehabilitation by the project.
Parents were given one-to-one dietary guidance on the
preparation of nutrient-dense recipes for their children.
Complementary food demonstrations were carried out,
and parents were shown how to prepare a thick rice
soup to which meat, green leafy vegetables, oil, and
sugar were added in appropriate quantities. The recipe
served to meet a substantial part of dietary nutrient
needs for the children. At the end of the complemen-
tary food preparation, the children were fed the mixed
nutritious soup.

The parameters used to describe the nutritional status
and type of malnutrition of children under 5 included
weight for height (WFH), height for age (HFA), andweight
for age (WFA). In accordancewith the recommendations set
by the World Health Organization, National Center for
Health Statistics, and the U.S. Centers for Disease Control
and Prevention, the results were analyzed using a cut off
point of –2 SD (standard deviations) in relation to the
reference population NCHS/CDC in term of wasting
(low weight for height, indicating a recent or severe process
of weight loss), stunting (low height for age, reflecting a
process of failure to reach linear growth potential as a result
of suboptimal health and/or nutritional conditions), and
underweight (low weight for age, reflecting body mass
relative to chronological age).
Improvement in nutritional status

Comparing from baseline to the postintervention period,
rates of moderate and severe underweight declined from
23 to 15.9% and from 9.5 to 2.3% respectively, being
significant for severe malnutrition. Decline in rates of
malnutrition in children under 5 years demonstrated evi-
dence of project impacts on nutrition (Figure 2). The
baseline survey found that the prevalence of under-
weight (WFA <�2 SD from the median of the reference
population as moderate malnutrition) was 23.2% and
9.5% (WFA <�3 SD from the median of the reference
population as severe malnutrition). After 5months of
implementation of the pilot project along with nutrit-
ion education, a semester anthropometric measurement
showed that the prevalence of underweight declined to
20.4% of <�2 SD and to 1.9% of <�3 SD. The final
anthropometric measurement was taken 9months later
and it found that the prevalence of underweight had
declined to 15.9%. The rate of severe underweight
declined from the baseline to the postintervention period
(p ¼ 0.02) (Figure 2).

The lessons learned and some of the best practices
for both policy and technology are being considered for
scaling up at national levels.
Nepal

In BASICS, a USAID-supported project in Nepal, the
management body developed a unique and collaborative
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relationship with the primary outreach workers, the
female community health volunteers (FCHVs). The
training of the FCHVs was highly participatory and
helped to build confidence, support, and a sense of
ownership of the program. The participatory approach
led to high levels of motivation among the FCHVs,
who then motivated and organized others. The program
featured creative media and communication approaches
combined with carefully field-tested materials and mes-
sages to popularize desired behaviors. At the community
level, special outreach efforts were held in remote com-
munities and areas often neglected by local programs.
The program achieved and maintained high levels of
coverage and produced significant outcomes. The peri-
odic reporting of evidence-based results formed the
underpinnings of advocacy at district and national levels.

Targeting and reaching the unreached is one of
the biggest challenges in supplementation programs.
Community-based programs should aim to reach at least
levels of 80% of the target population. Data on food
intake and use of supplements by high-risk age and
income groups would be valuable for comprehensive
planning. The Nepal vitamin A supplementation program
was introduced in the poorest districts about a decade ago,
even before the polio national immunization days, and
was phased to reach almost national coverage by 2001.
Coverage has remained high and is attributed to a system
of resident FCHVs trained to administer vitamin A with
supervision from health authorities on two fixed days each
year. The volunteers know the eligible children in their
communities and monitor their need for supplementation.
Bangladesh

The Integrated Horticulture and Nutrition Development
Project (IHNDP) implemented by the Government of
Bangladesh (Bhattacharjee et al., 2007) provides a case
for incorporating a nutrition orientation to horticulture
programs and policies with particular implications for
horticulture-based nutritional security. The project’s
efforts were directed toward creating an environment of
food production for consumption and equipping the rural
farmers with the necessary knowledge, technology, and
skills to prepare nutritious foods that could be consumed
by themselves and their households, thereby improving
dietary quality. The nutrition component of the project
attempted to diversify the food habits of the target groups
and promote the consumption of horticultural crops as a
sustainable solution to the problem of malnutrition
(micronutrient malnutrition). Accordingly, improvements
were made in the diets of the households by promoting
the consumption of horticulture-based foods, improving
food preparation and dietary practices at the household
and community levels, and protecting and strengthening
existing nutritionally beneficial practices.
Community-based nutrition education programs

As part of the Nutrition Education Strategy, community-
based nutrition education programs were established to
create nutrition awareness among various community
groups such as women (farmers) and schoolchildren.
Mass media educational messages and programs on advan-
tages of incorporating vegetables and fruit in the diet were
developed and widely disseminated to the community.
Food intake methods and young child feeding programs
promoted nutrition behavioral change among children,
while programs on food-based nutrition to encourage
an increase in vegetable and fruit consumption clearly
showed enhanced intakes of vegetables and fruits in
project-covered areas. Simple household processing tech-
nologies for dehydration, pickling, bottling, pulping, and
preparing preserves and relishes from a variety of vegeta-
bles and fruit were also promoted. This helped to build
synergies between nutrition and food processing, espe-
cially with regard to reducing micronutrient losses,
increasing shelf life, and contributing to part of the day’s
nutrient requirements.

Case studies showed that families were eating at least
two types of vegetables and one fruit on a daily basis.
Appropriate cooking practices were also noted with the
women/mothers following correct procedures in food
preparation. Participatory nutrition education activities
revealed strengthened nutrition knowledge gained through
the project, with an increasing number of women preparing
horticulture-based recipes in their diets.
Food and dietary consumption

Food consumption assessments showed that the project-
covered households consumed between 46 and 64% of
vegetables and fruits produced in their home gardens,
sold between 9 and 20% of the produce, and gave the
rest to friends and relatives. The amount consumed by
the project-covered households was significantly higher
than the non-project-covered households. Due to the
project interventions, the consumption of leafy vegetables,
yellow and orange vegetables, and vitamin-C-rich fruit
also increased in the project households. Over 60% of
project-covered households started giving complementary
foods to infants between the ages of 5 and 7months along
with continuation of breast-feeding, as compared to only
one-third of non-project households that did so.

A substantially higher energy, protein, and micronutri-
ent intake was noted among the project-covered house-
holds compared to non-project households. Iron intake
was significantly higher in adult women and vitamin A
intake was significantly higher in children, adolescent
girls, and adult women, while vitamin C intake was signif-
icantly higher in children and adult women and calcium
intake was significantly higher in adolescent girls in the
project-covered households. The observed differences
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were consistent even after adjusting for the differences in
the farm size of the project and control households.

It was noted that the largest impact of the project was
on food preparation and consumption practices. Signifi-
cantly more project households washed vegetables before
cutting, ate fresh carrots, tomatoes, and other vegetables,
lemons, or sour fruits daily, took green chili in daily
meals, and used coriander leaves in daily cooking. It
was also seen that the diets of the project-covered house-
holds appeared to be more diversified than control
households.

Social mobilization

Through a process of social mobilization, farmers’ groups
were organized with support of NGOs into producers’
organizations in all the project-covered areas. In order to
do so, a comprehensive social technology was adopted by
the project to mobilize the farming community so that all
project interventions could be provided through the
groups and the community as a whole. Social mobilization
was seen to be one of the most important interventions of
the project. Through it, the project has created a mass
awareness among poor and resource-constrained horti-
culture farmers about their inherent ability to change
their life to a better condition. The farmers now have
aspirations of a decent life and prosperous future.

Social mobilization included group formation, group
meetings and collective decision making, awareness build-
ing, group management, group savings, income-generation
activities, empowerment, linkages with other projects and
organizations at the field level, and so forth. Small homoge-
neous groups (10–15members) are the center of all services
provided by the project. This has enabled the execution of
project activities in a cost-effective manner. The group
approach was in line with the basic principle of the
Department of Agricultural Extension Services extension
approach of working with the groups. This approach to
extension offers the opportunity for more effective use of
the extension resources for problem identification and solu-
tion, sharing of information, and cost-effective choice of
extension methodology.

Group and community savings

Small self-help groups acted as a vehicle for technology
dissemination in the project, mostly with the landless,
marginal female farmers. Of a total of 1292 groups
organized, 82% were female. The self-help groups of
farmers organized by the project were consolidated and
reorganized by the community during the latter part of
the project. The consolidation process was based on fac-
tors such as regularity of meetings, maintaining bank
accounts, regularity of savings, and horticultural produc-
tion and processing activities at individual and group
levels. The farmers deposited savings regularly in their
bank accounts. The savings are being utilized in many
ways, such as to protect them from money lenders, paying
for land leases for horticultural crop production, and
purchasing inputs. The farmer groups organized regular
meetings and discussed issues of their activities on horti-
cultural production, postharvest management practices,
and food processing, marketing prospects, experiences of
in-country study tours, microcapital grant support, and
nutrition.

Such a group approach was seen by the project to have
a very positive effect on the overall service delivery pro-
cess. Compulsory savings as a group precondition was
reviewed as a binding and committing factor for group
work, solidarity, and cohesion. Government officials’
involvement and legitimacy facilitated strong women’s
participation.
Community Resources for Dietary
Improvement

Dietary modification and diversification are examples
of some initiatives that can be undertaken through
community-based approaches (Table 1). Such an approach
can be used to enhance understanding of micronutrient
deficiency in the community, and to help to empower
community members to be more self-reliant in addressing
their nutritional problems (Tontisirin et al., 2002).

The different sectors need to be linked in such
community-based programs to build a true multisectoral
approach. Public health control measures including
immunization, control of acute respiratory infections,
diarrheal diseases and parasitic infestations, and education
and support for the practice of personal hygiene and
sanitation all need to be rigorously promoted simulta-
neously. Developing policy that is strongly supportive of
community-based program implementation can and
should greatly strengthen and improve existing situations.
Access to Technical Resources

Partnerships that exist between academic institutions,
NGOs, and various government sectors periodically con-
tribute to providing technical resources to the community
program. Integrated activities that serve to help the rural
poor to become self-reliant and in the process improve
child protection, health, nutrition, and education are
now integral, ongoing components developed through
community efforts. Traditional farming methods that
have been replaced now emphasize subsistence – that is,
growing a variety of foods, herbs, and other useful plants
for farmers’ own consumption and selling only the
surplus.

Taking an example from India, the MS Swaminathan
Research Foundation in collaboration with the Interna-
tional Plant Genetic Research Institute is promoting the



Table 1 Inputs and outcomes for prevention and control of micronutrient malnutrition through community-based programs

Input Output Outcome

Dietary improvement:
Food production for consumption;

information, education, and

communication (IEC);

. Number of home gardens; number of
chicken- and duck-raising activities;

number of community fish ponds

" Knowledge, attitude, and practice (KAP)
toward usage of micronutrient-rich foods

Food-based dietary guidelines
(FBDGs); complementary food

production

. Consumption of micronutrient-rich foods
and (bioavailable) food combinations

#micronutrient deficiency prevalence! gradual
elimination of major micronutrient deficiencies

(iron-deficiency anemia (IDA) and vitamin

A deficiency)

. Dietary intake of enhancers

. Avoidance of inhibitors

Food fortification:
Iodized and

double-fortified salt; other foods

. Percent of household usage of iodized/
double fortified salt; percent of individual

and household use

" KAP toward usage of micronutrient-rich foods;
# IDA and iodine deficiency disorders (IDD)

prevalence! elimination of IDA and IDD

Basic health services and
community participation:

Antenatal care (ANC),

immunization, parasitic control,

hygiene, and related activities/
services

. Frequency of contacts with pregnant
women (minimum 4 antenatal care

contacts); percent coverage of target

groups

Improved pregnancy outcomes (increased birth
weights); # IDA prevalence; #worm infestation

rates

Agricultural extension services: . Mobilizing small farmers, households,

women’s groups toward food production

activities

" KAP toward usage of micronutrient-rich foods;

increase in household income;

# prevalence of micronutrient deficiency!
gradual elimination. Number of poultry vaccinations held

Reproduced with permission from Tontisirin K, Nantel G, and Bhattacharjee L (2002) Food-based strategies to meet the challenges of

micronutrient malnutrition in the developing world. Proceedings of the Nutrition Society 61: 243–250.
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use of biodiversity as a contribution to community’s
(farmers’) livelihoods and improved nutrition (Boopathy
et al., 2003). The focus is on small grains, notably millets.
These are good for the environment because they can
thrive under marginal conditions. The project has identi-
fied two products as worthy of investigation. One is malt
made from finger millet (Eleusine coracana), and the other
is a mixed grain preparation that is particularly useful for
diversifying diets and conferring the benefits of dietary
fiber and micronutrients, apart from other health values.
The community members/farmers have worked with
food technologists to develop new products such as
biscuits and snacks that make use of the processed millet
grains. Marketers have helped to place these new pro-
ducts in the shops and supermarkets of nearby towns.
With further development of the market, such efforts
will not only improve nutrition but also help to protect
biodiversity directly, as communities can derive income
and other benefits from local crops and thus will be more
willing to protect them.
Goals and Impact of Community-Based
Programs

The ultimate goal of community-based programs is to
impact on the community situation and the lives and nutri-
tion status of the population. Therefore, the acceptability or
significance of the programmust aim at an overall improve-
ment of the quality of life in the community, by including all
the integrated components of people’s lives rather than
addressing them as isolated components. The context nec-
essary for systematically planning, selecting, and then
implementing community-based actions is, therefore, one
that combines the provisioning of multisectoral minimum
basic services in the health, agriculture, and education fields
in particular with local capacities and efforts.

Systematic management information systems exist for
monitoring and evaluating the progress of community-
based programs. These are also applied for achieving
resource allocation and logistical facilitation for program
implementation, which includes the inputs and processes.
Monitoring and information systems at different levels
and forms of presentation for different purposes and
objectives need to be established. For example, anthropo-
metric data collected at the community level are used for
individual surveillance and household and community
action as well as to send it along the upward line of
command. Data can then be aggregated to present the
community situation and trends. Food and nutrition indi-
cators will need to constitute a part of the essential mini-
mum needs indicators, as pointed out earlier (Tontisirin
and Winichagoon, 1999).

This helps to compare the community-level data with
the standards and targets set for each of the essential
minimum needs indicators and determine what items
fall below the standard. Community-based indicators
help to identify problem areas or ‘needs’ not met for
that particular village. Village surveys should be con-
ducted every year to maintain continuity of community-
based planning and sustain community participation
toward self-reliance.



Conclusion

Fundamental to the sustainability of programs in a commu-
nity is community members’ ability to make enlightened
decisions and then be able to implement them. This can
happen to the extent that community members are able to
understand their problems and are aware of the resources at
their disposal to address them.

Many of the actions needed to achieve the objectives
laid out by community-based programs involve relatively
little additional cost to governments, where government
staff salaries are already covered. It essentially entails
assigning higher priority to integrated nutrition training,
devolving responsibility to the district, subdistrict, and
community levels, and carrying out the process of social
mobilization for empowering community volunteers, indi-
viduals, and communities to take action, as well as foster-
ing greater intersectoral collaboration. What is needed is
the political will to instill in the community a strong sense
of ownership and to strengthen and support community
leaders and volunteers with appropriate tools to imple-
ment actions for improvement of nutritional status.

See also: Fetal Growth Retardation: Causes and Out-

comes; Measurement and Modelling of Health-Related

Quality of Life; The State in Public Health, The Role of.
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Introduction

A good health system is one of the most important ele-
ments in ensuring the health of a population in any
modern society. Although all nations share the same goal
of improving the health of a population in a cost-effective
and equitable manner, health systems vary greatly from
country to country. However, a perfect health system does
not exist. In fact, nearly every nation is continuously
undergoing certain health system reforms and system
improvements. Governments are constantly striving for a
high-quality, cost-effective, and universal health-care
system.
Comparative health-care systems is a rapidly growing
field that is being called on more and more frequently in
health policy and health service research communities.
This is particularly true in the current trend of globaliza-
tion, wherein alternative ways to solve inherent problems
in health systems and to improve the performance of
health systems are being analyzed.

Experience from previous decades shows that the
development of a health system is facilitated with inter-
national comparisons of other nations’ health systems.
First, the comparative nature of the analysis allows for a
greater number of policy options to be identified, which
will likely assist policy makers in the implementation
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of health strategies. Second, the comparative analysis of a
health system can help people realize the consequences of
various policy decisions: the successes that they might
consider adopting and the failures that they should
avoid. Finally, comparative analyses can act as bench-
marks for in-depth evaluations of the performance of a
health system.
Concept of Health System

Health systems have been conceptualized in various ways.
Roemer (1991) defines a health system as ‘‘the combina-
tion of resources, organization, financing and manage-
ment that culminate in the delivery of health services to
the population.’’ This definition emphasizes the input
requirements of a health system. The World Health Orga-
nization’s (2000) definition includes ‘‘all the activities
whose primary purpose is to promote, restore or maintain
health.’’ Rather than emphasizing inputs such as resources,
this definition focuses primarily on the outcome aspects
of a health system. Irrespective of the definition, a
health system should include the following two major
components: The first component is the goal of a health
system, that is, to address health and illness in society, and
the second component is a set of mechanisms that trans-
form health-related resources into health services in order
to achieve the goal of a health system.

Although health systems vary across countries, all
include similar structural components (see Figure 1):
health-care providers, consumers of health-care ser-
vices, health financing agencies, resources suppliers,
and government/regulatory entities. Each component
is directly linked to the other four components. For
example, health providers provide health-care services
to the consumers, receive payments from a financing
agency to recover the cost of health services, obey the
regulations imposed by the regulatory entity, and receive
resources from resource suppliers.
Health 
providers 

Financing 
agencies 

Resource 
suppliers 

Consumers

Government/ 
regulatory entity 

Figure 1 The common structure of health systems.
The variations arise from the individuals that comprise
the components, the manner in which the individuals func-
tion collectively, the importance of each component in the
system, and the relationships among the components of a
specific health system. For example, all health systems have
health-care financing agencies. However, these agencies
vary, from governments to private health insurance to indi-
vidual consumers themselves. In some health systems, gov-
ernments are the major agencies for health financing; in
other cases, out-of-pocket payments are the main sources of
health financing; that is, the individual health-care con-
sumer acts as the health financing agency. The relationships
between health financing agencies and health-care provi-
ders are based on the contract arrangements of capitation or
fee-for-services payments.
Methods in Comparative Health Systems

Methods to compare health systems have evolved into
three types (Rodwin, 1995). The first type can be sum-
marized as random observations in the early stage of
comparative analysis. That is, ‘‘travelogues . . . written by
physicians from overseas tours’’ to express the variations
of health systems without specific policy purposes. The
second type can be summarized as purposeful learning
of comparative analysis, which focuses primarily on the
practical issues of improving the performance of a health
system through health system reform. The third type can
be summarized as a social science comparison of health
systems. Comparative health system analysis involves a
multidisciplinary approach and incorporates disciplines
such as anthropology, sociology, political science, and
economics. Furthermore, rigorous study design with elab-
orate hypotheses and sophisticated analytic methods are
applied in comparative analysis.

In terms of study design, the majority of comparative
analyses of health systems have been cross-sectional. In
order to make the health systems as comparable as possi-
ble, countries with similar socioeconomic environments
(serving as the control variable) are often selected for
comparative analysis. Since an experimental study design
is rarely feasible, quasi-experimental study designs have
been used instead. However, this type of study is very
expensive and is able to test multiple sites only within the
same country.

Comparative analyses of health systems can be per-
formed by a ‘snapshot’ approach to examine the overall
performance of a health system or by an ‘anatomical’
approach to examine the effects of specific components
on the outcomes or overall function of a health system.
The snapshot approach commonly uses the following
measures to compare health systems: total health-care
expenditure, life expectancy or healthy life expectancy,
or health system outcomes. These are then used to judge
the overall performance of a health system. Although this
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approach is intuitive and easy to understand, it does not
provide significant details for the policy learning purpose.
The second approach incorporates a more in-depth anal-
ysis of each component of the health system in order to
gain a greater understanding of how a specific system
works. Certainly, these two approaches are not mutually
exclusive. A snapshot approach is usually the first step of a
more elaborate comparative analysis of a health system.

The framework of ‘‘structure, process, and outcome’’
(Aday, 1998) is often implicitly or explicitly applied in
comparative health system analyses. Structure refers to
the investment of health resources – including resources
for the delivery of health services, as well as resources for
the organizational structure of health services – and the
health status of a population in a specific society. Process
encompasses the delivery of health services, as well as the
utilization of health services. Outcome can be dissected
into two groups: intermediate outcomes and ultimate out-
comes. Intermediate outcomes refer to the immediate
Table 1 Ultimate and intermediate goal indicators of a health sys

Key indicators
Categories Levels

Ultimate goals of health system

1. Health status Life expectancy at birth
Infant mortality

Maternal mortality

Life expectancy at 65

Disability-adjusted life year
(DALY)

Quality-adjusted life year

(QALY)

2. Financial risk protection or the
share of financial burden

Health insurance
coverage

Percentage of out-of-pocket

payment of total health
expenditure

Percentage of poverty due t

illness

3. Customer satisfaction or
responsiveness to people’s

nonmedical expectations

Consumer-satisfaction
survey indicators

Intermediate goals of health system

1. Efficiency Cost per unit of outcome
(health improvement)

2. Quality Appropriateness (overused,

underused, or misused)

3. Access Utilization rates of health
services

Physician/hospital beds per

1000 population
4. Cost Total health expenditure

Percentage of health

expenditure in gross

domestic product

This table is based on information from Roberts MJ, Hsiao W, Berman

Improving Performance and Equity. New York: Oxford University Pres

2000: Health Systems: Improving Performance. Geneva: WHO.
outputs of health system performance such as quality,
efficiency, and access to health services. Although these
outputs are the consequences of health system perfor-
mance, they are not necessarily the final goals from a
societal perspective. The ultimate outcomes refer to
health status, customer satisfaction, and financial risk
protection (Roberts et al., 2004). According to a World
Health Organization report, the goal of customer satisfac-
tion is replaced by ‘‘increasing responsiveness to the legit-
imate demands of the population’’ (World Health
Organization, 2000). In addition to the overall level of
these indicators, the distribution of these indicators
among various factors, such as socioeconomic status,
race, ethnicity, and gender, is also of particular interest
in health policy. Health equity with respect to health-care
financing and health-care utilization has become an in-
creasingly important goal in modern society. Commonly
used indicators to measure ultimate and intermediate
goals are listed in Table 1.
tem

Distribution

Indicators of equity, which refers to the difference of the

outcomes among different groups of the population. The
most commonly used indicators for assessing a health

system include health equity, financial equity, and access

equity

o

P, and Reich MR (2004) Getting Health Reform Right: A Guide to

s and World Health Organization (2000) The World Health Report
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Variation of Health Systems and Their
Performance

There are a variety of health systems. Field (1973)
observed five types of health systems based on the evolu-
tionary progress of industrialized nations: the private
health system, the pluralistic health system, the national
health insurance system, national health services, and
socialized health services. Bambra (2005) grouped the
health systems of OECD countries into three categories,
liberal, conservative, and social democratic, on the basis of
the degree of health-care decommodification. Lassey
(1997) classified health systems into ‘‘most advanced,’’
‘‘somewhat advanced,’’ and ‘‘less advanced’’ on the basis
of technology use, resource availability, and health service
accessibility.

Rather than classifying different types of health sys-
tems, this article uses the anatomic approach to examine
the method by which each component of a health system
functions and to assess the potential outcome indicators of
a particular health system. This approach is likely to
facilitate the translation of comparative results into policy
recommendations.
Epidemiological Profiles of Populations or
Patients

The centerpiece of a health system is its beneficiaries –
that is, the population or patients. The health of a
population varies greatly from country to country. Dis-
parities in population health are often used to compare
the performance of health systems. In addition, the
health status of a population, determined by epidemio-
logical profiles, is an important factor that influences
the development of a health system in a specific soci-
ety. For example, in a society with a high prevalence of
communicable diseases, tax-based financing for disease
prevention at population level, as well as emergency ser-
vices for disease treatment, will be required. However, in
a society characterized by chronic disease, community-
based disease prevention and disease management are
essential components of the health system. Therefore,
health system development requires the population or
patients to be the centerpiece. Health systems should
reflect the health demands and needs of a specific society.
Health systems should also evolve as the populations or
the patients’ health status changes.
Financing of Health Services

Financing is one of the most important components and
functions of a health system. Health system financing
varies depending on how resources are generated, pooled,
and used. Health services can be financed in a variety of
ways: from an individual who is self-insured, through an
insurance agency, or through a government agency that
provides health insurance to a specific group or the entire
population.

There are three basic issues that policy makers must
address in terms of health financing. The first is the
amount of resources that a financing system can mobilize
and then allocate to health services. The combination
of multiple sources of financing is the total health
expenditure in a specific society. The second issue is the
type and amount of services that can be purchased. This
refers to the benefit package design in response to the
demand and/or needs for health services and resource
constraints. The third issue involves the purchase of
health services through the use of incentives in order to
achieve the desired outcomes of a health system.

The level of health expenditures varies greatly from
country to country. Table 2 summarizes total health
expenditure per capita, the health expenditure as a per-
centage of Gross Domestic Product, and sources of health
financing in selected countries. There is no consensus on
the appropriate amount that should be allocated to health
financing. In many of the poorest countries, the level of
spending is still insufficient to ensure equitable access to
basic and essential health services and interventions.
Thus, a major health policy issue in poor countries is
ensuring adequate and equitable resource mobilization
for health. On the other hand, in many of the richest
countries, the level of spending is considered too high,
and the concomitant benefits from these investments do
not generate a reasonable return in terms of health gain.
Consequently, a major policy issue in the wealthiest
nations is controlling the cost of health services and
ensuring their maximum efficiency.

Although there is ongoing debate over the appro-
priate amount of health-care spending per country,
there is fairly common agreement on how health expen-
ditures should be financed. For example, if out-of-pocket
payments for health-care financing are too high, the
financial risk protection of a health system will be low
in a given society. Table 3 summarizes financial risk
protection and other selective effects of various health
financing mechanisms.
Provider Payment Methods

Provider payment methods are a set of contracts made
between health-care providers and financing agencies
with respect to compensation for provider health service
delivery. Since different payment arrangements alter the
financial risk-bearing status of providers, they impose
differing financial incentives for providers and thus influ-
ence the performance of a health system. Table 4 lists
seven of the most commonly used provider payment



Table 2 Total health expenditure and financing mechanisms

Country
Total expenditure per
capita (international dollar)

Total expenditure on
health as % of GDP

Source of financing, % of total health expenditure

Government
expenditure

Private
prepaid
plans Out-of-pocket Other

Algeria 186 4.1 80.8 0.8 18.3 0.1
Argentina 1067 8.9 48.6 19.6 28.6 3.2

Australia 2874 9.5 67.5 7.8 22.0 2.7

Brazil 597 7.6 45.3 19.6 35.1 0.0

Canada 2989 9.9 69.9 12.7 14.9 2.4
China 278 5.6 36.2 3.7 55.9 4.2

Czech Republic 1302 7.5 90.0 0.3 8.4 1.4

Germany 3001 11.1 78.2 8.8 10.4 2.6
Japan 2244 7.9 81.0 0.3 17.1 1.6

Kenya 65 4.3 38.7 3.7 50.6 7.0

Mexico 582 15.2 44.6 36.5 13.5 5.4

Mozambique 45 4.7 61.7 0.2 14.9 23.2
Namibia 359 6.7 70.0 22.8 5.8 1.4

Republic of Korea 1074 5.6 49.4 2.1 41.9 6.6

Russia 551 5.6 59.0 2.7 29.2 9.1

Singapore 1156 4.5 36.1 0.0 62.0 1.9
Spain 1853 7.7 71.3 4.3 23.5 0.9

Sweden 2704 9.4 85.2 0.3 13.6 0.8

Switzerland 3776 11.5 58.5 9.0 31.5 1.0
United Kingdom 2389 8.0 85.7 3.3 11.0 0.0

United States 5711 15.2 44.6 36.5 13.5 5.4

Zimbabwe 132 7.9 35.9 13.5 36.3 14.3

Source: World Health Organization (2006) The World Health Report. Geneva: WHO.

Table 3 Source of health-care financing

Types Financing mechanisms Efficiency Equity
Financial
sustainability

Financial risk
sharing

Service
utilization

Out-of-pocket Individuals Low Low Low Low Low

Medical saving

account

Individuals Medium Low Medium Low/medium Low

Community financing Premium contribution Medium Low Medium Medium Medium
Private health

insurance

Premium contribution Medium Low Medium High High

Social insurance Payroll and tax deduction High Medium High High High
National health

insurance

General tax High High High High High

This table is created mainly based on World Bank (1999) Teaching materials of the Flagship Program on Health Sector Reform and

Sustainable Financing. Washington DC: World Bank; Roberts MJ, Hsiao W, Berman P, and Reich MR (2004) Getting Health Reform
Right: A Guide to Improving Performance and Equity. New York: Oxford University Press; and World Health Organization (2000) The

World Health Report 2000: Health Systems: Improving Performance. Geneva: WHO.
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methods, as well as their incentives for providers in
terms of quantity, quality, and cost control. In practice,
however, there are payment methods that combine differ-
ent payment mechanisms into one payment arrangement.
For example, salary plus bonus payments combine both
fee-for-services and salary into one payment method in
order to balance the incentives for quantity, quality, and
cost of services.
Delivery of Health-Care Services
The delivery of health-care services can be divided into
two components: the types of services delivered and by
whom, that is, its ownership. The types of services vary
from community-based health services for the majority of
the population to hospital-based services for a select group
of patients with severe health problems, to specialized
health services for those patients who require specialized



Table 4 Provider payment mechanisms

Payment
methods Unit of payment Financial risk-bearing of providers

Financial incentives for providers

Quantity Quality Cost control

Fee-for-service Per service item No High High Low

Salary Monthly payment No Medium Medium High

Capitation Per contracted patient/person Yes Low Low/High High
Daily payment Per patient day Partial Low/High Low/High Medium

Case payment Per case of different diagnosis Partial Low/High Low/High Medium

Line item budget Budget line No Low Low Medium

Global budget All services Yes Low Low/High High

This table is created mainly based on World Bank (1999) Teaching materials of the Flagship Program on Health Sector Reform and

Sustainable Financing. Washington DC: World Bank; Roberts MJ, Hsiao W, Berman P, and Reich MR (2004) Getting Health Reform

Right: A Guide to Improving Performance and Equity. New York: Oxford University Press; and World Health Organization (2000) The
World Health Report 2000: Health Systems: Improving Performance. Geneva: WHO.
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Figure 2 The structure of health services delivery.
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care (see Figure 2). In some health systems, providers are
organized into a three-tier hierarchical system. Primary
health-care providers often serve as gatekeepers of the
health system; a referral system is often in place in
order for patients to receive higher-level hospital and/or
specialized care. In other systems, these three tiers may not
be present. For example, a lack of resources may force
informal health-care providers, such as traditional healers,
birth attendants, and community health workers, to act as
the primary health-care providers although they are not
considered part of the formal health system. Another
example is the direct entry of patients into tertiary and
specialized health services. The referral system is bypassed
in order to increase a patient’s freedom of choice among
health providers. These structural differences in the deliv-
ery of health services may have great impact on access,
quality, and efficiency of health services.

The second component of health service delivery is
ownership. Health-care providers may be part of a
publicly owned or a privately owned system. Recently,
a trend has been growing toward converting publicly
owned delivery systems to public–private partnerships.
Public–private partnerships are viewed as a ‘win–win’
arrangement, with various motivations and philosophies
working together – albeit with different incentives – to
contribute to the improvement of the health status of a
population. Table 5 lists the major characteristics of pub-
licly and privately owned delivery systems, as well as the
predicted outcomes of the performance of the delivery
systems. In the public–private partnership, the public sys-
tem can take advantage of the higher levels of efficiency
and quality of a private system, while at the same time
maintaining its equity and cost-control goals.
Regulation of a Health System

Regulations are rules or orders mandated by a govern-
ment in order to improve the outcomes of a system
through behavior change. Health regulation functions to
(1) ensure the fairness of market exchange in a health
system, (2) correct the market failure of a health system,
and (3) ensure the equity of financing and delivery of
health-care services.

Regulatory policy is incorporated into almost every
aspect of a health system. From a functional perspective,
regulations have the following four objectives: financial
risk sharing; quality and safety; equity of health services;
and cost-effectiveness, or value for money (Table 6).
Criticism of Comparative Analysis of
Health Systems

Comparative health systems is a rapidly growing field that
is being used more and more frequently in health policy
and health service research communities. However,
there are many criticisms, including questions about
the usefulness of international comparisons, the simplicity
of methods used in the analysis, and the value of inter-
national experiences as a means of health system
improvement.



Table 5 Health-care providers by ownership

Variables Public Private Public–private partnership

Characteristics
Incentives Low High Medium

Financial risks Low High Shared

Decision space Centralized Decentralized Shared

Profit No Varies Controlled
Performance

Efficiency Low High Medium

Quality Medium High Cost-effective

Equity High Low Medium
Responsiveness Low High Medium

Cost control High Low Medium

This table is created mainly based on World Bank (1999) Teaching materials of the Flagship Program on Health Sector Reform and
Sustainable Financing. Washington DC: World Bank; and World Health Organization (2000) The World Health Report 2000: Health

Systems: Improving Performance. Geneva: WHO.

Table 6 The objectives and options for regulation in health

system

Objectives Regulations

Financial risk

sharing

Mandating enrollment for health

insurance

Setting community rate

Providing open enrollment
Ensuring minimum benefit package

Medical safety Market entry license, including doctor’s

practice license, hospital licenses,
drug manufacture license, etc.

Practice guidelines and procedures

Drug quality

Equity Medical safety net
Medical resource reallocation

Cost-effectiveness Services prices control

Profit/surplus regulation

Capital investment
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Although many comparative analyses attempt to con-
duct objective comparative analyses using similar frame-
works and statistical indicators, the results of the
comparison remain debatable. Often, the information is
not reported in the same format, and statistics are calcu-
lated differently and use dissimilar definitions. This issue
raises concern about the use of simple statistical compar-
isons as a method of comparative analysis. Compara-
tive analyses should be made for countries with similar
characteristics – serving as control factors – and with
elaborate and careful interpretation.

Many health system comparative analyses attempt to
establish a causal relationship between a health system
and its outcomes. However, the majority of these analyses
are based on cross-sectional data. Furthermore, the out-
comes of a health system, particularly the health of a
population, are influenced by many factors that exceed
the boundaries of the health system. These factors are
difficult to control in comparative analyses. Therefore,
the results derived from comparative analyses must be
interpreted with caution as they may not be valid or
reliable results.

Health systems are deeply rooted in their country’s
historical, cultural, ethical, political, social, and economic
development. The successes of one health system may not
apply to another health system in a different society. For
example, a community health financing scheme may work
well in a society with a high degree of trust, reciprocity, and
social networking but may not work well in a society with
low social capital. Therefore, the transfer of knowledge
should be done cautiously when adapting successful
strategies.

In summary, there is great variation in terms of health
systems and their levels of performance. Health systems are
dynamic and evolve in response to changes in the epidemi-
ological profiles of the population, improvements inmedical
technology, and people’s knowledge of the health system.
Although there is criticism regarding the methodology and
results of comparative health system analyses, the field is
growing rapidly and is being usedmore andmore frequently
in health policy and health service research communities.
Comparative health system analyses are still considered
useful learning tools for health system improvement, par-
ticularly in the current environment of globalization.

See also: Global Health Initiatives and Public Health

Policy; Health Policy: Overview; Human Rights, Approach

to Public Health Policy; International Law, and Public

Health Policy; Politics, and Public Health Policy Reform;

Resource Allocation: International Perspectives on Re-

source Allocation; The State in Public Health, The Role of.
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Diseases and Risk Factors

Detailed description of the level and distribution of dis-
eases and injuries, and their causes, are important inputs
to public health policies and programs. A substantial body
of work has focused on the quantification of mortality, and
more recently on the burden of disease. Data on disease or
injury outcomes alone, such as death or hospitalization,
tend to focus on palliative or curative services. Reliable
and comparable analysis of risks to health, on the other
hand, is essential for preventing disease and injury. Anal-
ysis of disease and mortality due to risk factors has fre-
quently been conducted in the context of methodological
traditions of individual risk factors and for selected popu-
lations. As a result, most such estimates have been affected
by the following shortcomings, which limit comparability:

1. Hazardous exposure has not been defined consistently
and comparably for different risks. In other words,
health effects have been estimated relative to baseline
exposure levels that have not been standardized across
risk factors.

2. The intermediate stages and interactions of multiple
risks in the causal process have not been considered. As
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a result, burden of disease attributable to risk factors
could be calculated only for those risk factors, or
disease combinations, for which epidemiological stud-
ies had been conducted.

3. There has been little attention to the time dimensions
of risk factor exposure and its hazardous effects. In
particular, risk factor exposure and diseases and injuries
affected by it have been considered over arbitrary
periods of time, generally focusing on past exposure.

4. The results of analyses have been reported as morbidity
or mortality from specific disease(s) without conversion
to a standard unit.

To analyze risk factors in a unified framework while
acknowledging the characteristics of individual risk fac-
tors, the comparative risk assessment (CRA) project
initiated a systematic evaluation of the changes in popula-
tion health which would result from modifying the popu-
lation distribution of exposure to a risk factor or a group of
risk factors (Murray and Lopez, 1999; Ezzati et al., 2002;
Murray et al., 2003; Ezzati, Lopez et al., 2004). In the CRA
framework:

1. The burden of disease due to the observed exposure
distribution in a population is compared with the
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burden from an alternative distribution that is defined
consistently for different risk factors.

2. The causal network of multiple risk factors and disease
outcome are considered to allow making inferences
about combinations of risk factors for which direct
epidemiological studies have not been conducted,
including the effects of changes in multiple risks.

3. The health loss due to risk factor(s) is calculated as a
time-indexed ‘stream’ of disease burden due to a time-
indexed stream of exposure.

4. The burden of disease and injury is converted into a
summary measure of population health, such as the
disability-adjusted life year (DALY), which allows
comparing fatal and nonfatal health outcomes.

Therefore, although CRA is similar to other risk assess-
ment exercises in the sense that it combines the knowledge
of the hazardous effects risk factors from epidemiologi-
cal research in specific cohorts with data on exposure in
other populations to estimate the population-level health
impacts of exposure, it creates conceptual and methodo-
logical consistency across risks. The initial application of
the CRA framework was in the Global Burden of Disease
(GBD) study for the year 2000 (referred to as the ‘CRA
project’). This initial application also attempted to use
consistent and comparable criteria for evaluating scientific
evidence on prevalence, causality, and the magnitude of
hazardous effects across risk factors.
Quantifying the Burden of Disease
Attributable to Risk Factors

There are two approaches to causal attribution of health
outcomes or states: categorical attribution and counter-
factual analysis. In categorical attribution, an event such
as a death is attributed to a single cause (e.g., a disease or
risk factor) or group of causes according to a defined set of
rules, such as the International Classification of Diseases

(ICD-10) system, for attribution of causes of death. In
counterfactual analysis, the effects of one or a group of
diseases or risk factors are estimated by comparing the
current or future disease burden with the levels that
would be expected under some alternative, hypothetical
scenario (or counterfactual scenario) (Maldonado and
Greenland, 2002). In theory, causal attribution of the
disease and death to risk factors can be done using both
categorical and counterfactual approaches. For example,
categorical attribution has been used in attribution of
diseases and injuries to occupational risks in occupational
health registries and attribution of motor vehicle acci-
dents to alcohol consumption. Categorical attribution to
risk factors, however, overlooks that many diseases have
multiple causes (Rothman, 1976). Therefore, the CRA
project used the counterfactual approach to quantifying
the health consequences of risk factor exposure. In this
approach, the population health impacts of risk factors is
estimated based on the comparison of the disease burden
expected under the current population distribution of
exposure with that expected under a counterfactual dis-
tribution of exposure. Comparing disease burden under
multiple exposure distributions defined, based on a range
of criteria including total disease burden, intervention
technologies, cost, and equity, provides a valuable tool
for informing public health policies and programs.
Choosing Counterfactual Exposure
Distributions

The estimates of burden of disease and injuries due to risk
factors in the CRA project were based on a counterfactual
exposure distribution that would result in the lowest
population risk, irrespective of whether currently attain-
able in practice, and is referred to as the theoretical-
minimum-risk exposure distribution (Murray and Lopez,
1999; Ezzati et al., 2002; Murray et al., 2003; Ezzati, Lopez
et al., 2004). Using the theoretical-minimum-risk exposure
distribution as the counterfactual exposure distribution
has the advantage of providing a vision of potential gains
in population health by risk reduction from all levels of
suboptimal exposure in a consistent way across risk factors.

Biological principles and considerations about equity
necessitate that although the theoretical-minimum-risk
exposure distribution may depend on age and sex, it
should in general be independent of geographical region
and socioeconomic considerations. Exceptions to this are,
however, unavoidable. The counterfactual exposure dis-
tribution is zero exposure in many cases because zero
exposure reflects minimum risk (e.g., 100% of the popu-
lation being never-smokers). For some risk factors, zero
exposure is an inappropriate choice either because it
would be physiologically impossible (e.g., body mass
index [BMI] and cholesterol) or because there are physi-
cal lower limits to exposure reduction (e.g., ambient par-
ticulate matter concentration). For these risk factors, the
lowest levels observed in specific, low-risk populations
and epidemiological studies were used to choose the
theoretical-minimum-risk exposure distribution in the
CRA project. For example, counterfactual exposure dis-
tributions of 115mmHg for systolic blood pressure and
3.8mmol/L for total blood cholesterol, each with a small
standard deviation, were used in the CRA project.
These are the lowest levels at which meta-analyses of
cohort studies have characterized dose–response relation-
ships. Alcohol has benefits as well as harms for different
diseases, depending also on the patterns of alcohol con-
sumption. A counterfactual exposure distribution of zero
was chosen for alcohol use. This was because, despite
benefits for cardiovascular diseases in some populations,
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the global and regional burden of disease due to alcohol is
dominated by its hazardous effects for neuropsychological
diseases and injuries, which are considerably larger than
the benefits for cardiovascular diseases. Finally, for factors
with protective effects (e.g., fruit and vegetable intake and
physical activity), a counterfactual exposure distribution
was chosen based on levels in high-intake populations and
the level to which the benefits may continue using the
current scientific evidence.

Murray and Lopez (1999) introduced a taxonomy of
counterfactual exposure distributions which, in addition
to the theoretical-minimum-risk exposure distribution,
included the exposure distributions corresponding to
plausible minimum risk, feasible minimum risk, and
cost-effective minimum risk. Plausible minimum risk
refers to a distribution that is imaginable, and feasible
minimum risk is one that has been observed in some
population. Finally, cost-effective minimum risk consid-
ers the cost of exposure reduction (through the set of cost-
effective interventions) as an additional criterion for
choosing alternative risk-factor-exposure scenarios.

The above counterfactual exposure distributions are
based on the burden of disease in the population as a
whole. Counterfactual exposure distributions may also
be considered based on other criteria. For example, a
counterfactual distribution based on equity would be
one in which the highest exposure group or the group
with highest burden of disease would be shifted toward
low-exposure levels. Similarly, a counterfactual distribu-
tion that focuses on the most sensitive groups in the
population is one that gives additional weight to lowering
the exposure of this group.
Underweight
52%

IAP 46% 

Zinc
deficiency 20%

Figure 1 Contributions of three risk factors to child mortality
from LRI. Data from Ezzati M, et al. (2002) Selected major risk

factors and global and regional burden of disease. The Lancet

360: 1347–1360; Ezzati M, et al. (2003) Estimates of global and

regional potential health gains from reducing multiple major risk
factors. The Lancet 362: 271–280.
Population Attributable Fractions

The population health effects of exposure to a risk factor
or group of risk factors is often measured as the propor-
tional reduction in disease or death that would occur if
exposure to a risk factor or group of risk factors were
reduced to the counterfactual distribution. This quantity
is referred to as the population attributable fraction (PAF)
and is given by the relationship in eqn (1) (Walter, 1980;
Eide and Heuch, 2001):

PAF ¼

Rm
x¼0

RRðxÞPðxÞdx � Rm
x¼0

RRðxÞP0ðxÞdx
Rm
x¼0

RRðxÞPðxÞdx
½1�

x : risk factor exposure level

P(x): population distribution of exposure

P 0(x): counterfactual distribution of exposure

RR(x): relative risk of (disease specific) mortality at

exposure level x

m: maximum exposure level.
In eqn (2), the corresponding relationship when expo-
sure is described as a discrete variable with n levels is
given by:

PAF ¼
Pn
i¼1

Pi RRi �
Pn
i¼1

P0i RRi

Pn
i¼1

Pi RRi

½2�

Burden of Disease Attributable to

Multiple Risk Factors

Because most diseases are caused by multiple risk factors
acting together, and because some risk factors act through
other, more proximal factors, PAFs for multiple risk fac-
tors for the same disease can add up to more than 100%
(Yerushalmy and Palmer, 1959; Rothman, 1976; Murray
and Lopez, 1999). For example, some deaths from child-
hood lower respiratory infections (LRIs) may be pre-
vented by removal of exposure to indoor air pollution
from solid fuels, childhood underweight, and zinc defi-
ciency (which itself affects child growth) (Figure 1). The
size of each circle shows the number of deaths (2million in
total). The numbers next to the risk factors show the
proportion attributable to each factor individually, includ-
ing those overlapping with others because of multicaus-
ality and because some of the effects of zinc deficiency are
mediated through growth retardation. Underweight, low
weight for age; IAP, indoor air pollution from solid fuels.
Similarly, some cardiovascular disease events may be
caused by smoking, physical inactivity, and poor diet; the
hazards of the last two factors may be partially mediated
through overweight and obesity, cholesterol, and blood
pressure. In such cases, a proportion of disease would be
attributable to all these risk factors.

Although epidemiologically unavoidable and concep-
tually acceptable, the lack of additivity presents additional
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complexity, and requires caution in interpreting and com-
municating PAF and attributable burden. On the other
hand, multicausality also means that a range of interven-
tions can be used for disease prevention, with the specific
choice determined by factors such as cost, technology
availability, infrastructure, and preferences.
Factor 1B
(salt)

Figure 2 Mediated and direct effects.
Population Attributable Fractions for Multiple
Risk Factors

In eqn (1), RR, P, and P 0 may represent joint relative risks
(RRs) and joint exposure distributions for multiple risk
factors (i.e., x may be a vector of risk factors), with RR for
each risk factor also dependent on the level of the remaining
risks (Eide andHeuch, 2001). Such data have been gathered
for a small number of risk factor combinations (e.g., alcohol
use and smoking for oral cancer and more recently for
cardiovascular diseases), but they are generally rare in epi-
demiological studies. Alternatively, for n biologically inde-
pendent and uncorrelated risk factors, the joint PAF is given
by eqn (3) (Miettinen, 1974; Walter 1976). If risk factors
are independent and uncorrelated, the proportion of the
remaining disease that is attributed to the ith additional risk
factor equals PAFi; hence (1� PAFi) not attributable to this
factor. Therefore, the second term in the right hand side of
equation 3 (i.e., the product of all [1 � PAFi] terms) is the
fraction of disease not attributable to any of the n risk
factors. One minus this term is the fraction attributable to
the combined effects of the n risk factors:

PAF ¼ 1�
Yn
i¼1
ð1� PAFiÞ

PAFi : PAF of individual risk factors

½3�

Estimating the joint effects of multiple risk factors is in

practice complex and does not follow the simple indepen-
dent and uncorrelated relationship of eqn (3) for three
primary reasons:

1. Some of the effects of the more distal factors (e.g., physi-
cal inactivity) are mediated through intermediate factors
(e.g., overweight and obesity itself through elevated blood
pressure) (Figure 2). Some of the effects of a risk factor
(e.g., BMI) on ischemic health disease (IHD) may be
mediated through other factors (e.g., blood pressure).
When estimating the total effects of BMI alone, both
mediated and direct effects should be considered. This
is because controlling for the intermediated factor would
attenuate the effects of the more distal one (Greenland,
1987). When estimating the joint effects of distal (e.g.,
BMI) and intermediate (e.g., blood pressure) factors, the
direct andmediated effects must be separated, especially
if the intermediate factor is affected by other distal
factors (e.g., dietary salt). Estimating the joint effects of
distal and intermediate factors requires knowledge of
direct and mediated hazards of the distal ones.
2. The hazard due to a risk factor may depend on the
presence of other risk factors (effect modification).

3. There may be correlation between exposures to multi-
ple risk factors, because they are affected by the same
distal factors and policies. For example, undernutri-
tion, poor water and sanitation, and the use of solid
fuels are more common among poor, rural households
in developing countries; or smokers generally have
higher, and more harmful, patterns of alcohol con-
sumption and worse diet.

The current literature refers to intermediate factors
(item 1 in previous list) and effect modification (item 2) as
biological interaction, and as statistical interaction (item 3)
(Miettinen, 1974; Rothman et al., 1980). These distinctions,
however, are somewhat arbitrary and the three issues
described in the listmayoccur simultaneously. For example,
zinc deficiency affects mortality from diarrhea directly as
well as through lowering growth (item 1) and may also be
correlated with other forms of undernutrition, and poor
water and sanitation (item 3). Similarly alcohol and smoking
may not only be correlated (item 3), but also affect each
other’s hazard for some diseases (item 2). Although epide-
miological literature has placed much emphasis on remov-
ing or minimizing the effects of confounding, mediated and
stratified hazards have received disproportionately little
empirical attention. Therefore the CRA project used a
review of extant literature and reanalysis of existing cohort
data to strengthen the empirical basis for analyzingmultiple
risk factors and examined the sensitivity of estimates to
assumptions about multiple risk factors (Ezzati et al., 2003;
Ezzati et al., 2004).
Attributable and Avoidable Disease
Burden

Burden of disease attributable to risk factors measures the
reduction in the current or future disease or death if the
past exposure to a risk factor had been equal to a counter-
factual distribution. Health policies and programs cannot
affect past exposure; rather, they are concerned with
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future exposure, and avoidable disease burden. Avoidable
disease burden is defined as reduction in the future bur-
den of disease if the current or future exposure to a risk
factor is reduced to a counterfactual distribution. The
concepts of disease burden attributable to a risk factor,
and avoidable through its reduction are shown graphically
in Figure 3. The disease burden not attributable to the
risk factor of interest (white area) may be decreasing,
constant, or increasing over time. The light gray area
shows the disease burden attributable to past exposure,
and hence not avoidable. The dark area shows disease
burden that could be avoided if exposure were reduced.
The unavoidable future disease burden depends on the
rate at which the risk for formerly exposed approaches
that of those never exposed. The distinction between
attributable and avoidable disease burden becomes less
significant as the time between exposure to risk factor and
effects on disease burden decreases, which also makes
attributable disease burden a better predictor of the
avoidable one.
Global and Regional Mortality and Burden
of Disease Attributable to Selected Risk
Factors

In 1999, the World Health Organization (WHO) initiated
the CRA project to provide estimates of exposure to, as
well as mortality and disease burden caused by, selected
major risk factors by age, sex, and region, using compara-
ble methods. The CRA project included 26 selected risk
factors, presented in Table 1. The criteria for selection of
risk factors included the following:
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Figure 3 Attributable and avoidable disease burden.
. They were not too specific (e.g., every one of the
hundreds of air pollutants or fruits and vegetables) or
too broad (the environment or diet taken as a single
exposure).

. The likelihood of causality was high based on collective
scientific knowledge.

. Reasonably complete data on exposure and risk levels
were available, or sufficient data were available to
extrapolate information when necessary.

. They were potentially modifiable.
Data on Exposure and the Magnitude of
Hazardous Effects

For each risk factor, between 1999 and 2002 an expert
group conducted comprehensive review of published lit-
erature as well as sources such as government reports,
international databases, and so on, to obtain data on risk
factor exposure and the magnitude of hazardous effects
(RR, or absolute hazard size when appropriate) (Ezzati,
Lopez et al., 2004). The work also included collection of
primary data, and a number of meta-analyses and reana-
lyses of original data. Data were collated separately for
males and females, and included eight age groups (0–4,
5–14, 15–29, 30–44, 45–59, 60–69, 70–79, and 80 years and
above), and 14 epidemiological subregions of the GBD
study, which are based on a combination of WHO regions
and child and adult mortality levels, as described in the
annexes of the annual World Health Report. Data sources,
methods, and assumptions for each risk factor were
described in detail (Ezzati, Lopez et al., 2004) and were
anonymously peer-reviewed by external reviewers,
including re-reviews as appropriate.
Burden of Disease Attributable to Individual
Risk Factors

Figures 4(a) and 4(b) show the contributions of the 20
leading risk factors to mortality and burden of disease in
the world, divided by the level of demographic and epi-
demiological development. The figure shows the esti-
mated mortality and disease burden attributable to each
risk factor considered individually. These risks act in part
through other risks and act jointly with other risks. Con-
sequently, the burden due to groups of risk factors will
usually be less than the sum of individual risks. Burden of
disease, a measure of premature mortality and nonfatal
health outcomes, is measured in DALYs. The different
ordering of risk factors in their contributions to mortality
versus to disease burden reflect the age at which deaths
caused by the risk factor occur (e.g., deaths among chil-
dren caused by underweight make larger contributions to
disease burden than deaths caused in older ages by high



Table 1 CRA project risk factors, exposure variables, theoretical-minimum-risk exposure distributions, and disease outcomes

Risk factor Exposure variable
Theoretical-minimum-risk exposure
distribution Disease outcomesa

Childhood and maternal undernutrition

Childhood and

maternal

underweight

Children <�1 standard deviation (SD) weight-for-

age compared to the international reference

group in 1 SD increments; maternal body mass
index <20 kg/m2

Same proportion of children below �1 SD

weight-for-age as the international reference

group; all women of childbearing age with
BMI >20 kg/m2

Child mortality and morbidity from diarrhea, malaria,

measles, pneumonia, low birth weight, and

selected other communicable, maternal,
perinatal, and nutritional diseases; long-term

hazards of undernutrition

Iron deficiency anemia Hemoglobin concentration distribution, estimated

from prevalence of anemia

Hemoglobin distributions that halve anemia

prevalence, estimated to occur if all iron
deficiency were eliminatedb

Anemia and its sequelae (including cognitive

impairment), maternal and perinatal mortality

Vitamin A deficiency Prevalence of vitamin A deficiency, estimated as low

serum retinol concentrations (<0.70mmol/L)
among children aged 0–4 years and among

pregnant women (aged 15–44 years)

No vitamin A deficiency Child mortality from diarrhea, measles, malaria, and

miscellaneous infectious causes of disease, child
morbidity due to malaria, maternal mortality

(pregnant women), vitamin A deficiency and its

sequelae (all age groups); maternal morbidity, low

birth weight, and other perinatal conditions
Zinc deficiency Less than the U.S. recommended dietary

allowances for zinc

The entire population consuming sufficient

dietary zinc to meet physiological needs,

taking into account routine and illness-related

losses and bioavailability

Child mortality and morbidity from diarrhea,

pneumonia, malaria; adult and pregnancy

outcomes

Other nutrition-related risk factors and physical activity

High blood pressure Usual level of systolic blood pressure 115 SD 6mmHg Ischemic heart disease (IHD), stroke, hypertensive

disease, and selected other cardiovascular
diseases; renal failure

High cholesterol Usual level of total blood cholesterol 3.8 SD 0.6mmol/L IHD, stroke; other cardiovascular disease

Overweight and obesity

(high body mass
index, or BMI)

BMI (height over weight squared) 21 SD 1kg/m2 IHD, stroke, hypertensive disease, diabetes,

osteoarthritis, endometrial and colon cancers,
postmenopausal breast cancer; gallbladder

cancer, kidney cancer, breathlessness, back

pain, dermatitis, menstrual disorders and

infertility, gallstones, psychological effects
Low fruit and vegetable

consumption

Daily fruit and vegetable consumption 600 SD 50g intake per day for adults IHD, stroke, colorectal cancer, gastric cancer, lung

cancer, esophageal cancer

Physical inactivity Three categories of inactive, insufficiently active

(<2.5 hours per week of moderate-intensity
activity, or less than 4000KJ/week), and

sufficiently active. Activity in discretionary-time,

work, and transport considered

All having at least 2.5 hours per week of

moderate-intensity activity or equivalent
(4000KJ/week)

IHD, breast cancer, colorectal cancer, diabetes; falls

and osteoporosis, osteoarthritis, lower back pain,
prostate cancer
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Table 1 Continued

Risk factor Exposure variable
Theoretical-minimum-risk exposure
distribution Disease outcomesa

Addictive substances

Smoking and oral

tobacco use

Current levels of smoking impact ratio (indirect

indicator of accumulated smoking risk based on
excess lung cancer mortality); prevalence of oral

tobacco use

No tobacco use Lung cancer, upper aerodigestive cancer, other

cancers, chronic obstructive pulmonary disease
(COPD), other respiratory diseases,

cardiovascular diseases, and selected other

medical causes in adults >30 years of age; fire
injuries, maternal outcomes, and perinatal

conditionsc

Alcohol use Current alcohol consumption volumes and patterns No alcohol used IHD, stroke, hypertensive disease, diabetes, liver

cancer, mouth and oropharynx cancer, breast
cancer, esophageal cancer, selected other

cancers, cirrhosis of the liver, epilepsy, alcohol

use disorders, depression, intentional and

unintentional injuries; selected other
cardiovascular diseases and cancers, social

consequences

Illicit drug use Use of amfetamine, cocaine, heroin, or other opioids
and intravenous drug use

No illicit drug use HIV/AIDS, overdose, drug use disorder, suicide, and
trauma; other neuropsychological diseases,

social consequences, hepatitis B, and hepatitis C

Sexual and reproductive health

Unsafe sex Sex with an infected partner without any measures
to prevent infection (represented as parameters of

an HIV model)

No unsafe sex HIV/AIDS, sexually transmitted infections, and
cervical cancer

Nonuse and use of

ineffective methods
of contraception

(unmet contraception

need)

Prevalence of traditional methods or nonuse of

contraception

Use of modern contraceptives for all women

who want to space or limit future pregnancies

Maternal mortality and morbidity; increased

perinatal and child mortality with lower birth
intervals

Environmental risks
Unsafe water,

sanitation, and

hygiene

Six scenarios, ranging from regulated water and

sanitation with hygiene through to no improved

water supply and no improved sanitation

Absence of transmission of diarrheal disease

through water, sanitation, and hygiene

Diarrheal diseases

Urban air pollution Estimated annual average particulate matter

concentration for particles with aerodynamic

diameters less than 2.5 or 10microns (PM2.5 or

PM10)

7.5 mg/m3 for PM2.5

15mg/m3 for PM10

Mortality from combined respiratory and selected

cardiovascular causes in adults> 30 years of age,

lung cancer, mortality from acute respiratory

infection in children < 5 years of age;
cardiovascular and respiratory morbidity

Indoor air pollution from

household use of

solid fuels

Household use of solid fuels and stove ventilation No household solid fuel use Acute lower respiratory infections in children

<5 years of age, COPD, lung cancer (coal); low

birth weight, cataracts, tuberculosis, asthma, lung
cancer from biomass
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Lead exposure Blood lead level 0.016mg/dl blood lead levelse Cardiovascular diseases, mild mental retardation;
anemia, gastrointestinal effects, nervous and

reproductive system effects, social

consequences of IQ loss
Global climate change Climate scenarios based on various carbon

emissions and concentrations

1961–1990 concentrations Diarrhea, flood injury, malaria, malnutrition; dengue

fever, cardiovascular mortality, effects arising

from population movement

Occupational risks
Occupational risk

factors for injuries

Current proportions of workers exposed to injury

risk factors

Exposure corresponding to lowest rate of

work-related fatalities observed: 1 per million

per year for 16- to 17-year-olds employed as

service workers in the United States

Unintentional injuries; intentional injuries

Occupational

carcinogens

Proportions of workers exposed to background,

low, and high levels of workplace carcinogens

Nowork-related exposure above background to

chemical or physical agents that cause

cancer

Leukemia, lung cancer; mesothelioma, cancers of

multiple other sites

Occupational airborne
particulates

Proportions of workers with background, low, and
high levels of exposure

No work-related exposure above background COPD and asthma; pneumoconiosis, silicosis,
asbestosis

Occupational

ergonomic stressors

High, moderate, and low exposure based on

occupational categories

Physical workload at the level of managers and

professionals (low)

Lower back pain

Occupational noise High and moderate exposure categories (>95 dBA

and 85–90 dBA)

Less than 85 dBA on average over 8 working

hours

Hearing loss

Other selected risks

Contaminated
injections in health-

care settings

Exposure to at least one contaminated injection No contaminated injections Acute infection with HBV, HCV, and HIV; cirrhosis
and liver cancer

Child sexual abuse Prevalence of noncontact abuse, contact abuse,

and intercourse

No abuse Depression, panic disorder, alcohol abuse/

dependence, drug abuse/dependence,
posttraumatic stress disorder, and suicide in

adulthood; nonmental health outcomes, such as

sexually transmitted diseases, unwanted
pregnancies, and injuries

aOutcomes in italics are those that are likely to be causal but not quantified due to lack of sufficient evidence on prevalence and/or effect size.
bThe resulting hemoglobin levels vary across regions and age–sex groups because the other risks for anemia (e.g., malaria) vary.
cUpdated methods and relative risks for cancers and cardiovascular diseases as a result of tobacco smoking have become available and been applied since the completion of the
CRA project (see Ezzati M, et al. (2005a) Role of smoking in global and regional cancer epidemiology: Current patterns and data needs. International Journal of Cancer 116(6): 963–971;

Ezzati M et al. (2005b) Role of smoking in global and regional cardiovascular mortality. Circulation 112(4): 489–497). The estimates in this work are based on the original CRA project.
dTheoretical minimum for alcohol is zero, the global theoretical minimum. Specific population subgroups or diseases may have a nonzero theoretical minimum.
eTheoretical minimum for lead is the blood lead levels expected at background exposure levels. Health effects were quantified for blood lead levels above 5 mg/dl, for which epidemiological
studies have quantified hazardous effects.

C
o
m
p
a
ra

tiv
e
R
is
k
A
s
s
e
s
s
m
e
n
t

8
1
3



High blood pressure

(a)

Smoking and oral tobacco use

High cholesterol

Childhood and maternal underweight

Unsafe sex

Low fruit and vegetable consumption

Overweight and obesity

Physical inactivity

Alcohol use

Unsafe water, sanitation, and hygiene

Indoor air pollution from solid fuels

Iron deficiency anemia

Urban air pollution

Zinc deficiency

Vitamin A deficiency

Contaminated health-care injections

Occupational airborne particulates

Occupational risk factors for injury

Lead exposure

Illicit drug use

Attributable deaths (thousands of deaths; total 55.86 million)

High-mortality developing Lower-mortality developing Developed

800070006000500040003000200010000

0.0% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0% 7.0% 8.0% 9.0% 10.0%

Childhood and maternal underweight

(b)

Unsafe sex

High blood pressure

Smoking and oral tobacco use

Alcohol use

Unsafe water, sanitation, and hygiene

High cholesterol

Indoor air pollution from solid fuels

Iron deficiency anemia

Overweight and obesity

Zinc deficiency

Low fruit and vegetable consumption

Vitamin A deficiency

Physical inactivity

Lead exposure

Illicit drug use

Occupational risk factors for injury

Contaminated health-care injections

Unmet contraception need

Child sexual abuse

Attributable disease burden (% of global DALYs; total 1.46 billion)

High-mortality developing Lower-mortality developing Developed

Figure 4 (a) Mortality and (b) burden of disease attributable to 20 leading global risk factors, divided by the level of demographic
and epidemiological development.
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blood pressure) and their nonfatal effects (e.g., neuropsy-
chological outcomes of alcohol).

The leading causes of mortality and disease burden
in the world included risk factors for communicable,
maternal, perinatal, and nutritional conditions (e.g.,
undernutrition; indoor air pollution from household use
of solid fuels; poor water, sanitation, and hygiene; and
unsafe sex), whose burden is primarily concentrated in
the low-income and high mortality regions of sub-
Saharan Africa and East Asia, as well as risk factors for
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noncommunicable diseases (e.g., high blood pressure and
cholesterol, tobacco and alcohol use, and overweight and
obesity) which affect most regions. Undernutrition was
the single leading global cause of health loss. Although the
prevalence of underweight has decreased in most regions
of the world in the past decade, it has increased in sub-
Saharan Africa where its effects are disproportionately
large due to simultaneous exposure to other childhood
disease risk factors.

Leading causes of burden of disease in all high-
mortality developing regions were childhood and mater-
nal undernutrition including underweight (14.9% of total
regional burden) and micronutrient deficiencies (3.1% for
iron deficiency, 3.0% for vitamin A deficiency, and 3.2%
for zinc deficiency); unsafe sex (10.2%); poor water, sani-
tation, and hygiene (5.5%); and indoor air pollution from
solid fuels (3.6%). The relative contribution of unsafe sex
was disproportionately larger (26%) in parts of Africa
where HIV/AIDS prevalence is the highest, making it
the leading cause of burden of disease in these countries.
Across developed regions, smoking (12.2%), high blood
pressure (10.9%), alcohol use (9.2%), high cholesterol
(7.6%), and high BMI (7.4%) were consistently the lead-
ing causes of loss of healthy life, contributing mainly to
noncommunicable diseases and injuries. Tobacco use was
the leading cause of disease burden in all developed
regions, except parts of Eastern Europe and the former
Soviet Union that are dominated by Russia in terms of
population, where high blood pressure and alcohol use
resulted in slightly larger loss of healthy life. In the low-
mortality developing regions the leading risk factors
included those that are dominant in both developed and
high-mortality developing regions with comparable mag-
nitudes, for example, underweight (3.1%) and overweight
and obesity (2.7%) had comparable contributions to the
burden of disease.
Burden of Disease Attributable to Multiple
Risk Factors

Table 2 shows the individual and joint PAFs of the 20
leading risk factors in Figure 4b for the 10 leading diseases
in the world, as well as for all-cause mortality and disease
burden. Large fractions of diarrhea (92–94%), LRIs
(55–62%), lung cancer (72%), upper aerodigestive cancer
(60%), chronic obstructive pulmonary disease (COPD)
(60%), ischemic heart disease (IHD) (83–89%), and stroke
(70–76%) were attributable to the joint effects of these risk
factors. The joint PAFs for cancers other than lung and
upper aerodigestive (23%), perinatal conditions (23%),
maternal conditions (42%), and intentional (29%) and
unintentional (20%) injuries, which have more diverse
risk factors, were smaller but non-negligible. Finally, with
the exception of alcohol and drug dependence, which were
fully attributable to their specific risk factors, small or zero
fractions of neuropsychiatric conditions, tuberculosis,
congenital anomalies, and a number of other diseases
were attributed to these 20 risk factors.

Healthy life expectancy or health-adjusted life expec-
tancy (HALE) is a measure of equivalent life of years lived
in ‘full health.’ HALE is based on life expectancy as well as
the distribution and severity of nonfatal health outcomes
in the population. Figure 5 shows gains in HALE that
would have been observed in 14 different subregions of
the world if exposure to the 20 leading risk factors had
been reduced to the theoretical-minimum-risk exposure
distributions. Globally, in the year 2000, an estimated
47% of mortality and 39% of disease burden were attrib-
utable to the joint effects of 20 leading risk factors. Global
HALE would increase from 56.2 to 65.5 years in the
absence of these risks.

Figure 5 also shows that the removal of these risk
factors would not only have resulted in improvements in
each subregion, but also, in general, would have reduced
the health differentials across subregions (i.e., larger gains
in subregions with lower HALE) with the largest gain in
health in Africa, where there is high child mortality and
very high adult mortality (16.1 years) and the smallest in
the Western Pacific region, where there is both very low
child and adult mortality (4.4 years). Important exceptions
to the monotonic decreasing relationship between HALE
gain and initial HALE were in Europe, where there is low
child mortality and both low and high adult mortality,
mainly consisting of the countries of Eastern and Central
Europe and the former Soviet Union. In these subregions,
the leading global risk factors jointly account for a dispro-
portionately large share of disease burden (49% in parts of
Europe with low child mortality and high adult mortality
and 37% in parts of Europe with both low child and adult
mortality) and led to substantial loss of healthy life years
(10.7 years in parts of Europe with low child yet high adult
mortality, and 8.3 years in parts of Europe with both low
child and adult mortality). This resulted from a high
exposure to a few important risk factors (alcohol use,
smoking, and high blood pressure and cholesterol).
Conclusions

In summary, the CRA project initiated a framework for
systematic quantification of burden of disease attributable
to risk factors. The key attributes of the CRA framework
include:

. Comparing the burden of disease under the observed
distribution of one or more risk factors with that
expected under a hypothetical distribution or series of
distributions.

. Making inferences about the population health effects
of combinations of multiple risk factors.

. Calculating the health loss due to risk factor(s) as a
time-indexed stream of disease burden due to a time-
indexed stream of exposure.



Table 2 Individual and joint contributions of the 20 leading global risksa to 10 leading diseases and to all-cause burden of disease in the worldb

Disease

Percent global disease
burden (total 1.46
billion DALYs)

Percent global
mortality (total 55.9
million deaths) PAFs for individual risk factors (for disease burden)

Joint PAF
(disease
burden) (%)

Joint PAF
(mortality)
(%)

Lower respiratory

infections

6.1 6.8 Underweight (childhood) (40%), zinc deficiency (16%), indoor air pollution

from household use of solid fuels (36%), tobacco use (2%)c
55 40

HIV/AIDS 5.5 4.6 Unsafe sex (94%), contaminated injections in health-care settings (5%),

illicit drug use (3%)

96 96

Unipolar depressive

disordersd
4.5 0.0 Alcohol use (2%), child sexual abuse (6%) 7 NAa

Diarrheal diseases 4.2 3.5 Underweight (childhood) (45%); vitamin A deficiency (18%); zinc deficiency

(10%); unsafe water, sanitation, and hygiene (88%)

92 92

Ischemic heart disease
(IHD)

4.0 12.6 High blood pressure (49%), high cholesterol (56%), overweight and obesity
(21%), low fruit and vegetable consumption (31%), physical inactivity

(22%), smoking and oral tobacco use (12%), alcohol use (2%)

83 78

Low birth weight 3.5 2.5 Underweight (maternal) (10%), iron deficiency anemia (19%), alcohol use

(0.2%)

29 31

Stroke 3.1 9.6 High blood pressure (62%), high cholesterol (18%), overweight and obesity

(13%), low fruit and vegetable consumption (11%), physical inactivity

(7%), smoking and oral tobacco use (12%), alcohol use (4%)

70 65

Malaria 2.9 2.0 Underweight (childhood) (45%), vitamin A deficiency (16%), zinc deficiency
(18%)

56 60

Road traffic accidents 2.6 2.2 Alcohol use (20%), illicit drug use (1%), occupational risk factors for injuries

(6%)

28 29

Tuberculosis 2.5 2.9 Smoking and oral tobacco use (10%)c 1 12

Communicable,

maternal, perinatal,

and nutritional
conditions

42.0 32.6 Multiple risks (see Table 1) 49 50

Noncommunicable

diseases

45.7 58.3 Multiple risks (see Table 1) 35 49

Injuries 12.3 9.1 Multiple risks (see Table 1) 22 25
All causes 100 100 All 20 selected risks 39 47

aSee Figure 4b.
bThe risk factors also contribute to other diseases in each region which are not among the leading 10.
cAffected by tobacco in the category ‘other respiratory diseases’ or ‘selected other medical causes.’ The PAF has large uncertainty.
dThe number of deaths coded to unipolar depressive disorders is zero or very small, making the mortality PAF for these diseases undefined or unstable.
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Figure 5 Gains in HALE as a result of reducing 20 leading global risk factors to their theoretical-minimum-risk exposure distributions

in different subregions of the world. The subregions are based on a combination of official WHO regions (AFR: Africa; EMR: Eastern
Mediterranean; SEAR: Southeast Asia; AMR: The Americas; EUR: Europe; WPR: Western Pacific) and the level of mortality (A: very

low child mortality and very low adult mortality; B: low child mortality and low adult mortality; C: low child mortality and high adult

mortality; D: high child mortality and high adult mortality; E: high child mortality and very high adult mortality). The numbers show
the fraction of the total burden of disease in each subregion attributable to the joint hazards of the 20 risk factors.
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As a result, this unified framework for describing popu-
lation exposure to risk factors and their consequences for
population health is an important step in linking the grow-
ing interest in the causal determinants of health across a
variety of public health disciplines from natural, physical,
and medical sciences to the social sciences and humanities.

Although this framework provides an appealing concep-
tual and analytical structure for quantifying the causes of
disease, its application is limited by the availability of data
on risk factors and hazards. The availability and form of data
on both exposure and hazards are often determined by
disciplinary boundaries as well as measurement difficulties.
Despite inherent uncertainties, the first application of this
approach in quantifying the global and regional burden of
disease attributable to the individual and joint hazards of
selected risk factors illustrated that the loss of health in the
world continues to be dominated by those risk factors that
affect the poorest regions and populations, such as under-
nutrition; poorwater, sanitation, and hygiene; and indoor air
pollution from solid fuels. Coupledwith these are risks such
as alcohol, smoking, high blood pressure, high cholesterol,
and overweight and obesity that are globally widespread
with large health effects. The estimates of the joint contri-
butions of 20 selected leading global risk factors showed that
these risks together contributed to considerable loss of
healthy life in different regions of the world. In particular,
for some of the leading global diseases (e.g., LRI, diarrhea,
HIV/AIDS, lung cancer, IHD, and stroke), substantial pro-
portions were attributable to these risk factors.

See also: Global Burden of Disease; International

Classification Systems for Health; Meta-Analysis; Sys-

tematic Reviews in Public Health; The Measurement and

Valuation of Health for Economic Evaluation.
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Economic competition describes market conditions based
on the number of suppliers available to meet consumer
demands and the ease of entry and exit of new firms
into the market. In health care, competition exists
among, within, and between providers, insurers, and phar-
maceutical companies that provide health-care products
and services to patients. It is a powerful force that con-
tinues to shape and impact health-care costs, quality, and
access.
Principles of Competition

Market conditions including the number of sellers, type of
product sold, barriers to entry, and consumer information
determine the level of competition in a market. This level
of competition can range from perfectly competitive to
purely monopolistic. The highest degree of competition
occurs in a perfectly competitive market. A perfectly com-
petitive market assumes there are many individual sup-
pliers of identical products, there are no barriers to entry
or exit from the market and the availability of perfect
information allows consumers to accurately determine
which firm offers the best value.
Conversely, the least competitive market structure is a
pure monopoly where there is one seller of a unique
product in a market with high barriers to entry, allowing
the firm to be a price-setter. A less extreme version of a
pure monopoly is an oligopoly. An oligopoly is character-
ized by a few dominant firms in a market with substantial
barriers to entry. The small number of firms causes the
behavior of any one firm to significantly influence that of
another. Collusive oligopolies are characterized by coop-
eration among the few firms in a market to inflate prices
and maximize profits by acting together as a monopoly. In
practice, firms are deterred from collusion due to anti-
trust regulations. Monopolistic competition describes a
market with many sellers selling a product that is differ-
entiated across all firms. In this case, a firm with a highly
differentiated product can gain significant pricing power
in a particular market segment.

In health care, suppliers of goods and services include
physicians, hospitals, pharmaceutical manufacturers, and
private health insurance companies. Physicians offer treat-
ment and diagnostic services to patients, while hospitals
provide the use of their facilities and the resources con-
sumed during the processes of treatment and diagnosis.
Pharmaceutical manufacturers sell drugs used in treatment,
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and insurance companies sell various levels of insurance
coverage to patients for the goods and services sold by
physicians, hospitals, and pharmaceutical manufacturers.
Purchasers of health-care goods and services include
patients, employers who purchase health insurance on
their employees’ behalf, insurance companies, and the
government.

Health care is a heterogeneous product by nature and
it cannot typically be re-traded. No two physicians are
exactly alike, and their services can only be purchased via
direct interaction with the seller. Consumer preferences
are also heterogeneous and this further differentiates the
health services as a product, particularly in the physician
services market. In addition, information in health care is
highly asymmetric, with health-care providers acting as
agents for patients. Finally, competition in health-care
markets is marked by substantial barriers to entry created
by government regulations, laws, licensure requirements,
and capital investment costs. The U.S. health-care system
is characterized by varying degrees of competition and is
generally more competitive compared to the health-care
systems of other advanced economies. The remaining sec-
tions explore the role of competition in the four major
sectors of the health-care industry: physicians, hospitals,
insurers, and pharmaceutical companies.
Physician Competition

In the United States, physician services were mostly
unregulated until the formation of the American Medical
Association (AMA) and the release of the Flexner Report
in 1910. This report set strict standards for medical train-
ing in the United States, and states began to place greater
scrutiny on the process of physician licensure. The early
physician services market consisted of self-employed phy-
sicians who visited patients in their homes and owned
solo practices that were paid by fee-for-service. Fee-for-
service is a health-care reimbursement model under
which a physician receives fees for each individual service
provided, such as an office visit or a surgery. The intro-
duction of many new and expensive technologies in the
latter half of the twentieth century increased expenditures
on physician services 50-fold (Raffel and Raffel, 1989) and
generally increased the cost of providing medical care.
Physicians today work in group practices to share costs,
and only one-quarter of physicians operate their own
individual practices. In addition, current physician reim-
bursement is no longer restricted to fee-for-service pay-
ment. Some physicians are employed by managed care
organizations, which are health coverage plans that are
responsible for both the financing and delivery of medical
care. Physicians are also reimbursed on a number of dif-
ferent and often complex fee schedules. Fee schedules are
lists of prenegotiated fees to be paid for specific services.
Currently, the two primary buyers of physician services
are the government and private insurers, which account for
83% of all expenditures on physician services. The major
barrier to entry into the physician services market is
medical licensure requirements. Licensure requirements
vary by state but generally include a degree from an
accredited medical school, internship or residency at an
accredited institution, and the passing of a medical board
exam. In addition, physicians’ credentials are verified and
reviewed before physicians are granted privileges to work
at a particular hospital.

For purchasers of physician services, the presence of
health insurance introduces moral hazard, which means
that insured consumers bear only a small percentage of
the actual cost of care, creating incentives for consumers
to purchase unnecessary services. Thus competition for
physician services is atypical compared to other markets
because insured consumers are often less sensitive to the
price of services. A lack of reliable information also makes
consumers unaware of the quality of services; thus patients
rely on their physicians to act as their agents in health-care
purchasingdecisions.While consumersmaybeable to assess
their satisfaction with non-health-care products despite a
lackof technicalknowledge, suchconsumersmaynotbeable
to determinewhether or not a badmedical outcomewas due
to substandard treatment (Newhouse, 2002), compounding
the problem of quality assessment in health care.

With consumers often shielded from much of the cost
of physician services and reliant on their physicians for
purchasing advice, the presence of financial incentives for
the physician to order inappropriate and unnecessary
treatments has been studied at length. Supplier-induced
demand is the hypothesis offered to explain this physician
behavior (McGuire, 2000). Under this theory, consumers
rely heavily on physicians to advise them on how frequently
they should have office visits, medical tests, and appropriate
treatments; thus physicians have the potential to control
consumer demand and enhance these physicians’ economic
interests. The most compelling evidence of supplier-
induced demand came from an early study that found
that a 10% increase in surgeons per capita resulted in a
corresponding 3% increase in surgeries per capita (Fuchs,
1978). However, more recent empirical studies have found
much weaker support for supplier-induced demand (e.g.,
Escarce, 1992; Carlsen and Grytten, 1998).

As in the U.S. case, competition globally in physician
services varies widely both across and within countries. For
example, competition can vary by service environment,
such as when hospital-based physicians earn a salary
while their primary care counterparts operate in a com-
petitive, fee-for-service environment. Alternatively, com-
petition can vary by payer, with some physicians earning a
salary working for the public sector while others are paid
fee-for-service for patient visits at private clinics where
patients pay entirely out of pocket. Combining these
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options, an individual physician may earn a salary in the
public sector while moonlighting on a fee-for-service
basis at a for-profit clinic. Most countries require licens-
ing of physicians, but in many lower-income countries,
informal or traditional providers compete with physicians
who offer similar services. Quality varies widely among
these informal providers, but this informal provider sector
largely escapes regulation.
Hospital Competition

Until the development of the germ theory of disease, the
introduction of new technologies in medical care, and the
urbanization of America, hospitals were actually non-
medical institutions. Most medical care was performed
outside hospitals, and hospitals were considered charit-
able institutions designed to improve the spirits of
patients rather than impact their physical well-being.
The years following 1880 saw hospitals grow from alms-
houses to technologically sophisticated centers for medical
care innovation. Today, the hospital services industry is the
largest of all medical care industries, and in 2003 it
accounted for 36% of all U.S. health-care expenditures.
The government sector accounted for the majority of hos-
pital revenues in 2003, collectively purchasing 58% of all
hospital services. This gives the government considerable
influence concerning the allocation of resources in hospital
services because of the significant market power they pos-
sess as the primary financer of hospital services through
Medicare and Medicaid. Individual consumers, most of
whom are shielded from the cost of services via insurance,
account for only 3.2% of all hospital revenue and have
relatively little direct impact on the market price for hospi-
tal care.

Certificate of need (CON) laws were historically con-
sidered a barrier to entry into the health-care market for
hospitals as new or existing hospitals had to justify bud-
geting and expansion plans. While a large number of states
have abolished or fundamentally revised their CON laws,
building a new hospital today still requires substantial
planning and capital investment resources, creating con-
siderable barriers to hospital market entry.

One way in which hospitals have competed for market
share has been through the acquisition of the latest technol-
ogy and the construction of state-of-the-art facilities. This
phenomenon has been called the medical arms race as
hospitals race to acquire the latest and greatest technologies
(Porter, 2006). The arms racewas particularly intense under
Medicare’s cost-based reimbursement system, which reim-
bursed hospitals for a portion of their capital expenditures.
Hospitals hoped to increase market share by offering access
to the best possible equipment and facilities which attracted
area physicians to direct their services to these hospitals.
The building boom eventually created excess capacity,
which led to the passage of Certificate of Need (CON)
laws in many states to review the necessity of facility con-
struction. In addition, the change in Medicare reimburse-
ment from cost-plus to prospective payment that paid fixed
fees for specific diagnosis-related groups meant that hospi-
tals would no longer be reimbursed directly for the cost of
building new facilities and acquiring new technologies.
Many hospitals have since closed; as of 2003, 5800 of the
7000 hospitals that existed in 1980 were still in existence
(Santerre and Neun, 2007).

Hospitals compete for market share by negotiating
contracts with private insurance companies and managed
care organizations. The effectiveness of each party in
these negotiations is often determined by market penetra-
tion. As the presence of large managed care networks
developed in the U.S. in the late 1980s, hospitals began
to consolidate into large health systems to build bargain-
ing power. Managed care organizations responded by doing
the same, and the result was a boom inmergers and acquisi-
tions. Two factors accelerated this trend toward mergers
and acquisitions. One was the presence of Columbia/HCA,
a for-profit hospital system known for the extraordinary
number of acquisitions it made. Many hospitals feared that
if they did not acquire hospitals in their area, Columbia/
HCA would acquire them and threaten their market posi-
tion. The second driving force was the perception that lone
hospitals could no longer negotiate effectivelywithmanaged
care organizations. As a result, many hospitals with strong
market positions explored merger possibilities. In some
cases, the government attempted to block hospital mergers,
arguing that hospitals were exhibiting anticompetitive
behavior. However, hospitals were successful in defending
their mergers by contending that that consolidation would
lead to lower costs through increased efficiency. Proponents
of mergers between not-for-profit hospitals also argued that
not-for-profits seek to maximize the welfare of their com-
munities rather than to exercise market power, and that
increased competition could adversely affect the amount of
charity care provided by the hospitals to indigent patients
(Gaynor and Vogt, 2000).

Accounting for the largest share of health expenditures,
hospitals globally have experienced the greatest changes
in their competitive environment. Early reforms focused
on managerial decentralization, with policy makers fre-
quently granting managerial autonomy to large hospitals
with an expectation of increased efficiency. More recent
reforms have sought to increase hospital competition
through the creation of internal markets. These internal
markets seek to separate payer from provider, even within
the public sector. Rather than receive fixed budgets, pub-
lic hospitals must compete to attract funding from public
payers. Specific approaches vary across countries, with
many reforms linking funding to the number of patients
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the hospital attracts. These volume-based contracts create
incentives for hospitals to both improve quality and reform
service mix to attract patients and funding. Some countries
have extended contracting competition to primary care
providers with physicians or groups of physicians compet-
ing to serve the primary care needs of a fixed population
(Liu et al., 2007).
Competition Among Health Insurers

The growth of health insurance coverage is one of the
most significant developments in the health-care field
over the past decades. Private health insurance began to
spread in the U.S. during the Great Depression as a number
of hospitals began accepting premiums from local residents
to cover any medical services provided. During this
period, the American Hospital Association created Blue
Cross insurance plans that allowed enrollees free choice
among hospitals within a city. These insurance plans
enjoyed a virtual monopoly position in the insurance mar-
ket throughout the 1930s, but at that time premiums were
very low. They grew more competitive following World
War II when the federal government imposed wage and
price controls. Unable to attract additional laborers with
higher wages, employers offered benefits such as health
insurance to circumvent the wage controls. The resulting
boom in insurance coverage attracted commercial insur-
ance companies to a market that had previously been domi-
nated by the Blue Cross plans, thereby increasing
competition. Today private health insurance is responsible
for financing 36%of all health-care expenditures in theU.S.
and provides coverage to 70% of the population (Santerre
and Neun, 2007).

The U.S. market for private insurance is made up of
many different health insurers that can specialize in group
health insurance, individual insurance, or a combination
of both. Group health insurance is purchased by employ-
ers on their employees’ behalf, while individual insurance
is purchased directly by a consumer. While the insurance
market has many sellers, there is also high market concen-
tration. It is estimated that out of 47 states andWashington
D.C., the three largest health insurers accounted for more
than 50% of enrollment in 43 states in 2003 (Robinson,
2004). Though the market for health insurance is relatively
concentrated, many large employers choose to self-insure
as an alternative to purchasing health insurance. This
practice has grown because self-insured plans are exempt
from paying premium taxes and from providing state-
mandated benefits under the Employee Retirement
Income Security Act of 1974 (ERISA). This can provide
significant savings to firms that are large enough to have
predictable medical expenses. Today most health insur-
ance plans utilize provider networks to direct care and
negotiate lower rates for services. The large expense of
setting up these networks is seen as a barrier to entry for
potential competition from new insurance companies.

Competition in the health insurance industry is much
like an oligopoly with a large competitive fringe. A com-
petitive fringe can be described as a large number of
smaller firms with small market shares that compete with
a few dominant firms. The smallest 50% of all group
health insurers controlled 3% of the market in 2001.
Since health insurers are purchasers of health services,
the growing dominance of managed care and the increas-
ing concentration of the insurance market have created
concerns about monopsony power. Monopsony power
exists when payers have enough buying power to drive
price below a competitive level. Extreme monopsony
would be one buyer and many sellers. Managed care
firmswith large market shares have substantially increased
their bargaining power with hospitals and physicians.
While a great deal of government attention has been paid
to the anticompetitive implications of hospital mergers,
regulators and courts have often regarded monopsony
power as leading to reduced prices for consumers. Theo-
retically, the lower reimbursement tendered by a firmwith
monopsony power could force hospitals to reduce services
to some unprofitable patients.

Private health insurance plans play substantially smal-
ler roles outside of the United States. The U.S. system
of voluntary, private health insurance is atypical among
the higher-income, industrialized countries. Globally, com-
peting, private insurers serve in a secondary role as supple-
ments for government-sponsored social insurance programs
or as insurers for affluent individuals in low-income
countries.
Pharmaceutical Competition

The research-based pharmaceutical industry began during
WorldWar II when theU.S. military’s demand for sulfa drugs
and penicillin necessitated mass production of the items in
lieu of handicraft methods. Chemical firms such as Merck
were able to produce drugs in bulk form, and they were
converted into dosage form by drug companies. This innova-
tion increased potential profits and lured many new firms to
the market after the war (Santerre and Neun, 2007). Today,
there are over 700 pharmaceutical companies in the U.S.

The two main barriers to entry in the pharmaceutical
industry are research and development costs and patents
(Scherer, 2000). Because the introduction and approval of
a new drug requires substantial investment in research
and development, patents are awarded to protect the
economic profits of the innovating firm over a period of
time. Government patent protection grants the innovating
firm the right to be the sole producer of a drug product for
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a legal maximum of 20 years. Without patent protection,
drugs could be easily imitated and sold at a lower price by
firms that have not invested resources in the research and
development of the drug. The smaller profits that would
be available in the absence of patents would reduce the
financial incentive for firms to bear the cost and risk of
undertaking potentially valuable research and develop-
ment activities. When patents expire, innovating compa-
nies face competition from generic drug manufacturers.
Generic drugs are products with the same active chemical
ingredients as the original drugs that are sold with little
or no advertising or promotion. However, when patents
expire, brand loyalty can be a significant barrier to entry
for a new firm. Generic drug producers are often able to
offer sufficient discounts to gain market share because the
FDA does not require them to carry out the extensive and
costly tests required of innovating firms before a drug is
approved. Instead, generic drug producers must demon-
strate that their drugs have identical active ingredients
and similar rates of absorption to the patent-protected
drugs. These firms are also permitted to submit the required
documentation to the FDA prior to the expiration of the
patent so they can begin to sell the generic drug immedi-
ately after the patent expires. Generics tend to enter the
market at 40–70%of the price of the original patented drug.
As additional generic competitors enter the market, the
price of the generic drug falls further while the original
branded drug exhibits little price change.

Physician behavior is often presented as the explana-
tion for the difference in price between brand-name and
generic drugs. Pharmaceutical products can only be
obtained legally with a physician’s prescription, shifting
the purchase decision from the consumer to the physician.
Physicians are generally indifferent to the price of drugs
and adhere to their prescribing preferences. The physi-
cian typically considers professional responsibilities and
liability risk, but not necessarily cost when deciding
about an appropriate pharmaceutical treatment. Further,
consumers’ purchases of prescription drugs, much like
the purchase of other health services, are often reim-
bursed partially or wholly by insurance. With consumers
partially or wholly insulated from the cost of prescribed
medications and generally unable to assess the quality
of the drugs they consume, the resultant demand for
pharmaceutical products tends to be fairly unresponsive
to price.

To combat these factors, many drug insurance plans
use formularies, or lists of pharmaceutical products,
that enumerate the medications physicians are allowed
to prescribe under the individual insurance plan, thereby
attempting to control the decisions of prescription-
writing physicians and distributing pharmacists who also
are advised to substitute generics for brand-name phar-
maceuticals whenever possible. Government regulations
have also attempted to encourage the use of generic
medications in order to better contain drug costs.

Pharmaceutical markets are the most global dimension
of health-care competition, with the sales of the top ten
pharmaceutical companies approaching 50% of the world
market (Busfield, 2003). Once in production, a patent-
holding pharmaceutical firm faces low unit production
costs for most compounds. These low marginal costs allow
the drugs to be sold profitably at differing price levels
in both wealthy and middle-income countries, assuming
that drugs sold for lower prices in middle-income markets
cannot be re-exported to higher-priced, wealthy markets.
However, access concerns in the lowest-income countries
led to the Doha Declaration on Trade-Related Property
Rights and Public Health in 2001, stating that member
countries of the World Trade Organization had the right
to grant compulsory licenses during public health crises.
Conclusion

The objective of competition is to improve value for con-
sumers as costs fall and quality improves. In the health-care
industry, achieving improved value through competition
has been complicated by imperfections in the health-care
market such as incomplete information, highly differen-
tiated products, government regulations, and lack of price
transparency. Competition in health care has historically
focused on the physician, hospital, or health plan level.
Going forward, competition will likely also occur at the
individual consumer level as patients are provided with
more information about price and quality that may influ-
ence their health-care decisions. Consumer-driven health
care, as it is currently described, relies on greater patient
involvement and includes financial incentives for patients
to select more efficient providers. Providers and health
plans, in turn, will also be challenged to compete for
patients based on both price and quality measures. How-
ever, the effectiveness of consumer-driven health care will
rely largely on the adoption and use of information tech-
nology that facilitates the provision of accurate, timely, and
useful information to patients about the price and quality of
health-care services.
See also: Insurance Plans and Programs – An Overview;

Provider Payment Methods and Incentives.
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Introduction

The state of the health of national and global populations
has been assessed in terms of the length of life and the
prevalence of major diseases such as tuberculosis, heart
disease, and cancers. Death and disease monitoring to
support this view has been conducted by national statisti-
cal agencieswith increasing detail and comprehensiveness.
A more elaborate view of population health became possi-
ble with the development of population morbidity (dis-
ease) and disability surveys during the last quarter of the
twentieth century. They derived from a new paradigm for
measuring health focused on health as full human func-
tioning, as opposed to the presence or absence of diag-
nosed disease. This was used for global populations in the
International Classification of Impairment, Disability and
Handicap (ICIDH), developed in 1980 by the World
Health Organization (WHO), and in a revised version,
the International Classification of Functioning, Disability
and Health (ICF), which was endorsed by WHO member
states in 2001 ( WHO, 20 01 ). It was expanded in recent
WHO work to quantify the global burden of disease
which conceptualized health in functioning in a set of
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core activity domains. It also developed quantifiable indi-
cators such as the disability-adjusted life-year (DALY)
which measures the loss of health against a norm of full
functioning.

These developments paralleled actual changes in the
health of populations. For most of the twentieth century,
the life expectancy of older people in developed countries
increased slowly and at oldest ages remained fairly static.
Then, commencing at various times in the second half of
the twentieth century, life expectancies for older people
in developed countries started to increase significantly.
This increase shows no signs of ending. It raised the
question whether increases in life expectancy at older
ages are accompanied by more illness and disability
(through keeping sicker people alive longer) or less dis-
ability (through primary prevention of major disabling
conditions). Thus, health as full human functioning has
become a central element of health debates in the late
twentieth and early twenty-first centuries.

Lying behind these health changes, the growth of
aging populations had important implications for health
status and consequent expenditures for aged care and
other services. For example, the impact of population
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aging is less important if disability prevalence is decreas-
ing among older people than if it is increasing. These
recent developments in the evolution of population health
can be understood within the broader perspective of the
epidemiological transition covering the historical devel-
opment of the health of populations.
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Figure 1 The compression of mortality hypothesis illustrated in

terms of survival curves for a hypothetical population at two

points in time. Note: The outer curve at the 2nd point in time is
being compressed against the presumed limit to life of 85 years

and is more rectangular in shape.
Historical Perspectives on Population
Health

In 1971, Omran defined the three stages of the epidemio-
logical transition in terms of the types and the prevalence
of diseases (Omran, 1971):

1. The first stage was ‘pestilence and famine’ during
which infectious diseases had devastating effects on
health and survival when life expectancy was only
about 30 years.

2. After significant fluctuations in death rates in Western
countries during the nineteenth century, the infectious
disease pandemics receded, and, as time progressed,
life expectancy was extended to about 50 years.

3. In the third phase, infectious diseases began to be
replaced by chronic diseases, life expectancy increased
to around 70 years, and degenerative and ‘man-made’
diseases like cancers became the major causes of death.

Thus, as the health of populations evolved, disability
associatedwith chronic disease became an important com-
ponent of health measurement. Olshansky and Ault (1986)
then observed that deaths from degenerative diseases had
begun to occur at progressively older ages after 1970 in
developedWestern countries. They defined a fourth phase
of the epidemiological transition, the period of ‘delayed
degenerative disease’ associated with decreases in mortal-
ity due to diseases like cardiovascular disease.

As part of this debate in the 1980s James Fries defined
the ideas of ‘compression ofmortality andmorbidity’ which
have entered into popular use. Fries (1980, 1989) argued
that death rates are being compressed against biological
limits to life, which he claimed to be around 85 years. This
can be depicted in shifting proportions of survivors by age
(survival curves) but with the shifts occurring before age
85, which he presumed to be the natural limit to life (see
Figure 1). According to ‘the compression of mortality’
hypothesis, the survival curve for a population will become
increasingly rectangular with time. Increasing numbers of
people will survive to ages close to 85, but death rates will
remain very high from 85 years on.

Further to this series of stages, McCallum (1997)
argued that the definition of the last stage of the epidemi-
ological transition, delayed degenerative disease or com-
pression of morbidity, does not capture new realities
of disease in an aging and affluent society. Only some
degenerative diseases are being delayed, for example,
coronary heart disease (CHD), but others like cancer or
dementia are increasing in prevalence. There are, as well,
competing risks of other diseases that cause death, some of
which reduce quality of life rather than its length in years.
McCallum argued that we have entered a new phase of
the epidemiological transition, ‘the age of substitute mor-
bidity and mortality.’ When we prevent one disease or
death, other diseases are in place ready to reduce the
quality of life gained, or such diseases can be expected
to be a high risk in the near future.

Substitute morbidity and mortality are defined as ‘dis-
ease and mortality which results from the decrease in a
specific disease’ (see van de Water et al., 1995), which
initially seems counterintuitive. This occurs because, for
example, an older person with comorbidities has an
already existing disease which is present to take the
place of the prevented one. As well, over time, health
prevention programs may lead to the ‘nonoccurrence’ of
certain diseases, but other existing risk factors provide
the preconditions for the manifestation of a substitute
disease like dementia, which occurs later in life. Dementia
is a substitute morbidity when it occurs after the preven-
tion of death from other diseases such as heart disease
and cancer. The prevalence of dementia appears to
approximately double every 5 years after age 65 years.
Older people who have a form of dementia as their
main clinical condition are more likely to have profound
or severe activity restriction. Assuming age-specific
dementia prevalence rates remain constant, the aging of
populations in many developed countries will result in a
doubling in the prevalence of dementia by 2030 at the
same time as death rates decline. A characteristic of an
aging society is the co-existence of many diseases for the
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one person and the expectation of other diseases as death
approaches. As the battle against death is successfully
fought, the disability consequences of diseases has become
increasingly important for our quality of life.

In summary, a current sequence of the epidemiological
transition covers five phases:

1. Pestilence and famine
2. Receding pandemics
3. Degenerative diseases ‘of affluence’
4. Delayed degenerative disease
5. Substitute morbidity and mortality

In different countries of the world the early phases of
the epidemiological transition can be observed, as in,
for example, some of the developing countries of Africa,
and the later phases in developed countries such as
those of Western Europe and North America. However,
the epidemiological transition is not an empirically
validated theory but rather a series of sequential, histori-
cal generalizations which may continue to evolve and
may not necessarily proceed in sequence. The phases
emphasize morbidity and loss of human function as
increasingly important in assessing health for the individ-
ual and society. For example, it is important to know
whether or not longer lives are lived with good function
and without disabling disease and therefore at low cost to
families and the community. The ‘compression of mor-
bidity’ hypothesis proposes the optimistic view that
health and function are improving with longer lives, but
is this true?

The extent of morbidity can only be measured against
the shifting baseline of mortality since a person has first to
survive to bear the burden of chronic disease and dis-
ability. Hence, the first question asked here is whether
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women after 1970, suggesting an expansion of mortality.
compression of mortality, such as defined by James Fries,
fits the current state of population health.
Compression of Mortality – Is It
Occurring?

Since the mid-nineteenth century, the populations of
developed countries have experienced one of the most
important and dramatic changes in the history of the
species – a near doubling of the expectation of life at
birth from around 40 years to around 80 years. We
illustrate the trends in mortality rates using the example
of a specific country, Australia, an economically devel-
oped, middle-ranked country with a population of around
20million. It has trends in mortality that, with some
variations, are typical of developed countries. The
increases in life expectancy that occurred in the first
half of the twentieth century in Australia were the result
of rapid declines in mortality, particularly for infectious
diseases, for infants, children, and younger adults. Today,
mortality rates in younger and middle-aged Australians
are so low that the complete elimination of mortality
before the age of 50 years would increase life expectancy
at birth by less than 3 years. During the period 1875 to the
1960s, there was very little change in life expectancy for
Australians who reached the age of 65 years. For example,
male life expectancy at age 65 increased only slightly from
11.1 years in 1875 to 12.2 years in 1971.

However, since the early 1970s, the life expectancy of
older Australians has increased rapidly, with an almost
50% increase for males in the past 30 years, and a 30%
increase for females (Figure 2). In 2002, life expectancy at
age 65 was 17.9 years and 21.0 years for men and women,
1940 1960 1980 2000

ear

–2004. Data from Australian Bureau of Statistics and Australian

expectancy in Australia increased rapidly for men and
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respectively. These improvements reflect sustained
declining death rates at older ages, largely due to declin-
ing death rates from cardiovascular diseases and from
tobacco-caused lung cancer. The marked reductions in
death rates at older ages and consequent increases in life
expectancies observed over the past 3 decades in devel-
oped countries are historically unprecedented.

There is still scope for very substantial decreases in
mortality rates at older ages, as evidenced by the large
differentials in mortality in most populations according to
socioeconomic status, and the significant proportion of
disease that is known to be preventable through modifi-
cation of individual and collective risk factors (Ezzati et al.,
2003). WHO projections for life expectancies for older
people in high-income countries suggest that these will
continue to increase over the next 2 decades and that
average age at death for women aged 65 years may be
close to 90 years by the year 2030 (Mathers and Loncar,
2006). Oeppen and Vaupel (2002) argue that life expec-
tancy will continue to increase by around 2 to 3 years per
decade, so that life expectancy in Australia, for example,
would reach 100 years some time in the second half of the
twenty-first century. They point out that the maximum
observed life expectancy for a population in the world
has grown at a steady and unbroken rate of 2.4 years and
2.2 years per decade for women and men, respectively,
for the last 160 years, despite the repeated predictions
of experts that limits to life expectancy were being
reached.

Olshansky and colleagues, by contrast, have argued
that we are rapidly approaching biological limits to aver-
age life expectancy and that substantial further progress in
longevity is unlikely (Carnes et al., 2003). Additionally
they argue that the survival of large numbers of people
into older ages, where evolutionary selection pressures
have not applied, may see the emergence of new infec-
tious and autoimmune diseases that will increase the risk
of death and disability (Olshansky et al., 1991; Olshansky,
2005). As already indicated, Fries (1980, 1989) has argued
that the maximum life expectancy of humans is fixed at
around 85 years by biological limits, and that life expec-
tancy is fast approaching this limit. Can this really be the
ceiling on survival for humans?

It is clear from the recent Australian trends in life
expectancy at older ages that compression of mortality
has not yet started to occur, if indeed there is such a
biological limit to life expectancy. As well, the variability
of age at death has increased in Australia (McCallum,
1993). This experience is seen in other developed
countries. If life spans were being compressed against
upper biological limits to life, we would expect both sta-
bility in age at death and decreasing variation at that age.
In fact, we see neither, sowe are looking at an ‘expansion of
mortality’ rather than a compression. It is possible that
physiological and genetic factors that limit life span will
start to constrain improvements in life expectancy at some
time in the future. But there is also a significant probability
that new discoveries, particularly in genetics, may cause
outward shifts in maximum life span. No biological limits
to life are as yet evident, and the competing risk of other
diseases and the possible expansion of yearswith disability,
deserve more attention as the leading edge of health
inquiry. It is not just quantity of years lived but quality
that matters to humanwell-being, so expanding survival in
years needs to be balanced by increased years of life with
good quality of health. Thus, the important question asked
is: Is morbidity being delayed or ‘compressed’ to a later
period of life?
Compression of Morbidity – Is It
Occurring?

In addition to the Fries hypotheses (1980, 1989) two other
major hypotheses have been advanced for the evolution of
population morbidity in developed countries. The con-
trary ‘expansion of morbidity’ hypothesis postulates that
the decline in mortality is largely due to decreasing fatal-
ity rates for diseases rather than to reductions in their
incidence or progression. Consequently, the decline in
mortality is accompanied by an increase in chronic illness
and disability. Olshanksy and colleagues (1991) developed
further arguments from evolutionary biology supporting
this hypothesis. The third hypothesis was proposed by
Manton (1982), who suggested that the decline in mortal-
ity may be partly due to decreased fatality rates, but at
the same time the incidence and progression of chronic
diseases may be decreasing, leading to ‘a dynamic
equilibrium.’

Because the term ‘compression of morbidity’ is in
common use, it is worth being clear about what it
means. The hypothesis can be illustrated in terms of
survival curves at two times (1 and 2) for an imaginary
population (see Figure 3). Since we know that mortality is
expanding we need to depict the relationship between
mortality and morbidity over time. This introduces a
new curve under the survival curves already shown in
Figure 1, namely, the morbidity curve or the proportion
of ‘healthy life.’ So the area under each survivorship curve
is divided into two components, ‘A’ which is time lived
in full health, and ‘B’ which is time lived at each age in
a health state less than full health, namely, the period
of morbidity. Thus, life expectancy at birth is equal to
A þ B (the total area under the survivorship curve), and
healthy life expectancy (HALE) is defined as A þ f(B),
where f(B) is a function that weights time spent in B by the
severity of the health states that B represents. Technically
speaking, absolute compression of morbidity may be said
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to occur when f(B2) < f(B1), and relative compression of
morbidity when f(B2)/A2 < f(B1)/A1, that is, when the
period of healthy life is expanding (or period of life with
less than full health compressing) as the length of life
expands.

What does the evidence on disability prevalence trends
tell us? Self-report data on disability prevalence in older
Americans from the 1970s and 1980s suggested a trend
to increasing prevalence over time (Verbrugge, 1984;
Crimmins et al., 1989, 1997a). Internationally, a review of
available population time series for disability (Robine et al.,
1996) suggested that there was some evidence of expansion
of morbidity for less severe disability states, but that levels
of severe disability were reasonably stable. In Australia,
there was a 30% increase in reported disability (in repre-
sentative population surveys using the same instrument)
over a 7-year period in the 1980s (McCallum, 1991;
Mathers, 1996). An independent, nationally representative
survey of older people conducted across the same years
1981 to 1988, also found increases in the age-specific
proportions of older people unable to carry out various
instrumental/activities of daily living (McCallum, 1994). In
Canada also, increased population prevalence of disability
was reported during the 1980s (Wilkins et al., 1994).

Because we may be trading off longer life against quality
of life, there has been considerable interest in developing
health expectancy indices that combine mortality and mor-
bidity into a single composite indicator that measures
some form of expected healthy years of life. Such indica-
tors, including disability-free life expectancy (DFLE) and
healthy life expectancy (HALE), provide tools for moni-
toring long-term trends in the evolution of population
health and for addressing the question of compression
or expansion of morbidity. Earlier reviews in the 1990s
of international health expectancy time series (e.g., Robine
et al., 1996) have argued that there is no evidence of
expansion of morbidity based on more severe measures of
disability prevalence. Overall, these time series suggested
that since the 1970s, when mortality rates at older ages
began to decline significantly, disability levels increased
during the 1970s and 1980s, but these increases were con-
fined to the less severe end of the disability spectrum.

Recent studies are providing some evidence that dis-
ability prevalence may be declining at all severity levels
in some developed countries. Manton and co-authors
(Manton et al., 1997; Manton and Gu, 2001) found signifi-
cant declines in self-reported disability using data from
the National Long Term Care Surveys for 1982 to 1994.
There was a 1.5% annual decline in chronic disability
among older U.S. citizens aged 65þ years. Decline was
greater in the 1990s (0.56%) than in the 1980s (0.26%)
and greater for blacks than for whites. Other U.S. surveys
give similar evidence for a disability decline, though these
are also based on self-report data (Freedman and Martin,
1998). Crimmins and colleagues (1997a, 1997b, 1999) ana-
lyzed the U.S. National Health Interview Survey 1982 to
1993 and found 0.7% per annum (p.a.) decline in self-
reported chronic disability. Crimmins and Saito also exam-
ined trends in healthy life expectancy among Americans
since 1970. They found that in the last decade a compres-
sion of morbidity has begun among those of higher educa-
tional status, but those of lower status are still experiencing
expansion of morbidity (Crimmins and Saito, 2001).

Different trends (increases or decreases) in disability
prevalence have been reported among the OECD
countries (Deeg et al., 1994; Manton et al., 1997; Jacobzone
et al., 2000; Manton and Gu, 2001; Schoeni et al., 2001).
Freedman and Martin found large declines in functional
limitations, particularly in the oldest old, from 1984 to
1993 for Americans aged 50 years and over in the Survey
of Income and Program Participation (Freedman and
Martin, 1998). These declines were not explained by
changes in population composition, device use, or survey
design, although changes in role expectations and stan-
dards were not controllable in the analysis.

The USA National Long-Term Care Survey, the
National Health Interview Survey, and other data provide
evidence of declining disability trends beginning in
1982 which have accelerated more recently. The decline
is about 2% per year, contrasted with a decline in
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Figure 4 Expectation of lost healthy years at birth versus total
life expectancy at birth for 192 countries. Note: It could be argued

that compression of morbidity is evident in the trend of

decreasing lost healthy years in countries with longest life
expectancies, around 70 years and older. Mathers CD, Iburg K,

Salomon J, et al. (2004) Global patterns of healthy life expectancy

in the year 2002. BMC Public Health 4(1): 66.
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mortality rates of about 1% per year, thereby document-
ing compression of morbidity in the United States at the
population level (Fries, 2003). Two European studies have
found evidence for long-term declines in disability prev-
alence in older people whose reporting of perceived
health status did not similarly improve (Spiers et al.,
1996; Deeg et al., 1997). Other studies in Sweden have
documented increased disability among older Swedes
during the 1990s (Parker et al., 2005; Rosen and Haglund,
2005).

New evidence produced by Fries almost 20 years after
he formulated the compression of morbidity hypothesis
provided some evidence of the mechanisms for com-
pression of morbidity. Vita et al. (1998) found that people
with lower health risks had delayed disability, less disabil-
ity at any age, and less cumulative disability over their
remaining years. Hubert et al. (2002) studied the influence
of risk factors on functional status among Americans and
they found a reduction and postponement of disabilities
with healthier lifestyles as proposed by the compression
of morbidity hypothesis.

Newapproaches to global patterns of population health
allow further investigation of the compression of morbid-
ity hypothesis. The Global Burden of Disease (GBD)
study carried out for the 1993World Development Report
used available information to quantify the health effects of
more than 100 diseases and injuries and 10 selected risk
factors for theworld as a whole and for 8 regions in 1990. In
addition to generating comprehensive and internally con-
sistent estimates of mortality and morbidity by age, sex,
and region, the 1990 GBD study used a new metric –
disability-adjusted life-year (DALY) – to quantify the
burden of diseases, injuries, and risk factors using a single
currency based on years of life lost from premature death
and years of life lived in less than full health. This study
produced evidence that indicated that a higher proportion
of life span was spent disabled in high-mortality popula-
tions (Murray and Lopez, 1997). This is consistent with the
compression of morbidity hypothesis, if we assume that
countries are going through a developmental sequence
defined in the epidemiological transitions. However, this
is a cross-sectional observation across countries at differ-
ent stages of the epidemiological transition, and does not
provide evidence that compression will occur within any
of those populations over time.

WHO reported for the first time on the average levels
of population health for its 191 member countries using a
health expectancy measure in theWorld Health Report 2000

(WHO, 2000). Healthy life expectancy (HALE) is a form
of health expectancy that, like the DALY, applies disability
weights to health states to compute the equivalent number
of years of life expected to be lived in full health. The first
HALE calculations attempted to use existing health sur-
vey data together with imputed national-level data from
the GBD study. This was the first attempt ever to look at
levels of health across all countries of the world using
explicitly comparable data.

Estimates of healthy life expectancy for the year 2002
were published in the World Health Report 2004 using
improved methods and incorporating cross-population
comparable survey data for 55 countries from the WHO
Multi-Country Survey Study (Mathers et al., 2004). HALE
at birth ranged from a low of 40 years for African males to
over 70 years for females in the low mortality regions of
Western Europe, North America, and the Pacific (Japan,
Australia, New Zealand). The equivalent ‘lost’ healthy
years (total life expectancy minus HALE) ranged from
15% of total life expectancy at birth in Africa to 8–9% in
the European region and the Western Pacific region.

Figure 4 shows the patterns of expectation of lost
healthy years at birth (LHE ¼ LE – HALE) versus total
life expectancy at birth for 192 countries. While LHE
increases somewhat with increasing life expectancy up
to around 70 years life expectancy, there is a flattening
for males and a trend to decreasing LHE for females in
the countries with longest life expectancies. Although
there are higher prevalences of disabling conditions such
as dementia and musculoskeletal disorders in countries
with longest life expectancies, this is offset by lower levels
of disability for diseases such as cardiovascular disease
and chronic respiratory diseases where incidence and
mortality rates are also lower. At least cross-sectionally,
this international perspective provides some support for
the compression of morbidity hypothesis.
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The Complexity of the Debate on Compression
of Morbidity

As indicated earlier, there is no consistent evidence that
morbidity in developed countries is following mortality
and being compressed against a limit to population life
expectancies of around 85 years. But is increasing life
expectancy associated with increased or reduced levels
of disability and poor health? The debates around this
critical issue have been confused by different approaches
to the operationalization of the compression hypothesis.
The literature is beset by ambiguity and complexity in
definitions and measures of morbidity and methods used.
This is probably inevitable when the question is asked in
terms of a broad and multidimensional concept, namely,
‘morbidity.’

How do we interpret rising or falling disability preva-
lence rates (age-specific or total) as supporting or refuting
the compression of morbidity hypothesis? Much of the
debate, and the attempts to empirically test this hypothe-
sis, have relied on measures such as disability-free life
expectancy, or DFLE (Robine, 1989; Robine et al., 1996).
Apart from the comparability problems of self-report data
discussed earlier, DFLE is characterized by the use of
dichotomous health states (e.g., disability-free, with dis-
ability). Years of life lived with disability are given an
implicit value of zero (equivalent to the valuation of
death) for disability above a certain threshold; below this
threshold the valuation is 1. This means that the summary
indicator is not sensitive to changes in the severity distri-
bution of disability within a population. The overall
DFLE value for a population is largely determined by
the prevalence of the milder levels of disability, and
comparability between populations or over time is highly
sensitive to the performance of the disability instrument
in classifying people around the threshold. The use of
DFLE to test the compression of morbidity hypothesis is
thus problematic: compression may be occurring above
the disability threshold and will not be detected.

How, then, should the compression of morbidity
hypothesis be tested? The Healthy Life Expectancy
(HALE) indicator converts total life expectancy to equiv-
alent years of full health. As life expectancy increases,
HALE will increase also – since the extra years of life
will on average be spent in states of health better than
states equivalent to death; that is, there will be additional
equivalent years of full health. One way to operationalize
the concept of compression of morbidity would be to
define it as the situation where HALE increases at a faster
rate than total life expectancy. So we would expect the
equivalent ‘lost years’ of full health to decrease as life
expectancy increases. This corresponds to the situation
of absolute compression of morbidity (see Figure 3). It is
also possible to have a situation of relative compression of
morbidity, where the equivalent ‘lost years of health’ are
increasing, but becoming a smaller proportion of total life
expectancy (Figure 3).

Several researchers have used disease elimination
models to examine whether prevention activities for spe-
cific diseases will result in compression of morbidity.
Mathers (1999) estimated that an elimination of osteo-
arthritis, eyesight, and hearing problems in 65þ-years-
old Australians would result in an increase in healthy
years of life, while total life expectancy remains unchanged,
leading to an absolute compression of morbidity. At the
other extreme, elimination of highly fatal diseases such as
cancer can result not only in an increase in healthy years but
in an even larger increase in years with disability, resulting
in a relative expansion of morbidity. Nusselder and collea-
gues (1996) have similar estimates for the Netherlands,
namely, eliminating disabling nonfatal diseases such as
arthritis/back complaints results in a decline in life expec-
tancy with disability – that is, an absolute compression
of morbidity. Eliminating highly fatal diseases such as can-
cer leads to an increase in the number of years and the
proportion of life with disability, that is, a relative expansion
of morbidity. The authors concluded that while eliminating
fatal diseases leads to an increase in disability-free life
expectancy, life expectancy with disability may increase as
well. This represents an increasing burden to society. On the
other hand, eliminating nonfatal disabling diseases leads to
absolute compression of morbidity.

Nusselder et al. (2004) estimated that eliminating
smoking in the Netherlands would not only extend life
and result in an increase in the number of years lived
without disability, but also compress disability into a
shorter period. This implies that the commonly found
trade-off between longer life and a longer period with
disability does not apply. As noted earlier, some recent
studies provide evidence that disability prevalence may
be declining at all severity levels in some developed
countries. This has generally been interpreted optimisti-
cally to reflect real changes in population health. How-
ever, Freedman and Martin note the influence of social
roles and expectations on self-reports (Freedman and
Martin, 1998), so the changes may be in the reporting
behavior rather than in real health.

Olshansky and colleagues (2006) speculated on the
potential impacts of ‘delayed aging’ particularly related
to emerging genetic discoveries. Some people including
many centenarians live their lives free of disabling condi-
tions. Genetics plays a crucial role in this but its role is not
yet well understood outside animal studies. Identifying
variations in these subgroups of the population holds the
potential for both expanding mortality and compressing
morbidity. The risk of death and negative conditions that
are aging related tend to rise exponentially throughout
adult life with a doubling time of approximately 7 years. If
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such interventions were able to slow aging by 7 years, the
age-specific risk of death and disability could be reduced
by approximately half at every age. Thus, people at the
age of 50 in the future would have a health profile and
disease risk of a 43-year-old today, 60-year-olds would
resemble 53-year-olds, and so on. Once achieved, this
would yield the same benefits for subsequent generations.
While several studies (Weindruch and Sohal, 1997) show
that reducing caloric intake and changing the way some
physiological pathways work extend the duration of life in
invertebrates and mammals, the potential of this for
humans remains speculative. If this were to become
achievable, we would need to create a new phase in the
epidemiological transition!

There is as yet no clear and unambiguous evidence
that age-specific disability rates are generally falling in
developed countries. But it should be noted that even if
these rates fall over the next decade or two, it is fairly
certain that the overall prevalence and severity of disabil-
ity will continue to increase due to the aging of the
population, and because higher proportions of the older
population will be in older age groups where disability
levels are higher. Unfortunately, the problems with inter-
pretation and comparison of self-report data over time are
equally present when there are apparent improvements,
as when there are apparent declines, in health. The ques-
tion of whether compression of morbidity is occurring can
only be answered if we can measure health in a way that is
truly comparable across time periods. Hence, our overall
assessment is that we can only recommend an agnostic
position of the ‘compression of morbidity’ hypothesis at
this stage in the debate.
Policy and Clinical Implications

Policy makers and clinicians have essential interests in
the debates around morbidity and mortality trends. Over
recent decades there have been historically unprece-
dented rises in life expectancy for older people in devel-
oped countries, largely due to major declines in death
rates for cardiovascular diseases for both men and
women. The continuing high levels in many populations
of tobacco-related diseases, and of risk factors for cardio-
vascular disease and diabetes, suggest that there remains
substantial scope for reducing mortality and disability
rates among older people. Recent work on the attributable
burden of risk factors suggests that tobacco control, phys-
ical inactivity, overweight and obesity, and other chronic
disease risk factors should be continuing priorities for
public health action. Furthermore, clinical health services
need to increasingly focus on treatment for low fatality
and nonfatal conditions that result in considerable disease
burden among older people in developed and developing
countries.
For the health policy maker, evidence is mixed on
whether compression or expansion of morbidity is occur-
ring as mortality risks continue to decline. The interna-
tional evidence suggests that health will continue to
improve, but that certain causes of disability will become
more prominent. Expansion of morbidity will occur if
decreases in mortality rates at older ages are predomi-
nantly due to treatment interventions that reduce case
fatality without reducing disabling outcomes. A perverse
version of this occurs for iatrogenic illnesses created by
contact with the health system itself, for example, due to
surgical mistakes or misadventures. On the other hand, if
further mortality reductions are predominantly due to
prevention and treatment interventions, and possibly to
healthier lifestyles among a more affluent and better
educated older population, then there should be reduc-
tions in disability prevalence and severity among older
people. If major gains are to be achieved, health policy
will need to address the concentration on specific diseases
and disorders separately and deal with the reality of
comorbid and substitute diseases in broad impact inter-
ventions. One over-the-horizon prospect is that this may
be possible by intervening genetically in aging itself. So,
rather than attack the diseases and disabilities of aging as
though they were unrelated, we would attempt to target
new interventions that delay aging itself. This would
allow us to deal with them all through their generic
relationship to the aging processes.

Policy makers have strong interests in the economic
implications of these potential trends. While there have
been many predictions that population aging will result in
skyrocketing health expenditure, numerous studies have
shown that, given continuation of current trends, the
effect of population aging per se on health expenditures
is relatively small compared with the effects of the
expanding development and increased use and costs of
medical technologies and drugs in developed countries
(Coory, 2005). For example, in the Australian case, based
on trends over the past 20 years, aging alone adds around
0.5% per year to health expenditures, compared with a
real health expenditure growth rate totaling around 4.5%
a year (Australian Government Productivity Commission,
2005). The increasing technological intensity of medicine
dominates almost all other sources of health-care cost
growth, and is likely to become even more dominant if
there are breakthroughs in life-extending technologies or
in modifying the aging process itself.

Some commentators see health expenditures over the
next 30 years reaching levels of 20% or 25% of gross
domestic product, in a scenario where there are major
breakthroughs in new medical technologies for life exten-
sion. Goldman and colleagues have recently examined the
potential impact on health spending of ten promising new
medical technologies, with estimated increases in health
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expenditure in 2030 ranging from 0.5% to 70% (Goldman
et al., 2005). Finally, it is too simplistic to treat these
developments in a negative way. For example, the expan-
sion-of-morbidity scenario could be seen by policy
makers and lay people alike as a negative outcome.
While clearly much less desirable than the compression-
of-morbidity alternative, it should be remembered that as
long as people value the extra years of life (with their
concomitant disability and morbidity) as more desirable
than death, then those extra years are a net benefit to
individuals and to society. There is, however, now a strong
research and policy effort seeking to capture the longevity
dividend of better health and function that is available in
developed societies.
Conclusion

Self-report data from a range of population surveys in a
number of countries during the 1970s and 1980s suggested
that disability levels may have increased, but these
increases were mostly confined to the less severe end of
the disability spectrum. During this period, increasing
medical attention was paid to secondary prevention, the
early detection of disease, and subsequent intervention to
slow its progress, for many major fatal and nonfatal dis-
eases. In addition, greater awareness of chronic conditions
due to improved diagnostic techniques, more frequent
contacts with the health-care system with greater risk of
iatrogenic illnesses, and, perhaps, better communication
by doctors to patients may have led to increased reporting
of chronic disease and disability conditions in surveys and
to behavior modification.

The more recent evidence of declines in self-reported
disability in the United States and in some other countries
has generally been interpreted optimistically to reflect
real changes in population health, although we need to
sound a note of caution on methodological difficulties
such as the influence of social roles and expectations on
self-reports (Freedman and Martin, 1998). Changing atti-
tudes and acceptance of disability may have played a role
in these changing self-reports of disability. Unfortunately,
problems with interpretation and comparison of self-
report data over time, present when there are apparent
declines in health, are also present when there are appar-
ent improvements in health. The question of whether
compression of morbidity is occurring can only be
answered if we can employ consistent definitions, meth-
ods, and measures that are comparable across time. There
is progress toward this goal in the International Classifi-
cation of Functioning, Disability and Health, but there is
still much to be done.

In conclusion, Fogel (2004) reminds us that as we grow
richer we can afford and will want to spend more money
on improving both the quality and length of our lives.
Longer and healthier life will give us opportunities that
people will value, while at the same time will likely result
in major social changes in the organization of work, fam-
ily, and social support. Increasing health expenditures, if
those expenditures are on effective prevention and treat-
ment interventions equitably funded, need not be a
calamity. If, for example, expenditure on research were
to lead to the discovery of the means to slow the aging
process itself, ‘‘the baby boom cohorts and all generations
after them would enjoy the health and economic benefits
of delayed aging’’ (Olshansky et al., 2006). So, while cur-
rent trends are unclear, the objective of ‘compression of
morbidity’ with improving survival remains the goal of
individuals, communities, and governments around the
world.
See also: Active Life Expectancy; Global Burden of

Disease; Life Expectancy Measurements.
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Introduction

In this overview, we first look at how the advent of
consumerism in the modern Western world has impacted
public health and current trends in the practice of medi-
cine. We then explore some general characteristics for a
consumer- or patient-driven approach to health care.
Given the extent to which consumerism has challenged
today’s health-care landscape and its potential to continue
to redefine health, we posit the future role of public health
in an era of patient/consumer empowerment.
What Is Consumerism?

An important issue that we first address is how consumer-
ism has changed the economy, and subsequently, influ-
enced public health and health care. Consumerism often
describes two opposing trends – both of which have shaped
public health strategies and programs. One definition of
consumerism is the relentless economic pursuit of con-
sumption, based on liberal economic theory that increas-
ing consumption is economically beneficial. It describes
the effect of the market economy, advertising, and mass
media on individuals, creating a ‘consumer culture’ and
‘mass consumption.’ Companies tap into consumers’ pur-
chasing power and consumption desires for food, drugs,
and health care through global marketing, branding and
distribution, direct-to-consumer drug advertising, medical
tourism, and an ever-increasing mass of information to
the consumer, especially with the advent of the Internet.
Public health campaigns in turn often use the same mass
media, social marketing techniques used by corporations
to reverse corporations’ influence over people. For exam-
ple, consider consumer-unhealthy products or lifestyles
such as the use of tobacco or fast food – public health
campaigns counteract the consumerist culture by increas-
ing the social desirability to quit smoking, eat healthily,
get vaccinations, and wear automobile seatbelts through
the use of public health messages. The second definition of
consumerism is themovement for greater protection of the
interests of consumers. Consumer advocates seek greater
protection of consumers’ interests through legislation and
monitoring of products and business practices by govern-
ment, regulatory, or independent agencies within a market
economy model. In reaction, anticonsumerism rejects
economic materialism and market economy altogether
for sustainable consumption and development, often
embraced by supporters of environmental protection and
simple or holistic living.
Legal Protection of Consumers’ Health

InWestern countries in the nineteenth century, the advent
of mass production after the Industrial Revolution exposed
people to the perils of poor working conditions in fac-
tories; living in close, unsanitary quarters; and dubious
safety of mass-manufactured food and household pro-
ducts. The threats to health brought about by moderniza-
tion and commercialization are being replicated today in
developing economies of the world. Recognizing the sep-
arate needs of the worker and consumer, the consumerist
protection movement sought to protect the health of the
consumer, and, by the 1990s, had firmly taken hold in
medical care (Moloney and Paul, 1991). Patient and con-
sumer advocacy organizations advocate for increased legal
protection of patients as consumers of everyday products
that affect the public’s health and safety, through legisla-
tion on product safety such as car seatbelts, accurate
advertising, or food nutrition labeling. The notion of pro-
tecting the consumer has extended to protecting the con-
sumer of medical care through medical malpractice laws
(Havighurst, 1984), professional and regulatory monitor-
ing of health-care providers, and medical device and drug
safety testing – activities now taken up by government
agencies in many countries, like the U.S. Food and Drug
Administration (FDA). However, in medical care, many
areas are left to the professionalism of medical profes-
sionals for self-regulation and monitoring despite calls
for accountability to the patient.
Consumer Rights

The first bill of consumer rights was articulated by former
U.S. President John F. Kennedy on March 15, 1962 in a
message to the U.S. Congress. He outlined four universal
consumer rights: the right to safety, to be informed, to be
heard, and the right to choose. Subsequently, an additional
four consumer rights were added – the right to redress,
education, healthy environment, and satisfaction of basic
needs – which were adopted by the United Nations (UN)
General Assembly as the UN Guidelines for Consumer
Protection (UN General Assembly, 1985). The notion
of basic consumer rights has carried over into health
care, and has spurred the idea of a patients’ bill of
rights modeled after consumer rights in many countries
1
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including Canada, New Zealand, Australia, the United
Kingdom, Norway, and the United States (Smith, 2002).
Developed recently, hospitals now provide a patients’ bill
of rights or statement as to what services the consumer
patient can expect. The concept of a patient’s rights is not
new. The earliest recorded document on patients’ rights in
hospitals emerged after the French Revolution in 1793.
However, the movement toward a patients’ bill of rights
reinvigorated as the consumers’ bill of rights and respon-
sibilities has gained more acceptance as a set of working
expectations among local and national governments,
health insurers, and health-care organizations.
Consumer Participation and Empowerment

Another central issue to the consumer movement is defin-
ing who are the consumers in health and what is their role
in health care. Recognizing that decisions affecting peo-
ple’s health are often made without consultation of the
public, many governments now require or include con-
sumer representation on advisory boards for health-care
planning and policy making as noted by Greve (1980). In
particular, the consumer rights movement led to the
involvement of laypeople in the regulation of health-
care professionals, such as medical boards in the United
States and Australia (Bastian, 1998). The involvement of
consumers was born from various social movements. The
women’s health movement was one of the main contribu-
tors toward the propulsion of the consumer rights move-
ment in the early 1970s in conjunction with the civil rights
movement. AIDS and breast cancer activists in the 1980s
strongly influenced research design, which led to quicker
development of treatments – an emerging form of popular
epidemiology (Halpern, 2004). Advocates for mental health
patients also strongly shaped the consumer movements
(Tomes, 2006). Representation of the consumer voice in
the production of health care is a movement to empower
patients and communities in their own health and health
care through the principle of self-determination, which
would allow them to participate in treatment decisions
including end-of-life decisions (US Patient Self-Determi-
nation Act, 1990) and collective decisions on research fund-
ing to health-care planning (Nilsen et al., 2006). Patients, in
recognizing their role as consumers in society, are demand-
ing to be treated and satisfied as consumers of health care
and no longer as passive patients, whose preferences are not
taken into consideration in treatment decisions.
Consumer Complaints Systems and
Ombudsman

The consumer rights movement led to the development
of consumerist systems. The first feature is a consumer
complaints systems and ombudsman. This system is
usually headed by a commissioner for patients’ rights – an
independent agency set up by legislation. Another feature
is the representation of consumers at all levels of the
health-care system. Finally, the consumer rights move-
ment has sought to protect the rights of vulnerable groups
of people, women, disabled, racial, and ethnic minorities.
Enactment of consumer rights legislation has secured
patients’ rights to translated materials, interpreters, cul-
turally appropriate health-care services, and access for
people with disabilities.

Governments in countries such as Australia, New
Zealand, the United Kingdom, and Germany have imple-
mented complaints systems to ensure consumers’ voices
are heard and appropriately addressed through a com-
plaints process. These systems were formed after the
establishment of national legislation to protect the rights
of consumers, in particular, the right to effective resolution
of complaints. Examples include New Zealand’s Health
and Disability Commissioner Act 1994, which established
the office of the Health and Disability Commissioner to
resolve complaints related to health and disability services.
In 1993 Australia established the Health Care Complaints
Commission and in 2004, the United Kingdom set up the
Healthcare Commission, which offers review of complaints
unresolved at the local institutional level, and final resolu-
tion by the Office of the Health Service Ombudsman.
European countries also have similar systems, such as the
German Commissioner for Patients’ Rights.
Consumer Representation in Health Care

In addition to systems for consumer complaints, consu-
mers are increasingly playing a prominent role in shaping
the design of the health-care system, policies (Interna-
tional Alliance of Patient Organizations [IAPO], 2005),
and services. In 1978, article IV of the Declaration of
Alma-Ata affirmed ‘‘The people have the right and duty
to participate individually and collectively in the planning
and implementation of their health care’’ (WHO, 1978)
For example, the Consumers’ Health Forum of Australia
(CHF) has a Consumer Representatives Program which
involves consumer representatives in over 200 national
committees on health-related procedures, products, and
policies (CHF, 2006). Consumers have also been involved
in redesigning primary care services and quality improve-
ment efforts. Recently, the consumers’ role has been
extended to being included in the development of accred-
itation for health-care organizations.
Vulnerable Populations

In recognition of the rights of vulnerable populations,
consumer representation in health care has been fought
for minorities, for example, representation of aboriginal
populations in Australia, Native American tribal commu-
nities in the United States, and poor populations served
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by public health-care systems. Protecting the rights of
vulnerable patients is another feature of a consumerist
health-care system. For ethnic and linguistic minorities
this has meant the right to translated materials and inter-
preters, as well as culturally appropriate health-care
services. For people with disabilities, this has been the
fight for access to services, facilities, and employment.
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Figure 1 Conditions for health-care consumerism,

3-dimensional model. Adequacy of information, x; consumer
decision-making empowerment, y; consumer choice, z. Modified

from Ferrari B (2004) Where will consumer-driven health care take

the health care system? In: Herzlinger RE (ed.) Consumer-Driven

Health Care, pp. 403–409. San Francisco, CA: Jossey-Bass.
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Current Global Consumer Movement

With an increasing global economy and economic devel-
opment throughout the world transforming agrarian
societies, consumer protection efforts are not isolated to
a few countries. From advanced industrial to developing
countries, consumer advocacy organizations and govern-
ment agencies in over 113 countries address national and
international consumer issues through membership in
Consumer International, a consumer advocacy organiza-
tion founded in 1960 (formerly the International Organi-
zation of Consumers Unions). Another example of global
health-care policies shaped by the consumer movement is
the European Patient Forum, a pan-European patient
umbrella organization of patient groups active in advocat-
ing for patients’ interests in public health and health
policies debated by the European Commission. What
are the forces behind this dual phenomenon of economic
development and consumer protection? What do they
predict for the health of the current and future global
consumer?

To understand the forces that are shaping consumer-
ism in health care, one model suggested by Ferrari (2004)
identifies two necessary conditions – adequacy of infor-
mation and consumer empowerment. Increasing these
could lead to a more consumer-driven health-care system
envisioned by Herzlinger (2004). Implicitly consumerism
suggests a third condition: consumer choice, represented
in Figure 1. A free market economy encouraged by con-
sumerism would provide more information and a wider
set of choices for consumers to make informed choices.
But the potential for a consumer-driven health-care
system may be undermined by the need for consumers
to be organized against corporate interests, lack of com-
petition to provide choices, and limited information on
health-care financing mechanisms.

The key conditions required for consumerism to move
beyond rhetoric can be summarized as a trilateral rela-
tionship among three factors: (1) adequacy of information,
(2) consumer choice, and (3) consumer empowerment, in
which high degrees of each condition are needed for the
health-care system to be sensitive to patients as consu-
mers. The relevance of these three conditions on current
efforts in public health is evident (Figure 2). Information,
choice, and power are three necessary conditions for
consumerism to flourish in public health. These condi-
tions mutually reinforce the role of consumers in their
own health and health care. Information about health and
treatment allows consumers to make informed choices for
health-care purchases, which can drive the health-care
market to offer drugs and health care that meet consumer
preferences.
Consumerism Condition No. 1: Information

Efforts to increase information to health-care consumers
focus on the potential of the Internet to ease the flow of
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information and scientific knowledge so that patients can
make their own health-care decisions, understand disease,
shop for care, have access to and ownership of their own
medical records, and make treatment choices based on
scientific evidence of effectiveness. This has permeated
to communication methods and strategies used by public
health and health-care professionals, leading to a focus
on health literacy and cultural competency in health
education and communications. However, companies are
increasing their use of direct-to-consumer advertising to
bypass the role of health-care professionals and to create
desire for unnecessary goods, such as cosmetic surgery or
performance-enhancing drugs. Therefore, adequate infor-
mation is a condition that allows consumers to understand
first and then make choices based on their knowledge that
suit their preferences and needs (Lewis et al., 2005). How-
ever, information that consumers want or have access to
may not always match what they need (Edgman-Levitan
and Cleary, 1996).
Consumerism Condition No. 2: Choice

In a free market model of health care, consumer choice
is paramount and exercised through consumers’ purchas-
ing power. This condition for consumerism describes a
health-care system in which the patient-consumer has the
freedom to seek a second medical opinion, information to
support making ‘informed choices’ for treatments, and
control over their own health care, choosing when,
where, and how care will be delivered. Medical practices
in the UK and the United States are offering open-
access scheduling for patient visits, email communications
with physicians, and web portals. Patients can choose
home-based care with portable drug infusion pumps
instead of hospital-based intravenous drugs. A new breed
of health-care information companies – such as the maga-
zines Consumer Reports in the United States and Which?

in the UK, and Internet-based health infomediaries like
HealthGrades, WebMD, or Body1 – provide laypeople
with comparison information to make health-care choices
(e.g., health-care facility or physician performance report
cards). Offering choice to consumers has meant health-
care providers must find ways to incorporate patient pre-
ferences into health-care decisions, so that choices are
based on personal preferences for desired health out-
comes, personal lifestyle, and risk tolerance. The quality
of patient decision aids will be critical to enable patients to
make decisions based on the latest developments in sci-
ence and medicine.

Within the existing market, consumers have already
been exercising choice for elective, nonessential medical
procedures, traveling to other countries for better care or
lower prices for drugs, surgery, and medical spas, or
seeking alternative therapies and purchasing herbal
supplements for prevention and wellness. Furthermore,
exercising consumer choice implies a high degree of
freedom including the right to autonomy and self-
determination in one’s own life, the choice not to receive
care, or even to adopt unhealthy lifestyles.
Consumerism Condition No. 3: Power

A critical condition for consumer-driven health care is
empowerment of the consumer. Intermediary organiza-
tions have sought to address this by providing information
to health-care consumers to enable them to exercise
choice and purchasing power; however, in practice, choice
is limited as governments or employers have purchasing
power over health care and regulate the supply of medi-
cine. Consumers have limited control over general
health-care financing mechanisms or out-of-pocket fees.
Recently, medical savings accounts for consumers and
similar consumer-directed health-care accounts attempt
to sensitize patients to acting as consumers of health care
by giving them some responsibility for costs of care
through high deductibles. However, without complete
information on prices, quality, or appropriateness of
care, consumers have limited ability to exert purchasing
power over fees charged by facilities or procedures and
drugs ordered by physicians.

Consumer power in market democracies is also exer-
cised through political lobbying by patient or consumer
organizations in interest group politics, exercising their
collective power as a voting or consumer bloc. For exam-
ple, organizations representing the elderly or women
often make use of their substantial numbers as voters,
taxpayers, and consumers of public and private health-
care services to lobby for increased protection and regard
for their health interests. Consumer power may also be
exercised through legal redress and safeguard through the
power of the courts.

With the introduction of consumerism into health care,
patient empowerment also calls for mutual accountability
between patients and providers through a new social con-
tract (National League for Nursing [NLN], 1978) – a
term also adopted by the UK call to increase public
accountability to patients and improve overall quality of
care. High degrees of these three conditions together
suggest empowered, informed consumers can make real
choices about their own health and health care to exercise
the principle of self-determination. Thus consumers’
transform health care to be more consumer-driven to
meet their own preferences rather than those of paternal-
istic or monopolistic market forces.

Current efforts to allow consumers to take charge over
their own health care seek transformation along three key
dimensions in a consumer model: (1) availability of user-
friendly information to facilitate informed health-care
choices, (2) provision of choices in the health-care market,
and (3) shift in power structure to consumers through
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purchasing power. Another approach to improving the
health-care system is through patient-centered care –
one of the six dimensions of quality identified by the
U.S. Institute of Medicine (IOM) in its report of quality
of care and patient safety (IOM, 2001). A patient-centered
model of health care (Hibbard, 2004) similarly focuses on
these same dimensions of information, choice, and power
but emphasizes care for the individual patient by: (1) edu-
cating and activating patients in their own health care,
using health education materials and techniques at the
appropriate health literacy level in a culturally competent
manner, (2) enabling patients to participate and make
treatment decisions based on their own preferences, or
seeking a second medical opinion, and (3) emphasizing
individual patient empowerment and self-activation in his
or her own health and care; others have also suggested a
role for patient representatives on advisory boards of
health-care organizations. With the increase of chronic
diseases that require behavior and lifestyle changes
(WHO, 2002), a host of patient-enabling technologies
has emerged to support chronic disease self-management,
from home-based testing and monitoring devices, to use
of telephonic or interactive web-based technologies for
case management programs.

These two approaches – health-care consumerism and
patient-centered care – differ philosophically. The con-
sumer protection movements in public health have been a
social reaction against some of the business practices in a
market model of health care and drug development.
Despite this, market-based health-care consumerism pur-
ports to operate on the premise of consumer supremacy,
with new technologies and practices to meet consumer
demands for convenience, service, and individualization.
Patient-centered care is the medical profession’s reaction
to the advent of consumerism threatening professional
authority in health care, by redesigning the health-
care delivery system to meet new expectations of the
consumer-patient. But it does not seek patients to drive
health-care organizations through their collective pur-
chasing power, or active participation in governance.
Health-care consumerism implicitly acknowledges a
larger collective body of consumers with the potential
for collective purchasing, or in a regulated market, the
potential for bargaining through consumer or patient
advocacy organizations and trade unions to advocate for
regulatory action to protect the interests of the public/
consumer.
Conclusion – Future of Consumerism in
Health Care

The dual forces shaping consumerism continue to change
people’s expectations for health, food, and environmental
safety and availability. Through advocacy organizations
and activists, consumers are demanding accountability,
transparency, and influence over a wide range of eco-
nomic activities that impact their health, lifestyle, and
economic interests. With advances in medicine and
research on aging, people now expect higher quality of
life as well as prolonged longevity, without a decline in
functioning or disability. The aging baby-boomer popula-
tion from the post-World War II generation is likely to
further change the landscape of the consumer rights
movement as they challenge the ‘myth’ of aging as non-
productive years of life (Friedan, 1994). Market forces in
the current ‘age of affluenza,’ coined by Graff et al. (2001)
continue the ‘commodification of health care’ first
described by Starr (1982). Medical, drug, food, and cos-
metics industries now market services or products
directly to consumers, who believe more consumption
will necessarily lead to better health, well-being, and
longevity. This economically driven consumerist society
may undermine the gains from the consumer rights move-
ment, which sought to empower people over our own
bodies, health, and way of living. Other competing forces
that can undermine the consumer’s role include
continued, professional paternalism, limiting the role of
patients in the governance of their own health and health
care, as well as general consumer indifference from infor-
mation overload to make informed choices in a consumer-
driven model of health care.

What then is the future of consumerism in health care?
Consumerism started as a social movement in the early
twentieth century to prevent consumers’ interests, safety,
and health from being neglected in mass production,
manufacturing industries described by public health his-
torian George Rosen (1993), including health-care pro-
ducts and services that led to greater government
regulation, testing, and oversight of health-care services
and products. The generalization of rights to health care
through health activism sought to wrest control away from
governments and medical organizations who took over
health-care financing and delivery (through organized
social or corporate medicine) in Europe and the United
States (and now occurring in other parts of the world) in
the nineteenth and early twentieth centuries. Through a
culture of consumer rights (Halpern, 2004), activists invi-
gorated a backlash against organized medicine when gov-
ernments or managed care organizations sought to control
rising health-care costs by rationing services and limiting
choices. By the late twentieth-century, drug companies
had also jumped on the consumerism bandwagon, bypass-
ing physicians and other intermediaries through direct-
to-consumer marketing of brand-name drugs. Public
health and professional medicine has also begun to
adopt consumerist approaches through marketing infor-
mation and choices to empower and activate the patient-
consumer. Despite the rhetoric of consumerism, none of
these have substantially changed the economic power
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structure between consumers and the medical–industrial
complex.Many consumers have handed over their purchas-
ing power to governments, employers, or insurance compa-
nies, without a corresponding transfer of accountability
back to consumers for the quality or value of health care
they receive.

As we enter the twenty-first century, a global medical
industry comprising pharmaceutical companies, device
manufacturers, surgical centers, and genetic testing
clinics is leading to quicker and wider adoption of new
health-care technologies and transcendence of global
boundaries. Individuals seek medical care for newer, bet-
ter, and cheaper care services while large purchasers out-
source components of care. As health-care consumerism
enters an emerging global market, this may also prompt a
global social movement to protect the interests of the
global health-care consumer. In an era of medical tourism
and in which testing and development of new drugs and
vaccines takes place in multiple countries, including
developing economies, the lack of standardized regula-
tions among countries on consumer labeling, drug safety,
and health-care licensing may threaten global protection
of consumer rights.

A global challenge in health care faces many countries:
to balance the individual and collective consumer’s inter-
est with the financial interests of the medical industry
operating in a quasi-market, regulated environment. Can
consumer-driven health care work when consumers do
not hold the purchasing power? As consumer or interme-
diary organizations take on public health and consumer
interests, monitoring inappropriate or overuse of health-
care services, patient safety, and consumer satisfaction,
could this lead to a shift back to a paternalist model of
providing and rationing medical care in lieu of a more
active role for consumers? Or can it lead to a consumer-
driven model in which individuals will manage their own
care or contract with their own independent health-care
manager? Future trends in consumerism are likely to
reflect advances in medicine and in the modern economy,
which can lead to greater customization of health care
to individual patient preferences. Health-care products
and services such as genetic medicine, tailored health
messaging, and home-based, on-demand health care will
create a vast array of choices to suit consumers’ different
lifestyles. To meet this new challenge for public health,
new methods to assess patient preferences in medicine are
already in development. These will change the way public
health and policy evaluations are conducted (Bridges,
2003), as well as how health-care decisions involve and
are driven by the individual patient. The importance of
explicitly incorporating patient preferences into health
care has already led to the creation of patient-based
health technologies (Bridges and Jones, 2007) to facilitate
patient decision-making. Even in countries like Germany,
where health care is not primarily market-based and
patients are not full consumers, there is an increasing
trend to systematically incorporate patient preferences
into the health-care system (Vogt et al., 2006) through
the use of patient surveys to assess satisfaction (Landon
et al., 2001) and quality (Davies and Ware, 1988). The
future of consumerism is linked to potential economic,
social, political, legal, and medical-technological changes
that will define the possibilities and limitations for con-
sumerism to transform public health strategies, the prac-
tice of medicine, and people’s lifestyles.
See also: Patient Empowerment in Health Care.
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http://www.bod y1.com – Body1, Complete Source for Body and He alth
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http://www.c onsumer.gov – Consum er.gov (U.S.), Resource for
Consumer Information from Federal Government.

http://www.c onsumerreports.org – Consum er Reports maga zine (U.S.).
http://www.c hf.org.au – Consum ers’ Health Forum of Austral ia (CHF).
http://www.c onsumersinternatio nal.org – Consum ers International.
http://www.c onsumersunion.o rg – Consum ers Union (U.S.).
http://www.e u-patient.eu – European Patients’ Forum.
http://patientenbe auftragte.de/inde x.php?idcat=38 – Germa n

Commissioner for Patients’ Rights.
http://www.hdc .org.nz/theact/thea ct-thecodedetail – HD C Code of

Health and Disability Services Consumers’ Rights Regulation 1996
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http://www.hdc .org.nz – He alth and Disability Commissioner (New
Zealand).

http://www.hdc .org.nz/theact – Health and Disabili ty Commissioner Act
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http://www.o psi.gov.uk/acts/ac ts2003/ukpga_200 30043_en_1 –
Health and Social Care (Community Health and Standards) Act
2003, Chapter 43 (UK).

http://www.hea lthcarecommission. org.uk/aboutus/comp laints.cfm –
Healthcare Commission, Complaints (UK).

http://www.l egislation.nsw.gov.a u/summarize/inforce/s /1/?TITLE=%
22Health%20Ca re%20Complaints%20 Act%201993%20 No%
20105%22&nohits =y – Health Care Complain ts Act 1993, No. 105
(NSW, Australia).

http://www.hcc c.nsw.gov.au – Health Care Complaints Commission
(NSW, Australia).

http://www.hea lthgrades.com – HealthGrad es.
http://www.c psc.gov – U.S. Consum er Product Safe ty Com mission.
http://www.fda .gov – U.S. Food and Drug Administra tion (FDA).
http://www.web md.com – WebMD.
http://www.whi ch.co.uk – Which? magazine (UK).
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Introduction

Worldwide debate continues regarding the best way to
control the use of psychoactive substances. The distinc-
tion between currently legal and illegal drugs is not based
on any analysis of the benefits of the drug or the best way
to maximize the positive aspects and reduce harms. There
is an increasing recognition that criminal justice tools,
in isolation, are ineffective to manage the criminal, health,
and social problems associated with illegal drug use
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(Bertram et al., 1996). Evidence suggests that drug prohi-
bition not only fails to address the problems, but also
produces significant negative health and societal impacts.
To address the problems created by drug prohibition the
concept of a regulated market for all currently illegal
drugs is being developed. This concept has grown out of
the harm-reduction movement in which services are
provided to active drug users without requiring abstinence
(Health Officers Council of British Columbia [BC], 2005)
Regulated market models are based on both public health
and human rights principles that recognize psychoactive
drug use as being a choice made by many people around
the world.
Context of Use and Size of the Issue

Psychoactive drugs are used by many species and have
been used by humans for as long as history has been
recorded. Psychoactive drugs alter brain function, result-
ing in temporary changes in mood, perception, and
behavior. These drugs may be used recreationally to
intentionally alter one’s consciousness, as entheogens
(Ruck et al., 1979) for ritual or spiritual purposes, or as
medication. Psychoactive substance use occurs along a
spectrum from beneficial use, to nonproblematic use,
through to problematic or harmful use, when use becomes
habitual despite negative health impacts. Physical depen-
dence may develop in some classes of drugs.

The 2006 World Drug Report estimates that 200 million
people, or 5% of the global population age 15–64 years
have used currently illicit drugs as defined by the United
Nations (UN) at least once in the last 12months (UN
Office on Drugs and Crime, 2006). This rate of drug use
supports the concept that the majority of users are not
addicted. Persons who use drugs do so because of per-
ceived benefits in terms of the drug’s desirable effects
whether they are mental, physical, social, or spiritual.
When addiction does develop, the reasons for it are a
complex interaction of biological, psychological, social,
spiritual, and environmental factors. In response to this
complexity, a public health model has much to offer in the
structuring of pragmatic responses (Tucker et al., 1999).

Harms from drugs come from a variety of causes,
which include toxicity (e.g., liver cirrhosis), overdose,
addiction, and behavioral (e.g., drinking and driving)
issues. Some drugs have minimal adverse behavior
changes and few toxic effects, such as marijuana (Kalant
et al., 1999). Other drugs are highly toxic or are associated
with undesirable behaviors such as crystal methamfet-
amine. An evidence-based approach to the control of drugs
must recognize the benefits while minimizing the harms.
Responding to both the harms and benefits of drugs
will require drug-specific approaches rather than a one-
size-fits-all approach.
History

Drug laws have been a common feature of human culture
throughout history. Alcohol was prohibited under Islamic
law and banned by the Koran more than a thousand years
ago. Tobacco smokers returning from the Americas to
Spain in the sixteenth century were subjected to torture,
and in Russia Czar Michael Federovitch executed anyone
on whom tobacco was found.

The United States antidrug legislation began in the
late nineteenth century when smoking opium was banned
in opium dens in San Francisco in 1875. The law was
reported to have been a response to moral panic based
on the fear that women, young girls, and young men were
induced to visit the Chinese opium dens and were ruined
morally and otherwise. These laws affected the use and
distribution of opium by Chinese immigrants but not the
use of laudanum, a combination of opium and alcohol
used by Caucasian Americans. The laws were racist in
both origin and intent.

In the United States the Harrison Narcotics Act was
passed in 1914. This act required sellers of cocaine and
opiates to have a license (usually only given to Caucasian
people). It was originally intended to act as a revenue-
tracking mechanism requiring a paper trail between doc-
tors, drugstores, and patients. In 1920, the Supreme Court
upheld, as a violation of the Harrison Act, that if a physi-
cian provided prescription narcotics for an addict, s/he
was liable to prosecution. The Controlled Substances Act
in 1970 replaced the Harrison Narcotics Act as the pri-
mary drug law in the United States. Drugs were classified
according to their medicinal use, potential for abuse, and
their likelihood of producing dependence.

The UN Single Convention on Narcotic Drugs was
introduced in 1961, and this established the current sys-
tem of global drug prohibition. It considered that addic-
tion to narcotic drugs constituted a significant evil for the
individual and economic danger to society. U.S. President
Richard Nixon’s War on Drugs began in 1969. Countries
throughout the world have accepted drug prohibition
because of the enormous pressure from the U.S. govern-
ment, which continues to lead the War on Drugs and has
found drug prohibition useful for its own purposes
(Levine, 2002). The UNConvention Against Illicit Traffic
in Narcotic Drugs and Psychotropic Substances was
adopted in 1988, which further entrenched the prohibi-
tionist framework.

The United States has the highest prison population
rate in the world (Walmsley, 2003). According to the U.S.
Justice Department, ‘‘while the number of offenders in
each major offence category increased (from 1995 to
2003), the number of persons incarcerated for a drug
offense accounted for the largest percentage of total
growth (49%)’’ (Harrison and Beck, 2005b: 10).
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There are many parallels between drug prohibition
and alcohol prohibition. Despite the prohibition of
alcohol going into effect in 1920, alcohol was readily
available in most of the United States. Beer drinking was
reduced, but consumption of stronger, hard liquor
increased. When alcohol use was outlawed, it gave rise
to gang warfare and spurred the formation of some of
the most well-known criminals. The end of prohibition
in 1933 led to an immediate decrease in murders and
robberies.
Public Health and Social Harms
of Prohibition

Tobacco and alcohol are currently legal drugs in most
countries and have been branded and advertised. The
long history of the commercialism of these two legal
drugs has intentionally increased consumption of these
drugs, both of which have significant potential for harm.
Their widespread use results in greater morbidity, mor-
tality, and overall economic costs than illegal drugs
(World Health Organization [WHO], 2003; Rehm et al.,
2006). Therefore, an evidence-based model with the goal
of reducing health and social harms from psychoactive
substances should also include tobacco (Borland, 2003;
Callard et al., 2005) and alcohol (Babor et al., 2003) as
they are currently underregulated substances. If tobacco
and alcohol were regulated according to public health
principles, there would be significant changes to the cur-
rent system. For example, unbranded tobacco could be
sold in plain, inconvenient packaging with ingredient
labeling and dominant warning labels. The concentration
of nicotine could be slowly reduced to achieve specific
public health goals. Pricing and taxation of alcohol could
be more strategic with the goal of reducing harms.

Prohibition is defined as a law, order, or decree that
forbids something. Drug prohibition criminalizes the pro-
duction, possession, sales, and – in some countries – the
consumption of drugs. It aims to reduce demand by dis-
rupting drug production, supply, and distribution, and to
identify consumers of illegal drugs by using law enforce-
ment resources to prosecute and punish them. Prohibition
reduces demand and consumption only if the producers,
consumers, and sellers of drugs respect the law.

Many of the harms typically attributed to illegal drug
consumption are due not to the drugs per se, but to the
prohibition of them. Drug prohibition creates a robust black
market, which makes concentrated, sometimes toxic drugs
widely available and produces many health and social
pathologies, including:

. Increased transmission of HIV

. Corruption of police, civic, and elected officials
. Violence

. Crime

. Destabilization of governments

. Destabilization of world markets

. Criminalization of youth

. Creation and support for organized crime groups

. Disrespect for the law.

Consequently, there is inconsistency between the
declared motives of the law enforcement agencies to
reduce crime and the laws themselves. This is beginning
to change; in the United States, law enforcement officials
are starting to challenge drug prohibition (Law Enforce-
ment Against Prohibition, 2007).

Evidence suggests that drug prohibition is ineffective,
as the amount of drug use in societies fluctuates indepen-
dently of the severity of enforcement measures (MacCoun
and Reuter, 2001; Nolin 2002). The continued arrest,
prosecution, and incarceration of people violating the
drug laws have failed to reduce the chronic, societal
problem of drug abuse and its public and economic
costs. Despite the increasing amounts of money being
spent on prohibition, drugs have become more accessible,
cheaper, and more potent through the illegal drug trade in
the United States and Europe (UN Office on Drugs and
Crime, 2006).

A public health approach to the individual and socie-
tal problems associated with substance use stresses the
need to shift resources into research, education, preven-
tion, and treatment as an alternative to the continued
use of criminal sanctions (Geller, 1997; Tucker et al.,
1999; King County Bar Association, 2005). Public and
population health tools can be used to examine the
social determinants of health, which include the eco-
nomic and social conditions that interact to influence
the health of individuals and communities. Over the last
century, the improvements in the health of individuals in
developed countries have not been shared equally
among all members of society. Illicit drug use and
addiction are associated with marginalized and disadvan-
taged populations. To further improve the health of
the population, we must reduce the health inequities
between social groups (Wilkinson, 1997) and improve
the social determinants of health among the most
vulnerable groups.

Seeing drug use as a health issue, and not a criminal
issue, allows policy makers to explore a wide range of
public health tools to manage the problems in a more
effective way. The social determinants of health require
a focus on policies, organizations, and social structure
(Sanders, 2006). The formation of the Commission on
the Social Determinants of Health by the WHO in 2005
recognizes that there needs to be greater focus on these
upstream determinants (Marmot, 2005).
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Unintended Consequences of Prohibition

Crime and violence

The unintended consequences of prohibition have con-
siderably negative criminal, health, and social impacts.
The vast majority of the negative impacts to society
stems from black market culture (e.g., organized crime
and dealer disputes). Prohibition leads to wealth transfer
to criminals and thus corruption. It encourages the devel-
opment of a robust black market, some of which may be
managed by highly cohesive, large, organized criminal
groups, with spillover into seemingly legitimate busi-
nesses (Robinson, 1999; Office of the Auditor General of
Canada, 2001; Sher and Marsden, 2003). The use of crim-
inal funds to corrupt public officials, both elected and
appointed, is all too common. Violence can occur because
people in the drug ‘industry’ have wealth in highly porta-
ble forms (i.e., drugs and cash), which make them obvious
targets for theft or robbery. Miron (2004) observes that
violence occurs as a form of dispute resolution among
people who cannot use legal channels because their dis-
putes are occurring in an illegal industry.

The United States has more people per capita in jail
than any other country, and 55% of federal prisoners are
there due to drug crimes (Harrison and Beck, 2005b).
However, the United States has more drug use per capita
than most European countries (Hibell et al., 2003). Miron
found a strong correlation between the violent crime and
homicide rates with drug law enforcement. He suggests
eliminating drug prohibition would likely cut the homi-
cide rate in the United States by 25–75% (Miron, 2004).
Overdose

Heroin overdose risk is directly related to its strength and
purity (Brugal et al., 2002; Buxton, 2005). To conceal
drugs, suppliers will produce and ship the drug in the
most concentrated forms (Thornton, 1998). Due to the
illegal production and distribution of drugs the user is
unaware of the purity and strength of the purported drug,
and ignorant of other active constituents, adulterants, and
diluents contained in the substance they purchase. Con-
sequently, prohibition increases uncertainty about the
product quality.

Emphasis on supply reduction and police crackdowns
can result in unsafe injection practices as users inject
hastily without ‘tasting’ their drugs to avoid police detec-
tion and therefore increase the risk of overdose. Police
may force users ‘underground’ and away from health and
other support services (Canty et al., 2005).
Drug price

Prohibition may reduce the price of drugs. Although prohi-
bition may raise supply costs as production and distribu-
tion is by illegal means, drug suppliers do not pay income
or social security taxes, nor do they need to obey
minimum wage laws or other labor regulations. As a result,
prohibition does not appear to raise the price of drugs or
reduce consumption as much as is commonly thought
(Thornton, 1991).

Ethnic and racial disparities
The use and effects of drug use are not evenly distributed
among different ethnic groups. Vulnerable populations
have experienced the overall negative impact of drug
abuse and drug prohibition more severely than the gen-
eral population (Clifford, 1992). Cocaine and crack in
particular affect low-income neighborhoods (Reinarman
and Levine, 1997). There are disproportionate arrests
and incarcerations of ethnic minorities (King County
Bar Association, 2005). In the United States, African-
Americans constitute 12.1% of the population (U.S. Census
Bureau, 2000) but represent 47.3% of all state inmates
for drug offences and 74% of all those sentenced to
prison for drug possession (Harrison and Beck, 2005b).
Among males aged 25–29 years, 12.6% of African-
Americans are in prison or jail compared to 3.6% of
Hispanics and about 1.75% of Caucasians (Harrison and
Beck, 2005a). Most are poor people of color imprisoned
for possessing an illicit drug or ‘intending’ to sell small
amounts (Reinarman and Levine, 1997; Levine, 2002).

Youth involvement

An inability to enforce drug laws results in the engage-
ment of youth with the drug culture and high-school-
aged youth become a popular conduit through which
drugs are distributed. It is difficult to persuade a youth
who is making hundreds of dollars in an evening that he
should work at a minimum-wage job. This directly contra-
dicts the ‘protect the children’ arguments from those who
argue for prohibition.
Harm Reduction: Philosophy and
Current Initiatives

The concept of a regulated market for currently illegal
drugs began with the concept of harm reduction, which is
slowly becoming the accepted model of treatment in
many countries around the globe (Levine, 2002).
Although the harm-reduction movement stresses the free-
dom of individuals’ and users’ rights, its main incentive is
to improve the population’s health (Tammi and Hurme,
2007). Harm reduction is a philosophical, ethical, and
pragmatic approach. It focuses on the harms resulting
from substance use rather than the substance use itself.
Therefore the aim is to keep people safe and minimize
death, disease, and injury associated with higher risk
behaviors. It does not insist on abstinence, but involves a
range of nonjudgmental strategies aimed at enhancing the
knowledge skills, resources, and supports for individuals,
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their families, and communities to be safer and healthier
(Tucker et al., 1999; Denning, 2000). Tammi and Hurme
reflect that:

drug use is a normal action that inevitably occurs in

modern society, and therefore users should be treated

fairly as sovereign citizens and their possible problems

should be tackled pragmatically and on the basis of scien-

tific knowledge. (2007: 86)

Levine and Reinarman (2004) suggest that harm
reduction in effect, though not always in intent, pushes
drug policies from the more punitive forms of drug pro-
hibition toward the more tolerant and regulated forms.
The Harm Reduction Model of Controlled Drug Avail-
ability proposed by Burrows states that:

drug policy should: have realistic goals; take into account

the different patterns and types of harms caused by

specific drugs; be shown to be effective or changed; sepa-

rate arguments about the consequences of drug use from

arguments about morals; be developed in the light of the

costs of control as well as the benefits; ensure that the

harms caused by the control regimes themselves do not

outweigh the harms prevented by them; and recognise the

existence of multiple goals, but ensure that contradictory

goals are minimised. (2005: 8–9)

Harm-reduction initiatives such as needle or syringe
exchange programs and methadone maintenance treat-
ment, despite being initially controversial, are now gener-
ally accepted in many countries. Even the UN agencies
that supervise worldwide drug prohibition recognize the
public health benefits of harm-reduction services within
current drug prohibition regimes (Levine and Reinarman,
2004). However, more recent initiatives such as supervised
injection/consumption sites, heroin prescription, and dis-
tribution of crack pipes and other paraphernalia to facili-
tate safer crack use, have received less support and have
been actively opposed by some political and enforcement
agencies. The City of Vancouver, British Columbia has
been largely successful in the implementation of new
harm-reduction programs which were initially controver-
sial but are now accepted and supported. It is useful to
examine these programs as they begin to fundamentally
challenge the utility of drug prohibition.

City of Vancouver ‘four-pillar’ approach and
supervised injection facility

The City of Vancouver is typical of the harm-reduction
movement byadoptinga ‘four-pillar’ approach (MacPherson,
2001). This policy integrates four pillars: prevention, treat-
ment, harm reduction, and enforcement. Each pillar
should not be considered an isolated pillar, as the name
implies. The Vancouver Police Department was a partner
in the establishment of the Vancouver supervised injection
site; the first site of its kind in North America. As the
supervised injection facility (SIF) does not provide drugs
on prescription, all users would enter the facility in posses-
sion of illegal drugs. This forced unprecedented discussions
and cooperation between the Vancouver Police Depart-
ment and health service providers. The police recognized
the importance of the SIF as a harm-reduction initiative for
public health benefits – such as reducing transmission of
infectious diseases and overdose deaths – rather than a
means to reduce criminal activity.

The SIF has been found to be effective in improving
public order (Kerr et al., 2006), and increases in both safer
injecting practices and reduced syringe sharing have been
observed (Kerr et al., 2005). This service has increased use
of detoxification programs and other addiction treatments
(Wood et al., 2006). Despite these and other positive eva-
luations being published in peer review literature, the SIF
has been subject to nonevidence-based political pressures
(McKnight, 2007).

Prescription heroin

The usefulness of opiates for controlling pain is well
accepted worldwide. Hence there are regulations around
opiate production, manufacture, and use that recognize
the benefits and try to reduce potential harms. Prescrip-
tion heroin trials were introduced in Switzerland in 1994
and in the Netherlands in 1998. Co-prescription of heroin
was found to be cost effective compared to methadone
alone (Dijkgraaf et al., 2005), and individuals in this study
showed improvements in mental and physical health
(Rehm et al., 2001). A randomized controlled trial of
prescription heroin is currently underway in Canada,
known as the North America Opiate Medication Initiative
(NAOMI) in Vancouver and Montreal, the results of
which will be available in 2008.

If prescribed heroin were available, drug dealers would
be unable to sell this drug to opiate dependent users who
would obtain the drug more cheaply on prescription. With
no dealers to apprehend, police could focus their limited
resources on more serious criminals. Property crime, for-
merly committed by users to obtain money to purchase
drugs, would be reduced dramatically. The head of the
British Association of Chief Police Officers suggested
heroin should be prescribed to long-term addicts to pre-
vent them from committing crimes to feed their habits
(Bennetto, 2007). However, providing users with drugs
would require additional funding, to distinguish recrea-
tional users from dependent individuals.

Netherlands ‘coffee shops’

The cannabis policies of the Netherlands are a regulated
form of de facto drug legalization for consumers. Coffee
shops are heavily controlled business establishments
where adults can purchase small quantities of soft drugs
for personal use in the form of joints, pastry, drinks, and
packages. Cannabis and other ‘soft’ drugs are available
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only in small quantities. Advertising is not allowed and
there is a limit on individual transactions (5 grams) and
maximum stock (500 grams). Although sales appear to be
completely legal, the importation and commercial produc-
tion of cannabis is illegal in the Netherlands. Hence, the
coffee shops are supplied by illegal importers and growers.
In spite of the open availability of cannabis, theNetherlands
have a lower rate of cannabis usewith an average 3% regular
use (17% lifetime) (Trimbos Institute, 2002), compared to
U.S. 5.4% recurring use (36.9% lifetime) (U.S. Department
of Health and Human Services Substance Abuse and Men-
tal Health Services Adminstration, 2002). This addresses the
fear that open availability always leads to increased con-
sumption. Consumption patterns are influenced by many
forces in society including the drug-using culture, which is
very difficult to influence in the prohibitionist model.

The success of the Netherlands less punative cannabis
policy has contributed to the spread of de facto and formal
cannabis decriminalization in Spain, Switzerland, Portugal,
Germany, and the UK (Reinarman et al., 2004).

Compassion clubs

Medical cannabis dispensaries, also called compassion
clubs, supply cannabis for therapeutic use on recommen-
dation from a licensed health-care practitioner through
Canada’s Medical Marijuana Access Division established
in 1999. Although communities, law enforcement, and
criminal courts across Canada have shown support and
tolerance for medical marijuana the legal supply of can-
nabis remains problematic and Canadian dispensaries are
currently operating without a license (Capler and Lucas,
2006). It has been observed that allowing medical canna-
bis use does not increase use in the general population
(Gorman, 2007).

Many industrial countries have developed policies or
practices that challenge global drug prohibition. These
range from official nonenforcement of cannabis laws to
state-sanctioned SIFs and heroin prescription programs
made possible through exemptions from the prohibition-
based legal framework and not through fundamental
changes of that framework (King County Bar Association,
2005). These steps are all slowly and incrementally lead-
ing to a fundamental reconsideration of drug prohibition.
Alternate Models of Drug Control

The Development of a Regulated
Market Concept

It is slowly becoming recognized that harm-reduction
programs are insufficient. They still exist within a prohi-
bitionist framework, which is responsible for the creation
of many of the problems that harm reduction attempts to
alleviate (Health Officers Council of BC, 2005). There-
fore, the debate is shifting toward development of the
concept of a regulated market for all psychoactive drugs
(Nolin, 2002; Health Officers Council of BC, 2005; Trans-
form Drug Policy Foundation, 2006) including what are
considered the most dangerous drugs, the smokable and
injectable stimulants (Haden, 2008).

A regulated market model should be based on public
health and human rights principles, which could interact
to address the benefits and the problems produced by
drugs and the problems produced by drug prohibi-
tion. Decriminalization or just withdrawing the legal
sanctions is insufficient, as this would allow the black
market to thrive. A model of regulated access needs to
be developed to apply evidence-based, cost-effective
models of use.

Unlike some debates regarding control of illegal drugs,
there is not a strict dichotomy between prohibition and
legalization (Haden, 2002). Examining the range of
options through the enforcement lens leads to the obser-
vation of three models of community-based drug law
enforcement (Canty et al., 2005). At one end is the prohi-
bitionist model in which police are totally dedicated to
supply reduction; next is the modified supply reduction
model, in which police see supply reduction as their
overriding goal but acknowledge the legitimacy of harm-
reduction work and try not to undermine it; and, finally,
market regulation, in which police are committed to
harm minimization and recognize that supply reduction
is just one of a range of methods to reduce drug-related
harms.

Some prohibitionists mistakenly perceive legalization
as being the same as a free, uncontrolled market and that
addictive psychoactive substances might be available as
branded and commercial products without controls and
regulations. In fact, a public-health-based regulated mar-
ket could produce a more controlled market than cur-
rently exists under prohibition. For example, prohibition
actively engages our youth, who then often sell to each
other with no age or other controls. The Monitoring the
Future report documents the high level of perceived
availability of currently illegal drugs. For example, for
grade 12 students in the United States, 84.9% report
marijuana is ‘fairly easy’ or ‘very easy’ to obtain, 46.5%
report the same for cocaine, and 52.9% report the same
for amfetamines ( Johnston et al., 2006).

A regulated market would acknowledge that heroin,
cocaine, Ecstasy, and marijuana have very different phar-
macological and behavioral effects. The mode and fre-
quency of administration may vary, and be subject to drug
availability. The potential for different drugs to cause
dependence and acute and chronic harms also varies
widely. A regulated market would need to match the
appropriate regulatory options with specific administra-
tive and social controls for each classification of drugs.
These options would be based on a benefit to harm ratio
for each substance.
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King County Bar Association
In 2001, a group of lawyers within the King County Bar
Association in Seattle, Washington, put forward four prin-
ciples to guide reform of drug control policies and practices.
These principles stated that public policy should result in
nomore harm than the drug use itself, and it should address
the underlying causes and resultant harms of drug abuse
rather than discouraging drug use through criminal sanc-
tions. It should also recognize citizens’ individual liberties
and the efficient use of scarce public resources (King
County Bar Association Drug Policy Project, 2001).

The King County Bar Association proposed a new
legal framework intended to render illegal markets of
psychoactive substances unprofitable, to restrict access
by young persons, and to provide health care to persons
with chemical dependency and addiction. They suggest
that such a framework would serve to reduce crime,
improve public order, enhance public health, protect chil-
dren, and use scarce public resources better than current
drug policies (King County Bar Association, 2005). This
framework would begin to develop the foundational prin-
ciples of a new post-prohibition model.
Public Health Approaches to Drug Regulation

Haden examined ways in which drugs should be regulated
(Haden, 2004). Some of the approaches or mechanisms that
would be considered in a public health approach include:

Age of purchaser. There are currently restrictions to
access of alcohol and tobacco based on age, but there is
no control of the age when illegal drugs can be purchased.
Drug dealers today do not ask their customers for age
identification.

Degree of intoxication of purchaser. In Canada, the sale
of alcohol is restricted based on the degree of intoxication
of the purchaser. Sellers can refuse to sell to a customer
whom they perceive to be engaging in high-risk,
substance-using behavior.

Volume rationing. Quantities would be limited to a
certain amount deemed appropriate for personal con-
sumption.

Proof of dependence prior to purchase. Initially sales could
be limited to those with addiction concerns.

Proof of ‘need’ to purchase. Beyond those drugs on which
people are dependent, other drugs such as LSD and
MDMA (Ecstasy), which have been shown to have poten-
tial psychotherapeutic benefits when used in controlled
therapeutic environments, could be used with registered
and trained psychiatrists and psychologists. Need can also
be defined as a cultural/spiritual need, as peyote and
ayahuasca (Tupper, in press) have been used by aboriginal
groups in sacred traditions for centuries.

Required training for purchasers. Training programs
could provide information to drug users about addiction,
treatment services, and other public health issues, such as
sexually transmitted diseases and bloodborne illnesses.
The programs could provide the knowledge and skills
aimed at discouraging drug use, reducing the amount of
drug use, and reducing the harm of drug use.

Registrations of purchasers. This would allow the
purchasers to be tracked for ‘engagement’ and health
education.

Licensing of users. Like licenses for new motor vehicle
drivers that restrict where and when they drive and whom
they are permitted to drive with, these licenses would
control time, place, and associations for new substance
users. This would be a graduated program with demon-
strated responsible, nonharmful drug use. The license
could be given demerit points or be suspended based on
infractions, such as providing substances to nonlicensed
users, driving under the influence, or public intoxication.
The licenses could also specify different levels of access
to various substances based on levels of training and
experience. People in some professions, such as airplane
pilots or taxi drivers, could be restricted from obtaining
licenses to purchase long-acting drugs that impair motor
skills.

Proof of residency with purchase. Some societies have
gone through a process of developing culturally specific
social controlling mechanisms that form over time a cer-
tain amount of relatively healthy, unproblematic relation-
ships with substances. ‘Drug tourists’ who have not been
integrated into this culture may behave in problematic
ways that do not adhere to the local restraining social
practices. Therefore, purchasers may be restricted to resi-
dents of a country, state/province, city, or neighborhood.

Limitations in allowed locations for use. Alcohol is often
restricted from public consumption and some public loca-
tions do not allow tobacco consumption. Locations for
substance use could vary based on the potential for
harm. Options of locations include supervised injection
rooms for injected drugs, supervised consumption rooms
for the smoking of heroin and cocaine, and home use for
drugs with less potential for harm.

Administration of test prior to purchase. A short test could
be administered at the distribution point to demonstrate
to the staff that the purchaser has the required knowledge
of safe use of the substance, which is likely to minimize
harm.

Tracking of consumption habits. Registered purchasers
would have the volume and frequency of purchasing
tracked. This could be used to instigate health interven-
tions by health professionals who could register their
concerns with the user and offer assistance if a problem
is identified. The tracking may be a deterrent to use, as
well as a possible increase in price of the substance once
the user has passed a certain volume threshold.

Required membership in a group prior to purchase. Drug
users can belong to advocacy or union groups that
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would act similarly to existing professional regulatory
bodies that provide practice guidelines for their members.
If the user acts outside of the norms of the discipline, the
group can intervene or ultimately refuse membership.
The norms are enforced through a variety of peer pro-
cesses and education.

Shared responsibility between the provider and the consumer.

Sellers could be partially responsible for the behaviors of
the consumers. To that end, the sellers would monitor the
environment where the drug is used and restrict sales
based on the behavior of the consumers. Proprietors
could be held responsible through fines or license revoca-
tions for automobile accidents or other socially destructive
incidents for a specified period of time after the drug is
consumed. The consumer would not be absolved of re-
sponsibility but a balance would be established in which
the consumer and seller were both liable.

Maximum allowable limit for the consumer. A previously
negotiated, maximum allowable limit for each individual
could be implemented or the consumer could be allowed
to put a ‘stop purchase’ order on themselves for a fixed
period of time.

Order/delivery delay times. A delay of hours or days
between time of order and product delivery may serve
to reduce the incidence of out-of-control sequential use
patterns.

Regulatory controls can also be targeted at sales/dis-
tribution outlets. The amount per package, formulation,
and concentration of product can be specified. Examples
include:

. Licensing of outlets, that is, municipalities can specify
where outlets exist, hours of operation, and appearance.

. Warning posters and handout information can be avail-
able to consumers.

. A pharmacy specialist may be required to be on-site to
provide information to consumers.

. Clean needles or new smoking equipment can be
provided with purchase.

. Adjunctive services (i.e., withdrawal services, medical,
or nursing care) may be required to be available either
on-site or nearby.

Corporate restrictions include:

. Price can be controlled to initially eliminate the black
market and then to generate a revenue stream for
government.

. Profit controls can ensure that health and social issues
always have priority over the need for corporations to
maximize profitability.

. Sales can be restricted to government-run outlets only.

. Taxation levels can be specified by government.

. A percentage of the taxation can be allocated to pre-
vention and treatment programs.
. There can be a ban of public trading of stocks for
companies who sell these products.

. Advertising and sponsorship of events can be prohib-
ited, as the intended outcome of promotion is increased
consumption.

Product and packaging restrictions include:

. The design of the package can be specified. The use of
color, logos, and images can be controlled.

. Governments can be responsible for all packaging.

. Warning and ingredient labels can be mandatory.

. Branding must be prohibited as allowing branding is
the beginning of a process that inevitably leads to
advertising, which encourages consumption. Govern-
ments would therefore have to be responsible for the
packaging and sales of these products.

The Medical Health Officers Council of British
Columbia proposed a policy framework for a comprehen-
sive approach to psychoactive substances. With the overall
goal to minimize harms from use, policies and programs are
associatedwith all psychoactive substances and a realization
of the benefits for individuals, families, communities, and
society. The policy is based on rational and respectful
discussion, and includes involving those directly affected,
being explicit when policies and strategies aremadewithout
supporting evidence and encouraging pilot research (when
evidence is lacking) with careful evaluation (Health Officers
Council of BC, 2005).

Prohibitionist drug policy has not evolved in response
to evaluation, but rather is a response to historical, moral,
and political influences (Transform Drug Policy Founda-
tion, 2006). The concept of regulated market should
be explored as an evidence-based model that has the
goal of reducing health and social harms from currently
illegal drugs.
Critics

Critics of legalization, who assume that this means free
market access, warn that the legalization of a ‘soft drug’
(e.g., cannabis) in an area may lead to increased sales of
harder drugs (e.g., heroin). They propose that problems
associated with illegal heroin use (e.g., fatalities, muggings,
burglaries, use of infected needles) would rise in the area,
possibly leading the authorities to conclude that the full
legalization of cannabis would exacerbate the situation.

The experience of the Netherlands is significant as
they have shown that openly selling a drug does not
lead to societal collapse. In fact, de facto legalization of
cannabis for consumers has been used as a tactic to sepa-
rate ‘soft’ and ‘hard’ drug markets and has not lead to high
rates of cannabis use. That legal sanctions are not usually
correlated with consumption rates was observed in 11
American states and several jurisdictions in Australia
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where decrimalization and subsequent recriminalization
of cannabis neither increased nor decreased consumption
rates (Single et al., 2000).
Market Regulation: Controlling Drugs
Not Legalization

A regulated market could be implemented to substantially
reduce the illegal drug business and most of the crime,
violence, and corruption associated with it (Levine and
Reinarman, 2004). A regulated market with a public
health and human rights orientation would also seek to
substitute milder and weaker drugs and make them avail-
able in safer preparations to reduce the demand for more
dangerous substances. Also, there would need to be com-
prehensive education about risks and benefits of the dif-
ferent modes of administration. An evidence-based model
is needed which explores how increased availability of
weaker oral solutions of some drugs can reduce the
demand for more dangerous substances.

Legalizing and regulating drug production and
supply would lead to a dramatic decrease in crime at
all levels, as legally regulated supplies of heroin and
cocaine to active addicts do not necessitate fundraising
offending and would therefore have the potential to
reduce property-associated crime (Transform Drug Policy
Foundation, 2006).

Despite many benefits of regulating drug markets,
there will be a minority of users who continue to use
irresponsibly and suffer harms, and some will die as a
direct result of their use (Transform Drug Policy Foun-
dation, 2006). Regulation will remove the health and
social problems associated with drug prohibition and the
criminal markets, which encourage out-of-control use
patterns. A regulated market would allow the creation of
consumption facilities, which are supervised and there-
fore create spaces where harmful, drug-using behaviors
can be directly influenced to actually reduce harm.

When drugs are purchased in the underground market
they may be cut with other substances or sold under
different guises to increase profit or user addiction poten-
tial. The purity and constituents are unknown. A regulated
market would control for both concentration and purity
of drugs.

When our society is able to move forward on the
creation of a regulated market, policy makers would
need to anticipate a brief period when there may be
more experimentation of drugs. This can be controlled
by making changes incrementally and slowly and evaluat-
ing the effects of each change. We would therefore be able
to create a regulated market for all currently illegal drugs
that is evidence based and actually reduces the harms
created by both drugs and drug prohibition.
See also: Drugs, Illicit—Primary Prevention Strategies;

Illicit Drug Trends Globally; Illicit Drug Use and the

Burden of Disease.
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of CHD wor ldwide in 2004 ( Wor ld Heal th Or ganizat ion,
2004 ). Thus, ap proximately 13% of all deaths wer e caused
by CHD. In the Global Burden of Disease Study, mortal-
ity was grouped into high- and low/middle-income
countries, with the latter being divided into six geograph-
ical re gions (Lop e z et al ., 2006 ). CHD was the leadi ng

http://www.leap.cc
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cause of death in both groups of countries, with only 1.4 of
the 7.1million CHD deaths (2001) occurring in high-
income countries (Table 1). Mortality from CHD
increases with advancing age. To allow the comparison
of mortality rates between populations and over time, age
standardization is performed taking into account differ-
ences in age distribution. Age-standardized CHD rates
are higher in men than in women.

Apart from mortality, disability associated with CHD is
an important measure to assess the burden of a disease.
Disability-adjusted life years (DALYs) combine years lived
with a disease and disability associated with the respective
disease. Table 2 provides an overview of the ten leading
causes of disease burden as derived by DALYs in 2001
Table 1 Ten leading causes of death by income group (2001)

Low- and middle-income countries Hig

Cause
Deaths
(millions)

% of total
deaths Ca

1 Coronary heart disease 5.7 12% Co
2 Cerebrovascular disease 4.6 10% Ce

3 Lower respiratory

infections

3.4 7% Tra

4 HIV/AIDS 2.6 5% Low
5 Perinatal conditions 2.5 5% CO

6 COPD 2.4 5% Co

7 Diarrheal disease 1.8 4% Alz
d

8 Tuberculosis 1.6 3% Dia

9 Malaria 1.2 3% Bre

10 Road traffic accidents 1.1 2% Sto

COPD, chronic obstructive pulmonary disease; HIV, human immunod

Adapted from Lopez AD, Mathers CD, Ezzati M, Jamison DT, and M

factors, 2001: Systematic analysis of population health data. Lancet

Table 2 Ten leading causes of burden of disease (disability-adju

Low- and middle-income countries

Cause
DALYs (millions
of years)a

% of tota
DALYs

1 Perinatal conditions 89.1 6.4%

2 Lower respiratory infections 83.6 6.0%
3 Coronary heart disease 71.9 5.2%

4 HIV/AIDS 70.8 5.1%

5 Cerebrovascular disease 62.7 4.5%

6 Diarrheal diseases 58.7 4.2%

7 Depression 43.4 3.1%
8 Malaria 40.0 2.9%

9 Tuberculosis 35.9 2.6%

10 COPD 33.5 2.4%

COPD, chronic obstructive pulmonary disease; CNS, central nervous
Adapted from Lopez AD, Mathers CD, Ezzati M, Jamison DT, and M

factors, 2001: Systematic analysis of population health data. Lancet
aConstructed with 3% yearly discount rate and uniform age weights.
(Lopez et al., 2006). A difference can be observed with
regard to income group. Whereas CHD is the major
cause of DALYs in high-income countries, it ranks only
third in low- and middle-income countries after unipolar
major depression and road-traffic accidents.
Time Trends and Regional Variation

Although CHD is the leading cause of death worldwide,
age-standardized mortality rates have been decreasing in
Western developed countries over the last few decades. In
1978, the National Heart, Lung and Blood Institute in the
United States initiated the Bethesda conference to
h-income countries

use
Deaths
(millions)

% of total
deaths

ronary heart disease 1.4 17%
rebrovascular disease 0.8 10%

chea, bronchus, lung cancers 0.5 6%

er respiratory infections 0.3 4%
PD 0.3 4%

lon and rectum cancers 0.3 3%

heimer’s disease and other
ementias

0.2 3%

betes mellitus 0.2 3%

ast cancer 0.2 2%

mach cancer 0.2 2%

eficiency virus.

urray CJL (2006) Global and regional burden of disease and risk

367: 1747–1757.

sted life years) by income group (2001)

High-income countries

l
Cause

DALYs (millions
of years)a

% of total
DALYs

Coronary heart disease 12.4 8.3%

Cerebrovascular disease 9.4 6.3%
Depression 8.4 5.6%

Alzheimer’s disease and

other dementias

7.5 5.0%

Trachea, bronchus, lung

cancers

5.4 3.6%

Hearing loss, adult onset 5.4 3.6%

COPD 5.3 3.5%
Diabetes mellitus 4.2 2.8%

Alcohol use disorders 4.2 2.8%

Osteoarthritis 3.8 2.5%

system; HIV, human immunodeficiency virus.
urray CJL (2006) Global and regional burden of disease and risk

367: 1747–1757.
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investigate the observed decline in CHD mortality (Havlik
and Feinleib, 1979). The aim of this landmark conference
was to assess whether prevention or acute coronary care
was responsible for the decrease. The need for valid data
from high-quality studies became apparent, leading to the
conception of the international population-based WHO
MONICA (monitoring of trends and determinants in car-
diovascular disease) Project. The aim of the MONICA
Project was to validate trends in mortality, partitioning
responsibility between changing incidence and survival
(Tunstall-Pedoe et al., 1999). Over 10 years, the WHO
MONICA Project monitored trends across 37 populations
in 21 countries. Registries were established to identify
nonfatal myocardial infarction and coronary deaths in men
and women aged 35–64 years, followed up for 28 days.
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Figure 1 Age-standardized mortality rates per 100000 for CHD in

Moise P, Jacobzone S, and the ARD-IHD Experts Group (2003) OECD

outcomes of ischaemic heart disease. OECD Health working paper N
The results of the WHO MONICA Project confirmed the
decrease inmortality fromCHD inmostWestern developed
countries.

Figure 1 shows time trends of CHD mortality in
various countries over the last few decades (OECD,
2003). Death rates from cardiovascular disease, i.e., CHD
and stroke combined, have fallen in all regions world-
wide except the low- and middle-income countries of
Europe and Central Asia (16% increase), although the
declines are lower in South Asia and sub-Saharan Africa
than elsewhere. In Western Europe, mortality rates
declined almost linearly for CHD, stroke, and total
cardiovascular disease between 1970 and 2000 (Kesteloot
et al., 2006). In both men and women, the decline for
these diseases varied between 50 and 65%, or amounted
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to approximately 2% per year in this period. In con-
trast, in Eastern Europe, cardiovascular mortality rates
reached a maximum in the period 1990–94, followed by
a decline of approximately 3% per year in Poland, 2%
per year in Hungary, and 5% per year in the Baltic
states.

A recent analysis of time trends in CHD in the United
States (1980–2000) showed that approximately half of the
decline was attributable to reductions in major risk factors
(44%) and approximately half to changes in medical thera-
pies (47%) (Ford et al., 2007). The model explained approx-
imately 90% of the decrease. Reductions in risk factors
included changes in total cholesterol (24%), systolic blood
pressure (20%), smoking prevalence (12%), and physical
inactivity (5%), although these reductions were partially
offset by increases in body mass index and prevalence of
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Figure 1 Continued
diabetes, which accounted for an increased number of
deaths (8% and 10%, respectively). Medical therapies
included secondary preventive therapies after myocardial
infarction or revascularization (11%), initial treatments for
acute myocardial infarction or unstable angina (10%),
treatments for heart failure (9%), revascularization for
chronic angina (5%), and other therapies (12%).

There are regional variations in CHD mortality both
between and within regions. In the United States,
for example, CHD mortality rates are twice as high in
the southeast compared to the northwest (Figure 2)
(Centers for Disease Control and Prevention, 2006).
Rates have declined in the northeast, which previously
had the highest rates. Within Europe, there is an east–west
gradient in CHD mortality, with higher rates in the
east compared to west European countries (Figure 3)
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Figure 2 Age-adjusted mortality rates from coronary heart disease for US males, according to region. From Centers for Disease
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Europe. European Heart Journal (Epub ahead of print).
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(Mülter-Nordhorn, 2008). Also, large regional variations
have been observed within countries such as England,
France, Italy, and Germany. Within Germany, for example,
there has been a pronounced east–west gradient of mor-
tality from CHD since reunification (Müller-Nordhorn
et al., 2004). Following a peak in the early 1990s, mortality
from CHD has substantially declined in both parts of
Germany (from 222 to 169 per 100 000 in the east and
from 150 to 116 per 100 000 in the west). The regional
difference, however, has remained rather constant: The
rate ratio between the pooled mortality in the east com-
pared with the west was 1.51 in 1991, and 1.45 in 2000.
Risk Factors for CHD

Risk factors for CHD include socioeconomic factors,
classic coronary risk factors such as hypertension, diabe-
tes, and smoking, lifestyle factors such as nutrition and
physical activity, and family history of premature CHD.
Particularly large cohort studies such as the Framingham
Heart Study, a milestone in cardiovascular research,
provided valuable insight into CHD risk factors (Anderson
et al., 1991). The Framingham Study was started in the
City of Framingham in the United States in 1948. A total
of 5209 men andwomen aged 28–62 years were included in
Table 3 Multivariate-adjusted relative risks for coronary heart dis

Men

Relative risk

Age (years) 1.05c

Blood pressure
Normal (including optimal) 1

High normal 1.32

Hypertension stage I 1.73c

Hypertension stage II 1.92c

Cigarette use 1.71c

Diabetes 1.47a

LDL cholesterol (mg/dl)
<130 1

130–159 1.19

�160 1.74c

HDL cholesterol (mg/dl)
<35 1.46b

35–59 1

�60 0.61a

CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; L
Note: The multivariate models were performed separately for men and

in the table.
a0.01<p<0.05.
b0.001<p<0.01.
c<p 0.001.

Adapted from Wilson PW, D’Agostino RB, Levy D, Belanger AM, Si

disease using risk factor categories. Circulation 97: 1837–1847.
the first cohort, all of whom were initially free of cardio-
vascular disease. These participants have since been exam-
ined every 2 years. In 1971, another cohort of 5124 men and
women who were the children or the spouses of the chil-
dren of the original participants was enrolled (the Offspring
Study). In 2002, the third generation of participants was
included into the Framingham Study. Table 3 shows the
relative risk of CHD associated with major independent
risk factors such as age, hypertension, smoking, diabetes,
and hypercholesterolemia, based on data from the
Framingham Study (Wilson et al., 1998). Other CHD risk
factors include obesity, physical inactivity, family history of
premature CHD, certain ethnic characteristics, psychoso-
cial factors, elevated serum triglycerides, small low-density
lipoprotein (LDL) particles, elevated serum homocysteine,
elevated lipoprotein (a), prothrombotic factors, e.g., fibrin-
ogen, and inflammatory markers, e.g., C-reactive protein
(Grundy et al., 1999).

In a recent case-control study, the INTERHEART
Study, the investigators included 15 152 cases with myo-
cardial infarction and 14 820 age- and sex-matched
controls from 52 centers in Asia, Europe, the Middle East,
Africa, Australia, and North and South America (Yusuf
et al., 2004). The authors calculated both odds ratios and
population-attributable risks (PAR) for modifiable risk
factors. They found that nine risk factors collectively
ease

Women

95% CI Relative risk 95% CI

1.04–1.06 1.04c 1.03–1.06

Reference 1 Reference

0.98–1.78 1.34 0.88–2.05

1.32–2.26 1.75b 1.21–2.54
1.42–2.59 2.19c 1.46–3.27

1.39–2.10 1.49b 1.13–1.97

1.04–2.08 1.80b 1.18–2.74

Reference 1 Reference

0.91–1.54 1.24 0.84–1.81

1.36–2.24 1.68b 1.17–2.40

1.15–1.85 2.08b 1.33–3.25

Reference 1 Reference

0.41–0.91 0.64b 0.47–0.87

DL-C, low-density lipoprotein cholesterol.
women. Each model included simultaneously all variables listed

lbershatz H, and Kannel WB (1998) Prediction of coronary heart
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accounted for 90% of the PAR in men and 94% in women:
Smoking (36% of PAR for current and former vs. never),
raised ApoB/ApoA1 ratio (49% for top four quintiles vs.
lowest quintile), hypertension (18%), diabetes (10%),
abdominal obesity (20%), psychosocial risk factors (33%),
as well as lack of daily consumption of fruits and vegetables
(14%), lack of regular alcohol consumption (7%), or lack of
regular physical activity (12%) (Yusuf et al., 2004).

Although psychosocial factors have repeatedly been
associated with CHD, the role of stress remained unclear
until the INTERHEART Study provided new insights
(Rosengren et al., 2004). Patients with myocardial infarc-
tion reported a significantly higher prevalence of stress at
work, stress at home, financial stress, or stressful life
events compared to controls in the year prior to the
event. General stress was associated with an odds ratio of
1.45 (99% confidence interval (CI) 1.30–1.61) for several
periods and 2.17 (99% CI 1.84–2.55) for permanent stress.
Stressful life events were also more frequent in cases
compared to controls (odds ratio 1.48; 99% CI 1.33–1.64)
as well as the prevalence of depression (odds ratio 1.55;
99% CI 1.42–1.69). These differences were consistent
across regions, in different ethnic groups, and in men
and women.

Time trends in CHD mortality in East European
countries in younger people, particularly men, may have
been caused by other risk factors than those commonly
present in West European countries. For example, East
European diets used to contain larger amounts of fat as
well as lower quantities of fruit and vegetables compared
toWest European diets. In an ecological analysis, Zatonski
et al. reported that in Poland there was a marked switch
from animal fats (estimated availability down 23%) to
vegetable fats (up to 48%) as well as an increase in fruit
imports between 1986–90 and 1994 (Zatonski et al., 1998).
This change in dietary pattern might have been one of the
reasons for the decrease in CHD mortality in Poland
during the 1990s. Also, differences in drinking patterns
have been observed. Binge drinking and the consumption
of spirits such as vodka are more common in East com-
pared to West European countries. Binge drinking has
been associated with an increased risk of CHD events.
In addition, high levels of psychosocial stress have been
observed in East European countries. Both binge drinking
and psychosocial stress have been linked to the increases
in CHD mortality in Russia during the 1980s and 1990s
(McKee and Shkolnikov, 2001).
Incidence and Case Fatality of CHD

According to the WHO MONICA Project, case fatality
of CHD amounted to an average of 50% worldwide
(Tunstall-Pedoe et al., 1999). It ranged between 34%
(Switzerland) and 83% (Poland) for men, and between
34% (Canada) and 88% (Poland) for women. Approxi-
mately two-thirds of CHD deaths in men and women
occurred before reaching the hospital. Figure 4 shows
the proportions of 28-day CHD deaths that occurred
before hospitalization, in hospital during the first 24 h
after onset of symptoms, and between 24 h and 28 days.
For women, a median of 64% of all CHD deaths (range,
42–75%) occurred before reaching the hospital. For men,
a median of 70% of all CHD deaths (range, 58–to 80%)
occurred before reaching the hospital.

One of the aims of the WHOMONICA Project was to
assess the contribution of changing incidence and case
fatality, respectively, to the observed trends in CHD. In
the WHO MONICA Project, incidence of coronary
events fell more than case fatality. Contribution to chang-
ing CHDmortality varied, but in populations with declin-
ing mortality, incidence contributed two-thirds and case
fatality one-third. Thus, over the decade studied, the
major determinant of the decline in CHD mortality was
change in coronary event incidence.

Major innovations occurred in coronary care between
themid-1980s andmid-1990s. These interventions included
coronary artery reperfusion, thrombolysis, and medication
such as beta-blockers, antiplatelet drugs, and angiotensin
converting enzyme (ACE) inhibitors. In the WHO MON-
ICA Project, changes in coronary care were inversely cor-
related with changes in coronary events (Tunstall-Pedoe
et al., 2000). A geographical gradient was observed with
higher rates of innovative coronary interventions imple-
mented in Western compared to Eastern countries.
Triggering Factors

With the majority of CHD deaths occurring before any
medical care can be provided, triggering factors of CHD
events play an important role. Triggering factors on the
individual level include physical activity, emotional stress,
eating, and sexual activity. On the population level, events
such as war threats or earthquakes can trigger CHD
events, probably via an increased emotional stress. Also,
environmental changes such as air pollution or meteoro-
logical factors such as cold weather are associated with
CHD events. There is some evidence suggesting that
smoking is not only a long-term risk factor, but may be a
potential trigger for acute CHD events as well. CHD
events occur more frequently in winter than in summer
and, generally, on colder days throughout the year.
Figure 5 summarizes studies on external triggers preced-
ing the onset of myocardial infarction (Čulić et al., 2005).
Men were significantly more likely to report heavy phys-
ical activity and eating as a trigger, whereas women were
more likely to report emotional stress. With regard to
physical activity, studies have shown an increased risk of
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Čulić V, Eterovic D, and Miric D (2005) Meta-analysis of possible

external triggers of acute myocardial infarction. International

Journal of Cardiology 99: 1–8.

0 10 20 30 40 50 60

Men Women
AUS-NEW

AUS-PER

CAN-HAL

CHN-BEI

DEN-GLO

FIN-KUO

FIN-NKA

FIN-TUL

FRA-LIL

FRA-STR

FRA-TOU

GER-AUR

GER-AUU

GER-BRE

GER-EGE

ICE-ICE

ITA-BRI

ITA-FRI

LTU-KAU

NEZ-AUC

POL-WAR

RUS-MOC

RUS-MOI

SPA-CAT

SWE-NSW

UNK-BEL

UNK-GLA

USA-STA

YUG-NOS

70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Time of death:
Pre-hospital

Between 24 h and 28 days after onset
 of symptoms, for hospitalized events

Within 24 h after onset of symptoms,
 for hospitalized events

Figure 4 Percentage distribution of 28-day fatal coronary heart disease events by time of death, men and women, 35 to 64 years of

age. Reproduced from Chambless L, Keil U, Dobson A, et al. (1997) Population versus clinical view of case fatality from acute coronary

heart disease. Results from the WHO MONICA Project 1985–1990, Circulation 96: 3849–3859.

Coronary Heart Disease 23
CHD events during and immediately after an episode
of physical activity (Willich et al., 1993).

Despite the short-term increase in risk during the
activity, the importance of regular physical activity as a
protective factor needs to be stressed. Regular physical
activity clearly reduces long-term CHD risk both in men
and women. A meta-analysis by Oguma et al. showed that
in women the relative risk for CHD was inversely related
to intensity of physical activity (Oguma et al., 2004). Phys-
ical activity was classified into four categories with
increasing activity (relative risk¼ 1 (reference), 0.78,
0.53, and 0.61; p-value for trend <0.001). Even a minor
increase in physical activity such as walking for 1 h or less
per week resulted in a reduction of risk in physically
inactive women. In a meta-analysis by Williams, prospec-
tive cohort studies assessing physical activity and/or fit-
ness in men and women were summarized (Williams,
2001). A total of 16 studies assessing physical activity and
seven studies assessing physical fitness were pooled
including 1 325 004 person-years of follow-up. The pooled
analysis showed an inverse linear relationship between
physical activity and cardiovascular risk. In those studies
assessing physical fitness, cardiovascular risk was reduced
even before the 25th percentile of cardiovascular fitness.
Circadian, Weekly, and Seasonal
Variation

A circadian variation in CHD events has been repeatedly
observed, with an increased risk during the morning hours
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(Figure 6) (Willich et al., 1993). The increase in risk per-
sisted after adjustment for wake time. In addition, a weekly
variation has been describedwith an increased risk of CHD
events onMonday in the working population. Several stud-
ies have shown a seasonal variation with an increased risk
of CHD events during winter compared to summer.
Prevention of CHD

Preventive efforts with regard to CHD include changes in
lifestyle factors and, if indicated, appropriate medication in
order to control CHD risk factors. An important step in the
prevention of CHD is the assessment of overall cardiovas-
cular risk. According to the European guidelines, high-risk
individuals include patients with established cardiovascular
disease, diabetes, a family history of premature cardiovas-
cular disease, and those with multiple risk factors resulting
in a raised cardiovascular risk. For the assessment of car-
diovascular risk, risk functions can be used. These risk
functions take into account risk factor combinations to
calculate cardiovascular risk over a certain time period.
Anderson, for example, derived a risk function using data
from the Framingham Study based on age, sex, smoking
status, blood cholesterol, and systolic blood pressure
(Anderson et al., 1991). The 10-year risk for a first fatal or
nonfatal CHD event could be estimated for an individual
based on the prevalence of these risk factors. Due to the
decline in CHD mortality as well as regional variations in
mortality, other risk functions have been developed. Com-
bining data from 12 European cohort studies, for example,
the SCORE (Systematic Coronary Risk Evaluation) risk
chart was developed for Europe (Conroy et al., 2003). The
SCORE chart allows the calculation of total risk for a fatal
cardiovascular event within the next 10 years. A personwith
a risk of at least 5% is defined as a high-risk person.

Prevention should assist individuals with a low risk to
maintain this state as long as possible and individuals with
a high risk to reduce cardiovascular complications.
According to the European Societies, the following objec-
tives should be achieved in the prevention of cardiovas-
cular disease: No smoking, healthy food choices (a diet
low in saturated fat and salt and high in fruits and vege-
tables and fiber), physical activity with at least 30min
of moderate activity per day, a body mass index under
25 kg/m2 and avoidance of central obesity, blood pressure
under 140/90mmHg, total cholesterol less than 5mmol/l
(approximately 190mg/dl), LDL cholesterol less than
3mmol/l (approximately 115mg/dl), and blood glucose
under 6mmol/l (approximately 110mg/dl). In high-risk
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individuals, an even more rigorous control of risk factors
is indicated. However, lifestyle changes may be difficult to
implement, and often a multidisciplinary team approach
is required to change behavior. Adherence to medication,
similarly, is a problem in routine care and is related to a
variety of psychosocial and medical factors. Also, further
research is needed with regard to psychosocial stressors.
Effective interventions aimed at modifying these risk
factors need to be developed and evaluated.

See also: Cardiac Rehabilitation; Cardiovascular Disease:

Overview and Trends; Cardiovascular Disease Prevention;

Genetic Factors of Cardiovascular Diseases; Heart Fail-

ure; Hypertension; Peripheral Arterial Disease; Rheumatic

Fever and Rheumatic Heart Disease; Risk Factors.
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Corruption is a huge challenge to achieving health goals.
When public officials do not act in the public interest but
instead use their positions to benefit themselves and their
families, friends, or associates, we lose not only financial
resources but hope and trust as well. It is a social, political,
and economic problem that threatens international devel-
opment, human rights, and peaceful social existence.

Corruption is a crime of calculation, relying on oppor-
tunity as well as inclination. Weak government institu-
tions, lack of citizen involvement in public decisions, too
much discretion in the hands of government officials, as
well as eroding public values and moral standards, social
and personal pressures, poverty, and inequality, all help
create an environment where corruption can take hold
and grow. These factors also show how corruption can be
prevented: by increasing transparency and accountability
in government performance, empowering citizens and
giving them effective choices, altering economic incen-
tives, promoting ethical standards, and changing attitudes
to bring new hope.

In the health sector, corruption can take many forms
depending on the structure of the health system and gov-
ernment. This article discusses types of corruption and their
effects on health systems and outcomes. Prevention strate-
gies are also discussed, giving examples from countries that
have begun to tackle this important problem.
What Is Corruption?

Corruption has been defined as ‘‘abuse of public roles or
resources, or use of illegitimate forms of political influ-
ence by public or private parties’’ (Johnston, 1997). In
more simple terms, corruption is the misuse of office for
personal gain (Klitgaard et al., 2000). Corruption occurs
when a government agent given authority to carry out
the goals of a public institution instead uses his or her
power and position to further personal interests. Table 1
provides a summary of some of the common types of
corruption that can be found in the health sector, while
Table 2 provides categories that are useful to distinguish
the seriousness of the problem and to suggest the level at
which interventions are needed.

Another way to look at corruption is from the viewpoint
of the decision maker or stakeholder. Major stakeholders
in health-care systems include patients and their families,
providers, payers, government regulators, and suppliers.
Figure 1 shows the different types of abuses that can
occur in the production and delivery of health-care services
as these different stakeholders interact.

Corruption can be carried out alone, as with a govern-
ment official who steals medical equipment or embezzles
user fee revenues from a drug revolving fund. Or it may
involve other parties, either private (a distributor offering
a bribe to get a drug added to the government reimburse-
ment list) or governmental (higher-level officials who
require kickbacks from medical personnel to retain their
jobs). Corruption can even be entirely private, as when
company officials who are entrusted with the power to
make decisions in the best interest of stockholders and
staff instead drain the assets of the company to line their
own pockets.

While most people would say corruption is ‘wrong,’ it
is not always illegal. For example, to ensure that doctors
do not put financial profit ahead of patient well-being, some
countries tightly regulate physician conflict of interest in
ownership of ancillary services such as laboratories and
medical device companies, whereas other countries do not.

Even within a given country, not everyone will agree
on the nature of corruption. In the United States, mem-
bers of Food and Drug Administration advisory commit-
tees for drug approval routinely have financial ties to
pharmaceutical companies: According to an analysis of
committee records from 2000, in 55% of meetings, half or
more of the advisors had conflicts of interest (Angell,
2004). This is not considered corruption, even though
such ties have been shown to influence government deci-
sion making.

Another example is the practice of informal payments,
which are unofficial payments given to government medi-
cal personnel for services that are supposed to be provided
free of charge at point of delivery. These workers are
already paid by the government to provide services, and
citizens are entitled by law to free care in government
facilities: thus, it seems clear that any additional ‘unofficial’
payments in exchange for services are bribes. But what if
the amount given is intended as a gift, to express gratitude
to a doctor who saved a patient’s life or delivered a healthy
new baby? Or what if the government neglects to pay its
medical workers a living wage, forcing them to rely on the
informal payments as a coping mechanism? What if a
health worker has purchased drugs herself, from a private



Table 1 Types of corruption in the health sector

Area or process Types of corruption and problems Results

Construction and
rehabilitation of

health facilities

. Bribes, kickbacks, and political considerations
influencing the contracting process

. Contractors fail to perform and are not held

accountable

. High-cost, low-quality facilities and construction
work. Construction investments influenced by

bribes may also lead to further waste if recurrent

costs to operate facilities are not budgeted or

inadequately financed
. Location of facilities that does not correspond to

need, resulting in inequities in access
. Biased distribution of infrastructure favoring urban-

and elite-focused services, high technology
Purchase of equipment

and supplies,

including drugs

. Bribes, kickbacks, and political considerations

influence specifications and winners of bids
. Collusion or bid rigging during procurement
. Lack of incentives to choose low-cost and

high-quality suppliers
. Unethical drug promotion
. Suppliers fail to deliver and are not held

accountable

. High-cost, inappropriate, or duplicative drugs and

equipment
. Irrational prescribing
. Inappropriate equipment located without

consideration of true need
. Substandard equipment and drugs
. Inequities due to inadequate funds left to
provide for all needs

Distribution and use of

drugs and supplies in

service delivery

. Theft (for personal use) or diversion (for private

sector resale) of drugs and supplies at storage

and distribution points
. Sale of drugs or supplies that were supposed to

be free

. Lower utilization

. Patients do not get proper treatment

. Patients must make informal payments to obtain
drugs

. Interruption of treatment or incomplete treatment,

leading to development of antimicrobial resistance
Regulation of quality in

products, services,

facilities, and

professionals

. Bribes to speed process or gain approval for

drug registration, drug quality inspection, or

certification of good manufacturing practices
. Bribes or political considerations influence
results of inspections or suppress findings

. Biased application of sanitary regulations for

restaurants, food production, and cosmetics
. Biased application of accreditation,
certification, or licensing procedures and

standards

. Subtherapeutic or fake drugs allowed on market

. Marginal suppliers are allowed to continue

participating in bids, getting government work
. Increased incidence of food poisoning
. Spread of infectious and communicable diseases
. Poor-quality facilities continue to function
. Incompetent or fake professionals continue to

practice

Human resources
management

. Bribes to gain place in medical school or other
preservice training

. Bribes to obtain passing grades

. Political influence, nepotism in selection of

candidates for training opportunities or positions
. Bribes or regular payoffs to obtain/maintain

position in government health service or medical

facilities

. Incompetent professionals practicing medicine or
working in health professions

. Loss of faith and freedom due to unfair system

. Poor resource allocation decisions due to

inaccurate health expenditure data (doesn’t reflect
payoffs to superiors, effectively a tax on salaries)

. Increased informal payments, as health workers

seek to finance required pay-offs to keep their job

Medical research . Pseudo trials funded by drug companies that are
really for marketing

. Misunderstanding of informed consent and

other issues of adequate standards in

developing countries

. Violation of individual rights

. Biases and inequities in research

. Patients who receive unnecessary or harmful

treatment

Financial management . Embezzlement of budget allocation
. Theft of user fee revenue
. False recording of revenue to inflate or obscure
financial position from stockholder or analysts

(affects private health firms)
. Billing or reimbursement fraud

. Reduced availability of public health programs and

government medical services
. Lower quality of care
. Bankruptcy and loss of entrusted resources
. Loss of state dollars to fraud

Service delivery . Use of public facilities and equipment to see
private patients

. Diversion of patients to private practice or

privately owned ancillary services

. Government loses value of investments without
adequate compensation

. Employees are not available to serve patients,

leading to lower volume of services and unmet

needs, and higher unit costs for health services
actually delivered

Continued
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Table 1 Continued

Area or process Types of corruption and problems Results

. Utilization that is not medically indicated, in order

to maximize income
. Withholding of care that is medically indicated
. Absenteeism
. Informal payments required from patients for

services that were supposed to be free of charge

. Reduced utilization of services by patients who

cannot pay
. Impoverishment as citizens use income, incur debt,
and sell assets to pay for health care

. Loss of citizen faith in government

Adapted from: Vian T (2005) The sectoral dimensions of corruption: Health care. In: Spector BI (ed.) Fighting Corruption in Developing
Countries, pp. 45–46. Bloomfield, CT: Kumarian Press.

Table 2 Categories of corruption

. Grand corruption involves major embezzlement or exchange of resources such as bribes for advantages among elites at the highest

levels of government and private industry. Considered serious due to scale of losses and because leaders are setting a bad example
and eroding trust in government

. State capture happens when policies and laws meant to benefit the public good have instead been ‘captured’ (through bribes) and

molded to favor private interests. Considered serious because it affects the rules of the game, creating systemic inequalities
. Vertical corruption indicates that multiple levels of government are colluding in corruption. Anticorruption strategies focused on

hierarchical management tools (e.g., budgets or inventory systems) or limits on discretion may not be effective if corruption is vertical.
. Administrative corruption involves lower-level bureaucrats who demand bribes or speedmoney before performing their public duties.

Sometimes called ‘petty’ corruption, this is considered less serious, but can be very visible and damaging to public morale

Sources: World Bank (2000) Anticorruption in Transition: A Contribution to the Policy Debate. Washington, DC: World Bank; USAID
(2005) USAID Anticorruption Strategy (PD-ACA-557). Washington, DC: USAID.
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from Pluto Press.
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pharmacy, because the public supply system isn’t working,
and is asking patients to reimburse her for this service?
In these cases, the intention of informal payments doesn’t
seem to fit our definition of corruption as abuse of public
power for private gain. Economists note that informal
payments may even serve a positive function, encouraging
personnel not to abandon their public sector jobs for more
lucrative employment. At the same time, such an unregu-
lated, informal system operating within the public health
structure cannot ensure that very poor and vulnerable
populations will be protected, and may lead to inequality
of access and quality of care.

The line between gifts and bribes, and the use of
contacts or exchange of favors, are two other issues that
make it hard to define corruption across cultures.
Researchers have noted the cultural and historical impor-
tance of gift and favor exchanges to create webs of
mutual obligation. In Albania, use of personal connections
can sometimes help a person avoid having to make an
informal payment to get medical services (Vian and
Burak, 2005). Relationships are seen as an important
resource in Africa as well.
Effects of Corruption on Health

Corruption has financial, economic, and social costs in all
countries, but it is especially damaging in low-income
countries because of its effects on development. On a
macroeconomic level, corruption limits economic growth,
since private firms see corruption as adding uncer-
tainty and risk to their investment decisions. Although
a particular multinational corporation might stand to
gain by bribing an official to win a contract or tax
break, Paulo Mauro’s analysis of economic data from
68 countries suggests, that corruption creates an envi-
ronment that reduces overall magnitude of investment
(Mauro, 1995). In turn, the lower economic growth
results in less government revenue available for invest-
ment, including investment in the health sector.

Corruption also affects government choices in how to
invest revenue, with corrupt governments more likely to
invest in infrastructure-intensive sectors such as transport
and military, where lucrative procurement contracts offer
potential to extract bribes, rather than social sectors like
health and education. Within the health sector, invest-
ments may also tend to favor construction of hospitals
and purchase of expensive, high-tech equipment over
primary health-care programs such as immunization and
family planning, for the same reason.

Corruption in the health sector also has a direct negative
effect on access and quality of patient care. As resources are
drained from health budgets through embezzlement and
procurement fraud, less funding is available to pay salaries
and fund operations and maintenance, leading to demo-
tivated staff, lower quality of care, and reduced service
availability and use. Studies have shown that corruption
has a significant, negative effect on health indicators such
as infant and child mortality, even after adjusting for
income, female education, health spending, and level
of urbanization (Gupta et al., 2002). There is evidence
that reducing corruption can improve health outcomes
by increasing the effectiveness of public expenditures
(Gupta et al., 2002).

A review of research in Eastern Europe and Central
Asia found evidence that informal payments for care
reduces access to services, especially for the poor, and
causes delays in care-seeking behavior (Lewis, 2000). In
Azerbaijan, studies have shown that about 35% of births
in rural areas take place at home, mostly because of high
charges for care in facilities where care was supposed to be
free (World Bank, 2005). In Armenia, families are forced
to sell livestock or assets, or borrow money from extended
family and community members, in order to make the
necessary informal payments to receive care.

Bribes to avoid government regulation of drugs and
medicines clearly have adverse effects on health, as
evidenced by incidents such as the dilution of vaccines in
Uganda and the rising problem of counterfeit drugs in the
world. Unregulated medicines that are of subtherapeutic
value can contribute to the development of drug-resistant
organisms and increase the threat of pandemic disease
spread. In addition to fake drugs on the market, corruption
can lead to shortages of drugs available in government
facilities, due to theft and diversion to private pharma-
cies. This in turn leads to reduced utilization of public
facilities. Procurement corruption can lead to inferior
public infrastructure as well as increased prices paid for
inputs, resulting in less money available for service
provision.

Unethical drug promotion and physician conflict of inter-
est can have negative effects on health outcomes as well.
As estimated by Dr. Marcia Angell, former editor in chief
of The New England Journal of Medicine, pharmaceutical
companies spend about $54 billion each year on market-
ing to promote drugs (Angell, 2004), including industry-
sponsored continuing education, drug information
pamphlets and publications, and gifts and hospitality
targeted to physicians. Companies also recruit doctors
to serve as industry-paid consultants and speakers, spon-
sor clinical trials where physicians are paid to enroll
patients, and provide ‘unrestricted grants’ to doctors,
all of which help to align physicians’ interests with
those of the for-profit pharmaceutical companies and
influence physician decision making. Interactions
between physicians and the pharmaceutical industry
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can lead to nonrational prescribing (Wazana, 2000) and
increased spending on medicines with little or no addi-
tional health benefit. Perverse incentives can endanger
patients’ health, as doctors enroll unqualified patients in
trials or prescribe unnecessary and potentially harmful
treatments in order to maximize profit.
Causes of Corruption

Strategies for prevention must address root causes. This
requires some theoretical understanding about how cor-
ruption comes about. Two theories or models have been
introduced to explain corruption. These include the
rational choice model, which attempts to explain corrup-
tion from an economic systems point of view, and moral
development theory, which examines how ethical value
systems may contribute to corruption. Both models can
help us to identify root causes of corruption and begin
planning for prevention.
Rational Choice Model

As described by Klitgaard et al., (2000), the rational choice
model assumes that people everywhere are motivated to
pursue their own self-interest. Problems occur in govern-
ment service, however, when the self-interest of the indi-
vidual bureaucrat deviates from the public good that the
institution is promoting. Where individual rewards of
corruption are great, and the likelihood of being caught
and punished is low, people are more likely to engage
in corruption. Corruption prevention strategies there-
fore should try to change the equation by creating more
advantages to act honestly and more disadvantages to
acting corruptly. This might include higher salaries,
more performance-based rewards, increased professional-
ism and codes of ethics, greater transparency, and penal-
ties for corruption.
Moral Model

The moral model for explaining corruption assumes that
people act corruptly because they don’t understand what
it means to be citizens or public servants or haven’t been
educated on professional values. Eroding public values
and low moral consciousness create a vacuum in which
corruption appears justified. Severe economic and politi-
cal disruption, like what has occurred in post-communist
Europe and Central Asia since 1991, can contribute to the
problem by creating confusion over values: Capitalism
suggests that ‘everything has its price,’ which seems to
endorse aggressive pursuit of self-interest, even within
government institutions (Miller et al., 2001). Changing
moral values such as increasing indifference toward the
needs of others and a lack of personal sense of duty and
social responsibility can make it more likely that public
officials will misuse their power for personal gain. Under
this model, strategies to prevent corruption might focus
on citizenship education and development of shared ethi-
cal values, professional development, and promulgation of
codes of ethical conduct.
Preventing Corruption

Experiences with anticorruption strategies are illustrated
in Table 3. What are the common elements of these
strategies, and why do they work? While the most effective
anticorruption strategies are specifically adapted to the type
of corruption and the context where it is occurring, we still
can identify factors or ‘mechanisms of action’ that make an
anticorruption strategy more effective. Five of these factors
are discussed below, including transparency, accountability,
discretion, management tools, and incentives.
Transparency

The first factor is transparency. Corruption is hard to
measure because it is often illegal, and therefore hidden.
Even in the case of actions that are widely practiced or
commonly accepted, such as informal payments, there are
few administrative records to measure the prevalence or
scope of the problem. To combat corruption, therefore,
we need to ‘shine light in dark corners’ and generate more
information about what government is doing and what it is
supposed to do. Transparency helps citizens to participate
more in government by giving them needed information
on which they can act or demand answers. Freedom of
information acts have been adopted in many countries to
help citizens gain access to information, and investigative
journalism also plays a critical role in exposing areas
vulnerable to corruption. But even more basic informa-
tion strategies can work as well. Publishing price lists for
services can help patients to understand the difference
between official and unofficial services, while public
dissemination of budget information can help prevent
diversion of funds. Hospital ‘report cards’ measuring
important statistics about patient care and access, and
household expenditure surveys that document out-of-
pocket expenditures (including informal payments), can
reveal problems and create demand for solutions. Trans-
parency also reduces the likelihood that officials can
continue the corruption, by increasing the risk of shame,
embarrassment, or potential punishment for revealed
crimes.



Table 3 Anticorruption strategies in action

. The Ministry of Health in Argentina created a price monitoring system that tracked prices paid by public hospitals for common
drugs, sharing these data with the reporting hospitals. Purchase prices for monitored items immediately fell by an average of 12%

. Chile’s centralized health procurement agency, CENABAST, has prevented collusion and lowered prices by introducing a

computerized, auction-style bidding system
. Due to diversion of funds, local allotments for health and education budgets under decentralization rarely reached the facility or

school level in Uganda. The government used a newspaper campaign to inform parents about education budget transfers to

districts and schools. This resulted in more funds flowing to schools, and higher school enrollment rates
. A study in Bolivia found that citizen health board activism was associated with lower rates of informal payments and lower prices

paid by government procurement agents
. The Croatian Ministry of Health launched an initiative to require hospitals to publish open waiting lists. Combined with a hotline to

monitor effectiveness, this initiative is designed to reduce favoritism and bribes used to allocate surgery
. Confronted with a problem of fee collection agents who were pocketing official hospital user fee revenue, a public hospital in

Kenya implemented a system of networked electronic cash registers. Within three months, user fee revenue jumped 50% with no

effect on utilization; within three years, annual user fee revenues were 400% higher
. A hospital in Cambodia has had success in reducing informal payments by formalizing user fees and promoting professionalism

among staff. The hospital created individual contracts with personnel and increased pay scales while enforcing accountability and

sanctioning poor performance
. The U.S. federal government gets a return of US$8 on every US$1 spent on fraud control. It recovered US$8 billion over 15 years

through enforcement of the False Claims Act, about half of which was health-related

Sources: Vian T (2008) Review of corruption in the health sector theory, methods and interventions. Health Policy and Planning 23:

83–94. For more examples and country reports, see Transparency International’s Global Corruption Report 2006, which focuses on

corruption and health.
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Accountability

A second way that anticorruption strategies work is by
enhancing accountability. By making government more
transparent, we increase the likelihood that officials
can be held accountable for government performance.
A health leader who wants to decrease corruption within
her work unit can start by making sure everyone knows
the goals, the objectives, and how performance will be
measured. External accountability is also essential, espe-
cially to combat situations in which corruption entails
collusion between different levels of government. Increas-
ing citizen voice is an effective strategy, as shown
in Bolivia, where citizen health board activism was
associated with lower rates of informal payments and
lower prices paid for goods procured.
Discretion

Effective anticorruption strategies try to clarify the dis-
cretion given to government officials to decide who gets
how much of what services. Government officials or
medical personnel who have too much discretion to allo-
cate permits, decide on procurement contracts, or care for
patients, may abuse that discretion by extorting bribes or
allocating unfairly. We can control discretion by clearly
defining objectives, rules, and procedures, making govern-
ment processes more public and open to scrutiny, involving
more people in the decision-making process by separating
tasks, and creating teams or committees to provide addi-
tional oversight or review (Klitgaard et al., 2000).
Somewhat counterintuitively, research in Colombia
suggests that it may also be possible to reduce corruption
by increasing a manager’s discretion. A study funded by
the Inter-American Development Bank found that
increased hospital autonomy, especially in personnel
management and budgeting, was associated with less cor-
ruption. The researchers hypothesized that the greater
autonomy allowed hospital managers to enforce employee
performance standards, thereby reducing corruption.
However, in other studies, decentralizing management
autonomy has led to greater corruption. For example, in
Costa Rica, management reforms to give health-care
facility managers new areas of authority and autonomy
in human resources management led to higher rates of
absenteeism (Garcia-Prado and Chawla, 2006). These
different experiences highlight the need to adapt strate-
gies to local context, and to evaluate the effectiveness of
anticorruption interventions.

Controls on discretion work best in situations in which
there is little evidence of collusion, or grand corruption. If
the problem is that a particular ‘agent’ or government
official is not being accountable, then a systems change
to introduce checks and balances will probably improve
the situation (as in the Argentina drug price monitoring
scheme introduced by the Ministry of Health, described
in Table 3). But if there is collusion or grand corruption,
for example, if the hospital director and the head of the
procurement office are both corrupt, or if corruption is
vertical and spread throughout the highest offices in a
ministry, then a new management system alone won’t
solve the problem. Systems reforms must be combined
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with efforts to address the grand corruption, perhaps
through election reform or external transparency, in
order to curb this type of corruption.
Management Tools

A fourth characteristic of many anticorruption activities is
that they focus on management tools. Computerized
accounting and billing systems coupled with internal
and external audit procedures can help detect and deter
embezzlement or misuse of funds. In Bogotá, Colombia, a
revised hospital supply purchase system and other infor-
mation systems changes produced substantial cost savings
linked to reductions in theft, improper billing, and diver-
sion of funds (Savedoff, 2005). Inventory control and asset
management systems can help prevent theft of supplies
and equipment, while management information systems
report on inputs used to produce outputs, knowledge that
can permit government officials to be held accountable for
performance. Some management tools, such as internal
and external financial audits, forensic accounting, and
fraud control programs, may be specifically targeted to
identifying corruption and abuse and prosecuting wrong-
doers. Financial audits can detect diversion of funds and
raise flags about spending that is not in line with approved
plans or procedures, while system audits can be designed
to detect other abuses such as inflated enrollment on
insurance rosters, recording of ‘ghost’ patients, and over-
use of health services by health workers who falsely
declare themselves sick in order to collect and resell
medications.
Incentives

Finally, effective anticorruption strategies alter the incen-
tives of government agents in ways that reduce the net
benefits of corruption. For example, increasing salaries of
health personnel can reduce the need for corruption
income, while increasing the probability that corruption
will be detected and punished can make expected benefits
lower. Another way to alter incentives is to increase the
moral and legal cost of corruption by creating laws, and
reinforcing moral values and professional ethics. As Swiss
theologian Hans Küng, president of the Global Ethics
Foundation, has said, ‘‘Laws without morality cannot
endure, and no legal provisions against corruption can
be implemented without moral consciousness based on
elementary ethical standards.’’ Qualitative research has
highlighted the erosion of professional norms in the
health sector as a cause for rising levels of corruption
and other inappropriate behavior (Vian et al., 2006).
Health laws can help combat this undermining of profes-
sionalism and integrity by clarifying patient rights and
regulating behaviors such as physician conflict of interest
in ownership of facilities, use of public facilities in private
practice, prescribing authority, and professional liability.
Moral education and codes of ethics can instill positive
values and promote an active role of civil society in
combating corruption. Values education programs to
increase social responsibility and citizen participation in
anticorruption have been implemented in Italy, Argen-
tina, Kazakhstan, and other countries.
Anticorruption and Health Reform

Health reforms being designed to address problems of
efficiency, quality, and access to services should also
incorporate strategies to reduce corruption and increase
transparency. To do this, health reform efforts can incor-
porate strategies such as creating community oversight
boards or restructuring payment systems to link pay
or nonmonetary rewards to performance and minimize
incentives to withhold care or to provide care that is
not medically necessary. Reforms promoting competition
or decentralization, if properly regulated, can increase
citizen voice and choice, thereby creating additional
pressure to reduce corruption. For example, in Bolivia,
competition from private sector hospitals was associated
with lower rates of informal payments in public hospitals
nearby.

Health reforms can also help deal with corruption that
happens at the nexus between the public and private
sectors. For example, low worker satisfaction and lack of
controls can result in elevated rates of absenteeism in
public facilities, as workers shift more of their time to
private sector activities. One World Bank study of absen-
teeism in Bangladesh found rates as high as 74% in rural
health facilities, which severely reduced the public pro-
vision of health care in these areas (Chaudhury and
Hammer, 2004). In addition, employees may use public
sector supplies and equipment to treat private patients
without compensating the public health facility. Changes
in economic incentives through official recognition and
regulation of the private sector can create more account-
ability and increase ethical conduct.

From the start of the health reform process, efforts
to improve public health-care services through contract-
ing, financing reform, or changes in provider payment
systems should be reviewed from an anticorruption
perspective. One project in Cambodia specifically evalu-
ated the effect of such comprehensive health reforms on
the level of corruption and informal activities of health
workers. Working in eight districts, the project used a con-
tracting approach coupled with performance-based staff
incentives, official user fees, and new management controls
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and fee collection/exemption policies. After threeyears, the
system successfully reduced total household health-care
expenditures and increased utilization, despite increases in
official user fees (Soeters and Griffiths, 2003). Monitoring
systems specifically looked for evidence of overcharging,
informal payment, ghost patients, and inflation of statistics,
and used this information to address specific problems and
make systematic changes. This type of integration of
anticorruption tools and approaches into the traditional
health reform process is perhaps the best strategy for pre-
venting corruption.
Steps for the Future

Fighting corruption is a complex undertaking, but
there are things policy makers and citizens can do to
prevent corruption. Applied research is needed in sev-
eral areas: policy research to evaluate which types of
health reforms are most likely to reduce corruption;
studies of the effectiveness of alternative roles for civil
society in promoting transparency and accountability in
health governance; and refinement of tools and methods
to diagnose vulnerability to corruption in health systems
and to reduce risk.

By closing opportunities for corruption while building
ethical standards so that people are less inclined to abuse
public power for personal gain, we can begin to curb
corruption in the health sector. As David Nussbaum, the
Chief Executive of Transparency International, wrote in
his preface to the Global Corruption Report 2006:

Corruption is a powerful force, but it is not inevitable or

unavoidable. Diminishing its impact restores diverted

resources to their intended purpose, bringing better

health, nutrition, and education to victims of corruption

around the world, and with them, opportunity and hope.

(Transparency International, 2006).
See also: Codes of Ethics for Public Health; Economic

Models of Hospital Behaviour; Foundations in Public

Health Ethics; Governance Issues in Health Financing;
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Law, and Public Health Policy; Patient Empowerment in

Health Care; Politics, and Public Health Policy Reform;
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Introduction

Health financing systems are a means to an end, designed
to support the overall health system in its fundamental goal
of maintaining and improving health. All systems face three
fundamental challenges, linked to the key functions of a
health system, which is to raise revenues, pool them to
spread risks, and use them to purchase or provide services
(Savedoff et al., 2003; Xu et al., 2007). The challenges are:

. how to raise sufficient funds for health;

. how to raise them in a way that allows people to use
services when needed, but protects them from suffering
financial hardship;

. how to ensure that the resources that are raised are
used efficiently and effectively.

Cost-effectiveness analysis is concerned with the third
challenge, providing valuable information to policy
makers on how available or new resources could be used
most efficiently. The bulk of the applied studies have
focused on maximizing health outcomes for the resources
devoted to a particular health problem such as maternal
mortality, often termed technical efficiency studies by health
economists. More recently, sectoral cost-effectiveness has
examined which sets of interventions would maximize
population health for different levels of resource availability,
requiring comparisons of interventions targeting preven-
tion, promotion, treatment, and rehabilitation, as well as
interventions dealing with all possible health problems.
This type of study is sometimes said to address questions
of allocative efficiency, how best to choose the most
appropriate mix of inputs (here, interventions) after taking
into account their impact and prices (see Tan-Torres
Edejer et al., 2003).

In poorer countries, between US$35 and US$50 per
capita would be required each year to ensure universal
access to a minimum set of critical health interventions
(World Health Organization, 2007b). This assumes that all
interventions are delivered relatively efficiently and only
the most critical interventions are funded, so the real
needs would be substantially higher. Yet the World Health
Organization reports that in 2004, 59 of its 193 member
countries spent less than US$50 per capita, a figure that
includes the funds provided by external sources such as
bilateral donors and foundations. Per capita spending did
not reach US$25 in 39 countries, and was less than US$10
in 11 (World Health Organization, 2007b). This is despite
recent rapid increases in external assistance for health
and is one of the fundamental reasons that a minority
of countries are on track to achieve the health-related
Millennium Development Goals (Sahn and Stifel, 2002).
It is not surprising that the major focus of attention in
low-income countries has been on ways of increasing the
funds available for health.

In richer countries, policy makers have also been
vitally interested in the extent of funding available for
health, but more from the perspective of restraining the
growth of health spending. The fact that health expendi-
ture increases as a percent of gross domestic product as
incomes rise has surprisingly been seen as undesirable,
even though we know that people are willing to devote
increasingly higher proportions of their incomes to pro-
tect or improve their own health as their incomes rise
(Hall and Jones, 2007).

A number of factors explain the desire to constrain
health spending. The first is linked to the fact that govern-
ments generally contribute a higher proportion to overall
health expenditures as incomes rise, and all governments
face many competing demands on their available re-
sources. Restricting expenditures in one area releases
funds for another. They also face considerable pressure
to either reduce taxation or at least not increase it sub-
stantially. The second contributing factor is the continual
development of new health technologies, many of which
are relatively expensive but offer at best small improve-
ments in health or wellbeing. The third is a concern that
at least some of the increase in observed health expendi-
ture is unnecessary, induced largely by suppliers of ser-
vices (e.g., health workers, pharmaceutical companies,
hospitals, etc.) rather than because of need. This is possi-
ble because of the well-known information asymmetry in
health where patients or consumers do not have the
necessary information to judge if the services offered to
them are truly warranted (Retchin, 2007).

With this background, it is not surprising that the
question of economic efficiency has become increasingly
important in richer countries. The literature on the eco-
nomic evaluation (including cost-effectiveness analysis)
of health interventions has grown substantially in recent
years, and a vast majority of the published papers have
focused on developed countries. Moreover, the instances
in which economic evaluation has been introduced into
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routine decision making are found in OECD countries,
mostly to aid decision making about public subsidies for
pharmaceuticals.

While this focus is understandable, there is also
increasing acceptance that efficiency considerations
need to be considered in low-income countries as well.
While it is true that the gains from introducing greater
efficiency in systems spending less than $10 per capita on
health will be outweighed by the potential gains from
doubling or tripling overall expenditures, population
health could still be higher than it currently is – in the
most basic terms, more lives could be saved – if current
and new resources are used more efficiently. In response,
the literature applying cost-effectiveness techniques to
the health problems faced by developing countries is
also expanding.

The impact of this literature on policy is, however, not
clear (Chisholm and Evans, 2007). This article does not
seek to review the literature but focuses on a number of
common problems that restrict the value of many cost-
effectiveness studies to practical decision making.
Efficiency of New Versus Existing
Resources

Cost-effectiveness analysis is dominated by concerns about
small changes at the margin, most often focusing on the
relative costs and effects of a new intervention compared
to existing practice. This poses a major problem for policy.
There is ample evidence from different settings that
many interventions of relatively poor cost-effectiveness
are undertaken while those that are more efficient are
not, or not implemented fully (e.g., Tengs et al., 1995;
Jamison et al., 2006).

Incremental analysis could be used to assess whether
the current activity should have been undertaken in the
first place, or more broadly, whether the current mix of
interventions is the most efficient, but this would require
assessment of the resource savings and the associated
reductions in health outcomes associated with a contrac-
tion of all current activities. The results would then have to
be compared with the costs and effectiveness of expanding
all activities as well as introducing new ones. This is
computationally intense and has not been done, one of
the reasons why generalized cost-effectiveness analysis
was developed, a method that has been described else-
where (Tan-Torres Edejer et al., 2003; Evans et al., 2006).

The undoubted difficulties involved in reallocating
resources from inefficient to efficient interventions
should not prevent analysts seeking to shed light on
where there are current inefficiencies and the possibilities
for redressing them. To date, little attention has been paid
to understanding the sources of current inefficiencies.
The Appropriate Scale

Substantial increases in external funding for health have
been made available to low-income countries in recent
years, and in some domestically sourced expenditure has
also increased. More is still required, but already activities
are being expanded well beyond the scale assessed in tradi-
tional incremental cost-effectiveness analyses. This raises
the question of whether unit costs increase or decrease as
the scale of the intervention increases (referred to in eco-
nomics as diseconomies and economies of scale, respec-
tively), as well as possible changes in the overall impact in
health or each unit of additional coverage. This may lead to
nonlinear rather than linear cost and effectiveness curves.

Unit costs can fall with increasing coverage where
there is excess capacity (Adam et al., 2005), but they can
also rise substantially if new health facilities need to be
constructed, new health workers trained or where partic-
ular groups in the community do not recognize the value
of an intervention. The gains in effectiveness from each
unit of expansion can also vary; as screening moves
beyond high-risk people to the general population the
gains in population health per person screened are
reduced. On the other hand, if coverage expands from
relatively affluent to poorer geographical areas where
disease prevalence is higher, the benefits from each unit
of expansion in coverage might increase.

The combination of nonlinear cost and effectiveness
curves means that it is rarely possible to claim that an
intervention is cost-effective per se, although many studies
imply this finding. Expanding coverage of childhood
immunization from 30% to 40% might be very cost-
effective, but expanding from 85% to 95% might not be,
yet rarely do cost-effectiveness studies give policy makers
an indication of the desirable scale of the activity for the
resources available in their settings.
Interactions Between Interventions

In practice, health interventions are never undertaken in
isolation, but with very few exceptions, they are evaluated
assuming their costs and effects are independent. The pop-
ulation impact – and therefore the cost-effectiveness – of a
program to screen and treat people with hypertension will
depend on whether active smoking reduction interven-
tions exist or are likely to be introduced. The costs of
expanding coverage of case finding and treatment for
tuberculosis will depend on whether there are programs
for the prevention and treatment of HIV. The economics
literature calls the reduction in unit costs associated with
interactions between programs undertaken concurrently
economies of scope, and both economies and dis-
economies are possible.
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Incremental analysis undertaken in a specific setting
implicitly takes into account, at least in theory, what other
interventions are currently being undertaken in that they
assess costs and effectiveness in that setting. In reality,
many borrow effectiveness data from other settings with-
out assessing whether the mix of interventions undertaken
in the setting where the effectiveness data were produced
is, or will be, undertaken in the study area. Moreover, most
studies do not examine the impact on their estimated
cost-effectiveness that would result from the introduction
of other interventions at the same time or in the future,
even if those interventions are already in the pipe line
(Drummond et al., 1992).

It is admittedly difficult to undertake studies that
account for all the possible interactions between interven-
tions, partly because efficacy or efficiency studies gener-
ally consider one intervention in isolation from others.
However, this is the type of information that is required
for informed decision making.
Ex Ante Versus Ex Post
Cost-Effectiveness Analysis

Most cost-effectiveness studies are undertaken from an
ex ante perspective, seeking to determine what would
happen if the intervention were to be undertaken. How-
ever, when the interventions are new, or new to a country,
assumptions must be made about the costs and effective-
ness in that situation. Experience in other settings or from
trials or experiments can be used to guide assumptions on
effectiveness, but questions of costs are often guided by
the advice of experts that provide information on what
inputs would be required to implement a program locally.

The advice of experts could introduce a number of
possible biases. For example, it is possible that experts
might underappreciate the complexities of introducing
and running a new activity either because of a lack of
knowledge or because they are advocates for its introduc-
tion. They may well overestimate their own abilities to
implement an intervention at low cost, or to achieve high
levels of effectiveness. On the other hand, experts who
oppose the introduction of a new intervention may well
have the opposite biases.

There is not a large literature comparing the results of
ex ante analyses with ex post attainments, but at this stage
there is no conclusive evidence that ex ante costs are
consistently underestimated and ex ante effects consis-
tently overestimated. For example, Hammitt (2001)
reports that the ex ante costs of introducing environmental
control in the US were actually overestimated; Townsend
and others (2003) found that ex post effectiveness was about
equivalent to ex ante estimates for two studies in the UK.
More work in this area, however, is required before gener-
alizable conclusions can be reached.

If all interventions were evaluated with the same
biases, the relative preference ordering would be the
same. However, this is unlikely. For example, it would
not be the case when evaluating new technologies with
current practice, where actual costs and effectiveness
of current practice would be compared with estimates of
what would happen with the new technology. While wait-
ing for a more comprehensive empirical analysis of the
biases in ex ante analysis, it is suggested that the bounds of
the uncertainty or sensitivity analyses should be widened
to allow for possible biases, particularly where expert
advice has been used.

The problems are compounded with sectoral cost-
effectiveness analyses, which attempt to provide guidance
to policy makers on an efficient set of interventions for the
health sector as a whole, across a range of diseases and
conditions (e.g. Jamison et al., 2006; World Health Organi-
zation, 2007a). Because of the need to compare many
different interventions, it has been necessary to borrow
information on effectiveness and costs from different
studies and settings to present an overall picture of the
mix of interventions that would add most to population
health for the available resources. This has been done
most commonly for subregions of the world, sometimes
in ways that can be adapted by country analysts (World
Health Organization, 2007a).

This poses particular difficulties because the technical
efficiency with which each intervention is implemented
could well vary across countries according to factors such
as the degree of excess capacity in health facilities or the
way providers are paid (Robinson, 2001; Adam et al., 2005).
The WHO-CHOICE project addressed this issue by pre-
senting results for 14 subregions of the world, assuming
that all interventions would be undertaken at 80% capa-
city utilization. This reveals the mix of interventions that
would be optimal if all the interventions were implemen-
ted relatively efficiently and country analysts could adapt
the technical efficiency assumptions to their local settings.

The logic for a consistent assumption about technical
efficiency across interventions is clear; it is not very useful
telling decision makers that a particular set of interven-
tions would be optimal if they were all done very badly, or
if half were done badly and half well. However, the data
necessary to address the varying levels of capacity utiliza-
tion across facilities in a given country, for example, are
rarely available, so adaptation of the results to each coun-
try is complex.

This issue remains a vexing problem for cost-
effectiveness analysis. In the short run, understanding
more about whether there are consistent biases in ex ante

analysis is important. A second implication is that
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comparisons of new technologies with current practice
should also take into account the possibility that the
technical efficiency of current practice could be
improved. This can be done by comparing not only the
cost-effectiveness of current practice with the cost-
effectiveness of new technologies, but by adding a third
arm: the cost-effectiveness of improving the efficiency of
current practice.
Concluding Remarks

One of the fundamental questions facing any financing
system is to provide incentives for the efficient use of
resources, new and existing. But before incentives can be
designed, there must be an understanding of the nature
of the changes that are desirable. Although there is
not universal acceptance among economists that cost-
effectiveness analysis is the preferred form of economic
evaluation, by revealing the relative efficiency of dif-
ferent ways of using scarce resources, it can provide
valuable guidance on how health could be improved for
the available resources.

There are still, however, some issues that prevent cost-
effectiveness analysis from being of more practical use to
decision makers, the main focus of this article. Until they
are addressed, it is unlikely that the number of countries
in which the technique has been institutionalized as a
guide to policy making will increase substantially.

See also: Governance Issues in Health Financing;

Determinants of National Health Expenditure; Innovative

Financing of Health Promotion.
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Background

Internationally, populations are becoming increasingly
diverse due to new and evolving patterns of immigra-
tion and population movements. To take some examples
from developed countries with established immigration
programs, approximately one in twelve persons (8.3%) are
from a minority ethnic community in the United Kingdom.
By contrast, in Australia, almost a quarter (23%) of
the population were born overseas, 14% in countries
where English is not the first language (ABS, 2004), and
the terminology refers to ethnic minority groups as
those from ‘culturally and linguistically diverse’ (CALD)
communities.

Permanent migration to countries can be achieved
through various migration schemes, for example, skilled
and family migration schemes and the refugee and
humanitarian program. Migrants and refugees come
from diverse sociopolitical backgrounds and such back-
grounds determine their level of needs. The weight of
evidence concerning the health status and access to health
care of people from minority ethnic communities, in
countries across the world, leads to the conclusion that
CALD groups are often identified as experiencing poor
health outcomes, and that people from minority commu-
nities suffer more ill health and have poorer access to
health services than do people from the majority popula-
tions. Australian research suggests that new migrants from
minority groups (except for refugees and humanitarian
entrants) initially have better health than do longer-term
residents, but over a generation, their health status
declines to the extent that it is below that of their con-
temporaries. This phenomenon, well recognised in devel-
oped countries, is known as the ‘healthy immigrant effect’
(Taylor et al., 1999; AIHW, 2002).

Health promotion and public health interventions aim
to improve the health of individuals and communities by
addressing the environmental, social, and personal deter-
minants of health and causes of disease. By intervening
upstream, the risk of future health problems may be
reduced. Public health also involves monitoring and
addressing the health needs of a population.

As public health and health promotion practitioners
and researchers, it is essential that we as a professional
sector continue to strive to promote health and address
health inequities. Culturally competent research and
practice is an emerging field, and one that is still establish-
ing a knowledge base and decision-making process for
policy, practice, and research.

In this article we summarize developments in this area
along three main themes:

1. Cultural influences
2. Cultural competence
3. Determinants for culturally competent health promo-

tion and public health research.

We aim to demonstrate that there is a strong compatibility
between cultural competence and public health systems
that are respectful and inclusive of culturally diverse
groups; that meet high standards of rigor; and whose
research adheres to ethical requirements, particularly in
relation to informed consent, minimization of risk, and
demonstration of benefit.
Cultural Influences

The concepts of ethnicity and cultural diversity are com-
plex. The terms ‘ethnic group’ or ‘ethnicity’ are often used
to denote a group of people who either identify with each
other based on a presumed common genealogy or ances-
try or are referred to or categorized by others as a distinct
group, or who share cultural, linguistic, religious, or terri-
torial traits/characteristics. Thus, the basis of ‘ethnicity’ is
often common descent or intermarriage, shared culture,
religion, history, and traditions. However, given the rapid
changes occurring within and between countries, it is
essential that cultures and societies are recognized as
being dynamic rather than fixed.
Cultural Competence

Cultural competence is much more than awareness
of cultural differences. It focuses on the capacity of
the health system to improve health and well-being by
integrating culture into the delivery of health services
(NHMRC, 2006). Cultural competence is a term used to
describe an ongoing process where service providers and
practitioners consider their own culture, actively seek the
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views of people from other cultures (Jackson and Waters,
2005), and are sensitive to cultural influences. In addition:

Cultural and linguistic competence is a set of congruent

behaviors, attitudes, and policies that come together in a

system, agency, or among professionals that enables effec-

tive work in cross-cultural situations. ‘‘Culture’’ refers to

integrated patterns of human behavior that include the

language, thoughts, communications, actions, customs,

beliefs, values, and institutions of racial, ethnic, religious,

or social groups. ‘‘Competence’’ implies having the capacity

to function effectively as an individual and an organization

within the context of the cultural beliefs, behaviors, and

needs presented by consumers and their communities.

(Office of Public Health and Science/Office of Minority

Health, 2001, based on Cross et al., 1989).
Cultural Competence Continuum

The most comprehensive and most cited model in the
literature is the ‘cultural competence continuum’ by
Cross and colleagues (1989) (Figure 1). This model is
symbolic of the different stages of cultural competence,
each stage representing a higher level of achievement on
the continuum. It does not provide guidance on how to
achieve this progress but is an important reminder of the
complexities involved in developing cultural competence
and the level of proficiency to which we should aspire.

The most negative spectrum of the cultural compe-
tence continuum is represented by policies, attitudes, and
practices that either intentionally or unintentionally do
Cultural
destructiveness

Cultural
incapacity

Cultural
blindness

Cultural pre-
competence

Cultural
competence

Cultural 
proficiency

Figure 1 Cultural competence continuum. Adapted fromCross

T, Bazron B, Dennis K, and Isaacs M (1989) Towards a Culturally

Competent System of Care, vol. 1. Washington, DC: National

Technical Assistance Center for Children’s Mental Health,
Georgetown University Child Development Center.
not recognize the right of the other cultures to exist, thus
negatively impacting on the health and well-being of
individuals within that culture. This is known as ‘cultural
destructiveness.’ The introduction of the ‘Exclusion Laws’
in the United States between 1885 and 1965 prohibiting
Asian migrants to bring their spouses into the country, and
the continuing lack of spaces for Australian Aborigines to
express their identity and well-being are forms of cultural
destructiveness. It is an extreme form of forced assimila-
tion whereby only one cultural trend is acknowledged,
mainly the dominant one, while purposefully denying or
outlawing other cultural approaches. However, among the
dominant groups, unintended extreme biases and beliefs
of racial superiority or paternal postures toward minority
groups, are referred to as ‘cultural incapacity.’ In this
sense, the settings seek, in principle, to promote the rights
of the constituencies/members in terms of equal oppor-
tunity and fairness, but without deliberately formulating
specific policies to back up such principles, because of
either an unrealistic fear of people of the ‘other culture’ or
ignorance. Therefore, cultural incapacity puts boundaries
on cultural approaches, acknowledging their existence
but without engaging them; in other words, ‘‘the belief
in the superiority of one’s own culture and behaviour
disempowers another’s culture.’’ Factors to look for
when examining cultural incapacity include ‘‘discrimina-
tory practices, microinequities, subtle messages to people
of differing cultures that they are not valued or welcome,
and generally lower expectations of members of certain
cultures’’ (Cross et al., 1989). It can also include situations
where there is a history of destructiveness which is left
unexamined and unaddressed. Cultural blindness adopts
the ‘one approach fits all’ model whereby the assumption
is that people are all alike and what works for one cultural
group should also work for the other. It includes any
‘‘policy, practice or behaviour that ignores existing cul-
tural differences or that considers such differences incon-
sequential. This could include people acting as if
differences they see do not matter or not recognising
there are important differences among and between cul-
tures’’ (Cross et al., 1989). Cultural pre-competence is a
form of integration whereby learning about each other in
terms of barriers and solutions is encouraged Cultural
competence is a form of incorporation, learning from
the pre-competencies to develop policies and best prac-
tice. Cultural proficiency not only seeks to change poli-
cies and practices but also promotes and seeks to improve
cultural relations and networks among diverse groups.
Essential Elements of Cultural
Competence

If culturally competent public health and health promo-
tion interventions are to be developed and effective for
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minority ethnic groups, it is important that the most effec-
tive strategies for improving health outcomes are identi-
fied. However, given the recent emergence of this
approach to health inequalities and public health practice,
it is not surprising the evidence base is still developing.
While there is some knowledge of best practice in this
area, the evidence base for determining effective strate-
gies that employ this approach has not yet evolved, nor
have the models for decision making at a systems level.
For example, if you affect decisions at a systems
level, what is the impact on outcomes or, indeed, process?
Some in public health might argue that the approach is
simply a heightened form of good public health practice
and as such, what is the necessity for establishing an
effectiveness evidence base? Conversely, unless we have
greater awareness of the potential improvements in
health and social outcomes, counterbalanced with greater
awareness that this approach is not likely to result in
unintended adverse outcomes, the pursuit of an effective-
ness- and process-oriented knowledge base remains nec-
essary. Given the concerns and apprehensions regarding
the scale of resources required to achieve this best prac-
tice orientation, understanding the economic benefits and
costs is also essential. Although it is still relatively early, it
is clear that cultural competence frameworks and strate-
gies are on government and nongovernment agendas and
the emergence of programs of quantitative and qualitative
enquiry. At the Cochrane Library, some work is already
under way to identify the most effective health education
interventions for type 2 diabetes in ethnic minority
groups and behavioral interventions for decreasing HIV
infection in racial and ethnic minorities (Darbes et al.,
2002; Robles et al., 2007).
Cultural Competence in Public Health and
Health Promotion

The steps toward achieving cultural competence are not
too dissimilar to other criteria for public health and
health promotion practice. The main difference is an
increased awareness and recognition of the diversity that
exists within the population you are interested in, and a
commitment to making a difference for the whole pop-
ulation, not just those who can write and read in the
predominant language. Further, a hallmark of cultural
competence and proficiency (though less well profiled
as a concept) is arguably the hallmarks shared with
high-quality public health practice: a systems approach,
participation, integration, exchange of ideas, addressing
barriers, and identifying solutions. Essentially, relation-
ships form the foundation of a culturally competent
approach through the partnerships formed among
researchers, practitioners, and the cultural community
(Pacific Health Research Committee, 2004). These
relationships enable informed joint decision making
regarding the development, implementation, and dis-
semination of findings arising from research and health
promotion activities.

The Ottawa Charter (WHO, 1986) underpins most, if
not all, current health promotion practice. The elements
of cultural competence reflect the principles of the
Ottawa Charter. The Charter states that we need to be
sensitive and respectful of cultural needs. Effective health
promotion is based on relevant research findings and is
planned with the involvement of communities, and it
provides appropriate preventive messages and is sup-
ported across all levels of the sector through policy and
resource development. It is likely to improve health and
well-being among people from diverse cultural and lin-
guistic backgrounds and reduce short- and long-term
costs to the health system (NHMRC, 2006).

Factors identified in the literature that would improve
the effectiveness of health promotion include:

. Open, multifaceted, and comprehensively planned
communication strategies (Tanjasiri et al., 2002;
Chiu, 2004)

. Formal and informal community information networks
(Massaro and Claiborne, 2001; Meyer et al., 2003)

. Community control or significant influence over de-
sign and implementation at the earliest stage possible
(Bluthenthal et al., 2006)

. Established consultative processes which enhance the
decentralization of decision making (Karantzas, 2003;
Chiu, 2004)

. Strategies that respect differences in interaction styles
and approaches within individual communities

. Evaluation and regular feedback to the community
(Tanjasiri et al., 2002; Chiu, 2004)

. Adequately funded language services, including access
to interpreters and appropriate materials (Massaro and
Claiborne, 2001; Darrow et al., 2004)

. Adequate resources and time to build and maintain
community partnerships (Kernohan, 1996; Quandt
et al., 2004)

. Cross-cultural training of health professionals and ad-
ministrative staff

. Multilingual staff in health services

. Working in partnership with multicultural service
providers and nongovernment organizations that have
established networks and relationships with the com-
munities (Darrow et al., 2004; Bluthenthal et al., 2006).

These factors can have a powerful influence on health
promotion programs, including:

. Reduce misunderstandings based on cultural belief sys-
tems among providers, the community, and those within
the community (Quandt et al., 2004; Yonas et al., 2006)
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. Empower people to successfully navigate through
health and other systems necessary to improve health
outcomes (Bluthenthal et al., 2006)

. Increase community mobilization and shared responsi-
bility for addressing health issues (Bluthenthal
et al., 2006)

. Ensure that health promotion programs are more
meaningful and acceptable to the communities of in-
terest (Chung et al., 2006)

. Inform decision making regarding health (Massaro and
Claiborne, 2001; Bluthenthal et al., 2006)

. Increase sustainability and action beyond the interven-
tion stage (Chiu, 2004).

All of the impacts are likely to contribute to improving
the health status of ethnic and culturally diverse
communities.

A method that is often used in health promotion
and public health research is participative research. The
paradigm of participatory research aligns well with the
principles of cultural competency. Previously we compared
the key features of high-quality participative research with
that of cultural competence to demonstrate the synergies,
consistencies, and departing differences (Williamson and
DeSouza, 2007) (see Table 1).

The central themes of collaborative processes and
mutual knowledge transfer are clear in both approaches.
Despite the parallels, additional complexities are involved
in developing participative processes cross-culturally, such
as identification and consultation with the appropriate
community representatives and research participants,
recognizing different cultural understandings of health
and illness and working styles, and accounting for poten-
tially interacting influences of gender and culture.
Table 1 Aligning the principles and key features of participative r

Participative research (Israel et al.,1998) Cultural comp
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Reproduced with permission from Williamson A and DeSouza R (eds
on Engaging Communities in Research. London: Muddy Creek Press
Barriers and Enablers for Culturally
Competent Health Promotion and Public
Health Research

Barriers

A number of barriers to culturally competent health pro-
motion have been identified in the literature. Those that
follow highlight issues that need to be addressed.

Lack of uptake of policy frameworks

While governments have recognized the need to develop
cultural competency guidelines, the gap relates to the lack
of incorporating such guidelines in funding and service
agreements. Therefore, the decision of whether to
embrace developed guidelines is left to the discretion of
the practitioner.

Lack of evidence base

Although some studies have been done in this area there
remain many gaps in the evidence base. Mainstream
research frequently excludes consideration of CALD
background people due to perceived methodological dif-
ficulties and costs.

Inconsistent practice

The classification of people’s background at entry to
health services, and other sector services, is generally
poor, due to inconsistent systems for data collection and
data coding. However, there is sufficient evidence to sug-
gest that some ethnic minority groups experience poorer
access to services, poorer quality, and often delayed access
until diseases and symptoms are well established.

Health promotion is a relatively new field, and
an important contribution to ensuring high-quality
esearch with those of cultural competence

etence in health (NHMRC, 2006)

umers and communities

gths – knows the community, knows what works

rocal relationships

nsfer occurs as part of a reciprocal relationship that values

tributions
ducation, community development, and capacity building.

es rights of all consumers to access health services and health

g-term relationships that support systematic identification and

issues rather than ad hoc approaches
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professionals would be to establish guidelines to assist
employers in identifying health promotion practitioners
who are culturally competent and can include cultural
considerations into health promotion strategies, can apply
health promotion frameworks to CALD communities, and
know how to include culturally appropriate methods and
models of health promotion.

Insufficient resources

The increased time and resources required to undertake
culturally competent research need to be accounted for
by researchers and public health practitioners in pro-
gram and research budgets (NHMRC, 2006). Short-term
project funding, as a whole, generally does not allow time
for change or sustainability of positive outcomes. In the
context of more diverse populations and the need to
specifically address intergenerational issues, and the lon-
ger time required to undertake respectful and adequate
consultation and preparation, short-term funding
becomes prohibitive beyond establishing processes.

Lack of community participation
System barriers to community participation include lack
of work at grassroots level and lack of investment in com-
munity capacity building. A predominantly ‘top-down’
approach within health systems generally excludes CALD
background people from identifying and developing health
promotion strategies for healthier living and environments.
As a result, health promotion programs and health pro-
grams may be implemented without appropriate consulta-
tion and community involvement from the outset.

Achieving full representation of a community can be
difficult in practice. People migrate for many different
reasons; some chose to migrate, others have no choice.
Migration can occur as a result of war and persecution, or
for family or work reasons. Resettlement is but one issue
that can have many implications for new arrivals. Many
new arrivals are dealing with issues reflecting conflicts in
countries-of-origin and the impact of trauma and the stres-
ses of resettlement on community cohesion and individual
capacity. Because of their experiences prior to migration
they may have developed a fear of authority and therefore
are not willing to participate in research that requires signed
consent, handing over personal information, or the record-
ing of information. Practitioners and researchers must be
aware that not all CALD groups will want to participate in
research and that they have the right to decline.

Meeting with key community leaders and stakeholders
in the early stages of program or research design to assess
their interest and concerns is critical in gaining community
participation (Meyer et al., 2003). This will demonstrate
respect for the hierarchies and structures operating within
the community and will contribute to the credibility and
authority of the research or programwithin the community
(Pacific Health Research Committee, 2004). The challenge,
however, remains for public health researchers and health
promotion practitioners to move beyond these leaders to
ensure that community members are also involved and
empowered through the research process (Massaro and
Claiborne, 2001).
Enablers

Individual public health researcher or health

promotion practitioner

Public health researchers and health promotion practi-
tioners need to value diversity and be respectful of cul-
tural differences to be able to work in a culturally
competent manner (NHMRC, 2006). Central to this is
the capacity for cultural self-assessment (NHMRC, 2006)
to enable clear assessment of the following questions:

. To what extent are your work practices, research pro-
cesses, concepts of health and well-being embedded in
your own cultural context?

. Can the standard research and health promotion pro-
cesses be negotiated to distinguish between the fixed
and flexible aspects?

. Can they be reframed to be more inclusive of the
cultural community you are working with?

Operating within ethical guidelines is critical in public
health research and health promotion to protect the inter-
ests of participants (NHMRC, 2006). However, standard
procedures can also be too rigid to accommodate the reality
of the community context and in doing so can undermine
participants’ rights. Changing populations, migration issues,
and life circumstances challenge entrenched research and
ethics processes.WhenworkingwithCALD communities it
is necessary to negotiate fixed versus flexible aspects of the
processes involved to ensure ethical standards are applied in
a culturally appropriate way.

Professional associations and academic journals
A more widespread shift toward cultural competence in
public health and health promotion is likely to occur if it
is supported by professional bodies. A policy decision by
professional associations and academic journals to commit
to cultural competence, such that it will impact on mem-
bership and publication, would demonstrate leadership
and encourage adoption of cultural competence princi-
ples and strategies.

Organizational

Cultural proficiency occurs when it is operating at an
organizational level and is reflected in organizational
policies, induction and training programs, and cultural
relations, partnerships, and networks among diverse groups
(Cross et al., 1989). This should include professional train-
ing within universities and tertiary institutes to equip those
seeking a career in public health and health promotion.
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Systemic
Culturally competent public health research is unlikely to
be achieved without a supportive government and funding
infrastructure. Funding allocations need to reflect the
increased time and resources required to undertake cul-
turally competent research (NHMRC, 2006). Research
being conducted through academic institutions may
benefit from the added support of student placements
and higher-degree students (Brown et al., 2000).

Furthermore, government and funding bodies are in a
position to generate a shift toward cultural competence in
public health research by working collaboratively with
CALD communities in the development of research prio-
rities. Establishing supportive policies and setting
requirements for evidence of cultural competence in
research funding models and tender documents will fur-
ther support the process (Israel et al., 1998).
Conclusion

Cultural competence in health is an important concept and
approach to design, delivery, and evaluation of public
health systems, policies, programs, and action. To achieve
meaningful and culturally relevant outcomes it is often
necessary to be flexible and innovative, within a useful set
of boundaries. It does require newways of working as public
health professionals; for example, if we are to work in a
culturally competent way with community groups we need
to be prepared to relinquish full control and move toward
working collaboratively with the communities involved.
The shift toward achieving cultural competence in public
health practice is likely to reveal new ideas about intransi-
gent factors contributing to health inequalities and innova-
tive strategies for health promotion and public health.

From a research and practice orientation, professional
and ethical standards require that we meet recognized
standards of rigor in our programs and conduct. They
also require that we demonstrate adherence to national
standards of ethical conduct. It is these principles of
professional and ethical conduct that require that we
operate competently with culturally diverse communities.
With increasing population diversity globally, cultural
competence will become the hallmark of high-quality
public health systems, programs, and research.
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The act of giving birth to a child is never simply a

physiological act but rather a performance defined by

and enacted within a cultural context.

(Romalis, 1981: 6)
Introduction

The concept of reproduction is a cultural product rooted
in the biomedical paradigms of human anatomy, physiol-
ogy, disease, and clinical medicine. In societies and sub-
cultures where biomedicine is not the only or dominant
framework, anthropology has demonstrated in an abun-
dance of ethnographic detail how understandings and
practices relating to the body, sexuality, and repro-
duction are culturally patterned and mediated by
political–economic and ideological processes linked to
gender, class, race, and ethnicity that have substantive
implications for public health. These patterns, in turn,
shape prenatal and postpartum activities, management of
labor and parturition, as well as the highly variable
experiences of gender across cultures. In short, the study
of human reproduction is an inherently anthropological
one that benefits from the field’s ethnographic methods,
and by theoretical and applied models which link social
processes and cultural practices with ethical reasoning,
new technologies, and advanced knowledge of human
biological evolution.

This entry offers an overview of anthropological
research on human reproduction: Its scope, organizing
concerns, and landmark publications. It begins with a
brief history and provides a topical overview of contem-
porary approaches to the subject. The latter fall loosely,
but by no means exclusively, into the traditional fields of
biological, materialist, and sociocultural anthropology.
The article concludes with a description of the prolific
research underway on the politics of reproduction cross-
culturally (Ginsburg and Rapp, 1995), the effects of bio-
medical and indigenous (also commonly referred to as lay
or local) concepts on reproductive decision making, and
the expanded use of assisted reproductive technologies.
These include techniques to increase infertile women’s
and couples’ probabilities of conception; monitor preg-
nancy, often through ultrasound, and detect birth anoma-
lies in utero, primarily with use of amniocentesis.
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Within the discipline’s broad scope, medical anthro-
pology, encompassing the comparative and cross-cultural
study of health, illness, health care, and the body, has
focused most extensively and explicitly on issues of
human reproduction. The anthropology of human repro-
duction explores distinct but overlapping foci: The com-
parative study of obstetrical events and the influence of
ethnophysiology (local, lay, or indigenous understandings
about bodily processes) on reproductive decision making;
the meanings of the human body, male and female, in
relation to society as a body politic (Lock and Kaufert,
1998); and the cultural implications of assisted reproduc-
tive technologies on constructs of motherhood, person-
hood, and the social organization of medicine. Illustrative
research includes works on cross-cultural perceptions of
when human life begins and how the body and the fetus
have become cultural objects at the intensely contested
intersection of technology and politics (Morgan and
Michaels, 1999).
History of Anthropological Research on
Human Reproduction

Anthropology emerged in the late nineteenth century as a
science of culture that aspired to explain and justify
unilinear models of human physical and cultural evolu-
tion. The field’s subsequent focus on cultures as systems of
interlocking parts emphasized empirical and longitudinal
documentation of human biological and cultural varia-
tion. Most early anthropological data on human repro-
duction were therefore embedded within densely detailed
ethnographies of specific cultures. Montagu’s (1949) anal-
ysis of Australian Aboriginal concepts of conception and
fetal development and Malinowski’s (1932) account of
Trobriand Islanders’ understandings and practices asso-
ciated with reproduction were important, albeit rare,
exceptions.

As anthropological interest shifted in the mid-
twentieth century from documenting distinct cultures to
the ethnological project of cross-cultural comparison,
researchers began to systematically cull data from respec-
tive ethnographies to produce comparative surveys of
reproductive understandings and practices. The results
ranged from carefully detailed efforts to demonstrate
broad theoretical principles, for example of the biologi-
cally or socially adaptive value of birth practices, to
laundry-list accounts of reproductive customs around
the world.

Anthropology’s radical reformulation in the 1960s
diversified both the corps of anthropologists and its theo-
retical concerns to produce among others, the fields of
feminist, applied, and urban anthropology. Studies, for
example, of reproductive behavior in preindustrial socie-
ties provided insights into how maternity care in the
industrialized world might be improved (Jordan, 1993).
Others analyzed the empirical bases of medicinal plants
and other substances for reproductive activities, such as
enhancing and limiting human fertility, and facilitating
childbirth, postpartum recovery, and lactation. These new
paradigms provided valuable information on the now-
euphemized management of reproduction, but left largely
unexamined the articulation of biological reproduction
with less easily formulated political-economic processes.

Currently, anthropological research on human repro-
duction is focused in three broad areas: Assessing the
differential effects of culture, class, ethnicity, and race
in shaping the social context of reproduction and repro-
ductive health; identifying differences in the cognitive
evaluation and subjective experience of reproductive
technologies across cultures and the issues of ethical
relativism they raise; deconstructing local discourses of
reproductive rights in light of global health programs and
human rights legislation. Cross-cultural research on male
sexuality, concepts of paternity, and reproductive health
practices, long underexplored, is an important part of
anthropology’s expanding research enterprise.
Biological Anthropology and the Study of
Human Reproduction

Sexual reproduction emerged as the dominant logic of
procreation in tandem with industrialization, and asso-
ciated scientific paradigms of knowledge production, in
late nineteenth century Europe and the United States.
Today, it refers to the sexual production of human beings
and the physiology of human reproductive and aging
processes, including puberty, menstruation, sexuality, coi-
tus, conception, pregnancy, gestation, parturition, infertil-
ity, abortion, menopause, and senescence. However,
where biomedical paradigms construct normal against
abnormal processes in each domain and presume a uni-
tary meaning for the term reproductive success, biological
anthropology, and its related fields of human evolutionary
demography, behavioral ecological, paleoanthropology,
and physical and primate anthropology, attempt to trace
the diachronic and synchronic evolution of human and
other primate species as the basis for understanding fer-
tility, weaning, male and female physiology, sexuality,
disease, and adaptation as dynamic factors in human
reproduction. Other branches of anthropology investigate
the relation between biological and social variables as
well. For instance, to document the full range of human
reproductive experience, medical anthropologists have
identified physiological and psychological correlates of
such reproductive events as infertility, spontaneous abor-
tion, and prematurity, which are classified as disorders in
the biomedical and bioscientific clinical literature.
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Structural–Materialist Anthropology and
the Study of Human Reproduction

The concept of reproduction is variably used in the
anthropological literature, so that its divergent mean-
ings as biological processes that produce human beings
and social processes that reproduce social institutions
and relations are often conflated. At the same time, the
reproduction/production heuristic is a recurrent and
important theme in the literature on reproduction,
because it reflects a dialectic between the production of
people and the production of material things (Collier
and Yanagisako, 1987). Both materialist and structuralist
anthropology take this dualism as a starting point, con-
ceptualizing human reproduction in terms of the differ-
ential access that social groups have to the material and
symbolic capital needed to sustain a society’s members
and reproduce its social institutions.

Studies in a social structuralist mode show that members
of a given society may have reproductive goals that conflict
with one another and that differential access to power and
prestige correlate strongly with how these conflicts are
mediated. For example, comparative analyses of societies
where women are ascribed a lesser status demonstrate how
gendered asymmetries are often structured by the material
and social constraints of childrearing. Feminist frame-
works further identify the limitations of purely biological
approaches that situate reproduction outside its political
and economic contexts. By exploring these links cross-
culturally, scholars have been able to broaden the
materialist–structuralist concept of reproduction to include
biology and the entire set of social relationships associated
with the sustenance of society’s nonproducing members.
Sociocultural Anthropology and the
Study of Human Reproduction

The proliferation of international public health efforts
devoted to maternal and child health (MCH) following
World War II drew scholarly attention to the importance
of sociocultural analysis in the design and implementation
of MCH programs. Further energized by 1960s feminist
activism, ethnographers demonstrated that key constructs,
such as menstruation, conception, fetal development,
pregnancy, motherhood, and menopause are socially
mediated and therefore vary enormously across cultures.

Comparative studies of menstruation and menopause,
for instance, reveal how variable aspects of women’s
reproductive cycles can determine their social status and
social position. In many cultures, menstruation has pol-
luting and negative connotations. Yet in others, a men-
struating woman is at the height of her creative power.
Analysis of the cultural construction of pregnancy like-
wise shows the myriad ways women become biological
mothers, and the broader contexts within which families
are formed, gender roles embodied and enacted, social
networks leveraged, and the maternal role performed.

Anthropological research of human reproduction has
identified culture-specific pressures entailed in fertility
decision making. One commonality seen in many parts of
the world is the relationship between a woman’s status and
the number of children, especially males, she bears. The
social logic by which women may be pressured to be
reproductively prolific also serves to convey the differen-
tial value societies place on children. In many agrarian
societies, the material imperative for labor exerts overt
and relentless reproductive pressures and is reflected in
paradigms of maternity that glorify fertility, childbear-
ing, and maternal roles. In Benin, for instance, Sargent
(1982) found that among the Bariba, female virtue is dis-
played during parturition through stoicism, and thereafter
through self-sacrifice for one’s children. Elsewhere as
well, women gain important prestige from maternal
self-sacrifice. However, women are not universally valued
primarily for their reproductive abilities. In many hunter-
gatherer and hunter-horticultural societies, themes of
motherhood and biological reproduction are far less cen-
tral to cultural conceptions of the female than are women
as sexual beings.

Pronatalist ideologies continue to shape reproductive
patterns in low-income and postindustrial societies as
well. In the former, many women in poor rural and
urban areas face contradictory pressures as subsistence
activities and high infant mortality require high birth
rates even as the costs of childrearing soar. In the latter,
unmarried status, childlessness, and one-child families
were not accorded, and in many places continue to lack,
the same cultural value as married, two-parent, larger
family households. But currently, throughout much of
Europe and parts of Asia, declining fertility is posing
sharp challenges to these historical trends. Economic pres-
sures, broadened opportunities for women beyond mater-
nity and a resultant improvement in their social status,
along with disaffection with conventional family structures
and gender roles are contributing to women’s and couples’
decisions to have one child or none at all. An important
counterpoint to this decline is the medicalization of child-
birth, which has increased opportunities for individuals
who in the past did not fit the reproductive profile, due,
for example, to age, sexual orientation, or biological sex; all
of which has further diversified concepts of maternity and
is the subject of considerable investigation.
Public Health and the Anthropology of
Reproduction

Anthropological research reveals how studies of human
reproduction are also studies of the relationship between
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science and social life. Its research questions are opera-
tionalized through studies, for example, of the routiniza-
tion of ultrasonography and other prenatal screening
tests that are increasingly part of prenatal care. Studies
have shown that differential utilization of reproductive
technologies across cultures and social groups can be
explained in part by decision-making processes that are
culturally patterned and rendered in widely variant socio-
political and economic contexts. Rapp’s (2000) work, for
example, on amniocentesis reveals the importance of cap-
turing the meanings of the procedure to women who
choose it, and of assessing how social dynamics of includ-
ing race and social class are embedded in their decision-
making processes.

Analyzing the cultural patterning of obstetrical events
is an effective approach for exploring how gender rela-
tions are organized cross-culturally, the variable nature of
domestic power relations, some of the forces that shape
ritual and health-seeking behavior, and the components of
ethnomedical and other cognitive systems. Understanding
the hierarchy of authority in the obstetrical domain also
offers insight into how legitimate decision-making power
is distributed in a given society and how the domain of
authoritative knowledge is constituted cross-culturally. In
any society, authoritative knowledge refers to rules that
carry more weight than others because they explain the
world better for the purposes in question, are associated
with a stronger power base, or both (Davis-Floyd and
Sargent, 1997). Research in the cross-cultural study of
reproduction using this framework has cast light on the
broad yet variable basis of biomedical authority, as well as
other kinds of authority.

Cultural studies of reproductive decision making have
aided the comparative study of ethnophysiology and
contributed to the field of cognitive anthropology.
A pathbreaking analysis of indigenous fertility regulating
practices in seven societies (Newman, 1985) demon-
strated complex relationships between culture-specific
understandings of conception, gestation, and parturition
and childbearing behavior. In the same vein, in-depth
studies using semi-structured and open-ended interviews
of women’s decisions regarding contraceptives, choice
of birth attendants, and abortion make it possible to iden-
tify how women employ biomedical concepts and
technologies within local ethnophysiological frameworks.
Whether negotiation between lay concepts of reproduc-
tive physiology and biomedical theories and practices
produces confusing or pragmatic choices for women has
been the subject of much comparative investigation.

Ethnographic methods have enabled researchers to
detail women’s reproductive decision-making processes,
examine the social norms and relationships these deci-
sions entail, and identify institutional structures within
which they are rendered, along with women’s consequent
health-seeking behaviors. DeBessa’s (2006) fieldwork
among Brazilian women in low-income communities, for
example, showed that patterns of incorrect contraceptive
use, harmful health risks, and extreme reliance on surgical
sterilization were largely a function of how they interpret
biomedical perspectives on contraception against com-
peting ethnophysiologies of fecundity, menstruation, and
conception.

Importantly, research has also shown that biomedicine
and lay concepts of reproductive physiology are not
always competing, mutually exclusive, or antagonistic.
Obermeyer’s (2000) study of birth knowledge and prac-
tices in Morocco, using women’s narratives of recent birth
experiences, observations of medical encounters, and cul-
tural norms of prescribed pregnancy behaviors, found that
the traditional Moroccan ethnophysiology of birth is not
inconsistent with the precepts of biomedicine; that in fact,
eclecticism, flexibility, and pragmatism characterize many
women’s experiences and choices of traditional and mod-
ern practitioners during pregnancy and birth.

The importance of scholarship in the anthropology of
reproduction to public health is illustrated by Nichter’s
(1983) study of ethnophysiology and the folk dietetics of
pregnancy in rural southern India. He showed that
women’s preference for smaller babies along with indige-
nous dietary concepts helped to explain why many preg-
nant women were reluctant to comply with the iron
sulfate, tetanus toxoid, and vitamin therapy protocols
recommended by local primary health staff. Also impor-
tant for public health is work on the reasons why women
in low-income countries have been reluctant to use bio-
medical contraceptives despite their expressed desires to
have fewer children. These studies employ cross-cultural
surveys to determine women’s (and occasionally men’s)
knowledge, attitudes, and practices with regard to
biomedical birth control techniques.
Future Research

Anthropological research on human reproduction has
accelerated in the past two decades, enhanced by internet
communications and ready access to scholarly networks,
information databases, and research funding across aca-
demic, governmental, and nonprofit entities. Its trajectory
has been one of expanding scope, coordination, and
methodologies to generate new hypotheses on the inter-
relatedness of biological, political–economic, and socio-
cultural factors involved in human reproduction. Current
research continues to explore the vast topography
described above and to further detail how ethnicity and
social class shape perceptions and behaviors within the
reproductive domain. Studies are also increasingly
concerned with the underexamined relationships between
masculinity, male physiology, sexuality, and reproduction.
Anthropologists will continue to deploy the field’s
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distinctive multidisciplinary frameworks to provide
important insights into the diverse ways that gender,
technology, political-economy, and social organization
sustain, threaten, and transform human reproduction.

See also: Female Reproductive Physiology/Function;

Infertility; Menopause; Reproductive Rights; Reproduc-

tive Ethics: Ethical Issues and the Menopause; Repro-

ductive Ethics: New Reproductive Technologies;

Reproductive Ethics: Perspectives on Contraception

and Abortion.
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health and disease; to unpack and further explore causal
pathways between pathogens, behaviors, or psychological
states and disease; and to describe the assumptions and
practices of the discipline of epidemiology as a cultural
practice and way of knowing. Many of these efforts have
been undertaken by cultural anthropologists, and more
specifically by medical or biocultural anthropologists, but
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they have also been undertaken by epidemiologists, psy-
chologists, and sociologists. The following sections describe
the relevance of culture for epidemiology; contrast social
and cultural epidemiologies; review historical precedents;
describe contemporary challenges of theory and method
facing those working in this domain; and conclude with
approaches and steps addressing those challenges.
The Centrality and Complexity of the Concept
of Culture

The term culture has been defined in many ways over
the past century. Contemporary anthropologists empha-
size that culture comprises systems of meaning and pat-
terns of behavior, but that these systems and patterns
are locally determined, often contested, temporally spe-
cific, unequally distributed, sometimes contradictory, and
strongly influenced by power and protest. The term soci-
ety, in contrast, refers to groups of people who live
together, interact in specific ways, and form rules that
govern their behavior such as institutions of marriage,
work, family life, law, and religion. The field of social
epidemiology emphasizes the effects of such rules and insti-
tutions on human health, looking at categories such as social
inequality, income, class, occupation, religious affiliation,
and gender. Compared to social epidemiology, the field of
cultural epidemiology is at once more reflexive and self-
critical. Cultural epidemiology measures how meaning and
belief are relevant to and visible in health and disease, but
also examines the assumptions behind measures and vari-
ables, and the variability in measures and in measuring
across populations. Cultural epidemiology and social epi-
demiology have complementary but different objectives,
with cultural epidemiology asking not only about causal
linkages, but also about the origins and cross-cultural
validity of the concepts and measures developed in any
particular academic context and disciplinary domain.

Consider the difference between social and cultural
explanations for the differential survival following the
sinking of the passenger ship Titanic on its first voyage
Table 1 Survival percentages by economic status, age, and

gender

Age

Gender Adult Child

Male

Economic status High 32.6% of 175 100% of 5

Medium 8.3% of 168 100% of 11

Low 16.2% of 462 27.1% of 48
Other 22.3% of 862 –

Female

Economic status High 97.2% of 144 100% of 1

Medium 86.0% of 93 100% of 13
Low 46.1% of 165 45.2% of 31

Other 87.0% of 23 –
in 1912, data used in many introductory epidemiology
courses to teach about mortality. Table 1 summarizes
these data in terms of the percentages of different groups
that survived the accident, showing the joint effects of
economic status, age, and gender.

The conventional story told with these data is that
survival was higher for women than men, for children
than adults, and for high- than low-status passengers.
This differential survival shows a social effect of class:
High-status passengers had privileged access to cabins
near the lifeboat deck and to the lifeboats that ensured
survival. But even though higher economic status is asso-
ciated with higher survival (with other referring to the
crew), a larger percentage of females than males, and
children than adults, survived within each economic sta-
tus group. These data thus also show the importance of a
cultural rule, namely women and children first, that peo-
ple use to regulate access to lifeboats in maritime acci-
dents. Social epidemiology explains the tragedy in terms
of class stratification and ideas about the relative value of
rich versus poor, and cultural epidemiology explains the
tragedy in terms of ideas about the relative value of
women and children compared to men and adults in
maritime accidents. These are complementary accounts.
Why Cultural Epidemiology Matters

The literature and rhetoric on global health challenges is
increasingly filled with references to the critical impor-
tance of phenomena such as migration, urbanization, eth-
nic conflict, rapid travel, trade, and poverty. These and
similar forces clearly represent human decisions and
actions. Even disease-enhancing forces that might more
commonly be called natural than social, such as climate
change or antibiotic resistance or even the so-called nat-
ural history of disease itself (see Figure 1), have had their
human contributions revealed.

Figure 1 displays a model of the natural history of
disease as used in an epidemiology text published by the
U.S. Centers for Disease Control and Prevention. The
model has a timeline of events (marked by arrows above
the timeline) that take place inside human bodies, and also
Exposure

Susceptibility

CDC. Epidemiology 1992
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Figure 1 The natural history of disease according to the CDC.
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names a set of stages (labeled between bars below the
timeline). The text below the CDC diagram identifies
places where social and cultural forces influence the timing
and outcome of these so-called natural events, making the
natural history of disease look instead quite contingent and
strongly influenced by human behavior and belief. For
example, exposure to pathogens is influenced byoccupation
and cultural practices such as cooking. Symptoms such as
pain are differentially perceived and classified by different
peoples. Diseases may be labeled as acute or chronic,
curable or incurable, natural or divine, depending on the
terminology of local medical systems. Outcomes of recov-
ery, infirmity, or death depend at least partly upon the
availability and efficacy of treatments such as pills, injec-
tions, poultices, and/or surgical techniques.

As epidemiologic research has spread worldwide as a
form of scientific research, it has uncovered dramatic
differences in the distribution and impact of the forces
that create disease in different contexts. This is perhaps
best exemplified in the literature about the epidemio-
logic transition, which predicted that as nations, as well as
areas within nations, industrialize, they will move from
morbidity and mortality profiles characterized by acute
and infectious diseases such as respiratory infections,
diarrheal diseases, and measles, to profiles characterized
by chronic and noncommunicable diseases such as
diabetes, cardiovascular diseases, cancer, and asthma
(Omran, 1971). These kinds of epidemiologic conclu-
sions about general links between human behavior and
human health are accompanied by specific evidence of
the range and variability of such associations.

But variability in causation requires variability in inter-
vention, so with respect to treatment or prevention, broad
epidemiologic conclusions also need to be accompanied by
locally valid strategies. For example, epidemiological con-
clusions about the importance of high cholesterol in causing
heart disease must be supplemented by work that translates
that finding into meaningful messages. Those messages
must be relevant to different groups of peoplewho consume
different kinds of foods and who cook with different
techniques. Cultural epidemiology, because of its atten-
tion to local context and contingent meaning, can assist
intervention designs in ways that more global and generic
epidemiologic findings cannot (Caprara, 1998). It can thus
contribute to global health by improving both the specifi-
city and applicability of epidemiologic results.

Cultural epidemiology is used to increase the validity
of public health research by mixing observational and
unstructured interview methods with more conventional
population surveys or health record reviews. It is also used
to promote more appropriate choice and definition of
causal frameworks and research variables.

Researchers within the domain of cultural epidemio-
logy produce etiologic clues relevant to untangling the
causes of disease. A dramatic illustration occurred in the
early 1960s, when researchers found that the mortuary
practice of consuming human brain tissue spread a mortal
disease called kuru among the Fore people in New
Guinea. The pathogen is now known in biomedicine as a
prion. Such clues are seen today in larger connections
between cultural consonance (the extent to which an indi-
vidual lives and espouses core cultural values) and blood
pressure, or access to social capital and prevention of
infectious disease transmission, or presence of plantation
agriculture and the prevalence of both malaria and sickle
cell trait. There is a rich historical precedent for this work.
Early Schools of Epidemiology and Their
Past and Present Relevance to Cultural
Epidemiology

Early (mid-nineteenth century) epidemiology has been
divided into biological, sociological, and geographical
domains (Ackerknecht, 1948). Late in the nineteenth cen-
tury, a psychological domain could be added. The roots of
cultural epidemiology extend to all of them, but run most
deeply into the biological, sociological, and psychological
realms discussed below.
Biological Epidemiology

The importance of fieldwork

Cultural epidemiology has antecedents in the biological
school of mid-nineteenth century epidemiology. Research-
ers interested in disease causation employed a variety of
theories – such as those of miasma or contagion – to guide
their choice of methods. They did extensive fieldwork in
specific communities in an effort to link customs and beha-
viors with generalizations about disease causation. The
tradition of fieldwork in epidemiology has been called
shoe leather epidemiology. The writings of Peter Panum
on measles in the Faroe Islands, of John Snow on cholera in
London, and of Rudolf Virchow on famine and typhoid
in Upper Silesia (now Poland) are some of the best-known
examples. These researchers compiled detailed ethno-
graphic descriptions drawn from their own observations
and personal experience over time, and they combined
them with broad statistical or geographic conclusions
about disease prevalence and differential risk. Virchow
paid particular attention to the social and political causes
of the typhoid epidemic and is considered a critical early
contributor to cultural epidemiology.

The ethnographic tradition continues to be used in
investigating particular disease outbreaks. It is also used
by anthropologists to reveal or distangle the causes of
disease, often in collaboration with epidemiologists. This
was seen in studies of chronic diseases such as hyperten-
sion and diabetes in the 1960s and in cross-cultural
research on the causes of diarrheal diseases and
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respiratory infections in the 1970s and 1980s. Beginning
in the 1980s, research on the causes and prevention of
HIV/AIDS used ethnographic methods and insights that
could be called cultural epidemiology, and that work
continues today.
Sociological Epidemiology

The importance of inequality and social disruption

The sociological school of epidemiology in the nine-
teenth century was linked to struggles by reformers who
sought to improve the health of factory workers, the
conditions of urban slums, and the extent to which health
itself was a focus of social concern and legislation.
A variety of statistical studies were undertaken, especially
in France, Germany, the United Kingdom, and the United
States, showing that social and economic conditions were
important predictors of human health.

Two major figures in sociological epidemiology are
Rudolf Virchow and Emile Durkheim. Virchow’s contri-
bution in terms of applying his fieldwork observations was
described above, but he also espoused a theoretical model
that acknowledged social inequality and powerlessness as
relevant to disease status. He spoke of the need to increase
education, freedom, and prosperity as lasting solutions to
the challenges of famine and disease. Emile Durkheim,
the French sociologist, also made an important contribu-
tion to cultural epidemiology by showing that a seemingly
individual act such as suicide had a series of stable and
quantifiable attributes when viewed as a collective social
phenomenon. Durkheim was a theoretical and methodo-
logical pioneer in sociological epidemiology, envisioning
and demonstrating the importance of collective and
unseen social forces in the deaths of individuals.

Attention to social causes of morbidity and mortality
diminished at the beginning of the twentieth century, over-
shadowed by studies emphasizing single (often infectious)
rather than multiple causes of disease. But with the spread
of the epidemiologic transition (Omran, 1971) and the
growing importance of diseases such as cancer, heart dis-
ease, and diabetes, single-cause models no longer provided
the same explanatory power, and the social environment
began to return as a factor worthy of investigation.

The importance of the social and cultural

environment
Research and intervention in South Africa and in the state
of North Carolina in the United States are some of the
most important – but certainly not the only – innovative
projects to have addressed the social and cultural environ-
ment. In South Africa beginning in the late 1930s, Sidney
Kark and colleagues embarked uponmore than a decade of
interdisciplinary work that brought social scientists, clin-
icians, and epidemiologists together to study local beliefs
and practices as well as the health of rural communities as
a whole, and to combine these in novel forms that took
account of cultural differences in the design of health
interventions. The growing apartheid policies of South
Africa stopped this program and caused many of its parti-
cipants to leave the country, but this also allowed many of
the critical components of this experiment to take new
shape in sites as widespread as Israel, Uganda, Kenya,
England, and the United States (Trostle, 1986).

John Cassel was one of those who left, and his research
group at the University of North Carolina at Chapel Hill
became one of the most important centers of cultural
epidemiology. It was Cassel, in his early work in South
Africa, who described how important it was to link knowl-
edge of cultural beliefs to knowledge of epidemiological
risk factors in the design of effective public health inter-
ventions (Trostle, 1986). He and his colleagues pioneered
studies of how urbanization affected heart disease mortal-
ity and how the social environment might influence host
resistance or susceptibility to disease. His group also
published some of the first studies that tried to separate
the influence of cultural systems from social systems.
Psychological–Psychiatric Epidemiology

Social and cultural causes and patterning of

symptoms

The origins of contemporary interest in the epidemiology
of psychological dysfunction, and the relevance of culture
to such dysfunction, extend back to the early twentieth
century, to an interdisciplinary expedition sent from
Cambridge University to the Torres Straits, between
Australia and New Guinea. A psychologist and physician
on that expedition, W.H.R. Rivers, developed and
disseminated the idea that medical systems could be stud-
ied as social institutions, which has since become a central
tenet in the field of medical anthropology. With respect to
cultural epidemiology, Rivers pioneered the theories and
methods that led to important discoveries about cross-
cultural differences in perception.

Other important population-based studies of mental
functioning were first developed by a group associated
with Cornell University in the 1950s and 1960s. The first
project directors were Alexander and Dorothea Leighton,
psychiatric epidemiologists who held joint appointments
in the Cornell Anthropology Department. Together with
a large group of students and staff, the Leightons under-
took more than a decade of ethnographic fieldwork in a
group of Canadian communities labeled Stirling County.
They used those data to contextualize the prevalence and
symptom patterns of psychiatric dysfunction in commu-
nities they categorized along a spectrum from social
health to social disintegration. This project has clear con-
nections to studies of the health-related effects of the
social environment, its primary difference being its focus
on mental rather than physical health outcomes.
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There are now at least two modern components of
cultural epidemiology related to psychology and mental
disorder. One is the distribution of psychological symptoms
in the community and their relationship to the social
environment, work which continues that of the Leightons
(e.g., Murphy, 1994). The other describes the cultural pat-
terning of psychological symptoms as well as other local
representations of distress (e.g., Guarnaccia and Rogler,
1999; Weiss, 2001). This latter domain bears some resem-
blance to what is called lay epidemiology, described in a
later section titled ‘Popular and Lay Epidemiology.’ There
are many parallels between cultural epidemiology as
applied to physical and as applied to mental conditions,
including concerns about sampling, case definition, and
symptom classification, as well as causal frameworks that
attend to both individual and group-level effects.
The Relationship Between Technology,
Epidemiology, and Anthropology

The contributions of individuals and interdisciplinary
teams highlighted in the prior sections took place within
a context of rapid changes in science, legislation, and
values. Advances in both epidemiology and the social
sciences have been fuelled by a broad variety of technol-
ogies, and their impact has taken very different forms at
different historical moments. Epidemiology is based on
the ability to compare cases of disease (a numerator) to a
measured population at risk (a denominator). Its attention
to numerators was moved forward in the eighteenth cen-
tury by the invention of institutions such as the hospital,
which facilitated the recognition and counting of cases, as
well as by the invention in the nineteenth century of
observational technologies such as the stethoscope, micro-
scope, laryngoscope, and even tissue staining, which facili-
tated the isolation of causes of disease. Epidemiology’s
attention to denominators was greatly improved by the
invention of systems of record keeping and vital statistics,
including censuses.

Industrial technologies, and the working conditions
and labor migration they precipitated, increased the inter-
est and attention that social scientists devoted to human
health, and especially their attention to the health con-
sequences of rapid social change. New forms of travel and
communication, and expansion of industrial empires
overseas, also facilitated the access colonial anthropolo-
gists had to previously unknown human groups, and
increased governmental and academic interest in collect-
ing information about such groups.

In the twentieth century, these forces continued to
push the frontiers of anthropology and epidemiology, as
well as their joint application in cultural epidemiology.
Administrative processes that help enroll or trace study
participants are important here, as are the explosive
growth of computers and ready access to statistical analy-
sis software. Complex databases can contain quantitative,
qualitative, or combined types of study information.
Digital photography, satellite imagery, magnetic reso-
nance imagery, and genetic maps allow complex new
research questions to be studied even as they force
research teams to be interdisciplinary.
Contemporary Challenges

Unpacking variables

An important contribution of cultural epidemiology is to
critique accepted public health concepts and research
variables. Considerable recent effort has been invested
in unpacking common epidemiologic variables such as
race, class or status, and time. Some of this work has
demonstrated that familiar anthropological processes
(e.g., identity change) are visible in vital statistics. For
example, a study that compared race and ethnicity at
birth and death showed that these categories change, and
change more often for minority than majority classifica-
tions (Hahn et al., 1992). Other work has shown how the
association of disease transmission with culturally defined
seasons of the year can influence Tanzanian locals to be
willing to use bednets in some seasons but not others,
even though the risk of malaria transmission from mos-
quito bites is fairly constant throughout the year (Winch
et al., 1994). Febrile illnesses are thought to be caused by
malaria only during some seasons. In the case of race and
ethnicity, unexpected variability is shown in variables that
have been used to define identity for health purposes; in
the second, this variability is shown in local concepts
of time. In traditional epidemiologic practice, neither of
these is assumed to exhibit much change over time or by
place. The process of unpacking variables can lead to
more accurate and complete causal models, can reduce
inappropriate generalization of study results, and can
improve measurement.
Measuring

Cultural epidemiology attempts to maintain a close tie
between the process of data collection and the objectives
of data analysis. Unlike traditional epidemiology, where
acquisition of a data set is often the first step in research, a
cultural epidemiologist will first be concerned to under-
stand how data have been, or might best be, collected.
Cultural epidemiologists are likely to stress that the process
of collecting data is often a process of cultural exchange, and
that therefore conveying information involves a set of
exchanges of goods and services (e.g., money, patient refer-
rals, authorship on scientific articles), or sentiments (e.g.,
pride, loyalty, altruism), that must be recognized and ful-
filled. These exchanges take place between data bank
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managers and researchers, between doctors and professors,
between patients and doctors, and between community
members and survey researchers. One set of contributions
to measurement from cultural epidemiology includes
understanding what kinds of topics and questions will be
perceived as sensitive in different areas and by different
groups of people, how best to learn about sensitive beha-
viors or attitudes, when observation is required and when
interviews will suffice, and what kinds of interviewers
are likeliest to elicit valid responses from other specified
types of respondents. In sum, culture influences data col-
lection and measurement strategies by influencing who is
willing to participate in a study, how accurately they will
respond to tests or questions, and how their answers will be
categorized.
Surveillance

Another aspect of measurement concerns what sources of
data are taken as valid and authoritative. This is especially
important for disease surveillance, when bureaucracies seek
to monitor the health of the people. Classical epidemiology
tends to rely upon the formal resources of a health system:
Disease surveillance takes place in hospitals, clinics,
doctors’ offices, and the other components of an official
vital statistics system. However, cultural epidemiology
proposes relying on the more pervasive informal resources
of a health system, either as a validity check on formal
reports or as an alternative to such reports. For example, a
Brazilian study showed the utility of soliciting mortality
data from coffin-makers and other community members
who might have knowledge about infant and child deaths
that would modify official estimates based on death certifi-
cates (Nations and Amaral, 1991). This is consistent with an
anthropological concern for the similarities and differences
between local and higher-level processes, also a topic of
contemporary concern in epidemiology.
Measuring Culture

Anthropologists have periodically been challenged by
epidemiologists to explain why they have not done more
to use culture and/or cultural identity as a variable pre-
dicting disease. For example, epidemiologists have asked
anthropologists to ‘‘prepare maps and draw boundaries
so that cultural areas can be identified where certain
beliefs are widely if not universally subscribed’’ (Murphy,
1994: 243). More recently, a contributor toThe International
Journal of Epidemiology (Eckersley, 2005: 263) proposed that
the contribution to global stress and mental disorder of
cultural values such as individualism and materialism was
under-researched. Responding to anthropologists who cri-
ticized his effort as being too broad and insufficiently
nuanced, the author denied that the only way to study
the effects of culture on health was ‘‘to focus on the details
of population patterning and distribution, individual and
group differences, and culture as local knowledge, and to
explore culture’s health impacts at this level.’’ He argued
instead that cultural effects should also be capable of
being studied – and seen – at global scales. One of the
fundamental challenges to cultural epidemiology thus
consists of showing the importance of local cultural effects
without making it easy to generalize inappropriately about
the usefulness of culture as a predictive variable.

One such approach to this challenge involves defining
culture as a set of models for behavior and of beliefs that are
approximated to varying extents by individuals in a given
social group. The extent to which any individual’s behavior
or belief duplicates the prevailing models is called cultural
consonance, and the degree of cultural consonance itself is
used as a health predictor, with increasing consonance
associated with increasing health (Dressler, 2005). This is
one example of a set of research studies conducted among
migrants moving internationally or domestically from one
context to another, and within groups of individuals who
face social discrimination that limits their ability to progress
as they desire. This research does not label cultural content
as positive or negative, rather it explores the stressful (and
therefore health-related) effects of prolonged inability to
live in the way one believes one should.
Multilevel Analysis

During the final decades of the twentieth century, some
epidemiologists grew increasingly critical of epidemio-
logical explanations that relied on single causes or that
measured risk at just one level of abstraction. An impor-
tant commentary suggested that the metaphor of Chinese
boxes (implying interlocking or nested levels of causality)
be substituted for that of black boxes (implying complex
but uncertain etiology in risk factor analysis) (Susser
and Susser, 1996). This critique turned on the issue of
whether epidemiology had successfully developed the
tools needed to analyze disease transmission in human
populations where statistical assumptions about indepen-
dence of exposure often fail, and where the definition and
measurement of group or neighborhood effects is difficult.
Building on a theoretical focus developed a century
earlier in sociological epidemiology, the new multilevel
paradigm investigates the intertwining health effects of
individual behavior, neighborhood influences, and other
larger contexts. Rather than summing individual beha-
viors and calculating a grouped level of risk, the most
effective multilevel research investigates how the behav-
ior of the collective adds additional force to the behavior
of any individual in that collective. Its analyses are
nonlinear as well as linear, and it models as much as it
estimates risk.
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Multilevel approaches pose clear challenges to a cul-
tural epidemiology. This is because anthropological
approaches to multilevel analysis often involve synthesiz-
ing and presenting data from individuals, groups, social
movements, and global economic contexts to draw com-
parisons even where those different levels do not
comprise the same individuals. A more epidemiological
approach to multilevel analysis would involve combining
data on individuals, groups of those same individuals, and
village and higher-level variables relevant to those same
groups that may be invisible at the individual level. The
first approach is a synthetic but still at heart comparative
approach, while the latter builds multiple narratives
across linked levels. This kind of linking is most feasible
and appropriate where sampling strategies allow popula-
tions to be aggregated and disaggregrated for different
analytic purposes. Thus cultural epidemiologic research
that aspires to multilevel analysis needs to employ epide-
miological sampling strategies.
Popular and Lay Epidemiology

There are two additional alternatives to traditional epide-
miology practiced by professionals using the biomedical
model of disease. Popular epidemiology is defined as ‘‘the
process by which laypersons gather scientific data and
other information, and also direct and marshal the knowl-
edge and resources of experts in order to understand the
epidemiology of disease’’ (Brown, 1992: 269–270). This
label recognizes the role that community residents can
play in recognizing clusters of health problems, linking
those clusters to environmental or other local causes,
organizing their own as well as other formal professional
investigations, and negotiating with supportive and
opposing groups in government, academe, and industry.
It is still the application of standard diagnostic categories,
sampling strategies, and theories of disease causation,
although it is controlled by people in the community
rather than professionals or consultants.

Lay epidemiology is defined as ‘‘a scheme in which
individuals interpret health risks through the routine
observation and discussion of cases of illness and death
in personal networks and the public arena, as well as from
formal and informal evidence arising from other sources,
such as television and magazines’’ (Frankel et al., 1991:
428). It is another way of conceptualizing the use of
epidemiology to include illness labels and health-related
concerns that are not addressed or not accepted by the
professional medical community. While this definition
does not explicitly mention cross-cultural difference,
one could readily extend it to cases where local commu-
nities perceive themselves as suffering from maladies not
recognized by medical professionals. This was the case
with many of the studies mentioned earlier in the section
titled ‘Psychological–psychiatric epidemiology’: the
objective of both lay epidemiology and of the epidemio-
logical study of patterns of mental distress is to apply the
same types of epidemiologic concepts and methods to
nonbiomedical as to biomedical categories.
Returning Data to Communities

Cultural epidemiology has a potentially strong but often
unrealized role to play in helping research results to be
shared with local communities. Especially in areas with
high illiteracy and low schooling, the challenge of
converting quantified scientific results into intelligible
products is not trivial. But the challenge is even more
profound in areas where the basic assumptions of scien-
tists and of the lay public are very different, if not diamet-
rically opposed. In these areas, not only would translation
be required from statistics into visual displays and oral
accounts, but also cultural translation from the assump-
tions of science into those of religion and/or popular
belief. Success depends upon in-depth knowledge of
local vocabularies and belief systems, as well as knowl-
edge of local desires and local uses for information.
Anthropology of Epidemiology

Epidemiology is a culture in itself, with its own assump-
tions, practices, and social relations, but it has not, as yet,
been the source of much empirical work as an object of
study for anthropologists. Anthropologists have con-
ducted research in doctor’s offices, hospitals, sorceror’s
huts, healer’s clinics, and international health organiza-
tions, but few have worked in epidemiological offices,
laboratories, or field studies. A few recent exceptions to
this generalization include research on the work of Con-
tract Research Organizations (CROs) that recruit human
subjects and perform clinical trials of pharmaceuticals in
developing countries (Petryna, 2005) and on laboratories
involved in genetic epidemiology research (Montoya,
2007). Work like this is especially important because it
helps reveal new ways that emerging global administrative
processes (in the case of CROs) or new technologies
applied to inherited forms of classifying human difference
(in the case of genetic epidemiology) create and shape
human knowledge.
Conclusion

Making progress on the challenges listed above, not to
mention resolving them, requires more awareness of their
importance as well as better training and more research.
Yet these needs are not easy to satisfy: Joint training in
both disciplines is not yet standard, postdoctoral training
is rare, and publication outlets and research funding rela-
tively inaccessible. There are signs of movement, for
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example the U.S. National Institutes of Health has issued
a series of requests for research grant proposals building
on a report titled ‘Toward Higher Levels of Analysis:
Progress and Promise in Research on Social and Cultural
Dimensions of Health’ (National Institutes of Health,
2001), but neither it nor national health research funding
institutions in other countries have specific review bodies
dedicated to the kinds of research described here. The
institutional site that perhaps most closely sponsors and
reviews cultural epidemiology would be the World
Health Organization’s Special Programme on Research
and Training in Tropical Diseases, especially its Social,
Economic and Behavioural Research group.

Some progress continues to be visible: Academic train-
ing appears to be responding to opportunities for better
cross-fertilization between social scientists and epidemiol-
ogists. It is increasingly common and easy for doctoral
students in anthropology to receive a Master’s degree in
public health with a specialization in epidemiology as part
of their course of study. It is also more common, though not
yet prevalent, for epidemiology students to take basic social
science courses during their training, or to undertake post-
doctoral work in social sciences related to health. Medical
anthropologists also hold a number of important positions
both in national health organizations and in the World
Health Organization. For example, while as of 1996 there
were 19 anthropologists working at the U.S. Centers for
Disease Control and Prevention, at the end of 2005 there
were 55, and they occupied senior positions in many differ-
ent divisions (James Carey, personal communication,
January 2006). Local traditions of cultural epidemiology
are growing in sites where the boundaries between social
science andmedicine aremore porous, including important
research from Canada, Brazil, Ecuador, Peru, Mexico,
South Africa, Thailand, England, Germany, Israel, Kenya,
and Pakistan.

The term cultural epidemiology is but one label for a
variety of types of work now being undertaken individu-
ally and jointly by anthropologists and epidemiologists.
Some described here as doing cultural epidemiology
might instead label their work as cross-cultural psychia-
try, anthropological epidemiology, ethnoepidemiology,
biocultural anthropology, and a host of other terms,
because the label is not yet commonly accepted as a
subfield within epidemiology or public health, and thus
does not yet have status equivalent to social epidemiology.
Nonetheless, no matter what label is used, there is
increasing attention being paid to understanding the
health-related effects of society and culture, with many
important areas still to be developed and explored.
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Introduction

Indigenous therapeutics refers to strategies used in the
treatment and prevention of illness. In the past, indigenous
pharmacopoeias consisted primarily of plant medicines.
Today, processes of globalization foster the commodifica-
tion of resources and growing dependence on sources
beyond the local region. As the proliferation of markets
and expanding cash economy link people more tightly to
world systems, traditional therapeutics are impacted by
Western (biomedical) pharmaceuticals, issues of intellec-
tual property rights are raised, and traditional biological
and cultural diversity are imperiled.

This article focuses on the cultural construction of
therapeutics (the ideational basis that underlies how peo-
ple understand health and illness) and the substantive
(material) and behavioral efforts that diverse peoples
engage to prevent and treat illness.

Disease Explanatory Models

Taking medicine is a means of both influencing physiology
and conveying meaning about causality, self, authority,
and responsibility. Because medical systems are internally
logical, preventions and therapies are consistent with how
people understand etiology, the cause(s) of illness. ‘Explan-
atory models’ identify how a particular illness comes about
and describe the progression of symptoms and prognosis.
These models provide the integral framework for health
knowledge and point the direction for the prevention and
resolution of illness. They undergird the cultural logic for
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identifying and managing medicines, and for judging their
therapeutic effectiveness.

For comparative purposes, it is useful to distinguish
naturalistic and personalistic etiologies. Naturalistic
explanatory models are impersonal and find parallels in
biomedicine, which understands disease causation to
include pathogens, trauma, nutrient deficiencies, and
other tangibles that can befall anyone. In personalistic
explanatory models, illness is attributed to some purpose-
ful agent. The most important distinction is that in per-
sonalistic explanatory models the person who becomes ill
is the object of misfortune directed specifically against
him for reasons that are relevant to him alone.

Naturalistic explanatorymodels invoke tangible features
of the environment – e.g., cold, wind, damp, the accumula-
tion or dilution of body fluids such as blood and phlegm,
poor diet, and contagion via direct contact with someone
who is ill. Cold is universally understood to pose health risk,
as heat is understood to heal and replenish. Many of the
naturalistic explanations embody ‘humoral theories,’ ideas
about how body processes fall out of equilibrium, which is
expressed as illness. At the simplest, these humoral theories
are expressed as binary oppositions: Health is a balance
between such polarities as hot–cold, salty–sweet, wet–dry,
hard–soft, and so on. All illnesses, medicines, and foods can
be characterized according to these polarities, although
there is considerable variation, even among small popula-
tions, regarding which symptoms, medicines, and foods
are cold or hot, wet or dry.

Personalistic explanatory models invoke features and
imbalances in the social fabric and are, compared to their
naturalistic counterparts, denser and subject to more



Cultural Factors Influencing Therapeutic Practice 57
permutations. Illness is attributed to some purposeful
agent who may be supernatural (a deity), nonhuman
(spirit, ghost, or ancestor), or human (witch, sorcerer).
The act of causing illness may be retributional – that is,
provoked by anger, jealousy, or moral infractions. The
course of treatment of such illness should determine
why someone became ill, and who is responsible. These
explanatory models overlap religious healing, which is not
treated in this article.

Spirits may be present in great number and variety and
can be both helpful and harmful. Some are identified by
their specific actions, including the ailments they cause.
Others are distinguished by where they dwell, which
reveals the importance of specific features of the land-
scape. Signs that suggest an illness is caused by spirits
include night fright, dreams of wild animals, tremors,
crying, and convulsions. Spirit medicines commonly
either appease the spirit through attractive qualities such
as sweet tastes and aromas, or deflect spirits through bitter
or acrid sensations and loud noise. Spirit-caused diseases
may last longer and be more refractory to treatment than
their naturalistic counterparts. The possible involvement
of spirits is feared especially in diseases of children, who
are more vulnerable to illness and have less access to the
resources of prevention and recovery.

Sorcery and witchcraft are occult or hidden aspects of
human agency that eventuate in both misfortunes and
successes, including illness and healing. Sorcerers use
magic to manage the circumstances of their own and
other people’s lives. They act purposefully, virtually
always with malfeasance. The power of sorcery is not
intrinsic but is instead the learned manipulation of sub-
stances and processes. Like sorcerers, witches are people
who have the ability to harm others, but in many cultures
this is understood to be an inherited craft, rather than a
learned one. Witches use their power maliciously to cause
all manner of misfortune, including illness. Because they
can look into the body’s interior, they can direct illness to
specific organs, follow the course of a particular disease,
and control the body’s responses. Similarly, they can effect
evil or good in the social body by manipulating interper-
sonal relations and other circumstances of daily life.
The Meaning of Traditional Medicines and
Therapeutic Outcomes

Criteria applied in the identification of medicines are
numerous, and their interrelations complex. They reflect
both the meaning of a therapy, and its organoleptic
qualities – physical attributes that are apprehended through
the senses as color, smell, taste, and texture. In some cases
the selection of medicines follows a doctrine of signatures,
whereby tangible features reveal their purpose. For
example, red plants may indicate their utility in blood
disorders; chili pepper and nettles are used in the treat-
ment of burns and headache, respectively. In other cases
the identification of medicines overlaps cognitive princi-
ples based in binary (and more complex) oppositions such
as hot–cold and wet–dry, and other explanatory models.
Therapy and prevention for diseases of naturalistic etiol-
ogy seek to maintain or restore harmony by treating hot
diseases with cold medicines. Rather than countering
imbalance, other treatments exaggerate – for example, if
the body becomes cold in order to solidify toxins prior to
expulsion, then additional cold will advance that process.
In some cases these theories are embellished by interme-
diate qualities, such as warm or semisweet, which create
tertiary and higher-order oppositions and make diagnosis
and treatment more complicated. In the case of flow
models of human physiology, cultural logic points to
medicines that cleanse the respiratory, circulatory, and
other body systems by inducing vomiting, purging, sweat-
ing, and other evidence of disease egress through various
body portals. In large part, then, medicines are signs that
impart meaning to traditional therapeutics.

However, medicines are not only symbolic, and inter-
pretations that focus on medicines only as cultural objects
miss other elements of therapeutic processes that are,
fundamentally, deliberate conjunctions of sign (fragrance
or taste, for example) and physiologic action (e.g., pain-
killing, blood-clotting). In this way, the red color of plants
that identifies them as wound healers may be the signa-
ture that links the color of blood to the hemostatic and
antimicrobial action of red quinones that impart color to
those plants. Similarly, the bitter taste of antimalarial
plants such as cinchona may be the signature that con-
nects that taste quality to the plasmodistatic action of
quinine alkaloids contained within the plant. Taking this
a step further, it is feasible that in some, or even most,
cases physiologic action is the primary criterion for selec-
tion, and redness and other signs serve largely as mne-
monic devices for the identification of plants that display
those properties. These sorts of biocultural interrelations
are explored under the rubric of ethnopharmacology, the
study of the chemistry and physiologic actions of tradi-
tional therapeutics in the context of local medical culture.

Medicines are not simply metaphors that convey
meaning, or conduits of biodynamic constituents. They
are also actors in the therapeutic process – participants
that embody agency. Among the metamedical qualities
of medicines that influence therapeutic outcomes is the
understanding that a particular medicine must be ‘suit-
able’ for an individual. Phrased in slightly different ways,
one finds analogues of this in many medical cultures
in which medicines should agree with the patient’s
constitution or be otherwise compatible. In this way, a
particular therapy might receive an individual always for
all fevers, always for malaria but only sometimes for other
fevers, or for some malaria episodes but not others. These
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medicine–person permutations also have important impli-
cations for judging the efficacy of a particular medicine.

One can argue that, worldwide, the objective of thera-
peutics is to get better. Biomedicine judges efficacy by the
resolution of physical symptoms. Traditional therapeutic
modalities typically involve more than simply that physio-
logic signs of illness go away. As illness is not an event but a
process, so too therapeutics is multiphasic and the assess-
ment of outcome is complex. In traditional therapeutics the
incremental resolution of illness may begin with medicines
that establish diagnosis – for example, whether a plant
solution blisters the skin or leaves a white residue might
distinguish between a naturalistic etiology such as heat, or
evidence of a spirit or other personalistic agent. Subsequent
stages range among medicines that encourage disease
egress; manipulate heat, cold, and so on to restore equilib-
rium; reduce symptoms; repel witches; fortify the body;
and/or ensure that illness does not recur. The ultimate
phase of what can be a protracted series of treatments
establishes that illness no longer is present.
Complex Therapeutic Landscapes:
Medicines That Overlap Other Contexts

Whereas in the West we have come to think of discrete
uses of plants, traditional societies recognize significant
overlap among categories such as medicine, diet, cos-
metics, hygiene, construction, hunting, and manufacture.
To the extent that traditional medicines are pharmacolo-
gically active, and certainly some have been selected for
just that reason, people’s multiple exposures to those
plants have interesting health implications. Therapeutic
landscape is a compelling metaphor that captures the
broad-based potential that the botanical environment
has for affecting human health.

In most traditional cultures, plant medicines overlap
most significantly with food plants. The conceptualiza-
tion of how a plant functions therapeutically tends to be
rather specific, and is undergirded by disease explanatory
models – for example, it dislodges phlegm or promotes
disease egress – and medicinal plants are collected, stored,
prepared, and administered in a prescribed manner, with
specific objectives. Explanations about nutritive value
tend to be more general, and reflect less elaborated
knowledge of how the body functions – for example, a
food strengthens the body or fortifies the blood.

While many plant medicines are ingested, others are
applied topically, which can promote the transdermal
delivery of biologically active plant constituents that
might influence health beyond immediate contact with
the skin. Topical medicines overlap plants that are used in
cosmetics and hygiene: oils and other skin lubricants;
solutions that color the hair, teeth, and skin; and cleansing
soaps and lotions. Using plants in construction and
manufacture affords people additional opportunity for
prolonged contact with bioactive plants. The actions of
rope making, dying and perfuming fabrics, fashioning
mats or hats, and building fences and boats all provide
opportunity for extended skin exposure to plant materials
and transdermal delivery of phytochemicals.
Psychotropic Medicines

Psychotropic medicines merit special attention both
because they play an integral role in traditional
religious/medical practices that mediate between the
spirit and human worlds, and because Western observers
have misrepresented the meaning and use of psychoactive
substances in traditional contexts. Here we concentrate on
this second aspect, noting that Westerners have perceived
psychotropics as exotic markers of ‘other’ cultures that
use these medicines as part of shamanic rituals, while in
the West psychotropics have been transported to different
social contexts where they became illicit, recreational
drugs. Both the exotic and recreational-drug perspectives
obscure the traditional meanings associated with psycho-
tropic substances, which are better understood by situat-
ing their use within the broader social context in which
they occur, and by apprehending the full range of bio-
logical actions that psychotropics exhibit.

Western researchers have highlighted the significance
of psychoactive properties for achieving altered states
of consciousness that are requisite to conduct healing.
For example, much has been published about the role in
shamanic healing of such psychotropics as ayahuasca, pey-
ote, and datura. These accounts emphasize personalistic
elements of diagnosis and healing. While psychotropics do
play an important role in magico-religious healing, this is
not the only therapeutic context in which they are impor-
tant. The bioscientific focus on psychoactivity overlooks
the potential for physiologic (non-psychotropic) effects.

An interesting example is ayahuasca, an infusion of the
Banisteriopsis vine and other plants whose combined beta-
carbolines and indole alkaloids produce the hallucino-
genic effects that Amazonian shamans employ in healing
rituals. However, the actions of ayahuasca extend beyond
psychoactivity. For example, it is antiparasitic, due both to
the action of beta-carbolines and to the strongly emetic
and purgative (worm-expelling) action of the infusion.
This antiparasitic action is important for populations
who use ayahuasca, as the lowland tropics are home to
many intestinal and other parasites. To deflect some of
the attention on psychoactivity, it could be argued that the
nature and intensity of the psychotropic visions, which
the healers manipulate by admixing plants, may be indi-
cators that the healers use to determine the therapeutic
effectiveness and dose of ayahuasca for a variety of dis-
orders. In other words, in some traditional therapies,
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antiparasitic and other actions are the primary objective,
and psychoactivity is used primarily as a dose marker.
Contemporary International Public
Health Issues

Medical pluralism refers to the circumstances in which
there exists more than one discrete medical system – that
is, more than one constellation of explanatory models and
the preventive and therapeutic strategies that attend those
understandings of health and illness. Virtually every-
where, contacts among discrete indigenous groups have
eventuated in various permutations of exchange, fusion,
and cultural transformations of traditional medical theory
and practices. Mercantile capitalism via voyages of ‘dis-
covery’ opened the way to sustained contact between the
West and populations of the developing world. For the last
century, exported biomedical technology has had an
increasing impact on the developing world.

This transfer of medical technology to the developing
world applies primarily to pharmaceuticals, which are
ubiquitous and popular. In recent decades, traditional
therapeutics has been transformed by the incorporation
of pharmaceuticals. This adoption is not, however, a mea-
sure of shared medical culture, as it does not extend to
explanatory models. Instead, the materiel of biomedicine
is incorporated into traditional therapeutics on local terms,
applying the same criteria for selection and efficacy that
are used for assessing new plants. For example, bitter plants
find analogues in pharmaceuticals that share this taste prin-
ciple; red capsules replace red plants in treating blood
disorders. Some pharmaceuticals are selected for what
biomedicine regards to be side effects – for example,
antibiotics that impart orange or brown color to urine, or
that cause the skin to itch, may be selected when evidence
of disease egress is a treatment objective. Examples are
legion and vary cross-culturally, but they cohere around
the idiom that indigenous therapeutics is internally logical.

This indigenization of pharmaceuticals is unwittingly
fostered by the porous net of drug regulation that char-
acterizes many developing world settings. These beha-
viors are logical extensions of other, nonbiomedical
explanatory models and occur in a therapeutic context
in which the authority to prescribe, distinguish primary
from other drug effects, and judge efficacy is not unilat-
erally vested in biomedical physicians, or even in healers.
An inversion of this in developed world contexts is the
pharmaceuticalization of traditional medicines. In the
West today, the use of complementary and alternative
medicine (CAM) is extremely popular, the salient point
being that many CAM modalities attempt to replicate, or
at least overlap, traditional therapeutics.

In the contemporary era, traditional therapies are
impacted by conflicting views about who owns medicines,
who should benefit financially from their commercializa-
tion, and how these biological and cultural resources should
be managed. The West has tried to advance intellectual
property rights (IPR) as a legal protection for non-Western
peoples to protect their cultural heritage, including medi-
cines. Important issues that emerge from the debate about
IPR include that Western IPR laws center on individual
knowledge, while in many cases cultural knowledge is
shared among, and presumably owned by, a large number
of people – for example, a village community. From whom
must a researcher gain permission to use cultural knowl-
edge if it is widely shared? Who should be compensated
for use of that knowledge? Further, while most IPR agree-
ments cover only the direct knowledge obtained about a
particular therapy, pharmaceutical companies commonly
develop related chemicals from the constituents isolated
from traditional medicines. These derivatives, which are
often used to make drugs with the same actions as the
original phytochemicals, generally are not covered by IPR
agreements.

While traditional therapeutics is directly impacted by
the erosion of both biological and cultural diversity, the
implications of diminished diversity have been examined
largely from Western perspectives, rather than in the
cultural and ecological contexts in which these therapies
are used. The tendency has been that outsiders determine
which species will be preserved. In a parallel manner,
the interest in preserving traditional therapeutic knowl-
edge, and the species that are employed in these systems,
bears on their potential benefit for the West.

See also: Medical Pluralism; Religion and Healing.
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The ‘Culture’ in Cultural Issues and
Health Communication

‘Culture’ has been defined in various ways, but as it relates
to and is an influence upon health communication, its
broadest definition and the most suitable in this case
may be articulated by borrowing from a number of notable
scholars. Culture is ‘‘learned behavior. . .not given at birth’’
(Benedict, 1943: 9), formed of a ‘‘complex whole which
includes knowledge, belief, art, morals, law, custom, and
any other capabilities and habits by. . . a member of society’’
(Tylor, 1871: I 1). These practices, capabilities, habits, tradi-
tions, etc. ‘‘suspend [humankind] in webs of significance
that [humankind itself] has spun’’ (Geertz, 1973: 5), and
to ‘‘begin with the personal,’’ culture’s continuation is
‘‘not so much a matter of preservation, as it is a matter of
re-creation, by successive persons and generations, and in
individual performances’’ (Hymes, 1975: 354–55).

Given such a broad definition, not only are any and all
of the cultural issues to be discussed here vis-à-vis health
communication ‘learned behaviors’ and therefore not nat-
ural, so too are peoples’ varied conceptions of what con-
stitutes health and health care. As cultural conceptions
and not universal categories, health itself and health care
for physicians, patients, and communities grow out of
particular historical trajectories and emerge from specific
sociolinguistic contexts within diverse communities of
practice. Because that which is universal in culture is
most assuredly its existence in all human communities
and very little more than that, to speak of cultural issues
in health communication requires that one first locate
the cultural issues in health communication within a
particular culture or cultures. The definition of culture
so defined, suggests that there can be no general or uni-
versal cultural issues in health communication that will
apply to every context, save the suggestion that all issues
arising in health communication are necessarily cultural.
Moving from this premise, one may then isolate some of
the various aspects of culture most often at issue or
otherwise a challenge in health communication.
Defining Health Communication

Language perhaps more than any other aspect of
culture, while not exclusively the source of all cultural
issues in health communication, is most frequently the
sociolinguistic evidence of such matters. The enormity of
sociocultural contexts within which language (as cultural
issues) in health communication can be examined necessi-
tates a narrowing of the focus. Here, the issue will be
explored in the following areas: (1) clinical encounters,
(2) public health announcements, (3) health education,
and (4) drug advertisements. Of these, the most thoroughly
investigated area in relation to health communication is that
ofWestern clinical encounters (e.g., Fisher andGroce, 1990;
Ainsworth-Vaughn, 1992, 1998; Heritage and Maynard,
2006), and given that preponderance of literature, it will
be the primary focus here. Other sociocultural contexts are
briefly explored, pointing out specifically where language in
the areas of public health announcements, drug advertise-
ments, and health education is directly or indirectly a cul-
tural issue involved in health communication.

In the communication of health information, language
presents a unique set of problems, not the least of which is
weight of what may be at stake when the outcome of
communication involves serious health consequences.
The most obvious examples are health crisis and medical
emergencies requiring the exchange of accurate and
intelligible information through verbal, nonverbal, writ-
ten, and symbolic channels. Before outlining these com-
plexities, it is essential to first tentatively define ‘health
communication.’

Broadly construed, ‘health communication’ may be taken
to refer to the exchange of health information via language
(whether verbal, nonverbal, written, or symbolic) between
parties for whom the chosen linguistic code (or language)
is, at least minimally, mutually comprehensible. To this
should be added some clarification regarding precisely
what kind of exchange of information via language may
be taken as health communication. Again, erring on the side
of a broader rather than a narrower definition, the exchange
of health information may be taken to include but not be
limited to, not only the communication of information
regarding health as it is understood in biomedicine but
also the communication of information concerning health
as it is variously understood, observed, and experienced
across cultures as an embodied sense of being-in-the-world
(c.f. Turner, 2005). The idea of ‘health’ understood thus
(neither confined to nor defined by Western science)
allows for a more malleable and accommodating under-
standing of the cultural variation that exists in cultural
conceptions and articulations of health and health
communication.

Within the definition of health communication offered
here, a description that implicates and privileges culture,



Cultural Issues in Health Communication 61
there is little to no presumption of a ‘successful’ or effec-
tive exchange of information as a defining element of
communication. ‘Communication’ in the classic linguistic
sense of the term involves ‘‘five components: the sender
(or source), the message, the channel, the receiver (or
destination), and the effect’’ (Salzmann 1993: 14). In this
way, health communication, or any communication for
that matter, need not be successful per se in order to be
considered communication. Moreover, miscommunica-
tion (as one cultural issue) is not nonsuccessful communi-
cation in as much as it is a part of a communicative
continuum of comprehensibility, interpretability, and
intelligibility. This point is central to understanding not
only the challenges and complexities that cultural issues
present to health communication but equally (in the other
direction) to discerning the challenges and complexities
that health communication presents to cultural issues.
That is, just as cultural issues clearly affect health commu-
nication, health communication affects cultural issues, and
although their influence upon one another is infrequently
symmetrical, it is nonetheless dialectical.
Linguistic Challenges in Health
Communication

Linguistic challenges to health communication may take
many shapes depending in part upon the form of the
linguistic code(s) through which health information is
conveyed. For example, billboards or kinds of ‘‘discourse
in place’’ (Scollon and Scollon, 2003) conveying health-
related messages present cultural issues and linguistic chal-
lenges that face-to-face doctor–patient interaction does
not. Similarly, radio broadcast of public health announce-
ments presents challenges to health communication that
the distribution of written health materials does not. Each
mode of medical communication, whether interactional,
textual, or symbolic, presents its own set of challenges
and complexities, although there may be considerable
overlap between them. Let us begin with a domain that
clearly involves health communication, face-to-face clinical
encounters (i.e., interactional challenges), and move from
there to a discussion of some of the linguistic challenges
involved in public health announcements, drug adver-
tisements, and health education.
The Linguistic Structure of Health
Communication (Inside Clinical
Encounters)

When approaching linguistic factors as components of
cultural issues in health communication there are a
number of aspects that should be considered, specifically
with regard to the communicating of information in
face-to-face interactions. Whether health communication
is conveyed within an intra- or cross-cultural setting, it
consists of specific patterns, practices, and structures. In
face-to-face interactions, these patterns and structures
constitute health communication as a distinct ‘communi-
cative event,’ that is, as an institutionalized sociolinguistic
activity. One of the most common examples of patterned
and structured health communication is the ‘medical
interview,’ and not unlike a filibuster on the U.S. Senate
floor or a legal debriefing, it is not a universal communica-
tive event. Rather, the medical interview (cf., Shuy 1974;
Spradley 1979) is a situated part of the linguistic repertoire
of specific ‘‘speech communities’’ (Gumperz, 1968). The
linguistic structure of the medical interview (and any com-
municative event for that matter) influences both what is
communicated and its meaning (Bauman and Sherzer,
1974). The conveyance of any health information (clinical
or otherwise) is inextricably linked to the chosen linguistic
code (language) and the structure (specific type of commu-
nicative event) through which it is communicated.

From the view of linguistic anthropology, the medical
interview, as a distinct and culturally situated communica-
tive event, is marked by a specific structure and a particular
set of communicative patterns and practices that are both
common and foreign to it. Specifically, the medical inter-
view involves structured question-and-answer sequences
(cf., Ainsworth-Vaughn, 1992, 1998), requiring partici-
pants to cooperatively engage in organized turns of talk
(cf., Mishler, 1984). Some common forms of medical inter-
view questions are open-ended, closed-ended, yes/no, and
tag questions. Sociolinguistically, the medical interview
consists of the discourse roles of interviewer (canonically
the health practitioner) and the interviewee (typically the
patient). The role of the former, the interviewer, is to
topically lead and control the interview through a some-
what predetermined path by asking questions. The role
of the interviewee is to follow the topical guidance of the
interviewer by providing responses to questions. This inter-
actional and sociolinguistic structure distinguishes the
medical interview (and interviews in general) from other
structured ways of speaking such as a conversation, which
by definition is not typically led by routinized question-
and-answer sequences toward a predetermined terminus.

To most Westerners, who have within their sociolin-
guistic repertoire the medical interview as a common com-
municative practice, the cultural expectation that health
practitioners will ask the bulk of the questions and health
care consumers (patients) will provide responses passes
for common sense. As a communicative event, however,
the medical interview (and the interview in general) is not
a linguistic universal (Spradley, 1979) and therefore not
a natural way of soliciting or providing information but a
cultural one (Harvey, 2003, 2006a). Similarly, the sociolin-
guistic roles of interviewer and interviewee are also cul-
tural, along with all of the sociolinguistic patterns,
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comportment (bodily) practices, and cultural expectations
associated with these roles. Put simply, for soliciting and
providing medical information in face-to-face medical
encounters, the medical interview, as a structured and
situated communicative event, is not a universal way of
speaking. In cross-cultural medical interactions involving
speakers from different languages, cultures, and speech
communities, that the medial interview is not a universal
way of speaking may become painfully obvious as non-
Western patients frequently demonstrate communicative
incompetence. Put simply, non-Western (or presumed)
patients often are assumed to possess Western communi-
cative and compartment practices and thus do not often live
up to the largely unquestioned and nonexplicit sociolin-
guistic expectations of biomedical health professionals
(Harvey, 2003).
Language in Health Communication
(Public Health Announcements, Drug
Marketing, and Health Education)

Within contexts such as public health announcements, drug
marketing, and health education, language as a cultural
issue and its effects on health communication is not as easily
narrowed to a specific set of patterns, practices, and linguis-
tic structures as it tends to be within the more standardized
context of Western biomedical doctor–patient interactions.
Indeed, the sheer variability of the form in which public
health announcements and drug marketing ads can take
makes the range of cultural issues in health communication
as varied as the announcements and ads themselves. That
said, public health announcements, drug ads, and health
education are neither produced nor implemented in
culture-free environments and therefore they reflect rather
predictably their specific cultural contexts.

In reviewing the research and literature on these
three contexts and approaching them specifically as sites
of health communication, certain cultural and linguistic
issues emerge. If we treat both public health announce-
ments and drug ads as kinds of social marketing, what
emerges first in relation to health communication in these
efforts is that they tend to be cross-cultural in nature. The
sellers (i.e., the agents and agencies of health care) and
marketers of health care are often not members of the
same cultural or linguistic communities to whom their
health messages are targeted and drugs advertised. The
type of medical communication involved in social mar-
keting can be described as cross-cultural on a number of
levels. Some of these include but are not limited to the
following types of cultural and linguistic crossings: socio-
economic status, class, caste, gender, education level,
age, politics, ethnic group, and religion (Waitzkin, 1985;
Martin, 1992; Dı́az-Duque, 1998; Fisher, 1998; Garro,
2000; Hunt, 2000). To explore two glaring examples of
cultural crossings in health communication we need only
observe studies on the social marketing of condoms, for
example, to heterosexuals in Mozambique (Pfeiffer, 2004)
and to homosexuals in Norway (Middlethon, 2001). Or
equally, problem ridden, Planned Parenthood efforts in
‘ethnic’ communities e.g., among the indigenous peo-
ples in Guatemala (Huber and Sanstrom, 2001) and
among Americans of African ancestry in the United States
(Roberts, 1999). Although the details and the specific
cultural issues involved in communicating health-care
messages vary significantly in each case, the pattern of
failed or fumbled cultural crossings is strikingly similar.
Each of these examples involves (1) an under-appreciation
of cultural variation in peoples’ notions of wellness, illness,
and care of the sick, (2) an inadequate understanding
of local histories and politics, and (3) biomedical-centric
views of the world steeped in Western paternalism bent on
‘saving’ others from themselves.

In the education of both the public and health practi-
tioners, health communication involves many of the same
cultural and linguistic challenges observed in the domains
of social marketing discussed above. Some of the more
notable examples in the area of health education involve
crossing educational levels, socioeconomic class, and gen-
der. Emily Martin’s watershed work on the gendered and
sexist discourses in medical textbooks on the topics of
female and male reproductive health (Martin, 1992) and
on the metaphors of war and the nation-state in human
immunology (Martin, 1999) are perhaps the best-known
examples of language as the evidence of cultural issues in
health education. To this can be added studies of medical
school residents’ acquisition of the linguistic register
known as ‘medicalese’ (Shuy, 1974) in their case presenta-
tions (Anspach, 1988). These medical discourses are
widely noted for what critical medical anthropology has
long called a tendency toward objectifying subject experi-
ence (Taussig, 1980) and reproducing institutional author-
ity (Foucault, 1973). Social class and status is another
aspect of language as a cultural issue in medical education.
One example is a study of use of hospital slang (Gordon,
1983) as communicative practice that reinforces the in-
group status in the physician communities through the use
of deprecating and derogatory humor aimed at unsuspect-
ing patients (frequently of lower socioeconomic class).
These and many more examples may be cited as the kinds
of cultural issues embedded in the language that relate
directly to health communication. The need to improve
medical communication in health education has not, how-
ever, gone unnoticed. The United States Medical Licensing
Examination (USMLE), in conjunction with the Education
Commission for Foreign Medical Graduate (ECFMG),
now requires all medical students graduating with MDs
from schools in the United States and Canada to pass a
new Communication and Interpersonal Skill (CIS) sub-
component of theUSMLE for licensure inU.S. jurisdictions.
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Language and the Issue of
Nonreferentiality in Health
Communication

Another consideration of language as a cultural issue relates
to the complexities and challenges that emerge when lan-
guage in health communication is treated as merely refer-
ential, that is, as a context-free or straightforward conduit of
intended meaning. Treating the role of language in health
communication or any form of communication as primarily
referential ignores that a significant part of the meaning
derived from language in communication is ‘indexical.’
That is to say, conveying meaning is not exclusively a
question of what is said but how what is said is said and
who says what to whom and within which sociocultural
context. Put another way, uncritically regarding language
in health communication as purely referential ignores
the contextual, performative, and interactional aspects of
language.

The nonreferential aspect of language presents a chal-
lenge to health communication regardless of whether health
information is conveyed in face-to-face interactions, in
audio and video recordings, or in written or symbolic
materials. For example, in face-to-face interactions such
as medical interviews, indexicality can be found in the
speakers’ use of intonation, how they say what they say,
and what they do not say (the use of silence). Moreover,
participants’ use of social space or what EdwardT.Hall calls
‘‘proxemics’’ (the physical distance between participants)
is equally indexical and contributes to meaning. Different
still, in written and symbolic materials such as posters,
indexicality can be found in where (physically) such mate-
rials are situated in lived space. Scollon and Scollon (2003)
describe this as ‘‘discourse in place’’ (e.g., a safe sex poster
in the hallway of a college dorm as compared to the
same poster in an art exhibit or on the ground). Physical
context influences meaning. In addition to these indexical
or nonreferential aspects of communication there are also,
specifically in face-to-face biomedical interactions, other
patterned sociolinguistic practices that represent cultural
issues in health communication.
Sociolinguistic Practices as Cultural
Issues in Health Communication

The relationship between cultural conceptions of social
roles (e.g., that of doctor, patient, and nurse) and the
sociolinguistic practices that correspond to those roles
may vary from one culture or speech community to the
next. That said, in face-to-face health communication
and particularly in health communication across cultures,
variability between say, biomedicine’s cultural association
of a certain set of sociolinguistic practices with certain
social roles (e.g., doctor and patient) may vary dramatically
from those of, say, patients andwellness-seekers from non-
Western and nonmedicalized communities (cf., Frake,
1961; Sansom, 1983; Harvey, 2006b).

As a cultural issue in health communication, variability
in cultural expectations regarding the sociolinguistic pat-
terns and practices appropriate to doctors and patients
may interactionally reveal themselves in the following
ways: who may ask what questions of whom, who may or
may not interrupt whom, who may speak or may not
speak for whom, who may or may not respond, how
much time is appropriate for a response, how many ques-
tions are too few, how many questions are too many, what
is a personal question, what is a nonpersonal question,
who may or may not ask personal questions. Local con-
structions of kinship, age, gender, religion, race, ethnicity,
class, and caste all factor into the cross-cultural variability
of these sociolinguistic practices and expectations.

Some other significant sociolinguistic patterns and
practices that are also cultural issues for health communi-
cation are as follows: the use of ‘register’ or specialized
varieties of speech with technical lexicons associated with
particular roles or professions, e.g., medicalese, legalese,
and caregiverese with individuals who do not possess
competence in those linguistic forms; the incompatibility
of doctor and patient knowledge schemas (competence in
domains of knowledge) (Tannen and Wallat, 1987); varia-
bility in how participants (doctors and patients) control
and introduce topics; differences in how participants
make transitions from one topic to another using (e.g.,
reciprocally, unilaterally, using link, and minimal links,
etc) diversity in accounting practices (Fisher and Groce,
1990) or how participants add information to an interac-
tion when it was not specifically requested; variety in how
participants interactionally facilitate and inhibit the com-
municative contributions of those with whom they are
interacting; and differences in how participants obtain
and maintain the communicative floor for speaking.
Although all of the practices in this section are perhaps
most easily identified in doctor–patient interactions, they
are equally present as underlying cultural assumptions that
inform other domains such as public health announce-
ments, drug advertisements, and health education.
Communicative Competence and
Addressing Cultural Issues in Health
Communication

As the previous sections have tried to suggest, cultural
issues in health communication are not easily decoupled
from linguistic issues in health communication; the one
points to the other. In the same way, health communica-
tion is itself a cultural issue and not something that stands
outside of culture and thus should always be treated as
embedded within the context of language and culture.
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However, because culture as we have defined it here
presupposes among many other things relativity and
variability, our best hope for understanding the ever-
evolving and -emerging cultural issues relating to health
communication is not to be found in attempts to catalog or
produce inventories of this variability. Rather, our best
hope lies in an anthropology of the cultural issues in
health communication that will ask and establish cultural
issues – where? Health – conceived how? Communication
in what linguistic code(s), and produced by and for whom?
With these essential preliminary steps toward contextual-
ization, we may then do well to proceed to treat health
communication as existing on a continuum of communi-
cative competence, involving, as Hymes would suggest:

. . . knowing not only the language code but also what to

say to whom, and how to say it appropriately in any given

situation, possessing the social and cultural knowledge

speakers are presumed to have which enable them to use

and interpret linguistic forms, knowledge, and expectation

of who may or may not speak in certain settings, when to

speak and when to remain silent, to who one may speak,

how one may talk to persons of different statues and roles,

what nonverbal behaviors are appropriate in various con-

texts, what routines for turn-taking are in conversation, how

to ask and give information, how to request, how to offer or

decline assistance or cooperation, how to give commands,

how to enforce discipline, etc. (Saville-Troike, 2003)

Although not a magic pill by any means, a communica-
tive competence approach to cultural issues in health com-
munication is an invaluable framework. Its flexibility,
applicability, and effectiveness lies not in its provision of a
single one-size-fits-all answer but instead in its ability to
gather valuable information by asking the kinds of sociolin-
guistic questions that will generate the appropriate answers
that fit the specific cultural context to which it is applied.

See also: Anthropological Perspectives on the Health

Transition; Cultural Epidemiology; Cultural Factors Influ-

encing Therapeutic Practice; Social Science Contribu-

tions to Public Health: Overview.
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Background

Cystic fibrosis is a common autosomal recessive genetic
condition that is caused by mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene. It is
characterized by the clinical phenotype of recurrent respi-
ratory infections and bronchiectasis, pancreatic insuffi-
ciency, and abnormal sweat chloride. Median survival in
the United States is 36 years with over 90% of patients
dying as a result of respiratory failure.

Genetics

The CFTR gene is approximately 180 kB in length and
is found on the long arm of chromosome 7. Since the
discovery of the gene in 1989, over 1000 mutations have
been identified (http://www.genet.sickkids.on.ca/cftr/app).
The most common disease-causing CFTR mutation is the
DF508, with an allele frequency in the United States CF
population of 69%. The DF508 mutation leads to a dele-
tion of phenylalanine at position 508 in the translated
CFTR protein, resulting in a severe reduction in CFTR
protein function. Over 50% of the U.S. CF population are
homozygous for DF508 and 29% of patients heterozygous.
The next 24 most common CFTR mutations cause CF in
over 85% of CF patients in the United States.

Genotype/Phenotype

The CFTR gene encodes the 1480 amino acid CFTR
protein that is primarily expressed by epithelial cells
lining the lumen of the lungs, pancreas, and hepatobiliary
tree as well as GI tract, sweat glands, and reproductive
organs. The main function of CFTR is as a cAMP-
dependent chloride channel, controlling epithelial cell
Turner E (2005) Among the Healers: Stories of Spiritual and
Ritual Healing around the World. New York: Praeger
Publishers.

Tylor EB (1871) Primitive Culture (2 vols.). London: John Murray.
Waitzkin H (1985) ‘‘Information giving in medical care. Journal of Health

and Social Behavior 26(2): 81–101.
land

secretion of chloride into the luminal side of the epithe-
lium. CFTR also inhibits the activity of amiloride-
sensitive epithelial sodium channels, leading to reduced
sodium reabsorption. Cystic fibrosis occurs as a result of
genetic mutations in the CFTR gene that lead to severe
reduction in CFTR production and/or function. Reduced
CFTR protein results in decreased epithelial cell chloride
secretion and excessive sodium reabsorption, leading to
the build-up of thick tenacious secretions within the
affected organs (Boucher 2004). This usually results in
the classic CF phenotype of progressive lung damage due
to recurrent respiratory infections, pancreatic exocrine
insufficiency, and abnormal sweat chloride. Other com-
mon complications of CF include sinusitis, diabetes, cho-
lestatic liver disease, and fertility problems in males.

The CF phenotype is highly variable. This is due, in
part, to the effects of different CFTR mutations on CFTR
protein production. CFTR mutations causing very low
levels of CFTR (<3%) are associated with a severe CF
phenotype, while CFTR mutations associated with inter-
mediate levels of CFTR (8–12%) tend to result in a
milder CF phenotype. A functional classification system
has been proposed that groups CFTR gene mutations
according to the effects the mutation has on CFTR pro-
duction (Tsui and Durie, 1997) (Figure 1). Class I are null
mutations that result in no CFTR production. This class
containsCFTRmutations that lead to a severely defective or
truncated protein. Class II mutations contain the most
common CFTR mutation, DF508, and result in defective
processingof the transcribedCFTRprotein. Class IIImuta-
tions result in some CFTR expression on the cell epithelial
membrane but with defective regulation of the CFTR chlo-
ride channel. Class IV mutations also result in CFTR
expression on the epithelial cell surface, but have altered
conduction of chloride ions. The Class IV mutations tend to
produce CFTR with some residual chloride channel func-
tion. Finally, the Class V mutations result in abnormal
splicing of the CFTR protein. This leads to some CFTR

http://www.genet.sickkids.on.ca/cftr/app
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Figure 1 Five classes of cystic fibrosis-related mutation have differing ways of impairing a cell membrane’s chloride conductance.

Normally (top panel), cystic fibrosis transmembrane conductance regulator (CFTR) is transcribed into messenger RNA, which in turn is
translated into protein. Before being stationed in cell membrane, the protein undergoes posttranslational modification, notably

glycosylation. Among disease-related mutations (Class 1–5), Class 1 prevents translation. The class is exemplified by G542X, in which a

premature stop codon creates a truncated, nonfunctional mRNA. In class 2, the translated protein fails to mature. The class includes

DF508, which gives CFTR an incorrect shape, making it subject to proteolysis. Class 3 places CFTR at the cell surface but prevents its
activation. For example, G551D disables the proteins NBF1. Class 4, exemplified by R347P, which affects a transmembrane segment,

causes decreased chloride conductance. The channel can be opened, but the ion throughput is low. Finally, Class 5 affects only the

abundance of CFTR. The class is illustrated by a nucleotide substitution that apparently leads to a mixture of mRNAs, some of them

correctly spliced. (Reprinted with permission from Tsui LC and Durie P (1997) Genotype and phenotype in cystic fibrosis. Hospital
Practice (Office Edition) 32(6): 115–118, 123–119.)
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expression on the epithelial surface, but in reduced amounts
compared to wild type. The Class I–III mutations have a
more severe reduction in CFTR function and have a worse
clinical phenotype and higher mortality rate than the Class
IV and V mutations. Thus terms atypical, nonclassic and
pancreatic-sufficient CF has been used to describe this
milder phenotype that is characterized by mild pulmonary
disease, pancreatic sufficiency with borderline or normal
sweat tests (Figure 2) (Knowles and Durie, 2002).

There is also evidence that substantial variation in
the CF phenotype can occur in patients with the same
CFTR genotype. Family-based studies have suggested
that this variation may be caused by modifier genes that
code independently of CFTR. Large multicenter stu-
dies are underway to identify these modifier genes. In
addition, environmental factors such as socioeconomic
Classic and nonclass

Classic cystic fibrosis
(no functional CFTR protein)

Chronic sinusitis

Severe chronic bacterial
infection of airways

Severe hepatobiliary
disease (5−10% of cases)

Pancreatic exocrine
insufficiency

Meconium ileus at birth
(15−20% of cases)

Sweat chloride value
usually 90–110 mmol/liter;
sometimes 60–90 mmol/liter

Obstructive azoospermia

Figure 2 Classic and nonclassic cystic fibrosis. The findings in clas

nonclassic cystic fibrosis on the right-hand side. Patients with noncla
overall survival. Although the lung disease is variable, patients with n

progressive lung disease. Sweat-gland function as evidenced by the

classic cystic fibrosis. Pancreatitis may occur in patients with noncla

azoospermia occur in both groups of patients. On the basis of these
coupled with other genetic or environmental factors, may confer a pr

absence of the vas deferens (azoospermia) in the general population.

What is cystic fibrosis? New England Journal of Medicine 347(6): 439
status and exposures to environmental tobacco smoke
and pollution are known to influence the severity of the
CF phenotype.
Clinical Features

CF is a multiorgan disease that affects the organs that exp-
ress CFTR. There are several main clinical manifestations.
Sinopulmonary System

The most serious complication of CF is progressive lung
disease, with most patients eventually dying as a result of
respiratory failure. Patients with CF develop recurrent
ic cystic fibrosis

Nonclassic cystic fibrosis
(some functional CFTR protein,
providing survival advantage)

Chronic sinusitis

Chronic bacterial
infection of airways
(later onset, but variable)

Adequate pancreatic
exocrine function (usually);
pancreatitis (5–20% of cases)

Sweat chloride value usually
60–90 mmol/liter; sometimes
normal (<40 mmol/liter)

Obstructive azoospermia

sic cystic fibrosis are shown on the left-hand side, and those of

ssic cystic fibrosis have better nutritional status and better
onclassic cystic fibrosis usually have late-onset or more slowly

sweat chloride test, is abnormal but not to the extent noted in

ssic disease. However, chronic sinusitis and obstructive

findings, one can infer that mutations in CTFR, perhaps
edisposition to sinusitis, pancreatitis, or congenital bilateral

(Reprinted with permission from Knowles MR and Durie PR (2002)

–442.)
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pulmonary infections that lead to progressive scarring of the
airways and bronchiectasis. Early in the course of the disease,
these infections are predominantly caused by bacteria such
as Haemophilus influenzae and Staphylococcus aureus. Over time
as lung damage progresses, most CF patients become colo-
nized with Pseudomonas aeruginosa, which is associatedwith a
more rapid decline in lung function. Rarer infections that
occur in the CF lung include Stenotrophomonas maltophilia,
Achromobacter alcaligenes, and Burkholderia cepacia. The latter
has been associated with rapidly progressive and often fatal
lung infection known as cepacia syndrome. Other pulmo-
nary complications of CF include allergic bronchopulmon-
ary aspergillosis and infections with nontuberculous
mycobacteria (Gibson et al., 2003).

Chronic purulent sinusitis is also common in patients
with CF. The microbiology of CF sinusitis is generally
similar to that seen in the lungs.
Gastrointestinal System

Pancreatic insufficiency is observed in 95% of patients
with CF and presents soon after birth in the majority of
cases. As noted earlier, certain mutations in the CFTR

gene are associated with preserved pancreatic function,
which is also associated with a milder clinical course.
In addition to pancreatic insufficiency, at least 15% of
CF patients will also develop clinical diabetes mellitus
(known as CF-related diabetes (CFRD)). CFRD tends to
present predominantly during adolescence and adulthood
and should be screened for in all CF patients.

CF can also lead to obstruction of the GI tract. One
of the initial manifestations of CF is the development of
meconium ileus where obstruction of the GI tract occurs
due to meconium impaction soon after birth. In older
patients with CF, subacute bowel obstruction frequently
occurs as a result of pancreatic insufficiency leading
to poorly digested food blocking the bowel. Previously
known as meconium ileus equivalent, it is now known as
distal intestinal obstruction syndrome (DIOS) and is trea-
ted with aggressive laxative treatment.

Liver disease is relatively common in CF, occurring in
17–24% of patients and is the second most common cause
of death, with 7% of all U.S. CF patients dying of pro-
gressive liver failure. The mechanism of CF liver disease
is similar to that of lung and pancreatic disease with bile
duct obstruction leading to chronic obstructive hepato-
pathy and eventually cirrhosis.
Fertility/Sweat Glands

Infertility is common in males due to obstruction and
eventual destruction of the vasa deferens. Fertility is usually
preserved in female patients with CF. Sweat gland dysfunc-
tion increases the risk of heat stroke in warm climates.
Other

As patients with CF live longer, addition complications
are being recognized. Osteopenia and osteoporosis are
increasingly common in CF and patients and should be
screened for these at regular intervals.
Diagnosis

The diagnosis of cystic fibrosis should be considered in
patients who present with any of the clinical features
described above (Rosenstein and Cutting, 1998). The
diagnosis is based on a compatible clinical presentation
and evidence of significant CFTR dysfunction. The most
frequent presenting features for patients with CF are
recurrent respiratory infections in infancy, failure to
thrive due to pancreatic disease, and meconium ileus.
Genetic testing due to the presence of CF in a family
member is also common and often leads to the diagnosis
of CF before clinical symptoms occur. In addition to this,
some countries have introduced newborn CF screening in
high-risk populations using immunoreactive trypsinogen,
leading to the diagnosis of CF at birth.

Once CF is suspected either on clinical grounds or as a
result of screening, the standard method of diagnosis is
to carry out a sweat test. A sweat test examines the salt
concentration in the sweat of a patient under baseline and
stimulated conditions. A sweat chloride higher than
60mmol is considered diagnostic, although false-positives
can occur. A sweat chloride less than 40mmol is con-
sidered normal and a sweat chloride of 40–60mmol is
considered intermediate. Some CF patients with CFTR

mutations associated with pancreatic sufficiency can
have a normal or borderline sweat test, and a normal
sweat test does not completely exclude the diagnosis of
CF. In addition to sweat tests, it is now possible to geno-
type for mutations in the CFTR gene. The presence of two
mutations that are known to cause a severe reduction in
CFTR protein function is also considered diagnostic. It is
important to recognize that many commercially available
CFTR genotyping services check for a limited number of
CFTRmutations and that CFTR genotyping can be useful to
confirm the diagnosis but more detailed investigation may
be required in those whose clinical presentation is sugges-
tive of CF, but their sweat test is equivocal and CFTR

genotyping negative. These patients may require additional
diagnostic testing such as measurement of nasal potential
difference (NPD) and/or sequencing of the CFTR gene.
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Management

Median survival for patients with CF has improved dra-
matically in the past three decades due to the development
of specialized CF centers that focus on a multidisciplinary
approach to treating the complications of CF (Yankaskas
et al., 2004).
Sinopulmonary Manifestations

Lung disease is the most serious complication of CFand is
characterized by frequent infectious exacerbations. Early
recognition and aggressive treatment of exacerbations
with oral and intravenous antibiotics has led to improved
outcomes. In addition, the long-term use of inhaled anti-
biotics such as the tobramycin and colomycin are widely
used to prevent exacerbations and lung function decline
(Ramsey et al., 1999). Persistent infection in the CF lung
also leads to excessive lung inflammation, which causes
progressive lung damage. Therapies aimed at reducing
lung inflammation have shown promise. Oral corticoster-
oids and high-dose ibuprofen have been beneficial in
clinical trials, but concerns about their side effects have
limited their use. More recently, the macrolide antibiotic,
azithromycin, has been shown to be effective in improving
lung function in CF and is currently recommended for
CF patients with chronic P. aeruginosa infection (Saiman
et al., 2003).

Therapies focusing on improving sputum clearance
are a very important component in the management of
patients with CF. CF sputum has a very high content of
DNA as a result of the breakdown of inflammatory cells
and bacteria. DNase (dornase alpha) breaks down the
DNA in CF sputum, leading to reduced sputum viscosity
that promotes increased sputum clearance. Clinical trials
have shown that regularly administered DNase improves
lung function and reduces exacerbation rates (Fuchs et al.,
1994). Recently, regularly administered inhaled hyper-
tonic saline has also been associated with decreased
exacerbation rates and improved lung function.

In addition to pharmacologic methods to improve
sputum clearance, regular chest physiotherapy, super-
vised by physiotherapists with expertise in CF, is a very
important strategy in maintaining lung function in
patients with CF (Ramsey, 1996). Sputum clearance
methods using chest percussion, autogenic drainage,
and newer devices such as The Vest®, Flutter®, PEP,
or Acapella® devices lead to improved sputum clearance
and preserved lung function. It is unclear which
approach is best, with most shown to be equivalent;
patient preference is often the deciding factor over
which method to use. Regular exercise is also an
important additional therapy to assist with sputum clear-
ance with the greatest benefits seen when combined with
regular physiotherapy.

For CF patients with very severe lung disease, chronic
ventilatory support using noninvasive ventilation may be
required. Ultimately, most patients will require bilateral
lung transplantation, which has been shown to improve
survival in CF patients.
Gastrointestinal Manifestations

Poor nutritional status is associated with decreased sur-
vival, independent of lung function. Aggressive nutritional
support is a very important part of the management of
patients with CF and needs to be supervised by dieticians
with expertise in CF. Pancreatic enzyme supplementation
is used in CF patients with pancreatic insufficiency. In
addition, high-calorie diets and vitamin supplementation
are recommended for CF patients. Failure to maintain
weight, especially in CF patients with severe lung disease,
may require more aggressive interventions including the
placement of feeding tubes for supplemental feeding at
night. As well as aggressive treatment of lung disease and
nutritional support, CF patients need to be closely moni-
tored for other complications of CF. Routine screening for
CFRD and CF liver disease are essential, as therapies are
available to treat these conditions. CFRD usually requires
treatment with insulin, although some of the newer oral
agents show promise. CF liver disease can be treated with
ursodeoxycholic acid, an agent that reduces the viscosity
of bile. In patients with severe CF liver disease and pre-
served lung function, liver transplant is an option.
Fertility

Females with CF are usually fertile and should be advised
about contraception use. Males with CF are usually infer-
tile as a result of congenital bilateral absence of the vas
deferens. New technologies exist that may be used to assist
with fertility and referral to a urologist and OBGYN with
familiarity in assisted reproduction is advised.
Future Directions

Currently the management of CF is largely focused on
treating the complications of CF rather than the cause.
Clinical trials are currently underway to identify new
therapies that will restore CFTR function. These include
gene therapy, which aims to replace mutant CFTR with a
normal copy of the CFTR gene in epithelial cells. In addi-
tion, pharmacologic agents that augment existing CFTR
levels and function, increase chloride secretion through
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alternate chloride channels, or inhibit epithelial sodium
channels have been identified and are entering clinical
trials.

See also: Genetic Engineering; Respiratory Diseases:

Overview.
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Introduction

Life is full of uncertainties. You could invest in a mutual
fund or a certificate of deposit account. You could buy a
home or rent. You could go to public health school or
write a novel.

If you knew the risks and benefits of each alternative,
the decision would be a lot easier. Decision analysis pro-
vides a mathematical framework for making decisions
under conditions of uncertainty. Let’s see how this works
by using an example.

Imagine that you have $100 000 to invest. You’ve always
wanted to study public health, but you’ve also dreamed
about writing a novel ever since you were in college. If
you write a novel, you reason, you can simply invest the
money in a mutual fund and earn interest, making small
withdrawals as needed. Since you are undecided between
the two options, you decide to examine which will be the
better option financially.

Decision analysis is based on a concept called expected
value, in which the value of an uncertain event (such as
making $10 000 in the stock market) is weighed against the
chances that the event will occur. For example, if you know
that the historical average increase in a particular mutual
fund is 10% per year, then the expected value of the return
on your $100 000 investment is 0.1� $100 000¼ $10 000
over one year.

You set your sights five years down the road and assume
that if you go to public health school, all of the $100 000
would be spent on your education after living expenses are
taken into account, but you would be able to earn about
$50 000 per year working in public health. After taxes and
living expenses, you estimate that you would save about
$10 000 over the 3 years after graduation.

If you decide to write a novel, you will have spent your
$100 000, along with the interest on the mutual fund, on
living expenses over the 5-year period. But if you publish
the novel, you could earn an additional $30 000. Your
college English professor advises you that there is about
a 1% chance that you will be published. Therefore, the
‘invest and write’ option will produce a probabilistically
weighted return of $30 000� 0.01¼ $300.

Since $10 000 is more than $300, you might go for the
career in public health. However, you might not be satisfied
with your calculations; there is a chance that the mutual
fund could do very well, but there is also a chance that you
could lose money. If it does well, you could end up with
leftover money from your mutual fund investment at the
end of 5 years. So if you write the book, you might make
money even if you don’t publish (perhaps better than
spending it on tuition). But if the mutual fund loses
money, you might not be able to finish your novel,
which would be quite depressing.

There is also a chance that you will not find a job right
out of public health school, which would also be discoura-
ging. Ideally, you would want to have a rough idea not
only of the difference in earnings associated with each
decision, but also the difference in utility, or happiness.
This way, you’ll not only have a better idea of which
decision is riskiest, but you’ll also know the chances of
your relative satisfaction with each choice.

The various options that one is deciding between are
called ‘competing alternatives.’ Decision analysis can thus
be described as the process of making an optimal choice
among competing alternatives under conditions of uncer-
tainty (Gold et al., 1996).

In public health or medicine, decision analysis is most
commonly employed in cost-effectiveness analyses. Here,
the competing alternatives are the different health inter-
ventions under study. Therefore, rather than net improve-
ment in cash flow and personal utility, cost-effectiveness
analysis provides the user with information on incremental
costs and health gains.

In the past, researchers performing a cost-effectiveness
analysis had to write a computer program that would
calculate the cost and effectiveness of different medical
71
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interventions, or attempt to do so by using a spreadsheet
program. Today, most cost-effectiveness analyses can be
easily assembled with decision analysis software.

Decision analysis software provides a graphical frame-
work for estimating the costs and effectiveness values (usu-
ally represented as quality-adjusted life years, or QALYs)
associated with a given medical or public health strategy.
Let’s take a look at a concrete example of how this works in
public health.
Decision Analysis Models

In Figure 1, we wish to compare two strategies for dealing
with influenza virus during the flu season. The first is to
provide supportive care to people who become ill
(Muennig and Khan, 2001). The second is to attempt to
prevent infection with an influenza vaccination.

In this figure, the two alternatives are represented in
branches separated by a square called a decision node.
The decision node is like a referee holding the competing
alternatives apart as they set out to do battle. Following
this square, you’ll see a circle. The circle is called a chance
node. A chance node is followed by two or more possible
outcomes. In Figure 1, the outcomes are ‘remains well’
and ‘becomes ill.’

Notice that each ‘remains well’ and ‘becomes ill’
branch in the decision analysis tree is associated with a
cost and a probability. In the supportive care option, the
cost associated with remaining well is $0. But in the
vaccinate option, everyone gets a $10 influenza vaccine
at the start of influenza season. Thus, whether or not folks
receiving the vaccine would have gotten sick, they must
pay for the vaccination.

However, vaccination greatly reduces the chances of
becoming ill during influenza season. If, during the aver-
age season, there is a 10% chance of developing the flu
among unvaccinated persons, there is only a 3% chance
of developing the flu among vaccinated persons. More-
over, among those who get sick despite vaccination, the
Supportive care

Vaccination

Remains well

Remains well

Cost = $0

Cost = $10

Cost = 83

Cost = $38

0.9

0.97

0.03

0.1

Becomes ill

Becomes ill

Cost

Cost

Cost

Cost

Figure 1 Decision analysis tree comparing supportive care to

vaccination.
infection will be much less severe. Therefore, the costs
will be lower. (In Figure 1, those becoming ill incur a cost
of $83 if unvaccinated and $38 if vaccinated.)

So, how does this work? The model merely provides a
framework for calculating probabilistically weighted costs.
Thus, we see that there is a 0.97� $10þ 0.03� $38 ¼ $11
average cost among those receiving vaccination, and a
0.1� $84þ 0.9� $0¼ $8 average cost among those
receiving supportive care alone.

Note that Figure 1 only deals with costs for simplicity.
Moreover, it is a bit simplistic in other ways; there is a lot
more uncertainty associated with these two competing
alternatives than simply remaining well or becoming ill.

Figure 2 presents a more complete representation of
the decision between supportive care and vaccination.
Here, we see that someone who becomes ill has a chance
of seeing a doctor or being hospitalized. As before, the risk
of each is much lower among vaccinated persons.

There are a few things to note about Figure 2. First, the
costs are represented as running totals. It is not necessary
to set up a decision analysis model this way, but it helps to
illustrate a key point; each event is associated with a cost,
and that cost is added to the events that preceded it. Thus,
the cost at the end of each branch in the tree represents the
probabilistically weighted cost of a given pathway of
events. Thus, the initial cost of becoming ill along the
top branch is $12 (the cost of over-the-counter medica-
tions). Since there is only a 10% chance of incurring this
cost, the average cost will be 0.1� $12¼ $1.20. But if the
person sees a doctor, the cost will be $110� 0.2¼ $22, and
this gets added to the $1.20, for a running total of $23.20 at
the ‘sees doctor’ event in the pathway.

The second thing to note about Figure 2 is that all
costs are incurred at one point in time. In other words, we
calculate the average cost of each of the events in the
pathway as if they happened in one day. This is fine for a
disease like influenza, which tends to make someone ill for
a short time. However, it might not work so well for
cancer, which, depending on the type of cancer a person
has, can drag on for many years. We return to this problem
in the next section.

The above example provides an illustration of how
decision analysis modeling works. As you can see, deci-
sion analysis provides probabilistically weighted values of
a series of outcomes of interest. The average value of any
competing option is called its ‘expected value.’ Although
all trees provide a probabilistically weighted expected
value, different models arrive at this value in very differ-
ent ways.
Types of Decision Analysis Models

There are different types of decision analysis models
(Gold et al., 1996). The type of model that analysts choose
depends on the problem under evaluation.
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Figure 2 A more complete decision analysis tree comparing supportive care to vaccination.
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Simple decision trees

The most basic is a simple decision tree, such as the one
presented in the above example. Simple decision trees are
usually employed to examine events that will occur in the
near future. They are therefore best suited to evaluate
interventions to prevent or treat illnesses of a short dura-
tion, such as acute infectious diseases (Muennig et al.,
1999). They may also be used to evaluate chronic diseases
that may be cured (for example, by surgical intervention).
When these trees are used to evaluate diseases that change
over time, they sometimes become too unruly to be useful.

Markov modeling

For chronic or complex diseases, it is best to use a state
transition model, also known as a Markov model
(Sonnenberg and Beck, 1993). This type of model allows
the researcher to incorporate changes in health states over
time into the analysis. For example, if a person has cancer,
there is a chance that the person will recover within a year
and then relapse. There is also a chance that the person
will remain sick for some time or will die soon.

With every passing year, the cost of treatment changes.
More importantly, the chances of survival, recovery, or
deterioration change. Markov models allow researchers
to track changes in the quality of life, the quantity of life,
and the cost of a disease over time when different health
interventions are applied (Sonnenberg and Beck, 1993).

Most interventions in public health or medicine that
target diseases have some component of time to them. To
model screeningmammography, for instance, it is necessary
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to have some way to measure the progression of breast
cancer over time. This way, differences in the progression
of disease can be compared when treated and when left
untreated.

Using a Markov model, we can incorporate a temporal
element into our decision analysis model (Sonnenberg
and Beck, 1993). Markov models count the years that
accrue as the model completes cycles and the medical
costs, living costs, and changes in health-related quality of
life scores over these years. Of course, days, months, or
decades can be modeled, too.

For instance, suppose we are interested in calculating
the lifelong cost associated with breast cancer in patients
who have been diagnosed via a screening mammogram.
We would start the model by using the average age of
onset of breast cancer. The number of survivors would be
determined by using the probability of death specific to
women who have been diagnosed with breast cancer via
screening mammography. Each patient who is still living
at the end of the year gains 1 year of additional life
(1 person-year). But she can also be assigned medical
costs, home health-care costs, transportation costs, and
so forth. Women who die do not accrue such costs, so
these women gain neither a year of life nor any costs.

Thus, if the average annual cost of living with breast
cancer were $10 000, a group of 10 women would incur a
cost of 10� $10 000¼ $100 000 in year 1. Now imagine
that by year 2, one woman died. Thus, year 2 costs would
be 9� $10 000¼ $90 000. If we continued this process
until the last subject died, we would not only have the
average number of life years lived, but we would also have
the total cost incurred by these women over that period.
(See Table 1.)

In this example, we are measuring various relevant
health outcomes over a discrete interval of time. We know
that the average woman lived 48 years of life/10 women
¼ 4.8 years over the 6-year interval. The average cost of this
treatment was $450 000/10 women¼ $45 000.

In a Markov model,Table 1 is represented graphically
as a chain of events rather than a table. This makes
sense given that, for most diseases, subjects do not merely
Table 1 Progression of a cohort of 10 women with breast

cancer over a 6-year period

Year Women surviving
Years lived in
intervala

Cost of treating
breast cancer

1 10 10 $100000

2 9 9.5 $90 000
3 8 8.5 $80 000

4 7 7.5 $70 000

5 6 6.5 $60 000

6 5 5.5 $50 000
Total 48 $450000
progress slowly toward death due to the disease under
study. Rather, they can become better, die from other
causes, or develop other diseases.

Thus, to model events that unfold over time realisti-
cally, we will want some sort of recursive component in
our model. A recursive event is one that repeats over and
over (see Figure 3). Thus, at the end of each year of a
subject’s life, he or she is assigned a cost value and a QALY
value, and then reenters the next year of life (or dies). This
process is repeated until all subjects are dead or the
evaluation period ends.

As in the examples evaluating influenza infection via
simple decision analysis trees discussed previously, each
arrow in Figure 3 is assigned a probability value. For
instance, the likelihood of remaining well over any given
year might be 0.98 in the typical cohort of healthy persons.

Markov models can also be used to simulate the life
experience of the average individual with a particular
disease before and after treatment, the health effects of a
particular medical intervention, or even the benefits of
having health insurance over a lifetime (Mandelblatt et al.,
2004; Muennig et al., 2004, 2005).

For instance, we might wish to compare the advantages
of folate supplementation to no intervention. Since folate
prevents birth defects, one branch of the model might
record the health-related quality of life and health costs of
the average infant with a spinal cord defect as time pro-
gressed. In the other branch, we might simulate the health-
related quality of life and health costs of the typical baby
without a spinal cord defect as time progressed. As in the
Dead
0 QALY

$0

Sick
0.5 QALY
$10 000

Figure 3 Conceptual representation of a Markov model.

Subjects who are well can remain well, become sick (e.g., from
breast cancer), or can die (e.g., from an accident) over the course

of a year. Likewise, subjects who are sick can remain sick,

become well, or die. This process is repeated, accruing a mean

cost and QALY value. (Each arrow represents a transition
probability over the course of 1 year.)
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table above, each would account for differences inmortality
rates, and thus calculate the average life expectancy of each
group. The model would then tell us the differences in
QALYs and costs over the entire lifetime of babies who
did and did not have a spinal cord defect.

Worked examples of Markov models can be found at
http://www.pceo.org/. This site provides free self-instruc-
tion manuals and links to government websites that pro-
vide data free of charge.
$10.00

$0.00
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Figure 4 One-way sensitivity analysis examining how the cost

of providing the influenza vaccine influences a vaccination,

supportive care, and treatment intervention.
Sensitivity Analysis

The value of decision analysis model inputs can be very
difficult to establish with absolute certainty. For instance,
health-related quality of life scores – a key ingredient in
the calculation of QALYs – can be obtained from various
instruments, each producing a slightly different number
(Gold and Muennig, 2002). Because these differences
arise due to differences in the way the studies are
designed, they represent a form of nonrandom error.
Most model inputs will be derived from a sample, and
therefore also contain random error.

We can usually guess the range of plausible values
within which the true value might lie. For instance, look-
ing through the literature, we might see that the health-
related quality of life score for the disease we are studying
varies by roughly 20% when using different instruments.
We might also know the standard error in datasets or
published values.

The inputs we are least likely to be certain about are
the assumptions we have made. In the earlier influenza
example, we might have made an assumption about the
amount of time it takes for a nurse to administer the
influenza vaccine. There are other values that we might
be fairly confident about, such as the cost of the influenza
vaccine itself. (The average wholesale price is usually easy
to get.)

The parameters the researcher is least certain about
should be tested over the widest range of values (because
it is plausible that the values are much higher or much
lower than our baseline estimate). Parameters that the
researcher is somewhat more confident about can be
tested over a narrower range of values. When a particular
strategy remains dominant over the range of plausible
values for the inputs that we are uncertain about, the
model is said to be robust.

There are many different ways of testing variables in a
sensitivity analysis. These include a one-way (univariate)
sensitivity analysis, in which a single variable is tested
over its range of plausible values while all other variables
are held at a constant value; a two-way (bivariate) sensi-
tivity analysis, in which two variables are simultaneously
tested over their range of plausible values while all others
are held constant; a multi-way sensitivity analysis, in
which more than two variables are tested; and a tornado
analysis (or influence diagram), in which each variable is
sequentially tested in a one-way sensitivity analysis. The
tornado analysis is used to rank order the different vari-
ables in order of their overall influence on the magnitude
of the model outputs.

Figure 4 presents a typical one-way sensitivity analy-
sis. Returning to the influenza example above, let’s assume
that we wish to know how changes in the estimated value
of the vaccine cost will influence the overall expected
value of each strategy.

In this instance, we’ll add a treatment arm (there are
anti-influenza drugs that can be used to treat the infection
in early stages). Because the cost of the vaccine does not
influence other arms of the analysis, we see that their
expected value is not influenced by changes in the cost
of the influenza vaccine.

Ideally, we would want to generate some estimate of
the impact of all sources of error in the study on the cost
and effectiveness values generated by the decision analy-
sis model. One way to generate such an estimate is via
Monte Carlo simulation (Halpern et al., 2000). Named
after the famous gambling enclave, this type of analysis
allows for the generation of a single confidence interval
around multiple variables.

In a Monte Carlo simulation, a hypothetical cohort of
subjects enters into the decision analysis model. As subjects
pass through the model, they encounter a number of differ-
ent probabilities such as the chance of developing influ-
enza-like illness, the chance of seeing a doctor, the chance of
being hospitalized, and so on. Each time a subject encoun-
ters one of these variables, the value that the variable
assumes is determined by its probability distribution.

The net result is a weighted mean value for each
sampled distribution of each subject randomly entered
into the model. (Although this isn’t exactly the way

http://www.pceo.org/
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that the models are always calculated, it is the easiest way
to think about it.) The final standard error associated with
all subjects who pass through the model is the overall
standard error of all of the distributions sampled.

The basic theory of cost-effectiveness analysis, decision
analysis modeling, health-related quality of life scores, and
data collection can be found in a number of books and
textbooks (Drummond et al., 2005; Muennig, 2007). The
methods for standardizing cost-effectiveness analysis are
also available in book form (Gold et al., 1996).
Summary

Decision analysis is a formalized approach to making opti-
mal choices under conditions of uncertainty. It allows the
user to enter costs, probabilities, and health-related quality
of life values among other inputs of interest, and then
calculates probabilistically weighted means of these out-
come measures. In public health, these outcome measures
usually include costs andQALYs. Typically, therefore, deci-
sion analysis is the heart of cost-effectiveness analyses in
public health and medicine (Gold et al., 1998).

However, just about any outcome measure can be mod-
eled, including vaccine-preventable illnesses averted,
deaths avoided, and so forth. Therefore, local health depart-
ments, pharmaceutical companies, or other agencies can use
decision analysis for internal decision-making processes.
Decision analysis is often used by non-health businesses
interested in deciding whether they should release a prod-
uct, perform internal restructuring, and so forth.

One great strength of decision analysis modeling is that
it allows for the calculation of a range of possible values
around a given mean. This approach, called ‘sensitivity
analysis,’ allows the user to better understand the chances
that he or she will make a bad decision if a given strategy
is taken.

Decision analysis, like cost-effectiveness analysis, is
highly dependent on the accuracy and completeness of
model inputs, as well as the assumptions that the analysts
make. Drugs can have unforeseen side effects, or inter-
ventions can have long-term costs that may not be appar-
ent to the analysts. Any of these effects can lead to
suboptimal outcomes.

For instance, the optimal treatment strategy for tuber-
culosis in most instances is a low-cost combination of
medications that can be effectivelydelivered in developing
countries. By using the most cost-effective medications, it
is possible to maximize the number of lives saved within a
given budget. However, as Farmer points out, these med-
ications will be wasted if delivered to populations with a
high percentage of drug-resistant tuberculosis (Farmer,
2004). Therefore, decision analysis and cost-effectiveness
analysis must be viewed as an adjunct to optimal decision
making rather than the final word in health policy.
See also: Children and Adolescents, Measuring the

Quality of Life of; Comparative Risk Assessment;

International Classification Systems for Health;

Measurement and Modelling of Health-Related Quality

of Life; The Measurement and Valuation of Health for

Economic Evaluation.
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Introduction

This article will show how economics can help under-
stand the dynamics of the labor market in the health
sector, and to respond, at least partially, to questions
such as:

. Why are there important variations in the number and
type of health workers, illustrated in Table 1, between
countries with comparable epidemiological indicators,
and, presumably, with comparable needs?

. Why are there also important variations within
countries, with urban and richer areas, typically with
healthier populations, having higher ratios? Dussault
and Franceschini (2006) cite various examples: in
Nicaragua, approximately 50% of the country’s health
personnel is found in the capital city, which comprises
only 20% of the country’s population. In Ghana, in
1997, 1087 of the 1247 (87.2%) general physicians
worked in the urban regions, although 66% of the
population lived in the rural areas. Richer countries,
belonging to the Organization for Economic Coopera-
tion and Development (OECD), report similar geo-
graphical variations.

. How many and what kind of health workers should a
country have? Are there, or should there be, interna-
tional norms to guide countries in responding to that
question? When does a surplus or a shortage of health
services providers exist? What determines the size and
the composition of the health workforce in a given
country? By health workforce we refer to all who deliv-
er some health service. This includes qualified (doc-
tors, nurses, dentists, pharmacists, technicians, etc.) as
well as non-qualified (auxiliaries, community workers)
personnel, formally recognized (through registration,
certification, licensure, or some other mechanism) as
well as nonrecognized providers (traditional healers, al-
ternative practitioners, drug peddlers, etc.). What deter-
mines how the stock (the total number of individuals,
active or not, in an occupational category) of workers
changes over time?

. Why are some health workers unemployed in places
where much unmet health needs exist? In Mexico, in
2000, it was estimated that 15% of all physicians are
unemployed, underemployed, or inactive, and yet rural
posts remain unfilled (World Health Organization,
2000). Kenya was reported to have 4000 unemployed
nurses at the beginning of 2005 (Physicians for Human
Rights, 2005). The observed unemployment does not
mean that health needs in rural Mexico and Kenya have
been met. It reflects the absence of willingness to work
in remote and poor areas (Mexico) and restrictive poli-
cies of recruitment (Kenya).

. Why do rich and healthier countries import health
workers from poor countries? Aiken et al. (2004) sum-
marized the trends in migration of nurses from poor to
rich countries and concluded that ‘‘predicted shortages
and recruitment targets for nurses in developed
countries threaten to deplete nurse supply and under-
mine global health initiatives in developing countries’’
(Aiken et al., 2004: 69). Why do some poor countries
even encourage the export of their scarce human
resources for health? Why do health workers want to
migrate?

Available data suggest that health needs are not the
only factor determining how many health workers will be
available to the population of a country; then, which other
factors are at play? Why do countries respond differently
to similar health challenges? Answers to these questions
are complex, because history, culture, politics, social struc-
tures, and the economy all play a role. These questions
can be approached from various disciplinary angles.
Sociologists, anthropologists, and historians will look at
how culture shapes representations of health and disease
and how to respond to health problems; they also try to
understand how occupations and professions develop and
interact and how they shape the division and the organi-
zation of labor in health. Public health specialists look at
health needs, which they define as differences between
the observed health status of a population, expressed in
measurable terms (incidence, prevalence rates, standard
mortality rates, etc.), and a health status targeted at a later
time. From these, they derive service needs, which corre-
spond to services needed to bridge the gap between the
observed and the desired health status; from service needs
human resources needs can be derived.

In an ideal world, needs-based planning of health ser-
vices and of the health workforce would be desirable, but
in real life, this is fraught with conceptual, methodologi-
cal, and political difficulties. First, there is no univocal
definition of what needs are and of how they should be
measured. It is also difficult to say what the needs will be in
3, 5, 7 years, when the workers who start their training now



Table 1 Doctors and nurses/100000 population ratios in selected countries, 2004 or latest available year

Country Doctors/ 100000 population Nurses/100000 population Child mortality (2003) GNI/capita (2004, $US)

High-income countries
Belgium 418 1074 5 31030

Canada 209 1009 6 28390

Denmark 366 971 5 40650

France 329 667 5 30090
Ireland 237 1661 6 34280

Italy 606 446 5 26120

USA 548 772 8 41400

Upper-middle-income countries
Hungary 315 852 9 8270

Malaysia 70 135 7 4650

Mexico 171 221 28 6770
Poland 219 490 8 6090

Russian

Federation

417 786 16 3410

Lower-middle-income countries
Armenia 352 473 33 1120

Brazil 205 267 35 3090

Cuba 590 744 7 N/A

Philippines 116 442 36 1170
Thailand 30 161 26 2540

Low-income countries
Bangladesh 23 12 69 440
Burkina Faso 3 26 207 360

Ghana 9 64 95 380

India 51 61 87 620

Nicaragua 164 107 38 790
Tajikistan 218 437 118 280

Vietnam 53 84 23 550

Sources:World Health Organization (2006)World Health Report 2006. Geneva, Switzerland:WHO (for workforce andmortality data) and

The World Bank (2006) World Development Report 2006. Washington DC: The World Bank (for economic data).
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will start providing services. Then, it is not always easy to
say which services can better respond to health needs and
which skills they require from health staff, nor how these
skills are best acquired. Finally, the answers to these ques-
tions are not only technical: They are the object of negotia-
tions between professional groups whose interests often
diverge, as they occupy competing market niches.

This article proposes a review of the notions of
demand and supply of health personnel, as they are
defined by economists. It will look at their various dimen-
sions and at the factors which influence them. It will
remind policy makers that the health labor market has
some particularities that are not found elsewhere and that
these need to be taken into account by those seeking to
influence it.
Demand, Need, and Supply of Health
Workers

The observed differences in the availability of health
workers, both within countries and between countries,
can be explained by differences in the demand for and
supply of health workers.

It is important to define the demand for health workers
clearly, as this concept often carries very different mean-
ings for different people and is a source of confusion in
discussing shortages and surpluses of health workers in
countries. The typical definition of demand that stems
from the labor economics literature is the quantity of
labor (or in the simplest sense the number of workers)
employers are willing to hire at current levels of wages
and other important variables such as worker productivity.
This demand derives from the demand for health services
expressed by individuals, organizations, or health plan-
ners and policy makers (Feldstein, 2004). There are many
different types of employers in the health-care sector. The
main ones include global level employers (e.g., multilat-
eral organizations), a country’s public sector (e.g., govern-
ment-owned hospitals), a country’s for-profit sector (e.g.,
for-profit clinics), the nonprofit sector (e.g., mission
clinics), and individuals, e.g., sick people who seek care
from health workers operating as self-employed entrepre-
neurs (Evans, 1984). A key result is that many factors
other than the health-care needs of the population



Table 2 Factors influencing demand

Type of employer Key factors influencing demand for health workers

Global public sector (WHO, World Bank,
GFATM, GAVI)

Disease priorities, population health-care needs, donor aid levels, wages

Global for-profit sector Profit expectations

Country public sector Budget allocated to the health sector, budget allocated for salaries, population

health-care needs, wages
Country for-profit sector Profit expectations

Nonprofit NGOs (faith-based organizations) Mission of NGO

Individuals Household income levels, health status of individual, cost of using services
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influence the demand for health workers (Vujicic and
Zurn, 2006) (see Table 2).

Demand differs from the concept of need for health
workers, which can be defined as the number of health
workers that are required in order to deliver some partic-
ular mix of health-care services to the population. The
concept of need for health workers is normative – it is
a judgment of what ought to be – and takes into consider-
ation only the health-care needs of the population and no
economic and financial factors that might constrain what
is actually feasible. Financial, economic, and political
factors can be thought of as driving a wedge between
the demand for health workers and the need for health
workers.

The important ingredient in defining the need for
health workers is the method for determining what basket
of health-care services ought to be provided to the popu-
lation and by which types of health workers. This involves
a great deal of priority setting on the part of policy makers
to identify priority services (i.e., public health services
versus tertiary care provision) as well as deciding on
appropriate models of care and scopes of practice (i.e.,
should nurses be licensed to provide injections). For
example, the Joint Learning Initiative (2004) has esti-
mated that an extra 1million health workers are needed
globally based on a target health worker to population
ratio. It is estimated that in Ethiopia 36%more physicians
are required in order to expand ARV treatment to the
government’s target level (Kombe et al., 2005). To deliver
an expanded essential health services package in Chad
and Tanzania, it is estimated that an additional 400% and
200% of the current health workforce is needed, respec-
tively. This estimate is based on a breakdown of the
health-care services required and the labor requirements
to deliver those services (Kurowski et al., 2003). How many
health workers those countries will be prepared to
employ, whether these are available or not, would repre-
sent the demand.

The supply of health workers can be defined as the
number of health workers who want to work in the health
sector given the current level of wages and other variables
that affect labor participation decisions (e.g., working
conditions). This is not necessarily the same as the num-
ber of people that have the necessary training to work
in the health sector because some of these people will
be retired or may not wish to be employed. It is also
different from the number of full-time equivalent (FTE)
workers that would correspond to the demand for health
workers. This is because workers will not want to work
the same number of hours or days for a variety of
reasons. Other factors, such as the way work is organized
(solo vs. team practice for example), individual skills,
or personal preferences will also influence the calculation
of FTEs.

With these concepts defined, it becomes clear that
observed levels of health worker availability are not deter-
mined solely by the needs of the population but by the
interactions of supply and demand.
Shortage, Surplus, Unmet Need,
Overmet Need

The terms shortage and surplus of health workers are
often used very loosely and can be a source of confusion.
This is because the economic concept of shortages and
surpluses differs from that used by policy makers.
A shortage of health workers describes a situation where
employers cannot hire as many health workers as they
would like to hire and have the resources to hire.
A surplus of health workers describes a situation where
some health workers cannot find jobs, because employers
have filled all of their vacancies and do not want to hire
any more. The concepts of shortage and surplus, defined
in this conventional economic way, simply describe the
situation in the labor market for health workers.

The concepts of unmet or overmet needs, however,
describe the extent to which the availability of health
workers is sufficient to meet the needs of the population.
This is often independent of the labor market situation,
since factors beyond the needs of the population are
important determinants of both demand and supply.
Thus, it is quite possible (and often observed) that
there is simultaneously a surplus of health workers
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(i.e., unemployment) and unmet needs. Indeed, many
African countries have unemployed nurses and doctors,
while having high mortality and morbidity rates that
could be greatly reduced by making some basic interven-
tions available. The distinction between shortages and
unmet needs is important and has implications for policy
makers, as will be illustrated in the section titled ‘Policies
to adjust demand and supply.’
Determinants of Demand and Supply

Demand and supply of health workers are not static. They
vary over time, as a variety of factors influence the
dynamics of the health labor market. The factors that
determine the demand vary depending on where it origi-
nates. For the global public sector, levels of donor
resources for specific health initiatives influence the
demand for health workers to be used to address those
priority diseases. For example, the large increases in
external aid tied to HIV/AIDS has led to a sharp increase
in demand for health workers who can provide HIV care.
In the for-profit sector, the demand for health workers is
driven principally by maximizing profit by delivering
health-care services.

In the public sector, ministry of health hiring decisions
are often influenced by political, economic, and social
factors as much as by the health-care needs of the popu-
lation, which are often only roughly estimated; these vary
as the population grows older and as the epidemiological
profile changes. The key economic factor is the budget
allocated to the health sector and the proportion of
it allocated to employment and the wages of health-care
workers. The health sector competes with other sectors
(e.g., education, defense) for government funding, as
governments weigh – rationally or not – the benefits of
increasing spending in the health sector against the ben-
efits of spending in other sectors. For instance, in relation
to the objectives of economic growth and poverty reduc-
tion, it is difficult to measure the marginal impacts of
expenditure in the health sector (and within the health
sector for human resources) respective to other sectors in
the economy.

While recent studies have highlighted the positive
impact on health outcomes of increased human resources
for health capacity in settings where health workers are
scarce (Anand and Barnighausen, 2004), the relative
benefit of investing in human resources relative to other
inputs (i.e., facilities, roads, clean water, and literacy) is not
always apparent. Thus, policy makers must judge the
extent to which additional resources for health ought to
be devoted to human resources and this has an important
impact on the demand for health workers.
The hiring decisions of governments – the main em-
ployers of both nurses and doctors in many countries –
depend to a large extent on wages and the size of the
hospital budget allocated to salaries. Empirically, govern-
ments tend to hire more personnel when budgets increase
and are willing to lay off staff when budgets decrease.
They also tend to respond to wage increases by reducing
staff and by hiring more staff when wages decrease.
Finally, the way the health-care delivery system is
organized has an impact on demand. Alternative payment
mechanisms, practice patterns, level of technology, and
the type of health-care organizations available all affect
the demand for health workers in a country.

The relevant decisions that are important in determin-
ing the supply of health-care professionals in a country
are summarized in Figure 1. Several complex, often
overlooked decisions affect the supply of health-care
professionals: the purpose of Figure 1 is to illustrate to
policy makers the various policy options through which
the supply of health-care professionals can be altered.

The decisions affecting the domestic supply of health-
care professionals in a country can be divided into two
groups: Education sector and employment sector deci-
sions. Decision making in the education sector determines
the number of health-care professionals graduating from
various training programs each year as well as their edu-
cation level. This sector is where human resources for
health are produced. On the part of institutions, the
main decision is how much capacity to provide for
health-care training programs. On the part of individuals
who are of school age, the main decision is whether to
pursue an education in health or some other field such as
teaching or engineering. Both of these decisions greatly
influence graduation levels. To increase education output,
there must be a sufficient number of individuals in the
country who are interested in pursuing an education in
the health-care field and are qualified to do so. Education
capacity is affected by, for example, education spending
by governments and training standards. The pool of can-
didates willing to pursue an education in health care is
affected by, for example, population demographics and
career opportunities in other sectors.

Within the health labor market, several decisions
are critical. First, migration flows greatly affect the num-
ber of qualified health-care professionals within a coun-
try. Outflows of health-care professionals in developing
poor countries – particularly in Africa – are perhaps the
single biggest threat to the health-care system. Con-
versely, developed rich countries are increasingly relying
on migrant health-care professionals to fill nursing
and physician vacancies. The migration decision of
health-care professionals depends on a complex set
of push and pull factors, i.e., of factors in the country of
origin that encourage people to leave, and factors in the
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destination country which attract potential migrants.
Examples are poor/good working conditions, political
stability/instability, poor/good conditions of security,
etc. Migration flows and graduation levels jointly deter-
mine the number of individuals who are qualified to work
as health-care professionals within a country. This pool
can be thought of as the potential supply of health-care
professionals.

The labor force participation decision (whether an
individual is willing to work) and the sectoral decision
(whether an individual is willing to work in health care)
jointly determine the number of qualified individuals
willing to work in the health-care sector. Labor force
participation depends on numerous factors such as age,
gender, available wages, family situation, and the presence
of another income-earner in the household. For those who
have the necessary qualifications, the desire to work in the
health sector depends on the attractiveness of working
conditions and wages in the health-care sector relative
to other employment opportunities.

Taken together, these decisions determine the number
of individuals willing to work in the health-care sector –
the supply of health-care professionals. Thus, altering the
supply of health-care professionals in a country is not
simply a matter of training more people in educational
institutions. Certainly that has an impact, but several
other factors are crucial as well. For a new worker to
join the supply of health-care professionals, she has first
to graduate, remain in the country, be willing to be
employed, and, conditional on being employed, be willing
to work in the health-care sector. Too often in the past,
these labor market decisions have been ignored by policy
makers.
Policies to Adjust Demand and Supply

The main message here is that it is not solely (or even
principally) the health-care needs of the population that
determine human resources for health outcomes in
countries (i.e., employment level, skill mix, productivity).
Rather, these outcomes are determined by the interaction
of supply and demand in the labor market for health-care
workers, and supply and demand are influenced by a
wide variety of economic, social, and institutional factors.
This characteristic of the health labor market has two
important implications for policy makers. First, in order
to adjust health workforce outcomes, such as employment
levels, skill mix, geographic distribution, productivity,
etc., policy makers need to design interventions that
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target either the supply of health-care workers or the
demand for health-care workers, or both. Second, the
particular menu of policy options will differ depending
on the state of the labor market. When there are shortages,
one set of options is appropriate, whereas when there
are surpluses, a different set is likely to be more
appropriate.

When there are surpluses – i.e. when there are few
unfilled vacancies and employers are generally not inter-
ested in hiring more health workers – it is necessary to
stimulate demand if one is aiming at increasing employ-
ment levels, for example to respond to unmet or neglected
needs. Several policy options can be envisaged. In the
government sector, lowering wages or increasing the
resource envelope at the district and facility level is likely
to stimulate demand for health workers. Negotiating
lower wages is difficult as health care is highly unionized
and has significant regulation and barriers to entry. It
often involves highly publicized strikes and politically
charged debate. However, wages can effectively be low-
ered by substituting lower paid health workers, either
substituting cadres (e.g., shifting the skill mix away from
physicians toward nurses) or contracting with private
agencies where wages might be lower. In high-inflation
settings, real wages can be lowered by negotiating fixed
nominal wages that are not adjusted for inflation. From a
purely economic point of view, all these measures may
make sense, but they can be politically difficult to
implement.

Increasing the level of resources in the form of higher
budgets for salaries or increased block transfers to
districts or facilities (depending on the financial set up
in countries) can have a significant impact on the demand
for health workers, which is very sensitive to changes in
ministry of health, district, and facility budgets. These
budgets often change as a result of factors unrelated to
the health sector (e.g., wars, deficit reduction, shifts in
political priorities, or donor resource flows), and managers
adjust by increasing or reducing staffing levels. Recently,
there has been debate on the degree to which governments
in low-income countries can significantly increase salary
spending in health in a fiscally sustainable way (Heller,
2005), or in the language of economists, whether they have
the necessary fiscal space to do so. Another option is to
shift resources from other sectors to health sector salaries,
an exercise that is also politically perilous.

Reducing the cost of health-care services to house-
holds is also an effective way to stimulate demand
for health care and, therefore, for health workers.
Reducing or removing user fees or other financial bar-
riers through national health insurance for example,
has led to increased health service utilization in several
settings.
When there are shortages of health-care workers – i.e.,
vacancies that are fully funded but cannot be filled – a
different set of policy options is required in order
to change employment levels. If the reason is that there
are not enough workers available, it is necessary to
stimulate supply. One option is to expand training capac-
ity to increase the number of health workers, provided
that graduates remain in the country; this means that
increased production needs to be accompanied by reten-
tion measures. International migration flows have a tre-
mendous impact on this type of policy. For example,
Dovlo (2005) reports that in Ghana, between 1986 and
1995, 61% of doctors who qualified from one medical
school left the country, and that in relatively wealthy
Mauritius, the Ministry of Health estimated that 327
nurses (about 12.9% of the nurse workforce) migrated
between 1998 and 2001. At the receiving end, rich
countries have used in-migration as a method of filling
vacancies. Middle-income countries, such as South Africa
since 1996, and even poorer countries such as Ghana and
Zimbabwe, more recently, have imported health person-
nel from Cuba, to compensate their own losses to other
countries.

If the shortage is explained by the fact that workers
are not willing to accept the terms of work, another set
of policies is required. Higher wages, improved working
conditions, better continuing education opportunities,
improved management, and safer workplaces, make jobs
more attractive to health-care workers. However, while
wages tend to receive the most attention, the evidence has
shown that improving other job characteristics is often a
more cost-effective way to attract workers to vacant posts
(Kingma, 2005). Since shortages occur in specific geo-
graphic areas and medical specialties (e.g., there are
often shortages in rural areas but surpluses in urban
areas), highly targeted interventions are often required.
For example, most countries have some sort of incentive
program to attract health-care workers to rural areas.
These incentive programs often involve a financial
bonus along with increased training opportunities that
health workers in urban areas are not eligible for. In
some cases, institutional factors might contribute to
shortages, for example, when retirement age is at 60 or
even 55 years of age. This can be addressed by policies
that gradually extend minimal retirement age and facili-
tate the recruitment, on contract, of retirees who are still
willing to work.

Finally, while the number, distribution, and skill mix of
health-care workers are important outcomes for policy
makers to target, it is equally important to monitor
the efficiency and effectiveness of the workforce. The
availability of services may be increased by enhancing
workforce productivity. For example, in Tanzania staff
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productivity (defined as time spent on patient care, out-
reach activities, administrative tasks, in meetings, in train-
ing activities, on cleaning, preparatory and maintenance
activities, and research) was 57%, on average, across all
health workers. The potential productivity gain, defined
here in terms of time devoted to health care-related
activities, through improved staff management and opti-
mized staffing levels was estimated to be between 26%
and 37% (Kurowski et al., 2003). Other within-country
and cross-country comparisons of aggregate workforce
productivity indicators also show wide variation in service
delivery per skilled health worker, indicating the scope for
efficiency gains within the existing workforce (World
Bank, 2005).

The advantage of this strategy is that it often requires
far fewer resources than increasing the number of health
workers. Under certain circumstances, improving data
monitoring systems, enhancing workforce management
practices, contracting health-care providers with some
form of performance-based pay, can be effective in
enhancing workforce performance, without increasing
the number of workers employed, although the evidence
is not conclusive (Liu and Mills, 2005).
Conclusion

In a perfect market, supply would equal demand and
there would be no imbalances. A perfect market supposes
that all actors are perfectly informed and that there are no
obstacles to competition, conditions that are not met in
health (Rice, 1998). For instance, it is difficult to define
now what the health workforce needs will be in
5–10 years, which is the time required to train a physician.
It is relatively easy to estimate how many will need to be
replaced because of natural attrition (retirement, death),
but, in times of high global mobility, it is more difficult to
estimate losses to emigration. More difficult also, is to
decide which skills will be needed, as needs tend to evolve
rapidly. On the supply side, it is also difficult to say how
many trainers, and with what skills, are needed. The rapid
development of communication technologies challenges
many of the assumptions on which demand for trainers
was traditionally based.

Nor is competition between providers perfect, as
access to the market is limited to providers with specific
credentials. In a private market, there will be no or few
incentives to produce certain services, such as health
promotion and preventive services, nor is the assumption
that educational institutions will spontaneously adjust to
new needs likely to be confirmed. Issues such as gender
equity are also unlikely to be addressed by the market. In
an unregulated environment, the distribution of the work-
force will tend to reflect the preferences of providers
rather than those of consumers. This leads most health
economists to conclude that some form of regulation is
needed to ensure that the workforce will be adjusted to
the needs of the population. In that perspective, a better
understanding of the dynamics of demand and supply of
health workers can be a powerful tool to help policy
makers who are committed to improving access to good-
quality health services to achieve their goals.
See also: Dentists; Nurses; Public Health Professionals;

Worker Health and Safety, International Issues.
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Introduction

The information generated from health-care demand
analysis has a number of potential applications. It can be
used to improve access to health services because it shows
the factors that affect health service utilization such as
household income, distance to health facilities, service
availability, health insurance, and prices of the services
offered. Moreover, demand analysis can help identify fac-
tors that affect patients’ perceptions of the quality of
medical care, enabling policy makers to implement inter-
ventions to change patterns of health service usage in
socially desired ways. These issues are important because
health care helps the population only when it is used to
maintain and promote health or to cure or prevent ill-
nesses. Information on demand patterns could further be
used to improve equity in health outcomes because it
reveals social groups that are excluded from basic health
care due to poverty or other factors. Such health care can
then be delivered to vulnerable groups through targeted
interventions. Thus, evidence on demand patterns pro-
vides policy makers with the information they need to
address efficiency and equity issues in health care. Broadly
conceived, health-care demand analysis includes investi-
gations into behaviors and practices that improve health.

The article first reviews a unified model of health-care
demand that links health service utilization to health
production. The analytical and policy strengths of this

model lie in the breadth of the issues it is capable of
analyzing. It covers demand for marketable commodities,
e.g., immunizations and medical treatments, and for non-
tradeable inputs into health, such as behavioral changes
that promote health. Next, related models of health-care
demand are reviewed, emphasizing their policy value and
estimation methods. The final section of the article pro-
vides perspectives on future research in the modeling of
health-care demand.

The UnifiedModel of Health-Care Demand

Consumer Preferences, Budget Constraints,
and Health-Care Use

The economic approach to the analysis of health-care
utilization is based on three ideas. The first idea is that
people know what they can do to maintain health and
prevent or cure illnesses, and they are capable of ranking
the actions that can be taken. In other words, people are
endowed with the abilities or preferences for ranking
health services. The second idea is that the material
means that people possess, such as income and assets,
limit the type and intensity of the actions they can take
to maintain or promote health. This limitation arises from
the fact that health services, like other goods, have prices
that consumers must pay directly or indirectly given lim-
ited incomes or assets. The third idea is that, faced with
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this limitation, people try to do the best for themselves.
Expressed strongly, the idea says that people make choices
and behave in ways that enable them to maximize the
benefits from health-care consumption given their income
or wealth. This maximization hypothesis is the corner-
stone of much economic analysis, including demand anal-
ysis. Not surprisingly, the hypothesis is the subject of
intense debate in the health-care demand literature.
Since individuals and households possess limited informa-
tion about health care, the assumption that this care is
optimally used to confront illnesses is too strong. For
example, the assumption is contradicted by consumption
behaviors that harm health, such as smoking, drug abuse,
and unhealthy eating habits. Economists have to date
not been able to respond convincingly to the persistent
criticism that people do not possess the ability and the
information required to engage in optimizing behavior.
However, in order to derive the strong prediction of
demand theory, that people respond to price incentives, a
view on optimization assumption is required. Economists
generally assume that people behave as if their purpose in
life is to do the best for themselves using their scarce
resources. This assumption permits a straightforward deri-
vation of policy relevant prediction of demand models that
is generally in agreement with everyday experience. For
example, the models predict that people will reduce con-
sumption of health-care services if health-care prices are
increased, provided that other factors such as income and
the disease environment remain the same. Policy makers
can use estimation results from these models to set appro-
priate prices for health-care services. Indeed, information
on demand parameters is essential for evidence-based
financing of health services.

The Unified Model

The unified model of health-care demand was developed
by Grossman (1972) and Rosenzweig and Schultz (1982).
An important property of the model is that the production
of health is embedded in the utility maximizing behavior
of a household member. The household member is
assumed to have preferences over health-neutral goods,
health-related goods, and over the health status. To sim-
plify the analysis, it is usually assumed that the household
members share the same preferences about health care
and other commodities. Under this assumption, all house-
hold members act as one unit when demanding health-
care services so that the utility function of any member
can be expressed as:

U ¼ UðX ;Y ;HÞ ½1�

where,

. X¼ a vector of health-neutral goods, i.e., commodities
or services that yield utility, U, to an individual but

have no direct effect on health status of the person
demanding the goods, for example, bus transport or
consumption of electricity;

. Y¼a vector of health-related goods that impact on the
utility of an individual and also affect his or her health
status, e.g., quantity of smoking and alcohol consump-
tion or sports activities;

. H¼ health status of an individual.

The health production technology of the individual is
given by:

H ¼ FðY ;Z; �Þ ½2�

where,

. Z ¼ a vector of health services or health investment
goods, such as medical care and immunizations that
affect health status directly;

. m ¼ a random component of health due either to
genetic or environmental conditions.

The goods represented by vectors Y and Z in eqns [1] and
[2] may also be viewed as health inputs into the produc-
tion of health.

An individual acts as if his or her purpose is to maxi-
mize eqn [1] given eqn [2] subject to a linear budget
constraint of the form:

I ¼ XPx þ YPy þ ZPz ½3�

where,

. I is exogenous income;

. Px, Py , and Pz are, respectively, the vectors of prices of
the health-neutral goods, X, health-related consumer
goods, Y, and health investment goods, Z.

Notice from eqns [1] and [2] that the vector of health
investment goods, Z, enters an individual’s utility function
only through H.

Equation [2] describes health production at the indi-
vidual level. As noted previously, the health production
function is imbedded in the utility function. Expressions
[1]–[3] can be manipulated to yield the demand functions
of the following general form

X ¼ DxðPx ; Py ; Pz; I ; �Þ ½4:1�

Y ¼ DyðPx ; Py ; Pz; I ; �Þ ½4:2�

Z ¼ DzðPx ; Py ; Pz; I ; �Þ ½4:3�

In the ensuing discussion, reference is made mainly to
eqn [4.3] above, as it is the only direct demand function
for health services in the equation system [4.1–4.3]. Equa-
tion [4.3] states that the empirical health service demand,
i.e., the observed health service utilization pattern, is a
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function of exogenous prices, P, exogenous income, I,
and m. The term exogenous in this context means that
over the relevant period, the household is powerless to
change the key factors that determine health-care
demand, namely, the commodity prices, income, and
unobserved parameter m. This demand function is to be
understood as a quantity–price relationship. That is, the
function depicts how the utilization of a particular health
service is affected by its own prices holding other factors
constant. Other relevant factors that can easily be
incorporated in the equation include the time prices of
using the health service in question and education, age,
gender, and location of patients or their households.

Equation [4.3] can be used to estimate the effect of the
price of a health service on the demand for that service;
this is called the own-price effect. It can also be used to
estimate the impact of the price of other goods on the
demand for the health service, called the cross-price
effect. An interesting cross-effect that can be estimated
is the impact of the price of a health-neutral good on
health-care demand. This cross-price effect, like all price
effects, manifests itself through the budget constraint. It is
possible to demonstrate through further manipulation of
eqn [4.3] that efficacy of medical care is a key parameter
in demand predictions (see Rosenzweig and Schultz,
1983). That is, in order to accurately predict the demand
for health services, information is needed both on the
effectiveness of medical treatments and on the estimated
impacts of prices and incomes.

The estimates of the parameters of the unified model
can reveal through eqn [2], the direct effects of medical
care services (Z) on health, thus helping both policy
makers and households to prioritize medical care expen-
ditures. The estimates could further be used to assess the
impacts of a whole range of behaviors (Y) on health. The
unified demand model has been used to investigate deter-
minants of birth weight in both developed and developing
countries. For example, in the United States, Rosenzweig
and Schultz (1982), showed that smoking during preg-
nancy and delay in using prenatal care reduce birth
weight. African evidence generated using the model
shows that tetanus immunization during pregnancy is
associated with improvements in birth weight (Dow et al.,
1999).

Refinements and Extensions

In the framework presented in eqns [1]–[4], health-care
demands and behaviors are inputs into the production of
health. Thus, the amount of health produced and the
quantities of the inputs used to produce it are determined
by households in consultation with health-care providers.
As previously noted, the motivation for the unified model

is to answer the policy question: How does utilization of
health-care services affect health? In order to answer this
question well, eqn [2] must be estimated using a special
econometric technique known as the two-stage least
squares (TSLS) method (Wooldridge, 2002). In the first
stage of the technique, health-care demand equations are
estimated using exogenous prices and incomes as explan-
atory variables. In the second stage, demands predicted
from those first-stage equations are used to estimate the
health production function (Wooldridge, 2002). This pro-
cedure permits a statistically correct identification and
measurement of the effect of health-care services on
health. Despite the attractiveness of the unified model,
the data required for its estimation may not exist. More-
over, by making some reasonable assumptions about the
correlation between health-care utilization and health
status, much simpler demand models can be specified
and estimated.

Reduced-Form Demand Models

Under the assumption that health-care consumption
improves health, there is no need to estimate equation [2].
In that case, only the demand for health care, such as
equation [4.3] needs to be estimated. The estimation can
properly be accomplished using a simpler method such as
the ordinary least squares (OLS). The demand specifica-
tions of this kind are known as reduced-forms because the
underlying causal processes are not analyzed.

There are many situations where reduced-form de-
mand functions for health care are appropriate to esti-
mate. If it is known, for instance, that treatment for a
particular disease such as tuberculosis is effective in cur-
ing the disease, the policy interest there is to identify
the factors influencing the demand for TB treatment,
rather than an assessment of its efficacy. Similarly, if
the effectiveness of a particular vaccine is already estab-
lished, the issue of policy interest is the estimation of
demand for the vaccine, not whether the vaccine works.
In reduced-form demand specifications where health sta-
tus is included in the utility function, the health status
can also depend on household characteristics such as
education and gender. These characteristics are easy to
incorporate in a reduced-form health-care demand,
such as eqn [4.3].

Demand quantities based on the utility function of the
form shown in eqn [1] usually reflect continuous health-
care choices of households. That is, the households
are assumed to continue to consume the same type of
health care but in different quantities when its determi-
nants such as prices and incomes change. However, in
many situations, households shift completely from one
form of health care to another when demand determinants
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change. These discrete changes in health-care demands
are analyzed using probability models of choice.

Discrete Choice Health-Care Demands

A large literature exists on discrete choice health-care
models (see Culyer and Newhouse, 2000; Sahn et al.,
2003). The models have been used extensively to study
health service utilization in developed and developing
countries. Results from these studies show that changes in
relative prices shift households from one health-care sector
to another. In particular, an increase in user fees at govern-
ment health facilities in developing countries has been
shown to shift patients from these clinics to traditional and
informalmedications of lowquality. The results suggest that
health-care financing methods can have major effects on
population health and should be designed with care. Infor-
mation on health-care-seeking behavior obtained using
discrete choice models of health-care demand can help
in designing appropriate health-care financing policies.
A related and consistent finding from the discrete choice
demand literature is that the poor and the vulnerable
groups are very sensitive to price changes. Thus, in the
event of an increase in the cost of drugs or consultation, for
example, health-care utilization by the poor is reduced
proportionately more than that of the non-poor. This
finding can be used to target public subsidies within the
health sector in ways that improve equity in health service
utilization. The literature further shows that service qual-
ity is a key determinant of patients’ choice of medical
facilities and of the intensity at which the facilities are
used. Information on determinants of the quality of care
can be used to increase health-care utilization by the
population without changing the existing service costs.
For example, the information can be used to encourage
mothers to deliver at the health facilities rather than at
home. Despite these advantages of discrete choice models,
their estimation can be very demanding in data and skill
requirements (see Culyer and Newhouse, 2000).

Information Imperfections and the Demand
for Health Care

In the unified demand model and its variants, households
are assumed to possess perfect information about all
aspects of medical care, such as the prices being charged
at different health facilities, and the quality or efficacy of
the services offered. In a setting in which households are
imperfectly informed about medical care, quality is an
overriding determinant of demand. Health care is sought
because it increases the probability of maintaining good
health or of being cured or the probability of preventing
an illness (see Leonard, 2003).

If households have little or no information about the
benefits of health services, they might not use them even
when provided free of charge. Thus, institutions that help
households to learn about health-care quality can have an
important impact on demand. The agency relationship
that universally exists between the patient and a health-
care provider is the prime example of an institution that
ideally solves the information problem just noted. That is,
since a health-care provider is trained in diagnosis and
treatment of illness, she is knowledgeable enough to
decide the type and quantity of care for the patient upon
being consulted. However, even in a situation where the
provider has full information about disease diagnosis and
treatment, she cannot accurately predict the effect of
treatment prescribed, because the patient might not
comply with that treatment. As regards the patient, he
too cannot tell whether the provider is using her medical
expertise to the fullest extent possible or in his best inter-
est. Thus, in practice, the standard agency relationship
presented in the literature does little to assure either
the provider or the patient as to the quality of care being
provided. The reason is that health-care quality, i.e., the
probability of prescribed treatment maintaining health or
curing a disease, also depends on unobservable efforts of
both the caregiver and the patient. Leonard (2003) has
shown that an implicit contract between the caregiver
and the patient that allows the cost of treatment to be
paid after its effect on illness has been observed improves
the standard agency relationship, thereby increasing the
demand for health care. The outcome-contingent pay-
ment mechanism increases demand, both because it
reduces the patient’s risk of receiving ineffective treatment
and because it provides an incentive for the caregiver to
provide quality treatment so that she can be paid.

The market for health-care services offered by tradi-
tional healers, particularly in Africa, offers an excellent
opportunity to study the effect of outcome-contingent
payment mechanisms on health-care demand. The
healers are able to enforce the implicit contract surround-
ing the outcome-contingent payment method because
of the powers that social belief systems in some societies
ascribe to them. For example, in many rural communities
in Africa, healers are believed to have the power to harm
patients who refuse to pay agreed fees after successful
treatment. Because of their fear of this power, patients
pay treatment fees voluntarily after being cured.

Leonard (2003) shows that poor households in rural
Cameroon rely importantly on traditional healers for
medical treatments. Patients from poor households
preferred traditional healers partly because of the out-
come-contingent contracts that offered them a form of
credit, and partly due to the quality of the healers’ ser-
vices, as measured by the unobservable effort they
devoted to treating long-lasting illnesses. As producers
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of health, patients and households work better with hea-
lers than with modern health caregivers to treat chronic
illnesses.

One may doubt whether outcome-contingent payment
systems are applicable in other settings. However, there
is evidence that equivalent payment systems can be
designed. For example, the Grameen bank model of credit
extension to poor people, especially women, without
them offering any collateral, which originally started in
Bangladesh (Yunus, 2006), has some parallels with the
outcome-contingent payment for traditional medicine in
Africa. In a Grameen bank context, the peer pressure to
honor a loan agreement and the social networks through
which the borrower is monitored guarantee repayment,
whereas in the traditional medicine context, credit repay-
ment is ensured by the collective belief that the healer has
the power to harm defaulters. In both cases, institutions
play a role in repayment. In the African context, the
debtor is anonymous, but the sharing of the common
belief as to the powers of the healers leads to repayment.
In the context of a grameen (i.e., village) bank, the debtor is
known to peers and to other village members, and this
puts pressure on the debtor not to defray the loan to avoid
punishment such as ostracism from a group. The great
lesson from the Grameen model of credit extension for
health-care financing is that there are substitutes to col-
laterals in the credit market. Because nonpayment of
credit by a group member can reduce creditworthiness
of the whole group, the group has an incentive to devise
mechanisms to help a lender recover a loan. Thus, group
reputation, which is valued in the marketplace, serves
as a collateral for credit. Yunus (2006) has strongly argued
that institutions might exist or could be created that
can allow extension of credit to beggars with a small risk
of default.

The performance-based payment contracts in modern
health-care financing systems in industrialized countries
are not too different from the outcome-contingent con-
tracts in agrarian, traditional settings because they rely on
verification of the quantity and quality of health care
provided and on application of commonly agreed rules
for reimbursement, backed by an enforceable legislation.
Under this system, the patient or his representative knows
he would be legally compelled to pay if he defaults, so
he pays. Similarly, the caregiver knows he would not
be paid if his performance is found to be inadequate;
so he tries to put forth a sufficient amount of unobservable
effort. This situation is quite similar to the case of tradi-
tional medicine in Africa where outcome-based contracts
are prevalent.

Time, Self-Control, and Behavioral Change

As noted previously, it is fairly straightforward to intro-
duce the time cost in the unified demand model outlined

in the section titled ‘The unified model of health-care
demand.’ Patients often incur substantial opportunity
costs in terms of the time they spend to travel to sources
of treatment and to wait for treatment there. Thus, time
costs affect health-care demand. However, in the models
discussed so far, the effect of time on the health-care
making process itself, is rarely analyzed. Instead, what is
analyzed is the effect of the time cost on the outcome of
that decision process. For example, if the outcome of the
decision process is to seek health care outside the home,
the time cost will determine the facility chosen, other
things constant. Typically, empirical demand analysis of
this kind (Sahn et al., 2003) is conducted over short dura-
tions in a life cycle, such as 2weeks or 1–3months, i.e., the
durations over which health service utilization data are
available.

However, if health-care decisions are examined from
the perspective of the life cycle of an individual, the
length of time involved could alter both the benefits
expected from health care and the ability to implement
health-care decisions made in the previous period. For
example, a smoker might decide to quit smoking today,
but fail to implement this decision in subsequent periods,
a behavior that is inconsistent with his rational decision-
making processes at different points in time. People who
display this type of behavior are, for obvious reasons, said
to have time-inconsistent preferences. The reasons for
this behavior might include the nature of time discount
rates and attitudes toward risk. Since persons with time-
inconsistent preferences lack self-control, with regard to
consumption that is harmful to health, a study designed to
generate information to help them change behavior
should not focus on their demand for addictive substances,
but on things that strengthen their decisions against
addiction. In the case of smoking, such a study could
investigate the effects of smoking bans on smokers’ inten-
tions to quit smoking. Persons who want to quit smoking
but cannot do so for lack of self-control, would support
bans on cigarettes or increases in cigarette prices (Kan,
2007), because such policies help them achieve their
intentions. This is an example of how demand analysis
can be used to uncover and implement policies that
induce health-improving behaviors. A similar analysis
can be extended to socially undesirable lifestyles, such
as relationships involving multiple sexual partners that
need to be understood when designing policies to control
HIV/AIDS (Over et al., 2006).

Conclusion and Perspectives on Future
Research

This study has demonstrated how health-care demand can
be linked to health production so that demand information
can be used to design and implement strategies for
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improving health. Since the resources available to finance
health-care consumption are scarce, it is important to
assess effects of such consumption on health. Linking
health-care demand estimates to health production facil-
itates such an assessment. The article has further shown
how information asymmetries and risks in health care can
be incorporated in the standard models of demand to
improve their predictive powers and policy relevance.
Future research on health-care demand should focus on
these newer modeling efforts, using data from both house-
hold surveys and field experiments to test the hypotheses
generated by the models.

Although the focus of the chapter has been on micro-
economic aspects of health-care demand, macroeconomic
models of health care would generate valuable information
for formulating national-level policies to improve health.
At the international level, research on demand for global
public health goods, e.g., the protection against current
pandemics such as HIV/AIDS and related diseases
such as tuberculosis and cancer, as well the emerging
contagious infections such as avian flu and severe acute
respiratory syndrome is needed in view of a rapidly
globalizing world.

See also: Demand and Supply of Human Resources for

Health.
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Introduction

Demography, the scientific study of population, is
concerned with distributions of vital rates in populations,
sources of variations in these rates or population dynamics,
demographic consequences of changes in the structures of
populations over time, and population forecasting. Age is
an important indicator in demography because it is a

critical part of the structure of populations, and it directly
affects basic demographic processes of fertility (births),
mortality (deaths), and migration. Demography of aging
is a subfield of demography that focuses on the older
members of a population as well as the processes and
consequences of population aging. Research in the demog-
raphy of aging examines a number of topics, including the
state and status of the older population, changes in the
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numbers, proportionate size, and composition of the older
population, demographic forces of fertility, mortality, and
migration that bring about these changes, and effects of
these changes on the social, economic, health, and per-
sonal well-being of the elderly (Myers, 1990).
Demographic and Epidemiologic
Transitions

There has been a long-standing interest within the social
sciences and epidemiology in determining the historical
sequence and major stages of important socioeconomic
and epidemiological transformations. This has been espe-
cially true in the field of demography, in which the notion
of a demographic transition became embedded in the field
to describe fairly universal patterns of declining mortality
levels and subsequent declines in fertility, with accompa-
nying characteristic changes in population growth rates
and population structure.

Epidemiologic transition theory focuses upon changes
in the complex patterns of disease and mortality asso-
ciated with the demographic transition (Omran, 1971).
The intent of the theory was to direct focus on the shifts
in disease patterns and causes of mortality, and the
resulting impacts upon life expectation and population
growth. According to the theory, as nations modernized in
the twentieth century, they improved their social, eco-
nomic, and health conditions. Part of the modernization
process is the replacement of life conditions that previ-
ously were conducive to the spread of infectious and
parasitic diseases by more sanitary conditions, improved
medical technology, and better lifestyles. This reduces
the population’s risk of dying from infectious diseases.
Those saved from dying from such diseases survive into
middle and older ages where they face the elevated risk of
dying from chronic and degenerative diseases. Since such
diseases tend to kill at much older ages than infectious
diseases, this transition in causes of death is characterized
generally by a redistribution of deaths from younger to
older ages.

Omran’s original statement of epidemiologic transition
theory focused on population-level consequences of the
modernization of societies and identified three stages of
epidemiologic transition: The age of pestilence and fam-
ine, the age of receding pandemics, and the age of degen-
erative and man-made diseases. The major premise of the
theory assumes mortality to be the fundamental factor in
population dynamics.

The twentieth century was a period of reductions in
mortality rates. The rapid declines in overall mortality
in more developed countries slowed in the 1960s to a
fairly stagnant trend. However, a decade later the
declines resumed, particularly at older ages. The result
was unprecedented increases in life expectancy during the
twentieth century. The mortality declines and subsequent
increases in life expectancy were due to reductions in the
prevalence of chronic and degenerative diseases, contrary
to Omran’s theory.

A number of researchers suggested that the epidemio-
logic transition framework be extended to include a
fourth stage. Several factors – including a pronounced
shift in the age structure toward older ages, advances in
medical technology, and public health measures that
favored the old over the young, federal health-care pro-
grams that favored the elderly and poor, and reductions in
risk factors on a population scale – are responsible for this
new era in human epidemiologic history.

Olshansky and Ault (1986) argued that the timing and
magnitude of this mortality transition was significant
and distinct enough to qualify as a fourth stage of epide-
miologic transition, which they termed the age of delayed
degenerative diseases. This fourth stage is characterized,
first, by rapidly declining age-specific death rates that
are concentrated mostly in advanced ages and that
occur at nearly the same pace for males and females.
Second, the age distribution of deaths from degenera-
tive and chronic conditions shifts progressively toward
older ages. Third, relatively rapid improvements in
survival across the life course and life expectancy are
concentrated among the population at advanced ages.
The result is that the expectation of life at birth has
risen rapidly in recent years to the upper end of the
seventh decade of life, and, among some populations in
the developed world, to more than eight decades. In the
United States, life expectancy increased from 47.3 years in
1900 to 76.9 years in 2000, as shown in Figure 1, and
Japan’s life expectancy increased from 44 to 80.7 years
during that same period.
Population Aging

Population aging refers to changes in the age composition
of a population such that there is an increase in the pro-
portion of older persons. Demographers use age/sex pyr-
amids to illustrate the distribution of populations across all
age groups. Figure 2 presents age/sex pyramids for 2000
and projected to 2025 and 2050 for Brazil and Italy. Each
bar represents the percent of total population in 5-year age
groups for males (left) and females (right). In 2000, Brazil
has a large portion of the population in the younger ages.
By 2025 and 2050, the proportion of the younger popula-
tion has decreased dramatically, and the proportion in
the oldest group, 85 years and older, has increased dramat-
ically. In contrast, in 2000 Italy’s young population already
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constitutes a smaller portion of the total population. By
2050, persons under the age of 20 will constitute only
16.5% of the total Italian population, whereas those 60
and older will make up almost 40%.

Epidemiologic transition theory highlights how
changes in the causes of mortality, from infectious and
parasitic diseases to chronic and degenerative diseases,
result in longer life expectation for populations. Thus,
the changing process of mortality is one factor affecting
population aging. A second important factor is changes in
the rates of fertility or births. The changing age/sex
structure of Brazil is due, in part, to reductions in the
average number of children born per female. Italy is
among the more developed countries that already have
low birth rates in 2000, as represented by the small pro-
portion of the population in the younger age groups.

A third factor affecting population aging is migration;
however, the effect of migration on population aging
is not as influential as that of changes in trends in popula-
tion mortality and fertility. Patterns of migration into
and out of nations can affect the age structure of popula-
tions. Immigrants tend to be younger, and first-generation
immigrants tend to follow marriage and fertility patterns
typical of their original country. Thus, a large flow of
immigrants into a country can potentially shift the age
structure to younger ages. A country that experiences
significant out-migration may also shift to an older
population structure if those migrating out are young
adults and their children.

All regions of the world are experiencing population
aging, although the rates of increase differ across regions,
as shown in Figure 3. Europe is the oldest region, with 21%
of its population aged 60 years and over in 2006, and the rate
is expected to rise to 34% in 2050. The youngest region is
Africa, with only 5% of the population over the age of 60 in
2006, which will double to 10% in 2050. The proportion of
older persons in both Asia and Latin America and the
Caribbean regions are expected to increase from 9% to
24% between 2006 and 2050, due to both reductions in
rates of fertility and increases in life expectancy.

A United Nations report, World Population Aging:

1950–2050 (2002), set forth four important conclusions
regarding the trend of population aging. First, population
aging is unprecedented in the history of humanity. By
2050, it is predicted the worldwide number of persons
aged 60 years and older will be larger than the number
of persons aged 15 years and under. Second, population
aging is a global phenomenon that affects persons of
all ages in all nations. Third, population aging has serious
implications for economic, political, social, and other
areas of human life. Fourth, population aging is endu-
ring. The trend will continue through the twenty-first
century, and it is unlikely any nation will return to
younger populations of the past.
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Health, Disability, and Active Life
Expectancy

As countries progress through the later stages of the epi-
demiologic transition, the traditional indicators of popula-
tion health based on death rates alone are expected to
change very little. Therefore, the incidence, prevalence,
and duration of chronic conditions, and the disabling effects
of chronic and degenerative conditions are increasingly
important concerns in the examination of population health.

The epidemiologic transition theory has been extended
to include a disability transition framework that focuses
on changes in the causes and levels of disability and
the distribution of disablement within different segments
of the population (Myers et al., 2003). In the early stages of
the epidemiologic transition, the causes of disability will
be infectious and parasitic diseases, and thus, the rate of
new cases (incidence) will be high, particularly in the
younger ages. As the cause of death changes to chronic
and degenerative diseases, the total rate of disability cases
(prevalence) will increase, and be compressed at older ages.

With the increase in life expectancy at older ages at
the end of the twentieth century, some forecasts indicated
that the result would be an increase in the proportion of
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older persons with serious health and disability problems,
which would make large demands on the health-care sys-
tem. Others predicted that there would be a postponement
of serious chronic diseases and disabilities until the very end
of life, resulting in a compression of morbidity (Fries, 1980).
A third scenario is that the serious effects of chronic diseases
would be lessened, and therefore there would not be large
increases in the prevalence of more serious disabilities.

Much of the analysis of the relation between mortality
and disability has been carried out using estimates of
active or healthy life expectancy, which can elucidate
the relation between disability and mortality quantita-
tively. Active life expectancy (ALE) refers to the propor-
tion or years of total life expectancy that will be spent in a
healthy or nondisabled state. In many ALE studies, dis-
ability is based on sample survey reports of difficulties or
problems in performing activities of daily living (ADLs),
which are personal care activities, such as eating, dressing,
bathing, grooming, or getting in and out of a bed or chair.
Persons are defined as disabled if they report having
problems performing at least one ADL function. The
age-specific disability rate is calculated to reflect the
percentage of persons who are disabled in designated
age intervals (e.g., 60–64, 65–69, 70–74). Population life
tables, which estimate total years of life expectancy,
are partitioned to estimate years of disabled and active
(or healthy) life expectancy.

International studies of ALE in the 1980s were inconsis-
tent in that some studies showed fluctuations with little to
no improvement in health, whereas other studies documen-
ted modest disability declines. Research in the more devel-
oped nations at the end of the twentieth century has shown
declines in the rates of disabilities, particularly severe dis-
abilities, which have resulted in longer years of ALE.
Regarding gender differences, studies have indicated that
females have longer years of life expectancy and males tend
to have a higher proportion of ALE. Part of the gender
differences in total and active life expectancy is due to
differences in the types of illnesses experienced in old age.
Women have higher rates of disabling and degenerative
diseases, such as arthritis, andmenhave higher rates of lethal
acute conditions, such as heart attacks and stroke. Differ-
ences in social, economic, and lifestyle/behavioral experi-
ences over the life course are factors that are linked with
gender differences in morbidity and mortality in old age.

A question is whether disability declines will con-
tinue into the future. Combining results of early to mid
to late-twentieth-century U.S. disability trends, Manton
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et al. (2006) calculated active and total life expectancy
estimates from 1935 to 1999 and, using modest projected
disability rate changes, made active life expectancy fore-
casts to 2080. The forecasts showed significant long-term
improvements in the ratio of active to total life expectancy
at age 65, with larger rates of improvement in the ratio at
ages 85þ, as shown in Figure 4.
The Elderly as a Subpopulation

The demography of aging also examines the characteris-
tics and needs of the elderly as a subpopulation, often
based on survey or vital statistics data. A society’s older
population is a very diverse and heterogeneous group. As
populations move through the epidemiologic transition,
the age structure within the older population also
changes. In more developed countries, the fastest growing
age group is the oldest old, or persons aged 85 years and
older. The mortality changes have also affected the pro-
portion of women and minorities in older ages.

With the rapidly changing structure and diversity of
the older population, many demographers have studied
the social and economic implications of population aging.
Such studies have focused on a number of important
concerns, including patterns of social and economic sup-
port across generations within families; factors associated
with the process of retirement and exiting from the work
force; changes in the socioeconomic status of elderly
cohorts; patterns and types of migration at older ages;
national pension, medical, and social programs to support
the elderly; and changing patterns of health and disability,
health-seeking behaviors, and sources of long-term care.
See also: Active Life Expectancy; Aging, Physical Activity

and Health; Longevity in Specific Populations; Public

Health Approaches to Dying, Death and Loss.
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The Classical Outlook

The disciplines of demography, epidemiology, and public
health all are concerned with human populations, with
epidemiology dependent on demography and public health
dependent on both demography and epidemiology.

Demography addresses human populations as popula-
tions per se; that is, their sizes and structures – distributions
by such fundamental, ‘demographic’ person-characteristics
as age and gender – and the dynamics influencing these –
such demographic factors as rates of birth (‘nativity’ rates),
rates of death (‘mortality’ rates), and patterns of migration.

These demographic concerns about populations are
ones of knowing and understanding, for whatever societal
purposes – raising armies, raising taxes, and so forth – in
addition to those of epidemiology and public health.

Epidemiology addresses human populations, demo-
graphically characterized, in respect to their ‘health,’ mean-
ing the frequency of particular types of ill-health – illness
(Miettinen and Flegel, 2003b) – in them. The frequency
of, or the ‘morbidity’ from, a particular illness is quanti-
fied in terms of a rate of its occurrence (Miettinen and
Flegel, 2003f).

If the illness phenomenon at issue is of the form of a
state (of notable duration), the rate is one of ‘prevalence,’
expressing the proportion of individuals in the (sub)popu-
lation at issue that are afflicted by the illness at a particular
time (Miettinen and Flegel, 2003f).

If, on the other hand, the illness phenomenon is an
event (of no notable duration), the rate is one of incidence
(Miettinen and Flegel, 2003f). This can be, again, of
the proportion type, as in the ‘secondary attack rate’
expressing the proportion of the ‘contacts’ of a person
with a communicable disease that contract this disease,
or in the rate of subsequent gastroenteritis among parti-
cipants in a communal supper. Alternatively, an incidence
rate is of the form of incidence density: the number of
cases occurring, or diagnosed, in a given amount of popu-
lation-time, in 10 000 person-years, for example.

If, in a population’s course over time, a rate of a given
time is unusually high, it is said to signify the presence of
an epidemic, while the level of occurrence that is usual for
the population is referred to as the endemic rate.

The epidemiological concern about (the level of) mor-
bidity from a particular illness ultimately is its control,
meaning reduction of the rate through population-level
measures aimed at prevention of cases of the illness.

To this end, epidemiological inputs guide, for one,
population-level health education concerning preventive
interventions – generally changes of behavior – that the
population’s individual members might adopt.

The epidemiological inputs may also guide decisions
about community-level interventions, whether regulatory
or of the form of service.

This practice of epidemiology can be, and is, also
thought of as community medicine, which is character-
ized by the client of a doctor being a population, in
contrast to the individual clients in clinical medicine.

In community medicine, just as in clinical medicine,
the doctor is a professional in the etymological meaning
of ‘doctor’: teacher, specifically one who is capable of
getting to know, beyond what is possible for a layperson,
about the client’s health, and who on the basis of this
knowing – gnosis (dia-, etio-, pro-) (Miettinen and
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Flegel, 2003d) – teaches the client (or the client’s repre-
sentative(s)) about the client’s own health (Miettinen and
Flegel, 2003e).

Actually intervening on the course of the client’s
health is by no means common, much less inherent, in
an epidemiologist’s practice, just as it isn’t in a clinician’s
practice (Miettinen and Flegel, 2003e).

The knowledge base of epidemiological practice/
community medicine, like that of clinical medicine,
increasingly derives from research and science.

Epidemiological research, in its service to community-
level preventive medicine, typically addresses causation –
etiology/etiogenesis (Miettinen and Flegel, 2003c) – of
illness. Focusing onwhatever (potential) cause, the research
addresses the extent to which this cause increases the
incidence of particular illnesses among people exposed
to the cause. The causal rate ratio for a particular illness,
then, implies the proportion of its incidence that is due to
this cause among people exposed to this cause. This
general ‘etiologic fraction’ among the exposed, when cou-
pled with the ad hoc proportion of cases of the illness
arising from the exposed subpopulation, implies the pro-
portional reduction in the cared-for population’s overall
incidence that would result from complete removal of the
cause (Miettinen, 1974).

Eminent in research of this type has been study of
cigarette smoking in the etiology of lung cancer. While
the risk of this disease is strongly dependent on the
particulars of that smoking, the research has shown
the incidence density typically to be about tenfold relative
to that of nonsmokers. This implies an etiologic fraction of
(10� 1)/10¼ 0.90 for a population of cigarette smokers;
and if, in the cared-for population, 85% of lung cancer
cases have been determined to arise from among cigarette
smokers, then the proportion of the overall lung cancer
incidence that is due to cigarette smoking can be taken to
be 0.90� 0.85¼ 77% – and this means that disappearance
of cigarette smoking in the cared-for population would, in
time, reduce lung cancer incidence by 77% (or so).

When the preventive measure is not removal of a cause
but the introduction of a novel means to enhance resis-
tance to the cause, epidemiological research takes the
form of an experimental introduction of that intervention,
generally in a comparative trial.

Very notable among epidemiological preventive-
intervention trials have been those on vaccinations against
infectious diseases, including the polio vaccination trials
half a century ago and those concerning cervical cancer
most recently. But there have been such trials on other
types of preventive intervention as well, dietary supple-
mentation with antioxidants for the prevention of cancer,
for example.

Epidemiology, whether as the practice of community
medicine or as the research (under whatever science)
that produces the scientific knowledge base for this practice,
no longer constitutes a single, coherent discipline. Instead, it
now is the aggregate of differentiated subdisciplines – ‘spe-
cialties’ – of epidemiologic/community medicine practice
or of their associated research disciplines (Miettinen, 2004).
There is communicable disease epidemiology, cancer epi-
demiology, nutritional epidemiology, community psychia-
try, and so on. And besides, in modern textbooks of
‘epidemiology,’ the term generally refers to theory –
concepts and principles – of epidemiological research.

Public health, as a term, commonly refers to the
‘health’ of people at large, meaning their collective level
of ill health/illness (Miettinen and Flegel, 2003a, 2003b) –
their morbidity – in some particular respect(s). It is in this
meaning that one speaks, for example, of the public health
impact of the aggregate of a particular type of preven-
tive practice in clinical medicine. Public health in this
meaning – of the ‘public’s’ health – is quite informal a
concept, generally with no associated concern for express
quantification of the level(s) of morbidity per se or of
effects on the level(s).

Epidemiology in the meaning of (the disciplines of)
community medicine is an approximation to the concept
of public health as one of health care, specifically the
classical health-care concept of public health. ‘Public’ in
this disciplinary term refers to a community/population
of people as being the client of the health care; and it
also can be taken to refer to the fact that community
health care, different from clinical health care, inherently
is publicly – societally – financed (Miettinen and Flegel,
2003a). The meaning of ‘health’ in this is that of health
care, but expressly more inclusive than that of ‘medicine.’
In today’s terminology, health care is medicine only inso-
far as it is provided by a physician (Miettinen and Flegel,
2003a), a graduate of a ‘medical’ school, while public
health professionals commonly are not physicians. They
include public health nurses, sanitary engineers, food
hygienists, occupational safety experts, radiation protec-
tion experts, public health educators, and others.

While the conceptual distinction between public health
and clinical medicine thus has been very sharp, there
nevertheless has been quite an interdependence between
these two. Looking at this from the vantage of public health
– in which actions most broadly fall in the categories of
education, regulation, and service – its education may be
aimed at promoting the use of clinical services (in usual
clinical settings) – diagnostic, as in screening for a cancer,
or interventive, as in the management of hypertension or
diabetes. Public health regulations, while commonly
directed to extramedical matters – sanitary, environmental,
and so on – are also directed to clinical medicine, as in
removing a dangerous medication from the clinical formu-
lary or requiring reporting of (select) communicable dis-
ease diagnoses. A public health service to the cared-for
population generally is para-clinical in the meaning that
it is individual-oriented but extrinsic to the general system
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of clinical care, as in providing, in settings outside the usual
clinical ones, sterile needles for drug addicts or vaccina-
tions in the context of an epidemic.
Current Extensions

Epidemiological research addressing the etiology/
etiogenesis of an illness, while up to now principally
serving community etiognosis, and clinical etiognosis
besides, is now being refined in such a way that individuals
in the community, and clinical clients also, can be given
individualized information on the magnitude of the effects
of a preventive intervention, effects specific to particular
points in prospective time. Thus, future epidemiological
research on the cigarette smoking etiology of lung cancer,
or re-analyses of data from past studies on this, will provide
for estimating, for an individual of a particular age, smoking
history, and so forth, the probability with which stopping
smoking now would have the consequence of preventing
the emergence of symptomatic lung cancer in the next ten
years, the next 20 years, and so on. Similarly, epidemiologi-
cal research on the causation of death from a cancer by not
having been screened for it (by not having thus provided
for its early treatment) will provide for setting period-
specific prognostic probabilities, also specific to a person’s
risk profile, of preventing death from the cancer by pro-
spective screening (its associated early treatment) initiated
now and regularly repeated.

This novelty in the theory and practice of etiologic/
etiognostic research will secondarily imply a corresponding
innovation in intervention-prognostic research, epidemio-
logically in preventive trials for community medicine – for
individualized intervention decisions in it, following com-
munity-level health education – and, by analogy, for clini-
cal medicine also. Thus, intervention trials, whether
preventive or therapeutic, will produce empirical proba-
bility functions of the type sketched above as arising from
etiologic studies. And a byproduct will be descriptive-
prognostic functions – of person characteristics and pro-
spective time – conditional on the choice of intervention.

In this way, epidemiologists’ advanced etiologic research
for community medicine, providing individualized inputs
to decisions about preventive interventions, will become
the paradigm for studies on clinical interventions, rando-
mized trials in particular (Miettinen, 2004), while up
to now the latter have commonly been held to be para-
digmatic for the former.

Epidemiologists’ descriptive research on the prevalence
of an illness, concerning the prevalence as a joint function
(descriptive) of various person-characteristics, already is
being brought, as a novelty, to clinical research. The
context is the development of the scientific knowledge
base for that which is pivotal in clinical medicine:
diagnostic probability-setting for a given illness in the
differential-diagnostic set, given the set of available facts
on a set of diagnostic indicators, the diagnostic profile of
the case, that is. Correct diagnosis of a particular illness,
given the diagnostic profile, is characterized by the correct
probability with which that illness is taken to be present;
and this probability in turn is defined/determined by the
prevalence of that illness in instances of the profile in
general (Miettinen, 2001), given that the profile is formu-
lated in generally meaningful terms. Diagnostic research,
still incipient only, thus concerns diagnostic prevalence
functions – joint functions of the diagnostic indicators
involved in the diagnostic profile, specific to particular
domains of client presentation (chief complaint together
with a broad range of age, say) (Miettinen, 2001).

As the requisite knowledge base of clinical medicine –
in its gnosis (dia-, etio-, pro-) – is about probabilities in
the meaning of proportions (relative frequencies), and as
these are based on rates of prevalence or incidence, clini-
cal research of the quintessentially ‘applied’ (instrumen-
talist) variety has a distinctly epidemiological flavor. And
indeed, research for clinical gnosis, and application of the
resulting knowledge also, now is commonly spoken of as
being ‘clinical epidemiology.’ This term, however, can be
said to be a contradiction in terms, as epidemiology really
is, as both research and practice, a matter of community
medicine, the essence of which sharply contrasts with that
of clinical medicine (Miettinen, 2004).

Public health in most modern countries has recently
changed dramatically, not so much as a matter of progress
within its classical domain as of domain expansion, of
what it encompasses as its health-care concerns. By far
the biggest innovation in public health in most modern
countries in the second half of the twentieth century was
the introduction of national health insurance, bringing
clinical health care into the public domain, though ini-
tially only as a matter of public financing (Miettinen and
Flegel, 2003a). At present, in countries with this vastly
expanded realm of public health, the principal concerns
of a minister of health are quality assurance and cost
containment – overwhelmingly in clinical health care.

Quality assurance in health care presupposes defini-
tions of good, normative health care in various com-
ponents of it. Beyond this, it requires monitoring of
health-care actions with a view to their classifications on
their respective scales of quality; but ultimately it is a
matter of administrative actions aimed at curtailing sub-
standard practices in health care.

This has substantially broadened the range of epidemi-
ological activity in public health practice (Miettinen,
2004). In classical epidemiology, sample surveys were con-
fined to the context of ‘community diagnoses’ as a matter
of assessing the rates of prevalence of particular illnesses
(Morris, 1955), supplemented by surveys to assess distri-
butions of particular risk factors for the development of
particular illnesseswith a view to preventive interventions.
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Now the principal need for epidemiological surveys in
public health practice is in the quality monitoring of
clinical health care. As for meeting this need, however, a
limiting factor still is the very incomplete development of
norms of clinical health care (Liberati et al., 1989).

Correspondingly, the principal challenge in modern
public health is the need to develop national standards
for clinical health care, and especially to thus define the
clinical health care that is subject to societal financing,
the associated challenge being to design the national
system(s) of the delivery of clinical health care with a
view to efficiency and its consequent cost containment.

See also: Clinical Epidemiology; Health and Disease,

Concepts of.
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Introduction

According to the World Health Organization (WHO),
infectious diseases caused 14.7million deaths in 2001,
accounting for 26% of total human mortality. The emer-
gence of new infectious diseases and the re-emergence
of others, combined with the increased speed and volume
of international travel and trade, have demonstrated the
ease with which infectious diseases can cross national
borders extending to different regions.

Currently, vectors that spread disease are an important
public health concern; however, they have been neglected,
with major consequences for health and socioeconomic
development. During the 1960s, most vector-borne dis-
ease control programs deteriorated. By the 1980s, many
important diseases such as dengue emerged in new areas
or re-emerged in locations they had once called home.
Dengue hemorrhagic fever, and dengue shock syndrome
(DHF/DSS) extended from Southeast Asia and the western
Pacific to the American region. The 1998 and 2002 den-
gue epidemics were unprecedented in terms of the high
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number of reported cases and the large geographical areas
affected.

Today, dengue fever (DF), and its severe form DHF/
DSS, is the leading global arthropod-borne viral
disease in terms of morbidity and mortality. It has
been considered a disease without tools for its control
and it is estimated that it will be one of the most impor-
tant public health problems facing the tropical developing
world.

The Concept

Dengue is an acute mosquito-transmitted disease of
humans caused by any of the four dengue viruses, with
Aedes aegypti the most important vector.

Historical Summary

The origin of the name dengue is confused and unclear.
According to some, the word has its roots in the Swahili
term ‘ki denga pepo,’ or a disease characterized by the



Table 1 Major dengue epidemics and pandemics up to

World War II

Years

Pre-nineteenth

century

China (992)a; French West Indies (1635);

Panama (1699); Egypt, Indonesia,

Philadelphia, India, Arabia, and Persia

(1779–1780)
1818 Lima, Peru

1824–28 Suez, Egypt; north of Calcutta, India;

Curacao; Virgin Islands; Jamaica; Lesser

Antilles; Cuba; northern Colombia; Vera
Cruz, Mexico; Bermuda; southern USA

1845–68 St. Louis, USA; Senegal; Cairo, Egypt; Rio

Janeiro, Brazil; Calcutta and Kanpur, India;
Hawaii; southern USA; Tahiti; Lima, Peru;

Cadiz, Spain; Canary Islands; Port Said,

Egypt; Tanzania; Kenya

1870–77 East African coast; Arabian peninsula;
Bombay, Pune, and Calcutta, India;

Singapore; Java, Indonesia; Taiwan;

Mauritius Islands; southern USA; Lima, Peru

1883–90 Gibraltar, Greek islands, southern Turkey,
Syria, Palestine, the Nile delta of Egypt,

Istanbul on the Bosporus, Varna and

Trabzon on the Black Sea; Israel; Zanzibar;
Tanzania; Fiji

1894–99 Townsville and Charters Towers, Brisbane,

Australia; Indochina and Hong Kong; India;

Texas, Florida, USA; Havana, Cuba; San
Juan, Puerto Rico; Eritrea; Somalia

1901–07 Hong Kong; Bangkok, Thailand; Rangoon,

Burma; India; Singapore and Penang,

Malaysia; Hawaii; Java, Indonesia; the
Philippines; Taiwan; Brisbane, Australia;

Galveston and Houston, USA; Havana,

Cuba; Natal, South Africa; Egypt
1912–18 Panama; Meerut, northern India; Iquique,

Chili; northern Argentina; Queensland,

Australia; San Juan, Puerto Rico; Taiwan;

Rio Grande do Sul, Brazil; Sudan
1920–28 Australia; India; Manila, Philippines; Taiwan;

Ghana; Niteroi, Brazil; fromTexas to Florida

and Georgia, USA; Venezuela; Yemen;

Senegal; South Africa; Athens, Greece;
Egypt; Vietnam; Durban, South Africa

1930–36 Pacific islands; Taiwan; Japan; Java and

Sumatra, Indonesia; Malaysia; Burma;

India; Florida, Georgia and Alabama, USA;
India; Ghana; Egypt

1940–45 Australia; Hawaii; Caribbean and southeast

Asian countries; Japan; India; Philippines

aChinese Encyclopedia of Disease and Remedies (AD 265–420)

was edited in AD 610 and again in 992.
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sudden cramp-like seizure caused by an evil spirit, applied
to an outbreak in Zanzibar, 1870. The term ‘denga’ or
‘dyenga’ was used to name the disease on the east coast
of Africa in 1823. It has been assumed that the term
‘dengue’ spread with the slave trade from East Africa to
the Caribbean islands and particularly from Cuba during
the outbreak of 1828.

Epidemics of classical dengue have been recognized
for more than 200 years and doubtless occurred long
before that. The first accurate clinical description of den-
gue as it occurred during the Philadelphia epidemic
(1780) was published by Benjamin Rush in 1789.

In the nineteenth century, dengue pandemics occurred
at periods of 15 to 20 years, evolving to shorter intervals
among pandemics during the first half of the twentieth
century. Table 1 summarizes the major dengue pan-
demics and epidemics up until World War II.

The association of hemorrhagic illness with dengue
viruses was first made during the outbreak of viral hem-
orrhagic fever that occurred in the Philippines, in 1954
and in 1956. Indeed, during the 1950s, DHF/DSS was
recognized as a syndrome associated with dengue viruses
throughout southeast Asia.

According to Gubler and Kuno (1997), the ecologic
disruption and demographic changes occurring during
and after World War II were conducive to increased trans-
mission of dengue. The need for stored water contributed
to the increased number of Aedes aegypti. Moreover, war
facilitated the transportation of the mosquitoes and their
eggs to new geographic areas through the transport of
supplies and other war materials. Conditions were thus
created for the emergence of DHF/DSS in southeast Asia.

The second half of the twentieth century was charac-
terized by the geographical expansion of the disease,
having been preceded by the extension of the mosquito
vector and the dengue viruses. DHF/DSS extended first
throughout southeast Asia and later to the western Pacific
to finally reach the American region. Countries evolved
from a nonendemic or hypo-endemic situation to that
of high endemicity. In the 1980s and the 1990s, DHF/
DSS became a major pediatric problem in southeast
Asia and the western Pacific.

In the 1950s, an Aedes aegypti control program target-
ing urban yellow fever prevention in the American region
had eliminated the vector from many countries, and con-
sequently there was a decrease or elimination of dengue
epidemics. However, due to the deterioration of the
mosquito control programs, the reinvasion by Aedes aegypti
started in some countries by the 1970s, continuing during
the 1980s and the 1990s.

The first DHF/DSS epidemic in the Americas was
reported in 1981 in Cuba. More than 344 000 patients with
more than 10 000 severe and very severe cases and 158 fata-
lities (101 children) were reported by Kouri et al. (1989).
After the second DHF epidemic occurred eight years
later in Venezuela, an increase in the number of DHF
cases and epidemics and in the number of countries
reporting the severe syndrome has been observed.

Figu res 1 and 2 show the re por ted dengue and
DHF/DSS cases by year in the Americas.
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Table 2 presents the most important features reported
in the Americas during the last 50 years of the twentieth
century.

Dengue surveillance in Africa has been very poor. At the
end of the twentieth century, some epidemics were
reported. Although sporadic DHF cases have been
reported, no epidemics have been observed up to now.
The four serotypes have been isolated from Africa.
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Figure 2 Dengue Hemorrhagic Fever in the American region, 1980
Figures 3 and 4 show the number of reported cases
and case fatality rate in southeast Asian and western
Pacific countries.
Current Epidemiological Situation

Today, dengue is a major global health problem, primarily of
tropical and subtropical regions. The beginning of the new
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permission.

Table 2 Main features occurring in the last 50 years of the

twentieth century in the American regiona

Year Features

1953 First dengue virus isolation (DENV-2 isolation in

Trinidad and Tobago) in nonepidemic situation

1963–64 DENV-2 and DENV-3 epidemic

1968–69 DENV-2 and DENV-3 epidemic
1977 DENV-1 introduction in Jamaica

1981 First DHF/DSS epidemic, Cuba

1981 DENV-4 introduction in Caribbean countries

1985 Introduction of Aedes albopictus mosquito
1989 Second DHF/DSS epidemic, Venezuela

1994 Reintroduction of DENV-3 in Nicaragua,

Panama, and Costa Rica
Current

situation

Expansion of Aedes aegypti mosquito,

hyperendemicity with co-circulation of

multiple serotypes, endemicity of DHF
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millennium can be characterized by an expanding distribu-
tion of Aedes aegypti to most of the tropical and subtropical
areas of the world (Figure 5), the co-circulation of multiple
serotypes of dengue virus, the development of endemicity
of DHF in many countries of the tropical world, and the
increased frequency of dengue activity (Figure 6).

According to WHO, dengue has been recognized in
over 100 countries and causes an estimated 50–100million
infections annually with more than 2.5 billion people at
risk. There are approximately 500 000 DHF cases and an
average case fatality rate of 5% (around 20 000 deaths).
The disease is endemic in Africa, the Americas, the eastern
Mediterranean, southeast Asia, and the western Pacific.

The current pandemic and the increase in DHF/DSS
epidemics are the direct result of changes in demographic
and economic trends such as:
. the global population explosion, with an increased
population density;

. unplanned urbanization (resulting in substandard hous-
ing and inadequate water, sewer, andwaste management
systems);

. rapid movement of individuals potentially infected
with dengue, both within and between countries, favor-
ing the introduction of dengue viruses;

. deterioration and breakdown of the public health infra-
structure that through surveillance monitors for dis-
eases such as dengue; and

. deterioration of vector control programs that had con-
trolled populations of Aedes and other mosquitoes.

New dengue strains can enter into a specific population
via migration (gene flow), as dengue viruses are often
transported large distances by hosts and vectors. This
fact, in conjunction with the increase in the size and density
of the human host population, provides more opportunities
for viral transmission with an extension of serotypes and
genotypes with a wider geographical distribution, greater
mixing of strains, and possible recombination.
The Agent

Dengue fever was the second specifically human disease
(after yellow fever) whose etiology was identified as a
filterable virus.

The Japanese scientists Hotta and Kimura in 1943 were
the first to isolate dengue viruses through inoculating the
brains of suckling mice with the serum of clinically ill
dengue patients. Almost simultaneously (1944), Albert
B. Sabin isolated viruses from U.S. soldiers in India,
New Guinea, and Hawaii. These first isolations were
later classified as serotypes 1 and 2 (DENV-1 and
DENV-2). Serotypes 3 and 4 (DENV-3 and DENV-4)
were isolated by Hammond during the epidemic of
Manila, Philippines in 1956.

These closely relatedvirus serotypes belong to the genus
flavivirus, family Flaviviridae. This family of enveloped
RNA viruses causes significant disease both in humans
and animals. Flavivirus, the largest of the three genera of
the family, comprises over 70 viruses, mostly arthropod-
borne viruses, with yellow fever virus the prototype.

The mature particles of dengue viruses are spherical
with a diameter of 50 nm, containing multiple copies of
the three structural virus proteins, a host-derived mem-
brane bilayer, and a single copy of a positive-sense, single-
stranded RNA genome (Kuhn et al., 2002). The genome of
the four viruses contains a single open reading frame of
10 233 nucleotides encoding for a polyprotein ordered as
50-C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5–30.
The full-length polypeptide is processed by viral and
host proteases into the capside (C), membrane (M), and



Figure 5 Current and potential distribution of Aedes aegypti. WHO. Reproduced with permission.
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envelope (E) structural proteins that make up the virus and
seven nonstructural proteins (NS1 to NS5). The C protein
binds strongly with RNA to form the nucleocapsid. The
prM glycoprotein represents the precursor of the mature
M protein. It has a crucial role, as it prevents the E glyco-
protein from undergoing an irreversible acid-catalyzed
conformational change during its transportation through
host cell acidic compartments. The major structural
protein (E) represents the target for neutralizing antibodies,
protective immunity, and the antibody-dependent enhance-
ment phenomenon (ADE). Besides having hemagglutina-
tion activity, E glycoprotein mediates receptor binding and
pH-dependentmembrane fusion activity. NS1 glycoprotein
can be found on the cell surface and as a secreted form. It
may have a role in RNA replication and in the pathogenesis
of clinical disease.

The NS3 protein has three enzymatic activities, a
trypsin-like serine protease, a RNA helicase, and a RNA
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Figure 6 Countries and areas at risk of dengue transmission, 2005. WHO. Reproduced with permission.
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triphosphatase activity. Together with NS2B, it forms
the protease domain of the virus.

Functions of NS2A, NS4A, and NS4B are not well
known but are believed to play a role in RNA replication.

NS5 is the largest and most conserved viral protein, and
it is considered the putative RNA-dependent RNA poly-
merase responsible for viral RNA replication. The methyl-
transferase activity of this protein is probably involved in
the methylation of the 50 cap structure (Figure 7).

Dendritic cells (skin Langerhans cells), monocytes, and
macrophages seem to be the primary target cells in vivo

for virus replication (Figure 8). In vitro studies suggest
that fibroblasts, keratinocytes, endothelial cells and neu-
rons can also be infected (Figure 8).

After attachment of E proteins to surface host receptors,
virions enter cells via receptor-mediated endocytosis. Later,
virions are found in uncoated prelysosomal vesicles, where
an acid-catalyzed membrane fusion releases the nucleocap-
sid into the cytoplasm. The viral genome is thus released
into the cytoplasm and is used as a template for a large
precursor polyprotein. After synthesis of RNA strands of
negative polarity, the plus-stranded RNA molecules are
generated. These genomic plus-stranded RNAs (RNSs)
serve as templates for further negative strand production,
or they are packaged into the new virus particles.

Cleavage at the amino-terminal portion of the poly-
protein by host cell enzymes produces the structural
proteins that form superstructure for the enveloped
virus. The remaining viral polyprotein is cleaved by the
virus protease, producing the NS proteins that are
required for producing more copies of the virus.

Translocation of prM, E, and NS1 into the lumen of
the endoplasmic reticulum occurs co-translationally and is
initiated by a signal sequence at the C terminus of
the C protein. Host signalize cleavages at the prM-E and
E-NS1 junctions. Soon after translation, the prM and
E proteins associate as a heterodimeric complex. The prM
acts as a ‘chaperone’ to aid the folding and maturation
of E protein. These heterodimers drive the assembly
and budding of immature particles at the rough endoplas-
mic reticulum membrane. Prior to or during release
of the infectious virus from cells, the host enzyme
furin cleaves the prM protein, probably dissociating the
prM/E heterodimer, resulting in rearrangement of
the E proteins into dimers on the surface of the mature
particle. The pr protein is secreted and the M protein
remains anchored in the virus membrane. The matured
virions are transported through an exocytic way into the
plasma membrane and released to extracellular space via
secretion (Figure 9).

Dengue viruses show substantial genetic diversity
(Holmes and Burch, 2000; Holmes and Twiddy, 2003).
In addition to the four serotypes, clusters of variants
(known as genotypes) have been identified within each
serotype.Molecular epidemiologic approaches have demon-
strated the extensive genetic variability of these viruses
(Table 3). Nucleotide sequences of different genes have
been studied, but the most unifying classification uses
nucleotides from the entire E gene region.
Dengue Vectors

Dengue viruses (DENVs) are transmitted to humans by
mosquitoes from the Aedes genus and mainly by Aedes

aegypti. They are widely distributed generally within
the limits of 40 � north or south latitude, being most
frequently found in the tropics (Figure 10).
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Figure 7 Dengue virus genome, viral proteins and their functions and polyprotein processing in cell endoplasmic reticulum.
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Figure 9 Replication cycle of dengue virus.

Table 3 Genotypes within dengue serotypesa

Serotype Genotypes

DENV-1 Sylvatic/Malaysia, Americas/Africa, South Pacific,
Asia and Thailand

DENV-2 American, American/Asian, Asian 1, Asian 2,

Cosmopolitan and Sylvatic

DENV-3 Southeast Asia/South Pacific, Thailand, Indian
subcontinent and Americas

DENV-4 Sylvatic/Malaysia, southeast Asia and Indonesia

aClassification in genotypes uses nucleotides from the entire

E gene region.

Rico-Hesse R (2003) Microevolution and virulence of dengue

viruses. Advances in Virus Research 59: 315–341.

Figure 10 Aedes aegypti mosquito.
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Females feed on any vertebrate host, but prefer
humans (Christophers, 1960). They fly upwind, following
chemoattractant odors. The first step can be to enter a
house. Blood feeding and oviposition occur mostly in
the morning and in the late afternoon. Only the female
bites for blood, which she needs to mature her eggs.

She takes a complete blood meal of 2–3 ml of blood, and
will produce a batch of about 100 eggs in approximately
3 days. Stomach distention triggers ovarian development.
Thus, smaller blood meals produce fewer eggs, and refeed-
ing with repeated biting by the same female occurs when
the volume of ingested blood is too small for efficient
egg production.

Older populations, having taken many blood meals,
have a greater potential for virus transmission.

Females usually fly no more than 50m, but they can
easily fly 100–200m, and can travel 3 km in search for
a site to oviposit in. They can be transported by cars,
trucks, aircraft, and even hurricanes for still longer dis-
tances. Aedes aegypti mosquitoes are peridomestic, that is,
they prefer to rest inside the house, rather than in the
garden. Most resting is on walls.

These mosquitoes can live for months, yet most usually
survive only a few weeks. Half of them die in the first
week and 95% in the first month of life.

The mosquito’s preferred breeding sites are in areas of
stagnant water, such as flower vases, uncovered barrels,
buckets, and discarded tires. The most dangerous areas are
wet shower floors and toilet bowls, as they allow the
mosquitoes to breed right in the residence. Universally,



Figure 11 Petechiae in a Dengue Hemorrhagic Fever patient

(courtesy of S. Zagne, Niteroi, RJ, Brasil).
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automobile and truck tires are the main breeding sites
for these mosquitoes.

Other mosquitoes such as Aedes albopictus, Aedes polyne-
siensis, and some forms of Aedes scutellaris can also transmit
the disease. Generally, Aedes aegypti is the main vector in
urban transmission, but Aedes albopictus is shown to be
more competent and more susceptible to experimental
infection. It is suggested that Ae. albopictus is a less selective
feeder so it is of less epidemiological significance, as it
may bite nonhuman hosts as well as humans, diluting its
capacity to acquire and transmit dengue.

The DENVs originated and are maintained in a forest
transmission cycle involving forest-dwelling Aedes mos-
quitoes and lower primates from Asia and Africa. Sylvatic
cycles in Asia are associated with Macaca and Presbytus sp.
monkeys and mosquitoes of the genus Ochlerotatus and
in Africa with Erythrocebus patas monkeys and several
sylvatic mosquitoes such as Aedes taylori, Aedes furcifer,
Aedes luteocephalus, and Aedes opok.

However, the urban cycle, mosquito to human to mos-
quito, is the most important in terms of human transmis-
sion and disease outcome.
The Disease

Spectrum of disease

Most dengue infections are not symptomatic. Undifferen-
tiated fever, observed mainly in small children, DF, and
DHF/DSS constitute the spectrum of this illness.
Clinical dengue fever

A sharp rise in temperature characterizes the DF disease
onset. Retrorbital pain, photophobia, pain in the muscles
and joints of the extremities, extreme weakness, and
anorexia characterize the illness. After three or four days
of fever (39–40 �C), temperature returns to normal and
then rises again for 2–3 days (‘saddleback’ fever). A macu-
lopapular or scarlatiniform rash on the chest and trunk
spreading to extremities is often observed after 3 or 4 days
of fever onset. In some patients, DF may be accompanied
by bleeding such as epistaxis, gingival bleeding, gastroin-
testinal bleeding, and menorrhagia. Leukopenia is the main
laboratory finding, although thrombocytopenia may be
observed. The overall prognosis is goodwith uncomplicated
DF but convalescence may take several weeks, and may be
associated with prolonged asthenia and depression.
Dengue hemorrhagic fever and dengue shock

syndrome

The onset of DHF/DSS is usually abrupt, with fever
accompanied by symptoms resembling DF. Hemorrhagic
manifestations such as petechiae, epistaxis, melena, hema-
temesis, or at least a positive tourniquet test are present
(Figure 11).
After 2–7 days of onset, a rapid fall in temperature is
often accompanied by signs of circulatory failure. The
patient may feel sweaty, with cool and clammy skin and
a rapid pulse. Patients are initially lethargic, becoming
restless and rapidly entering a critical stage of shock.
DSS is characterized by a rapid, weak pulse with narrow-
ing of the pulse pressure (<20mmHg) or hypotension.
Pleural effusion, ascites, and pericardial effusion can be
detected by physical examination, radiography, or ultra-
sound study. Fever, bleeding (including a positive tourni-
quet test), thrombocytopenia (<100 000 platelets/mm2),
and hemoconcentration (a rise in the hematocrit �20%
or signs of plasma leakage such as ascites, pleural effusion,
proteinemia) constitute the four criteria of the WHO
classification of DHF/DSS. At present within the spectrum
of disease there are an increasing number of DSS cases that
fail to meet all four WHO criteria (Bandyopadhyay et al.,
2006). The grading severity of DHF/DSS according to
WHO is shown in Table 4.

Convalescence is generally short with a rapid recovery,
although in some patients asthenia, headache, and arthral-
gia can be observed after 6months of acute illness.

Recently, an increase in the number of dengue cases
with unusual manifestations has been reported. These
include, in particular, patients with neurological disorders
(irritability, depression, convulsions), liver failure, myo-
carditis, or acute renal failure.

The major pathophysiological abnormality observed
in DHF/DSS is the acute increase in vascular permeabil-
ity leading to loss of plasma from the vascular compart-
ment. Early recognition of the warning signs (such as
persistent vomiting, intense continuous abdominal pain,
restlessness, or lethargy) and the immediate application
of intravenous infusions are decisive for a good outcome
for the infected person. With adequate and appropriate
fluid administration, DSS is rapidly reversible. The prog-
nosis depends primarily on the early recognition and
treatment of shock, which depends on careful monitoring
and prompt action.

Details of the treatment of dengue fever and
DHF/DSS are out of the scope of this review; however,
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a very good description appears in the WHO guidelines
for dengue prevention and control.

The differential diagnosis of dengue includes influ-
enza, exanthematous infections (measles, rubella), severe
bacterial infections (meningococcemia, bacterial sepsis,
typhoid fever, or leptospirosis), and other viral hemor-
rhagic fevers.
Risk Factors for DHF/DSS

The transmission dynamics of dengue virus are deter-
mined by the interaction of the environment, the agent,
the host population, and the vector. These components can
be divided in macrodeterminants and microdeterminants.

In particular, DHF occurs as a consequence of a very
complex mechanism where virus, host, and environment
• Age
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• Nutritional
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• Chronic
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• Host immune
  response
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  background
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Individual risk
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Figure 12 Integral hypothesis for the development of DHF/DSS. Ad

dengue haemorrhagic fever in Cuba? 2. An integral analysis. Transac
81: 821–823 with permission.

Table 4 Grading severity of DHF/DSSa,b

Grades

I Fever accompanied by nonspecific constitutional

symptoms and a positive tourniquet test
II Spontaneous bleeding in addition to manifestations of

grade I

III Circulatory failure manifested by a rapid, weak pulse,

narrowing of pulse pressure (20mmHg or less) or
hypotension with cold, clammy skin and

restlessness

IV Profound shock with undetectable blood pressure
and pulse

aThe presence of thrombocytopenia and hemoconcentration dif-

ferentiate DF from DHF.
bAdapted from Pan American Sanitary Bureau (1994) Dengue and
DengueHemorrhagic Fever in theAmericas:Guidelines for Preven-
interact in such a way that this severe form of the disease
occurs in 2–4% of individuals with a secondary infection.
An integral hypothesis for the development of DHF epi-
demics has been proposed (Kouri et al., 1989). The inter-
section of the three groups of factors determines the
occurrence of the severest dengue outbreaks (Figure 12).
The intensity of dengue transmission and the simul-
taneous circulation of several serotypes are also of
importance.
Environmental factors

In general, the epidemiological and ecological factors
are determinant for the development of a dengue out-
break. Table 5 shows the macrodeterminants of dengue
transmission. Vector factors such as abundance and types
of mosquito production sites, density of adult females,
age of females, frequency of feeding, host preference,
host availability, and innate susceptibility to infection
are among the microdeterminants of dengue transmission.
Host factors

Individual risk factors determine the expression of the
disease in a particular person in a given population.
The presence or absence of these individual risk factors
in the matrix of epidemiological and viral factors defines
whether or not the persons with a secondary dengue
infection develop a clinical picture of DHF.
Sequential infection

A secondary heterotypic infection (e.g., a second infec-
tion caused by a different serotype of dengue virus) is
associated with the development of DHF/DSS, and
is considered the main individual risk factor for the severe
disease. Maternally transferred or naturally acquired
tors

Epidemiological
risk factors

ulence

• Number of
  susceptibles

• Vector high
  density

• Iterval of
  infections

• Wide viral
  circulation

apted from Kouri GP, Guzman MG and Bravo JR (1987) Why

tions of the Royal Society of Tropical Medicine and Hygiene
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antibodies against one serotype do not prevent against
infection with another serotype. In fact, previous expo-
sure to one serotype may exacerbate disease caused by
exposure to a second serotype. This phenomenon is
mainly mediated by IgG cross-reacting but not cross-
neutralizing antibodies specific to E and prM dengue
Table 5 Macrodeterminants of dengue transmissiona

Factors

Environmental factors Latitude (35 �N to 35 �S)
Elevation <2200m

Environmental temperature (15–40 �C)
Moderate to high humidity

Social factors Moderate to high population density

Unplanned urbanization and high

settlement density

Inadequate water supply
Inadequate solid waste collection

Social factors

such as beliefs and knowledge
about dengue

aAdapted from Pan American Sanitary Bureau (1994) Dengue and

Dengue Hemorrhagic Fever in the Americas: Guidelines for Pre-
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Figure 13 Antibody dependent enhancement.
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proteins, known as ‘antibody-dependent enhancement’
(ADE). Uptake of the virus by FcgR expressing cells
(monocytes/macrophage) increases through ADE, and
severe disease may result from higher levels of virus
load in blood and the fast dissemination of the infection
(Figure 13).

Age

DHF presents primarily as a childhood disease in south-
east Asian countries, while in the tropical Americas all
age groups are involved. Epidemic adult DHF/DSS
was observed for the first time during the Cuban DHF
epidemic of 1981. Subsequently, reports of DHF in adults
have progressively increased, mainly in the Americas.
In children, DHF can present in infants born to dengue-
immunemothers, and in childrenwith a secondary infection.
Figure 14 shows the age distribution of DSS and fatal
children cases during the Cuban 1981 epidemic.
No severe or fatal cases were observed in children aged
1–2 years who developed a primary dengue infection.

Recently, age was demonstrated as an important variable
in outcome of secondary DENV-2 infections. During the
1981 DHF epidemic reported in Cuba, DHF/DSS case
fatality and hospitalization rates were highest in young
infants and the elderly. Indeed, the risk that a child would
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die during a secondary DENV-2 infection was nearly
15-fold higher than adults aged 15–39 years (Figure 15).

Gender

A higher frequency of DHF/DSS in female has been
reported.

Nutritional status

Some studies suggest that moderate to severe malnutri-
tion reduces risk to DHF/DSS.

Race

Asian individuals are highly susceptible to DHF. Rela-
tively recently, a reduced risk of DHF in people of
Negroid race compared to people of Caucasoid race
was reported by Sierra et al. (2006). These differences
in susceptibility to DHF/DSS among racial groups coin-
cide with epidemiological observations in African and
Black Caribbean populations (Figure 16).

Chronic diseases

Bronchial asthma, sickle cell anemia, and diabetes melli-
tus have been associated with a higher risk of DHF/DSS
(Table 6).

Genetic factors

Genetic factors have been related to protection against or
to susceptibility of suffering DHF/DSS. These factors
include allelic variants of genes that encode cellular
receptors (DC-SIGN,FcgRIIA,VitaminD receptor),mol-
ecules involved in antigen recognition (HLA I and II
molecules), and cytokines (TNFa), among others.
Viral factors

The pathogenic potentials of distinct dengue virus sero-
types and genotypes have been investigated. In secondary
infections, a gradient of severity has been described for
the four serotypes (from most to least severe): DENV-2,
DENV-3, DENV-1, DENV-4. The sequence of the infect-
ing viruses is also associated with severity. Severity during
a secondary infection has been related to an antecedent
primary DENV-1 infection. A secondary DENV-2 infec-
tion has been related to a greater pleural effusion index
and more severe hemorrhagic manifestations. A higher risk
of DHF/DSS has been linked to sequential DENV-1 then
DENV-3, as opposed to DENV-2 then DENV-3 infec-
tions. In addition, Asian genotypes of both DENV-2 and
DENV-3 seem to be more virulent than those found in the
Americas, having been associated with DHF outbreaks.
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Full length sequencing of the DENV-2 Asian and
American genotypes expose several nucleotide differ-
ences, specifically of the E gene and at the 50 and 30

UTRs. Amino acid differences in the prM and E proteins
have also been determined and correlated with virulence
and particularly with the higher replicative ability of some
genotypes in human dendritic cells (DC) and macro-
phages and in the efficiency to infect and disseminate in
Aedes aegypti. These data support the hypothesis that dif-
ferences among genotypes exist, with possible implica-
tions in the pathogenesis and transmission of the viruses.

Furthermore, mutant variants of dengue viruses can
escape antibody neutralization, and also seem able to
contribute to the complexity of the DHF phenomenon.
Kinetics of Infection and Physiopathology

Immature DCs (iDCs) act as sentinels, sensing the anti-
genic microenvironment and capturing antigens. Given
the fact that mosquitoes inoculate the DENV into human
skin while they are feeding, DCs (i.e., Langerhans cells)
are potential target cells for dengue infection. Infected
DCs into the dermis migrate to the paracortex of regional
draining lymph nodes, where the virus localizes and
replicates primarily. Later, replication also occurs in
other target organs, like the liver, spleen, or brain. The
Table 6 Chronic diseases as risk factors for DHF/DSSa

DHF epidemic, 1981b

Fatal cases D

Children Adults C

Bronchial asthma 23%a 13%a 25
Sickle cell anemia 6%a 17%a –

aData from Bravo et al. (1987) Transactions of the Royal Society of Tro

American Journal of Public Health 6: 16–24; Gonzalez D, Casdtro OE,
from two dengue infections spaced 20 years or more apart. Havana, D

Diseases 9: 280–285.

Table 7 Pathological findings observed in DHF/DSS

Tissue or organ Pathology

Skin Swelling endothelial

Lymphoid organs Proliferation of reticu

Liver Degeneration with fo
Kidney A mild immune-com

Myocardium Left ventricle thick a

Lungs Thickening of interst

Brain and spinal cord Perivascular edema
Bone marrow Depression of hema

Vessel walls Deposition serum co

Mucosa of gastrointestinal tract Hemorrhage occurs

Pleural and abdominal cavities Serous effusion with
Adrenal glands Depletion of lipid in t
virus is then released from those tissues and spreads
through the blood to infect white blood cells and other
lymphatic tissues.

Table 7 shows some of the pathological findings
observed in distinct tissues and organs observed in fatal
DHF cases.

Pathogenesis of the severe illness involves factors
depending on the virus and the host, the last mainly related
to the elicited immune response against the infection.

In addition to the particular serotype, genotype, and
dengue strain, specific viral proteins play an important
role in dengue pathogenesis (Table 8).

Immunity to dengue virus infection is caused by a
variety of nonspecific (innate) and specific (adaptive)
mechanisms (Mongkolsalpaya et al., 2003; Halstead et al.,
2005; Navarro-Sanchez et al., 2005). The activation of
different immune functions and the duration and magni-
tude of the immune response depend on how the virus
interacts with host target cells and on how much the
virus spreads. The more viral antigens are present in
different parts of the body, depending on the virus spread-
ing in the early phases of infection, the more mechanisms
of the host immune response will be involved in stopping
and clearing the infection. These mechanisms depend on
the kind of infection (primary, secondary, tertiary, or
successive) and the infecting viral serotype.
DHF epidemic 1997 DHF epidemic 2001–02

SS Fatal cases DSS

hildren Adults Adults

%a 8.3%a 22.2%a

8.3%a 11.1%a

pical Medicine and Hygiene 81: 816–820; Valdes et al. (1999) Pan

Kouri G, et al. (2005) Classical dengue hemorrhagic fever resulting
engue 3 epidemic, 2001–2002. International Journal of Infectious

cells, perivascular edema, infiltration of mononuclear cells

loendothelial cells in the spleen and lymph nodes

cal necrosis of hepatic cells and hyaline necrosis in Kupffer cells
plex type glomerulonephritis

nd hard, and the chamber is not filled to the full volume

itial septa

topoietic cells is observed during febrile phase

mplement, immunoglobulin and fibrinogen

in the subcutaneous tissues

high protein content (mostly albumin)
he cortex
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A primary dengue infection confers long-lasting protec-
tion against the homologous serotype of the virus; however,
the individual is vulnerable to new infections with the
other serotypes (Figure 17). Cross-immune protection
Homologous
secondary infection
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Figure 17 Role of antibody during homologous and heterologous s

Table 8 Role of viral proteins in the pathogenesis of dengue

infection

Viral protein Role in the pathogenesis

E Target of ADE-mediating antibodies
Mimicry with plasminogen

prM Target of ADE-mediating antibodies

Apoptosis induction in infected cells

Generates cross-reacting antibodies with
endothelial cells

NS1 Massive complement activation and vascular

leakage Apoptosis of endothelial cells

Share common antibodies epitopes with
human blood clotting, integrin/adhesin

proteins expressed on platelets and

endothelial cells
NS2a Blockade IFN-mediated signal transduction

NS2b Apoptosis induction in infected cells

NS3 Apoptosis induction in infected cells

NS4a Blockade IFN-mediated signal transduction
NS4b Potent inhibitor of IFN signalling by decreasing

STAT1 phosphorylation

NS5 Induces transcription and translation of IL-8
is observed after sequential infection, with a different
serotype occurring shortly after the primary infection
(weeks to few months).

Longer intervals between sequential infections, when
heterologous sequential infections occur, generally do
not protect against clinical disease.. A higher disease
severity after more than 20 years of the primary infec-
tion has been reported by Guzman et al. (2002) in indivi-
duals secondarily infected by DENV-2 and DENV-3
(Figure 18).

Several mechanisms seem to be involved in protection
against the disease and in recovery from infection. The
secretion of IFN-a and b by virus-infected cells and
natural killer (NK) cell activation are crucial processes
that prevent the spread of DENV in early stages of infec-
tion and are associated with a good clinical outcome.
Dendritic cells secrete important cytokines (IFNa,
TNFa, IL-12, IL-10) and present viral antigens to CD4
T cells. T cells exert two principal functions: (1) the
production of different cytokines (IFNg, IL-2, TNFa,
TNFb) that play important roles in regulating immune
functions, developing antiviral immune response, and
activating CD8þ T cells, macrophages, and B cells, and
(2) the killing of virus-infected cells.

Both CD4þ and CD8þ cytotoxic lymphocytes are
able to lyse infected target cells and define the crucial
way of removing infected cells and recovering from
s
nfection

rease of viral load and spread of infection

Antibody-dependent
enhancement 

Monocyte/Macrophage

Y

Y

Y

Y

Y

Y Y

YY

Homologous Ab
Heterologous Ab
FcγR
Virus nucleocapsid
Virus
Viral proteins
Cell proteolitic enzyme

Y
Y

econdary infection.
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infection. Virus or virus-infected cells stimulate
B lymphocytes to produce antibodies. Kinetic levels of
different classes of antiviral-specific antibodies after a
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Figure 18 DENV-2 case fatality rate (by age) after four and

20 years of a primary DENV-1 infection. Data from Guzman MG,
Kouri G, Valder L, Bravo J, Vazquez S, and Halstead SB (2002)

Enhanced severity of secondary dengue-2 infections: Death

rates in 1981 and 1997 Cuban outbreaks, Pan American Journal
of Public Health 11: 223–227.

Primary infection
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Figure 19 Kinetic of antibody response against dengue virus seque

Table 9 Immune effector mechanisms against dengue infection

Effector Classes or subpopulation Mech

Antibodies IgM, IgG Virus
IgG Antib

IgM, IgG Com

T cells CD4+ Cyto
CD8+ Cyto

Guzman MG, Kouri G, Valder L, Bravo J, Vazquez S, and Halstead

Death rates in 1981 and 1997 Cuban outbreaks, Pan American Journ
primary or secondary dengue infection are shown in
Figure 19.

Antibodies mediate neutralization of virion infectivity
through their binding to the extracellular virion and block-
ing its interaction with host target cells. This represents the
major antibody function of protection during a secondary
infection. In addition, antibodies recognize viral antigens
on the surface of infected cells, killing them through com-
plement-mediated cytotoxicity (CMC) or by using effector
cells as natural killer cells and macrophages, via antibody-
dependent cell cytotoxicity (ADCC). Both mechanisms
could be of importance in the elimination of infected
cells in a secondary infection. Moreover, IgM and IgG
bind viral-soluble antigens forming immunocomplexes
and act as opsonins favoring their removal by phagocytic
cells. The most important effector mechanisms and their
viral targets are shown in Table 9.

Upon reinfection with a different serotype, the body
responds with strong cellular and humoral immune
responses to the virus of the primary infection. This
reactivation, sometimes termed ‘original antigenic sin,’
increases the production of poorly or nonneutralizing
cross-reactive antibodies by B memory cells and low
avidity cross-reactive specific-memory T cells. DHF/
DSS is accompanied by an inappropriate T cell activa-
tion with high cytokine production but suboptimal
Secondary infection 

IgM

IgG

IgA IgE

emia
NS1

ntial infection.

anism Target protein

neutralization E, prM
ody-dependent cell cytotoxicity ?? E, prM, NS1

plement-mediated cytotoxicity ?? E, prM, NS1

toxicity NS3, E, prM, C
toxicity NS3, C, NS1, NS4b

SB (2002) Enhanced severity of secondary dengue-2 infections:

al of Public Health 11: 223–227.
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degranulation and cytotoxic capacity. Both helper CD4þ
T cells (one of the major source of inflammatory cyto-
kines) and cytotoxic CD8þ T cells may contribute to
vascular plasma fluid leakage by directly lysing the possi-
bly infected endothelial cells. This information suggests
that severe disease (DHF/DSS) may be the result of
T cell–mediated tissue damage.

Key inflammatory cytokines involved in the massive
increase of vascular permeability include IFNg, TNFa,
IL-6, and IL-8, which activate macrophages or nearby
vascular endothelium to increase the expression of adhe-
sion molecules that promote leukocyte and plasma ext-
ravasations. TNFa and IL-10 could be also involved in the
thrombocytopenia and hemorrhagic manifestations.

NS1 protein-antibody complexes and several cytokines
also activate the release of complement activation products
such as C3a and C5a that have direct effect on vascular
permeability. Other soluble mediators as PAF, prostaglan-
dins, and stress oxidativemetabolitesmay be involved in the
severe disease.

Molecular mimicry has also been associated to platelet
and endothelial injury. Antibodies elicited by NS1, prM, or
E proteins recognize in a cross-reactive fashion host ‘self ’
epitopes contained in blood-clotting elements, plasmino-
gen, or proteins expressed on platelets and endothelial cells.
Those antibodies couldmediate decreases in the circulating
levels of these factors, as well as cytotoxicity or apoptosis
of cells.

Figure 20 and Table 10 show the main mechanisms
associated with vascular leakage and thrombocytopenia
during a dengue infection.
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Figure 20 Main mechanisms associated to vascular leakage and t
Dengue diagnosis

Dengue laboratory diagnosis can be performed through
virus isolation, genome and antigen detection, and serology,
with the last the most widely applied in routine diagnosis.
Virus isolation

Viremia is present 2–3 days before, and then for 3–4 days
after, the onset of fever. The decrease in viremia coincides
with the appearance of specific IgM antibodies and the
remission of fever.

Dengue viruses can be isolated in serum collected in the
acute phase of illness and preferably before fever disap-
pears. Viruses can also be isolated from tissues (liver,
spleen, lymph nodes, lung, thymus) obtained at necropsy.

Mosquito cell lines (Aedes albopictus C6/36, Aedes pseu-
doscutellaris AP61) are the cell culture systems of choice
for dengue virus isolation. Mammalian cell cultures such
as Vero cells, LLCMK2 cells, and others have been
employed with less efficiency.

Direct mosquito inoculation improves the sensitivity
of virus detection; however, insectaria facilities and
technical skill are required. The intracerebral inocula-
tion of suckling mice is the oldest and least sensitive
method for isolating virus, and is only used when no
other method is available. Inoculated mice develop
encephalitis. Figure 21 shows the biological systems for
dengue virus isolation.

An immunofluorescence assay with serotype-specific
monoclonal anti-dengue antibodies on squashed mosquito
heads, infected cells, or brain tissues from inoculated mice
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Table 10 Associated mechanisms with the main signs of DHF/DSS

Phenomenon Associated mechanisms

Plasma leakage Endothelial cell apoptosis via production of nitric oxide or inflammatory activation
induced by antibodies anti-NS1

Immune recognition of infected endothelial cells

Dysfunction of endothelial cells caused by high levels of TNFa and IL-8

Complement activation and systemic generation of anaphylatoxins and SC5b-9
that increase vascular permeability

Direct infection of endothelial cells modulates differently the cell surface expression

of molecules critically involved in the interactions between endothelial and

inflammatory cells
Changes in surface and soluble VEGFR2 expression induced by DENV, which

regulates vascular permeability via binding VEGF

Liver damage Hepatocytes infection
Apoptosis of hepatocytes induced by DENV infection

Leucopenia Bone marrow suppression

Apoptosis of infected cells in bone marrow

Hemorrhagic manifestations Thrombocytopenia
Cross-reactive anti-NS1 antibodies

Cross-reactive anti-prM antibodies

Infection of platelets

Consumption of platelets
High levels of IL-10 and soluble tumor necrosis factor receptor-II

Platelet dysfunction

Platelets infection
Deficiency in coagulation

Cross-reactive anti-E antibodies that recognize plasminogen

Cross-reactive anti-NS1 antibodies recognize fibrinogen

High levels of IL-6 is associated with elevated levels of tPA and a deficiency in
coagulation

Marked hepatic dysfunction

Fibrinolysis activation induced by DENV infection, which degrades fibrinogen

directly and causes secondary activation of procoagulant homeostatic
mechanisms

Cytopathic effect in mosquito cells
inoculation

Mosquito inoculation Sick newborn mice

Figure 21 Main systems for viral isolation.
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is the choice method for virus identification; however,
polymerase chain reaction (PCR) and ELISA can also be
employed.

Antigen detection

Recent studies suggest that secreted NS1 glycoprotein
can be employed as a diagnostic marker during the early
phase of infection. Its detection in sera may be a valuable
surrogate marker of viremia and may also serve as a
prognostic marker of disease progression.

On the other hand, immunohistochemical techniques
have been shown to be useful for dengue antigen detec-
tion in formalin-fixed paraffin-embedded tissue samples
from fatal cases (Figure 22).



Focal necrosis DENV-2 antigen

Figure 22 Focal necrosis and DENV-2 antigen detection in liver sample from a fatal case (courtesy of JL Pelegrino, IPK, Habana).
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Figure 23 Standard RT-PCR and nested PCR for dengue RNA

detection as described by Lanciotti RS, Calisher CH, Gubler DJ,

Chang GJ, and Vorndam AV (1992). Rapid detection and typing
of dengue viruses from clinical samples by using reverse

transcriptase-polymerase chain reaction. Journal of Clinical

Microbiology 30: 545–551 (courtesy of D. Rosario, IPK, Habana).
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Genome detection

Dengue virus RNA can be detected by PCR directly from
clinical samples such as serum, plasma, and autopsy-fresh
and paraffin-embedded tissues, and from the supernatant
of dengue virus–infected mosquito cell cultures and
infected mosquito larvae. DNA amplification is preceded
by a reverse transcription reaction (RT), producing cDNA
from the target RNA.

Because of its high sensitivity, PCR allows the detec-
tion of concurrent infections by multiple serotypes,
detection of dengue in stored samples over long periods,
and detection in mosquito pools (groups of captured
mosquitoes tested together), favoring its application in
epidemiological surveillance (Figure 23). PCR in con-
junction with nucleotide sequencing or restriction
enzyme analysis has allowed the study of genetic strain
variability in order to identify the origin of epidemics and
reveal markers of virulence.

The introduction of real-time PCR is supplanting
conventional PCR, allowing the rapid detection (in less
than 2 h) and the quantification of minimum copies of
the RNA (Figure 24).
Serological diagnosis

During a primary dengue infection, anti-dengue IgM is
detected 5 to 6 days after onset of fever persisting for 30
to 60 days. IgG levels slowly elevate and by the ninth
to tenth day after onset are detectable, and persist for life.

Unlike a primary infection, a secondary infectionwith a
heterologous serotype is characterized by a rapid (1 or
2 days after fever onset), high, and cross-reactive IgG
response. In some cases, an IgM response is not detectable.

Specific IgA and IgE antibodies are also developed
during both a primary and a secondary infection. The
IgA is broadly cross-reactive to the four serotypes,
and the level of IgE has been related to disease severity.

To date, the detection of anti-dengue IgM is the best
indicator of an active or recent infection.

MAC-ELISA (IgM antibody–capture ELISA) diag-
nosis has represented one of the most important
advances in dengue diagnosis and has become an invalu-
able tool for routine diagnosis and surveillance. In
general, 10% false negative and 1.7% false positive
reactions have been observed. Serum, blood on filter
paper and saliva are useful for IgM detection if samples
are taken during the appropriate time period, around
the fifth day after the onset of fever. Different com-
mercial kits for anti-dengue IgM and IgG detection
are commercially available, with variable sensitivity and
specificity.
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The presence of anti-dengue IgG in a serum is a crite-
rion for the diagnosis of a past infection. However the
presence of high titer of IgG in an acute serum sample, or
seroconversion or fourfold increase in a paired sera from a
dengue suspected case, are criteria for a recent or confirmed
dengue infection, respectively. ELISA has gained accep-
tance as a faster and more convenient alternative to deter-
mine IgG antibodies, although hemagglutination inhibition
assay (HI) is still considered the gold standard technique.

Due to the presence of cross-reactive antigens shared by
flaviviruses, specific diagnosis is not possible in most occa-
sions. When a serological specific diagnosis is required,
neutralization assay and particularly plaque reduction neu-
tralization technique (PRNT) is employed. Recent studies
suggest that anti-dengue IgA and IgE may complement
dengue diagnosis as possible markers of recent infection.

Table 11 shows the laboratory criteria of dengue
infection.
Figure 24 Real time PCR. Amplification plots and standard curve o

Table 11 Laboratory criteria of dengue infection

Criteria

Confirmed dengue infection Isolation of dengue virus fro

Demonstration of a fourfold
samples

Demonstration of dengue a

Demonstration of positive P

Probable dengue infection A positive IgM antibody tes
antigen

A reciprocal HI antibody tite
Control and Prevention

Vector Control

Vector surveillance develops information about the pres-
ence of and determines the distributions and densities of
vector populations. It also targets evaluation and analysis
of control program effects (Kay, 1999). Sampling surveys
include larval, adult, standard, and sticky ovitrap surveys.

Mosquito control is usually by spray treatment con-
ducted by thermal foggers, mist blowers, and aerosol
generators. They can be hand-carried or used by pack.
They can be truck- or aircraft-mounted. Temephos
(Abate) is the most popular larvicide.

The CDC page on dengue fever suggests using mos-
quito repellents with N,-N-diethylmetatoluamide
(‘DEET’). Presumably this has some effectiveness in
repelling A. aegypti. Other important personal measures
include:
f dengue sample (Courtesy of D Rosario, IPK, Habana).

m serum or autopsy samples

or greater change in reciprocal IgG or IgM titers in paired serum

ntigen in serum or autopsy tissue

CR in serum or autopsy tissue

t on a single late acute- or convalescent-phase serum to dengue

r �1280 or an equivalent IgG ELISA titer
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remaining in well-screened or air conditioned areas when

possible, wearing clothing that covers the arms and legs,

and applying repellent to both skin and clothing that

adequately covers the arms and legs, and applying insect

repellent to both skin and clothing. (CDC, 2007)
Education and Community Participation

Sanitary public health education leading to low mosquito
populations through cleanup campaigns with significant
public involvement and action is a necessary step. The
public deserves to know the risks and how to reduce them.

The community must be involved in the prevention,
surveillance, and control of the vector to ensure program
sustainability. Communities with effective vector control
integration are cleaner, and do not have the large mos-
quito populations that communities with reproduction
of the mosquito in containers do.
Vaccine Development

Although intense effort has been applied to the develop-
ment of a dengue vaccine, dengue prevention remains
dependent upon control of the Aedes aegypti mosquito.
The vaccine must be safe and confer long-lasting protec-
tion against the infection with the four dengue serotypes,
while avoiding any enhancement of dengue illness after
subsequent infection. These requirements, in addition
to the lack of an animal model and our elementary
knowledge of disease pathogenesis, have negatively influ-
enced dengue vaccine development.

Conventional live attenuated and inactivated vaccine,
subunit vaccine based on recombinant strategy, chimeric,
and DNA vaccines are among the main dengue vaccine
strategies that have been used (Pang, 2003).
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ure 25 Chimeric dengue virus vaccine candidates.
Two classic live attenuated tetravalent dengue vaccines
have been developed by repeated passage in cell culture.
The Mahidol University vaccine consists of the DENV-1,
2, and 4 serially passaged in primary dog kidney cells and
DENV-3 in African green monkey kidney cells. The other
candidate developed by theWalter Reed Army Institute of
Research consists of all four viruses passaged in the same
cell culture with the final passage in fetal lung cells from
rhesus monkeys. Several formulations of both candidates
have been evaluated in phase 1 and 2 (safety and initial
efficacy) human trials. Seroconversion in >80% of volun-
teers was obtained after 2 or 3 vaccinations. Adverse reac-
tions were observed with one of these candidate vaccines,
rendering its use unacceptable in children.

In a different approach, prM and E genes of dengue
viruses have been inserted into the prM and E regions
of the yellow fever 17D vaccine. Phase 1 trials of this
chimeric vaccine developed by Acambis are underway
after good results were obtained in preclinical studies in
monkeys and in a first clinical trial with DENV-2 vaccine
candidate (Figure 25).

DENV themselves have been employed as backbones
for chimeric vaccines. The most advanced is a DENV-4
containing a 30-nucleotide-long deletion in the 30UTR.
Recent results suggest the usefulness of ‘delta-30’ chi-
meras, which express DENV1–3 E protein in a tetravalent
formulation.

In addition to chimeric vaccine candidates, dengue
genes of structural and nonstructural proteins, particu-
larly the E gene, have been expressed in systems such as
E. coli bacteria, baculovirus, yeast, and Drosophila flies.
Candidates have been evaluated both in mice and
monkeys, showing variable grades of immunogenicity
and protection. Recent studies have demonstrated the
usefulness of E protein domain III. Chimeric proteins
containing domain III have been demonstrated to be
C
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Table 12 Dengue vaccine candidates

Strategy Candidates

Live attenuated
vaccines

DENV-1, 2, and 4 passaged in primary dog kidney cells;
DENV-3 passaged in African green monkey cells

Mahidol University, Thailand

DENV-1 to 4 passaged in PDK and last passage in fetal

rhesus lung

WRAIR, USA

Live attenuated
chimeric vaccine

DENV-1 to 4, prM and E genes inserted into the prM and
E regions of the yellow fever 17D vaccine

Acambis

DENV-1 to 4, prM and E genes inserted into the prM and E

regions of attenuated DENV-2 (16681, PDK 53)

CDC, Fort Collins, USA

DENV-1 to 3 prM and E genes inserted into the prM and E
regions of DENV-4 backbone (attenuated by deleting

30 nucleotides in the 3’UTR)

NIH, USA

Recombinant
subunit vaccines

E/NS1 protein subunit expressed in drosophila Hawaii Biotech, USA

Tetravalent, domain III of E protein expressed in E. coli as

fusion protein

IPK-CIGB, Cuba

DNA vaccine prM and E DNA vaccine, NS1 vaccine, domain III of
E protein DNA vaccine

Kobe University, Japan; CDC Fort Collins,
USA; Oswaldo Cruz Foundation, Brazil;

INS, Mexico
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immunogenic and capable of inducing neutralizing anti-
bodies in mice and monkeys. Up to now, none of these
candidates have been tested in humans. The level and
duration of immunity elicited by these candidates in
humans needs evaluation. Multiple dose regimens of
the vaccine with periodic boosters and the proper adju-
vants will probably be required.

A DNA-based dengue vaccine strategy has also been
explored. Several studies have demonstrated that direct
inoculation of DNA expression plasmids encoding den-
gue antigens can confer partial protection in mice and
monkeys (Raviprakash et al., 2006). Further studies are
needed to define the best approaches in terms of immu-
nogenicity and efficacy.

Currently, WHO, through the Initiative for Vaccine
Research, and the Pediatric Dengue Vaccine Initiative in
conjunction with the WHO Special Programme for
Research and Training in Tropical Diseases are joint
efforts to accelerate the development and introduction
of a dengue vaccine (Hombach et al., 2005). Table 12
shows some of the vaccine candidates.
Conclusion

Taking into account the dengue situation, a Global Strat-
egy for Prevention and Control of DF/DHF was devel-
oped in 1995 and reviewed in 1999 byWHO. The strategy
comprises five major components: selective integrated
vector control with community and intersectoral partici-
pation; active disease surveillance based on strong health
information system; emergency preparedness; capacity
building and training; and vector control research.

In addition, several initiatives led by major international
organizations on surveillance, epidemic preparedness and
response, vector control, clinical management, diagnosis,
and vaccine development are active. In this context, a shift
of the dengue panorama is expected.
See also: World Health Organization.
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Introduction

Dentistry boasts a long tradition of studying the distribu-
tion of oral disease and its determinants. There are also
countless examples where epidemiological data have
been directly translated to shape health policy and inter-
ventions. Observations that dental disease was a large
barrier to recruiting young men to serve in the British
army during the Boer war prompted the formation of
the first school dental service and national surveys
of oral health. Later, Trendley Dean used newly devel-
oped measures to link the concentration of fluoride in
drinking water to both mottling of the teeth and lower
levels of dental caries (tooth decay). His 21 cities study
identified the optimum concentration of fluoride in
water to be 1 part per million. This figure is still used
as the benchmark some 65 years later.

Nowadays, oral epidemiology is used to describe the
oral health of populations and establish their dental
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treatment needs. Repeated monitoring of oral health
provides information of effects of interventions. More
analytical research has demonstrated links between
oral and other diseases and randomized controlled
trials provide robust evidence of the effectiveness of new
materials and treatments.

Oral epidemiology shares many features of other
branches of the discipline, but can be complicated by
specific features of the mouth and by the low reliability
of some of the measures. The last 30 years have shown
huge decreases in the burden of some dental diseases in the
developed world, but profound social and geographical
trends persist. This article will review some key features
of the methods of oral epidemiology including the out-
comes used and potential risk factors that are confounders
and mediators for oral disease, and outline some proce-
dures essential in oral epidemiology. The second half of
the article will review the distribution of oral conditions of
public health importance (caries, periodontal diseases, oral
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cancers and dental trauma) in relation to geographic, age,
temporal, socioeconomic, and ethnic trends.
Measurement of Oral Health

The Presence and Number of Teeth

The most easily understood measures of dental status
are the number of standing teeth and the proportion of
the population with no natural teeth (edentulous). In
the absence of affordable dental treatment and the
lack of interest among people to save their teeth, dental
extraction is often the principal form of dental treatment.
Teeth may require extraction because they are decayed
or affected by severe periodontal disease, or they may
be extracted because nobody has the interest or resources
to save them. Historically, edentulousness affected
large numbers of adults in the developed world, but
this trend has reduced with more people retaining some
natural teeth. Consequently, the proportion of the popu-
lation edentulous is dwindling along with the value of this
measure.
Dental Caries

Dental caries is the repeated demineralization of tooth
substance by bacterial acids. It can be successfully treated
by application of fluoride, by removing the demineralized
tissue and obturating the cavity with a filling, or by
extracting the tooth.

The Decayed, Missing and Filled index (DMF for
permanent teeth and dmf for deciduous or milk teeth)
can be used with the number of affected teeth as the
numerator (dmft) or the number of affected surfaces
(dmfs). As it is (more accurately) an index of disease
and treatment experience, it is sensitive to the treatment
decisions of dentists and being cumulative and irrevers-
ible, it is sensitive to the age of the people examined.
Nor does the index distinguish between a small filling
that might never have been necessary and a severe lesion
that has resulted in the extraction of the tooth. Finally, the
index is unresponsive to secondary disease or retreatment
of the same site, so its use to measure caries increments
in the same individuals over time is complicated
unless careful treatment records of the interim period
are available. Other variants of DMF account for the
presence of fissure sealants that may be indistinguishable
(and indeed may serve the same purpose) from small
fillings.

For the reasons above, dmf and DMF are of greatest
value in young people, but in any circumstance the
data must be age-specific. The ages between 6 and
12 years are often avoided because children of this age
will have a mixed dentition of deciduous and permanent
teeth. Surveys are typically conducted on children aged
5 (when they may be readily sampled at school) and
12 years. The mean DMFT of 12-year-olds is used as
the standard to compare dental health in many publica-
tions including the World Health Organization (WHO)
Oral Health Databank (World Health Organization,
2001). Adults are usually compared in 10-year age bands
(e.g., 35- to 45-year-olds).

Another approach is to create a less precise version
of the index to describe the dental status of adults as
the proportion with 20 or more teeth or the proportion
with 20 or more sound and untreated teeth. Despite
these limitations, DMF has proved an invaluable index
for many years. It is widely understood and has intui-
tive meaning. Moreover, to entirely dispense with it
now would prevent consideration of temporal changes
by comparison with historical data.

As understanding of dental disease has grown and
our treatments have become more focused, there has
been a need for more refined indices. Variants of DMF
now have different thresholds for recording whether
caries is only evident visually or whether it has caused
cavitation and whether it remains limited to enamel, has
penetrated into the dentine or to the pulp of the tooth.
Research using different thresholds for dental caries
provides strong evidence that the role of fluoride is to
inhibit the progression of early carious lesions as much as
preventing new disease.

Three other indices can be derived from DMF data
to ascertain patterns of care. The care index records the
amount of restorative care received as the proportion of
the DMF that is filled teeth (F/DMF), whereas the
restorative index considers the amount of disease that
has been treated restoratively by expressing the filled
component as a proportion of the decayed and filled
teeth (F/DF). Recognizing that the distribution of caries
is skewed, the Significant Caries Index was introduced
to bring attention to the individuals most prone to
caries (Bratthall, 2000). It is the mean DMFT for the
third of the population with the highest caries experience.

One other measure of dental caries is required. With
more people retaining their teeth into longer life, there
is accompanying recession of the gums (gingivae) either
by periodontal diseases or by abrasion with tooth cleaning
aids, which exposes the roots of the teeth. Unprotected
by highly mineralized enamel, their surfaces are suscepti-
ble to root caries, which can be recorded separately.
Periodontal Diseases

Periodontal diseases affect the supporting structures
of the teeth and arise from the interaction of the host’s
immune system with the bacteria of dental plaque.
Gingivitis (inflammation of the gums) is exceedingly
common. In a smaller proportion of cases, there is loss of
attachment between the tooth and the adjacent tissues.
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This condition (periodontitis) is irreversible and may
be manifest as a pocket between the tooth and the gingiva
and/or by recession of the tissues (hence getting long
in the tooth). As more tissue is lost, the teeth may become
mobile. In addition, some plaque may calcify with min-
eral deposits from saliva to create calculus (tartar), which
can hamper oral hygiene efforts.

All these variables – plaque, gingivitis, pocket depth,
recession, attachment loss, mobility, and calculus – are
studied in periodontology. Research is complicated by the
plethora of indices available for each one. For example, in
42 trials found for a Cochrane review of powered tooth-
brushes, plaque was recorded using ten different indices
and gingivitis with nine.

These indices are considered in many standard texts
(Lindhe, 2003) and so will be covered only briefly. Spe-
cific choice of index should be governed by the usual
criteria of the purpose and conditions of the research,
the reliability and precision required, and by feasibility.

Plaque indices used for field epidemiology tend to
record either the thickness of the plaque or the proportion
of each tooth covered by it. In some cases, the tooth
surface is divided into smaller areas to allow for more
precise assessment. In nearly all cases, these indices are
ordinal and contain a subjective element. Reliability can
be enhanced by reducing precision, so that the plaque
index of Silness and Loe records the thickness of plaque
present on a scale of 0 to 3. Calculus indices share com-
mon characteristics with those for gingivitis. Gingival
indices tend to consider swelling, redness, bleeding, and
ulceration, although many use a combination of these
indicators. Again the indices are subjective and are neces-
sarily imprecise. While one sign is objective (bleeding
on probing), it is very sensitive to the pressure applied
(typically 25 g) and to recent disturbance of the tissues.

Perhaps the most important measure of periodontitis
experience is lost probing attachment (LPA). It records
the position of the gingival crest and the base of the
periodontal pocket relative to the junction between the
cement and enamel to permit calculation of the pocket
depth and total amount of lost attachment. Probes of
standard thickness are passed into the pockets to feel
for the junctions. The probes have gradations to allow
measurement. Some indices record only pocket depth,
which is simpler, but may underestimate the amount of
lost attachment if the gingivae have receded. Gingival
recession is seen both with age and in tobacco smokers.

Measurement of LPA is surprisingly difficult. It is
sensitive to the pressure with which the probe is applied
as well as its position and angle. Attempts to overcome
these difficulties include the use of smaller, lighter, and
flexible probes, which help to prevent the application
of excess pressure. Splints (stents) that can be attached
to the teeth to guide the probe into the same place
for repeated measurements are useful in longitudinal
research but are too resource-intensive for field epidemi-
ology. These complexities allow for substantial random
measurement error. For example, trained periodontal
epidemiologists aim to achieve 90% of LPA measure-
ments within 1mm of each other. That represents a
2-mm range for a disease that causes results in only
6mm of lost attachment over a lifetime in only 10% of
people. This problem is further complicated because LPA
is the legacy of a lifetime’s experience of disease and
does not indicate current disease activity. Therefore, ana-
lytical research in periodontology is best served with
longitudinal data, even though many changes in LPA
will be masked by measurement error. Large sample
sizes and elaborate statistical approaches are used to
meet these challenges, but the lack of reliable measures
continues to hamper periodontal research.

There are several aggregate indices that should be
used with great care. Russell’s Periodontal Index (1956)
combines etiological factors and signs of disease, yet cal-
culates mean scores that have no intrinsic meaning. The
Community Periodontal Index of Treatment Need was
developed to estimate treatment needs of the population
as a function of the numbers of people who fell
into each category. This approach was roundly criticized
as unrealistic and because it did not correspond to
the stages of periodontal diseases or their treatment.
However, disaggregated the categories within the index
(now called Community Periodontal Index) provide
reasonable descriptors of population periodontal health
(the proportions with gingivitis, mild pocketing, and mod-
erate pocketing), but its use beyond simple descriptive
epidemiology is limited.
Tooth Wear

Tooth wear is loss of tooth tissue not caused by dental
caries. It is often due to several etiological factors includ-
ing attrition, abrasion, or erosion. The most widely used
index is the Tooth Wear Index developed by Smith
and Knight (1984). A score is given for each tooth surface
from 0 to 4, depending on the severity of the wear.
Dental Opacities

Indices of dental opacities fall into two categories, those
that record the severity of the defects associated with
dental fluorosis and those that are simply descriptive.
Proponents of the fluorosis indices argue that the indices
have a history of construct validity proven by repeated
and effective use and that the indices correspond well
to the microscopic changes in the enamel. Those who
favor the principal descriptive index (the Developmental
Defects of Enamel, DDE) are concerned that there are
other causes of anomalies and that fluorosis is not distin-
guishable from other types. Their intention to describe
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the defects, rather than relate them all to changes first
described in fluorosis, is laudable, but DDE rates the
severity of the defects on four different scales for different
colors and morphology, thus complicating both scoring
and analysis of the data. It may be that ‘a rose by any other
name would smell as sweet’ and that the fluorosis indices
will suffice for all forms of defect.
Subjective Assessments

The growth in the use of quality of life as an outcome
in dentistry mirrors that in general health and is probably
more apposite, as survival is rarely a concern in relation to
oral health (with the exception of oral cancers). A variety
of generic oral health-related quality-of-life measures
are available. Two, the Oral Health Impact Profile
(OHIP) and the Oral Impacts of Daily Performance
(OIDP), were developed from a well-conceived model
of health and have been translated and validated for use
in many settings. Short forms of the OHIP have been
developed for specific situations. These measures have
been put to a range of uses, including assessing the
psychosocial impacts of oral conditions, exploring models
of oral health and evaluating health-care interven-
tions. Other condition-specific measures have also been
developed (Slade, 1997).
Risk Factors for Oral Health and Disease

Although oral diseases have a limited number of primary
etiologic factors, a range of determinants and predis-
posing factors may confound and mediate these relation-
ships. Failure to fully account for these factors has led to
overestimations of relationships in analytical epidemio-
logy. For example, early research associating periodontal
diseases and heart disease led to considerable conjecture
about the causative pathways between periodontal patho-
gens and the heart, yet both diseases share important
risk factors (for example, socioeconomic status and
tobacco smoking). More accurate accounting for these
factors suggests that many links are due to confounding.
The effects of these factors are dose-related and so
precise measures reduce residual confounding. Table 1
provides a brief summary of factors that should be
Table 1 Determinants and risk factors for oral conditions

Disease Determinants and risk facto

Dental caries Exposure to fluoride, socioe

Periodontal diseases Tobacco use, plaque, age, d
Oral cancers Tobacco use, alcohol, expo

Dental trauma Age, alcohol use, gender

Dental anomalies Exposure to fluoride, trauma

Tooth wear Habits, occupational and di
considered in the design and analysis of epidemiological
studies of oral conditions. Exposure to dental treatment
also plays a role in the etiology and progression of some
of these conditions.
Procedures

The use of the measures described in the previous section
is very susceptible to changes in the conditions of the
oral examination. The position and power of the lighting
source, the relative placement of examiner and examinee,
the specifications of the instruments used, and whether
or not the teeth are dried beforehand will all affect the
results. There are two sets of protocols in common use
throughout the world.

First, Oral Health Surveys: Basic Methods by the
WHO (WHO, 1997) provides comprehensive and easy
to follow advice on its recommended measures, coding
systems, recording sheets and examination protocols.
Within the WHO Pathfinder Methodology, the WHO
will provide examination sheets and then provide descrip-
tive statistical analysis of data collected using its protocols.
Second, the other widely used criteria are those of the
British Association for the Study of Community Dentistry
(Pitts, 1997). As several of the measures described in
this review are subjective and the methods are carefully
standardized, there is a need for careful calibration and
training of epidemiological examiners before data are
collected.

One important aspect of oral epidemiology is the
multiple values for each individual. Some periodontal
measures can be recorded at six sites for every standing
tooth. With up to 32 teeth and several variables, hundreds
of measurements may be taken for each person. Partial
recording indices can be used to record only half the
mouth, a smaller number of specified teeth, or the worst
score in each sextant of the mouth. Researchers must
trade the potential loss of data against the time and costs
to be saved by using partial recording indices.

Other consequences of multiple measures arise during
data analysis. Measures from the same mouth are subject
to many common factors and do not fulfill the require-
ments for independence in straightforward statistical tests.
Moreover, the use of mean scores within a mouth may
rs

conomic status, age, dietary sugars

iseases affecting the immune system
sure to sunlight, leukoplakias

, systemic disease or tetracycline use during tooth development

etary exposure to acid, gastric reflux and vomiting
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swamp differences associated with localized areas of dis-
ease (for instance those seen in HIV infection). One
solution is to create a summary measure at the level
of the individual such as the presence of a particular
condition, the worst score per mouth (severity), or the
number of sites above a stated threshold (extent of dis-
ease). The use of multilevel modeling shows great prom-
ise in this regard, as it is a powerful statistical technique
that may account for factors within a population, within
an individual, and then within a particular area of the
mouth (Tu et al., 2004).
Trends

Wide variation exists between countries in the amount
and quality of dental epidemiological data and conse-
quently in the ability to monitor trends in disease preva-
lence. For example, in Denmark a computer-based system
tracks the oral health status of each child every year.
In contrast, in other countries, the only data that are
available are small surveys of populations in a single area.
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Figure 1 Percentage of edentulous adults in the UK.
Dental Caries

There are differences in the prevalence and severity of
dental caries between and within countries. Oral disease
surveillance systems introduced by theWHO in the 1960s
allow comparisons between countries. From the year 2000,
the database includes 184 countries. The WHO and
the Fédération Dentaire Internationale jointly set a global
goal for 2000 of no more than three decayed, missing, and
filled teeth for 12-year-olds (World Health Organization/
Fédération Dentaire Internationale, 1982). This was
achieved by 68% of countries.

Children
Generally in low-income countries, the prevalence of
dental caries is relatively low, with a mean DMFT in
12-year-olds of approximately 1.9. In middle-income
countries, the DMFT is about 3.3, and in high-income
countries about 2.1 (World Health Organization, 2001).

While a general decline in dental caries has been seen
in 12-year-old children in many industrialized countries
since the early 1970s, evidence from some Western
European countries suggests no further reductions are
occurring among 5-year-olds, and caries levels may be
slightly increasing (Marthaler et al., 1996). For example, in
Norway the mean dmft in 5-year-olds increased from 1.1
in 1997/1998 to 1.5 in 2000. In some developing countries,
particularly in Africa, an increase in the prevalence of
caries in children may be apparent as the consumption of
sugars has increased and sufficient amounts of fluoride
have not been introduced (Petersen, 2003). However, the
quality of the data preclude firm conclusions being drawn.
While data from national surveys are useful, they often
mask within-country differences. For example, the UK
Child Dental Health Survey 2003 reported levels of den-
tal caries in permanent teeth to be the lowest ever
recorded (Office for National Statistics, 2004). However,
local surveys revealed at least a sevenfold difference in
the mean dmft of 5-year-olds in areas with the lowest
and highest caries experience in 5-year-olds (dmft in
Maidstone Weald¼ 0.47, dmft in North Kirklees¼ 3.69).

Adults

Lifetime experience of caries in adults approaches 100%,
although fewer surveys of adult caries levels are con-
ducted than for children. In terms of dental caries experi-
ences, most industrialized countries and some countries
of Latin America show high mean DMFT levels (i.e., 14
or more) with much lower caries experience in develop-
ing countries of Africa and Asia.

The proportion of adults with no natural teeth varies
with age and in developed countries rises steeply from the
age of 70 onward. There has been a trend in industrialized
countries over the past 30 years for fewer adults to
become edentulous. For example, data from the UK
Adult Dental Health Surveys show a reduction from
37% edentulous in 1968 to 13% in 1998; this trend is
likely to continue as the predicted extrapolation to 2028
shows (Figure 1).

Examining the data in more detail reveals an age-
related cohort effect of caries experience in adults in
industrialized countries. Those brought up in the 1960s,
1970s, and 1980s have benefited from fluoride toothpaste,
the introduction of affordable dental care, and a more
preventative approach to the management of dental car-
ies. This has resulted in a cohort of people with more
unrestored teeth and high expectations to maintain not
just the presence of their own teeth, but also a high
standard of dental appearance.

The earlier generation, born in the 1930s, 1940s, and
1950s, still retain their natural teeth to a far greater extent



124 Dental Epidemiology
than their parents’ generation, but have more heavily
restored dentitions. This cohort was brought up at a
time of higher risk of developing caries and it was not
until the mid-1960s and early 1970s that a more conser-
vative approach to restoring teeth was advocated. Conse-
quently, this age group needs repeated placement and
replacement of restorations with progressive loss of
tooth structure and weakening of the tooth. As well as a
huge volume of restorations, this cohort also has high
expectations of retaining their teeth, which will have
implications for dental care needs for at least the next
30 years.

A third group, those born before the 1930s, have rela-
tively high levels of edentulousness and are vulnerable
to health problems such as stroke and dementia, which
make denture wearing problematic. Where all teeth
are lost, there is a significant impact on diet and general
well-being.
Disparities

For all age groups, there are marked differences in dental
caries experience due to disparities in socioeconomic
status, whether indicated by income, education, or occu-
pational prestige. Using the United States as an example,
poor children have twice as much caries as higher income
children, with more chance of the caries remaining
untreated. This is also the case in adults, with the propor-
tion of untreated caries being higher in poor people.
Low-social-class or low-income adults are also more
likely to become edentulous (Department of Health and
Human Services, 2000).

Studies around the world have been conducted to
establish the role of ethnicity in disparities in caries
experience. No consensus has been reached. Disagree-
ments about the role of ethnicity are largely related
to confounding between ethnicity and socioeconomic sta-
tus. The data are complicated by several other factors
such as different findings between the deciduous and
permanent dentitions and assignment of ethnicity, reli-
gious differences, and maternal literacy.
Periodontal Diseases

Like dental caries, periodontal diseases are common with
the vast majority of adults affected by gingivitis at any
one time. Periodontal disease of the most severe level
(which may result in tooth loss) varies between countries,
affecting between 5 and 15% of adults worldwide.

At all ages, men are more likely than women to have
severe disease. A significant relationship between peri-
odontal disease and socioeconomic status exists, with
low income or low education contributing to poor peri-
odontal status (Petersen and Ogawa, 2005). Interestingly,
smoking has been shown to be more important than
socioeconomic variables in the etiology of periodontitis.
However, smoking is strongly related to socioeconomic
status in many developed countries. In the UK, people
in routine and manual households are more likely to
smoke than those in managerial and professional house-
holds (31% compared with 18%), and tobacco use
accounts for more than half of periodontitis in adults
(Department of Health and Human Services, 2000).
There is also evidence from developing countries of the
importance of smoking in the etiology of periodontitis.

Periodontal disease can also be associated with sys-
temic diseases including diabetes and HIV/AIDS.
The risk of destructive loss of attachment is three times
higher among diabetics than nondiabetics. Approximately
177 million people worldwide have diabetes mellitus, and
this number is predicted to double by 2030, which is likely
to increase the incidence of periodontal disease.

Severe and unusual forms of periodontal diseases,
including necrotizing ulceration, are associated with
HIV infection and cause a significant burden where
the underlying infection is common.

While tooth loss is the most severe consequence of
periodontal disease, there is one type of gingival inflam-
mation, noma, which can progress from the supporting
tissues of the tooth to orofacial gangrene. WHO has
suggested a global incidence of 140 000 cases. It is rare
in developed countries and most common in sub-Saharan
Africa, particularly among children under 5 years. If noma
is not treated early with antibiotics it can progress to
severe disfigurement and functional problems. It is esti-
mated that less than 10% of affected people seek treat-
ment and there is a mortality rate of 70–80% for those
without proper treatment.
Oral Cancer

Oral cancer includes cancer of the lip, tongue, salivary
glands plus other sites in the mouth. Oral cancer is
the eighth most common cancer worldwide, with an
estimated 405 318 newly diagnosed cases in 2002. Over-
all incidence worldwide for males has been estimated
at 6.42 per 100 000 population (7.55 for more developed
countries compared to 5.98 for less developed countries).
There is large variation in incidence between countries.
For example, within Asia, the incidence per 100 000
population is 12.6 in India, where oral cancer accounts
for up to 40% of all malignancies among men. This is
compared to 4.6 in Thailand and 0.7 in China (World
Health Organization, 2001). There are also discrete pock-
ets in some countries with high incidence such as the
Bas-Rhin department of France with 62.1 per 100 000.
The worldwide mortality rate for males has been esti-
mated at 3.09 per 100 000 with a higher mortality rate
in less developed countries compared to more developed
countries (3.25 and 2.78, respectively).
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Trends over time in oral cancer incidence vary by
country and for different subgroups of the population.
There has been a trend for increased incidence in some
European countries such as Denmark, France, Germany,
and the United Kingdom and to a lesser extent in
Australia, Japan, New Zealand, and the United States.

The incidence of oral cancer increases with age, with
most cases occurring in people over 60 years. In the UK,
people under 45 years account for only 6% of all oral
cancer cases. However, there is now evidence of an
increased incidence in those less than 45 years and it has
been suggested that oral cancer in the young may be a
distinct entity that acts in an aggressive manner (Conway
et al., 2006).

In most countries, oral cancer is more common in
males than females. In the United States, the incidence
in males is 15.8 per 100 000 compared to 5.8 per 100 000
for women. This gender difference has narrowed slightly:
in 1950 the ratio was approximately 6:1 (Silverman, 1998).

Incidence rates vary by ethnic group. In the United
States, rates are higher for black people than white
(12.5 and 10.0 cases per 100 000 people, respectively).
Asians and Pacific Islanders, American Indians, Alaska
Natives, and Hispanics all have a lower incidence
than white and black people. Black people also have
lower 5-year survival rates than whites (34% compared
to 56%), possibly due to late presentation and diagnosis
associated with low access to care (Department of Health
and Human Services, 2000).

The main risk factors for oral cancer are tobacco use
and excessive alcohol consumption, with these factors
accounting for an estimated 90% of all oral cancers.
Tobacco use, including both smoked and smokeless (e.g.
chewing tobacco, snuff, paan), varies widely between
countries. Chewing of areca nuts, betel nuts, paan, and
gutka are common in South Asian populations and can be
mixed with tobacco products.
Dental Trauma

The most commonly occurring type of dental trauma is
fractured enamel. In children, damage to primary teeth
most often occurs between 2 and 4 years of age and
7–10 years for the permanent dentition. Data on dental
trauma from many countries, particularly developing
countries, are unavailable or unreliable. Some countries
in Latin America report dental trauma in about 15% of
schoolchildren, whereas prevalence of 5–12% have been
found in children aged 6–12 years in the Middle East. In
the UK, 11% of 12-year-olds and 13% of 15-year-olds
had some damage (Office for National Statistics, 2004;
Petersen et al., 2005). Data on trends over time are also
inconsistent. Generally, it is more common among males
than females.
A significant proportion of dental trauma relates to
sports, unsafe playgrounds or schools, road accidents, or
violence. Causes differ between countries, particularly
with respect to leisure activities, with football injuries
being a common event in Brazil and ice-skating injuries
occur more frequently in Scandinavian countries. Most
traumatized front teeth in children and adolescents
remain untreated. Research from Brazil suggests children
with fractured teeth involving dentine were 20 times
more likely to report impacts on their daily lives than
children without fractured teeth (Cortes et al., 2002).
Future Trends

Better data are needed to monitor trends in oral disease
especially on ethnicity and socioeconomic status to allow
analysis for population subgroups.

An important future consideration for trends in dental
disease is the growing proportion of older people world-
wide. Currently about 600million people are aged
60 years and over, and this figure is expected to double
by 2025. Managing dental diseases in this cohort is com-
plicated by their already heavily restored dentitions, vul-
nerability to root caries, and the difficulty maintaining
oral cleanliness as their manual dexterity reduces with
age. Monitoring of oral disease among older adults in
terms of tooth loss, dental caries, periodontal disease,
and oral cancer will be required to meet the challenge
of preventing and managing poor oral health in this grow-
ing population subgroup.
See also: Dentists; Observational Epidemiology; Oral

Cancer.
Citations
Bratthall D (2000) Introducing the Significant Caries Index together with
a proposal for a new global oral health goal for 12-year-olds.
International Dental Journal 50: 378–384.

Conway DI, Stockton DL, Warnakulasuriya KAAS, Ogden G, and
Macpherson LMD (2006) Incidence of oral and oropharyngeal cancer
in United Kingdom (1990–1999): Recent trends and regional
variation. Oral Oncology 42: 586–592.

Cortes M, Marcenes W, and Sheiham A (2002) Impact of traumatic
injuries to the permanent teeth on the oral health-related quality of life
in 12- to 14-year-old children. Community Dentistry Oral
Epidemiology 30: 193–198.

Department of Health Human Services (2000) Oral Health in America:
A report of the Surgeon General. Washington, DC: Department of
Health and Human Services.

Lindhe J, Karring T, and Lang NP (2003) Clinical Periodontology and
Implant Dentistry. London: Blackwell Publishing.

Marthaler TM, O’Mullane DM, and Vrbic V (1996) The prevalence of
dental caries in Europe 1990-1995. Caries Research 30: 237–255.

Office for National Statistics (2004) Dental health survey of children and
young people 2003. http://www.statistics.gov.uk/ssd/surveys/cdhs.
asp (accessed November 2007).

http://www.statistics.gov.uk/ssd/surveys/cdhs.asp
http://www.statistics.gov.uk/ssd/surveys/cdhs.asp


Petersen PE (2003) The World Oral Health Report. Geneva, Switzerland:
World Health Organization.

Petersen PE and Ogawa H (2005) Strengthening the prevention of
periodontal disease: the WHO approach. Journal of Periodontology
76: 2187–2193.

Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, and Ndiaye C
(2005) The Global Burden of Oral Diseases and Risks to Oral Health.
Geneva, Switzerland: World Health Organization.

Pitts N (1997) The BASCD coordinated NHS Dental Epidemiology
Programme caries prevalence surveys 1985/6-1995/6. Community
Dental Health 14(supplement 1): 1–51.

Silverman S (1998) Oral cancer. Hamilton, Ontario: American Cancer
Society.

Slade GD (1997) Measuring Oral Health and Quality of Life. Chapel Hill,
NC: University of North Carolina-Chapel Hill.

Tu YK, Gilthorpe MS, Griffiths GS, et al. (2004) The application of
multilevel modeling in the analysis of longitudinal periodontal
data–Part I: Absolute levels of disease. Journal of Periodontology 75:
127–136.

World Health Organization (1997) Oral Health Surveys: Basic Methods,
4th edn. Geneva, Switzerland: World Health Organization.

World Health Organization (2001) Global Oral Health Data Bank.
Geneva, Switzerland: World Health Organization.

World Health Organization/Fédération Dentaire Internationale (1982)
Global goals for oral health by the year 2000. International Dental
Journal 32: 74–77.

Further Reading

Daly B, Watt R, Batchelor P, and Treasure E (2002) Essentials of Dental
Public Health. Oxford, UK: Oxford University Press.

Pine C (1997) Community Oral Health. Bath, UK: Wright.

Relevant Websites

http://www.statistics.gov.uk/ssd/surveys/cdhs.asp – National
Statistics, 2003 Dental Health Survey of Children and Young People.

http://www.who.int/oral_health/en/ – World Health Organization, Oral
Health.

126 Dental Epidemiology
Dentists
J E Gallagher, King’s College London Dental Institute, London, UK

ã 2008 Elsevier Inc. All rights reserved.
Introduction

The Dental Team

Most dentists worldwide train and work in a high-income
country. Dentistry, as practiced by the majority, combines
business and health care, art and science. It existed as a
craft for centuries, becoming a profession in high-income
countries during the nineteenth and twentieth centuries.
At the beginning of the twenty-first century, most
countries in the world now have some form of professio-
nalized dentistry, albeit that in many low-income
countries it continues to be provided as a craft to the
poorer sections of the community. Auxiliary personnel,
sometimes known as dental care professionals, have
evolved to work with dentists and contribute to oral
health care. Within this article the term ‘dental profes-
sionals’ will be used collectively for dentists and all forms
of auxiliary personnel.
The Practice of Dentistry

Dentistry is concerned with the diagnosis, treatment, and
prevention of a range of oral and dental conditions and
with the promotion of oral health. In doing so, it contri-
butes to the general well-being of patients including their
abilities to eat, speak, and socialize. The most common
conditions are dental caries (tooth decay) and periodontal
(gum) diseases; the most serious are oral cancer and oral
manifestations of HIV infection. Dentists also play an
important role in treating irregularities of the teeth and
jaws and identifying oral manifestations of systemic dis-
eases. Whilst the majority of the profession focuses on the
oral health of individuals, there is a branch of dentistry
concerned with population oral health. It is often known
as community dentistry or dental public health. With
current oral health trends in both high- and low-income
countries, a public health approach has much to offer the
public and dental professionals.
Development of Dentistry

History of the Profession

The practice of dentistry can be traced back into early
history to include construction of false teeth, the use of
medicaments and pharmaceutical agents to ease pain,
filling of cavities using materials such as gold and tin,
and surgical interventions such as lancing abscesses for
dealing with acute dental pain. The beginnings of the
organization of the practice of surgery in France led to
an increased sophistication in the treatment of teeth. The
first dental textbook, published in 1728, was Fauchard’s
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two-volume Le Chirugien Dentiste, ou Traits des Dents.
In North America and Western Europe, modern dentistry
was professionalized in the wake of medicine during
the eighteenth and nineteenth centuries. Many of the
profession’s leaders were in fact surgeons or apothecaries
who practiced dentistry. Professionalization occurred at
a time when there were massive changes within the struc-
ture of society with the emergence of the middle classes,
the information explosion with the printing press and
greater ease of travel, and a greater understanding of
human anatomy. All of these factors facilitated and
enhanced the emerging professions. Whereas in North
America and Western Europe dentistry took an ‘odonto-
logical’ route, evolving as a separate profession from
medicine, in Eastern and Southern Europe it evolved
along a ‘stomatological’ route as a specialist aspect of
medicine. More recently, under the influence of the
European Union, the ‘odontological’ approach is now
dominant.
A Professional Education

The formation of dental societies during the mid-
nineteenth century played an important role in the for-
malization of training and education. The apprenticeship
model of training was dominant until the nineteenth
century when dental schools began to be established as
private establishments. The initial courses of study were
short and combined with a period of apprenticeship. For-
mal dental education in the United States began in 1840
with the opening of the Baltimore College of Dental
Surgery. Whereas initially they had been private estab-
lishments, during the early twentieth century, training
establishments developed academic links so that from
the mid-twentieth century dental schools were part of
universities.
Innovation and Advances in Surgical and
Restorative Care

Innovation, supported by science, technology, and indus-
try, has played a very important part in the development
of dental materials, equipment, and techniques. This has
led to improved patient experience and outcomes, profes-
sional satisfaction, and, in some aspects, increased costs.
Developments initially facilitated surgical care and then
increasingly sophisticated reparative care from the late
nineteenth to the present time as highlighted below.

. Chloroform, laughing gas (nitrous oxide), and then
Novocain (local anesthesia) developed to facilitate den-
tal extractions (removal of teeth), along with develop-
ments in dental forceps.

. Advances in engineering led to the introduction of
electrical power and the advent of motorized hand
pieces. Electrical power was important in providing
lighting as well as driving the hand pieces, thus facil-
itating the development of restorative dentistry.

. Developments in dental chairs improved dentist and
patient comfort whilst procedures were taking place.

. Water-cooled air turbines enabled cavities to be cut
more quickly, and the development of amalgam
provided a cheap method of filling cavities.

. The discovery of X-rays enabled clinicians to examine
inter-proximal tooth surfaces and below restorations
such as fillings or crowns for ‘hidden’ pathology, thus
facilitating earlier treatment of disease than had previ-
ously been possible.

. The arrival of tooth-colored filling materials funda-
mentally impacted aesthetic dentistry, first in the
form of silicates and later composite resin materials
for use first in front teeth, and more recently in poste-
rior teeth.

. Replacement of missing teeth has involved the fabrica-
tion of dentures and bridges.

. The advent of adhesive dentistry led to the develop-
ment of minimally invasive dentistry and facilitated
restorative procedures.

. Simple approaches to repairing decayed teeth in
children have potential for use in low-income
countries, called the Atraumatic Restorative Technique
(ART).

. Recognition of the biocompatibility of titanium has led
to the development of titanium implants to replace
teeth or provide supports to stabilize dentures, poten-
tially revolutionizing prosthetic dentistry.

. The use of magnifying loupes is increasingly used to
enhance vision and precision in clinical care, particu-
larly for restorative dentistry.
Innovation and Advances in Prevention

Ongoing research into the determinants of oral diseases,
changing patterns of dental caries and dental materials,
have led to significant developments in preventive
dentistry.

. One of the greatest innovations in health care has been
the discovery of the importance of fluoride in prevent-
ing tooth decay.

. Pharmaceutical companies have continued to promote
fluoride delivery systems including: fluoride toothpaste
and mouthwashes for personal use, professionally
applied products such as varnishes and gels, and dental
restorative materials that slowly release fluoride.

. The advent of adhesive dentistry led to the develop-
ment of fissure sealants as a preventive measure. They
can contribute to the management of dental caries in
patients and protection of teeth at risk of dental caries
or showing early signs of disease.
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Dentistry: A Profession

A profession may be defined as ‘‘a group with specialized
knowledge, monopoly, autonomy and a code of ethics’’
(Rees-Jones, 2005). Professional status carries with it cer-
tain responsibilities. A profession protects its competence
through the following:

. Registration/licensure with government bodies or
councils;

. Accreditation of its educational programs by the Dental
Boards or Councils;

. Professional code of ethics;

. Continuing professional development;

. Involvement in audit and peer review.

National and/or state legislation underpins the prac-
tice of dentistry. A dentist is a person permitted to prac-
tice dentistry under the laws of the nation or state. To
achieve registration, a dentist has to prove that (s)he has
satisfied specific requirements which include professional
education in an approved institution to an agreed level of
competence. Professional registration is undertaken by
the state directly or by a body with devolved responsibil-
ities such as state boards or a national dental council.

Most countries today have professional dental educa-
tion facilities or require formalized professional education
of those legally permitted to practice dentistry.

In low-income countries dentistry has developed to
some extent following the model provided by high-
income countries where dentistry is an established pro-
fession. However, professional groups must respond to
wider pressures in order to retain their professional status.
In high-income consumerist societies, the regulation and
scrutiny of health-care professionals by the media, the
public, and government is increasing to the extent that
professional status is slowly changing.
Figure 1 Distribution of dentists in the world, by WHO region,
2007 (based on the most recent available data for each country).

WHO Oral Health Section, 2007.

Table 1 Global dentists and population ratios by WHO

region, 2007a

Region
No. of
dentists Population

Population:
dentist ratio

SE Asia 93231 1656528818 17768
The Dental Profession Worldwide

The majority of dentists worldwide work as generalists
providing primary dental care in small practices run as a
business. Dentistry provides job security, flexibility, and a
range of opportunities from independent general practice
through hospital specialist or working in salaried teams in
managed organizations.
Africa 49415 738083234 14936

Eastern Med 209600 1420730733 6778
Pacific 299 042 1743956654 5832

Europe 539829 882729278 1635

Americas 576 591 886334010 1537

World 1767 708 6445633489 3646

aBased on the most recently available data for each country.
The Global Dentist Workforce

The most recent data available from the World Health
Organization suggest that there are at least 1.8million
dentists globally but unevenly distributed (Figure 1).
The Americas have the most dentists, followed by Europe,
with almost two thirds of the profession (63%) in these
two regions. In contrast, Africa has only 3% of the dentist
workforce and South-East Asia 5%. However, it has to be
recognized that the distribution of oral diseases is also not
uniform. Mal-distribution is even more apparent if one
considers the crude population-to-dentist ratio, which
ranges from 1537:1 in the Americas to 17 768:1 in South-
East Asia. Within these regions, dentists are not evenly
distributed between and within countries. For example, in
South-East Asia, South Korea has 37 dentists per 100 000
population whereas Nepal has only one dentist per
100 000. The variation in dentist-to-population ratios is
most dramatic within developing countries where the
profession is focused in urban areas, whereas the majority
of the population lives rurally.

Crude population ratios do not necessarily reflect the
volume of dentistry available. First, not all professionals
work full time. Second, in some countries a large number
of dental auxiliaries are trained to provide elements of
dental care (see Table 1).
Movement of Health Professionals

With increasing globalization, the movement of health pro-
fessionals across states, countries, and continents becomes
ever more common. However, complete freedom of
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movement does not exist, in part because of immigration
policies and variation in professional standards, but also to
protect locally trained personnel.Within Europe there have
been a number of political initiatives to facilitate workforce
movement so that a dentist able to work in Europe has
freedom of movement across member countries of the
European Economic Area, with some constraints on certain
training from new accession countries. In contrast, within
the United States, dentists are licensed to work within a
state, and although there are some reciprocal relationships
between groups of states, complete freedom of movement
within the United States does not exist. Without this reci-
procity, dentists’ wishing to change their state or country of
practice may have to take the state or national qualifying
exam for overseas dentists.
International Coordination of Dentistry

Health organizations such as the World Health Organiza-
tion (WHO) and associations such as the World Dental
Federation (Federation Dentaire Internationale (FDI)) play
an important role in facilitating international exchange of
ideas and dialogue. They also promote dentistry in
Table 2 The dental specialties: European Union (EU) and United

Dental speciality
UK (number
in 2005) EU (title) USA (eq

% of profession

nationally

10% 20%

Orthodontics 1132 Orthodontics Orthodo

dento

orthop

Surgical dentistry 725
Prosthodontics 373 Prosthod

Restorative dentistry 284

Periodontics 282 Periodon

Oral surgerya 241 Oral surgery Oral and
surger

Pediatric dentistry 224 Pediatric

Endodontics 183 Endodon

Dental public health 122 Dental p

Oral medicine 86
Oral pathology 33 Oral and

patho

Dental and maxillofacial

radiology

23 Oral and

radiolo
Oral microbiology 6

aOral surgery is a dental specialty in Europe, whereas oral and ma
specialty in the United States.
countrieswhere it is less professionalized. The International
Association for Dental Research (IADR) and other scien-
tific societies and research journals assist with this process
geographically, professionally, and scientifically.
Specialization

As the knowledge and skill base of dentistry has expanded,
so has the range of dental specialties or areas of expertise.
Specialties may be defined by an interest in an anatomical
area, for example, Periodontics (gums); task, for example,
Prosthodontics (the making of a prosthesis or denture); or
patient group, for example, Pediatric dentistry (children’s
dentistry). Over time specialization has become forma-
lized, with professional societies, accreditation, and regis-
tration schemes. The range and scope of specialties varies
by country. In some areas specialists focus their work in
hospitals, particularly where there is a need for access to
general anesthesia, whereas in others they work in pri-
mary care situations or across settings. The most common
specialties in the UK, Europe, and the United States are
listed in Table 2.
States of America (USA)

uivalent title) Role

ntics and

facial

edics

Realignment of teeth and jaws using fixed and

removable devices (braces)

Extraction and surgical removal of teeth
ontics Creation of prostheses to replace teeth from

dentures to implants

Combination of periodontics, prosthodontics,
and restorative care

tics Gums and supporting structures for teeth

(periorontium)

maxillofacial
y

Manage surgical dental care and facial trauma
repair

dentistry Children’s dentistry

tics Root canal therapy and surgery

ublic health Promoting oral health and preventing disease
at population level. Involves surveillance of

health and health services

Medical care of the oral cavity and face
maxillofacial

logy

Study and interpretation of pathology of the

oral cavity and face

maxillofacial

gy

Study and interpretation of radiographs of the

head and neck area
Study and interpretation of the bacteria

associated with oral and dental diseases

xillofacial surgery is a medical specialty in Europe and a dental
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Within Europe there are only two recognized special-
ties, whereas the UK has taken the opportunity under
European Union legislation to have additional specialties
to address the needs of the population. Currently about
10% of dentists registered in the UK are on one or more
specialist lists. It generally takes at least three years to
become a specialist, with individuals wishing to achieve
the post of Consultant within the UK National Health
Service generally undertaking additional training. In the
United States, there are only nine formally recognized
specialist groups, most of which overlap with the UK
categories, as shown in Table 2. The United States has
one of the highest levels of specialization (20% of den-
tists). Criteria for specialist entry involve full-time limita-
tion of practice and specialty licensure by a state board or
a minimum of two years approved study.

The relationship between generalists and specialists is
an important issue; first in ensuring the most appropriate
use of scarce specialist resources and second, ensuring
that patients receive regular generalist care. In the UK
primary care practitioners have played an important gate-
keeper role to specialist care, whereas in the United
States, direct access to specialists is possible. The UK
approach seeks to make best use of scarce resources;
however, it can be considered as restricting patient
freedom in accessing care.
Table 3 Dental auxiliaries: Roles and tasks

Auxiliary Roles

Receptionist Nonoperative

Dental practice manager Nonoperative

Dental surgery assistant/

Chairside assistant/Dental

nurse

Nonoperative but directly assisting

Dental hygienist Operative: Work under the directio

but in certain countries/states m

directly with the public

Dental therapist/School dental
nurse

Operative: Work under the directio
but in certain countries/states m

directly with the public

Clinical dental technician/

Denturist

Operative: Work directly with the p

Dental technician Nonoperative: Work under the dire

dentist

Oral health educator/promoter

Community health-care

worker

Nonoperative: Work directly or indi

public health dentists

Expanded function dental
auxiliaries, e.g., orthodontic

therapist

Operative: May be trained on a wid
procedures: e.g.: Technical: taki

radiographs. Preventive: applyin

sealants. Restorative: placing an

restorations. Orthodontics: placi
Development of the Dental Team

The wider dental team has evolved to support dentists in
their work, covering both operative and nonoperative
roles, working in surgery, laboratory, administrative, and
other settings. The range of auxiliaries is outlined in
Table 3. The relationship between dentists and auxiliary
staff is interesting to follow, particularly for operative
auxiliaries who share in the clinical practice of dentistry.
These auxiliary personnel may work under the supervi-
sion or direction of a dentist, an approach most favored by
the dental profession. Attitudes toward such staff vary by
time and country and have not always been positive.
Dentists are most likely to support and use auxiliaries if
they are perceived to be of benefit to professional practice
through providing routine care, treating specific patient
groups that do not normally form their main caseload,
or working in remote geographic areas. Successful exam-
ples include scaling and polishing undertaken by dental
hygienists, dental care for school children by a school
dental nurse (dental therapist) as in New Zealand, and
the provision of dentures for older people by clinical
dental technicians as in Canada.

The nature of the ‘dental team’ varies by country
as described on the FDI website. Australia has one of
the widest reported ranges of dental professionals, as
Key tasks

Welcoming patients. Making appointments.

Taking payments

Administrative role, generally in large dental

practices
operative care Assisting the dentist at the chairside.

Management of dental surgery. Preparation of

instruments, materials, etc. Infection control
n of a dentist

ay work

Scaling and polishing of teeth. Application of

preventive treatments such as fluoride

n of a dentist
ay work

Dental examinations. Scaling and polishing.
Removal of deciduous teeth. Simple fillings.

Application of preventive therapies

ublic Provision of complete dentures and possibly

partial dentures
ction of a Provision of complete and partial dentures,

crowns, bridges, veneers, and other

appliances
rectly with Oral health education and promotion at

individual, group, or population level

e range of
ng

g fissure

d finishing

ng brackets

Specific extended functions following training
(variable)
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Figure 2 Skill-mix of the dental team: The Australian dental workforce, 2004. Source: FDI World Dental Association.
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demonstrated in Figure 2. In contrast, France’s 40 000
dentists generally work independently without a nurse.
Dental Surgery Assistants

Dental surgery assistants, also known as dental assistants,
chair-side assistants, or dental nurses (non-operative), are
one of the most common and long-established members of
the dental team. Their role evolved in the nineteenth
century as chaperone and housekeeper, but as dentistry
changed in nature during the twentieth century to become
more technical, involving the use of the water-cooled air
turbines for cutting dental cavities, four-handed dentistry
(whereby the chair-side assistant works physically along-
side the dentist) became more common. With the highly
technical forms of dentistry practiced today, and the chal-
lenges of contemporary infection control, the role of the
dental nurse is increasingly complex and an important
feature of good clinical practice. Training of dental surgery
assistants has long been undertaken through apprentice-
ship, supported by courses and evening classes. In most
countries training and registration has not been mandatory
and therefore workforce numbers are unknown, but this
is showing signs of change. Furthermore, there are now
opportunities for professional development as dental
surgery assistants with expanded functions.
Dental Hygienists

Dental hygiene was legally recognized in the United States
about 100 years ago, with the first school of dental hygiene
recognized in 1913. Dental hygienists are widely used in all
areas of dental practice. In the UK the Royal Air Force
trained dental hygienists during World War II, after which
they were permitted to work in general dental practice
under the supervision and later the direction of a dentist.
Dental hygiene training varies but involves up to a 2-year
program, often in association with institutions training den-
tists. Just over half of the countries listed on the FDI data-
base have dental hygiene training (48/90), with the United
States, Japan, and Canada all employing large numbers.
Dental Therapists/School Dental Nurses/Dental
Dressers

New Zealand has led the field in the training and use of
auxiliaries, called school dental nurses, from the 1920s
onward. In other countries they are called dental thera-
pists; terms such as ‘dental dressers’ have also been
used in the past. These clinical auxiliaries were permitted
to work independently within schools providing exam-
inations, fillings, extraction of primary teeth, preventive
treatments, and health promotion, referring the most
complex conditions to dentists within the service. Training
programs vary in length and over time the 2-year training
program in New Zealand has been expanded to a 3-year
degree program. The training and use of dental thera-
pists has been supported in a minority of other countries;
29% of countries listed in the WHO database report
have dental therapists listed and only 17% of the total
have more than 100 dental therapists. Where possible,
dentists have argued to have them work under the
direction of a dentist.
Clinical Dental Technicians/Denturists

Clinical dental technicians or denturists have been illegal
in many countries, therefore their true numbers are
unknown. Recent decades have seen their training and
legislation in most of Canada, with the support of the
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public. About one in five of the countries on the FDI
world database report have denturists or clinical dental
technicians. These dental professionals can see the public
directly for the provision of dentures and work indepen-
dently from dentists. In the UK, clinical dental techni-
cians are being legalized and registration with the General
Dental Council is now possible.
Dental Technicians

Technicians who work in dental laboratories are impor-
tant members of the wider dental team, making complete
and partial dentures, crowns and bridges, veneers, and
other appliances such as removable orthodontic braces
and mouth-guards. They are traditionally trained on the
job, but there are a number of formal training courses.
Registration of dental technicians has not traditionally
taken place but there are steps to begin this process in
the UK. Labor costs in high-income countries are having
an impact on the viability of laboratories within these
countries as many dentists are beginning to send impres-
sions overseas to low-income countries. Together with
changing disease patterns, which means that fewer den-
tures are required, modes of treatment such as a shift from
removable to fixed orthodontic appliances, and increasing
use of computer technology, this aspect of the dental
workforce is undergoing rapid change.
Other Ancillary Staff

High-income countries may have oral health promotion
staff, working in the community on population oral health
programs or supporting providers in dental health educa-
tion. They tend to have been trained as dental nurses,
hygienists, or therapists. In many low-income countries,
resources are limited and the government and patients
cannot support the approach to clinical dentistry that has
developed in high-income countries. Often there are rel-
atively few trained dentists and, in line with WHO’s
Primary Health Care Approach, there is greater emphasis
on training community outreach workers or primary
health-care workers. These people tend to provide oral
health promotion, dental examinations, and simple preven-
tive treatments, but they may also be trained to remove
teeth or place temporary fillings, referring patients to a
dentist where required.
Changing Skill-Mix

As the range of dental care expands, the benefits of aux-
iliaries undertaking more routine tasks whilst freeing up
the dentist to provide leadership and focus on the clini-
cally more complex dentistry becomes more attractive to
dentists and policy makers. However, it is only likely to
become cost-effective if operative auxiliaries are not
restricted to seeing patients under the direction or super-
vision of a dentist and multi-surgery premises are used.
This would require fundamental changes in ways of work-
ing compared with the traditional one-surgery ‘dental
office’ or ‘dental surgery.’ Likewise, in newly establishing
health systems, governments may find that they have very
few educated dentists and therefore they train auxiliary
personnel as dental or even general health workers.
Education and Training of Dental
Professionals

The education of dentists is controlled by the state and
reviewed periodically. The number of schools is depen-
dent on the economy, perceptions of supply, and, to some
extent, disease patterns. Dental education is university
based with much of the formal clinical teaching in dental
hospitals, often with some outreach programs to con-
trasting settings. Dental schools are traditionally staffed
by academic teachers, assisted by part-time staff who
also work in clinical practice. Dental researchers within
these institutions play important roles as researchers and
teachers.

An interesting move within Europe is the significant
work being done on aligning dental education, in support
of the freedom of movement of health professionals, with
agreement on competencies for a European dentist. Plas-
schaert et al. (2004) describe the seven domains of profes-
sional activity in the general practice of dentistry as follows:

I. Professionalism;
II. Communication and interpersonal skills;
III. Knowledge base, information handling and critical

thinking;
IV. Clinical information gathering;
V. Diagnosis and treatment planning;
VI. Establishment and maintenance of oral health;
VII. Health promotion.

These domains demonstrate the range of skills required
by a contemporary health professional; they include
health promotion and not merely the diagnosis and treat-
ment of diseases.

The education and training of the wider dental team is
increasingly being provided in dental schools, but the
large numbers of dental nurses tend to be trained in a
variety of ways from apprenticeships to local colleges of
further education.
Contemporary Dental Care

This section outlines current issues in access to care,
funding, quality, and different approaches to care.
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Access to Dental Care

In some countries access to dental care is a right, but in
much of the world it remains a privilege, particularly as the
vast majority of care is provided by private dental practi-
tioners. Public (state) and private dental services tend to
exist in most countries. Private services range from sophis-
ticated practices offering generalist or specialist care
through traditional healers who operate outside the formal
health-care system or any form of professional regulation.

Nationally in much of Europe and North America, the
majority of the population access dental care at a young
age. Surveys reveal that dental attendance is increasingly
becoming routine health behavior. Lader et al. (2005)
report the findings of the UK survey whereby 95% of
5-year-olds and 99% of 12-year-olds had attended a
dentist at least once. In contrast, Varenne et al. (2006)
describe the situation in Burkina Faso in sub-Saharan
Africa where only 7% of 12-year-olds had ever been to
a dentist. Both countries have free access to care for
children, and average caries levels in this age group are
similar; however, the dentist-to-population ratios are
dramatically different. In low-income countries most
dentists are located in urban areas; however, that is also
where dental caries levels tend to be higher and also
where the more affluent sections of the community reside.

Attendance patterns thus vary widely between and
within countries depending on the availability of care
and an individual’s desire and ability to access care. In
high-income countries where dentistry is well established
there appear to be three main approaches to seeking care:

. Regular: people who attend a dentist to ensure that
disease is prevented or picked up at an early stage.
These patients, who have been socialized to see a
dentist regularly as preventive behavior, are most com-
monly found in the middle and higher social classes;
women are more likely to attend than men.

. Irregular: those who only attend when prompted to do
so by reminders, significant events, or concerns that a
problem may be emerging.

. Emergency: those who attend only when in pain.

In many low-income countries disease either is left
untreated or results in the extraction of teeth, either
because it is too late to save the tooth or, more often,
because of an inability to pay for more complex care.

Barriers to dental care may be physical, social, medical,
cultural, and emotional, associated with one or more of
the following:

. Fear of dental treatment (possibly as a result of past
experience);

. Cost of dental care and fear about the cost of care;

. No perception of a dental need;

. Attitude of the dental team;

. Physical disabilities;
. Mental disabilities;

. Language difficulties;

. Cultural differences;

. Opening hours;

. Health or social problems.

Innovative programs are required to proactively address
access problems among underserved populations and to
facilitate access to care; these populations are usually the
more vulnerable parts of society.
Funding of Dental Care

All countries are facing the challenge of rising costs of
health care in general, an issue found particularly in
high-income countries as outlined by Saltman et al.
(1998). Policy makers, funders, patients, and the public
are concerned with the need to ensure that health care is
appropriate, effective, and cost-effective.

Essentially, dental services are funded through state
social security systems, either privately by direct payment
or through third-party insurance companies. Patients also
face a direct challenge in funding dental care as much of
dentistry is privately provided, and even within a state
system, co-payments may be required. Third-party
involvement is increasingly common with health-care or
dental insurance plans, which involve a form of pre-
payment for care with the cost spread over time. In
some countries this is provided as part of the fringe
benefits of employment.

State or publicly funded systems, where they exist, are
usually restricted to specific vulnerable groups in society
and may be limited in the range of services provided. State
funding for dental care is traditionally low when com-
pared with other aspects of health care. For example,
white fillings in posterior teeth are not available in the
British National Health Service, and co-payments are
required from adults unless they meet certain criteria.

The merits of having a fee for each item of care or a
capitation-based payment system are hotly debated, with
each having advantages and disadvantages for different
sections of society and disease levels. Much depends on
the level of funding as well as the incentives in each
system to provide invasive treatment.
Patient Expectations

Patients are increasingly better informed about health
care. In high-income countries, there are increased
expectations for health professionals to meet their needs
and demands in a timely manner, and in a process with
shared decision making. Good contemporary practice
suggests that consent should be informed by a clear expla-
nation of alternative care options, both treatment and
preventive, together with the benefits and risks of care.
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It requires that health professionals work with patients to
understand their desires, oral health needs, and financial
and social circumstances in agreeing on a program of care.
As incidence of dental caries lessens, demands for the
cosmetic components of dentistry are on the increase,
including ceramic veneers on front teeth and tooth
whitening.
Quality Care

Professional responsibilities require, as do patients and
policy makers, that high-quality care be provided. High-
quality care covers every aspect, from diagnostic, preventive,
communication, and treatment skills to the management
of staff and other resources, infection control, health and
safety, and the use of dental materials. It requires that ser-
vices be delivered by a workforce and in premises that are
designed for contemporary health care. Given the pace of
change, keeping up to date with the latest evidence on best
practice is therefore important and can be facilitated
through evidence-based reviews.
Infection Control

Infection control is an important public health issue for
dentists. The nature of the care provided and the close
proximity of dental professional and patient mean that
there are significant risks of cross-infection. The emer-
gence of HIV infection threw the spotlight onto dentistry.
Together with blood-borne viruses such as hepatitis B,
hepatitis C, and Creutzfelt-Jakob disease (CJD), it has
highlighted the necessity for infection control standards
in dentistry. Thus, over the past two decades, dental
professionals routinely wear gloves, masks, eye protec-
tion, and protective clothing and there is great emphasis
on standard or universal precautions for all patients.
Professional and policy guidelines for infection control
in dental settings are regularly updated and provide
an important tool for dentists to ensure their practice
is working within contemporary standards. Looking
to the future, there is likely to be greater emphasis on
developing disposable instruments. All of this holds impli-
cations for the cost of dental care.
Approaches to Care

As dental materials, techniques, and training evolve, den-
tal care moves through phases wherein medical, surgical,
and restorative care are, in turn, dominant and appropri-
ate. Current understanding of disease processes and mod-
ern materials have moved the profession toward minimal
intervention within restorative dentistry and the recogni-
tion that a shortened dental arch in older people (retain-
ing their front 20 teeth) can provide satisfactory aesthetics
and function without the need for recourse to a denture.
Philosophically it makes sense to prevent disease
where possible. Furthermore, the volume and strength
of research evidence is such that there is increasingly
strong support for preventive dental care. However,
there is a tension between minimally restorative or pre-
ventive approaches to care and the highly technical train-
ing of a dentist in complex reparative dentistry. Certain
sections of the community desire and can afford complex
care, and this should be undertaken to the highest quality
in a skilled manner.
Public Health Challenges for Dentistry

Dental professionals face the challenge of meeting the
needs and demands of the wider population in a manner
appropriate to the twenty-first century, characterized by
globalization and change. To do so there needs to be
effective engagement by governments and a strategic
approach linking the rest of health care at local, national,
and international levels. Strategic planning of health-care
services in support of oral health goals should be based on
an understanding of population demography, determi-
nants and trends in oral health, research evidence on the
effectiveness of interventions for preventive and treat-
ment services, and available resources, both human and
financial. Goals, objectives, and targets for oral health in
2020 proposed by Hobdell et al. (2003) following consul-
tation with key international dental organizations provide
a helpful framework for strategic planning.

There are essentially four main challenges for dentistry:
First, to provide more accessible and affordable dental care;
second, to ensure that care provided is high quality and
evidence-based; third, to create a preventive and health-
promoting approach at both individual and population
levels; and fourth, to establish an appropriate skill-mix of
dental professionals to deliver dental care. Each of these
challenges is discussed in the paragraphs that follow.
Accessible and Affordable Dental Care

The present unequal system that exists in much of the
world whereby a minority have access to private dental
care, which is mainly reparative in nature, whilst the
majority live in poverty and have at best access to tooth
extractions and at worst nothing, or substandard treat-
ment from a traditional practitioner, needs to be
addressed. State-funded or -organized dental care plays
an important role in providing ‘safe care’ to those whose
dental needs cannot or will not be met by the private
sector. Both the size of the state or public sector and its
orientation toward serving those who need it most vary. At
a minimum, the public should be able to access affordable
emergency services for relief of pain and discomfort.
There may need to be access to greater resources to assist
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in the process, but also to consider more cost-effective use
of dental professionals. Patients and the public need clear
information on availability, costs/exemptions, and how to
take up dental care.
Quality Care

Contemporary practice should be evidence-informed and
provided to a high standard, in an ethical manner, accept-
able to patients and the public. Oral and dental care
should be underpinned by high-quality research. Patients,
clinicians, policy makers, and researchers all have respon-
sibilities in striving for quality care. Systematic reviews
provide a good method for health personnel to keep up to
date with research evidence through electronically acces-
sible databases, such as Cochrane, listed later in this
article. The same evidence is available to the public and
will increasingly be a resource for patients.
Prevention and Health Promotion

Dental services alone are not going to provide the answer
to world oral health challenges. Wanless (2002, 2004), in
major reviews of one Western health-care system, stated
that health services are most effective and cost-effective
when they take a public health approach and when the
population is fully engaged with their health. It is no less
of a challenge for dentistry (Gallagher, 2005). Evidence
suggests that a range of public health actions is vital to
address the underlying social determinants of oral health
inequalities (Watt, 2007). This includes general health
promotion using population, high-risk, or targeted strate-
gies which emphasize ‘common risk factors,’ focusing on
hygiene, diet, tobacco/smoking, alcohol, and exercise,
together with a strategy to deliver fluoride through com-
munity programs and individual care.
Workforce Skill-Mix

Workforce planning has always proved a challenge within
health care and never more so than in the twenty-first
century with high population and professional mobility.
Davies (2003) and Dubois et al. (2006) have clearly out-
lined the challenges for the health-care workforce in
general. Essentially, there is a potential for greater use of
skill-mix and for a greater emphasis on networks of care
rather than the traditional system where a dentist under-
takes most if not all clinical provision. In both low- and
high-income areas of the world patterns of oral health
suggest the need for more individuals skilled in preven-
tion, health maintenance, and minimally invasive routine
care. Ideally, the distribution of the dental workforce and
skill-mix should relate more closely to need.
And Finally

Never have dentists been able to provide such skilled and
extensive dental care and rehabilitation; however, such
care is largely available only to privileged individuals,
even in the more affluent countries. A shift to a public
health approach to dental care requires a radical rethink
of resources for oral health and dental workforce training.
This would go some way toward developing health-care
systems that are socially equitable, financially sustainable,
professionally fulfilling, and politically successful.
See also: Dental Epidemiology; Oral Cancer; Oral Health.
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How Much Does the World Spend
on Health?

In 1998, the world spent nearly 7.9% of global income on
health care, which amounted to 3.1 trillion international
dollars or 523 international dollars per capita (Poullier
et al., 2002). The world not only spends a significant share
of its resources on health care but countries at all levels
of economic development are concerned about how
resources are mobilized, allocated, and the value proposi-
tion of investing in health.

There are large variations in health spending across
countries. For example, 2004 data obtained from the
World Health Organization (WHO) indicate that total
health expenditures as a percentage of gross domestic
product (GDP) ranged from a low of 1.6% in Equatorial
Guinea to a high of 16.6% in Tuvalu followed by 15.4% in
the United States; on a per capita basis health expenditures
ranged from 15.3 international dollars in Democratic
Republic of the Congo to 6096.2 international dollars in
the United States. These differentials are not restricted to
low- and high-income countries but exist within and
across countries at the same level of economic develop-
ment. For example, if one were to consider countries of the
Organization for Economic Co-operation and Develop-
ment (OECD), the Republic of Korea spends 5.5% of its
GDP on health as comparedwith the United States, which
spends 15.4% of its GDP on health (WHO, 2007). Over
the decades growth in health expenditures has tended to
outstrip general inflation rates in most countries, although
Sweden did report a negative growth in health spending in
1999–2000.

In its simplest form total health expenditure is a prod-
uct of the quantities of different health services consumed
and their unit prices. In this article, we analyze and iden-
tify factors that determine health expenditures. Where
data are available we try to analyze how these determi-
nants vary across countries at different levels of economic
development. We rely mainly on secondary sources of
information in addition to conducting analysis of the avail-
able published data.
Determinants of National Health
Expenditures

In Figure 1 we provide a framework within which to
analyze determinants of national health expenditures.
The main factors affecting health expenditures are the
following:

. How the health system is organized and managed

. The health needs of the population

. The level of economic development, per capita income,
and income distribution

. The supply of health services

. Technology.
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Figure 1 A framework for analyzing the determinants of health expenditures.
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Governance and Organization of the
Health System

How a health-care system in a country is managed and
organized influences how much that country spends on
health care. Management of the health system is an impor-
tant function that governments perform and involves pol-
icy formulation, defining the roles of the public and private
sectors in the financing and provision of health services,
setting priorities on allocating scarce health resources,
monitoring the performance of the health system, and
regulating and protecting consumers against the adverse
effects of market failures in health care. At the most fun-
damental level the policies that governments enact and
the role they play in managing the health system influ-
ences all inputs into the health system, the mix of services
produced, access to health care, prices in the market place
for health-care goods, and eventually health outcomes and
expenditures. For example, in the United States, where
the government has much less direct control over health
spending, the result has been higher rates of increase of
health expenditures as compared with other OECD
countries (Altman and Rodwin, 1988; Reinhardt, 1993).
The U.S. government’s relatively lower degree of control
over expenditures stems from the fact that it has little
direct influence over expenditures in the private sector,
whereas in Canada and European countries, for example,
the government can use tools such as negotiations with
medical unions, budget caps, and claw-back mechanisms
to control expenditures.

Health-care financing consists of mobilizing health
funds, pooling these funds, and using them to purchase
health-care services. Governments can use a mix of
financing methods to mobilize health funds. These include
general tax revenues, earmarked taxes, social health insur-
ance, private health insurance, medical savings accounts,
out-of-pocket expenditures, and external assistance. The
mix of resource mobilization methods used reflects social
values, the level of socioeconomic development, and the
particular aspects of market failure that the government
would like to address. For example, social health insurance
schemes such as those in Europe reflect an explicit contract
between the government and its citizens, assure universal
coverage, and are reasonably effective in dealing with
adverse selection.The use of insurancemechanisms – either
social or private – is facilitated by the existence of a large
formal sector and effective collection, pooling, and dis-
bursements systems. Insurance systems take time to design
and implement and involve large investments. National
Health Accounts studies have shown that low- and
middle-income countries use a multiplicity of financing
methods and have underdeveloped insurance markets and
high out-of-pocket expenditures.

Purchasing of health services refers to what services are
purchased, how they are purchased, from whom they
are purchased, who and howmany perform the purchasing
function, and how the purchasing pools are funded. There
exists significant variation across countries in how the
purchasing function is organized. For example, Germany,
on the one hand, has a mix of social insurance health funds
and private insurance schemes that can provide services to
those outside the social health insurance scheme. Finland,
on the other hand, has devolved responsibility of purchas-
ing health services to local municipal councils that receive
funds from the government on a prospective, needs-based
budget. The organization of the purchasing function
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influences services produced, prices paid to providers, and
access to care. All these factors, in turn, affect overall
health expenditures. An important distinction to keep in
mind is that under social insurance the total amount spent
on health can be decided by government, whereas in a
private insurance system this decision is a result of the
market and the power of the various stakeholders.

Provider payment refers to the mechanism by which
health providers are reimbursed at the point of service.
The main aim of provider payment is to create incentives
that influence the behavior of providers to achieve policy
objectives of the government such as equity, efficiency,
and increased access to care. There are three principal
methods of provider payment. In the first the purchaser
pays salaries and makes available facilities and medical
supplies; the second is contracting for services; the third
is allocating an annual budget that could be set on the
basis of expected services or enrolled population. More
recently, the term ‘pay for performance’ or ‘P4P’ has
made its way into the vocabulary of policy analysts and
researchers. One definition refers to P4P as the ‘‘transfer
of money or material goods conditional on taking a mea-
surable action or achieving a predetermined performance
target’’ (Eichler, 2006). Pay for performance refers to
incentives to address both demand and supply-side issues.
On the demand side, examples include cash transfer pro-
grams or vouchers; on the supply side examples encom-
pass the entire range of incentive payments designed to
affect provider behavior.

Once again, how providers are reimbursed influences
health-care costs. For example, until the 1970s in theUnited
States hospitals were paid retrospectively. In other words,
hospitals first spent then billed for their services. Since the
revenues of a hospital are a function of the costs of services
provided therewas little incentive to balance the cost of care
against the patient benefits. The result was double-digit
increases in health expenditures, rising private insurance
premiums, rapid increase in the expenditure of the public
programs Medicare and Medicaid, and an increased share
of GDP allocated to health. In response to escalating costs,
the government changed its payment method to a prospec-
tive payment system and Health Maintenance Organiza-
tions were established. Both these developments were
designed to provide incentives to the provider to be more
cost conscious and share in the risk of health-care costs.
Subsequent to these changes the rate of growth of medical
expenditures slowed, at least in the short-term.

Decisions about how health care will be financed,
purchased, and paid for all have a direct impact on the
demand for health-care services, investments that will
be made by the private sector in creating health infra-
structure and R&D, the type, quantity, and intensity
of health services provided, and the price of health ser-
vices in the marketplace, and these in turn affect health
expenditures.
Health Needs of the Population

Demographic transition posits that with improvements
in health, mortality rates start to drop faster than fertility
rates. This results in a short-lived increase in family size.
Due to the lag between mortality and fertility, population
will increase. The sheer increase in the number of indi-
viduals in a country increases health needs. However, over
time as fertility rates decline the proportion of elderly
tends to increase as a percentage of the total population,
and this change in population structure affects the need
and demand of health-care services. Another factor affect-
ing health needs is the epidemiological transition that
countries go through. ‘Epidemiological transition’ refers to
the fact that with economic development and declines in
fertility rates the disease profile of countries changes from a
preponderance of communicable diseases, maternal and
perinatal conditions, and nutritional deficiencies to one in
which noncommunicable conditions account for a large
part of the disease burden. Thus both the demographic
and epidemiological transitions affect the health needs
and subsequently the health demands of populations, and
this in turn has an impact on health expenditures.

In the next 50 years, the share of world population aged
60 or more will double from 10% to 22%, tripling to 30%
by 2100. The root causes for this are advances in medical
care, improved nutrition, changes in lifestyle, anddecreased
fertility.

How will this change in demographics affect health
expenditures? An article by Alistair Gray of the Univer-
sity of Oxford analyzed data from 13 OECD countries
where data were available and concluded that population
aging would increase age-related expenditures from
under 19% of GDP in 2000 to almost 26% of GDP by
2050 with expenditures on health accounting for half of
these increases (Gray, 2005). Other studies conductedwith
developed country data also support the hypothesis that
the demographic structure of a population is a significant
variable in explaining health expenditures (Anderson et al.,
2003). In a recent study published in Health Affairs the
authors project that health spending in the United States
is expected to account for 20% of GDP by 2015 and that
population aging will account for a ‘‘small but rising’’ share
of total health expenditures between 2004 and 2015
(Borger et al., 2006).

In recent years there have been a few studies that have
tried to estimate the impact of aging on health expendi-
tures in low- and middle-income countries. Two studies
conducted under the Partners for Health Reform Plus
(PHRplus) project funded by USAID analyzed this issue
in the context of Jordan and the Philippines. The Jordan
study modeled expenditures on the elderly under differ-
ent scenarios of macro-economic growth. The study con-
cluded that whereas the elderly as a percentage of the
population were projected to increase from 7% in 2000 to
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9% in 2015, their share of total health expenditures was
projected to increase from 20.2% in 2000 to 23.2% under
the high-growth scenario, to 32.7% under the medium-
growth scenario, and to 38% under low-growth assump-
tions. The study done in the Philippines concluded that
the share of health expenditures going to services for the
elderly will rise from 19.5% in the year 2000 to 29.5% in
the year 2020. In the Philippines most of this increase was
due to the aging of the population, but this would not
affect the share of health spending going to the young.
However, the study concluded that this is likely to change
beyond 2020 when significant aging in the Philippines will
begin to take place (Mason et al., 2004).

Lifestyles also affect health expenditures. Healthy life-
styles tend to improve health and reduce health expendi-
tures, and unhealthy lifestyles result in poor health and
increased health expenditures. A good example of this is to
look at how obesity affects health expenditures in the
United States. It is estimated that in 1998 overweight
and obesity attributable medical expenditures accounted
for 9.1% of total health expenditures amounting to
$78.5 billion dollars. Medicare and Medicaid financed
roughly half these costs (Finkelstein et al., 2003).
The Effect of Income on Health
Expenditures

Evidence exists for a strong and positive correlation
between income and health expenditures at the level of
countries and households. What lies behind the relation-
ship between income and health expenditures?

Our own analysis of 2004 data for 190 countries
obtained from the World Health Organization (WHO,
2007) shows the following three facts:

1. There exists a positive correlation between GDP per
capita and share of total health expenditures as a per-
centage of GDP, as shown in Figure 2a; an Ordinary
Least Squares (OLS) regression line shows the positive
correlation between percentage of GDP spent on health
in a country and the country’s GDP per capita.

2. There exists a positive correlation between GDP per
capita and per capita health expenditures. Figure 2b
shows that the higher the GDP per capita measured in
international dollars/PPPs, the higher the per capita
health expenditures in international dollars/PPPs. The
simple OLS regression line can only indicate the corre-
lation between GDP per capita and health spending per
capita. However, it cannot establish causality, since it
does not consider all the other possible factors that
could have an influence on health spending.

3. There exists a positive correlation between GDP
per capita and the government share of total health
expenditures as shown in Figure 2c using simple OLS
regression.

The patterns observed above are consistent with the
findings of Musgrove et al. (2002), who found that total
health spending rises from around 2–3% of gross domes-
tic product (GDP) at low incomes (<US$1000 per capita)
to about 8–9% at high incomes (>US$7000). They also
found that public financing constitutes a larger share of
GDP as income increases, and converges at high incomes.
Their research also shows that the health share of total
public expenditures increases as income rises from 5–6%
to 10% (Musgrove et al., 2002).

However, a synthesis of National Health Accounts
from 26 low- and middle-income countries published by
the PHRplus project appears to indicate that with regard
to countries in Latin America and the Caribbean there
actually was a negative correlation between the percent-
age of GDP a country spends on health and that country’s
per capita income. The second hypothesis tested in the
study was whether there was a positive correlation between
per capita incomes and the share of public expenditures to
total health expenditures. Once again the study found that
for middle-income countries from Latin America and
the Caribbean and those in the Middle East and North
Africa the hypothesis did not hold. A number of factors
might have accounted for these findings, including the
number of countries included in the sample, classifica-
tion and validity of data, and how the underlying health
systems are organized. However, the study does highlight
two important facts: first, that relationships observed in
high-income countries might not hold in low- and middle-
income countries and, second, that more research is needed
to understand these relationships in low- and middle-
income countries.

The report of the Commission on Macroeconomics
(2001) and health argues very strongly for the link between
health and economic development. The commission re-
port shows that health status is important in explaining the
differences in economic growth rates across countries even
when one controls for macro-economic variables. Given
that ill health and its consequences disproportionately
affect the poor, the commission argues that increased
investments for combating health conditions affecting
the poor will stimulate economic development and help
alleviate poverty. AWorld Bank report authored by Lance
Pritchett and Laurence H. Summers using cross-country
longitudinal data showed that the relationship between
incomes and health is ‘‘not only associative but causal
and structural’’ (Pritchett and Summers, 1993).

Grossman pioneered the use of the theory of human
capital to study the demand for health care (Grossman,
1972). According to Grossman, individuals aim at increas-
ing their income and in order to do so will invest in
themselves. Thus investments that individuals make in



y = 8E − 05x + 5.5853
R2= 0.117

0
0

(a)
10000 20000 30000 40000 50000 60000 70000

2

4

6

8

10

12

14

16

18

GDP per capita (international dollars)

P
er

ce
nt

y = 0.0873x – 136.07

R2= 0.8801

−1000
(b)

0
0 10 000 20 000 30 000 40 000 50 000 60 000 70 000

1000

2000

3000

4000

5000

6000

7000

Per capita GDP (international dollars)

P
er

 c
ap

ita
 h

ea
lth

 e
xp

en
di

tu
re

s
(in

te
rn

at
io

na
l d

ol
la

rs
) 

y = 0.0007x + 51.867
R2= 0.149

00.00
0

(c)
10 000 20 000 30 000 40 000 50 000 60 000 70 000

20.00

40.00

60.00

80.00

100.00

120.00

Per capita GDP international dollars 

P
er

ce
nt

 

Figure 2 (a) Share of total health expenditures as percentage of GDP 2004. Source: Authors’ analysis of 2004 data from WHO.

(b) Per capita GDP by per capita health expenditures. (c) Per capita GDP and government share of total health expenditures.
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health are a means to an end and not an end in itself. The
‘‘health of an individual’’ is a commodity that is used up
over multiple time periods and hence can be viewed as a
capital good. Individuals increase their capital of health by
both purchasing and producing health. Subsequent appli-
cations of the Grossman approach have shown that the
demand for health goes up with income and education.

Families facing high infant mortality tend to overcom-
pensate by having more children than needed to adjust for
mortality and thus have fewer resources to invest per child.
This is sometimes referred to as the ‘‘quality/quantity’’
trade-off. As the probability of child survival increases,
families start having fewer children and invest more in
these children and hence family size starts declining; this
cycle results in a change in the population structure that
is referred to as the demographic transition (Barro and
Becker, 1998). Studies conducted in both developed and
developing countries bear out the positive relationship
between household income and the health status of children.

Household income also is a strong predictor of
the demand for health-care services and expenditures
(Table 1). A study of the inequality of health-care
use and expenditures from eight developing countries
and countries in transition found that individuals in
higher-income groups had a higher probability of using
carewhen sick, weremore likely to be seen bya doctor, and
also spent more in absolute terms on health care
as compared with individuals in lower-income groups
(Makinen et al., 2000).We analyzed data from three nation-
ally representative household health-care utilization and
expenditure survey reports and found that in both Kenya
and Egypt those in the higher-income quintiles used more
outpatient visits per capita as compared with those in the
lower-income quintiles. Jordan is an exception to the rule
in the case of low- and middle-income countries: in Jordan
the use of outpatient care actually declines with increasing
income. This fact reflects in part the strong commitment to
health of the population by the country, the extensive and
well-financed health infrastructure, and the availability of
physicians and drugs at the facilities.
Table 1 Per capita utilization of health outpatient services by

income quintiles

Income quintile Jordan Egypt Kenya

Lowest 3.63 2.32 1.72

Second 4.03 2.91 1.75

Third 3.78 3.40 1.93
Fourth 3.40 3.79 2.07

Highest 2.91 5.11 2.27

Source: Jordan Household Health Care Utilization and Expen-

diture Survey, Egypt Household Health Care Utilization and
Expenditure Survey, Kenya Household Health Care Utilization

and Expenditure Survey.
In conclusion, income is an important determinant of
health expenditures at both the level of the country and
households.
Effect of Health Insurance on Health
Expenditures

Economic theory suggests that risk-averse individuals
would prefer to protect against unpredictable costs
through the purchase of insurance. In a seminal paper
titled ‘‘Uncertainty and the Welfare Economics of Medi-
cal Care,’’ Kenneth Arrow identifies situations in which
markets for health insurance might fail and argues that
because of welfare gains associated with insurance, ‘‘gov-
ernments should undertake insurance where the market,
for whatever reason, has failed to emerge’’ (Arrow, 1963).
What insurance does is lower the marginal cost faced by
individuals and, as a consequence, it can increase utiliza-
tion of services by the individual. This phenomenon is
also known as ‘moral hazard.’ Mark Pauly showed that
moral hazard was a rational economic response to the
presence of insurance and that ‘‘even if all individuals
are risk averters, some uncertain medical care expenses
will not and should not be insured in an optimal situation’’
(Pauly, 1968).

In the United States, the Rand Corporation undertook
the first randomized study to examine the impact of
insurance on demand and expenditures. The key findings
from this study are reported in ‘‘Health Insurance and the
Demand for Medical Care: Evidence from a Randomized
Experiment’’ (Manning et al., 1987). The Rand study
showed that ‘‘demand elasticities for medical care are
non zero and indeed the response to cost sharing is non-
trivial.’’ Rand researchers also examined the effect of
insurance on the increase in health expenditures in the
United States since World War II. They concluded that
insurance accounted for only 10% of the total increase in
health expenditures. This means that the expansion in
health insurance coverage would account for only 70%
of the 700% increase in health expenditures in the United
States.

Analysis of Household Health Care Expenditures and
Utilization Surveys in middle-income countries do not
always support the hypothesis that the presence of insur-
ance increases demand and expenditures on health care.
For example, in Egypt it was found that insurance was
not a significant variable in determining demand for
health-care services (Nandakumar et al., 2000). In Jordan
it was observed that holding other factors constant, age,
income, and insurance were not significant in explaining
the demand for health-care services. The reasons for these
findings vary by country. In Egypt the reasons probably
revolved around the design and management of the social
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health insurance scheme, whereas in Jordan it had more to
do with a well-functioning health system that spends over
9% of its GDP on health, has an extensive network of
primary health-care facilities within easy reach of the
population, and has a very strong commitment to public
health and primary health care. These studies indicate
that the significant association observed in the United
States and other developed countries between insurance
and demand, as well as expenditures on health care, might
not hold in the case of low- and middle-income countries.
The Effect of Physician Behavior on
Health Expenditures

The presence of asymmetries in information and their
effect on the physician–patient relationship have been the
focus of extensive research. Robert Evans was probably the
first economist to postulate the hypothesis that physicians
have the ability to ‘‘shift out’’ demand for their services
through ‘‘inducing activities’’ (Evans, 1974). DavidDranove,
in an important paper published in 1985, used a game
theory approach to present a model in which physician
inducement can be better understood (Dranove, 1985). In
this model the game is played between the physician and
the patient. The physician’s income is based on payments
received for services provided to the patient. The physician
has the ability to induce demand and this will positively
affect the physician’s income. However, the physician runs
the risk of losing the patient’s business if the latter comes to
the conclusion that the physician overprescribes services.
According toDranove the physicianwill choose the optimal
level of inducement that ‘‘balances the gains from recom-
mending and performing expensive treatments and the
losses from possessing a bad reputation.’’ The level of
inducement will depend on various factors, including the
reimbursement rate for the treatment, the level of knowl-
edge of the patient, and the value placed on the treatment
by the patient. Various studies appear to validate Dranove’s
hypothesis. For example, a study on ordering of laboratory
tests showed that roughly 50% of these tests were unwar-
ranted (Kaplan et al., 1985). Another study conducted with
data from the 1977 National Medical Care Expenditure
Survey in the United States showed that a decrease
of 1% in the out-of-pocket price of physician visits
increased physician-initiated visits by 0.17% and that
physician-initiated visits decreased with the education
level of the patient (Wilenky and Rossiter, 1983).

Giuffrida and Gravelle (2001) analyzed the demand
and supply of night visits in primary care in the UK by
using panel data. They found that the introduction of
differential fees for general practitioner (GP) and deputy
visits in 1990 led GPs to increase their own visits and to
reduce the number made by deputies. Xirasagar and Lin
(2006) examined the earnings of 8106 office-based (FTE)
physicians in 2002 in Taiwan and found evidence of a
steady earnings increase with increasing total physician
density, thus confirming their hypothesis about the pres-
ence of physician-induced demand in an office setting.

It is important to point out that there are others who
argue that it is neither the profit-maximizing nor income-
maximizing behavior of physicians that results in excess
care being prescribed but rather the uncertainty of medi-
cal diagnosis and the desire of physicians to optimize
health outcomes for their patients that can lead to excess
care being prescribed. Some economists have argued that
as physician supply increases physicians induce demand
in order to protect their incomes. Yet others argue that in
countries where the fear of medical malpractice suits is
high physicians tend to practice defensive medicine: ‘‘the
use of diagnostic and end-treatment measures explicitly
for the purposes of averting malpractice suits’’ (Tancredi
and Barondess, 1978), which in turn leads to unnecessary
health services (Rodriguez et al., 2007) and increased costs.
The United States is one country where the issue of the
effect of defensive medicine on health expenditures has
been studied quite extensively; most studies show that it
accounts for less than 1% of total health expenditures.

Whatever one’s views might be on the ability of phy-
sicians to induce demand, thereby affecting health expen-
ditures, it cannot be denied that treatment decisions taken
by physicians whether in an inpatient or outpatient setting
are critical in deciding the type, intensity, and duration of
care that is provided, and hence their role in determining
health expenditures should not be underestimated.
The Role of Technology in Determining
Health Expenditures

There is an emerging consensus among researchers that
the development, diffusion, and adoption of technologies
are an important determinant of health expenditures.
Technology, by its very nature, is a complex commodity
that takes time to develop and requires large investments
in Research and Development (R&D). Burton Weisbrod
(1991), in an important paper entitled ‘‘The Health Care
Quadrilemma: An Essay on Technological Change, Insur-
ance, Quality of Care, and Cost Containment,’’ examined
the relationship between the expansion of insurance and
the development of ‘‘cost increasing technologies’’ in the
United States. Weisbrod argues that there is a reciprocal
relationship between health insurance and technology.

New interventions are usually expensive and companies
spending on R&D factor into their investment decisions
either existing financing mechanisms or those that will be
in place when these technologies enter the market. This is
best illustrated by considering the effect of a technology
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such as kidney or liver transplant. With these technologies
it is now possible to treat conditions that were previously
untreatable but at a cost that most individuals cannot afford
to pay out-of-pocket. The catastrophic nature of these
expenditures means that the demand will grow to pay for
such treatment either from government funds or through
insurance. According to Weisbrod, ‘‘the long run growth of
health care expenditures is a by product of the interaction of
the R&D process with the health insurance system.’’ Some
technologies, such as the polio vaccine, can be viewed as a
public good. In this instance the financing comes largely
from public sources or donor assistance. Therefore it is not
necessary that all technologies will stimulate a demand for
insurance.

In the United States health insurance has largely paid
for facility-based treatment, with coverage for preventive
care being limited. Hence the R&D sector has little
incentive to focus on prevention rather than on treatment.
Thus, the type of health insurance and how providers and
manufacturers are reimbursed for the use of technology
will determine the direction of R&D but also the balance
between cure and prevention.

An article published in Health Affairs examines the rela-
tionship between technology availability and health-care
spending in the United States (Baker et al., 2003). The
authors found that, for those with private insurance, an
increase in one non-hospital-based magnetic resonance
imaging (MRI) machine led to a 0.93% increase in per
beneficiary spendingon outpatientMRI. Similarly, increases
in free-standing computer tomography (CT) units were
significantly associated with increased use and spending
by Medicare and private insurance beneficiaries. The
authors conclude that ‘‘the general pattern in our results
is that more availability is associated with higher use and
expenditures.’’ Joseph Newhouse in his analysis of the
determinants of increases in health expenditures in the
United States concluded that aging, increased insurance,
increased income, and supplier-induceddemand accounted
for perhaps a quarter of the increases in medical expendi-
tures over a 50-year span. He goes on to say the bulk of
‘‘the residual increase is attributable to technological
change, orwhatmight loosely be called themarch of science
and the increased capabilities of medicine’’ (Newhouse,
1992).

Not many studies exist on the development, diffusion,
and adoption of technology and its impact on health
expenditures in low- and middle-income countries. How-
ever, information contained in the National Health
Accounts study for Lebanon provides a useful insight
into this issue (Ammar et al., 2000). Lebanon spends over
14% of its GDP on health care. It has a highly pluralistic
health financing system made up of government spending;
social health insurance; private health insurance, and out-
of-pocket expenditures. The public and private financing
agents purchase services from the private sector, which
is growing rapidly and is largely unregulated. The
National Health Accounts study showed that in 1998,
pharmaceutical expenditures accounted for over 25% of
total health expenditures. Ninety-eight percent of phar-
maceuticals sold in the country are brand-name drugs
and 94% of drugs consumed in the country are imported.
The growth in expenditures on pharmaceuticals has
been accompanied by a rapid increase in the number of
pharmacies. In the 1990s the government decided to pay
for open heart surgery, kidney transplantation, and the
treatment of burns. By 1998, these three procedures
accounted for 20% of total government expenditures on
health. Between 1992 and 1998 the number of open heart
surgery centers grew from two to eight, the number of
open heart surgeries from 600 to 1600, and expenditures
from roughly 10 billion Lebanese pounds to 25 billion
Lebanese pounds.

The endogenous and reciprocal relationship between
insurance (health financing) and technology observed in
the United States need not hold for other developed
countries. For many of the OECD countries, R&D and
development of new technology appears to be exogenous
to the mode of health financing.
Expenditures on Pharmaceuticals

In both developed and developing countries considerable
attention has focused on the impact of prescription drugs
on total health expenditures. In the past decade, spending
on outpatient prescription drugs in the United States has
grown at an annual rate of 15–20%, with total expenditures
increasing from $40 billion annually to over $160 billion
(Thomas et al., 2002).

Figure 3 compares expenditures on pharmaceuticals
as percentage of GDP for select OECD countries for
which data were available for the year 2000. We find that
spending on pharmaceuticals ranges from a low of 0.6% of
GDP in Ireland to a high of 1.9% in France.

Figure 4 examines the share of pharmaceuticals to
total health expenditures. We observe that this ranges
from a low of 9% in Ireland to 22.2% in France.

A synthesis of National Health Accounts findings from
26 low- and middle-income countries showed that expen-
ditures on pharmaceuticals accounted for a significant
proportion of total health expenditures. For example, for
countries in eastern and southern Africa, excluding two
countries whose data were unreliable, the share of phar-
maceuticals to total health expenditures ranged from a
low of 14% in South Africa to a high of 53% in Ethiopia.
For countries in the Middle East and north Africa, spend-
ing by Iran and Djibouti on pharmaceuticals was 15% of
their total health expenditures; Lebanon and Jordan spent
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over 25% of total health expenditures on pharmaceuti-
cals; and Egypt, Morocco, and Yemen all spent over 35%
of total health expenditures on pharmaceuticals. For
countries in Latin America and the Caribbean, expendi-
tures on pharmaceuticals as a share of total health expen-
ditures ranged from 4% in the Dominican Republic to
33% in Nicaragua. Ecuador, El Salvador, Nicaragua, and
Peru all spent over 20% of total health expenditures on
pharmaceuticals (Nandakumar et al., 2004).

Our analysis shows that in countries at all levels of
economic development, expenditures on pharmaceuticals
represent a fairly significant proportion of total health
expenditures, and the current consensus is that this will
increase over time.

We would like to end the discussion on technology and
its impact on health systems by pointing out that the
Commission on Health Research and Development in
its 1990 report observed that 10% of global R&D spend-
ing is directed at health problems of 90% of the global
population (Commission on Health Research for Devel-
opment, 1990). We do not believe this imbalance has been
reduced in the past decade. The Commission on Macro-
economics and Health observes that for diseases that are
incident in both rich and poor countries, R&D exists
in rich countries, products are available, and the issue
for poor countries is access to technology; for diseases
that are incident in both rich and poor countries but the
majority is in poor countries, R&D spending is not com-
mensurate with the needs of poor countries; and finally
for those diseases which are incident primarily in poor
countries, little or no R&D investment takes place.
Conclusion

Many countries consider health care to be a basic human
right because of its ability to extend and improve the
quality of life of individuals. This in turn means that
society expects governments to intervene proactively in
the health sector to increase access to health care, protect
consumers against the adverse effects of market failures,
and provide safety nets for the poor. Our analysis of
the determinants of health expenditures shows that how
health systems are organized and managed; the health
needs of the population; the level of economic development
and per capita income; the presence of health insurance;
the behavior of health providers, and, last but not least,
technology all impact upon health expenditures. The
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magnitude and share of these determinants in health expen-
ditures varies across countries. Most of the research to date
has focused on high-income or developed countries. There
is a need to more systematically study this issue in the
context of low- and middle-income countries.
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Table 1 Criteria for diagnosis of prediabetes and diabetes

Plasma glucose levels (mg/dl)

Condition FPG OGTT

Diabetes �126 and/or �200
Pre-diabetes �110–<126 and/or �140–<200
Normal <110 and <140

FPG, fasting plasma glucose test; OGTT, oral glucose tolerance

test.
Introduction

Diabetes is currently one of the most costly and burden-
some chronic diseases, and it is a rapidly growing public
health problem worldwide. The number of adults with
diabetes in the world is expected to rise from 171million
in 2000 to 366million in the year 2030, more than 75% of
which will be in developing countries. The top three
countries with the largest numbers of individuals with
diabetes are India, China, and the United States, where
the disease is a major cause of morbidity and mortality and
contributes substantially to overall health-care costs (Wild
et al., 2004). Diabetes mellitus is classified into two sub-
types. Type 1 diabetes, formerly known as juvenile onset
diabetes, comprises about 10% of cases, begins suddenly
in childhood or adolescence, and always requires the
treatment of insulin. Type 2 diabetes, formerly known as
adult onset or non-insulin dependent diabetes mellitus
(NIDDM), accounts for approximately 90% of all diag-
nosed cases of diabetes (CDC, 2005). Type 2 diabetes is
also ranked as fifth among leading causes of death in the
United States and is increasing in epidemic proportions
both in the United States and throughout the world, espe-
cially in developing and newly industrialized countries.

All forms of diabetes mellitus are characterized clini-
cally by high circulating levels of blood glucose and
abnormal levels of insulin. Type 1 diabetes begins rapidly
due to failure of the insulin-producing beta cells of the
pancreatic islets to maintain adequate levels of insulin
needed for glucose to enter muscle and adipose tissue.
Type 2 diabetes begins more gradually and proceeds
through several stages. The initial problem is that muscle,
adipose tissue, and the liver become less sensitive, or
resistant, to the normal effects of circulating insulin. The
body tries to compensate for high levels of circulating
insulin by releasing greater amounts of insulin into the
blood. As the pancreatic islet cells become exhausted and
fail, however, insulin production decreases, leading to
high blood glucose levels but low insulin levels. Type
2 diabetes is also characterized by high levels of free
fatty acids, abnormal lipoprotein patterns, and long-term
complications of vision loss, kidney dysfunction, nerve
dysfunction, and increased risk of heart disease, stroke,
and peripheral vascular disease.

About one-third of the approximately 21million peo-
ple with diabetes in the United States have not yet been
diagnosed. In addition to those who meet the clinical
definition of diabetes, the American Diabetes Association
estimates that another 54million Americans have predia-
betes, defined as having blood glucose levels that are
higher than normal but not high enough for a diagnosis
of diabetes (Table 1). The clinical gradations of disease
are discussed in greater detail later in the article.

The risk factors for type 2 diabetes can be divided into
those that are modifiable (obesity, physical inactivity,
unhealthy diet, etc.) and those that are not (age, gender,
family history, race or ethnicity, history of gestational
diabetes, etc.). Inherited genes affect an individual’s pro-
pensity to gain weight or to develop insulin resistance or
diabetes at a given level of adiposity. Hereditary factors
do not, however, explain the rapid temporal increase in
the prevalence of obesity and type 2 diabetes that are now
occurring worldwide. The global increase in type 2 diabe-
tes is caused by the extraordinary increase in overweight
and obesity over the last 30 years (refer to other articles
recommended at the end of this one). This in turn is
caused by increased caloric consumption and sedentary
lifestyles (Knowler et al., 1995).

Although effective therapies are available to treat dia-
betes and reduce its complications, once diabetes devel-
ops it is challenging, costly, and burdensome to treat.
Considering the severity of illness, low quality of life,
and health-care costs associated with diabetes, primary
prevention of type 2 diabetes is needed. Results of several
recent clinical trials have shown that lifestyle interven-
tions with diet and exercise may prevent or delay the
development of diabetes in high-risk populations.

This article reviews data from observational studies to
identify the link between specific lifestyle behaviors and
the incidence of diabetes, reviews evidence from clinical
trials that show the effect of lifestyle interventions (diet or
exercise) on prevention of diabetes, discusses reasons for
the initiation of prevention programs, points out ways to
identify high-risk groups for diabetes prevention, and
discusses the challenges involved in implementation of
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these lifestyle interventions in communities and the
potential mechanisms to overcome them.
Observational Studies of Modifiable Risk
Factors

Observational studies point to several potentially modifi-
able factors in the etiology of diabetes. The Nurses’
Health Study (Hu et al., 2001) found that 91% of the
cases of diabetes could be attributed to just five variables,
all of which were modifiable through lifestyle changes.
These factors included obesity, physical inactivity, un-
healthy diet, smoking, and alcohol consumption. Observa-
tional studies on these factors have been reviewed in detail
elsewhere (Steyn et al., 2004).

Bodyweight and weight gain have consistently been
shown to be the strongest modifiable risk factors for
diabetes (Knowler et al., 1995). Findings from the Ford
et al. (1997) cohort study showed that in a representative
sample of the U.S. population, each unit increase in body
mass index (BMI) was associated with a 12% increased
risk of type 2 diabetes. Compared with persons with a
BMI <22 kg/m2, those with BMI 25–27 kg/m2 (consid-
ered overweight by current U.S. standards) had 2.75 times
the risk of developing diabetes, and those with BMI of
31–32.9 kg/m2 (considered obese by current U.S. stan-
dards) had a seven-fold increased risk. Compared to
whites in the United States (CDC, 2005), prevalence of
type 2 diabetes is higher in African Americans, Asian
Americans and Pacific Islanders, Hispanic Americans,
and Native Americans. Higher rates of type 2 diabetes
in African American women compared to white women
have been shown to be attributable to higher prevalence of
obesity. Asian populations (Filipinos, Japanese, Chinese,
and South Asians) with body size similar to whites exhibit
higher prevalence of type 2 diabetes. Studies have shown
that this may be due to higher levels of visceral adipose
tissue at lower BMI levels in these subgroups. The World
Health Organization (WHO, 2004) used this evidence to
lower the recommended normal BMI level of Asians
to �23kg/m2 instead of the U.S. standard of �25 kg/m2.

Physical activity is a key intervention for long-term
weight maintenance and is thus crucial to lifestyle-based
diabetes prevention. Even without weight loss, and regard-
less of BMI, physical activity may reduce diabetes risk
(Schulze and Hu, 2005). In addition, when overweight or
obese individuals engage in aerobic exercise, modest weight
loss results independent of caloric reduction through
dieting. Several studies have shown a dose–response decline
in diabetes incidence across increasing levels of physical
activity, with the largest decreases seen between sedentary
individuals andmoderately active individuals. Based on this
evidence, as well as evidence from other studies showing
benefits of physical activity, the Centers for DiseaseControl
and Prevention and the American College of Sports
Medicine recommend that healthy individuals engage in
moderate intensity activity �30min on �5 days per
week or vigorous intensity activity �20min on �3 days
per week.

Overall, pattern of a ‘Western’ diet (characterized by
high consumption of red meat, processed meat, high-fat
dairy products, sweets, and desserts) has been associated
with increased risk of diabetes independent of BMI, phys-
ical activity, age, or family history; whereas a ‘prudent’
diet (characterized by higher consumption of vegetables,
fruit, fish, poultry, and whole grains) has been associated
with a reduced risk. The components of these dietary
patterns have been studied individually. Diets composed
of a high percentage of calories from fat may contribute to
weight gain and development of obesity, but the results
are mixed. There is more consistency in the literature,
however, on the association of specific types of fat in the
diet on diabetes risk. Higher levels of polyunsaturated fat
have been associated with a lower risk of diabetes. The
deleterious effects of saturated fats on cardiovascular dis-
ease risk are well documented, as are the effects of trans
fats (Schulze and Hu, 2005). Similarly, diets which are low
in calorie and high in fiber have been shown to reduce the
risk of diabetes. Other dietary components with evidence
of lowered risk of diabetes are consumption of low-fat
dairy products and moderate alcohol consumption (Steyn
et al., 2004).

Unfortunately, inconsistency across studies of dietary
factors has delayed a consensus on precisely which factors
reduce the risk of diabetes. In addition, it remains unclear
whether dietary factors work primarily to enhance weight
maintenance or to lower diabetes incidence directly. One
limitation to studying the relationship between specific
dietary components and diabetes risk is that few people
consume specific types of fats or carbohydrates in isola-
tion, and thus dietary components may be confounded
by other components. Also, an intrinsic limitation to
observational studies is healthy-behavior bias in that
the dietary factors may be confounded by another
health-promoting behavior that was unmeasured. Despite
difficulty in measuring the relationship between dietary
factors and risk of diabetes, evidence from observational
studies provided the scientific rationale to conduct clini-
cal trials of diabetes prevention and to develop testable
interventions.
Clinical Trials of Modifiable Risk Factors

Since obesity, physical inactivity, and unhealthy diets
have been identified as modifiable risk factors for type 2
diabetes, many studies have assessed the effect of lifestyle
modification with diet or exercise or both on diabetes
prevention. The results of these studies have shown



148 Diabetes Mellitus Prevention
that intensive lifestyle interventions, primarily in patients
with impaired glucose tolerance (IGT; 2-hour-post-75g-
load plasma glucose level (2-h OGTT) of 140–199mg/dl
(7.8–11.1mmol/L)) or impaired fasting glucose (IFG; fast-
ing glucose levels of 110–125mg/dl (5.6–6.9 mmol/L))
may prevent or delay onset of type 2 diabetes. Character-
istics and results of nine randomized controlled trials
that assessed efficacy of lifestyle changes to prevent type
2 diabetes are shown in Table 2, and outcomes of some of
these studies are discussed in this section.

In the Finnish Diabetes Prevention Study (FDPS)
(Lindstrom et al., 2003), 522middle-aged (mean age
55 years), overweight (mean BMI 31 kg/m2) subjects with
impaired glucose tolerance were randomized to either a
usual care control group or an intensive lifestyle interven-
tion group. The subjects in the intervention group
received individualized dietary counseling from a nutri-
tionist, were offered circuit-type resistance training ses-
sions, and were advised to increase overall physical
activity. The control group received general dietary and
exercise advice at baseline and had annual physician’s
examinations. After 1 and 3 years, weight reductions
were 4.5 and 3.5 kg in the intervention group and 1.0 and
0.9 kg in the control group, respectively. During the first
3 years of the study, the cumulative incidence of diabetes
was significantly different between the two groups: 9% in
the intervention group compared to 20% in the control
group (p¼ 0.0001), a 58% difference. The number of
people needed to be treated to prevent one case of type
2 diabetes by lifestyle intervention was 22 for 1 year. The
intensive lifestyle intervention produced long-term bene-
ficial changes in diet, physical activity, and clinical and
biochemical parameters and reduced diabetes risk.

In the extended follow-up of the Finnish Diabetes
Prevention Study (Lindstrom et al., 2006), the extent
to which the originally achieved lifestyle changes and
risk reduction would remain after discontinuation of
active counseling was assessed. After a median 4 years
of active intervention period, participants who were still
free of diabetes were followed up for a further median of
3 years, with median total follow-up of 7 years. Diabetes
incidence, bodyweight, physical activity, and dietary
intakes of fat, saturated fat, and fiber were measured.
During the total follow-up, the incidence of type 2 diabetes
was 4.3 and 7.4 per 100 person-years in the intervention
and control groups, respectively (p¼ 0.0001), indicating
a 43% reduction in relative risk. Beneficial lifestyle
changes achieved by participants in the intervention
group were maintained after the discontinuation of
the intervention, and the corresponding incidence rates
during the post-intervention follow-up were 4.6 and 7.2
per 100 person-years (p¼ 0.0401), indicating a 36% risk
reduction of diabetes.

The Diabetes Prevention Program (DPP) (Knowler
et al., 2002) was the largest and most diverse randomized
controlled trial and was conducted in the United States. It
took place in 27 clinical centers and assessed the effect of
lifestyle or pharmacological intervention on diabetes.
A total of 3819men and women with elevated fasting
and post-load plasma glucose were randomly assigned to
one of the four groups: intensive lifestyle intervention,
metformin with standard lifestyle advice, troglitazone
with standard lifestyle intervention, and a control group
who received placebo and standard lifestyle advice.
Because of concern regarding its liver toxicity, the trogli-
tazone arm was discontinued in June 1998. The mean age
of participants was 51 years and mean BMI was 34 kg/m2.
The average follow-up was 2.8 years. The incidence of
diabetes was 11.0, 7.8, and 4.8 cases per 100 person-years
in the placebo, metformin, and lifestyle groups, respec-
tively. The lifestyle intervention reduced the incidence by
58% (95% confidence interval, 48 to 66%) and metfor-
min by 31% (95% confidence interval, 17 to 43%), as
compared with placebo; the lifestyle intervention was
significantly more effective than metformin. To prevent
one case of diabetes during a period of 3 years, 7 persons
would have to participate in the lifestyle-intervention
program for 3 years. The average weight loss was 5.45 kg
(12 lb) for the intensive lifestyle intervention group
and 0.23 kg (<0.5 lb) for the placebo group at 3 years of
follow-up.

A population-based screening study (Li et al., 2002) in
Da Qing, China, was undertaken over a longer interven-
tion period (6 years) than the FDPS or the DPP. The
Da Qing Study differed from the FDPS and the DPP in
that participants with IGT were randomized by group,
rather than as individuals, into a control group or into one
of three interventions – diet only, exercise only, or diet
and exercise – in order to test the effectiveness of diet and
exercise separately. The cumulative incidence of diabetes
after 6 years was 67% in the control group, 43% in the
diet group, 41% in the exercise group, and 46% in
the diet plus exercise group. All the groups differed sig-
nificantly from the control group (p< 0.05).

Results from the above studies provide evidence that
lifestyle interventions with diet and/or exercise are
not only more effective than medications for diabetes
prevention but also provide benefits related to weight
loss, an improved diet, and beneficial effects on cardiovas-
cular risk profile. These randomized controlled trials
demonstrated that weight loss achieved by an increase in
physical activity and dietary changes, including reduction
in total and saturated fat and increased dietary fiber, can
reduce the incidence of diabetes (Knowler et al., 2002).
Rationale for Diabetes Prevention

There are several reasons to justify initiating a program
to prevent diabetes (ADA, 2002). First, diabetes is an



Table 2 Characteristics and results of clinical trials that assessed effect of lifestyle interventions with diet and/or exercise on type 2 diabetes prevention

Study author (year)

Type of intervention

Relative risk
(95% CI)

Weight change

NNTa Follow-upIntervention type (N) Control group (N)
Intervention
group Control group

Knowler et al. (2002) DPP Intensive lifestyle intervention (1079) Standard lifestyle advice (1082) 0.42 (0.34–0.52) �5.45 kg
(12 lb)

�0.23 kg
(<0.5 lb)

7 3 years

Lindstrom et al. (2003)

Finnish DPS

Individual dietary session and exercise

training (265)

General diet and exercise advice

(257)

0.46 (0.3–0.7) �3.5 kg �0.9 kg 9 3 years

Li et al. (2002) Da Qing

study

Diet and exercise (126) General health advice (133) 0.56 (0.40–0.80) �1.55 kg �3.33 kg 5 6 years

Ramachandran et al.

(2006)

IDPP

Lifestyle modification (133) Standard health care advice (136) 0.72 (0.63–0.80) þ 0.15 kg þ 0.5 kg 6 3 years

Kosaka et al. (2004) Intensive lifestyle intervention (102) Standard lifestyle advice (356) 0.33 (0.1–1.01) �2.18 kg �0.39 kg 16 4 years
Oldroyd et al. (2005) UK Intensive lifestyle intervention (37) General advice (32) 0.76 (0.31–1.85) �1.8 kg þ1.5 kg 17 2 years

Watanabe et al. (2004) New dietary education (86) Regular diet (87) 0.51 (0.13–1.96) – – 29 1 year

Wein et al. (1999) Intensive diet and exercise advice (100) Routine diet advice (100) 0.86 (0.30–2.46) – – – 4.25 years
Liao et al. (2002) Endurance exercise for 1 h three times a

weekþAHA step 2 diet (32)

Stretching exercise three times a

week þ AHA step 1 diet (32)

0.5 (0.05–5.24) �1.8 � 0.5 þ0.7 � 0.6 29 2 years

aNumber needed to be treated to prevent one case of type 2 diabetes in x (follow-up) years.
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important health problem. Second, several risk factors for
diabetes have been identified. Incidence of diabetes is
strongly related to the hyperglycemic states IFG and
IGT. Although there is evidence that other factors are
independently associated with the development of diabe-
tes, such as age, family history of diabetes, waist-to-hip
ratio, BMI, blood pressure, and lipid levels, none taken
singly is as good at discriminating who will progress to
diabetes as measuring glucose levels. Third, tests to detect
the IFG and IGTare safe, acceptable and predictive. Two
tests meet this criterion: measurement of fasting plasma
glucose (FPG) and the 2-h value in the oral glucose
tolerance test (OGTT). Both are widely available and
have few adverse consequences. A positive value in either
is predictive of the development of diabetes. Fourth, the
results of the clinical studies described above indicate that
there are safe, effective, and reliable interventions to
prevent or delay diabetes. Finally, studies have shown
that early recognition and treatment of high-risk groups,
especially with lifestyle interventions, would be cost
effective because patients would be younger, complica-
tions would not have developed, and there would be less
need for use of pharmacotherapy and other health-care
resources in later years.
Target Population for Interventions

The American Diabetes Association (ADA) has defined
‘prediabetes’ as the state that occurs when a person’s blood
glucose levels are higher than normal but not high enough
for a diagnosis of diabetes, referred to as impaired glucose
tolerance (IGT) and/or impaired fasting glucose (IFG). In
the United States, based on NHANES III, 17.1% of over-
weight adults aged 45–74 years had IGT, 11.9% had IFG,
22.6% had prediabetes, and 5.6% had both IGTand IFG.
Based on these data, Benjamin et al. (2003) estimated that
in the year 2000, 9.1million overweight adults aged
45–74 had IGT, 5.8million had IFG, 11.9million had pre-
diabetes, and 3.0million had IGT and IFG. Similar but
slightly lower average prevalence estimates of IGT and
IFG were found in the DECODE study (2003) in Europe
(13% IGTand 5.7% IFG), in the DECODE study (2000)
of 11 different Asian populations (15% IGTand 8% IFG),
and in the Australian Diabetes, Obesity, and Lifestyle
study (2002) in Australia (13% IGT and 7.4% IFG).

Subjects with IGTand/or IFG (prediabetes) are at high
risk for progression to diabetes and have been the target
for preventive strategies in most clinical studies thus far.
In the Hoorn study (de Vegt et al. 2001), risk for conversion
to diabetes during 6.5 years of follow-up was about
seven to eight times as high among people with IGT
(57.9/1000 person-years) or impaired fasting glucose
(51.4/1000 person-years) as among people with nor-
moglycemia (7/1000 person-years). The combination of
IFG and IGTyielded an incidence density for the conver-
sion to diabetes more than 16 times the normoglycemic rate
(112.2/1000 person-years). Although only 8% of people in
the Hoorn Study had IGT, 40% incidence diabetes cases
were attributable to IGT. Similarly, 10% had IFG, but 42%
of diabetes cases were attributable to IFG. Although risk of
conversion to diabetes is equivalent for IGTand IFG, these
two abnormalities overlap byonly 20–25%. Since all people
who develop diabetes go through prediabetes (although the
length of this phase may vary), effectively delivering pre-
ventive intervention programs to people with prediabetes
(IGT and/or IFG) will ensure that most, if not all, future
cases of diabetes are targeted.
Pre-Screening Questionnaires/Tests

Several research groups have designed simple, inexpensive
tools that attempt to identify individuals at high risk for
type 2 diabetes. These tools are generally multivariate
risk-assessment questionnaires that aim to limit the pro-
portion of the population requiring a blood glucose test.
These questionnaires seem to perform well in identifying
undiagnosed diabetes only when applied to the popula-
tion for which it is designed. Rathmann et al. (2005)
reviewed the performance of the Rotterdam Diabetes
Study, Cambridge Risk Score, San Antonio Heart
Study, and Finnish Diabetes Risk Score in identifying
diabetes among 1353 German participants. The accuracy
was only 61–67%; furthermore, inclusion of FPG mea-
surement to the San Antonio Heart Study score improved
the accuracy to 90%, which was not significantly differ-
ent from that obtained by using FPG alone. Comparison
of these four risk assessment scores revealed that ques-
tionnaires have low validity when applied to a new
population, which was mainly due to differences in pop-
ulation characteristics. Another risk score involving sim-
ple, non-biochemical measurements was developed and
tested in an urban population in India and also evaluated
among migrant Indians living in the UK. The sensitivity
and specificity of this score were considerably different
among people from India living in the UK compared
with those living in India (Ramachandran et al., 2005).
Thus Diabetes Risk Score questionnaires generally have
low accuracy and seem to be population-specific and
inadequate for identifying individuals with impaired glu-
cose tolerance and/or impaired FPG levels. So, we need
an inexpensive, easy, standardized, reliable, and direct
test of glycemia itself to identify high-risk populations.
Screening Tests

ADA recommends using FPG test for diabetes screening;
the WHO recommends use of 2-h OGTT for screening.
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The recommended cutoff values of FPG and 2-h OGTT
to diagnose diabetes and prediabetes are shown in
Table 1. The prevalence of IGT is 2–4 times higher
than IFG, and these two glucose abnormalities overlap
by only 20–25%. In the United States, Harris et al. (1997)
reported that some individuals with a normal FPG level
will have IGT or diabetes if a 2-h OGTT is performed,
but fewer people with a normal 2-h OGTTwill have IFG
or diabetes if an FPG test alone is done. With the use of
fasting glucose test (FPG) alone as a screening test, a
fairly large group of people at high risk of developing
diabetes will not be identified because individuals who
have isolated post load hyperglycemia will have normal
fasting glucose levels and can only be identified by using a
2-h OGTT. Thus, using the current definitions of IFG
and IGT, the 2-h OGTTappears to identify more people
who have impaired glucose homeostasis and thus, more
people who will progress to diabetes. However, it has been
suggested that if the cut-off point for FPG were lowered
to 100mg/dl, the FPG and 2-h OGTTwould have simi-
lar sensitivity and positive predictive values, although it
should be noted that they would not necessarily include
the same individuals.

For all the above reasons, the FPG test and/or 2-h
OGTT can be used to screen for identifying a high-risk
population for prevention. Regarding the tests themselves,
the FPG test is more convenient to patients, more repro-
ducible, less costly, and easier to administer than the 2-h
OGTT. Opportunistic screening (i.e., screening during
routine encounters with the health-care system) is the
most cost-effective way to find individuals at risk for
diabetes.
American Diabetes Association
Recommendations

The ADA issued recommendations (ADA, 2004) for pre-
vention of diabetes which includes advice on who to
screen, how to screen, and an intervention strategy:

. Men and women �45 years of age are candidates for
screening to detect IFG or IGT (prediabetes), particu-
larly those with a BMI�25 kg/m2. Screening should be
considered in younger persons with a BMI �25 kg/m2

who have one of the following risk factors: a family
history of diabetes, history of gestational diabetes or
a baby weighing >4.1 kg (>9 lb), race other than
Caucasian, dyslipidemia, or hypertension. In persons
with normoglycemia, rescreening at 3-year intervals
is reasonable.

. Screening should be carried out as part of a health-care
office visit. Either fasting plasma glucose (FPG) or a
2-hour-post-75 g-load (2-h OGTT) oral glucose toler-
ance is appropriate, and a positive test result should be
confirmed on another day.
. Patients with IFG or IGT should be given counseling
on weight loss as well as instructions for increasing
physical activity. Follow-up counseling appears impor-
tant for success. Monitoring for the development of
diabetes should be performed every 1–2 years.
Practical Aspects of Lifestyle
Modification

Because overweight and obesity are strong modifiable risk
factors for development of diabetes, they tend to be the
main target of many lifestyle modifications for diabetes
prevention.Weight gain occurs when energy intake exceeds
energy expenditure, and by decreasing energy intake,
weight loss should occur. To decrease caloric intake, it is
recommended to follow a moderate decrease in caloric
intake (500–1000 calories/day) to facilitate a slow, progres-
sive weight loss. The specific amount of caloric deficit
should be individually tailored to fit the individual’s needs
and maximize adherence to the plan. An Institute of Medi-
cine report concluded that getting nutritional therapy is
worth the cost because management and prevgntion"of
disease through nutrition therapy can help cut health-care
costs in the long term. A registered dietitian is typically
chosen to dispense this advice; however, insurance compa-
nies vary in the reimbursement schemes for this service.

Although the lifestyle approaches used in the nine
studies reviewed in this chapter vary slightly, they all
contain a diet component to facilitate weight loss. Each
study, at different degrees, was successful in showing that
regardless of the type of intervention; prevention of dia-
betes is possible through lifestyle modification. Despite
this commonality among interventions, long-term adher-
ence to lifestyle interventions and feasibility in a nontrial
setting remain potentially limiting factors to widespread
implementavion.
Conclusion

The results of the prevention studies mentioned above
showed that lifestyle interventions with diet and/or exer-
cise are effective for prevention or delay of type 2 diabetes,
especially in high-risk populations like those with predia-
betes. These lifestyle interventions not only have been
shown to prevent or delay diabetes but also have shown
benefits related to weight loss, physical activity, an
improved diet and beneficial effects on cardiovascular
risk profile. In addition, data (Herman et al., 2005) also
indicate that lifestyle interventions to prevent diabetes
are highly cost effective and improve quality of life, espe-
cially if delivered at the level of primary care. Further-
more, identification of IGT and/or IFG will also provide
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the opportunity to address other cardiovascular risk fac-
tors (i.e., high blood pressure, dyslipidemia), which are
prevalent in these groups, early. So health-care providers
should urge all overweight and/or sedentary individuals
to adopt lifestyle changes, and such recommendations
should be made at every opportunity. Based on the
strength of available evidence regarding diet and lifestyle
in the prevention of type 2 diabetes, it is recommended to
maintain a normal weight status in the lower BMI range
(BMI 21–23 kg/m2) and engage in regular physical activ-
ity throughout adulthood, avoid abdominal obesity, and
limit saturated fat intake to less than 7% and total fat
intake to less than 30% of total energy intake (Steyn et al.,
2004). Societal factors such as the increased availability of
fast foods, increased dependence on automobiles, and
other unhealthy social developments are making healthy
lifestyles difficult. Although practical aspects of delivering
and maintaining long-term changes in lifestyle are chal-
lenging, several strategies and tools to overcome these
challenges are available. Primary prevention of diabetes
is both realistic and necessary.

See also: Cholesterol and Lipids; Diabetes Mellitus,

Epidemiology; Dietary Guidelines, International; Mental

Health Resources and Services; Obesity/Overweight:

HealthConsequences of; Obesity/Overweight: Prevention

and Weight Management; Physical Activity and Health.
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Introduction

Diabetes affects more than 177million people worldwide,
and its prevalence continues to grow. It is estimated by the
World Health Organization that over 300million people
will be affected by diabetes by 2025, of which approxi-
mately 90% will be type 2 diabetes. As a continuous
progressive metabolic disease, type 2 diabetes often begins
with years of asymptomatic insulin resistance, which
results in hyperglycemia and compensatory hyperinsuli-
nemia. The irreversible state of diabetes develops when
pancreatic beta cell exhaustion occurs in response to
chronic hyperglycemia. Insulin resistance refers to a state
in which tissue and organs do not respond properly to the
action of insulin. Insulin resistance not only precedes type
2 diabetes but also predisposes risk to metabolic abnorm-
alities such as dyslipidemia and hypertension, and is an
important risk factor for cardiovascular disease. The pro-
pensity to develop insulin resistance and type 2 diabetes
appears to be in part determined by genetic factors. How-
ever, lifestyle factors clearly play a significant role in the
pathogenesis of these conditions. Diet, physical activity,
and obesity are closely related lifestyle factors, and each
has an important impact on the risk of insulin resistance
and diabetes. Their role in diabetes pathogenesis and in
diabetes treatment is discussed in the present article.
Diet

Diet and Risk of Type 2 Diabetes

The pathogenesis of type 2 diabetes involves two essential
steps: insulin resistance and progressive pancreatic beta
cell dysfunction. Dietary factors are thought to be impor-
tant in mediating these conditions. Epidemiologic studies
have suggested that different dietary compositions modify
the risk of type 2 diabetes in the general population.
When studying the relation between dietary factors and
risk of disease, it is important to consider both the quan-
tity and the quality of nutrient intake. It is recognized that
macronutrients in the same group may possess different
chemical structures and biologic functions. Using sensible
grouping methods based on relevant metabolic properties
for dietary exposure measurement in epidemiologic stud-
ies may provide further insights for understanding the
pathogenesis of disease and for making clinical dietary
recommendations. On balance, available data suggest that
total amount of carbohydrate or fat in the diet does not
appear to be associated with type 2 diabetes risk. How-
ever, associations have been identified when specific
forms of carbohydrate or fat are considered. It has been
suggested that traditional classification of macronutrients
by carbohydrate, fat, and protein may fail to capture
important information about diet.

Carbohydrate

Glycemic index

Dietary carbohydrate intake directly influences postpran-
dial blood glucose level and insulin secretion. However,
carbohydrates differ in their ability to increase blood
glucose and insulin. In 1981, Jenkins and colleagues intro-
duced the concept of ‘glycemic index’ of carbohydrate
foods ( Jenkins et al., 1981). Glycemic index quantifies
the glycemic rising property of dietary carbohydrates
and is defined as follows:

glycemic index (GI) – the incremental area under the

curve of blood glucose produced by a standard amount of

carbohydrate in a food, usually 50 g, relative to the incre-

mental area produced by the same amount of carbohy-

drate from a standard source, usually pure glucose or

white bread.

GI is mainly determined by the rate of absorption; the
more rapid the absorption of the carbohydrate, the higher
the GI value. Many so-called complex carbohydrates (i.e.,
starchy foods) with high GIs raise glucose and insulin
response more than do simple sugars, reflecting the rapid
conversion of polysaccharide into glucose in the gut. The
GI, however, cannot capture the entire glucose-rising
potential of dietary carbohydrates because the blood glu-
cose response is influenced not only by the GI value but
also by the amount of carbohydrate in the food. The
concept of glycemic load is therefore introduced:

glycemic load (GL) – the product of the GI value of a

food and its carbohydrate content.

One unit of GL therefore represents the equivalent
glycemic effect of 1 g of carbohydrate from glucose.
Both GI and GL can be applied to mixed meals. The
GL for mixed meals can be calculated by adding the GL
score from individual food items. Large prospective stud-
ies examining the relations between dietary carbohydrate
intake and risk of type 2 diabetes using GI and GL seem
to support a protective role of low-GI, low-GL diets in
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diabetes pathogenesis (e.g., Health Professionals Follow-
Up Study and Nurse’s Health Study). By definition, foods
with high glycemic index produce higher levels of blood
glucose after their consumption and increase the demand
of insulin. It is therefore plausible that regular consump-
tion of a high-GL diet may contribute to beta cell exhaus-
tion, either due to increased insulin demand or glucose
toxicity due to largely raised blood glucose concentration.

Dietary fiber and whole grain

Dietary fiber includes the cell walls of plants and other
indigestible components of plants. A high-fiber diet has
been shown to improve glycemic control and insulin
response. The beneficial effect of dietary fiber appears to
be independent of the glycemic index. Epidemiologic stud-
ies suggest that the beneficial effect seems to depend on the
source of fiber (e.g., Health Professionals Follow-up Study,
Nurse’s Health Study, and Iowa Women’s Health Study).
Specifically, cereal fiber seems to confer higher beneficial
effects than other sources of fiber, such as fruits and vege-
tables. The reason for such discrepancy between fibers from
different sources is yet to be understood. However, from a
public health standpoint, consumption of fiber-rich food of
all sources should be encouraged.

The idea of ‘whole grain’ reflects both glycemic index
and cereal fiber content. ‘Whole grain’ refers to cereal grains
that are minimally or modestly processed. The Food and
Drug Administration (FDA) in the United States requires
whole-grain foods to contain at least 51% whole grain by
weight. In epidemiologic studies, less stringent criteria (e.g.,
25%) are often used. Whole grains are generally low in
saturated fat and high in dietary fiber, vitamins, minerals,
and a wide range of phytochemicals that have been asso-
ciated with improved long-term health. Refined grains, on
the other hand, have a much higher starch content but
contain less dietary fiber and lower levels of vitamins,
minerals, essential fatty acids, and phytochemicals. The
milling process removes the bran layer and makes the
refined grains easy to digest. As a result, refined carbohy-
drates tend to induce more rapid and larger increases in
blood glucose and insulin than whole-grain products.
Indeed, several epidemiologic studies have linked whole-
grain consumption to lower fasting insulin and glycemic
responses. This inverse association was especially evident
among overweight subjects. Whole-grain intake has been
further linked to reduced diabetes risk in large, prospective
epidemiologic studies (e.g., Nurse’s Health Study and Iowa
Women’s Health Study), suggesting a protective effect of
whole grain in diabetes pathogenesis.

Fat

Dietary fat intake is also thought to have an impact on
insulin resistance as well as many other metabolic disor-
ders. Dietary fat could affect insulin resistance in a man-
ner independent of obesity. The mechanism is thought to
be mediated through the impact of dietary fatty acids on
the fatty acid composition of cell membranes. Fatty acid
composition of cell membranes could influence insulin
action through altered insulin receptor binding or affinity,
and/or by influencing ion permeability and cell signaling.
In animal studies, both the amount and the type of dietary
fat have been shown to affect insulin sensitivity. However,
human intervention studies have shown no consistent
deleterious effects of a high-fat diet on insulin resistance.
Epidemiologic studies have shown inconsistent results on
the effect of various dietary fats on insulin resistance
and type 2 diabetes. To date, available data suggest a poten-
tial beneficial effect of polyunsaturated fat, and a potential
adverse effect of saturated fat on type 2 diabetes risk.

Protein

Data on the effect of dietary protein intake and risk of
type 2 diabetes are scarce. Available studies suggest that
protein intake does not appear to increase blood glucose
in both the general population and persons with type 2
diabetes. Protein intake also does not seem to affect the
rate of carbohydrate absorption.
The Role of Diet in the Management of
Type 2 Diabetes

Medical nutrition therapy (MNT) is an essential constitute
of diabetes management and of patient self-management
education. In 2003, the American Diabetes Association
(ADA) established the following treatment goals of nutri-
tional therapy for diabetes patients:

1.. Attain and maintain optimal metabolic outcomes in-
cluding (a) blood glucose levels in the normal range or
as close to normal as is safely possible to prevent or
reduce the risk for complications of diabetes, (b) a lipid
and lipoprotein profile that reduce the risk for macro-
vascular disease, (c) blood pressure levels that reduce
the risk for vascular disease.

2. Prevent and treat the chronic complications of diabetes.
Modify nutrient intake and lifestyle as appropriate for
the prevention and treatment of obesity, dyslipidemia,
cardiovascular disease, hypertension, and nephropathy.

3. Improve health through healthy food choices and
physical activity.

4. Address individual nutritional needs taking into consi-
deration personal and cultural preferences and lifestyle
while respecting the individual’s wishes andwillingness
to change (American Diabetes Association, 2003).

In principle, healthy diet guidelines for the general
population are also recommended for patients with
type 2 diabetes. Whole grains, fruits, and vegetables
should be included as part of a healthy diet. One contro-
versy is related to the glycemic effects of carbohydrates:
As yet, it remains to be determined whether the total
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amount of carbohydrate in meals is more important than
the source or type. Foods with low glycemic index may
reduce postprandial hyperglycemia; however, at the cur-
rent stage, the long-term compliance and benefit of low
glycemic diets are not well-established. Protein intake
does not appear to effect glycemic response in type 2 dia-
betes, although the effect of a high-protein diet (>20% of
total energy) on diabetic nephropathy has not been
determined.

The primary dietary fat goal in persons with diabetes is
to limit saturated fat, trans-unsaturated fatty acids, and
dietary cholesterol intake. Restriction of fat intake has
important implications for managing risk for developing
cardiovascular complications. Saturated fat is the major
dietary determinant of plasma low-density lipoprotein
(LDL) cholesterol, a key risk factor for cardiovascular dis-
ease. The effects of trans fat are similar to saturated fat
in raising LDL. In addition, trans fat lowers plasma high-
density lipoprotein (HDL) concentration (HDL exerts
important cardiovascular protective effects in humans).
Diabetic patients also appear to be more sensitive to dietary
cholesterol than the general population. ADA dietary
guidelines on dietary fat intake for diabetic patients suggest
less than 10% of total energy intake be derived from
saturated fats, and that dietary cholesterol intake should
be limited to less than 300mg/day.

Current evidence on the beneficial effect of prescrib-
ing micronutrients such as antioxidant vitamins and cer-
tain minerals is limited. At this stage, no recommendation
is given for the therapeutic use of micronutrients for
type 2 diabetes.

Nutritional therapy is also a key component in weight-
loss programs for diabetic persons who are overweight or
obese. Restricting total energy intake is critical in weight-
loss diets; furthermore, improvement of glycemic control
has been observed with energy intake restriction before
meaningful weight loss occurs. Dietary intervention on
weight loss is further discussed in later sections. Diet
recommendations for diabetic patients should be tailored
based on the individual’s metabolic profile and the need to
lose weight. Furthermore, ethnic/cultural preferences,
physical activity level, social support, and other chal-
lenges may also be considered in determining the optimal
diet and enhancing compliance. In summary, medical
nutritional therapy for type 2 diabetes includes the key
aspects of nutritional content, caloric intake, and weight
management, as well as lifestyle changes such as increased
physical activity. Further considerations such as the con-
sistency in day-to-day carbohydrate intake and timing of
meals and snacks are also important to prevent acute
complications (e.g., hypoglycemia), especially for patients
who are taking insulin or oral hypoglycemic medications.
In our view, these MNT strategies should be implemen-
ted long before the time of diabetes diagnosis in order to
make prevention possible.
Obesity

Epidemiology of Obesity and Risk of
Type 2 Diabetes

Obesity can be defined as a condition in which accumula-
tion of body fat increases to a point that a person’s body
weight exceeds the ideal weight by 20% or more. It is
associated with increased risk of illness, disability, and
mortality. In humans, excess energy is stored in the form
of adipose tissue. Obesity is therefore generally a result of
energy imbalance, in which lifetime energy intake
exceeds lifetime energy expenditure. Risk factors for
obesity include genetic factors and environmental factors.
Genetic factors include genetic disorders such as Prader-
Willi syndrome and polymorphisms in genes regulating
appetite and metabolism. Environmental factors that have
been suggested to predispose risk of obesity include phys-
ical inactivity, poor diet (e.g., high-calorie diet, high-
fat diet), eating disorder, stress, and depression. There
appear to be strong interactions between genetic and
lifestyle risk factors in the development of obesity.

Obesity has become one of the most significant public
health problems in the developed countries, and is emerging
into a global epidemic. Worldwide, approximately 300mil-
lion adults are obese, and the number is expected to grow.
Obesity has long been recognized as an important risk factor
for type 2 diabetes. It is estimated that 60–90% of persons
with diabetes are or have once been obese. There is a strong
dose response between body mass index (BMI) and risk of
type 2 diabetes. Data based on the 10 year follow-up from
the Health Professionals Follow-Up Study and Nurses’
Health Study suggest that for persons who are obese (30 �
BMI< 35), the relative risk to develop type 2 diabetes is 10
times among women and 11 times among men. For persons
who were severely obese (BMI� 35), the relative risk is 17
times among women and 23 times among men. In fact,
incidence of type 2 diabetes has been rising in parallel
with the rising trend of obesity. The World Health Organi-
zation has termed the increased prevalence of obesity and
diabetes ‘‘the 21st century epidemic.’’

It is now recognized that where the fat distributes in the
body plays a critical role in predisposing risk for disease.
Central obesity and peripheral obesity represent the two
common types of adiposity in obese individuals. Central
obesity is also known as male-type obesity, in which excess
fat preferentially accumulates in the peritoneal cavity and
leads to the expansion of visceral fat. Visceral fat is also
called organ fat; it is composed of several adipose depots
surrounding the gastrointestinal organs, including mesen-
teric, epididymalwhite adipose tissue, and perirenal depots.
Peripheral obesity is also known as female-type obesity, in
which excess fat tends to deposit underneath the skin as
subcutaneous fat. These two types of adiposity appear to
have different risk profiles for metabolic abnormalities and
cardiovascular disease. Both metabolic and epidemiologic
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studies have shown that it is central obesity that is more
strongly associated with glucose intolerance, insulin resis-
tance, and metabolic syndrome. Central obesity has been
consistently found to be a strong risk factor for type 2 dia-
betes and heart disease, independent of the effect of BMI.

Measures of Obesity

In clinical settings and epidemiologic studies, obesity is
most commonly evaluated with the use of body mass
index. BMI is calculated by dividing weight in kilograms
by the square of height in meters (BMI¼ kg/m2). The
World Health Organization (WHO) established the fol-
lowing values of BMI as benchmarks for assessing adult
body weight:

. BMI less than 18.5: underweight

. BMI of 18.5 to 24.9: normal weight

. BMI of 25.0 to 29.9: overweight

. BMI of 30.0 to 39.9: obese

. BMI of 40.0 or higher: severely obese.

Although BMI is a convenient indicator for the appro-
priateness of one’s body weight, it has several limitations
in its use for clinical risk prediction. For example, it does
not take into account the different forms of adiposity.
Several methods are available to measure the degree of
central adiposity. Waist circumference and waist–hip ratio
are two convenient measures that are commonly used in
epidemiologic studies. In the United States, the following
cutoff values established by National Cholesterol Educa-
tion Program Adult Treatment Panel III are currently
used for clinical purpose to indicate central obesity:

. Waist circumference in men: >102 cm

. Waist circumference in women: > 88 cm.

WHO uses the following criteria to define central
obesity in the metabolic syndrome:

. Waist–hip ratio in men: >0.9

. Waist–hip ratio in women: >0.85.

It should be noted that when using BMI, waist circum-
ference, or waist–hip ratio for risk stratification, different
cutoff values should be employed for different ethnic
groups. For example, elevated cardiovascular disease and
diabetes risk has been observed at much lower level of
adiposity in Asian than in European populations. Further-
more, cutoff values are subject to change upon the avail-
ability of better epidemiologic data.

Skinfold thickness is another measure used to deter-
mine body fat percentage and central adiposity in epide-
miologic studies. In clinical settings, the composition of
body fat can be precisely measured with techniques such
as computed topography (CT) scans or magnetic reso-
nance imaging (MRI). The use of these procedures is
limited in large-scale studies due to their prohibitive cost.
Pathogenic Mechanisms of Obesity in
Type 2 Diabetes

Adipose tissue is essential in maintaining health. How-
ever, when an individual becomes obese and his or her
adipocytes enlarge, adipose tissue undergoes molecular
and cellular alterations that affect systemic metabolism. It
is now recognized that adipocytes not only serve as a
reservoir for fat storage but also function as an active
endocrine organ. Adipocytes secrete a variety of proteins
into circulation that are collectively called adipokines.
Many adipokines play a functional role in regulating
metabolism and maintaining homeostasis. Of note, several
adipocyte hormones may be closely related to the patho-
genesis of insulin resistance and diabetes in obese indivi-
duals. One example is adiponectin. In laboratory animals,
adiponectin enhances insulin sensitivity in muscle and liver.
Reduced adiponectin concentrations correlate with insulin
resistance and hyperinsulinemia. Adiponectin action also
decreases serum free fatty acid (FFA), glucose, and triacyl-
glycerol concentrations, possibly by increasing fatty acid
oxidation. Adiponectin is specifically and highly expressed
in adipose tissue. In healthy individuals, adiponectin is in
abundance. Interestingly, unlike other adipokines whose
serum level increases with expanded fat mass, plasma con-
centration of adiponectin decreases with increasing obesity.
Depletion of adiponectin in obese individuals represents a
potential link between obesity and insulin resistance. These
findings have implications in developing adiponectin-based
treatment strategies for type 2 diabetes.

Leptin is another hormone that is abundantly produced
by adipocytes. Leptin regulates food intake by directly
acting on the hypothalamus appetite center. In mice, leptin
deficiency leads to the development of severe obesity and
diabetes. Leptin injections reduce their food intake,
restore their normal metabolic rate, and result in weight
loss. Congenital leptin deficiency due to genetic mutation
is associated with severe obesity at very young age in
humans. Furthermore, leptin therapy has a beneficial
effect in reversing insulin resistance and reducing serum
triglyceride level in individuals who lack white fat tissue
and are therefore leptin-deficient. The beneficial effect of
leptin is thought to be mediated through limiting energy
surplus, increasing fatty acid oxidation, and decreasing
lipogenesis in peripheral tissue. Leptin prevents intramus-
cular lipid deposition (ectopic adiposity), which has been
linked to the development of insulin resistance. Serum
concentrations of leptin are highly correlated with the
extent of whole-body adipose tissue. In obese individuals,
plasma leptin levels are significantly elevated. However,
such an elevation in serum levels often induces resistance
to leptin’s action in target cells. The mechanism is likely
mediated via the increased expression of SOCS-3, a potent
inhibitor of leptin signaling that accompanies the increase
of leptin expression in obesity. Leptin resistance may



Diabetes Mellitus Treatment 157
therefore present another pathophysiologic link between
obesity and diabetes.

Obesity is known to be associated with low-grade
chronic inflammation. Proinflammatory cytokines such
as tumor necrosis factor alpha (TNF-a) and interleukin 6
(IL-6) are overproduced in obesity. Recent advances in
knowledge about the metabolic effects of the proinflamma-
tory cytokines suggest that inflammation is a critical link
between obesity, diabetes, and cardiovascular disease. Ani-
mal studies suggest that TNF-a plays a critical role in
promoting insulin resistance. TNF-a is known to decrease
tyrosine kinase activity of the insulin receptor by several
molecular mechanisms.TNF-a also enhances the release of
fatty acid from adipose tissue into the bloodstream and thus
promotes peripheral insulin resistance. IL-6 induces
hepatic C-reactive protein (CRP) synthesis and may pro-
mote the development of cardiovascular complications.
Both plasma levels of TNF-a and IL-6 are found to be
correlated with insulin resistance in human studies.

Visceral fat is strongly associated with atherogenic and
diabetogenic metabolic abnormalities. Lipolytic activity is
elevated in visceral fat depots. Due to the anatomic loca-
tion, fatty acid released from visceral adipose tissue tra-
vels directly into the liver via the portal vein. The flux of
FFA into the liver induces an increased hepatic secretion
of triglyceride-rich lipoprotein, as well as an increased
hepatic glucose production. On the other hand, hepatic
degradation of apolipoprotein B and of insulin is reduced.
The overall effect appears to be an impaired FFA metab-
olism and insulin resistance. In addition to metabolic
activities, visceral fat exhibits a different adipokine secre-
tion pattern from subcutaneous fat. The different features
of visceral fat and subcutaneous fat may be the potential
explanations for their differential disease-causing ten-
dency. The underlying pathophysiologic mechanisms of
visceral fat are still to be further investigated. The
continued study of adipokines and their roles in metabo-
lism and inflammation will advance our understanding of
the pathogenesis of diabetes in obese subjects, and provide
insights for developing novel treatment strategies.
The Role of Weight Reduction in the
Management of Type 2 Diabetes

Obesity is not only a risk factor for developing diabetes but
also a risk factor for disease progression and mortality in
diabetic patients. Obesity can complicate the management
of type 2 diabetes by worsening insulin resistance and
hyperglycemia, and by increasing risk for hypertension,
dyslipidemia, and cardiovascular complications. As a result,
weight reduction should be considered a primary treatment
strategy in all overweight and obese diabetic patients. Evi-
dence on the effectiveness of weight loss in improving
insulin resistance and glycemic control in diabetic patients
has been well-documented. Beneficial effects have been
seen even with a small degree of weight loss, such as
5–10% of body weight (e.g., Diabetes Prevention Program,
Finnish Diabetes Mellitus Prevention Study, and the
Daqing IGT and Diabetes Study). Improvement in fasting
blood glucose is directly related to the relative amount of
weight lost. Weight reduction also has important health
benefits in diabetic patientswith unfavorable cardiovascular
risk profile by mitigating hypertension, dyslipidemia, sys-
temic inflammation, and oxidative stress.

The American Diabetes Association recommends ther-
apeutic lifestyle change as the primary approach to achieve
weight loss in overweight/obese patients with type 2 diabe-
tes. Therapeutic lifestyle modification includes dietary
intervention, exercise, and behavioral changes. Dietary
intervention appears to bemost effective in achieving initial
weight loss. Weight loss occurs when energy expenditure
exceeds energy intake. Several diet approaches have been
proposed to treat obesity, including low-calorie diets (less
than 1200 kcal/day), low-fat diets, low-carbohydrate diets,
and low-glycemic-load diets. Very-low-caloric diets (less
than 800 kcal/day) may also be used, although they require
medical supervision. The National Heart, Lung and Blood
Institute Obesity Initiative (NHLBI OEI) Expert Panel
recommends the use of a low-calorie diet that generates
an initial deficit of 500–1000 kcal per day and supplies at
least 1000–1200 kcal per day for women and 1200–1600 kcal
per day for men to treat obesity. This level of energy
deficiency (500–1000 kcal/day) will result in a loss of
1–2 pounds per week and an average total weight loss
of about 8% after 6months.

The macronutrient composition in weight-loss diets is
still a debated topic. Low-fat diets, low-carbohydrate
diets, and diets low in glycemic load are all shown effec-
tive in short-term weight loss. However, long-term bene-
fits of those diets need to be further evaluated, taking into
account the issue of compliance and weight regain. Fur-
thermore, the effect of a diet approach on glycemic con-
trol and fatty acid metabolism should also be considered.
The National Cholesterol Education Program III recom-
mends a moderate-fat diet providing 30% of calories from
fat, 10–20% from protein, and 40–55% from carbohy-
drate. In general, intake of saturated fat, trans fatty acids,
and cholesterol should be limited, while consumption of
whole grains, fruits, and vegetables should be encouraged.

Physical activity is an important component of any
weight management program. In studies examining differ-
ent lifestyle modifications, dietary modifications restricting
energy intake appear to be largely responsible for the initial
weight loss. Weight loss achievable from exercise alone is
minimal in clinical interventions. To attain a 500–1000 kcal
energy deficit per day through energy expenditure, the
amount of exercise necessary may be difficult to achieve
by most individuals. However, exercise plays an important
role in maintaining weight loss and preventing weight
regain. The NHLBI OEI Expert Panel recommends that
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individuals engage in 30–45min of moderate intensity aer-
obic physical activity (40–60% of maximal oxygen uptake
or 50–70% of maximum heart rate), 3–5 days per week
initially, gradually increasing the duration and frequency.
Current data suggest that 60–75min per day of moderate
intensity activity or 35min of vigorous activity per day may
be needed tomaintain long-termweight loss. In terms of the
optimal makeup for daily exercise, it is shown that a
structured exercise program or continuous exercise in a
single session is not required to achieve the benefits;
increasing daily activities such as walking and multiple
short bouts is also effective. Available data suggest that it is
the energy expenditure that is important for enhancing
weight loss outcomes. Weight loss intervention should
therefore target adequate levels of energy expenditure,
and allow individual choices of exercise type and intensity
based on fitness level and preference.

Intervention combining dietary modification and exer-
cise results in the highest level of weight loss in clinical
studies, compared to diet or exercise intervention alone. It
may be the most practical approach, to elicit the desired
daily energy deficit by combining modest reductions in
energy intake and modest increases in energy expenditure
through exercise. Although it is desirable to reduce weight
to an ideal BMI of less than 25 kg/m2, when setting up
weight-loss goals for lifestyle changes, it is important to
target aweight-loss level that is achievable andmaintainable.

It should be noted that although lifestyle modifications
are effective strategies for weight control and diabetes
management, it is possible that moderate weight loss
may not be as beneficial for patients with longstanding
disease and severe beta cell dysfunction, and drug inter-
ventions will be required. For severely obese patients or
obese patients with obesity-related comorbidity, weight-
loss medications or weight-loss surgery (e.g., bariatric
surgery) may be therapeutic alternatives to bring signi-
ficant improvement in obesity-related medical problems.
Current data suggest that weight-reduction surgery
improves obesity-associated metabolic abnormalities,
including insulin resistance and glycemic control in
type 2 diabetes patients. Weight-loss medications are cur-
rently indicated for those with BMI≧ 30 or those with
BMI≧ 27 who have obesity-related illness. Surgical inter-
ventions may be considered for severely obese patients
with BMI≧ 40 or BMI≧ 35 plus comorbid conditions.
Physical Inactivity

Physical Inactivity and Risk of Type 2 Diabetes

A report of the Surgeon General defined physical activity
as ‘‘bodily movement produced by the contraction of
skeletal muscle that requires energy expenditure in
excess of resting energy expenditure’’ (U.S. Department
of Health and Human Services, 1996). Physical inactivity
represents an important modifiable risk factor for several
chronic diseases, including type 2 diabetes, cardiovascular
disease, and some forms of cancer. Large prospective
observational studies and intervention studies on high-
risk populations have confirmed the benefit of physical
activity in reducing risk and delaying the onset of type 2
diabetes. The cardiorespiratory fitness state is also found
to be inversely related to type 2 diabetes risk. The bene-
ficial effect of exercise has been observed with both
moderate and vigorous exercise, and is independent of
the change in body mass index. In intervention studies,
improvements in exercise reduced the risk of diabetes
among subjects with impaired glucose tolerance even
when participants did not attain the weight-loss goal.

The protective effect of regular physical activity for
diabetes and cardiovascular disease is thought to be
mediated through the effect of physical activity on meta-
bolic risk factors. Observational studies as well as experi-
mental data indicate regular physical activity may prevent
weight gain, improve insulin sensitivity and glycemic
control, and reduce blood pressure, dyslipidemia, inflam-
mation, and endothelial dysfunction. The metabolic ben-
efits of exercise are likely the result of the physiologic
changes during exercise (e.g., increased tissue sensitivity
to insulin) and metabolic adaptations to regular exercise.

Exercise intensity can be measured by kilocalories
burned per min of activity or by the ratio of the metabolic
rate (measured by the amount of oxygen used by the body)
during exercise to the metabolic rate at rest. This ratio is in
a unit called the metabolic equivalent (MET). Moderate-
intensity activities are those that burn 3.5–7 kcal/min, or
those that expend 3–6 MET. This level of intensity can be
achieved by exercises such as brisk walking or dancing.
Vigorous activities are those that burn >7 kcal/min or
expend >6 MET, such as running. Both kcal/min and
MET are common measures of physical activity used in
epidemiologic studies.

In 1995, the U.S. Centers for Disease Control and
Prevention recommended that adults engage in 30min
of moderate-intensity physical activity on most, prefera-
bly all, days of the week, a standard also endorsed by the
U.S. Surgeon General since 1996. Although the health
benefits of physical activity have been well-recognized,
promoting regular physical activity in the community
remains a public health challenge. As the prevalence of
obesity and type 2 diabetes continues to rise, identifying
strategies that will help the public achieve sustained exer-
cise at a level that is sufficient to result in measurable
improvements to public health is a current priority.
Short-Term Metabolic Effects of Exercise

Exercise results in a shift in fuel usage by the working
muscle from primarily nonesterified fatty acids (NEFAs)
to a blend of NEFAs, glucose, and muscle glycogen.
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As exercise duration increases and muscle glycogen
depletes, circulating glucose and fatty acids become a
more important source of fuel. This shift in fuel metabolism
requires hepatic endogenous glucose production during
sustained exercise. This response is accomplished by
exercise-induced reduction in insulin and incremental in
glucagon and catecholamines, which stimulates glyco-
genolysis and gluconeogenesis in the liver. Blood glucose
delivered to working muscles is transported into muscle
fibers and is subsequently phosphorylated for glycolysis.
It is suggested that exercise induces membrane glucose
transport via several possible mechanisms. For example,
muscle contraction increases glucose transport by stimu-
lating GLUT4, an insulin-responsive transporter, translo-
cation to the muscle cell surface. Data suggest that
GLUT4 translocation may be facilitated by exercise-
induced activation of Ca2þ/calmodulin-dependent protein
kinase (CaMK), mitogen-activated protein kinase (MAPK),
and AMP-activated protein kinase (AMPK) pathways,
or by exercise-induced nitric oxide (NO) synthesis.

Exercise-induced muscle glucose uptake provides
explanations for the beneficial effect of exercise on glyce-
mic control. In fact, the molecular mechanisms of exercise-
induced muscle glucose transport, such as translocation of
GLUT4 to the cell membrane, are controlled by insulin-
independent pathways. Therefore, glucose uptake during
exercise can be achieved even by individuals with insulin
resistance. Furthermore, insulin action is enhanced during
exercise. Some mechanisms that have been proposed to
explain this exercise-induced insulin sensitivity include
increased capillary surface area in working muscle, and
activation of postinsulin receptor signaling. Both the stimu-
lation of muscle glucose uptake and improved insulin sen-
sitivity persist after the cessation of exercise.
Metabolic Adaptations to Regular
Physical Activity

Metabolic adaptation occurs in response to regular physical
activity. The specific adaptation developed depends on the
nature of the exercise (intensity, duration, frequency, and
mode), as well as individual characteristics. Of specific
interest to diabetic patients are those adaptations that
directly affect the metabolism of glucose. It is recognized
that with long-term exercise, basal and glucose-stimulated
insulin levels are reduced. The reduction appears to be
mediated by reduced insulin synthesis by beta cells and by
decreased sensitivity of the beta cells to glucose. Further-
more, exercise training has been shown to increase muscle
GLUT4 and IRS-1-associated PI-3 kinase activity (a medi-
ator of the insulin-signaling pathway). This increase in
GLUT4 and postreceptor activity in the insulin-signaling
pathway is likely to contribute to enhanced insulin action in
trained subjects and has important therapeutic implications
for people with insulin resistance.
The Role of Exercise in the Management of
Type 2 Diabetes

Exercise has long been considered an essential part of
therapeutic lifestyle modification in diabetes manage-
ment. However, evidence from controlled studies only
has become available in recent years. Results from inter-
vention trials showed that the beneficial effect of exercise
on glycemic control is independent of weight loss.
Increased exercise intensity also appears to be associated
with further reduction in HbA1c (an indicator for the
average amount of blood glucose over a period of time).
Exercise can also improve cardiovascular outcome in type
2 diabetes. A structured exercise program can be planned
to achieve specific fitness and health goals by involving
different types of exercise. Types of exercise that have
been evaluated for diabetes management include aerobic
exercise and resistance training. Aerobic exercise refers
to the phase in exercise when oxygen is used to burn
glucose and fat to generate energy for muscle cells. Aero-
bic exercise can be any exercise; it generally requires the
exercise to be performed at a moderate intensity over a
long period of time to get past the initial anaerobic phase.
As a general guideline, the American Diabetes Association
recommends at least 150min/week of moderate-intensity
aerobic physical activity and/or at least 90min/week of
vigorous aerobic exercise to improve glycemic control,
assist with weight maintenance, and reduce the risk of
cardiovascular complications. The exercise should be
distributed over at least 3 days/week, with no more than
2 consecutive days without physical activity. The amount
of exercise can be adjusted to meet different goals. For
example, increasing the amount and intensity may be help-
ful in further cardiovascular disease risk reduction and in
long-term weight maintenance.

Resistance training aims to develop and enhance muscle
strength. This type of exercise is performed against a
specific opposing force, for example, weights, resistance
bands, or, in some exercises, human body weight. The
value of resistance training in diabetes management has
been proven in randomized controlled studies. For patients
for whom aerobic exercise may be contraindicated, such as
patients with advanced peripheral neuropathy, or severely
obese patients for whom performing aerobic exercise is
physically challenging, resistance training may be a desir-
able alternative. By increasing muscle mass and endurance,
resistance training can often result in more rapid changes in
functional status and body composition, and therefore may
be more rewarding and encouraging for patients. It is
shown that resistance exercise improves insulin resistance
to similar extent as aerobic exercise. As a general guideline,
the ADA recommends:

type 2 diabetic patients (those who do not have contra-

indications) perform resistance exercise three times week,

targeting all major muscle groups, progressing to three



160 Diabetes Mellitus Treatment
sets of 8–10 repetitions at a weight that cannot be lifted

more than 8–10 times (Sigal et al., 2006).

To ensure resistance exercises are performed correctly,
to maximize health benefits, and to minimize the risk of
injury, initial supervision and periodic reassessments by a
qualified exercise specialist are recommended.

A complete physical examination and exercise stress
test should be performed before beginning an exercise
program for certain patients. The patient’s age, previous
physical activity level, and medical history should be
considered. Exercise stress tests using electrocardiograms
(ECG) should be considered for previously sedentary
patients at moderate or high risk of cardiovascular disease
who want to undertake vigorous aerobic exercise exceed-
ing the demands of everyday living.
Pharmaceutical Management of
Type 2 Diabetes

Although lifestyle interventions are effective in reducing
blood glucose and improving insulin resistance, for the
majority of patients lifestyle modifications alone are not
sufficient to maintain normal or near-normal glycemia.
Pharmaceutical interventions are often required to main-
tain safe blood glucose levels and to further reduce the risk
of clinical complications. Anti-diabetic agents that are cur-
rently in clinical use can be classified into insulin-sensitiz-
ing agents (e.g., metformin and thiazolidinediones), agents
that enhance insulin secretion by pancreatic beta cells (e.g.,
sulfonylureas and meglitinides), agents that modify intesti-
nal absorption of carbohydrate or fat (e.g., a-glucosidase
inhibitors, lipase inhibitors), and exogenous insulin. Several
new anti-diabetic agents currently under development are
expected to improve insulin resistance and glycemic control
through various other mechanisms, including stimulation of
beta cell differentiation and insulin secretion, mimicking
and enhancement of insulin action (GLPs mimetics, PPV-4
inhibitors, etc.), and insulin sensitizing through different
molecular actions. Beyond glycemic control, patients with
complications may benefit from other pharmaceutical
interventions (see ‘Further reading’).
Conclusions

The primary object of diabetes management is the proper
control of blood glucose levels and minimizing the risk of
developing microvascular, macrovascular, and neurologic
complications. Furthermore, it has recently been suggested
that diabetes management should actively aim to restore
insulin sensitivity. Lifestyle intervention including diet,
physical activity, andweight management are cost-effective
means to improve outcomes in diabetes. Long-term
compliance with healthy diet, regular physical activity,
andmaintaining an ideal bodyweight confers further health
benefits and reduces the risk of cardiovascular disease,
the major cause of mortality in persons with diabetes.
Several commonly used oral diabetes mediations, such as
sulfonylureas, thiazolidinediones, and insulin, are known to
induce weight gain. Lifestyle modifications therefore play a
unique role in diabetes management and should be encour-
aged for all patients at time of diagnosis. Further research is
needed to identify the optimal diet/exercise regimen for
diabetics with advanced disease and specific complications.
Healthy lifestyle changes are not only an important thera-
peutic task for persons with diabetes but also a primary
prevention strategy for the general public, especially high-
risk individuals presenting metabolic abnormalities such as
central obesity, insulin resistance, and dyslipidemia. Due to
the progressive nature of diabetes, many patients already
present signs of complications at the time of diagnosis.
As such, prevention appears to be the ultimate and most
promising strategy to reduce the toll of diabetes. Identifying
strategies to promote and enhance long-term compliance
with healthy lifestyle is therefore a top public health
priority in today’s society.
See also: Diabetes Mellitus Prevention; Physical Activity

and Health.
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Introduction: Types of Diabetes

Diabetes is a chronic, progressive disorder characterized
by abnormalities in carbohydrate, fat, and protein metab-
olism and hyperglycemia. Chronic hyperglycemia is
associated with damage to large and small blood vessels
in the eyes, kidneys, nerves, and heart. Heart disease, high
blood pressure, stroke, kidney failure, amputations,
and blindness are common among persons with diabetes.
Complications often begin 10–15 years after disease onset,
depending in part on glucose control. The four clinical
classes of diabetes are type 1 diabetes, type 2 diabetes,
gestational diabetes, and other. In addition, prediabetes is
a recognized clinical state that is associated with elevated
risk of diabetes.
Type 1 Diabetes

Type 1 diabetes results from autoimmune beta cell
destruction, leading to absolute insulin deficiency. It is
characterized by abrupt onset of hyperglycemia and a
strong propensity for ketoacidosis. Type 1 diabetes com-
prises only 5–10% of all diabetes cases. Genetic factors
are associated with type 1 diabetes, although no single
genetic factor is known to be the cause.
Type 2 Diabetes

Type 2 diabetes, comprising approximately 85% of diabe-
tes cases, has a multihormonal pathophysiology in which
either the body does not produce enough insulin or the
cells are resistant to the biological effects of insulin, result-
ing in hyperglycemia. This disease typically progresses
from insulin resistance to postprandial hyperglycemia to
clinical diabetes requiring pharmacologic intervention.
Gestational Diabetes Mellitus

Gestational diabetes mellitus (GDM) is diabetes that is first
diagnosed during pregnancy. In GDM, pregnancy hor-
mones block the action of maternal insulin, causing insulin
resistance and hyperglycemia. Women with a history of
GDM are at increased risk of developing Type 2 diabetes.
Other Types of Diabetes

Up to 5% of cases of diabetes have other specific causes
and include diabetes that results from the mutation of a
single gene or chromosomal abnormality and drug- or
chemically induced diabetes. These include maturity
onset diabetes of the young, latent autoimmune diabetes
of aging, Down syndrome, Klinefelter’s syndrome, and
Turner’s syndrome.
Prediabetes

Prediabetes (or impaired glucose tolerance, IGT) is a
condition that raises the risk of developing type 2 diabetes,
heart disease, and stroke. In prediabetes, blood glucose
levels are between the normal and diabetic ranges. Pro-
gression to diabetes among those with prediabetes is not
inevitable: Obesity and physical inactivity are modifiable
factors that affect risk of type 2 diabetes.

The remainder of this article will focus on type 2 dia-
betes, the most common form.
Worldwide Prevalence of Type 2 Diabetes

Some 194million people worldwide have diabetes. In the
past 30 years, diabetes has evolved from a relatively mild
ailment of older people to a major cause of premature
morbidity and mortality. Complications from diabetes
result in increased disability, reduced life expectancy,
and considerable health-care costs worldwide.

Risk of type 2 diabetes is linked to an increasing
prevalence of obesity. This results from unfavorable
changes in dietary and lifestyle patterns, particularly an
increase in fatty foods and reduction in physical activity at
home, work, and school. Replacement of traditional diets
rich in fruits and vegetables by high-calorie diets high in
animal fats and low in complex carbohydrates is happen-
ing in all but the least-developed countries.
Heredity

Diabetes prevalence is growing at different rates in differ-
ent populations. Researchers believe that genes affecting
various aspects of carbohydrate metabolism contribute
to the development of type 2 diabetes. For example, in
the United States, African Americans, Hispanic/Latino
Americans, American Indians, Asian Americans, and
Pacific Islanders are at a higher risk than the rest of the
population. The increase of type 2 diabetes prevalence in
children was first reported among the Pima Indians in the
western United States, a population with the world’s
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highest recorded prevalence of type 2 diabetes in adults,
as well as high rates of obesity. Among people of European
ancestry, the age-adjusted prevalence of diabetes is 5%,
whereas among some indigenous populations, the preva-
lence rate is 40% or higher. Although genetic background
explains the susceptibility to this chronic disease, mod-
ernization and urbanization have brought about the
changes that are contributing to obesity and diabetes
reported in indigenous populations.
Diabetes in Developing Countries

Throughout the world, economic development, urbaniza-
tion, and affluence are accompanied by adoption of a diet
high in nutritionally poor carbohydrates. In developing
countries, people are moving from rural areas to cities.
These cultural changes affect the number of people at risk
because people living in cities tend to be less physically
active and heavier. People who are heavier have a higher
risk of diabetes (Figures 1 and 2).

In developing countries, the majority of people with
diabetes are adults of working age. According to the
World Health Organization, the number of people with
diabetes in developing countries is expected to rise by
150% in the next 25 years.
Diabetes in Developed Countries

In economically developed countries, diabetes is the
fourth or fifth leading cause of death, affecting mostly
people who are older than 65. In addition, it is the poor
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people who get diabetes. Poverty limits access to fresh
fruits and vegetables, leisure time for exercise, and
health care.

A transformation has occurred in farming, food proces-
sing anddistribution, transportation, and shopping practices
(Beaglehole et al., 2003). Food is often consumed outside the
home. Alterations in food production, preparation, and
consumption have fueled epidemics of noncommunicable
diseases, such as diabetes, and threaten economic develop-
ment. For example, the invention of microwave ovens cre-
ated a market for frozen foods that are quick and easy to
prepare and also high in fat and sodium.
Link with Obesity

Childhood obesity has reached epidemic proportions.
Worldwide, approximately 22million children younger
than age 5 are overweight. Type 2 diabetes, once virtually
unknown in adolescence, now accounts for as many as half
of all new diagnoses of diabetes in some populations
(Pinhas-Hamiel and Zeitler, 2005). Childhood obesity is
linked to abnormalities in blood pressure, lipid, lipoprotein,
and insulin levels in adults, as well as to the risk of coronary
artery disease and diabetes (Freedman et al., 2001).

A close relation exists between rates of type 2 diabetes
in adults and the appearance of the disorder in adoles-
cents. Type 2 diabetes in children was reported earliest in
countries with the highest rates of adult type 2 diabetes.
As diabetic children age, they experience earlier onset of
diabetes complications relative to persons who develop
diabetes in adulthood. In India and China, diabetes
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prevalence is expected to double by 2030, due in part to a
rise in type 2 diabetes among children and young adults.
In the past several decades, children’s lifestyles have
changed dramatically in developed countries, as reflected
in unhealthy dietary habits and inactivity.
Causes: Societal Changes

Inactivity

Economic development has reduced the frequency of
work-related physical activity. Leisure time physical
activity is also low. Little time is spent outdoors, and
traveling in cars has replaced walking in many developed
countries. The reduction in sidewalks and increase in
paved roads seem to facilitate these trends.
Technology

The advances in technology that accompany economic
development further reduce the need and opportunity for
physical activity. Television exposes children and adults
to hours of commercials for nutritionally poor foods. The
following list presents some technologies and their effects
on inactivity:

. Cars. No need to walk to the store, work, or bus stop.

. Television. A typical childwatches approximately 40 000
commercials on television each year, a number that has
doubled during the same time that the rate of pediatric
overweight has increased dramatically. Television view-
ing among children is correlated with a higher intake of
nutritionally poor foods and a lower intake of fruits and
vegetables (Ritchie et al. 2005). Not only do children sit
still while they watch television; they often passively
consume high-calorie foods at the same time.

. Video games. Time children spend playing video
games is sedentary time.

. Internet shopping. No need to walk from the car to the
store and back.

. E-mail. No need to walk to deliver a message.

. Personal digital assistants. No need to walk to the
computer; it’s now in your pocket.

. Cell phones. No need to walk to a phone; it’s in your
pocket, too.
Changes in Diet

Economic development is associated with Westernization
of diet in non-Western countries. As a result, diabetes is
now appearing in India and Africa. Some factors contri-
buting to obesity and diabetes in the developed countries
are listed below:

. Eating out. Portions are large, and additional fats are
added.

. Not eating as a family; poorly balanced meals.

. Television viewing during mealtime, which is inversely
associated with consumption of products not typically
advertised, such as fruits and vegetables.

http://www.iotf.org/popout.asp?linkto=http://www.eatlas.idf.org/
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. High fructose corn syrup: The rise in type 2 diabetes
closely parallels increased use of sweeteners, particu-
larly high-fructose corn syrup.
Europe

In Europe, diabetes is prevalent among the older people.
A third of this region’s population is age 50 or older, a
proportion that is expected to increase to >40% by 2025.
Thus, the number of people with diabetes and prediabetes
will likely increase despite an expected overall reduction
in the European population (Table 1). This will place an
increasing financial burden on the declining working age
population to provide resources for the rising number of
older people with diabetes complications.

As in other economically developed countries, the
prevalence of obesity in Europe has been rising and is
now 15–20% among adults. Rates of childhood over-
weight and obesity in England have increased between
2.0-fold and 2.3-fold over ten years. As in other developed
regions, diabetes rates are rising along with obesity
prevalence.
North America

The rise in diabetes prevalence in North America follows
the rise in obesity. In the United States, from 1980 to
2004, the number of people with diabetes more than
doubled (from 5.8million to 14.7million). According to
the Centers for Disease Control and Prevention, data
from a 2003–2004 survey show that 66% of U.S. adults
are overweight or obese.

The mean age at diagnosis of type 2 diabetes in the
United States has decreased from 52 years in 1988–94, to
46 years, reported in 1999–2000 (Centers for Disease
Control, 2005). People age 65 years or older account for
almost 40% of the population with diabetes. In Canada,
Table 1 Growing worldwide diabetes epidemic (numbers are in m

Europe
North
America South & Central America Asia

Population
2003 871.8 441.7 422.8 1251.4
2025 862.6 533.8 544.6 1629.7

Adults with diabetes (ages 20–79 years)
2003 48.4 23.0 14.2 39.3
2025 58.6 36.2 26.2 81.6

Adults with impaired glucose tolerance
2003 63.2 20.3 18.5 93.4

2025 70.6 29.6 29.5 146.3

Data are from the International Diabetes Foundation.
10% of people 65 and older have the disease, compared
with 3% of those in the 35–64 age group.

While the prevalence of overweight and obesity has
increased in all segments of the U.S. and Canadian
populations, it is particularly common among minority
groups. African Americans, Hispanic/Latino Americans,
American Indians, Asian Americans, and Pacific Islanders
are at a higher risk for type 2 diabetes than are U.S.
Whites. The increase in type 2 diabetes in children was
first reported among the Pima Indians in central Arizona.
In Canada, the problem is particularly apparent in indig-
enous populations, including children, and especially
among women and girls. In some Canadian indigenous
communities, the prevalence of type 2 diabetes among
girls 10–12 years old has been reported to be 3.6%.

Among U.S. and Canadian youth, obesity, physical
inactivity, and intrauterine exposure to maternal hyper-
glycemia have become widespread and may contribute
to the increased development of type 2 diabetes during
childhood and adolescence. Among U.S. children and
teens ages 6–19, 16% are overweight according to
1999–2002 data, triple the 1980 percentage. Some
2million U.S. adolescents (or one in six overweight ado-
lescents) age 12–19 have prediabetes. A study by the
Centers for Disease Control and Prevention estimated
that one in three U.S. children born in 2000 will develop
diabetes in their lifetime.

More than 60% of U.S. adults do not achieve the
recommended amount of regular physical activity. In
fact, 25% of adults are not active at all. This habit of
inactivity tends to be perpetuated by their children.

In Mexico, a high prevalence of diabetes is associated
with low levels of education. Sudden changes in tradi-
tional lifestyles, as seen in newly arrived migrants to large
cities, result in diabetes in this genetically susceptible
population. Mexico has one of the world’s highest rates
of soft drink consumption. The earlier age of onset of
diabetes in Mexicans and the limited access of migrants
illions unless otherwise specified)

Africa
Eastern Mediterranean &
Middle East

Western
Pacific Worldwide

666.6 544.6 2110.7 6.3 � 109
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to optimal medical and preventive care precipitate diabe-
tes complications.
South and Central America

In conjunction with economic development, the South
and Central America region is undergoing a nutritional
transition. Obesity rates have increased markedly during
the past 10–15 years and have become a public health
problem in most countries. Obesity is prevalent in the
adult population, especially among women with limited
education and among the urban poor (Uauy et al., 2001).
Dietary changes and increasing inactivity help explain
these trends. As income increases in transitional countries,
so does the consumption of high-fat foods, including
industrially processed hydrogenated fats. A study con-
ducted in the city of Santiago, Chile, showed that the
principal components of food expenditure among the
poor are bread, meat, and soft drinks. As intake of these
foods has increased to the detriment of grains, fruits, and
vegetables, rates of obesity, insulin resistance, and type
2 diabetes have increased.

In Santiago in 1970, about 75% of the population lived
in urban areas; in 1997 this figure was 87%. The number
of cars increased from 363 150 in 1970 to 1 969 128 in
1997. Televisions numbered 12 170 in 1970 and increased
to >2million in 1997. Some 90% of school-age children
in Santiago watch television on weekdays, and of these,
20% watch more than 3 h daily. Data from several urban
centers, including Santiago, show that television viewing
and television commercials have a direct relationship to
snack food consumption and other food purchased by
children at school (Uauy et al., 2001).

As malnutrition rates fall in this region, the need to
prevent overweight and obesity should be considered
as important as the eradication of undernutrition,
which sometimes occurs in the same households. Supple-
mentary feeding programs are widespread throughout
this region. A survey of 19 Latin American countries
found that more than 20% of the population receives
food assistance. Nutrition programs have become a
social benefit expected by individuals living in poverty.
Despite the benefits (i.e., the significant reductions
in underweight and wasting), these programs can
affect obesity rates. While food supplements benefit
some, the provision of high-fat foods can be detrimental
for others.

In response, supplemental food programs are now
adapting the food provided to fit the nutritional profile
of the preschool population. Sugar and saturated fat con-
tent of the ration have been lowered, fat-free milk is being
provided, and additional fresh fruits and vegetables have
been added.
Asia

The expected increase in diabetes prevalence in Asia is
due in part to increased life expectancy in India. The
adult population of India comprises 85% of the popula-
tion of this region. As in other developing countries,
diabetes prevalence in India is higher among the affluent,
suggesting that economic growth will continue to escalate
diabetes prevalence.

India currently has the world’s largest diabetic popula-
tion, with an estimated 35million. This number is
expected to reach 73million by 2025. This region has
the world’s highest prevalence of IGT, further evidence
of the coming increase in diabetes prevalence in this area.

Various Asian populations may be particularly suscep-
tible to the health risks of central obesity (fat carried in
the abdominal area). Consequently there is an increasing
focus on waist circumferences, which may predict diabe-
tes risk better than does body mass index.

The incidence of diabetes in adults in this region is
growing at an alarming rate. By 2025, China is expected to
show an increase of up to 68%.

Among Japanese schoolchildren, the incidence of type
2 diabetes increased from 0.2 to 7.3 per 100 000 children
per year between 1976 and 1995 – an increase attributed
to changing dietary patterns and increasing rates of
obesity. In some areas of Japan, type 2 diabetes has
become the dominant form of diabetes in children and
adolescents.
Africa

As in other developing countries, in parts of sub-Saharan
Africa, obesity exists alongside undernutrition. According
to the International Diabetes Foundation, the prevalence
of type 2 diabetes is low in both rural and urban African
Bantu communities but is ten times higher in African Mus-
lim and Hindu communities in Tanzania and South Africa
and in the Chinese community in Mauritius.

The current rate of diabetes in Africa is reaching
epidemic proportions and is predicted to increase by
more than 90% by 2010, predominantly affecting indivi-
duals of working age.

Foot complications are a major problem for people
with diabetes in Africa. In Africa, diabetic foot infections
lead to amputation in 25–50% of cases and often result in
death. Not only are amputations life-threatening; they
often cause life-long dependence and inability to work.

Common practices such as walking barefoot and wear-
ing inappropriate footwear contribute to injuries that can
lead to infection in the foot and result in amputations.
Late referral to hospitals, as well as poor knowledge of and
access to foot care, play a major role in the high amputa-
tion rate in Africa.
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Of the world’s 49 least developed countries, 33 are in
sub-Saharan Africa. Incomes in these countries do not
allow for the purchase of insulin and other supplies to
manage diabetes. Lack of access to insulin and diabetes
supplies frequently occurs as a result of natural disasters,
civil unrest, or national financial crises. The widespread
lack of access to insulin, refrigeration, and health care
threatens the lives of people with diabetes in sub-Saharan
Africa.
Eastern Mediterranean and Middle East

Diabetes prevalence in some countries of the Eastern
Mediterranean and Middle East is among the highest in
the world. During the past 30 years, major social and
economic changes have occurred in this region. These
include urbanization, decreasing infant mortality, and
increasing life expectancy. The aging of the population,
along with socioeconomic and lifestyle changes, has
resulted in a dramatic increase in type 2 diabetes. In
Iran, obesity rates vary from rural to urban populations,
rising to 30% among women in Tehran.

Rapid economic development, especially in wealthy
oil-producing countries, has been associated with altera-
tions in nutrition, decreased physical activity, and increased
obesity. The United Arab Emirates, Bahrain, Kuwait, and
Oman have diabetes prevalence rates that are among the
world’s highest, as are their IGT prevalence rates. As in
other countries with high diabetes prevalence, the onset of
type 2 diabetes is occurring in relatively young people. This
trend is following the rising rates of obesity. In Egypt,
childhood overweight and obesity have increased 3.9-fold
in 18 years.
Western Pacific

The link between obesity and type 2 diabetes is most
manifest in the Western Pacific area, which has some of
the highest levels of adult obesity. Obesity prevalence
rates of 60–80% are found among adults on some islands,
including Samoa and Nauru. In Tonga, 60% of the adult
population is obese, and 12% of men and nearly 18% of
women have type 2 diabetes, a doubling of the rate in
25 years. A further 20% have prediabetes.

Adolescents from minority groups in Australia
(Aboriginal) and New Zealand (Maori) have a high prev-
alence of type 2 diabetes. Data from Australia indicate
that 40–50% of the diabetes patients there are from
immigrant groups (Pakistan, Turkey, South America,
South Asia, India, Middle East), and analyses suggest
that adoption of a Westernized lifestyle is strongly asso-
ciated with type 2 diabetes in these populations (Pinhas-
Hamiel and Zeitler, 2005).
The high prevalence of diabetes in the affluent
cities indicates that in this region as well, diabetes preva-
lence is increasing along with economic and urban
expansion.
Global Trends

According to the World Health Organization, the number
of people with diabetes will more than double over the
next 25 years, reaching 366million by 2030. Most of this
increase will occur as a result of a 150% rise in developing
countries.

The greatest increases are expected in the Middle East,
sub-Saharan Africa, and India (Figures 3 and 4). The
biggest demographic change in global terms will be an
increase in diabetes among people older than age 65.

In developing countries, most people with diabetes
are in the 45–64 age group. In developed countries, the
majority of people with diabetes are older than age 64. By
2030, it is estimated that the number of people with
diabetes who are older than age 64 will be more than
82million in developing countries and more than 48mil-
lion in developed countries (Wild et al., 2004).
Strategies for Prevention

Large, population-based studies in China, Finland, and
the United States have demonstrated the possibility of
preventing or delaying diabetes in overweight people
with prediabetes. These trials have shown that changes
in diet and physical activity, resulting in a 5–7% weight
loss, can reduce the risk of developing type 2 diabetes.

Studies have shown that people with prediabetes can
prevent or delay the onset of diabetes. This can be accom-
plished through 30min or more of physical activity most
days of the week and a nutritious diet. In all the studies
conducted in people at high risk, lifestyle changes have
been more effective than the use of drugs to prevent
diabetes.

The scale of the diabetes epidemic requires global
initiatives to reduce obesity and increase physical activity.
Informed policy decisions on urban design and on food
pricing and advertising can help reduce the population-
wide risks of developing type 2 diabetes.

The following steps, categorized by place of action, can
be implemented to help stop this epidemic.
Home

. Restrict children’s screen time (i.e., time spent watching
television and playing video games).
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Figure 3 Prevalence of diabetes worldwide. Reprinted with permission from http://www.who.int/diabetes/facts/en.
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. Eat dinner as a f amily. Family dinner s are associated
with more fr uits an d veget a bles, f ewer frie d foods, less
soda, less f at, and mor e micronut rients.

. Be active as a f amily. Exercising together create s nor ms
and exp ectations a bout re gular physical activit y.
School

. Suppor t ‘walking school bus’ progra ms in which adults
accom pany chil dren walking to and from school .

. Suggest that school s provide health ful food, ban soda
and candy sales, and te ach appr opriate nutritio n and

http://www.who.int/diabetes/facts/en
http://www.who.int/diabetes/facts/en/


168 Diabetes Mellitus, Epidemiology
activity habits. Advocate for parenting and healthful
cooking classes in high schools and adult education
programs in order to have an impact on the next gen-
eration (Ritchie et al., 2005).

. Have recess and gym class more often (or every day)
at school.

Urban Design

. Build sidewalks to promote walking.

. Promote mixed land use so that people can walk to
school and work.
Health Care

. Instead of relying on endocrinologists, rely on nutri-
tionists, nurses, and diabetes educators.

. Direct efforts toward diabetes prevention. View diabe-
tes as a chronic rather than an acute disease.

. Teach healthy people how to stay healthy via daily
exercise and nutritious food; concentrate on teaching
mothers and children because habits are established
early.

Marketing and Media

. Regulate advertising of foods aimed at children.

. Encourage restaurants to provide smaller portion sizes
and more healthful options.

Policy

. Limit the addition of high-fructose corn syrup to foods.

. Incorporate physical activity into jobs.

. Encourage a diet based on unprocessed foods.

. Direct preventive activities at the entire population via
community intervention programs and integrate them
with measures directed against other diseases, such as
hypertension and cardiovascular disease.
Conclusion

The number of people with diabetes is increasing due to
population growth, aging, urbanization, and increasing
prevalence of obesity and inactivity. As more countries
become economically developed and their populations
adopt a high-fat, nutritionally poor diet, the epidemic of
diabetes can be expected to continue.
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Historical Background

The idea that food might be a cancer risk factor, or might
be used for cancer prevention (or even treatment), started
in ancient times. Hieroglyphic inscriptions and papyri
manuscripts suggest that physicians in Ancient Egypt
were able to distinguish between benign and malignant
tumors. They used various food compounds to treat some
cancers, e.g., stomach and uterine cancers were treated
with barley and pig ears. In 168 BC Galen, a Roman
physician, wrote that unhealthy diet and bad climate
were directly connected to cancer. In the Middle Ages
(1676), Wiseman suggested that cancer might arise from
‘‘an error in diet,’’ and recommended avoiding ‘‘salt, sharp
and gross meats’’.

In 1811, Howard proposed that constipation might be
an important cancer risk factor. Lambe, a Fellow of the
Royal College of Physicians of London, suggested in 1815
that excess of food consumption, and especially excess of
meat consumption, might lead to cancer development.

At the beginning of the twentieth century, Shaw pro-
posed eating more vegetables and less foods of animal
origin, less alcohol, tea, and tobacco to reduce cancer risk.

The real beginning of the scientific studies of diet in
relation to cancer risk started from the observations of
Peyton Rous, when in 1914 he observed that restriction of
food consumption delayed the development of cancer
metastases in mice. This study was followed by the exten-
sive animal research that demonstrated an association
between obesity and mortality from cancer beginning in
the 1920s. Other early epidemiological studies of diet and
cancer were a case-control study conducted by Stocks and
Karn in England and Wales in 1933 and an ecological
study of oral cancer in India conducted by Orr. These
suggested that low consumption of vegetables and fruit
might increase cancer risk. In 1937, Hoffman (a founder of
the American Cancer Society) concluded that ‘‘excessive
nutrition,’’ especially fatty, sugary foods, white bread, and
meat are important cancer risk factors.

Despite a profusion of experimental studies in animals
beginning in the 1950s and epidemiologic studies in
humans in the late 1960s, the role of diet in cancer tended
to be discounted, in favor of alternative theories of genetic
errors, viruses, or exposure to specific chemical carcino-
gens. Nevertheless, experimental studies by Tannenbaum
and Silverstone indicated that diet was an important envi-
ronmental factor that influenced cancer incidence. In
1969, the Irish surgeon Denis Burkitt (who identified
Burkitt’s lymphoma) hypothesized that low consumption
of dietary fiber in the Western diet accounted for the rise
of various chronic diseases, including colon cancer.
Methodological Issues

In their classic analysis of the Causes of Cancer (1981) Doll
and Peto characterized diet as a ‘‘chronic source of both
frustration and excitement to epidemiologists.’’ Based on
‘‘strong but indirect evidence’’ they estimated that the
possible reduction of the cancer deaths in the United
States that could be achieved, at least in principle, by
dietary modification was around 35%, with the range of
acceptable estimates from 10 to 70%. Their estimate
varied for different cancer sites (almost 90% for stomach
and colorectal cancers, 50% for cancers of endometrium,
gallbladder, pancreas, and breast, and approximately 20%
for lung, larynx, bladder, cervix, uteri, pharynx, and
esophageal cancers). They concluded that most of the
cancers that are currently common could be made less
so by suitable modification of national dietary practices.

In 1992, Doll narrowed the range of the likely percen-
tages of cancer deaths attributable to diet to 20–60%
(Doll, 1992). However, there is still not enough precise
and reliable evidence of what exact dietary changes, other
than maintenance of a healthy body weight and limiting
or avoiding consumption of certain types of food would be
of major importance in reducing various cancer risks in
the human population.

Many hypothetical and actual ways of how dietary
factors may increase cancer risk have been described,
and most are still relevant:

1. Ingestion of powerful, directly acting carcinogens or
their precursors, including carcinogens in natural foods
(e.g., pyrrolizidine alkaloids in the Senecio plant, safrole in
sassafras, bracken fern), carcinogens produced on cook-
ing (e.g., benzo[a]pyrene and other polycyclic hydro-
carbons while cooking meat or fish by broiling, smoking,
or frying reusing fat), carcinogens produced in stored
food by microorganisms (e.g., aflatoxin produced by
Aspergillus flavus in peanuts);

2. Carcinogen formation in the body from substrates such
as nitrites, nitrates, secondary amines), altering intake
or excretion of cholesterol and bile acids, and altering
the bacterial flora of the bowel;

3. Affected transport, activation, and/or deactivation of
carcinogens, including altering concentration in feces
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or duration of contact with feces, induction or inhibi-
tion of enzymes that affect carcinogen metabolism, and
deactivation or prevention of formation of short-lived
intracellular species;

4. Effects on promotion of cells, including vitamin A
deficiency, retinol-binding protein, and other factors
affecting stem cell differentiation;

5. Overnutrition, including effects on age at menarche,
adipose-tissue-derived estrogens, and others (Doll and
Peto, 1981).

Many fundamental questions are difficult to study due
to the high correlation among the multiple specific com-
ponents of diet, the challenge of measuring nutritional
intake at critical periods of development (in utero, during
rapid periods of growth, before first pregnancy, etc.),
variations in the food supply over time or the form in
which nutrients are delivered, and the more limited range
of intake in cohort studies conducted in developed
countries than exists internationally. Few studies have
directly measured the degree to which cancer risk can
be modified by changes in nutrition in adulthood. Even
more challenging are the complex interactions likely to
occur among nutritional factors, and/or between diet and
individual susceptibility factors.

Despite these challenges, hypotheses and supporting
evidence regarding the relationship of diet to cancer can
be obtained from a variety of sources. In vitro studies and
animal experiments are helpful in examining mechanisms
of action, although they alone do not establish direct
relevance to humans (Ames et al., 1987). Metabolic or
biochemical studies in humans, such as studying the asso-
ciation of diet with estrogen profiles or markers of DNA
damage do not examine cancer endpoints directly, but can
be invaluable in the interpretation of other forms of
evidence (Willett, 2006).

Epidemiological studies of diet and cancer are a rela-
tively new area of research. During the last 30 years,
approaches for assessing dietary intake (e.g., standardized
questionnaires to assess intakes of foods from which nutri-
ent intakes can be calculated, biochemical determinations
of body tissues, anthropometric measurements) have been
developed and have been shown to be informative. Early
epidemiological studies of diet and cancer were mostly
correlational: They compared the disease rates in popu-
lations with the population per capita consumption of
specific dietary factors. These studies, especially interna-
tional correlational studies, have several strengths (such
as large contrasts in dietary intake, large populations,
more stable dietary patterns). However, the primary prob-
lem is that many potential determinants of cancer other
than the dietary factor under consideration may vary
between areas with a high and low cancer incidence
(e.g., genetic predisposition, other dietary factors, includ-
ing energy intake, and other environmental or lifestyle
factors). Traditionally, such studies have been considered
the weakest form of evidence (Willett, 2006).

Other types of epidemiological studies are based on
comparing cancer occurrence in subgroups within a pop-
ulation that consumes unusual diets (often defined by
religious or ethnic characteristics) with the general popu-
lation. Generally providing nearly the same inferential
strength as ecological studies, such studies may be partic-
ularly useful when a hypothesized association is not
observed (Willett, 2006). In addressing the possibility
that the correlations observed in the ecological studies
are due to genetic factors, migrant studies can be par-
ticularly useful, as well as for examining the latency or
relevant times of exposure.

Many of the weaknesses of correlational studies are
potentially avoidable in case-control studies (when infor-
mation about previous diet is obtained from the patient
with studied disease and compared to that without the
disease) or cohort investigations (when information on
diet is obtained from disease-free subjects who are then
followed to determine disease rates according to levels of
dietary factors). However, in case-control studies, biases
due to selection or recall could often occur. Another
problem is the selection of an appropriate control group:
Diet may influence the incidence of many diseases, and it is
often difficult to identify disease groups that are unrelated
to the aspect of diet under investigation. Methodological
sources of inconsistency may be particularly problematic
in nutritional epidemiology because of the inherent bio-
logical complexity resulting from nutrient–nutrient inter-
actions, and thatmay produce inconsistent findings (Willett,
2006). Prospective cohort studies avoid most of the
potential sources of methodological bias associated with
case-control studies, providing the opportunity to obtain
repeated assessments of diet over time and to examine the
effects of diet on a wide variety of diseases. However, to
conduct such a study, it is necessary to enroll tens of
thousands of subjects even for common cancers. The use
of detailed questionnaires makes this kind of study expen-
sive. Consequently, for diseases with low frequencies, case-
control studies will continue to play a role in nutritional
epidemiology. Due to current uncertainty about measuring
diets in early life, whether either studydesignwill be able to
address the influence of childhooddiet on disease occurring
decades later remains unclear (Willett, 2006).

The randomized trial (optimally, double-blind) is in
principle the most rigorous evaluation of dietary hypoth-
eses. However, such experiments in humans are only justi-
fied when considerable nonexperimental data establish a
rationale for undertaking a trial; they provide preliminary
data on potential risks and benefits. Experimental studies
are particularly useful for evaluating hypotheses on minor
dietary components (e.g., whether a specific micronutrient
can reduce cancer risk). However, controlled trials of
dietary factors also have several limitations, including
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uncertainty of the time between changes in dietary factor
levels and expected changes in cancer incidence,
decreased compliance in following the diet during an
extended trial, the tendency of enrolled participants to
be highly selected on basis of health consciousness and
motivation, and other factors (Willett, 2006).

Cancer risk reduction includes two strategies: (1) Can-
cer prevention (reduction of carcinogen exposure) and (2)
protection (intervention to stimulate mostly endogenous
mechanisms of the organism to reduce the risk from
exposure to carcinogens). Table 1 presents some carcino-
genic and protective effects of dietary compounds in
animal models and in humans. The majority of these
results suggesting that dietary compounds have carcino-
genic or protective roles need further analysis in larger
studies to confirm the observed effects. Table 1 shows
that diet is both an important cancer risk factor and a
cancer protective factor for a variety of cancers, including
nongastrointestinal locations, confirming the generalized
effects (both damaging and protective) of foods consumed
for the entire human body.
Dietary Factors That Increase
Cancer Risk

Dietary factors can modify cancer risk in several different
ways at multiple stages of the carcinogenic process. Direct
carcinogens, or initiators, cause structural damage or
malfunction of the genes that regulate cell proliferation,
DNA repair, the survival of damaged cells, and the ability
of cells to invade and migrate. These may occur naturally
or be produced during cooking, digestion, or the meta-
bolism of certain foods. For example, aflatoxin is a carci-
nogenic fungus that occurs naturally in moldy grains,
heterocyclic amines are produced by frying meat and fat
at high temperatures, acrylamide is generated from car-
bohydrates when cooking foods such as French fries and
pancakes, polycyclic aromatic hydrocarbons are produced
by grilling and charring foods, nitrosamines are generated
in the stomach during digestion, and large numbers of free
radicals are formed during the metabolism of food to
energy.

Tumor promoters are substances that accelerate cell
turnover so that genetically damaged cells multiply more
rapidly and have greater likelihood of acquiring additional
mutations needed for malignant transformation. Sub-
stances such as capsaicin in chili pepper or salt in foods
preserved by salting irritate the lining of the digestive
tract, as do bile acids released into the colon during the
digestion of fat. The resulting inflammation accelerates
cell turnover and creates an environment favorable to
tumor development.

A third category of dietary factors that affect cancer
risk interfere with cellular defense mechanisms that
normally detoxify or remove carcinogens, repair DNA,
and/or trigger death in damaged cells. For an abnormal
cell to become cancerous, it must evade numerous host
defense mechanisms.
Macronutrients and Increased Cancer Risk

Among the dietary macronutrients hypothesized to
increase cancer risk, those that have been most extensively
studied are fat and meat intake. Per capita fat consumption
is highly correlated with cancers of the breast, colon, and
prostate in international correlation studies, but these do
not identify which of the many factors associated with
economic development are causally related to the risk of
these cancers. Prospective epidemiological studies have
not found consistent associations between total fat and
either breast or colon cancer, nor did the Women’s Health
Initiative find a statistically significant reduction in inva-
sive breast cancer risk over an 8.1-year average follow-up
period. These studies have not been able to evaluate
reductions in fat intake during critical periods of breast
development, nor have extreme reductions in fat intake
been achieved and maintained over many years. While it is
still possible that greater reductions in fat intake do reduce
breast cancer risk, this does not appear to be a feasible
large-scale intervention for women in Western countries.
Higher levels of animal, but not vegetable, fat have been
associated with increased prostate cancer risk in some
studies. More consistent associations have been observed
between the consumption of red and processed meat and
colon cancer risk. Overall, the more powerful and less
biased studies have not supported an association between
fat intake during midlife and cancer incidence. The effects
of diet during earlier periods of life remain to be explored
(Willett, 2006).

The issues of energy (calorie) intake and energy bal-
ance are currently of great interest to cancer researchers,
because of multiple lines of evidence linking obesity and
weight gain to many different cancers. In animal studies,
restriction of energy intake reduced the occurrence of
many tumors (with reduced growth) (Weindruch and
Walford, 1982). In humans, an excessive energy intake as
assessed by obesity indices is strongly related to risks of
cancers of endometrium, colon, breast (postmenopausal),
kidney, esophagus (adenocarcinoma), and biliary tract
(International Agency for Research on Cancer, 2002),
and recent evidence suggests that greater adiposity is
also associated with death due to leukemia, lymphoma,
myeloma, and cancer of the pancreas (Calle et al., 2003).
However, energy intake is difficult to measure directly in
epidemiological studies because it is influenced by body
size as well as by variations in self-reported intake of
various foods. What is still unknown is whether, associated
with a specific type of fat (saturated, unsaturated, or
polyunsaturated) or with overall calorie intake, fat can



Table 1 Some carcinogenic and protective effects of various dietary compounds in animal models and humans

Animals Human

Cancer site Pro-cancer Anti-cancer Pro-cancer Anti-cancer

Brain N-nitroso compounds Curcumina Cured meat Antioxidantsa

Vitamin Aa

Thyroid Soybeans (high doses) + iodine
deficiencya

– High iodine intake
Iodine deficiency

Lemonsa

Caffeina

High iodine intake

Iodine deficiency
Lung and bronchus Beta-carotene (high doses) Silybin (flavanone from milk thistle)a

Green tea

Beta-carotene (high doses) Fruits, vegetables

Black tea

Seleniuma

Applesa

Dairy productsa

Oropharynx No known dietary risk factors Fish oila Hot food

Hot beverages
Heavily salted food

Cured meata

Bowman-birk (a

soybean-derived
compound)a

Vegetablesa

Fruitsa

Vitamin Ca

Beta-carotenea

Esophagus Dietary fungal

contaminant

Fusarium moniliforme (in corn)

Zinca

Fermented brown ricea

Vitamin E + seleniuma

High-starch diet

Hot food and beverages

Dietary fungal contaminants
Vitamin and mineral deficiencies

Fruitsa

Vegetablesa

Stomach Vitamin C deficiency +

salty dieta

Carbohydrate-rich dietb

Catechina (from white tea)

Turmerica
Smoked food

Heavily salted food
Well-done fried or barbecued meat

Food contaminated with aflatoxin

Low fruit intake

Low vegetable intake
Decreased use of refrigerationa

Fruitsa

Vegetablesa

Colon + rectum High fat intake

Fried or broiled

well-done meat

Apigenin

(flavonoid from

parsley, celery)a

Dietary flaxseeda

Casein from

selenium-enriched milka

Resveratrol (grapes)a

Chafuroside (flavone from oolong – Chinese tea)a

Low fiber intake

High fat intake

High caloric intake
High processed food intake

Low folate level

Well-done fried or barbecued meat
Processed meat

Pickled vegetables

Vegetablea

Fruita

Fiber intakea

Calciuma

Vitamin Ea

Folic acid
Vitamin Da

Seleniuma

Liver Well-done red meat (with PAHsb) Luteolin (flavonoid from Brussel sprouts, beets)a Dietary aflatoxin (from

contaminated peanut meal)

Dairy productsa

Fruitsa
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Pancreas High-fat/high-protein dieta Curcumin + Cox-2 inhibitorsa

Isothiocyanates (from cruciferous vegetables)a
Coffee and caffeinated beveragesa

High fat intake
Vitamin Ca

Fruitsa

Squalene (from shark liver)a

Fish oila
High intake of processed fooda

High red meat intakea

Well-done fried or barbecued meat

Vegetablesa

Kidney Vitamin A deficiencya No known protective dietary factors No known nutritional risk factors Fatty fisha

Urinary bladder High doses of saccharina Silymarina (from milk thistle) No known dietary risk factors Drinking more

fluidsa

Vegetablesa

Prostate Well-done red meat (with PAHs)

Low selenium

Dietary phytochemicals nobiletin and auraptene

(from peel of citrus plants)

High animal fata

High total fat intake

Well-done red meat broiled or
grilled on charcoal grill

Dairy product consumption (high

calcium intake)
Low selenium

High intake of ALAc

High intake

of tomatoes

High intake of
cruciferous

vegetables

Vitamin E
Selenium

High intake of soy,

beans, other

leguminsa

Fisha

Vitamin Da

Testis No known dietary risk factors No known protective dietary factors No known dietary risk factors High cheese

consumptiona

Uterus No known dietary risk factors Quercertina (from onion, tomatoes)

Indole-3-carbinola (from cruciferous vegetables)

High saturated and animal fats

intake

High doses of soy
Red meata

Low red blood

cell folate levela (for cervix uteri

cancer)

Vegetablesa

Fibera

Folic acida (for
cervix uteri

cancer)

Vitamin Aa (for

cervix uteri
cancer)

Ovaries No known dietary risk factors Sulforaphanea (from cruciferous

vegetables)

No known dietary risk factors No known

protective

dietary factors
Breast High folate intakea

Well-done meat (with PAHs)

Caloric restriction

Flaxseed and its lignans

High fat intake in

postmenopausal women

Low seleniuma

Low vitamin Ca

Low vitamin Ea

Low folate levela

High doses of soya

Processed meat

Well-done fried or barbecued meat

Moderate soy

intakea

Calcium intakea

Vitamin Da

aThese data need further detailed studies.
bPolynuclear aromatic hydrocarbons.
cAlpha-linolenic acid (from vegetable oil).
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promote carcinogenesis directly and at the same time be
the major source of calories (Strickland and Kensler, 2004).

Several recent meta-analyses studied an association
of certain diets and cancer risk in humans. For example,
they showed an increased risk of colorectal cancer from
high intake of fat, pickled vegetables, and red/processed
meat (see Table 2). High consumption of dietary alpha-
linolenic acid, dairy products, and associated high calcium
intake were suggested as risk factors for prostate cancer.

Direct impact of foods on the gastrointestinal mucosa
causes its chronic irritation or inflammation, resulting in
increased cellular proliferation, local production of
growth factors, and oxidative stress, thus enhancing car-
cinogenesis. As a result, higher risks of oral and esopha-
geal cancers are associated with increased intake of
alcohol, salt-preserved meat and fish, smoked food, char-
coal grilled meat, and hot beverages.

Some foods and nutrients have been recently discussed
as cancer risk factors (according to American Cancer
Table 2 Diet risk factors associated with cancer: results of meta

Risk factor Assoc

Fat intake: In women in the highest quintile of

energy-adjusted total fat intake compared with women in

their lowest quintile

Breas

Fat intake Colore

Fat and cholesterol intake Lung c
. Total fat
. Saturated fat
. Monounsaturated fat
. Polyunsaturated fat
. Dietary cholesterol 100mg/day

Dairy products and calcium: Prosta
. Highest vs. lowest dairy product intake
. Highest vs. lowest calcium intake
. Milk consumption
. Calcium intake >2000mg/day
Dairy products Breas

Pickled vegetables Colore
Dietary ALAd: High intake Prosta

Meat: Colore
. Red meat, highest quantile vs. lowest
. Processed meat Breas

Cured meat: Childh

(in c
who

cure

preg
. Bacon Adult
. Ham

aRelative risk.
bOdds ratio.
cConfidence interval.
Society publications). There is currently no evidence
that bioengineered food, cholesterol, and coffee increase
cancer risks.
Food Preservation Methods

Curing food (predominantly by adding nitrates, nitrites,
and salt) is one of the most common methods of preserva-
tion, especially for meat. Several studies showed that
consumption of considerable amounts of cured meat is
associated with an increased risk for colorectal and stom-
ach cancers. Some studies showed an increased risk of
upper aerodigestive tract and brain cancers. An increased
risk for childhood brain tumors has been shown to be
associated with cured meat consumption by the mother
during pregnancy. Adult glioma risk was higher in persons
who consumed high levels of cured bacon and ham.

Nitrates are added to meat or fish while processing for
antibacterial purposes (against Clostridium botulinum) and
-analysis and large population-based studies

iated cancer
Factor-related RRa or
ORb (with 95% CIc) Reference

t cancer RR¼1.05 (0.94–1.16) Hunter et al.,

1996

ctal cancer OR¼ 3.16 (2.22–4.51) Chen et al., 2003

ancer RR¼1.01 (0.98–1.05) Smith-Warner

et al., 2002RR¼1.03 (0.96–1.11)

RR¼1.01 (0.93–1.10)
RR¼0.99 (0.90–1.10)

RR¼1.01 (0.97–1.05)

te cancer RR¼1.33 (1.00–1.78) Gao et al., 2005
RR¼1.46 (0.65–3.25)

OR¼ 1.68 (1.34–2.12) Qin et al., 2004

Increased risk Dagnelie et al.,

2004
t cancer No association Missmer et al.,

2002

ctal cancer OR¼ 1.86 (1.67–2.07) Chen et al., 2003
te cancer RR¼1.70 (1.12–2.58) Brouwer et al.,

2004

ctal cancer RR¼1.35 (1.21–1.51) Norat et al., 2002

RR¼1.31 (1.13–1.51)
t cancer No association Missmer et al.,

2002

ood brain tumor

hildren of women
consumed

d meat during

nancy)

RR¼1.68 (1.30–2.17) Huncharek and

Kupelnik,
2004

glioma RR¼1.31 (1.00–1.71) Huncharek et al.,

2003RR¼1.64 (1.27–2.14)
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to improve the product’s appearance (reacting with myo-
globin it produces an attractive pink-red color). Nitrates
and nitrites are precursors of N-nitroso compounds
(NOCs), some of the strongest carcinogens. In fish pro-
cessing, the nitrate salt is often used, a source of both salt
and NOCs (from the reaction between nitrates and sec-
ondary amines in fish). People may be exposed to NOCs
from exogenous (mainly from tobacco and eating pre-
served or heat-treating food) and endogenous (formation
by the human body) sources. Vegetables are also impor-
tant sources of dietary nitrates, but they are very rich
sources of vitamin C – a known N-nitrosation inhibitor.
Therefore, modern meat-processing technologies add
ascorbic acid to cured foods to reduce N-nitrosation
reaction and NOC concentration.

Smoked-cured food may be preserved by directly
burning wood, or by adding so-called liquid smoke
(made by condensing smoke from burning wood). Both
of these methods expose foods to potentially carcinogenic
substances, including polycyclic aromatic hydrocarbons
(PAHs).

Fermentation methods (when cultures of naturally
occurring organisms may be encouraged to flourish to
promote mold growth with distinctive tastes and textures)
are used in many foods, such as bread, matured cheeses,
yogurt, soy sauce, and wines. In animal models, it was
shown that fermented food has chemopreventive effects.
However, if contaminated with mycotoxin, fermented
food caused an increase in stomach and liver cancer
incidence in Japan (Kinosita et al., 1968).

Food preservation by irradiation is used to kill harmful
organisms in food to extend its shelf life (e.g., shellfish,
strawberries, and other soft fruits), to prevent potatoes
from sprouting, and to destroy dangerous microorganisms
on poultry. There is currently no evidence that this might
be carcinogenic for humans. However, it has been pro-
posed that irradiated food should be marked to inform
consumers about the mode of preservation. Further stud-
ies of possible association between consuming irradiated
food and colon cancer risk are needed (especially in
susceptible populations).
The Cooking Process

Recent studies have evaluated the association of spe-
cific cancers with methods of cooking meat. Frying
or broiling produces potential carcinogens, including
PAHs and heterocyclic amines (HCAs), which are asso-
ciated with increased risk of colon, breast, liver, and pros-
tate cancers and lymphomas in animals (Strickland and
Kensler, 2004). HCAs are formed from the cooking of
muscle meats, such as beef, pork, fowl, and fish, by
amino acids and creatine reacting at high cooking tem-
peratures. At least 17 different HCAs may be associated
with human cancer risk. Individuals who eat their beef
medium-well or well-done had more than three times the
risk of stomach cancer than those who ate their beef rare
or medium-rare. Non-muscle meat sources of protein
(e.g., milk, eggs, tofu, liver) have very few, if any HCAs
(naturally or when cooked). Lower levels of HCAs are
likely to form during oven roasting and baking. Meat that
was microwaved for 2min prior to cooking had a 90%
decrease in HCA content (U.S. National Cancer Institute,
2004). At this moment, no U.S. Federal Agency monitors
HCA content in cooked meats, and there is no precise
measure of the quantity of HCAs necessary to increase
cancer risk.

Heating some foods to a temperature of 120 �C (248 �F)
can produce acrylamide, a chemical compound whose
primary use is to make polyacrylamide and acrylamide
copolymers. Potato chips and French fries have been
found to contain relatively high levels of acrylamide
(National Cancer Institute, 2002). Acrylamide has been
classified by the International Agency for Research on
Cancer (IARC) as ‘‘probably carcinogenic to humans
(Group 2A)’’ (from evidence of its carcinogenicity in
experimental animals, and because it is metabolized to a
genotoxic compound, glycidamide, in both rodents and
humans).
Sweeteners and Additives

Artificial sweeteners are often used instead of sucrose
(table sugar) to sweeten foods and beverages. One of the
most popular of them, saccharin, in 2000 was removed
from the U.S. National Toxicology Program’s Report
on Carcinogens, where it had been listed since 1981
(suspected to cause urinary bladder cancer) as an antici-
pated human carcinogen. However, high doses of saccha-
rin cause bladder stones comprised of sodium saccharin
and bladder cancer in male rats. The International Agency
for Research on Cancer (IARC) and U.S. National
Toxicology Program (NTP) removed saccharin from the
list of human carcinogens because saccharin did not cause
bladder stones in humans, and the increased frequency of
bladder cancer in the male rats was considered to be
secondary to chronic bladder inflammation resulting from
the stones.

Studies of another sweetener, aspartame, which was
suspected of increasing the risk for human brain tumors,
did not confirm the association. Currently three artifi-
cial sweeteners – acesulfame potassium, Sucralose, and
Neotame – are authorized for use in food in the United
States: More than 100 safety studies showed no evidence
that they cause cancer in humans. Recent studies con-
cluded that cyclamate, banned in 1969 by the U.S. Food
and Drug Administration (FDA) as possibly associated
with human urinary bladder cancer, was not a carcinogen
(U.S. National Cancer Institute, 2006).
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Nutritional Factors That May Decrease
Cancer Risk

Macronutrients and Foods

The question of the specific role of dietary components in
cancer prevention remains largely unanswered. The over-
all recommendation to eat an abundant amount of fruits
and vegetables has not changed for 25 years. Recent evi-
dence that is less susceptible to methodological bias does
not support a major benefit from increasing fruit and
vegetable consumption for reducing cancer risk. The pos-
sibility remains that higher intakes of specific fruits and
vegetables, or their specific substances, may reduce the
risk of specific cancers (e.g., folic acid for reducing colon
cancer risk and lycopene for reducing prostate cancer
risk) (Willett, 2006).

The general recommendation to reduce total calories
and fat consumption and to increase fiber is a good one
with regard to cardiovascular disease prophylaxis, but
whether it is effective in cancer prevention remains
unproven (Meyskens, 2004). Large prospective cohort
studies and several large randomized trials recently indi-
cated that dietary fiber has not been associated with the
risk of colon cancer (Schatzkin et al., 2000; Terry et al.,
2001). A modest inverse association was observed in a
multicenter cohort study in Europe (Bingham et al.,
2003), but the confounding by intake of folic acid (see
the section titled ‘Micronutrients’ below) was not consid-
ered, which is plausible because whole grains, fruits, and
vegetables are the primary dietary sources of both nutri-
ents (Willett, 2006).

Salt is hypothesized to act as a local irritant, with
positive associations of salt intake with the risk of gastric
cancer shown in several case-control studies. Moreover,
this hypothesis is compatible with the striking decline in
gastric cancer in most industrialized countries because
refrigeration reduced the need for salt for preservation.
However, the supply of fresh fruits and vegetables and the
reduced level of Helicobacter pylori infection are impor-
tant factors in the decrease in gastric cancer incidence
(Willett, 2006).

Some foods are currently under study for their ability
to reduce cancer risk. To date, there is no clear evidence
to support the role of garlic, olive oil, organic foods, and
tea in human cancer prevention. Well-controlled studies
are needed to confirm whether these and other foods or
additives, such as selenium or soy supplements, might be
helpful in cancer prevention.
Micronutrients

Approximately 20–30% of Americans consume multi-
vitamin supplements daily, indicating a strong public
interest in the prevention of cancer and other chronic
diseases through a nutrition-based approach. How-
ever, there are still many uncertainties concerning the
potentially cancer-preventive effects of supplements in
humans. Vitamins A, D, E, C, folic acid, and calcium are
among the most widely discussed micronutrients.

There are two forms of vitamin A – preformed vitamin
A and carotenoids – and the distinction between these two
forms has practical implications, because preformed vita-
min A is obtained only from foods derived from animal
sources or vitamin supplements, whereas carotenoid pre-
cursors of vitamin A are obtained almost entirely from
plant sources (Willett, 2006). In several large trials (Group
TA-TBCCPS, 1994; Omenn et al., 1996), increases in lung
cancer incidence of 18% and 28% were registered in
persons at high risk for lung cancer (they were taking
beta-carotene and combined beta-carotene/preformed
vitamin A supplements, respectively).

Several recent studies showed that increased vitamin D
levels could decrease the risk of colon, prostate, breast,
and ovarian cancers. This points to a need to rethink
current recommendations on sun exposure and vitamin D
intake, which might be too restrictive to provide much,
if any, of the cancer-prevention benefits of vitamin D.
However, it is currently unclear what to do with sun expo-
sure recommendations. Both the increased risk of skin can-
cer from sun exposure and its potential to lower the risk of
cancer (and osteoporosis) should be taken into account. The
National Academy of Science lists adequate intake of vita-
min D at 600 IU per day for adults over 70 years old, and
200 IU per day in those who are 50 and younger, well under
the level where real cancer-prevention benefits seem to
start. To reach these effective levels, most people would
need to take a vitamin D supplement regularly, since most
foods are relatively poor in vitamin D. Fatty fish is one of
the best sources.

Overall data about the role of vitamin E in cancer
prevention remains unclear. That may be the result of
only modest numbers of specific cancers in the studies
that have been reported, but a large beneficial effect of
vitamin E against cancer seems unlikely (Willett, 2006).

In case-control studies, the evidence for a protective
effect of vitamin C has been seen for laryngeal, oral,
esophageal, and stomach cancers, and cervical dysplasia.
However, taking into account the experience with beta-
carotene and lung cancer, supportive data from large
cohort studies or randomized trials is important for con-
firming these relationships (Willett, 2006).

Several studies (both case-control and cohort) have
demonstrated evidence of an inverse association between
folate intake and colon cancer risk (Giovannucci, 2002).
Some studies reported an inverse association between
folate intake and breast cancer incidence among regular
alcohol consumers (Zhang et al., 2003).

At present the results of several studies support a mod-
est benefit of higher calcium intake in colon cancer pre-
vention. However, the practical implication of that finding
is currently unclear, because high calcium intake has been
associated with higher risk of prostate cancer.
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Chemoprevention is the use of either natural or syn-
thetic substances, or their combination, to block, reverse,
or retard carcinogenesis. More than 5000 phytochemicals
were identified in fruits, vegetables, and grains, with many
still unknown. The interactions between the various com-
ponents within a food, or in food combinations, may
explain why isolated dietary components may not be as
efficient for cancer prevention as a whole food (see
Table 3). What foods should be combined for maximum
cancer prevention remains to be determined. Whole
green tea is more effective than epigallocatechin gallate
in inhibiting TNF-a release and increasing the percent-
age of human lung cancer cells undergoing apoptosis.
Combining soy phytochemicals and green tea extracts
appeared to be more effective in inhibiting tumor angio-
genesis, reducing estrogen receptor (ER)-alpha, and low-
ering serum insulin-like growth factor (IGF)-1 in
estrogen-dependent human breast tumors implanted
into severe combined immunodeficient mice than when
either is provided alone. However, food may contain
antagonistic components, for example, soy has a reduced
ability to inhibit aberrant crypt foci compared to isolated
genistein in colon cancer in rats.

All of the major signaling pathways have been exam-
ined as targets for cancer prevention response to one
or more dietary components: Carcinogen metabolism,
DNA repair, cell proliferation/apoptosis, inflammation,
differentiation, oxidant/antioxidant balance, and angio-
genesis (see Table 4). The response is complicated, since
the effect of dietary components can be cell type- and
dose-dependent, and any one agent may have multiple
mechanisms of action. Bioactive components present-
ing in food can prevent carcinogenesis in various ways:
Blocking metabolic activation, increasing detoxification,
or providing alternative targets for electrophilic metabo-
lites. In vitro studies and preclinical models have shown
that flavonoids (such as quercetin, rutin, and genistein),
Table 3 Some examples of combined chemopreventive effects o

human cancer cells)

Combination Cancer site Effects

Soy þ green tea Breast Inhibit

(ERa

Prostate Inhibit
Orange þ apple þ grape

þ blueberry

N/Ac Increa

ED5

five

alon
Vitamin D3 þ 9-cis-retinoic

acid

Breast Possib

cell

apop
Selenium þ vitamin E Prostate Induct

aEstrogen receptor.
bInsulin-like growth factor.
cCancer site is not specified.
phenols (such as curcumin, epigallocatin-3-gallate, and
resveratrol), isothiocyanates, allyl sulfur compounds,
indoles, and selenium may work as modulators of detoxi-
fication enzymes, playing a major role in regulation of the
mutagenic and neoplastic effects of chemical carcinogens
(phase II enzymes being mediated by the antioxidant
response element located in the promoter region of
specific genes).

Dietary components that scavenge activated oxygen spe-
cies, such as flavonoids, vitamin E and C, and isothiocya-
nates, could stimulate the repair of oxidative DNA damage.
Alterations in DNA repair, cell cycle progression, and
apoptosis are important molecular targets for dietary com-
ponents in cancer prevention. Cell proliferation might be
modulated by genistein and epigallocathechin-3-gallate,
which causes cell-cycle arrest via the induction of CDKs
(cyclin-dependent kinase inhibitors) p21 and p27 (they
have tumor suppression activity, their expression is con-
trolled by the tumor suppression protein p53) and the
inhibition of CDK4, CDK2, cyclin D1, and cyclin E (these
kinases have a tumor-stimulating activity). Isothiocyanates
can induce p21 expression and inhibit cell proliferation at
the G2-M checkpoint. Many dietary cancer-protective
compounds, including selenium, epigallocatechin-3-gal-
late, phenylethyl isothiocyanate, retinoic acid, sulforaph-
ane, curcumin, apigenin, quercetin, and resveratrol, target
apoptosis.

Although acute inflammation is usually beneficial, epi-
demiological data suggest an association between chronic
inflammation and subsequent malignant transformation.
Conjugated linoleic acid, long-chain omega-3 fatty
acids, butyrate, epigallocatechin-3-gallate, curcumin,
resveratrol and others (see Table 4) may reduce cancer
risk by influencing the inflammatory process.

Polyunsaturated fatty acids, epigallocatechin-3-gallate,
resveratrol, curcumin, and genistein may work as inhibi-
tors of tumor angiogenesis.
f dietary components (studies on animal models with implanted

Reference

tumor angiogenesis, reduce

)-alpha, lowering serum (IGFb)-1

Zhou et al., 2004

tumorigenicity and metastases Zhou et al., 2003
se in antioxidant activity: the median

0d of each fruit in combination was

times lower than EC50 of each fruit

e

Liu, 2004

ly, regulation of genes involved with

proliferation, differentiation and/or

tosis

Cope et al., 2002

ion of apoptosis Zu, 2003



Table 4 Selected dietary components known to target specific aspects of carcinogenesis or host defense in animal or human cell

culture models

Targets Dietary components Dietary source

Carcinogen metabolism Indoles Cruciferous vegetables

Isothiocyanates Cruciferous vegetables

Coumarins Tonka bean, woodruff, plum

Flavones Parsley
Allyl sulfides Onion, garlic, leeks, chives

Sinigrin Cruciferous vegetables

Phenolic acids Eggplant, tomatoes, carrots, citruses, whole grains

DNA repair Flavonols Onion, leek, broccoli, green tea, tomato, red wine
Vitamin E Wheat germ oil, almonds

Vitamin C Citrus fruits, tomatoes

Isothiocyanates Cruciferous vegetables
Cell proliferation Genistein Miso, soybeans

Epigallocatechin-3-gallate Green tea

Isothiocyanates Cruciferous vegetables

Vitamin D3 þ 9-cis-retinoic acid UVB rays þ pork liver, carrots, sweet potato
Apoptosis Selenium Nuts, tuna

Epigallocatechin-3-gallate Green tea

Phenylethyl isothiocyanate Cruciferous vegetables

Sulforaphane Cruciferous vegetables
Vitamin D3 þ 9-cis-retinoic acid UVB rays þ pork liver, carrots, sweet potato

Curcumin Turmeric

Apigenin Parsley, celery, lettuce
Quercetin Onion, tomato

Resveratrol Grapes, red wine

Lupeol Mango, strawberry, grapes, olive

Delphinidin Pomegranate, strawberry
Organosulfur compounds Garlic, onion

Lycopene Tomato

Genistein Soybeans, miso

Indol-3-carbinol Cruciferous vegetables
Luteolin Celery, green pepper, peppermint

Anthocyanins Pomegranate

Caffeic acid phenethyl ester Honey
Gingerol Ginger

Capsaicin Red pepper

Inflammation Conjugated linoleic acid Lamb, cheddar cheese, homogenized cow’s milk

Long-chain omega-3 fatty acids Fish, beans, flaxseeds
Butyrate Butter, animal milk

Epigallocatechin-3-gallate Green tea

Resveratrol Grapes, red wine

Genistein Soybeans, miso
Luteolin Celery, green pepper, peppermint

Quercetin Onion, tomato

Vitamin A Pork liver, carrots, sweet potato, eggs

Vitamin D3 UVB rays
Differentiation Vitamin D3 þ 9-cis-retinoic acid UVB rays þ pork liver, carrots, sweet potato

Oxidant/antioxidant balance Flavonols Onion, leek, broccoli, blueberry, tomato, red wine

Vitamin E Wheat germ oil, almonds
Vitamin C Citrus fruits, tomatoes

Isothiocyanates Cruciferous vegetables

Angiogenesis Polyunsaturated fatty acids Fish, soybean oil, corn oil, sunflower oil

Epigallocatechin-3-gallate Green tea
Resveratrol Grapes, red wine

Curcumin Turmeric

Genistein Soybeans, miso
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Some dietary components, such as epigallocatechin-
3-gallate (in green tea), genistein (in soybeans), resveratrol
(in red wine), and vitamin D3 (UVB rays) have a cancer-
protective effect targeting several stages of tumor progres-
sion (see Table 4).
Recently, dietary components have been found to exert
additive or synergistic effects with pharmaceutical agents
by modifying different molecular targets. Diets containing
large amounts of olive oil have a significant protective
effect against colon cancer that is additive with the
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inhibitory effects of sulindac, possibly related to regulation
of the expression and activity of key proteins involved
in prostaglandin-biosynthesis (COX-2) and apoptosis
induction (Bcl-2 and caspase-3) pathways. The soy isofla-
vone daidzein has been reported to improve the capacity
of tamoxifen to reduce mammary tumor burden and
multiplicity, as well as to increase tumor latency. Recent
cell culture and animal studies also suggest that dietary
compounds, such as genistein, curcumin, epigallocathe-
chin-3-gallate, resveratrol, indole-3-carbinol, proantho-
cyanidin, and vitamin D3 enhance the efficacy of cancer
chemotherapeutic drugs and radiotherapy by modifying
cell proliferation.
Individual Susceptibility

Certain genetic polymorphisms influencing food metabo-
lites may be important in diet associations with cancer.
Polymorphisms in genes encoding the proteins metabo-
lizing and transporting dietary carcinogens and chemo-
preventive agents significantly affect cancer risk.
Consequently, polymorphisms of gene coding of methy-
lenetetrahydrofolate reductase (this enzyme is critical to
the regulation of factors in DNA methylation and synthe-
sis) can influence colorectal cancer risk in affected indi-
viduals by altering the cellular response to dietary folate
and methionine; this polymorphism is important at the
stage of transformation of adenoma to carcinoma. The risk
of colon cancer is increased in persons consuming well-
done meat who had a rapid-rapid phenotype (NAT2 and
CYP1A2): An OR of 6.45 was observed in rapid-rapid
type individuals, compared to an OR of 1.87 in rapid-
slow metabolizers. The OR for rapid-rapid metabolizers
consuming rare or medium cooked meat was 3.13, com-
pared to an OR of 0.91 in a rapid-slow phenotype (Lang
et al., 1994).

A subject of particular interest is how nutrient intakes
modify genetic susceptibility to diseases, especially to
cancer. This may provide a scientific basis for cancer-
preventive strategies through individual dietary modifi-
cation. The focus of this scientific pursuit is on the
practical activity of entrepreneurs selling dietary recom-
mendations and supplements, which are claimed to be
designed specially to individual’s genetic susceptibility
to disease (these products often include specifications
as nutrigenetic testing, personalized supplements, feed
your genes right, and intelligent diet, etc.). Recent testi-
mony by the U.S. Government Accountability Office
before the U.S. Senate Special Committee on Aging stated
that the nutrigenetic tests purchased from four websites
mislead consumers by providing dietary or lifestyle
recommendations based on polymorphisms of some
genes (Kutz, 2006). In general, research on the interactions
between dietary factors and individual genetic suscepti-
bility has not yet developed sufficiently with respect to
variations in cancer risk to allow individualized dietary
guidelines.
Conclusions and Recommendations

Although many associations of dietary compounds with
various cancers have been found, the association does not
always mean causation. Causation in cancer risk factors,
especially of dietary patterns, is extremely difficult to
establish. Some campaigns, such as 5-a-day for better
health have been started during the last decade to encour-
age large-scale dietary changes, but their results are
delayed because of a 20- to 30-year lag period for changes
in cancer morbidity and mortality.

Many studies have been published on specific foods,
nutrients, and lifestyle factors and specific cancer risks,
but to date no one study provides clear results and
recommendations on this subject, and the single new
report may sometimes overemphasize contradictory or
conflicting results. The generally negative experience
with b-carotene as a chemoprevention agent, particularly
in lung cancer, mandates caution in extrapolating
the potential benefit of a compound from epidemio-
logic observations without extensive supporting experi-
mental data.

A series of recommendations were generated by numer-
ous governmental and private organizations worldwide
and in the United States, including the American Cancer
Society (American Cancer Society, 2006), the National
Academy of Sciences (Committee on Diet Nutrition and
Cancer), World Cancer Research Fund and American
Institute for Cancer Research, and others. The following
recommendations are typical at present:

. Choose foods and beverages in amounts that help
achieve and maintain a healthy weight.

. Eat five or more servings of a variety of vegetables and
fruits each day (one serving: fruit: 1 medium apple,
banana, orange, ½ cup of chopped, cooked, or canned
fruit, 3/4 cup of 100% fruit juice; vegetables: 1 cup of raw,
leafy vegetables, ½ cup of other cooked or raw vegeta-
bles, chopped, 3/4 cup of 100% vegetable juice; grains: 1
slice of bread, 1 oz of ready-to-eat cereal, ½ cup of
cooked cereal, rice, or pasta; meats: 2–3 oz of cooked,
lean meat, poultry, or fish).

. Choose whole grains in preference to processed
(refined) grains. Choose whole-grain rice, bread,
pasta, and cereals. Limit consumption of refined carbo-
hydrates, including pastries, sweetened cereals, and
other high-sugar foods.

. Minimize contamination of foods with carcinogens
from any source, including those that are natural or
occurring during production, processing, and storage.

. Consume alcoholic beverages in moderation.
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. Limit consumption of processed and red meats. Choose
fish, poultry, or beans as an alternative to beef, pork, and
lamb. When you eat meat, select lean cuts and eat
smaller portions. Prepare meat by baking, broiling, or
poaching, rather than by frying or charbroiling.
See also: Diet and Heart Disease; Meat Consumption

and Cancer; Meat Consumption and Cardiovascular

Disease; Obesity/Overweight: Health Consequences of.
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Introduction

The relationship between diet and cardiovascular disease,
particularly coronary heart disease (CHD), has been
extensively studied. In the 1960s and 1970s, several influ-
ential ecological and migration studies first demonstrated
much higher death rates from CHD in the United States
and other industrialized countries than in developing
countries. This motivated population-based clinical stud-
ies such as the Framingham Heart Study that identified
several major risk factors for heart disease including
hypertension and high blood cholesterol. Metabolic stud-
ies in humans and animals measured the effects of short-
term dietary modification on intermediate factors in the
causal pathway of diet and CHD such as blood levels of
low- and high-density lipoprotein (LDL and HDL,
respectively) cholesterol. Epidemiologic studies (cohort
and case-control) have refined the information about
types of fat in diet and risk of CHD and have identified
new risk factors. Several controlled clinical trials have
been conducted to test hypotheses regarding specific
dietary components (such as omega-3 fatty acids) and
CHD risk. In this article, we summarize epidemiologic
and clinical trial evidence regarding the role of specific
dietary factors in the cause and prevention of CHD. This
article focuses primarily on the relationship of dietary
factors to CHD, where the evidence is greatest.
Dietary Fat

Major Types of Fat

Most research on diet and CHD has been dominated by the
classic ‘diet-heart’ hypothesis. According to this hypothesis,
high intake of saturated fats and cholesterol and low intake of
polyunsaturated fat increase the level of serum cholesterol,
which leads to development of atheromatous plaques. Accu-
mulation of these plaques narrows the coronary arteries,
reduces blood flow to the heart muscle, and finally leads to
myocardial infarction. The earlier epidemiologic studies
addressing this hypothesis were based on ecological data
relating dietary intake of saturated fat and cholesterol to
rates of CHD in different countries. In the seminal Seven
Countries Study conducted by Keys et al. (1980), intake of
saturated fat as a percentage of calories had a strong correla-
tion with coronary death rates across 16 defined populations
in seven countries (r¼ 0.84). Interestingly, the correlation
between the percentage of energy from total fat and CHD
incidence was only modest (r¼ 0.39). Indeed, the regions
with the highest CHD rate (Finland) and the lowest CHD
rate (Crete) had the same amount of total fat intake, at about
40% of energy, which was the highest among the 16 popula-
tions. A more recent analysis of the Seven Countries Study
found a strong positive correlation of 25-year death rates
from CHD with average intakes of long-chain saturated
fatty acids (r> 0.8) and trans fatty acids (r¼ 0.78).



182 Diet and Heart Disease
Migration studies have also linked dietary factors and
CHD. Kato et al. (1973) compared CHD incidence rates
among three defined Japanese populations living in Japan,
Hawaii, and San Francisco. Age-adjusted CHD incidence
rates were 1.6 per 1000 person-years in Japan, 3.0 in
Hawaii, and 3.7 in San Francisco. With transition to the
United States, mean saturated fat intake as a percentage of
total energy increased, with the highest intake in San
Francisco. Meanwhile, mean relative weight and serum
cholesterol level increased in parallel with saturated fat
intake, mean alcohol intake markedly decreased, and
dietary cholesterol was unchanged. These data indicate
that the substantial differences in CHD rates among the
three areas were probably attributed to changes in diet
(especially increase in saturated fat intake) and lifestyle,
rather than to genetic factors. However, because multiple
factors changed simultaneously, it is not possible to pin-
point specific causal factors.

Data from ecological comparisons as well as migration
studies, although providing evidence for the importance
of diet and environmental factors in the cause of CHD,
are inadequate for testing hypotheses regarding the role of
specific dietary components, due to potential confound-
ing by other aspects of diet, physical activity, smoking,
obesity, and economic development. Prospective cohort
studies of individuals, in which diet is assessed prior to the
occurrence of disease, are typically considered as the
strongest nonrandomized design.

A number of prospective cohort studies have directly
addressed associations between diet fat and risk of CHD,
but the results from these studies have been inconsistent.
Most of the studies did not find significant associations
with saturated or polyunsaturated fats. The interpretation
of these findings has been complicated by small study size,
inadequate dietary assessment, incomplete adjustment for
intake of total energy, failure to account for trans isomers
of unsaturated fats, and lack of control for intakes of other
types of fat.

Hu et al. (1997) conducted a detailed prospective anal-
ysis of dietary fat and CHD among 80 082 women aged 34
to 59 in the Nurses’ Health Study. The study was particu-
larly powerful because of large sample sizes and repeated
assessments of diet. In multivariate analyses, 5% of energy
from saturated fat, compared with equivalent energy from
carbohydrates, was associated with a 17% greater risk of
CHD (relative risk (RR)¼ 1.17, 95% confidence interval
(CI), 0.97 to 1.41, p¼ 0.10). Compared with equivalent
energy from carbohydrates, the RR for 2% of energy
from trans fat was 1.93 (1.43 to 2.61, p� 0.001); for 5%
of energy from monounsaturated fat, 0.81 (0.65 to 1.00,
p¼ 0.05); and for 5% energy from polyunsaturated fat,
0.62 (0.46 to 0.85, p¼ 0.002). Total fat was not significantly
related to risk (for 5% energy 1.02, 0.97 to 1.07, p¼ 0.55).
It was estimated that replacement of 5% of energy from
saturated fat by unsaturated fats would reduce risk by
42% (23 to 56, p� 0.001), and replacement of 2% of
energy from trans fat by unhydrogenated unsaturated
fats would reduce risk 53% (34 to 67, p� 0.001). In
contrast, replacement of 5% energy from saturated fat
with carbohydrates was associated with a nonsignificant
14% decrease in CHD risk.

These results are consistent with those from metabolic
studies of the effect of different types of fat on serum
cholesterol. It is well established that exchanging
saturated fat for carbohydrate increases LDL as well as
HDL cholesterol, whereas exchanging mono- or polyun-
saturated fat for carbohydrate lowers LDL cholesterol and
triglycerides and raises HDL cholesterol. They are also
consistent with dietary intervention trials showing bene-
fits of high polyunsaturated fat diets in lowering CHD
incidence or mortality (discussed later on in this article).
The observed relation between saturated fat and CHD
risk in epidemiologic studies has been much weaker than
that predicted by international comparisons, but it is
consistent with the possibility that the proportional
increase in plasma HDL concentration produced by
saturated fatty acids somewhat compensates for its
adverse effect on LDL level. As discussed earlier, the
strong correlation between saturated intake and CHD
mortality observed in ecological studies is likely to be
confounded by other dietary and lifestyle factors.
Trans Fatty Acids

Trans fatty acids are formed when vegetable oils undergo
the partial hydrogenation process to produce margarines
and shortenings. This process makes vegetable oils more
saturated and results in a solid state at room temperature.
Partially hydrogenated vegetable oils were first intro-
duced to the American diet in 1911. The partial hydro-
genation process is also used to increase shelf life of
the products by destroying essential fatty acids, such as
linolenic acid and linoleic acid, which tend to oxidize and
become rancid, particularly when exposed to the high
temperatures used for commercial deep-fat frying. The
major sources of trans fatty acids in the United States are
stick margarine, commercially baked products, and deep-
fried fast food.

In a meta-analysis of four prospective cohort studies
involving nearly 140 000 participants, Mozaffarian et al.
(2006) estimated that each 2% increase in energy intake
from trans fatty acids was associated with a 23% increase
in the incidence of CHD (pooled RR, 1.23, 95% CI, 1.11
to 1.37, p� 0.001). Metabolic studies have consistently
indicated adverse effects of trans fat intake on blood lipids
and other cardiovascular risk factors. There are multiple
mechanisms through which a higher intake of trans fat can
contribute to increased risk of CHD. First, trans fatty
acids raise LDL cholesterol levels and lower HDL cho-
lesterol relative to natural cis-unsaturated fatty acids. As
such, the increase in the ratio of total to HDL cholesterol
for trans fat is approximately double that for the same
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amount of saturated fat. Second, trans fat increases lipo-
protein (a) levels, which have been positively associated
with risk of CHD. Third, trans fat raises plasma triglycer-
ide levels, and increased triglycerides are independently
associated with increased risk of CHD. Fourth, trans fatty
acids can adversely affect essential fatty acid metabolism
and prostaglandin balance by inhibiting the enzyme d-6-
desaturase and as a result, may promote thrombogenesis.
Because of the adverse effects of trans fat on multiple
pathways, trans fat is more detrimental to CHD than
saturated fat on a gram for gram basis.
Dietary Intervention Trials

Earlier trials have tested two dietary approaches, one to
lower total fat and the other to replace saturated fat with
polyunsaturated fat leaving total fat unchanged. Two trials
of the latter type were primary prevention trials conducted
among institutionalized patients, one in a Los Angeles
Veterans Hospital and the other in a Finnish mental hospi-
tal, to increase control over the diets. Total fat intakewas not
reduced in these trials; rather, polyunsaturated fat was
greatly increased (to about 20% energy) to substitute for
saturated fat. In both studies, statistically significant reduc-
tions in serum cholesterol and major coronary events (non-
fatal myocardial infarction (MI) and coronary deaths) were
observed. In the Los Angeles study, CHD rate was reduced
by 31% during 8 years of follow-up in the intervention
group, while in the Finnish study, the reduction of CHD
rate was 43% over 6 years. In both trials, linoleic acid in
adipose tissue (%of total fatty acids) increased substantially
in the treatment group during the study period, indicating
compliance to the prescribed high polyunsaturated-fat diet
by the patients. In the Finnish trial, patients in the treatment
group also substituted soft margarine for stick margarine.
Thus, the reduction in serum cholesterol and CHD
observed in this study was probably in part due to reduction
in trans fat intake.

Two earlier secondary prevention trials also used high
polyunsaturated-fat diets. The Oslo Diet-Heart Study,
which included 21% energy from polyunsaturated fat,
found a significant reduction in serum cholesterol and
major coronary events (fatal and nonfatal MI) after
5 years of follow-up. After 11 years, fatal MI was reduced
by 44% (p¼ 0.004) and total cardiovascular mortality was
reduced by 14% (p¼ 0.13). Another trial using a high
amount of soybean oil found a 16% reduction in serum
cholesterol at 6months, and a 12% (nonsignificant)
reduction in the rate of recurrent coronary events over
4 years. However, deaths from cardiovascular disease were
not affected by the treatment.

In contrast to the favorable results observed in trials
using high polyunsaturated-fat diets, two secondary pre-
vention trials testing the approach of total fat reduction
did not find a significant reduction in serum cholesterol or
CHD events. In the MRC (Medical Research Council)
low-fat trial, despite dramatic reduction in dietary fat
intake (22% energy), the rate of reinfarction was not
affected. The Diet and Reinfarction Trial (DART) was
unable to achieve the goal set for total fat, raising ques-
tions about the compliance of the patients to a low-fat
diet. In the Women’s Health Initiative Randomized Con-
trolled Dietary Modification Trial (Howard et al., 2006),
reduction in total fat intake did not significantly reduce
the risk of CHD, stroke, or total cardiovascular disease in
postmenopausal women.

The Lyon Diet Heart Study (de Lorgeril, 1994) tested
the effects of a ‘Mediterranean’ diet enriched with
a-linolenic acid compared with a standard low-fat diet.
The intervention diet included more bread, more fruits
and vegetables, more fish and poultry, and less red meat
and butter. After a mean follow-up of 27months, coronary
events were reduced by 73% and total mortality reduced
by 70% in the treatment group. The benefit of the inter-
vention diet was maintained up to 4 years after the first
infarction. Interestingly, blood lipids were not affected by
the intervention, but blood levels of omega-3 fatty acids,
especially a-linolenic acid, and antioxidant vitamins,
increased in the treatment group.
Cholesterol and Eggs

Dietary cholesterol raises LDL cholesterol levels and
causes atherosclerosis in numerous animal models.
In controlled metabolic studies conducted in humans,
dietary cholesterol raises levels of total and LDL choles-
terol in blood, but the effects are relatively small com-
pared with saturated and trans fatty acids, and individuals
vary widely in the response to dietary cholesterol on
plasma levels. Although several studies have found a
modest association between dietary cholesterol and risk
of CHD, there is little direct evidence linking higher egg
consumption, a main source of dietary cholesterol, and
increased risk of CHD. The Framingham Study found no
significant association between egg consumption and inci-
dence of CHD despite the wide range of egg consump-
tion. In a detailed analysis of egg consumption and
incidence of CHD among 117 933 apparently healthy
participants in the Nurses’ Health Study and Health
Professionals’ Follow-up Study, Hu et al. (1999b) found
no evidence of an overall positive association between egg
consumption and risk of CHD in either men or women.
The RRs of CHD across categories of intake (<1/week,
1/week, 2–4/week, 5–6/week, �1/day) were 1.0, 1.06,
1.12, 0.90, and 1.08 (p for trend¼ 0.75) in men and 1.0,
0.82, 0.99, 0.95, and 0.82 (p for trend¼ 0.95) in women.

One egg contains about 200mg of cholesterol, but also
appreciable amounts of protein, unsaturated fats, folate,
B vitamins, and minerals. It has been hypothesized that
the small adverse effect caused by cholesterol is counter-
balanced by potential beneficial effects of other nutrients.
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Another potential alternative explanation for the null
finding is that background dietary cholesterol may be so
high in the usual Western diet that adding somewhat more
has little further effect on blood cholesterol. In a rando-
mized trial, Sacks et al. (1984) found that adding one egg
per day to the usual diet of 17 lactovegetarians whose
habitual cholesterol intake was very low (97mg/day) sig-
nificantly increased LDL cholesterol level by 12%. Sev-
eral meta-analyses have indicated that serum cholesterol’s
response to added dietary cholesterol is modulated by
baseline cholesterol intake.
Omega-3 Fatty Acids

A low rate of cardiovascular disease in populations with
very high intake of fish, such as Alaskan Native Americans,
Greenland Eskimos, and Japanese living in fishing villages,
suggest that fish oil may be protective against atheroscle-
rosis. Animal studies have established that fish oil has
antithrombotic and anti-arrhythmic effects. In 1985,
Kromhout and colleagues found in the Dutch component
of the Seven Countries Study that men who consumed
30 g of fish per day had a 50% lower CHD mortality than
men who rarely ate fish during 20 years of follow-up. The
Western Electric Study found that men who consume 35 g
or more of fish per day had a 40% lower risk of fatal CHD.
In the U.S. Physicians’ Health Study, weekly fish con-
sumption was associated with a 50% lower risk of sudden
cardiac death, but in the same cohort, no significant asso-
ciation was observed between fish consumption and over-
all cardiovascular endpoints. The Health Professionals’
Follow-up Study found no overall association between
dietary intake of omega-3 fatty acids or fish intake and
the risk of coronary disease, but there was a nonsignificant
trend for a reduction in risk for fatal CHD with increasing
fish consumption. The Nurses’ Health Study found that
higher consumption of fish was associated with a signifi-
cant reduction in fatal CHD. These studies suggest that
fish is probably more protective against fatal CHD than
it is against nonfatal MI.

Two interventional studies, the Diet and Reinfarction
Trial (DART) and the GISSI-Prevenzione trial, have eval-
uatedwhether fish consumption or fish oil supplementation
reduces coronarymortality amongMI patients. TheDART,
which included 2033men allocated to three dietary inter-
ventions, showed that participants who increased their fish
consumption to twice a week had a significant reduction in
total mortality of 29% after 2 years. The more recent
GISSI-Prevenzione trial randomly assigned 11 324 MI
patients (primarily men) to four different groups: omega-3
fatty acids (850–882mg EPA (eicosapentaenoic acid) and
DHA (docosahexaenoic acid) (1:2)), vitamin E (330mg a-
tocopherol), a combination of omega-3 and vitamin E, and
control. Daily supplementation with omega-3 fatty acids
resulted in a 10% to 15% reduction in the main endpoints
(death, nonfatal MI, and stroke). Most of the reduction was
attributable to the decrease in cardiovascular death, espe-
cially sudden cardiac death.

In a recent meta-analysis of cohort studies and rando-
mized clinical trials, Mozaffarian and Rimm (2006) esti-
mated that moderate consumption of fish (1–2 servings/
week) was associated with a reduction of risk of coronary
death by 36% (95% CI, 20%–50%, p� 0.001) and total
mortality by 17% (95% CI, 0%–32%, p¼ 0.046).

Growing evidence also indicates that a higher intake of
a-linolenic acid (ALA) (18:3 n-3) is beneficial for CHD. In
animal experiments in which arrhythmias were induced
by coronary occlusion and reperfusion, significant reduc-
tions in the incidence of ventricular fibrillation and car-
diac mortality were observed in rats fed with ALA-rich
diets. Several epidemiologic studies have examined the
association between ALA intake and risk of CHD. In the
usual care group of the Multiple Risk Factor Intervention
Trial, men in the highest quintile of ALA intake expressed
as percent of energy had a 40% lower CHD mortality
compared with men in the lowest quintile. In the Health
Professionals’ Follow-up Study, a 1% increase in linolenic
intake expressed as percent of energy was associated with
a 40% lower risk of fatal CHD. In the Finnish Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study,
men in the highest quintile of energy-adjusted ALA
intake had 25% lower CHD mortality. In the Nurses’
Health Study, after adjusting for coronary risk factors,
the risk of fatal CHD and sudden cardiac death was
significantly reduced.
Carbohydrates

Glycemic Index and Glycemic Load

Increasing attention has been paid to the effects of differ-
ent types of carbohydrates on glycemic and insulinemic
responses. Traditionally, carbohydrates have been classi-
fied into simple or complex based on chemical structures.
It was believed that simple sugars would be digested and
absorbed more quickly, and thus would induce more rapid
postprandial glucose response. However, numerous short-
term dietary intervention studies have challenged this
view and it is now recognized that many starchy foods
such as baked potatoes and white bread produce even
higher glycemic responses than simple sugars. That dif-
ferent carbohydrate-containing foods lead to different
glycemic responses has led to the development of the
concept ‘glycemic index’ (GI), a term first coined by
Jenkins and colleagues (1981). GI is a ranking of foods
based on the extent that blood glucose rises (the area
under the curve for blood glucose levels) after ingesting
a test food as compared to a standard weight (50 g) of
reference carbohydrate (glucose or white bread).

The GI depends largely on the rate of digestion and
rapidity of absorption of carbohydrate. Typically, foods
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with a low degree of starch gelatinization (more compact
granules) such as spaghetti and oatmeal and a high level of
viscose soluble fiber such as barley, oats, and rye have a
slower rate of digestion and lower GI values. Physical form
of the foods is another important determinant of GI.
Whole grain products with intact bran and germ typically
have lower GI values. In contrast, refined carbohydrate-
containing foods such aswhite bread tend to have lowerGI
values because grinding or milling of cereals removes most
of the bran and much of the germ and reduces the particle
size, allowing for more rapid attack by digestive enzymes.
The ratio of amylose (straight chain of 50 to 300 glucose
molecules) to amylopectin (branched chain of 300 to
5000 glucose molecules) in food is also an important factor
influencingGI values. Foodswith a higher ratio of amylose
to amylopectin such as legumes and parboiled rice tend to
have lower GI values. This is because the tight compact
structure of amylose renders it physically less accessible to
enzyme attack and therefore harder to digest, and amylo-
pectin molecules, on the other hand, are larger and more
open to digestive enzymatic attack.

The overall blood glucose response is not only deter-
mined by GI value of a food, but also by the amount of
carbohydrate in the food. Thus, the concept of ‘glycemic
load’ (GL) (the product of the GI value of a food and its
carbohydrate content) has been developed to represent
both the quality and quantity of the carbohydrates con-
sumed. Using white bread as the reference, each unit of
dietary GL represents the equivalent glycemic effect of 1 g
of carbohydrate from white bread. Several large popula-
tion-based studies have documented an inverse association
between dietary GI or GL values and HDL levels and a
positive association with triglycerides. Epidemiologic stud-
ies have found that a higher dietary GL, especially com-
bined with low intake of cereal fiber, significantly elevated
the long-term risk of type 2 diabetes. A higher dietary GL
has also been associated with elevated risk of CHD in the
Nurses’ Health Study. The increased risk was more pro-
nounced among overweight and obese women, suggesting
that the adverse effects of a high GL diet are aggravated by
underlying insulin resistance.
Whole Grains

Whole grain products such as whole wheat breads, brown
rice, oats, and barley tend to produce slower glycemic and
insulinemic responses than do highly processed refined
grains. Whole grains are also rich in fiber, antioxidant
vitamins, magnesium, and phytochemicals.Milling removes
most of the bran and much of the germ. The resulting
refined grain products have lost substantial amounts of
dietary fiber, vitamins, minerals, essential fatty acids, and
phytochemicals. Because of loss of the outer bran layer
and pulverization of the endosperm, refined grains are
digested and absorbed more rapidly than whole grain
products and thus tend to cause more rapid and larger
increases in levels of blood glucose and insulin than whole
grain products.

Epidemiologic studies have consistently found an
inverse association between whole grain consumption and
risk of diabetes and CHD. The Nurses’ Health Study
observed a 25% lower risk of CHD (nonfatal MI and
CHD death) among women who ate nearly three servings
of whole grains a day comparedwith thosewho ate less than
a serving per week. In the United States, cereal grains are
generally highly processed before they are used; only 2% of
the 150 pounds of wheat flour consumed per capita in 1997
was whole wheat flour, and the average American gets less
than one serving of whole grains a day.
Protein

Ecological studies suggest a positive association of CHD
mortality rates with animal protein consumption and an
inverse association with vegetable protein consumption.
This result should be interpreted with caution because the
countries with a higher protein intake also have higher
intakes of saturated fat and cholesterol and lower intake of
fiber. Experimental studies in rabbits and rats suggested
that cholesterol-free, purified diets containing proteins of
animal rather than vegetable sources were hypercholes-
terolemic and atherogenic. However, this cholesterol-
raising effect was not observed in other species of animals
(e.g., pigs) or in humans. On the contrary, controlled
feeding studies in humans have found an improvement
in plasma lipid profile after substituting dietary protein
for carbohydrates. In a crossover study conducted by
Wolfe and colleagues (1991), participants with moderate
hypercholesterolemia were randomly assigned to either
high protein (23% energy) and low carbohydrate (53%
energy) diet or low protein (11% energy) and high car-
bohydrate (65% energy) diet for 4 to 5weeks. Intakes
of dietary fat, cholesterol, and fiber were kept constant.
The main sources of protein were turkey, cottage cheese,
beef, fish, and ham. Exchanging protein for carbohydrate
significantly reduced LDL cholesterol (by 6.4%) and tri-
glyceride (by 23%) levels and increased HDL (by 12%).
The favorable effects on plasma lipids when protein
was substituted for carbohydrates were also observed
among participants with familial hypercholesterolemia
and normolipidemia.

Few prospective studies have examined the relation-
ship between dietary protein and CHD. In the Nurses’
Health Study (Hu, 1999b), the RR of CHD comparing
highest quintile (median 24% energy) with lowest quin-
tile (median 15% energy) of total protein intake was 0.74
(95% CI, 0.59–0.94). The Iowa Women’s Study found that
plant protein instead of animal protein was protective
against CHD death. In metabolic studies, substituting
protein for carbohydrates improves blood lipids and
reduces blood pressure. An increased consumption of
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dietary protein has been inversely associated with blood
pressure in several observational studies and animal
experiments. In the DASH (Dietary Approach to Stop
Hypertension) trial (Appel, 1997), the combination diet
with relatively high protein intake (18% energy) and
increased intakes of fruits and vegetables substantially
lowered blood pressure.
Fiber

Dietary fiber includes the cell walls of plants and other
indigestable components of plants. Soluble fibers (pectins,
gums, mucilages, and psyllium) lower total and LDL
cholesterol through increased bile acid excretion and
decreased hepatic synthesis of cholesterol and fatty
acids. Based on a recent meta-analysis of 67 controlled
trials, the magnitude of cholesterol-lowering effects of
soluble fiber is only modest (Brown, 1999). For example,
ingesting 3 grams soluble fiber form oats (3 servings of
oatmeal) decreases cholesterol by only 2%. However,
fiber may have other benefits, including improving gly-
cemic control and reducing insulin resistance.

Several prospective cohort studies examined the rela-
tionship between fiber intake and risk of CHD. In the
Nurses’ Health Study, for each 10-gram increase in total
fiber intake, there was about 20% reduction in CHD risk.
The strongest association was found for cereal fiber, as
opposed to fruit and vegetable fiber. In the Health Profes-
sionals’ Follow-up Study, the RRs of CHD comparing
extreme quintiles were 0.71 (95% CI, 0.54–0.92) for cereal
fiber, 0.81 (95% CI, 0.62–1.06) for fruit fiber, and 0.83
(0.64–1.08) for vegetable fiber. A similar pattern of find-
ings was seen for coronary death in the Alpha-Tocoph-
erol, Beta-Carotene Study (ATBC).
Antioxidants

An antioxidant hypothesis, analogous to that suggested for
cancer, has been proposed for CHD in which multiple
nutrients that function as antioxidants (e.g., vitamin E,
beta-carotene, and vitamin C), or components of antioxi-
dant enzymes (e.g., selenium or copper), act jointly to
protect the arterial intima from degradation or ‘aging.’
Subsequently, Steinberg (1995) suggested a specific mech-
anism whereby vitamin E and other antioxidants can
block the oxidative modification of low-density lipopro-
tein cholesterol (LDL-C), which appears to be an impor-
tant step in the uptake of cholesterol into the arterial wall.

Vitamin E has attracted the most attention as a poten-
tial agent in reducing CHD risk. A body of epidemiologic
evidence links intake of vitamin E and reduced risk of
CHD. The Nurses’ Health Study and the Health Profes-
sionals’ Follow-Up Study demonstrated a lower risk for
CHD in the men and women who had higher daily con-
sumption of vitamin E, particularly in those participants
who took vitamin E supplements. The Iowa Women’s
Study found that dietary vitamin E intake, as opposed to
supplement vitamin E, was inversely associated with the
risk of death from CHD; but in that study, data on dura-
tion of vitamin E supplement use were not available.

Results from clinical trials regarding the effects of vita-
min E supplementation on the risk of CVD have been
inconsistent and largely negative. TheCHAOS (Cambridge
Heart Antioxidant Study) trial, which enrolled 2002
patients (primarily men) with preexisting cardiovascular
disease, evaluated the effects of daily supplementation
with 400 or 800 IU a-tocopherol. The supplementation
resulted in a RR of 0.53 (95% CI, 0.34–0.83) for cardiovas-
cular death and nonfatal MI. A small trial showed a signifi-
cant halving of cardiovascular outcomes among dialysis
patients with vitamin E supplementation, and another
demonstrated a large reduction in the rate of progression
of intima-media thickness among men (but not women)
randomized to vitamin E–vitamin C combination. How-
ever, no significant effects were observed in much larger
trials, such as the Heart Outcomes Prevention Evaluation
(HOPE) trial, the Alpha-Tocopherol, Beta Carotene Can-
cer Prevention (ATBC) trial, the Gruppo Italiano per
lo Studio della Sopravivenza nell’Infarto miocardico
(GISSI) Study, or the Collaborative Group of the Primary
Prevention Project (PPP). Meanwhile, several clinical trials
have ruled out any beneficial effects of supplementation
with high doses of beta-carotene on cardiovascular disease.
Folate

Adequate folic acid is critical for preventing neural tube
defects in newborns. Emerging evidence suggests that
folate is beneficial in cardiovascular disease as well,
because folic acid and other B vitamins are the primary
determinants of plasma homocysteine concentrations, a
recognized independent risk factor for CHD. In 1998, the
recommended dietary allowance (RDA) for folic acid was
raised to 400micrograms per day, more than doubling the
previous RDA set in 1989. A multivitamin supplement
typically contains 400 mg of folic acid. Beginning in 1997,
flour has been fortified with folate, adding about 100 mg
per day of folate to the average American’s diet. Most cold
breakfast cereals are also fortified to provide 100 mg of
folate per day. Other good dietary sources of folate
include orange juice, spinach, and lentils.

Several epidemiological studies have examined the
association between folate intake and risk of CVD. In a
case-control study of 130 MI patients and 118 controls,
Verhoef et al. (1996) found that folate intake was signifi-
cantly lower in cases than controls. The odds ratio com-
paring extreme quintiles (>682 vs. �310 mg per day) of
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total folate intake (supplement plus food) was 0.38 (95%
CI, 0.15–0.95), p for trend, 0.004. The odds ratio compar-
ing extreme quintiles (>467 vs. �282mg/day) of folate
from food only was 0.30 (95% CI, 0.11–0.81), p for trend,
0.03. The Nurses’ Health Study found a RR for CHD of
0.69 (95% CI, 0.55–0.87) for women in the highest quin-
tile of folate intake (median 696 mg/day) compared with
those in the lowest quintile of folate intake (median
158 mg/day). There also was a reduction in risk for CHD
with a higher intake of vitamin B6 (RR comparing
extreme quintiles¼ 0.67, 95% CI, 0.53–0.85). Of interest
was that the inverse association between folic acid intake
and CHD was strongest in women who had more than one
alcoholic drink per day (RR¼ 0.27, 95% CI, 0.13–0.58).

However, results from randomized clinical trials did
not appear to support the benefits of folic acid supplemen-
tation on cardiovascular diseases or all-cause mortality
among participants with prior history of vascular disease.
In a meta-analysis of 12 randomized trials including data
from 16 958 participants, Bazzano et al. (2006) estimated
that the overall relative risks (95% CI) of outcomes for
patients treatedwith folic acid supplementation compared
with controls were 0.95 (0.88–1.03) for cardiovascular dis-
eases, 1.04 (0.92–1.17) for CHD, 0.86 (0.71–1.04) for stroke,
and 0.96 (0.88–1.04) for all-cause mortality. Several larger
ongoing trials will provide more definitive data on the role
of folic acid in cardiovascular disease prevention.
Phytochemicals

Phytochemicals represent a wide range of naturally occur-
ring compounds ubiquitously distributed in plant foods,
including flavonoids, plant sterols, and sulfur-containing
compounds. Over 4000 different classes of flavonoids
have been described. The major sources of flavonoids are
tea, broccoli, kale, celery, onions, apples, and red wine. In
the Netherlands, black tea contributed 61% of flavonoid
intake, followed by onions (13%) and apples (10%).
Tea contributes much less to total flavonoid intake in the
U.S. studies.

Flavonoids inhibit LDL oxidation and decrease plate-
let aggregation in vitro. This observation has stimulated
a number of epidemiologic studies to examine the rela-
tionship between dietary intake of flavonoids and risk of
CHD. In the Seven Countries Study, flavonoid intake was
inversely associated with CHD mortality (r ¼�0.50).
Overall, flavonoid intake explained 9% of the variance
in CHD rates. However, flavonoid intake was not an
important determinant of cancer mortality. To date, five
prospective cohort studies have evaluated the association
between flavonoid intake and risk of CHD. Hertog and
coworkers (1993) assessed flavonoid intake and CHD risk
in 805men aged 65 to 84 in the Dutch component of the
Seven Countries Study who were followed for 5 years
from 1985 to 1990. Flavonoid intake was significantly
associated with lower mortality from CHD; the multivar-
iate RR for extreme tertiles was 0.32 (95% CI, 0.15–0.71),
p for trend¼ 0.003. There was a nonsignificant inverse
association between flavonoid intake and overall inci-
dence of fatal and nonfatal CHD (RR for extreme tertiles
¼ 0.52, 95% CI, 0.22–1.23, p for trend¼ 0.15). The major
sources of flavonoids including tea, onions, and apples
were all inversely related to CHD mortality. In the
same cohort, flavonoid consumption was also inversely
associated with a lower incidence of stroke. A lower risk
of CHD mortality associated with higher consumption
of flavonoid was subsequently found in a cohort study of
2748 men and 2385 women conducted in Finland and
among 34 492 postmenopausal women in Iowa. Interest-
ingly, in the Iowa Women’s Health Study, consumption of
broccoli but not tea was significantly associated with
decreased risk of CHD. In a cohort study of 34 789male
health professionals, Rimm and colleagues (1998) found a
nonsignificant inverse association between flavonoid
intake and coronary mortality among participants with
existing CHD (RR for extreme quintiles¼ 0.63, 95% CI,
0.33–1.20). However, flavonoid intake was not signifi-
cantly associated with overall incidence of CHD in the
cohort. Similarly, in a cohort study conducted in the
United Kingdom, flavonoid intake was not significantly
related to risk of CHD.

Plant sterols occur naturally in fruits, vegetables,
vegetable oils, nuts, and grains. Over 40 plant sterols
(phytosterols) have been identified. The most abundant
sterols are sitosterol, campesterol, and stigmasterol. Because
these sterols are structurally similar to dietary cholesterol
except for methyl groups in the side chain, they inhibit
cholesterol absorption in human intestines. Plant sterols
have been known to lower blood cholesterol since the
1950s. Recently, a series of randomized trials conducted
in the United States and Europe has confirmed the cho-
lesterol-lowering effects of polyunsaturated fat margar-
ines containing either sterol or stanol (saturated sterols).
On average, adding 2 g of plant sterol or stanol to the diet
reduces LDL cholesterol by 0.54 mmol/L in people aged
50 to 59, 0.43 mmol/L in those aged 40 to 49, and 0.33
mmol/L in those aged 30 to 39. Several food companies
have now begun marketing products (e.g., margarine or
spread) containing plant sterols or stanols. One major
concern is that plant sterols modestly lower blood con-
centrations of carotenoids and some fat-soluble vitamins.
Therefore, the long-term effects of these products need to
be monitored.

Plant sulfur compounds found in garlic, onions, and
leeks may also have cholesterol-lowering effects. Among
these foods, garlic has received the most attention.
A meta-analysis of five earlier placebo controlled trials
found modest but significant cholesterol-lowering effects
of garlic powder (by about 9%). However, more recent
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clinical trials did not find any cholesterol-lowering effects
for using garlic oil or powder. No prospective cohort
studies have examined garlic consumption in relation to
long-term risk of CHD.
Alcohol

Numerous epidemiologic studies have documented an
inverse association between alcohol consumption and
risk of CHD, in both men and women. In general, con-
sumption of one or two drinks per day has corresponded
to a reduction in risk of approximately 20% to 40%
(Rimm et al., 1999). Light to moderate alcohol consump-
tion has also been associated with a lower risk of stroke.

Several ecological studies have suggested that wine is
more strongly associated with CHD mortality than beer
or liquors. Also, clinical studies have found that poly-
phenols in red wine or purple grape juice reduce LDL
oxidation and improve endothelial function. Most epide-
miologic studies indicate that wine, beer, and liquor con-
fer similar benefits on coronary risk, suggesting that the
benefit of alcoholic drinks comes from alcohol per se
rather than other components of each type of drink.
A meta-analysis of 42 published controlled studies esti-
mated that the HDL-raising effect of 30 g daily of alcohol
accounted for a 17% reduction in CHD risk and the
reduction in fibrinogen accounted for 13% reduction in
risk. These benefits were slightly negated by elevated
triglyceride levels associated with alcohol consumption.
Overall, changes in lipids and fibrinogens caused by an
intake of 30 g of alcohol a day would predict a 25%
reduction in CHD risk.
Dietary Patterns

Instead of looking at individual nutrients or foods, dietary
pattern analysis examines the effects of overall diet.
Conceptually, dietary patterns represent a broader pic-
ture of food and nutrient consumption, and thus may be
more predictive of disease risk than individual foods or
nutrients. In dietary pattern analysis, the collinearity of
nutrients or foods can be used to advantage because
patterns are characterized based on habitual food use. In
addition, dietary interventions may be easier to imple-
ment, and more comprehensive when initiated as a change
in the overall dietary pattern. In several clinical studies,
interventions on dietary pattern appeared to be more
effective in lowering blood pressure than single nutrient
supplementation.

Since dietary patterns cannot be measured directly,
statistical methods have been used to characterize dietary
patterns using collected dietary information. Three
approaches have been used in the literature: factor
analysis, cluster analysis, and dietary indices. Factor anal-
ysis is a multivariate statistical technique, which, in a
dietary context, uses information reported on food fre-
quency questionnaires or in dietary records to identify
common underlying dimensions (factors or patterns) of
food consumption. It aggregates specific food items or
food groups based on the degree to which food items in
the data set are correlated with one another. In contrast to
factor analysis, cluster analysis aggregates individuals into
relatively homogeneous subgroups (clusters) with similar
diets. When the cluster procedure is completed, further
analyses (e.g., comparing dietary profiles across clusters)
are necessary to interpret the identified patterns. Avariety
of dietary indices have been proposed to assess overall
diet quality. These indices are typically constructed on
the basis of dietary recommendations. For example, the
healthy eating index (HEI) is a single, summary measure
of the degree to which a person’s diet conforms to the
serving recommendations of the USDA Food Guide
Pyramid for five major food groups and to specific recom-
mendations in the Dietary Guidelines for Americans. The
diet quality index (DQI) is a summary score of the degree
to which a person’s diet conforms to specific dietary
recommendations from Diet and Health.

In 1999, Hu and colleagues (1999a) conducted the first
validation study to test the reproducibility and validity of
dietary patterns assessed by a food frequency question-
naire (FFQ). Using factor analysis, they identified two
major patterns. The first pattern (labeled the ‘prudent
pattern’) was characterized by higher intake of vegetables,
fruits, legumes, whole grains, fish, and poultry, while the
second pattern (labeled the ‘Western pattern’) was char-
acterized by higher intake of red meat, processed meat,
refined grains, sweets/desserts, French fries, and high-fat
dairy products. The reliability correlations for the factor
scores between the two FFQs were 0.70 for the prudent
pattern, and 0.67 for the Western pattern. The correla-
tions (corrected for week to week variation in diet
records) between the FFQ and diet records was 0.52 for
the prudent pattern and 0.74 for the Western pattern.
In subsequent analyses, they found that the major dietary
patterns derived from factor analysis predicted long-
term risk of CHD. Specifically, the higher prudent
pattern score was associated with a lower risk, whereas
the higher Western pattern score was associated with an
elevated risk.

An alternative method for evaluating dietary patterns
is to use dietary indices. Hu and colleagues (2000) com-
puted a composite dietary score based on intakes of cereal
fiber, folate, marine omega-3 fatty acids, the ratio of
polyunsaturated to saturated fats, trans fatty acids, and
glycemic load. This score strongly predicted risk of CHD
in the Nurses’ Health Study. The RR of CHD comparing
women in the highest quintile of the score with those
in the lowest quintile was 0.43 (95% CI, 0.35–0.52).
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Whereas each individual component of the composite
score was significantly associated with risk of CHD, the
association with the composite score appeared to be even
stronger, suggesting cumulative effects of different dietary
components.
Methodological Issues Regarding
Nutritional Epidemiologic Study Designs

Different study designs can impact how nutritional epi-
demiologic findings are interpreted. Correlational or eco-
logical analyses, which correlate per capita food
consumption data with incidence or mortality rates of
disease among different populations or cultures, are
widely considered a hypothesis-generating process due
to uncontrolled confounding by other aspects of diet and
lifestyle. Randomized clinical endpoint trials are typically
considered as the ‘gold standard’ in the evaluation of
diet–disease relationships. However, in most circum-
stances, dietary trials are infeasible because of practical
issues, especially lack of compliance in the long run.
Controlled metabolic or feeding studies can accurately
measure the effect of short-term dietary interventions on
intermediate factors in the causal pathway (lipid fractions,
blood pressure, etc.) but usually not long enough to mea-
sure disease endpoints. Case-control studies, which com-
pare the diets of diseased participants and those of
nondiseased controls, are able to examine the relationship
between diet and disease in more detail than correlational
studies. In such studies, however, the diet is assessed
retrospectively and the results are thus susceptible to
recall bias. Prospective cohort studies, in which diet is
assessed prior to the occurrence of disease, are generally
considered the strongest nonrandomized design because
they are less susceptible to bias that arises from the retro-
spective reporting of diet. For this reason, prospective
studies with refined dietary assessment are usually given
more weight in the assessment of scientific evidence.
Conclusions

Cumulative evidence from multiple lines of research
indicates that types of fats and carbohydrates are more
important than total amounts of fats and carbohydrates in
determining risk of CHD. Evidence is now clear that
replacing saturated and trans fats with unsaturated fats
(including sources of omega-3 fatty acids) and substitut-
ing whole grain forms of carbohydrate for refined grains
will reduce risk of CHD. There is convincing evidence
that moderate alcohol consumption is associated with
lower risk of CHD. The role of antioxidant vitamins,
folate, and phytochemicals in the prevention of CHD
is promising but not yet settled. However, available
evidence strongly supports that a dietary pattern rich in
these nutrients is likely to reduce risk of CHD.
See also: Cholesterol and Lipids; Meat Consumption and

Cardiovascular Disease.
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Introduction

Nutrition is a key determinant of health of a population,
and of growth and development in children. Dietary guide-
lines are tools that translate the science of nutritional
requirements to a practical pattern of food choices for the
general population. On a national level, they provide guid-
ance for health promotion and risk reduction, and often
form the basis of national food and nutrition policies and
education programs. Over time, these guidelines are con-
stantly revised to include up-to-date evidence from exper-
imental studies and large population databases, to which
sophisticated dietary analyses have been applied.

The history of official guidance for food intake dates
back to the first half of the twentieth century. Dietary
guidelines were initially targeted at preventing deficien-
cies of micro- and macronutrients. In the United States,
the first daily food guides aimed at improving the health
of the population were published in 1916 by the Depart-
ment of Agriculture. They identified five food groups:
milk and meat, cereals, vegetables and fruits, fats and fat
foods, and sugars and sugary foods. This later became the
‘Basic Seven’ in 1942, the same year that Canada’s Official
Food Rules were first issued (Health Canada, 2002). At
that time in the midst of wartime food rationing, nutri-
tional deficiencies were a prominent concern, and alter-
nate choices were suggested in case of shortages.

With lifestyle-related diseases rising in prominence
throughout the world, the focus of dietary guidelines in
many parts of the world has shifted to preventing chronic
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diseases such as diabetes and cardiovascular diseases.
In addition, along with the recognition that patterns of
food intake are more predictive of health outcomes than
individual components of the diet, the emphasis has been
toward providing guidelines which are food-based and
flexible. At the same time, there is a growing understand-
ing of cultural dietary traditions and development of ways
to incorporate them into national guidelines
Purpose and Scope of Dietary Guidelines

It is important to distinguish between dietary guidelines
and recommended nutrient intakes or recommended die-
tary allowances (RDA). The latter are amounts of essential
nutrients (inweight/day) considered to be adequate tomeet
known nutrient needs of practically all healthy persons. In
contrast, dietary guidelines are sets of statements that give
advice for promoting nutritional well-being and preventing
disease in members of a population. Guidelines are typi-
cally aimed at reducing risk of major chronic diseases
such as cardiovascular diseases, certain types of cancer,
hypertension, and type 2 (non-insulin-dependent) diabetes.
These recommendations are based on scientific evidence of
relationships between components of the diet and risk
of developing disease in humans.

Table 1 gives examples of the content of dietary
guidelines prepared for the United States, Europe, and
an Asian population. It illustrates the many similarities
among the advice given, yet highlights the different
approaches, depending on the target population (e.g.,
nutritional guidelines for Filipinos are also intended to
be understood and used by the general public). Some
countries use the guidelines as a basis for developing
separate messages that can be used in public education
material, such as Canada’s ‘Rainbow’ Food Guide, which
is used to depict graphically the number of servings
needed within each food group.

An individual’s dietary needs vary according to age,
level of physical activity, season, and other factors. The
Australian and U.S. dietary guidelines, for example, address
specific needs for children and adolescents, separately
from adults. Important differences include intake of low-
fat milk, which is not deemed suitable for children under
2 years.
Scientific Basis for Dietary Guidelines

Dietary guidelines synthesize and summarize scien-
tific evidence from a wide range of experimental and
epidemiologic work. Much of the knowledge of diet–di-
sease relationships comes from observational studies,
which may either be prospective (cohort) or retrospective
(case-control) in design. Findings from both types of
studies are supplemented by experimental data that
demonstrate a plausible biologic mechanism for these
associations. For example, epidemiologic studies have
consistently demonstrated a protective effect of fruit on
risk of cardiovascular disease and cancer, but scientists
turn to analytic chemistry and other molecular techniques
to answer questions about the exact micronutrients and
mechanisms involved.

The most convincing level of evidence is derived from
randomized controlled trials, which involve individuals
being randomly assigned to one or more dietary interven-
tions. After a period of observation, the relevant outcomes
are compared between them and a control group. Few
studies of this nature have tested more than one nutrient
or food, and even fewer have been able to observe out-
comes which are directly proximate to disease develop-
ment; the time frame is often a limiting factor, and
biochemical measures, for example, changes in serum lipid
profile or hormone levels, are often used as surrogates.
One notable exception has been the multicenter con-
trolled feeding study among 459 U.S. adults to evaluate
the effect of a dietary pattern rich in fruit and vegetables,
and a ‘combination’ pattern rich in fruits, vegetables, and
low-fat diary foods with reduced saturated fat, total fat,
and cholesterol (the ‘DASH’ diet), on blood pressure
(Folsom et al., 2007). When consumed over 8 weeks, the
DASH diet substantially lowered blood pressure, particu-
larly when combined with sodium reduction. This diet
has since been broadly recommended as part of guide-
lines for preventing hypertension and heart disease. Inter-
estingly, although the study did not include a behavioral
modification component, participants consuming the
DASH diet did show a sustained increase in fruit and
vegetable intake at 12 months; low sodium levels were
more difficult to maintain. Recent work suggests that the
main challenge will lie in achieving the high levels of
compliance with the DASH diet required to influence
long-term targets of reducing deaths from cardiovascular
disease. Nevertheless, this interventional study was an
important step in establishing the importance of consid-
ering food intake patterns rather than nutrients as the
basis for dietary recommendations.
Development of Food-Based Dietary
Guidelines

At a practical level, the nutrient goals of a population need
to be translated to food-based dietary guidelines (FBDG)
that can be easily implemented and understood (Kearney
et al., 2001). These guidelines are meant to reflect food



Table 1 Examples of contents of national dietary guidelines in the US and Europe and Asia1

Dietary Guidelines for
Americans 2005 CINDI dietary guide 2000

Nutritional Guidelines for
Filipinos 2000

Published

by

US Department of Health and Human

Services, US Dept of Agriculture

WHO countrywide integrated

noncommunicable disease

intervention (CINDI) program and

WHO program for nutrition policy,
infant feeding and food security

Food and Nutrition Research

Institute (FNRI), Department of

Science and Technology

Intended

audience

Policymakers, nutrition educators and

healthcare providers

‘Health professionals [who will]

develop local recommendations

that reduce risk of disease’

Policymakers, planners, program

managers, fieldworkers and the

general population
Structure Key recommendations

grouped under nine

focus areas:
. Adequate nutrients within calorie

needs
. Weight management
. Physical activity
. Food groups to encourage
. Fats
. Carbohydrates
. Sodium and potassium
. Alcoholic beverages
. Food safety

Key areas for action

(‘Twelve steps to

healthy eating’)
. Variety of foods from plants, rather

than animals
. Bread, grains, pasta, rice of

potatoes
. Vegetables and fruits
. Body weight/physical activity
. Fat intake
. Meat intake
. Dairy products
. Refined sugar
. Salt
. Alcohol
. Food preparation and hygiene
. Breastfeeding

Ten short advisory statements

covering:
. Variety of foods
. Breastfeeding
. Diet and growth monitoring of

children
. Fish, lean meat, poultry, dried
beans

. Vegetables, fruit, root crops

. Foods cooked in edible oils

. Milk and calcium-rich foods

. Salt

. Food safety

. Alcohol, exercise and smoking

Special
groups

Includes separate recommendations
for specific population groups, e.g.,

infants and young children,

adolescents, pregnant women

Example:
Variety

‘Consume a variety of nutrient-dense
foods and beverages within and

among the basic food groups. . .’

‘Eat a nutritious diet based on a
variety of foods originating mainly

from plants rather than animals’

‘Eat a variety of foods everyday’

Example:
Fruits and

vegetables

‘Choose a variety of fruits and
vegetables each day. In particular,

select from all five vegetable

subgroups (dark green, orange,

legumes, starchy vegetables, and
other vegetables) several times a

week’; ‘Choose fiber-rich fruits,

vegetables and whole grains often’

‘Eat a variety of vegetables and fruits,
preferably fresh and local, several

times per day (at least 400g per

day)’

‘Eat more vegetables, fruits and
root crops.’

‘Consume. . .calcium-rich foods

such as. . .dark green leafy

vegetables everyday’

1Using the national guidelines of the Philippines as an example.

US Department of Health and Human Services & US Department of Agriculture. Dietary Guidelines for Americans, 2005. www.
healthierus.gov/dietaryguidelines (accessed 16 March 2007).

World Health Organization 2000. CINDI dietary guide.
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patterns rather than quantitative measures of intake; they
emphasize food availability and cultural acceptance in the
target population and often include appropriate traditional
foods. Importantly, they allow messages to be disseminated
in terms of foods rather than nutrients.

Developing such guidelines requires not just that there
are valid associations between nutrients and health, but
also sound food composition databases that can link nutri-
ents with foods. These databases allow identification of
the major sources of a nutrient in a particular diet, and are
a critical step in translating nutrient goals to food-based
dietary recommendations.

The quality of food composition data is a function of
many variables, including the type of dietary recall method
used, the accuracy of reporting by participants, the size and
representativeness of the group studied, adequacy of sam-
pling of foods, analytical methods used to derive nutrient
content of foods, andvariation (seasonal or otherwise) in the
composition of foods commonly consumed. Most countries
now have their own food composition tables relevant to

http://www.healthierus.gov/dietaryguidelines
http://www.healthierus.gov/dietaryguidelines
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local diets, but some databases may have information on a
limited number of nutrients. These may be less useful in
efforts to make food-based recommendations relating to
micronutrient or nonnutrient content. Examples of the
latter are specific biologically active plant chemicals which
may have cancer-protective properties. Other issues relate
to the quality of documentation, so that the user is aware, for
example, if the nutrient composition was recorded for a
peeled apple or the whole fruit, or if the vegetable in
question was analyzed raw or cooked.

An essential step in formulating FBDG is identify-
ing which foods contribute to the most interindividual
variability in intake of a specific nutrient of interest.
Targeting foods that produce a greater degree of
heterogeneity has the greater potential to make a differ-
ence in nutrient consumption. This variability is also
an indication that a range of intakes exists, and that
individuals are likely to be able to accommodate
modifications to their own diets. The type of recom-
mendation that follows will also depend on how preva-
lent consumption is. For example, if liver accounts for a
large proportion of variability in vitamin A intake in a
population, then liver could be an appropriate ‘target’
food to increase vitamin A consumption. On the one
hand, if only a small percentage of people eat liver, this
could be achieved by persuading more people to start
eating liver. On the other hand, if most people are already
eating liver, then recommending an increase in either
frequency of intake or portion size would be a more
effective approach.

An interesting and important aspect of developing
FBDG is the need to understand eating patterns, rather
than intake of foods in isolation. This is relevant because
recommending certain foods may indirectly result in an
unanticipated, increased consumption of other foods.
Examples of ‘converging’ foods in European studies are
bread and butter, savoury snacks and soft drinks, whereas
fruit and bread are ‘diverging.’ The temporal distribution
of intake (whether in a main meal or snack, or at which
time of the day) should also influence how foods are
‘grouped’ in public education messages so that these
guidelines are convenient to implement and can be effec-
tively translated into action by the public.

Various statistical approaches can be used to analyze
variability in food intake and predict differences in
nutrient composition of diets. More recently, efforts
have been made to find robust analytical methods to
characterize complex dietary patterns. These range from
bivariate correlation coefficients which quantify the
strength of relationship between the intake of two die-
tary components, to more advanced methods. One
example of the latter is discriminant analysis, which
can be used to identify foods and food groups that are
most predictive of differences in nutrient intake within a
population.
National Relevance and Cultural
Sensitivity of Guidelines

To be effective and feasible, dietary guidelines need to
consider prevailing dietary patterns and food availability
in each country. Specific recommendations will have to be
tailored to the region. The CINDI dietary guide gives a
specific example of this (WHO, 2000). In southern Eur-
ope, plant foods and foods low in saturated fats are exten-
sively cultivated, and guidelines can serve to enhance the
advantages of the ‘Mediterranean diet,’ high in grains,
legumes, vegetables, fruit, fish, and olive oil. On the
other hand, countries in northern Europe tend to con-
sume more meat and dairy products and lower levels of
fruit and vegetables, and the same guidelines in this
region are used to promote a change in prevailing
practices.

Long-held food traditions add a layer of complexity.
Views on the role of various types of food in relation to
health and illness have been in existence for centuries, the
most prominent being related to the humoral theory, which
can be detected in Greek, Indian, and Chinese traditions.
In these contexts, choice of food is aimed at achieving an
equilibrium between various elements (heat, cold, dryness,
and moisture) of the four ‘humors.’ These culturally
entrenched beliefs often dominate food intake at critical
periods such as during illness, pregnancy, or post partum.

Dietary guidelines need to be sensitive to the tradi-
tional cuisine and cultural milieu of the populations for
which they are intended. The World Health Organization
has specifically identified the need to understand and
consider local food production and cuisines in developing
guidelines in developing countries, and highlights the
importance of promoting traditional food choices and
adapting dietary recommendations to take into account
indigenous beliefs. At the simplest level, this form of
‘cultural brokerage’ involves citing local foods, possibly
in their dialectal version, as examples in health education
materials. On a more complex level, this may involve
long-term study of traditional cuisines to distinguish die-
tary components or intake patterns which are likely to
promote health (such as plant-based meals), as well as to
discern those which may enhance risk of disease (such as
heavily preserved or pickled food).
Uses and Implementation of
Dietary Guidelines

For dietary advice to be effective in promoting healthy
choices among individuals, they must either be in the
form of messages that can be communicated effectively
with the public, or serve as the basis for developing these
messages. The 2005 Dietary Guidelines for Americans
cites three specific uses: development of educational
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materials and communications, nutritional programs (e.g.,
an elderly nutritional program), and development of
authoritative statements that are accepted as evidence-
based (U.S. DHHS, 2005).

In implementing guidelines, it is important that health
professionals and policymakers consider the broader con-
text in which dietary choices are made. Agricultural and
marketing/distribution practices (animal breeding, access
to safe and wholesome foods) are not controlled by con-
sumer or public choice but nonetheless contribute signif-
icantly to the influence of diet on health. Nutrition
policies have an impact on food production, marketing,
and consumer interests. For dietary guidelines to be
implemented effectively, the input of these stakeholders
should be considered.

Because guidelines must be continually revised and
renewed, the importance of evaluation and feedback
cannot be overemphasized. The impact of guidelines should
be assessed, preferably by tracking eating patterns and
food choices of representative sections of the population
through serial dietary surveys. Information on food nutrient
availability in a population may come from national food
balance sheets or household consumption data. These are
useful data on an aggregate level, and indicate whether total
availability of a particular type of food (e.g., fresh fruit)
can meet the recommended consumption of a country
or region. If resources permit, individual dietary surveys
can be conducted on an ad-hoc or regular basis to provide
information that can be used for monitoring and evaluation
of nutritional status or of compliance with guidelines.
Specific tools that have been developed to measure
adherence to guidelines include the Healthy Eating
Index by the U.S. Department of Agriculture, which scores
compliance with recommendations for intake of major
food groups (vegetables; fruit; meat, poultry and fish;
bread/grains; and dairy products), cholesterol, fat, sodium,
and for dietary variety. Age-specific tools, such as the
Diet Quality Index for American preschoolers by
Kranz and colleagues, take into consideration different
nutrient needs of young children, lower variety in foods,
and high intake of foods with low nutrient density (Krantz
et al., 2006).

In summary, dietary guidelines play an important role in
promoting food safety and nutritional well-being, as well as
in preventing disease. Although specific advice may vary
among countries, a positive trend has been the common
focus on developing guidelines which are scientifically
sound, food-based, and appropriate to the prevailing
dietary patterns and cultural milieu of the populations
they intend to serve.
See also: Cholesterol and Lipids; DiabetesMellitus Preven-

tion; Diet and Cancer; Diet and Heart Disease; Food

Fortification; Functions and Deficiencies of B-vitamins

(and Their Prevention); Meat Consumption and Cancer.
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History

Although diphtheria was described by Hippocrates in
500 BC, the causative agent, Corynebacterium diphtheriae,
was not isolated until 1883 by Edwin Klebs. In 1888,
Roux and Yersin demonstrated the presence of diphtheria
toxin from sterile broth filtrate of cultures of the organ-
ism, and in 1901, Behring received a Nobel Prize for
production of an equine diphtheria antitoxin. In 1920,
Ramon demonstrated the protective efficacy of serologic
immunity by induced diphtheria toxoid prepared by inac-
tivation of diphtheria toxin with heat and formalin
(Wharton and Vitek, 2004).
Disease Burden

Diphtheria was one of the most devastating childhood
diseases during the eighteenth and nineteenth centuries,
causing large numbers of childhood deaths in Europe with
case-fatality rates reaching 50%. In 1943, diphtheria caused
an estimated 1million cases and 50 000 deaths. Improve-
ment of vaccination coverage (Figure 1) by national pro-
grams of childhood immunization has reduced the global
burden of diphtheria from almost 100 000 cases in 1980 to
8229 cases in 2005 (WHO, 2006a). Diphtheria in Europe
declined to 623 cases in 1980 after implementation of wide-
spread vaccination programs in the mid-1940s.
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In developed countries, diphtheria evolved from a
major childhood killer in the early twentieth century to a
clinical curiosity after the mid 1940s because of wide-
spread vaccination with diphtheria toxoid and improve-
ments in living standards. The reported number of cases of
diphtheria in the United States declined from over 200 000
cases in 1921 to an annual average of 2 reported cases from
1990 through 2006. Serologic surveys during the 1980s and
1990s in the United States indicated that protective levels
of antibodies against diphtheria decreased with increasing
age; less than 40% of adults had sero-protective levels
by age 60 years. A similar serologic trend has been seen
in other developed countries in Europe where high child-
hood vaccine coverage drastically reduced the circulation
of toxigenic Corynebacterium diphtheriae.

In developing countries, it is estimated that 1million
cases with a case-fatality rate of 5 to 6% occurred annu-
ally before diphtheria toxoid became easily accessible
in the 1980s. A steady decrease in diphtheria occurred
after the introduction of the WHO Expanded Program of
Immunization in the late 1970s and the implementation of
supplemental childhood vaccination campaigns. However,
the disease remains endemic in developing countries,
particularly in Asia and sub-Saharan Africa where child-
hood vaccine coverage is inadequate and living condi-
tions are suboptimal. In 2005, developing countries of
the South-East Asian and European regions of WHO
contributed more than 87% of 8229 cases reported
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globally. Reporting of diphtheria to WHO depends on
functional national surveillance systems, and the lack of
surveillance infrastructure may explain the low reported
incidence in the African region.

Resurgence of diphtheria can occur if high vaccination
coverage is not maintained, even in countries where the
disease had been controlled. A recent example is a large
diphtheria outbreak that spread rapidly to involve all
15 newly independent states (NIS) of the former Soviet
Union and the Baltic states. Between 1990 and 2001 over
160 000 cases with over 4000 deaths were reported
in these countries and accounted for more than 80% of
reported cases worldwide. The vast majority of cases
occurred among the adult population. Additional factors
that may have contributed to the resurgence include
lowered childhood vaccination coverage due to misper-
ceptions about the relative risks and benefits of vaccina-
tion by the population and by physicians; deteriorating
health infrastructure; increased population movement
due to the breakup of the Soviet Union; and socioeco-
nomic hardships (Hardy et al., 1996). The outbreak was
controlled by raising childhood and adult vaccination
coverage through routine and mass vaccination campaigns
for children and adults. In 2005, about 99% of 500 cases
from the European region were reported from the NIS.
The epidemic in the NIS emphasizes the importance of
maintaining high vaccination coverage among children
and adults in order to provide both individual protection
and optimal population herd immunity.
Infectious Agent

Diphtheria is caused by toxin-producing strains of
C. diphtheriae. The organism is a slender, nonencapsulated,
nonmotile, club-shaped,Gram-positive bacillus.C. diphtheriae
exists in four biotypes – gravis, mitis, belfanti, and inter-
medius. Some strains produce a potent exotoxin that
causes classic local diphtheria and systemic complications,
whereas non-toxin-producing strains of C. diphtheriae gen-
erally cause a mild sore throat. Toxin-producing strains of
all biotypes produce an identical exotoxin, and cause
similar pathogenicity or severity of disease.

Before C. diphtheriae becomes toxigenic, it must be
infected by a corynebacteriophage. The process is called
lysogenic conversion. The bacteriophage carries the struc-
tural gene (tox). Expression of the tox gene is regulated by
an iron-dependent repressor gene (dtxR) in the bacterial
host. In the presence of low concentrations of iron, the
gene regulator is inhibited, resulting in increased toxin
production (Funke et al., 1997).

Diphtheria toxin is a heat-labile polypeptide com-
posed of two segments (A and B) which are linked by
a disulfide bond. The B-segment binds to a receptor on
a susceptible cell, undergoes proteolytic cleavage, and
facilitates the entry of segment A that causes inhibition
of protein synthesis and cell death. Diphtheria toxin is
very potent (lethal dose, approximately 0.1 mg/kg of body
weight) and a single molecule can cause cell death.
Epidemiology

Humans are the only natural hosts for C. diphtheriae.
In areas with endemic disease, 3 to 5% of healthy indivi-
duals may harbor the organism in their throats. Asymp-
tomatic carriage is important for perpetuating both
endemic and epidemic diphtheria. Immunization reduces
an individual’s likelihood of being a carrier. In developed
countries with high vaccination coverage, isolation of
the organism from the throats of healthy individuals is
rare. Carriage of C. diphtheriae in skin lesions can act as a
silent reservoir for the organism. Skin infection is the
primary source of infection in tropical countries, but has
been associated with diphtheria outbreaks in Europe and
North America, particularly among alcoholic and other
disadvantaged groups.

Transmission occurs via respiratory droplets and/or
direct contact with either respiratory secretions of
cases or exudate from infected skin lesions. Person-to-
person spread from infected skin sites is more efficient
than spread from the respiratory tract. Indirect transmis-
sion by airborne droplet nuclei or dust is not established,
although the organism can survive freezing and desiccation
in the external environment for months. Milk has been the
vehicle of transmission in some outbreaks. Rarely, fomites
can play a role in transmission. Overcrowding and substan-
dard living conditions, poor skin hygiene, inadequate health
infrastructure, and lack of awareness among providers
all may facilitate the spread of the disease. In temperate
climates, most disease occurs in the colder months and is
associated with crowded indoor living conditions and hot,
dry air.
Clinical Manifestations

Transmission of C. diphtheriae to a susceptible host more
often results in transient carriage or mild disease in previ-
ously vaccinated persons. C. diphtheriae commonly affect
the mucosa of the upper respiratory tract and the skin and,
rarely, other mucosal sites, for example, the conjunctiva,
external auditory canal, or vulvovaginal area. Diphtheria
is classified according to the anatomic site of infection
as respiratory (e.g., nasal, pharyngeal, nasopharyngeal,
tonsillar, laryngeal, tonsillopharyngeal, laryngotracheal),
cutaneous, or other (conjunctival, genital, auditory).

After an average incubation period of 2 to 5 days (range
1–10 days), local signs and symptoms of inflammation
develop. The primary site of respiratory infection is
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usually the tonsils or pharynx. The disease has a gradual
onset and is characterized by an exudative pharyngitis,
a mild fever which rarely exceeds 39 �C but with a
disproportionately rapid pulse, difficulty in swallowing,
a change in voice, and the formation of a dense, gray,
adherent pseudomembrane composed of a mixture of
dead epithelial cells, fibrin, leukocytes, and erythrocytes.
The pseudomembrane may be localized in the tonsils,
pharynx, nasal mucosa, larynx, or any combination of
these sites. Removal of the pseudomembrane results in
bleeding.

Patients with pharyngeal or tonsillar diphtheria usually
present with sore throat, difficulty swallowing, and low-
grade fever. Examination of the throat may show erythema,
localized exudate, or a pseudomembrane that may be loca-
lized to the posterior pharynx or tonsil, and the soft and
hard palates. The course of the illness is variable. In mild
cases, the membrane sloughs off between the 7th and 10th
day and the patient has an uneventful recovery. Inmoderate
cases, the course is frequently complicated by myocarditis
and neuritis, and convalescence is slow. Severe cases are
characterized by severe prostration, pallor, rapid thready
pulse, stupor, and coma. Soft tissue swelling in the sub-
mandibular area and neck and cervical lymphadenitis
imparts a ‘bull neck’ appearance. Extension of the pseudo-
membrane into the nasal cavity or larynx may cause acute
airway obstruction, or partial dislodgement can lead to
aspiration.

Nasal diphtheria generally is the mildest form of respi-
ratory diphtheria. Poor absorption of toxin from this site
accounts for themildness of the disease and the lackof other
systemic symptoms. It is characterized by a nasal discharge
which is serous or serosanguinous. The discharge may
become mucopurulent and obscure the presence of a
membrane on the nasal septum or turbinates. The mem-
brane occasionally extends into the pharynx. In untreated
patients, the nasal discharge may persist for many days or
weeks and is often indistinguishable from a common cold.
The discharge is a rich source of diphtheria bacilli and poses
a risk to all exposed and susceptible contacts.

Laryngeal and laryngotracheal diphtheria are the most
severe forms of respiratory diphtheria and are usually
associated with hoarseness and a croupy cough. The pseu-
domembrane may cause acute airway obstruction. Signs of
toxemia are minimal in primary laryngeal involvement
because toxin is poorly absorbed from the larynx. How-
ever, laryngeal involvement is frequently preceded by
pharyngotonsillar disease.

Cutaneous diphtheria is more common in tropical
regions and is a reservoir for infection. In colder climates,
cutaneous diphtheria occurs infrequently except in asso-
ciation with poor hygiene or among poor inner-city dwell-
ers and alcoholics. Cutaneous diphtheria often results
from a secondary infection of a skin abrasion and it is
characterized by an indolent, nonhealing ulcer covered
with a gray membrane. The ulcer is often co-infected
with Staphylococcus aureus and group A streptococci and
may be confused with streptococcal impetigo. Severe
diphtheria rarely results from isolated cutaneous infec-
tions, even in inadequately immunized individuals.

C. diphtheriae infections can occur, rarely, at mucosal
sites other than the respiratory tract or the skin. In con-
junctival infection, the palpebral surface is red, swollen,
and membranous. Infection of the external auditory canal
is usually characterized by a persistent purulent discharge.
Vulvovaginal infection results in an ulcerative lesion.

Local effects of the toxin include paralysis of the palate
and hypopharynx. Systemic complications may result
from absorption of the toxin into the blood circulation.
Diphtheriae toxin exhibits a predilection for the myocar-
dium and the cells of the peripheral nervous system lead-
ing to myocarditis and neural demyelination. Myocarditis
begins in the 1st through the 6th week of clinical illness.
Abnormal electrocardiographic changes include flattening
and inversion of T waves, elevation of the ST segment,
and conduction abnormalities, including complete heart
block. Myocarditis may be followed by cardiac failure.
Recovery is usually complete in survivors, but cardiac
abnormalities can persist for years following illness. Neu-
rological complications may occur in about 15 to 20% of
cases and may manifest 2 to 10weeks after disease onset.
Neurologic complications may result from cranial nerve
involvement and can manifest as loss of visual accommo-
dation, diplopia, palatal paralysis with a nasal voice, and
difficulty in swallowing. Peripheral nerve involvement
frequently results in symmetric peripheral neuritis of the
lower extremities. Rarely, diaphragmatic paralysis can
occur. Complete recovery of neurologic impairment is
the rule. Necrosis of kidney tubules, thrombocytopenia,
or shock with disseminated intravascular coagulation can
also occur. Death from complications may occur within
6 to 10 days of disease onset. Even with treatment, the case-
fatality rate of respiratory diphtheria is about 5 to 10%.

Other conditions can present with pseudomembranes.
They include streptococcal pharyngitis, infectious mono-
nucleosis, viral pharyngitis, oral candidiasis, and pro-
longed use of drugs, for example, corticosteroids and
methotrexate.
Laboratory Diagnosis

Diphtheria is confirmed by isolating toxigenic C. diphther-
iae from throat specimens or cutaneous lesions. Isolation
of C. diphtheriae requires culture of specimens on tellurite-
containing medium (e.g., Tinsdale medium) for optimal
growth. C. diphtheriae and its biotypes can be identified
from colony morphology (black colonies with a surround-
ing halo) and from biochemical tests.
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Toxin-producing C. diphtheriae can be identified by
in vivo (guinea pig) or in vitro (modified Elek) testing.
Conventional polymerase chain reaction (PCR) tests for
gene coding for the A and B fragments of the exotoxin can
confirm the presence of toxigenic organisms but not toxin
production. PCR testing is useful for specimens taken
from patients after administration of antibiotics. However,
this test is currently available only at some reference
laboratories.

Molecular subtyping methods of C. diphtheriae strains
show considerable promise in aiding epidemiologic
studies, but these approaches (ribotyping, pulsed-field
gel electrophoresis, multilocus enzyme electrophoresis,
DNA-sequencing, random amplified polymorphic DNA)
are only available at a few research laboratories.
Treatment

Patients should be isolated and health-care personnel
should observe respiratory droplet precautions. The
mainstay of treatment of respiratory diphtheria is equine
diphtheria antitoxin (DAT). Because DAT only neutra-
lizes unbound circulating toxin, it is important to admin-
ister it as early in the course of illness as possible. Delays
in administration of DATand extensive membrane forma-
tion are associated with increased risk of complications
and a fatal outcome. Antitoxin should be administered
without waiting for laboratory confirmation of the diag-
nosis. Patients who report previous hypersensitivity reac-
tions to horse serum should be desensitized before DAT
is administered. The dose of DAT depends on the site
and extent of local membrane as well as the duration and
severity of illness. The recommended dose ranges from
10 000 to 120 000 IU and is administered preferably as
an intravenous drip in 500mL saline for rapid action.
Alternatively, undiluted DAT may be injected intramus-
cularly in the gluteal muscles. The patient should be
monitored during DAT administration for signs of shock.
Patients often require bed rest, nursing care, and moni-
toring for respiratory, cardiac, or other complications
(American Academy of Pediatrics, 2006).

Antimicrobial therapy plays a secondary role in the
treatment of diphtheria and is not a substitute for anti-
toxin treatment. Treatment with appropriate antimicro-
bial agents usually renders patients noninfectious within
24 hours, halts toxin production, and prevents transmis-
sion to close contacts. Untreated patients are infectious
for 2 to 3weeks. Penicillin and erythromycin are highly
effective and are the antimicrobial agents of choice. Peni-
cillin may be given as aqueous procaine penicillin (25 000
to 50 000 units per kilogram of body weight per day for
children, with a maximum dosage of 1.2million units per
day, in two divided doses). Patients who are sensitive to
penicillin should be given erythromycin in a daily dosage
of 40 to 50mg per kilogram, with a maximum dosage of
2 g per day. Parenteral therapy is recommended initially
until the patient can swallow. When the patient can
swallow comfortably, oral penicillin V (125 to 250mg
4 times daily) or oral erythromycin in four divided
doses may be substituted for a recommended total
treatment period of 14 days. Eradication of the organism
at the end of treatment should be confirmed by follow-up
cultures obtained at least 2 weeks apart after the comple-
tion of therapy. Persons who continue to harbor the
organism after treatment with either penicillin or eryth-
romycin should receive an additional 10-day course
of erythromycin. As diphtheria may not confer immunity,
a dose of an age-appropriate formulation of diphtheria
toxoid should be given during the convalescent period
(Farizo et al., 1993).

Close contacts of the patient should be identified, eval-
uated, andmaintained under surveillance for 7 days for the
occurrence of symptoms. Close contacts include house-
hold members, medical staff exposed to oral or respiratory
secretions of the case-patient, and other persons having
direct contact with a case or respiratory secretions.
Regardless of vaccination status, both nasal and pharyn-
geal swabs should be obtained for culture. Postexposure
prophylaxis with an antimicrobial agent should be given
as soon as specimens are obtained. The recommended
antimicrobial agents include either a single dose of intra-
muscular penicillin (600 000 units for children under
6 years of age and 1.2million units for those 6 years of
age or older) or a 7- to 10-day course of oral erythromycin
(40mg/kg/day for children, 1 g/day for adults).

Contacts who have not received a dose of a diphtheria
toxoid within the last 5 years should receive a booster
dose. Contacts who were never vaccinated should receive
an immediate dose of diphtheria toxoid and complete a
primary series in accordance with the recommended
schedule for vaccination (Farizo et al., 1993).
Outbreak Prevention and Control

Immunity to diphtheria can be acquired after recovery
from disease or subclinical infection or by active immuni-
zation with diphtheria toxoid. Immunization of at least
75% of the population is required to prevent outbreaks
of diphtheria. Diphtheria toxoid is a safe and effective
vaccine and anaphylaxis is rare. However, local reaction
rates at the site of injection, such as redness, mild swelling,
and tenderness, range from 10 to 50%. Adverse reactions
occur more frequently with increasing number of doses,
high pre-vaccination titers of diphtheria antitoxin, higher
antigenic content of diphtheria toxoid, and when com-
bined with tetanus and pertussis vaccines.

The World Health Organization (WHO) recommends
a 3-dose primary series with a high antigenic-content
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diphtheria toxoid preparation during infancy starting as
early as 6 weeks of age and given at least 4 weeks apart.
Whenever possible, boosters should be given at age
12months, and at school entry. Because immunity wanes
over time, decennial boosters are advocated. Diphtheria
toxoid is available in combination with tetanus toxoid
(DT) and whole-cell pertussis (DTwP) or acellular per-
tussis antigens (DTaP) for use in children under 7 years of
age; the antigenic content of diphtheria toxoid in these
preparations ranges from 6.7 to 15 limit of flocculation
(Lf ) units. Newer combinations of DTaP or DTwP with
inactivated poliomyelitis vaccine, hepatitis B vaccine, or
Haemophilus influenzae type b vaccine are available.
Because the frequency and severity of local reactions
from diphtheria toxoid increases with age, a vaccine
(Td) with lower antigenic content (�2 Lf units) is used
in children 7 years of age or older and in adults. Vaccina-
tion strategies vary by country depending on the capacity
of immunization services, vaccine resources, and the epi-
demiologic pattern of diphtheria. Few developing
countries provide routine diphtheria toxoid boosters to
older children or adults (WHO, 2006b).

In the United States, the childhood and adolescent
schedule recommends three doses of diphtheria-toxoid-
containing vaccine (DTaP, DTwP, or DT) at 4- to 8-week
intervals beginning at 2months of age, a fourth dose at 15 to
18months, and a fifth dose at 4 to 6 years of age. For children
under 7 years of age in whom pertussis vaccine is contra-
indicated, DT should be used instead of DTaP/DTwP. An
adolescent booster dosewithTdap is recommended at 11 to
12 years of age and a Td dose every 10 years thereafter for
maintaining immunity throughout life. Unvaccinated indi-
viduals who are 7 years of age or older should receive a
3-dose primary serieswith Tdwith the first two doses given
at 4 to 8weeks intervals and the third dose 6 to 12months
later. Booster doses are recommended at 10-year intervals
(CDC, 2006). For improving coverage in adults, health-care
providers should be encouraged to administer Td, when-
ever tetanus toxoid is indicated.
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Globally, 600million individuals, or roughly 10% of the
world’s population, live with a physical, sensory (blind-
ness, deafness), intellectual, or mental health disability
that has a profound effect on their day-to-day lives, as
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well as their long-term health and well-being; 80% of
these people live in low-income countries, where they
face significant barriers to accessing health and rehabili-
tative services (WHO, 2007). Because of stigma, prejudice,
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and ignorance, millions of people with disability also are
confronted by social, economic, and legal restrictions that
have a profound impact on their ability to participate in
the societies in which they live, as well as their ability to
afford rehabilitative or clinical services. (Charlton, 1998;
Elwan, 1999; DFID, 2000; Werner, 2006; WHO, 2002).

Much of the work of public health has been devoted to
preventing disability, but rates of disability are anticipated
to rise, not fall, as improved medical services and public
health initiatives prolong the lives of many who previ-
ously would have died from illness, injury, or chronic
diseases (WHO, 2007) Thus, it is anticipated that there
will be a growing demand for health and rehabilitation
services for people with disabilities.

Rehabilitation as a field is dedicated to promoting the
ability of people who are born with a disability or who
become disabled through illness or injury to improve or
restore functioning, reduce pain, and prevent primary or
secondary disabilities. Although ‘disability’ and ‘rehabili-
tation’ are often linked in public health discourse, it is also
important to note that as individuals with disabilities are
living longer and fuller lives, public heath professionals
must improve access to general health services for indivi-
duals with disability, in addition to undertaking improve-
ments in disability-specific rehabilitation services.
The Epidemiology of Disability

Defining and enumerating the world’s disabled population
has been a surprisingly complex undertaking. In one society,
an individual with an impairment – poor hearing for
example – might be considered significantly disabled
whereas in another, an individual with an identical hearing
problem with access to a hearing aid might be considered
only mildly disabled. The World Health Organization, in
an attempt to tease out the complex interactions between
physiological, environmental, and sociocultural issues,
has recently developed the International Classification of
Functioning, Disability and Health (ICF), which states
that a person is considered disabled through an interaction
between that person’s health condition, the surrounding
contextual factors (e.g., social attitudes, architectural bar-
riers, legal and social structures) and personal factors (e.g.,
age, gender, educational and social background, individual
temperament) (WHO, 2002).

The ICF represents a combination of the ‘medical’
model, in which a person with a disability is defined largely
by his or her individual medical condition, and a ‘social’
model, in which surrounding social, legal, economic, and
architectural barriers are considered but an individuals’
health status is largely ignored. The new ICF, attempts to
take into account both medical and social factors, and it has
begun to be used widely by public health practitioners.
Even with the new ICF model, however, disability sta-
tistics remain unclear. Few countries, for example, particu-
larly low-income countries, regularly enumerate the
numbers of individualswith disabilities in their populations.
Because countries use different definitions of disability,
counting only certain types of disabilities while ignoring
others, or not counting at all, census data on the percentages
of the population who live with a disability range from 4%
inMali to over 23% inCanada (UNStatisticsDivision, n.d.)
The need for good epidemiological data has led the UN in
2001 to establish a working group – the Washington City
Group – specifically to collect better national, regional, and
global data on disability (National Center for Health Sta-
tistics, 2007). The need for such data is pressing. Without
accurate demographic information, justifying time, atten-
tion, and funding to establish viable programs and policies
for people with disability has been difficult.

Currently, the United Nations estimates that world-
wide, some 600 million people live with one or more
disabilities and that one family in every four lives with
an immediate family member who has a significant dis-
ability, thus making disability not only an individual con-
cern but also a concern of families and of communities.

In addition, despite the lack of definitional clarity and
accurate census data, the World Health Organization
estimates that the numbers of persons living with a dis-
ability will increase rapidly in coming years (WHO,
2007). Although improvements in public health and med-
icine have decreased the occurrence of many previously
disabling conditions, public heath and clinical advances
have also allowed many infants, children, and adults who
would have died from their illness or injury to survive, but
survive with a disability. Moreover, factors such as popu-
lation growth, aging, AIDS, traffic accidents, workplace
injuries, environmental degradation, malnutrition, and
other poverty-related causes continue to contribute to
the growing number of those with a disability (Helander,
1999; DFID, 2000; WHO, 2007).

An important consideration, as the World Health
Organization appropriately notes, is that one can be
both disabled and healthy. For example, individuals born
with an intellectual disability or deafness may never be
sick a day in their lives. Many such people would benefit
from rehabilitative services, special education, and job
training, but it is important from the outset not to define
their existence wholly or even largely in terms of their
impairment. And it is critically important that they have
access to good clinical care and public health services so
they remain in good health.
History of Disability

The small but growing field of Disability Studies has docu-
mented the existence of individuals with disability from the
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earliest human populations down to the present day
(Albrecht et al., 2001). Ethnographic studies now make it
clear that different cultures interpret and respond to dis-
ability in different ways (Ingstad and Whyte, 1995). None-
theless, overall, it is also clear that in most societies,
individualswith disabilities face social, economic, and polit-
ical barriers that significantly limit their ability to function
fully and independently within their own communities.

These barriers have profound implications for the
health and well-being of individuals with disability. As a
group, individuals with disabilities are among the poorest
of the poor. Although individuals with disabilities make
up 10% of the world’s population, they account for 20%
of global poverty (Elwan, 1999). Education for individuals
with disability is still routinely denied to millions.
According to UNESCO, the global literacy rate for indi-
viduals with disability overall is as low as 3% and for
women with disability may be as low as 1% (Helander,
1999). Because of prejudice and stigma, unemployment
rates among individuals with disability often are twice as
high as for nondisabled members of the population. Indi-
viduals with disability are routinely denied the right to
vote, to marry, or to decide where and with whom they
will live or associate. Millions worldwide still live out
their lives in residential institutions, despite the fact that
community living is both a highly preferable and signifi-
cantly more cost-effective way of addressing their needs
(DFID, 2000). The public health ramifications of these
barriers are significant. It is often difficult or impossible
for millions of people with disability to afford the most
basic health care, the most inexpensive assistive devices,
or to attain minimal levels of health literacy.
History of Rehabilitation

Rehabilitation, as a field, has grown enormously over the
past century, particularly in the aftermath of World
War II, as antibiotics and increasingly sophisticated sur-
geries allowed many who were born with a disability, or
who became disabled through accident or illness, to live
long enough to need help in entering or increasing their
participation in society.

Rehabilitation is a broad category, within which is
included a number of distinct fields of expertise. ‘Reha-
bilitation’ includes specialists who are trained in physical
therapy to help increase or restore an individual’s mobil-
ity, strength, or fitness, as well as to decrease pain and
discomfort. Other specialists are trained in fields such as
occupational therapy to improve an individual’s ability to
carry out daily activities and vocational therapy to assist in
preparing individuals with disability for employment.
Such training goes on at hundreds of schools of medicine,
nursing, and allied health services around the world.
Increasingly sophisticated combinations of technologies,
materials, and evidence-based research findings promise
significant advances in the field of rehabilitation in the
coming decades.

Although rehabilitation is often defined in terms of
clinicians, hospitals, and activities of allied health profes-
sionals, a broader definition of rehabilitation would
include educational and social service efforts that take
place in schools, institutions, and organizations run by
and for individuals with disabilities. Such organizations
provide a substantial amount of rehabilitation, sometimes
in conjunction with medical support and advice, but often,
when these are lacking, on their own.

While funding for rehabilitation services is often avail-
able in higher-income countries, rehabilitation services
are frequently considered expensive and a low-priority
despite the fact that the benefit from rehabilitation at both
the individual and community level, regularly far out-
weighs the costs. Policy makers and many public health
professionals in response argue that given limited health
budgets, what resources there are should go to disability
prevention, rather than rehabilitative services. However
increasing survival rates among individuals who become
disabled in both higher-income and lower-income
countries foretell a rapidly growing need for rehabilita-
tion professionals and rehabilitation services.

The lack of adequate rehabilitation services in lower-
income countries is already a matter of grave concern.
According to the UN, only 3% of all pepole with a dis-
ability worldwide who need rehabilitation services actu-
ally receive them (Helander, 1999). And the World Health
Organization estimates that only 5–15% of all individuals
with disabilities who need assistive devices (wheelchairs,
prostheses, hearing aids, visual aids, or specialized com-
puter soft- or hardware), actually get these (ILO,
UNESCO, and WHO, 1994; World Health Organization,
2007). There are a number of reasons for this lack of
rehabilitation services. Trained rehabilitation experts are
rare, and rehabilitation programs are usually more costly
to run than general health-care programs. Rehabilitation
facilities are often urban based and require longer-term
stays that prohibit many, particularly many women unable
to take time away from children and families, from seek-
ing their services. And cost is very much a factor –
individuals with disabilities in general tend to be poorer
than other members of the community, making govern-
ment or voluntary agency support necessary for rehabili-
tation facilities to run. Yet prejudice and stigma against
individuals with disability make many governments and
voluntary organizations place such needs of individuals
with disabilities low on their lists of priorities.

One response to this lack of rehabilitation services in
recent years has been a small but growing grassroots reha-
bilitation effort through community-based rehabilitation
(CBR) in many lower-income countries. CBR is a strategy
for providing rehabilitation services and simple assistive
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devices through a combined effort of individuals with dis-
abilities themselves, their families, and their communities
under the guidance of trained health educators, as well as
vocational and social service workers. CBR seeks to train
people with few or no clinical credentials to undertake
lower-level rehabilitation services (exercises, construction
of simple assistive devices) and to set up a system of triage
that can funnel children and adults with disabilities to more
sophisticated rehabilitation centers as needed. Recent
reviews and studies have helped to more sharply focus the
CBR initiatives, but research is still needed to better identify
what does and does not work within current CBR practices.
Nonetheless, CBR remains a promising public health app-
roach to providing rehabilitation therapy to millions with
physical, cognitive, and sensory health concerns worldwide
(ILO, UNESCO, and WHO, 1994; Werner, 2006; Commu-
nity Based Rehabilitation (see Relevant Websites).
Broader Public Health Concerns for
Individuals with Disability

Although rehabilitation services reach only a limited
number of all those who might benefit by them, it is
equally important to note that frequently the health
needs of individuals with disabilities are defined solely
in terms of their specific disability. However, individuals
with disability are at equal or increased risk of all the
health problems that beset the rest of the population.
They are at least as likely to get infectious diseases, for
example, they are at risk for chronic diseases, and they
are at increased risk for becoming victims of violence.
In addition, some types of disability are linked to speci-
fic health problems, such as the increased prevalence of
Alzheimer’s disease in older people with Down syndrome,
and much more research is needed to better understand
these links.

Despite this, basic health care and public health outreach
programs available to the rest of the population – childhood
immunizations for example, or routine screenings for breast
cancer – are frequently inaccessible to individuals with
disability. Many health-care facilities are simply physically
inaccessible to people with disabilities; people with mobil-
ity impairments are unable to walk up a stairway into a
hospital or clinic, to transfer from a wheelchair to an exam-
ining table, or to stand for a mammogram. Deaf individuals
who use sign language often find themselves unable to
understand complicated medical explanations in a doctor’s
office, individuals with intellectual disabilities or mental
health concerns may not be able to follow advice on how
to stop smoking or take medication.

An example of this is the recent World Bank study
on the impact of the AIDS epidemic on individuals with
pre-existing disabilities. Incorrectly assumed to be sexu-
ally inactive by many health professionals, millions of
individuals with disabilities are not being reached by
current AIDS campaigns. Billboards and posters do not
reach the blind, for example, national radio campaigns are
inaccessible to those who are deaf, and fast-paced, witty
campaigns about safer sex are often confusing to indivi-
duals who are intellectually disabled. Although physical
barriers such as inaccessible hospitals and clinics are of
concern, attitudinal barriers are of even greater concern;
health professionals routinely turn away individuals with
disability from AIDS testing centers under the assump-
tion that they are not at risk. In many countries, it now
seems likely that the HIV infection rate among indivi-
duals with pre-existing disability may be twice that for the
nondisabled population (Groce, 2004).

Public health officials currently do not track most of
the nondisability-related health problems for disabled
populations. Nor are health facilities and programs regu-
larly evaluated to ensure that individuals with disability
are receiving equal services and support. Such informa-
tion will be crucial in the future, affecting both how
rehabilitation services and general health services are
designed and run.
Future Issues

Disability issues and the field of rehabilitation have
changed significantly over the past two decades, and still
more substantial changes are now on the horizon.

In the 1970s and 1980s, the Disability Rights Move-
ment, a social movement initially fromNorth America and
Europe but now increasingly driven from the developing
world, has helped define disability as a social issue. Led
largely by individuals with disabilities themselves, the
Disability Rights Movement has questioned the older
‘medical’ model of disability whereby medical experts
(and allied health-care professionals) were allowed, and
often legally entitled, to make decisions about the lives of
individuals with disabilities.

Using the rallying cry ‘‘Nothing about Us without Us,’’
the global Disability Rights Movement has pushed many
rehabilitation and public health professionals to establish
partnerships with those they serve. Disability activities
have effectively campaigned for the closure of schools,
workshops, and especially large residential public and
private institutions, arguing instead for community-
based programs that allow individuals with disability the
right to remain in the community and participate to the
best of their abilities. A key component of this movement
is the demand for better access to both rehabilitation
services and general health care.

The most recent outcome of this Disability Rights
Movement is the new United Nations Convention on the
Rights of Persons with Disabilities, approved in March 2006
and currently being considered for ratification by the UN



Disability and Rehabilitation 203
member states (United Nations, 2007). The Convention
guarantees all individuals with disability legal, political,
and social rights, including the right to equal access to
available health care and the right to self-determination
in accessing and utilizing this health care. Currently such
rights are guaranteed in fewer than 40 countries (and even in
these countries, true access to such care and the right to self-
determination is often far more limited). With the ratifica-
tion of the new Convention, the right of individuals with
disability and disabled groups to demand inclusion in health
services – not just rehabilitative services but all services
provided to members of a community – will surely increase.

Attention to the right of individuals with disability to
better rehabilitative and public health services is being
fueled not only by this rights-based approach but also by a
growing realization in global health and development
circles that with individuals with disability making up
10% of the global population and these numbers only
expected to grow in the coming decades, unless the health
care needs of this population are met, the UN’s Millen-
nium Development Goals will never be achieved.

In many ways, the emerging needs of individuals with
disability are analogous to the issue of women’s health and
well-being that grew in prominence through the 1970s
and 1980s. Just as it is now impossible to address the
health of populations either in developed or developing
nations without considering women’s access to health
services, so it will be with individuals who are disabled.
See also: AIDS, Epidemiology and Surveillance; Health

and Human Rights: Overview; Health-Related Stigma

and Discrimination; HIV/AIDS and TB; Human Rights,

Approach to Public Health Policy; The Public Health

Dimensions of Disability; Stigma of Mental Illness.
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Introduction

Disasters have been part of human experience since
the beginning of time. For centuries, people at risk of
drought and famine or flood and heavy winds have
made individual or small group preparations to try to
ward off the worst effects. Agencies and systems dedicated
to disaster response have relatively recent origins,
however, and can be traced, for most countries, to devel-
opments during the nineteenth century and early twenti-
eth centuries. These years saw governments deploy
military units to help people affected by major natural
disasters, urban authorities draw on fire departments to
assist with emergencies other than fires, and civic organi-
zations founded with the express purpose of taking care
of the injured in war (the International Committee of
the Red Cross) or the distressed at home (the national
Red Cross and Red Crescent Societies). Private or
religious groups attended to people affected by emergen-
cies or disaster, within their domestic jurisdictions or
internationally.

The formal field of disaster response developed in the
years during and after World War II. Many social, politi-
cal, technological, and demographic factors contributed
to this development. Relief agencies active during the war
formed the core of what has now become a far-flung
and international humanitarian network of nongovernmen-
tal organizations. Governments came together to found
the United Nations, which in turn established major
humanitarian agencies with responsibilities for meeting
emergency needs of vulnerable populations (UNHCR,
UNICEF, WFP) and responding to major public health
threats (PAHO, WHO). The governments affected by the
Cold War set up civil defense planning bureaucracies that
supported official and academic assessments of popula-
tion response to natural disasters. Advances in scientific
understanding and in technology (radar, satellites, com-
puters) strengthened prediction and analysis of the geo-
physical and technical parameters of natural and
technological calamities. Population growth and acceler-
ating population settlement in areas prone to hurricanes,
earthquakes, and floods exposed greater numbers of peo-
ple to the effects of these disasters. After major earth-
quakes in Peru and Guatemala and serious hurricanes in
the United States, many local and national governments
came under intensifying public pressure to improve their
disaster response efforts. In 1980, the U.S. Government
established the Federal Emergency Management Agency
and in 1983 PAHO set up its formal disaster response unit
(Pan-American Health Organization, 1999).

The last 30 years have seen a marked expansion in
knowledge on disasters themselves and the features of
effective disaster response. Much of this knowledge base
has been built by practitioners and academics in what has
become a multidisciplinary enterprise, drawn from oper-
ational sectors such as civil defense, fire-fighting, and the
armed forces as well as from fields of sociology, political
science, meteorology, engineering, psychology, emer-
gency and trauma medicine, and public health.
Disasters

Disasters are complex phenomena that create extensive
consequences for human populations. As such, all disas-
ters can be seen as the sudden imposition of public health
crises. An understanding of disasters in the context of
public health requires familiarity with issues of definition,
incidence, data, and assessment. This understanding also
builds on recognizing features common to all disasters.
Definition

No standard case definition exists for disasters. The quest
for an adequate definition reflects the underlying issue
that disasters are as much subjective as objective events.
What is a disaster for a wealthy individual or group in a
highly developed society might not be perceived as such
by someone with far fewer resources in a community
organized around lower levels of technology and capaci-
ties, inured by chronic hardship to unexpected shocks.

The essence of what makes something a disaster, how-
ever, has become a matter of general agreement: A disaster
is an event that imposes severe and intense stress on a
community and cannot be dealt with through deployment
of the ordinary resources of that community. Disasters are
events that require outside help.

Accepted definitions of disasters also include an ele-
ment of time. Disasters are events that contain anticipa-
tory warning signs (although often not observed or looked
for) but impose a relatively abrupt impact. The conse-
quences of that impact may persist for months or years.

Most disaster definitions are centered on human impacts
and consequences. Natural events such as earthquakes or
floods that do not affect human populations (either in terms
of direct casualties or more indirect economic, social, or
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psychological disruptions) are not usually registered as dis-
asters and not counted in disaster databases.

Most disaster definitions also include an estimate of
economic costs, in terms of assets destroyed and funds
required to rebuilt and re-establish settlement and pre-
disaster economic activity. Since thewealth of the developed
world derives in part from massive sustained investment in
infrastructure and technology, the measured economic cost
of a given disaster in rich countries is much higher than in
poor regions. As a result, disaster definitions that are based
on economic costs will introduce a bias toward events in
wealthier countries.
Incidence

Calculating the annual incidence of disasters and trend
lines over time is complicated by issues of ascertainment
as well as definition.

Disasters are not consistently or uniformly reported.
Communities in poor and remote areas of the world do
not have the resources to keep track of numbers of lives
lost or economic assets destroyed. Transmitting these data
to the media or a central data base also requires resources
and time that are usually devoted to direct relief efforts.

In the last 30 years, however, as interest in the field of
disasters has increased, there has been more outreach to
disaster-affected communities. An apparent increase in
trend lines may be simply the result of improved report-
ing of events.

The accelerated worldwide population increase in the
last 60 years further complicates estimates of disaster inci-
dence and trends. Since most definitions of disasters are
based on the numbers of people affected for a given event,
an observed increase in the trend line for disaster incidence
might in fact be simply an artifact of population growth in a
given area.
Data

A number of organizations and academic centers have
been tracking the incidence of disasters over the last
several decades and creating publicly available databases
on occurrences and trends.

One database used by many disaster experts has been
developed by the Brussels-basedCentre for Research on the
Epidemiology of Disasters (CRED). The annual summary
of disaster statistics provided by CRED (2006) suggests that
despite the acknowledged problems of definition and ascer-
tainment, the incidence of disasters is increasing.

The CRED uses the following disaster definition:
A disaster is

a situation or event, which overwhelms local capacity,

necessitating a request to national or international level

for external assistance; an unforeseen and often sudden
event that causes great damage, destruction and human

suffering (Centre for Research on the Epidemiology of

Disasters, 2007: 15).

In the CRED definition, disasters are categorized as
natural disasters (floods, windstorms, earthquakes, drought
and other extreme weather or meteorological events) and
technological disasters (industrial, transport, and other
events).

The threshold criteria (at least one must apply) for an
event to be included in the database are ten or more
people reported killed; 100 or more people reported
affected; a declaration of a state of emergency; and/or a
call for emergency assistance.

According to the latest (2006) CRED report, the trend
line for natural disasters from 1987 to 2006 has shown an
increase in numbers of disasters as defined from just
under 200 disasters reported in 1987 to approximately
450 disasters in 2006 (Figure 1). The numbers of people
affected (direct victims and people requiring immediate
emergency assistance) have also increased over this time
frame, according to the CRED data on natural disasters
(Figure 2). During this period, the annual number
of people affected ranged between 100 000 000 and
300 000 000 for almost all years. The large peak in num-
bers for 2002 is due primarily to four main events:
A drought in India affecting 300million people, another
in China affecting 60million people, a windstorm in
China affecting 100million people, and a flood in China
affecting 60million people.

The economic costs of disasters are also recorded in the
CRED database and an economic factor is used in deter-
mining whether a given disaster is categorized as large.
A large disaster in the CRED framework is one that causes
50 deaths or more, affects 150 000 people or more, or exacts
costs (in US$ 2003) of $200 million or more.

The economic costs of disasters, according to CRED
data, are also increasing (Figure 3; amount in 2006 US$).
It is apparent that two major natural disasters, both occur-
ring in the developed world, account for the recent major
peaks: the 1995 earthquake (the Great Hanshin-Awaji
Earthquake) in Kobe, Japan and the 2005 hurricane
(Hurricane Katrina) in New Orleans, USA. The peak in
2004–05 that is recorded with data from Kobe and Katrina
removed is the sum of national and international costs
relating to the December 26, 2004 Asian Tsunami. Despite
its vast extent and extremely high death toll (approximately
230 000 people killed in 14 affected countries), the Asian
Tsunami is dwarfed in first world economic terms because
its impact was felt in less developed parts of the world.
Assessment

The study of disasters also requires examination of the
social context in which a particular disaster occurs and the
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ways in which the society deals with the event. When
viewed as social phenomena, disasters reveal several
important aspects that are most relevant to a public health
perspective.

When a disaster strikes, it reveals a range of gaps and
capacities at the local and national level. Was this disaster
anticipated? What kind of response plans were developed
and put into effect? Were recovery efforts undertaken? In
considering these questions, it is evident that the response
to a disaster reflects the underlying capacities and values
of the society in which it occurs. These capacities
and values include resource availability, environmental
dependencies, managerial competence, technological
development, assignment of relative risk, problem-solving
capabilities, and attention to key vulnerabilities or vul-
nerable populations.

To explore these questions in a particular disaster
requires information that may be difficult to obtain.
Many disasters have complex causes and consequences,
requiring familiarity with different disciplines, from
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engineering to social psychology, in order to describe the
unfolding of an event. People in response and survival
modes often do not keep records, or the records that are
kept are incomplete and fragmentary. Legal concerns may
make people reluctant to talk or require the sequestration
of records and other forms of evidence. And in any dis-
aster, the psychological effects, on both surviving victims
and responders, may prevent full disclosure. People will
be struggling with a mixture of guilt and blame and anger
and may not be willing to talk fully or truthfully about
what happened.

The issue of evaluation of response has also proved
complex. Much of the available information about a given
disaster is process-based: Numbers of trucks deployed,
numbers of rescue personnel, numbers of tons of food
delivered. To what extent the expenditure of resources
actually made a difference in outcome for those affected
by the disaster has proved to be a very delicate question to
ask, let alone answer. All involved in the response effort
are likely to have worked extremely hard for exceedingly
long hours and days. Inquiring into the effectiveness of
their effort may antagonize them and unsettle the bureau-
cracies in which they work. More basically, however, the
field of disaster studies has provided very little guidance
on what measures and indices one might use in evaluating
outcome. What would be a good outcome, or, for that
matter, a bad one? How would one begin to arrive at
such metrics? The usual recourse of the scientific com-
munity, a comparative study (better yet, a case–control
study) is not empirically possible. Each disaster, despite
some common features (to be discussed in the next
section), is a unique occurrence, marked by an infinite
number of diverse and important independent variables.
Common Features

Despite the difficulties in studying disasters, sufficient
information has been gathered through case reports and
surveillance data to provide an empirically robust list of
features common to all disasters. A number of govern-
ments and the United Nations have established a branch
in their public health service with responsibility for
gathering epidemiological information on the population
impact of disasters. Organizations based in academic cen-
ters, often supported by government funds, have in the last
few years built expertise in disaster monitoring, including
the capacity to send proceed-out teams to observe and
collect information as the disaster is unfolding. The inter-
national humanitarian community has sought to improve
its data-gathering capabilities in natural disaster settings
and now often provides timely anecdotal or statistically
valid assessments of public health and protection issues
facing populations caught up in these crises, particularly
drought, famine, flood, or earthquakes. A growing number
of professional journals publish articles on disaster issues.

Four features are common to all disasters and they
relate to notice, time, targets, and strategies of response.

1. The majority of disasters are predictable. Much
information has been compiled about natural disasters
from the historical record and increasingly sophisticat-
ed geophysical monitoring systems. It is now well
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understood that certain regions of the world lie in
high-risk zones for earthquakes, windstorms, vast
floods, forest fires, and drought and famine. It is also
well understood, with the exception of earthquakes,
that these events have a seasonal periodicity and
occur in predictable annual cycles. Techniques are
now sufficiently advanced to warn at-risk populations
weeks in advance of the increased threat of impending
windstorms and floods. As the situation unfolds, people
can be given 3–5 days of urgent warning regarding
specific geographic target areas. Large forest or scrub
fires move quickly, but the assessment of rising risk is
developed over a period of at least several weeks, if not
months. The pace of droughts is much slower, but
monitoring systems have become precisely calibrated
to issue warning about phases of progressive drought
and population behavior (satellite imagery of crop
failure, change in market prices for food). If acted
upon, these alerts can provide the time for govern-
ments and the relief community to prepare a response.

In the case of technological disasters (such as mine
collapse or explosion, chemical releases, building fail-
ures, nuclear power plant events, transport calamities),
a multidisciplinary science of risk assessment and
study of interactions between humans and technical
systems has developed. Experts in this field of techno-
logical disasters find that it is usually possible to trace
the chain of system failure that produced the disaster
event and in many instances can arrive at graded esti-
mates of probable risks of future failure.

2. All disasters occur in phases through time. Disaster
experts have identified three main phases (warning,
impact, and consequences). Each of these phases varies
in length of time depending on the nature of the dis-
aster and the nature of the response. The names ap-
plied to these phases may differ from country to
country but the concept remains the same.

The warning phase begins with recognizing that
some areas of the world or some technologies are
more at risk for certain kinds of disasters than others
and extends right up to sounding the alert at the actual
moment when the disaster event occurs. Often that
moment is indeed measured in minutes or hours (as
with hurricanes and typhoons, or transport disasters).
For other kinds of disasters (floods and forest fires, or
toxic chemical releases to the environment), the disas-
ter event may build in magnitude and scope over a
period of hours or days, so the warning phase for some
adjacent geographic areas overlaps with the impact
phase for those areas first affected.

The impact phase defines the period in time when
the disaster in all its force has struck a geographic area.
For earthquakes, the impact period is usually measured
in seconds and minutes, with after-shocks extending
for hours and days at a diminished force. For floods, the
impact phase continues until the flood waters begin to
recede from their high water mark. For industrial dis-
asters, such as chemical explosions that release toxins
to the environment, the impact phase may persist for as
long as the contaminant is in contact with the affected
population.

The consequences phase is often called the recovery
phase and refers to the longer-term issues that the
disaster has caused for the affected population, region-
al environment, and society as a whole. These conse-
quences range from death, injury, entrapment, or
forced evacuation of human and animal populations
to extensive destruction of natural and built environ-
ments, including infrastructure, assets, and livelihoods.
Disasters can impose individual and population-scale
psychological distress and can affect the prevailing
political dynamics in a country or region. The conse-
quences phase is always the most long-lasting and
usually presents the greatest challenges to the disaster
response community.

3. Disasters strike the vulnerable disproportionately. Vul-
nerable in this context means those people who for
reasons of socioeconomic status, political or social
marginalization, or physical attributes are less well
prepared than others in the society to cope with the
impact of a given disaster. In many parts of the world,
newly immigrant populations do not speak the official
language in which warnings and instructions are issued.
The physically disabled, medically ill, or mentally
impaired are impeded from many forms of flight or
survival maneuvers. Women, children, and the elderly
are in general less physically strong, so they will derive
less benefit from protection strategies that require
strength and speed. In the developed world, it is the
poor who lack transport or second homes, making
evacuation in response to warning a less possible
option.

Entire populations in the developing world are also
rendered vulnerable to hazards for reasons directly
related to poverty and population density. Population
growth over the last 50 years has disproportionately
affected the developing world. In the countryside, ac-
cess to safe and productive land is becoming increas-
ingly hard to attain, at the level of individual choice
and national policy. In rapidly urbanizing areas, people
are crowded into poorly built structures that do not
comply with fire or earthquake codes. Hundreds of
millions of people live on flood plains in China and
India or in precarious hillsides and mountain areas or
in unsafe slums and landfill sites not because they want
to do so but because they have no other choice.

Poverty at the level of the nation-state imposes an
additional vulnerability. To plan and prepare for dis-
asters requires great investments of social capital and
financial resources. Many developing nations have thin
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layers of managerial competence and cannot afford the
technology to support substantial population-scale dis-
aster response. In place of a network of interrelated
disaster bureaucracies that one sees in the developed
world, the countries of the developing world rely upon
their armed forces to organize response to major dis-
asters when they strike. However, as effective as the
military might be in the immediate postimpact phase,
it is rare that military resources are devoted to robust
efforts to protect and prepare the population in ad-
vance of when disaster strikes. So poverty at the level of
the national state constrains efforts at comprehensive
planning to prevent and prepare for disasters, thus
making their populations collectively more vulnerable
to disaster impacts.

This point is tempered somewhat by the fact that
people in developing countries, particularly at the local
level, may have access to traditional and innovative
coping strategies that make individuals and groups
very good problem solvers in the face of regularly
occurring disasters and resilient survivors in the face
of new threats.

A concluding note in this discussion of vulnerability
relates to the systematic exclusion of the vulnerable in
most efforts at disaster planning. Measures to protect
populations are developed to suit the needs of the
majority, and it takes a special effort to identify and
meet the concerns of the more socially and economi-
cally marginalized groups. That effort is not usually
undertaken, in rich as well as poor countries, until a
major disaster reveals this focal inadequacy.

4. Disasters are public health crises. They have direct and
indirect effects on the health and well-being of large
populations. They occur over time and alter the living
conditions and psychological mindsets of communities
in the path of and adjacent to the direct disaster impact
area. Disasters require planning and response strategies
to address a wide range of human needs: Water, shelter,
food, air quality, mobility, safety, medical care, psycho-
logical support for dealing with loss, fear, grief, and
anger. These strategies are focused on the needs of
populations, rather than individuals, and as such invoke
the public health principles of prevention and popula-
tion ethics.

Primary and secondary prevention is the public
health strategy employed when the disease, condition,
or event creates harm that cannot be rectified. All
disasters entail serious and irretrievable loss of life
and livelihoods. Comprehensive disaster strategies
focus on a series of upstream issues, in terms of risk
assessment and risk reduction, including warning, in
order to prevent a disaster from occurring or minimiz-
ing its impact when it does strike. Comprehensive dis-
aster strategies are also based on matching resources to
needs. Often, especially in the early phases after a
disaster has struck, the needs of the affected population
far outstrip the resources available. This imbalance may
persist for weeks or months, depending on the magni-
tude of the disaster and the resources that can be mar-
shaled from outside. Consequently, disaster planners
and responders must organize the distribution of
goods and services on the principle of emergency tri-
age, which directs not only that those in greatest need
are the priority targets for receipt of aid, but that scant
resources must not be wasted on maximizing life for a
few if by so doing the needs of many more people are
compromised or allowed to go unmet.
Emergency Planning and Disaster Response

These common features, identified through years of
observation and analysis, provide the rationale, the logical
basis, for the entire enterprise of emergency and disaster
planning. If disasters are in large measure predictable, if it
is understood that they occur in phases, and if the pattern
of human impact and response is generally understood in
advance, then there is substantial justification for the
development of an enterprise that can intervene in any
given event with the aim of maximizing the chances that
as few people are adversely affected as possible.
Components of Disaster Planning and
Response

Disaster experts have over the years identified and cate-
gorized disaster response strategies to match the three
time phases in which disasters take place: Warning,
impact, and consequences. Disaster response strategies
also occur in three main phases: Prevention, response,
and recovery. These phases have subphases, such that an
element of prevention includes mitigation, the response
phase has an immediate postimpact component as well as
a longer-term one, and the recovery phase extends into
many activities, including reconstruction, population
return, and resettlement (Table 1).

All these measures require policy development and
implementation, supported by appropriate regulatory
and legislative frameworks. These measures also depend
on the efforts of disaster professionals, who come from a
wide range of backgrounds and training. The organization
of disaster response varies from country to country and
often within countries. In urban areas of the developed
world, a generic organizational model that is often used is
the Incident Command System (ICS), developed (as
described by Irwin, 1989) from U.S. experience fighting
forest fires in California in the early 1970s. Disaster med-
ical systems usually reflect the traditions of medical and
trauma care within a domestic jurisdiction. In the devel-
oping world, disaster response often relies on the military.



Table 1 Key strategies in disaster response

Prevention/mitigation
. Risk assessment (hazards and vulnerabilities)
. Risk elimination
. Risk reduction
. Risk protection
. Monitoring and warning

Preparedness
. Planning for all phases of disaster response
. Planning for operational response during post impact and

recovery phases: Command, communications, coordination,

information
. Resource mobilization and stockpiling
. Setting up back-up systems and redundancies
. Public education
. Training and drills for disaster responders
. Urgent warning and evacuation
. Monitoring and evaluation

Response
. Immediate post-impact (rescue)
. Short-term post-impact (recovery)
Recovery
. Reconstruction
. Return
. Resettlement
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Disasters of sweeping scope, entraining tens of thousands
if not millions of people, often enlist the efforts of the
international humanitarian community, whose strategies
and programs are oriented to taking care of people who
have evacuated the area and gathered in large groups in
order to escape the direct effects of the event.

The work of prevention and mitigation is centered on
assessment of risks, with priority placed on identification
and categorization of major and recurring threats to a
given population or geographic area. A refinement in
risk assessment is the capacity to specify by time and
place the real-time escalation scenario of a particular
disaster. This capacity is based on active monitoring of
precursor conditions and permits increasingly early and
specific warning that a high-risk event is actually very
likely to occur.

For example, certain areas of the world are known to
be at high risk for windstorms accompanied by serious
flooding, such as the southeast and Gulf regions of the
United States and the coastal zones of the Bay of Bengal
(northeastern India and Bangladesh). This risk increases
dramatically during the hurricane and cyclone seasons
(from June to November in the United States and from
April to December in the Bay of Bengal). Meteorological
factors (such as fluctuations in ocean surface temperature)
have been identified that indicate whether a particular
hurricane or cyclone season is likely to be more or less
severe. This information is used to accelerate prepared-
ness and response planning for that season. Then, as the
season approaches, radar and satellite imaging permit
close inspection of brewing storms in the Atlantic or Bay
of Bengal. The increasingly intense and detailed depiction
of an impending major windstorm provides the response
community and the general public with more in-depth,
targeted, and urgent information about when and where
to expect landfall.

This example highlights the way in which prevention
moves into mitigation. An aspect of prevention is elimina-
tion of risk, which is not usually possible in the case of
virtually all natural disasters and most technological ones.
Reduction of risk, often termed mitigation, has acquired
a major role in appropriate plans to address disaster threats.
In the example of hurricanes or cyclones, mitigation
efforts focus on providing early and effective warnings to
responders and the residents in the predicted impact zone
in order to promote appropriate population responses
that will reduce injury and loss of life (in this case, evacu-
ation to stable structures at high ground). Mitigation
efforts include measures to inspect and strengthen infra-
structure (such as dams, bridges, buildings) and to moni-
tor compliance with safety regulations and training
policies relating to industries that are known to be risk-
prone, such as mining, or industries in which a disaster
will have very costly consequences, such as air travel or
nuclear power.

The work of preparedness is to ensure as fully as
possible that the response phase (immediate postimpact
and somewhat longer term) is carried out with com-
prehensive effectiveness. All preparedness activities are
designed to support operations that must take place as
soon as possible after the disaster impact. Efforts in this
category include planning for all phases, resource devel-
opment, personnel training and practice drills, public
education, and development of technologies and systems
for early warning, communication, coordination, and
social mobilization.

In the example of hurricanes and cyclones, prepared-
ness efforts focus on identifying main evacuation routes
and safe destination sites, educating the public about
warning and evacuation procedures, including how to
shore up and protect their homes in the event of evacua-
tion, and making sure that everyone at risk from the wind
or the stormwater surge hears, sees, and heeds the instruc-
tions contained in the warning and evacuation messages.

The concept of impact, as one phase in the evolution of
a disaster, is as noted above somewhat elastic in terms of
time. During the peak intensity of a storm or in the face of
rapidly rising flood waters, emergency response opera-
tions are rarely undertaken. Instead, the response is
initiated as soon as is possible after the peak impact has
passed, in order not to expose disaster personnel to
extreme danger. The first activities undertaken in the
immediate postimpact phase, termed the rescue phase,
focus on finding, extricating, and stabilizing injured sur-
vivors and providing emergency services to those in need.
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A slightly more delayed set of actions, still in the postim-
pact response category, is called recovery. Recovery
operations in this period are aimed at assessing damage,
removing rubble, clearing streets and roads, repairing
utilities, organizing primary care and instituting public
health measures (such as vaccination), and establishing
secure temporary shelter and supply lines for evacuated
populations.

In terms of longer-term consequences, the response
strategy is variously referred to as recovery, or recon-
struction. Since the earlier postimpact tasks may take
months, if not years to accomplish, often these two phases
overlap in time and place. The main effort in the recovery/
reconstruction phase is to return the affected population to
its predisaster state of social and economic well-being. The
aim is to have early repairs and organization of services
coincide with plans for the longer-term recovery phase.
Such coherence in planning and operations is not always
achieved, in part because different actors are responsible for
these separate pieces of work and in part because the local
leaders who could most directly inform the longer-term
recovery planning may be absent or ignored.
Public Health Impact of Specific Categories
of Disasters

The greatest public health effects are caused by disasters
whose impact and consequences affect the largest number
of people. Usually the impact causes intense and wide-
spread destruction and the extensive consequences are
experienced in the immediate or short-term aftermath.
Disasters with this profile include floods, windstorms,
earthquakes, drought/famine, and toxic contamination.
These disasters often involve preimpact or postimpact
population movement (evacuation, flight), which in itself
can cause significant harm and distress to large numbers
of people.

In recent years, using analysis of case studies and
contemporaneous survey methodologies, epidemiologists
have advanced our knowledge of specific kinds of public
health issues to anticipate in the wake of particular kinds
of major disasters (Table 2). Philen et al. (1992), in their
epidemiological study of deaths from Hurricane Hugo
in 1989, found that more people died from trauma than
drowning, including from self-help efforts in early clean-
up (electrocution, heart attacks, and chain-saw trauma).
This observation has been confirmed since in populations
given adequate warning for evacuation and has proven
significant in the design of preparedness and response
interventions.

In many disasters, the correlation between numbers of
people directly affected and the public health impact is
direct, as can be seen in the evolving efforts to cope with
the consequences of the Asian Tsunami (December 2004)
and Hurricane Katrina in the United States (August 2005).
If the concept of public health is expanded to include a
wide range of social and psychological factors, however,
assignment of the public health impact of disasters does
not always involve a straight numerical calculation related
to immediate destruction and casualties. Certain kinds of
disasters, particularly those involving toxic chemicals and
radiation, or disasters that strike at pivotal historical
moments, may inject disruptions with very long-lasting
political and psychosocial consequences. The enduring
dynamics of some disasters, as noted by Erikson (1995),
often carry implications for the health of the public that
are far out of proportion to the immediate observed
effects on infrastructure, environment, and human life.

For instance, the relatively low-level radiation leak at
the Three Mile Island nuclear power plant in Pennsylvania
in 1979, which caused no human casualties, caused such
fear in the general U.S. public that the subsequent dev-
elopment of the nuclear industry was severely curtailed.
The subsequent public health consequences included
the national choice of oil and coal sources over nuclear
energy, with implications for environmental pollution
and geopolitics; increased regulation and scrutiny of the
nuclear industry; and heightened psychological concern
among populations living adjacent to and downwind of
existing nuclear power plants. This concern, sustained to
this day, also accelerated public anxiety throughout the
1980s about the possible human consequences of nuclear
war and contributed to the campaign for nuclear arms
reduction treaties.

Other disasters have had similarly far-reaching politi-
cal, social, and psychological effects. The explosion and
airborne release of methyl isocyanate over a sleeping
population in Bhopal (December 1984) resulted in an
estimated 5 000 deaths but affected hundreds of thousands
of other people in the area because of the widespread
physical and psychological morbidity caused by the lin-
gering effects of chemical exposure and the loss of family
members and livelihoods. The quest for ongoing medical
care and for reparations has spawned the creation of new
organizations, new interest groups, and new national and
international regulations relating to corporate responsi-
bility and state liability for these major industrial events.
The major nuclear power plant disaster at Chernobyl,
USSR (April 1986), followed 2 years later by a very seri-
ous earthquake in Soviet Armenia (December 1988), had a
significant influence on the Soviet policy of glasnost and
the international politics of the Cold War.
Lessons Learned

The duration of the recovery phase (the length of time it
takes before an affected community returns to its predisa-
ster state) constitutes the main measure for assessing both
the magnitude of the disaster and the effectiveness of the



Table 2 Major public health impacts of disasters

Natural disasters Technological disasters

Impacts Earthquakes

High winds
(w/out
flooding)

Tidal
waves/
flash floods

Slow-onset
floods Landslides Volcanoes

Drought|
famine

Transport
(air/rail/
ship)

Industry
(mine/toxics)

Structure
(collapse/
fire)

Deaths Many Few Many Few Many Many Many Moderate Moderate/

many

Moderate

Severe injuries requiring

extensive treatment

Many Moderate Few Few Few Few Few Moderate Moderate/

many

Moderate

Severe illness requiring

treatment

Few Few Few/

moderate

Few Few Few Many Few Few/many Few

Increased risk of

communicable disease

Potential risk following all major natural disasters (probability rises with overcrowding, deteriorating sanitation,

and malnutrition)
Damage to health

facilities

Severe Severe Severe but

localized

Severe

(equipment

only)

Severe but

localized

Severe

(structure/

equipment)

Rare Rare Rare/light Rare

Damage to water
systems

Severe Light Severe Light Severe but
localized

Severe Severe Rare Rare/
localized

Rare/
localized

Food shortage (May occur due to economic

and logistic factors)

Common Light Severe but

localized

Severe Severe Rare Rare Rare

Major population

movements

Rare (may occur in heavily damaged urban

areas)

Common (generally limited) Common

(may be

massive)

Rare Common

with toxic

releases

Rare

Psychological distress Common to all disasters (most pronounced with high death rates, toxic exposures, and major population movements)

Adapted from PAHO, Humanitarian assistance in disaster situations. 1999: 16–17.
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response. Shortening that time period is a fundamental goal
of the disaster response community. Technical competence
(adequate warning, timely and appropriate interventions) is
onlyone factor in achieving that goal. Experience has shown
that duration of recovery is measured as much in psycho-
logical as in material terms. Experience has also shown that
these public perceptions and psychological reactions are
closely related towhat actually happened, andwhen, during
all phases of the disaster experience.

When a disaster strikes, the expert community now
knows that their efforts will be evaluated not only in terms
of what they did but also in terms of how people felt about
these actions. If people remember only that warning
was late and help was paltry, their ability to bounce back
from the disaster and progress through recovery will be
delayed. Grievance and anger will cloud their perceptions
and intensify feelings of loss and sorrow. Themost enduring
psychological consequence of a disaster is based on social
memoryandwhether people believe that the authorities did
everything possible to help them. In other words, a disaster
response that not only is competent and humane but is
perceived as such stands the best chance of shortening the
recovery phase.

From this vantage point, a discussion of lessons learned
is as much a commentary on how to affect human psy-
chological reactions as it is a list of key practical and
technical inputs.

1. In the first 72 hours after a major natural disaster,
all rescue efforts are undertaken by local survivors.
The disaster itself usually creates conditions that
block access from the outside. Consequently, people
in disaster-prone areas must be educated to understand
that in the first few days after disaster impact they
themselves, within their own community, will need
to search for survivors and find whatever food,
shelter, and water they can. This understanding must
be conveyed in advance of the disaster and be embed-
ded in training about how to respond to official warn-
ings and alerts about impending threats. Without such
advance notice and education, people will be unpre-
pared to help themselves initially and will tend to
blame the authorities for this gap in outside relief
support.

2. Help from the outside must come after approximately
72 h, or local people will begin to run out of sup-
plies, will begin to be overcome by fatigue and grief,
and will begin to lose trust in provincial, state, or
national authorities. In the face of major disasters,
local people do cope, but only in the short run. As we
have noted, by definition a disaster is an event that
requires outside assistance.

3. Outside responders must attend to issues of timing,
appropriateness, and public perception in the delivery
of emergency supplies and services. The key priorities in
the immediate postimpact period must be undertaken
rapidly with close attention to what the population actu-
ally needs (tents and blankets rather than clothes) and to
ethical and fair methods of distribution.

4. Actions taken to protect populations and move them
out of harm’s way (measures relating to security, shel-
ter, evacuation, and temporary resettlement) are laden
with psychosocial complexities. Inattention to these
complexities will give rise to significant negative con-
sequences. Outside authorities should shore up law and
order without making local people more afraid. They
should try to avoid crowding people into mass settings
where they have no personal space or privacy, since
very high population densities raise the potential for
epidemic disease and contribute to breakdown of in-
ternal social order. Moving people far from home to
temporary individual or group settlements may in-
crease the likelihood that many will never return.

5. Disaster responders must recognize that to take care of
the living is to take care of their dead. Urgent care
of injured and desperate survivors should not distract
authorities from recognizing that disaster survivors are
suffused with attachment to the people they have lost.
From the outset, in the phase of rescue as well as
recovery, survivors will expect the disaster responders
to devote careful attention to a sustained search for the
missing and to appropriate retrieval and burial of those
who have died.

6. The most complex phase of the disaster response is the
recovery phase, in which a wide range of outside and
local responders attempt to deal with the longer-term
consequences of the disaster. The Tsunami Evaluation
Synthesis Report (Telford et al., 2006) offers lessons
learned from the response to the Asian Tsunami that
are applicable to many disasters much smaller in scope
and impact. A central finding is the importance of
supporting local leaders and building local capacity
in the communities. When the inevitable departure of
outside resources and relief workers occurs, it is in
everyone’s interests that local actors are prepared to
take charge of the remaining tasks of reconstruction.

7. Individuals as well as organizations and systems play
major roles in disasters. Effective disaster leaders play
significant roles in ensuring adherence to these lessons
learned and in guiding public perception and group
psychology. The public face of leadership is usually
provided by the highest governmental authority for the
affected region, the senior officer in command of the
response effort, and a corporate executive if a business
entity is involved. Disaster leaders must be able to
work with the media and with the responders to
evoke human resilience, maintain hope, and respond
to psychological distress.
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Competent and compassionate personnel are also
crucial to the disaster response operation. Psychologi-
cal and physical support to alleviate disaster worker
stress must be provided to ensure that the workforce
continues to be able to provide for the needs of the
affected population.
Issues for the Future

The major issues facing the field of disasters and disaster
response are:

1. The events themselves are affecting more people and
probably becoming more frequent.

2. Human interactions with technology and the environ-
ment are contributing to these trends.

3. As a result, the demands on the disaster response
community will only become more extensive and com-
plex in the years ahead.

The predicted increases in disaster incidence and dis-
aster severity arise from projections in observed trends
as well as from scientific assessments of global climate
change. Major concerns are increased incidence of huge
windstorms and floods, in earthquakes with massive pop-
ulation consequences, and in widespread drought, leading
to significant famine.

Accelerating trends in human interaction with the
environment, as well as global climate change, have been
identified by the Intergovernmental Panel on Global
Climate (Schneider et al., 2007) as contributing to these
increases in disaster incidence and severity. These human
interactions include policies relating to land use, popula-
tion growth, population settlement, energy consumption,
and economic development. These trends suggest that the
major threats for all populations in the world will come
from the relationship of populations to environmental
hazards, particularly in terms of windstorms, floods,
drought, and earthquakes. Reducing the vulnerability of
growing populations who are densely settled in high-risk
coastal or earthquake zones or who are residing in areas of
increasing water scarcity must become an even higher
priority than it is today. These tasks of risk assessment and
risk reduction – the work of prevention and mitigation –
have urgent relevance for rich societies as well as poor.

Yet regardless of improved efforts at prevention and
mitigation in the years ahead, it is probable that an ever
larger number of people will be caught up in major dis-
asters, requiring an intensifying disaster capacity to pre-
pare and respond appropriately when these events occur.
This challenge may well bring closer alignment of the
domestic disaster response communities with agencies
who provide international humanitarian relief. In the
twenty-first century, disasters affecting one region may
prove more frequently to require outside help from the
rest of the world.

See also: Humanitarian Responses to Complex Emer-

gencies; Terrorism; Weapons of Mass Destruction.
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Relevant Websites

http://www.southasiadisasters.net – All India Disaster Mitigation Institute.
http://www.adpc.net – Asian Disaster Preparedness Center.
http://www.cdc.gov – Centers for Disease Control and

Prevention (CDC).
http://www.cred.be – Centre for Research on the Epidemiology of

Disasters (CRED).
http://www.climate.noaa.gov – Climate Program Office (CPO) of the

National Oceanic and Atmospheric Administration (NOAA),
Washington DC.

http://www.emi-megacities.org – Earthquakes and Megacities
Initiative (EMI).

http://www.ema.gov.au – Emergency Management Australia.
http://ec.europa.eu/echo – European Commission Humanitarian Aid

department (ECHO).
http://www.fews.net – Famine Early Warning System Network (FEWS)

(from USAID).
http://www.fema.gov – Federal Emergency Management

Agency (FEMA).
http://www.geohaz.org – GeoHazards International (GHI).
http://www.state.gov/s/inr/hiu – Humanitarian Information Unit.
http://www.ipcc.ch – Intergovernmental Panel on Global Climate

Change.

http://www.icrc.org – International Committee of the Red Cross (ICRC).
http://www.ifrc.org – International Federation of Red Cross and Red

Crescent Societies (IFRC).
http://www.itc.nl – International Institute for Geo-Information Science

and Earth Observation (ITC).
http://www.noaa.gov – National Oceanic and Atmospheric

Administration (NOAA).
http://www.ntsb.gov – National Transportation Safety Board (NTSB).
http://www.colorado.edu/hazards – Natural Hazards Center at the

University of Colorado at Boulder.
http://www.paho.org – Pan American Health Organization (PAHO).
http://www.reliefweb.int – ReliefWeb.
http://www.unisdr.org – United Nations International Strategy for

Disaster Reduction (UNISDR).
http://ochaonline.un.org – United Nations Office for the Coordination of

Humanitarian Affairs (OCHA).
http://www.udel.edu/DRC – University of Delaware Disaster Research

Center.
http://dmc.engr.wisc.edu – University of Wisconsin Disaster

Management Center.
http://www.usfa.dhs.gov – U.S. Fire Administration.
http://www.usgs.gov – US Geological Survey Service.
http://www.who.int – World Health Organization (WHO).
http://www.wssi.org – World Seismic Safety Initiative (WSSI).
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Disease Classification
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Classifications are essential for science, as they define the
universe of entities that are studied and highlight the rele-
vant aspects of these entities. Internationally endorsed clas-
sifications facilitate the storage, retrieval, analysis, and
interpretation of data and their comparison within popula-
tions over time and between populations at the same point
in time, as well as the compilation of internationally consis-
tent data. Populations may be nations, states and territories,
regions, minority groups, or other specified groups.

In many areas of the world, a large proportion of the
population has no access to health care provided by medi-
cally qualified personnel. In these areas, health care is often
provided by lay or paramedical personnel and is based on
traditional methods or elementary medical training. These
same personnel also must produce the health information
needed to indicate the existence of a health problem or to
facilitate the management of health-care systems.
Use

The purpose of classifying diseases is manifold. In epide-
miology and prevention, a classification of diseases is used
to alert the health authorities to the emergence of a health
problem (for example, an increase in cases of an infectious
disease indicating the possible start of an epidemic).

Management of health depends on information about
disease frequency for planning, operations, or evaluation.
Knowledge is needed regarding diseases that cause high
mortality and morbidity to allocate health-care workers,
medications, devices, and facilities needed for treatment
and prevention.

Available funds for providing health-care services and
improving health are always limited. Statistics that are
compiled with the aid of a classification of diseases allow
spending the money in the most useful way for the popu-
lation health. Prevention and health programs can be
improved, for example, by analyzing differences between
two regions in terms of maternal deaths.

There are many different diseases. In order to under-
stand the disease pattern of a population, one needs to
have a unique classification system so that the results
can be displayed and reported in a systematic way. Agree-
ing on how to classify (group) diseases at a regional,
national, and international level enables comparing results
and merging such information into larger-scale statis-
tics ( Jakob et al., 2007; WHO, International Classifica-
tions, 2007).
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Principles of Classification

Statistical classification is a procedure in which individual
items are placed into groups based on quantitative infor-
mation on one or more characteristics inherent in the
items (referred to as traits, variables, characters, dimen-
sions, etc.) (Bailey, 1994).

Any classification groups information according to the
detail relevant to a specific scope. Compromises have to
be made in the specificity of categories of a classification
in which several scopes have to be served.

Classification of diseases has to follow common
classification principles (Bailey, 1994; Pavillon, 1998;
Wikipedia, 2007):

. A classification of diseases must have a category for every
disease. Some single diseases are represented by an indi-
vidual category. Other categories may group together
several diseases that have a relevant aspect in common.

. There must be no overlap between the categories. This
means that no disease can be placed in two different
categories at the same time.

. There must be at least one disease for every category;
no category may be empty.

The categories of a classification of diseases may be
designed to serve public health, epidemiology, and treatment
and allow comparison of frequencies of diseases from the
community level up to the whole world. A classification can
best be implemented in systems for routine information
collection, if it can be used in several settings, such as primary
care, secondary care, for legal purposes, or policy making.

Public health could be described as the efforts organized
by society to protect, promote, and restore the people’s
health. A classification of diseases that serves public health
would be shaped to identify diseases in a way that allows
formulation, monitoring, and improvement of public health
interventions, such as CHOICE (CHOosing Interventions
that are Cost-Effective). This project is a WHO initiative
developed in 1998 with the objective of providing policy
makers with the evidence for deciding on the interventions
and programs that maximize health for the available
resources. To achieve this, WHO-CHOICE reports the
costs and effects of a wide range of health interventions in
the 14 epidemiological subregions (world divisions based on
geographical location and epidemiological profiles). The
results of these cost-effectiveness analyses are assembled
in regional databases, which policy makers can adapt to
their specific country setting (WHO, 2007).
The Dimensions of Disease

There are several ways of defining an individual disease
entity.There exists an international definition for ‘health’ – ‘‘a
state of complete physical, mental, and social well-being and
notmerely the absence of disease, or infirmity’’ (WHO) – but
none for ‘disease.’ In clinical medicine such a definition
may relate to a phenotype (a set of symptoms, signs,
complaints, and findings), which is recognizable clinically
and which has a unique management approach. However,
in public health the notion of a phenotype may be broader.
Public health interventions may be aimed at the treatment
of individuals or at a prevention program for a population
and therefore any relevant costs should be taken into
account. Aspects of cost-effectiveness have to be included
(Giere, 2007; Jakob et al., 2007; Ustun et al., 2007).

The real world of diseases is multidimensional.
A disease is defined through a set of dimensions:

. Symptomatology – manifestations: Known pattern of
signs, symptoms, and related findings.

. Anatomy: The organ or organ system primarily affected
by the disease, as ‘ear’ by ‘otitis.’

. Histology: The changes in the tissues, such as ‘adeno-
carcinoma’ for a specific cancer that starts in a glandu-
lar tissue.

. Etiology: An underlying explanatory mechanism, as in
infection by a virus.

. Course and outcome: A distinct pattern of development
over time, as ‘persisting over years’ and having sequel-
ae, as paralysis of a leg.

. Age of onset: Some diseases are different when they
occur in children instead of in adults.

. Severity/extent: A heart disease can become manifest
under physical exercise or at the slightest effort, or
malignant neoplasm may be in situ or spread through-
out the body.

. Treatment response: A known pattern of response to
specific interventions.

. Linkage to intrinsic (genetic) factors: Genotypes, phe-
notypes, and endophenotypes.

. Gender: Some diseases affect only one gender.

. Linkage to interacting environmental factors.

Other personal factors, as pregnancy, young age, old
age may be additional elements in the definition of a
specific disease. Diseases may present differently and be
treated differently whether occurring in a child, an adult,
or a pregnant woman.

Multiple classification systems of diseases have been
created. They are used in particular contexts. Figure 1
illustrates the diversity in the example of a disease, adre-
noleukodystrophy, for which several such classifications
exist (Orphanet, 2007). For pragmatic use in public health,
the emphasis of a classification would be its suitability for
monitoring health programs and policy making.
Classifications and Terminologies

A classification involves clustering information according
to logical rules. The way of grouping is driven by a



Adrenoleukodystrophy

Pathologic classification
leukodystrophies

Etiologic classification
metabolic diseases:

disorders of peroxisomal metabolism

Classification by inheritance:
x-linked diseases

Endocrinologic disorders:
adrenocortical failure

Neurological disorders:
neurodegenerative diseases

Demyelinating diseases

Male infertility with normal virilization:
testicular disorders

Classification by therapy:
diseases requiring a

bone marrow transplantation 

Figure 1 Several classifications for one disease. (With kind support of Dr. Ana Rath and Dr. Ségolene Aymé, Orphanet.)
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specific purpose. Terminology contains information bits
at higher granularity; for example, body parts, findings, or
other elements that constitute a disease. With the aid of
terminologies, information can be recorded at a higher
level of detail. In a terminology, a disease can be defined,
for example establishing linkages between its elements,
such as anatomy or findings. Specific aggregation rules
will even allow grouping relevant elements of a terminol-
ogy (e.g., diseases) for specific purposes, thus creating a
classification. Terminologies are able to retain the infor-
mation without emphasizing any aspect of the recorded
information. In contrast, classification allows identifica-
tion of ‘relevant parts’ of the content, for example for
public health. International agreement about these rele-
vant parts makes sure that the aggregated information is
internationally comparable. It does not matter whether an
aggregation logic is incorporated in a terminology or
displayed separately as a classification. The result will be
the same: comparability. And international agreement
processes are necessary in both cases – and should be
the same as soon as the same question has to be answered
by the aggregation/classification. Terminologies and clas-
sifications should be considered complementary.
Losing Detail – Gaining Overview

The detail retained and highlighted by a classification of
disease will depend on what one wants to identify. ICD-10
categorizes external causes of disease or injury inChapter 20,
including ‘accidents.’ Specific aspects of an accident may
be highlighted by grouping such an accident in one or
another way:

The case: A car driver is killed when his car crashes
into a tree as a result of driving with excessive speed.
A classification of accidents may allow retaining different
aspects of this case: the classification may categorize this
specific case to ‘car crash,’ ‘traffic accident,’ ‘excessive
speed,’ driver killed,’ or killer-trees (or any combination
of the above). The detail that one finally wants to retain
will depend on the scope of the classification one is using.
For example, retaining the type of the crashed vehicle
(‘car’) would allow compiling statistics that potentially
identify dangerous vehicles.

Groups in a classification are created in the way that
each event can be assigned to one – and only one –
category. Assigning them to two overlapping categories
would cause double counts. It has already been noted that
in a disease classification, every possible disease should be
included in a group. Rare diseases might be grouped in a
category named ‘other specified diseases of . . . ’, impre-
cise disease descriptions may go into broad categories of
the type ‘unspecified diseases of . . . ’.

In the field of diseases it may be challenging to decide
upon the relevant detail to be retained. For example, a
genetic defect may cause diabetes mellitus. The diabetes
may lead to arteriosclerosis but also to kidney disease.
Nevertheless, other diseases, as shown in Figure 2, can
cause arteriosclerosis and kidney disease. It has to be
decided which aspect is retained in the category of a
classification. Recent approaches to classification of dis-
eases allow adding information from several of the dimen-
sions mentioned above to a disease category. In such a way,
different views (serializations) of disease categories can
be created, such as an anatomical or an etiological one.
In addition, relationships between diseases and the differ-
ent elements of the linked dimensions can be expressed,
thus culminating in an ontology (National Center for
Biomedical Ontology, 2007; National Library of Medi-
cine, 2007; Wikipedia, 2007).

The information collectedwith a classification may be
aggregated at a higher level for statistical presentation,
thus eliminating varying levels of detail of the several



A disease 

Causes a
disease 

That causes 
other diseases

Such diseases
also may have 
other causes

Genetic defect

Diabetes mellitus

Neurologic
diseases

Kidney diseaseArteriosclerosis Disease
of the eye

Other causes

HemochromatosisEtiology

Manifestation

Organ

Other

Congenital rubella

Figure 2 Principles and challenges in classification of diseases.
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sources of data. Such aggregations are listed as special
tabulation lists in the ICD. Different ones are used, for
example, in the World Health Report, in international
statistics on hospital activity, and Organization for Eco-
nomic Cooperation and Development (OECD) reports
(WHO, International Classifications, 2007). These lists
should never be used for reporting – too much detail
of information would get lost from the very beginning.
Data comparison between data collections that use dif-
ferent aggregation logic may be challenging or merely
impossible.
Granularity of the Categories

The size of categories of a classification of diseases and
the facets of the original information that are vitally
important to mortality and morbidity have to be defined.
Doctors and health-care workers need detailed information
to provide better patient care and prevent disease. Less
detail is needed for resource allocation, reimbursement
(case-mix systems) or broad prevention programs (screen-
ing and therapy), which may be of interest at the level, for
example, of a government.
Reification – Unknown Etiology

Classification of diseases with unknown etiology differs
from classification of other diseases. A set of challenges
has to be faced. The scientific understanding of diseases
for which nothing or little of etiology is known is usually in
the early stages; there are rarely objective medical tests or
replicated risk genes. Such diseases are identified by symp-
tom clustering, such as in mental disorders. (Most other
diseases are defined by etiology and other known mechan-
isms; see ‘Dimensions of disease’). The reliability of making
such a diagnosis has to be balanced with its validity, for
example, in clinical context. Reification of poorly validated
entities impairs scientific progress and treatment develop-
ment, and may have financial and political implications.
However, standardization in this field allows for compara-
bility in research and treatment approach. In mental health,
the Diagnostic and Statistical Manual of Mental Disorders
(DSM) (American Psychiatric Association, 2000) and ICD
Chapter 5, ‘Mental and Behavioural Disorders’ (WHO,
1994), define diseases through symptom clustering, and
thus allow compilation of statistics, comparative studies,
and treatment guidelines.
Diagnostic Accuracy

The quality of information depends on diagnostic accu-
racy. The availability of diagnostic procedures is relevant
to the certainty of a diagnosis. For example, in some
settings, breast cancer may be diagnosed through palpa-
tion of a lump in a breast and a history of cachexia. In
other settings, it is feasible to have a microscopic exami-
nation of the tissue and determination of genetic pattern.

Diagnostic accuracy relates also to the accuracy of a
postmortem examination before the cause of death is
reported. In some countries, postmortem may be carried
out by nonmedical staff or may be limited as a result of
legislation or cultural background.
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The access to preexisting information about an ill or
dead person (e.g., patient record) influences diagnostic
accuracy. Interviewing friends or relatives who have
been in contact with a person before he or she died may
contribute to assessing the cause of death. Such techni-
ques are called ‘verbal autopsy’ or ‘lay reporting.’ The
method is used when no routine postmortem is available
or the deceased was not attended by medical personnel
during his or her illness (Shibuya et al., 2007). In classifi-
cation of diseases it has to be decided whether the degree
of diagnostic accuracy should be a dimension that is
relevant to the aggregation logic.
Reporting

In public health, information on disease is frequently
gathered in routine processes such as vital registration.
The quality and standardization of reporting influences
the outcome of the information collection. A classification
of diseases has to acknowledge this fact in provid-
ing suitable categories, and has indeed been taken into
account since the formulation of the first drafts of the ICD
over 120 years ago. Furthermore, agreement has been
achieved on standards for selection of the most relevant
cause of death and a standard form for reporting the cause
of death (WHO, 2007).
Political and Financial Aspects

In a classification of diseases, each disease is included
as a specific code. Such a code may be used by physi-
cians to specify a diagnosis, by insurance companies
to provide payment, and by advocacy groups to pro-
mote treatment and prevention and to assure that new
diseases are officially recognized. Health-care indus-
tries, such as pharmaceutical companies, develop pro-
ducts based on the characterization of diseases displayed
in ICD.
Classification of Diseases and Health
Information Systems

Mortality, prevalence, measure evaluation, reimburse-
ment, pharmacovigilance, cancer control, rehabilitation,
medical documentation, and resource allocation are a
small sample of domains that inform a health system.
Classification of diseases is just one element of this infor-
mation framework.

A set of international classifications is designed to
cover all domains of health. This is the WHO Family of
International Classifications.
International Classification of Diseases
(ICD)

The aim of the ICD is to categorize diseases, health-
related conditions, and external causes of disease and
injury in order to be able to compile useful statistics in
mortality and morbidity. Its categories are also useful for
decision support systems, reimbursement systems, and as
a common denominator to be used in language-indepen-
dent documentation of medical information.

The history of the systematic statistical classification of
diseases dates back to the nineteenth century. Groundwork
was done by early medical statisticians, such as William
Farr (1807–1883) and Jacques Bertillon (1851–1922). The
French government convened the first International Con-
ference for the revision of the Bertillon or International

Classification of Causes of Death in August 1900. The next
conference was held in 1909, and the French government
called succeeding conferences in 1920, 1929 and 1938.
With its 6th revision in 1948, WHO became the custodian
of the ICD. The ICD-6 extended the scope of the classifi-
cation to nonfatal diseases, and WHO has continued to be
responsible for periodic revisions of the classification.
With a need to create comparability at the international
level in public health as well as in clinical research, more
and more clinical concepts have been introduced. The
current revision, the ICD-10, consists of three volumes,
and for correct coding all three volumes are necessary.
Volume I contains the tabular list, as well as some defini-
tions and the WHO nomenclature regulations. Volume II
is the manual with extensive description of the classifi-
cation and methods for use in mortality and morbidity,
including short lists. Volume III is the alphabetical index.
It contains separate indices for diseases, external causes,
and drugs/substances.

Since its publication in 1992, an updating mecha-
nism allows yearly updates and major revisions every
3 years. However, the structure and the content of
ICD-10 are mainly based on scientific knowledge at the
time of its creation, as well as on previous editions, and
deserve thorough revision. The revision process toward
ICD-11 started in 2006 for publication by 2015 (Ustun
et al., 2007; World Health Organization, International
Classifications, 2007).

ICD-10 can be looked up online in English and
French at WHO (World Health Organization, Interna-
tional Classifications, 2007), and accessed in other lan-
guages through the relevant national institutions (WHO
Collaborating Centres for the Family of International
Classifications, 2007). Overall, ICD-10 is available in 42
languages.

Some countries have created clinical modifications for
morbidity applications, principally as extensions of the
international classification. Special adaptations have
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been created by medical scientific societies for clinical
and research use in the relevant specialties (see ‘Modifi-
cations and adaptations’).
Implementation

ICD-10 has been implemented in the majority of WHO
Member States as the standard for coding diseases in mor-
tality and/or morbidity (statistics, reimbursement, resource
allocation, administration, treatment, and research), and
ICD is in the process of being implemented in many
other Member States. For example, the ICD is used
in systematic full mortality registration in more than
117 countries, as displayed in Figure 3. However, imple-
mentation is not easily defined, because it gives no
indication of the level of use of ICD-10 within the whole
health sector. For example, a government might decide
to implement ICD-10 for coding mortality; however, this
represents only a fraction of the use of ICD-10 within a
health system, and use in morbidity may relate only to
pilot projects or specific diseases. If a country has fully
implemented ICD-10 at a national level, this would
mean that it has mandated the use of ICD-10 for coding
mortality and morbidity across the whole health sector, as
in the UK, South Africa, and many other countries. This
means that all health-care providers (or the appropriate
allied personnel) will be required to code every death and
every patient discharge, thus using ICD-10 for death reg-
istration, claims, and reimbursement purposes. In these
Coverage
90+
75–89
50–74
<50
<50
na

Figure 3 Registration of causes of death mortality (since 1995) wit
cases, if the health-care providers do not use ICD-10
codes on their claims, their claims will be rejected.
Modifications and Adaptations

Although some countries found ICD sufficient for clinical
reporting, many others felt that it did not provide ade-
quate detail for clinical and administrative uses. Also,
neither ICD-9 nor ICD-10 provided codes for classifica-
tion of operative or diagnostic procedures. As a result,
clinical modifications of ICD were developed, often along
with procedure classifications.

In the United States the U.S. Department of Health and
Human Services developed an adaptation of ICD-9, the
ICD-9-CM (Clinical Modification) for use in health sta-
tistics and health sector reimbursement. The ICD-9-CM
categories are more precise than those needed for mortal-
ity coding and for international reporting. The diagno-
sis component of ICD-9-CM is consistent with ICD-9
codes. A procedure classification for in-patient dis-
charges, ICD-9-CM, Volume 3, also was developed. Based
on the ICD-9-CM, the United States developed a patient
classification system for reimbursement in the health sec-
tor, known as diagnosis-related groups. The ICD-9-CM
has evolved over the past 30 years continuously, with
annual updates. It is deeply integrated in reporting,
retrieval, insurance, and reimbursement throughout the
whole health sector. Several countries have adopted the
U.S. reimbursement system and thus the ICD-9-CM in the
(Samples)

h cause of death available to WHO.
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context of th eir national health reimbu r semen t system s,
inc luding Spai n, Italy, Aus tria, Taiwan, Philippi nes, Cos ta
Rica, an d Guam (2007). Since 1997, an ICD- 10-CM has
been under developm ent. It takes into accou nt the evolu-
tion in medica l knowledge an d exp erience with ICD-9-
CM, and pr ovides mor e c linica l detail; its adoption would
solve the compara bili ty issu es between mor tal ity and mor-
bidity dat a, as ICD- 10 has been used in the Un ited Stat es
for mor tality re por ting sinc e 1999. ICD-9-C M, Volum es 1
and 2, and ICD-10-CM (Cl inical Mod ification) have been
developed and are mainta ined by the U.S. National Cen ter
for Healt h Stat istics (see Relevant We bsites ).

Australia adopted ICD- 9-CM in 1994 . In the following
year s, the ICD- 9-CM was developed to meet the need s of
the Austral ian health reimbu r sement system . In 1998,
Austral ia develope d its own patient c lassificati on system
and ch anged to its own modi fication of ICD- 10, the ICD-
10-A M (Austral ian Mod ificat ion). A c lassificati on of pro-
cedu res was publi shed at the same time (ACHI: Australian
Class ification of Health Inter vention s). In the past year s,
this compl ementar y set of c lassificati ons was exp or ted
for use in reimbu r semen t systems to sever al countr ies,
such as Solom on Islands, Samoa, Fiji, Irelan d, Roma nia,
Slovenia, and Ger many. The ICD-10-A M is maint ained
by the Austral ian Natio nal Cen tre for Class ifications in
Health (NCCH) (see Relevant We bsites).

In 2003–04, Ger many created the ICD- 10-GM
(Ger man Mod ification) based on th e ICD- 10 AM for
national in-p atient re imbur semen t pur po ses. In con trast
to the Australian appr oach, the system is des igned to cover
all spec ialties. The ICD- 10-G M is mainta ined by the
Ger man Institu te for Me dical Docume ntation and Info r-
mation (DIMDI, Deuts ches Institu t fü r Medizin ische
Dokume ntat ion und Infor mation ) (see Relevant We bsites).

In Canad a, the Canad ian Institu te for Health Infor ma-
tion (CI HI) (see Relevant We bsites) develope d and pub-
lished an enhan ced ver sion of ICD- 10 for morbidi ty
c lassificati on in 2001, the ICD- 10-CA, and a compan ion
c lassificati on for coding proce dures, CCI (Canad ian Clas-
sificati on of Inter vention s). The ICD- 10-CA re places
ICD- 9 and ICD-9-CM in Canad a for mor bidity coding.

Clinical modi ficatio ns for re imbur semen t or resou rce
allocation also have been developed by other countrie s,
such as Fran ce, mainta ined by the ATIH, and Thail and.

Adaptat ions of ICD for denti stry and stom atology, der-
matolog y, mental health , neurol ogy (NA), onc ology (IC D-
O), pediat rics, or thoped ics and rheuma tology, and other
discipl ines accommod ate the need for more detail in these
specialti es ( WHO, Inter national Class ifications, 20 07 ).
See also: Demography, Epidemiology and Public Health;

Health and Disease, Concepts of; International Classifi-

ca ti on Sy st e ms fo r H ea lth ; Su r ve il la nc e o f Di se a se :

Overview; WHO Definition of Health, Rethinking the.
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Glossary
Health promotion The process of enabling people

to increase control over, and to improve, their

health.

Prevention paradox A preventive measure that

brings large benefits to the population yet offers little

to each participating individual.

Preventive medicine The application of preventive

measures by clinical practitioners.

Primary prevention Measures seeking to prevent

the initial occurrence of a disease by personal and

communal efforts.

Primordial prevention Measures aiming

at inhibiting the emergence and establishment

of environmental, economic, and social

conditions that are known to increase the risk of

disease.

Risk factor Social, economic, or biological status,

behaviors, or environments that are associated with

or cause increased susceptibility to a specific

disease, ill health, or injury.

Screening The presumptive identification of

unrecognized disease or defect by the application of

tests, examinations, or other procedures that can be

applied rapidly.

Secondary prevention Measures seeking to arrest

or retard disease through early detection and

appropriate treatment or to reduce the occurrence

and the establishment of chronicity.

Tertiary prevention Measures aimed at softening

the impact of established disease and disability.
Introduction

Public health needs to be – must be – global prevention.

Now that would be genuine progress.

(Betrayal of Trust, Laurie Garrett, 2001)

Prevention is an essential component of public
health, which has been defined as ‘‘the science and art
of preventing disease, promoting health, and prolong-
ing life through organized efforts of society’’ (Commit-
tee of Inquiry into the Future Development of the Public
Health Function, 1988: 1). Its history stretches far back into
classical Greek mythology, which already distinguished
between treatment and prevention, with the two daughters
of Asklepios, Panacea and Hygeia. Panacea represented
treatment and Hygeia embodied living wisely and pre-
serving health.

In the more recent past, the major gains in health were
brought about through actions that could be described
as preventive. The decline in many infectious diseases
in industrialized countries since the nineteenth century
can be attributed, to a considerable extent, to the actions
of public health reformers, such as Chadwick in England,
Virchow in Germany, and Pasteur in France. The leading
causes of disease have changed now but prevention
has continued to be important. As Geoffrey Rose (1992)
noted, ‘‘the scale and pattern of disease reflect the way
that people live and their social, economic and envir-
onmental circumstances, and all of these can change
quickly. This implies that most diseases are, in theory,
preventable’’ (Rose, 1992: 1).

The threats to health are extremely diverse; however,
the scope for prevention can be illustrated by a concept
that has its roots in the germ theory that evolved in
the nineteenth century. This theory sees the emergence
of disease as a function of four linked factors: the agent,
the host, the vector, and the environment. The agent
is defined as the factor whose presence is necessary for
the occurrence of disease, for example, a microorganism
such as Mycobacterium tuberculosis causing tuberculosis,
a chemical such as the components of tobacco and tobacco
smoke, or the presence or absence of a dietary factor
such as salt. The host is defined as the individual
who uses the factor or is exposed to it, for instance, the
respiratory tract as a way of entry of M. tuberculosis

or the smoker using tobacco. Often, the transmission
of an agent to the host is facilitated by a vector, for
example, the malaria-infected mosquito or the tobacco
manufacturer who produces and distributes the agent
(i.e., tobacco). The environment traditionally refers to
the physical, chemical, and biological components that
impact on health, with cultural, historical, economic,
and political factors increasingly being recognized as
important in the web of disease causation. In the tobacco
example, an important element includes the powerful
effects of pro-tobacco forces on political decision making
that may result in reduced support for tobacco control
activities.

While this model of disease causation greatly simpli-
fies what for many diseases is a highly complex inter-
relationship, it proves useful to classify approaches in
prevention as is shown here.
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Classification of Prevention

Traditionally, prevention has been classified into three
types or levels, corresponding to different phases in the
development of disease: primary, secondary, and tertiary
prevention. A fourth level, primordial prevention, was the
most recently defined (Table 1).
Primary Prevention

Primary prevention comprises measures that prevent
the occurrence of a disease by individual and collec-
tive efforts such as improved nutrition, immunization,
and eliminating environmental risks. In epidemiological
terms, primary prevention seeks to lower the incidence
of disease and other departures from good health by
controlling causes and risk factors. This is the task of
public health.

The decline of infectious diseases in many industria-
lized countries since the turn of the nineteenth century
was linked to public health improvements such as the
provision of clean drinking water, safe sewage disposal,
and improved food safety. In terms of the model of disease
causation introduced earlier, these measures aimed at
reducing or eliminating the causative agent from the
environment and so reduce exposure.

In contrast, preventive interventions directed at the
host seek to increase resistance to the agent, mainly
through immunization, or to reduce risk of exposure.
Systematic immunization has led to further reduction
or elimination of many infectious diseases during the
twentieth century; the success of strategic campaigns
in the United States and Europe since the 1950s stimu-
lated the concept of disease eradication. Smallpox was
the first (and so far only) disease to be eradicated glob-
ally in 1980, after more than 10 years of campaigning
that involved systematic immunization of entire popu-
lations in endemic countries. The Global Polio Eradica-
tion Initiative was launched in 1988 by the 41st World
Health Assembly. However, despite considerable progress,
Table 1 Levels of prevention

Level Aim Phase of disea

Primordial To establish and maintain
conditions that minimize hazards

to health

Underlying con
leading to ca

Primary To reduce incidence of disease Specific causal
factors

Secondary To reduce prevalence of disease by

shortening its duration

Early stage of d

Tertiary To reduce number and/or impact of

complications

Late stage of d

Adapted with permission, from Beaglehole R, Bonita R and Kjellström
eradication has proved difficult to achieve and by the end
of 2006 polio was still endemic in four countries (Global
Polio Eradication Initiative, 2007).

Other preventive measures targeting the host include
chemopropylaxis to prevent infection or its progression
to disease (e.g., by using insect repellent to avoid mosquito
bites and thus transmission of malaria or yellow fever),
and behavioral changes, to reduce or eliminate risk of
exposure to the agent. Thus, using condoms will markedly
reduce transmission of HIV or other sexually transmitted
diseases (STDs).

Another entry point for primary preventive action to
control infectious disease is directed at the vector as the
main route of transmission for many infectious agents.
Means to control the vector directly include: chemical
measures such as spraying of insecticides; environmental
actions such as elimination of breeding sites of mosquito
larvae; and biological measures, for example, the intro-
duction of predators and parasites to control the vector
population. A range of measures is directed at the infec-
tious agent itself so as to remove it from the environ-
ment or to inactivate it through interventions such as
cleaning, cooling, disinfection, and sterilization. In prac-
tice, the design of suitable programs will seek to provide
the most effective mix of different control strategies
that target the host, the agent, and routes of transmission
for infectious disease control.

The model of disease causation is also useful to illus-
trate strategies of primary prevention of NCDs, injuries,
and risk factors. Tobacco use is an example of an impor-
tant risk factor for lung and many other cancers and car-
diovascular disease, and interventions mostly target the
host – that is, the smoker – and the environment and,
more recently, also the vector, that is, the tobacco manu-
facturers (Asma et al., 2002). Strategies to influence the
host usually comprise educational programs to raise
awareness and information levels about the dangers
of smoking, or means to help smokers quit such as smok-
ing cessation programs. Interventions directed at the
environment involve mass media campaigns, attempts
se Target Strategy

ditions
usation

Total population and selected
groups

Intersectoral
policies, health

promotion

Total population, selected
groups, and healthy

individuals

Public health

isease (asymptomatic) patients Preventive medicine

isease (symptomatic) patients Treatment,

rehabilitation

T (1993) Basic Epidemiology, Geneva: WHO.
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to promote policy change, and regulatory efforts to reduce
exposure to secondhand smoke through smoking bans
in public places and/or at the workplace. Meanwhile,
tobacco manufacturers have undertaken a variety of mea-
sures to change the actual agent, for instance, by produc-
ing low-tar cigarettes, although mostly for presentational
purposes rather than any desire to reduce health risks.
Regulatory efforts strive to control both the agent and the
activities of the vector (the tobacco industry). Recently,
increasingly effective action has been taken – especially
in the United States – targeting the vector through liti-
gation against the tobacco industry.

Another useful example of primary preventive action
is to reduce the incidence of artherosclerosis. Similar to
the prevention of infectious disease or tobacco use, inter-
ventions will need to address the different levels in a
continuum that extends from the individual to the com-
munity, national, and possibly international level. Inter-
ventions directed at the host will consider educational
strategies and/or dietary counseling for those at increased
risk because of elevated cholesterol levels. Measures tar-
geting the environment may include mass media inter-
ventions and measures to improve the supply of healthy
food. The agent, that is, dietary fat composition, has been
addressed by the food industry, with some sectors pro-
moting an increasing number of foodstuffs with lower
fat contents, especially dairy and meat products.

In the case of injuries – here using the example of a car
crash – primary prevention strategies will again act at
different levels. Actions directed at the host, namely the
driver of the car, comprise measures such as seat-belt use
and educational strategies to enhance knowledge about
safe driving. Interventions aimed at the environment
would include improvements in transport infrastructure
and enforcement of safety controls. The actual agent – the
collision, or more precisely, mechanical energy – may be
influenced by lower speed limits to reduce energy asso-
ciated with the collision. Finally, a variety of measures
are directed at the vector, here the car, through vehicle
design such as the introduction of air bags.

In general, primary prevention may appear very simi-
lar to primordial prevention (discussed at the end of
this section), or health promotion. The main difference
is that primary preventive efforts aim at reducing specific
causative ‘agents,’ whereas primordial prevention takes
a broader perspective, directed at establishing health-
promoting living conditions.
Secondary Prevention

Secondary prevention is directed at diseases in which
there are measurable risk factors or an abnormal condi-
tion that predate the emergence of disease. It aims to
intervene before the disease arises either by reducing
the risk factors or treating the underlying abnormality.
This is the task of preventive medicine.

Secondary prevention can be applied only when
the natural history of a given disease includes an early
period when it is easily identified and treated, thereby
allowing for an interruption of the progression to a
more serious stage. Appropriate secondary prevention
strategies require safe and accurate methods of disease
detection, preferably at a preclinical stage, and effective
methods of intervention.

Important examples include screening for the early
detection of cervical cancer and breast cancer. While
the efficacy, specifically of breast screening programs
based on mammography is still being debated, cumulating
evidence suggests that cytological screening for cervical
cancer is associated with a decline in associated mortality.
With advances in medical technology, screening tests
for different cancer sites have become available and are
being discussed for implementation at the population
level such as screening for colorectal cancer.

Other forms of screening measures include programs
for the early detection of congenital disorders in newborn
children such as phenylketonuria (PKU) or galactosemia.
PKU can be identified by measuring the level of phenyl-
alanine in neonatal blood and thus identified children,
when treated appropriately (i.e., with special diet) will
develop normally.

Further examples of secondary prevention include
measures to prevent the spread of infectious diseases by
tracing, and subsequently treating, contacts; antiretroviral
prophylaxis of perinatal transmission of HIV-infected
pregnant women and their babies; identification of hyper-
tension to lower the risk of stroke; prophylactic treatment
of asthma; provision of antenatal care to reduce complica-
tions in pregnancy; and early treatment and monitoring
of diabetes. Measures of secondary prevention may
also include interventions to promote behavior to seek
health care early.
Tertiary Prevention

Tertiary prevention seeks to reduce the impact of estab-
lished disease by eliminating or reducing disability, mini-
mizing suffering, and maximizing potential years of
quality life. In epidemiological terms, tertiary prevention
aims to reduce the number and/or impact of complica-
tions. This is the task of therapy and rehabilitation.

Strategies for tertiary prevention include screening
of patients with diabetes for diabetic retinopathy to pre-
vent progression to blindness through prompt treatment;
prevention of opportunistic infections in HIV patients;
provision of prostheses and medical devices to enable
persons to take part in social life; follow-up of chroni-
cally ill patients to ensure adherence to medication regi-
men, monitor changes, and assist them in maintaining
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independence in daily life; rehabilitation of stroke patients
to restore functions, such as through physiotherapy, and
prevent recurrence or further complications through
appropriate medication.

Tertiary prevention is often difficult to separate from
treatment. Several authors refer to the treatment of, for
example, symptomatic cancer or surgical interventions
for acute conditions such as appendicitis as tertiary pre-
vention because these interventions seek to prevent
recurrence of disease and, ultimately, reduce case fatality.
Primordial Prevention

Primordial prevention aims to inhibit the emergence
and establishment of environmental, economic, social,
and cultural determinants of lifestyles that are known
to increase the risk of disease. Recognizing that indivi-
duals face many constraints on their freedom of action, it
is achieved primarily through intersectoral action that
enables people to make healthy choices.

The term was originally introduced in a 1982 report by
the World Health Organization (WHO) on coronary
heart disease, in recognition of accumulating knowledge
about the epidemiology of cardiovascular diseases (CVD)
and the potential role of social and cultural factors in
the development of CVD and NCDs in general. The
importance of primordial prevention has assumed greater
urgency because of the increasing pace and scale of soci-
etal change and processes of globalization such as the
expansion of international travel and trade, and global
environmental changes.

Developing countries are increasingly affected by
NCDs. This is all the more critical as many of these
countries have not yet fully controlled communicable
diseases, and their health systems are ill prepared to
provide the costly care required for diseases such as
CVD. Yet, urbanization and industrialization increase
the exposure to unhealthy lifestyles, elevating levels of
risk factors for NCD. A comprehensive long-term strat-
egy to control NCD should thus aim to prevent the
emergence of these risk factors in the first place.

The taxonomy of prevention provided here is based
on Beaglehole et al. (1993) and Last (2001). A clear dis-
tinction between different levels is however often difficult
to determine as this may vary according to the specific
aims of the preventive measures. For example, dietary
recommendations on saturated fat intake may be viewed
as primary prevention of artherosclerosis. They can
also be seen as secondary prevention if targeted at reduc-
ing the risk of coronary heart disease in patients with
subclinical artherosclerosis. Also, the taxonomy may
vary according to the discipline that defines the dif-
ferent levels, for instance, public health or clinical
medicine. The distinction between primordial prevention
(health promotion) and primary prevention is often not
clear-cut mainly because contents and strategies fre-
quently overlap. However, as Last (1995) has pointed
out, the differences in opinions as to the precise bound-
aries between the various levels are semantic rather than
substantive.
Prevention Strategies

Epidemiological research into the determinants of disease
has uncovered a wide range of factors suggested to play
a causal role in the etiology of disease, such as tobacco
use and lung cancer, or high blood pressure and stroke.
Consequently, individuals showing these factors are con-
sidered to be at risk for a particular disease. This is usually
expressed as a relative risk, that is, the risk of occurrence
of a disease among exposed individuals relative to that
among the unexposed, and it might explain why some
individuals become ill while others stay healthy. Yet
it provides only a partial answer to the question of why
a certain disease is more common in one population
than another. This is because the determinants of individ-
ual differences of characteristics within a population
are not necessarily the same as the determinants of differ-
ences between populations.

Geoffrey Rose (1985) identified two basic approaches
to prevention, the high-risk strategy, which seeks to iden-
tify individuals at high risk and to offer them some
individual protection, and the population strategy, which
seeks to control the determinants of incidence in a popu-
lation as a whole.
The High-Risk Strategy of Prevention

The high-risk strategy of prevention aims at individuals
at high risk for disease. It follows a medical approach and
is considered appropriate to the individual, for instance,
as for an individual with hypertension it would seem
appropriate to advise salt restriction or commence phar-
macological treatment. Persons identified as ‘at risk’
are likely to adhere to interventions to reduce the risk
for the development of more serious disease (subject
motivation). Physician motivation is likely to be high
also, as the intervention seems to be justified on
the grounds of proven physiological deviation from the
norm (i.e., high blood pressure). The benefits of the inter-
vention are likely to outweigh the risks or adverse effects.
For example, in the case of the hypertensive patient
the risk of possible side effects of pharmacological treat-
ment may be regarded as low compared to the risk
of developing a more serious disease such as stroke. The
high-risk approach is usually also considered to make
cost-effective use of limited resources, as it concentrates
on cases where the need, and thus the potential to benefit,
is likely to be greatest.
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However, relying on screening measures to identify
individuals at risk is problematic and often involves high
costs. Also, the high-risk approach does not seek to alter
the underlying causes of the disease as it identifies and
protects those individuals who are susceptible only.
This approach is thus palliative, temporary and local
and not radical as Rose (1985) pointed out. The potential
to benefit is usually quite limited for the population
in particular, mainly because the ability to predict future
disease is weak: most individuals at risk will remain
well for some time while others considered at low risk
may experience unexpected illness. High-risk individuals
might contribute little to the overall burden of disease
in a population while high numbers of individuals at
low risk may produce more cases of disease. Furthermore,
the high-risk approach normally does not take into
account the circumstances of the individual at risk and
is thus behaviorally inappropriate: many people may
find it very difficult to individually alter lifestyle
habits that are largely socially determined. Finally,
although the high-risk approach may be cost-effective in
the use of resources, the widespread introduction of
screening programs to identify high-risk individuals
pose substantial practical problems as they relate to
feasibility and costs.
The Population Strategy of Prevention

In contrast, the population strategy for prevention seeks
to control the determinants of disease, to lower the mean
level of risk factors and thereby to reduce average risk
in the population. Classic examples of this approach
include environmental control measures such as clean
water supply and sanitation mentioned earlier. It is
based on the ‘‘recognition that the occurrence of common
diseases and exposures reflects the behavior and circum-
stances of society as a whole’’ (Rose, 1992: 95). Its main
advantages over the high-risk strategy are that it is radical,
as it aims to remove the underlying causes that make
a disease common, for instance, by addressing (societal)
barriers that prevent people from adopting healthier
behaviors. It also holds large potential for the population:
It was estimated, for instance, that a reduction of 2% of
mean (diastolic) blood pressure could potentially avert
almost one million deaths from CVD per year in
the eastern Asian region by 2020 (Rodgers et al., 2000).
This equates to approximately 15% of all stroke and 6%
of coronary heart disease deaths in that region. The pop-
ulation strategy is also considered to be behaviorally
appropriate as it strives toward a general change in behav-
ioral norms, thereby facilitating individual efforts to adopt
healthier behaviors: smokers are more likely to quit smok-
ing if public attitudes favor nonsmoking. Also, efforts
to increase physical activity in a population may be
more successful in a social climate that encourages this
behavior through, for example, providing easy and afford-
able access to exercise facilities.

However, the population approach offers little benefit
to each individual within a given population because
their absolute risks for disease are relatively low (i.e., the
‘prevention paradox’; see Rose, 1981). The use of seat belts
illustrates this paradox: To prevent one death resulting
from a car crash many hundreds of people must wear
seat belts. Most individuals will thus be wearing seat
belts while driving without being involved in a car
crash throughout their entire (driving) life. Also, to reduce
the death rate from coronary heart disease many people
will have to lower their saturated fat intake by, for exam-
ple, using soft margarine instead of butter. For the single
individual this change will make only a small difference
to his or her health prospects, at least in the foreseeable
future. Thus, in contrast to the high-risk strategy, motiva-
tion of the individual may be low, as few people may
be willing to alter their behavior without prospects of
a direct and visible health benefit. Also, the population
approach offers only poor motivation for physicians.
And not only is concern for future health a poor motivator
for action by individuals and physicians, it usually ranks
even lower in the priorities of governments. Yet, without
their support the implementation of this strategy will
be limited (Rose, 1992).

Finally, the benefit-to-risk ratio of the population
approach may be lower than expected. This is in some
way the reversal of the argument against the high-risk
approach that a large number of individuals at small
risk may contribute more to the total burden of disease
in a population than a small number at high risk. If a
preventive measure exposes many people to a small
risk then the harm it does may outweigh the potential
benefits. This possibility arises when the association
between exposure and risk is U- or J-shaped, as in
the case of alcohol consumption and coronary heart dis-
ease. Removal or reduction of the exposure, here alcohol
consumption, may remove a protective factor against
heart disease. The likelihood of this actually happening
is, on the basis of current research on the relationship
between alcohol and heart disease, not certain. However,
the analogy implies that any population-wide strategy
that seeks to shift the distribution of a particular risk
variable must ensure that such measure is safe. The uncer-
tainty will be low in strategies that aim to remove an
abnormal factor and restore ‘biological normality’, such
as giving up smoking, avoiding obesity, or reducing intake
of saturated fat, or environmental control mechanisms such
as reducing exposure to sulfur dioxide or providing clean
drinking water (Rose, 1981). Such strategies will presum-
ably be relatively safe. In contrast, approaches to prevention
that do not intend to address the underlying causative agent
but impose some ‘new,’ putative protective intervention
such as immunization, long-term medication, or excessive
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exercise will need to ensure sufficient benefit and safety
of the measure to be adopted.

From a public health perspective, the population
approach to prevention has the intuitive appeal of appro-
priately improving population health, and Rose noted
that ‘‘the primary determinants of disease are mainly
economic and social, and therefore its remedies must also
be economic and social’’ (Rose, 1992: 129). In reality, how-
ever, in the field of NCDs, the high-risk approach has
dominated preventive efforts in the developedworld during
the past 20 or so years (Beaglehole, 2001). Only recently,
with the recognition of a rapid rise of NCD, especially in
low- and middle-income countries, has it regained consid-
erable attention (WHO, 2000).
Intervention Strategies for Prevention:
Screening

Strategies at different levels of prevention comprise a
wide range of measures, aimed at the host and/or the
causative agent, each having an important role within
the spectrum of disease prevention. This section examines
screening.

Screening can be defined as ‘‘the presumptive identifi-
cation of unrecognized disease or defect by the applica-
tion of tests, examinations or other procedures which
can be applied rapidly’’ (U.S. Commission of Chronic
Illness, 1951, as quoted in Wilson and Jungner, 1968: 11).
It is concerned with individuals who have not sought
medical attention for that specific disease or defect
and it is targeted at apparently well people. The initiative
for screening usually originates from an investigator
or health-care provider and thus implicitly promises
that those who are screened will benefit, although screen-
ing does normally not provide a definitive diagnosis and
needs to be confirmed by special diagnostic procedures.
Mostly concerned with chronic illness, screening aims
to detect disease not yet under medical care (Wilson
and Jungner, 1968). It distinguishes between those with a
normal test result and thus a low probability of disease
who do not receive further special attention and those
Table 2 Criteria for instituting a screening program

Disease Test

. Important public health problem . Acceptable a

. Recognizable latent or preclinical stage . Valid and reli

. Natural history (reasonably wellunderstood) . Simple and lo

. High prevalence of preclinical stage . Cut-off level

. Clearly defined

Adapted from Wilson JMG and Jungner G (1968) Principles and P

Geneva, Switzerland: World Health Organization.
with abnormal test results. The ultimate objective is to
reduce morbidity or mortality from the condition among
those screened by early and appropriate treatment of
causes discovered.

Screening may identify risk factors, genetic predispo-
sition, and precursors, or early evidence of disease.
It therefore does not necessarily involve high technology
equipment or procedures such as radiography or labo-
ratory tests. Simple screening tests include, for instance,
blood pressure measurements or specific screening
questionnaires such as AUDIT (Alcohol Use Disorders
Identification Test), which was developed by the WHO
to identify persons with hazardous and harmful drinking
behaviors. Boundaries between screening for selected
risk factors and for disease are, however, not clear-cut.
For example, hypertension can be interpreted as a risk
factor for cardiovascular disease and as an early manifes-
tation of CVD.

The availability of a test that allows a disease to
be detected in its preclinical stage does not necessarily
imply that population-wide screening should be under-
taken. This should be governed by principle guidelines or
criteria, relating to the characteristics of the disease, the
screening test itself and program policy. Table 2 shows
some of the main criteria identified by Wilson and
Jungner (1968) and others.

Thus, the disease to be targeted should be an import-
ant (public) health problem and clearly defined. This
may include common and, at the societal level, resource-
intensive conditions such as hypertension. It may also
include diseases that are relatively rare but may have
serious (individual) consequences if not diagnosed early
such as phenylketonuria (PKU.) To be suitable for early
detection and treatment the disease must have a preclini-
cal stage with a reasonable duration before the manifesta-
tion of symptoms, and early treatment must provide some
advantage over later treatment (e.g., improve survival or
quality of life). This requires that recognized and effective
treatments as well as facilities for service delivery are
available. Thus, the benefit of early detection of diseases
where no effective treatment exists may be questionable,
Policy

nd safe . Clear case definition

able . Clear definition of target population; individuals

to be screened are identifiable
w cost . Diagnosis and treatment as well as adequate

facilities to deliver them are available

defined . Quality assurance
. Evaluation and monitoring

ractice of Screening for Disease. Public Health Papers, vol. 24,
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as, for instance, in the case of Alzheimer’s disease. Also,
there is little benefit in screening programs uncovering
large numbers of individuals with a particular condition
when there is no integrated system for further follow-up
investigation and treatment of newly identified patients.

The screening test itself should be acceptable and
safe to both the individual to be screened and the person
who administers the test. It should be easy to apply at
relatively low cost, and provide valid and reliable results
as measured by its sensitivity, that is, the ability to detect
all those with the disease in the screened population (true
positive), and specificity, that is, the ability to correctly
identify those who do not have the disease (true negative).
Ideally, a test should have both high sensitivity and high
specificity. This, however, requires a clear definition as
to what constitutes a disease, which may not be easy to
determine as disease is normally a continuous process and
definition of the cut-off point between normal and abnor-
mal is often arbitrary. Higher sensitivity will inevitably
lower specificity, that is, the number of screened persons
with a false-positive result will rise. This may be accept-
able for diseases with serious consequences (e.g., PKU
in newborn children), but will be questionable when
increasing sensitivity identifies relatively more cases of
‘abnormality’ that would not have presented clinically
otherwise or, if they had, would have been cured anyway
(e.g., a benign cancer). The decision as to whether to
introduce a specific screening program will thus need
to carefully balance issues of sensitivity and specificity,
depending on the individual and societal implications
of identifying false negatives and false positives. It will
also have to take into account the associated costs, namely
whether the benefits of screening outweigh the conse-
quences of not doing so. It may be more effective to
include only those at risk for the disease rather than
the whole population. One common criterion is age as an
important predictor of risk. For example, routine screen-
ing for breast cancer in industrialized countries is usually
targeted at women aged 50 and over with screening of
younger women considered not to be cost-effective.

Ultimately, the value of a screening program has to
be judged against its impact on population health.
This will largely depend on how the actual screening
program is organized. For instance, the program can be
proactive (or organized) and a defined population (e.g.,
community, factory workers) is offered screening by invi-
tation, or it can be restricted to patients who consult
a health practitioner usually for reasons other than
screening (opportunistic). These different approaches
are likely to have implications for the control of the
disease at the population level, mainly because of
differences in cost-effectiveness of the program and
in uptake, which, in opportunistic screening programs,
largely depends on the willingness of individuals to vol-
unteer for screening.
Diseases and Injuries

To illustrate the challenges related to disease prevention,
this section discusses specific health problems that have
been the focus of prevention strategies, using examples
of NCDs and injuries and drawing on both successes
and failures of different preventive approaches.
Prevention through Community Programs:
Coronary Heart Disease

CVD is a major contributor to the global burden of
disease, with coronary heart disease and stroke alone
accounting for an estimated one-fifth of total mortality
and morbidity worldwide (Lopez et al., 2006). The proxi-
mal causes of CVD are well known, with epidemiolog-
ical research having identified smoking, elevated serum
cholesterol, and high blood pressure as among the major
risk factors. These factors relate closely to individual
behaviors and lifestyles, suggesting that curtailing the
risk of heart disease and stroke requires modifying indi-
vidual lifestyles. At the same time, controlling blood
pressure and cholesterol with pharmacological treatment
also reduces CVD risk. Applying this knowledge to the
community setting would thus appear to be the most
promising strategy to prevent CVD.

Following this line of reasoning, several community-
based intervention programs were set up in the 1970s and
1980s. They were based on the premise that targeting
the entire community to modify risk factor levels and life-
styles would have a higher public health impact
than targeting individuals at high risk only. Programs thus
introduced included the North Karelia Project in Finland
(1972), the Stanford Three-Community Study (1972) and
the Stanford Five-City Project (1978), theMinnesota Heart
Health Program (1980) and the Pawtucket Heart Health
Program (1980) in the United States, to name only the
most influential programs. This section describes the
North Karelia Project as an early attempt to organize
CVD interventions at the population level.

The North Karelia Project originated from a local
population’s petition for national aid to reduce the high
burden of CVD mortality in North Karelia, in eastern
Finland, and was launched in 1972 (Puska et al., 1985).
Its main objective was to reduce cardiovascular morbidity
and mortality, with special emphasis on middle-aged
men who had particularly high rates. Based on the knowl-
edge about the natural history of CVD, the program
sought to reduce cigarette smoking, serum cholesterol
levels, and blood pressure in the community (primary
prevention) and to promote early detection, treatment,
and rehabilitation of heart disease patients (secondary
prevention). This was to be achieved through mobiliz-
ing community resources with full involvement and
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participation of the local population, and providing for
continuous follow-up with feedback to the community
using a wide range of prevention activities as shown in
Table 3.

The program was initially designed for a limited
period only (1972–77) but was gradually expanded to
include broader objectives of integrated prevention of
major NCDs and health promotion. Eventually it influ-
enced the entire country and international programs such
as the Country-wide Integrated Non-Communicable
Disease Interventions (CINDI) program by the WHO.

The impact of the North Karelia Project on the popu-
lations’ health was assessed using repeated cross-sectional
health surveys. These showed that in the first 5 years
risk factor levels among men aged 30–59 fell more rapidly
in North Karelia than in the reference region, the Finnish
county Kuopio, with further progress observed thereafter.
Mortality from coronary heart disease among middle-
aged men also fell, and this decline was significantly
greater than in other areas of Finland; national coronary
heart disease rates did not decline before the end of
the 1970s. Much of the observed fall in coronary heart
disease mortality was attributed to risk factor changes
and evidence suggests that changes in diet may
have been the most important determinant.
Table 3 Intervention strategies in the North Karelia Project

Strategy Aim

General public
information

. To increase the population’s knowledge ab

. To encourage participation in behavioral ch

. To provide information about project servic

. To give feedback about program developm

Organization of
services

. To create a service structure to support the
movement toward the defined objectives in

community services and specialized suppo

Personnel training
programs

. To implement the intervention activities in th

Environmental

changes

. To influence and promote behavioral chang

Information
services

. To guide and manage program activities

Adapted from Puska P, Nissinen A, Tuomilehto J, et al. (1985) The

Conclusions from the ten years from the North Karella Project. Annua
Other community intervention programs such as
the Stanford Five-City Project have produced mixed find-
ings; however, the North Karelia Project has illustrated
the potential of the community approach to contribute
to favorable changes that are ultimately required for sus-
tained long-term improvement in population health.
Prevention by Confronting Vested Interests:
Tobacco Control in California

Tobacco use is the single most important preventable
risk factor for cardiovascular disease and most cancers.
It was estimated that, with current smoking patterns,
global deaths attributable to tobacco use are likely to
rise from 5.4million in 2005 to over 8million in 2030
(Mathers and Loncar, 2006). The epidemic is increasingly
affecting low- and middle-income countries where most
of the world’s smokers live. Accumulating scientific evi-
dence has demonstrated that exposure to tobacco smoke
also has harmful effects on the health of those who do
not smoke. Thus, preventing the uptake of tobacco
use among young people, reducing its use in young peo-
ple and adults, and eliminating nonsmokers exposure
to secondhand smoke are key public health objectives.
Example

out risk factors . Personal contacts
anges . Group activities

es and activities . Mass media

ent and results . Distribution of educational material (leaflets,

posters, signs/stickers, information bulletin,
etc.)

. Specific campaigns

community’s
volving basic

rt services

. Risk factor screening

. Introduction of smoking cessation groups

. Dietary counseling

. Establishment of hypertension dispensaries

e local settings . Health professionals
. Teachers
. Social workers
. Voluntary organization officials
. Community leaders

es . Promoting nonsmoking policies in public

places
. Production of low-fat food (dairy and meat)

by local food industry
. Encouraging population to grow own crops
. Changes in school meals and hospital diets
. Systematic recording of risk factor levels

from patient’s files
. Biannual surveys to assess changes in

behavior
. Establishment of acute myocardial

infarction and stroke registries

community-based strategy to prevent coronary heart disease:

l Reviews in Public Health 6: 147–193.
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However, it must be recognized that there are strong
forces promoting exposures that are hazardous to health.

Approaches to reducing tobacco use include educa-
tional (public health information), regulatory (advertising
and promotion, product regulation, access, smuggling, clean
indoor air regulation), economic (taxation), and health
services (promote smoking cessation) strategies. Available
evidence suggests that a combination of strategies will be
most effective in reducing tobacco use. This section looks
at the California Tobacco Control Program in the United
States as an example of a comprehensive program to
curtail smoking.

In 1988, the California Tobacco Tax and Health Pro-
tection Act (Proposition 99) increased the tobacco excise
tax by 25 cents per pack of cigarettes. It also earmarked
5 cents per pack for an educational campaign (the
Health Education Account) which led to the California
Tobacco Control Program (CTCP) in 1989. Drawing
in part on community intervention programs such as
the Stanford Five-Cities Project mentioned previously it
employed multiple interventions that targeted individual,
social, and environmental factors through community
and school programs, and a statewide media and public
relations campaign. Examples include smoking restric-
tions or bans at the workplace and in public places as
well as antismoking television advertisements. From 1993
tobacco control efforts within the CTCP increasingly
focused on three priority areas: (1) to reduce exposure
to secondhand smoke, (2) to reduce youth access to
tobacco, and (3) countering pro-tobacco influences in
the community. The ultimate goal was to promote social
norms that would make tobacco use and secondhand
smoke unacceptable in the community.

Analyses of the impact of the CTCP on tobacco con-
sumption suggest that it accelerated the decline in cigarette
smoking in California. Thus, between 1989 and 1993, adult
smoking prevalence fell from 23.3 to 18% in California
compared with 26.2 to 23.3% nationwide. Subsequently,
the rate of decline slowed down in both California and the
rest of the United States, with little change in smoking
prevalence until 1996, which has been attributed to cut-
backs in the CTPC in 1992. Recently, the CTCP was also
associated with a significant decline in mortality from
heart disease in California, with changes in age-adjusted
death rates shown to parallel the changes in per capita
cigarette consumption (Fichtenberg and Glantz, 2000).

The overall success of the CTCP in curbing smoking
in California was generally attributed to the multifaceted
approach of the program. Action on secondhand smoke
is considered an important component not only because
it prevents exposure to passive smoke. Workplace and
public place smoking bans help current smokers quit
and those who continue smoking to cut consumption
levels; they also make smoking socially less acceptable.
However, several commentators have emphasized that
delegitimizing tobacco use and the tobacco industry
have to play a central role if a campaign is to be successful.
Failure of Prevention? Injuries in
Eastern Europe

Injuries are the leading cause of death and disability
among young people in many parts of the world, with
an estimated 5.2million dying of injuries worldwide in
2001. About 11% of the global burden of disease has
been attributed to this cause, largely concentrated in
low- and middle-income countries (Lopez et al., 2006).
Yet, although injuries are largely preventable and
many effective strategies are available, they have received
relatively little attention from the public health commu-
nity because they have traditionally been viewed as ‘acci-
dents,’ or random events. This section draws on the
experience of Central and Eastern Europe to illustrate
the factors that have contributed to the neglect of injuries
as an important public health problem in that region.

Injuries have long been a much greater problem in
Eastern Europe than in the West and the mortality gap
has widened in the early 1990s as death rates continued
to fall in most Western countries while Eastern Europe
had to confront the challenges of the political transition
(Figure 1). There were many reasons for the rise in injury
mortality in that region, related in part to a growth in traffic
and associated increase in deaths from car accidents and the
opening of the borders of the former Soviet Union that
included increasing substance abuse, especially alcohol
consumption. The increasing social and economic uncer-
tainties arising from the economic downturn in many for-
mer Communist countries created environments that
placed especially children at an increased risk. This is
reflected in rising injury mortality among young people,
particularly in the countries of the former Soviet Union
that now form the Commonwealth of Independent States
(Figure 1). And although rates have been declining recently
in many parts, the gap with the West remains wide.

However, the public health response to injuries in this
region has been relatively weak (McKee et al., 2000) in
part because the scale and scope of the burden attribut-
able to injuries was not well known and thus not perceived
as an actual problem. Those responsible for public health
were marginalized and often lacked the appropriate skills
required to identify public health problems and develop
strategies to address them, although this is now changing.
Unlike in Western countries, nongovernmental organiza-
tions that have often taken the lead on addressing issues of
injuries, especially childhood injuries, have either not
existed or been slow to develop. Also, a lack of a tradition
in intersectoral working has hindered the development of
multidisciplinary approaches that bring together a wide
range of actors from the public and private sectors to
develop and promote effective action. Finally, effective
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action requires effective implementation (e.g., through
legislation). While this may have been possible during
the Communist period, many countries faced substantial
challenges during the transition, for example, the need to
create new democratic structures, often from scratch.
Thus, in many parts of the Eastern European region
health promotion ranked relatively low on the political
agenda and elicited little response.

This example illustrates some of the many obstacles
public health may face in developing and implementing
effective strategies to prevent disease. However, the case
studies on the community approach to prevent coronary
heart disease in North Karelia and the California Tobacco
Control Program indicate that effective action is possible
when there is a functioning public health infrastructure
and matching political will.
Ethical Aspects and Evaluation of
Disease Prevention

The following section describes ethical aspects of disease
prevention and the evidence base of preventive interven-
tions, highlighting the main problems public health pro-
fessionals are likely to encounter when designing and
implementing preventive programs.
Ethical Aspects of Disease Prevention

The purpose of prevention is to reduce the burden of
morbidity and mortality in society so it is often consid-
ered a priori as ‘a good thing.’ This may be questionable,
however, especially as far as measures of mass interven-
tion are concerned. One example is fluoridation of drink-
ing water. Fluoridation is associated with dental caries and
because this measure may help to reduce the incidence of
dental caries in a population it may be considered to be an
important measure to promote public health. However,
it could also be interpreted as compulsory medication of
the population, violating human rights. The introduction
of any preventive program therefore needs to carefully
consider whether the intended health gain overrides its
ethical costs.

Similar issues arise for immunization campaigns
although the expected health gain may be interpreted
differently than that achieved from measures such as
drinking water fluoridation. Depending on the infectious
agent, transmission routes, and the degree to which
immunization protects against infection, mass immuni-
zation with high uptake will normally protect a given
population because most of the population is resistant
to infection through immunization (herd immunity). How-
ever, if a critical level of immunization is not achieved
because of low uptake this may weaken herd immunity
and increase the risk of disease outbreaks. Thus, if the public
wishes to benefit from prevention through immunization
then it must also agree to a degree of compulsion to ensure
high uptake to prevent infectious diseases from spreading.

Another example is screening. As described earlier,
screening is undertaken in apparently healthy people
and a key ethical issue here is labeling or stigmatization.
Someone who felt healthy may now be faced with
the possibility of not being healthy at all but labeled as,
for example, being hypertensive or having developed
cancer. This may not only induce anxiety or loss of self-
confidence; it may also have a social impact especially
when test results are not kept confidential, potentially
leading to isolation or loss of insurance (e.g., testing HIV
positive). Potential harm also arises when the test gives
an inaccurate result. Thus, those who tested false positive
may receive treatment although it is not necessary or
even harmful. In contrast, those who tested false negative
will not only be given false reassurance, it may also lead
to treatment being omitted when it is required.
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There is also the risk of testing itself. For example,
prenatal screening for Down’s syndrome is usually under-
taken through amniocentesis, posing a risk to both mother
and fetus as it may lead to complications or spontaneous
abortion. Applying the test thus needs to be justified by
proportionate reason, one being the age of the mother.
Yet, while amniocentesis may detect Down’s syndrome
it cannot tell whether the condition will be mild or severe.
This is an important aspect of prenatal screening as diag-
nosis of Down’s syndrome may lead to recommendation
for termination of pregnancy, which is especially prob-
lematic having the possibility of test inaccuracies in mind.
Thus, information on the consequences of testing, diag-
nostic procedures, the disease to be detected, and follow-
up treatment in case of a positive test and related aspects
should form an integral part of any screening program.

It is also important to note that introducing a screening
program means diverting resources away from other
equally or more important health problems, which raises
the question of equitable distribution of resources to
obtain maximum health benefit. This is particularly prob-
lematic in low- and middle-income countries in which
the implementation of resource-intensive, high-technology
screening programs could reduce the resources available
for more urgent health problems and may thus result in
lowering the overall public’s health. Therefore, screening
programs have to meet high medical and ethical standards
to prove their efficacy and, ultimately, their benefit to the
participating (ostensibly) healthy population.
Evaluation of Disease Prevention

Prevention effectiveness measures the impact on health
of prevention policies, programs, and practices, taking
account of efficacy, effectiveness, and cost. However, per-
spectives on effectiveness are likely to vary between dif-
ferent actors in the field of prevention. Policy makers
and public health professionals responsible for priority
setting and resource allocation will mostly be concerned
with the relationship between investment in a program
and its achievement in terms of health outcomes. The
population who is to benefit from the intervention may
judge effectiveness largely in terms of personal gains
such as improvement in quality of life or opportunities
for participation. Those involved in the provision of
the intervention are likely to rate effectiveness mainly
with respect to the practicalities of organization and
implementation. From a scientific perspective, effective-
ness may involve issues of methodological stringency
and level of achievement of predefined outcomes (Inter-
national Union for Health Promotion and Education
[IUHPE], 2000).

The different perspectives highlight the complexity
of the concept of effectiveness, with implications for
developing an intervention and particularly its evaluation.
Consequently, there is a wide range of approaches and
methods to assess the effectiveness of preventive inter-
ventions. The main measure of effectiveness is the actual
outcome of the preventive strategy. Different forms
of interventions may produce different outcomes and
defining outcomes associated with prevention activity
thus forms a central part of program design and evalua-
tion. The research into health promotion has provided a
framework for defining outcomes in health promotion
(IUHPE, 2000), which, to some extent, is also transferable
to preventive intervention. It describes several outcome
levels that reflect the different dimensions of health-
promoting or prevention activities. Thus, health and
social indicators such as morbidity, disability, mortality,
and/or quality of life represent the ultimate outcome or
endpoint of any health and medical intervention. Inter-
mediate health outcomes relate to the actual determinants
of the health and social outcomes that are modifiable and
include risk factor levels, provision of and access to (pre-
ventive) health services, and environmental factors such
as the physical and socioeconomic environment. A third
level relates to personal, social, and structural factors that
can be modified to change the determinants of health, also
interpreted as intervention impact measures. They com-
prise measures of health literacy such as health-related
knowledge, attitudes, and behaviors; social action such as
social norms and public opinion; and public policy such as
legislation, regulation, or resource allocation.

The gold standard for evaluating the effectiveness of an
intervention is the randomized controlled trial (RCT). Yet,
while well-conducted RCTs provide the most rigorous
design for assessing the effect of an intervention, their
application especially in the field of primary prevention
and health promotion is often not feasible, because of the
very nature of many programs acting at different levels.
Available evidence from programs such as the California
Tobacco Control Program described previously suggest
that the comprehensive approach that comprises different
strategies that target different components in the model of
causation will be the most effective. However, such inter-
ventions are less amenable to control and evaluation by
standard experimental designs such as RCTs compared to
single components within the program. For example, sev-
eral studies have demonstrated that providing information
about risk factors alone is rarely sufficient to encourage
people to change their behaviors or lifestyle. Yet, embedded
in a broader strategy that also comprises environmental
changes through regulatory efforts and provision of ser-
vices to actively support efforts to change behavior, infor-
mation measures are far more likely to make some impact.

This does not mean that complex programs cannot be
evaluated or be based on sound evidence. It highlights,
however, that assessing the effectiveness of an individual
program over a longer period is a complex task. It is
modulated by a range of factors, such as the size,
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comprehensiveness, and duration of the intervention, as
well as a wide range of factors not directly related to the
intervention, including secular changes in society. This
has been illustrated by a meta-analysis of the effectiveness
of community heart health programs (Sellers et al., 1997).
Based on the observation of considerable variation in the
effectiveness of such programs, raising questions about
their usefulness, the analysis showed that some of the
variation is attributable to characteristics of their evalua-
tion design and implementation. Thus, studies with lon-
ger follow-up and higher response rates tended to
produce higher effects. However, characteristics of the
intervention itself also contributed to the variation, with
programs that included environmental change as a sub-
stantial component producing larger effects than those
that did not. In conclusion, the evidence produced by
community interventions to date will ‘‘help us to refine
our understanding of which interventions work how well
with which populations under which conditions’’ (Sellers
et al., 1997).
Issues Outside the Health-Care Sector
That Influence Disease Prevention

It is increasingly being recognized that decisions made
outside the health-care sector can have major conse-
quences for population health. One example is the col-
lapse of the Communist regimes across Central and
Eastern Europe around 1990, which had enormous social
and economic effects; the former Soviet republics parti-
cularly experienced a deep economic recession. The
speed by which the chain of events leading to the collapse
of the Soviet Union unfolded was hardly predictable, nor
was its impact on population health foreseeable in order
to implement appropriate preventive measures in time.
Thus, many countries experienced an immediate health
crisis, mainly affecting adult men. In countries such as the
former German Democratic Republic, Poland, and the
Czech Republic, a temporary decline in life expectancy
at birth among men was followed by a rapid and substan-
tial increase. Other countries such as Russia and the Baltic
states, however, experienced a spectacular worsening in
health, with life expectancy at birth among Russian men
falling by more than 6 years between 1990 and 1994. Since
then life expectancy has been rising again although in
Russia and Ukraine this improvement was arrested in
1998 and has since reversed.

The phenomenon of a marked rise in death rates of
injuries and violence especially in Russia and the Baltic
states around 1990 was noted earlier. Another point of
concern is the reemergence of infectious diseases, in par-
ticular tuberculosis and HIV/AIDS, especially in the for-
mer Soviet republics. These developments not only pose a
major threat to the population’s health within the region,
but neighboring countries will also be at increased risk.

This last point illustrates what is usually linked to
processes of globalization, that is, the more rapid spread
of communicable diseases across national borders because
of improving means of transport and communication,
especially the substantial increase in worldwide travel
(McKee et al., 2001). Also, the worldwide increase in
antibiotic resistance has been associated with processes
of globalization, largely because of over- and misuse of
antibiotic drugs worldwide, which increases the threat of
resulting resistance spreading through greater human
mobility. A related issue is the current level of interna-
tional migration, which introduces an additional com-
plexity to the design of programs for infectious disease
control.

Other aspects of globalization such as global trade also
pose potential risks to population health. While the
growth in global trade in general has brought many ben-
efits to many people over time, its recent liberalization
and deregulation is likely to not benefit countries or
population groups equally, thereby increasing health
inequalities within and between countries and potentially
promoting political instability. Finally, an increasing
threat to the world’s population health arises from global
environmental changes such as global climate change,
stratospheric ozone depletion, or land degradation.

These issues pose substantial challenges to public
health professionals to develop sustainable strategies for
disease prevention. From this brief description, however,
it becomes clear that changes in health policy alone will
not be sufficient to improve the population’s health.
Instead, more health gains in terms of prevention will be
achieved by influencing public policies in domains such as
trade, food industry, pharmaceutical production, agricul-
ture, urban development, and taxation policies.
See also: Educational Attainment and Health/Survival;

Happiness, Health and Altruism; Health Issues of the UN

Millennium Development Goals; Health Promotion; WHO
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We shall not finally defeat AIDS, tuberculosis, malaria, or

any of the other infectious diseases that plague the devel-

oping world until we have also won the battle for safe

drinking water, sanitation and basic health care.

UN Secretary-General Kofi Annan, World Day forWater,

March 22, 2005
Introduction

Few topics carry as great importance to public health
as do water and sanitation. Currently, it is estimated that
1.1 billion people lack access to adequate water and
2.6 billion people lack adequate sanitation worldwide
(United Nations, 2005). Disparities in coverage are far
greater in developing countries than in developed
countries, particularly in some regions of Asia and in
Africa. Human health is greatly affected by the lack of
adequate water and sanitation. Indeed, contaminated
water and poor hygiene practices are the main sources of
transmission for waterborne diseases and large-scale epi-
demics. The most important water- and sanitation-related
illness is acute infectious diarrhea, which is responsible for
2.5million deaths per year in children under five years of
age worldwide (Kosek et al., 2003). This statistic equates to
6850 child deaths each day or approximately 24 child
deaths every 5minutes. The adverse effects of water and
sanitation extend to other aspects of human health that
include poor growth and development and that conse-
quently translate into impaired physical and cognitive
capacities later in life.

The goal of this article is to summarize current knowl-
edge of the effects of water and sanitation on human
health, and to provide a summary of current international
initiatives to improve water and sanitation and common
barriers to their progress. The first section provides a brief
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historical perspective. The second section discusses the
diseases associated with inadequate water and sanitation,
and the third section summarizes potential health bene-
fits. The fourth section reviews recent international initia-
tives for the improvement of water and sanitation. The last
section summarizes barriers and health policy challenges
to the achievement of these initiatives.
Figure 1 Egyptian hieroglyph illustrating water clarification

techniques. Tomb of Amenophis II at Thebes (1450 BC). Adapted

from Wilkinson (1879) Manners and Customs of the Ancient
Egyptians. London: William Clowes and Sons.
Historical Perspectives

There is good archeological evidence that early civiliza-
tions recognized the importance of water and sanitation,
especially in large metropolises (Gray, 1940). One of the
earliest excavations to reveal an advanced sanitation
system was found in Iraq, 50miles northeast of present
Baghdad. At the ruins of Eshnunna (2500 BC), a Sumerian
city that was later conquered by Babylon, archeologists
have identified exposed sewer lines made of brick with
household water-flush latrines directly connected to these
sewer lines. Other cultures of the same era, such as the
Indus Valley Civilization, also appeared to have devel-
oped complex water and sanitation systems in their cities.
At the ruins of Moenjodaro (2600–1700 BC), a city
located in southern Pakistan on the banks of the Indus
River, archeologists have identified bathrooms and
latrines that were directly connected to street drains or
drained into the sewer system via terra-cotta pipes with
closely fitting spigot joints. Archeologists also identified
what appeared to be independent lines for kitchen water
and bath water. Another example is the Minoan civiliza-
tion (2700–1450 BC), on the island of Crete, which was
found to have well-developed stone sewer drains and the
ability to carry water in pipes under pressure. Archeolo-
gists have also found pictorial evidence that the Egyptians
(1450 BC) may have been one of the first civilizations to
discover the importance of filtration and flocculation of
water (Figure 1).

More recent civilizations, including medieval Europe,
were less successful at implementing adequate water and
sanitation systems in large cities or had different priorities
for water such as its use for agricultural irrigation. The
modern concept of urban waste removal did not develop
until the late eighteenth and early nineteenth centuries.
Most cities removed excrement and other wastes through
street gutters or dumped ‘night soil’ on vacant land and
into nearby watercourses. Individual homes at best had
cesspools. As populations in the cities grew dramatically
during the nineteenth century, the crisis of uncovered
waste attracted increasing attention. Aesthetically, city
side-streets and waterways declined rapidly to nearly
unlivable conditions: drainage ditches often overflowed,
few were built with any inclines, and even fewer
connected to each other in any organized system of
sewerage. The social climate in the latter half of the
nineteenth century for Europe was one of unrest. In the
case of London, lime had to be hung on the windows of
the British Parliament, and the slogans such as ‘‘India is
revolting and the Thames stinks’’ were commonly voiced.
Finally, health epidemics occurred, touching the lives of
rich and poor alike. For example, in 1832, it is estimated
that cholera claimed the lives of 5000 people in London
and over 20 000 in Paris. In this environment, the seeds of
the urban hygiene movement flourished.

Championing the hygiene campaign was Sir Edwin
Chadwick, who believed that acute infectious diseases
were caused by air contaminated from poor drainage and
argued that better solutions for sewer drainage should be
implemented to improve health (Mackenbach, 2007). Sir
Chadwick began inquiries into public health as a means of
reducing the costs of public relief. He was instrumental in
establishing the first British Public Health Act of 1848, and
provided a framework for a comprehensive approach
toward sanitation that included the implementation of
new technologies along with legal, administrative, and
governmental support.

During the same period, Dr. John Snow made a semi-
nal scientific discovery linking inadequate water and san-
itation to the spread of cholera. His observations in 1854
identified the Broad Street water pump in London as a
likely source for the spread of cholera (Figure 2) and,
despite general disbelief, he convinced the Board of
Guardians at Saint James Parish to remove the pump
handle. The experiment of removing the pump handle
was an effective measure to curb the cholera outbreak in
that neighborhood, which had claimed more than
500 lives. The contribution of John Snow’s work, however,
was underrecognized until the republication of his work
by Dr. Wade Hampton Frost in the 1930s (Vanderbrouke
et al., 1991).
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Outbreaks of cholera continue into modern times
despite our advanced epidemiological knowledge and
increased awareness. Two events deserve special mention.
The first is the 1991 cholera epidemic in Peru that
resulted in 1.3million cases of cholera and approximately
13 000 deaths in South and Central America between
1991 and 1995. The spread of cholera in this region was
probably multifactorial, including the lack of proper
disposal of human waste especially in rapidly growing
peri-urban communities, limited and poorly maintained
water treatment and distribution systems, poor hygiene
practices, and disposal of cholera-contaminated sewage
into coastal waters. A second notable occasion occurred
in July of 1994, when an estimated 500 000 to 800 000
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refugees fled from Rwanda to the Democratic Republic
of Congo over a four-day period. This large migration
of refugees overwhelmed Congo’s capacity to respond,
creating a major humanitarian crisis. Over a one-month
period, approximately 50 000 Rwandans died mostly from
cholera until proper public health measures were imple-
mented at refugee camps.
Diseases Associated with Inadequate
Water and Sanitation

Current statistics describing the lack of improved water
and sanitation services worldwide are alarming. Despite
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progress made to increase the coverage of populations
with water and sanitation, approximately one-quarter of
the world’s population still remain without access to safe
water (Figure 3) and approximately half of the population
lack adequate sanitation (Figure 4). The health of popu-
lations is significantly affected by the lack of improved
services. Children in the developing world are the main
victims of this coverage deficit. Approximately 60% of
child mortality in developing countries is linked to infec-
tious diseases, most of them related to water and sanita-
tion and to hygiene practices.

Diseases related to inadequate water and sanitation are
transmitted via contaminated water, poor fecal disposal,
poor hygiene practices, and inadequate water collection
and storage. Bradley described four main epidemiological
categories of water-related infections which relate to the
engineering technologies needed to cope with them:
waterborne, water-washed, water-based, and water-
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related insect vectors (Bradley, 1977). This classification
system questioned the classic notion that water quality
was the prime driver of the relationship between water
and health.

Acute infectious diarrhea is the most important water-
and sanitation-related illness. Although cholera and
typhoid fever are important diseases because of disease
severity and rapid spread, acute infectious diarrhea in
children is the most important cause of morbidity and
mortality worldwide. Diarrheal diseases are responsible
for 2.5million deaths and 1 billion disease episodes in
children under five, and they account for 21% of all-
cause mortality in this age group (Kosek et al., 2003).
Diarrhea was responsible for 59million disability-adjusted
life years lost in 2001, approximately 4.2% of the global
burden of disease (Lopez et al., 2006). In comparison,
malaria was responsible for 40million disability-adjusted
life years lost in 2001, and tuberculosis was responsible for
36million lost in 2001 (Lopez et al., 2006). Approximately
90% of the burden associated with diarrhea is potentially
attributable to inadequate water and sanitation. Therefore,
diarrhea control via water and sanitation interventions is
one of the highest priorities for disease control worldwide.

Another group of diseases related to contaminated
water is that of diseases caused by parasites. Although
parasitic infections are widespread worldwide, exact num-
bers of infected people are unknown because themajority of
these infections are asymptomatic. Indeed, relatively few
infected individuals manifest with severe symptoms, and
even fewer die as a result of infection. However, these
infections are associated with a high burden of chronic
malnutrition, poor longitudinal growth, and iron-deficiency
anemia. Asymptomatic infections, given their higher preva-
lence rates than symptomatic infections, may have adverse
health consequences such as suboptimal growth (Checkley
et al., 1997). Of the parasites, helminthic infections are the
most prevalent. Some estimates suggest that approximately
10% of individuals are infected with Ascaris lumbricoides and
other nematodes. Protozoan infections are also highly prev-
alent in contaminated water. Protozoan infections that are
associated with diarrhea, such as Cryptospordium parvum,
are particularly important because they are resistant to
interventions such as chlorination.

Helicobacter pylori is a chronic bacterial infection that
may be transmitted through contaminated water. H. pylori
is the major cause of chronic gastric disease worldwide. In
developing countries, approximately 75 to 90% of indivi-
duals become infected with H. pylori during their lifetime,
compared to 25 to 50% in developed countries. Recent
epidemiological and microbiological evidence suggests
that H. pylori may be transmitted through drinking water.
In Lima, Peru, one study found that children from low-
income families were more likely to become infected with
H. pylori than children from higher-income families.
In addition, children from high-income families whose
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homes were supplied with municipal water were 12 times
more likely to be infected with H. pylori than children from
high-income families whose homes were supplied from
community wells (Klein et al., 1991).More recently, several
investigators have identified H. pylori in drinking water
samples by using polymerase chain reaction-based
methods.

Water- and sanitation-related illnesses extend beyond
the gastrointestinal tract. For example, trachoma is a pre-
ventable eye disease that is perpetuated by the presence of
inadequate sanitation and poor hygiene practices. Tra-
choma is caused by infection with Chlamydia trachomatis.
Transmission occurs through direct contact or is transmit-
ted by flies. The flies that transmit this bacterium breed in
human feces. Trachoma is endemic in 55 countries and it
predominantly affects children. Currently, it is estimated
that over 150million people have active disease, and that
10million are at immediate risk of blindness. Interventions
for the prevention of trachoma include facial cleanliness
and hygiene, as well as environmental improvements, par-
ticularly in sanitation. A number of studies have found that
families with latrines have less trachoma, and that house-
holds that used more water for washing children also had
less trachoma (Cairncoss, 1999).

Schistosomiasis is a water-based disease that is trans-
mitted through the contamination of water sources
with urine and fecal material. It is estimated that schisto-
somiasis affects approximately 200million people in 74
countries around the world, and that 20million suffer
severe consequences from the infection. Interventions to
reduce this disease include preventing disposal of urine
and feces in surface water.

Dracunculiasis is a debilitating disease that causes
painful ulcers on the lower limbs. It is transmitted exclu-
sively through drinking water. Successful campaigns that
focus on safe water through filtration have reduced the
burden of cases from 3.5million in 1980 to approximately
10 000 in 2005. The transmission of vector-borne diseases
such as malaria may be increased when water sources are
poorly protected and provide habitats for mosquito
breeding.

Hepatitis A virus is a liver pathogen that occurs world-
wide but more commonly in countries with poor hygienic
and sanitary standards. It is estimated that 1.5million
clinical cases of hepatitis A occur worldwide, but sero-
prevalence data suggest that the population affected is ten
times that of acute clinical cases. In young children the
majority of cases are asymptomatic, but in older children
and adults hepatitis A can lead to jaundice, fever, and life-
threatening fulminant hepatitis. Although a vaccine is
currently available, it is not used in many developing
countries given high rates of endemicity of hepatitis A.
Therefore, improved water sources and better sanitation
would likely decrease the prevalence of this disease
worldwide.

Finally, chemical pollutants such as arsenic and
nitrates also present major threats to public health. Arse-
nic is a common natural element and may be found in
water that has flowed through arsenic-rich rocks. Chronic
exposure to arsenic via drinking water leads to skin
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cancer, lung cancer, bladder cancer, kidney cancer, and
other skin lesions. The technology for arsenic removal
from piped water supply, however, is moderately costly
and requires technical expertise. Control of arsenic is
more complex where drinking water is obtained from
many individual sources, and it may be difficult to achieve
in peri-urban communities of developing countries and
in most rural areas worldwide.

When several infectious diseases related to inadequate
water, sanitation, and hygiene were combined into one
analysis, it was estimated that they were responsible for
more than 82million disability-adjusted life years lost in
2000 (Prüss et al., 2002). Indeed, unsafe water and sanita-
tion accounted for 3.7 to 5.7% of the global burden of
disease, making it the leading environmental risk factor
worldwide (Prüss et al., 2002; Ezzati et al., 2003).
Potential Health Benefits of Water and
Sanitation Interventions

The effects of inadequate water and sanitation on human
health in developing countries are difficult to measure
because poverty is linked to poor nutrition, higher rates of
disease, and to the lack of improved water and sanitation
services. Nonetheless, there is a considerable body of liter-
ature that documents potential health benefits of water and
sanitation interventions. A comprehensive review based on
67 studies investigated the relationship between diarrheal
disease and water quality, water availability, and fecal
disposal (Esrey et al., 1985). The results of this study
suggested that median reductions in diarrheal disease
from water availability (25%) were higher than those
recorded for water quality improvements (16%) and
those recorded for improvements in fecal disposal (22%).
Many concluded that although hygiene and water quality
are important interventions, adequate supply of water
needs to be achieved before improvements in quality can
yield health benefits. A subsequent review of 144 water and
sanitation interventions (Esrey et al., 1991) found that
improved water supply and sanitation facilities resulted in
substantial reductions in morbidity of diarrhea (26%),
ascariasis (29%), guinea worm infection (78%), schistoso-
miasis (77%), and trachoma (27%).

Improvements in water supply alone, however, are
unlikely to accomplish full health benefits. One recent
longitudinal study underscored the additional need to
improve both sanitation and water storage practices to
attain better health outcomes (Checkley et al., 2004).
Using data from the Cebu Longitudinal Health and
Nutrition Survey, another study found that improvements
in water quality had large health benefits where commu-
nity sanitation was good, whereas improvements in water
quality had small health benefits where community sani-
tation was very poor (VanDerslice and Briscoe, 1995).
A follow-up analysis that used nationally representa-
tive data from eight countries identified that an incremen-
tal improvement in sanitation was associated with less
diarrhea and better anthropometric indicators (Esrey,
1996). The health benefits of improved water were less
pronounced than those of improved sanitation, and health
benefits from improved water occurred only when sanita-
tion was improved. More recently, the implementation of
a citywide sanitation program to improve sewage cover-
age from 26% of households to 80% in Salvador, Brazil,
was accompanied by a reduction of 22% in the longitudi-
nal prevalence of diarrhea in the population of the city as
a whole, and 43% in the areas where the baseline preva-
lence of diarrhea was highest (Barreto et al., 2007).

A recent systematic review of 2120 publications and
meta-analysis of 46 studies (Fewtrell et al., 2005) suggested
that water supply, sanitation, and hygiene interventions, as
well as their combination, were effective at reducing
diarrheal illness (Figure 5). Hygiene interventions, and
particularly hand-washing (relative risk (RR) 0.56; 95%
confidence interval 0.33 to 0.93) were as effective as water
supply and sanitation improvements. In this review, water
quality interventions were more effective than previously
acknowledged. The authors, however, raised concern
about the possibility of publication bias among included
studies of water quality. A recent meta-analysis of
33 reports from 21 countries documenting 42 compari-
sons found that water quality interventions were generally
effective at reducing diarrheal disease even in the absence
of improved water supply and sanitation (Clasen et al.,
2007). The heterogeneity in findings across studies, how-
ever, reflects the difficulty in making policy decisions on
the health effects of a single intervention and highlights
the interplay among water, sanitation, and hygiene at the
community level. It therefore follows that, at the popula-
tion level, there is not a necessary sequence to improve-
ments in water and sanitation.

Intervention studies of the health impacts achieved by
coverage gains have presented inconsistent results.
A review of these studies reported a wide range of results
measured across settings. This range and the history of
conflicting conclusions from field studies have led many
decision makers to believe that large-scale investments
required to improve water and sanitation in the commu-
nity are not cost-effective in terms of health benefits
alone. As a result, ministries of health with limited
resources have assigned a low priority to water and sani-
tation. This issue has subsequently initiated much dia-
logue among international agencies and developing
country government officials. Time and again, measure-
ment of the success of a capital investment in piped water
supply or sewerage by the interruption in fecal–oral dis-
ease transmission alone has proven to be fraught
with complications. Some experts suggest that the cost-
effectiveness of interventions in water supply and
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sanitation is undervalued by measuring short-term
impacts alone and by failing to consider non-health ben-
efits (Briscoe, 1987). In fact, the long-term benefits on
childhood survival are likely to be substantial. Better
information is needed to support available evidence that
improvements in water supply and sanitation are neces-
sary if not sufficient keystones to public health progress,
particularly among the urban poor.

In particular, improvements in water, sanitation, and
hygiene are likely to play an important role in breaking
the vicious cycle between diarrhea and malnutrition in
children of poor communities. Education about better
practices of water storage, improved water pressure, and
more reliable water sources are likely to discourage storage
of contaminated water, improve hygiene practices, and
decrease the frequency of diarrhea. Additional improve-
ments in sanitation facilities, namely access to flush toilets,
are likely to result in better health outcomes in developing
countries.
International Initiatives

In 1977 at the United Nations Conference on Water in
Mar de Plata, Argentina, water was defined as a common
good and a human right. Three years later, the United
Nations General Assembly urged governments of devel-
oping countries to ‘‘adopt national targets for drinking
water supply and sanitation services, commensurate with
resource availability, absorptive capacity and ability. . .’’
and proclaimed 1981 to 1990 as the International Drinking
Water Supply and Sanitation Decade. Although the quan-
titative goals were not reached, the Decadewas a success in
many ways. From a policy perspective, the Decade saw
increasing coordination of activities at the national and
local level and recognition of water as a finite resource.
Governments and international agencies invested more
than $US134 billion. Water supplies reached an estimated
additional 1.2 billion people, and sanitation services an
additional 770million (World Health Organization, 1992).
In 1990, the United Nations re-emphasized the importance
of the goals identified in the International Drinking Water
Supply and Sanitation Decade, and extended the deadline
to the end of the century.

Despite this momentum, international interest again
began to wane during the 1990s particularly in donor
nations whose focus moved toward agricultural use of
water, chemical contamination, and global climate change.
Meanwhile, events such as the Cryptosporidium outbreak in
Milwaukee in 1993 and Las Vegas in 1994 rekindled
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interest in water quality and the need to monitor the safety
of municipal water systems. However, it also highlighted
the difference between options available in industrialized
nations, where sophisticated water treatment processes
could be considered, versus the continued struggle in
transition economies to provide basic piped water for
more than a few hours a day. Certain international initia-
tives were notable in this period, including:

. United Nations Development Programme event in
1990 in New Delhi, India, which drew attention to
inequities in coverage: ‘‘Some for all rather than more
for some.’’

. 1992 Dublin International Conference on Water and
the Environment, which emphasized the need to man-
age water in an integrated fashion and treat it as an
economic good, the role of women in the management
and security of water systems, and the need to be par-
ticipatory in development plans.

. First World Water Forum in 1997, which not only
continued to prioritize gender equality and shared
water management, but also recognized the danger in-
herent in water being viewed as an economic good
alone.

During the 1990s, data collected from household
surveys demonstrated that although the gross number of
people with access to improved water increased – a total
of 5.3 billion people in 2004 compared with 4.1 billion in
1990 – so did the world’s population. Uneven investment
in sanitation remained a trend in all regions of the world.
Rural regions were even less likely to have access to basic
water supply and sanitation than they were just ten years
before. Hence gains in coverage were modest at best.

More recently, in 2002, the consensus reached at
the World Summit for Sustainable Development, in
Johannesburg, South Africa, was that very little gain in
coverage of water and sanitation has been achieved in the
last decade. Nonetheless, poor populations in developing
countries continue to grow, further widening the gap of
those in need of water and sanitation. One of the clear
successes of the Summit was to affirm a goal for water
and to add a new goal for sanitation since the Water and
Sanitation Decade.
Current Status

At the turn of the century, the United Nations dedicated
several Millennium Development Goals to target poverty
reduction and ensure sustainable development, including
Goal 7: ‘‘Halve, by 2015, the proportion of people without
sustainable access to safe water and basic sanitation.’’ In
2007, we are at two-thirds of the way through the period
of performance and are not currently projected to reach
the Millennium Development Goals targets for water
supply or sanitation in over 55 nations. One-sixth of the
world remains without an improved water supply and
two-fifths resort to public or bucket latrines for their
sanitation. To reach the Millennium Development
Goals, approximately 370 000 people per day need to
gain access to improved sanitation and an additional
260 000 per day need improved water supply, assuming
that no currently covered populations lose or degrade
their services. Certain regions need specific commitment:
only 36% of the population in sub-Saharan Africa has
access to sanitation. Population increases and agricultural
water demands in China and India pose their own stresses
on water supply. Coverage for rural areas has declined
even further; according to Dr. Jamie Bartram, the World
Health Organization’s coordinator for public health and
environment, there are on average three rural dwellers
underserved for every urban dweller.

The magnitude of the crisis is much greater than what
is implied by coverage shortcomings alone, however.
Beyond achieving basic access, communities at all levels
of development are faced with the need to sustain the
systems that they already have in place. For instance, the
majority of cities in Eastern Europe and Central Asia
already have infrastructure but are facing extensive
repairs and serious financial investments in order to arrest
system deterioration.

The goals set forth by the Millennium Development
Goals are probably unrealistic and unattainable without
integrating demand for adequate services at the commu-
nity level. Any successful strategy must rely not only on
scaling-up available funds and using effective and appro-
priate technologies but also on the capacity of the
unserved population to respond to international efforts.
In Zimbabwe, for example, creating demand for sanitation
and hygiene at the community level was not only shown
to be cost-effective but also resulted in significant gains
in sanitation coverage over a short period of time
(Waterkeyn and Cairncross, 2005).
Health Policy Challenges

Multiple health policy challenges lie ahead, both at the
national level and multinational level. Recognizing that
enumerating service coverage alone is not enough to
achieve health and economic development goals; the
focus of current public health campaigns needs to be
more expansive. Access to water and sanitation are con-
sidered basic human rights and are essential for economic
development and human dignity. Nonetheless, although
water is a human right it does not mean that it should be
provided for free by governments.

The following section highlights a few of the chal-
lenges facing local and national governments as they
face the coming decades of urbanization, water scarcity,
and population growth.
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Innovative Financing

The argument is often made that water is a basic human
right, and therefore should be free. ‘Free’ water and sani-
tation services, however, are not sustainable. They in fact
advance coverage minimally and often fail to change the
service levels of the poor at all. Retrospective evaluation
of failed schemes has taught us that the sustainability of a
water and sanitation project depends in part on the recov-
ery of capital and operational costs (Brikké and Rojas,
2001). This emphasis is relatively new, particularly in
developing countries whose water and sanitation schemes
were historically financed through donor agencies and
loans. In a 1988 survey of water charges in 122 developing
countries, researchers revealed that no-cost recovery
occurred in 28% of the projects, and partial return on
operation and maintenance costs were recovered in only
30% (Briscoe and de Ferranti, 1988). Full cost recovery
was achieved in only 6% of the countries.

The shift toward cost recovery is necessary but difficult
to achieve even for large-scale, urban projects. It requires
multiple advancements, including raised consumer awar-
eness, encouragement of community participation, and
confidence in those delivering the services. Government
officials are often unwilling to raise the price of a public
good, such as water or sanitation. Much of the water
delivered to public water taps is still delivered at less
than full cost, and collection rates for household connec-
tions are notoriously low, particularly in poor regions.
Low revenues develop into limited system maintenance,
in turn leading to leakage and further decline in system
efficiency. The challenge to finance water supply and sani-
tation systems thus requires innovations in local financing
as well as less tangible social and legal reforms to create an
enabling environment for potential investors.

In response to the poor performance of public providers,
many governments have considered various management
reforms. The 1990s saw the introduction of public–private
partnerships into the operations of water supply and sanita-
tion systems. From South America to Southeast Asia, tradi-
tionally state-owned providers contracted out to private
companies (Mwanza, 2005). Various relationships devel-
oped from concessions for water supply in Jakarta, Indone-
sia, to service contracts for leakage repairs and revenue
collection in Manila. Reviews of the performance of these
private ventures are mixed, however. Experience thus far
has shown that healthy public–private partnerships require
solid institutional arrangements and well-defined regu-
latory frameworks, which often do not exist prior to the
privatization efforts. For this reason, only some privately
managed water agencies offer success stories.

That being said, several other governments under
pressure to perform have kept management of the water
supply and sanitation public, but have adopted reform
strategies and management principles associated with
the private sector. This second type of reform comes in
many colors but collectively is referred to as the New
Public Management (NPM) (Lane, 2000). Key principles
of NPM include the decentralization of authority, separa-
tion of regulatory tasks from service provision, achieve-
ment of cost recovery, stimulation of competition in the
water sector, and development of customer-oriented,
accountable services. Some examples of such efforts
include Uganda’s performance contracts, Zambia’s water
watch groups, tariff increases to cover operations and
management costs in Mexico, and Vietnam’s benchmark-
ing and local management offices (Schwartz, 2007). No
one solution works alone. In their attention to the local
level and performance indicators, these practices may
foster more progress toward the Millennium Development
Goals than previously failed attempts.
Reaching the Poor

Service inequities exist universally in cities, where the
poorest live with the worst levels of coverage. Tradition-
ally, government schemes assumed that coverage exten-
sion to the poor would operate at a loss unless subsidized.
Across cultures, however, the poor pay more per unit for
their water than their wealthier counterparts (Adrianzen
and Graham, 1974; Gilman et al., 1993). Household data
also reveal that people, even poor people, are willing
to spend considerable amounts for improved sanitation.
Previous pro-poor measures such as low tariffs and sub-
sidies are now recognized as pro-rich, benefiting those
already connected to a system disproportionately and
failing to secure funds sufficient to achieve cost recovery.
Using this information creatively to expand services to the
poor is clearly one of the present day policy challenges.
Water Quality

Contaminants in water used at the household level play an
important adverse effect on health. Households may store
water for use in containers when availability is unreliable,
or may obtain the water from a pipe far from the water
treatment site. Such water is subject to poor pipe con-
ditions and illegal siphoning, which in turn leads to a
loss of water from the system and permits unforeseen
changes in pressure. Once these dynamics occur, cross-
contamination between wastewater and drinking water
can increase significantly. Less than a handful of develop-
ing countries achieve the international benchmark of 20%
water leakage. Even fewer operate with functional water-
quality monitoring systems. As highlighted from the
experiences of Mexico ( Jimenez et al., 1999), analysis of
water quality cannot simply transfer standards developed
in the United States or Canada. Rather, standards should
be based on criteria that are affordable to measure and
appropriate to the water use. Government restructuring
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may also be necessary, as the responsibility for water
quality monitoring usually resides within a department
whose enforcement powers lie far from the parties
responsible for maintaining water supply and sanitation
infrastructure. In summary, in most cases, achieving water
quality standards at the household level will require
attention to water continuity, delivery system leakage,
wastewater treatment, and monitoring enforcement.

Discussion of water quality from a policy perspective
must also address the down side of increased water access:
the ever-growing water pollution from industry, agri-
culture, and urbanization. No country can ignore the im-
pacts of wastewater on groundwater resources. Dr. Perry
McCarty, winner of the 2007 Stockholm Water Prize,
summarized it well when he stated: ‘‘Attempting to reme-
diate groundwater is extremely expensive, so we need to
make a great effort in prevention before contamination
happens. This is very important especially for the devel-
oping world to understand, because once groundwater is
contaminated, it is contaminated for centuries’’ (Environ-
ment News Service, 2007).
Sanitation

In terms of numbers, fewer people currently have
improved sanitation coverage than 20 years ago. This is a
result, in part, of the increasing proportion of the popula-
tion living in slums, as well as the lack of political com-
mitment, which has traditionally lagged behind water
supply development. Sanitation was appropriated only
20% of the $US16 billion invested between 1990 and
2000 by national governments and external support agen-
cies (World Health Organization/UNICEF, 2000).

This gap in coverage promises to grow, as current
sanitation schemes are largely unsustainable. The opera-
tion of most off-site sanitation systems requires significant
financial commitment, as well as stable political environ-
ments to ensure proper maintenance of public components.
Moreover, most urban sewerage systems require an enor-
mous quantity of water input in order to transport waste
away from the household and into a waste treatment facility.
According to sanitation engineers, wastewater is produced
at rates of nearly 50m3 per person per year in developing
cities. This translates into sufficient water being produced
from a city of one million people to irrigate 1500 to
3500 hectares (World Health Organization, 2006). It also
translates into large quantities of wastewater polluting sur-
face and groundwater sources. Clearly, the challenge for the
future will be to implement low-cost, appropriate sanita-
tion, and to consider the selective reuse of treated effluents.

Although future projects in sanitation may still be less
successful than their water counterparts, an emphasis on
community-driven demand, not top-heavy supply, will be
likely to produce more sustainable results. Projects in
Pakistan and Mexico demonstrate that reorganization of
sewerage and waste removal into community clusters
improves flexibility to population growth, reduces water
demand and unit price for purchase as well as operations
and maintenance, and enhances accountability. This in
turn helps identify the parties responsible for repair and
maintenance of system components (United Nations
Development Programme, 2006; Domı́nguez et al., 2007).
Managing Water Resources

Water scarcity, related to either over-extraction of ground-
water reserves and to pollution of existing surface water
resources, promises only to increase as a problem. Cur-
rently, agriculture accounts for over 70% of water use. In
most countries, production-linked support policies still
dominate. This framework encourages overuse and ineffi-
ciency, and fails to address the environmental damage that
results from polluted runoff. As populations increase, com-
petition between uses of water and regulation of wastewater
will develop into significant policy concerns. Already, India
andChina have been faced on numerous occasionswith the
decisions between providing for water-heavy crops or pop-
ulation settlements. Judicial policy to address multicountry
ownership of surface and groundwater resources needs to
become a priority before water becomes like oil as a com-
modity. Improved pricing structures, tradable permits,
enforceable government regulations, and more sustainable
agricultural water management are necessary to address
the crisis of water scarcity. Such initiatives also need to take
place on local as well as national levels.
Summary

Better water and sanitation is one of the most important
public health priorities worldwide. Although improve-
ments in water supply and sanitation are part of an inter-
national agenda to reduce poverty, the necessary political
commitment at the national and local levels is still lacking.
Throughout the last decade very little gain in coverage
was achieved. The gross numbers of people who lack
water and sanitation services have remained essentially
the same.

A more effective strategy must identify and combine
programs and policies that are likely to have the greatest
sustained effect. Conventional approaches – such as edu-
cation about hygiene and sanitation, or installation of
sanitation facilities – have proven unsuccessful. It is clear
that people will not practice adequate hygiene or install
and use sanitation facilities unless they clearly see the need
to do so. It follows that anyeffective strategymust take into
account the need to create demand for services. A multi-
disciplinary approach is particularly important as poverty,
with its associated unsanitary living conditions and lack of
access to water, proper nutrition, health care, and educa-
tion, is the overwhelming determinant of infection and
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malnutrition. The results of such efforts will better help us
achieve the goals identified in the Millennium Develop-
ment Goals and consequently serve the billions of people
who currently live without improved water or sanitation.
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Drowning is the process of experiencing respiratory
impairment from submersion/immersion in liquid. It is a
leading cause of unintentional injury death, in particular
among children and young people. In 2002, over 382 000
people were estimated to have drowned, the vast majority
(90%) in low- and middle-income countries. Some risk
factors occur universally across the globe (young age,
male gender, low socioeconomic status, and the use of
alcohol), whereas environmental risk factors are strongly
related to local situations. Dependent on the local situa-
tion, most drownings typically occur in the ocean, swim-
ming pools, bathtubs, lakes, ponds, rivers, canals, or
village wells. There are many opportunities for drowning
prevention, which should be tailored to local context and
risk factors. Although scientific evidence on effective pre-
ventive measures is scarce, the transfer of documented
good practices to places with high drowning rates is
recommended.
Definition of Drowning

Drowning is a leading cause of death across the globe, in
particular among children and young people. Effective
prevention of drowning requires programs and policies
that address local risk factors. Surveillance, however, has
long been hampered by the lack of a uniform and inter-
nationally accepted definition, which permits all relevant
cases to be counted, i.e., fatal and nonfatal drowning. To
improve surveillance, a new definition was developed
through an international consensus procedure within the
framework of the first World Congress on Drowning
(WCOD) in 2002:

Drowning is the process of experiencing respiratory im-

pairment from submersion/immersion in liquid. Further-

more, drowning outcomes should be classified as: death,

morbidity, and no morbidity

(van Beeck et al., 2005: 853–856).

The drowning process is the continuum that begins
when the victim’s airway lies below the surface of the
liquid, usually water, at which time the victim voluntar-
ily holds his or her breath. This induces a cascade of
reflexes and pathophysiological changes, including tissue
hypoxia, which may lead to death (Idris et al., 2003).
However, a patient can be rescued at any time during
the process and given appropriate resuscitative measures,
in which case the process is interrupted. Impairment of
the respiratory system is secondary to laryngospasm
and/or aspiration of water and the consequences thereof.
The definition of drowning applies to all cases where the
entrance of the airway is under water, precluding the
breathing of air.

In the past it has been customary to use separate
definitions for fatal (referred to as drowning) and nonfatal
cases (referred to as near-drowning) and to make a further
distinction between cases with or without aspiration
(Modell, 1981). These definitions were difficult to use in
surveillance and epidemiological research, because they
mixed characteristics of the event (e.g., submersion and
immersion) with the pathophysiological changes (e.g.,
asphyxia, electrolyte and blood volume changes, and a
wide variety of alterations in respiratory function), and
the outcome (e.g., mortality and morbidity). Therefore,
according to current international consensus, the term
near-drowning has been abandoned. This also applies to
the previously used terms dry (without aspiration of
water) versus wet (with aspiration of water) drowning.
Drowning Mortality Across the Globe

The WHO estimates that in 2002 over 382 000 people
drowned, making drowning the second leading cause of
unintentional injury death globally after road traffic inju-
ries. The official numbers of drowning deaths reported by
WHO exclude drowning due to floods (cataclysms), boat-
ing, and water transport. Deaths from tsunamis and tidal
waves, for example, are coded as deaths due to natural and
environmental causes and not counted as drownings in
official statistics. Moreover, research has shown that
drowning may also be classified as ‘death due to undeter-
mined intent’ resulting in further underestimation of the
problem. Due to these exclusions by definition and mis-
classification, rates of drowning death may be actually
higher than the estimates provided by the WHO and
reported in this article.

Drowning mortality is not evenly distributed around
the globe, with the majority of cases being estimated to
occur in the Western Pacific (192 000), South-East Asia
(98 000) and African (65 000) WHO Regions. Almost 90%
of fatal drowning cases occur in low- and middle-income
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Figure 1 Drowning mortality rates (0–18 years) per 100000

person-years by region and income level. AFRO, African Region;

AMRO, American region; EURO, European region; SEARO, South-

East Asian Region; WPRO, Western Pacific Region. From WHO
mortality database. http://www.who.int/healthinco/morttables

Table 1 Drowning mortality rates (0–18 years) per 100 000

person-years by age and gender

Under 1 1–4 5–9 10–14 15–19 Total

World

males

7.11 11.38 9.32 8.86 10.28 9.74

World

females

9.04 7.98 5.96 4.34 3.86 5.62

From WHO Global burden of Disease estimates. http://www.

who.int/healthinfo/bodestimates

Table 2 DALY rates (whole population) per 1000 person-

years by region and gender

Developed
countries

High mortality,
developing
countries

Low mortality,
developing
countries

Males 1.3 2.8 2.6

Females 0.3 1.4 1.3

From WHO Global Burden of Disease estimates. http://www.

who.int/healthinfo/bodestimates
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countries. The worldwide inequality in drowning mortal-
ity rates by region and income level is shown in Figure 1.
This figure shows variation between a rate of less than
0.50 per 100 000 person-years in high-income European
countries and a rate of almost 15 per 100 000 person-years
in low- and middle-income countries of the Western
Pacific region.

Nor is drowning mortality evenly distributed by age
and gender. Approximately 50% (186 000) of fatal drown-
ing cases are among children and young people below
19 years of age. Two-thirds of fatal drowning cases occur
in boys/males. Worldwide, drowning mortality rates are
highest among young children (1–4 years of age). This is
shown in Table 1, which also shows that boys have an
almost twofold risk of fatal drowning compared to girls.

Since drowningmainly affects young people, the average
number of years of life lost per drowning case is almost
30 years. Therefore, apart from being an important cause of
death, drowning also leads to a substantial burden of disease
in terms of disability-adjusted life years (DALYs). In 2002,
worldwide a total number of almost 11million DALYS due
to drowning were estimated in WHO’s Global Burden of
Disease (GBD) project. In interpreting this figure, itmust be
considered that nonfatal drowning cases and outcomes have
been neglected in the GBD approach and that DALYs due
to drowning are therefore underestimated.

Table 2 shows current estimates on DALY rates by
region and gender, which are twofold (males) to fourfold
(females) in developing countries compared to developed
countries.

The impact of drowning on population health can be
greatly reduced, as shown by the history of drowning statis-
tics in many high-income countries. In the Netherlands, for
example, death rates from drowning dropped from 14.4 per
100 000 person-years in 1900 to 0.6 per 100 000 person-
years by 2000. The 1900 rate for the Netherlands is about
equal to the current average mortality rate observed in low-
andmiddle-income countries in theWestern Pacific Region
(14.9 per 100 000 person-years). Much of this spectacular
decrease in drowning rates can be attributed to preventive
measures, including improved swimming abilities.
Economic and Health Consequences
of Drowning

Worldwide, specific information on the economic and
health consequences of drowning is scarce. Nevertheless,
it can be concluded that drowning has a large impact on
individuals and populations. Specific studies into the costs
of hospitalizations for nonfatal drowning in the United
States have shown that although most victims can be
discharged on the admission day or after one night’s stay,
a small proportion of cases have to receive intensive
treatment for long periods. For this reason, mean hospital
charges have been reported at US $13 000–14 000 per
case, and in individual cases with severe sequelae (such
as brain damage) treatment costs even may greatly exceed
the amount of US $100 000.

http://www.who.int/healthinfo/bodestimates
http://www.who.int/healthinfo/bodestimates
http://www.who.int/healthinco/morttables
http://www.who.int/healthinfo/bodestimates
http://www.who.int/healthinfo/bodestimates
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Available data on the functional consequences among
drowning survivors are mainly limited to children. These
studies have shown that poor functional outcome is
restricted to those victims that are unconscious on admis-
sion. Nevertheless, rates of 5–15% of severe neurological
deficits among admitted drowning victims have been
reported, in particular among those admitted to the inten-
sive care unit.

Since drowning is a major cause of death (and disabil-
ity) among children and young people in several regions
of the world, this public health problem has a large impact
on many national economies. This can be expressed in
terms of potential years of productive life lost (PYPLL)
and valued years of potential life lost (VYPLL), which
both measure the loss of productivity due to premature
death before the age of retirement (usually 65 years).
China provides a good example of the impact of drowning
on the economy. A study from this country showed that
injury mortality by far exceeds other major diseases as a
contributor to production losses. It was demonstrated that
drowning ranks second behind motor vehicle traffic inju-
ries in terms of both PYPLL and VYPLL among all injury
causes (Lam et al., 2005). While precise rankings may
change as the economy develops, drowning will remain
a major problem until preventive measures are applied at
population level.
Risk Factors for Drowning

Identifying risk factors leading to drowning is essential for
developing targeted and effective prevention strategies.
Some risk factors occur universally around the globe,
whereas other risk factors are more specifically related
to the local environment. Both types of risk factors have to
be identified before preventive strategies are developed,
evaluated, and implemented on a large scale.

The influence of sociodemographic factors, such as
age, gender, socioeconomic status, and race or ethnicity
is found in all regions of the world.

As already stated, males have a twofold increased risk of
fatal drowning compared to females. One factor behind
these gender differences is variation in exposure to water.
In some cultures, for example, male toddlers are allowed
more time for exploration (including in water) than their
female counterparts. In many cultures, males are more
involved in swimming and other water recreation than
females.

Worldwide, children 1–4 years old are particularly vul-
nerable for drowning. This is due to their immature
developmental stage calling for strict parental supervi-
sion, since small children can drown in a few seconds.
Parents may not be adequately supervising their children,
and in many settings older children look after their
younger siblings.

Figure 1 shows that low-income countries have much
higher drowning rates than middle- and high-income
countries. This pattern holds true within countries as
well. Across the world, children from low socioeconomic
groups drown at a higher rate than children from high
socioeconomic groups. It has been put forward in the
literature that higher parental education leads to higher
levels of awareness of the existing environmental risks for
their children and to the development of appropriate
compensatory mechanisms (Petridou and Klimentopou-
lou, 2006). In Bangladesh, children whose mothers
had only primary education are at significantly greater
risk of drowning compared to children whose mothers
had secondary or higher education. Similarly, a study in
Mexico showed that the risk of drowning for children
1–4 years old was higher among those from a household
where the head of the family had not completed
elementary school as compared to children living in
households where the head of the family had completed
elementary school. Within high-income countries, ethnic
minority groups generally have higher drowning death
rates. Data from the United States show that the overall
age-adjusted drowning rate among African-Americans is
almost 50% higher than among Whites. Although some of
this differential can be accounted for by socioeconomic
differences, some of the increased risk seems to be due to
other factors as well such as differences in opportunities
to learn to swim. In high-income countries and among
wealthy people in low-income countries, children will
have more exposure to controlled access to water (e.g.,
through school swimming lessons and holidays at the
seaside).

A major universal behavioral risk factor for drowning is
the use of alcohol, in particular among adolescents and
adults. A meta-analysis has shown that in half of all adult
drownings alcohol is involved and in one-third a blood
alcohol concentration (BAC) of over 100mg/dl is observed
(Smith et al., 1999). Although less well documented, another
important factor to consider is alcohol use by parents or
guardians while supervising small children in water recrea-
tion activities.

The influence of environmental factors is strongly
related to regional and local situations. Dependent on
the local situation, most drownings occur in the ocean,
swimming pools, bathtubs, lakes, ponds, rivers, canals, or
village wells. Overall, place of occurrence accounts for
most of the variability of drowning incidence observed
across different regions and countries. The location of
drowning has been recognized as a key variable in identi-
fying measures to prevent drowning in different cultures.
In Japan, for example, bathtubs are the major source of



Table 3 Basic routes for drowning prevention and some

examples

Route Example

1. Remove, reduce, or

change hazard

Draining of ponds or lakes

Closing of public swimming

pools

Standards and legislation for
artificial water facilities (e.g.,

private swimming pools, public

swimming pools, garden wells)

2. Change behavior (risk
taking, supervision, or

skills)

Health promotion program to
improve parental supervision

Swimming training

Safety skills training
Prevention of alcohol intake while

swimming or participating in

boating or sporting activities

3. Prevent contact between
humans and environment

Swimming pool fencing
Swimming pool covers

Height of bath side

Separate swimming training area

from regular basin

Adapted from Bierens JLM (2006) Handbook on Drowning. Berlin:

Springer Verlag. With kind permission of Springer Science and

Business Media.
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accidental drownings among children and the elderly.
For young children in the United States, however, the
presence of a residential pool, particularly where inade-
quately fenced, is the greatest exposure factor. In Bangla-
desh, most young children who die from drowning have
drowned in ditches and ponds. In Mexico, children of
parents with a water well at home are at significantly
greater risk of drowning.

All these local risk factors ask for targeted local strate-
gies to reduce the drowning problem. These local strategies
should also take adverse climatic conditions (such as rapidly
changing weather conditions and low water temperature)
into account as an additional environmental risk factor for
drowning.
Prevention of Drowning

Prevention of drowning knows a long and successful
history, in particular in high-income countries, but
many opportunities to (further) reduce the problem
still exist. These opportunities for prevention can be
classified according to different models. The most ele-
mentary of these models distinguishes three basic routes
for prevention (Wilson and Rogmans, 2006) as illustrated
in Table 2:

. Remove, reduce, or change the hazard.

. Change behavior in risk taking, supervision, or skills.

. Prevent contact between people and the environment.
Draining of ponds and lakes is an example of the first
route for drowning prevention. This kind of strategy might
be implemented under specific circumstances, but one of
the other strategies, such as swimming training, is most
often preferred. In many countries, and high-income
countries in particular, the prevalence of persons with
swimming abilities has greatly increased over the past dec-
ades. This has been accompanied by spectacular reductions
in drowning mortality rates. However, scientific evidence
for the effectiveness of swimming lessons to prevent drown-
ing does not exist and concern has been raised that swim-
ming instruction may even increase exposure to risk
(Brenner et al., 2003). Also, sound evaluation studies on the
effectiveness of programs to improve parental supervision
(in relation to drowning) have not yet been conducted.Most
scientific evidence on the effectiveness of drowning preven-
tion has been collected on the third basic route: Prevent
contact between people and the environment. Aswithmany
injury prevention interventions, passive strategies that
reduce exposure to the hazard may be most effective.
A systematic review of the literature has shown the effec-
tiveness of swimming pool fencing. The odds ratio for the
risk of drowning in a fenced pool compared to an unfenced
pool has been calculated at 0.27 (95% CI 0.16–0.47), with
isolation fencing (enclosing swimming pool only) being
superior to perimeter fencing (enclosing property and
pool) (Thompson and Rivara, 2000).

Table 3 shows a few examples out of numerous
potential measures that can be implemented. These
measures should be tailored to local risk factors and
circumstances and be carefully evaluated while con-
tinuing to apply best-known practices. This article has
shown that drowning is a major public health problem in
low- and middle-income countries and may affect their
economic development. Therefore, although scientific
evidence on effective preventive measures is scarce,
the transfer of documented good practices (Wilson and
Rogmans, 2006) to places with high drowning rates is
recommended.
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Background

Substance misuse, including tobacco and alcohol, is cur-
rently the predominant health burden in developed
countries, accounting for 20% of all deaths and 22% of
potential years of life lost (Single, 2000). In the European
Community smoking alone accounted annually for
520 000 deaths (Peto, 2006).

Apart from impact on mortality, substance misuse has a
considerable effect on personal safety, mental health, and
social well-being. A comprehensive evaluation of the
annual social costs of drugs carried out in Australia at
the end of the past decade estimated that losses equivalent
to 5.6% of the gross domestic product are attributable to
social harm caused by alcohol, tobacco (including passive
smoking), and illicit drugs (Collins, 2002).

This article provides an outline of the programs, inter-
ventions, and policies shown to be effective in the primary
prevention of the use of tobacco and illegal drugs, and of
misuse of alcohol. This overview does not consider other
kinds of preventive strategies, such as harm reduction or
others generally called ‘secondary prevention’ or those
aimed at smoking, alcohol, or drugs cessation.

Drug Addiction versus Drug Use

Drug addiction is commonly described both medically
and socially as a chronic, relapsing disease, characterized
by the effects of the prolonged use of the drug itself and
by the behavioral disorder caused by its compulsive seek-
ing (Leshner, 1997). This condition is shared by alcohol
and illicit drugs as well as by tobacco.
Further Reading
Bierens JLM (2006) Handbook on Drowning. Berlin, Germany: Springer
Verlag.
Relevant Websites
http://www.who .int/healthinfo/bodest imates – WHO Global Burden of
Disease .
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pidemiology, Grugliasco, Italy

Drug users are commonly divided into ‘‘sensation see-
kers’’ and those who ‘‘use drugs as a way to deal with life’s
problems or with dysphoric mood’’ (Leshner, 1999). Not
all users become addicted. Once established, however,
addiction ‘‘is often an uncontrollable compulsion to seek
and use drugs’’ (Leshner, 1999). Experimental use affects
mainly adolescents, who ‘‘use drugs simply for the pleas-
ant feelings or the euphoria that drugs can produce, or to
feel accepted by their peers’’ (Leshner, 1999). Since the
neurological or psychological factors affecting the risk of
addiction are not known, ‘‘even occasional drug use can
inadvertently lead to addiction’’ (Leshner, 1997; Leshner,
1999). The natural history of addiction has been written in
terms of a gateway theory or stepping-stone hypothesis, in
that involvement in drug use may follow culturally deter-
mined steps from one substance to another. Hard liquors
and tobacco, for example, are viewed as intermediate
between beer/wine and marijuana, whereas marijuana
may be a stepping stone to other illicit drugs (Kandel,
1975; Fergusson, 2000).

Apart from those related to addiction, drug use can
lead to a wide range of health and social problems, such as
traffic accidents and occupational injuries for alcohol
consumption, violence, and child abuse. For this reason,
primary interventions should be aimed to reduce first use,
as well as to prevent the transition from experimental use
to addiction.

Primary Prevention

Although the conceptual definition of drug addiction was
settled many years ago, the factors linking first or

http://www.who.int/healthinfo/morttables
http://www.who.int/healthinfo/bodestimates
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recreational use with addiction have not been clearly
explained. Yet many years of research have resulted in
the identification of a long list of factors influencing the
probability to become addicted (Hawkins, 1992). The list
is so comprehensive, ranging from genetic to educational
factors, from parental relationship to national legislation,
that a single intervention cannot tackle all the identified
factors; moreover, because of the multifactorial essence of
addiction, interventions should be generally aimed to
increase protective factors rather than to tackle risk fac-
tors (Hawkins, 1992).

The age of onset of substance use is critical for the
choice of intervention. In the Health Behavior in School-
aged Children (HBSC) survey, the mean age at onset of
tobacco use is 12.1 for boys and 12.8 for girls (European
HBSC countries), and 11.5 and 12.3 in the United States
(Currie, 2004). The same figures for the onset of drinking
alcohol are 12.3 for boys and 12.9 for girls (European
HBSC countries), and 11.8 and 13.2 in the United States
(Currie, 2004). Adolescents who begin smoking at youn-
ger ages are more likely to become regular smokers and
less likely to quit (Tyas, 1998). The same applies to drug
use: those who initiate drug use at an earlier age are at
greatest risk for later drug misuse (Hawkins, 1992).
Results from the North American National Longitudinal
Alcohol Epidemiologic Survey (Grant, 1997) showed that
the life-time alcohol dependence rate of those who initi-
ate alcohol use by age 14 is four times as high as those who
start by age 20; the odds of dependence decreases by 14%
with each additional year of delayed initiation.

These data suggest that although the main aim of
prevention is to avoid use, the delay of initiation can be
also considered a positive outcome.
An Attempt to Classify Preventive
Interventions

The European Council approved in 2004 the EU drug
strategy for 2005–2012 (Council of the European Union,
2004). Two main policy fields are addressed to tackle the
drugs problem at the international and national level:
supply reduction and demand reduction. Although the
strategy is aimed at the control of illegal drugs, it serves
as an example of a global strategy – including transna-
tional law enforcement cooperation, treatment service
supply, and prevention programs – that is relevant also
to tobacco and alcohol.

Primary prevention of substance usemay be classified as:

. universal prevention, targeted to the general popula-
tion as well as to specific unselected populations
(school, family, community);

. selective prevention, targeted to subsets of the popula-
tion identified as having a higher risk of drug use than
average;
. indicated prevention, which targets those who have
already taken drugs and are considered to be at risk of
becoming addicted.
Methods

This article is based on secondary publications, such as
systematic reviews, reports of international agencies, and
guidelines of preventive practice. The Cochrane Library
(Issue 1/2007) and theMedlinedatabase have been searched
for systematic reviews on the effectiveness of tobacco, alco-
hol, and illicit drugs prevention programs. The websites of
the major international agencies involved in the control of
such risk factors have been explored in order to find reports
on effectiveness evaluations; National Institute for Clinical
Excellence (NICE), Centers for Disease Control and Pre-
vention (CDC), European Union, World Health Organiza-
tion (WHO), Scottish Intercollegiate Guidelines Network
(SIGN), National Institute on Drug Abuse (NIDA), and
European Monitoring Centre for Drugs and Drug Addic-
tion (EMCDDA) websites have been visited and useful
reports have been downloaded and examined.

For a limited set of items for which no secondary
publications were available, a bibliographic search has
been performed in Medline, without temporal limitation,
using specific search terms, and looking for randomized
controlled trials (RCTs) of interventions on individuals,
on groups (group or cluster RCT), and nonexperimental
studies for interventions provided at the population level.
Universal Prevention

Mass Media Campaigns

Mass media interventions generally consist of brief, recur-
ring messages, disseminated through broadcast, Internet,
and print media, to inform and motivate individuals to
remain tobacco free (Hopkins, 2001), abstain from exces-
sive alcohol use, and avoid using illicit drugs.

Evidence on tobacco

A Cochrane systematic review published in 1998, included
six controlled trials evaluating the effectiveness of mass
media campaigns for preventing smoking uptake in young
people (Sowden, 1998). Since only two of these studies were
associated with reductions in smoking prevalence, the con-
clusions of the author were that ‘‘there is some evidence that
media campaigns can be effective, but overall the evidence
is not strong.’’ The effective campaigns were guided by
theoretical concepts about how behaviors are acquired;
the first was based on provocative messages, and the second
was based on the social learning theory approach (Bandura,
1977). Both campaigns were intensive, a characteristic of
effective campaigns already known (Flay, 1987).
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Amore recent systematic review included 14 controlled
studies evaluating the effectiveness of mass media cam-
paigns (Hopkins, 2001) in preventing smoking onset in
young people, 12 of them reporting a quantitative evalua-
tion of effect. In 13 out of 14 studies, the mass media
campaign was a component of a larger strategy, including
contests or school-based interventions, community educa-
tion programs, and tax increase of tobacco products. Among
the five studies reporting results as differences in preva-
lence, with follow-up periods ranging from 2 to 5 years, the
median absolute reductionwas 2.4%. Among the six studies
reporting results as odds ratios (ORs), two did not find an
effect and the median OR for the four remaining was 0.60.
A single study evaluated a campaign in addition to a school
based program showing a reduction of 11% in the preva-
lence of smoking. The authors concluded that a strong
scientific evidence exists that mass media campaigns are
effective in reducing tobacco use prevalence in adolescents
when combined with other interventions.

The bulk of evidence comes from North America, but
there are some European studies confirming these results.
For example, an evaluation of an anti-tobacco multimedia
campaign in Norway found that nonsmoking youth in the
intervention counties were less likely to take up smoking
than youth in control counties (Farrelly, 2003). In general,
mass media campaigns appear to have raised awareness,
improved attitudes about tobacco use, and/or reduced
prevalence and consumption among youth, though it is
difficult to ascertain the degree to which the effect is
attributable to the campaigns specifically, particularly
when they are part of comprehensive programs (Farrelly,
2003). Mass media campaigns are most likely to succeed if
designed according to social marketing theory, with suffi-
ciently large, sustained campaigns, and appropriately tar-
geted messages based on empirical evidence for the
intended population (Lantz, 2000).

Mass media campaigns, sustaining attention and legit-
imatizing and reinforcing community actions, can also
help to maintain tobacco control as a priority issue in
the public health agenda (Bala, 2004; Wilde, 1993).

Based on recent evidence, theWHO Europe states that
‘‘multimedia campaigns can be used to increase aware-
ness’’ while making use of all of the effective options
available (Gilbert, 2003).

Evidence on alcohol
A recent WHO review (Hawks, 2002) summarized the
results of different reviews on the effectiveness of mass-
media interventions for reducing alcohol use and misuse.
Media-based campaigns that are pursued in conjunction
with complementary and reciprocal community actions
seem to be more effective than media campaigns alone in
changing both attitudes toward alcohol and use itself
(Boots, 2001, Casswell, 1990). Media campaigns have
been shown to be effective in raising the general level of
awareness with regard to alcohol and of lending support to
policy initiatives in this area. However, their effectiveness
in precipitating changes to individual using behavior is
less clearly demonstrated (Proctor, 2001; Casswell, 1990;
Makkai, 1991), even in recent studies (Flynn, 2006).

In the case of alcohol (and in some countries, tobacco
also), concurrent and frequent broadcasting of advertise-
ments for these substances represents a frustrating, if not
hostile influence, and the consequence may be to weaken if
not nullify the effects of health messages (Slater, 1996;
Wallack, 1984, 1983; Aitken, 1989). This is clearly shown
in many studies: the advertising of alcohol products, partic-
ularly beer, especially when associated with sporting values
has been found to influence the perceptions and future
drinking intentions of underage viewers, particularly
males (Grube, 1992; Connolly, 1994; Slater, 1996). Alcohol
advertising during very early adolescence can influence
both beer drinking and drinking intentions in the short
term. Children at extremely high levels of overall advertis-
ing exposure were found to be subsequently 50% more
likely to drink and 36% more likely to intend to drink as
those at low levels (Collins, 2007). Moreover, despite
restrictions on the advertising of alcohol to underage audi-
ences, studies have shown such audiences to be aware of
alcohol advertisements. The positive perception of these
advertisements is associated with intention to drink and
heavy drinking at a later stage. This trend is more apparent
for males than females (Connolly, 1994; Aitken, 1988; Hill,
2001). To confirm the influence of advertising, studies eval-
uating the effect of bans on the broadcast advertising of
alcohol showed that these measures are associated with
lower per capita consumption and fewer motor vehicle
accidents (Saffer, 1991). Cross-national analyses comparing
different levels of advertising restrictions showed lower
levels of alcohol consumption and alcohol-related harm in
countries with stricter regulatory mechanisms – although
there may be other (confounding) factors that account for
some of this variability (Hill, 2001).

Exposure to promotional items appears to have an
influence on drinking habits: in a cross sectional survey,
one-fifth of students reported owning at least one alcohol
promotional item, and these students were three times
more likely to have tried alcohol and 50% more likely to
report current alcohol use than students without such
items (Hurtz, 2007).

From another point of view, there is strong evidence
that mass media campaigns against alcohol and driving are
effective in reducing alcohol-related crashes. A review
(Elder, 2004) focused on the campaigns for reducing drink-
ing and driving and alcohol-involved crashes showed that
the campaigns were effective in reducing alcohol-related
crashes, with a median decrease in crashes across all studies
andall levels of crash severityof 13%, and amediandecrease
in injury-producing crashes of 10%. The studies evaluating
the rate of intoxicated drivers showed a 158% net decrease
(�37% intervention group; þ121% control group). No
clear difference on the effectiveness of campaigns that used
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legal deterrence messages and those that used social and
health consequences messages were shown.

A more recent systematic review including 11 studies
confirmed Elder’s results: mass media campaigns reduced
crashes resulting in injury by 10% (Tay, 2005). Moreover
mass media campaigns resulted in large savings in medi-
cal costs, property damage, and productivity. There were
no significant differences in outcomes among message
types emphasizing legal, social, or health consequences
of drunk-driving.

Evidence on illicit drugs

Few papers have reviewed the effectiveness of mass media
campaigns against illicit drugs. An extensive recent review
failed to identify papers producing quantitative data
(Hawks, 2002), and this is a recognized gap in the research
in the field (Proctor, 2001).

On the other hand, the very recent results of the evalu-
ation of the American National Youth Anti-drug Media
Campaign, planned by the Office of National Drug Con-
trol Policy (ONDCP) and funded in 1997 by the U.S.
Congress with US$1 billion, raises concern. The main
objective of the campaign was to ‘‘educate and enable
America’s youth to reject illegal drugs as well as alcohol
and tobacco’’; however, alcohol and tobacco were omitted
from the main focus of the campaign, and this attracted
comments from several critics (Proctor, 2001). The center-
piece of the campaign, which focused mainly on minimiz-
ing illegal drug use (particularly marijuana and inhalants)
among young adolescents who have not yet become ‘regu-
lar’ users of illegal substances, consisted of televised anti-
drug public service announcements (PSAs).

The evaluation of the effectiveness of the campaign was
committed byONDCP to an external research corporation,
who conducted a separate evaluation of the campaign
(Orwin, 2006). A longitudinal panel study on children’s
and parents’ exposure and response to the campaign has
been carried out, using a national probability sample. Data
collection was conducted by means of audio computer-
assisted self-interview, allowing privacy, over four rounds
(1999–2004), each about one year apart from the next round
in nine waves of interviews. The evaluation aimed to assess
whether the exposure to the campaign affected the self-
reported knowledge, attitudes, beliefs, and drug use among
exposed youth. Because the campaign was addressed to
youth nationwide, an experimental designwas inapplicable;
therefore, the evaluation has been carried out by linking
variations in self-reported exposure to the campaign mes-
sages with outcomes that the campaign intended to bring
about (Orwin, 2006). The effects of the exposure to the
campaign on the outcomes have been measured and
detected within individuals over time, after controlling for
factors that could have influenced outcomes.

This study shows disappointing results. It provides
no evidence that the campaign had a positive effect in
relation to teen drug use, and shows some indications of a
negative impact. Some intermediate outcomes, such as
parents talking with children about drugs, and doing fun
activities with their children, showed positive results.
However, other intermediate outcomes, such as parents’
monitoring of their children’s behaviors, were not shown
to be affected by the campaign.

Preliminary findings from the evaluation were reported
in 2002: the past month use of marijuana appeared sig-
nificantly increased by 2.5% among 14–18 years (Orwin,
2006). Following these results, in 2002, ONDCP mod-
ified the campaign, enlarging the concentration of anti-
marijuana messages, in order to strengthen the power of
the campaign to achieve positive results. However, even if
no increase in marijuana use was detected in the second
phase of the campaign, the post-2002 results yielded
no evidence of positive impacts and some evidence of
negative and unintended consequences in relation to mar-
ijuana use. Specifically, exposure to advertisements during
the redirected campaign was associated with statistically
significantly higher rates of marijuana use initiation
among youth who were prior nonusers (2000 to 2004
change 2.1%). Most parents and youth recalled exposure
to the campaign messages, thus the failure of the cam-
paign cannot be attributed to a lack of recognition of the
messages themselves. Preliminary results from research
trying to explain the counterintuitive effect of the
ONDCP campaign have pointed out that socially ori-
ented factors, such as peer influence and normative belief,
are more likely to account for the unintended effects
rather than psychological or cognitive explanations
( Jacobsohn, 2007). The author suggests that the most
persuasive message of the campaign was the unintended
meta-message on the high prevalence of peer use of
marijuana contained in the advertisements. This possibly
resulted in a ‘‘boomerang effect’’ on youth perceptions,
thus leading to an increase in marijuana use.

The risk of increasing the perceived prevalence of use,
shared by any anti-drug campaign (Perkins, 1986), raises
concerns about the capacity of mass media campaigns to
influence teen drug attitudes and behaviors, and in gen-
eral questions concerning the understanding of the factors
that are most salient to teens’ decision making about drugs
(GAO, 2006). Moreover it suggests that it is most impor-
tant to evaluate thoroughly the effectiveness of any cam-
paign prior to widespread implementation.
Policy Interventions: Price and Availability of
Selling Products

One of the fundamental principles of economics is that
when the price of goods rises, demand falls. Price elastic-
ity is the extent to which demand falls in response to a
price increase (Gilbert, 2003).
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Evidence on tobacco

Price increase of tobacco products is considered one of
the most productive and cost-effective means for reducing
the demand for tobacco (Chaloupka, 2000).

Several reviews have showed that a price increase of
10% results in a decrease of 2.5% to 5% in cigarette
consumption (Townsend, 1996; Gilbert, 2003; Lantz,
2000; Hopkins 2001). It has been estimated that such a
10% price increase could result in 600 000 to 1.8 million
prevented deaths in the World Bank European and central
Asian region, at a cost of US$3 to US$78 per disability-
adjusted life year (DALY) (Ranson, 2002). This inter-
vention is estimated to be the one with the highest
cost-effectiveness value. These estimates can be considered
as minimum, since they are based on the short-run
response of smokers to price increases. In fact, several
studies have estimated that the demand for tobacco could
be reduced twice as much in the long-run as in the short-
run., on condition that increases are repeated over time.

A recent systematic review found that in seven out of
eight studies, increases in the price of tobacco products
decrease both the overall prevalence of use and the quan-
tity consumed (Hopkins, 2001). According to this exten-
sive review, as well as to the one of the Europe Health
Evidence Network, the effect of price increases is
expected to be higher among young people, women, and
lower social strata (Hopkins, 2001; Gilbert, 2003).

In countries where consumption has actually fallen in
response to price increases, taxes account for 65% to 80%
of the price of a packof cigarettes (Gilbert, 2003). It has been
estimated that price increases may also contribute to the
effectiveness of tobacco control programs, especially when a
portion of the tobacco tax revenues are allocated to anti-
tobacco interventions (Gilbert, 2003; Chaloupka, 2000).

An important policy intervention with the aim of pre-
venting use of tobacco among adolescents is the restric-
tion of sales to minors. A Cochrane review recently
concluded that legislation alone is not sufficient to pre-
vent sales to minors (Stead, 2005). Simply giving informa-
tion to retailers about the law is not effective (DiFranza,
1992, 1996). Both enforcement and community policies, if
including a variety of strategies, can improve compliance
by retailers (Altman, 1999). Enforcement, or warnings of
it, generally had an positive effect on retailer behavior, but
checking must occur frequently, more than six times a
year ( Jason, 1996). The penalty for infringement may also
be important, although there is little direct evidence of
the relative deterrent effect of different penalties. Revok-
ing of a license to sell tobacco can be more effective, if the
licensing itself is strictly monitored (Chapman, 1994).
However, the effect of these measures can be counterpro-
ductive if community attitudes are not supportive. For
example, retailer interventions may not work if neighbor-
ing districts have discordant policies (Landrine, 1994).
Both retailers’ compliance and density of vendors are
very important in light of the effectiveness of the measure
(Rigotti, 1997; Levy, 2000, 2001); a study in Erie County
in the United States (Cummings, 1995; Cummings, 2003)
suggests that the threshold for compliance must be
greater than 80% for the measure to be effective. More-
over, although the potential for enforcement of sales
laws to reduce underage smoking may be limited, a recent
cost-effectiveness analysis suggests that even if it can only
reduce youth tobacco use by 5% it is likely to be as cost-
effective as other prevention activities (DiFranza, 2001).

Evidence on alcohol

An extended review published in 2002 (Chaloupka, 2002)
targeted the price sensitivity of alcohol consumption; it
was carried out mainly using data from studies taking
advantage of the substantial variation in alcohol prices
across the United States due to the differences in excise
tax rates on alcoholic beverages. This review was focused
on youths and young adults, because of the frequency of
motor vehicle accidents from alcohol use, the high preva-
lence of misuse and dependence in the age group 20–39,
and the fact that drinking behaviors in adolescence is
linked with alcohol misuse in late life. Among the four
studies included in the review, especially targeted to the
youth ages 16 to 21, the results are consistent: the price of
alcohol, generally resulting from variation in taxes,
reduced the number of frequent and fairly frequent
young drinkers and, to a lower extent, the fraction of
infrequent drinkers (Chaloupka, 2002). Two studies
included in the review analyzed the effect of price
increases of alcoholic beverages on motor vehicle fatal-
ities due to drinking and driving: both studies concluded
that, based on the variation of prices across the United
States, increased prices are able to reduce accidents from
drinking and driving (Chaloupka, 2002). The authors of
the review concluded that price increase can be consid-
ered one of the most cost-effective interventions to con-
trol alcohol consumption and related risks.

Five studies examining the health effects of alcohol
were included in the review: four of them concluded that
price increases are able to reduce mortality rates of causes
directly linked to alcohol, such as liver cirrhosis, and those
indirectly linked to alcohol, such as traffic fatalities, as
well as the incidence of gonorrhea (Chaloupka, 2002). It
has been estimated that an increase of $1 of the price of
distilled spirits can reduce the rates of cirrhosis mortality
by about 5.4–10.8%, and that an increase by 10% of the
prices of alcoholic drinks can reduce the cirrhosis mortal-
ity by 8.3–12.8%.

Although these conclusions came from experiences lim-
ited toNorth America, some European evidence appears to
confirm them: in Switzerland, following a reduction of
prices for spirits, an increase of consumption has been
noticed, during a period of generallydeclining consumption
of alcohol (Heeb, 2003). An analysis of the relationship
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between prices of alcoholic beverages and consumption
during 1984 and 1994, carried out in Sweden, showed a
net tendency toward reduction of consumption as a
response of price increase (Gruenewald, 2006).
Evidence on illicit drugs

The analysis of the role of price policies on the frequency
of consumption is obviously not applicable for illicit
drugs. Nevertheless control policies could affect the avail-
ability of substances in the illegal market, and criminali-
zation policies could determine the career of users and
consequently the prevalence of use. No reviews have
been traced on this topic by our literature search, only a
few research reports. A study comparing prevalence and
career of use of illegal drugs in a city characterized by an
informal tolerance toward cannabis, that is, Amsterdam,
with those of San Francisco, which has a punitive prohi-
bition law, has been recently published (Reinarman, 2004).
The authors concluded that no evidence supports claims
that criminalization, or decriminalization, are able to
reduce prevalence of drug use. The ineffectiveness of
punitive drug policies are described in other, less formal,
studies, showing that in the ‘tolerant’ Netherlands the
prevalence of cannabis users is lower than in the UK or
Germany (Korf, 2002) and that countries with weaker
enforcement of prohibition laws do not encounter an
increase of prevalence of use (MacCoun, 2001).
Smoking and Alcohol-Free Workplaces

Evidence on tobacco

Many countries have established regulations to ban or
restrict the consumption of tobacco in enclosed public
places (health centers, workplaces, educational institu-
tions, sports centers, social centers, waiting rooms, restau-
rants, shops, and public transport) to promote smoking
cessation and protect nonsmokers from exposure to envi-
ronmental tobacco smoke (ETS).

Totally smoke-free workplaces are associated with
reductions in prevalence of smoking of 3.8% and 3.1
fewer cigarettes smoked per day per continuing smoker.
Combination of both those effects yields a mean reduc-
tion of 1.3 cigarettes per day per employee, which corre-
sponds to a relative reduction of 29%. To achieve similar
results through taxation would require an increase in the
price of cigarettes of 73% (Fichtenberg, 2002).

Different no-smoking policies can be implemented:
some may include a total ban on smoking, or restrictions
with signs warning and clearly marked areas specifically
for smokers with separate ventilation. Comprehensive no-
smoking interventions in public places usually include
educational campaigns for employees, visitors, and man-
agers, posting of signs about the policy, health advice, and
smoking cessation counseling for employees.
In 2000a Cochrane systematic review (Serra, 2000),
which summarized results of 11 studies carried out in
hospitals, workplaces, shops, barbershops, supermarkets,
elevators, and cafeterias, concluded that the most effective
interventions were those in which institutions developed,
resourced, and supported comprehensive programs to
achieve compliance with a policy decision to ban smoking.
Strategies that includes education, dissemination of infor-
mation, training for managers, and support in quitting for
individual smokers showed the highest rate of success
(Becker, 1989; Stillman, 1990). Commitment from man-
agement and communication with those affected by
bans appeared to be an important part of the successful
interventions.

Recently, the introduction of a comprehensive smoke
free legislation, covering all indoor workplaces in the
Republic of Ireland offered a natural experiment for
identifying effects of this law, because the ban was intro-
duced in the Republic but not in Northern Ireland
(Allwright, 2004). In the evaluation study, the smoking
ban led to a clear reduction in self-reported exposure to
ETS in and outside work: in nonsmokers salivary cotinine
concentration dropped by 80% and respiratory symptoms
declined by 16.7% (Allwright, 2005).

Similar results were found in a previous U.S. study: in
1998, California statewide legislation prohibited tobacco
smoking in bars and taverns. It was possible to evaluate the
relationship between ETS exposure and respiratory
symptoms, sensory irritation symptoms, and pulmonary
function in bartenders. After the smoking ban, the self-
reported ETS exposure at work significantly decreased
from a median of 28 to 2 hours for week. Of those symp-
tomatic at baseline, 59% no longer had symptoms at
follow-up. Of those bartenders who at baseline reported
sensory irritation symptoms, 78% had resolution of
symptoms (Eisner, 1998).

A new law in Italy, introduced in the beginning of
2005, banned smoking from work and public places. The
impact evaluation carried out by the Ministry of Health
(Ministero della Salute, 2006) showed very high levels of
compliance and acceptance of the ban both in public and
in workplaces, besides a reduction in prevalence and an
increase in sales of smoking cessation drugs. An evalua-
tion at a regional level estimated that during the year after
the introduction of the law, hospital admissions for
first episode of myocardial infarctions decreased by 11%
(Barone-Adesi, 2006).

Evidence on alcohol

Alcohol misuse not only affects work performance in gen-
eral, but also results in higher rates of absenteeism, acci-
dents, illness, and mortality, with all their related costs.

Most countries have restrictions on alcohol consump-
tion; these can vary from complete bans or partial restric-
tions to voluntary or local agreements. In general, among
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countries involved inWHOGlobal Status Report Alcohol
Policy 2004, alcohol consumption in official settings is
strictly controlled, with around 50% of them having
total bans (WHO, 2004).

Besides alcohol restrictions, there is a long tradition of
programs to address the problem of substance misuse by
workers. A series of evaluation studies has indicated that
the workplace programs succeeded in restoring substan-
tial proportions of employees with alcohol problems to
effective performance (McAllister, 1993; Walsh, 1992;
Blum, 1995). A workplace prevention training program
for stress management has been shown to reduce problem
drinking from 20 to 11% and missing work because of a
hangover from 16% to 6% (Bennett, 2004).
School-Based Prevention

Schools are appropriate settings for illicit drug use pre-
vention programs for three reasons: first, four out of five
tobacco smokers begin before adulthood. Second, schools
offer the most systematic and efficient way of reaching a
large number of young persons every year. Third, schools
can adopt and enforce a broad spectrum of educational
policies (United Nations, 2003). Most substance pre-
vention programs, therefore, are school-based. According
to Nancy Tobler’s (Tobler, 1986) systematic review on
tobacco, alcohol, and drugs prevention, prevention
programs can be divided into those founded on (1) knowl-
edge-only interventions, in which description of the
effects of drug use sets out to build negative attitudes
toward drugs and hence decrease their use; (2) affective-
only (e.g. self-esteem or self-awareness building) interven-
tions, based on the assumption that psychological factors
place people at risk of use; (3) peer-based interventions,
namely refusal skills and social life skills programs, the
former focused on resistance skills or peer role models and
the latter on inter-personal or intra-personal skills, both
founded on the assumption that peer pressure can lead to
drug use; (4) knowledge plus affective interventions, in
which knowledge is combined with affective education
to provide values and build decision-making patterns; or
(5) alternative approaches (activities and competence),
such as interventions encouraging alternative activities to
drug use or those aimed at enforcing control abilities.

Evidence on tobacco
In 2004, a Cochrane review summarizing the results of the
studies on the effectiveness of school-based programs for
tobacco prevention was published (Thomas, 2004). Due to
the differences in approaches between the studies, the
review did not produce a quantitative summary of the
evidence. However, the review pointed out that rigorous
studies evaluating programs based on information are
lacking, and there is little positive available evidence to
support this approach. On the contrary, school programs
incorporating social influence models are effective in
reducing smoking behavior in the short term. Among
studies with long-term follow-up, the Life Skills Training
studies showed a 25% reduction in cigarette smoking at
the 12th grade (Botvin, 1990; Botvin, 1995), and the TNT
project showed a 30% reduction of smoking initiations and
a 60% reduction of weekly use across the two-year junior
high to senior high school period (Sussman, 1993). How-
ever, the Hutchinson Smoking Prevention Project, a large
high-quality study, failed to find an effect of a social influ-
ence intervention program on smoking behavior, either at
school-leaving or later follow-up (Peterson, 2000).

The review underlined also that there is not enough
evidence to clarify whether interventions combining
social competence with social influence are more effective
than pure social influence interventions; moreover, stud-
ies evaluating social influence interventions delivered in
conjunction with wider, multimodal initiatives reached
conflicting results on the prevalence of smoking.

Another important conclusion of this review was that
since ‘‘cost is an important factor in planning school-based
programs, those planning services will need to determine
whether these costs are justified in the light of the existing
evidence.’’ The Hutchinson Smoking Prevention Project,
for example, delivered 65 classroom sessions to each group
of students, requiring investment in teacher-training, and
employing time usually dedicated to other academic
activities. Therefore, according to the current status of
the evidence, the cost/benefit ratio of engaging such
programs remains unclear.

Evidence on alcohol

In 2002, the Cochrane Library published a systematic
review summarizing the evidence of effectiveness of pri-
mary prevention interventions for alcohol misuse in young
people (Foxcroft, 2002; Foxcroft 2003). Regarding studies
evaluating a school-based component, the review con-
cluded that the Strengthening Families Program (Spoth,
2001a, 2001b), an intervention involving both the families
and the school, is effective over the long term for the
primary prevention of alcohol misuse. The number
needed to treat (NNT) over four years is nine, which
means that for every nine individuals who receive the
intervention, therewill be one fewer student using alcohol,
using alcohol without permission, or having drunkenness
episodes four years later. Moreover, according to the
review, culturally focused skills training (Schinke, 2000)
is potentially effective in the long term, with a NNTof 17,
whereas evidence supporting the effectiveness of the Life
Skills Training program is less convincing (Botvin, 1995).

Evidence on illicit drugs

Many studies have evaluated the efficacy of illicit drug
use prevention programs implemented in the school
setting, and several reviews have summarized their results
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(Bangert-Drowns, 1988; Cuijpers, 2002; Ennett, 1994;
Hansen, 1992; Kroger, 1994; McBride, 2003; Mellanby,
2000; White, 1997; Tobler, 1997; White, 1998; Tobler,
2000; Skara, 2003). In 2005, the Cochrane Library pub-
lished the first systematic review (Faggiano, 2005) taking
into account all the characteristics of the programs, the
quality of the studies, and classifying the programs
according to Tobler’s scheme.

The Cochrane review revealed differences in the
efficacy of the prevention programs (classified into
knowledge, skills, and affective-focused). Skills-focused
programs showed a positive effect on both mediating vari-
ables (drug knowledge, decision making, self-esteem, and
peer pressure resistance) and final outcomes, compared to
usual curricula, with a 20% lower use of marijuana in the
intervention groups at the post test and a 55% lower use of
hard drugs. From the meta-analysis on marijuana use,
based on four randomized control trials (RCTs) involving
7287 students, the number needed to treat (NNT) was 33,
meaning that one out of every 33 students (20% of the new
initiators) receiving the intervention will abstain from
drug use because of it. Knowledge focused programs
were more effective in improving drug knowledge than
the usual curricula, but were not more effective than skills-
based programs and less effective than affective programs.
Their effects on drug use were comparable to the usual
curricula and the other two types of programs, not differ-
ent from resistance training programs, and less effective
than normative education programs. Affective-focused
programs were effective in improving decision-making
skills and drug knowledge compared to both usual curri-
cula and knowledge-focused interventions, but no evi-
dence of effectiveness was shown for the prevention of
drug use. Programs administered by peers appeared to
be more effective than programs administered by teachers.
However, no difference was shown for peers compared to
external educators.
Parental Interventions

Evidence on tobacco

A recent Cochrane review summarized the results of the
effectiveness of family-based programs for preventing
smoking by children and adolescents (Thomas, 2007).
The review was based on 19 RCT studies, some of
which were of low quality. Excluding the low-quality
studies, the authors found that family interventions may
prevent adolescent smoking. Four of the nine studies that
tested a family intervention, such as printed activity
guides, parenting tip sheets, child newsletters, incentives,
or more complex ones such as Strengthening Families
Program and Family-School partnership, against a control
group had significant positive effects ( Jackson, 2006;
Josendal, 1998; Spoth, 2004; Storr, 2002) at short- and
long-term follow-up. However, four RCTs found no
differences and one found negative results. Only one of
the five RCTs that tested a family intervention against a
school intervention detected significant positive effect
(Spoth, 2004). None of the remaining comparisons (family-
plus-school versus school, family tobacco versus family
nontobacco, parent plus-teens versus teens for general
risk reductions) detected evidence of significant interven-
tion effects. Across all the included studies, the number of
sessions was not related to positive outcomes, but the
extent of implementer training and the fidelity of imple-
mentation appeared to be higher in the studies with
positive outcomes.

Evidence on alcohol

The Cochrane systematic review (Foxcroft, 2002, 2003)
on effectiveness of primary prevention intervention for
alcohol misuse in young people found the Strengthening
Families Program, involving both the families and the
school, to be effective over the long term (Spoth, 2001a,
2001b). The same review, evaluating the Project North-
land, a school-based intervention associated with strong
parental and community involvement, showed significant
effects on drinking behavior while the intervention was
ongoing but not afterwards, and no effects at four years
follow-up.

Evidence on illicit drugs

The Cochrane review on interventions delivered in non-
school settings (Gates, 2006) found evidence of effective-
ness (vs. no intervention group) only for the three family
interventions (Focus on Families, Iowa Strengthening
Families Program, and Preparing for the Drug-Free
Years) (Catalano, 1997; Spoth, 2004). Calculated results
showed at six years follow-up an advantageous effect of the
Iowa Strengthening Families Program on self-reported
lifetime cannabis use (RR¼ 0.55, 95%CI: 0.32–0.95) and
on self-reported past-year cannabis use (RR¼ 0.44, 95%
CI: 0.20–0.96).
Community Interventions

Community interventions also need to be considered by
policy makers because the potential benefit goes beyond
youth. If community interventions can have a significant
impact on important youth substance misuse outcomes
while having an impact also on other groups within a
community, then ultimately there may be an economy of
scale. Instead of different interventions for different
groups, a single community intervention that covers all
the groups may be more cost-effective.

Evidence on tobacco

The Cochrane review on community interventions for
preventing smoking in young people (Sowden, 2003) stated
that ‘‘there is limited support for the effectiveness of
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community interventions in helping prevent the uptake of
smoking in young people.’’ Seventeen controlled trial stud-
ies were included in the review. Two out of twelve evalua-
tions comparing community-wide interventions with no
intervention reported differences in smoking prevalence
between the intervention and control groups (Perry,
1994; Vartiainen, 1998); both studies were part of larger
community-wide cardiovascular disease prevention pro-
grams. A third study comparing two similar interventions
with standard health education did not find consistent
results (Piper, 2000). Of the four studies comparing
community-wide interventions with school-based inter-
ventions (Biglan, 2000; Sussman, 1998; Gordon, 1997;
Schinke, 2000), only one showed a statistically significant
effect on smoking prevalence (Biglan, 2000). However,
when samples of expired air carbon monoxide were
taken into account, differences between groups disap-
peared. A study evaluating a community-wide interven-
tion including a school-based component and onewithout,
did not show differences in smoking rates between the two
groups (Kaufman, 1994). However, in the follow-up sur-
vey, smoking prevalence was decreased in both groups.
A study evaluating a community-wide intervention with
a mass media component and a control with only the
media component (Pentz, 1989) showed an effect on
smoking rates in the intervention group.

Most of the programs included in this review men-
tioned some kind of theoretical basis. Three of the studies
that reported reductions in smoking prevalence between
intervention and control groups were based on Social
Learning Theory and one referred to the social influences
approach. These studies also reported significant changes
in mediating variables after the intervention (negative
attitudes, perceived positive consequences, intention to
smoke in the future).

Evidence on alcohol

Community-based prevention programs focus on chang-
ing the environment in which a person consumes alcohol
rather than the behavior of the individual drinker (Treno,
2002). The Cochrane systematic review (Foxcroft, 2002;
Foxcroft, 2003) on effectiveness of primary prevention
intervention for alcohol misuse in young people pointed
out the value of community interventions on youth alco-
hol misuse. Three large-scale community-based interven-
tions were included in the review. The first one (Holder,
1997) demonstrated a 10% annual reduction in alcohol-
related crashes among all drivers (not specifically youth)
across three communities, and a greater reduction in the
number of retail outlets selling alcohol to apparent under-
age buyers in the intervention communities (�30%) than
in the control communities (�12%) in the first year of
follow-up. The second large community trial included
was the Communities Mobilizing for Change on Alcohol
program (Wagenaar, 2000), which reported no clear
statistically significant effects apart from a statistically
significant effect on arrests for drinking and driving
among 18–20-year-old youth. The third trial was Project
Northland (Perry, 1996) with a predominantly school-
based intervention associated with strong parental and
community involvement, which found significant effects
of the intervention on drinking behavior while the inter-
vention was ongoing, but not afterward, and no effects at
four-years follow-up.
Evidence on illicit drugs

A recent Cochrane systematic review (Gates, 2006) sum-
marized the evidence concerning the interventions
intended to prevent or reduce use of drugs by young
people delivered in nonschool settings. Although 17 stud-
ies were included, the authors underline that many studies
had methodological drawbacks, especially high levels of
loss to follow-up, so that no firm conclusions can be drawn.
One study of motivational interviewing (McCambridge,
2004) suggested that this intervention was beneficial on
cannabis use. Three family interventions (Focus on
Families, Iowa Strengthening Families Program, and Pre-
paring for the Drug-Free Years) (Catalano, 1997; Spoth,
2004) suggested that they may be beneficial in preventing
cannabis use. The studies on multicomponent community
interventions did not find any strong effect on drug use
outcomes (Perry, 2003; Flay, 2004; Biglan, 2000; Schinke
2000), and the two studies of education and skills training
(Lindenberg, 2002; Palinkas, 1996) did not find any differ-
ences between the intervention and control groups.
Selective Interventions for
Vulnerable Groups

A comprehensive review on the effectiveness of interven-
tions to reduce substance misuse among vulnerable and
disadvantaged young people was recently published by
the UK National Centre for Drug Prevention ( Jones,
2006). From the recommendations of the review, we sum-
marize in the following paragraphs only evidence state-
ments classified as ‘‘A: likely to be applicable across a
broad range of settings and populations’’ or ‘‘B: likely to
be applicable across a broad range of settings and popula-
tions, assuming appropriately adapted.’’
Multicomponent Community-Based
Interventions

Multicomponent community-based approaches are more
effective for high-risk youth at preventing, delaying,
or reducing drug use than school and community pro-
jects alone. Compared with low-risk youth, this popula-
tion may respond more favorably to comprehensive
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interventions targeting alcohol, cannabis, tobacco, and
generic substance use (Streke, 2004).

Multicomponent interventions including a compo-
nent delivered at school combined with community
components can be effective in reducing substance use
in the short-term (LoSciuto, 1999); however, there is
inconsistent evidence about their effectiveness in the
long-term, with studies either indicating no change
or a reduction in patterns of alcohol use (Roe, 2005;
Harmon, 1995; Eddy, 2003). A study found that they
are not effective in producing long-term changes in
willingness or intent to use substances; they have no
effects on family functioning or absences and suspen-
sions from school, and they increase negative behaviors
(Hostetler, 1997).

A multicomponent intervention offered in addition to
usual school prevention services may produce an imme-
diate decrease in problem behaviors and a long-term
decrease in association with deviant peers and involve-
ment in criminal activity (Eddy, 2000, 2003).

As regards young people with a substance-using fam-
ily member (i.e., parent, sibling, or carer), multicompo-
nent interventions targeting parental drug use and
parenting practices in combination with drug treatment
have no effect on children’s drug use in the short-, medium
or long-term compared to treatment only (Catalano, 1999,
2002). No effect is shown on children’s behavioral out-
comes or school and family factors (Catalano, 1999,
2002), but the interventions can improve parental out-
comes in terms of problem-solving, parenting practices,
and depression, although there are few intervention effects
on family factors such as bonding and conflict (Catalano,
1999, 2002; Whiteside-Mansell, 1999), and they may help
drug-using parents stabilize or reduce their own use in the
short to medium term (Catalano, 1999; Magura, 1999;
Whiteside-Mansell, 1999).
Community-Based Interventions

Behavioral skills programs, information focused programs,
recreational focused programs, and affective programs
targeting high-risk youth have no effect on illicit drugs,
alcohol, and tobacco use and mental health outcomes both
in the short and long term (Hermann, 2002; Husler, 2005a,
2005b; Sambrano, 2005; Springer, 2002a, 2002b).

There is insufficient evidence to determine whether
family, educational, or multicomponent community inter-
ventions per se are effective in reducing drug use behavior in
vulnerable or disadvantaged young people (Gates, 2006).

Interventions incorporating cultural values are no
more effective in reducing substance misuse than inter-
ventions that do not (Bledsoe, 2002; Yuen, 2005).

Drug prevention programs targeting populations of
mixed ethnicities which incorporate refusal skills training
are more effective in reducing substance misuse among
high risk youth as well as other behavioral outcomes
related to substance use than programs that do not
(Bledsoe, 2002).

Support groups combined with peer mentor training
delivered to young people with substance-using parents
or other family members can increase negative attitudes
to substance use and can be effective at improving inter-
vention-targeted outcomes such as emotion-focused cop-
ing and self-esteem in the short to medium term (Horn,
1998; Short, 1995).

Self-administered drug education programs for pre-
gnant adolescents do not impact on substance use
behaviors in the medium term and improve substance-
related knowledge but no effect are shown on attitudes to
substance use (Sarvela, 1993).
School-Based Interventions

There is evidence to suggest that school-based Life Skills
Training (LST) or generic life skills, on their own or in
combination with other approaches, are not effective in
reducing substance misuse in the long term on high-risk
youth. When delivered as a stand alone intervention, Life
Skills Training or generic life skills may produce medium,
but not short- or long-term, reductions in substance use
(Griffin, 2003; Smith, 2004; Vicary, 2004), and the effect
on substance use may be strongest in girls (Smith, 2004).
In combination with other approaches, including parent
workshops, staff training, or mentoring, they have no
effects on substance use outcomes in the short-, medium
or long-term (Brown, 2005; Demers, 2000; Forman, 1990;
Losciuto, 1996; Palinkas, 1996; Rentschler, 1997;
Richards-Colocino, 1996). However, delivering generic
life skills with family components can produce both
immediate and medium-term reductions in alcohol use
and frequency of use, but only immediate effects on the
frequency of cannabis use (DeWit, 1998, 2000). Curricula
addressing other risky behaviors (violence, sexual activ-
ity) have no direct final or medium term effects on sub-
stance use outcomes (Farrell, 2003; Donnelly, 2001).

There is inconsistent evidence about the effectiveness
of life skills approaches at changing attitudes and knowl-
edge relating to substance misuse: Life Skills Training
can produce long-term decreases in young people’s asso-
ciation with substance-using peers (Gottfredson, 1996).
These approaches do not show long-term effects of
generic life skills with family and diversionary compo-
nents on intentions to use substances, although with the
addition of either mentoring or outreach with generic
skills training may produce short- and medium term
decreases in favorable attitudes toward substance use
(DeWit, 1998, 2000; Rentschler, 1997). Specialized teacher
training, in the context of a skills development approach,
has no long-term effects on substance use norms
(O’Donnell, 1995).
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There is evidence to suggest that some school-based
educational/skills interventions can improve young
peoples’ educational skills and positive behaviors, as well
as parents’ family-based care giving; specialized teacher
training, in the context of a cognitive skills development
approach, may be associated with long-term improve-
ments in educational skills and other classroom behaviors
(O’Donnell, 1995). Life skills curricula with parental,
mentoring, and/or social support components can pro-
duce both short- and long-term increases in mood, anxi-
ety, community engagement, positive school-based
outcomes, and family bonding (DeWit, 1998, 2000; For-
man, 1990; LoSciuto, 1996). However, a weakly imple-
mented LST program may be associated with long-term
iatrogenic effects, and decreases in positive school-based
outcomes (Gottfredson, 1996).

Brief, single substance interventions can be more
effective at producing short-term reductions in alcohol
use than interventions targeting multiple substances
(including alcohol) (Werch, 2005).

There is inconsistent evidence about the effectiveness
of school-based counseling and therapy on behavioral and
social functioning in young people. However, there is
some evidence that school-based social work schemes
may produce long-term decreases in reported thefts and
truanting (Bagley, 1998).
Family-Based Interventions

Family case management interventions can increase posi-
tive parenting skills in families with young children con-
sidered at risk (Baydar, 2003).

There is some evidence that family-based interventions
may be effective in producing long-term reductions in
substance use, except for tobacco and alcohol. The Ado-
lescent Transitions Program produces long-term increases
in overall substance use abstention (although tobacco
smoking may increase) (Dishion, 2002, 1995; Poulin,
2001). The Family Check Up intervention reduces long-
term substance use (Dishion, 2003). The Preparing for the
Drug Free Years program reduces alcohol and cannabis
initiation at long-term follow-up but increases tobacco
smoking and alcohol consumption (Park, 2000).

Family-based interventions can be effective in produc-
ing long-term improvements in parenting skills: for exam-
ple, the early intervention Healthy Start Program was
found to have no effects on child developmental status,
perceived parental competence, parents’ stress levels or
mother-child interaction in the medium term, or on use of
physical assault as discipline and child developmental
status in the long-term, but the intervention might pro-
duce improvements in nonviolent discipline in the long-
term (Duggan, 1999).

Preparing for the Drug Free Years may lead to long-
term improvements in parenting skills and family
responses to substance use but not family conflict or
adolescent refusal skills (Kosterman, 1997, 2001; Spoth,
1998; Park, 2000).

Nonprogrammed multicomponent family based
approaches may increase some parenting skills and paren-
tal self-efficacy and self-esteem in the long-term but have
no effects on parenting stress (Miller-Heyl, 1998). Pro-
grammed multicomponent family based approaches, such
as the Family Check Up, can produce long-term increases
in parental monitoring of child activities (Dishion, 2003).

There is no consistent evidence on the effects of home
visitations interventions for families with substance-using
members: in the long-term there is no difference in sub-
stance use between children with drug-using mothers
who receive home visitation at birth and those who do
not (Olds, 1998). Adolescents who receive home visitation
as infants do not have improved outcomes of dysfunc-
tional behaviors; although stops by police may be higher,
there are fewer arrests and convictions in the long-term
among children who receive home visitation at birth
compared to those who do not (Olds, 1998). Home visita-
tion does not produce long-term increases in the number
of mothers who are drug free compared to no visits, and
there are no effects of home visitation on parenting stress
or child abuse potential compared to no visits (Black,
1994; Nair, 2003).
Employment-Skills Programs

There is evidence to suggest that comprehensive employ-
ment programs (including outreach and admissions, basic
education, vocational training, residential living, health
care and education, counseling, and job placement assis-
tance) for high-risk youth are not effective in reducing
substance use in the long-term, but they can have long-
term positive effects on participation in employment and
training and arrest and conviction rates, and reduce the
amount of time spent in jail (Schochet, 2001).
Counseling

There is insufficient evidence to determine whether indi-
vidual counseling is effective in reducing substance use in
the long-term in young people with multiple vulnerabil-
ities. Motivational interviewing with video feedback has
no effect upon delinquent, home, or school behaviors and
decreased perception of control over the consequences of
individual actions (Knopes, 2004).
Indicated Interventions

As for selective interventions, in the following paragraphs
we summarize evidence statements on the effectiveness of
interventions to reduce substance misuse among young
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people who reported substance use, but not substance
dependence, according to the review published by the
UK National Centre for Drug Prevention ( Jones, 2006).
Brief Intervention or Motivational Interviewing

Motivational interviewing and brief intervention can have
short-term effects on the use of cigarettes, alcohol, and
cannabis and on attitudes and intentions to use (Tait,
2003; McCambridge, 2004; Oliansky, 1997; Aubrey 1998),
but there is no evidence of medium-term impact on the use
of cigarettes, alcohol, or cannabis (McCambridge, 2005).

Brief intervention enhanced with additional support
may have a positive impact on attendance at community
treatment agencies and psychological well-being com-
pared to usual hospital treatment (Tait, 2004).
Family Therapy

Family therapy (in particular when it is multidimen-
sional) is reported to be more effective at reducing sub-
stance use than other types of group therapy interventions
(Austin, 2005; Liddle, 2001, 2004; Joanning, 1992); how-
ever, these interventions are no more effective in improv-
ing school or family-related factors compared to
educational or group therapy approaches in the immedi-
ate or medium term (Liddle, 2001, 2004; Joanning, 1992).

Brief family therapy interventions are more effective
than group therapy in producing immediate reductions in
cannabis use (Santisteban, 2003) and overall substance use
(Lewis, 1990).
Counseling or Therapy Sessions for
Adolescents

There is insufficient evidence to determine whether
counseling and behavior therapy interventions targeting
young substance users are effective in reducing substance
use.
Other Interventions

There is some evidence that skills training for parents of
young substance users is effective in producing immediate
reductions in cannabis use among young substance users
compared to no intervention (McGillicuddy, 2001); more-
over, these interventions can produce an immediate
improvement in parent coping but not other measures of
parent and family functioning (McGillicuddy, 2001).
Conclusions

The evidence presented in this overview is weak in
some types of interventions but other interventions are
supported by relatively robust scientific studies of effec-
tiveness: examples include mass media campaigns for
tobacco use, bans and restrictions for tobacco and alcohol
use, school programs based on the comprehensive social
influence approach, and family programs for selected
populations. Interventions known to not be effective
include knowledge-based school programs and employ-
ment skills programs.

In general the availability of data on effectiveness of
interventions is far from satisfactory. Many interventions
supplied at a population level, such as mass media cam-
paigns against drugs other than tobacco and alcohol, have
little evidence of impact, and no evidence is available on
the interaction among market advertising, preventions
campaigns, and programs at the community level. In
general, very few studies have tried to estimate which
are the active components of the multicomponent
interventions.

One possible reason for this weakness is that the clas-
sical evaluation study design, the randomized controlled
trial, is seldom applicable to the assessment of the effec-
tiveness of such interventions, because they are supplied
at a population level. For interventions supplied at a
group level the group RCT has been recently developed
(Murray, 2004), but for interventions supplied at a popu-
lation level, when the ‘‘unexposed’’ population cannot be
easily identified, only before and after design can be
proposed (Spasoff, 1999). In the future these study designs
will be more developed methodologically and this will
help the conduction of evaluations of prevention inter-
ventions (Spasoff, 1999). A second possible weakness is
the lack of systematic reviews in many fields of primary
prevention. However, in our view, the evidence collected
so far is sufficient on which to base a number of effective
public health policies.
See also: Alcohol—Treatment; Illicit Drug Trends Globally;

Illicit Drug Use and the Burden of Disease; Preventing

Uptake of Smoking; Smoking Cessation.
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Heeb J-L, Gmel G, Zurbrügg C, Kuo M, and Rehm J (2003) Changes in
alcohol consumption following a reduction in the price of spirits: a
natural experiment in Switzerland. Addiction 98: 1433–1446.

Hermann J, Sambrano S, Springer JF, et al. (2002) The national cross-
site evaluation of high-risk youth programs: findings on designing
and implementing effective prevention programs for youth at high
risk. ERIC Monograph Series. no. ED477134.

Hill L and Caswell S (2001) Alcohol advertising and sponsorship:
commercial freedom or control in the public interest? In: Heathers N,
Peters T and Stockwell T (eds.) International Handbook of Alcohol
Dependence and Problems, pp. 823–846. Chichester: John Wiley
and Sons.

Holder HD (1997) A community prevention trial to reduce alcohol-
involved trauma. Addiction 92.

Hopkins DP, Briss PA, Ricard CJ, et al. (2001) Reviews of Evidence
Regarding Interventions to Reduce Tobacco Use and Exposure to
Environmental Tobacco Smoke. American Journal of Preventive
Medicine 20(2S): 16–66.

Horn KA (1998) Examination of a cumulative strategies model for drug
abuse prevention: Risk factor reduction in high risk children.
Dissertation Abstracts International Section A: Humanities and Social
Sciences 58(12-A)A.

Hostetler M, Fisher K, and Project CARE (1997) substance abuse
prevention program for high-risk youth: A longitudinal evaluation of
program effectiveness. Journal of Community Psychology 25(5):
419.

Hurtz SQ, Henriksen L, Wang Y, Feighery EC, and Fortmann SP (2007)
The relationship between exposure to alcohol advertising in stores,
owning alcohol promotional items, and adolescent alcohol use.
Alcohol and Alcoholism 42(2): 143–149.

Husler G, Werlen E, and Rehm J (2005a) The Action Plan–a new
instrument to collect data on interventions in secondary prevention in
adolescents. Substance Use and Misuse 40(6): 761–777.

http://www.gao.gov/cgi-bin/getrpt?GAO-06-818
http://www.gao.gov/cgi-bin/getrpt?GAO-06-818
http://www.euro.who.int/document/e82993.pdf
http://www.euro.who.int/document/e82993.pdf


Drugs, Illicit – Primary Prevention Strategies 263
Husler G, Werlen E, and Blakeney R (2005b) Effects of a national
indicated preventive intervention program. Journal of Community
Psychology 33(6): 725.

Jackson C and Dickinson D (2006) Enabling parents who smoke to
prevent their children from initiating smoking. Results from a 3-year
intervention evaluation. Archives of Pediatriatric and Adolescent
Medicine 160: 56–62.

Jacobsohn L (2007) Explaining the Boomerang Effect of the National
Youth Anti-Drug Media Campaign. 15th annual meeting Society for
Prevention Research. Washington, 30 May 2007.

Jason L, Billows W, Schnopp Wyatt D, and King C (1996) Reducing the
illegal sales of cigarettes to minors: analysis of alternative
enforcement schedules. Journal of Applied Behavioral Analysis 29:
333–344.

Joanning H (1992) Treating Adolescent Drug Abuse: A Comparison of
Family Systems Therapy, Group Therapy, and Family Drug
Education. Journal of Marital and Family Therapy 18(4): 345–356.

Jones L, Sumnall, Witty K, Wareing M, McVeigh J, and Bellis MA (2006)
A review of community-based interventions to reduce substance
misuse among vulnerable and disadvantaged young people.
National Collaborating Centre for Drug Prevention, Centre for Public
Health, Liverpool John Moores University.

Josendal O, Aaro LE, and Bergh I (1998) Effects of a school-based
smoking prevention program among subgroups of adolescents.
Health Education Research 13: 215–224.

Kandel D (1975) Stages in adolescent involvement in drug use. Science
190: 912–914.

Kaufman JS, Jason LA, Sawlski LM, and Halpert JA (1994)
A comprehensive multi-media program to prevent smoking among
Black students. Journal of Drug Education 24: 95–108.

Knopes DR (2004) Motivating change in high-risk adolescents: An
intervention focus on the deviant friendship process. Dissertation
Abstracts International: Section B: The Sciences and Engineering
65(2-B)B.

Korf DJ (2002) Dutch coffee shops and trends in cannbis use. Addictive
Behaviors 27: 851–866.

Kosterman R, Hawkins JD, Haggerty KP, et al. (2001) Preparing for the
drug free years: session-specific effects of a universal parent-training
intervention with rural families. Journal of Drug Education 31(1):
47–68.

Kosterman R, Hawkins JD, Spoth R, et al. (1997) Effects of a preventive
parent-training intervention on observed family interactions: Proximal
outcomes from preparing for the drug free years. Journal of
Community Psychology 25(4): 352.

Kroger CB (1994) A review of the effectiveness of health education and
health promotion. Utrecht: IUPHE-International Union for Health
Promotion and Education.

Landrine H, Klonoff EA, and Fritz JM (1994) Preventing cigarette sales to
minors: The need for contextual, sociocultural analysis. Preventive
Medicine 23: 322–327.

Lantz PM, et al. (2000) Investing in youth tobacco control: a review of
smoking prevention and control strategies. Tobacco Control 9(1):
47–63.

Leshner AI (1997) Drug abuse and addiction treatment research: the
next generation. Archives of General Psychology 54: 691–694.

Leshner AI (1999) Science-based views of drug addiction and its
treatment. Journal of the American Medical Association 282:
1314–1316.

Levy DT and Friend KB (2000) A simulation model of tobacco youth
access policies. Journal of Health Politics, Policy, and Law 25:
1023–1050.

Levy DT, Friend K, Holder H, and Carmona M (2001) Effect of policies
directed at youth access to smoking: results from the SimSmoke
computer simulation model. Tobacco Control 10: 108–116.

Lewis RA, Piercy FP, Sprenkle DH, et al. (1990) Family-based
interventions for helping drug-abusing adolescents. Journal of
Adolescent Research 5(1): 95.

Liddle HA, Dakof GA, Parker K, et al. (2001) Multidimensional family
therapy for adolescent drug abuse: results of a randomized
clinical trial. American Journal of Drug and Alcohol Abuse 27(4):
651–688.

Liddle HA, Rowe CL, Dakof GA, et al. (2004) Early intervention for
adolescent substance abuse: pretreatment to posttreatment
outcomes of a randomized clinical trial comparing multidimensional
family therapy and peer group treatment. Journal of Psychoactive
Drugs 36(1): 49–63.

Lindenberg CS, Solorzano RM, Bear D, Strickland O, Galvis C, and
Pittman K (2002) Reducing substance use and risky sexual behavior
among young, low-income, Mexican-American women: comparison
of two interventions. Applied Nursing Research 16(3): 137–148.

LoSciuto L, Rajala AK, Townsend TN, et al. (1996) An outcome
evaluation of Across Ages: An intergenerational mentoring approach
to drug prevention. Journal of Adolescent Research 11(1): 129.

LoSciuto L, Hilbert SM, Fox MM, et al. (1999) A two-year evaluation of
the Woodrock Youth Development Project. Journal of Early
Adolescence 19(4): 488–507.

MacCoun R and Reuter P (2001) Evaluating alternative cannabis
regimes. British Journal of Psychiatry 178: 123–128.

Magura S, Laudet A, Kang SY, et al. (1999) Effectiveness of
comprehensive services for crack-dependent mothers with
newborns and young children. Journal of Psychoactive Drugs 31(4):
321–338.

Makkai T, Moore R, and McAllister I (1991) Health education campaigns
and drug use: The ‘drug offensive’ in Australia. Health Education
Research 6(1): 65–76.

McAllister PO (1993) An evaluation of counseling for employer-referred
problem drinkers. Health Bulletin 51: 285–294.

McBride N (2003) A systematic review of school drug education. Health
Education Research 18: 729–742.

McCambridge J and Strang J (2004) The efficacy of single-session
motivational interviewing in reducing drug consumption and
perceptions of drug-related risk and harm among young people:
results from a multi-site cluster randomized trial. Addiction 99(1):
39–52.

McCambridge J and Strang J (2005) Deterioration over time in effect of
Motivational Interviewing in reducing drug consumption and related
risk among young people. Addiction 100(4): 470–478.

McGillicuddy NB, Rychtarik RG, Duquette JA, et al. (2001) Development
of a skill training program for parents of substance-abusing
adolescents. Journal of Substance Abuse Treatment 20(1): 59–68.

Mellanby AR, Rees JB, and Tripp JH (2000) Peer-led and adult-led
school health education: a critical review of available comparative
research. Health Education Research 15: 533–545.

Miller-Heyl J, MacPhee D, and Fritz JJ (1998) DARE to be you:
A family-support, early prevention program. Journal of Primary
Prevention 18(3): 257–285.

Ministero della Salute-Centro Nazionale per la Prevenzione e il Controllo
delle Malattie (2006) II rapporto sull’impatto della legge 16 gennaio
2003, n. 3 art. 51 ‘‘tutela della salute dei non fumatori’’ Roma. http://
www.ccm.ministerosalute.it/resources/static/primopiano/255/
conferenzaFumo.pdf (accessed February 2008).

Murray DM, Varnell SP, and Blitstein JL (2004) Design and analysis of
Group-randomized trials: a review of recent methodological
developments. American Journal of Public Health 94: 423–432.

Nair P, Schuler ME, Black MM, et al. (2003) Cumulative environmental
risk in substance abusing women: early intervention, parenting
stress, child abuse potential and child development. Child Abuse
and Neglect 27: 997–1017.

O’Donnell J, Hawkins JD, Catalano RF, et al. (1995) Preventing school
failure, drug use, and delinquency among low-income children:
long-term intervention in elementary schools. American Journal of
Orthopsychiatry 65(1): 87–100.

Olds D, Henderson CR, Cole R, et al. (1998) Long-term effects of nurse
home visitation on children’s criminal and antisocial behaviour:
15-year follow-up of a randomized controlled trial. Journal of the
American Medical Association 280(14): 1238–1244.

Oliansky DM, Wildenhaus KJ, Manlove K, et al. (1997) Effectiveness of
brief interventions in reducing substance use among at-risk primary
care patients in three community-based clinics. Substance Abuse 18
(3): 95–103.

Orwin R, Cadell D, Chu A, et al. (2006) Evaluation of the National Youth
Anti-Drug Media Campaign: 2004 Report of Findings Executive
Summary. Rockville, MD: Westat.

Palinkas LA, Atkins CJ, Miller C, et al. (1996) Social skills training for
drug prevention in high-risk female adolescents. Preventive Medicine
25(6): 692–701.

http://www.ccm.ministerosalute.it/resources/static/primopiano/255/conferenzaFumo.pdf
http://www.ccm.ministerosalute.it/resources/static/primopiano/255/conferenzaFumo.pdf
http://www.ccm.ministerosalute.it/resources/static/primopiano/255/conferenzaFumo.pdf


264 Drugs, Illicit – Primary Prevention Strategies
Park J, Kosterman R, Hawkins J, et al. (2000) Effects of the ‘Preparing for
the Drug Free Years’ curriculum on growth in alcohol use and risk for
alcohol use in early adolescence. Prevention Science 1(3): 125–38.

Pentz MA, Dwyer JH, Mackinnon DP, Flay BR, Hansen WB, Wang EY,
and Johnson CA (1989) A multicommunity trial for primary prevention
of adolescent drug abuse. Effects on drug use prevalence. Journal of
the American Medical Association 261: 3259–3266.

Perkins HW and Berkowitz AD (1986) Perceiving the community norms
of alcohol use among students: some research implications for
campus alcohol education programming. International Journal of
Addiction 21: 961–976.

Perry CL, Kelder SH, and Klepp K (1994) Community-wide
cardiovascular disease prevention in young people: long-term
outcomes of the Class of 1989 Study. European Journal of Public
Health 4: 188–194.

Perry CL, Williams CL, Veblen-Mortenson S, Toomey TL, et al. (1996)
Project Northland: outcomes of a community-wide alcohol use
prevention program during early adolescence. American Journal of
Public Health 86: 956–965.

Perry CL, Komro KA, Veblen-Mortensen S, Bosma LM, Farbakhsh K,
Munson KA, et al. (2003) A randomized controlled trial of the middle
and junior hig school DARE and DARE plus programs. Archives of
Pediatrics and Adolescent Medicine 157(2): 178–184.

Peterson AV Jr, Kealey KA, Mann SL, Marek PM, and Sarason IG (2000)
Hutchinson Smoking Prevention Project: Long-Term Randomized
Trial in School-Based Tobacco Use Prevention-Results on Smoking.
Journal of the Nationall Cancer Institute 92: 1979–1991.

Peto R, Lopez AD, Boreham J, and Thun M (2006) Mortality from
Smoking in Developed Countries 1950–2000. 2nd ed. http://www.
deathsfromsmoking.net (accessed February 2008).

Piper DL, Moberg DP, and King MJ (2000) The Healthy for Life Project:
behavioral outcomes. Journal of Primary Prevention 21: 47–73.

Poulin F, Dishion TJ, and Burraston B (2001) Three-year iatrogenic
effects associated with aggregating high-risk adolescents in
preventive interventions. Applied Developmental Science 5(4):
214–224.

Proctor D and Babor TF (2001) Drug wars in the post-Gutenberg galaxy:
Mass media as the next battleground. Addiction 96: 377–381.

Reinarman C, Cohen PDA, and Kaal HL PhD (2004) The Limited
Relevance of Drug Policy: Cannabis in Amsterdam and in San
Francisco. American Journal of Public Health 94: 836–842.

Ranson MK, Jha P, Chaloupka FJ, and Nguyen SN (2002) Global and
regional estimates of the effectiveness and cost-effectiveness of
price increases and other tobacco control policies. Nicotine and
Tobacco Research 4: 311–319.

Rentschler DM (1997) A longitudinal study to determine the long-term
effects of prevention and intervention substance abuse strategies on
at-risk fourth grade students and their families. Dissertation
Abstracts International Section A: Humanities Social Sciences
57(8-A)A.

Richards-Colocino N, McKenzie P, and Newton RR (1996) Project
Success: Comprehensive intervention services for middle school
high-risk youth. Journal of Adolescent Research 11(1): 163.

Rigotti NA, DiFranza JR, Chang Y, Tisdale T, Kemp B, Singer DE (1997)
The effect of enforcing tobacco-sales laws on adolescents’ access
to tobacco and smoking behaviour. New England Journal of
Medicine 337: 1044–1051.

Roe S and Becker J (2005) Drug Prevention with Vulnerable Young
People: A Review. Drugs: Education, Prevention, and Policy 12(2):
85–99.

Saffer H (1991) Alcohol advertising bans and alcohol abuse: An
international perspective. Journal of Health Economics 10(1): 65–79.

Sambrano S, Springer JF, Sale E, et al. (2005) Understanding
prevention effectiveness in real-world settings: the National
Cross-Site Evaluation of high risk youth programs. American Journal
of Drug and Alcohol Abuse 31(3): 491–513.

Santisteban DA, Coatsworth JD, Perez-Vidal A, et al. (2003) Efficacy of
brief strategic family therapy in modifying Hispanic adolescent
behavior problems and substance use. Journal of Family Psychology
17(1): 121–133.

Sarvela PD and Ford TD (1993) An evaluation of a substance abuse
education program for Mississippi delta pregnant adolescents.
Journal of School Health 63(3): 147–152.
Schinke SP, Tepavac L, and Cole KC (2000) Preventing substance use
among native American youth: three-year results. Addictive Behavior
25(3): 387–397.

Schochet PZ, Burghardt J, and Glazerman S (2001) National Job Corps
Study: The Impacts of Job Corps on Participants’ Employment and
Related Outcomes {and} Methodological Appendixes on the Impact
Analysis. Princeton, NJ: Mathematical Policy Research.

Serra C, Cabezas C, Bonfill X, and Pladevall-Vila M (2000) Interventions
for preventing tobacco smoking in public places. Cochrane
Database of Systematic Reviews Issue 3.

Short JL, Roosa MW, Sandler IN, et al. (1995) Evaluation of a preventive
intervention for a self-selected subpopulation of children. American
Journal of Community Psychology 23(2): 223–247.

Single E, Rehm J, Robson L, and Truong MV (2000) The relative risks
and etiologic fractions of different causes of death and disease
attributable to alcohol, tobacco and illicit drug use in Canada.
Canadian Medical Association Journal 162: 1669–1675.

Skara S and Sussman S (2003) A review of 25 long-term adolescent
tobacco and other drug use prevention program evaluations.
Preventive Medicine 37: 451–474.

Slater MD, Rouner D, Murphy K, Beauvais F, Van Leuven J, and
Domenech Rodriguez M (1996) Male adolescents’ reactions to TV
beer advertisements: The effects of sports content and programming
context. Journal of Studies on Alcohol 57: 425–433.

Smith EA, Swisher JD, Vicary JR, et al. (2004) Evaluation of life skills
training and infused-life skills training in a rural setting: outcomes at
two years. Journal of Alcohol and Drug Education 48(1): 51–70.

Sowden AJ and Arblaster L (1998) Mass media interventions for
preventing smoking in young people. Cochrane Database of
Systematic Reviews Issue 4.

Sowden A and Stead L (2003) Community interventions for preventing
smoking in young people. Cochrane Database of Systematic
Reviews Issue 1.

Spasoff RA (1999) Epidemiologic Methods for Health Policy. New York:
Oxford University Press.

Spoth R, Redmond C, Shin C, et al. (1998) Risk moderation of parent
and child outcomes in a preventive intervention: a test and
replication. American Journal of Orthopsychiatry 68(4): 565–579.

Spoth R, Redmond C, Trudeau L, and Shin C (2001a) Longitudinal
substance initiation outcomes for a universal preventive intervention
combining family and school programs. Psychology of Addictive
Behavior 16: 129–134.

Spoth R, Redmond C, and Shin C (2001b) Randomized trial of brief
family interventions for general populations adolescent substance
use outcomes 4 years following baseline. Journal of Consulting
Clinical Psychology 69: 1–15.

Spoth R, Redmond C, Shin C, and Azevedo K (2004) Brief family
intervention effects on adolescent substance initiation: school-level
growth curve analyses 6 years following baseline. Journal of
Consulting Clinical Psychology 72(3): 535–542.

Springer JF, Sambrano S, Sale E, et al. (2002a) The National Cross-Site
Evaluation of High-Risk Youth Programs. Preventing Substance
Abuse: Major Findings from the National Cross-Site Evaluation of
High-Risk Youth Programs. ERIC Monograph Series.

Springer JF, Sambrano S, Sale E, et al. (2002b) The National Cross-Site
Evaluation of High-Risk Youth Programs: Making Prevention
Effective for Adolescent Boys and Girls: Gender Differences in
Substance Use and Prevention. ERIC Monograph Series.

Stead LF and Lancaster T (2005) Interventions for preventing
tobacco sales to minors. Cochrane Database of Systematic Reviews
Issue 1.

Stillman FA, Becker DM, Swank RT, Hantula D, Moses H, Glantz S, and
Waranch R (1990) Ending smoking at the Johns Hopkins Medical
Institutions: an evaluation of smoking prevalence and indoor air
pollution. Journal of the American Medical Association 264(12):
1565–1569.

Storr CL, Ialongo NS, Kellam SG, and Anthony JC (2002) A randomized
controlled trial of two primary school intervention strategies to
prevent early onset tobacco smoking. Drug and Alcohol Dependency
66(1): 51–60.

Streke AV (2004) Meta-analysis of adolescent community-based drug
prevention programs. Dissertation Abstracts International 65Dec,
2388-Dec, 238A.

http://www.deathsfromsmoking.net
http://www.deathsfromsmoking.net


Drugs, Illicit – Primary Prevention Strategies 265
Sussman S, Dent CW, Stacy AW, Hodgson CS, Burton D, and Flay BR
(1993) Project Towards No Tobacco Use: implementation, process
and post-test knowledge evaluation. Health and Education Research
8: 109–123.

Sussman S, Dent CW, Stacy AW, and Craig S (1998) One-year
outcomes of Project Towards No Drug Abuse. Preventive Medicine
27: 632–642.

Tait RJ and Hulse GK (2003) A systematic review of the effectiveness of
brief interventions with substance using adolescents by type of drug
(DARE structured abstract). Drug Alcohol Review 22: 337–346.

Tait RJ, Hulse GK, and Robertson SI (2004) Effectiveness of a brief-
intervention and continuity of care in enhancing attendance for
treatment by adolescent substance users. Drug and Alcohol
Dependency 74(3): 289–296.

Tay R (2005) Mass media campaigns reduce the incidence of drinking
and driving. Evidence-based Healthcare Public Health 9(1): 26–29.

Thomas R (2004) School-based programs for preventing smoking.
Cochrane Database of Systematic Reviews Issue 2.

Thomas RE, Baker P, and Lorenzetti D (2007) Family-based programs
for preventing smoking by children and adolescents. Cochrane
Database of Systematic Reviews Issue 1.

Tobler NS (1986) Meta-Analysis of 143 Adolescent Drug Prevention
Programs: Quantitative Outcome Results of Program Participants
Compared to a Control or Comparison Group. Journal of Drug Issues
16(4): 537–567.

Tobler NS and Stratton HH (1997) Effectiveness of school-based drug
prevention programs: a meta-analysis of the research. Journal of
Primary Prevention 18(1): 71–128.

Tobler NS, Roona MR, Ochshorn PM, Diana G, Streke AV, and
Stackpole KM (2000) School-based adolescent drug prevention
programs: 1998 meta-analysis. Journal of Primary Prevention 20(4):
275–336.

Townsend J (1996) Price and consumption of tobacco. British Medical
Bulletin 52: 132–142.

Treno AJ and Lee JP (2002) Approaching alcohol problems through
local environmental interventions. Alcohol Research and Health
26(1): 35–40.

Tyas SL and Pederson LL (1998) Psychosocial factors related to
adolescent smoking: a critical review of the literature. Tobacco
Control 7: 409–420.

United Nations Office for Drug Control and Crime Prevention (2003)
School-Based Drug Education: A Guide for Practitioners and the
Wider Community. New York: UN.

Vartiainen E, Paavola M, McAlister A, and Puska P (1998) Fifteen-year
follow-up of smoking prevention effects in the North Karelia Youth
Project. American Journal of Public Health 88: 81–85.

Vicary JR, Henry KL, Bechtel LJ, et al. (2004) Life skills training effects
for high and low risk Rural Junior High School Females. Journal of
Primary Prevention 25(4): 399–416.

Wagenaar AC, Gehan JP, Jones-Webb R, Toomey TL, and Forster JL
(2000) Communities mobilizing for change on alcohol outcomes from
a randomized community trial. Journal of Studies on Alcohol 61:
85–94.

Walsh DC, Hingson RW, Merrigan DM, et al. (1992) A randomized trial of
alternative treatments for problem-drinking employees: Study
design, major findings, and lessons for worksite research. Journal of
Employee Assistance Research 1: 112–147.

Wallack L (1984) Television programming, advertising, and the
prevention of alcohol-related problems. In: Gerstein DR (ed.)
Towards the Prevention of Alcohol Problems. Government,
Business, and Community Action: 79–169. Washington: National
Academy Press.

Wallack LM (1983) Mass media campaigns in a hostile environment:
Advertising as anti-health education. Journal of Alcohol and Drug
Education 28: 51–63.
Werch CE, Moore MM, DiClemente CC, et al. (2005) Single vs. multiple
drug prevention: is more always better?: a pilot study. Substance
Use and Misuse 40(8): 1085–1101.

White D and Pitts M (1998) Educating young people about drugs:
A systematic review. Addiction 93(10): 1475–1487.

White D and Pitts M (1997) Health promotion with young people for the
prevention of substance misuse. London: Health Education Authority.

Whiteside-Mansell L, Crone CC, and Conners NA (1999) The
development and evaluation of an alcohol and drug prevention and
treatment program for women and children. The AR-CARES
program. Journal of Substance Abuse Treatment 16(3): 265–275.

Whilde GJ (1993) Effects of mass-media communications on health and
safety habits: an overview of issues and evidence. Addiction 88:
983–996.

WHO, Regional Office for Europe (2002) Why Smoking in the Workplace
Matters: An Employer’s Guide. A publication of the WHO European
Partnership Project to Reduce Tobacco Dependence.

WHO (2004) Global status report on alcohol. World Health Organization,
Department of Mental Health and Substance Abuse Geneva.

Yuen RK (2005) The effectiveness of culturally tailored interventions:
A meta-analytic review. Dissertation Abstracts International 2005:
Section B: The Sciences and Engineering 65(8-B)B.
Relevant Websites
http://www.cdc.gov – Centers for Disease Control and Prevention.
http://www.cochrane.org – The Cochrane Collaboration.
http://ec.europa.eu – European Commission.
http://www.consilium.europa.eu – Council of the European Union.
http://www.deathsfromsmoking.net – Deathfromsmoking.net.
http://www.emcdda.europa.eu – European Monitoring Centre for Drugs

and Drug Addiction.
http://www.hbsc.org – Health Behaviour in School-aged Children,

WHO Collaborative Cross-national Study.
http://www.cancer.gov – National Cancer Institute, U.S. National

Institutes of Health.
http://www.drugpreventionevidence.info – National Collaborating

Center Drug Prevention.
http://www.nice.org.uk – National Institute for Health and Clinical

Excellence.
http://niaaa.census.gov – National Institute on Alcohol Abuse and

Alcoholism, National Epidemiologic Survey on Alcohol and Related
Conditions.

http://www.nida.nih.gov – National Institute on Drug Abuse, National
Institutes of Health.

http://www.mediacampaign.org/ – National Youth Anti-Drug Media
Campaign.

http://www.whitehousedrugpolicy.gov – Office of National Drug Control
Policy.

http://www.lifeskillstraining.com – LifeSkills Training.
http://www.sign.ac.uk – Scottish Intercollegiate Guidelines Network.
http://www.strengtheningfamilies.org – Strengtheningfamilies.org.
http://www.strengtheningfamiliesprogram.org – Strengthening Families

Program.
http://www.unicri.it – United Nations Interregional Crime and Justice

Research Institute.
http://www.unodc.org – United Nations Office on Drugs and Crime.
http://www.gao.gov – U.S. Government Accountability Office.
http://www.who.int – World Health Organization.
http://www.euro.who.int – World Health Organization Regional Office

for Europe.

http://www.cdc.gov
http://www.cochrane.org
http://ec.europa.eu
http://www.consilium.europa.eu
http://www.deathsfromsmoking.net
http://www.emcdda.europa.eu
http://www.hbsc.org
http://www.cancer.gov
http://www.drugpreventionevidence.info
http://www.nice.org.uk
http://niaaa.census.gov
http://www.nida.nih.gov
http://www.mediacampaign.org/
http://www.whitehousedrugpolicy.gov
http://www.lifeskillstraining.com
http://www.sign.ac.uk
http://www.strengtheningfamilies.org
http://www.strengtheningfamiliesprogram.org
http://www.unicri.it
http://www.unodc.org
http://www.gao.gov
http://www.who.int
http://www.euro.who.int


E

East Asia and Pacific States, Health Systems of
D Caussy and U Than Sein, World Health Organization, Regional Office for South-East Asia, New Delhi, India

ã 2008 WHO. Published by Elsevier Inc. All rights reserved.
Introduction

Every day, the lives of millions of people around the world
have to rely on health-care providers and public health
workers who make up the major parts of health systems.
A health system of any country comprises all organiza-
tions, institutions, and resources that are devoted to pro-
ducing health actions, which can be of any effort, whether
in personal health care, public health services, or through
intersectoral initiatives whose primary purpose is promot-
ing, restoring, maintaining, or improving the health of the
population. The World Health Organization (WHO), in
its World Health Report 2000, indicated that the main
objective of a health system is not just to improve health to
the best attainable level, but also to have the smallest differ-
ences among individuals and population groups. According
to the WHO statistics in 2005, a total of 38 countries in Asia
and the Pacific, which are member states of the WHO
South-East Asia and Western Pacific Regions, are diverse
and made up of over half the global population (53%), with
more than 3.4 billion people (Table 1).

Whereas some countries like Bhutan, Nepal, Laos, and
Mongolia, which are landlocked, are economically weak
and least developed, there are also many island nations
that fall into the same category of economy and develop-
ment, and have a lower population and less economic
activities, such as Kiribati, Samoa, or Vanuatu. There are
a few middle-income and newly industrialized countries
such as Indonesia, Malaysia, Thailand, and the Philippines.
There are another group of countries with high income,
such as Australia, Japan, Republic of Korea, New Zealand,
and Singapore. Success in health reforms in the two coun-
tries with the largest populations, China and India, who are
middle-income countries, would have a major impetus on
the lives of more than 2.4 billion people, especially the poor
and marginalized population groups.

The region spans several geographic zones – South,
South-East, and East Asia and the Pacific islands – and
also contains many different types of ethnic populations.
The diversity is manifested in both its health status and
health resource indicators. In the World Health Report,
2006, it was reported that the distribution of life expec-
tancy at birth in 2004 ranged from 82 years for Japan to
59 for Laos. Similarly, the under-5-years-old mortality
rate per 1000 live births in 2004 was as high as 140 for
Cambodia compared to only 15 for Sri Lanka. Variation
in health status among the populations is a reflection of
the evolutional development of health systems in these
countries. This development, in part, mirrors the socio-
economic and infrastructure development under some
forms of political systems and governance, which often-
times has been superimposed on the health systems,
infrastructure, and political systems bequeathed by prior
colonization.

Against this backdrop of diversity, it is more pertinent
to review health systems by adopting an analytical
approach, which focuses on general trends andmechanisms,
rather than individually describing each single health sys-
tem in Asia and the Pacific. (For more details on country-
specific health systems, the reader is referred to the World
Health Report, 2000 and the country profiles accessible by
way of the Internet at the WHO website.)
Structural Elements of Health Systems

Historically, the national health system has evolved from
providing personal health care and general public health
services to a comprehensive system for implementing
integrated public health programs and interventions
(Abel-Smith, 1994). The countries of Asia and the Pacific
are in different stages of socioeconomic and health devel-
opment, and thus the health systems are continually
evolving in respect to the needs and functions of those
countries. Whereas it is still difficult to link the evolution
267



Table 1 Economic classification of the countries in Asia and the Pacific, 2007

Low-income countries (LIC)
Lower-middle-
income countries
(LMIC)b

Upper-middle-
income countries
(UMIC)b

High-income countries (HIC)

Not known
Least developed
countries (LDC)a Other LICb

High income
(OECD)b

Other high
incomeb

Bangladesh DPR Korea China American Samoa Australia Brunei

Darussalam

Cook

IslandsBhutan India Fiji Malaysia Japan

Cambodia Mongolia Indonesia Northern Mariana
Islands

New Zealand French Polynesia Nauru
Kiribati Papua New

Guinea

Marshall Islands Republic of

Korea

Guam Niue

Laos PDR Federated States

of Micronesia

Palau Hong Kong

(China)

Pitcairn

IslandsMaldives Vietnam
Myanmar Philippines Macao (China) Tokelau

Nepal Sri Lanka New Caledonia Wallis and

FutunaSamoa Thailand Singapore

Solomon Islands Tonga
Timor-Leste

Tuvalu

Vanuatu

13 countries 5 countries 9 countries 4 countries 4 countries 7 countries 6 countries

aUnited Nations (2007) List of Least Developed Countries. http://www.un.org/special-rep/ohrlls/ldc/list.htm (accessed August 2007).
bWorld Bank (2006) World Development Report 2007: Development and the next generation, p. 287. Washington, DC: World Bank.
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of these health systems to a prototype model, certain gen-
eralities and common strategic development can be gleaned.

The beginning of health systems in Asia and the Pacific
can be traced to the ancient period, when the traditional
systems of medicines, including use of Ayuveda, Unani, and
traditional Chinese medicine were used for the preven-
tion and cure of diseases. Such practices are still widely
prevalent today in many parts of the region.

A review on the development of Japanese health
systems – the Japan International Cooperation Agency
( JICA) study in 2005 ( JICA, 2005) – illustrates the most
documented model of a national health system, which
evolved in successive stages from an era of acute medical
care and control of communicable diseases to that of
the restructuring and expansion of health-care services
toward social welfare, culminating in recent reforms for
meeting the challenges of aging society. The development
stages of the Japanese health systems, which had evolved
through a series of epidemiological stages, are in some
ways equivalent to the contemporary health systems of
many Asia-Pacific countries.

A significant turning point directly impacting health
system development in the region was the adoption of the
Declaration of Alma Ata at the International Conference on
Primary Health Care (PHC), jointly organized by WHO
andUNICEFat AlmaAta, USSR (nowAlmaty, Kazakhstan)
in September 1978 (WHO, 1978).The conference advocated
bringing basic health service to people everywhere. Thiswas
followed by the public health movement, with the adoption
of national, regional, and global strategies toward attaining
‘Health for All’ by the year 2000.

While most Asian countries adopted a comprehensive
health system development that emanated from the
Declaration of Alma Ata, focusing on primary health
care at the community level in all areas of public health
interventions, a few countries propounded the targeted
approach of selected interventions to address the greatest
disease burden, as earlier warned by Walsh and Warren
(1979). Some Asian countries adopted a hybrid of these two
approaches.

In the early 1990s, conceptual models of health systems
had been proposed by Roemer (1991) and the Organisa-
tion for Economic Co-operation and Development (1992),
which recognized basic elements in health systems. The
World Health Report, 2000, had further analyzed the
performance of the health systems from the point of view
of measuring outcomes. It was based on the premise that
the health systems have three main objectives: (1) improv-
ing the health of the population they serve (better health
outcome), (2) responding to peoples’ expectations, and
(3) providing financial protection (responsiveness and
fairness).

In this article, we analyze the health systems of Asia-
Pacific countries from the perspective of the structural
components on which these systems are patterned, and
from the point of view of the functioning of biomedical
health systems.
Patterns of Health Systems

When reviewing the vast array of health systems of the
Asia-Pacific countries, there are three different patterns,
based on the classification system of Williamson (1991),
that describe how these health systems are organized. The
first is the pattern of health systems that operates through
primarily centralized hierarchical bureaucracies. The sec-
ond pattern of health systems operates as a result of a

http://www.un.org/special-rep/ohrlls/ldc/list.htm


East Asia and Pacific States, Health Systems of 269
long-term contractual arrangement, and the third pattern
is that the health system operates by way of short-term,
market-based interactions between patients and provi-
ders. These patterns are not mutually exclusive because
many countries often adopt a hybrid of the three.
Centralized Health System Organizations

In these systems (the first pattern described previously),
the national and local governments, as per hierarchical
structure, assume the role of governance of the health
systems. This role is characterized by vertical decision
making, usually top-down planning and management,
and is based on a budget coming directly from public
revenue. This type of system was amply seen in many
Asia-Pacific countries. China, before the economic reform
in 1982, had highly centralized health systems, which were
managed at five levels of government: central, provincial,
municipal or prefecture, county or city, and township. This
pattern of multiple levels of health systems administration
is also seen in Japan, India, Indonesia,Myanmar, Sri Lanka,
and Thailand. Many of these countries now have delega-
tion of power, with regional and local administration
able to manage their own health programs with their
own budgets.

Even at the central (federal) level, the organization of
health systems has multiple institutional arrangements to
encompass the presence and role of both types of healing
systems: biomedical and traditional. The organizational
structure of India exemplifies the centrally controlled
bureaucratic arrangement involving three different depart-
ments, responsible for policy guidance for service-related
activities of the Ministry of Health and Family Welfare.
There are two separate service departments: the Depart-
ment of Health and Family Welfare and the Department of
Ayurveda, Yoga, Unani, Siddha, and homoeopathy (AYUSH).
TheDepartment of Health and FamilyWelfare administers
the public health and medical services including disease
control, family planning, and maternal and child health.
The Department of AYUSH is responsible for the develop-
ment of various Indian systems of medicine. There are
many federally managed public health and medical care
programs implemented through the health infrastructure
of various states. Whereas the planning and policy making
is the responsibility of the central government, the imple-
mentation of services is decentralized to the state. Similar
patterns can be observed in other countries.

The centralized bureaucratic pattern of health systems
has a clear advantage, because the planning, coordination,
and management for the delivery of targeted health inter-
ventions can easily be done to service every corner of
the country, especially in vast and densely populated
countries. Thus, enormous public health gains could be
achieved in controlling communicable diseases in China
and India through public education, immunization, and
environment health (Blumenthal and Hsiao, 2005). Many
communicable diseases have been either eliminated or
reduced at the lower level of burden. There are some
weaknesses in this type of health system, especially regard-
ing financing arrangements. The hierarchical health sys-
tems cannot function without adequate public funding, as
was evident during decentralization processes implemented
in early 1980. The successful Chinese and Sri Lankan
‘public’ health systems virtually collapsed overnight when
delegation of power to lower administrations was intro-
duced. Another problem is that of accountability or stew-
ardship, which is vested in a bureaucratic system to become
rigid and inefficient, resulting in low-quality care and
forcing the public to severe out-of-pocket expenses.
Market Unit Organizations

This pattern of health system is the opposite of the cen-
tralized, bureaucratic pattern. It is based on the principle
of autonomous decision making on a day-to-day basis, and
it derives its budget from nonbudgetary revenue. Its
accountability is governed by business rules, regulations,
and contracts. One example is the health-care delivery for
reproductive health in Bangladesh, which is done through
a long-term contractual agreement by the government
with an international nongovernmental organization such
as the BangladeshRural Advancement Committee (BRAC),
rather than through a rigid vertical health program under a
central hierarchical bureaucracy. One of the successful
activities that BRAC has carried out under the ‘market
unit organization’ includes the training and deployment of
village health workers to administer health education, treat-
ment of minor ailments, and provide essential health com-
modities. Gupta and Trivedi (2005), in their analysis of
Indian health systems in the context of health financing
indicated that in India, health care is provided through a
market-based, noncontractual agreement between the pop-
ulation and either private providers or government doctors
charging ‘informally.’ This has led to about 80% of total
health spending by the private sector. When the health
systems are properly managed like those in Japan and
Singapore, the market unit organization is subject to proper
accountability. The World Health Report, 2000, warned
that when resources are not adequately pooled, the popula-
tion is exposed to a higher risk for out-of-pocket payments
that leads to catastrophic expenses.
Contractual Unit Organizations

In between the purely bureaucratic and market unit pat-
terns of health systems lies the contracted unit pattern of
organization. By definition, it has intermediate character-
istics between vertical hierarchy and complete autonomy,
particularly in decision making and accountability. An
example of this arrangement is seen in India for the
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provision of certain health-care deliveries through con-
tractual arrangements. The service of providing health
care to patients suffering from cataracts was done through
a contractual arrangement between the government and
providers from nongovernmental organizations (NGOs),
which may be either nonprofit organizations like the
Globe Eye Foundation in Bangalore or for-profit agencies
like Dr RP Center for Ophthalmic Science in New Delhi.
The contractual service agreement offers the advantage of
flexibility, provides innovative services, and protects users
against out-of-pocket expenses or excessive bureaucracy.
Hybrid of the Three Patterns

Countries are not necessarily adopting one single system of
organization in preference to another. The most practical
organization has been a hybrid of all three patterns. Some
aspects of the health systems are centralized, others are
contractual, and the restmay bemarket-driven. Such hybrid
systems can be found in many Asia-Pacific countries.
Health System Functions

The functions of the health system in the Asia-Pacific
countries generally mirror the underlying organizational
patterns of the health systems. Four main components
of health system functions are: (1) the modes in which
health-care services are delivered; (2) the financing
mechanisms for support of the systems; (3) the intensity
of resources required; and (4) the quality of stewardship
for guarding the health system.
Provision of Health Care

The delivery of health-care services may be viewed as a
production function. According to the WHO in its World
Health Report, 2000, there may be three configurations of
production function of the health systems: (1) dispersed
service configuration, in which the cost of production
remains independent of size of production units; (2) con-
centrated service configuration, in which the cost of
production is dependent on size of production units; and
(3) hybrid configurations, which combine elements of
both dispersed and concentrated configurations.

. Dispersed service configurations lend themselves well for
delivering the primary health-care (PHC) packages,
such as immunization, integrated management of
childhood diseases, providing family planning services,
running pharmacies and dental offices, and field imple-
mentation of public health programs. Many countries
from the Asia-Pacific region, especially Bangladesh,
India, China, Japan, and Thailand, have successfully
used the dispersed health-care delivery configuration
to deliver a combination of the PHC packages. Higher
achievement of coverage and good impact of such
selective, individual, and vertical interventions have
been attained within shorter time spans. The enabling
factor has been that production costs of the PHC
packages do not increase significantly when the size
of the production units are increased.

. In contrast, concentrated service configurations are suitable
for delivering health products and services, particularly
those care services related to hospitals, laboratory ser-
vices, and health education. This configuration has
been amply used by many countries, for example,
screening people for infectious diseases through exten-
sive public health laboratory services. These systems
can also provide both preventive and curative services
in specialized secondary and tertiary government hos-
pitals. The enabling factor is the large team of skilled
health-care personnel, which lends itself to integration
into the hierarchical bureaucracies. However, these
same factors run the risk of thwarting the general
outcome of health systems.

. Hybrid configurations of health delivery systems are
adopted for practical reasons by many countries of the
Asia-Pacific region. Hybrids offer a diversity of health-
care delivery: most countries that use these systems
have a hybrid health system delivery that falls some-
where between the dispersive and concentrated config-
urations. The hybrid system has been used to deliver a
number of health interventions that have a potentially
large impact on health development. Such interventions
include prevention and control of communicable diseases
such as tuberculosis, malaria, and HIV/AIDS; maternal
and child care; risk reduction for non-communicable
diseases (NCD) such as tobacco and alcohol control;
family planning; and so on. In India and China, due to
the vastness of the terrain, the hybrid service configura-
tion is used for delivering primary health-care packages,
while implementing time-limited programs such as
polio and leprosy eradication, prevention of blindness,
and antiretroviral therapy. In Thailand, the hybrid
model has been extended to integrate health care,
involving the community by using village health volun-
teers, health development committees, Buddhist monks,
health educators, and other volunteers who can deliver
basic health-care packages.
Financing the Health Systems

The raison d’être of the health system is to provide health
care for all of its citizens. Reforms in health-care financing
are the keys for having substantial investment in health
systems. It is eventually the users who indirectly or directly
have to pay for using the health systems. Countries in
the Asia-Pacific region rely on a mixture of health-care
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financing sources including government general revenue,
social insurance, external funding, private health insurance,
and out-of-pocket payments. Governments can control the
financing sources in twoways, either by deciding howmuch
of an indirect payment each citizenmakes through taxation,
or by pooling the resources through various types of insur-
ance schemes. Governments can also supplement their
budgets with external funding by donor agencies or support
through financial institutions. Health-care seekers have
three choices: they can use government-financed public
services, compulsory public health insurance schemes, or
entirely private insurance schemes that cover limited pre-
miums. However, with the latter scheme, they have to buy
services from private providers and thus incur out-of-
pocket expenses. Most countries in the Asia-Pacific region
have health-care financing that is a mixture of these
three choices. Each of these financing schemes is discussed
briefly here.

Government financing through taxation

Countries of the Asia-Pacific region generally contribute
between 1–10% of the respective national GDP on health
expenditure. The level of total health spending compared
with the GDP is relatively low. In 2002, average total health
expenditure (THE) as a percent of GDP was 5.8%. Nearly
one-half (18 out of 38) of the countries in this region spend
less than 5% of their GDPs on health (Figure 1). In 2001,
the World Health Organization proposed to its member
states that at least 5% of their GDPs should be spent on
health as a benchmark level of expenditure.

Government contributions come from the ministries of
health, who in turn rely on the public general revenue,
mainly from taxes collected by the ministries of finance.
The government investment in health comparedwith total
health expenditure varies considerably across countries.
Bhutan and many island nations contribute over 90%,
whereas Cambodia’s public spending on health is less
than 20% of the total health expenditure. Interestingly,
Japan, with a public contribution of only 5.4%, managed to
achieve universal coverage whereas Bangladesh, with a
contribution of 44%, and China, with a contribution of
37%, did not reach universal coverage by the year 2002
(WHO, 2006) (Figure 2).

Government financing through public health

insurance schemes
Many governments of the Asia-Pacific region have intro-
duced various types of publicly financed health insurance
schemes (social health insurance). In general, there are
three systems: the most common is employment insur-
ance, in which employees, employers, and, in some cases,
governments, contribute to a central pool and from this
source financing for health care is made. Many countries,
especially East Asian countries, have adopted a nationwide
social health insurance (SHI) scheme. Except for Japan
and South Korea, SHI coverage is a very small percentage
of health-care finance in each country. China, Indonesia,
India, Laos PDR, Mongolia, the Philippines, Thailand,
and Vietnam have had SHI for several decades. The
major challenge of extending coverage to the informal
sector, which accounts for the majority of the populations
of these countries, still exists. In some countries such as
Thailand and Vietnam, SHI does not cover the nonwork-
ing spouse, child dependants, and other family members
(Than Sein, 2002). SHI has the potential to extend its
coverage to dependants, but often these changes are head
back due to lack of political leadership concerning these
issues.

China has evolved from centralized financing of the free
Cooperative Medical System for government employees
and urban centers to the introduction of a SHI scheme as
part of the social security program for the employed popu-
lation. In India various forms of SHI have been in use for
some decades. These include the Employee State Insurance
Scheme (ESIS) for workers from the formal sectors;
the Central Government Health Scheme (CGHS) for
public employees, mainly for those employed under the
central (federal) government, and their dependants; and
various community-level SHI schemes. Thailand also has
an almost universal coverage, financed through various SHI
schemes. Public sector employees and their dependants
are covered through the Civil Servant Medical Benefit
Scheme (CSMBS) and private sector employees are cov-
ered under the Social Security Scheme (SSS). Health care
for the rest of the population is covered under a national,
universal coverage scheme or ‘30 baht’ scheme, wherein
each citizen (if not covered under CSMBS or SSS) has to
pay 30 baht to receive universal access to quality care, which
includes any health service required anywhere.

Private health insurance schemes

Community or provider-based pooling organizations,
which are based on collected funds with a small pooling
base, rely mostly on voluntary contributions. It is a major
mechanism being used as a funding source, and is highly
prevalent in India, Indonesia, and other countries in which
universal coverage is generally low. For example, in
Indonesia, various systems of voluntary collection/pool-
ing of funds contributed by the community, and additional
funding from public/general revenue for financing health
care, were started in 1970, such as sickness, health, and
cooperative funds. A similar situation exists in some states
of India, where a majority of informal workers, almost 80%
of the workforce in the agricultural sector, have organized
community-based insurances, like those organized by the
Self-Employed Women’s Association (SEWA).

Out-of-pocket expenses

The majority of the population in the Asia-Pacific coun-
tries still incur a high proportion of direct out-of-pocket
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Figure 1 Total health expenditure as % of GDP in 2004 in the countries of Asia and the Pacific. Reproduced from World Health
Organization (2007) World Health Statistics, 2007, pp. 64–73. Geneva, Switzerland: WHO.

272 East Asia and Pacific States, Health Systems of



98.8

97.0

94.8

94.5

93.0

91.2

87.4

85.7

84.3

81.4

81.3

79.7

79.5

77.4

76.8

76.8

73.0

67.5

66.6

64.7

64.2

62.3

58.8

52.6

45.6

39.3

38.0

34.2

34.0

28.1

28.1

27.1

26.3

25.8

20.5

17.3

12.9

11.2

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Niue

Marshall Islands

Tuvalu

Solomon Islands

Kiribati

Palau

Cook Islands

Micronesia

Papua New Guinea

Maldives

Japan

Brunei Darussalam 

Tonga

New Zealand

Samoa

Vanuatu

Nauru

Australia

Mongolia

Thailand

Bhutan

Fiji

Malaysia

Republic of Korea

Sri Lanka

Philippines

China

Indonesia

Singapore

Bangladesh

DPR Korea

Vietnam

Nepal

Cambodia

Lao PDR 

India

Myanmar

Timor-Leste

Figure 2 Government expenditure on health as % of total health expenditure, 2004, WHO SEAR &WPR countries. Reproduced from

World Health Organization (2007) World Health Statistics, 2007, pp. 64–73. Geneva, Switzerland: WHO.

East Asia and Pacific States, Health Systems of 273
(OOP) expenses. Studies have shown that OOP expenses
account for as high as 80% of total health expenditure in
India, 75% in Nepal, 65% in Bangladesh, and 60.4% in
China. Bhutan has the lowest percentage of OOP
expenses. Countries with a high proportion of financing
by OOP – individuals have to pay OOP at the time of
receiving health care – have concerns regarding equity in
health care. High OOP payments could exclude poor
people from the use of health care, thus restricting access
to only those who can afford the fees.
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Needed and generated resources
A health system can be viewed as a dynamic system
consisting of inputs and outputs. Inputs to a health system
include the financial and human resources, infrastructure,
and consumables, whereas the outputs include trained
human resources, specification and production of com-
modities such as drugs, and provision of facilities and
management of knowledge.

A tremendous number of human resources, ranging
from policy makers and administrators to the medical,
paramedical, and ancillary personnel, are used for effec-
tive functioning of health systems in the region. In Japan,
the registered health service providers per a population of
10 000 in 2000 was 20.1; for dentists, 7.1; for public health
nurses, 2.9, and for assistant nurses, 82.1. A similar
physician-to-population ratio was 5.7 for India, and for
China, 14.2 (WHO, 2006). Across the region, there are
inequities in the distribution of health professionals.
Bangladesh and China have more doctors than nurses,
whereas Indonesia and Sri Lanka have a shortage of health
professionals capable of treating chronic and emerging
diseases.

Many countries have invested a substantial amount of
funds for setting up diagnostic and treatment facilities
with high technology. However, they have failed to set
up an effective and efficient maintenance mechanism,
mainly due to lack of human resources. This is common,
especially in low- andmiddle-income developing countries.
In addition, the health system has to provide facilities in
which the patients can receive safe and effective health
treatments. Even to date, there is a significant informal
sector of drug peddlers and unqualified practitioners who
run allopathic-type medical facilities, and whose quality
and safety are a cause of concern for patients’ safety (Mills
and Ranson, 2001).

Another important output of the health system is
knowledge management. The health systems routinely
gather a large volume of information, ranging from tabu-
lation of the hospital products and accounts to the record
of incidence and prevalence of diseases and conditions. In
most countries, essential health information is collected
and managed in a hierarchical manner, from the primary
health-care facilities to the central level of management.
Due to the sluggish nature of the Health Management
Information System (HMIS) used by many Asia-Pacific
countries, often such information is late and incomplete,
therefore there is difficulty in rendering any action for
averting an epidemic.
Stewardship (Governance)

The interest of the public has to be protected through
good stewardship of the health system. This guardian role
for strengthening the health systems restswith the national
governments, and, more specifically, with the respective
ministries of health. One element of good stewardship
includes the formulation of sound health policy that is
implemented through planning and administration to
attain universal health coverage for all segments of the
population. To effectively safeguard their health systems,
Asia-Pacific countries have strategically used regulation
and legislation to control three components of steward-
ship: (1) controlling the quantities/distribution of medical
services, (2) setting prices for medical services, and
(3) ensuring quality control of health care as a whole.
Countries such as India and Thailand control quantities
and distribution of medical services and facilities by
setting license for the number and size of medical schools,
controlling the quality of technology, and providing incen-
tives to practice in underserved areas. Similarly, countries
like Japan, Singapore, and others, control the prices of
medical services by negotiation of salary for medical pro-
fessionals and fixing of charges for diagnostic testing, and
so forth. Japan, India, Singapore, and others ensure the
overall quality of medical services by setting licensing for
practitioners, overseeing registration of facilities, and
controlling training curricula and accreditation for ongo-
ing education. From a broad review of the health systems,
it is clear that national governments are continually striv-
ing to achieve universal health insurance coverage: the
hallmark of good stewardship.
Challenges

National health systems, by virtue of implementing
national, regional, and global intervention programs for
reduction of disease burden, are constantly facing chal-
lenges consequent to the societal shifts in socioeconomic
and demographic factors. The systems have to be flexible
enough to absorb new technologies, while operating
within the shifting epidemiological profile, and in the
face of global financing and other reforms.
Socioeconomic Trends

The countries of the Asia-Pacific region, irrespective of
whether they belong to an established or transition econ-
omy, are constantly evolving socioeconomically. Even
with an established economy Japan still witnessed pro-
blems in 1973 when its economy was sluggish. Japan has
increased per capita medical cost due to the aging popu-
lation, and has improved medical techniques and the
longevity of the population. For countries in a transition
economy – that is, transforming from a predominantly
state-owned centrally planned economy into a system of
free-market orientation and private ownership – the per-
formance of the health system is particularly vulnerable,
especially during the transition period. Such have been
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the cases for China and Vietnam. As far back as the early
1980s, China experienced the success of health indicators
such as infant mortality that could not be maintained.
Similarly, during 1986, Vietnam experienced a signifi-
cant increase in malaria. Countries with developing
economies such as Thailand and Indonesia saw a signifi-
cant increase in out-of-pocket expenses during the mon-
etary crisis in 1997.
Technological Advances

Technologies in health care are rapidly improving, and
the tendency of Asia-Pacific countries is to follow the
technological trends of the developed world. Due to tax
incentives for building new or upgrading existing health-
care facilities in India, Thailand, and a few other middle-
income countries, a number of facilities with highly
sophisticated technologies have sprung up. Some of these
facilities often do not offer access to some of the population,
especially the poor, and some have been run by staff with
little medical training (Bennett, 1977).
Epidemiological Transition

The Asian countries are undergoing demographic and
epidemiological transitions. Common health problems
such as communicable, maternal, and childhood diseases
that were once rampant in these countries are on the
decline, but there is an emergence of chronic noncommu-
nicable diseases such as cancer, cardiovascular disease,
and diabetes. Such changing trends have been well docu-
mented in Japan, which has adapted its health systems to
respond accordingly. Many developing countries in Asia
including China, Bangladesh, India, Indonesia, the Phi-
lippines, Laos, Thailand, and Vietnam suffer a combina-
tion of health problems, characterized by the persistence
of communicable diseases and the emergence of chronic
diseases. In addition, the epidemic of new infections such
as HIV/AIDS, SARS, avian influenza, and the reemer-
gence of tuberculosis and malaria have added further
burden to the weak health systems.
Structural Reforms

Many Asia-Pacific countries are moving away from a cen-
tralized health system to a decentralized one, in which
vertical hierarchy is replaced with horizontal collaboration.
Decentralization has clear advantages, due to the power
being devolved from the central to the state and community
levels regarding financial resources, information systems,
and professional and technical capacities. Yet simply passing
the social obligation to lower levels without a supporting
resource could risk fragmenting an already weak health
system, as exemplified by Indonesia and China. Another
challenge concerning structural reform is how to integrate a
vertical system into horizontal programs that are primarily
focused on vertical control of diseases by either elimination
or eradication, and on reduction of maternal and infant
mortality.
Global Financing

A number of global alliances and partners, such as Global
Alliance for Vaccine and Immunization (GAVI), Global
Partnership for Tuberculosis, Global Alliance for Leprosy
Elimination, B & M Gates Foundation, and so forth, are
committed to supporting the health development efforts
of Asia-Pacific countries. Invariably, their programs will
have an impact on health systems development and even-
tually the improvement of health systems status. However,
it is likely that such multilateral donor inputs could force
the receiving countries into some form of conditionality
to perform for obtaining the desired outputs as prescribed
by donors. Many health systems are still inadequate and
need to be strengthened as soon as possible, without any
prejudice toward political ideologies.
Attaining the Millennium Development Goals

The Millennium Development Goals (MDGs) adopted
by the United Nations in 2000 contain six goals, which
are related directly to health and health development.
Some of these include reducing child mortality, improv-
ing maternal health, combating specific diseases such as
HIV/AIDS and malaria, improving sanitation and water
supply, and so on. It is evident that the health systems
must be sustained and strengthened to attain these goals.
There are unforeseen events, such as the tsunami and
earthquakes of 2004, and other natural disasters of a
similar scale (cyclones, typhoons, floods, volcano erup-
tions, etc.) that could cause a substantial amount of inju-
ries, deaths, and disabilities, especially among young and
older people in the affected countries. These added chal-
lenges in the preparation for and reconstruction of heath
systems must also be overcome to reach the MDGs.
Conclusion

A myriad of health systems exist in the countries of the
Asia-Pacific region. They are configured by different pat-
terns and deliver the essential health packages differently.
Not surprisingly, they are also not financed in the same
mode. Some countries are able to control or reduce the
out-of-pocket expenses for their citizens by the introduc-
tion of pooled resources, whereas others are implement-
ing reforms to achieve these goals. The development of
efficient and effective health systems is a substantial
investment for promoting public health that cannot be
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done alone by individuals, it must be done in a collective
manner. Good governance backing clearly articulated
policies and strategies will strengthen many countries in
the region.
See also: China, Hong Kong and Taiwan, Health Systems

of; Japan, Health Systemof; South Asia, Health Systems of;

World Health Organization.
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Average variable cost The total variable cost

divided by output. The average variable cost curve
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to buy at various prices, holding other factors
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compared with an exogenous variable; this is the

‘input’ to the model.

Exogenous variable A variable that is identified

outside the workings of the model. Also termed an

independent variable, an exogenous variable is in

essence the ‘input’ to the model. It should be

compared with an endogenous variable; this is the

‘output’ of the model.

Fixed cost Production expenses that are

independent of the level of output. Fixed costs could

include buildings and equipment, loan repayments,

and administration.

Indifference curve A curve that graphically

depicts various combinations of goods that generate

the same level of utility to a consumer. In other
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words, a consumer is ‘indifferent’ among any of the

bundles because they all provide the same

satisfaction.

Marginal cost The amount spent on producing one

extra unit of product or service. The marginal cost is

the increase in total cost when one more unit is

produced.

Marginal revenue The income received from the

production and sale of one extra unit of product or

service.

Marginal utility The satisfaction gained from the

consumption of one extra unit of a good or service.

Monopoly The situation in which one firm produces

the entire output of a market.

Objective function This expresses what factors or

variables are important for a utility maximizer.

Oligopolistic firms A situation in which a few

producers dominate the market and their output

accounts for a large proportion of the total market

output.

Price elasticity of demand Measures the

responsiveness of demand to a given change in

price. It equals the percent change in demand

divided by the percent change in price.

Price taker Firms whose output does not influence

price. This is particularly apparent in perfectly

competitive markets.

Utility The satisfaction of wants and needs obtained

from consumption of goods and services.

Utility function This expresses utility as a function of

the factors that determine the total utility.

Variable cost Production expenses that are

dependent on the level of output. In other words, if

output increases, then variable costs increase.
Introduction

Hospital behavior models can be used to explain a hospi-
tal’s past behavior and provide experiences and lessons for
policy making regarding hospital regulation and payment.
They can also be used to predict future behavior under
changing external factors, one of which is the transforma-
tion of the payment system. A good hospital payment
system can be designed only if the change in hospital
behavior as the payment system changes can be predicted
with reasonable accuracy. This is one of the major reasons
why so many attempts have been made to model hospital
behavior over the past 30 years.

Modeling hospital behavior is complex, and no single
model is likely to be able to explain hospital behavior.
Hospital behavior is associated with hospital objectives,
and the latter are related to hospital types. In other words,
different types of hospital may have different goals and be
financed differently, and their behaviors may also differ.
The categorization of hospitals can provide the basis for
considering the development and utilization of hospital
behavior models. On several dimensions, hospitals can be
divided by ownership, into private and public hospitals;
financial objectives, into for-profit and nonprofit hospi-
tals; educational responsibilities, into teaching and non-
teaching hospitals; level of care, into primary, secondary,
and tertiary hospitals; degree of service specification, into
general and specialized hospitals; and employee status of
their doctors, into staff model hospitals (in which doctors
are the employees of the hospitals) and non-staff model
hospitals (doctors are not employees, but practice medi-
cine in the hospitals under contract).

Given the range of hospital types, the generalization of
their objectives is difficult, a representative and typical
hospital cannot be identified, and developing a single
model for predicting hospital behavior is problematic
(McGuire et al., 1988). An important first step to under-
standing the overall picture of hospital behavior is to
identify the alternative objectives mentioned in the liter-
ature and relate them to the main hospital types. Owner-
ship and financial objectives are commonly considered the
most important influences on objectives.

The aims of this article are to review the available
models of hospital behavior and discuss their potential
uses in the development of hospital payment systems.
Following this brief introduction, we review the major
models of hospital behavior. In the third section, we
provide perspectives for future research. A glossary is
provided for those unfamiliar with economic language.
Economic Models of Hospital Behavior

Since there is no consensus on the objectives of hospitals,
various models have been developed in association with
particular hypothesized objectives that fit particular types
of hospitals and special applications. This section reviews
the major available models of hospital behavior.
Profit-Maximizing Model

Profit maximization is recognized as the single most
important objective of for-profit hospitals (Davis, 1971;
Feldstein, 1979). Indeed, many hospitals are built expli-
citly to earn a profit and would not otherwise enter the
medical market. These hospitals include for-profit pro-
prietary hospitals, private nursing home industries (such
as those in the United States), joint venture hospitals, and
joint-stock hospitals.

Feldstein (1979) and Jacobs (1991) developed similar
models of hospital behavior, in which they assumed:
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. the hospital’s objective is to maximize profit;

. the hospital provides a single product or multiple pro-
ducts measured by a single output indicator;

. all the hospital’s revenue comes from service charges;

. the hospital is a price taker rather than a price setter
because the price is set by an independent administra-
tive agency or because the hospital operates in a com-
petitive situation in which the best price it can get for
its product is the price prevailing in the market;

. to produce the product, the hospital incurs both fixed
and variable costs, and the average variable cost is
assumed to fall initially and subsequently rise as output
increases.

With the preceding assumptions, the central questions
become what quantity of output will be supplied, and how
will this quantity vary when prices and costs vary?

The model predicts that a profit-maximizing hospital
will produce services to the point where the marginal cost
(MC) equals the marginal revenue (MR), in this case, the
price of the hospital’s output (P). As long as the marginal
revenue (price) exceeds the marginal cost, the hospital as
a profit maximizer will always try to expand output,
because the additional revenue from the additional
output exceeds the additional cost, and the hospital can
earn more profit by expanding the output. As shown in
Figure 1, at a MRor price at P0, P1, and P2, given theMC
curve, the hospital will produce Q0, Q1, and Q2 amount of
services. The hospital will not expand output to the point
where the marginal cost exceeds the marginal revenue
(e.g., at a price of P3, the hospital will not produce Q4
amount of services), because more output would mean less
total profit.

A change in marginal cost will affect the quantity of
supply. An increase in the marginal cost of a given amount
of output will reduce the quantity of supply, at constant
MC
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Figure 1 The profit-maximizing model: Relationship between
prices and output.
prices, and vice versa. The implication is that a profit-
maximizing hospital will reduce its output to raise profits
if input prices increase.

The model also predicts that a hospital will increase
output if the price of output increases, and vice versa. The
supply curve of the hospital will be the marginal cost
curve. The quantity supplied will be where the price
equals the marginal cost.

According to the model, if the output price is so low
that the hospital would be better off producing nothing,
the hospital will close. The criterion the hospital will use
to decide whether to continue to produce is not whether it
incurs a loss, but whether it can minimize its loss. It is
assumed that if the hospital closes, it has to incur the loss
of its total assets (equal to the total fixed cost). If the price
is lower than the average total cost (ATC) but higher than
the average variable cost (AVC), the hospital will incur a
loss but will not close because the surplus over AVC
makes a contribution to the fixed cost. If the price is
lower than the AVC, continuing operations means incur-
ring losses that exceed the fixed cost, and the hospital will
close. Thus, the shut-down point is where the price equals
the AVC, below which there will be no reason for a profit-
maximizing hospital to continue operations.
Quantity-Maximizing Model

For most hospitals, profit making is not a stated goal, or at
least earning profit is not their major objective. These
hospitals include public hospitals and private nonprofit
hospitals. For the nonprofit hospitals, many health econo-
mists support the hypothesis that quantity maximization is
their major objective (Rice, 1966; Brown, 1970). Thus this
model assumes that the hospital is an output maximizer
(Rice, 1966; Jacobs, 1991), not a profit maximizer. This
model is assumed to be appropriate for nonprofit hospitals,
the predominant type in almost every nation. Other
assumptions are the same as in Jacobs’ profit-maximizing
model, in particular, that the hospital is a price taker.

According to this model, total costs are directly related
to output. The slope of the total cost curve increases as
output expands, reflecting the effect of diminishing mar-
ginal productivity on marginal costs. The revenue curve is
drawn with a slope that decreases as output increases.
This reflects decreases in the marginal revenue associated
with a declining price elasticity of demand, which occurs
as the quantity produced and sold increases. As is shown
in Figure 2, the total surplus (TS) or profit is equal to
total revenue (TR) minus total cost (TC). The quantity-
maximizing hospital will expand its output to the point at
Q3, where the firm just breaks even, that is, where the
total cost (TC) equals total revenue (TR), or the price (P)
equals the average total cost (ATC) in Figure 1. The
output of a nonprofit output-maximizing hospital will be
higher than the output of a profit-maximizing hospital.
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Revenue-Maximizing Model

The hospital as a sales- or revenue-maximizing entity was
suggested by Steven Finkler (1983), based on the theory of
sales maximization. According to this theory, a business
always tries to increase the total number of sales (or total
revenue) until the break-even point, while Finkler argues
that hospitals will keep expanding their roster of services,
even when losing money, and that if there is a break-even
constraint, nonprofit hospitals will not offer products with
insufficient demand even if they do not make a loss.

The revenue-maximization model (Finkler, 1983)
assumes the following:

. Nonprofit hospitals pursue a policy of revenue maxi-
mization or sales maximization, because the hospital
executives are rewarded on the basis of revenue rather
than profits. Although sometimes it is said that man-
agers are rewarded for the quality and quantity of
hospital services, that is problematic because quality
is difficult to define and measure, and quantity is also
difficult to measure because of the multiproduct nature
of hospitals.

. Hospitals are oligopolistic firms, faced by a downward-
sloping demand curve. It is further assumed that
demand for each hospital product is finite, even at a
price of zero, because of patients’ limited need and
costs such as travel and time costs. Finkler argued
that a hospital cannot maximize revenue simply by
offering to mend an infinite number of broken legs.

Demand for or revenue from hospital services are func-
tions of service price and the number of medical doctors
affiliated with the hospital. The more doctors, the greater
is the demand for that hospital. This is particularly true in
the United States where the hospital’s inpatients are
referred by its affiliated doctors. In addition, the higher
the price, the less is the demand for the hospital.
The model predicts that the hospital, as a revenue
maximizer, will produce as many types of products and
as much of each product as possible, as long as total
revenue is maximized and the hospital can still break
even, and that some products will be offered at a loss if
their effect on demand for other products produces a profit
greater than or equal to the loss. In particular, increasing
demand is dependent on attracting more affiliated doctors,
which requires offering a wide range of services. Although
a new product may be offered at a loss, its introduction
may increase the profitability of existing products through
attracting more affiliated doctors and hence increasing
demand and revenue.
Utility-Maximizing Model

Supporters of utility maximization argue that hospital
behavior is guided by more than one or many factors of
importance to the hospital (Newhouse, 1970; Lee, 1971;
Hornbrook and Goldfarb, 1983). Some authors include
only quantity and quality; others include many variables,
such as profit, number of hospital admissions, emergency
capacity, case mix, and quality of care, in what is called the
hospital’s objective function. Utility maximization seems
to be the only objective that has the potential to cover
comprehensively the objectives of all types of hospital.
The utility-maximizing model includes several submo-
dels, which are briefly described in the following sections.
Lee’s model
Lee (1971) focused on hospital administrators, postulating
that they attempt to maximize their own utility, which is a
function of salary, prestige, security, power, and profes-
sional satisfaction. He further argues that the determinants
of utility are directly related to the number and types of
sophisticated inputs and services used by the hospital,
which enhance the hospital administrators’ income, secu-
rity, and prestige. This model predicts that the pursuit of
conspicuous production will result in unnecessary dupli-
cation of facilities and overhiring of staff.
Feldstein’s model

Feldstein (1971) took a different approach, introducing, in
his utility function, a trade-off between the quantity and
quality of hospital services. This model is based on the
simplified assumption that, given a fixed budget, hospital
decision makers face a trade-off between quantity and
quality of services. The model also assumes that the utility
of the decision maker is a function of quality and quantity
and that there are different combinations of quality and
quantity with the same level of utility to the decision
maker. The model implies that different hospitals will
have different sets of indifference curves, reflecting dif-
ferences in their valuation of the trade-off between
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quality and quantity. It predicts that hospitals will choose
different production patterns in terms of the quality and
quantity of services depending on their valuation of the
trade-off between quality and quantity.

Cromwell’s model

Cromwell (1976) extended Feldstein’s model above by
imposing a payment constraint, that is, prospective pay-
ment, based on inpatient days or per case. After the
imposition of the prospective payment system, the hospi-
tal will be paid a reduced fixed amount per case or per
inpatient day. The revenue ceiling imposed by the pro-
spective payment does not allow the hospital to provide
care that is more expensive than the value of the inputs
needed to provide the initial amount of quality per unit of
services. At the new equilibrium, the hospital will produce
more units of service, but at a lower level of quality. This
model predicts that the imposition of prospective pay-
ment will provide the hospital with an incentive to reduce
service quality and increase service quantity, as defined by
the payment system.

Goldfarb-Hornbrook-Rafferty’s model

In contrast to earlier utility models, Goldfarb, Hornbrook,
and Rafferty (1980) explicitly recognized the multiprod-
uct and multigoal nature of the hospital. The model
assumed that hospital decision makers attempt to maxi-
mize utility, which is a function of the number of admis-
sions, case mix, quality, and profit, subject to the
constraints of reimbursement policies, technology, patient
availability, and general resources. It is also assumed that
hospital decision makers face trade-offs between the com-
ponents of the objective function, and that they equalize
the marginal utility of each of the components of the
objective function.

Rosko’s model

Rosko (1982) extends Cromwell’s model by considering
marginal slack as a variable in the administrator’s utility
function. The model predicts that, as the slack increases,
the quality and quantity of services would decrease and
the cost per unit of service would increase. The model
also predicts that the imposition of revenue constraints in
the form of per diem prospective payments would reduce
slack and thus improve internal efficiency.

Sloan-Steinwald’s model

Similar to Goldfarb’s model, this model, as developed by
Sloan and Steinwald (1980), assumes that the hospital’s
utility is a function of a service composite, which incor-
porates both the quality and quantity dimensions of the
output; amenities, including those provided to patients
and physicians; and profit. It is argued that different
types of hospital may place different weights on the
objectives. For-profit hospitals may emphasize profit,
while nonprofit hospitals may place more weight on ser-
vice mix or amenities. It is noteworthy that both Sloan-
Steinwald’s and Goldfarb’s models take profit as a variable
for the nonprofit hospitals. Nonprofit hospitals do have an
incentive to earn profits (Rosko and Broyles, 1988)
because of changes in hospital payment systems and the
trend toward hospital corporatization.
Executive-Benefit-Maximization Model

This model focuses on hospital executives, rather than
physicians. Its assumptions are as follows ( Jacobs, 1991):

. The executives or administrators of the hospital have
considerable control over hospital behavior, and the
behavior of the executive can be taken to represent
the behavior of the hospital as a whole.

. The behavior of executives is driven mainly by pecuni-
ary incentives in for-profit hospitals.

. Executives in nonprofit hospitals are paid a fixed salary,
and hospital profit cannot be translated into executive
pay. Their behavior in nonprofit hospitals is driven
mainly by nonpecuniary incentives, such as good office
furniture, a relaxed work atmosphere, and high status
due to high quality of care.

In a for-profit hospital, greater profit can be expected
from a smaller commitment of resources for a given
amount of output. For a nonprofit hospital, there will be
a trade-off between executives’ nonpecuniary benefit and
hospital profit. The nonpecuniary benefits of executives
will increase costs for a given amount of hospital services,
and reduce profit.

This model predicts that productivity and profitability
would be lower in nonprofit hospitals than in for-profit
hospitals. The former hospital type is expected to have
higher service quality and a more complex case mix than
the latter hospital type, which may want to minimize its
costs by reducing quality and avoiding accepting more
costly cases.
The Application of Hospital Behavior Models

A major objective in developing models of hospital behav-
ior is to predict changes in hospital behavior that will
occur with changes in exogenous factors. One of these
factors is how and how much the hospital is reimbursed.

To be applicable to the design of hospital payment, a
model must meet five prerequisites:

1. objective captivity: The model must be able to include
all of the endogenous variables that are important to
the hospital;

2. argument measurability: The variables included in the
model should be operationally defined and measurable
with reasonable validity;
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3. trade-off testability: The trade-offs between variables
must be identified and estimated;

4. utility estimatability: The relative importance of the
variables must be quantifiable, namely, the marginal
utility attached to each variable must be examined;

5. effect predictability: The effect of payment systems
and other exogenous factors on the quantity of the
variables and their utility contributions should be pre-
dictable.

If these five prerequisites can be met, hospital behavior
will be predictable. Although the current hospital behav-
ior models suffer numerous limitations and none of the
models can meet all these requirements, these models
have guided the prediction of hospital behavior and the
estimation of the effect of hospital payment reforms.

Due to the complexity of hospitals, generalizing about
the objective function of hospitals is difficult. Profit maxi-
mization models are said to fit best for-profit hospitals, but
it is generally thought that other objectives are also impor-
tant to hospitals. Although some of the modelers of non-
profit hospitals recognize that the hospital’s major
objective is to maximize the quantity of service provision
subject to breaking even, others argue that more objectives
should be included in the hospital’s objective function. In
addition, the current models suffer from measurement
problems in terms of the valid measurement of variables
that describe the hospital’s objectives and the utility values
of different variables in the objective function.

In general, therefore, empirical studies of hospital beha-
vior are far from conclusive. Further efforts are needed to
ensure models reflect real-world situations and to make
them of practical use in predicting hospital behavior.
Perspectives for Future Research

Although limited in their applicability, the models
reviewed above have provided sound foundations for
future research, which should focus on four areas.

First, the identification of the hospital’s objective func-
tion should be based on empirical investigations of differ-
ent types of hospitals. All groups that influence hospital
objectives (e.g., administrators, board of trustees, medical
staff, the hospital owner) should be investigated in terms
of what is important to each of them and how differences
are reconciled.

Second, further efforts should be made to improve the
measurement of the variables in hospital objective func-
tions. If perfect measures are difficult or impossible to
develop, they must be able at least to reflect the concepts
with reasonable validity. In addition, efforts should be
made to standardize measurement, at least at the national
level. If one approach to measurement of a variable is not
suitable for all hospitals, different approaches can be
developed so that measures are appropriate for different
types of hospitals.

Third, the relative utility contribution of each unit of
an endogenous variable should be investigated. This in-
formation can be directly used to roughly predict hospital
behavior. For instance, if there are three variables in the
hospital objective function, A, B, and C, and the relative
utility contribution of each unit of the three variables is 1,
2, and 3, if the change in an exogenous factor is predicted
to reduce utility by 3 units, the hospital will be expected to
produce 1 more unit of C or 1.5 additional units of B, or
any combination of B and C to maintain the original level
of utility. The related actions (behavior) of the hospital to
realize this adjustment can be predicted.

Fourth, for the longer term, more sophisticated analy-
sis should be conducted, involving the measurement of
the marginal utility of each variable and exploration of the
trade-offs between different variables. The best combina-
tion of different variables should maximize the total util-
ity of the hospital. The solution of the best quantity
combination of variables will involve complicated proce-
dures of linear programming and the construction of
simultaneous models.
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Scabies

Scabies has been known since ancient times. As early as
1687, the Italian physician Giovan Cosimo Bonomo and
the apothecary Diacinto Cestoni described the causal
relationship between the scabies mite and the typical
skin lesions.

Life Cycle and Transmission

There is general agreement that Sarcoptes scabiei is a single
species that has adapted during evolution to various mam-
malian hosts with limited cross-infestivity between differ-
ent host species. Human scabies is caused by S. scabiei var.
hominis.

The female mite burrows into the epidermis within
30min. Mites live 4 to 6weeks and produce 2 to 4 eggs per
day, which are deposited in the tunnel. Larvae hatch 2 to
4 days after the eggs have been laid, and adult mites can be
observed 10 to 14 days later. The parasite burden of
patients is usually low and ranges from 10 to 12 mites
for the first 3months of infestation. However, hundreds
of mites can be found in neglected children in underpriv-
ileged communities and several thousands in patients
with crusted scabies.

Off-host mites are able to survive and remain infestive
for 24–36 h at 21 �C and 40–80% relative humidity. Lower
temperatures and higher relative humidity prolong
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Costs. Lexington, MA: DC Health and Co.
Further Reading
Folland S (2006) The Economics of Health and Health Care, 5th edn.
New York: Prentice Hall.

Frank S (2002) Not-for-profit ownership and hospital behavior.
In: Culyer AJ and Newhouse JP (eds.) Handbook of Health
Economics, pp. 1141–1174. Amsterdam, the Netherlands: Elsevier

Harrison TD and Lybecker KM (2005) The effect of the nonprofit motive
on hospital competitive behavior. Contributions to Economic
Analysis and Policy 4(1): 1368–1368.

Preker A, Liu X, Velenyi E, and Baris E (eds.) (2007) Public Ends, Private
Means: Strategic Purchasing of Health Services. Washington, DC:
World Bank.
tors: Ectoparasite Infestations

survival. However, at temperatures below 20 �C, mites
are unable to move and cannot penetrate into the skin.
Infectivity decreases the longer mites are off-host.

In a classic experiment performed in Great Britain in
1940, Mellanby showed that transmission occurs by body
contact and that under normal conditions fomites are
unlikely to play a role: When volunteers climbed nude
into warm beds just vacated by infested patients, only
4 cases resulted from 300 attempts when patients had
fewer than 20 mites. When patients carried more than
50 infective mites, the attack rate was 15%. This shows
that transmission requires close skin contact such as hap-
pens during sexual intercourse or when children sleep
in the same bed more or less undressed. In the tropics,
where off-host survival is shorter than in temperate cli-
mates, mites are almost exclusively transferred by person-
to-person contact. In contrast, bedding and clothing
may serve as fomites when used by patients with a high
parasite load such as in crusted (‘Norwegian’) scabies.

S. scabiei from animals occasionally infest humans. Dogs
are the most common cause of human infestation, and
small outbreaks have been reported. The incubation
period after infestation with animal mites is shorter
and the topographic distribution of the lesions is different,
with skin alterations mainly occurring in areas that
have been in contact with the animal. The infestation
with mites of animal origin is self-limiting and usually
requires no treatment.
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Epidemiology

Scabies occurs as a sporadic disease, in epidemics,
and endemically. Sporadic cases are typically observed in
industrialized countries, and epidemics mainly occur
in institutional settings or in socially deprived groups.
In many resource-poor communities of the developing
world, scabies is endemic.

Within a community, scabies is unevenly distributed,
and prevalence in the general population is usually low.
However, the frequency of infested individuals may
be 40–80% in certain high-risk groups, such as patients
of dermatology clinics in sub-Saharan Africa, indigenous
communities in Australia, and homeless or displaced
children.

The more crowded individuals of a community live,
the higher seems to be prevalence of scabies in the popu-
lation. In Brazil, for example, Heukelbach et al. (2005)
found scabies twice as prevalent in an urban slum with
a high population density as compared to a resource-poor
fishing community where families lived in more ample
homes.

Data collected from countries in temperate zones indi-
cate that there the incidence is higher in winter than
in summer, probably due to increased host crowding dur-
ing the cold season and prolonged off-host survival at
lower temperatures. No seasonal variation was found in
Bangladesh, Gambia, or Brazil, areas with a relatively
low variation of air temperature throughout the year.

Scabies is not associated with poor hygiene. Mites
burrowed in the epidermis are resistant to water and
soap and continue to be viable even after daily hot baths
and regular use of soap.
Clinical Presentation

The characteristic burrow consists of a short wavy line
and is most commonly encountered on the fingers, wrists,
and penis. Papules are small and erythematous. Over time
papules may change into vesicles. Burrows, papules,
and vesicles frequently develop into secondary scabies
lesions: excoriations, crusts, eczematization, and second-
ary infection. Frequently, scratching is the cause of denu-
dation and secondary infection; in this case the clinical
picture is often similar to pyoderma or impetigo.

In the tropics, superinfection of scabies lesions with
staphylococci or streptococci is very common (Feldmeier
et al., 2006). Moreover, scabies seems to be a risk fac-
tor for the development of acute poststreptococcal
glomerulonephritis.

Crusted or ‘Norwegian’ scabies is a hyperinfestation,
with myriads of mites present in exfoliating scales as a
result of an insufficient immune response of the host.
Patients with crusted scabies are highly contagious.
The condition occurs typically in immunocompromised
individuals, such as those infected with HIV, HTLV-I, or
leukemia or the elderly. It is also common in Australian
Aborigines. A generalized lymphadenopathy is common
and secondary sepsis may lead to death. Clinically, the
disease resembles psoriasis.

The intense pruritus is the result of a hypersensitivity
reaction to components of the saliva, the eggs, and/or
the fecal material. It causes significant distress and pre-
vents patients from sleeping well.
Diagnosis and Differential Diagnosis

In primary infestation, signs and symptoms develop with
a delay of 3 to 4weeks. A single burrow is pathognomo-
nic. However, in practice, burrows are often obliterated
by scratching, formation of crusts, or superinfection. In
the tropics, burrows are so seldomly present that in clini-
cal practice they have no diagnostic value. Scabies can
also be suspected if another member of the household
shows similar symptoms and signs.

The diagnosis is confirmed when mites, ova, or fecal
pellets are detected in skin scrapings. Unfortunately,
the sensitivity of this microscopical technique is so
low that its usefulness has to be questioned. Epilumines-
cence microscopy and high-resolution videodermato-
scopy have recently been advocated as new diagnostic
tools (Lacarruba et al., 2001). Unfortunately, sound studies
comparing sensitivity and specificity of clinical diagnosis
and the new techniques are lacking. Besides, the high costs
of the equipment make these techniques accessible only in
well-resourced settings.

In developing countries, a practical approach for
the diagnosis of scabies is to look for the presence of
papules, vesicles, and/or pustules together with circum-
script itching – which intensifies at night – and a positive
family history.

The clinical signs and symptoms of scabies can mimic
many skin diseases such as eczema, impetigo, tinea, allergic
reactions, and contact dermatitis.
Treatment

Immediate treatment of the patient and of close contacts
remains the mainstay of case management. As individ-
uals may be infested without having symptoms, contacts
should be treated independently whether clinical symp-
toms are present or not.

Treatment recommendations vary considerably from
one country to another, and the selection of a drug is
often based on the personal preference of the physician,
local availability, and cost, rather than on medical evi-
dence. For example, due to its low cost, benzyl benzoate
is commonly used as the first-line drug in developing
countries, whereas permethrin cream (5%) is the standard
treatment in the United States, the United Kingdom,
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and Australia. Other topical treatments in use are mono-
sulfiram (25%), malathion (0.5%), lindane (0.3–1%),
crotamiton (10%), sulfur in petrolatum, and various
pyrethroids.

None of the available drugs is 100% effective. All
require multiple consecutive applications, most are poten-
tially toxic and cause skin irritation, and some have a
bad odor. Therefore, adherence to treatment protocols
is rather poor and relapses are common. Relapses are
also likely if the total body surface is not entirely covered
with the drug and, for example, the head and the genitals
are left untreated.

There is evidence that scabies mites may become
resistant to the compounds currently in use.

As most scabicides are potentially hazardous mole-
cules, less toxic alternatives are urgently needed. Essential
oils are considered to be nontoxic when applied topically,
and various compounds are active against mites in vitro

as well as in clinical studies. For example, tea tree
(Melaleuca alternifolia) oil has been shown to be highly
effective in vitro and an ointment composed of an extract
of neem (Azadirachta indica) and Curcuma longa cured 97%
of patients with scabies (Charles and Charles, 1992).
A randomized controlled study in Brazil has shown a
high effectiveness of a repellent based on coconut oil,
and jojoba was highly effective.

The administration of ivermectin, a broad-spectrum
anthelminthic drug, has opened a new area in the treat-
ment of the ectoparasite. Ivermectin has an excellent
safety profile (several hundred million doses have
been administered without any serious adverse event)
allowing the treatment of pregnant women, if suitable
topical drugs are not at hand. Comparative trials have
shown that the efficacy of oral ivermectin is similar or
even better than that of topically applied lindane, benzyl
benzoate, and permethrin. At present, oral ivermectin is –
except in a few countries – only approved for the treat-
ment of nematode infections. However, off-label use for
parasitic skin diseases is common worldwide.

Ivermectin is considered to be particularly useful
in endemic communities in the developing world, in
other words, where polyparasitism is common in institu-
tional outbreaks, for the treatment of crusted scabies
and in immunocompromised patients (Heukelbach et al.,
2004c). A single dose of 200 mg/kg is usually sufficient. In
crusted scabies, 5 to 7 doses have to be given in combina-
tion with a topical scabicide and keratolytic therapy.
Scabies in the Developing World

In contrast to industrialized countries, in the developing
world scabies is a public health threat of considerable
importance. Here scabies is common in resource-poor
urban and rural communities, with prevalences reaching
up to 10% in the general population and 50% in children.
In an urban squatter settlement in Bangladesh, the inci-
dence in children less than 6 years was 952 per 1000 per
year, which means that virtually all children experienced
at least one infestation with S. scabiei per year.

Clearly, in resource-poor communities scabies is embed-
ded in a complex web of causation (Figure 1). Poverty
with its typical consequences – disastrous living conditions,
overcrowding, and a low level of education – appears to
be a major driving force for keeping transmission at
high levels. The best evidence for the predominant role of
poverty comes from a study in Bangladesh, where family
members in households with scabies significantly less
frequently owned their home, had their house more often
constructed fromwastematerial, had less-frequent access to
electricity, and had a lower monthly income than house-
holds without scabies.

The presence of groups particularly vulnerable for
the infestation with S. scabiei (children, homeless people,
sexually active young adults, immunocompromised indi-
viduals) is essential in order for scabies to become
endemic in a community. A high endemicity is fuelled
by ‘core transmitters,’ individuals with a high parasite
load who are very contagious.

Behavior also may play a role in a high infestation
rates. In the tropics, the body is only partially covered
with clothes at night, so that direct skin contact is likely
to occur for a protracted period of time. Besides, due to
lack of sufficient beds, usually several children sleep
together in a single bed or hammock.

Clearly, delayed health-care seeking increases the
number of contagious individuals in a community. The
same holds true for treatment failures, for example, if
patients do not adhere to treatment protocols. The poor
sensitivity of current diagnostic approaches also increases
the reservoir of potentially infectious individuals.

Economically disadvantaged persons usually have res-
tricted access to health care, which in turn will delay
diagnosis and treatment, and by this, increase the number
of individuals spreading the infestation for a protracted
period. In an urban squatter settlement in Dhaka, for
example, 49% of infested children were not treated
7 to 44weeks after the characteristic signs and symptoms
had developed. Even if health care is provided free of
charge, as is the case in Brazil, this is no guarantee
that patients with scabies are identified and treated appro-
priately. In a primary health-care setting in northeast
Brazil, 52% of the patients with clinically apparent sca-
bies were simply overlooked by the physician. Without
exception, scabies was only diagnosed by the physician
when the patients mentioned that they were suffering
from scabies. Shortage of drugs may also contribute to a
high prevalence of the infestation in the community.
Treatment itself may reinforce stigmatization. For exam-
ple, if the body is covered with an odorous compound,
this does not go without notice by the neighbors.
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Figure 1 Web of causation of scabies in the developing world.
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Control

In resource-poor settings, ivermectin has been used to
effectively reduce the occurrence of scabies in the com-
munity as well as associated morbidity. However, it is
unlikely that a sustained reduction of scabies in the devel-
oping world can be achieved by drug treatment alone.
An integrated approach is necessary, including regular
rounds of masses of vulnerable populations, health edu-
cation, societal concepts of disease to reduce stigmatiza-
tion, and raising awareness in health-care providers, as
well as the amelioration of the socioeconomic situation
of people at risk.

In crusted scabies and during epidemics in institutions,
the treatment of clothing and bed linen (washing at 60 �C,
application of an antiscabietic lotion, or leaving textiles
in a hermetically sealed bag for several days) is recom-
mended. Treatment of textiles is not necessary in normal
cases.
Outlook

The development of a simple immunodiagnostic assay
to aid the identification of infested individuals would be
a major advance. S. scabiei cDNA sequence libraries are
now available and provide new information to target the
generation of novel products for specific and sensitive
diagnostic assays.
Pediculosis Capitis

Head lice infestation is one of the most frequent infec-
tious diseases in children worldwide. Whereas the ecto-
parasite is usually considered a nuisance by medical
personnel, patients actually suffer from the infestation.
Head lice are of considerable economic importance: In
many countries children are temporarily excluded from
school and hundreds of millions of school days are lost
each year. On the other hand, head lice products are an
enormous market for the pharmaceutical industry.
Life Cycle and Transmission

Head lice are highly specialized insects and Pediculus

humanis capitis can only propagate on the human scalp.
Female lice glue their eggs to the hair shaft proximal
to the scalp. During its life of 3 to 4weeks, a female head
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louse produces up to 140 eggs. Juvenile lice (nymphs)
hatch after a couple of days and develop to adult lice
within 3weeks.

Head lice cannot jump, and crawl only limited dis-
tances outside the human scalp. Hence, transmission is
mainly by direct contact of two heads and fomites only
play a negligible role. Spear et al. (2002) found only two
viable lice on pillowcases of 48 heavily infected children.
No head lice were observed on the floor and the furniture
of 118 Australian classrooms, although the 2230 pupils of
the schools had altogether 14 003 lice on their heads.
Epidemiology

Head lice occur worldwide, but prevalence varies widely
between and within countries (Table 1). Even within a
region head lice are unevenly distributed, with great
differences between areas of a city, schools, kindergartens,
and so forth.

In industrialized countries, pediculosis capitis is essen-
tially a disease of children aged 4–16 years. In the devel-
oping world, the ectoparasite is extremely common in
resource-poor communities and may reach up to 50%
in the general population.

In a defined population, prevalence varies according
to the season of the year. Whereas in the tropics and
subtropics the maximum occurs in the winter, in temper-
ate climates, such as along the Mediterranean Sea,
the peak is during summer. The physical factors that
influence the population dynamics of P. humanus capitis
are not known.

Several authors have claimed that the incidence
of head lice infestation has been rising in the last decade.
However, the assumption has not been substantiated by
appropriate data, and age-specific incidence rates that
can be used for longitudinal comparisons are not at
hand. Irrespective of cultural and economic peculiarities
of a community, the ectoparasite is consistently more
common in females than in males, with a ratio from 2:1
Table 1 Selected population-based studies on pediculosis capit

Country City/region Age group e

Poland Gdansk 6–15
Poland Lublin/Southeast Poland 7–14

France Tours/South France 8–12

France Bordeaux/South France 2–11
Great Britain Bristol 4–11

Turkey Ankara 8–11

Turkey Mersin 8–16

Jordan Ar-Rantha/North Jordania 8–12
Brazil Balbino/Northeast Brazil 0–15

Argentina Buenos Aires 0–16

Australia Townsville/Queensland 5–12
in Australia to 12:1 in Turkey. This dichotomy is not
related to a biologically determined higher susceptibility
of the female sex, but presumably due to differences in
behavior facilitating transmission. Neither level of educa-
tion, socioeconomic status, nor number of siblings in a
household have been consistently identified as risk factors
for the presence of head lice in an individual.

The ratio between symptomatic individuals and
symptom-free carriers is not known.
Clinical Presentation

During primary infestation, symptoms develop with a
delay of 4 to 6weeks. After re-infestation, itchy erythem-
atous papules develop within 24 to 48 h. The intense
itching induces scratching, which in turn leads to ex-
coriations. Excoriations may develop into ulcers and – at
least in the tropics – become frequently superinfected
with staphylococci and streptococci. Long-lasting super-
infection and/or repeated re-infestation is followed by
lymphadenopathy of draining lymph nodes. Seldomly,
continuous scratching leads to development of eczema.

Obviously, intense itching at night will disturb sleep.
These children may show poor performance in school.

Depending on the sociocultural setting, head lice
infestation may be the cause of stigmatization. Stigmati-
zation is enforced by ‘no-nit policies,’ where children
are excluded from schools as long as they have nits in
their hair.
Diagnosis

The diagnosis of head lice infestation is based on the
detection of at least a single viable louse. Lice can be
detected by visual inspection of the skin – with or without
the aid of a magnifying glass – or by combing with a lice
comb. Wet combing is three to five times more sensitive
than visual inspection. This is of practical importance
since in the majority of infested individuals less than
is in industrialized and developing countries

xamined N Prevalence of pediculosis (%)

27800 3.2
95153 0.9

1200 21.0

840 48.7
1001 20.0

20612 3.4

5318 6.8

2519 13.4
207 46.9

552 38.0

456 33.7
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10 lice are present on the scalp. In a careful study in Israel,
Momcuoglu et al. (2001) found only lice in 25% of the
cases, in 40% lice and nits, and in 40% only nits. Hence,
active pediculosis requiring treatment has to be expected
in approximately 65% of those infested.

Nits (empty eggshells) have to be differentiated from
scales, remains of hair gel and hair spray. Nits are always
glued firmly to the hair shaft at an angle of approximately
10 degrees and cannot be detached with fingers or a comb.
Contact dermatitis, seborrheic dermatis, eczema, insect
stings, and piedra (a fungal disease) are important differ-
ential diagnoses.
Therapy

Schematically, treatment can be given topically or sys-
temically. Topical treatments are physical removal of lice
through combing, and the application of compounds with
neurotoxic action on lice or of compounds that act physi-
cally and lead to asphyxia of the parasite. Systemic action
means that a substance is administered orally and taken up
by head lice during blood sucking.

Combing

Physical removal of head lice through combing requires a
high-quality lice comb. The space between the teeth
should be not more than 0.3mm (0.01 in). It is a cheap
and effective, but time-consuming, method. Combing has
to be repeated twice a week for a total of 4 weeks to ensure
that all nymphs having hatched in the meantime are
eliminated. In a randomized control study, Hill et al.
(2005) showed that wet combing (also called ‘bug busting’)
has a higher efficacy than topical treatment with 0.5%
malathion or 1% permethrin. However, the quality of the
comb is essential: In a previous study with a different
comb, the authors found the efficacy of combing less
than for malathion.

Chemical pediculicides

Currently used compounds are organochlorines (lindane),
organophosphates (malathion), carbamates (carbaryl), nat-
ural pyrethrins (extracts of Chrysanthemun cinerariaefolium),
synthetic pyrethroids (such as allethrin, permethrin, delta-
methrin, d-phenotrin). All compounds are neurotoxic
to lice. As eggs less than 4 days old have not yet developed
a nervous system, obviously, these pediculicides cannot
act on eggs in the early stage of development. Besides,
not all compounds can penetrate the donut-shaped holes
in the operculum of eggs. Hence two treatments one week
apart are necessary for all chemical pediculicides, and
combing is suggested after each round of topical treatment.

The safety profile of many compounds is a matter
of concern, particularly as the drugs are usually applied
on the scalp of children, and because excoriated skin
may significantly enhance the resorption of the pesticide.
Pyrethrins, especially, have a high allergic potential. Tox-
icological concerns are aggravated by the fact that many
commercially available products are a mixture with other
potentially hazardous chemicals such as piperonyl but-
oxide, chlorocresol, or diethylenglycol.

Two recent papers report resistance of head lice to
common insecticides in population groups in Australia,
the United States, and Ecuador. Hunter and Barker (2003)
detected almost complete resistance against malathion,
permethrin, and pyrethrum in two schools in Brisbane,
Australia, whereas in three other schools head lice were
susceptible to malathion and, to a lesser extent, also
to pyrethrums. Yoon et al. (2003) found different resis-
tance patterns in the United States and Ecuador: Head
lice from Florida were less susceptible to permethrin
than lice from Texas, and parasites from Ecuador were
susceptible to both insecticides tested.

This indicates that resistance against single com-
pounds is heterogeneously distributed, geographically
unpredictable, and seems to spread in countries with a
rather aggressive use of chemical pediculicides.

Plant-based pediculicides

As a reaction against worrying safety profiles of chemical
pediculicides and increasing resistance, various essential
oils have been proposed as alternatives. Tee tree oil (Mel-

aleuca alternifolia), pawpaw (Asimina triloba), coconut oil
(Cocos nucifera), and ylang-ylang (Cananga odorata) have
been shown effective in small open trials. In a controlled
study, a combination of ylang-ylang and anis oil was more
effective than permethrin. It is assumed that essential oils
are less toxic than chemical pediculicides. However, this
assumption needs to substantiated by appropriate data.

Physically acting pediculicides

A totally new approach is the use of silicone oil of
very low viscosity such as is present in hair cosmetics.
The oil enters the tracheae (spiracles) of the louse,
impairs the exchange of oxygen and water, and eventually
leads to asphyxia. An American product (Cetaphil
cleanser) showed an efficacy of 95% in an open trial.
A randomized, controlled study comparing dimeticone
(a low-viscosity silicone) and d-phenotrin showed a simi-
lar efficacy of both approaches. These new substances
seem to be nontoxic, and by the nature of their action
cannot induce resistance.

Ivermectin

Ivermectin is a broad-spectrum anthelminthic with a very
good safety profile. Several studies have shown a high
efficacy of two doses of 200 mg/kg administered within
an interval of 8 to 10 days. The drug is particularly useful
in polyparasitized populations, as it is active in scabies
and cutaneous larva migrans as well. In a population-
based study in Brazil, mass administration of ivermectin
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reduced the prevalence of head lice infestation from 16%
to 1% (Heukelbach et al., 2004c).
Control

It is essential to treat all contacts of a patient to exclude
re-infestation. Disinfection of fomites such as pillowcases,
bed linen, and caps is usually recommended, but its
impact on the interruption of transmission is probably
minimal. Washing textiles for 30min at 30 �C or heating
in a dryer for 15min at 45 �C is sufficient to kill all stages
of head lice.

No single approach is likely to be effective in eliminat-
ing head lice from society. Clearly, a multifaceted
approach is necessary to successfully control the ectopar-
asite on the population level. This includes education
and sensitization of health professionals, raising aware-
ness in schools and kindergartens, health education of
children and parents, and cooperation between patients
and health-care providers. Legal rules about whether and
how long children have to refrain from going to school
after treatment vary from country to country.
Outlook

Essential oils merit further study as potential pediculi-
cides. Preliminary studies indicated that eucalyptus,
marjoram, pennyroyal, and rosemary oils were more
active than delta-phenothrin and pyrethrum controls
in in vitro LT50 assays.

Recently, a number of cDNA libraries of the human
body louse have been constructed. The discovery of
human lice gene families and their products will enable
significant advances on host–parasite interactions and
provide important insights into potential drug targets,
chemotherapy, and vaccine candidates.
Tungiasis

Tungiasis is a neglected parasitic skin disease caused by
the permanent penetration of the female sand flea (also
called jigger flea) Tunga penetrans into the skin of its
host. The parasitosis causes considerable morbidity
in resource-poor populations in South America, the
Caribbean, and sub-Saharan Africa.
History

Originally, T. penetrans occurred only on the American
continent. The sand flea was introduced to West and
Central Africa several times in the eighteenth century,
but started to spread over the continent along trading
routes and military missions only at the end of the
nineteenth century. When introduced for the first time in
indigenous populations, it caused extremely severe
morbidity. In 1900, Decle reported vividly the health
problems he encountered in rural Africa:

In the village there was not a man, woman or child who

was not covered with ulcers. I found the people starving,

as they were so rotten with ulcers from jiggers that they

had been unable to work in their fields, and could not

even go to cut the few bananas that had been growing.

These and other observations made him conclude: ‘‘My
experience makes me look upon jigger as the greatest
curse that has ever afflicted Africa.’’ Not surprisingly,
suppuration, ulcer, and gangrene, and presumably also
tetanus, were very common and entire villages were
abandoned.
Life Cycle and Transmission

Only 1mm in size, Tunga penetrans is the smallest flea
species known. Both males and females are blood-feeding,
but only the female penetrates permanently into the skin
of its hosts. There it undergoes an important hypertrophy,
expelling hundreds of eggs during a period of 2 to 3weeks
(Eisele et al., 2003). After all eggs have been expelled, the
parasite dies in situ and eventually is sloughed from the
epidermis by tissue repair mechanisms.

Eggs fall to the ground and, if they encounter a suitable
environment, they develop into adult fleas within 3 to
4weeks. Sand fleas can jump and run at impressive
speed. Exposure occurs when the feet or other parts of
the body come into contact with contaminated soil or
floor. Transmission occurs peridomiciliary, but also
inside houses.
Epidemiology

Tungiasis occurs on the American continent from Mexico
to northern Argentina and on several Caribbean islands,
as well as throughout sub-Saharan Africa. The ectopara-
site is widespread in underdeveloped communities in
the rural hinterland, in fishing villages along the coast,
and in the slums of urban centers. It is associated
with poor living conditions and poverty. A community-
based study in Brazil (Muehlen et al., 2006) identified poor
housing as the most important risk factor. In poor com-
munities, prevalences may reach 54% in the general
population. Prevalence and parasite burden are corre-
lated, and commonly individuals harbor dozens of fleas.

T. penetrans proliferates perfectly in dry sandy soils,
but may also be found in the rain forest as well as in
banana plantations.

Tungiasis shows a characteristic seasonal variation,
with highest prevalence in the dry season.

Tungiasis has been observed in such different ani-
mals as elephants, monkeys, cattle, sheep, goats, sylvatic
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rodents, coatis, and armadillos. Domestic animals such
as dogs, cats, and pigs, but also rats, are important animal
reservoirs. In a survey in a slum in northeast Brazil, 67%
of dogs and 50% of cats were found to be infested,
with many of the animals harboring dozens of fleas
(Heukelbach et al., 2004a). Rodents also seem to be an
important reservoir. In 59% of Rattus rattus captured in a
poor urban neighborhood, tungiasis was diagnosed. In
rural areas pigs act as a reservoir.
Clinical Presentation

According to Eisele et al. (2003), the natural history
of tungiasis can be divided into five stages. In stage I,
penetration into the epidermis, the flea appears as a red-
dish spot of about 1mm diameter. In stage II (1 to 2 days
after penetration), the abdominal segment of the parasite
hypertrophies and develops into a mother-of-pearl-like
whitish nodule. In the protruding rear cone, the anal-
genital opening appears as a central black dot. In stage
III (2 days to 3weeks after penetration), the hypertrophy
is maximal and the lesion reaches the size of a pea.
A round, watchglass-like protrusion appears that is
frequently accompanied by hyperkeratosis and desquama-
tion of the surrounding skin. The lesion is painful and
produces the sensation of an expanding foreign body. In
stage IV (3 to 5weeks after penetration), the parasite
dies and the lesion involutes. A black crust covers
the dead parasite, which is eventually sloughed from
the epidermis by skin repair mechanisms. A residual scar
in the stratum corneum is characteristic for stage V
(6weeks to several months after penetration). Typically,
T. penetrans affects the periungual area of the toes, the
heels, and the soles. However, embedded sand fleas can be
found on almost every part of the body, such as the hands,
elbows, neck, buttocks, and the genital region. Severe
infestations with hundreds of embedded sand fleas are
not rare.

Although tungiasis is a self-limited infestation, com-
plications are common in the endemic area. Many
patients complain about severe pain. Inflammation and
fissures commonly hinder individuals from walking nor-
mally. Sequels include deformation and loss of toenails,
as well as deformation of digits. The sore in the skin
caused by the protruding rear end of the flea is an
entry point for pathogenic microorganisms. Superin-
fected lesions lead to formation of pustules, suppuration,
and ulcers. Staphylococcus aureus and streptococci most
frequently cause the superinfection, but other aerobic
and anaerobic bacteria (including clostridiae) are also
found. In nonvaccinated individuals, tungiasis may lead
to tetanus.

Rarely, atypical presentations such as pseudoepithelio-
matous hyperplasia are seen at ectopic sites.
Diagnosis

The diagnosis is made clinically taking into considera-
tion the dynamic nature of the morphology of the lesion.
In the endemic area, it is usually established by the patient
itself.

Most lesions occur on the nail rim. The observation of
eggs being expelled or eggs attached to the skin around
the rear cone and the release of brownish threads of feces
are pathognomonic signs. Fecal threads are of a helical
structure and often are spread into the dermal papillae.
Expulsion of eggs can be provoked by massaging the
hypertrophy zone slightly.

Differential diagnoses include verrucae, myiasis, pyo-
genic infection/abscess, foreign bodies, acute paronychia,
cutaneous larva migrans, dermoid cysts, dracontiasis, mel-
anoma, deep mycosis, and bites or stings of other injurious
arthropods.
Treatment

The standard treatment is surgical extraction of the
flea under sterile conditions. Fleas should be extracted
as early as possible to avoid secondary infections. This
requires a skilled hand and good eyesight. The opening
in the epidermis has to be carefully widened with an
appropriate instrument such as a sterile needle or a scal-
pel to enable the extraction of the entire flea. If the flea is
torn during extraction or if parts are left in the sore, severe
inflammation ensues. After extraction the sore must
be covered with a topical antibiotic. Tetanus-immune
status has to be checked, and in case of inappropriate
immunization, prophylaxis is indicated.

At present, there is no drug on the market with satis-
factory clinical efficacy. Some dermatologists claimed
that oral ivermectin is effective. However, a recently con-
ducted randomized controlled trial with oral ivermectin
at a relatively high dose (2� 300 mg/kg body weight)
did not show a superior efficacy to placebo (Heukelbach
et al., 2004b). In contrast, topical ivermectin, but also
metrifonate and thiabendazole, showed some effect.
Other authors suggested oral thiabendazole as an effect-
ive drug against embedded sand fleas, but appropriately
controlled studies do not exist.

Biopsy of the lesion is not indicated.
Prevention

Closed shoes and socks may prevent tungiasis to a certain
degree, although complete protection cannot be achi-
eved by these means. Daily inspection of the feet and
immediate extraction of embedded fleas protect against
complications.
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Recently, it was shown that the twice-daily application
of a natural repellent based on coconut oil reduced
the infestation rate in an area with extremely high trans-
mission rates by almost 90%. This was paralleled by
regression of tungiasis-associated morbidity to insignifi-
cant levels after 3 weeks.
Control

As long as data on the importance of the different animal
reservoirs in a defined setting are missing and no effica-
cious chemotherapy is available, the control of tungiasis
is a difficult task. Eggs, larvae, and pupae may persist
in the environment for weeks if not months. The persis-
tence of animal reservoir will result in rapid re-infection
in humans. Surface spraying with insecticides has been
claimed to be effective, but there is no controlled study to
confirm this assumption. Improved sanitation and regular
waste collection will contribute to reduce incidence and
morbidity. Health education should focus on secondary
prevention, that is, educating people and the carers of
children to inspect their feet daily and take out embedded
fleas with an appropriate sterile instrument.
Outlook

Recent studies have shown thatT. penetrans harborWolbachia

bacteria. It is likely thatWolbachia endobacteria contribute to
the severe inflammation constantly found in tungiasis, and
this opens a newway to investigate the pathophysiology and
therapy of the infestation.
Cutaneous Larva Migrans (CLM)

CLM is caused by penetration of animal hookworm
larvae, such as Ancylostoma caninum, A. braziliensis, and
Unicinaria stenocephala, into the skin of humans. CLM is
endemic in many deprived communities in tropical and
subtropical regions. CLM is a poverty-associated disease
in which lack of sanitation, poor health education,
and presence of stray animals in the community contrib-
ute to high attack rates in humans.
Life Cycle and Transmission

Companion animals such as dogs and cats are frequently
parasitized with hookworm. Embryonated eggs deposited
with animal feces hatch, and infective larvae develop
in the soil within a week. Infectivity and longevity of
the larvae depend on the temperature and humidity of
the soil. In a tropical environment, larvae may remain
infective for several months provided they are protected
from direct sunlight and desiccation.
Infective larvae enter the epidermis within minutes.
As humans are parathenic hosts, larvae cannot penetrate
the basal membrane and therefore remain sequestered
in the epidermis. Here they cannot develop further
and migrate aimlessly (hence the designation ‘creeping
eruption’). The infestation is self-limiting. However,
CLM may persist for months and cause Loeffler’s syn-
drome in single cases.
Epidemiology

The infestation is common in tropical and subtropical
regions throughout the world. It occurs sporadically
also in temperate zones.

Infestation can take place at any place where skin
comes into contact with soil contaminated by animal
feces, such as beaches, sand boxes, crawl spaces under
houses, and construction sites. Infestation may also occur
via fomites, such as towels or clothes that came into
contact with soil while drying.

In resource-poor communities, prevalence may be
up to 3% in the general population. However, there is
a considerable seasonal variation, with a peak in the
rainy season and considerably less cases in the dry season
(Heukelbach et al., 2003). In an urban squatter settlement
in Brazil, CLM was significantly more common in males
than in females and mainly occurred in children<9 years.

Preliminary data indicate that the occurrence of cuta-
neous larva migrans is clustered in families.

Walking barefoot to and on the beach has been the
only risk factor identified so far for cutaneous larva
migrans in tourists.
Clinical Presentation

CLM begins with a reddish papule at the penetration
site a few hours after contact with the infective larva.
One to several days after penetration, the characteristic
erythematous, serpiginous, slightly elevated track appears
that with time may reach more than 20 cm and is invari-
ably present. The track moves forward approximately
2.5mm per day.

Due to intense itching, the condition is extremely
uncomfortable for the patient, particularly if several
creeping eruptions are present simultaneously. Itching
seems to be more severe in the night than during daytime.
In a resource-poor community in northeast Brazil, 84%
of patients complained of insomnia due to itching.

Sporadically, larvae may invade the viscera and cause
eosinophilic pneumonia (Loeffler’s syndrome). Vesiculo-
bullous lesions are observed in 9–15% of cases. Erythema
multiforme is rarely seen as a complication in previously
sensitized individuals. Folliculitis has been described
in single cases.
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In developing countries, lesions tend to become super-
infected with pathogenic bacteria. Superinfection is
more common in children.

Jackson et al. (2006) clearly demonstrated that the
topographic localization of lesions vary between children
and adults. Children have their lesions mainly at the
buttocks, genitals, and hands, whereas in older patients
the majority of lesions are located at the feet. However,
tracks may occur at any topographical site including
the arms, elbows, legs, knees, back, face, and the oral
cavity. In tourists returning from the tropics, lesions
are mainly located at the feet. This is explained by the
typical habit of tourists walking barefoot on beaches
( Jelinek et al., 1994).

It is not uncommon to find several tracks in one patient
either in the same topographic area or at distant sites.
Diagnosis

The infestation is diagnosed by the naked eye. Laboratory
investigations are not helpful. Eosinophilia may be pres-
ent. An elevated linear or serpiginous lesion with or
without an erythematous papule (the latter indicating
the entry site of the larva) associated with pruritus is
pathognomonic.

There is a significant correlation between the length of
the track and the duration of infestation.

Differential diagnoses include scabies, loiasis, larva
currens (a perianal rash caused by auto-infection with
S. stercoralis), myiasis, dracunculiasis, cercarial dermatitis,
superficial mycosis (tinea), herpes zoster, and contact
dermatitis.
Treatment

Randomized trials have shown a high efficacy of oral iver-
mectin and oral albendazole. A single dose of oral ivermec-
tin (200mg/kg) kills the larva. Oral albendazole (400mg
daily for 3 days) also shows excellent cure rates and is a
good alternative for ivermectin. Thiabendazole ointment
(10–15%) applied to the track 3 times daily for 7 days is as
effective as the oral treatment, but requires substantial
compliance from the patient. Freezing the track with liquid
nitrogen or carbon dioxide is not recommended.
Control

Control of CLM is a difficult task. To identify the factors
that determine human attack rates requires comprehen-
sive investigation of the epizootiology of the animal reser-
voirs. Regular treatment of companion animals with
anthelminthics reliably interrupts transmission. However,
such an approach is only feasible in industrialized coun-
tries, where the incidence of the infestation is low anyway.
It is wholly unpractical in resource-poor communities in
the developing world, where stray animals are common
and pet owners will show no interest for a costly regular
treatment of their animals. The only means to reduce the
occurrence in this setting is health education.

To prevent infestation of tourists, animals should be
banned from beaches. Unprotected skin should not come
into contact with possibly contaminated ground; tourists
should wear shoes and not lie directly on the sand at
beaches or greens where dogs or cats have been observed.
Towels and clothes should not touch the ground when
hung up for drying.
Myiasis

Myiasis is the infestation of the skin by larvae (maggots)
of a variety of fly species (order Diptera) that for a certain
period of time feed upon living, necrotic, or dead issue,
liquid body substances, or ingested food of their host.
Myiasis is a zoonosis and humans are accidental hosts.
The great variety of existing local designations indicates
that the parasitic flies have long been known as animal
pests.
Biology and Transmission

Flies causing human myiasis belong to Calliphoridae,
Sarcophagidae, Cuterebridae, Oestridae, and Gasterophilidae

families with numerous genera and species. Some of the
genera have a worldwide distribution; others are limited to
a continent, a region, or a distinct climatic or ecological
zone (Table 2). The most common species causing human
myiasis, Dermatobia hominis and Cordylobia anthropophaga,

belong to two families with completely different life
cycles, modes of infestation, and geographical distribution.

Life cycles vary between species. In the case of Cordy-
lobia anthropophage, for example, eggs are laid on soil or
clothes contaminated with urine or feces. Larvae emerge
from the eggs and penetrate the skin painlessly. The life
cycle of Cuterebridae flies seems biologically extravagant:
These flies infest human and animal hosts through phor-
esis, a unique egg-delivery method through which the
gravid female of Dermatobia hominis glues its eggs to the
abdomen of another blood-sucking arthropod, usually
day-flying culicidae. These mosquitoes act as ‘carriers.’
When the carrier feeds on a vertebrate, D. hominis eggs
hatch. The first-stage larvae invade the skin directly at
or near the site of the carrier’s blood meal. After the larva
has penetrated the skin, it starts to feed and subsequently
develops into its second and third larval stages. If left
undisturbed, approximately 5 to 10 weeks after skin pen-
etration, the third-stage larva emerges from the punctum
in feces and drops to the ground, where the off-host
life cycle continues.



Table 2 Fly species and disease manifestations

Fly Family Species Regular Rare Disease manifestation

Calliphoridae Cardilobia anthropophage Furuncular myiasis
C. rhodhaini Furuncular myiasis

Cochliomyia hominivorax Wound myiasis

Chrysomyia bezziana Myiasis of cavities/orifices Invasive myiasis

Luculia species Wound myiasis Intestinal myiasis
Calliphora species Wound myiasis Intestinal myiasis

Phormia species Wound myiasis Intestinal myiasis

Sarcophagidae Wohlfarthia species Wound myiasis Invasive myiasis

Myiasis of cavities/orifices
Sarcophaga species Wound myiasis

Cuterebridae Dermatobia hominis Furuncular myiasis

Oestridae Oestrus ovis Myiasis of cavities/orifices
Hyderma bovis Migratory myiasis Invasive myiasis

Gasterophilidae Gasterophilus intestinalis Migratory myiasis
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The identification of a species requires extensive ento-
mological knowledge and remains the domain of the
Diptera specialist.
Epidemiology

Myiasis occurs in temperate, subtropical, and tropical
climates. Human cases occur only sporadically. Very
rarely, epidemics are observed. Being a zoonosis with a
broad range of putative animal reservoirs proximity to
domestic, livestock, or sylvatic animals is a prerequisite
for human infestation. Habitats and lifestyle of the differ-
ent diptera flies vary considerably. This makes it difficult
to identify factors facilitating exposure. The exception is
vulvo-vaginal myiasis, which is only observed in females
living in rural areas of the tropics who do not wear
underwear and do not care for genital hygiene. It has
been suggested that lack of sanitation and presence of
soiled diapers will attract parasitic flies to a household.

Many parasitic flies have a limited geographical distri-
bution. For example, Dermatobia hominis (bot fly, warble
fly), is limited to Central and South America, whereas
Cardylobia anthropophaga (tumbufly, mangofly) occurs only
on the African continent. Parasitic flies prefer a warm and
humid environment; thus, in temperature zones myiasis
occurs mainly in the summer months, while being year-
round in the tropics.

In livestock and in companion animals, the infestation
rate changes considerably from year to year. Data on
prevalence and incidence in humans do not exist.
Clinical Presentation

From a parasitologist’s point of view, myiasis can be clas-
sified into obligatory or facultative. In obligatory myiasis,
it is essential for the fly larva to live on a host for a certain
part of its life, whereas in facultative myiasis, larvae are
free-living, often attacking carcasses, but under certain
conditions infesting wounds or orifices of living hosts.
To complicate the issue further, different species of the
same family may be facultative or obligatory parasites,
while species from different families may cause the same
clinical picture in the human host. Hence, the only mean-
ingful classification for medical purposes is according to
the clinical picture of the myiasis.

Clinically, myiasis can be divided into infestation
of the skin, of natural cavities and orifices such as the
ear and the vagina, and of mucous membranes. Skin
myiasis is further differentiated into furuncular (some-
times called hypodermic), creeping (migratory), and
wound (traumatic) myiasis. In furuncular and migratory
myiasis, larvae penetrate into the subcutaneous tissue.
In wound myiasis, flies deposit larvae in a suppurating
wound, chronic ulcers, or necrotic or decomposing flesh
(Table 3). In wound myiasis, flies have deposited eggs or
larvae on the edge of wounds, scratches, or chronic ulcers.
Traumatic wounds covered with dried blood or secre-
tions, suppurating, or emitting a foul-smelling odor,
and decomposing flesh are particularly attractive. When
hospital hygiene is poor, as it is the case in some dev-
eloping countries, wound myiasis may develop under
bandages and dressings.

Myiasis is self-limiting, with the vast majority of cases
showing minimal clinical pathology. However, in myiases
with a long duration of larval development, patients
may suffer considerably. Feeding and growing larvae
may cause severe inflammation and excruciating pain
(for example, if located near or in the eye), resulting
in disturbance of sleep and mood. Feeling something
moving under one’s skin or on the top of a mucous
membrane is a rather strange experience and explains
why patients are extremely distressed. Moreover, some
larvae species bury deeply into living tissue and feed



Table 3 Clinical presentation and occurrence of myiasis

Localization Clinical presentation/designation Occurrence

Intact skin
Arms, legs, trunk Furuncular myiasis Common

Migrating myiasis Rare

Scalp Sebaceous cyst-like Rare

Breast Rare
Scrotum/penis Very rare

Eye Ophthalmomyiasis externa Common

Wound Wound (traumatic) myiasis Rare

Nosocomial myiasis Rare
Cavity/orifice
Ear Aural myiasis Very rare

Orbita Ophthalmomyiasis interna Rare
Mouth Oral myiasis Very rare

Nose/pharynx Rhinopharyngeal myiasis Very rare

Trachea/bronchi Tracheopulmonar myiasis Very rare

Gut Intestinal myiasis Very rare
Urinary tract Urinary myiasis Very rare

Vulva/vagina Genital myiais Rare
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gregariously, resulting into considerable damage and
disfigurement. Under very rare circumstances, larvae
may migrate from the external eye via the orbita into
the brain, eventually leading to the death of the patient
(infiltrative myiasis).
Diagnosis

For the trained physician, myiasis is a first-look diagnosis,
while patients outside the endemic areas are frequently
referred from the general practitioner to various specia-
lists. According to the topographic localization and
the clinical manifestation, myiasis can mimic many dis-
eases of infectious or noninfectious origin. Breast myiasis
was recently diagnosed by mammography (de Barros et al.,
2001). Doppler ultrasound seems to be a good diag-
nostic method, as movements of larvae are visualized
(Quintanilla-Cedillo et al., 2005). Laboratory investiga-
tions are not helpful.

Differential diagnoses of furuncular myiasis are vascu-
lar edema, furuncle, cellulitis, onchocerciasis, leishmania-
sis, local paragonimiasis, sparganosis, gnathostomiasis,
infected foreign body, adenopathy, skin abscess, super-
infected insect bite, and tungiasis.
Therapy

Therapy has to be adapted to the type of myiasis. In
myiasis affecting cavities and orifices, all larvae have to
be removed surgically. Wound myiasis requires complete
debridement. In furuncular myiasis, petroleum jelly, liq-
uid paraffin, beeswax, nail polish, or oil of high viscosity
is placed over the central punctum of the embedded
larva. Suffocation forces the larva to reposition into an
upward position so that it can be grabbed with tweezers or
a forceps. A novel approach is the use of ivermectin, a
broad anthelminthic with insecticidal properties. Several
authors have successfully used oral and topical ivermectin
in furuncular as well as cavity myiasis.
Control

As myiasis causes considerable damage in livestock ani-
mals, control of parasitic flies is attempted where raising
of sheep, goats, cows, or horses represents a substantial
economic activity. At present a control program is estab-
lished in Central America, where male Cochliomyia homi-

nivorax flies are sterilized and then released in a
controlled manner to compete with normal males in the
fertilization of female flies. It has to be seen whether this
approach will reduce the incidence of human myiasis in
the long run.

Some types of myiasis can be prevented if clothing, bed
linen, and towels are not spread on the ground for drying
and if textiles are ironed after drying.
Outlook

For centuries, clinicians have observed that certain fly
larvae provide debridement of necrotic wounds, particu-
larly of those occurring during military operations.
Recently, a few centers systematically have been using
larvae for debridement of chronic nonhealing wounds
and have coined the term ‘biosurgery’ for this approach.
The future will show whether debridement with larvae
becomes a safe and cost-effective treatment for patients
with necrotizing wounds or chronic ulcers.
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Conclusion

The control of ectoparasitic infestations in resource-poor
communities still remains a challenge. Resistance of sca-
bies mites and head lice to the antiparasitic compounds
on the market can be expected to increase in the next
few years. Thus, the development of new compounds
based on plant extracts is needed. In the case of tungiasis,
the presence ofWolbachia endobacteria in sand fleas offers
new perspectives for therapy.

Molecular approaches, while still in their infancy, are
now providing a better understanding of the parasites and
will have important implications for control and preven-
tion. Combining our existing knowledge of the life cycle
and habits of ectoparasites with newmolecular techniques
will improve our understanding of parasite epidemiology
and open up many new therapeutic targets and vaccine
candidates.
See also: Streptococcal Diseases.
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Introduction

There is nothing new about the belief that the spread of
education with its impact on knowledge and outlook is a
central force underlying mortality decline and fertility
decline. However, in most early studies, education was
regarded as an indicator of broad socioeconomic status
and thus the common finding of a strong inverse relation-
ship between length of schooling and mortality was
accorded an economic interpretation. In recent decades,
more attempts have been made to isolate the effect of
education from its economic and other correlates and to
identify the causal pathways. This literature falls into two
distinct components: investigations of effects of parental
education on child survival with a focus on poor countries;
and effects of individual education on adult survival and
health, with a focus on richer countries. The structure of
this article follows this divide.
Parental Schooling and Child Survival

Statistical Associations

A pioneering analysis by Caldwell of Nigerian survey data
in the late 1970s showed maternal education to be a stron-
ger predictor of child survival than more obviously eco-
nomic characteristics of households, such as father’s
occupation (Caldwell, 1979). This article opened the
floodgates to a deluge of studies on the link between
parental education and child survival in low-income
countries. The major focus of attention has been on
mother’s education. A succession of multinational analyses
together with numerous country-specific analyses have
revealed a clear and broadly consistent picture of the
statistical association between a mother’s schooling and
survival of her offspring.

Three key features of this association have been firmly
established. First, the link is strong and essentially linear,
with no threshold. A rise of 1 year of maternal schooling is
typically associated with a 6 to 9% drop in under-5 mortal-
ity and this relationship is apparent even at 1, 2, or 3 years
of schooling. Second, the link is considerably stronger in
childhood (years 1 to 5) than in infancy (see Figure 1).
Third, crude associations between father’s schooling and
child survival are similar in magnitude to those for mother’s
education, but multivariate analyses have shown that
mother’s education generally has a more decisive influence,
thus justifying the focus on maternal influences.

The very pronounced link to overall childhood mortal-
ity suggests that all major causes of death in childhood are
implicated and the available, albeit sparse, evidence sup-
ports this expectation. A compilation of data from 19 low-
income countries demonstrated that maternal education
is associated with stunting and weight-for-age in a broadly
parallel manner to its association with mortality. The
median estimates of the percentage stunted among children
aged 3 to 35months were 35.6%, 28.9%, and 16.4% for
children ofmotherswith no schooling, with primary school-
ing, and with secondary or higher schooling, respectively.
Sensitivity of Associations to Stage of
Mortality Transition

Much of the evidence concerning the association between
parental schooling and child survival has taken the form of
cross-sectional survey data collected in low- and medium-
income countries since 1970. In this section we consider
whether the strength and nature of the link changes over
the course of the transition from very high to lower mor-
tality. The general expectation is that differentials will
diminish as uptake of effective health information and
services becomes more widespread within societies and
high levels of child health are achieved. Under this macro-
model of change, the very large differentials documented
above for poorer countries in the latter decades of the
twentieth century may be a passing phase.

The evidence to support this expectation is weak. For
example, a vivid demonstration of the tenaciousness of
educational differences comes from India, a country with
vast regional differences in both educational and mortal-
ity levels. In Uttar Pradesh in the late 1980s and early
1990s, 54% of females aged 6 or more years were illiterate
and the level of under-5 mortality was 161.5 per 1000 live
births. The corresponding values in Kerala were 17.5%
and 40.3 per 1000. Figure 2 shows under-5 mortality by
mother’s education for these two states, together with a
moderate mortality state, Gujerat. For each educational
category, huge interstate differences in mortality are
apparent but the gradient across categories is closely
similar in all three states. Thus, the relative advantage of
maternal education is just as strong in low-mortality
Kerala as in high-mortality Uttar Pradesh.
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Though the evidence is limited, the association between
maternal schooling and child mortality also appears to
persist in industrialized countries. AfterWorldWar II, social
class differentials in infant mortality in Hungary narrowed
but large differences by maternal education persisted. In
the United States, parental education was found to be
more closely associated with infant mortality than income
and associations persisted after controls for race and
birthweight.
Selectivity, Confounding, and Causation

In low-income countries, a host of factors influence the
probability of enrollment and retention of girls in
school, including parental education and aspirations
and the child’s ability. To what extent does the strong
statistical association between maternal schooling and
child health reflect these potentially powerful forces of
selectivity? Might length of schooling simply be a
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marker of the intergenerational transmission of
privilege?

We are aware of only two studies (coincidentally both
from Nicaragua) that have attempted to reassess the mater-
nal education–child survival link after controlling for char-
acteristics of the mother’s family of origin. Using data
relating to adult sisters who differed in educational attain-
ment, Behrman and Wolfe (1989) found that maternal edu-
cation effects on infant survival and nutritional status were
no longer statistically significant when family characteristics
were controlled. Conversely, Sandiford and colleagues
(1997) found little attenuation of the association between
mother’s literacy and under-5 mortality when the literacy of
maternal grandparents along with other socioeconomic fac-
tors were introduced into the statistical model.

Sandiford’s study is also one of the very few to have
assessed whether nonverbal intelligence (as measured by
Raven’s Coloured Progressive Matrics) and an internal
locus of control (i.e., belief in personal ability to deter-
mine outcomes) can account for the literacy–child sur-
vival relationship. Nonverbal intelligence was found to
be higher in the literate than the illiterate group and
this difference accounted for about one third of the
literacy–survival relationship. Furthermore, it was found
that intelligence was a much stronger predictor of under-5
mortality among the offspring of illiterate than of literate
mothers. Similarly, an internal locus of control accounted
for some of the literacy–survival relationship.

In contrast to this inconclusive evidence concerning
the extent to which the education–survival relationships
may be a spurious artifact of antecedent factors such as
family characteristics or intelligence, many studies have
reassessed the relationship after adjustments for contem-
porary economic factors. Though a few exceptions have
been reported, the results of the large cross-national stud-
ies are supported by most localized studies. Broadly
speaking, income and wealth account for about half of
the unadjusted association between maternal education
and child survival. Typically maternal education remains
a stronger predictor of survival than indicators of income.
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While it is well established that maternal education is
not merely a proxy for income or wealth, causal attribu-
tion of the education–mortality link remains uncertain. It
is likely that some of its predictive strength is attributable
to factors that influence school enrollment and retention
rather than directly to the experience of schooling itself.
On the other hand, it is entirely plausible that schooling
does exert profound influences on girls that persist into
adulthood in ways that influence child health and survival.
These possible pathways of influence are now discussed.
Distal Pathways of Influence

Whether or not the schooling–survival link is wholly or
partially causal in nature, it is of considerable interest and
importance to ascertain the intervening mechanisms. As
shown in Figure 3, a multitude of possibilities exist.
Indirect, or distal, factors are discussed first, followed by
the direct, or proximate, factors.

The most obvious way in which schooling may influ-
ence a mother’s care of her children is by providing her
with the means of acquiring and understanding correct
information about prevention and cure of childhood dis-
eases. Literacy, in the narrow sense of ability to read and
write, cannot be the only crucially important cognitive
skill implicated. As shown in Figure 1, even 1 to 3 years of
maternal schooling is associated with a large reduction in
the risks of childhood death and this modest exposure to
primary schooling is rarely sufficient to impart lasting
reading and writing skills. However, even a few years at
school may improve oral literacy, namely, the understand-
ing of decontextualized language (i.e., formal distanced
language in which meaning resides in the words and
syntax alone rather than in shared contextual understand-
ings). The language of schoolteachers, health staff, and
mass media is decontextualized. The work of LeVine
and associates (2001) in Mexico, Nepal, and Zambia
has demonstrated that unschooled adult women are less
capable of understanding radio messages on health in
their native language than primary schooled women – a
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powerful demonstration that oral literacy skills acquired
in school persist into later life in ways that might be
relevant to health care of children. This result has the
immense appeal of explaining why the effect of schooling
is so ubiquitous in low-income countries, despite wide
variety in the quality of education and nature of curricula.
Exposure to the use of decontextualized language and, at
higher grades of primary school, the acquisition of print
literacy are universal features of all modern educational
systems.

If schooling equips mothers to comprehend modern
health messages, one might expect that knowledge and
beliefs about health will differ between educated and
less educated mothers. The evidence is limited but, on
balance, negative. This lack of effect of primary schooling
on a mother’s beliefs about disease causation and preven-
tion does not necessarily invalidate the implications of
LeVine’s work, because behavior may change faster than
core beliefs about illness.

With regard to sociopsychological, as opposed to cog-
nitive, factors that may mediate the relationship between
maternal schooling and the proximate or direct determi-
nants of child health, the main possibilities discussed in
the research literature are: (1) more intensive style of
mother–child interaction and shifts in the valuation of
children; (2) greater influence on domestic decision
making, including health care of children; and (3) closer
identification with modern institutions (including the
health-care system) and greater confidence and skill in
accessing them.

The work of LeVine and colleagues also suggests that
the experience of primary schooling may have a profound
and lasting impression that, many years later, impacts on
child-rearing styles. The essence of the hypothesis is that
schooling provides a new model of verbal interaction
between an adult (the teacher) and the child, in contrast
to the learning process in preliterate societies which is
achieved by participation and imitation rather than verbal
instruction. Girls exposed to this model at school apply it
in their roles as mothers, and interact with children in a
verbally active manner, which in turn leads to a verbally
active and demanding child. The possible implications for
prompt attention to nutritional and health-care needs of
children are obvious. Empirical support comes from a
small-scale observational study in urban Mexico in
which a strong correlation was recorded between length
of schooling and mothers’ verbal responses to actions
(verbal or otherwise) by the child.

The possibility that educated mothers enjoy greater
domestic decision-making power than uneducated ones
has attracted substantial research attention, particularly in
the gender-stratified societies of South Asia. As the prime
caretaker of children, enhanced autonomy in this regard
might pay high dividends in the speed and nature of
responses to childhood illnesses. The results of most
ethnographic studies agree that educated mothers are
accorded considerable respect and esteem but there is
little agreement on the extent to which this enhanced
status translates into increased decision-making power.
The potentially empowering effect of schooling may
wither in the face of structural weakness – the lack of
control over property or income.

Another set of sociopsychological mechanisms linking
maternal schooling to child health outcomes concerns
identification with modern institutions and confidence
in interacting with them. Once again, the potential rele-
vance of these factors to health-care-seeking behavior
is obvious, because it is well documented that skill and
determination is often required to access adequate ser-
vices in many low-income settings. The main body of
evidence, which comes from large-scale studies of health-
service utilization, is discussed in the next section on
proximate determinants. The evidence from micro-studies
is generally positive. InWest Africa, Nepal, and rural South
India, it has been found that educated mothers make
more demands on health-care providers, are better able
to describe symptoms of illness, and receive a better quality
of service.
Proximate Pathways of Influence

Following the well-known framework of Mosely and
Chen, the four main proximate pathways of influence
are shown in Figure 3. One of the strongest and most
consistent links between maternal schooling and health
behavior concerns use of preventive health services.
Across 28 national surveys, complete immunization cov-
erage rose from 41% for 1-year-old children of mothers
with no schooling, to 54% among those with incomplete
primary schooling, and further to 65% and 74% among
the completed primary school and secondary or higher
school categories, respectively. Uptake of routine preven-
tive mother and child health care is highly sensitive to
even a modest educational exposure, and most multivari-
ate analyses show that the link persists strongly after
adjustment for economic status, parity, and maternal age.
Convincing evidence on nutrition is lacking, except for
breastfeeding, which disadvantages children of the better
educated because of earlier weaning.

With regard to domestic hygiene a study in rural
Bangladesh provides positive evidence. One of the very
few features that distinguished educated from uneducated
mothers was the former’s greater emphasis on cleanliness.
This behavioral difference, it was suggested, did not stem
from any realization of the health implications but from
the acquisition of new codes at school which were consid-
ered socially desirable and persisted into adulthood.
However, a more recent study in Bangladesh failed to
replicate these results and the lack of consistent evidence
that the occurrence of diarrheal disease in children is
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related to maternal schooling weakens the case that
hygiene is a major behavioral mechanism.

Resort to curative health services is strongly related to
maternal schooling. Evidence from some 30 demographic
and health surveys shows, with very few exceptions, a
monotonic positive association between schooling and
the probability that a sick child was taken to a medical
facility (Table 1). Taken together with the results from
ethnographic studies that educated mothers may be able
to extract a higher quality of service, these survey data
constitute compelling evidence that curative care of chil-
dren is a major way in which education translates into
higher survival and better growth of offspring.
Conclusions

The advantages of parental schooling for the health and
survival of children in low-income countries has attracted
the attention of both researchers and policy makers. Advo-
cacy of better schooling for girls has become part of
the ideology of leading international institutions, such as
the WHO and the World Bank. The research evidence
shows emphatically that better educated mothers are able
to protect their children against poor growth and death.
Whether this enhanced ability stems directly from the
schooling experience or whether schooling selects for
(and perhaps reinforces) preexisting characteristics that
favor mothering skills remains uncertain. The question
may never be resolved beyond doubt because a prospective
study spanning a generation would be required.

The identification of intervening mechanisms greatly
strengthens the case for a causal interpretation of the
schooling–survival link. The balance of evidence suggests
that even a modest exposure to primary school would
allow girls to identify more closely with the outside
world of health institutions and would equip them with
the cognitive skills needed to access and comply with
services and offered advice. What is beyond doubt is that
educated mothers have a much greater propensity to use
Table 1 Percentage of children with specified symptoms

who were taken to a medical facility: average results from 30

surveys

Maternal schooling

Symptoms
None
(%)

Primary
(%)

Secondary and
higher (%)

Diarrhea and fever 30 35 54

Fever 35 45 57
Cough and rapid

breathing

36 45 59

Calculated from Ryland S and Raggers H (1998) Childhood

Morbidity and Treatment Patterns. Demographic and Health
Surveys Comparative Studies No. 27. Calverton, MA: Maco

International Inc.
modern health services–both preventive and curative –
than less educated mothers. This appears to be the major,
though perhaps not the only, pathway of influence.

While the advantages accruing to the offspring of
educated mothers are remarkably pronounced and perva-
sive, typically persisting in societies with high levels of
child survival and a good health infrastructure, secular
improvements in the education of girls has not been the
main driving force behind child survival gains of the past
50 years. These gains have been recorded in all educa-
tional strata and thus the forces of change transcend the
characteristics of individual families.
Education and Adult Health

Statistical Associations

During the past 40 years many studies have been carried
out by epidemiologists, social scientists, and statisticians on
the relationship between educational attainment and mor-
tality in European countries, theUnited States, Canada, and
Oceania. These studies have focused on three topics in
particular: (1) the extent of differences in the risk of dying
by level of education in various industrialized countries;
(2) the extent to which educational differences in mortality
have changed over time; and (3) the processes or factors
that explain the impact of education on mortality. All
three topics deal with aspects of social and economic
inequality in industrialized countries and have been (and
still are) the subject of much public debate. The studies
on education and mortality, to be summarized below,
therefore, have considerable relevance because of their
implications for formulation of public policy in education,
income distribution, and public health. In this part of the
review we limit ourselves to studies that were conducted in
Western industrialized countries and Eastern Europe. We
also concentrate on mortality as the outcome and, with
one exception, leave aside research on morbidity.

Most studies have used a longitudinal design with data
sets consisting of two parts: one part with individual-level,
baseline data on education and related variables derived
from a census, register, or sample survey; and a second
part with mortality data derived from a registration sys-
tem collected during a follow-up period varying from 1 to
30 years. Some of the studies are nationally representative
and have been carried out under the auspices of national
governments, whereas others are longitudinal, popula-
tion-based studies dealing with sub-populations such as
cities, regions in a country, employees in industrial enter-
prises, and government departments.

Over 12 summary measures have been developed and
applied measuring the impact of education on mortality.
We limit ourselves here to the rate difference (RD) and
the rate ratio (RR). The RD is the absolute difference in
mortality rate between the highest and the lowest
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educational group, while the RR measures the relative
rate of dying in the lowest educational group divided by
that of the highest educational group. RDs and RRs are, in
practice, difficult to compare by country or over time,
because they are sensitive to at least three factors: the
number and composition of the educational groups, the
level of mortality in general, and the age groups used.

Table 2 shows age-adjusted mortality rates by level of
education in the age group 30–74 years old for Finland
and Norway combined in the early 1980s and 1990s.
Negative relationships existed between education and
adult mortality for both sexes but RDs and RRs were
larger for men than for women. Virtually all studies con-
ducted in the United States, Europe (West and East), and
other industrialized countries have found roughly similar
results as those presented in Table 2. In most countries
RRs for men varied from 1.60 to 2.20 (in the 1980s and
1990s) for the age group 30–74 years old, and with educa-
tion classified into three groups, which means that the
mortality of the lowest educational group was on average
nearly twice as high as that of the highest educational
group. For women the RRs varied from 1.20 to 1.90.

The strength of the associations of education and adult
mortality varies by cause of death. In most studies, it was
found that in adults the RR of mortality in the lowest
compared with the highest educational group was larger
for cardiovascular diseases than for neoplasms and ‘other’
diseases. Different results, however, have also been
reported. In a study carried out in six European countries
it was found that, among middle-aged men, the RRs were
highest for ‘other’ diseases and accidents and smallest for
neoplasms. RRs for circulatory diseases were intermediate
and close to the RRs for total mortality. In still another
study carried out in Sweden, a larger association of edu-
cation and mortality was found for the group of neoplasms
than for cardiovascular diseases.
Table 2 Mortality rates (per 1000 person-years, 30–74 years

old, age-adjusted) and inequality indices, by educational level,
Finland and Norway combined

Men Women

Education 1981–85 1991–95 1981–85 1991–95

High (13+ years) 8.3 6.5 3.8 3.3
Mid (9–12 years) 10.2 9.0 4.4 4.0

Low (�8 years) 12.6 11.5 5.5 5.2

Indices
Rate difference 4.4 5.1 1.6 1.9

Rate ratioa 1.59 1.77 1.34 1.58

aRegression-based.

Recalculated from Mackenbach JP, Bos V, Anderson O, et al.

(2003) Widening socioeconomic inequalities in mortality in six
Sensitivity of Associations to Level of Mortality
and to Changes Over Time

Studies on changes over time in the association of edu-
cation with mortality are of fairly recent origin.
An example of such a study is the one cited in Table 2
showing changes in Finland and Norway between
1980–84 and 1990–94. Total (age-adjusted) adult mor-
tality rates declined between the first half of the 1980s
and the first half of the 1990s for both men and women
but declined faster in the high than in the low education
group for both sexes. As a result, RDs remained nearly
the same, but RRs increased. Results in other studies are
broadly similar.

There have also been exceptions, however. AU.S. study
found an increase in the absolute and relative strength
of the education–mortality relationship between 1960
and 1979–85 in 25- to 64-year-old men, but not for
women (Preston and Elo, 1995). A study in Sweden
found a decline in the absolute and relative strength
of the education–mortality relationship and, therefore,
of inequality for both men and women between 1980–84
and 1995–99. Sharp rises in inequality (measured with
changes in the education–mortality relationships) were
found in adults in Russia and Estonia between the 1980s
and 1990s.

More detailed analysis of the data of Finland and
Norway showed that cardiovascular disease mortality
played an important role in widening the gap in mortality
by education. Decreases in cardiovascular disease mortal-
ity occurred at a faster rate in the high education group
than in the low education group. However, this was not
the case in Italy due to the smaller contribution of car-
diovascular disease to overall mortality in that country
(and in other Mediterranean countries as well).

In summary, in many Western countries, mortality has
declined, coinciding with an improvement in the level of
education in general and with an increase in relative
inequality in mortality by education. Various reasons for
this pattern have been advanced. One of them is that the
higher educational groups are quicker to adopt health-
protective behavior and to take advantage of health-care
innovations than low education groups. Another possible
factor is a change in the composition of the low educa-
tional group over time: this group has become smaller, and
perhaps more extreme in terms of maintaining unhealthy
styles of behavior. Another factor plays a role in situations
of falling death rates and no change over time in the level
of absolute inequality (e.g., measured with RD). In such
situations relative inequality (e.g., measured with RR) is
bound to increase. A fourth reason could have been the
implementation of free-market policies and the conse-
quences of globalization, which may have favored the
well educated more than the less educated.
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Selectivity, Confounding, and Causation

There has been a growing recognition that adoption of a
life course perspective is the preferred strategy in the
study of socioeconomic inequality. Leading researchers
have pointed out that the parental environment, circum-
stances in utero, infancy, childhood, adolescence, and
adulthood should all be considered as relevant factors
influencing health and mortality (e.g., Davey Smith et al.,
1998; Barker et al., 2001). One of these phases in the life
cycle is between, say, 5 to 25 years old, corresponding to
the period during which schooling takes place. The role of
education is thus one of the factors that should be consid-
ered in this life course perspective. In this section we
focus on parental factors, in infancy and childhood, that
could influence both education and health and mortality
later in life.

One hypothesis is that characteristics of the parents
and the parental family have an impact on: (1) the health
of the infant and child; (2) the education of these children;
and (3) on adult health later in life. One of these char-
acteristics is the occupation-based social class of the par-
ents. A few studies provide evidence on the contribution
of parents’ social class. In a Finnish study a strong associ-
ation was found between parents’ social class and educa-
tion of their children and a moderate association with
mortality of these children in adulthood. After adjustment
for parental social class, the relationship between chil-
dren’s education and mortality later in life was reduced
somewhat. The direct impact of parental social class on
mortality was small; most of this impact was indirect and
mediated through children’s education and their own
social class (Pensola and Valkonen, 2002).

In another Finnish study men born during the decade
1934–44 were followed longitudinally to determine predic-
tors of incidence of coronary heart disease later in life. It
was hypothesized that parent’s social class, factors operating
in infancy – for example, ponderal index (thinness at birth),
growth in the first year of life – education, income, and adult
social class all had an impact on incidence of coronary heart
disease. Parent’s social class, growth in infancy, education,
and adult social class had strong unadjusted associations
with coronary heart disease. After controlling for father’s
social status, the relationship of education with coronary
heart disease attenuated and the same was found after
controlling for weight gain in the first year. Both parental
class and weight gain had little direct impact on coronary
heart disease; their contribution was largely indirect
through education and adult social class (Barker et al., 2001).

Both studies draw attention to the contribution of
parental environment and factors in infancy and child-
hood to both education and health later in life. The
impact of father’s social class on mortality of offspring
and of growth velocity in the first year of life on adult
mortality was largely indirect. More studies on these
factors should be done using a life course perspective.

Several studies have been undertaken on the relative
importance of education and occupation-based social
class on mortality. Nearly all of these studies found atten-
uation of the strength of the education–mortality associa-
tion, but the degree of attenuation varied. One Finnish
study found that the impact of education persisted after
controlling for social class (Pensola and Valkonen, 2002).
Conversely, another study undertaken in Scotland found
that most of the education–mortality relationship disap-
peared after controlling for social class (Davey Smith et al.,
1998). Other studies have found outcomes that fall
roughly between these two.

A factor to take into account is the age of the cohorts
studied. When the age cohort studied is young, exposure
to occupational risk factors has been of relatively short
duration, which means that education could be more
important compared with occupation or income. If the
age cohort is older, occupational experiences could
become more dominant.

Distal Pathways of Influence

The framework of Figure 3 will be used to identify the
distal and proximate factors through which education acts
on adult mortality, but several adaptations are necessary.
Economic, psychosocial, and cognitive factors are also
expected to be important with respect to adult health, but
they are specified differently. Highly educated people are
more likely to be affluent, which means that they are more
likely to be employed, to have a highly skilled job, to live in
favorable material living conditions (e.g., owning a house
and a car), and to have better health insurance. Well-
educated people are also better off from a psychosocial
point of view. This means they are better able to cope
with stressful life events (a better ‘coping style’), are more
successful in discussing personal problems with others, and
receive more emotional social support from spouses, rela-
tives, and so forth. Higher-educated persons are also more
knowledgeable about health and about what to do to pre-
vent and cure illness. Then there are the proximate factors
through which education exercises an influence on health;
with respect to adult health they consist of lifestyle or
behavioral factors (i.e., smoking, alcohol use, dietary habits,
physical exercise, etc.). Highly educated people practice
more health-protective behavior than less educated people.
We now review the evidence on the mediating roles of the
various factors of Figure 3, starting with the distal factors.

Studies carried out in the United States and Europe
have shown an impact of education on economic or mate-
rial factors such as income, proxies of income, employ-
ment status, health insurance, and strategies for dealing
with financial problems. For instance, persons with low
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education faced more serious financial problems and
had less-complete health insurance. These and other fac-
tors were also associated with mortality later in life in
the sense that the group of persons who experienced
these economic problems had higher mortality. Multi-
variate analysis shows a considerable attenuation of the
education–mortality relationship after controlling for these
economic or material factors, indicating that to a con-
siderable extent they explain this relationship. These eco-
nomic factors had a direct impact and an indirect one due
to their association with education. In a few studies not
only economic, but also psychosocial factors were included.
In these cases it was shown that the economic factors
contributed much more than the psychosocial factors (e.g.,
van Oort et al., 2005).
Proximate Pathways of Influence

Many studies carried out in the United States, Europe, and
other countries have shown a strong relationship between
education and a variety of lifestyle factors. A low level of
education was associated with, for instance, high levels of
smoking and greater use of alcohol. All of these studies also
found an impact of these proximate factors in the sense that
unhealthy behavior was associated with higher mortality.
Several studies were carried out on the impact of education
on adult mortality after controlling for health behavior
factors, and most found only modest attenuation of the
education–mortality relationship after controlling for
these factors. The implication of these findings is that
behavioral factors contributed rather little to the explana-
tion of the education–mortality relationship. Other factors
must have had a much larger influence.

A few studies have been carried out in Europe and the
United States on the education–mortality relationship
after controlling for both distal and proximate factors.
Two studies concluded that the educational inequalities
in mortality were nearly completely explained by distal
(economic and psychosocial) and proximate determinants
together. The three factors (economic, psychosocial, and
proximate) together explained why education exercises
its impact on mortality (at least in the setting in which
the study took place). It was also concluded that the
economic or material factors were much more important
than the psychosocial and lifestyle factors in explaining
mortality differences by education. Moreover, part of the
contribution of economic or material factors was through
psychosocial and lifestyle factors, meaning that the influ-
ence of the economic factors was partly direct and partly
indirect (e.g., van Oort et al., 2005).
Conclusions

We observed a strong impact of education on adult mor-
tality in Western industrialized countries and in Eastern
Europe. In many nations male adult mortality of the
lowest educational group is 1.6 to 2.2 times higher than
in the highest educational group. For adult women the
impact is less.

This impact of education on mortality and on health in
general probably started many decades ago. At first the
number of children who received primary and secondary
education was small. However, over the course of the past
century, numbers have increased continuously and are
still expanding today. From a historical point of view
education has had an enormous long-term impact on
health and mortality. One could summarize its impact
by saying that, statistically speaking, each time a nation
succeeded in providing its population with one more year
of education, adult mortality declined by 5–7%.

A serious concern for health policy makers in indus-
trialized countries is that over time absolute inequalities
in education did not diminish and that in a number of
countries mortality of the lowest educational group
declined less fast than in the highest educational group.

Evidence was summarized on the role of distal and
proximate factors that explain the education–mortality
relationship. A combination of economic, psychosocial,
and behavioral factors explained this relationship in a
few Western countries. Economic factors contributed
most to the explanation, which means that improving the
economic situation of less educated people may substan-
tially reduce educational inequalities in adult mortality.
See also: Anthropological Perspectives on the Health

Transition; Cultural Factors Influencing Therapeutic

Practice; Social Gradients and Child Health; Social

Science Contributions to Public Health: Overview;

Socio-Cultural Construction of Medical Knowledge.
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Alcohol use and abuse represents a significant public
health issue across the world. Heavy drinking over a
period of time in the life of an individual contributes to
the alcohol-related burden of disease. Alcohol contributes
to social, health, and safety problems in two ways, that is,
drinking can have acute or immediate and chronic or
long-term consequences. First, alcohol is a psycho-active
drug which affects one’s ability to carry out complex tasks
and/or to make socially appropriate or safe decisions,
especially in a stressful situation. For example, an auto-
mobile driver who has been drinking, even one drink of
alcohol, has a reduced ability to operate the vehicle. The
more drinks consumed on the average the greater the
driver’s impairment. Second, alcohol, consumed regularly
in high amounts, can have a direct harmful effect on the
body. The most obvious threat is the liver which must
process alcohol for the body and where long-term drink-
ing substantially increases the risk of liver cirrhosis, or
fatty liver, and thus shortens the life of a heavy drinker.
Many other diseases also have a substantial association
with extended heavy drinking. Both domains of risk are
important challenges for public health.

Alcohol policy can be defined broadly as any public
health effort to reduce alcohol problems by altering the
social, economic, and physical environment that affects
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alcohol markets and manufacturing, production, promo-
tion, distribution, sales, or consumption. Alcohol depen-
dence for some individuals can create special demands
for interventions and treatment. However, the majority of
alcohol-related problems are associated not with the small
minority of addicted or dependent persons but rather with
those who occasionally drink to excess, or in ways or
contexts where risk is increased. This article discusses
policies that affect alcohol and our knowledge of relative
effectiveness in promoting public health.

Policies and Evidence of Effectiveness

Because alcohol is a legal product in most countries, the
regulation of these products through policies has often
been part of a public health approach to both limiting the
damage associated with alcohol and increasing tax reven-
ues in industrialized countries. Government policies can
in some cases actually determine the retail price of bev-
erages, the opening hours or days for retail sales, the
number and location of retail outlets, how the alcohol
can be advertised and promoted, and restrictions on who
may purchase alcohol. Restricting alcohol availability
through law has been a key policy in many parts of the



304 Effective Alcohol Policy
world. All policy occurs within an individual society
and reflects the unique attitudes and values of that society,
and so the potential effectiveness of any policy relates
directly to public acceptability and compliance with these
policies. The following general policies have been utilized
in public health efforts to reduce alcohol-related harm.
Retail Price

The consumption of alcohol, like that of any retail prod-
uct, is related to purchase price; the higher the price set
for alcohol, the lower the consumption. Because alcohol
consumption is influenced by price, the retail price of
alcohol can have a direct effect on the level of alcohol
consumption and related problems. Econometric studies
suggest that raising the price of alcohol as a part of public
health policy could reduce a number of public health
problems related to alcohol use. Cirrhosis mortality has
been shown to be responsive to price as locations with
higher alcohol taxes have fewer such deaths. Further-
more, alcohol tax increases have the potential to reduce
the rate of fatal car accidents involving alcohol. For exam-
ple, it is estimated that a 10% increase in the price of
alcoholic beverages in the United States could reduce the
probability of drinking and driving by about 7% for men
and 8% for women, with even larger reductions among
those 21 years and under. One example of increasing retail
price as a part of policy occurred in the Northern Terri-
tory of Australia under a ‘Living with Alcohol Program’
which increased the cost of standard drinks by five cents in
1992, followed by other problem reduction strategies in
1996 including lowering the legal blood alcohol content
(BAC) limit and a special levy on case wine (Stockwell
et al., 2001). Over these first four years, there were statis-
tically significant reductions in acute conditions such as
road deaths (34.5%) and other mortality (23.4%) as well
as traffic crashes requiring hospitalization (28.3%). Sev-
eral studies have examined the impact of the price of
alcoholic beverages on homicides and other crimes,
including rape, robbery, assaults, motor vehicle thefts,
domestic violence, and child abuse. See the section titled
‘Further reading’ for these studies.
Minimum Drinking Age of Alcohol Purchase

Setting a higher minimum legal drinking age to reduce
alcohol consumption among youth is also an important
public policy. There are legal ages of alcohol purchase in
many countries but most often they are ignored or not
enforced. One example of a national policy to reduce
youth drinking using minimum age occurred in the
United States in the 1980s with a 21 minimum purchase
or drinking age for all alcoholic beverages. Studies uni-
formly show that increasing the minimum drinking age
significantly decreases self-reported drinking by young
people, the number of fatal traffic crashes, and the number
of arrests for ‘driving under the influence’ of alcohol.
Studies using data from all 50 states and the District of
Columbia for the years 1982 through 1997 concluded that
the enactment of the uniform age 21 minimum drinking
age law was responsible for a 19% net decrease in fatal
crashes involving young drinking drivers after controlling
for driving exposure, beer consumption, enactment of
zero tolerance laws, and other relevant changes in the
laws during that time period. Studies in Canada report
findings similar to those in the United States concerning
youth drinking and alcohol problems.

The most extensive summary of international research
on the effects of minimum drinking age is that of
Wagenaar and Toomey (2002) who analyzed all identified
published studies from any country from 1960 to 1999 and
found that a majority of studies reported that a higher
legal drinking age was associated with reduced alcohol
consumption among youth, whereas only a few found that
a higher drinking age had little or no effect on adolescent
drinking. Of the published studies that assessed the effects
of changes in the legal minimum drinking age on inci-
dents of drunk driving and traffic crashes, for example,
fatal crashes, drunk-driving crashes, or self-reported
driving-after-drinking, a clear majority found that raising
the drinking age reduced crashes and associated problems
and that lowering the minimum age raised the crash rate.

Even with higher minimum drinking age laws, young
people can and do purchase alcohol. Such sales result
from low and inconsistent levels of enforcement of laws
prohibiting underage alcohol sales, especially when there
is little community support. Even moderate increases in
enforcement can reduce sales of alcohol to minors by as
much as 35% to 40%, especially when combined with
media and other community and policy activities.
Number and Densities of Alcohol Outlets

Alcohol outlets in every community are sources of alcohol.
Their geographical concentration in neighborhoods and
communities can either enhance or delay alcohol access.
Gruenewald and colleagues (1993), using a time-series
cross-sectional analysis of alcohol consumption and density
of alcohol outlets over 50 U.S. states, found that a 10%
reduction in the density of alcohol outlets would reduce
consumption of spirits by from 1% to 3% and consumption
of wine by 4% across all ages. Similar findings have been
reported in other countries. A recent study by Treno,
Grube, and Martin (2003) found that although outlet den-
sity did not directly affect either youth driving after drink-
ing or youth riding with drinking drivers, density did
interact with the driver licensing status of the youth on
both behaviors. Thus, higher density was positively related
to drinking and driving among licensed youth drivers and
negatively related to riding with drinking drivers among
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youth who did not have driver’s licenses. This is the first
solid evidence of a relationship between alcohol outlet
densities and drinking-related risky behavior by youth.
See ‘Further reading’ for a summary of alcohol outlet
density and policy research.
Hours and Days of Retail Sale

The length of time during a week when alcohol can be
consumed and/or purchased has a demonstrated relation-
ship with alcohol-involved harm. Reducing the days and
times of alcohol sales restricts the opportunities for alco-
hol purchasing and can reduce heavy consumption, and is
a common policy strategy for reducing drinking-related
problems, although the trend in recent years has been to
liberalize such restrictions in many countries. One policy
change inWestern Australia permitted ‘Extended Trading
Permits’ which enabled longer opening hours. It was
found that these extended hours significantly increased
monthly assault rates for those hotels with the permits,
due to greater sales of high-alcohol-content beer, wine,
and spirits. In the 1980s Sweden re-instituted Saturday
closings for liquor and wine sales in retail monopolies’
stores. As a result, as studies showed, Saturday sales had
increased rates of domestic violence and public drunken-
ness. A recent Swedish study found a net 3% increase in
alcohol sales in a new test of Saturday openings of liquor
and wine stores, compared with other stores that were not
opened on Saturday. A study of an isolated Aboriginal
community (Tennant’s Creek) in Australia evaluated
the effects of banning take-away sales of alcohol on
Thursdays, limiting take-away sales to the hours of noon
to 9 p.m. on other days, and closing bars until noon on
Thursday and Friday. This policy produced a 19.4%
decrease in drinking over a 2-year period, and a reduction
in arrests, hospital admissions, and women’s refuge admis-
sions. In one of the few studies focusing on youth, it was
found that temporary bans on the sales of alcohol from
midnight Friday through 10 a.m. Monday because of
federal elections reduced cross-border drinking in
Mexico by young Americans. A local policy in Diadema,
Brazil, limited opening hours for alcohol sales and
produced a significant decrease in murders. Thus, from
a policy perspective, restricting hours and specific days of
sale can have considerable impact on acute alcohol pro-
blems such as traffic crashes, violence, and heavy drinking.
Government Alcohol Retail Monopolies

One alcohol policy is for the government to operate a
retail monopoly for the sale of alcohol. Such monopolies
exist in several countries including Iceland, India,
Norway, Sweden, Finland, Canada, and the United States.
The evidence is quite strong that these government retail
systems result in lower rates of alcohol consumption and
alcohol-related problems. (See the recent study on youth
drinking and harm by Miller et al. (2006) associated with
the existence of retail monopolies.) Furthermore, the
elimination of such monopolies does typically increase
total alcohol consumption and alcohol-involved pro-
blems; for example, in the United States, those states
with retail monopolies have lower numbers of alcohol
outlets. A summary of seven time-series analyses of
six U.S. states and New Zealand found a consistent
increase in total consumption when government-owned
or community-trust-operated off-premise outlets were
replaced with privately owned outlets (Wagenaar and
Holder, 1996). Typically, the networks of stores in these
government-operated systems are sparse rather than
dense, and the open hours are limited. Elimination of a
private profit interest also typically facilitates the enforce-
ment of rules against selling to minors or the already
intoxicated and eliminates or reduces alcohol promotion.
Responsible Beverage Service or Sales

In general, responsible beverage service or sales (RBS)
involves the creation of clear policies, for example,
making a public statement that the establishment does
not wish to serve intoxicated persons, or requiring clerks
and servers to check identification for all customers
appearing to be under the legal alcohol purchase age.
RBS also means training staff, for example, teaching
clerks and servers how to recognize intoxicated patrons,
teaching them effective approaches to intervention, and
instructing them in the detection of false age identifica-
tion. RBS can be implemented at both on-license estab-
lishments, which sell alcohol for consumption on site, and
off-license establishments which sell alcohol for con-
sumption elsewhere. The serving staff in bars, pubs, and
restaurants who encounter heavily intoxicated patrons
often frequently continue to serve them alcohol. It has
been estimated that obviously intoxicated persons are
served alcohol over 60% of the time when they attempt
to purchase. As a result, RBS involves efforts to decrease
service to intoxicated patrons. Studies of RBS have
demonstrated that server training is most effective when
coupled with changes in the serving policy and practices
of a bar or restaurant. RBS has been found to reduce the
number of intoxicated patrons leaving a bar and to reduce
the number of car crashes. RBS training has also been
associated with an increase in self-reported checking of
age identification by servers, a behavior that can continue
among trained servers for as long as four years.

There is increasing recognition of the need to focus on
house rules and management support for RBS, as well as
regular enforcement by police and licensing authorities.
Many RBS programs include training managers in the
implementation of standard house policies, or use a ‘risk
assessment’ approach to policy development (Saltz, 1997).
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A typical policy checklist for assessing risks covers the
following topics: providing positive incentives for avoid-
ing intoxication (e.g., food, cheaper prices for low or no-
alcohol drinks), avoiding incentives for intoxication (e.g.,
specials on low-cost drinks), policies to minimize harm
(e.g., increasing safe transportation options), and policies
to minimize intoxication (e.g., slowing then refusing ser-
vice to intoxicated patrons). An increased emphasis on
alcohol serving policies often shows a dramatic impact on
reducing bar, pub, or restaurant service to intoxicated
individuals. The findings suggest that RBS training,
if supported by actual changes in the serving policies of
licensed establishments and reinforced by means of
enforcement, can reduce heavy consumption and high-
risk drinking.
Alcohol Promotion and Advertising Restrictions

Restrictions and outright bans on alcohol promotion and
commercial advertising have been employed as part of
public health policy. The evidence of the effects of adver-
tising bans has been mixed, but recent research suggests
that limits on point-of-purchase advertising and promo-
tion could have specific effects on youth drinking. Saffer
(2002) completed a review of published international
research literature on the potential effects of alcohol
advertising on consumption and in particular the effects
on youth drinking. He concluded that the results of his
review suggest that alcohol advertising does increase con-
sumption, but that a general alcohol advertising ban alone
is insufficient to limit all forms of promotion and a com-
prehensive ban was needed. On the other hand, Nelson
(2003), using a panel of 45 U.S. states for the period
1982–1997, studied the effect of several restrictive alcohol
regulations, including advertising bans for billboards, bans
of price advertising, state monopoly control of retail
stores, and changes in the minimum legal drinking age.
He concluded that ‘‘bans of advertising do not reduce
total alcohol consumption, which partly reflects substitu-
tion effects.’’ Saffer and Dhaval (2003) concluded, follow-
ing an analysis of national alcohol consumption related to
total advertising expenditures across the world, that alco-
hol advertising bans decrease alcohol consumption. Their
findings indicated that one more advertising ban on beer
and wine or on spirits would reduce consumption by
about 5%, and that one more ban on all alcohol advertis-
ing in a media would reduce consumption by about 8%.

Promotion of alcohol and its effect on youth drinking
has been a significant public health issue. Studies have
examined the relationship between exposure to different
forms of alcohol advertising and subsequent drinking
among adolescents. It was found that for 12-year-old
children exposure to in-store beer displays predicted
drinking onset by age 14. Similar research concluded
that exposure to magazines with alcohol advertisements
and to beer concession stands at sports or music events for
12-year-olds predicted frequency of drinking at age 14.
Snyder and colleagues (2006) found that youth who saw
more alcohol advertisements on average drank more (each
additional advertisement seen increased the number of
drinks consumed by 1%). These researchers found that
restrictions on point-of-purchase price advertising at
liquor stores reduced the probability of drinking and
driving among all drinkers and that when price advertis-
ing is permitted, prices may be expected to fall, thereby
leading to increases in overall consumption. They found
that drinkers who lived in locations with policies permit-
ting grocery stores to sell beer and wine had a signifi-
cantly higher probability of drinking and driving, and
concluded that advertising and availability of alcohol pro-
motes drinking.
Drinking and Driving Policies

Policies that discourage drinking and driving can reduce
alcohol-related crashes and the injury and death that
result from it. Strategies for reducing alcohol-related traf-
fic crashes include increased and highly visible law
enforcement, for example, sobriety checkpoints and ran-
dom breath testing, and the level of legal blood alcohol
concentration at which a driver is considered legally
drunk or impaired.

Random breath testing

Random breath testing, or RBT, involves extensive and
continuous random stops of drivers who are required to
take a breath test to establish their blood alcohol concen-
tration (BAC). Studies of RBT in Australia, Canada,
and Great Britain show that it can reduce traffic crashes.
Shults and colleagues (2001) reviewed 23 studies of RBT
and intensive enforcement and found a median decline of
22% (range 13% to 36%) in fatal crashes, with slightly
lower decreases for non-injury and other accidents. Sobri-
ety checkpoints, a limited version of RBT, are often
implemented in individual U.S. states under proscribed
circumstances often involving prenotification about when
and where they will be implemented. Even under these
restricted circumstances there is some evidence that such
selective enforcement can reduce drinking and driving.

Lowering BAC limits

BAC limits are public laws that legally define drunk
driving using a BAC at or above a prescribed level for
the whole population (e.g., from 0.08 to as low as 0.02).
Jonah et al. (2000) reviewed the evidence internationally
for the impact of lower BAC laws, which outside of the
United States involve BAC limits down to 0.05 or, in the
case of Sweden, to 0.02, and found that consistently lower
BAC limits produced positive results for all drivers, but
especially for younger drivers.
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Zero-tolerance laws for youth
Zero-tolerance laws set lower specific BAC limits for
young drivers and commonly invoke penalties such as
automatic license revocation. An analysis of the effect of
zero-tolerance laws in the first 12 U.S. states enacting
them found a 20% relative reduction in the proportion
of single vehicle nighttime (SVN) fatal crashes among
drivers under 21, compared with nearby states that did
not pass zero-tolerance laws. A study of all 50 U.S. states
and the District of Columbia found a net decrease of 24%
in the number of young drivers with low BACs as a result
of the implementation of zero-tolerance laws.

Administrative license suspensions

Under administrative license suspensions or revocations
for drinking and driving, licensing authorities can suspend
licenses more quickly and closer in time to the actual
offense without a court hearing. That administrative
license suspension dramatically affects alcohol-related
traffic accidents has been consistently positive in interna-
tional studies. The threat of loss of license has been shown
to be very effective in deterring drinkers from getting into
their automobile and driving.

Graduated licensing

Graduated licenses establish unique driving restrictions
for young and novice drivers, for example, restricting night-
time driving and prohibiting driving with other adolescents.
A graduated licensing program in Connecticut (USA) led to
a 14% net reduction in crash involvement among the
youngest drivers. Similarly, in New Zealand, a 23% reduc-
tion in car crash injuries among novice drivers was found
after implementation of a graduated licensing system.

In general, the most substantial evidence of effective-
ness in reducing alcohol-involved traffic problems exists
for RBT, lower BAC laws including special limits for
young drivers, and administrative removal of driver’s
licenses. These enforcement strategies have even greater
potency when coupled with strategies to reduce the
impairment level of drinkers leaving public drinking
venues, with increases in and enforcement of the mini-
mum drinking age, and with increased community
support for drinking and driving enforcement.
Community Alcohol Policy Interventions

Policies can be implemented at the community level. Local
public policy can be reflected in any established process,
priority, or structure that is purposefully sustained over
time in the community. At the local level, policy makers
can establish the priorities for community action to reduce
risky behavior involving alcohol, which in turn can reduce
the number of alcohol-involved problems. Possible local
alcohol policies can include making a priority of drinking
and driving enforcement by the local police; mandating
server training for bars, pubs, and restaurants; setting a
written policy for responsible alcoholic beverage service
by a retail licensed establishment; or allocating enforcement
resources to prevent alcohol sales to underage persons.
Local alcohol policy, at whatever level it is implemented,
is an environmental or structural response to drinking pro-
blems. Following are three examples from international
community prevention projects that illustrate how local
alcohol policy has been used successfully.
Communities mobilizing for change on alcohol

A community intervention program called ‘Communities
mobilizing for change on alcohol,’ or CMCA, was
designed to bring about change in policies regarding
access to alcohol by those under 21 years of age in com-
munities in the United States. Through numerous con-
tacts with groups and organizations that might be able to
affect policies, practices, and norms for minors’ access
to alcohol, a strategy team was created in each community
to lead efforts to bring about change. Local news was
used to bring public attention to issues involving drinking
by children and youth. The local policy teams implemen-
ted quite a variety of activities to reduce alcohol access.
These included steps to get alcohol merchants not to sell
to young people, to increase enforcement of laws regard-
ing underage sales, to instigate changes in community
events to make alcohol less readily available to young
people, and to prevent underage drinking parties at hotels.
They provided information to parents, and encouraged
alternative punishments for youth who violated drinking
laws. Specific policy activities varied across communities.
Communities involved in CMCA had lower levels of sales
of alcohol to minors in their retail outlets and had mar-
ginally lower sales to minors at bars and restaurants
compared with control communities. Phone surveys of
18- to 20-year-olds indicated that they were less likely
to try to buy alcohol and less likely to provide alcohol to
others. Arrests of 18- to 20-year-olds for driving under the
influence of alcohol declined significantly more in
CMCA communities than in control communities
(Wagenaar et al., 2000).
The STAD (Stockholm Prevents Alcohol and
Drug Problems) project

The STAD alcohol policy project, conducted in down-
town Stockholm, was designed to reduce alcohol and drug
problems in this area of Stockholm County. The effort
comprised three elements: an emphasis on reducing the
sales of beer to underage young people in food shops, an
intervention with primary care physicians to increase
their discussions with patients about harmful drinking,
and a RBS program that followed the content of other
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RBS programs described in this article. The local effort
achieved a modest effect on sales of medium-strength
beer to youth. The RBS component achieved a reduction
in sales to obviously intoxicated persons from 5% (pre-
intervention) to 47% (post-intervention). As a result of
manager and staff training and policy development in
alcohol establishments, findings indicated, using inter-
rupted time-series analyses, a decrease in violent crime
in the area served (Wallin et al., 2003).
The community trials project

The community trials project in the United States, a local
alcohol policy project, tested a five-component three-
community intervention to reduce alcohol-related harm
among people of all ages. It sought to reduce acute injury
and harm related to alcohol, that is, drunk-driving injuries
and fatalities and injuries and deaths related to violence,
drowning, burns, and falls. The effects of the program
were evaluated by comparing three communities that
received the intervention with matched-comparisons
communities. Overall, off-premise outlets in experimen-
tal communities were half as likely to sell alcohol to
minors as were the comparison sites. This was the joint
result of special training of clerks and managers to con-
duct age identification checks, the development of effec-
tive off-premise outlet policies, and, especially, the threat
of enforcement on sales to minors. Moreover, the drinking
and driving component produced increased enforcement
of drinking and driving laws and a significant reduction
in alcohol-involved traffic crashes overall. Comparing
experimental and control communities, it was found that
the policy intervention produced significant reductions in
nighttime injury crashes (10% lower in experimental than
in comparison communities) and in crashes in which the
driver was found by police to ‘have been drinking’ (6%).
Assault injuries observed in hospital emergency depart-
ments declined by 43% in the intervention communities
versus the comparison communities, and hospitalized
assault injuries related to drinking declined by 2%.
There was a 49% decline in reports of driving after
‘having had too much to drink’ and 51% in self-reports
of driving when ‘over the legal limit.’ There was a signifi-
cant reduction in problematic alcohol use: average drinks
per occasion declined by 6% and the variance in drinking
patterns (an indirect measure of heavy drinking) declined
by 21% (Holder et al., 2000).
Summary of Substance Abuse Prevention
Effectiveness

Public decision makers who have the difficult task
to reduce alcohol use and alcohol-related problems
are faced with many complex and competing forces.
Decisions about which prevention strategies to actually
implement (or provide funds for) at a local, state, or
national level are usually a compromise between political
values and scientific evidence. This article has sought to
provide a summary of the international evidence on the
effectiveness of potential alternative alcohol policy stra-
tegies across countries and communities. The greater the
generalizability of the findings internationally, the greater
confidence one can have that any one policy strategy
works in diverse settings and cultures.

Policy strategies that have been shown to be consis-
tently effective over time and in two or more countries or
cultural settings include the following:

. Retail price of alcohol

. Minimum age for drinking or purchase of alcohol

. Density of alcohol outlets

. Drinking/driving deterrence especially via regular and
highly visible enforcement such as RBT

. Hours and days of alcohol sales

. RBS – alcohol serving and sales policies and training

. Lower BAC limits for driving.

This article has emphasized the importance of evi-
dence of effectiveness as a critical condition for any public
health policy concerning alcohol. However, in a time of
restricted resources for prevention, the cost of a public
policy relative to its demonstrated (or potential) effective-
ness should be increasingly considered in the modern
approach to substance abuse prevention. For example, a
particular policy or strategy may be shown to be effective
in a number of controlled studies, but, compared with an
alternative policy or strategy, its potential to yield desired
effects must be considered in terms of its cost to design,
implement, and sustain. These are additional standards
that alcohol policy in all countries should meet in the
future.

One specific guide for decision makers in selecting
cost-effective public policies in reducing alcohol harm is
provided by the World Health Organization (see the
section titled ‘Relevant Website’). The analyses include
taxation or retail price, RBT, a comprehensive ban on
alcohol advertising, and brief intervention, as well as
various combinations of these strategies. The research
on which these recommendations are based can be
found in the section, ‘Further Reading.’

Based on the research evidence, policy recommenda-
tions are best matched with the cultural, economic, and
policy situation of the country. The following can provide
further guidance in considering potential effectiveness as
well as cost:

. Less developed alcohol policy. For countries or com-
munities in which there is no tradition of alcohol policy,
the most directly effective policy is to increase the retail
price of alcohol, usually through increased excise or
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direct alcohol sales taxes, if allowed by law. This is a
low-cost policy and can increase government revenue
while reducing alcohol problems. Such a policy is often
opposed by producers and sellers of alcohol and can
stimulate illegal alcohol production and smuggling.

. Moderatelydeveloped alcohol policy. For countries that
have already implemented taxes on alcohol but wish to
further reduce alcohol problems, adding restrictions on
hours and days of sale as well as reducing the density
and concentration of alcohol outlets is recommended.
These two policies can be established at low cost but, to
be effective, must be supported by sufficient govern-
ment enforcement to ensure compliance. Some of this
cost could be offset by licensing fees paid by alcohol
outlets and by alcohol tax revenues. Retail outlets that
sell alcohol will oppose such restrictions and will press
for maximum hours and days of sale.

. More developed alcohol policy. For countries that have
already implemented more comprehensive alcohol poli-
cies involving retail price and restrictions on sales of
alcohol, adding RBS and consistent enforcement will
further reduce heavy drinking at bars, pubs, restaurants,
and clubs. RBT and low BAC limits for driving will
reduce traffic crashes involving alcohol, and lower mini-
mum drinking or purchase ages supported by enforce-
ment will reduce youth drinking, especially high-risk
drinking. These more targeted policies have additional
associated costs for enforcement and training, and
require the support of citizens to implement and sustain.

This article has identified those public policies that
have scientific evidence of effectiveness in reducing
population-level alcohol problems. All of the policies for
which effectiveness has been shown require a context that
includes active implementation. This often requires regu-
lar police enforcement. It is also likely, based on the new
research showing the impact of marketing, that regulation
to reduce exposure, particularly of young people, to all
forms of marketing could prove effective. In practice, the
mix of policies that can actually be implemented reflects
what is politically and economically possible within any
country.
See also: Alcohol Consumption: Overview of Internation-

al Trends; Alcohol—Treatment; The Alcohol Industry.
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Introduction

Elder abuse is a serious but preventable public health threat
for many persons in later life (Summers and Hoffman,
2006). Since first identified more than 30 years ago as a
social problem, elder abuse, like other forms of family or
interpersonal violence, has become recognized as a uni-
versal phenomenon that cuts across cultural and socio-
economic lines. The mistreatment of older people is a
complex issue with moral, sociocultural, political, and
personal ramifications that often crosses health care,
legal, human rights, and ethical domains within society’s
major institutions. The level of research as well as public
and professional understanding about the issue still lags
20 or more years behind other types of interpersonal or
family violence.

The emerging concept of elder abuse is markedly
influenced by the rapidity of socioeconomic change, weak-
ening of the extended family, the growth in the numbers
of elderly populations and growing concern for human
rights, equality, and justice. Dramatic demographic
changes all over the globe have meant many more people
successfully live to old age, which in itself is an important
societal achievement (WHO, n.d.). However, the same
trend may result in more older people being at risk of
abuse or neglect if social conditions fail to meet their
needs. Today, concern about elder abuse has driven a
worldwide effort to increase awareness of the problem
and encourage development of appropriate prevention
and assistance programs. These efforts are predicated on
the belief that elders are entitled to live out their advan-
cing years in peace, dignity, good health, and security.
Definitions

Over the years, there have been many efforts made to
define elder abuse and neglect. There is no standardized
definition used in either Europe or North America. This
reflects the challenges in achieving a consensus on the
scope of harm to be included in, or excluded from, a
definition, as well as whether a definition of elder abuse
should focus on a specific age at which one is an older
person or other characteristics presumed to facilitate
vulnerability. Despite these difficulties, a number of
emerging definitions have been gaining growing accep-
tance. The following definition is now in common use in
many parts of the world:

Elder abuse is a single or repeated act or lack of appro-

priate action occurring within any relationship where

there is an expectation of trust, which causes harm or

distress to an older person.

(WHOWorld Report on Violence and Health, 2002: 126)

This definition was first developed by the United
Kingdom’s Action on Elder Abuse (1995), a charity orga-
nization, following consultation with its membership in
1995. It was subsequently adopted by the International
Network for the Prevention of Elder Abuse (INPEA) in
1997, as well as the World Health Organization (WHO,
2002) and the United Nations (2002). The Toronto Dec-
laration on the Global Prevention of Elder Abuse (2002)
published by theWHO goes on to explain that elder abuse:
‘‘. . .can be of various forms: physical, psychological/emo-
tional, sexual, financial or simply reflect intentional or
unintentional neglect.’’ The classic work of Stones (1995)
on elder abuse definitions highlights that certain kinds of
relationships may be treated as trust relationships as a
result of social, cultural, or professional norms or legal
expectations, irrespective of whether or not the older
adult actually considers the other person as trustworthy.

Whether a harm or collection of harms to an older
adult reaches a threshold that can be considered abusive,
neglectful, or exploitative will depend on a combination
of subjective and objective perspectives. The first includes
the older adult’s perception of the actions. Objective mar-
kers will include societal and cultural expectations of
older adults and the other persons (such as spouse, family
member, caregiver, trusted authority) as well as any iden-
tified legal norms within that country.

Abuse and neglect exist on a continuum of harm rang-
ing from less to more severe actions or inactions. The
impact of abuse on the individual as well as on the family
and the community may be affected by elements such as
the frequency, duration, intensity, severity, and conse-
quences of the actions. Living with abuse or neglect in
later life is stressful and can have significant negative
health effects on older adults’ lives, including increased
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mortality rates relative to nonabused older persons. Abuse
and neglect of older persons is also recognized for its
intergenerational effect (ONPEA/UGO, n.d.).

Abuse of older adults is generally divided into the
following categories:

. Physical abuse: The infliction of physical harm or inju-
ry, physical coercion, or physical restraint (assault) to
an older person.

. Psychological abuse: The infliction of mental anguish
(verbal, emotional abuse) to an older person.

. Financial or material abuse: The illegal or improper
use of funds or resources from an older person. (e.g.,
financial exploitation, theft).

. Sexual abuse: Sexual contact with the older person
without their consent (e.g., sexual molestation, rape).

Neglect of older adults refers to certain failures to live
up to social or legal responsibilities to provide care, sup-
port, or assistance to an older adult. Elder neglect is
subdivided into active and passive forms.

. Active neglect, where the other person refuses or fails to
uphold an expected or legal caregiving obligation, such
as providing food, medication, or shelter. Active neglect
includes conscious and intentional attempts to inflict
physical or emotional distress on an older person.

. Passive neglect, failure to fulfill a caregiving obligation
out of lack of awareness or knowledge of the older
person’s needs and condition (which might occur
where aging spouses are caring for each other or adult
children do not understand the extent of an aging
parent’s frail condition).

Another form of elder abuse and neglect, sometimes
described as societal, structural, or systemic abuse or
neglect refers to a generalized social failure to fulfill
societal expectation of trust, care, and respect of older
adults. This type is expressed as discrimination, margin-
ality, and social exclusion that consequently causes harm
or distress to older adults (INPEA, 2003). Indicators may
include the presence of social, community, and cultural
norms that diminish older adults and offer predominantly
negative images of aging, the lack of adequate health and
social policies, lack of good practice, and nonfulfilment of
existing legislation to protect.
Prevalence

Most countries, including many in Europe, are still in the
early days of identification and development of responses
to elder abuse and neglect (Penhale, 2006). Some have not
begun to tackle the issue yet. International prevalence
estimates of elder abuse in community settings are based
mainly on studies from five developed countries (Canada,
the United States, the United Kingdom, Finland, and the
Netherlands), most of which were conducted in the late
1980s to early 1990s. The rates of elder abuse ranged from
4 to 6% (Pillemer and Finkelhor, 1988; Podnieks, 1992a;
Wolf et al., 2002). These figures are likely a significant
underestimation of the actual extent, given the largely
hidden nature of the problem (Kosberg and Garcia,
1995). More recent work shows considerable variability
in rates, reflective of the definitions used, the types of
harms considered, age groups, as well as whether the
study measured past-year prevalence or lifetime preva-
lence (that is, harms occurring since age 60 or 65). Past-
year rates have ranged from 2.6 to 4% in the UK (O’Keeffe
et al., 2007) to an estimate of 18.4% in Israel where the
majority of situations involved neglect (Siegel-Itzkovich,
2005). A combination of cultural differences in the treat-
ment of older people as well as variations in perceptions
and definitions of abuse make any international compar-
isons very difficult.

The rates are likely much higher in certain subpopula-
tions of older persons, such as those with dementia who
come to the attention of specialized health services
(Compton and Flanagan, 1998) or those who are poor or
marginalized (Kosberg and Garcia, 1995).

The prevalence of abuse and neglect in institutional
settings has been rarely measured, yet is thought to exceed
that in community settings. A classic study conducted by
Pillemer andMoore (1990) in the United States found that
10% of nursing staff in institutional settings admitted
committing acts of physical abuse and 40% admitted psy-
chological abuse against residents in the previous year.
Risk and Protective Factors for
Elder Abuse

In an international overview of elder abuse, Kosberg and
Garcia (1995) note several significant variables associated
with elder abuse and neglect around the world. These
include the socioeconomic level, marital status, substance
abuse, personal problems, isolation, gender, cultural
homogeneity, and housing. Wolf et al. (2002) suggested
that structural inequalities in both developed and devel-
oping countries have contributed to the overall vulnera-
bility of older persons. These include low wages, high
unemployment, poor health services, gender discrimina-
tion, and lack of educational opportunities for younger
and older generations, all factors that can cause power
imbalances and inequities that may lead to exploitation of
those persons perceived as weaker or less valued.

While developed countries have emphasized individ-
ual and family attributes as predictors of elder mistreat-
ment, the developing nations have given more weight to
societal and cultural factors, including the fact that many
cultures are undergoing major transitions.
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Most of the early work on abuse of the elderly has been
limited to domestic (noninstitutional) settings and carried
out in developed countries. To accommodate the com-
plexity of elder abuse and the many factors associated
with it, researchers have turned to the ecological model to
take into account the interactions that take place across a
number of systems (Schiamberg and Gans, 1999). Individ-
ual factors, interpersonal factors, and social context and
sociostructural factors may interact to heighten or reduce
the likelihood of abuse or neglect of older persons (Wolf
et al., 2003). Successful prevention efforts within public
health will need to focus on the three levels.
Individual Factors

A large proportion of cases of abuse reported to the
authorities involve older people who are socially isolated
or physically or cognitively impaired (Bonnie and Wallace,
2002). It is less clear whether the very old are more at risk
of abuse or neglect than younger cohorts of older persons.
A study by Podnieks (1992b) and more recently in the
United Kingdom by Mowlam et al. (2007) have empha-
sized the importance of understanding older adults’
strengths and often their hardiness in the face of living
in abusive or neglectful relationships and environments.

Gender has been also proposed by some as another
defining factor in elder abuse, but in different ways for
women and men (CNPEA, 2004a, 2004b). Older women
may have been subject to oppression and economically
disadvantaged all of their lives. On the other hand, old age
can become a great equalizer, leaving men at a similar risk
of some harms.

Studies of violence against older people in domestic
settings have found that aggressors are more likely to have
mental health and substance abuse problems than non-
violent or nonabusive family members or caregivers (Wolf
et al., 1989). Alcohol misuse may be another important risk
factor for elder abuse for both perpetrators and victims.
Having an adult relative with a drinking problem is a key
risk factor for being a victim of elder abuse, especially
where the relative (often an offspring) is dependent on
the older adult for financial support or housing. Elders are
more likely to remain in an abusive relationship when the
abuser is a highly dependent adult offspring or when
the elder is dependent on the perpetrator (WHO, 2005).
Interpersonal Factors

In early theoretical models, the level of stress of care-
givers was considered a risk factor that linked elder abuse
where a personwas caring for an elderly relative (Steinmetz,
1988). Researchers now tend to look at abuse and caregiv-
ing in a wider context in which the quality of the relation-
ship over the lifetime as a determining factor, where stress
may be a contributing factor in cases of abuse but does not
by itself account for the phenomenon.

It may be that the violence is a result of the interplay of
several factors, including stress, the relationship between
the care provider and the care recipient, the existence of
disruptive behavior and aggression by the care recipient,
and depression in the caregiver. Living arrangements, par-
ticularly overcrowded conditions and a lack of privacy,
have been associated with conflict within families.

In almost all studies of risk factors, social isolation
emerges as a significant community factor in elder mis-
treatment. As with battered women, the social isolation of
older people can be both a cause and a consequence of
abuse. Some older people may become isolated because
of physical or mental decline. Furthermore, loss of friends
and family members over the years reduces social net-
works and the opportunities for social interaction.
Social Context and Sociostructural Factors

Societal factors are currently considered important as risk
factors for elder abuse in both developing and developed
countries; cultural norms and traditions such as agism,
sexism, and a culture of violence are also now recognized
as playing an important underlying role. Developing
nations have given more weight to societal and cultural
factors such as the inheritance systems and land rights,
social construction of gender, rural–urban migration, and
a loss of tradition rituals and arbitration roles of elders
within the family through the modernization process
(Wolf et al., 2002). At the same time, the role of ageism
in elder abuse has long been recognized: mistreatment is
seen as the extreme end of a spectrum of a negative
culture about older people (McCreadie et al., 2006).

Neglect and abuse are culturally defined phenomena
that reflect distinctions between acceptable and unaccept-
able interpersonal behaviors. These distinctions denote
moral values, standards, and conduct. The perceptions of
unacceptable behaviors, cultural norms, and moral stan-
dards can vary within complex societies. Therefore, it is
necessary to examine elder abuse and neglect from dif-
ferent perspectives in order to understand the meaning of
these phenomena (Hudson, 1998).
Gender

Gender-related issues may vary between different socie-
ties and cultures. Aging affects men and women in differ-
ent ways as they have different roles throughout their
lives. Women in developing countries are also more likely
to have less access to education or have a poor education,
may have poor nutritional status, and have restricted
access to services and the labor market in earlier life.
These factors often leave them with very few resources
in their old age (Daichman, 2004).
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Gender also leads to different experiences and needs in
old age and is related to unequal power relationships. In
general, women have a greater chance than men of being
widowed, losing social support, an important role, and
often any financial security they may have had. In many
countries, women may also experience lower status in
society with a high risk of sexual violence, physical
abuse, and exclusion from decision making (Clark and
Till, 2002).
Institutional Abuse

Mistreatment of older people has been identified in a
range of regulated and unregulated facilities that provide
care and support to older persons on an ongoing basis
(such as nursing homes, residential care facilities, care
homes, assisted living, hospitals, and day care facilities)
in almost every country where these institutions exist.
Various people may be responsible for the abuse: A paid
member of the staff, the owner or administration, another
resident, a volunteer, visitor, or relatives or friends.

Bennett et al. (1997) suggested that the spectrum of
abuse and neglect within institutions spans a considerable
range and may be related to any of the following:

. Problems with staffing, for example, work-related stress
and staff burnout, poor physical working conditions,
insufficient training, and psychological problems
among staff.

. Difficulties in staff–resident interactions, for example,
poor communication, aggressiveness on the part of
residents, and cultural differences.

. Environment, for example, a lack of basic privacy, di-
lapidated facilities, the use of restraints, inadequate
sensory stimulation, and a proneness to accidents with-
in the institution.

. The provision of care, for example, resistance to
changes in geriatric medicine, erosion of individuality
in the care, inadequate nutrition and deficient nursing
care (such as a lack of attention to pressure sores).
Interventions

Suggested public health approaches to addressing vio-
lence and other harms have often included strengthening
individual knowledge and skills, educating the commu-
nity, training providers, building coalitions, changing
organizational practices, and influencing policy and legis-
lation (OPHA, 1999), all approaches under development
for addressing elder abuse to a greater or lesser extent in
many parts of the world.

Summarizing approaches around the world in the mid-
1990s, Kosberg and Garcia (1995) noted in addition to
general awareness building, the efforts to address elder
abuse in community settings have included verifying the
problem, social support for families, alternatives to family
care, family life education and counseling, support groups
for family caregivers, detection protocols, advocacy, pub-
lic policies, housing resources, action by elderly persons,
and publicity. In many jurisdictions in Europe, the efforts
have begun with the development of networks, research
groups, and the involvement of specialists (Penhale, 2006).
Over the years, international authors have validated sets
of indicators and developed screening questions for
elder abuse for uses in clinical, adult protection, or social
work settings (Lachs and Pillemer, 1995; Bennett, 1998;
Mt. Sinai Hospital, 1998; Daichman, 2000).

In a recent study of effective interventions, Kalaga and
Kingston (2007) note that ‘‘there is no magic bullet,’’ but a
number of primary, secondary, and tertiary interventions
are emerging. The United Nations has noted (2002) that
interventions to treat the social, economic, and political
conditions that are fertile ground for abuse of elders can
improve the general conditions of life of older persons,
and can reduce the violation of their rights as well as those
of other population groups.

The response to the abuse of older persons has been
largely focused on raising awareness and understanding of
elder abuse within communities, countries, and interna-
tionally (United Nations, 2002). June 15, 2006 marked the
debut of World Elder Abuse Awareness Day, which com-
munities and agencies in many countries have used as an
opportunity to heighten awareness and support for abuse
prevention, help enable development of awareness into
action, mobilize efforts, and galvanize community and
policy action. Prevention events may be planned for the
day, as well as weeks and the month around it. The
activities may focus directly on abuse prevention and
awareness to build public and professional awareness, or
public awareness campaigns may concentrate on the
underlying factors, such as ageism or diminished respect
(INPEA, 2007).
Main Conclusions and Future Directions

There is a significant need for greater knowledge about
the problem, more effective prevention strategies, and
stronger laws and policies to address the problem and its
underlying factors (Wolf et al., 2002). It has been recog-
nized that by reducing risk factors, strengthening resil-
ience factors, and changing norms, violence and other
mistreatment of older persons can be prevented. There
is a growing recognition of the need to expand efforts
from a focus on the aftermath of violence and mistreat-
ment to upfront approaches that address it before it
occurs. This may include a need to foster a comprehen-
sive approach to prevention focusing on the underlying
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contributors as well as policies and infrastructure that
support mistreatment, or contribute to it. ‘‘The desensiti-
zation process, facilitated by persistent exposure, contri-
butes to an underlying feeling of helplessness – a sense
that the vastness of the problem is too overwhelming’’
(Ontario Public Health Association, 1999). It is essential
to address societal conditions such as racism, poverty, and
inequality that foster violence.

A number of specific needs are beginning to be recog-
nized and slowly addressed in this area. These include
developing a more comprehensive knowledge about elder
abuse based on sound research programs. This informa-
tion will need to reach service providers and other pro-
fessionals working with older people to shape appropriate
practice, as well as older adults and their families to build
understanding of the dynamics. There is a need for
research and prevention programs, advocacy and informa-
tion for older adults about their rights and ways to access
services. Empowerment of elders should enable them to
act for themselves and on their own behalf, to exercise
their rights and advocate for their own interests.

More solid knowledge based on comprehensive
research to better inform policy, planning, and practice
is required. Elder abuse is a multifaceted issue, often
requiring the knowledge and skills of many types of
individuals and agencies. There is a need at a community
level for collaboration and formation of partnerships to
promote the development of adequate services. InMissing

Voices, a joint publication of the World Health Organiza-
tion and the International Network for the Prevention of
Elder Abuse (2002), it is emphasized that ‘‘Ultimately the
challenge for us all is not only to listen to what has been
said, but to believe and act upon it.’’
See also: Populations at Special Health Risk: The Elderly;

Long Term Care for Aging Populations.
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Introduction

Unfortunately, most of us experience some kind of
medical emergency during our lives. It can be anything
from a broken bone to a car accident. Emergency medical
care is the general term used to describe medical care
that is provided to people who suddenly become seri-
ously ill or injured. These incidents occur suddenly
and often threaten the patient’s life or normal bodily
functions.

An Emergency Medical Services (EMS) system is
a large and complicated network of people, vehicles,
equipment, and facilities that is organized to respond in
a rapid, organized fashion to emergency medical inci-
dents. EMS occupies an important place in the health-
care delivery system, yet in addition it is clearly a public
safety service, much like police and fire service. The most
common and recognized EMS type is an ambulance
organization.

In certain places, an EMS organization may also be
called a First Aid Squad, Emergency Squad, Safety Squad,
Rescue Squad, Ambulance Squad, Ambulance Service,
Ambulance Corps, or Life Squad.

An EMS exists to fulfill three basic principles: preserve
life, prevent further injury, and promote recovery. The
series of events that need to happen can be outlined as:
Early Detection (a member of the public finds the inci-
dent), Early Reporting (the emergency services are sum-
moned), Early Response (the emergency services get to
the scene quickly), Good On Scene Care (appropriate
treatment is given), Good Care in Transit (the patient is
looked after on the way to the hospital), and Transfer to
Definitive Care (the patient is handed to the care of a
physician). This system is symbolized by the Star of Life,
where each of the ‘arms’ represents one of the six points
above (Figure 1).

The aim of an EMS is to provide treatment to those in
need of urgent medical care, with the goal of either
satisfactorily treating the malady, or arranging for timely
removal of the patient to the next point of definitive care.
This is most likely an emergency department at a hospital
or another facility where physician care is available.



Figure 1 The Star of Life.
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Depending on the country, area within a country, or
clinical need, EMS may be provided by one (or several)
organizations, with different reasons for providing the
service.

The very heart of the EMS system is the Emergency
Medical Technician (EMT), a general term used to
describe the majority of personnel involved in the actual
provision of emergency medical care in an out-of-hospital
setting.

No matter where an emergency occurs, how the patient
is transported, or to what type of facility the patient is
taken to, the person who actually provides the care is the
constant factor.
Figure 2 EMT.
The EMTs

Emergency medical technicians (EMTs) are individuals
trained to provide efficient and immediate care for sick or
injured people and transport them to appropriate medical
facilities (Figure 2).

The world of EMS can be both a great challenge and
the greatest reward of someone’s life. The duties change
with each call; no two calls are ever the same. Onemoment
the EMT can be delivering a premature infant in a
cramped bathroom, and on the next call he could be
attempting to save the life of a teenage driver whose car
has been torn apart in a high-speed collision.

On a given day the EMT can respond to one emer-
gency call after another without a break, and on another
day he/she can spend an entire shift without a call.
Some calls require a great deal of skill and strength,
and others only involve a little more than assisting a
patient to the ambulance.

The EMT must be flexible in order to meet the
demands of the ever-changing emergency scene; he or
she must also be a confident leader who can accept the
challenge and responsibility of the position. Additionally,
this individual must have excellent judgment and be able
to prioritize decisions so as to act quickly in the best
interest of the patient.

Those who provide this type of medical care have
had training in prehospital care (out-of-hospital care),
emergency scene management, rescue, stabilization, and
transport. The modern EMTs perform many duties and
respond to many types of emergency calls (Table 1).



Table 1 Types of emergency calls

Medical emergencies
Trauma emergencies

Hazardous material exposures

Obstetrical emergencies
Childbirth

Child abuse

Psychiatric crises

Fires
Rescues

Figure 3 Accident scene.
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Individuals trained to provide this type of care usually
transport patients to the hospital in an ambulance or
another vehicle that has been modified for this purpose.
In low-income and middle-income settings, seriously
injured people may be brought to neighborhood or village
clinics that ordinarily provide only primary medical care.

While specific responsibilities may vary from one
area to another, the general responsibilities include
preparation, personal safety and the safety of others,
patient assessment and emergency medical care, safe lift-
ing and moving, patient transport and transfer, record
keeping and data collection, and patient advocacy.
All in a Day’s Work

Many people’s lives depend on the quick reaction and
competent care of EMTs. Incidents such as automobile
accidents, heart attacks, childbirth, gunshot wounds, and
drownings all require immediate medical attention.

In an emergency, EMTs typically are dispatched (usu-
ally working in teams of two) to the scene by an emer-
gency operator, and often work with police and fire
department personnel. After receiving the call from the
dispatcher, they drive the ambulance to an address or loca-
tion given, using the most expeditious route, depending
on traffic and weather conditions, observing traffic ordi-
nances and regulations concerning emergency vehicle
operation.

Upon arrival at the scene of the incident (Figure 3),
they park the ambulance in a safe location to avoid addi-
tional injury. Prior to initiating patient care, the EMTs
also determine that the scene is safe, the mechanism of
injury or the nature of the illness, the total number of
patients, and the need for additional help. In the absence
of law enforcement, they create a safe traffic environment,
such as placing road flares, removing debris, and redirect-
ing traffic for the protection of the injured and those
assisting in their care.

On arrival at the patient’s side, EMTs determine the
extent of illness or injury, provide initial emergency
care following strict rules and guidelines, and report
the patient’s condition to the emergency department or
medical control center. Emergency treatment for more
complicated problems is carried out under the direction
of medical doctors by radio, preceding or during trans-
port. While transporting the patient to the medical facil-
ity, the team remains in contact with the health-care team
at the hospital in order to receive special instructions and
to prepare the hospital personnel for their arrival.

EMTs are trained in practical emergency medical
knowledge and skills that can be deployed within a rapid
time frame. Patient treatment guidelines are described in
protocols. The goal of EMT intervention is to rapidly
evaluate a patient’s condition and to maintain a patient’s
airway, breathing, and circulation.

The EMT is trained in basic emergency skills such as
opening airways; giving artificial respiration and cardiac
resuscitation; administering oxygen; controlling bleeding;
treating shock; stabilizing fractured limbs; bandaging;
assisting in childbirth; caring for poison, burn, or drug
overdose patients; and managing mentally disturbed peo-
ple. The EMT is also trained in rescue techniques such as
freeing people trapped in cars and handling hazardous
materials. In addition, the EMT applies the necessary
interventions, while expediting the safe and timely trans-
port of the patient to a facility for definitive medical care.

Other EMTs receive additional training in advanced
life support techniques so they can administer medica-
tions, start intravenous infusion, provide advanced cardiac
care, and carry out treatment ordered by the physician.

EMTs may use special equipment, such as backboards,
to immobilize patients before placing them on stretchers
and securing them in the ambulance for transport to a
medical facility. Usually, one EMT drives while the other
monitors the patient’s vital signs and gives additional care
as needed. Some EMTs work as part of the flight crew of
helicopters that transport critically ill or injured patients
to hospital trauma centers (Figure 4).

EMTs use communications skills in person, via radio
and in writing. A solid foundation in the basic elements of
emergency prehospital (out-of-hospital) care is developed
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and is required to make sound judgments in critical
circumstances.

At the medical facility, EMTs help transfer patients to
the emergency department, report verbally and in writing
their observations and actions to emergency room staff,
and may provide additional emergency treatment on
request.

For every call an EMTreceives, a variety of documents
must be filled out noting the patient’s medical history, the
treatment and drugs that were administered, the patient’s
vitals, and much more. These documents help to make a
smooth transfer of patient care from the EMTs to the
hospital where the patient is being taken, and also for
record keeping. This step ensures that EMTs are practi-
cing good medicine and the techniques they are using are
effective.

After each call, EMTs must restock and replace linens,
blankets, and other supplies in the ambulance, check and
clean the equipment so that everything is ready for the
next service, and decontaminate the interior of the ambu-
lance if the patient had a contagious disease or was ex-
posed to hazardous materials. They must ensure that the
ambulance is clean and washed and kept in a neat orderly
condition.

Beyond these general duties, the specific responsibil-
ities of EMTs depend on their level of qualification and
training, which varies from country to country, and even
from state to state.

Regardless of their level of training, EMT’s actions in
the field are governed by regulations and by organization
policies. The development of these rules is guided by a
physician, often with the advice of a medical advisory
committee.

The use of invasive skills is governed by complex
protocols intended to maximize the lifesaving value of
bringing these skills to the patient in the field while
minimizing the risk of errors or additional injury to
patients.
Figure 4 Helicopter transport.
Some skills may be performed according to protocol,
given certain conditions. Other skills require the prior
approval of a physician by radio or telephone. Some
areas approve a modified level of care provided during
communications failures or disasters.

A physician acting in direct supervision of an EMT
program is referred to as a Medical Director, and the
supervision provided is referred to as Medical Direction.
Education and Training

Formal training and certification is needed to become an
EMT. The training of EMTs may take place at universi-
ties, community colleges, technical schools, hospitals, or
academies.

Commonly, EMTs have three levels of proficiency:
Basic, Intermediate, and Advanced. Like the responsibil-
ities of an EMT, training programs for certification
(or licensure) vary greatly around the world, as do their
denomination, but usually they are consistent with a
three or four level tiered emergency provider system
(see Table 2).

In other places of the world, for example, in South
Africa, these same providers are called Basic Ambulance
Assistants, Ambulance Emergency Assistants, and Critical
Care Assistants.

In addition to the three levels of proficiency, other
places issue licenses for more specialized levels of train-
ing, or simply use different names for the above positions.

The Basic EMT represents the first component of the
EMT system. He or she is trained to care for patients at
the scene of an accident and while transporting patients
by ambulance to the hospital under medical direction.
EMT-Basic coursework typically emphasizes emergency
skills, such as managing respiratory, trauma, and cardiac
emergencies, and patient assessment. The program also
provides instruction and practice in dealing with bleed-
ing, fractures, airwayobstruction, cardiac arrest, and emer-
gency childbirth. Students learn how to use and maintain
common emergency equipment, such as backboards, suc-
tion devices, splints, oxygen delivery systems, and stretch-
ers. The EMT-Basic curriculum consists typically of 120
to 250 hours of classroom instruction, skills practice in a
Table 2 EMT levels of training

Level Denomination Training hours

Basic EMT-1, EMT-Basic 120–250

Intermediate EMT-II, EMT-2,

EMT-Intermediate

35–80

(additional)
Advanced EMT-III, EMT-P,

EMT-Paramedic

1000–1500

(additional)
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laboratory and/or hospital emergency room, ambulance
experience, and a field internship.

The Intermediate EMT has more advanced training
which allows the administration of intravenous fluids and
certain medications, the use of manual defibrillators
to give lifesaving shocks to a stopped heart, and the
application of advanced airway techniques and equipment
to assist patients experiencing respiratory emergencies.
Training commonly includes 35 to 80 hours of additional
instruction beyond EMT-Basic coursework.

Advanced EMTs provide the most extensive prehospi-
tal care. In addition to carrying out the procedures already
described, paramedics may administer lifesaving drugs
orally and intravenously, interpret electrocardiograms
(EKGs), perform tracheal intubations (inserting a breath-
ing tube into the patient), and use monitors and other
complex equipment. At this level, the caregiver receives
additional training in body function and learns more
advanced skills. Training for EMT-Paramedics includes
1000 to 1500 hours of instruction and experience. The
program includes classroom instruction, clinical rotations
in hospitals, a field internship aboard an ambulance, and
laboratory experience.

Refresher courses and additional certifications are
available so that EMTs at all levels may enhance their
capabilities and earn continuing education hours required
for certification renewal. Emergency medicine is always
changing, and the EMTmust be willing to change with it.
Refresher training is essential for learning about new
treatments as well as new regulations (Figure 5).
The Well-Being of the EMT

To maximize effectiveness, a number of professional attri-
butes are required. They include appearance, knowledge,
Figure 5 EMT training.
skills, and the ability to meet physical demands, as well as
general interests and calm temperament.

All EMTs, whatever their level may be, should be
emotionally stable, have good dexterity, agility, and phys-
ical coordination, and be able to lift and carry heavy loads.
They also need good eyesight (corrective lenses may be
used) with accurate color vision. They also must remain
calm and react quickly in life-or-death situations.

The EMT is a special and unique person. The success-
ful EMT likes people, takes responsibility seriously, and
believes in what he or she is doing. Being an EMT is
demanding – it requires both physical and emotional
strength.

EMTs work days and nights, both indoors and out-
doors, and in all types of weather (Figure 6). They are
required to do considerable kneeling, bending, and heavy
lifting, but also spend a lot of time standing. These work-
ers risk noise-induced hearing loss from sirens and back
injuries from lifting patients. In addition, EMTs may be
exposed to diseases such as hepatitis B and AIDS, as well
as violence from drug overdose victims or mentally unsta-
ble patients.

The work not only is physically strenuous, but can be
stressful, sometimes involving life-or-death situations and
suffering patients. Nonetheless, many people find the
work exciting, challenging, and especially rewarding given
the opportunity to help others. Most work 45- to 80-hour
weeks, which may include being on call for extended
periods of time. Because emergency services function
24 hours a day, EMTs also have irregular working hours.
Employment

EMTs are employed by many organizations, public and
private, emergency and nonemergency. These include
ambulance companies, fire departments, recreational
facilities, law enforcement, hospitals, educational
Figure 6 Night rescue.
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institutions, care centers, search and rescue squads, trans-
fer services, and others.

Most career EMTs work in metropolitan areas. In
small cities, towns, and rural areas volunteers are more
common. These individuals volunteer to help in fire
departments, emergency medical services, and hospitals,
and may respond to only a few calls for service per month.
On the other hand, volunteers may answer the majority of
calls, especially in smaller communities.

EMTs are employed by commercial, hospital, or
municipal EMS agencies or fire departments. Some
EMTs are hired by commercial ambulance services pro-
viding nonemergency patient transportation, or providing
emergency medical services to emergency calls under
contract with municipalities or county governments.
Some EMTs may work in clinical settings, such as a
hospital’s emergency department, whereas others may be
employed in an industrial setting, or as ‘home health care’
providers.

Private ambulance services often employ EMTs. These
services sometimes provide nonemergency transportation
of in-hospital patients, who, while not experiencing an
emergency, nonetheless require medically supervised
transportation. Bedridden patients must often be trans-
ferred between hospitals, are discharged to nursing homes
or hospices, or are to undergo specialized treatment,
therapy, or diagnostic procedures at another location.
In some districts and towns private ambulance services
are contracted to respond to emergency calls.

In many places, firefighters and some police officers
are now also cross-trained as EMTs. Some large compa-
nies, especially industrial facilities, even maintain their
own in-house EMTs as part of the plant’s firefighting or
security guard force. Some colleges and universities train
EMTs and host student-run EMS in their areas to
respond to student medical emergencies.

EMTs may also serve as unpaid volunteers for a vol-
unteer ambulance service (Figure 7), volunteer rescue
squad, or volunteer fire department, especially in rural
or suburban areas. Rural communities often find it
Figure 7 Volunteer EMTs.
difficult to finance emergency medical services, and
recruiting, training, and retaining volunteer EMTs is a
continuing challenge.
A Final Word

Although primary prevention is a core value of any health
system, nonetheless, many emergency health problems
continue to occur. A significant burden of diseases is
caused by time-sensitive illnesses and injuries where the
priority is the provision of immediate or urgent medical
interventions.

At the center of such care is the EMT, ready to
stabilize patients who suffer life-threatening or limb-
threatening injury or illness. Considerable good may be
accomplished by ensuring that severely injured or ill
people receive even simple but life-sustaining care within
minutes, and having trained personnel to provide it is a
sign of a community’s and state’s responsibility for the
care and welfare of its citizens.

It must be recognized that either simple or sophisticated
prehospital systems are essential in order to decrease pre-
ventable morbidity (incidence of a particular disease) and
mortality (incidence of death in a population).

Finally, we must accept that in certain areas of the world
these prehospital systems do not exist. In these situations
the most basic tier of a system can be established by
involving community members and teaching them basic
first aid techniques. It may be possible to identify very
motivated workers, such as public servants, community
leaders, taxi drivers, bus drivers, and others who are willing
to get involved and become first responders.
See also: Drowning; Humanitarian Responses to Com-

plex Emergencies; Road Traffic Injuries.
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Introduction

Emerging and re-emerging infectious diseases have been
major features of contemporary societies. Indeed, there
is evidence that history has been characterized by the
constant interplay of humans and pathogens (McNeill,
1977). However, it is impossible to say when the terms
‘emerging infection’ or ‘emerging infectious diseases’ were
first used to describe new infectious diseases, or diseases
that meet the criteria that are described in this article.
The belief in the 1960s that the threat of infectious dis-
eases had been eliminated in developed countries was
unfounded. A broader view of history would have demon-
strated this. One possible reason for the optimism is that
the 1960s was a decade of optimism in general. In the
United States, social programs were instituted to address
inequities; humankind had not only orbited the Earth, but
landed on the moon; the gains of science and technology
were impressive; economic expansion was equally impres-
sive; poliomyelitis had been all but eliminated in the
United States; and the sense of ‘control’ was widespread.

Beyond the borders of the United States, however,
in Africa, Asia, Latin America, and elsewhere, malaria
proved to be a huge challenge to life, although its prev-
alence was decreasing, and diarrheal diseases continued to
take their toll, particularly among the young. Trans-
portation links created the potential for transmission of
infection between tropical regions and developed coun-
tries such as the United States. The potential for new
diseases to emerge in the United States was there, and it
took just a few years until this happened, catching the
medical and public health communities by surprise.
Definitions of ‘Emerging’ and
‘Re-emerging’ Disease

In discussions of emergence, both ‘emerging infec-
tions’ and ‘emerging infectious diseases’ are commonly
found. While the two are closely related, they are not
synonymous. An infection does not necessarily represent a
state of disease. ‘Infection’ suggests that an agent (usually
a microbe) has become resident in the host. Usually that
agent is replicating in the host. However, the host need not
show any sign of disease, in the sense that it can conduct its
normal activities without hindrance. ‘Disease’ is a state
in which the normal functioning of the host is impaired,
and both signs and symptoms are present – indeed, they
are what limit normal function. An infectious disease is
therefore a disease that is due to a pathogen.
Emerging Diseases

What, then, is an emerging infection, or an infectious
disease? There has been some implicit variation in the
literature. However, a general definition was articulated
by Morse in the first volume of a then-new journal,
Emerging Infectious Diseases:

We can define as emerging infections that have newly

appeared in the population, or have existed but are

rapidly increasing in incidence or geographic range.

(Morse, 1995: 7)

Thus, emerging infectious diseases are clinically sig-
nificant diseases that are due to pathogens that have either
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appeared de novo, or are being experienced in a region
with greater intensity, or for the first time.

Some authors have used a more specific definition
of emerging to diseases and have specified five types of
emerging diseases: (1) diseases that arise de novo, (2) dis-
eases that are newly recognized, (3) diseases that have not
previously existed in a specific area, (4) diseases that had
not yet made a species jump to humans until the present,
and (5) diseases that are increasing in prevalence. There
are other definitions as well. The simplest definitions are
frequently the most useful, and thus Morse’s definition
will be used in this article.
Resurgent (Re-emerging) Diseases

Re-emerging infectious diseases are frequently thought of
as being closely related phenomena to emerging infec-
tious diseases. Whereas emerging diseases denote diseases
that are being experienced for the first time in a given
location, re-emerging diseases are diseases that are reap-
pearing in regions from which they have disappeared.
Usually eradication is due to deliberate efforts on the
parts of government and public health agencies. For
example, malaria control programs following the end
of World War II were instrumental in the elimination of
malaria from some areas of the world, such as Italy and
Spain. Sometimes, malaria eradication was eliminated as
part of multisector development programs. For example,
the Tennessee Valley Authority, created during the 1930s
primarily for flood control, hydroelectric power, and eco-
nomic development, also had an explicit aim of malaria
control. This resulted in the drainage of most swamps,
and the elimination of malaria from this part of the
United States.

Just as malaria was disappearing from many regions
in the 1950s, the next decade saw the resurgence of
malaria, and the global prevalence of malaria has been
increasing ever since. There are multiple reasons for
this. These include anopheline spp. resistance to DDT,
banning of DDT because of suspected environmental
effects, and the development of resistance to chloroquine.
Malaria, then, is a re-emerging disease. Another is tuber-
culosis. In many societies, TB had been nearly eliminated,
but with the appearance of HIV/AIDS, immunocom-
promised individuals were much more susceptible to TB
reactivation. TB, therefore, is also considered to be a
re-emerging disease.
The New Realization of the Threat of
Infectious Diseases

The public and the medical and public health commu-
nities gradually came to realize that their complacency
over the potential threat of infectious diseases was
misplaced, and that new and emerging diseases consti-
tuted one foci of concern over health threats to the public.
This change in attitude came gradually, and can be
thought of as a series of historical ‘moments,’ each of
which refocused attention on infectious diseases. While
it is impossible to be exhaustive here, this section takes a
roughly chronological approach in describing the events
that led the public and professional communities to real-
ize that infectious diseases had not been ‘conquered.’
Legionellosis (Legionnaires Disease)

The Bicentennial of the United States was celebrated
in 1976, and there were many gala events around the
nation in July. One was the meeting of the Pennsylvania
Chapter of the American Legion. The events surrounding
this meeting were the first to bring the attention of
both the population and the broad scientific and medical
communities to the argument that infectious diseases in
the United States had been ‘conquered,’ and both alarmed
the public and aroused the curiosity of the scientific and
medical communities because this appeared to be a
new disease. Indeed, before legionellosis was identified
and antimicrobial treatment identified, legionellosis was
called a ‘monster disease.’

Over 220 members of the American Legion who had
attended the meeting developed an unusual respiratory
illness, and it became clear that it was of bacterial etiol-
ogy, although it was initially thought to be viral, due to
its close clinical resemblance to influenza. Approximately
34 people died as a result of this outbreak. However, two
things remained unclear. First, the pathogen could not
be identified with conventional methods, and second, no
common source of exposure could be identified initially,
although the fact that the number of incident cases fol-
lowed a typical epidemic curve suggested very strongly
that there was some sort of common exposure to the
pathogen. The news media seized upon this medical
‘mystery,’ and the public knew that they were dealing
with an unknown infectious disease. This constituted a
historical moment in contemporary American history,
because it had been decades since something like this
had happened. Six months later, the bacterium was finally
identified.

Legionella was not a new bacterium. Stored sam-
ples from outbreaks as early as 1943 tested positive for
Legionella spp. However, the bacterium had not been
identified in these outbreaks because it had not yet been
described and characterized. In retrospect, most renowned
is an outbreak that occurred in Pontiac, Michigan in 1968,
although the symptoms were milder than in the Legionella

outbreak in Philadelphia. In fact, mild legionellosis with a
nonpneumonic form is often called ‘Pontiac fever.’

This is not the place to review the epidemiology,
pathophysiology, and clinical aspects of legionellosis in
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depth. Briefly, though, it usually has an acute onset, and
is usually caused by Legionella pneumophila, although other
species are also pathogenic. In fact, there are 40 species
of the genus, and numerous serotypes. Epidemiologically,
L. pneumophila is by far the dominant species in human
disease. The major reservoirs are bodies of freshwater,
and the main mode of transmission is through small
droplets that are inhaled from the environment. In the
Philadelphia outbreak, the source was finally traced to
the air conditioning system in the hotel in which most
attendees were lodged; the attendees were inhaling small
particles in certain parts of the building. Dozens of sub-
sequent outbreaks have been traced to similar mechan-
isms. These have been not only air conditioners but also
shower heads, aerosolizers in sinks, and whirlpools. Virtu-
ally anything that aerosolizes fresh water is a potential
mechanism by which legionellosis may be transmitted.

Symptoms of classic legionnaires disease are nonspe-
cific and include fever, malaise, headaches, and myalgias.
Frequently, rigors will develop, as will a productive cough
(in about half the cases). Dyspnea (shortness of breath) is
almost invariably present, and chest pain is common, as is
a relative bradycardia for the elevated temperature. There
are a number of abnormalities in laboratory tests, and
chest films are markedly abnormal. A urine antigen test is
available for one serotype, so laboratory diagnosis must
frequently rely on more complex and time-consuming
laboratory methods such as DFA. Sputum cultures or cul-
tures from bronchoalveolar lavage have been the mainstay
of laboratory diagnosis.

Since laboratory methods do not show a definitive diag-
nosis until a minimum of 3 days following onset, diagnosis
is usually made on clinical grounds, and treatment is
initiated based upon index of suspicion. Erythromycin
proved to be effective in 1976, and other macrolides
(azithromycin, clarithromycin) are highly effective. Tetra-
cycline and doxycycline are frequently used, as are the
fluoroquinolones, such as levofloxacin. In hosts who are not
immunocompromised, the prognosis is generally positive.

There is no doubt that legionellosis was an emerging
disease when it was first identified. Its particular sig-
nificance lies in its historical context – in the fact that
this was the first occurrence that began shaking the
optimism of the 1960s and early 1970s that infectious
diseases had been conquered, and also in the fact that
the etiology of an obviously infectious syndrome with a
reasonably high case fatality ratio remained unknown for
a number of months.
Toxic Shock Syndrome

Chronologically, the next event to bring infectious disease
to the attention of the public was another emerging infec-
tious syndrome. In late 1979 and 1980, a number of
women in the United States became seriously ill with
a syndrome characterized by high fever, shock, rash,
hypotension, and capillary leak. This syndrome had been
first described as such 2 years earlier, although in retro-
spect it had been noted in the medical literature in the
1920s. The 1978 paper identified toxic shock syndrome in
males, females, and children – and the females were both
menstruating and not menstruating. The 1980 outbreak
was associated with menstruating women, many of whom
were using superabsorbent tampons. Although this was
a major risk factor in the 1979–80 outbreak, much of
the public and many physicians were under the erro-
neous impression that toxic shock syndrome (TSS) was
necessarily associated with menstruating women who
were using superabsorbent tampons. Although TSS is
not necessarily associated with menstruating women, this
does remain a risk factor in the epidemiology of TSS.

As with legionnaires disease, TSS was a rare disease,
yet the public’s perception of it was out of proportion
to its true prevalence – the risk was exaggerated. This
is something that social scientists have called the ‘social
amplification of risk’ in the context of new events that
are potentially dangerous, but that nonetheless carry with
them a low risk. Amplification takes place as a result of
media coverage, and as a result of intrapsychic processes
that tend to amplify the threat of novel threats when
the locus of control over the event is external to the
individual. During the outbreak of toxic shock syndrome,
newspapers were full of stories about TSS and the some-
times deadly consequences of developing the syndrome.
These were frequently on ‘page 1 above the fold’ and
necessarily caught the attention of the public. The same
was true of television news.

Once this outbreak of TSS appeared to be concen-
trated in one single group – menstruating women using
superabsorbent tampons – the general public’s fear of
TSS began to diminish, and the federal government man-
dated the withdrawal of those tampons from the market.
The number of incident cases began a rapid decline, and
was back to baseline of about 100 cases per year by 1985.
Some reports demonstrated that there was a decrease in
the use of all tampons – not just superabsorbent tampons.

It was already known in 1980 that toxic shock syndrome
was caused by staphylococci (specifically, S. aureus). In
these cases, treatment is threefold: removal of the tampon,
indwelling tampon, or other hypothesized environmental
cause; aggressive fluid resuscitation; and rapid use of
antistaphylococcal antibiotics.

Other bacterial species can cause toxic shock syndrome.
In rare cases, other Staphylococcus species have been asso-
ciated with toxic shock syndrome, and because they are
coagulase-negative, they are difficult to treat. At this time,
coagulase-negative staphylococci constitute the most com-
mon cause of hospital-acquired bacteremia. This sometimes
results in endocarditis, and usually the only effective treat-
ment is surgical valve replacement, particularly in the
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case of those who have had earlier valve replacement.
Aggressive antibiotic therapy is occasionally effective.

Should toxic shock syndrome be considered to be
an emerging disease? It certainly was in 1980, when the
public was so concerned with its appearance. Now, in
2007, 29 years after it was first described, this label is
more questionable. What was most significant about
toxic shock syndrome, however, was its historical signifi-
cance. It followed the outbreak of legionnaires disease so
closely that it turned the public’s attention, once again, to
infectious diseases, and to infectious diseases that had
been unknown. It also reminded the biomedical com-
munity that infectious diseases had not been conquered.
The issue at the time was whether legionnaires disease
and toxic shock syndrome were anomalies, whether the
assumption of the conquest of infectious diseases had
clearly been erroneous, or whether these two outbreaks
were harbingers of a new stage in ‘epidemiologic history’ –
a historical period during which emerging infections
would become common and would catch the attention
of the public, the public health community, the medical
community, and government agencies. The public
health and medical communities were divided on this.
It would soon become clear, however, that the latter
would hold true – that emerging infectious diseases
would come to the forefront of public health, epidemi-
ology, and the medical community. In the cases of
legionnaires disease and TSS, the social amplification
of risk exaggerated perceived threats. Nonetheless, the
public became more attentive to infection. Two other
phenomena would solidify this attention. One was the
appearance of HIV/AIDS in the United States, and the
other was public attention that was drawn to hemor-
rhagic fevers, mostly in Africa.
HIV/AIDS

The details of HIV/AIDS are covered elsewhere in this
encyclopedia, and there will be no attempt here to dupli-
cate this material. Rather, this discussion concentrates on
the significance of HIV/AIDS.

When HIV/AIDS first appeared in several urban areas
in the United States in 1981, it appeared to be an anoma-
lous syndrome. It was not called ‘AIDS’ until 1982, when
the Centers for Disease Control (CDC) gave the syn-
drome that label. In the same year, researchers at CDC
also linked one of the pathways of transmission to blood
and blood products, causing a great deal of public concern –
if it was possible to contract AIDS through a frequently
used medical practice, it had the potential of affecting
millions of people. Until then, AIDS was thought to be
restricted to the gay community. In 1983, blood banks
were warned by the CDC that blood and blood products
could definitely transmit AIDS, and surgeons and other
medical personnel began rethinking the criteria necessary
for transfusion. By 1983, it was clear that the exponential
increase in the number of incident cases was a definite
trend. In 1983 and 1984, two teams discovered that the
pathogen causing AIDS was viral, and although it had a
different nomenclature at first, there was a great deal of
relief that the causal agent had been discovered. It is an
interesting study in the sociology of science to analyze
the competing claims by Luc Montagnier at the Institut
Pasteur and Robert Gallo in the United States concerning
their respective claims that they discovered HIV. It is now
clear that Montagnier discovered the virus.

Shortly after the virus was discovered and character-
ized, an antibody test was developed to detect HIV in vivo.
This was quickly used to screen blood products as well
as to detect HIV in individuals. Whereas some people
decried the slowness of the U.S. government’s response
to HIV, the time from the first presentation of a group of
males with Kaposi’s sarcoma or oral thrush until the
antibody test for a recently identified virus was only
3 years. Granted, the president of the United States,
Ronald Reagan, had not even mentioned AIDS, and fund-
ing was less impressive than it could have been, but the
time was quite short. The real challenge with HIV has
been to find an effective vaccine, or to find a ‘cure,’
although antivirals have been effective in suppressing
viral load in the majority of cases since 1995–96.

The prevalence and mortality data are well-known.
The best estimates are that globally, over 40million
people are living with HIV/AIDS, and approximately
22million have died of HIV/AIDS. Currently, about
19–20million of those living with HIV/AIDS are women,
and in developing countries, particularly in sub-Saharan
Africa, HIV/AIDS is becoming, increasingly, a disease
of women. Currently, approximately two-thirds of those
living with HIV/AIDS are in sub-Saharan Africa, but
the increasing prevalence and incidence of HIV/AIDS
in Asia – and particularly, in India and China – are
making East Asia and South Asia regions of tremendous
concern. This is because each country has over 1 billion
people, and the prevalence rates do not have to be high to
result in large numbers of infected people.

The global significance of HIV/AIDS is that it, by
itself, has altered demographic trends, and the political
economyof nations and regions, not to mention the human
suffering that this disease has exacted. In Botswana and
Swaziland, for example, the gains in life expectancy
during the 20th century have not only been completely
reversed, but the life expectancy at birth is lower now than
it was at the beginning of the 20th century. In the con-
text of this article, HIV/AIDS is an emerging infectious
disease par excellence. A generation ago, it was literally
unheard of. Now in all developed countries and in many
developing countries, HIV/AIDS shapes many behaviors,
is responsible for significant stigma, is feared, and causes a
significant percentage of deaths. Globally, HIV/AIDS is
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the fourth leading cause of death, although in many parts
of Africa, it is the leading cause of death.

HIV/AIDS is an emerging infectious disease because
of the historical rapidity with which it moved from an
unknown localized zoonotic complex in West and Central
Africa to the most prevalent infectious disease in the
world. While the scientific evidence suggests that there
were a number of species jumps of both HIV-1 and HIV-2
that occurred in Africa, these were so localized and the
societies isolated enough from the rest of the world that
HIV went unnoticed. Thus, it appeared as though the
disease went from nonexistence to a major pandemic in
a matter of a few years. And there is another major
significant dimension. Since HIV/AIDS appears to have
originated in Africa – ‘out there,’ away from Northern
Europe and North America – some have argued that
HIV/AIDS acquired a certain nefariousness – a disease
emerging from the dark, foreign, isolated jungle – the
stereotypical cauldron of new diseases.
Hemorrhagic Fevers

Viral hemorrhagic fevers have been in the public eye
since 1969, when there was a major outbreak of a hemor-
rhagic fever in the Jos Plain of Nigeria. The disease came
to be called Lassa fever, caused by an arenavirus (Lassa)
that seemed particularly undesirable to the public. The
virus is named after the town in which this outbreak
occurred. Like all hemorrhagic fevers, including dengue
in some cases, one of the characteristics of Lassa fever
is that it can disturb the clotting/coagulation mechanism,
resulting in disseminated intravascular coagulation (DIC)
and diffuse hemorrhage. The 1969 outbreak was publicized
in the United States through the news media, perhaps
because it was an ‘exotic’ or newsworthy event, and once
again, the social amplification of risk was responsible for
exaggerated fears of ‘what if it spreads here?’ That this
outbreak occurred in sub-Saharan Africa, which, in the
eyes of the North American public, may have been thought
to be all ‘jungle’ (the Jos Plain is not rain forest) probably
also contributed to the amplification of risk.

Serologic tests demonstrate that exposure to Lassa
virus is common in West Africa. For example, in parts of
Nigeria, seroprevalence is positive in 21% of those tested;
in Sierra Leone, the figure varies from 8–52% depending
on the region (Richmond and Baglole, 2003). It is now
known that humans are dead-end hosts, and that the rat
species Mastomys natalensi is the natural host. These rats
are extremely common throughout sub-Saharan Africa.
People become infected by inhaling aerosols from rat
excreta, and risk is increased by eating them, which is a
very common practice in West Africa.

Modern modes of travel have allowed infected indivi-
duals who are either symptomatic or asymptomatic at
time of entry to travel to other continents, where they
require treatment for Lassa fever. These cases have not
been numerous, but cases have appeared in the United
States and Japan, as well as in several European countries.
This has caught some clinicians unprepared, since they
were not trained in tropical medicine and were unaware
of how to diagnose or manage a viral hemorrhagic fever.

The prevalence rate of Lassa fever is much higher than
was initially thought. In one series, Lassa fever accounted
for 30% of adult deaths in Sierra Leone, and as many as
16% of hospital admissions (Richmond and Baglole,
2003). Following the outbreak in 1969, it took some time
to investigate adequate treatment protocols, but now,
aggressive fluid replacement and the use of antivirals –
particularly ribavarin – are the treatments of choice.

Ebola hemorrhagic fever and closely related Marburg
virus are both single-stranded RNA viruses, as are other
viruses that cause hemorrhagic fevers. Ebola and Marburg
are Filoviruses; Ebola virus is actually a genus and there
are four species. It was first described in the Sudan in
1976, and estimates are that mortality from this virus
has now exceeded 1000 people. The case fatality ratio
exceeds 50%, and may be as high as 90% in some cases.
Transmission is different than Lassa fever. It is usually
through direct contact with blood and bodily secretions
from individuals who are ill with Ebola fever, or from
nonhuman primates who are also infected. Evidence
points to bats as the natural reservoir of Ebola virus, but
this is not certain. In several studies, however, bats have
been shown to be infected by the virus (Leroy et al., 2005).
This is highly suggestive, but it is not conclusive proof.

Like so many other viral hemorrhagic fevers, the
symptomatology of Ebola is very nonspecific and typical
of viral syndromes in general. The clinician needs to have
a high index of suspicion. At this point, the only certain
treatment is supportive, and from a public health point
of view, quarantine is of the utmost importance, since
Ebola fever is so contagious. This was well-documented
by the news media in the outbreak in Kikwit, Demo-
cratic Republic of the Congo (DRC, then Zaire) in 1995.
This was so well-documented that once again it led to
exaggerated perceptions of risk, with overtones of the
‘exotic disease’ from sub-Saharan Africa and its possible
spread to the United States.

Recent advances in understanding the pathogenesis
of Ebola and the role of proinflammatory cytokines has
led to the use of some recombinant products that block
the progression of the inflammatory cascade to DIC in
some animal models. Nonetheless, this approach has not
been used in humans as of 2007.

There are three notable points that need to be men-
tioned concerning Ebola. First is that it appears to be
increasing in prevalence in Africa. This may be because
detection is better and the disease has been better
described, both epidemiologically and pathophysiolo-
gically. Second is that there is significant concern that
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Ebola virus could be used as a biological weapon. It has
thus been placed on the highest level (Category A) of
potential biological weapons by the CDC. Finally, Ebola,
more than any other emerging infectious disease, typifies
in the mind of the public the sort of dangerous, threaten-
ing disease risk that is associated with tropical areas,
the ‘jungle,’ and the threats that are associated with a
more interconnected world.
Bovine Spongiform Encephalopathy

Bovine spongiform encephalopathy (BSE), or ‘mad cow
disease’ in nontechnical terms, is another infectious dis-
ease that focused public awareness on emerging infec-
tions. The pathogen in this case was unusual not only
in the sense that it had not been described elsewhere,
but also because the whole class of pathogens – prions –
have been very rare. Like another neurologic disease,
kuru, BSE turned out to be due to a prion. Essentially,
prions are very simple since they are just unusually
folded and self-replicating proteins. They cannot even
be described as organisms. The source of the prion is
not known, although many speculate that it is somehow
derived from sheep infected with scrapie.

In 1986, an unusual disease seemed to be affecting
cattle in the United Kingdom, and by the end of the
year, over 175 000 cattle had died because of spongiform
encephalopathy. Since it was apparent that the disease
was contagious, over 4 million cattle were intentionally
slaughtered to limit contagion and ensuing effects on the
cattle industry.

By the mid-1990s, there was a clear epidemiologic
association between BSE and a variant of a neurodegen-
erative disease in humans that had been described in the
middle of the 20th century: Creutzfeldt-Jakob disease
(CJD). However, there were some notable differences
between CJD and the disease that was affecting humans
in the 1990s. The median age of this new syndrome was
much younger than in classical CJD; the median duration
of survival from onset of symptoms was longer than in
classical CJD; and pathological differences and differences
on MRI were apparent with this new variant. Accordingly,
the CJD associated with BSE first was named ‘new variant
Creutzfeldt-Jakob disease’ or ‘nvCJD;’ as time progressed,
nvCJD was renamed ‘variant CJD’ or ‘vCJD.’

Although there were very few cases of vCJD in the UK
human population, the threat of this disease was great
according to public perception. According to the World
Health Organization (WHO), as of November 2002, there
had been 129 cases of vCJD in the United Kingdom, six
in France, and one each in several other countries (WHO,
2002). Nearly all of those with vCJD died or would die
within 3 years.

Because of the realistic fear of contagion, several steps
have been taken to limit the spread of vCJD. Feeding
practices for cattle have changed so that it is no longer
legal to feed animal protein that might contain any tissues
proximal to the central nervous system to other cattle. In
the United Kingdom, there was a ban on cattle over
30months old from entering the commercial food supply.
In the United States, individuals who have lived in the
United Kingdom or who have spent more than 6months
in the United Kingdom are banned from being blood
donors on the assumption that they might have consumed
infected beef during their stay(s) in the United Kingdom.
A ban was instituted on importing cattle and cattle feed
from the United Kingdom, and, occasionally, from Canada,
in an attempt to prevent BSE from spreading to the United
States (Kuzma and Ahl, 2006). While the number of inci-
dent cases of vCJD and BSE have decreased in a typical
epidemic curve pattern, the effects of the BSE ‘scare’ have
been tremendous. The very credibility of the UK govern-
ment was threatened. The whole cattle and meat industries
were severely hurt. On the other hand, surveillance tech-
niques and understanding of cattle food chains were vastly
improved.
SARS

Severe acute respiratory syndrome (SARS) proved to be
of great import in both the public awareness of emerging
infectious diseases and in the testing and real-time
construction of both domestic and international sys-
tems of public health surveillance and response. It was
particularly important in terms of public awareness
because it spread very rapidly on the international and
intercontinental scales.

SARS apparently began as a few cases of a viral pneu-
monia in Guangdong province in southeastern China in
late 1992. However, this was not immediately apparent to
the global public health communities because it was not
publicized by the Chinese government. What catapulted
SARS to international attention in the media and in the
public health community was the appearance and rapid
increase of incident cases in Guangdong in February 2003
(Zhao, 2007).

SARS spread rapidly to Hong Kong, where contact
tracing eventually identified one night in a specific hotel
where the index case stayed as being the epidemic focus.
The index case infected at least 16 others who were in the
hotel at one time or another during that night.

SARS spread from Hong Kong to other areas of Hong
Kong and to Singapore, Vietnam, and Canada (Toronto,
Ontario). The spread of all these cases has been traced
to airplane travel, followed by localized spread by an
index case.

A case definition was developed based upon clinical
presentation, which typically consisted of fever, initially,
followed by lower respiratory signs and symptoms, some-
times resulting in acute respiratory distress syndrome
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and respiratory distress typical of acute lung injury as a
response to the inflammatory cascade.

Just over 8000 cases were identified worldwide, and 774
died, for a case fatality ratio just<10%. A disproportionate
degree of contagion occurred in intensive care units
and areas of hospitals in which hospital personnel were
exposed to respiratory excretions; close proximity – within
1m – to an infected patient who was undergo-
ing endotracheal intubation was the single greatest risk
factor for contracting SARS.

Local measures to control the spread of SARS con-
sisted largely of quarantine and containment. In China,
for example, separate quarters for SARS patients were
constructed very rapidly. In Singapore, arriving and
departing passengers were required to pass through auto-
mated temperature detectors, and anybody with a fever
was required to undergo further medical evaluation. The
same was true at most points of entry in most developed
countries. Since most cases were contracted in hospitals
and health facilities, rigorous contact control procedures
were instituted, and in some cases, hospitals were closed
to visitors and new admissions.

The identification of the pathogen causing SARS
constitutes a textbook example of how international coop-
eration in science and public health may occur when the
willpower is there and the scientific capability exists.
By mid-March 2003, many leading laboratories with
advanced virologic capabilities had agreed to cooperate
in a network that was coordinated by the World Health
Organization. Within 2weeks, a pathogen was identified
as a novel coronavirus, using a combination of methods:
molecular polymerase chain reaction, culture, and elec-
tron microscopy, and shortly thereafter, the criteria of
Koch’s postulates were met. Thus, the evidence was
quite clear that the new coronavirus was the pathogen.
The virus was named the SARS coronavirus, or, almost
always, SARS coV.

The ecology of SARS was not understood as quickly
as the pathogen was identified. Some features were iden-
tified within a number of months. First was the phenome-
non of superspreaders, which is a concept that previously
had received scant attention. In this case, it became appar-
ent that a small number of individuals spread SARS
to a disproportionately large number of people. It is
not clear whether this is because of behavioral factors,
host–pathogen interaction, or environmental factors.What
is fairly clear is that were it not for superspreaders, the
epidemic would not have affected nearly as many people
as it did. This is because the R0, or number of people who
one individual could infect, was inflated by supersprea-
ders. Thus there was a domino effect of contagion.

In 2007, bats were identified as the reservoir of SARS
coV. There had previously been some speculation about
bats being the reservoir, but there was no solid evidence,
and the reservoir had been a mystery. Some had suggested
that proximity of people to avian species could possibly be
a factor in the pathogenesis of SARS, because of the
importance of this process in avian influenza. However,
this turned out not to be the case with SARS.

SARS is a prototype of an emerging infectious disease
(Berger et al., 2004). There is no evidence that SARS coV
existed in the human population prior to the outbreak of
late 2002–03. The specific syndrome surprised the public
health and medical communities, yet its general features
did not, and the emergence of new diseases had been a
familiar concept since the U.S. Institute of Medicine
report of 2002. At the same time, the rapidity of the
appearance of SARS and its very rapid spread at every
scale fueled public apprehension, and even hysteria in
some cases.
Avian Influenza

Evidence exists that history has been punctuated by rela-
tively regular influenza epidemics and pandemics. The
rapidity of epidemic spread, leading to pandemics, is
largely determined by the velocity of the prevailing
transportation modes. Severe epidemics and pandemics
are caused by genetic shift, whereby the viral genome
expressing surface antigens (hemagglutinin and neur-
aminidase) undergoes relatively major change. Relatively
minor epidemics occur because of genetic shift, in which
the surface antigens undergo minimal yet detectable
changes in their configuration. Following genetic shift,
people have minimal immunity to the virus, and are
susceptible.

In one sense, each year influenza constitutes an emerg-
ing infection, because the precise genome of the influenza
viruses and the surface antigens undergo change. Simi-
larly, whenever a pandemic occurs, influenza represents a
more significant emerging infection. On the other hand,
influenza represents a disease entity that is not new to the
population. Thus, it is a matter of semantics whether to
consider influenza to be an emerging infection.

Avian influenza may constitute the next serious pan-
demic threat. It has been known for decades that genetic
reassortment occurs in southeastern China because of
the proximity of humans, avian species, and swine. An
unusual number of influenza epidemics appear to arise
there. However, the concern over avian influenza arises
from a slightly different situation.

It has been known for some time that no less than 24
influenza subtypes – different configurations of surface
antigens – can infect aquatic bird species. It has been well-
established that several of these subtypes can infect
humans, although recent experience suggests that all sub-
types that circulate in avian species may have the poten-
tial to infect humans. This is one of the reasons that has
given rise to concern over the possibility of an avian
influenza pandemic. This theoretical concern moved
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closer to reality in Hong Kong in 1997, when one influ-
enza strain (H5N1) was transmitted directly from poultry
to humans. This took place in ‘wet markets’ – markets in
which live poultry are densely packed, and where people
co-mingle with their intended purchases. The transmis-
sion in 1997 appears to have been limited: Only 18 cases
were confirmed. However, the case fatality ratio was high.
Six of the 18 people died.

Transmission also occurred with another strain –
H9N1 – in 1999, and in 2001 and 2002 there was wide-
spread transmission and mortality among chickens in
Hong Kong. Because of a concern over possible transmis-
sion to humans, and because of the devastating economic
potential in the poultry industry, containment of this
epidemic in poultry was partly obtained by the slaughter
of millions of chickens and other poultry.

Avian influenza viruses have shown some propensity,
since 1997, for transmission to humans. So far, human
cases of influenza that have been identified as avian strains
have been limited to approximately 200, and these have
all been in Asia. Human-to-human transmission has been
implicated in only a few cases. If this is the case, what is
the concern over avian influenza?

Because of the tendency for influenza viruses to
mutate, many virologists and epidemiologists predict
that there is a high likelihood that a mutation could
occur that would facilitate human-to-human transmission
of H5N1 and other avian subtypes that have been trans-
mitted to humans. If this occurs, then there is little doubt
that this strain would spread rapidly among the human
population, and would spread locally, nationally, and
between continents in a manner similar to SARS. Other
epidemiologists and virologists are more circumspect in
their predictions, and argue that the probability of a
mutation that would increase the propensity of avian
influenza to spread from human to human is unknown.
A minority of authorities argue that the probability is
low. Thus, in assessing the overall threat of avian influ-
enza, the crucial question is whether the virus will spread
readily from human to human. At this point (mid-2007), it
is unknown whether this will occur. However, it is prudent
public health policy to bolster surveillance systems, and
governments are stockpiling neuraminidase inhibitors,
which are medications that can moderate the course of
influenza if taken early in the course of clinical disease,
or sometimes prevent the onset of symptoms if taken
prophylactically. Similarly, there has been great emphasis
on vaccine development and stockpiling.
Attempts to Understand Emerging
Infections

In response to growing public concern over emerging
infectious diseases, both domestically and internationally,
as well as to both interest and concern in the medical
and public health communities, a major conference on
emerging viruses was held at Rockefeller University in
1989. The conference was cosponsored by several gov-
ernment agencies. The conference participants reached
many conclusions, but two of them were that emerging
infections had become a major focus for scientific
research and that emerging infectious diseases had
become and would remain a major public health chal-
lenge for the United States. Accordingly, the Institute of
Medicine of the National Research Council of the
United States took a proactive role and sought funding
for a major study of emerging infections. The study was
funded by a number of government units, and in early
1991, a high-powered committee met in Washington for
the first time to:

identify significant emergent infectious diseases, deter-

mine what might be done to deal with them, and recom-

mend how similar future threats might be confronted

to lessen their impact on public health. (Institute of

Medicine, 1992: vi)

The committee issued a report in 1992 that quickly
became a standard scientific and policy reference on
emerging infectious disease. Emerging Infections: Microbial

Threats to Health was the first major comprehensive dis-
cussion of how emerging infections arise, and how they
might be addressed by the public health community. The
committee also identified the six ‘factors’ or causes of
emergence.

Briefly, the factors that this committee identified were
the following: human demographics and behavior; tech-
nology and industry; economic development and land use;
international travel and commerce; microbial adaptation
and change; and the breakdown of public health measures.
It is notable that five of these six factors are social factors
that are consequences of changes in society. Even micro-
bial adaptation and change, such as the development of
antimicrobial resistance as a response to selective pres-
sure, has a large behavioral dimension. This is partly a
response to a technical innovation – the development
of antimicrobials – and partly a response to a behavior –
the prescribing of those antimicrobials. Of course, one
dimension of this factor is the nonselective and improper
prescribing of antimicrobials. This has several dimensions:
The prescription of antibiotics when none are needed, the
prescription of broad-spectrum antibiotics when narrow-
spectrum antibiotics are sufficient, the free availability
of antibiotics in many developing countries on the street
and in pharmacies where no prescription is needed, and
the free use of late-generation antibiotics in the food
industry to promote the growth of cattle, chickens, and
other animals intended for human consumption. So, in
fact, all of the six factors of emergence are social and
behavioral in nature.
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Social Causes of Emerging Infectious Diseases

It is ironic that despite the fact that both Institute of
Medicine reports concluded that the major causes of
emergence have been social, there have been very few
social analyses of emerging infections. For example,
Emerging Infectious Diseases, a new journal founded in
1995 in response to the growing importance of emerg-
ing infections, has an explicit aim of including a social
understanding of emerging infections in its contents,
yet there have been very few articles written by social
scientists in this journal, and very few articles with any
social content have been published. The main point
is that the overwhelming understanding of emerging
infections has been ‘biomedical.’ This is not a criticism
of either the journal or of any field in public health or
medicine. In large part, this is the result of the sociology
of knowledge and science. For whatever reason, few
social scientists have become involved in research on
emerging infections, whereas the same cannot be said
about chronic diseases.

Some researchers have asked the question of why
emerging infectious diseases are emerging now and in
the societies where they are emerging, and have sought a
more contextual understanding of emerging infections.
David Bradley asks a very penetrating question:

[A]ttaching a microbiological label to an outbreak. . .does

not answer either the micro-scale questions such as ‘‘why

is there an outbreak here, now, of this size, affecting these

people?’’ nor does it answer the macro-questions such as

‘‘why are there more (or fewer) outbreaks this decade

than last?’’ Nor does it answer the question ‘‘what drives

the overall worldwide trends in such problems?’’ (Bradley,

1998: 1)

For example, a number of individuals have argued that
emerging infections may represent another stage in the
epidemiologic transition.

Our understanding of emerging infections has not
been totally devoid of social analysis. Inequality and pov-
erty have become a major focus for the social analysis
of health and disease. The argument is that through a
complicated series of pathways that are yet to be fully
understood, both poverty and inequality result in poor
health status. This has not been applied extensively to
emerging infectious diseases, although Paul Farmer’s
(1999) insightful work has been applied to emerging
infections. In his critical analysis of emerging infection,
Farmer asks, ‘‘Emerging for whom?’’ In other words, the
diseases that Westerners might label as emerging may
have been present or endemic in poorer societies for a
long time:

If certain populations have long been afflicted by these

disorders, why are the diseases considered ‘‘new’’ or

‘‘emerging’’? Is it simply because they have come to
afflict more visible – read more ‘‘valuable’’ persons?

This would seem to be an obvious question from the

perspective of the Haitian or African poor. (Farmer,

1999: 39)

In other words, Farmer argues, the concept of emerging
infectious diseases is one of epistemology – the theory
of knowledge. How do emerging diseases come to be
categorized as ‘emerging’? By implication, many of these
diseases have been present in poorer societies for a
long time.

The evidence affirms this. HIV was probably present
in small foci in Central Africa for decades to centuries;
Ebola was similarly endemic in West Africa for an
unknown period, as was Lassa fever. What is novel about
the past few decades is greater interconnection between
places, allowing diseases, and news of diseases, to spread;
better methods of detection; and changing settlement
geographies that have brought people into different
forms of contact with animal reservoirs. The root cause
of the infectious disease emergence is human action, both
intentional and unintentional. Most of this action is the
result of cumulative individual acts on a mass scale. For
example, the mass urbanization of society in poorer
countries is the sum of millions of individuals who move
from rural to urban areas. This is largely the result of
the perceived economic opportunities in urban areas,
and the ‘push’ factor of lack of opportunity in rural
areas. Yet, taken together, millions of individual moves
result in urbanization, and this urbanization facilitates
the spread of diseases by the respiratory route, the
fecal–oral route, and many other modes of transmission.
Policy in IOM Report

The Institute of Medicine Committee also developed a
set of policy recommendations. These concentrated in
two areas: the need for vastly increased resources for
interdisciplinary training in infectious diseases because
of the depleted workforce resources in this area; and
the need to develop new surveillance and public health
response systems, since the committee had determined
that emerging infections did, indeed, constitute a major
public health threat to the United States.

This report was issued with a great deal of publicity.
The U.S. public’s attention was already focused on emerg-
ing infectious diseases as a result of legionnaires disease,
viral hemorrhagic fevers, and toxic shock syndrome. Now
there was a major quasi-governmental report by a group
of the nation’s leading scientists who issued the sobering
conclusion that:

even with unlimited funds, no guarantee can be offered

that an emerging microbe will not spread disease and

cause devastation. (Institute of Medicine, 1992: 169)
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Predictions Realized

Part of the Institute’s report identified specific microbes
and diseases that could possibly threaten public health in
the future. Three of these were E. coli 0157:H7, cryptospo-
ridiosis, and hantavirus. The report was prescient, because
within a few years there were serious outbreaks of all
of these. In 1993, which was the year after the IOM
report was issued, there was a major outbreak of cryp-
tosporidiosis on the south side of Milwaukee, Wisconsin.
It caused diarrhea, ranging from mild to severe, in over
400 000 people. Cryptosporidium parvum is a protozoan
parasite; evidence in animal models is that ingestion
of even one oocyst can result in severe gastrointestinal
symptoms. In humans, as few as 12 oocysts can produce
these effects (King and Monis, 2007). It is impervious to
usual methods of water treatment, and only recently has
an effective medication become available. The Milwaukee
outbreak was probably due to groundwater absorption of
cattle feces, subsequent runoff due to both heavy rains
and snow melting, transport of the oocysts to river tribu-
taries, and movement of the oocysts into Lake Michigan,
which serves as the water supply for the south side
of Milwaukee. The filtration plant for that water was
ineffective in eliminating the oocysts. Many of these
events are putative, but together they constitute a logical
chain. Meanwhile, research is still proceeding on the
ecology of cryptosporidiosis. Understanding is progres-
sing, but it is still incomplete.

E. coli 0157:H7 was also mentioned in the IOM report
as being an emerging disease. In January 1993, the
Washington State Department of Health ascertained that
an outbreak of 0157:H7 was occurring in the state,
and this outbreak was associated with having eaten at
Jack in the Box fast-food restaurants. Subsequently, it
became apparent that the epidemic was not limited to
Washington, but also included Idaho and Nevada.

The epidemiologic investigation of this outbreak was
intricate, and implicated a chain of events. First, because
meat inspection in the United States was inadequate,
one theory is that E. coli 0157:H7 from the bowels of
cattle had gotten into meat that was sent to market
when cattle were slaughtered, and the bowel was probably
nicked or severed. Another is that under stress, cattle
defecate over one another, and fecal matter from one
cow can contaminate the hides of other cattle. Second,
when this meat was ground into hamburger, it increased
the surface area of the meat by several orders of mag-
nitude, thereby allowing the pathogen a great deal of
exposure. Third, once this hamburger meat was shipped
to Jack in the Box restaurants, it appears that hamburgers
were being systematically undercooked, below industry
standards. This allowed the E. coli to survive and enter
the hosts’ systems. The consequences of such infection
can be severe, and were in 1993, with those who were
symptomatic frequently suffering from bloody diarrhea,
fever, cramps, and, in the worst case, hemolytic uremic
syndrome. The pathogenesis of this disease was only
partially understood in 1993, but understanding is more
complete in 2007.

The third disease that was mentioned in the IOM
report that occurred shortly after its publication was
hantavirus. In May 1993, in the Four Corners area of
Arizona, New Mexico, California, and Utah, several
males who were otherwise in good health developed a
sudden serious respiratory disease that was thought to be
a rapidly progressing acute respiratory distress syndrome,
since this was the immediate cause of death. However,
it was noted that these cases had formed a cluster, and
investigators tried to find some sort of common source to
explain a possible environmental exposure to explain this
serious and sometimes fatal syndrome. Though hantavi-
rus had never been described in the United States, sero-
logic tests in patients showed a surprising seropositivity
to hantavirus. It was apparent that this was the pathogen
that had caused the dozen deaths associated with the
outbreak. The chain of events that led up to the outbreak
is now fairly clear. Winter 1993 was unusually warm in the
Four Corners area as a result of El Nino, and the spring
was also unusually rainy. These two conditions led to the
rapid and plentiful growth of pinon trees, which provided
food for a number of rodents. There is consensus that the
deer mouse (Peromyscus maniculatus) population increased
by an order of magnitude. Testing demonstrated that
about 30% of the mice that were trapped after this epi-
demic were infected with hantavirus, and studies demon-
strate that households from which infected individuals
came were far more likely to have heavy rodent infesta-
tions than were households of controls. More rigorous
studies eventually showed that transmission occurred
from rats to humans, and that many of the cases, in this
instance, were associated with crawling under houses and
other places in which rodent exposure was likely to occur.
Emerging Infections Reconsidered: Second
IOM Report

By 2000, many of the predictions of the first Institute of
Medicine report (1992) had been realized, and under-
standing of emerging infectious diseases had improved.
There was greater focus on globalization as a process of
disease spread, and the attacks on theWorld Trade Center
and Pentagon on September 11, 2001 focused attention
on terrorism. A new Institute of Medicine committee was
formed to consider the nature of microbial threats and
emerging diseases, and the report of this committee was
issued in 2003 (Institute of Medicine, 2003). This report
represented a rethinking of the factors of emergence, and
presented a more nuanced understanding of the causes of
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emerging diseases, most of which were still social at one
level or another. Bioterrorism (‘intent to harm’) was spe-
cifically mentioned as a factor of emergence, as was lack of
political will. Policy recommendations for surveillance,
response, and training were more detailed than in the
1992 report, and there was a more urgent tone to the
need to respond to emerging threats.

In this report, the emphasis on biological and social
interaction was strong:

Genetic and biological factors allowmicrobes to adapt and

change, and can make humans more or less susceptible to

infections. Changes in the physical environment can im-

pact on the ecology of vectors and animal reservoirs, the

transmissibility of microbes, and the activities of humans

that expose them to certain threats. Human behavior,

both individual and collective, is perhaps the most com-

plex factor in the emergence of disease. Emergence is

especially complicated by social, political, and economic

factors. . .which ensure that infectious diseases will con-

tinue to plague us. (Institute of Medicine, 2003: 2)
Antimicrobial Resistance

Increasing resistance to antibacterials, antivirals, and
other antimicrobials is frequently grouped under the
heading of ‘emerging infections.’ Resistance is certainly a
constantly growing and very major public health pro-
blem, but this is of importance to emerging infections
only in the sense that diseases that were once highly
treatable with first- and second-generation antimicrobials
are no longer treatable by them. The selective pressures
exerted by antimicrobials have made numerous patho-
gens resistant to even the newest antimicrobials due to
mechanisms that are now understood. For example, many
respiratory pathogens are no longer treatable by b-lactam
antibiotics since their b-lactam rings are cleaved by
b-lactamases. There are fluoroquinolone-resistant strains
of Neisseria gonorrhoeae, resistant strains of Staphylococcus
aureus, and so on.

The problem is most severe in hospitals, where severe
infections once responsive to vancomycin are now resis-
tant to this glycopeptide. Several new antimicrobials have
been developed, in part to address vancomycin resistance,
but resistance to these medications developed within a
few years of their introduction.

Thus, antimicrobial resistance is both a community
problem and a hospital problem. There is great concern
over multiple drug-resistant tuberculosis, which is defi-
ned as tuberculosis that is resistant to two first-line medi-
cations, and extensively resistant tuberculosis, which has a
more complex definition specifying several medications.
There is not space in this article to explore antimicrobial
resistance in greater depth.
Summary

The relationship between people and pathogens has been
an integral part of history, and will continue to be.
The progress in the diagnosis, detection, and clinical
management of infectious diseases has been substantial.
Indeed, Fauci (2001) has gone so far as to argue that:

The successful diagnosis, prevention, and treatment of

a wide array of infectious diseases has altered the very

fabric of society, providing important social, economic,

and political benefits.

Nonetheless, infectious diseases, aggregated together,
constitute the second leading cause of death worldwide,
and in many regions, they account for the dominant cause.
Moreover, emerging diseases will continue to emerge,
because of constantly changing social and demographic
conditions, as well as selective pressures. The prototypical
emerging infectious disease, HIV/AIDS, has an uncertain
future in the long run. Perhaps a vaccine will be devel-
oped that will be inexpensive, and perhaps distribution
systems will be developed that will transport the vaccine
to points of demand. Perhaps antiretrovirals will become
extremely inexpensive, and perhaps the failure rate for
antimicrobials of 30% will be overcome. However, it is
unlikely under present conditions that all of these
improvements will occur. Thus, the future of HIV/AIDS
is more sobering.

The same is true of antimicrobial resistance. In an age
of optimismwhen antimicrobials were developed and used
successfully – perhaps the first 30 years of antimicrobial
use – concern over resistance was minimal. However,
the fact that organisms adapt to changing environmental
conditions and threats is something that has not been
realized only recently. The inevitability of adaptation
is undeniable, and the only way to meet the challenges
of resistance is through a combination of appropriate anti-
microbial use (including the use of narrow-spectrum
antibiotics as soon as possible in the clinical course of
an individual) and the development of new antimicrobials,
as well as new understanding in the physiology and gen-
etics of microorganisms, which might lead to the devel-
opment of new technologies in addressing the pathogenic
basis of disease.
See also: AIDS, Epidemiology and Surveillance; Antimi-

crobial Resistance; Severe Acute Respiratory Syndrome

(SARS); Transmissible Spongiform Encephalopathies;

Tuberculosis: Overview; West Nile Disease.
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Glossary
Acromegaly A condition produced by

overproduction of growth hormone, leading to

excessive growth of the hands, feet, and jaw in

postpubertal individuals and giantism in prepubertal

children.

Adrenal glands Two endocrine organs situated

above the kidneys that make a series of

hormones: cortisol (stress hormone), aldosterone

(salt-retaining hormone), and catecholamines (stress

hormones).

Autoimmunity A situation in which part of the body,

often an endocrine organ, is recognized as ‘foreign,’

triggering an immune response that tends to lead to

destruction of the endocrine gland.
Cushing syndrome Excessive production of cortisol

with loss of the normal circadian variation leading to

weight gain, hypertension, and type 2 diabetes

mellitus.

G protein Proteins within the cell that transfer the

hormone message from the receptor to specific parts

of the cell.

Graves disease A combination of thyroid

overactivity due to an autoimmune disorder and eye

problems.

Hypothalamus Part of the brain containing control

centers for appetite, thirst, and pituitary hormone

secretion.

Pituitary Major regulator of hormone production.

Secretion of hormones regulated by the

hypothalamus.
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Thyroid gland An endocrine gland situated in the

neck that makes thyroxine (important regulator of

energy balance).
Introduction

Specialized tissues function in an integrated manner as
components of an intact organism, which is made possible
in large part by three systems of extracellular communica-
tion: the nervous system, the endocrine system, and the
immune system. Endocrinology concerns itself with the
action of hormones and the organs inwhich these hormones
are formed. Its boundaries include study of the anatomy and
physiological function of the major endocrine organs, the
secretory products of these organs, the mechanisms of hor-
mone action, and the clinical manifestations of hormone
dysfunction.

Despite these sharp distinctions, it is increasingly clear
that there is overlap between these three systems. The
nervous system liberates chemical agents that can act as
local mediators or true circulating hormones such as the
secretory products of the adrenal medulla, epinephrine
(adrenaline) and norepinephrine (noradrenaline), which
have hormonal actions. At the level of the hypothalamus,
there is an intimate link between the nervous and endo-
crine systems that serves to integrate the two into one
functional control unit. The traditional definition of
endocrinology has become more blurred recently by the
recognition that circulating hormones can also have local
effects in the cells in which they are synthesized or in
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Figure 1 Four key functions of the endocrine system (shown as so
dashed lines).
adjacent cells after local diffusion. Likewise, the immune
system, long considered to function autonomously, is now
recognized as a regulated system subject to endocrine and
neural control. In turn, it exerts a reciprocal controlling
effect on neuroendocrine systems.

There are some unifying principles with respect to the
endocrine system. The first is that the synthesis of the
hormones is controlled by similar types of regulatory
mechanisms, namely feedback control loops, in which
concentrations of hormones signal the need for more or
less production. This feedback loop system is tightly
regulated to maintain the circulating concentration of
the hormone of interest within very tight margins. Any
opening of this loop such as might occur in pathological
situations is likely to result in a state of chaotic signaling.
The second point, which derives from the first, is that the
function of any endocrine therapy is to close the loop in
as physiological a manner as is possible. Finally, the
secretion of many hormones takes place in a pulsatile
manner and the concept of a steady state of hormone
secretion is not realized in many of the systems. This
pulsatile secretion of hormones is important in terms of
message delivery and receptor function and requires care-
ful consideration when considering disease states and the
methodologies used to test functionality of the system.
Function of Hormones

Hormonal function involves four broad domains: reproduc-
tion, growth and development, maintenance of the inter-
nal environment, and production, utililization, and storage
of energy. Figure 1 also depicts interaction with the
immune, nervous, and cardiovascular systems, as well as
one
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the gastrointestinal tract. These interactions may overlap
with the main four key functions. For example, cortisol
produced by the adrenal cortex is important in determining
heart rate as well as raising blood glucose concentrations.
Reproduction

Hormones not only regulate gametogenesis but also con-
trol the dimorphic anatomical, functional, and behavioral
development of males and females that is essential for
sexual reproduction. Sexual reproduction requires a pre-
cise genetic programming for the synthesis of an appro-
priate enzyme complement in the ovary or testis that in
turn catalyzes the formation of the appropriate amount of
hormones at the critical stages of life.
Growth and Development

Endocrine control is fundamental for growth and devel-
opment and involves the interaction of hormones of all
classes, including peptides, steroids, catacholamines, and
thyroid hormone. Not only are hormones necessary for
normal growth and development but they are of equal
importance for the limitation of growth. For example, if
epiphyseal closure did not occur, skeletal growth would
continue for an indefinite period, as occurs in abnormal-
ities of the estrogen receptor.
Maintenance of the Internal Environment

Hormones are critical for the maintenance of the internal
environment necessary to maintain structure and func-
tion. They are involved in regulating and stabilizing body
fluids and salt–water balance. These homeostatic mechan-
isms not only operate on a minute-to-minute basis but
also make possible the adaptation to extreme environ-
mental change.
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Figure 2 Profile of blood glucose (lower trace) and plasma insulin (
90-min period of fasting. Note that blood glucose concentrations do n
Energy Production, Utilization, and Storage

The endocrine system is the preeminent mediator of
substrate flux and the conversion of food into energy
production or storage. In the anabolic state, excess fuel
is stored as glycogen and fat under the influence of insu-
lin. In the catabolic state, as in starvation or fasting,
glucagon and other counterregulatory hormones induce
glycogen breakdown and mobilize amino acids and free
fatty acids as substrates for gluconeogenesis.

The functionality of hormones does not simply relate to
the idea of one hormone for one particular job or function.
The effects of hormones are complex, as a single hormone
can have different effects in various tissues and in the same
tissue at different times of life. Similarly, some biological
processes are under the control of a single hormone while
others require complex interactions among several hor-
mones for the full biological effect to be realized.

An example of a hormone with multiple effects is
testosterone. While its predominant actions are involved
in the development of the male external genitalia in
embryogenesis, it also acts to develop the secondary sex-
ual characteristics of puberty. One of the most important
aspects of testosterone action is that it can be explained by
binding of the hormone or its more active metabolite,
dihydrotestosterone, to a single receptor. The diverse
effects of the hormone are due in large part not to differ-
ent mechanisms of action but rather to the fact that
different cells at different stages of development are pro-
grammed to respond to the hormone receptor complex in
different ways.

It is commonplace to thinkof hormones and their actions
in isolation, but virtually all complex processes under endo-
crine regulation are influenced by more than one hormone.
Plasma glucose concentrations aremaintainedwithin a very
narrow range in humans, but such regulation is not accom-
plished by a single hormone (Figure 2). Primary control is
e (min)

Plasma insulin (mU/L) 

Blood glucose (mmol/L) 

3 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88

upper trace) concentrations obtained at 1-min intervals over a
ot change, while there is constant oscillation of the insulin values.
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through the secretion of insulin, which modulates hepatic
glucose production and enhances glucose transport into
cells. The process for elevating blood glucose concentra-
tions, however, utilizes another hormone from the pancreas,
glucagon, which stimulates glucose production in the liver
by breakdown of stored glycogen. Because low blood glu-
cose or hypoglycemia is a greater risk to life than hypergly-
cemia, a backup set of glucose-raising hormones is released
as the plasma glucose concentration falls below about
3.5mmol/L (normal range for blood glucose concentrations
are 3.5–7.0mmol/L). These include the catecholamines
cortisol and growth hormone. Overall, about six hormones
play important roles in directly maintaining the plasma
glucose concentration.

The existence of such complex control mechanisms
has two major implications. First, there can be a remark-
able degree of fine-tuning, in that blood glucose concen-
trations can be maintained within normal limits under
nutritional conditions that vary in the extreme. Second,
complex control mechanisms for vital functions may pro-
vide safety insofar as alternative mechanisms can take
over should one hormone in the series fail. In the case of
the glucose–insulin axis, there is little redundancy, as
there are additional hormones to raise blood glucose
concentrations but only one (insulin) to reduce values,
hence loss of insulin leads immediately to disease –
diabetes mellitus.
Chemical Nature of Hormones

Hormones fall into two broad categories: those that
are peptides or amino acid derivatives and those that are
steroids, which are derivatives of cholesterol. Regardless
of their chemical structure, all hormones share several
characteristics. First, they are present in the circulation
in low concentrations. Second, they need direction to
their target organs because they are present in such low
concentration. This is the function of receptors either on
the cell surface or within the nucleus of the cell for these
hormones.

This targeting of hormones to their tissue of action is
extremely important in that it conserves the amount of
hormone that is required to be generated. In addition,
throughout the stages of the regulatory system, amplifica-
tion of the signal takes place, so that the end result of
hormone action might be to elevate the final hormone
produced in the final series by orders of magnitude
greater than that present in the initial start of the cascade.

The synthetic mechanisms that result in hormone for-
mation are not unique, and the peptide hormones are
synthesized by the same biochemical pathways as other
proteins. Catecholamines are synthesized from smaller
precursors. In the case of steroid hormones, the parent
molecule, cholesterol, is modified by several enzymatic
steps. The rate of release of hormone is determined ulti-
mately by the rate of synthesis. Most hormones and regu-
latory factors act by controlling their own rate of
synthesis, although there are exceptions. Most endocrine
organs store a limited quantity of hormone and most
secretion arises from de novo biosynthesis of the hormone.

Water-soluble hormones are transported in plasma and
require no specific transport mechanism. More insoluble
hormones require carrier mechanisms – transport pro-
teins. Transport proteins act as reservoirs, so that bound
hormone is in dynamic equilibrium with the small
amount of free hormone in the plasma. These transport
proteins are of two types: albumin and pre-albumin,
which are general transport molecules, and more specific
proteins such as thyroxine-binding globulin or sex
hormone-binding globulin, which have restricted binding
sites of high affinity for a specific hormone, such as
thyroxine in the case of thyroxine-binding globulin.

The general features of the transport proteins are that
they alter the clearance rates for hormones. The tighter
the binding of the hormone to the transport protein, the
slower the hormone will be cleared from the circulation.
Generally, the binding capacities are usually much higher
than the physiological concentration of the hormone. This
means that when hormones are overproduced or given in
pharmacological amounts for therapy, enormous quanti-
ties of even the most insoluble hormone can be delivered
to tissues. Because the rate of hormone production is
ultimately determined by the level of free hormone, syn-
thesis can be adjusted appropriately to compensate for
changes in the concentration of transport proteins.
Feedback System: Feedback and
Biorhythms

One of the characteristics of the endocrine system is the
feedback control of hormone production. This relation-
ship is the reason that simultaneous assessment of hor-
mone/effect is almost always required for assessment of
endocrine status – the plasma insulin concentration must
be interpreted in terms of the plasma glucose in a simul-
taneously drawn sample. The measurement of thyroid-
stimulating hormone concentrations may be interpretable
only in terms of the plasma thyroxine concentration.
Figure 3 illustrates this point, showing that there is
a gradual shift towards the left upper zone with severity
of illness. It also demonstrates a nomenclature of the
hierarchy of the cascade. In hypothyroidism, lack of thy-
roxine can result from a primary problem in the thyroid
gland itself, a secondary problem in the pituitary due to a
lack of thyroid-stimulating hormone production, or a
tertiary problem at the level of the hypothalamus due to
a lack of thyrotrophin-releasing hormone.
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Table 1 Types of endocrine pathology

1. Subnormal hormone production
2. Hormone excess

3. Production of abnormal hormones

4. Resistance to hormone action

5. Abnormal hormone transport and/or metabolism
6. Multiple hormone abnormalities

7. Associated factors involved in hormone production
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This feedback relationship also underpins most dyn-
amic tests of endocrine function (see section titled ‘Endo-
crine pathology’). The feedback system usually operates
in a negative manner, but there are instances, for example,
during the menstrual cycle, when positive feedback allows
the generation of the midcycle luteinizing hormone surge.
Many hormones are secreted in pulses or have specific
oscillatory activity. Oscillations have been described with
insulin, glucagon, growth hormone, and cortisol. The time
course over which these regular recurring cycles of hor-
mone secretion takes place is variable. Insulin has a dom-
inant cycle of one pulse every 13min, whereas growth
hormone pulses appear on average once every 3 h. In
addition, fuel substrates appear to have oscillatory char-
acteristics that superimpose upon the hormone’s inherent
rhythmicity. These oscillatory systems are usually ana-
lyzed using methodologies similar to those for the mathe-
matical analysis of simple and complex waveforms. Not
only might the analysis be complex but the inference as to
what is influencing the hormone concentration at any
particular point in time can become intricate. The whole
process is actually a complex adaptive system, which
means that it is not susceptible to a more linear approach
to analysis, and the interpretation of pathological events is
equally difficult because of the constraints of linear meth-
odologies in systems that by their nature are highly com-
plex and adaptive.
Endocrine Pathology

Endocrine disorders can be divided into seven broad cate-
gories (Table 1). There is considerable overlap among
these groups. For example, impaired hormone production
because of enzymatic deficiency can lead to increased
synthesis of another hormone, as in the overproduction
of adrenal androgens in patients with cortisol deficiency
secondary to a defect in the enzyme 21-hydroxylase in the
adrenal cortex. Hormone overproduction can accompany
clinical evidence of deficient hormone action in hormone-
resistant states. Finally, hormone overproduction, hor-
mone underproduction, and resistance to hormone action
may occur at different times in the course of disease in a
single individual, as is frequently seen with insulin in
patients with Type 2 non-insulin-dependent diabetes
and obesity. For the purposes of clarity, the seven individ-
ual categories are described below.
Subnormal Hormone Production

Diminished or absent hormone secretion can have several
causes and may relate to an absence or malformation of
the development of the endocrine organ. Congenital
abnormalities may reflect a defect in the embryogenesis
of the endocrine organ itself or the lack of some enzyme
essential for hormone synthesis, as in the various types of
congenital adrenal hyperplasia. Acquired conditions are
more common, in which a normal endocrine gland is
destroyed by a secondary process. This may be secondary
to infectious agents such as tuberculosis of the adrenal
glands or infarction of the pituitary gland postpartum.
From a public health standpoint, autoimmune disorders
such as Hashimoto thyroiditis, which destroys the thyroid
gland, is one of the more common examples in which
subnormal hormone production occurs in a large number
of individuals secondary to the autoimmune process trig-
gered by an as yet unknown factor(s).
Hormone Excess

Hormone overproduction is less well-understood than
hormone deficiency. Causes are diverse, and include
tumors that may be either benign or malignant affecting
an endocrine gland, as in Cushing syndrome, arising from
a carcinoma or adenoma of the adrenal cortex and pro-
ducing excess cortisol. A similar clinical picture can arise
as a result of a benign adenoma of the adrenocorticotroph
(ACTH)-producing cells of the pituitary gland (Cushing
disease). ACTH stimulates the adrenal cortex to produce
cortisol. Similarly, excess growth hormone production
from the pituitary gland leads to acromegaly. The under-
lying pathology in these situations is only just becoming
clear and relates to a monoclonal expansion of an abnor-
mal cell line.
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Stimulatory substance can be produced as part of an
autoimmune reaction. In Graves disease, in which there is
thyroid overactivity, autoantibodies are generated that
mimic the action of thyroid-stimulating hormone on the
thyroid gland, leading to, in effect, autonomous produc-
tion of thyroxine.

Our understanding of some of the causes of overproduc-
tion of hormones comes from the clinical cases resulting
from activating mutations of genes that code for either the
receptors themselves or the intracellular signaling pathways
associated with those receptors. In the testes, an activating
mutation of the luteinizing hormone receptor leads to pre-
cocious puberty due to unregulated overproduction of tes-
tosterone. In McCune-Albright syndrome, a mutation in
one of the intracellular signaling components (G protein)
leads to an inability to switch off the stimulated system
and thereby autonomous production of sex steroid. In this
latter condition, bone problems and skin pigmentation may
also result from the same genetic abnormality.
Production of Abnormal Hormones

Production of abnormal hormones is relatively unusual
compared to the pathological states involving the produc-
tion of too much or too little hormone. A single gene
mutation may alter both structure and function. There is
a mild form of diabetes mellitus produced by an abnormal
insulin molecule formed as a result of a single gene muta-
tion. The abnormal insulin does not bind well to the
insulin receptor, leading to problems in handling glucose.

The situation may be more complex. Certain abnorm-
alities in the growth hormone gene lead to the generation
of an abnormal growth hormone product. In this situation,
the normal regulation of growth hormone secretion is
maintained, but the molecule produced is of abnormal
shape and size. In fact, the abnormality of the molecule
does not allow for the growth hormone to be secreted
from the pituitary in a normal manner, so that from the
clinical and biochemical testing standpoint it looks as
though these individuals are absolutely growth hormone
deficient. This is true in the sense that they do not make
the normal 22-kDa form of growth hormone, but from a
theoretical standpoint it is not correct, as they make the
abnormal 17-kDa form in abundance. The 17-kDa form
accumulates in the cells of the pituitary, leading to cell
damage and the death, ultimately, of all pituitary cells.
The result is that, although growth hormone deficiency is
the primary problem, the toxic damage leads to cell death
of all the hormone-producing cells in the pituitary, lead-
ing to multiple pituitary hormone deficiencies.
Resistance to Hormone Action

Hormone resistance is defined as a defect in the capacity
of normal target tissues to respond to a hormone. The
condition was first described in 1942 and, since then,
resistance to the effect of many hormones has been
described. Resistance can be hereditary, as in androgen
resistance leading to manifestation of a female external
genital appearance in a person with a normal male geno-
type (46,XY).

The main feature of resistance is the presence of a
normal or elevated level of the hormone in the circulation
that arises because of the loss of regulatory feedback
control from the target tissue/hormone. As partial defects
can be compensated for by an increase in hormone con-
centration of little clinical consequence, hormone resis-
tance may go unrecognized. Hereditary resistance to
hormones that are essential for life, for example, cortisol,
are inevitably partial because severe or complete defect in
action of these hormones would probably be incompatible
with life.

Hormone resistance may be considered as taking place
at several levels: prereceptor, receptor, or postreceptor.
Prereceptor resistance is usually due to abnormal hor-
mones or to antibodies to the hormones. Abnormalities of
receptors themselves can be either hereditary or acquired.
Postreceptor hormone resistance is a category that is
becoming better understood and usually involves several
points in the postreceptor signaling mechanism. Examples
of these exist in a number of areas, such as STAT 5b in the
growth hormone signaling cascade and IRS1 in the insulin
signaling system.
Abnormalities of Hormone Transport or
Metabolism

Under ordinary circumstances, abnormalities of hor-
mone transport or metabolism do not result in endocrine
pathology. However, in situations where there is a
marked impairment in protein synthesis in the liver,
such as cirrhosis, major problems can result. Hormone
production is controlled by the concentration of free
hormone and consequently can be adjusted up or down
as required. Usually alterations in protein concentrations
lead to deviation of laboratory parameters from normal
but do not cause either hyper- or hypofunction. The
important point is to recognize that unusual hormonal
values do not necessarily imply functional or pathologi-
cal changes. However, it is important to realize that
under some circumstances such alterations in pro-
tein synthesis may cause pathology. For example,
administration of physiological replacement doses of
glucocorticoid to individuals with cirrhosis of the
liver may cause florid Cushing syndrome because free
hormone levels will be high in the face of a combination
of reduced protein binding and decreased steroid catab-
olism, as the liver is a major source of steroid
metabolism.
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Multiple Hormone Abnormalities

Multiple hormone abnormalities are now well documen-
ted and have several etiologies. The most serious are those
multiple problems associatedwith abnormalities in families
with multiple endocrine neoplasia syndrome. Several of
these syndromes have now been described and may involve
tumor development in glands such as the pituitary, para-
thyroids, pancreas, and adrenals. In these situations, the
clinical manifestations tend to be hyperfunction of the
glands in question.

The polyglandular endocrinopathies consist of three
subgroups in which autoimmune destruction of the endo-
crine organ is the most common component. In these
polyglandular autoimmune conditions, a constellation of
features involving the pancreas, parathyroid glands, adre-
nals, and thyroid may be manifest but with the clinical
features that arise representing undersecretion of hor-
mone. These multiple problems may manifest as single
entities in the first instance, which necessitates a careful
analysis of the family history and the need for constant
monitoring of the individual for the evolution of hor-
monal problems in the longer term.

A similar situation also pertains to medical interven-
tions used to manage conditions that initially do not have
an endocrine basis. Cranial irradiation is used in the man-
agement of brain tumors and in the past has been used to
prevent secondary relapse of acute lymphoblastic leuke-
mia in the central nervous system. The radiation doses
applied impacted upon hypothalamo-pituitary function.
High doses of radiation used to manage brain tumors
produced undersecretion of hormones from the anterior
pituitary with time. The most sensitive and the first lost
was growth hormone, followed by the sex hormones, lutei-
nizing hormone, and follicle-stimulating hormone, thyro-
trophin-stimulating hormone, and adrenocorticotrophic
hormone. In contrast, the lower doses of irradiation used
in the management of acute lymphoblastic leukemia
resulted in a milder degree of growth hormone loss but
often an early activation of the hypothalamo-pituitary-
gonadal axis, resulting in an early onset of puberty.
These observations point to the differential effect of radi-
ation on the endocrine axis and also serve to illustrate that
disease may manifest over a prolonged period of time,
necessitating long-term surveillance for the patients sur-
viving these interventions.
Associated Factors Involved in Hormone
Production

The biosynthesis of a number of hormones often requires
the presence of a number of substances to allow for full
biological efficacy of the hormone in question. These
factors may range from energy transfer through electron
transfer chains to the presence of dietary agents such as
iodine.

The production of the two biologically active thyroid
hormones, thyroxine and triiodothyronine, requires the
presence of iodine. Because iodine is rapidly excreted in
the urine, a regular daily intake of approximately 70 mg of
iodine in adults is required. Iodine can come only from
external sources, mostly food, but also water. It is not
widely distributed in nature and, as a result, many people
on just about every continent were at one stage iodine-
deficient. Figure 4 gives an indication of the extent of the
problem worldwide. Major attempts have been underta-
ken to increase the iodine dietary intake, but this is only
the first step in the management of iodine deficiency, as
this increase must be sustained. Traditional methods to
increase the iodine intake of the population has been to
fortify salt with iodine, but with trends toward lower
addition of salt to food products, paradoxically there has
been a decline in iodine intake in many countries that at
one stage were replete.

Severe iodine deficiency in the mother and fetus
results in pregnancy loss and irreversible mental retarda-
tion, neurological dysfunction, and growth retardation in
the fetus. Mild iodine deficiency results in learning dis-
ability, poor growth, and a mild enlargement of the thy-
roid gland (goiter) in school-age children. Overall, the
small risks of chronic iodine excess are outweighed by
the substantial hazards of iodine deficiency, which is still
widespread. From a public health standpoint, iodine
intake needs to be increased in many countries, not only
those with iodine deficiency but also in those whose
iodine intake is marginal.
Testing the Endocrine Axis

The principles of endocrine testing depend on the condi-
tion that is being evaluated. In general, different tests will
be required to dissect the underlying pathology. This may
be separated into two broad categories: first, tests to define
the actual biochemical problem, and, second, tests to
confirm the diagnosis and to explore likely etiology such
as genetic testing, or imaging of the organ in question.
General considerations that need to be given to endocrine
testing are portrayed in Table 2. Generally speaking,
where undersecretion of hormone is anticipated, stimula-
tory tests should be applied to define the degree of
impairment. Where hormone overproduction is expected,
tests to suppress the hormone production should be
employed. In situations where an abnormality in the syn-
thesis of the hormone is expected, the defect can often be
localized by measuring the concentration of hormones on
either side of the proposed block in synthesis. For exam-
ple, in congenital adrenal hyperplasia with a block at the
enzyme step 21-hydroxylase, the measurement of the
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Figure 4 Global impression of iodine sufficiency and deficiency. FromUtiger RD (2006) Iodine Nutrition – More is Better.New England
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Table 2 Underlying principles of assessing tests

1. Has there been an independent blind comparison with the

diagnostic ‘gold standard’?

2. Was the test conducted in a wide range of patients with and

without the condition?
3. Is the test reproducible?

4. What was the definition of normal in the test situation?

5. How might the test interact with others in a diagnostic

sequence?
6. Does the test entail risk or reduce risk for the patient?
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precursor 17a-hydroxyprogesterone and the end pro-
ducts 11-deoxycortisol or cortisol helps to define the
level of the block because the precursor concentration
will be very high and the end product very low. In the
assessment of hormone resistance, measurement of the
ligand and effect are required. In some instances this
may be relatively straightforward, for example, the mea-
surement of parathyroid hormone and calcium concen-
trations, whereas in others, such as the androgen receptor,
only measurement of the ligand is possible and has to be
correlated with the clinical appearance.
Principles of Testing

The aim of any diagnostic test is to progress the clinical
history and examination to the point where the care of the
patient is altered. Two points deserve special mention.
First, it is unusual in endocrinology for there to be a
diagnostic gold standard. The anterior pituitary is not
accessible, and diagnostic molecular biology is not suffi-
ciently advanced to give definitive answers. Second, care
needs to be taken in describing the role of the gold stan-
dard. It may change with time. The test must be well-
validated by application to large numbers of individuals
with and without the condition. A temptation is to use the
extremes, but this may lead to an overestimate of the
sensitivity and specificity of the test, which may not be
borne out in subsequent application in the ‘field.’ Two
principles operate when using diagnostic tests. First, prob-
ability is a useful marker of diagnostic uncertainty. This is
when the sensitivity (ability to detect a target disorder
when present, or true positive rate) and specificity (ability
to identify correctly the absence of the disorder, or true
negative rate) become important. If both were 85%, 15%
of patients with the disease would have a negative result
and 15% without disease would have a positive result.
Abnormal results would occur in patients with andwithout
disease. Whatever the result, new information has been
generated but may or may not influence decision making.
Second, diagnostic tests should be obtained only when
they can alter the management of the case, that is, if the
test result will alter the probability of the disease.

Careful dovetailing of the results with pretest prob-
abilities depicting the likelihood of disease presence prior
to testing is the method used in interpreting the results of
tests in endocrinology. Figure 5 depicts the relationship
between pre- and posttest probabilities of disease depend-
ing on the sensitivity and specificity of the test. There are
two important points to note. First is that testing is not



0
0 0.2 0.4 0.6 0.8 1

0.2

0.4

0.6

0.8

1.0

Pre test probability

P
os

t t
es

t p
ro

ba
bi

lit
y

Figure 5 The relation between pretest and posttest probability
of disease if the test were positive. Test sensitivity is depicted as

either 70% (solid line and squares) or 90% (dashed line and

triangles). If the posttest probability were the same as the pretest

probability, then the relation would be given by the line of identity
(dash-dot line and diamonds).

340 Endocrine Diseases: Overview
likely to be beneficial if the pretest probability is very
high or low. Second is that the test will have major effects
on the probability of disease when the pretest probability
of disease is finely balanced.

Multiple endocrine testing generates further problems.
The problem largely arises because of the oscillatory
variation noted previously. In normal individuals under-
going repeat endocrine tests, independence of the second
test from the first cannot be assumed. Where repeat tests
have been undertaken, concordance is often observed
50% of the time; a value close to that calculated for
independent events. Another important issue is whether
the test may change in individuals as they age. There is
evidence that the clonidine test for growth hormone
secretion is blunted with age.

Assessment of the secretion of many hormones is prob-
lematic, partly because of the pulsatile nature of hormone
secretion. Growth hormone secretion may vary with age,
sex of the individual, pubertal status, and nutritional back-
ground. Because the hormone secretion is pulsatile, it is
possible that between bursts of hormone secretion there is
no actual hormone to be detected in the circulation. Thus,
random samples may not discriminate between being
extremely low because of normal physiology or low because
of pathophysiology. Extracting detailed assessments of
secretion over long periods of time such as 12 or 24 h
might be viewed as a useful means of assessment of hormone
secretion, but is time-consuming and extremely expensive.

As a result of these difficulties, many endocrine tests
have been constructed that either stimulate or suppress
hormone production. A number of potential pitfalls
with these modes of assessment all need to be considered
in the light of statistical theory (see above). Stimulating
or suppressing testing by its nature uses agents that
may not truly mimic the regulators of the hormone secre-
tion in question. The definition of a normal response is
often arbitrary. Normal values are difficult enough to obtain
in adult practice, and especially so when applying data
to children. The problem is compounded by the fact that
there are multiple factors that might influence normal
responsivity such as age, gender, and body composition.

The classic approach of defining normality in terms of
a Gaussian distribution does not come without hazard.
Endocrine testing rarely fits this distribution and, even if
it did, to imply that the lowest and the highest 2.5% of the
distribution are abnormal and that all diseases have the
same frequency seems unlikely. Creating upper and lower
limits does not help, either. It is more appropriate to
identify a range of diagnostic test results beyond which
the disorder is likely to be present or not. Dependence of
the hormone on other factors needs to be taken into
account. In the growth hormone field, the influence of
sex steroids is paramount in terms of determining the
magnitude of the response of growth hormone to stimu-
lation testing. Thyroxine and cortisol directly alter gene
transcription in a number of hormonal systems, and the
presence or absence of these hormones may markedly
influence the results obtained.

The assay system used to measure the hormone may
measure a variety of immunoreactive molecular forms.
These hormone variants may not necessarily possess
equivalent hormonal actions. Furthermore, considerable
between-assay variability exists in the measurement of
many of the endocrine hormones, so that individual stan-
dards need to be established for each laboratory.

The presence of the hormone may also influence the
diagnostic test itself if the stimulus or suppressing agent
is influenced by oscillations within the system under study.
In the growth hormone axis, the growth hormone response
at any point in time is heavily dependent on the interplay
between the hypothalamic regulatory peptides involved
in growth hormone release, namely, growth hormone-
releasing hormone and somatostatin. As a result, in order
to interpret the impact of the maneuver to assess the
hormone status, consideration needs to be given to the
impact of these additional factors that may modulate
secretion. In a similar manner, endocrine systems are also
subject to feedback from target tissues; this is an issue not
only in the interpretation of single provocation tests but
also where second tests are performed in rapid succession
to the first. Again, in the growth hormone axis, a dimin-
ished response to growth hormone-releasing hormone can
be observedwhen the second stimulus is applied 1, 2, or 3 h
after the first. The implications of doing two tests on the
same day, often following each other, are immense because
the cutoff that might be implied to determine normality or
not may not be the same for the second test as for the first,
especially if the second stimulus is different from the first.

Finally, in assessing results of endocrine evaluations, it
is generally assumed that the single or multiple samples
measured are relatively stable, at least over short periods.
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Many studies have demonstrated variability within and
between individuals in the short term in terms of many
hormonal tests. Generally speaking, those hormones that
are associated with the presence of transport proteins are
more likely to be stable on a day-to-day basis than those
hormones that are water soluble. These observations add
an additional dimension to comparison studies obtained
under one series of circumstances to the set obtained
under another series of circumstances, particularly if
they are separated by long periods of time.

See also: Demography, Epidemiology and Public Health.
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Access to Energy

Health Benefits of Access

Access to artificial sources of energy is one of the great
boons of modern life, and improved health is among its
benefits. The general availability of plentiful energy in
the economically developed world makes possible a com-
fortable living environment and health-care facilities
that are taken for granted, even by those on a relatively
low income. This is a new situation that has arisen in recent
decades, unprecedented in human history, and is still con-
fined to the richer parts of the world, although increasingly
it has been spreading to at least the better-off urban popula-
tions in middle-income and even low-income societies.

It is difficult to know exactly what part of this energy-
intensive lifestyle impacts positively on health. This is
because life has been so transformed in such societies that
it would be difficult, and possiblymeaningless, to try to tease
out (let alone quantify) specific health impacts of the various
components. Themassive declines in infant mortality and in
infectious diseases during the early twentieth century
occurred at the same time that many of these changes were
taking place. The great public health interventions such
as clean water and sewage disposal would have been impos-
sible without an energy source, and health care requires
power for multiple functions, for example, in the operat-
ing theatre, for diagnostic investigations, and maintaining
the cold chain for transportation and storage of vaccines.
Hygiene is facilitated by warm water and refrigeration.
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Street lamps improve outdoor safety. But the broader influ-
ence of living conditions on health may well be just as
important, such as convenient cooking fuel, comfortable
indoor temperature, and lighting, for example, for children’s
homework (see Figure 1). Transport, too, contributes to a
high standard of living through access to livelihoods, social
networks, and services such as shops, and these are impor-
tant for health. Livelihoods themselves often depend on
employers having ready access to energy sources. But how
much of this is necessary? How many of the health benefits
could be attained at a far lower energy intensity? And is the
ease of obtaining energy sometimes detrimental to health?

Diminishing Benefit with Increased
Consumption

The beneficial impact of energy consumption on health is
subject to diminishing returns: In social conditions that
allow, people typically consume far more than is needed
from a health viewpoint, for example, having indoor win-
ter temperatures far higher than necessary (and for those
with air conditioning, summer temperatures that are
lower). Electricity is used for a range of things, some of
which add to the comfort and possibly the health benefits
of good living conditions, but many of which are frankly
wasteful. Insofar as this has been studied scientifically, it
shows up in the comparison of countries at different levels
of energy use in relation to health outcome measures such
as infant mortality and life expectancy: The relationship
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rises steeply at lower levels of energy use, but is virtually
flat once one reaches the nations of the currently devel-
oped world (see Figure 2). (However, evidence of this
kind is not conclusive, as the measure of energy use is
Figure 1 Mother and child, Kajiado: The benefits of electric light.

Photograph courtesy of Nigel Bruce/Practical Action.
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Figure 2 The cross-national relationship of infant mortality with ele
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highly correlated with development in general, so it may
not reflect energy per se.)

However, what does seem clear is that excessive use of
artificial energy can be harmful to health. The clearest
example is car dependence, long a feature of well-off
populations, and now rapidly spreading throughout the
world. Car users themselves tend to miss out on oppor-
tunities for physical activity of a routine kind, such as
walking to a bus stop, and the health impacts of low
activity are increasingly manifest in terms of obesity,
type II diabetes, and the rates of many chronic diseases
such as ischemic heart disease and several cancers. But
worse than this, at least from an ethical viewpoint, is the
health costs they impose on others:

. risk of injury or death on the road, which is a major global
epidemic now, with a strong social gradient in risk;

. air pollution, with local, transboundary, and global health
consequences (see the later discussion), and noise;
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. creating an environment that discourages activities
such as children playing outdoors and ‘active transport’
such as walking and cycling, and also leads to commu-
nity severance, at least in urban areas, and other places
if they have through traffic.
Fuel Poverty and Health

The health benefits of energy use are most clearly seen in
mirror image, among those populations that are excluded
from this affluent lifestyle – the majority of humankind.
One of the main disadvantages of poverty is lack of access
to energy, or access only at high financial and health
cost. Even in the developed world, fuel poverty is not
uncommon, in the sense of households spending more
than 10% of their income on energy. This is likely to
increase as fuel costs rise.

The situation is far worse for those on a medium or low
income in the developing world. Even in urban areas,
access to network electricity or other sources of clean
energy, such as off-grid electricity or a supply of natural
gas or liquefied petroleum gas, is limited by its expense,
even when it is physically available (not necessarily true,
for example in peri-urban slums). In rural areas, fuel
typically needs to be gathered, often from far away, and
the time cost can add significantly to the household bur-
den of toil and drudgery (see Figure 3); the task tends to
fall to women and girls and, as well as exposing them to
risk of attack, can be a factor in reducing female schooling,
which has a major health impact. In some regions fuel is
scarce, leading to a vicious cycle of deforestation/envi-
ronmental degradation and poverty. For the majority of
people in the world, therefore, the costs of obtaining fuel
are high and this carries a health burden.

The benefits of access to energy, or rather the lack
thereof, are also important to health. This is an area in
which public health research could produce findings that
Figure 3 Two women with wood, Nepal: Female drudgery.
Photograph courtesy of Nigel Bruce/Practical Action.
would lead to major improvements in public policy. In
practice, the available evidence merely points to this as an
important issue, but without disaggregation in the sense of
knowing which interventions produce the best outcomes
at lowest investment cost. We need to know the potential
health impacts of energy for clean water and sewage
disposal, for health care, for domestic electricity such as
refrigeration and indoor lighting, and for transport.
Energy can also be a limiting factor in the availability
and nature of livelihoods, the major determinant of living
standards, with some occupations such as mining that
use raw human labor being not only atrocious but also
outright dangerous.
Energy Production

Locally Produced Energy and Health

The production of energy itself carries health risks.
In rural areas particularly (other than in rich societies)
this is decentralized, so that the health impacts depend on
local, and even household-specific, factors such as the
type of fuel, the technology used to burn it, and the layout
of the house, as well as the proportion of time spent
indoors, especially in the most polluted area (normally
the kitchen) by the different household members
(see Figure 4). Approximately 2.4 billion people rely on
burning biomass fuels such as animal dung, crop wastes,
charcoal, or wood, and the method of burning is highly
inefficient and produces high levels of indoor air pollu-
tion (see Figure 5 for one alternative). The inefficiency
increases the cost of obtaining a sufficient level of heat for
cooking (and space heating if required), as the previous
section describes. The pollution increases the risk of
lower respiratory infections (pneumonia) among young
children, causing a large number of deaths, and also
increases chronic respiratory diseases in adults.
A further health risk encountered in such conditions is
the risk of fires.

In the developed world, and to a large extent in urban
areas much more widely, such risks are absent, as people
have access to cleaner fuels such as kerosene, bottled gas,
or piped gas. These also carry health risks at the place of
combustion, albeit far smaller ones, for example, nitrogen
dioxide from gas cooking, or carbon monoxide poisoning
from poorly maintained central heating boilers.
Large-Scale Energy Production Methods

Urban and prosperous populations tend to have energy
made easily available to them, both in the form of elec-
tricity and other domestic forms such as piped gas, and as
fuel for private transport. We need to consider their health
impacts at each stage of the life cycle.



Figure 4 Mother and baby in smoke, Gatlang: Potentially lethal

toxic exposure. Photograph courtesy of Nigel Bruce/Practical

Action.

Figure 5 Solar cooker, Kathmandu: A clean, renewable
alternative. Photograph courtesy of Nigel Bruce/Practical Action.
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Mining and extraction tend to be hazardous occupa-
tions, and are often highly polluting of the local area. For
example, the Niger Delta is notoriously polluted by the
local oil industry, and uranium mining carries a risk of
lung cancer. Most types of mining in most parts of the
world carry a high risk of injury. Transportation and
processing similarly have their own specific risks.

The health impacts of domestic electricity supplies
depend on the specific technology used for generation.
Burning hydrocarbons such as oil and gas, and especially
coal, tends to generate particulate matter (PM) together
with gases such as sulfur dioxide that depend on the
amount of impurities in the fuel. It also generates carbon
dioxide (see the section titled ‘Climate change’). Nuclear
fission is safer in routine use, but carries the risk of
accidents and possible terrorist attack. Electricity trans-
mission (power lines) has been linked with childhood
leukemia in some studies, but if this risk exists it is small
compared with other risks discussed here. Similarly, the
health risks of electromagnetic fields from use of electri-
cal appliances are the subject of active research, but cur-
rent evidence suggests that they are likely to be small.

Motor transport is also dependent on burning fossil
fuels, mainly petroleum products. The ambient air pollu-
tion resulting from this and from hydrocarbon-based elec-
tricity generation has well-established adverse health
impacts. However, PM does not only have local effects;
it is thought that during the 1970s and 1980s the PM
emissions from the developed world led to a dimming of
the strength of the sunlight reaching the Earth’s surface,
which not only may have delayed recognition of global
climate change but also led to droughts in the Sahel
region and Ethiopia, causing famine.
Energy Security

Household Energy Security

A corollary of the health burden of fuel poverty is that if
access to energy is precarious, households live with the
threat of energy insecurity and its health costs. Consider-
ation of energy security thus involves a forward-looking
viewpoint oriented toward future supplies. It is affected
by geographic location, for example, rural versus urban
setting and remote mountainous area versus easily acces-
sible rural area.

For those who buy their energy, especially for people
on a low income, an important aspect is fuel prices,
including their volatility as well as their level. There are
additional supply issues such as the reliability of delivery.
Energy insecurity can also result from physical factors,
including deforestation for those dependent on wood, or
power cuts in electricity supply. The health impacts are
similar to those already discussed.
National-Level Energy Security

Similar problems can arise at the regional or national
level, but brought about in a different way. For example,
piped gas supply can be interrupted for technical, eco-
nomic, or political reasons, as with the temporary halt in
flow from Russia to the Ukraine in the winter of 2005–06.

In economically developed countries, with the central-
ity of energy supplies to both economic production and
the well-being of populations, governments prioritize
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future security of supply and this affects their foreign
policy. This is a more prominent feature the more depen-
dent a country is on energy imports. While it would be an
oversimplification to attribute conflict in the Middle East
in general, and the Iraq war in particular, to concern over
security of oil and gas supplies, it has been one factor
affecting international relations. Similarly, the tragedy of
Darfur could have been addressed more proactively if
Sudan had not been an oil exporter. Such conflict situa-
tions have dramatic impacts on health.
Climate Change

Health Impacts of Climate Change

Climate change is already happening. All over the world,
records are being set for higher temperatures than nor-
mally occur, and glaciers and the polar ice caps are
shrinking fast. Scientists now generally agree that this is
due to the emission of greenhouse gases by human activity
in the last 200 years, mainly connected with energy gen-
eration and mainly in the economically developed world.

In contrast, the consequences will principally affect
people who live outside the developed world, especially
those regions whose populations are already impov-
erished but whose living conditions and health are likely
to worsen as a result. There are numerous pathways
between global climate change and health, including:

. heat stress;

. making rainfall even more precarious in rain-dependent
semi-arid parts of Africa, reducing agricultural produc-
tion and food security;

. flooding of low-lying areas such as Bangladesh;

. destruction of glaciers in the Andes and the Himalayas
on which large populations depend for irrigation;

. shifting disease vectors such as mosquitoes;

. more frequent extreme weather events such as hurri-
canes.

In addition, some regions may become uninhabitable,
or unable to support the current density of population,
resulting in the mass displacement of populations, which
has serious health consequences.

In addressing this crisis, the measures adopted them-
selves have the potential to affect health. Theycouldworsen
health by raising energy prices and forcing people to adopt
highly polluting fuels or to go without. Probably more
serious is that diversion of arable land for biofuel produc-
tion may raise the price of food, as is already happening
with the price of corn flour in Mexico following the U.S.
decision to divert some of its corn for this purpose in the
future. The price of staples has a large influence on living
standards and therefore on health. In addition, the demand
for biofuels has led to massive fires in Indonesia and
Malaysia to clear land for palm oil production, with serious
adverse health as well as environmental impacts.
Policy Implications

The role of health, and in particular of science-based
advocacy for health, in the energy debate is summarized
in Figure 6.

The challenge for the world is to address the climate
change crisis in ways that minimize the risks, especially
for the most vulnerable, while making the most of any
opportunities for ‘win–win’ strategies that both reduce
climate change itself (or its direct consequences) and
also have direct health benefits. This could occur because,
as already stated, some aspects of excessive energy use can
be harmful to health. For example, if car dependence
could be reduced, the health gains could be considerable
in terms of increased physical activity, reduced road
deaths/injuries, and reduced air pollution. Another simi-
lar example of a ‘win–win’ strategy is reduction of meat
consumption, especially in well-off populations: The
nutritional benefits of meat consumption are undeniable
at low levels, but current intake in economically devel-
oped societies predisposes to several health problems. At
the same time, livestock emit methane – a greenhouse gas
with 23 times the potency of carbon dioxide – thereby
contributing more to climate change than the whole
transport sector. However, there is little sign of either
voluntary change or political will for implementing poli-
cies that will move significantly in the direction of either
less car use or lower meat consumption.

One implication of diminishing returns to higher levels
of energy use, as described previously, is that the econom-
ically developed world could greatly reduce its energy
consumption without incurring any health costs. More
generally, well-being needs to be decoupled from high
energy usage, especially that usage based on globally
damaging methods of generation. It is by no means certain
that humanity will be able to rise to this challenge.

Global climate change is not the only policy issue that
needs to be addressed in relation to the health impacts of
energy use. Among low- or middle-income populations,
access to energy, fuel poverty, and energy security are
existing areas where policies could achieve significant
health gain as part of poverty reduction more generally.

As already stated, the evidence base does not cur-
rently allow accurate prediction of the likely benefits
and costs of different intervention strategies. One prob-
lem is that the existing research methods of epidemiology,
while powerful for investigating specific links between
health and its determinants, are not readily adaptable to
answering these bigger and broader questions. One policy
implication therefore is a research program: Additional
methods of inquiry need to be developed, interfacing
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more with other disciplines as well as drawing on methods
from them, for example, more use of modeling techniques
such as scenario modeling. However, action must not be
delayed while waiting for an improved evidence base.

Consideration of health has a major role to play in
addressing the issues of fuel access, poverty, and security,
and of climate change. However, health tends to be mar-
ginalized in such discussions. This is partly because of the
state of the evidence base as just mentioned, but it is also
because the prevailing perception of ‘health’ is that it is
either concerned with health care or with individual
behavior – the wider determinants of health are not yet
widely understood by the policy-making world.

Yet in addressing energy policy and climate change,
including proposed climate stabilization practices and
technologies, the most important consequences for
humans can best be analyzed by thinking in terms of
health determinants, and the determinants of those deter-
minants, as long as the concept of health is sufficiently
broad. (There are, of course, important nonhuman con-
sequences of climate change, too, such as for polar bears
and coral, and more generally for biodiversity.) One
advantage is that a health focus facilitates an emphasis
on needs rather than mere desires and whims, and there-
fore is inherently biased toward equity. The aim could be
phrased as ‘to maximize the health benefits and minimize
the risks, while addressing questions of equity.’ These
aims are the same as those of health impact assessment
(HIA), and this is a useful perspective to bring to bear on
such policy issues. However, rather than a series of HIAs
based on existing knowledge, the need is for extension and
deepening of the evidence base. The World Health Orga-
nization European Region has argued that strategic health
assessment should be carried out to systematically analyze
all the pathways between energy use and health impacts,
with quantification where feasible. In particular, the
assessment needs to not just be descriptive but to focus
on the beneficial health impacts of interventions, and
on their investment costs and other possible drawbacks.
This could provide an evidence base that would
be an adequate basis for policy development and
implementation.
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Introduction

Enteroviruses (EVs) are important and ancient human
pathogens. Evidence for the existence of polioviruses,
the prototypic EVs, dates to Egypt in the fourteenth
century BC. For most of the world, poliovirus is no longer
a medical or public health issue because vaccination has
led to its eradication. This article will focus on the non-
polio enteroviruses (NPEVs).
General Virology

Enteroviruses form a genus in the Picornaviridae family
of viruses. The originally described EV serotypes were
speciated into five groups: poliovirus, group A and B
coxsackieviruses, echoviruses, and numbered EVs. Speci-
ation was based on patterns of replication in cell cultures
and disease manifestations in animal systems.
Today, EV taxonomy is based on phylogenetic analysis
of the VPI coding sequence, the major capsid protein.
Serotypes are now classified as the human enteroviruses
A–D (Table 1). As a result of the advent of molecular
methods for their detection, the original 64 EV serotypes
have been expanded to more than 100 by the addition of
new NPEV serotypes, and this number continues to grow.

The EVs are stable in liquid environments and remain
viable in water and sewage for weeks. They are acid-
chloroform-, and ether-stable and are not inactivated by
nonionic detergents. Ultraviolet light, heat (>56 �C),
chlorination, and formaldehyde are effective in inactivat-
ing the EV.

Structurally, the EVs are nonenveloped icosahedral-
shaped viruses containing a positive sense, single-stranded
RNA genome. The genome is approximately 7.4 kilobases
in length consisting of a long 50 nontranslated region
(NTR), a single open reading frame (ORF), and a short
30 NTR followed by a polyadenylated tail. The 50 and



Table 1 Species within the Enterovirus genus affecting

humans based on revised criteria

Human enterovirus A
. Coxsackievirus A2–8, 10, 12, 14, 16
. Enterovirus 71, 76, 89–90a

Human enterovirus B
. Coxsackievirus A9
. Coxsackievirus B1–B6
. Echovirus 1–7, 9, 11–21, 24–27, 29–33,
. Enterovirus 69, 73–75, 77, 78, 79–88, 100–101a

Human enterovirus C
. Coxsackievirus A1, 11, 13, 17, 19–22, 24

Poliovirus
. Poliovirus 1–3

Human enterovirus D
. Enterovirus 68, 70

aSerotypes in italics are not yet recognized by in the International

Committee on Taxonomy of Viruses.
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30 NTRs contain regulatory elements for translation, rep-
lication, and virulence. Conserved sequences within the 50

NTR have permitted the design of oligonucleotide pri-
mers for detection of EVs in clinical specimens.

The ORF is divided into three regions: P1–3. The P1
region contains sequences that code for the four structural
proteins (VP1–4) that make up the capsid, while the P2
and P3 regions contain the sequences for nonstructural
proteins required for viral replication.
Epidemiology

TheNPEVexist worldwide and cause an estimated 1 billion
infections annually. In the United States, an estimated
30–50millionNPEVinfections occur annually. The highest
incidence of infection is in infants and children 5–10 years
of age. While many NPEV serotypes exist, only a few are
responsible for illness each year. Worldwide, the serotype
and prevalence of NPEVs isolated from infected patients
varies both geographically and annually.

Humans are the only known hosts for the NPEVs. In
temperate climates, enteroviral infections occur primarily in
the summer and early fall. However, NPEVs can be isolated
from patients during the winter months, albeit, far less
frequently. In tropical regions, the EVs are isolated year
round with an increased incidence during the rainy season.

The most common mode of transmission for the
NPEV is the fecal–oral route. Other documented modes
are: Vertical, foodborne, waterborne, self-inoculation, and
respiratory (rare). They can be shed in the stool for up to
18weeks, thereby facilitating their transmission.

Clinically, NPEVs are the principal cause of viral
meningitis where an etiologic agent can be identified. In
this group of meningitides, they are responsible for more
than 90% of cases. Group B coxsackieviruses and the
echoviruses are the most frequently isolated NPEVs in
this syndrome.
Among the causes of viral encephalitides, EVs are iden-
tified in 10–20% of cases. The serotypes most commonly
identified belong to the group A coxsackieviruses. Infection
with some strains of enterovirus 71 can result in severe life-
threatening rhombencephalitis.

The paralytic potential of the polioviruses is well
recognized. In regions of the world where they have been
eradicated, the NPEVs and circulating vaccine-derived
polioviruses are now the principal causes of EV-associated
acute flaccid paralysis (AFP). Nonpolio EV serotypes
known to cause AFP include coxsackieviruses A 4, 7, 21,
24, B 2, 3, 5; echovirus 3, 7, 9, 18, 19, 33; and EV 68 and 71.

The group B coxsackieviruses are among the most
common etiologies of viral myocarditis. The echoviruses
have also been identified as a cause of myocarditis, though
far less frequently. Males, physically active adolescents,
and young adults are at greatest risk.

Vertically transmittedNPEVinfections in neonates can
result in potentially life-threatening illnesses. The group
B coxsackieviruses and echoviruses, in particular echovi-
rus 11, are the most commonly associated. Significant
morbidity and mortality occur in these infections; neo-
nates who develop hepatitis and coagulopathy are at great-
est risk for adverse outcomes.

The clearance of EV infection is dependent upon
humoral (antibody-based) immunity, rather than cell-
mediated immunity, as is the case in the majority of viral
infections. Thus, individuals with B cell defects that result
in certain humoral immunodeficiencies are susceptible to
chronic NPEV infections of the central nervous system
(CNS) that take the form of chronic meningoencephalitis.
Echoviruses are most commonly isolated from these cases.
Pathogenesis

After the EVs are ingested, they infect the cells of the
oropharynx and intestine. The EVs enter and replicate in
the regional lymph nodes (e.g., tonsils, Peyer’s patches), and
are subsequently released into the bloodstream (primary or
minor viremic stage). By way of the blood, the EVs may
infect the CNS, liver, heart, pancreas, respiratory tract,
skin, and/or mucous membranes. Vertical transmission to
the fetus may occur at this stage of maternal infection.
Replication occurs in these organs with subsequent virus
release into the bloodstream, resulting in a secondary or
major viremic phase. During this stage, the EV may invade
the CNS if it was spared during the initial viremic phase of
the illness. Viremia and viral replication in organs ceases
once the host produces a type-specific antibody response.
Clinical Manifestations

The NPEVs cause a wide range of clinical syndromes
ranging from asymptomatic infection to life-threatening
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diseases such as myocarditis and neonatal sepsis. Given
the myriad of clinical syndromes resulting from NPEV
infection, it is not possible to cover them in their entirety
in this article. The most prominent NPEV syndromes will
be discussed below.

No single NPEV serotype is associated with a unique
clinical presentation. The overwhelming majority of NPEV
infections do not result in clinical symptoms and cause
only subclinical infection. Additionally, many of those
infected experience only fever without additional signs
and symptoms. Importantly, the majority of EV infections
are self-limiting.
Meningitis

The illness is heralded by the acute onset of fever that
may range from 38 to 40 �C. In some, the fever may be
biphasic. Initially occurring in association with nonspe-
cific constitutional symptoms followed by complete or
near-complete resolution, and reappearance with the
onset of signs and symptoms of CNS disease such as
headache, photophobia, vomiting, and neck stiffness.
Headache is the most common symptom in adults and
children capable of reporting it. Other constitutional
symptoms include abdominal pain, anorexia, cough, rhi-
norrhea, and myalgias. Physical examination reveals signs
of meningeal irritation: Nuchal rigidity, Brudzinski’s sign,
or Kernig’s sign. A rash may be present.

The definitive diagnostic procedure is the lumbar
puncture. Examination of the cerebrospinal fluid (CSF)
commonly reveals a predominantly lymphocytic pleo-
cytosis with typically 100–500 white blood cells/mm3.
A polymorphonuclear cell predominance may be present
early in the course of the illness. The protein concentra-
tion is normal to mildly elevated and the glucose concen-
tration is normal in most cases.

The typical clinical course is relatively benign. Most
children and adults resolve their illness within 1week.
However, adults may experience headaches for several
weeks. Neurological complications may occur and take
the form of seizures, increased intracranial pressure, and
coma. Additionally, some patients may release excessive
quantities of antidiuretic hormone.
Encephalitis

Most patients experiencing NPEV encephalitis present
with mental status changes. Focal neurological findings
such as partial motor seizures, hemichorea, and cerebellar
ataxia may occur. These neurologic findings can mimic
those seen in cases of herpes simplex virus encephalitis. In
contrast to NPEV meningitis, evidence of meningeal irri-
tation is often absent. The CSF cytochemical analysis is
typically normal, although the protein concentration
may be mildly elevated. Neuroimaging studies have
demonstrated diffuse and focal lesions, but this is the
exception rather than the rule. Most patients recover
without neurological sequelae.

Rhombencephalitis, a brainstem encephalitis, has been
observed as a result of infection with some strains of EV
71. Patients present with myoclonic jerks, tremors, and/or
ataxia. Some progress rapidly to develop respiratory dis-
tress, shock, loss of doll’s eye response, and apnea. Mag-
netic resonance imaging of the CNS may reveal lesions
within the brainstem. A high mortality rate has been
associated with this syndrome.
Acute Flaccid Paralysis

Acute flaccid paralysis may occur as a result of NPEV
infections. As with the polioviruses, NPEV AFP may
present as a biphasic illness. Initially, patients experience
a nonspecific febrile illness that may be accompanied
by upper respiratory or gastrointestinal complaints that
resolve. Shortly thereafter, an acute onset of fever, muscle
pain and hyporeflexia occurs. Rapid development of
weakness and paralysis ensues, which typically involves
proximal limb muscles. The paralysis is asymmetric, flac-
cid, and without involvement of the sensory branch of the
CNS. The NPEV-associated AFP is typically less severe
than seen with poliovirus and rarely affects the brainstem.
Enteroviral Exanthems and Enanthems

Many different exanthems have been described with
NPEV infections. These rashes are generally nondescript
and nonpathognomonic. They may resemble those seen
with infections due to other viruses or bacteria such as
measles or meningococcus or may even appear urticarial,
suggesting an allergic reaction.

A commonly encountered NPEV-associated exanthem
in children is hand, foot, and mouth disease (HFMD).
HFMD is most frequently caused by coxsackievirus A16.
Oral lesions (i.e., enanthema) are found on the tongue and
buccal mucosa and typically ulcerate. The cutaneous
lesions of HFMD are described as tender papules or vesi-
cles on an erythematous base that can be found on the
hands, feet, wrists, ankles, buttocks, and genitalia. Fever and
sore throat appear coincident with the skin lesions. The
disease is self-limited and generally lasts 7 days.

Herpangina, an enanthem, is characterized by the
acute onset of fever and severe sore throat. It is most
commonly associated with infections due to group
A coxsackieviruses 1–6, 8, 10, and 22. The pharynx is
hyperemic and in contrast to HFMD, the oral lesions
(discrete vesicles) are located on the palate, uvula, poste-
rior pharynx, anterior faucial pillars, and tonsils. The
lesions evolve into painful ulcers. Typically, the fever
resolves within 4 days, but the oral lesions may persist
for a week.
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Myocarditis

Myocarditis is a potentially life-threatening complication
of NPEV infection. The onset of cardiovascular signs and
symptoms may be preceded by an upper respiratory tract
infection. Patients may present with fever, chest pain,
shortness of breath, and exertional dyspnea. A gallop heart
rhythm and/or pericardial friction rub may be present on
auscultation of the heart. Echocardiographic findings
may include a decreased ejection fraction or ventricular
dilatation.

Electrocardiographic findings vary and include low volt-
age QRS complexes, ST segment depression, and T wave
inversion. Cardiac enzymes are commonly elevated.

In severe cases, acute congestive heart failure or life-
threatening arrhythmias may occur and contribute to
mortality. While the majority of patients survive, long-
term sequelae in the form of chronic, dilated cardiomy-
opathy may occur.
Severe Neonatal Enteroviral Infections

Neonates are at risk of developing severe disease as a
result of maternal NPEV infection at the time of delivery.
In these cases, transplacental transfer of virus may occur.
If the infant is delivered before maternal antibodies are
transferred to the fetus, the newborn is at risk for over-
whelming NPEV infection.

Typically, severe neonatal NPEV infections present
during the first 1–2 weeks of life. Frequently, maternal
symptoms such as severe abdominal pain or pleurodynia
are present at time of delivery. The liver, heart, or brain
may be involved individually or in combination. The most
severe presentation, neonatal enteroviral sepsis, is char-
acterized by multisystem organ involvement. Clinically,
the newborn may have a combination of the following
conditions: Myocarditis, meningoencephalitis, hepatitis,
and/or pneumonia. The presentation may be subtle, at
first consisting of poor feeding, apnea, lethargy, hypoto-
nia, and abdominal distention. Fever may be absent. As the
illness progresses, obvious evidence of multiple organ
involvement becomes apparent.

With neonatal NPEV, hepatitis, jaundice, and hepato-
megaly occur. Extensive hepatic necrosis results in extreme
elevations of liver transaminases along with prolonged
prothrombin and partial thromboplastin times, leading to
disseminated intravascular coagulopathy (DIC). Mortality
is high in these patients.

Neonates with NPEV myocarditis have evidence of
myocardial dysfunction: Tachycardia, respiratory distress,
cyanosis, and decreased cardiac output.

Pneumonia and meningoencephalitis are frequent
manifestations of neonatal infection. The meningoen-
cephalitis may be manifested by generalized seizures,
lethargy, or coma.
Nonpolio Enterovirus Infections in
Immunocompromised Hosts

Individuals with B cell immunodeficiencies are at risk for
chronic NPEV infections. Due to their lack of antibody
production, the virus cannot be cleared by the host,
resulting in chronic infection. In children with X-linked
agammaglobulinemia, hyper-IgM syndrome, severe com-
bined immunodeficiency syndrome, and common variable
immunodeficiency, NPEV infection can result in chronic
EV meningoencephalitis. Children with these forms of
humoral immunodeficiency should receive life-long intra-
venous immunoglobulin (IVIG) replacement therapy in an
attempt to prevent chronic infection. Reports exist of
immunodeficient patients developing chronic EV menin-
goencephalitis despite immunoglobulin therapy.

Chronic NPEV meningoencephalitis has a subtle pre-
sentation. Patients initially complain of persistent headaches
and lethargy. As the syndrome progresses, a constellation of
neurologic symptoms develops, which includes ataxia, loss
of cognitive skills, paresthesias, weakness, and seizures. Non-
neurologic manifestations, including a dermatomyositis-like
syndrome, edema, exanthems, and hepatitis, may occur. The
CSF demonstrates a persistently elevated protein concen-
tration and pleocytosis. Viral culture andPCR from theCSF
are repeatedly positive for EV.

Patients who have undergone bone marrow transplanta-
tion are also at risk for serious EV infections. Meningoen-
cephalitis, pulmonary infections, and severe gastroenteritis
have been reported. These infections can be severe and
may result in poor outcomes.
Diagnosis

The current diagnostic method of choice for the NPEVs
is detection using reverse transcription–polymerase chain
reaction (RT-PCR). Prior to the advent of RT-PCR,
NPEV detection using cell culture was the standard.
Cell culture techniques have several limitations for the
detection of the EVs. The time required to determine a
positive result is too long to be of clinical utility in the
acute management of the patient. Not all NPEV infec-
tions replicate in cell culture. Most importantly, cell cul-
ture lacks sensitivity.

The utilization of RT-PCR has been an important
advancement in the diagnosis of EV infections. The use
of RT-PCR provides the clinician with the ability to
diagnose the overwhelming majority, if not all, NPEV
serotypes using a single test. It provides a rapid detection
method that is clinically useful and has excellent sensitiv-
ity and specificity. The sensitivity and specificity of RT-
PCR for the detection of the EV from CSF is reported to
be 86–100% and 92–100%, respectively. The result is
generally available within 24 h. This results in decreased
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length of hospitalizations and allows for reduction in the
use of antibiotics in individuals with NPEV meningitis.
RT-PCR has been shown to reduce overall hospital cost
associated with EV meningitis. The flexibility of this assay
allows for the detection of NPEVs in different clinical
specimens: serum, urine, stool, nasopharyngeal secretions,
and tissues. Recent advances in RT-PCR methodologies
permit both detection and determination of the infecting
NPEV serotype.

Because RT-PCR detection of NPEV is not routinely
available to all clinical laboratories, many continue to
utilize cell culture for detection. When cell culture is
employed, it is important that multiple cell lines be used
in order to have the highest possible sensitivity. Shell vial
techniques combined with the use of monoclonal antibo-
dies shorten the detection time, but the technique has
poorer sensitivity than traditional cell culture methods.

The interpretation of the results of cell culture and
RT-PCR assay requires that the clinician take into
account the specimen source from which the NPEV was
detected. Because the NPEVs are shed from the oropha-
rynx and gastrointestinal (GI) tract for weeks to months
after infection, the significance of detection from these
sites must be cautiously interpreted. The presence of
NPEVs in specimens from these sites does not conclu-
sively establish causality of the syndrome being evaluated.
Stated more clearly, a NPEV isolated from a throat or GI
specimen of a patient with meningitis, encephalitis, myo-
carditis, or febrile illness may represent viral shedding as a
result of infection weeks earlier and may have no rela-
tionship with the current medical problem. In contrast,
the identification of an NPEV from the CSF, blood, tissue,
or urine is strongly supportive of an invasive infection and
carries a high probability of being the causal agent of the
illness being investigated. Samples from these sites repre-
sent the ideal sources from which to diagnose NPEV
infections.

A final caveat relates to the diagnosis of neonatal
NPEV infections occurring within the first 2 weeks of
life. Because the incubation period for the NPEV is
3–6 days, their identification in the stool or oropharynx
from patients in this age group with NPEV-compatible
syndromes is highly supportive of their role in disease.
Treatment

No approved therapy exists for NPEV disease. An anti-
viral compound, pleconaril, is currently under investiga-
tion. Pleconaril inhibits binding and uncoating of EVs
and rhinoviruses. The susceptibility of EVs to pleconaril
varies by serotype and strain. Clinical trials have eval-
uated the utility of this drug for the therapy of NPEV
meningitis and life-threatening enteroviral infections (im-
munodeficient patients with chronic meningoencephalitis,
myocarditis, and severe neonatal infections). Data have not
supported its use for therapy of infants with NPEV menin-
gitis. Data from a clinical trial of the treatment of NPEV
meningitis demonstrated a reduction in duration
of headache in adult patients. In compassionate use, eval-
uation of pleconaril for immunodeficient patients with
chronic EV meningoencephalitis, clinical and laboratory
improvements were observed. Currently, a multicenter
double-blind placebo-controlled trial is ongoing to evalu-
ate its use in neonates with severe NPEV infections.

Intravenous immunoglobulin (IVIG) has been used in
the therapy of patients with severe EV infections, since
antibody is critical to immunity to EVs. This approach has
been employed in neonates with severe disease, but it
remains unclear whether it provides a clinical benefit.
Similarly, its use in the treatment of children suspected
of having EV myocarditis has gained widespread accep-
tance without strong evidence for its benefit.

Due to a lack of a proven therapeutic agent, supportive
care is the cornerstone of management of individuals
with NPEV infections. For patients with meningitis,
analgesics for pain control of headaches and monitoring
of fluid and electrolytes are essential. Respiratory and
cardiovascular support and administration of blood pro-
ducts are essential in the neonate with severe disease and
associated DIC. In cases of NPEV myocarditis, cardio-
vascular support in the form of inotropes, afterload redu-
cers and, for those with life-threatening myocardial
involvement, bridging with extracorporeal membrane
oxygenation may be indicated.
Prevention

Enteroviruses are spread primarily by the lack of good
hygiene. Handwashing is a key personal measure for the
prevention of NPEV infection. Community-wide preven-
tion of NPEV outbreaks requires adequate potable water,
well-designed sewage systems, and waste treatment plants.
During nursery outbreaks of NPEV infections, cohorting
neonates is effective in limiting the outbreak. If a pregnant
woman has an illness consistent with an NPEV disease
and the fetus is doing well, attempts should be made to
not deliver the baby. Waiting allows the fetus to acquire
protective maternal antibodies.
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In this article, we describe the key features of environ-
mental and occupational epidemiology studies, the types
of study designs, measurement of exposure, issues of bias,
and interpretation of environmental and occupational
epidemiology studies. We do not discuss methods of
data analysis, and readers are referred to more detailed
epidemiologic texts for more information (Rothman and
Greenland, 1998).

Environmental epidemiology and occupational epide-
miology are separate fields that are usually covered
by separate textbooks (Steenland and Savitz, 1997;
Checkoway et al., 2004). However, the two fields often
involve common exposures and there is therefore inevita-
bly some overlap in the epidemiological methods that are
used. For example, exposure to pesticides can be studied
in the context of community exposures or exposures to
pesticide production workers or commercial sprayers.
These two different contexts of exposure provide the
basis for the difference between environmental and occu-
pational epidemiology. Each context has its own advan-
tages and disadvantages in terms of conducting research,
although in most instances studying such an exposure in
the occupational context is easier and more valid scientif-
ically than studying it in the environmental context.

Environmental Epidemiology

Environmental epidemiology is the use of epidemiology
to investigate causes of disease that are found in the
environment (Pearce and Woodward, 2004). A recent
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World Health Report estimated that 24% of the global
disease burden and 23% of all deaths can be attributed to
environmental factors (World Health Organization, 2006).
Among children 0–14 years of age, the proportion of
deaths attributed to the environment was estimated to
be as high as 36%, with the largest proportion in devel-
oping countries. Diseases with the largest absolute burden
included diarrhea, lower respiratory infections, other
unintentional injuries including occupational injuries,
and malaria. The most important risk factors contributing
to disease and mortality are unsafe drinking water and
poor sanitation and hygiene (diarrhea), and indoor air
pollution related largely to household solid fuel use and
possibly second-hand smoke as well as to outdoor air
pollution (lower respiratory infections) (World Health
Organization, 2006). In most developed countries, these
risks are now largely controlled, with the exception of
outdoor air pollution, through the provision of safe drink-
ing water, adequate food, waste disposal, immunizations,
and adequate health care. However, other diseases with
suspected environmental causes such as cancer, cardiovas-
cular disease, asthma, chronic obstructive pulmonary dis-
ease, and diabetes are still common and are in fact
increasing in prevalence in many developed countries.

The term environment is very broad and includes epi-
demiological studies at the molecular, individual, popula-
tion, and ecosystem levels. Analyses at the ecosystem level
are unique to environmental epidemiology and often
require research methods that are quite different from
those used in other areas of epidemiologic research, includ-
ing systems-based approaches such as complexity theory.
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There are also some features of environmental epide-
miology that provide particular challenges to researchers
(Pearce and Woodward, 2004).

Firstly, environmental epidemiology is concerned gen-
erally with exposures that are, by definition, characteris-
tics of the environment, not the individuals who live in
that environment. Examples include infectious organisms
in the water supply, features of the legislative environ-
ment (restrictions on smoking in bars for example), and
air pollutants both indoors and outdoors. This means that
the exposures that are being studied are typically wide-
spread and not readily controlled by the individuals who
are directly affected. What are the consequences for epi-
demiology? The fact that the exposures are widespread
means that it may be difficult to find individuals who can
act as an unexposed comparison group (for example,
persons who are not exposed to air pollution). Sometimes
the exposures are not only widespread, but also vary little
within a given population (for example, air pollution
levels in a neighborhood) compared with the differences
between populations. In these circumstances, ecological
studies – in which the unit of comparison is the group
rather than the individual – may be particularly useful. An
example of an ecological study of air pollution would be a
study that compared the frequency of respiratory illnesses
in different neighborhoods with the average levels of
nitrogen oxide and ozone in those locations.

Secondly, environmental epidemiology often involves
studying exposures at low levels. An example is environ-
mental dioxin exposure. Exposures in the general envi-
ronment from sources such as incinerators are usually
orders of magnitude less than those that may be experi-
enced in some occupational settings (such as workers in
the incinerator, or workers producing chemicals contami-
nated with dioxin). One consequence is that environmen-
tal epidemiology is frequently searching for risks on the
margin of detectability. However, this does not mean that
the risks presented by low-level exposures in the general
environment are necessarily unimportant. First, these
exposures are typically involuntary (people who live
close to incinerators, for example, have little choice over
whether they are exposed to dioxin from the sites), and
the public is far more sensitive to potential dangers of this
kind than exposures that are seen to have an element of
discretion about them. Second, the increase in risk for an
individual may be small, but if exposures affect large
numbers of people, then the overall burden of illness
attributable to the exposure will be substantial. Relatively
few people are exposed to dioxin at work, so although this
may be an important personal health issue, the impact on
the health of the population overall will be relatively
small. On the other hand, if low-level environmental
dioxin exposures do have health effects, then this would
be a significant public health issue since the number of
people at risk would be very large.
Thirdly, the measurement of exposure may be partic-
ularly difficult in environmental epidemiology studies.
For example, if someone experiences spray drift from
pesticides being sprayed on a farm near their home, it
may be very difficult to determine how much exposure
they received, if any.

Finally, studies of environmental causes of disease and
injury tend to involve dispersed, heterogeneous popula-
tions. This provides particular challenges in recruitment
of study participants and in the analysis of findings. It may
be difficult to define the exposed population, weakening
the confidence with which results can be extrapolated to
other groups. The very mixed nature of the general pop-
ulation (in terms of age, health status, and co-exposures)
means that an overall average risk estimate may mask
considerable variations in the strength of effect in differ-
ent subgroups. Consider for example a study of hospitali-
zation rates in relation to ambient levels of air pollution in
a major city. The population of the city will include a
number of groups that are likely to be more susceptible
than the average city inhabitant to the effects of pollution
(such as the elderly, people with preexisting chest disease,
outdoor workers). Typically, the numbers of susceptible
individuals and the exposures they receive are not known,
and caution must be applied in interpreting the relation
observed between pollution levels and health outcome
(e.g., numbers of hospital admissions per day). Exposure
guidelines based on studies of this kind may not provide
adequate protection to the most sensitive groups in the
population, and this must be taken into account when
epidemiological results are translated into public health
policy (Woodward et al., 1995).
Occupational Epidemiology

The major occupational health problems include cancer,
heart disease, respiratory disease, musculoskeletal dis-
ease, neurological disease, hearing loss, and injury. World-
wide, 6000 people die each day as a result of their job, and
of these deaths 15% are due to accidents and 85% to
work-related disease. The picture is quite different when
occupational morbidity is considered, with accidents
accounting for about 90% of cases and nonfatal disease
only about 10% (Driscoll et al., 2004).

Studying exposures in the occupational context has
many scientific advantages in comparison to studies of
environmental exposures (Checkoway et al., 2004).

Firstly, the exposures are generally well defined in
time and space, rather than being ubiquitous in the envi-
ronment. For example, in a study of occupational dioxin
exposure, the exposure may be restricted to just a
few departments within a factory, and workers in the other
departments may serve as a nonexposed comparison
group. Even if all workers in a particular factory receive



Table 1 Cohort study of the population in zones A and

B combined exposed to dioxin after the 1976 accident in

Seveso, Italy
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some exposure, it is relatively straightforward to find a
nonexposed comparison group from another factory or
industry.

Secondly, as noted above, occupational exposures
are typically at much higher levels than environmental
exposures, and study power is therefore correspondingly
greater.

Thirdly, the estimation of exposure is generally more
straightforward in occupational studies. For example, in a
study of pesticide production workers, even if individual
exposure measurements were not available, it would be
relatively straightforward to classify workers in categories
of exposure on the basis of their work history (job titles
and departments) and a Job-Exposure-Matrix ( JEM)
(Checkoway et al., 2004).

Finally, occupational populations are generally less
heterogeneous than the communities that are studied in
environmental epidemiology. For example, in studies of
blue collar workers, there are usually few differences in
lifestyle between exposed and nonexposed workers, so
confounding by factors such as tobacco smoking and
alcohol is usually weak. In addition, occupational popula-
tions do not usually include children or the elderly,
two groups that may be particularly susceptible to some
exposures. Furthermore, for many occupational exposures,
it may be rare that the workforce includes pregnant women.

These differences between exposures in the occupa-
tional and environmental context mean that it is generally
more straightforward, and more valid scientifically, to
study the occupational context. On the other hand, there
may be difficulties in extrapolating findings from occupa-
tional studies to more heterogeneous populations with
lower levels of exposure. Furthermore, there are some
environmental exposures (e.g., air pollution, pollen expo-
sure) for which it is relatively difficult to find suitable
occupational populations. Thus, for many exposures envi-
ronmental studies provide a useful complement to occu-
pational studies.
Years of
follow-up Observed Expected

Relative
risk 95%CI

All causes mortality

0–4 years 103 109.4 0.9 0.8–1.1

5–9 years 113 104.1 1.1 0.9–1.3
10–14 years 95 105.7 0.9 0.7–1.1

15–19 years 127 117.3 1.1 0.9–1.3

Total
(0–20 years)

438 436.2 1.0 0.9–1.1

All cancer mortality

0–4 years 28 30.1 0.9 0.6–1.4

5–9 years 43 34.7 1.2 0.9–1.7
10–14 years 37 41.2 0.9 0.6–1.2

15–19 years 58 44.2 1.3 1.0–1.7
Types of Epidemiologic Studies

All epidemiologic studies are (or should be) based on a
particular population (the study population, source pop-
ulation, or base population) followed over a particular
period of time (the study period or risk period). The
different epidemiological study designs differ only in the
manner in which the source population is defined, and the
manner in which information is drawn from this popula-
tion (Checkoway et al., 2004).
Total

(0–20 years)

166 149.7 1.1 1.0–1.3

Modified from Bertazzi PA, Consonni D, Bachetti S, et al. (2001)

Health effects of dioxin exposure: A 20-year mortality study.

American Journal of Epidemiology 153: 1031–1044.
Incidence Studies

The most complete approach involves utilizing all of
the information from the source population in a cohort
study (follow-up study, longitudinal study) of disease
incidence. Follow-up may be prospective (which is more
expensive and time-consuming but may enable better qual-
ity data to be collected), or it may be based on historical
records. The most common measure of disease occurrence
is the incidence rate, which is a measure of the disease
occurrence per unit time, and is the number of new cases of
the outcome under study divided by the total person-time
at risk. The usual approach is to compare the incidence
rate in those exposed and those not exposed to a particular
factor (e.g., air pollution) and to estimate the rate ratio.
This may involve comparing the disease incidence in the
exposed group (e.g., people living next to a factory which
emits high levels of air pollution) with some nonexposed
external reference population, such as another geographic
area or the national population. Alternatively, if the source
population involves both exposed and nonexposed per-
sons (e.g., if some people are exposed and some are not
exposed within the same geographical area), then a direct
comparison can be made within this population.

Table 1 shows an example of an environmental epide-
miology cohort study of the population exposed to dioxin
after the 1976 accident in Seveso, Italy (Bertazzi et al.,
2001). The accident took place in summer 1976 and
exposed several thousand people in the neighboring area
to substantial quantities of tetrachlorodibenzo-p-diozin
(TCDD). Three contaminated zones (A, B, and R) were
defined based on dioxin soil measurements along the
direction of the prevailing winds. The study included all
people living in these three zones at the time of the
accident, or entering in the 10-year period after the acci-
dent. Vital status over the following 20 years was



Table 2 Case–control study of occupational risk factors for

bladder cancer in Canada

Occupation Cases Controls Odds ratioa 95% CI

Auto mechanic

Never 851 2799 1.00b 1.02–2.82

Ever 36 48 1.69 0.66–2.83

1–5 years 15 25 1.37 0.76–4.88
5–15 years 9 14 1.93 0.97–6.34

>15 years 12 9 2.48 1.02–2.82

P-value for trend ¼ 0.01.
aAdjusted for age, province, race, smoking, ex-smoking, and

consumption of fruit, fried food and coffee, as well as for employ-
ment in nine suspect occupations.
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determined by contacting the vital statistics offices of the
11 study towns and of thousands of municipalities
throughout the country to reach those subjects who had
migrated (Bertazzi et al., 2001). The expected numbers of
deaths were estimated based on the age, calendar period,
and gender distribution of the population over the 20-year
follow-up period.Table 1 shows the findings for all-cause
mortality and cancer mortality in the two most heavily
exposed zones (A and B) in the 20 years following the
accident. It shows that there was little evidence of an
elevation in all-cause mortality, but there was a significant
increase in cancer mortality, particularly for the period
15 years or more after the accident.
bReference category.

Modified from Gaertner RRW, Trpeski L, and Johnson KC (2004)

A case–control study of occupational risk factors for bladder
cancer in Canada. Cancer Causes & Control 15: 1007–1019.
Incidence Case–Control Studies

Cohort studies are the most complete and definitive
approaches to studying the occupational causes of disease,
since they utilize all of the information in the source
population. However, they often require large numbers
and may be very expensive in terms of time and resources.
The same findings can often be achieved more efficiently
by using a case–control design. The key feature of
case–control studies is that they involve studying all of
the cases from the source population over the defined risk
period (e.g., all cases of lung cancer in Rome during 2002),
but only a sample of the non-cases are studied (e.g., a
general population sample of people who do not currently
have lung cancer). Exposure information is then collected
for both groups. The aim is to obtain the same findings that
would have been obtained with a full cohort study, but in a
more efficient manner, because exposure information is
collected only on the cases and a sample of controls, rather
than on the entire population. For example, the earliest
studies of smoking and lung cancer used the case–control
design and the findings were subsequently confirmed in
cohort studies.

In case–control studies, the relative risk measure is the
odds ratio, which is the ratio of the odds of exposure in the
cases (i.e., the number exposed divided by the number
not exposed) and the odds of exposure in the controls.
Gaertner et al. (2004) conducted a case–control study of
occupational risk factors for bladder cancer in Canada.
They identified incident cases of histological confirmed
bladder cancer in adults aged 20–74 years identified
through the provincial cancer registries in seven Cana-
dian provinces, and selected 2847 controls from the gen-
eral population of these provinces matched for age and
gender. Cases and controls were sent postal questionnaires
with telephone follow-up when necessary. Table 2 shows
the findings for auto mechanics, an occupation which
involves exposure to exhaust fumes and lubricating oils,
both of which can contribute to bladder cancer risk
(Gaertner et al., 2004). A higher proportion of cases than
controls had worked as an auto mechanic (OR ¼ 1.69,
95% CI 1.02–2.82) and there was a statistically significant
association with duration of employment (Table 2).
Prevalence Studies

Incidence studies are usually conducted when studying
fatal diseases such as cancer, since cases can be identified
through death registrations or cancer registrations. How-
ever, when studying nonfatal chronic disease such as
asthma, it is difficult to detect incident cases without
very intensive follow-up. Thus, it is more common to
study prevalence rather than incidence. This can be
defined as point prevalence estimated at one point in
time, or period prevalence which denotes the number
of cases that existed at any time during some time interval
(e.g., 1 year). Prevalence studies represent a considerable
saving in resources compared with incidence studies,
since it is only necessary to evaluate disease prevalence
at one point in time, rather than continually searching for
incident cases over an extended period of time. On the
other hand, this gain in efficiency is achieved at the cost of
some loss of information, since it may be much more
difficult to understand the temporal relationship between
various exposures and the occurrence of respiratory dis-
ease. In particular, it is usually difficult to ascertain, in a
prevalence study, at what age disease first occurred, and it
is therefore difficult to determine which exposures pre-
ceded the development of disease, even when accurate
historical exposure information is available.

Table 3 shows an example of a prevalence study.
Ehrlich et al. (1998) conducted a cross-sectional study of
kidney function abnormalities among 382 South African
lead battery factory workers. Data on current and histori-
cal blood lead concentrations were available to categorize
workers by exposure level. There were increasing



Table 3 Prevalence (%) of renal dysfunction in South African

lead/acid battery production workers

Serum
creatinine

Serum uric
acid

Urinary
NAGa � 5

Exposure �125 mmol/l �500 mmol/l u/g creatinine

Category % % %

Current blood

Lead (mg/dl)
23–50 2.5 1.0 20.5

51–60 7.8 2.8 22.0
61–110 9.9 7.9 29.2

Cumulative blood

Lead (mg.y/dl)
7–520.0 4.1 4.1 19.1
520.1–2681 8.9 6.0 27.4

aN-acetyl-b-D-glucosaminidase.

Modified from Ehrlich R, Robins T, Jordaan E, et al. (1998) Lead

absorption and renal dysfunction in a South African battery fac-

tory. Occupational and Environmental Medicine 55: 453–460;
CheckowayH, Pearce N, and Kriebel D (2004)ResearchMethods

in Occupational Epidemiology. New York: Oxford University

Press.

Table 4 Case–control study of parental agricultural work and

congenital malformations

Agricultural
work Cases Controls Odds ratioa 95%CI

Mothers

Never 127 134 1.0b

Nonrisk periods 72 80 1.1 0.7–1.7
During risk

period

15 7 3.2 1.1–9.0

Father

Never 90 93 1.0b

Nonrisk periods 66 78 0.9 0.5–1.5

During risk

period

26 23 1.5 0.7–3.1

The risk period was defined as the month before conception and

the first trimester of pregnancy.
aAdjusted for maternal and paternal confounders: spontaneous

abortion (month), twins (index pregnancy), drug use during preg-

nancy (mother), heavy smoking during pregnancy (mother), edu-

cation (mother), industrial work (father), and age >40 years
(father).
bReference category.

Modified from Garcia AM, Fletcher T, Benavides FG, et al. (1999)

Parental agricultural work and selected congenital malforma-
tions. American Journal of Epidemiology 149: 64–74.
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prevalence trends of abnormalities of serum creatinine,
serum uric acid, urinary N-acetyl-b-D-glucosaminidase
with both current and historical cumulative blood levels.
Prevalence Case–Control Studies

Just as an incidence case–control study can be used to
obtain the same findings as a full cohort study, a preva-
lence case–control study can be used to obtain the same
findings as a full prevalence study in a more efficient
manner. For example, if obtaining exposure information
is difficult or costly (e.g., if it involves lengthy interviews
or collection of serum samples), then it may be more
efficient to conduct a prevalence case–control study by
obtaining exposure information on all of the prevalent
cases of disease and a sample of controls selected at
random from the non-cases.

Table 4 shows an example of a prevalence
case–control study. Studies of congenital malformations
usually involve estimating the prevalence of malforma-
tions at birth (i.e., this is a prevalence rather than an
incidence measure). Garcia et al. (1999) conducted a
(prevalence) case–control study of occupational exposure
to pesticides and congenital malformations in Comunidad
Valenciana, Spain. A total of 261 cases and 261 controls
were selected from those infants born in eight public
hospitals during 1993–1994. For mothers who were
involved in agricultural activities in the risk period (the
month before conception and the first trimester of preg-
nancy), the adjusted prevalence odds ratio for congenital
malformations was 3.2 (95% CI 1.1–9.0). There was no
such association with exposure outside of this period, or
with paternal agricultural work.
Measurement of Exposure

In studies of environmental and occupational causes of
disease, the distinction must be made between exposure
and dose. The term exposure refers to the presence of a
substance (e.g., environmental pesticide exposure) in the
external environment. The term dose refers to the amount
of substance that reaches susceptible targets within the
body (e.g., concentration of a specific pesticide metabolite
in the liver) (Checkoway et al., 2004).

Epidemiological studies rarely have optimal exposure/
dose data and often rely on relatively crude measures of
exposure. The key issue is that the exposure data need not
be perfect, but that it must be of similar quality for the
various groups being compared. Provided that this princi-
ple is followed, then any bias from misclassification of
exposure will be nondifferential (see Information Bias),
and will tend to produce false-negative findings. Thus, if
positive findings do occur, one can be confident that these
are not due to inaccuracies in the exposure data; on the
other hand, if no association (or only a weak association) is
found between exposure and disease, then the possibility
of nondifferential information bias should be considered.
In general, the aim of exposure assessment is to: (1) ensure
that the exposure data are of equal quality in the groups
being compared and (2) ensure that the data are of the
best possible quality given the former restriction.
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Subjective Measures of Exposure

More often than not exposure or dose cannot be measured
directly; instead researchers have to rely on subjective
methods of exposure assessment. This is particularly the
case in historical cohort studies and in case–control stud-
ies focusing on diseases with a long latency period.

Traditionally, exposure to risk factors such as environ-
mental tobacco smoke has been measured with question-
naires, and this approach has a long history of successful
use in epidemiology. More recently, it has been argued
that the major problem in epidemiology is the lack of
adequate exposure data, and that this situation can be
rectified by increasing use of molecular markers of expo-
sure (Schulte and Perera, 1993). In fact, there are a num-
ber of major limitations of currently available biomarkers
of exposures such as cigarette smoking, particularly with
regard to historical exposures. Questionnaires have good
validity and reproducibility with regard to current expo-
sures and are likely to be superior to biological markers
with respect to historical exposures.

In occupational epidemiology, exposure is often esti-
mated simply on the basis of occupation and industry and
is typically dichotomized as never/ever exposed. More
recently there has been increased use of semi-quantitative
exposure assessment covering the whole exposure period
using the full work history, and applying quantitative
job exposure matrices (JEM) and expert assessment
(Checkoway et al., 2004). In the absence of more sophisti-
cated methods, these approaches may provide an efficient
and low-cost method of assessing exposure, but it may
result in considerable (nondifferential) misclassification.
Exposure Monitoring

In addition to questionnaires, JEMs, and biological mea-
surements, personal or environmental monitoring is com-
monly used to measure environmental or occupational
exposures. Although this has the potential to provide a
more valid and accurate exposure assessment, this may
not always be the case and is strongly dependent on the
chosen sampling strategy, which in turn is dependent on a
large number of factors, including:

1. type of exposure and disease or symptoms of interest;
2. acute versus chronic health outcomes (e.g., disease

exacerbation versus disease development);
3. population versus patient-based approaches;
4. suspected exposure variation both in time and space,

and between the diseased and reference populations;
5. available methods to measure exposure;
6. costs of sampling and analyses.

Data collected for environmental or occupational
monitoring purposes may be of limited value in epidemi-
ological studies. For example, monitoring is often done in
areas where exposures are likely to be highest, in order to
ensure compliance with exposure limits. Epidemiological
studies, by contrast, require information on average levels
of exposure and it may therefore be necessary to conduct
a special survey involving random sampling, rather than
relying on data collected for monitoring purposes.
Personal Versus Area Sampling

In general, personal measurements best represent the
etiologically relevant current exposures, and personal
sampling is therefore preferred over area sampling. Mod-
ern sampling equipment is now sufficiently light and
small to allow it to be used for personal sampling pur-
poses, and several studies focusing on chemical air pollu-
tion, for example, have demonstrated its feasibility in both
the indoor and outdoor environments (Checkoway et al.,
2004). However, personal sampling may not always
be possible due to practical constraints, i.e., it is too
cumbersome for the study subjects, or there is no portable
equipment to make the desired measurements (measure-
ments of viable microorganisms, for example).

In situations where personal sampling is not possible,
area sampling can be applied to reconstruct personal
exposure using the microenvironmental model approach.
In this model, exposure of an individual to an airborne
agent is defined as the time-weighted average of agent
concentrations encountered as the individual passes
through a series of microenvironments. However, some
exposures only occur episodically, and these patterns are
not likely to be accurately captured by environmental area
samplers. In addition, it is practically impossible to measure
all the relevant microenvironments.
Sampling: When and How Often?

To the extent to which this is possible, samples should be
taken such that they represent the true exposure at the
appropriate time window. In the case of acute effects,
exposure measurements taken shortly before the effects
occurred would be most useful. For chronic effects, the
situation is more complicated since exposure should ide-
ally be assessed prior to the occurrence of health effects
and preferably in the time window that is biologically
most relevant, i.e., when the exposure is thought to be
the most problematic or when subjects are most suscepti-
ble for these exposures. This is only possible in longitudi-
nal cohort studies (or historical cohort studies where
historical exposure information is available). Even then
it is often not clear when people are most susceptible to
the exposures of interest. In cross-sectional studies, expo-
sure measurements can also be valuable in assessing ret-
rospective exposures, particularly when the environment
in which people live or work has not changed significantly.
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Measures of exposure should be sufficiently accurate
and precise, so that the effect of exposure on disease can
be estimated with minimal bias and maximum efficiency.
Precision can be gained (that is, measurement error can be
reduced) by increasing the number of samples taken
either by: (1) increasing the number of subjects in whom
exposure is measured or (2) increasing the number of
exposure measurements per subject. In population stud-
ies, repeated sampling within subjects is particularly
effective with exposures that are known to vary largely
over time within subjects relative to the variation
observed between subjects with the same job title or in
the same work force. If the within-subject variability is
small compared to the variation between subjects, how-
ever, repeated measures will not significantly reduce mea-
surement error. If within- and between-subject variation
is known (from previous surveys or pilot studies, for
example) the number of samples required to obtain a
given reduction in bias of the risk estimate can be com-
puted in the manner described by Boleij et al. (1995). For
instance, in studies that involve airborne sampling of
viable micro-organisms in the indoor environment a
within- versus between-home variance ratio of 3–4 in
concentration is not uncommon, due to high temporal
variation in microbial concentrations, combined with
very short sampling times. In this particular situation,
27–36 samples per home would be required to estimate
the average exposure reliably for an epidemiological
study with less than 10% bias in the relationship between
some health endpoint and the exposure. For most other
exposure situations, the within- versus between-subject
variation is, however, substantially lower, and far fewer
repeated samples are therefore required.
Exposure Grouping

In occupational epidemiology, a significant increase in
validity may be achieved by using group mean exposure
levels rather than individual levels since group-based
exposure levels often (but not always!) vary less within
job titles than within individuals. Exposure groups may be
based on occupational categories, job title, work area, etc.
Intragroup and intergroup variances and the pooled
standard error of the mean can be calculated to evaluate
the relative efficiency for various grouping procedures.
Provided that reasonably homogeneous exposure groups
can be defined with sufficient contrast between them,
these same groups can be used to predict exposure levels
of subjects for whom no exposure measurements are
available, making this a very attractive option when lim-
ited resources are available to assess exposure. A similar
approach may be employed for environmental exposures,
but defining exposure groups with sufficient contrast is
often not feasible because exposures often vary little
within a given population. Ecological analyses may in
those circumstances be more efficient (see Environmental
Epidemiology).
Exposure Modeling

If the main factors that explain the variation in personal
exposure are known, then mathematical models can be
developed to predict individual exposure levels for those
subjects where no or only limited exposure measurements
are available (provided that valid information on deter-
minants of exposure is available). Multiple regression
models are most commonly employed, and can include
variables such as tasks performed, type of production,
environmental or climate characteristics, use of personal
protective equipment, personal behavior, time spent in
exposed areas, etc. Although these models can be very
useful, they have limitations. In particular, the prediction
model is generalizable only for the particular situation in
which the data were collected. Extrapolation to other
environments with the same exposure, or to the same
environment at a different time point, may not be valid,
and collection of new exposure data to update and/or
validate the old model may be necessary (Boleij et al.,
1995). Although exposure models to predict individual
exposures have been used in environmental epidemiol-
ogy, their use is more widespread (and perhaps more
successful) in occupational epidemiology. Some examples
of empirical exposure modeling include models to
assess cadmium levels in blood in the general population,
inhalation exposure to hydrocarbons among commercial
painters, exposure to inhalable dust in bakery workers,
and chemical and mutagenic exposure in the rubber
industry. These types of exposure models have been
shown to explain 50–80% of the variability in exposure,
but models with poorer performance have also been
described. For example, Van Strien et al. (1994) assessed
the association between home characteristics and house
dust mite allergen levels in mattress dust using multiple
regression analyses, and this model explained ‘only’ 26%
of the variance.

Although presented as separate strategies, often expo-
sure assessment in occupational and epidemiological
studies involve combinations of different approaches, for
example a combination of subjective and objective mea-
surements, or a combination of current personal sampling
and the use of historical exposures collected for monitor-
ing purposes.
Bias

Systematic error, or bias, occurs if there is a difference
between what the study is actually estimating and what it
is intended to estimate. Systematic error is thus
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distinguished from random error in that it would be
present even with an infinitely large study, whereas ran-
dom error can be reduced by increasing the study size.

There are many different types of bias, but three gen-
eral forms have been distinguished (Rothman and Green-
land, 1998): Confounding, selection bias, and information
bias. In general terms, these refer to biases inherent in the
source population because of differences in disease risk
between the groups being compared (confounding), biases
resulting from the manner in which study subjects are
selected from the source population (selection bias), and
biases resulting from the misclassification of these study
subjects with respect to exposure or disease (information
bias).
Confounding

Confounding occurs when the exposed and nonexposed
groups (in the source population) are not comparable due
to inherent differences in background disease risk, usually
due to exposure to other risk factors. Similar problems
can occur in randomized trials in that randomization is
not always successful and the groups to be compared may
have different characteristics (and different baseline
disease risk) at the time that they enter the study.
However, there is more concern about noncomparability
in epidemiological studies because of the absence of
randomization.

Confounding can be controlled in the study design, or
in the analysis, or both. Control in the analysis involves
stratifying the data into subgroups according to the levels
of the confounder(s) and calculating a summary effect
estimate that summarizes the information across strata.
For example, in a study of environmental tobacco smoke
(ETS) exposure and lung cancer, we might compare the
risk of lung cancer in people exposed and people not
exposed to ETS. We might make this comparison within
five different age groups and in men and women, yielding
ten (5�2) different comparisons; for each stratum, we
would calculate the relative risk of lung cancer in those
exposed to ETS, compared with those not exposed, and
we would then average these relative risks across the
strata, giving more weight to strata with larger numbers
of people (and lung cancer cases).
Selection Bias

Whereas confounding generally involves biases inherent
in the source population, selection bias involves biases
arising from the procedures by which the study subjects
are chosen from the source population. Thus, selection
bias is not usually an issue in a cohort study involving an
internal reference population and with complete follow-
up, since this incorporates all of the available information
from the source population. Selection bias is of more
concern in case–control studies since these involve sam-
pling from the source population. In particular, selection
bias can occur in a case–control study if controls are
chosen in a nonrepresentative manner, e.g., if exposed
people were more likely to be selected as controls than
nonexposed people.
Information Bias

Information bias involves misclassification of the study
subjects with respect to disease or exposure status. Thus,
the concept of information bias refers to those people
actually included in the study (whereas selection bias
refers to the selection of the study subjects from the
source population, and confounding generally refers to
noncomparability within the source population).

Nondifferential information bias occurs when the like-
lihood of misclassification of exposure is the same for
diseased and nondiseased persons (or when the likelihood
of misclassification of disease is the same for exposed and
nonexposed persons). Nondifferential misclassification of
exposure generally biases the effect estimate toward the
null value. Thus, it tends to produce false-negative find-
ings and is of particular concern in studies that find no
association between exposure and disease (although it
should be emphasized that nondifferential misclassifica-
tion of a confounder can lead to bias away from the null if
the confounder produces confounding towards the null).

Differential information bias occurs when the likeli-
hood of misclassification of exposure is different in dis-
eased and nondiseased persons (or the likelihood of
misclassification of disease is different in exposed and
nonexposed persons). This can bias the observed effect
estimate in either direction, either toward or away from
the null value. For example, in a lung cancer case–control
study, the recall of exposures (such as pesticide exposure)
in healthy controls might be different from that of cases
with lung cancer. In this situation, differential information
bias would occur, and it could bias the odds ratio toward
or away from the null, depending on whether cases were
more or less likely to recall previous exposures than
controls.

As a general principle, it is important to ensure that the
misclassification is nondifferential, by ensuring that expo-
sure information is collected in an identical manner in
diseased and nondiseased (and that disease information is
collected in an identical manner in the exposed and
nonexposed groups). In this situation, the bias is in a
known direction (toward the null), and although there
may be concern that negative findings may be due to
nondifferential information bias, at least one can be con-
fident that any positive findings are not due to informa-
tion bias.
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Interpretation of Environmental and
Occupational Epidemiology Studies

The first task in interpreting the findings of an epidemio-
logical study is to assess the likelihood that the study
findings represent a real association, or whether they
may be due to various biases (confounding, selection
bias, information bias) or chance. If it is concluded that
the observed associations are likely to be real, then atten-
tion shifts to more general causal inference, which should
be based on all available information, rather than on the
findings of a single study. A systematic approach to causal
inference was elaborated by Bradford Hill (1965) and has
since been widely used and adapted.

The temporal relationship is crucial; the cause must
precede the effect. This is usually self-evident, but diffi-
culties may arise in studies (usually case–control or cross-
sectional studies) when measurements of exposure and
effect are made at the same time (e.g., by questionnaire,
blood tests, etc.).

An association is plausible if it is consistent with other
knowledge. For instance, laboratory experiments may
have shown that a particular environmental exposure
can cause cancer in laboratory animals, and this would
make more plausible the hypothesis that this exposure
could cause cancer in humans. However, biological plau-
sibility is a relative concept; many epidemiological asso-
ciations were considered implausible when they were first
discovered but were subsequently confirmed in experi-
mental studies. Lack of plausibility may simply reflect
current lack of medical knowledge.

Consistency is demonstrated by several studies giving
the same result. This is particularly important when a
variety of designs are used in different settings, since the
likelihood that all studies are making the same mistake is
thereby minimized. However, a lack of consistency does
not exclude a causal association, because different expo-
sure levels and other conditions may reduce the impact of
exposure in certain studies.

The strength of association is important in that a strongly
elevated relative risk is more likely to be causal than a weak
association, which could be influenced by confounding or
other biases. However, the fact that an association is weak
does not preclude it from being causal; rather it means that
it is more difficult to exclude alternative explanations.

A dose–response relationship occurs when changes in
the level of exposure are associated with changes in the
prevalence or incidence of the effect. The demonstration
of a clear dose–response relationship provides strong evi-
dence for a causal relationship, since it is unlikely that a
consistent dose–response relationship would be produced
by confounding.

Reversibility is also relevant in that when the
removal of a possible cause results in a reduced disease
risk, the likelihood of the association being causal is
strengthened.

Of these criteria for causal inference, only the criterion
of temporality is a necessary criterion for establishing
causality, in that if the cause does not precede the effect
then the association must not be causal. Furthermore,
none of these criteria, either individually or collectively,
is sufficient to establish causality with certainty, but cau-
sality may be assumed to have been established beyond
reasonable doubt if these criteria are substantially met.
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Introduction

TheWorld Health Organization (WHO) defines health as
‘‘a state of complete physical, mental and social well-
being and not merely the absence of disease or infirmity’’
(WHO, 1948). It is well recognized that the health of a
population is influenced by a wide array of health deter-
minants. Environmental and occupational determinants of
health must not be considered in isolation, but rather in
the broader context of genetic, biological, social, behav-
ioral, and other health determinants, as interactions among
them may produce synergistic or antagonistic effects.

The environment as defined in relation to health status
is quite broad in scope, encompassing the natural envi-
ronment (air, food, water, and soil), the built environment
(including housing and the urban environment), and con-
sumer products (such as household products and children’s
toys). Although the influence of the environment on health
status has long been recognized, it is often difficult to
establish etiological connections between environmental
exposures and specific adverse health outcomes for a num-
ber of reasons, including the multifactorial nature of many
diseases, long latency periods, and cumulative and multiple
exposures to environmental hazards. Small risks associated
with low levels of exposure to environmental hazards can
only be characterized with carefully designed studies of
sufficient size.

Despite these difficulties, a wide range of adverse
environmental and occupational health effects have been
described, as will be seen in this article. Even small
increases in risk can pose a substantial concern when con-
sidered on a population scale. Avariety of scientific meth-
ods are used to evaluate environment–health outcome
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associations, including analytic epidemiologic studies,
toxicological studies, and surveillance and biomonitoring
programs (see the section ‘Identification of Environmen-
tal and Occupational Health Risks’).

Quantification of the burden of disease attributable
to environmental factors allows for the prioritization of
health intervention initiatives. Burden of disease estimates
can vary considerably due to difficulties in quantification as
well as uncertainties regarding causality. Worldwide, the
WHO estimated that 23% of all deaths and 24% of the
global disease burden is attributable to environmental fac-
tors. However, the environmental disease burden is not
equally distributed, with 25% of all deaths in developing
countries attributable to the environment, as compared to
17% in developed nations. Per capita, children in developing
countries carry an eightfold greater loss of years of healthy
life from environmental factors than children in developed
countries. Clearly, low- and middle-income countries
(LMIC) carry a disproportionate load of environmental dis-
ease burden. These differences were attributed to a number
of factors including poor infrastructure, lack of sanitation
programs, and vector-borne diseases in LMIC countries.

These observations clearly indicate that the environ-
ment exerts an important influence on health status.
Fortunately, many environmental and occupational
exposures are amenable to intervention. In implementing
environmental health risk management programs, con-
sideration must be given to population subgroups that
may be particularly vulnerable to adverse environmental
health effects. Public perception of risk must also be
considered, as the success of any risk mitigation strategy
can be affected by the public’s beliefs about the nature of
the risk and their reaction to the intervention.
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A Framework for Environmental and
Occupational Health Risk Assessment

An integrated framework for population health risk
assessment is presented in Figure 1 (Krewski et al.,
2007). The framework integrates the concepts of popula-
tion health and risk assessment/management within a
common paradigm to facilitate the environmental health
policy decision-making process. Prominent population
health elements of this integrated framework are the
determinants of health, which form its foundation. The
influence of environmental and occupational factors is
considered in the context of the broader array of deter-
minants, including biology and genetic endowment as
well as social and behavioral factors, and their inter-
actions. Examining the broad range of determinants
and their complex interactions is important to properly
address critical population health risk issues by recogniz-
ing the full range of factors influencing health risk.
A range of risk mitigation strategies are considered, rang-
ing from regulatory to community action. Prominent risk
assessment/management elements of the framework are
health risk science, and health risk policy analysis; the
latter component includes the selection and implementation
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of a risk management strategy, as well as the communica-
tion of information about the risk issue under consider-
ation and the decision-making process. The remainder of
this article will highlight key components of the frame-
work, and provide an overview of adverse health effects
associated with selected environmental and occupational
health hazards.
Identification of Environmental and
Occupational Health Risks

Toxicological and epidemiological investigations are two
main approaches for identifying environmental and occu-
pational health risks. Whereas epidemiological studies
evaluate health risks in human populations, toxicological
studies evaluate risks in the laboratory using a variety of
in vitro or in vivo systems. Although epidemiological stud-
ies examine human health status directly, a variety of
potential limitations can limit the strength of population-
based investigations. On the other hand, toxicological
studies are conducted in carefully controlled laboratory
conditions, and can provide information on a range of
health effects. However, results obtained in nonhuman
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test systems must then be extrapolated to the human
experience.
Epidemiology

Epidemiological studies can range from simple case
reports of adverse health outcomes in individual patients
to highly complex analytic studies designed to assess
specific associations between certain environmental con-
taminants and adverse health outcomes. Epidemiology is
typically defined as the study of the distribution and
determinants of disease in human populations. Last’s
(2001) definition goes one step further, and explicitly
states that epidemiology also involves the application of
findings to health risk control. Therefore, simply describ-
ing environmental/occupational health associations is
insufficient; rather, knowledge gained must be used in
the design of the most appropriate risk management stra-
tegies to reduce the burden of disease.

Although case reports can provide clues about the
causes of adverse health outcomes, these findings require
confirmation in carefully conducted analytic investiga-
tions. Typically, case-control studies retrospectively col-
lect detailed information on exposures of interest among a
defined group of affected cases and an unaffected group of
controls. In contrast, cohort studies collect exposure
information on healthy participants at a defined entry
point (or baseline) and follow cohort members over time
for the occurrence of health outcomes of interest. Variants
of these traditional study designs are also employed. The
methodological strengths and weaknesses of these study
designs are well described. A critical consideration with
respect to environmental/occupational health for any
epidemiological investigation is the availability of a pre-
cise and valid exposure metric.

Exposure may be defined using a variety of approaches
including: self-reports (questionnaires, interviews), mea-
sures in the environmental media (routinely collected
environmental monitoring data, study-specific measures),
and measures of personal exposure (e.g., personal air
samplers). Each of these exposure metrics represents
only a proxy measure for the more relevant internal
dose at the target tissue, which is largely not often practi-
cally or possibly measured (see the section ‘Surveillance/
biomonitoring’). Exposure misclassification due to recall
biases, difficulties in measuring exposure history in the
distant past or in the most relevant etiologic period, and
the choice peak or cumulative exposures as the most
relevant exposure metric, can limit the strength of the
investigation. Inter-individual variability in exposure
from differences in personal behavior and toxicokinetic
factors are also key methodological concerns. Occupa-
tional studies are typically faced with the difficulty of
assessing risk from exposure to complex mixtures of con-
taminants that may vary over time, and are often forced to
rely on job titles or records of employment as surrogate
measures of exposure. Information on work behavior pat-
terns including use of protective equipment is often diffi-
cult to obtain.

A range of technological advancements are being
applied to environmental/occupational health issues to
attempt to better characterize exposure history and reduce
potential misclassification. In air pollution research, for
example, the use of satellite data, geographic information
systems (GIS) methodologies, land-use regression mod-
els, and studies of source apportionment may provide
improved estimates of pollutant concentrations in ambi-
ent air. The use of computerized routines to link high-
quality administrative databases on health status, such
as cancer registries, mortality records, and hospital dis-
charges or prescription drug use has also become a pow-
erful tool in environmental epidemiology.

Other important analytic considerations limited power
to detect subtle low-dose effects, additivity, or synergism
among mixtures of pollutants, a lack of information on
potential confounders or effect modifiers, and the classical
‘healthy worker effect’ in occupational and proportionate
mortality studies. Nevertheless, analytic epidemiological
investigations have been instrumental in elucidating a
number of environmental/occupational health relation-
ships such as radon and lung cancer, air pollution and
adverse cardiovascular effects, and childhood lead expo-
sure and cognitive defects (see the section ‘Environmental
health risks’).
Toxicology

Although toxicological investigations are conducted in
nonhuman systems, they are of great importance in asses-
sing potential environmental health risks as they can be
performed in advance of the introduction of a substance
into use, prior to any human exposure. Toxicity testing is
a rapidly expanding field of scientific investigation, with
the breadth of endpoints and sensitivity of tests available,
particularly with the explosion of genomics, which is
continually evolving. Toxicology and epidemiology are
also interdependent disciplines, as the results of both are
mutually considered when evaluating the weight of evi-
dence for a specific environmental exposure/health out-
come relationship. Such an integrated approach has been
employed to advantage in the International Agency for
Research on Cancer’s (IARC) monograph program (see
the section ‘Carcinogens in the workplace’).

Toxicological studies can range from acute studies that
assess the toxicity of high doses of a substance in a short
time frame with severe consequences, to subchronic and
chronic studies designed to assess the effects of repeated
exposures administered over a period of months or even
years. Acute studies can provide information regarding
the lethality of the exposure, whereas subchronic and



364 Environmental Health: Overview
chronic studies can provide information on endpoints
requiring extended exposure, such as cancer.

Well-recognized limitations of toxicological approaches
to heath risk assessment include uncertainties associated
with extrapolation from animals to humans, the lack
of availability of appropriate animal models for certain
human diseases, and differences in exposure levels (human
exposures are typically much lower than those evaluated
in animal studies). Safety/uncertainty factors and mathe-
matical risk models are typically applied to toxicological
information for the purpose of establishing human expo-
sure guidelines. A 100-fold safety factor has commonly
been applied to the no-observed effect level for noncancer
endpoints; this allows for a 10-fold difference in suscepti-
bility between animal and human species, and a 10-fold
difference in susceptibility among individuals in the
human population. Additional safety factors may be
applied to reflect the quality and completeness of the
available scientific data. In the case of nonthreshold
effects, mathematical modeling is sometimes used to
determine a ‘virtually’ safe dose corresponding to a very
low level of risk. The virtually safe dose is highly depen-
dent on the slope of the dose–response curve, and is often
estimated under strong assumptions, such as linearity of
the dose–response curve at low doses. Recently, the
benchmark dose (BMD) corresponding to a 5 or 10%
increase in risk, has been proposed as a point of departure
(PoD) for extrapolation to lower doses, with application to
threshold and nonthreshold effects.

Toxicokinetic studies are used to describe the absorp-
tion, distribution, elimination, and excretion of xenibio-
tics. Physiologically based pharmacokinetic models are
being increasingly used in risk assessment to estimate
the dose of the reactive metabolite reaching target tissues.
Toxicokinetic information is of value in designing appro-
priate testing protocols for new or existing substances, in
interpreting the results from various toxicity tests, and in
comparing results in different species.

In vitro testing procedures offer many advantages in
terms of resource use. The Ames salmonella/microsome
assay, introduced in the 1970s, remains one of the most
widely used in vitro test procedures. The assay assesses the
mutagenic potential of a particular substance by evaluat-
ing rates of reverse mutation in mutant bacteria strains
deficient in their ability to synthesize histidine. Looking
to the future, the U.S. National Research Council recently
proposed a long-range vision for toxicity testing and
assessment of environmental agents. Elements of the vision
include: mapping of major toxicity pathways, greater use
of computational toxicology to predict the toxic pro-
perties of environmental agents, the use of medium- and
high-throughput in vitro test procedures to permit the
assessment of a much greater number of environmental
agents, and more use of cellular and molecular information
derived from population-based studies.
Surveillance/Biomonitoring

The WHO defines surveillance as the ‘‘systematic ongo-
ing collection, collation, and analysis of data and the
timely dissemination of information to those who need
to know so that action can be taken’’ (Last, 2001: 174).
Awide variety of environmental/occupational health sur-
veillance systems exist from the local/hospital level through
to national and international levels. Surveillance systems
can range from disease or outcome focused to product or
risk factor focused. Injury surveillance systems, primarily
outcome focused, have been established in many hospital
systems throughout the world. Some focus on injuries in
specific populations, such as children, whereas others
seek to evaluate the injury profile among the whole
population. Cancer registries provide another example
of a well-established systematic, disease-focused, surveil-
lance initiative. In contrast, surveillance systems related
to adverse drug reactions or medical devices are based
on a product-focused approach. Air-quality monitoring
networks routinely collect data on the concentrations of
specific air pollutants in certain geographic areas. Moni-
toring trends in disease or adverse outcome events over
time can help to warn of emerging epidemics, and pro-
vide clues about possible etiological relationships.

In the context of environmental/occupational health,
biomonitoring relates to the collection of biological sam-
ples, such as blood or urine, with which to measure levels
of contaminants directly or indirectly through indicators
of their physiological effects. Biomonitoring can be per-
formed as part of an epidemiological investigation or as
part of a routine surveillance program. Biomonitoring can
offer a direct indicator of internal dose rather than relying
on self-reported exposuremeasures and reflects cumulative
exposure from all exposure routes. A range of contaminants
has been examined in previous environmental health stud-
ies, including blood lead levels in relation to neurotoxic
effects in children, and serum or plasma levels of PCBs
(polychlorinated biphenyls) in relation to breast cancer risk.

Biomonitoring has recently revealed increasing levels
of flame retardants in human breast milk. Limitations
associated with biomonitoring include cost, the reflection
of only recent exposures to nonpersistent chemical expo-
sures, and the lack of information on the time course of
past exposures.
Environmental Health Risks

Outdoor Air Pollution

The association between outdoor air pollution and a
variety of disease outcomes including asthma, cancer,
and cardiovascular disease has been extensively investi-
gated. Since a number of air pollutants are ubiquitous in
the urban atmosphere, it has been difficult to ascertain the
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specific source responsible for the observed effects. The
WHO estimated that exposure to particulate air pollution
is responsible for approximately 800 000 (1.2%) of total
premature deaths worldwide. Region-specific estimates
illustrate that air pollution is a greater risk factor for
adverse health outcomes in developing countries, with
developing Asia contributing approximately two-thirds
of the global air pollution disease burden.

Short-term studies based on time series and related
methods have revealed acute health effects including
increased rates of heart attack, stroke, emergency room
visits for respiratory symptoms, and overall mortality asso-
ciated with daily levels of ambient air pollution. Specific
subpopulations including the elderly, infants, and indivi-
duals with underlying illness appear to be at particular
risk. Atmospheric pollutants have also been associated,
although less consistently so, with various immunological,
hematological, and reproductive outcomes.

Studies of the long-term health effects of elevated
levels of air pollution have consistently reported positive
effects. One of the largest investigations of the relation-
ship between long-term exposure to ambient air pollu-
tion and mortality is that of the American Cancer
Society. In Pope et al.’s (2002) analysis, each 10 mg/m3

elevation in fine particulate air pollution was associated
with an approximate 4, 6, and 8% increase in risk for all
causes, cardiopulmonary, and lung cancer mortality,
respectively. The results from cohort studies investigat-
ing the health effects of long-term exposure to air pollu-
tion were used extensively in the development of air
quality standards.
Indoor Air Pollutants

Radon

Epidemiological studies have established radon as a lead-
ing cause of lung cancer. Natural decay of uranium-238, a
component of the earths’ crust, results in the release of
radon-222 gas. Concentrations of radon are typically low
outdoors, but can accumulate in enclosed environments.
When inhaled into the lung, the short-lived decay pro-
ducts of radon can interact with biological tissues causing
DNA damage. Although occupational case-control studies
of uranium miners have consistently demonstrated a posi-
tive association between radon gas and lung cancer risk,
the results of individual case-control studies of residential
radon exposure have been less conclusive. To further
evaluate the lung cancer risk associated with residential
radon exposure, pooled analyses of case-control studies
conducted both in Europe (13 studies) and North America
(7 studies) were undertaken (Darby et al., 2005; Krewski
et al., 2006). The North American pooling reported an
excess odds ratio of 0.10 (95% confidence interval
[CI]:-0.01–0.26) per Bq/m3 radon. Results from the
European analysis were similar, with an 8.4% (95% CI:
3.0–15.8%) increase in risk of lung cancer per Bq/m3

radon reported. Overall, residential radon was estimated
to be attributed to as much as 10% of lung cancer cases.

Other indoor air pollutants

A range of other indoor air pollutants have also been
associated with specific adverse health outcomes in stud-
ies around the world. Cooking and heating with solid fuels
on open fires or traditional stoves can contribute to high
levels of indoor air pollution. This is especially relevant in
developing countries, as many depend on solid biomass
fuels (wood, charcoal, crop residues, dung) and coal for
their energy needs. Biomass and coal smoke contain a
large number of pollutants including particulate matter,
carbon monoxide, nitrogen dioxide, formaldehyde, and
polycyclic aromatic hydrocarbons such as benzo[a]pyrene.
These pollutants were associated with increased risk of
acute respiratory infection, chronic obstructive pulmo-
nary disease (COPD), lung cancer, asthma, and adverse
reproductive outcomes. A substantial body of evidence,
particularly from China, has shown that women are
especially at risk of developing lung cancer as a result of
exposure to smoke from cooking with coal in their homes.

Other sources of indoor air pollutants include volatile
organic compounds emitted from adhesives, carpeting,
upholstery, pesticides, and cleaning products, outdoor
air pollutants entering buildings through poorly located
air intake vents and other openings, and moisture accu-
mulation in building structures leading to high levels of
bacteria and mold. Dampness in indoor environments
may lead to various respiratory symptoms, asthma, and
allergy (Laumbach and Kipen, 2005).
Drinking Water Contaminants

Safe and reliable drinking water is of paramount impor-
tance, as water is a basic biological necessity for life.
A variety of biological pathogens can threaten the integrity
of the public drinking water supply, including bacterial,
viral, and parasitic organisms. Gastrointestinal illness is
the health effect most commonly caused by water-borne
pathogens. Infants and the elderly are particularly at risk of
severe illness and mortality from gastrointestinal illness.
Sophisticated water treatment plants can typically limit
the concentrations of biological pathogens to levels that
do not pose a population health risk. However, disruptions
in the water treatment process or unusual environmental
events can lead to the occurrence of gastrointestinal disease
outbreaks. In developing countries, poor infrastructure
often results in chronic exposure to water contaminated
with biological pathogens. This can lead to endemic gastro-
intestinal illness resulting in malnutrition and premature
mortality. Surveillance systems designed to provide early
warning signs of impending water quality issues are needed
to implement risk mitigation strategies at the first
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indications of a problem, thereby preventing a large-scale
outbreak.

Drinking water can also become contaminated with
industrial discharges, pesticide residues, and leaching of
natural occurring heavy metals due to acidification of the
raw water source. The consequences of low-level chronic
exposure to these compounds are not well established.
Disinfection by-products in chlorinated drinking water
are suspected in the development of several types of can-
cer, although the likely risks are low, particularly in com-
parison with the benefits of microbiologically mediated
disease control. There is increasing concern surrounding
the identification of excreted natural and pharmaceutical
hormones in drinking water supplies. An association
between long-term exposure to aluminum in drinking
water and Alzheimer’s disease, a chronic neurodegenera-
tive disorder, has been described; however, the evidence
remains controversial.
Dietary Contaminants

Biological hazards

Individuals are exposed to a wide range of infectious or
toxic compounds through the ingestion of food. Microor-
ganisms are the source of a large proportion of food-borne
illness globally. Some of the most common pathogens
included salmonella, campylobacter, E. coli, and shigella.
Poultry, red meat, unpasteurized milk, and untreated
water are common sources of these organisms. Fresh pro-
duce can also become infected through the use of contami-
nated seeds, irrigation with contaminated water, and
flooding. Food-borne illnesses of pathogenic origin typi-
cally result in gastrointestinal symptoms. These symptoms
are usually short-lived and self-limiting; however, in a sub-
set of the exposed population, they can cause severe health
complications and riskof death, especially in the very young
and very old. Long-term complications are rare, but include
reactive arthritis from exposure to salmonella and shigella,
Guillain-Barré syndrome from campylobacter exposure,
and renal damage due to infection with pathogens such as
E. coli O15H7. In industrialized countries, up to 30% of the
population is affected by food-borne illness each year. The
WHO has estimated that approximately 76million cases of
food-borne disease, resulting in 325 000 hospitalizations
and 5000 deaths, occur each year in the United States.
The global incidence of food-borne disease is more difficult
to estimate due to a lack of surveillance and reporting
systems in developing countries. However, over 2million
people are estimated to die from diarrheal disease each year,
of which an appreciable proportion can be attributed to
contamination of food and drinking water.

Chemical hazards

Toxic metals, PCBs, and dioxins can contaminate food
through contact with polluted air, water, or soil. Pesticide
residues and administration of pharmaceuticals to live-
stock can also result in chemical contamination of food.
Persistent organic pollutants are fat soluble, and thus
accumulate in the fatty tissue of fish and other animals
over time. Residents in extreme northern climates are
especially prone to highly persistent compounds that
deposit in the region due to their long-range transport
pattern through the atmosphere and subsequently bioac-
cumulate in the food chain. The health risks of persistent
organic pollutants remain undefined, although certain
types of cancer and adverse reproductive health outcomes
are suspected.
Prions

Prions are unique pathogens with biological and physio-
chemical characteristics that differ significantly from
those of other microorganisms. These agents arise from
the conversion of a normal cellular protein into an
abnormal disease causing isoform. Human prion diseases
affect the central nervous system and fall under one of
three etiological types: inherited, sporadic, or iatrogenic.
Creutzfeldt-Jakob disease (CJD) is a rare and fatal brain
disease in humans. The sporadic type, for which the
cause is unknown, is the most common form of this
disease, which mainly affects people aged 50 years or
over. The annual incidence of human prion diseases is
approximately one case per million. Despite the rare
occurrence of these neurodegenerative disorders, consid-
erable attention has been focused on prions because of
their unique characteristics and concerns that major out-
breaks of prion diseases in animals could lead to epi-
demics in the human population.

Bovine spongiform encephalopathy (BSE) is a trans-
missible brain disease of cattle characterized by progres-
sive degeneration of the nervous system, first recognized
in the United Kingdom in 1986. More than 184 000 cases
of BSE were confirmed in the UK alone. The origin of
BSE was linked to the inclusion of meat and bone meal
contaminated with scrapie-infected (another prion dis-
ease) sheep parts in the feed of livestock, resulting in
cross-species transmission. BSE has since been reported
in numerous countries across Europe and North America.
BSE, through exposure to contaminated meat, has been
implicated in human disease – a variant form of Creutz-
feldt-Jakob disease (vCJD). Since the first case of vCJD
reported in 1996, nearly 200 patients with this disease
have been identified worldwide.

Many countries have imposed cattle feed instructions,
as recommended by the WHO, which prohibit the inclu-
sion of most mammalian protein in feed supplies. Active
surveillance programs to test for prions in high-risk cattle
(those showing neurological symptoms or signs of sick-
ness) have also been implemented to initiate mitigation
measures at the first sign of infection.
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Urban Environments

Densely populated areas present unique public health
challenges. Crowded conditions combined with inade-
quate hygiene can result in the rapid spread of infectious
disease. Increased infectious disease risk can also stem
from inadequate solid waste collection resulting in an
environment which favors the proliferation of vectors
and reservoirs of communicable diseases. In tropical
countries, these vector-borne diseases include malaria,
dengue, and typhoid. In other climates, rodents and flies
act both as mechanical and biological vectors of infectious
diseases.

Individuals in many urban environments are exposed
to high levels of air pollution as a result of heavy motor
vehicle traffic and proximity to industrial complexes.
Motor vehicle traffic also contributes to increased risk of
injury from collisions and pedestrian accidents. It is esti-
mated that 20 to 50million people worldwide are injured
or disabled each year due to motor vehicle accidents and
that number is expected to rise, particularly in developing
countries, due to rapid and unplanned urbanization
(Peden, 2005). High levels of traffic noise have also been
implicated in hypertension, sleep disturbances, and myo-
cardial infarction. Despite these potential health risks
associated with densely populated areas there are several
advantages of living in an urban environment with respect
to health including proximity to health-care facilities,
public health programs, and increased opportunity to
form social support networks.
Occupational Health Risks

Dangerous substances and conditions have always existed
in the workplace. Historically, instead of improving such
work conditions, there are accounts of ‘unhealthy’ work
environments exploited as a form of punishment or of
work relegated to lower classes. Since the effects of a
toxic and unsafe work environment can be manifest in a
wide variety of diseases and injuries, establishing a safe
workplace has been an important population health goal
in recent decades.
Carcinogens in the Workplace

From the first observations of Sir Percival Pott in 1775,
associating scrotal cancer in chimney sweeps to deposits
of soot, through to the modern era, carcinogens were first
identified primarily in the workplace. Although this is no
longer true, occupational cancer epidemiology remains
essential to the discovery of cancer-causing agents in
humans. The predominant source of evidence on human
carcinogens has arisen from epidemiologic studies of
highly exposed workers. Some early studies identified
lung cancer risks in relation to suspicious occupational
circumstances, such as nickel refineries, chromate manu-
facturing, and sheep-dip manufacturing. Concerted inves-
tigation of occupational agents came later, as exemplified
by Sir Richard Doll’s 1955 quantitative assessment of the
relationship between asbestos exposure and lung cancer
risk. In recognition of the vast and growing body of evi-
dence concerning environmental carcinogenesis, several
programs were established in the 1970s to aid in govern-
mental regulation, including the IARC monograph pro-
gram and the Environmental Health Criteria monographs
of the International Program on Chemical Safety within
the WHO.

As of 2006, the IARC monograph program has identi-
fied 31 definite human occupational carcinogens, 29 prob-
able carcinogens, and 116 possible carcinogens. A further
18 occupations and industries were identified that likely
entail excess cancer risks, though the culpable agents have
not always been identified. Table 1 provides a recent
listing prepared by Siemiatycki et al. (2004) of occupa-
tional agents and circumstances identified as having
strong evidence supporting a carcinogenic relationship
with particular cancers. While some of the listed expo-
sures are practically nonexistent in modern times, there
are other exposures that are common worldwide. Expo-
sure to crystalline silica, for example, is particularly ubiq-
uitous, as is exposure to the many varieties of polycyclic
aromatic hydrocarbons. Though the global burden of
cancer attributable to occupational exposures is small,
on the order of about 2%, Boffetta (2004) has argued
that these cancers occur disproportionately among male
blue-collar work populations, in whom occupational can-
cers may account for upward of 20% of cancers.
Respiratory Health

While the ‘dusty trades’ were linked to chronic bronchitis
since the nineteenth century, it was recognized as early as
the 1500s that lung disease was common in miners. The
lung is particularly susceptible to occupational exposures
such as airborne dusts and fumes. As shown in Figure 2,
inhaled materials can increase the risk of virtually all of
the major chronic lung diseases, with the exception of
vascular illnesses. Allergens and irritants can cause sneez-
ing and congestion. Particulate matter can be deposited to
areas of the upper respiratory system, causing rhinitis and
various bronchial illnesses. Exposure to chromic acid can
cause nasal ulcerations. Irritants are commonly inhaled
from common mixtures of bleaches and phosphorus or
detergents and ammonia. Although COPD is primarily
caused by smoking, chronic airflow limitations were
related to exposure to silica, beryllium, cadmium (partic-
ularly emphysema), and cotton dusts (specifically bron-
chitis, or ‘brown lung’).



Table 1 Listing of occupational carcinogens and circumstances with strong evidence linking them to particular cancer sites

Cancer site Agent or circumstance

Pharynx and nasopharynx Formaldehyde
Nasal cavities and

paranasal sinuses

Boot and shoe manufacture and repair; furniture and cabinet making; isopropanol manufacture,

strong acid process; selected nickel compounds, including combinations of nickel oxides and

sulfides in the nickel-refining industry; wood dust

Liver and biliary tract Aflatoxin; ionizing radiation
Liver (angiosarcoma) Vinyl chloride

Larynx Isopropanol manufacture, strong acid process; inorganic acidmists containing sulfuric acid; mustard gas

Lung Aluminum production; arsenic and arsenic compounds; asbestos; beryllium; cadmium and cadmium

compounds; chromium compounds, hexavalent; coal gasification; coke production; hematite mining,
underground, with radon exposure; involuntary (passive) smoking; ionizing radiation; iron and steel

founding; selected nickel compounds, including combinations of nickel oxides and sulfides in the

nickel refining industry; painters; silica, crystalline; soots; talc containing asbestiform fibers
Lung (oat cell) Bis(chloromethyl) ether and chloromethyl methyl ether (technical grade)

Bone Ionizing radiation

Melanoma Solar radiation

Skin Arsenic and arsenic compounds; coal tars and pitches; coal gasification; coke production; dibenz[a,h]
anthracene; mineral oils, untreated and mildly treated; shale oils or shale-derived lubricants; solar

radiation; soots

Mesothelioma Asbestos; erionite; talc containing asbestiform fibers

Bladder Aluminum production; 4-aminobiphenyl; auramine manufacture; benzidine; coal gasification; magenta
manufacture; 2-naphthylamine; rubber industry

Thyroid Ionizing radiation

Leukemia Benzene; boot and shoe manufacture and repair; ethylene oxide; ionizing radiation

Adapted from Siemiatycki J, Richardson L, Straif K, et al. (2004) Listing occupational carcinogens. Environmental Health Perspectives
112: 1447–1459 and RousseauMC, Straif K, and Siemiatycki J (2005) IARC carcinogen update. Environmental Health Perspectives 113:

A580–A581.

Rhinitis and laryngitis
Large particles are deposited in the nose, pharynx, and larynx.

More soluble gases (e.g., sulfur dioxide) are absorbed by
upper respiratory tract mucous membranes, causing
edema and mucus hypersecretion.

Tracheitis, bronchitis, and bronchiolitis
Large particles (more than 10 µm in diameter) are deposited and

then cleared by cilia. Small particles and fine fibers are deposited in bronchioles
and bifurcations of alveolar ducts. Less soluble gases penetrate to deeper,
small airways.

Asthma and chronic obstructive pulmonary disease
Allergens and irritants are deposited in large airways by turbulent

Nasal cavity

Pharynx

Larynx

Trachea

Bronchus

Bronchiole

Alveolus

flow, causing chronic inflammatory changes.

Cancer
Carcinogens (asbestos and polycyclic aromatic hydrocarbons) come

into contact with bronchial epithelial cells, causing mutations in
proto-oncogenes and tumor-suppressor genes. More than one
such contact results in malignant transformation.

Interstitial disease
Small particles (less than 10 µm in diameter) and fibers are deposited

in terminal bronchioles, alveolar ducts, and alveoli. Penetration
to the interstitium results in fibrosis and the formation of
granulomas.

Figure 2 Occupational respiratory diseases. Reproduced from Becket W (2000) Occupational respiratory diseases. New England

Journal of Medicine 342: 406–413. Copyright 2000 Massachusetts Medical Society. All rights reserved.
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Asthma has emerged as the principal occupational
respiratory disease in industrialized countries. Hundreds
of substances in the workplace are known to affect asthma,
which can be categorized into occupational (new onset
from workplace exposure) or work-aggravated (exacerba-
tion of preexisting disease). The traditional definition
of asthma referred to a reversible airflow limitation from
sensitizing exposures. Recent consensus now also con-
siders the existence of asthma from short-term, high-
intensity exposure to irritants. The highest reported
prevalence of occupational asthma has been found in the
detergent industry, from exposure to platinum salts and
proteolytic enzymes. Lombardo and Balmes (2000) list
many of the major exposures that can induce asthma,
such as various egg and animal proteins, grain dusts,
flours, latex among health-care workers, proteases in the
detergent industry, red wood dusts, and platinum salts.

Pneumoconiosis, a dust-related fibrotic lung disease,
can be caused by inhalation of asbestos (asbestosis), silica
(silicosis), iron filings (siderosis), and coal dust (black lung
in coal miners). Silica exposure, in particular, is still a
major concern among construction workers worldwide.
Although there has been a decrease in the numbers of
coal miners in Western Europe and North America, the
numbers of miners remain large, particularly in Eastern
Europe, India, China, Africa, Australia, and South America.
Occupational Radiation Exposures

Since its discovery by Roentgen in 1895, ionizing radiation
has been exploited in medicine for diagnostic and thera-
peutic purposes. Historically, medical staff were occasion-
ally exposed to sufficiently high doses to lead to skin burns.
Indeed, the first substantial epidemiological evidence for
the carcinogenic effects of radiation was obtained from
observations on radiologists. International groups such as
the International Commission on Radiological Protection
were formed to provide recommendations for radiation
protection for both workers and the public.

The discovery of nuclear fission in the 1930s led to the
development of nuclear weapons, power industries, and
subsequent occupational exposure to ionizing radiation.
Underground rock miners can be exposed to high levels
of naturally occurring radiation, from radon gas and its
progeny, depending on surrounding uranium content.
Other sources of exposure include workers involved with
nuclear fuel production, reactor operation, irradiated fuel
reprocessing, sterilization of medical products, luminizing,
and radionuclide production. Studies of Japanese nuclear
workers involved in weapon production during World War
II, with high radiation exposure, were shown to be at excess
risk of solid tumors in the lung, bone, and liver. Flight
attendants can accrue high doses of cosmic radiation, and
there are suggestions of excess melanoma and breast cancer.
Cardis et al. (2005) provided recent evidence on low
chronic exposures, indicating a small excess risk of cancer
even at exposure levels consistent with current regulated
standards. Fallout from the Chernobyl reactor failure in
1986 has recently been estimated to be associated with an
additional 40 000 cases of cancer in Europe over the
subsequent 80-year period (Cardis et al., 2006).
Pesticide Workers

Pesticides are a diverse family of chemicals. Health con-
cerns are driven largely by the relative high toxicity of
insecticides, nematicides, and fungicides. Exposure can
occur by way of ingestion, inhalation, and skin absorption,
with the latter two being the primary routes of exposure in
worker populations. Although direct use of pesticides
entails the highest exposure levels, such as in orchard
and farm workers, even office workers are exposed to
some extent when exterminators are present. Nosocomial
poisoning is possible in health-care workers when handling
patients with acute pesticide poisoning.

First used in chemical warfare, milder forms of orga-
nophosphates have since been formulated for use world-
wide on agricultural crops and livestock. Used in
preference to organochlorines, because of their safer envi-
ronmental impact, many organophosphates have never-
theless been restricted by the Environmental Protection
Agency (EPA). The WHO has estimated about 3million
cases yearly of acute pesticide poisoning, with the major-
ity in developing countries in Africa, Asia, and Central
and South America. With chronic exposure to low levels
of organophosphates, a pesticide-related illness can
develop, involving symptoms of nausea, headache, and
vomiting. Additional long-term health problems were
noted, including respiratory problems, memory disorders,
neurological conditions, miscarriages, and birth defects.
Pesticide workers also possibly have an excess risk of non-
Hodgkin’s lymphoma, particularly linked to phenoxyace-
tic acid, organochlorine, organophosphate, carbamate, and
triazine pesticides. As with many occupational exposures,
complex analyses are needed to disentangle the individual
effects of pesticides when workers tend to be exposed to
multiple agents (see, e.g., De Roos et al., 2003).
Injury and Safety in the Workplace

The landmark U.S. Worker’s Compensation Act of 1911
established the need for safe working conditions. Work-
place safety is an essential requirement for the modern
worker. However, even with measures to reduce work-
related injuries and illness, safety concerns can still exist
due to inadequate training and lack of compliance with
safety regulations.

Workplace safety can be achieved in a number of ways.
Guidelines have been established to limit ambient air
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concentrations of many occupational agents. In the case of
pesticide workers, safety measures might include frequent
changes of clothing, avoidance of eating in the workplace,
and regulations regarding the use of personal protective
equipment. Similar measures were implemented with
medical staff, who are at constant risk of exposure to
various pathogens from handling of patients and medical
supplies. With the development of ergonomic measures to
prevent musculoskeletal disorders, the reduction of falls,
trips, and slips in the workplace has become an important
goal for workplace safety. Reducing chronic noise expo-
sure will not only prevent hearing loss, but may also have
an influence on hypertension. However, research has also
shown that introducing newer and safer equipment must
also be accompanied by educational campaigns: improv-
ing risk awareness and compliance with safety measures,
modifying work behavior, and reducing accidents by
improvement of job skills.
Vulnerable Populations

Children’s Environmental Health

In contrast to the broader field of environmental health,
children’s environmental health has come into promi-
nence more recently. The National Research Council
(1993) report, Pesticides in the Diets of Infants and Children,

was a major stimulus in this regard. It reported that
children may experience higher exposure levels to pesti-
cide residues in food and a greater susceptibility, due to
immature and rapidly developing systems, to their toxic
effects as compared to adults. Regulatory changes embod-
ied in the Food Quality Protection Act, including an
additional 10-fold margin of safety, provided further pro-
tection for children against environmental exposures.

Among the leading causes of morbidity and mortality
among infants and children, many have an appreciable
environmental component. The weight of the evidence
with which to characterize children’s environmental health
issues can range from cases in which the evidence is sub-
stantive to cases in which the scientific basis for an associa-
tion is limited or inadequate. The economic and societal
costs associated with children’s environmental health dis-
orders are estimated to be substantial, in part, due to the
disruption of normal development with the potential for
serious and irreversible consequences. Seemingly subtle
adverse children’s environmental health effects from low-
level exposures can be associated with large lifetime or
population consequences (as is the case for lead).

Children may be exposed to potentially hazardous
environmental agents through a number of pathways
including ingestion, inhalation, and dermal; the develop-
ing fetus is exposed transplacentally to the mother’s body
burden of environmental contaminants. Children’s expo-
sures to environmental agents (adjusted for body weight)
may exceed those of adults, thereby increasing the likeli-
hood of adverse health effects, due to a combination of
physiological and behavioral factors. Compared to adults,
large differences in the consumption of certain foods and
water per unit body weight are observed. Behaviors such
as crawling, playing on the ground, and hand-to-mouth
contact can increase the level of children’s exposure
to environmental contaminants. Children may also be
exposed to contaminants from parental occupational
exposures from direct transfer from articles worn at
work. Contaminants such as flame retardants, pesticides,
plasticizers, metals, and therapeutic drugs were detected
in the breast milk of women throughout the world, a food
source unique to infants.

Complex patterns of growth and development are
observed from conception through to adulthood. Develop-
ment does not occur uniformly across each organ system,
but rather through a series of stages of rapid development
that occur at precise time intervals. These differential rates
of development create critical exposure time windows that
are characterized by periods of enhanced susceptibility to
environmental exposures. The fetal and infant life stages are
thought to be particularly sensitive to chemical exposures.
Immature organ and tissue systems contribute to differ-
ences in the uptake, distribution, metabolism, and elimina-
tion of environmental agents in children, and may play
important roles in increasing their susceptibility to the
occurrence of an adverse health effect. Early life exposures
also allow for an extended time period for themanifestation
of delayed adverse health effects.

A particular challenge in the field of children’s envi-
ronmental health is that the majority of established rela-
tionships in population studies are those where high
levels of exposure were observed. Considerably less is
known regarding chronic low-dose exposures to which
the majority of the pediatric population is exposed. The
effects of such low exposures are particularly difficult to
characterize in epidemiological studies, resulting in uncer-
tainty about the nature and level of potential health risk. As
noted in the following section, genetic and socioeconomic
factors may affect children’s susceptibility to exposure to
environmental hazards.
Gene–Environment Interactions

Many human diseases are believed to result from an
interaction between genetic susceptibility and modifiable
environmental factors. Gene–environment (GE) interac-
tions reflect differences in the effects of environmental
exposures among individuals with different genetic poly-
morphisms. Differences in genetic susceptibility can ren-
der some individuals in a population to be more or less
likely to develop a particular disease following exposure
to an environmental agent. Elucidating GE interactions
has been particularly difficult, requiring considerable
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understanding of the biological underpinnings of human
disease. Large-scale epidemiologic studies specifically
designed to evaluate GE interactions are just beginning
to be conducted.

Xeroderma pigmentosum is an autosomal recessive
disorder in which exposure to ultraviolet (UV) light
results in a high incidence of skin cancers, due to defective
DNA repair; although skin cancer can occur from UV
light exposure without this genetic disorder, the risk of
UV-induced skin cancer is much greater among indivi-
duals with this genetic condition. Simple GE interactions,
where the exposure and the gene are both well under-
stood, are rare in environmental/occupational health.
Most diseases likely involve a complex profile of multiple
genes, lifestyle factors, and environmental exposures.
Studies have suggested several possibilities of potentially
vulnerable populations, though they are yet to be fully
understood. There is evidence that asthma has a number
of environmental and occupational etiologies; several
candidate genes were identified with suggestive evidence
implicating interactions with isocyanate exposure, smok-
ing, and ozone exposure with antioxidant supplementa-
tion. Parkinson’s disease is believed to have some
association with agricultural pesticides, and, given that
there are dramatic differences in the reported prevalence
in different countries, a complex multigenic interaction
has been suggested. Psychiatric disorders, such as depres-
sion and schizophrenia, have long been suspected of having
genetic susceptibilities that moderate the effects of environ-
mental determinants. Inflammatory diseases like rheuma-
toid arthritis have recently been studied, with conflicting
results suggesting that smoking history is a trigger for the
release of rheumatoid factors in the presence of certain
alleles of the human leukocyte antigen. Squamous cell
carcinomas of the oral cavity, pharynx, and larynx have
also recently been studied to understand what, if any, inter-
action exists between tobacco smoke and polymorphisms of
several carcinogen-metabolizing enzymes.
Environmental Health Risk Issues

A wide variety of environmental/occupational health
risks have so far been described. The WHO has estimated
that globally, diarrhea, lower respiratory infections, other
unintentional injuries (a category distinct from road traf-
fic injuries), and malaria, represent the greatest oppor-
tunities for interventions to reduce the burden of
environmentally mediated disease. A variety of policy
options are available for managing such health risks. Poli-
cies aimed at directly improving environmental quality
may be used alone or in combination with policies aimed
at improving environmental health indirectly through
social, behavioral, or other interventions.
Public Perception of Risk

Public perception of risk is an important factor in envi-
ronmental/occupational risk management decision
making. Risk perception is a subjective or intuitive pro-
cess by which individuals evaluate the probabilities and
consequences of risks. As such, public perceptions of risk
often differ from quantitative or expert determinations of
health risk. Discrepancies in risk apprehension between
the public and health authorities can lead to challenges in
risk communication and undermine the effectiveness of
risk mitigation strategies.

Since zero risk from exposure to an environmental/
occupational contaminant may often be unattainable due
to reasons of feasibility or cost, the level of risk that
society should be willing to assume or tolerate has been
debated. Specification of a precise level of risk that might
be considered acceptable in some sense is, however, prob-
lematic (Hrudey and Krewski, 1995).

Public perceptions of risk and acceptable levels of risk
are influenced by a wide range of factors. Studies of
risk perception conducted throughout the world have
identified a number of individual- and population-level
characteristics related to level of risk perceived. Risk
perceptions are influenced by demographic factors such
as gender, age group, level of educational attainment, and
income; personal values and beliefs; as well as personality
traits such as locus of health risk control. Population-level
factors are also related to risk perceptions, particularly the
nature and type of media exposure and the credibility of
the source. Specific characteristics of the hazard, particu-
larly factors related to the degree to which it is dreaded
and understood, also influence risk perceptions. A hazard,
for example, will tend to be dreaded, and thus, perceived
as a greater threat, if the consequences are fatal, globally
distributed, affect future generations, or for which the
individual may be involuntarily exposed. Concern sur-
rounding a hazard will also be increased when the risk is
newor unknown to science, or for which levels of exposure
are difficult to quantify. Industrial sources of radiation,
such as nuclear power plants, as well as environmental
chemical contaminants, such as pesticides, are examples
of such hazards that consistently appear in the risk percep-
tion literature. Understanding of public perception as risk
issues evolve will aid in the development of effective
risk mitigation programs.
Risk Management

A wide range of mitigation strategies are available for
environmental/occupational health protection including
regulatory, economic, advisory, community action, and
technological approaches. Such mitigation strategies may
be employed jointly or separately according to the nature
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of the environmental/occupational health scenario of
concern. Evaluation of any strategy following its implemen-
tation is required to assess its impact on environmental/
occupational health status. It is also important that any risk
management strategy be equitable and responsive to the
availability of new scientific data.

. Regulatory action is often used by governments at multi-
ple levels to mitigate health risks. Regulatory action
for environmental/occupational health protection is
often required under differing conditions of uncer-
tainty. Whereas there exists a considerable amount of
scientific evidence to support regulations governing the
use of lead in a variety of consumer products, for other
potential environmental hazards – such as the cosmetic
use of pesticides – municipalities that have banned
their use have done so in a predominantly precaution-
ary view as the body of scientific evidence supportive of
adverse health outcomes remains limited.

. Economic approaches to mitigating environmental/occupa-
tional health risks typically make use of economic incen-
tives or disincentives to control the level of population
exposure to environmental contaminants. For example,
emissions trading effectively places an economic burden
on polluterswhile rewarding those who reduce emissions.

. Advisory approaches may include information campaigns
related to behavior change, such as advisories related to
the consumption of sport fish or the need to boil water
due to the presence of a known or suspected biological
contaminant, or labeling of products to ensure their
proper use and disposal.

. Community involvement in environmental/occupational
health risk management can include such factors as
resource mobilization, information sharing, priority
setting, shared decision making, and implementation
of selected initiatives. Community action has resulted
in policy change, such as bans related to cigarette
smoking in public areas.

. Technological options for health risk management such
as engineering advancements, may be employed, for
example, to reduce population levels of exposure to
environmental contaminants or reduce level of risk
associated with certain activities or occupations. Tech-
nological approaches including improvements in road
design and in automobile safety features are widely
employed in the prevention of road traffic injuries.
Emerging Issues

Environmental/occupational health risk issues continue to
evolve and emerge over time. Emerging pathogens, such as
the virus responsible for avian flu in Europe and Asia, have
had significant impacts on international trade. This initial
experience with avian flu challenges us to find new ways of
anticipating and preventing similar outbreaks in the future,
including a possible outbreak of pandemic flu. The threat
of terrorism has prompted major efforts to address the
chemical, biological, radiological, and nuclear risks asso-
ciated with such potential terrorist events. Little is known
about the potential risks of emerging technologies such as
biotechnology and nanotechnology, which can be expected
to play an increasingly important role in the future. Endo-
crine toxicants were associated with adverse effects on the
ecological environment and animal species and are sus-
pected to play a role in a variety of human diseases.

Human activity has also resulted in global change,
including climate change and impacts on biogeochemical
cycles, which are expected to impact the biosphere far into
the future. Population health risk issues related to climate
change include the impact of extreme weather events, heat
stress, health effects of particulate and gaseous co-pollutants
associated with greenhouse gas emissions, increased cancer
risks due to increased exposure to UV radiation, and the
migration of infectious disease-carrying insect vectors.
The full extent of such impacts is currently being evalu-
ated by governments throughout the world and by inter-
national agencies with responsibilities for both population
health and the environment.

Current evidence clearly indicates that environmental/
occupational factors impact population health status. Sci-
entific investigations will continue to uncover new linkages
between our environment and human health, and refine
current understanding of existing environmental health
risks and their interactions with other health determinants,
particularly social and genetic factors. Government, acade-
mia, industry, and nongovernmental organizationswill need
to work together to assess and manage known environmen-
tal and occupational health risks and respond to new risk
issues as they emerge. International collaboration will be
essential in addressing transboundary and global risk issues.
The approaches to risk assessment and risk management
outlined here may be of value in meeting this challenge.
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What Is Environmental Justice and How
Does It Relate to Health?

It is nowcommonly understood thatmuch of theworldwide
burden of environmental ill health falls disproportionately
on poorer peoples (UN Environment Programme, 2002;
UNICEF, 2005). There is also substantial evidence that
much global environmental damage is the result of the
actions of richer nations or richer groups within nations –
with impacts on poorer nations and poorer groups within
nations (World Resources Institute, 2002). Environmental
justice is a concept that links environmental health to
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human rights’ debates around access to a healthy environ-
ment. It deals with the distribution of environmental goods
and harms – and those involved in environmental justice
analyze who is responsible for creating these harms as well
as who bears these harms, in both a practical sense but also
in terms of policy decisions. It is a radical, environmental
health movement that has evolved from civil society groups,
angered at what they perceive as the unjust distribution of
environmental resources for health and therefore the
‘unjust’ distribution of environmental harms. The move-
ment now includes a collaboration of nongovernmental
organizations (NGOs) with environmental scientists, public
health professionals, and lawyers, all working on the issue of
the distribution of environmental harms and the rights of
everyone to a healthy environment.
Origins of Environmental Justice – Born in
the USA

Environmental justice originated from protests in the
1980s by community groups in the United States against
the repeated siting of polluting factories and waste sites in
predominantly black neighborhoods and indigenous
peoples’ reservations. Civil rights protestors highlighted
the disproportionate burden of negative environmental
impacts these sites caused for the most vulnerable sectors
of society.

In 1994 the issue reached the White House when
President Clinton issued Executive Order 12898: Federal
Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations. This order
reinforced the Civil Rights Act of 1964 by requiring
federal regulatory agencies to incorporate environmental
justice into all of their activities (U.S. Environmental
Protection Agency [USEPA], 2003).

During the 1990s the environmental justice movement
developed in the UK and Europe. There, the focus
became less centered around racial minorities and more
specifically linked to social inequality; specifically, the
disparities between environmental conditions experi-
enced by the richest and poorest sectors of society.

In Latin America, Africa, and Asia, individuals, com-
munity groups, NGOs, and academics are also actively
involved in tackling environmental health problems that
would be described in Europe or the United States as
environmental justice issues.
Defining Environmental Justice

Environmental justice is generally defined as a set of
rights – that should be aspired to, sought after, or
demanded, in terms of both substantive conditions for
environmental health and of procedural rights – which
principally include access to information and decision
making. The following two definitions provide examples.
The Office of Environmental Justice of the USEPA
defines environmental justice as

the fair treatment andmeaningful involvement of all people

regardless of race, color, national origin, or income with

respect to the development, implementation, and enforce-

ment of environmental laws, regulations, and policies. Fair

treatment means that no group of people, including a racial,

ethnic, or a socioeconomic group, should bear a dispropor-

tionate share of the negative environmental consequences

resulting from industrial, municipal, and commercial

operations or the execution of federal, state, local, and tribal

programs and policies.Meaningful involvementmeans that:

(1) potentially affected community residents have an ap-

propriate opportunity to participate in decisions about a

proposed activity that will affect their environment and/or

health; (2) the public’s contribution can influence the regu-

latory agency’s decision; (3) the concerns of all participants

involvedwill be considered in the decision-making process;

and (4) the decision makers seek out and facilitate the

involvement of those potentially affected.

(USEPA Office of Environmental Justice, 1998: 9)

The Scottish Executive defines environmental justice
in similar terms:

The first is that deprived communities, which may be

more vulnerable to the pressures of poor environmental

conditions, should not bear a disproportionate burden of

negative environmental impacts. The second is that all

communities should have access to the information and to

the means to participate in decisions which affect the

quality of their local environment.

(Scottish Executive Social Research, 2005: 8)

Friends of the Earth Scotland, the United Kingdom
NGO that led the way on environmental justice in the
UK, summarized it simply as ‘‘[n]o less than a decent
environment for all: no more than a fair share of the
Earth’s resources’’ (Friends of the Earth Scotland,
2003: 17), which highlighted the need for justice both
locally and globally.

Environmental justice has also been conceived in terms
of rights and responsibilities. For example, Stephens and
colleagues identify two key assertions of environmental
justice: ‘‘everyone should have the right and be able to live
in a healthy environment, with access to enough environ-
mental resources for a healthy life’’ and

responsibilities are on this current generation to ensure a

healthy environment exists for future generations, and on

countries, organisations and individuals in this generation

to ensure that development does not create environmen-

tal problems or distribute environmental resources in

ways which damage other people’s health.

(Stephens et al., 2001: 3)
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Environmental Justice and Health Inequality

Environmental inequality is a key part of environmental
justice. In effect it is a step back or precondition for
injustice to occur. Inequality is a descriptive term; con-
ceptually, to observe or claim an environmental inequal-
ity is to point out that an aspect of the environment is
distributed unevenly among differentiated social groups
(e.g., class, age, ethnicity, etc.). There can be different
degrees of inequality depending on how skewed the envi-
ronmental parameter is toward or away from the social
groups of concern. In addition, this can encompass:

. Negative aspects of the environment such as exposure
to pollution

. Positive aspects such as access to green space

. Procedural aspects such as access to information or
decision-making processes.

However, the crucial point is that an inequality is
different from an injustice or inequity. It does not neces-
sarily follow that because a distribution of an environ-
mental good or bad is unequal it is also unjust or
inequitable. An evaluation or judgment has to be made
to progress from inequality to injustice and, as theories of
justice make clear, substantially different perspectives can
be taken.

Factors that may be relevant in considering the case for
an environmental injustice include:

. The degree of inequality that exists

. The degree to which individuals have been able to
exercise choice in their exposure to an environmental
good or bad

. Whether an inequality has been created through the
exercising of power by a public or private body (e.g., in
taking facility siting decisions)

. Whether a pattern of inequality is combined with other
patterns of inequality (an accumulation of unequal
impacts) or with a higher degree of vulnerability or
need among a social group, when compared to others

. The degree to which those exposed to an impact or risk
also have a role (direct or indirect) in, or benefit from,
its creation.
Broadening the Concept

Since its development in the United States, the concep-
tual boundaries of environmental justice have extended
beyond local level issues. A number of different ele-
ments or interrelated component parts of environmental
justice can be identified from the range of definitions that
exist:

. Distributive justice is concerned with how environmen-
tal ‘goods’ (e.g., access to green space) and environ-
mental ‘bads’ (e.g., pollution and risk) are distributed
among different groups and the fairness or equity of this
distribution.

. Procedural justice is involvedwith the fairness or equity
of access to environmental decision-making processes
and to rights and recourse in environmental law.

. Policy justice is concerned with the principles and out-
comes of environmental policy decisions and how these
have impacts on different social groups.

. Intranational justice is involved with how these dis-
tributions and processes are experienced and operate
within a country.

. International justice extends the breadth of concerns to
include international and global issues such as climate
change.

. Intergenerational justice encompasses issues of fairness
and responsibility between generations, such as emerge
in debates over the protection of biodiversity.

While some people may recognize all of these compo-
nent parts within their working definition or framing of
environmental justice, others take a more restricted or
focused view. There are also differences in the extent to
which environmental justice is seen as only encompassing
core environmental issues or extending – within a broader
sustainability perspective – to include quality of life and
social issues that have environmental dimensions to them.
Environmental Justice and Health

Health is a key component of environmental justice, and is
a key reason why the environmental justice movement
developed. This section outlines some of the evidence of
how environmental justice and health are linked.
Negative Environmental Impacts

Negative environmental impacts are not randomly
distributed. Generally, poorer people live in worse
environments. Environmental epidemiology provides
evidence of direct causal relationships between exposure
to environmental pollutants and negative health out-
comes. Industrial or domestic processes on a local or
international scale may produce pollutants, with health
outcomes ranging from mild skin irritation to death. This
exposure–outcome relationship is affected by many socio-
economic factors that are treated as possible confounding
factors in epidemiological analysis. Within a population
group some individuals or groups are more likely to be
exposed than others, due to the location and conditions
in which they live and work.

There will be varying levels of awareness about the
possible negative effects of exposure, and varying capacity
to prevent it. People with existing illness or previous
exposure may be more vulnerable. Some people will
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have good access to diagnosis and treatment facilities,
others will have none. These inequalities, a complication
for environmental exposure–health outcome analysis,
contribute to unequal distribution of risk. An environ-
mental justice perspective also considers who is responsi-
ble for creating environmental hazards, who benefits from
the process that creates them, and who is most at risk.

Even in wealthy regions such as Europe, routine envi-
ronmental exposures affecting child health, such as
transport-related pollution and housing, occur without
citizens being able to access environmental policy for
justice. Further, despite advanced worker protection
fought for over the last hundred years, conditions are
deteriorating for low-income workers and increasing
numbers are excluded from the workforce. In addition,
internationally, past environmental crises such as Cherno-
byl and Bhopal, have all occurred despite well-developed
constitutional, environmental, and human rights legisla-
tive frameworks at national and international levels, dating
back in some cases to the middle of the twentieth century.
Access to Environmental Resources:
A Healthy Environment

Another key aspect of environmental justice is the right of
all people to environmental resources for healthy living.
People need access to a range of environmental and social
resources to be healthy, and to meet the following needs:

. Physical: shelter, heat, food, clean air, and water

. Economic: transport infrastructure, work, shops

. Aesthetic, mental, and spiritual: green space, quiet,
access to countryside.

Access to these resources is highly skewed, both inter-
nationally and within countries. Poorer groups are less
likely to have reliable access to safe drinking water, healthy
sources of food, and transport infrastructure necessary
for education and employment – even within wealthy
nations and regions. In addition, richer countries access
important environmental resources of poorer nations
while peoples in those nations do not benefit and are some-
times harmed. For example, the UK consumes large quan-
tities of raw environmental resources – metals, wood, oil,
and minerals – which are mostly imported. Oil is an impor-
tant example: communities in oil-producing countries are
increasingly complaining about environmental damage
caused by resource exploitation, and there is considerable
concern about the distribution of development benefits
associated with this resource.

Another aspect of this debate is the global inequality in
consumption of the world’s resources. For example, a
report for the World Economic Forum highlighted that
the UK’s ‘ecological footprint’ – the total amount of land a
country is appropriating to support its economy – is
equivalent to an area over 10 times the size of the UK,
the eighth worst out of 122 countries surveyed. The
UK has a net deficit of 4.5 hectares per person (World
Economic Forum, 2001).
Intergenerational Justice

Even if everyone today lived in a healthy environment,
environmental justice would not be done if this were
achieved at the expense of people in future generations.
Stephens et al. (2001) identified four types of actions
contributing to injustices across generations, including:

. Activities that impose costs on future generations with-
out any balancing of benefits: nuclear waste will have to
be managed for thousands of years; toxic waste that
impacts on health of future generations

. Reducing the ability of the environment to provide
nonsubstitutable resources and services (what environ-
mental economists call ‘critical natural capital’)

. Creating ongoing negative environmental impacts: for
example, climate change is predicted to become more
severe in its disruptive effects over the coming centu-
ries

. Using technologies with unknown and unexplored po-
tential long-term effects: for example, there is limited
scientific understanding of the long-term health and
environmental impacts of the vast range of chemicals
we use daily.

There is a significant tension within environmental
justice – how do we reconcile these different aspects of
environmental justice? There is no easy answer and the
second thread of environmental justice theory – dealing
with procedural justice – does not make the case any less
complex.
Substantive and Procedural
Environmental Justice

Substantive injustices are caused, in part, by procedural
injustices. Access to information can be a major barrier for
individuals or communities tackling environmental jus-
tice issues. People seek information from scientists, indus-
try professionals, regulators, legal advisors – all of which
may be complicated or expensive to acquire and difficult
for nonexperts to interpret. For example, waste disposal
policies are not designed to hurt poorer communities, but
can through the decision-making process if wealthier
groups can access decisions more easily and avoid per-
ceived harm. This aspect of environmental justice is
known as procedural justice.

The debate within the UK on the location of waste
incineration plants provides a good example: Lord Judd
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questioned Richard Mills of the UK National Society for
Clean Air and Environmental Protection:

When you say that it (incineration) is acceptable, it is

acceptable to the more articulate sections of the popula-

tion. From what you have said, the incinerator ends up in

the less articulate sections of society. I do think we ought

to make that quite clear. (Ryder, 1999: 373)

Poorer communities and ethnic communities face worse
social, economic, and environmental conditions, but this
can be linked to their inability to access decision-making
processes. There are gender differences in environmental
exposures and impacts: for example, poor housing condi-
tions affect women – particularly single mothers and their
children. Children overall, as well as elderly people, are
often more greatly affected by environmental policies
than adults of working age. Within the working popula-
tion, there are great differences in environmental expo-
sures, with lower-income workers employed in occupations
with higher exposure to hazards, lower incomes, and
greater insecurity of employment.

A substantial and fast-developing part of work that
defines itself as part of the environmental justice move-
ment is about ensuring access to legal systems. There are
a growing number of national NGOs for whom environ-
mental law is their main focus, as well as international
networks such as Justice and Environment and Earthjustice
(see the section ‘Relevant Websites’).
Environmental Justice – Some Current
Examples

Local Injustice

At a local level – the original focus of the environmental
justice movement – examples of environmental injustice
are most frequently linked to industry and decisions made
by local and national government. Siting and regulation of
manufacturing industries, waste disposal sites, energy
extraction, and production facilities can cause or contrib-
ute to environmental injustice with negative effects on
local people’s health. These situations can arise quickly
or over decades.

The following list shows cases of such local environ-
mental justice. It is notable that each is linked to a wider
justice issue related to consumption of the products of
each of the industrial processes. The people who experi-
ence the local harms are not the people who benefit from
the resources produced.

Traffic, poverty, and air pollution, Great Britain: Mitchell
and Dorling (2003) analyzed air pollution, vehicle emis-
sions, and poverty in Britain, finding that ‘‘communities
that have access to fewest cars tend to suffer from the
highest levels of air pollution, whereas those inwhich car
ownership is greatest enjoy the cleanest air’’ (Mitchell
and Dorling, 2003: 913). Areas with 30–40% of house-
holds in poverty had access to fewer cars and experienced
the highest levels of air pollution. The authors concluded
that this was ‘‘evidence of environmental injustice in the
distribution and production of poor air quality in the
UK’’ (Mitchell and Dorling, 2003: 929).
Soft drink bottling factories, India: Local people have expe-
rienced water shortages as water is diverted from rivers
through pipelines to soft drink bottling factories in
rural India. The majority of people affected are India’s
most marginalized groups, low-income rural laborers,
whose livelihoods depend on agriculture. Access to
clean water is crucial for individual health and also
essential for agriculture. Local campaigners point out
that, ironically, communities most impacted by the
factories’ operations cannot afford to buy the soft
drinks they produce.
La Oroya metal smelter, Peru: A metal smelter complex has
operated in La Oroya, Peru, for over 80 years. Lead
processing on the site begun in 1929 and emissions
are not controlled. Recent blood sampling surveys of
local children show that they are being exposed to lead
in their local environment. The health effects of lead
exposure in childhood range from behavior and develop-
mental impairment to death. Health concerns also exist
about poor nutrition, sanitation, and lack of safe drink-
ing water (Doe Run Company, 2004; Buchanan et al.,
2005).
International and Intergenerational
Environmental Justice

Perhaps the biggest environmental justice issue to emerge
in the early twenty-first century is linked to our global
development process and the sharp injustices of unequal
consumption patterns and unequal impacts of the envi-
ronmental burden of such patterns on both poorer peoples
in poorer nations and on future generations. Climate
change impacts have emerged as a key environmental
justice issue for almost every international and national
policy body. As Professor Peter Cox, a senior observer in
the UK commented in 2007:

We’ve got this problem that the most impacted people are

in the developing world who are (a) less able to adapt and

(b) not responsible for the problem. We are so connected

now, across the globe, that we will be affected by environ-

mental change wherever it occurs.

(Climate Change, 2007)

And, as Mary Robinson stated in a Barbara Ward Lecture
entitled Climate Change and Justice:

We now recognise that respect for human rights is at

the core of sustainable development, and the links today
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between human development, human rights and human

security could not be clearer. Equally important, human

rights are our shared international language and framework,

and human rights instruments give our multi-lateral system

its means of putting into practice our shared values. Can

there be any problem today that requires this approach

more than climate change? Article 1 of the Universal Dec-

laration of human rights states our birthright: ‘‘All human

beings are born free and equal in dignity and rights’’. How-

ever it is here that an issue of justice is raised, as I will

explain further: it is poor communities who are suffering

most from the effects of climate change, and it is rich

countries that are contributing most to the problem. The

human rights approach, emphasising the equality of all

people, is a direct challenge to the power imbalance that

allows the perpetrators of climate change to continue un-

checked. And the human rights framework gives us the legal

and normative grounds for empowering the poor to seek

redress. (Robinson, 2006: 2)

Figure 1 shows graphically how our world looks when
the proportional size of pollution impacts are scaled to a
map of the world. As well, a recent report for the Interna-
tional Panel on Climate Change noted that

On aggregate, it was estimated that climate change may

already (by 2000) be causing in the region of 150 000

deaths (0.3% of global deaths per year) and 5.5million

lost DALYs [disability adjusted life years]/year (0.4% of

global DALYs lost per year). Even taking into account

increasing wealth and some level of behavioural and so-

cioeconomic adaptation, the disease burden caused by

climate change is likely to increase substantially over
Figure 1 Territory size shows the proportion of carbon dioxide em

2006 SASI Group (University of Sheffield) and Mark Newman (Univer
December 2007).
time. Overall, the effects are predicted to be heavily con-

centrated in poorer populations at low latitudes, where

the most important climate-sensitive health outcomes

(malnutrition, diarrhoea, and malaria) are already com-

mon, andwhere vulnerability to climate effects is greatest.

These diseases mainly affect younger age groups, so that

the total burden of disease due to climate change appears

to be borne mainly by children in developing countries.

(Haines et al., 2006: 2106–2107)

Procedural Environmental Justice

A survey of access to information, participation, and jus-
tice in environmental decision making was carried out
in nine countries – Chile, Hungary, India, Indonesia,
Mexico, South Africa, Thailand, Uganda, and the United
States – in 2001–02 (Petkova et al., 2002). Researchers
found that

. Access to justice is hampered by unclear laws

. Access to justice is constrained by limited mechanism
for redress

. High costs are an effective barrier to access to justice.

Even in countries where democracy is argued to have
existed for centuries, many of the most disadvantaged
groups feel a sense of alienation from their rights to
information or decision making. For example, local cam-
paigner Joan Higginson describes her communities’
experiences in Scotland:

There is very little redress as the system and structures

that are in place do very little to support them. For

instance there is an imbalance within the planning system
issions worldwide emitted in 2002. Reproduced from copyright

sity of Michigan). http://www.worldmapper.org (last accessed

http://www.seer.cancer.gov
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that significantly favours the developer above the com-

munity. The developer has the right of appeal whilst the

local community does not. Therefore the aggrieved party

has no way to address the issue unless they can afford the

exorbitant and unpredictable fees for a judicial review.

(Friends of the Earth Scotland, 2003: 22)
Toward Environmental
Justice – Emerging Policy Approaches

The United States was the first country to recognize and
use ‘environmental justice’ as a term in national legisla-
tion. There are many other approaches to environmental
justice at a national policy level, but few use the phrase
directly. A sizeable number of nations (such as newer,
post-Soviet ones) include a right to a safe and healthy
environment within their constitutions. And it is these
nations that have tended to support the principles of the
most promising piece of environmental justice policy to
emerge within the last few years.
The Aarhus Convention – The European
Approach

The Aarhus Convention on Access to Information, Public
Participation in Decision-making, and Access to Justice in
Environmental Matters is the first international agree-
ment that takes forward some but not all aspects of work
on environmental justice. Figure 2 shows the substantive
and procedural aspects of the agreement. As its title
ure 2 The Aarhus Convention (available at: http://unp.un.org/co
suggests, the Aarhus Convention contains three broad
themes or ‘pillars’: access to information, public participa-
tion, and access to justice. It applies to all countries within
the European Union.

The United Nations Economic Commission for
Europe (UNECE) describes the convention in the follow-
ing terms:

The Convention adopts a rights-based approach. Article

1, setting out the objective of the Convention, requires

Parties to guarantee rights of access to information, public

participation in decision-making and access to justice in

environmental matters. It also refers to the goal of pro-

tecting the right of every person of present and future

generations to live in an environment adequate to health

and well-being, which represents a significant step for-

ward in international law. These rights underlie the vari-

ous procedural requirements in the Convention.

(UNECE, 2008)

The convention entered into force on 30 October 2001
andwas hailed as a milestone of environmental democracy.

A secretariat body based at the UNECE office in
Geneva is responsible for the implementation of the Aar-
hus Convention. The Aarhus Convention Compliance
Committee is now able to receive submissions from
NGOs and the public who have challenged decision
making and nonavailability of information in their own
nations (i.e., those nations that have ratified the Aarhus
Convention) and been unsuccessful (UNECE, 2007b).
These are then considered and where appropriate dis-
cussed at the annual meeting of nations which are parties
to the Convention.
vers/E0611E9.jpg).
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Some of the first appeals came through the NGO
Green Salvation, in Almaty, Kazakhstan. The first appeal
concerned the failure of the national atomic energy com-
pany, Kazatomprom, to disclose information regarding its
project for the importation and burial of low-level radio-
active waste from foreign countries on the territory of
Kazakhstan. The second appeal concerned the illegal con-
struction of a high-voltage (110 kV) power line through
the residential district of Gornyi Gigant within Almaty.

These and other cases provided the first tests of the
Aarhus Convention’s compliance mechanism, which
found in 2005 that three countries – Turkmenistan,
Ukraine, and Kazakhstan – had failed to comply with
certain provisions of the Aarhus Convention. Moves
toward compliance are continuing and the Aarhus Clear-
inghouse set up by UNECE monitors activity and pro-
motes good practice (see the section ‘Relevant websites’).

The Aarhus Convention is a new type of legislation –
built on principles of environmental democracy. This
makes it an interesting policy, but also a highly controver-
sial one. UNECE describes the Aarhus Convention in
aspirational terms:

The Aarhus Convention is a new kind of environmental

agreement. It links environmental rights and human rights.

It acknowledges that we owe an obligation to future gen-

erations. It establishes that sustainable development can be

achieved only through the involvement of all stakeholders.

It links government accountability and environmental

protection. It focuses on interactions between the public

and public authorities in a democratic context and it is

forging a new process for public participation in the nego-

tiation and implementation of international agreements.

(UNECE, 2008b: http://www.unce.org/env/pp).

Only time will tell if this agreement proves to be a useful
approach for international environmental justice strategies.
Linking Environmental Justice and Sustainable
Development

There is a growing concern to create stronger links
between the environmental justice movement and the
global sustainable development community. The 2002
UN World Summit on Sustainable Development in
Johannesburg saw calls from NGOs for a global right to
a safe and healthy environment to be a central part of
work on sustainable development, but this failed to get
agreement from governments.

One government that has directly included environ-
mental justice in its National Strategy for Sustainable
Development (NSSD) is the UK. Every country that
signed the 1992 UN Rio Declaration has committed to
develop such a strategy and most have done so with
varying degrees of commitment. The NSSD includes
the approach of creating sustainable communities as one
element of its program, and this includes some limited
commitments on tackling environmental inequalities:

The Government will fund further research on the causes

of environmental inequality and the effectiveness of

measures to tackle it in order to establish the best ways

to tackle these issues in communities . . . the Government

will in the short term focus on improving the envi-

ronment in the areas already identified as most deprived.

(Department for Environment, Food, and Rural Affairs

(DEFRA, 2005: 134–135)

These are promising moves but we are yet to see
environmental justice as an explicit policy goal within
sustainable development strategies at the international
level. The most promising work continues to take place
at the local level. For example, a 2004 report, Environ-
mental Justice in London (Adebowale et al., 2004) con-
cerns issues for London. One key recommendation is for a
regional environmental justice ‘code,’ which would act as
guidance for policy makers and practitioners in all sectors,
and would provide a framework for the development of an
environmental justice ‘impact assessment.’ The aim would
be to ensure that no one group suffers disproportionate
impacts of policies, acts, or omissions. This proposal has
had some support from the Mayor of London and some
parties within the Greater London Assembly, but as yet
there is no evidence of such a code being developed.
Conclusions

Environmental justice is still low on many policy agendas.
This may be due to a lack of capacity among those worst
affected to engage in policy issues. Building capacity to

engage is likely to be central to any long-term change in
this area, and this is likely to help develop increasing links
between those working on environmental issues and those
engaged with social justice.

Environmental justice may also become an increasingly
important issue as the impacts of global climate change are
felt. Many ‘climate refugees’ likely are coming from poorer
nations such as Bangladesh, which have low carbon emis-
sions themselves yet suffer disproportionately from the poli-
cies and practice of richer nations. Even within such poorer
nations there are likely to be environmental injustices as
poorer communities are often on more marginal land and
may be more vulnerable to flooding and droughts.

At the same time, there is an emerging toolkit for
governments, individuals, and communities to use to
implement environmental justice. New assessment tech-
niques, policies, and laws now allow the more transparent
establishment of rights and responsibilities, and this in
turn brings new legal, reputational, and financial risks
for those acting in an irresponsible way.

http://www.unce.org/env/pp
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Environmental justice is not a panacea for all social
injustices or all health inequalities. But overall, it offers a
fresh perspective. Environmental justice’s two basic pre-
mises are, first, that everyone should have the right and be
able to live in a healthy environment, with access to
enough environmental resources for a healthy life, and,
second, that it is predominantly the poorest and least
powerful people who are missing out on these healthful
conditions. Taking these two premises together suggests
that a priority is to ensure that the adverse conditions
faced by the least powerful people are tackled first. As
well as implying environmental rights, it implies environ-
mental responsibilities. Our generation – we who are
living in the early 21st Century, must accept our respon-
sibility for the damages we as a species are inflicting
on the planet, on each other and on future generations.
The future development of the world must not be at the
expense of the planet’s environmental sustainability, or
the well-being of future generations. This is a view that
reframes environmental issues as a critical and core ele-
ment of achieving social justice goals, rather than as a set
of priorities that conflict with social goals. If social justice
can be thought of as ensuring that all people have at least a
basic set of minimum conditions to achieve a healthy life,
then having a healthy, safe environment and access to
enough environmental resources for all people is a central
part of this social justice goal.

We are yet to grasp fully the impacts of our current
development trajectory on either our local environment,
or our global one. Environmental justice asks us to think
about rights and responsibilities toward our environment
and our health. It challenges us to think about others and
about future generations. It is not a simple environmental
health policy – it is a complex approach for our complex,
twenty-first-century environmental health challenges.
Environmental justice offers a new frame for public health
professionals interested in the traditional public field of
social equity, but also is a new lens on public health within
the context of global environmental change.
See also: Carcinogens, Environmental; Environmental

and Occupational Epidemiology; Environmental Health:

Overview; Environmental Protection Laws.
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The Environmental Mycobacteria

The environmental mycobacteria (EM) represent a large
group of opportunistic pathogenic bacteria whose source
of infection (reservoir) is the environment. The global
burden of these organisms is unknown, although an
approximation can be made from U.S. data. While infec-
tions caused by EM are not on the Centers for Disease
Control and Prevention (CDC) reportable list, current
estimates place the incidence of disease at four cases per
100 000, leading to an estimate of 12 000 new cases annu-
ally in the United States. Because of their relative antibi-
otic resistance, multidrug treatment regimens can be
more than 5 years in duration. Thus, the burden of disease
due to EM is quite high.

Environmental opportunistic mycobacteria are free-
living bacteria with a wax- and lipid-rich outer membrane
that is a major determinant of their ecology and epidemi-
ology. Mycobacterium was first named as a genus and the
type species, M. tuberculosis, was deposited in 1896. When
clinicians isolated acid-fast bacteria from patients or ani-
mals that did not characteristically match M. tuberculosis,
these isolates were assumed to be mutant strains, and thus
termed atypical mycobacteria, a term still, unfortunately,
in use today. As it was realized that other species ofMyco-

bacterium existed and these were named, other terms came
into usage, such as MOTT (mycobacteria other than
tuberculosis) and NTM (nontuberculous mycobacteria,
which is technically inaccurate because many EM can
form tubercules in the lung during infection). As the
names clearly indicate, philosophically M. tuberculosis

was still considered the ‘normal’ Mycobacterium species
and others were secondary. However, at present the
genus contains over 100 species, with the vast majority
being free-living, opportunistic pathogens, unlike mem-
bers of the M. tuberculosis complex that are obligate
pathogens with a restricted host range that fail to survive
in the environment. Further, the EM have relatively
large genomes, carry plasmids, show evidence of horizon-
tal gene transmission and physiologic flexibility (capable
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of xenobiotic degradation), and can grow and survive
in protists, plants, and higher animals. Although none
of those characteristics are shared by members of
the M. tuberculosis complex, much can be learned by
comparative study of EM and the obligate pathogens, as
the M. tuberculosis complex evolved from the EM.

The distinctive features of EM are listed in Table 1.
These mycobacteria are normal inhabitants of natural
and engineered environments including water and soil.
Exposure and infection occurs when the habitats of
humans or animals overlaps that of mycobacteria (e.g.,
showers). Both slowly (colony formation requires 7 days
or more) and rapidly (colony formation in less than
7 days) growing species cause disease and share the
common characteristic of being intracellular pathogens.
Growth rate differences are significant, and because 16S
rDNA sequences of rapidly and slowly growing mycobac-
teria are so distinct, it can be argued that they should be
assigned to separate genera (Strahl and Urbance, 1990). As
mycobacterial genomes are sequenced, action may need
to be taken, particularly if they are reflected in differences
in epidemiology. A list of EM species of public health
significance is listed in Table 2. Although EM have been
linked to disease by both epidemiologic analysis and
DNA fingerprint analyses, to date there have been no
measurements of microbial numbers or conditions
required for infection, nor is there any information that
would suggest there are differences in dose–response
between species.

An extensive study was done in which 1� 106 colony
forming units (CFU) of each of 41 different isolates of
M. avium complex (MAC), from water, soil, animals, and
Table 1 Distinctive features of environmental mycobacteria

Feature Public health ramifications

Hydrophobic cell

envelope

Impermeable and resistant to

antibiotics

Slow growth and slow death

Time for adaptation to novel
conditions

Impermeable and resistant to

disinfectants

Biofilm formation in tissue and on
IMDs a

Readily phagocytozed by

macrophages

Enriched in aerosols (transmission
vehicle)

One to two ribosomal

cistrons

Reduced growth rate

Time for adaptation to antibiotics and
anaerobiosis

Acid-resistant Survive in stomach and phagosomal

vesicles

Microaerobic Growth at 6% and 12% oxygen
patients, were injected intravenously (IV) into C57Bl/6
mice (Pedrosa et al., 1994). These strains demonstrated
a wide range of virulence, from killing mice after
3–4months to being completely cleared within that
period. This demonstration of wide differences in viru-
lence of M. avium complex strains suggests that pathoge-
nicity may vary widely in the other EM species, almost
certainly due to the broad genetic variations among
strains. Host defenses against MAC are mostly similar to
those against M. tuberculosis (i.e., critical involvement of
CD4þ T cells, need for interferon-gamma activated
macrophages, containment of bacteria within granuloma),
but have some differences, such as M. avium, but not
M. tuberculosis being resistant to killing by nitrous oxide
(NO) and acid (Appelberg, 2006). Defense mechanisms
are thus comparable but not identical.
Epidemiology of Diseases Caused by
Environmental Mycobacteria

Recognition of the lack of person-to-person transmission
of infection by EM led to the discovery of environmental
reservoirs. These reservoirs include natural and drinking
waters, soils, aerosols, and dusts. Useful models for the
epidemiology of environmental mycobacterial disease
include Pseudomonas aeruginosa and Legionella pneumophila.
Both are water- and aerosol-borne pathogens whose
infections are rarely transmitted between infected
individuals.

Diseases caused by EM are listed in Table 3. The
classic presentation of pulmonary mycobacterial infection
of older white males with lung problems due to smoking,
drinking, or work in a dusty occupation has undergone
two successive waves of change. Starting in 1982, the pic-
ture of mycobacterial disease was changed dramatically by
the onset of HIV infection and AIDS and the ensuing
surge of M. avium disease in AIDS patients. Following
Table 2 Environmental mycobacterial species of public

health significance

Subdivision Environmental mycobacterial species

Slowly growing
(colony formation in

greater than 7days)

Mycobacterium kansasii
Mycobacterium marinum

Mycobacterium ulcerans

Mycobacterium avium

Mycobacterium intracellulare
Mycobacterium malmoense

Mycobacterium haemophilum

Mycobacterium xenopi

Mycobacterium simiae
Rapidly growing

(colony in less than

7days)

Mycobacterium abscessus

Mycobacterium chelonae

Mycobacterium fortuitum



Table 3 Diseases caused by environmental mycobacteria

Disease Risk factors Mycobacterial species

Pulmonary disease COPD, pneumoconiosis, M. kansasii, M. avium,
cystic fibrosis, pectus M. intracellulare,

excavatum M. abscessus

Cervical lymphadenitis Young (6 months–3 years) M. avium

Skin granuloma Occupational (fish) M. marinum
Skin infections Kidney transplant M. haemophilum

Buruli ulcer Proximity to streams M. ulcerans

Disseminated bacteremia HIV-infection and immunosuppression M. avium

Nosocomial Surgical trauma M. chelonae, M. fortuitum, M. abscessus
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the introduction of highly active antiretroviral therapy
(HAART) and some improvements in antimycobacterial
therapy, and the consequent reduction of AIDS-related
infections, there has been the emergence of an increasing
rate of pulmonary disease in slender elderly women
(M. intracellulare, M. avium, and M. kansasii) who lack any
of the classic risk factors. Other current presentations of
disease caused by EM include: cervical lymphadenitis in
children (i.e., M. avium), occupation-associated pulmo-
nary infection (e.g., Buruli ulcer, M. ulcerans), dermal
infections (M. marinum and M. haemophilum), disseminated
infection in AIDS and other immunosuppressed
(M. avium) and nosocomial infections (M. abscessus,

M. fortuitum, andM. chelonae) associatedwith surgical trauma.
Presentation, Diagnosis, and Treatment
of Environmental Mycobacterial
Infections

Pulmonary Disease

Presentation of pulmonary EM infection in immunocom-
petent individuals includes cough, weight loss, and night
sweats (as also seen with classical tuberculosis caused by
M. tuberculosis). There appear to be two different groups of
patients, one consisting of men with predisposing condi-
tions and the second comprised of elderly, slender women.
In the latter group, exposure to potting soil or showers
is associated with disease. Further, some in this latter
group have mutations in the cystic fibrosis transmem-
brane-conductance regulator (CFTR) and a1-antitrypsin
(AAT) genes (Kim et al., 2005). In light of the fact that the
average age of the human population is increasing and
EM occupy habitats co-occupied by humans and animals,
the incidence of pulmonary disease in the elderly is
expected to increase.M. avium, M. intracellulare, M. kansasii,

M. malmoense (Europe), M. xenopi (outbreaks linked to hot
water systems in buildings), and M. simiae (linked to
groundwater sources) are the most common EM species
detected in these individuals. Radiographic features are
similar to those of M. tuberculosis infection (e.g., granulo-
matous disease). Bronchiectasis is often found in slender,
elderly women and men with pulmonary mycobacterial
infection. Diagnosis is based both on clinical presentation,
radiographic features, and mycobacterial culture. Diag-
nostic criteria and guidelines for treatment have been
recently revised by the American Thoracic Society and
involve multidrug therapeutic regimens (Griffith et al.,
2007). If patients can tolerate the side effects of the drug
combinations, there is a high likelihood of disappearance
of symptoms and mycobacteria.
Cystic Fibrosis (CF)

Over the past 10 years it has become increasingly appar-
ent that cystic fibrosis patients are at risk for pulmonary
mycobacterial infection. M. avium and M. abscessus have
been independently isolated from CF patients, and such
infections do lead to deterioration of the CF patient’s
health status (Olivier et al., 2003). A recent study of the
epidemiology of M. abscessus infection in CF patients
demonstrated that patient-to-patient transmission rarely
occurred and that the likely source of infection again was
the patient’s environment.
Cervical Lymphadenitis

Infection of the cervical and mandibular lymph nodes,
presenting as swollen glands principally in children from
6months to 2 years, can lead to draining sinuses if
untreated. Diagnosis is based on the presence of acid-
fast bacteria in aspirates. Until 1985, the majority of
cases were caused by M. scrofulaceum, but now M. avium

is the pathogen throughout the developed world
(Wolinsky, 1995). Antibiotic therapy is ineffective and
surgical resection of the infected node is both effective
and is not followed by reoccurrence (Wolinsky, 1995).
Disseminated Infection (Bacteremia) in AIDS
and Other Immunosuppressed Individuals

HIV-infected individuals whose CD4þ counts fall below
100 per ml are likely to develop opportunistic infections,
such as disseminatedM. avium infection. After Pneumocystis
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(carinii) jiroveci (45%),M. avium (25–30%) is far and away
the most common EM isolated from AIDS patients in the
developed world.M. tuberculosis (41%), rather than EM, is
more frequently recovered from AIDS patients in the
developing world. Diagnosis is based on cultivation of
mycobacteria, predominantly M. avium or M. tuberculosis,
from lysed white blood cells enriched from blood samples,
in conjunction with other samples (e.g., sputum, feces,
bone marrow, or tissue). Guidelines for treatment of
M. avium and EM infection have been published by the
American Thoracic Society (Griffith et al., 2007) and usu-
ally involve multidrug regimens. If patients can tolerate
the side effects of the long (9–24months or longer) multi-
drug regimen, their disease can be cured. However, if the
strain becomes resistant to the primary drug, the macro-
lide clarithromycin, then treatment often fails. Disease
typically subsides if CD4þ counts can be raised above
200 by HAART or other intervention. The long-lasting
macrolide azithromycin, or clarithromycin, has been
recommended as prophylaxis for some individuals with
HIV infection.
Dermal Infection

Skin granulomas caused by M. marinum are often asso-
ciated with individuals exposed to fish either by occupa-
tion (i.e., commercial fishermen) or by maintaining
home or office aquaria. Interestingly, the prevalence of
M. marinum and other EM in fish is increasing, and has
reached epidemic proportions (�20% of all fish caught
are infected) in certain locals, such as the Chesapeake Bay
near Maryland in the United States (Kane et al., 2007).
The cause of this is unknown, it could be possibly related
to global warming. Another characteristic skin infection,
the Buruli ulcer, is caused by M. ulcerans. Historically this
disease was found principally among people living in the
river courses in Uganda, but recently, the infection has
appeared in Australia, again linked to proximity to water-
courses. Recent evidence of detection of M. ulcerans in
biting insects whose habitat is watercourses, coupled with
knowledge that long pants and long-sleeved shirts were
protective, suggests that the infection is transmitted by
insect bites, the first classification of mycobacterial infec-
tion as a vector-borne disease. M. ulcerans has also been
discovered in snails, another possible reservoir. Treatment
of Buruli ulcer involves surgical excision followed
by antibiotic therapy. Dermal infections caused by
M. haemophilum, a heme-requiring mycobacterium have
been reported in kidney-transplant patients. For all
three species, skin localization of infection may be linked
to the rather low optimal temperature for growth
(28–32 �C). DermalM. abscessus infections have been asso-
ciated with exposure to waters (e.g., public baths) and
there is growing awareness that exposure to podiatric
footbaths are linked with mycobacterial (e.g., M. abscessus)
foot infections.
Nosocomial Infection

A number of mycobacteria have been linked to nosocomial
infections occurring in associationwith surgery or surgical
trauma (Wallace et al., 1998). Primarily, nosocomial infec-
tions are caused by rapidly growing mycobacteria, namely
M. abscessus, M. chelonae, and M. fortuitum (Wallace, 1994).
Infections have been linked by DNA fingerprinting to
disinfectant solutions, ice, or water in the hospital envi-
ronment or to mycobacterial-contaminated devices.
Tools for Mycobacterial Study

Because of the inherent slow growth of many EM, colo-
nies can often be overgrown by other microorganisms in
either patient or environmental (e.g., water or soil) sam-
ples. It is also likely that culture media commonly used for
isolation of mycobacteria and developed for isolation of
members of theM. tuberculosis complex are inadequate for
promotion of colony formation of certain EM. Cultural
and biochemical tests, analysis of cellular fatty acids by
HPLC, gene amplification and restriction fragment poly-
morphism analysis, and 16S rDNA sequencing can all
lead to the identification of EM. All have limitations,
particularly with regard to an inability to distinguish
distinct species whose separation may be important for
treatment or DNA fingerprinting (e.g., M. avium vs.
M. intracellulare). A variety of techniques and markers are
available for typing EM including some of general appli-
cability (e.g., pulsed field gel electrophoresis, PFGE) and
those that are species-specific (e.g., IS1245 and IS1311 in
M. avium). Although the sensitivity of detection and quan-
titation has not reached the limits achieved by culture
isolation, numbers of EM can be measured by quantitative
polymerase chain reaction (qPCR). Clinical identification
of EM is best left to experienced reference labs.
General Characteristics of Environmental
Mycobacteria

Genomics of Environmental Mycobacteria

A picture of the genomes of a number of EM is beginning
to emerge as a result of the relatively large number of
mycobacterial genome-sequencing projects that have been
completed including: M. tuberculosis, M. leprae, M. bovis,

M. bovis BCG,M. ulcerans, and M. avium subsp. paratubercu-
losis. Annotated sequences for M. abscessus and M. chelonae,
M. avium subsp. avium, andM. smegmatis strain are expected.
Several genomes have excellent online annotation sites
(see the section titled ‘Relevant Websites’). Thus, useful
and valuable tools for comparative genomics and other



Table 4 Characteristics relevant to ecology and epidemiology

Characteristic
Ecologic and epidemiologic
ramifications

Hydrophobic Attachment to surfaces
Concentrated at air–water interfaces

Concentrated in ejected droplets

Readily aerosolized

Disinfectant resistance
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genetic analysis methods are available within the genus
Mycobacterium.

The largest genotypic difference between members
of the M. tuberculosis complex and the EM is related to
horizontal gene transfer. Members of the M. tuberculosis

complex lack plasmids and its highly stable genome has
appeared to have evolved principally by chromosomal
insertions and deletions. In contrast, EM genomes are
far more diverse and show evidence of horizontal gene
transmission. For example, M. avium, M. intracellulare,
and M. scrofulaceum carry related plasmids (Meissner and
Falkinham, 1986). Analysis of the genome of M. avium

subsp. paratuberculosis revealed the presence of an ‘island’
whose base sequence was significantly different from
that of the rest of the genome, suggesting transfer and
integration from another organism.

Genomics has shed light on the interesting study of
how members of the M. tuberculosis complex evolved
from the EM. The genomes of the obligate, host-restricted
pathogens are reduced (M. tuberculosis is 4.41million base-
pairs [Mbp] and M. bovis BCG is 4.37Mbp) compared
to the EM (M. smegmatis is 7.0Mbp and M. ulcerans is
5.63Mbp). While the M. avium chromosome is not much
larger (4.7Mbp), strains can contain up to 1.4Mbp (30%
of the total genomic DNA) as extrachromosomal plasmid
DNA (Meissner and Falkinham, 1986). M. ulcerans also
contains a 174 kb plasmid, which carries the genes for
synthesis of the mycolactone toxin which is a key to
pathogenesis. This plasmid has been transferred to other
EM, demonstrating horizontal gene transmission, in this
case of virulence traits. It appears that many of the genes
related to virulence in animals were acquired by EM
before the divergence of the obligate pathogens. A set of
219 genes conserved between M. tuberculosis and M. leprae

and not found in other bacteria were shown to be present
in EM such as the nonpathogen M. smegmatis and the
opportunists M. avium and M. marinum (Marmiesse et al.,

2004). However, much is left to be discovered on the
genomics and evolution of EM. Clinical and environmen-
tal surveys of EM show that, despite the naming of over
50 new species since 1990 (Tortoli et al., 2003), many
mycobacterial isolates still cannot be identified to the
species level and belong to new, undescribed groups.
Slow growth and slow death

Oligotrophic Growth in low nutrient (50 mg/L)
environments

Microaerobic growth Growth and survival in anaerobic
environments

Slow growth Time for adaptation to stress

Slow death
Acid-tolerance Prevalent in acidic soils and waters

Metabolize polar

organics

Metabolize pollutants and organics

Humic growth
stimulation

Prevalence in humic-rich environments

Temperature

adaptation

Growth from 15 �C to 45 �C
Population Genetics

The population genetics of EM vary quite widely. For
example, only two of five different genotypes (clones) of
M. kansasii are associated with disease throughout the
world. In contrast, there is wide genetic heterogeneity
among members of both M. avium and M. intracellulare

isolated from patients. While virulence in mice (assessed
by lethality and bacterial burden in organs) is generally
higher in M. avium complex isolates from infected
animals and immunocompetent patients and lower in
environmental isolates and strongly immunocompro-
mised patients (Pedrosa et al., 1994), there is no specific
characteristic yet linked to murine virulence, including
uptake or growth rates in macrophages and dendritic
cells. Thus, pathogenicity appears to be multifactorial.
It is intriguing to speculate that the virulence associated
with the two M. kansasii clones is due to accumulation of
one or more specific virulence genes, whereas virulence
can be associated with many different clones of members
of the M. avium complex.
Characteristics Relevant to Ecology and
Epidemiology

A variety of physiologic features of the EM are determi-
nants of their ecology and hence epidemiology (Table 4).
The key characteristic of environmental mycobacterial
cells is their hydrophobic, lipid- and wax-rich outer
membrane (Brennan and Nikaido, 1995). Accumulated
evidence has shown that the long-chain fatty acids are
arranged in a lipid bilayer in which are embedded porins
for transport. Transport through the outer membrane is
very slow and thus permeation of nutrients limits growth
rates. Dedication of a substantial portion of their metabo-
lism to the synthesis of C60–C80 lipids also contributes to
slow growth. Although slow growth might be considered a
debilitating feature for a microbial cell, slow death also
goes hand in hand with slow growth. Slowly growing
microorganisms are more resistant to disinfectants and
antibiotics, because macromolecular unbalance (e.g., cell
growth in the absence of cell wall synthesis) is more
difficult to achieve. Further, while EM grow slowly,



Table 5 Environmental mycobacteria in natural environments

Natural environment Environmental mycobacteria

Boreal, pine forests M. avium
Peat bogs M. avium

Potting soil M. avium, M. intracellulare,

M. kansasii

Brown water, acidic swamps M. avium, M. intracellulare

Table 6 Environmental mycobacteria in engineered water

systems

Engineered environment Environmental mycobacteria

Drinking water distribution
systems

M. avium, M. intracellulare

Showerheads M. avium

Spas and hot tubs M. avium
In-line water filters M. avium

Ice, ice machines M. abscessus

Footbaths M. abscessus
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their metabolism is as rapid as faster-growing microbes.
Thus, they can adapt to conditions (e.g., exposure to
disinfectant) and survive because of the induction of
protective gene products. The hydrophobic surface also
mediates (1) attachment to surfaces, (2) concentration at
air–water interfaces, (3) concentration in ejected droplets,
and (4) antibiotic- and disinfectant-resistance.

The mycobacterial hydrophobic surface means that
they are readily aerosolized and can survive exposure to
antibiotics and disinfectants. Widespread implementation
of chlorination and similar disinfectants in water treat-
ment may be a practice selecting for mycobacteria (Bland
et al., 2005). Further, hydrophobicity also contributes
directly to their ability to metabolize a variety of polar
organics, including pollutants. Example organics discov-
ered as being used as carbon sources by EM include latex
rubber, pyrene, and other polycyclic aromatic hydrocar-
bons; vinyl chloride; isooctane and other petroleum-
derived compounds; sterols, methanol, and other alcohols;
thiophenes; and benzylamine. With this evidence in hand,
there is no doubt that current human practices of water
disinfection and continued pollution are enlarging and
enriching the habitats for mycobacteria. It is no wonder
that the incidence of disease caused by EM is increasing.

EM also appear to be oligotrophic, capable of grow-
ing in low-nutrient (assimilable organic carbon [AOC]
� 50 mg/L) environments (e.g., drinking water distribu-
tion systems). Their ability to grow under microaerobic
conditions and survive long term in anaerobic conditions
means that this group of opportunistic pathogens can
grow in still water in distribution systems and households
and in tissues at low oxygen tensions. The acid-tolerance
of EM explains, in part, their prevalence in acidic soils
and waters and survival in the stomach. EM have been
isolated from habitats of both low (Alpine) and high
(coastal U.S. swamps) temperature. For example, strains
of M. avium can grow from 15–45 �C. It is not yet known
whether the alpine mycobacteria can grow at 37 �C
or higher. Further, a number of mycobacterial species
can survive exposure to high temperature; most notably
M. xenopi, in which infections are usually linked to hot
water systems in hospitals and apartment houses.
Ecology of Environmental Mycobacteria

EM are found in a variety of natural (Table 5) and
engineered (Table 6) environments. Their presence in
these habitats is dictated by those physiologic features
listed previously. For example, persistence in drinking
water distribution systems and household water systems
(including household hot water heaters and shower heads)
is due to the ability of EM to grow in waters of low
organic matter content, resistance to disinfectants (e.g.,
chlorine and ozone), and ability to adhere to pipe surfaces
and form biofilms. The preference of EM to adhere to
surfaces, form, and grow in biofilms, rather than in sus-
pension, also contributes to the ecology of mycobacteria.
Mycobacterial presence in biofilms leads to increased
resistance to disinfectants and antibiotics. Further, myco-
bacterial cells released from biofilms maintain their resis-
tance. Growth of released biofilm cells in suspension
results in the loss of that resistance. Thus, growth of
mycobacterial cells in biofilms results in transient, adapt-
able antibiotic- and disinfectant-resistance and serves as
an example of the physiologic adaptability of these oppor-
tunistic environmental pathogens that have ramifications
for water treatment, waterborne EM disease transmission,
and patient treatment. For example, mycobacterial cells
released from pipe biofilms may continue to grow in water
despite the presence of disinfectant, because they are
transiently resistant. Likewise, mycobacterial cells
released from catheter surfaces are transiently antibi-
otic-resistant. If patient antibiotic dosage was based on
susceptibility of suspension-grown cells, concentrations
might be too low to prevent growth of the released,
transiently resistant cells, which may explain the clinical
persistence despite long antibiotic treatments.

Recovery of high numbers of EM from acidic, coastal
southeastern swamps in Virginia and pine forest soils,
peats, and water draining from those regions in Finland,
are due to acid-tolerance, growth stimulation of the
humic compounds that are in high concentrations in
those habitats, and the ability of the EM to grow over
wide temperature ranges.

Environmental mycobacterial ecology in both natural
and engineered water systems is further influenced
by their interactions with protozoa and amoebae.
First, environmental mycobacterial numbers correlate
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with the numbers of protozoa and amoebae. Second, 26
species have recently been shown to survive in amoebae
(Adelkambi et al., 2006), demonstrating that this trait
appears general to all EM. In other studies, the EM
were pathogenic to the protozoans, or neutral or even
symbiotic. EM inside vegetative amoebae or within cysts
can survive antibiotic and disinfectant treatment. These
infected protozoa may also serve as vehicles into animal
hosts. EM directly released from protozoa are more infec-
tive in mice. Because protozoa and amoebae occupy many
of the same habitats as do the EM (e.g., natural waters and
water distribution systems), it is likely that these inter-
actions influence not only mycobacterial ecology, but
their ability to cause disease and resist antibiotics. This
fascinating interaction deserves much further study.

A number of mycobacterial species demonstrate uni-
que environmental distributions. For example,M. malmoense

is principally found in Europe and M. simiae appears to be
restricted to regions served by groundwaters from specific
aquifers. The high frequency of water samples collected
in the southeastern United States correlates with the
fact that this same region has the highest frequency of
individuals with reactivity toM. intracellulare protein anti-
gens. Because disease caused by EM is not reportable in
the United States, it is not known whether the environ-
mental distribution of skin sensitivity and EM correlates
with disease.
Emerging Environmental Mycobacterial
Diseases

Mycobacterium ulcerans and Buruli Ulcer

Historically Buruli ulcer, caused byM. ulcerans, was found
in a limited geographic region. Outbreaks in other regions
of the world, including Australia, led to increased interest
in the epidemiology of this disease. Although a complete
description of its epidemiology is still lacking, a number
of important factors have been identified. For example, it
has been shown that the mycobacterium can be detected
in environmental samples including soil, water, and
insects. Earlier work had established that risk factors for
Buruli ulcer included exposure to watercourses and that
long pants and sleeves were protective. A current plausi-
ble hypothesis is that Buruli ulcer is a consequence of an
insect in a watercourse, carrying M. ulcerans, biting an
individual in that habitat.
Mycobacterium immunogenum and Pulmonary
Disease in Metal Workers

Outbreaks of hypersensitivity pneumonitis (HP) in
metal workers in the automobile industry have been
linked to the presence of EM in the metal-working fluid.
A current working hypothesis is that the mycobacteria
(e.g., Mycobacterium immunogenum) are introduced during
the dilution of the neat metal-working fluid in water and
that the use of disinfectants to retard microbial growth
and degradation of the properties of the metal-working
fluid leads to the selection of the disinfectant-resistant
mycobacteria. EM have been shown to be capable of the
use of a number of components of metal-working fluid
(e.g., tall and pine oils) for growth. HP in the workers is
not primarily infection, but rather immunological overre-
action to mycobacterial cell wall products.
Diseases of Possible Mycobacteriology
Etiology

Two diseases of unknown etiology, sarcoid and Crohn’s
disease, have been proposed to be due to EM infection or
indirect effects thereof. In part, this hypothesis has been
spurred by the fact that EM cause granulomas and these
two are granulomatous diseases. Little evidence is avail-
able to either support or refute the hypothesis that sarcoid
is of mycobacterial etiology, despite long-standing inter-
est and many studies.

Although evidence to judge whether Crohn’s disease is
caused by amycobacterium is being published, the data are
insufficient to come to any definitive conclusion. Interest
has focused on M. avium subsp. paratuberculosis in Crohn’s
disease, because that mycobacterium causes Johne’s dis-
ease in cattle. Johne’s, like Crohn’s, is a disease of the GI
tract and causes chronic diarrhea and wasting in cattle and
ruminants. Recovery of M. avium subsp. paratuberculosis as
colony-forming cells from either Crohn’s disease tissue or
environmental samples is infrequent and incubation
before colony formation is prolonged. M. avium subsp.
paratuberculosis has been detected in patient tissue, milk,
and environmental samples by PCR amplification of its
unique insertion sequence, IS900. Isolation from milk
reflects the resistance of EM to elevated temperature.
Although the frequency of detection in Crohn’s tissue is
higher than that from normal individuals, the relatively
high frequency of isolation from normal controls prevents
clear proof of the hypothesis. Antimycobacterial therapy
trials, although successful in some patients, have been
unsuccessful in others, again preventing clear proof. It
has been proposed that the organism’s presence in water
reflects its transmission from feces of infected dairy herds
and waterborne transmission. Further, the ability of
M. avium subsp. paratuberculosis to survive in protozoa and
amoebae suggests a mechanism of transmission.

Future Picture of Environmental Mycobacterial
Disease

As described above, the epidemiology of environmental
mycobacterial disease has changed and continues
to change. Currently, with M. avium disease in AIDS
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patients under control because of HAART and effective
antimycobacterial therapy, the traditional picture of
disease in only men with predisposing conditions is
being augmented by the increasing incidence of pulmo-
nary disease in slender elderly women (and men). In
addition, cervical lymphadenitis in children continues
with the change that M. avium has been recovered since
1985 and M. scrofulaceum disappeared as the causative
agent (Wolinsky, 1995). In addition, a large number of
new species have been described, whose epidemiology
and ecology are completely unknown. The description
of the species M. immunogenum followed reports of its
recovery from metal-working fluid and linkage with
automotive workers with hypersensitivity pneumonitis.
These workers are exposed to aerosols of metal-working
fluid and a number of the outbreaks have followed the
disinfection of the metal-working fluid, leading to kill-
ing of other microorganisms and likely resulted in the
proliferation of mycobacteria in the competitor-free
environment.

It is likely that the incidence of environmental myco-
bacterial disease will continue to rise, promoted in part by
an increasing demand for new water sources whose qual-
ity may not be as high and the selection for EM in
engineered water delivery systems by disinfection. Thus,
increased numbers of EM will be present in environments
occupied by humans. As the average age of the human
population in developed nations increases, it is likely
that the incidence of mycobacterial pulmonary disease
will rise. The incidence of disseminated mycobacterial
disease may also rise because an increasing propor-
tion of individuals will be transiently or permanently
immunosuppressed because of cancer, chemotherapy, or
immunosuppression coincident with transplantation. It
is also possible that the presence of mycobacteria in
foods (e.g., M. avium subsp. paratuberculosis in milk and
meat) may lead to additional disease in humans.
Public Health Measures to Prevent
Environmental Mycobacterial Disease

Anumber ofmeasuresmay reduce the possible exposure of
humans and animals to EM. First, because the ultraviolet
(UV) susceptibility of the EM is similar to other water-
borne microorganisms, replacing chlorination with UV
irradiation of water may reduce mycobacterial numbers.
Second, household and other point-of-use water filtration
can reduce numbers of mycobacteria. Care must be taken
with this recommendation because it has been shown
that mycobacteria can grow in the filters. Ultimately if
the filter is not changed, it can become a source of myco-
bacteria. Proof of identical DNA fingerprints of shower
water and patient isolates suggest that closed showers and
long shower aerosol exposure may be a risk factor for
pulmonarymycobacterial disease. Reduction of dust expo-
sure when working with peat-rich potting soils is also a
possible risk reduction measure (by wetting the soil).
See also: Adenoviruses; Arboviruses; Bacterial Infec-

tions: Overview.
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Introduction

The manufacturing, processing, and use of chemicals,
materials, tools, machinery, and equipment in industrial,
construction, mining, and agricultural workplaces often
cause environmental, health, and safety hazards and risks.
Occupational and environmental factors cause or exacer-
bate major diseases of the respiratory, cardiovascular,
reproductive, and nervous systems and cause systemic
poisoning and some cancers and birth defects. Occupa-
tional and environmental disease and injury place heavy
economic and social burdens on workers, employers, com-
munity residents, and taxpayers.

Because voluntary efforts in the unregulated market
have not succeeded in reducing the incidence of these
diseases and injuries, the public has demanded govern-
ment intervention into the activities of the private sector.
This intervention takes the form of the regulation of
environmental health and safety hazards through standard
setting, enforcement, and transfer of information author-
ized by legislation. This article addresses the major regu-
latory systems (or regimes) designed to protect public
andworker health from chemicals discharged from sources
that pollute the air, water, ground, and/or workplace. The
establishment of standards and other legal requirements in
these regulatory regimes has occurred over a more than
30-year period that has seen changes in the use of scientific
and technical information in regulatory initiatives and in
legal doctrine, including the manner in which science,
economics, and technological capability are viewed by
the courts. The concepts of risk assessment, cost–benefit
analysis, and technology forcing have evolved, both
through the development of case law and through changes
in the political environment. Often, changes in one of the
regulatory regimes has affected the other regulatory
regimes as well.

Standards can be classified in a number of ways.
A performance standard is one that specifies a particular
outcome – such as a specified emission level above which it
is illegal to emit a specified air pollutant – but does not
specify how that outcome is to be achieved. A design or
specification standard, on the other hand, specifies a partic-
ular technology – such as a catalytic converter – that must
be used. In either case, the standard can be based on (1) a
desired level of protection for human health or environ-
mental quality, (2) some level of presumed technological
feasibility, (3) some level of presumed economic feasibility,
or (4) some balancing of social costs and social benefits.
Within each of these options, there is a wide spectrum of
possible approaches. A human health-based standard, for
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example, might choose to protect only the average member
of the population, or it might choose to protect the most
sensitive individual. A technology-based standard might be
based on what is deemed feasible for an entire industry, or
onwhat is deemed feasible for each firmwithin the industry.
Moreover, some standards might be based on a combination
of these factors. Many standards based on technological
feasibility, for example, are also based on some concept of
economic feasibility. Other requirements that could be
considered ‘standards’ include (1) information-based obli-
gations, such as the disclosure of (and retention of, or
provision of access to) exposure, toxicity, chemical content,
and production data and (2) requirements to conduct test-
ing or screening of chemical products.

In the United States, toxic substances in the industrial
workplace have been regulated primarily through the
Occupational Safety and Health Act (OSHAct) of 1970
and the Toxic Substances Control Act (TSCA) of 1976.
These federal laws have remained essentially unchanged
since their passage, although serious attempts at reform
have been made from time to time. Since 1990, sudden
and accidental releases of chemicals (chemical accidents),
which may affect both workers and community residents,
are now regulated under both the Clean Air Act and the
OSHAct.

The OSHAct established the Occupational Safety and
Health Administration (OSHA) in the Department of
Labor to enforce compliance with the act, the National
Institute for Occupational Safety and Health (NIOSH) in
the Department of Health and Human Services (under
the Centers for Disease Control and Prevention) to per-
form research and conduct health hazard evaluations, and
the independent, quasi-judicial Occupational Safety and
Health Review Commission to hear employer contests of
OSHA citations. The Office of Pollution Prevention and
Toxic Substances in the Environmental Protection
Agency (EPA) administers TSCA. The Office of Air,
Water, and Solid Waste and the Office of Emergency
Response in EPA regulate media-based pollution. The
Office of Chemical Preparedness and Emergency Re-
sponse in EPA is responsible for the chemical safety
provisions of the Clean Air Act.

The evolution of regulatory law under the OSHAct
has profoundly influenced other environmental legisla-
tion, including the regulation of air, water, and waste, but
especially the evolution of TSCA.
Standard Setting and Obligations of
the Employer and the Manufacturer
or User of Toxic Substances

The Occupational Safety and Health Act of 1970

The OSHAct requires OSHA to (1) encourage employers
and employees to reduce hazards in the workplace and to
implement new or improved safety and health programs,
(2) develop mandatory job safety and health standards and
enforce them effectively, (3) establish ‘‘separate but
dependent responsibilities and rights’’ for employers and
employees for the achievement of better safety and health
conditions, (4) establish reporting and record-keeping
procedures to monitor job-related injuries and illnesses,
and (5) encourage states to assume the fullest responsibil-
ity for establishing and administering their own occupa-
tional safety and health programs, which must be at least
as effective as the federal program.

OSHA can begin standard-setting procedures either
on its own or on petitions from other parties, including
the Secretary of Health and Human Services, NIOSH,
state and local governments, any nationally recognized
standards-producingorganization, employer or labor repre-
sentatives, or any other interested person. The standard-
setting process involves input from advisory committees
and fromNIOSH.When OSHA develops plans to propose,
amend, or delete a standard, it publishes these intentions in
the Federal Register. Subsequently, interested parties have
opportunities to present arguments and pertinent evidence
in writing or at public hearings. Under certain conditions,
OSHA is authorized to set emergency temporary stan-
dards, which take effect immediately, but which are to be
followed by the establishment of permanent standards
within 6months. To set an emergency temporary standard,
OSHA must first determine that workers are in grave
danger from exposure to toxic substances or new hazards
and are not adequately protected by existing standards.
Both emergency temporary and permanent standards can
be appealed through the federal courts, but filing an
appeals petition does not delay the enforcement of the
standard unless a court of appeals specifically orders it.
Employers may make application to OSHA for a tempo-
rary variance from a standard or regulation if they lack the
means to comply readily with it, or for a permanent vari-
ance if they can prove that their facilities or methods of
operation provide employee protection that is at least as
effective as that required by OSHA.
Key OSHA Standards

The OSHAct provides two general means of protection for
workers: (1) a general statutory duty to provide a safe
and healthful workplace and (2) promulgation of specific
standards to which specified categories of employers must
adhere. The act imposes on virtually every employer in the
private sector a general duty ‘‘to furnish to each of his
employees employment and a place of employment which
are free from recognized hazards that are causing or are likely
to cause death or serious physical harm. . .’’ (emphasis
added). A recognized hazard may be a substance for which
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the likelihood of harm has been the subject of research,
giving rise to reasonable suspicion, or a substance for
which an OSHA standard may or may not have been
promulgated. The burden of proving that a particular sub-
stance is a recognized hazard and that industrial exposure to
it results in a significant degree of exposure is placed on
OSHA. Because standard setting is a slow process, protec-
tion of workers through the employer’s general duty obliga-
tion could be especially important, but it is crucially
dependent on the existence of reliable health effects
data, as well as on the willingness of a particular OSHA
administration to use this as a vehicle for protection.

The OSHAct specifically addresses the subject of toxic
materials. It states, in Section 6(b) (5) of the act, that the
Secretary of Labor (through OSHA), in promulgating
standards dealing with toxic materials or harmful physical
agents, shall set the standard that ‘‘most adequately
assures, to the extent feasible, on the basis of the best available
evidence that no employee will suffer material impairment
of health or functional capacity, even if such employee has
a regular exposure to the hazard dealt with by such
standard for the period of his working life’’ (emphasis
added). These words indicate that the issue of exposure
to toxic chemicals or carcinogens that have long latency
periods, as well as to reproductive hazards, is covered by
the act in specific terms.

In 1971, under Section 6(a) of the act, allowing for their
adoption without critical review, OSHA initially adopted
as standards the so-called permissible exposure limits
(PELs): the 450 threshold limit values (TLVs) recom-
mended by the American Conference of Governmental
Industrial Hygienists (ACGIH) as guidelines for protec-
tion against the toxic effects of these materials. In the
1970s, under Section 6(b), OSHA set formal standards
for asbestos, vinyl chloride, arsenic, dibromochloropro-
pane, coke oven emissions, acrylonitrile, lead, cotton dust,
and a group of 14 carcinogens. In the 1980s, OSHA
regulated benzene, ethylene oxide, and formaldehyde as
carcinogens and regulated asbestos more rigidly as a car-
cinogen at 0.2 fibers/cm3. In the early 1990s, OSHA regu-
lated cadmium, bloodborne pathogens, glycol ethers, and
confined spaces. OSHA also lowered the PEL for formal-
dehyde from 1 to 0.75 parts per million (ppm; averaged
over an 8-h period) and issued a process safety manage-
ment (PSM) rule (see the discussion in the section titled
‘The chemical safety provisions of the Clean Air Act:
Obligations imposed by EPA and OSHA to prevent the
sudden and accidental releases of chemicals’).

The burden of proving the hazardous nature of a
substance is placed on OSHA, as is the requirement that
the proposed controls are technologically feasible. The
necessarily slow and arduous task of setting standards,
substance by substance, makes it impossible to deal real-
istically with 13 000 toxic substances or approximately
250 suspect carcinogens on NIOSH lists. Efforts were
made to streamline the process by (1) proposing generic
standards for carcinogens and (2) proposing a generic
standard updating the TLVs (PELs). Neither of these
efforts was successful.

The inadequacy of the 450 TLVs adopted under Sec-
tion 6(a) of the act is widely known. The TLVs originated
as guidelines recommended by the ACGIH to protect the
average worker from either recognized acute effects or
easily recognized chronic effects. The standards were
based on animal toxicity data or the limited epidemio-
logic evidence available at the time (1969) of the estab-
lishment of the TLVs. They do not address sensitive
populations within the workforce or those with prior
exposure or existing disease, nor do they address the
issues of carcinogenicity, mutagenicity, and teratogenicity.
These standards were adopted en masse in 1971 as a part
of the consensus standards that OSHA adopted along with
those dealing primarily with safety.

An example of the inadequacy of protection offered by
the TLVs is the 1971 TLV for vinyl chloride, which was set
at 250 ppm, whereas the later protective standard (see
below) recommended no greater exposure than 1 ppm (as
an average over 8 h), a level still recognized as unsafe, but
the limit that the technology could detect. Another example
is the TLV for lead, which was established at 200mg/m3,
whereas the later lead standardwas established at 50mg/m3,
also recognizing that that level was not safe for all popula-
tions, such as pregnant women or those with prior lead
exposure. In 1997, OSHA promulgated a new PEL for
methylene chloride of 25 ppm, replacing the prior TLVof
500 ppm. The ACGIH updates its TLV list every 2 years.
Although useful, an updated list would have unclear legal
significance unless formally adopted by OSHA. OSHA did
try, unsuccessfully, to adopt an updated and new list of PELs
in its Air Contaminants Standard in 1989 (see later discus-
sion). However, OSHA continues to maintain that it is
intent on revising the list. The fact that the official OSHA
TLVs are more than 30 years out of date compared with
industry’s own voluntary consensus standards is not wel-
comed, especially by the more modern firms in industry.

Under Section 6(b) of the OSHAct, new health stan-
dards dealing with toxic substances were to be established
using the mechanism of an open hearing and subject to
review by the U.S. Circuit Courts of Appeals. The evolu-
tion of case law associated with the handful of standards
that OSHA promulgated through this section of the
OSHAct is worth considering in detail. The courts
addressed the difficult issue of what is adequate scientific
information necessary to sustain the requirement that the
standards be supported by ‘‘substantial evidence on the
record as a whole.’’ The cases also addressed the extent to
which economic factors were permitted or required to be
considered in the setting of the standards, the meaning of
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feasibility, OSHA’s technology-forcing authority, the
question of whether a cost–benefit analysis was required
or permitted, and, finally, the extent of the jurisdiction of
OSHAct in addressing different degrees of risk.
Emergency Temporary Standards

In Section 6(c), the OSHAct authorizes OSHA to set, on
publication in the Federal Register and without recourse to
a formal hearing, emergency temporary (6-month) stan-
dards (ETSs) for toxic exposures constituting a grave
danger. Before OSHA lowered its permanent standard
for asbestos from 2.0 to 0.2 fibers/cm3, it attempted to
protect workers by promulgating an ETS at 0.5 fibers/cm3.
In 1984, the Fifth Circuit Court of Appeals denied OSHA
the ETS, arguing that the cost involved defeated the re-
quirement that the ETS be necessary to protect workers.
Attempts by OSHA to establish an ETS for hexavalent
chromium likewise failed court review.

OSHA has issued nine emergency temporary stan-
dards under the OSHAct. Standards for vinyl chloride,
dibromo-3-chloropropane (DBCP), and the first ETS on
asbestos were not challenged in court and remained in
effect until superseded by permanent standards. An ETS
for acrylonitrile survived court challenge. ETSs on ben-
zene, commercial diving, pesticides, 14 carcinogens, and
asbestos were stayed or vacated by the courts.

Over the past decade, OSHA has avoided setting ETSs
and instead has proceeded directly – but slowly – to
establishing permanent standards for toxic substances
under Section 6(b) (5). Thus, OSHA denied a 1993
request from Public Citizen for a temporary emergency
hexavalent chromium standard but promised an advanced
notice of rule making for 1995. After a successful court
challenge, in October 2004, 9 years after OSHA’s prom-
ised action, it finally issued a proposed revision of its 8-h
exposure limit, lowering the standard to 1 mg/m3 from the
previous 33-year-old standard of 52 mg/m3, thus prevent-
ing 350 excess cancers annually. A 2001 petition request-
ing an ETS for beryllium was unsuccessful. However,
OSHA is currently planning for a permanent standard.
Short-Term Exposure Limits

Short-term exposures to higher levels of carcinogens are
in general considered more hazardous than longer expo-
sures to lower levels. OSHA issued a new standard for
exposure to ethylene oxide in 1984 but excluded a short-
term exposure limit (STEL) that had originally been
prepared, in deference to objections from the Office of
Management and Budget. Ralph Nader’s Health Research
Group sued the Secretary of Labor in 1986 over OSHA’s
continuing failure to issue the STEL. In 1987, the District
of Columbia Circuit Court of Appeals ordered OSHA
to establish a STEL for ethylene oxide by March 1988.
OSHA complied by setting a STEL of 5 ppm over a
15-min period.

The Air Contaminants Standard

It is obvious that the slow, arduous process of promulgat-
ing individual health standards under Section 6(b) (5) of
the OSHAct could never catch up with advances in scien-
tific knowledge concerning the toxicity of chemicals. The
ACGIH has updated its TLV list every 2 years, and
although not as protective as workers and their unions
would have liked, the recent updated lists did advance
protection over the 1969 list that OSHA adopted into law
in 1971. In 1989, OSHA decided to update the original list
in a single rule-making effort through the 6(b) standard
revision route. The agency issued more protective limits
for 212 substances and established limits for 164 chemicals
that were previously unregulated. Neither industry nor
labor was satisfied with all of the standards. Industry,
although giving general support, objected to the
stringency of some of the PELs. Labor objected to their
laxity, citing NIOSH recommendations not adopted, and
generally objected to the rush-it-through process.

The Eleventh Circuit Court of Appeals vacated the
standard in 1992, ruling that OSHA failed to establish that
a significant risk of material health impairment existed for
each regulated substance (required by the benzene deci-
sion) and that the new exposure limit for each substance
was feasible for the affected industry. OSHA decided not
to appeal the decision to what it perceived as a conserva-
tive Supreme Court. Thus, the original and inadequate
TLV list remains in effect, and 164 new substances remain
unregulated. OSHA periodically expresses its intent on
updating the list through new rule making, but no new
action has been forthcoming.

In the meantime, OSHA could argue that those 164
substances are recognized hazards and enforceable
through OSHA’s general duty clause, but OSHA admin-
istrations have not been willing to emphasize this
approach in the case of the TLVs, although OSHA has
used the general duty obligation to force compliance with
good ergonomic practices in nursing homes. In 20 years,
OSHA has issued only about a dozen general duty cita-
tions for substances covered by the original TLV list.
Recently, OSHA’s reluctance to use the general duty
obligation in the case of the outdated TLVs was in part
due to the many congressional attempts to pass legislation
prohibiting such use.
The Toxic Substances Control Act

TSCA enables EPA to require data from industry on the
production, use, and health and environmental effects of
chemicals. TSCA also requires the manufacturer of new
chemicals, or of existing chemicals put to a significant
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new use, to file a premarket notification with EPA. EPA
may regulate chemicals under TSCA – by requiring
labeling, setting tolerances, or banning completely and
requiring repurchase or recall – where the chemicals
present ‘‘an unreasonable risk of injury to human health
or the environment.’’ EPAmay also order a specific change
in chemical process technology. In addition, TSCA gives
aggrieved parties, including consumers and workers, spe-
cific rights to sue to enforce under the act, with the
possibility of awards for attorneys’ fees. (This feature
was missing in the OSHAct.)

Under TSCA, EPA must regulate ‘‘unreasonable risks
of injury to human health or the environment.’’ EPA has
issued a regulation for worker protection from asbestos at
the new OSHA limit of 0.2 fibers/cm3, which applies to
state and local government asbestos abatement workers
not covered by OSHA. Although the potential for regu-
lating workplace chemicals is there, EPA has not been
aggressive in this area. Between 1977 and 1990, of the
22 regulatory actions taken on existing chemicals, 15
addressed polychlorinated biphenyls (PCBs), which EPA
has a specific statutory directive to address under TSCA.
Only regulations pertaining to asbestos, hexavalent chro-
mium, and metalworking fluids had a strong occupational
exposure component. Although EPA declared formalde-
hyde a probable carcinogen and the International Agency
for Research on Cancer classified it as a confirmed human
carcinogen, EPA chose not to take regulatory action on
this substance, opting instead to defer to OSHAworkplace
regulations.

Used together, the OSHAct and TSCA provide poten-
tially comprehensive and effective information-generation
and standard-setting authority to protect workers. In
particular, the information-generation activities under
TSCA can provide the necessary data to have a substance
qualify as a recognized hazard that, even in the absence of
specific OSHA standards, must be controlled in some way
by the employer to meet the general duty obligation
under the OSHAct to provide a safe and healthful
workplace.

The potentially powerful role of TSCA regulation was
seriously challenged by the Fifth Circuit Court of Appeals
in 1991, when it overturned the omnibus asbestos phase-
out rule that EPA had issued in 1989. The court held that,
under TSCA, EPA should not have issued a ban without
having first considered alternatives that would have been
less burdensome to industry. This would require the
agency to perform a more comprehensive, detailed, and
resource-intensive analysis. Rightly or wrongly, EPA has
viewed this case (which was not appealed to the U.S.
Supreme Court) as a significant impediment to future
TSCA regulations, and the agency generally regards reg-
ulation of chemicals other than PCBs under TSCA to be a
nearly impossible task for now.With an unsympathetic Con-
gress, there have been no successful attempts to resurrect
the regulatory authority of TSCA. However, TSCA con-
tinues to be important for its surviving authority to require
the testing of chemicals and for its information reporting
and retaining requirements.
Control of Gradual Pollution in Air, Water,
and Waste

The Clean Air Act

The modern Clean Air Act (CAA) came into being in
1970, and although significant changes were made in 1977
and 1990, the basic structure of the act has remained the
same, with the addition of provisions for authority over
acid rain, chlorofluorocarbons (CFCs), indoor air, and
chemical safety, the last of which is discussed in the
penultimate section of this article. The CAA regulates
both stationary and mobile sources of pollution, taking
into account the relative contributions of each to specific
air pollution problems, and the relative capacity of differ-
ent kinds of sources within each category to reduce their
emissions. The recognition that sources using newer tech-
nology might be able to achieve greater emission reduc-
tions than older sources with older technology led to the
act’s distinction – both in the stationary and mobile source
provisions – between new and existing sources. Although
driven by equity considerations regarding the relative
financial and technical burdens of pollution reduction,
however, this approach unwittingly discouraged modern-
ization or replacement of facilities and resulted in the
operation of older (especially energy) facilities beyond
their expected useful life. For new sources within each
industrial sector, there was a recognition of the need for
uniformity and also for encouraging technological inno-
vation through technology-forcing inherent in stringent
standards. The court decisions recognizing EPA’s technol-
ogy-forcing authority were greatly influenced by OSHA’s
early technology-forcing approach to worker protection.

The 1970 CAA directed EPA to establish primary ambi-
ent air quality standards that would protect public health
with ‘‘an adequate margin of safety’’ (see Section 109(b)
(1)]). As interpreted by the courts and supported by con-
gressional history, these standards were to be established
without consideration of economic or technological feasi-
bility. In addition, secondary ambient air quality standards
were to be established to protect ‘‘the public welfare . . .
within a reasonable time’’ (see Section 109(b) (2)).

Both federal and state government were to be involved
in protecting the ambient air. Ambient air quality (con-
centration) standards were to be established by the federal
government, and these were to be attained through (1)
emission limitations placed on individual existing pollu-
ters through permits issued by state government as a part
of their State Implementation Plans (SIPs) (Section 110);
(2) emission limitations for new sources, established not



Table 1 National Ambient Air Quality Standards

Carbon

monoxide

Primary (1970): 35 ppm averaged over 1 h

and 9.0 averaged over 8 h; neither to be
exceeded more than once per year

Secondary: none

Particulate

matter:a

PM10 Primary (1970): 150mg/m3 averaged over

24 h, with no more than one expected

exceedance per calendar year; also,

50mg/m3 or less for the expected annual
arithmetic mean concentration

Secondary: same as primary

PM2.5 Prior primary (1997): 65mg/m3 averaged
over 24 h; 15 mg/m3 annual maximum

Revised primary (2006): 35mg/m3 averaged

over 24 h

Ozone Prior primary (1979): 235 mg/m3 (0.12 ppm)
averaged over 1 h, no more than one

expected exceedance per calendar year

(multiple violations in a day count as one

violation). Revoked June 2005. Codified
August 2005

Prior secondary: same as primary

Revised primary (1997): 0.08 ppm averaged
over 8 h

Nitrogen

dioxide

Primary (1970): 100 mg/m3 (0.053 ppm) as

an annual arithmetic mean concentration

Secondary: same as primary
Sulfur oxides Primary (1970): 365 mg/m3 (0.14 ppm)

averaged over 24 h, not to be exceeded

more than once per year; 80 mg/m3 (0.03

ppm) annual arithmetic mean
Secondary: 1300 mg/m3 averaged over a

3-h period, not to be exceeded more than

once per year

Lead Primary (1977): 1.5 mg/m3 arithmetic
average over a calendar quarter

Secondary: same as primary
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by the states but rather by EPA as New Source Perfor-
mance Standards (Section 111); and (3) by a combination
of federal and state restrictions on mobile sources. In
specifying compliance with federal emission standards,
Congress expressed concern with possible hot spots of
localized intense pollution and also with intermittent
versus continuous versus sudden and accidental releases
of harmful substances. Emission standards, in contrast
with ambient concentration standards, are expressed as
an emissions rate (milligrams emitted per 100 kg of prod-
uct, per hour, per day, per week, per quarter, per year, per
BTU, per passenger mile, or other unit of measurement).

The 1970 CAA also made a distinction between the
federal control of criteria pollutants through ambient air
standards and the control of hazardous air pollutants by
means of federal emission limitations. Hazardous air pol-
lutants were those recognized as extraordinarily toxic and
eventually regarded as non- or low-threshold pollutants.
Initially, these were to be regulated to protect public
health with ‘‘an ample margin of safety’’ (Section 112)
and, as with the standards for primary ambient air pollu-
tants, standards were to be established without consider-
ation of economic burden. These pollutants, Congress
determined, were sufficiently dangerous to preclude any
reliance on atmospheric dispersion and mixing as a means
of reducing their ambient concentrations. Because of
their extraordinary toxicity, hot spots were to be avoided,
and because ambient concentration air quality standards
were considered impractical and of little relevance for
sporadic and idiosyncratic sources, uniform federal emis-
sion standards were considered necessary. (Note, how-
ever, that California did establish an ambient standard as
a complement to the federal emission limitation on vinyl
chloride.)

In the early stages of the implementation of the station-
ary source provisions of the Clean Air Act (approximately
1970–1975), EPA focused on (1) the primary and secondary
ambient air quality standards and (2) emission standards
for both new sources of criteria pollutants and for all
sources emitting seven regulated hazardous air pollutants
(discussed below). Prior advisory standards for carbon
monoxide (CO), sulfur dioxide (SO2), oxides of nitrogen
(NOX), large particulate matter, and photochemical oxi-
dants were mademandatory. In February 1979, the standard
for photochemical oxidants was narrowed to cover only
ground-level ozone, and the standard was relaxed from
0.08 ppm to 0.12 ppm averaged over a 1-h period. The
standard for coarse particulate matter (PM10) – ‘‘inhalable’’
particulates up to 10 mm in diameter – was adopted in 1987.
In July 1997, the ozone standard was further revised to
0.08 ppm. At the same time, the particulate standard was
altered to place more stringent requirements on smaller
(<2.5 mm) ‘‘respirable’’ particles (PM2.5) with a 24-h limit
of 65 mg/m3. In 2006, the limit was further lowered to
35mg/m3. A standard for a newcriteria pollutant – airborne
lead – was promulgated in October 1978. Current primary
air quality standards set under Section 109 are found in
Table 1.

In Section 112, Congress directed the administrator to
set emission standards for hazardous air pollutants at a level
that protects public health ‘‘with an amplemargin of safety.’’
It is likely that this phraseology reflected an early assump-
tion that, though very dangerous, hazardous pollutants did
exhibit a finite threshold (a nonzero level of exposure below
which no harm would occur). As the 1970s progressed,
however, there was a growing recognition that this assump-
tion might be wrong, and that for many hazardous pollu-
tants there was no level of exposure (at least at levels within
the limits of detection) below which one could confidently
predict that no harmful or irreversible effects (especially
cancer or birth defects) would occur.

This presented an implementation challenge for EPA.
Arguably, given its mandate to protect public health ‘‘with
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an ample margin of safety,’’ the agency was required to
ban the emission of several hazardous substances. This
would, as a practical matter, essentially ban the use of
these substances in many industries. Seeking to avoid this
result, EPA adopted a policy of setting Section 112 emis-
sion standards at the level that could be achieved by
technologically feasible technology. (This is the approach
then followed by OSHA in setting standards for exposure
to workplace chemicals. In the case of carcinogens, OSHA
considered no levels to be safe and established control
requirements at the limit of technological feasibility.)
Using this approach, EPA set finite (nonzero) standards
for arsenic, asbestos, benzene, beryllium, coke oven emis-
sions, mercury, vinyl chloride, and radionuclides. The
standard-setting process was slow and had to be forced
by litigation; it took 4–7 years to establish a final standard
for each of these substances. Had EPA continued to set
standards for more substances, and had it used the tech-
nological feasibility approach to spur the development of
cleaner technology, the environmental groups may well
have been content to allow the implementation of Section
112 to proceed in this fashion. When the setting of new
Section 112 standards all but stalled during the Reagan
administration, however, the National Resources Defense
Council, an environmental litigation group, was deter-
mined to press the issue in court.

NRDC v. EPA, decided by the District of Columbia Cir-
cuit Court of Appeals in 1987, placed new limitations on
EPA’s approach to regulating hazardous air pollutants by
requiring the EPA to determine an ‘‘acceptable’’ (usually
nonzero) risk level prior to setting a hazardous air pollutant
standard. In reaction to this case and to revitalize the
moribund standard-setting process, Congress amended
Section 112 in 1990 to use a two-tiered approach: the use
of technology-based standards initially, with residual risks
to be addressed (at a later date) by health-based standards.
In the 1990 CAA amendments, Congress listed 189 other
substances for which Maximum Achievable Control Tech-
nology (MACT) technology-based standards were to be set
over 10 years for major sources (defined as those emitting
more than 10 tons per year of any single toxin or more than
25 tons combined). EPA was further mandated to issue a
new rule, ‘‘where appropriate,’’ adding pollutants ‘‘which
present or may present . . .. a threat of adverse human effects
(including, but not limited to, substances which are known
to be or may be reasonably anticipated to be, carcinogenic,
mutagenic, teratogenic, neurotoxic, which cause repro-
ductive dysfunction, or which are acutely or chronically
toxic) or adverse environmental effects whether through
ambient concentration, bioaccumulation, deposition or oth-
erwise.’’ In addition, for nonmajor (that is, so-called area)
sources, restrictions may be less: Generally Achievable
Control Technology (GACT) or management practices.
More stringent requirements are allowed for all new
sources. Emission standards established under MACT
must require ‘‘the maximum degree of reduction (including
a prohibition on emissions, where achievable)’’ but must
reflect ‘‘the cost of achieving emissions reduction and any
non-air and environmental impact and energy require-
ments.’’ For pollutants with a health threshold, EPA could
alternatively consider regulating an ample margin of safety
in establishing emission levels, essentially the original man-
date of the 1970 CAA. Finally, EPAwas obligated to issue a
report on risk, which it did in 2004. If no new legislation
recommended by that report is enactedwithin 8 years, EPA
must issue such additional regulations as are necessary
to protect public health with an ample margin of safety –
in general – and, specifically for carcinogens, protect
against lifetime risks of one-in-a-million or more. EPA did
make substantial progress on establishing MACT and
GACT standards but has just begun working on risk- or
health-based approaches.
Water Legislation

The two most important federal statutes regulating water
pollution are the Clean Water Act (CWA) and the Safe
Drinking Water Act (SDWA). The CWA regulates the
discharge of pollutants into navigable surface waters
(and into smaller waterways and wetlands that are hydro-
logically connected to navigable waters), and the SDWA
regulates the level of contaminants in public drinking
water supplies.

The Clean Water Act
The modern Clean Water Act has its origins in the Fed-
eral Water Pollution Control Act Amendments of 1972.
The basic structure of the act was established at that time,
although it was refined and refocused by the Clean Water
Act Amendments of 1977 (from which it also took its
name) and by the Water Quality Act Amendments of
1987. The regulatory focus of the CWA is the discharge
of pollutants to surface waters from ‘‘point sources,’’ prin-
cipally industrial facilities and municipal sewage treat-
ment plants (known under the act as publicly owned
treatment works, or POTWs). The CWA flatly prohibits
any discharge of a pollutant from a point source to surface
waters unless it is done in conformance with the require-
ments of the act, and the statute has since 1972 retained as
an explicit ‘‘national goal’’ the elimination of all point-
source discharges to surface waters by 1985. Although the
‘‘no discharge’’ goal may never be attainable in practical
terms, it has helped focus the act’s implementation on
gradual – but inexorable – pollution reduction, as dis-
charge limits are made more stringent over time.

The centerpiece of this pollution reduction scheme is
the National Pollutant Discharge Elimination System
(NPDES) permit. In theory, all point sources must have
an NPDES permit before discharging pollutants to sur-
face waters. In practice, however, many dischargers
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(mostly smaller ones) still do not. The NPDES permit,
which is issued after public notice and an opportunity for
comment, is to incorporate all of the various requirements
of the act – including discharge limits – that are applica-
ble to the point source in question. Point sources are
subjected both to technology-based and water quality-
based limits and to the more stringent of the two when
they overlap.

The technology-based limits are established by EPA as
national standards. To set these standards for industrial
dischargers, EPA first divided industry into various indus-
try categories and then established effluent limits for each
category based on its assessment of what was technologi-
cally and economically feasible for the point sources
within that category. Further, as required by the act,
EPA set different standards within each industrial cate-
gory for conventional pollutants (biochemical oxygen
demand, fecal coliform, oil and grease, pH, and total
suspended solids), toxic pollutants (currently a list of
129 designated chemical compounds), and nonconven-
tional pollutants (which simply are other pollutants,
such as total phenols, which are listed neither under the
conventional nor the toxic designation).

In recognition of the fact that conventional pollutants
usually are amenable to treatment by the types of pollu-
tion control equipment that has long been in use at
conventional sewage treatment facilities, the standards
for conventional pollutants are set according to what
can be obtained through the use of the Best Conven-
tional Pollution Control Technology (BCT), taking into
account the reasonableness of the cost. The standards for
toxic and nonconventional pollutants, on the other hand,
are set according to EPA’s determination of the level of
pollution reduction that can be achieved through the
application of the Best Available Technology Economi-
cally Achievable (BAT). Originally, Congress had directed
EPA to set health-based standards for toxic pollutants, on
a pollutant-by-pollutant basis, but this resulted in only a
handful of standards (mostly for pesticide chemicals). The
political difficulty of establishing national health-based
standards for toxic chemicals led environmental groups,
in a suit against EPA to compel regulation, to agree to a
schedule for setting technology-based standards for a list
of designated toxic pollutants. Congress formally
endorsed this approach in 1977 by amending the act to
require EPA to set BAT standards for all of the toxic
pollutants on that list.

Under the CWA, EPA is to consider both control and
process technology in setting BAT standards, which are to
‘‘result in reasonable further progress toward the national
goal of eliminating the discharge of all pollutants’’ and
are to require ‘‘the elimination of discharges of all pol-
lutants [where] such elimination is technologically and
economically achievable.’’ An individual discharger may
obtain a cost waiver fromBATstandards for nonconventional
pollutants if it cannot afford to comply, but no cost waiver
is available from the standards for toxic pollutants. For
new industrial sources within an industry category, EPA
is to set standards based on Best Available Demonstrated
Technology (BADT), which can be more stringent than
BATor BCT because of the greater technological flexibil-
ity inherent in the design and construction of a new
facility. Although industry-wide costs are to be considered
by EPA in establishing BADT standards, no waivers are
available to individual applicants once the standards
are set.

The CWA also imposes technology-based standards on
POTWs, based on the limitations that can be met through
the application of secondary sewage treatment technol-
ogy. In essence, this requires an 85% reduction in bio-
chemical oxygen demand and total suspended solids. In
addition, the act imposes limitations on discharges by
industrial sources into POTWs. Such discharges are
known under the act as indirect discharges (because the
pollutants are not discharged directly to surface waters but
rather are discharged indirectly to surface waters through
a public sewer system). Limitations on indirect discharges
are known under the act as pretreatment standards,
because they have the effect of requiring the indirect
discharger to treat its wastewater before discharging it
to the POTW for further treatment. EPA has set national
technology-based limitations (known as the categorical
pretreatment standards) on indirect discharges of toxic
pollutants by firms in certain industrial categories. In
addition, the act requires the POTW to set such additional
pretreatment limits and requirements as is necessary both
to ensure the integrity of the sewage treatment process
and to prevent the indirectly discharged pollutants from
passing through the sewer system and causing a violation
of the POTW’s discharge permit.

For the first 15–20 years of the act’s implementation,
the primary focus was the establishment and implementa-
tion of the technology-based limits discussed above. More
recently, however, considerably more attention has been
given to the act’s system of water quality-based limits,
which is equally applicable to industrial sources and
POTWs. Since 1972, the CWA has directed the states to
establish, and periodically revise, ambient (in-stream)
water quality standards for all of the lakes, rivers, streams,
bays, and other waterways within their borders and has
required EPA to set and revise these standards to the
extent that a state declines to do so. Further, the act has
required since 1977 that NPDES permits include such
additional discharge limits – beyond the national technol-
ogy-based limits – as may be necessary to meet the ambi-
ent water quality standards of the waterway in question.

To help call attention to these water quality require-
ments, Congress in 1987 added what became known as the
toxic hot spot provision of the CWA, which directed EPA
and the states to identify those waters that were in
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violation of ambient water quality standards because of
toxic pollution, to identify those point sources whose
discharges of toxic pollutants were contributing to those
violations, and to develop an ‘‘individual control strategy’’
for that source (which almost always meant a revision of
the source’s NPDES permit to add or tighten limits on
toxic pollutants). Another provision of the act that has
prompted the addition or tightening of water quality-
based discharge limits has been the requirement that the
states (and, if they decline, the EPA) to calculate a total
maximum daily load (TMDL) for all waters that are in
violation of ambient water quality standards. For any
particular body of water, the TMDL for a particular
pollutant is the total amount of that pollutant that may
be discharged to the water body in a day without violating
the relevant ambient water quality standard. When a
TMDL is set, it often leads inexorably to a tightening of
the NPDES permits of those point sources whose dis-
charges are contributing to the particular violation of
water quality standards. Although the TMDL require-
ment has been in the act since 1972, the states and EPA
have been slow to implement it. Over the past 10 years or
so, however, as a result of several successful suits by
environmental groups seeking to compel EPA to set
TMDLs in the face of state inaction, the TMDL
requirement has come considerably more to the fore.
Consequently, the inclusion of water quality-based limits
in NPDES permits has become considerably more
commonplace.

The Safe Drinking Water Act

Although some sources of drinking water are also regu-
lated as surface waters under the CWA, the legislation
specifically designed to protect the safety of the drinking
water delivered to the public from public water systems is
the SDWA. Passed in 1974 after a series of well-publicized
stories about the number of potential carcinogens in
the Mississippi River water used as drinking water by
the City of New Orleans, it contains very little that is
designed to address the sources of drinking water pollu-
tion. Instead, the SDWA directs EPA to set national
health-based goals – known as maximum contaminant
level goals (MCL goals) – for various drinking water
contaminants and to set MCLs that are as close to
the MCL goals as is technologically and economically
feasible. All public water systems, defined as those with
at least 15 service connections or that serve at least
25 people, are required to meet the MCLs.

Over the act’s first 8 years, EPA set only 23 federal
drinking water standards. Dissatisfied with the pace of
implementation, Congress amended the act in 1986
to spur the agency into action. It directed EPA to set
standards (MCLs and MCL goals) for 83 specified
contaminants within 3 years and to set standards for 25
additional contaminants every 3 years thereafter. Ten
years later, with scores of MCLs and MCL goals now on
the books, Congress scaled back. In a 1996 compromise
endorsed by environmental groups and water suppliers
alike, Congress eliminated the requirement for 25 new
standards every 3 years. At the same time, it added provi-
sions that effectively ensured both that the standards that
had been set would largely be allowed to remain in place
and that new standards would be far slower in coming (and
likely would be – because of the addition of a cost–benefit
requirement – relatively weaker).

Since then, the primary focus of the SDWA program
has been bringing public water systems throughout the
country into compliance with the existing standards.
Although the MCLs are set at a level deemed to be
technologically and economically feasible, many water
systems have had difficulty affording the cost of meeting,
and monitoring for, the MCLs. To attempt to ameliorate
the financial burden on municipal water systems, the
SDWA has periodically made federal funds available for
technology upgrades and infrastructure improvements.
The task, however, remains a daunting one. In 2002,
EPA estimated that approximately $151 billion would be
needed over the next 20 years to upgrade the nation’s
55 000 community water systems.
The Regulation of Hazardous Waste

Broadly speaking, the generation, handling, and disposal
of hazardous wastes are regulated by the interaction of
two federal statutes. The primary federal law regulating
hazardous wastes is officially known as the Solid Waste
Disposal Act. In 1970, Congress amended that statute with
the Resource Conservation and Recovery Act (RCRA),
and the law has come to be popularly known by that
name. RCRA was given regulatory teeth with a set of
1976 amendments under which EPA, in 1980, promul-
gated regulations establishing a cradle-to-grave system
for hazardous wastes that tracks the generation, transpor-
tation, and disposal of such wastes and establishes stan-
dards for their disposal. Initially, however, EPA’s disposal
standards were minimal to nonexistent and did little to
discourage the landfilling of chemical wastes. This led
Congress, in 1984, to pass sweeping amendments to
RCRA that (1) established a clear federal policy against
the landfilling of hazardous wastes unless they have first
been treated to reduce their toxicity and (2) gave EPA a
specific timetable by which it had to either set treatment
standards for various categories of waste or ban the land-
filling of such waste altogether. Consequently, EPA has set
treatment standards – which are commonly known as the
land disposal restrictions (LDRs) – for hundreds of types
of hazardous wastes. These standards are based on
EPA’s assessment of the Best Demonstrated Available
Technology for treating the waste in question.
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Thus, RCRA directly regulates the handling and dis-
posal of hazardous wastes. And by establishing a set of
requirements that must be followed once hazardous waste
is generated, it also indirectly regulates the generation
of hazardous wastes. RCRA regulations have increased
the cost of disposing of most types of waste by two
orders of magnitude over the past 25 years. In this sense,
RCRA operates as a de facto tax on the generation of
hazardous waste.

Another statute that acts as an indirect check on haz-
ardous waste generation (and that provides additional
incentive to ensure that one’s waste is safely disposed) is
the Comprehensive Environmental Response, Compen-
sation, and Liability Act (CERCLA, also known as the
federal Superfund law). The primary focus of this law is
the remediation (cleanup) of hazardous waste contamina-
tion resulting from imprudent handling and disposal prac-
tices of the past and the recovery of remediation costs
from those designated as ‘‘responsible parties’’ under the
act. CERCLA imposes liability for the costs of remediat-
ing a hazardous waste site both on the owners and opera-
tors of the site and on those generators of hazardous waste
that sent waste to the site. Because the owners and opera-
tors are often business entities that are no longer finan-
cially viable, CERCLA liability often falls most heavily on
the generators. And CERCLA liability is strict liability,
meaning that the exercise of reasonable care by the gen-
erator is not a defense. Further, unless the generator can
establish a convincing factual basis for distinguishing its
waste from all or part of the contamination being reme-
diated, CERCLA liability is joint and several, meaning
that each responsible party is potentially liable for the full
cost of remediation. As a practical matter, this means that
the cost of remediation will be borne by those among the
responsible parties who are financially solvent.

The prudent business entity, then, has a strong finan-
cial incentive to take such actions as will minimize the
likelihood that it will face CERCLA liability in the future.
As the only certain way to avoid such liability is to refrain
from generating the waste in the first instance, CERCLA
does provide a rationale for pollution prevention. Further,
it provides firms with an incentive to meet – or perhaps to
go beyond – RCRA regulations in dealing with such
wastes as they do generate.

This is not to say, of course, that substantial amounts of
hazardous waste are no longer generated in the United
States, that all hazardous wastes are adequately treated
and safely disposed, or that all instances of hazardous waste
contamination are being adequately addressed (or address-
ed at all). RCRA and CERCLA both contain what might
reasonably be called loopholes and gaps in coverage,
and hazardous waste contamination remains an ongoing
issue. Further, the most common treatment methodology
incorporated into EPA’s RCRA treatment standards is
incineration, which has brought with it a release of airborne
contaminants that has yet to be comprehensively ad-
dressed by regulation. There is no question, however, that
the country has made considerable progress from the
late 1970s, when disposal of chemical wastes in unlined
landfills – at a cost of roughly $15 per ton –was the common
practice.

The Chemical Safety Provisions of the
Clean Air Act: Obligations Imposed by EPA
and OSHA to Prevent the Sudden and
Accidental Releases of Chemicals

Although the first congressional response to the concern
generated by the deadly industrial accident in Bhopal,
India, was the Emergency Planning and Community
Right to Know Act of 1986, the chemical safety provisions
of that law are focused almost solely on mitigation and not
on accident prevention. A much greater potential for a
direct focus on accident prevention can be found in the
1990 amendments to the Clean Air Act, although that
potential has yet to be realized by EPA and OSHA.

As amended in 1990, Section 112 of the Clean Air Act
directs the EPA to develop regulations regarding the
prevention and detection of accidental chemical releases
and to publish a list of at least 100 chemical substances
(with associated threshold quantities) to be covered by the
regulations. The regulations must include requirements
for the development of risk-management plans (RMPs)
by facilities using any of the regulated substances in
amounts above the relevant threshold. These RMPs
must include a hazard assessment, an accident prevention
program, and an emergency release program. Similarly,
Section 304 of the Clean Air Amendments of 1990
directed OSHA to promulgate a Process Safety Manage-
ment (PSM) standard under the OSHAct.

Section 112(r) of the revised Clean Air Act also
imposes a ‘‘general duty’’ on all ‘‘owners and operators
of stationary sources,’’ regardless of the particular identity
or quantity of the chemicals used on site. These parties
have a duty to:

. identify hazards that may result from [accidental chem-
ical] releases using appropriate hazard assessment
techniques,

. design and maintain a safe facility taking such steps as
are necessary to prevent releases, and

. minimize the consequences of accidental releases
which do occur.

Thus, firms are now under a general duty to anticipate,
prevent, and mitigate accidental releases. In defining the
nature of this duty, Section 112(r) specifies that it is ‘‘a
general duty in the same manner and to the same extent
as’’ that imposed by Section 5 of the OSHAct. Because
Section 112(r) specifically ties its general duty obligation



400 Environmental Protection Laws
to the general duty clause of the OSHAct, case law inter-
preting the OSHAct provision should be directly relevant.
In the 1987 General Dynamics case, the District of Colum-
bia Circuit Court of Appeals held that OSHA standards
and the general duty obligation are distinct and indepen-
dent requirements and that compliance with a standard
does not discharge an employer’s duty to comply with the
general duty obligation. Similarly, compliance with other
Clean Air Act chemical safety requirements should not
relieve a firm’s duty to comply with the act’s general duty
clause. Further, the requirement that owners and opera-
tors ‘‘design and maintain’’ a safe facility would seem to
extend the obligation into the area of primary prevention,
rather then merely hazard control.

The Clean Air Act also requires each state to establish
programs to provide small business with technical assis-
tance in addressing chemical safety. These programs
could provide information on alternative technologies,
process changes, products, and methods of operation
that help reduce emissions to air. However, these state
mandates are unfunded and may not be uniformly imple-
mented. Where they are established, linkage with state
offices of technical assistance, especially those that pro-
vide guidance on pollution prevention, could be particu-
larly beneficial.

Finally, the 1990 amendments established an indepen-
dent Chemical Safety and Hazard Investigation Board
(CSHIB). The board is to investigate the causes of acci-
dents, conduct research on prevention, and make recom-
mendations for preventive approaches, much like the Air
Transportation Safety Board does with regard to airplane
safety.

As required by the 1990 Clean Air Amendments,
OSHA promulgated a workplace Process Safety Manage-
ment (PSM) standard in 1992. The PSM standard is
designed to protect employees working in facilities that
use ‘‘highly hazardous chemicals,’’ and employees work-
ing in facilities with more than 10 000 pounds of flamma-
ble liquids or gases present in one location. The list of
highly hazardous chemicals in the standard includes
acutely toxic, highly flammable, and reactive substances.
The PSM standard requires employers to compile safety
information (including process flow information) on che-
micals and processes used in the workplace, complete a
workplace process hazard analysis every 5 years, conduct
triennial compliance safety audits, develop and imple-
ment written operating procedures, conduct extensive
worker training, develop and implement plans to maintain
the integrity of process equipment, perform prestartup
reviews for new (and significantly modified) facilities,
develop and implement written procedures to manage
changes in production methods, establish an emergency
action plan, and investigate accidents and near-misses at
their facilities. Many aspects of chemical safety are not
covered by specific workplace standards. Most OSHA
standards that do apply to chemical safety have their
origin in the consensus standards adopted under Section
6(a) of the OSHAct in 1971, and hence are greatly out of
date. Arguably, the general duty obligation of the OSHAct
imposes a continuing duty on employers to seek out
technological improvements that would improve safety
for workers.

In 1996, the EPA promulgated regulations setting forth
requirements for the RMPs specified in the Clean Air Act.
The RMP rule is modeled after the OSHA PSM standard
and is estimated to affect some 66 000 facilities. The rule
requires a hazard assessment (involving an offsite conse-
quence analysis – including worst-case risk scenarios – and
compilation of a 5-year accident history), a prevention
program to address the hazards identified, and an emer-
gency response program. In 2003, the Chemical Safety and
Hazard Investigation Board urgedOSHA to amend its 1996
regulations in order to achievemore comprehensive control
of ‘‘reactive hazards’’ that could have catastrophic conse-
quences and asked OSHA to define and record information
on reactive chemical incidents that it investigates or is
required to investigate. These recommendations have
largely been ignored. The board also expressed concern
that the material safety data sheets (MSDSs) issued by
OSHA do not adequately identify the reactive potential of
chemicals. Legislation is being promoted to require OSHA
to prepare or revise MSDSs for the list of chemicals in the
PSM standard, and to generally strengthen OSHA’s
approach to chemical safety. Despite the fact that a memo-
randum of understanding between EPA and OSHA had
been signed in 1996, in 2001 the U.S. General Accounting
Office (GAO) issued a report indicating the need for better
coordination between EPA, OSHA, the CSHIB, and other
agencies.
Environmental Regulation in the
European Union

Europe, once behind the United States in environmental
legislation, now often surpasses the United States in its
environmental initiatives. European Union directives
form an overarching regulatory structure under which
individual member states implement the broad general
requirements of the directives. The most recent examples
are the Water Framework Directive and the REACH,
(Registration, Evaluation and Authorization of Chemi-
cals) system, focused on improving the production and
assessment of risk information and regulation of industrial
chemicals, the counterpart to TSCA in the United States.
See also: Arsenic; Asbestos; Bioaerosols; Carcinogens,

Environmental; Environmental Health: Overview; Hazard-

ous Wastes; Human Exposure Science; Mercury; Outdoor
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Air Pollution: Sources, Atmospheric Transport, and Human

Health Effects.
Further Reading
Ashford NA (1993) Promoting technological changes in the workplace:
Public and private initiatives. In: Brown M and Froines J (eds.)
Technological Change in the Workplace: Health Impacts for Workers,
pp. 23–36. Los Angeles: UCLA Institute of Industrial Relations.

Ashford NA (1999) The economic and social context of special
populations. Frumkin H and Pransky G (eds.) Special Populations in
Occupational Health. Occupational Medicine 14: 485–493.

Ashford NA and Caldart CC (1996) Technology, Law and the Working
Environment. Washington, DC: Island Press.

Ashford NA and Caldart CC (2008) Environmental Law, Policy, and
Economics: Reclaiming the Environmental Agenda. Cambridge, MA:
MIT Press.

Caldart CC and Ashford NA (1999) Negotiation as a means of
developing and implementing environmental and occupational
Epidemic Investigation
E Mathieu, Centers for Disease Control and Prevention, A
Y Sodahlon, Mectizan Donation Program, Decatur, GA, U

Published by Elsevier Inc.

Introduction

One of the key roles of public health is to manage outbreaks
that endanger the public’s health. The nature of an out-
break can range from infectious, zoonotic, or chronic
diseases to injury, exposure to toxic substances, or health-
damaging behavior. The cause can be incidental, acciden-
tal, or intentional, as in the case of a bioterrorism attack.
Outbreaks require public health investigators to respond
quickly and to make reasonable judgments from a dynami-
cally unfolding set of information. Speed, coordination, and
informed judgment are critical in these situations, as pro-
blems that at first appear limited may actually be significant
outbreaks. A variety of approaches to outbreak detection
and identification are possible, but the main points to keep
in mind are described in the following section.

Outbreak Detection

An outbreak is traditionally characterized by an in-
creasing number of persons who are showing a specific
clinical pattern unusual for that particular situation
or location. Public health concerns can range from two
cases of Chagas’ disease in a nonendemic area after organ
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transplantation to hundreds of cases of diarrhea due to a
drinking water-related Cryptosporidium outbreak
(MacKenzie et al., 1994; Centers for Disease Control and
Prevention [CDC], 2006).

Outbreaks can be detected in different ways. Thorough
surveillance of diseases of public health importance forms
the basis of public health investigations and research
(Figure 1). Health departments can also be contacted
by health professionals or members of communities
(e.g., school, day care) where an unusual number of cases
of a certain disease are noticed. One of the functions of a
surveillance system is to monitor trends in a disease or
other event. If there is an indication of a possible increase
in cases, rapid assessment is required and immediate
action is recommended.

Measles surveillance is an example of intensive surveil-
lance and rapid assessment of cases in the United States.
Measles are currently very rare in the Western hemi-
sphere: The number of reported cases between 1997 and
2004 was less than 200 per year (Atkinson et al., 2007). This
highly contagious disease is currently most common in the
United States among persons that refuse vaccination for
personal or religious reasons. Outbreaks are often related
to the importation of a case from abroad that acts as a
source case for an outbreak (Atkinson, 2007). In the United
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States, suspected measles cases have to be promptly
reported to the CDC and to the National Notifiable Dis-
eases Surveillance System (NNDSS), after which an
investigation is launched (CDC, 2008).

To detect outbreaks in this way, the surveillance sys-
tem has to be sensitive and the data have to be collected in
a timely manner and regularly analyzed. To ensure that
the surveillance system is able to detect cases in a timely
fashion, the system itself has to be monitored. One indi-
cator to follow in the measles surveillance system for
example is the median interval between onset of rash
and notification to the public health authority. This indi-
cator measures the time lost to contain the spread of the
infection. This is shown by a measles outbreak that
occurred in the United States after a 34-year-old minister
with an undocumented history of vaccination became
infected while traveling abroad (Rooney et al., 2004). The
first symptoms were noticed in 1999 on September 2; the
case was diagnosed on September 5 and the health depart-
ment was informed on September 7. An epidemiologic
and laboratory investigation identified 15 cases linked
with the source case (Figure 3).

Another method of outbreak detection is through syn-
dromic surveillance, which monitors nonspecific clinical
syndromes. Once a possible outbreak is detected, a spe-
cific diagnosis is required to assess whether an outbreak
has occurred. Since 1999, the New York City Department
of Health has been monitoring and evaluating emergency
medical service calls on a daily basis to identify an
increase in respiratory illnesses that might represent an
infectious disease outbreak (Mostashari et al., 2003). This
is also the recommended method to detect possible inten-
tional outbreaks due to bioterrorism (CDC, 2003). Data
sources used often already exist but have not been
designed specifically for public health surveillance pur-
poses. An example is the International Classification of Dis-

eases (ICD-10), which contains coded health information
from physician visit records. Data abstracted from emer-
gency department logs or 911 calls can also be used
through analysis of text or other developed coding sys-
tems (Pavlin et al., 2003). In the case of a chemical agent,
unexplained deaths among young or healthy persons or
emission of unexplained odors by patients could indicate
an outbreak.

Laboratory tests also play an important role. Cases are
not always geographically clustered and for that reason
are not always easily linked to an outbreak. The CDC and
several state health departments established PulseNet, a
molecular subtyping network for foodborne disease sur-
veillance to facilitate the detection and investigation of
foodborne outbreaks (Swaminathan et al., 2001). Pulsed-
field gel electrophoresis (PFGE) patterns of DNA from
bacterial isolates are submitted to the national database
and can help link apparently unrelated cases that are
geographically dispersed. Though PulseNet can detect
clusters of potentially related organisms, epidemiologic
assessment is required to determine if the cluster contri-
butes to an outbreak. PulseNet laboratories operate in
public health departments in all 50 U.S. states and several
national health and agriculture agencies. Most foodborne
outbreaks are related to a local contamination such as in a
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restaurant, but a significant number are due to wide
distribution of food contaminated at various points of
production. An example is an E. coli O157 outbreak in
1992 linked with contaminated hamburgers that made
more than 500 persons sick in 4 days and caused the
deaths of four children (CDC, 1993). It took 39 days for
the public health system to recognize it as an outbreak
and another 10 days to investigate and institute a recall of
the contaminated meat. PulseNet can now increase the
sensitivity of outbreak detection in many instances. For
example, in September 2006, state and CDC officials were
able to detect and link multiple small clusters of E. coli
O157:H7 infections across the United States within days
using PulseNet information. This allowed investigators to
rapidly identify fresh spinach as the source of infection
(CDC, 2007). More than 200 cases were detected in 26
states and Canada (Figure 4).
Organizing an Outbreak Investigation

Once an outbreak is identified, epidemiologic assessment
assistance is started by a local public health authority, such
as the health department. Depending on the context,
other hierarchies or special jurisdictions are involved
such as the World Health Organization (WHO) for an
international investigation (Gregg, 1996). In the case of
an international investigation, the World Health Organi-
zation (WHO) is often involved. The WHO coordinates
the Global Outbreak Alert and Response Network
(GOARN). This is a technical collaboration of existing
institutions and networks that pool human and technical
resources for rapid identification, confirmation, and
response to outbreaks of international importance.
1–4 cases 5–9 cases

10–14 cases 15 or more cases

Figure 4 Number of confirmed cases of E. coliO157:H7 by state,

UnitedStates,October 2006.Reproduced fromCenters forDisease

Control and Prevention (2007b) Ongoing multistate outbreak of

Escherichia coli serotype O157:H7 infections associated with
consumption of fresh spinach – United States, September 2006.

MMWRMorbidity and Mortality Weekly Report 55.
As soon as a response is initiated, it is important to
inform public health authorities at appropriate govern-
ment levels about the ongoing outbreak. Local and refer-
ence laboratories must be informed so that they can
prepare for processing specimens (see the section ‘Labo-
ratory preparations’). A core team should be assembled
made up of persons with epidemiologic, laboratory, com-
munications, and possibly other expertise, such as statisti-
cal expertise. This core team should establish a hierarchy
for decision and information sharing. They should then
create objectives for the investigation and develop plans
for reevaluating the objectives as the investigation evolves.
It is important to delineate roles and responsibilities for
the relevant agencies and to agree on a timeline for
reevaluating those roles. A lead agency and principal
investigator should be identified. In the case of a large,
complex outbreak, the need for additional human
resources also has to be discussed. A list of types of
expertise (e.g., epidemiologic, laboratory, statistical, com-
munications) is required and availability of experts should
be made known so that any gaps in expertise can be filled.
Laboratory Preparations

An important aspect of preparing an outbreak investigation
is the logistics involved in conducting laboratory or envi-
ronmental testing. This includes not only collecting and
testing the specimens, but also tracking and monitoring
the shipments of specimens. Some of this responsibility
falls within the laboratory domain, but field investigators
may also have to undertake some of these functions. The
first step is to develop specimen collection and shipping
protocols. This includes information about the samples that
have to be included, such as type, quantity, and timing vis-à-
vis disease onset and treatment, but also the type of contain-
ers, transport media, and preservatives needed. The proto-
col must address information to be included on the labels,
pre-shipping requirements, and instructions for shipping.

The next step is to develop specimen processing and
testing protocols for the receiving laboratories. These
include not only the tests each laboratory will conduct
but also how the results will be determined and inter-
preted and how and to whom the results will be released.
If indicated, obtain the materials and supplies such as
collection kits, testing reagents, control specimens, labels,
and shipping supplies and ship it to the outbreak location.
Once the specimens are collected, it is important to label
them well and track them. In October 2001, a bioterror-
ism-related anthrax outbreak in New York City occurred.
For weeks the New York Bioterrorism Response Labora-
tory (BTRL) was overwhelmed by the increasing number
of environmental samples. To deal with the situation, a
laboratory bioterrorism command center was established
and protocols for sample intake, processing, reporting,
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security, testing, staffing, and quality control were devel-
oped (Heller et al., 2002). The specimen load increased
from 1 every 2 to 3months to 2700 nasal swabs in 2weeks
and 3200 environmental specimens in 2months. Staff
increased from 2 to 75 persons and 6 tons of laboratory
supplies were flown in from the CDC. Figure 5 shows the
data flowchart adopted soon after the surge of isolates
after the bioterrorism attack.
Receiving
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after a bioterrorism attack, New York City, 2001. BSL: Biosafety Leve

Management. Reproduced from Heller MB, Bunning ML, France ME

New York City, 2001. Emerging Infectious Diseases 8(10): 1096–1102
Objectives for an Investigation

In most cases, an investigation is initiated to limit the
spread of a particular illness. Through identification of
the cause, source, and mode of transmission, public health
measures can be taken to stop the expansion of the out-
break. On October 8, 2000 the Acting District Director of
Health Services in Gulu District, Uganda, received two
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reports concerning unusual illness and deaths (Lamunu
et al., 2004). One day later, an outbreak investigation was
launched and 2 days later the first interventions to contain
the outbreak were instituted: An isolation unit was set up
in the local health-care facility, protective material for
health staff was dispatched, and the public was alerted of
the risk of infection during funerals. On October 14, the
National Ebola Task Force was constituted to coordinate
and mobilize resources for the outbreak, which lasted for
more than four months. A total of 425 confirmed cases of
Ebola were recorded, with 224 deaths among them.

Identification of the origin or source of the disease by a
trace back environmental investigation to prevent further
illness is another important aspect of an outbreak investi-
gation. This was done during a multicluster outbreak in
Massachusetts. Between February 2003 andMay 2004, ten
outbreaks of gastrointestinal illness among schoolchildren
at nine different schools were reported to the Department
of Public Health (CDC, 2006). All the children ate lunch
provided by the schools and the disease was characterized
by short incubation periods and short durations of illness.
Based on prior investigations, a biotoxin or chemical agent
was suspected. An environmental investigation identified
three distributors who provided the schools with tortillas
of different sizes and under various brand names but from
one manufacturer. Several deficiencies at the plant were
noted such as improper storage, use, and labeling of
chemicals, food ingredients and additives, and food
contact surfaces were not protected from environmental
contamination. Samples were collected and analyzed.
After the manufacturer was informed about the suspected
cause of the outbreak, the recipe was changed and the
amount of calcium propionate and potassium bromate
used was lowered (CDC, 2006).

Outbreak investigations can also lead to national policy
and regulatory changes. In the fall of 1996, 70 cases of
E. coli O157:H7 infections were epidemiologically linked
to a particular brand of unpasteurized apple juice in
Canada; four persons developed hemolytic uremic syn-
drome, and one person died (Cody et al., 1999). Recalled
apple juice grew E. coli O157:H7 with the same PFGE
pattern as those from the case isolates. The magnitude
and severity of this outbreak led the Food and Drug
Administration (FDA) to propose two new regulations
(Troxell, 2005). First, all unpasteurized fruit and vegeta-
ble juices would have to carry a label stating, ‘‘Warning:
this product has not been pasteurized and therefore may
contain harmful bacteria that can cause serious illness in
children, elderly, and persons with weakened immune
systems.’’ The second regulation is the application of
Hazard Analysis and Critical Control Point (HACCP)
principles to fruit and vegetable juice processing (see the
section ‘Relevant Websites’). A HACCP program is a
systematic method of identifying key production steps in
which contamination may occur and instituting specific
monitoring and interventions, such as pasteurization, at
those steps.

Outbreaks also provide a natural, observational labo-
ratory for evaluating and identifying defects in public
health and regulatory programs.
Confirmation of an Outbreak

The first step in an investigation is to confirm the out-
break. The total number of cases is less relevant than
analysis of the whole situation. The critical question is:
Are there really more cases of a certain disease than
normally expected in that time and location? In 1999,
two cases of Plasmodium vivax in the United States
among children without travel exposure to an endemic
area were the cause of an epidemiologic, entomologic,
and environmental outbreak investigation in Suffolk
County, New York (CDC, 2000).

Surveillance data can indicate if there is an outbreak,
but an increase in the number of reports of a certain disease
can be due to several factors, including a random increase
in the number of cases, a higher awareness of the disease, a
new diagnostic tool, a misdiagnosis, or a change in report-
ing requirements or forms. For this reason it is important to
collect preliminary demographic, geographic, and epide-
miologic information to link the cases. When in doubt, one
should treat the cases as an outbreak but avoid labeling
them before possessing appropriate scientific evidence.

Although incubation periods and clinical syndromes
are important as an indication of the source, it is recom-
mended that the diagnosis be confirmed by laboratory
tests. While it is often not necessary to confirm the diag-
nosis for all cases, in the initial phase of an outbreak, the
diagnosis of a substantial proportion of the cases should
be confirmed. The CDC published a table with possible
etiologies of foodborne disease outbreaks and defined an
outbreak as an incident in which two or more persons
experience a similar illness resulting from the ingestion of
a common food (CDC, 2007a). The table includes not
only information about incubation periods and clinical
syndromes, but also describes the laboratory tests needed
to confirm the outbreak etiology.

Confirming an outbreak or its extent may also require
active case finding. For example, in a recent outbreak of
Acanthamoeba keratitis (AK), the Illinois Department of
Public Health investigated a possible increase in AK at
one ophthalmology center during the previous 3 years.
As a result, the CDC initiated a retrospective survey of
22 ophthalmology centers nationwide to assess whether
cases were increasing throughout the United States. Data
received from 13 centers demonstrated an increase in
culture-confirmed cases of AK across the United States.
This triggered a large, multistate investigation at the
national level (CDC, 2007).
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Case Definition

One of the most imp or tant ste ps in an outb reak investiga-
tion is to develop the case def inition. The definition has to
be broad enou gh to cap ture mos t if not all cases but
should not be so vagu e tha t ever y possib le sick per son in
the tar geted location is inc lud ed. This bal ance is not
always easy to ach ieve. One solut ion is to star t with a
very sen sitive but less spec ific case definition based on
prelimi nary info r mation , which is then adapted after
more infor mation is colle cted and the etiolog y of the
outbre ak is c learer.

A case defini tion always inc lud es infor mation a bout
three f actor s: per son, time, and place. Per son-re lated
infor mat ion inc ludes sym ptoms, but also demograph ic
infor mat ion suc h as gende r, age, or pr of ession . There are
several possible ways to appro ach defining sympto ms.
A case can be def ined as having a f ew sym ptoms pr esent
for each case, or one can give a list an d spec ify a minim um
numb er of sympt oms for a case to be inc luded, or a
combinati on of both can be used. If the sympto ms are
very common , su ch as cough or diar rhea, or very vague,
such as f atigue, many unrelat ed backg round cases can be
unintenti onally inc luded. As a resu lt, the case definition
tends to bec ome more stringent in the later stages of an
outbre ak and inc ludes a spec ific etiologic diagnos is if
possibl e.

The time and place def inition is used to ens ure that
only cases related with this outbrea k are inc luded. In the
case of an outbrea k, one is not interested in cases throu gh-
out the whole country or during the whole year. An
example is the case definition used in the previously
ment ioned Cr yptosporidi um outb reak: ‘‘a per son who lived
in or visited centr al Ohio between June 17 and August 18,
2000 and who had three or mor e loose stools in a 24-hou r
period ’’ ( Mathi eu et al., 2004 : 582). In the same investiga-
tion, a la borator y-conf ir med case patien t was defined as
‘‘a per son who lived in or visited central Ohio between
Table 1 A line listing for a possible hepatitis outbreak (CDC, 200

Case# Initials Date of report Date of onset
Physician
diagnosis

1 JG 10/12 12/6 Hep A

2 BC 10/12 10/5 Hep A

3 HP 10/13 10/4 Hep A
4 MC 10/15 10/4 Hep A

S*, Sclera; N, Nausea; V, Vomiting; A, Anorexia; F, Fever; DU, Dark u

Centers for Disease Control and Prevention (2004) Epidemiology i
Outbreak Investigation. http://www.cdc.gov/excite/classrom/outbrea
June 17 and Aug ust 18, 2000, who had a positive stool test
result for C . par vum, along with either diar rhea (three or
more loo se stools during a 24-hou r period ), vomiting or
a bdomi nal cramps ’’ (Mathi eu et al ., 2004: 583).
Case Ascertainment

There shou ld be an active search for cases tha t f all within
the case definition as soon as th ere is suspicion of an
outbre ak. If the case def inition inc lud es la borator y confi r-
mation , all the la bs in the area shou ld be contacte d and
probe d for info r mation . If the case is asso ciated with a
school or a cer tain commu nity, mess ages can be passed
throug h school authoriti es or the media to ask per sons
with cer tai n symptoms to infor m their local health de par t-
ment . In the case of an outbre ak linked to a par ticular
venue, a list of per sons who atte nded a par ticular event
can be obtained. By way of a shor t quest ionnaire, cr ucial
infor mat ion, inc luding cont act info r mation , date of onset,
and some qu estions related to the possibl e sou rce of the
outbre ak should be colle cted from eac h per son who could
be considered a potenti al case. This inf or mation can be
used to create a lin e listing, which is a ta ble that inc lud es
key varia bles on each ill per son (Table 1 ) (CDC, 2004).
This makes it easy to visu alize and summ arize impor tant
infor mat ion and to esta blish a hypothesis for the outbrea k
by identifyin g com monalitie s among the cases .
Descriptive Epidemiology

An impor tant pa r t of the descri ptive e pidemi ology of an
outbre ak is the e picur ve, which will not only ind icate
when the outbrea k star ted but may also pr ovide c lue s to
the source of the exposure. Traditionally, the number of
cases is depicted on the y-axis and time on the x-axis. The
time interval chosen can be months, weeks, days, or hours,
4)

Diagnostic Lab

Signs and symptoms

N V A F DU J HAIgM Other Age Sex

+ + + + + + + SGOT # 37 M

+ � + + + + + Alt # 62 F

� � + + + S* + SGOT # 30 F
� � + + ? � + Hbs/

Ag�
17 F

rine; J, Jaundice; HAIgm, Hepatitis AIgM antibody test.

n the Classroom: How to Investigate an Outbreak: Steps of an
k/.

http://www.cdc.gov/excite/classrom/outbreak/
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depending on the estimated incubation period. Tradition-
ally, the time intervals are one-fourth to one-third of the
probable incubation period. An epicurve allows visualiza-
tion of the epidemic’s magnitude and the trend over time,
and can predict the end of an epidemic. The curve also
helps to estimate the incubation time, which can assist in
defining the causative agent. An outbreak with a point
source in time and place will give a tight temporal
clustering of cases. An example is a norovirus outbreak
in the United States linked with a specific restaurant in
Eaton County, Michigan, in February 2007. The epicurve
shown in Figure 6 reveals a peak in onset of disease
around January 30 and a median incubation time of
32 hours. Investigation showed that more than 360 restau-
rant patrons became ill after eating in the restaurant on
2 consecutive days (CDC, 2007c). If there is person-to-
person transmission, each case can cause more cases,
shown on the curve as a series of successive peaks.
In 1997, passengers and crew members on a cruise ship
developed acute respiratory illnesses possibly due to
influenza (Miller et al., 2000). The epicurve of the out-
break among the crew members is shown in Figure 7. If
the source is intermittent or continues over a long period
of time, the curve will show a mix of individual and
clustered cases during a relatively protracted time frame.

Description of the geographic distribution of an out-
break provides information about the extent of the prob-
lem and can show any clustering or patterns that might
provide more information on the source. Depending on
the situation, cases can be mapped according to residence,
place of occupation, and school or childcare settings, or
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related to possible relevant activities such as swimming or
grocery shopping. A classic example is the map John Snow
made to trace the source of a cholera outbreak in Soho,
England, in 1854 (Figure 8) (Snow, 1855).

Another aspect of the descriptive epidemiology of
an outbreak is the characterization of cases. Depending
on the outbreak etiology and source, variables used to
characterize the cases can include age, sex, race, occupa-
tion, leisure activities, health status, and drug use. The
purpose is to identify common potential risk factors
among cases.
Hypothesis

Based on the potential etiologic agents and vehicles,
potential mode of transmission, types of exposure, popu-
lation exposed, and timing and extent of exposure,
hypotheses can be developed. This information is col-
lected through the descriptive epidemiology and line
listing as mentioned previously; however, in some cases,
in-depth interviews with a limited number of suspect
cases may also be indicated.
Testing of the Hypothesis

The next step is to design the appropriate study to test the
hypothesis. The purpose is to assess and quantify the
relationship between an exposure and the outbreak-
related event. Even if the hypothesis seems easy to accept,
Employees (n = 15)
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rventions
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time interval of illness onset
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rom Centers for Disease Control and Prevention (2007) Norovirus
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a study must be considered (Reingold, 1998). In case there
are several possible exposures linked with the outbreak,
all exposures must be tested. The general idea is to com-
pare observed outbreak data with data collected from a
comparison group that provides baseline or ‘expected’
data (Gregg, 1996). If the outbreak occurred in a well-
defined population, a cohort study is recommended; oth-
erwise, a case-control study is conducted.

In a cohort study, the occurrence of an event is com-
pared among persons who were and were not exposed to a
certain risk factor. The advantage of a cohort study is
that attack rates and relative risk can be directly calculated.
This design better suits outbreaks in which a limited and
identifiable number of people were exposed to the risk
factor or where one risk factor can have different outcomes.
A typical example is a food-related outbreak at an event
with a known guest list such as a wedding. People attending
the event are asked if they became ill (thusmeeting the case
definition) but also which dishes they ate. This enables the
investigators to calculate attack rates of disease among
people who ate from certain dishes. The attack rate is the
incidence of disease in a defined group.

Attack rateexposed ¼
# of people exposed to a factor
who became ill

# of people exposed to a risk factor

Attack rateunexposed ¼
# of people unexposed to a factor
who became ill

# of people unexposed to a risk factor

The relative risk qualifies the relationship between the
risk factor and the outbreak-relateddisease. It indicates how
much more likely a person who is exposed to a certain risk
factor is to develop the outbreak-related illness compared
with a person whowas not exposed.Table 2 shows the data
of a classic outbreak investigation related to a salmonellosis
outbreak at a church dinner in Oswego, New York, in 1940
(CDC, 2004). The relative risk related to ice cream was
much higher than those of other food items, indicating that
the outbreak was related to the ice cream.

The relative risk is calculated by the ratio of the attack
rates:

Relative risk ¼
attack rate among the people exposed
to the risk factor

attack rate among the people not
exposed to the risk factor

Relativerisk ¼ ða=H1Þ=ðc=H0Þ

Ill Well
Exposed a b H1
Unexposed c d H0

Total V1 V0 T

A relative risk of 1 means that the risk of illness is the
same among exposed and nonexposed persons and that
the exposure is not associated with the event. A relative
risk greater than 1 means that the risk of illness is
greater among exposed than among nonexposed persons
and that the exposure could be associated with the
event. A relative risk smaller than 1 means that the
risk of illness is smaller among exposed than among
nonexposed persons and that the exposure could be
protective.
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Figure 8 Map to identify cause of cholera outbreak, Soho, England, 1854. Reproduced from Snow J (1855) On the Mode of

Communication of Cholera. London: John Churchill (available at http://www.ph.ucla.edu.epi/snow/snowmap1_1854_lge.htm).
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A case-con trol study desig n compares past exposures
among people who have (‘cases’) and do not have
(‘contr ols’) the outbre ak-relat ed ill ness. Continui ng with
the wedding example, in the case of a foodbor ne outb reak,
sick and healthy attendees are questione d a bout the dishes
they consume d. Expos ures to th e f actor of interes t are
compar ed for the cases and con trols. If the exposu re
to the f actor is the same in the two group s, it is unl ikely
that that f actor cau sed the out break-rel ated event. A case-
control study requires fewer financial and human resources.
This design is also better if multiple exposures are related to
the outbreak. The measure of association between exposure
and disease is quantified by an odds ratio that is the ratio of
the odds of a certain outcome. It is often used as an approxi-
mation for the relative risk. Using the data layout and
notation mentioned above:

Odds ratio ¼ ad=bc
An impor tan t activity in designin g a case-con trol study

is th e selection of control s. Controls provide infor mation
a bout the esti mated expo sure th at is exp ected in the
studied popu lation if the exp osure was not related to the
illness in ques tion. Contr ols mu st be selected ind e pen-
dently from their exposu re status, re pr esentative of the
popu lation in ques tion, and shou ld have the pot ential to
be exposed to the risk f actor withou t having the disea se in

http://www.ph.ucla.edu.epi/snow/snowmap1_1854_lge.htm
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question. An example is a large hepatitis A outbreak that
occurred among patrons in a Pennsylvania restaurant
(Wheeler et al., 2005). For the case-control study, 240
cases, as many as could be interviewed in a 2-week time
period, were included. The 130 controls included meal
companions of patients or persons who were identified
through credit card receipts as having dined in the res-
taurant during a certain time period. Controls were
excluded if they reported having symptoms or a history
of acute hepatitis A or were vaccinated for hepatitis
A. In March 2003, a nosocomial outbreak of severe acute
respiratory syndrome (SARS) occurred in a hospital in
Singapore (Teleman et al., 2004). To investigate factors
associated with the transmission of SARS, a case-control
Table 2 Number of ill and healthy people who ate certain food it

of salmonellosis, Oswego, New York, 1940

Number of persons who ate item

Ill Total Attack rate%

Baked ham 29 46 63

Spinach 26 43 60

Potatoes 23 37 62
Jells 16 23 70

Rolls 21 37 57

Coffee 19 31 61
Cake 27 40 68

Ice cream 43 54 80

ap < 0.001.
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the Commission de Lutte contre les Epidémies à Kikwit (1999) The re

the Congo, 1995. Journal of Infectious Diseases 179(supplement 1):
study was conducted with 36 cases and 50 controls.
The controls were selected among health-care workers
working in the same ward as the cases, but who did not
develop the disease although they had a history of exposure
(exposure defined as being within close physical proximity
[1m] of a patient subsequently confirmed with SARS).

As the previous examples show, controls can be
selected among different population groups, depending
on the outbreak. In a community outbreak, a random
sample of the healthy population may, in theory, be the
best control group. In practice, however, persons in a
random sample may be difficult to contact and enroll.
Often random digit dialing is used, though this method
has a potential for selection bias (Bunin et al., 2007).
ems, attack rates, and relative risk for each food item – outbreak

Number of persons who did not
eat item

Ill Total Attack rate Relative risk

17 29 59 1.07

20 32 62 0.97

23 37 62 1.00
30 52 58 1.21

25 38 66 0.86

27 44 61 1.00
19 35 54 1.26

3 21 14 5.71a
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The number of controls depends on the required pre-
cision and the number of cases. If there are more than 50
cases, one control can be selected for each case. If there
are fewer cases, two or three controls per case may be
needed to obtain sufficient statistical power to identify
significant association.

Results from case-control and cohort studies have
to be interpreted with caution as much will depend on
the sample size and the related precision of the outcome.
Tests of statistical significance must be used to determine
the probability that an observed relative risk could have
been found due to chance alone. This probability is called
the p-value. A very small p-value means that the chances
of finding relative risk due to chance alone are very small.
If the p-value is smaller than a predetermined cutoff, often
0.05, the relative risk is considered statistically significant.
The most used statistical test is the X2:

X2¼Tðjad� bcj � ðT=2ÞÞ2
V1�V0�H1�H0

(The corresponding p-value for the chi-square can be
found in a chi-square distribution table.)
Table 3 Distribution scheme for protective equipment initially us

region, Democratic Republic of the Congo, 1995

Isolation ward

Individuals involved with Isolation Cleaning
‘Garde
malade’a

Protective equipment

Plastic goggles x x x
Surgical mask with

HEPA filter

x x x

Disposable surgical
mask

Disposable gloves x x x

Surgical cap x x

Long-sleeved surgical
blouse (cotton)

x x x

Surgical trousers

(cotton)

x x

Long plastic aprons
(multiple use)

x x x

Rubber boots x

Rubber kitchen gloves x
Burial

Body bags

Disinfectant and other material

Hypochlorite x
Chloramine tablets x

Jerrycan, 20 L

Plastic basin

Soap x
Plastic container (100L)

with tap

x

Sprayer x

aRelative taking care of patient.
Reproduced from Kerstiëns B andMatthys F (1999) Interventions to co

fever: Experience from Kikwit, Democratic Republic of the Congo, 199
Communication

From the time a possible outbreak is detected until
it is under control, communication is very important. The
amount of information to be shared is crucial, as well as the
method of communication to the right persons and groups
at the right time. During the investigation, the epidemiolo-
gist should maintain regular briefings with local health
officials. However, communication with the public is just
as crucial. Often one person will be designated to commu-
nicate with the press and public. The content, frequency,
and form of communication (e.g., internal meetings, email,
press releases, or press conferences) have to be adapted to
the target audience. The need to protect the public’s health
as well as innocent stakeholders who may or may not be
responsible for the outbreak must be carefully balanced. As
much specific information as is possible and appropriate
about etiologic agents, mode of transmission, source and
mode of contamination, and interventions and prevention
measures should be provided.

Although the need for communication with the public is
important, communication with other agencies implicated
ed in care of patients with Ebola hemorrhagic fever, Bandundu

Burial
Emergency
ward

Health
center

Home
visitor

Home health-care
giver

x
x

x x x

x x x

x

x x x

x

x x

x

x x

x x

x x x
x x

x x

x x

x x x x
x

x

ntrol virus transmission during an outbreak of Ebola hemorrhagic

5. Journal of Infectious Diseases 179(supplement 1): S263–S267.
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in the investigation must not be overlooked. There exist
several ways to inform public health professionals about
ongoing outbreaks. An example is Epi-X, a web-based sys-
tem that enables state and local health departments, poison
control centers, and other public health professionals to
access and share preliminary health surveillance informa-
tion.HealthAlertNetwork provides health information and
has the infrastructure to support the dissemination of that
information at the state and local levels in theUnited States.
Completion of an Investigation

At the end of the investigation, investigators should pres-
ent findings to local health authorities responsible for
implementing control and prevention measures. In addi-
tion to an oral briefing, a scientific written report docu-
menting the investigation should be presented. This
report can also serve as reference for similar situations
in the future and should include all details of the investi-
gation, conclusions, and recommendations.

It is important to discuss at the beginning of the investi-
gation what must occur following the outbreak investiga-
tion. One of themost important steps is to conduct a ‘lessons
learned’meeting and to communicate this information to all
partners. These findings should be written in a report and if
appropriate, published. In this way, the international scien-
tific community can be aware of lessons learned.

Related Issue: Protection of Investigators

In the case of investigation of lethal and easily transmitted
disease, the necessary precaution measures must be under-
taken to protect health staff and outbreak investigators,
because they are vulnerable to contracting the disease in
question. During the Ebola outbreak in Kikwit, Democratic
Republic of Congo, in 1995, 80 of the 315 laboratory-con-
firmed cases were in health-care workers (Khan et al., 1999).
Only one health-care worker developed the disease after
the implementation of personal preventive measures
(Figure 9). Among the protective equipment were dispos-
able gloves, different types of surgical masks, long-sleeved
blouses, and boots (Table 3) (Kerstiens andMatthys, 1999).

See also: Clinical Epidemiology; Demography, Epidemi-

ology and Public Health; Disease Classification; Surveil-

lance of Disease: Overview.
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Glossary

95% Confidence interval (CI) Estimated range of

values that is 95% likely to include the true relative

risk (RR).

Dietary vitamin C Intake of vitamin C from food

sources (units: mg/day).

Prospective cohort study An observational study

of a group of subjects with several common

characteristics who vary in other characteristics,

such as, vitamin C intake, and who are followed

prospectively for development of and/or death from

specific diseases.

Randomized controlled trial An experimental study

of a specific intervention (such as, increased

vitamin C intake) on a specific outcome (such as,

death) based on comparing subjects randomly

assigned to an ‘intervention group’ undergoing the

intervention with subjects randomly assigned to a

‘control group’ undergoing no intervention.

Relative risk of death (RR) Death rate in the high-

intake group relative to death rate in the low-intake

group (generally determined by Cox proportional

hazards regression).

Retrospective case-control study An

observational study of ‘cases’ (patients with a

common disease) who are compared with ‘controls’

(persons without the disease) in order to identify

retrospectively measured risk factors (such as,

vitamin C intake) that may contribute to the

development of the disease.

Serum vitamin C or plasma ascorbic acid (PAA)

Blood level of vitamin C (units:

1.0 mg/dl¼ 0.568mmol/dl¼ 56.8mol/l).

Vitamin C supplements Intake of vitamin C from

vitamin supplements (units: mg/day).

Introduction

Vitamin C (ascorbic acid or ascorbate) is an essential
nutrient for humans (Enstrom, 1997, 2001; Food and
Nutrition Board, Institute of Medicine, 2000; Otten et al.,
2006). Ascorbate is required for many important meta-
bolic reactions in all animals and is made internally
in almost all of them, with humans being a notable
exception. It has been long known that vitamin
C deficiency causes scurvy in humans. Based on the most
recent comprehensive assessment of the health effects of
vitamin C by the U.S. National Academy of Sciences, the
current U.S. recommended dietary allowance (RDA) for of
vitamin C intake is 90mg per day for adult males and
75mg per day for adult females, with a tolerable upper
intake level of 2000mg per day in adults (Food and Nutri-
tion Board, Institute of Medicine, 2000; Otten et al., 2006).
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Because of its antioxidant properties, dietary vitamin C
and vitamin C supplements have been examinedwith regard
to the prevention and treatment of cancer and the prevention
of cardiovascular disease (Block, 1991; Byers and Guerrero,
1995; Carr and Frei, 1999; Levine et al., 1999; Asplund, 2002;
Knekt et al., 2004; Stanner et al., 2004; Coulter et al., 2006;
Bjelakovic et al., 2007). The human body is under constant
attack by reactive oxygenmolecules (free radicals and singlet
oxygen) that are formed as a natural consequence of normal
biochemical activity. Reactive oxygen can damage the body
in many ways by altering membrane structure and function.
The hypothesis that free radicals may be involved in carci-
nogenesis is based primarily on observations that many
carcinogens are free radicals, are the product of free radical
reactions, are converted to free radicals in vivo, or stimulate
the production of free radicals. Also, free radicals may be
important in tumor initiation and/or promotion.

Because this damage can be life-threatening, the
human body has evolved with antioxidant defense
mechanisms to protect against free radical oxidation.
Many antioxidants have been shown to inhibit carcino-
genesis in a variety of animal models and antioxidant
molecules may retard atherogenesis by interfering with
this oxidation process. These defenses include small
molecules like vitamin C that act as antioxidants or sca-
vengers of reactive oxygen species. However, because
human antioxidant defense systems are not completely
efficient, it has been proposed that increasing the intake of
dietary antioxidants such as vitamin C may be important
in diminishing the cumulative effects of oxidative damage
over the long human life span. Vitamin C is the major
water-soluble antioxidant vitamin.

Epidemiologic studies of the relationship of vitamin C
to cancer and other diseases consist of two types:
Observational studies and intervention trials. Observational
studies examine the association between vitamin C intake
and disease or between blood levels of vitamin C and
disease. However, these observational studies must be inter-
preted cautiously, since the effects observed may result
from factors correlated with vitamin C rather that from
vitamin C itself. Thus, supporting data from intervention
studies are important for causal inference. Randomized
controlled intervention trials, unlike the observational
studies, generally are not subject to bias and/or confound-
ing. However, these trials are extraordinarily expensive,
difficult to conduct, and relatively short in duration.

There are well over 100 epidemiologic studies that
have examined some aspect of the relationship between
vitamin C and disease. The majority of these are case-
control studies of cancer patients compared with appro-
priately matched control subjects without cancer. The
case-control studies have been reviewed by Block (1991)
and Byers and Guerrero (1995). The majority of these
studies show an inverse relationship between vitamin C
intake and risk of death from all causes, cancer, and

cardiovascular disease. Many of these studies have
focused on tobacco-related cancers, such as oral cavity,
esophagus, and lung cancer. The observational studies
have failed to find any consistent adverse effects asso-
ciated with increased vitamin C intake. In addition, data
from in vitro and animal carcinogenesis studies have been
generally consistent with the observational studies.

This review focuses on prospective epidemiologic stu-
dies that involve vitamin C intake, an index of vitamin C
intake, or serum vitamin C (plasma ascorbic acid). Most of
these studies have been published during the past 20 years.
These studies are generally methodologically superior to
case-control studies since they obtain information about
vitamin C and other characteristics before cancer or other
diseases develop and are less subject to selection bias.
Although not the focus of this review, there are several
prospective studies that show an inverse relationship
between fruit and/or vegetable intake and mortality.
Many of these studies are relevant because citrus fruit
intake is a reasonable measure of dietary vitamin
C intake. This review incorporates findings from our pre-
vious reviews (Enstrom, 1997, 2001), other recent reviews
(Block, 1991; Byers and Guerrero, 1995; Carr and Frei,
1999; Levine et al., 1999; Asplund, 2002; Knekt et al., 2004;
Stanner et al., 2004; Coulter et al., 2006; Bjelakovic et al.,
2007), and recent randomized controlled trials (De Lorgeril
et al., 1998; Hercberg et al., 2004; Jaxa-Chamiec et al., 2005).

Methods

A complete presentation of all results on the relationship
of vitamin C intake and mortality and incidence from all
diseases is beyond the scope of this review. To provide
information on the most important epidemiologic evi-
dence, the essential characteristics are given for 26major
prospective studies that measured vitamin C intake in the
diet or in blood samples and had mortality from all causes,
cancer, and/or cardiovascular disease as an outcome
(Bjelke, 1982; Kvale et al., 1983; de Long and Hammond,
1985; Enstrom et al., 1986; Gey et al., 1987; Kromhout,
1987; Heilbrun et al., 1989; Knekt et al., 1991; Chow et al.,
1992; Enstrom et al., 1992; Shibata et al., 1992; Hunter
et al., 1993; Rohan et al., 1993; Pandey et al., 1995; Zheng
et al., 1995; Eichholzer et al., 1996; Hertog et al., 1996;
Losonczy et al., 1996; Sahyoun et al., 1996; Bandera et al.,
1997; Ocke et al., 1997; Jarvinen et al., 1997; Young et al.,
1997; Enstrom, 1999; Botterweck et al., 2000; Loria
et al., 2000; Khaw et al., 2001; Jacobs et al., 2002; Fletcher
et al., 2003; Genkinger et al., 2004; Cho et al., 2006;
Jenab et al., 2006). Vitamin C intake was determined for
each subject based on their consumption of fruits and
other foods containing vitamin C and/or supplements
containing vitamin C. In addition, serum vitamin
C (plasma ascorbic acid) was measured for the subjects
in several cohorts.
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Table 1 describes the study population, number of
subjects, geographic location, age range, follow-up period,
health status, and type of data collected for these
26 population cohorts cited in the previous paragraph.
The studies are shown in chronological order, citing
the first and/or most important publication associated
with each cohort. Several small cohorts that examined
vitamin C intake and total mortality during 1950–80 are
described in a former review (Enstrom, 1997).

Table 2 describes the results of those studies that give
all-cause mortality for males, females, and/or both sexes.
The number of years of follow-up, the high and low
vitamin C intake groups, and the variables controlled for
are presented along with the total number of deaths in the
cohort, relative risk (RR) of the high-intake group versus
the low-intake group, and 95% confidence interval (CI) or
statistical significance level (p-value) for the relative risk.

Table 3 describes the results of these same studies
where results are presented for mortality or incidence
from all cancer for males, females, and/or both sexes.
Table 4 describes the results of these same studies
where results are presented for mortality from all cardio-
vascular disease or coronary heart disease for males,
females, and/or both sexes. The mortality or incidence
results for the specific cancer sites of lung, breast, stom-
ach, colorectum, and prostate are described in a former
review (Enstrom, 2001). Finally, a summary is given
regarding recent randomized controlled trials that have
assessed the impact of vitamin C intake on subsequent
cancer and/or cardiovascular disease (De Lorgeril et al.,
1998; Hercberg et al., 2004; Jaxa-Chamiec et al., 2005).

Results

Among the 26 prospective cohorts described in Table 1,
the relative risk (RR) for all-cause mortality as a function
of vitamin C intake is presented in Table 2 for eight
cohorts. Results based on dietary vitamin C and serum
vitamin C are presented in separate parts of the table.
Each relative risk is based on comparing persons with the
highest and lowest vitamin C intake, generally values
close to the RDA. The 12RRs for males from five cohorts
range between 0.48 and 0.95: All 12 are less than 1.00 and
ten are significantly less than 1.0 (p<0.05). The nine RRs
for females from four cohorts range between 0.77 and 1.03:
Seven are less than 1.0 and four are significantly less than
1.0. The 18RRs for both sexes from seven cohorts range
between 0.43 to 0.97: 18 are less than 1.0 and 13 are
significantly less. Of the RRs that control for confounding
variables, five of six for males, one of three for females,
and six of ten for both sexes are significantly less than 1.00.

Table 3 shows the RRs for mortality or incidence from
all cancer sites: 27 of 27RRs are less than 1.0, and 11 are
significantly less than 1.0. Table 4 shows the RRs for

mortality for cardiovascular disease mortality: 24 of 27
are less than 1.0 and 12 are significantly less than 1.0.
The reviews by Block (1991) and Byers and Guerrero
(1995) of the results of case-control studies for stomach,
colorectal, lung, breast, and prostate cancer showed RRs
that were less than 1.0. Of the studies in the Block review,
25 of 44 (57%) of the RRs are significantly (p<0.05) less
than 1.0; of the studies in the Byers review, 38 of 49 (78%)
of the RRs are less than 1.0. These results are consistent
with the cohort results for specific cancer sites presented in
our previous reviews (Enstrom, 1997, 2001). Thus, the vast
majority of observational results from both case-control
and cohort studies indicate a beneficial effect of increased
vitamin C intake with respect to cancer and coronary heart
disease. Also, it is obvious that the results in Tables 2–4
represent only a small fraction of the potential results that
would be available if the cohorts in Table 1 were fully
analyzed with respect to vitamin C intake and mortality.

Other compilations have yielded somewhat different
findings. A recent study pooled nine prospective cohort
studies with information on intakes of vitamin E, carote-
noids, and vitamin C and coronary heart disease (CHD)
incidence (Knekt et al., 2004). During a 10-year follow-up
of 293 172 subjects who were free of CHD at baseline,
dietary intake of antioxidant vitamins was only weakly
related to a reduced CHD risk after adjustment for poten-
tial nondietary and dietary confounding factors. Com-
pared with subjects in the lowest dietary intake quintile
for vitamin C, those in the highest intake quintile had a
relative risk of CHD incidence of 1.23 (1.04–1.45). How-
ever, compared with subjects who did not take vitamin
C supplements, those who took at least 700mg per day of
supplemental vitamin C had a relative risk of CHD inci-
dence of 0.75 (0.60–0.93). However, this compilation is
based on well-nourished cohorts and deals with CHD
incidence and not the CVD mortality, making a direct
comparison with results in Table 4 difficult.

Overall, there is substantial epidemiologic evidence
that dietary vitamin C intake is consistently associated
with moderately lower death rates from all causes, cardio-
vascular disease, and cancer, and particularly some types
of tobacco-related cancer. This reduced mortality appears
to be associated with diets rich in vitamin C, particularly
the intake of citrus fruits, and with increased blood levels
of ascorbic acid. The antioxidant hypothesis proposes that
vitamin C and other antioxidant nutrients afford protec-
tion against chronic diseases by decreasing oxidative dam-
age. Although scientific rationale and observational
studies have been convincing, randomized primary and
secondary intervention trials involving vitamin C have
failed to show consistent benefit from the use of supple-
ments on cardiovascular disease or cancer risk. Most of
the major antioxidant trials have involved vitamin E and/
or vitamin A given at relatively high doses and several of
these trials suggest possible harm in certain subgroups.
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Table 1 Description of populations for prospective vitamin C studies: Mortality and incidence

Author (year) Population description Age at entry Start End Initial health Type of study

Bjelke (1982) 13 785Males, 2928 females; random sample of

Norwegian men and their family members

10 602males

35þ 1967 1978 Average Mailed dietary questionnaire

Kvale (1983) 1967 1978

De Long (1985) �350 000 white males from 25 states enrolled by ACS

(Cancer Prevention Study I)

40–74 1960 1970 No history of cancer and

not sick at entry

Mailed lifestyle and dietary

questionnaire
Enstrom (1986) 1369Males, 1654 females; representative sample of

residents of Alameda County, CA

16þ 1974 1983 Noninstitutionalized Lifestyle and dietary interview

Gey (1987) 2975Male employees of the three major Swiss

pharmaceutical companies in Basel (Basel Study)

average 51 1971–73 1980 Apparently healthy Exam with blood samples

Eichholzer (1996) 2975Males 1971–73 1990

Kromhout (1987) 878 Middle-aged males randomly sampled from

Zutphen, Netherlands (Zutphen Study)

40–59 1960 1985 Average Lifestyle and dietary interview of

subjects and wives

Ocke (1997) 561Males 52–71 1971 1990 No history of cancer
Heilbrun (1989) 8006 Japanese men residing on Oahu, HI 45–67 1965–68 1985 Cancer-free Clinical exam and dietary history

Knekt (1991) 4538Males; participants in Finish multiphasic Mobile

Clinic Health Examination Survey

20–69 1967–72 1986 Cancer-free Dietary history interview and health

exam
Jarvinen (1997) 4697 Females 15þ 1967–72 1991

Chow (1992) 17 818White males; Lutheran Brotherhood Insurance

Society policy holders from nine states

35þ 1966 1986 Already insured Mailed lifestyle and dietary

questionnaire

Enstrom (1992) 4479Males, 6869 females; national sample (NHANES I
Epidemiologic Followup Study)

25–74 1971–74 1982–84 Average lifestyle and dietary interview and
exam with blood samples

Enstrom (1999) 4479Males, 6869 females 1971–74 1992 Average

Yong (1997) 3968Males, 6100 females 1971–74 1992 Average, good dietary

data
Shibata (1992) �4277 Males, �7300 females; elderly residents of

Leisure World, Laguna Hills, CA

>50 1981–85 1989 Cancer-free, 1st year Mailed dietary questionnaire

Hunter (1993) 87 494 Female registered nurses from 11 large states

(Nurses Health Study)

34–59 1980 1988 Cancer-free Mailed dietary questionnaire

Rohan (1993) 56 837 Females enrolled in multicenter Canadian

National Breast Screening Study (NBSS)

40–59 1982 1987 Cancer-free Lifestyle and dietary questionnaire:

nested case-control analysis
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Pandey (1995) 1556Male employees of Western Electric Company

in Chicago, IL (Western Electric Study)

40–55 1958–59 1983 No history of CHD,

cancer, or other

serious illness

Lifestyle and dietary interview and

numerous exams

Zheng (1995) 34 691 Females recruited from a random DMV
sample in Iowa

55–69 1986 1992 no history of cancer Mailed dietary questionnaire

Gale (1995) 359Males, 307 females; stratified random sample

from 8 areas in the UK

65þ 1973 1993 No history of CHD,

stroke, or
arteriosclerosis

Detailed dietary interview, health

exam, blood sample

Hertog (1996) 2112Males recruited from all residents of Caerphilly,

South Wales, UK (Caerphilly Study)

45–69 1979–83 �1995 Average Baseline and follow-up exams with

lifestyle and dietary

questionnaire
Losonczy (1996) �4095 Males, �7083 females; free living persons

from communities in MA, IA, CT and NC

67–105 1984–86 1993 Average Medical history, lifestyle and

dietary interview

Sahyoun (1996) 254Males, 471 females; noninstitutionalized

recruited from MA community groups

60–101 1981–84 1992 Free of terminal disease

and severe disorders

Physical, medical, dietary, and

biochemical exam
Bandera (1997) 27 544Males, 20 456 females in New York State

selected from DMV file (New York State Cohort)

�40–80 1980 1987 Mailed dietary questionnaire:

nested case-control analysis

Botterweck (2000) 58 279Males, 62 573 females in Netherlands Cohort
Study

55–69 1986 1990 Average Mailed dietary questionnaire:
nested case-control analysis

Loria (2000) 3347Males, 3724 females; national sample

(NHANES II Mortality Follow-up Study)

30–75 1976–80 1992 No history of CHD,

stroke, or cancer

Lifestyle and dietary interview and

exam with blood samples

Kwaw (2001) 8860Males, 10 636 females; general practices
sample in Norfolk, UK (EPIC Study)

45–79 1993–97 1999 No history of CHD,
stroke, or cancer

Lifestyle and dietary interview and
exam with blood samples

Jacobs (2002) 460 737Males, 585 186 females in 50 U.S. states

enrolled by ACS (Cancer Prevention Study II)

30þ 1982 1998 No history of cancer Lifestyle and dietary questionnaire

Fletcher (2003) 552Males, 662 females; randomly selected patients
of 51British family practitioners (MRC Study)

75–84 �1995 �1999 Average Health and nutrition interview and
exam with blood samples

Genkinger (2004) 2299Males, 3852 females; Washington County, MD,

population sample (CLUE Study)

Mean 55 1974–89 2001 Average Lifestyle and dietary interview and

1989 exam with blood samples

Jenab (2006) 153 451Males, 368 032 females in 10 European
countries (EPIC-EURGAST Study)

45–79 1992–98 �2001 Average Lifestyle and dietary interview and
exam with blood samples

Data from Enstrom JE (1997) Vitamin C in prospective epidemiologic studies. In: Packer L and Fuchs J (eds.) Vitamin C in Health and Disease, pp. 381–398. New York: Marcel Dekker;

Enstrom JE (2001) Epidemiology and clinical aspects of ascorbate and cancer. In: Cadenas E and Packer L (eds.) Handbook of Antioxidants, 2nd edn., pp. 167–188. New York: Marcel
Dekker.
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Table 2 Results for prospective vitamin C studies: All-cause mortality

Males Females Both sexes

Author

(year)

Low vitamin C

(Group L)

High vitamin C

(Group H) Control variables

Years

of FU

Total

deaths

RR

(H vs L) CI of RR

Total

deaths

RR

(H vs L) CI of RR

Total

deaths

RR

(H vs L) CI of RR

Results based on dietary vitamin C

Enstrom

(1986)

VC<250mg/day VC>250mg/day Age 10 134 0.95 0.61–1.42 130 1.03 0.68–1.51 264 0.97 0.67–1.38

Enstrom

(1992)

VC<50mg/day VC>50mg/d and reg

supps

Age 5 473 0.52 0.35–0.73 276 0.77 0.53–1.06 749 0.66 0.53–0.82

Enstrom

(1992)

VC<50mg/day VC>50mg/d and reg

supps

Age, 10

confounders

5 473 0.61 0.43–0.86 749 0.68 0.52–0.89

Enstrom

(1992)

VC<50mg/day VC>50mg/d and reg

supps

Age Mean 10 1,069 0.59 0.47–0.72 740 0.90 0.74–1.09 1809 0.74 0.64–0.85

Enstrom

(1992)

VC<50mg/day VC>50mg/d and reg

supps

age, 10

confounders

Mean 10 1,069 0.78 0.62–0.97 1809 0.86 0.73–1.02

Enstrom

(1999)

VC<50mg/day VC>50mg/d and reg

supps

Age Mean 19 2,132 0.67 0.57–0.77 1,876 0.86 0.76–0.98 4008 0.79 0.72–0.87

Enstrom

(1999)

VC<50mg/day VC>50mg/d and Age, 10

confounders

Mean 19 1,883 0.90 0.78–1.04 1,652 1.01 0.88–1.17 3535 0.95 0.85–1.05

Pandey

(1995)

VC¼ 21–82mg/day VC¼113–393mg/

day

age, 11

confounders

Mean 24 667 0.73 0.58–0.91

Sahyoun

(1996)

VC < 90mg/day VC > 388mg/day Age, sex Mean 10 217 0.53 0.33–0.84

Sahyoun

(1996)

VC < 90mg/day VC > 388mg/day Age, sex, 3

confounders

Mean 10 217 0.55 0.34–0.88
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Fletcher

(2003)

Med

VC¼ 52.1mg/day

Med

VC¼ 103.5mg/day

Age, sex 4.4 258 0.88 0.54–1.39

Genkinger

(2004)

Med

VC¼ 39.4mg/day

Med

VC¼ 175.6mg/day

Age, sex, energy 910 0.88 0.72–1.07

Results based on serum vitamin C (plasma ascorbic acid)

Sahyoun

(1996)

PAA < 0.91mg/dl PAA > 1.56mg/dl Age, sex, 3

confounders

Mean 10 217 0.56 0.34–0.91

Loria (2000) PAA < 0.50mg/dla PAA > 1.30mg/dla Age, sex Mean 14 242 0.52 0.41–0.67 127 0.68 0.51–0.92 369 0.58 0.48–0.70

PAA < 0.70mg/dlb PAA > 1.50mg/dlb

Loria (2000) PAA < 0.50mg/dla PAA > 1.30mg/dla age, sex,

8 confounders

Mean 14 242 0.64 0.49–0.83 127 0.84 0.60–1.16 369 0.71 0.58–0.87

PAA < 0.70mg/dlb PAA > 1.50mg/dlb

Khaw (2001) Mean PPA¼0.37a Mean PPA¼ 1.28a Age, sex Mean 4 309 0.48 0.33–0.70 187 0.50 0.32–0.81 496 0.49 0.36–0.65

Mean PPA¼0.53b Mean PPA¼ 1.50b

Khaw (2001) Mean PPA¼0.37a Mean PPA¼ 1.28a Age, sex, 6

confounders

Mean 4 309 �0.50 0.34–0.72 187 �0.58 0.37–0.94 496 �0.53 0.39–0.71

Mean PPA¼0.53b Mean PPA¼ 1.50b

Fletcher

(2003)

PAA < 0.19mg/dl PAA > 1.40mg/dl age, sex 4.4 258 0.43 0.29–0.64

Fletcher

(2003)

PAA < 0.19mg/dl PAA > 1.40mg/dl Age, sex, 11

confounders

4.4 258 0.54 0.34–0.84

aMale values.
bFemale values.

a ¼ Male values; b ¼ Female values; VC, vitamin C intake in mg/day; reg supps, daily use of vitamin C and/or multivitamin supplements; PAA, plasma ascorbic acid in mg/dl (1.0mg/dl¼ 0.568mmol/

dL¼ 56.8mmol/l).

Data from Enstrom JE (1997) Vitamin C in prospective epidemiologic studies. In: Packer L and Fuchs J (eds.) Vitamin C in Health and Disease, pp. 381–398. New York: Marcel Dekker; Enstrom JE (2001)

Epidemiology and clinical aspects of ascorbate and cancer. In: Cadenas E and Packer L (eds.) Handbook of Antioxidants, 2nd edn., pp. 167–188. New York: Marcel Dekker.
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Table 3 Results for prospective vitamin C studies: All-cancer mortality or incidence

Males Females Both sexes

Author (year)

Low vitamin C

(Group L)

High vitamin C

(Group H)

Control

variables

Years of

FU

Total

deaths

RR

(H vs. L) CI of RR

Total

deaths

RR

(H vs. L) CI of RR

Total

deaths

RR

(H vs. L) CI of RR

Results based on dietary vitamin C

Kromhout

(1987)

VC < 63mg/day VC=83–103mg/day Age, smoking 25 155 <1.00 P> 0.05

Enstrom

(1992)

VC < 50mg/day VC>50mg/d and reg

supps

Age Mean, 10 228 0.79 0.51–1.18 169 0.93 0.60–1.40 397 0.85 0.63–1.14

Enstrom

(1994)

VC < 50mg/day VC>50mg/d and reg

supps

Age Mean, 14 346 0.69 0.47–.97 269 0.92 0.65–1.27 615 0.78 0.60–0.98

Shibata (1992) VC< 145mg/day VC>210mg/day Age, smoking Mean, 7 645c 0.90 0.74–1.09 690c 0.76 0.63–0.91 1335c 0.83 0.71–0.95

Pandey (1995) VC¼ 21–82mg/day VC¼ 113–393mg/day Age, 11 Mean, 24 155 0.61 0.40–0.94

Sahyoun

(1996)

VC < 90mg/day VC> 388mg/day Age, sex,

2 confounders

Mean, 10 57 0.94 0.36–2.44

Genkinger

(2004)

Med VC¼ 39.4mg/day Med VC¼ 175.6mg/day Age, sex �2.5 307 0.82 0.58–1.15

Results based on serum vitamin C (plasma ascorbic acid)

Eichholzer

(1996)

PAA< 0.4mg/dl PAA> 0.4mg/dl Age, smoking,

lipids

17 290 0.81 0.59–1.12

Sahyoun

(1996)

PAA < 0.91mg/dl PAA> 1.56mg/dl Age, sex, 3

confounders

Mean, 10 57 0.68 0.25–1.83

Loria (2000) PAA < 0.50mg/dla PAA> 1.30mg/dla Age, sex Mean, 14 228 0.49 0.31–0.76 155 0.83 0.51–1.35 383 0.62 0.45–0.87

PAA < 0.70mg/dlb PAA> 1.50mg/dlb

Loria (2000) PAA < 0.50mg/dla PAA> 1.30mg/dla Age, sex,

8 confounders

Mean, 14 228 0.62 0.39–0.99 155 0.94 0.53–1.67 383 0.73 0.51–1.05

PAA < 0.70mg/dlb PAA> 1.50mg/dlb

Khaw (2001) Mean PPA¼ 0.37a Mean PPA¼ 1.28a Age, sex Mean, 4 116 0.47 0.26–0.88 84 0.73 0.38–1.40 200 0.58 0.37–0.90

Mean PPA¼ 0.53b Mean PPA¼ 1.50b

Khaw (2001) Mean PPA¼ 0.37a Mean PPA¼ 1.28a Age, sex, 6

confounders

Mean, 4 116 �0.43 0.25–.80 84 �0.85 0.44–1.64 200 �0.58 0.38–0.90

Mean PPA¼ 0.53b Mean PPA¼ 1.50b

a¼Males values; b¼Female values; c¼Cancer incidence wasmeasured in Shibata (1992) and cancer mortality was measured in all other studies. VC, vitamin C intake in mg/day; reg supps, daily use

of vitamin C and/or multivitamin supplements; PAA, plasma ascorbic acid in mg/dl (1.0mg/dl ¼ 0.568mmol/dL ¼ 56.8mmol/l).

Data from Enstrom JE (1997) Vitamin C in prospective epidemiologic studies. In: Packer L and Fuchs J (eds.) Vitamin C in Health and Disease, pp. 381–398. New York: Marcel Dekker; Enstrom JE (2001)

Epidemiology and clinical aspects of ascorbate and cancer. In: Cadenas E and Packer L (eds.) Handbook of Antioxidants, 2nd edn., pp. 167–188. New York: Marcel Dekker.
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Table 4 Results for prospective vitamin C studies: Cardiovascular disease mortality

Males Females Both sexes

Author (year)

Low vitamin

C (Group L) High vitamin C (Group H)

Control

variables

Years

of FU

Total

deaths

RR

(H vs.

L) CI of RR

Total

deaths

RR

(H vs.

L) CI of RR

Total

deaths

RR

(H vs.

L) CI of RR

Results based on dietary vitamin C

Enstrom (1992) VC< 50mg/day VC> 50mg/day and reg

supps

Age Mean, 10 588 0.55 0.39–0.74 371 0.75 0.55–0.99 929 0.64 0.51–0.80

Knekt (1994) VC< 61mg/day VC> 85mg/day Age, sex, 5

confounders

16 186 1.00 0.68–1.45 58 0.49 0.24–0.98 244 0.85 0.61–1.19

Gale (1995) VC< 27.9mg/day VC> 44.9mg/day Age, sex 20 182 0.80 0.60–1.20

Kushi (1996) VC< 87mg/day VC> 196mg/day Age, 12

confounders

7 122 1.43 0.75–2.70

Sahyoun (1996) VC< 90mg/day VC> 388mg/day Age, sex,

2 confounders

Mean, 10 101 0.38 0.19–0.75

Fletcher (2003) Med VC=52.1mg/day Med VC¼ 103.5mg/day Age, sex 4.4 113 0.91 0.54–1.57

Genkinger (2004) Med VC=39.4mg/day Med VC¼ 175.6mg/day Age, sex, energy �2.5 378 1.05 0.76–1.50

Studies based on serum vitamin C (plasma ascorbic acid)

Gey (1993) PAA< 0.4mg/dl PAA> 0.4mg/dl Age, smoking Mean, 7 132 0.80 0.50–1.30

Sahyoun (1996) PAA< 0.91mg/dl PAA> 1.56mg/dl Age, sex, 3

confounders

Mean, 10 75 0.53 0.27–1.06

Loria (2000) PAA< 0.50mg/dla PAA> 1.30mg/dla Age, sex Mean, 14 293 0.58 0.36–0.91 213 0.82 0.52–1.30 506 0.69 0.50–0.96

PAA< 0.70mg/dlb PAA> 1.50mg/dlb

Loria (2000) PAA< 0.50mg/dla PAA> 1.30mg/dla Age, sex,

8 confounders

Mean, 14 293 0.69 0.43–1.11 213 1.08 0.65–1.75 506 0.85 0.61–1.20

PAA< 0.70mg/dlb PAA> 1.50mg/dlb

Khaw (2001) Mean PPA¼ 0.37a Mean PPA¼ 1.28a Age, sex Mean, 4 123 0.29 0.15–0.59 57 0.41 0.20–1.00 180 0.34 0.20–0.56

Mean PPA¼ 0.53b Mean PPA¼ 1.50b

Khaw (2001) Mean PPA¼ 0.37a Mean PPA¼ 1.28a Age, sex, 6

confounders

Mean, 4 123 �0.31 0.16–0.64 57 �0.46 0.23–1.13 180 �0.37 0.22–0.62

Mean PPA¼ 0.53b Mean PPA¼ 1.50b

Fletcher (2003) PAA< 0.19mg/dl PAA> 1.40mg/dl Age, sex 4.4 113 0.46 0.26–0.83

Fletcher (2003) PAA< 0.19mg/dl PAA> 1.40mg/dl Age, sex, 11

confounders

4.4 113 0.57 0.29–1.12

a¼Males values; b¼Female values; VC, vitamin C intake in mg/day; reg supps, daily use of vitamin C and/or multivitamin supplements; PAA, plasma ascorbic acid in mg/dl (1.0mg/dl ¼
0.568mmol/dL ¼ 56.8 mmol/l).

Data from Enstrom JE (1997) Vitamin C in prospective epidemiologic studies. In: Packer L and Fuchs J (eds.) Vitamin C in Health and Disease, pp. 381–398. New York: Marcel Dekker; Enstrom JE (2001)

Epidemiology and clinical aspects of ascorbate and cancer. In: Cadenas E and Packer L (eds.) Handbook of Antioxidants, 2nd edn., pp. 167–188. New York: Marcel Dekker.
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The definitive trial investigating the effect of a dietary
level of vitamin C has not been done.

A recent review of 68 randomized controlled trials of
antioxidants assessed their safety and efficacy (Bjelakovic
et al., 2007). Very few trials have involved vitamin C
supplements. There were no consistent adverse effects of
multivitamin and mineral supplements. The evidence
thus far shows that vitamin C supplements have had
no significant effect on mortality from any cause. The
evidence is insufficient to prove the presence or absence
of benefits from use of multivitamin and mineral supple-
ments to prevent cancer and chronic disease. Thus, there
is a need for further evaluation of this issue.

Three recent trials involving a vitamin C intervention
are noteworthy. One intervention trial among acute
myocardial infarction (AMI) patients in France showed
that a Mediterranean-type diet with vitamin C intake of
about 130mg per day resulted in a lower cancer death
rate (De Lorgeril et al., 1998). In a randomized, double-
blind, multicenter trial, 800 Polish patients (mean age,
62) with acute myocardial infarction (AMI) were ran-
domly allocated to receive, on top of routine medication,
one of two treatments: Vitamin C (1000mg/12 h infusion
followed by 1200mg/24 h orally) and vitamin
E (600mg/24 h) or matching placebo for 30 days (Jaxa-
Chamiec et al., 2005). This randomized pilot trial shows
that supplementation with antioxidant vitamins is safe
and seems to positively influence the clinical outcome of
patients with AMI.

The Supplementation en Vitamines et Mineraux
Antioxydants (SU.VI.MAX) study is a randomized, dou-
ble-blind, placebo-controlled primary prevention trial of
nutritional doses of supplementation among
13 017 French adults (7876 women aged 35–60 years
and 5141men aged 45–60 years) (Hercberg et al., 2004).
All participants took a single daily capsule of a combina-
tion of 120mg of ascorbic acid, 30 mg of vitamin E, 6 mg
of beta carotene, 100mug of selenium, and 20mg of zinc,
or a placebo. Median follow-up time was 7.5 years. The
outcome of intervention versus placebo for total cancer
incidence showed RR¼ 0.69 (0.53–0.91) in men and
RR¼ 1.04 (0.85–1.29) in women. The outcome for total
mortality showed RR¼ 0.63 (0.42–0.93) in men and 1.03
(0.64–1.63) in women.

Recently, the evidence of vitamin C supplements for
treatment and prevention of cancer has been reviewed
(Coulter et al., 2006). Results for intervention studies
involving vitamin C supplements and cancer have been
inconclusive. There have been two small randomized
controlled trials of terminal cancer patients (median sur-
vival of seven weeks) and neither of these showed any
benefit from 10 g of vitamin C supplements. However, one
small trial of bladder cancer patients showed a significant
benefit for 2 g of vitamin C. In general, the potential role
of vitamin C supplements in the treatment of human

cancer has not been fully investigated. Systematic review
of the literature does not support the hypothesis that the
use of supplements of vitamin C in the doses tested helps
prevent and/or treat cancer in the populations tested.
The isolated findings of benefit require confirmation.
Further details about these trials are presented in a former
review (Enstrom, 2001) and a number of other studies
(Creagan et al., 1979; Moertel et al., 1985; Blot et al., 1993;
Lamm et al., 1994; Hercberg et al., 1998).

Conclusions

A large majority of epidemiologic studies show a modest
decrease in mortality from all causes, cancer, and cardio-
vascular disease with an increase of vitamin C intake,
particularly for levels of vitamin C intake around the
current U.S. RDA of 75–90mg per day for adults. This
inverse relationship is strongest for males, next strongest
for both sexes combined, and weakest for females.
However, several studies show no significant relation-
ship after controlling for confounding variables and
others do not properly control for confounding variables.
Indices of varying quality have been used and they have
usually been based on dietary sources alone. There does
not appear to be a relationship between mortality and
vitamin C supplement intake per se. The strongest
inverse relationship has been observed in those studies
that have analyzed serum vitamin C and total mortality.
The vast majority of available prospective data remain
unanalyzed and there is a need for comprehensive anal-
ysis in this area.

There have been relatively few intervention trials
involving dietary vitamin C and vitamin C supplements.
However, there are suggestions from the trials summar-
ized above that there are benefits associated with inter-
ventions involving dietary levels of vitamin C. The
beneficial results thus far should not be overinterpreted
and probably apply only to populations with similar base-
line nutritional status and risk factors and to the specific
intervention used. But the potential benefit of vitamin
C may have been minimized in these trials if the inter-
vention was given too late in the disease process, given
for an inadequate duration, or given to an already well-
nourished population.

Although the specific antioxidant mechanism by which
vitamin C may be causally related to reduced mortality
has not yet been clearly established, the available epide-
miologic evidence indicates there is continuing value in
understanding this mechanism. This relationship can be
substantially refined by complete analysis of the available
prospective cohort data. Additional well-designed trials
can measure the impact of specific vitamin C interven-
tions, particularly in populations with poor nutrition. It is
important to further examine the role of vitamin C in
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reducing mortality, because it is a component of the diet
that can be easily and inexpensively changed and one
where even a small benefit can have a large population
impact. While the existing epidemiologic evidence is not
conclusive, it strongly suggests that increased levels of
dietary vitamin C and serum vitamin C are associated
with reduced mortality. Further studies are certainly
warranted in order to conclusively determine the health
benefits of vitamin C.
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Background

Usually, great achievements and breakthroughs in most
aspects of medical care, such as procedures in diagnostics
and therapy, are highly esteemed over extended periods
of time, because the disease for which the procedures
were introduced is still prevalent. In epidemiology, this
is not necessarily the case. Here, successes, often followed
by equally successful achievements in preventive medi-
cine, may permanently eliminate the medical problem
that was solved by epidemiological research, thereby
relegating successes in epidemiology and preventive
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medicine to oblivion in the shadows of the history of
medicine. Thus, the history of medicine may play a
greater role in epidemiology than in most other medical
disciplines.

This applies particularly to teaching. In brief, the medi-
cal student faces two essentially different didactic
appraches in his or her curriculum. The first approach
relates to the individual-oriented challenges represented
by diagnostics and therapeutics. The second approach
relates to group-oriented challenges that involve acquisi-
tion of information about health problems in the commu-
nity, their causes, as well as their prevention. In medical
teaching, the case history represents an invaluable didactic
element, and case histories are easily available from indi-
vidual-oriented clinical practice. However, successful
efforts against group-oriented community challenges will
inevitably transfer victory to the history of medicine with
the inherent danger of being considered less relevant to
current challenges or even of being forgotten; the problem
is resolved and no longer represents an imminent health risk.
The eradication of smallpox, which was achieved by 1977
when the last case occurred is a case in point. This leaves the
history of epidemiology with an important objective related
to teaching in addition to the significance of the topic per se.

Admittedly, the subject is vast; this article intends
to identify patterns in terms of eras or paradigms as
well as time trends and illustrate them by providing
relevant examples rather than accounting for the com-
plete history. Contemporary perinatal, cardiovascular, and
cancer epidemiology are discussed in separate articles, as
will important topics related to intrauterine programming
life-course and genetic epidemiology.

Definition of Epidemiology

In A Dictionary of Epidemiology, epidemiology is defined
as ‘‘the study of the distribution and determinants of
health-related states or events in specified populations
and the application of this study to control of health
problems’’ (Last, 2001: 62).

More operationally, epidemiology can be defined as
the methodology to obtain information on the distribution
in the community of diseases and their determinants, e.g.,
according to characteristics of time, place, gender, age, and
often occupation. In perinatal epidemiology, maternal
age, birth order, gestational age, and birth weight are
often added. The objective is to utilize this information
in the search for cause(s) or the etiology of a disease
or another medical outcome such as a complication, in
order to prevent an adverse outcome. Thus, epidemiology
may also be defined as the medical branch aiming at
clarification of causes of diseases.

When does, according to this definition, the history of
epidemiology actually start? When was it, for the first
time, evident that the cause of a disease was of any
concern? And when was the search initiated for the first
time for necessary information to clarify such a cause?

Obviously, these questions are difficult to answer, but
ancient sources may contribute to their elucidation. Before
attempting to address the issue any further, the concept
of causation and the knowledge and insights necessary
to clarify the etiology of a disease should be discussed.

In brief, a factor is causal when its manipulation is
followed by corresponding changes in the outcome. In a
further elaboration of the issue, one often introduces the
terms necessary and sufficient causes. In the first category,
when the cause is necessary and sufficient, the element
of randomness is nil. This is a rare situation: Measles
virus in an unimmunized individual is often used as an
example. In the second category, when the cause is neces-
sary, but not sufficient, cofactors play a decisive role,
e.g., in leprosy Mycobacterium leprae is a necessary, but
not sufficient factor; poor nutrition would be needed
as a cofactor. In the third category, when the cause is
sufficient, but not necessary, we have multifactorial dis-
eases, e.g., lung cancer, being caused by cigarette smoking
or radon. This may be an oversimplification; in most cases
cofactors would also be necessary, which brings us to
the fourth category in which a factor is neither necessary
nor sufficient, e.g., the large number of medical outcomes
in which the etiology represents an interaction, often
between genetic and environmental factors, which may
be considered webs of causation.

In short, our objective is to demonstrate how the
concepts of risk factors, epidemiology, and preventive
medicine have evolved throughout history and to illus-
trate the consequences. When looking into the historical
roots of epidemiology, it would be useful to contrast as a
narrative thread the pattern observed in medical activities
related to the individual, i.e., the patient, and activities
related to the group, i.e., the community. The latter are
the activities relevant to epidemiology.
Epidemiology in the Bible

Even today, it is held that knowledge of risk factors
might affect the integrity, the independence, and the
well-being of humans. This attitude relates to postmoder-
nistic values in which the roles of the community in
general and in particular in public health are questioned
(Mackenbach, 2005). A fear of knowledge of causes of
disease afflicts the basic objectives of epidemiology and
needs further attention. Such thoughts are not truly
novel; they may even be identified in perhaps the most
important tome of Western civilization, the Bible. In
Genesis, God said to Adam: ‘‘of the tree of knowledge of
good and evil, thou shalt not eat for the day that thou
eatest thereof, thou shalt surely die.’’
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This statement and the subsequent eating of the fruit,
after the act of the serpent, have called for a multitude
of incompatible explanatory attempts (Michelsen, 1972).
Nevertheless, the general interpretation of the legend
implies that acquisition of knowledge per se is a mortal
sin; this interpretation may be influential and widespread
even today (Figure 1). Causes of unpleasant events such
as disasters, catastrophes, and diseases are still often
attributed to fate or God’s will. On the other hand, there
is also a prevalent attitude today that disease is, to a
great extent, a consequence of stochastic processes with
a considerable element of randomness.

Very few causal factors are sufficient (and necessary).
Consequently, it is held, medical efforts should no longer
focus on causes or prevention, but rather on helping
the patient to cope with the situation, i.e., empower the
patient. Admittedly, the role of random events definitely
exists; for example, if you walk down the street and are
killed by a falling roof tile, you are the victim of a process
Figure 1 Temptation and Fall, Michelangelo, from the Sistine
Chapel Ceiling. Source: Wikipedia.

Figure 2 The Pest in Azoth; Nicolas Poussin, Louvre, Paris, France
with a considerable element of randomness. Paradoxically,
both a belief in fate or God’s will and a belief in random
events marginalize the roles of risk factors in general
as well as those of epidemiology and preventive medicine
in particular.

Still, there is strong evidence of the beneficial aspects
of the risk factor concept and approach. If you put your
baby to sleep in a face-down position, the child’s risk
of dying from sudden infant death syndrome increases
13-fold (Carpenter et al., 2004). The child is definitely a
victim of a risk factor, and the campaign advocating the
supine sleeping position, the so-called back to sleep idea,
has no doubt saved many infants from dying.

So far, we have only discussed the historical roots of
negative attitudes to the search for causes of disease.
Further examples exist in the Bible. Around 1000 BC,
King David made a census of his people, admittedly not
to survey their living conditions and thereby potential
determinants of disease, but probably for military aims.
The Lord informed David that he had sinned and pun-
ished the people with a terrible plague. The census is
referred to as one of the great sins of the Old Testament
(Hauge, 1973), actually without specifying why; mili-
tary activities are otherwise not condemned in the Old
Testament. However, the event had great impact on
subsequent generations, as illustrated in a painting from
the seventeenth century (Figure 2), and the acquisition
of this type of data may have long been considered
at least controversial. Thus, William the Conqueror’s
remarkable survey of England as of 1086, published in
the Doomsday Book, was carried out against great popular
resentment and was not repeated in Britain or abroad
for a long time.
. Source: Wikipedia.
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Ancient Roots

Where do we find the earliest roots of epidemiology?
Clinical patient-oriented medicine, with thorough diag-
nostics and effective treatment as the paramount objective,
does not include prevention among its aims; admittedly,
the patient is already ill. In fact, using the term patient
in our context is controversial and distracts from the
aims of epidemiology and prevention; the term should
be replaced by population or community, terms that
are much less concrete, at least to the physician. Thus,
in ancient times, epidemiology and prevention were the
physician’s annex activities. This is amply illustrated by
one of the first individual representatives of medicine;
Hippocrates (460–377 BC) (Figure 3). He founded a
school to which a series of medical texts is attributed:
Corpus Hippocraticum (Aggebo, 1964). The authors were
not only interested in clinical problems, but also in asso-
ciations between health and air, water, food, dwellings, and
living conditions. Recommendations to avoid diseases
were issued both to the individual and the community.
In particular, the importance of good drinking water
and clean processing of food was emphasized. Prudence
with respect to eating and drinking, bathing, and physical
exercise was most important to preserve one’s health and
develop a fit body.

These ideas were not restricted to individual Greek
physicians. Similar concepts were found in ancient India
where civil servants were appointed to be responsible for
the water supply and food safety. The Babylonians and
Assyrians had complex systems of water supply and sew-
age 3000–4000 years BC. Similar systems were established
Figure 3 Hippocrates, Greek original (third century BC).
Source: Wikipedia.
in ancient Egypt where such hygienic functions were
closely attached to religion, e.g., in terms of which animals
were allowed or forbidden to eat (Gotfredsen, 1964).

The strict hygiene rules detailed in the Old Testa-
ment’s Books of Moses may have been influenced by
Egypt; Moses lived many years in Egypt among the
Jewish people. Admittedly, many of the regulations in
the Books of Moses seem to reflect knowledge of risk
factors and, through the wide distribution of the Bible,
enormously influenced subsequent generations and their
concept of risk factors and prevention up to recent time.

Still, a new concept was introduced by Hippocrates:
Disease is the result of natural causes and not a conse-
quence of infringing against God(s). These ideas, later
detailed by the Hippocratic school, were further developed
in subsequent generations, also in terms of practical mea-
sures. Thus, Plato (427–347BC) suggested that civil health
inspectors should be appointed for streets and roads,
dwellings, and the water supply (Natvig, 1964). The ideas
were applied most particularly by Roman civilization
(Gotfredsen, 1964). Already by 450BC, the Romans
enforced practical regulations for food safety, water supply,
and dead bodies. Between 300 and 100BC, nine large aque-
ducts were constructed, bringing water to the city of Rome
estimated at an enormous 1800 l per inhabitant per day
(today’s supply amounts to 300–400 l per day in most cities)
(Natvig, 1964). At the same time, a complete sewage system
was developed, Cloaca Maxima, which was in use until
recently (Figure 4).

It is not certain that these elaborate hygienic systems
of Antiquity were solely implemented to prevent disease.
The physicians’ role in their development was remarkably
limited. The motivation for the systems was probably
more religious in the early cultures, while the Romans
were perhaps more oriented toward comfort. Further-
more, the great Roman physician, Galen (131–202 AD),
Figure 4 Outfall of CloacaMaxima as it appears today. Source:
Wikipedia.



428 Epidemiology, Historical
seemed to be interested in nutrition and physical fitness
out of clinical motivation much more than from a com-
munity health perspective (Gotfredsen, 1964).

This does not mean that physicians of Antiquity lacked
interest in the causes of disease; however, their interest
seemed to be more theoretical. Elaborate pathogenetic
systems were established in which the four liquids –
blood, yellow bile, black bile, and mucus, the four cardinal
humors of the body – formed the basis of the so-called
humoral pathology. Also, etiological considerations were
made on causes of disease, comprising the violation of
good habits with respect to food and alcohol consumption,
rest and work, as well as sexual excesses. In addition,
epidemic diseases were attributed to risk factors, mias-
mas, present in the air and exhaled from an unhealthy
underground. These pathogenetic and etiological the-
ories, first established by the Greeks and later developed
by the Romans, particularly Galen, survived, even with-
out empirical evidence, until the nineteenth century
(Sigerist, 1956).

Several factors that may have been responsible for the
slow progress of medicine in general and epidemiology
in particular have been suggested. One is that the fall
of the Roman Empire caused discontinuity in the medi-
cal sciences. The Northern peoples lacked the medical
traditions developed through the centuries in Greece
and Rome. Another is the new power, the Christian
church, which lacked the incentive to ask questions
about determinants of disease and preventive measures
in the community. Even with the Biblical theses from
the Books of Moses, probably aiming at prevention, the
Christian spirit was dedicated to caring for the sick
patient rather than protecting the community against
disease. Thus, clinical functions developed in several
monasteries where monks as well as nuns often organized
hospital services. Furthermore, the Christian ideal, con-
centrating on spiritual well-being and often denying or
neglecting the human body, might actually represent a
threat to healthy behavior (Sigerist, 1956; Gotfredsen,
1964; Natvig, 1964).

During this period of public health deterioration, a
lighthouse remained in the medieval darkness: The medi-
cal school of Salerno south of Naples in Italy, established
in the ninth century (Natvig, 1964). During the twelfth
and thirteenth centuries, this school developed into a
center of European medicine. It became a model for
subsequent schools of medicine set up within the univer-
sities to be founded in Europe. But even in Salerno, the
main focus was the clinical patient. Nevertheless, a health
poem written around 1100 aims at beneficial behavior in
order to remain in good health, but was addressed to the
individual rather than the community (Gotfredsen, 1964).
Consequently, the important systems for food safety,
drinking water, and sewage set up in Antiquity were
neglected, and the Middle Ages were scourged by a
series of epidemics that did not come to an end until the
nineteenth century.
The Fight Against the Great Plagues

Epidemiology in the modern sense – clarifying the cause
of a disease aiming at prevention – barely existed until
1500. Medieval public health-relevant services were prob-
ably set up for comfort rather than for disease control.
If a medical interest existed in healthy behavior, it was
motivated more by need for individual counseling than
for public mass campaigns. Efforts aiming at establishing
associations between risk factors and disease are difficult
to ascertain, in part because of the notion that disease, as
any other mishap, was determined by fate or God(s).

A few important exceptions to this broad statement
must be mentioned. Among the epidemics pestering
the medieval communities, the bubonic plague was by
far the most important. Apparently, bubonic plague had
existed at the time of Hippocrates and Galen and is even
mentioned in Papyrus Ebers around 1500 BC. Epidemics
of bubonic plague were frequent in Europe from the
seventh to the thirteenth century (Gotfredsen, 1964).

The Black Death around the middle of the fourteenth
century, however, surpassed any previous epidemic in
terms of mortality and case fatality. Of a population
in Europe of 100million, more than 25million died
(Gotfredsen, 1964). Even if the plague was considered
to be a punishment from God, fear of contagion was
widespread, and the idea existed that isolation might be
beneficial. In some cases, attempts were made to isolate a
city, but with no convincing effect; the city might already
have been infected or isolation was impossible to obtain
since the germ was spread also by birds. Still, during
subsequent plague epidemics in the fourteenth century,
rational and effectivemeasures were taken. For example, in
1374, the city council of Ragusa (Dubrovnik), Croatia,
ordered all suspect vessels to be kept in isolation for
30 days. In 1383, a similar regulation was introduced in
Marseille, now amounting to 40 days of isolation. Thereby
the concept of quarantine (from the French: quarante¼ 40)
was introduced, which came to influence the fight against
infectious diseases far into the twentieth century.

Isolation was also effective against another killer of
the Middle Ages, more silent and less dramatic, but still
highly influential in people’s minds: leprosy. Leprosy
has been known in Europe since the fifth century when
the first leprosy hospitals were built in France. Knowledge
of the infectiousness of the disease was established, and
isolation of the infected patients was attempted, for exam-
ple by regulations in Lyon (583) and in northern Italy
(644) (Gotfredsen, 1964). In the wake of the crusades, the
incidence of leprosy increased considerably, and leprosy
hospitals were set up in most cities, almost always outside
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the city walls. Usually, leprosy patients were forced to
live in these institutions with very limited rights to move
outside. On the continent and in Britain, leprosy was more
or less eradicated by the end of the sixteenth century,
presumably because of strict rules aiming at isolation
of infectious cases. A new wave of leprosy culminated
in Norway around 1850, and an important factor in the
subsequent eradication of the disease by 1920 was isola-
tion, as documented by the National Leprosy Registry
of Norway (see the section titled ‘Registry-based epide-
miology) (Irgens, 1973).
The Search for the Cause of Syphilis

The Renaissance introduced new ideas that brought
medicine far beyond what was achieved in Antiquity.
GirolamoFracastoro (1483–1553)ofPadua, Italy (Figure5),
has been considered the great epidemiologist of the
Renaissance. In 1546, he published a booklet on infectious
diseases, including smallpox, measles, leprosy, tuberculosis,
rabies, plague, typhus, and syphilis. Fracastoro suggested
the existence of germs that could be disseminated from
person to person, through clothes and through the air
(Gotfredsen, 1964).

No doubt syphilis was at this time a novelty, the reason
why the new ideas were developed and caught attention.
Even if it has been claimed that syphilis existed in Europe
before 1500, it is generally agreed that Columbus brought
Figure 5 G. Fracastoro; Il Torbido. Source: Wikipedia.
the disease back from his discovery of America in 1492.
Fracastoro suggested that most patients got the disease
from being infected through sexual intercourse, even if
he had seen small children who were infected by their
wet-nurse. The spread of the disease from 1495, when
besieging soldiers outside Naples were infected, was
most remarkable and corresponded to where the troops
went after the campaign. Already the same year, the
disease became well known in France, Switzerland, and
Germany and in 1496 in the Netherlands and Greece.
During the following years, syphilis was introduced in
most European countries, to a great extent following
soldiers, who went where battles might be fought.

Interestingly, the disease was named after the country
in which it supposedly originated: In Italy it was called
the Spanish disease, in France the Italian disease, in
Britain the French disease, in the Nordic countries the
German disease, etc. Fracastoro coined the term syphilis
when in 1530 he published the poem Syphilis or the French

illness, in which the hero Syphilis is a shepherd who
convinces the people of the benefits of betraying the
God of the Sun. Consequently, the God punishes the
people with a terrible epidemic disease, named after
the perpetrator. The poem may be considered an elegant
example of the importance in research of convincing
people of the validity of one’s findings, a function one
might denote scientific rhetoric. The poem was used to
call attention to urgent scientific results.

Venereal diseases such as syphilis set the stage for a
remarkable event in the history of medicine, which truly
illustrates the search for etiology as well as the concept
of experimentation. John Hunter (1728–93) (Figure 6),
Figure 6 J. Hunter; J. Reynolds, Royal College of Physicians,
London, UK. Source: Wikipedia.
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a Scottish surgeon, considered the most influential in
scientific surgery in his century, was intrigued by the
question of whether syphilis and gonorrhea were the
same disease with a variety of symptoms dependent on a
series of cofactors. Hunter presented this hypothesis in
A Treatise on the Venereal Disease in 1786, in which he
provided evidence supporting this assertion derived
from an experiment conducted on himself. He inoculated
his own penis with pus taken from a gonorrhea patient
and eventually developed typical syphilis. Apparently,
his patient had a mixed infection with both gonorrhea
and syphilis.

The publication and the findings of this experi-
ment caused heated debate on whether experiments like
this were ethically acceptable. Further experiments in
Edinburgh published in 1793 concluded that inocula-
tion from a chancre (i.e., syphilis) produces a chancre
and inoculation from gonorrhea produces gonorrhea
(Gotfredsen, 1964).
Figure 7 Lady Mary Worley Montagu, 1716 by Charles Jervis.

Source: Wikipedia.

Figure 8 Jenner vaccinating a boy. Source: Wikipedia.
Smallpox: Pitfalls and Victory

Smallpox (variola) remained one of the scourges of
ancient time. It had been observed that a person very
rarely was affected by smallpox twice. This had led
to the so-called variolation by which pus from a case
was inoculated into the skin of another person, a prac-
tice developed in the Orient, spreading to Europe in
the eighteenth century. Lady Mary Wortley Montagu
(Figure 7), the wife of the British ambassador to Turkey,
was instrumental in the introduction of the variolation to
Europe; another example of rhetoric related to research,
even if the research part in this case was rather remote.
In 1717, Lady Montagu wrote a letter to smallpox-
infested Britain, saying that no one died of smallpox in
Turkey, and she had her son inoculated accordingly. Back
in London, she started a campaign to introduce variola-
tion in Britain (Gotfredsen, 1964; Natvig, 1964). Voices
raised against the practice, in part since the method actu-
ally contributed to the spread of the disease (inoculated
persons might cause disease in noninoculated persons), in
part since some of the inoculated persons died from
smallpox. Thus, toward the end of the century, variolation
had shown no breakthrough.

Nevertheless, it may have paved the way for the vacci-
nation against smallpox that was introduced by Edward
Jenner (1749–1823) (Henderson, 1980). Jenner (Figure 8)
was a student of John Hunter and worked as a general
practitioner in Berkeley, England. A smallpox-like disease
in cattle was prevalent in his region, and he observed that,
to a large extent, children who were variolated had no
clinical symptoms after the variolation. People thought
this was because previous exposure to cattle-pox disease
was protective. In 1796, Jenner conducted an experi-
ment in which he vaccinated a boy with pus from a
milkmaid’s hand. Later, Jenner put the boy into bed with
smallpox-infected children and also variolated him. The
boy did not get smallpox and had no symptoms after
variolation. Jenner interpreted this as a protective effect
of the inoculation and tried to publish his findings, but the
article was rejected for lack of firm evidence. Two years
later, Jenner published his treatise An Inquiry into the Causes
and Effects of the Variolae Vaccinae in which he accounted
for another seven children vaccinated and a further 16
individuals with previous cattle-pox disease, all with no
symptoms after variolation by Jenner (Gotfredsen, 1964).
His conclusion was that the inoculation with cattle-pox
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pus, i.e., vaccination, provided the same protection as
variolation, and that the new method, contrary to variola-
tion, did not involve any risk of infecting other people.
Furthermore, the method was seemingly harmless to
the persons vaccinated (Henderson, 1980).

As compared to the syphilis experiments, this elegant
trial was ethically far less controversial even if the ques-
tion was raised as to whether such an inoculation with
an animal disease might cause an unknown number
of new diseases in humans, a pertinent question at that
time and even today in other contexts. Still, in a very
short time, Jenner’s conclusions received broad support.
The concerns appeared far less important than feared,
and in 1802, an institution for vaccination was esta-
blished in Britain, in 1808 organized as The National
Vaccine Establishment. An international vaccination move-
ment was established, promoting this protective measure
on a large scale and as a mass campaign. Already in
1810, vaccination was made compulsory by legislation
in Denmark and Norway (Gotfredsen, 1964). In addition,
the introduction of vaccination indicates the importance
in science of convincing people of the validity of one’s
findings, virtually a prerequisite of success in epidemiology
and public health.
The Epidemiological Avenue

Before further exploring the history of epidemiology, an
overview of the analytic methods aiming at establishing
an association between a factor and a medical outcome
should be made (Rothman and Greenland, 1998). The
basic principle in epidemiology is that individuals
exposed to a risk factor should have a higher occurrence
of a disease than nonexposed individuals. Such an asso-
ciation between a risk factor and a disease can be estab-
lished by different methods, which have been referred
to as the epidemiological avenue.

First comes the case study, which does not at all take
the nonexposed into consideration and for that reason
is not included in the avenue by many epidemiologists.
Today, the results of a case study will never be published,
but still a case study will often be the first observation
that sheds light on a problem on which a hypothesis is
formulated. A case study will be particularly relevant
if exposure and outcome are rare or new. In such a situa-
tion, the outcome may be considered not to occur in the
unexposed. A case study will be followed by a subse-
quent study along the epidemiological avenue, often a
case–control study. The history of epidemiology offers
many examples of interesting case studies, often reported
by clinicians who have observed a particular risk factor
in a rare disease. Thus, the British surgeon Percival Pott
(1714–88) found that almost all of his patients with the
very rare scrotal cancer were or had been chimney sweeps
(Gotfredsen, 1964). He concluded that chimney sweeps
were exposed to some etiological agent in their work, in
which they often had to scrub the chimneys by passing their
own bodies through the narrow flues. More recently, the
association between phocomelia, a very rare birth defect,
and the drug thalidomide, was ascertained by clinicians
who observed that in these cases, all mothers had taken
thalidomide during the first trimester (Warkany, 1971).

Next on the avenue is the ecological design that char-
acterizes a group of individuals with respect to exposure
rather than the individual per se. Typically, the group may
represent a nation and the exposure may, for example, be
average consumption of salt, while mortality due to stroke
may represent the outcome. If a number of countries are
included, it becomes apparent that countries with a low
intake of salt have a low stroke mortality and vice versa,
suggesting a cause–effect association. Misinterpretation
of such observations is the background for the term eco-
logical fallacy. Still, a missing association at a group level
is a serious argument against an association observed at
an individual level being interpreted as causal.

Further down the avenue are the survey, the case–
control study, and the cohort study, which are all based
on data characterizing the individual rather than the group.
In a survey, all individuals of a population are character-
ized at the same time with respect to exposure and out-
come, while in a cohort study all individuals are initially
characterized with respect to exposure and are followed up
subsequently with respect to outcome. In the more parsi-
monious but still powerful case–control study, cases are
selected among sick individuals and controls among
healthy individuals who are then studied with respect to
previous exposure.

Finally, there is the experiment, in epidemiology often
called a randomized controlled trial, in which a more or
less homogeneous population is randomized into groups
exposed to various protective agents and compared to a
nonexposed group, which may be given a placebo. The
roots of this method are found in a rudimentary form in
the Old Testament where King David ordered some of his
servants to eat of the king’s food, a procedure reiterated
throughout history and even today when the host tastes
his wine before serving his guests.
Evidence-Based Epidemiology

Methods and concepts developed for epidemiological
aims may be relevant in a clinical setting as well, and
particularly concepts related to experiments. During the
first half of the nineteenth century, one finds the first roots
of evidence-based medicine. Pierre Charles Alexandre
Louis (1787–1872) at the Charité hospital in Paris called
attention to the need for more exact knowledge in ther-
apy. He questioned the benefits of venesection in different



Figure 9 W. Farr, 1870 (location unknown; source: Wikipedia).
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diseases and particularly pneumonia. In 1835, he pub-
lished his treatise Recherches sur les effects de la saignee.
Venesection was the standard treatment in pneumonia,
and for ethical reasons he was unable to undertake an
experiment in which a group of patients was not given
this treatment. However, he categorized his pneumonia
patients according to the time when they had their vene-
section. Among those treated during the first 4 days, 40%
died versus 25% among those treated later (Gotfredsen,
1964). Even if these data may be subject to selection bias,
the more serious cases having an initial treatment, the
results raised skepticism against venesection as treatment
of pneumonia.

Louis was also interested in the causes of disease and
conducted studies for example on tuberculosis, in which
he obtained data questioning the role of heredity in this
disease and the benefits of a mild climate. In his con-
clusion he used terms such as ‘‘the exact amount of
hereditary influence’’ that may lead our thoughts to the
concept of attributable risk, and one of his students,
W. A. Guy (1810–85), conceptualized what we now refer
to as the odds ratio (Lilienfeld and Lilienfeld, 1980).

Louis’s work also paved the way for the development of
medical statistics in general, which was strongly boosted
by Jules Gavarret (1809–90), who in Principes généraux de

statistique médicale in 1840 concluded that medical theories
should not be based on opinion, but rather on evidence
that could be measured (Gotfredsen, 1964).

The contributions by Louis and Gavarret may be
considered consequences of a public health movement
that developed in France during the first half of the
nineteenth century. Even if the roots of epidemiology, as
we have seen, are traceable back to Hippocrates, the
growth of modern epidemiological concepts and methods
took place in the postrevolutionary Parisian school of
medicine. The French Revolution may have eliminated
many medical beliefs and broadened the recruitment
to the medical profession, which was called upon when
Napoleon Bonaparte (1769–1821) reorganized France.
However, the era of the French public health movement
came to an end toward the middle of the nineteenth
century, possibly due to the lack of public health data;
France did not develop a vital statistics system (Hilts,
1980; Lilienfeld and Lilienfeld, 1980).

In England, epidemiology flourished because of the
presence of such a system, which to a large extent was
attributable to William Farr (1807–83) (Figure 9), a phy-
sician who has been considered the father of medical
statistics (Eyler, 1980). As chief statistician of England’s
General Register Office, which he commanded over a
period of 40 years, Farr became a man of influence and
also a prominent member of what may be called a statisti-
cal movement of the 1830s, itself a product of the broader
reform movement (Hilts, 1980). The members of the
statistical movement saw in the use of social facts a valu-
able weapon for the reform cause. They considered statis-
tics a social rather than a mathematical science. It has
been said that few members of this movement mastered
more mathematics than rudimentary arithmetic.

The hospital as the arena of observation and evidence-
based medicine was explicitly highlighted by Benjamin
Phillips (1805–61), who in 1837, after years of experience
as a doctor at Marylebone Infirmary, read a paper before
the Royal Medical and Clinical Society referred to in
the Journal of the Statistics Society of London, 1838. The
editor claimed that the article had ‘‘. . . great interest,
because so few attempts have been made in this country
to apply the statistical method of enquiry to the science
of surgery. The object of the enquiry was to discover
whether the opinion commonly entertained with respect
to the mortality succeeding amputation is correct. . ..’’
And Phillips wrote:

In the outset, I am bound to express my regret, that

the riches of our great hospitals are rendered so little

available for enquiries like the present, that these noble

institutions, which should be storehouses of exact obser-

vation, made on a large scale, and from which accurate

ideas should be disseminated throughout the land, are

almost completely without the means of fulfilling this

very important object. (Phillips, 1838: 103–105)

These critical statements were representative of the
statistical movement. Most general in nature, the ambi-
tions were amply illustrated by the achievements of
Ignaz Philipp Semelweiss (1818–65) (Figure 10), with
an influence far beyond clinical epidemiology. During
the first half of the nineteenth century, puerperal fever
caused serious epidemics at the large European maternity



Figure 10 I. Semmelweis (location unknown; source:
www.dasErste.de).
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hospitals in which large proportions of all women giving
birth died. The general opinion was that the con-
tagion was miasmatic, related to atmospheric or telluric
conditions. Consequently, the institutions were often
moved to other locations, but with no beneficial effect
(Gotfredsen, 1964).

In 1847, Semmelweis, a Hungarian gynecologist work-
ing in Vienna, made an observation that led him to the
etiology of puerperal fever (Loudon, 2000; Lund, 2006).
A pathologist at the hospital died from septicemia after
being injured during an autopsy, with symptoms and
findings identical to those observed in puerperal fever.
Thus, Semmelweis hypothesized that puerperal fever was
caused by doctors and medical students involved both
in autopsies and obstetrics, bringing a germ from one
activity to the other. He found that the rate of lethal
puerperal fever was 114 per 1000 births at the ward
attended by medical students versus 27 per 1000 at
the ward attended by students of midwifery, who did
not participate in autopsies. After a campaign, instruct-
ing everyone attending a birth to wash their hands in
chloride of lime, the rate declined to 13 per 1000 in
both departments. Semmelweis’s findings experienced
the consequences of a lack of a convincing presentation.
Rather the opposite happened: In a discrediting confusing
presentation, he made a number of enemies by accusing
colleagues of indolence and negligence. Still, he had con-
ducted an elegant experiment with convincing results,
shedding light on the etiology of an important disease
long before the dawn of the bacteriological era.
Cholera, Right or Wrong

To many epidemiologists, John Snow’s fight against chol-
era represents the foundation of modern epidemiology
(Sigerist, 1956; Natvig, 1964). Cholera is assumed to
have been endemic in India in historic time, but was
unknown in Europe until the nineteenth century when
Europe was hit by a series of pandemics. The first started
around 1830, causing an estimated 1.5million deaths
(Gotfredsen, 1964). To the population in Europe, this
first wave of cholera demonstrated that the disease repre-
sented a most serious threat to the community. However,
knowledge of the etiology of the disease was scarce.
Obviously, cholera was an epidemic disease, but whether
it spread from person to person or was a result of miasma
diffusing up from a contaminated ground, the ancient
etiological concept, was uncertain. An apparent failure
of quarantine to constitute an effective measure against
the spread of the disease suggested the latter etiological
mechanism.

Thus, when the second pandemic hit, lasting from 1846
to 1861, no effective preventive measure existed. Europe
remained unprepared, and the challenge to epidemiology
and public health was enormous. In 1848, John Snow
(1813–58) (Figure 11) was working as a general practi-
tioner in London when an epidemic of cholera occurred
among his patients. In a publication of 1849, Snow pre-
sented his observations of the distribution of the disease
according to time, place, age, gender, and occupation.
He concluded that the agent causing cholera entered
the human body by eating or drinking, that the agent
was present in the stools of the patients and that the
disease was propagated by sewage containing the agent
that contaminated the drinking water. To the extent that
this publication received any attention, its conclusions
were rejected.

However, during the summer of 1854, a new epidemic
hit London, and now Snow achieved important practical
results when he managed to close down the public well in
Broad Street. Snow had observed that a frequent finding
among his patients was the use of water from this pump
and that people in the same area who did not get cholera,
did not take water from the well. Here, Snow more or
less laid down the principles of the case–control study.
However, even if the pump handle of this well was
removed and the local epidemic came to an end, the
health authorities and the local medical establishment
were not convinced; Snow’s hypothesis, that an infectious
agent in the drinking water represented the etiological
mechanism, was not easy to accept.

Snow was not defeated, nor was the cholera. New
local epidemics occurred. Encouraged by reform-minded
people such as William Farr, Snow wanted to test his
drinking water hypothesis. The water supply system in
London at that time offered the possibility to conduct a
most elegant study. Two waterworks, Lambeth & Co. and
Southwark & Vauxhall, provided drinking water to large
areas of London, and both companies were within the
same districts. The former took water from farther up

http://www.dasErste.de


Figure 12 M. von Pettenkofer (location unknown; source:
www.wikipedia).

Figure 11 J. Snow (location unknown; source: wikipedia).
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the river than the latter, which consequently had a much
poorer quality and even a high sodium content. Snow
hypothesized that the occurrence of cholera in the popu-
lation receiving poor-quality drinking water would be
much higher, and he was right: Mortality due to cholera
was 14 times higher.

Here, Snow had conducted an elegant cohort study in
which the population was grouped according to exposure.
Due to the situation with two waterworks delivering water
in the same districts, one might assume that the only
relevant difference between the two groups would be
the source of water supply, thus eliminating possible
confounding factors. In a critical perspective, this might
not necessarily be true; the best drinking water might
have been more expensive, introducing a socioeconomic
confounder, but the socioeconomic gradient in cholera
was allegedly low. Perhaps more important in those
days was that the poorer drinking water was presumably
delivered to the lower floors, which would be compatible
with the alternative hypothesis of miasmas from the
ground water. Still, Snow concluded that drinking water
was the source, and he added that one must not believe
that simply unclean water was sufficient; only when the
specific etiological agent finds its way into the water is
the disease disseminated. Snow died in 1858 without
having been recognized as the scientist who had clarified
the etiology of cholera, but his work had great impact on
the subsequent development of the London water supply
and in the rest of the world.

On the continent, epidemiological research on cholera
followed another path. Max von Pettenkofer (1818–1901)
(Figure 12) was in many ways Snow’s extreme opposite,
being a member of the German medical establishment.
As professor of hygiene, his assistance was requested by
the authorities in organizing the fight against cholera
when Munich was hit by an epidemic in 1854. His
conclusions, even if they were later proved to be wrong,
were recognized by his contemporaries and gave him
widespread respect. Nevertheless, Pettenkofer was a meti-
culous observer and collected epidemiologically relevant
data in much the same way as Snow. He found that houses
in which many cases occurred and particularly the initial
cases, were located at a lower altitude than houses without
cholera cases. After some time, the disease also spread to
other houses. Furthermore, uncleanliness was an impor-
tant factor, but this factor was also present in non-cholera
houses. Consequently, Pettenkofer inferred that cholera
was caused by contaminated ground water in which the
agent was derived from human stools and subsequently
transferred to a gas fuming into the dwellings above; in
principle not far from the miasma theory of Antiquity.
Pettenkofer even claimed that houses built on rock would
never be affected.

Finally, in 1892, Pettenkofer’s fallacy was dramatically
demonstrated in his remarkable experiment on himself
(Gotfredsen, 1964). After Robert Koch (1843–1910) had
discovered the cholera bacillus in 1883, many years
after Snow’s and Pettenkofer’s initial research, Pettenkofer
felt that his ground water theory was losing support.
Thus, when an epidemic hit Hamburg in that year,
Pettenkofer obtained a culture of the bacillus and on
7 October drank 1ml of it. He did not get ill, only a slight
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Figure 13 E. Chadwick (location unknown; source:
www.wikipedia).
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diarrhea a few days afterward. On 17 October, his assistant
did the same experiment on himself and he got typical
rice-water-like stools. They both had bacilli in their stools
for several weeks. Even now, Pettenkofer was not con-
vinced. He was not impressed by his own symptoms
and still held that the ground water theory was correct.
His opponents attributed his lack of symptoms to the
epidemic of 1854, when Pettenkofer also had contracted
the disease and presumably received lasting immunity.

Nevertheless, Pettenkofer’s efforts to establish ade-
quate sewage systems and to drain the surroundings
were instrumental in the fight not only against cholera,
but also typhoid and dysentery. His research led to
impressive achievements in public health and sanitation,
not only in Germany, but throughout Europe and the rest
of the world. Pettenkofer’s work again demonstrates both
the importance, but also the potential perils of rhetoric in
the dissemination of scientific results and how rhetoric
may compensate for lacking validity of the conclusions.
Snow was right and for a long time forgotten, while
Pettenkofer was wrong and for a long time celebrated.

Furthermore, the work of both these scientists repre-
sents what has later derogatorily been referred to as black
box epidemiology: Observing effects and trying to attri-
bute them to causal factors without being able to account
for the intermediate mechanisms. In short, Snow’s work
demonstrates the usefulness of black box epidemiology; an
effective fight against cholera was possible without having
seen the bacillus. On the other hand, Pettenkofer’s infer-
ences frommuch the same observations illustrate the poten-
tial pitfalls involved. Knowledge of details relating to the
pathway between the factor and the outcome is evidence
that an association is causal. Nevertheless, the principle of
not publishing anything until all intermediate mechanisms
are clarified in every detail is hardly sustainable.
The Public Health Perspective

Cholera was spectacular. The disease was new and
involved serious consequences, not only medically, but
also in the community at large in terms of loss of pro-
ductivity: Cholera was a major and evident challenge to
the nation. Far less attention was paid to diseases and
epidemics in general and the lack of hygiene.

In Britain, Edwin Chadwick (1800–90) (Figure 13) in
1838 started a crusade in which he highlighted these
problems and their inherent consequences to the com-
munity (Natvig, 1964). As the secretary to a poor-law
commission, he gave an influential report on the misera-
ble housing conditions in London’s East End. Conse-
quently, Chadwick was asked by the Parliament to
conduct a similar survey throughout the country, which
was published as Report on the Sanitary Conditions of the

Labouring Population of Great Britain in 1842.
Statistics on outcomes such as morbidity and mortality

as well as risk factors, e.g., housing conditions, unem-
ployment, and poverty in general, produced compelling
evidence explaining the high morbidity and mortality
rates. This statistical evidence also paved the way for
adopting special health legislation, the first of its kind,
and for establishing the first board of health, in London in
1848. Chadwick, together with William Farr, were the
chief architects of the British Health Administration
built up during these years.

In the United States, similar pioneering work was
conducted by Lemual Shattuck (1793–1859), who was
appointed chairman in a commission reporting on the
hygienic conditions in Massachusetts and giving recom-
mendations for future improvements. Shattuck also pro-
vided statistical data on the most important causes of
death and their distribution according to season, place,
age, sex, and occupation. The commission stated that
the mean age at death might be considerably increased,
that annually, thousands of lost lives could have been
saved and that ten thousands of cases of disease could
have been prevented, that these preventable burdens cost
enormous amounts of money, that prevention would have
been much better than cure and, most importantly, that
means were available to prevent these burdens (Natvig,
1964). Contrary to Chadwick, Shattuck did not succeed
with his campaign in his lifetime, but the next generations
have seen the importance of his work.

http://www.wikipedia
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Registry-Based Epidemiology

Until the middle of the nineteenth century, the data
necessary to clarify etiological issues had been scarce.
Initially, the nature of the data needed was not clear;
even the school of Hippocrates, which considered disease
to be the result of natural causes, did not start systematic
data collection on a large scale. In the Middle Ages,
the challenges related to epidemics were overwhelming,
precluding any efforts to collect data. The substantial
progress in the fight against smallpox was based on a low
number of experiments, and the elucidation of the epide-
miology of cholera comprised relatively small-scale ad hoc
studies. The large hospitals that saw the studies of puer-
peral fever and pneumonia were, in their clinical records,
managers of enormous amounts of data, as pointed out by
interested doctors who realized their assets, although
it was kept in a form that prohibited use in research.
As pointed out by Florence Nightingale, the data did
exist but were inaccessible.

Thus, in 1856 a new paradigm was introduced when
the first national registry for any disease was established:
the National Leprosy Registry of Norway. Prophetically,
its initiator, Ove Guldberg Höegh (1814–62) (Figure 14),
stated that it was by means of this registry that the
etiology of leprosy would be clarified. At that time,
the prevailing opinion among the medical establishment
was that the disease was hereditary; it seemed to run in
families. Another group claimed that leprosy was caused
by harsh living conditions in general, while quite a few
considered leprosy to be a contagious or infections disease
Figure 14 Ove Guldberg Höegh (1814–62). Source: Wikipedia.
spreading from one person to another. Thus, there was an
urge for clarification of the etiology of the disease.

Still, other motivations may have been more important
for the establishment of the registry. A need was expressed
from a humanitarian point of view to provide care for
patients. Consequently, one had to know the patients
and their whereabouts. Furthermore, there was a need
for health surveillance to obtain reliable information on
the occurrence of the disease, whether it was increasing
or propagating to parts of the country in which it had
not been observed previously (Irgens, 1973).

Already in one of his first annual reports, Höegh
presented evidence from the Leprosy Registry of an asso-
ciation between isolation of cases in terms of admission
to leprosy hospitals and the subsequent occurrence of
the disease. On this basis, he inferred that leprosy was
an infectious disease. In 1874, when Gerhard Henrik
Armauer Hansen (1841–1912) (Figure 15) published his
detection of the leprosy bacillus, he first accounted for an
elaborate epidemiological analysis along the same lines as
Höegh’s in which he confirmed the association between
isolation and subsequent fall in incidence. Next, he
described the bacillus which, he claimed, represented
the etiological agent in leprosy.

Altogether, 8231 patients were recorded with primary
registration data and with follow-up data, e.g., on hospital
admissions, until death. In the 1970s, the Leprosy Registry
was computerized and utilized in epidemiological studies
of the disease (Irgens, 1980), showing that the mean age at
onset increased steadily during the period when leprosy
was decreasing (Figure 16), an observation useful in
leprosy control in countries where a national registry
does not exist. A similar pattern is to be expected
Figure 15 Gerhard Armauer Hansen. Source: Wikipedia.
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whenever the incidence of a disease with a long and
varying incubation period decreases over an extended
period of time.

Later, new challenges such as tuberculosis and cancer
paved the way for the establishment of similar registries
in many other countries. The final step on this registry
path was the establishment of medical birth registries
comprising the total population, irrespective of any dis-
ease or medical problem. The first, the Medical Birth
Registry of Norway, has kept records from 1967. The
medical birth registries were set up in the wake of
the thalidomide tragedy in the late 1950s to prevent
similar catastrophes in the future. In other countries,
permanent case–control studies were set up with similar
aims, cooperating in the International Clearinghouse for
Birth Defects Surveillance and Research and EUROCAT
(European Surveillance of Congenital Anomalies).

These medical registries, with long time series of
observations, provide unique analytical opportunities,
particularly in the field of cohort analysis. In 1875, Wil-
helm Lexis (1837–1914), in Strasbourg, Alsace (France),
set up the theoretical statistical framework for following
individuals from birth onward. The question often being
addressed was whether an effect seemingly attributed
to age is truly the result of age or rather the effect of
year of birth, i.e., a birth cohort effect. For example,
in conventional cross-sectional analyses, performed in
the 1950s, the mortality of lung cancer peaked around
65 years of age, an observation leading to speculations that
most individuals who are susceptible to lung cancer would
have had their onset of the disease at this age and older
individuals would be resistant. However, when analyzed
according to year of birth, the mortality increased con-
tinuously by age in all birth cohorts (Figure 17). Still, due
to the increasing prevalence of smoking, the incidence
increased from one cohort to the next, causing the arti-
factual age peaks that represented a cohort phenomenon
(Dorn and Cutler, 1959).

In infectious diseases with long incubation periods
such as tuberculosis and leprosy, a similar cohort phe-
nomenon has been observed. In both diseases, it appeared
in cross-sectional analyses that during decreasing rates,
the mean age at onset increased by year of onset. The
inference was drawn that when the occurrence is low,
the time necessary to be infected and to develop the
disease would be longer than when the occurrence is
high. This may in some cases be true, but does not account
for the increasing age at onset. In analyses by year
of birth, it has appeared that from one birth cohort
to the next, the age of the peak occurrence did not
increase. Consequently, the pattern observed in the
cross-sectional analyses represented a cohort phenome-
non (Figures 16, 18 and 19).

The detection of such cohort phenomena requires long
series of observations, which in practice are available only
in registries. The enormous amounts of data in the regis-
tries, covering large numbers of individuals over extended
periods of time, combined with the analytical power
offered by the computer-based information technologies,
have caused epidemiologists to talk about megaepide-
miology, and registry-based epidemiology will no doubt
play an important role in future epidemiological research.
Causality in the Era of Microbiology

Armauer Hansen’s detection of M. leprae in 1873 was a
pioneering achievement, not only in leprosy but in infec-
tious diseases in general. As we have already seen, the
concept that some diseases are contagious, spreading
from one individual to the next, had existed since Antiquity
or before. However, not until 1863, when Casimir Davaine
(1812–82) saw the anthrax bacillus and demonstrated that
the disease could be reproduced in animals after inoculation
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of blood from infected animals, were the general etiological
principles of infectious diseases clarified. Anthrax is an
acute disease that was generally considered infectious. Lep-
rosy is a chronic illness, and in the middle of the nineteenth
century, the confusion was great as to its etiology. Even if a
microorganism had been observed in a disease, it was not
necessarily the cause of the disease, but possibly a conse-
quence or even a random observation. Jacob Henle
(1809–85) had enlarged on these problems already in
1840, and prerequisites necessary to establish a microorgan-
ism as the cause of a disease were later known as Koch’s
postulates (Gotfredsen, 1964). These prerequisites are:

. The microorganism should be found in every case of
the disease.

. Experimental reproduction of the disease should be
achieved by inoculation of the microorganism taken
from an individual suffering from the disease.

. The microorganism should not be found in cases of
other diseases.

Paradoxically, Armauer Hansen was not able to meet any
of these prerequisites, but still M. leprae eventually was
accepted as the cause of leprosy; already in 1877 a
bill aiming at preventing the spread of leprosy by isolating
the infectious patients was enacted (Irgens, 1973).

In their considerations as to the etiological role played
by microorganisms, Henle and Koch touched on general
problems related to the association between a potential
factor and a medical outcome; whether the association is
causal or not. In 1965, A. Bradford Hill (1897–1991)
published a comprehensive list of prerequisites of a causal
association known as Hill’s criteria:

. The association is consistently replicated in different
settings and by different methods.

. The strength of the association in terms of relative
risk is sufficient.

. The factor causes only one specific effect.

. A dose–response relationship is observed between the
factor and the outcome.

. The factor always precedes the outcome.

. The association is biologically plausible.

. The association coheres with existing theory and
knowledge.

. The occurrence of the medical outcome can be reduced
by manipulating the factor, e.g., in an experiment.

The importance of these criteria differs and the criterion of
specificity, stating that a factor causes only one specific
effect is not valid: Cigarette smoking causes a variety of
adverse outcomes. Nor is specificity in the opposite direc-
tion valid: Lung cancer may be caused by a variety of
factors. The discussion of such criteria and their shortcom-
ings has continued since the middle of the nineteenth
century, and taking the complexity of causal inference
into consideration, the progress in microbiological research
until the turn of the nineteenth century was amazing.
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On the other hand, the conditions necessary to under-
take this research had existed for almost two centuries, and
one may ask why this progress did not occur earlier. The
concept of infectious agents, e.g., in the air or spreading
from person to person, had been accepted since Antiquity,
and around 1675, Anthony van Leeuwenhoek (1632–1723)
constructed the microscope. In 1683, he even described
various types of microorganisms, apparently cocci and
rods, which he referred to as small animals. Still, the
implications of his observations were not recognized.
Again lack of scientific rhetoric to convince himself and
others of the significance of his findings seems to have
been the case. Furthermore, it has been speculated that the
spirit of the eighteenth century, attempting to organize
assumed knowledge into systems, in medicine originating
with Galen andHippocrates, detrimental to new empirical
evidence-based knowledge, was a major obstacle to further
progress (Sigerist, 1956).

Two hundred years later, the time was ripe. In 1882,
9 years after Armauer Hansen’s discovery of M. leprae,
Koch detected Mycobacterium tuberculosis, cultivated it, and
produced disease after inoculation in research animals, as
he had done for anthrax in 1876, and did for cholera in
1883. Over the next 30 years, Koch’s discoveries were
followed by similar achievements by which a large number
of microorganisms were discovered.

During the same period, the concept of vaccination,
introduced a century earlier, was further advanced by
Louis Pasteur (1822–95) (Figure 20). Pasteur was also
involved in anthrax research, and in 1881 he inoculated
anthrax in cattle both protected and unprotected by a
vaccine; none of the vaccinated cattle became infected
versus all of the nonvaccinated animals, of which a large
fraction died (Gotfredsen, 1964). Thus the concept of
vaccination was introduced into the fight against diseases
other than smallpox, but the term relating to where the
vaccine originated (vacca ¼ cow) was retained.

Pasteur’s efforts to achieve protection against infec-
tious diseases by inoculation of antigens producing anti-
bodies against infectious agents were further expanded
by himself and several successors. Interestingly, Pasteur’s
achievements obtaining top publicity was not the vaccina-
tions to protect the community, but a vaccine produced
for clinical purposes, i.e., his vaccine against rabies.
Pasteur had succeeded in attenuating the infectious
agent in this disease, later identified as a virus, which
was inoculated in individuals who had been bitten by
rabid dogs. The popular press at the time abounded
with reports on how 19 bear hunters, bit by a rabid wolf,
were sent on the Trans-Siberian Express to Paris to be
inoculated by Pasteur. The inoculation should be made
as soon as possible after the bite, but although the jour-
ney took 15 days, only three persons (15.8%) died
(Gotfredsen, 1964); untreated, the case fatality rate ranges
from 60 to 90%, and after onset, the disease is almost
always fatal.

During the last half of the twentieth century, the
importance of infection in the causation of disease seemed
to diminish. In part, this may have resulted from reduced
pathogenicity of some previously important infectious
agents, e.g., streptococci, which used to cause rheu-
matic fever as well as kidney and cardiac complications.
But decreasing attention and interest can hardly be dis-
regarded. Thus, Helicobacter pylori as a causative agent in
ulcers of the stomach was detected as late as 1990. Around
the turn of the twentieth century, infectious diseases again
hit the tabloid headlines due to increased pathogenicity
and resistance against antibiotics.
Vitamins and the Web of Causation

In many ways, the history of the study of avitaminoses
parallels the history of infectious diseases. Both topics
attracted great attention around the turn of the nineteenth
century, and both survived a period of negligence to resur-
rect on top of the list of important medical issues among lay
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persons aswell as the learned. Furthermore, in the historyof
epidemiology, both infectious diseases and avitaminoses
occurred epidemically, and since their etiologies are essen-
tially different, this caused considerable confusion. Thus,
beriberi (avitaminosis B1), pellagra (avitaminosis B2), and
scurvy (avitaminosis C), important diseases in the Middle
Ages as well as more recently, were all at some time consid-
ered to be infectious or attributed to miasma. Also, the
etiological avitaminosis research to some extent recalled
black box epidemiology: The most important aim was to
find measures to prevent the diseases more or less irrespec-
tive of the pathogenetic mechanisms involved.

Beriberi (meaning I cannot, i.e., work), is a polyneuritic
disease that was particularly prevalent in East Asia.
In 1886, Christjaan Eijkman (1858–1930) set up a bacterio-
logical laboratory in Jakarta to find the cause of the disease
(Gotfredsen, 1964). After several years of experiments
on chickens, he concluded that the etiology of the disease
was lack of a factor that was found in cured but not in
uncured rice. To find out whether this also applied in
humans, an experiment was conducted in 1906 in a mental
hospital in Kuala Lumpur, Malaysia, where two different
wards were given cured and uncured rice, respectively
(Fletcher, 1907). The occurrence of beriberi was much
lower in patients given cured rice produced in a process
by which this factor was preserved. To test the alternative
hypothesis, that the difference in occurrence of beriberi
was caused by the dwelling, i.e., miasma, all patients in
the first ward were moved to the second ward and vice
versa, but still retained their diet; and the difference in
occurrence persisted. When the diet was changed from
uncured to cured rice, the occurrence changed accordingly.
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This experiment illustrates inherent ethical dilemmas
in epidemiology and public health work and would hardly
be permitted today. However, its potential benefits to
large numbers of people were a question of life and
death. Later, in 1926, the active substance was identified
and called vitamin B1, or thiamin.

Pellagra (pelle agra ¼ rough skin) was described as a
nosological entity in the eighteenth century and was con-
sidered infectious until Joseph Goldberger (1874–1929)
and coworkers clarified its etiology. Pellagra was mani-
fested by skin, nervous system, and mental symptoms.
The disease occurred most frequently among the eco-
nomically deprived and particularly in areas where
the diet was high in maize (corn) intake. The disease
was common in many areas in Europe, Egypt, Central
America, and the southern states of the United States.
The largest outbreak occurred in the United States from
1905 through 1915. Goldberger considered the cause
of pellagra to be lack of a factor found in yeast, milk,
and fresh meat. In 1937, the factor was isolated and
called vitamin B2, or niacin.

Scurvy (Latin scorbutus, possibly derived from a Norse
name referring to edema) was the first major disease
found to be associated with a nutrient when a Scottish
naval doctor, James Lind (1716–94), in 1753 published
A Treatise of the Scurvy (Gotfredsen, 1964). He recom-
mended lemon or lime juice as both a preventive and
curative measure that had proved effective aboard Dutch
vessels. From 1795, a daily dose was compulsory in the
Royal Navy and from 1844 in the merchant navy, after
which scurvy disappeared. However, being a curse during
the Crusades, the disease had been recognized much
earlier. In wartime, the disease caused high mortality in
armies, navies, and besieged cities. But most importantly,
scurvy was the disease of the sailing ships of the great
exploratory expeditions. The disease was of some impor-
tance as recently as World War II. Great progress in
the understanding of its etiology was made by Axel
Holst (1860–1931) and Theodor Frølich (1870–1947)
who, based on a series of experiments, concluded in
1907 that scurvy was an avitaminosis (Natvig, 1964;
Norum and Grav, 2002). The active agent, vitamin C, or
ascorbic acid, was isolated around 1930.

The clarification of the etiology of rachitis illustrates
the importance of interacting risk factors in the web of
causation. The disease had been described as a nosological
entity around 1650 and later attributed to both genetic
and infectious factors. However, its prevention by cod
liver oil represented the only firm etiological evidence.
In the 1920s, a component derived from cod liver oil was
identified and referred to as vitamin D. At the same time,
an antirachitic effect of ultraviolet light was demon-
strated. Only in the early 1930s, the antirachitic factor,
calciferol, was isolated and the role played by ultra-
violet radiation was established. Previously as in the
developing world today, rachitis was and is a disease
caused by vitamin D deficiency. Today in the developed
world, with adequate nutrition, rachitis can still be
observed, but here the disease represents a genetic meta-
bolic disorder. A similar shift is observed in tuberculosis:
In the past as in the developing world today, the whole
population being infected, tuberculosis was, and still is,
related to genetic susceptibility, or other cofactors such as
protein deficiency. Today, in the developed world, tuber-
culosis is dependent on risk of infection. These examples
shed light on the concept of sufficient and necessary
etiological factors and illustrate how the etiological web
of a disease can vary according to time and place.

Vitamins and their relevance to disease in humans
were more or less forgotten after the etiology of the
avitaminosis had been clarified and the preventive mea-
sures taken. However, the observation in the early 1990s
case–control studies that use of folic acid very early
during pregnancy significantly reduced the occurrence
of congenital neural tube defects, contributed to a change
of attitude. Later, it appeared that the occurrence of
birth defects in general also might be reduced. Subsequent
research has focused on folic acid and the relationship
with homocysteine, a risk factor in cardiovascular disease.
An inverse association between folic acid intake and
serum homocysteine has suggested a protective affect of
folic acid. Also, a protective effect in cancer has been
suggested, but this is still far from clarified.
Sudden Infant Death Syndrome and
Evidence-Based Recommendations

Sudden infant death syndrome (SIDS) brings us back to
the beginning, to the Bible, in which an account is given of
an infant smothered to death during the night by its
mother. More recent sources also give information about
this condition in which a seemingly completely well
infant suddenly dies. In the middle of the nineteenth
century, the sociologist, Eilert Sundt (1817–75) conducted
an epidemiological study in which he accounted for the
occurrence of SIDS in Norway.

Growing interest attached to the condition when,
in the 1970s, the occurrence seemed to be increasing in
many countries. However, based on mortality statistics,
this trend was questioned, particularly by pathologists
who claimed that the new trend was caused by increasing
interest and awareness, whereby cases previously diag-
nosed as pneumonia, for example, now were diagnosed
as SIDS by a process of transfer of diagnosis. Early
epidemiological studies had established that SIDS occur-
red after the first week of life and throughout the first
year, with a highly conspicuous peak around 3months.
When time trend studies of the total mortality in a
window around 3months of life showed the same secular
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trend as the alleged SIDS trend, a transfer of diagnosis was
ruled out and there was a general agreement that an
epidemic of SIDS was under way.

This epidemic occurred in most countries where reli-
able mortality statistics were available. In some countries,
all infant deaths that had occurred during an extended
period of time were revised on the basis of the death
certificate, and it appeared that the increase in the SIDS
risk had been even steeper than previously thought. Thus,
in Norway, the SIDS rate increased threefold from 1 per
1000 in 1969 to 3 in 1989. Consequently, national research
councils in many countries earmarked funds for SIDS
research and comprehensive efforts were made to resolve
the so-called SIDS enigma. Also, influential national par-
ent organizations were set up and international associa-
tions were established for research. The increasing SIDS
rates even caused general public awareness and concern.

In initial case–control studies and registry-based
cohort studies, risk factors for SIDS were identified,
such as low maternal age and high parity. Furthermore,
social gradients existed with strong effects of marital
status and maternal education. However, none of these
risk factors could explain the secular increase. Even if
genetic factors did not account for the increase, great
concern attached to the risk of recurrence among siblings.
In early case–control studies, more than tenfold relative
recurrence risks had been reported, but in registry-based
cohort studies, the relative risk was found to be around 5, a
relief for mothers who had experienced a SIDS loss. The
difference was most likely attributable to selection bias in
the case–control studies; in a non-population-based
case–control study, a mother with two losses would be
more likely to participate than amother with only one loss.

Eventually, infant care practices were the focus in large
comprehensive case–control studies. In the late 1980s, the
first evidence, observed inGermany,was published, indicat-
ing that the face-down, prone sleeping position was harm-
ful, with a relative risk versus the supine position of around
5. Later, this finding was confirmed by studies in Australia,
New Zealand, Scandinavia, Britain, and on the European
continent, with far higher relative risks. The side sleeping
positionwas also found to be harmful, aswasmaternal cigar-
ette smoking, co-sleeping, non-breastfeeding, and overheat-
ing. The use of a pacifier was found to be protective.

The distribution of the information that prone (face-
down) sleepingwas a serious risk factor had a dramatic effect.
InNorway, this informationwas spread by themass media in
January 1990. The SIDS rate in Norway dropped from 2.0
per 1000 in 1988 to 1.1 in 1990. In a retrospective study, it
appeared that the prone (face-down) sleeping position after
having continuously increased from 7.4% in 1970, was
reduced from 49.1% in 1989 to 26.8% in 1990 (Irgens et al.,
1995) (Figure 21). The example again illustrates how impor-
tant it is to provide scientificallyconvincing evidence, pivotal
to bring results of epidemiological research into practice.
The SIDS experience raises important questions with
respect to the reliability of recommendations given to
the public based on epidemiological studies. The prone
sleeping position had been recommended by pediatricians
since the 1960s to avoid scoliosis as well as cranial mal-
formations. Even though a case–control study in Britain
early on in the period had observed an increased rela-
tive risk, no action was taken; again an example of the
necessity to convince scientifically.
Future Directions

Even if epidemiology and particularly observational stud-
ies from time to time have been criticized and accused of
giving misleading conclusions, the search for knowledge
on the determinants of disease, in order to take effective
preventive measures will no doubt prevail, providing an
important future role for epidemiology. New challenges
are life-course epidemiology, addressing major causes
of adult diseases and deaths, as well as the study of
interactions between environmental and genetic factors.
Further progress will require the population to



understand the necessity for providing data, often based
on the suffering of the individual, to benefit the commu-
nity and future generations, an ethical principle underly-
ing all epidemiological research and of utmost importance
to providing data necessary to the search for causes in
medicine.

See also: Demography, Epidemiology and Public Health;

Observational Epidemiology; Surveillance of Disease:

Overview.

Citations

Aggebo A (1964) Hvorfor Altid den Hippocrates? Aarhus, Denmark
Universitetsforlaget i Aarhus.

Carpenter RG, Irgens LM, Blair P, et al. (2004) Sudden unexplained
infant death in 20 regions in Europe: Case–control study. Lancet
363: 185–191.

Dorn HF and Cutler SJ (1959) Morbidity from cancer in the United
States. Public Health Monographs No. 56. Washington, DC: US
Govt Printing Office.

Eyler JM (1980) The conceptual origins of William Farr’s epidemiology:
Numerical methods and social thought in the 1830s. In: Lilienfeld AM
(ed.) Times, Places and Persons, pp. 1–21. Baltimore, MD: Johns
Hopkins University Press

Fletcher W (1907) Rice and beri-beri: Preliminary report of an
experiment conducted at the kuala Lumpur Lunatic Asglum. Lancet
1: 1776–1779.

Gotfredsen E (1964) Medicinens Historie. Copenhagen, Denmark: Nyt
nordisk forlag Arnold Busck.

Hauge D (1973) Fortolkning til Samuelsbøkene (In Bibelverket). Oslo.
Henderson DA (1980) The History of smallpox eradication. In: Lilienfeld

AM (ed.) Times, Places and Persons, pp. 99–114. Baltimore, MD:
Johns Hopkins University Press

Hilts VL (1980) Epidemiology and the statistical movement. In: Lilienfeld
AM (ed.) Times, Places and Persons, pp. 43–55. Baltimore, MD:
Johns Hopkins University Press

Irgens LM (1973) Epidemiology of leprosy in Norway. An interplay of
research and public health work. International Journal of Leprosy
41: 189–198.

Irgens LM (1980) Leprosy in Norway. An epidemiological study based on
a national patient registry. Leprosy Review 51 (supplement 1): 1–130.

Irgens LM, Markestad T, Baste V, Schreuder P, Skjærven R, and�yen N
(1995) Sleeping position and SIDS in Norway 1967–71. Archives of
Diseases in Childhood 72: 478–482.

Last JM (2001) A Dictionary of Epidemiology. Oxford, UK: Oxford
University Press.

Lilienfeld DE and Lilienfeld AM (1980) The French influence on the
development of epidemiology. In: Lilienfeld AM (ed.) Times, Places
and Persons, pp. 28–38. Baltimore, MD: Johns Hopkins
University Press

Loudon I (2000) The Tragedy of Childbed Fever. Oxford, UK: Oxford
University Press.

Lund PJ (2006) Semmelweis – en varsler. Tidsskrift for den Norske
Lœgorening 126: 1776–1779.

Mackenbach J (2005) Kos, Dresden, Utopia . . . A journey through
idealism past and present in public health. European Journal of
Epidemiology 20: 817–826.

Michelsen LM (1972) Fortolkning til 1. Mosebok (In Bibelverket).
Oslo Bibelverket.

Natvig H (1964) Lœrebok i Hygiene. Oslo: Liv og helses forlag.
Norum KR and Grav HJ (2002) Axel Holst og Theodor Frølich. Pionerer i

bekjempelsen av skjørbuk. Tidskrift for Den Norske Lœgeforening
122: 1686–1687.

Phillips B (1838) Mortality of Amputation. Journal of the Statistical
Society of London 1: 103–105.

Rothman K and Greenland S (1998) Modern Epidemiology.
Philadelphia, PA: Lippincott, Raven Publishers.

Sigerist HE (1956) Landmarks in the History of Hygiene. London: Oxford
University Press.

Statistics Norway (1961) Dødeligheten og dens årsaker
i Norge 1856–1955. Trend of motality and causes of death in
Norway 1856–1955. Statistisk Sentrallgyriå, Oslo No. 10, 132.
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Defining Ergonomics in Public Health

Ergonomics is commonly known as fitting the job to
the human. This definition, albeit simple, provides the
fundamental directive for ergonomics of matching the
requirements of a task or job with the capabilities of
the worker. Often, however, certain humans are selected
for certain jobs in order to match their capabilities with
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those required by the job. This is the opposite of ergo-
nomics. The idea of ergonomics is to fix sick jobs so that
more people can work productively and remain healthy.

The International Ergonomics Association (IEA) pro-
vides the following definition:

Ergonomics (or human factors) is the scientific discipline

concerned with the understanding of interactions among

humans and other elements of a system, and the profes-

sion that applies theory, principles, data and methods to

design in order to optimize human well-being and overall

system performance.

(International Ergonomics Association, n.d.)

This definition sets out the idea that ergonomics is a
scientific discipline utilizing applied sciences to deter-
mine relationships between work and human capability.
In addition, it asserts that the practice of ergonomics
includes ‘‘the design and evaluation of tasks, jobs, pro-
ducts, environments and systems in order to make them
compatible with the needs, abilities and limitations of
people.’’ The goal of optimizing human well-being is
compatible with the goals of public health. As a result,
many public health schools and programs incorporate
ergonomics and injury prevention in their research and
teaching curricula.

Many different professional disciplines are associated
with ergonomics. These include engineers, industrial
hygiene, psychology, and health-care providers. As a
result, ergonomics has also been known as human factors,
human engineering, and engineering psychology. The
IEA provides three major domains of ergonomics –
physical ergonomics, cognitive ergonomics, and organiza-
tional ergonomics – all contribute to the prevention of
work-related musculoskeletal disorders.
The Burden of Musculoskeletal Disorders
and Injury

The promotion of human well-being is a broad goal;
however, the focus of many ergonomics programs within
public health is the prevention of work-related musculo-
skeletal disorders and injury. As well, the goal of optimiz-
ing system performance also meets the public health goal
of improving overall well-being: Increasing a worker’s
productivity can increase their social and economical
status and thus provide them with other opportunities to
improve their overall health and well-being.

Musculoskeletal disorders (MSDs) span a range of ail-
ments affecting the soft tissues of the musculoskeletal
systems, including tendons, ligaments, cartilage, muscles,
and nerves. MSDs can include the bones as well (for
example, fractures), and the joints (e.g., arthritis). Work-
relatedMSDs are deemed as anyMSD that may be related
to an exposure at work, exacerbated by exposure to work,
or that inhibits a worker’s capability in performing their
duties of employment.

Chief among work-relatedMSDs is low back pain. Low
back pain is a common and difficult problem – common in
that life-time prevalence of low back pain is over 70% and
difficult in that 87% of low back pain is nonspecific with
no known pathology. Known pathologies include failure of
the intervertebral discs (yet, herniated discs have been
observed in many individuals who are asymptomatic)
and sciatica, referring to pain associated with the innerva-
tions of the sciatic nerve that can radiate down the whole
leg. Its high prevalence and lack of a specific pathology has
made treating and preventing low back pain difficult;
however, there are effective primary and secondary pre-
vention treatments available.

The other major grouping of work-related MSDs is
those of the upper extremities including the hand, wrist,
elbow, arm, shoulder, and neck. These are often subdivided
into those affecting either the neck and shoulder, or those
affecting the hand, wrist, and arm. These disorders include
many musculoskeletal aliments, but the most commonly
reported are tendonitis (pain and inflammation of ten-
dons) and generalized muscle pain. Tendonitis affects
several parts of the upper extremity and is usually given
a specific name based on its location. These include lateral
and medial epicondylitis (tennis and golfer’s elbow,
respectively), de Quervain’s (tendonitis of the thumb
extensor tendon near the base of the thumb on the
radial/dorsal side of the wrist), and rotator cuff injuries
in the shoulder. Muscle pain also affects different parts
of the extremity, mainly the shoulder trapezius muscles
and the wrist and finger extensor muscles located in the
forearm. Other upper extremity disorders include nerve
entrapments. Themost known entrapment is carpal tunnel
syndrome, entrapment of the median nerve at the wrist as
it passes through the small tunnel formed by the carpal
bones of the wrist and the transverse ligament.

Work-related MSDs encompass several different
names, such as repetitive stress injuries (RSIs), cumulative
trauma disorders (CTDs), repetitive motion disorders,
and overexertion injuries. These common names are
widely used in many parts of the world; however, there
is a general shift among scientists and practitioners to use
the more general term musculoskeletal disorders. The
chief reason is that the terminology of musculoskeletal
disorders emphasizes the disorder and its specific pathol-
ogy rather than the suspected etiology or exposure that
led to the disorder.

Work-related MSDs are a large public health burden.
MSDs are the second leading cause of absenteeism from
work behind the common cold. In 1999, over one million
people in the United States took time off from work to
recover and treat an MSD. The estimated costs of MSDs
to the United States economy range between $45 and
$54 billion annually. These estimates do not include
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indirect costs, such as loss in productivity due to a work-
er’s reduced functionality or the cost of training a new
employee. When estimates of indirect costs are included,
cost estimates soar above $200 billion annually (NCR/
IOM, 2001).

As a result of this large public health burden, govern-
ment agencies around the world have defined work-
related MSDs as a research priority. In the United States,
the National Occupational Research Agenda (NORA)
defined by the National Institute for Occupational Safety
and Health (NIOSH) defined MSDs as one of their 21
research agenda items.
Historical Perspective

While recent attention has been paid towork-relatedMSDs
and ergonomics, research and treatment of MSDs are
not new. The seventeenth century writings of Bernardino
Ramazinni (1633–1714) include descriptions of muscu-
loskeletal ailments of porters who carried large loads on
their shoulders, fatigue of office workers (clerks at that
time worked standing up), and sciatica in potting wheel
operators.

In the mid-nineteenth century, the Industrial Revolu-
tion, with the advent of new manufacturing technology
and processes, was in full force. It was during this time that
the word ergonomics was coined by a Polish engineer,
Wojciech Jastrzebowski, from the Greek words ergo (work)
and nomos (laws). As the twentieth century began, there was
an emphasis on increasing work productivity. Frederick
Taylor and Frank and Lillian Gilbreth studied the perfor-
mance of humans through task, motion, and time analysis
with the goal of reducing cycle times for repetitive tasks
such as brick layers and manual materials handling.

As the twentieth century progressed, technology con-
tinued to advance at faster and faster rates. The skill
needed to operate these advancing technologies such as
airplanes also increased. Operations of power plants, espe-
cially nuclear power plants, required even more sophi-
stication to monitor and operate the multiple power
generation, cooling, and containment systems. Since the
results of error in operating these advanced technologies
can and have had catastrophic results, engineers and psy-
chologists worked together to understand how to design
the human–machine interface.

The end of the twentieth century brought the personal
computer to the forefront of ergonomics in the areas of
the human–computer interface (HCI) and in workstation
design. In addition, awareness of work-related MSDs
increased and the reported incident rates increased sub-
stantially. Thus labor organizations in the United States
rallied behind the creation of ergonomic work-place stan-
dards to ensure protection against work-related MSDs.
Both California and the state of Washington put forth
ergonomic standards and on November 14, 2000, the
U.S. Department of Labor introduced an ergonomics
standard as part of the Occupational Safety and Health
Administration (OSHA).

In the first decade of the twenty-first century, the
adoption of ergonomics standards has experienced a few
political setbacks. While many industries have successful
ergonomics programs, others lobbied the U.S. Govern-
ment to repeal the ergonomics standard. In 2001, Con-
gress passed and the President signed into law the repeal
of the OSHA ergonomic standard. Through a ballot
initiative, the state of Washington repealed their ergo-
nomics standard, which was developed involving indus-
try and many of the specific stakeholders. In Sweden, the
new conservative government has disbanded their
National Institute for Working Life, a global leader in
researching work-related MSDs. The institute closed 1
July 2007.

Despite these political set backs, ergonomics remains a
priority for industry, research, education, and public
health practitioners. The California standard has success-
fully weathered several court challenges and is still pro-
tecting workers in California. In industry, ergonomics best
practices have been identified with decreases in workers’
compensation costs as well as increases in productivity,
providing an economical motivation for establishing and
maintaining prevention efforts in the work place.

As we move further into the twenty-first century, the
globalization of the world economy is forcing many
countries to adapt and incorporate ergonomic practices
and standards. Globalization has transferred many ergo-
nomic risks to developing nations. Nations such as Brazil
and Vietnam are facing challenges associated with grow-
ing production needs while dealing with obsolete factories
and lacking a safety culture. According to the World
Health Organization, work-related injuries are grossly
underreported (1–4%), making it difficult to even begin
to establish prevention efforts. Many of these countries
are developing surveillance systems in order to track and
direct interventions and safety programs.
Evidence and Identified Risk Factors for
Work-Related MSDs

Since many MSDs have unknown pathology and etiology,
opponents to workplace standards believe that MSDs are
not work-related and are more related to genetics and
behavioral factors. However, major reviews of the litera-
ture by the National Research Council and the Institute of
Medicine, one reported in 1998 and one in 2001, have
both concluded that there is strong evidence linking work
and MSDs (NRC/IOM, 2001). Specifically, their reviews
identified both physical and psychosocial characteristics
linked with the occurrence of MSDs in the work place
(Table 1). The report acknowledges the complex interac-
tion of an individual worker within the context of the
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social and organizational work environment (Figure 1).
Since the reviews, there have been several animal-based
studies confirming that the physical demands of repetitive
work do create injuries to nerves, muscles, and tendons.

Low back pain is associatedwith jobs that involve a great
deal of manual materials handling. Specifically, larger load
moments have been identified as risk factors. The load
moment is defined as the torque at the bottom of the lumbar
region of the back by the external weight (Figure 2). The
load moment supports both the weight of the object being
lifted as well as the weight of the bent-over torso. Hence,
simply supporting the weight of the torso can add stress to
the lower back; frequent bending and twisting are also
identified risk factors for low back pain.

For the upper extremity, the combination of repetition
and force are important factors, more significantly than
simply force or repetition alone. This combination effect
is demonstrated effectively by Silverstein et al. (1987). She
reports that the relative risk of carpal tunnel syndrome for
jobs with both high-force and high-frequency repetitions
Table 1 Work-related risk factors for musculoskeletal disorders

Body part Physical

Low back . Lifting and/or carrying of loads (m
. Load moment
. Whole-body vibration
. Frequent bending and twisting
. Heavy physical work

Upper extremity . Repetitive tasks
. Forceful tasks
. Combination of repetition and forc
. Combination of repetition and col
. Vibration
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is 15 times compared to jobs with low-force and low-
frequency repetition. The relative risk for high-force
and low-repetition jobs is three times and the relative
risk for high-repetition and low-force is five times larger
compared to jobs with low-force and low-frequency
repetitions.

The NCR/IOM review concludes that psychosocial
factors in the workplace are linked with the occurrence
of MSDs. Psychosocial factors are broad in definition
and several models have been used to define them. The
Karasek model (Karasek et al., 1998) uses two fundamental
axes – job demands and decision latitude – to describe
work stress. Karasek also includes social support from
family, coworkers, and management as influencing job
stress. Siegrist et al. (1997, 2004) use two variables as
well, effort and reward, to model work-related psycho-
social factors. When there are inequalities either between
reward and stress or demand and decision latitude, jobs
are considered stressful and have been associated with
increased prevalence and incidents of MSDs.
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Figure 2 The load moment is created at the low back by the

torque generated by the weight of the load (W) times the

horizontal distance between the low back and the load. Hence

load moment ¼W d. For a given mass, an increase in the
horizontal distance increases the loadmoment. Biomechanically,

the muscles of the low back have to counteract the load moment

and hence increase their forces as the load moment increases,

which in turn increases the spinal compression.
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Physical Ergonomics

Theheart of manyergonomics programs lies in the design of
physical work and in matching the designs with the physical
capabilities of the human worker. The design of physical
work addresses specific requirements of task and worksta-
tion design. The physical capabilities of the human worker
include strength, tissue tolerances, and motor capability. In
general, the goal of physical ergonomics is to reduce physi-
cal loading on the musculoskeletal system through the
design of work, without sacrificing performance.
Manual Materials Handling and the NIOSH
Lifting Equations

One of the most extensive efforts to provide a tool to
match the capabilities of the humans with the specific
task requirements is the NIOSH Lifting Equation for
manual materials handling (Waters et al., 1993). The lift-
ing equation predicts a recommended weight limit for
a given lifting task incorporating different lift locations
and distances. The equation integrates three measures
of human capabilities: (a) spinal compression forces,
(b) self-perceived physical capabilities (psychophysics),
and (c) physiological capabilities of the human.

The integrated spinal compression limit is 3.4 kN
(760 pounds). The 3.4-kN value is based on data from
cadaver studies demonstrating that the lumbar fails between
2.1 and 9.6 kN of compression. The 3.4-kN value provides
a conservative estimate while allowing for uncertainty and
the variability associated with cadaver studies.

The integrated physiological baseline limit is 9.5 kcal/
min. This limit establishes a maximum aerobic lifting
capacity for repetitive lifting, which is scaled down for
longer exposure to lifting per day.

The integrated psychophysical limit is 23 kg (51 lbs)
based on the experiments conducted by Snook andCiriello
(1991). In these experiments, individuals determined their
maximum lifting weight for repetitive lifting tasks given
specific instructions to work without straining themselves.
The 23-kg limit matches what 75% of the women and
99% of men chose as acceptable weight, which corres-
ponds to approximately 90% of the total population.
Many international airlines have 23-kg weight limits for
baggage.

The NIOSH equation incorporates the specific task
requirements through a set of distance measurements and
assessment of the asymmetry (twisting of the torso) to com-
plete the tasks (Figure 3). The horizontal distance and to a
lesser extent the vertical multiplier is related to the task load
moment described in Figure 2. The vertical multiplier and
the distance multiplier deal with the physiological limits
associated with bending over or working overhead.

The NIOSH lifting equation has limitations, especially
when applied to real jobs. Since the human worker is
flexible and can adapt to diverse jobs, workers often com-
plete lifts that go beyond the scope of the lifting equations.
However, the lifting equation does identify high-risk jobs
and the relative risk of low-back pain does increase with
the equation score (Marras et al., 1999).
Guidelines for Lifting

From the NIOSH lifting equation and other intervention
studies, general recommendations for job redesign for
lifting include using lifting assistive technology, elevating
the initial height of the lift (that is keeping material off
the floor), and keeping items as close as possible to the
body during lifting tasks. These approaches reduce bend-
ing, twisting and reaching – the specific work-related risk
factors for low back pain.

There are two important notes about lifting technique
and back belts as interventions. First, the recommendation
to lift with your legs is not well supported by biomechanics
and intervention studies. Mechanically, lifting with one’s
legs often increases the load moment about the low back
by increasing the distance between the low back and the
load. Unless the load can be placed between the knees
during a squat lift, the load moment will be greater for
squat compared to stoop. In addition, a randomized control
trial intervention study that used teaching proper lifting
techniques showed no effect in reducing low back pain
(Daltroy et al., 1997). The use of back belts at the workplace
has shown little effect. There is some biomechanical
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Figure 3 Lifting task parameters used in the NIOSH lifting
equations. HM is the parameter associated with the horizontal

distance from the midpoint of the ankles to the location of the

grip; VM is the parameter associated with the vertical distance

between the floor and the grip; and DM is the parameter
associated with the vertical distance the load is moved.
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evidence that using a stiff belt, similar to heavy-weight
lifters’ leather belts, reduces the compressive load
(Kingma et al., 2006).
Upper Extremity Tasks and Workstation
Designs

The dexterity of upper extremities allows for a large
range of task capabilities spanning from overhead work
to interfacing with computer equipment. As a result, the
development of a single comprehensive tool to evaluate
tasks has been lacking. The Rapid Upper Limb Assess-
ment (RULA) provides a measure of non-neutral postures
with some modifiers for force, repetition, or duration
(McAtamney and Corlett, 1993). The strain index is a
bit broader, including force, repetition, and duration of
the task within its index (Moore and Garg, 1995). Finally,
the hand activity level (HAL) provides a measure of force,
frequency, and duration (Franzblau et al., 2005). Overall
these tools are useful in identifying specific tasks that
may be a risk and evaluating how redesigns and interven-
tions can reduce the relative risk; however, their speci-
ficity in determining exact risk is sometimes lacking
(e.g. Franzblau et al., 2005).

In general, these tools can be summarized by five
fundamental guidelines for task and workstation design:

1. Keep the required forces low;
2. Keep postures neutral and natural;
3. Provide good visual access;
4. Keep items close;
5. Support the body and its limbs when possible.
Neutral postures reduce unnecessary strain on the body
and often improve productivity. When wrists have to
extend, for example, both the pressure in the carpal tunnel
increases (Weiss et al., 1995) and finger andwrist muscles are
stretched. Since our bodies follow our eyes, visual access, or
lack thereof, directly affects the body posture assumed by a
worker. Workers usually have to see clearly what they are
doing and we will move their bodies to gain visual access.
Visual access depends on the task and often sets the location
of the work objects and point of operation of the manual
work. Supporting the body decreases the load on the mus-
culoskeletal system, thus increasing the margin for tissue
tolerances. In addition, good support allows the body to rest
and heal from any damage it may have incurred during the
unsupported portions of work. These support scenarios are
important for micro breaks during work as well as continu-
ous support.
Other Physical Ergonomic Domains: From Slips
and Trips to Lighting

There are several other domains of physical ergonomics,
including slips, trips, and falls, vibration, noise, heat stress,
and illumination. Injuries from falls to the same level rank
number 2 for cost among workers’ compensation claims
(Liberty Mutual, 2006). The environment often provides
many challenges to successful locomotion. Humans are
quite successful in navigating slippery surfaces and clut-
tered work spaces, yet they fall from time to time. Improv-
ing the design of work floor surfaces to maximize friction
can reduce the risk for slips. Better housekeeping that
removes lubricating contaminants from floors and clutter
in a workspace is also an effective intervention. Lighting
workspace adequately increases the visibility of potential
trip and slip hazards and improves worker performance
when doing other nonlocomotive tasks.

Glare is another common light problem. When light-
ing is less than optimal, workers have to strain the muscles
of the eyes. Simple interventions that balance the light so
that the brightest area in the field of view is the point of
operation for the task can provide low-cost solutions. The
use of indirect lighting for general illumination and spe-
cific task lighting at the workstation is ideal, and has
become popular in the workplace. Also having properly
designed corrective lenses help reduce eye strain.
Cognitive Ergonomics

Cognitive ergonomics encompasses what is traditionally
known as human factors. The goal of cognitive ergonomics
is to understand the capabilities of humans to observe
information (either static or dynamic), decipher the infor-
mation, and act upon the given information. An example is
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roadway signage. Operating a motor vehicle in traffic
requires the driver to observe information about road
patterns while safely maneuvering a vehicle through
traffic. Signage ideally provides the user with informa-
tion before encountering the specific pattern. This allows
for the driver to take the information and anticipate the
upcoming pattern in a manner that improves the perfor-
mance of the vehicle’s excursion through the pattern.
The design of the signage should portray information
concisely and efficiently to the driver. Another traffic
example is the third center-located brake light in auto-
mobiles, which allows for cars further back to view a car’s
brake light, increasing the time a driver has to decipher
and act upon the information provided by the light. The
design has reduced rear-end collisions. Other examples
of information display and control design range from the
cockpits of jumbo-jet airliners to the remote controls for
home entertainment systems.

Paul Fitts used specific information theory to define
the capabilities of a human to comprehend information
and act upon this information during the control of
human movement. He applied information theory to a
tapping task exploring speed versus accuracy tradeoffs
(Figure 4; Fitts, 1954). Fitts proposed that as the
required accuracy of the tapping task increased so did
the amount of information contained in the task. As a
result, the time to complete the tapping task also
increased. Fitts proposed an Index of Performance as
bits/second and demonstrated that for the tapping
experiment for various accuracies the index remained
constant, supporting the idea that information flow has a
maximum throughput. Fitts’s law has been used for the
design and location of control devices, especially with
input devices for personal computers and mobile infor-
mation technology.
Target
width

6 inches
Target
amplitude

Figure 4 The one-dimensional reciprocal tapping paradigm of

Fitts (1954) testing the idea of speed versus accuracy in human

movement. The accuracy of the movement increases as the

target width decreases and/or the amplitude of the movement
increases. The movement time increases as the accuracy

increases in a log-linear fashion. From Fitts PM (1954) The

information capacity of human motor systems in controlling the
amplitude of a movement. Journal of Experimental Psychology

47: 381–391.
Designing for Human Error

Humans have a specific capability of processing infor-
mation and making decisions. When technology has
increased rapidly, the human component in the design
and control of technology is important. When the
capabilities of the human are exceeded in terms of these
processes, systems can fail and the outcomes are usually
blamed on human error.

Human error is defined as the failure of a planned action

to be completed as intended (error of execution) or the

use of a wrong plan to achieve an aim (error of planning).

An error may be an act of commission or an act of

omission. (IOM, 2007)

Systems can be designed to mitigate the effects of
human error. In his treatise on ergonomics, Rigby (1973),
describes an electronics assembly plant was losing a
large number of its product components due to employ-
ees dropping them during the assembly process. Telling
the employees not to drop the devices had little to no
effect. It was realized that, throughout the manufacturing
process, the items were hand-carried numerous times,
each time being exposed to the risk of being dropped.
The actual rate that employees were dropping the
assemblies was normal. Decreasing the number of times
the items were carried reduced the number of units lost
due to damage caused from a dropped device. The
solution was to realize that people do drop items and
that the design of the process should be to mitigate the
consequences of these simple and expected human
errors.

The aerospace industry has excelled in understanding
human error and has incorporated many redundant sys-
tems to mitigate the consequences of humans to err. The
fundamental concept of co-pilots provides a redundant
system to act both as a system checker and a backup to the
main pilot. In the new century, there is emphasis on
human error in health-care situations. According to the
Institute of Medicine report (2000), the number of deaths
due to medical error could be as high as 98 000 per year in
the United States alone. The IOM reports that many of
these errors, including about 25% of medication errors,
are preventable (IOM, 2007). Simple prevention strate-
gies for medication errors include having a pharmacist
participate in hospital rounds, and more effective labeling.
Organizational Ergonomics

Organizational ergonomics, often called macro-ergonom-
ics, deals with how the structure and culture of an organi-
zation affects a worker’s well-being and performance
within the context of the organization at large. The struc-
ture of an organization can directly determine the



450 Ergonomics/Musculoskeletal Issues
exposure to physical factors for individual workers and
indirectly affect the individual through social structures.
In addition, the culture of an organization can determine
the flexibility needed to deal with changing ergonomic
challenges within the workplace.

The manufacturing of products consists of processes
that include both automated and manual tasks; hence,
it follows that the design of the production process in-
fluences the workers’ exposure to specific risk factors
for MSDs. The organization of the production process
determines the worker’s performance and hence the
worker’s exposure to potential risk factors for work-
related MSDs. Therefore, many opportunities for
ergonomic interventions exist at several levels of process
development, ranging from the community to the com-
pany to the individual worker. Figure 5 depicts a simple
example of how the production process can influence
ergonomics of manual materials handling. The figure
has two boxes that have the same dimensions and contain
the same item; however, the boxes are oriented differently,
creating different biomechanical load when the boxes
are manually lifted. The difference in orientation can
be attributed to the manufacturing process, where the
box on the left is designed for automatic materials
handling via conveyor belt and vacuum lift-assisting
systems. The horizontal configuration provides stability
and a larger surface area for moving the material within
Figure 5 Here, two boxes with the same dimensions and the same
load for the worker. The box on the left is oriented horizontally, which

via conveyer belts and vacuum lifts; however, this horizontal configu

it has left the production facility.
these automated systems. While most of the process
is automated, the end user and delivery person will
lift the box in this configuration due to the orientation
of the printed material and the location of the handles.
The box on the right could still be moved through
automatic handling systems in the horizontal configura-
tion; however, the labels and the location of the handles
suggest a different biomechanical interface that reduces
the load.

Participatory ergonomics addresses the organizational
factors surrounding an individual’s decision latitude by
empowering individual workers to make specific changes
in their work that improve process productivity and
reduce exposure to MSD risk factors. Wilson (1995)
defines participatory ergonomics as:

the involvement of people in planning and controlling a

significant amount of their own work activities, with

sufficient knowledge and power to influence both pro-

cesses and outcomes in order to achieve desirable goals.

(Wilson, 1995: 1071–1096)

To achieve a participatory approach, the culture of the
organization has to be integrated well with the workers,
their knowledge, and their control. There are many suc-
cess stories of participatory ergonomics in industries
ranging from the military to service industries. In the
construction industry, Hess et al. (2004) describe
contents are oriented differently creating different biomechanical
may increase its stability during automatic materials handling

ration increases the load moment when the box is handled after
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improvements in the physical ergonomic parameters dur-
ing manual materials handling tasks of a concrete supply
hose due to a new skid plate developed through a partici-
patory ergonomics program. Participatory ergonomics
programs have been used among college students to
improve the ergonomics of their computer workstation
located in dormitories (Roberston et al., 2002).

The culture of the work environment and society as a
whole can affect the outcomes of MSD, specifically a
worker not returning to work due to an MSD (disability).
Proactive management that works with an injured em-
ployee is more successful in keeping the employee at
work. Shaw et al. (2006) have demonstrated that simply
training the supervisor about communication skills and
ergonomic accommodation for workers reporting injuries
reduces disability within the workplace. Another part
of the culture is changing the beliefs of management,
workers, and physicians. In Australia, Buchbiner et al.
observed that media campaigns can assist physicians by
helping them prescribe changes to work rather than
requiring avoiding work or any physical activity as a
treatment for low back pain. The literature is quite con-
vincing that for nonspecific low back pain, remaining
active prevents disability.
The Effectiveness of Ergonomic
Interventions

Ergonomic interventions do work. Systematic interven-
tions that integrate all three areas of ergonomics (i.e.,
physical, cognitive, and organizational) appear to be
the most effective. Many ergonomic products can be
employed at a workplace, but often the introduction of
the product or tool alone is ineffective. Training and
usability of the tool is necessary for their successful inte-
gration. In addition, improvements are more frequently
observed when the physical intervention is derived from a
participatory ergonomics intervention. The largest com-
ponent in a successful safety program for any workplace is
management’s commitment to allow for all three areas of
ergonomics to improve the well-being of the worker.

As a result, reviews of workplace standards push for
more of a process-based ergonomics standard to prevent
workplace MSDs rather than setting specific thresholds
or exposure limits. Practitioners prefer thresholds as
they are easier to measure and hence provide more
immediate benchmarks. However, as Fransblau et al.
(2005) point out, there are many jobs that are below an
acceptable hand activity level, but have a high incident
rate of MSDs. In general process methods that focus on
reducing the number of MSDs rather than setting spe-
cific exposure limits are more effective in reducing
work-related MSDs.
Conclusions

The beauty of the human workforce is its versatile cap-
abilities to perform a vast range of manual tasks from
heavy lifting to fine assembly; however, when the duration
of work is long and its tasks are repetitive, the capabilities
of the human are limited and the overall well-being of the
human worker can be harmed. The public health burden
of work-related musculoskeletal disorders and injury are
large, accounting for the majority of employee compen-
sation costs. Ergonomics attempts to mitigate this public
health burden of MSDs through identifying and under-
standing the capabilities of the human and the demands
of the work via multidisciplinary approaches to workplace
design and management. These attempts have proven
successful in reducing the burden of injury among
workers.
See also: Injuries, Epidemiology of; Occupational Death/

Injury Rates; Occupational Health: Overview; Risk

Assessment, Environmental/Occupational.
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Introduction

Escherichia coli are nearly ubiquitous in the human gastro-
intestinal tract; they most often exist in this setting with-
out compromising host health. Yet, E. coli are capable of
expressing virulence traits that allow them to cause a
variety of diarrheal disease syndromes which are also
frequent throughout the world. It is estimated that on
any single day, 200 million individuals are affected by
diarrheal illness. While the majority of diarrheal disease
caused by E. coli in the resource-sufficient world are minor
illnesses that are more of a nuisance, they still have a
public health impact, for example, in days of work or
school lost. In the resource-limited world and in other
selected settings, E. coli diarrheal illnesses may result in a
significant impact on health and are a significant public
health burden. Using stool culture, E. coli that cause diar-
rheal disease are typically indistinguishable from E. coli

that are part of normal flora, thus complicating precise
clinical diagnosis of the illnesses caused by E. coli. The
variety of virulence traits that E. coli can express result
in distinctly different clinical presentations which may
have distinctly different outcomes. This spectrum of vir-
ulence factors complicates attempts to develop vaccination
strategies that may control these diarrheal illnesses, as one
vaccine would not be able to prevent colonization or
illness by all of the E. coli that cause diarrheal disease.
Hygiene, food preparation, availability of clean water, and
controlling contamination of the environment are all
necessary in the attempt to prevent these illnesses.
Case Definitions

The presentation of diarrheal illness caused by E. coli varies
with the virulence traits expressed by the organism. The
definition of diarrhea also varies, depending on the clinical
setting. In the breastfed child where softer, more frequent
stools are normal, diarrhea may be defined as an alteration
in frequency and consistency of the stooling pattern; simi-
larly, diarrhea in children may be defined as an increase in
the number of stools and a decrease in consistency so that
the stool takes the shape of the container in which it is
placed. A threefold increase in stool number and/or a stool
output greater than 200mL (g) in 24 h is also considered a
definition of diarrhea in adults, including adults with HIV
infection. Diarrhea that lasts more than 14 days is consid-
ered to be persistent or prolonged; diarrhea that lasts
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longer than 28 days is considered to be chronic. In sequen-
tial episodes of diarrhea per World Health Organization
(WHO) criteria, a period of 48 h between diarrheal stools is
required to define the end of one episode of diarrhea and
the beginning of another.
Epidemiology

WHO statistics in 2001 documented that diarrheal dis-
eases were the third most common cause of death world-
wide. In addition to deaths, diarrhea contributes
significantly to morbidity; WHO calculations suggest
that diarrhea is the second leading cause of disability-
adjusted life years (DALY) lost. There are an estimated
4 billion cases of diarrheal disease each year which result
in 3.5 million deaths each year, predominantly in children
in the resource-limited world. Thus, diarrhea accounts for
approximately 4% of annual worldwide deaths. More
than 80% of these deaths are in children under the age
of 5 years, and the most significant burden of diarrheal
disease is in children between the ages of 6months (the
time of weaning) and 3 years of age. While bacterial, viral,
and parasitic pathogens are all causative agents of these
diarrheal illnesses, the various kinds of diarrheagenic
E. coli are responsible for a significant proportion of the
diarrheal illnesses caused by bacteria. There are an esti-
mated 400 million episodes of enterotoxigenic E. coli

(ETEC) diarrheal illnesses daily in children under the
age of 5 years throughout the world. The ability to docu-
ment the precise involvement of E. coli in diarrheal disease
in any setting depends on when and how the study was
conducted and what means were used to identify patho-
gens; variations in the methods used result in wide varia-
tion of the estimates of the burden of diarrhea attributable
to E. coli. It has been suggested that 70% to 80% of the
bacterial diarrheal illnesses in the resource-limited world
may be caused by the diarrheagenic E. coli.

ETEC are frequent causes of watery, dehydrating diar-
rheal disease in children in the resource-limited world
and in travelers. These organisms have also been identi-
fied as the source of foodborne outbreaks in the resource-
sufficient world. ETEC also cause significant morbidity
and mortality in young animals, especially piglets and
calves. The enteroaggregative E. coli (EAEC) are asso-
ciated with persistent diarrheal illnesses in children in
the resource-limited world and in patients with HIV;
they have also been identified as a frequent cause of
traveler’s diarrhea. The enteropathogenic E. coli (EPEC)
cause sporadic diarrheal illnesses in adults and children
and are also responsible for outbreaks of diarrheal ill-
nesses in young children in hospital settings. EPEC diar-
rhea may also become prolonged and lead to serious
nutritional compromise in young children. The Shiga-
toxin producing E. coli (STEC) (previously known as
enterohemorrhagic E. coli, EHEC) are classically asso-
ciated with bloody diarrhea, and a proportion of these
diarrheal illnesses are complicated by hemolytic uremic
syndrome (HUS) in both sporadic cases and outbreaks.
Importantly, however, a spectrum of disease from watery
diarrhea to bloody diarrhea occurs. These organisms have
been isolated in a number of large foodborne outbreaks of
diarrhea, contaminating apple cider, spinach, and lettuce,
as well as in the ground meat outbreaks that led to the
original recognition of the organisms in the 1980s. The
enteroinvasive E. coli (EIEC) cause a diarrheal illness
indistinguishable from shigellosis, and appear to be a
less common cause of diarrheal disease than the other
E. coli pathogens, although this may be related to the
methods that are used to detect these organisms. These
organisms appear to cause predominantly sporadic cases
of diarrheal disease.

Diarrheal disease caused by E. coli remains highly
endemic throughout much of the world where sanitation
and availability of clean water remain public health issues
of concern. Malnutrition, particularly in children at the
time of weaning (growth faltering), in these regions of the
world may either be a result of the diarrheal illness
or predispose the child to more frequent, more severe,
or more prolonged episodes of diarrhea when they occur.
E. coli diarrhea is endemic at low rates or occurs sporadi-
cally or as outbreaks in the rest of the world. In some
countries, such as Thailand or Brazil, which have become
‘transitional’ between the resource-limited and resource-
sufficient worlds for the majority of public health issues,
the incidence, prevalence, and severity of diarrhea has
decreased over the past decades. The emergence of the
HIV epidemic has been profound in reversing many of
these advances in the control of diarrheal disease. In
countries highly endemic for HIV, diarrhea is a frequent
complication of HIV infection, and may be related to an
increased risk of developing disease when exposed to
enteric pathogens because of the reduction in immune
function that occurs with advancing HIV disease. HIV has
also contributed to dramatically increased rates of malnu-
trition in children and adults in the resource-limited
world, which may provide another avenue by which HIV
may impact the rates of diarrhea, as malnourished indivi-
duals are at increased risk of diarrheal disease. While
opportunistic pathogens have contributed to diarrheal
disease in the HIV-infected populations, the greatest risk
in much of the world is exposure to the pathogens that
typically cause diarrheal disease in the region, which
certainly includes the diarrheagenic E. coli. The EAEC in
particular have been described as a cause of prolonged
diarrhea in HIV-infected adults and children with more
advanced disease in the United States and Europe as well
as Africa. Adults in the resource-limited world are gener-
ally less prone to illness from the diarrheagenic E. coli due
to repeated exposure over time, likely with the
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development of at least partial protective immunity. How-
ever, HIV disease seems able to increase the susceptibility
of HIV-infected adults to symptomatic disease with at
least some pathogenic types of E. coli, although further
studies investigating the impact of HIV infection on E.

coli diarrhea are needed.
Reservoirs

E. coli are normal intestinal flora in animals as well as
humans; the colonization of household animals with
E. coli capable of causing diarrheal disease occurs and
may participate in the persistence of the organisms in
the environment. Humans, animals, and environmental
contamination with human and/or animal waste are key
in the transmission of the organisms.
Transmission

E. coli are transmitted primarily through the fecal–oral
route; any individual, food, or liquid that becomes con-
taminated with E. coli that are able to cause diarrhea will
be capable of transmitting the organisms to a susceptible
host. The size of the inoculum of E. coli required to cause
diarrheal disease depends again on the type of E. coli that
is being transmitted as some of the diarrheagenic E. coli are
more virulent than others. ETEC, which cause diarrheal
disease similar to that caused by Vibrio cholerae, require a
fairly high inoculum (108–1010) similar to the inoculum of
vibrios required to evade the intestinal defense mechan-
isms, colonize the small bowel, and, hence, cause diarrheal
disease. In contrast, STEC or EIEC which behave much
more like Shigella may require an inoculum of only 102

organisms to cause illness, as do Shigella. In a human
volunteer study, EIEC required 108 as a minimum dose
to yield diarrhea in volunteers, and this was also the dose
leading to diarrhea in at least 50% of the volunteers. So,
although it has at least some similar virulence factors to
Shigella, it is far less virulent. In the endemic setting in the
resource-limited world, the lack of access to a sufficient
and regular supply of clean drinking, cooking, and wash-
ing water may be the most significant risk for diarrheal
illness caused by E. coli; lack of appropriate means to store
food before and after cooking, and contact with animals,
whether in the household or on the farm, also contribute
to the risk. Mothers may inadvertently transmit E. coli to
their children. Studies done in Bangladesh suggest that
mothers who wiped their hands on their saris were more
likely to transmit diarrheal pathogens to their children
than mothers who had access to water for washing hands.
These studies looked primarily at transmission of organ-
isms that require a small inoculum, such as Shigella.
Hand washing with soap has been shown to be particu-
larly effective in decreasing transmission of diarrheal
pathogens in this setting. Alcohol-based hand hygiene
gels are expected to similarly decrease the risk of trans-
mission. E. coli such as ETEC may exist as contaminants in
room-temperature cooked rice, serving utensils, and water
in the resource-limited world. While ETEC are often
thought of as predominantly pathogens in children in the
resource-limited world and in travelers, these organisms
have also been implicated in a number of significant out-
breaks of diarrhea in the resource-sufficient world.

In the setting of outbreaks of E. coli diarrheas, contami-
nation of food is the most likely means of transmission,
and this is most often due to lack of hand hygiene, stres-
sing again the fecal–oral routes of transmission. Contact
with mammals, whether these animals are at home, on the
farm, in the wild, or in a zoo (particularly petting zoos),
may facilitate transmission of diarrheagenic E. coli and
may contribute to outbreaks of E. coli diarrhea. The trans-
mission of STEC organisms in particular has been noted
to occur in settings where animal (such as deer or cow)
droppings contaminate windfall apples that are used to
make apple cider, as well as in petting zoos of farm
animals. Contamination of fresh-water lakes with STEC
has also been documented. Outbreaks of E. coli diarrhea
may also occur after natural disasters such as flooding,
which may spread fecal contamination from one region to
another. Refugee situations, whether from natural disaster
or war, may also lead to increased numbers of outbreaks of
diarrheal disease caused by E. coli, as crowding and lack of
adequate water supply and sanitation provide ideal con-
ditions for the transmission of E. coli pathogens.
Pathogenesis

It is necessary for commensal E. coli to acquire additional
virulence traits that allow the organisms to become estab-
lished in the intestine and to initiate diarrheal disease.
The virulence traits of the E. coli that cause diarrhea
utilize multiple avenues to disrupt the normal intestinal
cell physiology and produce diarrhea (Table 1). Some of
the E. coli (ETEC) turn on secretory processes in the small
intestine, and some use the process of adherence (EPEC)
to disrupt normal enterocyte signal transduction and pro-
duce diarrhea. Other diarrheagenic E. coli first utilize
enterocyte adherence to begin to invade and disrupt the
intestinal cells (EIEC). The genetic material that encode
these virulence traits is present on plasmids, transposons,
or bacteriophage and presumably has been acquired from
other enteric organisms over time.

The virulence traits of each of the E. coli that cause
diarrheal disease usually act within a selected region of
the intestine; the site of action also contributes to the type
of diarrheal disease that is caused by the type of patho-
genic E. coli. The small bowel is predominantly responsi-
ble for the absorption of nutrients and fluids; the E. coli



Table 1 Diarrheagenic E. coli

Adhesins Toxins Disease Pattern Complications Diagnosis

ETEC CFA LT, STa,
STb

Watery
diarrhea

Endemic, disease in
travelers,

foodborne

Dehydration Probe for LT or
ST toxins

EAEC AAF I,

AAF II

EAST 1 Watery

diarrhea

Sporadic, endemic,

travelers,
patients with HIV

Persistent diarrhea,

nutritional
compromise

Adherence assay,

probe for AAF I

EPEC EAF None Watery

diarrhea

Sporadic or endemic

disease,

institutional outbreaks

Dehydration,

nutritional

compromise

Probe for EAF

adherence

STEC

(EHEC)

EAF Shiga-

toxins

Bloody

diarrhea

Sporadic, outbreaks,

foodborne

HUS Probe for shiga-

toxins

EIEC EAF Watery or
bloody

diarrhea

Sporadic or endemic Bloody diarrhea Probe for invasin

AAF, adherence fimbriae; CFA, colonizing fimbriae; EAEC, enteroaggregative E. coli; EAF, EPEC adherence factor; EAST, E. coli

aggregative secretory toxin; EHEC, enterohemorrhagic E. coli; EIEC, enteroinvasive E. coli; EPEC, enteropathogenic E. coli; ETEC,
enterotoxigenicE. coli; HUS, hemolytic uremic syndrome; LT, heat labile toxin; ST, heat stable toxin; STEC, Shiga-toxin producingE. coli.
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that cause small bowel diarrheas, therefore, may stimulate
secretion in the small bowel enterocytes anddisrupt absorp-
tion of fluid in the small bowel. The resulting diarrhea has a
large volume, and is watery and dehydrating. It is repeated
episodes of small bowel diarrheas that lead to small bowel
dysfunction and malnutrition in children in the developing
world. The colon serves to foster additional absorption of
water from the stool; the diarrhea produced by organisms
that infect the colon is typically less watery and of a smaller
volume.

ETEC which produce secretory diarrhea must first
colonize the small bowel where the secretory toxins will
act. ETEC do this by encoding for the production of
colonizing fimbriae (colonizing fimbrial antigens, or
CFA) that bind to receptors on the small bowel entero-
cytes or within the small bowel mucin. E. coli that produce
CFA but no toxin are able to colonize the small bowel but
are less likely to produce diarrheal disease. The ETEC
produce two major classes of secretory toxins which are
encoded on plasmids. E. coli that contain the plasmids that
encode either or both the heat labile (LT) and heat
stable (ST) toxins are categorized as ETEC and can
cause diarrheal disease. LT is actually a family of toxins
that are related in structure and mechanism of action to
the secretory toxin produced by Vibrio cholerae. LT act by
stimulating adenylate cyclase and increasing intracellular
cyclic AMP which activates secretory processes in the
small intestinal cell. The increased levels of cyclic AMP
initiate secretion of chloride from the intestinal crypt cells
and inhibit the absorption of sodium chloride in the cells
at the tips of the intestinal villi. These alterations are
followed by secretion of water. There are also two STs
that produce diarrheal disease, STa and STb, but only
STa is associated with human disease. STb produces
diarrheal disease in piglets. ST activates cyclic GMP
which also results in the secretion of chloride and the
inhibition of sodium chloride absorption with the secre-
tion of water into the small bowel.

EPEC produce diarrheal disease by initiating a three-
step process in which the organisms adhere to the intes-
tine in a specific, localized fashion to initiate disease. The
genes encoding these attaching factors are on a pathoge-
nicity island LEE (locus of enterocyte effacement) within
the EPEC organism. One of the proteins secreted by
EPEC organisms is Tir, which becomes incorporated in
the host cell membrane and serves as the receptor for
the more intimate attachment of EPEC organisms to the
enterocyte. This more intimate attachment allows for pro-
tein delivery to the enterocyte (see below) with the initia-
tion of enterocyte signal transduction. Alterations in signal
transduction in the enterocyte resulting fromEPEC enter-
ocyte adherence include the mobilization of intracellular
calcium, the activation of protein kinase C, and myosin
light chain kinase, as well as the induction of the tyrosine
phosphorylation of proteins. The result of this signal trans-
duction pathway activation cascade is the classic attaching
and effacing lesion associated with EPEC. These lesions
combined with the organism’s ability to induce submuco-
sal inflammation and increase tight junction permeability
results, ultimately, in the secretion of water and electro-
lytes. EPEC do not produce proteins defined as classic
toxins; namely, molecules acting at a distance from their
source. However, EPEC do secrete proteins into culture
supernatants as well as directly into the enterocyte. These
proteins do not have any demonstrated impact on the
enterocyte when the enterocyte is exposed externally to
the protein, but when the protein is delivered directly
into the enterocyte, cell signaling is initiated. For example,
one secreted protein, EspF, disrupts intestinal barrier
function by increasing intestinal permeability; two other
secreted proteins, EspG and EspG2, inhibit luminal
chloride absorption by disruption of microtubules.
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The pathogenesis of diarrhea by the STEC also
requires a series of adherence events which are initially
similar to those induced by the EPEC with the formation
of attaching and effacing lesions. Similar to EPEC, STEC
secrete proteins (such as Tir) which enter the cell to
which the bacteria are attached. The toxin produced by
the STEC organisms also up-regulates the production of
another receptor for the organism on the surface of the
enterocyte. STEC may also utilize other mechanisms to
attach to the enterocyte membrane. After becoming estab-
lished on the enterocyte surface, STEC are distinguished
from EPEC by their production of one or more Shiga-
toxins (STx1 and/or STx2; these toxins are key contribu-
tors to disease). These Shiga-toxins are closely related to
the Shiga-toxin produced by Shigella dysenteriae. The toxin
has an A subunit which is enzymatically active and 5 B
subunits which promote binding of the toxin to the enter-
ocyte. The A subunit, an N-glycosidase, enters the cytosol
of the enterocyte where it cleaves a single adenine residue
from the 28s rRNA component of eukaryotic ribosomes
leading to cell death by disruption of protein synthesis.
The Shiga-toxins also appear to translocate across the
intestinal epithelial cell barrier without killing these
cells, stimulate an inflammatory response, and enter the
systemic circulation where they target select endothelial
cells (intestinal, renal, central nervous system) bearing
STx receptors. The resulting vascular damage and inflam-
mation may lead to the most severe expression of STEC
disease, namely, bloody diarrhea and HUS. HUS occurs, at
least in part, due to renal endothelial damage and is
defined as a clinical triad consisting of renal failure, micro-
angiopathic hemolytic anemia, and thrombocytopenia
that can be severe enough to result in death.

EAEC also cause diarrheal disease through attachment
to enterocytes; these organisms were originally recog-
nized by their distinctive ‘cascading, brickwork’ adher-
ence to cells in tissue culture. This adherence pattern
has also been noted in intestinal biopsies of children
with EAEC disease and is not just an in vitro phenomenon.
EAEC express aggregative adherence fimbriae 1 and 2
(AAF 1 and AAF 2). These adherence fimbriae are present
onmany, but not all, of the EAEC associatedwith diarrheal
disease. The genes for these fimbriae are encoded on a
virulence plasmid. It is believed that a package of viru-
lence factors is necessary for the production of diarrheal
disease by the EAEC and that the expression of this pack-
age is under the control of AggR, a transcriptional regula-
tor. EAEC has also been noted to contain a toxin called
E. coli aggregative secretory toxin 1 (EAST 1), but the
association of this toxin with diarrheal disease is unclear.

The EIEC are closely related to the Shigella and use
genetic material similar to that of Shigella to encode
virulence factors. The EIEC cause diarrheal disease that
is clinically indistinguishable from shigellosis. Using
virulence proteins termed ‘invasins,’ the EIEC enter the
intestinal cell, multiply intracellularly, and extend into
adjacent intestinal cells leading to cell death and occasion-
ally bloody diarrhea. However, most EIEC disease presents
clinically as watery diarrhea, and cannot be distinguished at
the bedside from the numerous other etiologies of diarrhea.

Other putative classes of E. coli that have been sug-
gested as etiologies of diarrheal disease include diffusely
adherent E. coli (DAEC) as well as E. coli secreting a
cell-detaching factor, cytotoxic-necrotizing factor, or
cytolethal-distending toxin. In each case, limited data
suggest these strains may contribute to human disease.
Diagnosis

While E. coli may be easily cultured from stool with usual
bacteriologic techniques, whether the E. coli that grow in
these cultures are commensal or are pathogens that may
be responsible for an episode or outbreak of diarrheal
illness cannot be determined from culture alone. Initially,
groups of E. coli associated with diarrheal disease were
identified by serogroups, and, in fact, specific serogroups
can be associated with certain classes of pathogenic E. coli
and their ability to cause diarrheal disease. However,
serogroup does not precisely correlate with virulence
factors or virulence capabilities, so E. coli strains with one
serogroup may contain different virulence factors or no
virulence traits at all. In addition, identification of E. coli
capable of causing diarrhea spurred the development of
biological assays that could detect specific classes of E. coli
causing diarrhea. Originally ETEC STwas detected when
culture supernatants injected into the stomach of a suck-
ling mouse led to the accumulation of fluid in the gut of
this model after several hours. ETEC that produce LT
were detected in the rabbit ileal loop model, which was
originally developed to detect cholera toxin. In this model,
culture supernatants of the organisms of interest were
injected into ligated segments of rabbit ileum and assessed
for accumulation of fluid at 18 h. EPEC and EAEC were
originally detected by their unique patterns of adherence
(i.e., localized and ‘brickwork, cascading,’ respectively) to
tissue culture cells. STEC were initially detected on a
selective agar, as these strains do not ferment sorbitol and
appear colorless on sorbitol agar, while non-STEC appear
pink as they ferment sorbitol. However, this method detects
only one serogroup of STEC, the EHEC O157:H7. Other
strains that harbor the geneticmaterial to encode the Shiga-
toxins and that also may produce endemic diarrhea, as well
as outbreaks of diarrhea, are sorbitol fermentors and cannot
be identified by this method. Currently, molecular methods
exist to detect ETEC, EAEC, EPEC, STEC, and EIEC;
however, with the exception of the use of sorbitol agar or the
methodology to detect STEC (usually based on STx
enzyme immunoassay), these methods are used only in
research laboratories and are not available for clinical



Escherichia coli 457
diagnosis. In general practice, the health-care providermust
be aware of the potential for any one of a number of types of
E. coli to cause diarrheal disease, but the individual provider
does not have the means to identify these organisms. When
outbreaks of undiagnosed diarrheal disease occur, practi-
tioners should enlist the aid of their local or state public
health departments in diagnosis and management.
Treatment

In the dehydrating diarrheas such as that caused by the
ETEC, the lack of adequate rehydration or maintenance
of hydration can be life threatening. The recognition
that glucose-linked sodium absorption remained intact
in the setting of secretory diarrhea was instrumental in
the development of oral interventions for the dehydrating
diarrheal diseases. The single most important treatment
for dehydrating diarrheal disease remains oral rehydra-
tion therapy (ORT). For ETEC illnesses, which are both
dehydrating and self limited, ORT can be life saving and,
in the majority of cases, is sufficient therapy (Table 2).
Antibiotics are not usually necessary to treat watery diar-
rheas, although the use of antibiotics (e.g., in severely ill
or immunocompromised patients) can shorten the dura-
tion of diarrheal illnesses and the amount of fluid lost.
Table 2 Composition of oral rehydration therapy

Reduced osmolarity
ORT G/L

Reduced
osmolarity ORT mmol/L

Sodium chloride 2.6 Sodium 75

Glucose, anhydrous 13.5 Chloride 65
Potassium chloride 1.5 Glucose, anhydrous 75

Trisodium citrate,

dihydrate

2.9 Potassium 20

Citrate 10
Total osmolarity 245

Composition of standard and reduced osmolarity ORT solutions

Standard
ORS solution

Reduced osmolarity
ORT solutions

(mEq or
mmol/L)

(mEq or
mmol/L)

(mEq or
mmol/L)

(mEq or
mmol/L)

Glucose 111 111 75–90 75

Sodium 90 50 60–70 75
Chloride 80 40 60–70 65

Potassium 20 20 20 20

Citrate 10 30 10 10

Osmolarity 311 251 210–260 245

There is controversy regarding the ideal composition of oral

rehydration therapy, or ORT. Hypernatremia has occurred when

traditional, high-osmolarity ORT has been given. There is also

concern that higher osmolarity ORT may result in longer duration
of diarrhea as well as more failures, resulting in the need for

intravenous hydration. The WHO now recommends a revised

formulation which is a reduced osmolarity (245mOsm/L) ORT.
Antibiotics may be necessary in some of the persistent E.
coli diarrheas and have been shown to be indicated and
beneficial in EPEC diarrhea and in EAEC diarrhea in
travelers and in HIV-infected adults. One of the concerns
about using of antibiotics is that diarrheal illnesses are
common – so common that routine treatment of diarrheal
illnesses with antibiotics would result in a tremendous
increase in the use of antibiotics with the potential to
promote bacterial resistance to common and needed anti-
biotics. E. coli have developed resistance to many of the
common and inexpensive antibiotics such as ampicillin
and trimethoprim-sulfamethoxazole. Overuse of antibio-
tics promotes other adverse effects including increased
allergic reactions such as skin rashes or overgrowth of
resistant bacterial organisms due to disruption of the nor-
mal enteric flora such as Clostridium difficile which may
cause colitis. In special situations, travelers who have
acute watery diarrhea or individuals with cardiovascular
disease or difficult-to-control inflammatory bowel disease
may be treated with short-course antibiotics which would
be expected to be active against ETEC organisms. Cur-
rently the fluoroquinolones are used most commonly in
this setting; the macrolides (e.g., azithromycin) have also
been shown to be effective. There is recent interest in the
use of nonabsorbable antibiotics such as rifaximin which
can effectively treat watery diarrheal disease without hav-
ing any systemic effects. Rifamaxin is approved by the
Food and Drug Administration in the United States only
for the treatment of noninflammatory diarrhea. Antimoti-
lity agents such as loperamide have also been used safely in
the treatment of noninflammatory, watery diarrheas; these
agents decrease the normal peristaltic contractions of the
gut and lead to less frequent expulsion of watery stool. The
use of antimotility agents may lead to local passive absorp-
tion of the diarrheal fluid which is retained in the gut, thus
decreasing the risk of dehydration. However, the pooling
of the diarrheal fluid in the gut may also lessen the aware-
ness of how much fluid is still being secreted by the
intestine, as it is not being purged and the consequences
of intravascular depletion of fluid may still occur.

Other nonantibiotic treatments have also been studied.
Attempts to treat ETECor other dehydrating diarrheaswith
toxin-binding agents have been relatively unsuccessful; the
use of bismuth subsalicylate is somewhat successful but
requires large quantities of bismuthwhichmay be dangerous
in selected situations, such as pregnancy. The use of probio-
tics as treatment for the watery, bacterial diarrheas has been
unsuccessful, although adequately powered, well-controlled
randomized trials have not been performed.

In the more persistent diarrheas caused by EPEC
and EAEC, there are few data to suggest optimal treat-
ment. Randomized trials have suggested that HIV-
infected adults with EAEC and persistent diarrhea
respond to treatment with antibiotics; children with pro-
longed EPEC have not been studied in a controlled
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fashion but also appear to respond to antibiotic therapy. In
the bloody diarrheas, there is controversy about the use of
antibiotics as empiric therapy; empiric decisions to treat
with antibiotics ideally should be based, in part, on knowl-
edge of the local epidemiology of Shigella and STEC
infections. In the case of the STEC the use of antibiotics
appears to be associated with an increased incidence of
HUS and, therefore, contraindicated; whereas treatment
of shigellosis is recommended to limit the public health
impact of this low-inoculum, readily transmissible infec-
tion. Maintaining nutritional status during the course of a
diarrheal illness is also a critical part of treatment.
Consequences/Long-Term Sequelae

In general, bacterial diarrheal illnesses, including that
caused by the E. coli, are presumed to be relatively acute,
self-limited events. However, emerging evidence begins
to suggest that there may be a more substantial long-term
impact associated with childhood diarrheal disease. In the
short term, the major consequence of E. coli diarrhea, par-
ticularly that caused by the ETEC, is the risk of severe
dehydration, which if uncorrected may on occasion lead to
death, especially in young children. Acute diarrheal ill-
nesses caused by the STEC group of organisms, whether
or not they are members of the O157:H7 serogroup, may be
associated with HUS, an important cause of permanent
renal impairment, particularly in children.

Prolonged or recurrent diarrheal illnesses, including
those caused by any of the diarrheagenic E. coli, may be
associated with malnutrition, especially when these ill-
nesses occur in young children. Diarrheal illnesses that
occur as breast-feeding is supplanted by weaning foods,
which may be contaminated, are presumed to be part of the
vicious circle that leads to growth faltering. Children in the
first 6months of life who are breast-fed are protected from
common environmental contaminants such as pathogenic
bacteria and are the recipients of breast milk antibody,
which may be highly protective against E. coli organisms.
When weaning foods are introduced, the rates of diarrhea
illness in children increase dramatically and the 6months to
2 years age group has the highest risk of diarrheal disease.
Diarrheal disease during this periodmaycontribute to a low
weight for age, and, ultimately, a low height for age (stunt-
ing). Malnutrition appears to place children in this age
group at an increased risk for a greater diarrheal disease
burden: namely, more frequent, severe, and prolonged bouts
of diarrhea. For example, persistent diarrhea is more com-
mon in the malnourished child. Persistent diarrhea may be
caused by organisms able to persist within the intestinal
tract of a child or may be the result of intestinal dysfunction
induced by the combination of infectious enteric pathogens
and poor nutrition. Whatever the cause, persistent diarrhea
often leads to further nutritional compromise. This initiates
a vicious circle of diarrheal disease and malnutrition that is
difficult to disrupt. EPEC and EAEC are both notably
associatedwith persistent diarrheal disease. Of the diarrheas
that occur in children, estimates suggest that perhaps only
3% to 11% of diarrheal episodes become prolonged. How-
ever, these episodes may be very prolonged (persist for
months) so that children who have persistent diarrhea
may become seriously ill for a very prolonged period.
Nutritional compromise, once established, has a signifi-
cant impact on child health, and may result in additional
immune compromise, from micronutrient deficiencies,
poor skin turgor, low energy and fatigue, and a general
susceptibility to additional infectious diseases.

More recently, the concern has been raised that diar-
rheal disease in young children has a prolonged effect on
development, cognition, and ability to learn in school.
In studies of this kind, it is extremely difficult to assign
causality precisely because overall nutritional status,
micronutrient deficiencies, growth, and diarrhea are so
intertwined. However, the studies suggesting that early
childhood diarrhea predicts decreased cognitive function
with compromised school readiness and performance also
indicate that interventions to address or prevent diarrheal
disease and its sequelae (e.g., micronutrient deficiencies)
may result in significant beneficial outcomes.
Prevention/Control

While there is intriguing potential for vaccines to control
many of the diarrheal syndromes caused by the diarrhea-
genic E. coli, currently there is no E. coli vaccine imminently
ready for global testing or widespread use. The strategy
currently being explored for the majority of the diarrheal
vaccines under development is the oral route, which pro-
motes a direct immune response by the lymphoid tissue in
the intestine, as well as providing the most direct access to
the site of the pathogen–host interface. The development
of resistance to ETEC disease with increasing exposure
and age and the protection of breast-fed infants by mater-
nal antibody (in humans and animals) suggests that ETEC
are a group of E. coli that are amenable to control by
vaccination. Because the burden of ETEC diarrhea is so
large throughout the world, ETEC are an important target
for vaccine development. Effective vaccine development is
hampered by serotype specificity of immunity to ETEC
colonization antigens and the nonimmunogenicity of the
STa toxin. Thus, vaccine efforts focus on development of
immunogenic vaccines comprised of the LT toxin (or its b
subunit), on colonization factors of greatest epidemiologic
importance in developing countries, and on the potential
limited immunogenicity of vaccines in very young chil-
dren. Although the development of vaccines against the
STEC, especially the EHEC, is also desirable, and
although studies have demonstrated immunogenicity of



STx in animal models, initial efforts will likely be directed
at Shigella – especially Shigella dysenteriae that express Shiga-
toxin; Shigella infections are far more common globally than
EHEC infections. Vaccination of cattle to prevent carriage
of STEC is a potential alternative to diminish the trans-
mission of EHEC.

Plans to prevent or control diarrheal illnesses caused
by E. coli must be multidisciplinary. Socioeconomic status,
availability of fresh water, adequate food, hand washing,
safe storage of water, food storage to prevent bacterial
contamination of food, and education of parents or care
providers for the children are all key elements in prevent-
ing these diarrheal diseases. Socioeconomic status of the
family is important, but the economic status of the coun-
try or region where the family lives is also crucial, as the
status of sanitation and the availability of water depend
not only on the individual but on the environment in
which they live. Measures to control diarrheal diseases
caused by E. coli will also assist in the control of multiple
other diarrheal disease pathogens. Achieving these major
steps forward in public health globally requires enhanced
political and economic will that can and must be promot-
ed by public health practitioners.

See also: Bacterial Infections: Overview; Foodborne

Illnesses: Overview; Intestinal Infections: Overview; Shig-

ellosis.
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Introduction the hollow, muscular tube that transports food and liquid
Esophageal cancer is a malignant tumor that develops in
the inner layers of the mucosal lining of the esophagus,
from the pharynx to the stomach (Figure 1). The length of
the esophagus in a normal adult is approximately 25 cm or
about 10 inches. There are two major types of esophageal



Figure 1 Illustration of the digestive tract including the
esophagus. Illustration from the National Cancer Institute,

Bethesda, MD.
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cancer, squamous cell carcinoma of the esophagus (SCCE)
and adenocarcinoma of the esophagus (ACE), which share
a poor prognosis but have rather distinct histopathologic
and epidemiologic profiles. SCCE, which can arise in any
part of the esophagus, arises from thin, flat, squamous cells
that line the esophagus. ACE, usually found in the lower
part of the esophagus near the stomach, forms in glandular
cells (not normally present in the lining of the esophagus)
that replace a section of squamous cells, a condition called
Barrett’s esophagus. Although the risk of ACE in patients
with Barrett’s is small (less than 1% per year), people with
Barrett’s esophagus are estimated to be at a 30-fold to
125-fold higher risk of developing ACE than people who
do not have this condition.
Demographic Features

Incidence and Mortality Rates

Esophageal cancer is known for its marked variation by
geographic region, ethnicity, and gender. The most recent
estimates of global cancer incidence indicate that esopha-
geal cancer is the eighth most frequent cancer in the
world (some 315 000 new cases a year in men and
147 000 in women), but because of its poor prognosis, it
is the sixth most common cause of cancer death (261 000
deaths a year among men and 125 000 among women)
(Ferlay et al., 2004). Fatality rates are so high that age-
standardized rates per 100 000 are generally comparable
for incidence (11.5 for men, 4.7 for women) and mortality
(9.9 for men, 3.9 for women). Some of the highest mortal-
ity rates in both men (Figure 2a) and women (Figure 2b)
occur in the ‘Asian esophageal cancer belt,’ which stretches
from northern Iran and central Asia (including Turkmeni-
stan and Kazakhstan) into northern and western China. No
population-based tumor registries operate in this region,
and true incidence rates are unknown. Other areas of high
mortality are found in southern and eastern Africa.
Incidence Trends and Patterns

International differences in esophageal cancer incidence
rates are striking (Figure 3). Recent esophageal cancer
rates varied by almost sevenfold among males, from
17.2 cases per 100 000 population per year in Calvados,
France to 2.5 in Israel. Rates were also relatively high
among men in Japan (14.4), Bas-Rhin, France (13.6),
Scotland (11.6), and U.S. Blacks (10.7).

Recent rates among females varied over 20-fold, from
6.6 in India to 0.3 in Spain. Rates were also relatively
high in Scotland (5.5), China (4.2), U.S. Blacks (3.5), and
England (3.4). The ranking of rates among females did not
mirror that among males, but rates in all areas were higher
in males than in females. Male:female rate ratios varied
from less than 2 in India and China to more than 6 in
Japan, Italy, and Calvados, France and more than 10 in
Spain, Bas-Rhin, France, and Slovakia. Rates in all popu-
lations rose consistently with age (Parkin et al., 2005).

Among men, incidence rates declined by 24–60% over
most of the period 1973–1977 to 1993–1997 in U.S. Blacks,
France, Italy, India, China, and Singapore; increased by
20–98% in U.S. Whites, Australia, Scotland, England, Den-
mark, and Norway; and more than doubled in Slovakia.

Although rates among females tended to fluctuate
more over time due to the smaller number of cases, the
trends were broadly similar to those in males. Incidence
rates fell by 27–65% in U.S. Blacks, India, China, and
Singapore, whereas they rose 21–83% in Scotland,
England, Denmark, Norway, and Slovakia.

These divergent incidence trends and patterns reflect
the changing frequencies of SCCE and ACE. Incidence of
SCCE, which tends to be higher in developing countries
and U.S. Blacks, appears to be falling, whereas the inci-
dence of ACE, which tends to be higher in more devel-
oped countries and in U.S. Whites, has been steadily
increasing. Examples of these trends are presented in
Figure 4, which demonstrates the impact of changing
rates of SCCE and ACE on total esophageal cancer rates



< 1.6(a) < 2.9 < 5.4 < 8.6 < 27.4

< 0.6(b) < 0.8 < 1.5 < 4.1 < 16.1

Figure 2 International variation in esophageal cancer mortality rates in 2002 (per 100 000 person-years, age-standardized
to the world population) among males (a) and females (b). Figure generated from Ferlay J, Bray F, Pisani P, and Parkin DM

(2004) GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence Worldwide. IARC Cancer Base No. 5. version 2.0. Lyon,

France: IARC.
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among U.S. black and white men over the time period
1974–78 to 1999–2003.

Rates per 100 000 among U.S. Blacks peaked at 21.6 in
1979–83 and then began a marked decline, reaching 10.7
in 1999–2003. Rates per 100 000 among white men, how-
ever, increased steadily from 5.7 in 1974–78 to 8.2 in
1999–2003. The dramatic decrease in total esophageal
cancer rates for black men was driven by the 54.7% drop
in the incidence of SCCE (from 19.0 in 1979–83 to 8.6
in 1999–2003), which is more than eight times as com-
mon as ACE in Blacks. The incidence of SCCE also
decreased 50% among white males (from 3.8 in 1974–78
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Figure 4 Trends in male esophageal cancer incidence rates

(per 100000 man-years, age-standardized to the U.S. 2000

population) in nine Surveillance Epidemiology and End Results
(SEER) areas in the United States by race and type from 1974–78

to 1999–2003. SCCE, squamous cell carcinoma of the

esophagus; ACE, adenocarcinoma of the esophagus. Based on

data from Surveillance, Epidemiology, and End Results (SEER)
Program (www.seer.cancer.gov) SEER*Stat Database:

Incidence – SEER 9 Registries Limited-Use, Nov. 2004 Sub

(1973–2003), National Cancer Institute, DCCPS, Surveillance

Research Program, Cancer Statistics Branch, released April
2006, based on the November 2005 submission.

Table 1 Risk and protective factors for esophageal cancers

by type

Factors SCCE ACE

Alcohol use þþþ þ
Tobacco use þþþ þþ
Dietary deficiencies þþ 0

High fruit and vegetable intake þþ þþ
Hot food and beverages þþ 0

Other high-risk foods þ 0

Barrett’s esophagus 0 þþþ
Gastroesophageal reflux disease 0 þþþ
Obesity/high body mass index (BMI) �� þþþ
Helicobacter pylori prevalence þ/� �
Human papilloma virus þ 0
Other medical conditions þþ 0

Aspirin/NSAID use �� ��
Radiotherapy þþ þþ
Poverty/low socioeconomic status þþ þ

SCCE, Squamous cell carcinoma of the esophagus; ACE,

adenocarcinoma of the esophagus; NSAID, Nonsteroidal anti-

inflammatory drug.

Risk factor:þþþ (strong and well documented);þþ (medium);þ
(weak/not well documented).

Protective factor: ��� (strong and well documented); �� (medi-

um); � (weak/not well documented).

No documented relationship: 0.
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to 1.9 in 1999–2003). In contrast, among white males, the
incidence of ACE rose almost seven-fold from 0.8 in
1974–78 to 5.5 in 1999–2003. With the decrease in
SCCE and the increase in ACE, the rates for ACE
among white men surpassed those for SCCE during the
period 1989–93. Rates of ACE among black men more
than doubled over the past three decades; however, the
rates of SCCE remain considerably higher.
Etiologic Factors

The established or suspected risk or protective factors for
SCCE and ACE are listed in Table 1 and explained in
greater detail below.
Alcohol Use

There is strong epidemiologic evidence that excessive
consumption of alcoholic beverages is a major cause
of SCCE, especially in Western populations. In some
developing countries with exceptionally high rates of
SCCE, including parts of Africa, Iran, and China, alcohol
drinking historically had not been shown to be a risk factor.
However, alcohol has recently been identified as a risk
factor in southern India, Hong Kong, and Shanghai,
China. Although only a few studies have investigated eso-
phageal cancer risk associated with alcohol use among
nonsmokers, the dose–response gradient for alcohol con-
sumption remains strong when analyses are restricted to
lifelong nonsmokers. Variability in risk by type of alco-
holic beverage is thought to reflect drinking habits that are
culturally or economically determined. Generally, the
beverage most frequently consumed by the population is
the one most strongly associated with the risk of SCCE.
The formerly widespread habit of drinking hot alcoholic
beverages, particularly hot calvados, in France, probably
contributed both to the higher rates of SCCE there than
among men in other European countries and to the recent
downward trends in incidence depicted in Figure 3.
Although alcohol is strongly related to the risk of SCCE,
the mechanisms responsible for its carcinogenicity have
not been identified but may include acting as a local
chronic irritant, promoting dietary deficiencies, and en-
hancing susceptibility to the effects of tobacco or other
carcinogens, or the role of acetaldehyde (a metabolite of
alcohol and a recognized animal carcinogen).

Alcoholic beverage consumption appears to play at
most a minor role in the etiology of ACE.

http://www.seer.cancer.gov
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Tobacco Use

Tobacco use, regardless of form, is a major risk factor for
SCCE in most parts of the world. Significant positive
trends in risk have been associated with both the inten-
sity and the duration of cigarette smoking. Reductions in
risk in the neighborhood of 50% have been seen for ex-
smokers compared to current smokers, along with an
inverse effect with time since cessation of smoking. In
addition to traditional cigarettes, cigars, pipes, snuff, and
chewing tobacco, elevated risks have also been found in
India associated with smoking bidi (native cigarettes of
coarse tobacco in a dry termburni leaf) and the chewing
of pan (a mixture of betel leaf, sliced areca nut, and
aqueous shell lime) and pan-tobacco. In South America
and Europe, lower risks of SCCE have been reported
among smokers of blond rather than black tobacco; the
smoke of black tobacco contains higher levels of carcino-
gens and mutagens. A number of known or suspected
carcinogens such as nitrosamines, benzo[a]pyrene, and
benzene have been identified in tobacco smoke, but the
specific agents responsible for SCCE and their mechan-
isms of action are not clear. It is likely that declines in the
prevalence of smoking since the 1960s, especially among
men in the United States, may have contributed to the
downward trends of SCCE (Brown and Devesa, 2002).

In Western Europe and North America, 80 to 90%
of the risk of SCCE has been attributed to use of alcohol
and tobacco. Alcohol and tobacco appear to act indepen-
dently, with the importance of each factor depending
on characteristics of the population. Alcohol seems
to be more important in a population of heavy drinkers,
whereas tobacco appears to be more important in a
population of heavy smokers. In most studies, the
highest risk of SCCE is seen in heavy consumers of
both alcohol and tobacco, often consistent with a multi-
plicative interaction. For a public health standpoint, it is
clear that reduction in alcohol and tobacco use would
markedly lower the incidence of SCCE (Brown et al.,
2001).

Although smoking is a less potent cause of ACE than
SCCE, elevated risks of ACE have been documented,
especially among heavy smokers. Contrary to the findings
for SCCE, smoking cessation does not appear to diminish
risk; ACE risk remains elevated 30 or more years after
stopping smoking.
Dietary Factors

Deficiencies

The variations in SCCE incidence around the world have
been linked to dietary insufficiencies. Historically, SCCE
has been linked to Plummer-Vinson syndrome, which is
associated with vitamin and iron deficiencies, and to
celiac disease, a malabsorption syndrome often character-
ized by malnutrition. However, in some populations it has
been difficult to disentangle the influence of dietary fac-
tors from the more potent effects of alcohol and tobacco.
Consumption of alcoholic beverages and tobacco pro-
ducts can interfere with the intake and metabolism of a
variety of nutrients and can also be sources of N-nitroso
compounds that may increase the risk of SCCE.

Fruit and vegetable intake
The most consistent dietary finding for SCCE has been
the protective effect of consumption of fruits and vegeta-
bles, especially those eaten raw, which contain a variety of
micronutrients and dietary components. Studies have sug-
gested a protective effect of vitamin C, which blocks the
endogenous formation of N-nitroso compounds. Other
nutrients which may be protective include alpha- and
beta-carotene, lycopene, folate, vitamin E, vitamin B6,
vitamin B12, zinc, selenium, and flavonoids.

Various foods, food groups, and nutrients have also
been related to the risk of ACE, but the most consistent
finding is a protective effect of fruits, vegetables, and fiber.
Nutrients that may be protective against ACE include
vitamin C, vitamin E, beta-carotene, vitamin B6, vitamin
B12, and folate.

Other foods and beverages

A number of studies have suggested that excess risks of
SCCE may be associated with consumption of burning
hot soup, gruel, porridge, tea (especially mate), and other
beverages in various populations around the world.

Suspected risk factors for SCCE include foods that are
sources of heterocyclic amines formed during cooking
(e.g., barbecued or fried meats, especially red meat) or
N-nitroso compounds or their precursors nitrates and
amines (e.g., cured or processed meat, moldy breads and
cereals, pickled vegetables, and salted fish).
Medical Conditions and Treatments

Gastro-esophageal reflux disease
The reflux of gastric acid into the esophagus, which
commonly presents as chronic heartburn, in gastro-
esophageal reflux disease (GERD) may stimulate the
esophageal mucosa to develop metaplastic columnar epi-
thelium, which is characteristic of the ACE precursor
lesion, Barrett’s esophagus, found in almost all patients
with ACE. No clear association has been found between
drugs used to treat GERD and the risk of ACE (Blot et al.,
2006).

Obesity
Populations at high risk for SCCE tend to be poorly
nourished. Within a population, risk tends to increase as
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body mass index (BMI) (weight in kg/height in meters2)
decreases.

In contrast, risk of ACE tends to increase as BMI rises,
with clinically obese individuals (BMI> 30) having a
substantially higher risk of ACE than individuals of nor-
mal or lower weight (BMI< 25). Data emerging from
recent studies suggest that the relationship with obesity
may account for part of the upward trend in ACE inci-
dence (Kubo and Corley, 2006). Although the exact mech-
anism is unclear, it may be related to the higher
prevalence of GERD in obese individuals.
Helicobacter pylori

Infection with H. pylori, a risk factor for stomach cancer,
appears to be associated with a reduced risk of ACE.
Whether H. pylori infection is related to risk of or protec-
tion from SCCE is unclear. Further investigations are
needed to determine whether the decreasing prevalence
of H. pylori infection may be related to the upward trend
for ACE (Blot et al., 2006).
Other medical conditions and treatments

The possible role of human papilloma virus (HPV) infec-
tion in the etiology of SCCE has been controversial. It
appears to be related to SCCE risk in areas with excep-
tionally high incidence of esophageal cancer such as
China, Iran, South Africa, and South American, but not
in the United Kingdom or North America. Increased
SCCE risks have been reported with chemical injuries to
the esophagus and with medical conditions such as perni-
cious anemia, achalasia, some autoimmune diseases, and
following gastrectomy. Regular use of aspirin and other
non-steroidal anti-inflammatory drugs (NSAIDs) appears
to be related to a reduced risk of both SCCE and ACE.
Exposure to ionizing radiation, particularly among women
who received radiotherapy for breast cancer, has been
linked to excess risks of both SCCE and ACE.
Poverty/Low Socioeconomic Status (SES)

The highest rates of SCCE are generally found in
impoverished areas of the world. Within a population,
the risk of SCCE is greatest among those with the lowest
SES. Low SES, whether measured by education, income,
or occupation, is a surrogate for a set of complex lifestyle
and environmental factors (e.g., poor living conditions,
exposure to infectious or chemical agents, workplace
hazards, poor nutrition, cigarette smoking, excessive alco-
hol consumption, and limited access to medical care).

Low SES has also been related to excess risk of ACE,
but the effect is less pronounced than for SCCE.
Diagnosis

Signs and Symptoms

Symptoms of esophageal cancer generally do not appear
until the tumor has grown large enough to obstruct part of
the esophagus. The most common sign of esophageal
cancer is dysphagia or difficulty swallowing solids or
liquids. As the tumor grows and becomes locally invasive,
additional symptoms may include:

. Odynophagia (painful swallowing)

. Regurgitation of food

. Indigestion and heartburn

. Weight loss

. Chest pain behind the sternum (unrelated to eating)

. Hoarseness

. Cough

. Vomiting blood.
Diagnosis and Staging Tests

Tests to rule out esophageal cancer include:

. A barium-swallow examination (also called an upper GI
series or esophagogram): the patient drinks a barium
solution, which coats the surface of the esophagus so
that any irregularities on the lining of the esophagus
show up when a series of X-rays are taken.

. Upper endoscopy (also called esophagoscopy): a thin,
flexible, lighted tube (called an endoscope or esophago-
scope) with a camera on the end is passed through the
mouth or nose and down the esophagus to look for
abnormal areas. If an abnormal area is found, a biopsy
specimen will be taken and examined for signs of cancer.

Once a diagnosis of esophageal cancer has been con-
firmed, the doctor will need to perform staging tests,
important in determining treatment, to ascertain whether
cancer cells have spread within the esophagus or metas-
tasized outside the esophagus to nearby organs and lymph
nodes. Common staging tests and procedures may
include:

. Computed tomography (CT) or computerized axial
tomography (CAT): a series of detailed X-ray pictures
are taken at different angles inside the body and
integrated by a computer to produce three-dimensional
images.

. Ultrasonography (also called ultrasound): high-energy
sound waves or ultrasound are bounced off internal
tissues (including lymph nodes) or organs, forming a
picture called a sonogram.

. Endoscopic ultrasound (EUS) (also called endosono-
graphy): an endoscope with a small ultrasound probe
on the tip that bounces sound waves off the walls of the
esophagus is passed through the mouth and into the
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esophagus. This procedure is very good at determining
the depth of the tumor in the esophageal wall and
whether adjacent lymph nodes are involved.

. Positron emission tomography (PET) scan: a small
amount of radioactive glucose is injected into a vein.
The scanner makes detailed pictures of where the
glucose is used in the body. Since the glucose is taken
up more rapidly by cancer cells than normal cells in the
body, it can be used to pinpoint cancer cells.

. Magnetic resonance imaging (MRI): intense magnetic
fields and radio-frequency waves are used to provide
real-time, three-dimensional views of the human body.

. Other procedures sometimes used for staging include
thoracoscopy, laparoscopy, bronchoscopy, and laryn-
goscopy.
Table 2 Five-year relative survival among patients

diagnosed with esophageal cancer in the United States and

Europe

Year of diagnosis U.S. Whitea U.S. Blacka Europeb

1973–1977 5.7% 2.4% NA

1978–1984 7.1% 4.6% 5%

1985–1989 10.7% 7.7% 9%
1990–1994 13.9% 9.5% 9%

1995–1999 15.3% 9.3% 12.3%

aBased on unpublished data from Surveillance, Epidemiology,
and End Results (SEER) Program (www.seer.cancer.gov) SEER*-

Stat Database: Incidence – SEER 9 Registries Limited-Use, Nov

2004 Sub (1973–2003), National Cancer Institute, DCCPS, Sur-
veillance Research Program, Cancer Statistics Branch, released
Treatment

Treatment for esophageal cancer is determined by:

. The stage of the cancer, which ranges from Stage 0
(carcinoma in situ), in which cancer is confined to the
innermost lining of the esophagus, to Stage IV (meta-
static cancer), in which the cancer has spread to distant
organs.

. The size of the tumor.

. The general health of the patient.

Cure is possible if the cancer is diagnosed at an early
stage and the patient is healthy enough to undergo sur-
gery. Unfortunately, symptoms usually do not occur until
the tumor is large; therefore, most patients present with
locally advanced or metastatic disease. For these patients,
cure is unlikely; the goal of treatment is generally to
relieve or palliate symptoms and prolong survival. The
treatments used to treat early esophageal cancer are sur-
gery, radiation, and chemotherapy or some combination
thereof. These treatments can also be used to relieve
symptoms and reduce pain.
April 2005, based on the November 2004 submission. Data from

nine population-based registries in Connecticut, New Mexico,

Utah, Iowa, Hawaii, Atlanta, Detroit, Seattle-Puget Sound, and
San Francisco-Oakland. Rates are based on follow-up of

patients through 2003.
b1978–84 data based on data from Berrino F, Sant M,

Verdecchia A, et al. (eds.) (1995) Survival of Cancer Patients in

Europe: The EUROCARE Study. IARC Scientific Publications
No. 132. Lyon, France: IARC; 1985–89 data from Berrino F,

Capocaccia R, Coleman MP, et al. (eds.) (1999) Survival of Can-

cer Patients in Europe: The EUROCARE-2 Study. IARC Scientific
Surgery

The most common treatment for esophageal cancer is the
surgical removal or resection of the cancerous part of the
esophagus and the nearby lymph nodes, a procedure
called esophagectomy. There is a significant mortality
following major esophageal resections unless done in a
specialized center.
Publications No. 151. Lyon, France: IARC; 1990–1994 data
based on data from Coleman MP, Gatta G, Verdecchia A, et al.

(2003) EUROCARE-3 summary: Cancer survival in Europe at the

end of the 20th century. Annals of Oncology 14 (Suppl. 5):

128–149; 1995–99 data based on data from Berrino F, De Angelis
R, Sant M, et al. (2007) Survival for eight major cancers and all
Chemotherapy

Chemotherapy involves the oral or intravenous use of drugs
to kill or inhibit the growth of esophageal cancer. Chemo-
therapy by itself will not cure esophageal cancer, but it is
often used in combination with surgery and/or radiation. It
can be given pre- and post-operatively.
Radiation Therapy

External radiation therapy is commonly used to treat
esophageal cancer by using a beam of high-energy rays
to shrink the tumor and kill the cancer cells. Radiation
therapy alone will not cure esophageal cancer. It is often
combined with surgery and/or chemotherapy.
Survival
Five-year relative survival is an estimate of the chance of
surviving the effects of cancer five years after diagnosis. It
is calculated by adjusting the survival rate to remove all
causes of death except cancer. Although survival among
patients diagnosed with esophageal cancer is poor, signif-
icant improvements in five-year relative survival in the
United States and Europe have occurred over the past
three decades (Table 2). Five-year relative survival for
those diagnosed during 1995–99 was substantially higher
for U.S. Whites than for U.S. Blacks (15.3% vs. 9.3%).
Survival is similar for patients with SCCE and ACE.

http://www.seer.cancer.gov
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There is a strong decreasing gradient in survival with
increasing extent of disease at diagnosis for all esophageal
cancer patients. Recent five-year survival rates for U.S.
patients diagnosed with esophageal cancer ranged from
34% for those with localized disease to 17% for regional
disease to 3% for distant disease (Ries et al., 2006).

Pooled estimates of five-year relative survival from up
to 23 European countries have generally been similar to
the five-year relative survival among U.S. Blacks, but the
most recent results for Europe suggest a value intermedi-
ate between U.S. Blacks and Whites (Table 2). There
appears to be substantial variation in the five-year relative
survival among residents of developing countries when
compared to U.S. rates during the same time periods
(Sankaranarayanan et al., 1998). For example, survival
rates of 4% among residents of Quidong, China and
Chiang Mai, Thailand diagnosed during 1982–91 and
1983–92, respectively, were lower than comparable rates
among U.S. Blacks; survival rates of 7% among residents
of Madras, India diagnosed during 1984–89 were similar
to survival rates among U.S. Blacks; and survival rates of
11% among residents of Shanghai, China diagnosed dur-
ing 1988–91 resembled survival rates in U.S. Whites.

Public health significance and global importance

Esophageal cancer is the eighth most common cancer
worldwide and the sixth most common cause of cancer
death. It is a highly fatal tumor if not detected early and
treated aggressively with surgery, either alone or in com-
bination with radiotherapy and/or chemotherapy. There
is no cost-effective method for screening asymptomatic
patients; however, it is recommended that patients with
Barrett’s esophagus, the precursor condition for adeno-
carcinoma of the esophagus, undergo surveillance endos-
copy and biopsy. Decreasing use of alcohol, tobacco, and
very hot foods and beverages, and increasing intake of
fresh fruits and vegetables may lead to lower incidence of
squamous cell carcinoma of the esophagus in some popu-
lations. Reasons for the rapid rise in adenocarcinoma of
the esophagus, especially in several Western populations,
remain elusive but may be related to epidemic increases
in the proportion of obese adults and the subsequent
increases in gastro-esophageal reflux disease. Treatment
is generally palliative rather than curative, because most
esophageal cancers are not detected until the tumor has
grown large enough to inhibit swallowing, at which point
it is not usually susceptible to radical surgery of curative
intent. Reduction in the burden of esophageal cancer will
only come from primary prevention by reducing exposure
to known risk factors, especially tobacco and alcohol, and
increasing exposure to protective factors, especially die-
tary fruit, vegetables, and fiber. This is because screening
offers no prospect of reducing mortality except in the
very small subpopulation with the premalignant condi-
tion Barrett’s esophagus, and the natural history of the
disease precludes early clinical diagnosis in the vast
majority of cases.
See also: Alcohol Consumption: Overview of Internation-

al Trends; Alcohol, The Burden of Disease of; Environ-

mental and Occupational Epidemiology; Helicobacter

Pylori; Herpes Viruses; Race, Human Variation, and

Health, The Interaction of; Smoking, The Burden of

Mortality of; Social Epidemiology; Socio-Cultural Context

of Substance Use/Abuse (Alcohol/Drugs/Tobacco);

Urban Health in Developing Countries.
Citations
Berrino F, Sant M, Verdecchia A, et al. (eds.) (1995) Survival of Cancer
Patients in Europe: the EUROCARE study. IARC Scientific
Publications No. 132. Lyon, France: IARC.

Berrino F, Capocaccia R, Coleman MP, et al. (eds.) (1999) Survival of
Cancer Patients in Europe: the EUROCARE-2 study. IARC Scientific
Publications No. 151. Lyon, France: IARC.

Berrino F, DeAngelis R, Sant M, et al. (2007) Survival for eight major
cancers and all cancers combined for European adults diagnosed
in 1995–99: results of the EUROCARE-4 study. Lancet Oncology
8: 773–783.

Blot WJ, McLaughlin JK, and Fraumeni JF Jr. (2006) Esophageal
cancer. In: Schottenfeld D and Fraumeni JF Jr. (eds.) Cancer
Epidemiology and Prevention, 3rd ed., pp. 697–706. New York:
Oxford University Press.

Brown LM, Hoover R, Silverman D, et al. (2001) Excess incidence
of squamous cell esophageal cancer among US black men: role of
social class and other risk factors. American Journal of Epidemiology
153: 114–122.

Brown LM and Devesa SS (2002) Epidemiologic trends in esophageal
and gastric cancer in the United States. Surgical Oncology Clinics of
North America 11: 235–256.

Coleman MP, Gatta G, Verdecchia A, et al. (2003) EUROCARE-3
summary: cancer survival in Europe at the end of the 20th century.
Annals of Oncology 14(Supplement 5): 128–149.

Ferlay J, Bray F, Pisani P, and Parkin DM (2004) GLOBOCAN 2002:
Cancer Incidence, Mortality and Prevalence Worldwide. IARC
Cancer Base No. 5. version 2.0. Lyon, France: IARC.

Kubo A and Corley DA (2006) Body mass index and adenocarcinomas
of the esophagus or gastric cardia: a systematic review and
meta-analysis. Cancer Epidemiology Biomarkers and Prevention 15:
872–878.

Parkin DM,Whelan SL, Ferlay J, and StormH (2005)Cancer Incidence in
Five Continents Vol. IV to VIII. Cancer Base No. 7. Lyon, France:
IARC.

Ries LAG, Harkins D, Krapcho M, et al. (eds.) (2006) SEER Cancer
Statistics Review, 1975–2003. Bethesda, MD: National Cancer
Institute.

Sankaranarayanan R, Black RJ, and Parkin DM (1998) Cancer Survival
in Developing Countries. IARC Scientific Publications No. 145. Lyon,
France: IARC.

Surveillance, Epidemiology, and End Results (SEER) Program (2006)
SEER*Stat Database: Incidence – SEER 9 Registries Limited-Use,
Nov 2005 Sub (1973–2003), National Cancer Institute, DCCPS,
Surveillance Research Program, Cancer Statistics Branch, released
April 2006, based on the November 2005 submission.
Further Reading
Ajani JA, Curley SA, Janjan NA,, and Lynch PM (eds.) (2005)
Gastrointestinal Cancer. M.D. Anderson Cancer Care Series.
New York: Springer.



DHHS/PHS/NIH/NCI (2000) What You Need to Know about
Cancer of the Esophagus. NIH Publication No. 00–1557. Bethesda,
MD: U.S. Department of Health and Human Services, Public
Health Service, National Institutes of Health, National Cancer
Institute.

Enzinger PC and Mayer RJ (2003) Esophageal cancer. New England
Journal of Medicine 349: 2241–2252.

Posner MC (ed.) (2002) Surgical Oncology Clinics of North America
Contemporary Management of Esophageal and Gastric Carcinoma
11(2).

Posner MC, Vokes EE,, and Weichselbaum RR (eds.) (2002) American
Cancer Society Atlas of Clinical Oncology. Cancer of the Upper
Gastrointestinal Tract. Hamilton, Ontario: BC Decker.

Posner MC, Forastiere AA, and Minsky BC (2005) Cancers of the
gastrointestinal tract: Cancer of the esophagus. In: DeVita VT,

Hellman S,, and Rosenberg SA (eds.) Cancer: Principles and
Practice of Oncology, 7th edn. Philadelphia, PA: Lippincott Williams
& Wilkins.

Relevant Websites

http://www.cancer.org/ – American Cancer Society.
http://www-dep.iarc.fr/ – International Agency for Research on Cancer

(IARC).
http://www.cancer.gov/ – National Cancer Institute, U.S. National

Institutes of Health.
http://seer.cancer.gov/ – SEER Surveillance Epidemiology and End

Results.

468 Esophageal Cancer
Essential Drugs Policy
H Haak, Consultants for Health and Development, Leiden, The Netherlands

ã 2008 Elsevier Inc. All rights reserved.
Introduction

Governments around the world have always been con-
cerned with securing and sustaining access to medicines
for their populations (the terms medicines, drugs, and
pharmaceuticals, are used here interchangeably, although
preference is now given to the term medicines, to avoid
confusion with the term hypnotics). This concern has
often posed a challenge because medicines often repre-
sent significant monetary value and because numerous
stakeholders are involved in their procurement, manage-
ment, prescription, and use. Views about medicines are
often strong and sometimes polemic.

Even though pharmaceuticals play a key role in health
care – and major resources are spent on them – according
to the World Health Organization (WHO) (2000) they
are often unavailable, unaffordable, unsafe, and/or
improperly used. These problems are common around
the world. Health systems are challenged by the rising
costs of medicines, difficult choices regarding con-
ventional and new therapies, and inequities in access
(Govindaraj et al., 2000). Pharmaceutical expenditures in
developing countries represent between 20–50% of total
health-care expenditures (WHO, 1998). This figure is
much higher than the average spent in industrialized
countries. Access to pharmaceutical products is strikingly
imbalanced between rich and poor countries and also
within countries.

The politics of pharmaceuticals are complex. Govern-
ments have many – sometimes contradictory – obligations
to protect health, safeguard jobs, and ensure a strong
economy (Almarsdottir and Traulsen, 2006). Balancing
these different obligations requires skill and careful man-
agement of the political dimensions. Unfortunately, policy
makers do not always seem to be aware of the distinct
features of pharmaceuticals and pharmaceutical policies,
which may explain the frequent failures in access to
pharmaceuticals in countries around the world.
Pharmaceuticals Are Unique

An issue that often complicates discussions on pharma-
ceutical policy is the mistaken belief that pharmaceuticals
are like any other commodity. One study by Smith (1983:
112) identified 27 ‘‘latent functions’’ of pharmaceuticals.
These include symbolic and social functions in patient-
doctor interactions as well as broad political functions (e.g.,
poor people claiming rights to health and pharmaceutical
care) and economic functions (e.g., interests in strength-
ening pharmaceutical industries). The multifaceted nature
of pharmaceuticals contributes to the complexity of phar-
maceutical policy decision making. Assuming that
pharmaceuticals can be viewed as any other commodity
without considering their context may result in ineffective
policy decisions. Discussions of pharmaceutical policy are
often further complicated because it elicits debates about
basic social values such as the roles of the market and the
state, and the relative importance of efficiency and equity
(Reich, 1995).
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Pharmaceutical Policies Are an Integral
Part of Health Policies

Pharmaceutical policies cannot be isolated from broader
health policies and need to fit within the framework of
health-care systems. Most governments would see the
goals of national pharmaceutical policy as having to be
consistent with broader health objectives (WHO, 2001).
Despite this intertwined role, pharmaceutical policy is
fundamentally different from health policy and its devel-
opment requires a different set of tools and knowledge
(Traulsen and Almarsdottir, 2005a). Differences include
the actors involved, their interests, the different power
relations between them, and the influence of specific
configurations of international forces. These differences
have an impact on all aspects of pharmaceutical policy
development and implementation.
Pharmaceutical Policy Literature

Pharmaceutical policy means different things to different
people (Traulsen and Almarsdottir, 2005a). Searching the
literature on ‘pharmaceutical policies’ or ‘drug policies’
results in an avalanche of papers, as both phrases are
added as keywords in almost any paper that refers to
medicines.

As well, the pressure of increasing prices of medicines
has resulted in a narrowing of the discussion of pharma-
ceutical policy to one of cost. Much of the current litera-
ture is about pharmaceutical budgets, pricing of individual
medicines, and whether inclusion of individual medicines
in reimbursement schemes can be justified.

The literature on the advantages and disadvantages of
specific medicines in defined disease conditions is sub-
stantial. Much of this literature is considered relevant
by the authors for ‘pharmaceutical policy development’
(i.e., policy content). As this literature generally does not
discuss the pharmaceutical policy process, however, it will
not be part of the analysis and conclusions of this article.

A number of pharmaceutical policy papers describe
specific experiences of policy implementation and change
in particular countries. These papers are extremely use-
ful, but they do not always compare the experiences of
pharmaceutical policy implementation in different con-
texts. The relevance of these papers is therefore limited to
policy development in comparable systems.
Actors in Pharmaceutical Policy
Development

In most settings, there are many actors involved in
pharmaceutical sector regulation and policy making.
These actors may include various ministries (health,
finance, and industry), scientists, health professionals,
nongovernmental organizations (NGOs), pharmacists,
and consumers. In addition, activists, industry representa-
tives, and drug wholesalers and retailers may claim a role
in policy and regulation decisions. Some of these players
are discussed here.
Governments and Their National Drug
Regulatory Agencies

Governments are generally considered to hold the legal
power to develop policies for production and delivery
systems of pharmaceuticals. Most governments have also
created national drug regulatory agencies, which ensure
quality through national drug registration systems, and
which – at least in theory – restrict the number of phar-
maceuticals circulating within national borders. While
not all countries have the capacity to actually enforce
such registration schemes, registration status may never-
theless influence the procurement of medicines for public
health-care systems. Stakeholders naturally lobby govern-
ments for pharmaceutical policies favorable to their
interests.
Stringent Drug Regulatory Agencies

Some drug regulatory agencies have gained an important
transnational drug regulatory role. When such agencies
have international relevance it is because their decisions
have assumed an impact beyond their respective, national
stakeholders. The countries included in this category are
the regulatory authority member countries of the Phar-
maceutical Inspection Cooperation Scheme (PIC/S)
and/or the International Conference on Harmonization
of Technical Requirements for Registration of Pharma-
ceuticals for Human Use (ICH). The countries include all
European Union member countries, the United States,
Australia, Canada, Iceland, Japan, Liechtenstein, Malaysia,
Norway, Singapore, and Switzerland. Although not a
medicines registration agency, the European Medicines
Agency (EMEA) has an increasingly important role in
international pharmaceuticals registration decision making.
The decisions of these ‘stringent’ drug regulatory agencies
are important, as they have implications for the range of
products that can be procured using the resources of some
of the large international donors and financing mechan-
isms, include the Global Fund to Fight AIDS, TB, and
Malaria (Global Fund), the President’s Emergency Plan
for AIDS Relief (PEPFAR), and the President’s Malaria
Initiative (PMI).
International Development Agencies

Intergovernmental organizations such as the WHO and
the World Bank have traditionally aspired to play a key
role in guiding pharmaceutical policy development. Their
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input is noticeable in several of the documents quoted
here. The WHO’s focus is on meeting the pharmaceutical
needs of disadvantaged populations (WHO, 2004). The
WHO’s framework for national pharmaceutical policy
development was essentially the only comprehensive
framework for national pharmaceutical policies until the
late 1990s and is outlined later (see the section ‘The
World Health Organization’s perspectives on pharmaceu-
tical policies’).

The World Bank has recently assumed a more active
role in pharmaceutical sector development in member
countries (Govindaraj et al., 2000). Until the late 1990s,
the agency’s main focus in the sector was on ensuring
adequate procurement practices and capable supplies
systems. As Traulsen and Almarsdottir (2005b) stated,
software components of pharmaceuticals supplies – such
as pharmaceutical policy development and correct (i.e.,
rational) use of medicines – was often only an after-
thought. The revision of the World Bank’s strategies was
stimulated by the continuing challenge of rising costs,
new pharmaceutical therapies, and persistent inequities
in access to pharmaceuticals (see the World Bank’s con-
ceptual thinking outlined in a later section, ‘The World
Bank’s perspectives on pharmaceutical policies.’)
International Pharmaceutical Industry

In 2006 the world pharmaceutical market was worth an
estimated $608 000 million at ex-factory prices. The
North American market (the United States and Canada)
was the world’s largest market with a 47.7% share, with
Europe at 29.9%, and Japan at 9.3%. Shareholder value
tends to be the decisive factor in its decisions at the
corporate, national, or international levels, more than
public health considerations about the populations served.
The pharmaceutical industry has a strong interest in
pharmaceutical policies that are favorable to increased
sales of its products. The application of the principles
underlying ‘essential medicines’ approaches (see the sec-
tion ‘The World Health Organization’s perspectives on
pharmaceutical policies’) is generally not in the pharma-
ceutical industry’s interest, and it has traditionally op-
posed policies restrictive to the introduction of the latest
and more expensive pharmaceutical solutions. Its power-
ful lobby, especially in the United States, has often suc-
ceeded in influencing national- and international-level
pharmaceutical policy decisions, while its considerable
financial and legal power has often led to the defeat of
its opponents. Its power is, however, by no means a guar-
antee for victory. In 1997, for example, 39 pharmaceutical
companies unsuccessfully sued the South African govern-
ment for perceived violation of international property
rights. Support of the internationally operating AIDS
advocacy movement and worldwide press coverage
resulted in the industry’s admission of defeat (The Econo-
mist, 2001).
International Nongovernmental Organizations
and Activist Groups

International NGOs and activist groups have gained an
increasingly strong role in influencing decision making on
pharmaceutical regulations and policy. Groups in this
category include organizations such as Health Action
International, Social Audit, Healthy Skepticism, and others
(see the section ‘Relevant Websites’). Some special initia-
tives by international NGOs have also had important
repercussions for national pharmaceutical regulations and
policy frameworks. Such initiatives include the Médecins
Sans Frontières Access Initiative, the Clinton Foundation
HIV/AIDS Initiative, and the Consumer Project on
Technology (see the section ‘Relevant websites’). Assisted
by rapid, Internet-based information sharing, these groups
not only gained an increasingly authoritative voice in
pharmaceutical policy debates, but also managed to have
an impact on some national and international pharmaceu-
tical policy discussions and thereby affected their content.
AIDS activists pressured the World Trade Organization
(WTO) to consider public health needs in the adoption of
intellectual property rights and also successfully pres-
sured the WHO to include patented AIDS medicines in
its Model List of Essential Drugs – this was unheard of
until that time. Activist pressure has led to remarkable
battles in the pharmaceutical arena.
Patient Organizations

Patient organizations have traditionally tried to influence
decisions on treatment policies, thereby also affecting
pharmaceutical policy decisions. Until recently most patient
organizations were independent, but more recently a new
set of patient organizations has emerged with pharmaceu-
tical industry funding. The independence of these industry-
funded ‘patient organizations’ has been questioned, and
some consider them to be marketing mechanisms in dis-
guise (Herxheimer, 2003).
Health Insurance Industry

Health insurance companies are not expected to make
national pharmaceutical policy, but their influence on
policy making may be large, because of their reimburse-
ment policies and the size of the populations they insure.
Especially in countries in which the private sector has
large responsibilities in health insurance, their influence
may be significant.
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Information Networks

A set of internet-based pharmaceutical policy discussion
forums emerged with the growth of the Internet during
the 1990s. The best known of these is the E-drug discus-
sion forum (see the section ‘Relevant Websites’). Estab-
lished in 1994, E-drug membership now also includes staff
from international agencies and the multinational phar-
maceutical industry. It is not uncommon for highly con-
troversial issues to be discussed in the E-drug forum.
Novartis, for example, justified its decision to sue the
Indian government in an open letter found at the website
E-drug for what Novartis considered patent infringe-
ments of its profitable product Glivec (Novartis Interna-
tional, 2007). Similarly, an industry-sponsored effort led
to a lengthy debate on whether expensive, patented anti-
retrovirals (ARVs) had an impact on access to these pro-
ducts in developing countries (Attaran, 2003). Information
networks have clearly come to play a key role in rapidly
circulating information to selected groups of opinion and
decisions makers.
World Trade Organization

The WTO is not an actor in the pharmaceutical sector in
the strict sense of the word. The WTO has, however,
worked on strengthening patent protection of costly phar-
maceutical products, so it has often been perceived as
such. Patent issues have played a controversial role in
securing access to and cost containment of modern phar-
maceuticals in both developing and developed countries.
The pharmaceutical industry has tried to defend its posi-
tion that patents ultimately improve access of populations
to high-quality pharmaceutical care, an argument that has
been met with skepticism by many health-care profes-
sionals and activists. The WTO’s meeting in Doha, Qatar,
in 2001 reached agreement to allow developing countries
to override certain patent laws and facilitate the use of
less expensive generic drugs. In Article 31(f ) of the
Agreement on Trade-Related Aspects of Intellectual
Property Rights (TRIPS), the WTO allowed countries
to issue licenses to manufacturers other than the patent
holder to produce patented medicine (so-called ‘compul-
sory licensing’). The article also allowed the import of
patented pharmaceuticals if they were less costly in
another country (‘parallel importing’). The key principle
of the TRIPS agreement was that trade agreements
should be interpreted and implemented to protect public
health and promote access to medicines for all. The
United States refused to support a more detailed plan
saying that it failed to protect patents on drugs for nonin-
fectious diseases and that it would undermine research
and development (Laing, 2003).

Given the (research-based) pharmaceutical industry’s
strong influence on U.S. foreign policy, the United States
has started to establish bilateral free trade agreements
(FTAs) to enforce patent protection in individual coun-
tries after failing to work out the details of the TRIPS
agreement. These FTAs are often dubbed ‘TRIPS-Plus’
agreements, as their patent protection arrangements go
well beyond the original TRIPS agreement. Some
countries (e.g., Australia) had to accept the decision to
provide a seat to brand-name industry representatives in
the medicine selection committee of its pharmaceutical
benefit scheme (PBS) (Hughes, 2004). These players
(and others) influence drug regulatory and policy deci-
sions to varying degrees, and the dynamics are rarely
static. The balance of power tends to shift continuously.
In studying the literature it becomes clear that pharma-
ceutical policies can and should be different, and that a
one-size-fits-all approach for all pharmaceutical poli-
cies, and in all countries and health systems, is not
recommended.
Key Concepts in Pharmaceutical Policy
Development

Since the mid-1970s, the WHO has urged countries to
establish national pharmaceutical policies (WHO, 2001).
Initially considered appropriate only for countries with
limited health resources, more recently pharmaceutical
policy development has been seen as relevant in indus-
trialized nations as well. The increased cost of pharma-
ceuticals has played an important role in changing this
perception.
The World Health Organization’s Perspectives
on Pharmaceutical Policies

The WHO, in its role as technical assistance agency to
governments, considers a national pharmaceutical policy
as presenting

a commitment to a goal and a guide for action. It

expresses and prioritizes the medium- to long-term

goals set out by a government for the pharmaceutical

sector, and identifies the main strategies for attaining

them. It provides the framework within which the activ-

ities of the pharmaceutical sector can be coordinated. It

covers both the public and the private sectors, and

involves the main actors in the pharmaceutical field. It

includes drug legislation and regulation, essential drugs

selection, drug registration, pricing policy, and public

sector procurement. (WHO, 2001: 7)

WHO literature (Quick et al., 1997; WHO, 1998, 2000,
2001, 2004) prioritizes a number of problems that in its
view determine poor access to medicines:
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. Unaffordable medicine prices, especially for newer pro-
ducts, such as ARVs, artemisinin-based antimalarial med-
icines, and other recently launched products.

. Irrational use of medicines, for example, the WHO
estimates half of all medicines are inappropriately pre-
scribed, dispensed, or sold and that half of all patients fail
to take their medicine properly.

. Unfair health financing mechanisms, leaving poor house-
holds to cover the cost of essential medicines they need,
placing the heaviest burden on those least able to pay.

. Persistence of unreliable medicine supply systems, causing
irregular and unsustainable supply of medicines. Ineffi-
cient procurement systems pay up to twice the global
market price for pharmaceuticals and lead to waste of
resources.

. Greatly varying quality of medicines, especially in low-
and middle-income countries. Counterfeit and substan-
dard medicines are circulating globally. An estimated
50–90% of samples of antimalarial medicines in WHO-
member countries failed quality control tests and more
than half of sampled ARVs did not meet international
standards.

. Lack of new medicines for diseases that typically affect the

poor, especially ‘neglected’ diseases. Most research and
development of medicines is focused on medical condi-
tions of the richest 20% of the global population.

To achieve major improvements, the WHO notes that a
pharmaceutical policy should be based on the essential
medicines concept. This concept is believed to be the
most cost-effective way of guaranteeing access to the
majority of the global population (WHO, 2004). Key fea-
tures of the essential medicines concept are:

. Selection of products as ‘essential’ based on national
health priorities, and proven therapeutic effectiveness;

. Careful quantification of needs;
Table 1 Key components of a national pharmaceutical policy

Legislative and regulatory framework
. legislation and regulations
. drug registration and licensing
. pharmaceutical quality assurance
. regulation of prescription and distribution
. pharmaceutical promotional activities
Selection of medicines
. principles of medicines selection
. selection process, criteria, and levels of use
. application of traditional medicines in allopathic health systems
Supply systems
. programming and budgeting needs
. procurement mechanisms
. supply system strategies and alternatives
. storage and distribution functions

Reproduced from Quick et al. (1997) (eds.) Managing Drug Supply, 2
. Efficiency in procurement and supply mechanisms;

. Promotion of rational drug use.

Key components of a national pharmaceutical policy are
summarized in Table 1.

The WHO’s priority is to expand access to essential
medicines, particularly for low-income and disadvantaged
populations and for the priority diseases of HIV/AIDS,
tuberculosis, and malaria. More recently, the WHO also
started to place greater focus on financing, supply sys-
tems, and quality assurance. It is currently broadly agreed
that the WHO’s essential medicines concept is potentially
applicable in any country, in public and private sectors,
and in rural or urban settings. The large-scale application
of essential medicines selection and the use of generic
medicines by health maintenance organizations (HMOs)
in the United States exemplify this.

The WHO claims that efforts of its own organization,
countries, and other actors to update national pharmaceu-
tical policies have increased access to essential medicines
for people in countries from roughly US$2.1 billion in
1977 to an estimated US$3.8 billion in 1999 (WHO, 2000).
The World Bank’s Perspectives on
Pharmaceutical Policies

The World Bank’s view on pharmaceutical policies is
congruent with that of the WHO, but there are differ-
ences that have important implications for pharmaceuti-
cal policy making. A recent World Bank discussion paper
presented the following reasons for the agency becom-
ing more involved in pharmaceutical policy debates
(Govindaraj et al., 2000):

. Significant public and private expenditures: Pharmaceu-
ticals represent a significant proportion of government and
private, out-of-pocket expenditures in many developing
Financing strategies
. roles of government
. medicines financing mechanisms (public

financing, user charges, health insurance)

Rational use of medicines
. medicines information systems
. rational prescribing by health personnel
. rational use by consumers

Human resources in pharmaceutical sector
. human resources development
. training strategies
. motivation and continuing education

nd edn. West Hartford, CT: Kumarian Press.
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countries. The policy implications of these large public
and out-of-pocket expenditures are many.

. Inadequate regulatory capacity: Governments in devel-
oping countries often lack adequate institutional capacity
to regulate pharmaceutical activities effectively and have
difficulty in assuring the quality of pharmaceuticals in the
public sector and on the private market.

. Inadequate access to essential medicines: Inefficient use
of pharmaceutical resources in many developing
countries has substantially reduced access to essential
medicines and potential health benefits. A significant por-
tion of pharmaceutical expenditures in developing
countries is wasted due to inefficiencies associated with
the procurement and management of supplies. Problems
in some countries are compounded by widespread cor-
ruption in public sector procurement and distribution
systems, including the health sector.

. Limited access to new medicines: There is limited fund-
ing for new pharmaceutical products in developing
countries, resulting in limited access for groups who
might benefit therapeutically. The limited access is com-
pounded by the tendency of pharmaceutical companies to
set prices close to those of industrialized countries.

. Globalized product patents affecting developing countries’

purchasing power: Patent protection is believed to provide
an impetus to research and development investments, but
globalized patent protection may also reduce access if
those products are marketed at high monopoly prices in
developing countries.

. Limited incentives for research and development of new

medicines: Developing countries represent a relatively
small proportion of the global pharmaceutical market,
providing limited market incentives for the development
of new medicines specific to diseases of those countries
(including many tropical diseases).

The World Bank believes that these pharmaceutical
policy issues have created market failures and failures in
good governance, resulting in poor access to pharmaceu-
tical products and, consequently, in poorly functioning
health systems. In line with this analysis, the World
Bank proposed a number of directions for pharmaceuti-
cals in its lending and advisory activities (Govindaraj
et al., 2000). Of key importance is that the World Bank
should become more involved in pharmaceutical policy
dialogues with client governments on sustainable phar-
maceutical reform. Such policy dialogues may target
comprehensive national drug policy reform, or focus on
specific subcomponents, such as drug financing, manage-
ment of drug supplies, pharmaceutical pricing, or selec-
tion of drugs to be included in national essential drug lists
and/or reimbursement packages. Moreover, pharmaceu-
tical sector assessments should become an integral part of
World Bank lending activities, especially when pharma-
ceutical procurement is involved, and outcomes help to
determine the poverty focus as well as the institutional
and political context of reforms. In addition, the following
propositions were made:

. Restrict World Bank support for pharmaceutical pro-
curement to projects that promote policy and systems de-
velopment and target the poor: Drug procurement should
only be financed in situations in which the lending is linked
to institutional development, capacity building, and specific
poverty alleviation initiatives. Sufficient attention should be
paid to the careful selection of pharmaceuticals, appropriate
delivery to and storage within the recipient health system,
and stringent monitoring and assurance of quality through
inspection and product testing, as well as to the cost-effec-
tive management of the purchasing of goods.

. Control corruption and increase transparency and
accountability in all World Bank pharmaceutical lending
activities: As pharmaceutical procurement and handling
typically involve significant amounts of money, there is a
high potential for corruption in the pharmaceutical man-
agement chain, from selection of drugs to be procured, to
nontransparent contracts, or illegally selling publicly pro-
cured drugs. Corruption in the pharmaceutical sector not
only means inefficiencies and waste in the health system,
but may also result in health risks for the population.

. Create incentives for pharmaceutical research and
development targeted at critical diseases of the poor: As
the World Bank has financed initiatives such as the
UNDP/World Bank/WHO Special Programme for Re-
search and Training in Tropical Diseases (TDR), the
Medicines for Malaria Venture (MMV), and the Interna-
tional AIDS Vaccine Initiative (IAVI), collaboration with
the private sector is recommended, to stimulate the de-
velopment of medicines for critical diseases of the poor.

. Expand access to drugs through public-private part-
nerships and encourage the use of the private sector as a
technical resource: A number of public-private interac-
tions aim at increasing access of populations to needed
drugs, such as single-drug donation programs of the pri-
vate sector, efforts to create incentives for the pharmaceu-
tical industry to enter underserved markets (e.g., The
GAVI Alliance), and strategies to implement tiered pric-
ing for new drugs. These efforts are believed to offer
opportunities to increase access of populations to drugs.
In addition, it is believed that the private sector – both for-
profit and nonprofit – may be used as a technical resource
in defined areas.
Assessing Pharmaceutical Policy

Sound pharmaceutical policy development needs a solid
understanding of the problems at hand. This requires
evaluations of past policies in a given country context
and careful studies of the impacts of possible future policy
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options. Policy analysis as a discipline is considered as a
multidisciplinary social science – drawing particularly
from the fields of political science, economics, and sociol-
ogy (Buse et al., 2005). Research into pharmaceutical pol-
icy has similarities with general policy analysis and
evaluation. The knowledge base for good pharmaceutical
policy making needs to be broad with varied approaches
(Almarsdottir and Traulsen, 2006).

Proper pharmaceutical policy making is guided by
questions like, ‘What works?,’ ‘What does not work?,’
‘Why?’ or ‘Why not?,’ and ‘How does it work, and at
what cost/benefit?’ In particular, users’ views on pharma-
ceutical policies should be studied. Answering these key
questions requires using varied approaches ranging from
highly quantitative and experimental methodologies to
purely qualitative ones. International collaboration between
policy makers and other stakeholders is of key importance
in these efforts (Almarsdottir and Traulsen, 2006).

Nevertheless, the concept of systematically using evi-
dence in health and pharmaceutical policy making and
implementation is relatively new, and its value is not
always appreciated. As Traulsen and Almarsdottir (2005a)
pointed out:

Although evidence-based decision making has become

routine in medicine and is taking its place in insurance

benefit design, there is no comparable trend toward

evidence-based policy. Despite rigorous research, numer-

ous health policy publications in the peer-reviewed

literature, timely conferences, and methodological ad-

vances through professional societies, appeals to evidence

as the basis for legislators’ decisions are uncommon.

This important conclusion highlights the current chal-
lenges of using evidence in pharmaceutical policy making
and implementation. Pharmaceutical policy evaluation and
analysis is not necessarily difficult, but there are several
potential problems (Almarsdottir and Traulsen, 2006):

. Choosing inappropriate or poor assessment methodologies.

Inappropriate or poor methods and designs are often
selected based on the experience of the researcher (or
the lack thereof) rather than on the most appropriate for
the study in question. Qualitative research often does not
have a place in pharmaceutical policy research and eval-
uation.

. Not being transparent about assessment designs.Given the
sensitive nature of pharmaceutical policy, full openness
about methods is a precondition to using assessment
results to develop new policies.

. Using evaluation questions and policy options that are too

narrow. Pharmaceutical policy analysis and evaluation
should be broad and include the full spectrum of options
available for policy.

. Using bias and self-censorship. Bias and self-censorship
may distort study outcomes and be caused by preconceived
ideas or financial obligations with funders. Special care
must be taken to avoid industrial or political bias.

. Failing to estimate the effectiveness of pharmaceutical policy

interventions outside of clinical settings.
. Not applying social science methods in pharmaceutical

policy development.

Although pharmaceutical policy research is slowly
gaining ground, it continues to be one of the lower prio-
rities in formulating and evaluating policy. More research
data is needed on policy making and on how research data
is used. Almarsdottir’s and Traulsen’s study (2006) joins
other calls for putting a stronger focus on using research
in analysis, as opposed to basing policies on opinion-based
approaches.
Strategies to Develop and Change
Pharmaceutical Policies

Pharmaceutical policy development may address the for-
mulation of comprehensive national policies or be limited
to specific subcomponents. According to Mossialos et al.
(2004), common objectives of pharmaceutical policies
have been to:

. Enhance quality of care;

. Improve access to pharmaceuticals;

. Improve efficiency in the sector;

. Define roles and responsibilities in the sector;

. Contain expenditures.

These objectives sometimes conflict and policy
changes may be difficult to implement. The focus of
policy change in developing countries has often been on
improving access and quality of care. In industrialized
countries the focus has frequently been on containing
costs while maintaining access and quality. These differ-
ent objectives make it difficult to compare policy change
processes between developing and industrialized countries.

A recurrent theme of many pharmaceutical policy
papers is that effective change strategies include carefully
designed mixes of interventions by governments, health
delivery systems, health training institutions, professional
societies, pharmaceutical companies, and consumers.
Such interventions include strengthening regulation, ed-
ucating medical or pharmaceutical professionals or the
general public, and economic interventions to make ade-
quate practices also financially attractive. Available inter-
vention theory appears to agree that multifaceted
interventions (e.g., implementing changes in drug reim-
bursement schemes, accompanied by dissemination of
well-tested manuals and broad information campaigns to
the medical profession and the general public) are more
likely to succeed than small-scale, narrowly focused
actions (e.g., mailing printed educational materials only)
(Govindaraj et al., 2000; Quick et al., 1997). Another
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common theme is that professional education is often
expected to bring about substantial change. It is now
generally recognized, however, that strategies relying
heavily on training do not always result in major improve-
ments (Quick et al., 1997; Radyowijati and Haak, 2003).

Pharmaceutical policies are most successful when they
include an implementation plan that involves all stake-
holders, a human resource development plan, and a mon-
itoring and evaluation plan. A pharmaceutical policy
implementation plan will also need sufficient resources
to achieve effective change.
Political Management of Change

Designing policies on the basis of careful study of current
realities and examples of comparable systems is of major
importance. Equally, if not more important, is careful
management of the change process. Health and pharma-
ceutical policy development reform teams tend to focus
on the technical rather than the political change process
(Reich, 2003). Authoritative policy content–oriented lit-
erature is often believed to play a key role in generating
changes in pharmaceutical policies. International agencies
regularly publish technical literature that they expect
governments and technical assistance agencies to consider
in their policy development work. As Haak and Claeson
argued (1996), however, providing scientific information
to change policy may have limited impact. Pharmaceuti-
cal policy reforms are often contested because they may
change the costs and benefits of different stakeholders,
including domestic and international pharmaceutical pro-
ducers, physician groups, and governments. Some of these
stakeholders (e.g., the pharmaceutical industry) are rela-
tively well organized, while others (e.g., patients) may be
less able to use political influence. A few patient organi-
zations are well organized and may be able to make their
voices well heard in the policy process. The political
change process may, in fact, be far more important than
the power of individual players, and this process should,
therefore, be handled skillfully.

A number of factors are important in the policy change
process:

. Policy making is characterized by debate, disagree-
ment, and conflict (Traulsen and Almarsdottir, 2005).
Such disagreements should not be considered a compli-
cation but a natural occurrence that can, and should be,
managed. Negotiation and interaction should take place
among all key players in the pharmaceutical sector
(Grund, 1996). Such negotiations may be complex and
time-consuming.

. Shared values among various interest groups may
be used to make policy development successful. The
interests of a politically weak group (e.g., consumers)
can often be protected if their goals coincide, at least
partially, with those of more powerful interest groups (e.
g., pharmacists).

. Winner-takes-all approaches should be resisted.
The perspective of various interest groups (government,
health-care system, providers, patients, public) should be
incorporated in pharmaceutical policy making and create
a situation in which no one party simply wins or loses.

Politics are bound to be played in all stages of
the development policy cycle, including defining pro-
blems, defining solutions to be considered, shaping pro-
posals for policy, policy adoption, and policy
implementation. There are political limits to trying to
implement radical changes in any policy (Reich, 1994),
so it is important that these limitations are understood
early. Evidence suggests that major policy reform in the
health sector is feasible provided it is well defined and
well timed. Evidence also suggests that political condi-
tions for policy reform can be shaped by skilled leaders
(Reich, 1995).

Explicit political strategies may be employed to
enhance the political feasibility of reform (Reich, 2003).
Strategies may include helping supporters, weakening
arguments of opponents, increasing the commitment of
allies or nonmobilized players, decreasing commitment
of opponents, and changing the nature of the issue.
Support from domestic and international interest groups
can be solicited. It may be necessary to enter into bargains
and negotiate trade-offs to obtain this support. The con-
sequences of each trade-off in the formulation and imple-
mentation of pharmaceutical policies should be carefully
considered. Many pharmaceutical policies are usually,
not surprisingly, the result of long and painstaking nego-
tiation processes in which several concessions are made by
all parties.

Reich (1995) proposed to analyze relevant political
conditions so as to shape political factors to achieve policy
reform. A method known as political mapping was pro-
posed to help policy makers manage the political dimen-
sions of pharmaceutical policy reform and improve its
political feasibility. Reich further argued that health sec-
tor reform is a profoundly political process so applied
political analysis is required to determine feasibility and
enhance the probability of success (1995). An important
benefit of political analysis is that it acknowledges that
politics are part of policy making, and that it cannot be
ignored.

Good timing and careful political maneuvering may
allow policy change to occur as was shown by the adoption
of a major pharmaceutical policy overhaul in Bangladesh
(Reich, 1994). On the other hand, poor timing and failing
to take a gradual approach may create social turmoil. In
Korea, for example, poor timing and swift radical change
in prescribing and dispensing regulations resulted in
social tensions (Kim et al., 2004).
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Monitoring Pharmaceutical Policy Change

The impact of pharmaceutical policies must be monitored
as they evolve. Progress toward achieving targets should
be assessed in each policy area and strategies adjusted
accordingly. Indicators for monitoring national pharmaceu-
tical policies have been developed by the WHO (Brudon-
Jakobowicz et al., 1999), although they may need to be
adapted to match particular contexts. Monitoring needs to
be carried out using both quantitative and qualitative
research methodology. Obviously the actors responsible
for policy implementation have a key role in monitoring
progress, but independent oversight of the process cannot
be left behind.
Policy Enforcement

Although less popular in pharmaceutical policy discussions,
pharmaceutical regulation without active enforcement
assures neither quality of health care nor of pharmaceutical
products. Enforcement of regulations is a problem in many
countries, in particular in low-income countries. Many
problems in pharmaceutical sectors have their root in
financial incentives in their manufacture, importation, sup-
ply, prescription, and sales. Sometimes these financial
incentives become barriers to evidence-informed policy
making, for example, generics of ARV drugs not being
registered to protect the interests of the brand-name indus-
try, or mono-component artemisinin medicines not being
de-registered, despite the WHO advice to do so. In other
cases, regulations are adopted, while enforcement is left
behind (e.g., not monitoring the sales of banned pharma-
ceutical products in pharmacies). Voluntary guidelines and
self-regulation, often selected as an acceptable compro-
mise, are rarely effective on their own.
Conclusions

Pharmaceutical policy development is a challenge for
governments and health-care systems. The issues are
complex; there are many stakeholders with multiple
social, economic, and political interests. Agencies, such
as the WHO and the World Bank, have supported
countries in the development of pharmaceutical policies,
through provision of information and examples of ‘best
practices.’ The expectation was that this would result in
improved policy making. Evidence-based pharmaceutical
policy making has not yet become sufficiently common,
however, even though evidence-based decision making is
common practice in many other fields of medicine.

The evidence suggests that to stand a chance of being
effective, pharmaceutical policy approaches must be
based on clear, verifiable data and tailored to individual
environments. Carefully designed mixes of actions by
several stakeholders are more likely to result in effective
system changes than a narrow range of activities. A clear
implementation plan and a budget are also key factors
in successful pharmaceutical policy development.

Teams responsible for reforming health and pharma-
ceutical policy development tend to focus on the technical
rather than on the political aspects of the change process.
However, as politics play a role at all stages of the devel-
opment and implementation of any policy, politics cannot
be ignored. It is important to realize the necessity of
managing, rather than ignoring, political factors. Negoti-
ation and concession-making aimed at reaching agree-
ments with all relevant stakeholders should be accepted
as part of the whole developmental process.

Furthermore, effective implementation relies on the
presence of sound frameworks for monitoring and
enforcement. These are especially important in the
implementation of any newly designed policy.

To summarize, pharmaceutical policy change is feasi-
ble. However, improved access to medicines and contain-
ment of their soaring costs – the goals of responsible
pharmaceutical policy design – can only be achieved by
applying the evidence-based, politically sensitive, new
approaches described in this article. Without these, the
impetus to improve pharmaceutical policy will remain
mere words on paper.
See also: Agenda Setting in Public Health Policy;

International Law, and Public Health Policy; Law, and

Public Health Policy.
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Introduction

Health promotion activities are inevitably fraught with
moral and ethical issues (Seedhouse, 2002). The issues
they address typically relate to sensitive topics, deeply
held beliefs, and moral judgments (Doxiadis, 1987). Even
the most benevolent or seemingly benign activities con-
stitute an attempt to influence people’s lives, whether at
the individual, community, or national level. Key ethical
concerns in health promotion range from issues related to
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paternalism or interference with people’s autonomy and
privacy for the sake of promoting the health of individuals
or society as a whole, to concerns regarding equity and
distributive justice, where health promotion interventions
may inadvertently widen health gaps. Ethical issues
invariably arise in issues related to personal responsibility
and the role and obligation of government in influencing
people’s health-related practices through engineering
methods, incentives and educational programs, or persua-
sive media campaigns (Beauchamp, 1988). Because of
limited resources, ethical issues also emerge as they relate
to decisions about which population will be the target of
the intervention, and which will not.

Addressing ethical issues in health promotion is impor-
tant not only because any benevolent attempt to contribute
to the well-being of people should be ethical but also
because of pragmatic implications: Interventions that are
sensitive to ethical concerns are more likely to gain people’s
trust and respect.With the proliferation of sophisticated and
intrusive activities that aim to influence intimate practices
and fundamental social values (e.g., sexuality, parent–child
relations), identifying ethical issues in health promotion has
become an imperative. In multicultural settings, members
of diverse populations may hold beliefs or engage in prac-
tices considered by health promoters as ‘unhealthy’ but that
have important cultural significance. Because health pro-
moters increasingly embrace commercial marketing tactics
and new communication technologies, issues arise
concerning the ethics of persuasion strategies and respect
for people’s autonomy (Andreasen, 2001).

In some cases, the ethical issues that emerge in health
promotion activities are explicit and elicit a debate, while
in other cases, pertinent ethical issues may be more diffi-
cult to recognize in the wide range of health promotion
activities. Therefore, it is important to identify and eluci-
date them. The range of ethical issues in health promotion
is as broad as the types of issues addressed. Ethical issues
can be found in each component of the intervention, from
conception of goals and the challenge of informed consent
to assessment of outcomes. Ethical issues can be identified
as they relate to how problems and responsibilities are
defined, which type of influence approaches and strate-
gies are employed, and what the direct and indirect
impacts of the intervention are.
Ethical Issues Embedded in Defining
Problems and Responsibilities

Implicit in health promotion activities are ideological and
moral approaches, in particular regarding the definition
of the health problem and the responsibility of the indi-
vidual. A health problem can be identified as a result of
economic deprivation or inequity or, in contrast, as a
result of lack of personal motivation. Each type of prob-
lem definition and the type of health promotion interven-
tion that is chosen raises ethical issues (Guttman, 2000).
Personal Responsibility and Health Promotion

Personal responsibility is believed to be a powerful fac-
tor in health promotion but is an issue that elicits
contrasting views and ethical concerns (Minkler, 1999).
One important assumption is that individuals are free to
make certain choices about many health-related prac-
tices, and therefore should be encouraged to be respon-
sible for those choices. People are urged to make prudent
and responsible choices in their food consumption, lei-
sure activities, sexual relations, and lifestyle in general.
Emphasis on personal responsibility is often viewed as an
effective means to promote desired behaviors and to
enhance people’s sense of efficacy and autonomy.
Whereas the notion of personal responsibility might
serve to empower individuals and populations and pro-
mote a sense of agency or care for others, it may also
inadvertently become ‘victim blaming’ when messages
attribute blame or shame to those who do not adopt
them. In particular, this can occur when people’s choice
to engage in or to refrain from certain practices depends
to a large extent on factors outside their control or on
limited economic opportunities (Marantz, 1990). Also,
even when health messages do not explicitly blame indi-
viduals for taking full responsibility for their health,
these messages may frame the notion of responsibility
for disease or injury prevention as if it were primarily
under the control of individuals. This can de-emphasize
the role of structural and institutional factors such as the
work environment, housing conditions, or pollution in
the etiology of many health-related problems (Wikler,
2004). An emphasis on personal responsibility in health
promotion messages might reinforce unfair distinctions
between what society accepts as justified risks to one’s
health and unjustified or immoral ones. Further, the
notion of personal responsibility also relates to concep-
tions of social roles and obligations that may differ across
groups and populations. For example, people may be
called upon to promote or protect the health of signifi-
cant others (e.g., children, spouses). Thus, appealing to
people’s sense of obligation can help reinforce moral
commitments such as caring, solidarity, and compassion,
but it might also place a burden on people who have
limited control over others’ behaviors.
Harm Reduction Approaches and
Health Promotion

Numerous health promotion programs draw on what has
been called a ‘harm reduction’ approach, described by
some of its advocates as ‘compassionate pragmatism.’
According to this approach, there is an ethical imperative
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to help people to reduce their vulnerability to risk from
engaging in particular practices that are not morally
condoned by certain groups or society as a whole. They
are not asked to discontinue these practices, but mainly
to reduce the risk of harm. Proponents often justify this
approach on the basis of the obligation of health promo-
ters to help people with special needs to avoid serious
harm, as well as on the basis of its utility. This approach
has been applied in the prevention of substance abuse
and sexually transmitted infections among young adults
and in syringe-exchange programs for injection drug
users to prevent HIV infection. It is also found in pro-
grams that promote the use of a ‘designated driver’ when
people intend to consume large amounts of alcoholic
beverages. In fact, many health promotion programs
that aim to minimize the harm of indoor and outdoor
pollution, sedentary work places, long work hours, and
various environmental hazards can be seen as adopting a
modified variation of the harm-reduction approach: to
reduce – but not eliminate – the risk of people exposed
to various hazards, whether voluntarily or not. An
implicit ethical consideration is the obligation of health
promoters to help people to reduce their risk from harm,
regardless of whether or not they engage in socially
sanctioned practices (Sachs, 1996). There is also an
implicit social judgment regarding which risks or which
environmental hazards are socially acceptable and which
are not. This further raises ethical issues regarding the
obligation of health promoters either to change social and
physical environments characterized as ‘unhealthy’ or
mainly to help people adapt to them.
The Challenge of Informed Consent in Health
Promotion Activities

In a medical care context, before certain medical proce-
dures are done on patients who may experience adverse
consequences, it is an ethical and often a legal require-
ment to obtain their informed consent. Because health
promotion activities are often viewed as relatively unob-
trusive and are mainly implemented in the context of
populations, the question of whether informed consent is
required is contested. Yet health promotion activities, by
definition, aim to influence people’s practices, and it is
argued that certain standards or procedures are needed to
ensure that an informed consent is obtained on behalf of
diverse populations. On a national scale, health promotion
may reflect policies formulated as a result of a political
democratic process, but on the local or organizational
level, the question arises as to who represents the commu-
nity residents. The issue is of particular importance when
programs serve as ‘social experiments’ to prove the effi-
cacy of one type of method over another. Some interven-
tions engage advisory boards, but it may be uncertain to
what extent these members represent the varied community
perspectives. Another ethical concern arises when pro-
grams aim to address sensitive issues with populations
that may be reluctant to discuss them. Disclosing from
the outset the purpose of the program – before gaining the
trust of the population – may jeopardize the program.
Ethical Issues in Strategic Approaches

There are a wide array of strategic approaches and tactics
used in health promotion for the purpose of promoting
the health of individuals and populations, among them the
use of engineering approaches and incentives, harm
reduction approaches, targeting particular population
segments, the use of social marketing methods and colla-
borations with various organizations, some with commer-
cial interests, and the use of various communication
tactics and cultural themes. Other issues relate to the
reliability of the knowledge and information transmitted
and obtaining informed consent of individuals and com-
munities toward whom the activities are aimed.
Ethical Issues in Engineering Approaches

An underlying assumption in public health is that people’s
behaviors can be influenced by shaping their physical envi-
ronment in a way that facilitates or prescribes a particular
course of action. Sometimes this may occur without
them even being aware that they have engaged in health
promotion activities, for example, the fluoridation of drink-
ing water, pedestrian bridges on cross roads, and automatic
seat belts. The central ethical issue that emerges is respect
for the autonomy of the individual and the moral argument
that people should be entitled to make their own decisions
regarding their actions, and not be compelled to adopt
certain practices. Proponents of engineering approaches
cite various arguments in favor of using engineering strate-
gies. One is that engineering approaches are more egalitar-
ian because they help thosewith limited economicmeans to
adopt the recommended practices. Another is that they can
be more efficient and serve the wider public good by ensur-
ing that most people will adhere to them. Proponents sug-
gest that engineering methods are democratic when the
public expresses their support for these measures.
Ethical Issues in Targeting and Segmentation

To effectively utilize resources by choosing to focus on
particular segments of the population is accepted as an
essential strategic approach in health promotion. It is
considered an ethical approach because it requires the
provision of equivalent but culturally appropriate mes-
sages to populations with different sociocultural back-
grounds and levels of literacy. Yet, the mere decision to
‘segment’ a population according to certain parameters
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and allocate limited resources to ‘tailor’ promotion activ-
ities to certain populations raises ethical issues regarding
equity as well as utility: It may be decided to target those
who are most likely to adopt recommendations or who
seem to possess a higher degree of readiness to do so
(following a utilitarian approach). Or it may be decided
to focus the efforts on those with the greatest need, who
are considered ‘hard to reach’ and less likely to adopt the
recommendations, thus raising concerns associated with
utility and of the inefficient use of limited resources that
are available for health promotion.
Ethical Issues in the Adoption of Social
Marketing Approaches for Health Promotion

Commercial marketing strategies have been shown to be
hugely successful in influencing people to purchase various
products and services and to adopt particular lifestyle
trends. This has prompted many health promotion pro-
grams to adopt methods and tactics used in commercial
marketing as a means to enhance the reach of their pro-
grams and to influence intended populations to adopt cer-
tain practices. The application of commercial marketing
strategies, including using manipulative tactics and advanc-
ing commercialism (for example, by using prizes and incen-
tives), raises a host of ethical concerns (Andreasen, 2001).
Ethical Issues in Communication Tactics and
Persuasive Appeals

In order to get people to voluntarily change their beha-
viors for the purpose of promoting their health, they may
need to be convinced that it is worthwhile for them as
individuals or for society as a whole. By implication,
health promotion activities need to be persuasive. Yet
highly persuasive appeals can be emotionally manipula-
tive, and may rely on exaggeration, omission, or misrep-
resentation of risks or of potential benefits (Hastings et al.,
2004). Proponents argue that it is justified to use such
tactics because they are effective in getting people to
adopt recommended health-related practices. The
dilemma of whether to use highly persuasive tactics is
particularly vexing when members from the interven-
tion’s population suggest using them, and it thus could
be argued that they have consented to the use of a manip-
ulative strategy. Alternative approaches are to present
pertinent information and to use a dialogical approach.
But these may be viewed as more complex and less
appealing to particular populations. Furthermore, people
from different cultures may differ in their values regard-
ing what a moral method to influence people is. Some
may prefer emphasizing personal responsibility, whereas
others may want to stress social solidarity, respect for
elders, or harmony with nature.
The Reliability of Current Knowledge on
How to Promote Health

Various ethical issues arise when considering the validity
and reliability of current knowledge of how to promote
health, considering the constant flow of contradictory
information and contrasting approaches. There are grow-
ing concerns among health promoters about the reliability
of information regarding new findings or recommenda-
tions that are based on tentative evidence or may prove
later on to be inaccurate. A common dilemma is how to
present such recommendations, because people may be
wary of accepting them if they are not communicated with
a strong sense of certainty.
Cultural Sensitivity and Moral Relativism

An important tenet is respect for cultural heritage and
sensitivity to cultural beliefs and customs. Health promo-
tion programs often incorporate cultural values, symbols,
and themes in health messages, and this can reflect cul-
tural sensitivity and serve as a way to encourage the
adoption of the health recommendations. Interventions
may aim to promote behaviors or attitudes that contradict
certain cultural values or may be viewed by members of a
certain group as offensive. Health promoters may con-
sider overriding the consideration of cultural sensitivity
because they believe that the health promotion activity is
essential. In certain cases, they may view certain cultural
practices to be immoral and feel that they should be
abolished; thus, in these situations, they do not accept a
cultural relativism ethical approach.
Ethical Issues Associated with Direct
and Indirect Detrimental Impact

Although health promotion aims to be beneficial to its
intended population or to society as a whole, inadver-
tent detrimental impact can take place, which raises
ethical concerns. This can be on the social level, asso-
ciated with concerns with equity and causing inadvertent
harm, or on the cultural level, by turning health into an
overriding value.
Increasing Social Gaps

Health promotion activities are typically committed to
the moral obligation to promote equity in terms of health
promotion opportunities across social groups. Yet health
promotion activities that achieve significant improve-
ments in the adoption of healthier practices among large
populations may inadvertently reinforce, rather than
reduce, existing social disparities. It has been found that
large-scale programs that aim to influence lifestyle
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behaviors including smoking cessation and physical activ-
ities are more likely to have an impact on individuals with
greater economic resources. This has raised concern
regarding equity in health promotion; and in order to
benefit lower-income populations, health promotion pro-
grams increasingly focus on activities that are tailored to
specific communities and aim to enhance their resources
rather than focus on providing information for individual
behavior change.
Labeling and Stigmatization

A prominent concern in health promotion is that its
activities may inadvertently label individuals or groups
in a way that can negatively affect their identity, cause
them to feel shame, or even stigmatize them. Thus, the
challenge of health promotion programs is to avoid label-
ing, stigmatizing, or making negative attributions about
the people or populations who have detrimental medical
conditions that the health promotion programs are trying
to prevent.
Denial of Gratifications

Health promotion activities often call upon people to
relinquish practices they enjoy, which may serve as
stress-coping practices or which have become part of
their identity or daily routine. These practices may have
cultural significance or emotional importance, even when
they may be viewed as risky or even immoral. Such
practices might offer members of vulnerable groups not
only pleasure but also an important coping mechanism
that is not easily substituted. Those less economically or
socially privileged may have fewer options for healthier
substitutions. An ethical issue is whether health promoters
are morally obligated to help find alternative practices
when they aim to eliminate practices that serve social or
emotional functions, particularly among members of
diverse cultural or economically disadvantaged groups.
Turning Health into an Overriding Value

Even ardent proponents of health promotion have noted
with concern the moral impact of health promotion mes-
sages on culture and society as people and governments
conceptualize health as an overriding value. Critics main-
tain that industrialized societies have become obsessed
with the promotion and protection of health and that
the pursuit of health has turned into a crusade with
moral overtones. When health becomes an overriding
value, it can turn into something people pursue relent-
lessly at the expense of other things in their lives or, in
turn, people may feel inadequate when they do not do so
(Callahan, 2000). An emphasis on good health as a value
can turn those who have no serious health problems into
the ‘worried well’ and may contribute to people’s escalat-
ing expectations from medicine and the health-care sys-
tem. This may raise concerns regarding equity, because
the more powerful groups will be able to demand that the
health-care system meet their needs (Becker, 1993).
Another concern is that a cultural preoccupation with
personal health practices may distract people from other
social issues and causes of ill health. It is feared that an
emphasis on personal health as a value may serve to
promote self-interest at the expense of concern for others
and equity (Buchanan, 2000).
Conclusion

A central ethical dilemma in health promotion is the
contradiction between the obligation to respect people’s
autonomy, privacy, and cultural beliefs and the employ-
ment of restrictions and persuasive activities for health
promotion, which may infringe on people’s autonomy or
conflict with their cultural beliefs (McLeroy et al., 1987).
On one hand, according to the ethical principle of respect
for autonomy, people should be free to make their own
decisions regarding health-related practices. On the other
hand, because individual choices and behaviors often take
place within social or physical environments that can be
detrimental to people’s health, health promoters believe
they are obligated to find the most effective strategies to
influence them (Cribb and Duncan, 2002). These strate-
gies, especially those considered the most effective, raise
ethical dilemmas that require a systematic ethical analysis
to elucidate value considerations and require scrutiny of
health promotion messages for ethical issues as a routine
part of health promotion activities.
See also: Codes of Ethics for Public Health; Foundations

in Public Health Ethics; Resource Allocation: Justice and

Resource Allocation in Public Health.
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Immunization Programs and Tensions
between Collective and Individual
Perspectives

Immunization programs are a fascinating subject for ethi-
cal reflection. Moreover, such reflection is mandatory for
well-considered and responsible vaccination policies. One
of the salient aspects of immunization programs is that
they may not only affect the vaccinated individuals but
also the population at large. The most effective way to
avoid diseases such as poliomyelitis, measles, meningitis,
or hepatitis is to have oneself immunized. And if many
people choose similarly, this might lead to herd immunity,
thus protecting the population at large, including those
who are not vaccinated. It might even give the prospect
of worldwide eradication of the infectious agent. Collec-
tive vaccination programs have a large impact on the
spread and transmission of certain viruses and microbes.
Remarkably, the fact that a potentially dangerous virus
or microbe becomes less prevalent might have negative
implications for at least some individuals. Prior to immu-
nization programs, some people developed long-lasting
immunity against many infectious diseases because they
were infected regularly, thus repeatedly boosting their
immune system. The less an infectious agent is present
in a population – thanks to successful vaccination pro-
grams – the weaker one’s immunity against the agent
becomes. Hence, older persons and persons who have
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foregone vaccination might face some negative effects of
successful childhood immunization programs. Moreover,
this scenario illustrates how immunization may become
an ongoing process: as childhood vaccination becomes
more and more successful, it may become necessary for
people to have repeated vaccinations at a later age, given
that many vaccines do not offer lifelong protection.
It might also make a person’s decision to forego vaccina-
tion even more risky. On a population level, such negative
effects will often be outweighed by the overall reduction
of morbidity and mortality that can be achieved in a
successful program, but some individuals might disagree
with that assessment. Still other individuals might con-
sider it unnecessary to participate in a vaccination pro-
gram or to have their children immunized, given that most
vaccines protect against diseases that seem to have been
almost forgotten – at least in developed countries. In this
way, the very success of a vaccination program may
undermine people’s willingness to participate.

Clearly then, immunization policies may raise con-
flicts between the common good of public health and
the interests of particular individuals – particularly for
collective immunization policies, that is, vaccinations that
are offered to the whole population or to high-risk groups
and that aim not just to protect each participating indi-
vidual but also to protect the health of the public at large.
This article focuses on such collective programs and
not on the ethical dimensions of special topics in



Ethics of Immunization 483
vaccination, such as vaccine research and vaccination of
health-care workers.
New Vaccines, New Ethical Questions

The possible tensions between public and private interests
underline the necessity that immunization programs be
based upon well-considered decisions, including not just
systematic review of epidemiological and immunological
evidence but also ethical evaluation and justification.
Such evaluation should concern the implementation of
vaccination programs (voluntary or compulsory, require-
ments of informed consent, and so on), as well as the
contents of the program (which vaccines should be
offered). Until recently, the introduction of new vaccines
in a collective program did not raise ethical debate. Child-
hood immunization programs grew slowly as new vaccines
became available. Also, vaccines against poliomyelitis, per-
tussis and diphtheria, and measles, mumps, and rubella
were timely and relatively inexpensive responses to clear
public health threats. Nowadays, new vaccines are much
more expensive, and they offer protection against diseases
that are not as common and dangerous as, for example,
measles used to be. Moreover, there are quite a large
number of new vaccines in development, and it is far
from self-evident that all can and will be incorporated
in national vaccination programs. For the future it is
hoped that effective vaccines against malaria and HIV
will become available. Examples of new vaccines that are
either in development or that have recently become avail-
able are meningococcal B and C, varicella zoster, human
papilloma virus, rotavirus, and respiratory syncytial virus.
Which vaccines should be given priority? Some vaccines
raise new and specific questions, as they protect against
sexually transmittable infections (human papilloma virus,
herpes genitalis). Quite a few parents might object to
the idea of immunizing their 11-year-old child against a
sexually transmittable disease, especially if they endorse
the ideal that their son and daughter should only have
unprotected sex within marriage.
Serious Public Health Problems

As the number of available vaccines increases, priority
setting seems inevitable. A first consideration is the mag-
nitude of the public health problems that could be
avoided through introduction of a new vaccine. This
factor involves not only mortality and morbidity figures
but also evaluation of the seriousness of the disease for
individuals and of the risks for the public at large. In
general, it seems reasonable to assume that universal
vaccination programs should target diseases that might
be fatal or that could lead to permanent disability, such as
poliomyelitis, hepatitis B, or pneumococcal disease. Yet a
vaccine that is to be given priority in a public program
should also aim at preventing diseases that are major
problems from the perspective of public health. Especially
diseases that can spread rapidly in the public sphere and
against which individuals cannot easily protect them-
selves should be given priority. This might hold for poten-
tially dangerous infections that are very common, such as
influenza or pneumococcal infection, but also for viruses
that, although uncommon or even absent, would repre-
sent a major threat to public life, for example through a
bioterrorist attack. Giving priority to public health risks
against which individuals cannot easily protect them-
selves is consistent with the core responsibilities of gov-
ernment. If individuals have sufficient possibilities to
protect themselves against infection and avoid infecting
other persons, universal vaccination in a collective pro-
gram might be given less priority. Vaccines against sexu-
ally transmitted diseases are a case in point, although it is
clear that a new HIV vaccine would be of highest priority
in many countries worldwide.

Especially if priorities need to be set, it is important to
specify disease-specific goals that must be attained with
particular vaccines. If a disease cannot be completely
eradicated, and if it is clear that the vaccine does not
offer lifelong protection, one must weigh how much pro-
tection one should at least achieve (or, to put it more
controversially, what levels of disease-specific morbidity
and mortality one is willing to accept). For example,
vaccines against pertussis do not give lifelong protection,
nor do they produce 100% protection in all individuals.
As a result, pertussis is still spread through adolescents
and adults, and although these groups might only experi-
ence mild forms of whooping cough, they might infect
newborn babies, who have not yet completed their first
DTTP series. In the Netherlands, the goal of pertussis
vaccination is to protect children until at least the age of
five against the whooping cough. This specific goal might
be considered as a reason to start a vaccination program
for young adults or parents to be, with the primary pur-
pose of protecting newborn babies rather than just the
adults. In a balanced immunization policy it might
sometimes be better to improve current vaccination stra-
tegies before introducing a completely new vaccine.
Formulating vaccine-specific goals can contribute to the
consistency and clarity of such programs.
Safety and Effectiveness

Collective vaccination programs aim to protect healthy
persons against diseases that, at least in a number of cases,
are relatively uncommon. These aspects support the claim
that vaccination should be a highly safe procedure. Side
effects of therapeutic drugs can often be well explained
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and justified to patients who need a drug to regain health.
Yet such explanations are much more complex in the case
of vaccination. Even very rare risks of immunization
might be considered unacceptable. A good example is
the oral polio vaccine, which, when given to millions of
children, might cause a form of poliomyelitis in some of
them. It is hardly acceptable that the only cases of polio-
myelitis in a country are induced by the vaccine itself.
Parents might consider forgoing vaccination of their chil-
dren for that reason, which could undermine the global
effort to eradicate the virus. Many countries have there-
fore replaced the oral polio vaccine with the Salk vaccine,
which is much more expensive but does not have these
risks. This example shows how the necessity to maintain
high vaccination levels further increases safety standards.

Although many vaccines do not offer lifelong protec-
tion, vaccination still needs to be highly effective. Yet even
if one focuses on protection for a limited number of years,
100% efficacy will still often be unattainable. As discussed
above, at some point one must decide what level of effect
is necessary. New vaccines for young children are often
tested in a three-plus-one schedule, involving three injec-
tions during the first months, and one injection a year
later. Such a schedule might offer the best chance of
attaining the highest level of protection. Yet a reduced
two-plus-one schedule might sometimes also render suf-
ficient protection, as recent developments concerning
conjugate pneumococcal vaccines show. This raises inter-
esting ethical issues concerning vaccine research. After
all, if a three-plus-one scheme has been proven effective,
is it still feasible and morally acceptable to test a reduced
two-plus-one scheme in a randomized trial? A head-to-
head comparison of both schedules will require very large
research populations if the expected differences are small.
An alternative research design is to test the reduced
schedule against placebo, but this would violate the Dec-
laration of Helsinki, an important international ethical
framework for research with human subjects. One of its
principles states that new medical interventions should be
tested against the best proven prophylactic, therapeutic,
or diagnostic methods, and this would rule out a placebo-
controlled trial of a two-plus-one vaccination schedule
when a three-plus-one schedule has already been proven
effective. Given these problems, it makes sense to start
ethical reflection about the required level of protection at
the time of vaccine trials, not after all trials have already
been completed.
Inconveniences and Burdens for
Participants

Most participants only experience inconvenience and
small burdens from vaccination: on the one hand, success-
ful vaccination results in a nonevent that one cannot
really experience, and on the other hand, real risks are
normally rare. Hence the most salient features of vaccina-
tion will often be the temporary fear and pain of an
injection. Therefore it makes sense to take even such
small inconveniences seriously by limiting the number
of injections and developing needle-free immunization
procedures. Minimizing small burdens is important not
only because it benefits vaccinees, it may also contribute
to the willingness of people (especially parents) to parti-
cipate and hence may promote high vaccination rates.
Cost-Effectiveness Analysis and
Considerations of Justice

The introduction of new vaccines should be assessed in
terms of the full range of benefits, burdens, and costs
resulting from the intervention, compared to alternative
preventative options. A core element in such assessment
can be provided by cost-effectiveness analysis (CEA),
which aggregates effects in terms of quality-adjusted life
years (QALYs) or disability-adjusted life years (DALYs)
gained and aims to specify the financial costs of a QALY
that can be gained by introduction of the vaccine. Even
though CEAs are a fruitful method for setting priorities,
as they enable comparative evaluations of different inter-
ventions, such analyses can only be part of the overall
evaluation of new vaccines. Many of the previously dis-
cussed factors that count in priority setting cannot be
easily framed in CEA: inconvenience, feelings of safety,
individual versus public responsibilities, protection against
potential bioterrorist attacks, and so on. Moreover, quanti-
tative analysis as such raises methodological and ethical
controversies. There is an ongoing debate about whether
health effects should be discounted over time in the way
financial costs are: from an economical point of view it is
better to have €1000 now than to get €1000 next year, yet
does the same apply to benefits and health effects more
specifically? Decisions about discounting and about dis-
count rates are highly important for priority setting because
they have a huge impact on the outcome of cost-
effectiveness analysis. A last important ethical concern is
that economical analyses such as CEA take an aggregate
perspective on health benefits and costs; hence they ignore
how benefits and burdens are distributed among a popula-
tion. This might raise issues of distributive justice. For
example, from a justice point of view, one might want to
give priority to protecting the health of people who are
worst-off in terms of health and financial resources. Yet
CEA-guided decision making might give more priority to
preventing diseases that are of less concern to those groups.
Almost everyone will get chicken pox (varicella) at some
point during childhood, and experience relatively mild
symptoms. Only in some cases does chickenpox lead to
serious complications requiring hospitalization. Yet all
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parents will face the problem that they must care for their
child and be unable to work for some days. In aggregative
economic terms, these latter negative effects of the disease
are highly important and might even lead to the conclusion
that vaccination against varicella reduces costs for society.
Yet the disturbing and possibly unjust implication would be
that vaccination against varicella may imply giving priority
to prevention of a mild disease of children of working
parents, over prevention of diseases that are more relevant
for socioeconomically deprived groups.
Should Vaccination Be Compulsory?

So far the focus has been on ethical evaluation of the
contents of vaccination programs: which vaccines should
be introduced in a collective program? Obviously, there
are also ethical concerns about how programs are imple-
mented within society. During the last decades, patient
autonomy and informed consent have become obvious
principles in many areas of health care. Physicians must
obtain informed consent before treatment. Does the same
apply to preventative vaccinations? There are two reasons
that voluntary informed consent might be less obvious
and decisive in immunization than in regular health-care
practices. First, choices about immunization do not just
concern the candidate-vaccinee but also other persons.
People have a common interest in attaining high immuni-
zation rates and herd immunity. If many people decide to
forgo vaccination, this will undermine the common good
of herd protection. Governments therefore have good
reasons to promote immunization and persuade or even
press people to participate by means of sanctions or other
forms of compulsion. Second, in childhood vaccination
programs, parents decide about protection for their chil-
dren. If vaccination involves a very simple and burden-
free procedure that effectively averts significant risk for
the child, this raises the question of whether parental
choice against vaccination can be morally justified. After
all, parents should decide in the best interests of their
child. Again, this would be reason to set limits to volun-
tary informed consent.

Notwithstanding these considerations, there are good
reasons for thinking that immunization programs should
be voluntary. Voluntary programs can be as successful
and attain immunization rates that are as high as com-
pulsory programs, as policies, for example, in the Neth-
erlands or New Zealand show. Hence, compulsion is not
a necessary condition for herd protection. Second,
although parents have a moral obligation to act in the
best interests of their children, this does not yet justify
compulsory immunization programs. In some cases, a
parent might reasonably argue that her child does not
need vaccination against, for example, hepatitis B. More-
over, compulsion and enforcement have all kinds of
social costs and problems of their own. One problem is
that if people are not given a say in immunization, this
might undermine trust in the program, thus, in the long
run, having detrimental effects on the success of immu-
nization policies. Indeed, public trust should be consid-
ered one of the essential features of immunization
policies. In order to secure confidence in immunization,
it is important that people know that their concerns (e.g.,
the health of their children, the possibility of side effects)
are taken seriously. Consent, on the basis of reliable
information about risks and benefits, can play an impor-
tant role in this respect.
Conclusion

Choices about which vaccines to offer and how to imple-
ment a vaccination program have important ethical
dimensions. These can be summarized in seven ethical
principles:

1. Collective vaccination programs should target serious
diseases that are a public health problem.

2. Each vaccine, and the program as a whole, must be
effective and safe.

3. The burdens and inconveniences for participants
should be as small as possible.

4. The program’s burden-to-benefits ratio should be
favorable in comparison with alternative vaccination
schemes or preventative options.

5. Collective vaccination programs should involve a just
distribution of benefits and burdens.

6. Participation should generally be voluntary unless
compulsory vaccination is essential to prevent a con-
crete and serious harm.

7. Public trust in the vaccination program should be
honored and protected.
The seven principles offer general guidelines to be

taken into account in ethical and scientific assessment of
new vaccines, vaccination schemes, and procedures. They
stipulate the topics that should be taken into account
when deciding about vaccination priorities.

Immunization programs are an essential element in the
protection of public health. The importance not only of
immunization but also of people’s confidence in collective
immunization underlines the necessity that decisions
about vaccines be well considered and ethically justified.
See also: Cost-influenced Treatment Decisions and Cost
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Ethics is concerned with what is right, good, just, or fair.
It is concerned with our duties and obligations, what
ought to be the case, what one should do, and what social
or institutional policy should be. In the context of public
health and infectious disease in particular, ethics seeks
to define appropriate behavior for members of the public,
appropriate behavior for public health professionals,
and appropriate public health policy in regard to disease
control. Rather than merely seeking the most effective
means for controlling disease, ethics seeks right, fair,
just means for controlling disease. From an ethical stand-
point, the goal to control disease must be balanced against
other legitimate social aims.

One reason that infectious diseases are so important
from an ethical standpoint is that their consequences are
so severe. Throughout history they have caused more
morbidity and mortality than any other cause, including
wa r ( Price-Sm ith, 2001 ). The Bl ack Deat h killed one-
third of the European population in the mid-fourteenth
century, the 1918 flu killed between 20 and 100 million
people, and smallpox killed between 300 and 500 million
people in the twentieth century alone – that is, three times
more than were killed by all the wars of that period. Forty
million people are infected with human immunodefi-
ciency virus (HIV) (in 2007), and during each of the
past few years 5million people were newly infected with
HIV and 3 million people died from acquired immune
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deficiency syndrome (AIDS). Only a minority of those
who need AIDS medication can afford it. Tuberculosis
(TB) and malaria together kill more than 3million people
each year. Diarrhea and respiratory diseases together kill
more than 5 million people each year. Major concerns
also include the large number of new infectious diseases
that have emerged in recent decades, the growing prob-
lem of drug resistance, the inevitable threat of the next
major flu pandemic, and the threat of bioterrorism (which
has grown with recent rapid advances in the biological
sciences).

Respecting Rights versus Promoting
Public Health

Difficult ethical questions arise in the context of infec-
tious disease control because the promotion of the greater
good of public health may conflict with other legitimate
social aims. In the event of an epidemic, for example, the
measures needed to protect public health may require
infringement of what are usually considered to be basic
human rights and liberties. Depending on the disease and
other factors, for example, quarantine may sometimes be
the best means for protecting population health; but
quarantine requires interference with the right to freedom
of movement. The ethical question is then whether

http://www.wma.net
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promoting the good of society or respecting the rights and
liberties of individuals to move about as they choose
matters more in the context under consideration.

This same kind of question arises in relation to numer-
ous other strategies for the control of infectious disease.
Contact tracing and notification of third parties, for exam-
ple, may promote public health but can also involve
interference with individual privacy. Reporting the health
status of infected individuals to authorities may likewise
have public health benefits that come at a cost in terms of
privacy. Depending on the circumstances, mandatory
diagnostic testing, mandatory treatment, and mandatory
vaccination might each have important public health ben-
efits on occasion – but they can each also interfere with an
individual’s right to consent to medical procedures.

What should be done when the policies that would best
serve the good of society in terms of public health involve
violation of the rights, liberties, or interests of individuals?
Most would deny that absolute priority should always be
given to either the promotion of the good of society or
to the protection of individuals in all circumstances,
regardless of the extent to which one or the other is
threatened. In exceptional circumstances it is commonly
considered acceptable to limit (or sacrifice) individual
rights and liberties in order to promote the good of society.
It is sometimes considered appropriate to sacrifice even the
most basic right of all (e.g., the right to life in times of war)
to protect society as a whole. Few believe, however, that
rights and liberties should be limited (or sacrificed) when-
ever this would promote the good of society. Most would
agree that one’s right to freedom to decide whether or not
to drive to work, for example, should be respected even if
public health and the overall good of society would be
promoted through a requirement that all commuters ride
bikes or use public transportation.

We generally try to strike a balance between the
respecting of individuals’ rights and liberties, on the one
hand, and the promotion of public health, on the other.
A task for ethics is to determine which of these two goals
has overriding importance in cases of conflict. This partly
requires examination of the extent to which each is
respectively threatened in any given situation.
Consent

Informed consent is centrally important to health ethics.
Both with regard to human subject participants in
research and with regard to patients being offered clinical
treatment, it is widely held (1) that the subject or patient
should (usually) be informed about the purpose, benefits,
and risks of the research being proposed or the treatment
being offered, and (2) that he or she should be free to
make his or her own voluntary choice about whether or
not to participate in the research or undergo the treat-
ment being offered.

This ethos has evolved in response to an unfortunate
history. During the Second World War, for example, Nazi
doctors coercively performed brutal, and sometimes
deadly, experiments on prisoners (Annas and Grodin,
1992). Experimental subjects were placed in low-pressure
chambers to simulate conditions endured by pilots eject-
ing at high altitude. Others were submerged in icy cold
water, for prolonged periods, in order to determine how
long German pilots shot down over the English Channel
might survive before being rescued. Other Nazi experi-
ments involved limb transplants, wound simulation, and
intentional infection with pathogens.

During the Tuskegee Syphilis Study – another famous
example of unethical research, conducted by the U.S.
Public Health Service from 1932 to 1972 in Alabama –
hundreds of black men were left untreated for syphilis
(even after penicillin became available) so that the natural
course of the disease could be observed (Reverby, 2000).
Subjects in this experiment were not even told that they
were being studied. Rather, they were misled to believe
that they were receiving effective treatment when they
were merely being seen for experimental data-gathering
diagnostics tests.

Revelations of horrors such as these led to the formu-
lation of international research ethics guidelines such as
the Nuremburg Code and the Declaration of Helsinki,
and domestic research ethics guidelines such as the U.S.
Belmont Report. Such guidelines invariably enshrine
informed consent as an ethical requirement for research
involving human subjects. In addition to the requirement
of informed consent, the World Medical Association’s
(WMA’s) Declaration of Helsinki further holds that ‘con-
siderations related to the well-being of the human subject
should take precedence over the interests of science and
society.’ In the context of research, then, according to the
WMA, the individual takes priority over society. Even if
tremendous health and social payoffs in terms of infec-
tious disease control might be gained by conducting
experiments involving the intentional infection of healthy
subjects with HIV or other dangerous diseases, such
experiments would be unethical according to this require-
ment, whether or not informed consent is obtained.

In the context of medical treatment, the requirement of
informed consent arose in response to medical paternalism.
Although it was previously held that the physician knows
what is best for the patient and that the physician should
therefore dictate treatment decisions, this practice came to
be seen as disrespectful of patient autonomy during the
second half of the twentieth century. Rather than deciding
for the patient what will be done, the role of the physician
is now to a much greater extent seen as that of informer.
The physician is expected to inform the patient about his
or her condition, the treatment options, and the advantages
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and disadvantages of each treatment option. The informed
patient then autonomously makes his or her own decision
about which course of action is most appropriate in light
of his or her own goals and values.

Informed consent to research and treatment are not
absolute requirements; and there are cases in which it is
technically impossible to obtain informed consent, such as
those involving incompetent, unconscious, or very young
patients. In research, especially good justification must be
given before experiments are conducted on those who
cannot provide informed consent. In both research and
treatment, the consent of parents or a guardian is gener-
ally sought in lieu of the subject-patient when the latter
cannot provide informed consent on her own behalf.

In the context of infectious disease control, the ques-
tion arises as to whether or when mandatory treatment or
vaccination should be enforced against a patient’s wishes.
This is an especially difficult issue when one person’s
refusal to receive treatment or vaccination would pose
risks to others or to the community at large. In many
jurisdictions it is legal to require vaccination, for example,
when there is an important public health imperative for
doing so. The fact that something is legal, however, does
not imply that it is ethical. It was previously legal to keep
slaves, but this does not imply that slavery was an ethically
acceptable practice. In retrospect it is recognized that laws
allowing slavery were themselves unethical.
Mandatory Vaccination

If the right to autonomy is not absolute, then might
mandatory vaccination be ethically acceptable in special
circumstances? The World Health Organization’s
(WHO’s) smallpox eradication campaign in the second
half of the twentieth century sometimes involved the use
of military physical force to vaccinate people in India and
elsewhere (Tucker, 2001). To reach a conclusion about
whether this was ethically justified, one should ask, first,
how severe were the harms to, or rights violations of,
those who were forcefully vaccinated; second, how impor-
tant was the social goal that required infringement of
individual liberty in order to be achieved; and third,
whether promotion of rights outweighs in importance
the other social goals at stake, or vice versa.

The first question refers to the fact that not all in-
fringements of liberty are equally serious. Some rights and
liberties are more fundamental or basic than others. Free-
dom to drive a car without wearing a seatbelt is not as
basic, fundamental, or important as the freedom to choose
one’s profession or the freedom to reproduce. Violating
an innocent person’s freedom by holding him in con-
finement for 5 minutes is not as bad as holding him in
confinement for 5 years, which is not as bad as holding
him in confinement for 50 years. The point here is that the
more serious the rights violation of (or the restriction of
the liberty of, or the harm inflicted on) the individual, the
more we should be reluctant to infringe upon that right in
order to promote the good of society.

The second question refers to the fact that some social
goals are more important than others. Achieving a tiny
gain in a nation’s gross domestic product, for example, is
not as important as preventing a major catastrophe. The
point here is that the more serious the social goal at stake,
the less we should allow the protection of individuals to
stand in the way of achieving it. In the most extreme
situations, we sometimes accept violation of the most
basic rights. We even violate innocent people’s right to
life, for example, when the protection of liberty and
democracy are at stake during times of war.

Returning to the case of smallpox vaccination, the
apparent rights violation here was that people were held
against their wishes and pricked with a tiny needle con-
taining the vaccine. It is safe to assume that individuals
generally do have a right not to be physically interfered
with in this way and that many would have had religious
or other objections to having this done to them. There is
furthermore some risk associated with the smallpox vac-
cine. It is generally considered to be the most dangerous
vaccine (partly because it involves a live virus), and it did
have the potential to cause serious complications and
even death (though only very rarely).

One might agree with all of this and still believe that
coercion was called for in the circumstances, given the
enormous global public health interest in smallpox eradi-
cation. Having no human hosts, smallpox was one of the
few infectious diseases with potential for eradication.
Because it was such a devastating disease, there was a
tremendous benefit to be gained from eradicating it. The
benefits of eradication, furthermore, included the end of
the need for worldwide vaccination, which was expensive
and itself a source of morbidity and mortality.

Some will claim that, from an ethical perspective, the
public health imperative to eradicate smallpox out-
weighed the rights that had to be violated in order to do
so. Such a conclusion rests on two judgments: (1) an
ethical judgment that the social goal in question was
more important than the rights that had to be violated in
order to achieve it and (2) an empirical judgment that it
would not have been feasible to fully eradicate the disease
if only volunteers were vaccinated. Because smallpox
killed more people than any other infectious disease in
history, many believe that its eradication was one of med-
icine’s, and public health’s, greatest success stories. Small-
pox eradication amounted to the elimination of one of
humankind’s worst enemies. Because of the physical coer-
cion involved, however, some may nonetheless deny that
this achievement was worth the ethical costs involved.

Moving to the present, there is debate about the extent
to which coercion of various forms should be used to
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achieve a high uptake of routine vaccinations such as that
for measles, mumps, and rubella (MMR). Perhaps because
of the way that potential dangers of vaccine are presented
by the media or because of a lack of scientific understand-
ing on the part of the public, low-vaccination uptake
results and in turn, threatens herd immunity. Policy deci-
sions then must be made about how to increase coverage.
Whenvaccination rates are low, and herd immunitydrops as
a result, well-informed parents would be motivated to have
their children vaccinated (assuming there is good evidence
that the risk of vaccination is smaller than the risk of
remaining unvaccinated). To a certain extent, therefore, as
ThomasMay (2005) argues, the goal of high vaccine uptake
can be noncoercively promoted via a well-developed
public education campaign.

When a sufficiently high number of children have been
vaccinated, however, a point may be reached where the
risk of vaccination (even if it is very low) exceeds the risk
of infection for those who remain unvaccinated, because
the chances of infection fall toward zero as the proportion
of children in the population who have been vaccinated
rises toward 100%. In such circumstances informed parents
may, if given the choice, decide not to have their children
vaccinated. Their refusal to have their children vaccinated
for the reasons here described, however, would be an
instance of ‘free-riding.’ Such parents would aim to reduce
the risks to their own children by taking advantage of the
fact that so many other children have already endured the
risks involved with vaccination. Because this sounds unfair,
however, the ethical question is whether refusal to have
one’s child vaccinated for this kind of reason, as opposed
to religious reasons for example, should be permitted.

Furthermore, given the problems of social coordina-
tion that exist in the context of public good, it is question-
able whether herd immunity would remain stable in
scenarios such as this in which parents are well-informed
and the risks of vaccination are (small but) real. The
ethical question then becomes whether the social good
of stable herd immunity outweighs the importance of
parental consent to children’s vaccination.

Moran and colleagues (2006) illustrate the various ways
in which this kind of issue is handled in Europe. Policies
there range from legal requirements to have one’s child
vaccinated (with or without enforcement of criminal law),
to disincentives regarding refusal to have one’s child vacci-
nated (e.g., in some countries the child is prohibited from
attending school if he or she has not been vaccinated), to
provision of financial incentives or rewards for having one’s
child vaccinated, to noninterference in vaccination decisions.
Mandatory Treatment

Although the patient’s right to consent to medical treat-
ment is generally respected, in some cases this kind of
freedom poses potential risks to public health at large. TB
is an important example. Because TB is contractible via
casual contact, those with untreated active disease run the
risk of infecting others. Strangers on buses, for example,
might be infected. The significance of this kind of threat
has grown with the increase of multi-drug-resistant TB
(MDRTB) in recent decades. Treatment of ordinary TB is
inexpensive. A 6-month course of drugs costing only
$10 to $20 (U.S.) is usually all that is required to cure
TB. For MDRTB, however, treatment may take 2 years
and cost 100 times as much; and even then treatment
might not lead to cure.

Although it was previously thought that TB was under
control (at least in developed countries), more people are
infected now than ever before. The disease was declared a
global health emergency by the WHO in 1993. One in
three people worldwide are infected with latent TB and
the WHO (2002) estimates ‘that between 2002 and 2020,
approximately 1000million people will be newly infected,
over 150million people will get sick, and 36million will
die of TB – if control is not further strengthened.’ The
continued threat of TB to even wealthy developed nations
was made clear in the late 1980s and early 1990s when
New York City spent $1 billion fighting an epidemic of
MDRTB.

Does the fact that TB (as opposed to e.g. AIDS) is
contractible via casual contact provide grounds for forcing
treatment on patients, at least when the overall public
health threat related to MDRTB (which is promoted
when a full course of treatment is not properly com-
pleted) is taken into account? Directly observed treat-
ment, short course (DOTS) has become the standard of
care for TB worldwide. Those diagnosed with TB are
expected to complete their medications under the super-
vision or observation of a health worker. Among other
things, it is hoped that the oversight involved with the
DOTS strategy will help reduce the emergence and
spread of MDRTB.

In some countries, treatment refusal is considered
legitimate grounds for confinement. If a patient refuses
to comply with treatment in the United States, the state
may not physically force treatment upon her, but it can
hold her in detention against her wishes in order to
prevent her from infecting others (Bayer and Dupuis,
1995). From an ethical standpoint, such an approach
may be considered preferable to the use of force in treat-
ment insofar as it at least gives the patient a choice to
either be treated or be held in detention. Some may
question, however, whether TB’s threat to public health
is sufficiently great to warrant restriction of freedom of
movement when patients refuse treatment. Although con-
tractible via casual contact, infection with TB usually
requires prolonged or repeated exposure, and, in wealthy
countries at least, a cheap and effective cure is usually
available to anyone who becomes infected. Only a
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minority of cases involve MDRTB, and even these are
usually treatable.
Third-Party Notification and the Right to
Confidentiality

One of many ethical issues arising in the context of HIV is
the question of whether an HIV-infected patient’s right to
confidentiality should be breached if necessary to notify a
third party at risk of becoming infected by him. A classic
ethical dilemma arises in the scenario in which a patient
who has been diagnosed with HIV has not told his sexual
partner that this is the case and continues to have unpro-
tected sex with her. The ethical question for the physician
or other health worker (who is aware of the situation) is
then whether to inform the partner (the third party)
about the patient’s infection with HIV if doing so is
against the patient’s wishes. Disclosure, however, would
apparently violate the patient’s right to confidentiality.
When a patient presents to health-care workers, the
implicit or explicit promise is that information regarding
the patient’s health will be held in confidence. In this
scenario, informing the third party would involve break-
ing such a promise.

Yet the third party has rights, too. Her right to life is
threatened by the fact that her partner is having unpro-
tected sex with her despite the fact that he is infected with
HIV. While health workers have duties to their patients,
they also have duties to save lives of others when they are
in a position to do so. The HIV patient’s right to confi-
dentiality in this scenario conflicts with his partner’s right
to life, and the health worker’s duty to maintain patient
confidentiality conflicts with his duty to save the patient’s
partner by warning her. Ethics asks what should be done.

Key questions here are (1) whether the right to confi-
dentiality should be considered absolute in health-care
contexts and (2) why confidentiality is important to begin
with. One way of evaluating the scenario under consider-
ation is to conclude that the right to life is more basic and
important than (and therefore outweighs) the right to
confidentiality and that the health worker should there-
fore breach confidentiality by informing the patient’s
partner. A compatible but different conclusion claims
that because the patient’s behavior is not altogether dif-
ferent from that of a murderer, he in effect waives his right
to have confidentiality protected (McLean, 1996). The
third party’s right to protection is more important than
the patient’s right to protection, in this view, because she
is innocent and thus, unlike the patient, deserves to have
her right protected.

Although it is common to conclude that a health
worker is ethically permitted to breach confidence in a
case like this, many hold the stronger position that the
health worker is not only ethically permitted but also
ethically required to breach confidence in order to save
the third party. Legal support for this position is provided
by the famous Tarasoff judgment. In this case a patient
told his psychologist that he planned to murder a young
woman, and then he went on to do so. When the victim’s
family took the case to the California Supreme Court, it
was ruled that the psychologist had a duty to warn the
victim about the danger she was in. The fact that an
identifiable third party was at grave risk, according to
the court, outweighed the counselor’s duty to hold infor-
mation about his patient in confidence. Many argue that
the same logic applies in the case of HIV.

Others, however, deny that health workers should
notify third parties in cases like that described above.
They claim that patients will refrain from, or delay,
visiting the health-care system if they are led to believe
that promises about privacy are routinely broken. The
worry is that a practice of third-party notification would
drive the HIV epidemic underground when those at risk
of infection become more reluctant to seek testing and
treatment from a health-care system they do not trust.
Those in need of testing and treatment would then
become sicker and also more likely to infect others. This
rationale for maintaining confidentiality thus pits the
duty to promote public health against the duty to protect
identifiable third parties at risk of infection. Ethically
speaking, one might argue that if the danger to public
health were sufficiently severe, the justification for not
warning third parties in cases like the one we have been
considering would be legitimate. The extent to which a
practice of notification in cases like this would in fact have
a large negative effect on public health, on the other hand,
is an empirical question that is difficult to study. In the
meanwhile, the success of antiretroviral therapy as a treat-
ment for AIDS perhaps makes it less likely that those at
risk will avoid the health-care system than would have
been the case in the early days of the epidemic when no
effective treatment was available and when much of this
debate took place.
Quarantine

One of the most controversial issues regarding ethics and
infectious disease control is the issue of quarantine.
Though it is often considered to be an archaic and draco-
nian measure, quarantine was employed in the SARS
epidemic of 2003. Current debate questions whether
quarantine is called for in the case of virtually untreatable
‘extreme’ or ‘extensively’ drug-resistant TB (XDR-TB)
(Singh et al., 2007) – and the conditions under which
quarantine would be justified in the event of a major flu
pandemic or bioterrorist attack. Ethical concerns about
quarantine are twofold. First, quarantine involves viola-
tion of the basic right to freedom of movement. Second,
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quarantine can endanger the lives of those whose move-
ment is restricted. The quarantine of an airplane carrying
passengers with a dangerous strain of flu or other conta-
gious deadly disease, for example, may lead to the infec-
tion of previously uninfected passengers who are confined
in close proximity to those who are infected. Quarantine
may then violate the most fundamental right of all: the
right to life.

Does this mean that quarantine is therefore unethical
or wrong? Not necessarily. Although it should be consid-
ered an extreme or exceptional measure, there is no
reason to in principle rule out quarantine altogether,
even if it sometimes ends up killing innocent people,
just as there is no ethical reason to rule out participation
in (just) war. As in other contexts, there are trade-offs to
be made. If quarantine, despite its costs to individuals held
in confinement, would enable prevention or minimization
of what would otherwise be an enormous public health
disaster, it may be considered an acceptable and necessary,
though unfortunate, means of controlling infectious
disease.

The ethical questions, then, are the following: Who
should have authority to impose quarantine, and how
can quarantine decisions be made in a responsible, ratio-
nal, well-informed, balanced manner? Claims about the
ethical acceptability of quarantine should arguably
include the following.

First, an extreme measure such as this should not be
employed unless there are compelling reasons to believe
that it would be an effective means of controlling disease
in the circumstances under consideration. Although
authors such as George Annas (2005) deny that quaran-
tine actually works, this is of course an empirical question.
There are historical cases, such as that of American Samoa
during the 1918–19 flu pandemic, where it appears to
have been highly effective (Crosby, 2003). The evidence
for or against the effectiveness of quarantine warrants
further study. Given the difficulty of conducting con-
trolled studies in the context of quarantine, however, it
will not be easy to conclusively demonstrate whether
quarantine would be effective in any given circumstance.
There is an ethical imperative, in any case, that research-
ers with relevant expertise examine this issue as best
they can.

Second, mandatory quarantine should not be em-
ployed unless it is actually required. If alternative, less
restrictive, means are available to achieve the same ends
regarding public health protection, these should be
employed instead. If voluntary quarantine, for example,
would likely be just as effective as mandatory quarantine,
then the latter should not be imposed. Mandatory quar-
antine should only be used as a last resort.

Third, an extreme measure such as quarantine should
not be imposed unless consequences of failing to do so
would be great. It would be wrong to think that rights
violations and the imposition of harms on individuals are
justified whenever this would lead to a net payoff for
society as a whole. The maximal promotion of public
health should not be the sole goal of ethical public health
policy. Ethical public health policy should aim to balance
the goal to promote public health with other legitimate
aims such as respecting the rights and protecting the well-
being of individuals.

Fourth, for quarantine to be ethically acceptable it
must be implemented in an equitable manner. It would
be unjust, that is, if quarantine is used (as it has often been
used in the past) in a discriminatory fashion against those
who are already socially marginalized or disempowered.
One could argue that the grounds for using quarantine
must be strongest when those who are being considered
for confinement are members of the worst-off groups in
society. Just as research ethics guidelines give special
protection to those who are vulnerable, quarantine guide-
lines should perhaps do the same.

Fifth, quarantine, if implemented, should be made as
minimally burdensome as possible. Insofar as is feasible,
those confined should be provided with basic necessities
such as food, water, comfort, and health care. A sixth, and
related, point is that those who suffer quarantine for the
benefit of society should be compensated in return. It
would be wrong if confined individuals are expected to
suffer a disproportionate amount of the burdens required
for the protection of society as a whole. The burdens asso-
ciated with epidemic disease are shared more fairly if those
who make sacrifices by succumbing to quarantine are
providedwith compensation for doing so. If there are limited
amounts of medication and vaccine available, for example,
those who have been quarantined may deserve special pri-
ority when making allocation of medical resource decisions;
and they might also deserve financial compensation for
inconvenience, missed work, and so on. A benefit
of putting a compensation scheme into place is that this
would be likely to enhance trust in, and thus cooperation
with, the public health-care system (Ly et al., 2007).
Infectious Disease and Social Justice

Although the preceding discussion has focused on ethical
conflicts between the greater good of society (as pertains
to public health) and respect for individual rights and
liberties, there is another crucial social value that comes
into play in the context of ethics and infectious disease:
social justice. The poor (in both developing and devel-
oped countries) are most affected by infectious disease
because of conditions such as poor sanitation and hygiene,
bad nutrition, lack of education, and crowded living con-
ditions. Reducing poverty and improving the health of the
poor can thus address numerous social values at once by
both promoting equality and improving public health in
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Introduction

Multiple clinical, ethical, and public policy concerns arise at
each phase of the organ transplantation process. Despite the
benefits of organ transplantation, it remains controversial.
First, some believe that society ought to direct its limited
healthcare resources toward preventative medicine and pri-
mary care, rather than to expensive technologically aided
extensions of human life. Second, some fear that acquiring
another person’s organ(s) confuses one’s identity or may
interfere with spiritual liberation or reincarnation after
death, and some oppose organ transplantation on religious
grounds. Finally, some worry that transplantation fosters
the commodification of the body and failure to accept
human mortality.

On the other hand, it is difficult to ignore the benefits
of organ transplantation, which has saved the lives
and improved the quality of life of thousands of organ
recipients. Additionally, in some cases organ trans-
plantation is more cost effective than other interven-
tions, for example, dialysis for end-stage renal disease
(Smith, 2003). Some argue that both cadaveric and liv-
ing organ donation afford a valuable opportunity for
altruism, and thus transplantation has nonconsequenti-
alist moral value.

Many of the ethical concerns surrounding organ pro-
curement and transplantation arise because the demand
for organs far outstrips the supply. According to the Organ
Procurement and Transplantation Network (OPTN), in
the United States, for example, at the beginning of 2004
there were more than 86 000 transplant candidates, while
in that same year, only 7150 cadaveric and 7004 living
organ donations were received (OPTN, 2004).
Organ Procurement

Cadaveric Organ Procurement

Cadaveric organ procurement is governed by an ethical
consensus informally called the dead donor rule, which
holds that an individual must be dead before organs are
procured and may not be killed either by or for organ
retrieval. Although the idea that one must be dead before
an organ is harvested seems quite straightforward, tech-
nological advances that enable maintenance of cardiopul-
monary function have presented conceptual and ethical
challenges to determining when death has occurred. Prior
to these technological advances, people were declared
dead according to cardiopulmonary criteria, i.e., based
on the cessation of their cardiac and respiratory function.
With the possibility of maintaining cardiopulmonary
function in individuals who have suffered the irreversible
loss of brain function, brain death criteria for declaring
death have emerged. Being declared dead by either set of
criteria – brain death or cardiopulmonary death – is a
necessary condition for having one’s organs procured.

Despite the relatively longstanding legal acceptance of
the criteria for brain death, first introduced in 1968, recent
debate centers on whether irreversible loss of brain stem
function is a necessary condition, or whether the loss of only
higher brain functions is sufficient to constitute death.
Those who challenge the whole brain criterion for death
argue that part of being a living person involves sentient and
socially interactive existence. Advocates of this view believe
that someone who has lost higher brain, but not whole brain
function, is dead, because what makes a person a person is
no longer present. This view, however, prompts ethical
debate concerning what criteria define personhood.
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Community, cultural, and religious beliefs foster differ-
ent attitudes toward death among the public, and accep-
tance of the concept of brain death is rendered emotionally
challenging, in part, because mechanical ventilation main-
tains respiration, perfusion, and body temperature, thereby
preserving the appearance of life. For some, beliefs about
death center on cessation of circulatory and respiratory
functions, rather than on death of the brain. Differences in
beliefs about death have significant consequences for organ
procurement. If protocols for determining death do not
accord with public perception, people may become averse
to organ donation or procurement. Indeed, people may
become mistrustful of the health-care system and fearful
of entering hospitals if they believe they might be declared
dead according to a definition gerrymandered for the pur-
pose of transplantation.

Lack of awareness about organ donation, perhaps stem-
ming from a lack of concerted public education, may be the
greatest obstacle to attracting donors. Religious beliefs also
play a role in individual reluctance to donate if a particular
faith is perceived – accurately or not – to discourage organ
sharing. Active decisions against donation stem from mis-
trust of health-care providers and concern about under-
treatment or premature declaration of death. Racism
exacerbates these concerns among African-Americans and
fuels the belief that their organs will only go to Whites
(Siminoff and Sturm, 2000). In fact, minority candidates do
receive transplantation at a lower rate than Whites (see the
section titled ‘Allocation’).

Healthcare provider-related factors also inhibit pro-
curement. These include misunderstanding of brain death
criteria (Youngner et al., 1989), difficulty in identifying
donors, reluctance to approach grieving families, and
concern about exposure to professional and institutional
liability.
Non-Heart-Beating Organ Procurement

Not all cadaveric donors are declared dead according to
brain death criteria. Procurement of organs from those
declared dead according to cardiopulmonary criteria
death is called non-heart-beating organ procurement
(NHBOP), also known as donation after cardiac death
(DCD). There are two types: uncontrolled NHBOP, in
which organs are recovered from a cardiac arrest patient
for whom attempts at resuscitation fail; and controlled
NHBOP. Controlled NHBOP involves procurement of
organs several minutes after life-sustaining treatment is
withdrawn and death is declared. Such NHBOP is usually
governed by strict institutional protocols designed to
ensure that patients (or their surrogates) are not pressured
into forgoing life-sustaining interventions and make an
informed voluntary decision to donate organs following
death. These protocols are also designed to ensure that
organs are not rendered unusable by the process of with-
drawing life-sustaining treatment. One ethical concern
surrounding controlled NHBOP is deciding how quickly
death can be declared once circulation is absent. The
concern is that some protocols flirt with the dead donor
rule and risk gerrymandering the criteria for determining
death by failing to do everything possible to reverse
cessation of cardiopulmonary function. On the other
hand, NHBOP protocols, by focusing on the donor’s
intent and consent, permit patients (or their surrogates)
to act altruistically, to make their values and preferences
efficacious at the end of life, and to have something good
come from the patient’s death.
Living Related and Unrelated Organ Donation

Living donors are an important source of donated organs,
providing roughly half of all donated organs in the United
States. Living donors face significant physical and psycho-
social risks, including the physical risks of the surgery itself
and of living without the donated organ tissue, as well as
psychological and socioeconomic risks. Having embarked
on the donor evaluation process, prospective donors may
get cold feet, but be reluctant to back out. Donors may feel
guilt or resentment if the recipient experiences organ
rejection, or feel responsible for the recipient’s future life
(and death). Also, the donor’s employment (especially
physically taxing work) and lifestyle may be put at risk
by donation. The donor’s insurability may be jeopardized
by the surgery or by subsequent compromised health status.
These risks arise for any of the following categories of
living donors.

Related donors

In the United States, 79% of living organ donors in 2003
were legally or genetically related to the recipient (OPTN,
2004). Related donors often feel an emotional incentive,
even pressure, to donate an organ. Family members are
encouraged to donate because increased histocompatibility
between genetically related people affords medicoscientific
advantage. Although relatives typically have an interest in
the health and well-being of an ill loved one, these interests
and family dynamics raise the question of whether familial
donation can be adequately voluntary. In some cases,
undue pressure may be placed on a potential related
donor by other family members or the potential recipient,
or the donation may be prompted by personal guilt or
concern about social approval and family ostracism.

Ethical concerns are particularly significant when the
potential donor is a minor. Because minors cannot give
consent, they are not donors in the usual sense; usually
parents give consent on their behalf. There is substantial
debate about the appropriateness of parents using their
children to benefit other family members, including other
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offspring. A child may have an interest in a relative’s
welfare or the intactness of the family unit, so that dona-
tion may be deemed to be in the donor-child’s interest.
Yet, conflict of interest exists between donor and recipient
with regard to the risks of donation and transplantation.
A minor cannot weigh those risks as an adult can and,
moreover, will typically live longer without the donated
tissue than adult donors and thus face greater long-term
health risks. Physical risks of donation must be balanced
against the psychological risks and potential benefits of
donating to preserve a family member’s life.

Nonrelated donors

Other types of living donation include anonymous, altru-
istic, nondirected donation; directed donation; and in
some places, directed paired donation. Typically moti-
vated by altruism, nondirected donation involves dona-
tion of an organ to the next matching candidate on the
relevant waiting list. This practice was made legal in the
United Kingdom (UK) under the Human Tissue Act only
in 2004 and is utilized relatively rarely in the United
States (Weale and Lear, 2007). Directed donation is the
donation of an organ to a specific recipient, usually some-
one who is emotionally, but not genetically or legally,
related to the donor. Directed paired donation involves
two donor/recipient pairs who are not histocompatible
within each pair. Recipients swap donors so that each
recipient can receive a compatible organ (Delmonico,
2004). This type of donation is becoming increasingly
accepted internationally. Potential recipients and their
families may make mass media appeals for a donor, and
various websites have emerged to link needy patients with
willing donors. MatchingDonors.com, for example, lists
profiles of potential recipients; potential living donors
may contact the patients listed and begin the process of
medical evaluation to determine whether the two are
compatible. On its potential donor page, the site stresses
that donors are not legally permitted to benefit financially
from organ donation. Beyond concern about financial
incentives involved, there is concern that emotional
appeals designed to inspire altruistic directed donation
subvert established allocation systems. If such appeals
prompt donation of an organ that would not otherwise
have been donated, then it seems everyone benefits
because the donor pool is increased and no one waiting
on a transplantation list is made worse off in virtue of
someone else receiving the directed donation. If instead
such an appeal diverts from the general pool an organ that
would have otherwise been allocated to the next medi-
cally eligible recipient on the list, then it directly subverts
the allocation system. In addition, if such direct appeals
and directed donations undermine confidence in the fair-
ness and efficacy of the general system, overall procure-
ment efforts may be undermined.
Even when an eligible living donor is identified, bar-
riers may prevent actual donation. These include donor
concern about surgery, its disfigurement, and impact on
future health, lifestyle, and relationships, as well as nega-
tive attitudes toward transplantation fostered by the
media (Morgan et al., 2005). On the other hand, some
potential donors may be willing, but not eligible to
donate, either because of concern about the long-term
functionality of the donor organ, or because of concern
about the health status of the potential donor.
Alternative Proposals for Procurement

Some argue that the scarcity of available organs reflects an
inadequacy inherent in reliance on the current system of
express donation, which offers little incentive (beyond
social regard) for people to donate and little motivation
for health-care professionals to solicit organs. As a result,
other incentive systems have been proposed including
conscription, presumed consent, compensation, a market
system, cadaveric directed donation, and routine request
(Barnett and Kaserman, 1993).
Conscription and presumed consent

Conscription describes a program of mandatory organ
retrieval in which all cadaver organs are retrieved regard-
less of the wishes of the deceased individual or the surviv-
ing family. In essence, cadavers are considered social
resources rather than property of the decedent’s family, a
notion that many find disturbing. No society has instituted
a policy of universal conscription; however, some would
contend that China’s policy of obtaining organs from exe-
cuted prisoners borders on conscripting their organs,
because of skepticism that prisoners can give voluntary
informed consent to organ donation within the Chinese
(or perhaps any) prison system, coupled with concern
about China’s use of the death penalty (Chugh and Jha,
1996).

A system of presumed consent is a milder form of
conscription in which people are presumed to have con-
sented to procurement of their organs upon death. This
policy allows individuals to opt out of organ donation by
entering their names on a national registry. Various pre-
sumed consent models have been adopted in Austria,
Belgium, Columbia, France, Italy, Norway, Singapore,
and Spain. In most countries with a presumed consent
policy, in practice, relatives’ objections to donation are
usually dispositive. The British Medical Association has
lobbied for adoption of a soft presumed consent model
whereby relatives would be informed that the deceased
had not opted out of donation and that organs will be
procured unless they object. However, the Human Tissue
Act 2004 does not permit procurement without explicit
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consent, although it does permit initial interventions to
preserve organs while consent is being sought (Bell, 2006).

Compensation and open markets

A compensation system offers financial incentives to
those who are willing to donate organs, a practice cur-
rently prohibited in many jurisdictions. Many argue that
this prohibition preserves human dignity and prevents
cadavers (or living donors) from becoming mere com-
modities (Barnett and Kaserman, 1993). More modest
proposals include paying something toward burial costs
of those who donate, or payments for the inconvenience of
living donors. In Iran, unrelated living kidney donors
receive ‘a gift from the government as a reward. The
majority . . . receive supplemental compensation, equiva-
lent to US $1550 from the recipients’ (Broumand, 2005).
This compensation system has resulted in a reduction in
the rate of related living donation and limits expansion of
cadaveric kidney transplantation but is viewed as prevent-
ing uncontrolled commercial trade in organs (Larijani
et al., 2004).

More radically, creation of an open market system
permits the trade of human organs dependent on capital-
istic notions of supply and demand. Adopting a market
system risks commodification of the human body thereby
raising ethical concern for some, although Taylor (2005)
contends that for people who respect personal autonomy
and human well-being, adopting a market system is not
only morally permissible, but morally imperative. Where
a market in organs has existed – usually a black market or
one tolerated, but not officially sanctioned, by the state –
concerns arise regarding exploitation of the illiterate and
poor, deception on the part of middle-men who identify
organ sellers for those who need them, and profits made
by these agents and by transplant surgeons and centers
(Chugh and Jha, 1996). On the other hand, some would
contend that attempts to protect the poor from exploita-
tion by making organ sale illegal impose ethical values
shaped by affluent or more egalitarian societies and pre-
vent the poor in developing nations from profiting from
the resources available to them (Patel, 1996).

In India, for example, the Transplantation of Human
Organs Act of 1994 was enacted to regulate organ pro-
curement and transplantation and to prohibit the sale of
(and trafficking in) organs. Two features of the Act, how-
ever, make this prohibition difficult to enforce: (1) it
permits not only living-related donation, but also dona-
tion by emotionally attached parties, thereby enabling a
donor to pose as a concerned friend for a fee; (2) police
officials may not investigate charges of corruption or
violation of the Act without being granted special author-
ity to do so. There is concern that hospital and regional
committees charged with assuring that unrelated donors
are not acting for pay are ineffective or in collusion with
transplant surgeons, who themselves may rationalize the
practice of paying for organs in the interest of saving lives
(Mudur, 2004). Similarly, a black market in organs is
said to flourish in China, with wealthy Japanese and
others receiving organs removed from executed prisoners
(Chugh and Jha, 1996).

Cadaveric directed donation and routine request

Cadaveric directed donation allows individuals to specify
who should receive their organs after death, including
non-family members. This idea is criticized for creating
unfairness and discrimination in organ allocation and for
undermining confidence in the system. Lastly, a routine
request would require everyone, either upon receiving a
driver’s license or at another specified point in time, to
make their wishes known concerning disposition of their
organs upon death. This policy appears to conform to
respect for individualism, autonomy, and human dignity
more than some alternatives, but in the absence of educa-
tion to shape people’s preferences toward donation, it may
not result in adequately informed choices or sufficiently
increased supply.

Experience suggests that there are a number of factors
that influence donation and transplantation rates, includ-
ing the rates at which potential donors become actual
donors. For example, the Spanish Model consists of an
integrated system designed to address procurement pro-
blems at three stages. This includes a system to identify
eligible donors, measures to optimize medical manage-
ment during donor evaluation, and programs to train
hospital and regional personnel to approach families
about donation. A 24-hour transplantation hotline with a
universal number for all of Spain was introduced, and the
mass media were enlisted to inform the public about
donation and transplantation. Following this model,
Spain has experienced a 10-year record of continuous
improvement in cadaveric organ procurement, the only
such improvement witnessed in a large developed coun-
try, and has enjoyed the world’s highest rates of both
cadaveric organ donation and kidney and liver cadaveric
transplantation (Matesanz and Miranda, 2002).
Allocation

To avoid personal bias and to ensure integrity of the organ
allocation system, many countries use centralized com-
puter networks to allocate procured organs. These net-
works use match programs based on ostensibly objective
criteria to generate lists of possible recipients based on the
donor organ characteristics. The criteria considered in the
match program vary by organ type, but include time spent
on the particular waiting list for that organ, medical
urgency, blood type, size of the organ, tissue type, and
geographical distance between the donor and recipient.
Different transplant centers have different criteria for
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evaluating and listing candidates for transplantation. A
person not listed at one center may be eligible at another.

Despite efforts to keep candidate evaluation and organ
allocation decisions as fair and unbiased as possible, some
inequity persists. Studies of the U.S. system have shown
that members of minority groups are less likely to be
considered for, express interest in, and undergo transplan-
tation procedures (Alexander and Sehgal, 1998; McNamara
et al., 1999). The development of the National MOTTEP
(Minority Organ Tissue Transplant Education Program)
and COMET (Council on Minority Education in Trans-
plantation) are attempts to eliminate these discrepancies
(Callender et al., 2003).

Criteria for allocating organs reflect attempts to bal-
ance the potentially conflicting values of equity and util-
ity. Maximizing utility would require allocating organs to
maximize the number of high-quality life years from
procured organs (typically to younger, healthier patients).
What equity or fairness would demand in this context is
less clear and depends on one’s preferred material princi-
ple of justice. Different principles of justice support use
of criteria such as waiting list time, age, previous utiliza-
tion of health-care resources (including previous trans-
plantation), and urgency of need, as well as controversial
factors such as social worth or degree of responsibility for
ill health.

Social worth criteria fell into ethical disrepute in the
early 1970s when their use for allocating spaces on kidney
dialysis machines was exposed. Nevertheless, suggestions
for employing such criteria have persisted in the context
of transplantation. Social worth criteria are implicit in
proposals that candidates should be given varying degrees
of priority depending on whether their organ failure was
the result of behaviors they could be expected to have
avoided or controlled (e.g., tobacco or alcohol use) or the
result of factors beyond their control (e.g., genetics, injury,
or disease not associated with individual responsibility).
Considerations of social worth are explicit in suggestions
that criminals receive lower priority for organs than com-
munity members in good standing or people on whom
others obviously depend (e.g., parents). At issue is both
whether health care ‘should’ be made contingent on con-
siderations of social worth or moral evaluation, as well as
the degree to which disease conditions are the result of
factors within individuals’ control and thus whether it
is ‘possible’ to assign individuals responsibility for their
health status.

Ubel et al. (1993) argue that retransplantation candi-
dates should receive lower priority on waiting lists not
because of considerations of fairness, but because of
the lower efficacy of retransplantation. Approximately
10–20% of available hearts and livers, for example, go
to retransplant patients who have a poorer prognosis
than first-time candidates and who have already had
access to the scarce number of available organs.
Alternatives to Organ Procurement and
Transplantation

One possible alternative to human cadaveric or living
donor organ transplantation is xenotransplantation, the
transplantation of organs or tissues across species, for
example, from pigs to humans. Although this solution
may help alleviate the shortage of available organs, there
are numerous ethical concerns including how and on
whom to test these experimental procedures, uncertain-
ties about safety, and unease about sharing body parts with
non-human animals, as well as concern about their wel-
fare and exploitation. Finally, the risk of transmitting
infectious disease across the species barrier joins concerns
about management of immunosuppression and graft
rejection – acute or delayed – not only as fundamental
patient-related challenges of xenotransplantation, but also
as a special ethical concern because of the risk presented
to communities and the human species (Dooldeniya and
Warrens, 2003; NHMRC, 2005).

Organogenesis, the in vitro growth of implantable
organs, is another possible alternative or addition to cur-
rent transplantation methods. Ethical concerns include
questions about consent to use and ownership of founder
cell lines, concern about alteration of the genome in order
to modify the properties of the transplantable cells, and
concern about the safety of transplanting organogenic
materials into humans. Also, for both clinical trials of
xenotransplantation and organogenesis, questions arise
about the identification of appropriate research subjects
and whether those subjects can give truly voluntary
informed consent, given the risk of death while waiting
for a traditional transplant.

Finally, mechanical devices may serve either as bridges
to transplantation, or eventually as permanent mechanical
substitutes providing the functional equivalent of organ
systems. Dialysis may be considered such a mechanical
substitute, but it provides an inferior quality of life com-
pared to kidney transplantation. External left ventricular
assist devices (LVADs) have enjoyed success as bridges to
transplant and are sometimes used as destination thera-
pies for patients not eligible for transplantation. The
success of temporary devices serves to increase demand
for organs and imposes difficult decisions on very sick
patients. Although trials of a permanent mechanical sub-
stitute for a complete donor heart have not proved suffi-
ciently free of adverse events, it is hoped that bridge
devices may ultimately lead to development of permanent
organ substitutes.
See also: Health Technology Assessment: Ethical, Legal

and Social Issues; New Technologies: Ethics of Stem

Cell Research; Water Pollution: Emerging Contaminants

Associated With Drinking Water.
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Introduction

Public health research often involves human subjects.
Although some authors have argued that there are significant

moral differences between public health research and public
health practice (Human Research Protection Office, 1999;
National Bioethics Advisory Commission, 2001), few have
claimed that public health research presents unique ethical
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issues from other types of human subjects research.However,
a number of examples in the recent history of research ethics,
including the Kennedy Krieger Lead Abatement Study
(Institute of Medicine, 2005) and the EPA’s Children’s Envi-
ronmental Exposure Research Study (CHEERS) (Stokstad,
2004) suggest that, at very least, public health research may
bring into sharper focus unresolved issues in the ethics of
human research.

Public health research typically has been contrastedwith
public health practice according to criteria such as perfor-
mance authority, intent to publish, the funding source, data
collectionmethods, studydesign or investigator–participant
relationship (Bellin and Dubler, 2001; Hodge, 2004). Defi-
nitions of public health research have been slow to develop
and, it has been suggested, are largely unsatisfying attempts
to resolve ethical problems through categorization and
redefinition (Fairchild and Bayer, 2004).

In this article, we focus on one type of public health
research involving human subjects. Specifically, we con-
sider here the ethics of primary prevention research in
which the overall goal is to contribute to our understand-
ing of how to prevent the onset of disease or injury within
an otherwise healthy population. In this respect, we focus
on population-based research that often involves a speci-
fied group or community. The more particular objective
of such research may be to characterize the relative health
status or health risks of a population (or subgroups within
a population), with an eye toward developing a popula-
tion-based intervention to prevent the onset of disease or
injury or to test the effectiveness of a particular popula-
tion-based intervention.

In some public health research, study populations are
referred to as communities. The term community can
be defined or circumscribed in many different ways. It
is important for public health researchers who conduct
community-level research to clearly and carefully define
the community within which or about which they will
conduct their research. For example, it is meaningful to
speak of geographically bounded communities, such as the
residents of Soweto, of sociocultural communities, such as
Latin American immigrants, and of communities defined
by a particular constellation of risk factors, such as injec-
tion drug users. Although it is often important for public
health researchers to define a population as a community,
identifying individuals who can legitimately speak on
behalf of the community is a challenge. It may not be
possible to find a group of individuals who can speak for
a community, much less an entire population under study.

To refine our focus further, the kind of population-
based, primary prevention public health research of interest
to us needs to be distinguished from standard clinical
research. We conceptualize standard clinical research as
human subjects research conducted to improve the capacity
to treat or cure an active disease or medical condition, or the
symptoms of a disease or medical condition (secondary or

tertiary prevention of disease). Although the current system
of ethical oversight over the conduct of research involving
human subjects is in certain respects flawed, its ethical
framework is better suited to clinical research than to pri-
mary prevention research in public health (National Com-
mission for the Protection ofHuman Subjects of Biomedical
and Behavioral Research, 1979; US Department of Health
and Human Services, 2001). The purpose of this article is
not to reach definitional clarity about these categories of
human research but to highlight the ethical issues related to
public health research that traditional human participant
regulations and guidelines have not adequately addressed,
presumably because the regulations were not written with
this type of research inmind. In particular, we argue that the
current regulatory framework does not provide adequate
moral guidance for investigators conducting primary pre-
vention research in community settings.

Key Ethical Issues

In clinical research, the primary focus of moral attention
is the relationship between individual patient-subjects
and investigators who are conducting the research. Often
these investigators are physicians and nurses who must
navigate the complex moral territory of conflicting duties
to the medical interests of their patient-subjects and to the
scientific objectives of the research (Beauchamp and
Childress, 2001). The object of study in clinical research
is generally a particular disease state or process. Potential
patient-subjects are selected because they have character-
istics that are relevant to the disease process under study,
not because they are members of a particular community.
Thus, the structure of clinical research does not generally
create a relational connection between the investigator
and any specific community. By contrast, in population-
based public health research investigators often have a
relationship with a particular community as well as with
the individual participants in their research. The object of
study is often an entire community at risk of a poor health
outcome. When this is the case, arguably, the community
itself is a subject of the research. Assuming communities as
well as individuals have interests, and perhaps even rights,
investigators studying communities should consider these
interests and the correlative responsibilities they generate
in thinking through the ethics of their research. Specifi-
cally, at least three possible kinds of duties to communities
need to be considered: The duty to respect the community,
the duty not to harm the community, and whether a duty
to benefit the community exists.

Duty to Respect the Community

Respect for persons, as one of the three moral principles
enshrined in the Belmont Report, is widely accepted as
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central to the ethics of research involving human subjects
(National Commission for the Protection of Human Sub-
jects of Biomedical and Behavioral Research, 1979). How-
ever, respect is owed not only to identifiable persons, but
also to a wide range of other entities including, where
relevant, groups and communities. We can, for example,
speak meaningfully of respecting a religious group or a
village. The duty to respect the community under study
in a public health research project can create a spectrum
of obligations for investigators at all phases of research
(Popay and Williams, 1996; Chen et al., 2006). For exam-
ple, some argue that researchers ought to engage the
community to inform and consult them about the pro-
posed research and listen to community concerns (Grady,
1995; Wiejer and Emauel, 2000; Israel et al., 2001; Dickert
and Sugarman, 2005). Others argue that respectful
engagement means that communities ought to be given
every opportunity to participate in the development of
research, but also requires being respectful of both com-
munities’ and individuals’ rights not to participate during
the course of the study (Wallerstein et al., 2005).

In practice, community engagement can take many
forms. Public health researchers can, for example, work
with a community to tailor the research agenda to the
communities’ own health interests and priorities. This
approach requires an investment of time and energy and
a level of methodological and scientific flexibility that is
often beyond most public health investigators. Alterna-
tively, public health researchers can approach a commu-
nity with an interest in conducting research in a particular
area and work with the community to help shape the
specifics of the initiative. For example, a public health
researcher interested in developing and testing interven-
tions to prevent childhood injuries could work with
the community to specify which childhood injuries are
of greatest concern and should be research priorities.
Any approach that involves some level of community
engagement obviously relies on community cooperation.
A community disinterested in being the subjects of public
health research or in a particular research proposal
can refuse the offer to collaborate which in itself is an
opportunity to evidence respect for the community.

In order to engage and inform at the community level,
the investigator will have to consider both how best to
access the community and how best to deliver information
about the planned research. A first step may be to identify
and meet with individuals considered leaders, elders, or
representatives; stakeholders who can legitimately speak
on behalf of some members of the potential study popu-
lation to seek their support and advice. Admittedly, what
is harder is figuring out whether a second step is in order.
Do investigators have a responsibility to seek input from
members of the community that are not identified as
designated stakeholders? In addition to any community-
based approach to orient potential subjects to the study,

depending on the design of the research, individual con-
sent ought to be obtained as well.

When the entire community rather than individuals
within a community is the target of research, there may be
little or no role for individual informed consent. For
example, a public health investigator may want to assess
the effectiveness of a media campaign to increase seat belt
use. The study may include randomizing at the commu-
nity level – two neighborhoods exposed to radio and
billboard ads, two other neighborhoods included as con-
trol sites. The investigator could measure the impact of
the intervention by surveying individuals in the commu-
nity about their seat belt behavior, in which case the
investigator would need to solicit the individual informed
consent of each person surveyed regardless of how fully
the community endorses the research. Alternatively, the
investigator could measure impact by observing seat belt
use at random intersections or by accessing injury surveil-
lance records; in these cases she would not have an obli-
gation to obtain individual informed consent.

If the investigator chooses the design inwhich individual
informed consent is not required, this does not mean she
is always relieved of a moral obligation to inform the
public of her plans and notify them of her presence in
the community (e.g., she could utilize media outlets or
other methods to reach the study population). As a general
rule, investigators conducting research in a defined
community ought to, at a minimum, inform the public of
their plans and presence. The investigator’s obligation to
engage the community beyond mere disclosure increases
as the potential social harm to the community increases.
The absence of community engagement and information
sharing in advance of such a study that does result in
social harm may compromise the trust the community has
in the research enterprise more generally.

In some cases not disclosing the intent of the research
in advance may be a necessary component of the chosen
research design. While in general deception in research
ought to be avoided, it may be morally acceptable to
withhold information from the population under certain
circumstances, especially when the intent of the research
is to improve the public’s health and the potential risks to
individuals or to the community are small. The seat belt
study example above presents no reputational, social, or
economic risk to the neighborhoods targeted; therefore
the investigator will likely not be required by an IRB to
obtain informed consent from each individual in the pop-
ulation to be studied but ought to engage and inform the
community of the research to be conducted. In addition,
the investigator may not be morally obligated to inform
the population of her plan and presence in the community
in advance if she can justify the need to withhold infor-
mation from her subject (the community) in order to
obtain a scientifically valid result from her research. In
this example, if the community within which seat belt use
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is to be monitored is told in advance of the intent of the
research, the investigators may fail to get an accurate
assessment of routine seat belt use. Drivers on alert to
observation may be more likely to buckle their belts. In
those instances in which it is ethically acceptable to con-
duct community-based research without providing the
community with information about the research, investi-
gators have a special moral obligation to consider whether
the research would otherwise be acceptable to the com-
munity in which it will be conducted. If, on the other
hand, the proposed research may expose the community
to reputational, social, or economic risk, the investigator
ought to engage and inform the community in advance.

At the conclusion of research, the results from a study
ought to be shared with the community, particularly when
the knowledge is actionable or interventions are available.
This is yet another reason why it is better to err on the side
of disclosure to the population. A community unaware of
the research underway may be hesitant to embrace the
findings of a project conducted without their knowledge.

Duty to Leave Community No Worse Off

Public health research often is justified in terms of potential
benefits to a community-at-risk or society at large through
findings that contribute to public health practice or policy.
When public health investigators intend to conduct
research that raises the prospect of harm to the community,
they ought to consider such risks in advance and make
every reasonable effort to minimize both the likelihood
that the risks will materialize and the magnitude of the
harm that might result. Public health investigators have a
general duty not to set back the interests of others without
acceptable offsetting benefits (Beachamp and Childress,
2001; Kass, 2001; Childress et al., 2002). Moreover, even if
the overall balance of potential harms and benefits is favor-
able, wherever feasible researchers should seek to obtain
the agreement of the community stakeholders whose inter-
ests are at risk of being harmed. In the ethics of clinical
research, the focus of this general duty not to impose harm
has been the identifiable research subject. There are certain
kinds of public health research where it is not only the
interests of research subjects but also the interests of entire
communities that may be affected by either the conduct of
the research or the research findings.

One example of such community-level harm is social
stigma. A study meant to identify predictors of alcoholism
among a Native American tribe or a study to measure the
prevalence of injection drug use in an inner-city neighbor-
hood may lead to social stigma, which may in turn lead
to other community-level harms. A commercial developer,
for example, may incorporate the results of either study
in deliberations about the advisability of future economic
investment. Moreover, when the research community
consumes community resources, the very conduct of

the research may set the community back as, for example,
when a study set in a community hires day care workers
to conduct interviews, thus leaving day care centers in
the community understaffed.

Public health investigators should consider the possi-
bility of community-based harms in advance of their
research, disclose and discuss potential harms with the
community wherever possible, and, most importantly,
identify and implement strategies to minimize such
harms. For example, if an individual enrolled in a rando-
mized placebo-controlled trial of a novel HIV vaccine
fails to understand that they may be randomized to a
placebo or an intervention with less than 100% effective-
ness, he or she may engage in behaviors that increase the
likelihood of his or her own exposure to infection, believ-
ing that they are protected by their enrollment in the trial
(‘I have been vaccinated and am therefore protected from
infection.’), and increase the exposure risk within their
community (Stewart-Brown and Farmer, 1997). Because
the behavior of the individual research subject has impli-
cations for the health of the community at large, the
investigator has an obligation to consider these potential
risks in advance of implementation and clearly inform
the subject, and the community from which they have
been recruited, about the risk of disinhibition as well as
about how to minimize risks of infection to themselves
and others.

Duty to Leave Community Better Off

That public health researchers have a general obligation to
leave communities no worse off as a consequence of their
research is likely to be uncontroversial. What is less clear is
whether, or to what extent, public health researchers have
any positive obligations to leave the communities in which
they conduct their work better off after the research is
completed. Some have argued that there is a duty to leave
such individuals or communities better off, but that this
duty is limited and dependent upon a number of factors in
the investigator–participant relationship such as partici-
pant vulnerability, risk, the intensity and duration of
the relationship, and dependence upon the investigator
(Richardson and Belsky, 2004). The generally accepted
rule in the conduct of clinical trials is that investigators
have, at minimum, an obligation at the end of a trial that
finds an intervention to be helpful to provide access to the
intervention to those to whom it was not provided during
the study (i.e., the group that received a placebo is pro-
vided with access to the successful intervention). In the
context of conducting population-based research, the
question becomes how expansive the investigators’ obliga-
tion becomes. If, for example, the public health researcher
finds that a community-based intervention is successful,
does the obligation to provide access to the successful
intervention extend beyond the control communities
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within which the study was conducted? The issue seems to
arise most often when research is conducted in resource-
poor settings (settings that indeed are the target of consid-
erable public health investigation). A related question is
whether leaving a population better off extends to inter-
ventions beyond the implementation of the successful
intervention. In resource-poor contexts, there are likely
many unmet public health needs such as access to clean
water or condoms or other methods of birth control.

The extent to which the public health investigator has
an ethical obligation to secure supplies or funds to provide
access to such public health interventions is unclear. Some
argue that communities ought to be given the right to
negotiate with investigators in what way they would like
to be left better off as a result of hosting a clinical trial.
Participants in the 2001 Conference on Ethical Aspects of
Conducting Research in Developing Countries (2004)
argue that populations that host a trial ought to be able
to negotiate what benefits are left behind. They argue that
host communities ought to be given the power to choose
to accept improved access to clean water in addition to or
in lieu of broader access to the successful intervention or
in exchange for hosting a trial that provides no direct
benefit to the individuals enrolled or the community
more generally. We argue that, at minimum, public health
investigators should make every effort to ensure that a
successful public health intervention continues to be
available to those communities who participated in the
research that established the intervention’s effectiveness.
In community research in which no intervention is being
tested, there also may be circumstances when investiga-
tors are obligated to provide goods or services related to
the public health problem under study. It remains an open
question whether or under what conditions the fair ben-
efits analysis is applicable to community-based public
health research. For example, after a study of the impact
of an intensive community health education campaign on
HIV transmission rates is completed, if the intervention is
determined to be effective, should the investigators’ obli-
gations be limited to providing the community with the
capacity to sustain the campaign or should the commu-
nity be able to determine whether it would prefer the
distribution of free condoms or the resources to dig a well?

A related debate has to do with the investigators’ obli-
gation to provide ancillary care to study participants. The
currently accepted definition of ancillary care is ‘‘medical
care for research participants beyond what is necessary to
ensure scientific validity, to prevent study-related harms,
or to redress study-related injuries’’ (Richardson and
Belsky, 2004; Dickert et al., 2007). The prevailing view in
the field of research ethics holds that researchers working
in resource-limited settings have some limited duty to
offer ancillary care (Richardson and Belsky, 2004). The
current debate in the research ethics literature is about the
extent of this limited duty and how best to put it into

practice. Limits on this duty could be dictated by the
influence the provision of ancillary care may have on the
results of the study. That is, the provision of too much
ancillary care may mask the efficacy of a particular inter-
vention, resulting in the abandonment of an otherwise
beneficial intervention.

The provision of ancillary care is a question often
faced by investigators conducting clinical research in
resource-poor settings. When investigating the efficacy
of a new combination of drugs for HIV for example,
investigators are likely to encounter subjects with medical
care needs beyond what might be required either scientif-
ically or for patient safety given their subjects’ compro-
mised immune status. Public health investigators, because
they often enroll thousands of subjects, may be less likely
to encounter acute medical needs but are likely to
encounter an overwhelming amount of minor health
needs. In some settings, public health researchers may
be able to exhaust their limited duty to provide ancillary
care by arranging for referrals to local health centers
where subjects will receive the local standard of care for
their condition. In other settings, the public health inves-
tigator may not be able to exhaust this limited duty so
easily. At least two issues require further thought and
deliberation: One, whether it is ethical for public health
researchers to conduct research in settings where access
to medical care is absent and two, whether sponsors of
research in such settings have a limited duty to provide
funds to allow for investigators to provide necessary med-
ical care beyond the local standard of care.

Conclusion

The goal of this article was to highlight aspects of public
health research that require public health investigators to
consider their moral relation to the community, and not
only to the individual research participant. While the
consideration of community as research subject may not
be unique to public health research, the community as
potential research subject is at the core of population-
based prevention research and therefore at the core of the
ethics of public health research.

See also: Codes of Ethics for Public Health; New

Technologies: Ethics of Stem Cell Research; Public and

Consumer Participation in Policy and Research.

Citations

Amoroso PJ and Middaugh JP (2003) Research vs. public health
practice: When does a study require IRB review? Preventive
Medicine 36(2): 250–253.

502 The Ethics of Public Health Research: Moral Obligations to Communities



Ethics of Screening 503
Beauchamp T and Childress JF (2001) Principles of Biomedical Ethics,
5th edn. New York: Oxford University Press.

Bellin E and Dubler NN (2001) The quality improvement-research divide
and the need for external oversight. American Journal of Public
Health 91: 1512–1517.

Chen DT, Jone L, and Gelberg L (2006) Ethics of clinical research within
a community-academic participatory framework. Ethnicity and
Disease 16: S118–S135.

Childress JF, Faden RR, Gaare RD, et al. (2002) Public health ethics:
Mapping the terrain. Journal of Law, Medicine and Ethics 30:
170–178.

Dickert N and Sugarman J (2005) Ethical goals of community
consultation in research. American Journal of Public Health 95:
1123–1127.

Dickert N, DeRiemer K, Duffy PE, et al. (2007) Ancillary-care
responsibilities in observational research: Two cases, two issues.
Lancet 369(9564): 874–877.

Fairchild AL and Bayer R (2004) Ethics and the conduct of public health
surveillance. Science 303: 631–632.

Grady C (1995) The Search for an AIDS Vaccine: Ethical Issues in the
Development and Testing of a Preventive HIV Vaccine. Bloomington,
IN: Indiana University Press.

Hodge JG and Gostin LO with the CTSE Advisory Committee (2004)
Public Health Practice vs. Research: A Report for Public Health
Practitioners. Council of State and Territorial Epidemiologists. http://
www.cste.org/pdffiles/newpdffiles/CSTEPHResRptHodgeFinal.
5.24.04.pdf.

Human Research Protection Office (1999) Defining Public Health
Research and Public Health Non-Research. Atlanta, GA: Centers for
Disease Control and Prevention.

Institute of Medicine (2005) Ethical Considerations for Research on
Housing-Related Health Hazards Involving Children. Washington,
DC: National Academies Press.

Israel B, Schulz A, Parker E, and Becker AB (2001) Community-based
participatory research: Policy recommendations for promoting
partnership approach in health research. Education for Health 14:
182–197.

Kass NE (2001) An ethics framework for public health. American Journal
of Public Health 91: 1776–1782.

National Bioethics Advisory Commission (2001) Ethical and Policy
Issues in Research Involving Human Participants. Washington, DC:
National Bioethics Advisory Commission.

National Commission for the Protection of Human Subjects of
Biomedical and Behavioral Research (1979) The Belmont Report:
Ethical Principles and Guidelines for the Protection of Human
Subjects of Research. Washington, DC: Department of Health,
Education, and Welfare.

Participants in the 2001 Conference on Ethical Aspects of Conducting
Research in Developing Countries (2004) Moral standards for
research in developing countries: From ‘‘reasonable availability’’ to
‘‘fair benefits’’. Hastings Center Report 34: 17–27.

Popay J and Williams G (1996) Public health research and lay
knowledge. Social Science and Medicine 42: 759–768.

Richardson H and Belsky L (2004) Medical researchers’ ancillary clinical
care responsibilities. British Medical Journal 328: 1494–1496.

Stewart-Brown S and Farmer A (1997) Screening could seriously
damage your health. British Medical Journal 314: 533.

Stokstad E (2004) EPA criticized for study of child pesticide exposure.
Science 306: 961.

US Department of Health and Human Services (2001) Code of Federal
Regulations. 45 (Public Welfare), 46 (Protection of Human Subjects).
Washington DC: US Department of Health and Human Services.

Wallerstein N, Duran B, Minkler M, and Foley K (2005) Developing and
maintaining partnerships with communities. In: Israel B, Eng E,
Schulz A,, and Parker E (eds.) Methods in Community-Based
Participatory Research for Health. San Francisco, CA: Josey Bass.

Wiejer C and Emanuel EJ (2000) Ethics. Protecting communities in
biomedical research. Science 289: 1142–1144.
Further Reading
Bayer R, Gostin LO, Jennings B,, and Steinbock B (eds.) (2006) Public
Health Ethics: Theory, Policy and Practice. New York: Oxford
University Press.

Beauchamp DE and Steinbock B (eds.) (1999) New Ethics for the
Publics Health. New York: Oxford University Press.

Soskolne CL, Goodman K,, and Coughlin SS (eds.) (1998) Case Studies
in Public Health. Washington, DC: American Public Health
Association.
Relevant Website
http://www.asph.org/UserFiles/EthicsCurriculum.pdf – Association of
Schools of Public Health, Ethics and Public Health: Model
Curriculum.
Ethics of Screening
S S Coughlin, Centers for Disease Control and Prevention, Atlanta, GA, USA

Published by Elsevier Inc.
Introduction

Over the past few decades, there has been substantial
interest among bioethicists and public health practitioners
in identifying, analyzing, and addressing ethical issues in
screening (Mant and Fowler, 1990; Burke et al., 2001;
Hodge, 2004). Screening is the presumptive identifica-
tion of an unrecognized disease or condition by the use
of tests, examinations, or other procedures that can help
identify apparently well individuals who have a disease or
disease precursor. Persons with positive or suspicious
findings then undergo further evaluation or treatment.
The ultimate objective of screening is to reduce the mor-
bidity and mortality from a disease among the persons
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screened. When screening tests are applied to large, unse-
lected populations, the process is referred to as mass
screening (Fletcher, 1988). Several frameworks for analyz-
ing and addressing ethical and policy issues in public
health screening programs have been proposed over the
years.
General Principles for Mass Screening
Programs

In 1968, Wilson and Jungner proposed ten principles for
mass screening programs (Table 1) (Wilson and Jungner,
1968). These principles, which were partly derived from
reports about screening programs for breast cancer and
other chronic conditions in the 1950s and 1960s, are often
cited in the planning and evaluation of population
screening programs. These principles relate to the ade-
quacy of the scientific evidence, the balance of risks and
benefits, the availability of an effective treatment, the
acceptability of the screening test to the population, and
the costs and resources required (Burke et al., 2001).
Refinements have been proposed over the years with
further specification of the principles of screening (Cole
and Morrison, 1980; Cadman, et al., 1984; Miller, 1985;
Sox, 1994; Harris et al., 2001). For example, guidelines
for assessing the effectiveness of community screening
programs were proposed by Cadman et al. in 1984
(Table 2). Criteria for the effectiveness of clinical pre-
ventive services have been developed by the Canadian
Task Force on the Periodic Health Examination (1994)
and by the U.S. Preventive Services Task Force (1996;
Harris et al., 2001).
Table 1 Principles for mass screening programs

1. The condition sought should be an important health problem

2. There should be an accepted treatment for patients with
recognized disease

3. Facilities for diagnosis and treatment should be available

4. There should be a recognizable latent or early symptomatic

stage
5. There should be a suitable test or examination

6. The test should be acceptable to the population

7. The natural history of the condition, including development
from latent to declared disease, should be adequately

understood

8. There should be an agreed policy on whom to treat as

patients
9. The cost of case-finding (including diagnosis and treatment

of patients diagnosed) should be economically balanced in

relation to possible expenditure on medical care as a whole

10. Case-finding should be a continuing process and not a once
and for all project

Adapted from Wilson JMG and Jungner F (1968) Principles and

Practice of Screening for Disease. Public Health Papers No. 34.

Geneva: World Health Organization.
Ethical Considerations in Screening

Screening raises a number of important ethical issues,
including provisions for obtaining informed consent, pro-
tecting privacy and confidentiality, and balancing risks
and potential benefits, and issues pertaining to targeting
screening of higher-risk persons. Other ethical considera-
tions relate to costs and how best to allocate finite public
resources for screening.
Informed Consent and Informed
Decision Making

The principle of respect for the autonomy of persons
supports the right of individuals to informed consent
prior to screening (Hodge, 2004). Provisions for informed
consent ensure that persons undergoing screening make
free choices and encourage providers to act responsibly in
their interactions with patients. The focus should be
placed not only on the obligation of providers to disclose
information, but also on the quality of the understanding
and consent of the person undergoing screening. Indivi-
duals should be given information about the procedure,
the meaning of a positive or negative test result, and any
appreciable risks or potential harms and benefits before
undergoing screening (Hodge, 2004). In order for persons
to give informed consent for screening, they need to
understand the risk of a false-positive (or false-negative)
test result and the procedures that may follow it
(Lee, 1993).

Principles of informed consent for screening have
some features in common with emerging models of
informed decision making and shared decision making
for screening and other health-care services (Whitney
et al., 2003). An emphasis is placed on ensuring that
persons are provided with balanced and relevant informa-
tion to allow them to make informed decisions about their
choices concerning screening options (Briss et al., 2004;
Sheridan et al., 2004; Hewitson and Austoker, 2005). As
Table 2 Guidelines for assessing the effectiveness of

community screening programs

1. Has the program’s effectiveness been demonstrated in a

randomized trial?

2. Are efficacious treatments available?

3. Does the current burden of suffering warrant screening?
4. Is there a good screening test?

5. Does the program reach those who could benefit from it?

6. Can the health system cope with the screening program?

7. Will those who had a positive screening comply with
subsequent advice and interventions?

Adapted from Cadman D, Chambers L, Feldman W, and

Sackett D (1984) Assessing the effectiveness of community

screening programs. Journal of the American Medical Associa-
tion 251: 1580–1585.
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discussed by Briss et al. (2004), informed decision making
occurs

when an individual understands the nature of the disease

or condition being addressed; understands the clinical

service and its likely consequences, including risks, lim-

itations, benefits, alternatives, and uncertainties; has con-

sidered his or her preferences as appropriate; has

participated in decision making at a personally desirable

level; and either makes a decision consistent with his or

her preferences and values or elects to defer a decision to

a later time.

Shared decision making occurs when a patient and his or
her health-care provider, in a clinical setting, both express
preferences and participate in making treatment decisions
(Briss et al., 2004; Sheridan et al., 2004). Characteristics of
an informed and joint decision identified by Sheridan et al.
(2004) are shown in Table 3.
Voluntary Versus Mandatory Screening

Public health screening is generally voluntary. For exam-
ple, public health programs for HIV testing and
counseling are voluntary because mandatory HIV testing
would not adequately respect individual autonomy. In
addition, mandatory testing in clinical settings would
likely deter people from seeking health care and hinder
the public health goal of increasing the number of persons
who learn their HIV status. The latter goal is vital for
reaching high-risk seronegative people to help them to
stay uninfected, and for detecting HIV infection when the
potential for transmission is greatest and the need for
prevention and treatment are greatest (NCHS, Healthy
People 2010).

Some examples of mandatory screening can be cited.
For example, most states require the screening of infants
for certain genetic disorders such as phenylketonuria
(PKU). Persons must participate in the screening program
unless the parents of the child opt out for religious
or philosophical reasons (Hodge, 2004). Public health
officials may justify mandatory newborn screening pro-
grams, even without parental consent, under utilitarian
Table 3 Characteristics of an informed and joint decision

The patient must:

1. Understand the risk or seriousness of the disease or condition

2. Understand the preventive service, including the risks,
benefits, alternatives, and uncertainties

3. Have weighed his or her values regarding the potential harms

and benefits associated with the service

4. Have engaged in decision making at a level he or she desires
and feels comfortable

Adapted from Sheridan SL, Harris RP, Wooll SH, et al. (2004)

Shared decision making about screening and chemoprevention.

A suggested approach from the U.S. Preventive Services Task
Force. American Journal of Preventive Medicine 26: 56–66.
principles authorizing state governments to protect chil-
dren (Hodge, 2004). A 1975 National Research Council
report concluded that mandatory screening was justified
only if there was evidence that it would prevent death or
other serious harm to the affected individual (NRC, 1975;
Grosse et al., 2006).
Benefits and Risks of Screening

General principles of biomedical ethics such as benefi-
cence (protect the welfare of patients and promote the
general welfare) and nonmaleficence (do no harm) can be
further specified to identify specific ethical principles and
rules relevant to screening. The potential benefits of
screening include the early detection of disease and the
prevention of serious illness or disability and improved
survival. The societal benefits of screening were high-
lighted in the Second Edition of the Guide to Clinical

Preventive Services (1996):

Preventive services for the early detection of disease have

also been associated with substantial reductions in mor-

bidity and mortality. Age-adjusted mortality from stroke

has decreased by more than 50% since 1972, a trend

attributed in part to earlier detection and treatment

of hypertension. Dramatic reductions in the incidence of

invasive cervical cancer and in cervical cancer mortality

have occurred following the implementation of screen-

ing programs using Papanicolaou testing to detect cervi-

cal dysplasia. Children with metabolic disorders such as

phenylketonuria and congenital hypothyroidism, who

once suffered severe irreversible mental retardation,

now usually retain normal cognitive function as a result

of routine newborn screening and treatment.

The U.S. Preventive Services Task Force considers
benefits from both population and individual perspectives
(Harris et al., 2001). For the benefit from a screening test
or other clinical intervention to be considered substantial,
the service must have at least a small relative impact on
a frequent condition with a substantial population bur-
den, or a large impact on an infrequent condition that
poses a significant burden at the individual level (Harris
et al., 2001).

Screening is undertaken for conditions that are impor-
tant public health problems in terms of morbidity and
mortality, and for conditions for which early detection
and treatment has been shown to be effective in reducing
mortality or serious disability. If early treatment is not
effective, then early detection alone merely extends the
length of time the disease is known to exist, without
providing benefits to individuals in terms of increased
survival (Fletcher, 1988). Screening leads to some diag-
nostic procedures that otherwise would never be done
(Cole and Morrison, 1980). Screening may also lead to
earlier or more debilitating treatment of persons with
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incurable disease (Cole and Morrison, 1980). Public
health policy makers rely on information from rando-
mized controlled trials and other scientific evidence to
evaluate the effectiveness, potential benefits, and risks or
potential harms of screening. Scientific evidence is also
used to evaluate the costs of screening programs and to
decide how best to allocate limited resources.

The potential harms and risk associated with screening
also have to be taken into account, especially since screen-
ing programs are aimed at large numbers of apparently
healthy individuals. Minor complications or infrequent
adverse effects that would be acceptable in the treatment
of a severe illness take on greater importance in the screen-
ing of asymptomatic persons and require careful evaluation
to determine whether the potential benefits exceed risks
(USPSTF, 1996). Theremay be risks associatedwith the test
itself such as the potential for bowel perforation with colo-
noscopy. There may be risks associated with false-positive
or false-negative test results. The potential harms of screen-
ing may also include labeling effects and the psychological
impact of test results or a diagnosis on individuals. If prog-
nosis is not improved by presymptomatic detection, screen-
ing for a disease can cause anxiety without providing any
benefit (Sox, 1994). Overdiagnosis can sometimes occur
with screening; overdiagnosis is the identification of disease
that would not have produced signs or symptoms before
death (Black, 2000).

Medical information collected as part of screening
should be rigorously protected in order to protect patient
privacy and confidentiality and to minimize risks or
potential harms such as stigmatization or discrimination.
Only a few specific exceptions exist such as mandatory
partner notification laws for HIV infection that physicians
are legally required to follow in some states (Khalsa,
2006).

The U.S. Preventive Services Task Force considers all
types of potential harms of a service such as screening,
both direct harms of the service itself and indirect harms
that may be a consequence of the initial intervention
(Harris et al., 2001). Benefits and harms are then weighed
by the Task Force, a process which includes value judg-
ments (Harris et al., 2001).

The balance of risks and benefits from screening may
be different for older adults than for younger adults
(American Geriatrics Society Ethics Committee, 2003).
For persons who have a short life expectancy, clinical care
should focus on conditions for which treatment is likely to
be of immediate benefit rather than on screening for
asymptomatic disease.
Ethics of Targeted Screening

Targeted screening efforts assist public health officials in
identifying a disease or condition that affects subgroups of
persons differentially (Hodge, 2004). Through targeted
screening, it may be possible to lower costs while retaining
most or all of the benefits of a screening program by screen-
ing a population with increased prevalence of the disease or
condition (Cole and Morrison, 1980). Targeted screening
programs aimed at high-risk individuals may increase the
specificity of the screening test and minimizes the number
of false-positive results (Cole and Morrison, 1980). There
are also potential drawbacks to targeted screening such as a
possible increased potential for stigmatization of persons
targeted for screening. As with all screening programs,
facilities for diagnosis and treatment should be accessible
and affordable.
Distributive Justice

The equitable distribution of health-care resources such
as screening services is grounded in ethical principles of
justice (Beauchamp, 1996). Utilitarian theories of justice
emphasize a mixture of criteria so that public utility is
maximized. From this perspective, a just distribution of
screening benefits is determined by the utility to all
affected by it. An egalitarian theory of justice holds that
each person should share equally in the distribution of the
potential benefits of health-care resources such as screen-
ing services. Other theories of justice hold that society has
an obligation to correct inequalities in the distribution of
resources, and that those who are least well off should
benefit by having access to affordable screening services
and other resources. Such theories of justice provide
considerable support for maximizing benefits to medi-
cally underserved persons, especially if providing services
to socially disadvantaged persons ultimately benefits soci-
ety as a whole (Beauchamp, 1996).
Ethical Issues in Genetic Testing and
Screening

A number of important ethical issues arise in genetic testing
for disease susceptibility among adults. Genetic informa-
tion, unlike other health information, is both personal and
private and familial. The information obtained through
genetic testing and screening may have implications for
health professionals and patients as both may need to con-
sider whether they have an obligation to inform at-risk
relatives (Burke and Press, 2006; Loud et al., 2006).

Examples of genetic testing for susceptibility to adult-
onset conditions include BRCA1 and BRCA2 gene testing
for susceptibility to breast and ovarian cancer and genetic
testing for susceptibility to hereditary colorectal cancer
syndromes (Coughlin and Miller, 1999; Coughlin et al.,
1999; USPSTF, 2005). Genetic testing for disease suscep-
tibility raises ethical and social concerns related to the
adequacy of informed consent, the availability of pre- and
posttest counseling, and the avoidance of genetic
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discrimination (Hodge, 2004). Other ethical and social
issues relate to the cost of and access to genetic testing,
especially among those who are socioeconomically disad-
vantaged or uninsured. The disclosure of genetic test
results can have psychological and economic ramifica-
tions for the person screened and his or her relatives
(Lerman and Croyle, 1994). Some persons screened may
experience anxiety or other adverse psychological effects
or disrupted personal relationships. Reproductive choices
may also be affected. The provision of genetic information
without proper counseling and follow-up can lead to
psychological distress (Geller et al., 1997). To make an
informed decision about whether to request genetic test-
ing, persons must understand the potential benefits as well
as the limitations of current options for disease prevention
and early detection (Geller et al., 1995, 1997). An impor-
tant role of genetic counseling is to ensure that persons
considering undergoing genetic testing understand the
limited nature of information about genetic risk.

In European countries, the United States, and other
countries, legal and regulatory safeguards to prevent
genetic discrimination have been strengthened in recent
years. However, existing laws and regulations are still inad-
equate to prevent problems associated with genetic dis-
crimination, such as loss of employment or insurance
(Hodge, 2004). The potential for discrimination by health
insurers is an important risk associated with genetic testing.
Newborn Screening and Prenatal
Diagnosis

There has been ongoing discussion of newborn screen-
ing programs in the United Kingdom, the United States,
Canada, Australia, New Zealand, and other countries
(Webster et al., 2003; Eggertson, 2005; Patch, 2006; Southern
et al., 2007). Newborn screening programs in the United
States are run by state public health departments (Botkin,
2006). Newborn screening commonly refers not only to
laboratory testing but also to a comprehensive system that
includes parent and provider education, dried-blood-spot
specimen collection, and follow-up, diagnosis, and treat-
ment (Godard et al., 2003; Grosse et al., 2006). Newborn
screening for PKU, which began in the United States in
the 1960s, allows for the prevention of severe disability
since the initiation of a low-phenylalanine diet immedi-
ately after birth can prevent severe neurologic damage
and mental retardation (Grosse et al., 2006). The number
of conditions currently tested for in newborn screen-
ing programs varies considerably by place of residence.
In the United States, most states require that infants
be screened for treatable genetic disorders such as
phenylkentonuria (PKU), although parents may some-
times refuse on religious or philosophical grounds. In
addition to PKU, almost all states screen newborns for
hemoglobinopathies such as sickle cell disease and for
galactosemia (Botkin, 2006).

Prenatal diagnosis raises somewhat different ethical
issues than those posed by newborn screening (Clayton,
1999). Prenatal diagnosis requires that informed consent
be obtained and that potential benefits and risks be
explained. As noted by Hodge (2004):

Principles of autonomy strongly support an individual’s

right to informed consent prior to genetic testing or

screening. . . Prior to the administration of a test, patients

are entitled to explanations of the nature and scope of the

information to be gathered, the meaning of positive test

results, the underlying disease or condition, and any

appreciable risks involved in the testing or activities fol-

lowing a positive result.

Examples of genetic screening or testing in the delivery
of clinical care include prenatal carrier screening for
Tay-Sachs or cystic fibrosis, and prenatal testing to detect
Down syndrome in higher-risk pregnancies (Hodge,
2004).
Summary

In summary, frameworks for addressing ethical and policy
issues in public health screening programs consider the
adequacy of the scientific evidence, the balance of risks
and benefits, the availability and affordability of an effective
treatment, the acceptability of the screening test to the
population, patient preferences, and the costs and resources
required as well as additional ethical considerations. The
latter include provisions for obtaining informed consent,
protecting privacy and confidentiality, and avoiding dis-
crimination and stigmatization. The benefits of screening
include the prevention of serious illness or disability and
improved survival. Public health policy makers rely on
information from randomized controlled trials and other
scientific evidence to evaluate the effectiveness, potential
benefits, and risks or potential harms of screening. On a
societal scale, there is a potential for the production of a
population of worried well individuals through mass
screening. In addition, genetic screening programs may
create the illusion that all diseases ultimately are genetic,
to the detriment of other public health approaches for
decreasingmorbidity andmortality. Other ethical and social
issues relate to the cost of screening and access to screening,
especially among socioeconomically disadvantaged or
uninsured persons.
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Introduction

According to the UnitedNations (UN), in today’s changing
political world map, there are 192 Member States, the
majority of which have been created since the Second
World War. Yet the number of major cultural groupings
has been estimated to be somewhere between 900 and
1500, composed of a myriad of diverse ‘nationalities,’ also
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called nations, while the number of spoken languages in the
world – attesting for its ethnic diversity – is even greater:
around 6000. All such nations when combined are esti-
mated at around 600million people (or 10–15% of the
world’s population) who claim rights over 25–30% of
the earth’s land surface and natural resources.

These apparent discrepancies in the population/
resources equation have become a lasting source of con-
flict among ethnic groups, often involving indigenous
nations and nation-states, since generally it is the latter
that control access to and exploit these resources for their
own benefit, and are ready to use force to advance or
protect their interests. Serious and often violent conflicts
may arise when access to critical resources is under dis-
pute, especially at times of general economic decay.

In the second half of the twentieth century, the num-
ber of ethnic conflicts has increased significantly,
showing extreme forms of violence and intractable con-
flict. Since 1945, the death toll resulting from ethnic
conflict and organized violence has been estimated
at around 20million. The escalation of deadly conflicts
among ethnic collectivities is usually related to one or
more of the following: the emergence of nationalism and
the political legacies of colonialism and the Cold War;
unresolved cultural, religious, ethnic, or class disparities;
political opportunity; the enduring presence of illegiti-
mate, corrupt, authoritarian, or repressive regimes;
international or externally driven interventions, such as
military occupation or forcible intrusions; and, most
importantly, persistent inequalities over access to critical
resources.

It is fairly well established that ethnic conflict,
organized violence, and wars have been major causes of
suffering, general ill health, and increased mortality rates
throughout human history (Murray et al., 2002). In recent
decades, the number of victims and survivors of trau-
matic events has significantly increased as war, armed
conflict, and political upheaval engulf civilian popula-
tions worldwide, contributing to a lingering additional
burden of disease, death, and disability. There seems to
be consensus that the short- and long-term health con-
sequences of political violence and wars extend far
beyond death, disease, and destruction of local infrastruc-
ture to increased human suffering and devastation of the
social and economic fabric. As such, the short- and long-
term consequences of violent conflict can be observed
not only in individuals – in local biographies and indi-
vidual trajectories – but also in the collective space,
between the interstices of daily life experiences and
memories of survivors, and in the range of responses
and strategies for coping with violence and adversity of
the society at large.

Since the Second World War, many armed conflicts
fought under the banner of ‘national liberation’ (or
‘national unification’ like in Vietnam or Korea) aimed at
ending what is considered to be illegitimate rule over a
more or less well-defined community or nation. Nation-
ality is strongly anchored in the sense of uniqueness and
distinctiveness of certain cultural or religious values
attached to a sense of time and place.

Under the growing influence of globalization and an
imposition of a ‘global culture,’ we are more and more
confronted with rising tensions between nationalism on
the one hand, and cosmopolitanism on the other. The
intersection of global processes with local or regional
differences brings into focus how collective identity is
shaped, constructed, imagined, and reconstructed for var-
ious political ends. Moreover, the relentless process of
globalization (transnational economic trade, global com-
munication patterns, and transnational social movements,
including migration) has generated mixed responses
around the idea of identity, challenging the very notion
of nationalism and the existence of the nation-state, pro-
jecting an image of a world without borders. At the same
time, the fragmentation of blocks of countries, such as the
former Soviet Union or Yugoslavia, and the rising number
of states claiming secession or sovereignty seem to reaf-
firm nationalism as a political force and a contemporary
reality. While nationalism is perhaps the most common
expression of an ethnic group’s assertion of its claims for
political recognition and legitimacy, it often leads to vio-
lent conflict aimed at resolving disagreement and dissent.
Genocide and the atrocities of ethnic cleansing – most
often fueled by extreme nationalism, tinted with religious
or political aims – is another way to put an end to ethnic
conflict by imposing one group’s total supremacy over
another.

The rise of nationalism and ethnic conflict, and the
emergence of various forms of extreme violence and
human rights’ abuses, are often precursors or ensuing
aspects closely related to environmental degradation and
socioeconomic development initiatives. Various authors
point at the growing body of evidence linking environ-
mental degradation to human rights abuses through
the process of selective victimization or ‘environmental
racism’ (Bullard, 1993), in which development efforts
result in a deteriorated environment with loss of valuable
resources often critical for the survival of local
populations.

Environmental forces at play, including those derived
from weather warming and climate change, do have an
important role in shaping the nature of conflict in many
regions of the world today. Some of the natural and also
man-made disasters, which are attributed to climate
change, are often at the root of deadly conflicts that
emerge and/or follow earthquakes, hurricanes, and floods.
Likewise, the social and economic impact created by
protracted ethnic conflict is often aggravated by episodic
natural disasters, as happened in the Sri Lankan case,
where settlements in the northern and eastern parts of
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the island have been exposed to extreme violence, ethnic
conflict, and war for over 3 decades, while the eastern and
southern regions were devastated by the tsunami of late
2004, having a compounding adverse effect in the popu-
lation as a whole.
Defining Terms and Concepts

While recognizing most definitions are arbitrary, we need,
however, to try to define some of the terms and concepts
used previously, to reduce misunderstandings or ambigu-
ities associated with the central ideas under discussion:
ethnicity and conflict.

An ethnic group may be defined as a descent group
bounded socially by inbreeding and spatially by territory. It
is from this core that more extended ethnicities evolve by
preferential endogamy, extended nepotism, fictional kin-
ship, descent myths, and extension or occupation of larger
territories. At one extreme, there is the small, cohesive local
group or clan and at the other the vast, extended symbolic
boundaries of modern ethnic identities.

In terms of the concept of social stratification and class,
these are the segments resulting from inequalities in the
distribution of any scarce value. A social class is an aggre-
gate of social units similarly positioned with relation to any
or all of such scarce values, such as the control of means of
production, among others (Van der Berghe, 1983).

The term nation used previously can be understood as
a politically conscious aggregate of peoples claiming
statehood rights on the basis of common ethnicity and
language, while the term nationalism is more of a peoples’
movement driven by will and ideology in support of a
given nation. Nationality is conceived as identification
with and loyalty to the state structure, regardless of ethnic
composition. Collectivities defined by birth and cultural
or physical distinctiveness are also called ethnicities,
which may or may not be internally stratified.

Conflict, in turn, has been given multiple definitions,
from psychological, social, economic, political, and cul-
tural perspectives. Rivalry and individual competition
should be distinguished from collective opposition and
overt conflict aimed at displacing, injuring, or destroying
opponents. Different types of conflict imply a certain
degree of centralized organization and control, different
extent of mass involvement and mobilization, and the
magnitude, characteristics, and type of violence. Follow-
ing these, categorization of at least three levels of collec-
tive ethnic conflict may be distinguished, ranging from
simple turmoil – for example, strikes, demonstrations,
civil unrest, mutinies, protests, sabotage, rioting, and so
forth; to internal war – coups d’état, secessionist rebel-
lions, terrorism, civil wars, and revolutions; to massacre –
genocide, politicide, ethnic cleansing, mass killings and
executions, and so on.
Some Examples

The official discourse of nationalism is widespread in
form and content and often tends to dehumanize and
stigmatize other peoples and ethnic groups as being bio-
logically and culturally inferior, providing a justification
for state intervention and forced assimilation or
extermination.

Ethnic conflict has become more common in recent
decades. Conflict between smaller non-state groups or
against such by governments has increased in frequency
and brutality. Current examples reported by the news
media are the conflict in Darfur, Sudan, where at least
2million non-Arab civilians have been systematically
driven from their homelands by the Janjaweed, a militia
group recruited from local Arab tribes and assisted by the
Sudanese government. The violent ethnic conflict in
Sri Lanka reemerged again when Tamil Tiger rebels
decided to sink two government gunships and the govern-
ment responded by sinking five of the Tiger’s vessels and
later bombarding their strongholds. In Iraq, Zarqawi’s
appeal to Sunnis led them to commit violence against
and control over the ‘incredulous’ Shiites. Within the
last 2 decades, fierce and violent ethnic conflicts have
also erupted in the Congo, Nigeria, and Bangladesh,
among many others. The genocide of Tutsi by Hutus in
Rwanda; the Chechen revolt against the Russian state; the
Bosnian war involving Serbs, Croats, and Muslims fol-
lowed by the ethnic cleansing of the Kosovar Albanian
majority by their Serbian overlords; lethal encounters
betweenMuslims and Christians in the Indonesian Maluku
province; and killings between Muslims and Hindus
in the Indian state of Gujarat are just some recent exam-
ples. In other regions, such as Central and South America,
we also find many instances of ethnic conflicts and inter-
nal wars resulting in high death tolls, particularly among
indigenous peoples: extrajudicial executions of Miskito
Indians in Nicaragua; massive killing of Mayas in
Guatemala and Tzotzils in Chiapas, Mexico; and the
annihilation and disappearance of Quechua peasants in
the Peruvian highlands undertaken by Shining Path
guerrillas and the military repression. In the case of
Guatemala, large segments of the population have been
displaced because of internal conflict and violence, the
vast majority (more than 80%) of them Maya Indians from
the central and northwestern regions of the Guatemalan
altiplano. It is estimated that in the last 3 decades, approx-
imately 250 000 Guatemalans have disappeared or been
killed, more than 1.5million have been internally dis-
placed, and 150 000 are still refugees abroad, mostly
in Mexico.

Many scholars agree that for ethnicity to emerge,
groups must hold relations and have a minimum of con-
tact with one another and must consider each other’s ideas
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as being culturally different. According to some authors,
ethnic groups exhibit, although to varying degrees, six
main features. These include a common name and com-
mon myth of descent, a shared history and distinctive
culture, a more or less stable association with a specific
territory, and a sense of reciprocity or solidarity among
themselves. These categories, however, are not as clear-
cut in practice and, therefore, members of ethnic groups
as well as social scientists are faced with paradoxes and
contradictions when they aim to refer consistently to a
stylized ethnic taxonomy. Accordingly, dimensions of
ethnicity cannot be referred to as givens or static notions
but have to be considered dynamic and evolving concepts.

Of course, not all conflicts are the same. There are
irredentist conflicts, secession conflicts, and conflicts
derived from decolonization between colonial powers
and national groups. Irredentism is a term used in the
international arena that involves advocating annexation of
territories administered by another state on the grounds
of common ethnicity and/or prior historical possession,
actual or alleged. Separatist and secessionist ethnic con-
flicts refer to those that arise when groups attempt to
separate themselves culturally and economically or
racially, though not always seeking political authority.
Although most ethnic conflicts have their origins within
state settings, they may involve third parties and become
interstate conflicts. Finally, anticolonial ethnic conflicts
are framed by the UN declaration of the right to self-
determination and policies of decolonization.
Political Science Theories of Ethnic
Conflict

In the 1950s and 1960s, the initial theorizing about ethnic
fragmentation and conflict in multiethnic societies did not
focus on political mobilization per se but argued that
certain factors associated with the modernization process
lead to societal fragmentation and the rise of ethnic
nationalism. This period may be characterized by the
emergence of indirect theories of ethnic conflict, to be
followed in the 1970s and 1980s by the so-called direct
theories described later.
Sociological Theories of Ethnic Conflict

Indirect Theories of Ethnic Political Mobilization
and Conflict

Indirect theories of ethnic political mobilization can be
grouped together as negative theories of integration, neg-
ative theories of cohesion, and indirect theories of disin-
tegration and revolution.
Negative theories of integration were mainly coined
by scholars such as Karl Deutsch (1953) and Samuel
Huntington (1968), who argue that rising ethnic frustra-
tions are predominantly caused by modernization pro-
cesses. One of the best-known and most influential
theories is that of Karl Deutsch. In his 1953 work Nation-

alism and Social Communication, he introduced a paradigm
of national integration in developing states by employing
two key concepts, namely mobilization and assimilation.
According to him, mobilization and assimilation lead to
national integration, the basis for civic nationalism.
However, should mobilization outpace assimilation,
national fragmentation will occur and result in the rise
of ethnic nationalism (Deutsch, 1953). Hence, to cope
successfully with modernization, a political system must
be able to innovate and to assimilate successfully the
social forces produced by modernization into the exist-
ing system.

Negative theories of cohesion include the plural society
approach and the theory of ‘consociationalism’ (Taras and
Ganguly, 1998). Plural societies exist where different sec-
tions of the community live side by side, but sepa-
rately, within the same political unit. To keep society
from fragmenting, external forces such as colonialism may
be implemented. Other scholars, such as Arend Lijphart
(1977) and Eric Nordlinger (1977), addressed matters
concerning stability, harmony, and democracy in multieth-
nic states. In his work Democracy and Plural Societies, Lijphart
explores the conditions under which stable and demo-
cratic multiethnic states, such as Switzerland, Belgium,
Austria, and the Netherlands, are possible, and concludes
that consociational democracies involve multiparty cabi-
nets, a multiparty system, proportional representation,
political decentralization, and a written constitution that
recognizes certain rights of minority groups, among other
supporting conditions.

Indirect theories of disintegration are summarized as
‘‘the various interpretations of inter-group conflict,
including revolts and rebellion, all of which contain
clues that can lead to a general theory of disintegration’’
(Heraclides, 1991: 6). Most disintegration theories empha-
size socioeconomic factors, including relative deprivation,
resource scarcity, and the sudden rise in unfulfilled
aspirations that gives rise to frustration, rebellion, revolu-
tions, and conflict. In his book Why Men Rebel (1970), Ted
Gurr states that the tendency to revolt increases when
people perceive an inequality in the wretchedness of their
condition; that is, when they receive less than they feel
they deserve.

In line with social disintegration, we must acknowl-
edge social inequalities as a primary force in determining
negative outcomes resulting from rapid social and eco-
nomic change, including ethnic conflict. The role of inter-
national financing institutions such as theWorld Bank, the
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International Monetary Fund, and the World Trade
Organization introducing structural adjustment programs
and fostering a neoliberal economic developmental
model, with drastic deficit reduction and privatization of
social services, has been often linked to an increasing gap
between the rich and the poor and rising social inequal-
ities, with negative consequences in the health status and
well-being of the low-income segments of the population.
Direct Theories of Ethnic Political Mobilization
and Conflict

A new wave of theoretical constructs evolved in the 1970s
and 1980s focusing directly on political mobilization as
opposed to social and economic developmental issues.
Three main approaches dealing with the causes of ethnic
political mobilization were developed during this period:
primordialism, internal colonialism, and the communalist
approach (Taras and Ganguly, 1998).

Primordialists mainly focused on ethnic identity and
consciousness as the single independent variable that
explains the emergence of political assertiveness and
militant separatism leading to conflict, regardless of the
existence of social inequalities or dominance of one
group over the other. Primordialism considered ethnicity
in itself to be a biologically driven phenomenon organized
around objective markers like common cultural attributes.
Prominent scholarly representatives of this approach
are Walker Connor (1972), Nathan Glazer and Daniel
Moynihan (1975), Cynthia Enloe (1993), Donald Horowitz
(1985), and John Armstrong (1982). Connor, an early expo-
nent of the primordialist perspective, explained ethnic
political mobilization as driven by modernization in four
different ways. First, rapid social communication andmobi-
lization increase cultural awareness and exacerbate inter-
ethnic division and conflict. Second, improvements in
communication and transportation increase the cultural
awareness of ethnic minorities by making their members
more aware of the distinctions between themselves and
others. Third, the rise of a militant ethnic consciousness in
many parts of both the developed and the developing
worlds can be explained not in terms of the ‘‘nature of
density of the communication media but of the message’’
(Connor, 1972: 328). Fourth, and last, changes in the global
political environment also contribute to the upsurge in
ethnic consciousness by making it much more unlikely
that a militarily weak polity will be annexed by a larger
power. Accordingly, ethnic conflict is seen as an outcome of
incongruence between economic modernization and polit-
ical development – both processes associated with the
emergence of the modern state.

Lack of agreement on the effects modernization had on
ethnic political mobilization led to the development of the
internal colonialism approach. The main representative of
this approach is Michael Hechter (1975). His argument
focuses on the concept of exploitation, which prevails in
the relationships between members of a dominant cultural
group and those of the periphery. According to this argu-
ment, exploitations of this sort cause an asymmetric allo-
cation of valued roles and resources to the dominant
ethnic group, which in turn leads to political mobilization,
protests, and eventual separatist movements claimed by
peripheral ethnic groups.

Hechter added an important dimension to the analysis
of politicized ethnicity by combining economic explana-
tions with cultural ones. However, the cultural division of
labor is considered to be only a necessary but not a
sufficient condition in the formation of ethnic political
movements.

The communalist approach focuses on ethnic political
mobilization by looking at modernization, scarcity of
resources, and elite competition. Modernization and its
inherent processes and consequences influence core and
peripheral ethnic groups in two ways. It reduces ethnic
diversity within both dominant and subordinate ethnic
groups by eroding local identities and, as a result, large-
scale ethnic identity formation is promoted. Based on data
from India, the former Soviet Union, and Eastern Europe,
Brass (1991) shows how the emergence of new elites,
added to resource scarcity and centralizing tendencies of
the state, have been combined to generate intense elite
competition and ethnic polarization in many of these
societies. Although communalist approaches tend to over-
emphasize the element of ‘greedy elites,’ overall they
enhance the understanding of large-scale ethnic identity
formation in modernizing societies at the same time
(Taras and Ganguly, 1998).
Analyzing Ethnic Conflict from an
Anthropological Perspective

In the first half of the last century, empirical studies
of ethnic conflict, including armed conflict and ethnic
wars, were left to the military or to historians, political
scientists, and anthropologists with ‘antiquarian’ inter-
ests. Peace was taken for granted even though Max
Gluckman (1963) pointed out that ‘custom’ and ‘conflict’
have been intrinsically tied to one another throughout
history. Gluckman argued that while conflicts are an
inevitable part of social life, it is important to examine
the causes and mechanisms leading to their initiation
and resolution. This appeal was taken up by anthropol-
ogists who approached the subject from different
perspectives such as materialism, practice theory, and
experiential approaches, including those more con-
cerned with the consequences of ethnic conflict, such
as medical anthropologists.

Materialists like Brian Ferguson (1984) describe the
broader phenomena underlying violent conflict as
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‘‘organized, purposeful group action, directed against
another group . . . involving the actual or potential appli-
cation of lethal force’’ (Ferguson, 1984: 5). His approach is
generally consistent with theories of cultural materialism
proposed by Marvin Harris (1979) and Barbara Prince
(1982) in that war breaks out when those who make the
decision to fight estimate that it is in their material inter-
est to do so. However, the war path is not always deliber-
ately chosen since it may also be an unintentional
outcome or unwanted last resort. The materialist perspec-
tive has been criticized for forsaking human decision-
making processes by focusing solely on the material
realm (i.e., land, food, mates, or other limited resources),
thus essentially reducing human motivation as being
driven by material rewards. Clayton Robarcheck argues
that people define a conflicting situation in terms of cul-
tural values and ideals, and violent conflict does not nec-
essarily erupt over limited or scarce material resources.
Emanating from this, this author provides a description of
how Semai community headmen and disputants accom-
panied by their kin, meet to resolve conflicts by emphasiz-
ing key values such as nurturance, dependency, and
nonviolence (Robarcheck, 1997).

Notions of human motivation and social action as
conflict-driving forces are further explored by scholars
adhering to practice theory. Paul Richards (2004) argues
that war, like peace, is organized and negotiated by indi-
vidual as well as collective social agents who mobilize
resources (including weapons) and train fighters, devise
tactics, and execute campaigns. Violent behavior as an
outcome entails strategizing and manipulating as well
as the interplay of cultural values, social pressures, and
emotions. Even though practice theory scholars focus
on social relations and actions, scholars privileging an
experiential approach criticize that not enough attention
has been paid to everyday experiences of individuals
living in war-torn areas. Carolyn Nordstrom (2004) and
Allen Feldman (1995) portray the ways people cope with
conflict, war, and its memories by capturing notions of
‘‘what [war] lives, experiences, tastes, feels, looks and
moves like’’ (Nordstrom, 2004: 10). Those using experien-
tial approaches to analyze conflict and war argue that
anthropologists should be able not only to record how
weapons are traded, or delve into why an armed individual
pulls the trigger against another human being, but to
illuminate how people experience the destructive forces
of conflict, violence, and grieving, while crafting resistance
and exhibiting resilience and coping.

To capture ethnic conflict not only from an institu-
tional perspective but to illustrate how transformations in
collective experiences during violent conflict reshape
interpersonal responses, medical anthropologists provide
a different perspective on subjectivity, social suffering,
and resilience within a group (see, e.g., Das et al., 2000).
Suffering is considered a social experience which could
be seen as first, an interpersonal engagement with
pain and hardship in social relationships; second, a soci-
etal construction that serves as a cultural model; and
third, a professional discourse that organizes forms
of suffering as bureaucratic categories and objects of
technical intervention (Farmer, 1996). Instead of giving
those affected by violent conflict the social status of
victim or patient, anthropologists argue for the need to
better understand exactly how individuals, families, and
whole societies construct their experiences and respond
to extreme forms of conflict and violence. The need to
focus on the social and cultural dimensions of conflict is of
utmost importance as these have to be altered to work
toward its prevention and eventual resolution.

The anthropology of ethnic conflict helps us to better
understand how the actors on each side have come into
conflict with one another, what they are fighting about, as
well as their subjective experiences. Furthermore, it
provides information on the levels of resilience and soli-
darity within a group, the interethnic relations, and the
stake of international interests in the particular situation.
However, research performed on the macrolevel of social
interaction (that is, on the upper end of the social power
structure), and the intermediate level (i.e., neighborhood
or village), and its interactions with the microlevel (i.e.,
peer group, household, and individuals) is relatively rare.
We may conclude that social scientists, as they engage
with a wider public, should pay attention to these ques-
tions by employing a multilevel and comparative perspec-
tives approach thus contributing to public debates over
possible, desirable (or undesirable) futures.
Gendered Aspects of Ethnic Conflict

In response to political science and anthropological the-
ories on ethnic conflict, feminist scholars draw attention
to the conflict’s distinct impacts on women and men.
Their goal is to find out about the many faces of indivi-
duals confronting war and provide answers to questions of
how women and men are impacted by and respond to
ethnic conflict.
The Impact of War on Women and Men

Feminist scholars have described that women and men
suffer from war in different ways in their confrontations
with death, the experience of sexual abuse and torture,
fleeing and searching for refuge, and losing loved ones,
including homes, social networks, and entire commu-
nities. The impact of war on men and women has changed
due to increasingly efficient war-making technologies that
make armed conflict more and more deadly. The adoption
of high-altitude bombing, cluster bombs, and strategies of
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low-intensity war and of ‘total war’ have collapsed the
distinction between combatants and civilian targets of
war. During World War II, 50% of the direct casualties
were civilians, while in the 1980s this figure rose to 80%;
by 1990 the proportion of civilian casualties as a direct
consequence of war was well over 90%. The largest num-
bers of civilians killed in war are women and children and
the elderly.

Patterns of victimization during wartime may range
from sexual violence to more subtle methods of abuse.
Gender-based and sexual violence has been defined as
‘‘physical, sexual and psychological violence against both
women and men that occurs in the family and the
community and is perpetrated or condoned by the state’’
(Bouta et al., 2005: xxi). In conflict zones gender-based
violence is directed against civilians as well as soldiers.
However, women tend to be more vulnerable to sexual
abuse than men due to prevailing hegemonic gender rela-
tions. The trafficking and sexual exploitation of women
tends to increase in times of conflict, and the spread of
sexually transmitted diseases such as HIV/AIDS rises
significantly.

Such violence is not an accidental side effect of war
but should be considered a crime against the individual
and the community or nation. In October 1997, for the
first time in history, a woman took the stand to testify
before the International Criminal Tribunal for Rwanda
to describe her experiences of sexual abuse and torture
during the massacre. Her charge was that what had
happened to her was a violation of international human-
itarian law. The Tribunal passed the judgment that it
was indeed a war crime, a crime against humanity, and
an important element of the ethnic conflict and geno-
cide. Sadly, however, this example is the exception
rather than the rule. Rape and sexual violence have
been rather invisible in the discussion of international
humanitarian law; they are often dismissed as private
acts, the ‘‘ignoble conduct of perverts, and the excess
of the occasional soldier’’ (Coomaraswamy, 2003: 92).
Official failure to condemn or punish rape thus gives it
an overt political sanction, which allows rape and other
forms of torture and ill-treatment to become tools
of military struggle. Rape and other forms of sexual
violence, then, have been applied as strategic weapons
of war. The wars and atrocities committed during ethnic
conflicts in Bosnia-Herzegovina, Rwanda, and Kosovo
show that sexual violence can be an important
and efficient instrument of terror especially in cam-
paigns that involve ethnic fratricide or nationalist wars
(Coomaraswamy, 2003).

Cases of mass rape during conflict and war have been
reported for Mozambique, Somalia, Cambodia, and other
countries. The head of the UN mission in Cambodia,
Yasushi Akashi, replied when he was asked to report on
sexual violations of women and girls by UN troops that he
was ‘‘not a puritan: 18-year-old, hot blooded soldiers had a
right to drink a few beers and chase after young beautiful
things of the opposite sex’’ (Fetherston, 1995: 23). By
accepting rape as a part of military life, militaries around
the world also support and often enforce prostitution
attached to their military installations.

Depending on their home society, their economic
status, and their racial/ethnic identity, women and chil-
dren may be more or less vulnerable to the effects of war
and militarization. It is women living in low-income and
poor countries who tend to experience war and are often
driven out from their homelands. According to the
Office of the UN High Commissioner for Refugees
(UNHCR), women and young girls constitute the vast
majority of the world’s refugee population, and are vul-
nerable to rape and sexual abuse when they flee war-torn
areas. In 1994, after the Rwanda massacre, virtually every
adolescent and young girl was raped. Another example is
among the so-called Vietnamese boat people, again
mostly women and children, who have regularly suffered
rape and abduction by pirates: ‘‘Any possessions left were
taken and they were either direct victims of rape or were
forced to watch their children being raped.’’ (Vickers,
1993: 28). Once the refugees arrive in the camps,
women and young girls are also at the receiving end of
sexual harassment and violence from camp officials and
other refugees.

Refugee women are often their children’s sole care-
takers, since a great number of them are widows or sepa-
rated from their partners and other extended family. Loss
of familymembers is experienced and suffered bymen and
women alike, although they suffer the loss in gender-
specific ways. Women may lose their husbands and sons
on the battlefield and their daughters and young children
as civilian casualties. Nationalist propaganda, shortly
before or during violent conflicts, calls on women to give
up their sons and husbands and to be proud of their
achievements in combat. Losing husbands and sons in
battle is not only an emotional but also an economic loss
for many women, since they tend to rely on male relatives
for economic survival.
Women’s and Men’s Responses to War

Women and men respond to and engage in war differently.
Neither men nor women have proven to be inherently
violent or peaceful; ‘‘instead humans have the capacity to
be both’’ (Turpin, 1998: 13). Since state propaganda and
social pressures often dictate how men and women behave
during times of peace and conflict, it may be suggested
masculinity and femininity are learned roles, rather than
inherited.

Since the early 1900s only 24 states have placed a
female leader in office as elected president or prime
minister. According to some observers, only 10 major
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conflicts and crises have risen where female leaders held
positions of leadership as decision makers of last resort.
Furthermore, it is important to note that none of the
female leaders initiated any of the crises, or were held
ultimately responsible for the conflict. Though none of
the crises were initiated by women, an examination of the
actions taken by female leaders shows that ‘‘the violent
character of most of these crises is maintained, and the use
of violence as a crisis management technique escalated in
many instances’’ (Caprioli and Boyer, 2001: 507). From a
social and interpersonal level, female leaders who gained
power through a male-dominated political environment
may be required to show more aggressiveness in crises
than their male counterparts to prove themselves in inter-
national politics. Thus, ‘‘female leaders must emulate
male gender stereotypes partly to overcome stereotypes
about female leadership weaknesses because female lea-
ders are often perceived as weaker at realpolitik issues of
security, defence, and economics’’ (Caprioli and Boyer,
2001: 508). Obviously, female leaders must battle with
negative perceptions from male opponents. Gender
played, for instance, an important role during the Indo-
Pakistan armed conflict in 1971. President Yahya Khan of
Pakistan announced that he would have reacted less vio-
lently and been less rigid if a male had headed the Indian
government. He was quoted saying: ‘‘If that woman thinks
she is going to cow me down, I refuse to take it. . .’’
(Malhotra, 1989: 137).

Throughout history women have participated in vio-
lent conflicts by joining the military. Although fulfilled
important roles in the defense industry, they were mostly
excluded from public military domains. Where they
tended to occupy subordinate roles and menial positions
such as cook, driver, secretary, or nurse (Vickers, 1993).
Another gender-specific role in armed conflict and war-
fare relates to motives of joining the army. Modern
warfare has facilitated women’s inclusion into the
armed forces because face-to-face combat has become
less important and personal arms are lighter and easier
to handle. Physical and psychological differences
between men and women have lost their importance as
an obstacle for women’s active participation in the mili-
tary. Although men and women might have similar rea-
sons for joining the army (including forced recruitment,
agreement with the war goals, patriotism, religious or
ideological motives, lack of educational opportunities,
economic necessity), many women join to obtain more
rights and gender equality. However, although gender
roles may be more equal with regard to opportunities
in the armed forces, this is often dampened by negative
effects such as discrimination and sexual harassment.
In the Sri Lankan conflict, for instance, Tamil women
encountered similar limitations and gender discrimina-
tion in the context of the Tamil Tigers’ masculine, hier-
archical structure.
Ethnic Conflict as an International
Problem: 1980s to the Present

Only in the late 1980s and 1990s did social scientists begin
to shift their attention from intra- to interregional con-
flicts by analyzing how ethnic conflicts impact on the
interstate system and international norms and regulations,
as well as on models for resolving ethnic conflicts through
international third-party actions.

Most ethnic conflicts tend to emerge within states;
however, few remain confined within state borders, since
most sooner or later transform themselves into interna-
tional problems. The transformation of ethnic conflicts
from national to international affair may follow one of
two paths. The first is referred to as the internationaliza-
tion of ethnic conflicts and may, at the national level,
generate actors and consequences whose operations and
effects are felt at the international level. The second has
been termed the ethnicization of international politics
and refers to developments taking place in the interna-
tional system that affect domestic ethnic conflict,
thereby lending it an international character (Taras and
Ganguly, 1998).

In turn there are different courses leading to the
internationalization of ethnic conflicts. One well-known
course of action is through the international diplomatic
activity of ethnosecessionists and states confronted with
ethnic conflict. The main goal of such international activity
is to derivate supportive responses from other influential
international actors. More specifically, in international
conflicts, the incumbents always (and by definition) hold
international connections, simply because either one of
the parties is in charge of the legitimate machinery of
the state, which includes diplomatic relations and other
international networking mechanisms. Or, alternatively,
the insurgents, by virtue of having to approximate the
incumbents as closely as possible to supplant them, must
develop the same machinery.

Another way for ethnic conflicts to acquire an interna-
tional dimension is through direct or indirect partisan
intervention by outside states in a domestic ethnic con-
flict. Through partisan intervention international peace
and stability may be threatened and, as a consequence,
internal players may no longer find themselves as dispu-
tants in an internal conflict but as victims of a much wider
international war. Also, international terrorism may trans-
form ethnic conflict into an international problem. Lack-
ing the resources needed for conventional military
warfare, ‘‘ethnic separatists often resort to terrorism
because it is cheaper and easier to get away with’’ (Taras
and Ganguly, 1998: 81). By way of using terrorist tactics,
ethnonationalists and secessionists not only intensify
existing problems for the international community, but
elevate themselves to direct participants at the interna-
tional level. Thus, tactics such as pirating of international
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passenger flights, assassinating diplomats in foreign lands,
and kidnapping businessmen and diplomats, have become
a familiar feature in international politics. Finally, massive
population displacements, such as flows of refugees from
conflict zones, cause not only enormous human suffering
but put tremendous pressure on those states that receive
the refugees by imposing a large economic and political
burden on them. The growing refugee problem is a direct
outcome of ethnic conflict and one of the most serious
challenges facing the international community in the
years to come.

The ethnicization of international politics is also a
process occurring at the international level but may in
turn influence ethnic conflicts at the national level. Due
to globalization processes, ethnic groups are able to mul-
tiply their networks of transnational interrelations and
ensure greater opportunities for exchange of ideas, infor-
mation, wealth, and political strategies. Globalization of
the mass media and advances in communication technol-
ogy have most likely advanced the cause of international
terrorism. There is little doubt television and the Internet
give terrorist movements instant access to the world’s
audience, enabling them to draw immediate global atten-
tion to their causes. The so-called terrorist groups often
represent repressed ethnic minorities who see them-
selves in the vanguard for the struggle for national self-
determination. Examples of this situation are many, such
as the Sikh terrorists who planted a bomb on an Indian
Boeing 747 that exploded off the coast of Ireland in 1985,
killing 329 people. It is also a justification given by the
provisional IRA for their attacks outside and inside the
UK, and by the Armenian terrorist group (ASALA), which
has carried out numerous attacks on Turkish diplomats.

Another example of how globalization processes
affect ethnic conflict is through the enormous prolifera-
tion of weapons across the globe. At the height of the
Afghan war, for example, the United States and the
Soviet Union provided a massive amount of highly
sophisticated weaponry. However, when the Soviet–A-
merican confrontation ended, sophisticated weapons,
such as Stinger antiaircraft arms supplied to the Afghan
rebels in the 1980s by the United States, were trans-
shipped to rogue states such as Iran and to various
terrorist and insurgent groups in the region. This and
other examples show that military capabilities of rebel-
lious ethnic minorities have been boosted and the ability
to challenge the power of existing states has been signif-
icantly increased in recent times.

To understand how ethnic conflicts exert their impact
on interstate politics, it is important to understand the
interrelationships between universally recognized norms
of behavior within the international system and the eth-
nonationalist and secessionist movements. Although the
international system is anchored by the principles of
national self-determination and the nation-state, the
international normative regime is biased against ethno-
nationalist and secessionists, who invoke these same prin-
ciples. Whereas existing states appeal to the doctrine of
state sovereignty so as to justify their existence, ethnona-
tionalists invoke the concept of self-determination to jus-
tify their case for statehood.

National self-determination includes two main ele-
ments, namely, the right to secession and the right
to create independent states. As a basic democratic prin-
ciple of international life, national self-determination
received much attention under the UN system after its
implementation in 1945. However, although the concept
of self-determination was, in theory, extended to all peo-
ple, it could be exercised only by those under colonial
rule. Thus, the Friendly Relations Declaration of 1970
categorically rejected and denounced any secessionist
movement threatening the national unity and territorial
integrity of an independent state.

Unstable multinational states often cause problems for
interstate politics in that they may tempt outside powers
to intervene in conflicts so as to pursue their own self-
interest, triggering a spiral of conflict escalation that
may lead to generalization of the conflict. A successful
response to violent ethnic conflict, however, is not limited
to the creation of a stable and well-ordered state but also
involves the creation of a state that will respect the rights
and needs of all of its citizens, irrespective of their origin
or ethnicity.
Resolving Ethnic Conflicts and the
International Community

There are at least three main courses of action possible in
the resolution of ethnic conflicts. First, conflicts may be
resolved through violence by the disputants. The inevita-
ble consequence of doing so is armed conflict or war,
which may ultimately settle the dispute when one side
secures a military victory. Second, diametrically opposite
to the first, conflicts may be settled through peaceful
bargaining and negotiation on the disputants’ own initia-
tive. However, although this course of action is the one
most often followed by the international community, the
disputing parties usually fail to resolve their differences
peacefully on their own initiative. The third strategy
refers to the involvement of third parties, especially in
those situations of protracted and complex ethnic conflict
where the disputants have exhausted their own attempts
to compromise. Dispute resolution through third-party
action is defined as an intervention in a dispute by a person
or an agency whose purpose it is to act as an instrument
for bringing about a peaceful settlement of that dispute,
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while creating structures whereby the foundation of a
lasting settlement can be laid.

Third-party intervention may include states or so-
called international, multilateral, bilateral, or nongovern-
mental organizations. The intervention of states often
presents a dilemma for the international community
because the doctrine of state sovereignty precludes inter-
vention by outsiders in the affairs of sovereign states.
Exceptions are only acceptable when a government agrees
to allow such intervention. According to Esman, the
most common form of intervention is to provide ‘‘good
offices’’ to mediate between contending parties, suspend
hostilities, and facilitate negotiations (Esman, 2004). Other
forms of intervention are the provision of humanitarian
assistance, foreign aid (technical and economic assistance),
nonviolent sanctions (military and economic embargoes),
preventive intervention, and coercive sanctions, such as
application of military power to terminate a conflict or
embargoes to put an end to flagrant violations of human
rights.

Interventions undertaken by international agencies
are often perceived as being more legitimate than those
organized by a single state. The UN, for example, usu-
ally gets involved in conflicts when all other apparent
options have failed. However, the UN system is often
confronted with a paradox that is not easy to resolve. It
has to maintain the integrity of the state system from
which its political existence is derived and, at the same
time, promote and protect the interests of minorities for
whom it was created. As a consequence, its relationship
with the various parties and ethnic minorities involved
in the conflict is ambiguous. Nevertheless, the UN
Security Council has been called on to mediate a num-
ber of ethnic conflicts, using its good office to induce the
parties to forego or halt violent activity and begin nego-
tiation. Should the interventions be successful in that
they bring about peace, the UN may be called on to
bring peacekeepers into the respective region. Thus, the
UN is not only responsible for maintaining order, but
also for organizing and operating a government and
managing humanitarian services until the economy has
been partially restored and indigenous personnel have
received training to assume the responsibilities of the
(new) government. The three main strategies third
parties have to opt to restore or bring peace to a region
shaken by conflict are referred to as peacekeeping,
peacemaking, and peace-building. Peacekeeping inter-
ventions by third parties involve ‘‘the prevention, con-
tainment, moderation and termination of hostilities
between or within states’’ (Childe, 1980, cited in Ryan,
1990: 54). Operations of this kind have to fulfil three
requirements. First, all parties involved in the conflict
have to give their prior consent to the intervening
actors. Second, international peacekeepers must remain
impartial when dealing with the adversary parties.
Finally, the use of force in peacekeeping operations
must be limited and peacekeepers may only use a lim-
ited amount of force, mainly for the sake of self-defense.

In contrast to peacekeeping, peacemaking usually
involves political or diplomatic activities aimed at bring-
ing the leaders of the disputing parties closer to a political
settlement. Methods evoked during such negotiation pro-
cesses are arbitration, mediation, and facilitation.

The final aspect of conflict resolution is peace-
building. Peace-building has been defined as local initia-
tives or structural efforts taken by third parties that foster
social, political, and institutional structures and processes,
which strengthen the prospects for peaceful coexistence
and decrease the likelihood of the outbreak, reoccurrence,
or continuation of the violence. It often requires an inter-
national third party to undertake long-term action
directed mostly at the ordinary members of the disputing
parties to change their negative image, perceptions, and
attitudes toward the followers of the other side. Therefore,
the main objective is to implement peaceful social change
through socioeconomic reconstruction and development.
The crucial elements for peace-building are the financial
resources at the third party’s disposal and its patience and
perseverance in what is bound to be a slow and arduous
process.

However, third-party intervention does not always
lead to peace and might, on the contrary, increase the
scale of conflict, either by introducing new political issues
to the basic dispute or by expanding the number of parties
involved. Often it may take attention away from core
issues of how to create solid and stable interethnic rela-
tions. Thus, if an intervention is perceived as one-sided
or unfair it will increase the intransigence of the sup-
ported side and increase the fears of other parties
involved, derailing intervention efforts and consolidating
the conflict even further.
See also: Famine; Health and Human Rights: Overview;

Relief Operations; The Health Care of Indigenous

Peoples/Nations; Torture and Public Health.
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Introduction

In most Western countries, approximately 1% of the
population dies each year. Populations in Western
countries are aging. People are living longer and the
proportion of those living beyond 65 years and into very
old age is increasing. In line with aging of the population,
the pattern of diseases that people suffer and die from is
also changing. A shift has occurred in causes of death:
Acute death due to infectious disease has to a great extent
been replaced by serious chronic diseases that often
involve a more protracted dying process, such as cancer
and cardiovascular disease (Rosen, 1993). Furthermore,
people living to a very old age are more likely to suffer
from multiorgan failure toward the end of life. Advances
in medicine have greatly improved the possibilities to
treat seriously ill patients and to prolong life. However,
it is increasingly recognized that prolonging life might not
always be an appropriate goal of medicine and that other
goals have to guide medical decision making at the end of
life, such as improving the quality of life of patients and
their families through the prevention and relief of
suffering (Sepúlveda et al., 2002). This is the focus of
palliative care, which was defined by the WHO in 2002
as follows:

Palliative care is an approach that improves the quality

of life of patients and their families facing problems

associated with life-threatening illness, through the pre-

vention and relief of suffering by means of early identifi-

cation and impeccable assessment and treatment of pain

and problems, physical, psychosocial and spiritual.

(Sepúlveda et al., 2002)

In principle, all patients who do not die sudden and
unexpected deaths are likely to need end-of-life care for a
longer or shorter period before their death. In Europe,
this concerns approximately two-thirds of all deaths (van
der Heide et al., 2003).

Although according to the WHO definition palliative
care does not intend to hasten or postpone death, in some
cases hastening of death (e.g., nontreatment decisions,
alleviation of pain or other symptoms with large dosages
of opioids, or euthanasia) may be an accepted or appre-
ciated consequence of end-of-life care. Respect for auton-
omy is an important goal of palliative care, which seeks to
strengthen and restore autonomy and not to destroy it. In
caring for the terminally ill, physicians or other caregivers
might be confronted with a request to end their life by
their patients. Individual requests for euthanasia or phy-
sician-assisted suicide are complex in origin and include
personal, psychological, social, cultural, and demographic
factors. Such requests require respect, careful attention,
together with open and sensitive communication in the
clinical setting.

Comprehensive studies of medical practices in this
area have thus far only been done in the Netherlands,
Belgium, and Australia. The practice of nontreatment
decision making has been studied extensively in the
United States, showing that many patients die after for-
going treatment (Faber-Langendoen, 1996; Prendergast
et al., 1998). Studies of attitudes of medical professionals
toward end-of-life decision making have been carried out
in many countries such as Denmark, Germany, Italy, the
Netherlands, Norway, Sweden, Switzerland, the United
Kingdom, and the United States.

The medical end-of-life decisions that are most dis-
cussed are euthanasia and physician-assisted suicide. The
focus of this paper will be on these decisions. However, a
better understanding requires looking at euthanasia in
the context of other medical end-of-life decisions. There-
fore, before focusing on euthanasia and its regulation,
we describe a conceptual framework of end-of-life deci-
sion making and the incidence of different end-of-life
decisions in several countries.
Conceptual Framework

Medical end-of-life decisions all share the characteristic
of potentially hastening death. However, they should
not all be grouped into one category. For instance, with-
holding artificial administration of fluids to a patient who,
in the terminal phase of dementia, apparently no longer
wishes or needs to eat or drink is a completely different
decision from granting the explicit request of a young
woman with terminal breast cancer for a lethal intrave-
nous injection. Medical end-of-life decisions can be cate-
gorized on the basis of the following dimensions:

1. the physician’s action or omission;
2. the physician’s reason for acting or omitting;
3. the physician’s intention with regard to hastening

death;
4. the preference of the patient;



520 Euthanasia and Public Health
5. the competence of the patient to express that specific
preference;

6. the prognosis of the patient;
7. the effect on the patient of the action or omission.

This order of dimensions is not hierarchic per se.
The specific combination of dimensions in the physician
system (1–3), including colleagues, nurses, etc., and in the
patient system (4–7), including family and authorized
representatives, determines which type of end-of-life
decision is at stake. Table 1 presents a conceptual frame-
work of medical end-of-life decisions.

The first column lists the most relevant categories of
acting or omitting by the physician. They form the core
of the different medical end-of-life decisions. The physi-
cian’s reason for an end-of-life decision can be that
she feels obliged to comply with a patient’s refusal to be
given life-prolonging treatment or is of the opinion that
(further) treatment is medically futile. Other reasons
might be that the physician wants to reduce or end the
suffering of the patient, whether or not complying with
a request from the patient at the same time. The physician
can make an end-of-life decision with the primary or
secondary intention to hasten death or only take into
account the possibility that death will be hastened. Pre-
ferences of the patient may be articulated orally or in
writing (sometimes also in advance). The patient can
refuse treatment or give informed consent to a proposal
from the physician to withhold or withdraw treatment.
A physician can also make an end-of-life decision with-
out taking into account the wishes of the patient, for
instance, because the patient cannot express his pre-
ference or because the physician has a paternalistic
approach. Only in the case of assisted suicide, that is,
prescribing lethal drugs at the patient’s request, is this
impossible. Competency refers to the patient’s ability to
assess the situation and make an appropriate decision.
If the patient is currently competent, then his wishes do
count. If the patient is temporarily incompetent, for
instance, because of a depression or some other psy-
chiatric disease, treatment may be initiated. If the patient
will remain, but has not always been, incompetent (for
instance, because of terminal (sub-)coma, dementia,
postcoma unresponsiveness), then an advance directive
and/or representatives are involved. When the patient
has always been incompetent (for instance, in case of
neonates or people with severe mental disabilities), repre-
sentatives may play an important role in articulating the
best interest of the patient. The prognosis of the patient
may be the starting point for end-of-life decision making.
The assessment of the remaining quantity and quality
of life influences the perspective of the patient as well
as the physician. The prognosis is especially important
with regard to the question of whether there is any other
better and/or less far-reaching or less harmful treatment
alternative. What counts here are the underlying disease
(will the patient inevitably die? Is the disease treatable? Is
the treatment futile?), the life expectancy (Is death immi-
nent?) and the suffering (Is it unbearable and/or hopeless
and to what extent is palliation possible?). Finally, the
effect of the action or omission co-determines the order
of medical end-of-life decisions. This does not concern
the intended effect, nor the believed effect, but the actual
effect or at least the effect that can reasonably be expected
(preferably evidence-based). The key question is whether
the end-of-life decision will result possibly (for instance, a
decision to administer high dosages of opioids), probably
(for instance, a decision to withdraw mechanical ventila-
tion), or certainly (for instance, a decision to administer
a high dosage of intravenous potassium-chloride) in the
hastening of death. This depends on the clinical condition
of the patient, the type of omission, and the type, dosage,
and method of administration of drugs.
Epidemiology of End-of-Life Decisions

European Study on End-of-Life Decisions

In 2001, a study was conducted in six European countries
(Belgium, Denmark, Italy, the Netherlands, Sweden, and
German-speaking Switzerland) to investigate the inci-
dence and background characteristics of end-of-life
decisions (van der Heide et al., 2003). In all countries,
29–34% of all deaths occurred suddenly and unexpect-
edly,whichprecludesend-of-lifedecisionmaking (Table2).
The percentage of all deaths of persons aged 1 year and
older (in Italy, 18 years and older) in which dying was
preceded by any end-of-life decision varied between
23% (Italy) and 51% (Switzerland). Physician-assisted
dying, that is, the administration of drugs with the explicit
intention of hastening death, was reported in all countries,
but the percentages vary: The incidence was approximately
1% or less of all deaths in Denmark, Italy, Sweden, and
Switzerland, whereas it was 1.82% in Belgium and 3.40% in
the Netherlands. Euthanasia was found to be a predomi-
nantly Dutch practice. Ending life without the patient’s
explicit request occurred more frequently than euthanasia
in all countries except the Netherlands.

Alleviating pain or symptoms while taking into
account hastening of death as a possible side effect
occurred much more frequently than physician-assisted
dying in all countries. The percentage of deaths that
were preceded by such an act was lowest in Italy (19%)
and highest in Denmark (26%). The incidence of non-
treatment decisions, that is, decisions to withhold or with-
draw potentially life-prolonging treatments, was also
much higher than physician-assisted dying in most
countries, but varied more per country (Table 2).

In general, the different types of end-of-life decisions
tended to be made for patients with similar characteristics



Table 1 A conceptual framework for medical end-of-life decisions

Physiciana Patient b

Action or
omission

Reason for end-of-life
decisionc

Intention to
hasten death Preferenced Competence Prognosise

Effect on
hastening death

Withholding

treatment

Medical futility and/or

Patient’s refusal

Primarily or Secondarily

or None

Refusal � Informed

consent �
Currently competent

or
Incompetent

–Temporarily

or
–Not always been

or

–Always been

Life expectancy þ
Quality of life

Possible or Probable or

Certain

Withdrawing
treatment

Medical futility and/or
Patient’s refusal

Primarily or Secondarily
or None

Refusal � Informed
consent �

Currently competent
or

Incompetent

–Temporarily

or
–Not always been

or

–Always been

Life expectancy þ
Quality of life

Possible or Probable or
Certain

Pain/symptom

treatment

Suffering Secondarily or

None

Informed consent �
Request �

Currently competent

or

Incompetent

–Temporarily
or

–Not always been

or

–Always been

Quality of life þ Life

expectancy

Possible or Probable

Continued
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Table 1 Continued

Physiciana Patient b

Action or
omission

Reason for end-of-life
decisionc

Intention to
hasten death Preferenced Competence Prognosise

Effect on
hastening death

Terminal

sedationf
Suffering and/or Patient’s

request

Secondarily or None Informed consent �
Request � Refusal �

Currently competent

or
Incompetent

–Temporarily

or
–Not always been

or

–Always been

Quality of life + Life

expectancy

Certain

Administration
lethal drugs

Suffering and/or Patient’s
request

Primarily Request � Currently competent
or

Incompetent

–Not always been

or
–Always been

Quality of life þ Life
expectancy

Certain

Prescription

lethal drugs

Suffering and/or Patient’s

request

Primarily Request þ Currently competent Quality of life + Life

expectancy

Probable or Certain

aOther actors in the physician’s system are colleagues, nurses, and other caregivers.
bOther actors in the patient’s system are family (including other next of kin) and authorized representatives.
cReason for end-of-life decision. Compassion is presupposed and other possible underlying motives as enjoyment of power, saving costs, etc. are not included in the framework.
dUnder preferences, complex motives such as self-sacrificing disposition, not wanting to be dependent, saving costs, etc. can be hidden. Preferences can be articulated orally or in
written form.
eEspecially with regard to treatment alternatives for prolonging life or optimal quality of life.
fIncluding forgoing tube feeding.
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Table 2 Incidence of end-of-life decisions in six European countries

Country Belgium Denmark Italy Netherlands Sweden Switzerland

Number of studied death cases 2950 2939 2604 5384 3248 3355
Weighted percentage (95% confidence intervals)

Sudden and unexpected deatha 34 (32–36) 33 29 33 30 32

(32–35) (27–31) (32–34) (29–32) (30–34)

Nonsudden death, no end-of-life
decision

27 26 48 23 34 17
(26–29) (24–28) (46–50) (22–25) (32–36) (16–19)

Total end-of-life decisions 38 41 23 44 36 51

(37–40) (39–42) (22–25) (42–45) (34–37) (49–53)

Physician-assisted dying 1.82 0.79 0.10 3.40 0.23 1.04
(1.40–2.36) (0.53–1.18) (0.03–0.34) (2.95–3.92) (0.11–0.47) (0.75–1.45)

Euthanasia 0.30 0.06 0.04 2.59 – 0.27

(0.16–0.58) (0.01–0.26) (0.00–0.27) (2.19–3.04) – (0.14–0.51)
Physician-assisted suicide 0.01 0.06 0.00 0.21 – 0.36

(0.00–0.28) (0.01–0.26) – (0.12–0.38) – (0.20–0.63)

Ending of life without the patient’s

explicit request

1.50 0.67 0.06 0.60 0.23 0.42

(1.12–2.01) (0.44–1.04) (0.01–0.29) (0.43–0.84) (0.11–0.47) (0.25–0.70)
Alleviation of pain and symptoms with

possible life-shortening effect

22 26 19 20 21 22

(21–24) (24–28) (17–20) (19–21) (20–22) (21–23)

Nontreatment decisions 15 14 4 20 14 28

(13–16) (13–15) (3–5) (19–21) (13–16) (26–29)

aIncluding all cases where the reporting physician had his or her first contact with the patient after he or she had died.

Reproduced with permission from van der Heide A, Deliens L, Faisst K, et al. on behalf of the EURELD Consortium (2003) End-of-life

decision making in six European Countries: descriptive study. The Lancet 362(9381): 345–350.
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within the studied countries. Physician-assisted dying
occurred relatively frequently in patients under 80 years
and in patients suffering from cancer in all countries.
Furthermore, it was mostly practised outside the hospital
in Denmark, the Netherlands, and Switzerland, but not
in Belgium, Italy, and Sweden. The amount of time by
which life was shortened, as estimated by the physician,
was less than 1month in most cases. Alleviation of pain or
symptoms occurred in all age groups, and relatively often
in patients suffering from cancer. This practice occurred
at comparable rates in patients dying in and outside
the hospital. The estimated shortening of life was rarely
more than 1month and tended to be less than the esti-
mated shortening of life in cases of physician-assisted
dying, although in a rather large percentage of these
cases, no estimation could be given. Nontreatment deci-
sions were also made for patients in all age groups,
but relatively frequently for persons aged 80 or above.
Furthermore, these decisions are not related to specific
causes or places of death. The estimated shortening of
life was generally larger for nontreatment decisions
than for alleviation of pain or symptoms (van der Heide
et al., 2003).
Requests for Euthanasia and Physician-
Assisted Suicide

It is known that some patients request euthanasia
or physician-assisted suicide from their physicians in
many countries. Studies have shown this in countries
including the United States of America, Australia, the
United Kingdom, Norway, Germany, Belgium, and the
Netherlands. Of course not all requests are granted by
the physician. A study of requests for euthanasia and
physician-assisted suicide to general practitioners in
the Netherlands showed that of all requests, 44% resulted
in euthanasia or physician-assisted suicide and 13%
were granted but the patient had died before this occurred.
In another 13% of the requests, the patient died before
the GP had made the final decision to grant or refuse the
request, and in 12% of the cases the GP refused the
request. In 13% of all requests, the patient no longer
wanted euthanasia or physician-assisted suicide. Finally,
in 3% of the requests the patient was still alive and the
decision-making process was still ongoing, and in 2% it was
not clearly stated by the respondent why euthanasia or
physician-assisted suicide was not performed ( Jansen-van
der Weide et al., 2005).Table 3 shows the characteristics of
these requests. Patients whose request was refused were
more often over 80 years of age and less frequently suffered
from cancer. Compared to other groups, feeling bad, fatigue,
pain, nausea, difficulty with breathing, and vomiting
occurred most frequently in patients whose request was
granted and administered and least in patients whose
request was refused. The three most important reasons
patients had for requesting euthanasia or physician-assisted
suicide were pointless suffering, loss of dignity, and weak-
ness. Not wanting to be a burden on the family, tired
of living, and depression were mentioned more often
by patients whose request had been refused, followed by
patients who changed their mind, than by patients in the
other groups ( Jansen-van der Weide et al., 2005).



Table 3 Characteristics of patients who explicitly request for euthanasia or physician-assisted suicide (rounded percentages)a

EAS
n¼ 940

Patient died
before
performance
n¼ 217

Patient died
before
final decision
n¼164

Patient no
longer
wanted EAS
n¼ 144

Request
refused
n¼ 150

Totalb

n¼1681

Gender
Male 54 57 61 53 46 54
Female 46 43 40 47 54 45

Age
<40 years 3 5 1 4 3 3

40–64 years 43 43 46 38 26 41
65–79 years 41 41 37 39 41 41

80 years or older 13 11 16 19 30 15

Diagnosis
Cancer 90 90 87 84 57 86

MS/ALS 2 3 - 3 3 2

Old age/general deterioration 0 c 1 2 4 11 2

COPD 2 3 1 1 2 2
Decompensation cordis 1 1 3 2 3 2

Other 5 2 7 6 25 7

Symptoms
Feeling bad 92 85 88 76 77 87
Tired 89 87 83 72 70 84

Not active 78 73 75 69 71 75

Lack of appetite 81 75 79 62 53 75
Pain 50 46 42 36 21 45

Nauseous 42 38 29 27 15 36

Difficulty breathing 31 34 29 23 11 29

Coughing 22 22 22 13 10 20
Vomiting 25 16 17 14 6 20

Anxious 13 24 28 30 25 19

Depressed 9 16 22 22 32 15

No clear consciousness 5 9 10 6 8 7
Confused 4 5 13 7 10 6

Bedsores 6 3 4 4 4 5

Reasons for requesting euthanasia
Pointless suffering 75 71 61 52 38 67

Deterioration/loss of dignity 69 64 66 55 51 65

Weakness/tiredness 60 60 51 54 39 56

Pain 31 34 31 31 18 30
Fear of suffocating 21 24 22 17 9 20

Disability/immobility 20 18 13 13 20 19

Not wanting to be a burden

on family

13 18 23 27 33 18

Tired of living 15 14 15 22 37 17

Vomiting 17 14 7 10 2 14

Depressed 4 7 8 10 18 7

Other 6 4 2 6 11 5
Reasons pertained mainly to
Current situation 62 46 46 35 54 54

Future situation 4 18 20 31 11 12
Both 34 36 34 34 34 34

aPercentage of missing observations per group: EAS, between 0.4% and 4.5%; patient died before performance, between 0.5% and

3.2%; patient died before final decision, between 0.6% and 4.3%; patient no longer wanted EAS, between 0% and 6.7%; request
refused, between 0.7% and 4.0%.
bIncluding 34 cases in which the patient was still alive when the questionnaire was filled in and 32 cases in which it was unknown what

had happened.
cPercentage of less than 0.5%.

Reproduced with permission from Jansen-van der Weide MC, Onwuteaka-Philipsen BD, and van der Wal G (2005) Granted, undecided,
withdrawn, and refused requests for euthanasia and physician-assisted suicide. Archives of Internal Medicine 165(15): 1698–1704,

copyright ã (2005), American Medical Association.
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Regulating Euthanasia and Physician-
Assisted Suicide

Regulations

Physician-assisted suicide and euthanasia occur, albeit
in different frequencies, in various countries. In several
countries, there is empirical evidence for this (Kuhse et al.,
1997; Ganzini et al., 2001; van der Heide, 2003). There
are three places in the world – Oregon (United States),
Belgium, and the Netherlands – where a notification
procedure for physicians has been enacted in order to
safeguard this practice (Deliens and van der Wal, 2003;
Hedberg et al., 2003).

On 27 October 1997 the Oregon Death with Dignity
Act was enacted, making physician-assisted suicide
a legal medical option for terminally ill Oregonians.
An adult Oregon resident who is capable and whose
diagnosis of a terminal disease is confirmed by the
attending physician and a consulting physician, may
make a voluntary written request for medication for
the purpose of ending his or her life in a humane and
dignified manner.

In the Netherlands, there has been a review procedure
for euthanasia and physician-assisted suicide since 1991.
On 1 April 2002, a law on euthanasia was enacted to make
euthanasia and physician-assisted suicide legal provided
that the requirements for prudent practice are met. Since
1991, the requirements have remained virtually unaltered.
These are a voluntary and well-considered request of
the patient, unbearable and hopeless suffering, no accept-
able alternatives for treatment, and a medicotechnical
appropriate performance (substantive requirements); and
consultation of another physician and reporting the case
as an unnatural death (procedural requirements). Since
the enactment of the Law, all cases are still reviewed by
Regional Review Committees (consisting of a lawyer, a
physician, and an ethicist), and those cases in which
they conclude that the requirements for prudent practice
are not met are subsequently reviewed by the Assembly
of Prosecutors General.

On 16 May 2002, the Belgian Parliament approved
a law on euthanasia. The decision-making process for
euthanasia occurs within the patient–physician relation-
ship, and (societal) control has been established within a
review procedure after death. A physician may only per-
form euthanasia when he knows the patient well enough
to be able to assess whether the request for euthanasia is
both voluntary and well-considered, whether his or her
medical situation is without prospect of improvement,
and whether his or her suffering is unbearable. The ability
to refuse a request for euthanasia guarantees physicians’
freedom of conscience. Before the attending physician
complies with the request for euthanasia, he must first
consult a colleague who is neither connected with him nor
involved in treating the patient.
Effects of Regulating End-of-Life Procedures

Evaluation of the regulatory frameworks shows variable
effects upon end-of-life care. In Oregon, roughly 46%
of the physicians are not willing to prescribe a lethal
medication consistent with the Death with Dignity Act.
Approximately two-thirds of physicians are of the opinion
that, since the enactment of the law, the rate of hospice
referral and the availability of hospice service have
remained stable, whereas roughly one-quarter think
rates have increased (Ganzini et al., 2001). A majority of
Oregon nurses and social workers believe that in the
5 years after enactment of the law, Oregon physicians
improved their knowledge and willingness to refer and
care for hospice patients (Goy et al., 2003).

In the Netherlands, roughly one out of ten physicians
would never perform euthanasia or physician-assisted
suicide. In the last decade, palliative care has developed
in the Netherlands. Although it is not certain that this
is related to the law, it is likely to be related to the euthana-
sia debate (Gordijn and Janssens, 2004; Onwuteaka-
Philipsen et al. 2005). The percentage of reported cases
of euthanasia increased from 18% in 1990 to 41% in 1995,
54% in 2001 and up to 80% in 2005. The main reason
for not reporting was that the physician did not consider
their action to be active ending of life (i.e., this was espe-
cially the case when physicians used morphine rather
than sedatives followed by a muscle-relaxant) (van der
Heide, 2007) In Belgium the law has not yet been
evaluated.
In Conclusion

In all studied (Western) countries, death comes suddenly
and unexpectedly in about one-third of cases. For the
remaining two-thirds of deaths, end-of-life decision
making appears to be an important issue in all countries.
Alleviating pain or symptoms and nontreatment decisions
occur relatively frequently, while euthanasia and physi-
cian-assisted suicide are relatively rare. All over the
world, it is likely that physicians every now and then
will be confronted with patients requesting euthanasia or
physician-assisted suicide. This, together with the trend
of increased public acceptance of euthanasia over the last
two decades (at least in Europe) (Cohen et al., 2006), might
increase pressure for a regulation debate in more
countries. Although experiences of Oregon, Belgium,
and the Netherlands cannot be straightforwardly trans-
lated to other countries, they give an indication that
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regulation, at least to some extent, can bring transparency,
public oversight, and legal control. Seriously studying and
discussing medical practices and experiences in different
countries can add much to debates about morally laden
issues within end-of-life care, to further improve the
understanding of desirable and undesirable differences
and similarities in end-of-life care in different countries.

This article addressed only industrialized countries,
while end-of-life care is a global public health problem:
85% of all deaths annually occur in developing countries.
However, most research and end-of-life care initia-
tives take place in industrialized countries. This is pro-
bably caused not only by the differing epidemiology
of mortality (in the developing world, death is often a
faster process, occurs earlier in life, and is less frequently
cancer-related), but also by differences in economic situ-
ation (adequacy) of health-care systems, and cultural fac-
tors. Nevertheless, the quality of end-of-life care should
be seen as a global public health-care problem (Singer and
Bowman, 2002).
See also: Active Life Expectancy; Cancer Mortality;

Cancer Survival; Hospice and Palliative Care; Infant

Mortality/Neonatal Disease; Law, and Public Health

Policy; Legal Issues in Public Health; Public Health

Approaches to Dying, Death and Loss.
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Why the Interest in Evidence-Based
Public Health Policy?

The desire for scientific evidence as the basis for public
health policy is not new (Terris, 1980). There has been,
however, sharply increased interest in evidence-based pol-
icy making since the 1990s. This trend could be seen to
have arisen from multiple sources. The language of evi-
dence-based public health and evidence-based health pol-
icy derives from the advent of the evidence-based medicine
(EBM) movement. However, the idea that policies should
be based on knowledge of what works has a history steeped
in the rise of social programs and their evaluation in the
1960s, as well as public sector management reforms of the
1990s that make demands for value-for-money.

There are many reasons put forth by analysts about
why the notion of evidence-based policy making has
become popular. Ham et al. (1995) suggest that if medicine
should be evidence-based, then so too should health pol-
icy. The UK government broadly adopted this thinking
across public policy, with their Modernising Government

White Paper (United Kingdom Cabinet Office 1999a),
which argued for a more professional approach to policy
making. Mounting pressures for transparency, account-
ability, and efficiency, in all areas of public health, has
increased the demand for use of evidence (Cookson,
2005), but there are other benefits to be gained as well.
Use of evidence in policy making helps to shift away from
expert opinion and increase legal accountability, thus
minimizing the dominance of competing interest groups
in policy making (Rodwin, 2001). Basing policy on what
has been proven to work (rather than speculation, guess-
work, or intuition) also reduces the risks associated with
policy making (Rix and Matete, 2005).

In relation to health care and health policy, the pace of
technological change in medicine has meant that decisions
are increasingly being made involving higher costs and
more at stake with each decision. Political factors also
shape the decision-making process. Gelijns et al. (2005)
have suggested that rigorous clinical and economic evi-
dence can help depoliticize difficult policy decisions. Gray
(2001) similarly argues that public decision-making pro-
cesses will increasingly require decision making in health
care to be explicitly evidence-based. The idea that health-
care practice should be standardized, equal, accountable,
and cost-effective is also consistent with principles of
social justice. Furthermore, an ethical position would sug-
gest that if health-care resources are limited, then there is
an obligation on the part of decision makers to ensure
resource allocation is based on the best evidence possible.

While there is much agreement about the ideals of and
rationale for evidence-based policy making, how to make
it a reality is much more challenging. These perspectives
and debates are explained in this article, starting with
some definitions.
What Is Meant by Evidence-Based Public
Health Policy?

Definitions of EBM have been adapted to public health as
‘‘the development, implementation, and evaluation of
effective programs and policies in public health through
application of principles of scientific reasoning includ-
ing systematic uses of data and information systems and
appropriate use of program planning models’’ (Brownson
et al., 1999: 87). More recently, Kohatsu (2004: 419) has
further broadened the definition of evidence-based public
health as ‘‘the process of integrating science-based inter-
ventions with community preferences to improve the
health of populations.’’

By extension, evidence-based health policy would
focus on public policy decisions about groups of people,
rather than decisions about individual patients (Cookson,
2005), with such decisions drawing from the best available
knowledge throughout the process by which governments
translate their political vision into programs and actions
to deliver outcomes (United Kingdom Cabinet Office,
1999b). If a distinction is to be made between health
policy and public health policy, one might suggest that
the former is focused on the health-care system while
the latter is concerned with systems which produce
health. In other words, public health policy making takes
into consideration how other public policies influence all
the determinants of health, and not just the delivery of
health services.

If evidence-based public health policy is meant to
draw from the best knowledge available, then the first
two points of contention are (1) what is the nature of
that knowledge, or evidence and (2) should policy be
based solely on this evidence? Given the array of possible
definitions of evidence to be found in any English dictio-
nary (i.e., ranging from known fact, to support for belief,
to testimony – see Davies et al., 2000; Lin, 2003a), it is not
surprising that the notion of evidence-based policy
making should be contested.
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Essentially, there are two views about the role of scien-
tific evidence in informing public health policy (Lomas
et al., 2005): (1) that science can reveal universal truths and
offers context-free guidance, and (2) that scientific evi-
dence has little meaning or importance for decision making
until it is adapted to the circumstances of its application.
Furthermore, the notion of colloquial evidence has also
emerged (Lomas et al., 2005; CHSRF, 2006), recognizing
that nonscientific evidence such as expert and professional
opinion, political judgment, values, habits and traditions,
resources, and outputs by lobbyists and pressure groups,
can be incorporated with scientific evidence to provide
contextual information and fill information gaps.

For policy making, there is further recognition of the
importance of context as well as what might be a range of
information that might constitute evidence. The UKCab-
inet Office (1999b) states that ‘‘good quality policy
making depends on high quality information derived
from a variety of sources – expert knowledge; existing
domestic and international research; existing statistics;
stakeholder consultation; evaluation of previous policies;
new research, if appropriate; or secondary sources,
including the internet.’’ They also suggest that costings
of policy options and results of economic or statistical
modeling are also likely to be important types of evidence
that inform policy decision.

Much of the discourse about evidence-based medicine,
public health, policy, and so on, presumes that evidence is
context-free, value-free, and interest-neutral. Gelijns et al.
(2005), however, argue that policy making necessarily has
to wrestle with conflicts of value, and is therefore, inher-
ently political. Gray (2005) not only recognizes the exis-
tence of social and political influences in health care, but
agrees that value-based decision making may also be
important. Increasingly, the language is shifting to evi-
dence-informed health care (and health policy) in order
to recognize that decision making is informed by research,
but not driven by it.
What Evidence Is Required for Public
Health Policy?

The process of evidence-based clinical practice includes
decision making. This process is suggested by the Sicily
Statement to be (Dawes et al., 2005):

. translation of uncertainty to an answerable question;

. systematic retrieval of the best evidence available;

. critical appraisal of evidence for validity, clinical rele-
vance, and applicability;

. application of results in practice;

. evaluation of performance.

In theory, this same rational, technical model would
apply to public health policy making. That is, a policy
question would be defined, which would lead to the
systematic retrieval and appraisal for the best evidence
possible; this would lead, in turn, to the adoption of
evidence-based policy. In this construction of evidence-
based health policy, evidence means knowledge derived
from rigorous research (Gray, 2001). Obstacles for the
realization of this rational model might be that research
lacks relevance, is of poor quality, results are not pub-
lished or are difficult to find. When a decision maker
requires knowledge, solutions to these obstacles or evi-
dence gaps need to be found throughout the research
process – from commencement of research, right through
to its publication, critical appraisal, critical evaluation,
and practical implementation of findings (Gray, 2001).

However, whether evidence-based public health pol-
icy is possible depends both on the range of evidence
available and the nature of the decision-making process,
including factors that influence decision making. If the
information desired for decision making is not available,
then it is unrealistic to expect decisions to be based on
systematic reviews (Anderson et al., 2005). There are
many reasons for these gaps in information: The research
or evaluation may not have been undertaken, the
research may not be of interest to research funders, the
results of evaluation have not been released, published, or
is not readily located, and so on. Furthermore, what is
published is likely to be skewed toward developed
countries because of the availability of research funding,
orientation of research funding bodies, interest of scien-
tific journals, and the nature of peer reviewing processes
adopted by research funders and journal editors. These
factors act as filters that lead to the underrepresentation
of some forms of evidence (Kavanagh et al., 2002).

Health and medical research is typically focused on
either describing the nature and magnitude of specific
health problems, or on the effectiveness of particular clini-
cal interventions. From the perspective of public health
policy, there may be a range of other questions for which
policy makers want answers, but for which evidence is not
available, such as the conditional effectiveness and the
return on investment for policy measures, the feasibility
and acceptability of policy proposals, and the possible
distributional impact of different policy options.

In other words, it is likely that evidence will be needed
from economic, social, political, and cultural perspec-
tives, and not just from the perspective of health and
medicine. Awide range of disciplines, from epidemiology
to anthropology to management sciences, will all contrib-
ute to policy making. Certainly, evidence will be needed
that offers possible solutions rather than simply describing
the problem. For example, Millward et al. (2003) reviewed
the evidence related to effectiveness of interventions
related to reducing health inequalities and found only
0.4% of published scientific papers discussed interven-
tions that might reduce inequalities. The precise nature of
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causal pathways and how different interventions might
work in different population groups were underinvesti-
gated. Lavis (2002) investigated what information decision
makers did want in the policy domains that might alter
health inequalities (i.e., tax transfer, labor market, social
services) and found their interests to be in finding what
the effective policy interventions and their trade-offs are
(including the health consequences of policy alternatives).
His findings suggest that decision makers are interested in
actionable policies based on causal links. This implies that
evaluation research, as research that may be more predic-
tive of future policy impact, may be more valued by policy
makers.

It is clear that different types of research will be
needed to influence policy making, as seen in Table 1.

Lin and Fawkes (2005), in looking at health promotion
effectiveness, point to a long pathway between the availabil-
ity of good-quality evidence to the successful implementa-
tion of that evidence. They suggest that evidence only
provides a theoretical understanding about effectiveness,
and achievement of effectiveness in situ depends on ade-
quate infrastructure and capacity (such as a skilled work-
force, sufficient financing, and policy and management
support), as well as an appropriate scale of intervention
(including adequate population coverage and targeting).
The problem of adequate infrastructure and capacity may
be a particularly important barrier to implementing evi-
dence-based public health policy in developing countries.

By the logic outlined by Lin and Fawkes (2005), the
mere assessment of evidence on intervention (or policy)
effectiveness would require an understanding of the
implementation conditions for various policy regimes or
program delivery. Process evaluation becomes as impor-
tant as summative evaluation (that is, evaluation of out-
comes, outputs, and efficacy upon completion of active
intervention) for policies and programs, as the evidence
derived from process evaluation would inform how new
policies and programs could be successfully implemented.
Table 1 Examples of research paradigms for generating policy-r

Research
paradigm Description

Applied Seeks to apply information learned from basic resea

practical use

Descriptive Explore in-depth information and phenomenon in or

understanding
Evaluative Assess processes and outcomes of interventions or

practices and current policies

Community Collaborative research effort between researchers a
particularly the affected communities

Systems Examines the organization, financing, staffing, gover

delivery of services

Adapted from Potter M, Quill B, Aglipay G, et al. (2006) Demonstratin

Health Report 121: 1–16.
How Does Evidence Get Taken up in the
Policy Process?

Conventional wisdom supposes that evidence is created
by researchers and then transferred to decision makers.
Lomas (2000) depicts this assumption as policy makers
coming to the retail store where researchers have filled
the shelves with all possible relevant studies that might be
useful. This notion that evidence is readily transferred to
policy makers is likely to be based on an assumption that
policy making occurs through a relatively linear process,
as well as an assumption that research dissemination is a
linear process. This rational, technical perspective is also
used to characterize the policy-making process as a set of
sequential steps, frequently as a cycle of activities. For
example, see Figure 1.

Within such a framework, knowledge derived from
research and evaluation can be fed into decision making at
different points in time, just as information obtained
through consultation and other sources can be incorpo-
rated. In theory, formative evaluation (concerned with the
process of program development and delivery) becomes
particularly important during the implementation stage,
while summative evaluation contributes to the reformula-
tion of the policy.

This rational or instrumental model of policy making
also recognizes that there are formal institutions of policy
making, such as parliament and government departments,
along with formal processes for policy deliberation within
each of these organizations. This rational model of policy
making and research transfer is consistent with the engi-
neering model (or knowledge-driven model) of research
utilization, that is, basic research leads to applied research,
which in turn leads to product development, and then
finally to application (Short, 1997; Nutley and Webb,
2000; Lin, 2003a).

In reality, both policy making and research transfer
into decision making are more complex processes.
elevant evidence

Links to policy

rch to develop Clarify immediate societal problem

der to gain fuller Clarify problem, context, and response to

possible interventions
of prevailing Clarify effects of policy

nd stakeholders, Focus on stakeholders’ concerns in order to
target better possible solutions

nance, and Suggest ways to improve quality,

performance, efficiency, and effectiveness

of service delivery

g excellence in practice-based research for public health. Public
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Policy instruments

Figure 1 Policy-making cycle. Adapted from Bridgman P and

Davis G (2004) The Australian Policy Handbook, 3rd edn. Crows
Nest NSW: Allen and Unwin.

Table 2 Models of research utilization relevant for policy

making. The relationship between research evidence and policy

making

Model Description

Rational Basic research leads to applied research,

which in turn leads to product development,

and then finally to application
Problem

solving

The results of a specific study are applied to a

pending decision

Political Research is used to support a predetermined

policy position
Tactical Research is used as a delaying tactic in order

to avoid responsibility for unpopular policies

Interactive Researchers are one set of participants among
many, with policies also being informed by

politics, experience, insights, and judgment

calls

Enlightenment Research diffuses through multiple channels
over time and provides new ways of

thinking, so that policy reflects the indirect

influence of research, rather than being the

direct outcome of particular research
findings

Materialist Policies are informed more by economic

imperatives than by scientific truths or moral
stance

Elective

affinity

Policy makers are more likely to respond to

research findings if they have participated in

the research process, and where the beliefs
and values of the policy audience coincide

with research findings

Adapted in part from Weiss C (1979) The many meanings of

research utilization. Public Administration Review 39: 426–31
and Short S (1997) Elective affinities: Research and health policy

development. In: Gardner H (ed.) Health Policy in Australia.

Melbourne: Oxford University Press.
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Multiple meanings can be attributed to research utiliza-
tion. Writers such as Weiss (1979) and Short (1997) sug-
gest that a range of models of research utilization exist in
addition to the rational model described (Table 2).

These models might describe the relationship between
research evidence and policy making, but there remains
another question of the role evidence plays in policy for-
mulation, and by implication, what are other influences on
the decision-making process, including whose evidence
counts? A number of theories are pertinent (Table 3).

Bowen and Zwi (2005) propose that many different
forms of evidence are taken up and utilized in a nonlin-
ear or diffuse manner, in evidence-informed policy and
practice pathways, which may have three progressions:
(1) sourcing the evidence, whereby knowledge, research,
ideas, interests, politics, and economics influence the extent
to which evidence is adopted or rejected; (2) using the
evidence, where evidence is introduced, interpreted, ap-
plied, and then either used or rejected; and (3) implement-
ing the evidence, where individual, organizational, and
system-level actions are taken. The policy advocate’s skills,
experience, and networks may be critical in determining
the pathway by which evidence travels.

However, despite all the theoretical explanations of
how evidence may be taken up into policy, the possibility
of serendipity should not be ruled out (Lin, 2003a). Being
at the right place, at the right time, in the company of the
right people may be a predesigned course of action; it can
also be pure circumstance and accidental.

Given the complex factors that influence policy
making and the uptake of research in that process, there
are likely to be a number of conditions that have to be met
if research evidence is to be taken up in public health
policy (Buse et al., 2005: 160):

. The existence of comprehensive, authoritative state-
ments based on systematic reviews of research
evidence.

. The usefulness of such statements to provide direct
guidance to decision making in specific circumstances.
. Knowledge and acceptance of such statements by all
relevant players.

. Adequate resources to act upon the statements of
evidence.

. Appropriate and sufficient incentives to apply the
evidence.

. Concurrent absence of disincentives to apply the
evidence.

. Control over the implementation chain to ensure com-
pliance with direction and with the evidence base.

These conditions are not easily met. As Pawson (2002)
observes, the policy cycle is generally quicker than the
research cycle, resulting in the need for policy makers to
turn to systematic reviews to gather evidence in the form
of results from previous inquiries. In concert with the
EBM movement, the use of systematic reviews is increas-
ing in health policy and practice, particularly since the
establishment of the Cochrane Collaboration in the early
1990s. While systematic reviews are mostly focused on



Table 3 Theories of the role of evidence in policy formation

Theory Originator Description

Old
institutionalism

e.g., Woodrow Wilson,
Herbert Simon

There are formal processes for policy making and institutions and actors designated
to play. Therefore, research is necessarily filtered by the formal policy processes

and the political and organizational context of decision making within these bodies

Garbage-can

model

Cohen, March, and

Olsen (1972)

Within policy-making organizations, there are a myriad of policy problems looking for

solutions, as well as policy ideas looking for problems for which they can provide the
solution

Organizational

epistemology

Dery (1984) Policy-making bodies (i.e., government bureaucracies) may adopt and lock into

preferred positions. In these instances, systematic bias occurs in policy making

through search for and use of data that supports predetermined organizational
imperatives

Advocacy

coalition

Sabatier and Jenkins-

Smith (1993)

Policy making does not happen within a closed organizational system. There are

advocates for different policy solutions who work within the bureaucracy as well as
outside. These advocacy coalitions work across government and civil society, with

shared values and commonways of framing problems and solutions. Research thus

influences policy through beliefs of advocacy coalitions

Agenda-setting Kingdon (1984) Many policy problems persist without solutions. Many policy ideas persist without
being taken up in decisions. Policy making relies on political will, but that policy will

be focused on matters other than long-standing policy problems or policy solutions.

Thus, policy making occurs only when these three streams (policy problems, policy

solutions, and political will) come together
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evidence of effectiveness, the call by policy makers for a
wider range of evidence means that the methodologies
used for the synthesis of diverse sources of evidence are
being widened and are continually in a process of devel-
opment (Popay, 2006).
Why Does Evidence Not Always Get Taken
Up (or Why Are Public Health Policies Not
Always Evidence-Based)?

The history of public health policy points to examples
of evidence-based policy as well as numerous instances
where policies do not seem to be evidence-based. It could
be argued, for instance, that the ill effects of tobacco on
smoking were known in the 1950s, but policy action was
relatively minimal until the 1980s and onward. Similarly,
although there are examples of successful practices in
HIV prevention and control (such as in Australia), many
countries have yet to adopt evidence-based policies.

Theories about the policy-making process, which
incorporate recognition of the politics of decision making,
start to provide some answers to why evidence is not
always taken up. There are, however, other influences
that shape public health policy making. Given public
health policy-making concerns making a decision about
what is beneficial for the society as a whole, there are
innumerable factors to be considered: the adequacy and
completeness of evidence; the possible benefits and con-
sequences (and their distribution); how to trade off short-
term and long-term costs and gains; and how to reconcile
potentially conflicting social values, cultural beliefs, and
traditions, institutional and political structures, and pro-
cesses for policy making. Thus, decision making at the
population level is more uncertain (Dobrow et al., 2004)
and competing demands of stakeholders are ever present.
Decision makers may be confronted with both moral and
informational uncertainty, as the definition of the prob-
lem, the possible solutions, and the nature of evidence
that underpins both are contested. Policy making, by its
nature, requires making choices that are not value free or
reducible to technical inputs (Rodwin, 2001).

Additionally, policy makers may have goals other than
clinical effectiveness when producing health policy.
Health service policies, which should ultimately improve
clinical outcomes, may be made with financial, social, or
strategic development goals in mind (Black, 2001). Com-
munities adopt different conceptions of health risk (Beck,
1992), and these notions of risk may be shaped by mass
media representation of events. Media can also create
political risk by bringing attention to debates or popular
concerns (Davies and Marshall, 2000; Marshall et al.,
2005). Also, the debate about policy choices may be
masked as conflicting perspectives about evidence (Atkins
et al., 2005). Politics, ideology, and political economy
may thus be more important drivers of policy making,
especially when there is scientific and policy uncertainty
about the appropriate course of policy action.

Beyond political complexities, there are also practical
barriers to evidence-based health policy making. Even
with the best intentions, it has not always been possible
for researchers and policy makers to connect the results of
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research with decision making. Researchers and policy
makers have been characterized as living in two worlds
(Lomas, 2000). There are numerous differences between
these two groups in terms of imperatives and styles in
decision making (Buse et al., 2005; Choi et al., 2005;
Brownson et al., 2006) (Table 4).

Policy makers are known to complain that they are
unable to obtain research evidence when they want or
need it, and that what is available often does not address
the policy question of concern. These obstacles have pre-
viously been highlighted as the critical gaps in need of
solution (Gray, 2001). Even when the findings are timely,
for policy purposes, policy makers may not know how best
to use the information. Weiss (1991) suggests that research
outputs may be classified as: (1) data and findings, (2) ideas
and criticism, and (3) arguments for action, each being
perceived to be useful for different purposes. Research
data and findings may be useful for choosing policy options
when the nature of the policy problems and possible solu-
tions are clear. Ideas and criticisms may be more useful for
policy agenda setting, to obtain attention on policy pro-
blems and possible solutions. Arguments for action, how-
ever, are likely to require active advocacy by those involved
in the policy-making process.
How Can the Evidence Base of Public
Health Policies Be Improved (or What Can
Researchers Do and What Can Decision
Makers Do)?

There are numerous suggestions about how to reduce the
gap between researchers and policy makers. These can
generally fall into the categories of: (1) content, what
should be researched and how; (2) what mechanisms
should be put in place; and (3) capacity building and
culture change.

In relation to content, Birch (1996) and Macintyre
(2003) have suggested that there is need to move from
RCTs to gathering evidence about a range of
Table 4 Two worlds: Different characteristics of researchers a

with decision-making

Characteristic Researchers

Nature of work Discrete, planned projects
Incentives Publications, grants

Time frame for action Longer

Knowledge span Deep but on narrow issues

Type of evidence used Empirical data
Basis for decision Beyond reasonable doubt

Accountability Scientific peers and research funding ag

Constraints Research funding and research ethics
determinants of health, in other words, research to address
social variables and populations. Similarly, the National
Institutes of Health (NIH) has recognized the need for
more interventional research within the social context,
utilizing interdisciplinary research teams (NIH, 2006).
Green (2006) advocates more systems thinking and mod-
eling as a way of producing practice-based evidence that
will produce more useful evidence for policy making,
while Sheldon (2005) and Anderson et al. (2005) promote
greater use of systematic evidence and development of
quantitative and qualitative synthesis methods. The need
for more evaluation policy interventions has also been
noted (Nutbeam, 2004). Brownson et al. (2006) suggest
that policy research should include: (1) understanding
the determinants of policy making and (2) assessing
impact of policy implementation, with case studies being
a useful methodology.

The mechanisms that have been mooted as useful for
improving the links between researchers and policy
makers are numerous. The development of a strategic,
priority-driven research program has been suggested
to be one method for ensuring research will be more
overtly directed toward informing policy (and practice)
(Nutbeam, 2004). The National Institute for Occupa-
tional Safety and Health (NIOSH) involved a broad
constituency of users in defining the research agenda
(NORA, 1996). Lomas (2000) has promoted knowledge
transfer by the use of knowledge brokers who have a role
in linking policy makers and researchers through trans-
lating questions and findings to one another.

Oldenburg (2000) suggests, however, that effective dis-
semination involves more than linkage and exchange, and
points to the need to invest in factors that support dis-
semination (such as organizational resources, infrastruc-
ture, etc.). Hanney et al. (2002) also argue that a range of
strategies are required for research translation, including
long-term liaison, knowledge brokers, evidence champions,
change agendas, diffusion networks, communication train-
ing, and so on. The particular approaches need to suit the
stage of policy development, as well as the types of
nd policy makers may prevent connection of research results

Policy makers

Continuous, unplanned flow of ever-changing tasks
Re-election, recognition

Shorter

Broadly across many issues

All forms of information
On the balance of probabilities

encies Politicians and electorate

Political and bureaucratic imperatives
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evidence required or in use. The importance of systema-
tic collation and dissemination of international evidence
of effectiveness has been recognized in Sweden, the
Netherlands, and the UK (Macintyre, 2003) and indepen-
dent institutions may be in the strongest position to offer
trustworthy synthesis of research data as the basis for
informing policy debates (Ham et al., 1995).

More fundamentally, changes are needed in research-
ers’ attitudes, funders’ understanding, and the way
research is conducted (Black, 2001). Capacity building
has been recognized as the basis for culture change.
Some (Brownson et al., 2006) have suggested that research-
ers become more involved in the policy process, through
development of short policy summaries, presenting data in
more understandable forms, and providing testimony at
public hearings. They further recommend that public
health training programs should ensure communication
skills, including working with the media, are imparted on
students. Others (Kavanagh et al., 2003) have suggested
increasing policy makers’ skills for critical appraisal of
research and its methodology as one strategy. Ross et al.
(2003), however, suggest interactions between researchers
and decision makers need to occur within and outside the
research process, and decision makers can become
involved as formal supporters, responsive audience, and
integral partner, depending on the context.

Deliberative processes that bring together differ-
ent stakeholders to consider context-free and context-
sensitive evidence have also been proposed (CHSRF,
2006). Within such a participatory forum, scientific and
decision-maker communities can come together to exam-
ine different types of evidence, to make values explicit and
Table 5 Practical steps for improving knowledge transfer betwee

Steps to be taken by researchers Step

Communicate research findings simply through newsletters,

summaries, etc.

Set u

Hold briefings, seminars, and workshops for policy makers Built
fin

Discuss policy implications or include policy

recommendations in research

Ensu

pr

Target opinion leaders for research disseminations Deve
de

fo

Involve policy makers in all stages of the research process Deve
po

Conduct more policy-relevant research, includingmore action

research, evaluation research, and systems research

Esta

po

Offer training to policy makers on critical appraisal and
commissioning of systematic reviews

Prov
de

Adapted from Lin V (2003b) Improving the research and policy pa

Evidence-Based Health Policy: Problems and Possibilities, pp. 285–29

Walt G (2005) Making Health Policy Maidenhead: Open University Pre
to promote consensus where possible. Deliberative pro-
cesseswould bring together scientific evidence on effective-
ness, scientific evidence on context features, and colloquial
evidence (Lomas et al., 2005). Rather than being a policy
consultation process, a deliberative process would foster
an integration of technical analysis with stakeholder (and
lay) views.

The practical steps most commonly advocated for
reducing the gap between research and policy can be
summarized as in Table 5 (Lin, 2003b; Buse et al., 2005).

These practical approaches are useful starting points,
but do not substitute for the need for institutional cultural
change and for having a good information infrastructure
that can allow for ongoing monitoring of policy impact,
particularly on the health of populations (Lin, 2003b).
Many foundations and organizations have taken on board
the need for building the capacity within and between
organizations, researchers, and policy makers, so as to
develop knowledge management infrastructures to enable
knowledge transfer, sharing, or translation to take place. In
addition, collaborations aiming to make information more
accessible to academics, policy makers, and practitioners,
and thus play a part in addressing at least some of the
obstacles or gaps preventing widespread evidence-based
public health policy and practice are increasing. Since the
establishment of the Cochrane Collaboration, other collab-
orative institutions have been created with the aim of
producing high-quality systematic reviews of research in
the health (and other) fields. Notably, the Campbell
Collaboration has been set up as a parallel organization to
Cochrane for reviewing interventions in social policy,
education, and criminology. Additionally, entities such as
n researchers and policy makers: Reducing the gap

s to be taken by policy makers

p advisory mechanisms to help identify research priorities

evaluation research into programs and budgets and publish
dings

re research funding bodies develop program of strategic,

iority-driven research

lop a culture of learning organization within government
partments, including regular seminar programs and sabbaticals

r policy analysts

lop in-house research capacity, including commissioning of
licy research

blish policy research institutions that have ongoing involvement in

licy monitoring and analysis

ide training for researchers on, and involve them in, policy
velopment processes

rtnership: An agenda for research transfer and governance. In:

7. Melbourne: Oxford University Press; and Buse K, Mays N, and

ss.
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the European Observatory on Health Systems and Policies
offer a template for systematic tracking of health system
development and change.

Further, systematic partnerships are needed not only
between researchers and policy makers, but should also
involve research funding bodies and civil society organiza-
tions, including professional associations, that are part of
the policy-making and policy implementation processes.
Capacity-building efforts will be needed not only at indi-
vidual and organizational levels, but across the network of
players. Such capacity-building efforts need to build on
existing capacities, link local knowledge with more global
research evidence, respect the diverse value systems, chal-
lenge mindsets and power differentials, establish positive
incentives, and findways for diverse players to stay engaged
in the longer term (Blagescu and Young, 2006).

Knowledge transfer may also require more explicit rec-
ognition that a range of individuals are likely to play
different roles in the process (Thompson et al., 2006), i.e.,
opinion leaders exert informal social influence within a
specialty area on an on-going basis and community leaders
similarly influence civil society understanding about issues.
Linking agents (or knowledge brokers) may formally
bridge gaps on specific issues or in specific organizational
contexts, change agents (or champions), and may promote
and drive behavioral and organizational change across
groups and issues. As Kerner (2006) suggests, translating
research into policy would require a common language and
common understanding about the meaning of knowledge
translation and the nature of evidence. This effort may well
need to be underpinned by more research on how best to
disseminate and implement research, as well as dissemina-
tion and implementation of research results.

For developing countries, donor organizations and
international institutions will have a particular role to
play in supporting capacity development. The World
Bank Institute, the capacity development branch of the
World Bank, is one such example. The aim of the Institute
is to not only reach policy makers, researchers, and prac-
titioners across the globe, but to also to share knowledge
with parliamentarians, journalists, teachers, youth, and
civil society leaders. The World Health Organization
also has a similar agenda of removing barriers to research
use (WHO, 2005). Civil society organizations and educa-
tional institutions may be particularly important in reach-
ing key segments of society, as well as converting local
knowledge from anecdote to evidence.
Conclusion

In public health policy, the key question is not just what
works, but what works for whom, in what circumstances,
and in what ways? Research and evaluation that help
answer these questions can assist with the development
of appropriately considered policies, thus supporting the
creation of a more level playing field in the political
marketplace (Marmor and Christianson, 1982), thus
allowing for a more balanced set of voices to be heard in
the political process of policy making.

The differences between the two worlds of researchers
and policy makers are often cited as providing obstacles
preventing research from being taken up into policy
making. In response to this problem, infrastructure to pro-
mote knowledge transfer and capacity building to bridge
the gap between these two communities is increasingly
being put into place within and between institutions. How-
ever, while the two-worlds concept is useful for thinking
about the challenges faced in making policy evidence-
based, it may be insufficient for incorporating all of the
stakeholders and actors in the policy process, especially if
the research being funded and conducted is not addressing
questions that are central to the concerns of policy players.

Health concerns all of civil society, and so social,
economic, cultural, political, and ethical considerations
do influence agenda setting, policy formation, and imple-
mentation to varying degrees. Therefore, seeking an evi-
dence base for public health policy may mean taking into
account many different forms of evidence, in addition to
evidence of efficacy and effectiveness. The consideration
of local, colloquial, and contextual evidence is increas-
ingly recognized by some within the movement of
evidence-based policy for its influence upon all aspects
of policy formation and implementation.

In taking such evidence into account, linear models of
research utilization for the making of public health policy
are too simplistic, because they disregard the many con-
textual factors influencing decision making, particularly
the political process. Research evidence may be more
usefully understood as framing issues rather than
providing the central picture. The research itself may be
better conceptualized as influencing through ideas more
so than through data. The language of evidence-informed
policy and practice, then, is increasingly being recognized
as appropriate for health policy making. Research can
improve the evidential basis for public health policies,
but this requires that more stakeholders – in civil society,
in government, and in the business sector – are both
skilled in appraising research as well as being an integral
part of the research agenda setting process. More policy
evaluation studies and health system observatories may
also be useful for both informational and capacity-build-
ing purposes.
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Introduction

Human health has been linked with weather. Changes in
human society and the environment have exacerbated the
impacts of extreme temperatures, precipitation, floods,
and hurricanes on health. Several areas of interest that
have influenced this linkage include (1) global climate
change, (2) increased human population size in coastal
areas, (3) higher population size of susceptible individuals
(e.g., elderly, immunocompromised) in communities, and
(4) increased urbanization, which concentrates people,
buildings, and sewage. Along with these changes it has
been established that weather patterns, and particularly
extreme weather, affect human health and well-being. In
order to address the topic of extreme weather and human
health, this article includes the definition of extreme
weather, a description of how extreme events have
changed and why, and a discussion of some key direct
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and indirect effects of several types of extreme weather
events on human health.
Weather and Climate

The term ‘climate’ describes the long-term weather pat-
terns over a large region e.g. mean temperature or average
precipitation of a region. The term ‘weather’ refers to the
state of the atmosphere at a given place and time in regard
to variables such as temperature, precipitation, and wind
velocity. An extreme weather event is weather of an
unusual intensity for a specific location. Extreme weather
is perceived as rare and is commonly defined in statistical
terms based on the probability of occurrence of an event.
Extreme events occur at the tail ends of a frequency distri-
bution for a specific variable (Figure 1). Specific defini-
tions of ‘rare’ vary, but are commonly those events in the
10th or 90th percentile. Extreme events vary with location;
for example, a 6-inch snowfall may be an extreme event at
low altitudes in the tropics but not in northern temperate
zones.
Global Climate Change and Extreme Weather
Events

One cannot discuss extreme weather events without con-
sidering global climate change. The Intergovernmental
Panel on Climate Change (IPCC) assessment reports
provide an overview of the causes, observed changes, and
potential future consequences of global climate change.
Atmospheric concentrations of key greenhouse gases (i.e.,
CO2, CH4, N2O, and O3) have increased since the indus-
trialized era. Consequently, there is increasing evidence
for global warming based on observations from around the
world, as well as increasing evidence that much of this
warming is due to human activities (IPCC, 2001).

IPCC climate models predict an increase in atmospheric
concentrations of greenhouse gases and an increase in
Figure 1 Extreme events are those at the tail ends of a

frequency distribution (shaded areas) for a specific variable at a
specific location.
globally averaged surface temperatures of 1.4–5.8 �C
between 1990 and 2100. As a result of the increase in
atmospheric concentrations of greenhouse gases, the fre-
quency, intensity, and duration of extremeweather events is
predicted to change. For example, more hot days, heat
waves, and heavy precipitation events are expected. In
addition, the risk of floods and droughts in many regions
would increase. Global annual precipitation is also pro-
jected to increase, although both increases and decreases
in annual precipitation are projected at the regional scale.
The IPCC predicts that global climate change will increase
the threat to human health, ecosystems, and socioeconomic
conditions.

The relationship between global impacts and increase
in global mean temperature for water, health, energy, and
aggregate impacts is uncertain. One consistent pattern
identified in a survey of climate change literature is that
beyond an approximate 3–4 �C increase in global mean
temperature, most of the studies show increasing adverse
impacts. These impacts vary by region and with scale;
there is greater uncertainty in predicting changes at smal-
ler geographic scales. In northern regions, climate change
can include changes in precipitation magnitude and fre-
quency, reductions in sea ice extent and thickness, and
climate warming and cooling.
Direct and Indirect Effects of Extreme Weather
Events on Human Health

Extreme weather events invariably have adverse impacts
on human health (Table 1), which can be categorized into
direct and indirect effects. Direct effects on human health
caused by extreme weather include (1) death, (2) injury,
(3) displacement, (4) loss of social structures and services
(e.g., health care), (5) loss of access (e.g., safe water, hous-
ing, food), and (6) change in distribution and exposure to
pathogens and disease-causing substances (spatial and
temporal, as well as concentrations). For example, direct
effects of extreme heat events are heat cramps, heatstroke,
or heat exhaustion, whereas direct effects of extreme cold
events include broken bones from falls on ice, exhaustion
from snow clearing, breathing problems caused by cold
air, and hypothermia (a drop in core body temperature).

Indirect effects are those caused by (1) unsafe or un-
healthy conditions related with a loss or disruption of usual
services (including medical care services) and (2) tempo-
rary or permanent displacement, property damage, and
other personal loss or stress. A death, injury, or illness is
indirectly related to a weather event if it is caused by
unsafe or unhealthy conditions that occurred because of
the anticipation or occurrence of the weather event. These
conditions include the loss or disruption of usual services,
personal loss, and disruption of an individual’s lifestyle.
Indirect effects include psychological responses related



Table 1 Summary of health effects of extreme weather events

Extreme weather Effects Selected references

Extreme heat Dehydration; heat stress; heat stroke; increased
violent behavior; increasedmyocardial infarction;

respiratory distress; death

Smoyer-Tomic et al., 2003
Morabito et al., 2005

Schar et al., 2004

De et al., 2004

Extreme cold Hypothermia; increased mortality due to
cardiovascular disease, respiratory disease, and

stroke; ischaemic heart disease; broken bones

from falls

McGregor, 2005
Diaz et al., 2005

Laschewski and Jendritzky, 2002

Davis et al., 2004

Extreme rainfall Contamination of water supplies; disease
outbreaks

Curriero et al., 2001
Thomas et al., 2006

Harvard Medical School, 1999

Floodinga Drowning; heart attack, physical injury; disease
outbreaks; mental illness; death

WHO Europe, 2002
Katz et al., 2002

Reacher et al., 2004

Durkin et al., 1993

Hurricanes Death; drowning; loss of medical services and
drinking water; disease outbreaks

PAHO, 1998
Knabb et al., 2005

Pardue et al., 2005

CDC, 2005a, 2005b; 2006a, 2006b

aSee also Table 2.
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to disruption of normal life and displacement, such as
short-term changes in mood, emotional well-being, and
aberrations from normal behavior. Indirect effects also
include changes in the geographical distribution and inci-
dence of water-, food-, and vector-borne diseases, exposure
to chemical pollutants released into floodwaters, decreased
food productivity, mental illness, exacerbation of preexist-
ing chronic conditions, and excessive societal and political
upheaval (e.g., displacement, loss of livelihood). Indirect
health effects can be mediated or exacerbated by changes
in ecological systems (such as bacterial and fungal prolifer-
ation) and in public health infrastructures (such as the
availability of safe drinking water, sanitation, and health
care). Indirect effects may also have a longer lag time
between the weather event and health impact; conse-
quently they may be more difficult to measure.
Temperature Extremes and Impacts
on Human Health

As with other extreme weather events, there is no universal
definition for extreme temperature events. An extreme
heat event is one in which daytime and nighttime
temperatures exceed normal temperatures for a specific
location. Extreme heat events can also be defined as those
which exceed the 95th percentile from a historical temper-
ature distribution for a location or those that exceed
the 99th percentile for summer minimum temperatures.
Extreme cold events may be defined as days with a daily
maximum temperature at or less than the 1st percentile for
a specific location, those which are less than the 5th per-
centile from a historical temperature distribution for loca-
tion, or those which are less than the 15th percentile for
daily average temperature. In essence, extreme tempera-
ture events, with temperatures well above or below the
normal temperatures for a specific location, are rare.
Extreme Heat

Although heat waves are a major cause of weather-related
deaths, heat as an atmospheric hazard has been largely
underrecognized. In 2003, the heat wave that affected
Western Europe killed approximately 35 000 people and
the 1998 heat wave in India resulted in an estimated 15 000
deaths. In addition, future climate scenarios suggest that
heat vulnerability may increase significantly under global
warming. Tol (2002) estimates that globally an additional
94 400 people could die from heat-related cardiovascular
and respiratory problems for every 1�C increase in global
mean temperature.

The most common direct effects of extreme heat are
dehydration and heatstroke. Other conditions associated
with extreme heat include cardiovascular collapse and
respiratory distress. Susceptible populations, such as the
elderly, young children, and poor, are most at risk for
extreme heat-related health effects. Also, deaths due to
heat stress are more pronounced in regions that do not
experience high temperatures normally or from heat
waves early in the season, suggesting that populations
may acclimate to extreme temperatures. The correlation
between weather and mortality is weaker in areas with
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consistently hot summers, whereas the relationship is
stronger in more temperate areas. Urban populations are
also more at risk because urban areas typically experience
hotter temperatures than suburban and rural areas
because of the urban heat island effect.

Heat stress has been linked to excess human mortality
and illness, violent behavior, decreased agricultural and
livestock productivity, construction and transportation
difficulties, and reduced electrical power supply. Based
on patterns of hospital admissions for myocardial infarc-
tion in winter and summer, daily event rates significantly
increased with daily mean air temperature decrease; a
10 �C decrease was associated with a 19% increase in
daily event rates for people older than 65 years. Drought
and fire are also related to extreme heat events. Prolonged
drought can result in water shortages and increased water
scarcity. In industrialized areas, a larger component of
stream flow is composed of effluent during droughts.
Increases in metals concentrations have also been
observed, possibly as a result of changes in soil dynamics
during years with drought and fire.
Extreme Cold

Extreme cold events occur when temperatures fall well
below the average temperature for a specific location.
Hypothermia is the major direct health effect of extreme
cold temperature. In temperate regions, mortality from
cardiovascular disease, respiratory disease, and stroke is
higher during winter months. Cold weather is an ischemic
heart disease (IHD) risk factor. Year-to-year variations of
the level of IHD mortality may be partly determined by
inter-annual variations inwinter climate (McGregor, 2005).
McGregor (2005) investigated whether there is any associ-
ation between the level of IHD mortality for three UK
counties and the winter North Atlantic Oscillation (NAO),
which exerts control on the nature of the winter climate
over Western Europe. He found a significant inverse asso-
ciation between a climate index and the level of IHD, thus
indicating that climate change that causes strong negative
phase of the NAO and anomalously low temperatures
across England results in increased rates of IHD.

Increasing cold stress results in increased death rates.
However, the patterns in deaths due to extreme tempera-
ture differ between heat and cold. Cold spells lead to a
relatively small increase in mortality over a period of
weeks whereas the increase in mortality during heat
waves is more peaked, with higher death rates occurring
during the heat wave. Mortality data from Germany
show a marked seasonal pattern with a minimum in
death rates during summer and a maximum during winter.
During the seasonal minimum in summer, death rates rise
sharply with increasing heat load, reaching highest values
during extreme heat events. In the United States, human
mortality is highest on extremely hot, humid summer
days, but in general, winter-mortality rates are signifi-
cantly higher than summer rates. The effect of winter
extreme temperatures compared with that of summer
extremes occurs over a longer term and appears to be
more indirect. Diaz et al. (2005) examined mortality rates
of people over age 65 and found that daily maximum
temperature was the best thermal indicator of the impact
of climate on mortality. However, deaths peaked 7–8 days
after the extreme temperature event, implying that most
mortality was perhaps through indirect rather than direct
means.
Extreme Precipitation Events and Impacts
on Human Health

Extreme Rainfall

Extreme rainfall can affect transport of disease organisms
into the water supply. Weather also can affect survival and
growth of pathogenic organisms through factors such as
temperature change. Exposure to water-borne disease can
result from drinking contaminated water, eating seafood
from contaminated water, eating fresh produce irrigated
or processed with contaminated water, or from activities
such as fishing or swimming in contaminated water.
Water-borne pathogens of current concern include
viruses, bacteria (such as Vibrio vulnificus, a naturally
occurring estuarine bacterium responsible for a high per-
centage of the deaths associated with shellfish consump-
tion), and protozoa (such as Cryptosporidium, associated
with gastrointestinal illnesses).

Changes in precipitation, temperature, humidity, salin-
ity, and wind have a measurable effect on water quality.
In 1993, the Milwaukee, Wisconsin drinking water supply
in the United States became contaminated with Cryptospo-

ridium, and as a result an estimated 400 000 people became
ill. A contributing factor in the contamination, in addition
to treatment system malfunctions, was heavy rainfall and
runoff that resulted in a decline in the quality of raw
surface water arriving at the Milwaukee drinking water
plant. In a study of 548 community waterborne disease
outbreaks in the United States over almost 50 years,
51% of waterborne disease outbreaks were preceded by
precipitation events above the 90th percentile (P¼ 0.002),
and 68% by events above the 80th percentile (P¼ 0.001).
Outbreaks resulting from surface water contamination
showed the strongest association with extreme precipita-
tion during the month of the outbreak; a 2-month lag
applied to groundwater contamination events (Curriero
et al., 2001). A study examining extreme rainfall in associa-
tion with 92 waterborne disease outbreaks in Canada
between 1975 and 2001 found extreme rainfall to be a
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significant contributing factor to community-based drink-
ing water outbreaks (Thomas et al., 2006).

Impacts on water quality in coastal regions have
also been observed. In Florida during the strong El Niño
winter of 1997–1998, heavy precipitation and runoff
greatly elevated the counts of fecal bacteria and infectious
viruses in local coastal waters. In Gulf Coast waters, Vibrio
vulnificus bacteria are especially sensitive to water temper-
ature, which dictates their seasonality and geographic dis-
tribution. In addition, toxic red tides proliferate as seawater
temperatures increase. Reports of marine-related illnesses
have risen over the past two and a half decades along the
East Coast, in correlation with El Niño events. The
1997–98 El Niño event was associated with trends of
extensive flooding and severe droughts, as well as a five-
fold increase in risk of a malaria epidemic in the semi-arid
Punjab and four-fold increase in southwestern Sri Lanka.
Flooding

Flooding is the most frequent natural disaster (30–46% of
natural disasters in 2004–05), affecting over 70million
people worldwide each year (OFDA/CRED, 2006).
Flooding is a worldwide phenomenon; approximately
2900million people were affected between 1900 and
Table 2 Summary of the effects of floods on human health

Causes

Direct effects
Stream flow velocity; topographical features; absence of warning;

rapid speed of flood onset; deep flood waters; landslides; risky

behavior; fast-flowing waters carrying boulders and fallen trees
Contact with water

Contact with polluted water

Increase in physical and emotional stress

Indirect effects
Damage to water supply systems; damage to sewerage and sewage

disposal systems; insufficient supply of drinking water; insufficient

supply of water for washing

Disruption of transport systems

Disruption of underground piping; dislodgment of storage tanks;

overflow of toxic waste sites; release of chemicals; disruption

of petrol storage tanks, possibly leading to fire
Standing water; heavy rainfall; expanded range of vector habitats

Rodent migration

Disruption of social networks; loss of property, jobs, and family
members and friends

Clean-up activities following flooding

Destruction of primary food products

Damage to health services; disruption of ‘normal’ health service
activities

Source: Menne B et al. (2000) Floods and Public Health Consequenc

(document MP.WAT/SEM.2/1999/22).
2006. However, the continent of Asia has been most
affected; a total of approximately 2790million people
were affected by flooding in over 1200 events during
this period (OFDA/CRED, 2006). Floods are high-impact
events resulting from the interaction of rainfall, surface
runoff, evaporation, wind, sea level, and local topography.
Floods can overwhelm physical infrastructure, human
resilience, and social organization. Floods may disrupt
water purification and sewage systems, leading to contam-
ination of water sources with pathogens such as vibrio

cholerae, hepatitis A virus, and Leptospira. Health effects
(Table 2) can appear during or immediately after flood-
ing, in the first days or weeks afterwards, or over a period
of months or years. The health effects of flooding can be
particularly devastating to already vulnerable popula-
tions, such as children, the elderly, disabled people, ethnic
minorities, and those with low incomes.

Direct health effects are caused by the rapidly rising
and flowing water during a flood event and include death
from drowning, heart attacks, and injuries. The number of
deaths is closely related to the life-threatening character-
istic of floods (rapidly rising and deep waters and objects
carried by rapidly flowing water) and the behavior of
victims. In addition, injuries (sprains and strains, lacera-
tions, contusions, etc.) are likely to occur during and after
Health implications

Drowning; injuries

Respiratory diseases; shock; hypothermia; cardiac arrest

Wound infections; dermatitis; conjunctivitis; gastrointestinal

illnesses; ear, nose, and throat infections; possible serious

waterborne diseases
Increased susceptibility to psychosocial disturbances and

cardiovascular incidents

Possible waterborne infections (enteropathogenic E. coli,

Shigella, hepatitis A, leptospirosis, giardiasis,

campylobacteriosis, cryptosporidiosis); dermatitis;

conjunctivitis
Food shortages; disruption of emergency response

Potential acute or chronic effects of chemical pollution

Vector-borne diseases

Possible rodent-borne diseases

Possible psychosocial disturbances

Electrocution; injuries; lacerations; puncture wounds

Food shortages

Decrease in ‘normal’ health-care services; insufficient access
to medical care

es, Prevention and Control Measures. New York: United Nations
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a flood as people return to their homes to clean up
damage and debris. Heavy monsoon rains may trigger
flash floods and landslides. More than 400 people were
killed in flash floods and landslides triggered by heavy
annual monsoon rains across the mountainous Himalayan
kingdom of Nepal in the 2002 monsoon season
(�June–August). Europe has also recently experienced
torrential rains and flooding (August 2002). Torrential
rains inundated Austrian villages, swept away tourists on
Russia’s Black Sea coast, flooded London’s subway system,
and battered important crops in northern Italy. In north-
ern Italy, hail and heavy rain damaged wine grapes,
tobacco crops, and olive groves. Several deaths were
reported and about 2000 people were evacuated from
flooded homes in southern Bohemia in the Czech Repub-
lic. In Bulgaria, flooding left dozens of villages without
electricity, and two farmers were reportedly killed by
lightning. Flood waters ravaged vast areas of central Eur-
ope, claiming at least 91 lives in Germany, Russia, Austria,
and the Czech Republic. Tens of thousands were evacu-
ated and many residents lost their homes. Across the
continent, over 110 people have been killed in what
have been termed the ‘‘Floods of the Century.’’

Indirect health effects result from damage to major
infrastructure, water and wastewater facilities, and piping
and property. Infectious diseases, poisoning, and post-
traumatic stress disorders are all issues. Cases of infec-
tious disease (gastrointestinal diseases, dermatitis, and
conjunctivitis) might occur but are normally confined to
illnesses endemic in the flooded region (WHO Europe,
2002). Water damage as a result of flooding can lead to
health problems associated with exposure to mold. These
health effects can range from irritated and bleeding lungs
to hair loss to death. In areas that experience flooding,
water quality is generally one of the biggest concerns
beyond the risk of drowning. As floodwaters inundate
farms and fields, they pick up animal waste, fertilizers,
and pesticides. As they move through cities, floodwaters
can accumulate toxins and other contaminants. The rup-
ture of underground pipelines, dislocation of storage
tanks, overflow of toxic waste, or release of chemicals
stored at ground level can cause poisoning. In many cities,
storm waters and sewage travel through the same pipes,
overwhelming sewage treatment plants and washing
untreated sewage into waterways. Enteric pathogens ori-
ginating from sewage and wastewaters are swept into
drinking water sources that, if overwhelmed and without
adequate treatment, then cause waterborne disease.

The rates of infectious disease may increase because of
a reduction in sanitation services, which may coincide
with overcrowding of displaced people with inadequate
wastewater facilities and without clean water. Both person-
to-person transmission and environmentally mediated
transmission may be enhanced in this situation. Increased
fecal contamination of water from animals or humans can
also exist. Leptospirosis is considered the most common
zoonosis worldwide and is endemic in tropical environ-
ments such as Hawaii, where the mean annual incidence is
1.29 per 100 000 population (Katz et al., 2002). Natural
disasters such as floods and hurricanes increase the risk
for human exposure to leptospires through contact with
animal-contaminatedwater or mud. In the Czech Republic,
a small outbreak of leptospirosis occurred after the flooding
in 1997. Finland reported 13 waterborne disease outbreaks
with an estimated 7300 cases during 1998–99, associated
with untreated groundwater from mostly flooded areas
(WHO Europe, 2002).

Aside from the trauma caused by the flooding itself,
geographical displacement, damage to the home, loss of
familiar possessions, and often lack of insurance might con-
tribute to posttraumatic stress disorder, resulting in anxiety,
depression, psychosocial disturbances, and sometimes sui-
cide. There is evidence for an increase in the incidence of
mental health problems following natural disasters such as
floods. For example, there was a four-fold increase in risk of
psychological distress (relative risk (RR)¼ 4.1, p < 0.0005)
in adults whose homes had been flooded compared to those
whose homes were not (Reacher et al., 2004). One of the few
studies investigating the effects of flooding on the mental
health of children examined a cohort of 162 surviving chil-
dren after floods in Bangladesh, reporting a 10% increase in
aggressive behavior and a 34% increase in bedwetting
behavior after the flood (Durkin et al., 1993).
Hurricanes

Hurricanes are associated with high winds and rain and
often result in widespread flooding. In August 1992,
Hurricane Andrew hit southern Florida in the United
States and then the Louisiana coast a few days later,
causing US$27 billion worth of destruction and 61 deaths.
Over 125 000 homes and businesses were damaged or
completely destroyed, mainly because of high winds.
The unprecedented economic devastation was along a
path through the northwestern Bahamas, the southern
Florida peninsula, and south-central Louisiana. The hur-
ricane had a central pressure of 922millibars (92.2 kpa),
the third lowest recorded this century for a hurricane at
landfall in the United States. In Dade County (Florida)
alone, the forces of Andrew resulted in 15 deaths and up
to one-quarter of a million people left temporarily home-
less. An additional 25 lives were lost in Dade County from
the indirect effects of Andrew. The direct loss of life was
remarkably low, considering the destruction caused by this
hurricane. In late 1998, Hurricane Mitch tracked its way
across the Atlantic, devastating parts of Central America.
Hurricane Mitch produced massive downpours affecting a
number of Central American nations, including Nicaragua,
Guatemala, Honduras, El Salvador, and Belize. An esti-
mated 6 feet of rain drowned crops, not only creating
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food shortages but also displacing a high proportion of the
workforce. An estimated 11 000 people were killed; gastro-
intestinal and respiratorydiseaseswere rampant throughout
the affected area. The number of cholera cases across the
region increased after the hurricane. Cholera is caused by
toxigenic Vibrio cholerae, with symptoms that include severe
watery diarrhea, sometimes accompanied by vomiting, that
can lead to dehydration. Most cholera cases in epidemics
are transmitted via water; however, Vibrio is a naturally
occurring bacterium inmarine and estuarine environments,
and can also be transmitted via improperly prepared sea-
food. In Guatemala, the country most affected by cholera,
the average weekly number of cases pre-Hurricane Mitch
( January–October 1998) was 59, whereas after Hurricane
Mitch (November 1998) the average number of cases per
week was 485 (PAHO, 1998). Prior to Hurricane Mitch,
there were no reported cases of leptospirosis in 1998;
however there were 450 cases and 7 deaths reported in
Nicaragua in the month of November.

On 25 August 2005, Hurricane Katrina made land-
fall in Florida with sustained winds of 80mph and high
rainfall; certain areas reported over 14 inches of rainfall.
After crossing southern Florida and entering the Gulf of
Mexico, the hurricane strengthened and made landfall in
southeastern Louisiana on August 29 as a Category
3 hurricane, with sustained winds of 125mph. Katrina was
one of the strongest hurricanes to strike the United States
during the past 100 years and was probably the nation’s
costliest natural disaster to date, with total losses estimated
to exceed $100 billion. The total number of fatalities
directly related to the forces of Katrina is estimated to be
about 1500, with a further 333 fatalities estimated to
be indirectly related to this hurricane. The state of Louisi-
ana reported the greatest number of fatalities (1577, direct
and indirect) associated with the hurricane. Storm surges
along the Louisiana and Mississippi coastlines reached up
to 28 feet; the majority of fatalities associated with Katrina
resulted from these surges. However, the real numbers may
never be known due to underreporting and the high num-
bers of displaced people; several hundred people are still
reported missing in relation to Hurricane Katrina. The
devastation caused by Katrina was largely due to the hurri-
cane’s size – on August 29 Katrina had a 25–30 nautical
mile radius, with hurricane winds extending approximately
75 nautical miles from its center. Furthermore, a total of 43
reported tornadoes were spawned by Katrina, thereby
increasing the devastation of the hurricane.

Hurricane Katrina destroyed entire communities in
the areas affected and disrupted water and power supplies,
food distribution systems, health-care facilities, and com-
munication networks throughout the region. People who
did not evacuate the area were concentrated in evacuation
centers, creating severe crowding and straining impaired
basic utilities, such as sewage systems. Chemical and
bacterial contamination of water supplies, floodwaters,
and sediments was a major concern. Levels of lead, arse-
nic, and chromium in flood waters were found to exceed
drinking water standards, and although the levels found
were often similar to typical storm water levels, the risk in
this circumstance was due to the increased contact the
public had with the floodwaters. Elevated levels of fecal
pollution indicator bacteria were found in the floodwaters,
and fecal coliforms were present in surface waters in
concentrations ranging from �103 to 106 MPN/100mL
(Pardue et al., 2005); these levels may be compared to
Louisiana’s freshwater primary contact standards of
200 MPN/100mL. The presence of fecal coliforms in
surface waters indicates the possible presence of fecal pol-
lution and microorganisms that cause disease in humans.

Evidence of human disease related to Hurricane
Katrina has emerged. Many excess cases of Vibrio illnesses,
with five deaths, were reported after Hurricanes Katrina
and Rita (Hurricane Rita hit the same area one
month after Katrina). Illnesses reported were caused by
V. vulnificus, V. parahaemolyticus, and both nontoxigenic
and toxigenic V. cholerae. Eighteen wound-associated Vibrio
illnesses were reported, resulting in five deaths. Four
non-wound Vibrio cases were reported, associated with
gastrointestinal illness symptoms, such as diarrhea; non-
toxigenic V. cholerae non-O1, non-O139 was isolated from
two of these cases. Cholera is an extremely rare disease
in the United States; however, two cases of toxigenic
V. cholerae O1 infection were reported in Louisiana post-
Katrina. These two cases of toxigenic V. cholerae infection
were attributed to the consumption of improperly
prepared or handled shellfish, perhaps because of the
difficult living conditions after the hurricane.

Crowded living conditions in evacuation centers also
play a role in the acquisition and transmission of conta-
gious diseases. This is highlighted by the number of visits
for gastrointestinal illness and rashes to evacuation cen-
ters and health-care facilities. During the first three weeks
of September after Hurricane Katrina, gastrointestinal
illnesses accounted for 27% of visits to evacuation center
medical facilities; respiratory illnesses accounted for 20%
of visits during 1–22 September and 52% of visits during
17–22 September. However, the percentages of visits to
health-care facilities during this time for these reasons
were much less in comparison (gastrointestinal illnesses
and rashes accounted for less than 10% of visits).
A gastrointestinal disease outbreak occurred in evacuation
shelter facilities in early September at Reliant Park, a
sports and convention center in Houston, Texas. During
2–12 September 2005, 1169 people visited the medical
center at Reliant Park, with symptoms of acute gastroen-
teritis. Norovirus was identified in stool samples of many
patients. In addition, emergency response people, includ-
ing medical personnel and police officers, who had direct
contact with patients, also reported symptoms of acute
gastroenteritis. The compromising of the health of
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medical and emergency response personnel further com-
plicates the rescue and recovery efforts in areas affected
by such extreme weather events.

Another indirect human health effect of flooding
and hurricanes is the respiratory health concerns asso-
ciated with mold growth in water-damaged homes. After
Hurricane Katrina, mold was found in homes at levels
that could cause respiratory impairment. People returning
to their homes to clean often do not have the experience
or knowledge regarding proper precautions to take to pro-
tect themselves. With communication systems often failing
during extreme events, it is difficult to educate the public
through typical mass-communication means. Even with the
correct knowledge, protective gear may not be readily
accessible because of lack of infrastructure after a flood.
Extreme Events and Emergency
Preparedness

The severity of the health impacts due to extreme
weather events such as floods and storms hinge upon the
vulnerabilities and recovery capacities of the natural
environment and the local population. Populations most
susceptible to extreme weather health events include the
elderly, children, anyone with a chronic illness, and the
urban poor. These people not only may have suppressed
immune response but they also may have more difficulty
escaping extreme weather events (i.e., evacuating areas
that are at risk). This was illustrated in the United States
during Hurricane Katrina, when many of the urban poor
in New Orleans were unable to evacuate the city because
they lacked transportation. Understanding the extent,
impacts, and costs of both the direct and indirect effects
of extreme weather events on human health is vital to
developing effective risk assessments, as well as emer-
gency preparedness policies and plans for action.

The key to emergency responses to extreme weather
events is to have an emergency preparedness strategy and
an early warning system. Emergency response strategies
rely on the public being notified about the anticipated
occurrence of an extreme weather event and subsequently
taking the appropriate steps to protect themselves. The
following are effective warning strategies:

. Provide a reliable forecast of meteorological conditions.

. Require a deep understanding of the relationship be-
tween the extreme weather event and human health
impacts.

. Educate the public about appropriate responses to ex-
treme weather.

. Use response measures that can be implemented in the
time given between the warning and onset of extreme
weather.

. Require a public infrastructure and a community plan
to implement the needed response.
Warning systems for extreme weather events do exist.
Many of these systems issue warnings for thunderstorms,
tornadoes, floods, and hurricanes. The integration of
climate-based health forecasts into decision-support
tools for advanced general winter emergency service and
capacity planning could form the basis of an effective
adaptive strategy for coping with the health effects of
harsh winters. Fewer warning systems exist for extreme
temperature events, although a standardized warning sys-
tem has been initiated in 12 cities around the world
(Sheridan and Kalkstein, 2004). The test system is opera-
tive in several cities and has been tailored to local condi-
tions. In addition, the EuroHEAT project led by the
World Health Organization’s Regional Office for Europe
is currently examining Europe’s responses to extreme
heat events (see Relevant Websites). The project seeks to
improve public health responses to heat by developing
standards for warning systems, including a definition of
heat wave so that all member states are on the same page;
guidance on treating heat-related illness; and guidance on
public health responses and outreach.

Emergency preparedness can decrease both the direct
and indirect effects of extreme weather events. Emer-
gency preparedness ranges from individual behaviors to
protect self to government response to protect public
health, safety, and welfare. Health effects caused by
extreme temperature can be prevented by relatively sim-
ple changes in behavior; for example, staying in air-
conditioned facilities and remaining hydrated during
extremely hot days or limiting outdoor activities during
extreme cold events. Several cities in the United States
and Canada are developing plans to provide air-
conditioned or heated public spaces for citizens who do
not have climate-controlled homes. For events affecting
larger areas or populations, governments may call for
evacuations and organize protection of infrastructure.

See also: Demography, Epidemiology and Public Health;

Drinking Water and Sanitation; Food Safety; Risk

Assessment, Environmental/Occupational; Waterborne

Diseases; Water Pollution: Emerging Contaminants As-

sociated With Drinking Water.
Citations
CDC (Centers for Disease Control) (2005a) Vibrio illnesses after
Hurricane Katrina – Multiple states, August–September 2005.
Morbidity and Mortality Weekly Report 54(37): 928–931.

CDC (2005b) Norovirus outbreak among evacuees from Hurricane
Katrina – Houston, Texas, September 2005. Morbidity and Mortality
Weekly Report 54(40): 1016–1018.

CDC (2006a) Morbidity surveillance after Hurricane Katrina – Arkansas,
Louisiana, Mississippi, and Texas, September 2005. Morbidity and
Mortality Weekly Report 55(26): 727–731.

CDC (2006b) Health concerns associated with mold in water-
damaged homes after Hurricanes Katrina and Rita – New Orleans



544 Extreme Weather Events and Human Health
area, Louisiana, October 2005. Morbidity and Mortality Weekly
Report 55(2): 41–44.

Curriero FC, Patz JA, Rose JR, and Lele S (2001) The association
between extreme precipitation and waterborne disease outbreaks
in the United States, 1948–1994. American Journal of Public Health
91(8): 1194–1199.

Davis RE, Knappenberger PC, Michaels PJ, and Novicoff WM (2004)
Seasonality of climate-human mortality relationships in US cities
and impacts of climate change. Climate Research 26(1): 61–76.

De US, Khole M, and Dandekar MM (2004) Natural hazards Associated
with meterological extreme events. Natural Hazards 31(2):
487–497.

Diaz J, Garcia R, Lopez C, Linares C, Tobias A, and Prieto L (2005)
Mortality impact of extreme winter temperatures. International
Journal of Biometeorology 49(3): 179–183.

Durkin MS, Khan N, Davidson LL, Zaman SS, and Stein ZA (1993) The
effects of a natural disaster on child behavior: Evidence for
posttraumatic stress. American Journal of Public Health 83(11):
1549–1553.

Harvard Medical School (1999) Extreme Weather Events: The Health
and Economic Consequences of the 1997/98 El Niño and La Niña.
Boston, MA: Center for Health and the Global Environment, Harvard
Medical School.

Intergovernmental Panel on Climate Change (IPCC), Watson RT, and
the Core Writing Team (eds.) (2001)Climate Change 2001: Synthesis
Report. A Contribution of Working Groups I, II, and III to the Third
Assessment Report of the Integovernmental Panel on Climate
Change, pp. 398. Cambridge, UK, and New York: Cambridge
University Press.

Katz AR, Ansdell VE, Effler PV, Middleton CR, and Sasaki DM (2002)
Leptospirosis in Hawaii, 1974–1998: Epidemiologic analysis of 353
laboratory-confirmed cases. American Journal of Tropical Medicine
and Hygiene 66: 61–70.

Knabb RD, Rhome JR, and Brown DP (2005) NOAA Hurricane Katrina
Tropical Cyclone Report. http://www.nhc.noaa.gov/pdf/TCR-
AL122005_Katrina.pdf (accessed March 2008).

Laschewski G and Jendritzky G (2002) Effects of the thermal
environment on human health: An investigation of 30 years
of daily mortality data from SW Germany. Climate Research 21(1):
91–103.

McGregor GR (2005) Winter North Atlantic Oscillation, temperature and
ischaemic heart disease mortality in three English counties.
International Journal of Biometeorology 49(3): 197–204.

Morabito M, Modesti PA, Cecchi L, et al. (2005) Relationships between
weather and myocardial infarction: A biometerological approach.
International Journal of Cardiology 105(3): 288–293.

Office of U.S. Foreign Disaster Assistance (OFDA) / Centre for Research
on the Epidemiology of Disasters (CRED) (2006) The International
Disaster Database. http://www.em-dat.net/ (accessed January,
2007).

Pan American Health Organization (PAHO) (1998) Infectious Diseases
Posing the Greatest Epidemiological Risk Following Hurricane Mitch
in Central America December 1998. http://www.paho.org/English/
DD/PED/pedep0.7htm.

Pardue JH, Moe WM, McInnis D, et al. (2005) Chemical and
microbiological parameters in New Orleans floodwater following
Hurricane Katrina. Environmental Science & Technology 39(22):
8591–8599.

Reacher M, McKenzie K, Lane C, et al. (2004) Health impacts of flooding
in Lewes: a comparison of reported gastrointestinal and other illness
and mental health in flooded and non-flooded households.
Communicable Disease and Public Health 7(1): 39–46.

Schar C, Vidale PL, Luthi D, et al. (2004) The role of increasing
temperature variability in European summer heat waves. Nature 427
(6972): 332–336.

Sheridan SC and Kalkstein LS (2004) Progress in heat watch-warning
system technology. Bulletin of the American Meteorological Society
85(12): 1931.

Smoyer-Tomic KE, Kuhn R, and Hudson A (2003) Heat wave hazards.
An overview of heat wave impacts in Canada. Natural Hazards 28
(2–3): 463–485.

Thomas K, Charron D, Waltner-Toews D, Schuster C, Maarouf A, and
Holt J (2006) A role of high impact weather events in waterborne
disease outbreaks in Canada, 1975–2001. International Journal of
Environmental Health Research 16(3): 167–180.

Tol RS (2002) Estimates of the damage cost of climate change Part I:
benchmark estimates. Environmental and Resource Economics 21:
42–73.

World Health Organization (WHO) Europe (2002) Flooding: Health
Effects and Preventive Measures. Fact sheet 05/02. Copenhagen
and Rome: WHO.
Further Reading
Huppert HE and Sparks RS (2006) Extreme natural hazards: Population
growth, globalization and environmental change. Philosophical
Transactions. Series A, Mathematical, Physical, and Engineering
Sciences 364(1845): 1875–1888.

Kirch W, Menne B, and Bertollini R (eds.) (2005) Extreme Weather
Events and Public Health Responses. Berlin, Germany: Springer.

Menne B, Pond K, Noji EK, and Bertollini R (1999) Floods and public
health consequences, prevention and control measures. Presented
at the UNECE Seminar on Flood Prevention, Berlin, 7–8 October
1999 (UNECE/MP.WAT/SEM.2/1999/22). Rome, Italy: WHO
European Centre for Environment and Health.

Patz JA, McGeehin MA, Bernard SM, et al. (2001) The potential health
impacts of climate variability and change for the United States –
Executive summary of the report of the health sector of the US
National Assessment. Journal of Environmental Health 64(2): 20–28.

Patz JA and Olson SH (2006) Climate change and health: global to local
influences on disease risk. Annals of Tropical Medicine and
Parasitology 100(5–6): 535–549.

Rose JB, Daeschner S, Deasterling DR, Curriero FC, Lele S, and Patz J
(2000) Climate and waterborne disease outbreaks. Journal of the
American Water Works Association 92: 77–87.

Rose JB, Epstein PR, Lipp EK, Sherman BH, Bernard SM, and Patz JA
(2001) Climate variability and change in the United States: Potential
impacts on water- and foodborne diseases caused by microbiologic
agents. Environmental Health Perspectives 109(S2): 211–221.
Relevant Websites
http://eca.knmi.nl/ – European Climate Assessment & Dataset (ECA&D).
http://www.who.dk/globalchange/Topics/20050524_2 – EuroHEAT

project, World Health Organization’s Regional Office for Europe.
http://chge.med.harvard.edu/education/policy/domestic/briefings/

extremeweather/extemeweatherbrief.html – Harvard Medical
School, Center for Health and the Global Environment.

http://lwf.ncdc.noaa.gov/oa/climate/extremes/2002/august/
extremes0802.html#top – National Oceanographic and Atmospheric
Administration (NOAA) 2002. National Climatic Data Center
Climate-Watch. Hurricane Andrew: 10th Anniversary.

http://www.ncdc.noaa.gov/oa/climate/research/2005/katrina.html –
National Oceanographic and Atmospheric Administration (NOAA)
2005. National Climatic Data Center Climate. Climate of 2005:
Summary of Hurricane Katrina.

http://lwf.ncdc.noaa.gov/oa/reports/mitch/mitch.html – National
Oceanographic and Atmospheric Administration (NOAA) 2006.
Mitch: The Deadliest Atlantic Hurricane Since 1780. National Climatic
Data Center.

http://www.em-dat.net/ – Office of U.S. Foreign Disaster Assistance
(OFDA) / Centre for Research on the Epidemiology of Disasters
(CRED): The international disaster database.

http://www.paho.org – PanAmerican Health Organization (PAHO).
http://www.crid.or.cr/crid/ing/index_ing.html – Regional Disaster

Information Center (CRID) Latin America and the Caribbean.
http://www.bt.cdc.gov/disasters/ – United States Centers for Disease

Control and Prevention Natural Disasters & Severe Weather web site.
http://www.who.int/hac/en/ – World Health Organization (WHO).

http://www.nhc.noaa.gov/pdf/TCR-AL122005_Katrina.pdf
http://www.nhc.noaa.gov/pdf/TCR-AL122005_Katrina.pdf
http://www.em-dat.net/
http://www.paho.org/English&z.urule;OO/PED/pedep0.7htm
http://www.paho.org/English&z.urule;OO/PED/pedep0.7htm
http://eca.knmi.nl/
http://www.who.dk/globalchange/Topics/20050524_2
http://chge.med.harvard.edu/education/policy/domestic/briefings/extremeweather/extemeweatherbrief.html
http://chge.med.harvard.edu/education/policy/domestic/briefings/extremeweather/extemeweatherbrief.html
http://lwf.ncdc.noaa.gov/oa/climate/extremes/2002/august/extremes0802.htmltop
http://lwf.ncdc.noaa.gov/oa/climate/extremes/2002/august/extremes0802.htmltop
http://www.ncdc.noaa.gov/oa/climate/research/2005/katrina.html
http://lwf.ncdc.noaa.gov/oa/reports/mitch/mitch.html
http://www.em-dat.net/
http://www.paho.org
http://www.crid.or.cr/crid/ing/index_ing.html
http://www.bt.cdc.gov/disasters/
http://www.who.int/hac/en/


F

Facility-Based Treatment of Severe Malnutrition
A Ashworth, London School of Hygiene and Tropical Medicine, London, UK

ã 2008 Elsevier Inc. All rights reserved.
Background

Each year there are over 10million deaths among chil-
dren aged 0–4 years. Neonatal disorders, diarrhea, pneu-
monia, and malaria are the main reported causes, but
malnutrition (weight-for-age less than –1 standard devia-
tion) contributes to 53–60% of these deaths. This is
because common childhood infections are more severe
and longer lasting in malnourished children and are more
likely to be fatal compared with the same illnesses in well-
nourished children. An important factor is that nutritional
deficiencies impair immune function and other host
defenses. Also, infections undermine nutritional status,
and young children can quickly enter a cycle of repeated
infections and ever-worsening malnutrition (Figure 1).

Although there are as many deaths from the underly-
ing effects of malnutrition (6million/year) as from AIDS,
tuberculosis, and malaria combined, policy makers, donor
agencies and health professionals often fail to place suffi-
cient emphasis on the need to include prevention and
treatment of malnutrition in child survival strategies.
A major problem is that malnutrition as an underlying
cause of death does not appear in routine statistics and so
its importance is easily overlooked.
Other Consequences of Malnutrition

In addition to its synergism with infection and its effects
on morbidity and mortality, malnutrition affects mental
development and behavior, leading to poor academic
achievement and poor employment prospects. Childhood
malnutrition also adversely affects work capacity in adult-
hood, adding to the poverty trap that ensnares families,
communities, and ultimately national economies.
Poverty as a Cause of Malnutrition

There are many causes of malnutrition, but poverty is a
ubiquitous factor affecting, for example, the quantity and
quality of food eaten and exposure to common childhood
infections. Figure 2 shows that the determining factors
operate at many levels and extend from the family to
national and international levels. Inequitable distribution
of resources because of political, economic, and agricul-
tural policies often denies families their right to adequate
food, health care, and a safe environment. Interventions to
break the infection–malnutrition cycle should be part
of all child survival strategies. These should include
poverty-reduction programs and improved food security
together with interventions to control common childhood
infections (particularly diarrhea, pneumonia, malaria,
measles, and HIV) and promotion of improved feeding
practices. Actions to prevent malnutrition are especially
urgent in sub-Saharan Africa and south Asia, because
these regions account for 41% and 34% of global child
deaths, respectively. There are many pathways that cul-
minate in severe malnutrition: Food shortage may typify
some pathways, whereas others may be predominantly
infection-related, involving, for example, increased utili-
zation and/or losses of specific nutrients. Consequently,
severely malnourished children are heterogeneous as
regards the magnitude of their deficiencies and imbal-
ances, depending on the pathway travelled.
Severe Malnutrition

Severe malnutrition is defined as the presence of severe
wasting and/or edema of both feet.

Severe wasting is extreme thinness (<70% of the
median weight-for-height of the reference population
or less than –3 standard deviations). Thinness of the
upper arm (mid-upper arm circumference <110mm) also
denotes severe wasting in children aged 6–59months. It is
easy to measure with color-banded tapes and is usedwidely
in community-based programs to screen children in need of
treatment.
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Edema is excess fluid in the interstitial spaces. To test,
grasp each foot placing your thumb on top and press
gently but firmly for 10 s. A pit remaining when you lift
your thumb indicates edema.

Other terms for severe malnutrition are marasmus
(severe wasting), kwashiorkor (characterized by edema),
and marasmic-kwashiorkor (severe wasting þ edema).
Severe acute malnutrition is identical in definition to
severe malnutrition; the aim of inserting acute is to
emphasize that wasted/edematous children are to be dis-
tinguished from children who are stunted (short), as the
latter are chronically malnourished and their deficits in
length and weight cannot be corrected in the short term.
Stunted children do not require priority treatment. Low
weight-for-age is not a suitable indicator for identifying
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children for inpatient treatment because it can lead to
stunted children being admitted, which is inappropriate.
Clinical Features

Severe wasting is most visible on the thighs, buttocks,
upper arms, and over the ribs and shoulder blades,
where loss of fat and skeletal muscle is greatest. In the
presence of edema, wasting can best be seen over the
upper arms and shoulders. Weakened abdominal muscles
and gas from bacteria invading the upper gut (small-bowel
overgrowth) can lead to a distended abdomen. Skin loses
its elasticity, eyes may be sunken due to loss of fat behind
the eye, and there may be atrophy of the lachrymal and
salivary glands leading to lack of tears and dry mouth,
respectively. Wasted children are often fretful, irritable,
and cry easily.

In edematous malnutrition, edema is most likely to
occur first in the feet and then the lower legs. It can
develop quickly into generalized (severe) edema affecting
the arms and face as well as the legs. Skin changes often
occur over the swollen limbs, starting as patches of dark
skin that crackle and peel, leaving paler skin that is easily
damaged and infected. Hair may turn pale or reddish and
become sparse and easily pulled out. The liver may be
enlarged with fat. Children with edema often have poor
appetite and are miserable and apathetic.
alnutrition
ll damage, loss of homeostasis

s, impaired immunity 
 deficiencies, more infections 

ial disadvantage
heavy maternal workloads, low birth weight, 
nization rates, broken families, substance abuse 

ster
od,
quake

War
Mass migration, displacement,

disruption to agriculture/food supply

Infections
 diarrhea, anorexia,
, increased requirements

Neglect 
Psychosocial deprivation

anorexia 

th A (2004) Severe malnutrition. In: Pary E, Godfrey R, Mabey D,
. 182–190. Cambridge, UK: Cambridge University Press.



Facility-Based Treatment of Severe Malnutrition 547
Pathophysiology

When a child’s intake is insufficient to meet daily needs,
physiological and metabolic changes take place to con-
serve energy and prolong life. These changes take place in
an orderly progression called reductive adaptation. In this
process, fat stores are used to provide energy. Later pro-
tein in muscle, skin, and the gastrointestinal tract is also
mobilized. Energy is conserved by cutting back on
expenditure:

. Reducing physical activity and growth;

. Reducing basal metabolism by:
– Slowing protein turnover;
– Reducing the functional reserve of organs;
– Reducing the number and activity of tiny pumps in

the cell wall that pump sodium out of cells;
. Reducing inflammatory and immune responses.

These changes have important consequences:

. The liver makes glucose less readily and produces
less albumin, transferrin, and other transport proteins.
It is less able to cope with toxins and excess dietary
protein.

. Heat production is less, making the child more vulner-
able to hypothermia.

. The kidneys are less able to excrete excess fluid
and sodium. Excess fluid easily builds up in the
circulation.

. The heart is smaller and weaker and has a reduced
output. Excess fluid in the circulation stresses the
heart and readily leads to death from heart failure.

. Sodium builds up inside cells due to leaky cell mem-
branes and fewer and slower pumps, leading to excess
body sodium, fluid retention, and edema.

. Potassium leaks out of cells and is lost in urine, con-
tributing to electrolyte imbalance, anorexia, fluid re-
tention, and heart failure.

. Loss of muscle protein is accompanied by loss of potas-
sium, magnesium, zinc, and copper.

. The gut produces less gastric acid and enzymes. Moti-
lity is reduced. Bacteria may colonize the stomach and
small bowel, damaging the mucosa and deconjugating
bile acids. Digestion and absorption are impaired.

. Immune function is impaired, particularly cell-
mediated immunity. There may be no fever or raised
pulse and respiration rates in response to infection, and
no raised white cell count, redness, or swelling.

. Red cell mass is reduced, liberating iron. Conversion of
liberated iron to ferritin uses scarce glucose and amino
acids, increasing the riskof hypoglycemia and amino acid
imbalances. Unbound free iron arises if safe storage is
incomplete.

. Free iron makes some infections worse by promoting
the growth of pathogens. Free iron also promotes for-
mation of free radicals.
. Micronutrient deficiencies limit the body’s natural
ability to scavenge and deactivate free radicals; these
damage cell membranes. Edema and changes in skin
and hair are outward signs of cell damage.
Treatment

Caregivers bring children to health facilities for treat-
ment of infections. They rarely come for treatment of
malnutrition. Most severely malnourished children will
therefore have been admitted for inpatient care with a
primary diagnosis of gastroenteritis, pneumonia, etc.
A common and often fatal mistake is to focus on the
illness first and then tackle the malnutrition afterwards.
This ignores the profound physiological and metabolic
changes that exist in severe malnutrition, and failure to
take these changes into account leads to high mortality
during treatment. The four main causes of avoidable death
during treatment are:

. hypoglycemia;

. hypothermia;

. cardiac failure (from overhydration and potassium de-
ficiency);

. missed infection (especially sepsis).

Centers with low mortality take steps to prevent these
deaths. Centers with high mortality have practices that
contribute to these deaths.
The Ten Steps

Figure 3 shows the routine treatment of severe malnutri-
tion as ten steps in two phases: an initial stabilization
phase to treat acute medical conditions and restore
homeostasis, and a longer rehabilitation phase to replace
lost tissues (catch-up growth). Treatment is similar for
wasted and edematous children.
Step 1: Prevent/Treat Hypoglycemia

Hypoglycemia and hypothermia usually occur together
and are associated with infection (the deadly triad).

Why are severely malnourished children at increased
risk of hypoglycemia?

. They have a limited glucose supply
– Gluconeogenesis is impaired.
– They have less muscle glycogen because of

muscle wasting.
. They have an increased demand for glucose to:

– Fight multiple infections.
– Convert liberated red cell iron to ferritin.



Phase

Steps Stabilization

Hypoglycemia
Hypothermia
Dehydration
Electrolyte imbalance
Infections
Micronutrient deficiencies no iron 
Cautious feeding
Catch-up growth
Sensory stimulation
Prepare for follow-up

Rehabilitation
Days 3−7

with iron

Weeks 2−6Days 1−2
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

Figure 3 Approximate time-scale of the routine ten treatment steps.
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Actions to prevent hypoglycemia

. Give severely malnourished children priority in the

admission queue and send them quickly to the ward.
. Give 50ml of 10% glucose or sucrose solution imme-

diately (1 rounded teaspoon of sugar in 3.5 tablespoons
water), or give F75 formula (see step 7): choose which-
ever is quickest.

. Feed straightaway (or start rehydration if needed).

. Feed every 2–3 h day and night.

. Start antibiotics immediately (see step 5).
To treat hypoglycemia, (blood glucose: <3mmol/l)

. If conscious, proceed as above and feed every 2 h day

and night.
. If unconscious, give 5ml/kg sterile 10% glucose IV.

If this cannot be done quickly, give 10% glucose or
sucrose by nasogastric tube.
Step 2: Prevent/Treat Hypothermia

Why are severely malnourished children at increased risk
of hypothermia?

. They have increased heat loss:
– They have lost their fat insulation.
– They have a relatively large surface area for their

(reduced) weight.
. They have reduced heat production:

– They are less physically active.
– Their basal metabolism is lower than usual.
– Glucose (fuel) is diverted to fight infection and

convert free iron to ferritin.

Unheated, drafty wards add to the risk of hypothermia.
Children lose heat if they are left in wet clothes or bed-
ding, or if they are not dried thoroughly after bathing.

Actions to prevent hypothermia

. Feed straightaway (or start rehydration if needed).
. Feed every 2–3 h day and night.
. Keep child warm and covered with a blanket and away
from drafts.

. Keep dry.

. Start antibiotics immediately (see step 5).
To treat hypothermia (rectal temperature <35.5 �C,
axillary <35.0 �C)

. Feed immediately and give antibiotics (including

Gram-negative cover).
. Rewarm by putting the child on the mother’s bare chest

(kangaroo method) skin-to-skin and cover them or
clothe the child, including the head, cover with a
warmed blanket and place a heater nearby.

Do not use hot water bottles except to warm the blanket as
they may damage fragile skin. Monitor rectal temperature
every 2 h until it rises above 36.5 �C (take every half hour
if a heater is used).
Step 3: Prevent/Treat Dehydration

Why is dehydration often overdiagnosed in severely mal-
nourished children?

. The common signs of dehydration (slow skin pinch,
sunken eyes, no tears, dry mouth) may be present in
malnutrition even when there is no dehydration.

Why do malnourished children die during
rehydration?

. Because the physical changes in malnutrition (e.g., slow
skin pinch) are confused with signs of dehydration.

. IV fluids are given indiscriminately and increase the
risk of overhydration.

. Children are not monitored carefully so signs of fluid
overload are missed.

To treat dehydration:

. Give low sodium Rehydration Solution for Malnutri-
tion (ReSoMal) (Table 1).



Table 1 Recipe for ReSoMal (low-sodium rehydration

solution for severe malnutrition)

Ingredient Amount

Water 2 liters

WHO-ORS One 1 liter packet

Sugar 50 g

Electrolyte/mineral solutiona 40 ml

aSee recipe in Table 2. Or use one scoop (6 g) combinedmineral-

vitamin mix (CMV) from Nutriset, Malaunay, France.
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. Give 5ml/kg every 30min for the first 2 h orally or by
nasogastric tube.

. Then give 5–10ml/kg/h for ‘up to’ 10 h. The exact
amount and duration depends on how thirsty the
child is, and the volume and frequency of stools and
vomit.

. At 4 h, if rehydration is still continuing, replace ReSoMal
with F75 formula and again whenever a feed is due.

. Monitor pulse and respiration rates every 30min for
the first 2 h and then hourly for signs of overhydration
(increase in pulse by �25 beats/min and respirations
by�5 breaths/min). Stop when there are three or more
hydration signs (child less thirsty, return of tears, etc.),
or if signs of overhydration develop.

. Do not give IV fluids unless the child is in shock.
Table 2 Recipe for electrolyte/mineral solutiona

Ingredient Amount (g) mmol/20ml

Potassium chloride 224 24
Tripotassium citrate 81 2

Magnesium chloride 76 3

Zinc acetate 8.2 300mmol

Copper sulfate 1.4 45mmol

aAdd 20 ml per L of feed. Add 40 ml per 2 L ReSoMal.
Treating a child in shock

Severe dehydration and sepsis are common reasons for
shock in severe malnutrition. Often, both conditions are
present and it is not possible to differentiate between
them by clinical examination. The only way is to see
how the child responds to IV fluid: Those with dehydra-
tion respond, whereas those with septic shock do not.

The usual emergency signs of shock (cold hands, cap-
illary refill time >3 s, weak fast pulse) may be present in
severely malnourished children even if there is no shock,
so give IV fluids only if the child also has lethargy or is
unconscious. If the child has these signs give:

. oxygen;

. IV glucose (5ml/kg of 10% glucose solution);

. IV fluids;
– Ringers lactate with 5% glucose;
– Or 0.45% (half-normal) saline with 5% glucose;
– Or half-strength Darrow’s with 5% glucose;

. IV antibiotics (see step 5).

To start treatment:

. Give IV fluid 15ml/kg over 1 h. Use a pediatric giving
set.

. Record pulse and respiration rates at the start and then
every 10min to monitor progress and check for fluid
overload.
After 1 h, if there are signs of improvement (i.e., pulse and
respiration rates are slower):

. Repeat IV fluid 15ml/kg over 1 h.

. Then change to oral rehydration with ReSoMal 10ml/
kg/h for ‘up to’ 10 h.

. After 4 h, if rehydration is still continuing, replace
ReSoMal with F75 formula and again whenever a
feed is due.

If there is no improvement after the first 15ml/kg IV,
assume the child has septic shock:

. Give maintenance fluids (4ml/kg/h) while waiting for
blood.

. Transfuse fresh whole blood 10ml/kg ‘slowly’ over 3 h:
Give furosemide first (1mg/kg IV) to make room for
the blood. Use packed cells (7ml/kg) if the child is in
heart failure. If blood is not available use plasma.

If the child worsens (i.e., pulse increases by �25 beats/
min and respirations by �5 breaths/min), stop IV fluids.

Actions to prevent dehydration

. Give 50–100ml ReSoMal after each watery stool

(or 100–200ml if aged 2 years or more).

Step 4: Correct Electrolyte Imbalance

Do not be guided by serum electrolyte levels: All severely
malnourished children have excess body sodium and
deficiencies of potassium and magnesium. Edema is partly
due to these deficiencies. Never give diuretics to get rid of
edema because they cause loss of potassium and make the
deficiency worse.

Actions to correct electrolyte imbalance

To correct electrolyte imbalance, give daily:

. Extra potassium (4mmol/kg);

. Extra magnesium (0.6mmol/kg).

These can be prepared as a concentrated solution (see
recipe in Table 2) or use combined mineral–vitamin mix
(CMV). Either of them can be added to feeds and ReSo-
Mal during preparation.

Restrict sodium:

. Use low sodium ReSoMal;

. Prepare food without salt.



Table 4 Vitamin A dosagesa

<6 months 50 000 IU
6–12 months 100 000 IU

>12 months 200 000 IU

aIf there is any sign of xerophthalmia, repeat the dose on days

2 and 14.
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If this electrolyte-mineral solution (Table 2) cannot be
prepared and CMV is unavailable, priority must be given
to finding other sources, such as:

. Make a 10%KCl solution (100 g in 1L of water) and add
22.5ml to each liter of feed and 45ml to 2L of ReSoMal,
or give crushed Slow K (1/2 tablet/kg/day).

. Give 50% magnesium sulphate by intramuscular injec-
tion (0.3 ml/kg once, to a maximum of 2ml).

Step 5: Treat Infection

Multiple infections are common in severe malnutrition,
but the usual signs of infection may be absent, so give
broad-spectrum antibiotics immediately to all children
routinely. Table 3 shows the antibiotics to use, although
these may need to be adapted according to local resistance
patterns. Some doctors also add metronidazole to reduce
the risk of sepsis from small-bowel overgrowth and hasten
repair of the mucosa. Gram-negative sepsis is a common
cause of death, so sickly children need Gram-negative
cover (such as gentamicin).

Actions to prevent cross-infection

The immune system is impaired, so great care must be
taken to stop the spread of infections among children, and
from staff and caregivers to children:

. Maintain good ward hygiene and hand washing with
soap.

. Give measles vaccine if the child is older than 6months
and unimmunized, or is under 9months and immunized.

Step 6: Correct Micronutrient Deficiencies

All severely malnourished children have mineral and
vitamin deficiencies that must be corrected as part of
the process of restoring homeostasis.
Table 3 Choice of antibiotics

If the child has no
complications, give

Co-trimoxazole 5ml (240mg)
orally twice daily for 5 days

(2.5ml if <4 kg)a

If the child has complications

(shock, hypoglycemia,
hypothermia, respiratory or

urinary tract infections, raw

skin or fissures) or is
lethargic or looks sickly,

give

Ampicillin 50mg/kg IV or IM

every 6h for 2 days, then
oral amoxicillin 15mg/kg

every 8 h for 5 days AND

Gentamicin 7.5mg/kg IV/IM
once daily for 7days

If the child fails to improve

after 48 h

ADD chloramphenicol 25mg/

kg IV or IM every 8 h for
5days, or cefotaxime

50mg/kg every 6 h IV or IM

for 5–7days (or other third-

generation cephalosporin)
If poor appetite persists after

5–7days of antibiotic

treatment

Complete a 10-day course. If

poor appetite persists, fully

reassess the child

aIn areas of high HIV prevalence use amoxicillin (15mg/kg every
8 h for 5 days) instead of co-trimoxazole.
Actions to correct micronutrient deficiencies

. Give a large dose of vitamin A on day 1 (see Table 4
for dose).

Give daily:

. multivitamin syrup;

. folic acid 1mg (5mg on day 1);

. zinc (2mg/kg/day);

. copper (0.3mg/kg/day).

If using combined mineral-vitamin mix, omit these daily
doses but continue to give vitamin A and folic acid
on day 1.

Zinc and copper are included in the concentrated
electrolyte/mineral solution (Table 2).

Do not give iron until the child has a good appetite and
is in the rehabilitation phase. Then give 3mg iron/kg/day.

Step 7: Start Cautious Feeding

In the stabilization phase, feeds should provide just
enough energy and protein to cover basic needs. Too
much protein stresses the liver, too much lactose stresses
the gut, and too much fluid stresses the kidneys and heart,
so the volume offered and the type of food are controlled.

Give:

. small frequent feeds of a milk-based starter formula
(see Table 5 for recipes);
Table 5 Recipes for F75 and F100

For full cream milk powder use:a

Ingredient F75 F100

Full cream milk 35 g 110 g

Sugar 100 g 50 g
Vegetable oil 20 g 30 g

Electrolyte/mineral solution 20 ml 20 ml

For dried skimmed milk use:a

Dried skimmed milk 25 g 80 g
Sugar 100 g 50 g

Vegetable oil 30 g 60 g

Electrolyte/mineral solution 20 ml 20 ml
For fresh cows’ milk, or full-cream ‘long life’ milka

Milk 300 ml 880 ml

Sugar 100 g 75 g

Vegetable oil 20 ml 20 ml
Electrolyte/mineral solution 20 ml 20 ml

Place the ingredients in an electric blender.

Add water up to the 1-liter mark and blend.

If a blender is not available, mix the oil and sugar thoroughly.
Mix in the milk and electrolyte/mineral solution and make

up to 1 liter.

Whisk thoroughly to prevent the oil from separating out.

aMake up to 1000 ml with cooled, boiled water.
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. 130ml fluid/kg/day (100ml/kg/day if the child has
generalized edema);

. 100 kcal/kg/day;

. 1–1.5 g protein/kg/day.

If the child is breastfed encourage continued breastfeeding.
Starter formula is also called F75. It contains per

100ml: 75 kcal, 0.9 g protein, and 1.3 g lactose (i.e., low
protein, low lactose). Charts are available showing the
volume of F75 to give according to body weight. Keep
the volume the same as day 1 throughout this initial
phase, so that the child’s intake remains stable.
Step 8: Achieve Catch-up Growth

The signal for entry to the rehabilitation phase is:

. reduced/minimal edema;

. return of appetite.

To prevent a child suddenly consuming huge amounts and
risk rapid release of sodium from cells and heart failure, a
controlled transition over 3 days is recommended. To make
the transition:

. For 2 days replace the starter F75 with an equal volume
of catch-up F100.

. Then increase each feed by 10ml until some feed
remains uneaten. At this point, the child should take
about 200ml/kg/day.

After the transition:

. Give frequent feeds of F100 (unlimited amounts).

. 150–220 kcal/kg/day.

. 4–6 g protein/kg/day.

. Continue to give extra potassium, magnesium, miner-
als, and vitamins.

If the child is breastfed encourage continued breastfeed-
ing. If the child is less than 6months old and not breastfed,
help the mother to initiate breastfeeding if appropriate.

Catch-up formula is also called F100. It contains 100 kcal
and 2.9 g protein per 100ml (i.e., high energy, high protein).
Other mixtures can be used (e.g., modified family foods
or ready-to-use therapeutic foods) provided their energy
and protein contents are comparable to those of F100.
Step 9: Provide Loving Care and Stimulation

Severely malnourished children have delayed mental and
behavioral development, which can be alleviated through
long-term play and interaction. Provide:

. tender loving interactions;

. a cheerful, colorful, and stimulating environment;

. maternal involvement as much as possible (comforting,
feeding, bathing, singing, chatting);

. structured play therapy: Choose activities that will
promote the child’s development;
. physical activity when the child is well enough.

Teach the caregiver how to continue these at home.
Step 10: Prepare for Follow-up

With correct care and feeding, severely malnourished
children will achieve a normal weight-for-height in
4–6weeks. Recovery of immune function takes longer.
Children can be discharged earlier (after completion of
steps 1–7 and the transition to F100) if a system is in place
for continuing care in the community.

Most hospitals discharge severely malnourished chil-
dren before recovery is complete. Relapse and death
are common if they are discharged with no continuity
of care.
Infections Commonly Associated with
Severe Malnutrition

Diarrhea

Many severely malnourished children are brought to a
health facility because they have diarrhea. If the steps set
out above are followed, the diarrhea usually subsides. F75
is a low-lactose milk and is well tolerated by most chil-
dren with diarrhea. Giving small frequent feeds avoids
exceeding the reduced digestive and absorptive capacity
of the gut. Zinc and folic acid help repair the damaged
gut. Food in the gut also helps it to heal, so never feed
parenterally.

Chronic diarrhea can be due to Giardia or small-bowel
overgrowth. These can be treated with metronidazole
(7.5 mg/kg every 8 h for 7 days). Very occasionally, a
child may be lactose-intolerant. If continuing watery diar-
rhea is preventing general improvement in the child’s
condition, prepare F75 with lactose-free infant formula
or yoghurt.
Pneumonia

Pneumonia is another common reason why severely mal-
nourished children are brought to a health facility. The
routine treatment steps set out above should be followed.
The choice of antibiotics depends on the severity of the
pneumonia.
Tuberculosis

This can be difficult to diagnose in severe malnutrition.
The Mantoux test may give a false-negative result. TB
treatment should only be started after a diagnosis has been
confirmed or there is strong suspicion for its presence.
Failure to gain weight over 2 weeks is taken as a sign of
TB, but poor weight gain often is due to insufficient
intake, so ensure that the intake is compatible with weight
gain (>150 kcal/kg/day) before making a diagnosis.



HIV/AIDS

Severely malnourished children with HIV usually
respond well to the steps outlined above, although the
rate of recovery may be slower. A common opportunistic
infection is Gram-negative Pneumocystis carinii pneumonia
(PCP), especially in infants aged 2–6months. For severe
pneumonia in HIV (rapid breathing þ chest indrawing),
adequate staphylococcal and Gram-negative cover (e.g.,
ampicillin and gentamicin) is essential. Respiratory infec-
tions, including PCP, can be prevented by prophylaxis
with co-trimoxazole, which should be given throughout
the inpatient stay and after discharge. Children with pro-
found anorexia in advanced HIV disease may benefit from
continuous feeding through a nasogastric tube. Diarrhea
may be more protracted in HIV-positive children because
gut enteropathy tends to be worse. Preparation of F75 and
F100 with lactose-free products may be helpful.

Discharge to Community Care

Establishing community-based care can shorten inpatient
treatment for severe malnutrition and also benefit chil-
dren with moderate malnutrition. An integrated system of
prevention, timely referral, correct inpatient treatment,
and effective community-based care will improve child
survival and development, as well as build health worker
capacity and strengthen health systems.

See also: Community-Based Nutrition Programs; Fam-

ine; Health Issues of the UN Millennium Development

Goals; Pneumonia.
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Background

In 1991, the U.S. Institute of Medicine published the
report of a multidisciplinary working group to (1) identify
significant emerging diseases, (2) determine strategies to
deal with them, and (3) recommend actions to confront
future threats and to lessen their impact on public health
(Lederberg et al., 1992). The group embraced a global rather
than U.S.-specific frame of reference and elected to avoid
a disease-specific description for an approach based on
factors of emergence. Factors of emergence are defined as
‘‘. . .specific forces that shape infectious disease emergence
[which] operate on different elements in the process of
emergence,’’ (p. 47, ibid ). The original six factors examined
were: human demographics and behavior, technology and
industry, economic development and land use, international
travel and commerce, microbial adaptation and change, and
the breakdown of public health measures. The report
provided examples of how these factors work and on
which emergent infections they apparently operated.
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A follow-up report, Microbial Threats to Health: Emer-

gence Detection and Response was published in 2003
(Smolinski et al., 2003). Additional factors of emergence
were examined in this report: human susceptibility to
infection, climate and weather, changing ecosystems, pov-
erty and social inequity, war and famine, the lack of
political will, and intent to harm. Thus the original six
factors grew to 13. While enriching the discussion and
description of emergence, this proliferation of factors also
created overlapping domains within factors; for example,
climate and weather are an integral physical science
aspect of ecosystems, the failure of political will is integral
to the neglect of public health systems, and so forth. From
an analytic point of view, the need for in-depth study of
factors and how they actually work has become critical for
scientific insight into public health protection.
Interplay of Man-Made Factors

This description of factors of emergence will focus
on their interplay and how they work where they are
most understood: (1) human pressures on the ecosystem
and changes in land use, (2) globalization of markets
for food animals concurrent with the growth of global
trade and commerce, and (3) antimicrobial resistance
that leads to microbial change and adaptation. Every
factor linked to emergence is essentially created or
caused by humans. Some factors are more feasible to
correct than others. One is the increasing burden on
the Earth’s limited resources. Another is the new ecosys-
tem of sorts that we have created through burgeoning
trade and travel – a world of high mobility and porous
boundaries. Also, food production practices intensify as
global commerce accelerates. Finally, we have a growing
array of medical practices with unknown consequences,
such as xenotransplantation and widespread antibiotic
use (see Figure 1).
Levels of prevention: levels of microbial traffic

Primary:
Point of emergence

species jumping, ecological pressure

Secondary:
Local extension

Pandemic
tertiary:

Geographically
dispersed clusters

Figure 1 The prevention pyramid.
Exhausting Our Ecospace?

Typically, diseases emerge when a pathogen moves from
another vertebrate species to humans. The mechanisms of
crossover are largely unknown, but some factors seem to
facilitate the process: poor sanitation, encroachment of
humans on animal habitats, maintaining food animals in
crowded conditions, and extensive use of antimicrobials.
The rapid acceleration of poultry agriculture in Southeast
Asia has converted avian influenza into a growing number
of human cases – 371 at current count. An offshoot,
cockfighting, includes behaviors that contribute to further
infection, such as humans sucking blood and mucus from
the beaks of injured birds. Early in the HIV epidemic, a
transmission between monkeys or apes and humans was
thought to have occurred. Whether this was through
exposure between hunters and their primate prey in the
rainforests or through bush meat consumption or another
route remains a mystery.

Most new pathogens that have emerged over the last
20 years have done so in response to ecological pressure
rather than natural evolutionary change in the microbes.
Ecological changes, such as new agricultural practices,
urbanization, globalization, and climate change, seem to
drive microbes from animals into their new human hosts
(Slingenbergh et al., 2004). Again, the drivers are largely
the product of human activity. Despite this certainty, little
definitive work has been done to determine the threshold
of each factor in the emergence of new human pathogens.
For example, while most international authorities agree
that the intensified poultry industry is related to the
emergence of fatal avian influenza outbreaks in Europe
and Asia little is known about how, why, or at what point
this RNA virus jumps from birds to humans.
Influenza: A Recurring Emergence

At the microbial level, recent studies of the highly fatal
1918 influenza virus suggest that the neuraminidase por-
tion of the virus was responsible for its contagiousness in
humans. Scientists believe that the 1957 pandemic influ-
enza emerged after the virus moved from ducks to pigs or
chickens that were infected at the same time by a human
virus. After the viruses exchanged bits of genetic material
during their reproduction in the pigs and chickens, the
new virus was equipped to infect humans. However,
because of the state of science in 1957, this information
has always been tentative. In fact, it is now believed that
the 1918 influenza virus was avian in origin, and did not
go through the mixing bowl of a pig or another land-based
animal before infecting humans. Intensive study of the
virus causing Asian avian influenza is now underway.
The virus has already hopped the species barrier in 371
recorded human cases, causing 235 human deaths.
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At the macro level, we do not know the threshold
number at which a safe density of poultry becomes un-
safe. How many birds per square meter can be handled
safely? How many are too many? What role do ducks
migrating from farm to farm play in disease transmission?
The U.S. Department of Agriculture (USDA) stipulates
that no more than ten chickens can be housed per square
meter. Contemporary practice in the United States is for
ten chickens to inhabit a 3-square-foot space for their
entire lives, often with their beaks and talons removed to
prevent injury. Practices using dense poultry habitat are
correlated with the susceptibility of birds to highly path-
ogenic avian influenza. That susceptibility, thought to be
related to stress and crowding, has been demonstrated all
over the world (Slingenbergh et al., 2004) (Figure 2).

It appears that Asia has seen relatively little increased
productivity in chickens despite a rapidly increasing den-
sity of the agricultural population on both small farms and
large industrial-scale enterprises. This mixture of large and
small enterprises in close proximity has served as a potent
combination for the outbreak of avian influenza. The small
farms probably served as the first points of illness, but the
large commercial farms played a critical role in extending
the outbreaks through high-volume traffic of vulnerable
fowl populations and products over large geographic areas.
A New Environment, New Rules?

Extensive scientific work has been done suggesting that
the human community is outstripping the planet’s ability
to accommodate it. While not yet as crowded as chickens
on factory farms, with 6.2 billion human inhabitants, the
Earth’s balance within natural systems is increasingly
affected by anthropogenic (man-made) activity. In his
landmark 1993 book Planetary Overload: Global Environmen-
tal Change and the Health of the Human Species, Anthony
J. McMichael outlines the human-generated stress on nat-
ural systems. He posits that food will become increasingly
scarce for the human community. The macro-ecologic
effects of human activity on climate, water, food, agri-
culture, pollution, and human health are well described,
but the systematic link between the macro (what we
can see) and what is occurring on the micro level remains
an important area of research. To address the emergence
of new pathogens, we need more precise knowledge
about the mechanisms that form the critical pathway to
emergence.

While there is a finite amount of space on the surface
of Earth, we have, in some sense, created a new dimension
of space – the mobile environment. In considering envi-
ronment, increasing emphasis has been placed on the built
environment for humans. For example, the roads and
pavement have hardened the land and created challenges
for disposing of water and human pollutants. Buildings are
studied for their effects on human health, from second-
hand smoke to sick-building syndrome.

New man-made spaces also have been created in the
pursuit of trade and travel. How they act on the life
processes of microbes and affect infection is yet to be
described. But we are beginning to see some telltale
signs. Human travel, for instance, seems to have
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the potential to affect seasonal disease patterns. Many
biological aspects of life appear to be seasonal – births,
deaths, numerous chronic diseases, and, of course, infec-
tious diseases all peak during certain times of the year. At
least this is the case in temperate climates, where the
phenomena have been the most extensively studied. Sea-
sonal effect is a well-described aspect of infectious dis-
ease, including respiratory infections, such as colds and
flu, and more serious infections, such as pneumonia.
Interestingly, this seasonality has remained a constant
even as humans have modified their natural environment
in remarkable ways – building shelters, designing heating
and cooling systems, and inventing new protective cloth-
ing, for example. This well-described but poorly under-
stood phenomenon has enabled us to plan vaccine
development and prevention efforts at certain times of
the year in anticipation of upcoming outbreaks. When
people travel between hemispheres, where the seasons
are reversed, they can introduce viruses off-season, poten-
tially throwing off this historically reliable rhythm of
vaccines and prevention.

Another illustration of the influence of human mobil-
ity on the microbial world is the transportation, via food
products, of a pathogen from one region, where it may
be endemic, to another, where it is not. In processing,
shipping, packaging, and preparing food, we bring into
our homes and our digestive systems food and microbes
from thousands of miles away. We experience some of
this microbial traffic as illness, when microbes patho-
genic to humans infect us. Microbes that we know
because they make us ill are an exceedingly small per-
centage of the microbes moving around. Our new man-
made ecological space of mobile microbes impacts the
rapidly evolving microbial world, but what that impact is
remains a mystery.
Table 1 Agents and infectious diseases with suspected or know

Vector-borne and/or zoonotic Soil W

Dengue Melioidosis S
Lyme disease Anthrax C

Yellow fever Hookworm S

Rift Valley fever Coccidioidomycosis R
Japanese encephalitis S

Onchocerciasis Le

Trypanosomiasis C

Plague
Filariasis

Meningitis

Rabies

Leishmaniasis
Kyasanur forest fever

Hantavirus

Nipah virus

Adapted from Patz JA, Daszak P, and Tabor GM (2004) Unhealthy
infectious disease emergence. Environmental Health Perspectives 11
Evolution of Microbes

We must not limit the potential ecological adaptability
of microbes or lose sight of their abundance because
currently the number of knownhuman pathogens is limited.
Recognizing that most commensal microorganisms, pro-
vided that they are in the right environment, can become
human and animal pathogens of concern helps us approach
the issue holistically. Microbes, beneficial or detrimental,
are an integral part of the ecosystem. Land-use changes
might increase, decrease, or completely replace existing
microbes with others. The strong need to use multi-
disciplinary approaches when examining land-use change
becomes apparent when considering that more than half the
recognized human pathogens are zoonotic.

In the last two decades, we have witnessed an increased
emergence and resurgence of human diseases in many
parts of the world. Some of the infectious diseases include
HIV/AIDS, tuberculosis, malaria, E. coli O157:H7, H5N1,
Ebola hemorrhagic fever, cholera O139, West Nile, Lyme
borreliosis, cryptosporidiosis, and Ross fever. Changes in
land use as a result of deforestation, reforestation, irriga-
tion systems, urbanization, and crowding have been iden-
tified as the major players in the emergence of diseases.
These land-use changes allow humans to encroach and
settle in a new environmental niche with known and novel
pathogens. Table 1 illustrates the diversity of infectious
agents suspected or linked to known changes in landscape.
The majority of these infectious diseases are either
vector-borne or zoonotic. The spread of pathogens is
aggravated by factors that support the introduction and
eventual transmission of these and many other infectious
agents, including lack of access to health care, population
growth, changes in human behaviors, microbial adapta-
tion, urbanization and crowding, and travel.
n links to landscape change

ater Human Other

chistosomiasis Asthma Hemorrhagic fevers
holera Tuberculosis

higellosis Influenza

otavirus
almonellosis

ptospirosis

ryptosporidiosis

landscapes: Policy recommendations on land use change and
2: 1092–1098.
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Changes in Land Use

The increased demand for more food, lumber products,
and living space are some of the main factors that have
dramatically increased the way we change land to fit our
daily needs. The question of what land-use changes, if any,
have been responsible for the emergence of diseases is
summarized in this article. At the same time, looking
solely at ecological changes, whether human-induced or
not, and the emergence of human diseases would over-
simplify the complex relationships between ecological
changes, microorganisms, and human and animal diseases.

Humans have made significant changes to the Earth’s
landscape. Human history is a record of forests cleared for
agriculture, streams redirected for irrigation, cities built,
urban dwellings created, roads, dams, and bridges con-
structed, and other ecological changes. As the population
increases, the speed of ecological changes dramatically
increases. Humans, sometimes unaware, and at other
times fully aware, of the consequences are rapidly altering
the basic foundations of the environment that sustains us.
According to the World Health Organization’s (WHO)
Millennium Ecosystem Assessment report, humans have
made more significant ecological changes in the last
50 years than in any other comparable time period. These
landscape changes inevitably have increased our access to
new ecological niches. Changes in ecology or climate not
surprisingly bring about both beneficial and detrimental
organisms that cause diseases in humans and animals. Of
course, the type and incidence of infectious disease depends
on the particular ecosystems affected, type of land-use
change, disease-specific transmission dynamics, sociocul-
tural changes, and the susceptibility of human populations.
Ecological Changes

Numerous, simultaneous, and continuous ecological
changes make it difficult to characterize its complexity.
Ecological changes for agriculture rank highest for impact
to public health and are implicated as a major factor in the
emergence of diseases. The volume of agricultural impact on
public health and spread of disease can only be appreciated
by understanding that agriculture occupies about half of the
world’s land and uses more than two-thirds of the world’s
fresh water. Changes in land use directly and indirectly
linked to agricultural activities include deforestation/refor-
estation, irrigation, monocropping, construction of roads and
dams, macro and micro climate change, and erosion.
Deforestation/Reforestation

The rate of deforestation worldwide is estimated at about
40million acres per year. In other words, a land area
roughly equivalent to the state of Pennsylvania is
destroyed each year. Vector-borne diseases are the most
sensitive to climate andweather changes, with malaria one
of the most climate-sensitive. Deforestation has increased
the burden of malaria in some countries by exposing land
to sunlight and creating pools of water that are known to
favor the breeding of malaria-transmitting mosquitoes,
anopheles gambiae. An increase in the prevalence of
malarial infection in the New Guinea Highlands, an
area previously malaria-free, has been linked to a rapid
increase of anopheline populations after forest clearance
and other local developments. Similar trends have been
documented in several other countries, including Kenya,
Madagascar, Uganda, and Rwanda. Of course the increase
in malarial infection in the last two decades is not solely
due to deforestation but rather is concomitant with
increases in anti-malarial drugs, resistance to insecticides,
the breakdown of public health services, and the change in
demographics. It is very hard to tease out the net increase
in the rate of infections as a result of deforestation.

Yellow fever, a viral disease of primates transmitted by
the bite of infected mosquitoes, is also classified as an
important reemerging disease, with 34 sub-Saharan
countries at risk. Like malaria, the increased transmission
of yellow fever as well as dengue, another viral pathogen,
are influenced by similar ecological changes, including
clearing land for agriculture, logging, building roads, and
mining. Deforestation creates a suitable environment for
mosquito breeding and increases soil erosion. Flooding
can increase the transmission of diseases from runoff and
from disturbing breeding grounds and habitats. Soil ero-
sion has been linked to an increase in human infection by
helminths and pathogenic microbes.

Lyme disease is another vector-borne disease that
arose from reforestation and people’s proximity to animal
reservoirs. Lyme disease was first recognized in the
United States in 1975 in the town of Old Lyme in south-
eastern Connecticut. It occurred in a new residential
development where the deer population had provided
the sustenance for the vector Ixodes dammini, which were
infected by Borrelia burgdorferi. Lyme disease illustrates the
interrelationship between microorganisms, biodiversity,
and change in land use. It also provides us with a timely
example of the complexity of the determinants of diseases
and how they come to be human pathogens. Once again,
as a result of ecological changes, there was a loss of
biodiversity and changes in the host communities,
increasing the risk of infection by vector-borne diseases.

Irrigation and dams

Some studies have linked the use of irrigation systems to
the increase in breeding sites for malaria and other mos-
quito-borne diseases. A recently published article by
Klinkenberg et al. (2005) quantified the incidence of
malaria in Accra, Ghana where irrigation is practiced.
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They found a higher rate of malarial infection in commu-
nities around the urban agricultural sites than in the
control group (16.6% vs. 11.4%, respectively). Similarly,
building dams causes an increase in the mosquito popula-
tion. For example, Rift Valley fever is a disease transmit-
ted by mosquito that has surged in Africa as a result of the
construction of dams. Dams, by preventing the flushing of
snail vectors, increased the prevalence of schistosomiasis
in the region. Still bodies of water are particularly well
suited for breeding snail vectors. For example, construc-
tion of the Aswan Dam in Egypt resulted in a shift from
predominantly S. haematobium to S. mansoni.

The Senegal river basin water and environmental man-
agement project, which was a joint project of four West
African countries (Guinea, Mali, Mauritania, and Sene-
gal), constructed the Manantali and Diama dams. Despite
an improvement in water availability and electricity sup-
ply, the dams resulted in proliferation of aquatic weeds
and higher incidence of schistosomiasis and malaria.
These examples illustrate that ecological changes can
alleviate the risk of exposure to novel pathogens by creat-
ing a suitable environmental niche for mosquito-breeding
sites. As a consequence, humans have increased their risk
of acquiring new or previously recognized pathogens. The
problem is that our understanding of the global micro-
biological population is less than limited, and we are
unable to see the risk to humans and animals as a result
of the ecological changes.

Roads
One of the outcomes of deforestation is the construction
of roads. Access roads increase the opportunity for
animal–human interactions. As a result, hunters, loggers,
and others who often frequent the wilderness have a
higher risk of contracting a novel pathogen by being in a
new environmental niche. The increase in wild meat
(bushmeat) trade in parts of central Africa has been attrib-
uted to the increase in access roads.

Among the approximately 177 newly emerged human
diseases, about 58% are zoonotic. This underscores the
influence of human–animal interactions on the emer-
gence of diseases and recognizes that most emerging
zoonotic disease outbreaks result from ecological changes.
Some known human infections, such as influenza, tuber-
culosis, and measles, are zoonoses originally introduced
to humans from other species. Strong evidence exists
indicating that the emergence of HIV-1 and HIV-2 in
humans results from transmission of simian immunodefi-
ciency virus (SIV) strains from distinct, naturally infected
nonhuman primate hosts. Nipah virus, a newly recog-
nized zoonotic disease found in Malaysia, results from
bat–human interactions. Nipah virus demonstrates that
infectious diseases do not have boundaries. The infection
of people with Nipah virus in Malaysia was traced to
disruption of bat habitat in Indonesia that forced bats
to migrate to Malaysia. The spread of Nipah virus
to humans was aggravated by humans’ close vicinity to
dense populations of farmed pigs. Other similar
examples – the epidemic of Japanese encephalitis in
Sri Lanka resulting from pig husbandry; rabies resulting
from the spread of raccoons in New York; Lyssaviruses
resulting from human–bat interaction in Thailand and
Australia – are some examples of emergence and reemer-
gence of diseases caused by human–animal interaction.

Many gaps exist in our understanding of how zoonotic
agents are maintained in nature or how they respond to
environmental changes exacerbated by overcrowding, liv-
ing close to animals, and exposure to new microorganisms
with potential to become human pathogens. Emergence of
zoonoses is likely to persist as long as human–animal
interactions increase, particularly interaction caused by
destruction of, or encroachment into, wildlife habitat
(particularly through logging and road building).
Extending Production Chains

Production of food and biological products has changed
dramatically over the last 20 years. In the 1930s, our
food came from local farms. Quality and supply of
produce and products were often uneven. Good years
followed bad years. Not any longer. Production chains
extend thousands of miles and often across continents
for biological products we eat, such as meat, eggs, and
milk, and increasingly for biological products we use
as pharmaceuticals.

Globalization and consolidation of agribusiness cor-
porations have changed the playing field. Bovine spongi-
form encephalopathy demonstrates an aspect of the
phenomena. The United Kingdom’s beef industry had
historically been a relatively stable one when fragmented
among many smaller farms across the British Isles. To
protect this industry, the government maintained a tariff
on the imports of competing products from abroad. With
the explosion of global trading in beef after World War II,
coincident with refrigerated transport, and the movement
toward global free trade, the United Kingdom negotiated
a timetable under the General Agreement on Tariffs and
Trade to scale down tariffs on beef, which heightened
competition in the United Kingdom’s beef industry and
increased pressure for more efficient and less costly pro-
duction methods.

Against this backdrop, innovation in rendering was
introduced into the slaughterhouses of the United King-
dom. The rendering or processing of carcasses of cows and
other animals after the edible and usable bits of flesh
and meat have been cut away has been done for centuries.
And for decades, United Kingdom farmers used the
meat and bone meal (MBM) from rendering as a protein
source for beef cattle. Historically, the rendering process
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was similar to pressure cooking – applying very high
temperatures for very long times so eventually even the
bones broke down into powder. It was an expensive, fuel-
and time-consuming process. When a new cold vacuum
extraction method of rendering was introduced requiring
lower temperatures (i.e., less energy) and less time, it
seemed a win–win situation considering the increasing
pressure on the United Kingdom’s beef industry in the
face of global competition. But some time after the new
rendering practice was introduced into the United King-
dom, the prion disease known as mad cow disease
emerged. The new process, it was discovered, was not
effectively disinfecting for prions. Existence of prion dis-
ease was unknown prior to its dramatic emergence, first in
cows and then in people. The context is important to
appreciate. Somehow the streamlining of the rendering
process played a role. British scientists tested the new
process by deliberately introducing animals with mad
cow disease and assaying the resulting MBM product.
They found that the newer rendering process does not
remove the infection, whereas the older process did.
Xenotransplantation: Technology
as a Factor in Emergence

With more than 50 000 Americans waiting for organ trans-
plants in the United States, the demand for new parts is
outstripping the supply. Animals seem to many like the
logical next source of transplants, and scientific work is
underway to access this source. In the United States, the
Food and Drug Administration (FDA) has not licensed
animal transplants. But other countries have, and they are
attracting what the press calls medical tourists.

The truth is that scientists remain largely ignorant of
the ecology at the microbial level despite their swagger.
Another truth is that there is a nascent industry in xeno-
transplantation just waiting for the green light from the
FDA. When an organ from a pig or baboon is transplanted
into a human, four things happen: (1) the human defenses
recognize the foreign material and mount a defense, (2)
this vigorous immunological battle that would normally
cause the rejection of the foreign material is treated with a
variety of powerful drugs to stop rejection, and the patient
becomes immunosuppressed, (3) any viruses or prions in
the animal donor immediately become residents in the
human donor, and (4) the new organ slowly begins to pick
up the physiological functions of the organ it has been
brought in to replace. Clearly, the second and third parts
of this scenario introduce potentially dangerous condi-
tions for disease transmission.

Some very strong, compassionate arguments exist for
xenotransplantation: There are not enough organs avail-
able for transplant, and people with kidney or liver failure
or pancreatic crises can wait years for a donor. The wait is
difficult and can be life-threatening. Renal dialysis, for
example, which replaces the function of a working kidney,
makes patients feel increasingly ill as they undergo
repeated treatment. According to Matching Donors, a
Massachusetts-based nonprofit organization that matches
donors with recipients, an estimated 17 people die each
day waiting for transplants in the United States alone.

The pig has become the preferred candidate for donat-
ing organs to humans. Primates, the other most promising
potential candidates, are expensive to acquire and keep,
more likely to provoke ethical objections, and are per-
ceived as risky because HIV is a simian (monkey) virus.
Pigs can be bred to genetically erase their foreignness to
humans by manipulating the genetic coding for the gly-
coproteins on their cells. Their organs are about the right
size to fit the human body. However, pigs also carry new
porcine (pig) retroviruses. Recall that HIV is a retrovirus,
albeit of a different type. These retroviruses are actually
embedded in their genetic material, so although pigs can
be bred in sterile surroundings, there is no way to remove
retrovirus agents from their makeup. They are, in the
language of microbiology, endogenous.

Much work is ongoing to overcome the various obsta-
cles to using pigs as donors for human organs. The prob-
lem of the endogenous retroviruses caused the FDA to
halt early clinical trials in the United States. But scientists
are working hard to study the risks and how to overcome
them. In India, caution is not as pronounced, and pig-
donated organs are transplanted into humans there. Those
humans may return to the United States to recover, and
presumably, seek medical care if and when they become
ill, potentially exposing other patients. If there are risks
from pig retroviruses, eventually they will be known, but
the incubation period may be as long as the decade of
quiet infection that precedes clinical AIDS in those
with HIV. Potential risks lurk on two biological fronts.
One concern is that the retroviruses from the pig could
infect the human host and, in turn, the infected person’s
contacts and community. Another is that the retroviruses
might incorporate genes from the human (0.1% of the
human genome contains endogenous retrovirus sequences)
and the resulting mixed organism would prove infectious
to the human and that human’s contacts and community.

A final area of concern, which is general for animal
organ donation to humans, is the transfer of antibiotic-
resistant infections from the animal. Animals of many
types are receiving antibiotics in great volumes in their
feed and treatments. While guidelines are very strict for
how donor animals for human organ transplantation trials
are raised in nations carrying out such experiments
(including the United Kingdom and Australia), the guide-
lines in other countries may not be strict. So medical
tourists who travel in search of the cheaper transplant
bear close watching, and their close contacts should be
made aware of the potential risks of unknown infections.
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Microbial Change: Antibiotic Selective
Pressure

Another type of emergent threat has a clearer path: evo-
lution of resistant microbes in response to exposure to
antibiotics. Antibiotics act as a selective pressure for resis-
tance by killing off the susceptible microbes in each
generation, leaving only those that have developed a
strategy to resist them. Since microbes reproduce so
often, this pressure assures the emergence of a fair num-
ber of resistant microbes in a relatively short period
of time.

The selective power of microbes in response to anti-
biotics has been well demonstrated, starting with a classic
experiment conducted by microbiologist Stuart Levy and
his colleagues in the latter half of the 1970s:

In the mid-1970s, we performed a study that involved

raising 300 chickens on a small farm outside Boston. We

provided 150 newly hatched chicks with oxytetracycline-

laced feed and another 150 without. We followed the

effect of the antibiotic-laced feed on the animals and

people on the farm. As we began the study, the control

group had little or no resistant organisms. In the group

receiving low levels (200 ppm) of oxytetracycline, tetra-

cycline resistance began to emerge among the fecal

Escherichia coli. What was surprising was that, within

12 weeks, we detected as much as 70% of all E. coli with

resistance to more than two antibiotics, including ampi-

cillin, sulphonamides, and streptomycin. The resistances

were all on transferable plasmids that emerged following

use of just tetracycline. (Levy, 2002: 27)

While antibiotics were designed to fight off infections
in sick people and animals, they were approved for use as
growth promoters for animals in the United States in 1949
and in the United Kingdom in 1953. Meanwhile, in the
1960s, scientists began to understand that the presence of
antibiotics in the microenvironment of bacteria caused
transferable antibiotic resistance. This means that popula-
tions of microbes not only become resistant to the antibiotic
over time, but also can pass the new, adaptive characteristic
resistance to other microbes – their biological extended
family, as it were. Antibiotics fed to animals are not deac-
tivated in the animals’ digestion process. In fact, they
remain largely biologically active when they are excreted
by the animals on fields, into waterways, or elsewhere.
Other vertebrates, including humans, begin to be colo-
nized with the resistant organisms, if they share an envi-
ronment with animals in which the resistant strains are
developing. In areas where animals and humans are
crowded together with poor access to sanitation, this
aspect of antibiotic usage in animals becomes even more
dangerous.

Campylobacter and Salmonella are the two best known
microbes. They have been shown to acquire new
resistance while in animals and to transfer that resistance
to humans through the consumption or handling of
contaminated meat. In the case of Campylobacter, the prac-
tice of intensive poultry production plays a role. Most
chickens are colonized by Campylobacter – they carry them
in their gut. The chickens are not sickened by these
microbes; the Campylobacter are part of the normal gut
flora. When chickens are raised in very close proximity,
with thousands in a single facility, they are more prone to
disease, as we have seen with the avian influenza virus.
They also are more prone to bacterial disease. Thus,
chickens are often treated with antibiotics, including
fluoroquinolones, a particular type of antibiotic that is
important in treating human infections. According to the
U.S. Centers for Disease Control and Prevention, the
rate of resistance to this important class of antibiotics
in human infections with Campylobacter rose from 13%
in 1997 to 19% in 2001. In Minnesota, fluoroquinolone-
resistant strains were isolated from 14% of chicken pro-
ducts in retail markets. When molecular-level com-
parisons were made, these strains exactly matched
those isolated from human infections in the surrounding
communities.

But the use of antibiotics as growth promoters is not
confined to resource-challenged regions. In fact, it has been
a long-standing practice in the United States, where a host
of microbes have developed resistance, most likely as a
result of the drugs in food animals, including Salmonella,
Campylobacter jejuni, and Escherichia coli. A number of other
industrialized nations have been more diligent about moni-
toring and curbing the use of antibiotics in animals. The
European Union has prohibited lacing the feed of animals
with antibiotics that might also be useful in human disease,
with the intent of preserving the effectiveness of such
antibiotics as long as possible. The scientific evidence for
this move is powerful and comes largely from the United
Kingdom, Denmark, and Germany, where scientists have
carefully monitored feed practices and resistance pat-
terns over the last decade. Research suggests the bans
can lead to a corresponding drop in drug-resistant bac-
teria. One study showed that rate of resistance to the
antibiotic avoparcin declined in Germany and Denmark
after that drug was prohibited for use as a growth
promoter (Witte, 2000). Scientists studied the disease
patterns by using molecular genetic techniques to
fingerprint specific gene groups that characterize both
animal and human resistance to particular bacteria. These
characteristic patterns were then tracked in different
populations of animals and humans to trace the changes
in their frequency of occurrence. Research demonstrated
that the decline in resistance was correlated in time with
the proscription of the use of avoparcin as a growth
promoter and that the decline in the characteristic gene
cluster took place in numerous animal and human sys-
tems coincidentally.
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Antibiotics in Humans: Are Prescriptions
Useful?

In many developed countries in Europe and North
America, antibiotic prescription authority has been vested
in health-care workers since the mid-1900s, and usually is
limited to physicians or nurse practitioners. In many other
countries, antibiotics are available from pharmacists with-
out a prescription. The U.S. CDC and many state health
departments have launched programs to educate the pub-
lic and physicians about prudent use of antibiotics. Anti-
biotics are, of course, only useful in infections where
bacteria (or mycobacteria, such as tuberculosis) are
involved. They have no effect whatsoever on human
infections caused by viruses. Viruses cause the majority
of infections seen by doctors, including sore throats,
cough, fever, and diarrhea. However, when patients
come to the doctor, they expect to be treated, not just
advised to rest, take fluids and ‘‘two aspirin and call me in
the morning.’’ This is even more the case in the current
health-care practice milieu in the United States, where
visits with health-care providers are difficult to schedule,
short, and expensive. Patient demand for antibiotics is a
major driver of inappropriate use.

What role does sanitary practice play in the transmis-
sion to humans? What are the critical variables in keeping
cages clean, providing safe water to poultry, or clean and
safe feed? What is the compromise between the most
efficient and profitable poultry-raising practices and
safety among poultry workers? When the Food and Agri-
culture Organization of the United Nations (FAO) dis-
cusses restructuring the increasingly intense poultry
industry in Southeast Asia, the optimal design of that
restructuring is not clear – we have no scientific blueprint
to follow. The United States’ experience with avian influ-
enza, in fact, suggests that USDA guidelines do not pre-
vent the disease in poultry.

We have quantitative tools we can use to answer some
of these important questions. A group of scientists
recently analyzed the impact of the livestock revolution
on the ecology of infectious diseases. The revolution, or
the growing demand for animal protein, has been incited
by Earth’s increasing human population and the rising
incomes of growing urban populations. This demand is
met in Asia primarily with poultry, much of which is
raised in crowded conditions just outside urban centers.
Slingenberg and his colleagues (2004) outline four major
areas of risk in this process that need to be carefully
considered in terms of the emergence of new infections:

1. production intensification;
2. the host metapopulation, which means a popula-

tion that experiences microbial traffic and, therein,
experiences the spread of disease (in this case, the
poultry);
3. the transmission pathways other than those within the
animal population, in other words, the entire food chain
from feed to live animals, processing, marketing/distri-
bution, food preparation, and consumption; and

4. the nature of the pathogen, that is, its virulence and the
ease with which it spreads.

While crops can only be intensified within the bounds
of arable land, the livestock revolution is not so con-
strained. A key feature is the ‘‘severance of the traditional
links between the amount of available local land and feed
resources’’ (Slingenbergh et al. 2004: 470). Poultry intensi-
fication in Latin America, the Near East, North Africa,
East Asia, and South Asia is taking place close to the
exploding markets of the urban megacities. It is estimated
that by 2015, half of the world’s human population and
35% of the global meat production will be in Asia. Work-
ing with data from the FAO on the agricultural population
and chicken meat output, the scientists plotted the infor-
mation on a graph (Figure 2).

Bringing ecological science into the study of how
microbes change or adapt within their microscopic
world is the study focus of evolutionary biologist Paul
Ewald and his colleagues. They have posited that a
microbe’s mobility is linked with its virulence (how seri-
ously ill it can make us). The argument is that the basic
value of ecological fitness is central for populations of
microbes. This is simply the ability to pass their genetic
material from one generation of their species to the next
through replication. If the microbe can easily move from
host to host, that is, if it is highly infectious, it invests more
energy moving in mobile hosts and less on developing
high virulence. On the other hand, some species, such as
anthrax, lie in wait for extended periods of time and then
immobilize their hosts by making the host moribund or
dead, counting on the immobilized host to serve as a point
of infection for other hosts. Ewald has coined the term
‘cultural vectors’ to describe transmission that takes place
independent of typical mechanisms such as flagellae,
which allow the microbe to swim, or mosquitoes, which
transport the microbe to another host (Kimball, 2006).
These strategies have developed within the plethora of
microbe species over thousands of years of evolution.

The emergence of mad cow disease raises three key
points: (1) changes in production and processing of products
based on animal or human material can spark the emer-
gence of new human infectious pathogens, (2) production
changes can be hastened in a global marketplace in which
increased efficiency in production is reward by providing a
competitive edge or more profit, and (3) the new agent
can be distributed globally before the problem is fully
recognized and public health measures are implemented.
As these rising resistance rates indicate, one obvious strat-
egy to prevent the emergence of drug-resistant strains is to
limit the antibiotic exposure of microbes living in humans
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and food animals. Possible strategies would include limiting
or discouraging the use of antibiotics by veterinarians,
pharmacists, physicians, and the public through legislation
and/or international policy and law. But this is actually not
at all straightforward in today’s world. The use of antimi-
crobials to fight disease in humans and animals and promote
growth in animals is a well-entrenched practice.

In the United States alone, an estimated 23 000 000 kg
(50 000 000 lbs) of antibiotics are used annually. While
surprisingly little information is available about the
usage of antibiotics in food animals in most countries,
WHO estimates that roughly half of all antimicrobials
produced are used to treat humans, and most of the rest
are used in animal feed – primarily for pigs and poultry –
to either fend off infection or enhance growth (WHO,
2002). The practice has become even more important
with the rise of intensive agriculture, in which animals
are kept in crowded conditions that make them more
vulnerable to infectious diseases.

Subtherapeutic use of antibiotics in these settings not
only reduces outbreaks of illness but also has been shown
to increase the overall weight of the animal by 4 or 5%,
which adds to productivity and eventually to profitability.
The tension between ecological caution and business
profit is noted in a recent report by the U.S. General
Accounting Office:

While antibiotic use in animals poses potential human

health risks, it also reduces the cost of producing these

animals, which in turn helps reduce the prices consumers

pay for food. Antibiotics are an integral part of animal

production in the United States and many other countries

where large numbers of livestock are raised in confined

facilities, which increases likelihood of disease.

(U.S. General Accounting Office, 2004: 1)

The degree to which the drugs are used as growth
enhancers (rather than to combat disease in sick animals)
is subject to debate. According to the Animal Health
Institute, an industry group that represents U.S. antibiotic
manufacturers, some 10.2 tons of antibiotics a year are
used on the 8 billion food animals produced annually in
the United States – 87% of which is for ‘‘treating,
controlling and preventing disease’’. In contrast, the
Union of Concerned Scientists, an environmental group,
in 2001 estimated that U.S. animal producers administer
12 300 tons of antibiotics a year for nontherapeutic (i.e.,
growth-enhancing) purposes.

National legislation and guidelines for antibiotic use in
animal husbandry vary among countries, as does the level
of surveillance. In the 1990s, amid growing concerns
about the emergence of drug-resistant bugs, the WHO
identified the issue as one of global public concern. In
2001, WHO, together with the Food and Agriculture
Organization of the United Nations and the Office Inter-
national des Epizooties (World Organization for Animal
Health), drafted a set of global principles to address the
use and abuse of antimicrobials in animals. Included was a
strategy to ban drugs that are important for treating
human illnesses for use as growth promoters in animals.

But as the WHO initiative acknowledges, given the
world market, any successful effort will have to be global
in scope. The strategy that WHO disseminated in 2001 is
not a regulation but a series of recommendations ‘‘to both
persuade governments to take urgent action and then to
guide this action with expert technical and practical
advice’’ (WHO, 2001). As a nonbinding recommendation,
the strategy may fail to galvanize sufficient international
action, particularly in areas that are strapped for public
health resources. Indeed, a workshop in 2002 examining
the degree to which the recommendations were imple-
mented found significant gaps. The workshop summary
concluded:

The extent of implementation of the Global Strategy was

very variable, both across and within Regions. Where

priority interventions were in place, in many instances

these were nominal only, since compliance was not

enforced. (WHO, 2002: 1)

Among the obstacles identified were limited resources,
unregulated use of antimicrobials in food-producing
animals, and ‘‘lack of inclination to enforce existing
regulations.’’

In most developing countries, where agricultural
exports are a potential source of critically important for-
eign currency, few regulatory barriers exist for using
antibiotics as growth promoters, and those that do exist
are weakly enforced. In many cases, veterinary services
have transitioned in recent decades from the government
to private hands, and the livelihood of veterinary workers
now depends on the ability of farmers to pay for services.
If a practice such as subtherapeutic use of antimicrobials
is judged potentially profitable, chances are it will con-
tinue relatively undisturbed.

As of 2006, all antibiotics were, in principle, banned
from use for growth promotion in European Union mem-
ber countries. Many producers and others have ques-
tioned the science behind these bans. Indeed, some have
called for a quantitatively based formal risk assessment.
But others point out that conducting such an assess-
ment would require waiting until the potential negative
health consequences had played out in terms of human
therapeutic failures (Witte, 2000). Then, once deaths
or other health consequences had begun to occur, we
could count them and do calculations to demonstrate
risk. Awaiting this outcome when the science from the
bench, the lab, and numerous animal systems is clear
seems unconscionable. Thus the precautionary principle
moved the European Union to implement the ban.

As the recent GAO (the U.S. General Accounting
Office) report indicates, the European Union’s impending
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implementation of more stringent bans of antibiotics is
being watched closely by the United States as a potential
source of future trade embargoes (U.S. General Accounting
Office, 2004). The United States is beginning to benchmark
its own system of monitoring the problem with efforts in
other countries, particularly the European Union. But as
the report also points out, to date, public authorities in
the United States have lacked sufficient access to reliable
industry information on the use of antibiotics, making it
difficult to assess the current situation and what actions
may be appropriate. Here science has no gap in its knowl-
edge. The risks of increasing antibiotic resistance are
clear. However, in terms of information needs for policy,
the GAO report states flatly that:

Although they have made some progress in monitoring

antibiotic resistance, federal agencies do not collect the

critical data on antibiotic use in animals that they need to

support research on the human health risk.

(U.S. General Accounting Office, 2004: 7)

So at present, the United States, a major meat exporter
in the world marketplace – with exports of $2 billion in
2002 – appears to lag behind the global community in this
aspect of food safety, running a risk of trade embargoes
that eventually could drive it to regulate the practice
without key information from industry practice.

Around the world, in developed as well as developing
countries, the research base and national policies regard-
ing antibiotic use are uneven. While there is no reason to
believe that the biology and ecology are fundamentally
different with regards to the use of antibiotics as animal
growth-promoting agents in Europe, Asia, or Africa,
national policy makers historically have made decisions
based only on studies related to their own particular
situations. Meanwhile, on a daily basis, additional resis-
tance is being stockpiled through the consumption by
humans of resistant strains of pathogenic microbes. As
noted earlier, these antibiotics do not disappear from the
environment when their use is halted. While information
from Europe indicates that resistant strains will become
sensitive again when the selective pressure of antibiotic
use is removed, that information is not nearly as complete
or compelling as it should be to justify the persistence of
risky practices in animal husbandry. Antibiotic residues
and active compounds are not only found in the food we
eat. Increasingly they are found in groundwater and in the
soil, begging a serious question: Is there a point where we
have accumulated enough active antibiotics in the human
environment to permanently alter the equilibrium of
nature? Is this prospect a real threat to us?

In other developed countries, antibiotics are often
not controlled by prescription. In most Asian, Latin
American, and some European countries, they are
available from pharmacists over the counter, without
a doctor’s prescription. This has become an issue in
antibiotic resistance. It might best be apparent in the
case of tuberculosis. Tuberculosis is a slow-moving but
devastating infection that begins in the lungs. It requires
long-term treatment (6 months to a year) with three
active antituberculosis drugs. In some countries, such as
the Philippines, compounds available in pharmacies to
treat cough may contain one active antituberculose
agent mixed with vitamins. This will help with symptoms,
but not cure the infection. Instead, as we have seen,
resistant organisms will be selected and thrive in the
patient. Most of the drug-resistant tuberculosis seen in
Seattle and other U.S. West Coast cities occurs in people
from countries where this is standard practice.

Creating prescription authority and regulation of anti-
biotic use internationally is not a simple matter. The
majority of pharmaceutical corporations are transnational
in their marketing and production. Like their counterparts
in the meat industry, they have financial incentives to avoid
government regulation of their product sales. While indus-
try has increasingly come to understand that widespread,
inappropriate use of antibiotics will shorten the effective-
ness of their products, that inevitability is likely to occur
well beyond the life of the drugs’ marketing plans, so this
consideration may not be as central to decision making as
safetywoulddictate.Misaligned financial incentives also are
evident in the Asia Pacific region. Physicians in the region
have historically been marketedwith financial incentives to
prescribe antibiotics. Drug salesmen, known as detailers,
call and visit physicians in practice to promote their pro-
ducts. In Asia, some hospital systems actually compensate
physicians according to the number of prescriptions they
write. This has resulted in profound overuse of antibiotics
and, consequently, very effective selection for drug resis-
tance in a number of medical centers.

In developed countries where consumers are able to
purchase drugs, incentives exist for drug producers to
limit the regulations they work under and to promote
the drugs they produce. In the past decade, the United
States has seen the emergence of direct marketing to the
consumer. This trend includes high investment by pharma-
ceutical companies in media advertisement campaigns to
promote certain brand names of drugs. This trend has not
includeddirectmarketingof antibiotics to consumers, rather
focusing on the promotion of pain relievers, antidepressants,
medications for sexual dysfunction, antihistamines, and cold
remedies. This relatively new media approach includes
medications available by prescription only, often advising
the public to ‘‘ask your doctor’’ for the pill by name.
Primary Prevention: An Ongoing
Challenge

The actual emergence of new microbes is difficult to
prevent. In the case of antibiotic-resistant organisms, the



Falls 563
selective pressure is well known and characterized, and yet
it is apparently difficult to remove. The promiscuous use
of antimicrobials in humans and animals seems destined to
continue in the near term, and thus laws of nature suggest
the emergence of new resistant microbes will also con-
tinue. Similarly, medical forays into xenotransplantation
and other procedures with unknown risks for disease
emergence are inevitable. Meanwhile, the human popula-
tion will continue to grow and increasingly tax the planet’s
resources. International travel and trade will continue to
expand, all the while tweaking the microbial world in
unexpected ways. The challenge of preventing the emer-
gence of new microbes is daunting, and our resources
and knowledge for doing so are limited. Factors of emer-
gence provide an outline for additional interdisciplinary
research that needs to be done to provide more scientific
insight into this phenomenon. As we await such insight,
the one clear fact is that emergence is continuous and, if
anything, is continuous at a quickening pace.

See also: Emerging Diseases: Overview; Epidemic

Investigation; Escherichia Coli; Food Safety; Foundations

in Public Health Law; Global Health Initiatives and Public

Health Policy; Severe Acute Respiratory Syndrome

(SARS); Social and Cultural Perspectives on Eco-Health;

Surveillance of Disease: Overview.
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Introduction

The incidence of falls for individuals, as well as the
burden on the health-care system, shows a U-shaped
relationship with age (Figure 1). Across the world, falls
rate as a major contributor to injury in children and older
adults. Falls during young and middle adulthood are less
frequent, although they may impose serious consequences
(e.g., occupational falls).
Levy SB (2002) The 2000 Garrod lecture: Factors impacting on the
problem of antibiotic resistance. Journal of Antimicrobial
Chemotherapy 49: 25–30.

McMichael JA (2001) Human Culture, Ecological Change, and
Infectious Disease: Are We Experiencing History’s Fourth Great
Transition? Malden, MA: Blackwell Science.

Patz JA, Daszak P, and Tabor GM (2004) Unhealthy landscapes: Policy
recommendations on land use change and infectious disease
emergence. Environmental Health Perspectives 112: 1092–1098.

Slingenbergh JI, Gilbert M, De Balogh K, et al. (2004) Ecological sources
of zoonotic diseases. Scientific and Technical Review 23: 467–484.

Smolinski MS, Hamburg MA and Lederberg J (eds.) (2003) Microbial
Threats to Health: Emergence Detection and Response.
Washington, DC: National Academies Press.

U.S. General Accounting Office (2004) Antibiotic Resistance: Federal
Agencies Need to Better Focus Efforts to Address Risk to Humans
from Antibiotic Use in Animals. Washington DC: GAO.

Witte W (2000) Selective pressure by antibiotic use in livestock.
International Journal of Antimicrobial Agents 16(supplement 1):
S19–S24.

WoolhouseMEJ andGowtage-Sequeria S (2005) Host range and emerging
and reemerging pathogens. Emerging Infectious Diseases 11(12).

World Health Organization (2001) Use of Antimicrobials Outside Human
Medicine. Geneva, Switzerland: World Health Organization.

World Health Organization (2002) Implementation Workshop on the
WHO Global Strategy for Containment of Antimicrobial Resistance.
Geneva, Switzerland: World Health Organization.
Further Reading
Colwell R, Patz JA, and Patz R (1997) Climate, Infectious Disease and
Health: An Interdisciplinary Perspective. Washington, DC: American
Academy of Microbiology.

Morse S (2004) Emerging and Reemerging Infectious Diseases:
A Global Problem Interview with Stephen S. Morse. Washington, DC:
Action Bioscience.

Nadakavukaren A (1990) Man and Environment: A Health Perspective.
Washington, DC: Waveland Press.

World Bank Group (2005) Environment Matters: Annual Review 2005.
Washington, DC: The World Bank Group.

World Health Organization (2004) Ecosystems and human well-being:
Health synthesis. A Report of the Millennium Ecosystem
Assessment. Geneva, Switzerland: World Health Organization.
l Research Institute, Sydney, NSW, Australia

Falls in Children

The World Health Organization has rated falls as one of
the leading causes of the global burden of disease for
children age 0–14 years. Falls rated in the top 15 leading
causes of burden across cultures and high-, middle-,
and low-income countries for the year 2000 (Peden
et al., 2002).
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564 Falls
Epidemiology of Falling

Falling is an important part of childhood development.
The actual rates of childhood falls are difficult to ascer-
tain, due to the frequency and inconsequentiality of most
falls in this age group. Information gathered, predomi-
nantly from hospital emergency room and admission data
bases, suggests that falls are the leading cause of childhood
injury, accounting for approximately 25–30% of all child-
hood injuries. Fall injury hospitalizations occur at a rate of
approximately 500–1000 per 100 000 people, and it is
likely that even more fall-related injuries are treated in
general medical clinics (Rivara et al., 1989).

More than half of all fall-related childhood injuries
occur among children age 5 years and younger. Infants
most often fall from a bed, chair, baby walker, and stairs,
while toddlers often fall from windows, and older children
predominantly fall from playground equipment. Accord-
ingly, the most common location of falls resulting in injury
among children aged 0–4 years is the home, and for chil-
dren age 5–9 years, the most frequent locations were ‘other’
locations. Falls represent the most common unintentional
injuries in schools. Overall, 40% of injurious falls requiring
hospital admission involve falling from one level to another.

Consequences of Falls in Children

Falls are a leading cause of childhood morbidity and
mortality. After motor vehicle accidents, falls represent
the most common cause of unintentional injury-related
childhood death in the United States. In fact, in most
countries across the world, falls rate within the top four
leading causes of death in children. While most countries
list childhood falls as a major public health issue, children
in low- and middle-income countries are at four times
greater risk of dying from injuries than children in high-
income countries (see Figure 2). In 1991, Chinese child
mortality rates due to falls were found to be more than
four times those of the United States.

Head and upper extremity trauma are themost common
injuries resulting from falls in pediatric trauma patient
admissions, accounting for approximately three-fourths of
all injuries. Children younger than 2 years are most fre-
quently diagnosed with head injury (40%), which is likely
to be due to the mechanism of falls in this group. Children
5–12 years old are most commonly diagnosed with a frac-
ture (65%), and themajority of these (75%) are of the upper
extremities. In playground falls, upper-limb fracture is the
most common injury, accounting for 43% of emergency
room presentations and 74% of hospital admissions.

An Australian study reported that the hospital length of
stay ranged from 0.4 days for open wounds of the head and
face to 10.6 days for fractures of other or unspecified parts
of the femur, with an average length of stay of 1.2 days.
Regarding average length of hospital stay due to falls from
playground equipment, fractures to the femur resulted in
an average stay of 9.4 bed days per patient, followed by
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fractures to the neck and the lumbar spine, both with an
average of 4.8 bed days. While it has been stated that falls
are the leading cause of morbidity among children, there
are few data regarding ongoing disability resulting from
falls in children. It has been suggested that falls from
windows account for the most significant morbidity.
Economic Cost of Falls

There is a considerable economic cost associated with
childhood falls, most notably those resulting in serious
injuries requiring hospital treatment. A study conducted
in Los Angeles County, California, in the 1980s estimated
hospital charges to be about US$5000 per child admitted
with a fall-related injury. Similarly, the average total cost
per injury (in 1990s prices) in countries such as Canada
and Australia has been estimated at $4800–$5500 in the
local currencies.

Data compiled by the U.S. National Center for Health
Statistics National Hospital Ambulatory Medical Care
Survey for 1992–94 revealed a national cost of US$958
million for emergency care for children who were seen for
falls. Canadian childhood fall cost estimates in 1995 were
CDN$630 million per year. In 1999, the province of
Ontario, which contains 40% of Canadian children age
0–14, reported injuries from falls among children in this
age bracket to cost CDN$311million. These figures suggest
that the cost of childhood injuries in Canada is increasing.
Fall Risk Factors

The typical risk factors for childhood falls are largely
dependent on the age of the child. Lack of supervision
on beds, changing tables, and other furniture is a common
cause of falls in infants. Stairs are also a common site for
falls in infants and toddlers, with many baby walker-
related injuries involving stairs. Windows pose a particu-
lar threat to children under the age of 10 years, who are
often curious yet unaware of the danger. Playgrounds pose
a particular fall hazard to children age 5–9 years, with
climbing apparatus and trampolines being the primary
mechanisms. Sport and school ground activities provide
likely mechanisms for falls in adolescents. Approximately
one-third of injuries in children’s soccer and netball, for
example, are due to falls. Falls are the most frequent cause
of school-related injuries requiring hospitalization. Not
using proper equipment for sporting activities can lead to
severe injuries as a consequence of falls.

Prevention of Falls in Children

The heterogeneity of fall events and the complexity of fall
event environments indicate that a universal falls preven-
tion strategy is unfeasible. The various suggested strate-
gies to prevent falls in children include the use of safety
glass; window bars; child safety gates at the top and
bottom of stairs; safety straps to secure children into
strollers, shopping carts, and infant carriers; stationary
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play stations rather than mobile walkers; adequate protec-
tive equipment for sporting and recreational activities
(e.g., helmets); and shredded rubber, fiber mulch, or fine
sand for playground surfaces. Playground injury risk was
2.3 to 4.1 times greater for falls from equipment heights
above 1.5m than for falls from equipment 1.5m and below
(Sherker et al., 2005). It has been suggested that a 45%
reduction in children attending emergency departments
could be achieved if the maximum fall height was lowered
to 1.5m. Evidence of a successful fall prevention strategy
exists in New York City, where a campaign to promote the
use of window guards in apartments was implemented
using mass media, landlord legislation, and the issuing of
free guards, resulting in a reduction of falls by approxi-
mately 50% and child deaths by 35% (Committee on
Injury and Poison Prevention, 2001). Very few controlled
trials have been conducted to provide scientific evidence
of effective fall prevention interventions for children.

Summary

Falls are one of the leading causes of the global burden of
disease for children internationally. One in three child
hospital admissions is due to a fall-related injury. Infants
and toddlers most often fall within the home, while older
children often fall in the playground. Head trauma and
limb fracture are common consequences of falls in children.
Intervention strategies, such as the ban of baby walkers and
the use of window guards, have shown a successful reduc-
tion in the number of childhood falls. Playground safety
standards and home modifications can further reduce the
burden of fall-related injuries in children.
Falls in Older People

Epidemiology of Falling

Increased susceptibility to falling is one of the most seri-
ous and costly problems associated with aging. Approxi-
mately one-third of people age 65 years and older living in
the community fall at least once a year, with between 11%
and 17% of these people suffering multiple falls. It has
been estimated that at least 40% of people who have been
hospitalized because of a fall are discharged to nursing
home care and a further 10% of people need ongoing
assistance at home from community services. The rate of
falling in institutionalized older people is even higher,
with various studies reporting fall rates of between 40%
and 56% in older residents each year. In addition, women
are up to twice as likely to fall as men are.

Fall Locations

Fall location is related to age, gender, and frailty. In
community-dwelling older people, about 50% of falls
occur within their homes and surrounding areas, with
most of these occurring on level surfaces in commonly
used rooms such as the kitchen, living room, and bed-
room. It has been found that the number of falls occurring
outside the home decreases with age and that frailer
people suffer most falls within the home since time
spent indoors increases with frailty and immobility.
Mechanisms of Falling

Up to 75% of falls occur during walking, and most falls
occur due to trips, loss of balance, or slips. Transfer and
mobility tasks, such as standing up from a seated position
and stair negotiation, are also often implicated in falls in
older people.
Consequences of Falls in Older People

Fall injuries

Falls are the leading cause of injury-related death and
hospitalization in persons age 65 and older. In 1998 in
Australia there were 1014 deaths as a result of falls in
people age 65 and older, equating to an adjusted rate of
38.9 deaths per 100 000 people. The death rate increases
with increasing age, with the largest number of deaths
occurring in the 85 years and older age group. Data from
countries such as Finland and the United Kingdom show
similar death rates, as well as a significant increase in
death rates in people 85 and older.

Between 22 and 60% of falls in older adults result in
injury, depending on the population under study, and it is
estimated that 20% of people who experience a fall sustain
injuries that require medical attention, including treatment
by general practitioners or hospital emergency departments
and admissions to hospital. Major injuries, including soft
tissue damage, head trauma, dislocations, and fractures,
occur in 5–15% of all older adult falls in any given year.

Fracture to the neck or the femur is one of the most
serious injuries resulting from a fall and occurs in approx-
imately 1–2% of older adult falls. Of the people who
sustain a hip fracture, many fail to regain their prefall
level of functioning. A study conducted in the United
States (Marottoli et al., 1994) reported that 18% of people
who sustained a fractured femur died within 6months of
the injury and 29% had been institutionalized. If current
trends in injury rates are applied, it is projected that by the
year 2026, the number of hip fracture patients each year
will double, and by 2051 there will be a fourfold increase,
creating a significant demand for health services and
residential aged care facilities.

Data from several countries show hospitalization rates
for older adult falls are significantly higher for women
than for men, and the rate for both men and women
increases exponentially with age. There is a ninefold
increase in the rate of hospitalization from age 65 to age
85 and older. The data also show that the death rate as a
result of accidental falls increases with increasing age,
peaking in the 85 years and older age group.
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In addition to the possibility of serious injuries, falls
can result in permanent disability, restriction of activity,
loss of confidence, and fear of falling – all of which reduce
quality of life and independence. Over time this can lead
to a reduction in physical activity, which can in turn lead
to physical decline and consequently a higher risk of
future falls. Furthermore, as mentioned above, an impor-
tant consequence of falls is the subsequent placement of
an older person into a residential aged care facility.

Economic cost of falls

There are many costs associated with falls, and they may be
classified as direct or indirect costs. Direct fall-related costs
can include hospital and nursing home care, doctor and
allied health-care services, diagnostic tests, medications, and
home modifications. Indirect costs include informal care-
giver costs often provided by friends and/or family, patient
opportunity costs, as well as patient mortality andmorbidity
costs. In economic terms, these costs are large andwill grow
as the proportion of older people in society increases.

Fall Risk Factors

Extrinsic or environmental factors play a role in fall
causation and injury; however, the majority of falls in
older adults are thought to be due to the interaction
between extrinsic and intrinsic factors. It is widely
accepted that the risk of falling increases with the number
of risk factors present. In a community-dwelling cohort,
for example, the risk of falling ranged from 8% among
Vestibular sense
- caloric testing
- rotational testing
- optical stability
- vestibulospinal reflexes

Peripheral sensation
- tactile sensitivity
- vibration sense
- proprioception

Reaction time (RT)
- simple RT
- choice RT

Figure 3 Physiological factors that are the primary contributors to s

from Lord SR, Sherrington C, and Menz HB (2000) Falls in Older Peo
Figure 3.1 on page 41, with permission from Cambridge University P
those people with no risk factors to 78% for people with
four or more risk factors (Tinetti et al., 1988).

Postural control is defined as the maintenance of the
body’s center of gravity within its base of support during
stance or voluntary movements and in response to pos-
tural perturbations. Input to the central nervous system is
received from the visual, vestibular, and somatosensory
systems to allow for adjustments to be made to body
position to maintain an upright bodily posture. Instability
and falls in older people can result from impairment in
any component of the postural control system (as illu-
strated in Figure 3), and poor balance is widely acknowl-
edged as being a significant contributor to the increased
incidence of falls in people age 65 and older. If older
people encounter a hazard that causes them to trip or
slip, they will be less likely to recover stability in time to
prevent a fall because of age-related impairments in various
physiological systems, such as vision, peripheral sensation,
muscle strength, reaction time, and vestibular sense. Fur-
thermore, when one of the components of the postural
control system is deficient, there is a greater reliance on
the remaining components to help maintain balance, there-
fore increasing the demands on the sensorimotor systems
and consequently increasing the likelihood of a fall.

The effects of certain chronic medical conditions, such
as Parkinson’s disease, impaired cognition, and stroke, can
also place an older person at risk of falls, as can the use of
certain medications. As mentioned previously, there are
also psychosocial and demographic factors that are
Vision
- visual acuity
- contrast sensitivity
- depth perception
- glare sensitivity
- dark adaptation

Neuromuscular control
- tapping and coordination tests

Muscle strength
- hip
- knee
- ankle

tability and the tests used to measure these factors. Reproduced

ple. Risk Factors and Strategies for Prevention, 1st edition,
ress.
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associated with a greater risk of falling, including
advanced age, restrictions in activities of daily living,
fear of falling, depression, and a history of previous falls.
Fall Risk Assessment

Identification of fall risk and consequent intervention are
an effective method of preventing falls in the older popu-
lation. Risk assessments can highlight disease risk factors
and allow appropriate interventions to be implemented.
Furthermore, if impairments in individuals are detected
at an early stage, interventions may be able to slow the
decline in function in key physiological systems and
therefore reduce the incidence of falls. Since fall risk
increases as a result of the cumulative effect of multiple
disabilities and deficiencies, a fall risk assessment should
be multifactorial and should include measures that have
proven reliability and validity for the particular setting
and patients for which it is to be used.

Risk assessment in hospital or long-term

care settings
The intrinsic risk factors that have been particularly impli-
cated in falls occurring in the hospital and long-term care
facility (LTCF) setting are history of falls, increased age,
transfer and ambulation difficulties, limitations in activities
of daily living, dizziness and balance abnormalities, impaired
cognition, visual impairment, incontinence, frequent toilet-
ing, and medication use. Fall risk assessments that are to be
used in these settings should therefore focus on these factors.

The St. Thomas’s risk assessment tool in falling elderly
inpatients (STRATIFY) assessment was developed by
researchers in the United Kingdom and consists of these
five measures found to be independently associated with
risk of falling in the hospital setting:

. Presenting with a fall or having a fall while on the ward;

. The presence of agitation;

. Visual impairment (as measured by the patient’s pri-
mary nurse);

. Need for frequent toileting;

. Impaired ability to transfer and walk.

The presence of two or more of these factors places a
person at a high risk of falling. An advantage of the
STRATIFY over other risk assessments for this setting is
that it takes less than 5min to complete and is also more
accurate at predicting future falls than other similar tools.

Other fall risk assessments that are suitable for use in
hospital and LTCF settings include the Falls Risk Assess-
ment Tool, developed by Schmid in 1990, and the Peter
James Centre Falls Risk Assessment Tool, developed by
Haines and colleagues in Australia.

Risk assessment in community settings
Fall risk assessment for community-dwelling older people
differs somewhat from assessment in a hospital or LTCF
setting since community-dwelling older people are usually
more active, more cognitively intact, and more physically
independent than people in LTCFs. Nevertheless, any
assessment used needs to be multifactorial, because of the
complex nature of falls, and needs to be of sufficient inten-
sity to challenge the older person and therefore be more
likely to illuminate areas of deficiency, should they exist.

The Physiological Profile Assessment (PPA) provides
direct and reliable measures of the capacity of the physi-
ological systems that play important roles in the control of
postural stability while standing and walking. It was devel-
oped by researchers in Australia (Lord et al., 2003) and
comprises tests of vision, peripheral sensation, lower limb
strength, simple reaction time, postural sway, and dynamic
balance. In multivariate models, weighted contributions
from five of these variables provide a fall risk score that
can predict those at risk of falling with 75% accuracy in
community settings. A quicker assessment than the PPA is
the QuickScreen clinical fall risk assessment, which is an
eight-item assessment that includes the domains of previ-
ous falls, medication usage, vision, peripheral sensation,
lower limb strength, and balance. It has good test–retest
reliability and validity for predicting recurrent fallers in
the community setting and is suitable for use in busy
clinical settings by a variety of health professionals.

Other fall risk assessments that are commonly used to
assess older community-dwelling people are the Berg
Balance Scale, the Timed Up and Go test, and the Func-
tional Reach test. However, these are all measures of
mobility and balance and hence do not assess the other
important physical risk factors mentioned here, such as
peripheral sensation and vision.
Interventions for the Prevention of Falls in
Older People

Several effective methods for reducing falls have been
identified in previous research, ranging from exercise
and visual interventions to medical interventions and
the modification of environmental risks.

Exercise interventions

There is evidence that exercise can be effective in the
reduction of fall risk in older people. Effectiveness is max-
imized if interventions are targeted to at-risk groups, con-
tain weight-bearing balance components, and include a
progressive increase in intensity over time. Exercise that
is specific to activities of daily living is optimal. There is
also evidence that tai chi-type exercises can improve bal-
ance and reduce fall risk; however, this mode of activity is
better suited to active, community-dwelling people rather
than to very old or frailer groups. Safety, supervision, and a
gradual increase in exercise intensity are important factors
to consider when designing exercise programs for older
people. The benefits derived from participation in exercise
are related to the level of compliance by the individual.
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Visual interventions
Visual interventions can improve vision and prevent falls,
as has been shown in a number of research studies. The
interventions included in recent studies involved correc-
tion of refractive error and cataract surgery. These studies
showed up to a 30% reduction in falls in the 12months
following intervention.

Medical interventions
Withdrawal of psychoactive medication use has been
found to be an effective strategy in reducing falls if com-
pliance can be maintained, with one study resulting in
a 65% reduction in falls following intervention. Other
medical interventions for reducing fall risk include the
treatment of symptomatic orthostatic hypotension and
cardiovascular interventions.

Home modification interventions

Home modification interventions involve the removal of
fall hazards, installation of safety devices, and education
about risks around the home and safe footwear. These
interventions have resulted in varying degrees of success
in the reduction of falls in older people, with the greatest
success seen in older people with a history of falls and
mobility limitations; reductions in the rate of falls as high
as 30% have been reported.
Summary

Falls in older people are common, have a high social and
economic cost, and can result in serious long-term con-
sequences. However, they may be prevented. There are
many risk factors that place an older person at an
increased risk of falling and that vary from person to
person. This makes a multifactorial, individualized assess-
ment of risk an important first step in the development
and implementation of effective intervention strategies
to reduce falls. Interventions for the prevention of falls
in this demographic group include exercise programs,
visual interventions, medical interventions, and home
modifications.

See also: Nutrition and the Elderly; Occupational Injuries

and Work Place Violence; Populations at Special Health

Risk: The Elderly.
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Introduction

Until the twentieth century, the prevention of pregnancy
was largely achieved by abstinence, avoiding coitus dur-
ing the fertile period or having it only infrequently, or
by coitus interruptus. These methods of contraception
served well the populations going through the Industrial
Revolution. In developed countries, birth rates had fallen
long before the introduction of modern methods of con-
traception. Before 1950, condoms (first described in 1350
BC), female barrier methods (available from the 1800s),
and the intrauterine device (IUD, first developed in 1909
with modern copper devices produced in 1969) were the
only artificial methods available. The advent of the oral
contraceptive pill in 1960, developed by Pincus and Rock
and colleagues, is widely regarded as heralding a revolu-
tion in contraception; the pill is currently used by over
60million women worldwide. The uptake of modern
methods of contraception (hormonal and intrauterine
contraceptives) has led to a further fall in total fertility
rates (TFRs) in the developed world and a marked fall in
some less-developed countries. In 2005, 60% of married
women were using contraception (all methods) and 53%
were using modern methods, resulting in a TFR for the
world of 2.7. These impressive statistics hide enormous
variation between countries. In China, 87% of married
women use contraception (86%, modern methods) while
in Chad only 11% are using contraception (2%, modern
More-developed countries
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ure 1 Contraceptive use in more-developed and less-develope
sitions in world population. Population Bulletin 59: 1–40.
methods). Overall contraceptive use in developed and
developing countries is compared in Figure 1.

Modern contraceptives can be divided into irreversible
methods (male and female sterilization) and reversible
methods, made up of hormonal methods (delivering
either a combination of estrogen and progestogen or
progestogen alone), IUDs, and barrier methods, the latter
of which are the only methods that also protect against
sexually transmitted infections. Periodic abstinence, with-
drawal, and lactational amenorrhea also have a major role
to play in some countries.

A wide range of factors affect contraceptive choice and
uptake, including availability (not all methods are licensed
everywhere and in some parts of the world supplies of even
those that are licensed are precarious), cost, effectiveness,
ease of use, risks, and side effects. Providers and cultural
acceptability also play a large part in determining method
use and there are wide variations between countries in
patterns of use. For example, while the IUD is used by
17% of women using contraception in Sweden, it accounts
for less than 1% of contraceptive use in the United States.
Injectable, progestogen-only contraception is themost pop-
ular method in South Africa and Thailand but hardly used
in France, Italy, or Spain. In Turkey, 24% of couples rely on
withdrawal. In Latin America, female sterilization is com-
mon whereas vasectomy is hardly ever performed.

Most modern methods of contraception are highly
effective when used perfectly, that is, correctly and with
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every act of intercourse (Table 1), but those methods that
require the user to do something every day (e.g., take a pill)
or something with every act of intercourse (e.g., put on a
condom) have relatively high failure rates in typical use
Table 1 Effectiveness of contraceptive methods

Pregnancy rate (%)a

Method
Typical
use

Perfect
use

More effective Male sterilization 0.15 0.10
Female sterilization 0.5 0.5

Implant 0.05 0.05

LNG-IUS 0.1 0.1

Copper IUD 0.8 0.6
Progestogen

injectable

3 0.3

Combined

injectable

3 0.05

Effective Combined pill 8 0.3

Combined patch 8 0.3

Combined
vaginal ring

8 0.3

Progestogen-only

pill

8 0.5

Less effective Male condom 15 2
Female condom 21 5

Diaphragm 16 6

Cervical cap

(parous)

32 26

(nulliparous) 16 9

Periodic

abstinence

20 1–9b

Spermicides 26 6

Withdrawal 19 4

No contraception 85%

aPregnancy rates among U.S. women during first year of use of a

method.
bDepending on the precise method used.

Table 2 WHO Medical Eligibility Criteria (WHOMEC)

Category With clinical judgment
Wi
jud

1 Use method in any circumstances Ye
2 Generally use the method Ye

3 Use of method not usually

recommended
unless other more appropriate

methods are not available

or not acceptable

No

4 Method not to be used No

aThis column gives examples of how the medical eligibility criteria are

contraception. If the woman suffers from a depressive disorder there is
who are obese generally can also use combined pills but women
(i.e., when a method is used sometimes incorrectly and/or
inconsistently). In the developed world, unintended preg-
nancy most commonly arises because of inconsistent or
incorrect use of a method including discontinuation of the
method. Contraceptives that require a visit to a health
professional for discontinuation (IUDs and implants)
tend to have higher continuation rates than those that
the user can simply stop when he or she feels like it.

All methods are extremely safe in healthy women.
Methods that contain estrogen are associated with an
increased risk of cardiovascular disease and breast cancer
but the absolute risk of serious side effects is very small.
For all methods, particularly in less-developed countries,
the risk of pregnancy far outweighs the risks of using
contraception. The World Health Organization (WHO)
has developed a simple system to help assess who can use
which method safely – the Medical Eligibility Criteria for
Contraceptive Use (WHOMEC) (Table 2). Medical pro-
blems or special conditions affecting eligibility to use a
method are classified into one of four categories, which
allow for unrestricted use (category 1), use when the
advantages outweigh the theoretical or proven risks (cate-
gory 2), use when the risks outweigh the advantages
(category 3), and use when the risk of using the method
is unacceptable (category 4). The system allows for pro-
viders with limited clinical judgment to provide contra-
ception to women with conditions that fall into categories
1 and 2. The WHO has also developed international
guidance for effective use and clinical management of
contraception – the Selected Practice Recommendations
for Contraceptive Use (SPR).
Combined Hormonal Contraception

The combined oral contraceptive pill was first developed
in the late 1950s and since then has become widely avail-
able throughout the world. It contains a combination of
th limited clinical
gment

Example condition in relation
to use of combined pill a

s (Use the method) Depressive disorders
s (Use the method) Obesity (BMI > 30)

(Do not use the method) Adequately controlled

hypertension

(Do not use the method) Breast cancer

used in practice for women wishing to use combined hormonal

no restriction on her using combined contraceptive pills. Women
with breast cancer should not use such pills and women with
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synthetic estrogen and progestogen hormones and since it
was first introduced the dose of both hormones has been
significantly reduced.

The combined pill offers highly effective and conve-
nient contraception that is independent of intercourse.
Alternative delivery systems of combined hormonal con-
traception have been developed and may offer advantages
in terms of convenience and compliance. Most evidence
relating to oral, combined hormonal contraception can be
extrapolated to the other routes of combined hormonal
administration for which there are as yet few data.
Mode of Action

The main mode of action of combined hormonal contra-
ception is to inhibit ovulation by suppressing gonadotro-
pin release from the anterior pituitary, thereby inhibiting
ovarian follicular development and ovulation. Additional
contraceptive mechanisms include effects on cervical
mucus and atrophy of the endometrium.
Combined Oral Contraceptives

The estrogen contained in almost all combined pills is
ethinylestradiol and the dose ranges between 15 and
50 mg, with 30 mg being the most common dose. There is
a wider selection of progestogens within combined pills
and these vary in potency and dosage (Table 3). Most pill
preparations contain identical combinations of hormones
throughout the packet, that is, they are known as mono-
phasic preparations, although some contain a mixture of
two (biphasic) or three (triphasic) different pill combina-
tions in the same pack.

Most combined pill preparations contain 21 active hor-
mone tablets and the user takes a tablet daily followed by a
pill-free interval of 7 days. Some combined pills have
seven placebo pills in the blister pack so that the user can
continue with regular, daily pill-taking. Some women
choose to run packets of combined pill preparations
together, without the pill-free interval, often three at a
time. This ‘tricycling’ of pills or continuous pill use avoids
the regular, monthly withdrawal bleed and a marketed
Table 3 Classification of progestogens within combined pills

Classification Progestogen

2nd generation Norethisterone/norethisterone
acetate

Levonorgestrel

Ethynodiol

3rd generation Gestodene
Desogestrel

2nd/3rd generation Norgestimate

With antimineralocorticoid

activity

Drospirenone

With anti-androgenic activity Cyproterone acetate
preparation is now available in the United States, which
has 84 pills packaged for continuous use followed by a
7-day, pill-free interval.
Contraindications

The WHOMEC Category 4 conditions (which represent
absolute contraindications to prescribing of the combined
pill) fall under the broad headings of past or present
circulatory disease, diseases of the liver, and history of a
serious condition known to be affected by sex steroids
(e.g., breast cancer). Many underlying medical conditions
are not adversely affected by use of the combined pill but
lack of conclusive evidence makes most of them
WHOMEC Category 2 (the advantages of the method
generally outweigh the theoretical or proven risks).
Side Effects and Risks

Most side effects of the combined pill are mild and often
settle with time. Common complaints include irregular
bleeding, including breakthrough bleeding, breast tender-
ness, bloatedness, mood changes, weight gain, and nausea.
These troublesome symptoms can result in poor compli-
ance and subsequent discontinuation of the combined pill
in some users.

Serious complications in combined pill users are very
rare and the main risks relate to thrombotic events and
cancer of the breast and cervix. Long-term data from the
Royal College of General Practitioners’ Study in the
United Kingdom showed no excess mortality in users of
the combined pill compared with users of other methods
(Beral et al., 1999).

Venous thromboembolism (VTE): Estrogen within com-
bined pills has a prothrombotic effect and the risk
of VTE for users is increased compared to nonusers
(Table 4). The risk is greater in women taking combined
pills containing the newer progestogens – desogestrel and
gestodene – rather than the older progestogens, but overall
VTE risk in users (15–30 cases per 100 000 users) is still
only about half of the risk associated with pregnancy (60
cases per 100 000 pregnant women). Risk of VTE in indi-
vidual users of combined oral contraceptives is also influ-
enced by factors such as obesity, immobility, and presence
of any inherited thrombophilia.
Table 4 Risk of venous thromboembolism with combined

pills

Risk of venous thromboembolism Per 100 000 women

Nonusers of combined pills 5

2nd-generation combined pill users 15

3rd-generation combined pill users 30

Pregnancy 60
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Arterial disease: The WHO Scientific Group on Cardio-
vascular Disease and Steroid Hormone Contraception
(1998) reviewed risk of myocardial infarction and stroke in
combined pill users and their conclusions are reassuring.
Both conditions are very uncommon in young women of
reproductive age so the absolute risks are extremely small.
In brief summary, there is virtually no effect of combined
pill use on risk of myocardial infarction in women with
normal blood pressure who do not smoke. Risk of hemor-
rhagic stroke similarly is not increased in women under the
age of 35 years who do not smoke and have normal blood
pressure. The risk does, however, increase with age and this
effect is magnified in users of the combined pill. The rela-
tive risk of thrombotic stroke is increased in combined pill
users to around 1.5 and further increased in pill users who
smoke or have high blood pressure.

Cancer:The relationship of the combined pill with both
breast and cervical cancers is complex. Data from the
Collaborative Group on Hormonal Factors in Breast Can-
cer (1996) found that current or recent users of the com-
bined pill have an increased relative risk of breast cancer
of around 1.24. This increased risk was not related to
duration of pill use or hormone dose and disappeared
10 years after discontinuing the pill. In a recent reanalysis
of worldwide data from 24 epidemiological studies, the
relative risk of cervical cancer among women currently
using oral contraceptives for 5 years or more was twice
that of never-users and the risk increased with increasing
duration of use (International Collaboration of Epidemi-
ological Studies of Cervical Cancer, 2007).
Noncontraceptive Benefits

In addition to highly effective protection against preg-
nancy, the combined pill offers significant noncontracep-
tive benefits for the user. Withdrawal bleeds are usually
lighter and less painful than normal menstrual periods.
Women are less likely to become anemic and iron stores
rise. Premenstrual mood changes often improve and
women using the combined pill are less likely to develop
functional ovarian cysts and pelvic inflammatory disease.

The combined pill offers important long-term protec-
tion against both ovarian and endometrial cancers with a
three- to fourfold reduction in the risk of both malignan-
cies, which lasts for at least 15 years after the combined
pill is stopped.
Combined Hormonal Patches, Injectables,
and Rings

All these delivery systems have been developed relatively
recently and it may be of benefit for some individuals to
avoid the oral route of hormonal administration in the
presence of gastrointestinal disorders or if nausea and
vomiting are a problem. Women may find these methods
more convenient to use and thus compliance may also be
improved.

Injectable: One monthly injection contains a natural
estrogen ester, estradiol cypionate (5mg), combined with
medroxyprogesterone acetate (25mg). Women experi-
ence a regular monthly bleed with this preparation and
the return to fertility on discontinuation is rapid. Various
other combinations have been used, particularly in China
and Latin America, with varying dosage regimens and
generally high efficacy.

Transdermal patch: A combined hormonal patch is now
available in many countries. It releases ethinylestradiol
(20 mg) and norelgestromin (150 mg) daily. The monthly
schedule consists of three patches, each worn for 7 days
followed by a patch-free week during which a withdrawal
bleed occurs. Efficacy is similar to the combined pill.

Vaginal ring: The combined contraceptive ring is a soft
silastic structure that is inserted high into the vagina. It
measures 5.4 cm in diameter and releases ethinylestradiol
(15 mg) and etonorgestrel (120 mg) daily. It is placed in the
vagina for 21 days and then removed for a 7-day interval
at which time a withdrawal bleed occurs.
Progestogen-Only Contraception

Progestogen-only methods avoid the estrogen-related
side effects and risks of combined hormonal contracep-
tion. They offer highly effective contraception in a range
of dosages and delivery systems (Table 5). The individual
characteristics of each progestogen-only method vary
quite considerably and they offer a variety of options,
including pills, implants, and injectables. A progesterone-
releasing vaginal ring is marketed in South America for
lactating women.

In contrast to the estrogen-containing, combinedmeth-
ods, low-dose, progestogen-only methods have no signifi-
cant prothrombotic effect and therefore can be used by
women with risk factors for cardiovascular disease when
combined hormonal contraception is contraindicated.
High-dose, progestogen-only methods may exert some
effect on coagulation so should be avoided in women
with a personal history of thrombosis. All progestogen-
only methods are associated with significant menstrual
change ranging from total amenorrhea to daily bleeding,
although the latter is rarely heavy.
Mode of Action

Low-dose progestogen methods act mainly by interfering
with cervical mucus and endometrial development,
thereby affecting sperm transport and implantation.
Higher-dose methods reliably suppress ovulation in
addition.



Table 5 Progestogen-only contraception

Mode of delivery Method Type of progestogen Dose Effective for

IM injection DMPA Medroxyprogesterone acetate 150mg 3months
Depo Provera

IM injection NET-EN Norethisterone enanthate 200mg 2months

Noristerat

Subdermal implant Norplant Levonorgestrel 25–80mg/day 5 years
Subdermal implant Jadelle Levonorgestrel 25–80mg/day 5 years

Subdermal implant Implanon Etonorgestrel 25–70mg/day 3 years

Intrauterine Progestasert Progesterone 65mg/day 1 year

Intrauterine Mirena Levonorgestrel 20mg/day 5 years
Oral Norethisterone 350mg/day Daily

Oral Various brands Levonorgestrel 30mg/day Daily

Oral Ethynodiol 500mg/day Daily
Oral Cerazette Desogestrel 75mg/day Daily
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Progestogen-only pills

The progestogen-only pill (POP) is a low-dose method
that requires a meticulous pill-taking regimen to ensure
effectiveness. Extra contraceptive measures are required if
a POP is taken more than 3 hours late. A small range of
pills is available. One pill is taken every day without a
break. Menstruation may be regular but is more likely to
be erratic and unpredictable. Depending on the brand of
POP up to 20% of women (in whom ovarian activity is
suppressed) develop amenorrhea.

Efficacy shows a clear relationship to age, with the
POP being around 10 times more effective in women
over 40 years compared to women aged 25–29 years. For
this reason, the POP is rarely recommended for adoles-
cents, who often find it difficult to achieve good compli-
ance with the required, strict pill-taking. Many women
take the POP while lactating and efficacy is very high in
this situation. There is a recommendation in some
countries that, if a woman weighs more than 70 kg, she
should then take a double dose of the POP to improve
efficacy. If a woman taking the POP does become preg-
nant, there is a higher chance than normal that she might
have an ectopic pregnancy.

A new, more potent POP containing the progestogen
desogestrel (75mg) is available in some countries and reli-
ably inhibits ovulation in virtually all cycles. As a result, it is
theoretically more effective than the older preparations and
can prove helpful in the management of conditions such as
menstrual migraine and premenstrual syndrome.
Injectables

Two injectable progestogen-only methods are available.
Depot medroxyprogesterone acetate (DMPA) (150mg) is
the more commonly used and is given by deep, intramus-
cular injection every 3months. Norethisterone enanthate
(NET-EN) (200mg) is given every 8weeks. Amenorrhea
is common with both methods; many women welcome the
lack of menstruation provided they are well counseled
about this in advance.

Long-term use of DMPA appears to cause a slight
reduction in bone mineral density compared to nonusers.
Most studies suggest that this is reversible on discontinu-
ation of DMPA but it is of concern that adolescents using
DMPA may fail to reach their peak bone mass and that
women approaching menopause may not recover their
bone mineral density and so may be at increased risk of
osteoporosis in later life. DMPA is often associated with
slight initial weight gain and in long-term users there is a
delay in return of fertility of up to 6months in comparison
with other hormonal methods.
Implants

Contraceptive implants consist of nonbiodegradable, flex-
ible rods that are inserted subdermally into the upper arm.
The active hormone is contained within the core of each
rod and is released by steady diffusion into the circulation.
Insertion and removal have to be undertaken by trained
health professionals. Although the up-front cost of
implants is higher than other methods, they are a highly
cost-effective method of contraception if the user con-
tinues for the full duration of the implant’s lifespan. The
most commonly used implants are listed here:

. Norplant has six rods that release levonorgestrel. It is
effective for at least 5 years.

. Jadelle is a two-rod system releasing levonorgestrel
with a similar profile to Norplant.

. Implanon consists of a single rod that releases etonor-
gestrel, a precursor of desogestrel. It is effective for
3 years.

Implants are commonly associated with menstrual dis-
ruption and women should be carefully counseled prior to
insertion about the menstrual change and risk of other
minor hormonal side effects. Reinsertion of a new implant
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can be performed at the time of removal of the old implant.
Fertility is immediately restored on removal of the implant.
Intrauterine Devices and Systems

The modern copper-bearing IUD consists of a plastic
frame with copper wire around the stem and, in some
models, has copper sleeves on the arms (Figure 2). The
copper-bearing IUDs are smaller and more effective than
the older, inert plastic devices. Both efficacy and duration
of use are related to the amount of copper the device
bears and many devices will provide up to 10 years of
contraception. Insertion of an IUD should be performed
by trained health-care staff.
Mode of Action

The main mode of action of a copper-bearing IUD is to
prevent fertilization by the toxic effects of copper ions on
gametes. In addition, an IUD causes an inflammatory
reaction of the endometrium that inhibits implantation.
Ortho-Gynae T 380

Nova-T 380

Multiload Cu 375

Mirena intra-uterine system

Figure 2 Commonly used intrauterine methods of

contraception. Source: Glasier A, Gebbie A (eds.) (2008)

Handbook of Family Planning and Reproductive Healthcare,
5th edn. Edinburgh, UK: Churchill Livingstone.
Side Effects and Risks

The risk of uterine perforation at the time of insertion is
around 1 in 1000. The risk of spontaneous expulsion of an
IUD is around 1 in 20 in the first 3 to 6months after
insertion. An IUD is associated with a menstrual change,
with around a 25% increase in menstrual blood loss and
increased dysmenorrhea.

Pelvic infection:There is a slight increase in risk of pelvic
infection in the first few weeks following insertion of an
IUD. Thereafter, the overall risk of pelvic infection in
IUD users is not increased significantly compared to
women using no contraception. If a woman with an IUD
contracts a sexually transmitted infection (STI) then the
IUD may enhance the spread of ascending infection in the
pelvic organs. The decision whether women are to be
screened for STIs prior to insertion of an IUD should be
based on prevalence of infection within the community
and the individual’s own risk factors.

Ectopic pregnancy: Women with an IUD are protected
against all pregnancies, including ectopic pregnancies
(pregnancies implanted abnormally, outside the uterine
cavity). However, should the method fail, the risk of
ectopic pregnancy is around three times higher than
observed in pregnancies that occur without an IUD.
Intrauterine System

The intrauterine system (IUS), also known as the levo-
norgestrel-releasing IUD, releases 20 mg of levonorgestrel
per day from a central hormone reservoir in the stem of
the device (see Figure 2). It exerts its potent contracep-
tive effect by causing profound endometrial atrophy
and making cervical mucus hostile to sperm transport.
Ovulation is not inhibited. The IUS is associated with a
profound reduction in menstrual blood loss and most
long-term users will be oligo-amenorrheic (infrequent
and scant menstrual bleeds). In addition to contraception,
the IUS is also licensed in many countries for treatment of
menorrhagia and as the progestogen component of hor-
mone replacement regimens.
Barrier Methods

Male Condom

The male condom has been used in various forms for
centuries. Most condoms are made of latex rubber but
condoms made of both plastic and animal material are
available. Allergy to latex condoms is a fairly common
problem in either partner. Various sizes and shapes of
condoms are manufactured. Some individuals dislike the
altered sensation of wearing a condom during sexual
intercourse and the necessity to interrupt the sexual act
to put the condom on. It is important that condoms are
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manufactured to stringent standards and many countries
use a recognizable mark indicating production to an
accepted quality. Out-of-date condoms are more likely
to tear or burst during use.

Failure rates of condoms vary and are related to how
consistently and diligently couples use them. The main
benefit of using condoms as a method of contraception is
the additional protection they offer against STI and,
provided the condom is used prior to any genital contact,
then the level of protection against infection is very high.
Condoms have been heavily promoted in Safe Sex cam-
paigns across the globe, particularly in respect to prevent-
ing HIV infection.
Female Condom

The female condom (Figure 3) is a lubricated polyure-
thane sheath that is designed to lie loosely within the
vagina. There is a flexible polyurethane ring at the open,
outer end and a second polyurethane ring inside the
closed, inner end of the condom, which helps to insert
the condom and anchor it within the vagina. It offers
significant protection against sexually transmitted dis-
eases. Designed for single use, it can be inserted either
immediately or several hours prior to intercourse.
Occasionally, the condom can be displaced or pushed
right up into the vagina with penetration taking place
outside the condom (i.e., between the vaginal wall and
wall of the female condom). It is relatively expensive and
many individuals dislike the concept and aesthetics of the
female condom. If no fresh condom is available, a used
female condom may be reused for a limited number of
times provided it is carefully washed and disinfected.
Diaphragms

A contraceptive diaphragm consists of a thin latex rubber
hemisphere with a reinforced rim of a flat or coiled metal
spring (Figure 4). It is designed to cover the cervix by
lying across the upper vagina. Diaphragms are made in
Figure 3 Female condom. Source: Glasier A, Gebbie A (eds.)

(2008) Handbook of Family Planning and Reproductive
Healthcare, 5th edn. Edinburgh, UK: Churchill Livingstone.
various sizes ranging from 50–95mm in diameter and a
woman should be fitted with a diaphragm by a trained
health-care professional. A diaphragm should always be
used in conjunction with spermicide to improve efficacy
as it does not have a tight seal around it in the vagina.
Diaphragms offer protection against pelvic inflammatory
disease and cervical cancer but do not protect against HIV
or other lower genital tract infections.
Cervical Caps

The traditional cervical cap is a thimble-shaped rubber
device that is smaller than the diaphragm and is secured
directly onto the cervix with a suction effect (see Figure 4).
It comes in various sizes and should also be used with a
spermicide to increase efficacy. It may be dislodged during
intercourse without the woman noticing. Other cervical
caps (e.g., Lea’s Shield and FemCap) are available in differ-
ent countries and may be manufactured in plastic, which
allows them to remain in position for longer periods.
Spermicides

A range of spermicidal products is available comprising
creams, gels, pessaries, foams, sponges, and dissolving
squares of film. The active constituent is the chemical
nonoxynol-9, which has toxic effects on sperm cell mem-
branes. Spermicides also offer some degree of protection
against most STIs but not against HIV. In general, they
should be used in conjunction with other barrier methods
as they have an unacceptably high failure rate if used on
their own. There is concern that spermicidal preparations
can have an irritant effect on vaginal and penile tissues,
which may enhance the risk of HIV transmission. As a
result, it is recommended that individuals at high risk of
HIV infection do not use spermicides. In addition, for this
reason, condoms that are prelubricated with spermicide
are no longer recommended.
Diaphragm

Cervical cap

Figure 4 Diaphragm and cervical cap. Source: Glasier A,

Gebbie A (eds.) (2008) Handbook of Family Planning and

Reproductive Healthcare, 5th edn. Edinburgh, UK: Churchill
Livingstone.
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Fertility Awareness Methods

There are only a limited number of days in each menstrual
cycle when fertilization can occur and, using this knowl-
edge, it is possible to predict when intercourse should be
avoided if a couple wishes to avoid pregnancy. The success
of this approach is totally dependent on very careful adher-
ence to the period of abstinence that many individuals find
restrictive. Alternatively, individuals can choose to use a
barrier method of contraception during the fertile period.

These methods may be practiced by couples who have
religious or moral objections to other contraceptive meth-
ods, have no consistent access to modern methods, or who
prefer ‘natural’ methods. They require careful teaching of
the method and good comprehension by the couple of the
significance of the symptoms and signs of ovulation.

There are various ways of detecting the fertile period:

Calendar or rhythm method: This method calculates fer-
tile days by subtracting 18 from the length of the shortest
cycle and 11 from the length of the longest cycle. These
numbers then represent the start and the end of the fertile
period, respectively. In some countries a set of colored
beads is used to help women keep track of the cycle and
fertile times. Each color-coded bead represents a single
day in the cycle, and the color of a particular bead on a
particular day indicates whether the woman is fertile or
not (Figure 5).

Temperature method: This method monitors the small
rise in basal body temperature that occurs after ovulation.
Couples should abstain from intercourse for 3 days after
this rise; this method does not identify the beginning of
the fertile period.

Cervical mucus method or billings method: This method
involves monitoring changes in cervical mucus that
occur in the normal menstrual cycle. Fertile cervical
CycleBeads’

CycleBeads’

Figure 5 Standard days method cycle beads. Source:

Glasier A, Gebbie A (eds.) (2008) Handbook of Family Planning

and Reproductive Healthcare, 5th edn. Edinburgh, UK: Churchill
Livingstone.
mucus is clear and ‘stretchy.’ Abstinence should be main-
tained from the day the fertile mucus is first seen or felt in
the vagina until 3 days after the final day it is detected.

Multiple index methods: These methods combine various
indicators of fertility and, while this undoubtedly
improves efficacy, the method does require particular
diligence on the part of the user.

Ovulation predictor kits: These kits are available and
monitor urinary hormone levels. The computer detects
6–10 days each month when intercourse should be
avoided.

Lactational Amenorrhea Method

Womenwho are exclusively breastfeeding, are amenorrheic,
and have a babyunder the age of 6months have an extremely
low risk of pregnancy. Women in this situation can rely on
lactational amenorrhea as a contraceptive method but
should start using another method once supplemental
foods are introduced for the baby, once 6months have passed
since delivery, or if menstruation returns. The uptake and
success of thismethoddependon the pattern andduration of
breastfeeding and, in many developed countries, women
introduce formula milk and solid food at an early stage.
Withdrawal

This is the oldest method of contraception, first described
in the Bible. Withdrawal (or coitus interruptus) involves
withdrawing the erect penis from the vagina before ejac-
ulation occurs, thus avoiding the passage of sperm into the
female genital tract. The method requires discipline on
the part of the male and can be reasonably effective if the
man can recognize the imminence of ejaculation. Pre-
ejaculatory secretions containing sperm may escape
from the urethra before withdrawal.
Sterilization Procedures

Female Sterilization

Female sterilization involves a surgical procedure to
occlude the Fallopian tubes thereby preventing sperm
reaching and fertilizing the ovum. It must be performed
by trained health-care professionals and can be carried
out under local or general anesthesia. The choice of
technique and type of anesthesia are often dictated by
local availability of equipment and training of personnel
more than by patient preference.

Timing of the procedure

The procedure can be performed at any time in the
menstrual cycle, although care should be taken to ensure
that the woman is not at risk of having conceived just
before the procedure. Immediate postpartum sterilization
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can be performed and may be the only option available in
developing countries or remote communities. Postabor-
tion sterilization can also be undertaken, but this is asso-
ciated with a higher rate of regret and is therefore
generally best deferred until the woman has an opportu-
nity to plan her reproductive future at a less stressful time.
Techniques

Various methods can be used to block the Fallopian tubes
(Figure 6). Clips made of metal and plastic, silastic rings,
diathermy, and laser ablation are all in common use. The
Fallopian tubes can also be surgically divided with exci-
sion of a small portion of tube.

A female sterilization procedure can be carried out by
both laparoscopy and mini-laparotomy. Laparoscopy is
usually done under general anesthesia but can be done
under spinal or local anesthesia. Mini-laparotomy in-
volves a 2–3 cm suprapubic incision and avoids the
need for expensive laparoscopy equipment. It is the pro-
cedure of choice in the immediate postpartum period
when the uterus is large.

Essure is a nonsurgical sterilization technique that is
available in North America and some European countries.
Under hysteroscopic guidance, a metal coil is inserted
into each Fallopian tube via a slim catheter. Scar tissue
develops around the coils and results in occlusion of the
Fallopian tubes. It takes 3months to ensure occlusion of
the tubes and initial failure rates appear very low.
Female sterilization with clips

Vasectomy procedure

Figure 6 Female sterilization and vasectomy. Source:

Glasier A, Gebbie A (eds.) (2008) Handbook of Family Planning

and Reproductive Healthcare, 5th edn. Edinburgh, UK:

Churchill Livingstone.
Clinical management
Women undergoing sterilization must be carefully
counseled about the irreversibility of the procedure and
the very small failure rate. A consent form explaining
these important points and requiring the woman’s sig-
nature is recommended. Reversal of female sterilization
is technically possible but success rates vary according to
the type of procedure performed initially. Successful
reversal rates are highest when the tubes have been
occluded with clips or rings. Reversal procedures are
technically complex and expensive operations.

Failure of female sterilization is associated with an
increased risk of ectopic pregnancy; therefore, women
with symptoms of pregnancy following sterilization must
seek medical advice to exclude an ectopic pregnancy.
Male Sterilization

Male sterilization (vasectomy) involves division or occlu-
sion of both vasa deferentia and is a more effective proce-
dure than female sterilization. It is also much safer and
simpler to perform and is undertaken under local anes-
thesia in most men.
Technique
The standard technique involves making a single midline
or two incisions, one on each side, to expose the vas. The
vas on each side is then divided surgically or occluded by
clips or diathermy (see Figure 6). No-scalpel vasectomy
uses a special instrument to puncture the skin and expose
the vas. It is quicker and less traumatic to the surrounding
tissues so is associated with less bruising and discomfort.
Clinical management

Signed consent is usually obtained for the procedure,
explaining the permanent nature of vasectomy and its
very small failure rate. In contrast to female sterilization,
vasectomy is not effective immediately and it takes
around 3months to clear sperm from the vas beyond the
site of the division or occlusion. Contraception must be
continued during this time and until two consecutive
semen samples have been found to be devoid of sperm.

Uncommonly, men may experience chronic pain fol-
lowing vasectomy which may be the result of sperm
granulomas developing as a local inflammatory response
at the cut ends of the vas. Late canalization of the vas
deferens can occasionally occur many years following
vasectomy but is rare.

Some studies have suggested an association between
vasectomy and subsequent development of both testicular
and prostatic cancer. This has not been substantiated and
these small studies have not influenced clinical practice.
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Emergency Contraception

Emergency contraception is a back-up method used fol-
lowing unprotected intercourse or when another method
has failed. It is commonly used when condoms have burst,
but can also be used when contraceptive pills have been
omitted.
Hormonal Emergency Contraception

The most modern regimen involves a single dose of
1.5 mg of the hormone levonorgestrel up to 72 hours fol-
lowing the unprotected episode of intercourse (some
practitioners recommend it up to 120 hours but efficacy
is highest when taken in the first 24 hours following inter-
course and declines over time). Side effects are uncom-
mon. It is available in more than 100 countries on medical
prescription and also over-the-counter in some countries.
The mode of action of hormonal emergency contracep-
tion is not clear but disruption of ovulation is the most
likely mechanism. Hormonal emergency contraception
probably only prevents around three-quarters of pregnan-
cies that would otherwise have occurred so should not be
used as a sole method of contraception.

The older Yuzpe regimen using combined contracep-
tive pills involved giving two doses, each of ethinylestra-
diol (100 mg) and levonorgestrel (0.5 mg), 12 hours apart
and was associated with a significant degree of nausea and
vomiting. In China, the antiprogestogen mifepristone is
marketed as an additional emergency contraceptive.
Postcoital Intrauterine Device

A copper-bearing IUD can be inserted following
unprotected intercourse and appears to be highly effec-
tive in preventing pregnancy. The effectiveness of the
levonorgestrel-releasing system (LNG-IUS) when inserted
postcoitally has not yet been studied and hence this device
should not be used for this indication. A device can be
inserted up to 5 days after the anticipated day of ovulation,
despite multiple episodes of unprotected intercourse, with-
out fear of causing abortion. The device can be removed
following the next menstrual period or can remain in situ as
the ongoing method of contraception. Women should be
carefully assessed for risk of STI prior to insertion of a
postcoital IUD.
Conclusion

A range of methods exists that allow couples to regulate
their fertility. While permanent sterilization is available
for both men and women, there are only a few reversible
methods for use by men, namely condoms andwithdrawal,
and both are among the less effective methods of contra-
ception. For women, a range of reversible methods allows a
choice between barriers, intrauterine contraceptives, and
hormonal methods, with or without estrogen, and deliver-
able by a variety of routes (oral, injectable, etc.).

All methods are very safe for healthy women and a
robust classification of medical eligibility helps providers
choose suitable methods for women with preexisting
medical conditions.

Method choice is influenced by a long list of factors
but is vital to successful use of contraception. While
methods vary in their effectiveness, and while those that
rely little or not at all on compliance are the most effec-
tive, correct, consistent, and continued use is most likely
when people use the method they find most acceptable.

Use of contraception allows couples (and individuals)
to choose whether, and when, to have children and con-
tributes enormously to sexual and reproductive health.
In a recent article, Cleland et al. (2006) described family
planning as being:

unique among medical interventions in the breadth of its

potential benefits: reduction of poverty, and maternal and

child mortality; empowerment of women by lightening

the burden of excessive childbearing; and enhancement of

environmental sustainability by stabilising the population

of the planet (Cleland et al., 2006: 1810).
See also: Gender Aspects of Sexual and Reproductive

Health; Infertility; Reproductive Rights; Sexual and

Reproductive Health: Overview.
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Introduction

As the twenty-first century dawns, humanity possesses
unprecedented wealth. The last two centuries have seen
the wealth of the nations expanding ninefold while
population has grown only sixfold. For the first time in
history, the world has the capability of eliminating famine.
However, wealth and power are distributed with drama-
tic inequality. Famine, though much reduced globally,
remains a recurrent threat for communities around the
world, particularly in Africa.

In the 1950s, the fight against hunger moved from
being a charitable endeavor to a global project. In large
part this was thanks to the establishment of specialist
agencies of the United Nations (UN) and aid budgets in
richer nations, while the growth of nongovernmental
humanitarian agencies reflected growing concern over
the problem among the general public in the most affluent
countries. Increasing global food availability through pro-
ductivity was then seen in short as the solution for hunger
and famine eradication. In the mid-twentieth century the
global issue was framed as a population challenge to food
supply: there was worry that the Earth might not be able
to feed 10 or 15 billion human beings.
In absolute terms, the second half of the twentieth
century saw unprecedented progress in reducing global
famine. By the end of the century, famine was eradi-
cated from most of Eurasia including the three countries
that had witnessed the vast majority of nineteenth- and
twentieth-century famine deaths, namely China, India,
and Russia. However, in 2004 the Food and Agriculture
Organization of the UN estimated that 834million people
in developing countries still lacked sufficient access to
food to meet their nutritional requirements, an absolute
decrease of just 140million in 35 years. Meanwhile,
famines persist today in Africa, chiefly as a rural phenom-
enon, albeit registering as disasters that kill only a fraction
of the millions who died routinely in the calamities of
earlier years.

While famine remains stubbornly intractable in the
poorest and most conflict-prone countries, the problems
of malnutrition are much more widely spread. The global
burden of malnutrition increasingly includes obesity as
well as the traditional manifestation of hunger, namely
stunting, marasmus, and kwashiorkor. Equitable devel-
opment and poverty eradication makes up the heart of
the struggle against chronic malnutrition, but efforts to
overcome famine encompass a host of political challenges,
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notably ending civil wars in which belligerents use starva-
tion as a weapon of war. As the nature of famine changes
so too do the measures necessary to defeat it.
Hunger, Starvation, and Famine:
Definition

Starvation is . . . people going without adequate food,

while famine is a particularly virulent manifestation of

[starvation] causing widespread death. (Sen, 1981: 1)

There are underlying principles that differentiate
famine from starvation, that is, in their most common
‘English’ sense (in Sen’s definition), one being that starva-
tion refers to the individual as opposed to famine-affected
populations, and the other being the time frame over
which they occur (Figure 1).

An individual starves in a biological sense and experi-
ences famine as a wider social and economic phenome-
non. An individual may experience starvation in the
absence of famine in the community or society to which
he or she belongs, even amid generalized prosperity: there
is no geographical definition to individual starvation.
Conversely, the occurrence of a famine does not by any
means imply that every individual in the affected area is
starving. Famine is defined by location but does not afflict
Figure 1 Starving boy with a calabash in the hunt for food.
Reproduced with permission from Tom Stoddart, Getty Images.
evenly within the affected area. Even mass starvation is a
selective phenomenon.

The second differentiation is the time dimension. Fam-
ine is an acute phenomenon, bound by time, for which one
can identify a beginning and an end. Famine relief is an
urgent business. Chronic starvation and hunger by con-
trast exist over long periods of time within societies and
do not possess clear beginnings and ends. The two are
related as an endemic disease while famine is related as an
epidemic. A triggering event, whether a natural disaster
(drought, flood, pest invasion, or crop failure) or the product
of an economic or political system (war, deliberate policy of
a government, speculation) can provoke a sudden collapse
in the ability of the poor and vulnerable to secure enough
food, plunging a large category of a population into
famine. Typically, such disaster also exposes underlying
trends that have rendered the population vulnerable to
such a shock: the etiology of the famine can be traced
back to well in advance of the triggering event.

Most representations of famines in history relate to
cataclysmic events best described in terms of excess death
attributable directly or indirectly to starvation and dis-
ease. As much as 30million people may have died in
China during the Great Leap Forward (1958–61), up to
4.8million died during Holodomor (Ukrainian famine
of 1932–33), between 500 000 and 2million during
the famous Irish Potato Famine (1845–49) and Kalhana’s
records of the 1917–18 Kashmir famine reports that ‘‘one
could scarcely see the water in the Vistasa, entirely cov-
ered as the river was with corpses. . . . The land became
densely covered with bones in all directions until it
was like one great burial ground’’ (Sen, 1981: 39). Such
representations of famine have powerful echoes of biblical
apocalypse and other variants of metaphysical determin-
ism. A secular version of this fatalism was first theorized
by Thomas Malthus in his Essay on the Principle of Population,
first published in 1798. The British philosopher argued that
since the natural tendency of populations was to grow faster
than their food supply, famine, war and epidemics were
inevitable events acting as ‘checks’ on population levels,
that is, people had no control over famine occurrence
and the inexorable outcome was mass deaths (Figure 2).

Amartya Sen’s seminal work Poverty and Famines (1981)
was the most significant advance in famine theorizing
since Malthus. He shifted the debate from global food
availability to local food accessibility at individual level.
His ‘entitlement theory’ was centrally organized around
the concept that famines occur not because there is not
enough food but because people do not have enough
access to it (i.e., lack of entitlement to food). It provided
a robust explanation for why the poorest are, often, the
worst affected in times of famine.

Rangasami and later de Waal have challenged the
conceptualization of famine as mass deaths through star-
vation embedded in both Malthus’s and Sen’s theories. De



Figure 2 ‘Famine’ (1989) by Viktor Zarets’kyi (1925–1990). Oil
on canvas. The painting represents Holdomor, the Great Ukraine

Famine of 1932–33.
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Waal argued that reminiscences of Malthusian influence
have led us to consider only extreme cases of famines,
while also encouraging a tendency to treat famine as
failures for which science can cater to with technological
fixes. He reminded us that, according to him, famines
were foremost social experiences better measured through
changes in food availability and increased food insecur-
ity, and that death is not a means of defining famine
but merely a possible outcome, obviously the worst.
Famine: Past and Future Trends

The size of any animal population is constrained by the
available sources of food and it is reasonable to assume
that this was the case for human populations in prehistoric
times and, more recently, among hunter-gatherer socie-
ties. Demographic responses to famines show that human
populations evolved so as to be maximally resilient to
such stress. Famine deaths are concentrated among the
very young and the elderly, and mortality is lowest among
young women. Canceled or postponed births are compa-
rable in number to excess deaths. The female mortality
advantage during famine is well documented and logi-
cal although the mechanisms to account for it are not
fully explained. This selective impact means that a
famine-impacted population is best placed for a post-
famine fertility rebound.

In recorded history, famines have never represented
a Malthusian type of shock that massively reduces popu-
lation size. Historical evidence indicates that famines
rarely reduce overall population size by as much as
10 percentage points. The largest famine of the twentieth
century, which was the Great Leap Forward famine
in China during 1958–61, is estimated to have killed
30million people and reduced births bya further 30million,
amounting to a gross impact of about 10% of China’s
population, with certain areas faring significantly worse.
Nonetheless, within a few years the Chinese population
had regained and surpassed its prefamine size.

Famine was a recurrent feature of agrarian societies in
Europe and Asia during the early modern period. The last
widespread subsistence crisis in Europe occurred in
1815–16, though there were serious famines in individual
countries in the remainder of the century, notably in
Russia. The Irish famines of the 1840s caused some of
the highest rates of population decline of any recorded
peacetime disasters in history, the majority of this due to
out-migration in the aftermath of the famines.

In Asia, famines became more common throughout the
nineteenth century. Possibly the most severe sequence of
famines in modern times took place during 1880–1900,
due to a combination of climatic anomalies (a large
El Niño/Southern Oscillation event leading to failures
of the monsoon rains), and the social, economic, and
political impacts of imperial conquest and associated war-
fare, which led to the dismantling of indigenous famine
response and relief systems and the collapse of livelihoods
dependent on trade and the local cotton industries. Watts
(Michael Watts, social historian) has called these ‘late
Victorian Holocausts.’ Especially severe famines struck
India and China, as well as a huge arc of eastern Africa
from Eritrea to South Africa, the latter caused in part by a
rinderpest epizootic that destroyed cattle herds. There
was also severe deprivation in northeast Brazil.

During the twentieth century, famines are estimated
to have killed 70million people, fully 30million of
those during the 1958–61 China famine. Among the
other largest famines of the century included Bengal in
1943 (an estimated 3million excess deaths) and the 1928
famine in northern China. (We should note that statistics
for famine mortality usually consist of the median figure
from a range of estimates, sometimes widely variant.
India is unusual in that it has excellent demographic
data that can allow more accurate estimation.) Among
the worst famines are four from the Soviet Union, includ-
ing the famine caused by the civil war in 1920–22, the
Ukrainian famine of 1932–33, the siege of Leningrad
during World War II and a crisis that struck at the end
of the war (Figure 3).

Africa suffered famines during the first three quarters
of the twentieth century. Colonial conquest and repres-
sion in the first 2 decades involved the deliberate destruc-
tion of livelihoods of groups who resisted and, in the case
of the Herero of southwest Africa (Namibia), starvation
as an act of genocide. A wide-ranging Sahelian drought
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in 1913, and further sequences of droughts in the 1940s
and 1970s, brought famine to different parts of the
continent. Ethiopia was the worst hit of these coun-
tries, with the poorest northern provinces also suffering
drought-related famines in the 1950s and 1960s. How-
ever, in scale and numbers killed, none of these famines
ranked alongside the great Asian and Russian famines of
those decades.

The last European famines occurred during and after
World War II, including the Hunger Winter in the
Netherlands in 1944 and the much larger disasters in
the Soviet Union. The advent of peace and the end of the
titanic, Communist, social engineering projects such as
forced collectivization meant that European populations
enjoyed an unprecedented era of food security. While the
return of civil war to the Balkans in the 1990s was not
marked by significant famine, the Russian assaults on
Chechnya led to serious if underreported humanitarian
crisis, including starvation in the city of Grozny.

The elimination of famine from almost all parts of
Asia during the second half of the twentieth century will
rank as the single most important development in the
history of famine. Throughout recorded history, Asia’s
agrarian societies have suffered the largest, most frequent,
and most deadly famines. In the final quarter of the
twentieth century, only two Asian countries suffered
famines that killed large numbers of people. One was
Cambodia under the Khmer Rouge (1975–78), during
which time about 3million people are estimated to have
perished on account of overwork, disease, and starvation.
The second was North Korea during the 1990s, due to
the precipitous decline of the country’s economy under
Communist dictatorship. These two cases, along with
Mao’s Great Leap Forward catastrophe, represent the
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product of utopian social experiments by totalitarian
regimes, gone tragically awry. From the viewpoint of the
early twenty-first century, in which almost all former
Communist countries (notably China) have embraced
market economies, it is tempting to conclude that famine
in Asia is now an anachronism.

Some caution is, sadly, in order. Wars have led to
humanitarian crises in Iraq (1991), Afghanistan (through-
out the decade), East Timor, and the southeast of Burma/
Myanmar. During the 1990s, the sanctions imposed on
Iraq led to a disastrous decline in the quality of health
care and a sharp increase in child mortality. The efficient
food rationing system of the Ba’ath regime prevented
what would conventionally have been called a famine.
The collapse of Iraq into internal warfare consequent on
the U.S. invasion may yet witness the recurrence of
famine in that country.

While peacetime famine has been conquered in Asia,
it has become more common in Africa. The sole African
famine to have killed sufficient people to count among
the worst 10 of the twentieth century was the Ethiopian
famine of 1983–85, which killed between 400 000 and
1million. This famine was the product of war, drought,
and failed agricultural policies, exacerbated by official
refusal to recognize the crisis until very late. The famine
in Sudan at the same time, caused by drought, economic
crisis, and a government denial that any problem existed,
killed an estimated 250 000 people, and the contempora-
neous drought in the west African Sahel is also believed
to have led to excess mortality.

During the late 1980s and 1990s, most African famines
were caused by warfare, notably in southern Sudan,
Angola, Mozambique, Somalia, Liberia, Sierra Leone,
and the Democratic Republic of Congo. The terminology
preferred by aid agencies is humanitarian crisis, but they
are in fact war famines under a different name. In situa-
tions in which civilian populations have been subjected
to deliberate starvation, death rates have sometimes been
very high indeed. In the first decade of the twenty-
first century, comparable crises have erupted in Darfur
(Sudan) and Ivory Coast. Meanwhile, the formerly food-
surplus country of Zimbabwe has plunged into a vortex of
decline, brought about by misgovernment, confiscation of
commercial farms, and mass eviction of peri-urban popula-
tions, causing that country to face severe food crisis.

Famines related to drought and rural poverty have not
ceased. In 2002–03, Ethiopia faced its largest-ever food
emergency, with 13million people estimated to need
relief assistance on account of crop failures consequent
on drought, exacerbated by a sharp decline in the coun-
try’s livestock exports and coffee revenues. Shortly after-
wards, Niger also faced drought and calls for emergency
assistance. Also at this time, a widespread drought in
southern Africa led to very large numbers of people
needing food assistance in Mozambique, Zambia, Malawi,
and Zimbabwe. Malawi suffered several food crises in
quick succession. A contributory factor in these crises
has been the HIV/AIDS epidemic, which has under-
mined the resilience and capacity to cope of sections of
the rural populace.

Judging by the number of events classified as ‘famine,’
one might conclude that famines are becoming more
common. However, it is important to note that since the
late 1980s, peacetime famines in Africa have not led
to significant excess mortality. There is little evidence
for raised death rates in the southern African drought of
2002–03. The Ethiopian drought of the same year was
marked by localities in which child mortality was ele-
vated, but among the general population, the evidence
suggests that death rates did not rise. The reasons for this
include widespread programs for vaccinating children,
improved public health (especially water supplies), food
rations distributed to rural areas that inhibit distress
migration and the public health disruption that accom-
panies such migration and congregation in relief camps,
and the improvement in technologies for supplementary
and therapeutic feeding of malnourished children. It
would be fair to say that in a contemporary peacetime
famine, public health and relief technologies can prevent
excess mortality. However, interventions have been much
less successful at addressing the socioeconomic causes
of famine.
Causation of Famines

Theories of famine date from Malthus’s Essay on the

Principle of Population, which theorized that food produc-
tion could only increase arithmetically while population
grew geometrically, leading inexorably to a situation
in which the population of the world would outrun the
available food, with the result that ‘gigantic inevitable
famine’ would cut the number of people to a level com-
mensurate with the food supply. Although no historical
famine has arisen from such causes or has shown the
levels of mortality needed to confirm to this framework,
Malthus’s theory has proved extraordinarily influential.

There are several variants to supply-side or food avail-
ability theories of famine causation. There is Malthus’s
own population theory, which is usually refined so as
to relate human population numbers to the capacity of a
certain territory to produce food, or commodities and
services that can be exchanged for food. In the nineteenth
century, British administrators and politicians argued that
India and Ireland were ‘overpopulated’ and thus they
adopted laissez-faire policies of allowing ‘natural’ popu-
lation checks to operate, saying that these were in the best,
long-term interests of those countries. ‘Overpopulation’



Famine 585
recurs as a popular explanation for the vulnerability of
Sahelian Africa and Ethiopia to famine today. However it
fails to explain when and where famines strike, and why
those countries’ populations continue to grow despite
recurrent food crises.

A more persuasive variant of supply-side explanations
focuses on fluctuations in food supply and particularly
precipitate falls in availability, due to environmental
changes, drought, or other disruptions to food production
or importation. Under this explanation, if the normal food
supply for a society is disrupted, famine is a likely conse-
quence. Explanations further focus on why societies are
vulnerable in this way, on account of low agricultural
production, insufficient food reserves, exposure to pro-
duction shocks such as droughts, or economic policies that
fail to provide sufficient incentives for farmers to grow
surpluses and bring them to market. The logical corollary
of supply-side theories of famine causation is that famine
prevention is primarily a matter of increasing food
supplies through better agricultural techniques, along
with more efficient marketing systems. This is, for example,
the thrust of the hunger task force of the Millennium
Project, headed by Jeffrey Sachs.

From the middle of the nineteenth century, popula-
tion theories of famine and supply-side explanations
in general have been critiqued by socialists and by Irish
and Indian nationalists. They argued that contemporary
famines were less the result of insufficient or backward
technology and more directly the outcome of colonial con-
quest and subjugation, which disrupted existing means of
production and transfer, reducing erstwhile self-sufficient
populations to penury. Indian nationalists mocked the way
in which under the ‘civilizing mission’ of the British Raj,
the subcontinent had faced more frequent and severe
famines than ever before. When famines became a source
of political instability – both because of the threat posed
by unemployed and hungry laborers, and because of the
political ammunition they provided to militant nationalists
and their allies in themetropolis – the imperial government
belatedly introduced systematic relief measures. At the
center of the Indian Famine Codes was the provision of
employment for the destitute. Implicitly, the system con-
ceded that the cause of famine was not failures in pro-
duction but because large numbers of people were too
poor to buy food.

This approach prefigured the most significant reeval-
uation of famine causation since Malthus, namely Amartya
Sen’s entitlement theory. Despite its name this is not a
theory of legal or moral entitlement to food but instead
a demand-side explanation of why people go hungry –
when they are unable to command sufficient income to
buy the food necessary to sustain life, either from their
own production, from selling their labor, or from exchang-
ing commodities for food. Sen’s analysis was strongly
influenced by the Bengal famine of 1943, which he experi-
enced as a child. That famine struck despite no significant
decrease in food availability in Bengal, and selectively hit
certain occupational categories, particularly wage laborers.
Entitlement theory explains how an adverse shift in the
exchange ratio between labor or other commodities and
food can suddenly mean that entire occupational groups
will starve. In the case of Bengal, this happened because
of general wartime inflation that pushed up the price of
food, but not wages, combined with restrictions on the
movement of food into Bengal at a time of a minor supply
disruption that led to speculative buying of food that in
turn pushed up the price. Sen writes, ‘‘Famine is the phe-
nomenon of some people not having enough food to eat.
It is not the phenomenon of their being not enough food
to eat’’ (Sen, 1981: 1).

Sen also applied his entitlement theory to the famines
of the 1970s. In the case of Ethiopia in 1973, market
imperfections, especially the underdeveloped and frag-
mented nature of the rural markets in northern Ethiopia,
contributed to a situation in which tens of thousands were
left destitute and starving, while the famine-affected pro-
vinces exported food. In the case of the west Africa Sahel
during 1970–73, livestock herders saw their entitlements
to staple foods crash, not only through an increase in the
price of food grains but also through a simultaneous drop
in market prices for animals.

Four major critiques have been leveled at Sen’s enti-
tlement theory. One is the empirical claim that famines
are caused by food shortages. Sen notes that many famines
are indeed associated with sharp declines in food avail-
ability (the Sahel being one such instance), but notes, first,
that other famines occur with plentiful food availability
or no such decline, and second, food shortage theories
fail to explain who starves and why. Second is the
Marxist critique, first and most cogently leveled by
Amrita Rangasami, who argued that Sen focuses only on
the final, starvation phase of famine, and overlooks the
essential previous stages in which a vulnerable population
is reduced to a state of penury and vulnerability, by losing
its land tenure rights, the autonomy of its livelihoods,
and the markets for its produce. Without looking at the
longer-term prior processes whereby people are left poor
and vulnerable, Rangasami argues, Sen is missing the key
reason why famine occurs. A third critique is more of an
elaboration, arguing that Sen’s approach takes the case of
the assetless wage laborer as its paradigm and does not
analyze the more complex livelihoods of rural people,
especially in Africa, who have diverse sources of income
and food, and who struggle to sustain essential assets such
as land and livestock even amid hunger and famine. This
critique has contributed to the ‘livelihoods framework’ for
analyzing vulnerability to famine, coping with famine,
and sustainable rural development. There is a fourth and
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final critique: entitlement theory, purporting to explain
why people starve, overlooks an important finding, that
is, that the majority of famine deaths are caused by
outbreaks of infectious disease. Different and more epi-
demiologically sophisticated models are required to
explain patterns of famine mortality.

Amartya Sen’s second and distinct contribution to
famine theory was the observation that famines do not
occur in countries with democratically elected govern-
ments and a free press. However, the ‘liberal democracy
prevents famine’ hypothesis is oversimplistic. In cases
in which a democracy is at war (e.g., Sudan during
1985–89) or in crisis (Bangladesh, 1974) or the country
is exceptionally poor and government is extremely con-
strained (Malawi, 2001–05), adjustments are needed. But
the counterpart claim – that famine occurs under totali-
tarian, unaccountable, and secretive governments – is
amply demonstrated. The most hideous famines of the
twentieth century, including the Ukraine in 1932–33,
China in 1958–61, Cambodia in 1975–78, Ethiopia in
1983–85, and North Korea in the 1990s, have occurred
under Communist dictatorships that are either wholly
indifferent to the lives of their citizens or criminally
intent on destroying them in large number. The dramatic
reduction in totalitarian regimes as the Cold War came
to an end is probably the single most important reason
for global progress in overcoming famine.

In the paradigmatic case for entitlement theory –
Bengal – famine was caused in part by the economic
distortions introduced by mobilization for war. Entitle-
ment theory is however essentially a theory of peacetime
famine. In the last 20 years, the ways in which wars
cause famine have come into focus, notably in the context
of intractable and complex humanitarian emergencies
in the Horn of Africa.

For as long as wars have been fought they have caused
famines. Armies have provisioned themselves off the
land, reducing local inhabitants to starvation, or have
used scorched earth as a tactic, denying food to their
enemies. Sieges and blockades have been favored weapons
in long campaigns, using famine as a weapon. Wars typi-
cally disrupt trade, destroy livelihoods, and make it
impossible for farmers to till their land.

In modern times, the most common and deadly
famine-creating mechanism has been counterinsurgency
campaigns that operate on the maxim of trying to drain
the sea to catch the fish. Such campaigns include mea-
sures for population control and relocation, restrictions
on movement and marketing, especially with regard to
food, along with military offensives aimed at rebel-
controlled areas. The squeezing or complete destruction
of livelihoods that these campaigns entail means that they
are efficient at reducing populations to famine. Colonial
counterinsurgencies in Algeria, Indo-China, and southern
Africa repeatedly created famine, and their postcolonial
successors have done the same in Ethiopia in 1983–85,
southern Sudan (repeatedly from 1985), Mozambique,
Angola, Afghanistan, and in the former Iraqi government’s
campaigns against the Kurds and the Marsh Arabs.

Denial and manipulation of relief is an element in
counterinsurgency that has been artfully used by many
governments. Selectively providing relief is not only a
means of controlling a desperate population and reward-
ing local clients, but also provides good propaganda and
can serve as a smokescreen behind which famine-creating
actions are pursued.

A particular variant of counterinsurgency that is prone
to creating famine is the cheap option of sponsoring a
self-supporting militia. This method has been used by the
Sudan government since the mid-1980s, and the militia in
question have looted and burned villages, seized land and
livestock, and killed and raped, creating famine among
civilian populations suspected of supporting their adver-
saries. Famine is also a convenient way of emptying land
so that it can be used for commercial agriculture, oil
exploration, or resettlement of incoming communities.
In several cases, most recently in Darfur, human rights
organizations have alleged that these famine-creating
strategies amount to genocide.

More widely, the decay of centralized states and cen-
trally financed armies has led to a proliferation of ‘new’
wars, both in Africa and in certain other parts of the world
(Afghanistan, the Balkans, Colombia). In these wars, at
least some of the belligerents are self-financing and
quasi-commercial, preying on local civilian populations.

Why do nonwar famines persist in an age of unprece-
dented global prosperity including large-scale transfers
of free or subsidized food? These ‘new’ famines are
diverse, some caused by the anachronism of regressive
dictatorships (North Korea, Zimbabwe) and others by
the multiple and overlapping vulnerabilities of the world’s
poorest populations (Malawi, Ethiopia). In this respect,
international financial institutions’ structural adjustment
policies significantly weakened governments’ mechanisms
for famine prevention and mitigation. The tying of loan
agreements to structural reforms including currency deval-
uation, the commercialization of strategic food reserves,
and the elimination of subsidies and welfare programs
undermined social protection mechanisms, even while
increasing the incomes of those farmers well placed to
supply urban markets. Food crises in Zimbabwe in 1990
(De Waal, 1997) and Malawi in 2002 (Devereux et al.,
2002) were caused in part by the evisceration of state-
run food security mechanisms in compliance with the
International Monetary Fund strictures.

New vulnerabilities to famine have also emerged,
related to the collapse of public food distribution systems
(Iraq), high-prevalence HIV/AIDS epidemics among
poor communities (southern Africa), and perhaps most
significant of all for the future, climate change. It is
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possible that large-scale disruption to food production
systems in poor countries due to changing weather pat-
terns, an increase in ‘natural’ disasters associated with an
increase in extreme climatic events, and the flooding
of arable land due to rising sea levels, will create both
more acute humanitarian crises globally and also greater
structural vulnerability to famine in places such as sub-
Saharan Africa, Bangladesh, and northeast Brazil. The
next generation of famines may generate new interest in
Malthusian theories.

Sen’s entitlement theory of famine, his liberal democ-
racy theory of famine prevention, and his wider ‘capabil-
ities’ approach to economics, which stresses the quality
of life, come together in a vision that sees economic
systems as a matter of moral choice, not of fate or iron
laws. Thus, it is not inevitable that people starve. Rather,
it is because the most powerful members of society have
erected social, economic, and political systems that cause
them to do so.
Impact of Famine and the Human
Adaptability to Starvation

Famine occurs in populations vulnerable to food insecu-
rity experiencing a sometime minor triggering event that
pushes them over the edge from poverty to starvation.
Inasmuch as this increased vulnerability is the result of
social processes, the resorting to coping or adaptive
mechanisms typically induces even greater vulnerability
in the long term and diminishes the ability of famine-
affected populations to face the next crisis. The immedi-
ate public health consequences of famine – death and
malnutrition – are usually outweighed by the protracted
economic impact on households’ assets and activities and
the profound modification of community networks. In
addition famine, like other types of crises, brings benefit
to those well placed to take advantage of the suffering and
vulnerability of others. Famine is an engine of social
and economic change.
Malnutrition, Diseases, and Death

Increased mortality is usually, although not always,
the most salient consequence of a severe food crisis. In
analyzing famine mortality patterns, the relative contri-
bution of migration, disruption of traditional social and
economic systems, conflict, dietary changes, disease epi-
demics, and malnutrition differ greatly from one place
to another and one difficult to untangle.

The relationship between acute malnutrition and the
risk of death has been extensively studied and is now
well established in both famine and nonfamine situations.
In reviewing the evidence from several African and Asian
famines, Young and Jaspars (1995b) came to the conclusion
that the risk of dying increases exponentially with the
severity of acute malnutrition with a threshold effect
corresponding to the cut-off for severe malnutrition
(i.e., <�3 z-score weight-for-height/length). They noted
however that the relative risk of dying for a given cut-off
was a changing one according to social and environmental
conditions. They stressed the importance of the health
environment in explaining different patterns of famine
mortality and the important contribution of less apparent
micronutrient deficiencies in relation to increased suscep-
tibility to infections (Figure 4).

Seaman (1993) highlighted the role of infectious dis-
ease epidemics rather than the direct effect of starvation
in Indian famines. According to Seaman, the peak in
mortality was not concomitant with the lowest level of
food availability (at household level) but happens when
rains return first and foremost due to malaria epidemics.
This was also reported by Sen in his description of the
1943 Bengal famine: ‘‘The death rate reached its peak
[only when] the most acute period of starvation had
by then passed; epidemics were raging in a famine-
devastated country’’ (Sen, 1981: 55).

The role played by epidemic diseases in Asian famines
may have lessons for modern African famines. However
the quality of the vital registration systems in Asia that
has allowed such analyses contrasts with the near absence
of African demographic data. The resilience of famines
on the continent calls for humility in our understanding
of causal mechanisms leading to excess mortality and
what can be done, and how, to avoid it.

Evidence suggests that displaced populations suffer
greater mortality rates than nondisplaced, famine-affected
populations (see Figure 5). It has been argued that it
is likely due to an increase in transmissibility of infec-
tious diseases in overcrowding conditions rather than an
increased susceptibility to infections provoked by a poor
diet. As a matter of fact the transmission probability of
infectious diseases is necessarily increased in displaced
population camps where overcrowding multiplies the pos-
sibility of effective contact and is further exacerbated by
deteriorating hygiene conditions. The physical exhaustion
and changes in dietary habits that follow forced migration
weakens people and enhances susceptibility to infections.
The association of these parameters creates ideal condi-
tions for disease outbreaks (Figure 5).

Hence there is strong need to embrace a synergistic
approach to malnutrition, infection, and death in famine
conditions that has important programmatic implications
for famine relief interventions.
Societal Impact of Famines

In times of famine, malnutrition and mortality – when
it occurs – are the result of disrupted traditional liveli-
hood systems. Obviously the debilitating effect of
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malnutrition and the demographic gap resulting from
excess mortality have immediate economic conse-
quences for affected communities as they affect the
labor force available to resume income-generating
activities once the bulk of the crisis has passed. However
this may be overcome relatively quickly. China had
regained its population level in just a few years follow-
ing the 1958–61 famine.

In the face of growing food insecurity, affected
households will first adopt coping or adaptive options –
sometimes referred to as insurance or risk-absorption
strategies – aimed at minimizing the risk of long-term,
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Table 1 Example of strategies used by households during

food crises

Adaptative, coping, or insurance strategies

Related to main activity

Crop diversification

Restructuring of livestock holdings for more drought-resistant

animals
Selling small livestock

Drawing on stores

Income source diversification

Sharing food/incomes (community support)
Selling nonproductive assets

Starting petty trade or handiwork

Producing and selling charcoal, gathering firewood
Wage laboring/piecework

Borrowing food/money from relatives/professionals

Labor migration

Changes in dietary patterns
Eating less-preferred food

Reducing consumption per meal

Gathering of wild foods

Distress or crisis strategies
Food related

Reducing the number of meals

Relying on wild/famine foods
Begging and stealing

Nonfood related

Distress migration

Selling productive assets
Selling/mortgaging land or house

Placing children

Abandoning elder household members

Prostitution
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adverse impact on their livelihood until available options
narrow. Then individuals will resort to distress measures,
that is, crisis or risk-taking strategies aimed at saving their
lives, sometime at the cost of household disintegration.
The nature of these coping strategies, the timing of,
and order in which they are implemented is nested in
the local cultural and physical environment as much
as the pre-crisis characteristics of the households. Hence
the sequence in which responses to degrading living
conditions are being implemented is not an absolute one.

Within a community, households stand at different
points in terms of wealth and competencies. Responses
to food insecurity will vary according to households’
available assets – physical, social, financial, political, and
access to natural resources – and capabilities as repre-
sented in Figure 6. Coping strategies may be successful
when they allow people to retain capabilities and assets,
and become detrimental when they lead to a downward
vortex of impoverishment and/or a dependency on non-
local resources.

Some coping strategies are listed in Table 1. Alter-
natives options may first be chosen for their ability to
preserve livelihood. These first strategies including
income sources diversification – crop, livestock, petty
trade, craft – stocking and saving allow the household
to resume rapidly the activities that constitute the basis
of its livelihood once better days return. The next stage,
as the crisis goes on, implies impoverishment and loss of
long-term entitlement. The household starts to draw
down on its physical and financial assets (food stocks
and savings, sell off nonproductive and productive
assets). Food consumption patterns change – reduced
number of daily meals, reduced consumption per meal,
eating less-preferred food – and household members
may migrate for work in higher proportion. In the last
famine stage, households’ options are reduced to the
extreme. The collapse of social rules and normal living
mechanisms lead to the adoption of distress mechanisms

http://www.livelihoods.org/info/docs/lacv3.pdf
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such as selling last assets (land, home, and clothes), mass
migration to distant relatives or relief camps to seek
assistance for those who still have enough energy to
walk, selling children, or abandoning elderly members
of the household.

The stigma attached to some distress strategies can
result in the degradation of social links that are the
cement of social cohesion in traditional societies. The
erosion of social values and the undermining of authority
structures can be as profound an impact as the pauperiza-
tion of whole categories of the society. These impacts
greatly shape the political and economic future of such
communities and typically leave them not only economi-
cally vulnerable to further famine, but also prone to
conflict and social unrest.
Victims and Beneficiaries

Ethiopian households who experienced the 2003 famine
reported: ‘‘those who were rich can survive the famine and
buy livestock and property at cheaper prices from the
hungry’’ (Stevenson and Foley, 2004: 4). The benefit
induced to one or more sections of the community gener-
ally increases deprivation and destitution for the victims.
The process entails that the rich and the powerful, who
may also suffer during famine (loss of livestock, crops),
capitalize and thrive during the postfamine period for
having survived better (Figure 7).

Sen highlighted the role of ‘‘speculative withdrawal
[of paddy] andpanic purchase encouragedbyadministrative
chaos’’ (Sen, 1981: 76) in the process leading to the Great
Bengal Famine. He demonstrated the transfer of exchange
entitlement from wage-laborers to military, civil defense
workers, and the near totality of the Calcutta (urban) popu-
lationwhowere benefiting from subsidized prices and could
therefore exercise strong demand pressure on food.
Figure 7 A crawling boy whose food has just been stolen by

man in the white kaftan. Reproduced with permission from Tom
Stoddart, Getty Images.
These transfer mechanisms and wealth redistribution
are as much a cause as a consequence of famines. Social
relations are power relations, and the redistribution of
wealth and power resulting from a severe crisis modifies
and shapes the social, political, and economic landscape
of communities. In India, the Bengal Famine provided
political weapons to overthrow the colonial power on
the basis of its lack of consideration for the people. In
sub-Saharan Africa the weakness of state accountability
in most famine-prone countries formed the basis of the
political unrest the continent suffered in the last decades.
It provided, and still does, a fertile ground for the perpe-
tration of famines as a mean to gain or retain power and
get richer. It also suggests an explanation for the singular
resilience of famines on this continent after its near
eradication in Asia.
The Imprint of Starvation on Humanity

Beyond societal and population coping strategies the
human body has developed powerful mechanisms to
increase the likelihood of survival during starvation.
Darwin himself noted the likelihood of famines being
instruments of natural selection. Hence the present gen-
eration is the result of our forebears surviving thousands
of starvation episodes, a process during which the traits of
the least adaptable have been removed from the common
population pool.

Modifications to reproductive function during starva-
tion have been well investigated. Historical data from
the Dutch Hunger Winter of 1944–45 and the 1958–61
Chinese famine indicate both a reduction in fertility and
an increase in miscarriage and stillbirths. In the case of
the Chinese famine, fertility reduction may even have had
a greater demographic impact on population size than
the actual loss of lives through starvation and disease.
The effect of reduced energy intake on fertility can
be seen on seasonal pattern of births among subsistence
farmers in Africa and elsewhere. The lowest birth rate was
observed in Gambian rural women 9months after the
nadir of the hungry season.

Ansel Key’s notable Minnesota experiment (Kalm
and Semba, 2005) was conducted – among other things –
to optimize rehabilitation of men and women who were
about to be liberated from Nazi concentration and pris-
oner of war camps. This experiment, part of the wartime
American research on the metabolic adaptation to starva-
tion, remains today as the most comprehensive collection
of data on the subject. In the face of semistarvation,
an array of energy-sparing mechanisms is activated. The
metabolic rate is dramatically decreased. The fuel used to
generate the energy necessary to perform housekeeping
tasks shifts from glucose (glycogen) to lipids as the
body starts to burn fat stores. Once fat stores are depleted,
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lean tissues are used to generate energy leading to
wasting (marasmus). Other vital functions such as immu-
nity are affected by sparing mechanisms. Evidence
suggests that the high energy requiring cell-mediated
immune response is suppressed during starvation. The
resulting susceptibility to infections partly explains why
disease epidemics constitute the bulk of deaths during
famine episodes.

Neel’s concept of thrifty genes (Neel, 1962), elaborated
on when he was studying the effect of maternal diabetes
on fetal growth in 1960, remains the base of our under-
standing of the fast-growing obesity epidemics. In his
theory, genes selected initially to optimally respond to
starvation ill-equip us to cope with the current pattern of
fat, sugar, and salt intake. However, nearly 50 years later,
no such thrifty gene has been identified to validate Neel’s
hypothesis. Furthermore, as all humanity as been subject
to selection by famine, this genetic selection would not
explain the marked gender variability that exists in regard
to obesity rates observed in some developing countries. It
remains that evidence exists (Hales and Barker, 2001) that
poor nutrition in early life induces permanent changes to
the metabolic response to a higher-fat-content diet later
in life, including reduced capacity for insulin secretion
and insulin resistance involved in the development of
type 2 diabetes.
Is Famine Preventable and Predictable?

Famines have been virtually eliminated from Asia since
the Bangladesh and Cambodia disasters in the 1970s, with
the notable exception of North Korea. Although it would
be perilous to assume famine cannot happen again on this
continent, the Asian success provides good arguments
for advocating renewed efforts for Africa. However there
is a discrepancy between the root causes of famine on
both continents. Africa presents singular social and politi-
cal characteristics. Successfully implemented policies in
India and elsewhere in Asia have not been effective
in eradicating famine from Africa.
Early Warning Systems

Crippling famines in the 1970s and 1980s in sub-Saharan
Africa persuaded policy makers of the necessity of devel-
oping effective strategies to detect impending disasters.
The aim was to inform in a timely manner governments
and donors of the nature and extent of the response
needed. Drèze and Sen, not denying the usefulness of
such early warning systems (EWS), reminded us that
countries that have been successful in preventing famine
or at least excess mortality from famine (India, Botswana,
Cape Verde) have not relied on a formal system but rather
on a variety of information sources ranging from official
and unofficial reports to newspaper articles. Nonetheless,
these systems have proved relatively effective in alerting
countries and decision makers of impending food crisis
and contribute to preventing large-scale disasters. Impor-
tant failures of EWS have been well documented and
include in recent years Malawi in 2002 and Niger in 2005.
It should be noted that many famines occur not because of
a lack of prior knowledge of a worsening situation but
because there is a lack of interest and political will from
major donors until it reaches the ‘point of conscientisa-
tion’ – generally death and malnutrition on a large scale.

There is a wide variety of methods in data collection,
collation, and analyses in EWS. The primary aim is to
estimate food availability and derive needs in terms of
commercial imports or food aid. Most countries in Africa
and elsewhere now have satellite-based estimation of
domestic cereal production that allows them to draw up
annual cereal balance sheets. Caveats abound: balance
sheets estimate availability only at the national level, do
little to include informal trading, and are concerned only
with cereals, thus sidelining important other foods such as
tubers, roots, and animal products.

These systems have been complemented by approaches
to identify more localized food-insecure areas and popu-
lation groups generally relying on decentralized govern-
mental structures and based on a wider range of indicators
(health, economic, nutrition, agro-meteorological) used to
build a composite vulnerability index. These are easy
to implement and relatively cost-effective approaches but
are hindered by low quality and reliability of data and
lengthy delays in information transmission.

Livelihood approaches are currently being developed
successfully in some countries, in particular in the Horn
of Africa. They concentrate on measuring food access
at household level rather than availability and on getting
an understanding of how people make their living and
how they cope with variations in their food or exchange
entitlement. Data are collected in a variety of ways (nation-
wide assessments, local surveys, routine data collection,
satellite-based estimations, etc.) by a variety of actors
including governmental bodies, international organizations,
and international or national nongovernmental organiza-
tions (NGOs). The main constraints include coordination,
validity of data, and analysis of this diverse and large
amount of information to produce reliable, independent,
and accountable information in a timely manner.

Ultimately, the effectiveness of EWS resides in their
ability to generate a consensus on the severity of a situation
to trigger timely, coordinated, and effective interventions.
Strong bias of decision makers and the wider public
in donor countries that pay attention to ‘late’ emotive
indicators imply that these interventions are generally
aimed at mitigating the impact rather than preventing
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a crisis. Prevention strategies rely heavily on the political
will of national governments and their ability to deliver
which, in modern sub-Saharan Africa, is still a wish in
many countries.
Figure 8 A UN plane dropping food. Reproduced with

permission from Tom Stoddart, Getty Images.
Prevention and Mitigation Strategies

Sen theorized that the most powerful antifamine strategy
is democratization and state accountability. He argues
that there can never be a famine in a functioning
democracy as the threat on political leadership preempts
government response over any other considerations.
Hence, for many, the eradication of famines is beyond
the scope of public health.

Swift (1993) presented a thoughtful analysis of famine
prevention strategies comparing what he called the suc-
cessful Indian model to the failing African model. In his
view, the collapse of traditional coping mechanisms
largely attributable to liberalization, globalization, and
population growth have been effectively replaced in the
Indian model by ‘‘state-sponsored anti-famine policies
and safety nets’’ (Swift, 1993: 1). The Indian tradition of
government-lead interventions in time of famine stretches
from the promulgation of the Famine Code in 1880 to the
postcolonial Scarcity Manual. According to Drèze and
Sen the pillars of the Indian success reside on public
works programs and employment guarantees, subsidized
food prices through public distribution systems (public
stocks of grains), and control of artificial market pricing.
They add that for the threat of famine to be eliminated
endemic poverty has to be eradicated. Swift argues that
the Indian success also owes to structural reforms
(increased food availability – Green Revolution), improved
infrastructures and communications, better implementa-
tion capabilities from central and local governments, state
accountability, and finally peace and security.

This has not happened in Africa where failing or neo-
patrimonial states have been unable to provide a viable
alternative to severely undermined customary coping
strategies. As both a cause and a consequence, many
African nations and governments, with the complacency
and sometime the complicity of the international com-
munity, have increased their dependency on external
expertise and interventions (skilled human resources,
logistic supply, infrastructures rehabilitation, medicine,
food aid, agriculture, etc.) that have undermined their
ability – and willingness – to internally cope with crisis
situations. Ethiopia, as the biggest recipient of food aid
in Africa, symbolizes this situation. Kheler (Stevenson
and Foley, 2004) estimated that the country had received
an average 700 000 tons of food aid every year for the last
15 years. Despite this effort, 5million people are in need
of food aid in any 1 year, 3million when the country
enjoys bumper harvests, but up to 10 to 15million can
be expected in bad years, as was the case in 2002–03.
Externally funded emergency relief operations now con-
stitute the bulk of food security and famine prevention
and mitigation strategies (Figure 8).

In terms of public health, strategies are fairly limited
in their diversity. Their aim is to limit the spread of
infectious diseases – as primary killers – and rehabilitate
the nutritional status through feeding programs. Food aid
is the first commodity provided in such operations mainly
through the World Food Programme (WFP). Intervention
designs include targeted feeding programs (therapeutic
and supplementary feeding, distribution to vulnerable
groups such as HIV-positives, widows and orphans, school
feeding programs, etc.), blanket feeding programs (general
distributions), food for employment schemes or food as a
protection against the consumption of staple seeds during
distributions. The main problem with food aid is that
most of it is tied to import from donor countries and
this massive release of free, imported food tends to
distort the market by discouraging local producers thus
further reducing resilience capacities to face crises. The
European Union, the second largest donor of food aid,
has adopted a ‘local purchase’ policy since 1996 to prevent
distortions and promote cash transfers to local economies.
There have been efforts to persuade the United States
to follow suit, thus far thwarted by special interest lobbies.

Health-related measures comprise routine vaccination
and emergency immunization programs, infectious dis-
ease vector control, including improving access to safe
water, and promoting sanitation. Preventing human gath-
erings, such as of displaced populations or in feeding
centers, can be effective but practically it is seldom attain-
able. Controversial, ‘voluntary’ resettlement policies were
implemented by the Ethiopian government following the
famines of the 1980s and 1990s.
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Other programs may aim at improving food avail-
ability and diversity (irrigation, soil conservation, crop
diversification, and animal production), improving food
accessibility (income source diversification, training,
microcredit, cash transfer through employment, etc.)
or strengthening the heath system and health services.
Most of them are implemented at a local level by
national or international NGOs funded externally and
generally not during the acute phase of the crisis.
Famine Eradication in the Context of
Climate Change

Clearly, what has proved to be highly successful in Asia
and India in particular does not work for Africa, which
is plagued by a lack of infrastructure, poor planning
capacities, an absence of state accountability, and ende-
mic insecurity. The technologized response provided to
growing food insecurity and famine threat has called for
increasing dependency and further retreat from account-
ability of African governments.

The growing threat of climate change sheds a new light
on food availability that is persistently below require-
ments in sub-Saharan Africa. The fourth assessment
report on climate change released by the Intergovern-
mental Panel on Climate Change (IPCC) (2007) removed
the remaining doubts about the role of human activity in
current patterns of global warming. Since 1850, 11 of the
last 12 years have been among the warmest, and further
warming is very likely even if greenhouse gas emissions
are stabilized, which is far from being the case.

How are famine-prone countries likely to be affected?
According to the IPCC, decreases in precipitations by as
much as 20% are likely in most subtropical regions.
Hence it is those countries already most affected by dry
weather that will become even more drought-prone
(Devereux and Edwards, 2004). This will occur in
countries relying heavily on subsistence farming and pas-
toralism with very little room for maneuver if agriculture
is undermined.

The slow, steady process of climate change in sub-
tropical areas could be coupled with abrupt changes and
trigger more famine, insecurity, and mass migration.
There is an urgent need to find political and technological
ways to pull fragile economies away from dependency on
natural resources or face without failing the responsibility
to assist and relieve human suffering in a growing number
of humanitarian catastrophes.

See also: Ethnic Conflict and Public Health; Health and

Human Rights: Overview; Population Growth; Relief

Operations; Urban Health in Developing Countries.
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Dyson T and Ó Gráda C (eds.) (2002) Famine Demography:
Perspectives from the Past and Present. Oxford, UK: Oxford
University Press.

Keen D (1994) The Benefits of Famine: A Political Economy of Famine
and Relief in Southwestern Sudan. Princeton, NJ: Princeton
University Press.

Sen A (1981) Poverty and Famines: An Essay on Entitlement and
Deprivation. Oxford, UK: Clarendon Press.

Webb P and von Braune J (1994) Famine and Food Security in Ethiopia.
Lessons for Africa. Chichester, UK: Wiley.

http://www.livelihoods.org/info/docs/lacv3.pdf


594 Fatty Acids
Fatty Acids
F Shahidi and S P J N Senanayake, Memorial University of Newfoundland, St. John’s, Newfoundland and
Labrador, Canada

ã 2008 Elsevier Inc. All rights reserved.
Lipids and fatty acids are recognized as essential nutrients
in both human and animal diets. Nutritionally, they are a
major source of energy (9 kcal/g or 37 kJ/g), and carry
fat-soluble vitamins (A, D, E, and K) throughout the body.
They are equally important sources of essential fatty acids
that are required for certain bodily functions, and that
cannot be made by the body. In addition, they enhance the
foods we eat by providing texture and consistency,
imparting flavor, and contributing to the feeling of satiety
after eating. Lipids are also important functionally in the
preparation of many food products. They act as tenderiz-
ing agents, assist in aeration, transmit flavors and colors,
and supply a heating medium for food preparation. Fats
and oils are present naturally in many foods, such as dairy
products, meats, poultry, fish, and nuts, as well as baked
goods, margarines, dressings, and sauces.

The current U.S. Dietary Guidelines advocate the
consumption of a wide variety of foods in moderation
combined with a physical exercise regimen. The 2005
Dietary Guidelines for Americans recommend a total fat
intake between 20–35% of calories for adults to meet
daily energy and nutritional needs. Intake of fat outside
of this range is not recommended for most individuals
because of potential adverse effects on achieving recom-
mended nutrient intake and on risk factors for chronic
diseases. The Institute of Medicine confirms this advice
by recommending that Americans should receive 45–65%
of their calories from carbohydrates, 20–35% from fat,
and 10–35% from protein, while including at least 1 h of
moderate exercise per day. Such dietary advice empha-
sizes moderation and variety regarding the intake of all
nutrients in the total diet. This concept allows consider-
able flexibility in the selection of foods as long as an
appropriate balance is maintained between total caloric
intake and calories expended. The U.S. Department of
Agriculture (2005) food guidance system recommends
fats and oils from foods such as vegetable oils, nuts, and
some fish because of their healthful qualities.

To understand the nutritional and functional signifi-
cance of fats and oils, it is important to understand their
chemical composition. Fatty acids form the basic chemical
structure of lipids. One hundred mg of fat or oil will yield
approximately 95mg of fatty acids. Both the physical and
chemical characteristics of fats are influenced greatly by
the types and proportions of the component fatty acids
and the way in which these are positioned on the glycerol
molecule. The predominant fatty acids are saturated and
unsaturated carbon chains with an even number of carbon
atoms and a single carboxyl group. Fatty acids are classi-
fied as saturated and unsaturated fatty acids, the latter
being further subdivided into monounsaturated and poly-
unsaturated fatty acids (PUFAs) (Figure 1).
Saturated Fatty Acids and Health

Chemically speaking, saturated fatty acids contain only
single carbon–carbon bonds in the aliphatic chain and all
other available bonds are taken up by hydrogen atoms
(Figure 2). They are the least reactive chemically. The
melting point of saturated fatty acids increases with chain
length. For instance, capric acid and longer chain saturated
fatty acids are solid at room temperature. The most com-
mon saturated fatty acids in animal and plant tissues are
straight-chain compounds with 12, 14, 16, and 18 carbon
atoms. Saturated fatty acids are predominantly found in
butter, margarine, shortening, and coconut and palm oils,
as well as foods of animal origin. Fatty acids containing 4 to
14 carbon atoms occur inmilk fat and in some vegetable oils.
For example, cow’s milk fat contains butyric acid at a level
of 4%. In addition, fatty acids containing 6 to 12 carbon
atoms are also present in small quantities. The short-chain
fatty acids are usually retained in butter and in other milk
fat-based products. Tropical fruit oils, such as those from
coconut and palm kernel, contain very high amounts
(approximately 50%) of a saturated fatty acid called lauric
acid. They also contain significant amounts of caprylic,
capric, and myristic acids. Palmitic acid is the most widely
occurring saturated fatty acid. It is found in almost all
vegetable oils, as well as in fish oils and body fat of land
animals. The common sources of palmitic acid include palm
oil, cottonseed oil, lard, and tallow. Stearic acid is less
common compared to palmitic acid. However, it is a major
component of cocoa butter. This fatty acidmay be produced
by hydrogenation of oleic, linoleic, and linolenic acids.

Saturated fatty acids are important as sources of energy
and as components that make up cell membranes. They are
not considered ‘essential’ in the diet because the human
body can synthesize its own saturated fatty acids. Saturated
fats, when consumed in excess, are reported to raise ‘bad’
cholesterol levels in the blood. The ‘bad’ cholesterol is
called low-density lipoprotein (LDL) cholesterol. High
LDL cholesterol, in turn, increases the risk for cardiovas-
cular disease (CVD). Some food choices in this group are
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Figure 1 Classification of lipids and fatty acids.
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high in saturated fat. These include fatty beef, lamb, pork,
regular sausages, regular ground beef, hot dogs, bacon,
regular bologna, and salami, among others. To help
keep blood cholesterol levels healthy, it is important to
limit the amount of these foods we consume. However,
rarely is any consideration ever given to the fact that
short-chain saturated fatty acids are metabolized very
differently than other fats, or to recent evidence that
long-chain saturated fatty acids do not raise blood choles-
terol levels. Nevertheless, short- and long-chain fatty



596 Fatty Acids
acids are included on the nutrition label as saturated
fat and, by implication, present a negative health image
for consumers.
Monounsaturated Fatty Acids and Health

Fatty acids containing one or more carbon–carbon double
bonds are termed ‘unsaturated.’ When the fatty acids
contain one carbon–carbon double bond in the aliphatic
chain, they are called monounsaturated. In general, these
fats are liquid at room temperature, but start to solidify at
refrigerator temperature. Monounsaturated fatty acids
(MUFAs) are synthesized within the human body. The
only nutritionally important MUFA is oleic acid. Dietary
sources of MUFAs include olive and canola oil, avocados,
peanuts, nuts, and seeds. Olive oil is rich in MUFAs and is
a major ingredient of the Greek, southern Italian, and
Spanish culinary traditions. Because MUFAs are present
in relatively high amounts in the traditional Mediterra-
nean diet, mainly due to high intake of olives and olive oil,
and because regions consuming this diet generally have
lower rates of CVD, it has been speculated that MUFAs
are cardioprotective. When consumed as a substitute for
butter or lard, olive oil appears to lower ‘bad’ cholesterol
(LDL cholesterol) levels in blood, raise ‘good’ cholesterol
(HDL cholesterol), and reduce the risk of heart attack.
This may also help explain why CVD death rates are
lower among Mediterranean populations. Their diets are
higher in vegetables, fruits, and whole grain products than
the typical U.S. diet. Furthermore, antioxidants in olive
oil, fruits, and vegetables may protect body cells and
tissues from damage by oxidation – a process that could
set the stage for heart disease. MUFAs may also have other
health benefits. In a study of 3442 Italian women’s dietary
habits, those who ate large amounts of olive oil (about 1.5
tablespoons) daily reduced their risk for ovarian cancer by
30%. A survey of 5632 elderly participants, called the
Italian Longitudinal Study on Aging (ILSA), showed
that the higher an individual’s MUFA consumption is,
the lower the likelihood for developing age-related cog-
nitive decline – a mild deterioration in memory. However,
these findings are still preliminary. The rate of cancer
among Mediterranean populations is also significantly
lower than among the rest of the world. There is some
preliminary evidence to suggest that these lower rates of
cancer, particularly breast cancer, may also be at least in
part due to olive oil consumption, as oleic acid (a compo-
nent of olive oil) has shown the potential to prevent breast
cancer in laboratory studies. However, this evidence is
still very preliminary. In the United States, it is currently
recommended that MUFAs and PUFAs sources should be
consumed more frequently than foods rich in saturated
fat, trans fat, and cholesterol – but within the restriction of
20–35% of total calories.
What Are Omega-3 Fatty Acids?

Omega-3 fatty acids are a type of polyunsaturated fatty
acids – building blocks of fats. They differ from other
fatty acids because of the number of carbons that they
contain and where double bonds are located. Omega-3
fatty acids are key to human growth and development, but
are not naturally synthesized by the body. This means that
omega-3 fatty acids must be obtained from foods, partic-
ularly from seafood sources, oils (e.g., algal oils, fish oils,
flaxseed oil), or dietary supplements. The omega-3 fatty
acids that are most important nutritionally are alpha-
linolenic acid (ALA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA). The body can use all three
of these omega-3 fatty acids to help perform different
functions. EPA is found primarily in fish and fish oil.
DHA is especially important to the body, and is also
found primarily in fish and commercially available algal
oils. ALA is found mostly in seeds, vegetable oils, and
leafy green vegetables. ALA is converted into EPA and
then into DHA in the body. Research indicates that EPA is
important in promoting the development of prenatal and
infant cardiac and circulatory systems. DHA, however,
seems to receive more attention and great compliments
from the scientific community with regard to health dur-
ing pregnancy and infant nutrition.

There is no recommended daily allowance for EPA or
DHA, but the American Heart Association recommends
500–1800mg (0.5–1.8 g) per day of EPA and/or DHA to
significantly reduce the risk of death from heart disease.
There is not enough information available to set a safe
upper limit for omega-3 fatty acids. The Food and Drug
Administration (FDA) suggests that up to 3000mg per day
of EPA + DHA is generally recognized as safe. Excessive
consumption of omega-3 fatty acids may have negative
effects on the immune system and may inhibit blood
clotting, so supplementation should only be done with
caution. The U.S. Institute of Medicine has established
adequate intakes for ALA and linoleic acid (1.1–1.6 g/day
and 11–17 g/day, respectively, for adults) but not for EPA
and DHA. The recommended intake of omega-3 fatty
acids in diets for adults by the American Heart Associa-
tion is provided in Table 1.

Most American diets provide at least 10 times more
omega-6 (another type of polyunsaturated fatty acid) than
omega-3 fatty acids. Omega-6 essential fatty acids are
found in many vegetable oils (sunflower, corn, safflower,
etc.), cereals, snack foods, and baked goods. There is now
general scientific agreement that individuals should con-
sume more omega-3 and less omega-6 fatty acids for good
health. It is not definitely known, however, whether a
desirable ratio of omega-6 to omega-3 fatty acids exists
for the diet or to what extent high intakes of omega-6 fatty
acids interfere with any benefits of omega-3 fatty acid
consumption. The Third National Health and Nutrition



Table 1 Recommend intakes of omega-3 fatty acids in diets

for adults by the American Heart Association

Population Recommendation

Individuals with no

documented coronary

heart disease

Eat a variety of (preferably fatty)

fish at least twice a week.

Include oils and foods rich in

alpha-linolenic acid (flaxseed,
canola, and soybean oils;

flaxseed and walnuts)

Patients with documented

coronary heart disease

Consume about 1 g of EPAþDHA
per day, preferably from fatty
fish. EPAþDHA supplements

could be considered in

consultation with a physician
Patients who need to lower

triacylglycerols

2–4g of EPAþDHA per day

provided as capsules under a

physician’s care

Modified from Kris-Etherton PM, Harris WS, and Appel LJ (2002)
Fish consumption, fish oil, omega-3 fatty acids, and cardiovas-

cular disease. Circulation 106: 2747–2757.

Table 2 Health benefits of omega-3 fatty acids

Decrease triacylglycerol levels
Help prevent blood from clotting and sticking to artery walls

Lower blood pressure

Reduce inflammation
Decrease the risk of sudden death and abnormal heart rates

Prevent hardening of the arteries

Help to lower the risk for blocked blood vessels and heart attacks

Improve overall heart health

Adapted from Kris-Etherton PM, Harris WS, and Appel LJ (2002)

Fish consumption, fish oil, omega-3 fatty acids, and cardiovas-

cular disease. Circulation 106: 2747–2757.
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Examination Survey examined the intakes of omega-3
fatty acids in the United States and found that men
consumed significantly less ALA than women, adults con-
sumed more than children, and those with a history of
CVD consumed less than those without CVD (when
energy intake was taken into account in the analysis). On
any given day, only 25% of the population reported
consuming any EPA or DHA. Average daily intakes were
14 g linoleic acid, 1.33 g ALA, 0.04 g EPA, and 0.07 g DHA.
Omega-3 Fatty Acids and Public Health

Early epidemiological studies published in the late 1970s
noted relatively low cardiovascular mortality in popula-
tions such as the Inuit with high fish and other seafood
consumption. The apparent health benefits of fish are
explained, at least in part, by the EPA and DHA they
contain. Since these early studies, hundreds of clinical
trials have been conducted to evaluate the effects of
EPA and DHA from marine sources on cardiovascular
health and disease. The possible health benefits of
omega-3 fatty acids are listed in Table 2.

Several epidemiological studies have examined the
relationship between fish intake and stroke incidence.
The association between fish consumption and stroke
incidence was assessed by so-called Cox proportional
hazards models. In one study, the unadjusted hazard
ratio of men who consumed an average of 20 g/day of
fish was 0.49 compared with those who consumed less.
Likewise, in a follow-up study, white females who con-
sumed fish more than once per week had an age-adjusted
stroke incidence that was only half that of women who
reported not consuming fish. These studies suggest that
consumption of at least one portion of fish per week may
be associated with a reduced stroke incidence. Research
has also examined the role of omega-3 fatty acids in
relation to omega-6 fatty acids. Some researchers believe
one of the reasons why Americans suffer from high rates
of cardiovascular disease may be due to an imbalance in
the ratio of omega-3 to omega-6 fatty acids. Ideally, the
ratio of omega-3 to omega-6 fatty acids in the human
body is 1 to 1. However, because the typical U.S. diet is
low in omega-3 fatty acids and high in omega-6 fatty
acids, many people have 10 to 20 times more omega-6
fatty acids than omega-3 fatty acids in their systems.

Depression is the most common form of mental afflic-
tion and affects about 7% of the American adult popula-
tion or some 15 million American adults in any given year
(Kessler et al., 2005). The U.S. National Institute of Mental
Health estimates that about 4% of adolescents also get
seriously depressed. Depression affects a person’s ability
to work, sleep, eat, and experience pleasure, and it can be
disabling. It is more common in women than men, partic-
ularly after childbirth. Depression is least common in
countries where people eat the most fish, such as Japan,
Iceland, and Korea, while countries with low fish con-
sumption have the highest rates. They include the United
States, Canada, and West Germany. People with depres-
sion often have low levels of EPA and DHA in their tissues
compared with healthy individuals, but it is not clear what
this means. Several studies have reported positive out-
comes in depressed patients who took EPA along with
their usual medication. Low doses of EPA (1 to 2 g/day)
were more effective than high-dose levels, and EPA
appears to be more effective than DHA. However, these
encouraging findings must consider that some studies
found no benefits with EPA. Moreover, almost all studies
have been carried out with small numbers of patients.
That means we still need firmer results from larger stud-
ies under more controlled conditions.
Fatty Acids for Infant Nutrition

Fatty acids supply the energy consumed in cellular
growth at certain stages of life, particularly infancy.



598 Fatty Acids
Docosahexaenoic acid (DHA) and arachidonic acid
(ARA) have been identified as important structural com-
ponents of the highly specialized membrane lipids of the
human central nervous system, with phospholipids of
brain gray matter containing high proportions of DHA.
DHA has also been observed to be the major long-chain
polyunsaturated fatty acid (LC PUFA) in the outer seg-
ments of the retina’s rods and cones in the eyes. DHA and
ARA are also found in breast milk. Given their role as
essential fatty acids and their importance in central ner-
vous system (especially brain and eye) development, both
have been added to infant formula in the United States
since 2002. The levels of ARA found in breast milk are
fairly consistent worldwide; however, DHA levels show
considerable variability and appear to be linked to mater-
nal dietary intake. DHA- and ARA-supplemented infant
formula are now available in most countries, including
North America, South America, Europe, Australia, New
Zealand, and Asia. The rationale is that formulas
enhanced with DHA and ARA may improve visual and
mental development outcomes in formula-fed babies,
more similar to that of their breast-fed counterparts.
The U.S. Food and Drug Administration (FDA) has stated
it has no objections to the addition of DHA and ARA to
formula for term infants. The British Nutrition Founda-
tion, the Food and Agriculture Organization of the United
Nations/World Health Organization (FAO/WHO), and
the International Society for the Study of Fatty Acids and
Lipids all recommend supplementation of premature
infant formulas with both DHA and ARA. FAO/WHO
reviewed all the available scientific literature on DHA
and ARA supplementation and recommended that all
full-term infant formulas should provide 20mg DHA/
kg/day and 40mg ARA/kg/day (0.3% DHA and 0.6%
ARA, assuming consumption of 6.5 g fat/kg/day).

The optimal fatty acid profile of infant formula has not
been determined. Experts agree that infant formulas
should be designed to approximate the fatty acid compo-
sition of breast milk and include omega-3 fatty acids such
as DHA. Infants may have a unique need for essential
fatty acids, particularly DHA and ARA, that are important
fatty acids in human milk. Worldwide, DHA concentra-
tions in breast milk range from 0.07% to greater than
1.0% of the total fatty acids, with a mean of about
0.34%. ARA concentrations are greater in magnitude
and lower in variability, averaging 0.53%. Given the
importance of all omega-3 fatty acids in the diets of
infants, the Institute of Medicine set an adequate intake
of 0.5 g of omega-3 fatty acids per day during the first
12months of life. The omega-6 to omega-3 ratio of infant
formula may especially be important, as the relative
amounts of these fatty acids influence the amounts of
DHA and ARA in tissues.

DHA is the most abundant omega-3 fatty acid in the
brain and the retina of the eye, representing about 97%
and 93% of all omega-3 fatty acids in the brain and eyes,
respectively. DHA is key to the developing brain, accu-
mulating in vast amounts during infant development and
during the first few years of infancy. DHA is a central
component of the nervous system and promotes neuro-
logical development, particularly with regard to the eyes
and to fundamental cognitive function. The brain grows
rapidly during the last months of gestation and through-
out the first years of life. This growth spurt is a time of
rapid DHA accumulation in the brain. An infant’s ability
to produce DHA may be inconsistent and inefficient.
Infant blood DHA levels decrease significantly following
birth unless the infant receives DHA either through breast
milk or DHA-supplemented infant formula.

Studies have examined the impact of dietary DHA and
ARA on visual function of infants. A one-year study
measured the red blood cell fatty acid composition and
visual function of 108 infants over 52 weeks’ time.
Twenty-nine of the infants were breast-fed and the rest
were fed either plain infant formula or formula supple-
mented with DHA and/or ARA. It was found that the
fatty acid makeup and visual function were similar
between the breast-fed and fatty acid-supplemented
groups, but were inferior in the unsupplemented formula
group (Birch et al., 1998). Studies suggest that a baby born
to a mother with high levels of DHA in her system will
more likely have advanced cognitive abilities and an
increased attention span (a fundamental nonverbal indi-
cator of intelligence in very early childhood). These
effects have been measured up to age 4, suggesting that
there are long-term benefits of DHA consumption during
pregnancy and nursing. Another study tested over 70
mothers and their babies between 4–8months of age.
The study tested for visual acuity and visual-cognitive
learning ability by showing infants pictures and measur-
ing reactions. Results indicated that babies born to
mothers with elevated DHA levels had increased visual
‘skills’ and abilities. Infants who were breast-fed and then
weaned to formula supplemented with DHA and ARA
demonstrated more mature visual acuity than those
breast-fed infants weaned to nonsupplemented formula.
Infants fed DHA-supplemented formula exhibited better
visual acuity than that of the nonsupplemented infants
(equivalent to 1.5 lines on the eye chart), and similar to
that of breast-fed infants. One study showed that infants
fed formula supplemented with DHA (0.36%) and ARA
(0.72%) had fewer episodes of bronchiolitis and bronchitis
at age 5, 7, and 9months compared to infants fed non-
supplemented formula. Infants fed formula supplemented
with DHA and ARA had significantly lower blood pres-
sure compared to infants fed nonsupplemented formula,
similar to that of breast-fed infants. Because blood pres-
sure tends to track from childhood into adult life, it has
been suggested that early intake of DHA may reduce the
risk of cardiovascular disease later in life.
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Compared to conventional formula feeding, breast-
feeding has been found to produce long-lasting improve-
ments in cognitive ability and educational achievement.
The analysis of the data has determined that DHA and
ARA content of breast milk is at least partially responsible
for this difference. One study found an IQ advantage of
preterm infants fed breast milk by tube compared to a
nonsupplemented formula-fed group, indicating an effect
beyond the actual act of breastfeeding (Lucas et al., 1992).
There have also been several studies that have compared
regular infant formula to formula supplemented with
DHA and ARA as to effect on mental development.
These studies have found infants receiving DHA- and
ARA-enriched formula to have greater cognitive ability
than infants fed unsupplemented formula. Term infants
fed formula supplemented with DHA (0.36%) and ARA
(0.72%) scored 7 points higher on the Bayley Mental
Development Index at 18months than those fed unsup-
plemented formula (Birch et al., 2000). In a follow-up
study of those same children at age 4, visual acuity and
verbal IQ scores were higher in those children who had
received supplemented formula compared with those who
received formula lacking DHA and ARA. The effect of
DHA and ARA in infant formula on problem solving at
10months of age was evaluated. Forty-four healthy, full-
term newborns were included in this study. Starting shortly
after birth, half the babies received a standard infant for-
mula, while the others received the same formula supple-
mented with DHA and ARA. The fat supplement was
derived from milk fat, vegetable oils, and egg lipids. When
tested at 10months, both groups had normal physical
development and were equally able to solve simple mental
problems. However, faced with a more complex mental
challenge, those taking DHA-supplemented formula did
better, and their advantage was statistically significant.

The accretion of DHA and ARA by the fetal brain
during the last trimester of gestation is essential; there-
fore, infants born prematurely are at an increased risk of
having a decreased level of these two fatty acids. Autopsy
studies of term infants who died during the first year of
life have also shown such PUFA differences in the brains
and retinas of infants fed formulas not supplemented with
DHA. Studies of fatty acids in autopsied sudden-infant-
death syndrome (SIDS) infants showed reductions in
DHA of around 10% in those fed conventional formula
compared to those fed breast milk. All of the above studies
support the importance of DHA and ARA for normal
neural development. In the United States, approximately
3600 deaths each year were attributed to SIDS from 1992
to 1999 (Malby and Freeman, 2004). However, there have
been no reports of an increase in SIDS-related deaths in
countries where formulas supplemented with a source of
DHA and ARA had been used for several years.

Breast milk is the optimal infant food. Breast milk
contains the long-chain polyunsaturated fatty acids
DHA and ARA. Recommendations have been made by
several expert groups for infant formulas containing DHA
and ARA. Many studies, as discussed previously, have
demonstrated improved mental development for infants
fed DHA- and ARA-supplemented formula compared to
those receiving unsupplemented formula. These benefits
extend well beyond the period of supplementation and
continue into childhood. Infants rapidly accumulate DHA
from their mother during the last months (third trimester)
of gestation. Infants born prematurely do not have time to
accumulate DHA to the same level as their full-term
counterparts. When fed formula supplemented with
DHA and ARA, preterm infants achieved normal growth
in terms of weight, length, and head circumference, and
showed improved visual and mental development com-
pared to the infants fed formula not supplemented with
DHA and ARA. No concerns have been reported by
physicians worldwide who have monitored the adminis-
tration of formulas supplemented with DHA and ARA to
low-birthweight infants. Studies with stable isotopes indi-
cated that preterm and term infants can convert linoleic
acid to ARA and ALA to DHA. However, sufficient syn-
thesis to enable tissue accretion is limited at birth because
of immature enzyme systems.
Omega-3 Fatty Acids and Maternal Health

Scientific research continues to expand our knowledge of
nutrition in pregnancy, and perhaps the most important
recent development in this field is the role played by
omega-3 fatty acids in the development of a healthy
baby. Omega-3 fatty acids are stored by the body and
brain of the mother, and the nutritional benefits of die-
tary omega-3 fatty acids will be passed from mother to
fetus during pregnancy through the placenta. During
pregnancy, however, if the diet does not contain sufficient
omega-3 fatty acids, the fetus will begin to utilize omega-3
fatty acids from the mother’s internal stores in the brain.
This can cause a long-term deficit of omega-3 fatty
acids if omega-3 fatty acids are not regularly consumed
from external food and/or supplement sources. This
deficiency in omega-3 fatty acids intake is compounded
by the fact that after a woman’s first pregnancy, her
maternal stores become depleted, rarely returning to
pre-pregnancy levels.

Women need to favor their own health and healthy
pregnancies by having healthy eating habits. For that
reason, foods rich in omega-3 fatty acids, particularly
DHA and EPA, should be a regular part of good nutrition.
Before pregnancy, consuming seafood or other foods with
these fatty acids will ensure their availability from the
earliest stages of pregnancy through term. After giving
birth, maintaining good nutrition meets the demands
of breast-feeding and helps replenish nutrients reduced
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during pregnancy. Women who have had one or more
children have less EPA and DHA available for another
pregnancy. It has been shown that women who have had
several children have less DHA in their tissues than
women having their first baby. Unless these losses are
replaced by consuming fish and shellfish or other sources
of EPA and DHA, less DHA will be available for other
pregnancies.

The health benefits of omega-3 fatty acids are, of
course, not restricted to fetal and early-childhood develop-
ment. One of the most feared medical complications of
pregnancy is preeclampsia, also known as toxemia. Pre-
eclampsia, which complicates approximately 5–10% of all
pregnancies, is a common cause of maternal mortality,
premature delivery (preterm labor), fetal growth retarda-
tion, and perinatal mortality. Women with lower dietary
intake of omega-3 fatty acids have much more risk of
developing preeclampsia. Whether supplementation can
decrease the risk of preeclampsia is currently under study.
Equally important, higher levels of omega-3 fatty acids may
reduce the odds of postpartum depression and regulate a
newborn’s sleep patterns. An evenmore important benefit is
the role of omega-3 fatty acids in preventing preterm labor
and delivery. Women with lower amounts of omega-3 fatty
acids have a higher risk of preterm labor, and supplementa-
tion with this vital nutrient has been shown to decrease the
risk of this often catastrophic pregnancy complication.
Studies suggest that expectant mothers who increased
their dietary intake of DHA during the last trimester of
pregnancy through DHA-enriched eggs increased their
length of gestation by 6 days (Smuts et al., 2003).

Fortunately, there are now easy ways to supplement a
pregnant woman’s diet with these essential nutrients. One
might think that eating more fish would be a simple,
natural way to obtain more omega-3 fatty acids. However,
due to increased mercury pollution caused by industrial
power plants, the levels of mercury in fish are occasionally
too high. The FDA has issued advisories that limit the
amount of fish that is safe for pregnant woman, nursing
mothers, and young children to consume. Specifically,
shark, swordfish, king mackerel, and tilefish are not con-
sidered safe for pregnant women. However, consumption
of salmon, pollock, shrimp, and catfish as well as small-
size fish are recommended by the FDA. Also, canned
‘light’ tuna can be taken in moderation. Mercury is a
potent neural toxin, and may be responsible for cognitive
delays and other types of brain damage. Developing
babies are the most vulnerable to this type of toxin.

Many authorities recommend that pregnant and
nursing women consume fatty fish two to three times
weekly and/or add a minimal amount of flaxseed oil to
their diets to insure adequate intake of omega-3 fatty
acids, as the usual diet often contains sufficient amount
of omega-6 fatty acids. Health Canada recommends that
women eat more essential fatty acids while they are preg-
nant to meet the needs of the fetus. Different groups have
given various recommendations for total omega-3 fatty
acids during pregnancy, ranging from 0.5–1.3% of daily
calories. One group specifically recommends that women
who are pregnant or breastfeeding should get at least
300mg/day of DHA. A safer option may be supplements
containing omega-3 fatty acids. In addition to the algal oil
(life’sDHA) and fish oil capsules sold in health food stores,
at least seven brands of prenatal supplements contain
DHA. Omega-3 fatty acids are also available in supple-
mented infant formula. For breast-feeding mothers, sup-
plementation would be recommended so the nutrients can
pass to the baby in the breast milk.

Research into the role of omega-3 fatty acids is
continuing, and all of the benefits may not be known for
years, especially given the long time required to study the
effects of brain development. However, the data so far
seem to be encouraging, indicating a benefit for both
mother and baby at this critical time of life. Pregnant
women have always wanted to give their babies every
advantage in life, and one way to contribute is with good
nutrition during pregnancy. Omega-3 fatty acids can be an
important, maybe even a critical addition to a pregnant
woman’s diet.
Public Health Risks of Trans Fatty Acids

Chemically, trans fats are made of the same building blocks
as non-trans fats, but have a different arrangement. In
trans-fatty acid molecules, the hydrogen atoms bonded to
double-bonded carbon atoms (characteristic of all unsatu-
rated fats) are in the trans (opposite sides, E configuration)
rather than the cis (the same side; Z configuration) arrange-
ment. This results in a straight, rather than kinked, shape
for the carbon chain, more like the straight chain of a fully
saturated fat. Trans-fatty acids are primarily formed when
vegetable oils are processed to make them more solid or
more stable oils. This process is referred to as hydrogena-
tion. The unsaturated fatty acids of vegetable oils are
typically in the cis form. When an oil is partially hydro-
genated, some trans-fatty acids are formed. Additionally,
some double bonds move along the fatty acid chain, so that
a group of cis and trans isomers are formed. Trans-fatty
acids are also formed during heating and frying of oils at
high temperatures. Hydrogenation is used to convert liquid
oils into solid fats, providing the attributes of texture,
mouth feel, and eating quality desired by consumers in
baked, fried, or processed foods. Hydrogenation is also
performed to enhance the keeping quality of many foods.
Partially hydrogenated oils protect against oxidative
rancidity, thus preserving freshness and extending the
shelf-life of foods containing them. It is important to note
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that hydrogenation results in a number of changes in the
acyl chain of the fatty acid moiety, all of which can impact
physiological parameters: conversion of cis to trans
double bonds, saturation of double bonds, and migration
of double bonds along the acyl chain resulting in multiple
positional isomers. The main source of trans-fatty acids in
the diet comes from partially hydrogenated vegetable oils;
however, up to 20% of the trans fats in the U.S. diet is
consumed as products of ruminant animals (i.e., beef, dairy,
and lamb products). Trans fats are present in the U.S. diet at
only 2–4% of total calories, whereas saturated fats are
present at 12–14% of total calories. Thus, a reduction in
fat intake to meet the 30% total dietary fat goal recom-
mended by health professionals will address the greater
need to reduce saturated fats while also reducing trans fat
in the diet. It is important to recognize that saturated fatty
acids should not necessarily be increased to reduce trans
fatty acids. Trans fatty acids are rare in nature. They are
only created in the rumen of cows and sheep, and are only
found in small amounts in milk, cheese, beef, and lamb.
Some of the unsaturated fatty acids ingested by ruminants
are partially hydrogenated by bacteria in the rumen. Thus,
as a consequence, milk fat, dairy products, beef fat, and
mutton fat also contain cis and trans fatty acid isomers,
although the proportions are somewhat different. The
levels found are about 2–9%, and such conjugated trans-
fatty acids are found to have certain benefits, contrary to
those created artificially in fats and oils due to processing
and exposure to high temperatures. In ruminants the main
component of the trans-fatty acid is trans-vaccenic acid,
while in processed fats it is elaidic acid. Small amounts of
trans-fatty acids are also present in poultry and pork fats.

Partially hydrogenated vegetable oils have been an
increasingly significant part of the human diet for about
100 years, and some deleterious effects of trans fat con-
sumption are scientifically accepted, forming the basis of
the health guidelines discussed above. Unlike other die-
tary fats, trans fats are neither required nor generally
beneficial for health and, in fact, the consumption of
most trans fats increases one’s risk of coronary heart
disease by raising levels of LDL cholesterol and lowering
levels of HDL cholesterol. Health authorities worldwide
recommend that consumption of trans fat be reduced to
trace amounts. Trans fats from partially hydrogenated oils
are generally considered to be more of a health risk than
those from naturally occurring oils.

The exact biochemical methods by which trans fats
produce specific health problems are a topic of continuing
research. The most prevalent theory is that the human
lipase enzyme is specific to the cis configuration. This
enzyme can hydrolyze the cis double bond, resulting
in two lower-molecular-weight fatty acids that can be
further metabolized. The human lipase enzyme is inef-
fective with the trans configuration, so trans fat remains in
the bloodstream for a much longer period of time and is
more prone to arterial deposition and subsequent plaque
formation. While the mechanisms through which trans
fats contribute to coronary heart disease are fairly well
understood, the mechanism for trans fat’s effect on diabe-
tes is still under investigation. There are suggestions that
the negative consequences of trans fat consumption go
beyond the cardiovascular risk. In general, there is much
less scientific consensus that eating trans fat specifically
increases the risk of other chronic health problems such as
obesity, diabetes, and cancer.

Research indicates that trans fat may increase weight
gain and abdominal fat, despite a similar caloric intake.
Although obesity is frequently linked to trans fat in the
popular media, this is generally in the context of eating
too many calories; there is no scientific consensus con-
necting trans fat and obesity. There is a growing concern
that the risk of type 2 diabetes increases with trans fat
consumption. However, consensus has not been reached.
For example, one study found that risk is higher for those
in the highest quartile of trans fat consumption. Another
study has found no diabetes risk once other factors such as
total fat intake and body mass index (a number calculated
from a person’s weight and height) were accounted for.
There is no scientific consensus that consumption of trans
fats significantly increases cancer risks across the board.
The American Cancer Society states that a relationship
between trans fats and cancer ‘has not been determined.’
However, one recent study has found connections
between trans fat and prostate cancer.
Conjugated Linoleic Acid and Health

Conjugated linoleic acid (CLA) is a collective term given
to a group of positional and geometric isomers of linoleic
acid in which the double bonds are conjugated, instead of
being in the typical methylene interrupted configuration.
The conjugated double bonds occur at carbon atoms 10
and 12 or 9 and 11, with all possible cis and trans combi-
nations. Although conjugation of double bonds occurs as
part of free radical-mediated oxidation of linoleic acid,
CLA is a true isomer of linoleic acid, in that it does not
possess an additional oxygen. CLA is found primarily in
the meat and dairy products of ruminants (Table 3). CLA
comes in two isomers: the c9,t11 isomer (rumenic acid),
which appears responsible for improving muscle growth;
and the t10,c12 isomer, which primarily prevents lipogen-
esis (storage of fat in adipose tissue). Most supplements
sold in stores contain a 50/50 mix of both isomers. CLA is
a trans fat, though researchers claim that it is not harmful
in the same fashion as other trans fatty acids, but rather
is beneficial. Unlike most trans-fatty acids found in
the human diet, CLA occurs naturally, produced by



Table 3 Conjugated linoleic acid (CLA) content of various

foods

Food mg CLA/g fat

Vegetable oils

Safflower oil 0.7

Sunflower oil 0.4

Meats/fish
Chicken 0.9

Pork 0.6

Salmon 0.3

Egg yolk 0.6
Fresh ground beef 4.3

Veal 2.7

Lamb 5.8
Dairy products

2% milk 4.1

Butterfat 6.1

Butter 4.7
Sour cream 4.6

Cultured buttermilk 5.4

Condensed milk 7.0

Homogenized milk 5.5
Plain yogurt 4.8

Low-fat yogurt 4.4

Frozen yogurt 2.8
Ice cream 3.6

Table 4 Health benefits of conjugated linoleic acids

Reduce the risk of cancer
Increase metabolic rate

Enhance muscle growth

Lower normal cholesterol and triacylglycerol levels
Decrease abdominal fat

Help make it easier to control weight

Help maintain normal insulin levels

Reduce food-induced allergic reactions
Enhance immune system
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microorganisms in the forestomach of ruminants. Nonru-
minants, such as humans, may be able to produce some
isomers of CLA from nonconjugated ruminant fats. One
such example is vaccenic acid, which could be converted
to CLA by an enzyme called delta-9-desaturase.

Nutritional studies based on animal models have
demonstrated a variety of beneficial health effects from
dietary ingestion of CLA, including antiobesity, anti-
carcinogenic, antiatherogenic, and antidiabetic effects
(Table 4). Many studies on CLA in humans show a ten-
dency for reduced body fat, particularly abdominal fat,
changes in serum total lipids, and decreased whole-body
glucose uptake. The maximum reduction in body fat mass
was achieved with a 3.4 g daily dose. CLA may be a potent
cancer fighter. In animal studies, very small amounts of
CLA have blocked all three stages of cancer, namely, initia-
tion, promotion, and metastasis. Most anticancer agents
block only one of these stages. CLA has been shown to
slow down the growth of an unusually wide variety of
tumors, including cancers of the skin, breast, prostate, and
colon. Human CLA research is in its infancy, but a few
studies have suggested that CLA may have similar benefits
in adults. A recent survey determined that women with the
most CLA in their diets had a 60% reduction in the risk of
breast cancer. However, there are concerns that the use of
CLA by overweight people may increase insulin resistance,
possibly increasing the risk of developing diabetes. How-
ever, this evidence is controversial, and other studies report
no changes in insulin sensitivity.
Oxidized Lipids and Health

The process of heating unsaturated oils and exposing
them to air renders them a major source of potentially
dangerous free radicals. This process is obvious with foods
like French fries that are cooked in reused vegetable oil at
high temperatures, but oxidation of the fatty acids in
vegetable oil can be a problem with a surprising number
of processed foods. Early studies with animals fed heat-
abused oils showed significant growth retardation and
other severe consequences (i.e., diarrhea, gastrointestinal
tract irritations, and slight liver damage). Oxidized oils in
food have to be regarded as a major problem for human
health, especially deleterious to brain function. Oil that
has been oxidized becomes rancid and increases the bur-
den on the liver, as that organ is the central digestive organ
for fats. A burdened liver may result in the rise of blood
ammonia (from a less efficient conversion of amino acid
byproducts), which is thought to play a role in personality
changes and impaired consciousness.
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Introduction

The organs most involved in reproduction in the female
are made up of the genital tract and ovaries located in the
lower part of the abdomen, the hypothalamus, and pitui-
tary gland located at the base of the brain and the breasts
(Figu res 1 and 2 ). The f emale re pro ductive sys tem is
formed during embryonic and fetal development, reach-
ing incomplete development at the time of birth. Further
growth and acquisition of full functional capacity is
attained after puberty, which unfolds between 9 and
13 years of age. At puberty, the hypothalamic-pituitary-
ovarian-uterine axis is activated and ovarian and endome-
trial cyc les ( Figure 3 ) be come mani f est by the occu r rence
of menstruation with a monthly periodicity. The first
menstruation (or menarche) marks the onset of the fertile
segment of a woman’s life or reproductive years, in which
women can conceive and give birth to one or more chil-
dren. The number of oocytes (female gametes) present in
the ovaries at birth is limited to a few hundred thousand
or less and their number decreases thereafter continu-
ously through a resorption process known as atresia.
As a consequence, around the age of 50 years, the pool
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of oocytes becomes exhausted, ovarian and endometrial
cycles cease to occur, and reproductive capacity wanes
after the last menstruation (or menopause).

Menstruation and the Menstrual Cycle

The vast majority of vertebrates exhibit reproductive
cyclicity as they can bear offspring repeatedly, but with a
periodicity that is entrained with environmental phenom-
ena determined by the Earth’s rotation and yearly circling
around the sun. Other than parturition or egg-laying, an
outstanding external signal of reproductive cyclicity is the
female’s behavior in response to male attempts to copu-
late. In most species, the female does not allow copulation
except for a short period of hours or a few days preceding
ovulation (the release of one or more oocytes from the
ovary), enhancing in this way the probability of becoming
pregnant. With the exception of the human and a few
other species, mating is precisely timed to optimize the
likelihood of conception (union of male and female
gametes) and therefore reproduction.

http://www.cfsan.fda.gov/~mow/chap33.html
http://www.cfsan.fda.gov/~mow/chap33.html
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This female receptive behavior toward mating is
known as heat or estrus, hence the cycle in these animals
is called the estrous cycle. This stereotyped receptive
behavior toward mating is practically absent in the
human female since women engage in sexual intercourse
at any time of the menstrual cycle, during pregnancy,
during lactational amenorrhea, and after the menopause.
As a consequence, the vast majority of acts of sexual
intercourse in the human are nonreproductive, affording
only pleasant, uniting, and recreational experiences to the
couple, without the invariable reproductive aim charac-
teristic of most other animals.

The most prominent external sign of cyclicity during
the reproductive years of the human female is menses or
menstruation, which is blood mixed with tissue sloughed
off from the superficial or functional layer of the endo-
metrium (internal lining of the womb), being expelled
through the vagina to the exterior. Thus, the cycle in
women is called the menstrual cycle. Menses occur from
menarche until menopause more or less regularly with a
periodicity approaching the lunar cycle, and are tempo-
rarily suppressed during pregnancy and breastfeeding.
While the occurrence of menstruation allows a woman
to assume she is fertile, a delay in its occurrence, beyond
its expected timing during the reproductive years in
cycling, sexually active women, usually indicates that
she has become pregnant.

At the time of impending menstruation or during
menses, many women can experience a variety of unpleas-
ant changes in mood and/or bodily sensations within a
wide range of intensities, conditioned by the hormonal
oscillations that cause menstruation. This, together with
the sanitary requirements imposed by several days of vagi-
nal bleeding, makes most women experience this monthly
sign of cyclicity of their reproductive function with great
awareness, although its importance and meaning varies
considerably among them. Furthermore, different cultures
assign a special meaning to menstruation and impose vari-
ous rules on women that affect their social behavior or
marital relationships while the bleeding episode is taking
place. On the other hand, vaginal bleeding does not always
reflect menstruation since there are diverse pathological
conditions that are associated with blood loss from the
endometrium or other segments of the female genital tract.



GnRH secreting
neuronsOxytocin and vasopressin

secreting neurons

Anterior
pituitary

Secondary
capillary plexus

Vein draining
anterior pituitary
hormones

Vein draining
posterior pituitary

hormones

Primary
capillary plexus

Posterior pituitary

Portal vessels

Artery
Hypothalamic-
pituitary axis

Artery

Figure 2 Components of the hypothalamic-pituitary axis most relevant to the reproductive process. Some neurons, which have their
cell bodies located in hypothalamic nuclei, project their axons toward the primary capillary plexus of the hypothalamic-pituitary portal

system where they deliver their hormonal secretions, notably GnRH. GnRH circulates down the portal vessels that resolve into the

secondary capillary plexus in the anterior pituitary lobe. Here GnRH diffuses out of the capillaries and acts on the gonadotrophs,

stimulating the secretion of the gonadotrophic hormones. Other hypothalamic neurons extend their axons all the way down into the
posterior lobe of the pituitary where they release vasopressin and oxytocin, which are involved in parturition and milk ejection,

respectively.

Female Reproductive Physiology/Function 605
Menstruation is the culmination and external sign of
the end of a nonconceptional cycle. It is immediately
followed by the endometrial proliferative phase in which
cells multiply to rebuild the functional layer that was
sloughed off during menstruation (see Figure 3). The
deeper or basal layer of the endometrium remaining
after menstruation is no more than 3mm in thickness
and develops into a fully grown layer of up to 12–15mm
or more in about 2 weeks through stimulation by the
increasing levels of estradiol (female hormone produced
by the ovary) in blood. This proliferative phase is followed
by a secretory phase in which tissue differentiation and
remodeling and endometrial glandular secretion predom-
inate under the influence of progesterone (another ovar-
ian hormone) in preparation for nesting a fertilized egg
(or zygote), if it should happen to be formed and arrive
into the uterus in that cycle. The secretory phase also
entails building the necessary mechanisms to produce
menstruation if no zygote is formed during that cycle.

Recurrent sloughing off and rebuilding of the endome-
trium constitutes the endometrial cycle and takes place
continuously for years until conception or the menopause
occur. This process is not autonomous and is heavily
dependent on estradiol and progesterone secreted by the
ovary, therefore the endometrial cycle is precisely syn-
chronized with the ovarian cycle (see Figure 3). Ovarian
cycles are absent and ovarian hormone production is
minimal or nil before puberty, during pregnancy and
lactation, and after the menopause.

An outstanding feature of the menstrual cycle is its
variability within and between women, not only in the
intervals between menses but in their duration, in
the timing of ovulation, and the blood levels attained
by the hormones involved and several other parameters.
The days of the cycle are usually counted taking the
first day of menstruation as the first day of the cycle.
Only for didactic purposes, it is generally said that the
menstrual cycle lasts 28 days and ovulation takes place on
day 14 of the cycle. However, the normal cycle length
varies from 21 to 35 days and follicular rupture can take
place as early as day 10 or as late as day 22.
The Ovarian Cycle

The ovary plays a central role in female reproductive
cyclicity and the menstrual cycle. Usually, the full ovarian
cycle occurs in one of the two ovaries while the other
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Figure 3 The upper part of this figure illustrates the phases of an ovarian cycle: the growth of a follicle in the ovary ending in ovulation

and transformation into a corpus luteum that grows and then regresses and wanes. The middle part shows the oscillations in the blood

serum concentration of estradiol and progesterone along the ovarian cycle. The lower part illustrates the phases of the endometrial
cycle, beginning with menstruation. Increasing levels of estradiol secreted by the leading follicle as it grows stimulate cell proliferation
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Demise of the corpus luteum and associated decrease in estradiol and progesterone levels cause the onset of menstruation and of a
new ovarian and endometrial cycle.
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exhibits incomplete waves of follicular growth for one or
more cycles until the fully active side is reversed in a
nonpredictable fashion.

At the onset of each ovarian cycle, small antral follicles
(tiny spheres containing each an oocyte and a fluid-filled
cavity) grow rapidly stimulated by the gonadotropic hor-
mones secreted by the anterior pituitary gland (Figure 4).
Eventually, one of them becomes the leading or dominant
follicle, which continues to grow to become a mature or
Graafian follicle. A transient surge of the gonadotropic
hormones in blood triggers the ovulatory process only in
the mature follicle, leading to its rupture, release of the
oocyte it contains and its transformation into a corpus
luteum. The life span of the corpus luteum is self-limited
to approximately 2weeks, unless a developing zygote
signals its presence. Functional demise of the corpus
luteum allows both menstruation and the beginning of a
new ovarian cycle.

The fundamental structures that sustain ovarian
cyclicity come from a pool of thousands of primordial
follicles, from which cohorts of about two dozen start
growing every day in an autonomous manner. After a
few months, nearly half a dozen reach the stage of
antral follicle with a diameter of 2–5mm while the rest
undergo atresia at various stages of their development and
disappear. The wall of antral follicles is formed by two
layers of cells (Figure 5). The outermost layer is called
the theca layer and is richly vascularized and innervated.
The innermost layer, called granulosa, lacks vascular irri-
gation and innervation and is in direct contact with antral
fluid. It is separated from the theca, by a thin homoge-
neous lamina (basal membrane). Usually, each follicle
contains a single oocyte that is immersed in the granulosa.
The granulosa cells surrounding the oocyte form the
cumulus oophorus during the ovulatory process.

Figure 5 shows a cross-section of a mature follicle
illustrates the layers forming its wall. From the outside
to the inside: the external layer of cells forms the theca
externa and interna. The theca externa is adjacent to the
ovarian stroma (not shown). The theca interna is richly
vascularized and innervated. A basal membrane separates
the theca interna from the granulosa that lacks blood
irrigation and innervation. The granulosa consists of sev-
eral layers of cells housing a single oocyte and surround-
ing a cavity filled with follicular fluid. The cells
immediately surrounding the oocyte (cumulus cells)
behave differently from the rest of granulosa cells
(mural granulosa). At ovulation a mucinous material
accumulates between them forming the cumulus
oophorus; they detach from the wall of the follicle and



Ovulation

Ovary

Mature follicle

Secondary oocyte
(haploid)

Primary oocyte
(diploid)

Follicle

Corpus luteum

Figure 4 Life history of the follicle from a primary follicle destined to ovulate until ovulation, formation of a corpus luteum,

and its demise in the ovary. See Figure 5 for the time frame of each stage and what happens to accompanying follicles of the

same cohort.

Internal
theca cells

Capillary network

Basal
membrane

Granulosa
cells

Follicular
fluid

Oocyte

Cumulus
cells

Mature follicle
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are released from the follicle surrounding the oocyte at
ovulation. Theca cells respond primarily to LH-secreting
androgens, whereas granulosa cells respond to FSH trans-
forming the androgens into estrogens.

At each transition from the end of one cycle to
the beginning of the next, there is an elevation of the
follicle-stimulating hormone (FSH), a gonadotropic hor-
mone in the circulation which acts to accelerate growth of
the small antral follicles that began to develop months
earlier. These follicles enter into a sort of competition
until one of them becomes dominant and the others stop
growing and undergo atresia. The dominant follicle con-
tinues growing by multiplication of its cells and accumu-
lation of fluid in its cavity until reaching about 20mm in
diameter in 10–15 days. During this phase, the dominant
follicle secretes increasing quantities of estradiol, result-
ing in an exponential rise in the blood level of this hor-
mone until it surpasses a critical level that triggers a
massive and transient release of the gonadotropic hor-
mones, luteinizing hormone (LH) and FSH, from the
pituitary gland. This surge of gonadotropic hormones
acting on the mature follicle initiates the ovulatory pro-
cess that will culminate 36 hours later in follicular rupture
and release of the oocyte into a space that can be reached
by spermatozoa to accomplish fertilization.

The ovulatory process is a complex series of parallel,
synchronous, and, to some extent, independent changes
affecting almost every component of the mature Graafian
follicle. A crucial process is the resumption of oocyte
meiosis that leads to extrusion of the first polar body
(a small daughter cell resulting from oocyte division)
containing one chromosome of each pair and, thus, the
reduction of the number of maternal chromosomes within
the oocyte to a single set. Another key process is the
expansion of the intercellular matrix uniting the granu-
losa cells that surround the oocyte, to form the cumulus
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oophorus that detaches from the follicle wall so it can be
extruded from the follicle at the time of follicular rupture
and voiding. A third process is the activation of enzymes
that erode the intercellular matrix of the follicle wall and
allow the apex of the follicle to yield to the slightly
positive pressure of the antral fluid, which is maintained
throughout the entire process by the sustained contraction
of the outer thecal cells at the base of the follicle. Both the
granulosa and thecal cells begin a process called luteini-
zation that entails major changes in steroid-synthesizing
machinery leading to decreased synthesis of estradiol and
increased synthesis of progesterone. The large amounts of
progesterone to be produced in the following days impose
increased energetic demands by these cells so granulosa
cells secrete angiogenic factors that lead to disruption of
the basal membrane and growth of newly formed blood
capillary vessels into the luteinizing granulosa layer.
Finally, the wall of the follicle ruptures at the apex, the
follicle contracts, and the antral fluid containing the cumu-
lus oophorus is voided toward the peritoneal cavity or
directly to the fimbria of the Fallopian tube. Altogether
these processes constitute ovulation.

Luteinized theca and granulosa cells remaining in the
ruptured follicle reorganize to form the corpus luteum.
They grow substantially in size, accumulate large
amounts of lipids required for steroid hormone synthesis
and, in the course of one week, they constitute the corpus
luteum, a compact body in the superficial layer of the
ovary that replaces the ruptured follicle (see Figure 4).
During the second week after ovulation, the corpus
luteum starts regressing and produces less and less proges-
terone and estradiol, which results in decreasing circulating
levels of these hormones up to the point where the endo-
metrium, lacking this hormonal support, starts to break
down and menstruation ensues. The reduction in the cir-
culating level of ovarian hormones weakens their negative
feedback on gonadotropin secretion, allowing a transient
small elevation of FSH that recruits a new cohort of antral
follicles for initiating the next ovarian cycle.

The alternation of dominant follicle and corpus
luteum as the predominant structure in the ovary gives
rise to the denomination of follicular phase and luteal
phase, respectively, to refer to these two phases of the
ovarian cycle. These structural ovarian changes are
accompanied by changes in the rate of secretion and
blood levels of steroid and protein hormones produced
by the ovary. The length of the follicular phase is more
variable than that of the luteal phase and accounts for
most of the variability in the length of the menstrual cycle
observed within and between women. The length of the
luteal phase, taking as the first day the day in which the
echographic image of the leading follicle shows it has
collapsed, and as the last day the day preceding the
onset of menstruation, varies from 9 to 16 days being 13
to 15 days in nearly 70% of the cycles.
The Endometrial Cycle

As the dominant follicle grows and secretes increasing
amounts of estradiol, the cells located in the basal layer
of the endometrium proliferate, endometrial glands and
surface epithelium are reconstructed, and blood vessels
grow again side by side with the endometrial glands. At
the time of ovulation, endometrial thickness is 12–15mm
and, as progesterone secretion by the corpus luteum
increases, endometrial glands begin to secrete their pro-
ducts and the luminal epithelium (single cell layer that
covers the endometrial surface) exhibits transient swel-
lings known as pinopodes. By the seventh day of exposure
to elevated progesterone, the endometrium becomes
receptive to embryo implantation and remains so for a
few days, a period known as the window of implantation
or receptive phase.

The success of embryo implantation depends on
blastocyst (a developmental stage of the zygote able to
attach to the endometrium) quality and endometrial
receptivity. The latter depends on progesterone which,
acting through its receptors on an estrogen-primed endo-
metrium, changes the transcription rate of target genes.
Hence, endometrial receptivity is associated with either
enhanced or decreased expression of certain repertoires
of genes in comparison with prereceptive stages of the
endometrium. A morphological correlate of this receptiv-
ity is the predecidual transformation of the cells sur-
rounding the endometrial blood vessels. The absence of
a blastocyst in the mid-luteal phase allows luteolysis
(breakdown of the corpus luteum) to proceed and men-
struation to start a week later.
The Conceptional Cycle

The cycle in which a pregnancy begins is referred to as
the conceptional cycle. In such a cycle, menstruation does
not take place 2weeks after ovulation as it does in an
infertile cycle because the corpus luteum does not regress
but continues to produce progesterone, thus menstruation
does not occur. The conceptional cycle ends normally
9months later with parturition, followed by lactational
amenorrhea until menstrual cyclicity resumes. Ten per-
cent or more of conceptional cycles will end prematurely
due to death of the conceptus (developing zygote), the
embryo or the fetus, or other causes, but before the
product of conception is viable outside the womb. Loss
of the embryo or fetus in these circumstances is referred
to as abortion (or clinically often as ‘miscarriage’). In
addition, a variable number of conceptuses (estimated
at 20–50%) die during or soon after they implant in the
endometrium and menstruation may occur at the normal
time or somewhat delayed without the woman being
aware of this failed implantation.
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The ovarian and endometrial cycles of the menstrual
and the conceptional cycles do not differ until after ovu-
lation, except for possible subtle changes in response to
sexual intercourse and the presence of seminal plasma
components and spermatozoa that interact with the epi-
thelial cells lining the inner surface of the genital tract.
The major differences between both cycles, before the
delay in menses occurs, take place after ovulation and
particularly at the time of implantation and thereafter.

A sequence of several fundamental processes is
required for the natural occurrence of a conceptional
cycle. The first two events are sexual intercourse and
ovulation; the former must be close to, but not after,
ovulation. They must be followed by the encounter of
the gametes, oocyte, and spermatozoon, usually in the
ampullary segment of the Fallopian tube (Figure 6),
where fertilization takes place leading to the formation
of a single cell, the zygote, representing the beginning of a
new individual. This is followed by development of the
zygote up to the morula stage, its transport to the uterine
cavity where it continues to develop up to the blastocyst
stage, which is the stage at which it is capable of implant-
ing in the endometrium.

Following fertilization within the ampullary segment
of the fallopian tube, the zygote develops within this
organ up to the early morula stage composed of 8–12
cells in the course of 3 days at the end of which it passes
into the uterine cavity. In the following 3 days the morula
develops into a blastocyst inside the uterus. At the end of
this period the blastocyst expands, looses the zona pellu-
cida, and begins to implant in the endometrium.

Implantation of the blastocyst starts in the middle of
the luteal phase when progesterone secretion by the cor-
pus luteum is at its peak. As implantation begins, the
trophoblastic cells of the blastocyst begin to secrete
increasing amounts of the hormone chorionic gonadotro-
pin (hCG), which passes into the mother’s bloodstream.
Acting upon the corpus luteum, hCG prevents its involu-
tion and keeps it secreting high levels of progesterone and
estradiol. In this manner, the hormonal support of the
Blastocysts

Moru

Uterine cavity

Figure 6 Preimplantation development of the zygote.
endometrium is maintained and menstruation is pre-
vented so that the implanted blastocyst can continue its
development in the endometrium.
Gamete Encounter and Fertilization

The vast majority of acts of sexual intercourse do not
generate a pregnancy in fertile couples who are not
using any means to avoid it, indicating that the reproduc-
tive process in the human has rather low efficiency in
comparison with other domestic and wild species in which
almost every mating is followed by pregnancy. There are
several reasons for this difference, one of them being that
ovulation takes place in one of the 21–35 days of the
menstrual cycle and intercourse can occur multiple
times randomly distributed along that period and by
chance not close enough to ovulation to allow the encoun-
ter of fresh gametes. By carefully monitoring the day
of ovulation and days of intercourse in 625 cycles of
221 women seeking to become pregnant, Wilcox et al.

(1995) were able to establish that a single act of sexual
intercourse can generate a conceptional cycle if it takes
place on the day of ovulation or in any of the 5 preced-
ing days. These six days of the menstrual cycle are desig-
nated as the fertile period of the menstrual cycle. The
probability of generating a conceptional cycle is highest
when intercourse occurs on the last three days of the fertile
period, when it is close to 35%. Wilcox et al. (1998) also
established that 30% of conceptional cycles identified
by detection of hCG in the urine ended before the
pregnancy was clinically recognized. Since menstruation
in such cycles occurs at about the expected time, women
are not aware of these early conception losses and perceive
the cycle as a normal, nonconceptional menstrual cycle.

Spermatozoa can survive in the genital tract of women
and retain their fertilizing potential up to 5 days after
intercourse. On the other hand, the oocyte needs to be
fertilized within the first few hours after ovulation to
generate a viable, healthy zygote with full developmental
capacity. This explains why the fertile period is limited to
Oocyte

Fertilization

Zygote

2- and 4-cell embryos

Ovary

lae
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six days asymmetrically distributed relative to the day of
ovulation.

Ovulation is preceded by high estradiol and low pro-
gesterone levels in the circulation. Therefore, the endo-
crine milieu prevailing during the fertile period is optimal
for the production of abundant, clear, more watery and
less viscous cervical mucus that fills the cervical canal and
is easily penetrable by spermatozoa.

When a man ejaculates during coitus, semen contain-
ing several hundred million spermatozoa is delivered to
the vagina. If this occurs during the fertile period, sperm
cells will easily pass into cervical mucus extruding from
the external opening of the cervical canal. In fact, several
hundred thousand spermatozoa will do so within the first
hour and most of them will colonize the cervical crypts
where they can remain viable for days, forming a sperm
reservoir. In a short-lived first phase, some sperm cells are
passively transported within minutes to the Fallopian tube
while the others actively migrate from the cervical reser-
voir to the Fallopian tube continuously over the next
hours and days. Animal experiments have demonstrated
that passively transported sperm do not have the capacity
to fertilize and that the fertilizing sperm come from the
active phase.

Noncapacitated spermatozoa (not yet ready to fertilize
an oocyte) reaching the Fallopian tubes bind for hours to
the epithelial cells lining the lumen and subsequently are
released in a capacitated state. Capacitated spermatozoa
can readily fertilize an oocyte, but they soon lose viability
if ovulation has not taken place. Fresh spermatozoa com-
ing from the cervical reservoir can repeat this cycle until
ovulation takes place or for a maximum of 5 days after
intercourse. Once a capacitated sperm cell penetrates the
cumulus oophorus, it binds to the proteinaceous layer
covering the oocyte, called zona pellucida. Here it loses
part of the outer cell membrane allowing the release of
various enzymes (acrosome reaction) that help the sperm
drilling a pathway through the zona until it reaches the
oocyte cell-membrane. Again, the sperm binds to this
membrane and fuses its own membrane with it. The
sperm head carrying one set of paternal chromosomes
then comes inside the oocyte cytoplasm. Meanwhile, the
oocyte undergoes several processes in response to sperm
signaling. It releases components (cortical granules) that
turn the zona pellucida impenetrable to further sperma-
tozoa, completes the second meiotic division keeping only
one half of the maternal genome (haploid condition) and
becomes denuded from cumulus cells. At this stage, the
chromosomes of the oocyte and those of the fertilizing
spermatozoa are separately contained in membrane-
bound structures called pronuclei. Afterward they come
together so that the fertilized oocyte now contains the
full endowment of chromosomes (diploid condition)
becoming a single cell zygote, which represents the begin-
ning of a new individual of the species.
Development and Transport of the Zygote
to the Site of Implantation

The zygote develops steadily by successive divisions of its
initial mass without accruing additional living matter.
Thus, each division gives rise to equal-size daughter cells
of smaller and smaller size. Initially, this happens inside the
Fallopian tube up to approximately the 12-cell stage or
morula in the course of 3 days (see Figure 6). During this
time, the developing zygote resides within the ampullary
segment of the Fallopian tube and, by the end of the third
day, it is transported through the isthmic segment into the
endometrial cavity where it continues to divide.

A fluid-filled cavity develops at the center of the devel-
oping zygote and enlarges, giving rise to a developmental
stage known as blastocyst that continues to grow in size by
fluid accumulation. At the same time, the blastocyst cells
differentiate into two classes. The most numerous cells,
called trophoblast cells, line the outer surface, and the less
numerous, a cluster of 10–20 cells, is called the inner cell
mass and lies inside, adjacent to one section of the tropho-
blast. At about the seventh day after fertilization, the
blastocyst comprises some 200 cells, 10% of which corre-
spond to the inner cell mass that will actually give rise to
the embryo while the rest will form the placenta. At this
stage, due to fluid accumulation, the volume of the blasto-
cyst is at least twice as large as the oocyte from which it
originated; the blastocyst then hatches from the zona
pellucida and is ready to initiate implantation (Figure 7).

Following menstruation, cells of the basal layer prolif-
erate, rebuilding the spongy and compact layer where
glands and spiral arteries grow. Following ovulation and
fertilization on day 14, the zygote begins its preimplanta-
tion development and the newly formed corpus luteum
starts producing increasing amounts of progesterone that
induce glandular secretion and receptivity to the embryo
in the endometrium. By day 21 the blastocyst has attained
full development and begins to implant. At the same time
it produces chorionic gonadotrophin that passes into the
mother’s bloodstream and acts upon the corpus luteum to
sustain progesterone secretion and avoid menstruation.
The endometrial stroma undergoes decidualization to con-
tain the invading trophoblast. By day 30 the blastocyst has
turned into an embryo that is entirely immersed in the
endometrium. Trophoblast cells have differentiated in two
cell lineages that interact with endometrial blood vessels to
build the placenta, a nurturing system for the embryo
whose postimplantation development is now ongoing.
Implantation

The particular distribution of the two cell types that
constitute the blastocyst confers polarity to its structure.
Trophoblast cells covering the inner cell mass attach to the
epithelial cells lining the endometrial cavity and eventually
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Figure 7 Schematic illustration of the first 30days of an endometrial cycle in a conceptional cycle.
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their cytoplasmic projections penetrate between the epi-
thelial cells, cross the basal membrane underlying the
epithelial cells and begin to invade deeper endometrial
layers. The conceptus immerses into the endometrium
and becomes separated from the uterine cavity by the
reconstructed epithelial lining (see Figure 7). This is fol-
lowed by the establishment of a complex interphase
between the embryo itself and the mother, allowing the
exchange of nutrients and many other substances required
for further development of the embryo in the months to
follow. The placenta is the main component of this inter-
phase and is derived from the trophoblast. The endome-
trium itself changes into a structure known as decidua
that can support the placentawhile at the same time limiting
the invasiveness of the cells derived from the trophoblast.

An important adaptation of the maternal side modu-
lates the local immune system to prevent embryo rejection.
Themother’s immune systemwould otherwise recognize as
nonself the embryonic proteins encoded by paternal-inher-
ited genes and this would mobilize an allograft rejection. In
fact, failure of this protective mechanism is thought to be
responsible for a proportion of early embryo wastage.

As the conceptus establishes conduits to access maternal
nutrient supplies, new living matter can be synthesized and
real growth begins, resulting in a new phase of embryonic
development where cells can keep their size after each
division and new cell types can emerge that associate
temporally and spatially in varying manners thereby form-
ing the rudimentary organs that eventually shape the body.
Once these organs are in place, fetal growth ensues until
the fetus reaches enough maturity to trigger the onset of
parturition and continue living outside the womb.
Regulation of the Hypothalamic-
Pituitary-Ovarian Axis

The three organs forming the hypothalamic-pituitary-
ovarian axis communicate with each other mainly by
means of chemical signals that are the hormones they
produce that travel from one organ to the other via the
bloodstream. The hypothalamus located at the base of the
brain contains neurons that produce a peptide composed
of 10 amino acids known as gonadotropin-releasing hor-
mone (GnRH). This molecule is secreted directly into
the primary blood capillary plexus of the hypothalamic-
pituitary portal system through which it reaches the pitu-
itary gland in high concentrations (see Figure 2). This
portal system conveys blood from the median eminence of
the hypothalamus directly into the anterior lobe of the
pituitary gland (adenohypophysis) where it resolves into a
secondary blood capillary plexus, allowing hypothalamic
hormones to reach the adenohypophysis without being
diluted in the general circulation.

As in men, GnRH is released in a pulsatile fashion,
with an interpulse interval varying within the range of
60–120minutes. Specialized cells within the adenohypo-
physis known as gonadotrops synthesize and secrete the
FSH and LH in response to GnRH pulses. Both gonado-
tropins consist of two subunits, designated a and b, linked
together by disulfide bonds. The a-subunit is common to
other glycoprotein hormones while the b-subunit is more
specific. Nevertheless, the b-subunit of LH is highly
homologous to the b-subunit of hCG. Both pituitary
gonadotropins are released into the blood in response to
GnRH, although there are other factors that modulate
this response so that under certain conditions, the patterns
of their secretion differ to some extent. Each GnRH pulse
generates a gonadotropin pulse, being more pronounced
in LH than in FSH.

FSH, acting on granulosa cells of antral follicles, sti-
mulates the secretion of several growth-promoting factors
and the expression of aromatase, an enzyme that converts
androgens into estrogens. As a consequence, follicular
growth is accompanied by increasing secretion of estra-
diol (see Figure 3). LH, in turn, through its action on
thecal cells stimulates the synthesis of androgens (male-
type hormones) that in part diffuse into the bloodstream,
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but also into the granulosa cells where they are converted
into estrogens. As blood estradiol levels rise during the
follicular phase, they exert negative feedback on gonado-
tropin secretion, keeping the response of the ovary in
check so that usually only one follicle matures in each
cycle. When the level of estradiol in blood surpasses a
certain critical level, the negative feedback turns into
positive feedback: pulsatile activity of GnRH neurons
increases and the pituitary gonadotropic cells become
highly sensitive to GnRH’s stimulatory action resulting
in a massive discharge of both gonadotropins, which
causes a transitory increase in the blood concentrations
of both hormones. The rise in gonadotropins is far more
noticeable for LH than FSH. It is known as the preovula-
tory gonadotropin discharge, midcycle gonadotropin
surge, or LH peak, and is responsible for selectively
triggering the ovulatory process in the mature follicle.
Both hormones return to their basal level approximately
48 h after the beginning of the discharge.

At the onset of luteinization induced by the LH peak,
estradiol secretion drops at the same time as progesterone
secretion begins to increase. Thereafter, the blood concen-
trations of both steroids increase progressively until the
mid-luteal phase when they start decreasing again during
the second half of this phase if no conceptus has signaled its
presence. During the luteal phase, the combined effect of
elevated estradiol and progesterone keeps the frequency of
GnRH and gonadotropin pulses at a reduced rate and no
follicular recruitment takes place. When the corpus luteum
begins to involute and eventually ceases to produce the two
steroid hormones, gonadotropins are released from their
negative feedback and their basal levels rise leading to the
initiation of a new follicular phase.

Apart from sex steroids, peptide hormones – some of
them produced by the ovaries – contribute to the regula-
tion of gonadotropin secretion. Among them, inhibins,
activins, and follistatin are functionally involved in the
regulation of FSH secretion. Inhibins (both the A and
B types) are produced by granulosa cells and inhibit
selectively the secretion of FSH. Activins (of which
there are A and B types too) are also produced by gran-
ulosa cells, as well as by cells of several other organs
including the pituitary gland, but, in contrast to inhi-
bins, activins stimulate the secretion of FSH. Follistatin
is a protein produced in the pituitary gland that binds
activins and prevents their stimulatory effect on the FSH-
secreting gonadotropic cells. It is likely that activins and
follistatin produced locally in the pituitary are at least as
important for FSH regulation as their circulating levels.
Another peptide hormone produced by granulosa cells is
Müllerian inhibiting substance (MIS) (also known as anti-
Müllerian hormone). In male fetuses it is produced by
Sertoli cells of the testicles and it suppresses Müllerian
duct development. In the female it is produced after birth
by primordial, preantral, and very early antral follicles and
its function is to restrain primordial follicles from enter-
ing into FSH-dependent growth. MIS serum levels are
stable throughout the menstrual cycle and begin to
decrease with age as the primordial follicle pool shrinks.
Its synthesis ceases when these structures disappear in the
menopause.
Conclusion

Knowledge and understanding of the normal, human
female reproductive process has grown considerably in
the last century aided by animal experimentation, clinical
research, and technological developments that allow mea-
suring minute amounts of hormones in body fluids,
tracing their action in cells, and measuring cell responses
under a variety of conditions. The reproductive process
across mammals bears many features in common and the
reproductive process in the human female has, if any, very
few distinguishing features from the rest of mammals. The
wealth of basic knowledge acquired has allowed bringing
into practice diagnostic and therapeutic procedures for
improving sexual and reproductive health. Moreover,
methods to control fertility at times when childbearing
is unwanted or to allow infertile couples to have babies
have become possible and are now widespread and
generally successful.

See also: Family Planning/Contraception; Gynaecologi-

cal Morbidity; Infertility.
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Fetal Growth Retardation: Introduction

Ideally, fetal growth retardation should be one of the main
national indicators of pregnancy outcome, together with
maternal, fetal, neonatal, and infant death rates. Instead,
because information about the duration of pregnancy is
not available in many developing countries, low birth
weight is recommended as the key outcome by the World
Health Organization (WHO).

Among the estimated 130–140 million births in the
world each year, about 20 million infants (15%) weigh
less than 2500 g (Table 1). In developed countries, low
birth weight infants are more likely to be born preterm
(less than 37 weeks’ gestation) rather than growth retarded
but in developing countries low birth weight is predomi-
nantly due to fetal growth retardation.

The likelihood that a significant proportion of chronic
diseases in adult life such as diabetes, hypertension, and
coronary heart disease in both developed and developing
countries may be due to fetal growth retardation has given
new impetus to improving our knowledge of its causes and
prevention. The possible mechanisms whereby derange-
ments of physiological and metabolic pathways cause fetal
growth retardation have been extensively studied for many
decades. Observations of variations in size at birth around
the world, the impact on pregnant women of ‘natural
experiments’ such as the siege of Leningrad and the Dutch
famine in the Second World War, and the outcomes of
growth-retarded fetuses after birth have all stimulated fur-
ther epidemiological, clinical, and laboratory studies of fetal
growth retardation. The rapid increase in birth weight by
several hundred grams in Japan in the decades after the
Second World War provided strong evidence that a sig-
nificant change in maternal risk factors was responsible.
Improved living conditions and better maternal nutrition
seemed the most likely reasons.

Although more than 90% of the world’s births occur in
developing countries the proportion of low birth weight is
not evenly distributed across these regions. About half the
total births are in South Asia, mainly India and neighbor-
ing countries, and in East Asia and the Pacific. However,
low birth weight is four times more common in South
Asia (29%) than in East Asia (7%) (Table 1). Across Africa
and the Middle East, where there are more than a third of
the world’s births, 13–15% are low birth weight, which is
double that in the industrialized countries and East Asia.



Table 1 Estimates of low birth weight in regions and

countries of the world

Country/region

Estimated annual
number of births
(thousands)

Percentage of infants
with low birth weight
(less than 2500g)

Industrialized

countries

10848 7

Developing

Countries

120128 16

Least

developed
countries

28258 19

World 133449 15

Sub-Saharan
Africa

28715 14

Eastern and

Southern

Africa

13575 13

West and

Central

Africa

15140 15

Middle East
and North

Africa

9743 15

South Asia 37077 29
East Asia and

Pacific

29 820 7

Latin America

and
Caribbean

11651 9

CEE/CIS 5595 9

Reproduced from UNICEF (2006) The state of the world’s

children 2007. Women and children. The double dividend of
gender equality. UNICEF (derived from the published statistical

tables)
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Within individual countries, many studies have consis-
tently shown that mothers in higher socioeconomic groups
are less likely to have an infant of low birth weight.
Concepts about the Relationship between
Birth Weight and Gestational Age

Gestational age indicates the duration of pregnancy, dated
from the first day of the last menstrual period, whereas
birth weight is the final achieved weight of the infant on
completion of the pregnancy. Estimates of gestational age
may be doubtful in a considerable proportion of pregnan-
cies, either because of uncertainty about the date of the
last menstrual period, abnormalities of fetal growth during
pregnancy, or because mothers attend late or not at all for
their antenatal care. Although gestational age increases
continuously throughout pregnancy, by convention, gesta-
tional age is frequently referred to as being in the first,
second, or third trimester rather than reported as com-
pleted single weeks.

While birth weight is readily measured, assessing
gestational age accurately has proved to be much more
difficult. It was not until the early twentieth century that
the Finnish pediatrician, Arvo Ylppö, first proposed that
small infants at birth should be designated as premature,
based on a birth weight of 2500 g or less (Ylppö, 1919).

Initially fetal growth during pregnancy was assessed
indirectly by serial measurements of maternal weight,
fundal height of the uterus, and abdominal girth. Various
maternal hormonal and biochemical parameters, and fetal
X-rays, were used to assess fetal maturity and well-being.

It was only in the 1960s that direct visualization of the
fetus became possible when the evolving technique of
clinical ultrasound was first used on pregnant women.
Measurements of the biparietal diameter of the fetal
skull were made in large numbers of pregnant women
whose menstrual cycles had been regular, of normal dura-
tion, and in which the date of the last menstrual period
was reliably known. These measurements at successive
stages of pregnancy were then used to establish popula-
tion values against which gestational age could be reliably
assessed. As ultrasound could be safely used in early preg-
nancy, serial measurements could then be made at inter-
vals to determine whether the pattern of fetal growth was
normal or otherwise.

Birth weight percentile chartswere introduced to assess
whether an individual infant with known birth weight and
gestational age was appropriately grown (Lubchenco,
1976). Terms such as small-for-dates and large-for-dates
became widely used to describe infants whose size at birth
deviated from the normal value, especially those whowere
deemed to be growth-retarded.

Concurrently, it was increasingly recognized that low
birth weight/premature infants are not a homogeneous
group but rather a group in which some are born preterm
and others are low birth weight because of poor fetal
growth (Gruenwald, 1974).

For those who are less familiar with concepts related to
growth from conception to birth at term some 270 days
later, a better understanding of fetal growth can be gained
by comparing thiswith the features of the postnatal growth
of newborn infants from birth to adult size and matu-
rity. Here, an individual’s progress can be more readily
observed directly and changes in height, weight, head
circumference, and other indices can be measured serially,
then compared with population normal values. Unless
these concepts are well understood, the mainly unseen
growth of the fetus remains mysterious to many!

As in postnatal life, a change in growth velocity or a drop
to a lower percentile during intrauterine growth often sug-
gests an adverse outcome. For example, a fetus consistently
on the 75th percentile in serial measurements during preg-
nancy may be adversely affected by the onset of maternal
hypertension in the third trimester of pregnancy and have a
much reduced birth weight, say, on the 50th percentile.
Such an infant will not usually be considered as growth-
retarded because the birth weight is well above the cut-off
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weight designating small-for-gestational age. Yet this infant
will be liable to some of the adverse outcomes of other more
obviously growth-retarded infants.

The severity of the eventual outcome is influenced by
the duration in pregnancy of the underlying cause and
by the degree of fetal distress during the peripartum
period, which can reflect a compromised supply of essen-
tial nutrients to the fetus.
Terminology and Definitions

No other topic in perinatal medicine has been so bedeviled
by confusing terminology and definitions as small size at
birth and fetal growth retardation. Similar problems are
confronted in defining hypertensive disease of pregnancy,
when terms such as pregnancy-induced hypertension, tox-
emia of pregnancy, preeclampsia, preexisting or gestational
hypertension are often used interchangeably for the same
condition. Many clinicians, nurses, and other health profes-
sionals tend to cling tenaciously to terms first used during
their period of training.

TheWHOdefines newborn infants with low birth weight
as the percentage of live born infants with birth weight less
than 2500 g in a given time period. Low birth weight may be
subdivided into very low birth weight (less than 1500 g)
and extremely low birth weight (less than 1000 g).

Preterm (less than 37weeks’ gestation), term (37–41
completed weeks). and post-term (42 weeks or more) des-
cribe the duration of pregnancy. In practice, the statistical
definitions of the lower limits for gestational age and birth
weight are often modified by some legal requirement within
each country. The terms prematurity and post-maturity
have been superseded by these more concise, less ambigu-
ous definitions. Dysmaturity, which described an infant’s
abnormal appearance at birth and suggested a compromised
nutrient supply-line in utero, has also been discarded.

Accurate information on fetal growth retardation is
difficult to obtain in populations in which gestational
age is not reliably known. Fetal growth during pregnancy
is an ongoing, dynamic process and it is preferable to be
specific that it is the fetus that is affected rather than using
the more nebulous term intrauterine growth retardation.
‘Fetal growth restriction’ seems to imply some external,
uterine cause. ‘Intrauterine malnutrition’ may often be the
true underlying cause of fetal growth retardation, and
emphasizes an important preventable cause, especially
in developing countries, but other causes may be apparent
after birth. Fetal growth retardation may have an onset
early in pregnancy, for example, in fetuses with multiple
malformations or congenital infections, or become appar-
ent in the later stages of pregnancy, especially in twins and
in other multiple pregnancies with more than two fetuses.

‘Small- or large-for-gestational age’ are terms preferred
for infants who deviate most from normal birth weight.
These are often abbreviated in clinical practice to the
easier-to-say small- or large-for-dates. Selecting which
percentile should be used to designate these extremes
has proved to be problematical. Obviously birth weight
and other parameters of growth may be due to genetic
factors or to some pathological cause. As these measure-
ments broadly have a normal distribution around mean
values, some infants in the lower percentile range are small
because their parents, usually the mother, have small stat-
ure. In a statistical sense, the distribution of percentiles
around the median value at each week of gestational age,
rather than around the mean, is more appropriate. Birth
weights do not have a normal distribution about the mean
because relatively more infants are growth retarded than
are large-for-gestational age. In general, the greater the
deviation from the median or mean, the more likely is a
severe nutritional or other pathological cause. Neverthe-
less, some genetically small infants with birth weights in
the lower percentiles but they will have a low risk of
complications associated with fetal growth retardation.
Birth Weight for Gestational Age Reference
Standards

Accurate data sets needed to generate birth weight–
gestational age percentile charts are difficult to produce
and maintain. Just as there has been much debate about
terms and definitions, there is often also disagreement
about the most appropriate standards to use. National
or regional standards based on nutritionally deprived
mothers and infants fail to highlight such preventable
problems (Lancaster, 1989).

Although birth weight is a simple and easy measure-
ment, the quality of birth weight measurements may be
affected by the time interval from birth. Weight should be
measured preferably within the first hour of life before
significant postnatal weight loss has occurred. Many
observers show digit preference by recording birth weight
rounded to 0 or the nearest 100 g value. National statistics
are usually obtained from the birth weight data of viable
newborns born in hospital and community clinics. How-
ever, in developing countries many babies are born at
home and sometimes the proportion of babies weighed
at birth is low. Hence available data are likely to come
from health institutions servicing a small privileged
minority. There is lack of international uniformity in
assessing signs of life and viability and, apart from birth
size, local factors such as place of delivery medical costs,
maternity benefits, and burial costs may affect the deci-
sion to define a birth as live born.

Accurate gestational age estimations are essential
particularly if the common misclassification of small
growth-retarded babies as preterm babies is to be avoided.
Gestational age is estimated by a variety of methods accord-
ing to the resources available. In developed populations, the
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estimated gestational age is based on maternal recall of the
last menstrual period (LMP), often in association with an
early fetal ultrasound measurement. In areas of limited
resources, LMP recall and fundal height measurements
are more likely to be used. Postnatal clinical examinations
are used in the absence of or to verify estimations derived
from antenatal sources. Nevertheless gestational age esti-
mations are not infrequently unreliable. Large data sets
with adequate numbers to produce percentiles in each
gestational age interval are likely to have gestational age
misclassifications resulting in major biases. Smaller, more
accurate hospital-based data sets may fail to have adequate
numbers in the lower gestational age intervals and require
supplementation from other data sets. Furthermore, to
remain representative of the population, it is recommended
that data sets should be updated at least every 10 years due
to changing populations, lifestyles, and living conditions.
Understandably, populations with limited resources may
not be able to produce, analyze, andmaintain large, accurate
representative data sets.

As most data contributing to representative data sets are
collected after birth, all curves up to 36 weeks of gestational
age are, by necessity, taken from abnormal material. These
problems argue for the use of birth weight percentile charts
on the basis of both ultrasonography and birth weight data.

In many countries, a sizeable proportion of infants with a
birth weight between the 3rd and 10th percentile do not
have a pathological cause and may be small for familial
reasons. Fetal growth retardation is then best defined as a
birth weight below the 3rd percentile for each week of
gestational age, recognizing that others may use the 5th or
10th percentile, or sometimes 2 standard deviations below
the mean. In practice, especially in developing countries
where fetal growth retardation is much more common,
using the 10th percentile as the cut-off is more appropriate.
This approach is based on assumptions that the 10th per-
centile is a valid cut-off point for identifying infants
at higher risk and that the increased risk is constant
over different gestational age intervals. However, for some
fetal growth charts, the 10th percentile cut-off in all gesta-
tional age intervals underestimates higher risk while others
overestimate it (Boulet et al., 2006). More complex attempts
to develop birth weight for gestational age standards
have included three-dimensional contour lines of birth
weight–gestational age distributions by race, sex, and met-
ropolitan status (Hoffman, 1974) and individualized growth
assessments based on predicted second-trimester growth
trajectories. Customized birth weight charts improve iden-
tification of fetal growth retardation associated with an
increased risk of stillbirth and neonatal death but by their
nature have limited application.

Separate percentile charts have been recommended
for subpopulations if there is a unique and intrinsic advant-
age such as perinatal survival rates associated with the
gestational age–specific categories. As girls have better
survival than boys at a given weight for gestation, separate
charts according to gender are biologically justified. How-
ever there is little justification for separate charts based on
racial/ethnic differences likely to be secondary to socioeco-
nomic and lifestyle behaviors rather than fundamental
biological differences (Roberts and Lancaster, 1999) An
example of a birth weight for gestational age percentile
chart is shown in Figure 1.
Causes of Fetal Growth Retardation

Traditionally, the causes of fetal growth retardation are
subdivided into maternal, placental, and fetal (Table 2).
Those of maternal and placental origin relate to insuffi-
cient gas exchange or delivery of nutrients to the fetus to
allow it to thrive in utero. Causes affecting the fetus are
familial, genetic, and chromosomal abnormalities, or con-
genital infections. For approximately 30% of fetal growth
retardation, no cause can be identified.

Maternal poverty and malnutrition are the prime causes
of growth retardation in the fetus. If retarded fetal growth is
exacerbated by poor living conditions, lack of maternal
education, and inadequate nutrition in childhood, succes-
sive generations are likely to be affected, making it more
difficult to interrupt this vicious cycle. When these
underlying causes are widely recognized, the economic
benefits of reducing low birth weight in developing
countries will be unarguably clearer (Alderman and
Behrman, 2006).

The major cause of fetal growth retardation in devel-
oping populations is maternal undernutrition. This may
occur in combination or singly as low pre-pregnant weight
due to inadequate nutritional status before conception,
short stature primarilydue to undernutrition and infection
during childhood, and low gestational weight gain (GWG)
due to inadequate diet during pregnancy.

The classical natural experiment on the effects of mater-
nal undernutrition on birth weight relate to the Dutch
famine of 1945 when a strict food embargo occurred during
the last 6months of WorldWar II. The restriction of caloric
intake of pregnant women to approximately 30% of the
recommended daily allowance was associated with an
8–9% decrease in birth weights of babies (Smith, 1947).

However, it is the combination of a low pre-pregnant
weight and a poor gestational weight gain that confers
the greatest risk of delivering a growth-retarded baby, so
for undernourished women in drought or other times of
nutritional stress the effects of low pre-pregnant weight
are even greater. Even for well-nourished women the
calculated relative risk for fetal growth retardation is
approximately two times higher if gestational weight
gain is less than 7 kg (Kramer, 1987).



Table 2 Maternal, placental, and fetal factors related to fetal growth retardation

Maternal Placental Fetal

Undernutrition: low pre-pregnant weight,

short stature, poor gestational weight gain

Abnormal uteroplacental vasculature:

abnormal trophoblast invasion,

multiple infarcts, abruption
placenta

Congenital: Trisomy 21, Trisomy 18, Trisomy

13, Turners syndrome, various deletions

Malaria Malaria

Substance abuse and drug ingestion:

Smoking, alcohol, cocaine, phenytoin,
heroin, warfarin

Damage due to thrombphilias:

homocysteinuria

Infections: syphilis, cytomegalovirus,

toxoplasmosis, rubella, hepatitis B, herpes
simplex virus, human immunodeficiency

virus

Hypertensive conditions: chronic

hypertension, pregnancy-induced
hypertension, pre-eclampsia, eclampsia

Chronic villitis Multiple pregnancies

Chronic maternal disease: diabetes mellitus,

renal disease, hypoxic lung disease,
cyanotic heart disease,

hemoglobinopathies

Placental mesenchyme dysplasia

Prior history of fetal growth retardation:

sibling, maternal
High altitude

Modified from Lin C and Santoloaya J (1998) Currents concepts of fetal growth restriction: Part 1. Causes, classification and

pathophysiology. Obstetrics and Gynecology 92(6): 1044–1055.
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Figure 1 An example of a birth weight for gestational age percentile chart. The weights of liveborn Caucasian infants at

gestational ages 24–42 weeks graphed as percentiles and published for the first time. Reproduced from Lubchenco L, Hansman

LO, Dressler C, and Boyd M (1963) Intrauterine growth as estimated from liveborn birth-weight data 24–42 weeks of gestation.
Pediatrics 32: 793–800.
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Malaria is a major determinant of fetal growth retarda-
tion in developing populations where there is endemic
disease. In sub-Saharan Africa one in four women has
evidence of placental infection at the time of delivery.
In areas of high malaria transmission, malaria-associated
low birth weight approximately doubles if women have
placental malaria, the greatest effect occurring in primi-
gravid women.

In developed populations cigarette smoking is a major
cause of fetal growth retardation with smoking increasing
the risk up to 3.5-fold. Smoking effects are dose related
and may be dependent on the time of smoking in preg-
nancy, with effects increasing with maternal age. Other
factors that, like smoking, affect oxygen-carrying capacity
include hemoglobinopathies, maternal cyanotic heart
disease, and severe maternal hypoxic lung disease.

In developed populations, hypertensive conditions such
as pregnancy-induced hypertension, particularly if asso-
ciated with proteinuria and/or preeclampsia and chronic
hypertension, are commonly responsible for fetal growth
retardation. The mechanisms are unclear but high salt
intake, low dietary calcium, and changes in the renin-
angiotensin system have all been implicated.

Other maternal causes of fetal growth retardation
include the pregnancies of growing adolescents in whom
nutrients are used preferentially to promote maternal
growth at the expense of the fetus. High-altitude living,
associated with diminished oxygen saturation and mater-
nal circulatory adjustments, limits fetal growth.

Fetal growth retardation is up to 10 times more frequent
in twin deliveries because these and other multiple preg-
nancies can be affected by overcrowding, poor placental
implantation, and twin-to-twin transfusion. The risk of
fetal growth retardation is increased with primiparity and
grandmultiparity and, in the absence of other specific preg-
nancy complications, there is a strong tendency for fetal
growth retardation births to be repeated. Intergenerational
effects also occur with fetal-growth-retarded mothers more
likely to have fetal-growth-retarded babies.

Alcohol consumption affects fetal growth and, separate
from the fetal alcohol syndrome abnormalities, heavy
maternal alcohol consumption, cocaine, methamphet-
amine, heroin use, and medications such as warfarin and
phenytoin have all been linked to fetal growth retardation.

Abnormalities of placental structure and function are
major causes of fetal growth retardation in developed popu-
lations. The placentae of fetal-growth-retarded births are
frequently smaller, thinner, and lighter. Disease processes
may be due to absent or incomplete uteroplacental vascular
adaptation with increased placental resistance. Chronic
inflammatory lesions of the placental villi may be present
and vascular blockage producing placental infarcts may
occur. Increased susceptibility to blood coagulation due to
maternal blood-clotting disorders, such as factor V Leiden
mutation and hyperhomocysteinuria, may contribute to
thrombus and infarct pathology. When there is an accu-
mulation of placental abnormalities leading to placental
insufficiency over a length of time, fetal growth retarda-
tion is the likely outcome.

The fetal origins of fetal growth retardation relate to
genetic and infective causes. Disorders due to increased
chromosomes (e.g., trisomy 21 – Down syndrome, trisomy
13, and trisomy 18) and chromosomal reductions (e.g.,
Turner’s syndrome) and deletions (e.g., Cri du Chat syn-
drome) are all associated with fetal growth retardation.
Single gene effects are rare but autosomal recessive met-
abolic diseases are consistently reported to have smaller
babies. Polygenic effects may be expressed through a wide
spectrum of congenital malformations associated with
fetal growth retardation.

The congenital infections of rubella, toxoplasmosis,
cytomegalovirus, herpes simplex virus, varicella-zoster,
and human immunodeficiency virus have all been impli-
cated with fetal growth retardation. The mechanisms of
reduced growth are thought to be due to infection of the
vascular endothelium and limitation of cell multiplication.

Like somanyother aspects of human pregnancy and care
of the newborn, much has been learned about fetal growth
by testing hypotheses experimentally in other species. For
example, in the classic studies of the 1930s, heavy, powerful
shire horses were crossbred with much smaller Shetland
ponies. It was shown that maternal size was a crucial factor
in limiting the size of the fetus at birth, thereby enabling
easier pelvic descent and avoiding disproportion and
obstructed labor and delivery (Walton and Hammond,
1936). This was subsequently confirmed by indirect studies
in humans and became known as ‘maternal constraint’ of
fetal growth (Ounsted and Ounsted, 1973).
Consequences of Fetal Growth
Retardation

The disadvantages of fetal growth retardation continue
over the entire life course. In early life there are increased
fetal, neonatal, and infant death rates. There is poor
postnatal growth and impaired neurodevelopment and
immune function during childhood. Growing epidemio-
logical evidence suggests that fetal responses to a deprived
intrauterine environment may underlie the development
of many chronic adult diseases like type 2 diabetes, hyper-
tension, and cardiovascular disease.

Fetal growth retardation is associated with higher still-
birth rates, neonatal mortality and morbidity, and infant
mortality rates in preterm, term, and post-term infants
(Yu and Upadhyay, 2004). Compared to appropriately
grown neonates in the neonatal period, fetal-growth-
retarded babies are more prone to develop asphyxia and,
as a result, meconium aspiration syndrome is more com-
mon. Many growth retarded infants have a characteristic
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appearance soon after birth of dry peeling skin and defi-
cient subcutaneous tissue. Hypothermia (low tempera-
ture) is likely in these babies because of the greater
surface area relative to weight and depleted subcutaneous
fat and brown fat stores. Up to 25%may develop hypogly-
cemia (low blood sugar), partly due to diminished glyco-
gen stores and poor adipose tissue. Hypocalcemia (low
serum calcium levels) is more common. In approximately
15% of fetal-growth-retarded babies, polycythemia
(abnormally large number of red blood cells in the circu-
latory system) occurs in response to chronic intrauterine
hypoxia and this condition adds to the hypoglycemia and
hyperbilirubinemia seen in fetal growth retardation.
Asphyxia also results in a diversion of blood flow from
mesenteric vessels to the brain and, together with the
hyperviscosity accompanying polycythemia, contributes
to the development of necrotizing enterocolitis (Figure 2).

Growth-retarded children have a high incidence of
failure to thrive. Many fetal-growth-retarded babies, par-
ticularly those born at term, experience some catch-up
growth. However, prospective studies that carefully define
fetal growth retardation indicate that despite partial catch-
up growth during the first 1 to 2 years of life fetal-growth-
retarded babies continue to have a smaller body size
compared with children who were not growth retarded in
fetal life. By age 17–19 years, studies from both developed
and developing populations show fetal-growth-retarded
subjects about 5 cm less in height and 5 kg less in weight
than those who were not fetal growth retarded (Sayers
et al., 2007). Babies born both fetal growth-retarded and
preterm appear to have limited or no catch-up during the
first years. Also, while studies are not conclusive, there is a
trend for babies with symmetrical fetal-growth retardation
(i.e., the whole body is proportionally smaller) to have
Figure 2 Fetal growth retardation. Australian Aboriginal infants

of the same gestational age: the smaller baby is severely
growth retarded.
poorer growth outcomes compared to asymmetrical fetal
growth retardation.

Compared to children who were appropriately grown
babies, children who were fetal-growth-retarded exhibit
more neurodevelopmental impairments including cerebral
palsy, cognitive defects, clumsiness, behavioral problems
associated with attention deficit disorders, and hyperactiv-
ity (Yanney andMarlow, 2004). School failure is more likely
among fetal-growth-retarded children.

Impairment of immunological functions has been
reported in a small number of studies, showing evidence
of poor lymphocyte function and decreased IgG (immuno-
globulin) production. More extensive studies are needed to
confirm that fetal growth retardation lowers immunity and
resistance to infection.

There is now increasing epidemiological evidence of
the relationship of poor intrauterine growth (mostly
represented by low birth weight) to later chronic adult
disease associated with premature adult mortality. Initial
observations linking lower birth weights in old birth
records in Hertfordshire, UK, to adult coronary heart
disease mortality have lead to numerous studies in differ-
ent populations relating lower birth weights to later coro-
nary heart disease, hypertension, type 2 diabetes, insulin
resistance, and dyslipidemia (Barker, 2004).

The concept of early life events affecting later health
and disease is now well established but the mechanisms
involved are not clear. In a nutritionally deprived environ-
ment survival is enhanced by limited growth of the fetus
accompanied by protection of brain growth. This occurs
through dynamic physiological processes involving enzyme
systems and endocrine pathways with alterations of blood
supply from abdominal and musculoskeletal systems to the
brain. These adaptations may lead to permanent structural
and physiological effects.

Developmental plasticity (the phenomenon by which
one genotype can give rise to a range of different physio-
logical or morphological states in response to different
environmental conditions during development), the thrifty
phenotype, and predictive adaptations to postnatal life sec-
ondary to maternal cues may explain these phenomena.
Whatever the mechanism, a mismatch between the intra-
uterine and postnatal nutritional environment appears to
be fundamental to the development of disease (Gluckman
et al., 2007). The highest risks of adverse metabolic and
cardiovascular outcomes occur when low birth weight is
associated with higher child or adult body mass. Rapid
postnatal growth of babies is associated with an enhanced
risk for obesity, diabetes, hypertension, cardiovascular dis-
ease, and osteopenia in later life.

The finding of higher risk with the interaction of low
birth weight and higher child and adult body mass has
important implications. This nutritional profile is charac-
teristic of populations undergoing nutritional transition.
Countries with rapid economic development experience
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shifts in diet and physical activity that favor overnutrition
which in combination with low birth weight increases the
risk of chronic disease. Furthermore, in infancy, compen-
satory catch-up growth has been encouraged but it may be
more prudent to avoid rapid postnatal weight gain, thereby
balancing immediate gains with consideration of the
future nutritional environment over the whole life span.
Prevention of Fetal Growth Retardation

Ideally, on a global scale, prevention should focus on
successfully breaking the cycle of generations of growth-
retarded babies by implementing major public health
measures that aim to end poverty and the desolate socio-
economic conditions that contribute to child and mater-
nal starvation and infections. However, the existing
primary prevention programs are based mainly on specific
health-care interventions. Systematic reviews of rando-
mized controlled trials (RCTs) are the most objective way
to evaluate the effectiveness of these health-care inter-
ventions in fetal growth retardation. However, methodo-
logical issues concerning rigorous randomization, reliable
assessment of gestational age, and adequate sample size
and confounders have meant fewer studies from develop-
ing populations are included in these reviews.

An overview of 65 RCTs of nutritional interventions
during pregnancy for the prevention or treatment of fetal
growth retardation, based on searches for Cochrane sys-
tematic reviews and RCTs published up to 2002, reports
a systematic review of 13 trials of balanced protein energy
supplementation in pregnancy, of which six reported fetal
growth retardation. Data from these six trials on more
than 4000 women showed that balanced protein energy
supplementation given to women during pregnancy
reduced the risk of fetal growth retardation by 30%
(Merialdi et al., 2003). The infants born to mothers receiv-
ing balanced protein energy supplementation during
pregnancy (where protein accounts for < 25% of the
total energy content) tended to be heavier than those
born to nonsupplemented mothers. Although the change
in mean birth weight was small, it translated into rela-
tively large reductions in the rate of fetal growth retarda-
tion. For example, a Gambian study that obtained an
increase in mean birth weight of 136 g showed a reduction
in low birth weight by 35%. In addition to these RCTs, an
important nonrandomized study of supplementation dur-
ing two consecutive pregnancies and the intervening lacta-
tion period showed even higher increases in mean birth
weight. This suggests that the likelihood of improving
birth weight in the chronically undernourished would be
greater with longer-standing interventions.

High-protein supplementation has proveddisappointing
with one trial suggesting that high protein supplementation
during pregnancy may be harmful and should be avoided.
Single micronutrient supplementation interventions have
not been shown to affect size at birth. Methodological
concerns overshadow the findings that magnesium sup-
plementation is reported to reduce fetal growth retarda-
tion by 30% in three trials of 1700 women and that the
apparent beneficial effects of calcium supplementation
may be related to an effect on gestation.

The lack of positive findings related to whether single
nutrition interventions to improve fetal growth retarda-
tion raises questions about the likely effectiveness of
interventions conducted for a few months during preg-
nancy and suggests that longer, more sustained interven-
tions focusing on maternal preconception health and
nutrition will be more effective.

Smoking cessation has been shown to reduce the
occurence of low birth weight. Observational data sug-
gest that even partial reduction in smoking can have
positive effects on birth weight. In general behavioral
strategies have been more effective in reducing smoking
than just giving advice and increases in mean birth weights
have been highest in groups who were most successful in
stopping smoking.

A systematic review of antimalarial chemoprophylaxis
use in endemic areas included 11 trials with data available
on 3000 women. Although the studies were of vari-
able designs overall, antimalarial chemoprophylaxis was
associated with higher maternal hemoglobin levels and
increases in birth weights. The effects were more marked
in primigravida who are known to be most susceptible to
infection. More research is needed to determine the opti-
mum timing and combinations of drugs administered.
Management of Fetal Growth Retardation

The first step in the management of growth-retarded
fetuses is to identify those fetuses that are truly at risk for
adverse outcomes. This requires exclusion of small fetuses
that are normally grown. It is also useful to identify those in
whom fetal growth retardation is due to an underlying
condition in which management will not greatly alter the
outcome (e.g., chromosomal abnormalities, viral infections).

Currently there is a lack of known therapeutic inter-
ventions to improve placental function and stimulate fetal
growth so the management of fetal growth retardation
relies on careful monitoring of fetal well-being and the
planned delivery of the fetus when the risk of fetal death is
greater than that of neonatal death and morbidity.

Antenatal surveillance of fetal well-being is resource
dependent. In developing populations assessment of fetal
well-being may be confined to the monitoring of standar-
dized fundal height measures, fetal movements, and lis-
tening to the fetal heart. Serial ultrasound measurements
of biparietal diameter of the fetal skull and similar mea-
surements of the abdomen as well as femur length, if



Fetal Growth Retardation: Causes and Outcomes 621
available, are used to estimate fetal growth rates but need
at least two measures at least 2 weeks apart.

Cardiotocography (CTG), or fetal heart rate analysis in
response to movement and contractions, is used widely.
However, difficulties of interpreting accelerations and
decelerations and in reducing low birth weight changes
often occurring only when urgent delivery is needed to
prevent fetal death, limit its application. Similarly a poor
score in the composite biophysical profile including CTG,
ultrasound measures of amniotic fluid volume recorded as
the amniotic fluid index, fetal tone, movement, and breath-
ing activity may also occur only when delivery is urgent.
There is no evidence to show CTG or the biophysical
profile improves perinatal outcomes. Doppler ultrasound
measurements can be obtained from the umbilical artery,
middle cerebral artery, ductus venosus, and uterine arteries.
Umbilical artery Doppler studies have been well evaluated
in RCTs and interventions based on the absent or reverse
end-diastolic flow in the umbilical artery in fetal growth
retardation pregnancies and in pregnancieswith preeclamp-
sia are associatedwith a 30% reduction in perinatal mortal-
ity. Combinations of fetal biometry, heart rate patterns,
arterial and venous Doppler, and biophysical variables
allow themost comprehensive evaluation of fetalwell-being.

The most important aspect of prenatal management is
the timing and mode of delivery individualized for the fetus
at risk. There are no published RCTs on the optimum
timing or mode of delivery. For the term fetus, timing of
delivery is directly based on evidence of fetal distress or
maternal disease but, for pregnancies of 25–32 weeks’ ges-
tation, each day gained in uteromay improve survival. Early
delivery of growth-retarded preterm infants results in
higher live born rates at the expense of higher neonatal
death rates. Intrapartum hypoxia is to be avoided and may
necessitate caesarean delivery. Delivery should occur when
immediate resuscitation and stabilization can be done by
trained personnel.
Educational Programs

In teaching health-care practitioners in developing coun-
tries about concepts of fetal growth, and about deviations
from the normal pattern of growth, it may be instructive to
compare fetal growth with the more readily observable
and better-understood features of postnatal growth and
maturity through infancy and childhood. Starting with
birth rather than conception, known causes of abnormal
growth, whether genetic or environmental, can be com-
pared and contrasted to enhance knowledge of those fac-
tors that affect growth of the embryo and fetus.

See also: Functions and Deficiencies of B-vitamins (and

Their Prevention); Infant Malnutrition/Breastfeeding; Nu-

trition and HIV; Vitamin A Deficiency and its Prevention.
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Introduction

The human body requires minute quantities of vitamins
and minerals, known as micronutrients, for growth, brain
development, and immunity against diseases. Because
the body cannot synthesize these nutrients, they need to
be supplied through the diet or other external sources.
When the intake or absorption of essential vitamins and
minerals from the diet is inadequate (commonly referred
to as ‘hidden hunger’), individuals and communities suffer
serious consequences, including learning disabilities,
impaired work capacity, illness, and death. This is exacer-
bated by the fact that commonly consumed, plant-based
diets and beverages such as tea and coffee are high in
inhibitors and low in enhancers of micronutrient absorp-
tion. Nearly one-third of people, especially in the devel-
oping world, are affected by one or more micronutrient
deficiencies, principally iron, iodine, vitamin A, folic acid,
or zinc (Mason et al., 2005).

Micronutrient deficiencies can be effectively pre-
vented and even eliminated if populations consume
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adequate quantities of the bioavailable forms of required
vitamins and minerals on a continuous and ongoing basis.
There is no single solution to combat hidden hunger.
However, years of program experience have identi-
fied several solutions that are not mutually exclusive
but complement one another. The solutions include
ingestion of oral supplements (tablets, capsules, and
syrups), public health measures, food fortification, and
other food-based approaches. Figure 1 illustrates how
these approaches could relate over time: for example,
supplementation with high doses of micronutrients is a
short-term measure to address a severe deficiency and its
use is envisaged to come down as longer-term measures
are established.

Food fortification is a medium- to long-term solution
to alleviate specific nutrient deficiencies in a population.
It involves the addition of measured amounts of a nutri-
ent-rich ‘premix,’ which contains the required vitamins
and minerals, to commonly eaten foods during processing.

According to a recent landmark document by the
World Bank (2006), the control of vitamin and mineral
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deficiencies is one of the most extraordinary develop-
ment-related scientific advances of recent years. Probably
no other technology available today offers as great an
opportunity to improve lives and accelerate development
at such a low cost and in such a short time.
Basic foods
e.g., breads, biscuits, packaged 

cereals, dairy products

Value-added
foods e.g.,

condiments,
beverages,

convenience foods,
candies
Concept and Application

According to Codex Alimentarius (a collection of interna-
tionally accepted food standards, codes of practice, and
guidelines), fortification or enrichment means the addi-
tion of one or more essential nutrients to a food, whether
it is normally contained in the food, for the purpose
of preventing or correcting a demonstrated deficiency of
one or more nutrients in the population or specific popu-
lation groups.

Food fortification involves the identification of com-
monly eaten foods that are centrally processed so that
fortification can be dovetailed into the food production
and distribution systems. This also means that fortification
within the existing food patterns does not change the
dietary practices of the population and so does not require
special individual compliance. Staple foods and condiments
are the obvious choice for fortification given their consistent
consumption by large sections of the population. In most
developing countries the choice of food vehicles is limited
to a handful of staple foods and condiments: cereals, oils and
fats, sugar, salt, and sauces. The vitamins and minerals used
for fortification typically include vitamins A, D, folic acid
and other B-complex vitamins, iodine, iron, and zinc.

The start-up cost for food fortification is relatively
inexpensive for the food industry, and recurrent costs
are rapidly passed on to the consumer. The benefits
of fortification can extend over the entire life cycle of
humans. It can thus be one of the most cost-effective
means of overcoming micronutrient malnutrition. The
economics of food fortification has played an important
role in its implementation in public policy.

Food fortification is not a new concept. Addition of
nutrients to staple foods was introduced nearly 70 years
ago as a means of dealing with micronutrient deficiencies
prevalent in Europe and North America. In industrialized
countries, several nutritional deficiencies have been
eliminated partly because of a normally varied and rich
diet and partly because most such nations have for dec-
ades been fortifying widely consumed foods like flour,
salt, juices, margarine, milk, and sugar.
Staple foods
e.g., whole grain and milled cereals,

oils and fats, sugar, salt

Figure 2 Food product pyramid.
Planning and Implementation

When a country or region is ready to implement food
fortification, the process begins by identifying the com-
monly eaten foods that can act as vehicles for one or more
micronutrients. Food fortification aims to provide mean-
ingful levels of the nutrient (usually 30–50% of the daily
adult requirements) at normal consumption of the food
vehicle. The levels also need to take into account varia-
tions in food consumption so that the safety of those at the
higher end of the scale and impact for those at the lower
end are ensured. They should also consider prorated
intakes by young children to ensure efficacious and safe
dosages. Cost, bioavailability, sensory acceptability, and
storage stability are some of the criteria that determine
the best match between the nutrient and food vehicle.
Food Vehicles

Common food vehicles that can be fortified include:
wheat and wheat products, corn, rice, milk and milk
products, cooking oils, salt, sugar, breakfast cereals, and
condiments. As processed foods gain popularity and mar-
ket reach in the developing world, they offer new channels
for micronutrient delivery. Potential food vehicles can be
presented as a three-tiered pyramid (Figure 2). Staple
foods at the base of the pyramid are cost effective to
fortify on a mass scale. Basic foods such as breads and
biscuits, packaged cereals and flours, and dairy products
are in the middle and value-added foods such as condi-
ments, snacks, candies, convenience, and ready-to-eat
foods are at the top.

Fortifying less expensive staple foods at the base of the
pyramid results in broader dissemination of micronutri-
ents throughout the population, particularly to the poor.
Also, fortifying foods at the base of the pyramid has a
better chance of fortifying products through the other
tiers of the pyramid because staple foods are generally
used to produce basic and value-added foods. Each food
vehicle offers specific opportunities and constraints.
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Cereals: Staples such as rice, corn, and wheat that are
milled at centralized locations have the potential to reach
large populations and are used in several countries as
vehicles for multiple nutrients. When staple cereals are
milled at the community level, it poses a challenge
because of quality and safety constraints. For fortifying
whole grain cereals like rice, there is now a technology to
produce simulated rice-shaped premix.

Fats and oils: Cooking fats and oils offer an option to
deliver fat-soluble vitamins such as vitamins A and
D. While they have an advantage in that they are often
centrally refined and packed, there is still the challenge of
a large proportion being sold in loose unbranded form.
Packaging in opaque containers is critical to protect the
vitamins from degradation.

Condiments: Salt, sugar, spices, and sauces are attractive
carriers. Some are processed centrally and consumed in
regular quantities and offer great potential. Recent studies
show the promise for salt that is double fortified with iron
and iodine.

Dairy products: In areas where milk is processed in
dairies, this may offer an option for fortification with
both vitamins and minerals.

Value-added products: Given the global demographic
shifts from rural to urban areas, a larger proportion of
the population can now be reached by way of commer-
cially processed foods and value-added products. How-
ever, the most vulnerable populations consume these
higher priced products (such as snack foods or beverage
drinks) only sporadically.

A multifaceted approach of fortifying more than one
food vehicle is a good strategy, especially when a univer-
sally consumed vehicle is not available. When multiple
foods are fortified, each with less than the estimated
average requirements (EAR) per single serving, the pos-
sibility of consuming toxic levels of a micronutrient
through excess consumption of a single food becomes
more remote.
Reach of Fortified Foods

Based on the population that would benefit from the
fortified food and the type of industry compliance, several
types of fortification are described in the World Health
Organization’s (WHO) Guidelines on Food Fortification with

Micronutrients (Allen et al., 2006).

Mass fortification: When the population has an unac-
ceptable public health risk of being or becoming deficient
in specific micronutrients, foods widely consumed by the
general population are fortified. Flour fortification with
iron and folic acid is a good example.

Targeted fortification: Fortification is aimed at specific
subgroups of the population thereby increasing the
intake of that particular group rather than that of the
population as a whole. Examples include complementary
foods for young children or food rations for displaced
populations.

Complementary foods and home fortification: Among the
targeted fortification, complementary foods need special
mention. Infants and children under the age of
24months have a different dietary pattern than adults.
Industrially produced, fortified complementary foods
are recommended by pediatricians as an essential part of
an infant’s diet beyond the age of 6months complemen-
tary to breast milk and homemade foods. Fortified infant
formulas and cereals are commonly fed to young children
in North America and Europe. They are available to
children through a Special Supplemental Nutrition Pro-
gram for Women, Infants and Children (WIC) in the
United States. Programs that supply fortified complemen-
tary foods to infants and young children have also been
introduced in several developing countries (Lutter
and Dewey, 2003). Where there are few centrally pro-
cessed complementary foods, alternative mechanisms
include home fortification in which micronutrient mixes
in daily dose sachets have been successful (Schauer and
Zlotkin, 2003).

Market-driven fortification: Food manufacturers take a
business-oriented approach to fortify some of the pro-
ducts as value-added products thus complying with the
specifications for permissible nutrients and quantities.
Mass and targeted fortification programs focus on those
micronutrients that are needed the most by the general
population. Cost becomes a factor thus it is important to
have the collaboration of different stakeholders, particu-
larly those in government and the milling industries. On
the other hand, market-driven fortification might lean
toward those micronutrients that have the greatest recog-
nition and appeal to the intended market, usually the
higher socioeconomic group that would purchase the
premium products. Cost is generally not an issue in this
situation.

Mandatory versus voluntary fortification: Based on compli-
ance requirements, food fortification can be mandatory
or voluntary. In mandatory fortification it is stipulated
by a country’s laws that certain foods should be for-
tified with specified nutrients and levels of those nutri-
ents. In contrast, with voluntary fortification the food
industry is permitted to add micronutrients as long as it
is within a framework of specifications. Mass fortification
is generally mandatory, targeted fortification can either be
mandatory or voluntary, and market-driven fortification is
voluntary.
Technology

The actual mechanics of adding the nutrients to the food is
technically simple. Technology of food fortification also
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considers cost, bioavailability, sensory acceptability, and
storage stability. Some technical considerations in planning
a food fortification program include the following:

. The food used as a vehicle should be consumed in fairly
constant amounts so that fortification levels can be accu-
rately calculated. To do this, it is important to understand
the consumption patterns of the food vehicle across the
country. If it is for targeted fortification, the consumption
pattern of the specific target group is needed.

. The chosen food should be processed centrally in large
enough units to permit controlled fortification.

. The addition of the micronutrients should be compatible
within existing food production and distribution systems.
There should be minimum loss of the nutrient during
processing, storage, and final preparation of the food.

. There should be no change in taste, appearance, or
color of the final product.

. The food should be affordable so that the low-income
groups, which are more vulnerable to malnutrition,
consume it.

Depending on the food processing methods, the addition
of the micronutrients can be facilitated using different
approaches to maximize the nutrient retention:

. Dry mixing for cereal flours, powder milk, powder
beverages. This is one of the common mechanisms
used for the addition of the nutrient premix to the
food. (Figure 3 depicts a simplified framework of how
fortification of cereal flour takes place.)

. Dissolution in water for liquid milk, drinks, fruit juices,
and in the water used for making bread, pasta, and
cookies.
Fortified
flour

Vitamins and minerals

Added to foods 
during milling

Blended to make 
a premix

The fortified flour is eaten as
healthier individuals and fam

Figure 3 Schematic diagram of cereal flour fortification.
. Dissolution in oil for the lipid-soluble vitamins for
enrichment of oily products like margarine.

. Spraying, as in iodization of salt and in corn flakes in
which the nutrients do not withstand the cooking or
extrusion step.

. Adhesion, as in sugar fortification in which vitamin A in
powder form is adhered to the surface of the sugar
crystal by vegetable oil.

. Coating, as in rice fortification, in which the vitamins
are sprayed over the grain as a coating.

. Extrusion and dry mixing, as in rice fortification, in
which simulated, rice-shaped premix of micronutrients
is produced through an extrusion process and dry
mixed with regular rice.

. Encapsulation, as in double fortification of salt in which
iron compound is encapsulated to prevent interaction
with iodine and the food matrix.

. Micronization, as in salt fortification, in which the
particle size of an iron compound is reduced to increase
its bioavailability.
Selection of Nutrient Form

The chemical form of the nutrients being added (fortifi-
cants) influences the bioavailability, chemical stability,
appearance, and homogeneity of the fortified food prod-
uct. The choice depends, in part, on its solubility in the
gastric juice and also on its impact on sensory character-
istics of the food itself.

Iron compounds used as fortificants provide the best
examples to explain this concept. The iron compounds
may be classified as soluble in water, slightly soluble in
Staple grains grown 
by the farmer

In accordance with government 
regulations and technical specifications

 baked or cooked products resulting in
ilies



Table 1 Iron compounds commonly used to fortify foods

Iron compound Common food vehicles

Water-soluble iron salts
Ferrous sulfate heptahydrate, dried; ferrous gluconate; ferric

ammonium citrate

Infant formula, wheat flour products

Water-soluble iron chelates

Sodium iron EDTA Sugar, curry, soy sauce, fish sauce, whole wheat flour,
maize meal

Ferrous bisglycinate Milk products

Poorly water-soluble iron salts (soluble in dilute hydrochloric acid)

Ferrous fumarate; ferric saccharate; ferrous citrate; ferric citrate Infant cereals, corn meal, wheat flour, and salt
Insoluble in water (poorly soluble in dilute hydrochloric acid)

Ferric pyrophosphate and micronized ferric pyrophosphate Infant cereals, rice, and salt

Electrolytic iron Infant cereals, wheat flour
Carbonyl iron Wheat flour

Reduced iron Wheat flour, breakfast cereals

626 Food Fortification
water and highly soluble in dilute acid as in gastric juice,
insoluble in water and poorly soluble in dilute acid, and
chelated iron compounds. Highly water-soluble com-
pounds like ferrous sulfate have excellent bioavailability
and are suitable for a variety of applications but could
create problems of unacceptable taste and color in the
presence of high moisture and lipid contents. In such
situations less soluble forms of iron are chosen to ensure
consumer acceptance. Due to its high bioavailability, use
of sodium iron EDTA (chelated iron) is recognized more
recently as the fortificant of choice for soy sauce, fish sauce,
andwhole wheat and maize flours.Table 1 summarizes the
selection of iron compounds to fortify commonly used
foods. Though not as extensive as in iron, similar choices
are available for other nutrients also. The Guidelines on Food
Fortification with Micronutrients provides a comprehensive
overview on the choice of the nutrients for fortification
(Allen et al., 2006).

Research and development efforts have enhanced effec-
tiveness of fortification technology. In the case of vitamin A,
work is ongoing to reduce loss of nutrient potency during
storage through the addition of antioxidants and other
stabilizers. Better refining procedures and packaging have
significantly improved the stability of iodine compounds in
salt and vitamin A in cooking oils. In the case of iron,
stabilizers and absorption enhancers could be added along
with the fortificant to retain it in an absorbable form or
improve absorption. The structure of the iron compounds
can also be modified to improve absorption.
Regulations and Standards

For governments to undertake effective food fortification
activities, it is necessary to first ensure that laws and
regulations provide legal authority and an adequate regu-
latory framework. Effective regulatory controls through
established fortification standards protect consumers
against the risk of purchasing and consuming nutritionally
inadequate, deceptively mislabeled or misbranded impure
or unsafe foods. Regulations also create a level playing
field for food manufacturers and sellers.

Quality Assurance

The success of producing and distributing a micronutrient-
fortified product depends on the placement of a quality
assurance program that includes controls for raw material
quality, good manufacturing practices (GMP) for produc-
tion and packaging, and quality testing of the final product.
Documentation and training are important components.

Partnerships for Program Implementation

Through taking part in voluntary and mandatory food
fortification, food companies have played an historic
role in helping the people of the world’s rich nations
against the devastating effect of vitamin and mineral defi-
ciencies. Effective and sustainable fortification will be
possible only if the public sector (that has the mandate
and responsibility to improve the health of the popula-
tion), the private sector (that has experience and expertise
in food production and marketing), and the social sector
(that has the grassroots contact with the consumer) col-
laborate to develop, produce, and promote fortified foods.
Specifically, a multisectoral partnership needs to be built
between industry, national governments, international
agencies, expert groups, and other players, to work closely
on specific issues relating to technology development,
food processing and marketing, free-market approaches
with minimum price support mechanisms, standards,
quality assurance, product certification, social communi-
cations, and demand creation, monitoring, and evaluation.

Consumer Awareness and Communications

Even when there is little or no cost differential between a
fortified and an unfortified food, consumer awareness is
an important issue for the acceptance of a newly fortified
product. Consumers must be made aware of the benefits
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of fortified foods through a credible source. Effective
communication to consumers is an often overlooked but
an essential part of effective fortification interventions. By
demanding nutrient-fortified foods, consumers empower
themselves to achieve their full social, physiological, and
economic potential (Griffiths, 2003). Consumers should
also be aware of recommendations based on evolving
science. Currently, for example, micronutrient require-
ments for all groups of people living with HIV/AIDS
are the same as for healthy non-HIV-infected individuals
of the same age, sex, and physical activity level. Any
future changes to these recommendations based on new
evidence should be communicated appropriately.
Monitoring and Evaluation

As food fortification programs expand around the world,
there will be increasing need to monitor the quality of
the fortified food (in terms of its micronutrient content)
and evaluate its contribution to the alleviation of micro-
nutrient deficiencies. Monitoring activities should ensure
that a fortified product contains a sufficient amount of
the micronutrient and that it reaches the target popula-
tion. While monitoring at production level is essential
through quality assurance, monitoring also needs to
be carried out periodically at various levels in the distri-
bution chain – from production or importation to whole-
sale, retail, and household levels.

As a final indication of effectiveness, a biological
impact evaluation, conducted after about 2 or 3 years,
will determine whether the micronutrients are being
well-absorbed and are reducing the prevalence of the
deficiencies in the population. During these evaluations,
problems not identified in the initial stages may be iden-
tified. For example, it is well recognized that folic acid
fortification has resulted in a profound improvement in
the nutritional status of women of childbearing age and
has a substantial effect on the original target by reducing
neural tube defects. However, Rosenberg (2005) cau-
tioned that there is a need for protocols to evaluate large
sections of the total population because the possibility
remains that certain segments of the exposed population –
for example, those at risk of B12 deficiency – may benefit
less and may even experience some adverse effects from
an increase in folic acid intakes. To avoid this potential
problem, as well as to improve the effect of folic acid
fortification for the reduction of neural tube defects, it is
recommended that B12 also be added along with folic acid
during population-wide fortification.
Global Experience with Food Fortification

Food fortification has played a major role in the health of
the populations in several developed and developing
countries over the last 70 years, and many nutritional
deficiencies have been eliminated. Multiple studies have
demonstrated the effectiveness of food fortification in
eliminating micronutrient deficiencies. The current low
levels of iron deficiency in the United States are attribut-
able to fortified sources. Almost one-quarter of iron
intakes in the U.S. diet come from fortified sources,
much of that from flour products. In Canada, flour fortifi-
cation with B vitamins began in Newfoundland in 1944.
Within four years, deficiencies that were earlier found in
nearly 20% of the population had dropped to negligible
levels. After 1998, following the introduction of manda-
tory folic acid fortification of cereal-grain products in
the United States, Canada, and Chile, there has been a
30–70% reduction of neural tube defects in newborns. In
Europe, a comparative analysis of dietary surveys suggests
that fortified foods, especially voluntarily fortified break-
fast cereals in France, Ireland, the United Kingdom, and
Spain, have contributed to increasing vitamin and mineral
intakes during childhood and adolescence. National forti-
fication programs were also in place in Denmark until
1987 and in Sweden until 1994.

In the developing world, there has been a rapid growth
in fortifying a wide range of foods during the last two
decades. The most successful global fortification experi-
ence is the fortification of salt with iodine. Adding iodine
to salt is a simple manufacturing process costing no more
than 4 cents per person annually. A significant proportion
of the populations in more than 110 countries have access
to iodized salt. As of 2006, nearly two-thirds of the salt
consumed in the developing world is being iodized, pro-
tecting nearly 70million newborns each year from the
threat of mental impairment caused by iodine deficiency
(UNICEF, 2006). Successful salt iodization has reduced
the incidence of goiter and cretinism, prevented mental
retardation and subclinical iodine deficiency disorders,
and contributed to improved national productivity. Build-
ing on the success with iodization, double fortification of
salt with iodine and iron is gaining ground and can be
integrated with established iodization processes. Double
fortified salt is currently being produced in India and has
the potential to be distributed through commercial chan-
nels and public programs to reach economically weaker
sections of the population in many countries.

Fortification of staple foods such as flour, oils, sugar,
condiments, dairy products, and a range of processed
foods with micronutrients is also growing (Mannar,
2006). As compiled by the Flour Fortification Initiative,
more than 63 countries are fortifying all or some of their
flour with iron, folic acid, and other nutrients covering
28% of the global market. In the Americas alone, fortifi-
cation of wheat flour and industrially milled corn flour is
almost universal. There is growing interest and action on
wheat flour fortification in South and South-East Asia.
In the Middle East and North Africa several countries
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started fortification by adding at least iron and folic acid to
cereal flour. A recent program review by the Micronutri-
ent Initiative (MI) reported that while prior to 1998 only
one country (Saudi Arabia) was fortifying flour, currently
13 countries in the region produce and consume fortified
flour on a national or subnational scale – reaching more
than 81 million consumers. In Asia, national flour fortifi-
cation is under implementation in Pakistan and Nepal
and several states in India are planning to introduce it.
In Africa, fortification of wheat and maize flours has
been made mandatory in South Africa and Nigeria. Forti-
fication is also being extended to cereal flour derivatives
and processed baked products, complementary foods,
noodles, and pastas.

Condiments, like fish/soy sauces, fortified with iron
are emerging as a major vehicle in parts of Asia (China,
Vietnam, and Thailand). National programs are under
way in these countries and are already having demonstra-
ble impact.

Developed countries have long fortified milk and
breakfast cereals with vitamin A (and other vitamins and
minerals), but in developing countries sugar has so far
been the most successful vehicle. In Central America,
Guatemala’s sugar fortification program has virtually
eliminated vitamin A deficiency; big reductions have
also been seen in El Salvador and Honduras, in which
fortification was combined with supplementation. Similar
approaches in Zambia, beginning in 1998, have demon-
strated success so far in urban areas. Since the poorer
segments of population in Africa and Asia do not consume
as much sugar as they do in Latin America, countries such
as Nigeria, Morocco, Yemen, Bangladesh, and Pakistan
are implementing national programs to fortify cooking
oils with vitamin A.

The World Food Program (WFP), which provides food
to displaced populations and in emergency situations, has a
long history of distributing fortified foods procured from
industrialized countries. More recently the WFP is moving
towards on-site milling and fortification of locally produced
grains and has established a capacity to produce fortified
blended foods in 13 of the world’s poorest countries in-
cluding Nepal, Madagascar, Ethiopia, and Malawi.

A national program to provide fortified milk to infants
up to 18months of age has helped reduce anemia in Chilean
infants from 21% to around 1%. Fortified complementary
foods provided through public feeding programs and
commercial channels in Mexico, Ecuador, Chile, and India
had significant health and developmental impacts on
children.

Where fortified foods are unavailable, multiple ways to
deliver micronutrients to homes to enable mothers to either
add them into the cooking pot or to mix them into what
they feed their infants have been tried. Labeled as comple-
mentary food supplements, these are available as water-
dispersible or crushable tablets, sprinkles, or spreads that
can be added to complementary foods just before feeding
infants and young children. They are designed to provide 1
to 2 EARs of vitamins and minerals in a small volume and
are easily integrated into existing food practices.

Fortified lozenges (containing a combination of vitamins
and minerals) are being distributed in India to children
between 2–5 years of age, adolescent girls, and pregnant
and lactating mothers. They offer an approach that sim-
plifies distribution and assures intake of measured quanti-
ties of micronutrients and high compliance.

Key features of successful fortification programs
include (Darton-Hill and Nalubola, 2002):

. Strong political commitment and the ability to enforce
regulations in a facilitative manner.

. Early private sector involvement and willingness to
comply with regulations.

. Public sector backing including endorsement by pro-
fessional medical organizations.

. Financial support by donors.

. Active consumer education to raise awareness and pro-
mote demand.

Ultimately, the long-term sustainability of fortification
programs is ensured when consumers are willing and
able to bear the additional cost of fortified foods.

In parallel with efforts to expand food fortification in
many parts of the world, new efforts are under way to
enhance the inherent micronutrient content of staple
foods (such as rice, maize, sweet potato, cassava, common
beans, and wheat) through plant breeding. By producing
plants that are dense in minerals and vitamins, a process
referred to as biofortification, there is a possibility to have
improved nutritional content in staple foods. This can be a
feasible means of reaching deficient populations in rela-
tively remote areas that have limited access to health
programs, micronutrient supplements, or commercially
marketed fortified foods.
Issues and Challenges for Food
Fortification

Notwithstanding the considerable progress in food forti-
fication over the past decade, there are major challenges
to ensure that undernourished people, especially in devel-
oping countries, receive meaningful amounts of micro-
nutrients through improved access to fortified foods. For
example, although significant success has been achieved
with salt iodization, in many countries the groups without
access to iodized salt are those most vulnerable and in
greatest need for protection against iodine deficiency.
While the relatively easier task of getting the large and
medium-scale units to comply has been achieved, com-
pliance by small and some medium-scale salt producers
continues to pose challenges. Thus the strategies used to
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achieve 70% coverage of iodized salt globally will not
necessarily result in addressing the challenge for the
remaining 30% of the population.

The time needed for a fortification intervention to
become effective in developing countries is likely to be
much longer than in developed countries because, in the
former, such vehicles as salt and flour are often processed
in a large number of widely dispersed, cottage-scale
industries that are not professionally managed.

The challenge faced while attempting to increase iron
intake through fortification is the low bioavailability of
dietary iron coming mainly from plant sources in
countries having an iron-deficiency anemia problem.
Interactions among various micronutrients (e.g., iron and
zinc) and other nutritional and non-nutritional causes of
anemia are challenges to be overcome for enhanced effec-
tiveness of interventions.

In addition to these programmatic challenges, there are
differences in perceptions about fortification. Whereas it
is well established that food fortification has positive
impact on population’s health and well-being and out-
weighs by far any potential risk, historically there has
been public opposition (in some countries) to the addition
of a foreign substance to food or water. Opponents of
fortification argue that education about a well-balanced
diet is a more logical approach than fortification. At the
other end of the scale, the nutritional supplement and
vitamin industry promotes the view that it is better for
people to consume multivitamin supplements. Other
objections include potential toxicity concerns.

It is important to understand the different view points
but equally crucial to move forward, in a responsible way,
with what is most beneficial to large numbers of people
whose lives would otherwise be compromised without the
essential vitamins and minerals in their diet. What is
needed is a balanced approach. Along with food fortifica-
tion interventions, efforts should focus on eliminating
other underlying causes of the deficiency. For example,
improvements in sanitation that result in decreasing
hookworm infection may lead to improvements in iron
status (through reduced blood losses). Vaccinations against
measles may protect against infection from reduced resis-
tance caused by vitamin A deficiency. Birth control will
ultimately improve the standard of living of a family and
make food more available and help to prevent iron and
iodine deficiencies in both women and children.
Conclusion

A well-planned food fortification program can provide
meaningful quantities of essential micronutrients to
large populations on a permanent and self-sustaining
basis. In most situations the enormous benefits of a
carefully planned and implemented fortification program
far outweigh any potential risks. Food fortification can
thus be one of the most cost-effective means of overcom-
ing micronutrient malnutrition. Food fortification efforts
need to be integrated within the context of a country’s
public health and nutrition situation and a clearly defined
component of an overall micronutrient strategy that uses
a combination of interventions to address key deficiencies.

See also: Functions and Deficiencies of B-vitamins (and

Their Prevention); Global Burden of Disease; Iodine

Deficiency and its Prevention; Iron Deficiency and its

Prevention; Nutrition and HIV; Vitamin A Deficiency and

its Prevention.
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The Size of the Problem

Food safety and food control constitute an important
part of the public health agenda in many countries.
Although the estimated disease burden related to food is
very significant in all countries, the major focus on food
safety has over the last decades mostly been related to
well-publicized outbreaks of food-borne disease or food-
borne contamination events. Most consumers all over the
world have heard of bovine spongiform encephalopathy
(BSE) in the United Kingdom (UK), about dioxin in
Belgium, or about the spread of highly pathogenic avian
influenza (HPAI) from Asia. Food safety authorities in
many countries often like to point out that these events –
highly publicized as they might be – do not really reflect
the food safety reality and have in effect caused very little
disease burden even at the global level. The same autho-
rities often use similar statements when more localized
outbreaks caused by Salmonella, Escherichia coli O157:H7,
or Listeria occur because of contaminated eggs, con-
taminated produce, or contaminated ready-to-eat foods.

Are these authorities right to point out such facts?
They are right – all of the issues mentioned above have
caused a relatively low disease burden when compared to
the general dramatic disease burden that affects consu-
mers in all countries continuously from food. The best
estimate we have of a more comprehensive food-borne
disease burden comes from United States. In 1999 a group
lead by Dr. Mead from the Centers for Disease Control
and Prevention (CDC) published a major study estimat-
ing that one-third of the U.S. population have a case of
food-borne disease every year – and this estimate was
only related to disease caused by microorganisms (Mead
et al., 1999). People confronted with such figures will often
comment that such disease is just simple diarrhea and will
only result in a few days of discomfort. Although this is
true in many cases, the same study also estimated that
every year approximately 5000 U.S. citizens die from
disease caused by such microbiological contamination of
food, and a significantly higher figure is hospitalized,
often with long-term effects lasting years. Extrapolating
these figures to the rest of the world gives us an astound-
ing disease figure related to the preventable contamina-
tion of something we all need on a daily basis: our food.

So what about the situation in other parts of the world?
Based on national reporting, the World Health Organiza-
tion (WHO) estimates that around 1.8 million children
under five years of age die every year from diarrhea caused
by contaminated food or water. As usual, the poorest part
of the population is at the highest risk: in general, malnu-
trition can result in a 30-fold increase in the risk for
diarrhea-associated death. When considering these esti-
mates it is important to realize that they do not include
other microbiological diseases or the probably very signif-
icant disease burden caused by chemical substances,
including naturally occurring chemical substances, such
as aflatoxins caused by fungi growing in food as a result of
poor storage conditions, or acrylamide formed in certain
foods when heated above 120 degrees.

The facts related to the true disease burden are seldom
published by authorities. We therefore seem to have a
situation in many countries in which the authorities cor-
rectly point out to the public, when the same public is
scared by well-publicized food-borne disease outbreaks,
that these outbreaks are few and often result in only
limited disease burden. However, these same authorities
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do not always seem to make serious efforts to estimate or
publicize the true burden of food-borne disease. This true
burden stems from the cases happening every day all over
the world, involving almost all types of food and resulting
in not only diarrhea, but also other serious effects such
as kidney and liver failure, brain and neural disorders, and
long-term complications such as reactive arthritis and
cancer, as well as death from any of these conditions.
Such cases, which are not or cannot be linked to other
single cases, are referred to as ‘sporadic cases,’ and clearly
constitute the majority of episodes of food-borne disease.

A major source of international variability in reporting
relates exactly to this number of sporadic cases. Some
countries report the total number of cases of a food-
borne disease, including sporadic cases, whereas others
mainly collect information on the number of outbreaks
and the number of cases involved in the outbreaks. For
most food-borne diseases the major part of cases are spora-
dic, for some diseases (e.g., disease caused by Campylobacter
spp.) the disease incidence relates almost exclusively to
sporadic cases. On a positive note, countries are now
starting to realize the importance of these issues.

Deeply concerned by a potentially growing food-borne
disease burden, all 192 Member States of the World
Health Organization (WHO), at the Fifty-third World
Health Assembly, the governing body of WHO, in May
2000 adopted a resolution calling upon WHO and its
Member States to recognize food safety as an essential
public health function. The resolution also called for
the development of systems to enable a reduction of
the burden of food-borne disease. More recently, WHO
initiated a broad estimation of the global burden of
food-borne disease, an effort that is likely to produce the
first estimates in 2008.
Is There Also an Economic Burden?

Food-borne diseases not only significantly affect people’s
health and well-being but also have economic conse-
quences for individuals, families, communities, businesses,
and countries. These diseases impose a substantial burden
on health-care systems and markedly reduce economic
productivity. The loss of income due to food-borne dis-
ease perpetuates the cycle of poverty. Estimating the
direct as well as indirect cost of food-borne disease is
difficult. In a study from the United States, Buzby and
Roberts (1996) placed the medical costs and productivity
losses of seven important food-borne diseases in a popu-
lation of (then) approximately 250 million in the range of
$6.6 billion to $37.1 billion. Estimates of the economic
consequences of food contamination events or food-borne
disease outbreaks through altered conditions affecting
national food export are not forthcoming, and only a few
examples are typically presented, mostly without a clear
description of the methodology used for the estimation.
However, in several major single incidents the total health
and socioeconomic costs have been measured in hundreds
of millions of US dollars.
So, Has Nothing Happened over the Past
Years to Improve the Safety of Food?

Recognizing the need to act, both national authorities and
international organizations, as well as the food industry in a
broad sense and indeed also consumer groups, have actually
initiated significant new systems since the 1980s. The
changes seem to have occurred in three separate waves
representing an increasingly focused framework toward
disease prevention. The focus has been on (1) hygiene,
(2) hazard, and (3) risk. A food safety hazard is defined by
WHO and the Food and Agriculture Organization (FAO) as
a biological, chemical, or physical agent in or property of
food that may have an adverse health effect, whereas food
safety risk is defined as a function of the probability of an
adverse effect and the magnitude of that effect, consequen-
tial to a hazard in food.
Wave 1 (the 1980s)

The first wave focused on hygiene and recognized the
need to have good hygiene in all parts of food production,
which is now considered a prerequisite in all food estab-
lishments. Poor hygiene can cause outside contamination
of foods, as documented through a significant number
of cases of food-borne disease linked to poorly managed
food production, dirty food establishments, or unsafe
street foods. Nevertheless, even establishing andmaintain-
ing perfect hygiene in all parts of food production will not
be enough to prevent food-borne disease. If the hazard is
already present in the food item and is not brought under
control, the consumer will still become sick. At the inter-
national level, Codex has published a number of hygienic
guidelines for food production. (Codex, or the Codex
Alimentarius Commission, is the active arm of the FAO/
WHO Food Standards Programme; presently it has 175
countrymembers aswell as many nongovernmental obser-
vers, including groups representing industry, consumers,
and professional groups.)
Wave 2 (the 1990s)

The second wave focused on hazard as the element pres-
ent in the food with a potential to cause disease. If this
element is not removed or reduced to a level that will not
cause disease, any hygienic provisions will not prevent
disease. The Hazard Analysis Critical Control System was
originally defined by the space agency NASA in order to
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ensure safe food for astronauts. Much later it was taken up
by WHO and FAO, and since 1997 international Codex
guidelines have existed that define how hazard control can
be managed through simple means. For example, if your
hazard is a microorganism that is supposed to be killed
through heat-treatment of your product, ensuring that the
correct temperature is reached in all parts of the product
(and that good hygiene prevents recontamination) will
eliminate the hazard and thereby prevent disease.
Wave 3 (New Millennium)

The focus during the third wave is on risk, recognizing
that a number of foods we eat either do not have a killing
step before we eat them (e.g., many types of produce) or
are only heat-treated at the final preparation stage (raw
meat), thus leaving the potential for recontamination to
other types of food in the kitchen. It has likewise been
recognized that the real driver for preventative efforts
should be the actual human health risk recognized as
human disease cases linked to specific food items. The
effort would then be to move back through the food
production chain to the place where prevention is most
efficient or most practical. In simple terms, if most disease
caused by Salmonella comes from raw chicken, and since
the Salmonella has been in the chicken all the way back to
the farm, good hygiene alone will not remove it. Although
different chemical (disinfectants) or physical (irradiation)
methods of decontamination exist, they are generally not
used for raw meat products; therefore, no critical control
point exists in the industrial production line. This leaves
two major focus areas for lowering the risk of salmonel-
losis from chicken: (a) lowering the Salmonella prevalence
in chicken at the farm and (b) ensuring good cooking
practice and prevention of cross-contamination in the
kitchen. WHO (n.d.) has published ‘‘The WHO Five
Keys for Safer Food’’ providing simple messages and
training systems to enable safer food preparation.
Risk analysis

Risk management
∗ Policy-based

Risk assessment
∗ Science-based

 Risk communication
∗ Interactive exchange

of information and opinions
concerning risks

Figure 1 The WHO/FAO food safety risk analysis framework.

Reproduced with permission from WHO.
Hazards and Risks in Food:
Communicating the New Risk Analysis
Paradigm

It is important to realize that we do have hazards in food
that do not cause human health risk; for example, thresh-
old chemicals in concentrations below the acceptable
intake, such as many approved food additives, or bacteria,
such as staphylococci, in concentrations below which
toxin formation causes health effects. Such chemicals or
bacteria may represent hazards but at the given concen-
trations human health is maintained and they do not
represent a human health risk. The failure to com-
municate this simple fact results primarily from tradition-
ally poor risk communication in the food safety area.
However, the issues related to the public’s perception of
what is important and what is not relative to food safety
goes deeper than simply communication failure.

International work related to safety and risk assessment
of chemicals used in the production of food began more
than 40 years ago by JECFA ( Joint FAO/WHO Expert
Committee on Food Additives) and later JMPR ( Joint
FAO/WHO Expert Meeting on Pesticide Residues). Dur-
ing this period the standing of authorities and the view of
science was dramatically different from the present-day
situation. In many cases the authoritative statement of a
scientist would be taken at face value, and assessments
from government regulators would be accepted, basically
as objective statements of fact. In present-day societies we
need new thinking and better communication. One way of
trying to incorporate new thinking is through the frame-
work of risk analysis. Within this framework the basic
preconditions are (1) a functional separation of risk assess-
ment and risk management, (2) a clear understanding of
the need for transparent interaction between assessment
and management, and (3) a general focus on the impor-
tance of (two-way) risk communication throughout all
steps in this process (see Figure 1).

Food safety risk analysis has three components: risk
assessment, risk management, and risk communication.
This process was first described at the international level
by WHO and FAO in 1995 (WHO, 1995). According to
this guidance, which is now also accepted by Codex, risk
assessment is a scientifically based process that estimates
risk by using quantitative or qualitative expressions and
including indications of the attendant uncertainties. Risk
management is the process of weighing policy alternatives
and selecting appropriate prevention and control options,
based on risk assessment and other relevant factors. Risk
communication is the interactive exchange of informa-
tion and opinions throughout the risk analysis process.
All interested parties or stakeholders in food safety,
including producers and consumers, should be involved
in the management process.
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Important Food Safety Issues

The following sections describe some of the recent trends
of the most important food safety issues.
Enterohemorrhagic Escherichia coli

Enterohemorrhagic Escherichia coli (EHEC), of which
E. coliO157:H7 is the most well known, has been recognized
since 1982 as a food-borne human pathogen. Although
the overall incidence of disease caused by EHEC is low,
the life-threatening complications of infection in young
children and the elderly is cause for serious concern. The
largest outbreak ever, happened in Japan in 1997, involving
almost 10 000 school children, and was most likely caused
by sprouts originating from North America. Although
most cases in other parts of the world have been related
to minced or ground meat (beef), a significant number
of cases of disease caused by EHEC have recently been
associated with contaminated produce. The contamination
typically results from contact with feces from domestic
animals at some stage during cultivation or handling, spe-
cifically from the practice of using animal slurry (a mixture
of animal feces and urine, typically used inmodern produc-
tion systems) as fertilizer on fields after germination. In the
bovine, investigations seem to indicate relatively lowanimal
prevalence of EHEC (1–2%), whereas there seems to be a
relatively high, but variable, level of bovine herd prevalence
ranging from 10% in some countries to close to 100% in
feedlot herds in the United States (Anon., 2002). New
research in this area seems to indicate that EHEC is fairly
prevalent in the bovine intestine, but uncertainties related
to characterization of virulence of this subgroup of the
intestinally ubiquitous E. coli is complicating the picture.
Listeria monocytogenes

Some previously well-known pathogens have only
recently been shown to be predominantly food-borne.
For example, Listeria monocytogenes was only recognized
as a food-borne pathogen when a series of investigations
in the 1980s identified food as the most common source.
An important factor in food-borne listeriosis is that the
pathogen can grow to significant numbers at refrigeration
temperatures when given sufficient time. Listeriosis is
one of the most severe food-borne infections, and causes
meningitis, septicemia, and abortion. Although it has a
low morbidity (annual incidence rate ranging from 2 to 10
cases per million population) it has a dramatically high
lethality, recorded typically in the range of 20–30%.
Pregnant women and neonates, immunocompromised
patients, and the elderly are especially affected. Listeriosis
is mainly reported from industrialized countries, and
the incidences in Africa, Asia, and South America are
unknown or low. Epidemiological investigations of all
large outbreaks which occurred since 1981 demonstrate
that nearly all kinds of ready-to-eat foods can transmit
the disease. Although listeriosis is a relatively rare disease,
the severity of the disease and the very frequent involve-
ment of industrially processed foods means that the social
and economic impact of listeriosis is among the highest
of the food-borne diseases (Rocourt and Cossart, 1997).
BSE and vCJD

BSE (bovine spongiform encephalopathy) was first discov-
ered in cattle in the UK in 1985. In human populations,
exposure to the BSE agent has been strongly linked
to the appearance in 1996 of a new transmissible spongi-
form encephalopathy of humans called variant Creutzfeldt-
Jakob disease (vCJD), with a presumed fatality rate of
100%. A little more than 120 people have developed
vCJD; most are from the UK but a few cases have been
reported from France and other countries. A series of mea-
sures were introduced relative to the animal disease in 1987
in the UK, and later were strengthened and expanded to
all other parts of the European Union (EU). Because of
the long incubation period (mean 60months) it is difficult
to determine accurately the effect of new measures intro-
duced to reduce risks. However, evidence from the UK
shows that an epidemic of BSE can be contained, reduced,
and probably eliminated in animal populations.
Salmonella

Salmonellosis is one of the most frequently reported
food-borne diseases worldwide. According to the WHO
Surveillance Programme for Control of Food-borne
Diseases in Europe, incidences of salmonellosis in the
region have increased dramatically in the period 1985 to
2000. Data from a number of other regions and countries
seem to show a similar trend, including data from the
United States and Australia. For some Salmonella spp., a
rapid spread through the animal production systems
seems to have occurred at a global level in recent decades,
with Salmonella enteritidis appearing simultaneously
around the world in the 1980s (Rodrigue et al., 1990).
The spread of the bacterium probably originated in big
production systems, most likely also spreading into the
poultry production systems of developing countries in the
1990s. Foods of animal origin, especially poultry, poultry
products, and raw eggs, are often implicated in sporadic
cases and outbreaks of human salmonellosis. In addition,
recent years have seen an increase in salmonellosis asso-
ciated with contaminated vegetables and fruits. The con-
tamination in these cases typically results from contact
with feces from domestic or wild animals at some stage
during cultivation or handling, specifically practices of
using animal slurry as fertilizer on fields after germina-
tion. Salmonella spp. can survive for months (depending on
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level of initial contamination) in soil or on plants. Different
programs to lower the risk of salmonellosis have been
implemented in different countries. Several countries
have now instituted successful programs to lower the
prevalence of Salmonella in poultry, thereby lowering the
human health risk of salmonellosis. A compulsory program
has been implemented in Sweden by control and quaran-
tine of grandparent stock and pre-slaughter control of
broilers. Similar action plans have been initiated in Den-
mark and Netherlands in recent years and have been
proven successful in reducing Salmonella prevalence at the
farm level and in reducing the corresponding human dis-
ease burden.
Campylobacter

Reports of campylobacteriosis cases have been continu-
ously increasing in many parts of the world since 1985 (see
Figure 2). Currently Campylobacter is the most common
gastrointestinal pathogen in many countries. In several
countries it is still unclear whether the increase observed
can be attributed to a real increase in incidence, an
improvement in diagnosis, or both. Most reported cases
of campylobacteriosis occur sporadically as single cases or
small family outbreaks, and are generally caused by Cam-

pylobacter jejuni. Globally, Campylobacter diagnostic capacity
is still under development, and it is likely that the true
burden of disease caused by this pathogen is seriously
underestimated in many countries. Food-borne campylo-
bacteriosis is mostly associated with C. jejuni (frequently
isolated from chicken) and to a lesser degree with C. coli

(often found in pigs). The principal reservoir of patho-
genic Campylobacter spp. is the alimentary tract of wild
and domesticated mammalians and birds. Campylobacter is
Campylobacteriosi
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commonly found in broilers, broiler breeder flocks, cattle,
pigs, sheep, wild animals and birds, as well as in dogs. In
water and other environments with suboptimal growth
conditions, Campylobacter may convert into a ‘viable but
non-culturable’ (VBNC) state. The importance of this
‘state’ in transmission of Campylobacter to animals and
man is not clear. Several studies have shown that in some
countries water-borne transmission of Campylobacter aswell
as transmission from companion animals (especially dogs)
represent important routes for human infection.
Toxoplasma gondii

Toxoplasmosis is a highly prevalent disease worldwide
with many serious long-term implications, including
potential serious mental development affections. National
seropositivity figures range from 16% in the general
population in the United States to 40–80% in women of
child-bearing age in countries in Europe and Africa. Con-
genital toxoplasmosis, which occurs when a woman
becomes infected during or shortly before pregnancy,
leads to such fetal symptoms as mental retardation,
blindness, stillbirth, and spontaneous abortion. In the
immunocompromised, symptoms include eye problems,
heart problems, mental problems, and encephalitis (brain
inflammation). Even normally healthy individuals may
be negatively affected, and there might be a link between
toxoplasmosis and brain function; for example, infected
men exhibit lower IQs and less novelty-seeking behavior
than do their healthy counterparts. The public health
implications are highly significant: two to four in 1000
live births worldwide are affected by congenital toxoplas-
mosis. Furthermore, acquired toxoplasmosis is one of
the top opportunistic diseases affecting HIV-positive
s
8

19
94

19
95

19
96

19
97

19
98

Denmark

Finland

Iceland

Israel

Norway

Slovakia

Sweden 

Switzerland

UK England
and Wales

UK Scotland

ropean countries 1985–1998. Reproduced from WHO (2000)

d Intoxications in Europe, 7th Report 1993–1998,with permission



Food Safety 635
individuals. Humans mostly become infected via
uncooked or undercooked meat; direct ingestion of cat
fecal material through contaminated drinking water, soil,
or direct contact can be alternative routes of infection.
The economic burden of toxoplasmosis is likely to be very
high; one study in the United States estimated a cost of
US$7.7 billion per year for congenital infections alone in
that country. Health education that advocates avoiding
risk factors, such as undercooked meat or cat contact,
may decrease the incidence of toxoplasmosis during preg-
nancy by 60%.
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Antimicrobial Resistance and Use of
Antimicrobials in Agriculture and Aquaculture

Antimicrobial resistance is a global public health concern
that is affected by both human and animal antimicrobial
usage. The use of antimicrobial treatment forces micro-
organisms to either adapt or die in a phenomenon known
as ‘selective pressure.’ Resistant microorganisms will not
be killed by an antimicrobial agent during a standard
course of treatment. Resistant bacteria can pass on their
resistance genes to other related (and sometimes nonre-
lated) microorganisms through the conjugation process
by which a plasmid (a small piece of DNA) carrying the
resistance genes jumps from one organism to another.
Resistance to a single drug can thus spread rapidly from
one bacterial population to another and even to popula-
tions of other microorganisms, such as fungi. A recent
FAO/OIE (Office International des Epizooties or World
Organization for Animal Health)/WHO Expert Meeting
concluded that there is clear evidence of adverse human
health consequences from resistant organisms resulting
from nonhuman usage of antimicrobials (WHO, 2004).
These consequences include infections that would not
have otherwise occurred, increased frequency of treat-
ment failures (in some cases death), and increased severity
of infections, as documented for instance by fluoroquino-
lone-resistant human Salmonella infections. Over the last
decade strains of multiresistant Salmonella, as well as other
food-borne pathogens, have spread all over the world,
often as a result of movement of animals or food. One
characteristic example is the spread of the multi-resistant
Salmonella typhimurium DT104, which is usually resistant
to five traditional drugs but increasingly also to new
fluoroquinolones. This Salmonella strain was detected
throughout the 1990s in more and more countries. When
it enters a production animal system, it will rapidly spread
to humans through food (see Figure 3). The consequences
of antimicrobial resistance in pathogens in food are partic-
ularly severe when pathogens are resistant to antimicro-
bials critically important in humans. Future international
initiatives include a Codex Task Force on Antimicrobial
Resistance, as well as WHO efforts to define an agreed-
upon list of antimicrobials critically important in humans.
Acrylamide

Acrylamide is a chemical that is used to make polyacryl-
amide materials, known not only from use in plastics but
also in the treatment of drinking-water (see Figure 4).
When using polyacrylamide, low levels of acrylamide
will often form. Acrylamide is known to cause cancer in
animals, and certain doses of acrylamide are toxic to the
nervous system of both animals and humans. However,
most recorded concentrations of acrylamide in water have
been very low and are generally no cause of concern. It
therefore caused international astonishment when Swed-
ish researchers in 2002 published their findings that the
level of acrylamide in a number of foods was alarmingly
high. An emergency FAO/WHO expert consultation con-
firmed a few months later that acrylamide can be found
in certain foods that have been cooked and processed at
high temperatures (above 120 �C). Such foods include
potato chips, French fries, bread, and coffee. Based on
the new data, food was estimated to make a very signifi-
cant contribution to total exposure of the general public
to acrylamide. Although acrylamide has a carcinogenic
potency in rats that is similar to that of certain other
dangerous carcinogens in food, the intake levels for
acrylamide are likely to be higher. Evaluating more new
research as well as industry data, a meeting of JECFA
( Joint FAO/WHO Expert Committee on Food Additives
and Contaminants) in 2005 suggested that the level
of acrylamide exposure in ordinary diets may indicate a
human health concern, since the compound is estimated
to be genotoxic and carcinogenic. JECFA indicated that
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the ‘margin of exposure’ (margin between levels consumed
through food and levels causing disease in animals) is one
of the lowest known for potential carcinogens in food
(WHO, 2005a). Therefore, appropriate efforts to reduce
acrylamide concentrations in foodstuffs should continue.
Such efforts presently focus on a number of potential ave-
nues, including changing temperature regimes, changing
raw material composition, and treating food with enzymes.

Aflatoxin

Aflatoxins are toxic substances produced by certain
species of fungi (mostly Aspergillus flavus and Aspergillus

parasiticus). Of the different types of aflatoxins, aflatoxin
B1 is the most potent and potentially lethal metabolite
and is a known human carcinogen. This toxin causes a
very significant number of human cancers globally every
year. These cancers result from chronic exposure but
acute exposure can result in aflatoxicosis, which manifests
as severe, acute hepatotoxicity with a case fatality rate of
approximately 25%. A number of such outbreaks have
been registered in East Africa over recent years. Aflatoxin
contamination of food is often related to poor timing
of harvest, inadequate drying of the crop before storage,
and poor control of humidity, temperature, and aeration
during drying and storage. Aflatoxins can occur in a wide
range of commodities including cereals, oilseeds, spices,
and tree nuts, as well as milk, meat, and dried fruit. The
major sources of exposure are maize and groundnuts, as
these are the foods that are most susceptible to contami-
nation and consumed in the greatest amounts. Aflatoxins
have been recognized as a significant problem in food
since the 1960s, and control strategies are thought to
have mostly eliminated harmful exposures in developed
countries. The application of these strategies in devel-
oping countries is difficult, given differences in tech-
nology, agriculture, and trade practices, as well as other
issues contributing to occurrence of aflatoxins and inci-
dence of exposure. Therefore the greatest risk for health
impact lies within developing countries, especially those
located in tropical regions. Food insufficiency and lack
of diversity substantially contribute to the susceptibility
of individuals and communities to aflatoxins. The very
significant aflatoxin-associated health effects pervade
the developing world even though these effects could
be mitigated or prevented with the current state of
agricultural knowledge and public health practice.

Pesticides

Pesticides are typically chemicals used in agriculture to
limit or eliminate the effect of plant pests. Pesticides are
extensively used worldwide. More than 1000 different
pesticides are currently used. Pesticides can contaminate
soils, surface and groundwater, and air, and residues can
therefore be found in food and drinking water. Pesticides
are often substances that can cause health effects in cer-
tain concentrations, whereas low concentrations do not
cause health concerns. Health effects that have been asso-
ciated with different pesticides are cancer and damage to
reproductive, endocrine, immune, or respiratory systems.
Some pesticides may be endocrine disrupters, that is,
a substance that alters function(s) of the endocrine (hor-
monal) system and may result in a permanent change
of function of the system if exposure happens during
pregnancy. Concerns remain, although analysis of
human data has so far not proven direct causal associa-
tions between low-level exposure to endocrine disrupters
and adverse health outcomes. Many countries have intro-
duced maximum residue levels (MRLs) – often based on
Codex MRLs – to control pesticide hazards. It should be
noted that MRLs are not always directly related to human
health effects. A more direct relation to such effects can be
achieved through the FAO/WHO acceptable daily intake
(ADI) system, which relates to health effects by estimating
the actual amount ingested by the human body. Although
it is estimated that around two-thirds of all pesticide
applications worldwide take place in Europe (Forastieri,
2000), there are indications that the main health problems
are elsewhere. In many developed countries the health
issues related to pesticides are perceived to be due to
residues in food; however, the major proportion of the
disease burden related to pesticide use in a global sense
relates to the risk of poisoning through poor handling or
disposal practices. Efforts to train farmers and their fami-
lies in the proper handling of crop protection products
can be successful and should promote compliance with
international codes of conduct, such as the FAO Code of
Conduct on the distribution and use of pesticides.
Genetically Modified (GM) Foods

The use of modern biotechnology, and especially that
of genetic modification (using recombinant DNA), has
created significant public concern in some regions with
regard to its potential effects on human health and the
environment. The current GM crops approved mainly
carry recombinant genes conveying resistance against
insects, viruses, or herbicides. In the future, however,
nonallergenic peanuts, corn with increased essential
fatty acid content, rice with vitamin A, or traditional
crops with improved drought resistance may offer signifi-
cant advantages over their nonmodified counterparts.
International guidelines for risk and safety assessment
of GM foods have been developed by Codex that evaluate
(1) direct health effects, (2) tendencies to provoke allergic
reaction (allergenicity), (3) specific components thought
to have nutritional or toxic properties, (4) the stability
of the inserted gene, (5) nutritional effects associated with
genetic modification, and (6) any unintended effects
which could result from the gene insertion. Since GM
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organisms include different genes inserted in various
ways, the safety of individual GM foods should be assessed
on a case-by-case basis, and it is not possible to make
general statements on the safety of all GM foods. GM
foods currently available on the international market have
passed risk assessments and are not likely to present risks
for human health. In addition, no effects on human health
have been shown as a result of the consumption of such
foods by the general population in the countries where
they have been approved. Continuous use of risk assess-
ments based on the Codex principles and, where appro-
priate, including post-market monitoring, should form the
basis for evaluating the human health safety of GM foods.
It should be noted, however, that although direct human
health impacts may turn out to be negligible, the potential
impacts on ecosystems and the potential subsequent indi-
rect implications for health are still under scrutiny. In the
future the concept of safety and risk assessment could be
taken further in order to do more holistic evaluations
of a broader section of issues that could cause national
concerns, including estimation of specific nutritional ben-
efits, socioeconomic issues, environmental and ethical
concerns, and considerations related to intellectual pro-
perty rights (WHO, 2005b)..
Potential Influence of Climate Change

A report fromWHO (2003) documents the potential influ-
ence of climate change on the level of food-borne diseases.
Human exposure to food-borne pathogens may be a con-
sequence of weather events. Rainfall patterns can influence
the transport and dissemination of infectious agents, and
temperature can affect their growth and survival in food.
Increasing temperatures may lengthen the seasonality or
alter the geographical distribution of food-borne diseases.
In the marine environment, warm temperatures create
favorable conditions for red tides (blooms of toxic algae)
which can increase the incidence of shellfish poisoning.
Increasing sea surface temperatures can indirectly influ-
ence the viability of enteric pathogens such as Vibrio cholerae
by increasing their reservoir’s food supply. Heavy rains can
contaminate food supply by transporting human and ani-
mal fecal products and other wastes onto food products on
the farm or even at points later in the food chain. Effects of
higher temperatures resulting in a quicker die-off of patho-
gens could draw the equation in the other direction and
contribute to preventing food-borne diseases.
The Way Forward (Farm to Fork, Boat to
Throat): Targets for Risk Reduction

There are several major issues at the core of improving
food safety and food safety systems in most parts of the
world. The most important are as follows.
Efficient prevention of problems requires (1) full inte-
gration of the food production chain: ‘from farm to fork or
from boat to throat,’ recognizing that the critical point
for efficient prevention might be at the farm for some
problems or at the retail level for others. Most present-
day food safety systems are not built according to this
important principle. Incoherence of the systems has led
to inconsistency and in some cases inefficiency of food
safety systems. Although prevention of food-borne disease
of course has to be based on good general hygienic prac-
tices, it is important (2) to focus our efforts toward the real
risks in the population. Any system to efficiently prevent
food-borne disease problems should be based upon a solid
evidence base. Therefore, (3) the data-gathering efforts
related to food contamination and food-borne disease
need to be coordinated. Likewise, monitoring, surveillance,
and control efforts should be geared toward common goals.
This coordination is missing in many food safety systems
presently, thus leading to a very weak evidence base and,
potentially, to uninformed decisions and poor political
support.

An important prerequisite for efficiency in most areas
of work is the setting of (4) realistic targets for risk
reduction and the monitoring of success and failure. In
the past, food safety efforts have in most cases not been
linked directly to food-borne disease risk. Compliance
with existing regulation has often been the only measure
of success. The lack of clearly communicated targets for
disease reduction is still a major drawback of existing food
safety systems, although some countries are now initiating
major risk-based, target-driven efforts to improve food
safety; for example, national plans to lower the prevalence
of Salmonella in food or maybe regional plans to lower the
level of acrylamide in certain foods.

Most food safety authorities acknowledge that (5) ensur-
ing food safety must be tackled both at national and inter-
national levels. At the international level WHO, in
cooperation with FAO, has recently developed the Inter-
national Food Safety Authorities Network (INFOSAN) to
promote the exchange of food safety information, including
information about emergencies. This development stems
from serious concern expressed by the World Health
Assembly (WHO’s governing body) in May 2002 about
health emergencies posed by natural, accidental, and inten-
tional contamination of food. Therefore the development
should also be seen in light of the revised International
Health Regulations of WHO, regulations that oblige every
member country to provide information about public
health events of international concern to WHO without
delay. INFOSAN now has more than 165 participating
countries. See Relevant Websites to obtain more informa-
tion about this network.

See also: Botulism; Carcinogens, Environmental; Food-

borne Illnesses: Overview; Helicobacter Pylori; Intestinal



Infections: Overview; Pharmaceuticals as Environmental

Pollutants: The Ramifications for Human Exposure;

Salmonella; Viral Diarrhea.
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Introduction: Causes of Foodborne Illness

Foodborne illness is largely due to contamination of food
by microbes or chemicals that are introduced into the food
chain or production process from ‘field to fork.’ Contami-
nation may arise from the environment where animals,
fish, or plants are grown and harvested, from processing
or transport, from the final stages of food preparation
in the kitchen, or from contaminated hands of the person
preparing or eating the food. These contaminants may
affect only a single person or may cause an outbreak of
foodborne disease with the potential to affect hundreds or
thousands of people. Examples of some of the major agents
responsible for foodborne disease are shown in Table 1.



Table 1 Pathogenic and chemical agents frequently associated with foodborne disease.

Etiology
Incubation
period Major signs and symptoms Source – potential foods Further reading

Bacterial
Bacillus cereus 1–24 hours Nausea, vomiting, diarrhea.

Illness usually lasts for 6–24 hours,
rarely fatal

The bacteria produces a toxin.

Especially found in cereal

products, soups, custards and
sauces, meatloaf, sausages,

cooked vegetables,

reconstituted dried potatoes,
refried beans

US Food and Drug Administration Bad Bug Book

http://vm.cfsan.fda.gov/~mow/chap12.html

Campylobacter spp. 2–10 days Diarrhea, nausea, vomiting,

abdominal pain, fever. Illness

usually lasts under 10 days.
Reactive arthritis, irritable bowel

syndrome or Guillain-Barré

syndrome may follow infection

Especially found in poultry, raw

milk, beef, liver, water.

Virulence factors are not
completely elucidated

World Health Organization http://www.who.int/mediacentre/

factsheets/fs255/en/

Clostridium
botulinum

6–24 hours Double vision, blurred vision,
drooping eyelids, slurred speech,

muscle weakness, Illness is severe

and may be fatal in 5–10% of cases

The bacteria produces a potent
preformed toxin. Especially

found in preserved meat,

poultry, gravy, sauces, meat-
containing soups

World Health Organization http://www.who.int/mediacentre/
factsheets/fs270/en/

Clostridium

perfringens

8–22 hours Abdominal pain, diarrhea. Generally

mild disease usually lasting <24 hours

The bacteria produces a toxin.

Found in raw meat, poultry,

dried foods, herbs, spices,
vegetables

US Food and Drug Administration Bad Bug Book

http://www.cfsan.fda.gov/~mow/chap11.html

Shiga toxin

producing E. coli

3–8 days Bloody diarrhea, nausea, abdominal

pain, fever. A few people,

especially children under 5 years of
age, develop hemolytic uremic

syndrome (HUS), with destruction

of the red blood cells and the

kidney failure and occasional death

The bacteria produces a potent

toxin. Especially found in

hamburgers, raw milk, roast
beef, sausages, apple cider,

yoghurt, sprouts, lettuce, water

Virginia Department of Health http://www.vdh.state.va.us/

epi/escherichia.asp

Pathogenic E. coli 9–12 hours Diarrhea, fever, particularly in infants.

Countries with poor sanitation have

most frequent outbreaks; mortality
rates of 50% have been reported in

these countries

Raw beef, chicken, salads and

other foods that are not

subsequently heated, water

US Food and Drug Administration Bad Bug Book

http://www.cfsan.fda.gov/~mow/chap14.html

Listeria

monocytogenes

3–21 days Flu-like symptoms and persistent

fever, nausea, vomiting and diarrhea
and sometimes serious invasive

illness in immuno-compromised

people causing septicemia and

meningitis. Fatality is high in invasive
disease at over 30%. In pregnant

women it can cause spontaneous

abortion or stillbirth

Especially found in coleslaw, milk

soft cheese, pate, turkey franks,
processed meats. Can grow in

refrigerator

US Food and Drug Administration Bad Bug Book

http://www.cfsan.fda.gov/~mow/chap6.html
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Table 1 Continued

Etiology
Incubation
period Major signs and symptoms Source – potential foods Further reading

Salmonella spp.

(non typhoidal)

6–72 hours Diarrhea, nausea, vomiting,

abdominal pain, fever, headache
usually lasting 5–7 days. In a few

cases sequelae can develop some

weeks later including reactive

arthritis or irritable bowel
syndrome

Especially found in poultry, eggs

and meat and their products,
raw milk and dairy products.

Associated with large disease

outbreaks

Centers for Disease Control and Prevention

http://www.cdc.gov/ncidod/dbmd/diseaseinfo/
salmonellosisg.htm#What%20is%20salmonellosis

Salmonella Typhi 7–28 days Typhoid fever. Continued fever,

malaise, headache, nausea,
vomiting, anorexia, abdominal

pain, rose spots, bloody diarrhea.

Healthy carrier state may follow

acute illness. Mortality rate of
up to 20%

Especially found in shellfish, raw

milk, process contaminated
meat, any food or water

contaminated by an infected

person. Vaccine is available

World Health Organization

http://www.who.int/topics/typhoid_fever/en/

Shigella spp. 12–96 hours Bloody diarrhea, nausea, abdominal

pain, fever. Illness typically lasts

4–7 days. Mortality rate of
up to 20%

Any ready-to-eat food

contaminated by infected

person, frequently salads.
Infection also transmitted by

water

US Food and Drug Administration Bad Bug Book

http://www.cfsan.fda.gov/~mow/chap19.html

Staphylococcus
aureus

1–8 hours Diarrhea, vomiting, nausea,
abdominal pain. Illness typically

lasts 2 days

Meat and poultry products,
cream-filled pastries, whipped

butter, cheese, dry milk, food

mixtures, high protein leftover

foods. Illness caused by
enterotoxin production

US Food and Drug Administration Bad Bug Book
http://www.cfsan.fda.gov/~mow/chap3.html

Vibrio cholerae 1–5 days Profuse watery diarrhea, vomiting,

abdominal pain, rapid dehydration,

thirst, collapse, acidosis.
Serogroups 01 and 0139

responsible for cholera. High

mortality if not treated for fluid

replacement

Raw fish, raw shellfish,

crustacean, foods washed or

prepared with contaminated
water. Illness due to cholera

toxin

US Food and Drug Administration Bad Bug Book

http://www.cfsan.fda.gov/~mow/chap7.html

Vibrio

parahaemolyticus

12–24 hours Diarrhea, nausea, vomiting, fever,

headache. Illness usually lasts

2–3 days and is rarely severe

Consumption of raw or

undercooked shellfish,

particularly oysters. Virulence
factors including toxin

production responsible for

symptoms

US Food and Drug Administration Bad Bug Book

http://www.cfsan.fda.gov/~mow/chap9.html

Vibrio vulnificus 12 hours–3 days Fever, chills, malaise. Septicemia is
more frequent in those with liver

disease or who are

immunosuppressed

Raw oysters, clams, crabs US Food and Drug Administration Bad Bug Book
http://www.cfsan.fda.gov/~mow/chap10.html
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Yersinia
enterocolitica

3–7 days Diarrhea, abdominal pain, fever.
Illness may last 1–3 weeks.

Reactive arthritis may follow

infection

Beef, pork, lamb, oysters, fish and
raw milk

US Food and Drug Administration Bad Bug Book
http://www.cfsan.fda.gov/~mow/chap5.html

Viral
Hepatitis A 15–50 days Fever, nausea, abdominal

discomfort, lethargy, jaundice.

Illness commonly lasts for 1 week
to months. Case fatality rate

typically low (0.1%), but higher in

adults over 50 years old or those

with chronic health conditions

Drinking water, raw shellfish, fresh

fruits and vegetables, and food

contaminated by an infected
person. Only 5% of hepatitis A

is estimated to be foodborne

transmission, with the

remainder being person-to-
person. Infections are

prevented by vaccine

Centers for Disease Control and Prevention

http://www.cdc.gov/ncidod/diseases/hepatitis/a/

Noroviruses 10–50 hours Acute onset of vomiting, nausea,
abdominal pain, diarrhea, fever,

headache. Illness typically lasts

only 1–2 days. Case fatality rate is

extremely low due to mild nature of
short-lived illness

Drinking water, oysters, fresh fruit
and vegetables, any food

contaminated by an infected

person or human feces.

Between 10–40% of norovirus
infections are estimated to be

foodborne

Centers for Disease Control and Prevention
http://www.cdc.gov/ncidod/dvrd/revb/gastro/norovirus.

htm

Rotavirus 24–72 hours Watery diarrhea, vomiting, fever

lasting from 4–8 days. Rotavirus
infection is occasionally associated

with hospitalization and death in

young children due to dehydration
and electrolyte imbalance

Any food or water contaminated

by an infected person or feces.
Only 1% of rotavirus is thought

to be foodborne, with the

majority of infections
transmitted from person-to-

person. Infection may be

prevented by vaccination

US Food and Drug Administration Bad Bug Book

http://www.cfsan.fda.gov/~mow/chap33.html
WHO Rotavirus vaccination information

http://www.who.int/vaccine_research/diseases/rotavirus/en/

Parasitic
Ascaris spp.

(Helminth.)

4–16 days Gastrointestinal discomfort, colic and

vomiting, fever. Heavy infestation

may cause nutritional deficiency

and other complications

Ingestion of infective eggs from

soil contaminated with human

feces, contaminated

vegetables and water

World Health Organization

http://www.who.int/water_sanitation_health/diseases/

ascariasis/en/ US Food and Drug Administration Bad Bug

Book http://www.cfsan.fda.gov/~mow/chap30.html
Clonorchis spp.

(Helminth.)

Variable, within 1

month of

ingestion

Loss of appetite, diarrhea, abdominal

pressure. Usually causes

asymptomatic or mild illness. A

significant risk factor for the
development of

cholangiocarcinoma

Raw or undercooked freshwater

fish

Centers for Disease Control and Prevention

http://www.dpd.cdc.gov/dpdx/HTML/Clonorchiasis.htm
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Table 1 Continued

Etiology
Incubation
period Major signs and symptoms Source – potential foods Further reading

Cryptosporidium

spp.

1–12 days Watery diarrhea, abdominal pain

lasting for 1–2 weeks

Any food or water contaminated

by an infected person or animal.

Approximately 10% of

infections estimated as
foodborne, with the remainder

being acquired from infected

animals or people

Centers for Disease Control and Prevention

http://www.cdc.gov/NCIDOD/DPD/parasites/

cryptosporidiosis/factsht_cryptosporidiosis.htm

Echinococcus spp. Variable, from
12 months-

many years

Formation of cysts in liver, lungs,
kidney and spleen. May be fatal

due to tumors in liver, lungs and

brain. Illness may be chronic in
nature requiring surgery to remove

parasite mass and anti-parasitic

medication to prevent recurrence

Any food contaminated with
helminth eggs

Centers for Disease Control and Prevention
http://www.dpd.cdc.gov/dpdx/HTML/Echinococcosis.htm

Entamoeba
histolytica

Variable, usually
2–4 weeks

Loose stools, stomach pain, stomach
cramping. In severe cases, bloody

stools and fever. Illness can last

from weeks to months. Illness may

be very severe, with possible
progression to liver abscesses

Any food or water contaminated
with amebic cysts

Centers for Disease Control and Prevention
http://www.cdc.gov/ncidod/dpd/parasites/amebiasis/

factsht_amebiasis.htm

London School of Hygiene & Tropical Medicine

http://homepages.lshtm.ac.uk/entamoeba/

Fasciola spp. 4–6 weeks Fever, sweating, abdominal pain,

dizziness, cough, bronchial
asthma, hepatomegaly, urticaria,

which may last for months

Ingestion of contaminated

freshwater plants, particularly
water cress, undercooked or

salted fish

Centers for Disease Control and Prevention

http://www.dpd.cdc.gov/dpdx/HTML/Fascioliasis.htm

Giardia lamblia 3–25 days Diarrhea, greasy stools, abdominal

discomfort, flatulence lasting for
1–3 weeks

Ingestion of contaminated salads,

or water. Approximately 10% of
infections may be foodborne,

with the remainder being

transmitted from person-to-

person

Centers for Disease Control and Prevention

http://www.dpd.cdc.gov/dpdx/HTML/Giardiasis.htm

Opisthorchis spp. 2–4 weeks Many infections asymptomatic.

Fever, dyspepsia, abdominal pain,

diarrhea, constipation, and
hepatomegaly. Symptoms of liver

inflammation may develop,

including cholangiocarcinoma

Raw or under-processed

freshwater fish

Centers for Disease Control and Prevention

http://www.dpd.cdc.gov/dpdx/HTML/Opisthorchiasis.htm
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Toxoplasma gondii 10–23 days Most infections asymptomatic, but
10–20% of people develop

lymphadenopathy or flu-like illness.

Immuno-compromised hosts may

develop neurological disease,
including retinopathy and

pneumonitis. Fetuses may become

infected ‘in utero’ resulting in retinal
symptoms at birth

Raw or insufficiently cooked beef,
lamb, wild pig, venison, or

consumption of contaminated

water

Centers for Disease Control and Prevention
http://www.dpd.cdc.gov/dpdx/HTML/Toxoplasmosis.htm

Trichinella spiralis 4–28 days Diarrhea, vomiting, fever, edema

about eyes, muscular pain, chills,

prostration, labored breathing. May
result in life-threatening

complications, including

pneumonitis, CNS involvement and

myocarditis

Pork, bear meat, walrus flesh,

cross-contaminated ground

beef and lamb

Centers for Disease Control and Prevention

http://www.dpd.cdc.gov/dpdx/HTML/Trichinellosis.htm

Trichuris spp. Indefinite Often asymptomatic, however

infections may result in bloody

mucoid stools and diarrhea

Ingestion of contaminated

vegetables or meat

Centers for Disease Control and Prevention

http://www.dpd.cdc.gov/dpdx/HTML/Trichuriasis.htm US

Food and Drug Administration Bad Bug Book
http://www.cfsan.fda.gov/~mow/chap30.html

Prions 15 months – >30

years

Variant Creutzfeldt-Jakob disease

which is characterized by damage

to the central nervous system.
Lasts months to years. High fatality

rate

Cattle infected with bovine

spongiform encepalopathy are

thought to be the source of
contaminated beef that causes

the illness in humans

World Health Organization

http://www.who.int/mediacentre/factsheets/fs180/en/

Chemical
Aflatoxin Variable

(depending on

dose)

Acute necrosis, cirrhosis, vomiting,
pain. High doses can be fatal.

Chronic ingestion probably

increases risk of liver cancer

Some fungi in warm conditions
produce aflatoxins that can

contaminate tree nuts, peanuts,

corn and some animal grain

feeds

US Food and Drug Administration Bad Bug Book
http://vm.cfsan.fda.gov/~mow/chap41.html

Ciguatera 1–24 hours Diarrhea, vomiting, abdominal pain,

headache, temperature reversal,

neurological symptoms, skin
tingling and temperature sensation

reversal, cardiac arrhythmia.

Symptoms last days to months

In some areas large tropical or

subtropical reef fish may

contain toxins caused by fish
eating microalgae called

dinoflagellates

World Health Organization

http://www.searo.who.int/Linkfiles/

List_of_Guidelines_for_Health_Emergency_Ciguatera_QA.
pdf

Dioxin Variable
(depending on

dose and type)

Chloracne (skin disease), cancer,
reproductive effects,

developmental effects

Toxin particles are caused by
burning some waste products

and these can contaminate

foods. Foods most likely

affected are those containing
fats such as dairy products,

meat, fish, eggs

US Food and Drug Administration.
http://www.cfsan.fda.gov/~lrd/dioxinqa.html
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Table 1 Continued

Etiology
Incubation
period Major signs and symptoms Source – potential foods Further reading

Heavy metals Variable

(depending on
dose and type)

Effects vary with type of heavy

metal – cadmium, lead and
mercury are of major concern. They

cause a variety of chronic illnesses

such as kidney, gastro-intestinal

tract and nervous system
disorders. Probably also cause an

increased risk of cancer

Any food contaminated with these

metals, especially large fish and
shellfish

Centers for Disease Control and Prevention

Cadmium http://www.atsdr.cdc.gov/tfacts5.html
Lead http://www.atsdr.cdc.gov/tfacts13.html

Mercury http://www.atsdr.cdc.gov/tfacts46.html

Mushroom

poisoning

15min – few

hours

Effects vary with the type of

poisonous mushroom. Some
cause neurological symptoms

such as convulsions, hallucinations

and sweating; others cause
vomiting and diarrhea; others

cause generalized organ failure

with a high mortality rate

Some species of mushrooms and

toadstools produce various
toxins. These are not affected

by cooking

US Food and Drug Administration Bad Bug Book

http://www.cfsan.fda.gov/~mow/chap40.html

Pesticides Variable
(depending on

dose and type)

Nausea, headache and weakness are
common, although a variety of

signs and symptoms may occur

depending on type

Any food exposed to these
chemicals

US Environmental Protection Agency
http://www.epa.gov/pesticides/about/

Scombro-toxicosis Minutes to
2 hours

Flushing and sweating, nausea,
headache, tingling around mouth,

rash, diarrhea, stomach pain, hives

Some types of fish that have
partially spoiled produce a

histamine toxin. Includes tuna,

mackerel, Pacific dolphin (mahi
mahi), blue fish

US Food and Drug Administration
http://www.cfsan.fda.gov/~lrd/sea-scm.html

Paralytic shellfish

toxin

Few mins to

2 hours

Tingling, burning, numbness around

lips and finger tips, giddiness,

incoherent speech, difficulty
standing, respiratory paralysis

Sometimes shellfish are

contaminated with algae that

contain toxins, including
mussels, clams, scallops,

oysters

Washington State Dept Health

http://www.doh.wa.gov/ehp/sf/Pubs/PSPfactSheet.htm
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Historically, foodborne illness occurred in localized
regions as most food was obtained from nearby regions
and prepared in the home. Common illnesses were enteric
fever, dysentery, and cholera caused by poor hygiene
leading to contaminated food, water, and milk. These
diseases were a major cause of mortality, especially in
young children. In less developed countries where foods
may still be largely produced in nearby regions, local
conditions influence the nature of contamination of food
products with pathogens or toxins. Huge advances in
hygiene standards and introduction of practices like pas-
teurization of milk has altered the types of illnesses seen
in developed countries. In recent decades, complex food
production and transport systems have developed, which
means that disease-causing agents can potentially enter
the food supply chain at multiple sites. In the last ten to
15 years, the decreasing costs of transport have meant
that ingredients and foods are sourced from all over
the world and at any time of the year. This globaliza-
tion of the food supply has resulted in the potential
for large foodborne disease outbreaks to occur that
cross national borders.

Other global factors that influence the incidence of
foodborne diseases are climate and season. Many food-
borne diseases are strongly temperature dependent, with
bacterial diseases being more common in warmer climatic
zones of the world and during summer months, while
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Figure 1 Fecal–oral transmission pathways of foodborne disease.
some viral diseases may be more common in winter
months. The phenomenon of global warming is likely
to change the distribution and incidence of foodborne
diseases, due to increasing potential for microbial growth
at warmer temperatures and changing patterns of rainfall.
Contamination of Food

Foods may become contaminated with pathogenic bacte-
ria, viruses, or parasites transmitted through a fecal–oral
cycle involving humans, animals, and the environment.
Fecal pathogens may be transmitted from direct contact
with an infected person or animal or via food or water that
is then ingested by a person. The sequences of steps that
may lead to a person becoming infected by enteric patho-
gens are shown in Figure 1.

Certain pathogens live only in humans, while others
live and replicate in other animals as well as humans.
Examples of human-specific microbes are human strains
of noroviruses, and the bacteria Salmonella enterica sero-
type Typhi and Shigella sp. As shown in Figure 1, human-
specific microbes are only transmitted via food when an
infected person passes the microbe from feces into the
food supply chain. This may occur via latrines, flies, soil,
or water, or during food preparation, especially if the food
handler or consumer has not washed their hands.
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Foodborne diseases are often zoonotic, with animals
being the reservoir for many microorganisms. Animals
may not show symptoms but still excrete pathogens,
such as certain serotypes of Salmonella enterica, which
may then contaminate ground or irrigation water used
to produce food for human consumption. Some pathogens
can survive in soils for months, and application of man-
ures onto crops should be done well before harvest. Care
must be taken with food produced directly from animal
carcasses to ensure that meat is not contaminated with
contents of the animal’s gastrointestinal tract. Foods from
aquaculture can be affected by contaminated water, which
may result in fish, shellfish, or plants carrying pathogenic
microbes. A prime example of this is oysters, which are
filter feeders that can concentrate microbes such as the
hepatitis A virus found in coastal waters.

During transport, storage, commercial processing of
foods, and the final preparation of meals there is further
possibility of contamination (Figure 2). Equipment may
harbor microbes, and some pathogens such as Salmonella

can replicate in foods under warm conditions, leading to
increased numbers of microbes if temperature is not con-
trolled. Cross-contamination can occur from one food to
another if utensils and equipment are not kept separate and
clean and if food handlers do not wash their hands between
handling different foods. Cooking with high temperatures
generally will kill microbes, but there can be a problem if a
contaminated food that is considered safe because it is to be
cooked, such as raw chicken, comes into contact with food
that is not, such as salad.

Chemical toxins can contaminate foods and can be
either anthropogenic or naturally occurring. Man-made
waste products from industry can inadvertently contami-
nate foods, such as dioxins. Pesticides are deliberately
used on crops and animals to control pests or infestations
and these may potentially be ingested by humans, leading
to a variety of illnesses. Some chemical contaminants can
be due to inappropriate cooking utensils and equipment,
Primary production in 
animal and plant farms 
and coastal waters 

• Manure 
• Irrigation water 
• Runoff 
• Plankton and algal 
 growth 
• Contaminated feed 

Commercial food pr
in factories 

• Cross-contaminati
other foods or pro

• Contamination fro
machinery and ad

• Poor storage and 
temperature contr

• Unhygienic slaugh
conditions 

Transport and sto
Potential for contaminated transport equipment and poor temper

Figure 2 Potential contamination by microbes during primary prod

Hall GV, d’Souza RM, and Kirk MD (2002) Foodborne disease in the
Journal of Australia 177(11–12): 614–618.
such as cooking pots containing lead. Naturally occurring
toxins can be found in certain foods such as some large
fish and mushrooms, and other toxins may develop due to
natural processes during food production and storage.
Burden of Foodborne Illness

By far the most common type of foodborne illness is acute
infectious gastroenteritis, and this accounts for the vast
majority of the foodborne disease burden. Some sequel
illnesses may occur weeks or months after an initial epi-
sode of foodborne gastroenteritis and other illnesses (non-
gastroenteritis) can also be caused by contaminated food.
As most illnesses acquired from food can also be transmit-
ted via other pathways, it is difficult to estimate the exact
burden of illness that is attributable to food.
Infectious Gastroenteritis (All Sources)

The total burden of infectious gastroenteritis from all
sources (not just from food) may be estimated by ongoing
surveillance of diarrheal illnesses, longitudinal cohort
studies that document diarrheal illness, or by retrospec-
tive cross-sectional surveys. Different methods have been
used in various parts of the world, making comparison of
the burden across countries problematic. In developed
countries, infectious gastroenteritis is fairly common but
is usually a mild illness. In less developed countries and in
vulnerable people, it may be very common and can be
serious and even fatal.

Estimates of the burden of gastroenteritis often depend
on extrapolation of data that are reported to health sur-
veillance systems regarding people infected with specific
laboratory-confirmed microorganisms. Reporting of these
illnesses depends on a sick person going to the doctor, the
doctor ordering a stool test, the test being positive for
a specific organism, and the organism being reported
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(Figure 3). For most foodborne illnesses, there are signif-
icantly more cases in the community than are finally
reported and estimates are made of ‘under-reporting fac-
tors’ to be able to calculate the total burden.

It is estimated that worldwide, infectious gastroen-
teritis from all sources (not just from food) causes over
2million deaths each year, which is about 3.1% of all
deaths (World Health Organization, 2002). The number
of deaths is especially high in Africa and southeast Asia.
Disability-adjusted life years (DALYs) account for years
of ‘healthy life’ lost as well as years lost due to premature
mortality. Each year worldwide, DALYs due to diarrheal
illnesses are estimated at 62 451 000 years of lost healthy
life and account for 4.3% of all DALYs. DALYs due to
infectious diarrhea are especially high for African and
eastern Mediterranean countries.

In most developed countries, the estimated incidence
of all infectious gastroenteritis is approximately 1 case per
person each year (Scallan et al., 2005). Young children
under 5 years of age have a higher incidence and older
adults a lower incidence. Deaths from infectious diarrhea
are rare in developed countries except in vulnerable
groups. Other groups at special risk of serious effects of
gastroenteritis are the elderly, the immunocompromised,
and those in institutions. In less developed countries,
young children are especially at risk of acquiring infec-
tious diarrheal disease and are vulnerable to dehydration
and malnutrition. A time of particular risk is at weaning,
when young infants become exposed to pathogens in milk
products and food. At this time, frequent episodes of
gastroenteritis can cause growth faltering.

An estimate of incidence of diarrhea in children under
5 years of age in developing areas is 3.2 episodes per
child-year (Kosek et al., 2003). The highest rates are
among children 6–12 months old, with a median of 4.8
episodes per child per year (Figure 4).

It was also estimated that among children under
5 years of age in developing countries, diarrhea caused
4.9 deaths per 1000 per year in the decade 1990–2000.
This is a decline from estimates in earlier decades, with
the greatest improvement in children less than 1 year of
age. Despite these improving trends in mortality rates,
diarrhea accounted for a median of 21% of all deaths of
children aged less than 5 years old in less developed
countries between 1980–90, being responsible for over
2 million deaths per year (Kosek et al., 2003).
Proportion of Infectious Gastroenteritis That Is
Foodborne

There is no definitive way to identify the proportion of
infectious gastroenteritis that is due to foodborne trans-
mission, but estimates generally range from 25–36% of all
gastroenteritis (Mead et al., 1999; Adak et al., 2002; Hall
et al., 2005). It is likely that the proportion of cases due to
food varies from place to place. The proportion of gastro-
enteritis that is due to food also varies by the causative
agent. Some bacteria are thought to be mostly foodborne,
such as Salmonella and Campylobacter, which are estimated
to be 80–90% foodborne, while for others, food contami-
nation is only a minor method of transmission, such as
rotavirus and Giardia lamblia at about 5%. For these
pathogens, person-to-person and waterborne transmission
are more important, respectively.
Economic Costs of Foodborne Illnesses

Many countries are interested in the cost of foodborne
disease. Costs may be due to lost productivity of people
who miss work because they are ill, due to the health-care
system for treatment of individuals and control of

http://www.who.int/bulletin/volumes/81/3/Kosek0303.pdf
http://www.who.int/bulletin/volumes/81/3/Kosek0303.pdf
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foodborne disease outbreaks, and due to lost trade. For
countries involved in trade of food items, there can be
restrictions placed on trade if contaminated foods and
foodborne illness is identified as a problem. Losses can
be considerable. According to the United States Economic
Research Service, the total cost for health care, productivity
losses, and premature deaths for diseases caused by five
foodborne pathogens (Campylobacter, Salmonella (nontyphoi-
dal), Shiga Toxin producing E. coli (STEC), non-toxigenic
E. coli, and Listeria monocytogenes) in the United States is a
total US$6.9 billion per year. Foodborne infections have
been estimated as costing AU$1.2 billion and US$123
million per year in Australia and Sweden, respectively
(Lindqvist et al. 2001; Abelson et al., 2006).
Different Types of Foodborne Illnesses

Infectious gastroenteritis is the most common illness
transmitted via food, and sometimes sequel illnesses can
occur some time after an initial foodborne infection.
There are also many other foodborne illnesses with vari-
ous symptoms and degrees of seriousness that are caused
by microbes or chemical toxins.
Microbial Gastroenteritis

Foodborne infectious gastroenteritis is caused by an array
of different bacteria, parasites, and viruses, some of which
are shown in Table 1. Gastroenteritis is usually short-
lived of 1 to 10 days with loose stools, stomach cramps,
fever, and vomiting. The nature, duration, and severity of
symptoms vary with the causative pathogen. Illnesses
caused by microbial pathogens may result from ingesting
toxins formed by bacteria growing in food, from toxin
produced in the intestine after ingestion, or by true infec-
tion where the pathogen itself invades the gastrointestinal
tract and causes inflammation. Generally speaking, the
incubation period will be shorter when preformed toxin
is involved and longest when infection occurs.

Bacterial gastroenteritis

There are about 20 known bacterial agents that may cause
gastroenteritis and are potentially transmitted via con-
taminated food. Campylobacteriosis, salmonellosis, shig-
ellosis, and cholera are some of the more frequent types of
bacterial gastroenteritis. They are characterized by diar-
rhea, stomach cramps, and frequently blood in stool,
vomiting, and fever. A selection of common bacterial
pathogens and their clinical features are shown inTable 1.

Campylobacterosis is caused by Campylobacter jejuni

and is one of the most common bacterial diarrheal ill-
nesses in both developed and underdeveloped countries.
In developed countries, the incidence of reported
laboratory-diagnosed cases ranges from 12 per 100 000
population in United States to 390 per 100 000 population
in New Zealand. The number of cases in the community
is higher than that reported. It is likely that incidence
may be higher in less developed countries. Campylobacter
normally lives in the intestines of healthy birds, and
the main identified sources of infection are undercooked
poultry, contaminated water, raw milk, and contact with
infected animals.

Salmonellosis is caused by infection with Salmonella

enterica, which occurs in the intestines of birds, reptiles,
and mammals. Salmonella enterica is divided into over 2000
epidemiologically distinct serotypes. Animal feces can con-
tain this bacteria and contaminate soils and waterways,
leading to contamination of human food. Salmonella repli-
cates in food that is not refrigerated and outbreaks of
foodborne disease affecting many people from one food
source are common, especially during warm weather. The
estimated community incidence of Salmonella cases,
accounting for underreporting, ranges from 0.8 per 1000
population in theUnitedKingdom to 5 per 1000 population
in the United States. Some European countries, such as
Norway, Denmark, and Sweden, have very low rates of
Salmonella infections due to robust control measures in
animal flocks and herds. Campylobacter and Salmonella are
thought to be about 80–90% foodborne, with the remainder
of cases acquired from water, animals, and the general
environment.

Shigellosis is caused by Shigella spp., an anaerobic bacte-
ria mostly spread directly from person to person. The in-
cidence of shigellosis is higher in less developed countries.
It is easily spread from food contaminated by infected
food handlers and by water contaminated by sewage.
About 10% of cases are thought to be foodborne. Another
serious illness is cholera, caused by toxin-producing strains
of Vibrio cholerae. Symptoms of cholera include profuse
watery diarrhea, vomiting, and dehydration. Cholera may
cause death within hours if dehydration is not treated.
Infection occurs through the ingestion of food or water
contaminated with excreta of infected persons. Cholera
is often associated with large and devastating outbreaks
in developing countries, and case fatality rates can be as
high as 50%.
Viral gastroenteritis

Viral pathogens that can be transmitted via food include
norovirus, adenoviruses, and rotavirus. Adenoviruses and
rotavirus are very common in young children, but only
about 5% of cases are estimated to be transmitted via
food. Norovirus is one of the most common viruses trans-
mitted by food. It is an RNA calicivirus, previously called
Norwalk-like virus or small round structured virus
(SRSV). The virus only replicates in humans and is pre-
dominantly spread from person to person with 10–40% of
norovirus infections being foodborne. Norovirus in
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human sewage can contaminate fruits, vegetables, and
oysters and result in large outbreaks.

Parasitic gastroenteritis

Cryptosporidiosis and giardiasis are caused by the proto-
zoal microorganisms Cryptosporidium parvum, Cryptosporid-

ium hominis, and Giardia lamblia, respectively. Infections
are generally mild but can be prolonged, lasting weeks.
Most illnesses are transmitted from another infected per-
son or animal or via contaminated water, with foodborne
transmission occurring less frequently. Both illnesses are
common, and it is estimated that Cryptosporidium infection
accounts for up to 5% of diarrheal disease in developed
countries and between 3–20% in developing regions.
Worldwide, Giardia infection accounts for 1–30% of diar-
rheal illness, depending on the region and age group.
There are a variety of other important parasitic diseases
that have gastroenteritis as a major symptom, including
amebiasis and trematode infections, among others.
Other Illnesses (Non-Gastroenteritis)

Sequel illnesses can occur weeks or even months after an
initial acute foodborne illness in a few susceptible people.
Major sequelae that can follow bacterial gastroenteritis
include hemolytic uremic syndrome (HUS), reactive
arthritis, irritable bowel syndrome, and Guillain-Barré
syndrome. Other acute non-gastroenteritis illnesses can
also be transmitted by food. Microbial pathogens, hel-
minths, prions, and chemicals can cause acute illnesses
including listeriosis, hepatitis A, toxoplasmosis, a variety
of helminth infections, and variant Creutzfeldt-Jakob dis-
ease (vCJD). Illnesses due to chemicals can be caused by
naturally occurring toxins and man-made chemical waste
products and pesticides.

Sequel illnesses
Hemolytic uremic syndrome (HUS) may develop in
people suffering gastroenteritis caused by organisms that
produce Shiga toxins, such as STEC, Shigella dysentariae,
and Citrobacter freundii. HUS is characterized by destruc-
tion of blood cells and acute renal failure, often requiring
dialysis for some days until the kidneys recover. The
illness is more severe in children and there may be signif-
icant associated mortality. STEC infections are thought to
be about 50% foodborne, with some cases acquired
directly from animals.

Reactive arthritis is a nonpurulent joint inflammation
that may be triggered by gastrointestinal or urethral infec-
tions. It can develop some weeks after foodborne gastro-
enteritis due to Salmonella, Yersinia, or Campylobacter. Joint
pains and low back pain are common, and fever and
weight loss may also occur. The arthritis is fairly mild in
most cases but can be severe. The illness lasts weeks to
months and is most common in middle age. People who
have a particular genetic disposition identified by a posi-
tive blood test for HLA-B27 are more likely to get reac-
tive arthritis.

Irritable bowel syndrome (IBS) is characterized by
abdominal pain and irregular bowel movements. The
bowel is thought to be oversensitive, and IBS can be
triggered by stress, diet, or previous infection with food-
borne Campylobacter, Salmonella, or Yersinia. It is thought
that about 7% of bacterial gastroenteritis cases lead to
IBS. The illness is usually lifelong, with active periods
lasting for days to months, and periods of remission.
Diarrhea can alternate with constipation and other symp-
toms include a feeling of incomplete evacuation, bloating,
or wind. There may be mucus in the bowel motion.

Guillain-Barré syndrome is an autoimmune disease
that affects the nervous system. Campylobacter is one trigger
that causes this illness, accounting for about 20% of
Guillain-Barré cases. First symptoms include weakness
or tingling in the legs, which spreads to the upper body,
usually over a number of days. Paralysis of respiratory
muscles can occur, and this can lead to an inability to
breathe and death if the patient is not supported in hospi-
tal. The disease is more common in older people, and in
developed countries approximately 8% of those affected
die. Most often the illness lasts from a few weeks to
months, but in about 20% of cases, residual weakness in
some muscles can remain as a permanent disability.

Other infectious illnesses (non-gastroenteritis)

Listeriosis is caused by Listeria monocytogenes, a bacteria
that can cause a serious invasive illness with septicemia or
meningitis in immunocompromised people and the
elderly. The case fatality rate may be as high as 30%.
L. monocytogenes may also cause abortion, stillbirths, and
neonatal meningitis in utero in pregnant women despite
the mother showing little or no symptoms. It is thought to
be exclusively transmitted through foods, including
unpasteurized dairy products. Unusually, it can replicate
at the low temperatures found in refrigerators.

Hepatitis A is an infection of the liver with hepatitis
A virus that ranges in severity from subclinical to severe
liver disease. Adults tend to be more severely affected
with anicteric, asymptomatic infections being common
in children. The virus is mostly spread from person to
person by the fecal–oral route, with contamination of food
accounting for about 10% of cases.

Toxoplasmosis is caused by a cellular parasite, Toxo-
plasma gondii. The cat is the primary host in the parasitic
life cycle, and the illness is spread by contact with infected
cat feces or ingestion of raw infected meat (such as ‘steak
tartare’) or water. Serology studies in a number of countries
indicate that the majority of adults have been infected at
some time but only about 15% are symptomatic with
general malaise and fever. Occasionally infection causes
lifelong cysts to form, especially in immunocompromised
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people. Cysts may occur in muscle, heart, brain, eyes, or
other organs. Approximately 35% of cases of toxoplasmosis
are considered foodborne.

Helminth infections are a major cause of morbidity
that lead to malnutrition and general debilitation, partic-
ularly among people in less developed countries. There
are three types of foodborne helminth infections: nema-
todes (roundworms), cestodes (tapeworms), and trema-
todes (flukes). Nematodes are nonsegmented helminths
and have a bilateral symmetry; cestodes have a flat rib-
bon-like body; and trematodes are leaf-shaped and are
covered with a resistant cuticle. Infection by helminths,
such as Fasciola sp., Paragonimus spp., Clonorchis sp., and
Heterophyes sp., can occur through the ingestion of raw
and undercooked infected fish, crustaceans, and plants.
The worldwide burden of disease associated with hel-
minths is enormous, especially in children. Some infec-
tions are associated with increased incidence of
cholangiocarcinoma and heart disease (Lun et al., 2005).
The life cycle of these parasites is often complex, but
usually involves fish and mollusks. Many infections are
easily treated using anti-parasitic agents.

Creutzfeldt-Jakob disease (CJD) is a human transmis-
sible spongiform encephalopathy (TSE) that causes
spongy degeneration of the brain with severe and fatal
neurological signs and symptoms. In 1996, pathologists
identified a variant (vCJD) that affected younger patients
and had a more rapid course of illness. Similarities
between the agent causing vCJD and that causing bovine
spongiform encephalopathy (BSE) found in cattle suggest
that humans have acquired the illness from contaminated
beef. The agents causing the disease are thought to be
prions, small protein particles that can replicate. The first
case of variant CJD was found in the United Kingdom in
1996, and subsequently 129 cases were identified in that
country up to 2002, and about 10–20 cases in other parts
of the world.

Illnesses due to chemicals

Chemical toxins found in food can lead to both acute and
chronic illnesses. The toxins can be either naturally
occurring or man-made.

Examples of common naturally occurring toxins
include ciguatoxins and histamines from contaminated
fish and mycotoxins produced in plants. Ciguatera poi-
soning can be caused by eating large reef fish that have
come from coral reefs where algae contain ciguatoxins
that subsequently bioaccumulate in larger predatory fish
higher in the food chain. The illness is found in the Pacific
and Indian oceans and the Caribbean. Scombrotoxicosis is
associated with eating fish containing high levels of hista-
mine. Most commonly this occurs in fish such as tuna and
mackerel that have been poorly handled during proces-
sing, which potentiates histamine toxicity. Outbreaks of
histamine poisoning occur throughout the Pacific. Both
ciguatera and scombrotoxicosis are 100% foodborne and
cause neurological symptoms that can be serious. Natu-
rally occurring mycotoxins include aflatoxins that are
produced by fungi growing in stored grains and nuts in
hot humid conditions. These are carcinogenic and
hepatotoxic.

Anthropogenic chemical contaminants of food include
the heavy metals such as mercury, arsenic, cadmium, and
lead, dioxins, and pesticides, among others. Methylmer-
cury is the result of methylation of inorganic mercury
produced by combustion power plants and waste incin-
erators. Methylation occurs due to the action of sediment
bacteria in waterways, and methylmercury accumulates
higher in the food chain in large fish that may be eaten by
humans. It is a neurotoxin and affects development of the
brain in the fetus and young child and can cause seizures
and cerebral palsy, blindness, deafness, and mental retar-
dation. Postnatal exposure can be from breast milk if the
mother has high levels of methylmercury. Cadmium is
used in industry, especially for the production of batteries.
It is released into the environment as an air pollutant and
in waste water that can contaminate food, the main route
of ingestion. Cadmium accumulates in the body over
years and causes damage to the kidneys.

Lead can be introduced into food by improperly glazed
pots used for cooking and food storage. People can also be
affected by inhalation and absorption of lead through the
skin. Lead is neurotoxic and in particular can affect early
neurological development in children under 3 years of
age. It affects the brain, causing attention deficit disorder
and other learning disabilities, poor motor coordination,
and poor language development, as well as anemia. Excre-
tion is very slow and can take years.

Dioxins, dibenzofurans, and polychlorinated biphenyls
(PCBs) are related by-products from industrial processing
that can enter the food chain. Dioxins are the result of
open burning of waste products, and particles can settle
onto plants that are then eaten by animals. Dioxins are
absorbed into animal fat, and concentration increases
through bioaccumulation while moving up the food
chain (Figure 5). Foods likely to contain dioxins are
those that contain fat, such as dairy products, meat and
meat products, fish, eggs, breast milk, and infant formula.
When people eat food contaminated with dioxins they
remain in the body’s fat stores and can affect the nervous,
reproductive, and immune systems. People exposed to
very high levels of dioxins have a higher risk of develop-
ing a variety of cancers later in life.

Pesticides are used on food crops, and some can be
harmful to humans. To reduce the risk of contamination
of food there is often a recommended waiting period after
application of a pesticide before harvest of the crop. The
application of such recommendations varies from country
to country, and in developing countries there may be little
control. Some pesticides accumulate higher in the food
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chain and so may reach toxic levels in animals even if
the ori ginal plant applicat ion was within saf e limits. Pes-
ticides work in dif f erent ways and as a consequence can
cause dif f erent illnesse s in humans . Some af f ect human
enzym es, inc lud ing or ganophos phates and carb onate
insectici des, which inh ibit the enzym e choli nesterase
and can cause seri ous neu rotoxicity.
Table 2 Principles of hazard analysis and critical control

point (HACCP) safety procedures

1. Identify potential hazards associated with food, such as
microbes and chemicals, and means to control them

2. Identify critical points in food production where the potential

hazard can be controlled (e.g., on the farm, packaging)

3. Establish preventive measures with critical limits for each
control point (e.g., minimum cooking temperature and time)

4. Monitor critical points

5. Take corrective actions when a critical limit has not been met
(e.g., disposing of food if the minimum temperature has not

been achieved)

6. Verify that the system is working properly (e.g., verify that time

and temperature devices are working properly)
7. Maintain proper records of procedures

Figure 6 Preparation of foods in commercial kitchens is

regulated by standards of hygiene.
Prevention of Foodborne Illness

Preventing foodborne disease is a process that involves
people in the whole food supply chain from producer s to
consumer s. Historically, governments around the world
have regulated food supplies with strict food hygiene stan-
dards, largely directed at the food service industry. These
hygiene standards are enforced in public health legislation
(Figure 6).

In recent year s, risk-base d pro grams, suc h as haz ard
analysis cri tical control points (HACC P), have been
developed. HACC P requires the identif ication of points
where possibl e haz ards in food pr oduction could occu r
and developi ng meth ods for con trolling the hazards
(Table 2). Thes e cri tical points are moni tored, often by
indus try, and any deficie ncies in the system are cor rected
as needed (see Table 2 ). These risk-ba sed programs apply
to all busines ses in the food supply cha in, from primary
producti on to those ser ving foods.

The Wor ld Health Or ganizat ion and Food and Agri-
culture Or gan ization have join tly created the Codex Ali-
ment arius Commiss ion, an inter na tional stand ard-setti ng
body for foods. Codex uses risk-b ased frameworks to
pre pare stand ards, guide lines, and other texts to impr ove
saf ety in food busines s and trade.

http://www.deh.gov.au/settlements/chemicals/dioxins/factsheet3.html
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Educating people who prepare food commercially and
in the home is a vital part of preventing foodborne disease.
The World Health Organization and other agencies have
prepared health promotion materials to promote food
safety during preparation of meals. The five key messages
are to keep equipment clean, to separate raw and cooked
foods, to cook food thoroughly, to keep food at safe
temperatures, and to use safe water and raw materials.

Control of Outbreaks of Foodborne Diseases

Many countries conduct surveillance of foodborne dis-
ease by requesting doctors and laboratories to report
certain cases to health departments. These usually
include infections due to Campylobacter, Salmonella, Vibrio

cholerae, STEC, Listeria monocytogenes, and others. These
data are analyzed regularly for trends and clustering of
cases that may indicate outbreaks of illness due to food
potentially affecting many people. Recognition of out-
breaks should ideally trigger an investigation by a public
health team. Investigations involve collection of stool
samples from sick people to identify the microorganism,
laboratory testing of food samples, and tracing back of food
items to determine the origin of the contamination. With
the globalization of the food supply for many countries in
the past decade, outbreaks have been identified that affect
people over wide geographical areas and time periods.
Foods that have a long shelf life and are distributed interna-
tionally can result in outbreaks that span multiple conti-
nents and last for many months or years. Thorough
investigation of foodborne disease outbreaks is important
to identifyand eliminate the source of infection anddevelop
policy to prevent further disease. One example is the
interventions that were implemented subsequent to large
Salmonella outbreaks due to infected chickens and eggs.
Vaccination and culling programs in infected chicken flocks
in the United Kingdom and the United States reported
marked decrease in human infections (Braden, 2006).
Conclusions

Foodborne disease is common in both developing and
developed countries. The most frequent type of illness is
infectious gastroenteritis, but other illnesses also occur.
Prevention of contamination of food involves effort at all
points in the food supply chain, from primary producer to
consumer. Control of foodborne disease outbreaks
remains a priority in an era of globalization.

See also: Cadmium; Cholera and Other Vibrioses;

Enteroviruses; Food Safety; Helminthic Diseases: Food-

borne Trematode Infections; Helminthic Diseases: Trichi-

nellosis and Zoonotic Helminthic Infections; Hepatitis,

Viral; Intestinal Infections: Overview; Mercury; Protozoan

Diseases: Cryptosporidiosis, Giardiasis and Other
Intestinal Protozoan Diseases; Russia and Former

USSR, Health Systems of; Shigellosis; Viral Diarrhea.
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Introduction

Fuelled by the forces of trade and globalization, global
movements of people are arguably both normal and an
essential component of current economic and social lives
of most countries. Recent figures show that over 190
million (3%) of the world’s population are migrants, that
is, they live outside their countries of origin. Most migra-
tion is voluntary, motivated, regardless of status, by the
individual’s need to seek better opportunities; economic
advantage, better education, better quality of life, greater
freedoms. The choice is also influenced by broader social
and political structures in both sending and receiving
countries.

For many, however, migration is involuntary. At least
one-tenth of people who migrate are compelled to leave
their homes by events over which they have little control,
and migrate because of an imperative for survival; to
protect their lives and the lives of their families. Forced
migration can be categorized by the events that lead to
the displacement. These include civil strife, armed con-
flict, generalized violence, massive violation of human and
minority rights and natural and man-made disasters. They
may also be categorized by the location of the displaced
persons; internally displaced persons remain within their
national borders but are nonetheless unable to return
to their homes, or it may be international, within neigh-
boring countries in the region or to countries that are
far removed in culture and distance from their countries
of origin.

Between the broad categories of voluntary and invol-
untary migration, there are less well defined drivers of
migration where the notion of choice is more fluid. For
instance, extreme poverty that threatens survival and
livelihoods provides an imperative to flee. A global study
of forced migration suggested that there are a number of
variables that can be considered in a cost–benefit analysis
model to predict the point at which the cost of staying
far outweighs any benefits. The variables include social,
cultural, physical, emotional, and environmental stability
and ability to engage in the broader political life of the
community (Moore and Shellman, 2002). A further
(although heavily contested) category of forced migrants
are people who are trafficked for various forms of inden-
tured labor, some through coercion, others through
deception, again highlighting the complexity of choice
in the decision to migrate.

Migration categories are primarily of administrative
relevance. However, understanding them is critical because
they inherently describe a legal status that determines the
duration and conditions of residence in a host country and
give an important indication of the journeys undertaken
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in the process of migration, the resulting exposure to health
risks, and in the country of settlement, entitlements and
access to goods and services such as health care. In this
article, we discuss the health effects of forced migration,
focusing on the main subpopulations of forced migrants:
refugees, asylum seekers, internally displaced persons,
environmental displacees, and trafficked persons. We also
highlight the international efforts to mitigate the effects
of forced migration.
Forced Migrants: Definitions

Refugees

Thousands of people were displaced after the Second
World War, living within a context where governments
were unwilling or unable to enforce laws and protect
their basic rights. In recognition of their need for protec-
tion, the United Nations General Assembly established
the Office of the United Nations High Commissioner
for Refugees (UNHCR) in 1950. Under the Internat-
ional Refugee Convention of 1951 and the Protocol of
1967 (UNHCR, 1951, 1967), the key characteristics of
refugees are:

. They are outside their countries of origin.

. They have a well-founded fear of persecution (have
experienced or are likely to experience) should they
return.

. The persecution is on the grounds of race, religion,
nationality, membership of a particular social group,
or political opinion.

. They are unable or unwilling to seek the protection of
their country of origin.

The 1951 Convention and 1967 Protocol provide the
foundations in international and refugee law for the pro-
tection and the rights of refugees. Member states of the
United Nations who have ratified the Convention and
Protocol undertake to protect refugees and respect the
principle of non-refoulement, a principle in international
law which prevents countries from sending refugees back
to situations which would threaten their freedom or life.

Workingwith host nations and other humanitarian agen-
cies, the UNHCR provides the administrative, legal, and
humanitarian support in the event of a large-scale refugee
exodus. In addition, individuals and smaller groups of
people facing persecution can apply for protection through
the UNHCR, drawing on the legal protections and guide-
lines available through international law and treaties. The
ideal protection from the UNHCR perspective is to facili-
tate repatriation to the country of origin. In 2006, 734 000
refugees were voluntarily repatriated to their countries of
origin (Afghanistan, 388 000; Liberia, 108 000; Burundi,
48 000; Angola, 47 000; Sudan, 42 300; and the Democratic
Republic of the Congo, 41 300) (UNHCR, 2007). However,
repatriation can only be achieved when the initial circum-
stances that led to the flight are no longer a threat. Most
refugees are therefore initially hosted in countries proximal
to the crises. The advantage of this temporary solution
is that neighboring countries offer a broadly similar social
and cultural milieu, minimizing problems with adaptation.
There is of course a small risk of unrest spreading through
the region as resources can become increasingly stretched
to accommodate the often large influx of refugees. How-
ever, the expectation is that international assistance will
mitigate any potential crisis. Finally, UNHCR may facili-
tate refugees’ resettlement in a third country if there is
little likelihood of repatriation in the short term.

Over its history, the UNHCRhas helped over 50million
refugees to rebuild their lives (UNHCR, 2000), with annual
fluctuations ranging from 2.4 million in 1975 to as high as
18.2 million in 1993. The UNHCR monitors refugee flows
and provides annual statistical updates on global trends on
their website. The number of refugees was approximately
9.9 million in 2006, half of whom were female (UNHCR,
2007). The number of refugees varies extensively between
regions depending on new or ongoing crises. Current
figures indicate that most resettlement occurs in low-
income countries. About 20% of refugees are resettled
in countries in North America, Australasia, and Europe.

Despite the UNHCR’s long and successful history,
many argue that the 1951 definition of a refugee, which
was temporally appropriate, is no longer adequate to
encompass the wider range of issues resulting in forced
migration. There is a greater subtlety to human rights
violations and the interpretations of legislative frame-
works are highly context-dependent. For instance, appli-
cations for refugee status have been made on the basis
of the rights violations of the Chinese government’s one-
child policy. Another example is the need to escape harm-
ful cultural practices such as female genital cutting to
which women from some parts of Africa are subjected.
In addition, large-scale civil unrest resulting, for instance,
from events in Iraq and Afghanistan, has caused massive
displacements; however, under the Refugee Convention,
the displaced persons are not specifically targeted for
persecution and many have been refused protection by
potential host countries because they are not genuine
refugees. The challenges that arise from the increasing
complexities of forced migration have overwhelmed the
international protection system and have given rise to
large numbers of asylum seekers.
Asylum Seekers

An asylum seeker is a person who is outside their country
of origin and has applied to another country for legal
recognition as a refugee under the guidelines of the
UNHCR. The right to seek asylum is enshrined in interna-
tional law and with improvements in access to information,
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there has been a global spread of knowledge about human
rights. On the other hand, the increase in the numbers
of asylum seekers has been the cause of much political
dissent and media discussion in receiving countries. In
2006, 596 000 first-instance or appeal-asylum or refugee-
status applications were submitted in 151 countries directly
to governments or UNHCR offices. There is a broad
perception that asylum seekers represent the potential
for abuse of the refugee protection system because their
claims of persecution may not be legitimate. Consequently
the interpretation and application of refugee protec-
tion laws in many potential host nations has become
increasingly rigid and restrictive (UNHCR, 2007).
Internally Displaced Persons

An internally displaced person has been forced to flee
their home or place of normal residence but remains
within the national border. Internally displaced persons
often face the same circumstances faced by refugees and
asylum seekers, except they have not yet crossed an inter-
nationally recognized border. A major cause of internal
displacement is wars, which are often characterized by
low intensity but protracted internal conflicts that target
civilians. Recent larger-scale wars such as in Iraq and
Afghanistan have occurred within cities with little dis-
tinction made between combatants and noncombatants.
Civilian war-time casualties have increased from 65%
at the end of World War II to 90% in the wars over
the last decade. In the 1990s internal conflicts have
claimed in excess of 5 million lives. Civilians escaping
wars in Sri Lanka, Angola, and Sudan have lived for more
than 20 years as internally displaced persons, grappling
with poverty and insecurity.

Recent estimates of internally displaced persons suggest
that there are 23.7million across 50 countries worldwide;
there are more internally displaced persons than there
are refugees. It could be argued that internally displaced
persons are in a greater position of vulnerability because of
the lack of protection; the very same governments whose
actions may have caused their persecution and displace-
ment are responsible for their protection. The mandate of
the UNHCR does not cover internally displaced persons.
However, over the years, about 6.6million have been
supported by the UNHCR. In recognition of the gravity
of the plight of internally displaced persons, a position was
created for a representative of theUNSecretaryGeneral on
Internally Displaced Persons in 1992. The mandate of the
representative was to address this vacuum of responsibility.
Guiding Principles on Internal Displacement were drafted
to assist in the protection of the rights of internallydisplaced
persons and assign responsibility to states and international
bodies to ensure their care. Though not legally bind-
ing, the guiding principles support the authority of the
internally displaced against the conditions that cause
their displacement.
Environmental Displacees

Environmental displacees are people who are forced
out of their homes as a result of floods, famine, volcanic
eruptions, earthquakes, landslides, and other environmen-
tal disasters. A subcategory of these are those displaced
by development projects that so drastically alter their
environments to make continued residence untenable.
Examples include the building of dams (e.g., the Three
Gorges Dam across the Yangtze), roads, mines, deforesta-
tion, and pollution that arises from industry. The World
Bank estimates that approximately 10 million people
are displaced from their homes every year to accommo-
date such projects (Cernea and McDowell, 2000). Other
examples of man-made disasters that result in forced
migration include industrial nuclear accidents that have
left survivors without homes or livelihoods. The number
of environmental displacees is estimated at double the
numbers of refugees. Most end up as internally displaced
persons.
Human Trafficking and Smuggling

Human trafficking and smuggling focus on the context
of the migration journey rather than on reasons for dis-
placement. However, circumstances of people who are
trafficked or smuggled are often not dissimilar to other
forced migrants. When the forces that compel forced
migration are up against the barriers created by limited
opportunities for legal migration, human trafficking and
smuggling are a predictable though undesirable result.

Human trafficking involves the illegal trading and
movement of mostly women and children in economically
exploitative situations. It is defined by the UN Conven-
tion on Transnational Organized Crime (UN TOC) as:

... the recruitment, transportation, transfer, harboring or

receipt of persons, by means of the threat or use of force

or other forms of coercion, of abduction, of fraud, of decep-

tion, of the abuse of power or of a position of vulnerability

or of the giving or receiving of payments or benefits to

achieve the consent of a person having control over another

person, for the purpose of exploitation. Exploitation shall

include, at a minimum, the exploitation of the prostitution

of others or other forms of sexual exploitation, forced labor

or services, slavery or practices similar to slavery, servitude

or the removal of organs. ... The consent of a victim of

trafficking in persons to the intended exploitation ... shall

be irrelevant where any of the means set forth (above) have

been used. The recruitment, transportation, transfers ... of a

child for the purpose of exploitation shall be considered

‘‘trafficking in persons’’ even if this does not involve any of

the means set forth (above) (United Nations, 2000: 2).
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The trafficked are usually expected to engage in forced
domestic labor, sex work, false marriages, and indentured
labor. There is an increasing market in the sex industry
supported through tourism and a market in children traf-
ficked for adoption. It can therefore be argued that trafficked
persons are forcedmigrants as a result of their lack of choice.
A trafficked person, under International Law, is considered
a victim of coercion, abduction, fraud, or deception; consent
is lacking or defective and therefore irrelevant. States party
to the Protocol to Prevent, Suppress and Punish Trafficking
in Persons are therefore mandated to provide temporary or
permanent protection to trafficked persons.

People smuggling is tightly bound with human traf-
ficking. Most trafficked persons are smuggled into a coun-
try, although this is not always the case. Smuggling, in
the context of migration, refers to consensual transac-
tions where the transporter and the transported agree to
circumvent immigration control for mutually advanta-
geous reasons. The UN TOC Smuggling Protocol defines
smuggling of migrants as:

the procurement, in order to obtain, directly or indirectly,

a financial or other material benefit, of the illegal entry

of a person into a State Party of which the person is not

a national or a permanent resident (Article 3).

The critical elements of the definition are the illegal
border crossing by the smuggled person and the finan-
cial gain of the smuggler. Under this definition, people
smuggling reflects a commercial rather than exploitative
transaction, although like most illegal transactions it is
difficult to argue that the partners are equal. Smuggling
is considered a crime against the state; unlike trafficking
which is a crime against the person. This is an important
distinction because on apprehension, the smuggled per-
son, as a party to an illegal transaction is considered a
criminal regardless of the often exploitative conditions of
the transaction. The rights and treatment of these illegal
migrants are therefore highly political and contentious
issues in the area of migration and health. Notwithstand-
ing the crime, smuggled persons are also entitled to be
treated with dignity and in the event of detention, under
the provisions of the Geneva Convention (USCR, 2003).

There are strong arguments against characterizing peo-
ple smuggled as forced migrants. Nonetheless it is difficult
to ignore the range of circumstances that would compel
individuals to undertake the hazardous journeys involved in
people smuggling. The majority of people smuggled into
countries like Australia, for instance, are asylum seekers
who claim that they are unable to access the overwhelmed
international protection system and are therefore com-
pelled to employ the services of people smugglers.

Trafficking and smuggling are significantly under-
reported, so available data are based on rough estimates.
The best global estimates of trafficked women and children
are between 700 000 and 2 million (IOM, 2001). Current
figures from the US Department of Justice suggest that
approximately 800 000 people are smuggled across borders
each year. It is estimated that 400 000 people a year enter the
countries in the European Union illegally (trafficked and
smuggled) by boat through Albania, Tunisia, or Morocco
into southern Europe, from Sarajevo airport via Croatia
and Slovenia into Italy and Austria or overland, starting
from Istanbul and often ending up in Belgium. These
figures undoubtedly account for a small fraction of the
overall problem (IOM, 2003).

The potential for exploitation and human rights viola-
tions through these illegal ventures is necessarily high
because of the lack of legal status of the people being smug-
gled. In addition, the journeys are often fraught with danger
in order to circumvent existing immigration and other legal
controls. Trafficking is currently one of the most lucrative
high-return, low-risk crimes (estimated to be US$5–7 billion
per annum) for both the recruiters and the traffickers.
Health and Forced Migration

Forced migration and displacement have health implica-
tions for the various categories of migrants as well as for the
receiving or host countries. For the receiving country there
is an increased demand on health-care resources to monitor
public health measures for disease control and to address
the health needs of the new migrants. The health needs are
both physical and mental resulting from: preexisting (pre-
flight) health conditions, morbidities arising from the events
leading up to displacement such as injuries or environmen-
tal exposure, health burdens from the journey or stressors
that are a result of the resettlement process. These are
discussed in the following sections.
Humanitarian Crisis and Health

Forced migration invokes images of large-scale complex
humanitarian crises, massive population displacements,
poor hygiene and vulnerability of temporary shelters
and refugee camps, and the collapse of public health
infrastructure. These are dealt with in detail in the article
on humanitarian responses to complex emergencies. This
is a critical aspect of forced migration and health, and the
area that receives the most media coverage and interna-
tional assistance.
The Forced Migration Journey

The circumstances and events described previously pro-
vide some indication of the health risks and preexisting
vulnerabilities of forced migrants regardless of category.
It is important to note that the vulnerabilities of forced
migrants reflect the social determinants of health and
inequalities in broader population health. In broad terms,
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those with higher levels of income have a greater capacity
to access systems of protection or to flee in less hazardous
circumstances. Most persons of concern therefore are
those who are likely to have faced poverty, experienced
violence on a personal or collective level, have been
exposed to injury or pollution, have had poor access to
health services, and have been exposed to a range of
communicable diseases. There is an extensive body of
literature compiled by researchers, and humanitarian and
human rights organizations, on the incidents of torture and
trauma and other forms of persecution that many experi-
ence before the opportunity to flee presents. In addition,
there is a loss of social networks and cultural institutions, a
sense of place, permanence and predictability, and trust in
the ability of the state to protect.

Important challenges have emerged in the assessment
of morbidity and mortality related to forced migration in
general and conflict in particular. While injury and fatal-
ity from direct trauma are easier to ascertain, deaths that
result from malnutrition, infectious diseases and poor,
unhealthy conditions under which the journey of forced
migration occurs are more difficult to quantify. The direct
health effects of conflict are well documented and range
from physical injury to poor mental health outcomes
(Allotey and Zwi, 2006; Allotey et al., 2007).

Children and the elderly face the highest mortality
rates in the flight to safety. Resources of basic food and
shelter are usually limited and risks are further exacer-
bated by poor conditions and lack of emergency care.
Health risks increase for a number of reasons. First, detri-
mental health impacts of forced migration exist in situa-
tions when the flight to the temporary or permanent
refugee is unsafe and vulnerable populations end up
being the victims of pirates and people smugglers, at
risk of abuse and exploitation. The crude mortality rate
has been found to at least double normal baseline in the
population before the events that lead up to displacement.
Second, the flight may be associated with traumatic events
experienced en route to safety. For example, a study on
Cambodian refugees in the United States revealed that
90% experienced near-death due to starvation, and the
same proportion had a family member or friend murdered
(Marshall et al., 2005).
The Destination and Resettlement

The best outcome for internally displaced persons and
refugees is achieved if the crisis is short-lived with a
quick resolution that enables them to return to their
homes. Health considerations in those instances are based
largely on the challenges and opportunities in rebuilding
and restoring health-care infrastructure following repatri-
ation. These situations may often benefit from the injection
of assistance from the international community during
the acute crisis.
However, protracted displacement in the absence of
resettlement is not uncommon. Refugee camps in places
like Kakuma in Kenya have been home to displaced per-
sons from Southern Sudan, Somalia, Burundi, Congo,
Eritrea and Uganda, for over 15 years. Protracted refugee
settings are places where large concentrations of displaced
persons have lived in exile for over 5 years, unable to
take advantage of any of the three solutions (repatriation,
integration, or resettlement) offered by UNHCR. There are
approximately 16 000 Somali refugees in Ethiopia or the
15 000 Ethiopians in Sudan considered to be in protracted
refugee situations. In addition, there are at least 33 pro-
tracted refugee situations similar to Kakuma; the situation
in Palestine offers another stark example. Nearly 60% of
the world’s refugees are living under these conditions,
either in refugee camps or urban slums (UNHCR, 2006).

Health concerns in these situations are a major chal-
lenge to public health; there is a general lack of interest
from the international community once the acute crisis
period is over, and consequently, a lack of governance,
health service infrastructure, and health programs. Recent
research funded by the Special Programme for Research
and Training in Tropical Diseases (TDR) highlighted the
increase in diseases such as malaria and the spread of
virulent strains of tuberculosis and other infectious dis-
eases. Further, major sexual and reproductive health pro-
blems have been identified and the safety and security
of women who do not have the protection of a male
relative is of particular concern. The risks of sexual exploi-
tation have also been identified (UNHCR, 2006). The
resolution of these issues is dependent on lasting solutions
to the original crisis. And in the interim, the health
systems are almost entirely dependent on the inter-
national community.
Resettlement

Refugees are a widely diverse population originating from
countries across the world and displaced by varying crises.
Their demographic profiles are as diverse as the profiles
found in host populations across socioeconomic status,
gender, age, education, and religion. Ultimately, individ-
ual refugees would therefore present with their unique set
of circumstances. Lack of familiarity with mainstream
health services, lack of proficiency in the language of
the host community, cultural differences, poverty and
marginalization, combined with previous experiences of
physical or psychological trauma, all contribute to social
and health disadvantage and vulnerabilities of refugees.
Added to these are the normal migration stresses of
settling in a new country (often not of choice); finding
acceptable food, shelter, education, and employment.
Rediscovering safety, developing social networks and a
sense of stability and trust in people and their environ-
ment are critical in the early years and the importance of
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policies in host countries to facilitate this process cannot
be overemphasized (Beiser, 1999; Allotey et al., 2007).

The health of resettling refugees is an ongoing concern.
Problems with resettlement such as continuing social
isolation, perceived discrimination, and unemployment, fur-
ther add to psychiatric disorders. There are important gen-
der differences, although the findings are not always
consistent across countries and refugee groups. In broad
terms, female refugees reportmoremental and other chronic
health symptoms. However, studies in some resettling refu-
gee communities suggest that particularly when unem-
ployed, mental health outcomes may be worse for refugee
men thanwomen. This is manifest for instance in the dynam-
ics of gender-based violence in refugee communities. Quali-
tative studies have also highlighted gender-based strategies
for coping and resilience in refugee women. There is a clear
need for similar work to be carried out with refugee men.

Research on the experiences of refugees within the
health services highlights the complex interaction of
their previous and current experiences with other social
determinants of health and disease. Torture and trauma
experiences can leave permanent physical and mental
scars that influence their ability to trust those around
them and to interpret what to others are unremarkable
social interactions. Problems have been identified, for
instance, in promoting the uptake of regular cervical
screening in refugee women who have had previous
experiences of brutal sexual assault. Patients undergoing
dental treatment have displayed behaviors characterized
as a severe overreaction when the reaction had resulted
from a triggered memory of torture experiences involv-
ing their teeth being pulled out. Similar reactions have
been reported from refugees undergoing EEG and ECG
investigations who have previously been tortured by
electrocution. In addition, patients often present with
symptoms that mask underlying psychological distress.

Mental health is prominent in the area of forced
migration and health. Research suggests that refugees
have a higher prevalence of the following psychiatric
illnesses: Posttraumatic stress disorder, depressive disor-
ders, anxiety disorder, somatization disorders, brief reac-
tive psychosis, and adjustment reactions. However, there
are often differences in opinion about the diagnosis of
these conditions as a result of questions of cross-cultural
validation. In addition, there may be questions of possible
exaggeration in self-reported assessments, particularly
if the diagnosis has the potential to influence the outcome
of a refugee claim (Summerfield, 2001; Allotey et al.,
2007). In spite of the tendency to focus on these vulner-
abilities, however, it is important to note that while the
level of trauma and the effects of this on health cannot
be underestimated, the survivors who resettle in third
countries often show a remarkable degree of resilience.

The increase in the number of forced migrants of
various categories has been concurrent with an increasing
reluctance from countries, even those that are signatories
to the Refugee Convention, to respond to the resettlement
needs of displaced persons. Many countries have tight-
ened their immigration controls and asylum seekers often
end up in mandatory detention; this policy contributes to
othering refugees and their marginalization (Grove and
Zwi 2006; Grove et al., 2007). Government policies
of detaining forced migrants who attempt to enter the
country of immigrants illegally also have negative health
outcomes. Research has shown that the history of deten-
tion and the temporary protection status both contributed
independently of all other factors (e.g., age, gender, pre-
immigration trauma) to risk of on-going posttraumatic
stress disorder, depression, and mental health-related
disability.

While the detention of asylum seekers receives the
most political and media coverage, a large majority of
asylum seekers live in the community while their claims
are being processed. The support they receive is largely
dependent on the policy of national governments toward
asylum seekers; this determines their ability to seek
employment and gain financial independence, and access
to health, education, and welfare.

There are a number of health problems specific to
trafficking and smuggling. Because they have to pay back
a debt to traffickers and smugglers, undocumented
migrants frequently find themselves confined to sweatshops,
factories, or are forced into prostitution or begging. Traf-
ficked persons are exposed to domestic violence, alcohol-
ism, psychological problems, HIV/AIDS, and other
sexually transmitted diseases. HIV rates in women traf-
ficked for prostitution are at least as high as the rates
among prostitutes in general based on research from
Burma and Cambodia. Where sex workers are organized
for their own protection, infections have been found
to be better controlled compared to prostitution con-
trolled by organized crime. Because of their irregular
status, they do not have access to legal assistance and
medical care.
Public Health in Host Countries

The growth of public health as a discipline is strongly
tied with the management of communicable disease and
epidemics that spread as a result of mobile populations.
Early public health interventions were based on the
control of infectious diseases through the isolation of
new arrivals of humans and goods, the precursors to
quarantine and other public health regulations. Therefore
the traditional focus on communicable disease screening
pre-arrival, or on-arrival for infectious diseases remains
critical. There is no denying that travel and migration
have helped to spread contagious diseases. Tuberculosis
remains of primary concern in migration and health.
Others include malaria, hepatitis C, and HIV. Screening
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has been responsive to global trends. Screening potential
migrants on the basis of health profiles is a common
practice and traditionally was instituted primarily for
public health safety but also to enable referral of migrants
for health care. However, there are humanitarian ques-
tions to be raised when the results of screening are used
to exclude forced migrants despite resource implications.
Approximately 60 countries currently screen potential
migrants (voluntary and involuntary and visitors) for HIV.

It is clear, however, that the health issues from a
population perspective are more complex than just com-
municable disease control. There are ongoing debates
about the resource implications of hosting vulnerable
populations. Paradoxically, the international assistance
provided in integration programs for forced migrants
in resource-poor settings has resulted in better health out-
comes for the displaced persons than the residents. There
have been instances in Central and Eastern Africa where
this has been a source of further conflict.
Conclusion

The majority of people moving today are doing so to
counter poverty, lack of opportunities, conflict, exploita-
tion and environmental circumstances often beyond their
control. As a population group, they epitomize many
of concepts articulated in the social determinants of
health that result in poor health outcomes; minority
ethnic groups, poverty, unemployment, social exclusion,
poor preexisting health and the list goes on. This notwith-
standing, the prioritization of the health concerns, partic-
ularly for populations of refugees and asylum seekers,
is highly political and seen as the responsibility of inter-
national bodies that are concerned with humanitarianism
and human rights and less so by individual states. Current
global insecurities have further curtailed the spirit of
humanitarianism that was embodied by the Refugee Con-
vention. The essential elements of modern public health
theory and practice are its emphasis on collective respon-
sibility for health and the prime role of the state in
protecting and promoting the public’s health; a focus on
whole populations; an emphasis on prevention; and a
concern for the underlying socioeconomic determinants
of health and social inequalities (Beaglehole and Bonita,
1998). With the ongoing global events, forced migration
will continue to be a significant issue affecting the lives
of millions. Public health has a critical role to play in
alleviating the health burden of forced migrants through
the production of knowledge and capitalizing on oppor-
tunities to make a real difference.

See also: Humanitarian Responses to Complex Emer-

gencies; Populations at Special Health Risk: Migrants.
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Introduction

Public health inherently involves the use of power to
restructure institutions, reallocate resources, and change
behavior. Public health ethics, therefore, encompasses
questions of political morality as well as those of individ-
ual choice and professional practice. The paradigmatic
political and moral question of public health is: What
justifies the use of power to promote health and prevent
disease? In particular, what restrictions can and should be
placed on individual freedom in order to further the
health interests of either the individual in question,
some group of other individuals, or society as a whole?

The foundations of public health ethics include three
elements that operate on different levels of explicitness
and abstraction. First, there is the broader ideological
or political theoretic context within which discourse
concerning public health takes place. Second, there are
various styles of ethical discourse or perspectives from
which public health is viewed ethically. Finally, there are
various principles that have been put forward by public
health ethicists to guide the design and implementation of
public health policies and programs. In this article, each of
these three elements will be reviewed and discussed.
Ideological Foundations: Public Health
Ethics and Political Theory

Public health has emerged during the past 200 years as a
product of many historical forces. Central among these
are the maturation of the modern state; the industrial and
postindustrial phases of capitalism; changing environmen-
tal, workplace, and lifestyle factors that affect the health
of populations and individuals; the development of social
systems highly urbanized and stratified by class, race,
and ethnicity; the growth of medical scientific knowledge
(including the development of effective vaccines and
other pharmaceuticals); and, finally, the growing body of
observational and statistical knowledge, from epidemiol-
ogy and other fields, concerning the nature of health risks
and the distribution of disease and dysfunction on a
population basis. These factors have created new kinds
of public health threats and problems, and this body of
knowledge has pointed to new kinds of interventions.

The steady hallmark of public health has been a focus
on social and behavioral change. Public health has pro-
moted social change in the direction of greater social and
economic equality and greater access to the resources and
conditions necessary for widespread health and the health
of the least well off, for example, sanitary living condi-
tions, adequate medical care, and measures to limit risk
and exposure to conditions that undermine health. None
of these issues is free from normative challenge or from the
requirement of public normative justification. Here we
cannot rely on an understanding of science and epidemi-
ology alone. These controversies are rarely settled solely
on the basis of the best available scientific understanding
(Wildavsky, 1995). They involve the preexisting traditions,
patterns, and conditions of normative argumentation and
legitimation.

What are these patterns? The following offers a map of
the prevailing array of ethical and political theories that
interact and contest with one another in the discourse of
political morality and in the justification and legitimation
of public policy. The terminology employed in this article
has mainly been developed within, and is drawn from,
English-language philosophical literature. However, the
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basic concepts underlying the typology offered here are
widely shared in the world today. While it would be a
mistake to ignore differences in nuance and emphasis
among different political cultures, there is now a global
discourse of political ethics centering on the values of
freedom, democracy, human rights, and social justice.
(Laborde, 2002). The foundations of public health ethics
are deeply rooted in this global discourse of ethics.

Figure 1 presents one scheme for classifying the main
types of ethical and political theories that play a role in
the normative argument within and about public health
( Jennings, 2003). This represents the universe of norma-
tive discourse with which those in public health need to be
familiar. A few caveats should be noted before discussing
these types further.

In the case of both ethical theory (moral philosophy)
and political theory, the configurations highlighted here
are not the only ones that could be mentioned. More-
over, theoretical and philosophical orientations have been
grouped together that, while having a certain family resem-
blance with one another, especially in contrast with other
theoretical approaches, nonetheless have important internal
differences. Partisans of any particular theory will object
to such a grouping. Thus contractarian, neo-Kantian, and
rights-based ethical theories are presented as one configu-
ration, despite many important differences within and
among them. For the purposes of this discussion, we can
gloss over these differences.

There are three basic types of ethical theory at work
in contemporary moral discourse and in most discussions
of ethical issues in public health. The first is utilitarian-
ism, with its many standards of evaluation (pleasure, hap-
piness, utility) and its varieties of form (whether it is
applied to individual acts or to general rules or patterns
of behavior; whether the evaluation uses averaged or
weighted units). It is not surprising that utilitarianism
should remain a significant aspect of public moral dis-
course. Its consequentialist orientation is appealing in a
largely materialistic, empirically minded, and pragmatic
Ethical theories 

Utilitarianism
Act utilitarianism 
Rule utilitarianism 

Contractarianism/rights-based 

Communitarianism/communicative 
ethics 

Democratic communitarianism 
Authoritarian communitarianism 

Figure 1 Aspects of ethical and political theory in public health. Ad
health. Acta Bioethica IX 2: 165–176. with permission.
cultural milieu. It seems to offer the most rigorous, even
quantitative, approach to normative questions, and this
comports well with fields such as economics, policy analy-
sis, and some portions of public health that have roughly
the same normative and epistemic biases. It offers some-
thing like a lingua franca among policy makers for the pur-
poses of determining large-scale policy or distributional
issues (Goodin, 1995).

The second main cluster of ethical theories, contrac-
tarianism, has coexisted uneasily with utilitarianism since
the late eighteenth century and has been given a new
invigoration in recent decades by many new theories of
justice, notably that developed by John Rawls (Faden and
Powers, 2006). These contractarian theorists have not only
developed a new and quite sophisticated version of the
contractarian theoretical apparatus, they have also devel-
oped a powerful critique of contemporary utilitarianism
by essentially showing that utilitarian accounts of justice
were unable to take seriously the differences among indi-
viduals, or the unique moral value of each individual
(Rawls, 1999).

The keystone of this type of theory is that it grounds
the justification of moral argument on the notion that any
moral claim must be reasonably acceptable to a group of
free and equal individuals deliberating on the basis of
certain norms of reason and open discourse. Respect for
the freedom and equal moral worth of each individual may
be expressed in a slightly different way by an enumeration
of fundamental political, social, and human rights that are
shared by all persons. This is justified not on the basis of
the (good) consequences of recognizing those rights, but
on the basis of their intrinsic value and rightness.

The third formation of ethical theories that must be
taken into consideration is a disparate class of so-called
communitarian orientations. Communitarian ethics arose
to some extent in reaction to what was perceived as
the excessively individualistic character of contractarian
ethics and the excessively hedonic nature of the utilitarian
conception of social relations. Communitarians charge
Political theories 

Liberal welfarism  
Democratic socialism 

Libertarian liberalism 

Egalitarian liberalism 

Deliberative democracy 

Civic republicanism 

Cultural conservatism 

apted from Jennings B (2003) Frameworks for ethics in public
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that contractarians and utilitarians make individuals seem
to be free-standing and sui generis beings, without connec-
tion to others or society and without formation through
the medium of a preexisting culture or tradition. Con-
tractarians are critical of utilitarians for taking the indi-
vidual to be little more than a utility-maximizing strategic
player in a social competition where the overall outcome –
not the individual players – matters. In a similar vein,
communitarians fault both the utilitarians and the con-
tractarians for having an inadequate conception of the
human person and for paying insufficient attention to
the moral importance of the fabric that binds human
beings together in a mutually beneficial, caring, and nur-
turing society. Communitarians have also been critical of
an emphasis on the rights (claims, powers, and privileges
of a person against society) of individuals without a
corresponding emphasis on the responsibilities of indivi-
duals to the society or community to which they belong
(Mulhall and Swift, 1996).

It is not difficult to understand why communitarian
ethics can take on both a kind of left-leaning egalitarian
and participatory democratic turn as well as a more
culturally conservative and authoritarian turn. One
orientation strongly committed to social change and cul-
tural transformation, feminist philosophy and the feminist
movement, has been an important source of communitarian
ethics. Progressive communitarianism holds that, although
persons are shaped by culture and relationships, prevailing
relationships can be changed. Moreover, those cultural tra-
ditions, distributions of power, and relationships that are
discriminatory and oppressive to certain types or classes of
people should be transformed, not for the sake of greater
individual liberation and autonomy in some abstract sense,
but for the sake of better, more humanly self-fulfilling
patterns of relationships and sharing of power.

By the same token, an emphasis on the need of the
individual for stability, order, and cultural roots, coupled
with a sense of the limitations of human reason (either as a
motivating factor in human conduct or as a faculty that can
successfully design and guide deliberate social change) can
take communitarianism in a much more conservative and
authoritarian direction. In this it has affinities with the
conservative (aristocratic) heritage, with the civic republi-
can tradition (given its emphasis on individual duty, virtue,
and common morality), and with the world view of reli-
gious orthodoxy and fundamentalism.

For its part, communicative ethics, growing largely
from the tradition of German critical theory in the work
of Jürgen Habermas and others, is perhaps best situated
midway between contractarianism and communitarianism.
It can be quite formalistic in character (Habermas, 1990),
but communicative ethics, akin in this respect to theories
of deliberative democracy, focuses on real-world social
discourse and deliberation as the basic justifying grounds
for ethical argument (Benhabib and Dallmayr, 1990).
Turning to political theory, it is not so easy to group
various approaches into three clusters. The basic starting
point for understanding political theory in relationship to
public health is that commonly both public argument and
political conflict over ideology and policy have taken
place within the broad tradition of political and philo-
sophical liberalism. Since 1945, leading work in political
theory has shifted away from the debate between liberal-
ism and its authoritarian left- and right-wing opponents to
be replaced with disagreements within liberal and capi-
talist ideology itself. Thus the classification in Figure 1
suggests a large range of variations within liberalism, with
a left-communitarian-style emphasis on a more participa-
tory form of democracy on the one hand, and a right-
communitarian-style cultural conservatism, on the other.
These two forms of communitarianism, rather than an old
communist left or a fascist right, make up what amounts to
the main challenges to mainstream liberalism today.

Within the spectrum of liberalism broadly construed
(including large portions of what is ordinarily called con-
servatism or neo-liberalism), we have variants that are
close to being socialist and collectivist in nature and
grow mainly out of the utilitarian tradition. A somewhat
more moderate strain, egalitarian liberalism, is also of the
left in that it favors the use of national state power to
promote a more equal distribution of wealth and power in
the society. This conception of justice requires primary
attention to the interests of the least advantaged and the
close regulation of corporate and private economic activ-
ity to mitigate deleterious environmental, social, and
health effects. It draws theoretical justification from the
individualistically oriented theorists of freedom, justice,
equality, and human rights that comprise the contractarian
approach. Rounding out the liberal spectrum is libertarian
liberalism, which favors maximal freedom of individual
choice with a minimum of governmental power or coer-
cion. Institutions that bring about social order and cooper-
ation on the basis of unplanned and uncoordinated actions
and choices of free individuals (e.g., the market model in
theory) are preferred by libertarians over the achievement
of social order and the public interest via governmental
regulation and the exercise of the police power or the
paternalistic authority of the state.

Liberalism of all types tends to presuppose an institu-
tional framework of representative democracy, the rule
of law, freedom of speech and political organization, and
competitive elections. Liberalism and democracy were not
always thought to be mutually compatible, but today they
are joined at the hip at least in Western political thinking.
Perhaps the most theoretically innovative and interesting
challenge to this liberal paradigm arises from forms of
democratic theory that are not satisfied with current insti-
tutions of electoral politics and representative, interest
group democracy. One such form that is close to egalitarian
liberalism in many ways, but which nonetheless demands a
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more direct, active role in both political argument and in
civic and political life, is known as deliberative or discursive
democracy (Dryzek, 2000). It also has a great deal in com-
mon with left-communitarianism, as was noted above.

Another major type of political theory that rivals liber-
alism, and has a long pedigree in the history of Western
political theory, is known as civic republicanism. With
intellectual roots that can be traced back to classical
political thought in ancient Greece and Rome, republi-
canism was rekindled during the Italian Renaissance,
and later transmitted to various English, American, and
French revolutions in the seventeenth and eighteenth
centuries (Pocock, 1975). In American history, for exam-
ple, republicanism was an important ideological founda-
tion for revolution and governing the country during its
first 100 years (Sandel, 1996). It was not until the period of
the Industrial Revolution in the late nineteenth century
that more individualistic public philosophies – such as
Lockean liberalism, libertarianism, natural rights theories,
and the more materialistic and economically oriented
versions of utilitarianism – drove republicanism into
abeyance. With its sense of the common good and its
emphasis on public service and civic virtue, civic republi-
canism is proving to be a theoretical vocabulary of
renewed vitality in recent years. It is a straightforward
ally of communitarianism and deliberative democracy in
many settings.

Finally, no schema of contemporary political thought
would be complete without mention of the kind of cul-
tural conservatism that is so powerfully associated with
religious fundamentalism. Stronger in the U.S. than else-
where in theWest, thismovement has not taken on a guise of
collectivism in the manner of national socialism or fascism.
Instead, for the most part this movement has embraced
economic and political liberalism combinedwith restrictive
communitarian and anti-libertarian goals of cultural and
sexual traditionalism. In contrast, fundamentalism in some
parts of the non-Western world involves more profound
basic conflicts with liberalism (Nussbaum, 2007).

It is not possible to construct a one-on-one mapping of
ethical theories with political theories. The lines drawn on
Figure 1 are meant to indicate that there is a two-way
pattern of influence between political and ethical thinking,
and that each configuration of political theory can draw
from several different sources within ethical theory. In
On Liberty, for example, John Stuart Mill develops a posi-
tion closely akin to libertarian liberalism on the basis of a
utilitarian metatheory, while Robert Nozick (1974) grounds
his libertarianism on rights-theory and contractarianism.

Similarly, contractarianism provides the theoretical
underpinnings for both egalitarian liberalism and some
aspects of deliberative democracy. The main disagreement
between these two camps would not be over fundamental
values and principles, but over the most effective means to
formulate policy and to build support for it in a democratic
process (the democrats prefer actual deliberation over
hypothetical deliberation). On the other hand, deliberative
democrats and civic republicans draw much in common
from the insights of communitarianism about the moral
and human importance of relationships of friendship and
shared commitment, cultural tradition, and a sense of com-
munity. Yet they may differ considerably about the impor-
tance and the practicality of direct grassroots participation
in deliberation and policy making. The republican tradition
has never insisted on direct democracy; indeed it is more
characteristic of republicans to look toward governance by
elites or experts, tempered perhaps by representative
democracyand constitutional and other judicial protections.
This is because the goal of civic republicanism is not active
participation in shared decision making per se (public citi-
zenship), but rather the preservation of the public morality
and a sense of duty and responsibility among private citizens
whose behavioral support and restraint are necessary to
achieve public goals and to realize the common good.

Space does not permit a full discussion of how these
ideological currents affect the normative discourse of
public health. It must suffice to mention a few areas
where these currents are particularly salient.

One important area of normative controversy in public
health is in health promotion and disease prevention. Such
programs inevitably raise questions about the responsibil-
ity of individuals to live healthy lives; about the role of
government in coercing health-related behavior or in
developing educational programs; about the use of incen-
tives, economic or otherwise, to promote good health; and
about the relative importance for society of pursuing good
health, particularly in a culture that prizes autonomy and
does not always look fondly on government intervention
(Dawson and Verweij, 2007).

A second area of public health controversy centers
around the goal of risk reduction. Risks to the health of
the public are many, and many methods are used to
reduce or eliminate them. Almost every one of them can
pose one or more ethical problems. The concept of risk
itself is seemingly impossible to define in value-neutral
terms and is inherently controversial. Even more ethically
charged is the question of what level or degree of risk is
socially acceptable, who should decide, and how exposure
to risk should be distributed across the affected popula-
tion. Routine public health practice involves a number of
interventions and policies designed to prevent harm to
individuals and to lower health risks within the popula-
tion. These include various forms of public health surveil-
lance – screening and testing – on different age groups,
many of which are legally mandatory and paternalistic
or are administered in a way that does not follow the
requirements of informed consent. Epidemiological
research may not always follow strict ethical protocols
on the rights of human subjects, and the collection of
health information may sometimes put the researcher in
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a position of having information that a specific individual
might have an interest in knowing. The responsibilities of
the public health researcher regarding individual notifi-
cation and the protection of personal privacy and confi-
dentiality are not yet clearly set out as a matter of
consensus within the profession. Like the prevention of
harm to others, individual privacy is a lightening rod for
the conflicts and tensions between individual liberties and
the common good that the main ethical and political
theories of our time attempt to adjudicate and set in order.

Finally, there is the issue of structural and socioeco-
nomic disparities in health status. Equitable access to
decent health care and reduction in health status dispa-
rities have been long-sought goals in many democratic
societies. The appropriate role for the public health com-
munity in seeking greater justice in health care, and the
balance between its fact-finding and educational role ver-
sus an historically strong advocacy mission remain unre-
solved questions. To what extent, if any, ought the field
adopt a politically partisan posture?
Styles of Practical Ethical Discourse

These questions lead us to a second element in the founda-
tions of public health ethics: The orientations and styles of
practical or applied ethical analysis. As before, we need
some rough typology or conceptual map to guide further
research and interpretation in the normative study of public
health. This has not been thoroughly explored in the litera-
ture (Callahan and Jennings, 2002). The following termi-
nology and system of classification is one way of thinking
about ethical discourse. There are four basic styles in public
health ethics: (1) Professional ethics, (2) advocacy ethics,
(3) applied ethics, and (4) critical ethics (Table 1).
Table 1 Orientations in public health ethics
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Professional Ethics

The study of professional ethics tends to seek out the
values and standards that have been developed by the
practitioners and leaders of a given profession over a
long period of time and to identify those values that
seem most salient and inherent in the profession itself.
Applied to public health, this perspective entails identify-
ing the central mission of the profession (e.g., protection
and promotion of the health of all members of society) and
building up a body of ethical principles and standards that
would protect the trust and legitimacy that the profession
should maintain. Like all professionals, public health offi-
cials exercise considerable power over the lives of others,
and the way they use that power makes a substantial
difference in the quality of those lives. The perspective
of professional ethics seeks to express the virtues that
practitioners ought to possess and the rules they ought to
follow if they are to be permitted by society to exercise
such power and authority.

A difficulty in using this approach for public health is
the questionable, tenuous status of public health as a
single, unified profession. In some ways, it appears to be
less a profession and more a field to which a number of
professions contribute. The power of the professional ethics
approach usually comes from the fact that students and
practitioners feel that they have taken on a special role-
duty or calling when they enter the profession. This ethos
and sensibility is not always present in public health at
the moment.
Advocacy Ethics

If there is a characteristic ethical orientation within the
field of public health today, it is probably less theoretical
or academic than practical and adversarial. The ethical
d ethics
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persuasion most lively in the field is a stance of advocacy
for those social goals and reforms that public health pro-
fessionals believe would enhance the general health and
well-being, especially of those least well off in society.
Such advocacy is in keeping with the natural priorities
of those who devote their careers to improving public
health. It has a strong orientation toward equality and
social justice, for so much of the research and expertise
in public health throughout its history has focused on
showing how social deprivation, inequality, poverty, and
powerlessness are directly linked to poor health and the
burden of disease. In recent years, a growing international
movement in support of human rights has exerted an
important influence in public health (Mann et al., 1999).
This has moved public health ethics in its advocacy mode
toward an agenda of social and welfare rights designed to
provide resources and to empower individuals and groups
and not just to protect the so-called negative or political
rights of the individual against intrusion or harm.

The problem raised by this perspective on ethics is the
flip side of its passion and commitment. Precisely because
it backs the professional service agenda of the field of
public health, it has only a limited ability to provide a
critical perspective on norms and orientations that are
taken for granted in the field. As an ethical approach,
it aims more toward action than persuasion. There is little
to calm and reassure those outside the field who may
question the legitimacy of public health’s use of its gov-
ernmental or social power. By definition, an advocacy
position is not primarily based on detached rational per-
suasion. To look beyond the advocacy ethics of public
health we need to find an orientation no less critical of
powerful interests, but one more committed to careful and
inclusive deliberation; an orientation that tries to set aside
specific moral commitments and political agendas on
behalf of gaining some broader perspective in the moral
questions at issue.
Applied Ethics

Another approach to public health ethics comes from
the field that has emerged in recent years as applied or
practical ethics. Bioethics is one area among others within
this domain of ethics. The applied ethics perspective dif-
fers from the professional ethics perspective principally in
that it adopts a point of view from outside the history and
values of the profession. From this more general moral and
social point of view, applied ethics seeks to devise general
principles that can then be applied to real world examples
of professional conduct or decision making. These princi-
ples and their application are designed to give profes-
sionals guidance and to give clients and the general
public standards to use in assessing professional conduct.
Thus in applied ethics there is a tendency to reason
abstractly and to draw from general ethical theories, rather
than from the folkways and knowledge base of the profes-
sions. The emphasis tends to be on professional conduct
rather than on the virtues of professional character.

One difficulty in using the applied ethics approach is
that it has been individualistic and client-rights-oriented.
It works most effectively, therefore, in what might be
called client-centered as opposed to public professions.
For professions such as public health, the obligations and
service pertain to a set of institutions, to a particular
structure or arrangement of social relationships, and to
the overlapping interests of large groups of people. When
collective nouns, such as the public, society, the commu-
nity, children, or persons at risk for diabetes, feature in the
ethical obligations and principles of a given field, the
applied ethics perspective has difficulty formulating ethi-
cal guidance that is philosophically coherent and practi-
cally useful. The same could be said when collective
values (such as the common good or the public interest)
are at the center of ethical controversies in the field, as
they surely are – and must be – in public health.
Critical Ethics

Finally, there is a perspective that can be called critical
ethics, for it has some affinities with the eclectic and
synthetic theoretical orientation of the German tradi-
tion of social thought called critical theory (Benhabib
and Dallmayr, 1990). In many ways, it attempts to com-
bine the strengths of the other perspectives mentioned.
Like professional ethics, it is historically informed and
practically oriented toward the specific real-world and
real-time problems of public health, but like applied
ethics it brings larger social values and historical trends
to bear in its understanding of the current situation of
public health and the moral problems faced. These pro-
blems are not only the result of the behavior of certain
disease organisms or of particular individuals. They are
also the result of institutional arrangements and pre-
vailing structures of cultural attitudes and social power.
At one level, public health has always known this larger
critique and has always stressed it; but of late, in its actual
programmatic behavior, public health has neglected the
project of institutional change and focused on the individ-
ual as the object of education, health promotion efforts,
and lifestyle change.

The perspective of critical ethics has much in com-
mon with the egalitarian and human-rights-oriented dis-
course of advocacy ethics in public health. One advantage
critical ethics may have is that it calls upon the discus-
sion of ethics and public health policy to be genuinely
public or civic endeavors. Critical ethics does not pursue
the advocacy of a well-intentioned elite on behalf of
needy clients, but rather seeks forums and programs of
meaningful participation, open deliberation, and civic
problem solving and capacity building. Some of the best
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examples of public health practice, from this point of
view, grow out of efforts to support communities as
places of mutual support, respect, and self-esteem,
thereby reinforcing health promoting behaviors among
their individual members.
Frameworks of Ethical Principles for
Public Health

Each of the stances or orientations represented in the
normative discourse of public health today tends to pres-
ent ethical arguments and justifications by reference to
general claims most commonly referred to as ethical
principles, rules, or guidelines. Such principles usually
take the form of statements with action verbs modified
by compounds of obligation (shall, must, ought, or should)
or permission (may). These statements refer to prescribed
or proscribed actions, outcomes of actions, states of
affairs or relationships between persons, the distribution
of resources, benefits or burdens, and the like. It is often
difficult to distinguish between a moral principle and the
formulation of a moral right. Sometimes such principles
refer to the intention or motivation standing behind an
action or informing a relationship.

There is no universal definition of an ethical principle,
and such statements may occur at different levels of gener-
ality and perform different logical functions within an ethi-
cal theory or ethical argument or analysis. In ethics today,
the most universal and abstract statements are apt to be
called moral laws, somewhat more specific and bounded
statements with narrower areas of application are called
principles, and themost concrete and specific moral injunc-
tions are referred to as moral rules. But this usage is by no
means universal. Somemoral philosophers have a deductive
conception of moral argument and justification in which
laws engender principles, which in turn engender rules.
Others argue that valid principles and rules can be stipu-
lated even though we have no widely agreed upon set of
moral laws, or which may be compatible with two or more
different accounts of the moral law. Hence the fields of
applied and professional ethics may work in some detach-
ment from any particular ethical theory or moral philoso-
phy (or moral theology for that matter).

There has been some controversy over the approach
known as principlism in applied and professional ethics.
Rather than see ethics as involving the application of gen-
eral rule-like imperatives, some argue that ethics should
instead involve practical judgments concerning relation-
ship or character. These favor an approach to ethics in
terms of virtue or locating moral situations in larger narra-
tive frameworks and case scenarios. Still others point out
that ethical reasoning is less often deductive (reasoning
from general principles to particular decisions or actions)
than analogical in form. That is, ethical reasoning involves
moving from well-understood, modal life situations to less
familiar situations that we assimilate to the well understood
moral paradigm cases. This approach to ethics has been
called casuistry, and it represents an alternative to the
application ofmoral principles ( Jonsen andToulmin, 1988).

Nonetheless, it is fair to say that most work in applied
and professional ethics in the past 25 years or so has been
done by reference to ethical principles and rights. Public
health ethics, thus far, is no exception to this. The stances
of advocacy and applied ethics have dominated public
health ethics during this period, and they are the most
readily compatible with ethical principlism. Part of the
reason for this surely has to do with the success of this
approach in the cognate field of bioethics. There the
influence of academic ethicists (philosophers, lawyers,
social scientists, and some professional practitioners) in
clinical and policy settings was greatly enhanced by the
appeal of easily grasped and logically cogent lists or
frameworks of ethical principles. Codes of professional
ethics are most often documents stating principles as well.

In bioethics, the rise of arguments centered on princi-
ples was stimulated by the influence of the so-called
Belmont Report of the U.S. National Commission for
the Protection of Human Subjects of Biomedical and
Behavioral Research issued in 1979. This has become
the basis for ethical regulations governing the use of
human subjects in research both in the U.S. and world-
wide. Also important as a model for public health ethics
was the reception in clinical medicine and medical edu-
cation of Tom Beauchamp and James Childress, Principles
of Biomedical Ethics, first published in 1979 and reissued in
five expanded editions to date (2001). These works can-
onized the four principles of (1) respect for persons
or autonomy, (2) beneficence, (3) nonmaleficence, and
(4) justice or equity.

The development of ethical discourse in public health
by reference to the formulation of various principles is
evidenced by a growing body of literature devoted to this
aim (see Further Reading). James Childress himself is
now actively working with colleagues in the field of public
health ethics and brings his careful philosophical and
conceptual attention to the study of the foundations and
frameworks of public health ethics. An accurate overview
of the discussion to date is given by a brief consideration of
the formulation of principles in three contributions to this
literature: The code of ethics for public health developed
by the Public Health Leadership Society (PHLS), the
work on principles of public health ethics by Nancy Kass,
and the work of James Childress and his colleagues.

I begin with the statement of principles offered by
the PHLS (2002), which is reproduced in Table 2. It
articulates 12 should statements, some of which refer to
objectives and substantive outcomes, some refer to process
and the values served by ethical process, such as respect,
dignity, recognition, inclusion, and accountability.



Table 2 Public Health Leadership Society, principles of the ethical practice of public health

1. Public health should address principally the fundamental causes of disease and requirements for health, aiming to prevent adverse
health outcomes

2. Public health should achieve community health in a way that respects the rights of individuals in the community

3. Public health policies, programs, and priorities should be developed and evaluated through processes that ensure an opportunity
for input from community members

4. Public health should advocate and work for the empowerment of disenfranchised community members, aiming to ensure that the

basic resources and conditions necessary for health are accessible to all

5. Public health should seek the information needed to implement effective policies and programs that protect and promote health
6. Public health institutions should provide communities with the information they have that is needed for decisions on policies or

programs and should obtain the community’s consent for their implementation

7. Public health institutions should act in a timely manner on the information they have within the resources and the mandate given to

them by the public
8. Public health programs and policies should incorporate a variety of approaches that anticipate and respect diverse values, beliefs,

and cultures in the community

9. Public health programs and policies should be implemented in a manner that most enhances the physical and social environment
10. Public health institutions should protect the confidentiality of information that can bring harm to an individual or community if made

public. Exceptions must be justified on the basis of the high likelihood of significant harm to the individual or others

11. Public health institutions should ensure the professional competence of their employees

12. Public health institutions and their employees should engage in collaborations and affiliations in ways that build the public’s trust
and the institution’s effectiveness

Reproduced from Public Health Leadership Society (http://www.phls.org/home/section/3–26/), with permission.
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These principles are interesting in that they address
not just the individuals who work in public health, but the
field or practice of public health as a whole as itself a
moral agent – and as subject to the duties set forth in the
principles. They also focus on the effects of policies and
programs and on the effects of the particular ways in
which such policies are implemented. Good intentions
by public health practitioners count for little in this
moral landscape. Actual impacts and outcomes must be
assessed and evaluated as good policies can be adminis-
tered so badly (oppressively, arrogantly, disrespectfully)
that their moral justifications are undermined.

The ethical framework offered by the PHLS is also
noteworthy because it contains an internal tension that sets
public health apart from clinical medicine both in terms of
the principles that are prioritized and in terms of the ways
each principle is interpreted. This tension has to dowith the
inherently collective and population-based nature of public
health information, analysis, and interventions, on the one
hand, and the highly individualistic, libertarian, and rights-
oriented political culture of advanced Western societies,
on the other. While mindful of the rights of individuals
(a stipulation that is mentioned only once), this framework
is oriented toward communities, their empowerment,
flourishing, and internal equality.

The PHLS framework of principles is, in effect, a pro-
fessional code of ethics and has been endorsed as such by
the American Public Health Association. The framework
of principles developed by Nancy Kass (2001) explicitly
distinguishes itself from a code of ethics and offers instead
what she calls ‘‘. . .an analytic tool, designed to help public
health professionals consider the ethics implications of
proposed interventions, policy proposals, research initia-
tives, and programs’’ (Kass, 2001: 117).
This framework is comprised of six questions that
should be asked in an ethical evaluation of any public
health policy or practice. These are:

1. What are the public health goals of the proposed
program?

2. How effective is the program in achieving its stated
goals?

3. What are the known or potential burdens of the pro-
gram?

4. Can the burdens be minimized? Are there alternative
approaches?

5. Is the program implemented fairly?
6. How can the benefits and burdens of a program be

fairly balanced?

Although phrased as questions, it is not difficult to con-
vert these considerations into declaratory statements of
principle. Among them are: beneficence and effectiveness
(2); beneficence and nonmaleficence (3 and 4); justice
(5 and 6); and beneficence and accountability (1 and 3).

Conversely, it is not difficult to convert statements of
principle into the form of questions to be posed during the
course of ethical argument and evaluation. Indeed, this
may be one of the best ways to interpret ethical principles
and their discursive function. Principles should be under-
stood as questions posed rather than as commands issued.
The appropriate response to an ethical command is not
the give and take of further dialogue, but mute obedience.
Interpreting principles as evaluative questions pushes us
in the direction of a more dialogic encounter in which and
through which principles are specified and their implica-
tions for action explored. The meaning of ethical princi-
ples, one might say, is not given prior to this dialogic,
interpretive process but is constituted by it. The

http://www.phls.org/home/section/3-26/
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complicating factor in this account is that the very possi-
bility of dialogue presupposes at least some degree of
orderly, peaceful, and cooperative life made possible by
the prior functioning of ethical (social and cultural) norms.
If ethical principles are constituted by ongoing dialogue,
they are also the presupposition of such dialogue. This
complex structure and function of ethical principles is
what Rawls refers to as reflexive equilibrium and what
Habermas explores through the theoretical model of an
ideal speech situation.

The lasting value of a framework such as that devel-
oped by Kass, however, is the richness and insight with
which these questions are interpreted and fleshed out. In a
commentary on each question, Kass demonstrates that the
real contribution of public health ethics lies not with its
tools or forms, but with the substantive human interests,
both personal and social, that inform the ingredients that
would comprise good answers to these questions in a
program assessment exercise.

Finally, a sizable team led by James Childress (and
including Nancy Kass) made an important contribution to
the foundations of public health ethics with an article titled
‘‘Public health ethics: mapping the terrain’’ (Childress et al.,
2002). This article identifies what it calls general moral
considerations for public health ethics. These are:

1. producing benefits,
2. avoiding, preventing, and removing harms,
3. producing the maximal balance of benefits over

harms and other costs,
4. distributing benefits and burdens fairly (distributive

justice),
5. ensuring public participation, especially by affected

parties (procedural justice),
6. respecting autonomous choices and actions, including

liberty of action,
7. protecting privacy and confidentiality,
8. keeping promises and commitments,
9. disclosing information as well as speaking honestly

and truthfully (transparency),
10. building and maintaining trust.

This framework clearly encompasses the four princi-
ples influential in bioethics: autonomy (6–9), beneficence
(1, 3), nonmaleficence (2), and justice (4, 5). It expands on
these concepts in interesting ways in the context of public
health. For example, it recognizes that respect for persons
includes liberty, privacy, and access to information neces-
sary to make informed choices. It also includes a demo-
cratic dimension to the usual stipulation concerning
distributive justice. This is parallel to the PHLS emphasis
on inclusive and fair process. Finally, the framework
underscores the importance of promise keeping and
trust, recognizing that as complex as the physician–patient
relationship may be, the relationship between public
health and the communities it serves is a no less dynamic,
complex, and essential one. The ethical practice of public
health must be committed to sustain that relationship of
legitimacy and trust.

This analysis does not simply lay out a scheme of
principles and offer interpretive commentary on them, it
also provides a sophisticated analysis of how such con-
cepts may be used in ethical discourse concerning public
health. There are two dimensions to the use of a frame-
work of principles: The scope of the principles and their
relative moral weight.

The scope dimension pertains to the actual behavioral
and programmatic requirements that a principle imposes
in a public health context. Respecting autonomy does not
always entail providing an opportunity for informed con-
sent. Respecting the principle of avoiding harm does not
always mean that the interests of certain individuals and
groups may not be overridden in order to achieve other
values and goals. Truth telling does not always mean
providing a mass of undifferentiated information out of
context so that private individuals will be rendered nei-
ther more informed and thoughtful nor more secure and
reassured thereby.

The dimension of moral weight pertains to resolving
conflicts among the various principles and prioritizing
them. Again, this takes us directly into the specifics and
details on the ground in a public health program or
community intervention. Ethical theory does not provide
any basis for an absolute prioritization of principles such
as these. Even fundamental human rights are not absolute
when they conflict with other equally fundamental rights.
At best, broader categories or thresholds (e.g., fundamen-
tal/nonfundamental; primary/secondary) can be devised
to provide guidance in resolving practical dilemmas and
conflicts. Childress et al. propose a set of subsidiary prin-
ciples, tie-breakers, so to speak, for use here. These criteria
are effectiveness, proportionality, necessity, least infringe-
ment, and public justification. Here the basic idea is that if
tragic ethical choices between important principles or
fundamental values must be made, and if important rights
and interests must sometimes be overridden, then public
health measures that do so should undergo tests of strict
scrutiny. No important interests of one or a few should be
sacrificed for the sake of programs that are not effective,
are overly restrictive and burdensome given their objec-
tive, are not necessary, or involve surplus loss of liberty
compared to reasonable alternative policies. In addition,
where rational analysis and assessment alone may fail, the
final arbiter of conflicts among principles must be the
court of public judgment and justification.

More needs to be said about this last consideration.
We need to follow this type of analysis with a much better
understanding of how an effective participatory and delib-
erative form of democracy could be made practical in our
societies. What form of public education is required of
citizens? What type of motivation would lead to genuine
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deliberation and not simply special interest advocacy?
What kinds of institutional forms would facilitate more
grassroots participation and discussion of key public
health (and other social) issues?
Conclusion

The different types of analysis contained in the literature
on ethical frameworks and principles distinguish between
the ethics of public health (how it frames and analyzes the
ethical problems it encounters), and the ethics within
public health (how its practitioners understand their role,
their values, and the criteria for judging the ethical per-
spective they bring to bear on their professional work).
Many problems will require moving back and forth
between the two levels. At the same time, there may well
be a tension between the general values of society (e.g., its
individualism) and the special values of public health (e.g.,
its population rather than individual orientation).

In these and other contributions to the recent literature
to the new public health ethics, the legacies of liberalism
(both libertarian and egalitarian) and utilitarianism are
manifest. But so too are the increasing echoes of demo-
cratic values and aspirations. Public health is moving
beyond its past – which too often was marked by racism,
elitism, paternalistic expertise, and arrogant social engi-
neering – and into a more dialogic, cooperative, and
community-rooted mode of social change and health
intervention. The new public health ethics reflects that
critically democratic or civic temperament, but also has
the foundational and conceptual resources to promote
and ignite it.
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Gover nment’s principal obl igatio n is to ens ure the health
and welf are of its population. It does so throug h the
enactme nt and enfo rcement of laws designed to create
the conditi ons neces sary for citizens to lead healthy, saf e
lives. This ar tic le explores the ways in which law can be
used as a tool for improving the health of a socie ty by
creating public health author ities, def ining their power s,
and denoting the mean s by which those power s can be
used. However, before we be gin, we fir st of f er a definition
of publi c health law, focus ing on the characte ristics that
make it dif f erent from other areas of law.
Definition and Characteristics of Public
Health Law

Public health has to do with the saf ety and well-be ing of
popu lations. Contras t this to the field of medicin e, which
is pr imarily concer ned with the health of individual
patien ts. In med icine, docto r s mu st do what is best for
their individual pat ient. Public health takes a wider per-
spect ive, focusin g on wha t must be done to impr ove and
maint ain the health of a collective group. Inherent in this
approa ch is the re ality that som etimes the gover nme nt
will require that indivi dual rights be sacrificed for the
greater good; peopl e must for go individual freedo m, pri-
vacy, and autonomy in ord er to benefit their commu nity.
With this in mind, we define public health law as follows:
Public health law is the study of the legal power s

and duties of the state, in colla boration with its

par tner s (e.g., health care, business, the community,

the media, and academe), to assure the conditions

for people to be healthy (e.g., to identify, prevent,

and ameliorate risks to health in the population)

and the limitations on the power of the state to

constrain the autonomy, privacy, liber ty, proprie-

tary, or other legally protected interests of indivi-

duals for the common good. The prime objective of

public health law is to pur sue the highest possible

level of physical and mental health in the popula-

tion, consistent with the values of social justice.

(Gostin, 2007)
This multifaceted definition focuses on five essential
characteristics of public health law.

1. Government – The primary responsibility of safeguard-
ing the public’s health falls to government, as it is best
situated to act in the interest of the populace (Institute
of Medicine, 2002).

2. Populations – Public health’s goal is to improve the
health and well-being of a group rather than individual
patients.

3. Relationships – Public health is concerned with the
relationship between the state and the population.
Sometimes this relationship justifies the government’s
imposition of burdens on individuals in order to pro-
mote the population’s greater good.

4. Services – Public health improves the welfare of a group
by providing population-based services grounded
in the scientific methodologies of public health (e.g.,
biostatistics and epidemiology).

5. Power – In order to promote the public’s health, the
government must possess certain powers to regulate
and control individuals and businesses. Since public
health often requires individual sacrifice, the govern-
ment cannot rely on requests for voluntary coopera-
tion; an ample, yet clearly delineated power to coerce
is required.

Law is the mechanism through which government can
fulfill its obligation to protect the public’s health. In the
next section, we outline seven models of legal interven-
tion. In each model, the law (through constitutions, legis-
lation, regulation, or the courts) gives government the
power to influence human behavior. Of course, although
law creates the governmental power to safeguard the
public’s health, this same law can serve as a restraint on
that power, ensuring that government acts appropriately
and maintaining an appropriate balance between individ-
ual rights and the population’s health. The third section
discusses the ways in which law can limit government
action. The fourth section explores the challenges asso-
ciated with reforming public health law in the face of
evolving conceptions of the powers, duties, and restraints
necessary for government to protect the public’s health.
Law as a Tool to Protect the Public’s
Health

The Power to Tax and Spend

One of the fundamental governmental powers, often
contained in a constitution, is the ability to tax and
spend. In its simplest form, the power to spend is relevant
because it allows government to devote resources toward
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vital public health infrastructure. Government must hire
and train a public health workforce, create information
and communication systems, conduct disease surveil-
lance, maintain laboratory facilities, and establish the
capacity to respond to public health emergencies (Cen-
ters for Disease Control and Prevention, 2002). This
direct spending can also have an indirect effect on health
through the government’s placement of health-related
restriction or conditions on the receipt of public funds.
For example, the receipt of local road construction money
could be conditioned on the implementation of safety
requirements, such as a lower speed limit.

The power to tax can also be used as a tool to indirectly
influence the behavior of individuals and businesses.
Taxes on unhealthy or harmful behaviors serve as a disin-
centive to engage in those activities. Many governments
tax risky behaviors, such as smoking, in an effort to make
it less attractive. This type of monetary disincentive can
be a powerful means of influencing unhealthy behaviors,
especially among young people. Tax relief can also be
used as a positive incentive for engaging in healthful
behaviors. For example, a tax rebate or deduction can be
offered for purchasing health insurance or for income
devoted toward medical expenses.

The Power to Alter the Flow of Information

Information influences the health-related choices that
people make. Government can influence the informa-
tional environment, thus encouraging healthy behaviors
and discouraging harmful ones. The government can
engage in direct information dissemination, through the
use of educational campaigns. They can impose product
labeling rules, requiring the inclusion of important infor-
mation such as health warnings, nutritional information,
or safe use instructions. Government can also impose
outright bans on certain forms of advertising, especially
for information that is misleading or that promotes unrea-
sonably harmful products (e.g., tobacco, alcohol).

Of course, by regulating or banning certain kinds of
commercial speech, government is restricting businesses’
freedom of expression. In many countries, the right to free
speech is a core social value. However, there is a difference
between expressing one’s social or political views and
engaging in commercial speech for profit. Many liberal
democracies do not protect commercial speech because it
is not vital for the promotion of a vibrant democracy.

The Power to Alter the Built Environment

The environment in which one lives can have an immense
impact on health. Public health has long been engaged in
interventions designed to improve the health-promoting
qualities of our built environment, through the govern-
ment’s use of laws and regulations. Government has regu-
lated workplace safety to reduce injuries. Cities have
required that housing comply with specific fire and build-
ing codes. The spread of infectious disease has been
impeded through the creation of sanitation systems and
the implementation of zoning rules. Government has also
restricted the production and use of harmful environmen-
tal agents such as lead paint, asbestos, and pollution.

Developed countries are seeing an epidemiological
shift away from infectious disease, toward chronic health
problems such as cancer, cardiovascular disease, diabetes,
asthma, and depression. As the disease distribution
changes, government can still use its power to alter the
built environment as a tool to promote physical and men-
tal health by reducing the incidence of chronic disease.
City planners can include parks and playgrounds that
encourage active lifestyles. Government can facilitate
access to nutritional foods by encouraging the production
of supermarkets in previously underserved areas. Laws can
restrict the use of harmful products, such as cigarettes and
alcohol; for example, many jurisdictions have banned
smoking in all public spaces (Perdue et al., 2003).
The Power to Alter the Socioeconomic
Environment

Research indicates a clear correlation between socio-
economic status (SES) and health (Rogot et al., 1992). Popu-
lations with the fewest financial, educational, and
occupational resources generally are the least healthy.
Some have even suggested that countries with the largest
gap between the rich and the poor will have lower health
status compared to similar countries in which wealth is
distributed more evenly. Although we cannot completely
explain the complex relationship between SES and health,
one can make a strong argument that social justice is good
for our health.

Regardless of the specific interrelationship between
SES and health, people of low SES are subject to a
disproportionate number of harms: reduced access to
material goods (food, shelter, and health care), a toxic
physical environment, psychosocial stressors (financial,
occupational, and social insecurity), and social contexts
that promote risky behaviors. Government can work to
alleviate these specific determinants of morbidity and
premature mortality, keeping in mind that social equality
might be the ultimate way to promote the health of an
entire population (Lynch et al., 2004).
The Power to Directly Regulate Persons,
Professions, and Businesses

Government has the power to regulate individuals, pro-
fessions, and businesses by creating clear, enforceable
rules designed to protect the health and safety of workers,
consumers, and the population at large. On the individual
level, regulation can reduce injuries and death by
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controlling individual behavior. For example, in most
places, it is illegal to drive without a seatbelt (or helmet)
or while under the influence of drugs or alcohol. On the
professional level, governments regulate the quality and
standards of practice by requiring licenses and permits to
enter a field. In the area of health, this power is used to
regulate doctors’ licenses, as well as to certify hospitals
and nursing homes.

Inspection and regulation of businesses can help create
safer work environments, limit toxic emissions, and ensure
safer consumer products. For example, the FDA closely
regulates the production of influenza vaccines through
inspections and testing in order to prevent contaminated
products from reaching the market. Of course, the regu-
lation of businesses for public health purposes is contro-
versial. Although there are clear public health benefits
achieved through regulation of commercial enterprises,
many have argued for the benefits of open competition
and unfettered entrepreneurship. Yet effective public
health policy requires some level of government restraint
on businesses in order to avoid the potential threats that
would result from unbridled commercialism.

Indirect Regulation through the Tort System

The tort system aims to hold individuals and businesses
civilly accountable for engaging in dangerous or harmful
activities. The effects of a tort system are three-fold. First,
the threat of being held liable can deter individuals and
businesses from engaging in unreasonably dangerous or
harmful activities. Second, victims who have been harmed
through no fault of their own can be compensated for
their injury. Finally, the tort system encourages innova-
tion. Since the system holds an actor responsible for the
harm caused by his or her dangerous activity, there is an
incentive to find ways to make it safer, or less harmful.

In the public health realm, civil litigation can redress
many kinds of public health problems. Companies that
pollute, or use toxic substances, can be held liable for
the environmental damage and adverse health effects
that they have caused. Similarly, companies that produce
inherently dangerous products (e.g., firearms, tobacco) or
defectively produced goods can be forced to compensate
victims injured by their merchandise. For example, in
1998, tobacco companies reached a settlement with
American States totaling $206 billion over the next
27 years. Similarly, there has been a recent series of
cases against firearms producers, with plaintiffs arguing
that the companies should be held liable for producing an
inherently dangerous product (Lytton, 2005).

Deregulation: Removing Laws that Negatively
Affect the Public’s Health

Although law gives government the power to protect the
public’s health, law can also serve as an impediment to this
goal. In such cases, deregulation can be a useful tool. Politi-
cally popular policies, such as banning needle exchange, can
actually increase the spread of HIV infections. Similarly,
the criminalization of sexual acts performed by HIV-
positive individuals (without disclosure) can serve as a
disincentive to get tested or seek medical treatment.

Deregulation can be controversial because it often
requires the removal of superficially popular laws that
get their support from moral or ethical arguments. Needle
exchange bans and HIV-specific criminal penalties repre-
sent society’s moral condemnation of disapproved beha-
viors (Gostin, 2004). Since public health is concerned with
reducing morbidity and mortality by using scientifically
based techniques, interventions can often appear to conflict
with a society’s set of morals. However, it is important for
public health officials to examine the real health effects of
public policies and to push for their deregulation when
evidence demonstrates an unintended consequence.
Law as a Limit on Government Power

Protecting the public’s health is not possible without
constraining a wide range of private activities that pose
unacceptable risks. The legal tools discussed above
infringe on a number of values that occupy a core place
in many societies. Public health can require the govern-
ment to infringe on privacy, restrict speech, and limit
movement and autonomy (e.g., quarantine, isolation, vac-
cination). Given the importance of the public’s health,
government must have the power to restrict individual
rights and freedoms in the interest of the collective good.
However, government must do so consistently with con-
stitutional and statutory constraints on state action. This
section discusses how legal frameworks can ensure that
government does not abuse its power; law can make sure
that government uses its coercive powers only when nec-
essary and appropriate.

Any theory of public health law presents a paradox.
Government, on the one hand, is compelled by its role as
the elected representative of the community to act affir-
matively to promote the health of the people. To many,
this role requires vigorous measures to control obvious
health risks. On the other hand, government cannot
unduly assault individuals’ rights in the name of commu-
nal goods. Health regulation that overreaches, in that it
achieves a minimal health benefit with disproportionate
human burdens, is not tolerated in a society based on the
rule of law and is antithetical to ethical considerations.
Consequently, scholars and practitioners often perceive a
tension between the claim of the community to reduce
obvious health risks and the claim of individuals to be free
from government interference. This perceived conflict
might be agonizing in some cases and absent in others.
Thus, public health law must always pose the questions:
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does a coercive intervention truly reduce aggregate health
risks, and what, if any, less intrusive interventions might
reduce those risks as well or better? Respect for the rights
of individuals and fairness toward groups of all races,
religions, and cultures remains at the heart of public
health law.
Substantive Restrictions

Public health powers are permissible only if they are
exercised in conformity with five standards: public health
necessity, reasonable means, proportionality, harm avoid-
ance, and fairness (Childress et al., 2002). These standards,
while permissive of public health intervention, neverthe-
less require a deliberative governmental process to safe-
guard liberty. If these standards are followed, they often
result in a requirement that public health authorities use
the least restrictive effective means necessary to protect
the public from legitimate dangers.

Public health necessity

Public health powers are exercised under the theory that
they are necessary to prevent an avoidable harm. Some
courts have required that police powers go no farther than
that which is reasonably necessary to protect the public.
Early meanings of the term ‘necessity’ are consistent with
the exercise of police powers: to ‘necessitate’ was to force
or compel a person to do that which he would prefer not
to do, and the ‘necessaries’ were those things without
which life could not be maintained. Government, in
order to justify the use of compulsion, therefore, must
act only in the face of a demonstrable health threat. The
standard of public health necessity requires, at a mini-
mum, that the subject of the compulsory intervention
must actually pose a threat to the community.

Reasonable means

Under the public health necessity standard, government
may act only in response to a demonstrable threat to
the community. The methods used, moreover, must be
designed to prevent or ameliorate that threat. Courts have
adopted a means/ends test that required a reasonable
relationship between the public health intervention and
the achievement of a legitimate public health objective.
Even though the objective of the legislature may be valid
and beneficent, the methods adopted must have a real
relationship to protection of the public’s health.

Proportionality

The public health objective may be valid in the sense that
a risk to the public exists, and the means may be reason-
ably likely to achieve that goal. Still, a public health
regulation is legally troublesome if the human burden
imposed is wholly disproportionate to the expected
benefit. ‘‘[T]he police power of a State,’’ said Justice
Harlan in the foundational American case of Jacobson v.

Massachusetts, ‘‘may be exerted in such circumstances or by
regulations so arbitrary and oppressive in particular cases
as to justify the interference of the courts to prevent
wrong . . . and oppression.’’ Public health authorities
have a responsibility not to overreach in ways that unnec-
essarily invade personal spheres of autonomy. This sug-
gests a requirement for a reasonable balance between the
public good to be achieved and the degree of personal
invasion. If the intervention is gratuitously onerous or
unfair it may overstep constitutional boundaries.

Harm avoidance

Those who pose a risk to the community can be required
to submit to compulsory measures for the common good.
The control measure itself, however, should not pose a
health risk to its subject. The legality of vaccinating a fit
person against a contagious disease is very different than
that of vaccinating someone who is medically contraindi-
cated. Likewise, quarantine is not permissible if it creates
conditions likely to spread disease or if it is conducted
without regard to the basic needs of people being detained.
Courts have required safe and habitable environments for
persons subject to detention to protect the public’s health
on the theory that public health powers are designed to
promote well-being, not to punish the individual.

Fairness

The courts require that public health measures be imple-
mented in a fair way. Interventions cannot target particular
classes of people – members of a race, religion, ethnicity,
for example – without a compelling reason. The law can
discriminate among people in two ways. First, the law
can expressly make distinctions among persons or groups.
This kind of discrimination is called a facial classification
because the distinction among people is ‘on the face’ of
the statute. For example, a statute that requires searches
of persons of Middle-Eastern descent facially discrimi-
nates on the basis of national origin. Second, the law can
be ‘facially neutral’ in that it applies a general standard to
all people. Statutes of general applicability, nonetheless,
often disproportionately affect particular persons or groups.
For instance, a law that requires prenatal screening in
all communities with a specified high prevalence of HIV
infection will have a disparate impact on minority and low-
income populations. The courts will not necessarily find
that a law of general applicability violates equal protection
even if a demonstrably inequitable effect on vulnerable
groups exists. If a law is facially neutral, the disproportion-
ately burdened class must demonstrate that the govern-
ment’s actual purpose was to discriminate against that
group, which can be exceedingly difficult to prove.

If a law expressly discriminates or if a facially neutral
law adversely affects persons or groups and the govern-
ment intends to discriminate, an equal protection problem
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exists. Contrary to popular belief, however, government is
not obliged to treat all people identically. Instead, govern-
ment is required to treat like cases alike but is permitted to
treat unlike cases dissimilarly. Virtually any public health
policy establishes a class of people that receives a benefit or
burden and a class that does not. For example, case isolation
is only applied to the class of infectious people. The critical
inquiry is whether a sufficient justification exists for the
distinction among classes. Put another way, do public health
authorities have a valid reason for distinguishing among
people and, if so, how substantial is that reason? Medicare
eligibility, for example, is based on a person’s age, but the
government has a plausible reason for offering the benefit to
the elderly and excluding others. However, quarantining a
particular ethnic group in an area where disease is endemic
has no justification.
Procedural Due Process

Fair procedures are required if an individual or business
suffers a deprivation of property or liberty. However, this
does not decide the question of exactly what kinds of
procedures the government must provide. Due process is
a flexible concept that varies with the particular situation.
In deciding which procedures are required, courts should
balance several factors. First, the courts should consider
the nature of the private interests affected. The more intru-
sive or coercive the state intervention, the more rigorous
the procedural safeguards. In cases of plenary deprivation
of liberty, such as civil commitment of a personwith mental
illness or tuberculosis, the state must provide the full
panoply of procedures – notice, counsel, impartial hearing,
cross-examination, written decision, and appeal. The justi-
fication for rigorous procedural protections is found in
the fundamental invasion of liberty occasioned by long-
term detention.

Second, the courts should consider the risk of an erro-
neous deprivation and the probable value, if any, of addi-
tional or substitute procedural safeguards. Here, the
courts are concerned with the value of procedures as a
method of protecting against erroneous decision making.
If the court feels that an informal process is likely to lead
to a ‘correct’ result, it will not require procedural formal-
ities that it regards as unnecessary.

Third, the courts should consider the fiscal and admin-
istrative burdens in providing additional procedures and
the extent to which the government’s interests would be
undermined. Most mental health or public health statutes
permit an expedited form of due process in cases of emer-
gency. Reduced due process is justified by the fact that
the state’s interests in rapid confinement of immediately
dangerous persons would be undermined by elaborate,
time-consuming procedures.

In sum, in ascertaining the procedures that are consti-
tutionally required, the courts should weigh three factors:
the extent of the deprivation of liberty or property, the
risk of an erroneous decision, and the burdens that addi-
tional procedures will entail. Thus, the procedures in any
given circumstance depend on the public health context
and vary from case to case. The process required can
range from a full-blown hearing to an informal, non-
adversarial review.
Accountability and Transparency

In a republic, public health measures are legitimate only
when they reflect transparent legislative decisions. Public
health activities in a democracy cannot be organized,
funded, or implemented without the assent of the people.
It is government that possesses the sole authority to
empower, regulate, or carry out activities designed to
protect or promote the general health, safety, or welfare
of the population. It is the public that bands together to
achieve social goods that could not be secured without
collective action. And it is the public, or electorate, that
legitimizes or authorizes government to act for the com-
mon welfare. However, the political commitment to pub-
lic health is not absolute. What constitutes ‘enough’ public
health? Howmuch?What kinds of services? How will they
be paid for and distributed? These remain political ques-
tions. Democratic governmentswill never devote unlimited
resources to public health; core public health functions
compete for scarce resources with other demands for ser-
vices, and resources are allocated through a prescribed
political process. There must be a vigorous and expanded
democratic discussion about the population’s health.

Public health measures must be based on clearly
defined criteria. When policies are enacted, it must be
clear what harms they are intended to ameliorate or
prevent, what means will be employed to do so, and
what circumstances will trigger implementation (Daniels,
2000). The first requirement facilitates democratic priori-
tization of issues. Governments should be responsive to
the concerns of the public and address those issues that
most affect it. The second requirement allows the popu-
lace to weigh public health ends against means and ensure
that restrictions are not pyrrhic in the eye of those whom
the government is to serve. The third requirement helps
protect proportionality. Even when there is broad agree-
ment that particular harms, if present, justify restrictive
interventions, disagreement about when those harms actu-
ally exist in sufficient magnitude to trigger a response will
exist. These requirements for accountability are particu-
larly important when public health policies are adopted to
address future or extraordinary concerns. When policy is
made to address risks that have not yet come into fruition,
it is important that the goals and methods of intervention
be set out clearly in advance so that the public can state a
preference for how government should behave during the
exercise of emergency powers. Consider the risk of
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pandemic influenza. Policy created during the stress of
such an emergency would have little accountability.
Thus, determinations should be made beforehand about
what level of priority disease prevention should be given
when it is in tension with economic stability or other
important public goods. The extent to which coercive
measures will be exercised should be debated at the
national, state, and local levels, and government should
make clear at what point it will implement various inter-
ventions and when they will be lifted.

Transparency is essential to create and maintain public
trust and accountability. Openness and accountability are
important to public health governance because of their
intrinsic value and capacity to improve decision making.
Citizens gain a sense of satisfaction by participating in
policymaking and having their voices heard. Even if gov-
ernment decides that personal interests must yield to
common needs, the individual feels acknowledged if
he or she is listened to and his or her values are taken
into account. Transparency also has instrumental value
because it provides a feedback mechanism – a way of
informing public policy and arriving at more considered
judgments. Open forms of governance engender and sus-
tain public trust, which benefits the public health enter-
prise more generally. Without public support, and the
voluntary cooperation of those at risk, coercive public
health interventions would be difficult to achieve. The
populace must be able to trust that its government is
acting in its best interests.
Public Health Law Reform

The laws relating to public health are scattered across
countless statutes and regulations at multiple levels of
government. Problems of antiquity, inconsistency, redun-
dancy, and ambiguity often render these laws ineffective,
or even counterproductive, in advancing the population’s
health (Gostin, 2001). In particular, health codes fre-
quently are outdated, built up in layers over different
periods of time, and highly fragmented among sub-
national political units. Some regions have made efforts
to modernize their public health laws, but many are still
plagued by these problems.

Public health law reform will present unique difficul-
ties to individual nations. In order for public health laws
to be effective, they need to be tailored to a country’s
capacities and needs. Each country must consider state-
specific factors such as national political structures and
principles, educational and cultural environment, preva-
lence patterns of disease, available resources, and the
strengths and weaknesses of the health-care system. How-
ever, improving global public health should not be seen as
a purely intranational endeavor. Internationally, devel-
oped countries are increasingly concerning themselves
with global health issues and have an emerging responsi-
bility to assist developing countries in improving the
health of their populations (Gostin, 2007).
Problem of Antiquity

The most striking characteristic of state public health law,
and the one that underlies many of its defects, is its overall
antiquity. Certainly, some statutes are relatively recent in
origin, such as those relating to health threats that became
salient in the latter part of the twentieth century (e.g.,
environmental law). However, a great deal of public health
law was framed in the late nineteenth and early to mid-
twentieth century and contains elements that are 40 to
100 years old, such as infectious disease law. Old laws are
not necessarily bad laws. Awell-written statute may remain
useful, effective, and constitutional for many decades.

Nevertheless, old public health statutes that have not
been substantially altered since their enactment are often
outmoded in ways that directly reduce both their effective-
ness and their conformity with modern standards. These
laws often do not reflect contemporary scientific under-
standings of injury and disease (e.g., surveillance, preven-
tion, and response) or legal norms for protection of
individual rights. Rather, public health laws utilize scien-
tific and legal standards that prevailed at the time they were
enacted. Society faces different sorts of risks today and
deploys different methods of assessment and intervention.
When many of these statutes were written, public health
(e.g., epidemiology and biostatistics) and behavioral (e.g.,
client-centered counseling) sciences were in their infancy.
Modern prevention and treatment methods did not exist.

At the same time, many public health laws predate the
vast changes in constitutional (e.g., tighter scrutiny and
procedural safeguards) and statutory (e.g., disability dis-
crimination) law that have transformed social and legal
conceptions of individual rights. Failure to reform these
laws may leave public health authorities vulnerable to
legal challenge on grounds that they are unconstitutional
or that they are preempted by modern statutes. Even if
state public health law is not challenged in court, public
health authorities may feel unsure about applying old
legal remedies to new health problems within a very
different social milieu.
Problem of Multiple Layers of Law

Related to the problem of antiquity is the problem of
multiple layers of law. The law usually consists of succes-
sive layers of statutes and amendments, built up in some
cases over 100 years or more in response to existing or
perceived health threats. This is particularly troublesome
in the area of infectious diseases, which forms a substantial
part of state health codes. Because communicable disease
laws have been passed piecemeal in response to specific
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epidemics, they tell the story of the history of disease
control (e.g., smallpox, yellow fever, cholera, tuberculosis,
venereal diseases, polio, and AIDS).

Through a process of accretion, some governments
have come to have several classes of communicable dis-
ease law, each with different powers and protections of
individual rights: those aimed at traditional STDs (or
venereal diseases), including gonorrhea, syphilis, chla-
mydia, and herpes; those targeted at specific currently or
historically pressing diseases, such as tuberculosis and
HIV; and those applicable to ‘communicable’ or ‘conta-
gious’ diseases, a residual class of conditions ranging from
measles to malaria whose control does not usually seem to
raise problematic political or social issues. There are, of
course, legitimate reasons to treat some diseases sepa-
rately. Nevertheless, affording health officials substantially
different powers, under different criteria and procedures
for different diseases, is more an accident of history than a
rational approach to prevention and control.

The disparate legal structure of public health laws can
significantly undermine their effectiveness. Laws enacted
piecemeal over time are inconsistent, redundant, and
ambiguous. Even the most astute lawyers in public health
agencies or offices of the attorney general have difficulty
understanding these arcane laws and applying them to
contemporary health threats.
Problem of Inconsistency among Political
Subunits

Public health laws remain fragmented not only within
specific jurisdictions, but among them as well. Health
codes in various regions have evolved independently,
leading to profound variation in the structure, substance,
and procedures for detecting, controlling, and preventing
injury and disease. In fact, statutes and regulations can
vary so significantly in definition, method, age, and scope
that they defy orderly categorization. Ordinarily a differ-
ent approach is not a problem and is often perceived as a
virtue; independent areas can become laboratories for
innovative solutions to challenging health problems.
Nevertheless, there may be good reason for greater uni-
formity in matters of public health. Health threats are
rarely confined to single jurisdictions but pose risks within
whole regions or the nation itself. For example, geo-
graphic boundaries are largely irrelevant to issues of air
or water pollution, disposal of toxic waste, or the spread of
infectious diseases. Similarly, a bioterrorism event threa-
tens the nation and is not confined to a single location.

Public health law, therefore, should be reformed so
that it conforms with modern scientific and legal stan-
dards, is more consistent within and among states, and is
more uniform in its approach to different health threats.
Rather than making artificial distinctions among diseases,
public health interventions should be based primarily on
the degree of risk, the cost and efficacy of the response,
and the burdens on human rights. A single set of standards
and procedures would add needed clarity and coherence
to legal regulation, and would reduce the opportunity for
politically motivated disputes about how to classify newly
emergent health threats.
Conclusion

These are the challenges of public health law: Does it act
modestly or boldly? Does it choose scientific neutrality or
political engagement? Does it leave people alone or
change them for their own good? Does it intervene for
the common welfare or respect civil liberties? Does it
aggressively tax and regulate or nurture free enterprise?
The field of public health law presents complex tradeoffs
and poses enticing intellectual challenges, both theoreti-
cal and essential, to the body politic.
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Folate (Vitamin B9)

Natural Sources, Forms and Bioavailability

Folates occur in a wide variety of foods of animal and
plant origin. Liver, mushrooms, and green leafy vegetables
are rich sources of folate. Folates occur in foods as poly-
glutamyl derivatives of tetrahydrofolic acid (FH4).
5-methyl-FH4 is the most important derivative. Food
folate is mostly present as polyglutamate derivatives that
must be hydrolyzed before they can be absorbed. After
absorption, cells accumulate folate in a polyglutamate
form. Folates in food are unstable and can be oxidized
(by heat, light, and/or metal ions). Therefore, the bio-
availability of naturally occurring folate can be reduced
when foods are cooked. Pteroylmonoglutamate (folic
acid) is a stable synthetic analog that is used in multivita-
min preparations and is considered more bioavailable
than naturally occurring folates.

Functions of Folate

The novel biological role of folate is to transfer one-
carbon units (C1 units) for the de novo synthesis of purines
and pyrimi dins requir ed for DNA synthes is ( Figure 1 ).
Therefore, all living cells have strict requirements
for folate to maintain their biological activities. This is
especially important for cells with a higher division
rate such as blood cells and for cells with a limited
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regeneration capacity such as cells of the nervous system.
The other important role of folate is in the catabolism
of the sulfur-containing amino acid homocysteine (Hcy).
Folate donates a methyl group for Hcy that is converted
into methionine. This metabolic pathway is important
for eliminating the cell-toxic compound Hcy and for
delivering sufficient methionine for S-adenosyl methio-
nine (SAM) synthesis.

Folate Deficiency

The recommended dietary intake (RDI) of folate for
adult s is 40 0 m g/day ( Ins titute of Me dicine, 2000 ). Folate
stores in the body are relatively low (5–10 mg); thus,
the effect of a low folate ingestion or absorption may
appear within a short time. The hepatic stores of folate
might be sufficient to supply the daily requirements of the
body for approximately 6months. Clinical manifestations
related to folate deprivation may become clear only after
about 2–3months. Folate deficiency is relatively common
and the most important acquired causes of this deficiency
are pr esented in Table 1.

The pathological effect of folate deficiency is related
to impairment of DNA and RNA synthesis and the meth-
ylation reactions. Folate deficiency exerts its effect on
all rapidly dividing cells, like blood-forming cells and
the enterocytes. Hence, cell division is slowed and red
blood cells develop a megaloblastic form.



Table 1 Acquired causes of folate deficiency

Increased requirements Pregnancy, lactation, elderly

Reduced ingestion Malabsorption, malnutrition, poverty,
one-sided diet

Increased destruction Heavy smokers, alcoholism, folate

antagonists
Secondary folate

deficiency

In vitamin B12–deficient subjects

Active folate
THF

Folic acid

DHF

10-formyl-THF

5-formyl-THF

5-formimino-THF5,10-methenyl-THF

5,10-methylene-THF

5-methyl-THF

Purines

dTMP

DNA

MTHFR

Diet

Meth

Hcy

SAM
SAH

Methylation reactions

B12

THF-polyglutamates

DHF

dUMP

Thymidylate
synthase

Figure 1 Folate metabolism. DHF, dihydrofolate; Hcy, homocysteine; Met, methionine; MTHFR, methylen tetrahydrofolate reductase;
THF, tetrahydrofolate; SAH, S-adenosylhomocysteine; SAM, S-adenosylmethionin.
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Diseases Described in Relation to Folate
Deficiency

Neural tube defects

Neural tube defects (NTDs) are one of the most common
birth defects that have been related to folate deficiency
during the prenatal period. Numerous studies have
supplied evidence for the protective effect of a high
folate intake in women of childbearing age (Steegers-
Theunissen et al., 1991). Folate fortification programs in
the United States, Canada, and Chile caused higher folate
status in young women and reduced the incidence of
NTDs by 15–50%. The mechanism by which folate defi-
ciency can cause NTDs is not yet elucidated. Experimen-
tal models support the concept that low folate levels result
in a lower DNA synthesis rate and reduced concentra-
tions of SAM (S-adenosylmethionine), which is crucial
for DNA methylation in the rapidly dividing cells of
the embryo.

Cancer

Folate deficiency has been reported to increase the risk
of cancer, owing to a disturbed DNA synthesis and
mechanisms of DNA methylation and repair. DNA hypo-
methylation is accompanied by higher rates of gene
transcription. Enough folate is crucial for uracil methyla-
tion to cytosine; otherwise uracil will be misincorporated
into the newly synthesized DNA. These genetic manifes-
tations will cause chromosomal instability and increase
the risk of uncontrolled gene expression.
Neuropsychiatric disorders

Folate deficiency is very common in patients with depres-
sive disorders. Current evidence suggests that disturbed
methylation in folate-deficient subjects may underlie
mood disorders (Reynolds et al., 1984). Folic acid and
SAM are frequently used as a complementary treatment
in depression (Godfrey et al., 1990). Folate deficiency can
also be a result of poor diet in patients with mood dis-
orders. Therefore, folate deficiency can be primary or
secondary in depression. Folate administration has been
shown to enhance recovery of the mental state (Godfrey
et al., 1990).

Folate deficiency may cause elevated plasma concen-
trations of total homocysteine (tHcy), which is a risk
factor for dementia. Furthermore, folate deficiency is
common in patients receiving L-dopa and those receiving
antiepileptics. Recent studies indicated that this meta-
bolic dysfunction may be associated with a worse progres-
sion of the disease.
Folate deficiency, hyperhomocysteinemia, and

human diseases

Folate deficiency is the most common cause of hyper-
homocysteinemia. Elevated plasma concentrations of
tHcy have been related to the risk of coronary diseases,
stroke, and osteoporosis. Folate supplementation can
improve the endothelial function. These effects might be
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mediated by the role of folate as an antioxidant or its
important role in generating the methyl donor SAM.
Recommendations

As a preventive measure, all healthy subjects should main-
tain a sufficient intake of folate. The mean folate intake
in adults is around 300 mg/day in European countries.
For pregnant women and women planning for pregnancy,
an intake above 400 mg/day is recommended and is con-
sidered protective against neural tube defects.

The U.S. Food and Drug Administration mandated in
1998 that all grain products be fortified with folic acid
(140 mg per 100 g grain). This policy is proposed
to provide a daily intake of at least 400 mg/day folic acid
in women of reproductive age. Folate status has been
improved in women of childbearing age after the fortifi-
cation. This strategy succeeded also in reducing NTDs.

Folate supplementation is recommended for patients
with depression, dementia, previous NTD child, or food
malabsorption. Moreover, patients with moderate hyper-
homocysteinemia (>12 mmol/L) who are at risk for coro-
nary or cerebral diseases may benefit from folate
supplementation (i.e., 1 mg/day). A preventative folate
supplementation between 200 and 800 mg is advised
for elderly people. Care should be taken to supplement
folate together with vitamin B12, because folate defi-
ciency can mask cobalamin deficiency and allow the neu-
rological damage to progress.
Vitamin B12 (cobalamin)

Sources of Vitamin B12 in Human Diet

Bacterial synthesis is the only source of vitamin B12.
Plants, animals, and humans are unable to make
this novel vitamin. Animals get the vitamin from the
B12-synthesizing bacteria in their gastrointestinal
tract. Humans can get vitamin B12 only from foods and
foodstuffs of animal origins. Bacteria that grow in the
human colon can synthesize the vitamin; however, no
absorption can take place in this distant part of the intes-
tine (Herbert, 1988). Cobalamin is sensitive to light
and heat (Herbert, 1988). Cyanocobalamin is a synthetic
stable derivative, which is supplied in most pharmaceuti-
cal preparations. Cynocobalamin should be hydrolyzed
in vivo into hydroxycobalamin before being biologically
active. There are several vitamin B12-like molecules,
also known as corrinoids, that have no biological signifi-
cance for humans, or they may even play as vitamin
B12 analogues.
Vitamin B12 Absorption and Transport

Vitamin B12 in human foods occurs usually as complexes
with food proteins. The release of the vitamin from food
protein is a rate-limiting step for the absorption. Cobala-
min release from food proteins may be initiated in pres-
ence of a cobalamin binder (R binder or haptocorrin) and
some enzymes in saliva. In the acidic milieu of the stom-
ach, R binder and intrinsic factor (IF, a glycoprotein
secreted by the gastric parietal cells) compete for binding
cobalamin. However, cobalamin binds favorably to IF in
the jejunum, where the pH is more neutral and the pan-
creatic enzymes help to release cobalamin from the
R binder (Seetharam, 1999). In the proximal ileum,
IF-bound cobalamin can be absorbed via a specific recep-
tor for intrinsic factor. Transcobalamin (TC), another B12
binder, is produced within the enterocytes. TC captures
vitamin B12 and transfers it into the blood. TC binds
6–20% of total vitamin B12 in blood and facilitates
delivering the vitamin into all DNA-synthesizing cells.
This part is known as holotranscobalamin (holoTC).
HoloTC enters the cells via a specific receptor for TC,
TC-receptor. Approximately 80% of the total serum
vitamin B12 circulates bound to haptocorrin, and this
part has no known biological role. Restricted intake or
reduced absorption of vitamin B12 causes a sharp
decrease in holoTC owing to the short half-life of this
complex (6min), whereas total serum cobalamin (80%
bound to haptocorrin) is less affected by a short-term
low intake of vitamin B12.
Functions of Vitamin B12

There are only two vitamin B12-dependent pathways
in humans. First, the cytosolic enzyme methionine
synthase, which converts Hcy into methionine, utilizes
methylcobalamin as a cofactor. Second, 50-deoxyadeno-
syl-cobalamin is a cofactor for the mitochondrial enzyme
methylmalonyl-CoA mutase (Figure 2). Cobalamin is
required for the generation of the active form of folate
(tetrahydrofolate, or THF) from 5-MTHF via methio-
nine synthase. Moreover, cobalamin is important for the
generation of the methyl donor SAM. Cobalamin has a
role in synthesizing DNA and RNA and maintaining
DNA methylation.
Estimation of Vitamin B12 Status

Total vitamin B12 is not reliable in detecting vitamin B12
deficiency because of its low diagnostic sensitivity and
specificity (Herrmann et al., 2005). Total B12 consists of
two main fractions: the metabolically inert major part,
holohaptocorrin (80% of total B12), and the metabolically
active minor part, holoTC (20% of total B12). HoloTC
has a higher diagnostic sensitivity and specificity com-
pared with total B12. Functional B12 deficiency is indi-
cated by measuring serum concentrations of sensitive
metabolic markers like methylmalonic acid (MMA) and
tHcy. While concentrations of tHcy will increase in folate,
B12, and vitamin B6 deficiency, MMA increment is
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sensitive to B12 deficiency. Serum concentration of MMA
is, however, not fully specific for vitamin B12 deficiency
because MMA elevation can be related to renal insuffi-
ciency. At present, the combination of holoTC and MMA
is recommended for evaluating vitamin B12 status.
Vitamin B12 Deficiency

Causes of vitamin B12 deficiency are summarized in
Table 2. Chronic vitamin B12 deficiency may cause meg-
aloblastic anemia and neurological dysfunction. Because
folate deficiency is more common than cobalamin defi-
ciency and because the clinical and hematological mani-
festations are similar, many vitamin B12-deficient patients
are mistakenly treated with folate. This will lead to devel-
opment of neurological disorders. In general, both folate
and vitamin B12 should be administered to patients
who have either of these deficiencies.

Cobalamin deficiency related to a low intake of

the vitamin

Chronic low intake of cobalamin can cause deficiency.
Because of the large body stores of the vitamin, the
deficiency takes years to develop. Subjects who adhere
Hydroxy cobalamin

Homocysteine

Methionine
synthetase

5-MTHF

L-Methylmalonyl-CoA
Methylmalonyl-

CoA mutase

5�-adenosylcobalamin

M

Su

SAMSAH

Methyl cobalamin

Figure 2 The metabolic pathways enhanced by cobalamin.

Table 2 Acquired causes of cobalamin deficiency

Restricted intake Vegetarians, children of vegetaria

Reduced absorption Pancreatic insufficiency, pernicio
Increased demands Bleeding, pregnancy, lactation

Medications that alter

gastrointestinal pH

Proton pump inhibitors, antihistam

Gastrointestinal morbidities Crohn disease, celiac disease, to
parasites, intestinal bacterial ov
to a lifelong strict vegetarian diet develop cobalamin
deficiency. The severity of cobalamin deficiency is related
to the degree of animal food restriction and to the
duration of the vegetarian lifestyle. Metabolic markers
indicating cobalamin deficiency were more common in
lacto- and lacto-ovo vegetarians compared with omnivo-
rous subjects (Herrmann et al., 2003). Vegan subjects who
ingest no animal foods have usually the worst cobalamin
status (Herrmann et al., 2003). Metabolic and clinical signs
of cobalamin deficiency have been reported in newborn
babies from strict vegetarian mothers or in breastfed
infants from deficient mothers.
Vitamin B12 deficiency in higher age

Vitamin B12 deficiency is a major public health problem in
elderly populations (Obeid et al., 2004). The incidence rate
ranges between 10–60% depending on the marker used to
rule out the deficiency and the age groups investigated
(Herrmann et al., 2005). Malabsorption is the main cause of
vitamin B12 deficiency in elderly people. Atrophic gastri-
tis, achlorhydria, infection with Helicobacter pylori, and per-
nicious anemia are common in elderly people and may
substantially inhibit the absorption of vitamin B12.
THF

ethionine

ccinyl-CoA

Lysosomal
degradation

TC-Cbl TC-cobalamin

n mothers, poverty, malnutrition, anorexia nervosa

us anemia

ine H2 (cimitidine)

tal gastrectomy, atrophic gastritis, chronic pancreatitis, intestinal
ergrowth
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Renal insufficiency
Chronic hemodialysis patients are at risk for cobalamin
deficiency. Therapeutic doses of vitamin B12 induce sig-
nificant improvements in serum concentrations of MMA
and tHcy in renal patients. Because concentrations of
MMA and tHcy increase even in mild degrees of renal
insufficiency, it is difficult to determine how much of
MMA and tHcy elevation is attributable to B12 deficiency.
Impaired kidney function limits the use of MMA as a
functional marker of vitamin B12 status in renal patients.
A significant reduction of MMA after B12 administration
may indicate a pretreatment B12 deficiency.
Recommendations

The RDI of vitamin B12 is 2.4 mg/day for adults. A typical
Western diet provides an average intake of 2–6 mg/day of
B12. Because a low intake of vitamin B12 and malabsorp-
tion of the vitamin are common especially in vegetarians
and in elderly people, respectively, an additional source
of the vitamin is highly recommended. A study on post-
menopausal women has shown that a total daily intake of
6 mg/day of B12 is sufficient to maintain normal vitamin
B12 marker in blood. The use of vitamin B12 supplements
(1–50 mg) was associated with a better vitamin status
in elderly people. Moreover, most elderly people who
have already developed metabolic signs indicating vita-
min B12 deficiency (i.e., elevated MMA) require more
than 100 mg of oral B12 to normalize serum MMA, which
is a larger dose than is available in most standard multi-
vitamins and vitamin B12 supplements. No adverse effects
for vitamin B12 have been reported.
Vitamin B6 (Pyridoxine)

Forms and Sources of Vitamin B6

Vitamin B6 comprises a group of six related compounds:
pyridoxal (PL), pyridoxine (PN), pyridoxamine (PM), and
their respective 50-phosphates (PLP, PNP, and PMP). The
major forms of B6 in animal tissue are PLP and PMP.
Plant-derived foods primarily contain PN and PNP. Vita-
min B6 is widespread in nature. It is synthesized by
microbes but also by higher-developed plants. Meat and
vegetables are rich sources of vitamin B6. The loss
of vitamin B6 during food preparation (on average
30–40%) depends on the vitamin B6 form present in
the food source, because PN is less heat-sensitive than
PL or PM.
Transport and Metabolism

B6 absorption in the gut involves phosphatase-mediated
hydrolysis followed by transport of the nonphosphory-
lated forms into mucosa cells. The absorption takes
place by a nonsaturable passive diffusion mechanism.
Most of the absorbed vitamin B6 goes to the liver and
is transformed there to PNP, PLP, and PMP by PL kinase.
PMP is also generated from PLP via aminotransferase
reactions. PLP is bound to various proteins in tissues.
Excess of free PLP is hydrolyzed and released by liver
and other tissues in nonphosphorylated forms. PLP is
the major B6 form in blood plasma, and albumin is the
major binding protein for this compound.
Functions of Vitamin B6

The active form of vitamin B6 is PL, which is coenzyme
in more than 60 enzymatic reactions involved in
amino acid metabolism. Furthermore, it catalyzes the
d-aminolevulinate synthase reaction that is part of heme
synthesis. Tryptophan metabolism is dependent on B6
status because kynureninase requires PLP, and this
enzyme is very sensitive to B6 deficiency. The tryptophan
load test is used to establish B6 status. Determination
of excretion of kynurenic and xanthurenic acids indicates
B6 nutritional status. PLP is also involved in metabolism
of sulfur-containing amino acids like Hcy, methio-
nine, taurine, and cysteine. Consequently, vitamin
B6 deficiency influences the glutathione metabolism in
the liver and in that way the redox status. Homocystinuria
and cystathioninuria are rare inborn errors of meta-
bolism involving the B6-dependent enzymes cystathio-
nine b-synthase and g-cystathionase. Both diseases
have a wide range of clinical features and mental
retardation and can be treated by large dosages of PN.
Tolerable Upper Intake Level

The critical adverse effect from high intake of B6 is
sensory neuropathy. The evidence of neurotoxicity due
to administration of B6 is mostly related to case reports
of patients with severe effects, which are associated with
extremely high B6 intakes. Severe toxicity can be pro-
duced at doses of 500 mg/day or more after prolonged
periods of treatment. Minor neurological symptoms
may be apparent at dosages of 100mg/day or more
when administered chronically (>several months). The
tolerable upper intake level of 25mg per day has not been
associated with adverse effects.
Vitamin B6 Deficiency

PN deficiency has a significant effect on neuronal devel-
opment (Morre et al., 1978). The classic symptoms of B6
deficiency are seborrheic dermatitis, microcytic anemia,
epileptic convulsions, depression, Parkinson’s disease, and
impaired cognitive function. Microcytic anemia reflects
decreased hemoglobin synthesis. The role as cofactor
of decarboxylases may explain the onset of convulsions



Table 3 Diseases and conditions related to abnormal vitamin

B6 metabolism

Older age

Malnutrition

Atherosclerosis and cerebrovascular diseases

Neurodegenerative diseases
Renal insufficiency, dialysis patients

Gastrointestinal diseases

Hyperhomocysteinemia

Alcoholism
Niacin deficiency
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in B6 deficiency. In B6-depleted animals, low levels
of neurotransmitters such as dopamine, serotonin, and
g-aminobutyrate have been demonstrated. Conversely,
higher dietary intake of B6 is associated with a decreased
risk for Parkinson’s disease. PLP is essential for transfor-
mation of tryptophan to niacin. Diseases where impaired
tryptophan metabolism was demonstrated and B6 was
supplemented are asthma, diabetes, some tumors, pella-
gra, and rheumatoid arthritis. B6 deficiency diminishes
the humoral and cellular immune response (Talbott et al.,
1987). Table 3 summarizes diseases and conditions in
which vitamin B6 has been described to play a role.
Recommendations

The mean daily PN intake in the United States and
several European countries ranges between 1.7–3.6mg.
The daily requirement of vitamin B6 is related to protein
intake. An intake of 15 mg/g dietary protein is recom-
mended for adults, which is equivalent to 2–3mg of
B6 per day. Individuals taking high-estrogen contracep-
tion may have a higher requirement of B6. However,
there is no evidence that combined oral contraceptives
(estrogen plus progestagen) increase the need of PN.
There is a high frequency of vitamin B6 deficiency
in elderly people that increases significantly with age
and ranges from 23% (65–75 years) to 44% (>80 years)
(Herrmann et al., 1999). There is also a very high preva-
lence of lowered B6 levels in renal patients (Herrmann
et al., 2001). Doses of 5–25mg B6 per day can be safely
used. Higher doses of B6 have been used for treatment
of homocysteinuria, premenstrual syndrome, depression,
Down syndrome, hyperkinesis, autism, neurosis, Hodgkin
disease, and Parkinson’s disease.

See also: Nutrition and the Elderly.
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Introduction

Gastric cancer remains one of the most common cancers
in the world, although it has declined substantially in
many countries. It remains the fourth most common can-
cer in the number of new cases, and the second most
common cause of death from cancer. According to global
estimates (Parkin et al., 2005), 934 000 new cases of gastric
cancer occurred in 2002, accounting for 8.6% of all new
cases of cancer. The number of deaths from gastric cancer
was estimated to be 700 000 (10.4% of all cancer deaths).
It can be roughly inferred from the mortality-to-
incidence ratio (0.75) that the prognosis of gastric cancer
is generally poor. Five-year survival is little more than
30% in developed areas and 20% in developing areas.

Most gastric cancers are adenocarcinomas arising from
the gastric epithelium. Adenocarcinomas can be classified
into two histological types: The intestinal type is more
frequent in men and in older persons, while the diffuse
type is more frequent at younger ages and shows little
difference in frequency by sex. It has been hypothesized
that variation in the intestinal type of adenocarcinoma is
the main component of international and temporal varia-
tion in the incidence of gastric cancer, but the hypothesis
is controversial. It is of interest to know whether etiologi-
cal factors are different for the intestinal and diffuse types,
but epidemiological studies, though limited, have not
supported a differential etiology for the two histological
types of gastric cancer. The stomach is classified anato-
mically into cardia (near the esophagus), fundus, corpus,
and antrum (near to the duodenum). Cancers of the cardia
seem to differ from cancer in other parts of the stomach
with respect to etiological factors. There is evidence that
the incidence of adenocarcinoma of the gastric cardia has
increased in recent decades in Europe and North
America.

Chronic atrophic gastritis is a well-established precur-
sor lesion. The prevalence of chronic atrophic gastritis is
higher in popuations with higher rates of gastric cancer,
and the risk of gastric cancer is substantially increased in
individuals with chronic atrophic gastritis. It is hypothe-
sized that atrophic gastritis advances to intestinal meta-
plasia, dysplasia, and finally the intestinal type of gastric
cancer.
Descriptive Features

Geographic Variation

Wide international variation in both incidence and mor-
tality of gastric cancer has long been recognized. The
incidence rates are highest in registries in Japan, Korea,
and northeast China, with annual age-standardized rates
of 70–80 per 100 000 in men and 35 in women (Figure 1).
Relatively high rates of incidence are recorded in South
America and Eastern Europe. The rates are lower in
populations in Western Europe and Scandinavian coun-
tries, and lowest in North America, Oceania, and South
Asia. It is well known that Portugal has the highest rate
in Western Europe. Mortality statistics indicate an inter-
national variation similar to that noted from the incidence
data (Figure 2). Cancer mortality statistics in Russia
and Korea have become available very recently, while
high rates of mortality from gastric cancer in Chile and
Portugal have been well recognized. Both incidence and
mortality data demonstrate that rates in males are 1.5–2.5
times higher than those of females in all populations
and countries. Apart from China, regional variation within
countries is much less than international variation between
countries. For example, in Japan, the difference between
the highest mortality rates in the northern part along the
the Sea of Japan and the lowest rates in southern Kyushu is
approximately threefold. In England and Wales, there is a
twofold difference between North and South. In China, by
contrast, there is an eightfold difference between provinces
with the highest and lowest mortality rates.
1
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Figure 2 Age-standardized mortality rates (per 100 000/year) of gastric cancer in selected countries, 2000. NB: Age standardized

to the world standard population. Years for Chile and Colombia are both 1994. From International Agency for Research on
Cancer (2005) CANCER Mondial Statistics Information System, Lyon: IARC. http://www-dep.iarc.fr (accessed November 2007).
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Multiethnic registries in the United States provide
incidence rates by ethnicity within the same geographic
region. Koreans and Japanese living in Los Angeles have
much lower incidence than Koreans and Japanese living in
their home countries, but still have higher incidence than
African and Caucasian Americans in Los Angeles. This
type of information alone strongly indicates that environ-
mental factors are important in the etiology of gastric
cancer. Migrant studies provide more definite information
regarding the role of genetic and environmental factors
and also the time of exposure. As early as 1969, Haenszel
and Kurihara reported a historical finding that the first-
generation migrants (born in Japan) tended to maintain
the high risk of gastric cancer as experienced by Japanese in
Japan, but the second generation (born in the United States)
had a riskof gastric cancer closer to that of Caucasians in the
United States. Similar findings have been observed in other
migrant studies in Colombia, Australia, and Brazil. Expo-
sure to environmental factors in early life is considered to
be crucial in the development of gastric cancer.
Time Trend

The decline in gastric cancer incidence and mortality is a
global phenomenon, although the starting point and the
rate of decline differ somewhat in different countries and
populations. This phenomenon was aptly described in
1986 as an unplanned triumph by Howson et al. (1986)
who suggested that the decline was due to widespread use
1
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of refrigerators; the advent of refrigerators resulted in
decreased consumption of salted, preserved foods and
increased consumption of fresh vegetables and fruits
(see the section titled ‘Diet’). The most extensive analysis
of time trends in gastric cancer as well as other sites of
cancer was conducted by Coleman and colleagues (1993),
based on incidence and mortality data up to the late
1980s. The decline in mortality from gastric cancer
started much later in Japan than in countries in Europe
and North America (Figure 3). It is notable that mortality
rates in Japan and Finland were at the same level in
the 1950s. In Japan, the incidence of gastric cancer
has not declined as rapidly as the trend in mortality
(Figure 4). The increasing divergence between incidence
and mortality in Japan can probably be ascribed to nation-
wide screening for gastric cancer. The greater decline in
mortality than in incidence may be attributable to earlier
detection and more effective treatment. Alternatively, gas-
tric cancers that are pathologicallymalignant but clinically
more benign may have been detected more frequently
because of screening. The incidence has declined more
in females than in males (Figure 4) and it is less likely that
the so-called overdiagnosis is more frequent in men than
in females.
Sex, Age, and Social Class

Men have gastric cancer incidence and mortality rates
approximately twice as high as women in most countries
1
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and populations, mainly at ages 40 and older: There is no
difference at younger ages (Figure 5). With few excep-
tions, this phenomenon is seen worldwide, although
divergence in the rates between men and women begins
at slightly different ages in different populations. The
lack of sex difference at younger ages is compatible with
the observation that the diffuse type of gastric cancer is
more common at younger ages, with no clear sex
difference. Lower socioeconomic status is consistently
associated with an increased risk of gastric cancer in
different countries. The most likely explanation is that
factors etiologically linked to gastric cancer are more
prevalent in individuals ranked at lower socioeconomic
status.
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Etiology

Helicobacter pylori

H. pylori infection has emerged as an important etiological
factor in the past 20 years. There is no doubt that H. pylori
infection is a cause of gastric cancer, as concluded by the
expert panel of the International Agency for Research on
Cancer in 1994. Evidence for the causal link with H. pylori

infection is primarily based on findings from prospective
studies. In the year 1991, three prospective studies all
reported an increased risk of gastric cancer in individuals
who were seropositive for H. pylori infection. The subjects
in these pioneering studies were subscribers to the Kaiser-
Permanente Medical Care Program in the United States,
Japanese participants in the Honolulu Heart Program, and
participants in the British United Provident Association
(BUPA) and the Caerphilly collaborative heart disease
(CCHD) studies. Serum IgG antibody to H. pylori was
measured using frozen stored blood samples in cases of
gastric cancer and matched controls within each cohort.
These initial findings have been corroborated by sub-
sequent prospective studies. A pooled odds ratio of 2.36
(95% confidence interval, 1.98–2.81) was reported for the
association between H. pylori infection and gastric cancer
in a combined analysis of 12 case–control studies nested
in prospective cohorts (Helicobacter and Cancer Collabo-
rative Group, 2001). Importantly, H. pylori infection was
exclusively associated with non-cardia cancer, with an
odds ratio of 3.0 (95% CI, 2.3–3.8), while the odds ratio
for cancer of the gastric cardia was 1.0 (95% CI, 0.7–1.4).
It was also observed that the increased risk of non-cardia
cancer associated with H. pylori infection was attenuated
when H. pylori infection was assessed closer to the time
of cancer diagnosis. H. pylori infection is probably lost
in the development of gastric atrophy, which precedes the
occurrence of carcinoma in many patients. It is thus
not surprising that the results from case–control studies are
rather inconsistent. There is no difference between the two
histological types (intestinal anddiffuse) in themagnitude of
the increased risk associated with H. pylori infection.

Despite established causality, H. pylori infection alone
cannot sufficiently explain the descriptive features of
Table 1 Summary table of diet and gastric cancer risk in the 199

Evidence Decreases risk

Convincing Vegetables and fruits*, refrigeration

Probable Vitamin C

Possible Carotenoids, allium compounds, wholegrain cereals,
green tea

Insufficient Fiber, selenium, garlic

World Health Organization (2003) Diet, Nutrition and the Prevention o

tion. Geneva: World Health Organization.
*Shifted to the category of ‘probable’ in the 2003 WHO/FAO report a
gastric cancer. As illustrated in the EUROGAST study,
which showed a positive geographical correlation at inter-
national level between H. pylori infection and gastric can-
cer risk, there is no difference in the prevalence of H. pylori
infection between men and women in many populations,
whereas incidence and mortality rates of gastric cancer
are 1.5–2.5 times higher in males than in females across
populations. There is also a notable variation in gastric
cancer rates among populations with similar rates of
H. pylori infection. This phenomenon is referred to as the
African or Asian enigma: H. pylori infection is fairly high,
but gastric cancer rates are generally low in African and
southeast Asian countries. Furthermore, only a very small
proportion of individuals infected with H. pylori develop
gastric cancer. Host and environmental factors, as well as
the virulence of the bacterium, have recently become
of interest as determinants of the outcome of H. pylori
infection. The virulence of H. pylori differs with the pres-
ence of cytotoxin-associated gene A (CagA). Strains that
are positive for CagA induce more severe inflammation
and are associated with a higher risk of gastric cancer.
Interleukin (IL)-1b, a pro-inflammatory cytokine and a
potent inhibitor of gastric acid secretion, is upregulated
during H. pylori infection. Specific genotypes thought to
enhance IL-1b production are associated with an
increased risk of hypochlorhydria and of gastric cancer
in response to H. pylori infection. Among the dietary
factors, it is suggested from a mechanistic viewpoint that
vitamin C may be protective and that salt intake may
synergistically enhance the risk of gastric cancer.
Diet

In 1997, the World Cancer Research Fund and American
Institute for Cancer Research (WCRF/AICR) issued an
expert report on diet and cancer based on a comprehen-
sive literature review. The summary for diet and gastric
cancer is presented in Table 1. The main conclusion is
that high consumption of vegetables and fruit convin-
cingly confers a lower risk of gastric cancer and that
high intake of salt or salted foods probably increases the
risk. Refrigeration of food is indirectly protective by
7 WCRF/AICR report

No relationship Increases risk

Alcohol, black coffee,

tea, nitrates

Salt and salting

Sugar, vitamin E, retinol Starch, grilled/barbecued meat
and fish

Cured meats, N-nitrosamines

f Chronic Diseases. Report of a joint WHO/FAO expert consulta-

nd the 2007 WCRF/AICR report.
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reducing salt intake. The importance of these two dietary
factors is also acknowledged in the joint report of the
World Health Organization (WHO) and the Food and
Agriculture Organization (FAO) issued in 2003, although
the evidence for a protective effect of vegetables and fruit
is regarded as less convincing.

The reduced risk of gastric cancer associated with high
consumption of vegetables and fruit has been observed in
a large number of case–control studies in different popu-
lations, but supportive findings from prospective studies
are limited. Decreased risk has been more consistently
observed with the consumption of fresh vegetables and
citrus fruits. Garlic and other allium vegetables are of
particular interest, because of the abundant experimental
evidence on the anticarcinogenic effects of allium com-
pounds (e.g., allyl sulfides). High consumption of garlic
and other allium vegetables was shown to be related to a
decreased risk of gastric cancer in China and Italy, where
allium vegetables are commonly consumed.

Vegetables and fruit are rich in vitamin C and carote-
noids. Vegetables are also a major source of vitamin
E and selenium. These micronutrients exert antioxidative
effects through different mechanisms and have aroused
much interest in the prevention not only of gastric cancer
but also of other cancers. Vitamins C and E inhibit the
formation of N-nitroso compounds, potential carcinogens
for the human stomach (Kono and Hirohata, 1996).
Among these micronutrients of anticarcinogenic poten-
tial, vitamin C seems to have gained considerable evidence
regarding its protective association with gastric cancer.
Observational studies have suggested a decreased risk
associatedwith high intake of carotenoids, but supplemen-
tation with b-carotene did not decrease the risk of gastric
cancer in Finland. On the other hand, combination sup-
plements of b-carotene, vitamin E, and selenium resulted
in a 16% reduction in incidence and a 21% reduction in
mortality from gastric cancer in Linxian, China, where the
inhabitants were marginally deficient in micronutrients.

Folate is abundant in leafy vegetables, and it plays an
important role in DNA methylation and DNA synthesis.
High folate intake is related to a decreased risk of colorec-
tal cancer, so the relation of folate to gastric cancer risk
is naturally of interest. Results from nine case–control
studies and two cohort studies are inconsistent, with a
pooled relative risk of 0.9 (95% CI, 0.7–1.1) for the highest
versus lowest intake (Larsson et al., 2006). However,
genetic polymorphism of a key enzyme in folate metabo-
lism, MTHFR C677T, is related to gastric cancer risk,
suggesting that folate metabolism is involved in gastric
carcinogenesis as well.

Salt itself has no carcinogenic effect, but it is well
documented that high salt intake enhances chemical car-
cinogenesis in the rat stomach. Increased risk associated
with high intake of salt and salted foods has mainly been
observed in case–control studies, but it has recently been
substantiated in prospective studies in Japan. Salt intake in
Korea and Japan is the highest in the world, and in parallel
with the highest rates of gastric cancer in those countries.

Nitrite reacts with amines, amides, and other pro-
teins to form N-nitrosocompounds. Nitrate is not a nitro-
sating agent in its own right, but it is reduced to nitrite
by bacteria in the mouth and in the achlorhydric stom-
ach. Nitrosation is an acid-catalyzed chemical reaction
in the normoacidic condition, and the reaction is also
catalyzed by bacteria in the achlorhydric stomach. Vege-
tables are the major source of nitrate intake, and nitrite
intake largely derives from preserved meats. In most
circumstances, daily intake of nitrate is 100-fold greater
than that of nitrite. Thus epidemiological studies have
not adequately addressed the role of nitrate, nitrite, or
N-nitrosocompounds in gastric carcinogenesis in humans
(Kono and Hirohata, 1996). A possible anticarcinogenic
effect of green tea has been a topic in cancer prevention.
Green tea extract and epigallocathechin, a major constit-
uent of green tea polyphenol, have been shown to inhibit
chemical carcinogenesis in the glandular stomach in
rats. High consumption of green tea has been shown to
be associated with a reduced risk of gastric cancer in
case–control and cohort studies in Japan and China,
though such a protective association has not always been
replicated in other cohort studies in Japan. Capsaicin, the
pungent component of chilli peppers, is known to be both
mutagenic and carcinogenic. High consumption of chilli
pepper has been reported to be associated with increased
risk of gastric cancer in Mexico, India, and Korea.
Alcohol Consumption

A few case–control studies have reported an increased
risk of gastric cancer in relation to vodka drinking before
breakfast in Poland, and heavy consumption of red wine
in Portugal and France. An increased risk of gastric cancer
associated with high alcohol consumption has also been
reported from small prospective studies in Japan and in
the United States. However, a high number of much larger
case–control and cohort studies have found no association
between alcohol use and gastric cancer risk. The increased
risk associated with alcohol use in the more limited stud-
ies is probably due to confounding or chance, but the
possibility that alcohol intake may increase the risk of
cardiac cancer cannot be excluded.
Smoking

Many case–control and cohort studies have fairly consis-
tently showed increased risk of gastric cancer among
smokers, but a dose–response relation has not always
been observed. The International Agency for Research
on Cancer has concluded that smoking is causally related
to gastric cancer. Several studies reported that smoking
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was associated with increased risk of cardia cancer, rather
than of non-cardia cancer, but the evidence is not
consistent.
Obesity

A high body mass index is related to an increased risk
of adenocarcinoma of the gastric cardia, although the
increased risk associated with obesity is much greater
for adenocarcinoma of the esophagus. In Sweden, for
instance, a high body mass index was associated with a
7.6-fold increased risk of esophageal adenocarcinoma and
2.3-fold increased risk of cardia adenocarcinoma. Gastro-
esophageal reflux associated with obesity is a possible
explanation.
Treatment and Survival

Partial or total gastrectomy (removal of the stomach) is a
conventional approach to treatment for surgical cases.
Endoscopic mucosal resection has recently been devel-
oped for treatment of early cancer (i.e., mucosal or sub-
mucosal cancer). Survival depends strongly on the stage of
disease at diagnosis and it varies substantially between
countries. In Europe, the 5-year age-standardized relative
survival for male adults diagnosed in 1990–94 ranged
from 9.0% in Poland to 28.9% in Iceland, and the
corresponding range for females was from 6.8% in Malta
to 37.4% in Austria. The overall 5-year relative survival
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Morbidity Statistics Japan and the World – 2004. Gann Monograph on
National Cancer Institute (2007) Suveillance, Epidemiology, and End Re
for men and women combined in 22 European countries
was 23% (Sant et al., 2003). In the SEER Program of the
United States, the 5-year survival of patients diagnosed
during 1988–2003 was 24.1%. In Osaka, Japan, the 5-year
relative survival for gastric cancer patients registered dur-
ing 1993–95 was 48.9%. In the SEER Program and Osaka
Cancer Registry, survival rates were reported by stage.
The 5-year relative survival for gastric cancer at the
localized stage in Osaka is higher than that in the SEER
Program areas, but there is little difference in survival
between the regional and distant stages (Figure 6). The
proportion of the localized stage was far greater in Osaka
than in the SEER Program areas (59% vs. 23%), suggest-
ing early stages of gastric cancer are detected because of
the mass screening in Japan. The 5-year relative survival
of patients with early gastric cancer is greater than 95%.

Cancer survival is generally poorer in patients of
low socioeconomic status than for those of higher status,
as well as in Blacks as compared with Whites in the
United States. No such difference is evident for gastric
cancer survival, however (Coleman et al., 2004).
Prevention Strategies

Screening

Gastric cancer screening by means of X-ray photofluoro-
graphy has been practiced in Japan since the 1960s. The
sensitivity and specificity of the double-contrast barium
X-ray technique currently used for mass screening in
Regional DistantLocalized Unknown
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, Japan, and SEER, the United States. From Ajiki W, Tsukuma H,

In: Tajima K, Kuroishi T, and Oshima A (eds.) Cancer Mortality and

Cancer Research No. 51, pp. 137–163. Basel: Karger;
sults. http://seer.cancer.gov/ (accessed November 2007).
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8 Gastric Cancer
Japan are reportedly 57–90% and 77–91%, respectively.
As described above, it is not clear that mass screening
is effective in reducing mortality from gastric cancer,
although a limited number of case–control and prospective
studies have suggested decreased mortality from gastric
cancer in individuals with recorded participation in the
screening (Watanabe and Fukao, 2001). Nonetheless,
5–6million persons receive the screening examination
annually in Japan. In the year 2003, a total of 5 976 000
persons received X-ray screening in the community or
at the workplace, and 5970 cases of gastric cancer were
detected among the screenees, resulting in an overall
detection rate of 1.0 per 1000 screenees (Okuda et al., 2006).

A new method of screening using serum pepsinogen
I and II has recently been introduced in Japan. Pepsinogen
I is secreted by the chief cells and mucus neck cells in the
fundus of the stomach, and pepsinogen II throughout the
stomach and proximal duodenum. A decrease in serum
levels of pepsinogen I and in the I/II ratio has been shown
to be a good measure of gastric atrophy. The combination
of cutoff points of pepsinogen I below 70 mg/L and
pepsinogen I/II ratio below 3.0 is currently used as a
diagnostic criterion for gastric cancer in screening. The
sensitivity and specificity of this criterion are estimated to
be 60–96% and 55–84%, respectively. While effectiveness
of screening by serum pepsinogen has not been addressed,
the use of serum pepsinogen has been incorporated
in the screening in Japan as an alternative method or in
combination with the X-ray method.
Eradication of H. pylori infection

Strong evidence that H. pylori infection confers an
increased risk of gastric cancer naturally leads to the
idea that H. pylori eradication treatment would necessarily
prevent the occurrence of gastric cancer. However, there
is no evidence in favor of screening for (and eradication
of ) H. pylori infection in the prevention of gastric cancer.
In a randomized trial in Colombia, the pharmacological
eradication of H. pylori resulted in a higher rate of regres-
sion of premalignant lesions such as atrophic gastritis,
intestinal metaplasia, and dysplasia. On the other hand,
there was no clear reduction in the risk of gastric cancer
associated with H. pylori eradication treatment in a rando-
mized trial lasting 7.5 years in China. Currently, eradica-
tion of H. pylori infection is selectively recommended in
high-risk groups, e.g., patients who already have atrophic
gastritis, a premalignant condition, and in first-degree
relatives of patients with gastric cancer.
Dietary Recommendation

It is estimated in the WCRF/AICR report that gastric
cancer risk can be reduced by two-thirds or three-quarters
by modification of the diet, i.e., increased consumption
of vegetables and fruit and decreased salt intake. More
specifically, it is advised to eat 400–800 g (or five or more
portions) of a variety of vegetables and fruit daily and
to reduce salt intake to less than 6 g per day. The use of
refrigeration is also advised to preserve perishable food.

See also: Alcohol, The Burden of Disease of; Alcohol

Consumption: Overview of International Trends; Helico-

bacter Pylori; Nutrition and the Elderly; Smoking, The

Burden of Mortality of; Smoking Cessation.
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Glossary
Apoptosis Programmed cell death activated by an

intracellular death program; prevents the release of

harmful substances into the surrounding tissue.

Cytokine Proteins made by cells that drive the

behavior of other cells, act via specific receptors on

the susceptible cells, for example, interleukin (IL)-12,

interferon (IFN)-g.
Epigenetic Inheritable information that is encoded

by modifications of the genome and chromatin, which

can affect gene expression without changes to the

nucleotide sequence of DNA.

Human leukocyte antigen (HLA) Human major

histocompatibility complex; individual loci are

designated by uppercase letters and alleles

are designated by numbers; they are found on all

tissues and allow the immune system to distinguish

‘self’ antigens and cells from ‘nonself’ antigens and

cells; for example, HLA-DQ2 is associated with

celiac disease.

Immunoglobulin Antibody proteins.

Lamina propria Area of loose connective tissue

found below the epithelium, submucosa.

Major histocompatibility complex (MHC)

Membrane glycoproteins that are involved in antigen

presentation to Tcells; they present cytosolic-derived

peptides (class I) or exogenously derived peptides

(class II) to CD8þ and CD4þ T cells, respectively.

Malabsorption Impaired intestinal absorption of

nutrients and other substances.

Mucosa Epithelial lining of the gastrointestinal tract.

Polygenic Trait or condition associated with more

than one gene.

Single nucleotide polymorphisms (SNPs)

A common genetic difference among humans in

which only a single nucleotide in the genetic code is

different. There are estimated to be 10million SNPs

in the human genome.
Form Follows Function in the GI Tract

Structure of the Intestinal Epithelium

The mucosa of the gastrointestinal (GI) tract is the largest
organ in the body, covering approximately 300 to 400m2

(Figure 1). The intestinal epithelium, including that of
the stomach, small intestine, and colon, is lined with a
single layer of absorptive epithelial cells; only the esopha-
gus contains a squamous epithelial cell lining. In the small
intestine, the epithelium forms finger-like projections,
termed villi, which protrude into the lumen. The apical
membrane of each epithelial cell is shaped into microvilli,
which compose the brush border. The villi and microvilli,
as well as the folds in the colon, maximize surface area and
therefore absorptive capacity of the intestine.

The crypts of Lieberkühn reside at the base of the villi,
and each villus is surrounded by 5 to 10 crypts. The crypts
contain pluripotent stem cells that continuously divide
and generate daughter cells that migrate upward along
the crypt–villus axis prior to becoming fully differentiated
absorptive enterocytes at the villus tip (Figure 2a). Other
differentiated cells of the intestine include mucus-
secreting goblet cells, hormone-secreting enteroendocrine
cells, and Paneth cells that are involved in host innate
immunity. The majority of the cells residing in the villus
tip are mature enterocytes. As the enterocytes reach the
tip, they undergo apoptosis and shed into the lumen. The
entire process of differentiation, from stem cell to enter-
ocyte apoptosis and shedding, occurs continuously; the
entire intestinal epithelium undergoes complete renewal
within one week. Cell renewal processes in the colon and
stomach are similar to those in the intestine; however,
their cytoarchitecture varies somewhat (Figure 2b). Villi
are not present in the stomach and colon, but stem cells
present at the base of crypts divide and the progeny
migrate upward, enter cell cycle arrest, and differentiate
before finally reaching the luminal surface epithelial
layer, where they undergo apoptosis and shed into the
lumen.
Digestion and Absorption of Nutrients

Proper digestion and absorption of nutrients involves a
number of sequential processes, including mechanical mix-
ing, enzymatic digestion, and nutrient uptake by entero-
cytes. Digestion processes are initiated by the sight, smell,
and taste of food, which induce the secretion of digestive
juices into the mouth, stomach, and intestine. Amylase, for
example, is an enzyme that hydrolyzes carbohydrates and is
secreted into saliva. The mixing of saliva with food during
chewing results in the physical and enzymatic breakdown
of food, and lubricates the mixture for easy swallowing.
Food entering the GI tract stimulates the secretion of a
number of regulatory peptides that promote the digestion
and subsequent uptake of nutrients; the food’s composition
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determines which regulatory peptides are induced. These
include secretin, which stimulates secretion of fluid and
bicarbonate from the pancreas; gastrin, which stimulates
secretion in the stomach; gastric inhibitory peptide, which
inhibits gastric acid secretion and stimulates insulin release;
and motilin, which stimulates upper GI tract motility.
Stomach motility continues mixing the food with acidic
gastric juices that contain digestive enzymes. Gastric emp-
tying of the liquefied food, called chyme, into the upper
small intestine via the pyloric sphincter occurs over several
hours. The chyme is further mixed in the duodenum with
pancreatic enzymes and bile salts, exposed to digestive
enzymes at the surface of the mucosa, and moved along
the intestine by peristaltic motility.

Different classes of macronutrients, including carbohy-
drates, protein, and fat, require different sets of digestive
enzymes to complete their breakdown for subsequent
uptake by absorptive epithelial cells. Digestible carbohy-
drates such as starch, sucrose, lactose, and maltose are
hydrolyzed to less complex sugars, such as glucose or
fructose, before theyare taken up by the intestine by specific
transporters. Glucose absorption stimulates the release of
insulin, which promotes glucose and amino acid uptake
from circulation. Insulin promotes glycolysis and the syn-
thesis of glycogen, protein, and fatty acids in target tissues,
including the liver. Because insulin responds to glucose
uptake by the intestine, factors such as nondigestible carbo-
hydrates that alter the rate of carbohydrate digestion will in
turn alter the whole-body insulin response. Nondigestible
carbohydrates, mostly nonstarch polysaccharides, are the
primary component of dietary fiber and can slow gastric
emptying, increase viscosity, and promote commensal
microflora growth in the large intestine.

Proteins are hydrolyzed by a variety of proteases and
peptidases secreted by the stomach or pancreas or bound
to the brush border membrane of enterocytes. Protein
hydrolysis generates free amino acids, as well as a large
number of short- and medium-length peptides. Although
most proteins and oligopeptides are rapidly degraded,
some structures are variably resistant to hydrolysis. This
resistance may have implications in disease pathogenesis
(see following discussion under Autoimmunity: Celiac
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Disease). Free amino acids are taken up by enterocytes
via amino acid transporters.

Fat, known chemically as triacylglycerol, is a heteroge-
neous substance that contains glycerol esterified with fatty
acids that differ by chain length, degrees of saturation, and
isomeric form. Enzymatic digestion is initiated by lingual
and gastric lipases that liberate free fatty acids. Pancreatic
lipases are released into the duodenum in response to
the peptide hormone cholecystokinin. Pancreatic lipase
binds to fat droplets and hydrolyzes the triacylglycerols
to monoacylglycerols and to free fatty acids or glycerol.
In the duodenum, monoacylglycerols and free fatty acids
are emulsified into micelles by bile acids. Enterocytes
take up monoacylglycerols and free fatty acids from the
micelles at the brush-border membrane. Fatty acids and
monoacylglycerols can passively cross enterocyte plasma
membranes, although a number of candidate transpor-
ters have also been identified. Once in the cell, fatty
acids are bound by fatty acid binding proteins for further
processing.
Intestinal Flora: The Living Organ within Us

A wide range of nonpathogenic commensal microflora
resides within our intestinal tract. This resident commu-
nity is essential for life and can be considered a virtual and
functional organ. The proximal regions of the GI tract,
namely the stomach and duodenum, contain few micro-
organisms with fewer than 103 bacterial cells per gram of
contents. These environments are not bacteria ‘friendly’;
the presence of acid, bile, and pancreatic secretions kills
most microbes. The rapid transit times, which result from
Harmful pathogenic effects
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Bacteroides

Eubacteria
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Figure 3 Scheme of the predominant groups of colonic bacteria, in

harmful functions. Reproduced with permission from Salminen et al.

and function. British Journal of Nutrition 80(supplement 1): S147–S17
intrinsic phasic propulsive motor activity, also prevent
colonization of these tissues. As we move more distal
along the small intestine, the environment becomes more
hospitable, which correlates with a progressive increase in
the number of bacteria from 104 per gram contents in the
jejunum to 107 in the ileum. The colon contains dramati-
cally higher numbers of bacteria with some 1010 to 1012

bacteria per gram of luminal contents. Transit time is slow
in the colon; therefore, microorganisms are able to prolif-
erate by fermenting diet-derived substrates. The species of
bacteria also varies depending on location along the GI
tract. The small intestine supports mostly Gram-negative
aerobes and some obligate anaerobes, whereas the colon
supports mostly anaerobic bacteria. Overall, it is estimated
that 400 to 500 species of bacteria reside in theGI tract, but
the majority comprises 30 to 40 species.

The presence of commensal microflora provides a
number of benefits for the host (Figure 3). Germ-free
animals exhibit compromised structural and functional
integrity of the GI tract. Other studies indicate that the
microflora are essential for intestinal motility, secretion,
absorption, cell differentiation and mitotic activity, villous
length, and crypt depth. The microflora also influence
other organs by affecting organ weight, cardiac output,
and lymph node and immune system development.

The microflora perform a variety of metabolic func-
tions on behalf of the host. The commensal bacteria break
down nondigestible dietary substrates, such as carbohy-
drates, that can be readily absorbed by the host. The
microflora also produce a number of essential nutrients,
including vitamin K, B12, biotin, folic acid, and pantothe-
nate, as well as amino acids.
Health-promoting effects

idobacteria

d ruminococci

ctobacilli
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 fusobacteria

Potential for:

• Lower gas production
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• Immunostimulation

• Antitumor activity
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Form Can Lead to Vulnerability: Counter-
Maneuvers of the GI Tract

Protection from the Environment

Physical barrier
The first line of defense against toxins and opportunistic
pathogens is the physical yet selective barrier between the
underlying lamina propria and the external environment
provided by the epithelial cells. Macromolecules can
cross the epithelium in two ways: (1) through the epithe-
lial cells in a transcellular manner or (2) between the
epithelial cells in a paracellular manner. The epithelial
cells are impermeable to hydrophilic solutes and thereby
allow transcellular passage only through specific trans-
porters. Paracellular passage of macromolecules is highly
regulated by tight junction protein complexes that are
localized intercellularly at the apical margin of the lateral
membrane. The tight junctions allow solutes to be trans-
ported according to size and charge. The rate at which
passage occurs can be modulated in response to physio-
logical, pharmacological, and pathophysiological stimuli.
For example, increased intestinal epithelial tight junction
permeability can be initiated by sodium-coupled nutrient
absorption.

Epithelial cells also provide barrier protection by
secreting mucus into the lumen. The mucus consists of
high-molecular-weight glycoproteins called mucins that
form polymers creating a sticky gel that coats and protects
the epithelium. The mucus acts as a barrier against the
colonization of pathogenic microorganisms and prevents
their adherence to epithelial cells. Furthermore, immu-
noglobulin A (IgA) antibodies are secreted into the lumen
and interact directly with undesirable foreign antigens
and prevent their passage across the epithelium.
Bacterial barrier

The epithelial cells provide an environment which
supports the growth of ‘good’ commensal bacteria and
thereby protect the host from invasion by opportunistic
microorganisms. Commensal bacteria restrict the growth
of pathogens by providing competition for nutrients and
by their physical habitation in and attachment to the
gut. Certain members of the commensal microflora also
secrete antimicrobial substances to inhibit the growth of
unwanted pathogens.
Gut-associated lymphoid tissues

The gut possesses a unique and selective immune response
to avoid being in a continuous inflammatory state due to
chronic exposure to foreign antigens. This allows the GI
tract to tolerate the presence of innocuous bacteria and
dietary antigens, while maintaining the ability to mount a
selective defensive response against invading pathogenic
organisms. Both innate and adaptive immune response
systems exist in the GI tract. Differentiated epithelial
cells residing at the base of villi in the small intestine,
called Paneth cells, contribute to the innate immune
defense response by releasing antimicrobial agents belong-
ing to the alpha-defensin family. Gut-associated lymphoid
tissues (GALT) are found in regions of the submucosa
(Peyer’s patches, lymphoid follicles, the lamina propria), as
well as integrated within the surface epithelium (intra-
epithelial lymphocytes), and play a role in innate immunity
but also provide an environment for the initiation and
maintenance of an adaptive immune response.

The GALT can interact with environmental antigens
in a number of ways. For example, bacteria are actively
sampled by the immune system of the host. Bacteria can
enter the submucosa through specialized M-cells residing
in the epithelial cell layer of Peyer’s patches, or be cap-
tured by professional antigen-presenting cells, called den-
dritic cells, that reside in the lamina propria and among
the surface epithelial cells. If the bacteria are deemed
pathogenic, active immunity is stimulated. Immune acti-
vation can also occur if bacteria cross the epithelial cell
layer by active invasion, through regions of tissue damage,
or by minor leakage across the epithelium. Regardless of
the mechanism that leads to immune activation, exposure
of the gut to activating stimuli initiates an adaptive
immune response. Presentation of microbial/dietary anti-
gens by dendritic cells to T-cells occurs either in lym-
phoid structures within the intestine such as the Peyer’s
patches, or after migration to the mesenteric lymph nodes
in the GI submucosa.

Oral immune tolerance

Under normal circumstances, immunological processes
occurring in the gut will promote and maintain a state of
immunotolerance in the presence of innocuous dietary or
microbial stimuli. Immunotolerance is established by the
coordinated release of specific anti-inflammatory cytokines
and other mediators following exposure of dendritic cells
to benign antigens found on commensal bacteria or innoc-
uous dietary components (Figure 4a). Prostaglandins
(PGE2) and transforming growth factor-beta (TGF-b),
produced by epithelial cells, macrophages, and mesenchy-
mal cells, promote the maturation of tolerogenic dendritic
cells, which in turn produce interleukin (IL)-10 andTGF-b.
Presentation of antigen by dendritic cells to naive T cells
in the Peyer’s patches and mesenteric lymph nodes in this
tolerogenic cytokine milieu activates T-regulatory (Treg)
and Thelper-3 (Th3) cells. While Treg cells secrete IL-10
and interferon (IFN)-g to induce local and systemic toler-
ance, Th3 cells produce TGF-b, which promotes B-cell
isotope switching to immunoglobulin A (IgA).

A completely different picture emerges when immune
sensitization is invoked by a pathogenic activating stimu-
lus (Figure 4b). In this case, the immune system can be
activated by recognition of pathogens by Toll-like
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receptors of the dendritic cell, which leads to internaliza-
tion of antigen. Otherwise, dendritic cells may become
activated after directly taking up pathogens through
phagocytosis. Activated dendritic cells express the
corresponding antigenic peptide fragments in the context
of major histocompatibility complex (MHC) class II
molecules on their surface for presentation to naive
T cells. The dendritic cells will secrete the cytokine
interleukin (IL)-12 and upregulate co-stimulatory mole-
cules creating a pro-inflammatory environment. T cells
primed under these conditions can mature into gut-hom-
ing T helper-1 (Th1) cells, resulting in a cellular immune
response and the production of interferon (IFN)-g. In
addition, naive T cells can differentiate into Th2 cells,
producing transforming growth factor (TGF)-b, IL-4, and
IL-6, which invoke a humoral immune response.
Diseases of the GI Tract

Malabsorption

Nutrient malabsorption disorders are common and result
from genetics, age-related changes in physiology, bacte-
rial overgrowth, inflammation (see following discussion
under Autoimmunity: Celiac Disease), and other causes
that impair gut function. Lactose intolerance is the classi-
cal example of a genetic condition that affects nutrient
utilization. Human adult populations differ in their ability
to metabolize the sugar lactose, and the inability to do so
results in abdominal discomfort, flatulence, and diarrhea.
Lactose metabolism requires the expression of lactase-
phlorizin hydrolase, an enzyme encoded by the LCT

gene. In most humans and other mammals, LCT expres-
sion declines after weaning, resulting in primary lactose
intolerance. In some human populations, including those
of northwest European descent and nomads of the Afro-
Arabian desert region, LCT expression persists into adult-
hood and confers the ability to effectively digest dairy
products and utilize lactose.

Age can also affect the absorption of specific nutrients.
Vitamin B12 deficiency can result from atrophic gastritis,
which is the loss of gastric glandular cells in the stomach
and impaired ability to acidify the stomach. This condition
is common in the elderly and can result from chronic
inflammation.Without sufficient acid content in the stom-
ach, vitamin B12 cannot be liberated from food proteins
and therefore is not available for intestinal absorption.
invoked after the release of a number of different cytokines by cells of

act on dendritic cells, leading to the production of IL-12 and the upre

immunostimulatory interaction to occur between the dendritic cells a
and T helper-2 (Th2) cells, which then produce pro-inflammatory and

systemic immunity. Reproduced with permission from Macmillan Pub

and immunity to intestinal antigens. Nature Reviews Immunology 3(4
Overgrowth of pathogenic bacteria can also cause
damage and disappearance of villi and specific malabsorp-
tion of folate, vitamin B12, and iron. In tropical or sub-
tropical regions, humans are susceptible to tropical sprue,
a syndrome associated with bacterial infection that typi-
cally presents with diarrhea, weight loss, and nutrient
malabsorption.
Loss of Oral Tolerance: Immune-Mediated
Diseases

Loss of oral immune tolerance results in irritation and
inflammation of the GI tract, and subsequent damage of
the epithelium, which can ultimately lead to pathology.
Immune-mediated diseases of the GI tract are complex
and multifactorial, usually requiring the interaction of
both genetic and environmental factors. Often, the timing
and degree of exposure to environmental antigens deter-
mine the disease outcome.
Allergic responses to food antigens

About 5% of children and 2% of adults exhibit true
type I hypersensitivity food allergies, and about half of
them develop GI symptoms. Common food allergens are
found in cow’s milk, eggs, nuts, fish, and shellfish. Many
factors influence the development of food allergies.
Intrinsic factors may include the state of maturation of
the mucosal immune system, impaired enteric nervous
system, genetic susceptibility for increased mucosal per-
meability, IgA deficiency, or Th2-biased mucosal immu-
nity. Other factors include the timing of food introduction
to the diet, the amount of antigen on initial exposure, GI
tract infections, and resistance of dietary proteins to
digestion.

Type I hypersensitivity is an IgE antibody-mediated
immune response to food allergens. In sensitized indivi-
duals, ingested allergens cross the gut epithelium into the
submucosa, where they cross-link with antigen-specific IgE
antibodies bound by corresponding high-affinity IgE recep-
tors on the surface of mucosal mast cells. This activates the
mast cells to release soluble preformed mediators such as
histamine, serotonin, or tryptase, resulting in increased
vascular permeability and contraction of smooth muscle.
The released soluble mediators induce intestinal smooth
muscle contractions and outflow of fluid across the epithe-
lium, resulting in vomiting and diarrhea, respectively. If the
food allergens enter the bloodstream, urticaria (hives) on
the subepithelium, including IL-1, IL-6, and IL-8. These cytokines

gulation of co-stimulatory molecules. This allows for an

nd naive T-cells, resulting in their maturation into T helper-1 (Th1)
immune mediators that lead to IgA production and local and

lishers Ltd: from Mowat AM (2003) Anatomical basis of tolerance

): 331–341.
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the skin can occur. Anaphylaxis may develop in certain
individuals following exposure to peanuts, tree nuts, and
shellfish, which can lead to cardiovascular collapse, acute
asthmatic symptoms, and, if left untreated, death.
Autoimmunity: Celiac disease

Celiac disease (CD) is a food-induced autoimmune dis-
ease caused by the exposure to gluten proteins from
wheat, barley, and rye in genetically susceptible in-
dividuals. Exposure to the culpable cereal proteins acti-
vates a T cell-mediated inflammatory, IFN-g-dependent
immune response that results in intestinal damage. CD is
relatively common with an incidence of 1 in 100 to 600
people. However, it is estimated that over 90–95% of
cases go undiagnosed due to subclinical symptoms.

The etiology of CD is well understood compared to
other autoimmune diseases. A repertoire of offending
dietary cereal proteins/peptides that initiate the inflam-
matory response can be found in wheat gluten, a mixture
of gliadin and glutenin proteins, and their counterparts in
barley and rye. These proteins have a high proline and
glutamine content which makes them resistant to com-
plete proteolytic digestion in the GI tract.

CD is strongly associated with two MHC class II alleles
found at the HLA-DQ locus. Approximately 90–95% of
patients with CD express human leukocyte antigen
(HLA)-DQ2 and the remaining 5–10% express HLA-
DQ8. Gut-associated antigen-presenting cells expressing
either HLA-DQ2 or HLA-DQ8 present hydrolysis-
resistant immunodominant gliadin peptides to T cells in
the lamina propria of the small intestine.

The CD autoantigen, tissue transglutaminase, also
plays a unique role in disease pathogenesis. This intestinal
enzyme deamidates specific neutral glutamine residues
Figure 5 A comparison of biopsies from normal and celiac disease s

viewed through a dissecting microscope. The normal biopsy (a) shows

and total villous atrophy shows, in place of the villi, numerous surface o
section of a normal small-intestinal mucosal biopsy. Original magnificat

biopsy from an individual with CD and total villous atrophy. Original ma
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found in gluten peptides and converts them to negatively
charged glutamic acid. The amino acid change results in
peptides with increased binding affinity for the disease-
relevant HLA-DQ2 and HLA-DQ8 molecules.

The activation of an IFN-g, inflammation-mediated
response causes the mucosa of the small intestine to
undergo numerous alterations (Figure 5). The number of
intraepithelial lymphocytes and plasma cells in the lamina
propria increases dramatically. Villous atrophy is accompa-
nied by crypt hypertrophy and increased crypt mitoses. In
severe cases of CD, the inflammatory process results in a
complete loss or flattening of the villi of the small intestine.

Patients with CD may demonstrate symptoms of mal-
absorption of nutrients such as iron, calcium, or folic acid
due to the underlying damage to the epithelium, although
severe cases of malabsorption are rare. Symptoms of
malabsorption in these cases are diarrhea, weight loss,
and potentially mild abdominal symptoms. CD is often
associated with dermatitis herpetiformis, an itching and
blistering skin disease, which, like CD, can be alleviated by
a gluten-free diet. Other diseases associated with chronic
CD are enteropathy-associated T-cell lymphoma and
osteoporosis. CD patients are also at increased risk for
other autoimmune diseases, including insulin-dependent
diabetes and autoimmune thyroiditis.
Inflammatory bowel disease

Inflammatory bowel disease (IBD), which includes
Crohn’s disease and ulcerative colitis (UC), has a complex
pathogenesis involving the interaction of various suscep-
tibility genes, altered mucosal immunity, compromised
mucosal barrier, and mucosal interactions with microflora.
The incidence of IBD is proposed to be as high as
396 per 105 individuals, but it varies greatly from region
mall intestinal mucosa. (a and b) Small-intestinal mucosal biopsy

numerous surface villi, whereas a biopsy from an individual with CD

penings to underlying crypts and surface ridges (b). (c) H&E-stained
ion, �400. (d) H&E-stained section of a small-intestinal mucosal

gnification, �400. The original figure was published in

athogenesis ofCeliacDisease, S10–S18.Copyright of theAmerican

ith permission.
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to region, with developed countries demonstrating the
highest prevalence. The incidence of UC is estimated
to be between 0.5–24.5 per 105 people, and Crohn’s dis-
ease is estimated to be between 0.1–16 per 105 individuals
worldwide.

IBD is polygenic; however, only a handful of disease-
associated genes have been identified. Most identified
genes modify risk for Crohn’s disease, including muta-
tions in NOD2/CARD15, a gene normally expressed by
macrophages. Some loci associated with UC have been
reported, but the specific genes have yet to be identified.

It has been proposed that exposure to normally innoc-
uous gut microflora in susceptible individuals, especially
when the epithelial barrier is disrupted, can trigger a
chronic inflammatory response due to dysregulation of
the mucosal immune system and loss of immune toler-
ance. Changes in gut microflora composition may also
occur, resulting in an increased load of bacterial patho-
gens or toxins, which act as initiating factors. Whether
disease progression relies on one or a combination of
these scenarios, the result is a robust and chronic inflam-
mation of the gut.

UC and Crohn’s disease, though similar, are not iden-
tical. Crohn’s disease is associated with excess expression
of pro-inflammatory cytokines, including IL-12/IL-23
and IFN-g/IL-17. Patients present with discontinuous
ulceration and full-thickness bowel wall inflammation,
often including granulomas in both the small and large
intestine. Symptoms of Crohn’s disease include abdomi-
nal pain, diarrhea, and rectal bleeding, as well as weight
loss, fever, and fatigue. In severe cases, patients develop
obstructing strictures of the bowel and inflammatory con-
nections (fistulae) between segments of bowel or between
the bowel and skin and other organs. In contrast, UC is
associatedwith excess IL-13 production, primarily affecting
the colon, with a continuous inflammation of the mucosa
nearly always involving the rectum and extending proxi-
mally. The symptoms are similar to Crohn’s disease,
although fistula development does not occur. Usually both
conditions are chronic and relapsing, although UC can be
cured by surgical removal of the colon. Medical therapy
relies on anti-inflammatory and immunosuppressant drugs.

A serious consequence of IBD is a fivefold increased
risk of colon cancer, probably due to chronic inflamma-
tion (see Inflammation in carcinogenesis). As many as
1.4million people in the United States are affected by
IBD. The relative risk of colorectal cancer in UC patients
is 2% after 10 years, 8% after 20 years, and 18% after
30 years, making early detection critical.
Cancers of the Gastrointestinal Tract

Gastrointestinal cancers account for approximately 20%
of all cancer incidences and are the leading cause of
cancer deaths in many countries around the world. In
the US, colorectal cancer in particular represents the
second leading cause of cancer-related mortality in
males, and the third leading cause in females. GI cancers
are extremely difficult to treat; detection is challenging
and often occurs late in disease progression.

Inflammation in carcinogenesis

Avoidance of long-term chronic inflammation is a key to
cancer prevention in the gut. Simplistically, carcinogenesis
results from an environmental trigger that acts on the
epithelium and invokes an inflammatory response. The
activation of inflammatory cells is believed to induce
oxidative stress and generation of harmful chemical radi-
cals. These radicals damage the epithelium. Although
mechanisms in the cell are available for repair and regen-
eration, the presence of continued inflammation may lead
to DNA damage or epigenetic alterations or both. At early
stages, these effects on the genome may result in cellular
dysplasia, but over the longer term, the accrual of genetic
alterations may lead to carcinogenesis.

The pro-inflammatory cytokine, tumor necrosis factor
alpha (TNF-a), which is released mainly by macrophages,
T-cells, and natural killer cells, has earned the reputation
of playing a key role in tumor promotion. Chronic and
low-level exposure to TNF-a activates a complex system
of intracellular messengers and pro-inflammatory media-
tors that can lead to carcinogenesis in specific cell types,
such as epithelial cells. TNF-a can convey both survival
and cell proliferative, as well as pro-apoptotic signals; it is
when the balance favors cell survival that TNF-a con-
tributes to the development of a malignant phenotype.
The binding of TNF-a to the TNF receptor 1 leads to
a cascade of intracellular events that promotes the activa-
tion of transcription factors, including nuclear factor
kappa B (NF-kB) and cfos/cjun. Their activation in epi-
thelial cells induces expression of anti-apoptotic, immu-
nomodulatory, and inflammatory genes which sustain the
inflammatory response and promote cell proliferation,
growth, invasiveness, and metastasis. Similarly, exposure
of cells to other pro-inflammatory cytokines, including
IL-1b and IL-6, may act through the NF-kB pathway
to promote the survival of activated T-cells, promoting
chronic inflammation and thereby leading to tumor
formation.

Two widely cited examples of gut-related chronic
inflammatory conditions that may lead to carcinogenesis
over time are IBD and infection by Helicobacter pylori.
These conditions invoke a number of common processes
implicated in the progression to GI cancer, including
the loss of immune tolerance, increased expression of
inflammatory cytokines, induction of cyclooxygenase-
2 (COX-2), and ultimately, genetic and epigenetic mod-
ifications that promote tumorigenesis.
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Colon cancer: Intersection of nutrition
and inflammation

Risk factors for colon cancer include nutritional factors,
genetics, and inflammatory state, all of which interact and
contribute to the initiation and progression of carcinogen-
esis. In both sporadic and IBD-associated colon cancer,
carcinogenesis is associated with genetic instability arising
from both chromosomal instability and microsatellite
instability. However, the clinical features of these two
types of colon cancer differ (Figure 6). IBD-associated
carcinogenesis results when the epithelium in areas of
inflammation progresses to dysplasia and then to carci-
noma, with dysplastic lesions generally appearing as mul-
tifocal and diffuse. In addition, the timing and frequencies
of molecular alterations in sporadic and IBD-associated
colon cancer differ (Figure 6). In sporadic cancer, the
progression from adenoma to carcinoma is apparent,
with the dysplastic precursor generally localized to a
discrete focus. Molecular alterations that contribute to
the development of sporadic colon cancer include DNA
damage (single point mutations, the loss of chromosomal
material (e.g., loss of heterozygosity), and microsatellite
instability) and DNA methylation. Specifically, impli-
cated in the development of cancer are the loss of function
of the tumor suppressor genes adenomatous polyposis coli

(APC) and p53, as well as epigenetic alterations, such as
methylation of DNA that acts to silence tumor suppressor
genes. In IBD-associated colon cancer, these mechanisms
are also implicated but generally occur simultaneously
and early in progression to carcinogenesis.

DNA damage results from dietary deficiency of critical
nutrients and from chronic inflammation. The generation
APC
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of oxidative stress during inflammation increases rates of
DNA damage and thereby has the potential to induce
genetic mutations and instability that is responsible for
the initiation and progression of carcinogenesis. Deficien-
cies in nutritional factors such as folate, selenium, and
vitamin D are also implicated in cancer initiation and
progression, especially in IBD-affected individuals. Folate
is a B-vitamin that is required for DNA synthesis and
repair and for the generation of S-adenosylmethionine,
a cofactor required for DNA and histone methylation.
Disruptions in folate metabolism lead to alterations in
genome methylation patterns, which affect the expression
of tumor suppressor genes, and genome instability result-
ing from uracil accumulation in DNA. Several lines of
evidence support the association of folate intake with
colon cancer risk. Epidemiological evidence suggests that
individuals with low folate concentrations are at increased
risk of colon cancer. Furthermore, there also appears to
be an interaction between folate status and single nucleo-
tide polymorphisms in the 5,10-methylenetetrahydrofolate
reductase (MTHFR) gene, which encodes an enzyme that is
critical for folate metabolism and influences genomic DNA
methylation. Individuals with a common MTHFR poly-
morphism (C677T) have dramatically decreased risk of
developing colorectal cancer compared with carriers of
the ‘wild-type’ gene. Whereas folate can protect against
DNA damage and thereby prevent cancer, strategies to
increase folate intake in individuals may come with asso-
ciated hazards. Once cellular transformation has begun,
tumors have an increased need for folate to synthesize
DNA as they divide rapidly; folate supplementation may
at this stage ‘feed’ the tumor.
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Gastric cancer: Intersection of infection, genetics,
and inflammation

Infection by H. pylori is common, occurring in over half
of all individuals around the world. An inflammatory
response is invoked by infection, and its persistence
leads to cellular transformation and gastric cancer in
<1% of infected individuals. Following H. pylori infection,
chronic superficial gastritis develops from normal
mucosa, followed by atrophic gastritis and then intestinal
metaplasia. If the inflammatory response subsides at this
stage, progression to cancer may not occur. However, if
cellular transformation proceeds to high-grade dysplasia,
carcinoma will invariably result. Individuals infected with
H. pylori run a 2–20-fold increased risk of developing
gastric cancer with 5-year survival being only approxi-
mately 50%.

A number of disease-modifying factors have been pro-
posed to influence the likelihood of progression to carci-
nogenesis in those infected with H. pylori. These include
characteristics intrinsic to the host (e.g., genetics, age), as
well as to the infecting bacteria, and environmental fac-
tors. A number of immune response factors have also been
associated with progression to cancer after H. pylori infec-
tion. These include the types of cytokines activated
following infection (e.g., IL-1b, IL-8, TNF-a, IL-10),
the induction of reactive oxygen and nitrogen radical
species, and activation of the transcription factor cfos,
which is involved in cell cycle regulation. The expression
of COX-2 has also been implicated in progression to
cancer, owing to its role in disrupting the balance between
cell proliferation and cell death. The carcinogenic effects
of COX-2 in H. pylori infection may be related to the
function of this enzyme in prostaglandin production and
Gender Aspects of Sexual and Re
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Definitions

Sexual and reproductive health was first defined at
the International Conference on Population and Devel-
opment (ICPD), held in Cairo in 1994. The term ‘repro-
ductive health’ reflected a sharp departure from previous
approaches to the question of how, and to what extent,
humans reproduce. In reaction to the often aggressive
population control programs launched in the 1960s and
1970s in Africa, Asia, and Latin America, the international
pro-angiogenesis. Surprisingly, although NSAIDs inhibit
COX enzymes and prevent cancer in some studies, there
is some evidence suggesting these agents may in fact
increase susceptibility to gastric ulcers and carcinogenesis
in some individuals infected with H. pylori. Although the
reasons for this are unclear, they may relate to the associ-
ation between NSAIDs and other GI disorders such as
ulcers, bleeding, and perforations. Other factors asso-
ciated with the development of H. pylori-mediated gastric
cancer include genetic (e.g., single nucleotide polymorph-
isms or SNPs) and epigenetic (e.g., methylation of tumor
suppressor genes) alterations.

See also: Colorectal Cancer; Gastric Cancer; Helicobac-

ter Pylori; Nutrition and the Elderly.
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women’s movement and others called for programs that
would both respect women’s human rights and provide
them with services for a range of issues beyond just birth
control – going through childbirth safely, having a healthy,
wanted child, and being free from sexually acquired
reproductive tract infections.

The definition of reproductive health also pointed
to the central importance of human sexual relationships,
and the fact that they often represent an unequal exchange
between women and men. This inequality, rooted in
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society’s view of what a man or a woman should be
(termed gender), plays a critical role in women’s and
men’s sexual and reproductive health. Gender is defined
as encompassing the different roles, rights, expectations,
and obligations that culture and society attach to indivi-
duals according to whether they are born with male or
female sex characteristics. Sex refers to the biological and
physiological differences and genetic susceptibilities and
immunities associated with being biologically male or
female. Both sex and gender have an impact on, and
are affected by, sexual and reproductive health.
Dimensions of Gender Considerations

The past two decades have seen an explosion of studies
and interventions on the way in which gender differences
have an impact on all dimensions of development. In the
area of health – including sexual and reproductive health –
it is generally accepted that the different characteristics of
gender play a role in women’s and men’s vulnerability
to exposure to disease and the outcome of that exposure
and in their health-seeking behavior, their ability to
access health information and services, their experience
of health services, and the social and economic conse-
quences of a health problem (Klugman and Theobald,
2006). Gender characteristics, or dimensions, include
(1) the sociocultural norms and values attached to what
women and men, girls and boys, do, that is, gender roles,
(2) the differential access to control (including making
decisions) over resources such as money, information,
and education, (3) the influence that social institutions
such as family, school, religious institutions, workplaces,
and health services have in reinforcing gender norms,
and (4) the impact of laws and policies, which often
have gender-based inequalities written into them. For
5.7

1

4.7

1.8

6
5.8

0.5
0.2

0

1

2

3

4

5

6

7

8

%
 o

f t
ot

al
 D

A
LY

s

HIV/AIDS STIs Maternal Cancer Per

Figure 1 Global burden of sexual and reproductive ill health condit
the purposes of this article, we will use these categories
to highlight some of the major gender aspects of sexual
and reproductive health. However, examination of gender
dimensions in any area of inquiry must start with sex-
disaggregated data.
The Burden of Sexual and Reproductive Ill
Health, by Sex

Estimates of the global burden of disease, which assesses
the burden to the world’s population from premature
mortality and disability by using a combined measure,
the disability-adjusted life year (DALY), indicate that
sexual and reproductive ill health contributes to 20%
for women and 14% for men (see Figure 1). The elements
included in the calculation are maternal and perinatal
mortality and morbidity, reproductive cancers, HIV/
AIDS, and sexually transmitted infections (STIs). Since
only women get pregnant and give birth, the burden
from maternal causes is unique to women, making the
overall burden higher for them than for men. In addition,
there are biological differences in, for instance, suscep-
tibility to sexually transmitted infections. Biologically,
women, and particularly young women, are at greater
risk of infection through heterosexual sex (Zierler and
Krieger, 1997). This is partly because of prolonged expo-
sure to organisms when infected ejaculate is retained
in the vagina, particularly for pathogens that produce
discharge or are present in genital secretions, such as
gonococci, chlamydia, trichomonads, and HIV (Howson
et al., 1996). Reproductive cancers are more numerous
in women, such as cancers of the cervix and corpus of
the uterus and ovarian and breast cancer, than in men
(prostate and testicular cancer).

This situation already puts women at a disadvantage
from a health point of view. In reality, the situation
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is probably even more unbalanced since the global burden
estimates are limited in their definition of sexual and
reproductive health. They do not include conditions
such as obstetric fistula, urinary incontinence, uterine
prolapse, menstrual disorders, non-sexually transmitted
reproductive tract infections, female genital mutilation,
stillbirth, infertility, and the reproductive health conse-
quences of sexual abuse. Nor do the estimates capture the
social and psychological effects of sexual and reproductive
ill health, some of which – like those associatedwith obstet-
ric fistulae – may be significant (AbuoZahr and Vaughan,
2000). Therefore, it seems likely that, if and when estimates
are made to include these additional elements, the burden
for women would be considerably higher.
Norms and Values

Norms and values in any given society or community are
a powerful influence in the shaping of gender roles and
responsibilities. They define, from an early age, what is
appropriate behavior, including sexual behavior, for
men and women. In many parts of the world, masculinity
is associated with early sexual activity, having many sex-
ual partners and experiences, virility, and pleasure. Femi-
ninity, on the other hand, is frequently associated with
passivity, virginity, chastity, and fidelity. The need for
men to ensure that their progeny are really theirs has
given rise, over the centuries, to the devising of myriad
methods of maintaining women’s chastity, from chastity
belts to seclusion to partial or total covering of the body
in public, with sometimes severe penalties for transgres-
sors. In some parts of the world, this pattern has changed
to a more affirmative vision of female sexuality and softer
notions of masculine sexuality, with an accompanying
affirmation that sexuality includes homosexuality as
well as heterosexuality.

These norms and values attached to gender roles
and sexuality have a considerable impact on sexual and
reproductive health. For instance, in sub-Saharan Africa
in 2003, young women aged 15–24 years were at least
three times more likely to be infected with HIV than
young men, as compared with the same numbers in 1985
(UNAIDS et al., 2004). The major factors that contribute
to this have been identified as the culture of silence
around sexuality, exploitative transactional and intergen-
erational sex, and violence against women in relationships
(UNAIDS et al., 2004). In countries as different as Côte
d’Ivoire (Painter et al., 2007), India (Schensul et al., 2006),
and Mexico (Hirsch et al., 2007), marriage – implying
sexual exclusivity – may not afford protection for
women from HIV or other STIs because of men’s extra-
marital sexual behavior. At the same time, poverty
may often push young – especially urban – women into
early, premarital sexual relations, incurring a higher risk
of contracting HIV (Hattori and Dodoo, 2007), but
this does not increase men’s vulnerability to HIV in
marriage (Glynn et al., 2003).

Masculine sexuality often incorporates elements of
self-destructive risk, conquest, and even violence. This
gender-based difference has an enormous impact on
girls’ and women’s (and, to a lesser extent, boys’ and
men’s) sexual and reproductive health. Data emerging
on the extent of violence against women show that,
in selected countries, lifetime prevalence of sexual vio-
lence by an intimate partner ranges between 6–59%
(Garcia-Moreno et al., 2006). The prevalence of sexual
abuse before the age of 15 years varied from 1–21%, and
an adult male family member was usually the perpetrator.
Overall, more than 5% of women reported their first
sexual experience as forced, with the prevalence ranging
from 1% in Japan to 24–30% in Bangladesh, 17% in
Ethiopia, 24% in Peru, and between 14–17% in Tanzania.
Other population-based surveys indicate that between
3–23% of married young women (aged 15–24 years)
in some developing countries (Cambodia, Colombia,
Haiti, India, Nepal, Nicaragua, and Zambia) have ever
experienced nonconsensual sex by a current or former
spouse. In most settings, sexual coercion is initiated
early in marriage, and in settings characterized by early
and arranged marriage, especially at sexual initiation.
Sex workers – the majority of whom are women, some-
times very young and trafficked into prostitution – are
particularly vulnerable to forced sex and its attendant
sexual and reproductive ill health consequences since
sex work is often illegal and sex workers considered legit-
imate targets of violence. Surveys in different continents
show that up to 70% of sex workers report being raped,
frequently by uniformed men (WHO, 2006). Irrespec-
tive of the setting, gender power imbalances tend to
underlie the persistence of forced sex – both marital and
extramarital – among young women ( Jejeebhoy and Bott,
2003). It is important to note that a small proportion of
boys (see Figure 2) also undergo coerced first sex – often
from older boys or men.

The sexual and reproductive health outcomes of such
coercive and/or violent relationships include unwanted
pregnancy and an associated risk of unsafe abortion (espe-
cially in countries where abortion is legally restricted),
chronic pelvic pain, sexually transmitted infections includ-
ing HIV, and painful intercourse. Having suffered sexual
abuse, particularly in childhood, is also associated with
increased risk-taking such as alcohol and drug abuse, mul-
tiple sex partners, low self-esteem, and depression. Inter-
ventions to change gender-related inequalities, especially
with regard to sexual behavior, may be one of the most
important contributions to the improvement of sexual and
reproductive health in the world.

Gender norms and values also contribute to early
marriages and early childbearing, lack of knowledge
about one’s body, embarrassment around discussing
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contraception with partners, and silence around sexual
and reproductive health problems and conditions, all of
which can lead to delays in health-care seeking or unwill-
ingness to disclose or discuss one’s problem with a health
provider (Roudi-Fahimi, 2006). Despite the considerable
decline in early marriages in many parts of the world,
between 30–45% of women are married or in union by
age 18 in much of sub-Saharan Africa, South-Central
and Southeast Asia, and some parts of Latin America
and the Caribbean (Mensch et al., 2005). Among men,
however, marriage during the teenage years is extremely
rare, and marriage in the early 20s has also declined
in most places over the past decade. Early marriage for
women leads to early childbearing, which carries well-
documented increased risks of death in pregnancy or
childbirth, premature labor, complications during deliv-
ery, low birth weight, and a higher chance that the
newborn will not survive (Senderowitz, 1995).

Female genital mutilation (FGM) – also called female
circumcision or excision – is closely related to percep-
tions of femininity and female sexuality. It is often per-
formed on young girls as a rite of passage into adulthood
(although in some parts of the world it is practiced on
girls soon after they are born, and sometimes on
adult women). Current estimates indicate that between
100–140million girls and women have undergone FGM
(WHO, 2000), and that 3million are at risk of undergoing
FGM each year (Yoder et al., 2004). It is practiced in
28 countries across northern and central Africa, the Mid-
dle East, and some countries in Asia. It is also practiced
by members of communities from these regions who have
emigrated to Europe and North America. The practice
of FGM is considered a violation of human rights, and a
marker for serious gender-based inequalities.

The health consequences of FGM – particularly
the more extreme types of mutilation – include hemor-
rhage, infection, chronic pelvic pain, infertility, painful
urination, difficulties with menstruation and sexual
intercourse, problems during childbirth, and death.
A multicountry study found that the death rate among
babies during and immediately after birth was between
15–55% higher (depending on the severity of the FGM)
in mothers with FGM than those without. It also found
an increased risk of postpartum hemorrhage and cesarean
section for the mothers with FGM (WHO Study Group on
Female Genital Mutilation and Obstetric Outcome, 2006).
Access to Resources

Gender roles have an impact on how and whether men
and women have access to essential resources such as
education, information, disposable income, and health
services. All of these resources in their turn have an
impact on sexual and reproductive health.

Although the gender gap in education has been closing
(dramatically in some places) over the past decade,
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girls are still less likely to stay in school than boys in a
fair number of countries. The link between educa-
tion and (sexual and reproductive) health has been
well-established, with many studies having documented
greater use of contraception, antenatal care services, and
skilled attendance at childbirth by women with higher
levels of education (see Table 1). Uneducated and rural
women have the highest unmet need for contraception
and the least access to health services.

While men the world over tend to have more years
of schooling than women, men also have needs for infor-
mation and services that may not be easy for them to
fulfill. For instance, they use health services less than
women and so may be less exposed to health-specific
information. Especially in the domain of sexuality, social
norms may dictate that men ‘know’ what should be done,
and they do not want to appear ignorant or foolish.
Yet fewer than one-third of men in many developing
countries know that two ways of avoiding sexually trans-
mitted infections are condom use and either abstinence
or having only one, uninfected partner (Alan Guttmacher
Institute, 2003).

Sexual relationships have an economic basis that deter-
mines the terms on which sex takes place. In marriages,
women who are financially and socially dependent on
men may not feel able to refuse sex or particular kinds
of sex. While boys and men also go into prostitution, the
vast majority of sex workers in the world are women,
nearly always for economic reasons. If women have no
control of financial resources, they may turn to prostitu-
tion as a seemingly easy way to earn money. Thus, the very
act of attempting to gain access to economic resources can
put women at risk of sexual ill health. Because sex work is
privately condoned but publicly condemned, women all
over the world move in and out of situations where they
are condemned for immorality while earning money, fre-
quently to support their children. The power implicit in
economic relationships also can lead young boys into
exploitative situations with older men.
Table 1 Contraceptive prevalence rates by women’s years of edu

Surveys data)

Country All
0 years of
schooling

1–3 years of
schooling

Bolivia 30 12 23

Brazil 66 47 59

Colombia 65 53 61

Dom. Rep 50 38 47
Ecuador 44 18 37

El Salvador 47 37 42

Guatemala 23 10 24

Mexico 53 25 44
Peru 46 19 33

Modified from Martin TC and Juarez F (1995) The impact of women’s

International Family Planning Perspectives 21(2): 52–57, 80.
Economic dependency has an impact on whether or
not women have access to food and health services they
need during pregnancy, childbirth, and the postpartum
period. A large proportion of women who become preg-
nant in developing countries are poorly nourished and
frequently anemic. Anemia compromises immunity to
infections and healing capacity, making childbirth much
more risky than for well-nourished women. In addition,
where women’s status is low – as it is in many societies and
families – family resources are unlikely to be mobilized
to cover costs of emergency care and transportation
that could save women from dying or becoming severely
ill from pregnancy or birth-related causes. Where family
resources are almost nonexistent, women’s needs in child-
birth are therefore likely not to be met. Compounded,
as is often the case, by a weak health system that cannot
provide essential health services such as pregnancy, deliv-
ery, and postpartum care free to poor women, this situa-
tion is a stark example of how gender and poverty
work together to the detriment of women, with sometimes
fatal consequences.
Gender Biases in Health Services

While it is difficult to generalize from a global point of
view, there is evidence that many health service providers
make different assumptions about their male and female
patients. Health-care providers also have gender norms
and values instilled. Their lack of understanding of
the ways in which gender roles affect women’s ability to
access health services can lead to ‘victim blaming,’ for
instance, when women do not seek timely antenatal care
or emergency obstetric care. In societies where sexual
relations outside marriage are condemned, pregnant
unmarried women may be treated with disrespect, while
unmarried men who have a sexually transmitted infection
would not be treated in the same way.

Typically, sexual and reproductive health-care provi-
ders have little or no training in talking about sexuality
cation, select Latin American countries (Demographic and Health

4–6 years of
schooling

7–9 years of
schooling

� 10 years of
schooling

31 43 53

71 76 73

65 73 73

51 49 57
43 50 61

55 51 64

42 60 60

58 70 69
46 60 67

education on fertility in Latin America: searching for explanations.
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and sexual relationships, nor are they prepared to listen
to and treat people who fall outside of gender and related
sexual norms such as menwho have sex with men, lesbians,
transgender people, or even sex workers. For health-care
providers – be theymen or women – being aware of gender
norms and values and the impact these have on women’s
and men’s health (as described above) is an essential tool
for improving the quality of care of sexual and reproduc-
tive health services. Numerous studies also show that the
sex of the health-care provider plays a key role in a
patient’s satisfaction and whether or not he or she will
continue to use a health service; generally speaking, both
women and men prefer same-sex providers. Health ser-
vices may also be organized in gender-insensitive ways.
For example, user fees may be introduced for routine
sexual and reproductive health commodities that women
need, such as contraceptives, in situations where other
essential medicines are provided free of charge.

At the health policy level, the central part played by
gender inequalities in sexual and reproductive (ill) health
makes it imperative to give priority to services that
only women need – such as emergency and other obstetric
care, antenatal and postnatal care, abortion services, and
repair of pregnancy-related problems such as fistulas
and urinary incontinence. Examples from both developed
and developing countries show that, where such services
have been given high priority, the health of women (and of
their infants) has improved enormously (Van Lerberghe
and De Brouwere, 2001).
Laws and Policies

Gender inequalities are often captured and reinforced
in laws and policies, some of which have a direct effect
on sexual and reproductive health. Marriage law is one
example. In many countries, both the legal minimum
age and actual age of marriage, particularly for girls, are
still very low, leading to early or very early childbearing
with its attendant risks, as discussed above. The enact-
ment of laws that prohibit early marriage, while not
sufficient to halt the practice initially, has been shown
to contribute to positive change and an increased pro-
tection of girls and women (UNICEF, 2001).

The nonrecognition in law of rape within marriage is
a serious gap from which women suffer. Since the Decla-
ration on Violence Against Women (1993) and the Fourth
World Conference on Women in Beijing in 1995, many
countries have enacted laws to criminalize the various
forms of domestic violence against women, including
marital rape, and to protect women’s rights and safety.
Creating such a legal environment contributes to chang-
ing the societal perception of women, so that violence
becomes unacceptable behavior.

Despite many years of international attention to pro-
moting women’s autonomous decision making as central
to their human rights, many countries still have in
place laws or policies that require a husband’s approval
for a woman to use contraception, to have professional
assistance during childbirth, or to have access to her
own medical records. Other laws may allow only married
women to obtain access to health services. These regula-
tions and rules represent a barrier to women obtaining
access to services that they need in order to remain
healthy, which are either not required for men or are
irrelevant since men do not use the services.

Perhaps the most serious example of gender inequal-
ities reinforced by law is the restriction on access to safe
abortion services. Worldwide, for every 1000 women of
childbearing age, 29 are estimated to have an induced
abortion each year – a rate that is very similar in devel-
oped and developing regions (Sedgh et al., 2007). Nearly
half of these are illegal. Unintended/unwanted pregnancies
occur because of women’s and men’s lack of access to, or
lack of use of, appropriate contraceptive methods, method
failure, sexual coercion or rape, and changing economic
circumstances. Women will therefore always have need for
safe abortion services, something that men will never need.
Where laws severely restrict such services to cases where
a woman’s life is threatened, it has been clearly demon-
strated that deaths and injury from the complications of
unsafe abortion are much higher than in countries that
provide legal access to abortion on broad grounds including
on request (Berer, 2004). Providing safe abortion services
is a cost-efficient way of contributing substantially to the
reduction of maternal mortality and morbidity around
the world.
Conclusion

The social norms and values that govern what women and
men do and how they behave have an extensive impact on
sexual and reproductive health. Biologically, women and
men are differently susceptible to certain conditions such
as sexually transmitted infections, but gender dimensions
can significantly magnify such vulnerability through spe-
cific behaviors that are socially acceptable (or not accept-
able), through access (or lack of it) to essential resources,
through the ways in which institutions perceive and
treat men and women, and through laws that may uphold
gender inequalities or not protect one sex or the other
against injustices.

For these reasons, sexual and reproductive health
services have to be more than medical interventions.
Gender-sensitive sexual and reproductive health services
call for a mindset that takes into account not only the
client’s medical history but also the many ways in which
gender affects his or her sexual and reproductive behavior.
In serving men, services can help counteract nega-
tive aspects of masculinity contributing to risky behaviors;
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they can respect every woman’s right to self-determination
in matters related to sexuality and reproduction, and
promote her dignity, and the exercise of her rights.

For the past two decades, interventions to counteract
these gender inequalities have ranged from the passing
of laws to support an end to gender discrimination,
often as part of the implementation of the Convention
on the Elimination of All Forms of Discrimination Against
Women, to the training of health workers and policy
makers in gender analysis and approaches. They have
included programs to empower women through becom-
ing financially independent and, more recently, programs
specifically targeted to men on sexual and reproductive
health and encouraging zero tolerance for violence. While
some advances have been made, particularly in the wide-
spread recognition of gender inequalities, such interven-
tions constitute only some of the necessary elements
on a long path toward lasting change in gender roles
and relations.

See also: Abortion; Reproductive Rights; Sexual and

Reproductive Health: Overview; Violence Against Women.
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Glossary
Gender ‘[R]efers to a social construct regarding

culture-bound conventions, roles, and behaviors for,

as well as relations between and among, women and

men and boys and girls. Gender roles vary across a

continuum and both gender relations and biologic

expressions of gender vary within and across

societies, typically in relation to social divisions

premised on power and authority (e.g., class, race/

ethnicity, nationality, religion).’ (Krieger, 2003:653)

Gender analysis ‘The identification and description

of inequalities that arise from the different roles of

men and women, and the unequal power

relationships between them, as well as the

consequences of these inequalities on their lives,

health and well-being.’ (WHO 2002:4)

Gender equality ‘The absence of discrimination on

the basis of a person’s sex in opportunities, in the

allocation of resources and benefits or in access to

services.’ (WHO 2002:4)

Gender equity ‘Fairness and justice in the

distribution of benefits and responsibilities between

men and women.’ (WHO 2002:4)

Gender sensitivity Being aware of the need for

equality between men and women in the design and

implementation of policies and programs.
The Relevance of Gender to
Health and Illness

Until the twentieth century in the United States and
globally, differences between men and women, in relation
to health and illness, received very little attention. Even
into the late 1900s women were widely assumed to be
physiologically the same as men, except for their repro-
ductive functions, and middle-aged white male patients
were taken as the norm. At the beginning of the twentieth
century, early feminists, including Emma Goldman and
Margaret Sanger in the United States and Marie Stopes
in England, began to drawattention to the need for women
to have control over pregnancy and childbearing. In 1916
the first birth control clinic was founded by Margaret
Sanger, and in 1921 Stopes opened a birth control clinic
in London. Although illegal, this and other private clinics
began to take root, founded and staffed by women. Sanger
and Stopes were greatly concerned with racial purity and
the fact that the poor classes continued to multiply while
the upper and middle classes were controlling their fertil-
ity. Nonetheless, these women promoted an important
message that women should be free to enjoy sex without
worrying about pregnancy. They also pointed out the link
between fewer births and improved health for both women
and children. For the first timewomen’s health and right to
sexual well-being were publicly pronounced and promoted.

During World War II, with the exodus of men from
traditional male occupations, including medicine, women
began to fill professional posts, to earn money, and to make
decisions for themselves and their families. The growth
of the feminist movement played an important role in
arguing for women’s control over their sexuality and
reproductive health, but it was only in the mid-1980s
that attention to other aspects of women’s health, such as
heart disease and cancer, began to emerge in the United
States. Until then, for example, protocols for the diagnosis
and treatment of heart disease, the number one cause of
all deaths in the United States, were based upon findings
from middle-aged white male patients. As a result, women
were diagnosed later with more advanced disease, and
consequently were harder to treat successfully.

In 1986 the National Institutes of Health established a
policy requiring the inclusion of female subjects in clini-
cal investigations, when appropriate. The establishment of
the Office of Research on Women’s Health in 1990 was
an important landmark in the recognition that women’s
health is not limited to reproductive health and childbear-
ing. In 1993 it published ‘Guidelines for the Study and
Evaluation of Gender Differences in the Clinical Evalua-
tion of Drugs,’ which ended the policy of exclusion in the
United States, recommending that women be appropri-
ately represented in clinical studies and that their findings
be analyzed from a gender perspective.

Given the long period during which women’s health
was equated with that of men, it is not surprising that,
until 1990, little attention was devoted to gender issues in
health. In other fields, especially the social sciences, the
concept of gender had been introduced during the 1970s
to provide greater clarity and precision in scientific and
lay language, as part of the resurgent women’s movement
(Krieger, 2003), and was already accepted as a valid tool
for understanding human behavior. However, the term
‘gender’ was not widely known or used among health
professionals. For example, it was only in the late 1990s
that the World Health Organization (WHO) adopted
gender, as distinct from sex, as a valid concept. This
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failure to address gender issues was also indicative of the
relatively minor role the social sciences played in influen-
cing medical science, research, and practice.

In recent years it has been increasingly recognized that
health, including the prevention and control of disease, is
affected not only by biological factors but also by social,
economic, cultural, and political conditions. Understand-
ing health therefore requires a holistic perspective in
which people’s perceptions, needs, and priorities, the envi-
ronment in which they live, including the characteristics
and behavior of people around them, are taken into
account. As a result of this growing understanding of the
broader context of health, social scientists have become
increasingly involved in public health research and pro-
grams, both in developing and industrialized countries.
A body of research in the area of gender and health is
now emerging, recognizing that the distinct categories of
sex and gender are key to understanding the many and
complex determinants of health and illness. Krieger
(2003), for example, provides examples of differential
effects of gender relations and sex-linked biology on
health outcomes. Nonetheless, there is still a need for a
unifying theoretical framework bringing together the dif-
ferent issues and perspectives that should to be considered
to fully capture and analyze the interrelationships between
gender, health, and illness.
Gender and Health Policy, Planning, and
Programming

Gender and Global Health Initiatives

The failure of global health initiatives to take gender into
account has been pointed out by many researchers and
advocates for gender equality and women’s rights. This
was true with respect to primary health care (PHC),
which was based on principles of decentralized services
and community participation, yet the central role of
women in this process was largely ignored. PHC tended
to assume a homogeneous grouping of society members
with shared and similar interests, without considering
how these members would be affected by the new para-
digm. Little thought was given to who would have to
assume responsibility for carrying out community-level
activities such as the preparation of oral rehydration solu-
tions and the immunization of children, tasks that generally
fall to women. The PHC approach placed a greater bur-
den on women without necessarily providing them with
increased benefits. At least some of the explanation for the
limited success of PHC can be attributed to its lack of
gender sensitivity.

In an example from Nepal, Justice (1984) describes the
inconsistencies inherent to imposing a top-down approach
to PHC. Young women with schooling of at least eight
years, and who were at least 16 years old, were trained as
assistant nurse-midwives with the expectation that they
would work in rural health posts. However, most of those
trained ended up working in urban hospitals because of
cultural taboos against women traveling alone, living away
from home, and working in paid employment. These
taboos were especially strong with respect to young
unmarried women, the age group at which the program
was targeted. The study demonstrated how health plan-
ners, who were well aware of existing cultural constraints
in the region, failed to bring this information to bear on the
development of local PHC programs.

In the efforts to renew ‘Health for All’ in the twenty-
first century, international development organizations
have increasingly acknowledged that gender needs to be
considered if programs are to be successful. As a result,
greater efforts were made to involve gender specialists in
the planning of the initiative. Similarly, the role of gender
in global, macroeconomic, sector-wide programs such as
health sector reform (HSR) has been debated by several
researchers (Evers and Juarez, 2003). The majority of
analysts have argued that globalization has exacerbated
conditions of gender inequality prevailing in most
countries. The deteriorating conditions of employment
for women in many developing countries are one such
example. Further, women are adversely affected by user
fees and inadequate access to private insurance schemes
introduced as new forms of cost recovery. A critical review
of research on the consequences of illness and health-care
use for households in low- and middle-income countries
(McIntyre et al., 2006) found that the out-of-pocket pay-
ments required by health-care financing strategies had seri-
ous economic consequences for families. Such households
were ‘pushed into poverty’ by the combination of medical
expenses and the loss of income due to ill health.

On the other hand, a number of authors have argued
that HSR approaches could benefit women’s health by
focusing on common goals of quality, universal access,
and nondiscrimination. They point out that the criteria
of efficiency and cost-effectiveness are compatible with
gender equity in health. High-quality services consistent
with efforts to reform health systems can stimulate greater
demand among women for these services and improve
their impact. This is particularly true for poorer countries,
where the main objective of HSR is to direct more
resources into essential reproductive health services. Sim-
ilarly, providing improved, decentralized services to
women and the poor is a key component of most HSR
policies.

Inconsistencies in expected and actual outcomes for
women’s health seem to be due more to the application of
policies and the implementation of programs than in the
concept of HSR as such. As with other initiatives, the lack
of participation of the users of health services, a large
proportion of whom are women, in the setting of priorities
and design of programs, as well as the absence of public
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accountability for their impact, have been major impedi-
ments to the success of HSR. Financing mechanisms are
also more likely to have the desired effects if they take
into account women’s unequal access to and control over
resources, and the need for supporting core areas of
women’s health through means other than user fees.

In other global health initiatives such as the eradication
of smallpox and polio, ‘Stop TB,’ and the ‘3 by 5’ HIV/
AIDS initiative, gender issues were taken into consider-
ation more as an afterthought than as a central component
from the beginning. The ‘3 by 5’ initiative, which was
announced in January 2004, aimed to bring care and
treatment with antiretroviral therapy to at least 3million
people requiring AIDS treatment in developing countries
by the year 2005. While recognizing the importance of
reducing stigma against people living with HIV and the
need to focus on the most vulnerable populations such as
women, youth, men who have sex with men, sex workers,
migrants, and injecting drug users, the initiative was
undertaken in a way that was reminiscent of the vertical
approaches of PHC and polio eradication. While the
initiative helped to stimulate and improve the health
sector’s ability to provide comprehensive care to people
living with HIV who previously lacked access to treat-
ment, it fell far short of its numerical target, with only
around 1million new people under treatment at the end
of 2005. This has been attributed to the overly ambitious
target of ‘3 by 5’ as well as the insufficient resources
amassed to realize the goal. However, it was also due to
its failure to adequately involve the populations most
directly affected by HIV in the design and implementa-
tion of the initiative.

The United Nations Millennium Declaration, ratified
in September 2000, defined a set of measurable goals,
targets, and indicators to combat poverty, hunger, disease,
illiteracy, environmental degradation, and discrimination
against women. Popularly known as ‘Millennium Devel-
opment Goals’ (MDGs), six of which are health-related,
these have become the gold standard for development
programs in 2005. Gender is recognized as an important
determinant of development, and MDG 3 calls for an end
to educational disparities between girls and boys. WHO
(2003) has developed guidelines that can be used to
address gender issues in the health-related MDGs, in
order to ensure that gender considerations are not limited
only toMDG3. For example, the measurement ofMDG1,
which focuses on the eradication of poverty, should take
into account the differences in nutritional intake of girls
and boys in areas of the world where male children are
more valued and receive more nutritious food. Similarly,
to reach the target of halting and reversing the spread of
HIV/AIDS, included in MDG 6, gender issues, such as
the greater vulnerability of girls and women, and stigma
and discrimination based on sexual orientation must be
seriously addressed.
At the international level, attention to gender sensitiv-
ity in health sector policy, planning, and programming has
focused mostly on women and the need for their greater
involvement. There has been little attention to the role of
men, beyond a recognition of their key position in deci-
sion making. To be truly gender-sensitive and effective,
policies need to be revisited and analyzed from a broader
perspective that takes into account both men and women
within the context of their cultures, constraints, and
potentialities. This context itself must be open to chal-
lenge, and efforts are needed to redress inequalities and
harmful practices such as gender-based violence, forced
sex, and genital cutting.

The design of gender-sensitive health policies and
programs requires a change in philosophy at all levels of
the health sector, refocusing on the reduction of inequal-
ities and inequities between men and women in society,
including health inequities. It requires policies and pro-
grams that are grounded in evidence and based on sex-
disaggregated data and other indicators of differences
between men and women. It will require leaving behind
the male paradigm in health and illness and opening up a
new, more appropriate, gender paradigm.
Gender and National Health Policies, Planning,
and Programming

Gender-sensitive health policies, plans, and programs
include making women’s health a priority, fostering
decentralized decision making, and encouraging commu-
nity involvement. Health systems in most countries, both
industrialized and developing, model the power struc-
tures between men and women in other parts of society.
Human resource planning for the health sector in devel-
oping countries generally have not considered gender
issues. Standing (2000) notes that this is partly because
qualitative factors, such as who makes up the composition
of the workforce, are not considered. Women make up the
majority of health workers at the primary level, yet poli-
cies do not consider their specific needs or strengths. She
also notes that planners rarely include stakeholders in the
design of training and career development programs.

Decision makers within the medical hierarchy are
largely males in developing countries, and women and
communities affected by the initiatives are seldom
consulted from the outset. Women’s health programs, and
increasingly gender studies programs, are being incor-
porated into university health curricula. Nonetheless,
such programs are still mainly pursued by social scientists
and are not seen as a mandatory part of biomedical train-
ing. Changing the unequal gender hierarchy will require
a transformation in training and socialization of health
staff at all levels and the creation of opportunities for
women to advance to the highest positions in the health
sector. Such changes will facilitate the incorporation of
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women’s perspectives into health policies, planning, and
program development. Similarly, while consultation with
communities is a growing part of rolling out national
health programs, true participation in developing and
prioritizing programs and in assigning budgets and
resources is still far from the norm. Rather than promoting
a robust and politically conscious public health constitu-
ency, communities are placed in a purely reactive mode.

Conceptualizing health policies and programs from
a gender perspective also requires fundamental changes
in working environments, including the use of gender-
sensitive language and flexible working and opening
hours that are responsive to the needs of women and
other family members. For example, when facilities are
open only during the morning and early afternoon, it is
difficult for working mothers and fathers to visit them.
Purely because of structural impediments, it becomes
impossible for most men to visit the services for their
own problems or to take their children for attention,
thus hampering their participation in the provision of
health care for their families.

Mechanisms tomonitor and evaluate gender approaches
to policy setting and programming, though becoming
more prominent in the agendas of development agencies,
are still not widely available or utilized in developing
countries. While the raw data to permit such analyses
tend to be systematically collected by health services,
they are frequently difficult to access because they are
not stored appropriately, either physically or electroni-
cally. Where the information is required by health autho-
rities or other organizations, it is usually provided by
lower-level services but rarely analyzed or used by these
services themselves. Where the data are not required for
any special purpose, they tend to be left unanalyzed and
unused. As a result, there is a paucity of sex-disaggregated
information available in the majority of these settings.
Similarly, information on other determinants beyond sex,
which would make a gender analysis possible, is virtually
nonexistent. For example, in most countries of Latin
America and the Caribbean, where data tend to be of
relatively high quality compared to other developing
regions, sex- and age-disaggregated data by health indica-
tors are not readily available. A further problem is that the
data collected are not often used to inform local programs
that could most benefit from this information.

It is increasingly apparent that an understanding of
the epidemiology of disease and other health problems
requires an understanding of gender issues. In HIV/AIDS,
for instance, discerning the nature of the epidemic, and
the interventions needed to combat, requires the tracking
of emerging trends in vulnerable groups and in the gen-
eral population. The control strategy selected should
be based upon such information. For example, if the
epidemic is concentrated in vulnerable populations, pro-
grams and budgets will need to be targeted to those
populations, as well as to prevention for the larger popu-
lation. When the epidemic is generalized to the whole
population, a more balanced approach between preven-
tion and treatment is needed. Yet data on the epidemic in
terms of characteristics of populations affected, particu-
larly with respect to vulnerable groups, are usually too
limited to allow for evidence-based decisions concerning
appropriate strategies and programs for these groups.

The profound changes in work and management cul-
tures that are required to integrate gender issues into
national health systems will need commitment from man-
agers at the most senior levels and the assignment of
sufficient resources. Only with adequate funding can the
building blocks of new gender-sensitive programs, includ-
ing the revision of personnel and work policies and prac-
tices, operational research, and relevant training, be
effectively planned and implemented.
Gender and Health Services

The integration of gender into the design of health poli-
cies and programs is an essential first step in increasing
the gender sensitivity of health services. However, as is
frequently noted in the literature on quality of health care,
their translation into strategies and guidelines for imple-
mentation within health-care settings remains a challenge.
The reasons cited for this gap between programming and
implementation include the inexperience of the health
sector in the practical implications of incorporating gen-
der into programs and their failure to take into account
traditional differences in gender norms. Many studies
have demonstrated that the hierarchy in the health system,
where men are viewed as doctors and decision makers
and women as subordinates, reproduces itself at all levels
of the services. Hence, nurses may treat lower-level staff
in a condescending manner, and this pattern is perpetu-
ated in the way health workers behave with their clients,
especially poor women. Marks (1994) provided a detailed
review of these relationships, citing examples of domina-
tion and subordination linked to class, race, and gender
inequalities in the nursing field from England, the United
States, South Africa, and India. In all countries, female
health providers replicated dominant behavior, particu-
larly with female clients of lower social classes.

A variety of guidelines have been developed, including
principles and practical suggestions as to how to design
gender-sensitive programs, especially in the area of repro-
ductive health. Most of these guidelines have been spon-
sored and promoted by development organizations and
nongovernmental groups as useful tools for different
levels of health services. There is little evidence, however,
that these guidelines are widely adopted by health ser-
vices, and even less evidence of their impact on service
delivery and client satisfaction. A recent review of 25
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interventions by the Interagency Gender Working Group
and theWorld Health Organization (Feldman-Jacobs et al.,
2005), said to be the strongest evidence to date on the
impact of gender integration into reproductive health
interventions, found that the incorporation of a gender
perspective had positive results. For example, improve-
ments in women’s mobility and literacy, self-confidence
and self-esteem, and greater partner communication were
recorded. On the basis of qualitative and quantitative
evidence, the authors conclude that integrating gender
into reproductive health programs results in positive out-
comes through exploiting, accommodating, or transform-
ing gender inequities. Similarly, there is a growing body
of evidence that involving men in reproductive health
programs and other interventions produces improved
outcomes. Considerable work still remains to be done to
improve the availability of data to measure such outcomes
and to promote the use of scientifically based evaluation
methodologies.

Gender inequalities in the health services influence
the quality of data they generate, and hence the reporting
of epidemiological data and trends. In the absence of vital
registration data in many developing countries, hospital
statistics are used for surveillance purposes. However,
inferences from hospital data may be faulty because they
are based on a selective sample. For example, where men
tend to utilize hospital services more for terminal illness,
statistics on the prevalence of certain diseases may be
disproportionately skewed towards men. Several studies
from East Africa have found that women are underrepre-
sented in hospital data because of their greater economic
and social constraints in seeking medical care.

Research on gender and quality of health services has
focused mainly on reproductive health, where services are
necessarily different for men and women. It has noted that
health services for women tend to neglect women’s needs
beyond the reproductive ages. Even in the area of repro-
ductive health, gender plays an important role in deter-
mining women’s ability to seek treatment or make
decisions about their health. For example, women may
be more constrained than men by traditional beliefs and
family pressures. Young girls and boys generally lack
access to youth-friendly services to guide them through
important life changes that significantly impact their
health. While many special programs exist, there has
been very little analysis of the health-care needs and
adequacy of services for those outside the reproductive
years, such as youth, older women and men, and people of
different sexual orientations.

Evidence on gender differences in nonreproductive
health conditions indicates that males and females are
viewed and treated differently by health services, including
the specific treatment diagnosed and the way they are
counseled by health staff. Studies in industrialized countries
have found that technologies selected for the treatment
of the same disease often differ according to the sex of
the client. For instance, women with heart disease are less
likely to receive coronary bypass surgery or organ trans-
plants, and women more often die from their first heart
attack.

Gender stereotypes also affect providers’ perceptions
of health needs and how they frame their advice to clients.
Male providers tend to be more authoritative and to give
less attention to two-way communication than female
providers. Interestingly, female patients seem more likely
to consider that they received good care when the provider
engages in a dialogue with them, even independently of
the objective quality of attention received. Women are
more likely than men to be treated with psychotropic
drugs because of stereotyping of women as depressive.

Health workers, especially in poor developing countries,
are often unequipped to counsel clients about health
problems in a gender-sensitive way. The economic, social,
and psychological factors affecting health are not part of
the curricula of health providers in most developing
countries, and they are therefore not prepared to counsel
women on sensitive issues such as injuries resulting from
rape, violent attacks, unwanted pregnancies, psychologi-
cal problems, and HIV/AIDS. Similarly, many health pro-
fessionals find it difficult to speak frankly about sexual
issues and are unprepared to counsel people with non-
conventional sexual orientations. Such failures of the
health services inadvertently contribute to the spread of
infections such as sexually transmitted infections (STIs)
and HIV because people at high risk, such as men who
have sex with men, are generally unwilling to seek assis-
tance from health services that they view as unresponsive
to their needs. In several studies, providers admitted that
they covered up for their lack of ability to respond to
clients’ needs by closing off communication or blaming
clients for causing their own problems. In other research,
health workers admitted that they provide better care and
information to well-dressed women or to women whom
they sense are better informed and educated.
Gender and Health Status

Just as gender plays an important role in health policies,
programs, and services, it also affects health status and the
experience of health and illness at the individual level. In
other words, gender is both a determinant of health,
resulting in improved or worsening health status, and a
consequence, in terms of how individuals experience
health and illness. In this section, gender is addressed
from the perspective of individual health status determi-
nants and in the following section, from the perspective of
health status consequences.



Gender in Health and Illness 31
Universally, women live longer than men, but the
gender gap is greatest in industrialized societies where
women outlive men by about seven years, on average.
As they age, men and women suffer from similar types
of illnesses. Whereas men tend to suffer from acute ill-
nesses for relatively short periods before they die, women
live longer lives, marked by chronic non-life-threatening
disabilities that can greatly affect their quality of life. For
example, osteoporosis, due to a natural decline in bone
density after menopause, affects mainly women.

Gender differences in the biological determinants
of health and illness include factors influencing genetic
vulnerability to certain infections and conditions, hor-
monal and reproductive characteristics, and physiological
changes over the life cycle. Gender affects how health
problems are viewed, how priorities are established, and
why it is necessary to question and challenge tradi-
tional biological explanations. For example, although
women’s biological vulnerability to HIV is greater than
men’s, gender norms place men, whether heterosexual,
bisexual, or homosexual, at considerable risk. Bisexual
and homosexual men have high rates of partner change,
increasing their vulnerability. Sex between men fre-
quently involves anal intercourse, which puts both part-
ners, especially the receptive partner, at high risk.

Studies of gender differences in health status in later life
have mostly been conducted in industrialized countries.
For example, a study of 14 000 men and women aged
60 and above living in their homes in Britain examined
self-assessed health to test the validity of the common
assumption that women overreport morbidity. There
was little gender difference in self-assessed morbidity
once class, income, age, and level of functional disability
were taken into account. In fact, multivariate analysis
indicated that, when the greater functional disability of
older women was included, older women reported less
poor health than older men (Arber and Cooper, 1999).
Gender differences were also found in living arrange-
ments for people living with severe disabilities. Half of
these older women lived alone, compared to one-quarter
of older men. Most men with severe or moderate disabil-
ity lived with their spouses and received care from them,
whereas most women had to rely on help from outsiders.

A study of around 12 000 households in South Korea
found that among women and men aged 60 and older,
women’s health was generally worse, and these differences
remained strong after controlling for socioeconomic status.
Being educated was the most important determinant of
women’s health outcomes, while the husband’s educa-
tion had little or no impact on women’s health. How-
ever, the wife’s socioeconomic status and education was
an important determinant of men’s health. The link
between women’s caring role and their husbands’ health
may explain this relationship. The efficacy of women’s
health-promoting role within the family may depend on
their education and knowledge.

These findings, from both industrialized and develop-
ing countries, illustrate the importance of reexamining
common gender-based assumptions and of ensuring that
comparisons between men and women are based on simi-
lar socioeconomic and demographic groups. Moreover,
gender relations and their impact on biological factors
are changing as women increasingly assume positions
traditionally occupied by men and vice versa.

Gender research has focused on the near-universal
subordination of women by men, resulting in a sharp
distinction between men’s and women’s roles and their
separate assignment to domestic and public spheres. In
most cultures productive and reproductive activities are
valued differently. Generally, earning an income brings
greater autonomy, decision-making power, and respect
in society. Men’s greater involvement in the paid labor
force and their higher earnings mean that they enjoy
more autonomy and higher social status. Socioeconomic
factors such as poverty or lack of schooling strongly affect
health status. The positive relationship between mothers’
education and the survival of their children is well-
documented. Gender inequality from infancy can lead to
a whole life cycle of disadvantage and malnutrition for
women and girls, and intergenerational transmission of ill
health and poverty through the undernourishment and
overwork of pregnant or lactating women.

Health status is also affected by household power rela-
tions. Several studies have found that female decision-
making power is strongly associated with improved health
and nutritional status, not only for women but also their
children. Yet in most developing countries, men make
decisions about the production, sale, and purchase of
food and may opt to sell food for beer or luxuries. On the
other hand, women tend to be the focus of nutritional
education and information about food preparation.
Research in the area of gender and nutrition has demon-
strated that changing the focus of nutritional interventions
to include both men and women can positively affect the
family’s food consumption patterns, and hence nutrition.

The ability to take preventive actions depends on
gender roles in many ways. For example, women who
are dependent on husbands or others may be exploited
sexually and may feel that they have little recourse to help
of any kind. Studies of the prevalence of forced sex in both
developing and industrialized countries have found that
poor women and those who are economically dependent
upon their partners report a history of sexual coercion
more frequently than others, putting them at greater risk
of STI and HIV. For example, in a study of women in rural
Haiti who accessed services at a clinic in the Central
Plateau, 54% reported being subject to forced sex
(Smith Fawzi et al., 2005). Those who said they had to
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have sex to provide for their children were 3.5 times more
likely to have experienced forced sex. These women were
also more likely to have an unplanned pregnancy and a
history of STI. The authors concluded that gender
inequality, combined with acute poverty, severely limited
women’s ability to take preventive actions and placed
them at significant risk of STI and HIV.

Gender interacts with both economic and social factors
in determining the health-seeking behavior and health
actions at the household and community levels. Many
studies, especially in South Asia, have found significant
differences in how parents care for male and female
children when they are ill. Boys are more likely to be
seen by a modern health provider, whereas girls are
more often treated at home or by traditional healers.
Boys tend to be taken to health facilities earlier in the
illness, and parents are more willing to pay for the care of
sons. Many practices, such as female genital cutting,
deemed a necessary rite of passage for girls in some
countries in Africa, the Middle East, and parts of East
Asia, are extremely harmful to women’s health. Ironically,
this practice is strongly upheld by older women in com-
munities where it is prevalent.

On the other hand, traditional norms can also be pro-
tective for females.Womenwho take up smoking in South-
east Asia, for example, are far fewer than men, because
smoking is widely seen as inappropriate for them. Some
tropical diseases affect men more severely because they
are exposed to vectors during their work in the forest or
fields.

Gender plays an important role in determining healthy
or unhealthy lifestyles. For instance, males are more
likely than women to suffer from accidents and injuries,
including self-directed violence and suicide; on average,
there are threemale suicides for every female suicideworld-
wide.Males aremore prone to risk taking, such as dangerous
driving leading to road accidents. Gender differences in
socialization perpetuate the association between masculin-
ity and risk taking. For example, risky behavior among
adolescent motorcyclists has been linked to the need to
assert gender identity and to cope with psychological stress.

Gender differences in risk taking seem to have some
basis in biological differences. Highly assertive, dangerous
behavior among men, including aggressiveness, anger, and
physical violence, are exacerbated in Western cultures by
gender-role socialization portraying men as risk takers
and thrill seekers, and as protectors and defenders of
women and children. Women’s nurturing and supporting
roles are equally reinforced by social norms. Biological
differences can also be suppressed by social factors. For
example, boys can be socialized in childhood to suppress
violent or angry behavior and to adopt supportive and
nurturing roles. Women’s vulnerability to lifestyle-related
illnesses such as stress is growing as they increasingly
enter high-pressure jobs.
Gender Differences in the Experience of
Health and Illness

The evidence on gender differences in the experience of
health and illness is far from conclusive, due partly to the
paucity of research in this area as well as to a lack of
definition of what constitutes this experience. However, a
considerable amount of information is available on aspects
of these relationships, including differences in the support
received from others when men and women are ill, the
roles of family members, recovery time, responses to stig-
matizing diseases, health-seeking behavior, and how men
and women are treated by health services.

Several studies have found gender disparities in the
social support received by family members during illness.
In India, for example, support from the family is an
important determinant of early diagnosis and treatment
of leprosy and tuberculosis. Household heads, whether
male or female, tend to initiate treatment early and cope
better with the disease. This indicates that autonomy
within the family is an important factor in how illness is
experienced. Research has found that the support of fam-
ily members or close friends can give patients the confi-
dence to seek and adhere to the full course of treatment.
This support is a key element of many successful HIVand
tuberculosis treatment programs. However, families may
also have a negative influence, such as encouraging
patients to seek help from traditional healers and hence
to deny or delay access to effective interventions.

The roles of men and women can affect their experi-
ence of health and illness. Women’s role, as the major
caregivers in the household, can be detrimental to their
ability to fully recover from an illness. According to a
limited number of studies on recovery times of men and
women, poor women in developing countries tend to take
longer than men to convalesce because they return to
work before they have completely recuperated. When
men are ill, others encourage them to seek medical help,
as a result of which they are more likely to be appropri-
ately diagnosed and treated. They also receive greater
care from wives and others and are not expected to go
back to work until they are better. Women often substitute
for their husbands in agricultural work when men are ill,
but husbands rarely substitute for their wives, and only
essential duties are assumed by other family members.
Those owning small businesses lose income necessary
for daily survival, and many have to use their scarce
resources for medicines and other health-related costs.
When women recover, they are faced with many pending
chores in addition to their normal work.

Women’s lower social status influences how society
responds when they are affected by stigmatizing illnesses
such as HIV/AIDS, leprosy, tuberculosis, and mental
illness. Reports from Africa and Asia have noted that
men, at the time of diagnosis of HIV, are less ready to
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acknowledge that they are infected and less likely to
support one another and look for help from family or
friends. However, when men become ill they typically
receive more care and support from their families than
women. The fact that illness prevents women from
continuing to perform their caregiving roles adds to
their marginalization and the feeling of being rejected
from society. Studies of gender and diseases such as lep-
rosy, tuberculosis, or onchocercal skin disease have found
that both men and women are concerned about physical
symptoms such as impact on their appearance, but that
women are more anxious about the way they will be
treated by society. As a result, they wait longer than men
before telling others or seeking health care.

There have been many studies of gender differences in
the use of health services, especially in industrialized
countries, where it seems clear that women consult ser-
vices more than men. Some researchers have argued that
this difference can be explained by differences in sociali-
zation, knowledge, sensitivity to symptoms, and health
status. For example, women may have more chronic con-
ditions than men, requiring more constant care. Others
have argued that women’s caregiving roles within the
family make them more interested in health and more
sensitive to symptoms, and that their recall of symptoms is
more accurate than men’s.

In order to test these relationships, data from a longi-
tudinal household study of the same individuals in the
United States over a 22-year period were analyzed by
Green and Pope (1999). They found that female sex
and age were consistent predictors of higher health-care
use over the study period, and that baseline self-reported
health status and symptoms, as well as reported health-
related concerns and behavior, were the only other signif-
icant predictors of utilization. Health knowledge and
interest were not significant predictors of use. The
authors conclude that interventions targeted at attitudes
and behavior would be more likely to affect health-
seeking behavior than interventions aimed at increasing
people’s technical knowledge about health and illness.
They also note that research is needed on how gender
affects the appropriateness of health-care choices, in
order to better target the use of preventive and cost-
effective services.

Studies on gender and health-seeking behavior in
developing countries generally agree that women are less
likely than men to visit health facilities for their own
problems, and that they prefer to go to traditional healers
or community shops. Nonetheless, women are more fre-
quent users of rural health clinics for their children. The
reasons that women often go to traditional healers for their
own health problems may stem from the fact that they are
less able than men to pay for services, and that traditional
healers are more likely to accept payment in kind. Other
reasons may include the easier accessibility of traditional
healers and the fact that the explanations they give are
more in keeping with women’s daily experiences (Allotey
and Gyapong, 2005). Unfortunately, traditional healers
can prescribe treatment that is ineffective or even harmful,
and as a result women often seek medical care late, after
their illness has become more severe.

As previously noted, studies on how clients are
counseled at health services in developing countries
have found that women are often treated in an inferior
way and sometimes blamed for going late or for not taking
their children for regular immunizations or checkups.
This exacerbates women’s reluctance to access health
care, even when other access barriers are removed. Insen-
sitive treatment by health personnel is also a problem in
developed countries, but in these countries women have
more options for restitution.

A gender perspective in the development of medica-
tions and technologies is also important for women’s and
men’s experience of health and illness. For example, the
needs of men with nontraditional sexual orientations, such
as those who are bisexual or gay, have not been adequately
taken into account in the design of condoms. Condoms
continue to be designed for traditional male–female rela-
tionships and are not appropriate for men who have sex
with men. Some male couples rely on the female condom
for the receiving partner because a more appropriate
protective device is lacking. Given that men who have
sex with men, including bisexuals, constitute a high risk
group for STI and HIV, it is urgent that new technologies
be developed to protect such men and their partners.

The exclusion of women from clinical trials, while no
longer true in more developed countries, is still the norm
in developing countries, despite the rapid growth of
chronic, noncommunicable diseases in these countries.
This lack of sensitivity to gender differences can have
negative consequences for women’s experience of illness,
and can mean that they are improperly diagnosed and
treated. Moreover, the interactions between women’s
reproductive cycles, contraception, and the use of other
medicines such as anti-malarial medicines have received
very little attention.
Conclusion

Gender affects how health problems are viewed, how
priorities are established, and why it is necessary to chal-
lenge traditional biological explanations. In this article, it
has been argued that a gender perspective is essential to
understanding the dimensions of health, including health
policies and planning, health services, health status, and
the experience of health and illness. In the conceptualiza-
tion of most global health initiatives gender has been
generally omitted and though, in most cases, it has received
some acknowledgment at a later stage, it has never been
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central to these programs. National health policies, plans,
and programs, especially in developing countries, have been
even less gender-sensitive. Several examples were cited to
illustrate that incorporating a gender perspective from the
beginning could contribute significantly to their success.

In the area of health services, most of the evidence has
focused on the quality of reproductive health care for
women. Considering the need for comprehensive services
for men and women of all ages, the article identified
important gaps in quality in both developing and indus-
trialized countries, and the need for greater application of
gender-sensitive policies, more flexibility in the way ser-
vices are delivered, greater creativity in the design of
practical training curricula, improvements in health infor-
mation systems, and ongoing monitoring and evaluation
of services.

Health status and the experience of health is, to some
extent, a result of the public health environment. For
the most part, health policies, plans, and programs deter-
mine the characteristics and quality of health services, and
these in turn at least partially determine the health status
of the population served. There is considerable evidence
that the hierarchical and rigid nature of health services
negatively affects people’s care-seeking behavior and con-
strains these services from delivering the quality of care
that could be offered. On the positive side, several studies
report affirmative gains in health status where gender-
sensitive services are provided, including the participa-
tion of men.

The research cited in this article reveals that the expe-
rience of health and illness is also determined by gender
in terms of family support, length of illness and recovery,
the stigma associated with certain illnesses, use of health
services, and how illness is diagnosed and treated. The
caregiving role of women is often taken for granted, and
women are expected to cope better with illness than men.
Men’s income-earning role is more greatly valued by
society, with the result that they are better cared for
when they are sick and, consequently, recover more
quickly. Nonetheless, women generally live longer and
suffer longer from chronic illnesses than men, who tend
to die earlier from acute illnesses. Hence, interventions to
empower both women and men in understanding basic
principles of health and nutrition, and the actions they can
take to prevent and treat illness, are key to positive health
outcomes.

Research on gender and health is rapidly expanding,
especially in industrialized countries. Clearly, integrating
gender into the study of health and illness at various levels
can greatly enhance understanding of important risk fac-
tors and responses, as well as sensitivity to a wider range
of possible interactions. It can also contribute to the
prevention of illness and the mitigation of negative health
outcomes. However, as this article indicates, the literature
in this field lacks a comprehensive conceptual framework
into which individual studies can be integrated. Hence,
there is a growing body of evidence that gender has an
important impact on various dimensions of health and
illness, as indicated in this article, but it is difficult to
move beyond a compilation of findings that repeat the
same observations for different diseases or conditions. For
example, similar results are obtained in the experience of
stigma for diseases such as leprosy, tuberculosis, mental
illness, and HIV/AIDS.

Moreover, there has been very little systematic research
on gender differences within different ethnic, social, and
economic groups in either industrialized or developing
countries. An authentic gender analysis requires an exhaus-
tive investigation of these interactions that go well beyond
sex differences. Further examination of existing research
and gaps in current knowledge is required in order to
continue to make real progress in this field, especially
with regard to how a gender perspective can enhance exist-
ing health promotion approaches and contribute meaning-
fully to improved health outcomes and quality of life.
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Introduction

Genetic engineering comprises multiple techniques for
the intentional manipulation of genetic material (primar-
ily deoxyribonucleic acid, or DNA) to alter, repair, or
enhance form or function. Recombinant DNA technolo-
gies, developed in the latter half of the twentieth century,
include the chemical splicing (recombination) of different
strands of DNA generally using either bacteria (such as
Escherichia coli) or bacteriophages (viruses that infect bac-
teria, such as l phage), or by direct microinjection. In
recent years, these traditional tools have been supplemen-
ted by new techniques to design and build – literally, to
engineer – novel life forms, generally referred to as syn-
thetic biology.

Genetic engineering, writ large, raises a number of
significant ethical issues. In agriculture, for instance, ethi-
cists have highlighted potential human health hazards
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associated with genetically modified crops and livestock,
as well as normative concerns about the treatment of
animals and the ecological consequences of genetic engi-
neering. In medicine, there has been significant ethical
controversy about the putative distinction between proto-
cols meant to restore function and those meant to enhance
function beyond species-typical norms. Additionally, ethi-
cists have attended to the potential human health risks
associated with germ-line genetic engineering, as distinct
from somatic genetic engineering. Finally, in the context of
reproduction, ethicists have argued that genetic engineer-
ing raises ethical issues involving the screening and
manipulation of embryos to eliminate or introduce various
medical and/or cosmetic characteristics.

In relation to public health specifically, genetic engi-
neering raises additional ethical issues concerning not
only the potential societal consequences of genetic engi-
neering, but also the wisdom of genetic manipulation of
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plants, animals, and humans. In pursuit of the goals of
health promotion and illness prevention, public health
initiatives have traditionally sought to improve sanitation,
ensure the availability of clean water, and identify the
source of, and develop vaccines for, infectious disease.
But with the development of genetic engineering techni-
ques and the sequencing of the genomes of plants and
animals (including humans), the scope of possible public
health interventions has increased dramatically – but so
too have the threats to public health.
Applications of Genetic Engineering

Genetically engineered DNA may come from any source
(e.g., bacteria, plants, animals) or be synthesized de novo,
and may be put to use in a variety of domains, such as
agriculture, medical science, and environmental manage-
ment. While these domains are not entirely discrete, they
are useful for identifying the ethical and public health
dimensions of genetic engineering.
Agriculture

The most familiar form of genetic engineering is in agri-
culture, where scientists have attempted to improve upon
selective breeding as a means to predict and control the
characteristics of generations of crops and animals. Classic
examples include the development of pesticide-resistant
cotton crops and higher-yield dairy cows. As well, crops
and animals may be genetically engineered to make other
socially and industrially useful products, such as rice that
produces beta-carotene (which enables those who con-
sume it to generate vitamin A, as vitamin A deficiency is a
serious global health concern), and transgenic goats who
produce spider silk in their milk. Public acceptance of
agricultural biotechnology varies on a global scale, and
there is persistent controversy in some jurisdictions (espe-
cially the European Union) over the introduction of
genetically modified crops and animals. The central ethi-
cal issues concern the potential for environmental and
human harm should genetically engineered crops or live-
stock not be properly controlled or contained, as well as
worries about animal welfare and the integrity or sanctity
of nature.
Environmental Management

One of the first patents on a biological life form was filed
by Ananda M. Chakrabarty in 1972 and upheld in 1980 by
the United States Supreme Court. Chakrabarty used basic
gene transfer techniques to create a microorganism with
the capacity to break down crude oil; at the time, it was
thought that such a genetically modified microorganism
might be useful in eating up oil spills (to date, however,
engineering microbes to this end has not produced wide-
spread results). More recently, scientists have developed
plants for bioremediation (sometimes referred to as phy-
toremediation). Phytoremediation is a strategy for elim-
inating or neutralizing environmental pollutants, whether
by exploiting plants’ natural properties in environmental
management regimes, or by breeding or engineering
plants with enhanced or novel properties. For instance,
plants may be engineered to function as magnets for
heavy metals in soil and water, or with enzymes that
increase the capacity for biodegradation. Though these
genetic engineering strategies to achieve public health
aims are possibly beneficial (in providing for a healthy
environment capable of sustaining healthy lives), they do
not address the persistent concern that genetic engineer-
ing may be environmentally toxic and so hazardous to the
health of populations (Davison, 2005).
Medical Science

There are multiple medical applications of genetic engi-
neering. In drug discovery, for example, genetic engineer-
ing is useful for the synthesis of new therapeutic agents, as
well as the development and refinement of novel techni-
ques to reliably produce those agents. Examples of the
latter include the use of plants as mini-factories for pro-
ducing pharmaceuticals and vaccines. Another route to
health-related outcomes may be the purposeful alteration
or addition of DNA in patients with genetic disease, using
gene transfer technology. Gene transfer involves the iso-
lation and packaging of normal DNA and its insertion into
target cells in order for these cells to produce a protein
that is missing because of a gene defect (where the missing
protein is responsible for the disease process). The public
health impact of somatic cell gene transfer comes with the
survival, health, and potential reproductive ability of
patients who would otherwise have died, have lived seri-
ously disabled lives, and perhaps never have reproduced.
More dramatic public health impacts are imagined with
intentional (as contrasted with inadvertent) germ line
gene transfer where the genetic manipulation/interven-
tion is heritable (and so not limited to the patient who
receives gene transfer). The prospect of controlling the
germ line is both tantalizing and fearful, and some would
argue inevitable – given current, relatively crude, widely
endorsed practices in reproductive medicine, where pro-
spective parents are encouraged to make reproductive
choices to control for genetic contributions to disease
and disability by creating healthy embryos. This may
involve choices about the use of gamete donors (ova or
sperm from persons without genetic disease), the selec-
tion of embryos for transfer following preimplantation
genetic diagnosis, and (eventually) even the genetic or
environmental manipulation of embryos to correct for
mutations or to enhance normal capacities. In addition



Genetic Engineering 37
to concerns about eugenics and enhancement, ethical
issues regarding fairness (equitable access) and equality
of opportunity abound, particularly if we imagine that
only the privileged among us will be able to enhance
their immune system, their memory, or their physical
prowess, and thereby secure certain competitive and posi-
tional advantages (Buchanan et al., 2000).
Public Health Ethics

There are many potential public health benefits of genetic
engineering. Consider, for example, the use of phytore-
mediation to facilitate environmental clean-up, and the
production and distribution of plant-made vaccines to
improve resistance to such infectious diseases as measles,
mumps, and hepatitis B that remain endemic in the devel-
oping world. Given the health burden imposed by toxic
environments and the persistence of infectious diseases,
such feats of genetic engineering would be important to
advancing public health both locally and globally. And yet
even in these domains where public health is the goal of
genetic engineering, ethical concerns remain. In particu-
lar, there are worries about the just distribution of the
benefits of these technologies so as to reduce (or, at least,
so as not to increase) health inequities within and between
societies, and also about the risk that genetic engineering
will draw attention away from tried-and-true public
health interventions that may yield more important and
lasting benefits for the health of populations (such as clean
water and improved sanitation).

An additional ethical issue concerns the potential
malevolent use of technologies developed for positive or
benign purposes. Consider that knowledge of influenza
genome sequences may be used to tailor perfectly adapted
vaccines, but may also be used to engineer more virulent
strains of influenza. Each of these possible scenarios
would have a significant impact on the health of whole
populations. Moreover, the use of chemical and biological
weapons (such as the release of sarin gas in the Tokyo
subway in 1995 and the circulation of anthrax-laced
packages via the United States Postal Service in 2001)
has raised significant biosecurity concerns that may be
exacerbated by genetic engineering. Just as genetic engi-
neering may be used to promote public health and safety
in the face of bioterror threats, it may also be used to
synthesize new biowarfare agents or even to weaponize
zoonotic infections.

In addition to concerns about health inequities and
the dual-use of genetic engineering, there are a number of
serious health and safety concerns (summarized inTable 1).
Beginning with the recombinant DNA controversy in the
1970s, which culminated with a temporary moratorium on
this research negotiated at Asilomar (Krimsky, 1982), health
and safety issues have been of central concern in ongoing
public debates about genetic engineering: Will it be possi-
ble to contain genetically engineered bacteria and viruses
in the laboratory? Will it be possible to precisely control
the behavior of genetically modified materials in vivo?
While appropriate regulations may manage the threat of
containment breaches (as with biohazardous research in
general), it will always be difficult to fully control DNA in
development, especially in humans and other complex
animals. From a public health perspective, since the
results of human genetic engineering protocols may be
more or less permanent, either restricted to a single gen-
eration or intended to be intergenerationally heritable,
there may be long-term risks for human health that are
difficult to quantify and assess. Additionally, there is con-
siderable concern about the prospect of zoonosis, whereby
a disease is transmitted to a human from a nonhuman
animal. Given the evidence that human immunodefi-
ciency virus (HIV) began as a zoonotic infection, and
given contemporary worries about avian influenza, the
prospect of introducing or promoting zoonotic infections
is decidedly unwelcome.

Health and safety concerns often warrant a precaution-
ary approach, whereby the development of a technology
is slowed until the risk issues are resolved one way or the
other. But attention to the potential risks of a technology
fails to acknowledge a wide range of other ethical and
societal considerations that cannot be addressed by a
precautionary approach. Table 1 summarizes additional
ethical concerns associated with genetic engineering,
including concerns about hubris, the integrity of nature,
animal welfare, and human eugenics and enhancement.
Conclusion

In summary, genetic engineering poses both potential
benefits as well as potential risks to public health. In the
domains of agriculture, environmental management, and
medicine, the public health implications of genetic engi-
neering are complex, both scientifically and ethically.
While genetic engineering may help to promote health
and prevent illness by increasing the quality and quantity
of food, by cleaning up toxic environments, and by alle-
viating human health problems into the future, it may also
threaten human health by compromising the food supply,
by negatively affecting other aspects of local and more
global ecosystems, or by introducing new health problems
as a function of genetic manipulation of humans and other
organisms. These risk and benefit issues are important,
but so too are less consequentialist ethical considerations
that focus on equity and justice, research priority setting
and opportunity costs, dual use of beneficial technologies,
the social implications of human eugenics and enhance-
ment, animal welfare, the sanctity of nature, and scientific
hubris.



Table 1 A partial inventory of public health ethical concerns associated with genetic engineering

Equitable access to benefits Genetic engineering risks widening the gap between haves and have-nots both within the
developed world and between the developed and developing worlds

Research priorities and opportunity

costs

Genetic engineering research is expensive, is often driven by a corporate or military agenda, and

in some cases may yield health benefits out of proportion to global health needs. The goals

and priorities of such research must be subjected to ethical evaluation, especially given the
likelihood that other public health interventions may yield more important and lasting

alterations in social and physical determinants of the health of populations

Dual-use of genetic engineering Genetic engineering technologies designed for beneficial or benign purposes may be perverted

toward malignant ends, such as the development of new biowarfare agents
Health and safety risks
Environmental impact

(containment, biodiversity)

Genetically engineered organisms may negatively impact the environment in the event of an

uncontrolled spread; genetic engineering may also represent a potential threat to biodiversity
resultant from intentional direct manipulation of genetic material

Health impact (unpredictability) Genetic engineering of complex organisms may be unpredictable owing to the intricacies of

organismal development; hence, it may be difficult to control the behavior of DNA constructs.

Moreover, experience with direct genetic modification is relatively recent, and long-term risks
cannot as yet be assessed

Zoonosis Genetic engineering that involves crossing species boundaries generates the risk of zoonotic

infection: The transmission of a disease from a nonhuman animal to a human host

Other ethical concerns
Human eugenics and

enhancement

Genetic engineering is inherently directed toward particular goals, including the elimination of

certain phenotypes and the promotion of others. There is a disability rights critique of such

research on the grounds that it embodies able-ism – eugenic discrimination based on physical

or mental capacities. Additionally, there are concerns about enhancement of humans beyond
species-typical norms, potentially resulting in fundamental changes in human nature

Animal welfare Genetic engineering technologies are often initially tested in nonhuman animals, from mice to

nonhuman primates. Generic animal welfare considerations apply, as do new concerns about
the significance of possible changes wrought by genetic engineering. The latter would include

concerns about the humanization of nonhuman animals

Sanctity/integrity of nature Genetic engineering, whether by modifying the DNA of extant creatures or by designing novel

creatures, is in violation of a religious world view according to which all of nature consists in
God’s creatures, each worthy of reverence in its own right. From a secular perspective, similar

concerns abound regarding transgressing the intactness or continuity of the natural world

Playing God Genetic engineering, according to some, is literally God’s work. From a religious perspective, the

objection is to usurping God’s authority. From a secular perspective, the concern is with
hubris: humans are limited beings and do not have the requisite capacity to engineer wisely
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See also: Ethics of Screening; Foundations in Public

Health Law; New Technologies: Ethics of Genomics;

Reproductive Ethics: New Reproductive Technologies;

Resource Allocation: Justice and Resource Allocation in

Public Health; Vaccines, Historical.
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M A B

A and B are the alleles (variant sequences of
DNA) found at locus (location) M

AA and BB (described as homozygous)
genotypes would also be possible

The genotype (set of alleles) at locus M is
AB (described as heterozygous − different
alleles on each chromosome)

Figure 1 Schematic of a pair of chromosomes, with an
explanation of some fundamental concepts.
Introduction

It is clear that genetic factors are an important determinant
of most if not all human diseases and thus investigation of
these factors should be an essential element of any epide-
miological studyof disease causation or variations in disease
frequency. Familiarity with research strategies in genetic
epidemiology should therefore be a requirement in the
training of all epidemiologists and clinical scientists study-
ing disease mechanisms. Although the ability to study spe-
cific genetic factors directly is relatively recent, the advances
in the Human Genome Project and related genetic labora-
tory methods now mean that it is possible to measure these
factors with considerably greater precision and validity and
less expense than for most environmental exposures.

By understanding the basic mechanisms of physiologi-
cal pathways and pathological processes implicated in
disease etiology through the identification of genetic fac-
tors underlying these processes, it is hoped that new
treatments and disease prevention strategies will be devel-
oped. A secondary aim is to identify increased genetic
susceptibility within individuals where this risk has been
shown to be reversible through genetic manipulation or
amenable to reduction by some other intervention.

Khoury et al. (1993) have suggested a hierarchy of
research hypotheses in genetic epidemiology, addressing
questions such as:

. Does the disease cluster in families?

. Is the clustering due to genetic or environmental factors?

. If there is evidence for a genetic factor, can a specific
mode of inheritance be identified?

. Can the genetic risk factor be identified?

. Can the risk of disease associated with the genetic risk
factor be quantified?
. Do environmental factors modify the expression of the
genetic factor?

In the following sections, we consider how we may
attempt to provide answers to these questions. For those
readers unfamiliar with basic genetics, Figure 1 provides
a schematic of a pair of chromosomes in order to define
some key genetic concepts and Table 1 provides a glos-
sary of some other commonly used terms.
Research Strategies

Currently little is known about the genetic architecture
underlying complex diseases. This makes it difficult to
be certain which approach is likely to be the most
successful in identifying genetic factors. Important issues
include:



Table 1 Glossary of some genetics terminology

Term Definition

Complex disease A condition thought to result from a
mixture of genetic and

environmental risk factors, rather

than a mutation in a single gene

(a Mendelian disorder)
Gene A sequence of DNA responsible for

coding protein structures

Genome An organism’s complete sequence of

DNA, contained within one full
chromosomal set

Haplotype The set of alleles present on a single

chromosome at two or more loci
that are physically close (linked) to

each other

Linkage disequilibrium Association between the alleles of two

different loci at a population level
that results from the loci being

physically close (allowing the same

genetic material to be inherited

intact in successive generations)
Marker A sequence of DNA (that may or may

not be a gene) that is identifiable by

molecular biological techniques and
thus has a known position within the

genome

Meioses Cell divisions within germ cells that

result in offspring with random
assortments of parental DNA

Pedigree A collection of genetically related

individuals, most often an extended

family group
Phenotype An observable manifestation (such as

a physical measurement or a

disease state) of the action of one or
more genes. Sometimes referred to

as a trait

Population

stratification

A form of confounding: varying rates

of disease and allele frequencies
within subgroups of the population

induce a disease–marker

association at the level of the whole

population
Single nucleotide

polymorphism (SNP)

A locus at which the DNA sequence

between individuals will differ by

only one base pair but may still

function as a marker
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. Number of loci involved: Animal models suggest
that the genetic basis of many complex diseases and
traits is polygenic (many genes with small effects) rather
than oligogenic (a small number of genes with large
effects).

. Genetic diversity: Experience from published stud-
ies of Mendelian disorders and monogenic forms of
complex disease suggests that extreme locus and allelic
heterogeneity is the rule. There are few data on locus
and allelic complexity in common disorders, although
most published examples show substantial heterogeneity.
. Frequency of variants: Most variation in the human
genome is considered to be due to common alleles (pres-
ent at a minor allele frequency of >1%). Less frequent
variants include the primary causes of the rare, Mendelian
genetic diseases. Common variants may contribute signif-
icantly to genetic risk for common diseases (common
variant–common disease hypothesis). The alternative,
common disease–rare variant hypothesis holds that late-
onset diseases are due to large numbers of rare variants at
many loci with the contribution of most individual var-
iants being very small (perhaps too small to further our
understanding of disease).

. Heterogeneity in gene expression and due to inter-
actions: Other levels of complexity include heteroge-
neity in expression patterns of different alleles in the
same gene and the presence of gene–gene and gene–en-
vironment interaction effects. These issues are important
since most current statistical methods are based on an
oligogenic model of complex disease, with a single risk
allele in each gene.

Some consideration of these issues is important in
selecting the most appropriate study design. For example,
substantial allelic heterogeneity considerably reduces the
power of association methods and favors family-based
association or linkage approaches. Since the genetic archi-
tecture of complex diseases is largely unknown, it is
important that the selected analytic methods are robust
and perform well under a variety of models.

A further important consideration is the choice of
study population in order to minimize the effects of
environmental or lifestyle and cultural factors, so as to
maximize genetic effects and the relationshipx between
the genetic markers and disease phenotypes under study.
First Step: Detecting the Influence of
Genes

Genetic epidemiology requires a substantial commitment
of time and resources, so that it is important first to show a
clear influence of genetic factors on variation in a com-
plex trait or on disease frequency. Subsequently, these
data can be used to estimate the size of the genetic
contribution to disease susceptibility. Evidence suggestive
of a genetic influence can be found in the presence of
genetic syndromes, e.g., familial polyposis coli leading to
colon cancer, or from animal models of disease shown to
have a clear genetic basis. More quantitative estimates of
genetic contribution are typically obtained from family
studies by analysis of pedigrees. Family history informa-
tion is of limited utility for estimating familial aggrega-
tion. However, two specific measurements are useful:

. Lambda sib (ls) describes the increase in risk of
disease in a sibling of an affected individual compared to
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the general population risk. It provides a summary of
evidence for genetic factors in complex disease and is an
important determinant of power. Note, however, that its
value could also be due in part to shared environmental
exposure, that ls relates to the total genetic effect and not
of individual factors, and that results are specific to a
given population with a particular pattern of environmen-
tal exposure.

. Heritability is defined as the proportion of disease
variation directly attributable to genetic differences
among individuals relative to the total variation in the
population (genetic and nongenetic). As above, the esti-
mate is always population-specific.

More definitive evidence can be found in twin and
adoption studies. Studies of disease or trait value concor-
dance rates in twins provide an alternative estimate of the
size of the genetic component that is less confounded by
environment. Evidence in favor of the importance of
genetic variants is given by:

. high level of monozygotic twin concordance;

. monozygotic twin greater than same sex dizygotic twin
concordance (both affected or unaffected by disease);

. monozygotic twin concordance same when twins
reared apart.

Evidence from these studies is, however, limited by
ascertainment bias: Concordant monozygotic twins are
more likely to self-refer or to be referred by a doctor
and monozygotic twins are likely to experience more
similar environmental factors than dizygotic twins.

Adoption studies are able to estimate separately
genetic and environmental contributions to disease risk
by comparing disease rates in true parents of affected
and nonaffected adopted children (who share genetics,
but not environment) or disease rates in the adopted
children of affected and nonaffected true parents (who
share environment but not genetics), which allows an
estimate of heritability to be made. However, there are
limited opportunities to conduct these studies and the
utility of the results is limited by small numbers, selec-
tion biases, and problems in determining true parental
status.
Second Step: Gene Discovery

Most gene discovery studies utilize DNA-based methods
and statistical genetic mapping techniques that use
recombination events to determine genetic distance
between two loci. Two major approaches, linkage and
association, can be used: linkage studies use infor-
mation from observed meioses and association studies
use information from the unobserved meioses that
connect pedigrees historically.
Linkage Analysis

Linkage studies test whether a disease and a genetic
variant are inherited together in a pedigree by identifying
coinheritance of chromosomal regions. It assesses whether
genetic variants (markers) segregate with the disease
according to Mendelian patterns of inheritance in large
pedigrees with multiple affected individuals. This
approach has proven to be very effective for rare Mende-
lian single-gene disorders and Mendelian forms of com-
mon complex disease. Thus it is the main strategy for
identification of genetic variants of large effect. However,
the same large genetic effect results in selection against
these genes and so by definition they cause rare diseases
or rare forms of common diseases. It has much less power
to detect genetic variants with small effects and so may be
much less effective for common complex diseases.

Most common disorders show a complex segregation
pattern in which the type of inheritance is not clear, so
simpler pedigrees are studied. The most common unit of
study consists of two affected siblings and their parents,
with increased sharing of markers providing evidence
that the marker is genetically linked to a nearby gene
that affects susceptibility to the disease. However, this
approach is relatively inefficient and to provide strong
evidence large numbers of such families must be studied
and hence international collaboration is usually required.
This approach is robust to the genetic heterogeneity that
is typically found in different affected sib pairs and can
provide information on the approximate localization of
genetic variants. This approach can also be used to iden-
tify loci underlying quantitative traits (usually abbre-
viated to QTL – quantitative trait locus or loci) by
correlating the degree of phenotypic similarity between
affected relatives with the number of alleles shared at a
locus that causes disease.
Association Studies

Association studies measure differences in the frequency
of genetic variants between unrelated affected individuals
(cases) and controls (unaffected individuals who are unre-
lated to any cases or controls in the sample). They thus
study recombination and transmission of genes in popula-
tions over large timescales and are affected by the relat-
edness of populations, the effect of mutation and genetic
drift on allele frequencies, migration, and gene–gene and
gene–environment interaction. Association studies are
premised on the hypothesis that common genetic variants
underlie susceptibility to common diseases and take one
of two main forms: Direct or indirect.
Direct association

In direct association studies, genetic variants in selected
genes that are believed to cause disease are studied. This,
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however, requires the genetic variant of interest to be
known and markers in or close to the gene to have been
identified. Studies of these so-called candidate genes have
been successful in identifying genetic variants affecting
disease susceptibility. These studies are most meaningful
when applied to functionally significant variants with a
clear biological relation to disease mechanisms or the trait
under study.
Allele not
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Allele
transmitted

Analyzed by McNemar�s testAA

AB AB A
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B
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0
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Figure 2 Example of a family-based association analysis – the
transmission/disequilibrium test (TDT). Shown for a single family

trio (out of the larger trio collection actually needed) of two

heterozygous parents (father ¼ square, mother ¼ circle) and one

child (diamond ¼ either sex, shaded ¼ affected by disease), with
each individual genotyped for a single marker with two possible

alleles. The A allele is transmitted twice, once by each parent,

and AA (the child’s genotype) forms a pseudo-case. The two

B alleles are never transmitted, so BB is a pseudo-control. Data
are analyzed by the 2�2 table shown.
Indirect association

Indirect association studies investigate the association
between a disease and neutral variants located near dis-
ease susceptibility variants. The association is therefore a
result of allelic association (linkage disequilibrium or LD)
between the marker and risk allele. This approach can also
be considered as the identification of segments of the
genome that are shared by people because they are inher-
ited from a common ancestor. Among individuals affected
by the disease, these segments may harbor susceptibility
genes. The average size of shared segments is set by the
number of generations separating two individuals from
their common ancestor and this governs the number of
markers needed to discover them. A few hundred markers
are sufficient when the common ancestor is recent (as
in siblings), but hundreds of thousands of markers are
required to discover very ancient gene variants. The mar-
kers of choice are single nucleotide polymorphisms (SNPs)
because of their high frequency, low mutation rates, and
amenability to automation. A very comprehensive SNP
database and massive genotyping capacity are thus
required for these genome-wide association studies.

Association studies should follow the principles of
good study design established in traditional epidemiolog-
ical case–control studies as a means of improving the
validity of study findings by reducing the opportunities
for chance, bias, or confounding to account for study
results. Technological advances such as the availability
of SNP databases and affordable, very high-throughput
genotyping are set to extend the potential and improve
the efficiency of association approaches. However, the
very large number of genetic variants in the human
genome and the lack of detailed knowledge about the
molecular and biochemical processes involved in the eti-
ology of complex diseases suggest that it is very likely that
many spurious associations will be found and reported.
The great majority of reported associations have not led
to new insights into complex disease or drug response
mechanisms and are now considered to be false-positive
results. These positive associations could be due to:

. artifacts such as differences in handling, storage, or
genotyping between cases and controls;

. chance, with multiple association studies performed
with publication of only those that show positive results
(multiple testing with publication bias);
. chance, with multiple testing of markers, each with low
prior probability of causing disease (inappropriate sig-
nificance levels chosen);

. bias in the estimate of association due to poor study
design, particularly in the choice of controls;

. confounding due to population stratification or other
(unrecorded) differences between cases and controls.

Association studies can be population-based
(case–control) or family-based, in which transmission of
alleles from parents to affected and unaffected offspring is
studied (see Figure 2). Family-based association studies
offer some advantages in the ability to assign haplotypes
and the ability to look at parent-of-origin effects, as
well as protecting against confounding via population
stratification. A number of alternative genomic control
approaches have been described which utilize data from
unlinked DNA markers to measure and adjust for popu-
lation substructure effects in population-based association
studies.
Third Step: Gene Characterization

Key questions to be addressed after the identification of a
genetic variant’s role in a disease process or variation in a
trait associated with health or disease are:

. What is the prevalence of gene variants in different
populations?

. What is the risk (relative and attributable) of disease
associated with these variants?

. What is the contribution of gene variants to the occur-
rence of disease in different populations (population-
attributable risk)?

. What is the risk of disease associated with gene–gene
and gene–environment interactions?
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The prevalence of gene variants (allele frequencies)
can be estimated from large unselected cohorts or large
randomly sampled control series in different populations.
Absolute risks can be measured in population-based
cohort studies and relative risks in cohort or genetic
association studies (which measure an odds ratio). The
attributable risk expresses the size of excess risk to an
individual due to the presence of a particular genetic
variant. The population-attributable risk estimates the
overall contribution of the genetic factor to a disease in
a specific population, but depends not only on the relative
risk (or odds ratio) but the allele frequency of the variant.
In environmental epidemiology, population-attributable
risk can be used to express the reduction in incidence of
disease that would be achieved if exposure to the factor in
the population were eliminated. This has less meaning
with respect to genetic variants and disease. However, it
may be useful when considering pharmacogenetics and
the potential for the reduction in side effects that may be
achieved if genetic testing could identify all those geneti-
cally predisposed to a certain drug adverse effect and
prescriptions were avoided in those found to carry that
variant.
Mendelian Randomization

Genetic epidemiology has the potential to improve the
understanding of environmental as well as genetic deter-
minants of disease. During gamete formation and concep-
tion, a random assortment of genes is passed from parents
to offspring. In those offspring, if a genetic variant directly
influences the level of an intermediate trait, which in turn
alters disease risk, then the relationship between the vari-
ant and disease risk should be consistent with the associa-
tions between the variant and the intermediate trait and
that trait and disease. If the trait level is directly influ-
enced by an environmental exposure, this Mendelian
randomization approach will provide data on the relation-
ship between the environmental exposure and disease, but
may reduce or avoid the confounding that is inherent in
observational epidemiology studies. It may thus improve
the ability to determine the causal nature of some envi-
ronmental exposures, because the association between
a disease and a genetic variant that mimics the biologi-
cal link between a proposed environmental exposure
and disease is not susceptible to reverse causation or
confounding.
Future Perspectives

There is likely to be a move from the focus on gene
discovery to include the need to understand function,
biochemistry, and physiology before causal pathways can
be understood and eventual public health benefits can be
realized. The explosion of genomic technological capabil-
ity and information is therefore the start and not the end
of the path leading to the development of new drugs or
other interventions.

In the short term, this will involve studies that inte-
grate data on genetic variants, expression microarrays and
pathophysiological phenotypes in order to define variants
that influence mRNA expression levels and QTL so that
casual pathways can be studied. Increasingly, the pheno-
types will include protein intermediates measured by
proteomic technologies. This systems biology approach
will involve huge complexity and great computing power
and new analytic approaches (such as clustering algo-
rithms to classify genes into hierarchical sets, genes with
similar expression patterns grouped together) will be
required to analyze and interpret these data.

This will require greater collaboration between
research groups in order to share data for meta-analysis
and to increase power. Increasing partnership between
governments, the pharmaceutical industry, medical
research charities, and universities will become the norm
for future genetic epidemiological research.

See also: Genetic Factors of Cardiovascular Diseases;

New Technologies: Ethics of Genomics.
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Introduction

It has been clearly established that cardiovascular disease
(CVD) tends to cluster in certain families, and for this
reason, the presence of a family historyof prematureCVD is
a well-known independent risk factor for any type of
atherosclerosis-related disease (Humphries and Morgan,
2004; Lloyd-Jones et al., 2004). However, in most cases,
Table 1 Monogenic disorders associated with premature athero

Disease Heritable pattern Genes

Familial

hypercholesterolemia

Autosomal codominant LDLR

Familial defective APOB Autosomal codominant APOB

FH 3 Autosomal dominant PCSK9

Autosomal recessive

hypercholesterolemia

Autosomal recessive ARH

Sitosterolemia Autosomal recessive ABCG5 or

ABCG8

APOA1 deficiency Autosomal recessive APOA1
Tangier disease Autosomal recessive ABCA1

Fish eye disease and

LCAT deficiency

Autosomal recessive LCAT

Homocystinuria Autosomal recessive CBS

LDLR, low-density lipoprotein receptor; APOB, apolipoprotein B; PC

recessive hypercholesterolemia protein; ABCG, ATP-binding casset
transferase; CBS, cystathionine beta-synthase.
the CVD etiology is multifactorial, involving numerous
environmental and heritable risk factors, including multiple
genes responsible for the important variation in the popula-
tion of the traditional and those still unknown risk factors.
Mendelian diseases are a rare cause of CVD (Table 1),
although in recent years our knowledge about them has
permitted a much better understanding and treatment of
all CVD. The paradigm of a monogenic disease associate
sclerotic cardiovascular disease

Mechanism Prevalence

Low clearance of plasma

LDL particles

Homozygous: 1 in 1� 106

Heterozygous: 1/500

Defective binding affinity of

APOB to LDLR

Homozygous: 1 in 4� 106

Heterozygous: 1/1000
High LDL receptor

degradation

Heterozygous: <1/2500

Low clearance of plasma

LDL particles

Very rare

Decreased cholesterol

intestinal excretion

Very rare

Decreased HDL synthesis Very rare
Impaired reverse cholesterol

transport

Very rare

Impaired HDL cholesterol

esterification

Very rare

Increased thrombotic

tendency

Very rare

SK9, proprotein convertase subtilisin kexin 9; ARH, Autosomal

te G; APOA1, apolipoprotein A1; LCAT, lecithin cholesterol acyl
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with premature CVD is familial hypercholesterolemia
(FH) due to mutations in the low-density lipoprotein
receptor gene (LDLR) and some HDL cholesterol
deficiencies.
Magnitude of the CVD Genetic
Component

The magnitude of the CVD genetic component has been
traditionally studied through the concordance of the disease
in certain families. A first approach is to analyze the predis-
position of parental CVD as a risk factor for CVD in the
offspring. A second approach is to quantify the heritability,
that is the proportion of the disease variance attributable to
genetic variance.
Parental Cardiovascular Disease as a Risk
Factor for CVD in the Offspring

A positive premature parental history of CVD has been
found to be an important risk factor for the offspring
in most studies. However, the intensity of the association
and the independence from heritable risk factors has
remained controversial. The Framingham Heart Study
has recently published the results of a prospective study
of parents and offspring addressing this issue. They ana-
lyzed the 8-year risk of CVD according to parental events
in all Framingham Offspring Study participants who were
aged 30 years or older and free of CVD at first enrollment
in 1971. The high value of this study is that it uses a
prospective design for parents and offspring, uniform
criteria to validate events, and the results were adjusted
for the major risk factors, including age, blood pressure,
total cholesterol, HDL cholesterol, body mass index, dia-
betes, and smoking. The age-adjusted odds ratios (OR) for
offspring cardiovascular events associated with premature
(before age 55 in a father or age 65 years in a mother)
parental CVD were 2.6 (95% confidence interval (CI),
1.7–4.1) for men and 2.3 (95% CI, 1.3–4.3) for women.
Additional adjustment for individual risk factors did not
substantially reduce the risk, doubling for men (OR 2.0,
95% CI, 1.2–3.1) and with a 70% increase in risk for
women (OR 1.7, 95% CI, 0.9–3.1). As expected, prema-
ture parental CVD predicted better than nonpremature
CVD. Interestingly, premature parental CVD discrimi-
nates risk best among offspring with intermediate levels
of traditional risk factors; however, offspring with favor-
able risk factor profiles were not at substantially increased
risk despite parental CVD (Lloyd-Jones et al., 2004). This
probably indicates that, in most cases, genetic factors
associated with CVD risk act by modifying the mechan-
isms over the entire range of the traditional risk factors
developing the atherosclerotic lesions.
CVD Heritability

Twins constitute a natural resource to study the genetic
contribution of multiple diseases, including CVD. Mono-
zygotic twins share in most cases all their genes and
dizygotic twins approximately 50% of them. In addition,
in most cases twins share environmental exposures and for
that reason the comparison between monozygotic and
dizygotic twins makes it possible to establish the herita-
bility of complex traits, such as CVD, and the interactions
between genes and environment. Two large twin cohorts
from Sweden and Denmark have largely contributed to
quantifying the responsiveness of genetics in CVD. In the
Swedish Twin Registery (Marenberg et al., 1994) there was
a greater proportion of concordant pairs among the mono-
zygotic twins than among the dizygotic twins both in men
and women. The relative hazard of death from CHD was
three times greater for monozygotic than for dizygotic
twins. The relative risk decreased as the age at which the
twin had died increased but remained significant until the
age of 75 and was independent of other CVD risk factors.
The heritability of death from CHD in a 36-year follow-
up of 20 966 Swedish twins was 0.57 among male twins and
0.38 among female twins, very similar to that reported by
the Danish Twin Registry (0.53 for male twins and 0.58 for
female twins).

Another way of studying the contribution of genetics
on CVD has been the study of adult adoptees. In this
type of study, the environmental influences are minimal
comparing the risks of dying from CVD in the adoptees
according to biological or adoptive parents. The CVD,
coronary and stroke, death of a biological parent before
the age of 50 was associated with a relative risk of 4.52
(95% CI, 1.32–15.4) for CVD death in the adoptees,
clearly indicating a strong contribution of genes to the
disease.
Subclinical Atherosclerosis Heritability

The ultrasound study of the carotid artery, especially the
intima–media thickness (IMT), is a quantitative method
for the atherosclerosis measurement, very well correlated
with classical risk factors and a good predictor of sub-
sequent CVD events. In addition, carotid ultrasound can
study all phases of subclinical atherosclerosis lesions
in different carotid segments. For all these reasons, carotid
IMT is a well-established surrogate of CVD. Taking
advantage of this well-established quantitative method,
several studies have analyzed the genetic contribution to
atherosclerosis variation using carotid IMT as surrogate.
In the Framingham Heart Study, carotid ultrasonography
was performed on 1630 sibling pairs from 586 extended
families of the Framingham Offspring cohort. Mean and
maximum measurements in all carotid segments were
heritable with an important proportion of the variability
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in carotid IMT explained by genetic factors. This herita-
bility, after multivariate adjustment for major risk factors,
was 38% and 35% for the common carotid artery and
internal carotid artery, respectively. In fact, heritability
was only modestly attenuated after adjustment for CVD
risk factors, suggesting that genes related in their varia-
bility are not major contributors to carotid IMT. In this
study, the weight of genetic factors was higher than the
combined effects of age, sex, blood pressure, total and
HDL cholesterol, and smoking.

Heritability of carotid atherosclerosis has also been
studied in 930 individuals connected in a single pedigree
from an isolated population, participants of the Erasmus
Rucphen Family (ERF) study; 440 subjects from 77
Caribbean Hispanic families; and in 565 individual is
from 154 German families. These studies also demon-
strate that carotid IMT is strongly influenced by genetic
determinants other than those influencing known CVD
risk factors, with heritability ranging from 35 to 61% in
spite of the large range of environmental differences in
these studies.
Genetics of Cardiovascular Risk Factors

It is also well documented that a substantial proportion of
the genetic contribution is related both to traditional and
to unknown CVD risk factors. Among the former, the
genetic contribution to blood pressure and lipid concen-
tration has been extensively studied.
Hypertension

Although there are some monogenic disorders associated
with familial hypertension (Table 2), they are very rare in
the population and most of the causative genes of these
rare syndromes are apparently not related to most cases of
primary essential hypertension in the population.
Table 2 Monogenic disorders associated with hypertension

Disease Heritable pattern Genes

Glucocorticoid-remediable
aldosteronism

Autosomal dominant 11b-hydro
Aldoster

Liddle’s syndrome Autosomal dominant Epithelial s

channel
Apparent mineralocorticoid

excess

Autosomal recessive 11b-hydro
dehydro

Mineralocorticoid receptor

mutations

Autosomal dominant Mineraloco

Gordon’s syndrome Autosomal dominant WNK4 or W

Hypertension with

brachydactyly

Autosomal dominant Unknown

WNK4, lysine deficient protein kinase 4; WNK1, lysine deficient prote
Essential hypertension tends to aggregate within
families and the risk of hypertension is closely related
to the number of affected relatives and to the severity of
the hypertension. Different studies have calculated that
genetic heritability of hypertension averages 30% and
different studies have implicated multiple loci with hyper-
tension, many of them related to the renin–angiotensin–
aldosterone system (Table 3) (reviewed by Agarwal et al.,
2005). However, most of them have not been fully repli-
cated in subsequent studies and, at present, have limited
value in clinical practice. The difficulty in the identification
of major genes related to essential hypertension probably
reflects its high genetic heterogeneity and the presence of
multiple gene–environmental interactions, which are prob-
ably different depending on the ethnicity and geographic
region studied.
Lipids

Many studies have established that LDL cholesterol and
HDL cholesterol, and their main apolipoproteins, apolipo-
protein B100 and A1, play a crucial role in the pathogenesis
of CVD related to atherosclerosis. In addition, it is well
documented that plasma lipids are influenced by genetic
factors, and that this contributes to genetic variation in risk
of cardiovascular disease. Monogenic defects affecting lipid
metabolism will be discussed later in this article. Many of
them, especially those increasing LDL cholesterol, are asso-
ciated with a very high risk of CVD, and they have largely
contributed to increasing the knowledge on the pathogene-
sis of atherosclerosis. However, as occurswith hypertension,
they explain only a minor proportion of CVD, and more-
over, an even smaller proportion of serum lipid variation in
the general population.

In Western societies, most of the CVD events occur
in subjects with serum lipid concentrations within the
normal or slightly high range of lipid distribution. Differ-
ent studies have established that an important proportion
of lipid variation is due to genetic factors. The Swedish
Mechanism

xylase
one synthase

Overexpression of aldosterone synthase

odium

(EnaC)

Increased sodium reabsorption in distal

nephron
xysteroid

genase

Overstimulation of mineralocorticoid

receptor by cortisol

rticoid receptor Increased sodium reabsorption in distal

nephron
NK1 Defects in the sodium regulatory pathway in

distal nephron

Unknown

in kinase 1.



Table 3 Genes hypothesized to be involved in essential

hypertension

Statistical approach

Linkage (þ/�) Association (þ/�)

Renin–angiotensin–aldosterone system or NaC volume

Angiotensin-converting

enzyme (ACE)

0/1 12/14

Angiotensinogen (AGT) 3/4 13/9

Aldosterone synthase gene 1/1 6/7

AT1 receptor (AT1R) 6/6
a-Adducin (ADD1) 0/1 5/3

b-Adducin (ADD2) 0/1

Atrial natriuretic peptide 2/5

Human natriuretic
peptide receptor (A)

1/1

Human natriuretic

peptide receptor (B)

1/2

Renin (REN) 3/2 2/2
Protein kinase lysine

deficient 4 (WNK4)

1/1

11b Hydroxysteroid
dehydrogenase type

2 (HSD11B2)

2/2

Adrenergic system
b2-Adrenoceptor 3/4

b3-Adrenoceptor 3/1

Dopamine D2 receptor

gene

2/0

a-Adrenoceptor 1/1

Vascular
Endothelin-1 gene 3/1

Nitric oxide synthase,

endothelial (NOS3)

0/2 5/10

Nitric oxide synthase,
inducible (NOS2A)

1/1

Metabolic

Glycogen synthase 1/1
Insulin receptor 0/1 3/0

Lipoprotein lipase 1/2

Apolipoprotein C-III 1/1

Miscellaneous

G protein beta3 subunit

(GNB3)

3/5

Hypertension-associated

SA (SAH)

0/1 2/1

Number of pertinent positive (þ) and negative (�) published studies

in humans.
Modified from Agarwal A, Williams GH, and Fisher ND (2005)

Genetics of human hypertension. Trends in Endocrinology and

Metabolism 16: 127–133.
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Adoption/Twin Study of Aging (SATSA) (Heller et al.,
1993) studied environmental and genetic influences on
lipid concentration comparing twins reared together with
twins reared apart. The genetic influence expressed in
terms of heritability and the influences of nonshared and
shared environment was over 50% in most cases, similar
in both sexes, and tended to decrease with age, although
remaining significant (Table 4). Subsequent studies have
confirmed this estimation with heritability for lipids and
lipoproteins ranging from 48 to 87%, when measured
once per study participant.

To avoid confounding effects of biological variation
measurement error and aging, several studies have ana-
lyzed lipid heritability throughout life in prospective
studies where longitudinal cohorts were studied at dif-
ferent times. One of these studies is the Bogalusa Heart
Study which, after adjustment for age, sex, and body mass
index, heritability estimates for all lipids were higher than
those of a single measurement in either childhood or
adulthood. Similar results have recently been obtained
from analysis of longitudinal twin data by Middelberg
et al. (2006). All these types of longitudinal studies also
indicate that more than one genetic factor influences
lipids over time.

Because of the importance of genetic factors in deter-
mining blood lipid concentrations, multiple association and
linkage studies, using genetic variants of candidate genes
related to lipid metabolism or genome-wide variants have
tried to identify which loci and genetic variants are involved
in such variation. Except for the common APOE poly-
morphisms, which are responsible for 5–10% of the
LDL cholesterol concentration variations in most popula-
tions, no other major loci effect has consistently been
found. In fact, almost every study has described association
or linkagewith some gene variants or chromosome regions
that has been difficult to reproduce in later studies. This
probably indicates that in spite of a high genetic contribu-
tion, it is very polygenic and heterogeneous, with rare
variants responsible for major effects and common variants
responsible for minor effects. Moreover, the genes contri-
buting to the phenotype probably are different among
populations.

One example of the complexity of the genetics of plasma
lipid concentration is the study by Cohen et al. (2004), in
which multiple rare variants in the ABCA1 gene were
responsible for a large effect on HDL cholesterol concen-
tration in subjects with hypoalphalipoproteinemia. Jointly,
these variants contribute substantially to HDL cholesterol
concentration in that population, but separately they had
almost no effect (Cohen et al., 2004). This can explain why
association studies, which have a low power to detect rare
alleles, have driven such diverse results.
Studies to Identify the Genetic
Determinants of Cardiovascular Disease

The basic methods for the identification of genes or gene
variants affecting the risk of complex diseases such as
CVD are association and linkage studies. Association stud-
ies test whether a genetic variant frequency, such as a
single nucleotide polymorphism, is different between
two groups, usually cases and controls. If the difference



Table 4 Contributions of genetic and environmental factors to phenotypic variance in serum levels of lipids and apolipoproteins

Age Sex

Younger
twins

Older
twins

Constrained
modela P valueb Men Women

Constrained
modela P valueb

Lipid Proportion of variancec Proportion of variancec

Total cholesterol
Heritability 0.63 0.32 0.47 0.07 0.40 0.45 0.46 0.20

Nonshared environment 0.19 0.31 0.26 0.45 0.23 0.28

Shared environment 0.18 0.36 0.27 0.15 0.32 0.26

HDL
Heritability 0.76 0.55 0.65 0.12 0.65 0.60 0.62 0.62

Nonshared environment 0.24 0.45 0.35 0.35 0.40 0.38

Apolipoprotein A-I
Heritability 0.69 0.52 0.65 0.34 0.60 0.57 0.58 0.37

Nonshared environment 0.31 0.34 0.35 0.40 0.43 0.42

Shared environment 0.14

Apolipoprotein B

Heritability 0.78 0.51 – <0.001 0.53 0.63 – 0.01

Nonshared environment 0.22 0.31 0.47 0.19
Shared environment 0.18 0.18

Triglycerides

Heritability 0.72 0.28 – 0.02 0.45 0.55 0.52 0.73

Nonshared environment 0.28 0.72 0.55 0.45 0.48

aIn a constrained model, the effects are made equal across subgroups.
bValues represent differences between constrained models and nonconstrained models, by chi-square test.
cProportion contributed by each factor.
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exists, then the genetic variant is associated with the dis-
ease or trait. Association studies do not indicate causality
but they are able to detect small influences of the studied
variants in complex phenotypes. The genetic markers
could be in candidate genes based in previous knowledge
or distributed throughout the genome. Linkage studies
analyze the cosegregation of a genetic marker with a
disease or trait within families. Linkage studies are espe-
cially relevant in the identification of new genes involved
in the pathogenesis of the diseases, but these studies usu-
ally are effective only when the marker exerts a major
effect on the disease.
Candidate Gene Association Studies

The knowledge of the mechanisms involved in the devel-
opment of CVD has made it possible to evaluate the
participation of multiple variants in genes related with
those mechanisms. In association studies, a single nucleo-
tide polymorphism (SNP) or ideally a group of SNPs
representative of the genetic variation within the gene
are analyzed in a case-control model study to establish
the association of the phenotype, in our case CVD, with a
certain SNP or haplotype. Association studies are a good
approach to detect small genetic effects of common alleles
within a homogeneous population in the development of
a common disease/common variant model.

More than 3500 genetic association studies with CVD
have been reported in recent years. Inconsistency in the
results of these studies is very high: in the putative asso-
ciations studied three or more times, only 3.6% have
been consistently replicated. This is probably due to pop-
ulation stratification, modification of the association by
environmental factors, genetic heterogeneity between cases
and controls, and in many cases small sample sizes with
insufficient statistical power. To solve the sample
size problems, several meta-analyses of genetic association
studies have been published. Casas et al. (2005), have very
recently analyzed all meta-analysis in CVD including
more than 2000 cases. Risk estimates ranged from 1.12 to
1.73 for 11 variants, and two variants showed evidence of
protective effects of 20–22%. However, only certain alleles
of the following SNPs – Gln415Lys in the apolipoprotein
B gene, Glu298Asp in the endothelial nitric oxide syn-
thase gene, and E2/E3/E4 in the apolipoprotein E gene –
showed odds ratios of 1.3 or higher (Casas et al., 2005).
Linkage Studies

Genetic linkage studies have recently shown some evi-
dence of the participation of the inflammatory system as
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part of the genetic component of CVD. Although linkage
studies are not the best tool to identify alleles with
small effects, as probably occurs in complex diseases as
CVD, several studies in Icelandic families have successfully
identified that ALOX5AP gene variation (which encodes
arachidonate 5-lipooxygenase activating protein (FLAP))
on chromosome 13q12-13 is involved in the pathogenesis
of myocardial infarction and stroke by increasing
leukotriene production and inflammation in the arterial
wall, and more recently, that a haplotype spanning the
LTA4H gene encoding leukotriene A4 hydrolase, a protein
in the same pathway as ALOX5AP, is also associated with
myocardial infarction by increasing leukotriene B4.

More evidence that the inflammatory system plays a
role in the genetics of CVD came from two association
studies in Japan and Sweden. Ozaki et al. found that a
common SNP in the proteasome subunit a type 6 gene
(PSMA6) is an independent risk factor for myocardial
infarction in the Japanese population. This SNP, located
in the promoter region of the gene, enhances the tran-
scription of PSMA6, and for this reason accelerates the
degradation of IkB protein, which inhibits the activation
of nuclear factor kB (NF-kB), a nuclear factor involved in
the activation of the expression of multiple inflammatory
genes that play important roles in atherogenesis. The
major histocompatibility complex (MHC) class II mole-
cules are frequently overexpressed in diseases of inflam-
matory origin, including atherosclerosis. A polymorphism
in the type III promoter of the MHC class II transactiva-
tor (MHC2TA) has been associated with the risk of myo-
cardial infarction in a Swedish population. This SNP is
associated with the expression of MHC2TA and lower
induction of MHC class II molecules in response to
inflammatory stimuli.
Animal Models in the Study of CVD
Genetics

The availability of animal models for any particular
human disease study provides ways to broaden the under-
standing of the disorder pathophysiology, eventually up
to the genetic level, and they provide a means (or an
example) by which to test therapies and pharmacological
approaches potentially applicable to humans. Several ani-
mal models have proven to be relevant and useful to
understand the human atherosclerosis disease mainly
from a pathophysiological point of view, such as lesion
formation and progression as well as the influence of the
serum lipid levels and lipoprotein metabolism and diet in
the susceptibility to atherosclerosis development.

Among the animal models used to study atherosclero-
sis and associated phenomena such as restenosis or neoin-
timal hyperplasia, are mouse, rat, rabbit, dog, swine, and
nonhuman primates (Wolf et al., 1999). Interspecies vascu-
lar morphology and lipid metabolism differences make
the nonhuman primates and swine the most appropriate
model for human atherosclerotic lesions; in addition, they
develop spontaneous atherosclerosis. However, their
maintenance is expensive and there is a limited amount
of genomic information for most of these species.

Conversely, smaller animals such as rabbits, rats, and
mice are less accurate models for human atherosclerosis
because of arterial anatomical differences and lesion mor-
phology, particularly in rabbits. Furthermore, wild-type
mice and rats do not develop spontaneous atherosclerosis
and lesions must be induced by microsurgical procedures
or induced by high-fat/high-cholesterol enriched diets
in specific strains. The lipoprotein metabolism of rabbits
is quite similar to humans, but that of rodents is very
different. However, some advantages of these animal
models have made them suitable tools to gain insights
into atherosclerosis, essentially the ease of breeding and
experimental manipulation. These animal models have
been widely used in different areas of biomedical research
from the mid-twentieth century and specific strains exist
that are appropriate for experimental atherosclerosis
research such as the Watanabe hereditary hypercholest-
erolemia rabbit (a model for familial hypercholesterol-
emia), the St. Thomas’ mixed hyperlipidemic rabbit
(a model of familial combined hyperlipidemia), the Dahl
salt-sensitive rat (a model for hypertension), or the Zucker
rat (a model for obesity and diabetes).

In addition, the main interest of these animal models is
based on two points that enhance genetic research: The
feasibility to perform genetic engineering on them and
the advanced genomic characterization of these species
obtained from specific genome projects.

Transgenesis is the only genetic engineering mani-
pulation currently applicable to rabbit and rat, and its
use has been limited to only a few relevant models for
atherosclerosis research. In the case of the rabbit, transgenic
strains overexpressing key lipoprotein metabolism-related
human genes have been generated (hepatic lipase, apoB100,
apoB mRNA editing protein, LCAT, apoAI, apoE2,
apoE3, apoAI-CIII-AIVcluster, apo(a),metaloproteinase12),
whereas in the case of the rat only a CETP transgenic
model applicable to atherosclerosis research has been
reported to date. The use of these genetically modified
models in a diet-induced atherosclerosis genetic back-
ground has contributed to the better understanding of
lipoprotein metabolism and to clarifying the role of the
overexpressed genes in atherosclerotic lesion development.

In the case of mice, in addition to transgenesis, the
possibility of gene targeting by homologous recombina-
tion techniques in embryonic stem cells permits the gen-
eration of knockout and knockin mice as well as other
more sophisticated models. The number of transgenic and
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targeted mouse strains relevant to atherosclerosis study is
very large and a review of all of them would exceed the
scope of this section; instead only the most important
mouse models will be described in the following para-
graphs. These mouse models are based on genetic manip-
ulation of two pivotal genes in lipoprotein metabolism:
Apolipoprotein E (ApoE) and LDL receptor.

The first relevant mouse model that was generated
by genetic engineering was the ApoE knockout mouse
(APOE KO) in 1992. ApoE is an apolipoprotein that med-
iates lipoprotein uptake by the LDL receptor and the LDL
receptor-related protein. Mice deficient in ApoE by gene-
targeted inactivation develop atherosclerotic plaques in a
time-dependent fashion, and these lesions reach a com-
plex stage in the aorta particularly in regions of perturbed
blood flow. The serum lipid and lipoprotein profile of the
APOE KO mice is drastically different from wild-type
mice, with several times increased cholesterol concentra-
tion and slightly elevated triglycerides, with a shift in
cholesterol carrying lipoproteins from HDL particles
toward VLDL and chylomicron remnants. Atherosclerotic
lesions appear in APOE KO mice from 6weeks of age, and
they recapitulate the temporal stages of human lesions
from fatty streak incipient stages to fibrous and calcified
lesions in older animals. One major difference regarding
human atherosclerosis is that APOE KO mice lesions are
not vulnerable to rupture, which in humans is quite com-
mon and leads to acute ischemic events.

The other historically relevant mouse model for athero-
sclerosis is the LDL receptor (LDLR) knockout mouse
(LDLR KO), which was described in 1993. LDLR mutations
in humans are the cause of familial hypercholesterolemia.
These mice show slightly lower hypercholesterolemia
serum levels than APOE KOmice and do not develop spon-
taneous atherosclerotic lesions. However, they are highly
responsive to diet-induced atherosclerosis, giving rise to
similar lesions to those that are found in the APOE KO
model and show a lipoprotein profile more similar to
humans, with increased cholesterol fraction transported in
LDL particles. The double knockout mouse, lacking both
ApoE and LDLR, shows a non-diet-induced hyperlipidemia
and more severe atherosclerosis than the APOE KO mouse.

The generation of double KO mice by means of single
KO strain intercrossing APOE KO or LDLR KO, or a
transgene overexpression in an ApoE or LDLR deficiency
background, is the way to analyze the role of other genes
in the development of atherosclerosis. This basic experi-
mental set-up has been used, for example, to shed light on
the role of monocyte chemoattractant protein 1, leukotri-
ene B4 receptor, IFN gamma, TNF receptor p55, TGF
beta, plasminogen, plasminogen activator inhibitor 1,
metalloproteinases 1 and 3, CD4, MHC-I, MHC-II,
endothelial nitric oxide synthase, or angiotensin convert-
ing enzyme, among others, in atherosclerosis develop-
ment (Ohashi et al., 2004). One particularly interesting
model is the double knockout mouse for both ApoE and
the SR-BI scavenger receptor, the specific HDL receptor
that is involved in reverse cholesterol transport. The
ApoE/SR-BI-deficient mice develop severe occlusive
atherosclerosis and cardiac dysfunction, leading to death
before 6weeks of age due to myocardial infarction; there-
fore it could be a good model to study a complex pheno-
type such as coronary artery disease, which is relevant to
advanced stages of human atherosclerosis, and it is not
found in the single APOE KO model (Braun et al., 2002).

The previously exposed mouse models are useful tools
to test hypotheses on the function of candidate genes or
their involvement in atherosclerosis start-up and progres-
sion, but alone they do not provide a way to discover novel
genes that could be important in atherosclerosis develop-
ment. However, there is a way to explore themouse genome
in search of genes affecting precise phenotypic features
such as those in which atherosclerosis can be broken
down. The wealth of resources on mouse genetics and the
availability of established laboratory-inbred mouse strains,
which are genetically homogeneous andwhose phenotypes
are well characterized, allows what has been denominated
quantitative trait locus (QTL) analysis. This is a phenotype-
driven approach to uncover genomic regions influencing
measurable traits inmice such as cholesterol serum concen-
tration, carotid intima–media thickness, or diet-induced
atherosclerotic lesion size. The methodology passes by
crossing two inbred mouse strains whose dissimilar values
for the quantitative trait of interest, the resultant F1 hybrid
generation should present intermediate values for the trait
compared to the parent strains, but subsequent crossings
between F1 hybridswill produce variant phenotypes for the
trait in the F2 individuals. By using linkage analysis, it is
then possible to map genomic regions in the mouse genome
that could contain discrete genes responsible for the
observed variation in the considered trait. Finally, consider-
ing the existing high homology between mouse and human
genomes, genomic regions or genes highlighted by QTL
analysis inmice identify novel candidate human genes to be
tested in population or family based studies.

Hitherto several QTL analyses have been conducted
to search for genes affecting atherosclerosis-related traits by
using the high-fat/high-cholesterol inducing diet, or the
sensitized APOE KO or LDLR KO models in different
congenic strains. There is a large concordance between
mouse and humanQTLs obtained from genome-wide link-
age studies in humans and the lack of concordance for other
QTLs may be attributed to the limited number of crosses
done on the mouse model and the atherosclerotic pheno-
types considered.

This approach has identified, for example, the TNFSF4
gene as a susceptibility locus for atherosclerosis develop-
ment. This gene codes for a membrane protein on lympho-
cytes and endothelial cells. Subsequent functional analysis
by using transgenic and gene-targeted models showed that
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overexpression of the protein rendered mice more suscep-
tible to atherosclerosis than control animals, whereas gene
inactivation had an opposite effect. The use of SNPs in the
human gene for association studies in humans revealed that
a genotype of this gene is associated with increased risk for
myocardial infarction and coronary artery disease. There-
fore, finding atherosclerosis QTLs in mice may be cost-
effective, less time-consuming, and easier from an ethical
point of view, than in humans, and initial results of this
ongoing approach are already available.

QTL analysis relies in the natural existing differences
between inbred mouse strains, but other approaches have
been developed to generate genetic-driven phenotypic var-
iance that can be applied to the mouse model. The basic
procedure consists in inducing random genetic mutations
by chemical agents (N-ethyl-nitrosourea) or genetic meth-
ods (gene trapping) in mouse embryos or embryonic stem
cells, followed by the characterization of the resultant phe-
notype in those animals that reach a developmental stage
relevant to the phenotype variance to be studied. If mutant
animals are found that show relevant phenotypic changes
compared to the original strain, then it can be hypothesized
that a gene related to the phenotype has been affected by
the mutagenic procedure and inbred strains can be derived
to localize the mutated gene. The main disadvantage of this
approach is that it is labor-intensive and requires substantial
resources to breedmice and high-throughput technology to
do large screenings and phenotypically characterize the
resultant mice mutant strains.
Monogenic Hypercholesterolemias:
Paradigm of Genetic Disease
Causing CVD

Many experimental, clinical, and epidemiological data
have established hypercholesterolemia, especially high
plasma LDL cholesterol levels, as a major causative factor
in atherogenesis. Several monogenic genetic disorders
produce severe hypercholesterolemia (Table 1). Their
frequencies vary in the different populations; for example,
familial defective apo B-100 is rare in Mediterranean
countries, but frequent (1/500) in some Central European
regions. The most frequent in most populations and the
best-known monogenic disorder is the hypercholesterol-
emia caused by mutations in the LDL receptor gene, or
familial hypercholesterolemia.

Familial hypercholesterolemia (FH) is an autosomal
dominant disorder, characterized by markedly elevated
plasma concentrations of LDL cholesterol, typically above
the 95th percentile for age and sex, caused by mutations in
the gene encoding for the low-density lipoprotein receptor
(LDLR). Clinical characteristics of FH are the cholesterol
deposits affecting the corneas (arcus cornealis) and extensor
tendons (tendon xanthomas), and accelerated vascular
disease, especially CHD (Goldstein et al., 2001). Approxi-
mately 50% of men with FH, if untreated, will have devel-
oped clinically evident CHD by the age of 55 years.
Affected women usually develop CHD about 9 years later
than their affectedmale relatives, but still very prematurely.
FH is the most frequent monogenic disorder, as the fre-
quency for heterozygous subjects is 1 in 500, and even more
in certain populations, such as French-Canadian, Christian
Lebanese, and South Afrikaner, in which a founder effect
exists. Heterozygous FH subjects have LDL cholesterol
concentrations doubling that of the general population,
ranging from 190 to 400mg/dl (4.9–10.3mmol/L). Trigly-
ceride levels usually are normal. However, some FH
patients have high triglyceride concentrations, due to the
interaction with other genes (e.g., the E2/E2 genotype) or
environmental factors (for example, alcohol, overweight, or
diabetesmellitus). Homozygous FHpatients are rare, with a
frequency of 1 in 1million people, and they have plasma
LDL cholesterol concentrations increased up to tenfold and
clinical manifestations of cholesterol deposition and athero-
sclerotic disease from childhood.

FH is genetically heterogeneous, as more than 800
different mutations in the LDLR gene have been identi-
fied so far. Given that FH is a treatable cause of premature
CHD, since lipid-lowering drug therapy with statins sub-
stantially reduces coronary morbidity and mortality, it is
important that this disorder be identified, diagnosed, and
treated in affected patients. Although a genetic diagnosis
is unequivocal for familial hypercholesterolemia, very
often it is not possible to identify the causal mutation in
the LDLR gene due to the actual limitations of DNA-
based diagnosis. We recommend the genetic diagnosis in
the following situations (Civeira, 2004):

. Populations in which few mutations in the LDLR gene
are responsible for most cases of FH. This is the case of
French-Canadians, Christian Lebanese, South Afrikaner,
Ashkenazi Jews, etc.

. Populations in which most responsible mutations are
known and genetic tools for rapid diagnosis have been
developed. In Spain, where a broad spectrum of different
mutations has been identified, a DNA-based array in-
cluding these mutations has been developed, and at
present, it is commercially available: LIPOCHIP.

. Subjects with uncertain diagnosis belonging to families
with the identified mutation.

Familial defective Apo B-100 (FDB) is a monogenic
disorder with a phenotype similar to FH, but in this case,
the cause is a mutation in the gene for apolipoprotein
B (APOB), the ligand for the LDL receptor, which impairs
the uptake of LDL particles via the LDL receptor. FDB
cannot be clinically distinguished from heterozygous FH,
but the hypercholesterolemia in FDB is less severe, the
presence of tendon xanthomas less common, and there is
also a lower incidence of CHD. FDB homozygotes have
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plasma LDL cholesterol concentrations more comparable
to those of heterozygous rather than homozygous FH.
Several mutations in the LDL receptor-binding domain
of apo B have been described as associated with hyper-
cholesterolemia and an autosomal dominant inheritance
pattern. The most common is R3500Q , involving the sub-
stitution of glutamine for arginine at position 3500 of the
protein, affecting approximately 1 in 500 individuals of
Central European descent. Another missense mutation in
the same position has been identified, where a tryptophan
is substituted for arginine, R3500W, in hypercholestero-
lemic patients of Chinese or Malay descent. Other muta-
tions, such as R3531C, R3480W, T3492I, and H3543Y,
have been identified, and probably more FDB-causing
mutations will be found. These mutations in apo B seem
to alter the three-dimensional structure of the binding
area, and therefore the LDL particles with these apo
B variants have a reduced affinity to the LDL receptor,
accumulating in plasma.

A new locus 1p34.1-p32 has been linked to autosomal
dominant familial hypercholesterolemia in several families
from France and Spain. This locus was called the third FH
locus, FH3, or Hchola3, and the gene localized in this locus,
proposed to be the gene responsible for hypercholesterol-
emia, is the proprotein convertase subtilisin/kexin type 9
(PCSK9) gene. PCSK9 encodes neural-apoptosis-regulated
convertase (NARC-1), involved in the posttranscriptional
regulation of the LDL receptors. Missense mutations in
the PCSK9 gene, S127R and D374Y, cause hypercholester-
olemia due to a gain-of-function mechanism, producing a
decreased level of cell-surface LDL receptors and also
a decreased level of internalization of LDL (Cameron
et al., 2006).

Monogenic hypercholesterolemia can be inherited as
an autosomal recessive trait. Patients with autosomal
recessive hypercholesterolemia (ARH) have mutations
in both alleles of the ARH gene, which encodes a LDL
receptor adaptor protein involved in the hepatic internal-
ization of LDL receptors. This protein interacts with the
cytoplasmic tail of the LDL receptor, phospholipids, and
two components of the clathrin endocytic machinery,
clathrin and adaptor protein-2, to promote receptor clus-
tering and internalization of LDL (Garuti et al., 2005).
Although ARH is a recessive disorder, some heterozygous
carriers of mutations in the ARH gene have been reported
to be hypercholesterolemic. The clinical phenotype of
ARH is milder than that of receptor-negative homozy-
gous FH, with a ninefold lower risk of CHD.

Mutation L413fsX414 in the cholesterol-7-alpha-
hydroxylase (CYP7A1) gene has been reported in a family
with hypercholesterolemia, having both heterozygous and
homozygous subjects with high cholesterol levels; it there-
fore appears to be an autosomal codominant disorder.
Cholesterol-7-alpha-hydroxylase is a rate-limiting enzyme
in the cholesterol conversion to bile acids. A CYP7A1

deficiency would cause a decrease in bile acid production
and cholesterol accumulation in the liver, leading to
downregulation of LDL receptors and consequently high
plasma LDL cholesterol levels. In these patients, since
hepatic cholesterol content is elevated, the efficiency of
statins in inducing LDL receptors may be impaired.
Also, the CYP7A1 locus has been linked to elevated
LDL cholesterol levels in the general population, suggest-
ing that this gene plays a role in the etiology of
hypercholesterolemia.

In the disorder called sitosterolemia, affected individuals
have amarked increase (>30-fold) in plasma concentrations
of plant sterols, sitosterol being the most abundant spe-
cies, whereas in healthy individuals less than 5% of plant
sterols consumed are absorbed. Most absorbed sitosterol
is secreted into the intestinal lumen, leaving minimal
sitosterol and other plant sterols in the plasma of normal
subjects. Patients with sitosterolemia fail to secrete the
absorbed plant sterols, and therefore, more than 60% of
ingested sterols are absorbed. They have a general hyper-
absorption of sterols from the diet, such as cholesterol and
shellfish sterols, leading to very high plasma levels of
cholesterol and other sterols as well as an impaired biliary
excretion of sterols. This entity is inherited as an autoso-
mal recessive trait. Homozygous subjects usually develop
tendon and tuberous xanthomas, accelerated atheroscle-
rosis, and premature CHD. The molecular defect consists
of mutations in two adjacent, oppositely oriented genes
that encode two members of the adenosine triphosphate
binding cassette transporter family, ABCG5 and ABCG8.
Monogenic Defects of HDL Cholesterol
and Cardiovascular Disease

Epidemiological data support the idea that the plasma
level of high-density lipoprotein (HDL) cholesterol has
a strong and inverse relationship with CVD. Increasing
HDL cholesterol level by 1mg/dl (0.3mmol/L) may
reduce the risk of CVD by 2–3%, independent of plasma
LDL cholesterol concentration. Consequently, in addition
to LDL cholesterol-lowering agents, increasing HDL cho-
lesterol is a promising potential therapeutic strategy to
reduce CVD risk (Qasim and Rader, 2006).

Normal HDL cholesterol plasma levels in humans
range from 35 to 80mg/dl and are largely regulated by
genetic factors. Family and twin studies have consistently
suggested that polygenic inheritance accounts for approx-
imately 40–60% of the interindividual variability of HDL
cholesterol levels. Severe low HDL cholesterol states
(<10mg/dl) are very rare and they are probably caused
by single mutations in genes directly involved in HDL
metabolism. In contrast, complex segregation analyses
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indicate that the majority of the interindividual variability
in HDL cholesterol in the general population has a poly-
genic inheritance and results from multiple phenotype–
genotype interactions (Figure 1).

The main cardioprotective role of HDL is the activation
of the reverse cholesterol transport pathway, by which
excess of cholesterol is transported from the peripheral
tissues (including the arterial wall) to the liver for excretion.
Nascent disc-shaped HDL particles are secreted predomi-
nantly by liver and intestine as lipid-poor apo A-I and show
a pre-b mobility on electrophoresis. Apo A-I stimulates
the adenosine triphosphate-binding cassette transporter 1
(ABCA1)-mediated cholesterol efflux from hepatocytes,
macrophages, and other peripheral cells. Nascent HDLs
are then enriched in phospholipids and free cholesterol,
which is esterified in a reaction catalyzed by the enzyme
lecithin-cholesterol acyltransferase (LCAT). Therefore,
HDL acquires a cholesteryl ester core, becoming larger
and spherical particles or mature HDL. Cholesteryl esters
from HDLmay return directly to the liver for excretion in
the bile by selective interaction with the scavenger recep-
tor class B-I (SR-BI) in the hepatocyte membrane. HDL
may also exchange cholesteryl esters for triglycerides with
apo B-containing lipoproteins through the enzyme chol-
esteryl ester transfer protein (CETP). Cholesteryl esters
within these lipoproteins are finally taken up by hepato-
cyte LDL receptors to be cleared in the liver. In addition,
HDL also exerts multiple protective functions from oxi-
dation, endothelial dysfunction, chronic inflammation, or
platelet activation and aggregation.
Therefore, the main candidate genes that regulate
HDL metabolism code for apo A-I, ABCA1, LCAT,
CETP, and SR-BI. Other minor candidates are phospho-
lipid transfer protein (PLTP), lipases such as hepatic lipase
(HL), lipoprotein lipase (LPL), or endothelial lipase (EL),
which have direct or indirect roles on HDL metabolism, or
regulators of cholesterol efflux other than ABCA1, such as
ABCG1 and ABCG4. In addition, during the last decade
genome-wide scans have identified different loci potentially
related with the modulation of HDL cholesterol levels.

Isolated hypoalphalipoproteinemia is defined by HDL
cholesterol concentration below the 10th percentile, for
age and gender, or lower than 40mg/dl (1.02mmol/L)
without a secondary cause of low HDL cholesterol. Muta-
tions in APOA1, ABCA1, and LCAT genes have been pro-
posed as the main monogenic defects associated with
isolated hypoalphalipoproteinemia. It has been demon-
strated that rare variants in apo A-I, ABCA1, and LCAT

genes are significantly more frequent (16% vs. 2%) in
subjects with low HDL cholesterol (under the fifth percen-
tile) than in those with high HDL cholesterol (over the
95th percentile) (Cohen et al., 2004).
Apolipoprotein A-I

Apo A-I is the major structural and functional protein of
HDL, and constitutes approximately 70% of the protein
component of HDL particles. Apo A-I stimulates choles-
terol efflux and is the main cofactor of LCAT, playing
a major role in reverse cholesterol transport. In addition,
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apo A-I exhibits important antioxidant and anti-
inflammatory properties. Variation in HDL cholesterol
levels has been associated with the apo A-I gene locus,
which is located in the apo A-I/C-III/A-IV/A-V gene clus-
ter, in the long armof chromosome 11.Hepatic and intestinal
expression of apo A-I gene is transcriptionally regulated
by both promoter and enhancer gene regions, located at
50 of apo A-I and 50 of apo C-III genes, respectively.

Several complete apo A-I deficiencies resulting from
gene cluster deletion or aberration have been described,
which are associated with extremely low levels of HDL
cholesterol and premature CHD. In addition, more than 40
missense and nonsense or frameshift mutations in the apo
A-I gene have been reported so far (Qasim andRader, 2006).
Mutations in the APOA1 gene may explain approximately
5% of the cases of isolated hypoalphalipoproteinemia.

However, the phenotype associated with these muta-
tions is highly variable and, surprisingly, many of them do
not appear to affect HDL cholesterol concentrations.
Furthermore, in several kindreds with apo A-I deficiency,
no clear association has been observed between the genetic
defect and premature CVD susceptibility. Actually, some
of these apo A-I variants, such as apo A-I Milano or apo
A-I Paris may even be atheroprotective.

Apo A-I Milano (C173R) was the first described mis-
sense mutation in the APOA1 gene. Apo A-I Milano het-
erozygous carriers have approximately a 70% decrease in
HDL cholesterol, which is not associated with an
increased risk of CHD. The protein concentration is also
markedly diminished, and it shows an enhanced catabolic
rate, as has been also reported for other apo A-I variants
(apo A-I Iowa, apo A-I Helsinki, apo A-I Zaragoza, etc.).
The Apo A-I Milano mutation renders an increased chol-
esterol efflux potential and a higher antioxidant capacity.
Moreover, the intravenous infusion of recombinant apo
A-I Milano allowed a significant reduction of the athero-
sclerotic lesion inmice and rabbits, suggesting that it could
be a useful therapeutic approach in patients with acute
coronary syndrome. A small clinical trial has been con-
ducted using weekly intravenous infusions of synthetic
nascent HDL-like particles containing apo A-I Milano,
with promising results on atheroma regression (Qasim
and Rader, 2006).
Adenosine Triphosphate-Binding Cassette
Transporter 1

The adenosine triphosphate-binding cassette transporter
1 (ABCA1) is a key regulator of cellular efflux of phos-
pholipids and unesterified cholesterol from cells to lipid-
poor apo A-I. Therefore, ABCA1 plays a major role in the
regulation of HDL cholesterol plasma level.

Tangier disease is a rare recessive disorder characterized
by cholesterol accumulation in the reticuloendothelial
system, resulting in hepatosplenomegaly and pathogno-
monic enlarged, orange-yellow tonsils, peripheral nerve
neuropathy, and corneal opacifications. Patients with Tang-
ier disease exhibit extremely low levels of HDL cholesterol
(typically around 5mg/dl or 0.1mmol/L) and apo A-I and
awide variation in cardiovascular risk, with premature CHD
described in approximately 50%of cases. It has been demon-
strated that these patients are either homozygous or com-
pound heterozygous for mutations in the ABCA1 gene. At
least 30 different structural variants of ABCA1 have been
reported to date in Tangier disease patients.
Lecithin:Cholesterol Acyltransferase

Lecithin:cholesterol acyltransferase (LCAT) catalyzes the
free cholesterol esterification reaction, which takes place
mainly in HDL, thereby creating a gradient for unester-
ified cholesterol efflux from cells to HDL. LCAT defi-
ciency causes a defective maturation of small HDL, and is
another rare recessive genetic disorder that underlies low
HDL cholesterol levels. At least 40 mutations in the LCAT
gene have been described, which in homozygous patients
may result in the expression of two different clinical and
biochemical phenotypes: Familial LCAT deficiency (FLD)
and fish eye disease (FED), where LCATactivity in plasma
is either virtually absent or partially conserved, respectively.
Both phenotypes are associatedwith very lowHDL choles-
terol plasma levels (5–10% of normal), hypertriglycerid-
emia, and corneal opacifications. In addition, FLD patients
present proteinuria, hemolytic anemia, and renal disease.
Despite the clinical differences between FLD and FED
phenotypes, no clear relationship has been found with the
nature of the mutation or its position in the gene.

In heterozygous carriers, LCAT genetic variants result in
HDL cholesterol levels reduced to approximately half that
of normal levels and lack clinical symptoms. Heterozygous
LCATmutations may have a major impact in approximately
4–5% of subjects with isolated hypoalphalipoproteinemia
(Recalde et al., 2002). It has recently been demonstrated that
heterozygous carriers of several LCAT mutations show an
increased intima–media thickness compared with family
controls, suggesting that LCAT may also be an interesting
therapeutic target to raise HDL cholesterol.
Glucocerebrosidase

Glucocerebrosidase (GBA) is a lysosomal beta-glucosidase
that catalyzes glucosylceramide hydrolysis. Mutations in
the GBA gene locus are responsible for Gaucher’s disease.
The carriers of GBA mutations affected by Gaucher’s dis-
ease show lower levels ofHDL cholesterol than nonaffected
and noncarrier relatives, and HDL cholesterol values are
also significantly different between the nonaffected carriers
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and noncarriers. Furthermore, the prevalence of the most
common variants of GBA (N370S and L444P) is elevated in
subjects with isolated hypoalphalipoproteinemia.

However, as we have previously noted, the heritable
component of HDL cholesterol variation in the general
population is a complex trait, and it is generally consid-
ered to reflect the cumulative contribution of multiple
common polymorphisms. Therefore, the identity of addi-
tional genes carrying common genetic abnormalities that
would contribute to HDL cholesterol reduction remains
to be determined. Genome-wide scans have identified at
least 22 different loci in 14 chromosomal regions that
contribute to HDL levels in humans, including a plethora
of new candidate genes that should be tested in further
studies. Moreover, moderate low HDL cholesterol level
(20–40mg/dl) observed in the general population is fre-
quently secondary to other disorders such as insulin resis-
tance, metabolic syndrome, or hypertriglyceridemia.

See also: Cardiovascular Disease: Overview and Trends;

Coronary Heart Disease; Hypertension; Peripheral Arterial

Disease.
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Measurement and Modeling: GIS

A geographic information system (GIS) refers broadly to
a computer-based system of hardware and software capa-
ble of capturing, storing, analyzing, and displaying geo-
graphically referenced data. The termGIS is often used to
describe analytical methods that incorporate geographic
location. The use of GIS has grown substantively in recent
years as digital data have become increasingly available
and as computer hardware and software technology has
advanced. In public health, advances in applications of
GIS are more recent, partly due to the increasing avail-
ability of spatially referenced data.
GIS and Public Health

Disease mapping has been used as a tool for analysis and
communication in public health since the nineteenth
century; perhaps most famously by John Snow in 1855
during the cholera outbreak in the Broad Street area of
London (Snow, 1855). Software, hardware, and technolo-
gical advancements in recent decades have served as a
catalyst for the dramatic expansion in the use of GIS in
public health. More recently, GIS has been used for
applications ranging from cancer mapping to modeling
the potential spread of infectious diseases such as SARS
and the avian flu. Disease surveillance is commonly
accompanied by maps; outbreak predictions and spread
of disease are frequently made using GIS modeling tech-
niques. Geography is often considered in analyses of
health conditions. Location is a key factor in many deci-
sion support systems from emergency health services to
siting of new health facilities. In public health, GIS meth-
ods are applied to a range of topical areas that are broadly
categorized by Cromley and McLafferty (2002) into the
themes of analyzing and identifying populations at risk,
health outcomes, risk factors, associations between risk
factors and outcomes, and health interventions.
Geographic Data

In its simplest form, geographic data are representations
of locations on Earth, attributes about those locations, and
inherent relationships between locations such as proximity
or adjacency. Geographic data are represented in vector
and raster forms. Vector geographic data include points,
lines, and polygons. Raster data are organized in a contin-
uous grid or in pixels. The size of the pixel or cell may
correspond to the smallest unit of the data itself (for
example, 1m2 for Ikonos satellite imagery) or may be
defined by the user by aggregating pixels to a certain
cell size. Unlike a simple table of information, or spread-
sheet, geographic data are organized according to loca-
tions of features on the Earth’s surface. The spatial
reference allows features to be analyzed within neighbor-
hoods, and to be integrated and analyzed with different
layers of information. For example, locations of health facil-
ities can be analyzed in relation to road networks, popula-
tion settlements, and biophysical features.

Geographic data can be collected with Global Position-
ing System (GPS) units, remote sensing, or digitizing of
existing paper maps. GPS is a satellite-based navigational
system developed by the US Department of Defense.
Though originally designed for military purposes, it is
now used worldwide by researchers and the general pub-
lic. Recreational-grade GPS units are relatively inexpen-
sive and can record latitude and longitude coordinates
with accuracies of as little as 5–15m. GPS units are widely
used to collect locations for population- and facility-based
surveys and censuses. Remote sensing refers to the
method of data collection that takes place above the
Earth’s surface. Aerial photography, satellite imagery,
and radar sensors collect information about the human-
made and natural surfaces on the Earth, and the data can
be processed and used within a GIS. Remotely sensed
data are often available for free at low resolutions; high-
resolution data can be costly to purchase, process, and
classify. Remotely sensed data are used to detect land
cover characteristics such as urbanization, agricultural
extents, as well as topographic and other biophysical or
climatically influenced features.

A GIS inherently places value on where phenomena
occur. While a database of cancer cases may be useful by
itself, knowing where those cases occur in relation to
pollution sources or biophysical features may help us to
better understand the covariation or potential causality of
nearby places or features. A GIS gives users the ability to
analyze these disparate layers simultaneously. The results
can be displayed interactively or on static maps in paper
or electronic form.
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Measurement Issues in Geographic Data

GIS depends on accurately measured locational data.
Geographic data are representations or models of features
on the Earth’s surface. Datums are mathematical solutions
to create two-dimensional representations of Earth. Many
countries use their own datums, though they are easily
convertible in most standard GIS software. Combining
data from different datums without converting them to a
common datum can lead to errors or inconsistent results.
Like datums, coordinate systems are numerous. Perhaps
the best-known coordinate system is the latitude and
longitude degree system. However, there are many others,
including the Universal Transverse Mercator, a planar
coordinate system where locations are measured in meters.
It is important to use a consistent datum and coordi-
nate system for geographic layers in a GIS. Projections
are mathematical solutions that transform the three-
dimensional Earth surface onto a two-dimensional surface
such as a paper map. Like datums, projections may be
country- or location-specific. Projections are important in
the implementation of GIS functions such as distance
calculations. Most GIS software packages are capable of
transforming datums, coordinate systems, and projections.

Because health data have not traditionally included
locational identifiers, researchers often georeference or
geocode health data in order to use them in a GIS. Geo-
referencing or geocoding refers to the process of assigning
a spatial reference – or code – to a record in order to tie
that record to a location. Geocodes can be assigned to any
geographic level, but it is usually to the lowest geographic
unit available. For health data, this might include the zip
code level, a census-defined area, town, or county loca-
tion. Much has been written on the subject of data quality
and geocoding as it relates to public health data, particu-
larly regarding the geocoding of notifiable events in the
United States (see Krieger et al., 2001; Rushton et al., 2006).
The quality and usefulness of geocoding depends on how
geographically small the geographic identifier is, and on
the quality of the geographic data that the geocode
matches to. For example, either zip code polygons or street
addresses may contain measurement error, and combining
these two data sets could compound these errors and lead
to incorrect conclusions from analysis within a GIS.

Many countries disseminate their health information
via the Internet. Often these statistics are aggregated to
the equivalent of state-level geographies. Some Ministries
of Health offer additional information such as locations of
health facilities and basic service provision. The Public
Health Mapping Unit of the World Health Organization
compiles and disseminates these data for some countries.
In many parts of the world, it is regular survey data that
provide reliable information on key health indicators.
International population surveys such as the Demographic
and Health Surveys (DHS) program have incorporated
the collection of latitude and longitude coordinates for
the communities where the survey respondents live. The
DHS are nationally representative household surveys that
collect outcome and impact indicators on a range of pop-
ulation, health, and nutrition topics for women, men, and
children. The DHS collects locations using handheld GPS
units. The locations allow the DHS data to be analyzed
within a GIS, to explore patterns in health outcomes,
proximity to health facilities or biophysical features, and
to display results. The World Bank Living Standards
and Measurement Surveys, the UNICEF Multiple Indi-
cator Cluster Surveys, and the World Health Organiza-
tion World Health Surveys have recently incorporated
the collection of GPS data following the methodology
of the DHS.
GIS Methods and Applications in
Public Health

Spatial analysis functions of GIS range from the topolog-
ical and geometrical tasks to spatial statistics, which apply
statistical methods to the analysis of spatial data. The most
common methods in GIS are the former. These include
query and selection, intersection, union, overlay, and buff-
ering. Density and distance calculations (including both
Euclidean and path) are also common in GIS. Interpola-
tion functions include inverse distance weighting,
Kriging, and splining. Spatial statistical methods include
nearest neighbor analysis, clustering, and spatial autocor-
relation. Many spatial statistical analyses are carried out
in other statistical packages, and the results are imported
back into the GIS environment. However, many GIS
software packages now include some spatial statistics in
their advanced functionality.

In public health, GIS methods are applied in a number
of ways. Spatial data exploration and visualization are two
of the most important functions of GIS. Questions of
access to health services, or siting of new health facilities
are particularly well suited to GIS analysis. Probability
mapping, or mapping the statistical significance of rates
rather than the rates themselves, is a useful solution where
data are limited or numbers are small. Cluster analysis
tests whether an area has a significantly different (high or
low) rate compared to other places. The Getis and Ord G*
statistic is one measure used to test for spatial clustering.
Ripley’s K statistic is used to test for statistically signifi-
cant patterns in spatial data. Bayesian smoothing is a
means for interpolating rates over an area, while taking
into account an underlying feature such as population size
or geographic area. Spatial autocorrelation is another
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important concept in GIS. Things or occurrences that are
closer together are more likely to be similar than those
that are far apart. In spatial analyses, and particularly
in statistical analyses, spatial autocorrelation might be
accounted or controlled for, or may be of particular inter-
est in and of itself. Anselin’s (1995) LISA measure (local
indicator of spatial autocorrelation) is found in some GIS
packages today. Kernel density uses values of nearby
points within a user-defined radius to interpolate values
for unmeasured points.
Representation of Public Health Data

Cartography is as much a science as it is an art. Mapping
the results is one of the most important outputs of a GIS
analysis. Survey or aggregate data are generally displayed
in choropleth or shaded maps. Density or count data can
be represented by dot maps. Point features such as health
facilities or community locations are usually represented
by symbols. Electronic maps or GIS visualization gives
the user the ability to change or define the scale, extent,
and symbology. Care must be taken in representing results
on maps; perhaps the most comprehensive reference on
this subject is Mark Monmonier’s How to Lie with Maps

(1996). Two of the most common issues with map repre-
sentation are the modifiable areal unit problem (MAUP)
and ecological fallacy. While most public health specia-
lists may be familiar with ecological fallacy (inferences
from aggregated data may or may not apply to individuals
or units below the aggregation), most are not familiar
with MAUP. Monmonier uses the example of the Broad
Street cholera outbreak to illustrate how aggregating
cholera cases to different levels of geography produces
seemingly conflicting results. The unit level of aggrega-
tion, geographic size and pattern of the units, and number
of units together constitute the MAUP. In GIS, this prob-
lem is usually addressed by carrying out an analysis at
various scales in order to confirm the validity of the
results.
Internet and Wireless GIS

In recent years, there has been an explosion in the avail-
ability of geographic data and use of GIS in almost every
discipline. Perhaps one of the most powerful frontiers is
the Internet, where publicly available satellite data on
GoogleMaps and GoogleEarth have brought visualiza-
tion and traveling distance to the desktop. GoogleEarth
allows users to display their own point files as a layer for
viewing or analyzing. The internet has also made it possi-
ble to share geographic data; an ever-increasing amount
of data are available for free as well as for purchase.
Cataloging initiatives and metadata standards have dra-
matically improved the ability of users to locate and
obtain spatial data. GIS data clearinghouses such as the
Alexandria digital library at the University of California at
Santa Barbara are useful resources for GIS data users.

Wireless devices such as cell phones and handheld
computers are increasingly being used to collect data in
the field. Personal digital assistants are now built with
integrated GPS units, and these can be used to collect
data in the field. Use of these devices has dramatically
reduced the time it takes to collect, process, and dissemi-
nate data. Attributes of locations can be entered on site
using handheld devices, and data can be sent over wireless
signals almost instantaneously. In the United States and
elsewhere, some have raised privacy concerns regarding
health data of individuals, but there is no clear consensus
on limits in this arena.
Future Issues

Confidentiality

As more detailed data become widely and freely available
on the Internet, increasing attention has turned toward
the issue of confidentiality and geographic data. While
GIS can provide the means for complex interdisciplinary
analysis of data, it can also be the means for identification
of places or individuals when data layers are superim-
posed. This is of particular concern for rare health events
and stigmatizing health conditions. Armstrong et al. (1999)
review methods of geographically masking health data to
preserve confidentiality; however, they note that valuable
locational information may be lost depending on the
method of masking. Privacy concerns have been raised
regarding improper use of such data to locate or identify
individuals, infringing on personal privacy that is often
legally and ethically protected.
Implementation

The cost of developing a GIS can be expensive in terms
of hardware, software, and human capital. Data acquisi-
tion, particularly for very recent high-resolution satellite
data can be cost-prohibitive for some users. Adequate
training in the use of GIS is still lacking in public health.
The cost of GIS software has historically been quite high,
though not unlike the cost of statistical software. These
barriers have been gradually reduced in recent years,
though they are still prohibitive for some. Rapid techno-
logical advances in the collection and processing of satellite
data are expected to further reduce that barrier. Open-
source initiatives for GIS software and data are likely
to continue to drive down the price for commercially
available GIS software. And, as GIS science expands



within and outside the public health discipline in many
universities, more and more people are being trained to
use GIS. Finally, the benefits of interdisciplinary GIS
analysis will ensure that the field continues to grow in
the future.

See also: Biostatistics; Health Surveys; The Measure-

ment and Valuation of Health for Economic Evaluation.

Citations

Anselin L (1995) Local indicators of spatial association – LISA.
Geographical Analysis 27(2): 93–115.

Armstrong M, Rushton G, and Zimmerman D (1999) Geographically
masking Health Data to Preserve Confidentiality. Statistics in
Medicine 18: 497–525.

Armstrong M (2000) Geographic information technologies and their
potentially erosive effects on personal privacy. Studies in the social
sciences 27(1): 19–28.

Cromley EK and McLafferty SL (2002)GIS and Public Health. New York:
The Guilford Press.

Krieger N, Waterman P, Lemieux K, Zierler S, and Hogan JW (2001) On
the wrong side of the tracks? Evaluating the accuracy of geocoding
in public health research. American Journal of Public Health 91:
1114–1116.

Monmonier M (1996) How to Lie with Maps. Chicago, IL: University of
Chicago Press.

Rushton G, Armstrong MP, Gittler J, et al. (2006) Geocoding in cancer
research. American Journal of Preventative Medicine 30(2S):
S16–S24.

Snow J (1855) On the Mode of Communication of Cholera, 2nd edn.
London: John Churchill.

Further Reading

de Smith MJ, Goodchild MF, and Longley PA (2006) Geospatial
Analysis: A Comprehensive Guide to Principles, Techniques and
Software Tools. Winchelsea, UK: Winchelsea Press.

Elliott P, Wakefield JC, Best NG, and Briggs DJ (eds.) (2000) Spatial
Epidemiology: Methods and Applications. New York: Oxford
University Press.

Krieger N, Waterman P, Chen JT, Soobader MJ, Subramanian SV, and
Carson R (2002) ZIP Code caveat: Bias due to spatiotemporal
mismatches between ZIP codes and US census-definedgeographic
areas – The Public Health Disparities Geocoding Project. American
Journal of Public Health 92: 1100–1102.

Longley PA, Goodchild MF, Maguire DJ, and Rhind DW (2005)
Geographic Information Systems and Science, 2nd edn. New York:
Wiley.

Pickles J (ed.) (1995) Ground Truth: The Social Implications of
Geographic Information Systems. New York: The Guilford Press.

Schabenberger O and Gotway C (2005) Statistical Methods for Spatial
Data Analysis. Boca Raton, FL: Chapman & Hall.

Spencer J, Frizzelle BG, Page PH, and Vogler JB (2003) Global
Positioning System: A Field Guide for the Social Sciences.
Oxford, UK: Blackwell Publishing.

Relevant Websites

http://www.alexandria.ucsb.edu/ – Alexandria Digital Library.
http://www.worldbank.org/LSMS/ – Living Standards Measurement

Study of the World Bank.
www.measuredhs.com – Measure DHS, Demographic and Health

Surveys.
www.unicef.org – UNICEF.
http://www.who.int/health_mapping/en/ – World Health Organization,

Public Health Mapping and GIS.

Global Burden of Disease 59
Global Burden of Disease
C Mathers, World Health Organization, Geneva, Switzerland

ã 2008 WHO. Published by Elsevier Inc. All rights reserved.
Introduction

A common approach for describing and quantifying the
health of populations is to aggregate individual-level data
to generate estimates of quantities such as the proportion
of the population (or of a particular age-sex group)
suffering from a particular health problem or dying from
a specific cause in a defined time period. When we are
interested in assessing all important causes of loss of
health, the numbers of statistics that must be compared
rapidly become large, and we also face difficulties in
comparing indicators relating to different health states,
mortality risks, or disease events.

Such statistics also suffer from several other limitations
that reduce their practical value for policy makers: first,
they are partial and fragmented. Basic information on
causes of death is not available for all important causes
in many countries, and mortality statistics fail to capture
the impact of nonfatal conditions, such as mental disor-
ders, musculoskeletal disorders, or blindness or deafness.
Second, analyses of incidence, prevalence, or mortality for
single causes often result in under- or overestimates when
not constrained to fit within demographically plausible
limits or to be internally consistent.

Governments and international agencies are faced
with setting priorities for health research and investment
in health systems and health interventions in a context of
increasing health-care costs, increasing availability of
effective interventions, and numerous and diverse prio-
rities and interest groups. One of the key inputs to such
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decision making should be detailed and comprehensive
assessments of the causes of loss of health in populations,
that incorporates both causes of death, as well as the main
causes of nonfatal illness and their long-term sequelae.
Broad evaluation of the effectiveness of health systems
and major health programs and policies also requires
assessments of the causes of loss of health that are compa-
rable not only across populations, but also over time.

The World Bank’s 1993 World Development Report,
Investing in Health, recommended cost-effective inter-
vention packages for countries at different levels of devel-
opment. Underpinning these analyses was the first Global
Burden of Disease (GBD) study, carried out by Chris
Murray at Harvard University and Alan Lopez at the
World Health Organization (WHO), in collaboration
with a global network of over 100 scientists. As well as
generating a comprehensive and consistent set of esti-
mates of mortality and morbidity by age, sex, and region
for the world, the GBD study introduced a new metric –
the disability-adjusted life year (DALY) – to simulta-
neously quantify the burden of disease from premature
mortality and the nonfatal consequences of over 100
diseases and injuries (Murray and Lopez, 1996a).
Global Burden of Disease Studies

The initial GBD study was commissioned by the World
Bank to provide a comprehensive assessment of disease
burden in 1990 from more than 100 diseases and injuries,
and from ten selected risk factors (Murray and Lopez,
1996a, 1996b; World Bank, 1993). Earlier attempts by
Lopez and others to quantify global cause-of-death
patterns had been largely restricted to broad cause-of-
death groups and did not address nonfatal health outcomes.

The results of the original GBD study were surprising to
many health policy makers, more familiar with the pattern
of causes represented in mortality statistics. Neuropsychia-
tric disorders and injuries were major causes of lost years
of healthy life as measured by DALYs, and were greatly
undervalued when measured by mortality alone. More
broadly, noncommunicable diseases, including neuropsy-
chiatric disorders, were estimated to have caused 41% of
the global burden of disease in 1990, only slightly less
than communicable, maternal, perinatal, and nutritional
conditions combined (44%), with 15% due to injuries.
The GBD study stimulated a number of similar studies at
national and subnational level, and also contributed to the
setting of global health research priorities (World Health
Organization, 1996).

Between 1998 and 2004, WHO undertook a new
assessment of the global burden of disease for the years
1999 to 2002, under the leadership of Chris Murray, with
annual assessments published in annex tables to theWorld
Health reports. These were based on an extensive analysis
of mortality data for all regions of the world together with
systematic reviews of epidemiological studies and popu-
lation health surveys, as well as incorporating a range of
methodological improvements. Additionally, a major and
expanded research program, the Comparative Risk
Assessment (CRA) project, was undertaken to quantify
the global and regional attributable mortality and burden
for 26 major risk factors.

The WHO GBD analysis for the year 2001 was used as
the framework for cost effectiveness and priority setting
analyses carried out for the Disease Control Priorities
Project, a joint project of the World Bank, WHO, and
the National Institutes of Health, funded by the Gates
Foundation. The GBD results were documented in detail,
with information on data sources and methods as well as
uncertainty and sensitivity analyses, in a book published
as part of the Disease Control Priorities Project (Lopez
et al., 2006).

The basic units of analysis for the first GBD study
were the eight World Bank regions defined for the 1993
World Development Report. The heterogeneity of these
large regions limited their value for comparative epide-
miological assessments. For the recent GBD assessments
by WHO, a more refined approach was followed. Mortal-
ity estimates by disease and injury cause, age, and sex were
first developed for each of the 192 WHO member states
using different methods for countries with different
sources of information on mortality. Epidemiological esti-
mates for incidence, prevalence, and years lost due to
disability (YLD) were first developed for 17 groupings
of countries, and then imputed to country populations
using available country-level information and methods
to ensure consistency with the country-specific mortality
estimates. The resulting country-level estimates were
made available by WHO at a summarized level, and also
facilitated the production of regional estimates for any
desired regional groupings of countries.
Analytic Methods

The DALY – Construction and Concepts

The DALY extends the concept of potential years of life
lost due to premature death (PYLL) to include equivalent
years of ‘healthy’ life lost from living in states of poor
health or disability. One lost DALY can be thought of as
one lost year of ‘healthy’ life (either through death or
illness/disability), and total DALYs (the burden of dis-
ease) as a measurement of the gap between the current
health of a population and an ideal situation in which
everyone in the population lives into old age in full health.

DALYs for a specific disease or injury cause are calcu-
lated as the sum of the years of life lost due to premature
mortality (YLL) from that cause and the YLD for incident
cases of the disease or injury. The YLL are calculated from
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the number of deaths, dx, at each age xmultiplied by a global
standard life expectancy, Lx, which is a function of age x :

YLLx ¼
X
x

dx � Lx

The GBD 1990 study chose not to use an arbitrary age
cutoff such as 70 years in the calculation of YLL, but
rather specified the loss function Lx in terms of the life
expectancies at various ages in standard life tables with
life expectancy at birth fixed at 82.5 years for females and
80.0 years for males (Figure 1). The loss function was
specified to be the same for all deaths of a given age and
sex, in all regions of the world, irrespective of other
characteristics such as socioeconomic status or relevant
current local life expectancies.

Because YLL measure the incident stream of lost years
of life due to deaths, an incidence perspective is also taken
for the calculation of YLD. The YLD for a particular cause
in a particular time period are calculated bymultiplying the
number of incident cases ix, at each age x in that period, by
the average duration of the disease for each age of incidence,
lx, and a weight factor dwx, that reflects the severity of the
disease on a scale from 0 (full health) to 1 (dead):

YLDx ¼
X
x

ix � lx � dwx

YLD are generally calculated either for the average inci-
dent case of the disease, or for one or more disabling
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sequelae of the disease. For example, YLD for diabetes
are calculated by adding the YLD for uncomplicated cases
and the YLD for sequelae such as diabetic neuropathy,
retinopathy, and amputation.

Murray and Lopez chose to apply a 3% time discount
rate to the years of life lost in the future to estimate the
net present value of years of life lost in calculating DALYs.
Based on a number of studies that suggest the existence of
a broad social preference to value a year lived by a young
adult more highly than a year lived by a young child or an
older person, Murray also incorporated nonuniform age
weights. When discounting and age weighting are both
applied, a death in infancy corresponds to 33 DALYs,
while deaths at ages 5 to 20 equate to around 36 DALYs
(Figure 2). Discounting and age weighting essentially
modify the loss function Lx in the calculation of YLL
and the average duration, lx, in the calculation of YLD.
A more complete account of the DALY, calculation for-
mulae, and the philosophy underlying parameter choices,
is given by Murray and Lopez (1996a).

The ‘valuation’ of time lived in nonfatal health states
formalizes and quantifies social preferences for different
states of health as disability weights (dwx). Depending on
how theseweights are derived, they are variously referred to
as disability weights, quality-adjusted life year (QALY)
weights, health state valuations, or health state preferences.
Because the DALY is measuring loss of health (unlike the
QALY that measures equivalent healthy years lived), the
disability weights for DALYs are inverted, running from
0 (ideal health) to 1 (state comparable to death).

The original GBD study used two forms of the person
trade-off method to value health states and asked
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participants in weighting exercises to make a composite
judgment about the severity distribution of the condition
and the preference for time spent in each severity level.
This was largely necessitated by the lack of population
information on the severity distribution of most condi-
tions at the global and regional levels.

A Dutch disability weight study attempted to address
this problem by defining the distribution of health states
associated with each sequela using the EuroQol health
profile to describe the health states (Stouthard et al., 1997).
Using similar methodology to the original GBD study
with three panels of public health physicians and one
lay panel, this study concluded that it makes little dif-
ference whether the valuation panels comprise medical
experts or lay people, as long as accurate functional health
state profiles are provided.
Relationship to Other Summary Measures of
Population Health (SMPH)

The DALY is one example of a time-based summary
measure of population health that combines mortality
and morbidity into a single indicator (Murray et al.,
2002). Two classes of SMPH have been developed: health
expectancies (e.g., disability-free life expectancy, active
life expectancy, healthy life expectancy) and health gaps
(e.g., disability-adjusted life years, healthy life years, etc.).
Health expectancies extend the concept of life expectancy
to refer to expectations of various states of health, or of the
overall expectation of years of equivalent full health, not
just of life per se (see Figure 2).

Health gaps are a complementary class of indicators
that measure lost years of full health against some norma-
tive ideal (see Figure 2). Measures of potential YLL have
been used for many years to measure the mortality bur-
den of various causes of death. The DALY is one of several
examples of a health gap indicator which extends the
notion of mortality gaps to include time lived in states
with other than excellent health.

A health gap measure was chosen for the GBD stud-
ies because it allows the use of categorical attribution to
attribute the fatal and nonfatal burden of diseases and
injuries to an exhaustive and mutually exclusive set of
disease and injury categories. The lost years of health
(or DALYs) on one hand are additive across such a set
of disease or injury categories. However, health expec-
tancy measures, on the other, do not naturally lend
themselves to disaggregation by categorically defined
causes. Instead, counterfactual methods, such as ‘disease
elimination,’ are required to quantify the contribution of
disease causes to overall health expectancy measure, as
well as for dealing with risk factors. Health gap measures
also generally require counterfactual analysis to attribute
the burden of disease to health determinants and risk
factors.
Dealing with Incomplete and Partial Data

The GBD study developed methods and approaches to
make estimates for causes of burden for which there were
limited data and considerable uncertainty, to ensure that
causes with limited information were not implicitly con-
sidered to have zero burden and hence ignored by health
policy makers (Murray et al., 2003). The basic philosophy
guiding the GBD approach is that there is likely to be
useful information content in many sources of health data,
provided they are carefully screened for plausibility and
completeness, and that internally consistent estimates of
the global descriptive epidemiology of major conditions
are possible with appropriate tools, investigator commit-
ment, and expert opinion.

This philosophy has remained central to the WHO
updates of the GBD, which incorporated a range of new
data sources both for mortality (YLL) and YLD calcula-
tions (Lopez et al., 2006). Despite this, there remains very
considerable uncertainty in cause-specific mortality esti-
mates for Africa and many other developing countries,
and also for YLD for many diseases in both developed and
developing countries (Mathers et al., 2006). To address
criticisms about lack of transparency in the GBD
enterprise, substantial effort was also put into document-
ing cause-specific analyses and the overall analytical
approach (Mathers et al., 2006).
Estimation of Mortality Levels and Causes of
Death

For the most recent GBD estimates at WHO, life tables
specifying mortality rates by age and sex for 192 WHO
member states were developed for 2002 from available
death registration data (112 member states), sample reg-
istration systems (India, China), and data on child and
adult mortality from censuses and surveys such as the
Demographic and Health Surveys (DHS) and UNICEF’s
Multiple Indicator Cluster Surveys (MICS).

Death registration data containing useable information
on cause-of-death distributions were available for 107
countries, the majority of these in the high-income
group, Latin America and the Caribbean, and Europe
and Central Asia. Population-based epidemiological stud-
ies, disease registers, and notifications systems (in excess
of 2700 data sets) also contributed to the estimation of
mortality due to 21 specific communicable causes of
death, including HIV/AIDS, malaria, tuberculosis, child-
hood immunizable diseases, schistosomiasis, trypanoso-
miasis, and Chagas’ disease. Almost one-third of these
data sets related to sub-Saharan Africa.

To address information gaps relating to other causes of
death for populations without useable death registration
data, models for estimating broad cause-of-death patterns
based on GDP and overall mortality levels were used. The
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approach to cause-of-death modeling used for the GBD
1990 study was substantially revised and enhanced for the
2000–02 study to estimate deaths by broad cause group in
regions with limited information on mortality (Salomon
and Murray, 2002).
Data and Methods for Estimation of YLD

Estimating YLD requires systematic assessments of the
available evidence on incidence, prevalence, duration, and
severity of a wide range of conditions, often based on
inconsistent, fragmented, and partial data available from
different studies. Data sources included disease registers,
epidemiological studies, health surveys, and health facil-
ity data (where relevant).

Two key tools in dealing with limited or missing data
were to carefully screen sources of health data for plausi-
bility and completeness, drawing on expert opinion and
on cross-population comparisons, and to explicitly ensure
the internal consistency of estimates of incidence, preva-
lence, case fatality, and mortality for each specific disease
cause. A software tool called DisMod was developed for
the GBD study to help model the incidence and duration
parameters needed for YLD calculations from available
data, to incorporate expert knowledge, and to check the
consistency of different epidemiological estimates and
ensure that the estimates used were internally consistent.
Figure 3 shows the underlying model used by DisMod
(Barendregt et al., 2003).
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Figure 3 The basic disease model underlying DISMOD. For a

given population with specified all causemortality rates, the three

transition rates for incidence (i), remission (r) and cause-specific
mortality (f) completely determine the prevalence of cases of the

disease, and the average duration of cases. As well as calculating

solutions when the 3 hazard rates (for incidence, remission, and

mortality) are provided as inputs, DISMOD allows other
combinations of inputs such as prevalence, remission, and case

fatality. In these cases, DISMOD uses a goal-seeking algorithm to

fit hazards such that the model reproduces the available input

variables. DISMOD may thus be used either to estimate
parameters needed for YLD calculations (incidence and average

duration) from other available epidemiological information, or to

check the internal consistency of the various parameter
estimates from available studies. Reproduced from Mathers CD,

Lopez AD, and Murray CJL (2006) The burden of disease and

mortality by condition: Data, methods and results for 2001. In:

Lopez AD, et al. (eds.)Global Burden of Disease and Risk Factors,
pp. 45–240. New York: Oxford University Press.
Around 8700 data sets were used to quantify the YLD
estimates for GBD 2000–02, of which more than 7000
related to Group I causes. One-quarter of the datasets
relate to populations in sub-Saharan Africa, and around
one-fifth to populations in high-income countries. Together
with the more than 1370 additional data sets used for the
estimation of YLL, the 2000–02 GBD study incorporated
information from over 10 000 data sets relating to popula-
tion health and mortality. This almost certainly represents
the largest synthesis of global information on population
health ever carried out.
Latest Results

This section gives a brief overview of results for the year
2002 grouped in World Bank regions, with high-income
countries grouped together separately. Diseases and inju-
ries are classified in the GBD using a tree structure
based on the International Classification of Diseases.
The highest level of aggregation consists of three broad
cause groups: Group I (communicable, maternal, perina-
tal, and nutritional conditions), Group II (noncommunic-
able diseases), and Group III (injuries). Group I causes
are those conditions that typically decline at a faster
pace than all-cause mortality during the epidemiological
transition, and occur largely in poor populations. Figure 4
compares the distribution of deaths and DALYs across
the three groups in 2002 for high-income countries and
low- and middle-income countries.
Global and Regional Mortality in 2002

Slightly over 57million people died in 2002, 10.4million
(or nearly 20%) of whom were children younger than
5 years of age. Of these child deaths, 99% occurred in
low- and middle-income countries. Worldwide, one death
in every three is from a Group I cause. This proportion
remains almost unchanged from 1990, with one major
difference. Whereas HIV/AIDS accounted for only 2%
of Group I deaths in 1990, it accounted for 16% in 2002.

The risk of a child dying before age 5 ranged from 17%
in sub-Saharan Africa to 0.7% in high-income countries
in 2002. Low- and middle-income countries accounted for
99% of global deaths among children under the age of
5 years and 85% of these were in the low-income
countries. Just five preventable conditions – pneumonia,
diarrheal diseases, malaria, measles, and perinatal causes
are responsible for 70% of all child deaths (Figure 5).

In developing countries, Group II causes (noncommu-
nicable diseases) were responsible for more than 50% of
deaths in adults aged 15–59 in all regions except South
Asia and sub-Saharan Africa, where Group I causes includ-
ing HIV/AIDS remained responsible for one-third and
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two-thirds of deaths, respectively (Figure 6). In other
words, the epidemiologic transition is already well estab-
lished in most developing countries.

Table 1 summarizes estimated numbers of deaths and
DALYs in 2002 for diseases and injuries causing more than
1% of global deaths or DALYs. Ischemic heart disease
(IHD) and cerebrovascular disease (stroke) were the lead-
ing causes of death in both high-income countries and
low- and middle-income countries in 2002, together
responsible for more than 20% of all deaths worldwide
(Table 2). Four of the top ten causes of death in the world
are related to smoking (ischemic heart disease, stroke,
chronic obstructive pulmonary disease, and lung cancer).
In low- and middle-income countries, five of the leading
ten causes of death remain infectious diseases, including
lower respiratory infections, HIV/AIDS, diarrheal dis-
eases, tuberculosis, and malaria.
Leading Causes of Disability

The overall burden of nonfatal disabling conditions is
dominated by a relatively short list of causes. In all
regions, neuropsychiatric conditions are the most impor-
tant causes of disability, accounting for over 37% of YLDs
among adults aged 15 years and over. While depression is
the leading cause of disability for both males and females,
the burden of depression is 50% higher for females than
males, and females also have higher burden from anxiety
disorders, migraine, and senile dementias. In contrast, the
male burden for alcohol and drug use disorders is nearly
six times higher than that for females, and accounts
for one-quarter of the male neuropsychiatric burden.
Vision disorders, hearing loss, and musculoskeletal disor-
ders are also important causes of YLD, in both developed
and developing countries (Figure 7).
The Burden of Diseases and Injuries

HIV/AIDS is now the third-leading cause of burden of
disease globally, and the leading cause in sub-Saharan
Africa, followed by malaria. Five other Group I causes
also appear in the top ten causes for low- and middle-
income countries (Table 3). Group I conditions accounted
for 73% of the burden of disease in sub-Saharan Africa,
and 47% of the burden in South Asia (Figure 8). In other
low- and middle-income regions, Group I conditions
account for a little under one-quarter of the disease
burden. Total disease burden in Europe and Central
Asian countries increased by nearly 40% over the period
since 1990 and was higher in 2002 than for other devel-
oping regions of the world apart from South Asia and
sub-Saharan Africa.



Table 1 Estimated deaths and burden of disease by cause – low- and middle-income, high-income countries, and world, 2002 a

Low- and middle-income High-incomeb World

All causes Deaths DALYs Deaths DALYs Deaths DALYs

Total number (thousands) 49 164 1368156 7847 118093 57011 1 486249

Rate per 1000 population 9.3 259.0 8.4 126.7 9.2 239.2

Age-standardized rate per 1000c 11.4 261.5 4.9 111.5 10.0 239.6

Selected cause groups: Number (thousands)
I. Communicable, maternal, perinatal, and nutritional conditions

Group I Total 17 840

(36.3)

1601 885 (44.0) 1539 (6.9) 11 7162 (6.1) 18 378

(32.2)

1609 047

(41.0)
Perinatal conditions 2428 (4.9) 1196 798 (7.1) 30 (0.4) 1438 (1.2) 2459 (4.3) 1198 236 (6.6)

Lower respiratory infections 3603 (7.3) 92 186 (6.7) 336 (4.3) 1303 (1.1) 3939 (6.9) 93 489 (6.3)

HIV/AIDS 2833 (5.8) 81 771 (6.0) 20 (0.3) 609 (0.5) 2853 (5.0) 82 380 (5.5)

Diarrheal diseases 1863 (3.8) 64 445 (4.7) 16 (0.1) 315 (0.3) 1868 (3.3) 64 759 (4.4)
Malaria 911 (1.9) 34 758 (2.5) 10 (0.0) 12 (0.0) 911 (1.6) 34 760 (2.3)

Tuberculosis 1550 (3.2) 34 454 (2.5) 15 (0.2) 149 (0.1) 1565 (2.7) 34 602 (2.3)

Maternal conditions 509 (1.0) 32 957 (2.4) 1 (0.0) 479 (0.4) 510 (0.9) 33 436 (2.2)

Measles 607 (1.2) 20 953 (1.5) 10 (0.0) 3 (0.0) 607 (1.1) 20 955 (1.4)
Protein-energy malnutrition 251 (0.5) 16 740 (1.2) 9 (0.1) 98 (0.1) 260 (0.5) 16 838 (1.1)

II. Noncommunicable diseases

Group II Total 26 630
(54.2)

596 788 (43.6) 6843
(87.2)

100 291
(84.9)

33 473
(58.7)

697 079 (46.9)

Unipolar depressive disorders 11 (0.0) 56 474 (4.1) 3 (0.0) 10 588 (9.0) 13 (0.0) 11 (0.0)

Ischemic heart disease 5856 (11.9) 51 646 (3.8) 1340

(17.1)

7502 (6.4) 7195 (12.6) 5856 (11.9)

Cerebrovascular disease 4736 (9.6) 43 748 (3.2) 766 (9.8) 5708 (4.8) 5502 (9.7) 4736 (9.6)

Chronic obstructive pulmonary

disease

2442 (5.0) 24 176 (1.8) 304 (3.9) 3873 (3.3) 2746 (4.8) 2442 (5.0)

Hearing loss, adult onset 10 (0.0) 21 978 (1.6) 10 (0.0) 3974 (3.4) 10 (0.0) 10 (0.0)
Cataracts 10 (0.0) 24 780 (1.8) 10 (0.0) 376 (0.3) 10 (0.0) 10 (0.0)

Alcohol-use disorders 67 (0.1) 14 767 (1.1) 23 (0.3) 5471 (4.6) 90 (0.2) 67 (0.1)

Diabetes mellitus 775 (1.6) 13 044 (1.0) 208 (2.7) 3121 (2.6) 983 (1.7) 775 (1.6)

Schizophrenia 21 (0.0) 14 631 (1.1) 12 (0.0) 1458 (1.2) 23 (0.0) 21 (0.0)
Asthma 212 (0.4) 13 333 (1.0) 28 (0.4) 1908 (1.6) 240 (0.4) 212 (0.4)

Osteoarthritis 12 (0.0) 12 163 (0.9) 3 (0.0) 2648 (2.2) 5 (0.0) 12 (0.0)

Congenital heart anomalies 249 (0.5) 14 508 (1.1) 12 (0.2) 802 (0.7) 262 (0.5) 249 (0.5)
Vision disorders, age-related 10 (0.0) 12 975 (0.9) 10 (0.0) 1127 (1.0) 10 (0.0) 10 (0.0)

Bipolar disorder 10 (0.0) 12 437 (0.9) 10 (0.0) 1467 (1.2) 1 (0.0) 10 (0.0)

Cirrhosis of the liver 668 (1.4) 12 233 (0.9) 117 (1.5) 1685 (1.4) 785 (1.4) 668 (1.4)

Trachea, bronchus, lung cancers 786 (1.6) 7751 (0.6) 456 (5.8) 3497 (3.0) 1242 (2.2) 786 (1.6)
Nephritis and nephrosis 561 (1.1) 7802 (0.6) 115 (1.5) 585 (0.5) 676 (1.2) 561 (1.1)

Stomach cancer 707 (1.4) 7061 (0.5) 142 (1.8) 1028 (0.9) 850 (1.5) 707 (1.4)

Hypertensive heart disease 783 (1.6) 6995 (0.5) 126 (1.6) 693 (0.6) 908 (1.6) 783 (1.6)

Liver cancer 514 (1.0) 6275 (0.5) 104 (1.3) 813 (0.7) 617 (1.1) 514 (1.0)
Colon and rectum cancer 365 (0.7) 3759 (0.3) 256 (3.3) 2051 (1.7) 621 (1.1) 365 (0.7)

III. Injuries

Group III Total 4694 (9.5) 169 483 (12.4) 465 (5.9) 10 640 (9.0) 5159 (9.0) 180 123 (12.1)
Road traffic accidents 1071 (2.2) 35 158 (2.6) 118 (1.5) 3085 (2.6) 1189 (2.1) 38 244 (2.6)

Violence 536 (1.1) 20 373 (1.5) 22 (0.3) 780 (0.7) 558 (1.0) 21 153 (1.4)

Self-inflicted injuries 750 (1.5) 18 149 (1.3) 123 (1.6) 2327 (2.0) 873 (1.5) 20 475 (1.4)

Falls 320 (0.7) 14 876 (1.1) 71 (0.9) 1240 (1.1) 391 (0.7) 16 116 (1.1)

Note: Numbers in pararentheses indicate % of column total.

Source: World Health Organization.
aWithin each major group, disease and injury causes resulting in greater than 1% of total deaths or DALYs are shown, ranked within

each group by global DALYs.
bHigh-income countries are those countries with gross national income per capita of $9206 or more in 2001, according to the World

Bank’s 2003 World Development Report. This group includes the countries of Western Europe, North America, Australia, New Zealand,

Japan, the Republic of Korea, Singapore, and four of the Gulf States.
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Table 2 Fifteen leading causes of death, world, 2002

Total deaths (millions) % of total deaths

All causes 57.01 100.0
1 Ischemic heart disease 7.20 12.6

2 Cerebrovascular disease 5.50 9.7

3 Lower respiratory infections 3.94 6.9

4 HIV/AIDS 2.85 5.0
5 Chronic obstructive pulmonary disease 2.75 4.8

6 Perinatal conditionsa 2.46 4.3

7 Diarrheal diseases 1.87 3.3

8 Tuberculosis 1.56 2.7
9 Trachea, bronchus, lung cancers 1.24 2.2

10 Road traffic accidents 1.19 2.1

11 Diabetes mellitusb 0.98 1.7
12 Malaria 0.91 1.6

13 Hypertensive heart disease 0.91 1.6

14 Suicide 0.87 1.5

15 Stomach cancer 0.85 1.5

Source: World Health Organization.
aIncludes ‘causes arising in the perinatal period’ as defined in the International Classification of Diseases, and does not include all
causes of deaths occurring in the perinatal period.
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Figure 7 Global YLD, YLL, and DALYs for major disease groups, 2002. DALYs are the sum of years of life lost due to
premature mortality (YLL) and years lived with disability (YLD). Source: World Health Organization.
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Table 3 The ten leading causes of burden of disease, DALYs by broad income group, 2002

Low- and middle-income countries High-income countries

Cause
DALYs
(million)

% of total
DALYs Cause

DALYs
(millions)

% of total
DALYs

1 Perinatal conditions 96.8 7.1 1 Unipolar depressive disorders 10.6 9.0

2 Lower respiratory

infections

92.2 6.7 2 Ischemic heart disease 7.5 6.4

3 HIV/AIDS 81.8 6.0 3 Cerebrovascular disease 5.7 4.8

4 Diarrheal diseases 64.4 4.7 4 Alcohol use disorders 5.5 4.6

5 Unipolar depressive
disorders

56.5 4.1 5 Alzheimer and other dementias 4.1 3.5

6 Ischemic heart disease 51.6 3.8 6 Hearing loss, adult onset 4.0 3.4

7 Cerebrovascular disease 43.7 3.2 7 Chronic obstructive pulmonary

disease

3.9 3.3

8 Road traffic accidents 35.2 2.6 8 Trachea, bronchus, lung cancers 3.5 3.0

9 Malaria 34.8 2.5 9 Diabetes mellitus 3.1 2.6

10 Tuberculosis 34.5 2.5 10 Road traffic accidents 3.1 2.6
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Figure 8 DALYs per 1000 population, by region and cause group, all ages, 2002. For all the World Bank geographical regions,

high-income countries have been excluded and are shown as a single group at the top of the graph.aThe category ‘Other infectious

and parasitic diseases’ includes acute respiratory infections such as influenza and pneumonia. Source: World Health Organization.
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The epidemiological transition in low- and middle-
income countries has resulted in a 20% reduction since
1990 in the per capita disease burden due to Group I
causes (communicable, maternal, perinatal, and nutritional
conditions). Without the HIV/AIDS epidemic and the
associated lack of decline in tuberculosis burden, this
reduction would have been substantially greater, closer to
30% over the period.

The burden of noncommunicable diseases accounted
for nearly half of the global burden of disease in 2002, a
10% increase from estimated levels in 1990. Indeed,
almost 50% of the adult disease burden in low- and
middle-income countries of the world is now attributable
to noncommunicable disease. The burden of disease in
Europe and Central Asia was dominated by ischemic
heart disease and stroke, which together accounted for
more than one-quarter of total disease burden. In contrast,
in Latin America and Caribbean countries, these diseases
accounted for 8% of disease burden. However, there were
very high levels of diabetes and endocrine disorders in
this region, compared to others.

Road traffic accidents are among the top 10 causes of
DALYs for both high-income and low- and middle-income
countries. Violence is also the fourth leading cause of
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burden in Latin America and Caribbean countries. In these
countries, as well as the Europe and Central Asian region,
and the Middle East and North Africa, more than 30% of
the entire disease and injury burden among male adults
aged 15–44 is attributable to injuries, including road traffic
accidents, violence, and self-inflicted injuries. Additionally,
injury deaths are noticeably higher for women in some parts
of Asia and theMiddle East andNorth Africa, in part due to
high levels of suicide and violence.
Applications of Burden of Disease
Analysis

TheGBD studies have provided a base or starting point for
a number of analytic exercises to provide inputs to inter-
national and national health policy and priority setting.
Apart from the application to health research priority
setting mentioned earlier, the GBD has also provided a
population base for the calculation of the potential health
gains through cost-effective interventions, and for the
analysis of priorities for health interventions and invest-
ments in low- and middle-income countries ( Jamison
et al., 2006; Tan-Torres Edejer et al., 2003). Perhaps the
major methodological advance has been in the quantifica-
tion of the attributable burden for 26 global risk factors.

During the years 2000–03, WHO reported on the aver-
age levels of population health for its 192 member countries
using a health expectancy measure, healthy life expectancy
(HALE). The HALE calculations were based substantially
on imputed national-level data from the GBD study as
difficulties in comparing self-reported health data across
populations severely limited the information input from
population-representative surveys (Mathers et al., 2004).
HALE was also used as one of the key outcome measures
in WHO analysis of the overall performance, or efficiency,
of national health systems (Murray and Evans, 2003).
Projections

The original GBD study included projections of mortality
and burden of disease by cause, age, and sex for the eight
GBD regions for the years 2000, 2010, and 2020. These
projections have been widely used and quoted, and due to
ongoing demand, WHO prepared updated projections
to the year 2030 using similar but updated methods
(Mathers and Loncar, 2006).

According to these projections, overall (age-standar-
dized) mortality rates worldwide are expected to decline
by 0.6–1.0% per year over the next 30 years, but at two
to three times this rate for most major communicable
diseases, the exception being HIV/AIDS. Indeed, by
2030, global HIV/AIDS mortality is expected to double
from the 2005 annual toll of just under 3 million deaths.
Table 4 shows the projected ten leading causes of death
globally in 2030. Total tobacco-attributable deaths will
rise from 5.4million in 2005 to 8.3million in 2030, 11% of
all deaths globally. The three leading causes of burden of
disease in 2030 are projected to be HIV/AIDS, unipolar
depressive disorders, and ischemic heart disease.
National Burden of Disease Studies

The methods and findings of the original GBD study
stimulated quite a number of national disease burden
studies of varying scope and methodological rigor during
the 1990s. The earliest comprehensive studies were for
Mexico and Mauritius, followed by studies in the late
1990s in the Netherlands and Australia. In the last few
years, comprehensive national burden of disease studies
have also been carried out in countries such as Brazil,
Malaysia, Turkey, South Africa, Zimbabwe, Thailand, and
the United States, and studies are under way in Canada
and several other countries. (A reasonably up-to-date
list of references and links may be found on the WHO
website; see section titled ‘Relevant websites’ later in
this article.)
Criticisms and Controversies

The burden of disease methodology and the DALY have
been controversial in the international and national health
policy arenas, in the health economics and epidemiological
research communities, and among disability interest groups
(Fox-Rushby, 2002). Criticisms of the GBD approach fall
into three main groups: (1) those concerned with the
extrapolation of population health estimates in which
data are limited, uncertain, or missing; (2) those concerned
about a number of issues in how the DALY summarizes
fatal and nonfatal health outcomes; and (3) some well-
known health economists who have argued that burden
of disease analysis is irrelevant or potentially misleading
for setting health priorities.

The GBD analyses have been criticized for making
estimates of mortality and burden of disease for regions
with limited, incomplete, and uncertain data, and have
even been characterized by some critics as having at
best only tenuous links to empirical evidence (Cooper
et al., 1998). Murray and colleagues have argued that
health planning based on uncertain assessments of the
available evidence – which attempt to synthesize it
while ensuring consistency and adjustment for known
biases – will almost always be more informed than
planning based on ideology; there will be practically no
cases in which we are totally ignorant about an issue to the
point where there is no alternative to ideology (Murray
et al., 2003). The GBD analytic approach has been strongly
influenced by demographic and economic traditions of
making the best possible estimates of quantities of interest



Table 4 Projected leading causes of death, by income group, 2030

Both sexes Both sexes

Rank Disease or injury % total deaths Rank Disease or injury % total deaths

World Middle-income countries

1 Ischemic heart disease 13.4 1 Cerebrovascular disease 14.4

2 Cerebrovascular disease 10.6 2 Ischemic heart disease 12.7

3 HIV/AIDS 8.9 3 COPD 12.0
4 COPD 7.8 4 HIV/AIDS 6.2

5 Lower respiratory infections 3.5 5 Trachea, bronchus, lung cancers 4.3

6 Trachea, bronchus, lung cancers 3.1 6 Diabetes mellitus b 3.7
7 Diabetes mellitus b 3.0 7 Stomach cancer 3.4

8 Road traffic accidents 2.9 8 Hypertensive heart disease 2.7

9 Perinatal conditions a 2.2 9 Road traffic accidents 2.5

10 Stomach cancer 1.9 10 Liver cancer 2.2
High-income countries Low-income countries

1 Ischemic heart disease 15.8 1 Ischemic heart disease 13.4

2 Cerebrovascular disease 9.0 2 HIV/AIDS 13.2

3 Trachea, bronchus, lung cancers 5.1 3 Cerebrovascular disease 8.2
4 Diabetes mellitus b 4.8 4 COPD 5.5

5 COPD 4.1 5 Lower respiratory infections 5.1

6 Lower respiratory infections 3.6 6 Perinatal conditions a 3.9
7 Alzheimer and other dementias 3.6 7 Road traffic accidents 3.7

8 Colon and rectum cancers 3.3 8 Diarrheal diseases 2.3

9 Stomach cancer 1.9 9 Diabetes mellitus b 2.1

10 Prostate cancer 1.8 10 Malaria 1.8

Reproduced from Mathers CD and Loncar D (2006) Projections of global mortality and burden of disease from 2002 to 2030. Public

Library of Science Medicine 3(11): e442.
aIncludes ‘causes arising in the perinatal period’ as defined in the International Classification of Diseases, and does not include all

causes of deaths occurring in the perinatal period.
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for populations from the available data, using a range of
techniques depending on the type and quality of evidence.

The second group of criticisms has largely focused on
the disability weights, social value choices such as age
weights, and on concepts of health incorporated in the
DALY (Anand and Hanson, 1997; Williams, 1999). The
DALYs have received a great deal of criticism from disability
advocates and some health analysts, who have seen the
inclusion of disability in the DALY as implying that people
with disability are less valued than people in full health.
Someof this criticism relates to claims that cost-effectiveness
analysis imposes an implicit utilitarianism on policy choices,
but a more fundamental criticism is that the conceptuali-
zation of disability found in the DALY confounds the ideas
of ‘health’ and ‘disability,’ whereas in fact people with
disabilities may be no less healthy than anyone else.

In response to these critics, the conceptual basis for the
measurement of health and the valuation of health states
in the DALY has been further developed and clarified
(Salomon et al., 2003). As used in the DALY, the term
disability is essentially a synonym for health states of
less than full health. The DALY is actually attempting to
quantify loss of health, and the disability weights should
thus reflect social preferences for health states, not
broader valuations of ‘quality of life,’ ‘well-being,’ or
‘utility.’ Thus disability weights should reflect judgments
about the ‘healthfulness’ of defined states, not any judg-
ments of quality of life or the worth of persons. A high
disability weight for a health state then implies that peo-
ple place a high social value on preventing such health
states or on provision of treatment interventions that
replace them by states closer to full health.

The valuation methods used in the original GBD have
also been criticized on the grounds that the groups used to
elicit weights were not representative of the general
global population, and that the person trade-off method
used in the GBD is unethical, in that it involves hypothet-
ical scenarios trading off saving the lives of people in full
health versus saving the lives of people with specified
health conditions (Arnesen and Nord, 1999). Subsequent
GBD work on eliciting health state valuations has moved
away from reliance on the person trade-off method, and
has also made use of large representative population
surveys, although a full revision of the weights used in
the GBD has not yet been carried out.

Finally, some economists have expressed concern that
burden of disease analysis might result in priority setting
solely on the basis of the magnitude of disease burden and
that burden of disease studies are irrelevant for priority
setting (Mooney et al., 1997). Although this view has little
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credibility among policy makers, who are generally very
interested to understand the patterns of causes of loss of
health in populations, and the changes in these over time,
it is a misrepresentation of the purpose of burden of
disease analysis. Both the original GBD study, and the
later round of GBD work at WHO, have been accompa-
nied by substantial efforts in cost-effectiveness analysis
and an explicit recognition that health priority setting
requires not only information on the size and causes of
health problems, but also on the cost-effectiveness of
interventions and on other information relating to equity
and social values ( Jamison et al., 2006; Tan-Torres Edejer
et al., 2003; World Bank, 1993).
Future Priorities and Developments

While methodological and data developments over the past
decade have improved the empirical base for disease bur-
den assessment, there are still very substantial data gaps
and uncertainties, particularly for causes of death and
levels of adult mortality in Africa and parts of Asia. Improv-
ing the population-level information on causes of death,
and on the incidence, prevalence, and health states asso-
ciated with major disease and injury causes, remains a
major priority for national and international health and
statistical agencies.

The Bill and Melinda Gates Foundation has provided
funding for a new GBD 2005 study, to be carried out over
3 years, commencing in 2007. The study will be led by the
new Institute for Health Metrics and Evaluation at the
University of Washington, headed by Chris Murray, with
key collaborating institutions including Harvard Univer-
sity, the World Health Organization, Johns Hopkins
University, and the University of Queensland. The GBD
2005 study will include a comprehensive revision of dis-
ability weights, and assess trends from 1990 to 2005, and
will be completed in 2010.

As international programs and policies to improve
health worldwide become more widespread, so too will
the need for more comprehensive, credible, and critical
assessments to periodically monitor population health
and the success, or not, of these policies and programs.
Repeated one-off assessments of global burden of disease
do not provide comparability over time due to improve-
ments in data and methods. There is a need to move
beyond these, toward truly consistent and comparable
monitoring of the world population’s health over time.

See also: Alcohol, TheBurdenofDiseaseof;Cancer:Global

Burden/Trends and Projections; Comparative Risk Assess-

ment; Measurement and Modelling of Health-Related

Quality of Life; The Measurement and Valuation of Health

for Economic Evaluation; Public Health Approaches to

Dying,DeathandLoss;Smoking,TheBurdenofMortalityof.
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Introduction

The first decade of the new millennium has seen a rapid
and remarkable change in the global development assis-
tance architecture with the establishment of new aid
mechanisms and new global partnerships, tasked with
the achievement of specific disease control goals. Some,
such as the Global Fund to Fight AIDS, Tuberculosis and
Malaria (GFATM) and the Global Alliance for Vaccines
and Immunization (GAVI), cut across traditional bilateral
donor–recipient country relationships and occupy terri-
tory previously held by normative multilateral agencies.
Others, which some commentators include under the
umbrella term Global Health Initiatives (GHIs), are new
disease-focused initiatives launched by longstanding mul-
tilateral and bilateral donors. The latter include theWorld
Bank Multi-Country AIDS Program (MAP) and the U.S.
President’s Emergency Plan for AIDS Relief (PEPFAR).

In many ways, GHIs epitomize the cognitive, spatial,
and temporal dimensions of globalization (Lee et al., 2002;
Buse et al., 2005): New ideas and values are disseminated
at a global level, for example, the value of adapting busi-
ness models to fight global disease threats. Models for
global action transcend state boundaries, and these new
initiatives evolve rapidly. Some of the new Global Public
Private Partnership entities, such as GFATM and GAVI,
have introduced genuinely new forms of governance
at global and country levels, and have facilitated and
provided mechanisms for the empowerment of old and
new actors in the global health arena – civil society
and the private for profit sectors. The scale of funds
channeled through these new global entities for the con-
trol of specific diseases has profoundly altered the rela-
tionship between global and country actors, in that GHIs
can shape or distort national policy agendas and supplant
longstanding actors (Buse et al., 2005). In response, the
normative multilateral agencies of the United Nations
(UN) system have striven and sometimes struggled
to redefine their roles, in what are more pluralistic
policy environments at the global and country levels
(Organisation for Economic Cooperation and Develop-
ment, 2004; Global Task Team, 2005; Lele et al., 2005;
Shakow, 2006).

The new GHIs with the greatest financial resources,
established since 2000, were put in place because of a
generally recognized need to accelerate the scale-up
of control of the major communicable diseases. Urgency –
their rationale – called for rapid top-down financing, and
perhaps inevitably they have conflicted with donor
harmonization and alignment principles (Anonymous,
2005; Organisation for Economic Cooperation and Devel-
opment, 2005). Harmonization refers to donors adopting
a common set of procedures for providing aid; alignment
occurs where donors adopt the recipient country’s (usu-
ally government) procedures for managing aid and ensure
that aid supports country priorities. This article offers
a definition of GHIs, places their recent growth in an
historical perspective and in the context of an evolving
aid architecture, and identifies areas of concern from a
recipient country perspective. Rather than debate the
appropriateness of these new mechanisms for achieving
health and HIV global control goals, the focus is on a
description of how the global policy arena has changed;
the shifts in the roles, relationships, and influence of
global actors; the effects of new on old models of gover-
nance at global and country levels; and the complexity
and uncertainties that this new aid architecture has cre-
ated for global and country policy makers.
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What Are Global Health Initiatives?

Recent reviews have used the ter m g lobal health initiative
interchan geably with g loba l health pro gram and g lobal
health par tner ship ( Lele et al ., 2005 ). The Wor ld Health
Or ganiza tion (WHO) we bsite, und er g lobal health initia-
tive, states:

An emer ging and gl obal trend in health is a focus on

par tner ships – alongside public–private par tner ships

there are also a number of gl obal health initiatives . . .

(which) are typically programs tar geted at specific dis-

eases and are supposed to bring additional resources to

health ef for ts (http://www.who.int/trade/g lossary/

story040/en/index.html).

From a WHO perspective, therefore, the term GHI is not
synonymous with new partnerships involving private
actors, although it indicates a close relationship and over-
lap between the terms. WHO and recent reviews by the
World Bank (World Bank, 2004) included, as a GHI, the
Global Fund, which is a Global Health Partnership that
operates with a high degree of independence, overlapping
with but lying outside of the multilateral UN system.
They also included Global Health Partnerships, which
are more closely aligned with and are hosted by UN agen-
cies: Roll Back Malaria (RBM), The Stop TB Partnership,
and The GAVI Alliance. GAVI, while hosted by UNICEF,
has a governance structure that is more independent of
the UN system than is RBM and Stop TB.

Two new and related features in the global health
initiative arena, especially over the last 10 years, have
been (1) the new actors involved, especially the for-profit
private sector, and the much greater power and impor-
tance of some longer-standing actors such as philan-
thropic trusts and (2) the mushrooming of new forms of
Table 1 Global public private partnerships: Number by function

1. Product development

Partnerships involved in the discovery and/or development of new dr
neglected diseases and conditions in low- and middle-income cou

2. Improvement of access to health products

Collaborations focused on improving access and/or increasing the d

health products addressing neglected diseases and conditions in l
donations, discounted, subsidized, or negotiated pricing on produ

3. Global coordination mechanism

Alliances serving as a mechanism for coordinating multiple efforts to
particular disease/condition and involving some combination of the

product access, health service strengthening, advocacy, education

4. Health services strengthening

Partnerships involved in improving the infrastructures or systems for
countries. Can be international, national, regional, district, or comm

5. Public advocacy, education, and research

Collaborations focused on advocacy, education, or research around

low- and middle-income countries. This includes fund raising, soci
6. Regulation and quality assurance

Initiatives working toward improving the regulatory environment and

health products addressing neglected diseases and conditions in l

Source: IPPPH (h ttp ://www. gl o b al fo rumh ea lth. or g / s i te/ 00 3 _T he
IPPPH. php).
public–private partnership that have been established
to deliver on disease-control goals. It is the literature
on these new partnerships – notably from Buse, Caines,
and Widdus – that has provided most of the lessons
and insights on the evolving global health initiative
arena at the global level (Buse and Harmer, 2007; see
also the section titled ‘New global aid and governance
mechanisms’ below). The Global Public Private Partner-
ship for Health field is now huge. By 2003, over 90
partnerships had been identified by the Geneva-based
Initiative on Public Private Partnerships for Health. Argu-
ably, many of these in the categories of improvement of
access to health products and global coordination
mechanisms can be considered to be GHIs (Table 1).

The World Bank has defined global programs as:

partnerships and related initiatives whose benefits are

intended to cut across more than one region of the

world and in which the partners reach explicit agreement,

agree to establish a new (formal or informal) organization,

generate new products or services, contribute dedicated

resources to the program. (World Bank, 2004:2)

However, more recent reviews have included two new
initiatives, from a multilateral and a bilateral donor,
as GHIs: the World Bank’s MAP and PEPFAR. Their
inclusion gives primacy to country experiences of new
initiatives as driving a global agenda at the country level,
irrespective of their global governance structures. PEP-
FAR and MAP are largely focused on sub-Saharan
Africa, where most concerns about the effects of GHIs
have arisen. Such a country perspective points to the
need for a definition that is not limited to how GHIs are
governed.

From the perspective of country policy makers, a much
more complex range of global actors have been seeking
35

ugs, vaccines, or other health products addressing
ntries

26

istribution of currently available drugs, vaccines, or other

ow- and middle-income countries. Can involve long-term
cts

12

ensure the success of global health goals, often for a
other approaches such as product development, increasing

, research, regulation, and quality assurance

9

delivery of health services in low- and middle-income
unity level and can include employer/workplace initiatives

15

health issues predominately affecting poor populations in

al mobilization, and social marketing efforts
3

product quality, appropriate use of and access to effective

ow- and middle-income countries

% 2 01 0% 20 90%2 0 g ap / 004 _ I ni t iat i v es %2 0 &%2 0net wo rk s/ 004_

http://www.who.int/trade/glossary/story040/en/index.html
http://www.who.int/trade/glossary/story040/en/index.html
http://www.globalforumhealth.org/site/003_The%2010%2090%20gap/004_Initiatives%20&%20networks/004_IPPPH.php
http://www.globalforumhealth.org/site/003_The%2010%2090%20gap/004_Initiatives%20&%20networks/004_IPPPH.php
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to exert policy influence at the country level since the
start of the new millennium. The pressure points they
use include significant scaling-up of resources for disease
control through new channels alongside traditional aid
mechanisms; global expertise, where the new business
models of public–private partnerships compete with the
approach of the traditional normative UN agencies; and
performance-based funding and the channeling of sig-
nificant resources directly to civil society groups at the
country level, where aid in the 1980s and 1990s was
predominantly to governments.

Together, these different examples and uses of the
term give rise to the broad definition of a global health
initiative: a blueprint for financing, resourcing, coordinat-
ing, and/or implementing disease control across at
least several countries in more than one region of the
world. The term initiative suggests an approach that
is (or purports to be) new, and blueprint implies a
common approach that is applied across a range of
Public–
private 
partnersh

Bilateral 
donor 
agencies

GFATM

DfID

MMV

Global health

USAID PEPFAR

Figure 1 Selected global health initiatives by organizational type.

Table 2 Examples of selected global health initiatives by organiz

Bilateral agencies

Multilateral agencies

Global Health Initiatives (public–private partnerships)

Global Health Initiatives (multilateral agencies)

Global Health Initiatives (bilateral agencies)

Product development
Public–private partnerships
different country and regional contexts. Defining a global
initiative by its functions, rather than by its governance
structure, makes for a widely inclusive definition.

Global Fund and GAVI are (or claim to be) solely
financing entities, whereas RBM and Stop TB have very
broad remits to achieve their disease-specific aims,
extending from raising funds to coordinating country-
level implementation. Figure 1 and Table 2 illustrate
how the concept includes initiatives that originate in
and are driven by traditional multilateral and bilateral
agencies, as well as new entities with hybrid governance
structures, which usually include a strong voice for
civil society and their philanthropic donors. The figure
also illustrates the range of initiatives (actors), new
and old, and the complexity of the global aid architecture
faced by country-level policy makers. The structural,
contextual factors that influence and determine global
and thereby national health policy have been radically
transformed in less than a decade.
ip

Multilateral 
agencies

RBM

GAIN

IAVI

 initiatives

MAP

WHO

World bank

ational type

DfID (UK Department for International Development)

USAID (United States Agency for International Development)

WHO (World Health Organization)

World Bank
GFATM (Global Fund to Fight AIDS, Tuberculosis and Malaria)

GAIN (Global Alliance for Improved Nutrition)

WHO RBM (Roll Back Malaria)

World Bank MAP (Multi-country AIDS Program)
GFATM (Global Fund to Fight AIDS, Tuberculosis and Malaria)

PEPFAR (US President’s Emergency Plan for AIDS Relief)

MMV (Medicines for Malaria Venture)
International AIDS Vaccine Initiative
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Toward Coordinated Development
Assistance Mechanisms

The bulk of development agency funding for health in
developing countries up to the early 1990s came chiefly
from two sources: From the World Bank in the form of
loans and credits and through earmarked support from
bilateral donor countries to time-limited projects and
programs. These were vertical mechanisms, utilizing
donor-specific planning, management, monitoring, and
reporting systems (Cassels and Janovsky, 1998). By the
mid 1990s, there was increasing recognition, especially
among northern European bilateral donors and key indi-
viduals in WHO, that the uncoordinated and fragmented
nature of development assistance was an obstacle to
coherent country-led policy making and strengthening
of health systems. Concerns were expressed that the
potential benefits of increased resources could be lost
through lack of aid coordination, especially if – as
described by Buse and Walt (1997) – donor initiatives
were an unruly mélange.

From 1997, some (mainly European) donors began to
shift from ear-marked funding to supporting the whole
health sector in coordinated Sector Wide Approaches
(SWAps), where donor and government funds are put
into a common pool (Cassels and Janovsky, 1998).
SWAps aim to forge coordinated planning, management,
and reporting systems, under the stewardship of recipient
governments. By 2000, health SWAps had been started
or established in 22 countries worldwide, 19 of which
were in Africa. After 2000, some European donors began
to shift funds out of sector-specific SWAps to provide
direct budget support to developing country govern-
ments. A parallel and largely compatible development,
under the auspices of the World Bank, was the develop-
ment and funding of Poverty Reduction Strategy Plans
as part of the Highly Indebted Poor Country (HIPC)
Initiative.

SWAps also contributed to the emergence of new
processes for prioritizing and allocating the pooled
funds of governments and bilateral donors. Partners in
the SWAp meet annually or biannually, typically for per-
iods of 1–3weeks, to reach consensus on health sector
priorities. However, these were new processes and new
relationships among the same sets of policy actors.
Some major donors (notably the United States) have
been constrained by their agency rules from contributing
funds to common pools, where accountability for – and
attribution of outcomes to – specific donor funds would
no longer be possible. There were efforts to engage these
donors and bring on-board new country actors, notably
faith-based and other civil society umbrella bodies, at
annual health sector reviews. However, these agencies
have often not had a seat at the table where the inner
circle or elites, comprising government and SWAp donors,
negotiated how pooled funds would be utilized and by
implication which elements of the government’s health
policies would be implemented.
New Global Aid and Governance
Mechanisms

Global development governance structures remained rel-
atively stable up to the early 1990s, with the WHO as
the normative technical and the lead global health agency.
The publication of the World Bank’s 1993 World Devel-
opment Report was a seminal event. It heralded a period
of dominance of the Bank over WHO in global health
development policy making and, crucially, challenged
the accepted preeminence of the public sector, in that it
recommended a much greater role for the private sector.
The appointment of Brundtland to head the WHO
in 1998, following WHO’s nadir under the direction of
Nakajima, coincided with the establishment of new
Global Health Partnerships, including Roll Back Malaria
(RBM) in 1998 and the Stop TB Partnership in 1999.
Rather than attempt to resist the tectonic shift in global
health governance, Brundtland’s strategic response was
to commit WHO to be ‘‘more innovative in creating
influential partnerships . . . (because the) broad health
agenda is too big for WHO alone’’ (Brundtland, 1999).

Global Health Partnerships (GHPs) represent a radical
shift in global governance away from dominance by multi-
lateral (UN) agencies and their member governments of
the global health agenda. They mushroomed around
1998–2002, with an average of approximately 12 new
partnerships annually (see Figure 2). Some of the large
GHPs include representatives of philanthropic trusts and
for-profit and nonprofit private sector actors on their gov-
erning boards, reflecting the growing role of these sectors
in globalized approaches to addressing global health
problems. Partnerships can be locatedwithin longstanding
multilateral agencies, such asWHO and UNICEF, while –
as in the case of GAVI – maintaining strong links to
philanthropic trusts and the commercial private sector.
There is also the Global Fund, within which all of the
longstanding actors and other new voices (NGOs and
representatives of people living with diseases) have strug-
gled for influence. Donor and recipient country govern-
ment representatives together form a majority of seats on
the governing boards of GFATM and GAVI, two of the
most influential GHPs. The traditional multilateral agen-
cies (WHO, World Bank, and UNICEF) are represented
but only have a minority voice. Power to influence the
direction of global health policies has become distributed
among a broader range of actors; some of these – notably
civil society members of governing boards – often repre-
sent looser networks or interest groups, rather than
institutions.
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Buse and Walt (2000a, 2000b) provided one of
the earliest and most systematic conceptual analyses
of public–private partnerships as new global governance
entities. Recent reviews have concluded that:

the main concerns about Global Health Partnership in-

stitutional issues at the global level are generally amena-

ble to relatively straightforward solutions . . . (including)

greater transparency, more appropriate partner represen-

tation on governing bodies, and business approaches.

(Caines et al., 2004)

GAVI, launched in late 1999, was the first of the
newGHPs to disburse large amounts of funds to countries
on a global scale, with the potential of affecting (positively
and/or negatively) countries’ health systems beyond
their intended goals of improving immunization coverage
(Stillman and Bennett, 2005). However, the most visible
and transparent of all the GHIs is the Global Fund.
GFATM’s launch in January 2002 followed an 18-month
period of high-level meetings, behind-the-scenes negotia-
tions, and contestation over the focus and approach of
a new mechanism to finance disease control in endemic
countries, which would operationalize the commitment
made by the G8 political leaders at Okinawa in July 2000.
The attention of the G8 leaders was seen as an opportu-
nity to be seized for pushing disease control in poor
countries up on the global agenda; this new global initia-
tive promised to be the vehicle to achieve this. However,
the apparent consensus at the announcement of the
Global Fund in Geneva in June 2001 masked a struggle
for power over who would have access to funds and
whether the Fund would use existing or establish new
mechanisms for channeling funds.

Caines (2005) has summarized the attractiveness of
GHIs to some stakeholders, especially donors. They
offer opportunities to:
channel resources into politically high profile areas; raise

the profile of neglected issues and, in some cases, lead

policy; attract new partners (e.g., the private sector) into

the global fight against specific diseases; leverage addi-

tional funds and diversify the donor base; provide a means

of supporting global public goods, secure substantial

economies of scale (e.g., in drug procurement); and sup-

port a more coordinated international and national re-

sponse by pooling resources to enhance aid effectiveness.

(Caines, 2005)

Donors prefer these newchannels because of a perception of
poor past performance by UN agencies and the belief (or
hope) that these new mechanisms will be more efficient
(Caines et al., 2004). Global health initiatives also have the
capacity to absorb and account for the use of large levels of
development funds, easing the oversight burden on bilateral
donors. They transfer the financial oversight and risk for
how development funds are used (or misused) by countries
away from the original donors and on to these initiatives.

The greater complexity in the global governance and
aid architecture since 2000 and the consequent effects on
countries has been exemplified in the efforts to scale up
antiretroviral treatment in sub-Saharan Africa. WHO and
UNAIDS continue to be the normative UN multilateral
agencies with responsibility for coordinating global
HIV/AIDS control policy and providing support to
countries. In December 2003, the WHO launched its 3
by 5 initiative – 3million people in poor and transitional
countries who need antiretroviral treatment (ART) to be
on ART by 2005. WHO’s role in 3 by 5 was primarily to
promote country partnerships, build national capacity,
and provide technical guidance. Global Fund grants to
countries would fund the strategy. A quotation from a
senior Ministry of Health official in Tanzania in 2004
illustrates the effects of the crowded global arena and
multiple initiatives on country-level policy priorities:

http://www.globalforumhealth.org/site/003_The%2010%2090%20gap/004_Initiatives%20&%20networks/004_IPPPH.php
http://www.globalforumhealth.org/site/003_The%2010%2090%20gap/004_Initiatives%20&%20networks/004_IPPPH.php
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Since the start of the (Global Fund) Tracking Study, so

much has changed here in Tanzania. We had Clinton in

August and September 2003, 3 by 5 landed like a bomb in

December . . . WHO have 40 people going around the

world writing proposals for Round Four Global Fund . . .

they turn up here without any warning to write the ARV

component of Round Four. Our CCM’s priority was

impact mitigation for orphans and vulnerable children . . .

the change in leadership in the UN and WHO have

disturbed everything in Geneva for this round. Politically

we will now only get money for care and treatment and this

is wrong. Our priority in Tanzania is orphans.

(Starling et al., 2005)

In 2005, the global health community was attempting
to reach consensus on how to achieve greater coherence
in division of responsibilities between global institutions
and greater coordination of country-level activities. The
Global Task Team (GTT) report (2005) on improving
AIDS coordination among multilateral institutions and
international donors called for a better understanding of
the comparative advantages and roles of the different
global institutions. The recommendation in a follow-up
report was ‘‘to improve collaboration and division of labor,
rather than major and radical reform of the overall archi-
tecture’’ (Shakow, 2006). Shakow highlighted and recom-
mended a greater clarification in the functional division
of roles between financing (Global Fund) and support
to implementation (multilateral and bilateral agencies),
with the World Bank straddling these functions and in
particular undertaking strengthening of health systems.
This can be seen as an effort to rationalize the global
aid architecture, following a period of uncertainty that
contributed to a struggle among global actors for turf.

A 2002–03 survey of donor practices in 11 recipient
countries ranked the highest burdens for countries:
Donor funds dictating country policies and priorities,
difficulties with donor procedures, uncoordinated donor
practices, excessive demands on time, and delays in dis-
bursements (Organisation for Economic Cooperation and
Development, 2003). These were the burdens that donors
investing in SWAps were aiming to reduce. However, a
limitation of donor harmonization initiatives up to 2005
was that they focused on the pratices of, and developed
principles for, the traditional multilateral and bilateral
donors, while neglecting the emerging Global health
initiatives. The Three Ones principles were adopted at a
UN meeting in April 2004, whereby donors and recipient
governments committed to agreeing on, for each country,
one HIV/AIDS Action Framework, one National AIDS
Coordinating Authority, and one monitoring and evalua-
tion system. In 2005, the focus of the harmonization
agenda was widened to include GHIs – including Global
Fund, MAP, and PEPFAR – because these were seen as, to
a lesser or greater extent, a reversion to a project-oriented
approach to planning and priority setting, where country
policies were being dictated by powerful donors (Global
Task Team, 2005; Anonymous, 2005).

The global health arena has changed profoundly over
the last 6–10 years and what constitutes an appropriate
international forum – which was once synonymous
with the World Health Assembly, WHO, and other mul-
tilateral agencies of the UN system – is now contested.
Competition for control of the UN system has been
replaced by a resurgence in bilateral aid mechanisms
(such as PEPFAR) plus powerful new global financial
instruments that operate in parallel to multilateral agen-
cies and compete for donor attention and resources. In
2005–07, representatives of recipient country govern-
ments, bilateral and multilateral agencies, and some of
the large global partnerships (notably GFATM) focused
on addressing the disruptive effects of some GHIs on
donor alignment and harmonization efforts at the country
level (Global Task Team, 2005; Anonymous 2005).
Recommendations and experiences from the field con-
tributed to the principles outlined in the 2005 Paris Dec-
laration on Aid Effectiveness (Organisation for Economic
Cooperation and Development, 2005). The consequences
for health policy making in countries of a more complex
set of global actors, each with its set of agendas and
expectations, can be profound. Some of the few recent
country studies on GHIs have reported that the level of
resources and expectations that GHIs bring to the control
of specific diseases are diverting health workers away from
other health and health systems’ priorities (Stillman and
Bennett, 2005).
The Effects of Global Health Initiatives
on Country Policy Making

The evidence in 2007 of the effects of Global health
initiatives on recipient countries is patchy. The few avail-
able studies, some of which are found on GFATM’s
library website, have largely relied on interviews with
relatively small numbers of global and country-level
respondents: see Brugha et al. (2004), Stillman and Bennett
(2005), and Wilkinson et al. (2006). The rapid evolution of
the GHI arena has made tracking and reporting on it
difficult in that new initiatives, notably GFATM,
are adept at learning lessons and adapting their systems.
Findings can rapidly become dated and new problems
experienced by recipient countries are superimposed
on and submerge earlier ones. Findings are often con-
text-specific, with contrasting experiences of the same
initiative across different countries. However, some early
problems have been refractory and similar findings
have been replicated in country studies from 2003 to
early 2006. Figure 3 provides a framework for considering
the possible effects of GHIs on country policies and
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systems, where the earmarking of funds for specific
disease can distort national policy priorities, distract
attention from strengthening crosscutting systems, and
promote parallel programs.

Table 3 summarizes findings from recent studies,
focusing on what country respondents perceived to be
the effects of GHIs on country policy and planning
processes, notably on country ownership, alignment of
donor support with country policies, and the greater
opportunities for nongovernment actors that some of
these initiatives bring. Neither the issues nor the cited
studies can be exhaustive, given the rapid evolution in
the global health initiative arena and the gray literature
nature of most studies. Inevitably – given the importance,
visibility, and transparency of the Global Fund and
because the initiative started 2 years earlier than (for
example) PEPFAR – the majority of the cited findings
relate to GFATM. Some country-level effects are a
re-presentation of issues reported decades earlier – around
project approaches and parallel systems – while other
effects are genuinely revolutionary and widely seen as
positive. For example, both the Global Fund and PEPFAR
have disbursed significant funds to civil society. However,
their effects on national policy making have been quite
different, reflecting different philosophies: PEPFAR is
an illustration of the U.S. suspicion of government-led
efforts, in that it bypasses government channels in dis-
bursing funds to civil society groups, whereas GFATM
has been grasped by civil society interest groups as
an opportunity to become involved and shape national
policy responses to HIV/AIDS.

It is the confluence of the failure of earlier donor
efforts to adequately respond to HIV/AIDS and the
emergence of these new models that has enabled
GFATM to have what many commentators see as its
most positive effect, which is to make policy making
more pluralistic at the global and country levels
(Buse et al., 2005). In aid-recipient countries, national
AIDS councils, and new governance structures such as
GFATM country coordination mechanisms (the latter,
unlike the former, attract significant funds) have enabled
a wider set of actors to engage in and influence national
policy. These structures and struggles for power reflect
what has been happening at the global level. They
also reflect the connectedness between global and
national spheres of action, linking civil society as well as
other actors across these levels in influencing policy.

Other effects, such as competition for scarce human
resources, highlight intrinsic weaknesses in global gover-
nance, which extend beyond GHIs, due to the unwilling-
ness of global policy makers to curb the migration of
expensively trained staff from poor to wealthy countries.
A common recommendation across most reviews of
the global initiative terrain is for ‘‘donors to invest more
in health system strengthening to complement resources
brought in by GHPs’’ (Caines et al., 2004), in view of
the lack of synergies and lack of coordination in the effects
of new and longstanding aid mechanisms on health

http://www.phrplus.org/Pubs/Tech031_find.pdf


Table 3 Effects of global health initiatives on country policy processes

Issues Findings and sources

1. Country
ownership

. GFATM and GAVI were initially perceived as devised in the north but offering funds that poor countries could
not forego.a,b Perceptions differed by country and by type of respondent: GFATM seen as more country-

owned than other donor funds in Zambia,b because countries could decide what to apply for,b,h and because

it put countries, especially civil society, in the driver’s seat.e

. Where there was lack of ownership, it was due to GFATM’s insistence on its own procedures in Malawi,f

because rapid evolution in Global Health Initiative (GHI) processes prevented new systems bedding down at

country level,b and lack of ownership at subnational levels because tight deadlines and short turn-around time

prevented national consultation with districts and regions in Ethiopia f

2. Alignment with
country policies,

priorities, and

strategic plans

. There was a perception early on that GFATM and GAVI had forced countries to revert to more top-down
globally driven policy and priority setting.a,b Later studies reported improving alignment between GFATM-

supported programs and national priorities f

. MAP failed to engage high-level political support at the country level; a failure by countries to prioritize
appropriate control activities within national HIV/AIDS control strategic plans was an impediment to MAP

aligning with these plansd

. In contrast to the major HIV/AIDS GHIs, smaller GHPs that focused on neglected diseases – onchocerciasis,

filariasis, and trachoma – were perceived at the country level to be working well and addressing country
prioritiesc

3. Alignment with

country systems:
. Planning

.GFATM requested countries to utilize an existing country partnership. However, the three-disease focusmeant

that countries applying for support for malaria as well as HIV/AIDS control needed to establish new
partnerships – country coordination mechanisms (CCMs) – which duplicated the activities of the pre-existing

national AIDS councils.b This reflected ‘‘weak coordination between GFATM and the Bank both at strategic

institutional level and at the level of individual countries’’e

. Management . Most GHPs seen as wanting their own coordination mechanism and procedures, preventing countries from

realizing potential economies of scale and integration across similar programs.e,g In contrast, countries

applying for GAVI support were able to adapt and use existing Immunisation Coordination Committees a

. Management . Failure to engage Ministry of Finance at an early stage – and in Tanzania riding roughshod over government
systems – accounted for early obstacles to GFATM disbursement.b Countries had to accept new financial

oversight systems – Local Fund Agents – even if they had established, functioning audit systemsb,f

. Reporting . In 2005, the GFATM round system was still entrenching a project approach,h vertical approaches f and parallel

systems,g undermining efforts to incorporate support into coordinated national strategic planning,
management, monitoring, and reporting systems.h In late 2006, the GFATM Board was taking on board

recommendations of two independent 2005 studiesg,h to show greater flexibility and allow countries with

proven systems and good track records to use these systems to manage Global Fund grants
4. Public–private

partnerships

and governance

. GFATM seen as more effective than other donors in diversifying stakeholder participation and making

involvement of civil society a reality, through enabling NGOs to gain direct access to financial resources.b,e,h

New NGO umbrella bodies formed in response to the need for representation on CCMs. Private sector

participation in planning was providing an opportunity for new collaborations and helping to overcome a long
history of mistrust between the sectorsf

. In some countries (e.g., Uganda), competition between government and NGOs was a problem; in others

(Zambia), government was willing to have a NGO and a faith-based body as Principle Recipients responsible

for managing GFATM fundsb

.Weak CCM governance, ineffective representation of different constituencies, and dominance by governmentb

were still a chronic and refractory problem across several countries in late 2005h

aBrugha R, Walt G, and Starling M (2002) GAVI, the first steps: lessons for the Global Fund. Lancet 359: 435–438.
bBrugha R, Donoghue M, Starling M, et al. (2004) The Global Fund: managing great expectations. Lancet 364: 95–100.
cCaines K and Lush L (2004) Impact of Public-Private Partnerships Addressing Access to Pharmaceuticals in Low and Middle Income

Countries: A Synthesis Report from Studies in Botswana, Sri Lanka, Uganda and Zambia. Geneva: Initiative on Public Private Partner-

ships for Health.
dWorld Bank (2005) Improving the Effectiveness of HIV/AIDS Assistance, An OED Evaluation of the World Bank’s Assistance for HIV/
AIDS Control. Washington, DC: The World Bank. http://www.worldbank.org/oed/aids/docs/report/hiv_complete-report.pdf (accessed

February 2008).
eLele U, Ridker R, and Upadhyay J (2005) Health System Capacities in Developing Countries and Global Health Initiatives On

Communicable Diseases. Background paper prepared for the International Task Force on Global Public Goods. April 22, 2005.

http://www.umalele.org/publications/health_system_capacities.pdf (accessed November 2007).
fStillman K and Bennett S (2005) Systemwide Effects of the Global Fund: Interim Findings from Three Country Studies. September 2005.

Bethesda, MD: PHRPlus, Abt Associates. http://www.phrplus.org/Pubs/Tech080_fin.pdf (accessed November 2007).
gMcKinsey & Company (2005) Global Health Partnerships: Assessing Country Consequences.http://www.hlfhealthmdgs.org/Docu-
ments/GatesGHPNov2005.pdf (accessed November 2007).
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system s. Given the anecdota l nature of cou ntry fin dings
to date, ther e is c lear ly a need for investment by donor s to
obtai n better evidence to substantiate, exp lore, or help to
discount ear ly f ear s a bout likely negative ef f ects of GHIs
on country system s. Mor e impo r tantly, there is a need for
evidence to inf or m g loba l and country poli cy maker s on
how to ach ieve greater coherence between aid mech an-
isms (Bennett et al ., 2006 ).
Conclusion

Polarization in disease control approaches reflects passion-
ate beliefs – and sometimes diff erent ideologies and politi-
cal value systems – that have long competed for control of
the global health arena. These factors are intertwined:
European country donor s tend to promote coordinated
public sector aid models; the United States and Japan opt
for private-sector models expressed through bilateral aid
programs. However, the global aid arena is now different
from what it was throughout the twentieth century in at
least two respects. Fir stly, whereas in the past global
approaches tended to oscillate between selective, vertical
disease control and horizontal, comprehensive approaches,
now selective and comprehensive models are being imple-
mented in parallel in aid-recipient countries. This hugely
complicates the working lives of national policy makers and
program managers in that the new global financing instru-
ments seek to influence national policies in relation to the
introduction of new commodities (GAVI) and types of
control strategies (PEPFAR); most, at least in their early
year s, have tried to impose parallel systems and processes
for strategic planning, management, and reporting.

Secondly, the array of actors at the global and country
levels is broader and their relationships are less clear.
Powerful donor s represent and finance disease control
through a range of different aid mechanisms. The policy
ar en a a t b ot h l eve ls i s m ore p lu ra li st ic, e sp ec ial ly s in ce
the advent of organized and vocal civil society representa-
tive bodies. There is overlap and competition – for res-
ources and for control of the policy agenda – between
global entities (WHO and GFATM) and between country
bodies (National AIDS Councils and GFATM Country
Coordination Mechanisms). However, policy elites can
still transcend organizational boundaries. Individuals at
the global and country levels represent the interests of dif-
ferent stakeholder s. A UNICEF representative sitting on a
country interagency coordination committee can be seen as
supporting country-level decision making, representing his
or her agency and representing GAVI, which is housed in
UNICEF. Interests may conflict, for example in deciding
on the introduction of a new and expensive vaccine. Con-
sequently, the resultant aid and development architecture
has become almost unmanageably complex for recipient
countries, as governments and their partner s have to nego-
tiate and manage relationships with (Caines et al., 2004):
. many bilatera l donor s fundi ng ind ividual pr ograms and
stand alone projects;

. donor s channe ling funds through common funding
mech anisms, inc luding SWAps, pover ty actio n funds,
and budget suppor t;

. powerful new g lobal par tner shi ps, nota bly Global Fund
and GAVI, as well as a wide vari ety of more focused
dr ug access pa r tner ships;

. new HI V/AIDS g lobal health init iatives (MAP and
PEPFAR), parallel to existi ng programs sometimes
funded by the sam e donor s – i.e., Wor ld Bank loa ns
and USA ID bilateral fu nding;

. nor mative mu ltilater al UN agencies – c losely linked
with Global Health Par tner ships su ch as RBM, Stop
TB, an d UNAIDS – all with expectations of engaging
inten sively with recipient gover nments, despite their
bringi ng limited funds.

The findin gs from once-of f stud ies may misr e pr esent
the nature and ef f ects of GHIs, which evolve over
time. An entity such as the Global Fund can be experi-
enced as a top-down imp osition of g loba l approac hes in
its ear ly year s and yet be see n as mor e countr y-owned
in many respec ts in stud ies conducte d in 2004–05, as
countr y stakehold er s lear n to work the new systems (see
Table 3 ). Distinction s between dif f erent GHIs may
become appar ent over time, between those that are will-
ing to ada pt th eir pro cedures to fit w ith countr y systems
and those that prioritize their need s for attribution so as
to ser ve the interest s of nor ther n hemisphe re politic ians.
The latter may be seen as distor ting countr y policy
making by using performance-based approaches to put
pressure on countries to pursue low-hanging fruit and
focus on more easily reached target populations. Empiri-
cal cross-country studies, including policy analyses, are
needed to track, assess, and obtain a pluralistic perspective
on their effects on national policy making, as GHIs evolve
and adapt their approaches in the coming years.
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Paying for Health Care and the Functions
of a Health System

Financing is one of the four basic functions of a health
system, as classified by the World Health Organization
(WHO, 2000), and is what pays for two others, investment
in people, buildings, and equipment and the delivery of
health services. The fourth function, stewardship (often
referred to as regulation or oversight), corresponds closely
to governance since it prevents irregular behavior or
outright corruption. While the other functions can be car-
ried out by many different actors, public and private,
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stewardship is an inalienable responsibility of government,
to be exercised over all the other functions. Good gover-
nance ensures that government is ultimately accountable to
its citizens. This can take the form of physicians responding
to patient requests, local government ensuring that clinics
are opened and staffed, or that physician performancemeets
basic standards set by the government or a private oversight
body. The extreme of poor governance is corruption, where
individuals use public positions for private gain and are not
called to account for such behavior.The concept of account-
ability – answering for actions taken in the name of the
government – implies oversight or regulation to ensure
compliance. In finance it applies to collection of revenues,
spending, and procurement and flow of funds, and follows
the sequence of tasks that constitute health-care financing.

Poor governance and corruption stem from inadequate
oversight of finance, investment, and delivery. These are
all abstract, high-level functions; to identify specific issues
for the governance of financing, they must be broken
down and related to the instruments at governments’
command. The latter can be classified in various partially
overlapping ways, two of which are (Musgrove, 2004a;
Roberts et al., 2004): Regulations specifying how some-
thing is to be done, or who is licensed to do it (which may
or may not be distinguished from mandates requiring that
something be done), imply rules for behavior and some
mechanism to enforce those rules through penalties.
Funding, Pooling, and Buying Goods and
Services

Financing is best thought of in three stages: Revenue
raising (also called funding); pooling, for all forms of
Prepayment     (Only indirect effe
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General
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Figure 1 Sources of funding for health and governance relations. Ad
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funding except out-of-pocket payments; and purchasing,
or buying services and the inputs to them. Payment refers
to how purchases are made, the payment system, the way
providers are remunerated, for example by salary, capita-
tion, fee-for-service, or other forms. Each of these stages
presents particular challenges for good governance.

For funding and pooling, good practice means distri-
buting the financial burden fairly, while minimizing the
deadweight loss to the economy from taxes (see Musgrave
andMusgrave, 1989); good governance specifically implies
minimizing the theft or diversion of funds through cor-
ruption. Governments can directly determine and collect
taxes, including those for social insurance, but they can
affect what people spend out of pocket only indirectly, by
regulating private insurance, setting fees or allowing facil-
ities to set fees, and by financing services through public
prepayment (see Figure 1). Informal or under-the-table
payments, in contrast, are a sign of poor governance.
Choices about taxes and insurance will affect how much
of health spending is pooled so as to share risks, how many
pools there are, which people are included in them, and
from which financial risks they are protected.

In most poor countries, there is very little private
insurance, and if social insurance exists, it covers only a
few percent of the population. In middle-income coun-
tries, both kinds of insurance are more common, but with
great variety in how they are defined and regulated. In
Chile, people can direct their payroll tax to the public
National Health Fund or to a private insurer; in the
Netherlands until recent reforms, the rich were excluded
from the public pool and required to insure privately
through regulated insurance funds. Social insurance agen-
cies sometimes provide services to those not insured, but
more often do not. The most important indicator of how
cts) Out of pocket 

Implement

Other 

Private purchasing

Explicit (insurance) 

Social Private

Regulate

Employment-
related 

egulate Regulate
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apted fromMusgrove P (2004b) Introduction. In: Musgrove P (ed.)
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well people are protected financially is the share of
total health spending that is out of pocket, which is quite
high on average (and also quite variable) in poor coun-
tries (Musgrove et al., 2002). However, while that share
is associated with great inequity, it cannot be interpreted
as an indicator of bad governance, since it is the result
of pricing and the decisions on financing levels by
government, not inefficiency or ineptitude in public ser-
vice delivery. While funding and pooling arrangements
can be judged according to the equity of the tax burden,
and its drag on the economy and the probability
of catastrophic expense for a household, no measures of
governance specific to health financing have yet been
devised.

The buying or purchasing stage of financing presents
more complicated challenges for governance, for two rea-
sons: There are many more choices to make among inputs,
people, diseases, and services; and the opportunities for
corruption, incompetence, and fraud are multiplied.
Whereas poorly controlled funding and pooling may lead
to theft of funds, the purchase of services or the payment of
suppliers and providers allows for the theft of supplies,
especially drugs; of time; and of the use of public equip-
ment and facilities for private gain. While much discussion
has emphasized outright corruption, including theft and
bribes, other problems such as unauthorized absenteeism
by staff also represent poor governance and a clear lack of
accountability of public sector employees.

It may be reasonable to allow staff on the public payroll
to operate private practices; indeed, that may be necessary
for recruiting staff at salaries the government can afford.
Abuse of such arrangements by absenteeism, recruiting
patients for private care and diversion or abuse of public
supplies and equipment implies underperformance of
public duties, requiring oversight by hospital directors
or chief physicians empowered to ensure compliance.
Accountability implies that those who underperform
or engage in irregular behavior will be disciplined in
some manner. Without a means of reward and discipline,
Table 1 Differences between health insurance and insurance for

Type of asset

Characteristics of insurance House Car Body

Is the asset itself insured? Yes Yes No

Can the asset be replaced? Yes Yes No
Covers catastrophic costs? Yes Yes Yes

Covers ordinary wear and tear? No No Yes

Owner responsible for protecting
the asset?

Yes Yes Only par

Risk and cost related to behavior? No Yes Only par

Third-party payment of premium? No No Yes

Adapted from Musgrove P (2004b) Introduction. In: Musgrove P (ed.) H
oversight becomes meaningless and public employees
cannot be held accountable for their actions. At this
level, stewardship or oversight cannot be exercised from
on high; it requires supervision and accountability at the
level of individual providers, suppliers, and procedures.

Once money has been spent or allocated, financing
shades into investment and service delivery and out of
the scope of this article. Unfortunately, good governance
is just as crucial or more so beyond that point, since
resources will still be wasted if providers do not know
what to do or do not do what is required to meet patients’
needs. Such incompetence, the failure to follow protocols,
and medical errors are alarmingly common in both public
and private facilities, and not only in poor countries, as
studies have shown in the United States (Asch et al., 2006),
Mexico, Paraguay, India, Indonesia, and Tanzania (Das
and Gertler, 2005). Good governance in financing can
only prevent such failings upstream from the point
where patients and providers meet.
Peculiarities of Health and Consequences
for Governance

The differences between health care and other sectors of
the economy are rooted in biology, specifically in the fact
that the asset one wants to protect cannot – in contrast to
nonhuman assets such as a dwelling or a vehicle – be
alienated or replaced. This fact has consequences for the
difference between health insurance and insurance for
other goods, which create problems for health finance
and for its governance (see Table 1). In particular, health
expenditure has to cover both predictable events, which
are technically uninsurable because they are too predict-
able – but which must be paid out of pocket if not insured,
causing risks for (poor) people – and catastrophic events
that may have almost no upper limit on cost. It is either
impossible, or regarded as unjust, to rely on the market and
on individual healthful behavior to limit risks or to pay for
nonhuman assets

Consequences

No market price/no upper limit on cost

Expense determined by cost of repairs/treatment
Very skewed distribution of expenses

Costs of predictable high-frequency (uninsurable) events

included

tly Cannot always hold patient responsible: children, elderly,
victims of bad luck, including genetic

tly Requires efforts to change behavior; not easy, and too

little known about behavior/health links

Moral hazard and adverse selection

ealth Economics in Development.Washington, DC: World Bank.
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all needed care, even for the nonpoor. The complexities of
paying for health drive the importance of regulation and
the use of information and persuasion to change behavior,
just as it does to ensure that financing is fair, transparent,
and reaches its intended spending objectives.
Specific Challenges for Governance in
Health Finance: Measurement

Good governance can be difficult to measure. More
straightforward is the lack of governance, that is, corrup-
tion. The extent and nature of corruption in any given
setting can be assessed by compiling perceptions of cor-
ruption from government officials, the business commu-
nity, and citizens (Kauffman et al., 2005). The health sector
is sometimes included in such surveys, but less often than
more generic measures. Nonetheless, it can be helpful
in determining relative governance across countries, and
tracking changes in perceptions of corruption in the
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Figure 2 Percent perceiving corruption in the health sector. From L
Care Systems. Working paper No. 78. Washington, DC: Center for G
sector. In some countries, health is identified as among
the most corrupt of sectors, so this is not a trivial concern.
Figure 2 shows the share of respondents who perceive
corruption in the health sector in 19 countries, ranging
from less than 10% in only two countries to 60% or more
in eight countries (Lewis, 2006).

The view that the health sector is corrupt may be
strongly influenced by absenteeism among public sector
health workers; Figure 3 shows estimated rates of absence
among such workers in nine countries. Rural staff invari-
ably are absent from their jobs more often than their
urban counterparts, and physicians are more likely to
neglect their duties than other levels of staff, often
because they are less accountable and therefore harder
to supervise and discipline (Lewis, 2006).

Reforms in how health care in a country is financed
may be due as much to such governance failings as
to misguided policies, but consistent, effective, and com-
prehensive measurement of governance in health-care
financing does not yet exist.
40% 50% 60% 70% 80% 90%

ewis M (2006) Governance and Corruption in Public Health
lobal Development (www.cgdev.org).
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Governance and Health Outcomes

Governance in health care, or the lack of it, extends
far beyond what is usually defined as financing. It is
also true that health outcomes respond to so many fac-
tors that attributing them to particular policies or how
those policies are respected or subverted is very difficult.
Aggregate measures of governance are correlated with
some outcome measures, and that is the case even when
controlling for other factors. Figure 4 shows the rela-
tionship between governance indicators using three
measures of perception of governance specifically – gov-
ernment effectiveness, control of corruption, and voice
and accountability – and two health outcomes, immuni-
zation rates for measles and child mortality (deaths
before age 5 per 1000 births). The governance measures
are expressed in standard deviations from the mean for
all countries, while the health indicators are expressed as
rates or percentages (Lewis, 2006). Each graph includes a
regression line relating the governance measure alone to
the health outcome, which explains the relatively poor fit
to the data.

More complete regression analyses, including income
and other variables expected to affect health outcomes,
including indicators of female education, are given in
Tables 2 and 3. Even when these other explanatory vari-
ables are included, the governance measures remain sta-
tistically significant in all but two of the specifications,
both for child mortality. Gross domestic product (GDP),
interestingly, affects only child mortality, perhaps reflect-
ing the fact that child mortality is an even better predictor
of economic direction than of health service effectiveness
(Lewis, 2006).

All the graphs have two features in common. First, and
not surprisingly, as governance improves, so does the health
indicator, immunization climbing toward 100% and child
mortality falling, indicating that good governance and the
absence of corruption improves the effectiveness of health
interventions. Second, as governance improves, the varia-
tion among countries narrows dramatically. Well-governed
countries, with few exceptions, have quite similar outcomes
on these two health measures; countries with less effective
governments, or poor governance overall, vary much more
among themselves in health results. A very similar pattern
occurs when health measures are related to the degree to
which corruption is believed to be controlled, although it is
not clear how much corruption specifically interferes with
efforts to save children’s lives or immunize them. It is also
striking that the pattern of narrowing variance in Figure 4
resembles that for out-of-pocket spending, mentioned
above: As countries are richer, such spending becomes
much less important on average as a source of health fund-
ing, and the share converges from large differences among
countries to very little variation. To the extent that out-
of-pocket spending impoverishes families or makes it diffi-
cult to provide their children with adequate nutrition or
health care, these different relations may be displaying
aspects of the same phenomenon: Good governance – and
probably more competent government – by limiting waste
and corruption and protecting households from finan-
cial risk, also makes it easier for them to protect their
children’s health.
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Governance as an International Issue

Governance is usually thought of as a national phenome-
non since that is where government responsibility can be
located. But the concept can be applied internationally
as well. Donor organizations can be as guilty of bad gov-
ernance as the governments they wish to help, to the
extent that donors support corrupt governments or
unsuccessful programs (Easterly, 2006). Even when
donors provide substantially increased revenue, pooling
of funds can be a problem if donors either impede it or
insist on pooling their funds in ways that make it harder to
use them well, such as limiting purchases to their own
countries’ exports. Poor governance with aid financing
shows up most readily in purchasing, where corruption
is more likely than at earlier stages of financing. Assis-
tance to health may sometimes be less susceptible to such
failings than aid in other sectors, as shown by the several



Table 2 OLS results for measles immunization coverage (% of children ages 12–23months)

Log of GDP per capita, PPP (const. 2000 int’l $) 2.351 0.808 0.487 0.136 �1.378
�3.489 �3.561 �2.451 �2.609 �4.212

Aggregate governance 6.152 5.201

(3.124)* (2.442)**
Government effectiveness 7.026 6.812 8.221

(3.218)** (2.345)*** (3.607)**

Ethnolinguistic fractionalization �6.021 �4.059 �6.671
(2.271)** (2.263)* (2.284)***

Average years of schooling, adult females (15þ) 1.888 1.763 2.337

(0.981)* (1.008)* (1.071)**

Primary completion rate, female 0.293 0.309

(0.067)*** (0.073)***
Road density �0.037

(0.015)**

Constant 56.18 77.12 57.689 66.128 94.809
(25.664)** (27.959)*** (17.318)*** (19.704)*** (33.118)***

Observations 71 68 119 112 68

R-squared 0.434 0.473 0.444 0.47 0.497

Robust standard errors in parentheses.

*significant at 10%;

**significant at 5%;

Table 3 OLS results for under-5 mortality rate

Log of GDP per capita, PPP (constant 2000 int’l $) �66.447 �55.263 �29.148 �24.932 �55.649
(7.853)*** (9.847)*** (8.403)*** (8.390)*** (9.856)***

Aggregate governance 18.747 16.828 �3.069 18.644
(9.167)** (9.426)* �7.588 (9.866)*

Government effectiveness (KKZ 2005) �4.773
�8.576

Ethnolinguistic fractionalization 19.222 20.169
(8.220)** (5.525)***

Average years of schooling, adult females (15þ) �3.819 �3.893 �3.563
�2.483 �2.551 �2.504

Primary completion rate, female �1.261 �1.197 18.934

(0.194)*** (0.213)*** (8.155)**

Road density �0.054
�0.073

Constant 639.747 521.888 408.635 342.705 526.372

(60.938)*** (85.021)*** (60.448)*** (62.343)*** (85.128)***

Observations 71 68 119 112 68

R-squared 0.748 0.764 0.745 0.769 0.766

Robust standard errors in parentheses.

*significant at 10%;

**significant at 5%;
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large-scale successes in health even in very poor countries
that have benefited from external funds and expert
technical assistance, including the global eradication of
smallpox or the control of onchocerciasis in Africa
(Levine et al., 2004). Such success requires good gover-
nance and little or no corruption in the disease control
programs and is therefore hard to replicate throughout a
public system.
Comparably good governance would be required to
implement a recent proposal for a subsidy for combina-
tion drug therapy against malaria (Laxminarayan et al.,
2006). Every country using the therapy would have to
assure that the subsidy actually went to make the combi-
nation of drugs as cheap as existing but increasingly
ineffective monotherapies, or resistance would develop
and the subsidy would be wasted.
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AsWHO expresses it metaphorically, failure of steward-
ship can be identified with three kinds of visual limitations.
Turning a blind eye to corruption is a clear example of bad
governance, whereas myopia and tunnel vision, the other
two failings, are not. Good governance requires oversight,
clear standards, and the ability to hold providers and payers
accountable. Where these do not exist, it is unlikely that
health systems will work, services will be delivered, and
health statuswill improve. Poor governance undermines the
quality of services and the acquisition and spending of
public funds. Corruption eats away at the foundation
of health-care finance, diverting funds during collection of
premiums, undermining procurement rules in the purchase
of inputs and allowing funds to disappear between the
point of collection and points of delivery. Absent physicians
effectively steal from the public sector; petty theft of drugs,
light bulbs, or food is just as much robbery. Even absent
such corruption, underperformance by health-care provi-
ders leads to spending that has no impact. Addressing these
problems entails clear rules, oversight, and enforceable
discipline for those who violate public trust.

See also: Corruption and the Consequences for Public

Health; Cost-influenced Treatment Decisions and Cost

Effectiveness Analysis; Pharmaceuticals as Environmen-

tal Pollutants: The Ramifications for Human Exposure;

The Private Sector in Health Care Provision, The Role of;

The State in Public Health, The Role of.
Citations
Asch SM, Kerr EA, Keesey J, et al. (2006) Who is at greatest risk for
receiving poor-quality health care? New England Journal of Medicine
354: 1147–1156.
Gynecological Morbidity
M Garefalakis and M Hickey, University of Western Aus
N Johnson, University of Auckland, Auckland, New Zeala

ã 2008 Elsevier Inc. All rights reserved.

Vaginal bleeding is considered abnormal if the bleeding
is prolonged (greater than 7 days’ duration), the flow is
greater than 80ml per cycle (or subjective impression of
heavier than normal flow), and the cycle length less than
24 or greater than 35 days. Intermenstrual, postcoital, and
postmenopausal bleeding are also considered abnormal.

It is usually attributed to a uterine source, but may
arise from problems at multiple anatomic sites including
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the lower genital tract (vulva, vagina, cervix) and upper
genital tract (fallopian tubes and ovaries, as well as the
uterus). In addition, the origin of bleeding may include
nongynecologic sites, such as the urethra, bladder, peri-
anal region, and bowel.

It may be due to normal physiologic processes (such
as the anovulatory cycles, which are common in the first
postmenarchal years and during the perimenopause) or
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may be a manifestation of pregnancy and its complica-
tions, endocrine dysfunction, trauma, infection (e.g., endo-
metritis), medicines (e.g., anticoagulants), contraceptives
(e.g., hormonal contraception, intrauterine devices), hemo-
static defects, systemic illnesses (e.g., uremia, advanced liver
disease, acute leukemia), or neoplasia. Dysfunctional uter-
ine bleeding describes abnormal bleeding that cannot be
attributed to anatomic, organic, or systemic lesions or dis-
ease. The likelihood of the various causes is dependent
upon the age of the woman and the pattern of bleeding
(ovulatory or anovulatory).

Coagulation disorders may present with abnormal
uterine bleeding, particularly menorrhagia. In one series
of women aged 18–45 years, bleeding disorders were
diagnosed in 10.7% of women with menorrhagia (von
Willebrand disease, coagulation factor deficiencies, and
platelet dysfunction) but in only 3.2% of controls without
abnormal vaginal bleeding (Dilley et al., 2001).

Von Willebrand disease is a common inherited bleed-
ing disorder and should be suspected in women who
present with menorrhagia from menarche, if associated
with anemia, requirement for hospitalization, or if there is
a family history of coagulopathy.
Amenorrhea

Amenorrhea is the condition of having no menstrual per-
iods. Primary amenorrhea describes the absence of menses
(before menarche), and secondary amenorrhea describes
the cessation of menses (after menarche). Oligomenorrhea
is the condition of having infrequent menstrual periods.

The current recommendations for the timing of the
evaluation of primary amenorrhea recognizes the trend to
earlier age at menarche and is therefore indicated when
there has been a failure to menstruate by age 15 in the
presence of normal secondary sexual development or
1. History and physical examina
2. R/O pregnancy
3. FSH and PRL

Chronic anovulation
(PCOD, functional
hypothalamic
amenorrhea)

Radiographic
evaluation
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Figure 1 Suggested flow diagram aiding in the evaluation of wome

American Society of Reproductive Medicine (2006) Current evaluatio
S148–155.
within 5 years after breast development if that occurs
before age 10.

The absence of development of secondary sexual char-
acteristics by age 13 also requires investigation.

It is advised that secondary amenorrhea lasting three
months and oligomenorrhea involving less than nine cycles
a year should be investigated (Practice Committee of the
American Society for Reproductive Medicine, 2006).

There is a wide range of causative factors for amen-
orrhea (see Figure 1), but often no clear cause can be
determined. The possibility of pregnancy should always
be considered, and a comprehensive history and thorough
examination should be conducted. Age-appropriate amen-
orrhea over the age of 45 is consistent with menopause
(average age 51 years).

Laboratory tests (including gonadotrophins, prolactin,
and thyroid-stimulating hormone) and imaging (pelvic or
sella turcica) may be indicated. If there is evidence of
hyperprolactinemia or thyroid dysfunction, appropriate
investigation and management should restore menses.

Low gonadotrophin levels (i.e., hypogonadotropic hypo-
gonadism) suggest an abnormality of the pituitary or
hypothalamus but a common cause in teenagers is consti-
tutional delay, which is often familial. Other rare causes
include central nervous system tumors, cranial irradiation,
hypothalamic or pituitary destruction, Sheehan syndrome,
and Kallmann syndrome (which is associated with anos-
mia). Hypothalamic amenorrhea is often caused by exces-
sive weight loss, strenuous exercise, stress, or chronic
illness. Young athletes may develop a combination of con-
ditions called the ‘female athlete triad’ that includes eating
disorder, amenorrhea, and osteoporosis. Menses will usu-
ally return after a healthy body weight is achieved with
a modest increase in caloric intake and/or a decrease
in training. It is important for adolescents and young
women to avoid bone loss during this period of peak
bone mass development.
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Elevated gonadotrophin levels (follicle stimulating hor-
mone (FSH) and luteinizing hormone (LH)) suggest an
ovarian abnormality (hypergonadotropic hypogonadism).
Repeatedly elevated gonadotrophin levels in women aged
under 40 years are defined as premature ovarian failure
(POF), which affects 0.1% of women by 30 years and 1%
of women by 40 years of age. It may be caused by chemo-
therapy, radiotherapy, galactosemia, and mumps oophoritis
or be associated with autoimmune disorders (hypothy-
roidism, diabetes mellitus, Addison disease/adrenal insuffi-
ciency) and genetic disorders (including gonadal dysgenesis
such as Turner syndrome (45,XO karyotype) and fragile
X syndrome). Women under 30 years should have karyo-
type analysis. Some 5–10% of women with POF may
achieve a natural conception, but women need to be made
aware of options for assisted conception including ovum
donation. Women with POF may be at increased risk of
osteoporosis and heart disease.

Amenorrheic women with normal gonadotrophin levels
may have androgen insensitivity syndrome (XY karyo-
type; importantly, the undescended testes in this condi-
tion should be removed because of the high riskofmalignant
transformation after puberty), obstruction of menstrual
blood outflow (congenital or acquired), or hyperandrogenic
chronic anovulation (most common cause is polycystic
ovarian syndrome (PCOS); see below). Müllerian (genital
tract) abnormalities causing amenorrhea include con-
genital absence or abnormal development of the vagina
anduterus. Imperforate hymen or transverse vaginal septum
may be suspected if there is cyclic abdominal pain from
accumulation of blood in the uterus and vagina. Asherman
syndrome (i.e., intrauterine synechiae and scarring, usually
from endometrial curettage or infection) and cervical steno-
sis are the most common causes of acquired outflow
obstruction. Diagnosis of Asherman syndrome is made by
hysteroscopy, hysterosalpingography or sonohysterography,
and management involves hysteroscopic resection of the
adhesions under ultrasonographic, fluoroscopic, or laparo-
scopic guidance. This is followed by treatment aimed at
reducing the reformation of adhesions, including insertion
of an intrauterine device or catheter balloon and/or estro-
gen therapy, although there is limited evidence for efficacy.

Causes of hyperandrogenic anovulation include poly-
cystic ovarian syndrome (PCOS), androgen-secreting
ovarian or adrenal tumors, Cushing disease, acromegaly,
non-classic congenital adrenal hyperplasia, and adminis-
tration of exogenous androgens.
Polycystic Ovarian Syndrome (PCOS)

Polycystic ovarian syndrome (PCOS) is the most common
reproductive disorder affecting women, thought to affect
about 6% of women in the reproductive age group,
and varies according to ethnicity (Azziz et al., 2004). The
rate of incidental finding of polycystic ovaries on ultra-
sound has been reported as 22% (Polson et al., 1988;
Lowe et al., 2005).

Demographic data about the prevalence of PCOS and
research into this common disorder have been hampered
by the existence of conflicting definitions in past years.
Controversy persists regarding the criteria for PCOS
diagnosis, but a unifying definition was proposed at a
joint consensus meeting between the American Society
of Reproductive Medicine and the European Society of
Human Reproduction and Embryology in 2003. This
definition encompasses a description of the ultrasound
appearance of polycystic ovaries, infrequent or absent
ovulation, and clinical or biochemical evidence of excess
androgen levels (such as hirsutism and acne) while empha-
sizing the importance of ruling out other disorders with a
similar presentation (e.g., congenital adrenal hyperplasia,
Cushing syndrome, hyperprolactinemia, and androgen-
secreting tumors) (Rotterdam ESHRE/ASRM-Sponsored
PCOS Consensus Workshop Group, 2004).

It is being increasingly recognized that infrequent
menstrual periods in adolescence may be one of the first
manifestations of PCOS. Although PCOS is generally not
diagnosed until more than two to three years after men-
arche, it is believed that its origins lie in fetal life or
childhood, since excess androgen exposure of primates
in utero produces PCOS-like features. Due to the familial
clustering of PCOS cases, it is believed that there is a
genetic predisposition to PCOS whereby genomic var-
iants act under the influence of environmental factors,
particularly obesity, and produce insulin resistance.

PCOS has significant implications for women, includ-
ing the increased risk of anovulatory infertility, increased
risk of miscarriage and pregnancy-related complications,
and, in later life, increased risk of Type II diabetes
mellitus, cardiovascular disease, and endometrial hyper-
plasia and cancer.

Evidence suggests that the adverse features of PCOS
can be ameliorated with lifestyle intervention, such as diet
and exercise.

Available treatments for women desiring contracep-
tion include the combined oral contraceptive pill (those
with less androgenic progestogens may be desirable) and
anti-androgenic medications such as cyproterone acetate
and spironolactone. Treatments for subfertility include
ovulation induction with anti-estrogens (e.g., clomiphene
citrate) gonadotrophins and ovarian drilling. Ovarian dril-
ling may be useful when there has been an exaggerated
response to fertility drugs.

While benefits related to ovulation may be derived
from treatment with insulin-altering agents such as met-
formin, there is current uncertainty about long-term
use of metformin in women with PCOS to protect
against adverse cardiovascular outcomes and to reduce
pregnancy-related complications.
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Heavy Menstrual Bleeding (Menorrhagia)/
Dysfunctional Uterine Bleeding

Heavy menstrual bleeding (HMB) or menorrhagia is clini-
cally defined as greater than or equal to 80ml blood loss
per menstrual cycle. In clinical practice it is impractical to
measure blood loss, and the woman’s perception of her
menstrual loss is the key determinant in management
decisions. HMB has profound social, financial, and medi-
cal implications. It is a common cause of anemia and lost
working days and it may impair quality of life.

Underlying factors may include uterine abnor-
malities and other pelvic pathology, endocrine abnorm-
alities, and, occasionally, coagulation disorders. These
should be excluded before decisions are made about
treatment as they may require different management. In
most cases no pathological cause can be identified and
the abnormal bleeding is labeled ‘dysfunctional uterine
bleeding.’

Although patient satisfaction with hysterectomy is
high, this major surgical procedure is not without signifi-
cant morbidity and occasional mortality. Effective medi-
cal therapy is an attractive alternative. A wide variety of
medications are available, but few can guarantee a pro-
longed reduction in bleeding for the majority of women.
The National Institute for Health and Clinical Excellence
guideline on heavy menstrual bleeding (2007) makes re-
commendations on a range of treatment options.
Medical Treatments

Anti-fibrinolytic drugs (plasminogen activator inhibitors),
such as tranexamic acid, work by inhibiting the break-
down of blood clots (fibrinolysis). These drugs reduce
menstrual loss by 40–50% but do not generally alleviate
cramping, which commonly accompanies HMB. They
are taken only during menstruation and are usually
well tolerated but can cause mild nausea and diarrhea
(Lethaby et al., 2000).

Non-steroidal anti-inflammatory drugs (NSAIDs) such
as mefenamic acid and naproxen act by inhibiting the
production of prostaglandins. Limited data suggest that
they are more effective than placebo in reducing heavy
menstrual bleeding but less effective than tranexamic
acid, danazol, or the levonorgestrel-releasing intrauterine
system (LNG-IUS). They can cause gastrointestinal dis-
turbances, though serious side effects are unlikely as they
are taken only for a short period during menstruation
(Lethaby et al., 2007).

There is some evidence that the combined oral con-
traceptive pill (COCP) significantly reduces menstrual
blood loss and relieves cramping; in addition to inhibiting
ovulation, COCP induces endometrial regression. Com-
mon side effects include nausea, headache, breast tender-
ness, and alterations in libido and mood.
Progestogens such as norethisterone and medroxypro-
gesterone acetate are ineffective if taken only during
the luteal phase of the menstrual cycle (between ovula-
tion and menstruation), but may reduce HMB if taken
continuously.

The levonorgestrel-releasing intrauterine system
(LNG-IUS) releases a low dose of progestogen into the
endometrium for at least five years. This profoundly sup-
presses the endometrium but does not inhibit ovulation
(Figure 2). The device also provides contraception, with
fertility returning when the system is removed. It is as
effective as endometrial ablation and will reduce men-
strual blood loss by 94% after three months (Lethaby
et al., 2005a).

The device is well accepted by most women but fre-
quently causes irregular vaginal bleeding or spotting,
especially during the first few months of use. Some
women experience hormonal side effects such as breast
tenderness and bloating and, occasionally, the device is
expelled spontaneously. Functional (follicular) ovarian
cysts may occur transiently.

Other medications such as danazol (a synthetic testos-
terone derivative) and Zoladex (a gonadotrophin-releasing
hormone (GnRH) analogue) may effectively treat HMB
but are generally used only in short-term treatment due
to the high incidence of side effects such as weight gain
and acne (with danazol) and headache, nausea, tiredness,
and menopause-like symptoms (with Zoladex). Prolonged
use of GnRH analogues such as Zoladex may also lead to
bone demineralization and has cost implications.
Surgical Treatments

Surgery may be indicated for women who have completed
childbearing for whom medical treatment is ineffective
or intolerable, or it may be chosen as first-line therapy.
Surgery may aim to conserve or remove the uterus.

Hysterectomy (removal of the uterus) has traditionally
been regarded as the definitive surgical treatment for
HMB and is one of the most commonly performed surgi-
cal procedures. Menstrual disorders are the leading indi-
cation for hysterectomy. Hysterectomy can be performed
abdominally, vaginally, or laparoscopically; when possible,
the vaginal route is preferred since it leads to shorter
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recovery time and fewer complications than the abdomi-
nal or laparoscopic routes. However, hysterectomy by any
route has a relatively high incidence of short-term com-
plications such as hemorrhage, infection, thromboembo-
lism, and wound healing problems, and often requires
a lengthy postoperative recovery period. Nevertheless,
hysterectomy is 100% successful in treating HMB and
for most women any problems are relatively short-term.
Satisfaction rates after hysterectomy are very high, at over
95% up to three years after surgery (Lethaby et al., 1999).

There are widely varying hysterectomy rates among
different regions, countries, and gynecologists. It has been
reported that the rate of hysterectomy for benign uterine
conditions is decreasing in some countries, which may be
associated with the widespread use of LNG-IUS (Reid
and Mukri, 2005; Jacobson et al., 2006).

Less-invasive surgical options, which conserve the -
uterus, include endometrial resection or ablation, and
involve the destruction by various means of the endome-
trium (the inner lining of the uterus) and the underlying
basal glands. The procedure may be preceded by a course
of hormonal medication to thin the endometrium in order
to facilitate its removal. Some techniques for endometrial
destruction utilize a surgical telescope (hysteroscope) to
aid viewing of the uterus, along with a variety of electro-
surgical or laser tools. These techniques usually require a
general or regional anesthetic, specialized surgical skill,
and sometimes a short hospital admission. They are sig-
nificantly safer than hysterectomy but still involve a small
risk of uterine perforation, hemorrhage, fluid overload,
and infection, the short-term complication rate being
around 4% (Lethaby et al., 2005b). Non-hysteroscopic
‘second generation’ techniques have been developed that
utilize the controlled application of heat, cold, microwave,
or other forms of energy to destroy the endometrium.
They require sophisticated equipment but can usually
be performed as day surgery under local anesthetic. How-
ever, women often continue to have some bleeding and, in
the longer term (around four years), over one-third go on
to receive further surgical treatment of some kind, usually
hysterectomy, for continued bleeding or pain.

Endometrial destruction is quicker than hysterectomy,
recovery is faster, and there are fewer postoperative com-
plications. These techniques are not contraceptive, and
if pregnancy occurs it is often complicated. Endome-
trial ablation is similar to the LNG-IUS in terms of
efficacy and satisfaction, but the LNG-IUS is the most
cost-effective in the short term.
Benign Gynecological Tumors

Endometrial Polyps

Endometrial polyps are nonmalignant, pedunculated or
sessile growths in the lining of the uterus. They occur in
up to 10% of women and are most commonly diagnosed
in the 5th decade. There is uncertainty about their natural
history and pathological significance. Established risk fac-
tors for endometrial polyps are late menopause and the
use of unopposed estrogen or tamoxifen.

Endometrial polyps are generally small (a few mm)
but may enlarge to fill the uterine cavity. They may
be asymptomatic or be associated with abnormal bleeding,
particularly intermenstrual bleeding, menorrhagia, and
abnormal perimenopausal bleeding. Up to 25% of women
with abnormal bleeding patterns have an endometrial
polyp. They may be detected on direct examination
(if they protrude through the cervix), ultrasound, saline
infusion sonohysterography (a technique utilizing endo-
vaginal ultrasound and instillation of sterile saline simul-
taneously through the cervical canal), hysteroscopy, or
curettage. They are managed through removal by curet-
tage or operative hysteroscopy. All polyps should be
examined histologically, as up to 0.5% will be hyperplas-
tic or malignant.
Cervical Polyps

Cervical polyps are benign, pedunculated growths of
varying size that extend from the ectocervix or endocer-
vical canal.

The etiology of cervical polyps is unknown. They are
believed to result from chronic inflammation and 99% are
benign. Cervical polyps are most common among multi-
parous women in their 30s and 40s. They are usually
asymptomatic, but women may present with vaginal dis-
charge and/or postcoital, intermenstrual, or postmeno-
pausal bleeding. Cervical polyps should be removed and
sent for histological evaluation.
Fibroids (Uterine Leiomyomata)

Fibroids are the most common benign tumors inwomen of
childbearing age. Fibroids are lumps made of muscle cells
and other tissue that grow within, or are attached to, the
wall of the uterus (Figure 3). They may be asymptomatic
but may also lead to heavy or painful periods, prolonged
bleeding, pelvic pain, or feelings of pressure and ‘fullness’
in the lower abdomen as well as reproductive problems,
such as infertility, recurrent miscarriage, or preterm labor.
Around 30% of women of childbearing age have clinically
symptomatic uterine fibroids.

The cause of uterine fibroids is not known. However,
genetic, hormonal, immunological, and environmental fac-
tors may play a role in starting the growth of fibroids and/or
in promoting that growth. Some racial groups are at increased
risk, such as those of African or Asian origin. The incidence
increases with age, but fibroids regress after menopause.

Fibroids may be detected on gynecological examination
by the palpation of an enlarged, irregular uterus or with the
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aid of imaging techniques, such as ultrasonography, sono-
hysterography, or magnetic resonance imaging (MRI).

Treatment depends on the severity of symptoms, desire
for future pregnancies, general health, and characteristics
of the fibroid(s). Asymptomatic fibroids generally do not
require treatment. Mild symptoms may be helped by non-
steroidal anti-inflammatory drugs (NSAIDs), such as ibu-
profen and naproxen. Major symptoms may be treated
medically or surgically. Medical treatments are only effec-
tive for the duration of treatment and may include GnRH
agonists (GnRHa), LNG-IUS, or antiprogestogens, such
as mifepristone. Surgical therapy may be performed trans-
vaginally, laparoscopically, or as an open procedure.

Uterine artery embolization (UAE) aims to shrink
fibroids by removing or reducing their blood supply.
UAE reduced heavy menstrual bleeding associated with
fibroids by around 85% (range 60–90%) and reduced
fibroid volume by around 30–46% (Gupta et al., 2006).
New conservative treatments being studied include cryo-
myolysis (using liquid nitrogen to ‘freeze’ the fibroids to
make them shrink) and myolysis (using electric current to
destroy the fibroids and reduce their blood supply).
Adenomyosis

Uterine adenomyosis is defined as the presence of endo-
metriumlike tissue in the muscular layer of the uterus
(myometrium). The incidence of adenomyosis is unclear,
but the condition is more common inwomenwith endome-
triosis. Diagnosis has traditionally been histopathological
(following hysterectomy) but may now be possible using
newer imaging techniques, such as MRI.

It is unclear to what extent adenomyosis causes symp-
toms. The commonly quoted presenting symptoms are
painful and heavy menstrual periods, although many
women are asymptomatic. Pelvic examination may reveal
a symmetrically enlarged, tender uterus, but endometrial
assessment should be considered in all women with
abnormal bleeding.

Because the disease has been infrequently diagnosed
prior to hysterectomy, there are few well-designed studies
of medical or surgical management. Hysterectomy or
insertion of the levonorgestrel-releasing intrauterine sys-
tem (LNG-IUS) are the most common treatments.
Endometriosis

Endometriosis is the presence of endometriumlike tissue
at sites outside the uterus. The ectopic endometrial tissue
responds cyclically to estrogen by proliferating and pro-
ducing local inflammation.

The etiology of endometriosis is unknown, although
several theories have been proposed. Implantation of
eutopic endometrium that migrated from the uterine
cavity via the fallopian tubes is a popular theory.

The prevalence of endometriosis is unclear, but it may
affect around 7–10% of women in the general population
and around 38% of infertile women, and up to 80% of
women with chronic pelvic pain. Endometriosis shows
familial clustering, but a clear genetic cause has not yet
been determined.

Endometriosis may be asymptomatic, but commonly
presents with dysmenorrhea, pelvic pain, dyspareunia,
intermenstrual bleeding, and infertility. Other symptoms
include perimenstrual back pain, dyschezia (pain on
passage of feces), abdominal pain, urinary symptoms,
or cyclic rectal bleeding. Pain is the most troublesome
symptom, but the severity of pain relates poorly to the
visible extent of the disease. The reason why endometri-
osis causes pain is incompletely understood, but may be
related to the location and depth of the endometriotic
implant, with deep implants in highly innervated areas
most consistently associated with pain.

Pelvic examination may appear completely normal if
lesions are small and few. Inmore advanceddisease, cervical
displacement of 1 cm or more to the left or right of the
midline and nodularity of the uterosacral ligaments and
posterior cul-de-sac may be detected. Clinical examination
during menstruation may better enable the practitioner to
identify tender nodules of endometriosis. Fixed retrover-
sion of the uterus and adnexal masses may also be palpated.
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Definitive diagnosis requires inspectionþ/� histolog-
ical confirmation from biopsy of endometriotic lesions.
Disease severity may be classified using a standardized
system, such as the classification system of the American
Society for Reproductive Medicine, which was most
recently revised in 1996. Unfortunately, this system does
not correlate well with symptom severity or prognosis
(American Society for Reproductive Medicine, 1997).

There are a variety of medical and surgical therapeutic
options. Medical management should be considered
initially in women with mild to moderate symptoms
who wish to maintain their fertility potential and/or
avoid surgery. NSAIDs during menses may relieve
dysmenorrhea, and there are various hormonal medical
therapies aimed at interrupting the cycle of stimulation
and bleeding. These include the combined oral con-
traceptive pill, progestogens including the LNG-IUS,
gestrinone or danazol (a synthetic testosterone derivative
now rarely used owing to its high incidence of androgen-
izing side effects), and GnRH agonists (GnRHa) with
add-back therapy (including hormone replacement, pro-
gestogens, tibolone, and bisphosphonates). The various
medications are comparable in their ability to provide
relief from dysmenorrhea, dyspareunia, and pelvic pain
associated with endometriosis, but are not of proven value
in improving fertility.

The preoperative and postoperative use of medical
therapies such as GnRHa and danazol to decrease the
extent of endometriosis and the size of endometriomas
(ovarian endometriosis) is of unproven benefit, and is
associated with side effects (e.g., hot flushes or vaginal
dryness). Growing evidence suggests that the postopera-
tive use of the LNG-IUS reduces the risk of recurrent
symptoms and of recurrence of endometriotic lesions
following surgical removal.

Surgical therapy to remove endometriotic deposits
improves symptoms and fertility rates. The aim is to remove
all visible disease and to restore normal anatomy by proce-
dures such as the division of adhesions and removal of scar
tissue. The laparoscopic approach is preferable and is asso-
ciated with fewer complications than open surgery.

Total abdominal hysterectomy and bilateral salpingo-
oophorectomy has previously been considered the defin-
itive treatment of endometriosis, but the enlightened
view of surgical therapy is that removal of endometriotic
lesions is what is required. Presacral neurectomy has been
shown to be an effective adjunct to surgical removal of
endometriosis (but carries a high complication rate) for
relief of pain; laparoscopic uterine nerve ablation (LUNA)
has not been proven to significantly add to the benefit of
laparoscopic removal of endometriosis.

Unless the ovaries are removed and the patient ren-
dered permanently hypoestrogenic, endometriosis may
recur, and appropriate follow-up intervals depend on the
choice of therapy and the woman’s needs.
Adnexal Pathologies

The adnexa is the region adjoining the uterus that
contains the ovary and fallopian tube, as well as asso-
ciated vessels, ligaments, and connective tissue. Pathol-
ogy in this area may also be related to the uterus,
bowel, or retroperitoneum, or metastatic disease from
another site.
Adnexal Masses

Masses in the adnexa occur at all ages and may be symp-
tomatic or discovered incidentally. Some will regress
spontaneously; others require a surgical procedure for
histologic diagnosis and treatment. The differential diag-
nosis of an adnexal mass discovered in women of repro-
ductive age is broad and includes physiologic or functional
cysts, ectopic pregnancy, inflammatory etiologies such as
a tubo-ovarian abscess, endometrioma, benign and malig-
nant ovarian neoplasms, or neoplasms metastatic to the
ovary.

The reported prevalence varies widely depending
upon the population studied and the criteria employed.
A large series examining 1101 subjects with adnexal
masses found that 80% of neoplasms in women younger
than 55 years of age were hormone-dependent (functional
cysts or endometriomas), whereas 8% were benign neo-
plasms (teratomas, cystadenomas, or leiomyomas) and only
4 (0.4%) were carcinomas (Nezhat et al., 1992).

In one study of 1769 asymptomatic postmenopau-
sal women, 116 (6.6%) had simple ovarian cysts on
ultrasound. Women with persistent cysts underwent
surgery and no malignancies were identified (Conway
et al., 1998).

The ovaries are organs that are anatomically difficult
to access during routine physical examination. Bimanual
pelvic examination is not an effective method for identi-
fying cases of adnexal mass at an early stage. Ultrasound is
currently the most efficacious and practical study for
evaluating an adnexal mass.

The most serious concern when an adnexal mass
is discovered is the possibility that it is malignant. There
is currently no good screening test to distinguish a
benign from a malignant adnexal mass. Characteristics
that increase the likelihood of malignancy include: age
less than 15 years or postmenopausal status, a complex or
solid-appearing mass on ultrasound, presence of ascites,
elevated tumor markers in peripheral blood (e.g., CA 125)
or a history of nongenital cancer (e.g., breast or gastric
cancer). Benign adnexal masses typically have the follow-
ing ultrasonographic features: low echogenicity, a thin
cyst wall, unilocular or, if septated, a thin septation, and
absence of internal papillary excrescences. Surgery and
histopathological examination is often required for defin-
itive diagnosis and therapy.
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Adnexal Torsion

Adnexal torsion is the twisting of part or all of the adnexa
on its mesentery. It usually involves the ovary but may
also involve the fallopian tube.

Torsion accounts for 2–3% of gynecological emergen-
cies and usually occurs in the reproductive age group
(including during pregnancy), but is not uncommon before
menarche or in postmenopausal women. It occurs because
of the mobility of the supporting pedicles, infundibulo-
pelvic, and ovarian ligaments. During torsion, venous
blood flow followed by arterial flow is impaired. This
leads to congestion, adnexal edema, ischemia, and necrosis.

Torsion of a normal-sized ovary or of an ovary with cysts
smaller than 5 cm is rare. Risk factors include the presence
of large and heavy ovarian cysts, such as benign cystic
teratoma (dermoid cyst), and tubal pathology including
hematosalpinx, hydrosalpinx, and para-ovarian cysts.

Presentation is usually due to a sudden onset of con-
tinuous lower abdominal pain. Nausea and vomiting are
quite common, occurring in 70% of those affected, and
fever may also be present. Delay in diagnosis is common,
with the time span from the onset of symptoms to opera-
tion reported to vary from hours to several days.

There are no specific laboratory findings but the white
cell count may be elevated. Ultrasound findings and
Doppler flow studies may be helpful but, even though
reduced or absent adnexal vascular flow is suggestive of
torsion, the diagnosis cannot be based solely on the
absence or presence of blood flow on color Doppler
sonography (Mazouni et al., 2005).

Awareness and suspicion is needed in patients who
present with the classical findings of lower abdominal
pain associated with nausea, vomiting, and presence of
an adnexal mass. Urgent surgical intervention (usually
by the laparoscopic approach) is indicated to prevent
irreversible ovarian and/or tubal damage.

In most cases an ovarian tumor is present. Complete
arterial obstruction does not usually occur, and some
blood supply is obtained from either the ovarian or uterine
arteries. The misleading ischemic-hemorrhagic, black-
bluish appearance of the adnexa is a result of venous and
lymphatic stasis rather than gangrene. The duration of
ischemia causing irreversible damage is unknown.

Despite the ‘necrotic’ appearance of the twisted ische-
mic ovary, detorsion is the only procedure that should
be performed at surgery, and removal of the injured
organ should only be performed if there are obvious
signs of adnexal disruption, such as ligament detachment
or ovarian tissue decomposition. Several studies have
shown that estimation of the degree of necrosis during
surgery is inaccurate. Studies assessing subsequent ovar-
ian function by observing follicular development on
ultrasound, the macroscopic appearance of the adnexa at
subsequent surgery, and fertilization of oocytes retrieved
during in vitro fertilization have demonstrated that ovar-
ian function is preserved in 88–100% of cases (Oelsner
et al., 2003).

Ovarian cystectomy during detorsion of the black-
bluish ischemic adnexa should also be avoided because
handling of the edematous, friable, and ischemic adnexa
may cause additional damage to the ovary, and a high
proportion of the ovarian masses are functional cysts,
which should not be removed. Patients with true ovarian
tumors should be operated upon electively four to six
weeks later. Recurrent torsion may be managed with
ovarian fixation. The incidence of pulmonary embolism
after torsion is 0.2% and is not increased after detorsion.
Bartholin Gland Cyst/Abscess

The Bartholin glands are two pea-sized, mucus-secreting
glands located on either side of the vaginal vestibule
(vaginal opening). A Bartholin gland cyst results from
obstruction of the duct leading to the outside, which
results in dilatation of the gland. Obstruction of the duct
may occur as a result of infection, inspissated mucus, or
trauma; abscess formation may occur.

Bartholin gland cysts may be asymptomatic or present
with unilateral swelling of the labia, tenderness, purulent
discharge, dyspareunia, pain when walking or sitting, and
enlarged inguinal lymph nodes. Secondary infection is
common and microbiological swabs of any discharge
should be taken and tests for bacterial infection including
N. gonorrheae should be performed. Abscess formation may
be recurrent.

Differential diagnoses include inclusion cyst, seba-
ceous cyst, primary cancer of Bartholin gland or duct
(especially among women older than 40 years), cancer
metastasis, lipoma, fibroma, hernia, and hydrocele.

Treatment of inflammation or abscess formation should
include analgesia and intervention to effect permanent duct
drainage and prevention of further abscess formation.
Appropriate antibiotic treatment should be provided if
gonorrhea is identified. Surgical interventions include
incision, drainage, and insertion of a Word catheter
(a bulb-tipped inflatable catheter that remains in the cyst
for several weeks) or marsupialization (the creation of
a pouch).
Chronic Pelvic Pain (CPP)

Chronic pelvic pain (CPP) in women is a common and
difficult problem. The true incidence and prevalence is
difficult to ascertain and the number of population-based
studies from less-developed countries is low (Latthe et al.,
2006). Many gynecologic pathological conditions are
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more frequent in women with CPP, but the development
of a chronic pelvic pain syndrome is often multifactorial.

Chronic pelvic pain syndromes are usually charac-
terized by a duration of 6months or longer; incomplete
relief with most treatments; significantly impaired func-
tion at home and/or work; signs of depression, such as
early awakening, weight loss, or anorexia; and altered
family roles.

There are many recognized antecedent causes of CPP
including both gynecological (e.g., endometriosis, chronic
pelvic infections, ovarian cysts, ovarian remnant syn-
drome, residual ovary syndrome, fibroids, adenomyosis,
vulvodynia) and nongynecological (e.g. interstitial cysti-
tis, chronic urinary tract infections, irritable bowel syn-
drome, constipation, myofascial pain, disc disease, nerve
entrapment syndromes, psychological stress, substance
abuse, history of physical or sexual abuse).

Clinical evaluation and management should include
medical, surgical, and psychological assessment. Pathology
affecting the reproductive tract, surrounding viscera, and
musculoskeletal system may coexist. Because of the strong
association of sexual abuse with reported pelvic pain, there
should be screening for the possibility of past or present
physical or emotional abuse. Depression, sleep disturbance,
and sexual dysfunction may develop in response to pro-
longed pain and need to be addressed. CPP may best be
managed within a multidisciplinary model.

More detailed information on the physiology, etiolo-
gies, investigation, and management of CPP is available
in the Society of Obstetricians and Gynaecologists of
Canada clinical practice guidelines.
Premenstrual Syndrome

Premenstrual syndrome (PMS) and the more severe
variant, premenstrual dysphoric disorder (PMDD), are
characterized by the presence of physical, behavioral,
and/or emotional symptoms that occur repetitively in
the second half of the menstrual cycle (luteal phase),
resolve at or soon after the beginning of the menstrual
period, and are severe enough to interfere with some
aspects of the woman’s life. Premenstrual symptoms are
common, affecting up to 75% of women; however, clini-
cally significant PMS occurs in 20–30% of women and
PMDD in 3–8% of women with regular cycles.

The most common physical manifestations are abdom-
inal bloating, which occurs in 90% of women with this
disorder, and breast tenderness and headaches, which
occur in more than 50% of cases. PMDD can be differ-
entiated from PMS by the presence of at least one affective
symptom, such as anger, irritability, or internal tension.

The origin of PMS is not fully understood but appears
to arise from an interaction of cyclic changes in ovarian
steroids with central neurotransmitters.
First-line management may include regular exercise,
relaxation techniques, and vitamin and mineral supple-
mentation, although there is little evidence to support the
effectiveness of these interventions.

Controlled clinical trials of progesterone, spironolac-
tone, evening primrose oil, essential fatty acids, and gingko
biloba have failed to show any consistent benefit for the
treatment of physical or emotional symptoms of PMS.
Two recent placebo-controlled trials reported that a com-
bined oral contraceptive (containing drospirenone and
ethinyl estradiol) administered in a 24-day regimen rather
than a 21-day regimen was more effective than placebo in
reducing some premenstrual symptoms. Further studies
are needed (Pearlstein et al., 2005).

Selective serotonin reuptake inhibitors (SSRIs) have
been shown to reduce or eliminate disturbing emotional
symptoms for many women, and are generally well-
tolerated, often at doses significantly lower than those
required to treat depression. Drug therapy is generally
recommended as first-line management of women with
PMDD because of the severity of symptoms associated
with this condition.
Diethylstilbestrol (DES) Exposure

Diethylstilbestrol (DES) was used during the mid-1900s
to treat pregnancy complications, including bleeding, pre-
mature labor, diabetes, and preeclampsia. DES use was
discontinued in 1971 when in utero exposure was linked to
the occurrence of vaginal clear cell adenocarcinoma. It
has been estimated that 5–10 million women and infants
were prescribed DES during pregnancy or were exposed
to the drug in utero.

Women who took DES appear to have an increased
incidence of breast cancer and are advised to follow
current guidelines for breast cancer screening.

Women exposed to DES in utero may develop sequelae
including structural genital tract changes, such as trans-
verse vaginal and cervical ridges, an abnormally shaped
uterine cavity, uterine hypoplasia, vaginal adenosis, and
an increased incidence of miscarriage, ectopic preg-
nancy, infertility, and preterm birth due to cervical
incompetence and premature rupture of membranes.
There is also an increased incidence of clear cell adeno-
carcinoma of the cervix or vagina (incidence rises at age
15 years and median age at diagnosis is 19 years) and an
increased incidence of breast cancer. It is advised that
these women be educated about these possible sequelae
and encouraged to have yearly pelvic examinations from
menarche onward, including careful inspection of the
cervix and vagina with cervical and vaginal cytology.
Any abnormalities warrant referral to an expert colpos-
copist. Multigenerational studies are being conducted,
but there is no good evidence that the grandchildren of
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women who received DES during pregnancy are at
increased risk for abnormalities (Palmer et al., 2005;
Rubin, 2007).
Pelvic Organ Prolapse

Pelvic organ prolapse (POP) is defined as the descent of
one or more of the following: anterior vaginal wall, poste-
rior vaginal wall, or the apex of the vagina (cervix or
uterus) or vault (after hysterectomy).

The pelvic organs are supported by a complex inter-
play between the uterosacral/cardinal ligament complex,
the levator ani muscles, and the endopelvic fascia. These
structures attach the pelvic organs to the bony pelvis and
form a continuous and interdependent organ complex.
Damage to any of the muscles and fibrous structures
results in descent of the vaginal walls and pelvic organs.
Different types of prolapse may exist, and the site at which
the muscle or fascia is damaged determines the type of
prolapse present.

Rectocele, enterocele, cystocele, and urethrocele,
respectively, describe protrusion of the rectum, small
bowel/peritoneum, bladder, and urethra into the vaginal
lumen. Uterine prolapse is the downward protrusion of
the cervix and uterus, with procidentia describing total
prolapse beyond the hymen. Vault prolapse is eversion of
the vagina and can occur after hysterectomy.

Some 10–15% of all women and as many as 50% of
women older than 50 years have some degree of POP. The
Women’s Health Initiative reported 34% of women had
anterior vaginal wall prolapse, 19% had posterior vaginal
wall prolapse, and 14% had uterine prolapse (Hendrix
et al., 2002).

POP results from the loss of normal support mechan-
isms, involving weakening of the pelvic support connec-
tive tissue and muscles as well as nerve damage. Risk
factors include multiparity, obesity, chronic cough, heavy
lifting, and intrinsic tissue weakness.

POP may be asymptomatic or cause significant symp-
toms, such as a dragging sensation, a lump (‘something
coming down’), or protrusion of pelvic organs into or
through the vagina. The dragging sensation is usually
relieved by lying down, is less noticeable in the morning,
and worsens as the day progresses. Women may also
describe lower backache and dyspareunia and the need
to digitally replace the prolapse to void or defecate.

Vaginal examination allows the description of observed
and palpable abnormalities and assessment of pelvic
floor muscle function. Severity may be graded using the
Pelvic Organ Prolapse Quantification system (POP-Q ), a
standardized system that can facilitate communication
between health practitioners and aid research.

Treatment is individualized according to the severity
of symptoms, degree of prolapse, the woman’s previous
treatment, activity level, and health status, and whether
or not sexual function is to be maintained. Nonsurgical
treatment options include pelvic floor muscle training,
behavioral modification, and the use of intravaginal devices
such as pessaries. Follow-up after fitting a pessary involves
re-evaluation of the appropriate size and type of pessary
and ensuring that ulceration, irritation, or exacerbation of
incontinence has not occurred.

Various surgical methods have been described and are
performed via an open abdominal, laparoscopic, or vagi-
nal approach. The aims are to relieve symptoms and, in
most cases, to restore vaginal anatomy. Prognosis depends
upon the severity of symptoms, extent of the prolapse,
surgeon’s experience, and patient expectations. Surgery
has traditionally been associated with a recurrence/
re-operation rate of up to 30%. Simultaneous surgery
for concomitant urinary or fecal incontinence may also
be considered.
Urinary and Fecal Incontinence

Continence depends upon having intact lower urinary
tract, anorectal, pelvic, and neurologic components and
the functional ability to access and use toilet facilities.
This includes sufficient mobility and manual dexterity,
and the cognitive ability to recognize and react appropri-
ately to sensations of bladder and rectum filling. The
presence of incontinence often reflects multiple factors.
Urinary Incontinence

Urinary incontinence is defined as ‘the complaint of any
involuntary leakage of urine’ and is further characterized
into the following categories:

. Stress urinary incontinence is the complaint of invol-
untary leakage on effort or exertion, or on sneezing or
coughing (i.e., during periods of increased intra-
abdominal pressure).

. Urge urinary incontinence is the complaint of involun-
tary leakage accompanied by or immediately preceded
by urgency. Urgency is the complaint of a sudden com-
pelling desire to pass urine, which is difficult to defer.
Women may also describe increased daytime frequency
and nocturia.

. Mixed urinary incontinence is the complaint of invol-
untary leakage associated with urgency and also with
exertion, effort, sneezing, or coughing.

. Continuous urinary incontinence is the complaint of
continuous leakage.

. Nocturnal enuresis is the complaint of loss of urine
occurring during sleep.

. Other types may be situational.
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. Overflow incontinence symptoms include difficulty in
initiating urination, a weak or intermittent stream, and
post-void dribbling.

Half of young women report occasional minor leakage
of urine, while 5–10% of adult women have daily leak-
age that interferes with their daily activities. The sever-
ity tends to increase with age, and urge incontinence
becomes more common. Symptoms should be sought
because many of those affected do not report the problem
to their health-care providers.

Risk factors for urinary incontinence in women
include increasing parity, increasing age, obesity, high-
impact physical activities, chronic cough, constipation,
medications (e.g., sedatives, diuretics, anticholinergics,
alpha-adrenergic blockers), diabetes mellitus, and func-
tional impairment. Acute onset of symptoms suggests a
urinary tract infection.

Complications include vulval cellulitis, perineal can-
didial infection, urinary tract infections, falls, disturbed
sleep, social isolation, and psychological morbidity.

Investigations to identify the lower urinary tract
pathology and any reversible exacerbating factors are per-
formed according to symptoms and signs and may include
urinalysis, urine cytology, frequency and volume charts,
pad tests, and specialized tests called urodynamic studies.

Urodynamic investigations are a group of tests used to
assess the function of the lower urinary tract and include
cystometry, urethral pressure profile measurements, leak
point pressure measurements, uroflowmetry, pressure-flow
studies, electromyography, video urodynamics, and am-
bulatory monitoring. They may be invasive and time-
consuming and are not universally available. They are not
performed routinely and must be interpreted in the context
of the entire clinical picture (Glazener and Lapitan, 2002).

It is preferable to commence treatment of incontinence
with less invasive therapies. General management strate-
gies that have been found helpful in many patients
include adequate fluid intake (up to 2L per day), avoid-
ance of caffeinated beverages and alcohol, minimizing
evening fluid intake (if nocturnal incontinence), avoid-
ance of constipation, weight loss, smoking cessation, and
treatment of respiratory disease if cough is exacerbating
stress or mixed-urge incontinence.

Various therapies, such as bladder retraining and pelvic
muscle exercise, may be effective for several types of
urinary incontinence, including urge, stress, and mixed
incontinence. Other therapies include medications (e.g.,
antimuscarinic drugs for urge and mixed incontinence;
side effects associated with the use of these drugs can be
reduced by slow titration of dose and extended release
preparations), continence pessaries (particularly if there is
pelvic organ prolapse), various surgical techniques, and
indwelling catheterization or diversion procedures as a last
resort. Treatment with oral hormone replacement therapy
was associated with increased incontinence in the
Women’s Health Initiative trial (Hendrix et al., 2005) and
the Heart and Estrogen/Progestin Replacement Study
(Grady et al., 2001), but vaginal estrogen may be helpful.

Surgery offers the highest cure rates for stress urinary
incontinence, even in elderly women. Methods avail-
able include bladder neck suspension procedures, peri-
urethral bulking injections, and sling procedures, such as
tension-free vaginal tape.
Fecal Incontinence

Fecal incontinence is defined as the recurrent, involuntary
loss of fecal material (solid feces, liquid stool, or flatus) in an
individual older than 4 years of age. It can be an embarras-
sing and debilitating condition, which may lead to social
isolation and loss of self-esteem. Prevalence has been
reported between 1–21%, and this variation may be due
to differences in symptom definition and the age of the
population studied.Manywomen do not report their symp-
toms to their health-care providers (Boreham et al., 2005).

Loss of fecal continence may result from dysfunction
of the internal and/or external anal sphincters, abnormal
rectal compliance, reduced rectal sensation, local benign
and neoplastic pathologies, inflammatory bowel conditions,
diarrhea, and fecal impaction. Risk factors include increas-
ing age, female gender, vaginal delivery, anal sphincter
injuries, anorectal surgery, and neurologic disorders such
as diabetes mellitus, demyelinating conditions, and spinal
cord injury.

Evaluation is guided by history and physical examina-
tion and may include stool cultures, mucosal evaluation,
and specialized tests. Anorectal functional tests are not
universally available and may include anorectal manome-
try, endo-anal ultrasonography, defecography, pudendal
nerve terminal latency, and anorectal electromyography.

Medical treatment is aimed at reducing stool frequency
and improving stool consistency. This may involve dietary
changes, use of bulking agents, or antidiarrheal and other
medications. Other therapies such as biofeedback and
bowel training are recommended but have limited data
to support their efficacy.

Surgical treatment may be considered in those who do
not respond to conservative treatment. Approaches that
may be considered include various methods of sphincter
repair and sphincter replacement, surgery for rectal or
hemorrhoidal prolapse, sacral nerve root stimulation, and
fecal diversion procedures (Rudolph et al., 2002).
Female Genital Tract Fistulae

A fistula is an abnormal connection or passageway
between organs or vessels that are not normally connected.



Gynecological Morbidity 99
Vesicovaginal fistulae (located between the bladder
and the vagina) are the most common female genital
tract fistulae, but they may occur between the vagina,
uterus, bowel, urethra, ureters, or bladder.

Worldwide, the most common cause of pelvic fistulae
is obstructed labor. Robust data are lacking but the World
Health Organization (WHO) estimates that approxi-
mately 2million women worldwide currently live with
obstetric fistulae and that another 50 000 to 100 000 new
cases occur each year (Department of Making Pregnancy
Safer, 2006).

If cephalopelvic disproportion occurs during delivery,
constant pressure from the fetal head on the soft tissues of
the pelvis leads to tissue necrosis. This results in forma-
tion of fistulae, which are often large and complex. Access
to family planning, skilled birth attendants, and modern
obstetric care can prevent this problem, and the most
common causes of female genital tract fistulae in devel-
oped countries are surgical injury, malignancy, and radia-
tion therapy rather than obstructed delivery. Female
genital circumcision and traumatic injury (e.g., as a result
of botched abortions) may also cause fistulae. In recent
years, thousands of women in eastern Congo have pre-
sented with traumatic fistula caused by systematic, sexual
violence that occurred during the country’s war.

Symptoms include uncontrolled loss of urine, flatus or
feces, ulceration, infection, renal damage, and psycholog-
ical morbidity. Many of these women are ostracized by
family members and communities.
Table 1 Extract from the revised Joint Statement on the Eli

Organization (in press)

WHO FGM typology modified, 2007 W

Type I: Partial or total removal of the clitoris and/or the prepuce

(clitoridectomy)a
T

Type II: Partial or total removal of the clitoris and the labia minora,

with or without excision of the labia majora (excision)b
T

Type III: Narrowing of the vaginal orifice by creating a covering
seal through the cutting and apposition of the labia minora and/

or labia majora, with or without excision of the clitoris

(infibulation)c

T

Type IV: Unclassified: All other harmful procedures to the female
genitalia for nonmedical purposes, for example: pricking,

piercing, incision, cauterization, and scraping

T

aWhere it is important to distinguish between the major variations of

subdivisions: Type Ia, Removal of the clitoral hood/prepuce only; Typ
bWhere it is important to distinguish between the major variations tha

we propose the following subdivisions: Type IIa, Removal of the labia
the labia minora; Type IIc, Partial or total removal of clitoris, labia mino

is often used as a general term covering all types of female genital m
Pelvic examination with a speculum should always be
performed in an attempt to locate the fistula and assess the
size and number of fistulae and associated inflammation
or other pelvic pathology.

The presence of a vesicovaginal fistula can be con-
firmed by instilling a blue dye or sterile milk into the
bladder per urethra and observing for discolored vaginal
drainage. Various imaging techniques may be used to
clarify the number and position of fistulae.

Genital tract fistulae are managed expectantly until
the inflammatory process resolves. Spontaneous closure
may occur but persistent fistulae require management by
surgical repair or diversional procedures (e.g., urinary
conduit or colostomy). Rates of success (defined as closure
of the fistula) after reconstructive surgery have been
reported to be as high as 90% for uncomplicated cases
but less than 60% for complicated cases. Counseling and
support are also important to address psychological mor-
bidity and to facilitate social reintegration. Cesarean sec-
tion is recommended for future pregnancies to prevent
recurrence.
Female Genital Mutilation (FGM)

Female genital mutilation (FGM), also referred to as
‘female circumcision’ or ‘female genital cutting,’ com-
prises all procedures involving partial or total removal
of the external female genitalia or other injury to the
mination of Female Genital Mutilation. Geneva: World Health

HO FGM typology, 1995

ype I: Excision of the prepuce, with or without excision of part or

the entire clitoris
ype II: Excision of the clitoris with partial or total excision of the

labia minora

ype III: Excision of part or all of the external genitalia and
stitching/narrowing of the vaginal opening (infibulation)

ype IV: Unclassified: pricking, piercing or incising of the clitoris
and/or labia; stretching of the clitoris and/or labia; cauterization

by burning of the clitoris and surrounding tissue; scraping of

tissue surrounding the vaginal orifice (angurya cuts) or cutting of

the vagina (gishiri cuts); introduction of corrosive substances or
herbs into the vagina to cause bleeding or for the purpose of

tightening or narrowing it; and any other procedure that falls

under the definition given above

Type I, typically for research purposes, we propose the following

e Ib, Removal of the clitoris with or without the prepuce.

t have been documented, typically for certain research purposes,

minora only; Type IIb, Partial or total removal of the clitoris and of
ra, and labia majora. Note also that in French, the term ‘excision’

utilation.
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female genital organs, whether for cultural, religious, or
other nontherapeutic reasons.

Most of the girls and women who have undergone
FGM live in Africa, although some live in the Middle
East and Asia. They are also increasingly found in Europe,
Australia, and North America, primarily among immi-
grant populations.

To date, the number of girls and women who have
undergone FGM is estimated at between 100–140million.
It is estimated that, each year, a further 2million girls are
at risk of undergoing FGM (Department of Reproductive
Health and Research, 2006).

The WHO classification was first developed through a
technical consultation in 1995. Such classification is valu-
able in research on the consequences of different forms
of FGM, estimates of prevalence and trends of change,
gynecological examination and management of health
consequences, and for classification in legal cases. Limita-
tions in the applicability of the 1995 classification were
reported and the typology of classification was modified
to better capture the variety of procedures (Table 1).

Immediate complications include severe pain, shock,
hemorrhage, urinary retention, and death. Possible long-
term consequences include cyst, abscess, fistula and keloid
scar formation, voiding difficulties, urinary incontinence,
urinary tract infections, dysmenorrhea, dyspareunia, psy-
chological morbidity, sexual dysfunction, infertility, and
obstructed vaginal delivery, leading to higher rates of
cesarean delivery and greater need for resuscitation of
the newborn, as well as increased perinatal mortality
(WHO Study Group on Female Genital Mutilation and
Obstetric Outcome, 2006).

Defibulationmay be performed prior to coitus to prevent
dyspareunia or prior to pregnancy or delivery to prevent
problems with vaginal birth. A major objective of WHO’s
work on FGM is to generate knowledge and develop inter-
ventions to promote the elimination of FGM.

See also: Female Reproductive Physiology/Function;

Gender Aspects of Sexual and Reproductive Health;

Populations at Special Health Risk: Women; Reproduc-

tive Rights; Sexual and Reproductive Health: Overview.
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Public health focuses in large part on contagion, pollutants,
violence, and innumerable other sources – both natural and
human – of illness, disability, and premature death; yet it
also focuses on the emotional, relational, behavioral, and
environmental aspects of well-being that contribute to indi-
vidual and public flourishing. While public health most
obviously concerns the amelioration of disease and dys-
function, primary prevention will often involve efforts to
enhance human well-being (i.e., happiness), often through
pro-social and altruistic (other-regarding) behaviors.

In both the EuropeanUnion and the United States, self-
reported happiness has been flat over the last 50 years, or
has even slightly declined since 1936, despite each gener-
ation having more material wealth than did the preceding
one; depression and anxiety rates have risen dramatically
even when corrected for lower detection and reporting in
the past. While those whose basic material needs are met
are happier than those who struggle in poverty, once basic
needs are met, increased material prosperity does not
bring increased happiness. This is in part because people
tend to assess their level of relative prosperity by making
comparisons with those who have more, and thus always
perceive themselves as wanting (Easterbrook, 2003). In
addition, financial capital does not equate with social
capital. Americans today, while better off materially than
their forebears, now report having only two very close
friends, whereas 20 years ago they had three. This loss of
‘social capital,’ which occurs despite material prosperity,
has been described in terms of ‘bowling alone’ (Putnam,
2001). Psychologist Dan Kindlon (2001) addresses the
problem of ‘affluenza’ in his nationwide survey of
American teens, discovering that high levels of depression
and anxiety are associatedwith low engagement in positive
helping behaviors, loss of meaning, and material as well as
emotional overindulgence by parents. The United States,
despite its relative wealth per capita, ranks 23rd among
nations in the first-ever ‘world map of happiness,’ (http://
www.physorg.com/news73321785.html) which is based on
self-reported life satisfaction.
Feeling Well by Doing Good

In response to the above problematic issues, researchers
have begun to focus on the benefits to the agent of
altruistic or ‘other-regarding’ behavior in the domains of
families, neighborhood, and society. Rowe and Kahn (1998)
point to the public health benefits of volunteerism for
older adults. They point out that older adults for the
most part agree with these two statements: ‘Life is not
worth living if one cannot contribute to the well-being of
others’; ‘Older people who no longer work should contrib-
ute through community service’ (p. 178). They also point
out that less than one-third of all older men and women
work as volunteers, and those who do spend on average
a bit less than 2 h per week. Midlarsky (1991) posed five
reasons for benefits to older adults who engage in altruistic
behavior: enhanced social integration; distraction from
the agent’s own problems; enhanced meaningfulness;
increased perception of self-efficacy and competence;
improved mood or more physically active lifestyle.

The idea of encouraging positive prosocial behavior
as a means to well-being and health is not a new idea.
For example, the transition in the 1820s in the United
States and England from the maltreatment of mentally ill
individuals – usually bound in shackles and physically
abused – to ‘moral treatment’ was based not only on
treating the insane with kindness and sympathy, but also
on occupying their time with helping behaviors in the
community and cultivating the love of nature. This evi-
dently was quite successful, giving rise to the sweeping
grounds of the Connecticut Retreat for the Insane
(founded in 1822) in Hartford, now known as the Institute
of Living; McLean Hospital in Belmont, Massachusetts;
and several other sister institutions in eastern cities in the
United States. Residents would do everything from milk-
ing cows and harvesting gardens to washing the dishes and
sewing gifts for the needy (Clouette and Deslandes, 1997).
Another example of the therapeutic use of altruism can be
found in the 12 Steps of Alcoholics Anonymous. Step 12
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requires the recovering alcoholic to help other persons
with alcoholism. The framework is one of paradox. The
recovering individual who helps others with this disease is
to do so freely and with no expectation of reward:

And then he discovers that by the divine paradox of this

kind of giving he has found his own reward, whether his

brother has yet received anything or not. (Alcoholics

Anonymous, 1952: 109)

The AA member finds ‘no joy greater than in a Twelfth
Step job well done’ (1952: 110). Those experienced with
recovering alcoholics will widely attest as to how impor-
tant such individuals feel that helping others is with regard
to their own continued recovery, however much such
helping behavior is in effect an AA recruitment activity.

To cite a more controversial instance of disinhibited
altruism in relation to well-being, psychiatrist Mark
Galanter, based on two decades of research, concluded
that young people – often from middle-class or affluent
families – who joined demanding new religious move-
ments in the 1970s and 1980s had in general a somewhat
more significant history of substance abuse than the gen-
eral population, and were relatively socially isolated.
In joining such groups, they reported relief from anxiety,
meaninglessness, and depression through being members
of communities requiring self-sacrifice and service, how-
ever much they may have been subject to authoritative
manipulation and misplaced utopian idealism. Disillu-
sionment and attrition after a year or two was the norm,
but many still felt that they had discovered a more
satisfying way of living (Galanter, 1999).

Most healthy people, however, are not so altruistically
inhibited, at least in self-reported sentiment. The U.S.
National Opinion Research Center’s (NORC) landmark
survey, the General Social Survey (GSS), has been
administered across a U.S. national sample 24 times
since 1972. Its 2002 administration, with support from
the Fetzer Institute, included an item developed by epi-
demiologist Lynn G. Underwood regarding unselfish love:
‘I feel a selfless caring for others.’ Based on sample meth-
ods of the U.S. population that enjoy the highest level of
confidence across a highly diversified sample pool, the
following results were found with regard to the above
question: many times a day (9.8); every day (13.2); most
days (20.3); some days (24.0); once in a while (22.3); never
or almost never (10.4) (Fetzer Institute, 2002).

There is a caveat – when caring for others is
overwhelming and itself a cause of stress, the agent experi-
ences negative health consequences, as is well-documented
in caregivers of persons with dementia (Kiecolt-Glaser
et al., 2003). However, rather than harping on ‘the burden
of care,’ as is characteristic of the gerontological literature,
it needs to be stated that giving to others under ordinary
circumstances seems to have significant benefits for the
agent. A relevant study (Schwartz et al., 2003) points to
health benefits in generous behavior, but with the impor-
tant proviso that there are adverse health consequences
associated with being overly taxed.
Mental Health

Well-being consists of feeling hopeful, happy, and good
about oneself, as well as energetic and connected to others.
An early study compared retirees over age 65 who volun-
teered with those who did not (Hunter and Linn, 1980).
Volunteers scored significantly higher in life satisfaction
and will to live, and had fewer symptoms of depression,
anxiety, and somatization. Because there were no differ-
ences in demographic and other background variables
between the groups, the researchers concluded that
volunteer activity helped explain these mental health ben-
efits. The nonvolunteers did spend more days in the hos-
pital and were taking more medications, which may have
prevented them from volunteering. However, the mental
health benefits persisted after controlling for disability.

The mental health benefits of volunteerism include
reduction in depressive symptoms (Musick and Wilson,
2003; Musick et al., 1999), happiness, and enhanced well-
being. Schwartz et al. (2003) focused on a stratified random
sample of 2016 members of the Presbyterian church located
throughout the United States. The study’s purpose was to
investigate whether altruistic social behaviors such as help-
ing others were associated with better physical and mental
health.Mailed questionnaires evaluated giving and receiving
help, prayer activities, positive and negative religious coping,
and self-reported physical and mental health. Multivariate
regression analysis revealed no association between giving
or receiving help and physical functioning, although
the sample was skewed toward high physical functioning.
After adjusting for age, gender, stressful life events, income,
general health, religious coping, and askingGod for healing,
both helping others and receiving helpwere associatedwith
mental health (i.e., anxiety and depression). Giving helpwas
more significantly associatedwith better mental health than
was receiving help. The authors concluded that:

helping others is associated with higher levels of mental

health, above and beyond the benefits of receiving help

and other known psychospiritual, stress, and demographic

factors. (2003: 782)

The authors add that feeling overwhelmed by others’
demands had a stronger negative relationship with mental
health than helping others had a positive one.
Physical Health

A review of existing studies indicates that research on
the effect of kindness and volunteerism on health may
have begun inadvertently in 1956, when a team of
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researchers from Cornell University School of Medicine
in the United States began following 427 married women
with children under the hypothesis that housewives with
more children would be under greater stress and die
earlier than women with few children (Moen et al.,

1993). Surprisingly, they found that numbers of children,
education, class, and work status did not affect longevity.
After following these women for 30 years, however, it was
found that 52% of those who did not belong to a volunteer
organization had experienced a major illness, compared to
36% who did belong. While a potential confounding
factor is that people who volunteer may start out in better
physical health, this would not greatly diminish the
study’s implications.

Oman of the University of California at Berkeley is
one of the leading researchers in this field. Oman and
colleagues (1999) focused on 2025 community-dwelling
residents of Marin County, California, who were first
examined in 1990–91. All respondents were 55 or older at
this baseline examination; 95% were non-Hispanic white,
58% were female, and a majority had annual incomes
above $15 000. Residents were classified as practicing
‘high volunteerism’ if they were involved in two or more
helping organizations, and as practicing ‘moderate volun-
teerism’ if they were involved in one. The number of
hours invested in helping behavior was also measured,
although this was not as predictive as the number of
organizations. Physical health status was assessed on the
basis of reported medical diagnoses, as well as such factors
as ‘tiring easily’ and self-perceived overall health. After
controlling for age, gender, number of chronic conditions,
physical mobility, exercise, self-rated general health, health
habits (smoking), social support (marital status, religious
attendance), and psychological status (depressive symp-
toms), those who volunteered for two or more organiza-
tions had a highly significant 44% lower mortality rate.

On a cross-cultural level, Krause and colleagues (1999)
at the University of Michigan studied a sample of 2153
older adults in Japan, examining the relationships
between religion, providing help to others, and health.
They found that those who provided more assistance to
others were significantly more likely to indicate that their
physical health was better.

Brown et al. (2003) report on a 5-year study involving
423 older couples. Each couple was asked what type of
practical support they provided for friends or relatives, if
they could count on help from others when needed, and
what type of emotional support they gave each other.
A total of 134 people died over the 5 years. After adjusting
for a variety of factors – including age, gender, and physical
and emotional health – the researchers found an associa-
tion between reduced risk of dying and giving help, but no
association between receiving help and reduced death risk.
Brown concluded that those who provided no instrumental
or emotional support to others were more than twice as
likely to die in the 5 years as people who helped spouses,
friends, relatives, and neighbors. Despite concerns that the
longevity effects might be due to a healthier individual’s
greater ability to provide help, the results remained the
same after the researchers controlled for functional health,
health satisfaction, health behaviors, age, income, educa-
tion level, and other possible confounders. The researchers
concluded:

If giving, rather than receiving, promotes longevity, then

interventions that are currently designed to help people

feel supported may need to be redesigned so that the

emphasis is on what people do to help others. (Brown

et al., 2003: 326)

The benefits of altruism may not be limited to older
adults; the differences in health outcomes between
helpers and nonhelpers is more difficult to detect in
younger age groups, however, where health is not affected
by susceptibilities associated with aging. Ironson and col-
leagues (2002) at the University of Miami compared the
characteristics of long-term survivors with AIDS (n ¼ 79)
with an HIV-positive comparison group equivalent (based
on CD4 count) that had been diagnosed for a relatively
shorter time (n¼ 200). These investigators found that
survivors were significantly more likely to be spiritual
or religious. The effect of spirituality/religiousness on
survival, however, was mediated by ‘helping others with
HIV.’ Thus, helping others (altruism) accounted for a
significant part of the relationship between spirituality/
religiousness and long-term survival in this study.
Explanatory Models

Altruism results in deeper and more positive social inte-
gration, distraction from personal problems and the anxiety
of self-preoccupation, enhanced meaning and purpose as
related to well-being, a more active lifestyle that counters
cultural pressures toward isolated passivity, and the presence
of positive emotions such as kindness that displace harmful
negative emotional states. It is entirely quite plausible, then,
to assert that altruism enhances happiness and health.

The idea that human beings are inclined toward help-
ful pro-social and altruistic behavior seems incontrovert-
ible, and it is highly plausible that the inhibition of such
behavior and related emotions would be unhealthy.
What conceptual models would help explain the connec-
tion between altruism and health? Three closely inter-
woven models can be suggested: evolutionary biology,
physiological advantages, and positive emotion.

First, the association between a kind, generous way of life
and health prolongevity can be interpreted in light of evolu-
tionary psychology. Group selection theory suggests a pow-
erfully adaptive connection between widely diffuse altruism
within groups and group survival. Altruistic behavior within
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groups confers a competitive advantage against other groups
that would be selected for (Sober and Wilson, 1998).

Second, this association can be interpreted in the con-
text of reduced stress. The ‘fight-or-flight’ response, with
its well-documented physiological cascade, is adaptive in
the face of perceived danger. If the threat continues for an
extended period, however, the immune and cardiovascular
systems are adversely impacted, weakening the body’s
defense and making it more susceptible to abnormal inter-
nal cellular processes involved in malignant degeneration
(Sternberg, 2001). Altruistic emotions can gain dominance
over anxiety and fear, turning off the fight-or-flight
response. Immediate and unspecified physiological changes
may occur as a result of volunteering and helping others,
leading to the ‘helper’s high’ (Luks, 1988). Two-thirds of
helpers report a distinct physical sensation associated with
helping; about half report that they experienced a ‘high’
feeling, while 43% felt stronger and more energetic, 28%
felt warm, 22% felt calmer and less depressed, 21% expe-
rienced greater self-worth, and 13% experienced fewer
aches and pains.

Third, this association can be understood in light of
the salutary aspects of positive emotions. Norman
B. Anderson (2003) of the American Psychological Asso-
ciation highlights six dimensions of health:

. biology (biological well-being)

. thoughts and actions (psychological and behavioral
well-being)

. environment and relationships (environmental and
social well-being)

. personal achievement and equality (economic well-
being)

. faith and meaning (existential, religious, spiritual well-
being)

. emotions (emotional well-being).

According to the Anderson model, positive emotions
(kindness, other-regarding love, compassion, etc.) enhance
health by virtue of pushing aside negative ones. Anderson
draws on a wealth of studies to conclude that ‘the big
three’ negative emotions are ‘sadness/depression, fear/
anxiety, and anger/hostility’ (2003: 243). It is difficult
to be angry, resentful, or fearful when one is showing
unselfish love toward another person. These findings sug-
gest possible mechanisms through which chronic unfor-
giving responses (grudges) may erode health, whereas
forgiving responses may enhance it (Witvliet et al., 2001).
Conclusions

There is a strong association between the well-being,
happiness, health, and longevity of people who are
emotionally kind and compassionate in their charitable
helping activities – as long as they are not overwhelmed,
and here world view may come into play. Of course, this is
a population generalization that provides no guarantees
for the individual.

Proverbs 11:25 reads: ‘a generous man will prosper, he
who refreshes others will himself be refreshed.’ Plato, too,
suggested that virtue is its own reward. The purported
link between helping behavior and happiness is at the core
of Dickens’s story of Ebenezer Scrooge, for with each new
expression of kindness Scrooge became more buoyant,
until finally he was among the happiest and most generous
men in all of England. He surely felt a great deal happier
with life the more generous he became, following the
pattern of the ‘helper’s high’ (Luks, 1988).

The freedom from a solipsistic life in which one relates
to others only insofar as they contribute to one’s own
agendas, as well as a general freedom from the narrow
concerns of the self, bring us internal benefits, as all
significant spiritual and moral traditions prescribe. Here,
epidemiology of health, happiness, and altruism can enter
a fruitful dialogue.
See also: Disease Prevention; Health Promotion.
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Infectious diseases and malnutrition continue to be the
main causes of morbidity and mortality in underdevel-
oped countries. However, as nations industrialize and
develop, public health concerns regarding hazardous
waste become more important. Hazardous waste manage-
ment and concomitant public health effects are hardly
new concerns. For example, the International Joint Com-
mission (IJC) was established by a treaty between the
United States and Canada to oversee the boundary waters
of the two countries early in the twentieth century. In its
fir st re por t, the Commiss ion con c luded ( IJC, 1918 ) that
the ‘‘situation along the frontier is chaotic, perilous, and
disgraceful and . . . the waters were unsightly, malodorous,
and polluted.’’ This condition developed in less than
80 year s. As littl e as 10 year s ago, the IJC (1997) stated
that, while now improved, there remain ‘‘exposures that
will continue to harm human health.’’ It is a metaphor for
the present conditions regarding hazardous waste and
global health as a result of economic expansion, global
commerce, and human population increases. As noted by
the IJC (2002) , based on the review of availa ble infor ma-
tion summarized in their paper, there is‘‘urgency for
action . . . the mounting evidence cannot be denied . . .’’
to address the public health implications of hazardous
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wastes. Although this example is in reference to the
boundary waters of Canada and the United States, it
also demonstrates the challenges posed by hazardous
wastes at the global level.

It is estimated that 25% of health costs are a result of
the environmental burden of disease. The human experi-
ence is one of utilizing materials to enhance the standard
of living and at the same time sufficiently control those
materials that pose risks to health. Numerous examples
exist of this challenge, from the classical toxic elements
lead and mercury to anthropogenic materials such as
polychlorinated biphenyls (PCBs); from unintentional
by-products such as chlorinated dioxins to the altogether
different challenges posed by radionuclides. The issue
with all such materials is to allow for their appropriate
use within the industrial context while ensuring appropri-
ate handling, recycling, and environmental stewardship.

Probst and Bierle (1999) state that there is no clear-cut
or generally agreed on global definition of hazardous
waste. It is known by different names in different
countries, viz., hazardous waste (United States, Thailand),
special waste (Germany), scheduled waste (Malaysia),
dangerous goods (Canada), B3 waste (Indonesia), chemi-
cal waste (Hong Kong), waste chemicals (Denmark), mine
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and mill tailings, and most recently, orphan radioactive
sources. However, national legislation usually contains a
definition of hazardous waste for legal and other purposes.
Under the U.S. Resource Conservation and Recovery
Act (RCRA), hazardous waste ‘‘means a solid waste, or
combination of solid wastes, which because of its quantity,
concentration, or physical, chemical, or infectious char-
acteristics may either cause, or significantly contribute
to, an increase in morbidity or an increase in serious,
irreversible, or incapacitating reversible illness; or pose a
substantial present or potential hazard to human health or
the environment when improperly treated, stored, trans-
ported, or disposed of, or otherwise managed’’ ( Johnson,
2006). Nonetheless, since there is no universal agreement
on the definition of hazardous waste, it is difficult to
compare the circumstances leading to its production
country by country.

It is, however, possible to observe the challenge posed
by the inappropriate use, abandonment, or disposal of
such materials worldwide. In the United States a multi-
year dredging of the Hudson River is under way to
remove PCB contamination in river sediment. In Russia
efforts are under way to re-encase the nuclear reactor at
Chernobyl. The reunification of Germany has proved to
be more time-consuming and more expensive than
planned, in part because of a need to address environmen-
tal pollution. As Latin America, South-East Asia, Africa,
China, India, and other nations have emerged as major
economic powers, the dimensions of industrial pollution,
emergency incidents, and hazardous waste sites (HWSs)
have also expanded. In addition to these notable examples
there are studies of workers and other vulnerable com-
munities adversely affected by environmental exposures.

In recent decades, the term ‘hazardous waste’ has come
to include radioactivewaste. Such waste generally contains
radioactive isotopes in amounts recognized by regulatory
authorities as posing a potential risk to human health
and the environment, sufficient to warrant its isolation
from the biosphere. Regulatory management of radio-
active waste can be complex. Some waste is classified
by its source (nuclear reactor, accelerator, or naturally
occurring) rather than its quantity or concentration.
Sometimes it is classified by excluding these source-
defined classes and instead using a basis of significant
concern (e.g., high toxicity or long half-life) or another
property. Altogether, there are eight categories for radio-
active waste, and a wide range of disposal strategies that
can complicate the issue. Furthermore, as a global health
and safety issue, efforts are under way to recover
unneeded, abandoned, or terrorist-possessed radioactive
materials that can be used to produce radioactive dispersal
devices or conventional nuclear weapons. The Interna-
tional Atomic Energy Agency (IAEA) is coordinating
efforts to find and properly dispose of such sources, and
the United States and Russia are converting some nuclear
weapons material into mixed oxide fuel for nuclear reac-
tors, with the spent fuel to be held for future burial.

The experience of industrialized nations indicates that
current efforts to manage hazardous waste are not suffi-
cient as more is learned about the public health implica-
tions of such waste. For nations with emerging economies
the issue is one of balancing growth and industrial devel-
opment in the competitive world economy without creat-
ing significant health threats. The transboundary transport
and disposal of waste materials between industrialized
nations and countries with emerging economies is also a
significant and sometimes unrecognized public health
problem. These migratory wastes include abandoned or
orphaned chemicals and radioactive materials that are now
being found throughout the world.

A growing number of chemicals are introduced into
the marketplace on a weekly basis. According to Newill
(1989), of the approximately 7million total chemicals,
70 000 are in current use with more than 1000 added
each year worldwide; some estimates approach 90 000.
Although the chemical industry is essential in meeting
the social and economic goals of the world society, proper
management of chemical wastes is becoming increasingly
important for the protection of human and ecological
health. In countries with developing economies, financial
concerns often prevail over environmental health con-
cerns. Major problems encountered include lack of the
following: policy and regulations, scientific information
for risk assessment, resources for assessment of chemicals
for which data are not available, education of the general
populations about environmental health impacts of haz-
ardous chemicals, and resources to locate, transport, and
dispose of hazardous waste.
Environmental Burden of Hazardous
Waste

We live in a chemical world, the by-product of which is
waste that, in the early part of the last century, was simply
dumped into the environment (Figures 1–4). By some
estimates up to 6 billion tons of waste are produced
annually in the United States, of which the Office of
Technology Assessment estimated 275million tons to be
hazardous. Most of this waste found its way to more than
30 000 toxic waste disposal sites across the United States, a
majority of which are uncontrolled hazardous chemical
waste sites. Other types of waste await appropriate dispo-
sition, such as the millions of tons of uranium mill tailings
along the Colorado River and other sites globally where
uranium was mined and milled to support the nuclear
arms race and is still being produced to support nuclear
power ventures.

Concerns about uncontrolled HWSs and other sources
of unplanned releases of hazardous substances into the



Figure 1 Industrial emissions.

Figure 2 Industrial waste.

Figure 3 Hidden dangers converting industrial properties to residential.
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Figure 4 Accidental contamination.
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environment are wide ranging. These concerns include
human health effects, expensive remediation, depreciated
property values, and ecological damage. Transition from
an unregulated to a regulated environment is complex
and is often based on a framework involving the following
steps: identifying a problem and enacting legislation; des-
ignating a lead agency; promulgating rules and regula-
tions; developing treatment and disposal capacity; and
enforcing measures to assure compliance.
Populations at Health Risk

The nature and number of global human populations at
risk of adverse health effects from exposure to hazardous
materials is unknown, owing to a general lack of national
data bases such as number and location of HWSs and
facilities. However, estimates are available of the numbers
of sites and human populations at potential health risk in
the United States. In 1991, the Environmental Protection
Agency (EPA) estimated that approximately 41million
people lived within 4-mile radii of the then 1134 sites
listed on the EPA’s National Priority List (NPL). The
Agency for Toxic Substances and Disease Registry
(ATSDR) examined the same demographic data and
estimated that approximately 1.3 children 6 years or
younger resided within 1-mile radii of the NPL sites
( Johnson, 1999).

From this, it can be concluded that a large number of
persons in the United States reside near uncontrolled
HWSs. These populations would include the elderly, the
pregnant, young children, and persons with infirmities.
All these groups are at increased health risk when exposed
to toxic substances in the environment, including releases
from waste sites.
Epidemiological Findings

The association between hazardous wastes exposure and
developmental effects has been demonstrated in several
studies. For example, with regard to children diagnosed
with brain cancer before 5 years of age, a recent study by
Choi et al. (2006) reported increased risk for mothers
living within 1 mile of a TRI (Toxics Release Inventory)
facility (odds ratio [OR]¼ 1.66) during pregnancy and
living within 1mile of a facility that releases carcinogens
(OR¼ 1.72), compared with mothers living more than
1mile from these facilities. The study included 382
brain cancer patients diagnosed at under 10 years of age
and individually matched controls. No substantial con-
founding was observed due to the mother’s education,
household income level, and mother’s pregnancy age
judged by the 10% change-in-estimate methods.

In another study by Orr et al. (2002), minority
mothers potentially exposed to HWSs had a slightly
increased risk (OR¼ 1.12) of having children born with
birth defects. The greatest risk was associated with hav-
ing children with neural tube defects (OR¼ 1.54), spe-
cifically, with anencephaly (OR¼ 1.85). The study
included 13 938 minority infants with major structural
birth defects and 14 463 controls. Potential exposure was
defined as maternal residence at time of delivery in a
county with one or more NPL sites. This study evalu-
ated whether the socioeconomic status (SES) factors of
the child’s race/ethnicity group and the month prenatal
care began were confounders, using the 10% change-
in-estimate method. No substantial confounding was
observed.

Shaw et al. (1992) reported that maternal residence in a
census tract with a HWS at the time of a child’s birth
significantly increased the risk of children born with
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malformations of the heart and circulatory system. How-
ever, the study found no difference in the OR for all birth
defects combined.

Further, a study by Gerschwind et al. (1992) found that
maternal proximity to HWSs was associated with an addi-
tional risk of about 12% of having children with congeni-
tal malformations. The study consisted of 9313 newborns
with congenital malformations (according to records from
the state registry) and 17 802 healthy children. The expo-
sure risk index was defined as a birth residence within a
1-mile radius of a waste site.

In addition to reports of congenital malformations
born to children whose parents resided near HWSs,
there are several reports of lower birthweight in children
whose parents were putatively exposed to releases of
HWSs. These studies are summarized elsewhere, but
generally portray an elevated incidence of low birth-
weight children (Johnson, 1999).

The emerging data derived from the peer-reviewed
literature for a number of commonly encountered envi-
ronmental pollutants are increasingly congruent across
studies on a given chemical. As an example, there is
growing weight of evidence from various international
investigators for chemicals such as PCBs. As shown in
Table 1, all have demonstrated that prenatal exposure
to PCBs affects neurodevelopment from infants to pre-
teens. In Table 2, the weight of evidence derived from
animal and human literature is illustrated for the five
contaminants in sport fish in the Great Lakes. In many
Table 1 Summary of identified associations between PCB expos

Michigan North Carolina

Infant

Neurological
Status

NP NBAS Rogan et al., 1986

Fagan Test Jacobson et al.,

1986

NP

Bayley Scales of
Infant

Development

Negative
Jacobson

et al., 1986

MDI Gladen et al., 1988
Rogan & Gladen, 1991

Cognitive Effects

3–4 years

McCarthy

Jacobson
et al,

1990,1992

Negative McCarthy

(3–5 years) Gladen &
Rodan,1991

Cognitive Effects
4–7Years

NP NP

Cognitive Effects
11

WISC-R
Jacobson &

Jacobson

NP

NP¼not perfomed; Negative¼ no association between PCB exposu

Legend: Neonatal Behavioral Assessment Scale (NBAS); Precchtl-Ger
Development Index (MDI); Kauffman Assessment Battery for Childre

(WISC-R).
instances, these share a common mechanism of action
and/or health endpoint based on these shared properties.
It is not surprising that the default assumption of additiv-
ity in the assessment of risk posed by multiple chemicals is
supported. This problem is also compounded by other
sources of simultaneous releases of pollutants into our
global environment (ATSDR, in press).

The findings of neurodevelopmental deficits and
reproductive effects are especially compelling. These
endpoints are log-normally distributed, as are many
biological phenomena. Whereas the observed neurodeve-
lopmental effects are subtle, and can only be assessed in
rigorously conducted epidemiology studies, they can have
profound effects on vulnerable communities. For exam-
ple, Weiss (1988) projected that a 5-point downward shift
in measures of cognitive function such as the intelligence
quotient (IQ) would change the distribution of IQs such
that the number of learning impaired children would be
doubled, and the number of children classified as gifted
would be halved.
Site Remediation

Exposure to hazardous waste means coming into contact
with chemical, biological, or radiological substances that
can potentially cause adverse health effects, depending
on such factors as toxicity of substances, susceptibility
of exposed individuals, and the extent and method of
ure and adverse neurodevelopmental effects

The Netherlands Germany Oswego

Precchtl Huisman

et al., 1995

NP NBAS Stewart

et al., 2000

NP Negative Winneke

et al., 1998

Darvill et al., 2000

PDI Koopman-
Esseboom et al.,

1996

MDI Winneke
et al., 1998

NP

K-ABC Patandin

et al.,1999

K-ABC

Walkowiak
et al.,2001

McCarthy Stewart

et al.,2003

Attenuated
McCarthy

Vreugdenhil et al.,

2002

Attenuated K-
ABC Winneke

et al., 2002

Attenuated
McCarthy

Stewart

et al.,2003

NP NP NP

re and adverse effects. Table modified from Rice, 2004.

man Test for Infants; Mental Developmental Index (MDI); Physical
n (K-ABC); Weschsler Intelligence Scale for Children –Revised



Table 2 Matrix of BINWOE determinations for repeated simultaneous oral exposure to chemicals of concern in the great lakes

2,3,7, 8-TCDD
2,3,7, 8-TCDD ? (0)

? (0) ? (0) ? (0)

? (0)? (0)? (0)

? (0)

? (0) ? (0)

? (0)

On toxicity of
Hexachloro-
benzene

Hexachloro-
benzene

Body and 
thymus weight
>IIIA2aii
(+0.06)
Other effects
? (0)
Anti-androgenic
effects
=IIIC (0)
Other effects
? (0)

Liver effects
=IIIC(0)
Other effects
? (0)

Immune
suppression
<IIIBC2aii
(−0.16)
Developmental
<IIIC2ai (−0.08)
Body and organ
weight changes,
decreased
retinoids in liver
=IIIC(0)
Other effects
? (0)

Neurological effects
>IIICb (+0.20)
Reproductive
performance
? (0)
Porphyria
=IIIB(0)
other effects
? (0)

Anti-androgenic
effects
=IIIC(0)
Other effects
? (0)

Immune
suppression
=IIIBbii(0)
other effects
? (0)

Body and organ
weight changes,
decreased retinoids
in liver
=IIIC(0)
Other effects
? (0)

Neurological effects
>IIICb (+0.20)
Reproductive
performance
?(0)
Porphyria
=IIIB(0)
Other effects
? (0)

Methylmercury

Methyl-
mercury

E
F

F
E

C
T

 O
F

PCBs

PCBsp.p�-DDE

p.p�-DDE

BINWOE scheme (with numerical weights in parentheses) condensed from ATSDR (2001a):

DIRECTION: ¼ additive (0); > greater than additive (þ1): < less than additive (�1); ? indeterminate (0)
MECHANISTIC UNDERSTANDING:

I: direct and unambiguous mechanistic data to support direction of interaction (1.0);

II: mechanistic data on related compounds to infer mechanism(s) and likely direction (0.71);

III: mechanistic data does not clearly indicate direction of interaction (0.32).
TOXICOLOGIC SIGNIFICANCE:

A: direct demonstration of direction of interaction with toxicologically relevant endpoint (1.0);

B: toxicologic significance of interaction is inferred or has been demonstrated for related chemicals (0.71);

C: toxicologic significance of interaction is unclear (0.32).
MODIFYING FACTORS:

1: anticipated exposure duration and sequence (1.0);

2: different exposure duration or sequence (0.79);
a: in vivo data (1.0);

b: in vitro data (0.79);

i: anticipated route of exposure (1.0);

ii: different route of exposure (0.79)
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exposure. For HWSs, soil, underground and surface water,
and air are potential routes of exposure. Given that the
central principle of public health practice is the preven-
tion of disease and disability, interdiction of exposure to
hazardous substances released from waste sites must be
the goal and focus of any waste management policy.
In public health, elimination of a hazard known or sus-
pected of causing disease or disability is called primary
prevention. For HWSs, this translates to remediation of the
sites. Site remediation can take the form of removal of
the substances in a site, or through use of biological agents
to consume hazardous substances, or relocation of hazardous
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substances into more secure, permanent facilities. The costs
of site remediation can range from rather small costs
associated with small sites to enormous sums required for
remediation of geographically large sites such as former
military complexes, costing billions of dollars to remediate
such sites.
Health Risk Analysis and Assessment

Risk Analysis

Risk analysis is a multidimensional endeavor encompass-
ing expert judgment, peer review, and risk assessment as
well as the communication of risk and the management of
risk. The National Research Council (NRC) (1983)
defines it as a four-step process whose goal is an overall
assessment of risk (Figure 5). Although the utility of
numerical risk elements is recognized, it is within the
broader context of risk analysis that these estimates
should be considered (Figure 6). Particular attention
must be paid to the differences in conditions between
the empirical data used to develop the risk estimate and
the actual environmental exposure conditions (and host
factors) being assessed.

Risk Characterization

In risk characterization, all information derived from each
step of the risk assessment is integrated and used to
project the frequency and severity of the adverse health
effects in exposed populations. This places a premium on
a critical evaluation and presentation of all environmen-
tal, biological, and statistical uncertainties in the final
assessment. Epidemiological studies often serve as senti-
nels of potential hazard and may precipitate further
hypothesis-based toxicity testing in controlled laboratory
Biomed
judgem

Risk characte
communicat
manageme

i
Populations

Exposure assessment 

Figure 5 Risk analysis paradigm. NRC 1983. Also see, e.g., De Ro

Framework of the Agency for Toxic substances and Disease Registry.
Testing, 2nd edn. Park Ridge, NJ.
studies. Accordingly, the weight of evidence regarding
human health impacts of hazardous wastes is derived
from emerging evidence in the broad areas of exposure,
toxicology, and epidemiology. Further, as stated by the
NRC in 1991, the findings of wildlife biologists may also
serve as sentinels of potential human health effects.

There are hundreds of chemicals at HWSs. However,
some chemicals occur more often than others and in
higher quantities. For example, one source examined an
Agency for Toxic Substances and Disease Registry
(ATSDR) base to assess those chemicals released most
often fromNPL sites andwhere human exposure could be
documented (Johnson, 1999). The top eight substances
were, in descending order: arsenic, lead, mercury, vinyl
chloride, benzene, PCBs, cadmium, and benzo(a)pyrene.
This short list contains substances with known carcinoge-
nicity, neurotoxicity, and reproductive toxicity. In asses-
sing substances’ potential impact on populations living
around the waste sites, identifying the chemicals and
prioritizing them in accordance with their frequency of
occurrence, toxicity, and potential for human exposure, is
the first step followed by the ATSDR.

A human health risk assessment for single chemicals
typically involves the derivation of health guidance values.
These are usually derived based on the most sensitive
endpoint for the exposure period which may be either
the highest no-observed-adverse-effect level (NOAEL) or
the lowest-observed-adverse-effect level (LOAEL) from
laboratory animal toxicity studies, and/or human epide-
miologic studies. Uncertainty factors (UFs), as shown in
Table 3, are used to account for uncertainties associated
with extrapolation from a LOAEL to a NOAEL, from
animal to human data, and adjustments for uncertainties
regarding variable sensitivity to health effects in the
human population.
ical
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Figure 6 Vulnerable populations.

Table 3 Uncertainty and modifying factors employed by various governmental agencies

UFs Health Canada IPCS RIVM ATSDR EPA

Inter-individual 1–10 (3.16� 3.16) 1–10 (3.16� 3.16) 1–10 1–10 (3.16� 3.16) 1–10 (3.16� 3.16)
Inter-species 1–10 (4.0�2.5) 1–10 (4.0� 2.5) 1–10 1–10 (4.0�2.5) 1–10 (3.16� 3.16)

LOAEL to NOAEL 1–100 1–100 10 3 or 10 � 10

Subchronic to chronic 1–10 1–10 1–10

Incomplete database NA � 10 � 10
Modifying Factor 1–10 1–10 NA Discontinued

Environmental Protection Agency (EPA); International Programme for Chemical Safety of theWorld Health Organization (IPCS); Netherlands

National Institute for Public Health Environment (RIVM); Uncertainty Factors (UF’s) Agency for Toxic Substances and Disease Registry

(ATSDR); From: IRIS 2006. U.S. Environmental Protection Agency IntegratedRisk Information System, file onBoron andCompounds. http://
www.epa.gov/iris/subst/0410.htm. IPCS 2005. Harmonization Project Document No. 2. Chemical-specific adjustment factors for interspe-

cies differences and human variability; IPCS 1994. Environmental Health Criteria 170. Assessing human health risks of chemicals, derivation

of guidance values for health-based exposure limits; Renwick AG 1993. Data-derived safety factors for the evaluation of food additives and
environmental contaminants. Food Addit Contam 10, 275–305; Renwick AG, Lazarus NR 1998. Human variability and noncancer risk

assessment — An analysis of the default uncertainty factor. Pohl H and Abadin H (1995) Utilizing uncertainty factors in minimal risk levels

derivation. RegulatoryToxicology and Pharmacology 22(2): 180–188.
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The concept of an acceptable daily intake has been
adopted by a wide range of agencies. Also, as indicated
in Table 3, chemical-specific adjustment factors based
upon pharmacokinetic and pharmacodynamic properties
unique to a particular substance are being developed.
Computational Toxicological Methods

Themagnitude of potential risk posed by hazardouswaste is
enormous and adequate data for assessment of health effects
are available for very few of the tens of thousands of haz-
ardous substances used and found in the environment.
Alternative, complementary in vitro methods along with
computational toxicology methods and the ‘-omics’ (geno-
mics, transcriptomics, proteomics, andmetabolonomics) are
being increasingly employed as a more efficient approach to
fill critical data gaps and to support risk assessmentmethods.
This field relies heavily on biomedical judgment and gener-
alizable knowledge gained from decades of experimental
and health risk assessment research. Structure activity rela-
tionship (SAR), benchmark dose (BMD), and physiologi-
cally based pharmacokinetic (PBPK)models are some of the
tools used in this approach (El-Masri et al., 2002; Demchuk
et al., 2008). The above computational toxicology methods
also have the advantages of speed and relatively low costs.

http://www.epa.gov/iris/subst/0410.htm
http://www.epa.gov/iris/subst/0410.htm
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Assessment of Joint Toxic Action

A trend analysis to identify priority chemical mixtures
associated with particular HWSs is needed. Identification
of frequently co-occurring chemicals in binary, trinary,
etc., combinations found in air, water, and soil at or near
HWSs will help in understanding the most prevalent
exposures to mixtures, and their possible health effects
can be assessed. When evaluating the entire mixture,
hazard index methodology based on additivity is emp-
loyed. The hazard index is based on potency-weighted
dose addition in which exposure levels are divided by a
toxicity threshold such as an ADI for each chemical. The
resulting values are then summed to compute the hazard
index for the mixture; to the extent the hazard index
exceeds 1 a potential for health effects is considered
to exist.

As described by Mumtaz and Durkin (1992), and
extended by Hansen et al. (1998), in the absence of
information on the whole mixture, a binary weight-
of-evidence method can be used to evaluate the mixtures.
This method is a qualitative evaluation, based on empirical
observations and mechanistic considerations that catego-
rize the most plausible nature of any potential interaction
between two chemicals. This type of evaluation can then
be used in the interpretation of the hazard index. For
example, if several binary combinations of chemicals in a
given mixture are predicted to have less than additive joint
toxic action, the hazard index would overestimate the
hazard associated with the toxicity of that mixture. In
contrast, prediction of a greater than additive effect
would suggest that the hazard index would underestimate
the hazard posed by a mixture.
Global Collaboration to Evaluate the
Health Risk of Hazardous Waste

The Inter-Organization Programme for the Sound
Management of Chemicals (IOMC) was established in
1995 to coordinate intergovernmental efforts in risk
assessment and management of chemicals. The Intergov-
ernmental Forum on Chemical Safety (IFCS), established
in 1994, serves to provide oversight and coordination
of international chemical efforts. One such effort is con-
ducted by WHO/IPCS to develop international chemical
assessment documents, including in-depth Environmental
Health Criteria documents as well as more succinct
assessments (Concise International Chemical Assessment
Documents, or CICADs). Importantly, WHO/IPCS also
provides guidance documents on methodologies and
leadership on current and emerging issues (e.g.,
endocrine-disrupting chemicals, children’s health). The
Organization for Economic Cooperation and Develop-
ment (OECD) also develops harmonized test guidelines,
strategies, and assessment documents for specific chemi-
cals. The International Agency for the Research on
Carcinogens (IARC) also develops monographs that
qualitatively assess the cancer hazard posed by a wide
range of chemicals and hazardous agents.

About 50 national institutions are involved in a project
jointly financed by the International Labor Organization
(ILO) and the European Union (EU) to make available
International Chemical Safety Cards (ICSC). Currently,
1300 cards are available on the Internet. The United
Nations Institute for Training and Research (UNITAR)
supports national efforts to develop coordinated and
integrated national programs for sound management of
chemicals. International treaties were signed (Rotterdam
Convention on the Prior Informed Consent Procedure for
Certain Hazardous Chemicals and Pesticides in Interna-
tional Trade [1998], Stockholm Convention on Persistent
Organic Pollutants [2001]). IAEA provides guidance,
training, financing, and coordination for identifying and
assessing risks from radioactive waste and sources.
Public Health Practice and Service

Traditional Model of Disease Prevention

The traditional model of disease prevention has strategic
elements of an approach that can be used to identify and
evaluate appropriate public health interventions, as dis-
cussed by De Rosa and Johnson (1996):

. Surveillance for patterns of morbidity in susceptible
populations by virtue of elevated exposure and/or
physiologic sensitivity

. Evaluation of the factors underlying the patterns of
morbidity and mortality observed at the population
level

. Interventions or control strategies, including health
education and risk communication, strategically tar-
geted to susceptible populations so that individuals
can take steps to reduce their exposure and that of
their families

. Infrastructure development at the state and local levels
to implement such a model of disease prevention

. Impact assessment to ensure that the interventions
undertaken actually serve to improve health status of
susceptible populations

First, development of community-based public health
capacity for purposes of tracking hazardous waste expo-
sures and their potential human health impact should be
undertaken. This capacity must include the ability to
identify and monitor ‘hot spots’ in the human population
with respect to elevated exposures to toxic substances, as
well as potential clusters of environmentally related dis-
eases. Also needed is syndromic surveillance to identify
diseases that may have an environmental link. Syndromic



116 Hazardous Wastes
surveillance would allow for a unique intellectual capac-
ity for designing a program to meet surveillance chal-
lenges at the local level and for having data sets in
exposure, toxicology, and epidemiology addressing a
wide spectrum of public health issues. The long-term
benefits of this approach would (1) allow for the develop-
ment of short- and long-term interventions, (2) provide a
framework for a rigorous, technical evaluation of under-
lying factors that account for morbidity and mortality,
(3) provide a basis for community-based interventions,
and (4) facilitate long-term assessments of intervention
effectiveness and thus maintain the foundation of public
health.

Public health oversight of hazardous substances can be
improved through the promotion of environmental liter-
acy and protective strategies in all sectors of society. For
example, public health agencies, academic centers, and
others conducting research related to substance-specific
chemicals have increased the volume of peer-reviewed
scientific literature, expanded the health effects data
bases, and developed new laboratory methodologies.
The lack of a global data base, however, has made it
difficult to study associations of illness and the presence
of hazardous substances in the environment. The creation
of a global tracking system could begin to elucidate these
relationships.
Risk Management

Risk management is predicated on risk characterization,
as previously discussed. In the risk management process
there is an integration of activities for assessing disposal,
storage, transportation, conditioning, and proliferation
concerns against a wide range of waste classification fac-
tors, such as toxicity, mobility, integrity, and reactivity.
The purpose of classification is to facilitate an under-
standing of the magnitude of risks and to simplify the
Table 4 Classification factors considered for risk management

Management activity

Classification factor Disposal Storage Tran

Chemical Toxicity X
Chemical Mobility X X

Gas Production X X

Half-life X X

Criticality X X X
Physical Integrity X X X

Chemical Reactivity X X

Heat Generation X

Dose Rate; Surface Contamination X X
Fissile Capability

Separability

Adapted from Berg HP and Brennecke P, Basic considerations o

management steps Kemtechnik 1993, 58(5).
management of multiple elements in a diverse system.
Table 4 summarizes the management activities and clas-
sification factors that are considered in characterizing the
potential adverse impact on public health. Figure 7 repre-
sents a framework for evaluating the acceptability of long-
term waste disposal options. In addition to assessing the
potential of exposure to hazardous substances released
from a repository by natural processes (e.g., water intru-
sion, earthquake, or volcanic activity), it indicates a need
to evaluate the potential impact from intentional or unin-
tended human intrusion (e.g., well drilling).

Risk management decisions should be based on a wide
range of issues relevant to risk analysis, including medical
opinion, epidemiology, and professional judgment, along
with socioeconomic factors and technical feasibility.
A premium on enhancing communication and obtaining
feedback from those engaged in the components of risk
analysis and management is recommended.
Risk Communication

It is recognized that the information needs of the audi-
ences regarding risk analysis must be well understood by
those involved in the assessment and analysis process.
These audiences include other scientists, public health
officials, health-care providers, occupational and environ-
mental regulators, policy leaders, media outlets, and the
public. There must be feedback and interaction between
practitioners and audiences, including risk analysts, risk
managers, risk communicators, and the public (Johnson,
1999). Furthermore, the practitioner should consider that
education and training efforts related to public health
assessment are essential to effective communication. The
principles of risk communication as articulated by the
National Research Council should be used to guide this
activity.
sportation Conditioning Preventing nuclear proliferation

X
X

X

X X

X X
X

X

n radioactive waste classification regarding the different waste
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Regulatory Intervention and Sustainable
Waste Management Strategies

Sustainable development in terms of hazardous waste is
defined as ‘‘development that meets the needs of their
countries without compromising the ability of future gen-
erations to meet their own needs’’ (Mohan et al., 2006).
Equity and justice are key parts of sustainable develop-
ment. Globally, disadvantaged populations may be
impacted the most. In general, disadvantaged populations
have an even greater burden of hazardous exposures from
the workplace, environmental contamination, regulated
disposal in garbage dumps, and lack of knowledge and
self-efficacy to avoid exposure.

A historically effective intervention for protecting the
public from environmental dangers is the use of laws and
regulations to govern production, sales, storage, use, and
disposal of hazardous substances. Regulation development
should be propagated from a sound scientific foundation.
Dose/risk constrain
appropriate

Dose/risk constrain
not appropriate

Generic interventio

SCENARIOS
LIKELY/

LESS LIKELY

Human intrusion

Natural processes

Constrained optimisa
potential exposure

Figure 7 Evaluation of acceptability of long-lived waste disposal op

Table 5 Key United States environmental laws (Johnson, 2006)

Year Regulation S

1969 The National Environmental Policy Act (NEPA) E

1972 Clean Water Act (CWA) C
1972 Federal Insecticide and Rodenticide Act (FIFRA) M

1974 The Safe Drinking Water Act (SDWA) P

1976 Toxic Substances Control Act (TSCA) R
1976 Resource Conservation and Recovery Act (RCRA) S

1980 Comprehensive Environmental Response,

Compensation and Liability Act (Superfund)

C

1990 The Pollution Prevention Act R

1996 The Food Quality Protection Act P
Key to the effectiveness of a regulatory intervention is,
first, that the government entity establishing the regula-
tion must be capable of providing technical guidance that
supports compliance for those activities regulated, and
second, the government entity must have the ability to
punitively enforce the regulation if it is not followed.
Applicable Legislation in the United States

A number of laws were passed in the United States from
the 1960s to the 1990s (Table 5) that are intended to
protect the environment ( Johnson, 2006). RCRA of 1976
was the first law established to regulate solid and hazard-
ous waste. Prior legislation, the Solid Waste Disposal Act
of 1965, pertained only to solid, nonhazardous waste.
RCRA defined solid and hazardous waste and authorized
the EPA to set standards of generation and management of
hazardous waste. It established a permit program for
t

t
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tion Formal techniques

Judgmental process
Aggregated approach

Disaggregated approach
dose/probability

Probability?

Barriers by-passed

Appreciate the
consequences

If necessary, reduce
possibility of human
intrusion

tions.

cope

stablish a National Policy for the Environment

ontrol pollutant discharges into waterways
andatory registration and reduction of pesticides and herbicides

usage

ublic Health Protection through Drinking Water regulations

egulate industrial chemicals produced or imported
olid and hazardous wastes management

leaning of abandoned or uncontrolled hazardous waste sites

through taxing of industrial polluters
educe waste through reuse and recycling

rovide greater protection to children exposed to hazardous

substances
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hazardous waste treatment, storage, and disposal facilities.
The goals established for RCRA include:

. Protecting human health and the environment from the
potential hazards of waste disposal;

. Conserving energy and natural resources;

. Reducing the amount of waste generated;

. Ensuring that wastes are managed in an environmen-
tally sound manner.

To achieve these goals, RCRA established three distinct,
yet interrelated, programs:

. The solid waste program encourages states to develop
comprehensive plans to manage nonhazardous indus-
trial solid waste and municipal solid waste, sets criteria
for municipal solid waste landfills and other solid waste
disposal facilities, and prohibits the open dumping of
solid waste.

. The hazardous waste program establishes a system for
controlling hazardous waste from the time it is gener-
ated until its ultimate disposal – in effect, from ‘cradle
to grave.’

. The underground storage tank (UST) program regu-
lates underground storage tanks containing hazardous
substances and petroleum products.

Some aspects of RCRA remain open to interpretation. An
example is the uranium mill tailings mentioned previ-
ously. The NRC and the EPA are attempting to establish
an allowance to dispose of uranium mine and mill tailings
waste in RCRA Class C landfills. The volume of these
wastes is compatible with chemical landfills but exceeds
the capacity of radioactive waste disposal sites, and the
agency regulations are sufficiently different on the issue
of repository liners such that a final decision has not been
reached.

The Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA, also known as
Superfund) was enacted in 1980 and was reauthorized by
the Superfund Amendments and Reauthorization Act of
1986. This law created a tax on the chemical and petro-
leum industries and provided broad federal authority to
respond directly to releases or threatened releases of
hazardous substances that may endanger public health
or the environment. Although this tax has since been
rescinded, CERCLA

. established prohibitions and requirements concerning
closed and abandoned hazardous waste sites,

. provided for liability of persons responsible for releases
of hazardous waste at these sites,

. established a trust fund to provide for cleanup when no
responsible party could be identified, and

. created the ATSDR as an agency within the U.S. Public
Health Service for the purpose of addressing the public
health implications of HWSs and other releases.
The law authorizes two kinds of response actions:

. Short-term removals, where actions may be taken to
address releases or threatened releases requiring
prompt response;

. Long-term remedial response actions, which perma-
nently and significantly reduce the dangers associated
with releases or threats of releases of hazardous sub-
stances that are serious, but not immediately life threat-
ening. These actions can be conducted only at NPL
sites.

CERCLA also enabled the revision of the National Con-
tingency Plan (NCP). The NCP provided the guidelines
and procedures needed to respond to releases and
threatened releases of hazardous substances, pollutants,
or contaminants.

CERCLA was established by the U.S. Congress as a
direct consequence of the discoveries of releases of haz-
ardous substances from abandoned landfills into commu-
nity residences, in particular, the community of Love
Canal, a suburb of Niagara Falls, New York, which was
evacuated following the discovery that it overlay an aban-
doned chemical dump. Love Canal captured the public’s
attention because of concerns it raised about the health of
children and future generations. Associations were clearly
established between health problems in the community’s
children and the release of noxious chemicals that had
seeped into their homes.

In addition, CERCLA is also responsible for the crea-
tion of the NPL. Due to the large number of HWSs in the
United States, CERCLA directed the EPA to rank uncon-
trolled sites according to their hazard to human health
and environmental quality. This ranking produced the
NPL, the list of sites deemed most hazardous and there-
fore most in need of site remediation. Over time, many
hundreds of NPL sites have been successfully remediated,
yet hundreds still remain on this dynamic listing.

A number of countries with emerging economies have
had similar experiences in managing waste materials and
protecting public health. During the past decade,
countries such as Malaysia, Thailand, and Indonesia as
well as Hong Kong are considering ways of developing
and implementing programs to ensure the proper disposal
of hazardous waste. Most of these programs are being
developed through the guidance and experience of devel-
oped countries that had established hazardous waste pro-
grams during the latter part of the twentieth century.
These programs are based on previously established fra-
meworks, but are tailored to meet the needs of the target
country. Environmental legislation providing various
levels of authority was enacted in Eastern countries
during the late 1980s through the mid-1990s. However,
implementation remains a challenge globally and
enforcement authorities are uneven. The IAEA (2005)
is developing a consistent implementation program to
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coordinate activities regarding radioactive waste and
sources throughout the world. Its Model Project on the
Upgrading of National Radiation Protection Infrastruc-
tures has helped establish and strengthen control infra-
structures in more than 90 countries.
Nonregulatory Health Promotion Intervention

The potential health effects resulting from exposure to
hazardous substances can be complex. This complexity
can include toxicity, dose, duration of exposure, and
exposure media (air, water, soil, or biota), as well as the
health status, developmental status, reproductive status,
or genetic disposition of the individuals or populations
exposed. Constructing interventions can be equally com-
plex. Interventions must address the factors of hazardous
substance exposure as well as attitudes, cultural beliefs,
protective behaviors, psychosocial status, economic
implications, and the institutional or system capacity
(e.g., educational services, environmental engineering
control, or regulatory policies) that influences mitigation
or prevention of harm to individuals or populations.
Parker et al. (2004) discuss the application of an ecologi-
cal framework that is valued and widely used in health
education and promotion to explain influences on health
and to guide development of interventions.

Environmental health promotion is defined ‘‘as any
planned process employing comprehensive approaches
to assess, correct, control, and prevent those factors in
the environment that can potentially harm the health
and quality of life of present and future generations.’’
One of the critical components of health promotion is to
communicate the risk associated with a hazardous sub-
stance or substances. Covello and Sandman (2001) pro-
vide an overview of the principles of risk communication.
Infrastructure and Capacity Development

To effectively engage those affected by hazardous
substances, it may be necessary to build individual
and organizational capacity within the community to
participate in analysis, solution development, and adop-
tion of protective measures (Goodman et al., 1998).
Through this process, involved participants and the
general community are provided the education and
skills needed to take appropriate protective action. It is
also necessary to develop community leadership and
apply interventions as needed (CDC, 1997; Hatcher
and Nicola, 2008).
Impact of Intervention Effectiveness

Once interventions are determined and implemented, it is
essential that those interventions be assessed. One exam-
ple of an effective intervention was predicated on the
traditional model of disease prevention discussed earlier.
A range of interventions were developed to address ele-
vated exposures and risks associated with contaminated
fish. Various risk communication messages and strategies
were developed with help from the communities. Most
importantly, the communities were involved in activities
such as helping to implement and design a study, and
recruiting participants to strengthen the study. Hicks
et al. (2000) reported that elevated body burdens in vul-
nerable communities were reduced to background levels
in a relatively short time (approximately 6 years). This
intervention used a strategically targeted health commu-
nication plan developed in a culturally sensitive manner,
which did not compromise eating fish as a nutritionally
and culturally important component of the diet.
Conclusions

From the foregoing information, it is evident that, despite
significant effort to mitigate the impact of hazardous
waste on human health, current efforts will not suffice to
sustain global health including the health of human popu-
lations. It has been well established that animal popula-
tions are sentinels of human health events (National
Research Council, 1991). It has also been established
that species extinction is occurring at an alarming rate.
This loss of biodiversity or ‘‘gene silencing’’ may serve as a
sentinel for impacts on the human genome. Reproductive
and developmental health effects are among the most
sensitive human health endpoints affected by hazardous
waste, as can be seen in, for example, the chemical-
specific Toxicological Profiles developed by ATSDR. The
reported functional deficits in cognition, fertility, and
immune functions are not readily recognized in a clinical
setting. These effects have, however, beenwell documented
in a wide range of wildlife, toxicologic, and epidemiologic
studies, and they constitute a threat to global health. In
the meantime, given the impacts of hazardous chemicals
on reproductive and developmental health, the question
arises: Has the fetus become the unfortunate mining canary
of the 21st century (Figure 8)? Is the story of lead poisoning
being recapitulated in the guise of other heavy metals,
VOCs, PCBs, and other halogenated aromatic hydro-
carbons? Based upon extensive reviews of aggregated
information, the IJC (2002) concludes that there exists an
‘‘urgency for action and that there is a threat to the health of
our children . . . from an exposure to toxic substances even
at very low ambient levels. . . .The mounting evidence cannot

be denied.’’

Because many kinds of exposure to hazardous sub-
stances (and concomitant health effects) can occur prior
to reproductive age, these effects can be seen as evolu-
tionary selection pressures on the human genome. Given
the variation in sensitivity of differentially distributed
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genetic polymorphism in vulnerable communities, this
may represent still another example of inequitably
distributed risks in vulnerable populations.

In terms of global human health, primary prevention,
based on the traditional model of disease prevention, is
critical but not sufficient. There is also a compelling need
for pollution reduction and prevention, stressing a stew-
ardship of natural resources through the maintenance and
strengthening of the natural geochemical cycles governing
the transport and transfer of hazardous substances through
the biotic and abiotic environments. It is also consistent
with the precept of ‘do no harm’ and the precautionary
principle.

An overarching and essential legislative action is the
U.S. National Environmental Policy Act of 1969. Among
its purposes was ‘‘to declare a national policy that will
encourage productive and enjoyable harmony between
man and his environment.’’ As such, this legislation estab-
lished the vital importance of the environment for human-
kind’s well-being. Similarly, Agenda 21, the principal
product of the United Nations’ 1992 Earth Summit held
in Rio de Janeiro, Brazil, states: ‘‘Effective control of the
generation, storage, treatment, recycling and reuse, trans-
port, recovery, and disposal of hazardous wastes is of para-
mount importance for proper health, environmental
protection, natural resource management, and sustainable
development. This will require the active cooperation and
participation of the international community’’ ( Johnson,
2006). However, despite regulatory efforts, a litigious envi-
ronment has often thwarted or delayed the intended con-
sequences of environmental legislation.

At present there is an emerging sense that all sections
of society, including the private sector, must pursue a
consensus-based approach to environmental stewardship.
This is evidenced, in part, by a groundswell of volunteer-
ism on the part of industry to support environmentally
green approaches toward product stewardship. In this way,
enlightened self-interest may represent the solution to
pollution.

The study of ecology (from the Greek word ‘oikos,’ or
house; literally, the study of the house we live in) is also a
study of the factors that determine the distribution and
abundance of all populations (Odum, 1971). As evidenced
by the current state of our environment, anthropogenic
activity will increasingly interact with and shape the
distribution and abundance of global populations, includ-
ing the human population. Hence the IJC’s well-founded
determination: there exists an ‘‘urgency for action’’
regarding environmental stewardship as well as public
health policy and practice.
See also: Bioaerosols; Carcinogens, Environmental;

Environmental Protection Laws; Outdoor Air Pollution:

Sources, Atmospheric Transport, and Human Health

Effects.
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Introduction

Traumatic brain injury is graded as mild, moderate, or
severe based on the Glasgow Coma Scale (GCS) score
after resuscitation according to Brain Trauma Guidelines

(Brain Trauma Foundation, 2000, 2004, 2006, 2007)
(Table 1). Mild TBI is defined as a GCS score between
13 and 15. In most cases, it represents a concussion, and
there is full neurological recovery, although some patients
may reveal persistent short-term memory and concentra-
tion difficulties. Patients with moderate TBI are stupor-
ous and lethargic with a GCS score between 9 and 13.
A comatose patient with a TBI unable to open his or her
eyes or follow commands, with a GCS score of less than 9,
by definition has a severe TBI. Over the past two decades,
it has become increasingly clear that patients with TBI are
very susceptible to posttraumatic arterial hypotension,
hypoxia, and brain swelling. All major advances in the
care of these patients have been achieved by reducing
the severity of these secondary insults on the injured
central nervous system. Rapid resuscitation of trauma
patients in the field, direct transport to a major trauma
center, and improved critical care management in the
hospital with intracranial pressure/oxygenation (ICP)
monitoring seem to have cut down the rate of mortality
from up to 50% in the 1970s and 1980s to between 15%
and 25% in most recent series (Palmer et al., 2001; Fakhry
et al., 2004). The development of scientifically based man-
agement protocols for the treatment of patients with TBI
holds considerable promise for further improvement in
outcome. The goal of this article is to familiarize the
reader with the basic principles of TBI management. In
this article, we refer to recently published evidence-based
documents containing guidelines for the prehospital and
in-hospital surgical and medical management of patients
with severeTBI. TheseGuidelines have been approved by the
American Association of Neurological Surgeons (AANS)
and the Congress of Neurological Surgeons (CNS) and
can be accessed via the Internet at www.braintrauma.org.
Epidemiology

Approximately 1.6 million people sustain a TBI each year
in the United States and 270 000 require hospitalization.
With roughly 52 000 deaths per year, TBI is the most
common cause of death and disability in young people
and accounts for about one-third of all trauma deaths
(Sosin et al., 1995). The costs of TBI to society are
immense; neurotrauma is a serious public health problem
requiring continuing improvement in the care of injured
patients. Motor vehicle accidents are the major cause of
TBI, particularly in young people. Falls are the leading
cause of death and disability from TBI in people older
than 65 years.
Pathophysiology: Secondary Brain
Damage

Neurological injury not only occurs during the impact
(primary injury) but also evolves over the following hours
and days (secondary brain injury). Within the first days
and weeks after TBI, the brain is extremely vulnerable
to decreases in blood pressure and oxygenation that are
well tolerated by the noninjured central nervous system.
These and other secondary insults to the brain can initiate
a detrimental cascade of events. Posttraumatic brain
swelling and edema leads to increased ICP and a reduc-
tion in cerebral perfusion pressure (CPP¼MAP– ICP)
and cerebral blood flow (CBF). If left untreated this can
result in cerebral ischemia, which worsens the brain
swelling and edema (Figure 1). The most important
insults that may lead to secondary brain damage are listed
in Table 2. Many of these insults are preventable. In the
prehospital phase, hypoxia and arterial hypotension have
been shown to be the most significant secondary insults.
Arterial hypotension is defined as a single systolic blood
pressure reading of less than 90mmHg. A single hypoten-
sive episode has been shown to be associated with
increased morbidity and a doubling of the mortality rate
(Chestnut et al., 1993). This has been shown to be statisti-
cally independent of other predictive factors including
age, GCS score, intracranial diagnosis, and pupillary sta-
tus. Similarly, multiple episodes of hypotension may have
a cumulative effect on morbidity and mortality. Manley
et al. (2001) reported a fourfold increase in relative risk for
mortality in patients who experience two or more epi-
sodes of intracranial hypotension. Therefore, the recom-
mendation based on the CNS/AANS Guidelines is that the
systolic pressure in patients with severe TBI be main-
tained above 90mmHg to keep the cerebral perfusion
pressure at approximately 60mmHg. It is important to
note that it may be necessary in certain situations to keep
systolic pressure greater than 90mmHg in order to main-
tain adequate CPP. It should also be noted that mean

http://www.braintrauma.org.


Table 1 Glasgow Coma Scale

Eyes open
Best verbal
response

Best motor
response

6 – – Obeys

commands

5 – Oriented and

converses

Localizes painful

stimuli
4 Spontaneously Disoriented and

converses

Flexion

withdrawal

3 To verbal

command

Inappropriate words Flexion abnormal

2 To painful

stimuli

Incomprehensible

sounds

Extension

1 No response No response No response

The GCS scoring system is routinely used as part of the neuro-

logical examination in severe TBI. Note that the GCS represents

the best response elicited from the patient. The lowest score is 3

and the highest is 15. GCS scores <9 indicate coma.

TBI: primary injury

Secondary brain injury

Edema

ICP

CPP CBF

Ischemia

Figure 1 Primary and secondary brain injury can initiate a

cascade of events that may lead to fatal outcome. Posttraumatic
brain swelling and edema lead to increased intracranial

pressure (ICP) and a reduction in cerebral perfusion pressure

(CPP¼MAP – ICP) and cerebral blood flow (CBF). If left

untreated this can result in cerebral ischemia which worsens the
brain swelling and edema. MAP, mean arterial pressure.

Table 2 Causes of secondary brain injury

Secondary
insult Critical values in TBI Main cause

Arterial

hypotension

Systolic blood

pressure <90

mmHg

Blood loss, sepsis,

cardiac failure,

spinal cord injury,

brain stem injury
Hypoxemia Arterial O2 saturation

<90%, PaO2 <60

mmHg, apnea,

cyanosis

Hypoventilation,

thoracic injury,

aspiration

Hypocapnia Sustained PaCO2

<25 mmHg

Induced or

spontaneous

hyperventilation
Intracranial

hypertension

ICP >20–25 mmHg Mass lesion, cerebral

swelling caused by

vasodilation and/

or increased water
content
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arterial pressure does not always correlate with systolic
pressure. No studies have been conducted to examine
these caveats, therefore, 90mmHg systolic pressure
should be considered a threshold, not an absolute goal.

Hypoxia runs in association with hypotensive epi-
sodes. Hypoxia was defined in studies as either apnea/
cyanosis in the field or a PaO2 less than 60mmHg. An
analysis of a large prospectively collected data set from
the Traumatic Coma Data Bank (TCDB) demonstrated
that hypoxia occurred in 22.4% of severe TBI patients
and was significantly associated with increased morbidity
and mortality (Marmarou et al., 1991; Chestnut et al.,
1993). Furthermore, a study conducted by Stocchetti
et al. (1996) not adjusting for confounding factors de-
termined that in patients with documented oxygen
saturations less than 60%, the mortality rate was 50%
and all survivors were severely disabled. This was in con-
trast to nonhypoxemic patients whose mortality was
14.3% with a 4.8% rate of disability. Jones et al. (1994)
determined that duration of hypoxia was also found to be
an independent predictor of mortality, but not morbidity.

The development of posttraumatic brain swelling may
occur soon after the primary injury and plays a key role in
the pathophysiological cascade that leads to irreversible
brain damage. The brain is contained inside a rigid closed
space, the skull. The skull is noncompliant, providing a
fixed amount of space for the brain to occupy. As intra-
cranial space is taken up by edema, blood, or any other
mass-occupying lesion, the physiological pressure inside
the skull can initially be maintained due to displacement
of CSF and blood. After a certain point, this mechanism is
exhausted and the ICP will increase. The challenge for
the clinician treating patients with severe TBI and still
controlled ICP is to determine on what point on the curve
the patient is (Figure 2).

Brain swelling can be caused by vascular engorgement
or an increase in brain water content, called brain edema.
Depending on the underlying mechanism, it is possible
to distinguish several types of brain swelling (Unterberg
et al., 2004):

. Swelling caused by hyperemia or venous congestion
with increased cerebral blood volume;

. Vasogenic brain edema;

. Cytotoxic brain edema.

Disruption of the blood–brain barrier, within minutes
after TBI, leads to accumulation of fluid in the extravas-
cular compartment and vasogenic edema. Vasogenic
edema can also develop later around areas of contused
brain tissue and hemorrhage. Despite the effectiveness of
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steroids to treat vasogenic edema in patients with brain
tumors, they have not proven to be of benefit in patients
with TBI. The main type of brain swelling after TBI is
caused by cytotoxic edema. This type of edema is char-
acterized by a failure of sodium/potassium pumps to
maintain intracellular homeostasis. This leads to influx
of ions and water into cells and initiates a self-destructive
cascade culminating in progressive ischemia and intracra-
nial hypertension. Several pharmacologic agents that
interfere with this cascade, such as calcium antagonists,
free-radical scavengers, and N-methyl-D-aspartate
antagonists have been tested, but none have been proven
effective (Narayan et al., 2002). The lack of pharmacologic
agents that are available to treat patients with TBI rein-
forces the importance of optimal critical care manage-
ment and monitoring and treatment of brain pressure,
blood pressure, and oxygenation to maintain and improve
cerebral perfusion.
Table 3 Immediate assessment and treatment of patients with tr

Parameter Critical findings

1. Resuscitation

Oxygenation/ventilation Apnea, cyanosis, oxygen satu

Blood pressure SBP <90 mmHg

2. Primary survey/postresuscitation

Spinal stability Pain, step-off, external signs o

mechanism
Postresuscitation GCS score <9

Motor examination, pupillary

diameter, light reflex, direct
orbital trauma

Suspect cerebral herniation: fl

posturing and asymmetrica
pupils

3. Placement of lines, urinary and gastric catheters, and cervical spin

Secondary survey/dedicated neurological examination

GCS, Glasgow Coma Scale; CT, computed tomography; SBP, systo

Cerebral volume

IC
P

Figure 2 The relationship between cerebral volume and

intracranial pressure after TBI.
Management of Patients with Severe
Traumatic Brain Injury

Prehospital Management

The prehospital management of patients with severe TBI
is outlined in Table 3 and the principles are summarized
in the Guidelines for the prehospital management of TBI
(Brain Trauma Foundation, 2000). Rapid and physiologic
resuscitation is the first priority in these patients. Follow-
ing stabilization of airways, breathing, and circulation, the
GCS score should be determined by direct verbal or
physical interaction with the patient. Patients with a
GCS score of less than 9 should be brought to a trauma
center with the following TBI capabilities:

. 24-h CT scanning capability;

. 24-h available operating room and prompt neurosurgi-
cal care;

. The ability to monitor ICP and treat intracranial
hypertension.
Comatose patients with a GCS score less than 9 should

be intubated. All patients should have their oxygenation
and blood pressure assessed at least every 5min. Their
oxygen saturation should be maintained above 90% and
systolic blood pressure should be kept above 90mmHg.
Initial Management in the Emergency
Department

Maintaining brain perfusion is the guiding principle in man-
aging comatose patients with severe TBI. The cornerstones
of the resuscitation of the severely head-injured patient are:

. Resuscitation according to ACLS/ATLS protocol (air-
ways, breathing, circulation);

. Primary survey with cervical spine control and brief
neurologic assessment;

. Secondary survey with complete neurologic examina-
tion and determination of the GCS score.
aumatic brain injury

Immediate intervention

ration <90% Intubation if hypoxemic despite

supplemental O2, not hyperventilation
Fluid resuscitation

f trauma to neck, Immobilization, radiographs

Intubation, normoventilation, head CT

accidity or motor

l or fixed and dilated

Short-term hyperventilation � mannitol,

if herniation suspected

e, chest, and pelvis radiographs

lic blood pressure.
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Emergency room patients with mild or moderate TBI
or suspected TBI need to be followed very closely for
neurological deterioration, ideally with neuro-checks
every 15 min in the acute period. A complete trauma
workup following the ACLS/ATLS protocols should be
initiated if there is any suspicion of associated injuries.
Nausea or vomiting, progressive headaches, restlessness,
pupillary asymmetry, seizures, and increasing lethargy
should be interpreted as signs of neurological deteriora-
tion, and a head computed tomography (CT) scan should
be obtained immediately. It is important to remember that
with expanding intracranial mass lesions, pupillary
changes can precede a significant change in mental status.
Blood alcohol levels and urine toxicology screen should
be considered in all patients presenting with TBI. Routine
blood tests, including coagulation parameters, should be
obtained in patients with moderate and severe TBI and in
patients with associated injuries. Tetanus toxoid must be
administered if there are any associated open wounds.
Immobilization of the cervical spine using a hard collar
is mandatory in all patients with TBI. All patients with
severe TBI need radiographic evaluation of the cranio-
cervical junction down to T1. Any complaint of neck pain
in patients with mild or moderate TBI should also lead to
a radiographic assessment of the cervical spine. A list of
typical admission orders for a severe TBI patient is given
in Table 4.

General principles of the workup in patients with
severe TBI are summarized below:

. Normocapnia should be maintained. Unless there are
signs of cerebral herniation (pupillary asymmetry,
dilated/fixed pupils, and/or extensor posturing or flac-
cidity to noxious stimuli) patients should not be hyper-
ventilated and the arterial PCO2 should be maintained
around 35mmHg.

. Isotonic fluids should be used for resuscitation to avoid
free water overload.

. CT is the imaging study of choice to detect skull
fractures and intracranial injury with hemorrhage and
to assess the necessity of surgical evacuation of a mass
lesion. A head CT scan can also demonstrate findings
that are closely associated with intracranial hyperten-
sion such as obliterated basal cisterns, compressed cere-
bral ventricles, and midline shift.

. All comatose patients with an abnormal CT scan and a
GCS score of 8 or less should undergo ICP monitoring.

. Once the patient has been stabilized, a careful physical
examination should be conducted.
Computed tomography scan assessment
After resuscitation, all stable patients with severe TBI
should receive a CT scan of the head as soon as possible
to identify:
. A life-threatening mass lesion that requires surgical
evacuation;

. Evidence of raised ICP;

. The degree of intracranial injury, to determine prog-
nostic indicators of outcome.

Approximately 10% of initial head CT scans in
patients with severe TBI will not show any abnormalities.
The absence of abnormalities on CT scan at admission
does not preclude increased ICP. Significant new lesions
and increased ICP may develop in 40% of patients with
initially normal head CT scan. In addition, in patients
with normal CT findings, systolic blood pressure lower
than 90mmHg, age greater than 40 years, or motor pos-
turing are at increased risk for intracranial hypertension
according to The Brain Trauma Foundation.
Intensive Care Unit Management

Intracranial pressure and brain oxygen

monitoring

Comatose TBI patients (GCS score 3–8) with abnormal CT
scans should undergo ICP monitoring for the following
reasons, as recommended byTheBrainTraumaFoundation:

. Helps in the earlier detection of intracranial mass
lesions;

. Can limit the indiscriminate use of therapies to control
ICP, which themselves can be potentially harmful;

. Can reduce ICP by cerebrospinal fluid drainage and
thus improve cerebral perfusion;

. Helps in determining prognosis;

. May improve outcome.

Elevated ICP is present in the majority of severely
head-injured patients. Cerebral perfusion pressure (CPP)
is defined as the mean arterial blood pressure minus ICP.
This physiologic variable defines the pressure gradient
driving cerebral blood flow and metabolite delivery and
is therefore closely related to cerebral ischemia.
A threshold for cerebral perfusion pressure of approxi-
mately 60mmHg for adults is currently recommended, as
noted in the Guidelines publications.

The CNS/AANS Guidelines recommend that ICP
monitoring is appropriate in severe TBI patients (GCS
score 3–8) with an abnormal CT scan, or a normal CT
scan if two or more of the following are noted upon
admission:

. Systolic blood pressure less than 90mmHg;

. Age greater than 40 years;

. Unilateral or bilateral motor posturing.

ICP treatment should be initiated at an upper threshold
of 20 or 25mmHg. CPP should be maintained at approxi-
mately 60mmHg. In the absence of cerebral ischemia,
aggressive attempts to maintain CPP above 70mmHg



Table 4 Typical orders for patients with severe traumatic brain injury

Admit to neuro/trauma intensive care unit
Monitoring and notifications
. Check vital signs and neuro status q1h, call HO for change in neurological condition
. Check temperature q4h, call for T>38.3 �C. If T>38.3 �C, remove sheets, use cooling blankets, fan, and/or ice packings
. Monitor end tidal CO2. Call for PaCO2 < 30mmHg
. Notify for SBP >180 or SBP<90
. Specify ventriculostomy settings
. Monitor CPP, call for CPP<60mmHg
. Monitor CVP, call for CVP< 5 or CVP >10mmHg
. If Swan Ganz catheter in place, measure cardiac parameters q4 h, call for wedge pressure <8 and >15mmHg
. Strict I’s and O’s, call for UO >200 ml/h � 2 h

Activity
. Bedrest with HOB 30�
. Log roll, spine precautions
. Cervical collar

Nursing
. Foley catheter
. Knee-high stockings and/or pneumatic compression devices
. Daily weights
. 2–4 L O2 per nasal cannula
. Orogastric tube, nasogastric tube if no basilar skull fracture

Diet
. Start tube feedings within 24–36 h after TBI

Maintenance IV fluids
. Normal saline @ 1–2 ml/kg/h, typically 80–120ml/h

Medication
. Stool softener
. Docusate sodium (Colace) 200 mg PO bid

Antiemetic
. Reglan 10 mg IV q4 h prn nausea/vomiting

Analgesia
. Codeine 30–60 mg IM/PO q3h prn
. Morphine 1–6 mg IV/IM q4–6 h prn or IV drip up to 5–10mg/h
. Fentanyl (Sublimaze) 50–150 mg bolus, then 30–100 mg/h maintenance

Antipyretics
. Acetaminophen (Tylenol) 600–1000 mg PO/PR q6h prn if T> 38.3 �C
Sedation
. Midazolam (Versed) drip 1–2 mg/h
. Lorazepam (Ativan) 1 mg IV/PO bid–tid
. Propofol (Diprivan) drip 5 mg/kg/min

GI prophylaxis
. Esomeprazole (Nexium) 40 mg IV/PO qd
Seizure prophylaxis
. Phenytoin (Dilantin) 100 mg IV/PO tid

Arterial hypertension
. Labetalol (Trandate) 10 mg IV q15 min for SBP >180 mmHg prn, hold for HR <60 beats/min
. Hydralazine (Apresoline) 10 mg IV q15 min for SBP >180 prn, hold for HR >90 beats/min; may increase ICP and CBF

Others
. Lidocaine protocol for suctioning
Labs
. CBC, Coags, T&C, SMA-10, Tox screen, ETOH level

Ventilator settings as indicated
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with fluids and pressors should be avoided because of
the risk of adult respiratory distress syndrome (Robertson
et al., 1999). Increased ICP should be treated vigorously.
A treatment algorithm for elevated ICP is outlined
in Table 5.

Although ICP measurement is an important and pre-
dictive adjunct in the assessment of adequate cerebral
perfusion, it gives no direct information on the cerebral
blood flow and metabolism. Recent years have seen the
development of additional monitoring systems to deter-
mine cerebral oxygenation and blood flow.

It has been demonstrated through studies by Bardt,
Valadka, Van den Brink, and their respective groups that
mortality is increased after TBI in patients who have
increased duration of time of brain tissue oxygen tension
(PbrO2) below 15mmHg. Clinical data have demonstrated



Table 5 Management of elevated intracranial pressure (ICP) in the patient with severe traumatic brain injury

In all patients with GCS
score <9

Add if ICP
>20mmHg Add if ICP >25mmHg

Add for persistent
ICP >20 mmHg

Add for persistent ICP
>20 mmHg and/or
pupillary abnormalities

ICP monitoring

Elevate head of

bed 30�
Ventricular CSF

drainage

Neuromuscular blockade:

vecuronium (Norcuron),
atracurium (Tracrium)

Moderate

hypothermia,
core temperature

34–36 �C

High-dose propofol

(Diprivan) infusion

Maintain euvolemia and

hemodynamic
stability, keep CVP

5–10 mmHg

Sedation:

midazolam
(Versed) or

lorazepam

(Ativan)

Mannitol 0.25–1.0 g/kg IV over

5–10 min q4–6 h prn. Serum
osmolarity 300–320 mOsm/L;

serum sodium

150–155 mEq/L

Hyperventilation

to PaCO2

30–35mmHg

Hyperventilation to

PaCO2 25–30 mmHg

PaCO2 >90 mmHg Analgesia: fentanyl

(Sublimaze) or morphine

Consider hypertonic

saline bolus infusion

Consider decompressive

craniectomy
PaCO2 35–40 mmHg

Systolic blood pressure

>90 mmHg

CPP management:

inotropic and pressor

support to maintain CPP
(dopamine (Intropin) 5–20 mg/kg/min,

norepinephrine (Levophed)

0.05–0.5 mg/kg/min)
CPP approximately 70

mmHg

Repeat head CT to exclude

operable mass lesion

CPP, cerebral perfusion pressure; CSF, cerebrospinal fluid; CT, computed tomography; CVP, central venous pressure; ICP, intracranial

pressure; GCS, Glasgow Coma Scale.
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preliminary evidence of the benefit of brain-tissue oxygen
monitoring on patient outcome after TBI. A 2005 study by
Stiefel et al. (2005) of 53 patients comparing those treated
with both standard ICP/CPP parameters and the addition
of oxygen-directed therapy goal at maintaining PbrO2

over 25mmHg found a significant decrease in mortality
in those treated with oxygen therapy.

True guidelines for brain oxygen monitoring and treat-
ment have yet to be established, as data are now emerging
and questions still remain. One of the key topics of future
investigation regards the correct placement of brain tissue
oxygen monitoring probes with respect to the area of
injury (most injured vs. least injured), and if meaningful
clinical data can be garnered from measurement of brain
oxygen levels outside a direct area of contusion.
Mannitol
Mannitol is effective for control of raised ICP after severe
TBI. Limited data suggest that intermittent boluses may
be more effective than continuous infusion. The mecha-
nism of action of hyperosmolar agents such as mannitol
are twofold: the immediate effect of plasma expansion
results in decreased hematocrit and increased deformity
of red blood cells, thereby decreasing viscosity and incre-
asing cerebral blood flow/oxygenation. This rheological
effect is followed by a more delayed and long-lasting
osmotic effect, where a gradient is established to extract
fluid from edematous cells. Randomized, non-placebo
controlled trials by Cruz et al. (2001, 2002, 2004) have
demonstrated high dose mannitol (1.2–1.4 g/kg) to have
beneficial effects on Glasgow Outcome Scores at 6months
when compared with conventional dose mannitol (0.6–0.7
g/kg) in three groups of severe TBI patients (temporal lobe
hematomas, acute subdural hematomas, and impending
brain death). Hypovolemia should be avoided by fluid
replacement. Serum osmolarity should be kept below
320mOsm to avoid renal failure. Euvolemia should be
maintained by adequate fluid replacement. A Foley cathe-
ter has to be placed in these patients. ICP reduction
reaches a maximum approximately 30–60min after bolus
infusion and persists between 90min and 6 h. Mannitol
together with furosemide (Lasix) may cause rapid diuresis
and depletion of intravascular volume and electrolytes
and is therefore not recommended.
Hypertonic saline

Hypertonic saline has found its place as a second-tier ther-
apy in the treatment of intracranial hypertension resistant
to conventional treatment maneuvers. Its use remained
largely unexplored in humans until the last 20 years.
Hypertonic saline has been used both as bolus infusion for
treatment of acutely elevated ICP (up to concentrations of
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23.4% NaCl) and as continuous infusion of 1.8–3% saline
to increase serum osmolarity. Hypertonic saline decreases
ICP through similar mechanisms as mannitol, but runs
less of a risk for hypovolemia as it has plasma-expanding
capability without the subsequent effect of diuresis. Clinical
data demonstrate that bolus infusion reliably decreases
ICP in patients in whom mannitol has lost its efficacy. A
hyperosmolar state with serum osmolarities well above
320mOsm/L may develop but seems to be tolerated well
as long as euvolemia and arterial normotension are main-
tained. Hypertonic saline infusion should only commence
after preexisting hyponatremia has been ruled out in order
to prevent central pontine myelinolysis (CPM). In normo-
natremic individuals, there have been no reported cases of
CPM after hypertonic saline administration. More studies
are needed to comparemannitol versus hypertonic saline in
the treatment of ICP; however, one randomized trial by
Battison et al. (2005) comparing equimolar concentrations
demonstrated that hypertonic saline has a more profound
effect on lowering ICP as well as longer duration of action.

Hyperventilation

Hyperventilation should not be used routinely in these
patients because of the risk of further compromising cere-
bral perfusion. Hyperventilation can be used for brief
periods when there is acute neurologic deterioration or
if intracranial hypertension is refractory to other treat-
ment interventions. Under these circumstances, intrapar-
enchymal brain-tissue oxygen monitoring is utilized to
titrate the degree of hyperventilation and to avoid cere-
bral ischemia (Table 5). The use of prophylactic hyper-
ventilation (PaCO2¼ 35mmHg) therapy during the first
24 h after severe TBI should be avoided because it can
compromise cerebral perfusion during a time period
when CBF is already decreased.

Prophylactic measures

Although some centers induce prophylactic hypothermia
in patients with acute TBI, the literature has failed to
demonstrate a consistently positive influence on morbid-
ity or mortality. Hypothermia is not routinely employed
as a first-line therapy for TBI, and its use is reserved for
long-standing, refractory ICP elevation in posttraumatic
patients.

In TBI patients, infection rates are increased in those
on mechanical ventilation and with ICP monitoring
devices. Prophylactic antibiotics are not recommended
for ventilated patients so as not to select for resistant
organisms. In addition, although ICP monitoring devices
such as ventriculostomies should be inserted under sterile
conditions, it is not recommended to continue a course
of antibiotics for the duration of monitoring. It is routine
to administer one to two doses of antibiotics during
periprocedural insertion of these monitoring devices
despite conflicting clinical studies.
Barbiturate coma
High-dose barbiturate therapy may be considered in
hemodynamically stable, salvageable, severe TBI patients
with intracranial hypertension refractory to maximal
medical and surgical ICP-lowering therapy. Barbiturates
appear to exert their cerebral protective and ICP-lowering
effects through alterations in vascular tone, suppression of
metabolism, and inhibition of free radical-mediated lipid
peroxidation. The risk of arterial hypotension induced by
peripheral vasodilation is high. Adequate barbiturate coma
therapy results in the electroencephalographic pattern of
burst suppression. Near-maximal reductions in cerebral
metabolism and cerebral blood flow occur when burst
suppression is induced.
High-dose propofol
Propofol (Diprivan) at low doses is commonly used for
sedation in patients requiring mechanical ventilation. In
recent years, high-dose propofol has gained popularity as
an alternative to barbiturates in patients with intracranial
hypertension refractory to maximal medical and surgical
ICP-lowering therapy (Oertel et al., 2002). The main
advantage of propofol is that it is short-acting. Like
other anesthetics, it can cause hypotension, and, even
though ICP decreases, overall cerebral perfusion pressure
may drop. High-dose use of propofol can result in propo-
fol infusion syndrome, a multiorgan and metabolic crisis
that was first identified in children, but can also occur in
adults. The characteristics include hyperkalemia, hepato-
megaly, metabolic acidosis, renal failure, myocardial fail-
ure, and rhabdomyolysis. Hepatic and pancreatic enzymes
should be monitored while on propofol and this neuro-
sedative should not be used in pediatric patients.
Glucocorticoids

Glucocorticoids have not been shown to improve out-
come after severe TBI according to Guidelines publica-
tions. A recent large prospective randomized trial has
shown that corticosteroids are associated with increased
rates of severe disability and death when used in the
treatment of patients with TBI (Edwards et al., 2005).
Nutritional support

Studies have shown that the failure to achieve full nutri-
tional support within the first week after severe TBI
increases mortality. Tube feedings should ideally com-
mence within the first 2 days after TBI.
Treatment of seizures

Posttraumatic seizures (PTS) can be divided into early
(<7 days after trauma) and late seizures (>7 days after
trauma). In recent TBI studies that followed high-risk
patients up to 36months, the incidence of early PTS
varied between 4% and 25%, and the incidence of late
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Figure 3 This illustration shows a subdural hematoma (SDH)

below the dura mater on the left side. An epidural hematoma
(EDH), between the dura mater and the skull, is shown on the

right with a skull fracture and scalp hematoma overlying.
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PTS varied between 9% and 42% in untreated patients.
Prophylactic use of phenytoin (Dilantin), carbamazepine
(Tegretol), or phenobarbital is not recommended by
Guidelines publications for preventing late PTS. Anticon-
vulsants may be used to prevent early PTS in patients at
high risk for seizures following TBI. Phenytoin and car-
bamazepine have been demonstrated to be effective in this
setting. However, the available evidence does not indicate
that prevention of early PTS improves outcome following
TBI. Routine seizure prophylaxis later than 1week fol-
lowing TBI is therefore not recommended. If late PTS
occurs, patients should be managed in accordance with
standard approaches to patients with new-onset seizures.
Routine seizure prophylaxis after TBI also raises concern
for potential side effects such as drug fever and anaphy-
laxis. Fever may develop 1–8weeks after exposure to
phenytoin, phenobarbital, or carbamazepine.
Surgical Management of Acute Traumatic
Brain Injury

The decision as to whether an intracranial lesion requires
surgical evacuation can be difficult and is based on the
patient’s GCS score, pupillary examination findings, co-
morbidities, CT findings, age, and – in delayed decisions –
ICP. Neurological deterioration over time is also an
important factor influencing the decision to operate.
Trauma patients presenting to the emergency department
with alteredmental status, pupillary asymmetry, and abnor-
mal flexion or extension are at high risk for an intracranial
mass lesion, and it is our practice to notify the operating
room even before obtaining a CT scan that an emergency
craniotomy will most likely be necessary.
Figure 4 Head CT of a patient with a severe TBI. On the

patient’s right is an acute epidural hematoma with skull fracture
and scalp hematoma overlying. On the patient’s left side is an

acute subdural hematoma. Note also the midline shift from left

to right.
Epidural Hematoma

The incidence of surgical and nonsurgical epidural hema-
toma (EDH) among TBI patients is approximately 3%.
Among patients in coma, up to 9% harbored an EDH
requiring craniotomy. The peak incidence of EDH is
in the second decade and the mean age of patients with
EDH is between 20 and 30 years of age. Traffic-related
accidents, falls, and assaults account for the majority of all
cases of EDH. EDH usually results from injury to the
middle meningeal artery but can also be due to bleeding
from the middle meningeal vein, the diploic veins, or the
venous sinuses (Figures 3 and 4). In patients with EDH,
one-third to one-half are comatose on admission or
immediately before surgery. The classically described
lucid interval, which describes a patient who is initially
unconscious, then wakes up and secondarily deteriorates,
is seen in approximately one-half of patients undergoing
surgery for EDH. Clot thickness, hematoma volume, and
midline shift (MLS) on the preoperative CT scan are
related to outcome. Noncomatose patients without focal
neurologic deficits and with an acute EDH with a thick-
ness of less than 15mm, an MLS less than 5mm, and a
hematoma volume less than 30ml can be managed non-
surgically with serial CT scanning and close neurologic
evaluation in a neurosurgical center (Figure 5). The first
follow-up CT scan in stable nonsurgical patients should
be obtained within 6–8 h after TBI. Temporal location of
an EDH is associated with failure of nonsurgical manage-
ment and should lower the threshold for surgery. Patients
with a GCS score less than 9 and an EDH larger than
30ml should undergo immediate surgical evacuation of
the lesion. All patients, regardless of GCS score, should be
considered for surgery if the volume of their EDH
exceeds 30ml. Patients with an EDH volume less than
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Figure 5 Graph showing considerations for nonoperative vs. operative management of epidural hematomas (EDH). These are based
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Figure 6 Graph showing considerations for nonoperative vs operative management of subdural hematomas (SDH). These are based

on Brain Trauma Foundation (2006) Guidelines for the surgical management of traumatic brain injury. Neurosurgery 58(supplement):
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30ml should be considered for surgery but may be man-
aged successfully without surgery in selected cases. Time
from neurologic deterioration to surgery correlates with
outcome. In these patients, surgical evacuation should be
done as soon as possible, since every hour of delay in
surgery is associated with progressively worse outcome.
Acute Subdural Hematoma

A subdural hematoma (SDH) is diagnosed on a CT scan
as extracerebral, hyperdense, crescentic collections
between the dura and the brain parenchyma (Figures 3
and 4). They can be divided into acute and chronic
lesions. The incidence of acute SDH is between 12%
and 29% in patients admitted with severe TBI. The
mean age is between 31 and 47 years, with the vast major-
ity of patients being male. Most SDHs are caused by
motor vehicle-related accidents, falls, and assaults. Falls
have been identified as the main cause of traumatic SDH
in patients older than 75 years. Between 37% and 80% of
patients with acute SDH present with initial GCS scores
of 8 or lower. Clot thickness or volume and MLS on the
preoperative CT scan correlate with outcome. Guidelines
publications note that patients with SDH presenting with
a clot thickness greater than 10mm or MLS greater than
5mm should undergo surgical evacuation, regardless of
their GCS (Figure 6). Patients who present in a coma
(GCS score < 9) but with a SDH with a thickness of less
than 10mm and MLS less than 5mm can be treated
nonsurgically, providing that they undergo ICP monitor-
ing, they are neurologically stable since injury, they have
no pupillary abnormalities, and they have no intracranial
hypertension (ICP >20mmHg). In comatose patients or
patients with progressive neurological deterioration sur-
gical evacuation should be done as soon as possible.
Traumatic Parenchymal Lesions

Traumatic parenchymal mass lesions occur in up to 10%
of all patients with TBI and 13–35% of patients with
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severe TBI. Most small parenchymal lesions do not
require surgical evacuation. However, the development
of mass effect from larger lesions may result in secondary
brain injury, placing the patient at risk for further neuro-
logic deterioration, herniation, and death. Parenchymal
lesions tend to evolve over time and increase in size,
which reflects the potentially devastating effect of second-
ary brain damage (Figure 7(a), (b)). Patients with paren-
chymal mass lesions and signs of progressive neurologic
deterioration referable to the lesion, medically refractory
intracranial hypertension, or signs of mass effect on CT
scan should be treated operatively. Comatose patients
with frontal or temporal contusions greater than 20ml
in volume and with MLS of 5mm or cisternal compres-
sion on CT scan, or both, and patients with any lesion
greater than 50ml in volume should be treated surgically
(Mathiesen et al., 1995). Patients with parenchymal mass
lesions who do not show evidence of neurological com-
promise, have controlled ICP, and have no significant
signs of mass effect on CT scan can be managed
nonsurgically.
Depressed Skull Fractures

Depressed skull fractures complicate up to 6% of head
injuries, and the presence of skull fracture is associated
with a higher incidence of intracranial lesions, neuro-
logical deficit, and poorer outcome. Patients with open
skull fractures depressed greater than the thickness of
the skull should undergo surgical intervention to prevent
infection. Patients with open depressed fractures should be
coveredwith antibiotic prophylaxis according toGuidelines
literature.
Figure 7 Traumatic parenchymal mass lesions occur in up

to 10% of all patients with TBI and 13–35% of patients

with severe TBI. Parenchymal lesions tend to evolve, which

reflects the potentially devastating effect of secondary
brain damage. This patient presented with a left-sided
Decompressive Craniectomy for Control of
Intracranial Hypertension

Decompressive procedures such as subtemporal decom-
pression, temporal lobectomy, and hemispheric decom-
pressive craniectomy are surgical procedures that have
been used to treat patients with refractory intra-
cranial hypertension and diffuse parenchymal injury.
Decompressive craniectomy may be very effective if it is
done early after TBI in young patients who are expected
to develop postoperative brain swelling and intracranial
hypertension.
frontal contusion (a) that blossomed within 12 h and required

surgical evacuation (b).
Early Prognostic Indicators of Severe
Traumatic Brain Injury

Outcome from TBI is frequently described using the
Glasgow Outcome Scale at 6months following TBI
(Table 6). This is a widely accepted and standardized
scale that is of value for the clinical description of patients
and also for medicolegal documentation and research
purposes.



Table 6 Glasgow Outcome Scale

Score Rating Definition

5 Good recovery Resumption of normal life
despite minor deficits

4 Moderate disability Disabled but independent. Can

work in sheltered setting

3 Severe disability Conscious but disabled.
Dependent for daily support

2 Persistent

vegetative

Minimal responsiveness

1 Death Nonsurvival
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The most important early presenting factors influen-
cing outcome from severe TBI are:

. Age;

. GCS score;

. Pupillary examination findings;

. Arterial hypotension;

. CT scan findings.

Studies show that the probability of poor outcome
increases with decreasing admission GCS score in a con-
tinuous manner below a GCS score of 9.

Patients with very lowGCS scores have amortality rate
between 70% and 90%, but up to 10% may survive with
GlasgowOutcome Scale scores of 4 or 5. Increasing age is a
strong independent factor in prognosis from severe TBI,
with a significant increase in poor outcome in patients
older than 60 years of age. This is not explained by the
increased frequency of systemic complications in older
patients. The pupillary diameter and the pupilloconstric-
tor light reflex can prognosticate outcome from severe
TBI. Bilaterally unreactive pupils following resuscitation
on admission are associated with a greater than 90%
chance of poor outcome. A systolic blood pressure less
than 90mmHg measured after severe TBI on the way to
the hospital or in hospital has been associated with an
almost 70% likelihood of poor outcome. Combined with
hypoxia, this likelihood increases to 79%. A single record-
ing of arterial hypotension doubles the rate of mortality
from severe TBI. Among these early prognostic indicators
of outcome, arterial hypotension is the only factor that can
be significantly affected by therapeutic intervention.

The CT scan findings associated with poor outcome
from severe TBI are:

. Compressed or absent basal cisterns;

. Traumatic subarachnoid hemorrhage;

. MLS greater than 5mm.

Following admission, ICP greater than 20mmHg is a
poor prognostic indicator. The rate of mortality from
epidural hematoma requiring surgery is around 10%.
The rate of mortality from acute SDH is between 40%
and 60%. The mortality rate among patients with acute
SDH presenting to the hospital in coma with subsequent
surgical evacuation is between 57% and 68%.
Conclusion

The mortality rate from severe TBI has been reduced
from up to 50% in the 1970s and 1980s to between 15%
and 25% in most recent series. This improvement should
be attributed to more effective resuscitation in the field,
rapid transport of TBI patients to trauma hospitals, more
widely accepted ICP monitoring, and improvements in
critical care management. In a recent study by Palmer
et al. (2001) of 93 patients with severe TBI, the 6-month
mortality rate was reduced 50% by the introduction of
evidence-based protocol for the management of severe
TBI. The treatment protocol supported ICP monitoring,
adequate volume resuscitation, aggressive treatment of
low blood pressure and oxygenation, avoidance of extreme
hyperventilation, and early nutritional intervention. New
paradigms such as direct measurement of brain tissue
oxygenation hold early promise for more specific and
effective management of cerebral metabolism after TBI.
Multidisciplinary clinical pathways based on evidence-
supported treatment guidelines for TBI streamline patient
care, standardize critical care management, and hold the
potential for significantly improving patient outcome and
reducing hospital costs. Medical personnel in the prehos-
pital and in-hospital setting should be aware of and trained
in these principles of TBI care.

See also: Falls; Road Traffic Injuries; Sports Injuries.
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definition, because there are various ways of experiencing
health. The concept of health is a qualification of exis-
tence, and there are different ways of existing with quality
of life. Health is not amenable to scientific definition; it is
first and foremost a philosophical question and relates to
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each person’s life, as stated by French philosopher
Georges Canguilhem (1990).

Another point of view was proposed by Boorse (1977),
who stated that the medical concept of health can be
described by two elements: Biological function and statis-
tical normalcy. According to Boorse, the concept of health
as absence of disease provides a value-free scientific
definition.

Health has become a vast scientific field. Public health
itself can be defined as an area of knowledge and practice
focused on the health of populations. However, circum-
scribing health as a scientific issue and one involving the
application of science-based technologies, led to a prob-
lem in the shaping of health practices. The relation
between health care and other ways of expressing reality,
such as art, philosophy, and politics has been overlooked
(Czeresnia, 1999).

The definition of health by the World Health Organi-
zation (WHO) as ‘‘a state of complete physical, mental,
and social well-being, and not merely the absence of
disease or infirmity’’ has been criticized in its philosophi-
cal manifestation on the grounds that it expresses hope for
a reality free of obstacles, an ideal situation unrelated to
the life of any human being.

Health cannot be conceived statically, which may
explain why it is almost always approached in reference
to illness. Health and disease occur in a dynamic process.
Ask anyone if they have ever been ill, and it is highly
unlikely that you will get a negative answer. There is no
such thing as perfect health, and disturbances are part of
life. What is healthy in a given condition may not be in
another; movement is a basic condition for adjusting to
new situations. The capacity to bring about change and
preserve one’s integrity under varying circumstances is a
fundamental resource for health. Health is a way of
approaching existence with the ability to create new
forms of life, to find alternatives in order to deal with
the inherent difficulties of living.

In a meaning linked to biology, health is defined by
Canguilhem as ‘‘a margin of tolerance for the inconsis-
tencies of the environment’’ (Canguilhem, 1975). Dubos
presents a similar definition when he states, based on
Claude Bernard, that health is ‘‘the ability of the organism
to resist the impact of the outside world and maintain
constant within narrow limits the physicochemical char-
acteristics of its internal environment’’ (Dubos, 1996: 119).

Health as the ability to withstand the difficulties of the
environment is a concept that is also applied to psychol-
ogy and psychiatry. The concept of resilience has been
introduced recently to operationally approach indivi-
duals’ resources to face, react to, preserve themselves,
and recover from adverse situations (Rutter, 1987).

All these definitions highlight the inseparability
between individuals and their environment. Health thus
relates to living conditions, which for human beings are a
set of physical, social, economic, cultural, and ecological
circumstances. This observation led to health being
defined as the responsibility of the state and a citizen’s
right, an approach to health which is at the very basis of
the institutional organization of modern public health
(Rosen, 1993), reaffirmed in the discourse of health pro-
motion in the contemporary world.

Meanwhile, health as the result of a unique process of
preservation of integrity in relation to the environment,
highlights the meaning of health as a personal value and
responsibility. Even so, health as a personal criterion is
also mediated by societal values. The way a society con-
ceives health interferes in, or even constitutes, individual
options. There is no way to disassociate the value indivi-
duals create, when relating to their bodies in health or in
disease, from the way society conceives health and disease
and operates them in practice.

Nevertheless, we need to distinguish between the feel-
ing of being healthy or ill and the scientific concept of
disease. Here, we should highlight that health can only be
defined scientifically as the absence of disease, as pro-
posed by Boorse. Thus, the difference between illness and
having a diagnosed disease should have an equivalent for
the concept of health. That is, there should be a way of
differentiating between feeling healthy and not having a
disease. However, we only have terms to designate this
distinction in relation to disease, namely illness, for the
subjective experience, and disease, for the scientific
concept.

For illness, what is expressed is suffering. Meanwhile,
disease means living with a diagnosis mediated through a
set of interventions by the health system. One meaning
does not correspond exactly to the other. For example,
there are circumstances in which a person does not feel ill,
but has been diagnosed with a lesion that may not have
produced clinical symptoms, characterizing the presence
of a potential disease. On the other hand, the expression of
suffering may not be translated as the diagnosis of a
disease.

There is a controversial relationship between the way a
health system is structured as a field of social intervention
and individuals’ need for health. The first is a peculiarity
of a given concept of disease that imposes itself and
creates technologies and demands. The latter involves
individuals’ need from the point of view of the primary
intuition that each human being experiences as a unique
person. Discrepancies often arise between the way medi-
cine intervenes and the way individuals feel their own
bodies.

Scientific medical knowledge is not always capable of
dealing adequately with the subjective dimension of human
suffering that comes from living with illness and the prox-
imity of death. Works like The Magic Mountain by Thomas
Mann and The Death of Ivan Illich by Tolstoy have shown
how literature is complementary to medicine in this sense.
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When people turn to a health professional or service,
they are seeking relief for their pain, and not only a
treatment plan based on tests and medication. Medicine
needs to be humanized, as observed by those who contend
that treatment technique should include a dialogical rela-
tionship: The convergence between the technique per se,
communication, and affect, since treating and healing are
more than simply medicating.

Tables 1 and 2 systematize the concepts approached
in this subitem. Table 1 presents the distinction between
health as a scientific concept and as a philosophical issue.
Table 2 provides the differences in meaning between the
terms illness and disease.
Influence of Medical Science

Throughout history, concepts of disease have been pro-
duced in the context of disputes between philosophical
perspectives. Until the nineteenth century, the predomi-
nant idea was that of disease as an imbalance or dishar-
mony between individuals and their environment. With
the emergence of modern medicine, disease was concep-
tualized as clinical signs and symptoms arising from injury
originating from specific causal agents.

Medical science successively located diseases in
organs, tissues, cells, genes, and enzymes. Diagnostic
and therapeutic techniques were transformed with the
progressive introduction of methods involving clinical
analysis, imaging, discovery of new etiological mechan-
isms, and interventional technologies. Since the initial
discoveries by bacteriology, the tendency to prioritize
the investigation of lesions and their causes has been the
defining trait in the monumental development of biomed-
icine in the twentieth century.
Table 1 Health

Scientific concept Philosophical question

Absence of disease Value

Statistical normalcy Normativeness
Biological function Capacity to withstand environmental

adversities

Table 2 Illness�disease

Illness Disease

Subjective experience Objective scientific concept

Suffering Disease diagnosis
Primary intuition Medical intervention

Need Demand
It is a challenge to establish the connection between
the biological, psychological, and social dimensions of
disease. Many medical, social, and behavioral studies use
the concept of stress to make this link. However, stress is
not a highly explanatory concept, and there is no clear
and accepted definition of a state of stress or how it
leads to alterations in the organism’s internal functions
(Hinkle, 1987).

Without a doubt, a more adequate explanation is still
needed for the relations between general living condi-
tions, the psyche, and disease. The concept of somatic
disease tended to circumscribe medical care mainly to
specific, individualized interventions, with progressive
specialization and incorporation of technology. Patients
and their environment were in a sense carved out
according to guidelines for medical intervention in this
narrow sense and were thus relegated to a secondary
plane. However, there was still a conflict between this
trend and those who contended that the health/disease
process required a broader approach, and that the health
sector should be linked to other areas of knowledge and
intervention.
Disease Prevention

The preventive medicine movement emerged in the first
half of the twentieth century. The work of Leavell and
Clark (1965) in this context was important for the orga-
nizational structure of health systems worldwide and
therefore merits our dwelling on their concept of
prevention.

Prevention is defined as ‘‘anticipatory action based
upon knowledge of the natural history to make the onset
of further progress of the disease unlikely’’ (Leavell and
Clark, 1965: 20). Natural history, in turn, is defined as

all the interrelations of the agent, host, and environment

affecting the complete process and its development, from

the first forces which create the disease stimulus in the

environment or elsewhere (pre-pathogenesis), through

the resulting response of man, to the changes which take

place leading to defect, disability, recovery, or death

(pathogenesis) (Leavell and Clark, 1965: 18)

Prevention permeates all phases of intervention by the
health system and appears at three levels – primary,
secondary, and tertiary – from the process prior to onset
of the disease until rehabilitation, including diagnostic
and therapeutic measures. The origin of the disease is
seen as a continuous chain of causes and effects and not
merely the result of specific causes. The multicausal
model proposed by Leavell and Clark is based on the
relations between agent, host, and the environment.

Although still heavily focused on the disease dimen-
sion and health services organization, the preventive
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medicine approach proposes health promotion as one
level of primary prevention, defined as measures devoted
to health in general, not oriented specifically to a single
disease or disorder.
Epidemiology and Risk

The intense changes in the demographic and epidemio-
logical profile of populations, especially in developed
countries, has raised the need to adjust the idea of multi-
causality to the study of chronic, noncommunicable dis-
eases. Epidemiology had already been structured as a
scientific discipline since the early twentieth century,
but after World War II, it gained a new configuration
with the development and refinement of techniques and
study designs for the analysis of causal factors for diseases
(Susser, 1985).

Epidemiological risk estimates are now the principal
source for organizing scientific activity to determine dis-
ease etiology and evaluate medical procedures. Epidemi-
ological studies build concepts and orient risk-control
practices. Increasingly, statistical techniques have been
developed for the evaluation of the causal nature of asso-
ciations and interaction among causes and to guarantee
the quality of findings by avoiding errors such as bias,
chance, and confounding.

Epidemiological studies contribute to legitimizing
changes in the ways of conceiving diseases and acting
to prevent, control, and treat them. These changes can
be illustrated by gastric ulcer, the example used by
Thagard (1998). A person with stomach pain who con-
sulted a physician in the 1950s would have been advised
to take it easy and drink milk. In the 1970s and 1980s,
ulcer was considered a disease resulting from increased
gastric acidity, and treatment was thus based on antacids.
Beginning in the 1990s, it became an infection with Heli-

cobacter pylori and medication shifted to a combination of
antibiotics.

Another important dimension of risk studies is the
construction of a rationale for attributing positive or neg-
ative meanings to exposures, habits, or behaviors related
to eating, exercise, sex, smoking, and various toxic agents.
The concept of risk in the contemporary world is a central
element for individual and collective decision making,
and various authors have developed critical research on
its implications (Lupton, 1999).

What meanings are generated socially by establishing
that given habits and behaviors risk harming health? The
border between health and disease becomes tenuous: in
addition to persons with established diseases, there are
now individuals with merely a diagnosis of potential dis-
ease, thus raising an ethical dimension. For instance, with
very few exceptions, disorders classified as genetic actu-
ally involve multiple factors. Genetic tests only indicate a
statistical risk that may not even materialize, and thus end
up inappropriately medicalizing the individual’s life
(Melzer and Zimmern, 2002).
Health Promotion

The exponential technological progress of biomedicine
has led to an equivalent increase in the costs of financing
medical procedures. This has helped revive the idea that
health is a good that needs to be guaranteed before disease
appears.

In an official report in 1974, the Canadian government
proposed the concept of health field, consisting of four
components: Human biology, the environment, lifestyle,
and organization of health care. The document, known as
the Lalonde Report (1981), expresses the need to reorient
health expenditures. According to the report, most costs
come from the health-care component, yet most causes of
disease and death are located in the other three.

The reinvigorated discourse advocating the impor-
tance of investment in the promotion of better living
and work conditions (to impact the structure that under-
lies health problems) has oriented the search for inter-
sector strategies (Terris, 1990). The sector responsible for
organizing health care should be linked to broader social
policies. Meanwhile, health promotion programs empha-
size the dimension of individual responsibility, that is,
proposing to capacitate individuals and social groups to
deal with and struggle for their health. Health promotion
discourse covers from personal uniqueness to the broader
dimension of state policies.

Concepts and approaches such as vulnerability have
been incorporated more recently in the search to innovate
knowledge and instrumentalize practices aimed at inter-
connecting the multiple dimensions of health problems.

The concept of vulnerability originated in the interna-
tional human rights movement, to deal with the citizens’
rights of disempowered individuals or groups. The con-
cept was introduced into public health to investigate
conditions favoring the occurrence of HIV infection and
AIDS. It takes into consideration and seeks to compre-
hensively integrate dimensions related to individual,
social, and health-program aspects.

It is important to emphasize that health promotion
strategies are operationalized through the disease preven-
tion and risk control approaches described in the sections
above. This can lead to prevention and promotion prac-
tices not being distinguished. The difference between
them depends on a clear understanding of the limits of
scientific concepts to deal with the uniqueness of experi-
encing health and disease by persons and social groups
(Czeresnia, 1999).

Table 3 systematizes the approaches to health and
disease presented in this article.



Table 3 Approaches to health and disease

Causal model Components Emphasis Protection Actors

Ecological triad Agent, Host, Environment Health services
organization

Disease prevention Health professionals

Health field Human biology, Environment,

Lifestyle, Organization of

health care

Intersectorality,

Empowerment

Health promotion Individuals, Social

movements, Governments

Risk Statistical association between

exposure and disease

Risk management Disease prevention Individuals, Health

professionals andmanagers

Vulnerability Individual, social and

health-program aspects

Empowerment Health promotion Individuals, Social movements
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Introduction

What role do human rights have in public health work?
Since the early stages of the women’s health, reproductive
health, and indigenous health movements it has been
asserted that public health policies and programs must be
cognizant and respectful of human rights norms and stan-
dards. It has also been stated that lack of respect for human
rights hampers the effectiveness of pubic health policies and
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programs. For the last decade or so, an interdisciplinary
‘health and human rights’ movement has been generating
scholarship and inspiring programming intended to realize
‘‘the highest attainable standard of health’’ (UN Interna-
tional Covenant on Economic, Social, and Cultural Rights,
1966; Gr uskin and Tarantola, 2001) with a particular focus
on the most underserved and marginalized populations and
human rights language has been integrated into numerous
national and international public health strategies, such as
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those embraced by UNAIDS (2005, 2006). Yet moving
beyond the rhetoric, there is still diversity of opinion as to
what this means in practice.

Given that many public health practitioners are inter-
ested in the application of human rights to their work
even as they are unsure what besides having a good heart
this means for their efforts, as a first step an understanding
of some aspects of human rights is necessary. In the
present article we attempt to set out what application of
these concepts has meant to date in practice, discuss
‘rights-based’ approaches to health, and suggest questions
and concerns for the future.

Although this article will not seek to incorporate bioeth-
ical frameworks into the discussion, it is important to recog-
nize the long-standing relationship of those working in
bioethics and those working in human rights in relation to
health (see, e.g., UNESCO, 2005).The two fields are distinct,
but they do overlap particularly in relation to instituting
international guidelines for research via professional norm-
settingmodes. Human rights and ethics in health are closely
linked, both conceptually and operationally (Mann, 1999;
Gruskin and Dickens, 2006). Each provides unique, valu-
able, and concrete guidance for the actions of national and
international organizations focused on health and develop-
ment. Public health workers should appreciate their distinct
value, but also the differences in the paradigms they repre-
sent in particular with respect to means of observance,
action, and enforcement. The similarities and differences
between bioethics and human rights frameworks for streng-
thening protections in relation to health are beginning to
be explored but are outside the scope of the present article.

In the work of public health we have learned that
explicit attention to human rights shows us not only
who is disadvantaged and who is not, but also whether a
given disparity in health outcomes results from an injus-
tice. Human rights are now understood to offer a frame-
work for action and for programming, as well as providing
a compelling argument for government responsibility –
not only to provide health services but also to alter the
conditions that create, exacerbate, and perpetuate pov-
erty, deprivation, marginalization, and discrimination
(Gruskin and Braveman, 2005). A diverse array of actors
are increasingly finding innovative ways to relate human
rights principles to health-related work, thereby demon-
strating how a human rights perspective can yield new
insights and more effective ways of addressing health
needs within country settings as well as in the policy
and programmatic guidance offered at the global level.
Approaches to Bringing Human Rights
into Health Work

Over time it has become clear that people tend to work in
a variety of ways to further work on health and human
rights, and that while some take health as an entry point,
others take human rights and no one approach has pri-
macy as the only way to make these connections. Despite
this diversity, the frameworks within which they operate
can be generally assigned to four broad categories: advo-
cacy, legal, policy, and programs. We summarize each
framework briefly as follows.
Advocacy Frameworks

Advocacy is a key component of many organizations’ work
in health and human rights. Work in the advocacy cate-
gory can be described as using the language of rights to
draw attention to an issue, mobilize public opinion and
advocate for change in the actions of governments and
other institutions of power. Advocacy efforts may call for
the implementation of rights even if they are not yet in
fact established by law, and in so doing serve to move
governmental and inter-governmental bodies closer to
legitimizing these issues as legally enforceable human
rights claims. This means also linking of activists working
on issues related to health (such as groups focused on
violence against women, poverty and global trade issues),
reaching out to policy makers and other influential
groups, translating international human rights norms to
the work and concerns of local communities, and support-
ing the organizing capabilities of affected communities to
push for change in legal and political structures. An
example of an advocacy approach is the People’s Health
Movement (PHM), a civil society initiative created in
2000, bringing together individuals and organizations
committed to the implementation of the Alma Ata Decla-
ration on Primary Health Care (Declaration of Alma Ata,
1978; The People’s Health Charter, 2005). In 2006, The
PHM launched a campaign ‘‘To promote the Health for
All goal through an equitable, participatory and inter-
sectoral movement and as a rights issue’’ (Right to Health
and Health Care Campaign, 2006).
Legal Frameworks

This approach prioritizes the role of human rights law at
international and national levels in producing norms,
standards, and accountability in health-related efforts.
This includes engaging with law in the formal sense,
including building on the consonance between national
law and international human rights norms, for example, to
promote and protect the rights of people living with HIV/
AIDS through litigation and other means. Pursuing legal
accountability through national law and international
treaty obligations often takes the form of analyzing what
a government is or is not doing in relation to health and
how this might constitute a violation of rights, seeking
remedies in national and international courts and tribu-
nals and focusing on transparency, accountability, and
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functioning norms and systems to promote and protect
health-related rights. Examples of a legal approach
include recent court cases in Latin America and in
South Africa focused on access to antiretroviral therapy
by people living with HIV, invoking in particular the right
to life and the right to health (Carrasco, 2000; Nattrass,
2006). There, constitutional provisions and international
human rights treaties were used to challenge the inaction
or opposition of governments to the procurement and
availability of drugs alleged to be beyond the economic
means of the state or, in the case of South Africa, lacking
scientific evidence of their safety and efficacy (Elliott,
2002; PAHO, 2006).
Policy Frameworks

This approach looks to instituting human rights norms and
standards mostly through global and national policy-
making bodies from health, economic, and development
perspectives. These include human rights norms or langu-
age as it appears in the documents and strategies that
emanate from these bodies as well as the approach taken
to operationalize human rights work within an organiza-
tion’s individual programs and departments. In addition to
the inclusion of human rights norms within recent global
consensus documents such as the UN General Assembly
Special Session on AIDS (UN, 2006), a large and growing
number of national and international entities have formu-
lated rights-based approaches to health in the context of
their own efforts. Among these are several official develop-
ment assistance organizations and agencies, funds, and
programs of the United Nations System. (These agencies
include UNAIDS, UNICEF, UNDP, UNFPA, DFID, as
well as Canadian CIDA and Swedish SIDA.)
Programmatic Frameworks

This approach is concerned with the implementation of
rights in health programming. This includes the design,
implementation, monitoring, and evaluation of health pro-
grams, including what issues are prioritized and why, at
different stages of the work. Often these efforts are carried
out by large international organizations, including both
inter-governmental and non-governmental entities. In gen-
eral, work in this category refers to inclusion of key human
rights components within programmatic initiatives and in
daily practice such as ensuring attention to the participation
of affected communities, nondiscrimination in how policies
and programs are carried out, attention to the legal and
policy context within which the program is taking place,
transparency in how priorities were set and decisions were
made, and accountability for the results. Examples with
respect to this category are discussed in more detail below.

As the health and human rights field has become more
strongly rooted in robust human rights principles and
sound public health, it is appropriate that such different
interpretations and applications to practice are coming
forward. This has, however, unfortunately, in many ways
fuelled the lack of clarity as to what added-value human
rights offer to public health work. Despite significant
differences, work which falls under these different rubrics
is often amalgamated under what is called a ‘rights-based
approach’ to health, and these are in themselves ‘all over
the map,’ whether encompassing legal, advocacy, or pro-
grammatic efforts. One can say that it is a great accom-
plishment of all those who have fostered the dialogue
around ‘rights-based approaches to health’ that this term
is now being used to characterize such a wide range of
activities. A great challenge is that the term is used in very
different ways by different institutions and individuals. At
worst, the inconsistencies in how ‘rights-based approaches
to health’ are conceptualized threaten to undo major
accomplishments. At best, the diversity in interpretation
of what is meant by ‘rights-based approaches to health’
means the field is alive and well.
The Elusive Rights-Based Approach
to Health

Ultimately much of the work to bring human rights into
public health is looking at synergies and trade-offs
between health and human rights and working, within a
framework of transparency and accountability, toward
achieving the highest attainable standard of health. Cen-
tral in all settings are the principles of nondiscrimina-
tion, equality, and to the extent possible the genuine
participation of affected communities. This does not mean
a one-size-fits-all approach. In addition to differences in
frameworks, the rights issues and the appropriateness of
policies and programs relevant to one setting with one
population might not be so in a different setting to another.

Initially conceptualized in the mid-1990s as a ‘human
rights based approach to development programming’ by
the United Nations Development Programme (UNDP,
1998), rights-based approaches have been applied to
specific populations (e.g., children, women, migrants,
refugees, and indigenous populations), basic needs (e.g.,
food, water, security, education, and justice), health issues
(e.g., sexual and reproductive health, HIV, access to med-
icines), sources of livelihood (e.g., land tenure, pastoral
development, and fisheries), and the work of diverse
actors engaged in development activities (e.g., UN system,
governments, NGOs, corporate sector). Even as health
cuts across all of these areas and is regarded both as a
prerequisite for and an important outcome of develop-
ment, the understanding of what a rights-based approach
actually means for public health efforts varies across sec-
tors, disciplines, and organizations.



140 Health and Human Rights: Overview
In order to define the core principles of rights-based
approaches (RBAs) applicable across all sectors of devel-
opment, including health, a ‘‘Common Understanding’’
was elaborated by the UN system in 2003 (UN, 2003). In
short, it suggests that the following points are critical for
identifying a rights-based approach: all programs should
intentionally further international human rights; all devel-
opment efforts, at all levels of programming, must be
guided by human rights standards and principles founded
in international human rights law; and all development
efforts must build the capacity of ‘‘duty bearers’’ to meet
obligations and/or ‘‘rights holders’’ to claim rights (UN,
2003 May).

UN Statement of Common Understanding of the Human

Rights-Based Approach to Development

1. All programmes of development co-operation, policies

and technical assistance should further the realisation

of human rights as laid down in the Universal Decla-

ration of Human Rights and other international human

rights instruments.

2. Human rights standards contained in, and principles

derived from the Universal Declaration of Human

Rights and other international human rights instru-

ments guide all development cooperation and program-

ming in all sectors and in all phases of the programming

process.

3. Development cooperation contributes to the develop-

ment of the capacities of ‘duty-bearers’ to meet their

obligations and/or of ‘rights-holders’ to claim their

rights.

This common understanding has clear implications for
the implementation of health policies and programs
because it offers a common way of thinking although,
even within the health domain, the interpretation of
what these programs actually mean in practice remains
far from universal. A review of public health programs
termed ‘rights based’ by a range of UN system actors and
their partners points to several areas relevant to what
implementation of a rights-based approach to health
might look like (Annotated Bibliography, n.d.). A rights-
based approach to health makes explicit reference to
human rights from the outset, does not invent the content
of rights, and does not name the relevance of rights in
retrospect; it emphasizes building capacity and does not
use human rights norms as a way to name violations after
they occur but as a way to prevent violations from occur-
ring in the first place; and it is based on implementation of
one or several core rights concepts, including nondiscrim-
ination, participation, accountability, and transparency.

Anchoring public health strategies in human rights can
enrich the concepts and methods used to attain health
objectives by drawing attention to the legal and policy
context within which health interventions occur, as well as
bringing in rights principles such as nondiscrimination
and the participation of affected communities in the
design, implementation, monitoring, and evaluation of
health systems, programs, and other interventions. In
addition, it allows for governments and intergovernmental
agencies to be held publicly accountable for their actions
and inactions. The introduction of human rights into
public health work is about approaches and processes
and their application toward maximum public health
gains. It does not mean how the work is done or what its
ultimate outcome will be is preordained to be a certain
way. For example, using human rights standards with a
focus on health systems requires attention to their avail-
ability, accessibility, acceptability, quality, and outcomes
among different population groups (see Annex 1 at the
end of the article) (General Comment no. 14, 2000).
These terms have concrete implications:

. Availability demands that public health and health-care
facilities, goods, and services, as well as programs be
offered to the maximum availability of resources avail-
able to governments. These resources may originate
from public funding sources or international aid.

. Accessibility requires that health facilities, goods, and
services be attainable byeveryonewithout discrimination,
including gender and other recognized forms of dis-
crimination as well as socioeconomic status, the commu-
nity to which they belong, and the distance they live
from an urban area.

. Acceptability calls for health facilities, goods, and ser-
vices to be culturally and otherwise appropriate for the
intended populations.

. Finally, health facilities, goods, and services must be
scientifically and medically appropriate and of the
optimal quality.

Although none of the above should be unfamiliar to
those working in public health, the added value of a
human rights approach to health is in systematizing atten-
tion to these issues, requiring that benchmarks and targets
be set to guarantee that any targets set are realized pro-
gressively, and ensuring transparency and accountability
for what decisions are made and their ultimate outcomes.
Rights-Based Approaches to Health
in Practice

Bringing health and human rights together provides a
framework within which the progress, success, or failure
of a policy or program can be developed and evaluated
against both public health and human rights benchmarks.
In practice, the assessment, design, implementation, mon-
itoring, and evaluation of any health policy, strategy, and
program or intervention should incorporate the key com-
ponents of a rights-based approach.
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Public health and human rights practitioners are
increasingly working to transform a commitment to
health and rights into an agenda for action with respect
to the development, design, implementation, monitoring,
and evaluation of policies, programs, and interventions.
Table 1 is given as an example of how the connections
between sound public health and human rights norms and
standards can be explicitly established and strengthened.
It represents an attempt to outline a process whereby
points of convergence and possible tensions between
health and rights practices may emerge. It schematically
divides the field into five elements, including policy
and legal context; situation assessment and analysis; pol-
icy, program, or intervention design; implementation; and
monitoring and evaluation. It proposes questions that
would allow each of these elements to be examined from
the perspective of key components of a rights-based
approach selected for their relevance to both public health
and human rights: participation, attention to the most
vulnerable populations, nondiscrimination, and account-
ability. This table is merely intended to help systematize
and present examples of the questions that a rights-based
approach to health would ask at each stage of engagement.
It is in no way intended to be exhaustive, and if used in
practice would require adaptation with respect to the spe-
cific health or disability issue considered.

A rights-based approach to health therefore can guide
choices about what should be done and how it should be
done, for example when applied locally to an institutional
or community setting. As with other approaches applied
to public health programming efforts, it aims to achieve
congruence in responding to individual and collective
health needs but also seeks to advance the promotion
and protection of human rights. Applying a rights-based
approach is only one tool in doing effective public health
work. It does not, in and of itself, establish priorities
among programs competing for resources, each of which
arguably would improve health and the satisfaction of
relevant rights, nor does it determine the best way to
intervene once a particular intervention has been agreed
upon. A rights-based approach will be strongest when
used in conjunction with empirical assessment of the
complex epidemiological, economic, management, and
other information relevant to deciding how resources
can most effectively be used and what kinds of improve-
ments in population health should be emphasized.
Conclusion

Considerable progress has been achieved in the last decade
in understanding and promoting rights-based approaches
to health. The last few years, however, have seen a worri-
some trendwhere, in some quarters, the inadequate success
of public health strategies in areas ranging from HIV/
AIDS to child survival is blamed on ‘‘unnecessary attention
to human rights’’ (De Cock et al., 2002). Although those
arguments may be vague, unfocused, and often based on
misinterpretations of how human rights and health actually
operate, the skepticism driving such arguments will need to
be addressed in the coming years. Greater clarity about the
central paradigms of health and human rights is essential to
make this work more effective, as well as to enable the
framing of counter-arguments that will not only be persua-
sive to the skeptics but useful to the public health commu-
nity at large. A benefit then of considering different ways of
conceptualizing and pursuing rights-based approaches to
health alongside one another is that when considering
different initiatives that claim to be ‘rights-based’ it is
possible to get a clearer sense of what work is being done
but also what work is needed to move the field of health
and human rights in the direction of greater clarity. The
idea is not to impose one definition of rights-based
approaches to health over another, but rather to encourage
a discussion about how efforts among different actors
working in health and human rights can be better aligned.
A preliminary step is to examine these differences rather
than to obscure them.

Of critical importance is documentation of the effec-
tiveness of rights-based approaches to health; that is,
presentation of solid evidence of how human rights
approaches to public health initiatives have actually
strengthened those initiatives and informed sound public
health practice rather than acting as deterrents. The
rights-based approaches to health currently under way
in a number of institutions should be examined and vali-
dated to ensure clarity in what are understood to be the
strengths and limitations of the ways they bring human
rights into governmental, nongovernmental, and interna-
tional health work. Efforts are needed to collect and
analyze data to demonstrate how human rights have
been relevant to every aspect of public health program-
ming ranging from the analysis of the health and health
needs of a population to the ways health systems perfor-
mance assessments are done. Research is then needed not
only to expand the evidence already available that infrin-
gements on human rights negatively affect health, but that
the enjoyment of human rights – all human rights – has
beneficial impacts on health and well-being.

It is through such efforts that the ability to generate the
evidence of the effectiveness of rights-based approaches
to health will occur. The challenge is now to harness the
power of human rights to improve the work of public
health in all domains. This will require marshalling the
skills and commitment of the entire public health com-
munity. While embracing the differences in how rights-
based approaches are operationalized, the task is now to
ensure that public health and human rights continue to
come together in strong, powerful, and practical ways.



Table 1 Applying a rights-based approach to public health: Examples of questions to be addressed to ensure maximum congruence between public health and human rights

Human rights
elements
Public health
elements Participation

Attention to most vulnerable
populations Non discrimination Accountability

1. Policy and legal

context

Is participation of communities and

interest groups supported by law

and policy?

Have communities been exposed to
or disproportionately affected by

the health issue in question, been

invited to contribute to the drafting
of policies concerning them?

Do policies refer to specific

vulnerable populations with

regards to health, disability, and

social and economic
determinants?

Have the structures, processes and

needed resources been made
available to translate these policies

and laws into practice?

Are policies and laws discriminatory

with regards to ill health and its

recognized social and economic

determinants, practices, and
impacts?

Are there policies and laws that

specifically oppose discrimination
on the grounds of health or disability

status and their recognized social

determinants, practices, and

impacts?
Are there monitoring, claims, and

redress mechanisms in place?

Have policies and laws been debated

through political processes and in

public fora?

Are policies, programs, and
interventions consistent with the law

and human rights norms and

standards?
Have policies and laws been translated

into decrees or other instruments to

make them effective?

Is a reporting mechanism in place to
address claims of violations of

policies and laws?

Is a functioning judicial process in

place to handle these claims?
Have efforts been made to alert people

about policies and laws specifically

relevant to them?
2. Analysis of the

health situation of

a particular

population or of a
specific public

health problem

Have members of concerned

governmental sectors, private

sector, and civil society

organizations participated in the
design of the study?

Has attention been devoted to ensure

that populations affected by ill

health or their representatives have
participated in the design of

situation assessments?

Has the situation assessment

recognized populations most

vulnerable to ill health or disability

and focused on assessing their
situation, needs and capacity?

Have factors leading to increased

vulnerability to ill-health and

disability been appropriately
mapped out and incorporated in

the design of the situation

analysis?

Is the situation assessment in any way

discriminatory in its aim, design,

conduct, and analysis?

How and by whomwill the results of the

analysis be disseminated among

political leaders, professional

groups, communities, and the
media?

Will the situation assessment be

carried out by competent and

trustworthy entities?
Has the existing body of evidence

informed the situation assessment

design?
Is the presentation of results sensitive

to the risk of aggravating

discrimination?

If so, what mechanism has been put in
place to minimize this risk?
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3. Process of
devising a public

policy, program,

or intervention

Has public information and
consultation been included in the

steps taken to devise the policy,

program, or intervention?
Have divergent views been taken into

consideration before a final

decision was reached?

Have communities particularly
concerned with the health or

disability issue participated in

policy, program, or intervention
design?

What benefits and risks from the

policy, program, or interventions

could accrue to communities
particularly vulnerable to or

affected by the health or disability

issue?

Are sufficient attention and resources
devoted to the meet the needs of

vulnerable populations?

Is the design of the policy, program, or
intervention, in any way

discriminatory?

Are there legitimate restrictions of
rights being considered as part of

the policy, program, or

intervention?

If so, what process has been put in
place to legitimize such

restrictions?

Is the development of policy, program,
or intervention openly discussed with

vulnerable communities or their

representatives?
If restrictions of rights have been

pronounced in the interest of public

health, has there been a clear

presentation of the reasons for and
process applied to such decisions?

Have the authorities responsible for

designing the policy, program, or

intervention been made known to the
public?

Does the policy, program, or

intervention meet the criteria of
availability, accessibility,

acceptability, and quality in the way

it responds to the needs of the

population?
Does the design of the policy, program,

or intervention include targets and

benchmarks to measure progress in

relation to availability, accessibility,
acceptability, and quality of services?

4. Implementation

of policy,
program, or

intervention on

health and

disability

Are public information, education and

participation effectively included in
policy, program, or intervention

implementation?

Have actors in health systems and

other relevant sectors been

Are particularly vulnerable or affected

communities engaged in
implementing the policy, program,

or intervention?

Is implementation of the policy,

program, or intervention striving

Is implementation of the policy,

program, or intervention
discriminatory in its application?

In what forms is such discrimination

perpetrated? In what setting and by

what actors?

Does the implementation of the policy,

program, or intervention meet the
criteria of availability, accessibility,

acceptability, and quality in the way

it responds to the needs of the

population?
educated, trained, and equipped to

implement the policy, program, or

intervention in a health and human

rights sensitive fashion?

towards greater availability,

accessibility, acceptability, and

quality of services among these

populations?

How can discrimination in

implementation of the policy,

program, or intervention be

combated?
What plans have been made and

resources allocated to combat

active discrimination?
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Table 1 Continued

Human rights
elements
Public health
elements Participation

Attention to most vulnerable
populations Non discrimination Accountability

5. A framework

within which the
success or failure

of a policy or

program can be

evaluated,
against both

public health and

human rights

benchmarks

Have targets been set and success

and failure been defined with public
participation?

Have targets been set and success

and failure been defined with the
participation of vulnerable or

affected communities or their

representatives?

Is implementation meeting the needs
of these populations to the

maximum of available resources?

Are monitoring and evaluation

systems efficiently monitoring and
evaluating availability,

accessibility, acceptability, and

quality of services among these
populations?

Is the monitoring and evaluation

system designed to detect causes,
practices, and impacts of

discriminatory actions?

Are claims on grounds of

discrimination heard and taken into
account in the monitoring and

evaluation process?

Is there a mechanism to monitor and

evaluate the implementation and
impacts of the policy, program, or

intervention according to set criteria

of availability, accessibility,

acceptability, and quality?
Have processes been planned and

resourced to measure the impact of

the policy, program, or intervention

put in place?
Are these findings made public?

Are the impacts on health of any

potential violations of human rights
researched and documented?

Has the policy, program, or intervention

contributed to the promotion of

human rights, including the right to
health?

Has the policy, program, or intervention

contributed to progress in the

realization of other human rights?
Are these findings used to inform

needed changes or adjustments in

policy, program, or interventions
both within and outside the health

sector?
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Annex I
The Right to the Highest Attainable
Standard of Health : 11/08/2000

E/C.12/2000/4. (General Comments)
Committee on Economic, Social and Cultural Rights,

Twenty-second session, Geneva, 25 April–12 May 2000,
Agenda item 3.

Substantive Issues Arising in the Implementation of
the International Covenant on Economic, Social, and
Cultural Rights.
General Comment No. 14 (2000)

The right to the highest attainable standard of health
(article 12 of the International Covenant on Economic,
Social, and Cultural Rights).
Excerpts

11. The Committee interprets the right to health, as
defined in article 12.1, as an inclusive right extending
not only to timely and appropriate health care but
also to the underlying determinants of health, such as
access to safe and potable water and adequate sanita-
tion, an adequate supply of safe food, nutrition and
housing, healthy occupational and environmental
conditions, and access to health-related education
and information, including on sexual and reproduc-
tive health. A further important aspect is the partici-
pation of the population in all health-related
decision-making at the community, national and in-
ternational levels.

12. The right to health in all its forms and at all levels
contains the following interrelated and essential ele-
ments, the precise application of which will depend
on the conditions prevailing in a particular State
party:
(a) Availability. Functioning public health and

health-care facilities, goods and services, as well
as programmes, have to be available in sufficient
quantity within the State party. The precise na-
ture of the facilities, goods and services will vary
depending on numerous factors, including the
State party’s developmental level. They will in-
clude, however, the underlying determinants of
health, such as safe and potable drinking water
and adequate sanitation facilities, hospitals,
clinics and other health-related buildings, trained
medical and professional personnel receiving do-
mestically competitive salaries, and essential
drugs, as defined by theWHOAction Programme
on Essential Drugs.
(b) Accessibility. Health facilities, goods and ser-
vices have to be accessible to everyone without
discrimination, within the jurisdiction of the State
party. Accessibility has four overlapping dimen-
sions:
Non-discrimination: health facilities, goods and
services must be accessible to all, especially the
most vulnerable or marginalized sections of the
population, in law and in fact, without discrimi-
nation on any of the prohibited grounds.
Physical accessibility: health facilities, goods and
services must be within safe physical reach for all
sections of the population, especially vulnerable
or marginalized groups, such as ethnic minorities
and indigenous populations, women, children,
adolescents, older persons, persons with disabil-
ities and persons with HIV/AIDS. Accessibility
also implies that medical services and underlying
determinants of health, such as safe and potable
water and adequate sanitation facilities, are with-
in safe physical reach, including in rural areas.
Accessibility further includes adequate access to
buildings for persons with disabilities.
Economic accessibility (affordability): health
facilities, goods and services must be affordable
for all. Payment for health-care services, as well
as services related to the underlying determi-
nants of health, has to be based on the principle
of equity, ensuring that these services, whether
privately or publicly provided, are affordable for
all, including socially disadvantaged groups. Eq-
uity demands that poorer households should not
be disproportionately burdened with health
expenses as compared to richer households.
Information accessibility: accessibility includes
the right to seek, receive and impart information
and ideas concerning health issues. However, ac-
cessibility of information should not impair the
right to have personal health data treated with
confidentiality.

(c) Acceptability. All health facilities, goods and
services must be respectful of medical ethics and
culturally appropriate, i.e. respectful of the cul-
ture of individuals, minorities, peoples and com-
munities, sensitive to gender and life-cycle
requirements, as well as being designed to respect
confidentiality and improve the health status of
those concerned.

(d) Quality. As well as being culturally acceptable,
health facilities, goods and services must also be
scientifically and medically appropriate and of
good quality. This requires, inter alia, skilled med-
ical personnel, scientifically approved and unex-
pired drugs and hospital equipment, safe and
potable water, and adequate sanitation.
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Why Health Behavior Is Important

Health-related behavior is one of the most vital elements
to the public’s health and well-being. Its importance has
grown during the past century, as sanitation has improved
and medicine has advanced so that once deadly or incur-
able diseases can be prevented or successfully treated.
Thus, health-related behavior is an increasing focus of
attention in public health and improving health-related
behavior is central to public health activities.
Themajor causes of death in theUnited States and other
developed countries are chronic diseases such as heart
disease, cancer, and stroke. The causes of each of these
diseases include health risk behaviors. Behavioral factors
are thought to contribute to almost half of the deaths in the
United States. The most common behavioral contributors
to mortality, or death, in 2000 were tobacco, poor diet and
physical inactivity, and alcohol use; other significant causes
of death include firearms, sexual behavior, motor vehicle
crashes, and illicit use of drugs. These behaviors were
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responsible for nearly onemillion deaths in just a singleyear
(Mokdad et al., 2004). The resurgence of infectious diseases,
including foodborne illness and tuberculosis, and the emer-
gence of new infectious diseases such as antibiotic-resistant
infections, HIV/AIDS, hepatitis C, and human papilloma-
virus (HPV) are also influenced by human behaviors. Of the
12 leading causes of death, behavioral factors are related to
all of them. The social and economic costs related to these
behaviors can all be greatly reduced by changes in indivi-
duals’ behaviors.

Over the past 20 years, there has been a dramatic
increase in public, private, and professional interest in
preventing disability and death through changes in life-
style behaviors and participation in screening programs.
Much of this interest has been stimulated by changes in
disease patterns from infectious to chronic diseases as
leading causes of death, the aging of the population,
rapidly escalating health-care costs, and data linking
individual health risk behaviors to increased rates of mor-
bidity and mortality.

Although there is more information about what con-
stitutes healthy behavior and risk factors than ever before,
this has not always led people to practice healthier beha-
viors. There have been some positive changes: In the
United States in the late 1980s and 1990s, average daily
intake of dietary fat dropped from 36% to 34% of total
energy, seat belt use increased from 42% to 67%, and the
number of women over the age of 40 who had breast
exams and mammograms doubled. However, not all the
news is favorable. More adults and children are over-
weight. Diabetes is increasing in near-epidemic propor-
tions. More adolescents are sexually active. After major
increases in seat belt use in the early 1990s, rates declined
slightly and remain at 67%, well below the target rate of
85% (NCHS, 2001). One-fifth of children under three
years old have not received a basic series of vaccinations
for polio, measles, diphtheria, and other diseases. Ethnic
minorities and those in poverty experience a dispropor-
tionate burden of preventable disease and disability, and
for many conditions the gap between disadvantaged and
affluent groups is widening (House and Williams, 2000).

Patterns of risk factors and their impact on the burden
of disease vary across regions of the world, with the most
striking differences found between developing and devel-
oped regions. In the poorest regions, behaviors associated
with childhood and maternal malnutrition, unsafe sex,
tobacco and alcohol use, and personal and household
hygiene are leading causes of disease burden (Ezzati
et al., 2002). In both developing and developed regions,
behavioral risk factors of alcohol use, tobacco, and car-
diovascular risks strongly influenced by dietary and phys-
ical activity behaviors – high blood pressure and high
cholesterol – are major causes of disease burden (Ezzati
et al., 2002). Updated projections of global mortality and
the burden of disease suggest that noncommunicable
diseases will increase in the next two decades, and that
tobacco-attributable deaths in particular will continue to
rise. Global HIV/AIDS deaths are projected to more than
double and to become the leading cause of disease burden
in middle- and low-income countries by 2015 (Mathers
and Loncar, 2006). Both health behavior and medical care
will influence emerging disease patterns: for example, the
reach of effective antiretroviral drugs and increased pre-
vention activity have the potential to affect these projec-
tions from the World Health Organization between now
and 2030 (Mathers and Loncar, 2006).
Definitions of Health Behavior

Health behavior encompasses a large field of study
that cuts across various disciplines, including psychology,
education, sociology, public health, epidemiology, and
anthropology. In the broadest sense, ‘health behavior’
refers to the actions of individuals, groups, and organiza-
tions as well as their determinants, correlates, and con-
sequences, including social change, policy development
and implementation, improved coping skills, and enhanced
quality of life. Health behavior includes not only observ-
able, overt actions but also the mental events and feeling
states that can be reported and measured. Health behavior
has been defined as ‘‘those personal attributes such as
beliefs, expectations, motives, values, perceptions, and other
cognitive elements; personality characteristics, including
affective and emotional states and traits; and overt behavior
patterns, actions, and habits that relate to health mainte-
nance, to health restoration, and to health improvement’’
(Gochman, 1982).

Gochman’s definition is consistent with the definitions
of specific categories of overt health behavior proposed by
Kasl and Cobb in their seminal articles (1966a, b). They
define three categories of health behavior as follows:

Preventive health behavior. Any activity undertaken by an
individual who believes him- or herself to be healthy, for
the purpose of preventing or detecting illness in an asymp-
tomatic state, is defined as preventive health behavior.
This can include self-protective behavior, such as wearing
a helmet when riding a bicycle, using seat belts, or wear-
ing a condom during sexual activity.

Illness behavior. Illness behavior is any activity under-
taken by an individual (who believes she or he is ill) to
define his or her state of health and discover a suitable
remedy (Kasl and Cobb, 1966a).

Sick-role behavior. Any activity undertaken by an indi-
vidual who considers her- or himself to be ill, for the
purpose of getting well, is defined as sick-role behavior.
It includes receiving treatment from medical providers,
which generally involves a whole range of dependent
behaviors, and leads to some degree of exemption from
one’s usual responsibilities (Kasl and Cobb, 1966b).
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These classic definitions have stood the test of time,
and continue to be used by students and public health
workers alike. However, the lines between these three
categories have blurred somewhat over time. For example,
the period of survival after a major illness event such as a
heart attack or a cancer diagnosis has become longer
as treatments and disease management have improved.
Cancer survivors can benefit from increased physical
activity after initial treatment, both to improve quality of
life and to prevent recurrence of the cancer. Diabetes self-
management involves a complex set of behaviors that help
to reduce health risks and prolong healthy functioning.
So, a person who has been diagnosed with a serious
disease may practice preventive health behavior for
both disease management and prevention of further
health risks.

As well, classic definitions of health behavior empha-
size the actions of individuals, in contrast to a public health
perspective, which is concerned with individuals as part of
a larger community. Also, individuals’ actions (behaviors)
are what determine many of the social conditions that
affect people’s health. For example, people act collecti-
vely to make laws and policies and to implement and
enforce them.

Additional useful distinctions can be made between
‘episodic’ and ‘lifestyle’ behaviors, or habits. Episodic
health behavior can be something that is done once, or
periodically, like getting immunizations or a flu shot. It
can also be something that one does only to oneself, such
as putting on sunscreen, or a behavior that affects others,
like putting up a shade cover so children at the play-
ground are protected from the sun.

Lifestyle behaviors, or health habits, are actions that
are performed over a long period of time, such as eating
a healthful (or unhealthy) diet, getting regular physical
activity, and avoiding tobacco use. A composite of vari-
ous healthful behaviors is often referred to as a ‘healthy
lifestyle.’ However, most people do not practice all
healthful or risky behaviors consistently, for instance,
someone might get regular, health-promoting exercise
several times a week but be a cigarette smoker who
seldom brushes his or her teeth. Or someone might
quit smoking, only to begin overeating as a substitute.
In the ideal, the person who practices a variety of
behaviors in a health-enhancing manner can be
described as having a healthy lifestyle. More realistically,
though, many people practice some, but not all, lifestyle
behaviors in a healthy manner.
At-Risk Populations as Defined by Their Health
Behaviors

The idea of ‘risk factors’ or ‘at-risk populations’ is com-
plex and involves many dimensions of risk.
Biological risk

Biological risk involves risks that are part of one’s physical
make-up, and may involve hereditary disorders or genetic
predisposition to certain diseases. For example, some of
the better-known hereditary diseases such as Tay-Sachs
disease, Huntington’s disease, and cystic fibrosis are pri-
marily biologically determined and, to date, there are no
known behaviors to recommend for preventing them.
Other biological risks can be addressed, at least partly,
by preventive health behavior: fair-skinned people are at
greater risk for skin cancer, and someone whose parent
died of a heart attack in their 40s is likely to have an
increased risk for heart disease. Fair-skinned people can
make strong efforts to avoid exposure to ultraviolet radia-
tion (UVR) or sunlight, and those with a family history of
heart disease can avoid tobacco, maintain a healthy
weight, and manage risk factors such as high blood pres-
sure and high cholesterol. There are other biological
predispositions that confer increased risk to people in
combination with certain exposures – often behavioral –
that are increasingly being uncovered through scientific
research in molecular epidemiology, also often known as
genetic epidemiology. For example, a man with a family
history of colon cancer who eats a lot of red meat might be
increasing his risk more than would a woman with no
relatives who have had the disease.

Environmental risk

Another category of risk is environmental risk, which may
or may not be within the control of individuals’ behavior.
Examples include air pollution, water pollution, congested
traffic, and characteristics of the ‘built environment’ such
as urban sprawl. These risks may affect people’s health
directly – such as when high levels of particles in the air
cause asthma or allergies to flair up, or indirectly through
health behavior – such aswhen people spend a lot of time in
their cars, being sedentary, because of lengthy commuting
distances to work.

Social risk factors

Social risk factors have been increasingly recognized by
social scientists and epidemiologists over the past 30 years
(Berkman and Kawachi, 2000). Social isolation is thought
to increase the risk of both physical and psychological
health problems. Again, this can be considered a direct
social risk or one that operates through behaviors such as
poor self-care, and increased use of alcohol and drugs. In
contrast, social support systems are believed to be protec-
tive to individuals and ‘social capital’ is a construct that
describes communities that are more likely to be cohesive,
trusting, and to have better health.

Behavioral risk factors

Finally, behavioral risk factors are risks identified specifi-
cally with the practice, or failure to practice, an action or
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series of actions that are associated with health outcomes.
These include tobacco use, poor diet, physical inactivity,
risky sexual behavior, poor dental hygiene, drinking and
driving, and many others that are important contributing
causes to illness or inadequate disease management.
Determinants of Health Behavior

There are many questions about how health behavior
develops and is sustained. Therefore, both public health
workers and scientific researchers continue to attempt
to understand the nature and causes of many different
health behaviors that lead to varying levels of risk for
disease. An understanding of the determinants of health
behavior is critical for developing effective interventions
that may reinforce or change behavior. Numerous the-
ories and models have been developed to understand
health behavior and its determinants. The determinants
of health behavior are complex and multifaceted, so one
single theory rarely can explain a health behavior (Glanz
et al., 2002). Because of this, some models have been
developed that use multiple theories to help understand
a specific problem in a particular setting or context.
Behavioral Theories

Broadly speaking, these theories and models can be bro-
ken down into two categories: (1) theories of behavioral
prediction or explanation; and (2) theories of behavior
change or action. Explanatory or predictive theories
help to identify factors that may influence a health behav-
ior; if properly specified, explanatory theories should be
able to predict reasonably well who will be more or less
likely to perform a given behavior. In contrast, theories
and models of behavior change focus on the change pro-
cess; these theories tend to detail stages through which
individuals progress before achieving lasting health
behavior change. Though these two types of theories
often have different emphases, they are complementary.
For example, knowing the reasons why someone smokes is
important for the development of effective smoking ces-
sation materials, but equally important is an understand-
ing of how someone who has made several unsuccessful
quit attempts in the past can progress to becoming a
nonsmoker.

The major theories can be classified into roughly three
categories: (1) individual level, focusing on constructs
such as knowledge and attitudes; (2) interpersonal level,
emphasizing social factors such as social norms or social
support; and (3) structural or environmental, emphasizing
multiple levels of influence, including access to resources,
laws, and policies. The most commonly used theories cut
across these levels. Glanz et al. (2002, 2005) have con-
ducted several reviews of health behavior theories
presented in major health education, health behavior,
and preventive medicine journals. The most common
health behavior theories used in research published in
health education, health behavior, and preventive medi-
cine journals are briefly described here.

The health belief model (Rosenstock, 1974) was origi-
nally developed to explain why people took or did not
take advantage of preventive services such as disease
screening and immunizations. The model suggests that
when a person perceives a threat that has severe conse-
quences, and believes she or he is likely to take action. To
take action against that threat (i.e., change their behavior),
the individual must also perceive that the benefits out-
weigh the costs of the preventive action.

The theory of reasoned action (Ajzen and Fishbein,
1980) proposes that the most proximal indicator of actual
behavior is behavioral intention. Behavioral intentions, in
turn, are a function of (1) attitudes toward the behavior,
and (2) subjective norms regarding the behavior. Attitudes
are made up of beliefs about the positive and negative
consequences associated with performing the behavior, as
well as an individual’s evaluation of those consequences.
Subjective norms are a function of normative beliefs that
people who are important to the individual think they
should or should not perform the behavior, as well as that
individual’s general motivation to comply with a particu-
lar person’s wishes.

An extension of the theory of reasoned action, the
theory of planned behavior (Ajzen, 1985) includes the
idea of perceived behavioral control. Perceived behavioral
control depends on specific beliefs about the likelihood
that certain conditions might affect the ability to control
the behavior, and whether those conditions would encour-
age or constrain behavioral performance. Perceived
behavioral control is similar to self-efficacy, found in
social cognitive theory.

Social cognitive theory (SCT) (Bandura, 1986) pur-
ports that people and their environments are thought to
interact continuously. A basic premise of SCT is that
people learn not only through their experiences, but also
by watching the way other people act and the results they
achieve. According to SCT, three primary factors affect
behavior. First, individuals must have self-efficacy, or the
confidence in their ability to perform particular behaviors
(akin to perceived behavioral control above). Second,
individuals must have personal goals that provide them
with meaningful incentives for change. Third, the per-
ceived advantages of practicing the behavior must out-
weigh the obstacles that hinder behavior change.

Like SCT, social ecological models of behavior change
emphasize the importance of the interplay between indi-
viduals and their environments. Sallis and Owen (2002)
suggest the following with respect to health behavior
determinants: (1) individual, social, and environmental
forces determine health behavior; (2) both natural and
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built environments influence health behavior, including
actual and perceived influence; (3) different levels of
aggregation (including individuals, families, organiza-
tions, communities, and populations) need to be consid-
ered, both to understand and to change health behavior;
and (4) behavior-specific ecological models may improve
behavioral prediction and change.

The stages of change model – or the transtheoretical
model – addresses individuals’ readiness to change their
behaviors from unhealthy to healthy (DiClemente et al.,
1991). Its basic premise is that behavior change is a pro-
cess and not an event, and that individuals are at varying
levels of readiness to change. This means that people at
different points in the process of change can benefit from
different programs for change. In developing successful
behavior change intervention, the programs work best if
matched to the person’s stage at that time. For example,
a smoker who has never thought about quitting will
need different messages (to motivate the smoker to think
about quitting) than a smoker who has made repeated
unsuccessful attempts (to build self-efficacy to quit).

It is useful to consider these various theories in con-
text, relative to the level of analysis (individual, social,
environmental) and to determine whether they focus pri-
marily on explaining or changing behavior. The health
belief model, the theory of reasoned action, and the
theory of planned behavior can all be considered explan-
atory theories of individual health behavior, in that they
all have a clearly defined set of constructs, specify the
relationships between constructs, and focus on individual
explanations for health behavior. SCT, which contains a
larger number of constructs, and a more dynamic rela-
tionship between individuals and their environments,
shares some features with the aforementioned theories,
as well as similarities with social ecological models of
behavior. By viewing behavior as a dynamic process, and
highlighting the importance of social and environmental
determinants, SCT and social ecological models are more
complex, and provide a more holistic approach to behav-
ior change. Finally, the stages of change model focuses
on the behavior change process, and are best used in
conjunction with other behavioral theories.
Overlap of Behavioral Theories

Various theories of health-related behavior often overlap.
Not surprisingly, these explanations for behavior and
models for change share several important cross-cutting
issues and constructs. This section highlights a few of the
most important of these.
Behavior change as a process

One central idea that has gained wide acceptance in
recent years is the simple notion that behavior change is
a process, not an event. Rather, it is important to think of
the change process as one that occurs in stages. It may
involve more than someone deciding one day to stop
smoking and the next day becoming a nonsmoker for
life. Also, most people won’t be able to dramatically
change their eating pattern all at once. The idea that
behavior change occurs gradually is not new, but it has
gained wider acceptance in the past few years. Indeed,
some multistage theories of behavior change date back
more than 50 years (Lewin, 1935; Weinstein, 1993).
Changing behaviors versus maintaining

behavior change

Even when there is good initial compliance to a health-
related behavior using change advice or attempts
(e.g., applying sunscreen or changing diet), relapse is very
common. Thus undertaking initial behavior changes and
maintaining behavior change are verydifferent and require
different types of programs and/or self-management
strategies. For example, someone could quit smoking by
going ‘cold turkey,’ but they will probably be tempted
again, perhaps at a party where their friends are smoking.
To maintain cessation behavior requires developing self-
management and coping strategies, and establishing new
behavior patterns that emphasize perceived control, envi-
ronmental management, and improved confidence in one’s
ability to avoid temptation.
Barriers to actions, pros and cons, and

decisional balance
The concept of barriers to action, or perceived obstacles,
is often mentioned in theories of health behavior. An
extension of the concept of barriers to action involves
the net benefits of action, also referred to as ‘benefits
minus barriers’ in the health belief model (Glanz and
Rimer, 2005). In the stages of change model, there are
parallel constructs labeled as the pros (the benefits of
change) and cons (the costs of change) (Prochaska et al.,
1992). Taken together, these are known as decisional
balance, or the pros minus cons, similar to the net benefits
of action in the health belief model. In the theory of
reasoned action and theory of planned behavior, attitudes,
norms, and perceived behavioral control each consists of
the sum of different positive and negative beliefs. The idea
that individuals engage in relative weighing of the pros
and cons has its origins in models of decision making, and
has been considered important for many years (Lewin,
1935; Janis and Mann, 1977). Indeed, this notion is basic to
models of rational decision making, in which people
intellectually think about the advantages and disadvan-
tages, obstacles and facilitators, barriers and benefits, or
pros and cons, of engaging in a particular action.
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Behavior-Change Strategies for At-Risk
Populations

Why Focus on High-Risk Populations?

From a public health perspective, it may be prudent to
focus on high-risk populations and especially those who
are at risk because of their health behaviors. There are
limited resources to encourage and support risk reduction
efforts, and focusing those resources (time, money, pro-
grams) on those at high risk may be more efficient. People
have variable levels of need as defined by the chances that
they will get sick or die prematurely, and it makes sense to
concentrate efforts on those with greatest need. Interven-
tion strategies may have a larger effect on people who are
at risk, and further, the risk (and association perceptions of
risk) may increase the salience of the issue and the moti-
vation to change.
Health Risk Communication

A decision to focus behavioral interventions on high-risk
populations must be accompanied by an understanding of
how best to reach and communicate with these vulnerable
populations. Principles of effective health and risk com-
munication should guide the development of strategies
and materials for behavior change among at-risk popula-
tions. Two key issues to focus on are (1) determining how
to reach the desired audience, and (2) specific ‘message’
considerations for at-risk populations.

There are two primary options for reaching an at-risk
population: through targeting (or audience segmenta-
tion) or tailoring. Targeting at-risk populations is most
effective when there is a channel to effectively reach
those populations; that is, there is a preferred medium
that is shared among the population. Many demographic
variables, such as age, gender, or race/ethnicity, can be
predictors both of high-risk behaviors and of channel
preferences. For example, adolescents are at greater risk
for smoking initiation, and there are various ways to
reach this population almost exclusively, such as through
teen magazines.

There are also ‘psychographic’ variables that can be
used for targeting at-risk populations. An example of
psychographic targeting of these populations is the
SENTAR, or sensation-seeking targeting approach
(Palmgreen et al., 2001), which has been a successful
targeting strategy to reach adolescents at greatest risk
for drug use. Researchers found that sensation seeking,
or the need for novel, complex, and emotionally intense
stimuli, is a personality trait that can predict: (a) adoles-
cents at greatest risk for drug use; and (b) the types of
messages that are most appealing to those adolescents.
With this information, messages that appeal to at-risk
adolescents can be developed and then can be inserted
into programming preferred by the high-sensation see-
kers, thereby ensuring that messages will reach the
desired population.

In contrast to targeting, which focuses on delivering
the same set of messages to a homogeneous group, tailor-
ing involves delivering messages that are individualized,
and based on personal assessments. Tailoring acknowl-
edges that even among a relatively homogeneous at-risk
population, there may be differences in the underlying
beliefs, values, or norms that are associated with a given
health behavior. After identifying these salient beliefs
through an initial assessment, a computerized algorithm
can be used to create individually tailored materials.
Researchers have found that people may pay more atten-
tion, process more deeply, and make greater behavioral
changes when messages are tailored rather than generic
(Kreuter et al., 1999; Skinner et al., 1999). The disadvantage
of using a tailored approach is that the messages can only
be generated for those who have provided information
about themselves – usually by completing a questionnaire –
so tailored materials are usually more expensive to pro-
duce and typically have a smaller reach than targeted
approaches.

When designing messages for at-risk individuals, spe-
cial attention should be paid to the way that risk is
discussed. Dual processing theories (Leventhal, 1971;
Witte, 1992) suggest that when individuals are faced
with risky or ‘threatening’ information, they may react in
one of two ways: (1) they can become fearful, which can
trigger avoidance and denial; or (2) they can become alert
to the danger, vigilant, and motivated to do whatever is
necessary to alleviate the threat.

Messages that inform people that they have an ele-
vated risk for developing a negative health outcome, or for
performing an unhealthy behavior, tend to heighten fear.
If that fear is elevated, and people are not also told how
they can reduce their risk, then any other messages will
likely not be processed. In contrast, if fear is elevated and
is coupled with efficacy messages (e.g., there is an effective
response to reduce risk, and the individual is able to make
the recommended changes), then individuals will be more
likely to be motivated to reduce the threat.
Conclusion

Understanding and improving health-related behavior is
key to improving public health and individual well-being.
Focusing on at-risk populations is one strategy for max-
imizing public health impact. In general, behavioral inter-
ventions will be more effective if they are theoretically
based. Communication strategies targeting high-risk indi-
viduals should be carefully crafted and properly pretested
to ensure that the messages do not trigger denial or
avoidance. Whereas policies, laws, and regulations can
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af f ect health behavior s, individual beliefs and motivatio ns
must also be con sidered in publi c health ef for ts. Behavior
change is incr emental. Many peopl e who are at greates t
risk for negative health outco mes have practic ed a lif etime
of less tha n optim al health behavior s of one sor t or
another. It is unreasona ble to expect tha t signi ficant and
lasting ch anges will occur durin g a shor t period of time .
Public health pro grams need to identif y and max imize the
benefits or advantages of positive change, push or pull
par ticipan ts along the con tinuum of change, and con sider
changes in educatio nal programs and environ ment al sup-
por ts to help peopl e who have made ch anges maintain
them over the long ter m.
See also: AIDS, Epidemiology and Surveillance; Cancer

Screening; Cardiovascular Disease Prevention; Cultural

Issue s in Health Co mmunication; Diabetes Mellitus

Prevention; Diet and Cancer; Diet and Heart Disease;

Health Promotion; Physical Activity and Health; Popula-

tions at Special Health Risk: Children: Childrens Mental

Health Services; Smoking Cessation.
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Definition of Health Expenditures and
Their Accounting Frameworks

What Is a Health Expenditure?

A health expenditure is a consumption of a resource with
the primary objective of promoting, restoring, and main-
taining health. National or total health expenditure is the
monetary representation of the totality of resources being
consumed within the health system for a given year. The
information on resources consumed is best reported
within a formal accounting framework.
What Is Counted as a Health Expenditure Under
a Health Accounting Framework?

From the above, it is clear that to be counted as a health
expenditure, two criteria must be fulfilled: First, there
must be a final consumption of a resource, and second,
the primary objective of consumption of the resource is to
promote, restore, and maintain health.

A consumption of a resource is clearly recognizable if
there is a financial transaction. There is a producer of a
good or a service on one side and there is a consumer on
the other side. Their transaction can be translated into its
monetary value. For example, hospitalizations, outpatient
visits, including all the attendant diagnostic tests, medi-
cines, and surgical procedures are clearly health expen-
ditures. Alternative or complementary medicine and
public health services would also be included. Many of
these can be billed or costed. Informal payments for
health goods and services, or in addition to formal pay-
ments, are also considered as financial transactions,
though they may be more difficult to capture.

On the other hand, resources consumed in the course
of production of health professionals would not be
considered a final consumption. In the same way, the
classification of capital expenditures in health such as
investments in clinics and hospitals and medical equip-
ment is tricky because consumption is ongoing through-
out the life span of the resource.

The application of the second criterion of primary intent
to promote, restore, or maintain health is clear in many
situations. However, in some situations, the distinction
between health and non-health or primary versus second-
ary intent is ambiguous. This lack of clarity arises parti-
cularly in case of vulnerable or dependent individuals,
e.g., long-term care of the elderly or those with disability,
or hospice care for terminally ill patients or care of HIV-
positive orphans. In these cases, the distinction between
health and non-health is facilitated by unbundling of the
service and identification of the components as being
health- or social welfare-related.

Intent is not necessarily defined by who delivers the
care or where care is delivered. For example, school
systems implement classes on safe sex or on basic sanita-
tion and hygiene. Occupational health programs are
delivered within business premises. The ministry of
defense might run its own health subsystem and provide
health services exclusively to its active duty personnel,
veterans, and their families.

From the above, it is clear that the consumption of
health resources occurs in different settings and through
different mechanisms. To capture the universe of health
spending entails a comprehensive and discerning approach.
At the same time, to be able to use information on health
expenditures in policy, it is necessary that the tracking of
health expenditures be standardized and reported within
a formal accounting framework. Every framework needs
to address two main objectives:

1. To provide guidance on how to consistently estimate
and report health expenditures that enable the docu-
mentation of trends across time and space. When there
is ambiguity with regard to whether a substantial
amount of resources represents final consumption or
whether the primary intent to promote, restore, or
maintain health, arbitrary decisions will need to be
taken and codified into an accounting framework. In
this way, the designation of the resource as health or
non-health, even if arbitrary, can still inform policy.
Everyone will have a common expectation of whether
consumption of a particular resource will be routinely
counted as a health expenditure or not, and can then
make the necessary adjustments depending on the
nature of their policy concerns.

2. To facilitate interpretation of health expenditures
within the general economic accounting framework
in the country. The health sector comprises a signifi-
cant part of the economy. A health accounting system
that is consistent with an accounting system that tracks
the whole economy contributes to a greater under-
standing of the role of health within the economic
life of the country.



Health accounts: 
Synthesis of three dimensions: 

financing, production, and consumption 

Functional accounts: 
Focus on the services consumed 

Satellite accounts: 
Focus on the production of services 

Health module on national accounts: 
Focus on two dimensions: 

Production and consumption 

Separate report of health branch/ 
health and social care 

Report of health branch aggregated 
with other branches  

Partial data for one/two dimensions: 
Financing and/or consumption 

COFOG/COICOP  
or similar approaches

agent/sector classifications 

Figure 1 Descriptive summary of health accounting frameworks. COFOG, the classification of the functions of government

(a classification used to identify the socioeconomic objectives of current transactions, capital outlays, and acquisition of financial assets
by general government and its subsectors); COICOP, classification of individual consumption by purpose (a classification used to

identify the objectives of both individual consumption expenditure and actual individual consumption). From System of National

Accounts 93.
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Figure 1 describes the three major health accounting
systems that currently exist. In a few years, it is antici-
pated that a global health standard for health accounting
will be developed that will both serve national needs and
facilitate international comparisons.
How Are Health Expenditures Estimated and
Reported?

Picturing the flow of funds and construction of

national health account matrices

The unit of analysis in tracking health expenditure flows
is the final consumption of a resource. For every resource
consumed, there is a financier, a provider, and a consumer,
illustrating the three analytical dimensions of accounting
frameworks. The financing dimension covers both the
funders (financing sources, or FS) and the purchasers
who decide where the funds will be spent (financing
agents or FA). The production dimension includes the
providers (HP) and inputs to production (also called
resource costs or RC and includes human resources,
pharmaceuticals, capital). The consumption dimension is
reflected in the use of the resource (health functions or
HC) and consumer/beneficiary analysis by specific char-
acteristics (age, sex, socioeconomic characteristics, health
status, place of residence). The tracking of funds as
they flow from financing, production to consumption
(see Figure 2) is called national health accounting.
National health accounts (NHA) cover both public and
private sector spending.

Figure 2 could also be converted into a series of
matrices illustrating several stages in the flow of expendi-
tures, including:

. financing source by financing agent;

. financing agent by provider;

. provider by function.



Financing flow in the health system

Financing

Production

HP.1 Hospitals
HP.2 Nursing and residential care facilities
HP.3 Providers of ambulatory health care
HP.4 Retail sale and other providers of medical goods
HP.5 Provision and administration of public health programmes
HP.6 General health administration and insurance
HP.7 All other industries/Rest of the economy
HP.8 Institutions providing health related services
HP.9 Rest of the world

Providers (HP)

Beneficiaries
Demographic groups
Socio-economic strata
Epidemiological profiles
Geopolitical entities

Consumption

Financing sources (FS)
FS.1 Public funds
FS.1.1 Government funds, FS.1.2 other public funds
FS.2 Private funds
FS.2.1 Employer funds, FS.2.2 household funds, FS 2.3 NPISH*,
FS.2.4 Other private funds

Financing agents (FA)**
HF.A Public sector
HF.1.1 Territorial government, HF.1.2 social security funds,
HF 2.1.1 Government employee insurance,
HF 2.5.1 Parastatal (quasi corporations) corporations
HF.B Non–public sector
HF.2.1.2 Private employer insurance, HF 2.2 other private insurance,
HF.2.3 Households� out-of-pocket payments,
HF.2.4 NPISH*,HF.2.5.2 private firms and corporations

HC.1 Service of curative care
HC.2 Service of rehabilitative care
HC.3 Service of long-term nursing care
HC.4 Ancillary services to medical care
HC.5 Medical goods dispensed to outpatients
HC.6 Prevention and public health services
HC.7 Health administration and insurance
HC.R.1-5 Health related functions
HC.R.1 Capital formation
HC.R.2 Education and training
HC.R.3 Research and development in health
HC.R.4 Food, hygiene and drinking water control
HC.R.5 Environmental health

Resource cost (RC)

Functions (HC)

RC.1 Current outlays
RC.1.1 Compensation to human resources
RC.1.2 Supplies and services
RC.1.3 Consumption of fixed capital
RC.1.4 Interest
RC.1.9 Other current expenditure
RC.2 Capital
RC.2.1 Buildings
RC.2.2 Movable equipment

FS.3 Rest of the world funds/external resources

Variables marked in red : WHO estimates are reported in the Country pages
                                        (http:/www.who.int/nha/country/en/)

*Non-proft institution serving households.
**WHO accounts for “Expenditure by the Rend the World” (HF 3 as per the International
Classification of Health Accounts) under General governement expenditure on health
and private expenditure on health.

Figure 2 Financing flow in the health system.
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More matrices could be constructed, depending on the
policy need. The matrix approach ensures that at every
level of transaction, there is a supplier and a recipient and
that the expenditure, viewed from either perspective, does
not change in quantity. This self-correcting character-
istic of matrices is helpful for either estimation or valida-
tion purposes. More detailed information on estimation
and validation techniques including data sources is avail-
able from the Guide to Producing National Health
Accounts with special applications for low-income
and middle-income countries or the System of Health
Accounts.
Reporting conventions for time and place,
including indicators

In capturing health spending, certain reporting conven-
tions are observed. Expenditures are reported annually,
based on calendar year and sometimes fiscal year. When
there are missing data for some years, they are usually
filled in by interpolation, on the assumption that it is
business as usual. Recording in national currency units is
on an accrual basis or at the time of consumption of the
resource, rather than the time of payment.
Consistent with the definition of a health expenditure,
expenditures are attributed to the country of residence of
the consumer/beneficiary, rather than to the place where
the service or good is provided. Medical tourism or cross-
border care is treated in a similar way.

There are minimum indicators that are to be recom-
mended to be reported annually. These indicators and
their definitions are seen in Table 1.
The Global Picture of Health Spending

Data in this section are obtained from the latest year
available from the WHO database on health expendi-
tures of 193 Member States. More detailed information
including a 10-year series for each Member State and
methodology notes are available from the WHO NHA
website.
Gross Domestic Product and Health Spending

In 2004, the world spent a total of US$4.1 trillion on
health at exchange rates or I$4.9 trillion (International



Table 1 List of health spending indicators

Indicator Definition

Total expenditure on health Sum of general government and of private expenditure on health
General government expenditure on health The sum of outlays for health maintenance, restoration or enhancement paid for in

cash or in kind by government entities, such as the Ministry of Health, other

ministries, parastatal organizations, social security agencies, (without double-

counting the government transfers to social security and to extrabudgetary
funds). Includes transfer payments to households to offset medical care costs

and extrabudgetary funds to finance health. The revenue base of these entities

may comprise multiple sources, including external funds

Social security and extra-budgetary funds on
health

Expenditure by social security schemes and public social health insurance
schemes to purchase health goods and services. These schemes refer to all

compulsory schemes for a sizeable segment of the population. Extrabudgetary

funds made up of publicly funded schemes that operate autonomously, such as
university hospitals, foundations dealing with specific health risks, etc.

Private expenditure on health Comprises the outlays of insurers and third-party payers other than social security,

mandated and voluntary employer health services and other enterprises

provided health services, nonprofit institutions and nongovernmental
organizations (such as the International Committee of the Red Cross) financed

health care, private investments in medical care facilities and household out-of-

pocket spending

Prepaid private risk-pooling plans The outlays of private and private social (with no government control over payment
rates and participating providers but with only a broad outline from the

government) insurance schemes, commercial and nonprofit (mutual) insurance

schemes, health maintenance organizations, and other agents managing
prepaid medical and paramedical benefits, including the operating costs of

these schemes

Nongovernmental organizations’ expenditure on

health

Resources used to purchase health goods and services by enterprises that are not

allowed to be a source of income, profit, or other financial gain for the units that
establish, control, or finance them

Out-of-pocket spending on health The direct outlays of households, including gratuities and payments in kind made

to health practitioners and suppliers of pharmaceuticals, therapeutic

appliances, and other goods and services, whose primary intent is to contribute
to the restoration or to the enhancement of the health status of individuals or

population groups. Includes household payments to public services, nonprofit

institutions, or nongovernmental organizations. Includes nonreimbursable cost-
sharing, deductibles, co-payments, and fee-for service. Excludes payments

made by enterprises that deliver medical and paramedical benefits, mandated

by law or not, to their employees. Excludes payments for overseas treatment

Tax-funded expenditure on health All public outlays by territorial governments (Central/Federal, Provincial/Regional/
State/District, Municipal/Local) on health, net of intergovernmental transfers,

including subsidies to producers of medical goods and services, investment in

medical facilities, transfer payments to households to offset medical care costs

and extrabudgetary funds
External resources for health Grants and loans for medical care and medical goods channelled through the

Ministry of Health, other public agencies and nonprofit institutions. Grants in-

kind (capital equipment, pharmaceutical supplies and vaccines, technical

assistance such as experts) should be estimated at their monetary value. Grants
to nongovernmental organizations should be accounted for under

Nongovernmental Organizations’ Expenditure on Health (NGOH) outlays in

financing agent table. External resources are a financing source not shown
explicitly under financing agents to prevent double counting as they are

included under general government expenditure on health (GGHE) or NGOH
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dollars taking into account the purchasing power of dif-
ferent national currencies). This constitutes approxi-
mately 10% of the global economy, measured in US
dollars. Health spending by country as a share of gross
domestic product (GDP) can be seen in Figure 3 and
ranges from 1.6 to 16.5%.
Per capita spending on health in 2004 was US$645
(I$777). Disaggregation by country income grouping
shows that the average health spending per capita in-
creases with increasing GDP per capita, as can be seen
in Table 2 and this trend is more clearly demonstrated in
Figure 4.



Health spending around the world, 2004*
(share of gross domestic product, %)

Less than or equal to 3
3.1−5.0
5.1−8.0
8.1−10.0
10.1−13.0
More than 13
No Data

Figure 3 Total health expenditure as a share of gross domestic product.

Table 2 Average total health expenditure by capita according

to country income groupings, 2004

Income level

Averagea gross
domestic product
(per capita US$)

Averagea total
health expenditure
(per capita US$)

High 33496 3725

Upper middle 5229 348

Lower middle 1713 93
Low 516 24

World 6439 645

aEstimated as weighted average.
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Distribution of Health Expenditure by Financing
Agent

Of the total of US$4.1 trillion, 59% were general govern-
ment health expenditures of which 25% were from social
health insurance, while 19% were from private health
insurance, and 18% were out-of-pocket expenditures.
Again, the average global picture masks disparities. In
Figure 5, one can see that low-income countries relied
most heavily on out-of-pocket payments to finance health
care. In these countries, the share of out-of-pocket pay-
ments in total health expenditures was 70% compared to
only 15% in high-income countries. Health expenses in
most high-income countries are raised largely through
public prepayment mechanisms such as tax-based funding
or social health insurance, with potential for cross-sub-
sidizing and protecting households from financial catas-
trophe. These funds are channelled through private
insurance, social security, and government agencies that
purchase or provide health services.
Health Expenditures and Health Outcomes

Linking health expenditures to epidemiology, Figure 6
shows that the poorer WHO regions like AFR and SEAR
account for the largest share of the global burden of
disease (over 50% of global disability-adjusted life years
lost) and 37% of the world’s population. However, they
spend only about 2% of global health resources. Thirty
OECD countries make up less than 20% of the world’s
population but spend 90% of the world’s resources on
health. Richer countries with smaller populations and
lower disease burden use more health resources than
poorer countries with larger populations and higher dis-
ease burden.

How can one judge whether spending is too much
or too little? Figure 7 shows that increasing health
expenditure results in better health outcomes with steep
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aGNI is the sum of value added by all resident producers plus any product taxes (less subsidies) not included in the valuation of output

plus net receipts of primary income (compensation of employees and property income) from abroad. GDP is sum of gross value added,

at purchaser prices converted at market exchange rates to current U.S. dollars, by all resident producers in the economy plus any
product taxes (less subsidies) not included in the valuation of output.
bTerritorial government: the sum of central, regional and local government outlays on health, net of intra-government transfers.
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returns in investment at low levels of per capita spend-
ing, gradually tapering until one reaches a plateau
where increasing investments in health achieves only
very marginal returns.

How Does Information on Health
Expenditure Influence Policy at the Global
and National Levels?

The standardization of estimation and reporting of health
expenditure data allows us to describe and compare
health expenditures by country at a global level. Clearly,
many inequitable disparities exist. Tracking health expen-
ditures at a global level allows one to clearly make the
case for global solidarity in health financing. Low-income
countries do not spend enough on health, the financial
burden is borne directly by the population, and their
health needs are overwhelming. Health expenditures in
high-income countries are now increasingly getting a
bigger share of the economy and raise questions of
efficiency.

At the national level, describing the distribution of
health expenditures can show striking results that lead
to changes in health financing, whether it shows inade-
quate investments in health, inequities in expenditure
by geographic area or by disease, high financial burden
in accessing services because of user fees, or substantial
dependence on donor funds. The value of the infor-
mation provided by health expenditure estimates is also
tremendously increased when it is interpreted in the
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context of other data such as health outcomes or coverage
of interventions. Finally, trends in health expenditures can
also be used to project expenditures into the future.
See also: Determinants of National Health Expenditure.
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Introduction

Well-functioning health systems are of critical impor-
tance to the achievement of both national policy objec-
tives and international policy commitments (such as the
Millennium Development Goals [MDGs] of the United
Nations). Financing systems should be the servants of
policy – the choice of financing mechanisms should be
informed by the type of health system that will meet
overall policy objectives. This article analyzes the main
types of health systems and financing systems across the
world, exploring the policy objectives, the compatibility of
financing mechanisms, and the overall objectives and the
extent to which systems operate as they were intended.
The article also emphasizes the importance of culture and
history to the development of health systems and identi-
fies factors that cause or constrain change. It is shown that
systems are constantly undergoing change, that they fre-
quently do not operate as originally envisaged, and that
they are constantly subjected to pressures from both
inside and outside.
Health Policy Objectives

It is common for governments to have stated (if sometimes
somewhat vague) health policy objectives, and in some
cases these are written into the constitution of a country.
These normally cover protection against infectious dis-
eases and other public health hazards, and access to
important treatment and care when this is needed.
There are several reasons why people may have difficulty
in paying for care. First, because needs are very uncertain
it may be important to insure the risks, and insurance is
not always available to those who would need it. Second,
since some services are very expensive there is a need to
have funds available at the time of need. Third, some
services may be considered important and cost-effective,
but may be too expensive for some parts of the population
to afford.

If a government has an objective of securing access for
its citizens to some or all effective treatments, the chosen
system of financing will have three main objectives –
mobilizing funds for when they are needed, sharing
risks, and subsidizing access, where needed, for those
with low income. In the following section, the degree of
risk sharing, or social solidarity, is an important defining
feature for systems of health financing.
Financing of Current Health Systems

For the reasons given above, almost all governments
accept that health systems cannot be left entirely to mar-
ket forces to produce outcomes that are socially accept-
able. There are two main reasons for this: First, in various
technical ways there is market failure. For example, for
some services (such as vaccination) the benefits of treat-
ment are not exclusive to the individual who receives the
intervention. Such externalities in consumption mean
individuals will undervalue services from a societal view-
point. Second, conditions for perfect markets, and their
associated efficiency, are rarely found in health care. For
instance, there is often an imbalance of information
between supplier and consumer that can lead to induced
demand. Further, there may be high costs in entering the
market, so in many cases there is little effective competi-
tion. The most profitable services to provide are often not
those that have the greatest impact on health.

The response of governments to this market failure
includes regulation of the financing and provision of
care, subsidies to individuals or providers of services, or
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in some cases direct provision by government agencies.
Indeed, the state together with social security organiza-
tions are the largest funders of health services in many
countries. According to the World Health Organization
(WHO, 2007) general government funding accounted
globally in 2004 for 56% of total health-care expenditure,
increasing to an average of over 70% of funding in
Europe. Further, over a third of all countries have 70%
or more of their health-care funding coming from gov-
ernment sources (WHO, 2007). Nevertheless, markets do
not have a monopoly on failure, and governments may
also fail to achieve the best outcomes in their use of health
system resources. (Criteria for evaluating system perfor-
mance are reviewed later in this article.) As will be shown,
there is no consensus on the ideal model for financing a
health system. In most countries, several systems operate
to provide access to different services or for different
sectors of the population. The key archetypal financing
models are now presented.
Archetypal Systems

As already outlined, systems of health financing aim to
ensure resources are available when needed, and may also
aim to share risk or subsidize the poor. Systems that
remove barriers to access for the poor are often classified
as being ‘solidarity based,’ in contrast to those that allow
access to depend on being able to afford insurance or to
pay for services directly.

Solidarity-based financing systems

Three solidarity-based financial systems merit attention:
taxation, social health insurance, and community prepay-
ment schemes.

Taxation

This method of financing the health system uses funds
raised from general government taxation of the population.
This can be either from direct taxes on income or wealth or
from indirect (e.g., sales) taxes. Monies raised from taxation
go into general government revenues to be used for a wide
range of purposes, such as repaying debt and sectoral spend-
ing (defense, education, and policing). In government bud-
get negotiations, health is allocated a proportion of general
funds. In the stereotypical system, these funds are used for
public providers such as hospitals, health centers, and public
health programs and fund all line items such as staff, med-
icines, and other consumables. In this model, all health-care
staff are employed bygovernment. Services are then free (or
available at low prices) at the point of contact for patients
(i.e., there is no price mechanism to determine how the
supply of goods and services matches the needs and wants
of the population).

Under tax-based financing, risks are shared. Depending
on the design of the tax system, it is also normal for tax
systems to provide significant subsidies from richer to poorer
people. Countries that use taxation as amajor source of funds
include the United Kingdom, Ireland, the Nordic countries,
many countries in sub-Saharan Africa, and Canada.

Social Health Insurance (SHI)
The underlying principles of social health insurance (SHI)
are: access to care is provided on the basis of need, and
payment for insurance is based on income or the ability to
pay. The basic characteristics of SHI are the following:

. Insured persons pay a regular contribution based on
income or wealth, not on the cost of the services they
are likely to use.

. Access to treatment and care is determined by clinical
need and not ability to pay.

. Contributions to the social health insurance fund are
kept separate from other government-mandated taxes
and charges.

. The social health insurance fund finances care on be-
half of the insured persons, and care is delivered by
public and private health-care providers.

SHI funds are formally separate from general taxation
funds, and may be organized and managed by autonomous
organizations. Since SHI is separate from taxation and other
publicly mandated systems, the income from contributions
must cover the fees paid for the services to which members
are entitled.However, it is common for SHI to be subsidized
in two ways – from direct payments by government directly
to providers of care (such as grants for capital develop-
ments) and through government payment of subscriptions
for people unable to pay for themselves.

In terms of contributions and entitlement to services,
the basic model has much in common with tax finance,
although – despite the similarities – SHI has retained
much of the tradition and rhetoric of insurance. In prac-
tice, the differences between SHI and tax-financed sys-
tems are more significant – for several reasons. First, the
separate structures for collecting and managing funds
tend to give the system greater transparency. Second,
the fact that members are insured, and access to care is
dependent on contributions to the fund, can give the
patient the status of a customer. Third, to keep the system
in balance, it is necessary to be more explicit about the
range of services to which the contributor is entitled.

Under social health insurance, risks are shared.
Depending on the rules for contributions, social health
insurance systems usually provide significant subsidies
from richer to poorer people, although some systems
have a ceiling on such subsidies. Countries that use social
health insurance as a major source of funds include
Germany, many other countries in Central and Eastern
Europe, Japan, and South Korea.

For many health services under taxation and social
health insurance systems, access is either free or a modest
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user fee or copayment is charged. This removes financial
barriers to access but also can lead to a tendency for
people to want more than is available. In the case of
SHI, this can be paid for by increasing the contribution
(although there are limits to the acceptability of higher
contributions), but in both cases there is some tendency
for shortages to appear and rationing to be needed. Cri-
teria for prioritizing what should be available and who
should get the services include clinical need and cost-
effectiveness of specific services.

There are interesting examples of approaches to
rationing and equity in taxation and social health insur-
ance systems. In some cases, a formula is used to distribute
the resources to different regions based on some measures
of need or disease burden. The aim of such a mechanism
is to ensure that access to care is even across different
areas. Many countries have explicit mechanisms, based on
cost-effectiveness as a key criterion, for approving treat-
ments and drugs to be included in the available packages.
A more visible, and in many ways inefficient, mechanism
for rationing access to care is the waiting list. Once the
need for investigation or treatment has been determined,
the person has to wait his or her turn. It is also common to
have systems of triage and referral, in which access to
specialist care is allowed only after assessment in primary
care and referral by a primary care professional.

Community Prepayment Schemes

In countries where financial and government institutions
are relatively weak, it can be difficult to develop access to
high-quality care through government or social health
insurance mechanisms. In such cases, there have been
attempts to mobilize and manage resources locally, where
there may be more trust from the population. This can be
done through insurance at the community level or through
firms or cooperatives. There are various versions of this
idea, and different terminology is used, but in general the
community-based schemes provide members with the
opportunity to give a flat payment in advance in return for
free or reduced-cost health care if they get sick. It can be
useful in protecting communities against catastrophic costs
of care and cash constraints due to seasonal income (Abel-
Smith, 1994; Lambo, 1998). Nevertheless, it often requires
high local motivation of communities, and there are few
examples of schemes that have been replicated countrywide
(Carrin and Vereecke, 1992; Abel-Smith, 1994; Witter,
2000). In some countries, there is a vision that community
insurance or prepayment schemes can be the precursor of
more formal social health insurance, but there are difficul-
ties in achieving this development (Poletti et al., 2007).

Community insurance systems have typically been
developed in poor areas in poor countries, and an inevita-
ble drawback is the overall lack of local resources.
A second problem is that in many cases the risks facing
individuals are not independent, because some health
risks will occur at the same time for the whole local
population (e.g., a flood or outbreak of an infectious
disease). This makes community insurance schemes very
vulnerable because they are not efficient in sharing risk.
A possible solution is reinsurance (Dror, 2001). A problem
with reinsurance generally is moral hazard. If, in effect,
schemes are rewarded for failure, they will choose to
fail. Reinsurance reduces the incentive to manage
resources carefully, as those that run out of money are
given more money.

Non-solidarity financing systems

The non-solidarity financial systems are: private risk-
based health insurance, medical savings accounts, out-
of-pocket prepayment, and informal fees.

Private risk-based health insurance

In a health system that relies on private risk-based insur-
ance (private commercial health insurance), consumers
choose insurance products covering a range of benefits
and conditions, according to their willingness and ability
to pay. Insurance only works if some people pay more in
contributions than they take out in services. The ideal
conditions for insurance to work well are when there is
a small chance of a need for high-cost treatment, but
neither the insurance company nor the insuree knows
who will need the treatment. What both should know is
the probability, so that an actuarially fair contribution can
be set, but it should be difficult or expensive to identify
the risks for individuals, according to McPake and
Normand (2007). Typically, private insurance schemes
set contributions on the basis of risk (Abel-Smith, 1994;
Ensor and Jowett, 2000).

In the case of health care, the young are usually health-
ier than the old, and in many cases people who are at high
risk have existing symptoms or signs. This means that the
contribution charged to an old person with, for example,
diabetes, will be high to reflect both that older people use
more care and that people with diabetes are at high risk of
related diseases and the need for some high-cost treat-
ments. Other population groups, such as those who are
unemployed or in dangerous jobs, may also find it difficult
to afford private insurance and must fall back on publicly
provided services (Normand and Weber, 1994; Thomas
et al., 2006).

Although people are good risks, they will seek the
lower contributions available from private insurance or
just pay their own way. Typically, this is when they are
young and do not have dependants. When they get older
and become worse risks, they are likely to be unable or
unwilling to pay the contribution offered, and, in most
countries that use private insurance, there are subsidized
services for such groups. Risk-based insurance tends to
fail when there is asymmetry in the knowledge of insurers
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and insurees. Individuals who know they are at high risk
will want insurance. Individuals who know they are a low
risk will consider the contribution too high, so those
actually applying for insurance are likely to be the more
risky cases. This further increases the contributions, since
contributions must reflect this higher-than-average risk.
In the end, contributions may become unaffordable for
many, and the insurance breaks down as a financial pro-
tection mechanism. This is also associated with the con-
cept of adverse selection (McPake and Normand, 2007).

Some countries make it illegal to use certain informa-
tion on risk. For example, it may be illegal to require
people to undergo HIV tests, but experience shows that
it can be easy to get around such restrictions. There are
typical strategies to avoid the problem of the fact that all
those who want insurance are also those at high risk.
These include the following, though none of these steps
entirely resolves the problems:

. Qualifying conditions for membership: For example,
pensioners can only participate if they have been mem-
bers for 50% of their working life.

. Waiting periods: Voluntary members must have a wait-
ing period before they can claim.

. Limited voluntary access: Each person has the chance
only once in his or her life.

Another feature of health insurance is the presence of
moral hazard. If health services are free or modestly
priced at the point of contact, there is no incentive to
limit demand because it is the insurance firm that pays.
Requiring people to make co-payments and excluding
specific services can reduce this moral hazard. The form
of reimbursement for the supplier will also be critical to
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dissuading providers from inflating the quantity of ser-
vices provided.

While private health insurance is often criticized as
being highly inequitable, some authors argue that govern-
ment regulation to ban risk-rating practices can improve
welfare and the equity of financing of private health
insurance for those within the risk pool (Feldman et al.,
1998), if not for the system as a whole.

Private health insurance schemes are an important
feature of financing in the Americas and in Southern
Africa (WHO, 2007). Private health insurance rarely
forms the main financing mechanism, although supple-
mentary private health insurance is a growing phenome-
non in high-income countries. The private funds flowing
to health insurance in countries where they are a major
financing mechanism are shown in Figure 1. The United
States is the most frequently cited example of such a
system, but South Africa and several Latin American
countries also have relatively high enrollment in, and
resources consumed by, private insurance. Private risk-
based insurance helps to mobilize resources for when they
are needed and provides some sharing of risks, but it is not
designed to redistribute resources from richer to poorer
people.
Medical savings accounts

As argued above, one function of financing systems is
to ensure that resources are mobilized for use when
needed. This has led to the development of some financing
systems that do not specifically aim to share risk or provide
solidarity, but which ensure that funds are saved and
protected so as to be available when needed. Compulsory
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savings systems do this, of which the most popular version
is the medical savings accounts system, used in Singapore
(von Eiff et al., 2002) and increasingly being tried in other
countries, including China (Dong, 2006).

The principle of medical savings accounts is simple –
individuals or families must set aside funds into a special
account until the funds reach a certain level. They can
spend this money only on approved forms of medical
costs, and when money is spent they must save again
until the reserves are replenished. There are variants on
the system – the funds can cover extended families so as to
provide an element of intergenerational solidarity, and in
some cases the remaining funds can be inherited in the
event of a death. The main point is to ensure that people
who have sufficient income to save for their medical
expenses do so.

The two main limitations of systems of compulsory
saving are the lack of explicit risk sharing and the inevita-
ble need for other mechanisms to cover the very high
costs of serious illness (Dixon, 2002). In Singapore, where
there is the most extensive experience of compulsory
savings, there are schemes to ensure good access to care
for such circumstances, and there are some other govern-
ment subsidies to providers of care, such as help with
capital costs and some running cost subsidies. Hence,
given limited experience with medical savings accounts,
it is difficult to evaluate their performance in isolation
from country contexts and parallel financing mechanisms
(Hanvoravongchai, 2002).
Table 1 Countries in which out-of-pocket expenditure is the maj

Private expenditure on health as a % of
total expenditure on health

Afghanistan 83.1

Armenia 73.8
Azerbaijan 75.0

Bangladesh 71.9

Burundi 73.8

Cambodia 74.2
Cameroon 72.0

Cote d’Ivoire 76.2

Democratic Republic

of Congo

71.9

Georgia 72.6

Guinea 86.8

Guinea-Bissau 72.7
India 82.7

Lao PDR 79.5

Lebanon 72.6

Myanmar 87.1
Nepal 73.7

Pakistan 80.4

Tajikistan 78.4

Togo 79.3
Vietnam 72.9

Reproduced from WHO (2007) National Health Accounts statistics

202007.xls (accessed November 2007).
Out-of-pocket payments

These are fees paid by the patient on use of health services.
They include both user fees for public-sector services and
payments to private providers at the point of contact. Pro-
ponents of public-sector user fees argue that they can both
improve financial sustainability and referral patterns and
dissuade consumers from unnecessary use of services (Akin
et al., 1987; Shepard and Benjamin, 1993; Kutzin, 1995).
Such arguments have been challenged by others who main-
tain that, in practice, the cost recovery potential of user fees
is limited, particularly without retention of fees at the point
of collection. Further, equity often suffers, especially
through the failure of adequate exemption policies
(Abel-Smith, 1994; Gilson et al., 1995; Nolan and Turbat,
1995; Russell and Gilson, 1995). Out-of-pocket payments
are generally recognized as an extremely inequitable
source of financing (Wagstaff and Van Doorslaer, 1993).

Out-of-pocket payments form the chief financing mech-
anism for health care in several countries in South and
South-East Asia, Africa, the countries of Central and Eastern
Europe, and the former Soviet Union. They are frequently
the mainstay in conflict or postconflict situations and also in
circumstances of regime upheaval where formal public sys-
tems have broken down (see the section ‘Concluding
remarks’). Table 1 notes the 21 countries that are over
70% reliant on private household funding of health care
and where the vast majority of this private funding is out-
of-pocket. Figure 2 highlights the six most reliant countries.
or financing source, 2004 data

OOP as a % of private
expenditure on health

OOP as a % of total expenditure
on health

97.7 81.2

89.2 65.8
93.6 70.2

88.3 63.5

100.0 73.8

85.4 63.4
94.5 68.0

88.7 67.6

100.0 71.9

87.2 63.3

99.5 86.4

90.0 65.4
93.8 77.6

90.3 71.8

82.2 59.7

99.4 86.6
88.1 64.9

98.0 78.8

97.3 76.3

84.9 67.3
88.0 64.2

. http://www.who.int/nha/country/Annex1&2,%20March%205,%

http://www.who.int/nha/country/Annex1&2,%20March%205,%202007.xls
http://parasitology.informatik.uni-wuerzburg.de/login/b/me14268.png.php
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Informal fees

Informal or unofficial fees are payments – monetary or
nonmonetary – made by an individual to a state health-
care worker during official hours of work that do not form
part of the worker’s official salary. These payments may be
expected or unexpected and may be given for services
that are routinely carried out or for an augmented or
additional service (Killingsworth and Thomas, 2003).
There has historically been very little systematic evidence
on the extent of such payments, though there is now a
growing body of research documenting and evaluating the
practice (Gaal and McKee, 2004). There are several forms
of informal fees and a range of explanations for why they
exist. Explanations include:

. ‘legitimate’ payments for doctors when state finances
have collapsed, such as in some countries in the former
Soviet bloc;

. the prevalence of a culture of rent-seeking and entitle-
ment, such as in Bangladesh;

. the importance of gift-giving as a sign of respect in a
transaction, such as with the practice of giving ‘red
packets’ in China.

Informal fees tend to be supported by prevailing cul-
tural values and conventions as well as the underfunding
of the public sector. They also tend to worsen inequity
(e.g., Szende and Culyer, 2006).
Funding by NGO and development aid
partners

Donor funding

Many high-income countries have pledged to achieve the
target of giving 0.7% of their gross national product
(GNP) in aid, and this was reiterated with the Monterrey
Consensus of 2002. Indeed, the MDGs have created a
fresh impetus in generating funding for the world’s poor-
est and most vulnerable groups. Given the importance of
health and health-related targets in the MDGs, increasing
funding for health systems in low-income countries is a
priority for many donors. It is estimated that in 2004,
55 countries were reliant on external aid for over 10%
of their total health-care funding. Of this number,
19 countries were heavily reliant on external support,
which accounted for over 30% of their aggregate health-
care spending (WHO, 2007). Regionally, Africa had the
greatest dependence on external funding sources (9% and
21% of total and general government health-care funding,
respectively) and this amounts to approximately $101 per
person across the continent (expenditure on health at the
international dollar rate during 2004). Many African
countries are highly dependent on aid in the health sector.
Further reliance on loans perpetuates the problem of debt
where those loans are interest-bearing. Indeed, the extra
resources provided by donors, to alleviate domestic
resource shortages and address the mountain of health
problems, come at a price. Berer (2002) notes:

Although it is half a century since most developing

countries became independent politically, all but a few

have been kept economically dependent . . . international

institutions and donors are taking a larger and larger role

in determining the health sector policies and priorities of

middle- and low-income countries and have not always

reached consensus with national governments on how

best to do it.

Donor policy conditionalities have been a key driving
force for the reform programs implemented across Africa,
and donors will continue to be important players in any

http://www.who.int/nha/country/Annex1&2,%20March%205,%202007.xls
http://parasitology.informatik.uni-wuerzburg.de/login/b/me14268.png.php
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future changes in reform design. Many African govern-
ments have been able neither to withstand the pressure for
reform nor to influence its design to a significant extent
(see the section ‘Concluding remarks’). A key factor in this
is their resource dependence. In 2005, the Paris Declara-
tion, signed by 91 countries, went some way toward
agreeing to improve the local ownership of aid, remove
conditionalities, and harmonize donor activity and fund-
ing while helping to build the capacity to absorb aid
within recipient countries (Paris High Level Forum,
2005). The aid architecture for health care is also chang-
ing substantially with the growing number of Global
Health Partnerships (GHPs). These are broad collabora-
tions of governments, from both low- and high-income
states, multilateral organizations, and private sector repre-
sentatives, both for-profit and not-for-profit. Donors are
channeling increasing proportions of their aid through
these organizations (Pinet, 2003). The World Bank and
IMF are also moving away from sector-specific strategies
and toward Poverty Reduction Strategy Papers (PRSPs)
for each country ‘‘as the basis of concessional assistance
from the[se] two institutions’’ (World Bank, 2004).
The effects of these changes on health system financing
and performance are not yet well understood.
Funding by nongovernmental organizations
and foundations

There has been a long tradition in many countries of
health-care provision and some financing by charitable
organizations. In some African countries, a significant
part of the health system in rural areas is provided and
managed by missions, and these are to some extent sub-
sidized from donations from outside the countries as well
as by governments. Over recent years, there has been an
increasing role for charitable foundations, such as the Bill
and Melinda Gates Foundation, in providing resources for
certain services in developing countries. This, along with
the other changes in aid architecture discussed above, has
led to more complex patterns of funding.
Evaluating Health Financing and Health
System Performance: Concepts, Criteria,
and Measurement

In this section, we explore the evaluation of both health-
care financing systems and health system performance as
a whole. The two are clearly interlinked, and it is impor-
tant not just to reflect on how the financing of health care
can impact on overall performance, which it does, but how
overall system performance affects health-care financing
and helps to ground evaluation to further achieve policy
goals. Indeed, we argue here that the choice of mechan-
isms for health-care delivery and finance should reflect
policy objectives and the capacity of the chosen mechan-
isms to achieve these.

Attempts at global comparisons of health-care financing
and health system performance (as carried out by theWHO
in 2000) require that the objectives be specified, and must
be assumed to be the same for all countries. Interestingly,
the WHO stated that ‘‘the purpose of health financing is
to make funding available, as well as to set the right financial
incentives for providers, to ensure that all individuals
have access to effective public health and personal health
care’’ (as quoted in Carrin and James, 2005).

While such statements are a useful benchmark for
international comparison of health-care financing systems,
it may well be more just to analyze performance against the
objectives chosen by individual countries. These are typi-
cally, but not universally, some combination of sufficient
and sustainable resource generation, optimal resource use,
and financial accessibility of health services to all (Carrin
and James, 2005). Further, the weight accorded each com-
ponent may well differ substantially from country to coun-
try according to local values and contexts.

Nevertheless, given scarce resources, it is important to
review how resources are deployed, who is entitled to
what, and how services are financed and organized. The
key challenges in evaluating health-care financing and
health system performance relate to:

. The selection of policy goals against which performance must

be measured. There will often be trade-offs between dif-
ferent policy objectives, one of which is that between
financial sustainability and equity. Different countries
will favor different policy goals, depending on key chal-
lenges faced, and hence will choose different criteria
and place different emphases on any standard criteria
used to measure performance (Arah et al., 2003). There-
fore, any ‘objective’ measures of performance may well
be artificial in their not taking into account the prevail-
ing values of any particular country.

. The selection (and interpretation) of indicators used to monitor

and evaluate performance. In order to be able to gauge
progress, it is important to select indicators that can act
as proxies for the goals/objectives of the health system.
More than one indicator may be required for any
particular objective to allow for triangulation. Hence,
care needs to be taken that the right indicators have
been chosen, often among several, or more ideally,
indicators that are used for any particular objective to
allow for triangulation. Analysts need to be aware that
the relationship between indicators, context, and goals
shifts over time and that which is the best measure
today may not be the best measure tomorrow or in a
different context. Hence, cross-country comparisons
need always to be interpreted with care.

. The calculation of indicators. The old adage of ‘rubbish in,
rubbish out’ applies here. The values and movement of
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indicators are only as good as the data available. Hence,
in considering the most appropriate indicators when
measuring performance, policy makers need to under-
stand local constraints in data collection systems, what
is collated regularly and to good standard, and what will
require additional data collection efforts, whether one-
off or continual. Arah et al. (2003: 392) note ‘‘the diffi-
culty of building a conceptually sound framework
around existing data and initiatives, while measuring
performance gaps and maintaining international com-
parability.’’
Criteria for Evaluation

Since there are multiple (and sometimes competing) pol-
icy objectives that differ between countries, and because
no indicator fully reflects these objectives, it is useful to
base any judgments on a range of measures. The relative
importance of each indicator needs to be weighted to
reflect priorities. Such an approach is taken by the
much-debated WHO report (WHO, 2000), which reviews
the strengths and weaknesses of its methodology after
considering specific criteria.

In setting health policy goals and in designing systems
of health-care finance, system objectives are usually to
ensure access to effective and appropriate care. This
requires that resources are available for those who need
them, when they need them, and that mobilizing such
resources is possible without serious damage to the indi-
vidual or the family. Risk sharing and solidarity can there-
fore be seen as mechanisms to ensure that people can gain
access to appropriate care. It is therefore not surprising
that attempts to evaluate the success of health systems
tend to focus on the broader questions of whether they
achieve fair and equal access and whether this access is for
effective and appropriate services. They also focus on the
burden that is placed on individuals and their families in
the event of illness and the need for treatment or care.
Specific criteria are explored next.

Equity

While there is often confusion over the precise definition
of equity, most definitions relate to fairness of distribution
(Mooney, 1983; Donaldson and Gerard, 1993). There are
two general approaches to equity that can be applied both
to the provision and to the financing of health care:

. Horizontal equity, implying the need for the equal
treatment of equals;

. Vertical equity, implying the unequal but equitable
treatment of unequals.

The translation of these approaches into working defini-
tions of equity may take several forms relating to the
equity of inputs, access, utilization, and outcomes
(Mooney, 1983; Whitehead, 1992; Kutzin, 1995). Wagstaff
and Van Doorslaer (1993) and Kutzin (1995) argue that
equity in health-care financing relates to payment accord-
ing to ability and treatment according to need, though the
operationalization of this is open to significant interpreta-
tion (Culyer and Wagstaff, 1993). Mooney (1996) notes
that while horizontal equity is more popular with policy
makers, it may fail to narrow the gaps that exist between
different groups in society. Certainly, vertical equity cre-
ates more upheaval to the distribution of resources, chal-
lenging vested interests, and as such may attract more
opposition (see the section ‘Concluding remarks’).

One interesting application of equity to health-care
financing is the assessment of the progressivity of different
financing methods in 10 OECD (Organisation for Eco-
nomic Co-operation and Development) countries by van
Doorslaer and Wagstaff (1993). A financing method is said
to be progressive when higher-income groups spend a
larger proportion of their income for health care than
lower-income groups. This fits in with the notion of
paying for health care in accordance with ability to pay,
that is, vertical equity. The results are summarized as
follows:

. Direct taxes (personal income tax) were progressive in
all 10 countries.

. Indirect taxes (such as VAT in the UK) tended to be
regressive. Even when the tax rate is constant, richer
people tend to spend less of their income on such taxes
and so spend a smaller proportion of income on tax.

. Social health insurance schemes were regressive in
those countries where they were the major financing
source (e.g., the Netherlands) largely because of specif-
ic design features such as a ceiling on one’s own con-
tributions, which placed a limit on how much those
who are well off pay. Where it was a supplementary
financing mechanism, the results were mixed.

. Private health insurance was highly regressive when it
formed the main financing source (United States).
Nevertheless, it was found to be progressive when it
was supplementary to other sources, as it allowed those
who were well off to pay disproportionately more for
their health care. There are problems of interpreting
this result because access to care varies between differ-
ent population groups.

. Out-of-pocket payments tended to be a highly regres-
sive means of financing health care. In some respects
this result understates the effects as it does not take into
account differences in entitlements to services.

In a more recent study, Wagstaff et al. (1999) refined
their methodology and revisited the same countries as
well as three other high-income countries. Their results
were similar to the earlier study, but social health insur-
ance appeared to be more progressive (perhaps reflecting
refinement of the designs of social health insurance in
many countries), while private insurance appeared more



168 Health Care Financing and the Health System
regressive. It is interesting to note that most forms of
health-care financing, apart from direct taxation, and
possibly social health insurance, tend to be regressive.
Efficiency

There are two central approaches to efficiency in health
economics. Allocative efficiency is concerned with maxi-
mizing the impact of health-promoting interventions across
a broad range of activities (McGuire et al., 1994; Witter,
2000). The idea of allocative efficiency focuses on asking
whether we are doing the ‘right’ things. It relates to prior-
itizing some activities over others in relation to how they
will meet set objectives, such as aggregate health status
improvement. Many commentators believe that improving
allocative efficiency was the primary objective of health
reforms in the 1990s (Hammer and Berman, 1995; Murray,
1995; Gilson, 1998). Indeed, the movement to introduce
essential packages of health services in many developing
countries was an example of the pursuit of allocative effi-
ciency (World Bank, 1993; Bobadilla et al., 1994). This
controversial approach deployed a macro cost-effectiveness
analysis to the prioritization of health-sector activities to
meet the prevailing disease burden in each country.

Technical efficiency, in contrast, looks at the optimal
combination of resources in any one activity to produce
maximum output at minimum cost (Abel-Smith, 1994;
McGuire et al., 1994; Witter, 2000). It is closer to the
wider use of the concept of efficiency – asking whether
we are doing things in the right way and if we are avoiding
waste. While allocative efficiency focuses on which activ-
ity to pursue, technical efficiency is concerned with get-
ting the right mix of inputs into a specific activity (Brown
and Jackson, 1987; Smithson, 1996). Nevertheless, both
are needed to improve overall efficiency in the use of
resources in the health sector. Concern for technical effi-
ciency, by definition, is associated with a more microeco-
nomic perspective on reform, often concentrating at the
facility level or on specific activities.
Financial sustainability and cost-containment

Another objective for evaluating system performance is
financial sustainability. There are two prevailing defini-
tions. The first discusses the financing of the health sector
in relation to its dependency on external resources
(LaFond, 1995). Of major concern here is the flow of
foreign donor funds into the health system. The second
definition is concerned with the sufficiency, predictability,
and regularity of sources of finances in the health sector
(McPake and Kutzin, 1997). Such an interpretation of
financial sustainability is less concerned with the source
of funds for financing a health sector and more interested
in a steady future flow of finances and the affordability of
future health-care services. The search for alternative
financing mechanisms within the health-care reform
movement was an endeavor by low-income countries to
raise sufficient revenue to finance their desired health-
care provision (Gilson and Mills, 1995).

Acceptability and satisfaction

Acceptability of a health system and satisfaction of its
users can be seen as judgments on its performance in
terms of equity and efficiency. However, consumer satis-
faction may depend not only on how effective or fair is the
use of resources, but also on features of the processes of
delivery. For example, consumers may value politeness in
staff and quality of facilities even when these have little
impact on improving health status. In considering the
views of users, it is important to understand their focus
on process as well as outcome.

Ultimately, health-care services are consumed and
financed by households. It is therefore appropriate for
citizens of a country to have a role in evaluating the health
services that they pay for and use. It is sometimes argued
that health systems are too complex for the general public
to make any meaningful judgment on their performance,
or alternatively, that the expectations of the public reveal
little about actual service delivery or that equivalent sat-
isfaction scores mean different things in different contexts
(see the fascinating exchange between Blendon et al., 2001
and Murray et al., 2001). It is, however, reasonable to give
consumers a say in evaluating performance given their
experience as end users. Indeed, the transparency of a
system may be a good in itself in that people can see
how their resources are being used. The Alma Ata Decla-
ration on Health Services and Community Participation
(International Conference on Primary Health Care, 1978)
goes one step further and asserts that health-care services
should not only be responsive to the needs of commu-
nities but actually should be defined by individual
demands and preferences. It states in Article 1 that

primary health care requires and promotes maximum

community and individual self-reliance and participation

in the planning, organization, operation and control of

PHC, making fullest use of local, national and other

available resources; and to this end develops through

appropriate education the ability of the communities to

participate.

As well, Article IV states that ‘‘the people have the
right and duty to participate individually and collectively
in the planning and implementation of their health care’’
‘‘(International Conference on Primary Health Care,
1978:1).’’
Evaluation Frameworks

As indicated, country governments can establish their own
priorities given prevailing values and the features of the
health system that they inherit. These will often be a mix
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of priorities. A useful guide to analysts wishing to evaluate
their health-care financing system is to adapt the approach
set out by Carrin and James (2005) to all health-care
financing mechanisms in a particular country, taking into
account the local settings and policy objectives.

The performance of health financing systems should
be evaluated against key targets that relate to:

. resource generation (sufficient and sustainable);

. optimal resource use;

. financial accessibility of health services for all.

Performance in relation to these targets is analyzed by
assessing the main functions of health financing against
specified targets and indicators. Critical functions of
health financing are:

. Revenue collection – the process by which the health
system receives money from different sources, relating
to generation of resources and accessibility of health
services for the population;

Key performance issues: population coverage and
method of finance;

. Revenue pooling – the accumulation and management
of revenues from individuals to share risk;

Key performance issues: composition, fragmenta-
tion, and management of the risk pool;

. Purchasing – the process by which pooled contribu-
tions are used to pay providers to deliver specific health
services;

Key performance issues: package of services to be
provided, provider payment mechanisms, and admin-
istrative efficiency.

For evaluating broader health system performance, the
WHO in its World Health Report (2000) developed a
groundbreaking, but controversial, health system perfor-
mance evaluation framework, which it then applied to its
192 member states. They produced league tables of their
performance, overall and in five key priority areas. Health
system functions relate to stewardship, financing, resource
generation, and service provision. There are five key
components of health systems performance:

. Overall level of population health (25%);

. The distribution of health across the population (25%);

. The overall responsiveness of the health system
(12.5%);

. The distribution of responsiveness of the health sys-
tems across the population (12.5%);

. The fairness of financing of the health system (25%).

The efficiency of the system, or its ‘overall system
performance,’ is indicated by a single index that measures
the actual achievement of these five goals compared to a
maximum score it could have achieved given available
resources. The weightings of each component in the index
are indicated by the value in parentheses in the above list.
The weights were derived from an internet-based survey
of over 1000 public health practitioners.

Further, Table 2 highlights the ten best performers
overall, using the WHO (2000) data, and their scores
against different performance criteria. The rankings have
produced much criticism in relation to the selection of
criteria of performance, the indicators used, the interpre-
tation of the indicators, and the sources and reliability of
data collected. At one level, it can be argued that an
exercise such as this is inevitably flawed, since the judg-
ment is against a somewhat arbitrary set of indicators with
an arbitrary set of weights. Countries have different policy
objectives and different weights for different features. It is
interesting that some of the top performers are rated
poorly by their own citizens, and conversely, according
to Blendon et al. (2001), the two industrialized countries
with the highest satisfaction scores rank at the bottom of
the WHO ratings.

Nevertheless, this exercise has probably had some
useful effects, both in making more explicit the potential
policy objectives and in making countries more circum-
spect in making claims for the superiority of their systems.
One effect of the exercise has been to develop a debate
about what should be the criteria, how they should be
measured, and how the analysis should be carried out
(Gravelle et al., 2003; Richardson et al., 2003). While it is
clear that the current frameworks and data limit the
usefulness of the findings, it is likely that exercises of
this sort will continue, and that techniques and data will
improve. Skeptics will always be able to argue that if
systems have different objectives, they cannot be fairly
compared using a single set of objectives.

Two key issues that emerge from Table 2 are not that
certain systems of financing or service configuration are
better for overall performance but rather, that matters of
geography and lifestyle influence standing. The excellent
performance of small states (3–7) suggests that health
service delivery and access to services is easier in a
small country. The excellent performance of southwest
European countries (1–5 and 7) may indicate that lifestyle
factors, such as red wine, sunshine, and a Mediterranean
diet, are also important. If there are important nonhealth-
system factors, these should be included in any assessment
of system performance.
Performance of Archetypal Financing Systems

McPake and Normand (2007) suggest there are key fea-
tures of performance of the archetypal systems. Public
systems focus on social valuation but must ration services
and are dependent on the tax base. SHI systems are often
more popular to consumers but experience problems with
cost control, and there are question marks about how well



Table 2 Ranking of states by attainment of goals, spending and systems performance: Highest system performance ranked states (1997 data)

Attainment of goals

Health expenditure per
capita in international
dollars

Performance

Health Responsiveness Fairness in
financial
contribution

Overall goal
attainment On level of health

Overall health
systemLevel (DALE)a Distribution Level Distribution

France 3 12 16–17 3–38 26–29 6 4 4 1

Italy 6 14 22–23 3–38 45–47 11 11 3 2

San Marino 11 9 32 3–38 30–32 21 21 5 3
Andorra 10 25 28 39–42 33–34 17 23 7 4

Malta 21 38 43–44 3–38 42–44 31 37 2 5

Singapore 30 29 20–21 3–38 101–102 27 38 14 6

Spain 5 11 34 3–38 26–29 19 24 6 7
Oman 72 59 83 49 56–57 59 62 1 8

Austria 17 8 12–13 3–38 12–15 10 6 15 9

Japan 1 3 6 3–38 8–11 1 13 9 10

Reproduced from World Health Organization (2000) World Health Report, 2000. Health Systems: Improving Performance. Geneva: World Health Organization.
aDALE, disability-adjusted life expectancy.
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the poor and those in informal sectors are covered and
their services financed. Private health insurance systems
battle to control costs and will put profit above efficiency
and equity. Systems in those countries that rely on private
insurance as a chief financing mechanism tend to be more
expensive than those in countries with mainly tax-based
or SHI-based systems. To explore this, we review recent
spending in high-income countries with different health
systems.

The results shown in Table 3 generally conform to
expectations, with taxation-based countries spending less
per capita, and, as a proportion of GNP, than the other
systems. Health systems with an important private health
insurance component such as that in the United States are
also the most expensive. Nevertheless, within this result it
is interesting to see the high growth in spending in two
tax-based countries: Ireland and the UK. In Ireland, there
has historically been low spending on the health-care
system. The period of analysis in Table 3 saw a massive
economic boom in Ireland during which the government
also tried to boost its funding to the health sector to make
up for historical underinvestment and meet consumer
demands. There was also a large growth in the coverage
of supplemental private insurance. In the UK, the Labour
government was committed to expanding the funding of
the National Health Service (NHS) and hence there were
large increases in public-sector investment. Consequently,
the data appear to indicate that there is a narrowing in the
differential between systems, at least between the tax-
based system and the SHI systems. This might be a result
of two factors: SHI systems working better at controlling
costs and tax-based systems responding to higher con-
sumer expectations and higher income levels.

Out-of-pocket and free market systems

Unsurprisingly, those states that tend to have health-
care financing composed largely of out-of-pocket
Table 3 Spending on health in selected high-income countries w

Total expenditure
on health as % of
GDP (2004)

Per capita total
expenditure on health
(international dollar rate)
(2004)

Dominated by tax-based funding

UK 8.1 2560
Denmark 8.6 2780

Ireland 7.2 2618

Sweden 9.1 2828

Dominated by social health insurance
France 10.5 3040

Germany 10.6 3171

The
Netherlands

9.2 3092

Private health insurance as a major funding source

USA 15.4 6096

Reproduced from WHO (2007) National Health Accounts statistic
%202007.xls (accessed November 2007).
payments by households tend to have worse-than-average
equity of financing using the WHO (2000) fairness-of-
financing index. The standard measures for equity
of financing make no reference to access to services,
however. Whereas individual payments for health affect
access to services, measures of equity relating to financing
will not adequately reflect the overall degree of inequity
in the health system. Further, as noted before, the
prevailing culture, values, history, and geography may be
just as important in determining performance and there-
fore also need to be taken into account.
Mixed Financing Systems

No system conforms precisely to the archetypes. Even
in the freest market with least organization of financing
or regulation of service delivery there is some public
spending on health care. Even in the most socialist of
countries, such as Cuba, where government spending dom-
inates, there is always some room for private spending on
health-care services. Indeed, most health systems are
a blend of different financing mechanisms. Some states,
and in particular many in South America, have an equal
balance between taxation-based financing, social health
insurance, and out-of-pocket spending. Others are evolving
from one system to another and do not conform clearly to
the archetypes (see the section ‘Archetypal systems’).

Thus, care needs to be taken that the archetypal mod-
els do not hinder our understanding of the complexity of
health systems. Consider Kierkegaard’s maxim: ‘Once you
categorize me you negate me.’ It is important not to limit
analysis to the archetypal models but to build on them if
we are to understand the performance of health systems
and how systems are likely to evolve. This takes us beyond
any individual financing mechanism and truly into an
analysis of health systems, hence:
ith different financing systems

Government expenditure
on health as a % of total
health exp (2004)

Average real annual
growth in per capita
total expenditure ($) on
health 1997–2004

86.3 12%
82.3 5%

79.5 12%

84.9 6%

78.4 5%

76.9 4%

62.4 7%

44.7 7%

s. http://www.who.int/nha/country/Annex1&2,%20March%205,

http://www.who.int/nha/country/Annex1&2,%20March%205,%202007.xls
http://www.who.int/nha/country/Annex1&2,%20March%205,%202007.xls
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A system is a set of elements connected together that

form a whole, thereby possessing properties of the

whole rather than of its component parts. Activity within

a system is the result of the influence of one element over

another. This influence is called feedback and can be

positive (amplifying) or negative (balancing) in nature.

Systems are not chains of linear cause and effect relation-

ships but complex networks of interrelationships.

(quoted in Iles and Sutherland, 2001)

A health system is made up of users, payers, providers,

and regulators and can be defined by the relations be-

tween them. (McPake and Normand, 2008)

While it is useful to know the dominant financing
mechanism, this does not give us a complete picture
about the incentives in the health system and how differ-
ent mechanisms combine to influence household, pro-
vider, and state behavior. Understanding the incentive
structures and how they combine with culture is essential
if we are to determine why health systems perform as they
do. An interesting example is the case of the Republic of
Ireland, which we look at next. It highlights the impor-
tance of understanding how different elements of the
health system interact and understanding, specifically,
how financing links with access and entitlement as well
as how the values and culture of consumers determine
health system structures.
The Tail That Wags the Dog – Private Financing
and Public Resources in Ireland

A cursory examination of health system financing would
indicate that Ireland should be classified as a taxation-
based health-care system, with approximately 80% of all
funds being provided by the state. However, a closer look
Private 

Improvement of
quality

Extra resources

Inequitable

Depletion of
public capacity:

human resources
and beds 

Dumping of
costly

patients

Figure 3 Arguments for and against private sector activity alongsid
reveals that private spending, although small, is extremely
important because it unlocks access to many services.
Over two-thirds of the Irish population must pay full
charges for accessing their general practitioner (GP)
and receiving the required drugs. Further, over half the
population has supplementary private health insurance,
which helps people jump the public-sector waiting lists
for hospital services to see a consultant. Thus, how financing
confers entitlements and access is key to performance.
Further, in the Irish case, the private sector receives sub-
stantial subsidies from the state. Hence, what might appear
to be a typical taxation-based system can be better under-
stood as a system dominated by private insurance, as seen
by the rapid cost escalation and problems with access for
those in employment and on low incomes.

It is also no accident that the system is this way. The
pay-your-own-way philosophy has deep roots in tradi-
tional Irish Catholic culture (Wren, 2003). This highlights
why it is vital that we understand how values interact with
health systems and how the public perceives the perfor-
mance of health-care financing systems. This is the case
not merely because the public is the key user and payer, as
noted earlier, but also because such understanding will
reveal how people interact with the system and intend to
do so in the future. Understanding the public’s values
allows policy makers to evaluate not only current perfor-
mance but also how the system can feasibly be improved
to meet key goals.
Linkages between the Public and
Private Sectors

There is much debate in the international literature about
the value of private-sector activities to health service
sector
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performance through their impact on the public sector.
Arguments for and against a private health sector are
presented in Figure 3 and are frequently, and understand-
ably, ideological. The extent to which these arguments
hold in any particular setting is now a question for empir-
ical research. Nevertheless, what is clear from this and the
case study regarding Ireland is that even a small private
sector can make a large impact on health system perfor-
mance. (This is an important point and demonstrates one
reason why a superficial analysis of financial flows of
countries’ health systems will often fail to reveal why
systems perform as they do.)

Key issues to consider in evaluating the benefit of a
parallel private sector relate to whether the private sector
will assist overall performance by, for example, adding fresh
resources and capacity to the system that allows govern-
ment services to focus subsidies on the poor. Alternatively,
the private sector may absorb scarce resources, dump costly
patients on the public sector, and create a two-tier structure
that helps undermine social solidarity and access to quality
care for the poor and marginalized.

Public Values, History, and Culture

An important factor in the performance of any health
system is the set of values and traditions within which it
is set. This is very clear in the operation of the German
sickness funds, in which unwritten rules were of particular
importance; it may also explain the success of some
more recent innovations (Krajewski-Siuda et al., 2007).
As well, the relatively successful processes of reforms in
the Nordic countries (Magnussen et al., 2007) may be
explained partly by the strong consensus on objectives.
Conversely, measures that undermine the old consensus
may remove important mechanisms that provide quality
and sustainability. The experience of the new financing
mechanisms in Central and Eastern Europe illustrate the
difficulty in implementing a system in the absence of
supportive traditions (Voncina et al., 2007).
Concluding Remarks

This article has reviewed financing mechanisms and their
likely impact on health system performance. It has
emphasized the importance of making financing the ser-
vant of policy and of evaluating financing with reference
to local goals and contexts. It has also explored the pro-
blems with superficially labeling health systems according
to financial flows without exploring the incentives in the
system and the values that are prevalent in the society.

Also, because health systems are subject to many and
various stresses that can cause change, any evaluation of
health-care financing or health system performance is
only a snapshot of an evolving picture. Change factors
are many and various but key ones relate to:
. vested interests in society that make pro-poor change
very difficult;

. international trends and fashions, such as neoliberalism,
which mean that policies can be transferred, sometimes
coercively, from one context to another;

. deterioration of public taxation-based systems in cer-
tain resource-constrained contexts (e.g., sub-Saharan
Africa or the former Soviet bloc).

An interesting feature of health system change and
reforms is that there are only a limited number of options
available for policy makers to choose from. Indeed, ideas
often reemerge long after they have been tried and found
wanting. Saltman and Figueras (1998: 86) comment, per-
haps rather generously, that ‘‘health policy debates around
the world comprise a complicated cocktail of validated
evidence intermixed with presumption and ideology.’’
See also: Competiton in Health Care; The Demand for

Health Care; Health Finance, Equity in; Insurance Plans

and Programs – An Overview; The Private Sector in

Health Care Provision, The Role of.
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Background

Indigenous peoples have suffered from historic injustices

as a result of, inter alia, their colonization and dispossession

of their lands, territories and resources, thus preventing

them from exercising, in particular, their right to develop-

ment in accordance with their own needs and interests.

Indigenous peoples have the right to their traditional

medicines and to maintain their health practices, includ-

ing the conservation of their vital medicinal plants, ani-

mals and minerals. Indigenous individuals also have the

right to access, without any discrimination, to all social

and health services.

Indigenous individuals have an equal right to the en-

joyment of the highest attainable standard of physical and

mental health. States shall take the necessary steps with a

view to achieving progressively the full realization of this

right.

(Draft UN Declaration on the Rights of

Indigenous Peoples, 2007)

The term ‘indigenous peoples’ is widely used to char-
acterize a reported 300–350million people worldwide
(WHO, 2007) – from the Arctic to the South Pacific,
from the Kalahari Desert in southern Africa to Tierra
Del Fuego at the southernmost tip of the Americas.
With ancient roots in their local areas, these peoples
are among the world’s most marginalized populations –
politically, economically and territorially – and suffer the
highest burden of health challenges.

In 1990, the United Nations proclaimed the Inter-
national Decade of the World’s Indigenous People, start-
ing on 10 December 1994 (resolution 48/163). By the
end of the Decade, the health of indigenous peoples was
widely seen as of global concern and, in one instance –
Australia – of proportions of a national emergency.

Who Are Indigenous Peoples?

Asia, according to the International Work Group for Indig-
enous Affairs (IGWIA), is home to the vast majority (70%)
of the world’s indigenous peoples. In India alone, there
are 68million Advasis, or indigenous peoples. The Orang
Asli, the Mon-Khmer-speaking peoples of the Malaysian
peninsula, by contrast, have a population of 150 000 and
claim continuous presence in the world’s most ancient
rainforests. In East Asia, Taiwanese aboriginal groups are

held to be the source of the Austronesian language family,
which is now found throughout Oceania. And indigenous
peoples in West Asia include the Bakhtiari, Laks, Lurs,
and Qashqai of Iran, and Assyrian peoples of Iran, Iraq,
and Turkey.

Despite this large population that self-identifies as indig-
enous, the term ‘indigenous’ has been contested, as almost
all Asians and Africans consider themselves indigenous.

In Africa, the term ‘indigenous’ has come to refer
to nomadic peoples, such as the Tuareg of the Sahara
and Sahel, hunter gatherers such as the San people of
the Kalahari, and pastoralists, including the Masai of
East Africa. Their claim to indigenous status has been
endorsed by the African Union’s African Commission on
Human and Peoples Rights, which has noted their status
of underrepresentation in government and the need for
affirmative action to ensure their survival.

In North and South America, where every nation has
indigenous peoples, violence, marginalization, and isola-
tion on native reservations and in remote locations
reduced access to traditional food supplies and increased
susceptibility to disease. From the seventeenth century to
the early twentieth century there were a reported 93
waves of epidemics that devastated native populations
with diseases such as typhoid, malaria, smallpox, measles,
cholera, a range of sexually transmitted infections, pneu-
monia, and yellow fever, resulting in population declines
of up to 90–95% (Encarta, n.d.).

In the United States, census data indicate that there
are approximately 2million Native Americans. And in
Canada, where Aboriginal people, including the Inuit of
the Arctic region, have been designated as members of
First Nations, the population is approximately 1million.

In South America, indigenous populations now range
from Bolivia with up to 70% of the nation to approxi-
mately half of the nation in Peru and Guatemala to a
reported 8% in Uruguay (The World Factbook, 1997).

In Greenland, also home to the Inuit, indigenous peo-
ple comprise 85% of the population. Other indigenous
European groups include the Kumandin Peoples of Russia
and the Sami of northern Scandinavia.

Oceania, which includes Australia, New Zealand,
Papua New Guinea, and approximately 25 000 Pacific
Islands, including the Marshall Islands, is home to indig-
enous groups from Polynesian, Melanesian, and Microne-
sian origins, as well as to Torres Straits Islanders.

It is also home to indigenous Australians, who have
at least 40 000–50 000, and potentially up to 70 000 years
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presence on the continent, with genetic linkages to the
peoples of Papua New Guinea. Indigenous Australians
now represent approximately 2.5% of Australia’s popula-
tion of 20.3 million. Appropriation of land and water and the
introduction of disease were two early features of colonial
presence in Australia. Introduction of alcohol, opium, and
tobacco began a problem of substance abuse that has con-
tinued in epidemic proportions. In New Zealand, there
were similar patterns of conflict between British settler s
and the Maori, as well as the introduction of new diseases.
There were however, formal treaties covering land acquisi-
tion and ownership (The World Factbook, 2007).

The lives of the majority of the world’s 300 million
indigenous peoples are characterized by extreme conditions
of social and environmental risk, and historical injustice.
Through remoteness, poverty, landlessness, and political
marginalization, they have minimal access to health care.

Public Health Status

Low levels of identification of indigenous people in national
vital statistics and administrative data collections constitute
a global barrier to the development of accurate indigenous
health information. This in turn hinders a public health
response. In the absence of comprehensive global data, a
case example from Australia will illustrate the health issues
and profile characteristic of some indigenous groups.

The health status of indigenous Aus tralians has been in
wor ld new s in mid-200 7. The Austral ian Gover nment,
mobil ized by a re po r t highl ighting high levels of child
sexual a buse and violen ce in indigenous com munities
(Nor ther n Ter ritory Gover nme nt, 2007 ), dec lared a state
of emer gency in the Nor ther n Ter rit ory, ban ning alcohol
in indigenous commu nities and mobil izing polic e and
ar med forces to enter indigenous communi ties to sei ze
compu ter s and oth er source s of por nogra phy held to be
the source of ch ild sexual a buse. Par t of a sequenced
strategy, this was designed to be followed by teams of
doctors to examine children and for possible referral for
placement in foster care outside their communities. Such a
drastic response led to strong condemnation by indigenous
leader s, while other s suppor ted the action as overdue and
needed in the f ace of endemi c a buse (htt p://news.bbc .co.
uk/2/hi /asia-pacific/6229708.stm). A change in federal
government led to a review of this policy and, in February
2008, to a national apology to indigenous Australians
for past injustices (htt p://ww w.aph.gov.au/ house/news/
news_stories/news_sor ry.htm).

Reiterating themes found across the literature on
indigenous health, the Overview of Australian Indigenous
Health (Thomson et al., 2006) notes that in Australia,

The current health status of Indigenous people is only

explicable in terms of their extreme social disadvantage.

This social disadvantage, directly related to dispossession

and characterised by poverty and powerlessness, is

reflected in measures of their education, employment,

income and housing. (p. 10)

Indigenous infant mortality rates varied by state, rang-
ing from a third higher to more than double the rate for
non-indigenous infants. Newborns of indigenous women
were more than twice as likely to be of low birth weight
than those born to non-indigenous women; the lowest aver-
age birth weights for infants were those whose mothers
used marijuana with tobacco or with both tobacco and
alcohol. Overall, life expectancy was lower by 17 years for
indigenous women and men.

The leading cause of death among males and females
in most states was cardiovascular disease (CVD), with
rates up to 30% higher than the non-indigenous popula-
tion. The next leading cause of death for indigenous males
was injuries. These included automobile accidents, inten-
tional self-harm and assault (3.0 times that of the total
male population), cancer (1.3), respiratory diseases (3.9),
and endocrine, nutritional, and metabolic disorders (pri-
marily diabetes) (7.3). The most frequent causes of death
for indigenous women, after CVD, were cancer (1.6 times
the total female population), endocrine, nutritional, and
metabolic disorders (11.7), injuries (2.9), and respiratory
diseases (3.6). Lung cancer is among the leading forms of
cancer for indigenous males and females, and cervical
cancer is an important cause of death for indigenous
women; the death rate in several states is more than
seven times that of non-indigenous women.

Leading communicable diseases among indigenous
peoples are tuberculosis, hepatitis A, B, and C, sexually
transmitted infections, HIV/AIDS, hemophilus influenza
type b (Hib), pneumococcal disease, and meningococcal
disease. Poverty, overcrowding, malnutrition, smoking,
alcohol, and drug abuse rank high as key risk factors for
this constellation of communicable diseases. The inci-
dence of tuberculosis, for example, is 15 times higher
than that of the wider Australian-born population.

Diarrheal disease, eye and ear problems, and skin
infections are also significantly higher among indigenous
people and especially so among young children. Levels of
disability and handicap are estimated to be at least double
that of the general population.

Despite uncertainty over definitions of mental health/
illness and inadequate data on mental health problems,
indigenous people have high levels of mental health
challenges and stress. A prominent manifestation of this
is the rate of suicide. Based on sex-specific rates for
the Australian population, suicide rates are more than
2.8 times that expected for indigenous males and 1.9 times
more than expected for indigenous females. Thomson
et al. (2006) note that these rates mask a very high youth
suicide rate: indigenous to non-indigenous ratios are
3.4 for males and 6.1 for females in the 15–24 age groups.

176 The Health Care of Indigenous Peoples/Nations

http://news.bbc.co.uk/2/hi/asia-pacific/6229708.stm
http://news.bbc.co.uk/2/hi/asia-pacific/6229708.stm
http://www.aph.gov.au/house/news/news_stories/news_sorry.htm
http://www.aph.gov.au/house/news/news_stories/news_sorry.htm


Health risk factors include high tobacco, alcohol and
other drug use, poor nutrition, low income, limited
education, high unemployment, high levels of stress,
social marginalization, inadequate working conditions and
housing, and gender-related challenges. These in turn
interact with cultural and traditional factors to influence
behavior, health status, and health outcomes.

Intervention Programs

A key theme in communities is that self-management,
self-policing, and culturally based solutions offer the
most viable means of tackling socially based health
problems.

As noted in the report from Australia, substance abuse
and violence rank high among health concerns of many
indigenous communities (Thomson et al., 2006). In the
early 1990s Yuendumu, a remote Aboriginal township
on the edge of the Tanami Desert, was gripped by an
epidemic of petrol sniffing among young people.

This northern Australian indigenous community
adopted a ‘zero tolerance’ policy when violence and prop-
erty damage fueled by petrol sniffing was destabilizing the
community. With up to 70 regular ‘sniffers’ in a commu-
nity of 400, elders sent young petrol sniffers to Mt. Theo,
an outstation 160 km from their remote township of
Yuendumu and 50 km from the nearest road. A program of
recovery from addiction and instruction in traditional
culture, matched by a comprehensive youth program in
Yuendumu offering alternatives to petrol sniffing, suc-
ceeded in breaking the cycle of addiction and violence.
Within a decade there were no petrol sniffers in Yuendumu
and the Mt. Theo program is now viewed as a model for
other communities afflicted by petrol sniffing (Australians
for Native Title and Reconciliation, 2007).

Native North American communities have been incor-
porating traditional forms of treatment into health pro-
grams for some years. In the United States, Indian Health
Service (IHS) alcohol rehabilitation programs include
traditional approaches to the treatment of alcoholism.
An early analysis of 190 IHS contract programs revealed
that 50% of these programs offered a traditional sweat
lodge at their site or encouraged the use of sweat lodges.
Treatment outcomes improved when a sweat lodge was
available (Hall, 1986). Often these sweat lodges include
the presence of medicine men or healers, and the pres-
ence of a traditional healer greatly improved the outcome
when used in combination with the sweat lodge.

Although reliable data on indigenous mental health are
scarce, the World Health Organization has highlighted
the inevitable mental health consequences of trauma and
grief resulting from invasion, dislocation, and, not infre-
quently, genocide (Cohen, 1999). Generational experi-
ence of these and associated trauma such as family

separations, Aboriginal deaths in custody, and high levels
of imprisonment are linked with the high levels of sub-
stance abuse in many indigenous communities (Thomson
et al., 2006). Culturally sensitive research methodology is
essential in studying indigenous mental health issues. An
ethnographic and participatory approach is basic in
ensuring that meaningful data are generated (Kirmayer
et al., 2000). A Canadian study on indigenous mental
health used a participatory research design to survey
causes of sadness and happiness. It found that children
and adolescents (ages 7–18) judged school and victimiza-
tion as sources of sadness more frequently than did other
age groups and cited alcohol less frequently. Women cited
death and relatives as sources of sadness whereas males
cited boredom (Bopp, 1985). The Arctic Climate Impact
Assessment has also highlighted that alterations of the
physical environment can lead to rapid and long-term
cultural changes and loss of traditional culture. This
in turn can create psychological distress and mental
health challenges in indigenous communities (Berner
et al., 2004).

Environmental Factors

Biodiversity and Human Health

The environmental impact of landscape changes on health
is now gaining attention in both public health and conser-
vation arenas, where it is recognized that environmental
disturbance affects the ecological balance of the hosts of
diseases as well as of disease-causing pathogens and para-
sites. The World Health Organization has recorded over
36 new emerging infectious diseases since 1976, many of
which, particularly malaria and dengue, are the direct
result of landscape influencing the ecology of disease
(Taylor et al., 2001). As has been noted by the Harvard
Project on Biodiversity and Health, human health, biodi-
versity, and poverty reduction represent a nexus of inter-
related issues that lie at the center of human development;
biodiversity, in turn, is dependent upon human health, as
undernourished communities and those weak with disease
will draw heavily on their surroundings for wild food
resources and fuelwood (Epstein et al., 2003).

A program in India involving indigenous (so-called
‘tribal’) communities and landless and marginal farmers
promoted the concept of home herbal gardens (HHG) as a
means of decreasing family health problems and reducing
high expenditures on health care (Hariramamurthi et al.,
2007). This was part of a wider program to promote
medicinal plant conservation and the forests that are
their home (see Relevant Websites).

Medicinal plants were selected to address such com-
mon ailments as cold, cough, fever, diarrhea, dysentery,
cuts and wounds, irregular menstruation and other men-
strual conditions, joint pain, insect bites, indigestion and
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gastric complaints, mouth ulcer, and urinary infections
and disorders. In each setting, a village resource person
was trained in how to grow and use the medicinal plants,
and she in turn trained the households.

An independent evaluation showed that the HHG
program was adopted by the poorest of the poor, namely
landless (33%), marginal landholding (37%), and small
landholding (21%) farmers; 86% of adopters belonged to
socially deprived communities, particularly indigenous
communities.

HHGs benefited mainly women and children in poor
communities as a first response to common conditions
such as cold, cough and fever. HHG participants reported
economic benefits in the form of savings from PHC-
related expenses by use of home remedies. Health expen-
ditures by non-HHG households was approximately
5 times greater than for HHG households.

Climate Change and Indigenous Health

The Arctic Climate Impact Assessment (ACIA) has eval-
uated Arctic climate change and its impact for the region
and the world (Berner et al., 2004). Indigenous people
make up approximately 10% of the total Arctic popula-
tion, which includes populations from Norway, Sweden,
Finland, Denmark, Iceland, Canada, Russia, and the
Untied States. ACIA argues that changing weather con-
ditions, resulting in increased storms, reduced sea ice,
and thawing ground, and the accompanying reduction in
species’ ranges and availability, will affect human health
and food security and possibly the survival of some
indigenous cultures. Changes in climate are occurring
faster than traditional knowledge is able to adapt. Across
the Arctic indigenous people are reporting changes in
climate and in the fish and animal and bird populations
on which they depend for food. Melting ice makes travel
to traditional hunting areas difficult and reduction
in summer sea ice makes ringed seals harder to find.
Elevated ultraviolet (UV) light levels will lead to UV
exposure of young people by more than 30%, thus in-
creasing the risk of skin cancers, cataracts, and immune
system disorders.

Drought and associated desertification are also risks of
climate change and threats to the health and livelihoods of
indigenous communities. In western Arnhem Land in
northern Australia, indigenous people are reviving tradi-
tional landscape burning patterns, begun soon after the
rains, to reduce combustible material that can cause far
larger, damaging fires and to regenerate useful plants and
animals.

Supported by a gas refinery, required by environmental
law to reduce its greenhouse emissions, a unique carbon
trading agreement has been forged with government and
indigenous communities. The agreement recognizes that
if, in one year, indigenous people could reduce the area

burned in wildfires by just 7%, they would create the
equivalent of at least 100 000 tonnes in greenhouse gas
savings. Starting in 2007, the refinery owner, Conoco-
Phillips, has contracted to pay a $1million a year for
17 years to employ Arnhem Land people and support
their fire management. The money will be used to support
community health and education programs. Enhanced
self-sufficiency in health care has been won through a
revival of traditional practices, also contributing to
reduced carbon emissions, improved global health, and
environmental security – surely a sound contemporary
model for integrated indigenous health development
(BBC, 2007b).

Conclusion

The health of indigenous people is typically influenced by
histories of social injustice, loss of territorial rights, mar-
ginal social status, and limited employment and income
opportunities.

Overall, the intractability of indigenous health determi-
nants and health status warrants a comprehensive global
strategy, based on a human rights approach, with local
action by governments in partnerships with indigenous
organizations. The challenge by several governments –
with significant indigenous populations – to the even-
tual passage on September 13, 2007, of the UN Declaration
on the Rights of Indigenous Peoples through the UN
General Assembly underscores the obstacles ahead in any
such global strategy. Another challenge is the need for com-
prehensive local, national, and regional data collection,
inclusive of indigenous peoples and their health conditions,
as an epidemiological framework for action.

Despite repeated challenges from indigenous peoples
for stronger action, the World Heath Organization,
through a number of World Health Assembly (WHA)
resolutions, is mandated to accord special attention to
the health of indigenous peoples. There is also commit-
ment to convene partners and catalyze action to improve
indigenous peoples’ health and human rights. The Pan
American Health Organization of WHO has been the
most active in addressing these issues and in identifying
successful models of change (Alderete, 1999).

As for the basic prerequisites for improvement and
development, Health Unlimited has outlined priorities
for indigenous health development:

1. Train local people to provide basic health services in
remote areas.

2. Ensure that traditional practitioners are involved and
that their views are appreciated, so new ideas about
health are more likely to be taken on board in isolated,
indigenous communities.

3. Provide safe water and improve sanitation.
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4. Provide info r mation regarding ind igenous peopl es’
rights and entitl ement to health care (see Wor ld Direc-
tory of Minor ities and Indigeneous Peoples: www.min-
orityrigh ts.or g/?lid= 3).

5. Work with state health provider s to ensure indigenous
peoples are not disc riminated agains t when it comes to
accessin g health ser vices (www.health unlim ited.or g).

As the g loba l r ural–urban drif t continu es and ind ige-
nous peoples join mar gi nal groups living in urban pover ty,
the futur e would seem to hold a mix of tren ds: continued
intract a bility in the deter mina nts of poor health, accom -
panied by isolated models of suc cess. Where solution s do
present themselves, su ccess would see m to be based on
self-su f ficiency, re cour se to traditional cultural practi ces,
and equita ble par tner ships with agencies re ce ptive to new
mode ls of work.

See also: Human Rights, Approach to Public Health

Policy; Populations at Special Health Risk: Indigenous

Populations.
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Concept of Equity in Health Financing

What Is Equity in Health Financing?

The question of what constitutes equity is a normative
one; it has to do with what a person ought to have, as of
right. Philosophers and also economists have reflected on
the issue and have formulated various theories of distri-
butional justice in general. Equity in health financing is
about fairness in the distribution of health-care pay-
ments across the population. Who pays how much for
health care is the central question in any discussion of
equity in health financing. During the past decade, the
equity issue has been of growing importance to policy
makers, health workers, and researchers. Since the
beginning of the 1990s, the European Union (EU) has
financed cross-EU country comparative research mea-
suring equity in the finance of health care (Van Door-
slaer et al., 1993). In the 2000 World Health Report, the
World Health Organization (WHO) suggested a frame-
work for evaluation of health system performance in
which fairness is one of the three goals of the health
system along with health and responsiveness (World
Health Organization, 2000).

Work has been done to specify what could constitute
equity in the finance of medical care. There seems to be
broad consensus on the normative assumption that health-
care payments should be linked to ability to pay with use
related to need, and that all households should be pro-
tected against catastrophic financial losses related to ill
health (Van Doorslaer et al., 1993; Murray et al., 2003).
This implies a disconnection between the payment and
the use of services. Given equal access to needed care,
people with high capacity to pay should contribute more
to a health system than those with lower capacity to pay.
Furthermore, people with the same capacity contribute
the same amount. The former is vertical equity or
progressivity and the latter is horizontal equity. The
contribution to a health system includes all payments
made by a household through general taxation (direct
tax and indirect tax), social health insurance premiums
(payroll tax), voluntary prepayment schemes, and out-of-
pocket payments.

What Do We Care?

Following the principle that payment for health care
should correspond to capacity to pay, the equity con-
cern nevertheless is perceived differently in societies
with different economic, political, cultural, and historical
contexts. For example, most OECD countries have reached
universal coverage of essential health care through a tax-
based system, social health insurance, or mixed mechan-
isms. Few households face severe financial hardship or
impoverishment by paying for health care. These societies
focus more on whether health payments worsen the overall
equity of income (Wagstaff, 2002).

In middle- and low-income countries, health-care
financing relies heavily on out-of-pocket payments. As a
result, some portions of the population, particularly the
poor, are unable to access needed care because they can
not afford it. For those who do get needed care, cata-
strophic expenditure and impoverishment are a frequent
result. In this context, the reduction of financial burden
and prevention of impoverishment are the primary equity
concerns.
Methodologies in Measuring Equity in
Health Financing

In short, to measure equity in health financing is to assess
the variation in health payments across the population.
However, not all variations are regarded as inequitable.
Equity implies some social judgments. Many indicators
are applicable to measuring equity in health financing,



Health Finance, Equity in 181
amongwhich twomain approaches arewidely used, namely,
the income approach and the financial burden approach.
Both of them require micro-level (household) data.

The income approach is derived from the equity mea-
sure of public finance where progressivity is the main
concern. This approach has been used mostly for OECD
countries. The financial burden approach argues that the
burden of paying for health care should be equally
distributed across all households. It puts more emphasis
on catastrophic health spending and is more applicable to
developing countries. Both approaches are in fact com-
plementary and accept the fundamental principle that
funds for health care should be collected according to
capacity to pay.
Household’s Capacity to Pay

Defining capacity to pay is essential in measuring equity
in health-care financing. Theoretically, a household’s
capacity to pay is equal to the total resources that a house-
hold can mobilize for purchasing health services, including
savings, selling assets, and borrowing from financial institu-
tions, relatives, and friends. Practically, different variables
have been used as a proxy for household capacity to pay
because the information required is not always available
from a cross-section household survey.

Gross Income or Net Income?

In the taxation literature, pre-tax gross equivalent income
is used as a proxy for capacity to pay and one is essentially
interested in the move from the pre-tax to the post-tax
income distribution. Taxes (and social security contribu-
tions) are regressive (the poor pay a higher percentage of
their income than the rich), neutral (proportional to
income) or progressive (the poor pay a lower percentage
of income than the rich) if they deteriorate equity in
income, leave it unchanged, or improve it. In most Euro-
pean countries, gross income has been used to examine
the progressivity of health-care payments. Health-care
payments, however, include public (taxes and compulsory
insurance) as well as private sources (voluntary prepay-
ment and out-of-pocket payments). Van Ourti argues for
using disposable income instead of gross income for the
private payments since it is a more adequate indicator of a
household’s ability to pay and redistribution is not a
purpose of these payments (Van Ourti, 2004).

Household Income or Expenditure?

The choice between income and expenditure often
depends on the accuracy of available data. In most
OECD countries, income data often are linked to the
registration system and they are more reliable than
reported expenditure from a household survey. By con-
trast, in most developing countries where registered
income data are not available, reported expenditures in
household surveys are considered more reliable than
reported income. But also for developed countries there
is an argument to use expenditures instead of current
income because expenditures are less liable to short-
term fluctuations, and therefore better approximate abil-
ity to pay.

Household Non-food Expenditure or

Non-subsistence Spending?

In the WHOWorld Health Report 2000, household non-
food expenditure was used as a proxy for capacity to pay,
and this variable has been adopted in various subsequent
studies. The argument for using non-food expenditure is
that a household should first meet its basic food require-
ment (although other basic needs such as shelter and
clothing also need to be fulfilled) before considering its
potential contribution to a health system.

Although food is considered as a household’s basic
need, empirical data show that a rich household spends
much more money on food than a poor household. So
the same subsistence spending for all households with
adjustment for household size should be defined. The
one-dollar-a-day poverty line and a national poverty
line have been used as subsistence spending. In order to
reduce unnecessary bias and improve the comparability
across countries, WHO has proposed using the food
expenditure of the household whose food share of total
household expenditure is at the middle of all households
in the country (Xu et al., 2005a).
Summary Indices

Income approach

The commonly used indexes are the concentration index
(CI), the Kakwani index (KI), and the redistributive effect
(RE) (van Doorslaer et al., 1999) (Figure 1). The horizontal
axis of the figure represents the cumulative percentage of
the population ranked according to gross income (poorest
first). The vertical axis measures the cumulative share of
health care payments (X) and gross income (Y). The curve
LX,Y(p) is the concentration curve of health-care pay-
ments. When all individuals have exactly the same amount
of health-care payments, LX,Y(p) will coincide with the
diagonal.When the surface of the rectangle is standardized
to 1, the CI is defined as twice the area below LX,Y(p) �1
and thus is a measure of inequality in health-care pay-
ments. The CI ranges from �1 to 1. The distribution of
health payments is progressive when the CI is positive,
regressivewhenCI is negative, and neutralwhenCI is zero.
Analogously, the Lorenz curve LY(p) and the Gini coeffi-
cient measure inequality in gross income. By comparing
LX,Y(p) with LY(p), we can see whether health-care pay-
ments increase income inequity. Thiswill be the case when
LX,Y(p) lies below LY(p). The Kakwani index is defined as
the difference between the concentration index and the
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Gini coefficient; it coincides with twice the area between
the two curves. The KI ranges from �2 to 1. A positive
value indicates that health payments reduce income
inequality, a negative value indicates that health payments
increase income inequality and zero indicates that health
payments do not change equity in income. The RE is
defined as the difference between two income Gini coeffi-
cients: income before health payments and income after
health payments. The RE takes into consideration both
vertical and horizontal equity and is dependent on the
share of health-care payments in income. It ranges from
�1 to 1 with the same interpretation as the Kakwani index.

All three indexes have the property of scale invariance,
which means that when every household doubles its pay-
ments, the indexes do not change ( Jenkins, 1991). Also,
these indexes are more sensitive to changes in payments
for households that are in the middle of the distribution.
Financial burden approach

The financial burden approach argues that although pro-
gressivity is desirable for a health financing system, most
societies do not seek to redistribute income through
financing health care but do expect health payments to
be arranged in a fair way (World Health Organization,
2000). At any given level of total revenue from health-care
services, each individual should carry the same burden.
The burden is measured as a share of total household
spending on health to a household capacity to pay (non-
subsistence spending). The fairness in financial contribu-
tion (FFC) index is used to summarize the distribution of
the burden across the population. The FFC index is
between 0 and 1, with 1 indicating the perfect situation
that the share of the total health spending of household
capacity to pay is identical for all households. The index
will be less than 1 if shares differ. All deviations are treated
alike; no distinction is made between inequities due to pro-
or regressivity of payments. Zero represents the maximum
unfairness. The FFC index has the property of constant
invariance, which means that by adding or subtracting the
same amount of burden from all households the index
remains the same. The FFC index is more sensitive to
health payments made by households at the tail of the
distribution (Xu et al., 2003b).

According to the financial burden approach, a fairly
financed health system collects its revenue in a progres-
sive manner since payment of an equal share of non-
subsistence spending by all households implies that a
high-income household pays a higher share of its total
expenditure than a low-income household. It also implies
that no household should face financial catastrophe.

The most commonly used measure in the financial
burden approach is the percentage of households facing
catastrophic health expenditure. The percentage of house-
holds with catastrophic expenditure also gives the flexibil-
ity in setting different thresholds according to different
country situations. TheWHO has used 40% of the out-of-
pocket payment in a household’s nonsubsistence spending
as a threshold for its cross-country studies.
Other indexes

A wide range of equity measures can also be used to
analyze the distribution of households’ health payments
such as entropy measures, Atkinson’s index, and variance.
The entropy measures, including Theil and mean
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logarithmic deviation (MLD), are derived from the notion
of entropy in information theory. The Theil and MLD
give more weight to the individuals at the tail of the
distribution. Atkinson’s index has its origins in the social
welfare literature. Through changing levels of inequality
aversion, Atkinson’s index allows one to explore the con-
sequence of different weighting systems. A higher
inequality aversion implies higher weights on the house-
holds at the tail of the distribution.
0 20 40 60 80 100
Cumulated % of population

Figure 2 Distribution of total heath spending globally.

The Limitation of the Indexes

Equity or fairness in health financing is defined under the
condition that every person can access services when
needed. None of the measures take into consideration
the actual use of health services. It has been argued that
equity in health payments and equity in access to care
imply separate policies. While it may not be necessary or
desirable to combine the two into one index, a further
analysis of the distribution of access to health care should
provide a more comprehensive picture of equity. Related
to this discussion is the issue of the origin of health-care
payments. Health-care payments can be the result of
characteristics for which the individual can be held
responsible or not. Think about the health expenditure
following a skiing accident versus that resulting from
a genetic defect. High payments may also be associated
with the individual’s choice of a very expensive, but
not more effective, physician. Furthermore, each equity
index has its own focus. The choice among the indexes
depends on the purpose of the study. For example, the
income approach gives more of an overall picture, while
the burden approach focuses on vulnerable groups.

Apart from the methodological concern, the character-
istics of data used in measuring equity or fairness are
critical. Most measures use sampled household survey
data. The quality of data, the recall period of total house-
hold expenditures and expenditures for health care, and
the questions phrased in the survey may all have an
impact on the results.
Empirical Results on Equity in Health
Financing

Global Inequity

Despite continuous efforts made at the global and national
levels, equity in health-care financing is still far below
expectation. Statistics in the World Health Report (World
Health Organization, 2005b) show that in the year 2002
approximately 85% of the global population spent only
20% of total health expenditure (Figure 2). The per capita
total health spending is less than $10 in 13 countries,
between $10 and $20 in 25 countries, and between $20
and $50 in another 28 countries.
Furthermore, every year approximately 44million
households, or more than 150million individuals, through-
out the world face catastrophic expenditure, about
25million households or more than 100million individuals
are pushed into poverty by the need to pay for services and
1.3 billion people do not have access to effective and afford-
able health care (Preker et al., 2002; Xu et al., 2005b).
Cross-Country Comparison

There is a rich literature on equity of health financ-
ing, among which two groups of studies have made a
great effort to undertake cross-country comparisons.
The first group was started in the late 1980s in the
OECD countries by Wagstaff and van Doorslaer, who
used income approach indexes to examine the progressiv-
ity of different means of health financing (Wagstaff et al.,
1999; De Graeve and Van Ourti, 2003; Murray et al., 2003).
Later on in the early 2000s, the same methodology
was applied to a group of countries in the Asia Pacific
region (Wagstaff and Van Doorslaer, 2003; Donnell et al.,
2005, 2006).

The overall progressivity of a health financing system
depends on the progressivity of health payments from
various sources (general government tax revenue, social
health insurance, etc.) and their share in total health
payments. The study by Wagstaff and van Doorslaer in
OECD countries (Wagstaff et al., 1999; De Graeve and Van
Ourti, 2003) found that the overall health payments were
regressive in seven out of the 14 countries (Table 1). The
United States and Switzerland were the worst in terms of
equity, while the United Kingdom was the best. The
variability across countries in the Kakwani index of total
payments is small, however (range, �0.045 to 0.051), with
the US and Switzerland being outliers. Payments made
through direct taxes such as income tax and property tax
were progressive in all countries, while payments made
through indirect taxes, such as value added tax, sales tax,
and excise duties were regressive. Social health insurance
contributions through payroll tax were progressive except
in Germany and the Netherlands, where until recent



Table 1 Progressivity of health-care financing by components (Kakwani index)

Direct
taxes

Indirect
taxes

Social
insurance

Private
insurance

Out-of-pocket
payments

Total
financing

Early study in OECD countries

Belgium (1997) 0.180 �0.180 0.102 �0.0210 �0.260 �0.000
Denmark (1987) 0.0624 �0.1126 0.0313 �0.2654 �0.0047
Finland (1990) 0.1272 �0.0969 0.0937 0.000 �0.2419 0.0181
France (1989) 0.1112 �0.1956 �0.3396 0.0012

Germany (1989) 0.2488 �0.0922 �0.0977 0.1219 �0.0963 �0.0452
Ireland (1987) 0.2666 0.1263 �0.0210 �0.1472
Italy (1991) 0.1554 �0.1135 0.1072 0.1705 �0.0807 0.0413
Netherlands (1992) 0.2003 �0.0885 �0.1286 0.0833 �0.0377 �0.0703
Portugal (1990) 0.2180 �0.0347 0.1845 0.1371 �0.2424 �0.0445
Spain (1990) 0.2125 �0.1533 0.0615 �0.0224 �0.1801 0.0004
Sweden (1990) 0.0529 �0.0827 0.0100 �0.2402 �0.0158
Switzerland (1992) 0.2055 �0.0722 0.0551 �0.2548 �0.3619 �0.1402
United Kingdom (1993) 0.2843 �0.1522 0.1867 0.0766 �0.2229 0.051

United States (1987) 0.2104 �0.0674 0.0181 �0.2374 �0.3874 �0.1303
Asia Pacific region

Bangladesh (1999–2000) 0.5523 0.1110 0.2192 0.2142

China mainland (2000) 0.1521 0.0398 0.2348 �0.0168 0.0404

Hong Kong (1999–2000) 0.3940 0.1102 0.0403 0.0113 0.1663
Indonesia (2001) 0.1962 0.0741 0.3057 0.1761 0.1737

Japan (1998) 0.0950 �0.2232 �0.0415 �0.2691 �0.0688
Republic of Korea (2000) 0.2683 0.0379 �0.1634 0.0124 �0.0239
Kyrgyzstan (2000) 0.2395 0.0508 0.1422 �0.0520 0.0087

Nepal (1995–96) 0.1436 0.1143 0.0533 0.0625

Philippines (1999) 0.3809 0.0024 0.2048 0.1199 0.1391 0.1631

Sri Lanka (1996–7) 0.5693 �0.0100 0.0687 0.0850
Taiwan (2000) 0.2438 0.0404 �0.0749 0.2053 �0.0780 �0.0292
Thailand (2002) 0.5101 0.1819 0.1803 0.0039 0.0907 0.1972

From De Graeve D and Van Ourti (2003) The distributional impact of health financing in Europe: A review. The World Economy 26(10):

1459–1479; Donnell O, Van Doorslaer E, Rannan-Eliya R, and Somanathan A (2005)Who Pays for Health Care in Asia. EQUITAP project:
working paper.
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reforms high-income earners could opt out or are
excluded from social insurance. Private health insurance
varied across countries, due to the variety of roles and
market shares. The out-of-pocket payments were the most
regressive financing source in all countries included in
this study (except for Italy and the Netherlands). Out-of-
pocket payments are related to demand for health-care
consumption, which is higher in low-income groups who
incur more illnesses.

The Asia Pacific region study included ten countries,
most of which belong to the developingworld. Compared to
OECD countries, the results from the Asia Pacific region
were somewhat surprising except for health payments
financed via direct taxes. Among the ten countries included
in the study, only Taiwan had a regressive health financing
system (Table 1). Health payments financedvia direct taxes
were generally progressive, as with the OECD countries.
Unlike the OECD countries, the health payments financed
via indirect taxes in the Asia Pacific regionwere all progres-
sive except in Sri Lanka. Out-of-pocket payments were
progressive except in mainland China, Kyrgyzstan, and
Taiwan. Social health insurance was prevalent in eight
countries in this study, but most on a small scale except
in Taiwan, Japan, and the Republic of Korea, where it
covered nearly the entire population. Surprisingly, social
health insurance contributions were progressive in all
countries except the three that nearly reached universal
coverage.

The second group of comparative studies were con-
ductedwithin the framework of health system performance
assessment proposed by WHO. The studies focused on
fairness and catastrophic health expenditure and used the
burden approachmeasures. Data for 59 countries have so far
been analyzed (World Health Organization, 2000).

Results from the second group of studies found signifi-
cant variations in the FFC index across countries. It ranged
from 0.74 in Brazil to 0.94 in Slovakia (Table 2). The
percentage of households with catastrophic expenditure
ranged from less than 0.1% in Belgium, Canada, Czech
Republic, France, Germany, Romania, Slovakia, Slovenia,
South Africa, and UK to over 10% in Brazil and Vietnam.
In general, the high-income OECD countries scored high
in FFC and a low percentage of households were facing
catastrophic expenditure, but there was considerable varia-
tion even amongOECD countries. For example, the United
States and Switzerland were far behind most of the other



Table 2 Fairness in financial contribution and catastrophic payments

Country FFC index % Of householdsa Country FFC index % Of householdsa

Argentina 0.785 5.77 Lebanon 0.844 5.17
Azerbaijan 0.748 7.15 Lithuania 0.875 1.34

Bangladesh 0.868 1.21 Mauritius 0.861 1.28

Belgium 0.903 0.09 Mexico 0.857 1.54

Brazil 0.740 10.27 Morocco 0.913 0.17
Bulgaria 0.862 2.00 Namibia 0.877 0.11

Cambodia 0.805 5.02 Nicaragua 0.829 2.05

Canada 0.913 0.09 Norway 0.888 0.28

Colombia 0.809 6.26 Panama 0.801 2.35
Costa Rica 0.861 0.12 Paraguay 0.815 3.51

Croatia 0.865 0.20 Peru 0.813 3.21

Czech 0.904 0.00 Philippines 0.886 0.78
Denmark 0.920 0.07 Portugal 0.845 2.71

Djibouti 0.853 0.32 Romania 0.901 0.09

Egypt 0.835 2.80 Senegal 0.892 0.55

Estonia 0.872 0.31 Slovakia 0.941 0.00
Finland 0.901 0.44 Slovenia 0.890 0.06

France 0.889 0.01 South Africa 0.894 0.03

Germany 0.913 0.03 Spain 0.899 0.48

Ghana 0.862 1.30 Sri Lanka 0.865 1.25
Greece 0.858 2.17 Sweden 0.920 0.18

Guyana 0.887 0.60 Switzerland 0.875 0.57

Hungary 0.905 0.20 Thailand 0.888 0.80
Iceland 0.891 0.30 UK 0.921 0.04

Indonesia 0.859 1.26 Ukraine 0.788 3.87

Israel 0.897 0.35 United States 0.860 0.55

Jamaica 0.787 1.86 Vietnam 0.762 10.45
Korea 0.847 1.73 Yemen 0.853 1.66

Kyrgyzstan 0.875 0.62 Zambia 0.816 2.29

Latvia 0.828 2.75

aOnly out-of-pocket payments are included.
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OECD countries. Catastrophic expenditure was highest in
some countries in transition and in certain Latin American
countries.

A further study has explored the link between cata-
strophic expenditure and health system indicators (Xu
et al., 2003a). The study identified three key preconditions
for catastrophic payments: The availability of health ser-
vices requiring out-of-pocket payment, low capacity to
pay, and the lack of a prepayment mechanism. The results
showed that the higher the percentage of out-of-pocket
payment in total health-care spending and the larger the
population below the poverty line, the higher the per-
centage of households with catastrophic expenditure.
Holding these two factors constant, a higher ratio of
total health spending to gross domestic product (GDP)
led to a higher percentage of catastrophic expenditure;
GDP is a proxy for availability of services. Out-of-pocket
payments were specifically highlighted in causing
catastrophic expenditure. Figure 3 shows the relationship
between the percentage of catastrophic expenditure and
the percentage of out-of-pocket payments in total health
spending.
Within-Country Differences

There are also country case studies exploring the differ-
ences in health payments across socioeconomic groups
and their impact on households’ financial situation.
Many studies related to developing countries find that
the poor carry a larger burden than the rest of the popu-
lation. The poor also use fewer services. Furthermore,
households with senior members and those living in
rural areas are more likely to face financial catastrophe.
Using public facilities does not protect households against
financial loss because of user charges. Health insurance
schemes frequently play a limited role in financial risk
protection because of their insufficient population cover-
age and the inappropriate benefit package (Fabricant et al.,
1999; Falkingham, 2004; Gotsadze et al., 2005; Su et al.,
2006; Xu et al., 2006). The information from these studies
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is useful for identifying and targeting disadvantaged pop-
ulation groups.
Policy Implications in Improving Equity in
Health Financing

Different Policy Focuses in Different Settings

Equity in health financing is a common concern of many
countries. Diverse socioeconomic and political settings
have produced different perspectives on how to address
the equity issue. For example, in Africa user fees, the
official fees charged by public facilities, have been a
central focus during the past 15 years. Some studies
found that user fees reduced the level of equity not only
in health-care financing but also in access to basic care,
such as in Burkina Faso, Burundi, Ghana, and Tanzania
(Hussein and Mujinja, 1997; Nyonator and Kutzin, 1999;
Bate and Witter, 2003; Riddle, 2003). Other studies, for
example in Cameroon, Mauritania, Benin, and Guinea,
found that the quality of services had improved after
introducing user fees, and that with an effective exemp-
tion mechanism the poor can also benefit from high-
quality services (Litvack and Bodart, 1993; Soucat and
Gandaho, 1997; Audibert and Mathonnat, 2000). Obvi-
ously, there is no final conclusion on the impact of user
fees. Through debate, people realize that user fees do not
constitute the sole cause of inequity in health-care
financing and access to services. Alternative financing
mechanisms aiming to reduce the overall out-of-pocket
payments are key in improving equity.

Equity in health financing has been on the agenda of
recent reforms in many Latin American countries where
social health insurance has a long history. The challenge for
those countries is to reduce the gap between the insured and
the uninsured. Countries such as Colombia, Mexico, Chile,
and Argentina are making efforts to include the poor or
other vulnerable groups in the overall social protection
program by either subsidizing social health insurance pre-
miums or providing nearly free basic health services
through public facilities (Bitran et al., 2000; Frenk et al.,
2003; Lloyd-Sherlock, 2005).

Countries previously under a centralized planned
economic regime had enjoyed nearly free health-care
service from public facilities financed by the government.
Following market-oriented economic reform, these health
systems solely funded by the government could not be
maintained, however. In order to make up for the shortage
in government funding, user charges became a common
practice in public facilities and equity decreased (Ensor
and Savelyeva, 1998; Makinen et al., 2000; Gao et al., 2002).
In these circumstances, many countries have considered
social health insurance as an attractive alternative
financing mechanism (Saltman et al., 2004). However, the
risk is that social health insurance would start with formal
sector employees leaving behind the self-employed and
the poor. Furthermore, the lack of experience in organiz-
ing social health insurance adds more challenges to cur-
rent reform efforts.

Finally the most developed OECD countries face the
challenge of maintaining their relatively equitable public
health financing systems. Most of these countries have
reached nearly universal coverage, but now need to cope
with tight government budgets having to finance increas-
ing health-care costs. Therefore, some have decreased
the public financing share in total health expenditure
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and shifted financing to out-of-pocket payments and pri-
vate insurance. Differential user charges, exemptions,
and deductibles are also being explored to avoid cata-
strophic expenditures of some (unfortunate) households.
Is One Method Better than Another in
Revenue Collection?

Funds used for health care are mainly from government
general taxation, payroll taxes, private insurance pre-
miums, out-of-pocket payments, and external resources
(especially for low-income countries). There is strong
evidence that out-of-pocket payment is the most inequi-
table way to finance health care, although some modest
level of out-of-pocket payments can be maintained to
stimulate the rational use of health services. However,
out-of-pocket payment should remain affordable, which
is not the case for a large proportion of the population in
developing countries. Reducing out-of-pocket payment
and increasing the role of prepayment schemes in overall
revenue collection is still the main task for most develop-
ing countries.

There are two broad types of public prepayment
schemes: The tax-based financing system and the social
health insurance system. In the former, funds collected are
used to provide basic health services to the general popu-
lation through public health facilities. Whether a tax-
based system is the most equitable way to collect funds
depends on the equity of the overall taxation system.
Income taxes are usually more progressive than indirect
taxes such as value added taxes (VAT), sale taxes, and
excise duties. In many developing countries, government
taxation mainly relies on indirect taxes so that progressiv-
ity is not guaranteed.

In a social health insurance system, funds are collected
from payroll taxes that are generally proportional to
income. In most cases a ceiling is applied, reducing the
potential contribution of the high-wage population. On
the other hand, there can be exemptions for the lower-
wage population. In recent health financing reforms, many
countries have been struggling to choose between tax-
based and social health insurance mechanisms (William,
2004). In practice, we also seemixes of the two systems. For
example, governments may subsidize social health insur-
ance by paying the premiums for the poor or unemployed
or by providing services through public facilities at a low
cost for the uninsured population. The choice between a
tax-based system, social health insurance, or some mixed
system depends on a country’s specific situation.

Private health insurance, which is important in the
United States, is problematic from an equity point of
view. While more limited in the rest of the world, its
market share is growing in some highly developed
countries. These increased resources for health care can
make health care more responsive to the insured, but
vulnerable groups can be refused cover or priced out the
market by risk-rated premiums. Policy makers should be
aware of this and regulate the role of private health insur-
ance (e.g., specify rules of access). Community-based
schemes or mutual fund programs have found favor in
some African countries, such as Rwanda and Senegal
(Scheider and Hanson, 2006). External resources are very
important in financing health care for some low-income
countries. For example, in Rwanda 55% of total health
expenditure is from external funding sources. In Zambia,
external funding accounts for 45% and in Mozambique
andComoros 41%. External resources accounted for more
than 20% of total health expenditure in 14 out of 46
African countries in 2003 (World Health Organization,
2006). External funding can both offset shortages of public
resources and also improve equity if they are used prop-
erly in these countries.
How to Improve Equity in Health Financing?

In 2005, the World Health Assembly adopted a resolution,
Sustainable Health Financing, Universal Coverage, and
Social Health Insurance (World Health Organization,
2005a). This resolution encourages countries to increase
the extent of prepayment and reduce the reliance on out-
of-pocket payments in order to improve equity in health
financing. Such reforms on revenue collection should run
parallel with modifications to the other two functions of
health financing, namely pooling and purchasing (World
Health Organization, 2000). An appropriate pooling sys-
tem allows for cross subsidies from the healthy to the ill
and from the rich to the poor (Kawabata et al., 2002). The
more people that are covered by a prepayment scheme,
the more efficient the pooling function is. The purchasing
function contributes to equity through carefully choosing
a benefit package and setting a cost-sharing scale.
A benefit package that is too small or has a sharing rate
that is too high will not be able to improve equity, while
an overly generous benefit package or a sharing rate that is
too low can make the program unsustainable and compro-
mise equity in the long run.

The ideal situation of universal coverage cannot be
reached within a short period of time. In most devel-
oped countries, the transitional period has lasted several
decades, and this is likely also to be the case for developing
countries. During the transition, various kinds of prepay-
ment schemes should be encouraged, not only taxation and
social health insurance, but also community-, cooperative-
and enterprise-based health insurance and other forms of
private health insurance. There is no golden standard or
universal path that can be applied to all countries. The
choices have to be made within the social, economic, his-
torical, and cultural context of each country. Above all,
governments’ political will and good leadership are critical
to ensure that the equity component is taken into
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consideration in any reform process. Once reached, there
should be a continuing concern to keep the system equita-
ble and to guarantee access to the basic benefit package to
all income groups, including the poor.

See also: Determinants of National Health Expenditure;

Managed Care; The Private Sector in Health Care

Provision, The Role of; Universal Coverage in Developing

Countries, Transition to.
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Introduction

A woman in Panama is 80 times as likely to die from
childb ir th-related causes as a woman in Sweden ( WH O,
2004 ). A ba by bor n in Pakistan is 27 times as likely to die
in infancy as a baby born in Singapore. A child born in
Chad is 50 times as likely to die before reaching her or his
fifth bir thday as a chil d bor n in Japa n ( Bel lamy, 2004 ).
Such disturbing contrasts reflecting unequal health
between countries are probably familiar to the public
and to public health professionals in many countries;
fewer are aware that substantial differences also exist
within countries. In Indonesia, for example, children in
the poorest one-fifth of the population are 3.5 times as
likely to die before reaching age 5 as children in the
wealthi est fifth ( Badan Pusat Statist ik-Statistics Ind onesia
and ORC Macro, 2003 ). In both Bol ivia and Egypt, inf ant
mortality is nearly three times as high among babies
born to mothers in the poorest fifth of the population as
among those born to mothers in the wealthiest fifth of
the popu lation ( Sar dá n et al., 2004; El-Zanat y and Way,
2006 ). In the Un ited States, ba bies bor n to mothe r s of
African-American backgrounds are twice as likely to die
before reaching their first birthday as babies born to
mothers of European-American backgrounds. What do
these between- and within-country comparisons have in
common? What concepts and values underlie such com-
parisons and the inequalities they represent? What are the
implications for policy and action of making such com-
parisons? Should societies routinely measure, monitor,
and seek to reduce such inequalities and, if so, why
those and not other differences? This article explores
the concept of health inequalities, the values behind it,
and the implications for how we understand, measure, and
take action to address those differences.

What Do We Mean by Health Inequalities?

Over the last 25 years, the term ‘health inequalities’ has
become familiar to researchers and many public health
Further Reading
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and medical practitioners around the world. The term
‘health disparities’ is more often used in the United States,
while globally, many prefer to use ‘health inequalities’ or
‘inequities’; arguments for and against each of these terms
are discussed later. Health inequalities are generally
understood to refer to differences in health between
groups of people who are better or worse off socioecono-
mically, as reflected by, for example, their occupational
standing, levels of income, expenditures, wealth, or edu-
cation, or by economic characteristics of the places where
they live; this understanding is often implicit rather than
explicitly stated. While health inequalities research has
focused mainly on socioeconomic differences, increasing
attention also has been given in the international litera-
ture to health inequalities by gender, ethnic group, or
immigration status. By contrast, the term health dispari-
ties as used in the United States is most often assumed to
refer to racial or ethnic differences. Because information
on health in the U.S. has routinely been disaggregrated by
race or ethnic group and not by class, this has often
contributed to ill-founded but widespread assumptions
that racial or ethnic differences in health were genetically
based. These assumptions tend to reinforce racial stereo-
types and distract attention from structural barriers to
economic opportunity that persist, despite the fact that
racial discrimination is illegal.

A Working Definition of Health
Inequalities

The dictionary defines inequality as ‘the quality of being
unequal or uneven’ and disparity as ‘difference,’ without
specifying the nature of the difference or to whom it may
apply. Based on these definitions, health inequalities or
disparities would encompass the entire discipline of epi-
demiology – in other words, the study of the distribution of
diseases and risk factors compared across groups within
populations, without restrictions on the kinds of groups
considered relevant. For example, epidemiologists might
study why residents of two equally affluent neighborhoods
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had very different rates of a particular disease, or why
breast cancer occurred more frequently among women of
European background than among women with family
origins in Africa. Although each of these examples involves
differences in health between different population groups,
they reflect concerns much broader in scope than those
motivating efforts to describe, understand, and/or reduce
health inequalities or disparities. What do we really mean
when we use these terms, and what is the basis for focusing
on a particular subset of health differences?

In her seminal paper ‘‘The Concepts and Principles
of Equity and Health’’ (Whitehead, 1992), Margaret
Whitehead clearly and succinctly defined health inequal-
ities as differences in health that are not only unnecessary
and avoidable but also unfair and unjust; illustrative
examples made it clear that the central concern was social
justice, a desire to improve everyone’s health with faster
improvements for those groups that have faced economic
and social disadvantages. Recognizing that concepts can
affect policies, and that measurement, while never suffi-
cient to guide action, is often necessary for accountability,
an expanded definition was recently offered to comple-
ment, not to replace, Whitehead’s (Braveman et al., 1996;
Braveman, 1998, 2006; Braveman and Gruskin, 2003a,
2003b). Its purpose is to make explicit a number of key
concepts that experience has shown may require clarifica-
tion under certain circumstances. That definition, further
updated here, is as follows:

A health inequality or disparity is a particular type of

difference in health (or in the most important influences

on health) that could potentially be shaped by policies. It is

a systematic difference in health (or in modifiable health

risks) according to social advantage, meaning one’s relative

position in a social hierarchy determined by wealth,

power, and/or prestige. It is a difference in which disad-

vantaged social groups (such as the poor, racial/ethnic

minorities, women, or other groups that have persistently

experienced social disadvantage or discrimination) sys-

tematically experience worse health or greater health

risks than more advantaged social groups. Health inequal-

ities or disparities include comparisons not only between

the best- and worst-off groups in a given category (e.g.,

the richest versus the poorest), but between the most

socially advantaged group and all others.

(Braveman, 2006: 180–182)

According to this definition, a ‘health inequality’ does
not refer generically to any health difference but is a
particular type of potentially avoidable difference in
health or in important influences on health that can be
shaped by policies. It is a difference in which disadvan-
taged social groups systematically experienceworse health
or greater health risks than the most advantaged social
groups. The criterion of being systematic, first articulated
by Starfield (2007), restricts the possibilities to those
health differences that are routinely and persistently pat-
terned across social groups; an occasional or random
association between a given social characteristic and ill
health would not qualify as a health inequality. The
restriction to differences that could – at least in the
presence of sufficient political will – be influenced by
policy is based on practical rather than ethical or human
rights considerations.

This definition does not simply specify that health
inequalities involve comparisons among different social
groups. It further restricts relevant differences to those
seen across groups with different levels of underlying
social advantage/disadvantage or social position, that is,
one’s position relative to others within social hierarchies.
Virtually everywhere in the world, social position varies
according to economic resources, power or control over
resources, and prestige or social standing, which are often
reflected by measures including: income or expendi-
tures; accumulated wealth; education; occupational
standing; residential location (e.g., rural/urban; slum/
nonslum; less/more advantaged neighborhoods, villages,
districts, and/or provinces); racial/ethnic, tribal, or reli-
gious group or national origin; and gender (with women
disadvantaged on power, wealth, and/or prestige to vary-
ing degrees almost everywhere). Disadvantaged social
groups include the poor, racial/ethnic minorities (or, as
in South Africa, disenfranchised majorities), women,
homosexuals, physically or mentally disabled persons, or
other groups that have persistently experienced social
disadvantage, discrimination, or exclusion. Age can be
relevant as well; in many societies the elderly and/or
children are disadvantaged by policies or traditions. The
biological constraints posed by physical or mental disabil-
ity are often compounded by social exclusion or margin-
alization. In most societies, sexual orientation is another
basis for social advantage or disadvantage, with homosex-
uals often stigmatized. Social advantage and disadvantage
are powerful determinants of health, both directly and
indirectly, insofar as they determine the conditions in
which people live and work, the resources they have,
their relationships with others, and, potentially, how
they view themselves (Marmot et al., 1997).
Ethical Values and Human Rights
Principles Underlying the Concept of
Health Inequalities

Why would anyone want to replace Whitehead’s crystal-
clear, elegantly concise, and accessible definition with
something so dense and lengthy? Why should the specific
definition of health inequalities or disparities matter? Are
we simply splitting academic hairs? Answering these
questions requires us to discuss the values underlying a
concern for health inequalities, to focus on important
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examples of disagreements about measurement that
reflect differing values, and to consider the practical
consequences that might result from pursuing different
approaches.
Ethics and Health Inequalities

Ethical concerns regarding health inequalities generally
focus on theories of justice, which – along with benefi-
cence (doing good), nonmalfeasance (not doing harm),
and autonomy (respect for individuals as agents) – is one
of the four basic principles of ethics. Although medical
ethicists generally have directed little attention to ‘dis-
tributive justice,’ a standard ethical principle (Peter and
Evans, 2001) concerning the equitable allocation of
resources in a society that might be expected to influence
health, some ethicists and scholars from a range of fields
have devoted considerable thought to this concept
(Daniels, 1981, 1986; Mooney, 1987; Daniels et al., 1999;
Powers and Faden, 2000; Peter and Evans, 2001; Anand,
2002; Chang, 2002). Peter and Evans (2001), Daniels
(2001, 2006), and Ruger (2006) have critically reviewed
a range of ethical concepts relevant to health inequalities.
A common ethical thread is the notion that, given that
health is a necessity of life rather than a luxury, justice
requires that there should be equitable opportunities to
be healthy. Many writers have stated that equitable health
care is based on need rather than ability to pay or one’s
relative position in society; there also has been wide
acknowledgment of the difficulty of defining need.

The late political philosopher Rawls (1971, 1985)
argued that priority should be given to improving the
situation of the most disadvantaged in a society. Although
he did not explicitly address health, he reasoned that an
egalitarian distribution of the resources needed for the
essentials of life was justified by considering what one
would want to be the prevailing rules for distribution of
essential goods and services if those rules were to be
chosen behind a ‘‘veil of ignorance’’ about whether indi-
viduals had been born into socially advantaged or disad-
vantaged families. Based on the principle of fair equality
of opportunity for everyone to be healthy, American
philosopher Norman Daniels (1982) developed a series
of criteria for assessing systematically the fairness or
equity of health-care systems. Originally developed for
the United States, Daniels’ framework has been adapted
through a series of in-depth discussions involving a range
of stakeholders in several developing countries (Daniels
et al., 2000). His approach identifies explicit criteria to
guide policy decisions; it has attracted considerable inter-
est in part because the process of developing the criteria
in a given country is in itself an important tool for build-
ing the societal consensus needed to ensure the necessary
political will to implement equitable policies. Daniels
and others have also explored ethical and pragmatic
arguments for justice or equity in all the fundamental
factors influencing health, including but not limited to
health care (Daniels et al., 1999). Nobel Prize-winning
economist Amartya Sen has written that human develop-
ment should be measured not just in economic terms,
which has been the rule, but in terms of indicators of
human capability to freely pursue quality of life, with
health and education being among the best indicators of
that capability (Sen, 1999).
Health Inequalities and Human Rights

In addition to ethical concepts, international human rights
principles can provide both a valuable theoretical basis for
understanding and defining health inequalities and a
rationale for reducing them. Human rights are a set of
entitlements of all people in the world, regardless of who
they are or where they live. When human rights are
mentioned, most of us think about civil and political
rights, such as freedom of speech, freedom of assembly,
and freedom from torture or cruel or arbitrary punish-
ment. However, there also are economic, social, and cul-
tural rights, such as the right to a decent standard of living,
which in turn includes rights to adequate food, water,
shelter, and clothing requisite for health, as well as the
right to health itself. International human rights agree-
ments also include the right to participate in one’s society
and the right to dignified and safe working and living
conditions. By now, almost every country in the world
has signed one or more agreements that include impor-
tant health-related rights. Sadly, in many places in the
world, agreed-upon human rights generally are honored
more in the breach than in the enforcement, and it would
thus be naı̈ve to think that human rights laws, as legal
instruments, ensure the reduction of health inequalities.
Nevertheless, human rights principles, as articulated in
international agreements and laws, provide a key refer-
ence point in that they reflect a global consensus about
values, reached thoughtfully among representatives of
virtually all countries in the world. As Sofia Gruskin and
colleagues have articulated, the analytic frameworks of
human rights can be a powerful source of conceptual and
practical guidance for social policies (Braveman and Gru-
skin, 2003b; Gruskin, 2002; Mann et al., 1999b). Gruskin
coauthored earlier papers in which these ideas were
developed (Braveman and Gruskin, 2003a, 2003b), and
she has played the lead role in developing the concepts
related to human rights.

One cross-cutting human rights principle with partic-
ular relevance to concepts of health inequalities is non-
discrimination – an individual’s right to be treated equally
as a person, without discriminatory treatment based on
his or her social group. Specific international human
rights agreements have explicitly focused on what we
refer to here broadly as ‘racial/ethnic’ discrimination,
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encompassing discrimination not only by racial or ethnic
group but also based on religion, tribe, national origin, or
refugee status; other human rights agreements address
women and children (Mann et al., 1999a). Because groups
in power – the dominant racial/ethnic group, men, or
adults, for example – have sometimes questioned or failed
to acknowledge the disadvantaged status of the minority
racial/ethnic groups, women, and/or children and their
resulting need for special measures to protect their rights,
agreements have been developed that explicitly recognize
these groups as historically disadvantaged. Globally, such
agreements have been very important in practice. Human
rights principles such as nondiscrimination provide a uni-
versally recognized frame of reference for initiatives to
reduce health disparities between more and less advan-
taged social groups. This frame of reference could be
important in the United States as well, for example, in
defending the rationale for affirmative action to rectify
historic racial/ethnic and gender disparities that impact
health and/or health care.
Economic, Social, and Cultural Rights

The economic, social, and cultural rights codified in
international human rights agreements and laws also pro-
vide a powerful tool for conceptualizing health inequal-
ities and justifying action to reduce them. The public,
policy makers, and medical professionals often assume
that the key to resolving health inequalities is eliminating
disparities in medical care. Medical care can be an impor-
tant determinant of health, particularly for those who
have become ill; even when it cannot cure disease or
extend life, medical care can improve functional status
and relieve suffering. Inequalities in all aspects of medical
care should be addressed, including the allocation of
resources for health care as well as the utilization, quality,
and financing (particularly with respect to the burden of
payment on individuals or households) of services.

Medical care, however, is neither the sole determinant
of health nor the most powerful determinant of whether
one becomes sick or dies prematurely. The most powerful
influences on health are the physical and social environ-
ments in which one lives and works, including conditions
in homes, neighborhoods, workplaces, and communities.
In developing countries, factors such as adequate and safe
food supply, clean water, sanitation, exposure to known
biological pathogens and environmental toxins, and
grossly unsafe conditions at work and in transportation
are obvious major factors. In affluent countries, poor
quality (rather than quantity) of nutrition, inadequate
physical activity, tobacco use, and excessive alcohol con-
sumption feature more prominently (McGinnis and
Foege, 1993; Mokdad et al., 2004). These behavioral risks
and other risk factors are powerfully shaped by socioeco-
nomic resources and opportunities.
Ethical and human rights principles provide a strong
rationale for addressing inequalities in the nonmedical
determinants of health along with medical care. Human
rights call for a decent standard of living for all and for
safe and dignified working conditions. Both ethical and
human rights principles call for equal opportunities for all
people to be as healthy as possible. Opportunities to be
healthy extend far beyond the availability of medical care
to buffer the health-damaging effects of underlying unjust
living conditions; the underlying unjust determinants
themselves also need to be addressed. Thus, based on
human rights principles, the definition of health inequal-
ities proposed at the beginning of this article refers to
differences not only in health itself, but also in the most
important determinants of health that could at least in
theory be influenced by policies.

As one of the economic, social, and cultural rights
addressed by international human rights agreements, the
right to health is a cornerstone underlying efforts to
reduce health inequalities. The World Health Organiza-
tion’s constitution (1946) defined the right to health as
the right of everyone to enjoy the highest possible level
of health. While this definition has been criticized for
being vague and difficult to operationalize, Braveman
andGruskin (2003a) have proposed that the right to health
can be defined operationally as the right of all social
groups (defined by social position) to attain the level of
health enjoyed by the most privileged group in society.
The right to health thus provides the basis for comparing
the health experienced by different social groups, always
using as the reference group the most privileged group in a
given category, that is, the group with the highest position
in a social hierarchy based on wealth, power, and/or pres-
tige. Drawing upon human rights concepts, pursuing
health equity means removing obstacles for groups of
people – such as the poor, disadvantaged racial/ethnic
groups, women, or homosexuals – who have historically
had more obstacles preventing them from realizing their
rights to health and other human rights.
What Difference Could a Definition Make
for HowWeUnderstand,Measure, and Act
on Health Inequalities?

In many, if not most, nonacademic settings, Whitehead’s
clear and straightforward definition of health inequalities
as differences in health that are avoidable, unjust, and
unfair, or equal opportunities for everyone to be as
healthy as possible, is likely to convey the key concepts.
However, the terms ‘injustice,’ ‘unfairness,’ and ‘avoidabil-
ity’ are open to widely varying interpretations, and this
ambiguity can be problematic. For example, while most
people in the United States and Europe believe it is unjust
and unfair for women to not be able to vote, to be required
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to have their faces veiled in public, and to be forbidden to
work outside the home, in some other countries these
circumstances are viewed by the ruling groups as appro-
priate, just, and fair in light of women’s unique (and, they
would say, valued) role in society. Given a long history of
racial/ethnic discrimination that has systematically put
people of color at a disadvantage in multiple spheres of
life, many in the United States and South Africa believe
that justice and fairness are served by affirmative action to
increase racial/ethnic diversity in professional positions;
others, including some vocal members of the underrepre-
sented groups, feel that such efforts are unjust, constitut-
ing ‘reverse discrimination’ that unfairly disadvantages
people of European origin.
Measuring Health Inequalities

A range of methods has been used to quantify health
inequalities, each reflecting implicit assumptions about
definitions (World Bank, n.d.; Wagstaff et al., 1991a,
1991b; Kunst and Mackenbach, 1994; Galal and Qureshi,
1997; Kakwani et al., 1997; Mackenbach and Kunst, 1997;
Manor et al., 1997; Carr-Hill and Chalmers-Dixon, 2002;
Wagstaff, 2002), which are discussed in an earlier paper
(Braveman, 2006). Perhaps the most compelling example
illustrating the need for a definition that can guide mea-
surement and accountability is the approach taken by the
authors of WHO’s World Health Report 2000 (WHO, 2000).
That report made a welcome argument – consistent with
the ethical principle of distributive justice, without articu-
lating that principle – for the importance of assessing
health not only by average levels but also by examining
its distribution. At the same time, however, it recommen-
ded that ‘health inequalities’ be measured by examining
the distribution of health indicators across ungrouped
individuals, as is done by the Gini coefficient – not across
preselected social groups. At first glance this may not seem
unreasonable, partly because one might assume that the
socially disadvantaged individuals in a society are always
the sickest. Despite doing worse on the vast majority of
important health outcomes, however, members of a par-
ticular disadvantaged group may do as well as or better
than their more advantaged counterparts on particular
outcomes. Selecting those particular outcomes could
then be used to justify directing more resources toward
better-off groups that already have more resources.

Thus, although surely this was not the report’s authors’
intention, this measurement can be used to justify
neglecting health differences between more and less
advantaged social groups while claiming to be reducing
‘health inequalities.’ In the debates that the measurement
approach generated, it became clear that simpler defini-
tions of health equity or health inequalities – which do not
explicitly specify the importance of closing gaps that
systematically and adversely affect the health of socially
disadvantaged groups – could not provide a basis for
refuting the approach advocated by the authors of the
World Health Report 2000.

More importantly, the most problematic aspect of the
measurement approach used in that report was that it in
fact removed comparisons among social groups from the
agenda. The proposal by the report’s authors was not to
use the new measurement approach as a supplement to
other approaches – specifically, approaches comparing
more and less advantaged social groups – but to replace
those group-based approaches with the new method, dis-
pensing with consideration of social groups selected on
a priori grounds. The a priori grounds for selecting more
and less socially advantaged groups are ethical and human
rights values. The implications of the proposal to cease
making social group comparisons were particularly
striking because the proposal emerged at a time when
consensus was building and technical work had paved
the way for increased examination of health differences
among more and less socially advantaged groups –
particularly according to wealth – in routine public health
monitoring by national governments and international
agencies (Braveman et al., 1996; Braveman, 1998; WHO,
1999; Gwatkin et al., 2000; Evans et al., 2001).
Inequity Versus Inequality

Why not use the term ‘health inequity’ rather than ‘health
inequality,’ if health inequalities are a subset of health
differences that are particularly unfair? If the causes of a
given health inequality are known, and are due to social
disadvantage/advantage, it would be appropriate to call it
a health inequity. However, it may not always be possible
to determinewhether a given difference in health or health
risks that is systematically associated with social disadvan-
tage is unfair or unjust in itself. Such a determination may
not be possible in some cases; for example, the causes of
the black/white disparity in low birth weight and prema-
ture birth in the United States are mostly unknown, so we
cannot say whether it is unfair or unjust. However, on the
definition proposed here, that difference qualifies as a
health inequality deserving attention because it is an
important health difference adversely affecting an a priori

disadvantaged social group, resulting in further disadvan-
tage for that group in terms of health. Since the causes are
unknown, intensive research to uncover them would be a
high priority consistent with the goal of equity. In trying to
raise awareness of health inequalities and support for
reducing them among the general public, it may be wise
to use the term ‘health inequities’ sparingly, because ‘ineq-
uity’ sounds strongly judgmental; it should be usedwhen it
is needed to convey the injustice reflected by a given
inequality. However, in some situations, using the term
‘inequity,’ especially repeatedly, may make it more diffi-
cult for some people to be receptive to messages about
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health inequalities, and hence may make it more difficult
to build consensus toward action. This is a decision about
communication, however, not about the concept.
Avoidability

The proposed definition specifies that differences need
only be potentially or theoretically avoidable through pol-
icy interventions. Onemight argue, particularly in the era of
gene therapy and genomics, that virtually all states of ill
health could be avoided if sufficient resourceswere invested
in deciphering and manipulating their genetic codes. It
would be a mistake to require empiric evidence of avoid-
ability as a prerequisite for judging a given difference to
qualify as an inequality. The modifiability in practice of a
given difference in health – or in health determinant – may
often be questionable, depending largely on the degree of
political will to make the necessary policy changes.

For example, in the United States, the causes of large
racial/ethnic disparities in low birth weight and premature
birth rates are; poorly understood they are not explained by
the socioeconomic characteristics that have been included
in existing research (Institute of Medicine et al. 2007). Inad-
equate measurement of socioeconomic experiences across
women’s entire lifecourses, including childhood socioeco-
nomic experiences, may account completely or partially for
the unexplained disparities. In addition, many scientists
believe that lifecourse experiences of chronic stress related
to experiences of racial discrimination could be contribut-
ing factors. One would not want to argue that because the
causes are currently uncertain (and therefore one cannot be
certain about avoidability), this is not an appropriate health
inequalities concern. Low birth weight (being born too
small) and premature birth (being born too early) are
among the strongest predictors of health not only in infancy
and childhood but across the life course. According to the
proposed definition, the large and persistent inequality in
birth outcomes between African-Americans and European-
Americans would be considered a health inequality/dispar-
ity warranting focused attention. The reason is that it is an
important health difference that puts a historically disad-
vantaged social group, African-Americans, at further disad-
vantage with respect to their health. Giving priority to this
inequality would involve allocating resources for research
to uncover the causes. The proposed definition specifies
that the differences in health or health determinants need
only be theoretically avoidable; it must be reasonable to
believe, based on current knowledge, that the differences
could be avoidable, but evidence does not have to be
provided empirically demonstrating avoidability.

Why restrict the relevant differences in health (or in its
determinants) to those that could be influenced by poli-
cies? This corresponds to Whitehead’s criterion that
health inequalities are avoidable or unnecessary, and,
like it, is based on common sense. However, the extent
to which a given condition could be influenced by policies
is often a matter of debate. For example, some people
might argue that it is impossible to enact policies in the
United States that redistribute resources in favor of less
advantaged groups, given that country’s deep-rooted
ethos regarding individual responsibility and entre-
preneurship. Also often cited as a barrier to redistribution
is the relative lack of a tradition of social solidarity in the
United States, as reflected for example by the absence of
the universal health-care coverage that is the norm in
Western European nations. It is reasonable to maintain
that the relevant differences are those that could be influ-
enced by policies given political will, assuming that such
political will is at least theoretically possible in the future.
Implications for Resource Allocation

Additional illustrations also indicate the need for clarity
about the concept of health inequalities. For example, at a
recent meeting to discuss planning for a nationally funded
center on oral health inequalities in a certain country,
it was suggested that efforts be broadened to include addres-
sing needs for oral health services among middle-class
populations rather than focusing only on lower-income
populations as it had been doing; many of those participat-
ing in the meeting appeared to feel uneasy but ill-equipped
to argue that this was inappropriate, given the center’s
mandate to reduce oral health inequalities. The proposed
clarification of the concept may have helped resolve the
confusion, because middle-class populations would not be
seen as socially disadvantaged; on the other hand, onemight
argue that they have fewer advantages than the wealthy.
Referral to principles of distributive justice may have been
helpful at that point in the discussion, had it arisen.

Another example is the suggestion that the long-
standing gender disparity in life expectancy in affluent
countries, with women generally living on average several
years longer than men, should become a focus for initia-
tives on health inequalities. Like the previous examples,
this illustrates a very important public health issue that
deserves attention as part of a broad public health agenda,
but it is not a health inequalities issue, because men have
more social advantage (wealth, power, prestige) than
women in almost all societies. The proposed definition
specifies that in order to be a ‘health inequality’, a health
difference not only must be observed among groups with
different levels of underlying social advantage; it must put
the disadvantaged groups at further disadvantage with
respect to their health, that is, the a priori disadvantaged
groups must do worse on that health indicator. If the
disadvantaged group does better on a particular indicator,
that particular comparison is not a relevant health
inequality – although it certainly may be an important
public health issue of a different kind.

Health (or health risk) differences in which socially
disadvantaged groups systematically fare worse than their
more socially advantaged counterparts are particularly
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unjust. This is because they place groups of people who
are already at an underlying disadvantage in society – for
example, because they were born into poor families,
belong to a particular racial/ethnic group, or are women –
at further disadvantage with respect to their health, and
health in turn is essential for well-being and for escaping
from social disadvantage. This element reflects the ethical
principle of distributive justice. It is consistent with the
concern developed in Sen’s work regarding human capabil-
ities. If health – along with education – is a basic human
capability and is essential to fulfill one’s human potential,
then being doubly disadvantaged – first in virtue of one’s
social group and then in virtue of having worse health – is
particularly unacceptable from an ethical perspective.

Yet another example to illustrate the need for specifi-
city in the definition of ‘health inequalities’ is that in the
United States, although African-American women with
breast cancer have higher rates of mortality and shorter
survival times, affluent women of European-American
ancestry have higher incidence rates, and some have sug-
gested that health disparity initiatives should address this
health difference as well. A further illustration comes from
a recent national workshop on health inequalities in which
one lecturer repeatedly referred to an environmental
health problem in a particular region as reflecting a ‘‘dis-
parity’’; although certain areas within the region were
more affected than others, the regions did not differ in
terms of social conditions of the populations.

In each of these (real) examples, a simpler and more
intuitive definition of health inequalities or disparities
provides no basis for rejecting a course of action that
would significantly redirect resources earmarked for
reducing inequalities between more and less advantaged
social groups toward groups with more underlying advan-
tage to start with (affluent groups, men, European-
background women). By contrast, the proposed more
complex definition dictates that resources to address
health disparities be selectively directed toward the
needs of disadvantaged groups. This would not preclude
using other available resources to address the unmet
needs of more advantaged segments of the population.
This illustrates what Whitehead has called ‘‘leveling up’’
(Whitehead, 1992) – seeking improvements for everyone,
but focusing on bringing up those who started off furthest
behind. In the above examples, the proposed definition
would specifically indicate that the gender disparity in life
expectancy is not an appropriate health disparities issue,
because in this particular case the a priori disadvantaged
group – women – experience better health. Similarly, the
higher incidence of breast cancer among European-
Americans, the most advantaged racial/ethnic group in
the United States, is an important general public health
issue but not a health inequalities issue. A talk on avoid-
able environmental health problems in a region, without
reference to more and less privileged groups, might be of
interest as part of a workshop on environmental health or
environmental epidemiology but not in a workshop
on health disparities; by contrast, because it focuses on
unnecessary errors that should have been prevented by
more responsible planning and supervision, such a talk
might be considered relevant to health disparities or
inequalities if ‘fairness’ and ‘avoidability’ are the primary
criteria. Health disparities/equity should not displace all
other concerns, but they deserve particular attention
highlighted by explicit criteria.
Final Remarks

At times, defining terms can be largely a semantic matter,
without practical consequences. At other times, however,
definitions can indeed matter. In the case of defining
health inequalities or disparities, experience has shown
how much difference a definition can make. Definitions
determine what will be measured and monitored by local,
provincial/state, national, and international governments
and nongovernmental organizations; and measurement is
crucial for accountability. Definitions also can matter
insofar as they clarify – or obscure – key concepts such
as distributive justice and the concept of equal opportu-
nities to be healthy as a fundamental human right. The
concept of health inequalities draws heavily from epide-
miologic notions, but it is not just a technical concept. It
inherently reflects social values from the fields of ethics
and human rights.

If we do not understand a concept, we are likely to be
less effective in pursuing its fulfillment; in the case of
health inequalities, we can more easily be detoured by
attempts to pull the agenda away from social justice con-
cerns. How one understands and defines health inequal-
ities can determine how resources earmarked for health
equity are allocated across different social groups. Con-
cepts can determine what will get the attention and sup-
port of the public and policy makers, and whether that
attention and support will be sustained on policy agendas
from local up to international levels.

A technically adequate definition of health inequalities
needs to specify explicitly the relevance of social position,
in other words, relative advantage and disadvantage in
social hierarchies; it also must specify the kinds of com-
parisons that are relevant, that reflect distributive justice
concerns. These are sensitive issues politically, because
they raise the specter of potential redistribution of
resources in favor of those who have been the ‘have-
nots,’ that is, those less wealthy, powerful, and influential
in a society. It may not always be essential to spell out all
of these concerns in an explicit and detailed manner, but
it is essential for public health professionals who are
committed to reducing health inequalities to be abso-
lutely clear about the concept, and to find ways to com-
municate the essence of the concept that will work within
their particular societal contexts. It is hard to find a better
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definition than Whitehead’s for this purpose in many
societies.

If needed, further clarifications of Whitehead’s defini-
tion on specific points could be drawn from the longer and
more technical definition proposed here, without using
the entire definition. Examples include:

. Health inequalities reflect unequal opportunities to be
healthy, making socially disadvantaged groups (e.g., the
poor or racial/ethnic minorities) even more disadvan-
taged with respect to their health.

. Reducing health inequalities means trying to give dis-
advantaged social groups equal opportunities to be
healthy.

. Social advantage refers to differences in relative social
position determined by wealth, power, and prestige.

. Health inequalities are differences in health (or differ-
ences in important influences on health) that are sys-
tematically associatedwith being socially disadvantaged
(e.g., being poor, a member of a disadvantaged racial/
ethnic group, or female) and that put already disadvan-
taged groups at further disadvantage.

. Pursuing health equity – that is, striving to eliminate
health inequalities/disparities associated with social dis-
advantage – means striving for equal opportunities for all
social groups to be as healthyas possible, selectively focus-
ing on those groups that have had fewer opportunities.

Clarity about concepts is needed to inform measure-
ment approaches that will be adequate not only for study-
ing specific research questions but also for ongoing
surveillance to assess the magnitude of the health gaps
and how they change over time in relation to policies in
all sectors that influence health. Public health surveillance
alone is certainly not sufficient to reduce health dispari-
ties, but without monitoring how the size of inequalities
between more and less advantaged social groups changes
over time in relation to policies, there is a lack of account-
ability for the differential effects of policies on vulnerable
groups.We need to be clear about what we should measure
and monitor and why. Epidemiology – the study of the
distribution of diseases and risk factors across different
populations – is concerned with health differences in
general. In contrast, the term health inequalities or health
disparities refers to a very specific subset of differences
deemedworthy of special attention because of widely held
social values. These values include the ethical concepts of
distributive justice and equal opportunities to be healthy;
they also reflect core human rights principles, including
nondiscrimination and the obligation to remove obstacles
some individuals have to realizing their human rights,
which includes the right to be as healthy as possible. All
potentially avoidable health differences should be of
public health concern, health inequalities are a subset
of health differences warranting special – although not
exclusive – attention.
See also: Codes of Ethics for Public Health; Foundations

in Public Health Ethics; Resource Allocation: International

Perspectives on Resource Allocation; Resource Alloca-

tion: Justice and Resource Allocation in Public Health.
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and vaccine-preventable childhood infections. These
initiatives brought not only new resources – funds, ideas,
energy, and mechanisms – but also new challenges to
harmonization. Attempts were made to better coordinate
and link global goals with local actions in the fight
against disease, death, and malnutrition in the develop-
ing world.

As the 1990s closed, the international community
decided that more was needed to be done to accelerate
progress. At the United Nations Millennium Summit
in September 2001, heads of 147 states endorsed the Mil-
lennium Development Goals (MDGs) to be achieved by
2015, of which nearly half concern health, as shown in
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Table 1. Several goals are indirectly related to health – for
example, the goals on education and gender, which are
both important to promoting good health and survival
among children. The MDGs evolved from earlier Inter-
national Development Goals, and the baseline date for the
new targets was 1990.

The MDGs matter in all countries, for several reasons.
Faster progress is important even if targets are missed.
Progress in health can be accelerated in all countries
through a judicious mix of spending, policy, and institu-
tional reform. The MDGs can facilitate benchmarking
and monitoring of results. Communities can hold govern-
ments and development partners accountable for achiev-
ing these health goals by tracking their progress, or the
lack of it. Because the goals focus on a limited set of
outcomes, monitoring and evaluating progress toward
the MDGs can show what is achievable and where faster
progress can be made.

One of the limitations of the MDG target is that they
are national averages. Distributional analysis of MDG
trends, as discussed in the World Bank report The Millen-

nium Development Goals for Health: Rising to the Challenges,
reminds us that progress needs to be for everyone, not just
the better off (Wagstaff and Claeson, 2004). Focusing
attention on the MDGs for different income groups forces
countries to consider how the benefits of progress are
distributed among the rich and poor within each country –
the poor risk being left behind even in countries making
progress overall. Progress has been uneven, with the
poorer countries lagging behind the rest, and under-5
mortality as trends show, the poor within countries are
lagging behind the rest of the population.
Table 1 The health-related MDGs, 1990–2015

Goal 1: Eradicating extreme poverty and hunger. Target is to

reduce by one-half the proportion of people who suffer from

hunger, with progress to be measured in terms of the
prevalence of underweight children under 5 years of age. The

target implies an average annual rate of reduction of 2.7%

Goal 4: Reducing child mortality. Target is to reduce by

two-thirds the under-5 mortality rate, equivalent to an annual
rate of reduction of 4.3%

Goal 5: Improving maternal health. Target is to reduce by

three-quarters the maternal mortality ratio, equivalent to an
annual rate of reduction of 5.4%

Goal 6: Combating HIV/AIDS, malaria, and other diseases. Target

is to halt and begin to reverse the spread of these diseases

Goal 7: Ensuring environmental sustainability. Target is to reduce
by one-half the proportion of people without sustainable

access to safe drinking water

Goal 8: Developing a global partnership for development. Target

is to provide access to affordable essential drugs in developing
countries

Wagstaff A and Claeson M (2004) The Millennium Development

Goals for Health: Rising to the Challenges. Washington, DC: The

World Bank.
The MDG indicators, such as maternal mortality and
HIV prevalence rates, are often difficult to measure and
not very useful for program managers to measure rou-
tinely to inform planning or problem solving. Several
more useful proximate indicators, or proxies, have been
defined for the purpose of regular monitoring and to
assess short-term progress toward the MDGs, as shown
in Table 2.
The Millennium Development Goals for
Health: Current Progress Report

In-depth analysis of the health-related MDGs by Adam
Wagstaff (and others) shows a progress in some areas and
not much in others (Wagstaff and Claeson, 2004). For the
malnutrition target, 77% of the developing world’s people
lived in a country on track to achieve the goal by 2008
(i.e., in the year 2000 compared with the 1990 baseline),
but in sub-Saharan Africa only 15% of the people lived in
an on-track country. Under-5 mortality in the developing
world was reduced by an average of only a 2.5% in the
1990s, well short of the 4.3% required to meet the target.
Regional differences are pronounced, with sub-Saharan
Africa faring worse than other regions. In Africa, trends
in reducing under-5 mortality and underweight in chil-
dren were barely above 0 during the 1990s, and maternal
mortality fell on average by just 1.6% a year compared
with the annual target rate of 5.4% (Wagstaff and Claeson,
2004).

Evidence on how the poor are faring within countries
is mixed. For malnutrition, the poorest 20% of the popu-
lation within countries appears, on average, to have been
experiencing broadly similar rates of reduction to that of
the population as a whole. However, for under-5 mortal-
ity, the rate has been falling more slowly among the poor,
while families who are better off are seeing faster rates of
progress.
The Millennium Development Goals for
Health: 2008 and Beyond

As a comparison of the child mortality experiences in the
1980s and 1990s demonstrates, past performance is
not necessarily a good predictor of future performance.
That a country is on track on the basis of its performance
during the 1990s does not guarantee that it will maintain
the required annual rate of reduction of malnutrition or
mortality during the second half of the MDG period up to
2015. Countries that have been off track can get back on if
they can combine good policies with expanded funding
for programs that address both the direct and the under-
lying causes of the health-related goals.



Table 2 Recommended intermediate (proxy) indicators for health and nutrition MDGs, 1990–2015

Millennium development health and nutrition targets Recommended options: examples of intermediate (proxy) indicators

Target: Reduce by one-half % people who suffer from
hunger

. Prevalence of underweight children under 5

. % infants under 6months who are exclusively breastfed

. % children 6–59months who received 1 dose of vitamin A in the

past 6months

Target: Reduce by two-thirds under-5 mortality rate . % 1-year-old children immunized against measles
. % children with diarrhea in the past 2weeks who received oral

rehydration therapy (ORT)
. % children with fast or difficult breathing in the past 2weeks who

received an appropriate antibiotic
Target: Reduce by three-quarters the maternal

mortality ratio

. % pregnant women with any antenatal care

. % births with skilled birth attendant and/or institutional delivery

. Contraceptive prevalence rate
Target: Halt and have begun to reverse the spread of

HIV/AIDS

. % persons using a condom at last higher-risk sex

. % sexually transmitted infection clients who are appropriately

diagnosed and treated
. % HIV-positive women receiving antiretroviral treatment during

pregnancy

Target: Halt and have begun to reverse the incidence of

malaria and other major diseases

. % patients with uncomplicated malaria who received treatment

within 24 hours of onset of symptoms
. %children/pregnant women sleeping under insecticide-treated nets
. % women receiving antenatal care who received at least 2 or

3 intermittent preventive malaria treatments during pregnancy
. % registered new smear-positive TB cases in a cohort that were

successfully treated
. % estimated new smear-positive TB cases that were registered

under DOTS approach

For a complete list of recommended core intermediate and optional indicators, see World Bank (2001) Health, nutrition and population
development goals: Measuring progress using the poverty reduction strategy framework. Report of a World Bank Consultation.

Washington, DC: The World Bank.
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The World Bank (2003a) estimates that economic
growth will fall somewhat in East Asia and the Pacific
from 2000 to 2015, while the positive trend will continue
in Europe and Central Asia as well as sub-Saharan Africa,
and increase somewhat in Latin America and the Carib-
bean, the Middle East and North Africa, and South Asia.
Primary education completion rates will probably grow
faster in the new millennium as a result of the global
education initiatives. The gender gaps in secondary edu-
cation are already narrowing and doing so faster in the
new millennium than in the 1990s as a result of the gender
MDG (i.e., goal 3, which is to eliminate gender disparity
in primary and secondary education by 2005 and in all
levels of education no later than 2015). To achieve parity
with boys by 2015 in the proportion of the population who
are age 15 and have completed secondary education, girls
will have to achieve a faster growth in completion rates in
the new millennium than in the 1990s in most regions,
especially in South Asia and in East Asia and the Pacific. If
the water MDG – ensuring that households have access to
safe drinking water – is to be reached, access rates will
need to grow much faster during 2000 to 2015, especially
in sub-Saharan Africa. Gender equality in school and
access to clean water will have a positive effect on pro-
gress toward the health MDGs (Figure 1).

Even with economic growth and faster progress on the
nonhealth goals, many regions will still miss many of
the health targets. The picture is bleakest for under-5
mortality and for sub-Saharan Africa.
Accelerating Progress – Overcoming the
Obstacles to Health Development

A lack of effective interventions is not the primary obsta-
cle to faster progress toward the MDGs, although new
technologies could greatly improve progress – for exam-
ple, malaria or HIV vaccines and effective vaginal micro-
bicides to block the spread of HIV and other sexually
transmitted infections. The main obstacle is the low levels
of use – especially among the poor – of existing effective
interventions. For example, if use of all the proven effec-
tive preventive and treatment interventions for childhood
illness were to rise from current levels to reach all, the
number of under-5 deaths worldwide could fall by as
much as 63%, as estimated by the Bellagio Study Group



Figure 1 Gender equality in school will have a positive effect on
health MDGs. Courtesy of the World Bank.
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for Child Survival, and published in The Lancet series on
child survival (Bellagio Study Group, 2003). And, 70% of
maternal deaths could be reduced if we could reach 90%
coverage of available cost-effective interventions.
Array of Interventions, Programs, and
Service Modalities to Reach the MDGs

The available interventions constitute a powerful arsenal
for preventing and treating the main causes of malnutri-
tion and death, as shown in Table 3. The major diseases
and conditions that the MDGs aim to prevent and control,
and the best buys in prevention and treatment, are
reviewed in the Disease Control Priorities in the Developing

World. In the case of child mortality, for example, diarrheal
diseases, pneumonia, and malaria account for 52%
of deaths worldwide. For each of these major causes of
childhood mortality, at least one proven effective preven-
tive intervention and at least one proven effective treat-
ment intervention exist, capable of being delivered
in a low-income setting. In most cases, several proven
effective interventions exist (Figure 2). For diarrhea –
the second leading cause of child deaths – no fewer than
five proven preventive and three proven treatment inter-
ventions are available.
Effective Interventions Reaching
Too Few People

The slow pace in reaching the health MDGs, causing high
rates of malnutrition and death in the developing world
has several causes. First, people do not receive the effec-
tive interventions that could save their lives or make them
well-nourished. In middle- and high-income countries,
90% of children are fully immunized, more than 90% of
deliveries are assisted by a medically trained provider
(i.e., a doctor, nurse, or trained midwife, excluding tradi-
tional birth attendants), and more than 90% of pregnant
women have at least one prenatal visit, according to
UNICEF (2001). In South Asia, fewer than 50% of preg-
nant women receive a prenatal checkup, and only 20% of
deliveries are assisted by a trained provider. The story is
similar for other interventions for other goals. Condom
use to prevent transmission of HIV is low in much of sub-
Saharan Africa and South Asia, and inexpensive one-time
treatment with antiretroviral medicine to prevent trans-
mission from mother to child covers only a small fraction
of at-risk pregnant women in most of the developing
world. In Asia, where more than 7 million people are
living with HIV/AIDS, no country has yet exceeded 5%
antiretroviral therapy coverage among those who could
benefit from it, and the effective coverage of preventive
interventions among vulnerable groups at high risk
remains too low to contain epidemics fueled by injecting
drug use and unsafe sex.

Just as shortfalls in coverage vary across countries, so
do they vary within countries, with the poor and other
deprived groups consistently lagging. These groups are
less likely to receive full basic immunization coverage, to
have their deliveries attended by a trained provider, and to
have at least one prenatal care visit to a medically trained
provider. On the positive side, the poor are often making
fastest progress in coverage, reflecting in part that the
better off already have high coverage rates for many
interventions.
What Countries Can Do to Accelerate
Progress

Development assistance has a stronger effect in countries
with strong policies and institutions than in countries with
only average-quality policies and institutions – and an
insignificant effect in countries in which policies and
institutions are weak (Wagstaff and Claeson, 2004). In
principle, well-governed countries with good policies
and institutions could achieve the health MDGs simply



Table 3 Effective interventions to reduce illness, deaths, and malnutrition

MDG Preventive interventions Treatment interventions

Child mortality Breastfeeding; hand washing; safe disposal of stool;
latrine use; safe preparation of weaning foods; use of

insecticide-treated bed nets; complementary feeding;

immunization; micronutrient supplementation (zinc

and vitamin A); prenatal care, including steroids and
tetanus toxoid; antimalarial intermittent preventive

treatment in pregnancy; newborn temperature

management; nevirapine and replacement feeding;

antibiotics for premature rupture of membranes;
clean delivery

Case management with oral rehydration therapy for
diarrhea; antibiotics for dysentery, pneumonia, and

sepsis; antimalarials for malaria; newborn

resuscitation; breastfeeding; complementary feeding

during illness; micronutrient supplementation (zinc
and vitamin A)

Maternal

mortality

Family planning (lifetime risk); intermittent malaria

prophylaxis; use of insecticide-treated bed nets;
micronutrient supplementation (iron, folic acid,

calcium for those who are deficient)

Antibiotics for preterm rupture of membranes, skilled

attendants (especially active management of third
stage of labor), basic and emergency obstetric care

Nutrition Exclusive breastfeeding for 6months, appropriate

complementary child feeding for next 6–24months,
iron and folic acid supplementation for children,

improved hygiene and sanitation, improved dietary

intake of pregnant and lactating women, micronutrient

supplementation for prevention of anemia and vitamin
A deficiency for mothers and children, anthelmintic

treatment in school-age children

Appropriate feeding of sick child and oral rehydration

therapy, control and timely treatment of infectious and
parasitic diseases, treatment and monitoring of

severely malnourished children, high-dose treatment

of clinical signs of vitamin A deficiency

HIV/AIDS Safe sex, including condom use; unused needles for
drug users; treatment of sexually transmitted

infections; safe, screened blood supplies;

antiretrovirals in pregnancy to prevent maternal-to-

child transmission and after occupational exposure

Treatment of opportunistic infections, co-trimoxazole
prophylaxis, highly active antiretroviral therapy,

palliative care

Tuberculosis Directly observed treatment of infectious cases to

prevent transmission and emergence of drug-resistant

strains and treatment of contacts, bacillus

Calmette-Guérin immunization

Directly observed treatment to cure, including early

identification of tuberculosis symptomatic cases

Malaria Use of insecticide-treated bed nets, indoor residual

spraying (in epidemic-prone areas), intermittent

presumptive treatment of pregnant women

Rapid detection and early treatment of uncomplicated

cases, treatment of complicated cases (such as

cerebral malaria and severe anemia)

Wagstaff A and Claeson M (2004) The Millennium Development Goals for Health: Rising to the Challenges. Washington, DC: The World
Bank.
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by scaling up their expenditures on existing programs in
relation to current allocations. In practice, however, the
amount of extra spending required would be difficult to
attain on present trends and would even be prohibitively
expensive. Poorly governed countries cannot expect to
make much progress toward the MDGs simply by scaling
up their expenditures on existing programs. They will
need to target additional government spending into activ-
ities that will have the largest effect on reaching the
MDGs – high-impact interventions – and develop good
policies and institutions, as discussed in the following
section.
Targeting for Millennium Development
Goals

Wagstaff and Claeson (2004) recommend that countries
include a number of well-targeted efforts, with help from
donors, to build stronger policies and institutions such as:
. Geographic targeting to favor geographic zones that are

furthest behind. Targeting resources to poor regions and
provinces may be most effectively implemented through
nontraditional mechanisms for priority setting and imple-
mentation, such as social investment funds.

. Changing the allocation of spending across care levels.

Spending on health in developing countries is character-
ized by a high concentration of spending on secondary
and tertiary infrastructure and personnel.

. Targeting specific programs. Programs such as those
delivering directly observed treatment short course
(DOTS) for tuberculosis, or integrated management of
childhood illness (IMCI), are good examples of programs
that may yield high returns to government spending at the
margin. Successful public health programs have several
factors in common: technical innovation and stakeholder
consensus, strong political leadership, coordination across
agencies and management, effective use of information
and financial resources, and participation of the benefi-
ciary community.



Figure 2 Effective preventive interventions, like exclusive
breastfeeding, need to be scaled up among all income groups.

Courtesy of the World Bank.
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. Targeting specific population groups. Many countries
subsidize all government health services for everyone.
These blanket subsidy schemes fail to disproportionately
benefit the poor – despite the stronger equity case for
subsidizing their care and that they tend to bear a dispro-
portionate burden of malnutrition as well as child and
maternal mortality. There are many proven ways to target
the poor – for example, by delivering essential services in
clinics or health posts that poor families are likely to
attend or by promoting and delivering services in a way
that segments the market and appeals to those in low-
income households.

. Targeting spending to remove bottlenecks. A planning and
budgeting approach is to assess – for a country – the
health sector impediments to faster progress, to identify
ways of removing them, and to estimate both the costs of
removing them and the likely effects of their removal on
MDG outcomes, as discussed in the marginal budgeting
for bottlenecks approach, by Agnes Soucat and others.
Important health systems bottlenecks, such as human
resources, drug availability, and health-care management,
are essential for achieving the health MDGs.
Improving Policies toward Households

Households are at the center of any efforts to scale up;
they not only demand and consume care, but they are
also important producers of prevention and care. Low
income is a barrier to the use of most health interventions,
and economic growth is an important weapon in the
war against malnutrition and mortality. Improving poor
households’ access to services can be done by lowering
financial barriers. One part of the affordability equation is
price. User charges for MDG interventions are to be
discouraged, since many of those interventions involve
benefits that spill over to people who do not receive the
intervention; high coverage of immunization is a classic
example. However, an equity case also can be made
for reducing prices facing the poor and near poor, even
where no spillovers occur. Subsidies should be targeted to
services with spillovers and to the poor.
Providing Information and Enhancing
Knowledge

Lack of knowledge is a major factor behind poor health. It
results in people not seeking care when needed, despite
the absence of price barriers, and it also results in people –
especially poor people – wasting limited resources on
inappropriate care. Ignorance may also result in people
not getting the maximum health gain out of inputs they
have available to them and use. Many people do not know
that hand washing confers much of the health benefit of
piped water, for example. Not surprisingly, piped water
has a much greater effect on the prevalence of diarrhea
among the children of the better off and better educated,
as shown, for instance, in India.
Improving Health Service Delivery

Health providers – in the public and private sectors, as
well as in both formal and informal sectors – should
deliver interventions of relevance to the MDGs (UN
Millennium Project, 2005). The quality of management
can make a difference. Better management means a clearer
delineation of responsibilities and accountabilities inside
organizations and a clear link between performance and
reward. Management means getting accountabilities right
within an organization. Another way to make a difference
is getting accountabilities right between the organization
and the public (World Bank, 2003). Governance, the
accountability of provider organizations to the public,
can also be improved through contracting of services to
nongovernment organizations, which has been shown to
benefit the poor in resource-constrained settings such as
Cambodia and Afghanistan.



Figure 3 Increased access to water and improved hygiene

and sanitation can make significant contributions to the

health MDGs. Courtesy of the World Bank.
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Strengthening Core Public Health
Functions

Vulnerable populations need to be informed, educated,
and protected from risks and damages. Public health laws
and regulations need to be established and enforced.
Infrastructure needs to be in place to detect early and
reduce the impact of emergencies and disasters on health.
All this action needs to be implemented through a public
health system that is transparent and accountable.
Governments in developing countries generally recognize
that these public health functions are important, but they
often lack the capacity and financial resources to imple-
ment them. Indeed, few low-income countries receive
support for the core public health functions that should
serve as the backbone of any well-functioning and sus-
tained health system, including collection and dissemi-
nation of evidence for health policies, prevention and
control of diseases, human resource development, and
intersectoral action for better health.
Intersectoral Synergies – Actions Beyond
the Health Sector

A review of the evidence base for the key determinants
of the health and nutrition MDGs identifies significant
potential for intersectoral synergies (Wagstaff and
Claeson, 2004). Although roads and transport are vital
for health services, especially for reducing maternal mor-
tality, it is not just the physical infrastructure that matters.
Also important are the availability of transportation and
the affordability of its use. Transportation and roads com-
plement health services. A 10-year study in Rajasthan,
India, found that better roads and transportation helped
women reach referral facilities, but many women still died
because no corresponding improvements took place at
household and facility levels. Improved hygiene (hand
washing) and sanitation (use of latrines and safe disposal
of children’s stools) (Figure 3) are at least as important as
drinking water quality in shaping health outcomes, spe-
cifically in reducing diarrhea and associated child mortal-
ity as shown by Esrey et al. (1991). Constructing water
supply and sanitation facilities is not enough to improve
health outcomes; sustained human behavior change must
accompany the infrastructure investment.
Development Assistance and the Health
Millennium Development Goals

Additional health spending will be required in many
countries to accelerate progress toward the health goals.
The global estimates of what it would cost to achieve the
health MDGs range from an additional US$20–70 billion
a year. A World Bank study estimates that the additional
official development assistance required to meet the
health goals is in the range of US$20–25 billion per year,
which is roughly four times the amount of official devel-
opment assistance spending for health in 2002 (US$6.5
billion) and three times all external financing, including
that of foundations and loans from multilateral sources
(Wagstaff and Claeson, 2004). Another analysis conducted
by the Commission on Macroeconomics and Health
(WHO, 2001) estimated that an additionalUS$40–52 billion
annually would be required until 2015 to scale up the
coverage for malaria, tuberculosis, HIV/AIDS, childhood
mortality, and maternal mortality. Whatever the method
of analysis, all global estimates show that reaching the
MDGs will require significant additional resources com-
pared with the current levels of funding for health.

Official development assistance tends to account for a
larger share of government health spending in poorer
countries. Development assistance for health is especially
important in sub-Saharan Africa: 12 countries had exter-
nal funding exceeding 35% of total health expenditures in
2000, and increased development assistance is needed to
achieve the MDGs. Development assistance, however, is
not without its drawbacks. Consensus on how to improve
aid effectiveness is growing among development partners.
At theHigh Level Forum onHealthMDGs in Geneva and
Abuja, 2004, the agenda included support for countries in
developing more MDG-responsive Poverty Reduction
Strategy Papers, tracking resource flows, strengthening
monitoring and evaluation, and more effectively dealing
with the human resources crisis in health (Haines and
Cassels, 2004; WHO, 2005; see also under the section
titled ‘Relevant websites’).



Conclusion

All countries can make some progress toward the health
MDGs and ensure that the poor do not lag behind. The
second half of the period 1990–2015 can go better than the
first half. The focus on theMDGs at the start of this decade
has contributed to a shift in the attention given by develop-
ment partners – donors and governments – to health out-
comes and to the contributions of multiple sectors to health.
However, the attention span is often of short duration and it
is always a challenge in global health to keep the momen-
tum going and sustain the commitment to any health goal,
be it disease-specific goals or broader development goals
such as the MDGs. What could make a significant differ-
ence would be for communities and civil society to take
greater ownership of the MDGs and use MDGmonitoring
to keep local, national, and global leadership accountable
for the commitment theymade to achieve theMDGs for all.
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Introduction

In modern health societies, almost every aspect of our
lives is faced with questions and decisions about health, as
the sphere of health has expanded far beyond the confines
of the health-care system itself. Citizens are expected
to actively take a wide range of health decisions for
themselves and their families – this includes decisions
on health behaviors, nutrition, medication, choice of pro-
viders, and treatments. Health-care systems are becoming
more complex and encompass a broader range of provi-
ders from different sectors than ever before. They have
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also become more dependent on high levels of patient
participation. Moreover, health policy discussions engage
in topics such as informed patients, active citizens, or
empowered communities. However, most of us lack access
to the necessary information and do not have the necessary
skills to make sound decisions for health (see Figure 1).

In particular, the health society subjects the individual to
an information deluge on health issues, promises, risks, and
warnings that are oftenmore confusing than helpful. People
are confronted by a variety of health information from the
news media, the Internet, TVand radio, family and friends,
popular media, governmental health organizations, health-
care providers, health associations, books, peer-reviewed
journals, and health insurance organizations.

As the sphere of health expands far beyond the confines
of the health-care system itself and grows increasingly
complex, citizens need ever more capacities to navigate
this new health environment. Alongside these develop-
ments, the notion of health literacy introduces newdimen-
sions to capture and describe what we understand by the
ability to make sound health decisions in the context of
everyday life. Increasingly, the realization is growing that
health literacy will become one of the central life skills
needed in modern health societies (see Figure 2). Health
literacy serves as a map or a compass on what may be a
difficult and unpredictable journey.
Understanding Health Literacy

Literacy

Health literacy is closely related to the notion of literacy,
being defined as the ability to read and write as well as to
have numeric skills (UNECSO, 2003). This task-based
• Health literacy is an essential life skill for individuals

• Health literacy is a public health imperative 

• Health literacy is an essential part of social capital 

• Health literacy is a critical economic issue 

Figure 1 Why is health literacy so critical?

The modern health society is characterized by

• An increasing life and health expectancy 

• An expansive health and medical care system

• A rapidly growing private health market 

• The prevalence of health as a dominant them

• The establishment of health as a major perso

Figure 2 The modern health society.
definition has been recently replaced by a skill-based
conceptualization of literacy, focusing on the knowledge
and abilities an adult must possess in order to perform
in various societal domains (home and community, health
care, work, politics, and market). These abilities range
from basic to higher-level skills such as drawing appro-
priate inferences from continuous text. Usually literacy is
classified into prose, document, and quantitative literacy.
The concept, typically associated with levels of education,
is an important predictor of community participation,
employment, and health status. Applying this understand-
ing of literacy to the health context, health literacy focuses
on the ability to apply reading comprehension as well as
numeric skills in the health-care setting. Skills include the
ability to read consent forms, medical labels and insertions,
and other written health-care information, as well as the
ability to understand written and oral information given by
health-care professionals (Figures 3 and 4).
Health Literacy Research

Since the 1980s, various researchers and public health
professionals have proposed different health literacy defi-
nitions. Most of them limited health literacy to basic
reading or numeric skills within the health-care context
(Maag, 2005). While basic literacy is surely helpful in
understanding health literacy, it does not fully capture
all its important components. Just as the understanding
of general literacy has been extended, so does health
literacy encompass more than the ability to read and
comprehend health information.
Health Literacy Skills

The World Health Organization (WHO, 1998) first pro-
posed a view of health literacy that expanded the notion
of pure literacy. Health literacy was understood as the
cognitive and social skills as well as the abilities of an
individual to gain access to, understand, and use health
information in ways that promote and maintain good
health. In this sense, health literacy offers the potential
to be a useful composite health promotion outcome mea-
sure, and it fills the term ‘empowerment for health’ with
: 

 

e in social and political discourse 

nal goal in life and as a right of citizenship 



Health literacy is the capacity to make sound health decisions in the context of every day

life – at home, in the community, at the workplace, in the health-care system, in the

market place, and in the political arena. It is a critical empowerment strategy to increase

people’s control over their health, their ability to seek out information, and their ability to

take responsibility

Figure 3 Health literacy definition.
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some concrete meaning and strategic direction. Health
literacy, in an extended view, has to be understood as
a critical life skill – as the ability to navigate health in a
broader sense.

For this purpose, people need a here, a there, a map,
a compass, and a friend. Being health literate means
placing one’s own health and that of one’s family and
community into context, for example, by understanding
one’s current health state as well as the socioeconomic
factors and cultural values that influence it. It is important
to recognize why one should be healthy and informed
about personal health issues. Additionally, to be health
literate, people need knowledge and understanding.
It follows that an individual with an adequate level of
health literacy has competencies and learned abilities to
take responsibility for her or his health.

Health literacy incorporates three different dimen-
sions: functional, interactive, and critical health literacy
(Nutbeam, 2000). Functional health literacy is defined
by basic reading and numeric skills related to health. Inter-
active health literacy refers to more elaborate literacy
and social skills that can be used to actively participate
in health. Finally, critical health literacy encompasses
advanced cognitive and social skills needed to analyze
health information and understand political and economic
dimensions of health.

Health Literacy and Health Information

Good health information and the understanding of this
information are essential for the development of health
literacy. One cannot be health literate if the path is
incomprehensible. Instead, in order to have the capacity
to exercise control over their health, people need com-
prehensible health messages that are accessible and
appropriate to individual needs and cultural and social
backgrounds. Sometimes it might be useful to have a
compass – health professionals or additional information
sources like publications or the Internet – to serve as
helpful guides.
Health Literacy as Social Capital

Health literacy – like social capital – also has an important
community dimension, which, as well as the predisposi-
tion and ability to assist community members in need,
includes understanding a broad range of information,
such as population-based health data and resources and
knowledge on health determinants necessary to improve
health. It is this dimension that leads to engaged citizens
and consumers who act not only as individuals but who
also act together for common rights, access, and safety.
Health Literacy and Empowerment

Empowerment is a key dimension of health literacy.
It includes not only health-promoting behavior but also
the ability to perform primary, self, and family care and in
some cases even first aid. It encompasses the knowledge
of when to enter the health-care system and how to navigate
through its complexity. It means understanding advice and
instructions by health professionals and actively participat-
ing with them in the process of deciding on treatment. And
indeed, health literacy is active. As society changes, so do
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the necessary literacy skills needed to function within it.
Health literacy is also dynamic, as health-literate indivi-
duals are involved in continuous exchange and dialogue
with the environments they are living in.
Health Literacy in Sickness and Health

Health literacy skills are needed in sickness and in health.
The Ottawa Charter for Health Promotion (WHO, 1986)
states that health is created in the context of everyday
life, where people live, love, work, and play. It follows
that health literacy becomes relevant in various situations
of life as well as in peoples’ capacities as community
members, consumers, or patients.

Thus, health literacy skills have to be arranged around
five domains of everyday life: health care, home and
community, work, politics, and the market (Table 1
and Figure 5).
The Prevalence and Costs of Poor Health
Literacy

Underlying the expectation that individuals take respon-
sible roles in navigating health and make sound health
decisions for themselves as well as for others is the flawed
Table 1 Health literacy domains and competencies

Domains of
competencies Focus

Health-care
system

Patient competencies to navigate the
health systems and act as an adequate

partner to professionals

Home and

community

General health competencies and the

application of health-promoting,
health-protecting, and disease-

preventing behaviors, as well as self and

family care and first aid

Workplace Operational/working competencies: health
protection through accident prevention

as well as through the avoidance of

industrial or occupational disease,

campaigning for job safety and
health-promoting work

environments, and aiming at an

adequate work–life balance
Political arena Community member competencies:

informed voting behavior in the political

arena, knowledge of health rights,

advocacy for health issues, and
membership of patients and health

organizations

Marketplace Consumer competencies to make health

decisions in the selection and use of
goods and services and to act upon

consumer rights if necessary
assumption that people actually have the necessary skills
to act as health-literate citizens. While health literacy
is undoubtedly reliant on cognitive development, the
assumption that the ability to make sound health deci-
sions is based on general literacy levels provides support
to use data from large-scale literacy surveys to retrieve
information about the prevalence of low literacy and
consequently low health literacy within whole popula-
tions. Such surveys were conducted in the United States
and in Canada as well as internationally under the super-
vision of the Organisation for Economic Co-operation and
Development (OECD). Individuals poorly performing in
these surveys lack the ability to read, compute, and solve
problems at levels of proficiency necessary to function on
the job and in society, to achieve goals, and to develop
knowledge and potential. Translated to the health setting,
these results show that, for example in the United States,
millions of Americans find themselves lost nearly every
time they visit a health-care professional, try to read medi-
cation instructions, or are presented with some type of
general health information. Additionally, U.S. researchers
have developed – based on the analysis of the health-
related items found in two large-scale literacy surveys – a
set of 191 health related indicators, the Health Activities
Literacy Scale (HALS) (Rudd et al., 2004). They arranged
these 191 indicators around five important health activity
areas: health promotion, health protection, disease preven-
tion, health-care maintenance, and system navigation
(Table 2). According to HALS, about 19% of American
adults totally lack the health literacy skills needed and
another 27% have serious problems in functioning effec-
tively in an extended health environment.
Home and
community Politics

Critical

Interactive

MarketWork
Functional

Health-care
system

Figure 5 Health literacy domains.



Table 2 Health activities

Health activities Focus Examples of materials Examples of tasks

Health promotion Enhance and maintain
health

Media messages (newspaper articles) Purchase food
Booklets and brochures Cook food

Food labels Choose adequate exercise

Product descriptions

Health protection Safeguard health Media messages (newspaper articles) Decide among product options
Booklets and brochures Use of different products

Health safety warnings Food storing

Environmental quality reports Voting

Referendums
Disease prevention Take preventive

measures

Media messages (news alerts) Determine health risks and act

Booklets and brochures for screening Engage in screening or early detection

Test and retest result letters Go for follow-up diagnostics
Health care and

maintenance

Seek care, form

partnerships

Health history forms Describe and measure symptoms

Medicine labels Follow directions on medicine labels

Prescription forms Calculate timing for medicine intake

Systems navigation Access health services Application forms Locate facilities (doctors, hospitals)
Informed consent forms Choose health insurance package

Appointment slips Apply for social benefits

Health insurance

Rights and responsibilities statements

Agree/disagree with informed consent

ETS materials selected from Literacy and Health in America, 2004, Educational Testing Service, Reprinted Rudd R, et al. (2004) Literacy

and Health in America. Princeton, NJ: Policy Information Center by permission of the Educational Testing Service Policy Information

Center, Educational Testing Service the copyright owner.

Disclaimer: Permission to reprint ETS material does not constitute review or endorsement by Educational Testing Service of this
publication as a whole or of any other information it may contain.
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Confusing Health-Related Materials, Confused
Health Professionals

But not just citizens are performing poorly on literacy
surveys. The health materials they are confronted with are
often written at literacy levels far exceeding general
reading abilities – and complex medical information
challenges audiences with even adequate literacy skills
(Ad Hoc Committee on Health Literacy, 1999). Patient
education material is often written and presented at
reading levels far above recommended standards. This
reflects a clear mismatch between people’s health literacy
and the demands that the health system – and in a broader
sense the whole health environment – imposes on them.
Inadequate, not-user-friendly, and incomprehensible con-
sumer information are both cause and effect of problems
associated with low health literacy. Confusing interactions
with health-care professionals due to their incapacity
to detect and handle low health literacy contribute to
misunderstandings in doctor–patient interactions.
Health Literacy and Poor Health

Poor health literacy not only influences peoples’ ability to
handle health-related information and limits their personal
development but has huge economic as well as social and
cultural consequences and significantly contributes to bad
health. Studies find, for example, that low health literacy is
the single biggest cause of poor health outcomes. It follows
that low health literacy may be a strong contributor to
health inequalities – and this relationship is reciprocal.
While empirical data on the effects of low health literacy
in Europe are limited, research from the United States
concluded that people with poor health literacy:

1. are more likely to use emergency services,
2. are more likely to be hospitalized,
3. are less likely to be compliant with medicines,
4. are less likely to use preventive services, and
5. incur higher health-care costs.
Poor Health Literacy Can Affect All of Us

Low health literacy affects people regardless of race,
ethnicity, income level, or geographic location. According
to a survey estimating the prevalence of limited health
literacy (Rudd et al., 2004), only a small portion of the
90 million Americans estimated to have problems under-
standing health information were born outside the United
States. The majority of U.S. adults with poor health liter-
acy are white, native-born Americans. Consequently,
although health literacy is undoubtedly reliant on basic
literacy skills and cognitive development, literate people
are also at risk of low health literacy. It needs to be
recognized that people with a high level of education
and advanced literacy skills can experience difficulty in
obtaining, understanding, and using health information.
A person who functions well at home or in the work
environment can still have insufficient literacy in the
health-care realm.
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Health Literacy as a Key Component of Health
Inequalities

However, an Institute of Medicine report finds that the
problem of low health literacy is greatest among older
people, those with limited education, or those with lim-
ited proficiency in English, such as immigrants (Institute
of Medicine, 2003). Further, women are disproportion-
ately affected by low health literacy problems. They inter-
act more with the health-care system and are consequently
more often exposed to the risk of not getting the treatments
they need, affecting their overall quality of life. In this
sense, health literacy is not equally ‘accessible’ to all of us.
While the well-educated encounter difficulties in navigat-
ing health, those without education have the most diffi-
culties, primarily due to the poor legibility of systems.
Education in this context has to be seen as general life
education – as the process of continuous learning with the
aim of being able to deal with system complexity.
Health Literacy and Its Economic Impact

Low health literacy may have consequences not only for
individuals or the health-care system but also for society
at large. The U.S.-based National Academy on an Aging
Society estimated in 1998 that low health literacy costs the
American economy up to $73 billion per year. The study
found that the primary source of higher health-care
expenditures for persons with low health literacy skills
are longer hospital stays. Data from Switzerland suggest
that 1.5 billion Swiss francs are spent on health care due to
limited health literacy (Spycher, 2006). Research on this
topic is still lacking in other European countries and in
Canada. In general, however, it can be stated that the
Health litera
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Health-care system

Education system

Culture/home and
community

Politics

Market

Figure 6 Health literacy improvement. Adapted from Institute of M

Confusion. Washington, DC: National Academy of Science. Reprinte
Copyright 2004, National Academy of Sciences.
United States and Canada as well as Europe are spending
millions on the health-care sector that might be saved
with improved health literacy.
Improvement of Health Literacy

The prevalence of limited health literacy is causing major
problems in a complex health-care setting. As health literacy
is more than the knowledge and ability to adopt healthy
lifestyles and, increasingly, health skills are part of the life
skills needed in modern societies, a range of intervention
levels must be considered for the improvement of health
literacy. For societies to become health literate, various actors
involved need to increase their engagement in health literacy.
Interventions are to be rooted within domains of everyday
life, and a varied approach is required to find the balance
between policy action and other measures that increase
individual knowledge and skills to make healthy choices.
Research on the improvement of health literacy is limited
at this stage. More research is needed to evaluate systematic
interventions to the improvement of health literacy as well as
to investigate the fields of patient counseling and health
communication in relation to health literacy improvement.
Policy Actions: The Readability of Systems

On the one hand, the responsibility for the improvement
of health literacy lies within systems. The Institute of
Medicine, for example, proposes three major sectors that
need to assume responsibility for the improvement of
health literacy (Institute of Medicine, 2003). These are
the educational system, the health system, and culture and
society. These sectors provide intervention points that are
cy Health outcomes
and costs

edicine (2003) Health Literacy: A Prescription to End

d with the permission from the National Academies Press,



Table 3 Health literacy improvement

Domains Focus

Education
system

Schools and continuing education institutes
play a major role in the fostering of health

literacy throughout nations. Children

should learn to opt for the healthy choice in

everyday life. In this sense, health literacy
needs to become a central element on

school agendas

Health-care

system

Health systems have to recognize that literacy

is an integral part of health care. It is
important that they be fully aware of

patients’ literacy problems and that health-

related materials are written in plain
language. Health professionals also need

to tailor their communication to meet the

needs of their patients

Home and
community

Communities need to support community
members by providing stable structures

and healthy environments and making the

healthy choice understandable and

available. For example, communities play a
major role in addressing health inequalities

related to low health literacy

Work
environment

Employers need to make sure that the healthy
choice is possible in the work environment,

for example, by providing healthy meals in

canteens or by introducing flexible work

schedules in order to allow employees to
engage in healthy free-time activities

Politics The notion and paradigm of health literacy

has to be integrated into policy and health

policy design as well as research agendas
and objectives for population health. The

United Kingdom, for example, has for this

purpose developed a new policy on healthy
choices, in which choice, responsiveness,

and equity are the main objectives

Market The market in order to be readable needs to

introduce clear and understandable
labeling – for food products, for example –

providing criteria for judgment

and facilitating the healthy choice to

consumers
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both challenges and opportunities for improving health
literacy. However, as health literacy becomes relevant in
additional domains of everyday life, we complement these
intervention sectors with the sectors of work, politics,
and the market (Figure 6). These systems need to make
sure they provide navigation support and are readable for
community members, consumers, and patients.

As Table 3 shows, the responsibility for the improve-
ment of health literacy lies with a variety of professionals
such as practitioners of health education and health com-
munication as well as health-care providers. Only through
joint action, involving policy makers, governments, public
health agencies, employers, health professionals, social
services, insurers, nongovernmental organizations, the
media, and many more groups, will interventions aimed
at the improvement of health literacy be successful.

Individual Knowledge and Skills: Citizens’ and
Patients’ Responsibilities

On the other hand, people need to engage in lifelong
education and learning in order to meet the challenges
of an ever more complex health system. They need to
continuously learn about new subjects and unlearn out-
dated information. In this sense, they need to take over
responsibility for their lives and health. This implies
making decisions about health for themselves – not
merely responding to decisions made for them by others.

As citizens, they are required to be engaged for healthy
and health-promoting communities by standing up for
health issues within their communities.

As patients, they need to be truly engaged and empow-
ered to take on responsibility in care decisions. This sort
of patient empowerment is already happening all over the
world: The growing number of patient organizations
and self-help groups shows the increasing willingness of
patients to take part in care-related decisions.

As employees in the workplace setting, they need to
be aware of health promotion issues within their compa-
nies. Actively promoting health in the workplace setting
involves being aware of health-related issues at the work-
place such as healthy canteen food, and actually opting
for the healthy choice if made available.

As consumers in the market, they need to engage in
informed decision making, opting for the healthy choice,
for example, in supermarkets.

As citizens, they need to participate in political debates
about health-related issues such as supporting the ban of
food marketing directed to children.

In sum, a health-literate society needs:

. health-literate community members,

. health-literate consumers,

. health-literate patients,

. health-literate health-care systems,

. health-literate schools,
. health-literate workplaces,

. health-literate politics, and

. health-literate markets.

See also: Consumerism: Overview; Literacy and Public

Health; Mass Media Interventions; Patient Empowerment

in Health Care; Public and Consumer Participation in

Policy and Research.
Citations
Ad Hoc Committee on Health Literacy for the Council of Scientific Affairs
and American Medical Association (1999) Health literacy. Journal of
the American Medical Association 281: 552–557.

Institute of Medicine (2003) Health Literacy: A Prescription to End
Confusion. Washington, DC: National Academy of Science.



Health Policy: Overview 211
Maag D (2005) Health literacy: Compendium of prior research. Studies
in Communication Sciences 5: 11–28.

Nutbeam D (2000) Health literacy as public health goal: A challenge for
contemporary health education and communication strategies into
the 21st century. Health Promotion International 15: 259–267.

Rudd R, et al. (2004) Literacy and Health in America. Princeton, NJ:
Policy Information Center.
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Introduction

This article provides an overview of health policy, a basis
for understanding what it is, and key definitions relevant
to the subject; the various factors that can be used to
explain policy making; how policy is or is not rationalized
in practice; how health policy affects health systems,
exemplified by analyzing how they are financed and
governed; and the politics of health policy in the world
today. A conclusion is then provided.

Clearly health policy is – both in theoryand in practice –
an application of public policy more generally. It is there-
fore important to set it in the context of public policy and
politics. It is equally important to appreciate that a global
review of health policy with potential reference and rele-
vance worldwide must concentrate on generic factors, yet
with selective illustrations: principles of analysis, generic
global trends, and illustrations of policy making and actual
policy in different parts of the world.
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Key Definitions

Health

It is crucial to define policy but also to give a brief account
of how health is being defined and treated. Doing the
latter first, health is defined, in the spirit of this Encyclo-
pedia, in terms of its public aspect: The health of the
public and therefore the responsibility and role of govern-
ment and other agencies to meet public objectives for the
public health. Public health is sometimes defined in a
more specific way, that is, the particular set of programs
and activities that seek to make an impact upon the
promotion of better health, the prevention of ill health,
and also environmental health.

Rather than the latter definition, this article refers to
health policy in the broadest sense – affecting the health
of the public – ranging, for example, from the effect of
policy upon individuals’ access to care, on the one hand,
to policy made overtly in pursuit of social goals for both
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the health-care system and health outcomes for the pop-
ulation, on the other hand. Its focus is upon policy, policy
making, and the implementation of policy, but it is as well
to be clear at the outset as to policy’s scope in terms of
health. Policy can be negative as well as positive; for
example, different health and health-care systems may
affect health care for – and the health of – individuals,
groups, and the whole population by what it omits as
well as what it provides. With this in mind, let us turn to
policy as the basis for understanding health policy.
Policy

A pragmatic definition of public policy would be what the
government does (just as the British Cabinet Minister in
the post-war government, Herbert Morrison, defined
socialism as what Labour governments do!). This puts
the emphasis as much upon public as upon policy:
On its own, policy can be used in relation to any organi-
zation, public or private (e.g., it is the policy of the firm to
specialize in luxury goods). But we need to go beyond
such a pragmatic definition in order to unpack and exam-
ine the concept.

Politics, Policy, and Administration

Our concern here is indeed with public policy (as the
means to understanding health policy). Policy comes from
the Greek polis, which meant a city or more relevantly
city-state and also gave rise to the term polity, i.e., politi-
cal unit of self-government or the political part of a
society, i.e., (in classical terms) the state. Policy came to
mean the statecraft of the (modern) state. Etymologically
it is bound up intricately with politics. But this is not
just of historical curiosity. For public policy is embedded
in politics – the politics embodied by the government,
the politics of those who advise the government, the politi-
cal ideologies that shape one’s political ideas, the political
structures required to pass legislation, and the adminis-
trative, managerial, and social structures and personnel
required to implement policy (that is, to produce social
outcomes from policy outputs).

In the French language, for example, la politique can
mean either politics or policy; the two are not distin-
guished (Hill, 1997). In traditional British language refer-
ring to the traditional British approach to statecraft, on
the other hand, the word was often missing: There was
politics, on the one hand, and administration, on the other
hand. Hence the salience of the academic subdiscipline,
public administration, which persists to this day, even in
an age when the real world rather disparages administra-
tion, turning first to management and then to leadership.
It persists no doubt in part because of convention (see
for example the spread from the United States to the
rest of the world of MPAs – Masters degrees in Public
Administration – even when the subject matter is modern
business, management, and leadership). But it may also
persist because there is a healthy scepticism in certain
parts of academe about whether or not we should merge
(private sector-derived) concepts of management and
leadership with the overall terrain of government and its
output – which may well be called public administration
with some degree of accuracy (Hood and Scott, 2000).

Between these two extremes (French and British)
above, there is the domain of public policy, which is
different from politics (although intertwined with it) and
also different from administration with the connotation of
the civil service that takes politics/policy, codifies it, and
translates it into systems capable of being implemented in
the field. This domain recognizes policy’s intimate rela-
tions to other domains but still thinks it worthwhile to
give it a domain of its own. That is my perspective,
broadly, in this article.
Public Policy

Going beyond the pragmatic definition of public policy as
what the government does, it can be defined as the outputs
from a process geared to making laws, enactments, and
even regulations that are intended to affect society, i.e.,
produce social outputs and outcomes as a result of
the outputs from the political system that we may call
policy. Note that, in some countries, systems, and cultures,
policy even by this definition may not be handled primar-
ily by the politicians, but this is in itself a (political)
characteristic of the political system.

On this approach to the process, the inputs are various
(Paton, 2006a). They range from ideas and ideologies,
through the political culture, through political movements
or parties, through the effect of political institutions and
structures generally, through social movements, interests,
and pressure groups, through dominant modes of behavior
(whether rational or otherwise), to the administrative or
bureaucratic culture. Below, I examine the key factors
involved.

Meanwhile, selectively, the following section defines
some more terms.
General Terms

. Environment/context: The external climate and actual
constraints, or pressures, which influence policy. For
example: In the economic environment of global
capitalism, it is difficult for individual countries to
create or maintain progressive taxation systems with
high tax rates, and the prospects for expanding public
health-care systems are therefore diminished.

. Actors/agents/stakeholders: All those individuals,
groups, interests, agencies, and organizations that are
involved with, concerned with, or affected by, a specific
policy (see Kingdon, 1984; Buse et al., 2005).
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. Agenda: The terms of debate on which an issue is
developed in the policy process, or the prioritizing of
one issue rather than another – or none – in the politi-
cal process, or in an agent’s schedule (see Kingdon,
1984).

. Problem: Seemingly straightforward (for example, ‘‘the
primary problem with the British NHS in the 1990s was
long waiting times’’) but useful when considering how
agendas are formed (e.g., is there agreement as to what
the problem(s) is/are), and how politics, problems, and
policies interact (John, 1999; Paton, 2006a).

. Power: The ability of Actor A to win in an overt politi-
cal battle (Dahl, 1980) (in our case, in the health policy
arena) with B; or the ability of A to prevent B from
raising an issue (effectively) within the political process
(Bachrach and Baratz, 1970); or the ability of A to
prevent B from even being aware he has a grievance
or should have a grievance (see Crenson, 1971; Lukes,
1974); or the effect of the dominant (or prevailing, or
pervasive) discourse upon the perception of issues
(in the poststructuralist sense, in terms of the effects
of language upon concepts and thought) (Peck and
Coyle, 2002: 214–219). Note that the last definition
de-centers the actor – power is less a conscious attempt
to win, by an agent, than an effect.
Practical Terms for the (Health) Policy World

. Regulation: A framework of rules (e.g., a legally backed
code) or practices (e.g., by an inspecting agency) that
define permitted activity, or type and mode of activity,
in a field, as opposed to planning or management,
which intervene directly rather than set a framework
for self-action. For example, the new regulation in
health care sets out the rules for markets or quasi-
markets, in formerly directly managed health-care sys-
tems. Day and Klein (1987) argued that a regulator
is external (so that, for example, a higher tier within
a public health-care system does not regulate but
instructs or manages).

. Strategy: Often contrasted with (on the one hand) tac-
tics, it refers to the means of achieving a direction of
travel or goal (as in military strategy), e.g., ‘‘the strategy
for involving the public more in decision-making is to
set up local self-governing units in the healthcare sys-
tem’’; contrasted (on the other hand) with an opera-
tional focus on keeping things running, as in ‘‘the
Health Authority’s Director of Strategy will ensure
that our plans are consistent with our goal of improving
access to the under-served; whereas the Director of
Operations will seek to increase throughput in the
wards to meet government targets.’’

. Governance: Within public services such as health care,
the adoption of an appropriate structure and culture
of oversight of the organization (as in corporate
governance, which seeks to assure that the organization
is run and controlled ethically, soundly, sustainably
and appropriately; or clinical governance, which is the
corporate governance of the clinical process in particular).
Explaining Public Policy

Through one interpretation, actors (e.g., policy makers) are
rational. This might be in the sense of either maximizing
their utility (the neoclassical microeconomic viewpoint) or
planning a coherent – perhaps evidence-based – route to
achievement of objectives, i.e., the tailoring of means to ends.

This latter view is found in political and administrative
science, e.g., in Allison (1971). The question is begged as
to whether such rationality commands consensus (the
unitarist view, or Allison’s Model 1 when applied to policy
making within the portals of central government) or
whether different interests, elites, structural interests,
or economic classes – either in government or across the
wider polity and society – have different objectives
(respectively, the pluralist, elitist, corporatist, or Marxist
views) (Paton, 2006a). These different objectives might be
rational on the terms of the individuals and groups who
have them, and they may be pursued rationally in terms of
the instrumental tailoring of means to needs. Yet the
overall effect is not consensual pursuit of universally
acknowledged rational outcomes. Instead there may be
pluralism, with compromise as the basis for outcome –
leading, perhaps, to incremental, small-scale policy
changes overall even when each group or interest seeks
radical, large-scale change. (Compromise is a very differ-
ent thing from consensus, although there may be eventual
consensus upon the need for, and nature of, compromise.)
Or indeed there may be domination by an elite or ruling
class, which creates a dominant agenda. This may look
like rationalism, not least in terms of the passage of
comprehensive policy rather than cautious adjustment,
but is a very different thing, once again.

One may also consider actors seeking to achieve their
chosen outputs and outcomes (as defined above), but
tailoring their behavior in line with the incentives created
or enhanced by the institutions’ way of working. This is
institutional rational choice (Dunleavy, 1989).

But perhaps the culture created or encouraged by
structures, and the behavior they encourage, takes on a life
of its own: There is a mobilization of bias (Schattschneider,
1960; Paton, 1990) in policy. This may be due to the effect
of external structures upon people’s expectations and
ways of thinking (i.e., cognitive structures) rather than
(just) upon the calculations of autonomous rational actors
whose thought processes and agency are unaffected by
structures.

Indeed there is a difficulty with assuming that humans
have an unchanging, rational, or maximizing nature
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– what Archer calls Modernist Man (Archer, 2000). While
it has the merit of preventing the agent from being
(implausibly) completely subsumed by society, it begs
the question as to where this intrinsic nature comes
from. Not only are the assumptions behind rational man
questionable (an ontological matter), but their origin is
too (an epistemological matter).

Structuralism (Peck and Coyle, 2002: 211–214) arguably
solves the dualism by going too far in the other direction.
It either removes man’s autonomy, positing that deep
cognitive or real (natural or social) structures dominate
agency. Poststructuralism posits that structures are lin-
guistically determined but variable, indeed arbitrary
(Peck and Coyle, 2002: 214–219). On this approach, vary-
ing discourses and perspectives that are thus based are
constitutive of the individual. The paradox is that the
agent is no longer determined by deep or unchanging
structures but that there seems no basis for agency other
than by changing language. On this basis, agents qua

policy makers are neither rational nor irrational: There
is no objective basis for evaluating their actions.

Other approaches point to the actor’s autonomy being
limited but not eradicated. In public administration, this
might provide a useful reminder of the role of cultures,
ideologies, and ideas in policy studies.

Particular structures of relevance to health policy are
political institutions, governmental and administrative
structures, and specific health agencies. We may wish to
define culture separately from structure, or to interpret
cultures, habits, and beliefs (including ideologies and
ideas) as structures for the present purpose – identifying
external factors when seeking to explain or influence
policy.

The literature concerning the factors that influence,
shape, and even cause public policy is now immense. It is
necessary to walk the tightrope between theory, on the
one hand, and plausible explanation of what is actually
happening in the real world, on the other hand. Rhodes
(in Stoker, 2000) stated memorably that social science
can cope with a lot of hindsight, a little insight, and almost
no foresight! Thus it is with explanations of public policy.

The policy process (Hill, 1997) is a phrase that char-
acterizes the story of how policies develop, are implemen-
ted, in often unpredictable or even perverse ways, and are
amended, in a process that is less linear than (variously)
wave-like, stew-like, cyclical, and even circular. It should
also be understood to encapsulate how politics both
shapes and is shaped by policy and the social outcomes
that result from policy outputs.
Explanatory Factors (Illustrated for Health)

The key factors used in political science and public
administration to explain outputs and outcomes in public
policy are:
1. Political economy (generally, and also embracing
regime or regulation theory) (Aglietta, 1979; Jessop, 2002):
Political economy can be defined as the way in which
wealth is produced and distributed. It is a crucial back-
drop to understanding the underlying pressures and con-
straints upon health policy. The global capitalist economy
puts significant pressures upon public health systems, as
well as (for some countries) generating wealth and income
that can be used for both private and public purchasing
of health care. Additionally, effects upon health outside
the health-care system altogether can affect health both
positively and negatively. How public policy generally and
health policy in particular interact in this environment
is crucial.

For most but not all countries of the world, current
international political economy as opposed to purely
national political economy is more important than during
the period from 1945 to 1975, which was an era of expan-
sion of economies and of the welfare state in what was
then called the industrialized West; expansion which had
knock-on effects elsewhere around the globe. Subsequent
retrenchment, plus a (related) change in dominant type of
political economy (or regime), has had significant effects
on health-care systems.

The first wave of global health sector reform in the 1940s
and 1950s (WHO, 2000a) consisted in the establishment of
national health-care systems inmany countries. The second
wave (1960s and 1970s) consisted in primary health care as a
strategy for affordable universal coverage (given already-
experienced cost pressures) in developing countries. The
third wave – moving into the 1980s and beyond – consisted
in a move away from statist public systems to either public
or mixed systems relying more on market, quasi-market, or
new public management mechanisms (WHO, 2000a).

2. Socioeconomic factors. These are distinguished
from (1), although they are related in that they refer to
data and demographics, such as the level of wealth of a
country and the distribution of wealth and income. Health
and welfare expenditure, for example, has been corre-
lated to the former (see Wilensky, 1974; Maxwell, 1982).

3. Institutionalist, new institutionalist, and structural
explanations, which give primacy to the effect of political
institutions (and the behavior and incentives that they
create) in explaining policy outputs (Dowding, 1990;
Paton 1990). In health policy, policy may result both
from the way institutions operate and also how they create
a dependency that constrains future policy or directs it in
a particular way.

4. Institution-based rational choice. Individuals may
act in groups or share interests which influence their
behavior, yet have goals and objectives that are deter-
mined independently of political structures (institutions)
and of cultural factors (for example, a putative dominant
ideology). Nevertheless, their behavior is influenced by
institutions and the incentives to which the latter give rise,
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as they seek to achieve their objectives in the most rational
manner. This is a version of institutional rational choice
(which, as Dowding (1990) points out, need not be meth-
odologically individualist).

Original or pure rational choice theory as applied to
politics was individualist. Public choice theory was based
on the view that both individuals and agencies (collectiv-
ities of individuals) are selfish maximizers. The implica-
tions were that bureaux and bureaucracies would seek to
maximize their budget beyond the point of efficiency
or effectiveness. For example, the chiefs of a health
department – or publicly funded hospital system –
would use the political process (perhaps in coalition
with politicians, civil servants, and doctors, all building
their empires) to expand.

This was one of the rationales for the purchaser/
provider split (Osborne and Gaebler, 1993), which has
featured significantly in both the theory and practice
of health sector reform since the late 1980s and
1990s. The trend started in developed countries, par-
ticularly the UK and New Zealand (Paton et al., 2000).
Countries with public or publicly regulated insurance in
central Europe systems, such as the Bismarckian systems
of social insurance (Paton et al., 2000), always had finan-
cier/provider splits in the tautologous sense that payers
and insurerswere separate entities from providers. But this
is merely the traditional system that operated through
guilds (self-governing providers, professions, and payers
regulated by the state) relating to each other without much
competition. It is not the same thing as a deliberately
created quasi-market or new public management reform.

The latter has also been used to reform Bismarckian
systems by instigating competition between payers and
insurers (whether public or private) for subscribers. Pro-
viders of services would have to justify their product
(effectiveness) and their costs (efficiency) through tender-
ing competitively in order to win a contract, or at least, if
competition was not possible, through setting out clearly
their services in response to a specification that might be
contestable in the longer run if it was unacceptable in cost
or quality.

The trouble with this was that purchasing authorities
and agencies would also be selfish maximizers if
the theory were right. Who would control them? The
answer – especially in health care – has often been a system
regulator (Saltman et al., 2002). But the same applies to the
regulator! So we are driven back to government, as the
regulator of regulators. And who controls government?
The answer is (idealistically) the people or (realistically)
special interests or the ruling class. There is no technical
solution – such as purchaser/provider splits – to what is in
essence a political problem.

5. Issues of power, of how power is distributed in
society and within the political system, and how it
influences public policy. For example, is power distributed
pluralistically, or are decisions taken by – or in the inter-
ests of – the ruling elite or a ruling class? Here, it is
important to distinguish instrumentalism (arguing that,
if politics and policy benefit a group, elite, or class, how
this occurs must be actually demonstrated) and function-
alism (which implies that means that are functional for
ends somehow are realized).

An example of using functionalism to defend Marxism,
for example, was found in Cohen (1978) A strong variant
of functionalism is evolutionism, which draws an analogy
with Darwinism in natural science to imply that the
policies that come to dominate are those best suited to
surviving in their (political) environment (John, 1999).

Functionalism implies that policies develop because
they are functional for the external environment, whereas
evolutionism implies that policies develop if the external
environment is functional for them. Neither stance is
satisfactory, as the how is missing. And evolutionism in
particular – in social science and policy studies – is either
tautologous or vacuous. This is because, unlike in the
natural world, the environment is human-made and
mutable and can be made functional for policies. Any-
thing can therefore be explained in this manner.

The classic example of power in health policy has
concerned the medical profession and its relationship
both with other actors in health-care systems (especially
managers) and with the state.

Network theory, whether sociological, political, or
managerial, has had prominence recently. To some it
is descriptive rather than analytical (Dowding, 1995),
although if integrated with power studies (i.e., networks
explained in terms of power and influence) it can be useful
(Marsh, 1998). At its best, it has the potential to explore how
regimes at various levels of government (international,
national, and local) are responsible for investment and
consumption, and therefore to link political economy with
institutional and behavioral analysis.

For example, the corporatist approach – which depicts
iron triangles of business, government, and labor in policy
decision making (see for example Cawson, 1986) – was
extended to depict how national government organizes
investment and local government organizes consumption.
More recently, in the global and European era, local and
regional government and governance are responsible for
investment to a greater extent, with national govern-
ment ironically increasingly controlling or circumscribing
consumption. This is related to a (concealed) change in
power relations in the economy, with corporatist trilateral-
ism replaced with the bilateralism of business and the state.

6. Ideas and ideologies, which are important, but often
linked to wider social factors (and political economy), and
in complicated ways. An approach emphasizing the pri-
macy of ideas may sound rational. On the other hand, an
approach emphasizing ideology may be ambiguous. Ideol-
ogy can suggest moral goals and a program to achieve them,
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or it can suggest false consciousness of agents who are
cultural dupes. In health, the primary care movement is
sometimes seen as ideologically motivated. Equally
Navarro (1978) has argued that high-technology medicine
is a means of buying off workers given the disadvantages of
(and lack of effective public health in) capitalist society.
A Synthesis

Clearly, different factors can be combined in explaining
public (and health) policy. Different typologies are avail-
able to aid with this task (see Tables 1 and 2)

Two examples are provided:

1. Policy may be made for health, or it may be made with
other factors in mind (e.g., trade, the economy). We can
call these, respectively, internal and external policy.
Additionally, power may be distributed widely in
making – or implementing – policy, or it may be con-
centrated. We can call these, respectively, pluralism
and elitism (or ruling class theory).

Table 1 shows four possibilities, with four health
examples. The aim is not to develop grand theory
but to provide a checklist or an aide mémoire when
examining empirical possibilities.

2. Policy may be made from a zero base on the basis of
seeking means to achieve ends on which there is agree-
ment (either within government or in wider society).
This can be called rationalism. Alternatively, it might
be made incrementally, on the basis of minor adjust-
ments to previous policy (see the second paragraph in
‘Explaining public policy’ above).

Additionally, policy may be made consensually (or
with only one viewpoint featuring, not the same thing),
which variants can all be termed unitarism. This in turn
can be contrasted with pluralism (defined as in Example
Table 1 Power

Pluralism E

Internal Pluralist conflict within health systems over priorities D

External Pluralist conflict within local communities or districts

over control of health agencies for political

purposes

U

Table 2 Type and degree of rationality

Unitarist

Rationalist Government pursuing system-wide reform on the ba

of agreed objectives

Incrementalist Government gradually amending policy on the basis
agreed objectives (perhaps with a conservative b

by civil servants)
1). This time, the latter refers more to the breadth of
influence upon central government than to the nature of
social power more generally.

Table 2 shows four possibilities. As with Table 1, it
illustrates and clarifies rather than helps decide, which
must be done on a context-specific basis, i.e., empirically
rather than a priori.
Explaining Implementation

A framework for explaining implementation can begin
simply, analyzing inputs, outputs, and outcomes. Inputs
draw on aspects of the explanatory factors described
above, translated into concrete terms. It is helpful to
categorize these as ideas, institutions, and political behav-
ior (e.g., by political parties). At root the structure versus
agency debate in social science (Archer, 2000) is at the
heart of the issue: Individuals operating in (structural)
contexts, individually or collectively, help to determine
outputs and outcomes.

While ideas versus institutions has long been a talking
point in policy analysis (King, 1973; Heidenheimer et al.,
1975), these inputs produce outputs in the form of public
policy. Implementation concerns the process by which
such outputs (e.g., laws; an organization’s objectives) are
translated into social outcomes. For example, health pol-
icy may concern the creation of a publicly funded national
health service (NHS). The effect of the NHS upon access
to services and health inequalities (for example) occurs
as a result of how, where, and when the policy is
implemented.

It is possible to have good policy but bad implementation
and vice versa (Paton, 2007: Chapter 5). The former may
occur when policy is designed (and enacted) rationally, but
without taking into account opposition that later is mobi-
lized effectively during the implementation phase. The
litism/ruling class

omination of power and resources by the medical profession or

business
se of the health system to benefit the capitalist economy, as in

promotion or private provision not for health system reasons but

to support or subsidize corporations

Pluralist

sis Each interest group or stakeholder pursues its goals

rationally, but the overall result has to be a compromise

of
ias

Disjointed incrementalism, where mutual adjustment (and
its direction) depends upon the resolution of different

agendas on the part of different actors behaving

incrementally



Health Policy: Overview 217
latter may occur when policy is enacted after significant,
possibly debilitating, compromise, but then implemented in
a straightforward manner, as all opposition has already been
taken into account.

Regulation is a means of seeking to achieve goals and
objectives though a process of implementation, which
occurs through self-modification of behavior in response
to external rules rather than by direct command and
control. Clearly, this is a pertinent issue in health policy,
where international trends overtly embrace the new gov-
ernance through regulation rather than direct control. The
recent reorganization of the UK Department of Health
(Greer, 2007) (which administers the English NHS but not
those of Scotland, Wales, and Northern Ireland) reflects
the creation of many quangos (external public agencies)
allegedly to replace direct control by government.

There are, broadly, three systems of governance for
implementing health policy. Firstly, there is what econo-
mists call by the catch- all term of hierarchy (i.e. one word
as an alternative to markets) but which may be better
described, on examination, as classical bureaucracy or –
not the same thing – planning. This is sometimes
described as command and control. Often this has pejora-
tive overtones, but it need not: Bureaucracy has advan-
tages in both normative and practical terms. These may
include equity, consistency, and transparency (normative)
as well as an ability to rationalize systems, reduce inap-
propriate discretion, and minimize unintended outcomes
from local action (practical). Furthermore, the term hier-
archy may be inappropriate to describe planning, in
health care at least: The latter may eschew the market
(see below), but allow considerable devolution of respon-
sibility in meeting goals (Paton, et al., 1998; Paton, 2007).

Secondly, there is the market. Many countries have
recently sought to use both market incentives within the
public sector (Paton et al., 2000) and private provision to
reshape their health-care systems.

Thirdly, there is guild self-regulation. This approach
has historically existed in central Europe and also some
countries in Latin America as the basis by which the
government guarantees access (national health insurance)
but providers, payers, and professionals self-regulate to a
large extent, often in the context of a corporatism in which
quasi-official, nongovernment agencies manage agreement
about pay, the prices of services, and market entry.

It has been argued that providers (especially profes-
sionals) have knavish as well as knightly tendencies
and that guild self-regulation requires both an assumption
of altruism (Le Grand, 2003) and the assumption that
providers respond to the correct signals in supplying
services. Generally policy advocates such as Le Grand
(2003) suggest the market as the answer. Yet it is vital to
examine what happens when politics meets economics in
market-driven health systems, which notoriously produce
perverse results (Paton, 2007).
Furthermore, hierarchy, or command, need not be based
on the assumption that providers (and managers in health
care) only behave in a self-interested (knavish) manner.
Planning approaches in health care, with official targets,
may be a means of coordinating altruistic public service as
well as providing material incentives for compliance.

Clinical networks, bringing together professionals from
different institutions, may (for example) require both
(internal) coordination and (external) compatibility with
wider policy and managerial objectives. To replace these
with atomized market incentives may encourage knavish
behavior rather than channel it.

In terms of global health policy, we have the paradox
that the ideology of the market sometimes continues to be
on the ascendant but that its effects upon implementation
are complex and often perverse (Segall, 2000; Blas, 2005).
Policy in Practice

The seemingly random interplay of ideas, groups
organized around ideas, interests or advocacy (combining
both values and interests; Hann, 1995), and opportunities
for policy decisions leads us to the garbage can approach
(Cohen et al., 1972). Policy now seems an arbitrary mess.
And it may be, at one level or for some of the time.
Agendas are successful, in this approach, not because of
rationality but because of time or timing and chance
(Kingdon, 1984). Policy, politics, and problems are sepa-
rate streams rather than components of a rational process,
and only when they flow together is policy created. This
might, for example, be when politicians seize an answer
(i.e., a policy) because it is available, trendy, and (coinci-
dentally rather than logically) seemingly an answer to a
problem that is perceived to be pressing.

The question then arises: If policies emerge haphaz-
ardly, one after another, how is policy rationalized, if
indeed it is, to ensure that the aims of the state are realized
or that policy outputs, at least to a minimal extent, achieve
the social outcomes required for both the legitimacy of
the state and the requisite stability of institutions? This is
a more fundamental question than one about the aims of
government. Clearly individual governments’ aims simply
may not be realized. Nor should one assume that there
is some teleology or functionalism favoring the aims of
the state.

My argument is a different one, which can be illu-
strated from health policy. An institution such as the
British NHS is only politically legitimate and economi-
cally viable if it satisfies several conditions: Investment in
cadres of domestic workers occupying salient niches in
the international economy; acceptability to the demand-
ing middle classes, in terms of both quality and financial
outlay (i.e., comparable to what they would pay if only
insuring themselves); and fulfillment of its egalitarian
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founding mission at least to the extent that it seems worth
the moral bother of protecting in the first place.

How can action by the state or its agents seek to fulfill
these conditions? How in other words does the political
realm ensure the compatibility of social institutions (such
as the NHS) with economic reproduction? This is the
crucial question for the sustainability of public health
systems in the era of global capitalism.

There is no inevitability here. The state may act effec-
tively to square the circle – not just of competing social
demands in the conventional sense, but of the competing
agendas listed two paragraphs above. If it does not or
cannot – for example, if a country’s public health service
does not satisfy employers’ needs and demands for healthy
employees – employers will seek to finance their own
occupational health. If doctors fail to cooperate at least
adequately to prioritize the outputs and outcomes that the
state requires, then either they will be coerced into doing
so within the NHS or they will be disciplined by market
forces outside the NHS, as corporations take responsibil-
ity for health care on a sectional basis (perhaps taking
advantage of European Union law).

What this does, then, is give governments that are sym-
pathetic to preserving at least publicly financed health care
an interest in ensuring that the state coordinates policy at
the end of the day, so that a complex amalgamof aims can be
furthered. There is in practice a major conflict between the
garbage can that produces continual waves of incompatible,
media-driven policy, mostly in the developedworld (Paton,
2006) or policy distorted by the predatory state (Martinus-
sen, 1994), mostly in the developingworld, on the one hand;
and the need for effective coordination, on the other hand.

The latter means tight control of resources given the
ambitiousness and complexity of aims, which means polit-
ical centralism against all prevailing rhetoric. Most devo-
lution and decentralization in state-dominated health
systems is devolution of responsibility for functions, not
devolution of power. Again, we can see that, in order to
explain public policy outputs, we have to consider, respec-
tively, the backdrop of political economy; social power;
the structure of the state and political institutions; and
how individuals, groups, interests, and classes behave in
the context of the structures they must use.

For example, Allison’s (1971) Model 1 posits a unified
executive pursuing the national good, having been devel-
oped empirically to explain the U.S. government’s behav-
ior during the Cuban missile crisis. It is therefore a kind of
grounded theory that is context-specific, and therefore
the model may be less suitable for wider explanation of
social decision making, interest-group politics, and power.

The challenge is to incorporate different explanatory
factors at different levels of analysis. These levels can be
considered to be a hierarchy in that there is a move from
the underlying to the immediate in terms of their causal
nature as regards policy outputs, but this is heuristic
rather than wholly empirical. It is important not to be
too rigid about (for example) what is undoubtedly a two-
way relationship between political structure and social
power: The latter will exert itself, except in exceptional
circumstances, through different forms of structure, it is
true; but the former’s mode of channeling power may alter
the nature of that power in so doing.

For example, the medical profession was powerful, as a
stratum within a social and economic elite in the 30 post-
war years of the last century, in both the United Kingdom
and the United States. It was capable of exerting its power
through the then very different political institutions of the
United Kingdom and the United States. In the centra-
lized, executive-heavy UK with (then) a political culture
of insider networks that were relatively invisible (like all
effective power!), an implicit bargain was made through
informal channels between the state and the profession
(Klein, 1990), which meant a symbiotic relationship in
governing the NHS. In the United States, with its decen-
tralized interest-group politics as the stuff of the system,
the profession preserved its power using different institu-
tions in different ways, primarily by blocking reform (in
the way that the insurance industry did with the Clinton
Plan in the 1990s (Mann and Ornstein, 1995; Paton, 1996),
by which time it had replaced the now toothless tiger of
the American Medical Association (AMA) as the lobby
feared by reforming legislators).

The question that arises is: Is power economically rooted
at base, with the decline in the AMA’s – and the wider
medical profession’s – power caused by a surplus of doctors,
on the one hand, by comparison with the 1950s and 1960s
(when access to health care was extended by government,
and the medical profession’s fears of socialization were
shown to be ideological rather than economic), and by
new corporate approaches to purchasing and organizing
health care for their workers, on the other hand?

There is clearly truth in this. Yet it is not the whole
story. The centralist UK political system was capable of
more systematic reform – including the creation of the
NHS itself – than in the United States, when the UK state
was governed by a strong political party with clear
and comprehensive aims, in other words, majority rule
rather than the passage of policy by the painstaking
assemblage of winning coalitions in the legislature. The
latter creates a mobilization of bias (Schattschneider,
1960) away from comprehensive or rationalist reform as
opposed to incremental reform, which in turn alters
mindsets and limit ambitions. That is, structures can
have cultural and ideological effects.

It is important to study an issue such as health
policy over a long enough period (subjectively, about
20–30 years, in today’s world) to allow different eras to
register and therefore the changing salience of different
explanatory factors in public policy. In a nutshell, the
1970s was the era of political structures, as the prevailing
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political economy was nationally based; the 2000s are the
era of political economy, as capitalist globalism reduces
the salience of nations and their institutions.

In other words, political economy is at the top of the
hierarchy of salient factors in delimiting and explaining
public policy. It sets the background, environment, and
constraints. Depicting a regime in political economy
shows how the state and other elements of the polity
come together to steer the economy in a particular way.
It is Marxist, in that it prioritizes economic production,
situates political viability and legitimacy in terms of the
political economy and has crisis as the motivation to move
from one type of regime to another (for example, from the
Keynesian national welfare state to the Schumpeterian
workfare state, in the language of Jessop (2002)). It is,
however, post-Marxist or non-Marxist in that regimes
vary within capitalism, that is, a regime is less than a
mode of production in the Marxist sense.

Institutions and political structures shape behavior,
partly by channeling rational behavior (i.e., institutional
rational choice) but also by changing cultures and expec-
tations, which feed into future ideas for policy, reform, or
whatever, as outlined above. For example, in the United
States, the failure of successive attempts at federal health
reform, foundering on the rocks of established structures
and interests inhabiting them, has lowered expectations
for future action on the part of many reformers even
without them realizing.

Power is exerted, that is, through institutions overtly and
covertly, but the latter equates neither to Lukes’ (1974) nor
to the poststructuralist vision of dialogues that are enclosed
and arbitrary. Loss of ambition in reform ideas is a fatalism,
in this sense, rather than a false consciousness, perhaps
because elites are systematically lucky (in Dowding’s
(1990) arresting oxymoron). In the end, it is just that, an
oxymoron, because – with reflexivity of actors and even of
passive public(s) – those who are systematically lucky are
likely to go beyond luck, i.e., to build on it in a deliberate
strategy to maximize their instrumental power.

Political structures and institutions vary between
countries (as well as sub- and supranational levels). Thus
executives vary in structure, scope, salience, and power,
within the political system in general and state in partic-
ular. Regimes are more than governments and less than
state systems. In health policy, regimes embody the pre-
vailing orthodoxy in ideas (or ideology) as adapted to, and
amended by, political institutions and social structures.
Policy for Financing Health Care and
Structuring Health Systems

We can illustrate how health policy reflects a variety of
different influences by examining how health systems
may be financed and governed.
Financing Options

The main options for financing health care (ranged along
a continuum from private to public) are as follows:

1. private payment (out of pocket), including partial pri-
vate payment, i.e., co-payments (coinsurance or deduc-
tibles) (coinsurance means the consumer paying a
proportion of the cost, e.g., 20%; a deductible means
the consumer paying a fixed amount on each claim,
e.g., £50);

2. voluntary private insurance, including partial versions
(e.g., supplementary and complementary insurance, to
be discussed below);

3. statutory private insurance regulated by the state
(including partial versions such as substitutive insur-
ance, meaning – in this option – mandatory private
contributions by certain categories of citizen (generally
the better-off) toward core rather than supplemen-
tary or optional health services. That is, everyone is
covered, but the better-off pay a form of insurance that
is obligatory;

4. community pooling;
5. public/social insurance;
6. hypothecated (earmarked) health taxation;
7. general taxation.
Assessment of Options Against Criteria

A specific policy analysis would assess options, one by
one, against identified criteria and (perhaps) incorporate
a weighting procedure to rank the options. From the
viewpoint of understanding how policy is actually made,
however, this would only be part of the picture.

It might constitute an attempt at rational policy
making, that is, an attempt to provide a basis for scientific
consensus among the key actors holding power in either
the policy process generally or government in particular.
Alternatively, it might seek to build in to the criteria for
judging options (or even, to the options themselves) prag-
matic or political factors (such as the political feasibility
of an option in a particular political context).

Either way, it is important to be explicit about the
range of factors likely to affect a policy’s success as regards
both enactment and implementation (i.e., outputs and
outcome, respectively), as explored in the sections titled
‘Explaining public policy’ and ‘Policy in practice’. Other-
wise, there is a divorce in the policy dialogue between
what might be termed technocrats (such as economists),
on the one hand, and political scientists on the other.
The divorce between such worlds is often responsible
for extremes of optimism and disillusionment, respec-
tively, in assessing policy ex ante and ex post, as with recent
health reform programs in England, for example.
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Governance

There are fundamentally three categories of system:

1. statist systems;
2. market systems (whether private, public, or mixed);
3. self-governing systems (with varying degrees of state

regulation) (Arts and Gelissen, 2002), in which either
guilds or organized functional interests or networks (of
providers, financiers, and employees) organize the
delivery of care.

Statist systems have replaced the market with public
planning, whether it is dominated by politics, the public, or
experts. Market systems rely on either private markets that
have evolved historically or on the creation of market
structures and incentives within (formerly) publicly plan-
ned systems. Self-governing systems are systems where
central state control is limited or weak or both, but
where guild-like relationships rather than market relation-
ships between key actors predominate. For example, physi-
cians’ associations, insurers’ associations, and the state
will thrash out deals in a corporatist manner, with corporat-
ism meaning (in this context) the institutionalization of
major social interests into a reasonably stable decision-
making machinery overseen by – but not dominated by –
the state.

Clearly most advanced health-care systems are hybrids
in varying degrees. The question is whether the degree of
hybridity is dysfunctional or not, i.e., whether cultures
and incentives are adequately aligned throughout the
system.

Using the language of incentives, it is important to
distinguish between macro and micro incentives. Statist
systems, for example, are generally good (often too good!)
at macro cost control; their record in terms of micro-level
allocations (e.g., to providers or clinical teams) to achieve
objectives is variable (a statement that should be taken at
face-value; some are good at it; others are not). Those
systems that allow meso-level planning authorities, such
as regions, to avoid the excesses of both central control
and local capture by unrepresentative interests, often have
the capacity to square the circle in terms of incentives, as
long as attention is paid to steering the system to achieve
desired outcomes.

While all systems are likely to be hybrids, it is impor-
tant to ensure that the dominant incentives, geared to
achieving the most important objectives agreed by gov-
ernment on behalf of society, are not stymied by cross-
cutting policies with separate incentives. This has been an
occupational hazard of (for example) England in recent
years, arguably, with four different policy streams vying
for dominance: The purchaser/provider split inherited
from the 1990s’ old market and deepened by the creation
of Primary Care Trusts; local collaboration as an alleged
third-way alternative to state control and markets; central
control through myriads of targets; and the new market of
patient choice implemented alongside payment by results
(Paton, 2005a, 2005b).

In consequence, in considering structures, attention
ought to be paid to the central structure, i.e., how the
political level is and is not distinguished in terms of
governance from the top management, i.e., health execu-
tive level. There is no one answer (again, as the United
Kingdom and especially England’s volte faces on whether
or not health ought to be managed strategically at arm’s
length from government or not probably show). Never-
theless, the question ought to be considered in terms
of roles and functions of the different levels within a
coherent governance structure: Is the system capable of
articulating consistent policy?
The Politics of Policy Analysis and
Policy Outcomes

Policy studies have evolved the term path dependency
to illustrate how historical choices create paths that
constrain (although do not necessarily determine) future
options. This is sometimes allied with the concept of the
new institutionalism, which is actually just a way of
emphasizing that agency, ideas, and ideologies are only
part of the picture.

For example, policy debates vary from country to
country – say, in terms of how to reform health services
or with regard to the best type of health-care systems –
for reasons that do not involve only the cultural relativism
of ideas. There are relatively universal typologies
of health-care systems, analyzed along dimensions such
as how universal coverage is, how comprehensive ser-
vices are, and how payment is made. Yet these debates
are handled very differently, with different results, in
domestic policy communities in different countries, even
when these countries might seem fairly similar in global
terms (e.g., France, Germany, Switzerland, Sweden, and
the countries of the UK). Political institutions and
their normal functioning constrain and direct policy
(Paton, 1990).

The field of policy studies also analyzes how differ-
ent policy communities and networks (both insider and
outsider) influence policy. Even in an era of globaliza-
tion and (in particular) global capitalism, ‘‘global policy
debates arrive at local conclusions.’’ This observation
was made by political scientist Hugh Hedo in comment-
ing on a book by Scott Greer (2004), which explores
how – even within the United Kingdom – territorial
politics and local policy advocacy after devolution have
produced diversity within the UK’s National Health
Services. This is such that one can now talk about
four distinctive NHSs (England, Scotland, Wales, and
Northern Ireland).
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To make an analogous observation, a rational approach
to policy analysis may seek to combine (for example)
universalism, comprehensiveness, and prepayment (whether
by tax or insurance) in different ways. In the abstract,
there may be little to choose, for example, between a
rationally designed NHS and a rationally designed social
insurance system.

Yet the proof of the pudding is in the political diges-
tion. How viable a system is in practice depends not just
on technical factors such as efficiency (which are rarely
only technical, in any case), but also upon how the politics
of both policy design and policy implementation play out.
It could be argued, for example, that England’s confused
and overloaded health reform agenda is destabilizing its
NHS, unlike, say, in Finland. Or that France’s social
insurance system is being adapted to reap the benefits of
an NHS-type system. Globalization constrains, but policy
and implementation are affected by politics and political
structures. As a result, whether or not a system is viable in
the global era depends upon practice as well as theory.
For example, is an NHS capable of spending money
efficiently and effectively enough to make the requisite
taxation rates for a comprehensive service viable? The
answer, in theory, is yes. The answer, in practice, is we
do not know until we have examined if and how dif-
ferent policy objectives, and policy strands, are rendered
compatible (Paton, 2006).
The Politics of Health Policy in the
World Today

In order to analyze health policy, it is necessary to analyze
politics in health, a better phrase than the politics of health.
That is, while there may be certain respects in which the
politics of health is unique to health, it is generally true that
the effect of general political factors upon health, health-
care systems, and the delivery of health care is more signifi-
cant. In other words, political economy (both national and
international), political structures, and political systems
condition health-care systems and indeed the prospects
for health.

Control and conflict over resources for both health and
health care put health at the center of politics. Consider
also the role of the state. Moran (1999) has talked of the
health-care state, with echoes of the welfare state, and
the implication both that the state affects health care (and
health) and that health-care systems in turn affect the
state and political life more generally. The traditional
concerns of political science – ranging from normative
political theory (concerning the nature of the good soci-
ety and the role of the state) to both analytical political
theory and public administration analyzing the nature of,
distribution, uses, and consequences of power – are fairly
and squarely replicated in analyzing the field of health
and health care.

Political history is also important. The twentieth cen-
tury saw the expansion of health systems, often (especially
in the developed world, including the communist block,
but also in much of South America) into universal systems
(i.e., open to all) if not always fully comprehensive (i.e.,
covering people for everything). (The United States was a
notable exception.) This in itself reflected the politics of
the twentieth century in which (from a Western perspec-
tive) laissez-faire gave way to the interventionism of either
social democracy or at least increased government activ-
ism. While this may seem like a characterization of the
developed world, in the developing world, the expansion
of schemes of health insurance in South America and the
export to colonies and ex-colonies in Africa and Asia of
health-care systems from the developed world make it a
broader picture.
Health Sector Reform

The logic of globalization has been transmitted directly to
the world of health policy (even if the detail that emerges
is politically conditioned). For example, a think tank of
leading businessmen from multinational corporations in
Europe in the mid-1980s, setting out just this rationale
(Warner, 1994), had as one of its members a certain
Dekker, from the Phillips group in the Netherlands,
who also chaired the Dutch health reform committee
leading to the Dekker plan of 1987 (which was partially
implemented over the 1990s albeit in a restricted form).

The Dutch model of managed competition became
the prototype for reform of Bismarckian social insur-
ance schemes in Europe and beyond (including South
America), as well as for the failed Clinton Plan in the
US (Paton, 1996). The UK model of internal markets and
purchaser/provider splits in tax-funded health systems
became the prototype for reform of NHS and government
systems both in developed and developing worlds. It was
devised by right-wing political advisers and politicians
who advocated commercialization in the public sector.
This model (shared with health sector reform in New
Zealand) even became the prototype, somewhat incredi-
bly, for health system reform in the poorest countries of
Asia and Africa. Later in the 1990s and early 2000s, the
World Bank sought to broaden the framework by which
reform ideas and criteria were assessed, but the watch-
words were still competition, market forces, and
privatization.

The World Health Organization has sought a broader
basis for evaluating (and therefore, implicitly, exporting)
health system reform. The WHO (2000b) has sought to
evaluate health systems around the world by a variety of
criteria, including quality, cost-effectiveness, acceptability
to citizens, and good governance. The World Bank’s
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approach, as stated, is heavily influenced by the neoliberal
economic agenda applied to health and welfare, an agenda
itself influenced by public choice theory (Dunleavy,
1989), especially purchaser/provider splits between
buyers and sellers of health services, managed competi-
tion, and quasi-commercial providers.

The assumption is that publicly funded health care has
to be delivered more efficiently, or cheaply, and has to be
more carefully targeted. In Western countries such as
the Netherlands, the latter could be done by advocating
publicly funded universal access for a restricted basket of
services (i.e., universality but not comprehensiveness).

In the developing world from the 1980s onward, usually
under the aegis of multilateral agencies such as the World
Bank and bilateral aid departments such as Britain’s Over-
seas Development Administration (which became the
Department for International Development in 1997),
Western policies promoting market forces in health
care have been advocated and partially implemented.
In other developing countries, the watchword has been
decentralization, but the political intention has fre-
quently been both to limit the role of the state in health
care and to make communities more responsible for their
own health (which sounds culturally progressive but is
likely to be fiscally regressive).

As for the whole world, the key question for developing
countries is: How is better health (care) to be financed?
The options range from private payment through private
insurance, through community self-help or cooperative
activity, through public insurance, to national systems
financed from government revenues, whether operated
from the political center or from devolved, decentra-
lized or deconcentrated agencies. (The last refers to field
agencies of the central government.) In developing
countries, the infrastructure for modern tax-based or
national insurance systems often does not exist.

Moreover, the decline of tax and spend in the developing
as well as developed world means that third-way solutions
(meaning neither traditional state or fully public services
nor unregulated markets) are also sought in the thirdworld,
irrespective of the names or slogans used. In health, the
poorest countries have focused upon building social capital
(as in the West): Communities, with aid from bilateral and
multilateral agencies as well as nongovernmental organiza-
tions (NGOs), have sought to create mutual or cooperative
local (informed) insurance schemes.

The priorities for investment in health are often set
through a mixture of expert-based needs assessment and
local choice via rapid appraisal of local people’s needs.
Not surprisingly, this offer leads to a focus upon the
key determinants of public health such as sanitation,
immunization, reproductive and sexual health (embracing
maternal and child health), and so on.

Regarding access to more expensive and acute or sec-
ondary health services, the key issues are the availability
of pharmaceuticals at affordable prices (with both state
and market solutions such as parallel imports being
attempted); the provision of integrated primary and sec-
ondary care, often through actually siting primary care
facilities at hospitals; and the charging policy of public
hospitals (i.e., should they be free, should they implement
user charges, and if so, how can equity be protected?).

Politics is important in all of these areas. For example,
if the private sector in hospital provision is encouraged,
it may undermine public hospitals’ ability to raise revenue
from user charges for better-off patients.
The Changing Capitalist State and Health
System Reform

Paradoxically, the capacity of the health-care state (Paton
et al., 2000) is increasing in proportion to the complex-
ity of social regulation, while the state’s autonomy from
economic interests is diminishing. Either the new man-
agerialism (i.e., business systems to replace public ad-
ministration (Exworthy and Halford, 1999) or direct
politicization of public sector targets (Paton, 2006)) is
used is to seek to tailor health services to both economist
needs and economically filtered social needs. Use of the
central state to extract maximum additional surplus value
for private business from health-care provision can reach
its apotheosis in the NHS model. Two paradoxes there-
fore arise. Firstly, the most progressive and egalitarian
model for health services (the NHS model) is also the
most easily subverted. (The central state can be used and
abused.) Secondly, where the NHS model is off the polit-
ical agenda (as in the United States) because of a pro-
business ideology, the surrogate policy for taming health
care in the interests of business (i.e., managed care) is
much less cost-effective.

Consider the hypothesis that state-funded health ser-
vices (such as the NHS) are a cheap means of investment
in the workforce and the economy. If firms derive extra
profit (surplus value) as a result of healthier workers that
is due to social spending, then that extra profit can be
thought of as the total extra income minus the costs of the
social spending (e.g., corporate tax used to contribute to
theNHS) that firmsmake. The residual – the extra profit –
is composed of two elements: The contribution that
workers make to their own health-care costs and social
expenses (e.g., through tax), which increases their produc-
tivity and firms’ profits; and the exploitation, i.e., surplus
value extracted from, for example, health-care workers.
This latter element, if it exists, derives from the incomes
of health-care workers being less than the value they
create, i.e., the classic Marxist definition of surplus value.

It might be objected that governments do not plot
such a scenario or situation. But sociopolitical pressures
help to produce such an underlying reality. The changing
socioeconomic structure of Western societies, and the
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international class structure produced under global capi-
talism, leads to pressures on publicly financed health
systems. This is inter alia because more inequality and
more complex differentiation of social structures leads
to different ability and willingness to pay tax and/or
progressive social contributions on the part of different
strata. Either private financing of (say) health care will
increase or public services will have to please affluent con-
sumers and satisfy corporate expectations for their employ-
ees, as well as investing in health on behalf of the economy’s
needs. The latter may not be equitable, if equity means
equal access to services on the basis of equal need. Put
bluntly, health-care consumption demands by the richer
and investment in the health of skilled, scarce employees,
will conflict with egalitarianism in health services.

Greater social inequality plus the absence of a left-
of-center electoral majority thus puts pressure on egali-
tarian policy and institutions such as an NHS available
to all irrespective of ability to pay. Attempts to defend
such a service tend to be forced onto the terrain of
economic justifications, to the argument that international
competitive advantage requires a healthy workforce. But
the workforce is not the same as the whole of society.
Nor is a post-Fordist workforce (i.e., a national class
structure shaped by international capitalism) an undiffer-
entiated structure: Some workers are more equal than
others when it comes to prioritizing health for economic
reasons. It is here that arguments about social capital are
sometimes used: A healthy workforce requires a healthy
civil society. But this in turn may be a zero-sum game
between regions and communities.

At this point, it is worth bringing in the classic Marxist
dispute about the nature of the state: Is it a (crude)
committee of the bourgeoisie and does it manage the
long-term viability of capitalism; or is it an area of hege-
monic struggle. In health and health care, what would the
rational capitalist state do?

If the state is the rationalizing executive board of the
capitalist class, one can imagine the board’s secret minutes
saying, it makes economic sense for us for the state to fund
and provide health care. That way, we will pay less than if
we directly provide health benefits for our workforce,
company by company or industry by industry. It makes
sense because taxation is less progressive than it used to be
(so workers pay more; we pay less); the state can force
hospitals and other providers to do more for less, i.e.,
exploit the health workforce to produce additional sur-
plus value for most of us; and the said public services can
invest in the productive using allegedly technocratic
means of rationing.

At this point, however, if the country’s health-care
providers were private, for-profit concerns, they might
object, on the grounds that the broader interests of (the
majority of) capitalists went against their interests, namely,
to derive as much profit as possible from a generously
funded health system (broadly, the U.S. position). Equally
corporate insurers in the United States resist a single-
payer or statist model. Note that such a situation does
not pertain in the United Kingdom, with the commercial
sector in health care being less economically and therefore
politically salient and essentially content with marginal
income from the NHS (important as that is in its own
terms). Additionally, leaving investment in the workforce
to individual firms means a system whereby there is a
problem of collective action: Firms will not do it for fear
of simply fattening up workers who then move to another
firm; or rather, they will only do it in order to recruit
and retain the most valuable workers. Again, this is broadly
the U.S. situation.

On the other hand, if the state finances and provides a
common basket of health services for all (the European
model), mechanisms will have to be put in place to limit
that basket and to increase productivity in its production.
This will mean that wider benefits will be sought privately
by individuals or employers. This, very broadly, is the
agenda driving European health system reform.

If the state is more than a committee of capitalists
(whether with or without the health-care industry)
then ironically the hard-nosed longer-term agenda of
competitiveness may be easier to implement; hence the
continuing viability of the British NHS on economic as
opposed to ethical lines, rather than the messy and expen-
sive U.S. system. (Note how New Labour – in defending
the NHS – points to how European social insurance taxes
business directly.)

The choice between state health care to promote
selective investment rather than equitable consumption
is glossed over in the rhetoric of the third way, whereby
the former becomes social investment and the latter is
downplayed either as old tax and spend or as failing
adequately to emphasize health promotion, and so on.

Overall, the state in the developed world balances the
claims of individual firms, the overall capitalist system
and particular laborist or welfarist claims. But in today’s
international capitalism, securing inward investment is
the crucial imperative. Health policy is not determined
by political economy, but it is influenced and constrained
by it. This occurs in two ways: It affects the money
available and its distribution, and policy regimes (asso-
ciated with regimes in political economy) influence gov-
ernments and policy makers, with policy transfer across
ministries.
Conclusion

This article has defined and explored public policy,
applying general concepts to ensure that health policy is
not treated in too exceptional or parochial a manner. It
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has gone on to explore some of the complexities in making
(and understanding) policy and in implementation.

Policy analysis can be defined in two ways. The first
is the systematic but normative examination of situa-
tions and options in order to generate choice of policy.
The second is the academic analysis of how policies
originate andwhere they come from; who andwhat shapes
them; how power is exerted; and what the consequences
or outcomes are.

There is often confusion between those two domains
both in theory and in practice, perhaps based on the fact
that the two meanings are linked psychologically if not
logically. Analysts and advocates who wish to find an
analytical basis for policy choice (first domain) often
have a subconscious picture of the policy process as ratio-
nal. That is, they assume there is some basis through which
evidence can create consensus as a direction or a decision.

Yet the reality is often that interests, ideologies, or both
determine policy choice. These choices (by individuals,
groups, or classes) may be rational in that the means are
chosen (the policies) for the ends or goals. It is just that
there is no scientific basis for adjudicating among ends,
especially now that teleologies such as Marxism do not
hold sway and would-be universal values such as capitalist
liberalism are revealed to be partisan rather than universal.

That is, health policy, like public policy generally, is
made as a result of the interplay of powerful actors influ-
encing politicians to make decisions (politics), on the basis
of policies that are available and currently salient, either
because they are trendy or because they are seen as
convenient solutions to those problems that currently
dominate agendas. Rationality, in the sense of evidence-
based tailoring of means to ends, is only consensual if the
key decision makers agree as to ends. This may occur if
there is wide and genuine social consensus, or – a very
different state of affairs – if those who disagree are
excluded from a powerful role in the policy process.

In health policy, as in other spheres, we see – locally,
nationally, and globally – that orthodoxies wax and wane
over decades. (For example, in what used to be called
Western countries, the era of public administration gave
way to the new public management in the 1980s, 1990s,
and beyond, with the latter subsequently being influ-
enced in a harder market direction by both globalization
per se and the mission of supranational block such as
the European Union.) We may call these orthodoxies pol-
icy regimes. They are regimes because they combine ele-
ments of the dominant political economy and the (usually
related) current political orthodoxies i.e., they are more
than just a policy yet less than an evidence-based certainty.
See also: Agenda Setting in Public Health Policy; The

State in Public Health, The Role of; United Kingdom,
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that keeps people from falling in the water is likened
to health policy that helps people avoid becoming ill.
Extending the metaphor, providing a safe entry point at
the river’s edge and training people in self-rescue can be
likened to health promotion’s focus on capacity-building
and empowerment. The practice of involving people in
decision making about access to the stream and safety
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issues illustrates the participatory approach to health pro-
motion. For many, the defining characteristic of health
promotion is that it works upstream, in participatory
ways that empower people to control their own health.

But not all agree. Health professionals working down-
stream as well as upstream may declare themselves ‘health
promoters.’ In some parts of the world, health promotion
is closely equated with disease prevention and the terms
may even be used synonymously. Elsewhere, health pro-
motion is viewed as having more to do with policy-level
work to intervene on the macrodeterminants of health,
such as ensuring access to basic needs (e.g., shelter, clean
water, sufficient food, security). Health promotion can be
downstream, upstream, or anywhere along the stream
because it is perhaps more usefully conceived as a way
of working, regardless of where on the stream one finds
oneself. As an extreme example, the staff of a hospice
work seemingly in a place of hopelessness. However,
they can choose to work in ways that empower the
patients to manage their remaining time in ways that are
the most meaningful to patients. That is a counterpoint to
a professional style in which the experts know best and
the patients are ‘managed.’

This article reviews key concepts, historical develop-
ments, and practice and research strategies of health
promotion, with an emphasis on capacity-building and
empowerment processes aimed at reducing health inequity
in society.
Health Inequality and Inequity

Due to many reasons, people experience different levels
of health, they suffer differently from diseases and disabil-
ity, and they die at different ages. Inequality in health is a
fact of life. Some of the inequalities in health within and
between societies are due to forces beyond an individual’s
control, such as variations in natural resources and geog-
raphy. However, some health inequalities are due to social
injustice – unfair circumstances that society should not
tolerate. Examples include discriminatory practices based
on race, gender, and culture, and a society’s failure to
provide basic health care to all people irrespective of
their economic circumstances. Health inequity arising
from social injustice should not be tolerated. Health is a
basic human and societal need, and health equity is there-
fore a basic human right. One’s ability to function physi-
cally, mentally, socially, and, in many cultures, spiritually
has critical implications for one’s autonomy. Furthermore,
the health of a society’s members has important impli-
cations for the quality of functioning of the society as
a whole.

Thus an important aim – many would say the main
aim – of health promotion is the elimination of health
inequity and a narrowing of health inequality to the
smallest possible margin. The practical challenges in this
undertaking are daunting, to say the least. One could
conceive narrowing the health inequality gap by a reduc-
tion in the level of health among the healthiest, as well
as by improving the level of health of those with poor
health, but the former approach would be absurd. Further,
the determinants of health have much to do with how
resources are distributed in a society. Any redistribution of
resources intended to reduce health inequality requires
political action, taking health promotion beyond the con-
fines of what is usually thought of as public health practice.
Health Promotion Defined

There is no simple answer to the question ‘What is
health promotion?’ People who consider themselves health
promoters may have very different professional roles, back-
grounds, and perspectives on the nature of health itself.
The definition of health promotion given by the World
Health Organization (WHO) in 1986 is in the Ottawa
Charter for Health Promotion, and reads:

Health promotion is the process of enabling people to

increase control over, and to improve, their health. To

reach a state of complete physical, mental and social

wellbeing, an individual or group must be able to identify

and to realize aspirations, to satisfy needs, and to change

or cope with the environment. Health is, therefore, seen

as a resource for everyday life, not the objective of living.

Health is a positive concept emphasizing social and per-

sonal resources, as well as physical capacities. Therefore,

health promotion is not just the responsibility of

the health sector, but goes beyond healthy lifestyles to

wellbeing.

The definition of health promotion given by the
American Journal of Health Promotion (AJHP) in 1989
stands in contrast on several points of comparison
(Table 1):

Health promotion is the science and art of helping people

change their lifestyle to move toward a state of optimal

health. Optimal health is defined as a balance of physical,

emotional, social, spiritual, and intellectual health. Life-

style change can be facilitated through a combination of

efforts to enhance awareness, change behavior, and create

environments that support good health practices. Of the

three, supportive environments will probably have the

greatest impact in producing lasting change.

(American Jour nal of Health Promotion: http://www.health-

promtionjour nal.com)

It is also evident that health promotion can be con-
ceived in ways that defy comparison with either the WHO
or the AJHP perspectives. As a particularly illustrative
example, the United States’ prestigious Centers for

http://www.health-promtionjournal.com
http://www.health-promtionjournal.com


Table 1 Contrasting definitions of health promotion

World Health Organization American Journal of Health Promotion

What is health? Resource for everyday life Optimal state balancing physical, emotional, social, spiritual,
and intellectual aspects

What is health promotion? Process Science/art

What is health promotion’s

aim?

Go beyond healthy lifestyle to

well-being

Lifestyle change

How does health promotion

reach its aim?

Enable people to increase control

over their health

Help people change their lifestyle
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Disease Control and Prevention (CDC) Coordinating
Center for Health Promotion

was created as a result of the changes in the landscape of

public health. Today, many of the leading causes of death

and disability are preventable through lifestyle modifica-

tions and better understanding of family history. To meet

the needs of these new challenges in the area of disabil-

ities, chronic diseases, and birth defects, CDC has strate-

gically created Coordinating Centers that allow the

agency to be more responsive and effective when dealing

with the public whose health we protect.

(Coordinating Center for Health Promotion,

Centers for Disease Control and Prevention:

http://www.cdc .gov/cochp)

Thus, the ‘legitimate’ territory of health promotion can
range from empowerment to the prevention of birth
defects. Many critics decry the present lack of precision
and agreement about the definition of health promotion,
but it is clear that one view is growing in influence
worldwide – that of the WHO as expressed in the Ottawa
Charter for Health Promotion.
Contrasting Health Promotion and
Disease Prevention

Although the terms are often used in tandem, health
promotion is distinguishable from disease prevention.
Disease prevention has in practice mostly to do with
reducing the burden of chronic and infectious diseases
by preventing their expression in the first place, by reduc-
ing the levels of risk factors for the diseases, and by
intervening at early stages so diseases do not progress
to more serious stages. Since unhealthy lifestyles can
increase risk for many diseases, lifestyle modification is
an important element in disease prevention. Education
about the lifestyle-disease link, and ways to live a health-
ier lifestyle, aim to help individuals make healthy choices.
There is also some attention to making changes in
peoples’ environments, to facilitate healthy lifestyles. Dis-
ease prevention efforts tend to be compartmentalized,
with specialists working exclusively or almost exclusively
with heart disease prevention, cancer prevention, diabetes
prevention, and so on. This situation is often criticized,
because many of the same risk factors underlie a large
number of diseases. It is argued that a whole-person
approach to disease prevention is more logical than a
disease-specific approach.

Health promotion is less concerned about specific dis-
eases, although much of what is labeled as health promo-
tion does include disease prevention as characterized
above. However, health promotion places great emphasis
on how individuals’ choices are limited by circumstances
beyond their control. It is believed that policies are
needed in all societal sectors, including the private sector,
that create environments that support healthy living.
There is also emphasis on empowering people to control
their own health, and building individuals’ and commu-
nities’ capacities to identify and solve the health issues
that are their own priorities. Because health inequalities
within and between societies are exacerbated by social
injustice, health promotion is compelled to enter the
political arena, and advocacy for social change is an
important health promotion strategy.

The distinctions between disease prevention and
health promotion can perhaps be best appreciated by
considering an example. A typical disease prevention
program in a school might target tobacco use, and include
education and behavior change interventions aimed at
stopping youth from starting a tobacco habit, as well
as helping students quit. However, a health promotion
program in a school might follow the guidance of the
Health Promoting Schools movement, in which a
health-promoting school:

. ‘‘Fosters health and learning with all the measures at its
disposal.

. Engages health and education officials, teachers, tea-
chers’ unions, students, parents, health providers and
community leaders in efforts to make the school a
healthy place.

. Strives to provide a healthy environment, school health
education, and school health services along with
school/community projects and outreach, health pro-
motion programmes for staff, nutrition and food safety
programmes, opportunities for physical education and

http://www.cdc.gov/cochp
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recreation, and programmes for counselling, social sup-
port and mental health promotion.

. Implements policies and practices that respect an indi-
vidual’s well being and dignity, provide multiple oppor-
tunities for success, and acknowledge good efforts and
intentions as well as personal achievements.

. Strives to improve the health of school personnel,
families and community members as well as pupils; and
works with community leaders to help them understand
how the community contributes to, or undermines,
health and education.’’ (WHO, 1995). (The settings
approach to health promotion is taken up in greater
detail later in this article.)

Health promotion and disease prevention are comple-
mentary rather than alternative approaches to improve
public health. In recent times health promotion ideas have
become more mainstream in public health practice, and
sharp distinctions are fading. Yet there remains an impor-
tant discourse about the ‘right’ balance between individual-
oriented versus systems-oriented approaches to improving
the public’s health.
History of Health Promotion and Its Key
Concepts

The Ottawa Charter for Health Promotion, adopted by an
international WHO conference in Ottawa Canada in
November 1986 (Ottawa Charter for Health Promotion,
1986) was constructed with a strong sense of history and
yet was fully rooted in the seminal changes of the latter
part of the twentieth century (Kickbusch, 2003). As is
the case with all intellectual endeavors the Charter
was shaped by its context. It emerged during a time of
extraordinary cultural innovation, economic growth, and
political change. The Charter provided a new framework
on how to approach the ‘‘sanitation challenge’’ of the
twentieth century, which had been classified as ‘‘lifestyles
conducive to health.’’ It established that ‘‘health is created
in the context of everyday life: where people live, love,
work and play’’ and introduced a very active and interac-
tive understanding of health. According to the Charter,
health was considered a resource for living – it was not
just an output of other social forces but became an input, a
dynamic force of its own. Lester Breslow (1999), the great
epidemiologist, argued that the Ottawa Charter and its
view on health constitute the third public health revolu-
tion (the first and second being the advances against
communicable and noncommunicable diseases).

The Charter was built on many historical sources from
the golden age of public health, and was indebted in
particular to the work of Thomas McKeown who had
shown with great clarity the extent to which improved
living conditions and nutrition contributed to the increase
in life expectancy in the late nineteenth and early twentieth
centuries. Many of the best public health traditions estab-
lished in the nineteenth century had become eclipsed by
medical strategies or a focus on individual behavior and
the Charter aimed to put the spotlight back on population
health and its determinants. In doing so it further rein-
forced the primary health-care approach adopted by the
WHO in 1978 at the seminal health conference in Alma
Ata (in the former USSR).

However, no single public health action – such as the
famous removal of the handle of the Broad Street pump
by John Snow – could resolve the twentieth-century epi-
demics of chronic disease. Instead, the Charter proposed a
synergy between five essential areas of public health
action: (1) healthy public policies, (2) personal skills,
(3) supportive environments, (4) community action, and
(5) reorientation of health services. The aim of health
promotion was to combine a social determinants approach
(the old public health) with a commitment to individual
and community empowerment (the new public health).
This consensus emerged through a five-year discussion
process involving professionals, academics, and community
members from all around the world. The Ottawa Charter
gave expression to many ideas as well as on-the-ground
practices in the health arena, which were waiting to be
recognized and legitimized.

The Ottawa Charter was very much inspired by
the social movements of the 1960s and 1970s: the
women’s health movement, the newly emerging ecological
movement, liberation theology, the gay pride movement, as
well as the freedom movement around the globe. The age
of colonialism was coming to an end: in the Civil Rights
movement in the United States black Americans were
fighting for their rights as citizens, Solidarnosc and other
opposition movements were emerging in Eastern Europe,
Africans were fighting against apartheid, and the first
attempts at global solidarity were emerging. For example,
a global boycott against South Africa was put in place and
Bob Geldolf organized the first big concert for Africa – ‘We
Are the World.’ The North South Dialogue was chaired by
Willy Brandt and Our Common Future by Gro Harlem
Brundtland. This was the time of writings such as Silent
Spring by Rachel Carson, and the Club of Rome’s Limits to
Growth and Limits to Medicine by Ivan Illich. The year 1986
also saw the Chernobyl disaster and a new killer – HIV
AIDS – had entered the world of public health. It became
clear that all progress carried its own seeds of disaster.

Frequently forgotten are the many intellectual roots of
the Ottawa Charter that stem in particular from the social
sciences. Sociological theories of how everyday life is
constructed, anthropological research into the impor-
tance of context and meaning for individual action,
critiques of medicalization and the role of health as a
means of social control, the relevance of a sense of control
and belonging – all the richness of the social discourse of
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the late 1960s, the 1970s, and the early 1980s fed into the
document and provided its scholarly context. Sources of
inspiration include Michel Foucault, Anthony Giddens,
Gregory Bateson, Aron Antonovsky, Margaret Mead,
Hannah Arendt, and Marie Jahoda, to name but a few.

Finally, the policy innovations that had emerged in a
number of countries also strongly influenced the Charter:
the Lalonde Report from Canada, the Health Objectives
for the Nation from the United States, and the experi-
ences gained with major health promotion and preven-
tion projects, for example, the North Karelia Project in
Finland, the Minnesota Heart Health Program in the
United States, and Heartbeat Wales in Wales.

Any new discourse needs an institutional space and in
the 1980s the WHO provided such a space. At the global
level it was led by a visionary director general, Halfdan
Mahler, who was supported by the extraordinary public
health intellectual Joshua Cohen. They had led the WHO
into a phase of innovation that it has since not experi-
enced. Exemplary for their approach was the Alma Ata
Declaration on Primary Health Care and the Health for
All Movement, the latter of which was committed to
reducing significantly the health inequalities around the
globe. At the WHO Regional Office for Europe, the
regional directors Leo Kaprio and Jo Asvall provided
the space to develop both health promotion and the
many projects that followed – such as WHO’s Healthy
Cities initiative.

It was critical for the health promotion movement that
it had the full support of the WHO leadership in its first
phase and could establish a process whereby health
promotion was strongly recognized in the institutional
structure of theWHO. New projects could be developed –
the many settings projects are cases in point – and key
strategic documents such as the European Action Plans on
Tobacco and Alcohol were based on the Ottawa Charter
principles and five action areas. Health promotion devel-
opment was showcased and discussed through a series
of international conferences, exploring the five action
strategies of the Ottawa Charter in depth.

The idea was to hold conferences every two to
three years in different parts of the world, thus system-
atically making the health promotion approach and
movement ever more global and ever more rooted in
local and regional experience and practice. A global
program on health promotion was established to lead
this development and was run first from Copenhagen
and then from Geneva. The series of conferences that
followed were Healthy Public Policies (Adelaide in
1988), Supportive Environments (Sundsvall in 1991),
New Players in a New Era ( Jakarta in 1997), Inequalities
in Health (Mexico City in 2000) and Globalization
(Bangkok in 2005).

The generation that developed the Ottawa Charter for
Health Promotion set out to classify what it takes to
address public health in modern societies, not only in
the twentieth but even more so in the health society
of the twenty-first century. The Ottawa Charter was
very much ahead of its time and its full importance and
potential has not yet been fully recognized. In an age of
globalization, consumerism, and rapid change of living
and working conditions, the dimensions of the Ottawa
Charter take on a new life. The challenges abound: how
to respond to global marketing assaults on children, how
to address obesity as a societal rather than an individual
problem, how to address the rapidly growing mental
health challenges in modern societies, and how to link
environment sustainability with health sustainability.
The Ottawa Charter still provides some of the best
guidance we have in public health about these
matters. In a society in which most dimensions of every-
day life – including health – have become commodities,
new answers are needed about how to make the healthy
choice the easier choice, how to make health everybody’s
business, and, in particular, how to ensure equity. Health
in the twenty-first century is transnational and all
attempts to create health and control risks lead into the
new global arena. The territorially bounded settings
approach – schools, workplaces, hospitals, cities, villages,
marketplaces – needs to be complemented by strategies to
counteract unbounded global ‘healthscapes’ – fashion
images, advertisements, internet pornography, and the like.
The five action areas of the charter now need to be com-
plementedwith a global dimension that recognizes health as:

. a global public good;

. a key component of collective human security;

. a key factor of good global governance;

. responsible business practice and social responsibility;

. a key defining factor of global citizenship.
International Union for Health Promotion
and Education

Just as the WHO has played a critical role in the develop-
ment of health promotion as it is found around the world
today, other organizations have made important contribu-
tions that warrant mention. At the national level, ever
more countries are establishing national competency cen-
ters in health promotion, and this trend seems to be
accelerating.

At national and international levels, the best-established
infrastructure for health promotion professionals is the
International Union for Health Promotion and Education
(IUHPE). The IUHPE is a leading global network to
promote health worldwide and contribute to the achieve-
ment of equity in health between and within countries.
With its home office in Paris, the IUHPE is half a century
old, and the only global nongovernmental organization
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(NGO) entirely devoted to advancing public health
through health promotion and health education. The
IUHPE is a leading global network to promote health
worldwide and contribute to the achievement of equity
in health between and within countries. It has an estab-
lished track record in advancing the knowledge base and
improving the quality and effectiveness of health promo-
tion and health education practice. For example, an ongo-
ing project of the IUHPE is the Global Programme for
Health Promotion Effectiveness (McQueen and Jones,
2007). Members range from government bodies, to uni-
versities and institutes, to NGOs and individuals across
all continents. The IUHPE offers regional and global
conferences, has dedicated journals both in print and
online versions, and offers others resources to health
promotion practitioners, researchers, and policy-makers
(for more information on the IUHPE, see the section
titled ‘Relevant websites’).
Health Promotion Practice

Health promotion has systematically drawn its strategies
from health education, the self-care movement, social
and preventative medicine, and psychology, among other
sources. Before 1986 – when the WHO consolidated the
various influences on health promotion in the Ottawa

Charter for Health Promotion – the following five strategies
strongly influenced the direction that health promotion
practice has taken.

1. Building a healthy public policy is a key strategy for popula-
tion health improvement, ensuring that health becomes
the responsibility of policy makers in all sectors, and
that policies outside of the health sector take account of
their health impact. There was a stated need to identify
the obstacles to the adoption of healthy public policies in
nonhealth sectors and a challenge set to find ways of
removing them. At the second International Conference
on Health Promotion (Adelaide,1998), the set of re-
commendations for healthy public policies in part
clarified what the term healthy public policy means
and how it might be facilitated. The Adelaide recom-
mendations define healthy public policies as those
concerned with health and equity at all levels of policy
and accountable for health impact. The aim of healthy
public policies is to create supportive environments that
make health choices possible (or easier), so that people
can lead healthier lives. Healthy public policies therefore
aim to make social and physical environments health
enhancing. The recommendations also suggest that in
pursuit of healthy public policies, government depart-
ments concerned with agriculture, trade, education,
industry, and communications need to take into account
health as an essential factor when formulating policy.
2. Developing personal skills focuses on supporting personal
and social development through providing informa-
tion, education for health, and enhancing life skills
for people throughout the course of life. By so doing
it increases the options available to people to exercise
more control over their own health, which in turn
enables choices conducive to health. A practical ex-
ample is that of empowering disadvantaged groups
through training and education.

3. Creating supportive environments makes the link between
people and their environments to improve health. It
involves addressing the cultural values, social norms,
physical surroundings, and political and economic
structures that make up the home, workplace, and
community environments in which individuals and
groups live. Practical examples include the European
Networks of Health Promoting Schools and Work-
places, discussed in the following section of this article.

4. Strengthening community action involves the empower-
ment of communities through strengthening social net-
works, building social capital, and building capacity for
social change by providing information, learning
opportunities, and a broad range of resources.

5. Reorienting health services involves working toward a
health-care system that contributes to the pursuit of
health. Reorienting health services requires strong
attention to health research and evidence as well as
changes in professional education and training. This
must lead to a change of attitude and organization of
health services, which refocuses on the total needs of
the whole person. It moves the health sector beyond
providing only medical and clinical services toward
meeting the more holistic needs of people using a
multisector approach.
The Settings Approach

The Ottawa Charter introduced the notion of the settings
approach to health promotion because health is created
within the settings of everyday life, where people learn,
work, play, and love. The WHO has declared schools, the
workplace, hospitals, prisons, cities and towns, and islands,
among the priority settings for health promotion.
Schools

Schools have an important role to play in fostering the
health of children and young people at a formative point
in their physical, social, mental, and attitudinal develop-
ment. Consequently, schools form a significant setting and
have been the focus of a major global initiative based on
a social model of health. The Health Promoting School
emphasizes the entire organization, as well as focusing on
the individual. At the heart of the health-promoting



Health Promotion 231
school is the young person, who is viewed as a whole
individual within a highly supportive dynamic environ-
ment that influences the visions, perceptions, and actions
of all who live, work, play, and learn in the school. This
generates a positive climate that influences how young
people form relationships, make decisions, and develop
their values and attitudes. Healthy, well-educated young
people can help to reduce inequities in society, thus con-
tributing to the health and wealth of the population at
large. Because the determinants of education and health
are inextricably linked, health promotion seeks to inte-
grate the policy and practice of the health-promoting
school into the wider health and education sectors.
Worldwide, regional health-promoting schools networks
have been established, such as the European Network of
Health Promoting Schools. The Network functions at
three levels – school, national, and international – with
more than 40 countries in the European Region as mem-
bers. The countries that have embraced the initiative have
established national networks and frameworks that set
out the criteria that schools should meet to be designated
as health-promoting schools.

Workplace

In its Luxembourg Declaration, the European Network
of Health Promoting Workplaces (ENHPW) conceives
workplace health promotion as combining the efforts of
employers, employees, and society to improve the health
and well-being of people at work through a combination
of improving work organization and the working environ-
ment, promoting active participation, and encouraging
personal development. This perspective was given further
substance by the Barcelona Declaration on Developing Good

Workplace Practice in Europe (ENHPW, 2002).
Workplace health promotion has several aspects:

. Commitment to a healthier workforce by providing
information on health promotion;

. Implementation of policies and practices that assist
employees to make healthy choices;

. Recognition of the impact that organizations can have
on individuals.

A healthy organization successfully balances corporate
and individual goals. It promotes health actively and in
a holistic manner, by focusing on health and safety
requirements, developing an open and flexible culture
with systems that seek to reduce workplace health risks,
rewarding achievement, ensuring effective communica-
tion, and monitoring, reviewing, and evaluating how the
workplace affects health.

Hospitals and Health Care

Health-promoting hospitals and primary health-care set-
tings go beyond the traditional role of diagnosis, treatment,
and rehabilitation, by positively influencing the health of
not just patients, but also staff, relatives of patients, and the
communities in which they are situated. In 2004, theWHO
set five standards for health-promoting hospitals:

. There must be a written policy for health promotion,
implemented as part of the overall quality system, aimed
to improve outcomes, and including patients, relatives,
and staff.

. There must be assessment of patients’ needs for health
promotion, disease prevention, and rehabilitation.

. Patients must be provided with significant information
about their health situation, and health promotion
interventions should be established for all patients.

. Hospital management must establish the conditions
for the development of the hospital as a healthy
workplace.

. There must be a planned approach to collabora-
tion with other health service sectors and institutions,
for continuity and collaboration in the provision of
health care.

Not only hospitals, but all health-care settings –
primary care, walk-in clinics, school and workplace health
services, rehabilitation centers, hospices, and long-term
care facilities – have the potential to promote the health
of all who receive and provide care. In addition to the many
hundreds of hospitals worldwide that subscribe to the
ideals of the health-promoting hospital, many other types
of health-care settings are adopting similar approaches and
standards. (Information about health promotion in health-
care settings is available from the WHO Collaborating
Centre for Health Promotion in Hospitals and Health
Care in Vienna; see the section titled ‘Relevant Websites.’)
Prisons

The current emphasis in health promotion practice
on tackling inequalities and addressing social inclusion
makes prisons important settings for promoting health.
In 1996 the WHO held the first international conference
on the subject of healthy prisons, in the United Kingdom,
and since then the healthy prisons movement has spread
across Europe. Some of the principle actions that are
recommended to prisons are to:

. Establish a health promotion steering group supported
by top management;

. Actively involve prisoners in developing programs;

. Commit resources, staff, and training;

. Use a range of health-related approaches;

. Set achievable goals and undertake annual evaluation;

. Make a long-term commitment (3–5 years recom-
mended) to programs.

(Further details are available on the WHO websites; see
section titled ‘Relevant websites.’)



232 Health Promotion
Combi ned Setting s App roach

While healthy setti ngs have be come a key elem ent of
health pro motion strat egy, there is no common frame
of re f erence and many setti ngs ini tiatives have developed
in isolation from other s. It see ms desira ble that bridges
be built between various setting s, so that as peopl e move
from setting to setting in a commu nity, the health -
promot ing aspe cts of communi ty living are ever pr esent
(Doori s, 2004 ). However, the movement toward comb ined
setting s in health pro motion is still in its inf ancy.
Media

Mass med ia used by health promoter s inc lud es radio,
television, newspaper s, magazines, and bill board poster s.
The strengths of the mass med ia in promotin g health lies
in putting issu es on the public agenda, in reinfor cing local
ef for ts, in raising conscio usness a bout health issu es, and in
conveying simpl e infor mation. The med ia is also useful in
counteri ng the well -resource d, often one-s ided mess ages
that come from ind ustries pr omoting health-dam aging
products, suc h as alcohol. The limitation s of the mass
media are that th ey are less ef f ective in conveying com-
plex info r mation in teachin g skil ls, shifting atti tudes and
beliefs, and changing behavior in the a bsence of oth er
ena bling f actor s ( Hill, 2004 ). An explicit objec tive of
many mass media campai gns is to influ ence the social
context and to create a f avora ble c limate in which inter-
ventions can be received ( Well ings and Macdowall, 2000 ).
Coalitions, partnerships, collaboration, alliances,

and participation

Participatory approaches involving collaboration and part-
ner ship are well established in health promotion practice
(Scriven, 2007). As early as 1978, the full participation of
the community in the multidimensional work of health
improvement became one of the pillars of the Health for
All movement, launched at the Alma Ata conference. The
declaration from this conference confirmed that people
have not only the right but also the duty to participate
individually and collectively in the planning and imple-
mentation of their health care and in their health generally.
This was further developed in 1986 when the Ottawa
Charter identified strengthening community action as
one of five key priorities for proactive health creation.
A wide range of international policies has followed which
have adopted and reaffirmed these ideas. The Bangkok
Charter, for example, prioritizes local partnerships and
calls for the strengthening of the capacity of civil society
and decision makers to act collectively to exert control over
the factors that influence health. The Charter asserts that
active participation, especially by the community, is essen-
tial for the sustainability of health promotion efforts.
The formation of partnerships with public, private, and
NGOs is designed to create sustainable actions across
sectors to address the determinants of health (WHO,
2005: http://www.whoint/healthpromotion/conferences/
6gchp/bangkok_charter/en/index.html).
Planning, Implementing, and Evaluating
Health Promotion Programs

Health promoters use planning tools to guide them
through the steps of planning, implementing, and evalu-
ating programs in various community settings. These
tools vary greatly in details and complexity, but in general
they are composed of three steps. The first step is
planning, during which a careful study is undertaken of
a community’s or setting’s needs, resources, priorities,
history, and structure. Planning takes place in partner-
ship with community members, and this participatory
approach is consistent with health promotion’s underlying
philosophy of ‘doing with’ rather than ‘doing to.’

After a plan of action has been agreed on, the required
resources are gathered, implementation begins, and mon-
itoring of action and change processes is undertaken.
Importantly, plans are just that – plans – and frequently
require revision as implementation unfolds. Fluidity in
planning and implementation helps meet the demands of
new or changing conditions and constant surveillance
of, and reflection over practice, change processes, and
outcomes, inform better practice. Finally, health promo-
tion practice tools stress the importance of evaluation, and
dissemination of best practices, with attention to main-
taining and improving quality as dissemination unfolds.
(See section titled ‘Health Promotion Research.’)

The exact form of a health promotion intervention rests
on many considerations, including the skills and aptitudes
of all the people involved, the type of health issue that is
being addressed, the community setting or group context,
the type and extent of resources, and so forth. However,
the health promoter’s general approach to intervention is
relatively invariant – stimulate peoples’ capacity and con-
trol over their own health through collaborative work.
Models of Health Promotion

The Nature of Models

A model provides a simplified and abbreviated version of
a complex reality. Models typically derive from theory.
They are useful and effective insofar as they accurately
represent their theoretical base and capture all of the key
elements of the underlying complex reality.

Broadly, there are two varieties of model: models that
are ideological and models that are technological. In the
context of health promotion, the ideological variant is
well illustrated by the case of the much maligned medical
model. Apart from its failure to take into account ‘social’

http://www.whoint/healthpromotion/conferences/6gchp/bangkok_charter/en/index.html
http://www.whoint/healthpromotion/conferences/6gchp/bangkok_charter/en/index.html
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health, it has been criticized by health promotion workers
for its narrow focus on specific causality and individual
behaviors, when both health and disease are in reality
typically determined by broader social and environmental
factors. Moreover, as Illich (1976) vigorously asserted, the
medical model may actually damage health in that it
is ‘depowering,’ whereas health promotion intends to
empower people to control their own health.
The Primacy of Empowerment

Empowerment is both a process and an end state. It is
not only viewed as central to the approach to health
promotion outlined in this article, but is considered a
sine qua non, based on the following truisms:

. Health – including the experience of disease – is influ-
enced by a dynamic process of interaction between
individuals and their environment (physical, social, and
economic).

. Research demonstrates unequivocally that the most
powerful and overriding negative effects on health are
due to the existence of inequity and inequality; accord-
ingly, the pursuit of equity is health promotion’s
overriding purpose.

. Effective health promotion must take account of both
individual and environmental factors and adopt action
strategies designed to produce positive change at both
individual and environmental levels.

. Health promotion has important political, as well as
philosophical and professional, dimensions.

The values position and central ideology of the health
promotion models described below is therefore quite
unequivocal. However, in addition to ideological commit-
ment, health promoters require a toolbox of strategies and
methods that are technically sound. Without the technical
understanding associated with sophisticated radicalism,
health promoters are at risk of self-congratulatory postur-
ing. In short, a technological model is needed which
identifies the key psychological, social, and environmen-
tal factors that facilitate or inhibit genuine empow-
ered health-related decision making by individuals and
communities.

Two complementary models that contribute to the
theory and practice of effective health promotion are
taken up here, one focused at the level of individuals,
the other at the level of communities.
The Health Action Model

The health action model (Tones and Tilford, 2004) iden-
tifies the major psychological, social, and environmental
determinants of individuals’ health- or illness-related
actions. It comprises two key sections: first, the system
that contributes to behavioral intention, and secondly, the
factors that determine the likelihood that behavioral
intention will be translated into practice (Figure 1).
Behavioral intentions are governed by a complex interac-
tion of beliefs, motivations, and normative influences
together with a more holistic but separately identifiable
construct described as the self, which has traditionally
been described as ‘personality.’ Beliefs are cognitive and
viewed as probability judgments – for example, the extent
to which individuals accept that smoking causes cancer or
potential activists consider that they are capable of joining
a march to protest against poor housing. The motivation
system, on the other hand, is affective; it has to do with
feelings, emotions, attitudes, and values. There is interac-
tion between behavioral intention and motivation. For
instance, people who believe that the tobacco industry
has bribed a political party might feel outrage, and out-
rage might lead them to selectively focus on evidence that
the tobacco industry engages in bribery.

The importance of social pressure on behavioral inten-
tion has been well recognized. There is also an interaction
between cognition and affect in this context. Individuals’
intention to act may be influenced when they (1) believe
that a course of action will result in disapproval from
other people, and (2) have a strong attraction to the
normative source, and are therefore motivated to comply
with it. There may, of course, also be interaction between
any or all of the above influences and the global notion of
personality. For instance, a ‘sensation-seeking’ personality
trait may be associated with certain beliefs and motivation
that influence health actions.

As can be seen from Figure 1, it is useful to identify
three situations which make the healthy choice the easy
choice, so to speak. The simplest of these involves the
provision of knowledge. In many instances people may
be quite eager to adopt a healthy course of action but
merely lack knowledge of what to do, where to go, and
so forth. A health promoter simply needs appropriate
communication skills to achieve a successful outcome in
such cases. Rather more difficult is the situation in which
particular skills may be needed. These might include
(1) psychomotor skills, such as competence in proper
use of a condom, (2) social interaction skills, such as the
capability to act assertively, and (3) self-regulatory skills,
such as quitting smoking. However, the environmental
system as identified in Figure 1 has the greatest rele-
vance for individuals’ behavior; this is taken up in
the following section.

The Community Empowerment Model

The community empowerment model (Figure 2) extends
and redefines Freire’s classic notion of conscientizacao,
roughly translated as ‘critical consciousness-raising.’ The
approach identifies the role of a community worker –
one who works with the community, and, by means of
small-group work, leads them to analyze critically their
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lives and their predicaments until they are able to view
them in a different, more realistic and critical way. If
effective, a state of praxis is achieved. The notion of praxis
is central to the classic work of Paulo Freire (1972),
and the strategy of community development is strongly
associated with Freirean ideas. However, like the pure
Freirean approach, it has limitations. Accordingly, the
community empowerment model identifies measures to
maximize the likelihood that praxis results in vigorous
and successful political activism, which will in turn result
in the genuine achievement of healthy public policy.
Three key strategies in this regard are (1) the strength-
ening of social interaction skills, (2) the use of media
advocacy, and (3) the development of coalitions.
Social interaction skills

An extended system of social interaction skills should be
used to complement and facilitate plans for social and
political action. A variety of resources has been devel-
oped to provide such skills. Reference has been made in
Figure 2 – by way of example – to two such resources
(designed primarily for use in secondary schools in the
UK and Denmark). Their purpose is to teach health
and life skills such as, for instance, assertiveness skills.
The result of training that provides a range of these
fundamental social skills should be the achievement of
what have been termed action competences, which in turn
should motivate and facilitate social and political action.
Media advocacy

Rather than seeking to use mass media to change the
attitudes and behaviors of mass audiences, which is usu-
ally ineffectual, media can be used locally to achieve
radical outcomes, particularly by targeting unhealthy
situations in specific communities and seeking to influence
key decision makers (Wallack et al., 1993).
Development of coalitions

The third strategy is building coalitions of the ‘great
and the good.’ Butterfoss et al. (1993) have provided a
definitive list of the importance of coalitions:
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. They spread responsibility across a number of
organizations.

. They demonstrate and mobilize public support for an
issue.

. They can maximize the power brought to bear on an
issue and achieve a critical mass.

. They can minimize duplication of effort.

. They provide access to a wide range of talent and
resources and can enhance groups’ leverage.

. They are a vehicle for recruiting additional groups to a
cause.

. Their flexibility enables them to draw on new resources
as situations change.
Education and social action

In recent years, theoreticians, philosophers, and sociolo-
gists have questioned the relevance of health education
for promoting public health. Indeed some have seen
health education as counterproductive – as an activity
associated with ‘victim blaming.’ There is also concern
with the paradox that health education has the potential
to widen the health equity gap, if it succeeds in reach-
ing advantaged people and fails to reach disadvantaged
people. However, health education can be made available
to all, if imaginative strategies are used. For example, in
sub-Saharan Africa street theater is used, even in the most
disadvantaged communities, to deliver health education



236 Health Promotion
messages to people at every level in the community in
entertaining ways that fit local context and culture.
Indeed, the position taken here is that health education
is an essential element in health promotion as illustrated
by this formula:

Health Promotion¼Healthy Public Policy�Health Education

The term healthy public policy received emphasis at
a time when those who were dissatisfied with the limita-
tions of health education argued for a more vigorous and
radical political approach. They proposed that a prime
goal for public health was to put pressure on politicians
and others with power, to achieve implementation of
public policy measures that were health promoting. How-
ever, politicians and those in power were often notably
unwilling to implement healthy policies in the face of
competing political pressures. Secondly, the implicit defi-
nition of education was too narrow, often conceived as
having merely to do with individuals’ health-related atti-
tudes, beliefs, knowledge, and behavior.

Setting aside philosophical points, education may be
defined as any deliberate and, hopefully, competent at-
tempt to achieve learning outcomes. The central question –
frequently not addressed – is what kind of learning is most
relevant to health promotion? Certainly, the least impor-
tant health promotion learning tasks are related to indi-
viduals’ lifestyle changes (though important to many in
their own right). The vital educational goals for health
promotion are radical and political – to influence beliefs,
provide skills, and generate motivation by a process of
critical consciousness-raising. In this way the achievement
of healthy public policy might be attainable as a conse-
quence of effective advocacy by an enlightened citizenry.
Health Promotion Research

In contrast to most of public health, health promotion
research has tended to draw mainly from the social and
behavioral sciences rather than the biomedical sciences.
This is not surprising in that health promotion as it has
developed over the past two decades has had a distinctly
social and behavioral focus. Indeed, most people asso-
ciated with the field would argue that this is entirely
appropriate given that health promotion is primarily
about trying to influence social and behavioral change in
health-enhancing directions. Thus, the kind of research
that is undertaken is inevitably social and behavioral, and
there is a strong emphasis on intervention research,
and finding appropriate ways to evaluate the various
approaches to promoting change.

Today, one of the most influential compendia on health
promotion evaluation illustrates a number of the points
made above (Rootman et al., 2001). Most of the authors of
its 23 chapters are social or behavioral scientists and most
of the contents are focused on social and behavioral issues
related to the evaluation of health promotion interventions.
The book’s framework for evaluation (Figure 3) identifies
principles related to evaluation in health promotion,
recommendations for policymakers and others, issues
that need to be resolved, and critical considerations in
health promotion evaluation.

One of the most important considerations in health
promotion research and evaluation is the extent to which
the objects of the research or evaluation should be
involved in the research or evaluation process. Today,
there is wide consensus in the field that meaningful oppor-
tunities should be provided for all of those with a direct
interest in health promotion initiatives to participate in all
the processes, including planning, priority setting, imple-
mentation, and evaluation (although there is some debate
about the extent to which community participation in all
research and evaluation efforts is feasible).

A second critical consideration is methodological. In
particular, there has been considerable debate in the field
regarding the extent to which quantitative or qualitative
approaches are preferable. Although most researchers
in health promotion agree that qualitative methods are
useful and appropriate in research and evaluation in health
promotion, depending on the questions to be answered
and the context, there is still some debate over whether a
qualitative paradigm is preferable to a quantitative one. It
is likely that this debate will continue. In any case, there
now appears to be wide acceptance of the need to use a
broad range of approaches and models for research and
evaluation in health promotion, including experiments,
although community-based health promotion hardly
ever allows experiments to be mounted. There is also
growing acceptance of the need to use multiple methods
in the same study to triangulate findings (mixed methods
designs). As in all community-based research, health pro-
motion research faces the dual challenge of maximizing
validity (confident in a study’s results) and reliability
(confidence that the study can be replicated). Mixed-
methods research designs can help researchers to better
assess and to improve validity and reliability.

A third critical consideration is the choice of level of
measurement. Clearly, the field requires measurement at
both individual and collective levels, given that changes
to enhance health need to occur at different levels – from
the individual to society. However, at this point in
time, there is a tendency to rely more on individual
measures than aggregate ones, if for no other reason that
the former are more common and tested than the latter.
If, however, we are to make progress in understanding
the collective processes that lead to change we need to
put greater emphasis on the development and testing
of collective measures, especially given the emphasis on
settings-based approaches to health promotion.
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A fourth critical consideration is the role of culture.
Often, minority cultural groups are the most disadvan-
taged and vulnerable and therefore are most in need of
health promotion interventions. However, we have a
long way to go in terms of understanding how cultural
beliefs and norms operate in a health promotion context.
This complicates both the design of research studies and
evaluations, and the interpretation of results. In compari-
son studies that include communities from different cul-
tures, for example, it can be difficult to translate both
interventions and survey instruments in ways that convey
equivalent meaning.

A fifth and related critical consideration is the relative
paucity of research and evaluation of health promotion
initiatives in less developed countries. The field needs to
do much better than it has so far in building research and
evaluation capacity in the southern part of the world. The
IUHPE Global Program on Health Promotion Effective-
ness, mentioned previously in this article, is one step in
the right direction, but it is not sufficient. We need to find
more resources for the work and do a much better job
than we have to date in building this capacity.

Finally, one critical consideration that continues to
plague research and evaluation efforts in health promo-
tion is the lack of an integrated, overarching, theoretical
framework for health promotion. The health action model
and the community empowerment model, described ear-
lier, stand alongside a number of other models, and are
therefore illustrative, but do not represent ‘received wis-
dom’ in the field of health promotion. Perhaps we are
doomed to this, because health promotion is an in-
tensely multidisciplinary enterprise, but there is a grow-
ing consensus in the field that we need to put more effort,
intelligence, and creativity into developing approaches to
theory that integrates our knowledge of health promotion
change processes.
Evidence, Effectiveness, and Quality

Over the past decade, there has been increasing discussion
and use of the concepts of evidence, effectiveness, and
quality within health promotion. This is stimulated by the
perceived need among people working in the field to
better justify health promotion, so the decision makers
holding the purse strings will prioritize health promotion.
There is also genuine interest among people working in
the field to improve what they are doing though the
collection and sharing of relevant information.

With regard to the concept of evidence, there has been
discussion in the field regarding its relevance for health
promotion. This concept has various meanings in the
different academic disciplines that contribute to health
promotion, and the evidence concept cannot be reduced
to a single meaningful concept in health promotion. In
spite of this, the concept of evidence continues to be used
in health promotion in at least a common sense way, to
refer to information related to a particular problem or
situation that allows one to assess what is occurring. It
is likely that this will continue to be the case for the
foreseeable future.

The concept of effectiveness, on the other hand, has
been used in a much more systematic and sustained
manner in health promotion over the past decade. Specif-
ically, there have been a number of regional and interna-
tional conferences on the topic of effectiveness in health
promotion, mostly in developed countries. In addition,
there have been several major projects focused on the
effectiveness of health promotion, perhaps the best known
being the European Commission–sponsored project on
health promotion effectiveness undertaken by the IUHPE.
This project reviewed evidence on the effectiveness of
health promotion that was generated mostly in developed
countries. Although it did not provide a clear and spe-
cific definition of the concept of effectiveness, it did
provide a substantial review of relevant research attesting
to the value of health promotion efforts in developed
countries in relation to a number of key political (aging,
mental health, out-of-school youth), health (heart disease,
tobacco, alcohol, and illicit drugs), and social challenges
(nutrition, safety), in three different settings (workplace,
schools, health-care sector) (IUHPE, 1989). Moreover, it
led to the establishment of the IUHPEGlobal Program on
the Effectiveness of Health Promotion.
Summary

The reader of this article deserves to come away from it
having a succinct grasp of what health promotion is, in the
context of public health. Yet that objective eludes the
authors, for a number of reasons, almost all of which can
be illustrated by an imaginary visit to a health promotion
conference. One will listen to talks by, and have discus-
sions with, sociologists, psychologists, physical therapists,
nurses, physicians, teachers, among other disciplinary
types. Very few have education in health promotion
per se, and therefore did not grow up learning a common
academic language and culture. Each individual would
vary on dimensions of, for example, length and depth of
education, degree of social activism and interest in advo-
cacy, devotion to practice, attention to policy making,
level of ecological attention from macro to micro, and
on extent of professional experience. They would come
from all over the world, and their cultures (national,
professional, organizational) and daily contexts (work,
home, recreation, spiritual) would shade their personal
views of health promotion.

They could not agree on a common definition of
health promotion, except perhaps at the most idealistic
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level – for exam ple, the WHO def inition cited near the
beginni ng of this ar tic le – and many would reject even
that. Thus health pr omotion does not occupy a point, but
rather a multid imensional space, with rough bou ndaries
that shift constantly. Becau se su ch a space canno t be
reduce d to a point, any ef for t to def ine health promotion
definit ively is futile, and also unnecessar y. But tho ugh we
cannot define it, we can do it, we can discuss it, we can
engage in dialogu e a bout it. Like oth er compl ex ideas,
par t of its allure is its compl exity.
See also: Alma Ata and Primary Health Care: An Evolving

Story; Dise ase Prevention; Happiness, Health and

Altruism; Health Issues of the UN Millennium Develop-

ment Goals; People s Health Movement.
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Information on health status, risk factors, health insur-
ance, and health-care utilization is used to plan, conduct,
and evaluate public health programs, to inform policies,
regulations, and legislation, and to conduct research to
better understand the determinants and consequences of
health and health care. Much of this information is col-
lected through health surveys. Although some surveys
focus on only one aspect of health, others are multipur-
pose and attempt to gather at least some information on
the range of factors that define health so that the inter-
connections among these factors can be studied. Although
surveys may differ in content, sample design and data
collection methodologies, the general issues that guide
survey development apply to most health surveys.
How to Measure Health

Health is as much a social as a biologic concept. There is
no question that the biologic aspects of health are of great
importance to individuals and to society, but how these
objective aspects of health affect social functioning is
perhaps even more important. In addition, although the
biologic aspects of health lend themselves to objective
measures, the social aspects present a much greater chal-
lenge. Characteristics of the environment and the individ-
ual affect how objective health is perceived and reported.
The same objective health states can have very different
impacts on an individual’s ability to function and perform
social roles. Health is affected by socioeconomic factors
and in turn affects those factors. Some health surveys
attempt to address all aspects of health; others focus in
greater depth on only one aspect. The universes from
which the samples are drawn, the methods used to collect
the information, and the health and health-related infor-
mation obtained will wary depending on the specific
objectives of the survey.
Content of Health Surveys

The information collected on health surveys can be
divided into three general types: (1) health status; (2)
determinants or correlates of health and risks to health,
including health behaviors; and (3) health-care utilization.
In addition, information is also collected on demographic
and socioeconomic factors that affect health. Each of these
subjects is complex and multidimensional. Health status
has many components, which range from physiologic
structure and function to the ability to participate in a
range of social activities. Risk factors also are varied and
include exposure to environmental contaminants, eco-
nomic and social characteristics, and individual behaviors.
Health care can affect the incidence, development, and
impact of health conditions. To obtain information on all
of these topics, a range of survey mechanisms is used, but
each mechanism is subject to known, and often uncontrol-
lable, measurement error. It is usually necessary to piece
together information from different sources to get a full
picture of health.
Conditions and Diseases

Health status is sometimes equated with having one or
more physical, psychological, or mental diseases or con-
ditions. A variety of approaches can be used to measure
disease incidence and prevalence, including reporting of a
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diagnosis by a health-care provider, reporting of symp-
toms (if an appropriate symptom battery exists), medica-
tion use, and direct diagnostic testing. Additional
information of interest related to conditions includes
date of onset, the use of health-care services, and the
impact of the condition on the individual’s ability to
function. Condition severity is often inferred from the
type of medications or health-care services used or the
nature of the functional impact of the condition. Informa-
tion on conditions that is obtained through interviews
reflects an individual’s knowledge of his or her health
status, which in turn is a function of the receipt of appro-
priate health care and adequate communication between a
health-care professional and a patient. This is particularly
true when condition prevalence is based on having
received a diagnosis from a health-care professional.
Surveys that include direct physical exams, however,
have the advantage of allowing for the measurement of
previously undiagnosed conditions.
Sources of Information

Interview surveys provide a major source of information
on conditions and disease. One issue that must be
addressed is the number of conditions to be included in
the questionnaire. Condition checklists can be used to
obtain information on a great number of conditions, but
in most cases, only a minimal amount of information on
any given condition is collected. In addition, long check-
lists are difficult to administer and may result in reporting
errors. However, the use of comprehensive lists does allow
for the ascertainment of comorbidities. An alternative is to
obtain more detailed information on a select group of
conditions. Criteria such as the prevalence of the condi-
tion or the potential impact on the individual or the
health-care system are used to select target conditions
such as heart disease, diabetes, cancer, pulmonary dis-
eases, depression, and arthritis.

Another way to limit the amount of information that
needs to be collected is to focus on more serious condi-
tions. Some surveys do this by limiting their focus to
conditions that result in the receipt of medical care or in
activity restriction such as missing work or school. This
provides a somewhat more concrete referent for the ques-
tions being asked, which should result in improved data
validity and reliability. However, limiting the definition of
health problems to those that result in behavior such as
seeking care or restricting activity is more appropriate
when ill health is primarily the result of acute conditions
for which onset is clear and there is a closer association
between the condition and the care-seeking behavior. As a
result of the ‘epidemiologic transition,’ acute conditions
have given way to chronic conditions as the major sources
of morbidity. Chronic conditions are more difficult to
diagnose, and longer periods are spent in the disease state
both prior to and after diagnosis. This complicates the
collection of self-reported condition information because
respondents have difficulty recalling the onset of symptoms
or diagnoses made many years prior to the survey.

Requiring that health-care use or activity limitation be
present when identifying conditions also makes it difficult
to investigate social correlates of health status, since the
definition incorporates a social dimension. Access to sick
leave or affordable medical care may be limited by social
or economic factors. Persons who do not demonstrate the
required behaviors because of these social factors will not
be considered as having a health condition. This can result
in bias if the data are used to measure the condition’s
prevalence or impact or to investigate disparities across
subgroups.

Examination surveys provide a complementary mecha-
nism for obtaining information on conditions. The results of
the physical exam, and of blood and other tests, can be used
to objectively measure health status. For example, informa-
tion on diagnosed hypertension or diabetes can be obtained
from an interview, but information on undiagnosed condi-
tions must be obtained from objective tests. However, if a
condition is controlled by medication, the objective test will
not provide information on diagnosed cases. Information on
diagnosed and undiagnosed conditions is needed for a com-
plete accounting of the health condition.

Surveys of providers (hospitals, office-based private
physicians, managed-care organizations, hospital outpatient
departments, emergency departments, ambulatory surgery
centers, and long-term care facilities) are generally used to
obtain information on health-care utilization and the
health-care system, but information in the administrative
and medical record can be used to study conditions that are
associated with medical care.

Provider-based surveys are particularly important for
obtaining information on rare conditions that would not
be picked up in population-based surveys. Although
information is collected on all conditions for which health
care is obtained, the nature of the information available is
limited to that which would routinely be obtained from
medical records. Information on the condition can be
abstracted from the record and then coded, or the codes
can be taken from summaries or billing records. The
amount of information available affects the accuracy
with which codes can be assigned. Payment considera-
tions can affect what is entered into the record and the
coding process. These constraints need to be considered
when analyzing this type of data. In addition, the event
(e.g., the discharge), rather than the person, is the unit
of analysis. For example, although it is possible to esti-
mate the number of hospital stays associated with hip
fracture from a survey of hospital stays, it is not possible
to estimate the number of persons with hip fracture even
if one could assume that all persons with hip fracture
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were admitted to the hospital. An enhancement to health-
care surveys would be to follow patients after the health-
care encounter.

The development and adoption of electronic health
records has the potential of changing how provider-
based surveys are conducted. Currently, information is
usually obtained from discharge summaries or billing
records. If more detailed information is needed, it is
necessary to abstract information from the medical
record, a method that is costly and subject to bias, as
information is not entered into records in a structured
and standardized way. Electronic health records have the
potential not only to facilitate the retrieval of information
but also to standardize the information made available,
thus improving the quality of that information.

Cause of death statistics obtained from vital registra-
tion systems also provide essential information on medi-
cal conditions. Although not error free, a great deal of
effort is put forth to standardize the collection and coding
of cause of death. International standards (WHO, 2004)
have been developed which provide coding rules and
specifications, and these are updated periodically to
reflect advances in medical science.
Measuring Function and Disability

Physical, cognitive, emotional, and social functioning are
important components of health status. Although disease
states are more closely related to the biologic aspects of
health, functioning is dependent on both the biologic and
social realms. Information on functional status can be
ascertained through objective tests but is most often
obtained through direct reporting by the individual or a
proxy. Information on functional status encompasses a
wide range of activities from the very basic such as raising
an arm to the more complex such as working and going to
school. Obtaining information on functioning is compli-
cated by the fact that performance is affected not only by
physiologic abilities but also by the environment (which
includes the physical environment and the use of assistive
devices). A person’s ability to walk may be impaired by a
condition that leads to weakened muscles, but with the use
of braces or a wheelchair, along with appropriate accom-
modations in the physical environment (e.g., ramps), that
individual is mobile and able to carry out appropriate
social roles. For some purposes, information is needed on
functional ability without the use of assistance of any type.
In other cases, functioning ability as measured by usual
performance is important. Although functional limitations
in a given domain can result from a range of impairments
and conditions and it is not necessary to know the specific
causes to evaluate functional status, information on the
conditions causing the limitation is often collected. This
information is needed to fully understand causal processes
and to plan targeted interventions. Age at onset and
changes in functioning ability over time are also often
used to characterize functional status.

Although the concept of functioning is central to
health, the measurement of functioning presents complex
problems in collecting data. Since functioning involves all
aspects of life, obtaining complete information on func-
tioning would require an extensive effort to collect data.
In addition, since functioning results from the interaction
between abilities and the environment, a full evalua-
tion would require independent documentation of the
component parts. Following good survey practices, spe-
cific questions would be needed to assure standardized
responses. However, no health survey is comprehensive
enough to obtain all the necessary information. As a
result, information is usually collected on a limited num-
ber of functioning domains using questions that are gen-
eral rather than specific in nature and that use unstated
rather than explicit standards against which respondents
compare their own functioning. The less explicit the
standard, the more likely the response will be affected
by external factors and the less likely that the data will be
comparable across population groups. For example, no
explicit standard is provided by a question that asks sub-
jects if they are limited in the kind or amount of work
they can do. Responses to this question will be affected by
the kind of work that the individual thinks he or she
should be doing as defined by his or her own expectations
and by the requirements set by government agencies such
as disability programs as well as by more objective states
of health. This is less of a problem if one is interested in
monitoring the impact of health on work. However, it is
much more of a problem if the aim is to understand and
monitor a more objective measure of health. As a result of
these complexities, a large number of questionnaire bat-
teries have been developed to measure functioning. Some
use only a few questions, focus on the more complex
social roles, and do not differentiate between different
aspects of functioning (physical, cognitive, emotional, or
behavioral). Others are quite lengthy and obtain detailed
information on a wide range of activities both with and
without assistance.

Survey data on functioning are used to study disability
from a policy and programmatic perspective. Disability is
an umbrella term that encompasses physiological impair-
ments; limitations in physical, cognitive, mental, and psy-
chological functioning; and restrictions in the ability to
participate in daily life. This requires information on
characteristics of the individual but also on characteristics
of the environment and the interaction between the two.
Historically, statistics on disability have been a function of
the specific conceptual definition used and the way the
concepts were operationalized in the data collection pro-
cess. As a result, disability statistics have not been compa-
rable across time, place, or population subgroup or easily
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interpretable. Recent work has focused on clarifying the
various aspects of disability (including aspects of func-
tioning, as previously mentioned) and developing stan-
dard data collection methods that will produce a range of
statistics that can be used for different purposes.

Many health surveys are limited to the noninstitution-
alized population and therefore do not include those seg-
ments of the population in poorest health or with the highest
level of functional limitations: those in long-term care set-
tings. Special studies of these populations can be carried out,
and there should be some attempt to combine results from
the noninstitutionalized and long-term care populations.
Changes in the delivery of long-term care with the expan-
sion of transitional establishments have made this an even
more important issue for survey designers.
Overall Health Status and Summary
Measures of Health

As previously noted, health status is a multidimensional
concept. This complex construct requires multiple indi-
cators and methodologies for adequate measurement.
However, there is a strong desire on the part of policy-
makers and researchers for an overall measure of health
in order to more easily characterize and monitor the
health status of a population and for use in cost–benefit
and cost-effectiveness analyses. There is also increasing
interest in developing basic health status indicators com-
parable to the economic indicators currently in use. These
indicators would be used to monitor the effects of public
policy and to identify areas in which interventions are
needed. An overall health measure is very appealing in
this context. Such a measure could take a variety of forms.
A single question can be used to obtain information on
overall health status. An example of such a question is the
request for the respondent to rate his or her own health or
the health of another person as excellent, very good, good,
fair, or poor. Respondent-assessed general health status is
a popular summary indicator of health status. This mea-
sure has been shown to be highly correlated with other
measures of health status and is predictive of mortality
and admission to long-term care facilities. However, this
measure also has limitations when used to monitor change
over time, one of the primary uses of health status indi-
cators. The means by which individuals evaluate the vari-
ous aspects of health have been shown to be affected by
contextual parameters. Implicit in self-perceived health
status is the individual’s evaluation of his or her health
status against some unstated standard. Societal norms act
to define the standard, but the norms and the standards
change in response to a variety of conditions and can
change over time. For example, another measure of over-
all health, reported limitation of activity, has been shown
to be affected by the criteria used by government agencies
in determining eligibility for disability benefits, which
influence how individuals evaluate their health. Thus,
observed changes in the indicator may not reflect changes
in underlying health status but rather reflect changes in
broader societal trends that affect how individuals evalu-
ate their health.

Alternatively, summary measures can be constructed
by using information on diagnosis of a disease or condi-
tion, symptoms such as pain or fatigue, and physical,
cognitive, emotional, and social functioning. Health
surveys that collect information on the widest possible
range of health-related factors offer the opportunity to
develop multiple summary measures that can be used for
different purposes. Measures of health states can also be
combined with measures of life expectancy to create
measures of healthy life expectancy. Examples of this
kind of measure include disability-free life years, disabil-
ity adjusted life years, healthy life expectancy, and years of
healthy life. Constructs such as these combine measures
of the different aspects of health into a single number by
using a conceptual model that views health as a contin-
uum. The health states are assigned weights that represent
the values that either society as a whole or individuals
place on that health status. Various methods have been
used to determine the values of the different health states.
These measures are used to modify duration of life and
may be multiplied by the number of years in that state.
Determinants of Health

Health surveys generally include measures of risk factors,
health behaviors, and non-health determinants or corre-
lates of health such as socioeconomic status. The range of
measures that can be included is wide and varies by survey.
Age, gender, and race/ethnicity are the basic demographic
variables that are included in health surveys. Socioeco-
nomic determinants of health include education, income,
geographic region, and urbanicity of residence. Strong
health differentials are found across these variables, and
public programs are designed to eliminate these health
disparities. However, the relationship between these mea-
sures and health is often complex. Social factors can act as
causal agents or they can be affected by health. For exam-
ple, low income can result in poorer health status, but poor
health status can also affect earning capability and income.
In order to identify causal relationships between determi-
nants and outcomes, longitudinal designs are needed. The
causal pathways are more easily teased apart if health
surveys can include a broader array of potential determi-
nants of health (biologic, psychological, and social).

Tobacco use, alcohol use, diet, and physical exercise are
common health behaviors that are included in health
surveys. As in the case of health status, these concepts pre-
sent difficult measurement challenges. Diet is particularly
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difficult to capture in the survey context. Respondents have
difficulty remembering what they ate and inwhat quantities.
Obtaining valid information on behaviors such as diet,
smoking, and exercise requires significant survey time.
There is also a tendency for respondents to underreport
negative behaviors such as smoking, and this is even more
of a problem for surveys that obtain information on illegal
activities such as drug use. Survey procedures have been
developed to improve reporting of health behaviors such as
maximizing privacy to encourage accurate reporting and
developing aids to enhance memory.
Health-care Utilization

The use of the health-care system is a major dimension of
health. Information on utilization and related character-
istics such as health insurance are collected from person-
based surveys and through surveys of administrative
records. In person-based surveys, respondents are asked
to recall the number of contacts they have had with
various health-care providers and the nature of the pro-
vider and the contact. Information on the receipt of par-
ticular services, such as immunizations or mammography,
is also obtained. This is often difficult for respondents and
the reporting of contacts with the health-care system
drops off considerably when the recall period extends
beyond two weeks. To address this recall problem, some
surveys ask respondents to keep detailed diaries of their
medical care contacts, obtain the name of the provider,
and then contact the providers (with the subject’s permis-
sion) to verify the self-reported information. Information
on utilization can also be obtained from surveys of provi-
ders. More accurate information on the nature of the
contact, including the reason for the contact and the
services provided, can be obtained in this way. Surveys
of providers can also address the structure of the health-
care system itself and how the characteristics of the sys-
tem affect access to care and the cost of care.

The ability to assess quality of care is becoming more
and more important. Utilization data can address this
issue, but there are serious methodological challenges.
Many data systems do not contain the needed information
or enough specificity to be able to address quality issues.
Moreover, there are many differing opinions on how best
to measure quality. More in this area is progressing and
data systems are attempting to collect information that
will address the issue of quality and appropriateness of
care (Agency for Healthcare Research and Quality, 2006).
General Design Issues

Sample Design

Health surveys either can obtain information directly
from individuals (the subject or an informant) or can
rely on administrative records. A wide range of sampling
methodologies, sampling frames, and data collection stra-
tegies are used depending on survey objectives and the
characteristics of the area in which the survey is done.
Countries that have universal health care with centralized
administrative systems can use designs that would be
inappropriate in countries with less well-developed or
decentralized health-care systems. The simplest sampling
scheme is a simple random sample of a population
obtained from a complete and up-to-date list such as
from a census of the population or a centralized health-
care system. In the case of surveys of persons, if such lists
do not exist, area sampling can be used with clustering to
reduce costs. In order to be able to report information on
subpopulations of interest as defined by geography and/or
demographic, socioeconomic, or health characteristics,
designs often include oversampling of these groups to
provide adequate sample size for analysis. It is often
necessary to incorporate screening into designs to achieve
this objective.

Many health surveys limit their population of interest.
For example, it is common for health surveys to only
include the noninstitutionalized population. The dra-
matic differences in the living conditions of the institu-
tionalized and noninstitutionalized populations make it
difficult to design survey methodologies that would apply
in all situations. The military population is also often
excluded from general health surveys. The scope of the
universe needs to be clearly defined, especially if popula-
tions that differ in their health status are omitted – such as
persons residing in nursing homes.

When obtaining information directly from the popula-
tion is inefficient or would result in either poor data
quality or high costs or both, an alternative is to sample
from existing records that were created for other pur-
poses. Information on health-care utilization for specific
conditions is more easily obtained from hospital or pro-
vider records than from a population sample, given the
relative rarity of the phenomena of interest. The vital
statistics system can also be considered a census of admin-
istrative/legal records for the purpose of describing the
health of the population. Administrative systems, in addi-
tion to providing basic health information, are often used
as sampling frames for population-based surveys. They
are very attractive for this purpose, as they eliminate the
need to identify members of the population who have the
characteristics of interest.
Longitudinal Designs

Most health surveys use cross-sectional designs which
provide data for the calculation of population estimates
and are most appropriate for monitoring changes in health
over time. A cross-sectional design is not appropriate for
investigating causal patterns or for documenting
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transition probabilities from one health state to another
where change at the individual level needs to be
measured. Longitudinal studies are expensive and more
complicated to field but are needed to study causal pat-
terns and transitions. A less expensive alternative is to
transform cross-sectional studies into longitudinal studies
by linking information from mortality or health-care-
provider records to the survey data. Cross-sectional
surveys also can form the baseline cohorts for future
active longitudinal follow-ups. These longitudinal activ-
ities present extensive opportunities for understanding
the relationship between risk factors and disease outcome,
as well as the natural history of disease.
Mode of Data Collection

Information can be obtained either by mail, phone, in-
person interview, or by some combination of modes,
depending on the ability of the researchers to contact
the population using these means. The latter two modes
can also incorporate computer-assisted technologies, and
the use of the Internet for the administration of health
surveys is being investigated. Computer-assisted tele-
phone and personal interviewing have allowed for
increasing levels of complexity of survey administration.
Errors associated with keying and coding have been
replaced by errors associated with programming. The
use of these technologies has resulted in the need for
longer lead times prior to fielding a study but has reduced
the time from the end of data collection to the availability
of results.

Each mode of data collection has strengths and weak-
nesses. More complex questions can be used for inter-
viewer-administered in-person interviewing, since the
interviewer is available to provide standard explanations
and can use the social interaction aspects of the interview
to establish a relationship with the respondent. These
surveys are the most expensive on a per case basis, and
when the subject matter is sensitive, the presence of the
interviewer can bias responses (although this can be alle-
viated by the use of computer-assisted techniques in
which the respondent listens to the question on a headset
and enters responses directly into the computer). Mail
and Internet surveys usually use simpler, more direct
questions and, although cheaper, have response rate and
coverage problems, as do phone surveys that are done
through random digit-dialing (RDD). A growing problem
for RDD surveys is the increasing prevalence of house-
holds with cell phones only. RDD surveys have not
included cell phones in their frameworks because the
respondent would be responsible for charges and the
concern that respondents might be participating while
driving. The percentage of households in this category is
growing and can affect the generalizability of RDD
results.
Selection of Respondents

In general, obtaining information directly from the survey
subject provides more reliable and valid health data. How-
ever, this is not universally true and depends on the nature
of the information sought and the characteristics of the
subject. For example, although accurate information on
risk behaviors among adolescents can probably only be
obtained from the adolescent in a private environment,
adolescents are not good reporters of health-care utiliza-
tion or household income. Even more problematic is the
situation in which a health condition does not permit a
subject to respond for himself or herself. Eliminating the
subject from the survey would seriously bias the results, so
a proxy respondent is often used. Although necessary, the
use of proxy respondents does introduce a source of error
into health surveys, particularly longitudinal surveys.
Obtaining information on the relationship of the proxy
to the subject, as well as the conditions leading to the use
of a proxy, can reduce this error. There are other areas in
which the subject is not a good reporter of the needed
information. For example, information on the character-
istics of an insurance plan is usually better obtained from
the insurer rather than the person holding the insurance.
Finally, reliable assessment of specific types of morbidity,
risk factors, and mortality requires direct measurement
through physical examination or access to administrative
records from health-care providers.
Question Development

A major advancement has been the development and
application of cognitive methods for questionnaire con-
struction. Drawing from the field of cognitive psychology,
cognitive research laboratories have been established and
can investigate how respondents perceive and answer
questions. Another fruitful area of research involves
studying the behavior of both interviewers and respon-
dents within the social context of the interview situation.
A more structured approach to the errors found in health
surveys can enhance data quality. The results of such
research will lead to improved design that reduces error
but can also lead to ways to adjust for known errors in the
analysis and interpretation of results.
Data Linkage

The increase in electronic as opposed to paper files has
greatly expanded the opportunities for linking data from
various sources. Ecological or contextual information
about the geographic area in which survey respondents
reside can now be linked to the survey data. This has the
advantage of allowing researchers to incorporate variables
defined for different units of analysis into their investiga-
tions of complex problems. Survey data can also be
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augmented with administrative data from mortality files
and from health-care providers. In addition to enhancing
the amount of information available for analysis and
reducing survey costs, this often leads to data of improved
quality.

When survey data are linked to other sources of infor-
mation on the respondent, permission to do the link must
be obtained from the sample person. This is often
required by research ethics review boards and by the
organization responsible for the data to be linked, espe-
cially if it is considered private data (e.g., medical records).
Concerns about privacy and confidentiality have made
some respondents unwilling to allow this linkage and to
provide the information to facilitate the link. Persons who
do not allow the linkage become nonrespondents on the
linkage information. It is possible to use standard tech-
niques to adjust for nonresponse if the rates are not too
high, but as rates increase the linked data will be of limited
usefulness.
International Comparability

There is great interest in comparing health status and
health-care systems across countries. Variation in disease
rates across countries can be used to understand disease
etiology. Policymakers and directors of health programs
can use the experiences of other countries to devise stra-
tegies to improve health status. Perhaps most important,
the health status of populations in other countries pro-
vides a standard by which domestic characteristics can be
evaluated. However, there are many reasons for observed
international variation in health, and many of them do not
reflect true differences in health. As already discussed,
health is a complex phenomenon with a large social
component. International comparisons often reflect cul-
tural differences rather than objective measures of health.
These cultural differences can relate to social, economic,
or environmental factors but also relate to basic differ-
ences in how subjects respond to questions. Work is under
way to identify ways to design data collections that mini-
mize the influence of cultural factors that are unrelated to
the intent of the data collection.
Informed Consent, Privacy, and
Confidentiality

For ethical reasons and in order to obtain high response
rates and valid information, most health surveys closely
guard the information provided by respondents. In some
cases, the requirement to protect confidentiality is legisla-
tively mandated. This is particularly important for health
surveys, given the personal nature of the information
collected. Confidentiality is protected by not releasing
data that could identify a respondent. Most survey spon-
sors subject files that are to be released for public use to
rigorous disclosure review, but the risk for inadvertent
disclosure has increased in recent years. It is no longer
necessary to have access to large mainframe computers to
use survey data that are provided on the Internet or on
CD-ROMs. In addition, databases that are not related
to the survey data but can be used to identify indivi-
duals in the survey data files are more available and more
easily accessible. It is the potential linking of survey data to
these external databases that increases the risk of disclosure,
and the risk increaseswith the amount of information that is
available. The ability to link external data to survey
responses presents an analytic breakthrough, as the utility
of survey data can be greatly increased through the appro-
priate linkages; however, this ability also greatly increases
the risk of disclosure, especially when the linkages are done
in an uncontrolled and inappropriate way. The increased
sensitivity to issues of privacy in many countries, especially
as related to health care, is affecting how confidential data
are being protected. There has been a decrease in the
amount of data that can be released as public use files,
especially data that are collected by national statistical
offices under strong promises of confidentiality. Other
mechanisms are being developed so that access to data can
be maximized while protecting confidentiality. The use of
special use agreements, licensing, and research data centers
are examples of these approaches.
See also: Biostatistics; Children and Adolescents,

Measuring the Quality of Life of; International

Classification Systems for Health; Systematic Reviews

in Public Health.
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Introduction

A health-care delivery system is the organized response of
a society to the health problems of its inhabitants (Van der
Zee et al., 2004). Societies differ significantly in the way
they organize their response, and because of this they
can be very well subjected to comparative analysis and
research. This article describes health-care systems from a
comparative perspective. It aims to answer the following
three questions:

. What do we consider a health-care system?

. Why do health-care systems differ and how can we
fruitfully group them?

. What health-care systems innovations can we expect in
the future?

What Is a Health-Care System?

Usually, health care is rather loosely referred to as a system,
without paying much attention to the term itself. Terms
like sector and system are often used as synonyms, while
the phrase ‘health system’ is habitually little more than
shorthand for health-care (delivery) system. Philipsen
(1995), in studying the neighboring but very contrasting
health-care systems of Belgium and the Netherlands, noted
that the term system should not be applied too loosely.
Instead, for comparison reasons, he suggested using the
term system as an essential analytic tool. Referring to the
writings on systems of Parsons (1951) and Habermas (1981)
he indicates that systems have four typical characteristics:
Madans JH and Cohen S (2005) Health Surveys. Health Statistics in the
21st Century: Implications for Health Policy and Practice. London/
New York: Oxford University Press.

Sirken MD, Herrmann DJ, Schecter S, and Tourangeau R (eds.) (1999)
Cognition and Survey Research. New York: Wiley.
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http://www.cdc.gov/nchs/ – National Center for Health Statistics.
ls (Including Targets and Goals

Netherlands
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1. Functional specificity – systems have shared opera-
tional goals;

2. Structural differentiation – systems have a distinct divi-
sion of labor between elements (persons, organizations);

3. Coherence among the composing elements – systems
are subjected to coordination, planning, and
organization;

4. Autonomy – systems are self-regulating to a certain
degree, notwithstanding open borders to other systems
(e.g., education, welfare, industry, legal system) and to
the general environment.

These four systems characteristics are not just present
or absent but vary in degree. Applied to health care,
Philipsen suggests that one health-care system can be far
more ‘systematic’ than another. In his two-countries com-
parison, he illustrates that according to the four charac-
teristics, the Dutch health-care system was more
‘systematic’ than the Belgian one (Philipsen, 1985).

Such observations will be very familiar to students
involved in comparative health (care) systems research.
Countries vary considerably in the degree of central
coordination of their health-care system, especially
regarding the weaker or stronger role of the state (e.g.,
compare the UK and United States regarding coordina-
tion, planning, and organization). Also, the fuzzy bound-
aries between health care and social services make up, in
degree of autonomy, a distinctive system characteristic.
The boundaries between health and welfare are a notori-
ous impediment for comparative analysis, specifically
when studying health care for the elderly. So indeed, the
‘system’ concept and its features are a useful analytical
tool for understanding international differences.

http://www.paho.org/English/DD/AIS/cp-188.htm
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Why Do Health-Care Systems Differ?

As noted, health-care systems are societies’ organized
response to their health problems. So logically, when
health problems vary between populations, it is likely
that also their health-care systems vary. This is very
obvious when contrasting health problems of countries
at different levels of income (low-income, lower-middle-
income, upper-middle-income, and high-income econo-
mies) (World Bank, 2007). Low-income countries are
faced with many problems that impede health directly
or indirectly. These include childhood diseases, negative
maternal conditions, HIV/AIDS, malaria, and tuberculo-
sis. Infectious diseases are the major cause of premature
deaths and reduced life expectancy. In developed
countries chronic diseases form the major causes of
death. Consequently, the health-care systems in these
two groups of countries are fundamentally different and
thus pursue different approaches to health care: in devel-
oping countries the focus is mostly on hygiene and pre-
ventive care, whereas in the developed world the
emphasis is on extensive curative care.

Besides observing such crude but evident health-
related systems differences one also can, at least among
high-income countries, differentiate between types of
health-care systems that are not grounded in essential
health problem differences. These systems differences
have more or less grown historically. The essential differ-
ence between groups of health-care systems in high-
income countries is grounded on their way of funding
and the degree of governmental (state) influence on
health-care delivery. Two typical groups are often dubbed
after their founding fathers: Bismarck (Germany) on the
one hand and Beveridge (UK) on the other. Bismarck, the
first chancellor of united Germany ‘invented’ social secu-
rity at the end of the nineteenth century and helped to
create and foster mutual funds (sick funds) to protect the
fund members against loss of income due to illness and
disability. The social security system is mainly funded by
earmarked, wage-dependent premiums. Beveridge, the
founder of the British National Health Service (NHS) in
1948, created a state-dominated, tax-funded health ser-
vices system for all British citizens that soon served as an
example for many countries all over the world. Beside
these two major types, two others should be mentioned.
One is the market-based American health-care system,
with limited government influence and funding. The
other is the full-blown opposite of this, the health-care
system in the former Soviet Union and its satellite
countries (the Shemasko model, named after its founder)
with strong governmental influence and extensive funding
(Marrée and Groenewegen, 1997).

In the following sections of this article we first go
deeper into the impact of societal transitions and the
impact on differences between low-income countries
and (lower and upper) middle-income countries on the
one hand, and high-income countries and their health-
care systems on the other (i.e., health care in a transitional
perspective). Then we further elaborate on the basic ele-
ments of the four types of health-care systems prominent
in high-income countries.
Health Care in a Transitional
Perspective

To understand current health-care delivery systems from
a longitudinal perspective three types of transition are
significant: (1) the socioeconomic growth of a society,
(2) its demographic expansion, and (3) its epidemiological
development (Figure 1). Modern societies developed
over the ages from agricultural economies through indus-
trialization to service economies (Van der Zee et al., 2004).
They initially focused on survival and self-sustenance of
the smallholder and his extended family, but later on
developed into economies creating surpluses (wealth)
and added value to products that could be traded. Com-
monly, the surpluses of these trades were used to institute
new roles and occupations, which were not necessarily
productive. Typical examples are priests, soldiers, tax
collectors, and different kinds of healers. In this societal
transition the surpluses were accumulated over long per-
iods, in which stages of prosperity alternated with periods
of hardship, due to war, food crises, and pandemics. As
societies further developed and modernized, more struc-
tures and institutions came into existence that reduced
the health and social risks of daily life. The widespread,
kinship-based arrangements to cope with these risks were
gradually supplemented and replaced by collective
arrangements (De Swaan, 1988).

In the wake of this societal transition a demographic tra-
nsition took place, as it proved no longer essential to have
many children as a provision against the risks of becoming
dependent on kin when growing old or living in poverty.
One of the later consequences was that fertility dropped.

In Europe, by the end of the nineteenth century, social
security systems against loss of income due to accidents
and disabilities came into existence, first in Germany,
then later in other countries, including public pension
schemes several decades later. In addition to these collec-
tive arrangements, financial surpluses were the founda-
tions for economic growth and the expansion of
educational and health-care facilities, which also gener-
ated more services and typical professions such as tea-
chers, physicians, nurses, judges, lawyers, engineers,
architects, and so on. In Europe, premium collection and
taxes were the primary mechanisms and financial
resources for these collective arrangements.

In the course of this modernization process the epide-
miological transition took place, reflecting a gradual shift
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from the sheer necessity to overcome malnutrition and
infectious diseases toward dealing with chronic diseases
(primarily affecting the elderly). Today, health-care deliv-
ery systems in high-income societies are largely focusing
on lifestyle diseases (obesity, diabetes mellitus), chronic
diseases, and the subsequent changing needs and demands
of an aging population. During the past century, in high-
income countries, a dramatic shift in the cause of death
has taken place, from infectious diseases andmalnutrition to
cardiovascular diseases and cancer. Chronic disease deaths
now exceed mortality from infections and malnutrition.

In many high-income societies the societal, demo-
graphic, and epidemiological transitions took place dur-
ing the course of many years. This went together with the
coming into existence of more organized and institutio-
nalized ‘systems’ of care, which replaced earlier fragmen-
ted services of competing health professionals and health
institutions. In low- and middle-income countries we
often see, in a shorter time frame, incomplete and more
compressed transitions. This is manifested in less health-
care systems coherence (i.e., coordination, planning,
and organization). Organized health-care systems in
lower-income countries – in particular on the African
continent – were often copies of Western models and
were habitually implemented and enforced as part of the
colonization processes. In addition to this, many low-
income countries inherited from colonial occupation
health-care legislation that was not up-to-date. In the
beginning, organized health care, with a strong emphasis
on hospital care, was primarily oriented toward the mili-
tary, civil servants, and settlers. It was only later that
more community and primary health-care services came
into existence for the local population. Today, health
facilities are usually unequally distributed usually
because of insufficient investments in human resources.
Lower-income countries have three to four times less
doctors and nurses than high-income countries per unit
of the population, which is evidence that human resources
is one of the most neglected components of health system
development (Breier and Wildschut, 2006; Hongoro and
McPake, 2004).

Access to clinical services is still primarily reserved for
limited groups (armed forces, civil servants, and wealthy
people). Health services are often organized through a set
of vertical programs, addressing specific health problems.
The advantage is that health-care delivery is assured; the
disadvantage is that service provision is often fragmented
and inefficient. Community health-care workers act as
first-line contacts of the health system in these countries,
where basic conditions for improving health often fail
(e.g., poverty, protection of mother and child, birth inter-
vals, education, basic maternity care, and immunization).
Major health-care providers are the state and nongovern-
mental organizations.

In upper-middle-income economies, such as in South
Africa, there is a high diversity of facilities with high-tech
private hospitals for those who can afford it at one side of
the continuum, and, for those who can’t afford it, unqual-
ified practitioners at the other, and everything else in
between. Existing social insurance arrangements are
mainly available and affordable for state employees (mili-
tary, civil service). For example, South Africa has imple-
mented mandatory insurance for civil servants, which can
be seen as the kernel of a future social health insurance
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scheme. However, getting mandatory insurance for all
formally employed, or setting up an affordable model for
low-income beneficiaries, will take at least another
decade, as there are many political and practical hurdles
to tackle (McIntyre and Doherty, 2004). The ongoing
debate includes what such health insurance plans should
look like, for example, whether low-income countries
should have a voluntary insurance plan, a private one, or
a mix of both.

In low- and middle-income countries the bulk of
health-care expenditure has to come from direct house-
hold (out-of-pocket) spending, taxation, and deficit
spending. So what is often seen is a hodgepodge of facil-
ities and means of health-care provision, formal, as well as
informal, including a huge variety of traditional healers
paid out-of-pocket or in kind.

The coming into existence of a modern health-care
delivery system with a highly developed division of labor,
a high degree of structural complexity, and means for
coordination and planning requires extensive financial
resources. Only affluent economies are able to put suffi-
cient resources aside, and the extent to which these can
be generated for health care signifies a nation’s stage of
economic development. Indeed, there is a strong associa-
tion between health andwealth, not only at the level of the
individual person, but on the macro level too. Put another
way, the richer the country, the more health care is a
‘system.’

As can be seen in Figure 2, the average life expectancy
is plotted against per capita income in a large number of
countries for the years 1900, 1930, 1960, and 1990, respec-
tively (World Bank, 1993). From the early 1990s (see
Figure 2), the highest health gain is found in the lowest
income range, where societies move from ‘poor’ to ‘less
poor.’ The initial increase in life expectancy is mainly due
to reductions in infant mortality. But having reached a
certain level of prosperity, life expectancy tends to stabi-
lize. Evidently, in more affluent societies a point is
reached beyond which substantial growth of life expec-
tancy is unlikely to happen.

So, as Figure 2 also demonstrates, the wealth of a
nation has a major impact on health. At the beginning,
when the wealth of a nation increases, its level of health
improves, directly, by public health improvement, and
indirectly by schooling and the increase of income level
(in particular of mothers). Later, when economic wealth
has further increased, lifestyle and chronic diseases tend
to amplify. In affluent societies people are more likely to
manifest unhealthy behavior and, as people grow older,
the magnitude of chronic disease increases. Obviously, the
overall impact of wealth on health is not linear. And
because of this it is harder to improve on health in affluent
societies than in poorer ones (provided, of course,
resources for health care are sufficiently available and
adequately distributed).
The relationship between health andwealth is also recip-
rocal. Economic growth and wealth improve health, but
good health stimulates economic growth as well. In mature
economies a successful health-care sector encourages skilled
employment, domestic production, building, and the con-
sumption of service goods. Wealth also defines health-care
targets. And again, the wealthier a nation, the more probable
it is that it has a systematic health-care system.
Four Models of Health-Care Systems:
Free Market, Social Insurance, NHS,
and Socialist

Typically, high-income countries are characterized by
public poverty and private wealth. There is an excess of
energy consumption with environmental pollution as a
resulting health threat. Pockets of relative poverty are
manifested at the dark side of society’s individualization,
leading to problems of anomy, loneliness (in particular
among the elderly), and suicide. Combating lifestyle-
related illnesses, cost containment, unequal health-care
access, preventing unnecessary or overtreatment, rationa-
lizing pharmaceuticals and providing a dedicated mix of
health and social services to the elderly are considered
major health-care policy issues in all high-income socie-
ties. In time there has been a gradual extension of curative
services from the wealthy to the population as a whole,
with emphasis on specialist/hospital care and primary
care as a counterbalance. Also, the focus has shifted
from preventive to curative services, and later on again
to preventive services (preventing lifestyle diseases).
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Because of these similar health-care problems in high-
income countries their health-care systems look more or
less alike. They can be typified as mixed private–public
systems, however, their origins differ. Based on their fund-
ing and degree of state intervention four models of health-
care systems can be distinguished. These four models vary
on a continuum between health care seen as a commodity to
be bought on the free market on the one hand, and health
care as a public good or right, independent of a person’s
income, on the other.
Free Market Model

The free market model applies when the state conducts a
policyof noninterventionism and restricts its interference in
health-care matters to the bare essentials, leaving the rest to
private funding and corporate provision (e.g., health main-
tenance organizations, or HMOs). This is the typical situa-
tion in the United States, except for Medicaid (which is for
the indigent) and Medicare (for the elderly) state interven-
tions. Private insurance fills the gap to some degree, how-
ever, a large proportion of the U.S. population is still
uninsured against health-care costs or loss of income due
to illness and disability. The basic (original) model of the
United States health-care system is a voluntary reimburse-
ment model, with four actors playing a key role (Hurst,
1992). First-level (general practitioners, or GPs) and sec-
ond-level providers (hospitals) deliver services to patients
who will be reimbursed for their medical bill, in part or in
whole. Patients pay a voluntary risk-related premium to
voluntary insurers, who reimburse them for medical
expenses. Typically, there is no, or minimal, interaction
between insurer and provider. Only the patient interacts
with both parties. The private reimbursement model has
two major drawbacks (Hurst, 1992). One is that it does not
have built-in incentives to restrict demand and supply.
Therefore, it is often accompanied by cost sharing. Another
drawback is that it does not have built-in mechanisms
to prevent inequities. For reasons of profit maximization,
private insurers have an incentive to select against poor
risks. Moreover, access to voluntary insurance is only open
to those who are willing or can afford to pay. This has
enormous consequences for health-care insurance cover-
age in the United States. Whereas the vast majority of the
Organisation for Economic Co-operation and Develop-
ment (OECD) countries have achieved universal health-
care coverage, the United States has the largest percentage
of citizens without government-assured health insurance.
The most recent figures show that, in 2005, 15% of the
population (nearly 45 million people) were without health
insurance. This varies between 8% for the population of
Minnesota, and 24% in Texas (U.S. Census Bureau, 2007).
This problemhas been put on the political agenda again and
again, but still has not seen any substantial improvements.
A second shortcoming is high spending. In 2004 U.S.
health-care spending as a percentage of GDP was 13.3%,
compared to 9.2% for neighboring Canada, and 8.1% for
the average industrialized (OECD) country (OECD,
2006). United States per capita health spending continues
to exceed per capita health spending in the other OECD
countries, by huge margins. In the period between 1991
and 2001, the U.S. average annual growth in health spend-
ing was 3.1, compared to 2.1 in Canada and 3.0 for the
OECD median. Despite managed care initiatives and
government attempts at regulation, costs keep increasing
in the United States (Anderson, 1997). Lack of (hospital)
budget control, fragmented and complex payment sys-
tems that weaken the demand side and excessive admin-
istrative overhead may account for the high health-care
spending (Reinhardt et al., 2004).
Social Insurance Model

The second health systems model is the social insurance
system, founded in Germany just over a hundred years
ago. Patients typically pay an insurance premium to the
sick fund, which has a contract with first-line (GP) and
second-line (hospital) providers. The role of the state is
restricted to setting umbrella terms for contracts between
patients, providers, and insurers. The social insurance
system is funded by premiums paid and controlled by
employers and labor unions. These, however, have little
inference with the provision of services, which is left to
the professions, specifically to the medical profession and
to professionalized care organizations (e.g., home nursing,
home help). Basically, continental European health-care
systems originate from the German social health insur-
ance model, founded at the end of the nineteenth century
by the German Chancellor Wilhelm Bismarck. Ear-
marked premiums were paid to a sick fund, which was
jointly controlled by employers and employees (labor
unions). From this sick fund health-care provision from
hospitals and from individual practitioners was paid.

For people with lower- and middle-class salaried
incomes collective and enforced arrangements are avail-
able (sick funds). Founded in Germany, the social security
model was quickly adopted by Czechoslovakia, and during
the Austrian-Hungarian rule, by Austria, Hungary, and
Poland. During the Second World War it was forced on
the Netherlands (1941), and later on it was adopted by
Belgium and France. The social insurance system sur-
vived two world wars and national socialism, and, in
essence, still exists, although in a modified fashion, in
Germany, the Netherlands, Belgium, France, Austria,
Switzerland, Luxembourg, and Japan. Formerly it existed
in other countries as well: Greece until 1982, Italy
until 1977, Portugal until 1978, and in Spain until 1985
(Saltman and Figueras, 1997).
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National Health Services (NHS) Model

The third model, typically found in the UK and Com-
monwealth nations, is the taxed-based National Health
Services (NHS) model. First introduced in 1948, it is
centralized and funded by means of taxation, while the
state is responsible for the provision of institution-based
care (hospitals). The medical profession has a rather inde-
pendent position. Self-employed GPs are the gatekeepers
in primary health care. Before visiting a hospital or a
medical specialist one needs a referral from a GP. The
NHS model leaves some room for private medicine. Until
1995 state hospitals and individual GPs were paid from
this NHS taxation.

Through processes of diffusion and adaptation, the NHS
model was first adopted in Sweden, and then by the other
Scandinavian countries: Denmark, Norway, and Finland.
At present, the NHS model applies to the United Kingdom,
Ireland, Denmark, Norway, Sweden, Finland, Iceland, and
outside Europe by Australia and New Zealand. Four
Southern European countries adopted the tax-based model
more recently: Italy, in 1978; Portugal, 1979; Greece, 1983;
and Spain, 1986 (Saltman and Figueras, 1997).
Socialist Model

The fourth, most centralized systems model, the Soviet
socialist model, was invented by Shemasko, a Minister of
Health, and dates from 1920. It is characterized by a strong
position of the state, guaranteeing full and free access to
health care for everyone. This is realized by state owner-
ship of health-care facilities, by funding from the state
budget (taxes), and by geographical distribution and pro-
vision of services throughout the country. Health services
are fully hierarchically organized. They are provided by
state employees, planned by hierarchical provision, and
organized as a hierarchy of hospitals, with outpatient
clinics (polyclinics) as lowest levels of entrance. Among
the nations that, until recently, had a health-care system
based on the Soviet model were Russia, Belarus, the
Central-Asian republics of the former USSR, and some
countries in Central and Eastern Europe. Many former
Soviet Republics, however, are in a process of transition
toward a social insurance-based system.

The Cuban health-care system also underwent
shortages following the collapse of the Soviet Union. But
while Cuban secondary and tertiary care suffered from
the crisis, the well-functioning universal and equitable
health-care system from before the crisis remained largely
intact, due to the government’s support and grassroots
organizations-based networks of solidarity (Nayeri and
Lopez-Pardo, 2005). The Chinese health-care system,
created in 1949, was also a typical example of now largely
extinct twentieth-century communist societies. By the
early 1980s the Chinese government virtually dismantled
it (Blumenthal and Hsiao, 2005). Its way of financing was
dramatically changed by reducing government’s invest-
ments, the imposition of price regulation, and the decen-
tralization and underfinancing of its public health system.
China now has a private health-care system, with its
typical failures: a large part of the population uncovered
by health insurance (about 70%), unaffordable services
for many, high national spending, overuse of (profitable)
pharmaceuticals, and high-tech care (Blumenthal and
Hsiao, 2005). Currently, the government is trying to
repair the damage done, which ultimately may result in
a mixed public–private system. Cuba and China prove,
positive and negative, that government involvement in
health care is essential to keep the health-care system
intact, to protect patients, and to provide affordable access
to services.

The four models make up a continuum in terms of
their ‘system’ character, with state interventionism and
centralized health care at one end, and nonintervention-
ism at the other. Centralized systems provide the best
mechanisms for cost control, while absence of state
intervention appears less fruitful, as soaring costs in the
United States make clearly evident. But the four health
systems models are to be seen as pure types that can be
found in many combinations and varieties. They further
reflect stages and outcomes of a historical process, so that
system models that came into existence in highly devel-
oped economies in the first half of the twentieth century
can still provide useful options to choose from in devel-
oping countries or transitional economies, for example, in
Eastern European societies.
Health-Care Delivery Systems
Innovations

While the models presented reflect the major ones that
can be found in high-income countries, none of them fully
complies with only one of these. For example, in the 1960s
and 1970s social insurance-based health-care delivery
systems and the entrepreneurial system of the United
States started to be faced with problems of rising costs.
In the 1970s and 1980s the NHS delivery systems and
Soviet-like delivery systems of Eastern Europe had pro-
blems of neglect, underfunding, and extensive bureau-
cracy, leading to private initiatives next to the NHS and
to a flourishing black health-care market in Eastern and
Central Europe. Since then, in particular in countries
having social security-based health-care systems, this
has led to more state regulation to curb the costs of health
care. In other countries it resulted in the reversed situa-
tion of less state intervention, and in the introduction of
different forms of managed competition (Table 1). For
example, in Eastern Europe, after the fall of the Berlin
Wall, there was a demise of state funding and state



Table 1 Health systems models – their strengths, weaknesses, and innovations

Model
Definition of
health care

Role of the
state Funding

Budget
control Strengths Weaknesses

Major
innovations

Socialist

(Shemasko)

(Communist

countries;
former

Eastern

Europe,
Cuba)

Health care as

state-provided public

service

Very strong;

owns facilities

pays providers

directly

Government

funding

State/Party Full and equal access,

low costs, full

coverage

Bureaucratism,

rigidness,

corruption

Total collapse (fall of

Berlin Wall)

National Health

Service

(Beveridge)
(UK,

Australia,

New

Zealand,
Canada,

Nordic

countries,

Spain, Italy)

Health care as a

guaranteed,

state-supported
consumer service

Strong;

controls and

finances
facilities

Taxation Ministry of

Health

Equal access to

comprehensive

services, low costs

Bureaucracy,

underfunding,

rigidness

Referral market

purchaser–provider

split (GPs as hospital
services purchasers)

Social Security

(Bismarck)

(Germany,
Japan,

Netherlands,

France,

Belgium)

Health care as a

guaranteed, insured

good

Intermediate;

regulates the

system

Earmarked

premiums

Employers and

employees

Client-friendly,

professional

autonomy,
earmarked budgets

High costs difficult

to control

Cost control by macro

budgeting,

introduction of market
principles

Free Market

(United

States,

South Africa,
Switzerland)

Health care as a

commodity

Weak (except

for specific

groups);

providers are
mainly private

entrepreneurs

Private and

state/federal

government

financing

For-profit

insurers and

government

Provider-friendly,

professional,

autonomy,

flexibility

Consumerism,

high costs,

fragmentation,

unequal access
and uninsured

HMO

Van der Zee J, BoermaWGW, and KronemanMW (2004) Health care systems: Understanding the stages of development. In: Jones R, Britten N, Culpepper L, Gass DA, Grol R, Mant D, and

Silagy C (eds.) Oxford Textbook of Primary Medical Care vol. 1. Oxford, UK: Oxford University Press.
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provision due to economic deficits. In the countries that
have adopted the social insurance model there is more
state regulation to introduce more planning and to curb
the rising costs of health care. One of the consequences
has been a more dominant position of hospitals in the
delivery of health care. In the UK, however, there is a
movement toward more decentralization, which was rea-
lized by a split between purchasers and providers, with
GPs as the purchasers of hospital care (Saltman and
Figueras, 1997).

Just like in other high-income societies, health-care
reforms in the United States are essentially focusing on
cost containment. Managed care initiatives, for example,
HMOs, were developed to increase competition, to
change methods of payment for medical services, and to
curb the power of the medical profession. The fundamen-
tal model of the HMO is typified as a voluntary contract
model (Hurst, 1992). It involves contractual relationships
between insurers and independent providers, which give
these providers an exclusive right to supply complete
services, mainly free of charge. Patients pay a voluntary,
risk-related premium to voluntary insurers who have
contracts with providers. The difference with the volun-
tary reimbursement model is that insurers now have con-
tractual relationships with providers. Managed care
models are all aiming at controlling the costs of health
care by monitoring the work of doctors and hospitals, and
by limiting the use of second-level hospital care. In prac-
tice, this is often done by means of a ‘case manager,’
who, on behalf of the insurer, is authorized to decide
whether the care to be rendered is effective and efficient.
Another feature is that patients are only allowed to see a
specialist after they have visited a general practitioner.
This gatekeeper role of the primary care physician to
the use of specialist care is similar to the role of GPs in
European countries like Denmark, Norway, Italy, the
Netherlands, Portugal, Spain, and the UK.
Health-Care Systems Environment: The
Impact of Society

As noted in the introduction to this article, health-care
systems have ‘open’ borders to their environment. So
it goes without saying that health-care systems are im-
pacted by the values and social structure of their societies
(Helman, 1996). Based on history, traditions, belief
systems, and so on, health-care systems reflect the way
in which societies define and deal with health and illness.
Health and health care are imbedded in value systems,
which explains how in specific cultures health problems
are dealt with. This may explain why, in some societies,
health care is considered as a collective good for the
benefit of all citizens, while in others, health care is
considered more a ‘commodity’ – a calculable resource
that can be bought or sold on a free market (Gallagher,
1988). The notion of health care as a commodity has not
been rooted everywhere. Its most evident example can be
found in the essentially market-oriented organization of
the U.S. health-care system. But also in Europe it has
become more widespread in political thinking, as a wide
range of health-care reforms has shown (Saltman and
Figueras, 1997). Regrettably, the cultural embedding of
health care in societies is a well-acknowledged but rather
underresearched topic (Saltman and Figueras, 1997; Ste-
vens and Diederiks, 1995). There is surprisingly little
empirical evidence grounding core values underlying
health-care systems. But evidently, a society’s emphasis
on hospital care versus home care or care for the elderly,
on individual responsibilities, or on the degree of solidarity
between people reflect general value orientations that mir-
ror societal priorities (Hofstede, 1991; Philipsen, 1980). As
obvious differences in value orientations between North
and South Europe, and between Europe and the United
States show, it would be a useful endeavor for coming
health services research to explain differences in health-
care systems from a cultural perspective.
Conclusions: What Can We Expect in
Future Developments?

As we showed in the previous sections, health-care sys-
tems in low- and middle-income countries differ consid-
erably, as health problems do, from health-care systems in
high-income countries. Future developments will differ
accordingly.
Low- and Middle-Income Countries

One of the conclusions to be drawn from the famousWorld
Bank graph (see Figure 1) about the relationship between
‘health’ (life expectancy at birth) and ‘wealth’ (average
income per capita) in the period 1900–1990, is that ‘we’ all
got substantially richer over those years. The corrected
income figures for inflation and purchasing power quintu-
pled between 1900 and 1990 (PPP, or purchasing power
parities, is a technique to make financial data comparable
over time and between countries by controlling for purchas-
ing power differences). Many countries that were previ-
ously in the lowest income group can now be considered
as middle-income countries. One of the health-care chal-
lenges in this economic stage is to introduce curative care
for an ever-increasing number of citizens. As we pointed
out, there are several ways to do so. One can introduce a
(limited and partial) form of health services funded by taxes
with a dominant role for the state in health-care funding
and provision (the Beveridge model), stretching, as it were,
available supply and resources as thinly as possible. Equity
is the leading principle.
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The other option is a pluralistic and gradual approach,
where the state has the role of providing rules and laws
regulating the system and leaves much to health-care
insurers, providers, and consumers (the Bismarck or social
security model). The latter model starts with some (eco-
nomically) advanced groups in society (e.g., skilled work-
ers) and with a limited benefit package. Later, in better
economic circumstances, both the benefit package and the
number of beneficiaries are extended until universal cov-
erage (almost) will have been reached.

The current health-care systems in Europe are partially
planned, such as the introduction of the NHS in the UK in
1948 and in Southern Europe at the end of the 1970s
and beginning of the 1980s. But some were not planned:
some developed incrementally by innovative adaptations
while others were forced on a society (e.g., the German
occupation spread Bismarckian principles in WWII).
Middle-Income Countries

Middle-income countries can consider the choice for a
Bismarckian or Beveridgean as a serious and high-impact
policy option instead of going into an incremental policy
process and making a deliberate choice. A focus on equity
and cost control and a positive attitude toward an active
role of the state, makes a choice for Beveridge probable.
Introducing earmarked health insurance premiums for a
limited part of society (that is taxable anyway) creates
more inequalities initially but might also stimulate eco-
nomic growth, which, as we already stated, starts an
upward cyclical process, gradually bringing the popula-
tion as a whole under the social security-based health
insurance coverage (De Swaan, 1988).
High-Income Countries

For high-income countries several processes take place
simultaneously. First, internal changes occur in the
Beveridgean and Bismarckian health-care systems such as
splitting health-care purchasing and provision and creating
an internal market in the British NHS, or increasing state
influence in general in the Bismarckian health-care systems
(Germany is a good example). Another example of several
simultaneous processes is the introduction of managed care
(HMOs) in the U.S. private insurance system. Last, there is
the ultimate change to the system – the disappearance of it
altogether – like the Soviet-based health-care systems in
Eastern Europe. All these changes cause convergence,
both in appearance and in performance (Van der Zee and
Kroneman, 2007; on convergence, see also Stevens, 2001),
especially in health outcomes of the systems.

Second, in spite of these long-term convergency trends
Beveridgean health-care systems cost less than Bismarckian
ones and better contain the costs (Saltman et al., 2004; Van der
Zee and Kroneman, 2007). But citizens tend to appreciate
Bismarckian health-care systems more than Beveridgean
ones. Kroneman and colleagues (2006) showed that the GP
gatekeeping model may be responsible for these types of
appreciation differences. Remarkably, health-care systems
that have stronger system characteristics (e.g., more coordi-
nation, stricter labor differentiation) seem to have less popu-
lar support in general, with substantial exceptions.

Third, the European Union (EU) has its specific influ-
ences on the convergence of health-care systems. Case
law produced by the European Court of Justice favored
reimbursement of health-care cost due to purchasing
health care in other EU-member states in spite of initial
refusal by national health insurers or health-care autho-
rities. The argument that such a liberal attitude (of the
European Court of Justice) might hamper national
health-care cost control, was countered by valuing the
free movement of goods, services, and persons higher
than national cost-control interests (under certain condi-
tions). The case law started with the reimbursement of a
set of spectacles, than went on by way of orthodontic
services to specialized treatments; the end is certainly
not yet there. New cases are in process.

Fourth and finally, voices get louder about the sus-
tainability of both models (the NHS and the social
security-based health-care system). Precisely due to the
last decades’ increases in wealth, some politicians are
thinking aloud that the conditions under which govern-
ments created and extended welfare state arrangements
(like universal health-care insurance and other social
security elements) do differ substantially from current
circumstances. Whether this will lead to shifting part of
the responsibility to health-care consumers is not sure,
however. The recent changes in the Dutch health insur-
ance (with 62% publicly insured and 38% privately
insured before 1 January 2006 and 100% publicly insured
since) showed that an overwhelming majority (95%) of
the formerly private patients, who had a wide variety of
policy options, opted for a zero-deductible policy (De
Jong and Groenewegen, 2007).

So what does all this mean for the future? First, we
expect that for high-income countries (e.g., the members
of OECD) NHS-type of health-care systems will have a
tough future. These hierarchical, systematically organized
systems – the most ‘systematic’ in Philipsen’s (1985) terms
that we discussed in the introduction – are superior in cost
control, but they are not very popular. Social security-
based health-care systems will fit better into the con-
sumer-led, demand-led policy trend. But this will have a
price tag, too; most probably at least a part of the cost
burden will be shifted to individual households, as is
already the case in the United States.

Second, we expect low- and middle-income countries
to see a rift in the tendency to favor NHS-like solutions
for their growing health-care systems, and we expect
them to opt for some social security-based model. This
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happe ned in Easter n Europe, after the collapse of the
Soviet system. Easter n Europe overwhelmin g ly retur ned
to a Bism arck model ( Mar ré e and Groenewegen, 1997 ).
Exter nal f actor s, like EU case law, will stimulate fu r ther
conver gence of the Eur opean health-c are syst ems.

For Eur ope, the cha llenge will be resistin g the temp ta-
tion to neg lect the poorest group s in socie ty; for the
United Stat es, the test will be to make the uninsured or
par tially insured join the health-ca re system . For the
wor ld, however, the ef for t will be to provide health-c are
ser vices and health insur ance for whole popu lations,
inc luding the very poor.

See also: Dietary Guidelines, International; Public/Private

Mix in Health Systems; Scandinavia, Health Systems of;

Western Europe, Health Systems of.
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Nederland (Health and healt h care in Belgium and the Netherlands).
Gezondheid en Samenleving 5: 223–231.

Reinhardt UE, Hussey PS, and Anderson GF (2004) U.S. health care
spending in an internat ional context. Health Affairs 23: 10–25.

Saltman RB, Busse R, and Figue ras J (eds.) (2004) Social Health
Insurance Systems in Europe. Buckingham, UK: Open University
Press.

Saltman RB and Figueras J (1997) Europe an health care refo rm. WHO
Regional Publications, European Seri es. Copenhagen, Denmark:
World Health Organization, Regi onal Office for Europe.

Stevens FCJ (2001) The convergence and divergence of modern
health care systems. In: Cockerham WC (ed.) Blackwell Companion
to Medical Sociology, pp. 159–176. Oxford, UK: Blackwell
Publishers.

Stevens FCJ and Diederiks JPM (1995) Health culture: An exploration
of national and social differences in health-related values. In:
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and financial protection of care. Health systems in this
region have important differences and commonalities;
unified public systems predominate in the English-
speaking Caribbean countries (ESC) due to the heritage
of British colonial institutions. Mexico and Central
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America share corporatist roots reflected in multiple
public providers. Most health systems have achieved a
high level of coverage in basic health services, however,
they also share problems of inequity and risk of financial
instability as a result of ineffective and inequitable
financing methods. They differ in terms of potential
health achievements and health risks facing the popula-
tion, both regarding the current health system and the
potential effects of future reforms. This article identifies
first the trends in health, demographic, and health service
indicators. A framework is then presented to understand
trends in national health systems and in health sector
reforms. On this basis the health systems of Mexico,
Costa Rica, and Haiti are then analyzed in greater detail.
Economic, Demographic, and Health Situations

The region of Mexico, Central America, and the Carib-
bean has a population of over 184million people, with
Mexico being the largest at 107million. The level of
urbanization is high, with 69% of the total (and rising)
in Mexico and 76% in Cuba. Haiti is the most rural with
only 38.8%. The fertility rate is 2.4 births per 1000 for the
region, with Haiti reaching 3.8 births per 1000 and Cuba
as low as 1.6 births per 1000 (Table 1). The region has an
average gross domestic product (GDP) per capita of
(international) US$7414 per year, characterizing the
region as middle income. This figure varies greatly across
countries or subregions, with Haiti having only $1742,
Central America reaching $4696, ESC with $6268,
Mexico with $9168, and Costa Rica with $9605 (Pan
American Health Organization [PAHO], 2007). Although
the region performs relatively well in terms of interna-
tional GDP, it still has an average of 12% of people living
below the poverty line (PAHO, 2007).
Table 1 Demographic characteristics per selected countries and

Dominican
Republic Haiti C

Population (thousands) 69 8528 1

Proportion of urban population (%) 72.7 38.8
Proportion of population less than

15 years (%)

18.57 34.67

Proportion of population 60 or over (%) 10.44 6.01

Life expectancy at birth (years) 74.7 52.7
Total fertility rate (children/women) 2 3.8

Infant mortality rate (per 1000)

(estimated children less than 1 year)

14.8 59.6

Reported maternal mortality rate (per

100000)

N/A 523

Total mortality rate adjusted by age

(per 100 000 hab)

813.4 1252.6

Reproduced from Organización Panamericana de la Salud, Área d

Iniciativa Regional de Datos Básicos en Salud; Sistema de Informaci
The large economic and demographic variations
within the region are reflected in health characteristics.
Cuba and Costa Rica perform the best, having an average
life expectancy of 78 years at birth, while Haiti’s life
expectancy reaches only 52.7 years. Infant mortality for
every 1000 births has a regional average of 22 deaths, a
figure that rises to nearly 60 in Haiti and is as low as 5.6 for
Cuba. Countries in the region present stark contrasts in
the road toward achieving the Millennium Development
Goals (eradicate extreme poverty and hunger, reduce
child mortality, improve maternal health, conbat HIV/
AIDS, malaria and other diseases, ensure environmental
sustainability, develop a global partnership for develop-
ment). Central America and Mexico account for 4% of
the world’s maternal deaths and in the reduction of child
mortality the region performs relatively well compared to
countries in Africa and Asia (World Health Organization
[WHO], 2000). However, countries in Central America
still have some way to go, as it is this subregion that has
nearly 14 more deaths per 1000 than the ESC. Regarding
the fight against HIV/AIDS, there is a prevalence of
HIV/AIDS infections in the regions (Table 2). The coun-
try with the most worrying statistics is Haiti, given that it
underperforms in all indicators both relative to the
regional countries as well as to the rest of the world.

Total per capita health expenditure for the region is
$415 and corresponds to 6% of GDP (Table 3). Public
health expenditure for the region averages 46% of the
total. Costa Rica has the highest total spending with $797,
as well as the highest public share of the total, with 59%.
Haiti is at the other extreme, with a per capita health
expenditure of only $101, corresponding to 5.8% of GDP;
of this, public expenditure accounts for only 26.7%.

The region has an average of 17 physicians per 10 000,
an exception is Cuba, with 62 physicians per 10 000
(Table 4). More typical figures are 15.6 for Mexico and
region

uba
Costa
Rica Mexico ESC CA

All
Region

1269 4327 107029 4141 40001 184671

76 61.7 76 57 53 69
17.86 26.54 28.96 27 35 30

15.26 8.29 7.81 10 7 8

78 78.5 75.7 72 71 73
1.6 2.2 2.2 2 3 2

5.6 10.2 19 14 28 22

38.5 30.5 65.2 N/A N/A 128

738.7 461.1 627.4 561 708 685

e Análisis de Salud y Sistemas de Información Sanitaria (2005)

ón Técnica en Salud. Washington, DC.



Table 2 HIV/AIDS prevalence and deaths in selected countries

Country
People living with
HIV/AIDS

Adults aged 15 to 49
HIV prevalence rate

Adults aged 15 and
over living with HIV

Women aged 15 and
over living with HIV

Deaths due to
AIDS

Costa Rica 7400 (3600–

24000)

0.3 (0.1–3.6%) 7300 (3500–24000) 2000 (860–6700) <100 (<200)

Cuba 4800 (2300–

15000)

0.1 (0.0–0.2%) 4700 (2300–15000) 2600 (1100–8500) <500 (<200)

Haiti 190000 (120000 –

270000)

3.8 (2.2–5.4%) 180000 (100000–

250000)

.96 000 (50 000–

150000)

16 000 (9500 –

24000)

Mexico 180000 (99000–

440000)

0.3 (0.2–0.7%) 180000 (97 000–

440000)

42 000 (17 000–

91000)

6200 (3800–

11000)
Dominican

Republic

66 000 (56 000–

77000)

1.1 (0.9–1.3%) 62000 (53 000–

73 000)

31 000 (27 000–

37000)

6700

(5100–8200)

Reproduced from United Nations (2006) UNAIDS 2006 report on the global AIDS epidemic. A UNAIDS 10th anniversary special edition.
Geneva: UNAIDS.

Table 3 Health expenditure per region and selected countries

Dominican
Republic Haiti Cuba

Costa
Rica Mexico ESC CA

All
Region

Gross Domestic Product per capita (GDP) $

international (adjusted PPP) (US$)

5448 1742 ... 9606 9168 6268 4696 7414

Health expenditure per year as proportion of GDP

(%) (Public)

4 2 ... 5 3 3 3 3

Public Health expenditure per capita ($) 240 28 471 257 200 137 191

National Health expenditure per year as proportion

of GDP (%) (Private)

2 4 ... 3 3 3 4 3

National Health expenditure as proportion of GDP

(%) total

7 6 8 6 6 7 6

Private per capita expenditure 120 73 327 293 207 171 225

Total per capita expenditure 360 101 797 550 407 308 415

Reproduced from Organización Panamericana de la Salud, Área de Análisis de Salud y Sistemas de Información Sanitaria (2005)

Iniciativa Regional de Datos Básicos en Salud; Sistema de Información Técnica en Salud. Washington, DC.

Table 4 Health-care system resources per selected countries and region

Dominican
Republic Haiti Cuba

Costa
Rica Mexico ESC CA

All
Region

Doctors per 10 000 5 3 62 12 16 10 11 17

Professional nurses per 10 000 42 1 75 7 11 23 5 14

Number of beds per 1000 4 1 5 1 1 3 1 1

Number of ambulatory services per 1000 2659 367 7343 3560 2502 1027 1701 2398
Rate of hospital expenditure per 1000 113 ... 102 80 61 72 49 60

Reproduced from Organización Panamericana de la Salud, Área de Análisis de Salud y Sistemas de Información Sanitaria (2005)

Iniciativa Regional de Datos Básicos en Salud; Sistema de Información Técnica en Salud. Washington, DC.
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11.5 for Costa Rica. In Haiti and the Dominican Republic
these figures are low with 2.5 and 4.9, respectively. The
number of nurses per 10 000 inhabitants shows extreme
variation between countries and subregions; ESC has 22
nurses compared to only 5 in Central America and 10 for
Mexico, Costa Rica has 7.1, and Cuba has the highest
number of nurses with 75.4. Not surprisingly, the lowest
is Haiti, with only 1.1.

Access to primary health care can be assessed in terms
of the rate of immunization (Figure 1). Haiti has the
lowest rate for all diseases followed by the ESC as a
whole; the Dominican Republic and Cuba have the high-
est rate of immunization within the region.

Cuba and the Dominican Republic provide profes-
sional attention during pregnancy in 100% of cases.
This figure is low for Costa Rica with only 82% of the
total in spite of its better resources. Contraceptive use by
women of childbearing age is highest in Costa Rica, with
96%. Cuba follows next but with only 76.8%, a figure that
can be considered low given the medical resources
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available and the low fertility rate of the population. The
figure falls to 53% for Central America but Mexico per-
forms relatively better with an estimated 43.3%. In the
Dominican Republic it is 51.2% and Haiti underperforms
again with only 28.1% of women of childbearing age using
contraceptives (Table 5).
Trends in Health System Change

Health systems in Latin America, and more particularly
those in the region under analysis, face a complex set of
problems as a result of demographic and epidemiologic
transition, the increasing technological complexity and
costs of health care, segmentation of public health
providers, inefficient management, poor technical quality
of human capital, and financial insecurity.

Transition implies tackling diseases characteristic of em-
erging economies such as infectious diseases, reproductive
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Figure 1 Immunization rate per regions. Reproduced from Organiz

Sistemaso de Información Sanitaria (2005) Iniciativa Regional de Dat
Washington, DC.

Table 5 Use of contraceptives and attended births per selected

Dominican
Republic Hait

Prevalence of contraceptive use by women of

child-bearing age (%)

50 28.1

Proportion of pregnant women attended by

qualified personnel (%)

100 78.8

Proportion of births attended by qualified

personnel (%)

100 24.2

Reproduced from Organización Panamericana de la Salud, Área d

Iniciativa Regional de Datos Básicos en Salud; Sistema de Informaci
health, malnutrition, and inequalities in health among the
populations, as well as dealing with new pressures on the
health systems such as noninfectious diseases, injuries, and
new sociopolitical pressures. The inability of governments
to provide universal health insurance exposes a large num-
ber of people to catastrophic payments for health care or to
forgo health care. In Latin America health systems are
fragmented in that financial resources are distributed across
several health providers, thus generating a loss in the ability
to pool patients under a universal insurance plan and an
inequitable distribution of health resources between the
insured and uninsured.

The challenges of health systems in Latin America
have given rise to influential developments in health
systems theory and thinking. Londoño and Frenk (1997)
recognize four main functions: stewardship (or modula-
tion), financing, articulation of purchasers and providers,
and service provision. Health systems in the region can be
grouped according to the extent to which the four
90 100

ear old

TB

Diphtheria, pertussis, and tetanus

Measles

Polio

ación Panamericana de la Salud, Área de Análisis de Salud y

os Básicos en Salud; Sistema de Información Técnica en Salud.

countries and regions

i Cuba Costa Rica Mexico ESC CA All Region

76.8 96 46.3 59 54 49.9

100 82 95.8 78 79 91.4

99.9 97.5 91.5 97 68 84.3

e Análisis de Salud y Sistemas de Información Sanitaria (2005)

ón Técnica en Salud. Washington, DC.
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functions are integrated and organized. Stewardship is the
process of establishing, implementing, and monitoring the
heath system with strategic guidance in the desired direc-
tion. Financing is the collection of funds from primary
sources (e.g., households and businesses) and secondary
sources (e.g., government funds) and the pooling of these
resources for distribution across health institutions. Pur-
chasing traditionally is linked to financing as most funding
institutions are also responsible for the purchasing of
medical supplies and human capital. This linkage has
been posited as one of the main sources of inefficiency
of health systems and has consequently been the center of
focus for reform. Articulation has been an implicit func-
tion, absorbed within financing or stewardship. Articula-
tion of a health system involves the organization and
regulation of the attention of consumption of health care
(Londoño and Frenk, 1997). One of the main areas of
reform in recent years has been the explicit statement of
articulation as an area in which resources need to be spent
for the improvement of a health system.

Functional organization can be characterized in terms
of the segregation (as opposed to the horizontal integra-
tion) of populations along exclusive public or private
health provider institutions. Functional integration can
be characterized as the extent to which the four functions
are vertically integrated within each institution, or the
extent to which they are separated within autonomous
institutions (Figure 2). Four main types of health systems
emerge from this characterization: (1) the unified public
health system in Cuba and Costa Rica, and health systems
in ESC, (2) the public contract health system (Brazil is the
only case), (3) the atomized private health system with
Chile and Uruguay as models, and (4) the segmented
health systems, which are characteristic of most other
Latin American countries.

To shed light on the different organizational charac-
teristics of health systems in Latin America and the
Integra
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Figure 2 Health system characterization. Reproduced from Londo
innovative model for health system reform in Latin America. Health P
Caribbean we describe three countries that are structur-
ally and institutionally distinct: Mexico, Costa Rica,
and Haiti.
Mexico: A Segregated System

The health system of Mexico is highly segmented, with
large population groups being excluded from publicly
funded health insurance and from the services provided
by the same institutions. The Ministry of Health funds
and provides health services for the informal sector, the
self-employed, and the poor, albeit with a markedly
reduced package of services. Not surprisingly, a large
segment of the population is exposed to catastrophic
health expenditures. While Mexico ranked 51 in overall
performance according to the WHO’s 2000 health sys-
tems assessment (WHO, 2000), it is no surprise it was
ranked 144 in performance according to fairness in finan-
cial contributions (Table 6).

Segmentation lies at the origins of the Mexican Insti-
tute of Social Insurance (IMSS) and the Ministry of
Health and Assistance, now the Ministry of Health, in
1943. The IMSS was established to insure workers in the
formal sector and their families through compulsory con-
tributions from employees, employers, and the state. The
rest of the population employed in the informal economy
was provided subsidized diagnosis and medical treatment,
although with important limitations in quality and range
of services. In 1959, with the creation of the Institute of
Social Services and Security for Workers of the State
(ISSSTE), a third type of insurance system was made
available covering those employed by the federal govern-
ment and their families. There are other insurance
schemes for a minority of public or private companies
such as PEMEX (Nationalized, Oil Company), who man-
aged to retain services they had established prior to 1943.
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Table 6 Health system performance based on WHO World

Health Report 2000, selected countries

Mexico Cuba
Costa
Rica Haiti

Overall performance 51 40 45 145

Health system response 54 115 68 167

Equity in financial
contributions

144 23 64 163

Health level of the

population

63 36 25 153

Reproduced fromWorld Health Organization (2000) World Health
Report. Geneva: WHO.
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Increasing pressure for health equity and the provision
of services to the rural population has been addressed
since 1973 through a federal program contracting IMSS
as provider of a limited package of services. Preventive
and curative interventions as well as a limited package of
hospital services are fully funded by the government and
do not imply a redistribution of social security resources.
However, services are delivered by IMSS personnel and
through separate IMSS clinics and hospitals, thus sup-
porting the concept of the extension of social security to
the poor, including a large part of the 14% of indigenous
people in the country.

Segmentation is also evidenced in the traditional forms
of medical practice that are sought particularly by indig-
enous people. Traditional medicine is marginalized
within the health system, although some attempts have
been made to integrate it within public health services.
Agencies supporting indigenous groups (including their
reproductive health) undertake efforts to train, equip, and
certify traditional healers, especially midwives. The main
problems encountered by traditional healers are lack of
respect to indigenous medicine, lack of value given to
their knowledge and practice, limited support in terms
of legal and financial issues, and the lack of support
between traditional medicine and biomedicine (Nigenda,
2000). Nongovernmental traditional healer associations
are springing up, such as the Organization of Indigenous
Doctors of Chiapas (OMIECH) and the National Council
of Indigenous Traditional Doctors in Chiapas, a state in
the south of Mexico.

With the creation of a segmented and centralized
health system, an explicit division within society was
unavoidable, namely between those who had explicit
rights for health care and the rest of the so-called ‘open’
population. In 1984 the General Health Law was
reformed with the aim of establishing a more organized
and equitable health sector with the Ministry of Health at
the helm. Access to health care was defined as a constitu-
tional right and decentralization was promoted to increase
access to those without insurance. However, the system
has increasingly failed to respond to demand, fueling a
burgeoning private sector in the absence of a parallel
growth in private health insurance. Hence catastrophic
health expenditure has become a worsening problem
and one that health authorities are increasingly eager to
tackle, given the WHO charter to include financial pro-
tection as one of the objectives of health systems.

In 2003 Mexico implemented the Popular Health
Insurance scheme (PHI) as part of a wider system of social
protection in health. The reform has four main objectives:
(1) to generate a gradual, financially sustainable, and
fiscally responsible mechanism to increase public spend-
ing in health so as to correct present inequalities in fund-
ing across institutions and population groups; (2) to
stimulate greater allocative efficiency by protecting
spending for public health interventions that are cost-
effective but tend to be underfunded; (3) to protect
families from excessive health spending by offering a
collective mechanism that fairly manages the risks asso-
ciated with paying for personal health services; and (4) to
transform the incentives in the system by moving from
supply-side to demand-side subsidies to promote quality,
efficiency, and responsiveness to users. The PHI aims to
achieve universal protection in health by 2010 through
the enrollment of 14% of the uninsured population each
year – about 1.5million families (Knaul and Frenk, 2005).
PHI is designed to increase coverage of primary and
secondary care interventions as funding increases: for
2006 the program included 154 interventions and 172
drugs (Ministry of Health, 2005).

PHI funds are channeled through four major compo-
nents: stewardship by the Ministry of Health, commu-
nity health services, noncatastrophic personal health
services, and catastrophic high-cost personal health ser-
vices (Knaul and Frenk, 2005). While most funds are allo-
cated to states for autonomous spending, the latter are
channeled into a federal fund as a means of pooling risks.
States have the option of channeling funds through their
own Ministry of Health infrastructure or through other
public or private providers, thus reducing the inefficiency
of health system segmentation.

The sources of SP funding are divided between three
parties: affiliated families will contribute according to
capacity, with exemptions given to those in the two lowest
income deciles. The federal government will contribute a
uniform solidarity fee per family (social quota) equivalent
to 15% of the mandatory minimum wage (US$230 per
family per year), which is equal for all families, currently
at $239 per family. The federal and state governments will
also contribute a fee for every family that is affiliated. The
federal government contributes 1.5 times the social quota,
on average, but it is increased for poorer states at the
expense of those who are wealthier. The state solidarity
quota is the same in all states set at half of the deferral
social quota. The reform provides a legal framework to
break out of discretionary allocations and move toward a
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demand-driven fundingmodel that enables the effective use
of an expanded health budget (Knaul and Frenk, 2005).
State- and federal-matched financing is expected to sub-
stantially increase state funding, thus motivating local re-
source mobilization. On the down side, poor and rich states
will have similar obligations for each family enrolled.

Current performance of the reforms suggests that the
new PHI is growing according to expectations; almost
614 000 families were affiliated in 2003. The goal was
surpassed in 2004 as 1 722 000 were covered, including
reaffiliated and newly incorporated families; this figure
corresponds to 13% of families without social security
(Ministry of Health, 2003, 2004). The PHI is now being
implemented in all 31 states of the country, with two of
them achieving universal protection in 2005 (Colima and
Aguascalientes; Knaul and Frenk, 2005). Given that 90%
of affiliates to the PHI are noncontributory families
belonging to the lowest two income quintiles, the reform
has been successful in reducing the inequitable nature of
access to health care in Mexico. If the programs for social
protection in health care are to continue on the correct
path the government must provide an increase in funding
equivalent to 1% of GDP by 2010.

Reforms in Mexico have also led to the implementa-
tion of two semiautonomous federal commissions as
part of the effort to strengthen stewardship as a separate
function from service provision. These are the Federal
Commission for Health Risks Protection (COFEPRIS)
and the Federal Commission for Medical Arbitrage
(CONAMED), which is in charge of improving relations
between the medical profession and patients. Both com-
missions have the power of regulation, one the institu-
tional aspects and the other the working relations within
the health system.
Costa Rica: A Unified Health System

In the World Health Report 2000 Costa Rica was ranked
45 for overall performance of its health system and 68 in
terms of responsiveness of that health system to the needs
of the population. It was placed between 64 and 65 regard-
ing equity in the financial contribution to the health
system. The country of Costa Rica ranked considerably
better in terms of the overall health level of the popula-
tion, at 25 worldwide, in a better position than both
Mexico and Cuba.

Costa Rica is a country made up of only 3.8million
people; 59% of them reside in urban areas. The public
health system comprises several institutions that are
decentralized autonomous entities with their own
resources – the Ministry of Health is the executive branch.
These institutions are the Costa Rican Social Security
Fund (CCSS), which provides comprehensive social
insurance including health care, financial, and social ben-
efits; the National Insurance Institute (INS), which covers
accidents in the workplace as well as automobile-related
accidents; the Costa Rican Institute of Water Supply and
Sewerage System (AyA), which regulates the supply of
water for human consumption and water disposal. The
University of Costa Rica and the municipal governments
are also part of the health system. TheMinistry of Finance
also includes decentralized agencies such as the Institute
for Research on Nutrition and Health (INCIENSA),
the National Centre for the Prevention of Drug Abuse
(CENADRO), and the Institute for Alcoholism and Drug
Dependence (IAFA). These are part of the health system
for financing purposes.

According to the General Health Law, the Ministry of
Health is in charge of the modulation and articulation of
the health system and the CCSS is in charge of providing
health insurance and maternity care to the entire popula-
tion. The explicit statement of the role of the Ministry of
Health regarding the modulation and articulation roles is
the management and leadership of the health system,
monitoring of health, regulation of services, and technol-
ogy research and development. The Ministry of Health
has no influence over public financing, which is centrally
authorized and distributed by the Ministry of Finance.
The share of funds from the treasury earmarked for health
services has been gradually decreasing; in 1999 it
accounted for only 18.3% of total health funds (PAHO,
2002). The CCSS, AyA, and the INS have their own
mechanisms for collecting funds and auditing expendi-
tures; 80% of the public sector income comes from Social
Security contributions and 55% from the health sector
(PAHO, 2002).

The provision of care by the CCSS is divided into two
sections, the planning and the delivery of services; the
planning section is carried out through six central offices,
seven health regions, and 93 health areas. The delivery is
divided into three sectors, and the organization of access
is carried out through the 93 health areas including health
centers, posts, and clinics. The primary level of care is
delivered to the health areas by means of the Basic Com-
prehensive Health Care Teams (EBAIS), each serving an
average of 3500 people (CCSS, 1999). The second level of
care is provided by health centers, and regional and
peripheral hospitals, and consists of consultation, hospi-
talization, as well as medical and surgical treatment for
the four basic specialities. The third level of care is that of
specialized services, that is, complex medical and surgical
interventions through the five specialized national hospi-
tals. The CCSS also contracts out services to hospitals and
private enterprises to attempt to deal with the lack of
supply of hospital services; in 2001 this affected nearly
14 000 patients (PAHO, 2002). The lag in the supply of
public health services results in a growing demand for
private health services, both from private individuals
demanding services as well as from the CCSS and INS
as a result of contracting out services that they are unable
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to provide. In 2000 the CCSS was aware that only 80% of
the population was insured via both voluntary and com-
pulsory insurance schemes; the remaining 20% were half
insured through state subsidies (if they met the criteria of
living below the poverty line) and the remaining 10%
were able to request public services and make payments at
point of contact (CCSS, 1996–2000). It is reported that
around 30% of the population demand private health
services at least once a year (Picado Saénz, 2000).

The indigenous population of Costa Rica accounts for
only 1% of the total country’s population. As a result of
being a very small minority, the practice and regulation of
traditional medicine is left unmentioned by the country’s
legislation. The practitioners of holistic medicine practice
without regulation or repercussion; only in 1998 did the
Costa Rican Ministry of Health regulate the security
norms for the manufacture of holistic medicines. The
Costa Rican government is still in the process of approv-
ing the Indigenous Law that will address issues within the
traditional medicine practice.

The health system of Costa Rica has achieved univer-
sal coverage for all of its population. It provides insurance
for all salaried workers and pensioners on a compulsory
basis; those people who are in the informal economy
(those who do not pay tax contributions) or unemployed
pay their contribution on a voluntary basis. For people
who live below the poverty line the government subsi-
dizes the insurance system by paying their contribution.

Reform of the Costa Rican health system

Costa Rica’s health system was reformed to improve its
performance regarding responsiveness, equity, and to
increase efficiency of provision and control the rising
costs of care. The reform gathered support from the
evidence of the widening gap between health expendi-
ture and GDP, the increase in expenditure of national
and regional hospitals, the predominance of centralized
regulatory planning and management, inequity in the
allocation of resources among cantons, relatively low
expenditure of 20% of the entire health budget on primary
care, and the lower overall productivity as consultations
fell from 3.9 per person in 1988 to 3.6 in 1999. The dichot-
omy of the health system was also cause for concern, as the
Ministry of Health was in charge of prevention and the
CCSS in charge of curative interventions. The financial
imbalance of the health systemwas one of themain criteria
in the decision to implement reform, as annual financial
growth was 65.1% and expenditure had grown at a rate of
74.9% between 1986 to 1995 (PAHO, 2007). As well, the
demographic transition of the country (i.e., a rise in the
population over 60) and the epidemiological transition
from the prevalence of infectious to chronic diseases,
along with the economic depression of the mid 1990s, all
contributed to the need for reform in the Costa Rican
health system.
In 1998 the major reforms were implemented by the
creation of the National Health Sector Council, the Hos-
pital Deconcentration Law, and the Regulations of the
Boards of Health in 1999. The objective of the structural
reform was to improve coverage and increase efficiency of
expenditure. The reforms in health policy aim to reduce
the differences in health care among the region and to
ensure equal opportunity, effectiveness, and quality of
care for all. With these changes in both legal and health
policy the Ministry of Health is involved only in sectoral
management and intersectoral coordination, ranging from
environmental problems to specific, rising pandemic
problems such as AIDS and malaria. The Hospital Decon-
centration Law promotes the decentralization of author-
ity and resources at the subnational level of the CCSS
hospitals and clinics. This law enables institutions to
administer their own resources and contract services out
to third parties when required. Since the reform was put
into place, social participation has increased such as the
work done by EBAIS visiting households, and commu-
nities promoting and giving training for self-care in
health.

Reforms regarding finance and expenditure divided
the CCSS into four specific functions for the impro-
ved health system. The financial management area of
the health system now collects funds through a centra-
lized collection system (SICERE) for expenditures in
health insurance and pensions. The administrative man-
agement area responsible for articulation is implemented
through the Office of the Director for Procurement of
Services. This department is in charge of contracting out
health services through management commitments. The
medical management department is partly responsible for
modulation and sets the standards of care expected by
service providers within CCSS and those contracted out.

The reform has allowed for an increase in access by
improved coverage of basic health services by way of the
adaptation and development of a comprehensive care
model with five assistance programs. At the first level of
care, or primary care, the EBAIS have increased coverage
to small clinics or peripheral facilities across the 90 health
areas. These provide care on the basis of situation analysis
linked to care priorities. The increase in access and pro-
vision of services mainly occurs as a result of the EBAIS
program, but corporate medical officers, mixed medicine,
and contracting out of some services also contribute to the
increase in coverage for the population. These programs
provide coverage apart from that of the CCSS. In the case
of mixed medicine, the insurer pays the co-payment to
the provider of choice for a consultation for an individual,
and the CCSS pays for diagnostic services and drugs. The
corporate medical officers consist of a private firm hiring
a physician to provide consulting services to the workers
and their families, again, the CCSS pays for these diag-
nostic costs and medication.



264 Health Systems of Mexico, Central America and the Caribbean
One of the main aspects of the reform implemented to
increase efficiency of resource expenditure is the change
in the share of risks and responsibilities between the
health provider and the health financer. The management
model created ensures that the hospitals are in charge of
their budget and must be accountable for the outcomes of
resource expenditure. This model changes the traditional
view of the central level as protector of the local level and
assures risk sharing among institutions in the health sys-
tem. The model also allows for the hospital or service
provider to contract out services when required. At the
primary level the CCSS or the financer purchases a ‘per
capita’ package of services through a capitation fee, and in
hospitals it purchases ‘hospital production units’ (PAHO,
2007).

Coverage of primary health services has increased
since the reform was implemented. The immunization
rate has increased to an average of 90% of the population
being immunized against measles, polio, and tetanus. Over
96% of women now have access to and use contraceptives
for birth control and disease prevention (PAHO, 2007). In
terms of access to basic care units since the reform there
has been no significant difference in the human capital
resources among the different regions; rural areas still
have less medical professionals than urban areas.
Although the difference in access to primary care units
has improved, average distance between home and clinics
is similar between rural and urban areas (1.28 and 1.1 km,
respectively) (PAHO, 2007).

In terms of the specification and division of roles
between the Ministry of Health and the CCSS the reform
has been successful. The Ministry of Health remains a
regulating authority while the CCSS is the sole provider
of public health services. Regulation by the Ministry of
Health has improved quality of care through the certifi-
cation and accreditation of facilities. The use of EBAIS
and the geo-population division of health areas has
improved the coverage of the CCSS, making services
more effective and reducing the gaps between health
regions. Allocation of resources as well as resource man-
agement has improved through the use of protocols for
specific diseases. There is also improved productivity and
coverage as a result of the management commitment
model. The reform has allowed for an increase in social
inclusion and accountability of the health system to its
population, due to the involvement of community health
services, citizen controller officers, and the national eval-
uation system for institutions within the health system.
Today the Costa Rican health system is among the best
performing in the region with increased per capita expen-
diture on health, improved access to primary as well as
higher levels of care, and higher immunization rates than
in the previous decade, which allows for some of the
lowest mortality rates in the region and a rise in life
expectancy to 78 years at birth.
Haiti: A Segregated and Segmented System

The World Health Report of 2000 ranked Haiti at 145 in
terms of overall performance of the health system. With
regard to financial protection in health it ranked 163, in
responsiveness of the health system to the population
needs it ranked 167, and in terms of overall health level,
153. Haiti is one of the poorest countries in the region and
this reflects the general level of health of the population
and the overall performance of the health system.

The Haitian Health System is made up of several
private and public institutions. The public sector is coor-
dinated by the Ministry of Health and is overseen by the
Ministry of Public Health and Population (MPHP) and
the Ministry of Social Affairs. The private sector includes
all health professionals with private consultations and
other services. In Haiti there is also the mixed public
sector, which is made up of mainly Ministry of Health
personnel working in nongovernmental organizations
(NGOs), private institutions or religious organizations,
as well as associations and nonprofit institutions. In Haiti
the traditional health system is also widely available as a
substitute for biomedical services but it does not receive
direct support from the Ministry of Health. The health
system is formed by 371 health points, 217 health centers,
and 49 hospitals. The health programs are implemented
by health bureaus which are under the direct control of
the Office of the Director General and also ten directo-
rates, one for each department and for the Nippes Sani-
tary Coordination. Under these come the municipal
health units, which are decentralized administrative
units responsible for carrying out health activities with
the participation of the community (PAHO, 2007).

The country has suffered from political instability and
economic depression since the late 1990s. In spite of
international support, new reforms and legislation in the
health sector have made little progress. An economic
embargo in the country has directed international
resources from the government sector toward the non-
profit sector. Only 60% of the population has direct access
to health services, the other 40%, who live mainly in rural
areas, rely on traditional medicine to improve their health.
The country enacted the national law covering safety and
efficacy of medications in 1948 and 1955, but since then
no or little reform has taken place, mainly because of the
inadequate legal framework. In 1997 a new law was
drafted to improve the formulation of strategies and activ-
ities to guarantee minimum health conditions for the
country but it is still yet to be passed into law and thus
implemented, due to political difficulties.
Reform of the Haitian health system

Some degree of reform in the Haitian health system has
occurred but a clear statement in the country’s laws
regarding provision and access to health-care services
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has not yet been possible. The MPHP published the
national health policy in 1998 calling for the strengthen-
ing of the Ministry’s steering role in the planning, execu-
tion, and evaluation of health programs, while recognizing
the difficulties it had to face with inadequate human and
financial resources to serve a nation immersed in poverty
and with great health needs (PAHO, 2007). The published
policy stated two strategies to improve the capacity of the
health system: a strategy to implement primary health
care and another to reorganize the health system. The
primary health-care strategy consists of providing a mini-
mum package of health services targeting children, ado-
lescents, and women; emergency medical and surgical
services; control of communicable diseases; and public
health education. It also states the need to control envi-
ronmental health, water supply, and provision of essential
medical supplies. Reorganization of the health system is
directed toward the decentralization of the Ministry by
means of increasing the level of responsibility and funds
available to the municipal health units. The success of
both strategies is questionable as the decentralization of
services as well as the increase in provision and planning
has been hindered by political instability.

See also: Latin American Social Medicine; Urban Health

Systems: Overview; World Health Organization.
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medicina tradicional en América Latina y el Caribe: el dilema entre
regulación y latolerancia. Salud Publica de Mexico vol 43 no 1.

Pan American Health Organization (2007) Costa Rica Country Profile.
http://www.paho.org/English/DD/AIS/cp_188.htm (accessed
January 2007).

Pan American Health Organization (2007) Haiti Country Health Profile.
http://www.ops-oms.org/English/DD/AIS/cp_332.htm (accessed
January 2007).

Pan American Health Organization (2007) Health Analysis and Statistics
Unit. Regional Core Health Data Initiative. Washington DC: Technical
Health Information System.

Pan America Health Organization Health Analysis and Statistics Unit
(2007) Regional Core Health Data Initiative. Washington DC, USA:
Technical Health Information System.

Picado ChG and Saénz UK (2000) Estimación del gasto privado en
servicios de salud de Costa Rica World Bank.

World Health Organization (2000) World Health Report. Geneva,
Switzerland: WHO.
Further Reading
Barrett B (1996) Integrated local health systems in Central America.
Social Science and Medicine 43(1): 71–82.

Bixby LR (2004) Assessing the impact of health sector reform in Costa
Rica through a quasi-experimental study [article in Spanish]. Revista
Panamerica de Salud Publica 15(2): 94–103.

Fiedler JL (1996) The privatization of health care in three Latin American
social security systems. Health Policy Plan 11(4): 406–417.
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we have little hesitation admitting that we indeed live in
a technological society. The discipline of philosophy of
technology itself is defined by various interpretations
of the primary meaning of technology, about which there
remains a notable lack of consensus.
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In this article we adopt a relatively narrow definition of
technology, in which technology is the means or methods
that are used to

help people move from place to place, communicate,

produce, construct, create, fabricate, but also destroy; to

observe, to calculate, and to think. . .Technology is thus

made up of all kinds of equipment – tools, machines, and

devices – that assist the work of human muscles, senses,

and brains, and thus the realization of human purposes

and ends (Kateb, 1997: 1225).

One of the advantages of this definition is that it makes
sense in a public health environment, as technology in
public health can encompass tools such as drugs, diagnos-
tic and screening tests, surgical instruments, and artificial
organs. According to this view, technology also includes
the often sophisticated network of practices and techni-
ques that are built around the tools themselves. So, for
example, a mammogram is a technology, as is the system
for recall that accompanies it. This viewof technology puts
to one side broader systems-level activities such as health
promotion programs and organizational and institutional
structures such as hospitals. Clearly there is overlap, as
these programs and institutions use tools to achieve their
aims, but the focus is primarily on the tools themselves.
Approaches to Ethics and Technology

With the help of modern technology, our capacity for action
has expanded, thereby raising a number of ethical issues in
relation to the development and use of modern technology.
There is a range of views, however, on the need for an ethics
of technology and the kind of additional considerations
specific to technology that may also need to be addressed.

A first approach, and perhaps the simplest view of the
relationship between ethics and technology, is to discount
the need for the ethical assessment of a technology at
all. Any matters of ethical concern can be contained
within standard methods in place to manage and evaluate
the technologies in question. So, in public health, this
approach would mean that we would expect any questions
of ethical significance to be dealt with as part of a thor-
ough epidemiological, clinical, and/or qualitative evalua-
tion of a new technology.

A second approach to ethics and technology builds on
the idea that ethical analysis will be of greatest use if
it is contextualized to specific spheres of activity. This
approach has yielded a number of subdisciplines that all
have relevance for technological innovation: bioethics,
computer and information technology ethics, engineering
ethics, and environmental ethics. Despite being spread
across a range of settings, these approaches to technology
and ethics tend to have a fairly consistent range of ethical
themes; they consider the likely harms and benefits posed
by a new technology, the impact the technology may have
on personal autonomy, and its effects on justice and
equity. Such accounts do not tend to call for unique
approaches to ethics and technology, but rather suggest
that we can use a stable set of ethical concepts and apply
them to the particular technologies at hand. This offers a
means of making judgments about whether a technology
is good or bad, based primarily on our assessment of the
uses to which humans put the technology.

Beauchamp and Childress’s Principles of Biomedical

Ethics (2001) is frequently offered as an example of the
applied ethics approach to technology assessment or is, at
least, a good starting point for doing so. There are advan-
tages to this approach: a core set of ethical questions and
concepts can be routinely used when assessing all new
technologies, and the concepts are relatively accessible to
individuals without formal philosophical training in
deliberating on ethical issues (Gillon, 1994). There are
also weaknesses: some issues may be missed when relying
solely on a core set of concepts to identify and manage
matters of ethical concern.

A third approach, usually associated with schools of
continental philosophy, challenges these more traditional
approaches to ethics and technology by questioning in
a much more radical way our apparent acceptance of
the value-neutrality of technologies. Accounts in this vein
describe concerns such as the relationship between
technology and the natural world (Ihde, 1990; Zimmerman,
1994; Tiles and Oberdiek, 1995), technology as a type of
knowledge or understanding (Dessauer, 1927; Heidegger,
1977), and questions of autonomy and agency in relation to
technology (Ellul, 1980). All of these views have implica-
tions for how we consider new technologies and how
we understand and evaluate their effects. These views usu-
ally also entail a certain skepticism about prevailing prac-
tices of technology assessment and also about an applied
ethics approach to technology at all. Adequately addressing
technology and ethics requires a much broader view of the
role of technology in society and how the interaction
between technology and society transforms our worldview.

Sitting behind these various perspectives is a debate
about whether technologies are neutral objects that
humans put to good or bad use or whether they are
value-laden entities in themselves. On the one hand,
technologies acquire moral value only when people do
things with them; on the other, technologies can somehow
be value laden themselves, maybe in the ends they were
designed to serve or the means by which those ends might
be pursued. A straightforward example of the ‘value-
ladenness’ of technology may be found in a common
pair of scissors. As any left-handed person will tell you,
scissors designed to fit well with your hand are almost
always designed to fit well within the hand of a right-
handed person. This example may seem trivial, but it
demonstrates how assumptions are built in to the design
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of various technologies and how, for example, a pair of
scissors designed for both left- and right-handed use may
be seen as more ethical, given that the aim behind the
design would be for all people to be able to employ this
technology equally.

Perhaps a more illustrative example is that of infant
formula. When used appropriately, infant formula can be
a viable substitute when breast milk is unavailable. Henri
Nestlé, founder of the world’s largest infant formula
company, was probably sincere in his aim of providing
the best possible food substitute for infants without access
to their mother’s milk. However, in 1978, U.S. Senate
hearings on Nestlé’s marketing practices in Africa and
elsewhere raised doubts that a product that needs clean
water, good sanitation, adequate income and literate par-
ents to work satisfactorily could possibly be used safely
where water is contaminated there are open sewers, and
the level of poverty and illiteracy are high. Assumptions
regarding access to clean drinking water, good sanitary
conditions, adequate levels of literacy, and a reliable
income sufficient to ensure adequate supplyof the formula
were built in to the technology itself, prompting some
critics to suggest that, whatever the intent of the designers,
there were value assumptions engineered into the formula
itself. Examples like this also highlight the tension inher-
ent in technology between the possible benefits it may
bring and issues such as risk, expertise, and consent.

Carl Mitcham (1994) proposes the ‘humanities philos-
ophy of technology’ as a second category describing such
views on technology and includes Martin Heidegger
(1977), Lewis Mumford (1963), and José Ortega y Gasset
(1959) as central figures in this aspect of the philosophy
of technology. These views can be broadly described as
being informed by a technological determinism of one
form or another, whether with regard to authenticity,
ideology, agency, or control. Such views also tend to
require a view of technology itself that is distinguishable
from others, characterized by a view of the autonomy of
technology to at least some degree.

There are approaches that try to combine the applied
ethics and continental philosophical approaches. Broadly,
these views may be considered among attempts toward
a synthesis of views, with the social shaping of tech-
nology (SST) approach being the most notable among
them. Such views support the place of standard applied
approaches to ethics in addressing the potential problems
of technology but are also responsive to critiques of the
continental view.
Ethics and Health Technology
Assessment (HTA)

Health technology assessment (HTA) and its early warn-
ing arm, horizon scanning, are relatively new fields. These
disciplines seek to gather the best available evidence on
the safety, costs, and effectiveness of new technologies –
such as drugs, diagnostic and screening tests, devices, and
surgical instruments – often to provide policy advice to
government about value or merit. Recent writing in ethics
and HTA has emphasized the importance of an ethical
perspective. Yet, despite its importance, ethical analysis
has not been fully integrated into HTA reports (Banta,
2004; Lehoux andWilliams-Jones, 2007). An international
review of HTA noted that over half the organizations
undertaking technology assessment professed to include
ethical, legal, and social assessment in their analyses
(Perry et al., 1997). However, these analyses are often
rudimentary and poorly informed by recent work in social
and ethical theory and practice, and they rarely incorpo-
rate the findings of studies of community views. Where
ethicists do contribute to the work of health technology
assessment units, there is not always a clear understanding
of the nature of the contribution they make.

The range of approaches described earlier for ethics and
technology is also apparent in the narrower field of ethics
and HTA. The first approach, that ethics has nothing to
offer HTA, is largely discounted these days (Lehoux and
Williams-Jones, 2007). The second approach – an applied
ethics approach – usually draws on scholarship in bioethics
and medical ethics, adapting the concepts and tools devel-
oped first to deal with individual practitioner–patient
encounters to issues related to the development and use
of modern health-care technologies. (For a good example
of how this approach might be applied in this context, see
Gallo, 2004.) The third approach tends to build on a SST
perspective and the continental tradition by which it, in
turn, is influenced.

Within the applied ethics approach to HTA, three
kinds of questions dominate (ten Have, 1995). First,
there are questions that need to be addressed before a
new technology can be assessed in a clinical context. The
examination of informed consent protocols for clinical
trials and the evaluation of benefits and burdens for trial
participants are typical of ethical analysis in this area.
Other broader issues, such as the ethics of randomization,
may also be examined under this heading.

The second set of questions relates to ethical issues
that may arise during the conduct of clinical trials of new
technologies. For example, the possibility of coercion of
research participants by researchers and stoppage rules
for clinical trials are both issues that ethicists assessing
research on new technologies may examine.

Finally, there are ethical questions that focus on
the societal and individual impacts of introducing technol-
ogy. The ethical issues here include, for example,
the likelihood of equitable access to a new technology (is
it fair to make available a screening test that can be
accessed only by people in urban areas?); issues associated
with explaining the technology to patients (e.g., related to
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differing sensitivities and specificities of tests); and the
possibility of extending the technology to new groups of
patients (ought we to extend in vitro fertilization to post-
menopausal women?). The overarching concern for this
type of ethical analysis is often the expense associatedwith
new technologies. Many modern health-care technologies
are distinguishable from earlier breakthrough technologies
such as penicillin and low-cost vaccines in that they are
often extremely expensive to put into place, raising issues of
equity of access across populations. As Ashcroft puts it, ‘now
it is often the case that what we can afford is more of a
constraint than what we know’ (Ashcroft, 2001).

An alternative to the applied ethics approach to ethics
and HTA owes more to the continental critique of tech-
nology. This approach is less amenable to a neat charac-
terization, but it includes questions such as those posed by
Vos (Vos and Willems, 2000):

. How does medical technology transform disease
concepts and the way the body is conceptualized in
modern medicine?

. How does the (daily) use of medical technology by pati-
ents shape their views on disease, illness, and the body?

. What are the relationships between technology and
care (especially in chronic diseases)?

. What implications should answers on these questions,
albeit in a provisional way, have for the evaluation of
medical technology?

The continental approach to ethics andHTAdraws on a
diverse disciplinary and methodology base to carry out its
work. There are theoretical critiques of technology –
including those of Heidegger, Marx, Adorno, Foucault,
and others. These abstract and sweeping assessments of
the place of technology in society are relatively distant
from the practical world of HTA. SST perspectives and
interactive approaches to technology assessment tend
to offer specific accounts of technologies and contexts
(the most prominent example being that of the cochlear
implant (Van der Wilt et al., 2000; Reuzel, 2004)), which
emphasize the value-laden nature of all technologies
and technology assessments. Finally, there are studies of
technology and democracy: scholars working in a number
of fields, specifically within Marxist, Foucauldian, and
Habermassian frameworks, emphasize the challenge that
technology continues to offer democracy and propose ways
in which democratic movements can harness technology.
Recent innovative work in ethics and HTA, including par-
ticipatory and discursive approaches to technology assess-
ment, has emerged from this latter area (Gethmann, 2002;
Skorupinski and Ott, 2002).
Conclusion

Scholarly work in ethics and HTA is diverse and con-
tested. Such diversity reflects not only differences in the
ethics of technology (as discussed here), but also differ-
ences in the positioning of the researcher (whether
integrated into an HTA program or independent of it).
The potential for work that both contributes to scholar-
ship in each area and brings these contributions together
is considerable and likely to be a major focus of research
activity in the future.
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Introduction

Stigma was originally a Greek term for a permanent mark
that branded a person as a criminal, traitor, or slave. In
recent decades, stigma has referred to the process of
negative discrimination against people for having certain
physical, behavioral, or social attributes. Many health
conditions are socially stigmatized in certain societies.
Where present, stigma and discrimination can have a
significant impact upon the epidemiology, course, and
control of human diseases. For this reason, it is important
to better understand the biosocial dynamics of disease
discrimination and address it as a public health problem.

From Deviance to Discrimination

It was not until the late 1950s that social discrimination
became a major topic of study in public health and the
social sciences. Before then, research had been focused
upon deviance from socially established norms – unde-
sired personal attributes that contrasted with cultural
beliefs about how people should appear and act under a
given set of circumstances. Deviance was considered
pathological by definition, a social disease whose under-
lying cause and ultimate cure had yet to be discovered.
Numerous studies focused upon causal factors such as
poverty, education, family structure, and heredity. Yet
few studies considered the other side of the equation:
How and why societies become intolerant to certain
human differences.

The emphasis on deviance as pathology began to change
in the decades following World War II, influenced by
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revelations of the Holocaust, an emerging Civil Rights
Movement in the United States and Europe, and numerous
independence struggles throughout the world. Within this
historical context, attention shifted from discredited to
discreditor, focusing on the processes by which negative
labels are constructed and assigned to particular human
attributes, in particular sociocultural contexts. Tracing its
intellectual roots to thinkers such as Marx and Manheim,
this social constructivist movement sought to understand
the ways in which these categories are constructed into
objective realities and internalized into unconscious
norms. In this manner, the study of social deviance gave
way to the study of social discrimination.

Howard Becker (1963) and Er nest Gof fm an (1963)
were early proponents of this constructivist approach to
discrimination. Becker focused on the lines of toleration
for behavioral attributes that marked certain people as
social outsiders. Becker observed what he called the
moral career of the discredited, in which people who
were beyond the point of societal reintegration would
amplify their differences in order to gain acceptance into
a smaller out-group having similar attributes. Becker also
identified moral entrepreneurs, people who wield power
within a society by defining the categories of normal and
abnormal. In similar studies, health professionals were
seen as imputational specialists with the power to define
and adjudicat e matter s of health and illness ( Friedson,
1979 ). Under thes e cir cumstances, deviance could no
longer be seen as a simple fact. It was the result of ex-
changes between the discredited, their discreditors, and
the people who defined their terms of interaction.

Although innovative, Becker nevertheless worked with
the same terminology as the deviance researchers before



270 Health-Related Stigma and Discrimination
him. By contrast, Goffman chose to relabel the entire
phenomenon as stigma. Whereas the original Greek
term referred to a permanent physical mark, Goffman
redefined this mark as the social disgrace itself. Goffman’s
definition is commonly used in studies of health-related
discrimination today. He also developed the notion of
master status, a physical, behavioral, or tribal attribute
that eclipses all other aspects of a person’s identity.
A master status becomes objectified when both attribute
and disgrace merge into a single unquestionable reality.
This objectification occurs within the minds of the dis-
credited as well, insofar as they have long been socialized
to have the same prejudices as their discreditors.

At the community level, Goffman described how cour-
tesy stigma – sanctions against normals for their association
with the stigmatized – perpetuates social discrimination,
even among those who were sympathetic to their situation.
Moreover, the discredited perpetuate their own stigmata
even as they attempt to disavow their condition. These
disavowal mechanisms included: (1) covering – the con-
cealment of the mark; (2) passing – techniques to minimize
the tension of social interactions; and, (3) sheltering –
segregation from protective environments. Although these
disavowal techniques provide short-term palliation for stig-
matization, theyoften do so at the cost of reinforcing under-
lying social prejudices.
Stigma and Infectious Diseases

In addition to its personal consequences, health-related
stigma can impede the prevention and control of infec-
tious diseases. This can occur with stigmatized diseases
when people actively conceal their condition to avoid
social sanctions. Even with an accurate understanding of
disease contagion, people may not want to risk the con-
sequences of unemployment and ostracism for themselves
and their families. Concealment strategies are therefore
common among people with stigmatized infections, and
many are disinclined to seek early testing as a conse-
quence. For these undetected cases, the opportunities for
transmission increase exponentially according to the
number of susceptible contacts, their contacts, and so
forth. In this manner, stigma can perpetuate the spread
of infectious diseases.

Avoidance of testing is especially common in countries
where the treatment of certain diseases is not well
integrated with primary health services. In India, for
example, people often avoid being seen in the vicinity of
a leprosy treatment worker lest they be publicly branded
as having the disease. In addition, the segregation of
treatment services can result in a segregation of knowl-
edge. Without proper training, primary health providers
may miss the early signs of a disease and fail to make
appropriate referrals in a timely manner (Barrett, 2005).
The stigma of AIDS presents similar challenges for
early detection as well as efforts to prevent behaviors
having a high risk for disease transmission. For instance,
advocating condom use can be seen as accusatory in some
societies, or it may raise the suspicion that the person
requesting a condom already has a sexually transmitted
disease. Suspicions notwithstanding, it may not be socially
feasible to advocate for safer sexual exchanges if there are
significant power differences between partners due to
other forms of discrimination. In a study of HIV preven-
tion among single women in Uganda, the subjects
described how their diminished social and economic sta-
tus prevented them from insisting upon safer sexual
exchanges, despite having accurate knowledge of disease
transmission and easy access to condoms (McGrath
et al., 1993).

Social stigma can also impede patient adherence to
disease treatment regimens. People may travel much fur-
ther for treatment to avoid social detection. These cir-
cumstances tend to reduce the frequency and quality of
patient–provider communications. Reduced communica-
tions increase the possibility of nonadherence, especially
when the prescribed regimen is lengthy, requires behavior
changes, or is subject to side effects. If, in addition to the
disease stigma, the patient also belongs to a historically
discriminated social group, they may be distrustful of
their providers if the latter do not share the same
background.

In the event of a major infectious disease outbreak, the
stigma of infection can slow the ability of public health
providers to control the spread of infection in a population.
This is especially the case for surveillance–containment,
or ring vaccination programs, inwhich providers rely upon
cases to provide them with complete, accurate, and timely
information about their contacts. When people are reti-
cent to provide this information, contact tracing may not
keep pace with the spread of the disease – a failure in the
so-called race to trace in epidemic control. Under these
circumstances, providers are not able to establish a suffi-
cient ring of immunity around cases and contacts. They
must resort instead to more expensive and difficult mass
vaccination programs.

Finally, social discrimination can lead to an unequal or
inappropriate distribution of public health resources,
which may in turn result in avoidable disease morbidity
and mortality. For example, an historical analysis of insti-
tutional responses to epidemics in North America found
that medical authorities affected the social and geographic
distribution of diseases such as cholera and polio, by
distinguishing between innocent and guilty victims
according to socioeconomic status (Risse, 1988). As a
result, many public health initiatives for improving
urban environments neglected poor neighborhoods that
were hardest hit by these diseases, thereby exacerbating
health differences between socioeconomic groups and
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developing reservoirs that would eventually pose risks to
affluent and poor communities alike. These same pro-
cesses have been attributed to many re-emerging infec-
tious diseases of the late twentieth century, for which the
borders between rich and poor countries have been more
permeable to pathogens than the resources with which to
control them (Farmer, 1996).
Stigma and Chronic Health Conditions

There are several ways that social stigma can significantly
affect the severity and course of chronic noninfectious
diseases. First, the negative attribution of degenerative
diseases can influence their symptomatic experience.
Studies of chronic pain patients found that the absence
of physical signs compromised the social legitimacy of
their condition, which, in turn, was associated with the
severity and quality of their pain (Good, 1992). In this
manner, the stigma of an illegitimate illness can create a
perpetual cycle of feedback between social and physical
suffering.

Second, the psychological impact of stigma and dis-
crimination can be expressed through physical problems.
For example, some socially marginalized communities in
China describe physical problems in similar terms to
that of their social alienation (Kleinman, 1992). Under
these circumstances, it may as difficult for health provi-
ders to distinguish between emotional and physical pro-
blems as it is for the patients themselves. These kinds of
examples have been described as nocebo phenomena
(Hahn, 1997). Just as pharmacologically neutral placebos
can mitigate psychosomatic suffering in a variety of
physical and psychological conditions, so too can profes-
sional and community practices act as nocebos to worsen
psychosomatic experiences. There is evidence that the
quality of the physician–patient relationship can act as
a placebo or nocebo to affect the symptomatic course
of conditions ranging from asthma to heart disease
(Hahn, 1997).

Some studies have shown correlations between social
discrimination and the trajectory of chronic degenerative
conditions. For example, a small but significant associa-
tion has been found between the emotional tensions of
racial discrimination and increased incidence of high
blood pressure among African-Americans (Dressler,
1993). Insofar as discrimination is related to segregation,
this association is further supported by the longitudinal
study of over 1000 people born in Alameda, California, in
which measures of social isolation were shown to corre-
late with suicide, diabetes, heart disease, and significantly
lower overall life expectancies (McGuire and Raleigh,
1986).

It should also be noted that social stigma can signifi-
cantly diminish the economic status of the discredited,
thereby increasing their risk for diseases strongly asso-
ciated with poverty. A person who has been socially and
economically ostracized due to one health condition could
be at greater risk for other diseases due to poor living
conditions, undernutrition, and psychological stress. By
this process, the stigma need not be health-related for it
to play a role in all manner of health conditions. For all
these reasons, stigma itself is a public health problem.
Theories of Etiology and Prevention

A public health approach to stigma and discrimination
entails an understanding of its etiological factors and
potential areas for prevention. Similar to past studies of
deviance as pathology, some theories explain that certain
health conditions are universally stigmatized because of
their intrinsic biological characteristics. Accordingly, one
can predict that conditions associated with physical defor-
mation, contagiousness, incurability, and high mortality
will result in a proportional degree of negative attribution,
independent of cultural and historical conditions. These
associations suggest that negative social attitudes con-
stitute an adaptive human response to potentially danger-
ous diseases.

Other more constructivist theories counter that there
is considerable variation in public attitudes toward some
of the most commonly stigmatized diseases, and that this
variation is often independent of biological factors. Lep-
rosy, for example, is not a universally stigmatized disease.
Cross-cultural studies of social attitudes toward leprosy
show significant differences between societies and histor-
ical periods (Gussow, 1989). Even the most negative atti-
tudes toward leprosy defy the fact that it is a mildly
contagious and easily treated disease. This then leads to
the question of why the disease would be stigmatized
within certain social and temporal contexts more than
others.

There are several alternative theories to explain socio-
historical variation in health-related stigma and discri-
mination. A common set of theories emphasizes the
aggravating effects of ignorance on discrimination; these
theories typically describe an inverse relationship between
the degree of accurate medical knowledge about a given
health condition and social attitudes toward the people
who have it. Examples may include relatively new infec-
tions such as HIV/AIDS, rare neurological conditions
such as Huntington’s chorea or Machado-Joseph disease
(Boutte, 1987). They may also include psychiatric condi-
tions such as depression and schizophrenia, for which the
causes are as poorly understood as their means for effec-
tive treatment.

Other theories predict discrimination against phy-
sical and mental disabilities, even when the conditions
themselves are commonly known. In these cases,
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unfamiliarity with the challenges and capacities of the
disabled creates tensions during social interaction. In a
well-known study conducted by Robert Murphy (1988), a
disabled anthropologist, one community of recently
paralyzed people describes these tensions and the social
ambiguity with which they are associated. Murphy argues
that many social categories are linked to basic physical
acts such as sex and ambulation. When a person is unable
to perform such acts as expected, then he or she falls
between social categories and becomes stigmatized as a
consequence.

Building on Goffman’s (1963) description of courtesy
stigma, another theory states that certain health condi-
tions become socially discredited because of a perceived
association with other discredited behaviors or member-
ship in marginalized racial, ethnic, or gender groups.
A related theory in social psychology states that these
dual associations are a coping mechanism for reducing
the perceived susceptibility to an unwanted condition. By
associating a disease or other tragedy with another human
group and somehow blaming its members for the tragedy,
the discriminating group constructs a just world in which
they can more easily deny their vulnerability to random
misfortune.

Finally, health professionals can inadvertently stigma-
tize particular conditions even as they attempt to assist
their patient populations. Although sometimes unavoid-
able, isolation procedures can exacerbate community
fears and create a sense of alienation among patients.
Health prevention campaigns and fundraisers may high-
light the worst aspects of certain diseases in order to
maximize behavioral changes and financial support, but
they also risk distorting community perceptions and atti-
tudes. Further research is needed to determine how best
to balance these competing interests, as well as the causes,
consequences, and means for preventing health-related
discrimination.
See also: Stigma of Mental Illness.
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Introduction

Humans need their auditory system for communication. In
those born without adequate hearing, speech and language
will not fully develop unless the hearing loss is identified
early and proper intervention is initiated in a timely
manner. In adults, the development of a hearing loss
can cause significant communication difficulty, which
appears to be especially problematic in a noisy environ-
ment. In this article, we discuss hearing and hearing loss.
Topics range from physics (acoustics) through biology
(anatomy and physiology) and pathophysiology (hearing
loss) to (re)habilitation (treatment).
Hearing Health-Care Professionals

Audiologists

Audiologists are nonmedical clinicians who evaluate
hearing, fit hearing aids and other devices, and perform
aural (re)habilitation. The entry-level clinical degree for
this specialization in the United States is presently a doc-
torate, in many instances a specialized degree called an
audiology doctorate (AuD), but often other doctoral
degrees, including the PhD, the ScD, or the EdD. Specific
requirements for the practice of clinical audiology differ in
different countries.
Otolaryngologists

Otolaryngologists aremedical/surgical specialistswho treat
medical conditions affecting the ear. In the United States,
board certification in Otolaryngology requires a medical
degree (MDor doctor of osteopathy, DO) and a residency in
otolaryngology. Some otolaryngologists do a fellowship in
otology to specialize in the ear, and others specialize in ear/
brain disorders, completing a neuro-otology fellowship.
While specific details of certification no doubt differ across
countries, in all cases clinical practice requires a medical
degree and specialty training in otolaryngology.
Anatomy and Physiology of Hearing

The ear is a remarkably complex structure. Entire textbooks
are devoted to this topic (e.g., Pickles, 1988), and herein we
can provide only the most superficial of descriptions.
The Outer Ear

The outer ear is the portion of the ear that can be seen by
casual inspection. It consists of the pinna (what we generally
call the ‘ear ’), which is attached to a bowl-shaped structure
called the concha. The concha ends at the ear canal, most
correctly called the external auditorymeatus. The ear canal
ends at the eardrum (the tympanic membrane), which
serves as the boundary between the outer and middle ears.
The outer ear amplifies the level of some sounds due to its
physical properties. Having two ears (one at each side of the
head) means that sounds arriving at the ears may differ in
level or timing – cues used by the brain to determine where
the sound is coming from.
The Middle Ear

The middle ear includes the tympanic membrane, three
small bones (called ossicles), and several small muscles (and
tendons). The three ossicles (from lateral to medial) are the
malleus, the incus, and the stapes. Themalleus is connected
to the eardrum laterally, and it articulates medially with the
incus. The incus connects with the stapes, and the small
stapes footplate inserts into the inner ear at the ovalwindow.
The eustachian tube connects the middle-ear space to the
back of the throat, and when working correctly, it allows for
pressure equalization across the eardrum. The main pur-
pose of the middle ear is to maximize the flow of sound
energy between the air medium in the outer ear and the
fluid medium of the inner ear, and it converts the acoustical
energy in the outer ear into mechanical energy. The maxi-
mization of energy flow into the inner ear is achieved by
several mechanisms, including the area ratio of the eardrum
versus the stapes footplate, which amplifies the pressure at
the stapes footplate, as well as a lever ratio due to the length
of the malleus versus that of the incus. These factors offset
the loss of energy that occurs when sound crosses from air
to fluid, which would reflect most of the sound energy if the
middle ear were not present. The twomuscles in themiddle
ear are the tensor tympani and the stapedius – the latter
contracts in humans in response to loud sounds, producing
the acoustic (or stapedial) reflex, which helps protect the ear
from noise damage, and this reflex can be used to identify
various disorders of hearing.
The Inner Ear

The inner ear is a complex and delicate organ housed in
the temporal bone of the skull. The inner ear is a lot like a



274 Hearing Disorders
Tootsie Pop – crunchy on the outside, chewy on the
inside. Its crunchy outer shell is called the bony labyrinth
and contains both the end organ of hearing (the cochlea)
and the five end organs of vestibular function (the three
semicircular canals, the saccule, and the utricle). This
article discusses only the chewy inside, the cochlea. The
cochlea is composed of three fluid-filled chambers: The
scala vestibuli, the scala media, and the scala tympani.
The scala tympani and vestibuli are connected at the
helicotrema and contain a fluid called perilymph, which
is like extracellular fluid – an ultrafiltrate of blood, being
high in sodium content and low in potassium content. In
contrast, the scala media contains endolymph, which has
the ionic content of intracellular fluid and is high in
potassium and low in sodium. This unique ionic content
of the scala media is due to the ionic pump of the stria
vascularis, a highly vascularized organ at the lateral wall of
the scala media. Two membranes form the upper and
lower boundaries of the scala media, Reissner’s membrane
and the basilar membrane. Sitting on the basilar mem-
brane is the organ of Corti. Specialized cells, called inner
and outer hair cells, sit on top of support cells that rest on
the basilar membrane. The stereocilia (hairlike structures
on the apical end, or the top, of inner and outer hair cells)
that protrude from the top of the hair cells are covered by
the tectorial membrane. When the basilar membrane
vibrates in response to sound, the vibration creates a
shearing action at the top of the hair cells, leading to a
bending of the stereocilia. This bending, in turn, opens up
ion channels that cause excitation (depolarization) of the
hair cell, which results in a release of neurotransmitter at
the base of the hair cells, which leads to excitation of the
auditory nerve fibers that innervate the base of the hair
cells. Thus, the hair cells of the inner ear convert (i.e.,
transduce) mechanical energy into electrical energy. The
cochlea also performs a frequency analysis of incoming
sound. The portion of the cochlea close to the stapes
footplate, called the base, is sensitive to high-frequency
(high-pitch) sounds, whereas the portion of the cochlea
far away from the stapes (called the apex) is sensitive to
low-frequency (low-pitch) sounds. The pattern of hearing
loss can often tell us where damage has occurred in the
inner ear.
The Central Auditory Nervous System

Ultimately, the organ of hearing is the brain, not the ear, as
we cannot actually perceive sound if we don’t have a
brain. The central auditory nervous system begins with
the auditory nerve fibers that innervate the hair cells.
These fibers converge inside the cochlea as a portion of
the eighth cranial nerve (vestibular fibers form the rest
of the eighth cranial nerve). The eighth cranial nerve pro-
jects to the lateral aspect of the pontomedullary junction
(the region in the part of the brain called the brainstem,
where the medulla oblongata and the pons adjoin), pro-
jecting to the first nucleus of the brain that responds to
sound: the cochlear nucleus. From here, fibers from the
cochlear nuclei on both sides of the brain project to the
superior olivary complex, then to the inferior colliculus
via the lateral lemniscus. Fibers from the inferior collicu-
lus project to the primary thalamic nucleus of hearing, the
medial geniculate body, and from there to primary audi-
tory cortex in the temporal lobe. The auditory nerve and
central portions of the auditory system contribute to the
generation of auditory evoked potentials (AEPs), which
are electrical responses to sound that can be recordedwith
noninvasive (e.g., surface) electrodes. Several AEPs are
useful for site-of-lesion testing and intraoperative moni-
toring (i.e., monitoring sensory and/or motor function
during surgical procedures that put a sensory or motor
or brain system at risk, with the goal of reducing the
incidence and severity of systemic damage; see the section
titled ‘Special and Advanced Tests’), which specifically
includes electrocochleography (EcochG; recording of
AEPs detected by an electrode near the inner ear to
monitor specific electrical responses that arise from the
inner ear and the auditory nerve) and auditory brainstem
response (ABR). AEPs (including EcochG and ABR) can
be used to measure hearing threshold. The acoustic reflex
is also useful for site-of-lesion testing. This reflex is
mediated by a pathway that includes the cochlea, auditory
portion of the eighth cranial, cochlear nucleus, superior
olivary complex, motor nucleus of the seventh cranial
(facial) nerve, motor division of the seventh nerve, and
stapedius muscle.
Measurement of Hearing

Why Measure Hearing?

Trauma, noise, various drugs, and numerous genetic and
disease entities can cause hearing loss. When a patient
with a hearing loss comes into a clinic, a hearing evalua-
tion is performed to determine where in the auditory
system the loss is occurring (i.e., the site of lesion). Bat-
teries of tests are often needed to successfully determine
the site of lesion. Some of these tests are not specifically
tests of hearing and include a detailed case history, per-
haps some blood tests, and in some instances imaging
evaluations.

Medical or surgical interventions for hearing loss are
often a double-edged sword – they can (and it is hoped
they most often do) improve hearing, but in some cases
they can and do impair hearing further. As practitioners
in the helping professions may periodically be sued,
documentation of baseline hearing function is necessary
to document improvement, as well as for medicolegal
purposes. It should also be noted that hearing loss can
result from treatment of problems unrelated to hearing,
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such as aminoglycoside usage for bacterial infections and
radiation and use of platinum-based chemotherapy agents
for the treatment of various types of cancer.

Finally, much of human communication occurs along
the oral–aural route (speech and hearing), and hearing loss
may not only have health implications but may also lead
to communication problems. If an infant is born with a
substantial hearing loss (or if hearing loss develops shortly
after birth), it may produce a substantial delay in, or even
a complete failure to develop, oral–aural communication.
For this reason most states in the United States have imple-
mented universal newborn hearing screening programs. It
is clear that identification of hearing loss early in life,
followed by appropriate intervention, can greatly reduce
the communication deficits resulting from hearing loss.
Acoustics 101

As a sensory system, hearing is typically tested by presen-
tation of a sound and evaluation of the response of the
auditory system. This response could be a mechanical
response (in the case of some acoustic impedance testing),
an electrical response (in the case of AEPs), a voluntary
motor response (as in the case of behavioral audiometry,
in which patients push a button or raise their hand when
they hear the sound), or a reflexive motor response (such
as the acoustic reflex). In all these cases, the response has
meaning only if the health professional has a rather
detailed knowledge of the stimulus, that is, the physics
of sound.

There are really three aspects of sound: (1) its fre-
quency content, (2) its amplitude, and (3) its temporal
pattern. The simplest sound, and the basis for the audio-
gram, is the sinusoid, also called a sine wave or a pure
tone. The sine wave has energy at only one frequency.
Frequency is defined in terms of how many times it
vibrates in 1 s. The unit of vibration is the Hertz (Hz),
and a vibrator that oscillates back and forth 1000 times in
1 s vibrates at 1000Hz. Sometimes the unit is the kilohertz
(kHz), which is 1000 vibrations per second. Thus, 1000Hz
is 1 kHz. In general, as a sine wave’s frequency increases, its
pitch increases. The amplitude of a sound can be reported
in a number of different units, such as sound power, sound
intensity, or sound pressure. For clinical purposes, sound
pressure is used most often. Pressure is force per unit area:
In the metric system, the unit of pressure is the pascal (Pa);
1 Pa is defined at 1 newton (force) per square meter (area).
The range of sound pressures from the lowest sound level
that humans can barely hear, to the sound level that
causes pain, can exceed six or seven orders of magnitude
(1 000 000–10 000 000 times). To make the units more user
friendly (and because human sensory systems are typically
ratio-based), sound pressure is typically expressed as a
ratio (the numerator is the pressure of interest, and the
denominator is a value historically chosen to be close
to human threshold: 0.000 02 Pa). This ratio is then con-
verted to a decibel (dB) value by taking 20 times its base
10 logarithm. These units are called decibels of sound
pressure level (dB SPL). In this way, a pressure range
of 10 000 000 is converted to 140 dB. Lower dB values
reflect lower sound pressures.

The time pattern of a stimulus is another way that
sound can be manipulated. For example, instead of a
tone’s being turned on continuously, it can be turned on
and off, with, for example, a 1-s on time and a 1-s off time.
Pure-Tone Audiogram

A pure-tone audiogram plots the threshold of hearing
over frequency (see Figure 1). The audiogram is usually
obtained using a device called an audiometer. A pure-tone
audiometer allows the practitioner to change the fre-
quency of the sinusoid, change stimulus level (usually in
5-dB steps), route the sound to different transducers
(earphone, maybe a bone vibrator, discussed later, or
speakers), and to turn the signal on and off. Thresholds
are usually obtained in octave intervals (with a few near-
half-octave frequencies) between 125Hz and 8000Hz. As
an octave is a doubling, the tested frequencies at octave
intervals include 125, 250, 500, 1000, 2000, 4000, and
8000Hz. In many audiometers, frequencies are also avail-
able that are close to half-octave intervals and often
include: 750, 1500, 3000, and 6000Hz. Threshold is usu-
ally determined as the lowest level at which the patient
can hear some criterion proportion (e.g., half or more) of
presentations. The sound-level axis (y-axis) is plotted in
dB hearing level (dB HL), rather than dB SPL. A measure
of 0 dB HL represents the average threshold of a group of
normal-hearing listeners for that frequency and for a
specific earphone and measurement system. To calibrate
an audiometer and an earphone in order to determine dB
HL, a coupler (an artificial ear), a microphone, and a
sound level meter may be used to measure the dB SPL
for each frequency at a given dB setting. The dB SPL that
corresponds to the average hearing threshold of a group of
normal-hearing listeners at each frequency represents the
0 dB HL value. Fortunately, the American National
Standards Institute and international groups such as the
International Electrotechnical Commission and the Inter-
national Standards Organization publish and periodi-
cally update standard corresponding values of dB SPL
and dB HL.

Figure 1 also shows that there are different symbols
for different transducers. Practitioners almost always
test each ear individually with an earphone and use the
symbols O and X for the unmasked right and left ears,
respectively. Sometimes sound called a masking noise is
presented to the opposite ear to prevent sound from
crossing over from the test ear to the nontest ear, and
different symbols are used when masking noise is



Frequency (Hz)

125
−10

0

10

20

30

40

50

60

70

80

90

100

110

250

H
ea

rin
g 

le
ve

l i
n 

de
ci

be
ls

 (
re

: A
N

S
I 1

98
9)

500 1000 2000 4000 8000

S

Examples of
no response symbols

Both

Sound
field

BC
forehead

unmasked

BC
forehead
masked

BC
mastoid
masked

BC
mastoid

unmasked

AC
masked

AC
unmasked

Audiogram key
Right Left

Figure 1 The audiogram. From Bess F and Humes L (1995) Audiology: The Fundamentals, 2nd edn. Baltimore, MD: Williams and

Wilkins.

276 Hearing Disorders
presented to the opposite ear (D and □ , for right and left
ear, respectively). To bypass the outer and middle ear, in
cases when a conductive hearing loss is suspected, a bone
vibrator is placed on the mastoid (the bone behind the
ear) or the forehead. This mode of testing is called bone
conduction. Masking, or introducing an acoustical signal
(such as a noise) in the nontest ear to prevent the
patient’s hearing (and thus responding to) the test stim-
ulus in the nontest ear, can be particularly important
when bone conduction is used. For right and left mastoid
bone conduction without masking, the symbols used
are < and >, respectively; with masking, the symbols are
[ and ], respectively. The pattern of audiometric thresh-
old, for both ears, across frequency, and for air versus bone
conduction, not only portrays the magnitude of hearing
loss but also provides valuable site-of-lesion informa-
tion. Thresholds up to 25 dB HL are considered normal.
Thresholds ranging from 25 to 40 dB HL are considered
mild hearing loss, and thresholds ranging from 40 to 55 dB
HL are labeled moderate hearing loss. ‘Moderate-severe
hearing loss’ is the label for thresholds ranging from 55 to
70 dB HL, and a severe hearing loss encompasses the
range of 70–90 dB HL. Finally, thresholds greater than
90 dB HL are labeled a profound hearing loss, and people
with thresholds exceeding 90 dB HL across frequency are
considered legally deaf.
Speech Tests

Two types of speech test are used in everyday clinical
evaluation of hearing loss. The first is the speech recogni-
tion threshold, which evaluates the lowest level of a
speech signal at which an individual can accurately repeat
roughly half of the speech stimuli. In many clinics, these
tests use two-syllable words with equal stress on each
syllable (called spondees). The speech recognition thresh-
old should numerically agree with either the average
threshold of 500, 1000, and 2000Hz, or the best threshold
of these three, should the hearing loss vary substantially
across this frequency range.

The other common test is called speech discrimination,
which (most typically) presents single-syllable stimuli at a
comfortable listening level. Speech discrimination is
reported as a percentage correct. Normal-hearing listeners
show a very high percentage correct (in the mid-90s or
above). With progressively greater magnitudes of hearing
loss, the expected speech discrimination score decreases.
Unusually low speech discrimination scores for a given
hearing loss might indicate a retrocochlear problem (see
the section titled ‘Neural or Retrocochlear Hearing Loss’),
whereas a very good speech discrimination score in the
presence of a substantial hearing loss might indicate that
the patient’s reported hearing loss is exaggerated.
Acoustic Impedance

One type of hearing loss, a conductive loss (see the sec-
tion titled ‘Conductive hearing loss’), is produced by
a reduction in sound energy reaching the inner ear. This
reduction in sound energy can occur in either the outer or
the middle ear, or both. While some causes of conductive
loss can be seen by casual inspection of the outer ear (e.g.,
atresia of the external auditory meatus, or ear canal, in
which blockage of the ear canal results from incomplete
development of the outer ear) or by looking into the ear
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canal with an otoscope (a small, hand-held device with a
speculum and light source for illuminating and viewing
the ear canal and ear drum and which can reveal a hole in
the tympanic membrane), it is often not possible to iden-
tify conductive losses, especially those originating in the
middle ear, by such inspection. Measures of acoustic
impedance, a complex mathematical construct that refers
to the opposition to the flow of acoustic energy, can
identify a number of causes of conductive hearing loss.
A tympanogram is a measure of the transfer of sound
energy through the middle ear as one varies the resting
pressure in the ear canal. In this procedure, a probe
encased in a compliant, disposable probe tip is placed
snugly into the ear canal. Once an airtight seal is achieved,
a (typically) low-frequency tone is presented through an
earphone in the probe tip, and the sound pressure in the
ear canal is monitored via a microphone also located in
the probe tip. Some fairly simple mathematical calcula-
tions yield the acoustic impedance (the opposition to the
flow of energy), acoustic admittance (the inverse of acous-
tic impedance), or real and imaginary components of
impedance or admittance. A manometer is used to change
the air pressure in the ear canal, and the acoustic imped-
ance or admittance is plotted across air pressure of the ear
canal. Some typical tympanograms are shown in Figure 2.
Whether there is a peak in the tympanogram, where that
peak is, and how high or shallow the peak is all provide
information about the nature of the conductive hearing
loss. A normal response is shown in Figure 2(a); note that
this tympanogram has a peak at or near ambient air
pressure. This contrasts with Figure 2(b), which has
a peak at a negative pressure (in this case, �200 daPa).
A flat tympanogram is shown in Figure 2(c). This can be
caused by fluid in the middle ear (called otitis media).
Figu res 2(d) and 2(e) have peaks near ambien t pressu re,
but the peaks are either abnormally shallow (Figure 2(d))
or too deep (Figure 2(e)). A shallow tympanogram can be
caused by a disorder called otosclerosis, in which a bony
growth on the ossicles leads to a stiffening of the middle-
ear system. A deep tympanogram can be produced either
by a healed perforation of the eardrum or by a break in the
ossicles (called an ossicular disruption), which is often
caused by head trauma. Additional information can be
gleaned by varying the frequency of the probe tone.
Multifrequency tympanometry is well beyond the scope
of this article, and the interested reader is referred to
Fowler and Shanks (2002).

Another common use of acoustic impedance measures
is to obtain the acoustic reflex. In response to a suitably
intense sound, the stapedius muscle (which is attached to
the stapes) contracts, stiffening up the middle-ear and
increasing the acoustic impedance (decreasing the acous-
tic admittance) at the tympanic membrane. The acoustic
reflex is a bilateral reflex (the reflex occurs in both ears
with single-ear stimulation) and can be measured by
recording the change in acoustic impedance or admit-
tance in response to stimuli (tones or noise) to the same
or the opposite ear (called the uncrossed and crossed
reflex, respectively). Acoustic reflex threshold across fre-
quency, the pattern of crossed and uncrossed responses,
and numerous other variables provide important informa-
tion for site-of-lesion testing, not only for problems with
hearing, but also for facial nerve disorders (because the
stapedius muscle is innervated by the seventh cranial, or
facial, nerve).
Special and Advanced Tests

There are many special tests of hearing, and only a few
of the more commonly used ones can be described in
this article.

A number of years ago, it was determined that some of
the cells in the inner ear, called outer hair cells, contract in
response to sound (Brownell et al., 1985). In one test,
sounds are generated that cause the outer hair cell con-
tractions, which can be recorded in the ear canal by a
sensitive microphone. These inner-ear-produced sounds
are called otoacoustic emissions (OAEs). OAEs are cur-
rently in use for newborn hearing screening and are also
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useful for site-of-lesion testing (Prieve and Fitzgerald,
2002).

A number of AEPs can be recorded from near the ear or
from the scalp. EcochG and ABR have the most clinical
utility. EcochG is done with electrodes near the cochlea
and includes several subcomponents: the summating
potential (SP), the cochlear microphonic (CM), and the
compound action potential (CAP). The SP and the CM
represent hair cell responses, and the CAP represents
the output of the auditory nerve. The CAP can be used
for threshold evaluation but in the United States has
largely been replaced for threshold estimation by the
ABR. EcochG is very useful for intraoperative monitoring
during surgery involving the eighth cranial nerve, for
example, to determine whether any damage is occurring
to the cochlea or auditory nerve. The ABR can be
recorded with noninvasive scalp electrodes (see Burkard
and Secor, 2002). It can be used to screen hearing (inclu-
ding newborns), to determine hearing threshold, for
site-of-lesion testing, and for intraoperative monitoring
of cochlear, auditory nerve, and auditory brainstem
function (Don and Kwong, 2002; Martin and Mishler,
2002; Sininger and Cone-Wesson, 2002).
Disorders of Hearing

Hearing loss can be classified in a variety of ways: by
whether it is unilateral (one ear) or bilateral (both ears),
by its severity (mild, moderate, severe, or profound), by its
configuration (whether it is equal across frequency or
greater in the high or the low frequencies), and by site
of lesion. The following paragraphs describe the categor-
izations of hearing loss that identify where in the auditory
system the hearing loss has occurred.
Conductive Hearing Loss

Should a hearing loss be caused by an abnormality in the
outer and/or middle ear, it is classified as a conductive
loss. Audiometrically, a purely conductive hearing loss
is usually at most a moderate hearing loss. For a pure
conductive hearing loss, hearing by bone conduction is
normal, whereas thresholds are elevated (worse) via air
conduction, leading to what is commonly called an
air–bone gap. Individuals with a conductive loss have
very good speech discrimination abilities once the speech
signal is presented at a sufficiently intense sound level.
Many types of conductive hearing loss can be treated
medically or surgically.

Otitis media is a very common type of conductive
hearing loss in children. It can start with negative pressure
in the middle ear, indicated by a tympanogram with a
negative peak pressure (see Figure 2(b)). Fluid often fills
the middle-ear space, leading to a flat tympanogram (see
Figure 2(c)). Most children have one or more bouts of
otitis media, and an ‘ear infection’ is a very common
reason children see their physician.

Otosclerosis tends to occur in young to middle-aged
adults. It involves the creation and resorption of bone in
the middle ear and leads to a hearing loss when it affects
the motion of the ossicles (such as fixing the stapes foot-
plate where it inserts into the cochlea).
Sensory Hearing Loss

In the past, a sensory hearing loss was often referred to as
a sensorineural hearing loss, but due to advances in site-
of-lesion testing, practitioners now differentiate those
losses affecting the sensory end organ (the cochlea,
hence a sensory loss) from those affecting the acoustic
portion of the eighth nerve (a neural loss).

Sensory loss, as indicated above, is a hearing loss that is
localized to the inner ear. In those relatively common
instances in which the hair cells of the inner ear are
damaged, there is not only a loss of hearing sensitivity
(i.e., threshold is elevated) but also a degradation in the
ability to understand speech signals (i.e., a decrement in
speech discrimination ability), which is often exacerbated
by a noisy background. In the case of a sensory hearing
loss, there is an equivalent elevation of bone-conduction
threshold and air-conduction threshold and hence no
air–bone gap. It is uncommon for sensory hearing loss to
be reversible by medical or surgical treatment, and in
most cases treatment involves counseling, amplification
(a hearing aid or cochlear implant), and therapy, referred
to as aural rehabilitation. In cases of noise-induced
hearing loss, where the noise exposure can be reduced,
it is certainly true that an ounce of prevention is worth a
pound of cure.

Meniere’s disease refers to a tetrad of symptoms that
include a (typically) low-frequency hearing loss, episodic
vertigo (a sense of spinning – see the section titled ‘Dizzi-
ness and Vertigo’), roaring tinnitus (ringing in the ears, see
the section titled ‘Tinnitus’), and a feeling of fullness in the
ear. It should be emphasized that these symptoms fluctuate
over time. One well-supported theory suggests that
Meniere’s disease is caused by a buildup of the endolym-
phatic fluid in the scala media, and the condition is
sometimes called endolymphatic hydrops.
Mixed Hearing Loss

A mixed hearing loss has a conductive and a sensory
component. Some auditory pathologies can have a
conductive and a sensory component. Similarly, there is
nothing preventing a given individual from having two
causes of hearing loss: one leading to a conductive hearing
loss (such as otitis media) and another leading to a sen-
sory loss (such as noise exposure). In a mixed hearing loss,
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there is a hearing loss via bone conduction, but there is a
greater hearing loss via air conduction (and yes, in a
mixed loss, there is an air–bone gap).

Neural or Retrocochlear Hearing Loss

For a neural (sometimes called a retrocochlear, for ‘beyond
the cochlea’) hearing loss, the loss is localized beyond the
cochlea, at the level of the eighth nerve or in the auditory
nervous system. In many cases, a neural loss means
involvement of the auditory nerve. In such cases, the
most common lesion is a tumor in the eighth nerve,
often incorrectly called an acoustic neuroma, and cor-
rectly called a vestibular schwannoma. Due to pressure
and vascular compromise, the response of the auditory
nerve is affected, leading to an audiogram that looks
remarkably like a sensory loss. Hearing loss due to vestib-
ular schwannoma can be quite mild in severity. It is in
most instances unilateral, and the patient’s speech dis-
crimination ability is poorer than would be expected if
the loss were sensory. Special tests (such as ABR testing,
specialized acoustic reflex tests, tests of vestibular func-
tion, and imaging) are needed to identify a vestibular
schwannoma. Surgery can successfully remove such a
tumor, and while the vestibular nerve must be sacrificed,
in some cases the auditory nerve can be saved and some
level of hearing maintained in the ear.

Other types of hearing loss are thought to represent
neural disorders. Auditory neuropathy or dys-synchrony
(AN/AD) is thought to occur in the auditory nerve
(although some argue it occurs in the inner hair cells).
There is no unique audiometric configuration for patients
with AN/AD; they present with grossly abnormal or
missing acoustic reflexes and ABR, normal OAEs, and
poor speech perception abilities, especially in noise. Cen-
tral auditory processing disorder is another type of
hearing loss that is thought to affect the central auditory
system, although a site of lesion has not been clearly
demonstrated. Those with this disorder can register per-
fectly normal hearing abilities on conventional audiomet-
ric tests but show complicated patterns of abnormalities in
response to filtered speech and speech tests in which one
speech stimulus is presented to one ear and another
speech signal is presented to the opposite ear (called
dichotic listening tests), as well as degraded performance
on tests of temporal patterns.
Associated Disorders

Depending on the particular cause of a hearing loss, there
may be accompanying problems. One common symptom
associated with hearing loss is ringing in the ear, or tinni-
tus. Due to the close proximity of the cochlea to the
vestibular end organs, some causes of hearing loss are
associated with a form of dizziness known as vertigo.
Tinnitus

Tinnitus is a remarkably common problem in those with
hearing loss. In a few instances, it does appear that indivi-
duals can have tinnitus without a clinically significant
hearing loss. Most patients have subjective tinnitus, that
is, tinnitus can be perceived only by the individual who has
it. However, there are a number of causes of tinnitus in
which the astute clinician can hear the tinnitus. While in
many patients the tinnitus is well tolerated, a substantial
portion of those suffering this malady are tormented by the
phantom sound, have difficulty concentrating and sleeping,
and may be depressed. Treatments such as the use of
maskers to hide the tinnitus, or various behavioral therapy
regimens, help some, but not all, tinnitus sufferers.
Dizziness and Vertigo

A fairly common clinical symptom of those with a vestib-
ular end-organ disorder is dizziness. For this dizziness to
be specifically related to the vestibular end organ, it must
involve the sensation of the room or the patient spinning,
and it is then called vertigo. Light-headedness or a sense
of imbalance can be caused by disorders of the vestibular
system but might also be caused by disorders of the brain
and/or the vascular system.
Treatment of Some Common Hearing
Disorders

Otitis media is often treated by antibiotics although it is
not always the result of a bacterial infection. Another
common treatment of otitis media is to surgically place
polyethylene tubes into the tympanic membrane. This
relieves the pressure and often the pain by allowing the
fluid to drain from the middle ear.

As described above, otosclerosis is abnormal bone
growth and resorption in the middle ear, which leads to
a conductive hearing loss, most often by fixation of the
stapes footplate into the oval window of the cochlea. Very
good results are often achieved by performing a stapedec-
tomy (removal of the stapes) and replacing the structure
with a prosthesis. Trauma can lead to a disarticulation of
the ossicles (an ossicular disruption), which can likewise
be treated by the use of an appropriate prosthesis.

In most cases of sensory hearing loss, loss of the hair
cells means the hearing loss is permanent. If a noise-
induced hearing loss is identified at a fairly early stage,
patients should be counseled to protect their remaining
hearing. The appropriate use of hearing protection while
at work or during loud recreational or home activities
(e.g., hunting; riding snow mobiles; using chain saws,
lawn mowers, or snow blowers) may prevent further
decrements in hearing. In many cases of sensory hearing
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loss, the use of a hearing aid, or an assistive listening
device, can help reduce the communication problems
associated with a hearing loss. Counseling is an important
part of fitting a patient with amplification, as the amplifi-
cation makes sounds louder, not necessarily clearer, and
the hearing aid (or other amplification device) is not as
clever as mother nature and often cannot separate the
signal of interest from background noise. When a hearing
loss becomes severe enough, a hearing aid may not pro-
vide adequate help, and a cochlear implant might be
needed. This is literally an electronic ear, in which
sound is processed and routed to an array of electrodes
placed inside the cochlea, and the electrodes directly
stimulate auditory nerve fibers. Cochlear implants can
be implanted in patients at virtually any age (from infants
through geriatrics), and many individuals have great
success with them.

Meniere’s disease, as described already, is a hearing
disorder that includes fluctuating (often low-frequency)
hearing loss, roaring tinnitus, a feeling of fullness in the
ear, and episodic vertigo. This disorder (in particular, the
episodic vertigo) can be very traumatizing to the patient,
and myriad treatments have been used: a low-salt diet,
endolymphatic shunt surgery (whereby endolymph is
routed out of the scala media by a shunt), destruction of
the inner ear (by aminoglycoside administration or surgi-
cal intervention), and section of the vestibular nerve. Each
of these approaches (and others) has (or has had) its
proponents.

The vestibular schwannoma is a benign tumor and in
most cases grows quite slowly. The problem is that as it
grows, it compresses the nerve and/or the blood supply. As
it inmost if not all cases arises from either the inferior or the
superior vestibular nerve inside the internal auditory mea-
tus, the symptoms experienced by the patients might reflect
dysfunction of the vestibular system (e.g., dizziness or a
sense of imbalance), the auditory system (hearing loss,
tinnitus), or the facial nerve (unilateral facial muscle weak-
ness or abnormal taste sensation). As the tumor enlarges, it
can distend the lateral brainstem, and myriad other neuro-
logic symptoms may be manifested. In many cases, removal
of the tumor is the treatment of choice. During surgery, the
vestibular nerve is sacrificed, but because the vestibular
system on the opposite side is intact, a full recovery of
balance function is likely. The auditory nerve is often sacri-
ficed but can sometimes be saved if the tumor is small
enough. A complete unilateral section of the auditory
nerve leads to unilateral deafness. A hearing aid or cochlear
implant is useless for such a nerve section, but brainstem
implants are under development that mayoffer hope.While
unilateral deafness might cause some difficulties in localiz-
ing sounds or understanding speech in noise, in most cases
there is good functional hearing ability via the remaining
ear. However, in neurofibromatosis type II, bilateral eigh-
th nerve tumors can develop, and if tumors must be
removed bilaterally, postsurgically the patient is not only
bilaterally deaf (and in serious need of the brainstem
implants under development) but also has absent vestibular
function bilaterally.
Incidence of Hearing Loss

Davis (1998) reported that for births occurring between
1985 and 1990 in England, the prevalence of significant
permanent hearing loss (�40 dB HL) was 133 per 100 000
live births (~0.13%), while 24 per 100 000 live births
(0.024%) are deaf (�95 dB HL).

In early life, a very common cause of (conductive)
hearing loss is otitis media. This is a middle ear infection
in which fluid (which might be sterile fluid or might have
a high bacterial count) builds up in the middle ear. The
child may or may not have a fever but will often be
irritable, as the condition can be quite painful. It has
been estimated that up to 90% of all infants have at
least one bout of otitis media during the first 6 years of
life (Meyerhoff et al., 1997).

As humans age, the incidence of hearing loss increases.
Age-related hearing loss is typically sensory, and age-
related sensory hearing loss is called presbycusis. The
prevalence of presbycusis increases with advancing age;
it is estimated that 30–35% of those age 65–75 years have
age-related hearing loss, and this increases to 40% of
those older than 75 years (McFadden, 2001).
Summary

Audiologists and otolaryngologists are two professionals
who are involved in both the diagnosis and treatment of
hearing loss. To understand hearing and hearing loss, one
must have a firm grasp of the anatomy and physiology of
the auditory system, as well as the physical aspects
of sound (acoustics). Hearing is measured in many ways:
by the lowest level at which tones of varying frequency
can be heard (a pure-tone audiogram), by measures of
threshold and understanding of speech presented above
threshold (speech recognition and speech discrimination
tests), by measures of the amount of sound that is reflected
off the eardrum (tympanometry and acoustic reflex test-
ing), and a multitude of more-specialized tests. Hearing
loss is quantified by not only its severity (e.g., mild,
moderate, severe), but by configuration (e.g., equal across
frequency, greater in the higher frequencies), whether it
involves one or both ears, and site of lesion (conductive,
sensory, mixed, retrocochlear). There are many causes
of hearing loss. In some instances (such as conductive
hearing loss), the hearing loss is medically treatable,
while in other instances, assistive devices (hearing aids,
cochlear implants), combined with various counseling or
(re)habilitation approaches, are required.
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Heart Failure: An Epidemic in Need of
Investigation

Heart failure (HF) has been singled out as an emerging
epidemic (Braunwald, 1997). The Merriam-Webster Dic-

tionary defines ‘epidemic’ as ‘‘an outbreak or product of
sudden rapid spread, growth, or development; specifically:
a natural population suddenly and greatly enlarged.’’ This
may be occurring as a result of increased incidence,
increased survival leading to increased prevalence, or both
factors combined. Knowledge of the respective responsibil-
ity of each of these factors in the genesis of the heart failure
epidemic is crucial to develop preventive strategies.
Definitions and Criteria

Heart Failure

The 2005 American Heart Association/American College
of Cardiology guidelines (Hunt, 2005) define heart failure
as ‘‘a complex clinical syndrome that can result from any
structural or functional cardiac disorder that impairs the
ability of the ventricle to fill or eject blood.’’ The guide-
lines highlight that ‘‘it is largely a clinical diagnosis that is
based on a careful history and physical examination.’’
These statements underscore the syndromic nature of
heart failure and the challenge of its diagnosis, which relies
on a clinical evaluation. Thus, the investigation of the heart
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failure epidemic requires the use of standardized criteria
applicable to ascertainment through medical records. Sev-
eral criteria have been proposed, including the Framingham
criteria, the Boston criteria, the Gothenburg criteria, and
the European Society of Cardiology criteria (Swedberg
et al., 2005). As shown in Table 1, all rely on similar
indicators of symptoms and elevated filling pressures
and combine data from the medical history, physical
examination, and chest X-ray.

The European Society of Cardiology criteria (Swedberg
et al., 2005) require objective evidence of cardiac dysfunc-
tion, feasible solely when uniformly used, which is infre-
quently the case even in contemporary practice (Krumholz
et al., 1997; Senni et al., 1999). When the Boston and
Framingham criteria were compared against the blinded
assessment of a cardiologist, their sensitivity was excellent
at 100%. The specificity of the Framingham score and
its positive predictive value were lower than those of the
Boston score for definite heart failure, but it provided
greater sensitivity to diagnose possible heart failure. Some
authors recommended the use of the Boston criteria over
other criteria for the diagnosis of HF in older adults due to
their construct validity and improved prediction of adverse
outcomes.

In the Cardiovascular Health Study, the comparison
of the Framingham criteria to physician adjudication
yielded similar results (Schellenbaum et al., 2004). Alto-
gether, the Framingham criteria offer very good diagnostic
Table 1 Heart failure diagnostic criteria

Framingham (3) Boston (4)

Major criteria Category I: History
Paroxysmal nocturnal dyspnea or orthopnea Rest dyspnea (4 pts)

Neck vein distention Orthopnea (4 pts)
Rales

Cardiomegaly

Paroxysmal nocturna

(3 pts)

Acute pulmonary edema Dyspnea on walking
S3 gallop Dyspnea on climbing

Increased venous pressure � 16 cm water

Circulation time � 25 s

Hepatojugular reflux

Category II: Physica
examination

Heart rate abnormalit
Minor criteria
Ankle edema

Jugular venous press

(1–2pts)

Night cough Lung crackles (1–2pt

Dyspnea on exertion Wheezing (3 pts)
Hepatomegaly Third heart sound (3 p

Pleural effusion Category III: Chest r
Vital capacity decreased Alveolar pulmonary e
1/3 from maximum Interstitial pulmonary

Tachycardia rate of �120/min Bilateral pleural effus

Major or minor criterion Cardiothoracic ratio �
Weight loss � 4.5 kg in 5days in response to

treatment

HEART FAILURE present with 2 major or 1

major and 2 minor criteria

Upper-zone flow redi
(2 pts)

Definite HEART FAIL

possible 5–7pts, u

less
performance. As they are unaffected by time and use of
diagnostic tests, they are well-suited for studies of secular
trends. Clinical cases of heart failure not meeting validation
criteria are also important to capture in studies, as they
contribute to the epidemic and to use of health-care
resources.

Systolic and Diastolic Heart Failure

Once the diagnosis of heart failure is established, further
classification requires assessment of left ventricular ejec-
tion fraction, which in turn enables classifying heart fail-
ure into heart failure with preserved or reduced ejection
fraction.

A reduced ejection fraction identifies systolic heart fail-
ure. Different thresholds have been recommended bydiffer-
ent groups, as shown in Table 2. In the Framingham Heart
Study (Vasan and Levy, 2000) and Olmsted County Study
(Senni et al., 1998), the cutoff of 50% is used as recom-
mended by the American Heart Association and American
College of Cardiology guidelines. While 55% was recom-
mended in the recent American Society of Echocardiogra-
phy guidelines, 50% remains the most commonly used
cutoff and is recommended for use until there are more
data to support another limit (Yturralde and Gaasch, 2005).

Conversely, heart failure with an ejection fraction of
50% or greater in the absence of major valve disease
European Society of Cardiology (54)

1. Symptoms of heart failure (at rest or

during exercise)

and
l dyspnea 2. Objective evidence of cardiac dysfunction

(at rest)

on level (2 pts) and
(1 pt) 3. Response to treatment directed towards

heart failure (in cases where diagnosis is

in doubt)

Criteria 1 and 2 should be fulfilled in all cases

l

y (1–2pts)
ure elevation

s)

ts)

adiography
dema (4pts)
edema (3pts)

ions (3 pts)

0.50 (3 pts)

stribution

URE 8–12pts,

nlikely 4 pts or



Table 2 Cut-points used to define preserved ejection

fraction in selected studies

Author, reference Study EF cut-off

Yusuf, 2003 Lancet CHARM Preserved trial 40%

Lenzen, 2004 EHJ Euro HF survey 40%

Paulus 1998 EHJ EPICA Study 45%

Bhatia, 2006 NEJM EFFECT Study >50 vs. <40
Zile, 2004 NEJM Multicenter study >50%

Varadarajan, 2003 J

Card Failure

Single center

hospital-based study

�55%

Kitzman, JAMA
2002

Cardiovascular Health
Study

�50%

Cortina, 2001

Am J Cardiol

Asturias �50%

Devereux 2000

Am J Cardiol

Strong Heart Study >54%

Vasan 2000

Circulation

Framingham Heart

Study

>50%

Vasan, 1999 JACC Framingham Heart

Study

>50%
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defines heart failure with preserved systolic function
(Vasan and Levy, 2000).

Using the 50% threshold, ejection fraction is preserved
in more than half of heart failure cases in the community
(Bursi et al., 2006). To further classify subjects with heart
failure and preserved ejection fraction, several criteria
have been proposed (Vanderheyden et al., 1998; Vasan
and Levy, 2000; Yturralde and Gaasch, 2005), and the
need to assess diastolic function with catheterization or
echocardiography-Doppler to define diastolic heart failure
remains controversial (Vasan and Levy, 2000; Zile et al.,
2004; Yturralde and Gaasch, 2005).

Invasive measurements with conductance catheters
have historically been considered the gold standard to
measure filling pressures (Tschope et al., 2005). However,
as with all invasive approaches, it carries intrinsic risks, is
seldom used in practice and is not feasible for population-
based studies. While magnetic resonance imaging (MRI)
is an excellent tool to assess cardiac volumes and mass its
use to evaluate diastolic function is presently not estab-
lished. Thus, echocardiography-Doppler is currently the
most feasible approach to assess diastolic function. Its
results will likely have the most relevance to contempo-
rary practice, as echocardiography-Doppler examination
is a Class I indication (‘‘conditions for which there is
evidence and/or general agreement that a given proce-
dure or treatment is beneficial . . .’’) in the heart failure
guidelines (Hunt, 2005), and left ventricular function
assessment is a core performance measure for heart
failure under the Joint Commission on Accreditation of
Heath Care Organizations ( JCAHO) (Joint Commission
on Accreditation of Heath Care, 2004). In the past, Dopp-
ler indices for diastolic function have been criticized for
their complexity, dependency on loading conditions, and
limited reproducibility. The development and validation
of Tissue Doppler Imaging (TDI) has been an important
advance that, combined with mitral inflow measurements,
provides a feasible and reproducible approach to assess
filling pressures. These techniques enable classifying dia-
stolic function into three mutually exclusive categories,
indicative of progressive elevation of filling pressures
(Bursi et al., 2006).

The mechanistic link between the elevation of filling
pressures and the disease process has arisen as a contro-
versy as the causal role of intrinsic diastolic dysfunction
(impaired relaxation and increased diastolic stiffness)
(Zile et al., 2004) was challenged against that of altered
ventricular-vascular coupling (Burkhoff et al., 2003). As
recently underscored (Burkhoff et al., 2003), the altered
ventricular-vascular coupling hypothesis needs to be con-
sidered cautiously, as heart failure with normal ejection
fraction is likely a heterogeneous entity within the heart
failure syndrome. Further, exploring the putative role of
other mechanisms requires complex measures that pres-
ent feasibility challenges for large-scale epidemiology
research. Importantly, these mechanisms are not exclusive
of one another, and the understanding of the significance
of diastolic function abnormalities as measured by echo-
cardiography-Doppler is an important step towards
improving our understanding of the heart failure
syndrome.
Incidence and Prevalence of
Heart Failure

As measured by Vital Statistics, the burden of heart failure
and its societal cost are staggering, thereby constituting a
public health problem as underscored in guidelines from
the American Heart Association and American College of
Cardiology (Hunt, 2005). Indeed, heart failure is the
single most frequent cause of hospitalization in persons
65 years of age or older, and approximately 4.9million
Americans carry this diagnosis (American Heart Associa-
tion, 1997). Contrasting with these administrative statis-
tics, however, data on the prevalence and particularly the
incidence of heart failure are relatively sparse and lack
consistency, as shown in Table 3.

Several observations can be made from the review of
this table. First, several estimates are derived from hos-
pital discharges. As these are event-based, not person-
based, this allows multiple hospitalizations for the same
individual to be counted without distinguishing between
first and subsequent admission, such that incidence
cannot be measured. Further, the diagnoses are not
validated using standardized criteria, and shifts in hospi-
tal discharge diagnoses preferences after the introduc-
tion of the Diagnosis-Related Groups payment systems
have been documented. For heart failure in particular,



Table 3 Incidence and prevalence of heart failure

Author, years Incidence Prevalence Data source Diagnostic criteria

Gibson, 1962–64 – 1% Rural US counties Survey of Physicians No validation
Schocken,

1971–75

– 1–2% NHANES I – Survey, Self-report No validation

Rodeheffer*, 1981 1.1/1000/yr 0.3% Olmsted County; age <75 Framingham criteria

Senni, 1981 and
1991

3/1000/yr – Olmsted County; all ages Framingham criteria

Ho, 1980s 1.4–2.3/1000/yr 0.8% Framingham Heart Study – Cohort Framingham criteria

Croft* 1986 and

1993

22–26/1000/yr – MEDPAR First hospitalization-discharge

diagnoses

No validation

Remes, 1986–88 1.0–4.1/1000/yr – In and out patient national registries Boston and Framingham

criteria

Cowie, 1995–96 1.3/1000 – Geographically defined (Hillingdon West
London) –

In- and out-patient

European Society of
Cardiology criteria

Gottdiener,

1990–96

19/1000/yr – Cardiovascular Health Study –

Community-dwelling persons age
65–100

Self-report validated by

adjudication
committee

Stewart*, 1990–96 4.5/1000/yr – Hospital discharge diagnoses No validation

Mehjhert 1987–96 1.5–10.2/1000 – Hospital discharge diagnoses No validation

Davies MK,
1995–99

– 2–3% Random sample of population European Society of
Cardiology criteria

Nielsen OW

1993–95

– 0.5–12% General practice population Boston criteria

McCullough*

1989–99

�6/1000/yr �4 to 14/1000/yr

between

1989–99

Henry Ford Health System Framingham/NHANES

in a 1% sample

Levy* NEJM
1950–99

�5/1000 – Framingham Heart Study Framingham criteria

Roger* JAMA

1979–2000

�3/1000 – Olmsted County; all ages Framingham criteria

*Denotes studies reporting on time trends.
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the potential for ‘upcoding’ of discharge diagnoses due to
reimbursement incentives is well-documented (Psaty
et al., 1999). Thus, national statistics and claims data
are inadequate to assess the burden of heart failure.
Second, inpatient data may not capture all cases of
heart failure, as care is increasingly delivered in the
outpatient setting. Studies using surveys of physicians
or self-report are by design more inclusive in their
ascertainment. They reported relatively broad ranges of
prevalence without validation. When validation was car-
ried out, approaches have ranged from medical record
review and adjudication as in the Cardiovascular Health
Study to the use of criteria such as the Framingham,
Boston, or European Society of Cardiology criteria.
Using standardized criteria, the incidence of heart fail-
ure in an earlier study from Framingham was between
1.4 and 2.3 per 1000/year among persons 29 to 79 years
old. However, the size of the cohort inherently limits
power to analyze secular trends in this report. Among
the studies of secular trends (Stewart et al., 1990; Croft
et al., 1997; Senni et al., 1999; Stewart et al., 2001a, 2001b),
few (Senni et al., 1999; Levy et al., 2002; Roger et al.,
2004) included outpatient data. Others used hospitalized
cases without validation, and are thus subject to secular
changes in hospitalization practices and coding patterns,
which likely confound time trends in incidence. It should
not be unexpected therefore that their results differ. Croft
(1997), comparing the rates of initial hospitalization for
heart failure using Medicare hospital claims in 1986 and
1993, reported an increase in the initial hospitalization for
heart failure, while acknowledging limitations related
to the lack of validation and possible incomplete ascer-
tainment of incidence. Conversely, Stewart et al. (2001a,
2001b) suggested that the heart failure epidemic, as
measured by trends in hospitalization in Scotland in the
1990s, had ‘‘leveled off.’’ These data suffer from similar
limitations, that is, lack of validation and sole use of
inpatient data. They, however, prompt the question of
whether the stabilization of the heart failure hospitaliza-
tion rates could be offset by increasing outpatient care
practice. Data from the Henry Ford Health system, a
managed care organization indicated that the prevalence
of heart failure was increasing over time but did not
detect any secular change in the incidence or mortality
of heart failure. Finally, the most recent reports from
the Framingham Heart Study (Levy et al., 2002) and the



Heart Failure 285
Olmsted County Study (Roger et al., 2004) indicate that
when outpatient heart failure is included, as is the case in
these population-based studies, over time the incidence of
heart failure remained stable (Roger et al., 2004) or even
declined in women (Levy et al., 2002). It should be noted
that, as adjustment approaches differ across studies, the
absolute numbers should not be compared. The interpre-
tation and informal comparison of time trends, however, is
valid. These reports provided needed insights into the
heart failure epidemic by indicating that the epidemic
was not due to an increase in the incidence of the disease.
However, both the Olmsted County and the Framingham
studies pertain to white subjects, and data on the burden
of heart failure in diverse populations are urgently
needed. This underscores the need for rigorous continued
community surveillance of heart failure in diverse popu-
lations (Psaty et al., 1999).

Data on the incidence and prevalence of heart failure
according to ejection fraction and how it may have changed
over time are very limited. The available evidence suggests
that the prevalence of heart failure with preserved ejection
fraction has increased over time.
Mortality of Heart Failure

The prognosis of heart failure is poor, with reported
survival estimates of 50% and 10% at 5 and 10 years,
respectively (Cowie et al., 2000), and a marked increase
in the risk of sudden death. Few population-based data are
available on secular trends in the prognosis of heart fail-
ure. In Framingham and Olmsted County, earlier studies
reported no improvement in the survival of heart failure
validated using Framingham criteria (Senni et al., 1999).
More recently, improvement in the survival of hospita-
lized heart failure among the Scottish population was
reported with notable age and sex differences in the
magnitude of the secular trends. Several reasons can be
considered for these inconsistencies. First, the data
reported by McIntyre pertain to more recent years and
may, as suggested by the authors, reflect in part the
effectiveness of angiotensin-converting enzyme inhibi-
tors. However, the median survival improved relatively
modestly from 1.2–1.6 years such that, while the large
sample size (66 547 patients) results in high statistical
significance, the clinical significance of this improvement
in survival is more modest. Further, as acknowledged by
the authors, the analyses relied solely on hospitalized
cases that were not validated, such that the improvement
in outcome may be confounded by trends in coding prac-
tice and shifting of hospitalization thresholds. At odds
with these figures, the administrative data from the
Henry Ford Health system, which include outpatient
encounters, reported a median survival of 4.2 years with-
out any discernible improvement over time. These large
discrepancies in survival estimates underscore the
challenges in investigating the heart failure epidemic.
This investigation should include all cases of heart failure
in a geographically defined population and use standar-
dized validation criteria in order to generate valid longi-
tudinal trends. These analyses should examine trends in
hospital admission as an additional outcome, as high hos-
pital admission rates after diagnosis characterize the out-
come of heart failure, independently of disease severity
(Krumholz et al., 1997; Struthers, 2000; Struthers et al.,
2000), and are an important component of the public
health burden of heart failure. The studies conducted in
Framingham (Levy et al., 2002) and in Olmsted County
(Roger et al., 2004) underscored the persistently high
mortality of heart failure even in more contemporary
times, despite temporal improvements in survival. These
improvements coincide temporally with major changes
in the treatment of heart failure and may thus reflect
the effectiveness of these therapeutic advances in the
community.

As discussed previously, the data available suggest that
the prevalence of heart failure with preserved ejection
fraction increased over time. As its survival remained
unchanged, its prevalence can be assumed to be increas-
ing, thereby underscoring the growing importance of
heart failure with preserved ejection fraction as a public
health problem.
Hospital Admissions in Heart Failure

As reviewed above, there is evidence that the incidence
of heart failure has remained stable over the past two
decades while survival has improved (Levy et al., 2002;
Roger et al., 2004). These findings indicate that the epi-
demic of heart failure can be characterized as a large
chronic disease epidemic with an increase in prevalence
related to the aging of the population and the improved
survival of patients with heart failure. Both factors
increase the number of candidates for hospital admissions.
Indeed, heart failure is the single most frequent cause of
hospitalization in persons 65 years of age or older, and
hospital discharges for heart failure increased 157%
between 1979 and 2002 (American Heart Association,
2005). These staggering numbers underscore the public
health burden of heart failure, as highlighted in the 2005
guidelines from the American Heart Association and
American College of Cardiology (Hunt, 2005). As hospital
admissions are the major driver of health-care costs in
heart failure understanding the epidemiology of hospital
admissions in heart failure, its determinants, and signifi-
cance for the outcome of the disease as assessed by the
proportion specifically related to heart failure is a
necessity.
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As hospital admissions are event-based, this allows
multiple hospitalizations for the same individual to be
counted. Thus, this information, while crucial to assess
the health-care implications of heart failure, does not
measure hospitalizations experienced by individual
patients. Further, in administrative data, the diagnoses
are not validated using standardized criteria, and shifts in
hospital discharge diagnoses preferences after the intro-
duction of the diagnosis-related groups payment systems
have been demonstrated. As mentioned above, for heart
failure in particular, ‘upcoding’ of discharge diagnoses
related to reimbursement issues is well-documented and
quite large (Psaty et al., 1999). Thus, national statistics and
claims data do not provide insight into the number of
hospitalizations experienced by individual patients living
with heart failure and how it may have changed over time.
This is important, as intense treatment efforts (medica-
tion-, device-, and disease management-based) are
directed at reducing hospitalizations in heart failure, yet
their effectiveness in the population remains to be docu-
mented by demonstrating a reduction in admissions over
time. Moreover, heart failure is a chronic disease charac-
terized by bouts of exacerbation leading to recurrent hos-
pitalizations. Thus, measures of the frequency of heart-
failure-specific hospitalizations are essential to gain
insight into the effectiveness of its treatment. Indeed,
medications for heart failure cannot be expected to appre-
ciably reduce all hospitalizations among persons with
heart failure, given the high prevalence of comorbidity in
these patients. Despite the importance of these issues, data
on the frequency of hospital admissions among subjects
with heart failure are relatively sparse and often incom-
plete, as shown in Table 4. Several observations can be
made from the review of this table. First, there is a paucity
of data, contrasting with the perceived magnitude of the
problem. Studies are heterogeneous in many ways includ-
ing setting, population studied, and criteria used to diag-
nose the index heart failure and heart-failure-related
hospitalizations, which seldom include validation. Thus,
not unexpectedly, their results lack consistency.

All studies pertain to hospitalized cases and measure
readmissions. Yet a large proportion of incident heart
failure cases are diagnosed in outpatient settings, such
that the numbers reported do not pertain to the entire
spectrum of patients with heart failure (Roger et al., 2004).
Further, as these reports do not ascertain the incident
status of heart failure, their results are affected by inci-
dence prevalence bias, which limits their validity. Indeed,
information from an incidence cohort is essential, as the
outcome of a disease cannot be interpreted if subjects at
various stages in their evolution are combined. Despite the
intuitive aspect of this point, this is not adequately
addressed in previous publications. Additionally, few stud-
ies assessed secular trends, which is important given ther-
apeutic efforts to improve survival and reduce
hospitalizations in heart failure. Those that did reported
conflicting data. Moreover, the impact of death was not
taken into account in these studies, which further hinders
the validity of their results. Indeed, not accounting for the
impact of death will lead to biased results by overestimat-
ing the incidence of nonfatal events in a population for
which the death rate is higher than the general population,
as is the case for heart failure. Importantly, data on heart-
failure-specific hospitalizations as opposed to all-cause
hospitalizations are even sparser but suggest that heart-
failure-specific hospitalizations may be noticeably less fre-
quent. However, cases were not validated, and no data exist
on secular trends in heart-failure-specific hospitalizations.
Finally, data on the total number of hospitalizations over the
follow-up andwhether it has changed over time are lacking.
Yet it is particularly important to characterize recurrent
outcomes, like hospitalizations, in chronic diseases like
heart failure, the outcome of which is characterized by
recurrence/exacerbation. While the analysis of multiple
events presentsmethodological challenges related in part to
the correlation of these events, statistical techniques have
been developed to address them (Therneau and Hamilton,
1997; Sturmer et al., 2000; Therneau and Grambsch, 2000;
Twisk et al., 2005). These have the potential of providing
new insight on the outcome of heart failure by characteriz-
ing patterns of hospitalizations and identifying subjects at
risk for recurrence. This underscores the importance of
additional research on this subject.

Etiology of Heart Failure: An Ongoing
Controversy

The guidelines underscore the challenge of assigning a
cause to heart failure (Hunt, 2005). The etiology of heart
failure is a complex issue, and it should be approached
while focusing on clinically ascertained risk factors while
acknowledging that putative causes of heart failure often
coexist and interact. From a public health and prevention
perspective, the determination of the prevalence of each
respective cause as ascertained clinically is important
because of the resulting clinical implications. For exam-
ple, demonstrating an increase in the attributable risk of
diabetes mellitus independently of clinical coronary dis-
ease would then prompt further investigations about the
mechanisms whereby diabetes leads to heart failure in the
absence of clinical coronary disease. Such mechanisms
may include occult coronary disease, but within the
appropriate analytical framework, would be distinct
from clinically established coronary disease.

The etiology of heart failure and how it may have
change over time is not defined. It is conceivable that the
increasing burden of heart failure as measured by hospital
admissions relates in part to changing etiology, the ana-
lyses of which should thus be part of the investigation of



Table 4 Selected studies on hospitalizations among patients with heart failure

Author N Years Readmission
Readmission for
heart failure Data source Definition criteria Temporal trends

McDermott 612 1987–93 – 13% at 6months Hospital in Chicago Dismissal diagnosis No change

Krumholz 17 448 1991–94 44% at 6months – Medicare files DRG 127 –
Philbin EF 2906 1995–97 43% at 6months – Hospitals in New York Admission and dismissal

diagnoses

–

Cowie MR 332 1996–97 59% at
19months

– Population based in
Scotland

European Society of
Cardiology

–

Babayan 493 1996–97 57% at 1 year 20% at 1 year Johns Hopkins Hospital DRG 127 –

Smith 413 1996–98 46% at 6months 19% at 6months New Haven hospital Clinical –

Baker 22 203 1991–97 11% at 30days – Medicare ICD 9 codes Increase over time
Lee WY 1700 1999–2000 148 per 100

person-years

40 per 100

person-years

EPOCH Kaiser Framingham –

Lee DS 77421 1992–2002 – 27% at 1 year Administrative

database in Ontario

ICD 9 code 428 4%/year decrease in 1 year

Badano 179 1999–2000 48% at 6months – Hospitals in Italy Clinical –

Rodriguez-Artalejo 394 2000–2001 35% at 6months – Hospitals in Spain European Society of

Cardiology

–
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the heart failure epidemic and integrated with the analysis
of coronary disease and hypertension trends.

While research has focused on coronary disease and
hypertension as the etiology of heart failure (Braunwald,
1997), the obvious importance of defining the respective
contribution of these two entities contrasts with the lack
of knowledge in this regard. Moreover, the reported data
are conflicting, and secular trends have infrequently been
examined. Yet, the population burden of putative risk
factors for heart failure is changing in the population,
such that the attributable risk of these risk factors for
heart failure may change over time. Understanding the
attributable risk of risk factors for heart failure and how it
changes over time is crucial for prevention.

Estimates of the prevalence of coronary disease in
studies of heart failure vary considerably. Fox et al.

(2001), using angiography, concluded that coronary dis-
ease was causal in 52% of new heart failure cases under
age 75 in a geographically defined population and that
clinical assessment without angiography underestimates
the contribution of coronary disease to heart failure.
However, few patients were over 75 years of age, and
only 73% underwent angiography. Thus, the inference
from these data is limited by selection bias. Reviewing
randomized trial data, Gheorgiade and Bonow (1998)
concluded the prevalence of coronary disease in heart
failure was 68%. However, important methodological
considerations limit the inference that can be drawn
from these data. Indeed, the limitations in external valid-
ity inherent to clinical trials may be even more apparent
in heart failure trials, which typically include younger
patients and more men than the general population of
heart failure. Furthermore, entry criteria in heart failure
trials are heterogeneous and seldom validated. Finally,
heart failure trials often require systolic left ventricular
dysfunction thereby excluding a substantial proportion of
heart failure cases (Senni et al., 1998). Reviewing observa-
tional reports of patients with heart failure, Teerlink et al.
concluded that the prevalence of coronary disease in heart
failure was 50% (1991), and in yet another study, which
was population-based in England and relied on a panel of
physicians, Cowie et al. reported that coronary disease
was the etiology of heart failure in 36% of the cases
(1999). These large discrepancies may reflect, in part,
differences in populations and design. More importantly,
they underscore our limited knowledge with regards to
the etiology of heart failure, which hinders prevention.

Data from the first National Health and Nutrition
Examination Survey (NHANES I) indicate that coronary
disease had the largest population-attributable risk for
heart failure at 62% compared to the other risk factors
analyzed (hypertension, obesity, diabetes, and smoking).
The attributable risk of hypertension was 10% and that of
diabetes was 3% due to its low prevalence. This likely
underestimates, as acknowledged by the authors, the role
of diabetes, which was ascertained by self-report among
patients enrolled more than 20 years ago with the inci-
dence of diabetes mellitus increasing over time. In the
Cardiovascular Health Study, the attributable risk of
coronary disease and hypertension for heart failure were
similar, between 12–13%, with a notable attributable risk
of 8% for diabetes. The Framingham Heart Study tradi-
tionally underscored a large contribution of hypertension
to heart failure. More recently, however, it suggests an
increase in the prevalence of coronary disease and a
decrease in that of hypertension in heart failure. Whether
the results of Framingham are generalizable to larger
populations remains to be addressed, particularly in light
of hypertension trends in theUnited States and inOlmsted
County, as is discussed below. Therefore, whether the
etiology of heart failure shifted from hypertension to cor-
onary disease remains to be determined. To this end, when
the contribution of coronary disease to heart failure and its
hypothetical change over time is examined by analyzing
population trends in coronary disease, the data are difficult
to reconcile with the aforementioned hypothesis of an
increasing contribution of coronary disease to heart fail-
ure. Indeed, several groups reported on secular trends in
the incidence of myocardial infarction, indicating that,
overall, the burden of incident-hospitalized myocardial
infarction, while displaced toward older age groups, is
not increasing. There is also evidence that the severity of
myocardial infarction is decreasing and that, consistent
with these results, the incidence of heart failure after
myocardial infarction is declining over time. Taken collec-
tively, these data are challenging to reconcile within the
framework of the ongoing heart failure epidemic related to
improved survival after myocardial infarction. While it is
conceivable that more chronic forms of coronary disease
could lead to heart failure without myocardial infarction,
the role of chronic coronary disease in the genesis of heart
failure is not defined. With regards to hypertension, con-
versely, adverse trends in awareness, treatment, and con-
trol of hypertension have been documented (Sixth report,
1997; Hunt, 2005). Thus, coronary disease and hyperten-
sion trends in population studies both suggest that the
attributable risk of hypertension for heart failure should
remain high.

Furthermore, the adverse trends in diabetes mellitus
and obesity raise the question of an increasing role of
these two entities in the genesis of heart failure. Indeed,
notwithstanding uncertainties with regards to the exact
cellular and molecular mechanisms by which obesity and
diabetes impact both systolic and diastolic left ventricular
function, there is mounting evidence for their causal link
to heart failure independently of clinical coronary disease
and hypertension. Thus, the growing burden of diabetes
and obesity in the population suggest that these two risk
factors may be increasingly contributing to the heart
failure epidemic.
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Conclusion

Despite the staggering impact of heart failure as measured
by Vital Statistics and administrative databases, validated
longitudinal data on the incidence and outcome of heart
failure remain sparse. The available data indicate that the
incidence of heart failure is overall stable in the predomi-
nantly white populations in which it was studied.

Survival, which remains poor, is nevertheless improv-
ing over time. This results in an increase in the prevalence
of heart failure and an increase in the number of indivi-
duals at risk for multiple hospitalizations. Future epide-
miology research should investigate the heart failure
epidemic in diverse populations and examine the burden
and determinants of hospitalizations in heart failure.

See also: Cardiovascular Disease: Overview and Trends;

Coronary Heart Disease; Genetic Factors of Cardiovas-

cular Diseases.
Citations

Braunwald E (1997) Shattuck lecture: cardiovascular medicine at the
turn of the millennium: triumphs, concerns, and opportunities. New
England Journal of Medicine 337(19): 1360–1369.

Burkhoff D, Maurer MS, and Packer M (2003) Heart failure with a normal
ejection fraction: is it really a disorder of diastolic function?Circulation
107(5): 656–658.

Bursi F, Weston SA, Redfield MM, et al. (2006) Systolic and diastolic
heart failure in the community. Journal of the American Medical
Association 296(18): 2209–2216.

Cowie MR, Wood DA, Coats AJ, et al. (2000) Survival of patients with a
new diagnosis of heart failure: a population based study. Heart 83(5):
505–510.

Croft JB, Giles WH, Pollard RA, Casper ML, Anda RF, and Livengood JR
(1997) National trends in the initial hospitalization for heart failure.
Journal of the American Geriatric Society 45(3): 270–275.

Hunt S (2005) ACC/AHA 2005 guideline update for the diagnosis and
management of chronic heart failure in the adult: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Writing Committee to Update the 2001
Guidelines for the Evaluation and Management of Heart Failure).
J Am Coll Cardiol 46(6): e1–e82.

Krumholz HM, Parent EM, Tu N, et al. (1997) Readmission after
hospitalization for congestive heart failure among
Medicare beneficiaries. Archives of Internal Medicine 157(1):
99–104.

Levy D, Kenchaiah S, Larson MG, et al. (2002) Long-term trends in the
incidence of and survival with heart failure. New England Journal of
Medicine 347(18): 1397–1402.

Psaty BM, Boineau R, Kuller LH, and Luepker RV (1999) The potential
costs of upcoding for heart failure in the United States. Am J Cardiol
84(1): 108–109, A9.

Roger VL, Weston SA, Redfield MM, et al. (2004) Trends in heart failure
incidence and survival in a community-based population. Journal of
the American Medical Association 292(3): 344–350.

Schellenbaum GD, Rea TD, Heckbert SR, et al. (2004) Survival
associated with two sets of diagnostic criteria for congestive heart
failure. American Journal of Epidemiology 160(7): 628–635.

Schocken DD, Arrieta MI, Leaverton PE, and Ross EA (1992)
Prevalence and mortality rate of congestive heart failure in the United
States. Journal of the American College of Cardiology 20(2):
301–306.
Senni M, Rodeheffer RJ, Tribouilloy CM, et al. (1999) Use of
echocardiography in the management of congestive heart failure in
the community. Journal of the American College of Cardiology 33(1):
164–170.

Senni M, Tribouilloy CM, Rodeheffer RJ, et al. (1998) Congestive
heart failure in the community: a study of all incident cases in
Olmsted County, Minnesota, in 1991. Circulation 98(21):
2282–2289.

Senni M, Tribouilloy CM, Rodeheffer RJ, et al. (1999) Congestive heart
failure in the community: trends in incidence and survival in a 10-
year period [see comments]. Archives of Internal Medicine 159(1):
29–34.

Stewart S, MacIntyre K, MacLeod MM, Bailey AE, Capewell S, and
McMurray JJ (2001a) Trends in hospital activity, morbidity and case
fatality related to atrial fibrillation in Scotland, 1986–1996. European
Heart Journal 22(8): 693–701.

Stewart S, MacIntyre K, MacLeod MM, Bailey AE, Capewell S, and
McMurray JJ (2001b) Trends in hospitalization for heart failure in
Scotland, 1990–1996. An epidemic that has reached its peak?
European Heart Journal 22(3): 209–217.

Stewart WJ, Currie PJ, Salcedo EE, et al. (1990) Intraoperative
Doppler color flow mapping for decision-making in valve repair for
mitral regurgitation. Technique and results in 100 patients.
Circulation 81(2): 556–566.

Struthers AD, Anderson G, Donnan PT, and MacDonald T (2000) Social
deprivation increases cardiac hospitalisations in chronic heart failure
independent of disease severity and diuretic non-adherence. Heart
83(1): 12–16.

Struthers AD (2000) The diagnosis of heart failure. Heart 84(3):
334–338.

Sturmer T, Glynn RJ, Kliebsch U, and Brenner H (2000) Analytic
strategies for recurrent events in epidemiologic studies: background
and application to hospitalization risk in the elderly. Journal of Clinical
Epidemiology 53(1): 57–64.

Swedberg K, Cleland J, Dargie H, Drexler H, et al. (2005) Guidelines
for the diagnosis and treatment of chronic heart failure:
executive summary (update 2005): The Task Force for the
Diagnosis and Treatment of Chronic Heart Failure
of the European Society of Cardiology. European Heart Journal 26
(11): 1115–1140.

Teerlink JR, Goldhaber SZ, and Pfeffer MA (1991) An overview of
contemporary etiologies of congestive heart failure. American Heart
Journal 121(6 Pt 1): 1852–1853.

The sixth report of the Joint National Committee on prevention,
detection, evaluation, and treatment of high blood pressure. Archives
of Internal Medicine 157(21): 2413–2446.

Therneau TM and Grambsch PM (2000) Modeling Survival Data:
Extending the Cox Model. New York: Springer-Verlag.

Therneau TM and Hamilton SA (1997) rhDNase as an example
of recurrent event analysis. Statistics in Medicine 16(18):
2029–2047.

Tschope C, Kasner M, Westermann D, Gaub R, Poller WC, and
Schultheiss HP (2005) The role of NT-proBNP in the diagnostics of
isolated diastolic dysfunction: correlation with echocardiographic
and invasive measurements. European Heart Journal 26(21):
2277–2284.

Twisk JW, Smidt N, and de Vente W (2005) Applied analysis of recurrent
events: a practical overview. Journal of Epidemiology and
Community Health 59(8): 706–710.

Vanderheyden M, Kersschot E, and Paulus WJ (1998) Pro-inflammatory
cytokines and endothelium-dependent vasodilation in the forearm.
Serial assessment in patients with congestive heart failure. European
Heart Journal 19(5): 747–752.

Vasan RS and Levy D (2000) Defining diastolic heart failure: a call for
standardized diagnostic criteria [see comments]. Circulation 101(17):
2118–2121.

Yturralde RF and Gaasch WH (2005) Diagnostic criteria for
diastolic heart failure. Progress in Cardiovascular Diseases 47(5):
314–319.

Zile MR, Baicu CF, and Gaasch WH (2004) Diastolic heart
failure–abnormalities in active relaxation and passive stiffness of
the left ventricle. New England Journal of Medicine 350(19):
1953–1959.



290 Helicobacter Pylori
Helicobacter Pylori
H Enroth, Capio Diagnostik AB, Skövde, Sweden
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History of Gastric Observations

The Discovery of Helicobacter pylori

The hypothesis that gastritis and peptic ulcer disease is an
infectious disease caused by a curved bacillus was first
published in The Lancet in 1983 by Robin Warren and
Barry Marshall of the Royal Hospital in Perth, Australia.
Earlier findings of bacteria in the stomach were classified
as contaminations. By the late nineteenth century scien-
tists were reporting findings of inflammation, bacteria,
and spirochetes in the gastric mucosa of both dogs and
humans with gastritis. Warren and Marshall’s hypothe-
sis was met by tremendous disbelief and resistance in
the medical community, and after unsuccessful animal
experiments, Marshall drank a pure culture of the bacte-
ria grown in the laboratory to prove the hypothesis and to
fulfill Koch’s postulates. For the first 10 years after pub-
lishing the hypothesis the skepticism continued to prevail,
but after a time it was accepted as fact, that the bacteria
Helicobacter pylori, first called Campylobacter pyloridis, was
the determining factor for the occurrence of peptic ulcers.
The discovery that there are bacteria that can survive the
acid environment in the stomach opened up a new way of
thinking about peptic ulcer disease, and has pointed out
the possibility that there are infectious agents causing
other chronic inflammatory diseases as well. The treat-
ment of ulcers changed from dietary advice, acid suppres-
sors, and surgery to antimicrobial agents. Physicians can
now cure patients of the illness, not just treat the symp-
toms. This change in treatment of an endemic disease has
resulted in an enormous change in life quality for those
affected, since recurrence of peptic ulcers is now very rare
after eradication of H. pylori. The paradigm shift caused by
this finding led to the Nobel Prize in Physiology or
Medicine in 2005. Research in the area of gastrointestinal
diseases exploded after the finding of H. pylori, and the
bacteria has been used as a model organism for studies of
chronic infections and inflammatory diseases that are not
limited to the human stomach.
Other Helicobacter Organisms

Helicobacter infection is considered an old disease in
mammals, as many different animal species are infected
by species-specific Helicobacters. There have been sug-
gestions that Helicobacters are a part of the natural flora
in many vertebrate species, and that its presence may have
some positive effects on its host. This indicates a com-
mon ancestor for microorganisms colonizing the gastric
mucosa of the stomach, intestines, and liver. New species
of the genus Helicobacter are added to the list every year.
To date, over 40 different Helicobacter species have been
described and there are several candidates for new species.
A number of these species colonize the gastric tissue of
various vertebrates, including macaque, cat, dog, mice,
swine, horse, chicken, and dolphins. Some species colonize
other parts of the gastrointestinal tract, such as H. hepaticus
in the liver of mice, H. cholecystus in the gallbladder of
Syrian hamsters, andH. bilis in the bile, liver, and intestines
of mice. In addition to gastric disease, some Helicobacter
species may cause colitis, hepatitis, hepatic adenocarci-
noma, or hepatic adenoma in their hosts. Other Helico-
bacters, for example, H. cinaedi, H. rappini, H. fennelliae, and
H. pullorum among others, may also infect the human
intestinal tract (Nilsson et al., 2005). The different species
are highly diverse with respect to cell size and number and
location of flagellae, but several features are shared by
almost all species. The shape of a curved rod, the presence
of flagellae, the GC content of the genome, and a strong
urease activity unite most species within the genus. The
genera most closely related to Helicobacter are Campylo-
bacter and Wolinella as determined by 16S rDNA
sequencing. The whole genome sequence of H. pylori was
published in 1997, followed in recent years by two
more genomes from other strains of H. pylori. Two other
Helicobacters are also known by sequence,H. hepaticus and
H. acinonychis str. Sheeba. The publication of the first
genome sequence opened up awhole newarea for research
and for thorough comparison between species and strains
by different molecular methods such as polymerase chain
reaction (PCR) and microarrays (Oh et al., 2006).
Helicobacter pylori Infection

Microbiology

The bacteria H. pylori are relatively small, Gram-negative
spiral-shaped or curved rods with 4 to 6 unipolar sheathed
flagellae which are of importance for bacterial motility
and colonization of the stomach (Figures 1 and 2). When
observed in vivo, the bacteria are actively motile. In
the stomach most of the bacteria are observed in the
gastric mucus, and only a few are adhered to the gastric
epithelium. The bacteria have also been observed in an



Figure 1 Helicobacter pylori with polar flagellae (photo by

Christina Nilsson, Swedish Institute for Infectious Disease

Control).

Figure 2 Helicobacter pylori attached to Hep-2 cells in vitro

(photo by Mats Block, Uppsala University).
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intracellular location, pointing out the ability of
the bacteria to penetrate cells. H. pylori produce the
enzymes urease, catalase, and oxidase which can be
observed by biochemical testing of the bacterial isolates.
Culture of H. pylori is possible from homogenized biopsies
obtained by endoscopy if the atmosphere is moist with
low oxygen content at 37 degrees Celsius. Green-brown
colonies can be observed on supplemented blood agar
plates after 3 to 5 days. The genome of H. pylori is
relatively small and compact, approximately 1.65Mb,
and code for about 1500 different proteins, many with
unknown function (Oh et al., 2006). About half of the
strains also contain plasmids of different sizes.
Epidemiology and Transmission

Approximately two thirds of the world’s population is
infected with H. pylori, which makes H. pylori one of
the most widespread bacterial infections. The primary
infection usually occurs before the age of 5 years, and
the bacteria remain in the stomach of its host for life.
The transmission pathway is from mother to young chil-
dren or between siblings, indicating that intimate contact
is necessary for the transmission to take place by the
oral–oral pathway. High socioeconomic status seems to
reduce the risk of infection, a fact that is observed in the
difference in prevalence of the infection between devel-
oped and developing countries. Transmission pathways
other than from person to person, for example, from
environmental sources such as water or from animal con-
tacts, seem unlikely. Most people infected by H. pylori

present no symptoms from the stomach. About 10 to
15% of the infections result in peptic ulcer disease, and
a few of those infections will develop into gastric cancer if
untreated. Duodenal ulcers caused by H. pylori are more
common than ulcers in the stomach. The disease is caused
by disrupted balance among several cooperating factors in
the stomach and duodenum, such as the triggered
immune response and the gastric acid and pepsin levels
present.
Pathogenic Mechanisms and Virulence
Factors

H. pylori do not invade the tissues, but the infection causes
an intensive inflammation and immune response. It is the
combination of bacterial factors, the genetic background
of the individual, and environmental factors that deter-
mine the disease outcome (Bjorkholm et al., 2003). H. pylori
strains have a high diversity and genetic variability com-
pared with other bacteria, due to a high mutation fre-
quency and recombination events in its genome (Kraft
and Suerbaum, 2005). The persistence of the bacteria in
the stomach depends on several mechanisms involving
the immune system: low toxicity of the bacterial lipopo-
lysaccharide, downregulation of the T-cell response
caused by the bacterial protein VacA, and molecular
mimicry with host Lewis antigens. The extensive produc-
tion of urease helps H. pylori to neutralize the acid present
in the stomach. Attachment to the mucous membrane is
an important factor for bacterial virulence. H. pylori can
bind to epithelial cells by multiple different structures in
the cell wall; among those components the adhesins BabA
and SabA are well characterized and known to bind to
blood-group antigens presented on the mucous cells
(Yamaoka et al., 2006). The ability of the bacteria to
bind to the cells in the mucous membrane or to mucin
in the mucus layer of the stomach depends on the expres-
sion of the genes coding for the adhesins BabA and
SabA. The host–pathogen interactions are also of impor-
tance for the microbial pathogenesis and severity of
disease. Toll-like receptors, signaling pathways, and reg-
ulation mechanisms for apoptosis are now under study
(Suerbaum and Michetti, 2002).
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After successful attachment to the cells, most of
the H. pylori strains express the vacuolating cytotoxin
VacA, causing apoptosis of the cells. Another important
factor for pathogenesis is the presence of a pathogenicity
island (cag-PAI), which harbors about 30 different genes
associated with bacterial virulence. The protein CagA
(cytotoxin-associated gene A) is well studied; it is a
marker for the cag-PAI and also a marker for high-
virulence strains of H. pylori associated with severe disease
and a higher risk for gastric cancer development. An
intact cag-PAI codes for a type IV secretion system,
involved in the transport of proteins, such as CagA, into
the host cells. The gene products, proteins, from these
genes trigger the cells to produce pro-inflammatory cyto-
kines, of which IL-8 is the most important. Strains that
carry the cag-PAI in its genome are more prone to induce
severe disease than strains lacking this characteristic
(Odenbreit and Haas, 2002). Sometimes, within one stom-
ach, subclones of bacteria are found which differ in the
number of genes that are present in the cag-PAI. This
presents the hypothesis that the variation, or deletion of
parts or the whole cag-PAI, may be a way for the bacteria
to modify the inflammation and thereby balance the
deleterious effects on the stomach. This could then ex-
plain why some individuals never develop disease even
though the bacteria are present for a lifetime (Blaser and
Atherton, 2004). There must be other bacterial factors
involved in the disease process as well, since infections
by less virulent strains also result in chronic inflammation
(Scott Algood and Cover, 2006).
Disease Associations

H. pylori has been correlated not only with peptic ulcers,
but also with gastric cancer and MALT-lymphoma of the
stomach. The bacteria were classified as a class-1 human
carcinogen by WHO in 1994. Very few infected by
H. pylori develop gastric cancer, but this cancer is still
one of the leading causes of cancer deaths worldwide.
Persons with a low acid secretion in the stomach and
gastritis in the corpus region of the stomach have an
increased risk of atrophic gastritis, loss of parietal cells
producing acid, and thereby also have the highest risk of
developing gastric cancer. The possible mechanisms of
carcinogenesis, as suggested by Nardone, Rocco, and Mal-
fertheiner (2004), include a higher turnover of parietal
cells due to the inflammation, atrophic gastritis, low acid
production, low antioxidant absorption, colonization or
infection of the stomach by other microorganisms, and
production of carcinogenic substances in the mucosa.
About 70% of the gastric cancer cases are thought to be
caused by ongoing, or previous but cleared, H. pylori
infection. Epidemiologic studies point out that H. pylori-
infected individuals have a higher risk of gastric cancer,
and the risk is even higher if the infecting strain harbors
the cag-PAI, that is, the infected person presents with
antibodies to the bacterially produced virulence marker
CagA. An early diagnosis of atrophic gastritis may help to
identify persons who are at high risk of developing gastric
cancer. It has been suggested that if the H. pylori infection
is cleared in these patients, the cancer risk is decreased. In
many studies it has been shown that if the H. pylori infec-
tion is cleared in patients with MALT-lymphoma, the
possibility is high for a complete remission of the disease
(Fischbach et al., 2004).

There are ongoing discussions about the correlation
between H. pylori and gastroesophageal reflux (GERD)
and cancer of the esophagus. As the prevalence of H. pylori
is decreasing in the Western world, the incidence of
cancer of the esophagus is increasing. It seems that
H. pylori infection and the use of NSAIDs give some
protection to these diseases but the issue is controversial,
as discussed by Malfertheiner and coworkers (2006).
Clinical Diagnostics

There are now well-established and commonly available
diagnostic methods for detection of H. pylori infection
(Krogfelt et al., 2005). Sensitivity and specificity of most
tests are high, and improvements in especially the sero-
logical methods are still ongoing. The potent urease activ-
ity of the bacteria has been used for clinical testing of
gastric biopsies and isolates, the rapid urease test or CLO-
test. By the urea breath test, the high urease activity of H.
pylori turns radioactively marked urea into ammonia and
radioactively labeled carbon dioxide which can be
measured in the exhaled air. Other noninvasive methods
based on the collection of serum, blood, saliva, or stool
samples for antibody and/or antigen detection are com-
mercially available. ELISA-based serology gives informa-
tion about past and present H. pylori infection, while
immunoblot-based serology tests are more sensitive and
can discriminate between past and present infection
and between different types of bacterial strains. Bacterial
culture is still the most important method, which inclu-
des detection of antibiotic resistance, Gram staining, and
detection of certain virulence markers. Gastric material is
needed when culture, histology, or immunohistochemis-
try are to be performed, and for these invasive methods
gastric biopsies need to be taken from the patient. Many
rapid tests are now on the market, and the feces antigen
tests, based on the sensitive detection by monoclonal
antibodies, are appreciated when young children need to
be diagnosed with ongoing infection. More advanced
molecular diagnostic methods based on PCR technique
or real-time PCR are now in use. Bacterial DNA from
various sources can be used for typing and for detection
of virulence and resistance genes (Mégraud and Lehours,
2007).
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Atrophic gastritis may be detected by pepsinogen
levels in serum samples, and in combination with H. pylori

status this can be used for calculations of gastric cancer
risk at an individual level.
Eradication Treatment and Antibiotic
Resistance

To reduce the symptoms of the H. pylori infection acid-
reducing substances can be used. To treat the infec-
tion, antibiotics need to be used. There are treatment
guidelines to follow for an effective therapy (see The
Maastricht III Consensus Report, 2006). The recom-
mendation is a triple therapy based on two different
antimicrobial agents and an acid-reducing agent, usually
a proton pump inhibitor (PPI), used in combination with
antibiotics for 1 to 2weeks. In more than 80% of the
patients this therapy leads to H. pylori eradication without
any recurring infection. There is a low risk of re-infection
in the adult population. Antibiotic resistance is an increas-
ingly severe problem in some parts of the world – H. pylori
has already acquired resistance to the two most widely
used antibiotics included in the eradication treatment,
clarithromycin and metronidazole. In those regions with
increasing resistance problems a quadruple therapy, as
suggested by Gisbert and Pajares (2005), is recommended
for use. The quadruple therapy is based on three antibio-
tics and PPI or with two antibiotics, PPI, and bismuth.
New antimicrobial agents will be available, and new
administration formulas and other therapies, such as
vaccination, may also be an alternative in the future.
Public Health Aspects

In the developed world, one out of ten persons will suffer
from H. pylori-associated peptic ulcer disease during their
lifetime. Many people are hospitalized or die from cancer
caused by H. pylori every year throughout the world,
although antibiotic treatment is commonly used. Antibi-
otic therapy of H. pylori infection has proved to be cost
effective: personal suffering is reduced, as are costs for
hospitalization and doctors’ office visits, and productivity
is increased. Eradication of H. pylori infection may also
reduce the risk of other diseases, such as ischemic heart
disease, where H. pylori has been proposed as one of the
risk factors. In developing countries many children get
infected early in life due to a high prevalence of H. pylori.
As the bacteria cause hypochlorhydria, infections by other
enteropathogenic bacteria are facilitated and this results
in long-term diarrheal disease, which may lead to malnu-
trition and growth impairment. This has a great impact on
the continuous development, both social and economic, of
these countries. Infection by H. pylori in childhood cannot
be avoided by any known measures, but normal hygiene
routines such as hand washing are always recommended.
A high prevalence of the infection in the family is still
thought to be the most important risk factor for infection
in childhood.
Future Directions

In a subset of infected individuals the association with
H. pylori leads to diseases where known virulence factors
contribute to disease outcome. However, there is a need to
develop a clearer view of how the genetic setup of the
host and the genetic setup of the bacteria impact the out-
come of infection. A better molecular understanding of the
cross-talk could allow for identification of predictive bio-
markers and definition of human populations at risk.
Attempts to narrow in on specific strain types have so far
had limited success and accordingly in many cases have
failed to identify either strains that are totally innocuous or
strains that are clearly associated with development of
severe diseases such as gastric cancer. A prophylactic or
therapeutic vaccine for H. pylori is still being researched.
Many vaccine candidates are available; the proteins VacA,
BabA, CagA, and HPNAP among others. Some vaccine
studies have been performed on human volunteers with
varying results. The enhanced research and knowledge on
chronic inflammation including T-cell response and pro-
inflammatorycytokines are leading to a deeper understand-
ing of how H. pylori induce disease.

Future research projects should cross the boundaries
between microbiology, cell biology, genetics, infectious dis-
eases, gastroenterology, and epidemiology in an attempt to
create models that can meet the requirement of being
able to address aspects of the parameters mentioned earlier.
Networks between scientists representing different compe-
tences have been established. The discovery of H. pylori
and the inflammation these bacteria cause in the human
stomach has led to an increased interest in microbial
genesis of other chronic inflammatory diseases in the gas-
trointestinal tract, such as ulcerative colitis and Crohn’s
disease and other granulomatous diseases such asWegener’s
granulomatous and sarcoidosis. Breakthroughs in these
areas of research may become the topics of other infectious
disease articles in the near future.

See also: Gastric Cancer; Gastrointestinal Disorders:

Overview; Intestinal Infections: Overview; Bacterial

Infections: Overview.
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The public interest requires doing today those things that

men of intelligence and good will would wish, five or ten

years hence, had been done. (Edmund Burke)
Introduction

A seminal review by Ralph Muller about Dracunculus
and dracunculiasis appeared in 1971, and comprehensive
reviews about the Dracunculiasis Eradication Program
(DEP) have been published more recently (Cairncross
et al., 2002; Hopkins et al., 2002; CDC/MMWR, 2004;
Greenaway, 2004; WHO/WER, 2004). Our intent here,
besides describing the life cycle of the parasite, the dis-
ease, and its epidemiology, is to provide a chronology of
the events that created momentum for the campaign
to eradicate dracunculiasis, and discuss the strategy for
eradication and the progress so far, including the final
stage of the campaign to eradicate this ancient scourge
of mankind.
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Life Cycle

Dracunculiasis (guinea worm disease) is caused by the
nematode parasite Dracunculus medinensis (Linnaeus, 1758)
(Figure 1). Persons become infected by drinking water
from stagnant ponds, pools, cisterns, or openwells contain-
ing tiny freshwater copepods (‘Cyclops’ or ‘water fleas’)
harboring infective larvae of the parasite (Figure 2). The
digestive juices in the stomach kill the copepods, allowing
the larvae to be released and to move to the small intestine,
where they penetrate the intestinal wall and migrate to
the connective tissues of the thorax (Muller, 1971). Male
and female larvae mature and mate 60–90 days after infec-
tion (Muller, 1971). Infected people do not experience
symptoms until 10–14months later when the gravid
adult female worm(s), measuring up to 70–100 cm long,
causes a painful lesion to form on the skin, through which
it may extrude to become exposed to the environment
outside the human body. On contact with fresh water,
powerful contractions cause a loop of the worm’s uterus,
containing 1million or more larvae (Muller, 1971) to
prolapse through a ruptured anterior part of the body or
through the mouth, and discharge a swarm (hundreds of
thousands) of motile larvae. Contraction of the worm and
discharge of larvae may be repeated if the lesion is again
submerged in water, until the entire brood of larvae is
discharged. These larvae (first stage)must then be ingested
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Figure 1 Life cycle of Dracunculus medinensis. By courtesy of Enc
whole by certain species of water copepods, invade the
copepod body cavity (Figure 3), and become infective
(third stage) after 10–14 days of development. People
drinking water from such sources ingest the infected
copepods, thus repeating the life cycle. Stagnant sources
of drinking water such as ponds, cisterns, pools in dried-up
river beds, and shallow, unprotected hand-dug wells
commonly harbor populations of copepods, and are the
usual sites where infection is transmitted. The life cycle
of the parasite was first fully described 135 years ago
(Fedechenko, 1870).
Dracunculiasis

Clinical Impact

Dracunculiasis has been known as a human parasitic
disease since at least ancient Egypt (Muller, 1971;
Hopkins and Hopkins, 1992). Acute systemic symptoms
begin 10–14months after infection and are related to the
formation of a blister (Figure 4) and subsequent skin
lesion that allows the guinea worm to become exposed
to the environment outside of the human body. The
blister is accompanied by redness and induration and is
preceded by fever and allergic symptoms, for example,
local erythema and an urticarial rash with intense itching,
nausea, vomiting, diarrhea, and dizziness. Guinea worms
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emerge from the lower extremities in about 80–90% of
cases, but they can also emerge from any part of the body,
including the head, torso, upper extremities, buttocks, and
genitalia. The formation of the blister induces irritation
Figure 2 Freshwater copepod and first-stage larvae of
D. medinensis. Reproduced from WHO CCRTED archives.

Figure 3 Larva of D. medinensis ingested by a freshwater

copepod. Reproduced from WHO CCRTED archives.

Figure 4 Blister caused by D. medinensis. Reproduced from

WHO CCRTED archives.
and a burning sensation, causing the patient to seek relief
by immersing the affected limb or by pouring water over
the lesion, which expedites the sloughing-off of the skin
over the blister, allowing exposure of the anterior end of
the guinea worm to the environment outside its human
host, and the discharge of larvae into water. As the guinea
worm extrudes through the skin, experienced patients
invariably seek to pull it out, usually by winding a few
cm of the worm each day on a small stick (Figure 5). This
painful process is exacerbated by the secondary bacterial
infections that usually ensue (Figure 6). If untreated,
these lesions cause severe local inflammation and pain,
and may lead to abscesses, septic arthritis, ankylosis of the
joint, or even tetanus (Figure 3). If the guinea worm
breaks during manual extraction, an intense inflammatory
reaction ensues, with more pain, swelling, and cellulitis
along the worm tract. Based on the following cited studies,
the reported period of incapacitation averages about
8.5 weeks (Belcher et al., 1975; Kale, 1977; Nwosu et al.,
1982; Edungbola, 1983; Adeyeba, 1985; Khan et al., 1986;
Smith et al., 1989; Suleiman and Abdullahi, 1989/90;
Watts et al., 1989; Adeyeba and Kale, 1991; Ilegbodu
et al., 1991; Chippaux et al., 1992; Rhode et al., 1993), but
ranges from 2–16weeks, depending on the number of
guinea worms that emerge, their location, the complica-
tions that ensue, and the degree of medical care that may
be available to the patient.
Treatment

There is no curative drug or vaccine against dracunculia-
sis. Infected persons do not develop immunity. Applying
wet compresses to the lesion may relieve pain during the
worm’s emergence. Placing an occlusive bandage on the
wound keeps it clean, and counseling at this stage may
help prevent the patient from contaminating sources of
Figure 5 Skin lesions with D. medinensis emerged and being

manually extracted by rolling it on a stick. Reproduced from the
Carter Center archives/E. Staub, with permission from the Carter

Center.



Figure 6 Young boy from Benin with dracunculiasis complicated by a severe secondary bacterial infection. Reproduced from WHO

CCRTED archives.
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drinking water. Oral medications to alleviate the asso-
ciated pain and topical antiseptics or antibiotic ointment
to minimize the risk of secondary bacterial infections also
help reduce inflammation, and may permit removal of the
worm by gentle traction over several days, instead of
weeks (Figure 7).
Figure 7 Traction being applied to a guinea worm, after

application of wet compresses. Reproduced from the Carter
Center archives/E. Staub, with permission from the Carter

Center.
Epidemiology

Where, Why, When, and Whom

During the nineteenth and twentieth centuries, dracun-
culiasis was common in much of southern Asia, and in
north, west, and east Africa. During the 1980s and 1990s,
endemic transmission of the disease was confined to 17
African and three Asian countries: Benin, Burkina Faso,
Cameroon, Chad, Côte d’Ivoire, Ethiopia, Ghana, India,
Kenya, Mali, Mauritania, Niger, Nigeria, Pakistan,
Senegal, Sudan, Togo, and Uganda. Transmission of the
disease in Yemen was documented in 1995, and the World
Health Organization (WHO) declared Central African
Republic endemic in 1995 (Figure 8).

Dracunculiasis is a disabling disease of poor people in
remote rural areas who do not have access to safe drink-
ing water and instead use stagnant sources of drinking
water such as ponds, cisterns, pools in dried-up river-
beds, and shallow unprotected wells, which commonly
harbor populations of copepods and are the usual sites
where infection is transmitted. Local beliefs and igno-
rance about the origin and cause of dracunculiasis are
important determinants of disease transmission and part
of the insidious cycle of poor education associated with
extreme poverty in the remote rural areas where this
disease is common. Seasonality of disease occurrence
varies according to location (Figure 9). In endemic
areas just below the Sahara Desert (e.g., Mauritania,
Mali, Niger, Burkina Faso, southern Sudan, and
Ethiopia), transmission usually peaks during the rainy
season at mid-year (May to October). This is because
stagnant surface sources of water are only present during
the relatively brief rainy season in such areas. In areas
near the Gulf of Guinea (e.g., Côte d’Ivoire, Ghana,
Togo, and Benin), the disease peaks during the dry
season, from October to March, when surface sources
of drinking water are scarcest and most concentrated, in
contrast to abundant and often flowing surface water
sources during the rest of the year. Nigeria has two
peak transmission seasons, one in the southern half of
the country during November to February and another
in the drier northern half during May to August.
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Figure 8 Historical distribution of reported cases of dracunculiasis in the early 1900s, known distribution in 1989, and in 2006.

Reproduced from WHO CCRTED archives.
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Cases of dracunculiasis occur in all age groups, but in
general, it is most common among young adults (ages
15–45), and is distributed roughly equally among males
and females. However, significant exceptions to the rule
have been documented; for example, the ratio of female
to males with dracunculiasis in northeastern Uganda was
3:1 (Rwakimari, JB, personal communication). Occupation
is an important determinant of infection. Farmers and
those who fetch drinking water are those most frequently
infected. In certain endemic areas, the preponderance of
disease is often a burden of a particular ethnic group, such
as the Bella people or ‘Black Tuaregs’ in areas of Mali,
Niger, and Burkina Faso, the Konkomba people in the
northern parts of Ghana and Togo, and the Karamajon
people in northeastern Uganda. The frequent movement
of people for social events such as funerals, the seasonal
search for water and pasture for cattle, and itinerant
farmers and traders often disseminate the infection over
long distances. Persons in northern Ghana suffering
dracunculiasis during a given year were found to be five
times more likely than those not affected by the disease
to suffer dracunculiasis again the following year (Tayeh
et al., 1993).
Socioeconomic Impact

The seasonal occurrence of cases of the disease often
coincides with harvest or planting seasons and signifi-
cantly affects agricultural productivity, school attendance,
and maternal and child health. As adults are incapacitated
by dracunculiasis, their children are likely to have to take
over farming and household duties; and when incidence
is high among children, this precludes their ability to
walk to school (Figure 10). More than 50% of a village’s
population may be affected at the same time. The socio-
economic impact of dracunculiasis on remote rural villages
can be devastating. An assessment of the benefits of the
Dracunculiasis Eradication Campaign by the World Bank
(Kim et al., 1997) compared expenditures of the eradica-
tion campaign with estimates of increased agricultural
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Figure 9 Country and months of peak and low transmission months for dracunculiasis, based on historical data 1988–2000. Number

of reported cases of dracunculiasis by country and year: 1983–2004. Reproduced from WHO CCRTED archives.
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productivity resulting from the prevention of disease
transmission, in other words, prevention of morbidity as
a result of the eradication campaign. Using a project
horizon of 10 years and conservative assumptions regard-
ing the degree of incapacitation caused by dracunculiasis,
the economic rate of return (ERR) is 11%, 29%, or 44% if
the average period of incapacitation is 4, 5, or 6 weeks,
respectively (although estimates from 12 published stud-
ies (cited above) indicate that the extent of incapacitation
caused by dracunculiasis averages 8.5 weeks, range
2–16weeks). Institutions such as the World Bank consider
ERRs in excess of 10% to indicate a sound economic
investment.
Eradication Campaign

Genesis and Initial Efforts to Gain Traction on
Eradicating the Disease

In 1980, shortly after WHO declared the world free of
smallpox, the idea of eradicating dracunculiasis globally
was kindled when Drs. Donald Hopkins and William
Foege of the Centers for Disease Control and Prevention
wrote a letter to the editor of the journal Science (Hopkins
and Foege, 1981), suggesting that the eradication of
dracunculiasis, a disease only transmitted via drinking
water, would be an ideal indicator of the success of the
International Drinking Water Supply and Sanitation
Decade (IDWSSD) 1981–1990 (which the UN was
about to launch). In 1981, the steering committee of the
IDWSSD adopted dracunculiasis eradication as a subgoal
of their efforts (Hopkins, 1990).
Workshop on Opportunities to Control
Dracunculiasis: 1982

Leading authorities from around the world met in June
1982 for the first international meeting devoted to dra-
cunculiasis, entitled Workshop on Opportunities for Con-
trol of Dracunculiasis. A review of knowledge about
dracunculiasis indicated that transmission of the disease
was confined to only parts of sub-Saharan Africa, and
India and Pakistan (in 1994, endemic transmission was
documented to occur in Yemen). This seminal meeting
provided information about the deliberate elimination of
the disease from parts of the southern tier of republics
in the former USSR during the 1920s and absence of
the transmission of disease in humans for over 50 years
(Litvinov and Lysenko, 1982). Moreover, dracunculiasis
transmission had also been stopped in endemic areas of



Figure 10 School-age young boy incapacitated by

dracunculiasis. Reproduced from WHO CCRTED archives.
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Iran since the 1970s, as a result of extensive use of DDT
for malaria control and chlorination of water in the birkehs
or large, covered concrete cisterns storing rainwater,
where malaria mosquitoes bred and where dracunculiasis
was transmitted.

A review of the disease and its transmission concluded
that there was no known animal reservoir for the disease;
no human carrier state beyond the 1-year incubation
period; no immunity to the infection; and that the disease
could not be cured with available anthelminthics. Addi-
tionally, the occurrence of disease was known to be sea-
sonal and its clinical presentation unique, and wherever
dracunculiasis transmission was endemic it had a well-
known name in the local language, thus facilitating the
identification of localities with endemic transmission,
including the ideal timing for prevalence surveys.

Participants concluded that dracunculiasis could be
prevented completely by teaching people about the
origin of the disease and how to prevent the infection,
for example, by keeping persons with emerging worms
from entering sources of drinking water, and by filtering
all drinking water through a cloth filter. Other available
interventions to prevent transmission included the provi-
sion of safe sources of drinking water to affected villages,
and treatment of unsafe sources of drinking water with
1 ppm concentration of ABATE larvicide. Experts from
India indicated they would officially launch their
national eradication program in 1983, after three consec-
utive annual case searches to ascertain the extent of
dracunculiasis.
The WHO Collaborating Center for Research,
Training, and Eradication of Dracunculiasis at
the Centers for Disease Control and Prevention

In 1984, the CDC was designated the WHO Collaborat-
ing Center for Research, Training, and Eradication of
Dracunculiasis (CCRTED), and charged with monitoring
the status of efforts of the DEP, as well as providing
technical assistance to national eradication programs.
CCRTED continued to publish quarterly issues of the
GuineaWormWrap-Up, which, beginning in 1983, chronicled
the initiative, established the life cycle ofDracunculus insignis
in raccoons and ferrets, and evaluated the effectiveness of
existing anthelminthics against this parasite. None of the
selected off-the-shelf anthelminthics tested had any overt
effect on D. insignis (Eberhard, 1990). The CCRTED has
since provided numerous consultants for national eradica-
tion programs; it continues to monitor the progress of the
global campaign and has worked closely with the Carter
Center (TCC) since 1986.
The First African Regional Conference on
Dracunculiasis Eradication and First World
Health Assembly Resolution

The first African Regional Conference on Dracunculiasis
Eradication was convened in Niamey, Niger on July 1–3,
1986. Reports provided during this meeting revealed that
an estimated total of 3.2million cases occurred annually in
Africa and 120million people were at risk of the infection in
the known endemic areas (Watts, 1987). Estimates of the
incidence of the disease inAsia (India andPakistan) brought
the estimated global burden of disease to 3.5million cases
annually.

The Thirty-Ninth World Health Assembly (WHA)
adopted resolution WHA 39.21 on May 16, 1986, endor-
sing national efforts to eliminate dracunculiasis country by
country, in association with the IDWSSD. However, it was
evident by the mid-1980s that the IDWSSD would not be
able to muster the funding necessary to meet the enormous
challenge of providing safe drinking water and sanitation to
all in need and to eradicate dracunculiasis in the process.
The Carter Center

In 1986, former U.S. president Jimmy Carter advocated
with the president and prime minister of Pakistan and
gained their support for a national eradication program.
A workshop to plan the campaign in Pakistan was held in
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Atlanta in November 1986, and TCC and CDC immedi-
ately began assisting Pakistan to ascertain the extent of
the disease and to organize the national program. With
support from TCC and CDC, Pakistan began to imple-
ment interventions against the disease in 1988, followed
by Ghana and Nigeria in 1989, Uganda in 1991, and Mali
and Niger in 1993, respectively. The year of initiation of
national eradication efforts country-by-country is shown
in Table 1. The Carter Center soon became the lead
nongovernmental agency advocating for the global cam-
paign to eradicate dracunculiasis and providing technical
and financial assistance to national eradication programs.
WHA Resolutions

In September 1988, African ministers of health passed a
resolution calling for the eradication of dracunculiasis
from Africa by 1995 (AFR/RC38/R13). However, the
WHA passed a second resolution in May 1989 (WHA
42.29) declaring the goal of eliminating dracunculiasis as
a public health problem from the world during the 1990s.
The WHA adopted a third and more definitive resolution
onMay 13, 1991 (WHA 44.5), calling for a global campaign
to eradicate the disease by the end of 1995, and urging the
director-general of WHO to immediately initiate country-
by-country certification of elimination so the certification
process could be completed by the end of the 1990s.

These resolutions, strong advocacy from the Carter
Center, and tangible and credible results from ongoing
eradication efforts in Pakistan, India, Ghana, and Nigeria
engendered increasing support from bilateral donors,
industry, and international organizations that helped
the remaining endemic countries to conduct nationwide
case searches to assess the extent of the problem, organize
national secretariats, and begin implementing of interven-
tions against the disease. By 1992, only 5 of 20 countries
Table 1 National Dracunculiasis Eradication Program start-

ups

Year
interventions
started Country

Active programs
(cumulative)

1983 India 1
1988 Pakistan 2

1989 Nigeria, Ghana 4

1991 Cameroon 5

1992 Togo, Burkina Faso,
Senegal, Uganda

9

1993 Benin, Mauritania, Niger,

Mali, Côte d’Ivoire

14

1994 Sudan, Kenya, Chad,
Ethiopia

18

1995 Yemen, Central African

Republic

20

Source: WHO CCRTED archives.
had implemented programs, but the target date for eradi-
cation was 1995. Although TCC provided assistance to
all endemic countries (except India), it assigned resident
technical advisors to Pakistan and themost endemic African
countries: Nigeria, Ghana, Mali, Niger, Uganda, Sudan,
and Burkina Faso.
Strategy for Eradication

The strategy for dracunculiasis eradication includes three
phases (Hopkins and Ruiz-Tiben, 1991). During phase I,
national programs conduct nationwide or areawide case
searches to determine the locations of villages with
endemic transmission and the numbers of cases, organize
a national secretariat and a program structure at district
and village levels, and develop a national plan of action. In
phase II, program staff and village-based health workers
(village volunteers) are trained to implement interven-
tions against transmission of the disease, conduct active
village-based surveillance using case registers, provide
health education to mobilize communities to action, pro-
vide cloth filters, and educate villagers on their care and
proper use. During phase III, when the incidence of disease
has been reduced to far fewer cases per year and halting
transmission is imminent, surveillance is intensified to rap-
idly detect all persons with emerging worms (preferably
before or within 24 h of worm emergence) and to contain
transmission from each case by providing care for the
wounds, applying occlusive bandages, and counseling the
patient not to enter sources of drinking water. In 2001, most
national programs began offering persons with dracunculi-
asis the option of medical care at ‘case containment centers.’
When patients voluntarily attend such case containment
centers, they are provided a small monetary or in-kind
incentive for agreeing to stay at the center until each guinea
worm is successfully pulled out, as well as medical care,
food, sanitation, and shelter. Care of the last cases of dra-
cunculiasis at case containment centers or at established
public health clinics permits patients to recover from their
incapacitation much faster and the program to contain
transmission from each emerging worm much more effec-
tively. All other broad-based interventions continue to be
employed until transmission is halted.

Interventions against disease transmission

Interventions against the disease include village-based
surveillance, maintenance of a village case register and
monthly reporting of cases, and community mobilization
to educate residents about the origin of the disease and
empower them with knowledge to prevent the disease by
keeping infected persons from contaminating sources of
drinking water, and by using donated cloth and/or pipe
filters to make drinking water guinea worm-free. ABATE
larvicide is applied monthly in ponds, stagnant pools, and
unprotected wells during the transmission season, and
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listings of known endemic villages are made available to
water sector organizations so they can target villages with
endemic disease for provision or rehabilitation of sources
of drinking water. The strategy of combining early detec-
tion of cases and containment of transmission began in
1991 in Pakistan (Kappus et al., 1991) and in the endemic
countries in Africa during 1993.

Scaling up; using data; advocacy by

eminent persons

Scaling up of the DEP, beyond efforts already underway
in Pakistan, Ghana, and Nigeria during the late 1980s,
would not have been possible without the US$1.5million
authorized by the former director of UNICEF, Mr. James
Grant, in 1989 to support national case searches, begin-
ning that year, in the endemic countries in need of deter-
mining the extent of dracunculiasis, and the endorsement
of the DEP initiative by the World Summit for Children
in 1990. The $1.5million promised by UNICEF was part
of nearly $10million pledged for dracunculiasis eradica-
tion at the International Donors Conference that was held
in Lagos, Nigeria in July 1989. The 1991 WHA resolution
(WHA 44.5) calling for eradication of the disease by 1995
was also a clarion call for galvanizing national and inter-
national advocacy and support for the DEP.

Beginning in 1989, the CCRTED in collaboration with
TCC and WHO developed, published, and disseminated
operational guidelines for the DEP:

. Guidelines on Surveillance of Dracunculiasis (1988),

. Guidelines for Development of National Plans of Action

(1989),
. Guidelines for Chemical Control of Copepods (1989),
. Guidelines for Health Education and Social Mobilization

(1990), and
. Guidelines for Case Containment (1994), in collaboration

with UNICEF.

Additionally, in 1990 the CCRTED drafted the first
set of Guidelines for Certification of the Eradication of Dra-

cunculiasis. This document was presented to a group of
national and international experts at an informal meet-
ing (chaired by Dr. D. Hopkins) hosted by WHO at its
Geneva headquarters in 1990, and adopted as amended
(WHO/FIL/90.185). The mandate to make this docu-
ment operational came on May 13, 1991, with the above-
mentioned WHA resolution 44.5. Beginning in 1991,
UNICEF and the CCRTED at CDC and WHO collabo-
rated closely in assisting the endemic countries develop
plans of action and budgets for the national case searches
and for the initial years of the country-based campaign.

From the very onset of the national eradication efforts,
including India’s in 1983, the leaders of the DEP gave
highest priority to the collection and use of data about
the extent and incidence of dracunculiasis in order to
plan and take actions against transmission of the disease.
Without such a resolve, it would not have been possible to
demonstrate quickly the feasibility and effectiveness of
interventions against the disease, and the robustness of
the strategy for eradication, to the national and interna-
tional public health community, including donor organi-
zations. Keeping everyone who needed to know informed
and updated about the DEP was an imperative from the
beginning, and sharing the latest data on the campaign
through periodic issues of the Guinea Worm Wrap-Up was
critical not only to gaining supporters for the DEP but
also for providing guidance to national eradication pro-
grams. Updating all who needed to know also engendered
healthy competition between national coordinators about
the progress of their programs; such competition to
finish the job at an international level, such as the race
between India and Pakistan, between Togo and Niger,
and between Nigeria and Ghana, often helped to keep
programs motivated.

One of the outcomes of the Second African Regional
Conference on Dracunculiasis Eradication, held in Accra,
Ghana in March 1988, was a call to all countries to begin
providing reports on the status of national programs to
WHO and other partner organizations. Monthly report-
ing of village-based surveillance data did not begin until
1992, when a critical mass of the national eradication
programs had concluded their national case searches,
defining the extent of the disease, and implemented vil-
lage-based surveillance and monthly reporting of cases of
dracunculiasis.

During a tour to five French-speaking endemic
countries in 1992, former President Carter convinced
then former Malian head of state General Amadou Tou-
mani Toure to lead the fight to eradicate dracunculiasis
from Mali and to help with national efforts in other
francophone countries. With then President Alpha
Konare’s support, General Toure became president of
Mali’s National Intersectorial Committee for Dracuncu-
liasis Eradication and a roving ambassador and lead advo-
cate for the DEP in French-speaking Africa, roles he
carried out energetically (Figure 11) until he was elected
President of the Republic of Mali in 2002. Similarly, in
1998, President Carter asked General Yakubu Gowon, a
popular former head of state in Nigeria, to assist during
the final phase of the eradication effort in that country.
General Gowon has been an indefatigable guinea worm
warrior, visiting most of the endemic states and local
government areas in Nigeria to advocate for greater
involvement of the state and local governments in the
eradication effort, particularly with the provision/reha-
bilitation of sources of safe drinking water (Figure 12).

Since the early years of the DEP, the CCRTED, TCC,
WHO, and UNICEF provided technical assistance to
the national eradication programs. However, beginning
in 1998, as a result of the stagnation of progress in some
key endemic countries since 1995, TCC was strongly



Figure 11 Malian head of state Amadou Toumani Toure and

former U.S. president Jimmy Carter attending Dracunculiasis

Eradication Program Conference in Africa. Reproduced from

WHO CCRTED archives.

Figure 12 Former Nigerian head of state General (Dr.) Yakubu
Gowon doing advocacy on behalf of the Nigerian DEP while

commissioning a bore-hole well in an endemic village in Nigeria.

Reproduced from WHO CCRTED archives.
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motivated to provide in addition ad hoc technical advisors
(TAs) to help the national programs to improve program
management, monitoring of interventions, including pro-
vision and rehabilitation of sources of drinking water, and
the quality and frequency of supervision of personnel.
Most of these TAs have been former U.S. Peace Corps
volunteers in Africa who had worked with a national
eradication program during their tours of duty with the
U.S. Peace Corps. During 1999, a total of 28 person-
months of TAs were provided to endemic countries, fol-
lowed by 88 person-months in 2000, 150 in 2001, 150 in
2002, 139 in 2003, and 127 in 2004. These TAs, placed to
work with district-level eradication teams, have played a
vital role in ensuring that all interventions against dra-
cunculiasis are implemented in the right places at the
right times and in the correct way, and they actively
participate in trainings, intense village-based, week-long
health education campaigns (‘Guinea Worm Weeks’) and
in mobilizing communities to take actions to prevent
disease transmission in their villages. TAs have also
played a key role in intervening during sudden outbreaks
of dracunculiasis in unexpected places in many of the
endemic countries.

Since 1986, biennial regional conferences have been
held (alternating between francophone and anglophone
endemic countries) and, beginning in 1990, program man-
ager meetings in the intervening years. Additionally,
annual technical programs reviews are held during Sep-
tember to November. Since 1987, an Interagency Coordi-
nating Group for Dracunculiasis Eradication has held
quarterly or semi-annual meetings. National DEPs also
hold their own annual review meetings, which are often
attended by members of the coalition of partner
organizations.

Attainment of eradication is not certified until the
national program requests WHO to validate the claim
that no cases have occurred during three consecutive
years since the last indigenous case, and an international
certification team confirms that the surveillance system is
sensitive and has not detected indigenous cases during the
required three-year period. An International Commission
for the Certification of Dracunculiasis Eradication, estab-
lished by WHO in 1995, reviews the findings of the
certification team and recommends to the WHO whether
to certify the country free of dracunculiasis (WHO, 1998).
Coalition of partners

During this campaign, TCC has forged a coalition of
more than 30 agencies, organizations, governments, bilat-
eral donors, industry, and nongovernmental organizations
that assist national programs with their eradication efforts
(Tables 2 and 3). The CDC has played a critical role in
helping TCC, WHO, and UNICEF lead this campaign.
Advocacy by President Carter with the DuPont Corpora-
tion led to donations equivalent to $17 million during
1990–98 in nylon cloth for cloth filters from DuPont
Corporation and Precision Fabrics Group. Similar efforts
resulted in over $2 million in donations of ABATE larvi-
cide from BASF Corporation (currently the sole producer
of ABATE larvicide; obtained from what was American
Cyanamid, formerly part of American Home Products).
The Bill and Melinda Gates Foundation provided $28.5
million in May 2000 to help accelerate the eradication of
dracunculiasis. The grant, channeled through the World
Bank Trust Fund for Guinea Worm Eradication,
allocated:

. $15million to TCC for a 3-year period (2000–02) to
assist the remaining countries to stop transmission (ex-
cept Mauritania and Uganda, for which UNICEF has
primary responsibility);

. $8.5million to theWorld Bank, theCarterCenter,WHO,
and UNICEF to provide support for contingencies, and



Table 2 Coalition of organizations, agencies, governments, corporations, and others supporting the DEP

Major partners Other UN organizations Ministries of health Partners

The Carter Center
Centers for Disease

Control and Prevention

Office for the Coordination
of Humanitarian Affairs

UNDP

Benin
Burkina Faso

Cameroon

Adventist Health International
Adventist Development and Relief Agency

Aktion Afrike Hilfe

UNICEF

World Health Organization

The World Bank

World Food Programme

Central African

Republic

American Refugee Committee

Association of Christian Resource
Chad

Cote d’Ivoire

Organizations Serving Sudan

CARE International

Ethiopia Catholic Relief Services

Ghana Christian Mission Aid
India Comitato Collaborazione Medica

Kenya Coordination Committee for Voluntary Service

Mali Diocese of Rumbek
Mauritania Diocese of Torit

Niger Fellowship for African Relief

Nigeria Gowon Center

Pakistan Health & Development International
Senegal InterChurch Medical Assistance

Sudan International Aid Sweden

Togo International Committee of the Red Cross

Uganda International Medical Corps
Yemen International Rescue Committee

Japanese Overseas Cooperation Volunteers

Map International
MEDAIR

Médecins Sans Frontières (Belgium, The

Netherlands, Switzerland)

Mundri Relief and Development Association
Norwegian Church Aid

Nuba Relief, Rehabilitation, and

Development Organization

Okenden International
Operation Lifeline Sudan/South

OXFAM UK

Ghana Red Cross Society
Save the Children (UK, Sweden)

Sudan Medical Care

Sudan National Water Corporation

Sudan Production Aid
Sudan Relief and Rehabilitation Commission

Tearfund

U.S. Peace Corps

Vétérinaires Sans Frontières Belgium
Voice of America

World Relief International

World Vision International

ZOA Refugee Care

Source: The Carter Center/N. Kruse.
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for other expenditures related to the eradication cam-
paign; and

. $5million to the World Health Organization, which has
primary responsibility for certification of eradication. For
the purposes of this grant, WHO assumed primary re-
sponsibility for assistance to countries in the precertifica-
tion stage, including still-endemic countries close to
interrupting transmission, that is, reporting 100 cases or
less of dracunculiasis during the calendar year.
Progress Toward Eradication

Reductions in cases of dracunculiasis

In 2006, the nine remaining endemic countries reported
25 217 cases of dracunculiasis: 20 582 from Sudan, 4136
from Ghana and only 499 cases combined from the other
seven countries reporting cases (Table 4 and Figures 13
and 14). Although these 25 217 cases represent a reduc-
tion of 99.2% from the estimated 3.5 million cases



Table 3 Coalition of organizations, agencies, governments, corporations, and others supporting the DEP (continuation)

Governments Foundations Individuals Corporations

Canada
Denmark

Finland

Japan

Kuwait Fund for Arab Economic
Development

Luxembourg

The Netherlands

A.G. Leventis Foundation
The Hugh J. Andersen Foundation

Next Generation Fund

Bill & Melinda Gates Foundation

Conrad N. Hilton Foundation
The Diebold Foundation

International Humanitarian

Foundation

Many individual
donors have

supported the

global campaign to

eradicate
dracunculiasis

Ad-Rem Concepts
AGCO Corporation

American Cyanamid

American Home Products

BASF Corporation
BellSouth Corporation

Computer Associates

International

Nigeria The Morningside Foundation Defined Health
Norway PPG Industries Foundation E. A. Juffali & Brothers

OPEC Fund for International

Development
Qatar

Saudi Arabia

Saudi Fund for Development

United Arab Emirates
United Kingdom

United States

United Nations Foundation

W.B. Haley Foundation

E.I. du Pont de Nemours

Environmental Systems Research
Institute, Inc.

Evergreen International Aviation

Georgia-Pacific Corporation

Human Wildlife Productions
ITOCHU Corporation

Johnson & Johnson

Nippon Keidanren

Norsk Hydro
Perma-Guard, Inc.

Precision Fabrics Group, Inc.

Ravenswork
Society of Plastics Engineers, Inc.

Tsunami Films

Vestergaard Frandsen Wyeth

Source: The Carter Center/N. Kruse.
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occurring annually in 1986, they also represent an 137%
increase over the 10 674 cases reported from the same nine
endemic countries during 2005. The increase in cases
between 2005 and 2006 is a result of the Comprehensive
Peace Agreement (CPA) signed between the governments
of northern and southern Sudan in January 2005, which
allowed the process of disarmament, clearance of land
mines, and disbandment of militias and other armed
groups to begin later that year. The cessation
of hostilities and access to previously insecure areas in
southern Sudan allowed the Southern Sudan Guinea
Worm Eradication Program to reorganize under the
auspices of the new ministry of health of southern Sudan,
and to assess the extent of dracunculiasis in the 10 states
of southern Sudan during 2006. These assessments deter-
mined that transmission of dracunculiasis was endemic in
3137 villages, an increase of 189% over the 1085 known
endemic villages prior to the signing of the CPA. The
monthly reporting rate from the 3137 villages was 63%,
and comparable to the reporting rate in 2005 from far
fewer villages. The major remaining foci of transmission
of dracunculiasis now are in southern Sudan, Ghana, Mali,
and Niger (Figure 15).

The 4136 of cases of dracunculiasis reported from
Ghana in 2006 represents a 4% increase in cases over
the 3981 cases reported in 2005, and 89% of the 4635
cases reported outside of Sudan in 2006. The overall
percent reduction in indigenous cases for the other
seven countries combined during 2006, compared with
2005, is 56% (Figure 16).

During 2006, Ethiopia reported only one indigenous
case of dracunculiasis, a reduction of 97% from the 29
indigenous cases it reported in 2005; Burkina Faso reported
only 3 indigenous cases (from two villages), a reduction of
88% from the 24 indigenous cases it reported in 2005;
Nigeria, the most endemic country during this campaign,
reported only 16 indigenous cases (from seven villages), a
reduction of 87% from the 120 cases it reported in 2005;
interventions against the disease in Togo reduced cases of
dracunculiasis to 25 (from four villages), a 64% reduction
from the 70 cases reported in 2005; Mali reported 323 cases
(from 67 villages) in 2006, a reduction of 51% compared to
the 656 cases reported in 2005; Côte d’Ivoire also reduced
its cases from 9 reported in 2005 to only 5 (all from one
village) in 2006, a reduction of 44%; and Niger reported a
drop from 175 cases in 2005 to 108 (from 18 villages), a
reduction of 38%. Both Benin and Mauritania reported
their last indigenous case in March and June 2005, respec-
tively, and have reported zero indigenous cases ever since.
During 2006, only 22 cases of dracunculiasis were exported
from one country to another, compared to 45 in 2005, 114
in 2004, 143 in 2003, and 154 in 2002, a trend that reflects
progress in reducing transmission in the remaining
endemic countries (Table 5 and Figure 17).



Table 4 Number of reported cases of dracunculiasis by country by year

Gray-shaded cells indicate cases detected during a national case search. Numbers preceeding national case search are from passive surveillance. Numbers after case search are from
village-based reporting.

Diagonal double lined cells indicate year of last indigenous case was reported

Black cells indicates imported cases only. All other cells include both indigenous and imported cases. � Country certified free of dracunculiasis by WHO

NR = no report
Source: WHO CCRTED.
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Figure 15 Districts in West Africa and states and region in Sudan and Ethiopia, respectively, reporting indigenous cases of
dracunculiasis during 2006. Reproduced from WHO CCRTED archives.
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Reductions in endemic villages

In 2006, there were only 3583 villages in the nine remaining
countries with endemic transmission of dracunculiasis. Of
these, 3137 (88%) were in southern Sudan and 446 were in
the other eight endemic countries, including 346 (10%)
from Ghana. These 3583 endemic villages represented a
reduction of 85% from the 23 735 reporting cases in 1993,
when the highest number of endemic villages was recorded.



Table 5 Number of reported indigenous and imported cases of dracunculiasis during 2006 by country, and origin of imported cases

Cases of dracunculiasis reported during 2006

Country Indigenous Imported Total Country of origin and number of imported cases

Sudan 20580 2 20582 Ethiopia¼ 2

Ghana 4134 2 4136 Mali¼ 2

Mali 323 6 329 Niger¼6

Niger 108 2 110 Mali¼ 2
Togo 25 4 29 Ghana¼ 4

Nigeria 16 0 16

Cote D’Ivoire 5 0 5
Burkina Faso 3 2 5 Cote D’Ivoire¼ 2

Ethiopia 1 2 3

Uganda 0 2 2 Sudan¼2

Total 25 195 22 25217

Source: WHO CCRTED.
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Reductions in endemic countries

Eleven of the 20 endemic countries have halted transmis-
sion of dracunculiasis (Figure 16), and four of those
countries have been certified free of dracunculiasis by
WHO (Pakistan in 1996, India in 2000, and Yemen and
Senegal in 2004). Uganda stopped transmission of dracun-
culiasis in 2003, and Benin and Mauritania in 2005, join-
ing the list of other countries now in the precertification
stage: Cameroon, Central African Republic, Chad, and
Kenya. As of March 2006, the International Commission
for Certification of Dracunculiasis Eradication had recom-
mended and WHO had certified 168 countries as free of
dracunculiasis.
Finishing the job

We estimate the cost of the DEP during 1987–2006
to be about $122–125million, and that an additional
$65million will be required to finish the job by 2009.
Most of these additional funds will be required to stop
transmission of dracunculiasis in southern Sudan, a vast
country with little infrastructure, including extremely poor
transportation and communications, that is just emerging
from 21 years of civil war (CDC, 1995; Hopkins and
Withers, 2002). The DEP in southern Sudan, as in other
countries, requires implementing a village-based program
in each endemic village, and there are now 3137 known
villages with endemic transmission of dracunculiasis. Stop-
ping endemic transmission of dracunculiasis in communities
throughout southern Sudan will be a Herculean task.

The 2004 World Health Assembly passed resolution
WHA 57.9 urging all remaining endemic countries to stop
transmission as soon as possible, and by 2009 in Sudan,
which will require additional years to halt transmission
because of the civil conflict that ended on January 9, 2005.
The ministers of health of endemic countries or their
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representatives attending the 2004 World Health Assem-
bly also signed the ‘Geneva Declaration,’ in which the
ministers pledged to exert their leadership and political
will in their countries to accelerate attainment of the goal
of eradicating dracunculiasis.

Dracunculiasis will be the first parasitic disease ever to
be eradicated, and the first time that a disease has been
eradicated without benefit of a vaccine. The first target
date for eradication of dracunculiasis was 1995, first set by
the African ministers of health in 1988 and ratified by
the World Health Assembly in 1991. That target was not
met because of insufficient funding and slower than
expected mobilization of the 20 countries with endemic
dracunculiasis.

In April 2005, the Bill and Melinda Gates Foundation
awarded a challenge grant of $25million to the Carter
Center to help complete the eradication of dracunculiasis.
The grant included an initial contribution of $5million,
and challenged other donors to provide another $20mil-
lion, to be matched by the Gates Foundation dollar for
dollar. About $1.5million of the challenge grant helped
support WHO’s activities to certify eradication and pre-
pare endemic countries for certification. With only about
25 000 cases of dracunculiasis left in the world as of the
end of 2006, all nine remaining endemic countries have
mobilized for the final push. High-level advocacy with
national and international leaders, including a sense of
urgency to stop transmission in the remaining countries
with endemic dracunculiasis, during 2007 and beyond will
be vital in order to prevent complacency about the prog-
ress made so far.

Staff of the national DEPs are now very experienced
and know well the level of attention to detail and good
supervision required to stop transmission of dracunculia-
sis. Given continued support from partners, sufficient
resources and their effective use, and peace in the affected
areas, there is no reason why this ancient scourge of
mankind cannot be eradicated soon.

See also: Introduction to Parasitic Diseases.
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Introduction

Echinococcosis is a cosmopolitan zoonosis caused by
adult or larval stages of tapeworms (cestodes) belonging
to the genus Echinococcus (family Taeniidae). Larval infec-
tion (hydatid disease; hydatidosis) is characterized by
long-term growth of metacestode (hydatid) cysts in the
intermediate host. The two major species of medical and
public health importance are Echinococcus granulosus and
E. multilocularis, which cause cystic echinococcosis (CE)
and alveolar echinococcosis (AE), respectively. CE and
AE are both serious life-threatening diseases, the latter
especially so, with a high fatality rate and poor prognosis
if careful c linical management is not car ried out ( Craig,
2003 ; McMa nus et al., 20 03 ). Two other spec ies, E. vogeli
and E. oligarthrus, are responsible for polycystic echino-
coccosis (PE) in Central and South America, but rela-
tively few human PE cases have been reported.

Hydatid cysts of E. granulosus develop in internal organs
(mainly liver and lungs) of humans and other intermediate
hosts as unilocular fluid-filled bladders. The life cycles of
E. granulosus and E. multilocularis are illustrate d in Figu re 1 .
The range of intermediate host species involved depends
on the infecting strain of E. granulosus (see below), regional
or local differences in the availability of the various inter-
mediate host species, and other factors. Since the life cycle
relies on carnivores eating infected herbivores, humans are
usually a ‘dead end’ for the parasite.

Adult worm infections of E. multilocularis are perpetuated
in a sylvatic cycle (Figure 1) w i t h w il d c ar n ivo re s ( ma in ly
red – Vulpes vulpes – and Arctic – Alopex lagopis – foxes)
regarded as the most important definitive hosts. Small
mammals (usually microtine and arvicolid rodents) act as
intermediate hosts. The metacestode of E. multilocularis is
a tumorlike, infiltrating structure consisting of numerous
small vesicles embedded in stroma of connective tissue.
World Health Organization (1998) International Commission for the
Certification of Dracunculiasis Eradication. Third Meeting, Report
and Recommendations. Geneva: WHO.

World Health Organization (2004) Global Surveillance Summary, 2003.
Weekly Epidemiologic Report, No. 19, 181–189.
Relevant Website
http://www.cartercenter.org/homepage.html – The The Carter Center.
osis
edical Research, Brisbane, Queensland, Australia

The metacestode mass usually contains a semisolid matrix
rather than fluid. As with E. granulosus, it is thought that
humans become exposed to E. multilocularis by handling
of infected definitive hosts, or by ingestion of food
contaminated with eggs. Coprophagic flies and other
animals may serve as mechanical vectors of the eggs of
both species.

An important feature of the biology of E. granulosus is
the fact that it comprises a number of intraspecific variants
or strains that exhibit considerable variation at the genetic
level. By contrast, there appears to be very limited genetic
variation within E. multilocularis, and there are no available
data to indicate that either E. vogeli or E. oligarthrus is vari-
able. The extensive intraspecific variation in nominal
E. granulosusmay influence life cycle patterns, host specific-
ity, development rate, antigenicity, transmission dynamics,
sensitivity to chemotherapeutic agents, and pathology.
This may have important implications for the design and
development of vaccines, diagnostic reagents, and drugs
impacting on the epidemiology and control of echino-
coccos is ( McManu s et al., 2003 ). To date, mole cular stud-
ies, using mainly comparisons of mitochondrial DNA
(mtDNA) sequences, have identified 10 distinct genetic
types (genotypes G1–10) within E. granulosus. This catego-
rization follows very closely the pattern of strain variation
emerging based on biological characteristics. Based on this
new information, a reevaluation of the taxonomy and
phylogeny of E. granulosus has been recently advocated
(McMa nus, 2006 ; Nakao et al ., 2007 ). The value of using
molecular data for taxonomic and identification purposes
was recently highlighted by the description of Echinococcus
shiquicus n. sp. from the Tibetan fox Vulpes ferrilata and
the plateau pika Ochotona curzoniae in the Qinghai–Tibet
plateau region of China (Xiao et al., 2005). Mitochondrial
and nuclear DNA sequence data corroborated the morpho-
logical analysis, proving E. shiquicus to be a valid taxon.

http://www.cartercenter.org/homepage.html
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Figure 1 Life cycles of Echinococcus granulosus (1–8) and E. multilocularis (1.1–7.1) 1, 1.1 Final hosts may be dogs, cats, or foxes

with clear, species-specific preference. 2–3.1 Adult worms, which live in the small intestine of the final host, may be differentiated
according to the size of the terminal (P), shape of uterus (UE) and size of rostellar hooks. 4, 4.1 Eggs containing an infectious larva
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intermediate hosts (including man) the oncosphere hatches, enters the wall, and may migrate (via blood) to many organs. Cysts are
formed mostly in the liver and lung; in E. granulosus large unilocular occur, which are filled with fluid (containing thousands of

protoscoleces), whereas in E. multilocularis a tubular system infiltrates the whole organ (giving rise to alveolar aspects in sections).

7–8.1 In both cyst types, protoscoleces are formed, which may become evaginated (8) even inside their cysts. Evaginated or not,

protoscoleces are fully capable of infecting final hosts when they feed on infected organs of intermediate hosts. Abbreviations:
BC, brood capsul; EB, embryonic block of the egg; EX, excretory vessels; GP, genital pore; H, hydatid fluid; HO, hooks of oncosphere;

IR, invaginated rostellar hooks; P, proglottid; RH, rostellar hooks; SU, sucker; TU, tubular system; UE, uterus containing eggs.

Source: http://parasitology.informatik.uni-wuerzburg.de/login/b/me14268.png.php.
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Distribution

Echinococcus granulosus has a worldwide geographic distri-
bution (Figure 2), occurring on all continents, with the
highest prevalence occurring in parts of Eurasia (espe-
cially Mediterranean countries, the Russian Federa-
tion and adjacent independent states, and the People’s
Republic of China), North and East Africa, Australia,
and South America. There is clear evidence for the emer-
gence or re-emergence of human CE in parts of China,
Central Asia, Eastern Europe, and Israel (Eckert and
Deplazes, 2004). Communities involved in sheep farming
harbor the highest prevalence of CE, emphasizing the
public health significance of the sheep–dog cycle and

http://parasitology.informatik.uni-wuerzburg.de/login/b/me14268.png.php
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the sheep strain of E. granulosus in human transmission.
However, other life cycle patterns involving ungulates
(camels, goats, cattle, and pigs) and domestic dogs are
also important. Wild animals are also involved in sylvatic
cycles in different parts of the world although, generally,
their zoonotic importance is minimal compared with the
domestic cycles.

E. multilocularis has recently been discovered to have a
much wider geographic distribution than was previously
thought. The parasite is endemic in the northern hemi-
sphere, where its extensive geographic range includes
the central part of western Europe, parts of the Near
East, Russia and the central Asian republics, China,
northern Japan, and Alaska. Increasing fox populations,
the increasing encroachment of foxes into urban areas,
and other factors such as spillover of E. multilocularis infec-
tion from wild carnivores to domestic dogs and cats may
point to a new public health hazard associated with AE.

Recent observations of human AE cases in China indi-
cate widespread infection. Indeed, alarming increases in
reported cases from rural areas in the western and central
parts of China, particularly southern Gansu, southern
Ningxia Autonomous Region, eastern Qinghai, and north-
ern Sichuan point to serious consequences for public
health in these communities.
Epidemiology and Transmission

Exposure to Echinococcus eggs (Moro et al., 2005) may be
influenced by occupational and behavioral factors. In the
case of E. multilocularis, hunters, trappers, and mushroom
pickers would be expected to be more highly exposed
than the general population, but there is limited evi-
dence that these groups are at increased risk of infection.
Paradoxically as well, the wide distribution and generally
high prevalences of E. multilocularis in foxes is not reflected
in human infection levels, which, for reasons not fully
understood, are low inmost endemic areas. Immunogenetic
and other factors may play a role in this phenomenon.

With E. granulosus, acquired immunity in intermediate
hosts represents an important density-dependent constraint
for transmission, but parasite-induced mortality in livestock
does not appear to play a role in the regulation of the cycle.
In E. multilocularis, the natural intermediate rodent hosts are
short-lived, the parasite evades the host immune responses,
and, generally, but not always, large numbers of protosco-
leces are produced in a short period after infection. In
contrast, the intermediate hosts of E. granulosus are long-
lived and infection by eggs provokes a high degree of pro-
tective immunity, a characteristic that has been utilized for
the development of a highly effective vaccine (see below).
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Clinical Features

The initial phase of primary echinococcal infection is
always asymptomatic. Small cysts not inducing major
pathology may remain asymptomatic for many years, if
not permanently. The incubation period of CE is unclear
but probably lasts for many months to years. The infection
may become symptomatic if the cysts either rupture or
exert a mass effect. Recurrence may occur following sur-
gery on primary cysts. CE has been reported to present for
medical attention in subjects ranging in age from below
1 year old to more than 75 years old. Up to 60% of all CE
cases may be asymptomatic – although an unknown pro-
portion may become symptomatic. The mortality rate is
estimated to be 0.2 per 100 000 with a fatality rate of 2.2%.
Over 90% of cysts occur in the liver, lungs, or both. Symp-
tomatic cysts have been reported occasionally (2–3% each)
in the kidney, spleen, peritoneal cavity, and the skin and
muscles; and rarely in the heart, brain, vertebral column,
and ovaries (1% or less each). Presenting symptoms of CE
are highly variable. Presenting features reflect not only
the involved organ but also the size of the cyst(s) and their
position within the organ, the mass effect within the organ
and upon surrounding structures, and complications
relating to cyst rupture and secondary infection.

AE typically presents later than CE. Cases of AE are
characterized by an initial asymptomatic incubation period
of 5–15 years’ duration and a subsequent chronic course.
Untreated or inadequately managed cases have high fatality
rates. The peak age group for infection is from 50–70 years
in Europe and Japan. The sex distribution is approximately
equal. The metacestode develops almost exclusively in the
liver (99% of cases). Thirteen percent of cases present as
multiorgan AE where metacestodes involve the lungs,
spleen, or brain in addition to the liver.
Figure 3 Abdominal computerized tomography (CT) scans

(a & b) and ultrasound (US) scan (c) of patients with hepatic
echinococcosis (a) Alveolar echinococcosis (AE) from

E. multilocularis infection. (b) Cystic echinococcosis (CE) due

to E. granulosus. (c) A patient with both CE (arrowhead) and AE

(arrowhead) of the liver.
Diagnosis

Early diagnosis of CE and AE can provide significant
improvements in the quality of the management and
treatment of both diseases. In most cases, the early stages
of infection are asymptomatic, so methods that are rela-
tively easy to use and that are cheap are required for
large-scale screening of populations at high risk. The
definitive diagnosis for most human cases of CE and AE
is by physical imaging methods (Figure 3) such as radiol-
ogy, ultrasonography, computed axial tomography (CT
scanning), and magnetic resonance imaging (Wang et al.,
2003), although such procedures are often not readily
available in isolated communities.

Immunodiagnosis complements the clinical picture,
being useful not only in primary diagnosis but also for
follow-up of patients after surgical or pharmacological treat-
ment (Li et al., 2004; Zhang and McManus, 2006). Detection
of circulating E. granulosus antigens in sera is less sensitive
than antibody detection, which remains the method of
choice. Hydatid cyst fluid (HCF) antigens are the usual
source of antigenic material for immunodiagnosis. Along
with HCF, the lipoproteins antigen B and antigen 5, the
major components ofHCF, arewidely used in current assays
for immunodiagnosis of CE. Cross-reactivity with antigens
from other parasites, notably other taeniid cestodes, is a
major problem. Overall, CE serology may be improved by
combining several defined antigens (including synthetic
peptides) and the design of new E. granulosus-specific pep-
tides that react with otherwise false-negative sera. Cur-
rently, however, there is no standard, highly sensitive, and
specific test available for antibodydetection in cases of CE.
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The diagnosis of AE is based on similar findings and
criteria as in CE. Like CE, serodiagnosis of alveolar echi-
nococcosis provides a complementary role to other pro-
cedures in early detection of the infection. The methods
are similar to those used for CE, with serological tests for
antibody detection being generally more reliable for AE
than CE. AE is a very serious disease with a high fatality
rate, so early detection is paramount in order that suc-
cessful management and treatment can commence.

In comparison with investigations in humans, relatively
little research has been directed toward the development
of immunodiagnostic techniques for E. granulosus infection
in domesticated animals such as sheep and cattle. Cur-
rently, diagnosis of CE in intermediate hosts is based
mainly on necropsy procedures. As with human CE,
detection of circulating antigen does not appear to be
useful for diagnostic purposes.

Two major diagnostic methods have been extensively
used in dogs, purgation with arecoline compounds and
necropsy of the small intestine. Necropsy is the method of
choice for foxes and other final hosts. Two main immuno-
diagnostic approaches have been developed for diagnosis
of E. granulosus and E. multilocularis infection in definitive
hosts – ELISA-based assays for specific serum antibody and
detection of parasite products (coproantigens) in feces.
Polymerase chain reaction (PCR)-based assays have also
been developed recently for detecting DNA of E. multi-
locularis and E. granulosus in fecal samples of definitive hosts.
Treatment

Treatment for CE should be reserved for symptomatic
lesions or those affecting vital anatomical structures. Sur-
gery has been the mainstay of therapy for large cysts, those
that are superficial and likely to rupture, infected cysts, and
those in vital anatomical locations or exerting significant
mass effect. Surgery may be impractical in patients with
multiple cysts in several organs or where technical expertise
and/or facilities are inadequate. The advent of effective
preoperative chemotherapy has reduced the require-
ment for aggressive surgical procedures. The benzimidazole
compounds – albendazole and mebendazole – have been
the cornerstone of chemotherapy for CE. Mebendazole is
less efficacious than albendazole for CE. Praziquantel has
been used with albendazole for combined treatment of CE,
and an early human trial demonstrates improved efficacy
over albendazole alone.

Radical surgery – as for hepatic malignancy – has been
the historical cornerstone of treatment for AE. Early diag-
nosis of AE is crucial and results in a reduced rate of
unresectable lesions and reduces the requirement for
radical surgery. Perioperative and long-term ‘adjuvant’
chemotherapy with albendazole has been associated with
10-year survival of approximately 80% compared with
<25% in historical controls. Liver transplantation has been
performed on some AE patients with untreatable disease.
Prevention and Control

Preventative measures that have been used to control Echi-
nococcus infections include avoiding contact with dog or
fox feces, hand washing and improved sanitation, reducing
dog or fox populations, treating dogs with arecoline hydro-
bromide, praziquantel, or using praziquantel-impregnated
baits, incinerating infected organs, and health education.
Despite ongoing control efforts, relatively few countries
have been able to substantially reduce or eradicate AE
or CE. However, there has been notable success in
Iceland (eradication; 1950s), New Zealand (control program
instigated in 1959), Tasmania (1965), the provinces of Neu-
quen (1970) and Rio Negro (1979) in Argentina, Cyprus
(1970), and Chile (1978), where highly effective and sus-
tained CE control programs have been carried out. The
arecoline-based dog-testing programs adopted by New
Zealand and Tasmania resulted in near-elimination of
E. granulosus within 20–25 years and, in both cam-
paigns, transmission to humans almost ceased within about
10–12 years. There have been clear technological improve-
ments made recently in the diagnosis and treatment of
human and animal CE, the diagnosis of canine echinococ-
cosis, and the genetic characterization of strains and vacci-
nation against E. granulosus in animals (Craig et al., 2007).
Incorporation of these new measures could increase the
efficiency of hydatid control programs, potentially reducing
the time required to achieve effective prevention of disease
transmission to as little as 5–10 years (Craig et al., 2007).

Control of E. multilocularis is especially problematic, as the
primary cycle is almost always sylvatic and transmission is
complicated by a number of epidemiological features dis-
cussed earlier. Some progress has beenmade in recent years,
and praziquantel baits for control of E. multilocularis infec-
tions in foxes may prove of value. However, the Japanese
island of Rebun is the only known instance where E. multi-
locularis has been eradicated from an area where it was
previously endemic. This was achieved by eliminating the
fox and dog population on the island. The successful CE
control programs show that prevention of transmission to
either host can reduce or even eliminate the infection in
human and livestock populations. So, if either or both hosts
could be vaccinated, the effect would be to improve and
more rapidly expedite control. The generally sylvatic nature
of the life cycle of E. multilocularis makes a vaccination
approach to control unlikely.

Vaccination of the animal intermediate hosts of Echino-
coccus is a burgeoning area that has moved forward consid-
erably in recent years. A recombinant vaccine, designated
EG95, has been developed for use against E. granulosus in
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sheep (Gauci et al., 2005). The vaccine has been shown to
confer a high degree of protection against challenge with
different geographical isolates of E. granulosus, indicat-
ing that it should have wide applicability as a new tool
for use in hydatid control campaigns. The vaccine pro-
vides a valuable new tool to aid in control of transmission
of this important human pathogen, and it also has the
potential to prevent hydatid disease directly through
vaccination of humans. Compared with the major advances
in vaccinating sheep against E. granulosus, attempts to
vaccinate canine definitive hosts have yet to achieve a
similar level of success. Nevertheless, a series of experi-
ments to induce immunity in dogs through vaccination
with various components have been carried out with some
encouraging results (Zhang et al., 2006), and this is an area
well worth pursuing. There is some evidence for the
development of acquired immunity to E. multilocularis in
foxes, although detailed knowledge is unavailable.

Despite the establishment of extensive and successful
control programs against CE in some countries or regions,
E. granulosus still has a very wide geographic distribution.
Worryingly, recent evidence points to CE being a public
health problem of increasing concern in a number of
countries where control programs have been reduced
due to economic problems and lack of resources, or have
yet to be fully instigated. It is likely that, unless govern-
ment health authorities prioritize the disease and instigate
appropriate control methods, E. granulosus will persist or
re-emerge in many endemic areas worldwide, causing
severe disease and considerable economic loss. A similar
but even more alarming situation prevails with E. multi-

locularis, as indicated by the increasing AE prevalence,
its distribution, which is wider than previously thought,
and the clear evidence that the parasite can readily
spread from endemic to nonendemic areas. As well, unlike
E. granulosus, effective methods for control of E. multilocu-
laris are not available, which adds support to the argument
for more effective prevention measures and early diagno-
sis of AE. For both CE and AE, chemotherapy has facili-
tated less invasive surgical management. However, there is
a clear need for new advances in the prevention and
chemotherapy of both these neglected diseases.

See also: West Nile Disease.
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What is Filariasis?

Filariasis is the common term for a group of diseases
caused by parasitic nematodes belonging to superfamily
Filarioidea, the hierarchical classification of which is
given below (Taxonomicon, 2006):

1. domain Eukaryota – eukaryotes
2. kingdom Animalia (Linnaeus, 1758) – animals
3. subkingdom Bilateria (Hatschek, 1888; Cavalier-

Smith, 1983) – bilaterians
4. branch Protostomia (Grobben, 1908) – protostomes
5. infrakingdom Ecdysozoa (Aguinaldo et al., 1997; e.g.,

Cavalier-Smith, 1998) – ecdysozoans
6. superphylum Aschelminthes

7. phylum Nematoda (Rudolphi, 1808; Lankester, 1877) –
roundworms

8. class Secernentea V(on Linstow, 1905)
9. subclass Spiruria

10. order Spirurida
11. suborder Spirurina
12. superfamily Filarioidea

13. family Filariidae

14. family Aproctidae

15. family Setariidae

Adult worms of these parasites live in the lymphatic
system, cutaneous tissues, or body cavities of humans and
are transmitted through vectors.

The nematode species that inhabits cutaneous tissues
include Onchocerca volvulus, Loa loa, and Dracunculus

medinensis, causing river blindness (onchocerciasis), loiasis,
and guinea worm disease (dracunculiasis), respectively.
Body-cavity-dwelling nematode parasites that cause man-
sonelliasis are Mansonella perstans and Mansonella ozzardi.
Two other species of filaria that may infect humans are
Dirofilaria spp. (dirofilariasis) and Meningonema peruzzi

(cerebral filariasis). Another species that infects humans
is Mansonella streptocerca, which rarely causes pathology.
The parasitic nematodes infecting humans are listed
in Table 1.
What is Lymphatic Filariasis?

Filariasis caused by lymph-dwelling nematodes is called
lymphatic filariasis (LF). Three nematode parasites caus-
ing LF are Wuchereria bancrofti, Brugia malayi, and Brugia
timori. These parasites are grouped as distinct species and
strains by their morphology and periodicity of micro-
filaria (mf) appearance in peripheral blood of humans
in Table 2.

Infection is transmitted from person to person by
mosquitoes, which breed in dirty and stagnant water,
often found in remote rural areas and in neglected
periurban/urban areas. Inadequate sanitation, improper
drainage systems, crowding, and lack of affordability of
personal protection measures contribute to the transmis-
sion of the disease.

Lymphatic filariasis has been a scourge of human
civilization for thousands of years, being first portrayed
on the pharaonic wall paintings of Egypt and in the
ancient medical texts of China, India, Japan, and Persia.
Elephantiasis and hydrocele were first associated with
filarial worms and their mosquito vectors in the late
nineteenth century by French, English, and Australian
physicians working with patients from Cuba, Brazil,
China, and India (GlaxoSmithKline, 2006).

Themost widespread human lymphatic filarial infection
is caused by W. bancrofti and is commonly termed bancrof-
tian filariasis. Of a total 120million people infected, over
107 million (90% approx.) are infectedwithW. bancrofti and
the remainder with Brugia malayi (9%) and Brugiya timori

(1%) (Figure 1).
Parasite Life Cycle

The adult worms, male and female, live in the lymph
vessels and lymph nodes. The adult parasite can survive
for 10 to 18 years (Vanamail et al., 1990). The microfilariae
are produced from ova in the uterus of female worms, and
sheathed microfilariae begin to appear in the peripheral
blood in six months to one year after infection (depending
upon the infectivity of transmission; to produce mf, at
least one pair must be present). The microfilariae remain
in the arterioles of the lungs during the day and emerge
into peripheral circulation at night (nocturnally periodic).
When picked up by the mosquito during a blood meal,
microfilariae undergo development in mosquitoes (inter-
mediate hosts) to form infective larvae. In most endemic
areas, the periodicity of mf coincides with the biting
activity of the vector.

The microfilariae ingested by the mosquitoes shed
their sheaths, penetrate the stomach wall, migrate to
the muscles of the thorax, and develop there without



Table 2 Vectors of lymphatic filariasis/parasites/periodicity and their distribution

Sl. no. Vectors Parasites Distribution

1. Cx. quinquefasciatus W. bancrofti Tropics and subtropics

2. An. gambiae W. bancrofti Ethiopia region (Africa and Yemen)

3. An. arabiensis W. bancrofti Tropical Africa

4. An. melas W. bancrofti West Africa
5. An. merus W. bancrofti East and southern Africa

6. An. quadriannulatus W. bancrofti Ethiopia, South Africa, and Zambia

7. An. bwambae W. bancrofti Uganda

8. An. barbirostris B. timori Indonesia
9. Oc. (F). niveus W. bancrofti Myanmar, W. Thailand, Andaman and Nicobar Islands

10. Oc. (F). poicilius W. bancrofti Borneo, Myanmar, Sulawesi, India, Java, Malaya, New Guinea, Sumatra,

and the Philippines
11. Oc. (F). kochi W. bancrofti New Guinea, Samoa, Soloman, Fiji, and Car Nicobar islands

12. Oc. (F). fijiensis W. bancrofti Polynesia (Fiji)

13. Oc. (F). samoanus W. bancrofti Polynesia (Samoa)

14. Ochlerotatus W. bancrofti Fiji islands
15. Ae. (S). polynesiensis W. bancrofti Polynesian islands

16. Mansonia annulifera B. malayi Southeast Asia, Indonesia, China, and Korea

17. Mansonia uniformis B. malayi

18. Mansonia indiana B. malayi

W. bancrofti (90%)

B. timori (1%)

B. malayi

 (9%)

Figure 1 Relative contribution of three parasite species

towards lymphatic filariasis.

Table 1 Nematodes infecting human

Sl. no. Parasite species
Tissue where adult
worm lives

Tissue where mF
present

Invertebrate
vector Disease

1. Wuchereria bancrofti Lymphatic Blood Mosquito spp. Filariasis

2. Brugia malayi Lymphatic Blood Mosquito spp. Filariasis

3. Brugia timori Lymphatic Blood Mosquito spp. Filariasis

4. Loa loa Connective tissue Blood Chrysops spp. Loiasis
5. Onchocerca volvulus Skin Skin Simulium spp. Onchocerciasis

6. Dipetalonema

streptocerca

Skin Skin Culicoides spp. Streptocerciasis

7. Mansonella perstans Serous membranes Blood Culicoides spp. Mansonellosis
8. Mansonella ozzardi Skin Skin & blood Culicoides spp. Mansonellosis

9. Dracunculus

medinensis

Subcutaneous tissues External water Cyclops Dracunculiasis

10. Dirofilaria spp. Lung & subcutaneous

tissues

Mosquito spp. Dirofilariasis

11. Meningonema peruzzi Subarachnoid space Cerebrospinal fluid? Cerebral

filariasis?
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multiplication (Figure 2). The slender and tiny micro-
filariae (mean length of mf in Wb 290mm, Bm 222mm,
and Bt 310 mm) transform into immobile and inactive
sausage stage (L1) larvae (length: L1 Wb 318–1307mm,
Bm 541–954mm, and Bt 572–1352mm), which have a cuticle
that forms a conspicuous slender tail with specific identifi-
cation characters. The larvae grow rapidly in length and
breadth after their first molt to become L2 or pre-infective
larvae (length:Wb1049–2003mm, Bm 1162–1702mm, and Bt
1474–1749mm), which are recognized by the presence of
one or two papillae at their caudal end and by their short tail.

The L2 shed the visible cuticle and molt into infective
or L3 larvae, and grow further in length and occupy
initially the abdomen and later the head and proboscis.
The duration of development of mf to infective stage varies
between species and also depends upon the climatic con-
ditions and density of mf ingested. Normally W. bancrofti

takes 10–14 days, whereas B. malayi and B. timori take
7–10 days in a tropical climate.



Figure 2 Four stages of parasite development in vectors – mf, L1, L2, L3 infective stage.
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When the infective mosquitoes (harboring L3 larvae)
bite, some or all of the infective larvae escape from the
proboscis and actively enter the human host through
the wound made by the mosquito bite. The shortest pre-
patent period (from entry of L3 to appearance of mf in
the peripheral blood) is estimated to be �3months for
B. malayi and 9months for W. bancrofti.
Vectors of Filaria

Five mosquito species belonging to genera Culicine, Anoph-
eline, Aedine, Mansonioids, and Ochlerotatus act as vectors.
Their life cycles are complex since part is spent in the
aquatic and part in the terrestrial environment. The mos-
quito life cycle consists of four stages, namely, egg, larva,
pupa, and adult. Except for the adult stage, all the other
stages develop in water (aquatic stages). Eighteen species
belonging to the genus Culex, Anopheles, and Mansonia act
as vectors. The main vectors of W. bancrofti are culicine
mosquitoes in most urban and semiurban areas, anophe-
lines in the more rural areas of Africa and elsewhere, and
Aedes species in many of the endemic Pacific islands. For
the brugian parasites, Mansonia species serve as the main
vectors, but in some areas the vectors are anopheline
mosquitoes (Vanamail et al., 1990).

Culex quinquefasciatus, the vector of Bancroftian filariasis,
is ubiquitous in nature, breeds in a wide variety of
water bodies, and can exploit any stagnant water body
but prefers stagnant and polluted waters. Drains, septic
tanks, pit latrines, cesspits, wells, coir pits, marshy
swamps, and empty containers that get filled with rain-
water, as well as tree holes, are known to support Culex
quinquefasciatus breeding.

A total of nine species of Anopheles mosquitoes, clear-
water breeders, transmit LF in tropical Africa alone.
The most important vectors of W. bancrofti are Anopheles

gambiae, An. funestus, and Aedes polynesiensis, while B. malayi

is vectored by An. barbirostris, An. sinensis, and An. donaldi,
and B. timori by An. barbiostris.

Aedes mosquito breeding sources are abandoned grind-
ing stones, water stored in earthen pots, plastic cups,
and other stagnant water containers. Extensive surveys
have shown that Aedes aegypti, which normally breed in
containers, are also found to breed in wells, coconut tree
holes, and septic tanks, indicating diversification of this
species to newer habitats and the necessity for extending
vector surveillance and control strategies.

Mansonioides, responsible for the transmission of bru-
gian filariasis, breeds in ponds with Pistia stratiotes and
mixed vegetation. In addition to the most abundant and
preferred host plants such as P. stratiotes, Salvinia molestes,

and E. crassipes, natural breeding of Mansonia species was
observed with 16 other plants.

Larvae of Ochlerotatus breed in rock holes along rivers
and streams, shallow margins of pools, ditches, grassy
snowmelt pools at higher elevations, in brackish and saline
waters (i.e., intertidal marshes and margins of bays and
lakes), large grassy pools in meadows in full sunlight,
and also deep grassy pools in shaded or open situations
where water persists.

Contribution of four main vectors responsible for
disability-adjusted life year (DALY) loss due to lymphatic
filariasis is depicted in Figure 3.
Global burden of lymphatic filariasis

Lymphatic filariasis is second only to mental illness as
the world’s leading cause of long-term disability (Global
Alliance to Eliminate Lymphatic Filariasis, n.d.). The
current estimate reveals that 120million people in
83 countries of the world are infected with lymphatic
filarial parasites, and it is estimated that more than
1.1 billion (20% of the world’s population) are at risk
of acquiring infection (WHO, 1999). Over 40million peo-
ple are severely disfigured and disabled by filariasis. In
addition, the social and psychological impact can be
enormous – often destroying marriages and family rela-
tionships. Of the estimated 120 million people infected,
76million are apparently normal but have hidden internal
damage to lymphatic and renal systems and 44million
have disease manifestations (Global Alliance to Eliminate
Lymphatic Filariasis, n.d.).

One-third of the people with LF infection live in India,
one-third in Africa, andmost of the remainder are in South-
east Asia, the Pacific region, and the Americas. According to
the World Health Organization, India, Indonesia, Nigeria,
and Bangladesh account for 70% of all infections world-
wide (WHO, 2000).
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The disease is reported to be responsible for 5million
DALYs lost annually, ranking third among the Tropical
Disease Research (TDR) diseases in terms of DALYs, after
malaria and TB. India and Africa together account for
85–90% of the estimated burden of disease in terms of
DALYs. Lymphatic filariasis is a major impediment to
socioeconomic development (India has been estimated
to lose $1 billion per year as a result of lymphatic filaria-
sis) and is responsible for immense psychosocial suffering
among the affected.
Epidemiological burden

The current estimates of the number of people infected
are based on very limited information, especially for
Africa, where the distribution of the disease is hardly
known and where mapping has only just begun. Further-
more, recent studies have shown that hidden lymphatic
and other pathology, which is not taken into account
in the DALY estimates, begins in early childhood and is
common among the large number of infected persons who
do not have overt clinical symptoms. Hence, estimates
of the burden of lymphatic filariasis are likely to change
significantly over the coming years.

The epidemiological trends during the last decades
have varied widely between different regions of the
world. Filariasis was controlled or eradicated from several
islands in the Pacific, and China has seen a dramatic
reduction in infection levels. In most endemic areas of
the world there has been a declining trend in filariasis
infection during the last 10 years, and in many areas
there has been an increase, often associated with urbani-
zation, environmental change, decline in control efforts,
or simply as a result of population growth in the absence
of control, as in Africa.
Socioeconomic burden

Filariasis causes debility and imposes severe social and
economic burden to the affected individuals, their families,
and the endemic communities. The disease impairs the
occupational, travel, domestic, and economic activities of
more than 70% of the affected individuals (Ramaiah et al.,
1997). While the impairment caused by acute disease is
transient, it is lifelong in the case of chronic filariasis
patients. The economic costs of the disease are also con-
siderable and significant. These costs are in the form of
expenditure on treatment (direct costs) and loss of labor
(indirect costs). While two-thirds of adenolymphangiitis
(ADL) patients were found to seek treatment for acute
filarial episodes, only 27% of them spent on treatment.
Those who spent for treatment incurred an average expen-
diture of Indian Rs. 80 (US$2.00) per day (Ramaiah et al.,
1997). About three-fourths of chronic patients consulted the
doctor every year, and 52% of them incurred an average
expenditure of Rs. 72 per annum on treatment (Ramaiah
et al., 1998). The labor loss due to lymphatic filariasis
accounted for more than 80% of the total costs. During
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the acute episodes, which last for an average of 3–4 days, the
ADL patients lost on the average 3.50–4.06 hours of eco-
nomic activity per day. The labor loss due to chronic disease
is more serious, as it occurs throughout life. An individual
with chronic disease loses 19% and 13% of his labor time
related to economic and domestic activity, respectively. In
an endemic community, 3.8% and 0.77%of the labor inputs
of men and women were lost, respectively (Ramaiah et al.,
1999). Another study in a weavers’ community showed that
their productivity was 27% less than that of the normal
individuals (Ramaiah et al., 2000b).

In India, there are about 31million mf carriers
and 20.3 million chronic patients (Ramaiah et al., 1996).
Extrapolation of the above results to India showed that
the total direct cost incurred by filariasis patients was
US$45 million and the indirect cost in the form of labor
loss was estimated to be US$842million (Michael et al.,
1996). These losses would be much higher if the loss of
productivity and costs of the National Filariasis Control
Programme were also added. The economic costs may go
up further if the disease prevalence figures, which are
known to be underestimates, are revised. However, US
$75million would be a more reasonable estimate of the
true direct cost.
Wolbachia Endosymbionts

Several recent studies have demonstrated presence of
Wolbachia endosymbionts in the adult filarial worms and
microfilaria of both W. bancrofti and B. malayi. These
bacteria are necessary for the development, viability, and
fertility of the adult parasite. Drug interventions directed
against Wolbachia destroy the adult worms. The role
of these bacteria in the pathogenesis of filariasis and
its inflammatory episodes is being actively investigated
(Taylor et al., 2005).
Clinical Spectrum

The disease spectrum of LF ranges from the initial phase
of asymptomatic microfilaremia to the later stages of
acute, chronic, and occult clinical manifestations. Clinical
signs vary depending upon the parasite; for example,
in B. malayi infection, only the legs below the knee and
upper limbs below the elbow are affected and there is no
genital involvement, whereas major clinical presentation
in W. bancrofti infection is hydrocele or lymphedema
involving the whole of the lower or upper limbs.
Figure 4 Patient with lymphangiitis.
Asymptomatic microfilaremia

In an endemic area for LF, among infected individuals,
the largest group consists of otherwise healthy young
adults and children who have microfilaria in their
peripheral blood without any overt clinical manifesta-
tions. They live with adult worms in their lymphatic
system. Even at this stage, subclinical changes like
lymph vessel dilation and tortuosity are shown by ultra-
sonography and lymphoscintigraphy. Only some among
these asymptomatic infected individuals progress to clin-
ical disease over the course of time.
Acute manifestations

The following acute manifestations are known to occur
in LF.
Acute dermatolymphangioadenitis (ADLA)

Acute dermatolymphangioadenitis is the most common,
accounting for 97% of acute episodes (Ramaiah et al.,
2000a). Attacks of ADLA associated with fever and chills
often make the person seek medical intervention. Even
though ADLA occurs both in the early and late stages
of the disease, it is more frequent in higher grades of
lymphedema. The affected area, usually in the extremities
or sometimes in the scrotum, is extremely painful, warm,
red, swollen, and tender. The draining lymph nodes in
the groin or axilla become swollen and tender. Thus
there may be lymphangiitis, lymphadenitis, cellulitis, or
abscess (Figures 4 and 5). Depending on the presence
of precipitating factors, such acute attacks recur several
times a year in patients with filarial swelling.

There is enough evidence now to show that secondary
infections due to bacteria like streptococci are responsible
for these acute episodes. In the affected limbs, lesions
favoring entry of such infecting agents can be demon-
strated, either in the form of fungal infection, minor
injuries, infections, eczema, or cracks in the feet. In higher
grades of lymphedema, fungal infection tends to occur in
the webs of the toes and becomes aggravated during the
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rainy season or due to household work where the feet
are soaked in water (Figure 6). In such situations, the
ADLA attacks are more frequent, and they are respon-
sible for the persistence and progression of lymphedema
leading on to elephantiasis.
Acute epididymo-orchitis and funiculitis

Acute epididymo-orchitis and funiculitis are acute genital
manifestations seen occasionally. Inflammation of struc-
tures in the scrotal sac may result in acute epididymo-
orchitis or funiculitis in bancroftian filariasis. This is
characterized by severe pain, tenderness, and swelling
of the scrotum, usually with fever and rigor. The testes,
epididymis, or spermatic cord may become swollen and
extremely tender. Like acute ADLA, these attacks are
precipitated by bacterial infections.
Figure 5 Patient with lymphadenitis.

Figure 6 Interdigtal lession facilitating fungal and bacterial

invasion.
Acute filarial lymphangitis (AFL)

Acute filarial lymphangitis (AFL) directly caused by the
death of adult worms is usually rare. These episodes occur
when adult worms are destroyed in the lymphatic system,
either spontaneously or by drugs like diethylcarbama-
zine (DEC). Small, tender nodules form at the location
where adult worms die, either in the scrotum or along the
lymphatic system of the limbs. Lymph nodes may become
tender. Inflamed large lymphatic systems may stand out
as long tender cords underneath the skin, usually along
the sides of the chest or the medial aspect of the arm,
with restriction of movement of the affected limb. But
these episodes are not associated with fever, toxemia, or
evidence of secondary bacterial infection (Ramaiah et al.,
2000a). Rarely, abscess formation may be seen at the site
of dead adult worms.
Chronic manifestations

Lymphedema and elephantiasis

Lymphedema of the extremities is a common chronic
manifestation of LF, which on progression leads on to
elephantiasis. Lymphedema of the limbs is graded as
follows:

1. Grade I – Pitting edema, reversible on elevation of the
affected limb.

2. Grade II – Pitting or nonpitting edema that does not
reverse on elevation of the affected limb, and there are
no skin changes (Figure 7).

3. Grade III – Nonpitting edema that is not reversible,
with thickening of the skin.

4. Grade IV – Nonpitting edema that is not reversible,
with thickening of skin, along with nodular or warty
excrescences (Figure 8).
Figure 7 Grade II lymphedema.
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In the advanced stages of lymphedema, the skin is
thickened and thrown into folds, often with hypertrichosis,
black pigmentation, nodules, warty growths, intertrigo in
the webs of the toes, or chronic nonhealing ulcers.
Genitourinary lesions

Hydrocele is a common chronic manifestation of bancrof-
tian filariasis in males (Figure 9). This is characterized by
accumulation of fluid in the tunica vaginalis, the sac
covering the testes. The swelling gradually increases
over a period of time and in long-standing cases, the size
of the scrotum may be enormous. Microfilaria may be
detected in the peripheral blood or in the hydrocele
fluid in some of these patients, unlike in those with
chronic lymphedema. Occasionally the hydrocele may
have an acute onset, when the neighboring lymphatic
Figure 8 Nonpitting edema.

Figure 9 Hydrocele.
system is inflamed due to the death of adult worms.
This is usually self-limiting and may disappear over time.

Lymphedema of the scrotum and penis may occur in
bancroftian filariasis. In some subjects, the skin of the
scrotum may be covered with vesicles distended with
lymph, known as ‘lymph scrotum.’ These patients are
prone to ADLA attacks involving the skin of genitalia.
Hematuria, chyluria, and chylocele are the other genito-
urinary manifestations associated with LF.

Tropical pulmonary eosinophilia

Tropical pulmonary eosinophilia (TPE), associated with
high eosinophil counts in the peripheral blood, is an
occult manifestation of both W. bancrofti and B. malayi

filariasis.
This syndrome is characterized by severe cough and

wheezing (especially at night); frequent weight loss and
fatigue, but withminimal or no fever; restrictive or obstruc-
tive lung abnormalities; abnormal chest radiographs that
frequently showdiffuse mottled pulmonary interstitial infil-
trate; peripheral blood eosinophilia >2500 cells/l; extreme
elevation of immunoglobin (IgE); extreme elevation of
antifilarial antibodies; and dramatic clinical improvement
in response to specific antifilarial chemotherapy with
diethylcarbamazine (DEC) (Dreyer et al., 1999).
Pathology

The early pathology in lymphatic filariasis is caused by
the adult worms damaging the lymphatic system both
structurally and functionally. Later superadded bacterial
infections in the affected limbs contribute to acute inflam-
matory episodes, which in turn lead to lymphedema and
progression of the disease (Hise et al., 2004).

The earliest structural change is the dilation of the
lymph vessels where the adult parasites live. This is seen
in young adults and children who only have microfilaria
in their blood without any outward evidence of dis-
ease. Lymph vessel dilation extends diffusely to vary-
ing distances along the affected lymphatic system, as
shown by ultrasound examination and lymphoscintigra-
phy (Olszeevski et al., 1993; Noroes et al., 1996). This
lymphangiectasia, which is thought to be induced by
the parasite products, leads to lymphatic dysfunction.
The affected sites, usually the legs, are prone to bacterial
infections, causing acute attacks of lymphangitis, lymph-
adenitis, or cellulitis. Bacteria gain access when the integ-
rity of the skin barrier is compromised either through
wounds, fungal infections, eczema, or other such lesions
of the skin, which act as entry points for the infecting
organisms. Such episodes precipitate lymphedema, usu-
ally in the extremities and sometimes genitalia in males
or, rarely, breasts in females.

As the disease progresses, further dilation and tortuos-
ity of the lymph vessels, proliferation of the endothelium
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of the lymphatic system, and new lymph vessel formation
occur. Later stages are characterized byobstructive changes:
gross thickening of the skin, and subcutaneous tissues with
nodular andwarty outgrowths. Chronic ulcers, eczema, and
pigmentation may also be seen. The dilatation, stasis, and
rupture of the draining lymph vessels results in the devel-
opment of hydrocele, chylocele, chyluria, lymph scrotum,
or lymphorrhea, depending upon the location and extent of
lymphatic damage.

The death of the adult worms, either drug-induced
or spontaneous, results in inflammatory changes in the
lymphatic system where the dead worms are located and
there is predominant eosinophilic infiltration. This may
present as a nodule, lymphangitis, or rarely as sterile
abscess. There may be calcification at the site of dead
adult worms. Death of adult worms in the lymph vessels
of the spermatic cord in the vicinity of tunica vaginalis
may result in acute-onset hydrocele.

Tropical pulmonary eosinophilia syndrome occur-
ring in filariasis is characterized by severe allergic
response to microfilariae, resulting in their destruction.
There is increased production of IgE and the peripheral
blood eosinophilia counts are > 2500/ml. There is no
associated lymphatic pathology.
Immunology

The host immune mechanism plays a major role in the
pathogenesis of LF, along with parasite-induced pathol-
ogy. Thus in asymptomatic microfilaremia, which is
associated with lymphangiectasia, there is production of
cytokines and antibodies that downregulate the immune
system and contain the inflammatory reaction. This facil-
itates the persistence of the parasite in the host without
its being destroyed by the immune system. The stage
of clinical disease is associated with breakdown of this
tolerance and is characterized by the proinflammatory
response. The TPE syndrome is a hyperimmune res-
ponse, associated with extremely high levels of IgE
antibodies, markedly raised peripheral eosinophilia count,
and absence of microfilaremia (WHO, 1992).
Clinical Management of Cases

In LF, there usually are no obvious clinical signs/symptoms
during the initial stage of active filarial infection. Similarly,
when patients present with chronic lymphedema, there
is no active filarial infection in most of them. This makes
treatment of LF challenging.
Treatment of active filarial infection

Evidence of active filarial infection is by demonstration of
mf in blood, a positive test for circulating filarial antigen,
or demonstration of adult worms in the lymphatic system
by ultrasonography. The drug of choice is diethylcar-
bamazine (DEC) given orally, which is very effective in
destroying the mf and to some extent the adult worms.
The dose of DEC recommended by WHO for the treat-
ment of filariasis is 6mg/kg daily for 12 days (Noroes
et al., 1997). Recent drug trials have shown that a single
dose of 6mg/kg is as effective as the 12-day course,
against both microfilariae and adult worms (Freedman
et al., 2002). Ultrasonography has shown that this single
dose of DEC kills �50% of the adult worms. If they are
insensitive to this single dose, repeated administrations of
the drug do not kill the parasite. Treatment with DEC
does not seem to reverse the lymphatic damage in adults
once it is established (Addiss and Dreyer, 2000).

The effective dose of the drug is shown to be 6mg/kg
in single dose, which may be repeated once in 6 or
12months, if evidence of active infection persists (Ismail
et al., 2001). The adverse effects noticed with DEC are
mostly in subjects who have microfilaremia, due to their
rapid destruction. Characterized by fever, headache,
myalgia, sore throat, or cough that lasts from 24–48 h,
these symptoms are usually mild, self-limiting, and
require only symptomatic treatment. Adverse effects
directly related to the drug are very rare.

The well-known anthelmintic drug albendazole is
shown to destroy the adult filarial worms when given
in doses of 400mg orally twice daily for 2 weeks (Suma
et al., 2002). This dosage results in severe scrotal inflam-
mation, presumably due to adult worm death. The opti-
mum dose of this drug for treatment of active filarial
infection is yet to be determined. Ivermectin, even though
a good microfilaricidal drug, has no proven action on the
adult parasite.

Drugs acting on the Wolbachia endosymbionts may
have a role in treatment of active filarial infection when
the parasite is not sensitive to DEC. It has been shown that
administration of doxycycline 100mg orally twice a day
for 6 weeks destroys adult worms through its action on
Wolbachia (Taylor et al., 2005).

Treatment and prevention of ADLA attacks

The most distressing aspect of lymphatic filariasis is the
acute attacks of ADLA. So their prompt treatment and
prevention are of paramount importance.

Bed rest and symptomatic treatment with simple drugs
like paracetamol are enough to manage mild cases. Any
local precipitating factor like injury and bacterial or
fungal infection should be treated with local antibiotic
or antifungal ointments. Moderate or severe attacks of
ADLA should be treated with oral or parenteral adminis-
tration of antibiotics, depending on the general condition
of the patient. Since they result from secondary bacterial
infections, systemic antibiotics like penicillin, amoxicillin,
or cotrimoxazole may be given in adequate doses until the



Helminthic Diseases: Filariasis 325
infection subsides. Bacteriological examination of swabs
from the entry lesions may help in selecting the proper
antibiotic in severe cases.

Antifilarial drugs DEC, ivermectin, or albendazole
have no role in the treatment of ADLA attacks, which
are caused by bacterial infections (Ramaiah et al., 2000a).

Presently there is a simple, effective, cheap, and
sustainable method available for prevention of these
attacks associated with filarial lymphedema. Many
recent studies have shown that this can be achieved by
proper ‘local hygiene’ of the affected limbs, carried out
regularly (Shenoy et al., 1998). Foot care aimed at pre-
vention of fungal and bacterial infections in order to
avert ADLA is the mainstay for disability alleviation
in LF elimination programs. This foot-care program
consists of washing the affected limb, especially the
webs of the toes and deep skin folds, with soap and
water twice a day, or at least once before going to bed,
and wiping dry with a clean and dry cloth. Other impor-
tant components of foot care are clipping the nails at
regular intervals and keeping them clean, preventing or
promptly treating any local injuries or infections using
antibiotic ointments, applying antifungal ointment to
the webs of the toes, skin folds, and sides of the feet
to prevent fungal infections, regular use of proper foot-
wear, and keeping the affected limb elevated at night
(WHO, 2005).

In patients with late stages of edema, proper local
care of the limb is not always possible due to deep skin
folds or warty excrescences. To prevent ADLA attacks in
such patients, long-term antibiotic therapy using oral
penicillin or long-acting parenteral benzathine penicillin
is indicated.
Treatment of lymphedema and elephantiasis

In early stages of the disease if the adult worms are
sensitive to DEC, treatment with this drug might destroy
them and thus logically prevent the later development of
lymphedema. Once lymphedema is established, there is
no permanent cure. The following treatment modalities
offer relief and help to prevent further progression of
the swelling:

. Using elastocrepe bandages or tailor-made stockings
while ambulant

. Keeping the limb elevated at night, after removing the
bandage

. Regular exercising of the affected limb

. Regular light massage of the limb to stimulate the
lymphatic system and to promote flow of lymph toward
larger patent vessels. This is useful only in early stages
of lymphedema

. Intermittent pneumatic compression of the affected
limb using single or multicell jackets

. Heat therapy using either wet heat or hot ovens
. Various surgical options are available to offer relief
of lymphedema, like lymph nodo-venous shunts,
omentoplasty, and excision with skin grafting. Even
after surgery, the local care of the limb should be
continued for life, so that ADLA attacks and recurrence
of the swelling are prevented.

Oral and topical benzopyrones and flavonoids are
advocated for the treatment of lymphedema. These drugs
are supposed to reduce high-protein edema by stimulat-
ing macrophages to remove the proteins from the tissues
when administered for long periods. Further controlled
trials are needed to substantiate this claim.
Treatment of genitourinary manifestations

Acute-onset hydrocele caused by the death of adult worms
in the vicinity of tunica vaginalis is usually self-limiting
and resolves in few weeks. DEC is indicated when there
is evidence of active filarial infection. Chronic hydrocele
can be corrected by surgery, which is the treatment of
choice. Chylocele is symptomatically managed by avoid-
ing fat intake, but surgery is indicated in persistent cases.
Attacks of acute epididymo-orchitis respond to rest and
treatment with antibiotics. For the treatment of lymph-
orrhea and elephantiasis of scrotum and penis, correc-
tive surgical procedures like excision and skin grafting
are indicated. Local hygiene measures are important to
prevent acute attacks.
Treatment of tropical pulmonary eosinophilia

DEC is the mainstay of treatment of TPE, and it is given
in the dose of 6mg/kg daily in three divided doses for
a period of 3 weeks or more, depending on the response.
In resistant cases, oral corticosteroids are useful.
Control/Elimination Strategy Currently in
Operation Against LF

Control operation against LF has a long history, and
many countries like China, Korea, the Maldives, and
a few Pacific Islands are at the verge of elimination.
Mainstay of control against lymphatic filariasis has
been chemotherapy and vector control, either alone or
in combination. New tools and strategies have become
available, largely as a result of TDR research, and the
World Health Assembly has adopted a resolution on the
global elimination of lymphatic filariasis as a public health
problem. A Global Programme for the Elimination of
Lymphatic Filariasis (PELF) has been launched, and
many country-level elimination activities have already
taken off.

The two principal components of the PELF are to
interrupt transmission of infection and to alleviate and
prevent the disability caused by the infection and disease.
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To interrupt transmission, the essential strategy is to
treat the entire population ‘at risk’ annually for periods
long enough to ensure that levels of microfilariae in
the blood remain below those necessary to sustain trans-
mission. For a yearly, single dose, this period has been
estimated to be 4–6 years, corresponding to the repro-
ductive lifespan of the parasite. Two drug regimens are
being advocated: albendazole (400mg) plus diethylcar-
bamazine (DEC; 6mg/kg); or albendazole (400mg) plus
ivermectin (200mg/kg). But for a treatment regimen
based on use of DEC-fortified salt, the period has been
found empirically to be 6–12months of daily fortified
salt intake.

To alleviate suffering and to decrease the disability
caused by lymphatic filariasis disease, the principal strat-
egy focuses on avoiding secondary bacterial and fungal
infection of limbs or genitals, where lymphatic func-
tion has already been compromised by filarial infection.
Elimination of the disease will take a long time when
the program aims at preventing any new case of filarial
infection. This could be achieved only if the entire com-
munity at risk consumes the drug. The challenges faced
for elimination have been highlighted by the latest Tech-
nical Advisory Group (WHO, 2005).

It is hoped that lymphatic filaria, which is a cause and
an effect of poverty, will get its due attention and focus.
Poverty elimination is one of the key Millennium Devel-
opment Goal, and elimination of filariaisis is one step
toward achieving this.
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Introduction to Foodborne
Trematodiasis

About 40–50million people globally are infected with
foodborne trematodes, leading to a condition termed
foodborne trematodiasis (FBT). Moreover, it is estimated
that at least 10% of the world population is at risk of FBT.
Various factors contribute to FBT including lack of edu-
cation by the populace, poor recognition of FBT by
medical authorities, increased production of aquaculture
products in unhygienic settings, and the popularity of raw
or undercooked food.

We have compiled a list of more than 80 species of
trematodes associated with FBT in humans (Table 1).
Many of these species infect relatively few people and
have minimal impact on health care. Most of the com-
piled species are intestinal trematodes in the families
Echinostomatidae and Heterophyidae. Although some
species of both families are significant contributors to
FBT, most global concerns are associated with genera
in the families Fasciolidae, Opisthorchiidae, and Para-
gonimidae. Because of the global health significance of
FBT associated with fasciolids, opisthorchiids, and para-
gonimids, considerable coverage of these digeneans is
made herein.
Major Groups of Trematodes

The major species and families associated with FBT are
summarized in Table 1.
Major Gastropod First Intermediate
Hosts

Gastropod molluscs (snails) are obligatory first intermedi-
ate hosts of foodborne trematodes. To initiate a life cycle
the correct snail species must either swallow an egg or be
penetrated by the active larval stage that emerges from the
egg, the miracidium. Within the correct snail species, a
digenean will undergo intramolluscan development by
asexual reproduction. Various developmental stages occur,
and the miracidium usually gives rise to a sporocyst (amor-
phous sac) that then gives rise to rediae (active larval stages
with a gut and ambulatory appendages). A daughter redia
usually gives rise to cercariae, which emerge from the snails
and infect a second intermediate animal or plant host and
form cysts (encysted metacercariae).

Most foodborne trematodes are vectored by freshwater
pulmonates (snails with modified lungs), but some use
freshwater prosobranchs (snails with gills) as hosts.
Marine and land snails play a less significant role in the
transmission of FBT. Vectors frequently associated with
the more important foodborne trematodes are species of
Lymnaea for fasciolids, Biomphalaria for echinostomatids,
Pomatiopsis and Semisulcospira for paragonimids, Semisulco-
spira and Cerithidea for heterophyids, and species of Bulimus
and Bithynia for the opisthorchiids.
Second Intermediate Hosts

Fish are important second intermediate hosts of many
foodborne trematodes. Freshwater fish are a major source



Table 1 The main species of human foodborne trematodes, their geographic locations and sources of infection

Family Main species Geographic location Source of human infection

Brachylaimidae Brachylaima ruminate Australia Helicid snails
Dicrocoeliidae Dicrocoelium dendriticum North America Ants

Eurytrema pancreaticum China, Japan Grasshoppers

Diplostomidae Alaria americana USA, Canada Frogs

Fibricola seoulensis Korea Frogs
Echinostomatidae Echinostoma hortense Korea, China, Indonesia Fish (loach)

Echinostoma cinetorchis Japan, Taiwan, Korea Snails

Echinostoma angustitestis China Fish
Echinostoma ilocanum Philippines Snails

Echinostoma lindoense Indonesia Clams

Echinostoma malayanum Singapore, Malaysia, Fresh water snails

Thailand, Philippines, Indonesia
Echinostoma macrorchis Japan Fresh water snails

Echinostoma revolutum Taiwan, China, Indonesia, Thailand Molluscs, tadpoles and clams

Echinoparyphium paraulum Former USSR, China

Episthmium caninum Thailand Fresh water fish
Echinochasmus perfoliatus Hungary, Italy, former USSR, Fish

Romania, Far East

Echinochasmus japonicus China and Korea Fish
Echinochasmus iiliputanus China Fish

Echinochasmus jiufoensis China Fish

Echinochasmus fujianensis China Fish

Artyfechinostomum mehrail India Snails
Hypoderaeum conoideum Thailand Snails

Himasthla muehlensi New York Clams

Fasciolidae Fasciolopsis buski East Asia Watercress

Fasciola hepatica East Asia Aquatic plants
Fasciola gigantica East Asia Aquatic plants

Gastrodiscidae Gastrodiscoides hominis India, Vietnam, Burma, Philippines, Thailand, China, Kazakhstan Aquatic plants, frogs, tadpoles and crayfish

Gymnophallidae Gymnophalloides seoi Korea Oysters

Heterophyidae Heterophyes heterophyes Far East, Tunisia, Egypt, Turkey, Iran, India Fish (mullet, Tilapia)
Heterophyes nocens Korea, Japan Fish (mullet)

Heterophyes dispar Korea, Thailand Fish (mullet and Tilapia)

Heterophyes katsuradai Japan Fish
Centrocestus armatus Korea Fish

Centrocestus formosanus China Fresh water fish, frogs

Centrocestus cuspidatus Egypt, Taiwan Fresh water fish

Centrocestus caninus Taiwan, Thailand Fish, frogs
Centrocestus kurokawai Japan Fresh water fish

Haplorchis pumilio Philippines, China, Taiwan Egypt Fresh water fish

Haplorchis yokogawai Thailand, Indonesia, Taiwan, Philippines, south China Shrimp, mullet

Haplorchis pleurolophocerca Egypt Fish
Haplorchis taichui Bangladesh, Thailand, Laos, Philippines, Taiwan Fresh water fish
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Haplorchis microrchis Japan Fish
Haplorchis vanissimus Philippines Fish

Diorchitrema formosanum Taiwan Mullet

Diorchitrema amplicaecale Taiwan Mullet
Diorchitrema pseudocirratum Hawaii, Philippines Mullet

Heterophyopsis continua Philippines, Korea, Japan, China Mullet, carp and goldfish

Metagonimus takahashii Korea Carp and goldfish

Metagonimus yokogawai Far East Fresh water fish
Metagonimus minutus Taiwan Mullet

Metagonimus miyatai Korea Fish

Stellantchasmus falcatus Philippines, Hawaii, Japan, Thailand, Korea Mullet

Stictodora fuscatum Korea Minnows
Procerovum varium Japan Fish

Procerovum calderoni Philippines, China, Africa Mullet

Pygidiopsis summa Japan, Korea Mullet
Phagicola sp. Brazil Mullet

Appophalus donicus USA Fish

Cryptocotyle lingua Greenland Fish (gobies)

Lecithodendriidae Phaneropsolus bonnie Indonesia Unknown
Phaneropsolus spinicirrus Thailand Unknown

Prosthodendrium molenkampi Indonesia Fish contaminated with infected naiads

Microphallidae Spelotrema brevicaeca Thailand, Philippines Shrimp

Opisthorchiidae Clonorchis sinensis Japan, China, Korea Fish
Opisthorchis viverrini Thailand, Laos Fish

Amphimerus pseudofelineus Ecuador Fish

Metochis conjunctus North America Fish (common sucker)
Opisthorcis felinus Ukraine Fish

Paragonimidae Paragonimus westermani Asia Crabs, crayfish

Paragonimus uterobilateralis Nigeria, West Africa Unknown

Paragonimus africanus West and Central Africa Unknown
Paragonimus mexicanus Central and South America Crabs

Paragonimus ecuadoriensis Ecuador Crabs

Paragonimus kellicotti Canada, North & Central America, South America Crabs

Paramphistomidae Watsonius watsoni West Africa Aquatic plants
Fischoederius elongates China Aquatic plants

Plagiorchiidae Plagiorchis philippinensis Philippines Insects

Plagiorchis muris Japan, Korea Insects

Plagiorchis harinasutai Thailand Insects
Plagiorchis javensis Indonesia Insects

Troglotrematidae Nanophyetus salminocola Russia, Western USA Fish

Strigeidae Cotylurus japonicus China Unknown
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of protein for people in Asia, in particular Thailand,
China, Laos, and Vietnam. Among the naturally occurring
freshwater fish, cyprinids are major species that breed in
natural water reservoirs, streams, or rivers and are caught
daily. The availability of these fish is an essential factor
that influences the rate of infection of people with food-
borne trematodes such as Clonorchis, Opisthorchis, and some
echinostomids.

Molluscs are important second intermediate hosts for
many foodborne trematodes. Infection with some species of
Echinostoma occurs by eating uncooked bivalves that contain
metacercariae. Other species of Echinostoma may be trans-
mitted to humans who eat raw or improperly cooked fish,
tadpoles, frogs, and snakes. Species of Heterophyidae infect
fish, which serve as a source of human infection.

Freshwater crustaceans are important second interme-
diate hosts for many. Sources of Paragonimus westermani

infection in humans are freshwater crabs and crayfish.
Aquatic vegetations serve as second intermediate hosts for
numerous foodborne trematodes. The mode of transmis-
sion of Fasciolopsis buski is related to the nutritional customs
(feeding habits) of people in East Asia who consume the
fruit of water nuts, which are contaminated with metacer-
cariae. Infection results from consumption of the raw pods,
roots, stems, or bulbs of certain water plants, often water
chestnuts, and is related to the habit of humans peeling
metacercariae-contaminated hulls of these vegetables with
their teeth before consumption. Nonaquatic plants such
as lettuce, alfalfa, mint, and sugarcane, which may be
eaten raw, have also been implicated in F. buski infections.
Watercress is a major source of human Fasciola hepatica

infection (WHO, 1995). Over 300 000 clinical cases of
fascioliasis occurred in more than 55 countries in Africa,
the Americas, Asia, Europe, and the western Pacific from
1970 to 1990. Large endemic areas have been reported
recently in Bolivia, Egypt, Iran, and Peru.
Epidemiology

Intestinal trematodes infecting humans can be considered
in six groups: fishborne; snailborne; mollusc- and crusta-
ceanborne; plantborne; amphibianborne; and insectborne
(WHO, 1995). The probability of trematode transmission
from animals to humans is influenced by the length of
time the animal is infective and the length of time the
parasite is viable in the intermediate host. The stability of
the parasite in direct transmission, where the trematode is
exposed to environmental changes, is also important. The
population density of the reservoir animals in the
endemic area contributes to the prevalence of infection.
Husbandry practices and dose and virulence of the para-
site are important factors in transmission.

Extensive economic losses have been attributed to
FBT in terms of lost productivity, absenteeism, direct
health-care costs, and the costs associated with animal
infections. The epidemiology of FBT has changed in
recent years. In some settings, the prevalence of FBT
has decreased significantly, which can be explained by
factors such as social and economic development, urbani-
zation, adequate food inspections, health education cam-
paigns, use of chemical fertilizers, and water pollution. In
many other areas, however, higher frequencies and trans-
mission dynamics have been observed, which is probably
the result of expansion of aquaculture for production of
freshwater fish and crustaceans and improved transporta-
tion and distribution systems to bring these aquatic foods
to local and international markets.
Prevention and Control

Traditional methods of food preparation have been cited
byWHO (1995) as a major risk in acquiring FBT. A better
understanding of this behavior is key to prevention and
control. The WHO Study Group noted that a lack of pub-
lic awareness and knowledge about FBT has been a major
constraint in the implementation of control measures. At
both the international and national levels, agencies
concerned with coordination of food safety, agriculture,
and aquaculture have rarely recognized the problem or
feasibility of control.

Studies on the effect of traditional food preservation/
preparation methods (salting, smoking, fermentation, cook-
ing, chilling) are contradictory, with unconfirmed evidence
that control procedures that are currently recommended
for other fishborne parasites (nematodes, cestodes) may not
be sufficient to control trematodes. Information from the
former USSR, China, Egypt, Thailand, and Brazil indicate
that trematode metacercariae in thick pieces of fish flesh
may survive after short periods of inadequate freezing
and/or cooking. Further information is needed on the
effect of certain food processing techniques on trematodes
and on their potential for transmission in fisheries and
integrated agriculture-aquaculture systems.

There are gaps in our knowledge about the distribution
and epidemiology of foodborne trematodes in some
countries, that is, about the biology and ecology of the
intermediate snail hosts, the diseases caused by these tre-
matodes, and interactions with diseases such as cholangio-
carcinoma, schistosomiasis, and tuberculosis. There is a
lack of understanding of the significance of aquaculture
compared to wild fisheries as principal transmission vectors
of foodborne trematodes. Aquaculture may contribute to
foodborne trematodes by using pond irrigation water.
Although it is sufficient to focus control on high-risk
endemic areas, the continuing lack of such vital informa-
tion could lead to poor utilization of financial resources
aimed at developing effective control management systems.

Several mechanisms aimed at controlling FBTexist, and
some are considered adequate for adaptation to national
control strategies. The types of foods that represent the
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highest risk – raw infected freshwater fish and shellfish and
contaminated plants – have been identified. Basic health
education and public communication messages on safe
food habits have been developed and tested, although
their application and adoption by low-income consumer
groups in developing countries is difficult.

To establish the relative importance of aquaculture
as a source of FBT, research should be directed at obtaining
quantitative information on the epidemiology of trematode
infections in cultured fish. Lack of quantitative infor-
mation in this area hinders the application of risk assess-
ment and the appropriate risk management strategies with
respect to food safety assurance (Garrett et al., 1997).

Prevention and control of fishborne trematode infec-
tions could be reinforced by food safety procedures based
on the principles of the Hazard Analysis and Critical
Control Point (HACCP) system, which offers a system-
atic and sequential approach to the control of food
hazards, including FBT (Reilly and Kaferstein, 1997).
This involves a complete new strategy of control based
on a comprehensive coverage of the origin of the fish up
to its consumption.

Controlled resistance trials on metacercariae in fish
flesh should be carried out to determine survival rates
under differing conditions of thermal exposure. Current
internationally recommended methods for the elimina-
tion of parasites in fish products (freezing to �30 �C and
below) are not appropriate for small-scale extensive aqua-
culture systems, as rural communities do not have access
to commercial freezers. Most current scientific data on
survival of parasites in fishery products relate to cestodes
and nematodes as these are more prevalent in products
from cold and temperate regions. The sparse data avail-
able on the ability of infective trematode stages to survive
heat treatment are not conclusive.

Strategies for controlling FBTassociatedwith eating raw
plant materials will be shaped by ecological and environ-
mental factors. The use of noncomposted animal manures
or effluent from livestock pens for the purpose of fertilizing
aquatic plants should cease. Freezing, heating, and irradia-
tion can be effective in killing trematodes. The effectiveness
of chemical treatments in killing encysted metacercariae
attached to plant surfaces is not well understood.
Chemotherapy and Anthelmintics

Praziquantel (Biltricide) remains the drug of choice for all
trematode infections except fascioliasis, for which tricla-
bendazole (Fasinex) is the drug of choice. Praziquantel is
effective, both in reducing the number of eggs in infected
patients and in killing adult worms; it is rapidly taken up
by the trematode’s tegument, and appears to increase the
permeability of cell membranes, leading to a loss of intra-
cellular calcium. This results in massive contractions, and
paralysis of the trematode’s musculature.
Praziquantel is administered orally, and does not require
heavy dosage. Dosage is established depending on the
patient’s general health and age, and the type of trematode
infection being treated. The number of doses per day, the
time between doses, and the length of treatment depend
on various factors. The adult dose of praziquantel for fas-
ciolopsiasis, metagonimiasis, echinostomiasis, heterophyia-
sis, and paragonomiasis is 15–40mg/kg orally and for the
liver flukes, Fasciolopsis, and clonorchiasis, 25mg/kg orally,
as a single dose.

The benzimidazole triclabendazole (TCZ) provides
substantial human benefit at lower doses than bithionol
for treatment of Fasciola infections. TCZ has selective
action against immature and mature trematodes, for both
fascioliasis and paragonimiasis. The dosage for fascioliasis
is 10mg/kg as a single dose by mouth. The dose for
paragonimiasis is 20mg/kg given in two divided doses,
orally, for adults and children over 4 years of age.

When trematode infections are complicated by concur-
rent bacterial infections, antibiotic therapy may be
required. Children, and adults with heavy infections, may
require rehydration and electrolyte therapy to counter
fluid and salt losses due to diarrhea. Patients with FBT
should be given adequate bed rest supplemented with an
adequate protein-rich diet. Surgical management may be
needed for complications with ascending cholangitis in
fascioliasis, and cholangiocarcinoma in clonorchiasis.
Consultation with specialists may be necessary to deal
with complications associated with intestinal and liver
trematode infections, pulmonary paragonimiasis, and
ectopic trematode infections.
Conclusion

The risk of acquiring FBT through the consumption of raw
or undercooked food has increased in recent years as a
result of increased globalization of both the food industry
and eating habits. Environmental contamination depends
upon the abundance of infected animals, the number of
transmissive stages dispersed, agricultural practice, and
host behavior. Patterns of disease are strongly influenced
not only by ecological changes, but also by economic
inequities, socioeconomic and ethnic differences in
human behavior, geographic distribution, sanitation, safety
of food sources, and supplies. Changing human cultural
and behavioral habits is crucial to controlling FBT.
See also: Food Safety; Foodborne Illnesses: Overview;

Helminthic Diseases: Schistosomiasis.
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Introduction

Intestinal nematode infections are a group of helminth
(worm) infections in which the adult worm lives in the
intestine of the human final host.

The main group of intestinal nematode infections is
represented by the soil-transmitted helminth (STH)
infections, so-called because they are all transmitted
through direct contact with the soil, where the infective
stage of the worm undergoes development. The three
most common STH infections are ascariasis (caused by
the roundworm, Ascaris lumbricoides), trichuriasis (caused
by the whipworm, Trichuris trichiura), and hookworm
infections (ancylostomiasis, caused by Ancylostoma duode-

nale and necatoriasis, caused by Necator americanus). A
fourth STH infection is strongyloidiasis (caused by the
threadworm, Strongyloides stercoralis).

Another common intestinal nematode infection that
cannot be considered a STH infection as it does not
require soil for transmission is enterobiasis (caused by
the pinworm, Enterobius vermicularis).
Biology

Nematodes are whitish/yellowish/grayish/pinkish worms,
grossly cylindrical in shape and tapering at both ends.
They are dioecious, that is, they have separate sexes,
with individuals having female reproductive organs, and
other individuals having male reproductive organs; as
such, they undergo sexual reproduction. The length of the
adult worm varies according to the species: 2.0–2.7 mm
(S. stercoralis), 2–13mm (E. vermicularis), 7–11mm (N. ameri-
canus), 8–13mm (A. duodenale), 30–50mm (T. trichiura),
150–400mm (A. lumbricoides). Female worms are morpho-
logically distinguishable from male worms, and in all
species they are larger and longer than the males. Female
worms produce eggs that are characteristic in shape and
morphology (length: between 50–90 mm, according to the
species).
Distribution

STH infections are among the most common infections
worldwide. Estimates suggest that A. lumbricoides infects
1.22 billion individuals, T. trichiura 795million, and
hookworms 740 million. STH infections are cosmopolitan
and widespread in tropical, subtropical, and temperate
climates. Among hookworm infections, ancylostomiasis
is characteristic of the Mediterranean basin, the Middle
East, and the eastern coast of Africa, while necatoriasis is
common to western coasts of Africa and the Americas;
however, areas of overlapping are not infrequent, espe-
cially in southern and eastern Asia where both species
coexist. Strongyloidiasis is also cosmopolitan but less
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prevalent, with 100–200 million human cases, and entero-
biasis is very abundant, especially in temperate climates,
with over 1 billion cases worldwide.
Transmission

The common characteristic of STH infections is that they
are transmitted to humans through contact with soil con-
taminated with feces containing infective worm eggs or
larvae. The mechanism of infection can be:

. ingestion of the parasite embryonated eggs adhering
to soil, food, fingers, and water (A. lumbricoides and
T. trichiura), or

. transcutaneous penetration of parasite larvae present in
the soil (A. duodenale, N. americanus, and S. stercoralis).
Penetration site is usually between the toes or fingers;
however, oral infection by salad vegetables contami-
nated with larvae has also been described, especially
in the case of A. duodenale.

Once in the human body, worms undergo subsequent
developmental stages that may entail a passage through
the lungs until full maturation (adulthood) is reached.
Adult worms live in the intestine of the host, usually the
small intestine, except for T. trichiura (and E. vermicularis,
see following discussion), which live in the large intestine
and in the cecum.

Female worms produce large numbers of eggs
(T. trichiura: 3000–5000 eggs/worm/day; N. americanus :
6000–20 000; A. duodenale: 25 000–30 000; A. lumbricoides :
over 200 000) that are shed with feces, thus contaminating
the soil and closing the life cycle. There is no risk of direct
person-to-person transmission or auto-infection from
fresh feces because eggs passed in feces need 2–3weeks
in the soil, where they undergo subsequent developmen-
tal stages before they become infective. In the case of
S. stercoralis, however, eggs hatch before being shed with
feces and release larvae that can develop into infective
stages before leaving the body. This explains the occur-
rence of auto-reinfection that takes place when larvae are
deposited with fecal matter on the perianal skin and
penetrate it. Auto-reinfection episodes are responsible
for the persistence of infection in individuals who left
endemic areas many years prior.

In the case of E. vermicularis, human-to-human transmis-
sion does not necessitate contact with soil. It mainly takes
place indoors, involves ingestion of the parasite eggs, and is
typically mediated by contaminated bedclothes, nightclot-
hes, and dust. Auto-reinfection through ingestion of eggs
deposited by gravid female worms on the perianal and
perineal skin is also a very common event in enterobiasis,
and is the result of intense itchingand consequent scratching.

A. lumbricoides and A. duodenale have no animal reservoir,
and humans are their only definitive hosts. Even if some
animal species have been found to be infected with
N. americanus, T. trichiura, S. stercoralis, and E. vermicularis,
their importance as reservoir hosts is negligible.

The lifespan of adult worms in the human host is
about 1month for E. vermicularis, 1 year for A. lumbricoides,
T. trichiura, and A. duodenale, and 3–5 years or more for
N. americanus.
Epidemiology

STH infections show a characteristic age-related pattern
of prevalence of infection (proportion of individuals
infected in a given population) and intensity of infection
(usually expressed as eggs per gram of feces as a proxy for
number of adult worms harbored in the intestine of the
human host). Prevalence of infection with A. lumbricoides

and T. trichiura typically peaks in childhood and subse-
quently reaches a plateau that is maintained into adult-
hood. Hookworm infections and strongyloidiasis have a
more delayed pattern, whereby peak and plateau are
reached in adolescence and early adulthood.

With regards to intensity of infection, in ascariasis and
trichuriasis the peak of intensity typically coincides tem-
porally with peak of prevalence (i.e., in childhood), but
radically decreases in adolescence and adulthood. In
hookworm infections and strongyloidiasis, intensity of
infection gradually rises throughout childhood and ado-
lescence, reaches its maximum in early adulthood, and is
maintained throughout adulthood.

For those STHs that do not replicate in the human host,
the number of worms in a given individual only increases
through subsequent reinfections. The pattern of intensity
of infection therefore reflects the age-dependent adop-
tion of behaviors likely to increase or decrease risk of
infection or reinfection. Rates of reinfection with STHs
depend on prevalences in the community; however, they
are typically among the highest of all helminth infections;
individuals living in highly endemic areas therefore reac-
quire infection within months from treatment with antihel-
minthic drugs, which justifies more than one treatment per
year in such areas (see section titled ‘Public health control’).

A group infection pattern has been described in
enterobiasis, which typically involves children and fre-
quently clusters in families and in institutions such as
boarding schools, hospitals, psychiatric institutions, and
orphanages.
Pathogenesis, Morbidity, and Burden
of Disease

Acute clinical manifestations might include itching
and burning (‘ground itch’) at the larval site of entry in
infections transmitted by transcutaneous penetration
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(hookworm infections and strongyloidiasis); and cough
due to bronchitis or pneumonitis in infections character-
ized by larval migration through the lungs (ascariasis,
hookworm infections, and strongyloidiasis). Once the
adult worms reach the intestine, symptomatology is usu-
ally mild and nonspecific; as such, many recently estab-
lished intestinal nematode infections go unnoticed. The
most common symptoms include diarrhea associated with
other gastrointestinal disorders such as vomiting, nausea,
and loss of appetite. In strongyloidiasis, urticaria and the
itchy, visible rapid movements of the worms’ larvae under
the skin (larva currens) are typical findings, as is severe
itching in the perianal and perineal region (pruritus ani)
in enterobiasis.

The chronic phase of infection is the one typically
associated with the most severe morbidity. In this phase,
the severity of symptoms and signs experienced by an
infected individual is associated with the number of
adult worms harbored in the intestine (i.e., with intensity
of infection). Intestinal nematodes induce reduced intake
(by decreased appetite) and absorption (by chronic intes-
tinal inflammation) of nutrients and micronutrients. The
consequence is an overall lowered energy intake and
deficiencies in protein, fat, iodine, vitamin A, folate, B12,
iodine, and iron metabolisms. In addition, hookworm
infections and trichuriasis are responsible for significant
loss of blood resulting in iron-deficiency anemia, attribut-
able to both blood feeding (mainly in hookworms) and
hemorrhage (mainly in trichuriasis, in which the whiplike
anterior part of each worm becomes embedded in the
host’s mucosa, causing inflammation and lacerations).

Blood loss (and the resulting anemia) caused by an
equivalent number of worms is more severe in infections
caused by A. duodenale (0.14–0.25ml per worm per day),
followed by N. americanus (0.03–0.05ml per worm per
day), and by T. trichiura (0.005ml per worm per day).
The main outcome of chronic intestinal nematode infec-
tions as a whole is the reduced physical and cognitive
development of affected individuals, resulting in poor
educational and societal outcomes. Such disturbances
are at most appreciable in infected school-age children,
in whom school performance and physical growth are
significantly compromised, and absenteeism and stunting
are frequent findings. Adults are also affected with
decreased fitness and the consequential reduced work
capacity and productivity. Furthermore, anemia in preg-
nancy is associated with increased maternal and fetal
morbidity and mortality due to a higher risk of complica-
tions in pregnancy, resulting in premature delivery and
reduced birth weight.

In addition to such chronic illness, intestinal nematode
infections can be associated with acute complications dur-
ing the chronic phase. Such acute complications account
for most deaths attributable to intestinal nematodes. Intes-
tinal obstruction due to a knotted bolus of worms is a
possible outcome of infections with A. lumbricoides – the risk
being proportional to the number of worms in the intestine
and inversely correlated with the size of the lumen, hence
the higher risk in younger children; biliary obstruction is
another described event. Heavy intensity trichuriasis can
result in severe colitis with diffuse edema and ulcerations.
This picture is frequently complicated by severe dysentery
(bloody diarrhea) resulting in the so-called Trichuris dys-
entery syndrome (TDS), which can also be further compli-
cated by prolapse of the rectum, especially in children.

Individuals with an impaired immune system may
experience – as a result of accelerated auto-reinfection –
a complicated and often fatal form of strongyloidiasis
associated with invasion of several tissues (especially the
gastrointestinal tract, the lungs, and the central nervous
system) by large numbers of worms. Severe inflammation
of the mucosa and submucosa of the intestine might be
further complicated by ulcerative and fibrotic processes
with extensive hemorrhage and paralytic ileus.

It is difficult to estimate the number of infected people
who are actually suffering morbidity or dying from intes-
tinal nematode infections because of the nonspecificity
of the symptoms and signs they provoke, and of the
frequent coinfection with other parasitic and nonparasitic
diseases. Conservative estimates regarding two of the most
common STH infections, ascariasis and hookworm infec-
tions, suggest that individuals showing morbidity are
200million and 90–130million, respectively, while deaths
per year are 60 000–100 000 and 65 000, respectively.
Diagnosis

The cellophane fecal thick smear (Kato-Katz technique)
for parasite eggs (or larvae in the case of S. stercoralis)
remains the best for diagnosis of STH infections. Since
it is carried out on a fixed amount of feces, the Kato-Katz
technique allows for a quantification of the intensity of
infection by calculating the number of eggs per gram of
feces (e.p.g.). Due to its quantitative technique and easy
logistics, the Kato-Katz is recommended by the World
Health Organization for population-based assessments of
prevalence and intensity of infection in endemic areas and
for monitoring and evaluating the impact of control pro-
grams among targeted communities.

Cellophane fecal thick smear slides can be prepared in
the field and stored for subsequent readings, since eggs
remain visible in slides for months (with the exception of
hookworm eggs, which are no longer visible 2 h after
preparation). If the slide is prepared 24 h or more after
collection of feces, differentiation is needed between lar-
vae of hookworms (possibly hatched from eggs) and those
of S. stercoralis. Different egg size and shape allow for
differentiation between worm species; however, eggs of
A. duodenale and N. americanus are indistinguishable.
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Because of the small quantity of feces examined, the
Kato-Katz technique might miss light infections. In clini-
cal practice it is therefore recommended to prepare sev-
eral slides from different stool samples of the same
individual so as to decrease the possibility of a false-
negative diagnosis. Alternatively, if STH infection is still
suspected despite negative Kato-Katz, the concentration
technique using the formalin–ether (or formalin–ethyl
acetate) method might be employed. Such technique,
however, does not allow an easy measurement and com-
parison of intensity of infection in a field setting because
of the inconsistent quantity of feces analyzed.

Since eggs of E. vermicularis are not usually found in
fecal samples, a swab technique using adhesive tape is the
recommended diagnostic procedure. The sticky side of a
transparent adhesive tape is rubbed over the anal region
and subsequently stuck to a slide. The swab technique is
simple but not very sensitive and should be repeated for
several days before a negative diagnosis is made.
Therapy

Four antihelminthic drugs are currently recommended
by WHO for treatment of ascariasis, trichuriasis, and
hookworm infections: albendazole, mebendazole (both
benzimidazoles), levamisole, and pyrantel. Dosages and
recommendations applicable to both clinical practice and
public health interventions are summarized in Table 1.

Albendazole and mebendazole have excellent safety
profiles and are effective against both larval and adult
stages of all STH species when administered in single
dose, both in terms of cure rate (proportion of treated
individuals that are cured) and egg reduction rate (post-
treatment decrease in eggs per gram of feces, expressed as
a percentage of the pretreatment count). The same can be
said of levamisole and pyrantel, with the proviso that they
have only a limited effect on trichuriasis.

Ivermectin 200 mg/kg or 200mg/kg/day on two con-
secutive days is the treatment of choice for strongyloidia-
sis. Alternatively, albendazole 400mg once or twice daily
for 3 days can be used.

Enterobiasis can be treated with albendazole 400mg,
mebendazole 500mg, or pyrantel 10mg/kg. Such drugs
given at single dose achieve excellent cure rates; however,
in order to tackle auto-reinfection episodes occurring
between administration of drugs and clearance of eggs
in the anal and perianal region, at least one further dose
should be administered 2–4weeks after the first dose.
When an individual is diagnosed with enterobiasis, it is
advisable to treat the entire family or group (e.g., school
or other institution); otherwise, reinfection is almost
inevitable.

Side effects following treatment with any of the anti-
helminthic drugs above when given at recommended
dosages are rare, mild, and transient. Their severity is
linked to pretreatment intensity of infection, suggesting
that they are mediated by inflammatory reaction to anti-
gens released by dying worms.

The most frequent are nausea, vomiting, weakness,
diarrhea, epigastric/abdominal pain, dizziness, and head-
ache. Very rarely, allergic phenomena such as edema,
rashes, and urticaria have been described.

It should be noted that none of the drugs above is
licensed for use in pregnancy or in the first trimester of
pregnancy, despite the fact that several studies have failed
to find a statistically significant increase in the risk of
adverse birth outcomes (abortion, stillbirth, malforma-
tion) in pregnant women administered single-dose alben-
dazole or mebendazole, or inadvertently treated with
ivermectin, when compared with untreated women. On
the other hand, very little is known about the effects of
levamisole and pyrantel on birth outcome.

As such, when use of any of the drugs above is consid-
ered in clinical practice, health advantages of treating
pregnant women should be balanced against the risks of
adverse birth outcomes. For their use in public health
interventions, WHO has formulated specific recommen-
dations (see secti on titled ‘Publ ic health control ’).
Public Health Control

Public health interventions against intestinal nematode
infections are focused on control of morbidity associated
with such infections. Administration of antihelminthic
chemotherapy at regular intervals is the quickest and
cheapest measure in this regard; it aims at decreasing
intensity of infection and keeping the worm burden in
infected individuals below levels associated with dis-
ease, achieving significant improvements in physical and
cognitive health and development. In endemic areas, rein-
fection will occur until environmental and/or behavioral
conditions change; however, repeated treatment ensures
that individuals living in such areas have fewer worms for
shorter periods, therefore limiting the potential damage
caused by infection.

In 2001 the World Health Assembly resolution
WHA54.19 on schistosomiasis and soil-transmitted hel-
minth infections urged WHO member states to ensure
access to regular administration of antihelminthics to at
least 75% of all school-age children at risk of morbidity
by 2010. The reason for focusing efforts on children lies in
the fact that they usually have the heaviest worm burdens
and are in a period of intense physical and intellectual
growth; they are therefore those most necessitating
treatment.

Regular treatment starting in early childhood will pre-
vent any progression of infection and establishment of
disease, therefore preventing development of morbidity:



Table 1 Dosages and recommendations for treatment of ascariasis, trichuriasis, and hookworm infections

Albendazole (ALB) Mebendazole (MBD)
Levamisole (LEV (levorotatory
isomer of tetram ole) Pyrantel (PYR)

Pharmacological family Benzimidazoles Benzimidazoles Imidazothiazoles Tetrahydropyrimidines

Formulation . Chewable and nonchewable tablets
(200mg and 400mg)

. Chewable and nonchewable
tablets (100mg and 500mg)

. Chewable table s (40mg, 50mg,
and 150mg), a hydrochloride

. Chewable tablets (250mg), as
pyrantel pamoate or pyrantel

embonate
. Oral suspension (50mg/ml) as

pyrantel embonate

. Oral suspension (100mg/5ml and

200mg/5ml)

. Oral suspension (100mg/5ml) . Syrup (40mg/5 l)

Age group Dosages and recommendations
Infants <12months Use of ALB not recommended in

large-scale interventions; only

recommended on an individual
case-by-case basis and under

medical supervision

Use of MBD not recommended in

large-scale interventions; only

recommended on an individual
case-by-case basis and under

medical supervision

Use of LEV not r ommended in

large-scale int ventions; only

recommended n an individual
case-by-case sis and under

medical super sion

Use of PYR not recommended in

large-scale interventions; only

recommended on an individual
case-by-case basis and under

medical supervision

Pre-school
age

children

12–23months 200mg single dose 500mg single dose 2.5mg/kg single ose 10mg/kg single dose

If tablets are used they should: If tablets are used they should: If tablets are use they should: If tablets are used they should:
. be chewable . be chewable . be crushed . be crushed
. be crushed . be crushed . be mixed with ater . be mixed with water
. be mixed with water . be mixed with water

2–3 years 400mg single dose
If tablets are used they should:
. be chewable
. be crushed
. be mixed with water

4–5 years 400mg single dose 500mg single dose 2.5mg/kg single ose 10mg/kg single dose

If tablets are used they should be

chewable

If tablets are used they should be

chewable
School-age

children

6–15 years 400mg single dose 500mg single dose 2.5mg/kg single ose (a standard

dose of 80mg an be used in

large-scale int ventions)

Adults �16 years 2.5mg/kg single ose
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This concept places deworming among the most important
preventive health measures and justifies the term ‘preven-
tive chemotherapy’ used for theWHO-recommended strat-
egy against the major helminth infections, including the
main STH infections (ascariasis, trichuriasis, hookworm
infections). At present, no WHO-recommended public
health control strategy against strongyloidiasis or enterobi-
asis exists, although it is expected that individuals suffering
from these two infections and living in areas where mea-
sures implemented against STH or other helminth in-
fections are implemented will also benefit from such
interventions because of the broad spectrum of the anti-
helminthic drugs.

Frequent and repeated treatment of wide sectors of
communities living in endemic areas might also reduce
local levels of transmission over time, especially where
chemotherapy is combined with other measures such as
improved sanitation and health education. The relevance
of economic development and improvement in sanitation
standards to permanently solve the public health problem
caused by intestinal nematodes is exemplified by the
fact that in previously endemic European countries, sig-
nificant reductions in prevalence were obtained in the
twentieth century with virtually no specific chemotherapy-
based control activity. Sanitation and safe disposal of feces
aim at reducing soil and water contamination, but are
costly measures necessitating long periods of time and
wide geographical coverage to be effective, and thus they
are of limited value in resource-poor countries. Health
education aims at encouraging hygienic behaviors such
as the use of latrines and hand-washing and can be an
effective supportive measure if applied in areas where
latrines and water are actually available.
Table 2 Recommended strategy for public health control of asca

Category

Prevalence of any
STH infection among
school-age children Action to be

High-risk community � 50% Treat all scho

(enrolled a

twice each

Low-risk community � 20% and < 50% Treat all scho

(enrolled a

once each

aIf resources are available, a third drug distribution intervention migh

would be every 4 months.

Reproduced fromWorld Health Organization (2006) Preventive chemo
drugs in control interventions. Geneva: World Health Organization, w
The WHO-recommended strategy for control of STH
infections in resource-poor endemic countries is based on
a practical approach that limits costs and makes delivery
of drugs to target groups feasible. In this regard, commu-
nity diagnosis using the Kato-Katz technique is preferred
to individual diagnosis: According to levels of prevalence
found in school-age children in a given community, dif-
ferent treatment options for all risk groups in that com-
munity are recommended. Epidemiological assessments
can be undertaken in a limited number of communities,
and results from such sentinel sites can be generalized and
applied to other sites in the same ecological area (i.e., the
area where ecological conditions are comparable to those
of the surveyed site).

Community treatment through large-scale interven-
tions that make use of existing infrastructure and drug
delivery channels (e.g., school-based interventions) allows
reducing program costs significantly. In such interven-
tions, any of the four antihelminthic drugs mentioned
above might be employed; however, drugs that do not
need dosing according to weight, such as albendazole or
mebendazole (and levamisole in school-age children
only), are considered easier to use.

Recommended treatment strategies for the public
health control of the three main STH infections are
exemplified in Table 2.

Large-scale interventions are recommended when
prevalence of infection in school-age children exceeds
20%. When prevalence is below such threshold,
individuals suspected to harbor infections should be
referred to health centers for individual diagnosis and
treatment. In large-scale interventions distributing drugs
against STH infections, the minimal target population
riasis, trichuriasis, and hookworm infections

taken

ol-age children

nd nonenrolled)

yeara

Also treat:
. Pre-school-age children
. Women of childbearing age, including

pregnant women in the second and third

trimesters and lactating women
. Adults at high risk in certain occupations

(e.g., tea-pickers and miners)
ol-age children

nd nonenrolled)

year

Also treat:
. Pre-school-age children
. Women of childbearing age, including

pregnant women in the second and third
trimesters and lactating women

. Adults at high risk in certain occupations

(e.g., tea-pickers and miners)

t be added. In this case the appropriate frequency of treatment

therapy in human helminthiasis: Coordinated use of anthelminthic
ith permission from the World Health Organization.
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is represented by school-age children (6–15 years old),
who overall harbor the highest intensity of infection and
as such are at highest risk of developing morbidity. How-
ever, if resources are available, WHO recommends
extending the intervention to pre-school-age children
(from 1 year of age onward), to women of childbearing
age (including pregnant women in the second and third
trimesters and lactating women), and to adults at high risk
of professional exposure to infection, such as tea-pickers
and miners.

Pre-school-age children are increasingly recognized
as a group at significant risk of infection, since as soon
as they start crawling and thus having close contact with
the soil, infection can occur. Heavy intensity infections
and severe morbidity in school-age children might be
explained by infection starting very early in a child’s life.
Risk of morbidity in very young children is also not
negligible: Though usually preschoolers do not harbor
large numbers of worms because of the lower number of
reinfection episodes they have undergone, it is intuitive
that even few worms can constitute a significant risk of
morbidity because they are housed in smaller bodies.

Women of childbearing age (between 15–49 years of
age) are susceptible to developing iron-deficiency anemia
because of iron loss during menstruation and should
therefore be included among the target population. Lac-
tating women also deserve attention because of their
increased nutritional needs.

Treating pregnant women has been proven to reduce
the risk of maternal anemia and to improve infant birth
weight and survival. Such proven benefits, balanced
against the hypothetical risk of adverse birth outcomes,
support the WHO recommendation of targeting preg-
nant women with albendazole or mebendazole in areas
where prevalence of infection in school-age children
exceeds 20%, with the caution of excluding those in
the 1st trimester of pregnancy. In this regard, the tech-
nique based on the date of a woman’s last menstrual
period has proven reliable for identification of women
who are pregnant and for the definition of the stage of
pregnancy.

In large-scale interventions targeting young children,
tablets might be more practical than oral suspensions or
syrups. In this case, special attention should be dedicated
to the safety of the treatment procedure, so as to avoid any
risk of choking.

Children below 1 year of age should be excluded from
large-scale interventions without medical supervision,
and they should be dealt with by an individual, case-by-
case, clinical approach; in this age group, oral suspensions
or syrup formulations are considered more appropriate
than tablets.

Children between the 1st and 6th birthday can be
included in the target population of large-scale interven-
tions administering antihelminthic tablets; however, such
tablets should be chewable. In the 1- to 3-year-old age
group, additional precautions should be taken, and such
chewable tablets should also be broken and crushed
between two spoons, with water added to help administer
the tablets. In children aged 6 years and more, nonchew-
able tablets might also be employed. As a general rule,
children should be administered drugs under supervision
and never forced to swallow tablets so as to minimize the
risk of choking.
Deworming for Health and Development

Hundreds of millions of people do not enjoy a healthy
productive life because they are debilitated by helminthic
diseases and thus are unable to achieve their full potential.
This fact represents a heavy burden on the shoulders of
poor countries and undermines their social and economic
development. Those suffering the most from helminthic
infections live in resource-poor communities: They have
little political influence, and they often live in remote
areas, in conflict zones, or in urban slums where there is
minimal or even no access to health care and other ser-
vices. Parasitic infections – including those caused by
intestinal nematodes – are the hallmark of poverty and
underdevelopment, and are rightly considered among the
neglected tropical diseases, a group of infections currently
enjoying much less attention than they deserve. This is
why public health control of intestinal nematode infec-
tions can be considered a pro-poor strategy, not only
aimed at restoring health but also constituting a highly
effective investment in terms of education, poverty reduc-
tion, and development.
See also: Community-Based Nutrition Programs;

Functions and Deficiencies of B-vitamins (and Their

Prevention); Intestinal Infections: Overview; Iron

Deficiency and its Prevention; School Health

Promotion; World Health Organization.
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Introduction

Onchocerciasis and loiasis are both parasitic diseases that
are caused by infection with filarial worms. But although
they are closely related parasitologically, from a public
health point of view they could not be more different.
Onchocerciasis has always been recognized as an important
public health problem and a major obstacle to socioeco-
nomic development in large parts of Africa and significant
international efforts have been made to control the disease.
Loiasis, on the other hand, has received very little attention
and is rarely regarded as a public health problem. For
decades these two diseases have been on the opposite ends
of the scale of public health importance, but recently they
have come more closely together, when loiasis infection
suddenly became an important risk factor for onchocerciasis
treatment.

Onchocerciasis

Parasite

The parasite responsible for onchocerciasis, Onchocerca vol-
vulus, is a nematode with man as the only reservoir.
Urbani C and Albonico M (2003) Anthelminthic drug safety and drug
administration in the control of soil-transmitted helminthiasis in
community campaigns. Acta Tropica 86: 215–222.
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Organization.
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Geneva, Switzerland
ent (IRD), Montpellier, France

The adult worm has a reproductive life span of about 9 to
11 years (Plaisier et al., 1991). Both male (3–5 cm long) and
female (30–80 cm) adult worms live in fibrous nodules
found subcutaneously or deep in the connective and mus-
cular tissues. The fertilized female worm releases millions
of embryos called microfilariae (mfs) which themselves live
for about 2 years (Figure 1). The mfs (up to 300mm in
length), when released by the adult worm, migrate from
the nodules, invading the skin, eyes, and some organs from
where they are taken up through the bite of the vector.
Different disease patterns are associated with the different
variants or strains of the parasite, each associated with the
different subspecies of the vector.

Vector and Transmission

Transmission of onchocerciasis is by the female of small
blackflies of the genus Simulium. An infected blackfly
deposits O. volvulus larvae into the human host when it
takes a blood meal (Figure 2). These larvae develop
into mature adult worms in about a year and the fertilized
worms release mfs into the skin some 10 to 15months
after infection. The mfs then migrate throughout the body
in the dermal layer, from where they can be taken up by

http://www.who.int/neglected_diseases/en/


Figure 1 Adult female onchocercal worm. Source: TDR Image

Library.

Figure 2 Blackfly taking a bloodmeal. Source: TDR Image

Library.
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blood-feeding blackflies. Development of the mfs into
infective larvae takes place in the blackfly, from which
they can be deposited into another human being through
a subsequent bite, thus completing the life cycle of the
parasite.

The main vectors of O. volvulus are the Simulium dam-

nosum s.l. and S. neavei complexes in Africa and S. ochraceum,
S. metallicum, S. exiguum, and S. oyapockense in the Americas
(Crosskey, 1990). The larvae and pupae develop in rapidly
flowing, well-oxygenated streams and rivers. Simulium
damnosum s.l, which has a wide distribution in Africa
and Yemen, is the most important vector of the disease.
S. neavei, the aquatic stages of which are found on fresh
water crabs, may also transmit O. volvulus in East Africa.
This association of S. neavei and the freshwater crabs
has been exploited successfully in the eradication of
onchocerciasis transmitted by S. neavei from certain foci.
Blackfly vectors in the Americas are less efficient in
transmitting the parasite than those in Africa. In Africa,
the forest vectors are less efficient transmitters than the
savanna blackflies.
Disease Manifestations

The clinical presentations of onchocerciasis are predomi-
nantly dermal, lymphatic, and ocular in character and are
a result of host inflammatory reactions in the tissue to
the dead microfilaria. Recent evidence suggests Wolbachia

endobacteria (symbionts of arthropods and filarial nema-
todes) contain lipopolysaccharides that are released with
the death of mfs and which contribute to the inflamma-
tory phenomena (Saint Andre et al., 2002).

Mfs migrate from the skin to enter the eyes where both
dead and live mfs cause the ocular morbidity. Visual loss
from acute and chronic ocular disease occurs. Blindness
appearing later in the disease is the most serious conse-
quence of onchocerciasis (Dadzie et al., 1986) (Figure 3).

Some individuals may present with very intense itching.
In others, there are skin lesions which are a reaction to the
intense skin irritation caused by the mfs. Severe (‘trouble-
some’) itching has been shown to be one of the most
important symptoms of onchocerciasis, which may affect
more than 50% of the populations in hyperendemic com-
munities. In lightly infected persons, oncho skin lesions
may present as acute papular onchodermatitis (APOD).
Chronic papular onchodermatitis (CPOD) develops as a
result of prolonged, heavy microfilarial infection, and
other skin manifestations – atrophy and depigmentation –
do occur (Figures 4 and 5) (Murdoch et al., 2002).

Systemic manifestations such as low body weight and
diffuse musculoskeletal pain have been described. Some
evidence suggests that onchocerciasis is a risk factor for
epilepsy and may be responsible for hyposexual dwarfism
in certain areas.

The severity of onchocercal ocular disease varies con-
siderably among geographic zones. Blindness from oncho-
cerciasis is extensive in hyperendemic populations in the
West African savanna, whereas virtually no blindness is
found in forest villages with a comparable intensity of
infection. On the other hand, skin manifestations tend
to be the main forms of disease in the forest areas. In
Yemen and central Sudan the major disease manifestation
is Sowda, a pruritic skin condition affecting usually one
limb. These differences may be attributed to the different
vector–parasite complexes with strains of O. volvuluswhich
differ in their pathogenicity (Zimmerman et al., 1992).
Endemicity Levels and Severity of Disease

The severity of onchocerciasis depends on the intensity
and duration of infection. In villages that are located close
to the rivers where the blackfly breeding sites are found,
virtually everybody above the age of 20 years will be
infected and harbor dozens of adult worms that produce
microfilariae. Farther away from the river, where the
vector density is less, the prevalence and intensity of
infection decline in relation to the distance to the vector



Figure 3 Child guiding a blind man in a village affected by

onchocerciasis. Source: TDR Image Library.

Figure 4 Leopard skin. Source: TDR Image Library.
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breeding sites. The concept of a community level of
infection, or level of endemicity, is central to the epide-
miology of onchocerciasis.

The prevalence of onchocercal skin disease, eye disease,
and blindness are linearly related to the level of endemicity
of the community (Figure 6). In the West African savanna,
onchocerciasis becomes a major public health problem in
hyperendemic communities which have a prevalence of
infection greater than 60%, and the community microfilar-
ial load (CMFL) exceeding 10 microfilaria per skin snip.
In such communities, blindness may affect more than 5%of
the population. With such high blindness rates, the disease
threatens the survival of the village itself. Fear of the
disease has led to the depopulation of many fertile river
valleys in the West African savanna. In this part of the
world, onchocerciasis was therefore not only an important
public health problem but also a major obstacle to socio-
economic development.
Disease Burden

Morbidity and Mortality

Epidemiological (parasitological) surveys and more
recently rapid epidemiological mapping (REMO) (nodule
surveys) has been used to obtain the current estimates
of infected people (Noma et al., 2002). Estimates of mor-
tality attributed to onchocerciasis have been obtained using
demographic and retrospective data obtained from the
Onchocerciasis Control Programme in West Africa (OCP)
and Cameroon (Figure 7).

It is estimated that worldwide over 100million people
are at risk of acquiring the infection and over 99% of
all infected with O. volvulus live in tropical Africa in
some 30 countries. The rest of the infection occurs in
the Yemen and six countries of the Americas (Brazil,
Colombia, Ecuador, Guatemala, Mexico, and Venezuela).
Currently, over an estimated 37million people are
infected. This is twice as high as the estimates of the
WHO Expert Committee on onchocerciasis of 1995.

The current estimate of disability-adjusted life years
(DALYs) lost due to onchocerciasis is 1.49million. ‘Trouble-
some itching’ now accounts for 60% of DALYs attribut-
able to onchocerciasis. Retrospective studies from the
OCP suggested that the life expectancy of the blind was
greatly reduced and that the mortality rate in blind adults
on average was three to four times greater than in the
population who were fully sighted. More recent studies
in the Cameroon also confirm that blindness gave rise to
a significant increase in mortality among the blind.
Other Aspects of Disease Burden

With heavy CMFL, lymph nodes may be infected, leading
to mild or generalized lymphadenopathy, hanging groin,
and scrotal elephantiasis.

Onchocercal skin disease is associated with a variety of
psychosocial and economic effects. The disease also leads
to stigmatization of affected persons and their families.
Unsightly lesions from acute and chronic papular derma-
titis limit the chances of adolescent girls finding marriage
partners. Negative sociocultural aspects of skin disease
have now been recognized as well – people worried that
skin disease would affect their ability to interact socially,
fear of being ostracized, feelings of low self-esteem, and



Onchocercal skin disease by age

Results for 36 communities from East and West Africa combined

Age in years

70+
60–69

50–59
40–49

30–39
20–29

10–19
5–9

P
re

va
le

nc
e 

(a
s 

%
)

50

40

30

20

10

0

Troublesome itching

Depigmentation

Reactive skin lesion

Figure 5 Prevalence of different onchocercal skin manifestations by age.
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children more likely to be distracted in school due to
constant itching.

In the postcontrol period, rapid repopulation of those
OCP areas that had been abandoned because of fear of the
disease has taken place, with the consequent impact
of population pressure on the environment. Efforts at
regulating the population resettlement in these oncho-
free areas are in place; for example, in Burkina Faso and
Ghana, controlled resettlement has been successful in
many areas but not everywhere.
Economic Impact

Onchocerciasis impacts negatively on productivity, leads
to diminished earnings, adversely affects the supply of
labor, and significantly reduces agricultural output.
All of this may come about as a result of the migration
away from fertile arable land of communities in fear of
acquiring the disease as well as of the physical and psy-
chosocial effects of the disease. On average, persons who
suffer from onchodermatitis spend an additional $8.10
over a 6-month period in comparison with their non-
onchodermatitis counterparts from the same community,
and spend an additional 6.75 hours seeking health care
over the same period.
Available Interventions

To eliminate onchocerciasis as a disease of public health
importance, efforts have been made through vector con-
trol (1974–2002) and drug treatment (1987 to the present).
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Figure 7 Onchocerciasis-endemic countries in Africa.

Figure 8 OCP helicopter spraying a larvicide on blackfly

breeding sites in a river in West Africa. Source: TDR Image
Library.
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Vector Control

Ground larviciding can be effective in small, easy to reach
river basins and is less costly than aerial larviciding for
control. This was tried with DDT in a limited area
(200 km2) in Guatemala, but although the larvae of the
fly were eliminated in the treated streams, the impact on
the fly population was disappointing. Similarly, in Mexico,
ground larviciding was practiced for about 6 years and
then abandoned because it was deemed to be rather
labor-intensive. In Africa, S. neavei was successfully elimi-
nated from the Kodera valley in Kenya through wide
ground application of DDT. Ground larviciding has also
been used successfully in small river basins for nuisance
control and for the protection for personnel in the agri-
cultural industry.

The most comprehensive control through aerial larvi-
ciding was carried out as a regional effort by the OCP
from 1975 through 2002 (Figure 8). The aim was to
interrupt transmission of the parasite O. volvulus until
the reservoir of the parasite died out. The strategy, to
be effective, was based on weekly aerial larviciding of
Simulium breeding sites with judiciously selected and
environmentally friendly insecticides according to the
rate of river flow (Guillet et al., 1995). Rotation of the
insecticides helped to reduce the emergence of insecti-
cide resistance, minimize adverse impact on nontarget
organisms, and reduce cost. Aerial larviciding as a mode
of control, however, is relatively costly given the heavy
infrastructure, logistics, and insecticides that are required.
Chemotherapy

Until the 1980s only suramin (that killed adult worms)
and diethylcarbamazine (DEC, effective against the
microfilaria) were available for the treatment of



344 Helminthic Diseases: Onchocerciasis and Loiasis
onchocerciasis. These, however, are no longer used in
view of the serious adverse reactions they provoke in the
skin and eye.

Ivermectin (Mectizan) was registered for the treatment
of human onchocerciasis in October 1987. It is a semisyn-
thetic macrocyclic lactone derived from Streptomyces aver-

mitilis. Multi-site studies in the early 1980s confirmed it
to be suitable for large-scale onchocerciasis treatment.
The oral medication is safe and effective when given at
the standard dose of 150 mg/kg body weight and its
adverse effects are mild and nonocular. Ivermectin is
largely a microfilaricide resulting in an irreversible
decline in female adult worm microfilaria production of
approximately 30% per treatment. Since the early 1990s,
ivermectin has been the drug of choice for the control
of onchocerciasis, and is now used widely through the
community-directed delivery approach.

Ivermectin rapidly destroys the mfs that cause oncho-
cercal morbidity. Several community-based studies in the
late 1980s evaluated the effectiveness, safety, and accept-
ability of ivermectin at the community level as well as the
impact of ivermectin on transmission. The results sug-
gested that annual ivermectin treatment would be suffi-
cient to control ocular disease from onchocerciasis. Other
studies also confirmed that ivermectin clears ocular mfs
from the anterior chamber of the eye, and reduces the
prevalence of anterior segment lesions (iridocyclitis and
sclerozing keratitis). It also has a positive impact on the
incidence of optic nerve disease, visual field loss, and
visual impairment. Regular distribution of ivermectin to
populations living in endemic areas has resulted in signif-
icant reduction in blinding ocular complications and dis-
ability caused by onchocercal skin disease (Brieger et al.,
1998; Tielsch and Beeche, 2004). The impact of mass
ivermectin treatment on the microfilarial reservoir and
on the transmission of O. volvulus was evaluated during
several community trials, which showed that, although
mass chemotherapy could significantly reduce onchocer-
ciasis transmission, complete interruption of transmission
would not be achieved.
Other Interventions

Prior to the introduction of ivermectin in the control
of onchocerciasis, nodulectomy was used as the principal
method of disease control in Mexico, Guatemala, and
Ecuador. The widespread use of nodulectomy, particu-
larly for the removal of head nodules, was associated with
decreasing rates of blindness in Guatemala; in Ecuador
this was shown to reduce dermal and ocular microfilarial
loads. In the hyperendemic areas of Ecuador, however,
new nodules developed rapidly following nodulectomy.
For nodulectomies to be effective the campaigns had to
be repeated, which increased the cost of control.
Protection includes avoidance of black fly habitats as
well as personal protection measures against biting
insects, such as repellents and clothing that covers the
legs and arms. Such means of protection are useful and
effective for visitors to, and industrial personnel in the
affected areas, but are largely beyond the means of the
communities in these oncho-endemic areas.
Onchocerciasis Control Programs

Onchocerciasis Control Programme in West
Africa (OCP)

The OCP started its vertical vector control operations in
1975. Initially it included seven West African countries
and covered an area of about 654 000 km2. At the close
of the program in 2002, the operations included 11
countries and covered an area of 1 300 000 km2 on which
764 000 km2 benefited directly from vector control. Over
50 000 km of rivers was surveyed and appropriately larvi-
cided. Larviciding in the river basins lasted approximately
14 years, or 12 years if it was combined with ivermectin
treatment. Over the years the program used seven insec-
ticides (organophosphates, carbamate, pyrethroids, and
biological Bacillus thuringiensis serotype H14) which were
applied in rotation.

The community trials in the OCP in which over 59 000
were treated paved the way for large-scale ivermectin
treatment, currently the mainstay of morbidity control
of onchocerciasis worldwide (Figure 9). Mass treatment
with ivermectin in the OCP began in 1989 and became an
important complement to larviciding in the program.
Initially, treatment was done through mobile teams and
partner NGOs and covered five countries (Guinea,
Guinea Bissau, Mali, Senegal, and Sierra Leone) in the
western extension of the program and in some isolated
river basins in the ‘original’ OCP area. The distribution
method evolved over the years. Currently, close to about
10million treatments are given annually in some former
OCP countries – all through the community-directed
treatment with ivermectin (CDTi) approach, with a ther-
apeutic coverage of 51 to 81%.

The length of time of larviciding needed to achieve
complete interruption of transmission of infection was
estimated to be 14 years on the basis of the OCP evalua-
tion data and simulations with the computer model
ONCHOSIM (Figure 10). Based on further predictions
that took the results of the ivermectin community trials
into account, it was possible to reduce the duration of
larviciding to 12 years where the application was com-
bined with ivermectin treatment.

The effectiveness of larviciding in the OCP was
assessed through periodic entomologic (fly examination)
and epidemiologic (parasitological surveys) evaluations,
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and through the impact on morbidity (eye disease) as
compared with the baseline data. Vector control achieved
a virtual interruption of transmission in most parts of the
original OCP area with the exception of a few isolated
foci. This was evident from the zero annual transmission
potentials (ATPs) recorded at the fly-catching points.
Similarly, the CMFLs declined in a linear manner reach-
ing virtually zero after 10 years of control. This was fol-
lowed by the predicted accelerated fall in the prevalence
Figure 9 Community-directed treatment with ivermectin.
Source: TDR Image Library.
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Figure 10 Trend in the prevalence of onchocerciasis infection in a
of infection. The incidence of infection in children, a
surrogate measure for new infections, was reduced by
100%. Ocular onchocerciasis is now rare in the area and
incidence of eye lesions due to onchocerciasis is nil in
children born since the program began in 1975.
Onchocerciasis Elimination Program for the
American (OEPA)

The OEPA is a regional program aimed at eliminating
onchocerciasis from the six Latin American endemic
countries. The program relies entirely on mass biannual
ivermectin treatment in all endemic areas (including
hypo-endemic areas). It is assumed that at some point
ivermectin distribution will cease, given its stated objec-
tive. The at-risk population is estimated to be 500 000.
The OEPA uses the ultimate treatment goal (UTG), the
total eligible population coverage, as a yardstick for per-
formance. Since 2002 the six American countries have
obtained at least 85% coverage of the UTG.

Recent ophthalmological surveys indicate that new
ocular morbidity due to onchocerciasis (based on preva-
lence of microfilariae in the anterior chamber of the
eye) has been eliminated from eight of the region’s 13
foci; there are two additional foci where the same is
suspected, but confirmation is pending. Transmission of
onchocerciasis has been interrupted in the Santa Rosa
focus in Guatemala and is suspected of being interrupted
in five additional foci.
African Programme for Onchocerciasis Control
(APOC)

While onchocerciasis was being effectively controlled by
the larvicide operations of the OCP in the savanna areas
of 11 West African countries, in the rest of the African
Predicted
Observed

tart of vector control
15 20 25

West African village during 14 years of vector control.



Table 1 Achievements of OCP and APOC

OCP results (1974–2002) APOC results (1996–2005)

. 40million people in 11
countries prevented from

infection and eye lesions

. 40million people in
16 countries under regular

ivermectin treatment
. .
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continent virtually nothing was done against the disease.
Aerial larviciding was not feasible in the forest areas
of central Africa, and other countries were left ‘looking
over the fence’ at the success in the OCP. The arrival of
ivermectin changed all that, and made it finally possible
to undertake onchocerciasis control in all endemic
countries in Africa. It was a significant development, as
at that time more than 85% of the global burden of
onchocerciasis was found outside the OCP. This break-
through also brought the enormous challenge of taking
regular ivermectin treatment to all onchocerciasis
patients in need in 19 additional African countries,
where the health systems were often weak and those
most affected by onchocerciasis were the poorest popula-
tions, living in isolated rural areas ‘beyond the end of
the road.’ Hence, special support was required to ensure
that ivermectin reached populations in need. Initially, a
group of international NGOs working on blindness
prevention supported ivermectin distribution programs
and ensured that millions of people received treatment.
But the task was too much for them alone and there was
a need for more systematic, large-scale support. The
donor community responded positively to a request by
affected African countries to provide support for the
remainder of the continent and in 1995 the African
Programme for Onchocerciasis Control (APOC) was
launched with the goal to eliminate onchocerciasis as a
public health problem in Africa.

APOC’s principal strategy is to establish annual iver-
mectin distribution in highly endemic areas to prevent
eye and skin morbidity. APOC uses the CDTi approach,
whereby local communities rather than health services
direct the treatment process. A community decides col-
lectively whether it wants ivermectin treatment, how it
will collect ivermectin tablets from the medical supply
entity, when and how the tablets will be distributed,
who will be responsible for distribution and record
keeping, and how the community will monitor the pro-
cess. Health workers provide only the necessary training
and supervision. To date, communities have responded
enthusiastically to this approach and interest is now grow-
ing in exploring this strategy for interventions against
other diseases.
600000 cases of blindness
prevented

500000 DALYs per year
averted

. 25million hectares of

abandoned arable land

reclaimed for settlement
and agricultural production

capable of feeding 17million

people annually

. 117000 communities

mobilized
. Workforce of 261 000

community-directed

distributors trained and

available for other programs
. Economic rate of return of

20%

. Economic rate of return of
17%

. US$7 per DALY averted

From Hodgkin H, Abiose A, Molyneux DH, et al. (2007) The future

of onchocerciasis control in Africa. Public Library of Science:
Neglected Tropical Diseases.
Impact of Control

Onchocerciasis control has been extremely effective.
More than 40million people in the 11 OCP countries
are now considered free from infection and eye lesions,
more than 1.5million people are no longer infected,
and more than 600 000 cases of blindness have been
prevented. Sixteen million children born since the pro-
gram began are free of onchocerciasis. The socioeco-
nomic impact has also been dramatic: 25million hectares
of fertile land in the river valleys were made available
for resettlement and agriculture. Over 40million people
receive ivermectin treatment annually in the APOC
countries. This number keeps increasing every year
while APOC expands control: the aim is to cover all
endemic areas and reach 65million treatments per year
prior to the program’s scheduled termination in 2015.
In 2005 APOC prevented an estimated 500 000 DALYs
and from 2008 onward APOC will prevent over one
million DALYs per year. Although OEPA covers a much
smaller population, its results are nevertheless impressive.
There is a very high treatment coverage in all endemic
areas, and onchocerciasis infection and transmission may
already be eliminated from previously hyperendemic
river basins in Ecuador (Table 1).

The international community has invested over
$700million in onchocerciasis control since 1975, and
several evaluations have shown that this has been a very
sound investment that has paid off handsomely. The
OCP has been highly successful, and onchocerciasis is
no longer a public health problem in the savanna areas
of 10 OCP countries. A cost–benefit analysis of the
OCP has estimated an economic rate of return (ERR) of
20%, resulting mainly from increased labor due to pre-
vention of blindness (25% of benefits) and increased land
utilization (75% of benefits). A similar cost–benefit anal-
ysis for APOC estimated that the ERR was nearly as high
at 17%. These estimates do not include the effect of
treatment on onchocercal skin disease, and the actual
benefits of onchocerciasis control are therefore signifi-
cantly higher. Another analysis, which did take the effect
of ivermectin treatment of skin disease into account, esti-
mated that the cost of CDTi was as low as $7 per DALY
averted, making it one of the most cost-effective inter-
ventions in the world (Remme et al., 2006).
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Reasons for Success

The challenges for onchocerciasis control are formidable.
The disease affects some of the poorest populations in the
world who live in remote and poorly accessible areas.
Those who are infected are rarely diagnosed and there
exist no drug that can completely cure infected patients.
In spite of these challenges, onchocerciasis control has
been extremely successful for a number of reasons. The
regional nature of the onchocerciasis control programs
has allowed effective use of lessons learned in different
countries and quick resolution of cross-border problems.
The presence of the ministers of health of the affected
countries on the governing board of these control pro-
grams has ensured national commitment and political
support. Long-term donor commitment was essential for
sound long-term planning and for the development of
sustainable solutions. The donation of ivermectin has
ensured the availability ‘for as long as needed’ of a simple
intervention to be applied once per year in all endemic
areas. The effective use of research has allowed continu-
ous improvement and renewal of control strategies, and
regular evaluations have provided conclusive evidence on
the impact of control which helped to ensure continued
political and donor support.
Loiasis

Parasite

The adult Loa loa worms, whose longevity can reach
17 years, live in the subcutaneous and intermuscular
connective tissue. The fecunded female worms release
thousands of sheathed mfs which pass into the lymphatic
system, accumulate in the lung, and then invade the
peripheral blood. The interval between infestation and
the occurrence of mfs in the peripheral blood is at
least 17months. Once initiated, the microfilaremia
increases steadily to reach a given value, which then
remains more or less constant. In human loiasis, the
microfilaremia increases in the morning to reach a peak
between 10 and 15 hours, and then decreases to very low
levels by night.

Several monkey species have been found naturally
infected with Loa sp. The mfs of the simian form of Loa
exhibit a nocturnal periodicity. Hybridization of the
human and simian forms of Loa is possible and the hybrids
are fertile. However, hybridization probably rarely
occurs under natural conditions (Duke, 1964). The hour
at which the peak occurs corresponds, for each of the two
forms of Loa, with the time of maximum activity of their
respective vectors. The type of periodicity is genetically
determined.

The temporary disappearance of the mfs from the
blood is due to their accumulation in the pulmonary
arterioles. The difference in oxygen tension between the
blood of the pulmonary arterioles and the more oxyge-
nated blood in the capillaries downstream constitutes a
‘barrier’ for the parasite. Some chemical processes asso-
ciated with the increase in the body temperature by
day would permit the Loa mfs to overcome the ‘oxygen
barrier’ at that time.

Whether simian Loa can infect man is unknown. Con-
versely, the human form of Loa can be experimentally
transmitted to various monkey species. In these species,
the first mfs appear in the peripheral blood some 150 days
after infection. Then, the microfilarial densities increase
sharply, reach a peak and then fall within several weeks
to very low levels. This is due to the destruction of the
circulating mfs in the spleen, and splenectomy permits
high microfilaremias in the animals.
Vector and Transmission

Loa loa is transmitted by tabanids belonging to the genus
Chrysops. The main vectors of the human form of Loa are
C. silacea and C. dimidiata. The mfs ingested by a Chrysops
during a blood meal develop in the fly and after 7 to
10 days, the third stage, infective larvae migrate to the
head of the insect. During a subsequent meal, these larvae
enter the skin by the bite wound and start their migration.
Disease Manifestations

One of the characteristics of Loa infection is that a certain
proportion of infected persons do not present blood mfs.
Thus, even in hyperendemic villages, the prevalence of
microfilaremia in the oldest individuals rarely exceeds
60%. Studies have been conducted to characterize the im-
munological responses in experimentally infected monkeys
and to compare the immunological status of microfilaremic
patients with that of study participants with an occult infec-
tion. These studies have shown some differences in the
responses between microfilaremic and amicrofilaremic
hosts (Baize et al., 1997). In addition, it has been shown
that there is a genetic predisposition to becomemicrofilare-
mic for Loa.

The clinical signs may occur as soon as 5months after
infection. The most specific manifestations of loiasis are the
passage of the adult worm under the conjunctiva of the eye
(‘eye worm’) (Figure 11) and the so-called Calabar swel-
lings. The latter are subcutaneous, nontender angioedemas,
often associated with itching, which are more frequently
seen on the forearms. They often cause a restriction of
movement of the nearest joint and disappear spontaneously
after several days. The mechanisms triggering their appear-
ance are little known. A subcutaneous migration of adult
worms, frequently reported after treatment with DEC,
can also occur spontaneously.
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Loiasis can be associated with hematuria, proteinuria,
and even renal failure associated with a glomerulonephri-
tis. The occurrence of Loa encephalopathy after antifilar-
ial treatment is well documented, but loiasis can also bring
about spontaneous neurological manifestations: asthenia,
motor deficits, troubles of sensation, and cerebellar, or
psychiatric, disorders. In addition, exceptional cases of
encephalopathy were reported in patients who had not
received antifilarial treatment. The hypothesis has been
raised that a concomitant infection might provoke vascu-
lar damage and facilitate the passage of the mfs into the
brain. Besides this, arguments strongly suggest that loiasis,
probably through a high and long-lasting eosinophilia,
may lead to a serious heart disease: endomyocardial
fibrosis. Loa infection can also be associated with arthral-
gia, retinal haemorrhages, and a hydrocele.
Figure 11 Eye worm: adult Loa loa migrating under the

conjunctiva. Source: TDR Image Library.

Figure 12 Rapid assessment of loiasis: interview for history of ‘eye

cornea of the eye.
The clinical and biological features of loiasis differ
markedly between patients native to endemic areas and
individuals, especially expatriates, who have been infected
for the first time at adult age. Though they usually
show low microfilaremias, the latter present a higher
frequency of Calabar swellings, and signs of immunologic
hyperresponsiveness.
Disease Burden

Thedistribution of loiasis is restricted toAfrica, and its limits
appear to be Benin in the west, southern Sudan and Uganda
in the east, latitude 10� in the north, andZambia in the south.
Loa is often regarded as a parasite of forest regions, but high
prevalences have also been reported from savanna areas.
A spatial model based on vegetation index and elevation
has been developed to predict the prevalence of Loa

throughout its distribution area. This prevalence can also
be evaluated in the field using a rapid assessment method
(RAPLOA) based on the history of ‘eye worm’ (Takougang
et al., 2002) (Figure 12). Estimates of the number of indivi-
duals infected with Loa range between 2 and 13 million.
Although loiasis is often regarded as a benign disease, it
constitutes, in some areas, the second or third most common
reason for medical consultation aftermalaria and pulmonary
diseases, and is thus a real public health problem.
Available Interventions and Their Application

DEC treatment reduces the Loa microfilaremia to negli-
gible levels within several days. In addition, it is the only
drug to have a significant effect on the adult worm.
Definitive cure of loiasis thus relies on DEC, but several
worm’, i.e. Visible migration of the Loa loa worm through the
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treatments at intervals of 2 to 3weeks may be required to
kill all the macrofilariae. Various adverse events (itching,
edemas, fever), whose intensity is generally related to the
initial load, develop in half of the patients. The most
severe reaction is an encephalopathy, often accompanied
by retinal hemorrhages, which can occur in patients har-
boring over 50 000mfs/ml. The outcome of these serious
adverse events (SAEs) is often fatal. The mechanisms
involved are not well known. The use of gradually
increasing doses of DEC does not seem to prevent the
occurrence of SAEs, because the latter occur only when
one reaches a dose of 50 to 100mg.

Ivermectin has a marked microfilaricidal effect on Loa

and after treatment the loads remain low for at least 1 year.
Ivermectin treatment often brings about an improvement
in the frequency of Calabar swellings. Reactions to treat-
ment are usually mild; nevertheless, ivermectin can induce
an encephalopathy in patients harboring more than 30 000
Loa mfs/mL. These accidents are probably associated with
an embolism, in the brain capillaries, of great numbers of
mfs paralyzed by the drug. Ivermectin can also induce a
prolonged functional impairment, without troubles of con-
sciousness, in patients harboring greater than 8000mfs/mL
(Boussinesq et al., 2003). A prolonged treatment with alben-
dazole (200mg twice daily for 21 days) brings about a
progressive decrease in the microfilaremia, which reaches
20% of initial levels at 6months (Klion et al., 1993).

The strategy for individual treatment should take into
account the risk of drug-induced SAEs. In patients with
over 8000mfs/mL, the microfilaremia should first be
reduced either by a 3-week course of albendazole or
by apheresis sessions. When the loads are less than
8000mfs/mL, a dose of ivermectin can be given to further
reduce the microfilaremia; and once loads less than
1000mfs/mL have been obtained, DEC can be adminis-
tered to achieve a complete cure. The first course should
last 3 to 4weeks, beginning with low doses (6.25 or
12.50mg in microfilaremic patients) associated with anti-
histaminics and corticosteroids. The dosage should be
increased progressively, until reaching 300 to 400mg/day.
As Loa loa does not harbor Wolbachia endosymbionts, anti-
biotherapy is of no use in the treatment of loiasis.

Chemoprophylaxis of loiasis is possible using DEC at
5mg/kg (around 200mg) for 3 consecutive days once
each month, or with single doses of 300mg per week.
Importance of Loiasis for Onchocerciasis
and Filariasis Control

The possible occurrence of SAEs strongly impedes themass
distribution of ivermectin organized as part of onchocercia-
sis and lymphatic filariasis (LF) control programs. As iver-
mectin has a beneficial effect on some manifestations of
onchocerciasis, it is conceivable to treat those populations
co-endemic for loiasis and onchocerciasis, even if there is
a risk of SAEs. For such situations guidelines have been
developed so that a specific surveillance system is put in
place before and during the mass treatments. In contrast,
ivermectin does not seem to improve significantly the con-
dition of patients suffering from LF (the mass treatments
aim at reducing the intensity of transmission to such low
levels that transmission would be interrupted). Thus, mass
ivermectin treatments against LF cannot be organized in
loiasis-endemic areas.
Research

Role and Contributions of Research

A unique feature of onchocerciasis control has been the
central role of research in helping to optimize and inno-
vate control. The vector control operations of the OCP
have greatly benefited from advanced entomological
research in identifying different vector species and deter-
mining their role in transmission of different O. volvulus
strains, research and development of new larvicides, con-
tinuous evaluation of larval susceptibility to available
larvicides, and monitoring of the environmental impact
of larvicide operations. Epidemiological and parasitologi-
cal studies have helped to clarify basic characteristics of
the parasite and its life cycle, such as the longevity of the
adult worm and the difference in disease patterns asso-
ciated with different parasite strains. Epidemiological
modeling was used to translate evaluation results into
robust predictions of the long-term impact of different
control options. When ivermectin became available a
whole new set of research questions needed to be
answered on the why and where and how to do onchocer-
ciasis control with ivermectin. Multicountry studies elu-
cidated the public health and psychosocial importance of
onchocercal skin disease, thus providing the justification
for extending control to the many endemic areas where
skin disease rather than blindness predominates. Rapid
assessment methods were developed, which helped to
quickly map out the areas where treatment was needed.
Community trials showed the effectiveness of ivermectin
in preventing morbidity but also its limited effect on
transmission, highlighting the need for sustained, long-
term treatment at annual or 6-month intervals. This led to
development of appropriate and more sustainable deliv-
ery systems directed by the communities themselves.
Altogether a very wide scope of research, ranging from
the development of DNA probes to health systems
research, but all of it addressing a critical disease control
need. For loiasis, there were no disease control programs
and hence there were no major demands for research.
This has now begun to change following severe adverse
reactions to ivermectin treatment within the context of
onchocerciasis control.
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Research Needs and Priorities

As onchocerciasis control evolved, so have the research
priorities. Currently, the major research needs relate to
the need to sustain high ivermectin treatment coverage
for many years and to find out whether it will ultimately
be possible to eliminate onchocerciasis transmission after
such a long period, and to the need for a drug that kills
or sterilizes adult onchocercal worms.

Research on sustained treatment coverage is focusing on
integrated community-directed intervention strategies
which promise greater sustainability by combining the
delivery of multiple interventions against priority health
problems of affected communities. In onchocerciasis foci
in Mali and Senegal, which were among the first areas
where ivermectin treatment started, the prevalence of infec-
tion has fallen to very low levels after 17 years of treatment,
and studies are under way to determinewhether ivermectin
treatment can be safely stopped without risking recrudes-
cence of the disease. If successful, the methodology devel-
oped will be applied in other similar areas to decide if and
when to stop ivermectin treatment. However, current evi-
dence suggests that there will be many areas where oncho-
cerciasis infection cannot be eliminated with ivermectin
treatment alone, while repeated mass treatment with a
microfilaricide-like ivermectin carries the risk of drug resis-
tance developing. A definite solution to onchocerciasis will
require a macrofilaricide, that is, a drug that can kill or
sterilize the adult onchocercal worm, and that can be
applied on a large scale, in a simple dosage form, and
preferably over a relatively short period.Wolbachia endobac-
teria (symbionts of arthropods and filarial nematodes) are
now being considered as new targets for the treatment of
onchocerciasis.Wolbachia seems to be essential for fertility of
O. volvulus, and perhaps for its survival. Attempts are in an
advanced stage to develop moxidectin, a milbemycin com-
pound, for human use. Moxidectin is similar in structure
to the avermectins (ivermectin) but has been shown to
induce sustained abrogation of embryogenesis in filarial
animal models.

The main research priority regarding loiasis is to iden-
tify a treatment that would progressively decrease the
high Loa microfilaremia below the values associated with
the risk of post-ivermectin SAE. By organizing mass pre-
treatments with such a regimen in Loa-endemic areas, it
would be possible subsequently to administer standard
doses of ivermectin against onchocerciasis and/or LF
with very little risk of such SAEs occurring. A single dose
and a 3-day regimen of albendazole have proven to be
ineffective in reducing the Loa microfilaremia, and low
doses of ivermectin bring about a decrease similar to that
occurring after a standard dose of 150mg/kg. Trials are
ongoing to evaluate the effects of single doses of albenda-
zole repeated at 2-month intervals and that of some anti-
malarials which have a significant effect on other filarial
species. Another priority is to clarify the mechanisms asso-
ciated with the SAEs, to determine the best way to manage
the patients developing such an accident. Studies are con-
ducted on a monkey model to investigate this problem.
Lastly, it would certainly be interesting to develop a simple
field test to identify those individuals who harbor high
microfilaremias and are at risk of Loa encephalopathy.
The Future of Onchocerciasis and
Loiasis Control

Onchocerciasis control has come a long way over the past
30 years. The disease has been eliminated as a public health
problem from the savanna of ten West African countries
that were among the most severely affected areas in the
world. In the rest of Africa, the disease is being progressively
brought under control with the expansion of community-
directed treatment with ivermectin throughout the conti-
nent. In the Americas, the target of elimination is in sight.
And with the recent progress in the development of a
macrofilaricide, it is no longer unrealistic to think of oncho-
cerciasis eradication. For loiasis, the situation remains fun-
damentally different. Unless its public health importance is
further clarified, its main significance will remain as
an obstacle to ivermectin treatment for onchocerciasis and
lymphatic filariasis control.
See also: Community-Based Nutrition Programs; Global

Health Initiatives and Public Health Policy; Infectious

Disease Modeling; Skin Diseases (Non-Cancerous).
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In Table 2, the tools for prevention and control of
schistosomiasis are listed. In Table 3, the criteria for
different strategies for schistosomiasis control, as deter-
mined by the World Health Organization (WHO), are
summarized.

http://mectizan.org/loarecs.asp


Table 1 Fact sheet: schistosomiasis

Parasite (intermediate host snail) . S. haematobium (Bulinus spp.)
. S. mansoni (Biomphalaria spp.)
. S. japonicum (Oncomelania spp.)
. S. intercalatum (Bulinus spp.)
. S. mekongi (Neotricula aperta)

Geographic distributiona,b

(see also Figure 1)

. S. haematobium: sub-Saharan Africa, Middle East, some islands in the Indian Ocean

. S. mansoni: sub-Saharan Africa, parts of South America, some Caribbean islands

. S. japonicum: China, Indonesia, the Philippines

. S. intercalatum: parts of Central and West Africa

. S. mekongi: Cambodia, Laos

Population at riskb 779million

Number of people infectedb 207million
Number of people with morbidity

(severe morbidity)c
120million (20million)

Annual mortalityd,e 15000–280000

Global burdend,f 1.7–4.5million disability-adjusted life years (DALYs) lost

aGryseels B, Polman K, Clerinx J, and Kestens L (2006) Human schistosomiasis. Lancet 368: 1106–1118.
bSteinmann P, Keiser J, Bos R, Tanner M, and Utzinger J (2006) Schistosomiasis and water resources development: Systematic review,

meta-analysis, and estimates of people at risk. Lancet Infectious Diseases 6: 411–425.
cChitsulo L, Engels D, Montresor A, and Savioli L (2000) The global status of schistosomiasis and its control. Acta Tropica 77: 41–51.
dWHO (2004) The World Health Report 2004: Changing History. Geneva: World Health Organization.
evan der Werf MJ, de Vlas SJ, Brooker S, et al. (2003) Quantification of clinical morbidity associated with schistosome infection in sub-

Saharan Africa. Acta Tropica 86: 125–139.

Table 2 Prevention and control of schistosomiasis

Prevention . Improved access to clean water and sanitation
. Information, education, and communication (IEC) campaigns
. Socioeconomic development
. Long-term goal: development of an efficacious antischistosomal vaccine

Controla . High-burden areas: morbidity control
. Low-burden areas: integrated control, including transmission containment

Antischistosomal drugs

Historicb,c . Antimony potassium tartrate
. Niridazole
. Hycanthone
. Metrifonate (active against S. haematobium)
. Oxamniquine (active against S. mansoni)

Currenta,b,c . Praziquantel
. (Oxamniquine for S. mansoni)
. (Artemisinins, mainly for chemoprophylaxis)

Futured . Synthetic trioxolanes?

aWHO (2002) Prevention and Control of Schistosomiasis and Soil-Transmitted Helminthiasis: Report of a WHO Expert Committee. WHO

Technical Report Series No. 912. Geneva: World Health Organization.
bUtzinger J and Keiser J (2004) Schistosomiasis and soil-transmitted helminthiasis: Common drugs for treatment and control. Expert

Opinion on Pharmacotherapy 5: 263–285.
cFenwick A, Keiser J, and Utzinger J (2006) Epidemiology, burden and control of schistosomiasis with particular consideration to past
and current treatment trends. Drugs of the Future 31: 413–425.
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Causative Agent and Geographic Distribution

Schistosomiasis is a chronic, debilitating, and poverty-
promoting disease that belongs to the so-called ‘neglected
tropical diseases’ (Hotez et al., 2006, 2007). The causative
agent of schistosomiasis is a trematode worm (blood
fluke) of the genus Schistosoma. It was discovered in 1852
by Theodor Bilharz, a German physician who worked in a
hospital in Egypt at that time ( Jordan, 2000). The term
‘bilharzia’ is still today in use as a synonym for schistoso-
miasis, and Egypt has a long history of heavy infections,
epidemiologic research, and implementation of control
programs against schistosomiasis.



Table 3 Treatment criteria as defined by the WHO in their ‘Action against worms’ newsletter

Schistosomiasis
endemicity Prevalence Action in schools Action in community

High �30% urinary schistosomiasis

(assessed by questionnaire for

blood in urine) or

Treatment of all school-age

children once every year

Make praziquantel available in health

centers – but actively treat high-risk

groups

�50% intestinal schistosomiasis
Moderate 10–30% urinary schistosomiasis or Treatment of all school-age

children every second year

Make praziquantel available in health

centers for treatment of suspected

cases

10–50% intestinal schistosomiasis

Low <10% urinary or intestinal
schistosomiasis

Treatment of schoolchildren on
entry to school and at the end

of their schooling

Make praziquantel available in health
centers for treatment of suspected

cases

Number of cases

Eliminated
<1000

1000−1000 000
1 000 000−10 000 000
>10 000 000

Figure 1 Geographic distribution of schistosomiasis in mid-year 2003. Adapted from Steinmann P, Keiser J, Bos R, Tanner M, and

Utzinger J (2006) Schistosomiasis and water resources development: Systematic review, meta-analysis, and estimates of people at risk.

Lancet Infectious Diseases 6: 411–425.
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As shown inTable 1, there are five schistosome species
that can infect humans, of which three, S. haematobium,
S. mansoni, and S. japonicum, show the broadest geographic
distribution, and they are responsible for untold human
suffering, morbidity, and a considerable global burden
(Davis, 2003; Utzinger and Keiser, 2004; King et al., 2005;
Gryseels et al., 2006).

A recent new estimate from mid-year 2003 suggested
that schistosomiasis was endemic in 76 countries and
territories of the world, with an estimated 207 million
people infected (Steinmann et al., 2006). Figure 1 shows
the geographic distribution of schistosomiasis, using the
country and territory as the smallest administrative unit of
analysis. Note that schistosomiasis has been eliminated
from several countries (marked on the map using green),
with Japan representing the most prominent example.
Schistosomiasis is close to elimination (i.e., less than
1000 cases; marked in yellow) in ten countries/territories,
namely, Antigua and Barbuda, India, Indonesia, Jordan,
Malaysia, Martinique, Montserrat, Morocco, Oman,
and Saint Lucia. There are 31 countries/territories
where more than 1million inhabitants are infected with
schistosomes (marked with dark orange). With
the exception of Brazil (estimated number of people
infected: 1.5 million), all of these countries are located in
Africa. There are five African countries where the esti-
mated number of infections is in excess of 10 million
(marked with dark red). In descending order of number
of infections, these countries are Nigeria (28.8million),
United Republic of Tanzania (19.0million), Ghana
(15.2million), Democratic Republic of the Congo
(14.9million), and Mozambique (13.2million).
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Life Cycle of Schistosomiasis

The life cycle of schistosomiasis is complex, as it involves
humans as definitive hosts and specific aquatic snails as
intermediate hosts. Indeed, it took several decades from
Theodor Bilharz’s discovery of the adult worm at autopsy
before the life cycle of the two major African schistosomes
(S. haematobium and S. mansoni) and the involvement of
aquatic snails was finally elucidated. It was Robert
T. Leiper, in 1916, who finally described the life cycle
( Jordan, 2000). Interestingly, the causative agent of the
main Asian schistosome (i.e., S. japonicum) was only dis-
covered in 1905, but a few years later, the life cycle
became clear. Though the schistosomes are closely
related, it is important to note that in the case of
S. japonicum, not only humans but also many different
kinds of domestic animals (e.g., cattle, pigs, and water
buffalos) act as reservoir hosts and that the intermediate
host snail is amphibious rather than aquatic (Utzinger
et al., 2005). These two features have important implica-
tions for the epidemiology of Asian schistosomiasis, ren-
dering control particularly challenging. The life cycle of
the other Asian schistosome infecting humans (S. mekongi)
was elucidated only in the mid-1970s.

Figure 2 depicts the life cycle of schistosomiasis, drawn
by a 9-year-old schoolboy living in Fagnampleu, a highly
endemic village in the western part of Côte d’Ivoire, West
Africa. It is striking that the key features of the life cycle
are all clearly articulated. First, humans are the definitive
host, and infected individuals harbor adult male and
female schistosome worm pairs. A female worm produces
several hundred eggs daily, and it has been estimated that
about half of these eggs break out of capillary blood vessels
and leave the human body via urine (S. haematobium) or
feces (other schistosome species). Second, when these eggs
Figure 2 The schistosomiasis life cycle as interpreted by a

9-year-old schoolboy living in a highly endemic village in

the western part of Côte d’Ivoire, West Africa. (Photo: J. Utzinger,
Swiss Tropical Institute.)
reach a freshwater body (e.g., a stagnant water pool or
slow-flowing river), they release a small miracidium.
Third, miracidia have a short free-living life during
which they need to locate a specific intermediate host
snail through chemotaxis and light. The miracidia pene-
trate into the snail, and within several weeks they undergo
a massive asexual multiplication. Fourth, as a result of this
multiplication, an infected snail subsequently releases
hundreds of cercariae each day back into the freshwater.
Cercariae are tiny free-swimming larvae with a forked tail
that can seek out and attach to the skin of humans while
they are in contact with infestedwater during occupational
activities (e.g., washing dishes, fetching water for domestic
use, or fishing) or leisure and recreational activities (e.g.,
bathing and playing in the water). Fifth, the cercariae shed
their tails and penetrate the unbroken human skin, a
process that only takes a few minutes. Once inside the
human body, the next larval stage is called a schistosomula,
and they first migrate in the blood vessels to the right side
of the heart and the lungs, and then exit the lungs and are
passed to the left side of the heart, from where they are
distributed to all organs proportional to cardiac output.
Sixth, once the parasites have entered the portal veins,
migration is halted. It takes between 4 and 9weeks from
skin penetration until male and female worms have
matured in the liver, and they meet and pair up (the male
carrying the female) and migrate once more to their final
resting position within the blood vessels around the blad-
der (S. haematobium) or the intestine (other schistosome
species). Adult schistosome pairs usually live 3–6 years,
but some case studies have been reported with people
passing viable eggs more than 20 years after their last
possible exposure to schistosome-infested freshwaters.

Two to 12weeks after nonimmune individuals
have been exposed to their first schistosome infection or a
heavy reinfection, the so-called ‘Katayama syndrome’
might occur. It is an early clinical manifestation of schisto-
somiasis, which is likely to be related to migrating schisto-
somula. Symptoms are unspecific, including fever, cough,
myalgia, headache, and abdominal tenderness (Ross et al.,
2007). While about half of the eggs produced by adult
female worms are believed to exit the infected individual
and continue the life cycle, the remaining eggs are trapped
in the organs and tissues of the human host, which results
in inflammatory immune reactions and calcification of
dead eggs. Typical symptoms of schistosomiasis are due
to the emerging eggs, namely blood and protein in urine
(S. haematobium) and abdominal pain, diarrhea, and blood in
stool in the cases of S. mansoni and S. japonicum. The later
and more serious consequences of schistosomiasis are
mainly due to immunological reactions against the depos-
ited eggs, and heavy, chronic infections eventually lead to
bladder cancer and kidney failure (S. haematobium), hema-
temesis (S. mansoni), and liver cirrhosis and elevated risk for
colon and liver cancer (S. japonicum).
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For further details of the schistosomiasis life cycle, as
well as morbidity and mortality due to schistosomiasis, the
reader is referred to several recent publications (Davis,
2003; Fenwick et al., 2006; Gryseels et al., 2006).
Intermediate Host Snails

The four genera of snails acting as the intermediate hosts
for the five species of human schistosomes are summar-
ized in Table 1. Biomphalaria snails are the intermediate
hosts for S. mansoni, and Bulinus snails are the intermed-
iate hosts for S. haematobium and S. intercalatum. Biomphalaria
and Bulinus are aquatic snails and they show habitat pre-
ferences for stagnant or slow-moving freshwater (velocity
not exceeding 0.3m/s).Neotricula aperta is the intermediate
host snail of S. mekongi. It is an aquatic snail species that
prefers fast-flowing freshwater. Finally, Oncomelania snails
are the intermediate host for S. japonicum. As mentioned
before, these snails are amphibious. The geographic distri-
bution of schistosomiasis within the countries/territories
depicted on Figure 2 is largely governed by the distribu-
tion of the intermediate host snails.

Early attempts to control schistosomiasis focused on
the intermediate host snails, as it was believed that the
snails were the weak link in the life cycle of the disease.
Hence, efforts were made to reduce the number of snails
by the use of chemical molluscicides, biological control
(e.g., introduction of competitor snails or snail-eating
fish), or environmental management (e.g., concrete lining
of irrigation canals or drainage). Aquatic snails, however,
are not easy to eliminate: Some will miss the chemical,
some will be carried in by freshwater currents, and snails
can colonize or recolonize water bodies quickly due to
their large reproductive potential. Environmental con-
cerns now prevent most attempts to control snails using
chemicals. A notable exception is China, where one of the
most successful schistosomiasis control programs was
launched in the mid-1950s and has been sustained to
date, with snail control playing a central role throughout
(Utzinger et al., 2005).
Global Burden of Schistosomiasis

Acute schistosomiasis, known as Katayama syndrome,
develops in some individuals several weeks post-infection,
mainly after a first-ever exposure to infection, for
example, among tourists who have been exposed to
schistosome-infested water (Ross et al., 2007). Classical
schistosomiasis morbidity usually develops only after a
large number of schistosome eggs have been trapped in
the tissues, thereby triggering an immunologic reaction of
the host against these eggs and their antigens. It follows
therefore that morbidity typically manifests itself only
after a prolonged period of infection (i.e., after several
years), which explains why schistosomiasis is considered a
chronic disease. People with light infections, on the other
hand, may never be treated, nor apparently suffer serious
consequences.

In the Global Burden of Disease study, presented in
the mid-1990s, the disability weight attached to schisto-
somiasis was very low (i.e., 0.005–0.006 on a scale ranging
from 0 (perfect health) to 1 (death)). This disability
weight was, for example, similar to facial vitiligo. More-
over, the same disability weight was given for all schisto-
some species, although it is widely acknowledge that
female S. japonicum worms produce tenfold more eggs
per day when compared to S. haematobium or S. mansoni,
and hence morbidity due to the former species is more
severe than that of the latter two (Davis, 2003). It is also
important to note that the annual mortality rate due to
schistosomiasis in the mid-1990s was estimated at
10 000–15 000. As a result, the estimated global burden
of schistosomiasis was 1.5million disability-adjusted
life years (DALYs). Informed public health circles
challenged this burden estimate and called for new
research that would facilitate a re-estimation of the
‘true’ schistosomiasis burden.

In the meantime, reanalysis of existing data suggests
that the annual mortality rate of schistosomiasis in Africa
alone might be as high as 280 000 (van der Werf et al.,
2003), and that the global burden due to schistosomiasis
might be 4.5million DALYs (WHO, 2002). A systematic
literature review and meta-analysis determined that the
gross and hidden morbidity due to schistosomiasis (e.g.,
anemia, cognitive impairment, exercise intolerance,
growth retardation, and malnutrition) are indeed far greater
than previously thought (King et al., 2005). A recent
study carried out in China suggests that the disability
weight of chronic schistosomiasis japonica is 0.191, rang-
ing between 0.095 (age group: 5–14 years) and 0.246
(�60 years) ( Jia et al., 2007).
Control of Schistosomiasis: Brief
Historical Account

Control of Schistosomiasis Japonica in Asia

In the second half of the 20th century, the elimination of
S. japonicum has been achieved in Japan, despite there
being animal reservoirs for this schistosome species. The
disappearance of schistosomiasis japonicum from Japan is
a credit to implementing and sustaining an integrated
control approach in the face of the post-World War II
socioeconomic development of that nation (Fenwick et al.,
2006).

Since the inception of China’s national schistosomiasis
control program in the mid-1950s, the number of cases
has been reduced by over 90%, the disease has been
eliminated in five of the previously 12 endemic provinces,
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and the extreme morbidity is no longer apparent. There
are still an estimated 700 000–800 000 individuals infected
with S. japonicum, and hence integrated control measures
should be maintained (Utzinger et al., 2005; Zhou et al.,
2007). There is considerable concern that global warming
and the implementation of major water-resource devel-
opment projects (e.g., construction of the Three Gorges
dam and the south-to-north water transfer project) might
detrimentally alter the transmission of schistosomiasis,
and so there is a strong case for maintaining rigorous
monitoring and surveillance.

Progress has also been made in the control of schisto-
somiasis japonica in the Philippines; the human infection
prevalence decreased from above 10% in the early 1980s
to 4% in the late 1990s. However, recent reports suggest
that since the end of control operations, the disease is re-
emerging in some parts of the Philippines, creating a
situation that needs urgent attention.
Control of Schistosomiasis Mansoni in Brazil
and the Caribbean

By far the largest burden of schistosomiasis in the Amer-
icas is to be found in Brazil. A national control program
has been implemented there over the past decades,
emphasizing morbidity control. However, over 1.5million
Brazilians are still estimated to be infected with S. mansoni
today (Steinmann et al., 2006).

The control of schistosomiasis mansoni on several
Caribbean islands has been very successful; indeed, elim-
ination is now the declared objective on Saint Lucia and
elsewhere. Interestingly, biological control (e.g., competi-
tor snails) proved successful in various aquatic habitats,
whereas drainage of flooded plains, improved domestic
water supply, reduced emphasis on sugarcane agriculture,
urbanization, and socioeconomic development were key
factors in the control of schistosomiasis in Puerto Rico
(Fenwick et al., 2006).
Control of Schistosomiasis in Africa

In Africa, the construction of manmade water bodies (e.g.,
large dams and irrigation systems) has contributed to a
substantial increase of schistosomiasis. This issue is high-
lighted by a recent meta-analysis that revealed that people
living in close proximity to large dam reservoirs were at
a 2.4- and 2.6-fold higher risk of S. haematobium and
S. mansoni, respectively, when compared to people living
further away. With regard to proximity to irrigation sys-
tems, the risk of a S. mansoni infection increased by a factor
of 4.7, whereas no significant change was apparent in the
case of S. haematobium (Steinmann et al., 2006).

A prominent example of how schistosomiasis gained in
importance following the implementation of a water-
resource development project stems from the Sudan.
In 1911, the government took the decision to construct a
dam on the Blue Nile at Damazeen in order to irrigate an
area of approximately 1million acres south of Khartoum,
by means of gravity-fed canals. This irrigation scheme
represented the largest of its time. The selected area of
land had a gentle slope from south to north (on average
6 cm/km). The banks of the canals were built from the soil
excavated to make the canals, and a network of canals fed
water to symmetrical fields in which cotton, wheat, and
groundnuts were cultivated. Despite efforts to screen and
treat the Egyptian laborers who immigrated to dig the
canals, schistosomiasis increased in the area among the
farmers and their families; first S. haematobium, followed by
S. mansoni. In the 1940s, the irrigation scheme was doubled
in size, which led to even more people moving into the
area, and a further increase of schistosomiasis. By 1970,
the prevalence of infection among people living in close
proximity to the irrigated fields was around 60% for both
S. haematobium and S. mansoni.

The construction of the Aswan High Dam in Egypt
changed the face of the Nile delta to the north of Cairo
to the Mediterranean coast. Interestingly, this manmade
environmental alteration was accompanied by a shift in
predominance from S. haematobium to S. mansoni. This
shift – also termed the ‘Nile shift’ (Steinmann et al.,
2006) – was paralleled with a decline in the prevalence
of S. haematobium-induced bladder cancer, which was at the
time the most prevalent cause of cancer in Egypt. Other
high-profile water schemes accompanied by massive
increases in schistosomiasis were the Volta dam, which
caused an epidemic of S. haematobium in fishermen and
populations living around this newly formed lake in
Ghana in the late 1960s and early 1970s, and the Diama
and Manantali dams, which led to a severe outbreak of
S. mansoni in Senegal in the late 1980s and early 1990s.
Drugs Against Schistosomiasis

Early drugs used against schistosomiasis, the current drug
of choice (i.e., praziquantel), and potential future drugs for
the individual treatment and community-based morbidity
control of schistosomiasis are summarized in Table 2.
Historic Drugs

The first successful treatment of patients infected with
S. haematobium was reported from the Sudan, in 1918,
following multiple intravenous injections of an antimony
compound. Subsequently, new antischistosomal drugs
were developed, namely niridazole, hycanthone, metrifo-
nate, and oxamniquine. These drugs could be adminis-
tered in a single (niridazole and oxamniquine) or multiple
oral dose (metrifonate) or a single injection (hycanthone),
and they showed more satisfactory therapeutic profiles
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when compared to the antimony-based drugs, hence they
were considered significant improvements. However, as
their use widened, niridazole and hycanthone eventually
showed more and more unacceptable adverse effects, and
hence they were withdrawn. Metrifonate was widely used
against S. haematobium during the 1970s and 1980s in Africa.
Although this drug was inexpensive, optimal results were
obtained only with three treatments at weekly intervals.
This proved to be too great a logistical obstacle for mass
treatment in field conditions. Metrifonate is no longer
available and has been removed from the WHO model
list of essential drugs. Manufactured by Pfizer Ltd, oxam-
niquine has been extensively used against S. mansoni in
Brazil, but less so in Africa, where it proved to be less
efficacious. Because the spectrum of activity of oxamni-
quine is confined to S. mansoni, drug-resistant parasites
have developed, and as praziquantel has become less
expensive, the future production of oxamniquine is in
doubt (Fenwick et al., 2006).
Current Drug of Choice: Praziquantel

The major breakthrough occurred in the mid-1970s when
praziquantel was discovered and its excellent safety and
therapeutic profiles against all major human schistosome
species established through rigorous clinical testing in
multiple countries coordinated by the WHO. Although
the precise mechanism of action of praziquantel remains
to be elucidated, the drug causes tegumental damage to
the parasite, which eventually results in worm death.
Early clinical trials suggested that fewer side effects occur
when praziquantel is delivered as a split dose (20mg/kg in
the morning and again in the afternoon). However, it
was shown to be equally effective when dispensed as a
single 40 mg/kg oral dose, which would have obvious
advantages for mass drug administration. Provided the
drug is taken after some food intake to increase adsorption,
the majority of the recorded side effects were mild and
transient. A standard dose of praziquantel (i.e., 40mg/kg
administered orally) usually results in high cure and egg
reduction rates.

Initially, praziquantel was available from Bayer, andwas
marketed at a price of US$1 per 600mg tablet. In view of
the recommended single 40mg/kg oral dose, the treat-
ment of a 60 kg person would require four tablets, and
hence cost US$4. Such treatment costs were prohibitively
expensive for both governments to provide and most peo-
ple living in sub-Saharan Africa; indeed, a single treatment
of an adult would have exceeded the average per capita
annual health expenditure of many countries. Neverthe-
less, some African countries benefited from large bilateral
funds in the 1970s and 1980s, which helped to set up
schistosomiasis control programs emphasizing praziquan-
tel treatment. Such prominent control programs were
implemented in Lake Volta, Ghana (funded by the Edna
McConnell Clark Foundation), the Blue Nile health proj-
ect, Sudan (funded by the United States Agency for Inter-
national Development, USAID, and coordinated by
WHO), the Fayoum project, Egypt (funded by the
German Technical Cooperation, GTZ), and a project
carried out in Cameroon (funded by USAID) (Fenwick
et al., 2006).

In the mid-1980s, WHO endorsed morbidity control as
the new global strategy for schistosomiasis control. Given
the broad spectrum of activity of praziquantel, its ease of
administration (orally as a single dose), and the good safety
and therapeutic profile, schistosomiasis control became
more and more dependent on this drug. Towards the end
of the 1990s, the price of praziquantel plummeted, which is
explained by the expiry of the initial patent hold by Bayer
and the successful development of an alternative way to
synthesize praziquantel by Shin Poong, a South Korean
pharmaceutical company. Pharmaceutical companies in
Africa contracted with Shin Poong so that they could
purchase the active ingredient and formulate the tablets
locally. By the year 2000, praziquantel could be purchased
for as little as US$0.08 per 600mg tablet, which translates
to a reduction in price of over 90%. Two countries were
using praziquantel on a large scale by this time, China and
Egypt, and more than 100million doses of praziquantel
have now been administered in these two countries since
the mid-1980s (Fenwick et al., 2006). Praziquantel is no
longer supplied by just one company, and is available from
a number of suppliers, with the active ingredient usually
being sourced from China or from Shin Poong. Thus,
formulated 600mg tablets may be produced by EIPICO
(Egypt), CIPLA (India), Novertel (Italy), Tanzania Phar-
maceutical Industries Ltd. (Tanzania), and others.

One disadvantage of praziquantel is that it is largely
refractory against the immature stages of the parasites
(Utzinger and Keiser, 2004). This lack of activity against
schistosomula possibly provided an explanation for the
apparent ineffectiveness of the drug in areas of very high
transmission, such as in the Senegal River basin. In this
area, prevalence and intensity rates of S. mansoni were
very high following a major water-resource development
project. Transmission was also extremely high, and
researchers interpreted follow-up results as indicating
praziquantel resistance had arrived. Concern about the
emergence of praziquantel resistance also came from a
study in Egypt, where praziquantel had failed to cure
1.6% of patients with a S. mansoni infection even after
three successive doses at 40 or 60mg/kg. Moreover, there
are occasional reports of individual failures of treatment
in returning travelers. Equally, the results from animal
studies and the ability of laboratories to develop artificial
selection of resistance lines raise concerns about poten-
tial tolerance and/or resistance of schistosomes to prazi-
quantel. Newdata from the same villages in Egypt suggest
that the initial concerns about praziquantel resistance



358 Helminthic Diseases: Schistosomiasis
development have disappeared. However, with an ever-
increasing use of praziquantel, careful monitoring is
required for the possible development of drug resistance,
especially since new mathematical predictive models
have suggested that the expanded treatment rates might
allow both parasites with lower drug resistance to suc-
cessfully coexist between susceptible and resistant
parasite strains.
New Drugs

Progress has been made with the artemisinins (e.g., arte-
mether and artesunate) against schistosomiasis. Artemisinin
is the active ingredient of the plant Artemisia annua and has
been used in Chinese traditional medicine for over
2000 years. The artemisinins are best known for their
potent antimalarial activity; to date, hundreds of millions
of people have been treated with an artemisinin derivative,
often in combination with another antimalarial drug. In
1980, Chinese scientists discovered the antischistosomal
properties of the artemisinins. It is now widely acknowl-
edged that the artemisinins exhibit a broad spectrum of
activity against schistosomes, but the highest activity is
confined to the juvenile stages of the parasite. This feature
has led to the development of artemether as a potential
chemoprophylactic agent against schistosomiasis (Utzinger
and Keiser, 2004; Utzinger et al., 2007).

Promising results have been published with regard to
the antischistosomal activity of synthetic 1,2,4-trioxolanes
(secondary ozonides, or OZs). Administration of various
OZ compounds to mice infected with either juvenile or
adult schistosomes resulted in significant worm burden
reductions (Xiao et al., 2007). Compared to the artemisi-
nins, OZs are characterized by structural simplicity, ease
of synthesis, and improved pharmacokinetic parameters.
Additional research is warranted to come forward with an
antischistosomal OZ drug development candidate.
Renewed Efforts to Control
Schistosomiasis

The New Millennium

Toward the end of the last century, there were virtually no
functioning national schistosomiasis control programs in
sub-Saharan Africa, leaving an estimated 170million active
cases of schistosomiasis without any treatment. Some high-
cost blister packs of four tablets of praziquantel were avail-
able in pharmacies at US$5 or more, but the volume was
understandably low. Other treatment was provided during
some small-scale research or nongovernmental organiza-
tion-funded programs treating people in selected villages
where schistosomiasis was endemic.

For several reasons, not least the Millennium Devel-
opment Goals (MDGs), since 2000 interest in the health
and general well-being of Africans has grown. Increased
funding has led to several national programs being
launched against schistosomiasis, mostly implemented
within school health programs and integrated with the
simultaneous control of soil-transmitted helminthiasis.
The impetus for these programs have been the mentioned
dramatic reduction in the price of praziquantel, funding
from the Bill and Melinda Gates Foundation (BMGF),
the MDGs that emphasize poverty alleviation, and the
report of the Commission for Africa, presented in 2005.

The new millennium started with the BMGF providing
funds to support research and control to bring better health
to the most vulnerable people. In 2001, a grant was awarded
to the Harvard School of Public Health to develop a pro-
posal for the control of schistosomiasis in sub-Saharan
Africa. Subsequently, the Schistosomiasis Control Initiative
(SCI) was established to the tune of US$30 million, and
within three years, six countries (from 12 applications) had
been awarded grants from SCI and embarked on national
control programs. Each countrydeveloped its ownprogram,
some targeting school-age children, others community-
based delivery covering whole populations.
Current Schistosomiasis Control Objectives and
Strategies

The goal of SCI is in line with resolution WHA 54.19, set
forward at the World Health Assembly in May 2001, as
follows:

The resolution urges Member States to ensure access to

essential drugs against schistosomiasis and soil-transmitted

helminthiasis in all health services in endemic areas for the

treatment of clinical cases and groups at high risk of

morbidity such as women and children, with the goal

of attaining a minimum target of regular administration

of chemotherapy to at least 75% and up to 100% of all

school-age children at risk of morbidity by 2010.

This policy is based on the current evidence base that
morbidity can be controlled by periodic treatment of
high-risk groups with anthelminthic drugs.

In sub-Saharan Africa, where socioeconomic develop-
ment lags behind the rest of the world, and access to clean
water and sanitation facilities are often lacking, ministries
of health embarking on a disease control program need to
set realistic targets. In areas where the prevalence of schis-
tosome infections is high (e.g., >50% among school-age
children), systematic treatment with praziquantel is more
cost-effective than diagnosis followed by treating infected
individuals. Mass treatment is feasible because praziquan-
tel is a safe drug. Provided the drug is affordable, central
and local governments should consider determining a
prevalence threshold and if theWHO criteria are reached,
should embark on an appropriate mass treatment cam-
paign (Table 3). Depending on the results of surveys to
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determine pre-treatment prevalence and intensity of
infection rates, this may involve mass treatment of entire
communities, mass treatment of school-age children only,
or a ‘selective population chemotherapy’ targeting high-
risk occupational groups.

The lot quantity assurance sampling (LQAS)method is a
promising approach for selecting the appropriate treatment
strategy. The screening of just 15 children in a school
for infection with schistosomes will suffice; in cases where
more than two children are found positive, the entire school
is treated; in cases where more than seven children are
infected, the whole community is given praziquantel
(Brooker et al., 2005).

The large numbers of people infected with schisto-
somes in Africa need to be treated but cannot afford
to purchase the medication. Centrally funded control
programs have been successfully established with the
short-term objective of targeting the high-risk popula-
tions (e.g., school-age children) in highly endemic areas
with one, two, or three treatments just to diminish worm
burdens, and hence to reduce morbidity. Regular mass
treatment of school-age children as a longer-term inter-
vention would reduce the probability of morbidity devel-
oping in the future. The use of a dose (height) pole
marked off in tablets has been validated in Africa to
improve the ease of determining the correct dosage for
children without having to use expensive and often inac-
curate weight scales (Montresor et al., 2001) (Figure 3).
Maintenance Phase

Once the prevalence, intensity, and morbidity of schis-
tosomiasis has been reduced in highly endemic villages
following mass drug administrations – say for 3–5 years –
consolidation of schistosomiasis control must be addressed
and a sustainable strategy implemented (WHO, 2002). One
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Figure 3 The dose (height) pole for rapid determining of the numbe
example of its operational use during a community-based treatment
suggestion is that routine treatment of schoolchildren as
they enter school for the first time (with their siblings
not attending schools) might suffice. Another is that annual
visits be made to schools when just classes one, three,
and five are treated. Concurrently, access to praziquantel
in existing health-care delivery structures must be made
available, access to clean water and improved sanitation
must be improved, and sound information, education, and
communication strategies, readily adapted to the local epi-
demiologic settings, implemented (Utzinger et al., 2003).
Beyond Schistosomiasis Control: Integration

The year 2006 may have been a turning point in the
control of schistosomiasis and an array of other so-called
‘neglected tropical diseases.’ In fact, disease control pro-
grams are coming closer together in the Global Network
for Neglected Tropical Diseases Control, and millions
more people will be offered a treatment package reducing
their suffering by treating their infections at an early
stage. (See ‘Relevant Websites’ for an overview of some
international organizations and networks that have the
control of ‘neglected tropical diseases’ in their portfolio.)

SCI started the trend, as praziquantel is used to target
populations with a high prevalence and intensity of infec-
tion with schistosomes, but adds albendazole to its drug
delivery to treat soil-transmitted helminth infections that
coinfect many individuals harboring a schistosome infec-
tion. Integration of drug delivery is growing. Concurrent
administration of anthelminthic drugs (using either alben-
dazole or mebendazole) and distribution of micronutrients
to children under the age of 5 years is now widespread in
Africa under the auspices of the Micronutrient Initiative
and UNICEF, and Johnson & Johnson are embarking on a
sizable long-term donation of mebendazole. As each of the
disease-specific programs has expanded, they have now
(b)

r of praziquantel tablets to be administered (a), and a concrete
campaign (b) (SCI Photograph, Imperial College, London).
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reached the point of overlap and have started targeting the
same populations. Managers are therefore looking for
integration of some common activities (e.g., mapping,
census, drug delivery, and monitoring) to enhance cost-
effectiveness (Lammie et al., 2006). A health package,
which should be flexible enough to be a model for Africa,
should be developed, but in so doing partners will need to
address the policy, health systems, programmatic, techni-
cal, economic, social, and political issues involved and
subsequently evaluate the programs.

A successful demonstration of an integrated program
will be needed; and then advocacy and publicity given to
the successes, seminars, conferences, and dissemination of
results, mainly through the auspices of WHO, will lead to
other countries adopting this new approach and
controlling their neglected tropical diseases in an
integrated and sustainable fashion.
See also: Community-Based Nutrition Programs;

Functions and Deficiencies of B-vitamins (and Their

Prevention); Health Issues of the UN Millennium

Development Goals; Helminthic Diseases: Intestinal

Nematode Infection; School Health Promotion;

Waterborne Diseases; World Health Organization.
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http://www.micronutrient.org – The Micronutrient Initiative.
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http://www.schisto.org – Schistosomiasis Control Initiative.
http://www.who.int/tdr – UNICEF/UNDP/World Bank/WHO Special

Programme for Research and Training in Tropical Diseases.
http://www.who.int/neglected_diseases/en – World Health

Organization, Control of Neglected Tropical Diseases.
http://www.who.int/wormcontrol/en – World Health Organization,
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Introduction

Although neurocysticercosis, infection of the central ner-
vous system (CNS) by the larval stage of Taenia solium,
had been recognized as a disease of pigs as early as the
time of ancient Greece and as an illness affecting humans
since the seventeenth century, it was not regarded as a
public health problem until the early twentieth century
in Germany, and later with the publication of Dixon and
Lipscomb’s (1961) landmark case series of British soldiers
afflicted with the disease upon returning from India. Since
that time, the epidemiology and clinical picture of neu-
rocysticercosis have been extensively described, and the
advent of modern neuroimaging technology has facili-
tated the ease with which milder cases of the disease are
diagnosed, dispelling the notion that neurocysticercosis
is an invariably aggressive and fatal disease. Furthermore,
in recent decades, the prognosis associated with the
disease has improved due to significant progress on the
diagnostic and therapeutic fronts.

Acknowledged as the most common parasitic infection
of the CNS, neurocysticercosis remains a considerable
public health challenge, prevalent where pigs are raised
as a food source in Latin America, most of Asia and sub-
Saharan Africa, and parts of Oceania. In the developing
world, where prevalence rates of epilepsy are substantially
higher than those in developed countries, neurocysticer-
cosis is the leading cause of acquired seizures. The
World Health Organization (WHO) (Roman et al., 2000)
estimates that more than 50 000 annual deaths can be
attributed to neurocysticercosis, while morbidity from the
disease affects an even greater number of individuals. In the
developed world, neurocysticercosis is being recognized
with increasing frequency, due in large part to a rise in
immigration from and travel to areas of endemicity.
Because neurocysticercosis is potentially eradicable,
large-scale efforts are in place to reduce and eventually
eliminate the morbimortality associated with the disease.
Evolution of Infection and Disease

Life Cycle of T. solium

The life cycle of T. solium, depicted in Figure 1, requires
two hosts, humans and pigs. Humans serve exclusively as
the definitive host to the adult tapeworm, which resides in
the upper small intestine. Infestation by the tapeworm,
referred to as taeniasis, is the result of human con-
sumption of undercooked pork from pigs infected with
the larval stage of the parasite, known as cysticercosis.
Pigs, the usual intermediate host in the life cycle, become
infected with larval cysts upon ingestion of eggs shed
in human feces, which then develop into cysticerci any-
where in the pig. Human cysticercosis, however, occurs
when humans become accidental intermediate hosts
through ingestion of infective eggs from tapeworm car-
riers via fecal–oral contamination. As human cysticercosis
results from ingestion of T. solium eggs, consumption
of undercooked pork is by no means requisite for the
development of human cysticercosis.



Ingestion of infected pork,
poorly cooked: Taeniasis

Ingestion of T. solium eggs
by fecal contamination:
Human cysticercosis
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Figure 1 Life cycle of Taenia solium. Reproduced fromGarcia HH andMartinez SM (eds) (1999) Taenia solium taeniasis/cysticercosis,

p. 218. Lima, Peru Ed. Universero.
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Taeniasis

Taeniasis, found solely in the human host, occurs after
consumption of undercooked pork infected with cysti-
cerci. The larval head, referred to as the scolex, becomes
fixed to the mucosa of the human upper small intestine.
The adult tapeworm grows when segments, known as
proglottids, arise from the scolex. As the adult tapeworm
develops, the proglottids enlarge, become gravid, and
eventually bud off of the distal end of the tapeworm and
are shed in the feces beginning approximately two months
after infection. Each proglottid harbors 50–60� 103 infec-
tive eggs. Minimal inflammation or injury occurs at the
site of mucosal attachment, resulting in mild, if any,
symptoms associated with tapeworm infestation. As most
tapeworm carriers are asymptomatic, few seek medical
attention or discover the excreted proglottids in their
feces; however, detection of taeniasis cases is essential to
disrupt the transmission of cysticercosis.

Diagnosis of taeniasis is complicated by the poor sen-
sitivity of stool microscopy and the morphological resem-
blance between the eggs of T. solium and Taenia saginata.
Diagnostic assays for the detection of T. solium infection
include a coproantigen detection enzyme-linked immu-
nosorbent assay (ELISA) with excellent sensitivity and
specificity and a serological assay, neither of which is
commercially available at this time. A number of DNA-
based assays can also be used to distinguish between
T. solium and T. saginata infections. Treatment options
for taeniasis include niclosamide and praziquantel.
Niclosamide, which unlike praziquantel is not absorbed
from the gastrointestinal tract, is the treatment of choice,
administered in a single oral dose of 2 g. Praziquantel,
given in a single oral dose of 5mg/kg, poses the risk of
causing inflammation of undiagnosed brain cysts, leading
to neurological symptoms.
Clinical Picture of Neurocysticercosis

After human ingestion of infective eggs, the embryos,
or oncospheres, are released from the eggs and penetrate
the intestinal wall, invading the bloodstream and dispers-
ing throughout various tissues of the host, where they
develop into larval cysts. Although cysts can establish
themselves anywhere in the human body, neurocysticer-
cosis is undoubtedly the most frequent and clinically
relevant manifestation of the disease. The clinical presen-
tation of neurocysticercosis is highly variable, depending
largely upon cyst location, number, size, and stage, as well as
the host’s immune response. The disease can become mani-
fest when intraparenchymal cyst growth leads to mass effect
or obstruction of cerebrospinal fluid (CSF). Frequently,
however, symptoms occur only after development of an
inflammatory response to cysts or with the appearance of
perilesional edema around residual calcifications. Seizures
are the most common clinical manifestation of neurocysti-
cercosis, present in more than half of all patients with intra-
parenchymal cysts or calcifications. In extraparenchymal
disease, which generally carries a graver prognosis than
intraparenchymal disease, cysts tend to grow aggressively
in the ventricles, basal cisterns, or another subarachnoid
space, often invading surrounding structures. The cysts, or
a resulting ependymal or meningeal inflammatory res-
ponse, obstruct CSF pathways, causing hydrocephalus,
intracranial hypertension, or both. A variety of other
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neurological manifestations can occur in neurocysticercosis
including headache, focal neurological deficits, psychiatric
disturbances, and cerebrovascular disease.

More rare forms of neurocysticercosis include ‘giant’
cysts, most commonly situated in the sylvian fissure, that
can exceed a diameter of 50mm and generally behave
as benign tumors on account of their unchecked growth;
cysticercotic encephalitis, in which patients present with
diffuse cerebral edema from massive parasite infestation;
massive nonencephalitic infection; spinal cysticercosis;
and involvement of the eye.
Evolution of Neurocysticercosis Infection

The traditional view of the evolution of infection in
the CNS, shown in Figure 2, depicts a succession of invo-
lutional stages that unfold over the course of several years.
After being ingested, eggs develop into immature cysts that
later evolve into viable cysts, thin-walled vesicles, measur-
ing 10–20mm in diameter, with clear liquid content and
little, if any, perilesional inflammation. According to this
traditional view, viable cysts become established and remain
in their environment, protected both by the blood–brain
barrier and by successful modulation and evasion of the
host’s immune response. In time, or following cysticidal
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Figure 2 Traditional views on the evolution of human neurocysticer
The Cysticercosis Working Group in Peru (2003) Diagnosis, treatmen

in Infectious Diseases16: 411–419. with permission from Lippincott, W
therapy, the parasite is defeated and an inflammatory reac-
tion ensues, collapsing the cysts and leading to the forma-
tion of granulomas followed by residual calcifications.

This traditional view presupposes that all cysts become
established infections, passing sequentially through the
stages outlined above. Garcia et al. (2003), however, have
speculated that the majority of cysts are destroyed by
the host’s immune response early in the course of the
disease, prior to becoming established infections. As such,
abbreviated infections would likely unfold over a period
of months, rather than over the course of several years
as assumed in the traditional view. The evidence in sup-
port of this hypothesis includes the common finding
of degenerating cysts clustered in younger patients
who exhibit a weaker immune response. Furthermore, a
number of recent studies (Del Brutto et al., 2005; Medina
et al., 2005) using computed tomography (CT) in endemic
areas of Latin America, including Ecuador and Honduras,
have revealed clinically silent calcified brain lesions in
a substantial percentage (10–20%) of the general popu-
lation. Such cases suggest that patients who present
to medical attention with symptomatic neurocysticerco-
sis from established infections involving viable, fully
mature cysts represent only a small percentage of all
infections.
n and disease
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cosis. Reproduced from Garcia HH, Gonzalez AE, Gilman RH for
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Diagnosis

Neurocysticercosis can present a diagnostic challenge due
to nonspecific clinical manifestations, lack of pathogno-
monic findings on neuroimaging, and serological assays
with reduced sensitivity in select cases. Neuroimaging
studies and confirmatory serological assays comprise the
primary tools used in the clinical diagnosis of neuro-
cysticercosis. Table 1 summarizes a group of objective
diagnostic criteria proposed by Del Brutto et al. in 1996
and later revised (2001) to aid health-care providers in
the diagnosis of neurocysticercosis.
Neuroimaging Studies

As location, number, size, and stage of the lesions deter-
mine management of neurocysticercosis, neuroimaging,
Table 1 Diagnostic criteria for neurocysticercosis

Criteria
Absolute criteria

1. Histologic demonstration of the parasite

2. Direct visualization of the parasite by funduscopic

examination
3. Evidence of cystic lesions showing the scolex on CT or MRI

Major criteria

1. Evidence of lesions suggestive of neurocysticercosis on

neuroimaging studies
2. Positive immunologic tests for the detection of

anticysticercal antibodies

3. Plain X-ray films showing ‘cigar-shaped’ calcifications in
thigh and calf muscles

Minor criteria

1. Presence of subcutaneous nodules (without histologic

confirmation)
2. Evidence of punctuate soft-tissue or intracranial

calcifications on plain X-ray films

3. Presence of clinical manifestations suggestive of

neurocysticercosis
4. Disappearance of intracranial lesions after a trial with

anticysticercal drugs

Epidemiologic criteria

1. Individuals coming from or living in an area where
cysticercosis is endemic

2. History of frequent travel to cysticercosis-endemic areas

3. Evidence of a household contact with Taenia solium
infection

Degrees of certainty

Definitive diagnosis

1. Presence of one absolute criterion
2. Presence of two major criteria

3. Presence of one major plus two minor and one

epidemiologic criterion

Probable diagnosis
1. Presence of one major plus two minor criteria

2. Presence of one major plus one minor and one

epidemiologic criterion
3. Presence of three minor plus one epidemiologic criterion

Possible diagnosis

1. Presence of one major criterion

2. Presence of two minor criteria
3. Presence of one minor plus one epidemiologic criterion
shown in Figure 3, is an essential component of the
diagnostic workup. Each evolutionary stage of the disease
has a characteristic appearance on neuroimaging. With
the exception of visualizing multiple cysts with scolices,
no imaging appearance is pathognomonic for neuro-
cysticercosis. On CT, viable cysts are hypodense, well-
demarcated lesions, with an indiscernible wall enclosing
cystic fluid isodense with CSF. Viable cysts rarely enhance
with contrast media and provoke little, if any, perilesional
inflammation. On magnetic resonance imaging (MRI),
viable cysts appear as hypointensities on T1 and FLAIR
sequences but are hyperintense on T2 sequences. Upon
degeneration, however, cysts may become isodense with
the parenchyma, revealing contrast enhancement with
areas of adjacent inflammation. Unlike in viable cysts,
where the scolex can appear as a hyperdense dot in
the center of the cyst, the scolex is seldom visualized
in degenerating cysts except with the aid of diffusion-
weighted MRI. Single enhancing lesions can be very
difficult to distinguish from tuberculomas. Lesion size,
presence of midline shift, and magnetic resonance spec-
troscopy findings may contribute to making the diagnosis.

In the final stages of the host immune response,
the lesions may be undetectable by CT or may appear
as punctate residual calcifications. Perilesional edema
and contrast enhancement of calcifications can reappear
episodically, frequently in conjunction with associated
symptomatology. As calcifications are the common end-
point for most cysticercotic lesions, this phenomenon may
potentially account for most of the morbidity associated
with the disease. MRI is a more reliable imaging option
in extraparenchymal disease, as extraparenchymal viable
cysts located in the ventricles, basal cisterns, or another
subarachnoid space may not be visible on CT due to the
imperceptible cyst wall and isodense CSF. Imaging may
only reveal indirect signs of disease such as hydrocepha-
lus, ependymitis, arachnoiditis, or irregular basal cisterns.

In areas of endemicity, CT remains the most practical
neuroimaging option due to cost and accessibility. While
the newest generation of CTscans has high sensitivity and
specificity for detecting neurocysticercosis lesions, MRI
is generally superior to CT as a diagnostic tool. Small
or intraventricular cysts, cysts in close proximity to the
skull or located in the posterior fossae, and areas of
inflammation are better depicted on MRI. One exception,
however, is the identification of small calcifications, which
are better visualized with CT.
Serological Assays

In clinical diagnosis, serological assays are typically used
to confirm the diagnosis made with neuroimaging. Tsang
et al. (1989) reported the specificity and overall sensitivity
of the widely used enzyme-linked immunoelectrotransfer
blot (EITB) assay using purified glycoprotein cyst anti-
gens at 100% and 98%, respectively. EITB, which can be



Figure 3 Neuroimaging appearance of the different stages of neurocysticercosis: (a) viable cysts, (b) single degenerating lesion,

(c) calcifications, (d) basal subarachnoid (racemose) cysticercosis, (e) giant cyst in the sylvian fissure.
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performed with either serum or CSF samples without
losing sensitivity, has essentially supplanted an ELISA
test, which performs poorly when used with serum
samples, primarily due to cross-reactivity with common
cestode infections. One major pitfall, however, of EITB
is that its sensitivity decreases significantly in patients
harboring a single cyst or calcified lesions. Additionally,
EITB requires more specialized equipment and highly
trained personnel than the ELISA, which may render
the assay impractical in certain endemic areas. Antigen
detection assays have also been developed that detect
live parasites, offering the possibility of improved clinical
decision making in areas such as therapeutic monitoring.
Treatment

Treatment of neurocysticercosis involves the use of analge-
sics and antiepileptic drugs for symptomatic control, anti-
inflammatory agents, antiparasitic drugs, and/or surgery.
Management should be individualized according to
the number of cysts, their location, stage, and size.
Table 2 summarizes guidelines set forth by Garcia et al.

(2002) for the use of antiparasitic treatment in neurocysti-
cercosis. Praziquantel and albendazole have both been
shown to possess cysticidal activity against T. solium cysti-
cerci. The customary dose of praziquantel is 50mg/kg/day
for 15 days, although varying courses of therapy ranging
from single-day to 3-week regimens have also been used
with efficacy. Albendazole is generally administered at
15mg/kg/day for 7 to 15 days. When compared to prazi-
quantel, albendazole is cheaper, has greater cysticidal activ-
ity, and its concentrations are not affected by corticosteroid
therapy. Caution must be exercised with antiparasitic ther-
apy, as exacerbation of neurological symptoms can occur
due to the acute inflammation associated with cyst death.

The use of antiparasitic therapy should never be
considered as an alternative to symptomatic control with
anti-epileptics and anti-inflammatory medications. In all
cases, a fundoscopic examination for ocular cysts and
treatment of elevated intracranial pressure should be
performed prior to starting any other therapy. Critics of
the use of antiparasitic therapy raise concerns regarding
the immediate risks of antiparasitic agents, given the



Table 2 Guidelines for the treatment of neurocysticercosis

Type Infection burden Recommendations

Parenchymal neurocysticercosis
Viable (live cysts) Mild (1 to 5 cysts) (a) Antiparasitic treatment, with steroids

(b) Antiparasitic treatment; steroids used only if side effects

related to therapy appear

(c) No antiparasitic treatment; neuroimaging follow-up
Moderate (more than 5 cysts) Consensus: antiparasitic treatment with steroids

Heavy (more than 100 cysts) (a) Antiparasitic treatment with high-dose steroids

(b) Chronic steroid management; no antiparasitic treatment;

neuroimaging follow-up
Enhancing lesions

(degenerating cysts)

Mild or moderate (a) No antiparasitic treatment; neuroimaging follow-up

(b) Antiparasitic treatment with steroids

(c) Antiparasitic treatment; steroids only if side effects develop
Heavy (cysticercotic encephalitis) Consensus: no antiparasitic treatment; high-dose steroids

and osmotic diuretics

Calcified cysticerci Any number Consensus: no antiparasitic treatment

Extraparenchymal neurocysticercosis
Ventricular cysticercosis Consensus: neuroendoscopic removal, when available

If not available: (a) CSF diversion followed by antiparasitic

treatment, with steroids

(b) open surgery (mainly for ventricle cysts)
Subarachnoid cysts, including giant cysts or racemose cysticercosis,

and chronic meningitis

Consensus: antiparasitic treatment with steroids, ventricular

shunt if there is hydrocephalus

Hydrocephalus with no visible cysts on neuroimaging Consensus: ventricular shunt; no antiparasitic treatment
Spinal cysticercosis, intra- or extramedullary Consensus: primarily surgical; anecdotal reports of

successful use of albendazole with steroids

Ophthalmic cysticercosis Consensus: surgical resection of cysts

Modified from Garcia HH, Evans CA, Nash TE, et al. (2002) Current consensus guidelines for treatment of neurocysticercosis. Clinical
Microbiology Revview 15: 747–756, with permission from the authors.
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acute, potentially massive, inflammation that results from
their cysticidal activity. It has been argued that acceler-
ated resolution of cysts with antiparasitic therapy may
not translate into a long-term reduction in seizure fre-
quency and may even result in increased scarring with
a worse prognosis. On the other hand, in support of
antiparasitic therapy, studies by Proano et al. (2001) and
Garcia et al. (2004) have demonstrated benefit with use
of antiparasitic agents in patients with viable intrapar-
enchymal and extraparenchymal parasites.

While there is discord among several published trials
using antiparasitic therapy in patients with a single
enhancing lesion, a recent meta-analysis suggests an over-
all benefit. Patients with cysticercotic encephalitis should
not be treated with antiparasitic agents due to the danger
of aggravating the massive cerebral edema seen in this
form of the disease. There is also no role for antiparasitic
agents in patients with only residual calcifications, as
these represent dead cysts.

In addition to treatment of the parasite, management
of symptoms with anti-epileptic and anti-inflammatory
medications plays a crucial role in the treatment of neu-
rocysticercosis. Most seizures are well controlled with
anti-epileptics, although relapse is common with discon-
tinuation of therapy. Steroidal agents should be used
concurrently with antiparasitic agents when the risk of
cerebral infarction or massive edema during treatment
is high. The use of steroids can also minimize the side
effects associated with antiparasitic treatment, such as
headache and vomiting. Other clinical manifestations of
neurocysticercosis that necessitate treatment with ster-
oids include angiitis (with or without evidence of cerebral
infarction), meningitis, and cysticercotic encephalitis.
At the present time, the role of steroids or other anti-
inflammatory agents in patients with perilesional edema
surrounding residual calcifications is not well established.

Ventricular shunt placement in cases of hydrocephalus
secondary to neurocysticercosis, and open or neuroen-
doscopic surgical intervention in cases of cysts amenable
to excision are two other treatment options in the arsenal
against neurocysticercosis.
Epidemiology

Advancements in understanding the epidemiology of
neurocysticercosis have highlighted the magnitude of
the disease burden in endemic countries. Although the
WHO (Roman et al., 2000) estimates that 50million peo-
ple worldwide are infected with cysticercosis, this figure is
likely an underestimate of the actual prevalence of infec-
tion due to a vast number of undiagnosed cases. Neuro-
cysticercosis results in more than 50 000 annual deaths,
while the impact of disease morbidity affects an even



Helminthic Diseases: Taeniasis and Cysticercosis 367
greater number of individuals (WHO, 2000). Neurocysti-
cercosis is generally accepted as the single greatest cause
of acquired epilepsy in developing countries, and recent
controlled studies using CT in Honduras, Ecuador, and
Peru. Del Brutto et al. (2005), Medina et al. (2005),
Montano et al. (2005) have demonstrated a concrete
association between neurocysticercosis and seizures in
the field, with nearly 30% of seizures attributable to
neurocysticercosis infection. The diagnosis of neurocysti-
cercosis is also on the rise in the developed world, pri-
marily in individuals who have immigrated from or
traveled to areas where neurocysticercosis is endemic.

In the natural course of symptomatic neurocysticerco-
sis, the onset of symptoms typically occurs years after
infection, as demonstrated by the Dixon and Lipscomb
(1961) case series of British soldiers infected in India,
in whom the median time to onset of symptoms was
4 years. As patients with symptomatic neurocysticer-
cosis represent only the tip of the clinical iceberg, case
series of these patients lack generalizability to the field,
in which a wide spectrum of outcomes from exposure
to neurocysticercosis can be found, from symptomatic
disease to asymptomatic infection, from neurological
to non-neurological disease and from nonestablished to
aborted or resolved infection.

Likewise, conclusions drawn from field data must
take into account incongruities between the field setting
and the hospital. For example, the current picture in
the hospital setting reveals numerous neurocysticercosis
patients presenting with seizures, the majority of whom
have viable cysts or calcifications on neuroimaging and
robust serological reactions. The scenario in the field, on
the other hand, is quite different. In areas of endemicity
in Latin America, for example, seroprevalence rates can
reach up to 25% of the general population (Bern et al.,
1999). There, many individuals are found to be seroposi-
tive with only weak serological reactions. Few patients,
in fact, present with seizures, and of those who do, most
are seronegative.

The diagnosis of neurocysticercosis on a population
level can present an even greater challenge than diagnosis
on a case-by-case basis. Most patients in the field
with neurocysticercosis have only calcified lesions and
are apparently asymptomatic. Neither neuroimaging
studies, serological assays, nor the two tests used in com-
bination are capable of detecting every case of neurocys-
ticercosis. Currently, EITB is the most feasible screening
tool for use on an epidemiological level. However, as the
sensitivity of EITB is significantly lower in patients with
only a single cyst or only calcified lesions, the use of this
assay alone as a screening tool may miss a sizeable cohort
of individuals with active symptomatology who fall
into either of these two categories. Moreover, seronegative
individuals with positive CT imaging (i.e., a single cyst or
a single enhancing lesion) but no neurological evidence of
the disease may simply have asymptomatic infection,
or may have false-positive neuroimaging due to an unre-
lated lesion.

Initial seroepidemiological data have revealed strik-
ingly high seroprevalences of antibodies to T. solium.
Interestingly, however, the association between sero-
positivity and seizures, although consistent, is consider-
ably weaker than expected. A significant proportion of
seropositive individuals have no evidence of neurological
disease by symptomatology or CT imaging, challenging
the commonly held misconception that most, if not all,
cysticercosis infections attack the central nervous system.
Similarly, pigs with viable infections exhibit strong sero-
logical reactions, while conversely, only one-third of
seropositive pigs contain evidence of viable infection in
their carcasses. Of these, less than half have neurological
evidence of disease. Painting a clinical picture of neuro-
cysticercosis that may be more varied than originally
perceived, seropositivity without evidence of neurological
disease may indicate subclinical infection, cysticercosis
outside of the CNS, or successful development of protec-
tive immunity. Therefore, the detection of antibodies by
no means equates with viable infection or neurological
disease.
Control and Eradication

Advances in the field of neurocysticercosis continue to
shape our understanding of the disease and our efforts
to control it. Several attempts have been made to eradi-
cate the disease with active interventions such as changing
domestic pig-raising practices, mass chemotherapy of
porcine cysticercosis and taeniasis, selective detection
and treatment of taeniasis, and community health educa-
tion. Moreover, ongoing progress in the development of
a porcine vaccine against cysticercosis in Australia,
Mexico, and Peru has yielded at least one effective vac-
cine that is currently available (Gonzalez et al., 2005).
Thus far, however, attempted interventions have only
been successful in temporarily disrupting transmission
of the disease. At the present time (2008), a large-scale
eradication effort on the northern coast of Peru, funded
by the Bill and Melinda Gates Foundation, is in progress,
exploring selected combinations of these measures to
control or eliminate the disease. Among several other
key factors, the success of the effort rests heavily upon
staunch community support and economic incentives
to encourage sustainable modifications in domestic
pig-raising practices.
See also: Drinking Water and Sanitation; Food Safety;

Foodborne Illnesses: Overview; Seizure Disorders.
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Trichinellosis

Background

Trichinellosis, the zoonotic disease also known as trichi-
nosis or trichiniasis, is caused by nematodes belonging to
the genus Trichinella. The recognition of trichinellosis
may reach back to antiquity, and historical references to
diseases as early as 1200 BC in Egypt bear striking simi-
larity to clinical aspects of Trichinella infection. The sci-
entific discovery of the parasite occurred in 1835 by James
Paget and Richard Owen in London. Friedrich Zenker in
1860 provided the first clear evidence of transmission of
T. spiralis from animal to human. Through the work of
many scientists, it became clear that Trichinella was pri-
marily a parasite of animals, and that it existed in both a
domestic cycle (pigs, rodents, man, pets) and a sylvatic
cycle (wild animals). These discoveries led to the devel-
opment of control strategies to prevent human infection,
beginning in Germany in the 1866, actions that first
introduced the worldwide practice of veterinary control
over the slaughter of food animals to ensure food safety,
particularly meat inspection.
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Epidemiology

Life cycle

All species of Trichinella have a direct life cycle with
complete development in a single host. The host capsule
surrounding the infective larvae is a modified striated
muscle structure called a nurse cell, which is digested
away in the stomach when the infected muscle is ingested
by the next host. The free larvae (L1) then move into the
upper small intestine and invade the columnar epithelial
intestinal cells. Within 30 h, the larvae undergo four molts
to reach the mature adult stages, the males and females.
The fertilized female worm begins shedding live newborn
larvae (NBL, or L1), about 5 days postinfection. The
persistence of adult worms in the intestine of humans
may last for many weeks, during which the emerging
NBL migrate throughout the body, via the blood and
lymph circulatory system. Although the NBL may
attempt to invade many different tissues, they are only
successful if they can enter striated skeletal muscle cells.
The intracellular NBL develop until they reach the fully
developed L1 infective stage, about two weeks later. The
viability of the L1 in the nurse cell appears to vary by
parasite and host species, but generally persists for one to
several years before calcification and death occur. The life
cycle is completed when the host’s infected muscle is
ingested by a suitable host. Although most species stimu-
late encapsulation of the intracellular larvae, there are
several species in which, although intracellular, a host
capsule does not develop around them (Table 1).
Taxonomy

Until recently, the epidemiology and systematics of this
parasitic zoonosis were believed to only involve one major
species,Trichinella spiralis. However, with the advent of new
molecular tools and genetic data, a new taxonomy
(Table 1) for Trichinella has evolved, which includes cur-
rently eight species rather than one (Pozio and Zarlenga,
2005). This has led to new discoveries on the epidemiology
of the parasite, producing a complicated pattern that
Table 1 Biologic and zoogeographic features of Trichinella spec

Species Distribution Maj

T. spiralis Cosmopolitan Dom
T. britovi Eurasia Wild

T. murrelli North America Wild

T. nativa Arctic Bea
T. nelsoni Equatorial Africa Hya

T. pseudospiralisa Cosmopolitan Wild

T. papuaea Papua New Guinea Dom

T. zimbabwensisa Tanzania Cro

aNon-encapsulaing types.

Source: Buschi F andMurrell KD (2006) Trichinellosis. In: Guerrant RL,
edn., vol. 2, pp. 1217–1224. Philadelphia, PA: Churchill Livingstone E
involves reservoir and paratenic hosts, which include
horses and wild animals besides domestic swine and rats.
Modes of transmission and outbreak sources

Pork is still the predominant source of infection, although
wild animal meat is increasing in importance worldwide
(Table 2). The prevalence of swine trichinellosis and
the incidence of human trichinellosis appear to be high-
est in the developing countries and regions, such as
China, Thailand, Mexico, Argentina, Bolivia, and some
Central European countries. The salient feature of the
epidemiology is obligatory transmission by ingestion of
meat, originating from either of two normally separate
ecological systems, the sylvatic and the domestic biotopes,
but that can be linked through man’s activities, allowing
transmission of Trichinella species normally confined to
sylvatic animals to infect domestic animals and humans;
the typical domestic species, T. spiralis, can also, through
human actions, invade the sylvatic cycle. The domestic
cycle ofT. spiralis involves a complex set of potential routes
(Figure 1). Transmission on a farm may result from preda-
tion on or scavenging on other animals (e.g., rodents), hog
cannibalism, and the feeding of uncooked meat scraps.

In developed countries, the epidemiology of human
trichinellosis is typified by urban common-source out-
breaks. In the United States, the largest human outbreaks
have occurred among people with preferences for raw or
only partially cooked pork, but human infections increas-
ingly result from consumption of game animals. Inspec-
tion of pork at slaughter is not mandatory in the United
States; in Europe inspection is mandatory.
Disease Diagnosis and Treatment

Although it is not known whether trichinellosis is truly a
low-prevalence disease or one that is under-recognized, it
is clear that diagnosis is difficult in low-level, sporadic
infections because of the overlapping clinical manifesta-
tions due to other common diseases (influenza, chronic
ies

or hosts Reported from humans

estic pigs, wild mammals Yes
mammals Yes

mammals Yes

rs, foxes Yes
enas, felids Yes

mammals, birds Yes

estic/feral pigs Yes

codiles No

Walker DH, andWeller PF (eds.) Tropical Infectious Diseases, 2nd
lsevier.



Table 2 Some examples of recent human trichinellosis cases reported from various countries

Country Period Number of cases Sources

United States 1991–96 230 Pork, game
Mexico 1991–98 280 Pork

2004 23 Pork

Argentina 1990–99 5217 Pork, game

2004 710 Pork
Bulgaria 1993–2000 5683 Pork, game

Croatia 1997–2000 1047 Pork

2004 120 Pork

Serbia 1995–2001 3925 Pork
2004 84 Pork

Romania 1990–99 16712 Pork

2004 780 Pork
France 1995–97 27 Game, horse

Italy 1999–2001 164 Pork, horse, game

Spain 1993–98 290 Pork, game

China 1964–99 23004 Pork, dog, game, mutton
Thailand 1994–96 104 Pork

Turkey 2004 625 Wild boar

Poland 2004 172 Wild boar

Russia 2004 514 Pork, bear, dog

Source: Bruschi F and Murrell KD (2002) New aspects of human trichinellosis: The impact of new Trichinella species. Postgraduate

Medicine Journal 78: 15–22; International Commission on Trichinellosis (2004) Annual country reports on incidence of trichinellosis.

Sylvatic reservoir hosts 

Scavenging

Pork scraps

Synanthropic  hosts

Infected pig

Figure 1 Life cycle of Trichinella spiralis, with notes on several sylvatic species, and photo of an encapsulated muscle larva.
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fatigue syndrome, etc.) (Bruschi and Murrell, 2002;
Dupouy-Camet et al., 2002). Differential diagnosis must
be carried out in cases of food poisoning, typhoid
fever, influenza, intolerance to pork, muscle rheumatism,
cerebrospinal meningitis, dermatomyositis, periarteritis
nodosa, and eosinophilic leukemia. However, when the
infection occurs in epizootic or outbreak form, diagnosis
is easier. Particular care should be paid to eating habits
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during the weeks before the onset of symptoms. Exposure
to infected meat (raw or incompletely cooked), the pres-
ence of gastroenteritis, myalgia, facial edema, subungual
or conjunctival hemorrhages, and an increase in eosino-
phils should implicate trichinellosis.

The severity of the clinical course depends on the para-
site species involved, the number of living larvae ingested,
and host factors such as sex and perhaps age. The clinical
course of the initial acute period infection is characterized
as an ‘enteral phase,’ in which the invading parasite affects
intestinal function, and a ‘parenteral phase,’ associated with
inflammation and immune response to muscle invasion by
the larval parasites.

Gastrointestinal signs associated with mucosal invasion
may include malaise, anorexia, nausea, vomiting, abdomi-
nal pain, fever, diarrhea, or constipation. During the
parenteral phase, the ‘trichinellotic syndrome’ is most char-
acteristic and features facial edema, muscle pain and
swelling, weakness, headaches, and frequently fever. Peri-
orbital edema is characteristic of trichinellosis, seen in
generally half of patients. Neurologic manifestations, such
as meningoencephalitis, focal paralysis, delirium, and psy-
chosis, occur in 10–24% of cases, especially when the
infection is severe. The most frequent cardiovascular com-
plication is myocarditis, which may lead to heart failure or
bronchopneumonia. Although death is now rare in trichi-
nellosis, it has been associatedwith congestive heart failure.

Diagnosis

Although muscle biopsy to recover muscle larvae pro-
vides a definitive diagnosis, it is recommended only in
difficult cases. Serological tests are excellent and recom-
mended in place of biopsy (see below). The International
Trichinellosis Commission (ICT) has issued guidelines
on the conduct of such diagnostic procedures, and
these should be consulted (Dupouy-Camet et al., 2002).
Molecular tests (polymerase chain reaction (PCR)) on
recovered larvae permit specific diagnosis of the parasite,
important in epidemiological investigations.

Eosinophilia (based on the absolute number rather than
the percentage) occurs in all cases of trichinellosis; excep-
tions might be very severe infection with eosinopenia, a
prediction of a fatal course. Leukocytosis up to 24 000/
mm3 occurs in very severe infections. Increased creatine
phosphokinase (CPK), lactate dehydrogenase (LDH),
aldolase, and aminotransferase levels indicate skeletal mus-
cle damage by the invading larvae. Before antibody levels
increase, the level of total serum LDH and of the isoenzy-
matic forms LD4 and LD5 may increase in about 50% of
patients. Seroconversion usually occurs between the third
and fifth week of infection, and serum may remain positive
up to 1 year or more after cessation of clinical symptoms.
For serology, the ELISAmethod, using excretory-secretory
antigens, is highly specific and sensitive; these tests
are commercially available. The detection of circulating
antigens has not been completely satisfactory, although it
may demonstrate early the actual presence of the parasite
and is an alternative to muscle biopsy.

Treatment and prognosis

Symptomatic treatment includes analgesic and antipy-
retic drugs, bed rest, and corticosteroids (prednisolone
at 50mg/day), especially in severe infections to prevent
shocklike symptoms. Specific treatment with mebenda-
zole 200–400mg three times per day for 3 days, followed
by 400–500mg three times a day for 10 days, or albenda-
zole 400mg/day for 3 days, followed by 800mg/day
for 15 days, or thiabendazole 50mg/kg for 5 days is
recommended for intestinal and muscle stages, but light
infections do not require treatment. The treatment goal for
the very early infection phase is to limit muscle invasion
by larvae; when this has already occurred, the goal is to
reduce muscle damage, which is responsible for the major
clinical manifestations. After the acute period, treatment
normally leads to complete recovery, although this may
require months to years of convalescence, during which the
muscle larvae slowly die and calcification takes place.
Prevention and Control

The ICT has issued guidelines for these tasks, and they
should be consulted for details (Gamble et al., 2000). In
countries not requiring meat inspection, emphasis is placed
on educating the consumer on safe handling and cooking of
pork and wild game. For example, the U.S. Department of
Agriculture (USDA) has established recommended proce-
dures for inactivating muscle larvae present in these meats
by cooking or freezing. It is recommended that the internal
temperature of meat should uniformly reach 160 �F
throughout, until all pink color has disappeared. Fresh
pork less than 6 in thick can be rendered safe if frozen to
5 �F (17 �C) for 20 days, 10 �F (23 �C) for 10 days, or 20 �F
(29 �C) for 6 days. Because of the freeze resistance shown
by sylvatic species of Trichinella, particularly T. nativa,
freezing of meat from game is not completely reliable.

The control of trichinellosis in swine relies on good
general management practices. For example, pork produ-
cers are encouraged to observe garbage feeding regula-
tions in those regions where this practice is allowed, to
practice stringent rodent control, to avoid exposing pigs
to dead animal carcasses of any kind, to ensure that hog
carcasses are properly disposed of, and to try to establish
effective barriers between domestic swine and wild and
domestic animals.
Other Zoonotic Helminths Infecting
Tissue

Anisakiasis

The most important zoonotic nematodes of marine fish
are the so-called anisakids nematodes, chiefly Anisakis spp.
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and Pseudoterranova. The disease occurs when people acci-
dentally ingest infective larvae found in the muscles or
viscera of a marine fish and cephalopods.
Agent and epidemiology

The adult worms are mainly in the intestine of marine
mammals (Anisakis spp. in cetaceans, and Pseudoterranova

spp. in pinnipeds). In the life cycle, eggs are shed in feces
and, on hatching, the third-stage larvae are ingested by
small marine crustaceans. In these hosts, the larvae grow,
and when the crustacean host is ingested by a fish or
cephalopod, the larvae migrate into the tissues of the
new intermediate host; usually the larvae become
encapsulated by host tissue. When a definitive host (one
in which the larvae can complete development to the
adult stage) eats an infected intermediate host, the para-
site completes its life cycle. People become infected when
they consume raw, undercooked, or insufficiently smoked
or marinated fish or cephalopods.

Anisakiasis occurs through out the world, but is
reported most frequently from north Asia (especially
Japan) and Western Europe, where groups have risky
food behavior customs (i.e., eating raw, lightly cooked, or
marinated fish in dishes such as sushi, salted or smoked
herring, gravlax, and ceviche).

The greater number of cases reported in recent years
may be related to several factors, including better diagnos-
tic tools, increased demand for seafood, a growing demand
for raw or lightly cooked food, and increased population
sizes of protected marine mammals, although none of these
factors has been rigorously evaluated (Chai et al., 2005).

An important factor in risk to humans is the commercial
methods employed to catch and transport fish. Eviscerating
fish shortly after theyare caught removesmuch of the danger
that larvae will be able to migrate out of the viscera and into
the fish’s muscles, the most consumable part of the fish. In
fish that are caught but then held on ice or in refrigeration
for several days, larval migration may be facilitated. How-
ever, the extent of postmortem migration of larvae has not
been evaluated thoroughly, even though most control mea-
sures emphasize immediate evisceration (Chai et al., 2005).
Disease and treatment

In humans, ingested larvae that remain in the intestine are
usually asymptomatic. However, if the larvae penetrate
the intestinal mucosa, abrupt onset of epigastric pain,
nausea, and vomiting may result. Perforation of the
bowel may also occur. The larvae may eventually become
embedded in an eosinophilic granuloma in the mucosa of
the stomach or intestine.

Presumptive diagnosis may be made on the basis of the
patient’s recent food habits. Definitive diagnosis requires
demonstration of worms by gastroscopyor surgery (Markell
et al., 1999). No treatment is recommended for transient
infection. In the gastrointestinal form (embedded larvae),
diagnosis by surgery or gastroscopy is also curative.

Prevention
While cooking is effective, other methods are acceptable
to prevent transmission. Freezing of fish or cephalopod
to �20 �C for a week is considered sufficient to render it
safe to eat even raw. Smoking must achieve a temperature
of 65 �C. Salting or marinating fish are not reliable meth-
ods. Many countries and regions have regulations requir-
ing inspection of fish for zoonotic parasites, for example,
the European Union, Canada, and the United States.
Angiostrongyliasis

The clinical disease caused by the nematode Angiostron-

gylus cantonensis (commonly referred to as the rat lung-
worm) is a meningeoencephalitis.

Agent and epidemiology

The adult nematode lives in the lung of rats. The larval
stages, developing from eggs passed in the rat’s feces,
infect mollusks, either land snails or slugs. If consumed
by the rat definitive host, the released third-stage larvae
migrate to the meninges of the brain, develop to the adult
stage, and then migrate to the pulmonary artery and
reproduce by shedding eggs, which hatch and migrate
up the bronchi, are swallowed and passed in the feces,
and are exposed to the snail intermediate host.

This parasite is endemic in Southeast Asia and some
tropical Pacific Islands, where most human cases are
reported.

Humans are accidental hosts and acquire the larvae
through consumption of raw or undercooked snails and
slugs; transmission by freshwater prawn and other inver-
tebrate intermediate (paratenic) hosts is reported. Fresh
vegetables contaminated by carnivorous land planarians
that have eaten infected snails are also a potential source,
as is the slime from slugs crawling over vegetation.

Clinical disease

In humans, the larvae that invade the brain tissues cannot
mature, and eventually they die. The dead or dying
worms, however, invoke inflammation, characterized by
an eosinophilic infiltrate; a high number of eosinophils in
the cerebrospinal fluid is typical in this infection. Patients
complain of meningimus, but most adult patients recover
within 3weeks; children, however, often display more
severe symptoms. There is no specific treatment; admin-
istration of drugs that may kill worms in the brain may
exacerbate the inflammatory reaction.
Prevention and control
Education of people residing in endemic areas and of
travelers to endemic areas about the sources of this parasite
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and its potential consequences is the most practical public
health approach. Advice on the preparation and handling
of land mollusks and vegetation for consumption should
also be available (see recommendations in ‘Anisakiasis’).
Other Angiostronylus species

Another zoonotic species, A. costaricensus, has been reported
from Central and South America, and occasionally from
the United States and Africa. As described by Kuberski
(2006), while similar to A. cantonensis, it differs importantly
in its life cycle and disease-causing characteristics. It is an
intestinal infection in the cotton rat, and in humans the
larvae migrate to the anterior mesenteric arteries, where
they mature to adults that produce larvae, as occurs in the
cotton rat. The migrating larvae and dying adults induce
inflammation, necrosis, and granuloma formation. Diagno-
sis depends upon demonstration of parasite and eggs in
tissue. Eosinophilia is also characteristic. No specific treat-
ment is available, although surgery may be necessary in
cases of acute intestinal inflammation. Infections generally
resolve satisfactorily, and prognosis is good.

Prevention is similar to that for A. cantonesis.
Gnathostomaisis

Human infections with this nematode are frequently
reported in Southeast Asia and Latin America. The infec-
tion is characterized as a type of ‘larval migrans,’ in which
larvae may invade not only subcutaneous tissue but, more
seriously, the central nervous system and the eye.

Agent and epidemiology

These zoonotic nematodes are composed of numerous
species, five to ten of which are usually associated with
human infection. Gnathostoma spinigerum is the most com-
monly reported species in humans.

The definitive hosts for these parasites are normally
carnivorous mammals, including cat, dog, and pig. An
important morphological feature of this parasite is its
subglobulus head, armed with 7–9 transverse rows of
hooklets. This armature probably facilitates larval tissue
migration, and, consequently, contributes to the damage
that occurs in the host’s organs and tissues. The life cycle
is complex (Cross, 2001), and involves a wide range of
intermediate hosts. Eggs that are passed out of the defini-
tive host, if reaching water, hatch, releasing larvae that are
eaten by copepods, which in turn are eaten by a second
intermediate host (fish, amphibians, reptiles, birds, and
mammals). In these hosts, the larvae develop to the third
stage and, when eaten by a potential definitive host, the
larvae make a complex extra-intestinal tissue migration,
eventually returning to the stomach to form a tumorlike
mass in the gastric wall. The worms reach maturity, repro-
duce, and release eggs that are passed out in the feces.
Although prevalence data are few, this zoonosis has
been reported extensively throughout Southeast Asia,
where the fondness for raw or undercooked intermediate
hosts such as fish, frogs, snakes, poultry, and so on, is
strong. In recent years, cases of gnathostomaisis have
been increasing in Argentina, Peru, Ecuador, and Mexico
(in the latter, it is now recognized as an important public
heath risk). Travelers returning from Tanzania have also
been diagnosed with gnathostomaisis (Gutierrez, 2006).
Disease and treatment

In humans, the larvae do notmature (similar to the situation
with Angiostrongylus cantonensis) but migrate through tissues
and into any organ, although most commonly they migrate
subcutaneously, leaving a track associated with inflamma-
tion, necrosis, and hemorrhage. Eosinophilia, swelling, and
pain are characteristic. If the larvae enter the central ner-
vous system (CNS), encephalitis and other complications
may result. Eye invasion may be associated with subcon-
junctal edema, hemorrhage, and retinal damage.

Diagnosis is aided by both serology and PCR. Migrat-
ing larvae may be surgically removed from subcutaneous
sites. Administration of albendazole is effective.
Prevention

As for all foodborne zoonoses, thorough cooking or freez-
ing of all food sources is effective (see ‘Anisakiasis’).
Because of the diverse sylvatic (wild animal) host range,
removing this parasite from the food chain in endemic
areas is not possible.
Baylisascaris

An uncommon but potentially serious zoonotic parasite,
Baylisascaris (possibly B. procyonis), is a common parasite
of raccoons in the United States. Of about 10 human
cases, most have occurred in infants, with two fatalities
(Gutierrez, 2006).
Agent and epidemiology

This ascarid nematode is a parasite of the intestine of
raccoons, and the life cycle is typical of the ascarids. Eggs
are shed with the feces and embryonate in the soil until the
infective third-stage larva develops within the egg. When
ingested by the raccoon, the larva develops into the adult
stage after undergoing a liver–heart–lung–intestine migra-
tion. When humans become accidentally infected, the lar-
vae migrate through the viscera but do not reach maturity
(‘visceral migrans’). Because raccoons are frequent visitors
to the domestic habitat (e.g., suburban dwellings), their egg-
infected feces can contaminate a wide area where humans
reside. People, especially children, unaware of the risk of
contamination, may accidentally ingest eggs through
unwashed hands and, perhaps, garden produce (Kazacos
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and Boyce, 1990). The actual public health risk for this
parasite is not understood, due to a lack of comprehensive
epidemiological studies. But the common presence of
raccoons, and the high prevalence of Baylisascaris in this
host species, would seem to justify such an undertaking.

Disease and treatment
The large larvae cause considerable mechanical damage
during their migration, especially if it occurs in the brain
(Despommier et al., 2000); CNS involvement may result in
eosinophilic meningitis. Ocular invasion may also occur.
Most human cases have been diagnosed at autopsy. Sero-
logical tests are not commercially available. Treatment
with anthelmintics such as ivermectin and benzimidazoles
appear, on the basis of limited clinical experience, effec-
tive (Markell et al., 1999).

Prevention

Limiting access of raccoons to yards and homes is helpful,
along with careful removal of feces and potential raccoon
food attractions. Prevention should also emphasize per-
sonal hygiene, especially hand washing, and in particular
for children; the latter should also be cautioned against
ingesting soil.
See also: Helminthic Diseases: Foodborne Trematode

Infections.
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the discovery of hepatitis A virus (HAV) and hepatitis
B virus (HBV) during the 1960s and 1970s, patients with
viral hepatitis were classified based on epidemiological
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Table 1 Characteristics of known hepatitis viruses

Type of
viral
hepatitis Genome Family Source Transmission

Chronic
infection Prevention

A RNA Picornaviridae Feces Feces-contaminated

food and water

No Hygiene, pre/post-exposure

immunization

B DNA Hepadnaviridae Blood Percutaneous
permucosal

Yes Pre/post-exposure immunization

C RNA Flaviviridae Blood Percutaneous

permucosal

Yes Blood donor screening, risk

behavior modification

D DNA Deltaviridaea Blood Percutaneous
permucosal

Yes Pre/post-exposure immunization,
risk behavior modification

E RNA Hepeviridae Feces Feces, contaminated

water, zoonosis

No Ensure safe drinking water

aHepatitis D virus is considered to be a subviral satellite because it can propagate only in the presence of another virus, the hepatitis

B virus. Source: Centers for Disease Control and Prevention (http://www.cdc.gov).
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studies as having eithe r ‘inf ect ious’ (tran smitted by the
f eca l–oral rout e) or ‘se r um’ (tran smitted by blood pro-
ducts) he pa titis. Even after he patitis delta vir us (HDV)
was discover ed in 1977, some patien ts with signs and
sympto ms of viral he patitis did not have serol ogic mar-
ker s of HAV, HB V, or HDV inf ection. Subseque ntly, two
additi onal vi r uses were disc overed: he pa titis E vir us
(HEV) in 19 83 and he patitis C vir us (HCV) in 19 89.
During the 1990s, a new vir us in the Flavivirida e f amily,
designa ted he patitis G vir us (HGV) or he pat itis GB vir us
C, was c loned and hypothesized as being a possibl e etio-
logic agent for non-A–E he pat itis. However, studies have
f aile d to find an ass ociation between HGV inf ect ion and
he patitis, suggesting th at this vi r us may be a benign agent
transm itted along with yet to be identified agents of non-
A–E he patitis.
Hepatitis A

HAV is a 27-nm single-stranded RNA vir us in the Picorna-
viridae family which is stable at a wide range of tempera-
tures and pH. The detection of viruslike particles in the
stools of volunteer s infected with HAV in 1973 resulted in
the identification of the vir us, propagation in cell culture,
and ultimately the development of an effective vaccine.
Epide miolog y

Wor ldwide, fou r dif f erent pat ter ns of HAV transmis sion
can be defined on the basis of age-specific seroprevalence
data (see Figure 1 and Table 2 ). In general, thes e trans-
mission patt er ns cor re late with socioe conomi c and
hygienic conditi ons. In many developing countr ies where
environ mental sanitat ion is poor, near ly all chil dren have
evidence of prior HAV inf ection within the fir st 5 year s
of lif e and outbreaks rarely occu r be cause children are
usually asympt omatic when inf ected. In con trast, in devel-
oped countrie s where the ant ibody prevalence is lower,
outbre aks are recogni zed becaus e inf ec tions occur amo ng
adult s who are more likely to have c linically ap parent
diseas e. Imp roveme nts in sanita tion and water quali ty in
rapidly developing countrie s resu lt in dec lining ant ibody
prevalence, but a par adoxic al rise in the rate of c linically
evident he pat itis A diseas e as inf ect ion incr eases in older
susce ptible age group s.
Trans mission

Peak inf ect ivity of HAV occu r s durin g the 2-week period
before onset of jaundice or elevation of liver enzym es,
when the concentra tion of vir us in stool is highest. Vire-
mia occur s soon after inf ection and per sists throu gh the
period of liver enzym e elevatio n.

Transmissi on of HAV generally occu r s throug h the
f eca l–oral route. Close per sonal contac t is the mos t com-
mon mode of HAV transm ission , as dem onstrated by
inf ections among househol d and sexual conta cts of per-
sons with he patitis A and among childr en in day-c are
center s. Contaminate d food an d wate r can also ser ve as
vehic les of HAV transm ission. O utbreaks have been
re por ted in ass ociation with foods con tamina ted before
wholes ale dist ribution , pro duce con taminated at the time
of har vesting or pr ocessing, and foods pr e par ed by an
inf ected food handl er. In countr ies of low pr evalence,
group s at increas ed risk of HAV inf ection inc lud e house-
hold and sexual con tacts of acute cases, illegal dr ug user s,
men who have sex with men, and traveler s to endemi c
areas. N osocomial and bloodb or ne HAV trans mission
are rare.
Clinica l Descript ion and Diagn osis

The incubatio n period following exp osure to HAV ranges
from 15 to 50 days (average 28 days). O nset of illness is
usually a br upt with f ever, malaise, anorexia , nausea, and
a bdomi nal discomf or t, followed within a f ew days by
jaundice . Inf ec tion with HAV may be asym ptomatic or

http://www.cdc.gov


Figure 1 Geographic distribution of hepatitis A – worldwide 2005. (Note: This map generalizes available data and patterns may

vary within countries.) Source: Centers for Disease Control and Prevention (http://www.cdc.gov).

Table 2 Global patterns of hepatitis A virus transmission

Endemicity Disease rate Peak age of infection Transmission patterns

High Low to high Early childhood Person to person, outbreaks uncommon

Moderate High Late childhood/young adults Person to person, food- and waterborne outbreaks
Low Low Young adults Person to person, food- and waterborne outbreaks

Very low Very low Adults Travelers, outbreaks uncommon

Source: Centers for Disease Control and Prevention (http://www.cdc.gov).
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may cau se he patitis ran ging in severity from mild to
fulminant. He pat itis A diseas e severity increas es with
age. In children und er 6 year s of age, 70 % of inf ec tions
are asym ptomatic; if illness does occur, it is ty pically not
accom panied by jaundice . Among older childr en and
adult s, inf ection typical ly is sym ptomatic, with jaundice
occur ri ng in over 70% of patien ts. Signs and sympt oms
typical ly last no longer than 2 month s, althou gh 10% to
15% of sym ptomatic per sons have prolonged or re lapsing
diseas e lasting up to 6 month s. Cas e-f atality rates are
nor mally low, 0.1–0.3%, but can be as high as 1.8% in
per sons over 50 year s of age. All cases of he patitis
A resolve withou t chr onic sequelae or reinf ection.

Clinical symptoms of HAV inf ection are ind istingui sh-
a ble from he patitis due to other agents, and spe cific
serol ogic assays are necess ary for diagnos is. The presence
of total ant ibody to HAV ind icates past inf ect ion. IgM
antibo dy to HAV is generally present 5 to 10 days before
the onset of sympto ms and ind icates recent inf ection.
HAV RNA can be detected in the blo od and stool of
most per sons during the acute phas e of inf ection by
using nuc lei c acid amplification metho ds, suc h as poly-
meras e chain reaction (PCR).
Preve ntion

Vaccination against HAV provides the be st oppor tuni ty
to protec t per sons from inf ect ion, and to reduce dis-
ease incidence by preventing transm ission. Before lice ns-
ing of he patitis A vaccines in the mid-19 90s, passive

http://www.cdc.gov
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immunization with pooled immune globulin (IG) was the
primary prophylaxis against hepatitis A. Hepatitis A vac-
cine and IG are also effective for the prevention of hepa-
titis A in travelers, and for postexposure prophylaxis in
common-source or family outbreaks.
Treatment

At present, no specific therapy is available for hepatitis A,
and management is supportive.
Hepatitis B

Hepatitis B virus (HBV) is a 42-nm, partially double-
stranded DNAvirus classified in the Hepadnaviridae fam-
ily. It consists of a 27-nm, nucleocapsid core (HBcAg),
surrounded by a lipoprotein coat containing the surface
antigen (HBsAg). Hepatitis B e antigen (HBeAg), a pep-
tide derived from the core antigen which is modified in
the liver, is a marker of active viral replication. HBV is
currently classified into 8 genotypes (A–H). Severity of
disease may be associated with genotype.
Epidemiology

HBV infection is a major public health problem world-
wide. Approximately 2 billion people, one third of the
world’s population, have serologic evidence of past or
present infection, and of these, it is estimated that over
350million are chronic carriers. Between 15% and 40%
of chronic carriers will develop cirrhosis, liver failure, or
hepatocellular carcinoma during their lifetime. HBV
infection is the 10th leading cause of death worldwide,
with over 600 000 deaths occurring annually as the result
of acute and chronic infection. The prevalence of chronic
HBV infection varies substantially across the globe
(Figure 2). Over 45% of the world’s population live in
areas such as sub-Saharan Africa and Asia where the
prevalence of chronic HBV infection is high (>8%). Prev-
alence of chronic HBV infection is very low (<2%) in
North America and Western and Northern Europe. Most
other areas of the globe have rates of chronic infection
between 2% and 8%.

The annual incidence of acute HBV infection is esti-
mated to be between 4 and 6 million cases but is decreas-
ing with the implementation of global immunization
activities. In the United States, where a comprehensive
HBV immunization strategy was adopted in 1991, the
annual incidence of acute hepatitis B infection has
decreased 74%, from 7.3/100 000 in 1991 to 1.9/100 000
in 2005 (CDC, 2007).
Transmission

HBV has been detected in multiple body fluids but only
blood, saliva, and semen have been demonstrated to be
infectious. The virus is relatively stable in the environ-
ment and can survive for up to 7 days on environmental
surfaces at room temperature.

Transmission of HBV occurs by percutaneous or per-
mucosal exposure, primarily through sexual or household
contact with an infected person, perinatal transmission
from mother to infant, injection drug use behaviors, or
health-care-related transmission.

Globally, mother to child transmission, child to child
transmission, and unsafe injection practices are the most
common routes of transmission. In areas of the world
where HBV infection is highly endemic, most persons
become infected during infancy or early childhood.
Clinical Description and Diagnosis

The average incubation period following HBV exposure
to onset of jaundice is 90 days (range: 60 to 150 days). The
onset of acute disease is usually insidious. Infants and
young children 5 years of age or under are typically
asymptomatic as are 50% to 70% of older cases. When
present, signs and symptoms typically consist of jaundice,
anorexia, nausea, vomiting, and abdominal pain. The
case-fatality rate for acute hepatitis B infection is 0.5%
to 1.5%.

The majority of serious sequelae of HBV infection
occur in those with chronic infection. Overall, approxi-
mately 25% of persons chronically infected during child-
hood and 15% of those chronically infected after
childhood will die prematurely as a result of cirrhosis or
liver cancer; the majority remain asymptomatic until
onset of cirrhosis or end-stage liver disease.

The diagnosis of hepatitis B infection is made based
on the presence of serologic markers. In the case of
HBV, HBsAg appears in the serum during the incubation
period, usually 1 to 10weeks after exposure and 2 to
7weeks before the onset of symptoms. Other markers of
active viral replication (HBeAg and HBV DNA) may also
be detected. Antibodies to HBcAg (anti-HBc) will usually
develop before the onset of symptoms and within one
month of the presence of HBsAg. Patients with HBsAg
persisting longer than 6months are considered to be
chronically infected. In patients who do not develop
chronic infection, neutralizing antibodies against HBsAg
(anti-HBs) usually appear after the clearance of HBsAg
and provide lifelong immunity.
Prevention

Vaccines against HBV infection have been available since
1982 and vaccination is the most effective strategy for



Figure 2 Geographic distribution of chronic hepatitis B virus (HBV) infection – worldwide 2005. For multiple countries, estimates of

prevalence of hepatitis B surface antigen (HBsAg), a marker of chronic HBV infection, are based on limited data and may not reflect

current prevalence in countries that have implemented childhood hepatitis B vaccination; prevalencemay vary within countries. Source:

Centers for Disease Control and Prevention (http://www.cdc.gov).
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preventing he pa titis B inf ection and its con sequences. In
1992, the Wor ld Health Or ganiza tion (WHO ) recom-
mended that he pat itis B vacci ne be incor porated into
childhoo d immuniza tion programs . As of 2005, univer sal
inf ant he pat itis B vaccination policies have been adopted
by 80% of countr ies wor ldwide (WHO, 2006 ).

Vaccine programs have also been tar geted at unvacci-
nated adults at increas ed risk for acquirin g he patitis
B inf ection. Per sons at increased risk for acquirin g HBV
inf ection should also be counsele d a bout avoiding
high-ris k behavior s su ch as unprote cted sex or illegal
injection dr ug use and unsaf e health-c are pra ctices.
Treatm ent

Clini cal management of patients with acute he patitis B is
suppor tive as most of thes e patien ts will recover
compl etely withou t treatment. In the case of ch ronic
he patitis B, becaus e cur re ntly availa ble ther apies can not
eradicat e HBV, the major goals of therapy are pr evention
of diseas e pr ogressio n and delaying the developmen t of
cir rho sis and he patocell ular carci noma. Cur rently, six
therapeu tic agents are lice nsed for the treatm ent of
chronic he patitis B (standa rd interf eron, pegylated inter-
f er on, lamivudin e, telb ivudine, adefovir dipivoxil, and
entecavir) w ith more under developmen t. Despite this,
the optimal approa ch to management of patient s with
chronic HBV inf ection is unc lear. Consid eration of
patien t age, severity of liver dis ease, possibl e adver se
events, and likelihood of respon se to thera py is needed
before initiatin g treatm ent. At present, med ical evidence
does not suppor t an advanta ge of comb ination dr ug ther-
apy over monothe rapy with the possible exce ption of
patien ts with lamivudin e-resistan t diseas e. Rec ommenda-
tions for c lin ical management of ch ronically inf ected
patien ts are likely to fur ther evolve as infor mation from
additi onal c linical tria ls becomes availa ble.
Hepatitis C

He patitis C vir us (HCV ) is an enveloped RNA vi r us
c lassifie d in the Flaviviridae f amily. The vir us ha s at
least six dif f erent genotypes (1–6) and 100 subtypes .
Genot ypes 1–3 have wor ldwide distrib ution; 4 and 5 are
found pr imarily in Afr ica, and 6 is seen principally in Asia.
Epide miolog y

HC V is consi dered a maj or cause of liver dis eases wor ld-
wide. It is estimated that be tween 120 and 180 milli on
people, 2% to 3% of the wor ld’s populat ion, is inf ected
with HCV. Although data are limited , there appear s to
be substantial variation in the prevalence of HCV

http://www.cdc.gov
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infection by geographic region with the highest rates in
Africa and Asia and the lowest rates seen in the indus-
trialized nations of North America, Northern and West-
ern Europe, and Australia.

An estimated 3 to 4million new infections occur
worldwide annually. Chronic HCV infection occurs in
55% to 85% of acute cases. Among infected persons,
5% to 10% will die of HCV-associated liver disease
(i.e., liver cancer and cirrhosis). In the developed world,
HCV is believed to be responsible for 50% to 75% of
all liver cancers and is the leading cause of adult liver
transplantation.
Transmission

In developed countries, HCV transmission occurs pri-
marily as a result of injection drug use. Prior to the initia-
tion of routine screening of blood products in these
countries, contaminated blood products also contribu-
ted substantially to HCV transmission. In developing
countries, unsafe injection practices, unscreened blood
transfusions, and failure to follow appropriate aseptic
techniques during medical and dental procedures are the
primary modes of transmission. Although sexual trans-
mission does occur, the data available suggest that HCV
is not spread efficiently through this mode of transmission.
Clinical Description and Diagnosis

The incubation period following exposure to HCVranges
from 2 to 26 weeks (average 6 to 7weeks). Approximately
80% of persons with acute HCV infection have no signs
or symptoms. When symptoms do occur, they usually
include jaundice, fatigue, dark urine, loss of appetite,
and nausea or abdominal pain. The diagnosis of HCV
infection depends on detecting antibodies to the hepatitis
C virus (anti-HCV) in sera. Currently, no commercial
assay is available to differentiate among those with
acute, resolved, or chronic infections. Diagnosis of acute
hepatitis C is based on the acute onset of symptoms and/
or substantial elevations of serum transaminase levels and
the exclusion of other etiologies of acute hepatitis.
Prevention

Currently, there is no vaccine that can protect against
HCV infection. Prevention strategies to reduce the trans-
mission of HCV include screening blood and organ
donors, virus inactivation of plasma-derived products, fol-
lowing fundamental infection control principles including
safe injection practices and appropriate aseptic techniques,
and risk reduction counseling for persons at increased risk
for infection. Secondary prevention efforts include identi-
fying, counseling, and testing persons at risk for HCV
infection and medical management of infected persons.
Treatment

Patients with chronic hepatitis C should be evaluated for
severity of their liver disease and for possible treatment.
Combination treatment with pegylated interferon and
ribavirin has yielded the best results in people who are
chronically infected with HCV. Genotype determinations
influence treatment decisions. Generally, patients with
HCV genotype 1 do not respond as well as those with
genotypes 2 and 3. At present, no specific therapy is
recommended for acute hepatitis C and management is
supportive. However, several studies suggest that patients
with acute hepatitis C may benefit if treated with antiviral
therapies soon after chronic infection has been
established.
Hepatitis C Virus/Human Immunodeficiency
Virus Coinfection

Because of shared risk factors for transmission of HCV
and human immunodeficiency virus (HIV), coinfection
with these two agents is common. It is estimated that,
overall, between 15% and 30% of the HIV-infected
population is also infected with HCV; 5% to 10% of all
HCV-infected patients are also infected with HIV. The
prevalence of coinfection varies substantially among vari-
ous subpopulations; the highest prevalence of coinfection
(70–90%) is seen in persons with a history of injection
drug use. Persons who acquired their infections as a result
of sexual exposure have a much lower prevalence of
coinfection, ranging from 1% to 27%.

The clinical management of HCV/HIV coinfected
patients can be challenging. Although evidence from
numerous studies suggests that HCV does not directly
alter the natural history of HIV infection, HCV RNA
levels are significantly higher in the setting of coinfection
and rates of spontaneous clearance after acute HCV
infection are lower. Coinfected patients are more likely
to develop cirrhosis and decompensated liver disease
and to die from liver disease or liver cancer. Data from
recent clinical trials have demonstrated the efficacy of
pegylated interferon and ribavirin treatment for HCV
in coinfected patients and the safety of administering
these agents in combination with highly active antiretro-
viral therapy (HAART). Results from these trials suggest
that the majority of HCV/HIV-coinfected patients can
be safely treated for both infections despite concerns
about the hepatoxicity of HAART and of potential drug
interactions between HCV therapy and antiretroviral
medications.
Delta Hepatitis

Hepatitis D virus (HDV) is a defective virus of the family
Deltaviridae which requires a helper function provided by
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HBV for virion assembly. HDV is 26–43 nm in diameter
with a single-stranded circular RNA, and a delta antigen
encapsulated by HBsAg.
Epidemiology

HDV infection is seen worldwide and is a global public
health concern. Although infection with HBV is necessary
for infection with HDV to occur, the geographic distribu-
tions of these two infections do not perfectly correspond.
It is estimated that approximately 5% of HBsAg carriers
globally are also coinfected with HDV.
Transmission

Infection with HDV is entirely dependent on the presence
of HBV and occurs through either simultaneous coinfec-
tion with HBVor super-infection of a person with chronic
HBV infection. HDV is transmitted by percutaneous or
permucosal exposure. In nonendemic countries like the
United States and Northern Europe, the infection is
mostly seen in injecting drug users. In contrast, inappar-
ent parenteral exposure appears to be the primary mode
of transmission in regions like the Mediterranean basin
where the infection is considered endemic.
Clinical Description and Diagnosis

In most cases of HBV-HDV coinfection, the patient pre-
sents with signs and symptoms that are clinically indistin-
guishable from a case of acute hepatitis B, but mortality
rates are higher (2–20%) than for those with acute HBV
infection alone. Chronic HBV carriers who develop HDV
super-infection usually develop chronic liver disease;
these patients may be at increased risk for fulminant
liver failure or progression to cirrhosis.

The diagnosis of delta hepatitis is made based on the
presence of antibodies against HDAg (anti-HD) or of
HDV RNA in the blood of an infected person. The
presence of HBsAg must also be documented. Anti-HD
IgM should be present to document the occurrence of
acute HBV-HDV coinfection.
Prevention

Because of the codependence of HDVon HBV infection,
vaccination against HBV is the most effective prevention
strategy. Persons who are already chronically infected
with HBV should be educated to reduce risk behaviors
that would increase their risk for acquiring HDV.
Treatment

At present, no specific therapy is recommended for acute
HDV infection and management is supportive. Currently,
the only available treatment for chronic hepatitis D is
interferon-alpha. Recent studies suggest that pegylated
interferon may be equally or more effective in the treat-
ment of chronic hepatitis D.
Hepatitis E

The hepatitis E virus (HEV), a 27–34 nm RNA virus in
the Hepeviridae family, was first identified in 1983 in the
feces of a patient with enterically transmitted hepatitis.
Epidemiology

HEV is the major cause of enterically transmitted acute
hepatitis worldwide. Both epidemics and sporadic cases of
acute hepatitis E occur in many countries of Asia and
Africa. Hepatitis E infection is uncommon in industria-
lized countries (Figure 3).

Outbreaks of hepatitis E have occurred over a wide
geographic area, primarily in developing countries with
inadequate environmental sanitation. Large waterborne
epidemics involving 1000 to over 100 000 cases of HEV
infection have been reported. These outbreaks are com-
monly associated with disruption of water supplies fol-
lowing heavy rainfalls or monsoons.

The majority of cases of acute hepatitis E in nonen-
demic countries have been reported among travelers
returning from endemic areas. Increasingly, locally
acquired hepatitis E is being seen in nonendemic areas
with reports of cases in the UK, France, the United States,
and Japan. The source of infection for these persons is
currently unknown.
Transmission

HEV is transmitted primarily by the fecal–oral route and
fecally contaminated drinking water is the most com-
monly documented vehicle of transmission. Although
hepatitis E is recognized to occur in large outbreaks,
it accounts for more than 50% of acute sporadic hepatitis
in both children and adults in some high-endemic areas.
During interepidemic periods, sporadic HEV infections
in humans may maintain transmission, but a nonhuman
reservoir for HEV has also been suggested. HEV RNA has
been isolated from many different animal species world-
wide, and rare clusters of foodborne transmission have
been demonstrated in Japan. Person-to-person transmis-
sion of HEV appears to be uncommon.
Clinical Description and Diagnosis

The incubation period following exposure to HEV
ranges from 15 to 60 days (average 40 days). Typical clini-
cal signs and symptoms of acute hepatitis E are similar to
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Figure 3 Geographic distribution of hepatitis E – worldwide 2006. Areas of the world may be classified as countries endemic for

hepatitis E (epidemics or confirmed infection in over 25% of sporadic non-ABC hepatitis), or countries where sporadic locally
acquired hepatitis E virus infections have been confirmed. (Note: This map generalizes available data and patterns may vary

within countries.) Source: Centers for Disease Control and Prevention (http://www.cdc.gov).
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those of other types of acute viral he patitis. Inf ection with
HEV may be asym ptomatic or may cause he pat itis rang-
ing in severity from mil d to fulminant; no chronic inf ec-
tion is kn own to occur. The case-f atality rate is
approximately 1%, but a more severe disease has been
re por ted in pr egnant women , where case-f atal ity rates of
15% to 25% have been obser ved. Outbrea ks of he patitis
E are typically identified by th e a bove-average case-
f atal ity rate among pregnant women with jaundice . Sev-
eral diagnos tic tests are availa ble, inc luding enzym e
immun oassays and Wester n blot ass ays to detect IgM
and IgG anti-H EV in ser um , and PCR te sts to detect
HEV RNA in ser um and stool.
Preve ntion

Prevention of hepatitis E in disease-endemic areas depends
primarily on availability of clean drinking water and the
proper treatment and disposal of human waste. During an
epidemic, steps to improve water quality, such as boiling or
chlorination, can rapidly halt the occurrence of new cases.
A vaccine based on recombinant viral proteins appear s to be
effective and safe, but further studies are needed to assess its
long-term protection and cost-eff ectiveness.
Treatm ent

There is no specific therapy availa ble for the treatment
of he patitis E. In th e rare event of fulminant he patitis,
hospita lization an d sym ptomatic suppor tive treatm ent
become neces sary.
See also: C enter s f or Dise ase C ontr ol; F oodborne

Illnesses : Overview; I ntes ti nal Inf ect io n s: Ov erv iew;

Liver Cancer; Vaccines, Historical.
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Introduction

Of the more than 100 herpesviruses known to infect
animals, nine can cause disease in humans. Eight viruses
are almost exclusively human pathogens, these include
herpes simplex virus types 1 and 2 (HSV-1, HSV-2),
varicella-zoster virus (VZV), cytomegalovirus (CMV),
Epstein-Barr virus (EBV), and human herpesviruses
6, 7, and 8 (HHV6, HHV7, HHV8). Cercopithecid herpesvi-
rus 1, also known as B virus, is a pathogen of monkeys and
on rare occasions causes fatal infection in humans exposed
to an infected monkey. Herpesviruses share two important
features: their structure, a double-stranded DNA genome
contained within an icosadeltahedral capsid surrounded by
a lipid-containing outer envelope; and their capacity to
establish and maintain a life-long latent infection. Latency
appears to be an evolutionary strategy to maintain the virus
in the human population. Reactivation of the latent infec-
tion can result in recurrent disease but most often results in
an asymptomatic shedding of the virus from the infected
individual with the potential of transmission to a suscepti-
ble host. Human herpesviruses are ubiquitous, with higher
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infection rates in developing countries and among lower
socioeconomic groups. In much of the world, herpes virus
primary infections are acquired in childhood except for
HSV-2 which, because it is sexually transmitted, is gener-
ally acquired in adolescence or early adulthood. Two of the
human herpesviruses, EBVand HHV8, are associated with
malignancies.

Herpes Simplex Virus 1 and 2

Pathogenesis

HSV-1 and -2 are neurotropic viruses. Infection begins at
a portal of entry such as the eye, mouth, or genital tract
where initial replication occurs in epithelial cells, but the
virus also infects sensory nerves and moves along the
nerve fibers to the cell nucleus where either replication
occurs or the virus establishes a latent infection. Virus
that replicates in the neuronal nucleus travels back
along the nerve fibers to the skin where it is released
and infects epithelial cells. Cell injury and death resulting
from virus replication along with host inflammatory

http://www.cdc.gov
http://www.who.int/en/
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responses produce the characteristic vesicles and ulcers
that are a hallmark of HSV infections. The immunocom-
petent host mounts responses that eradicate replicating
virus, leading to control of the primary infection. Latent
virus, however, persists despite host immunity, and peri-
odically reactivates to produce replicating virus that can
cause recurrent disease and can be transmitted to suscep-
tible individuals (Stanberry, 1996).
Figure 1 Child with HSV gingivostomatitis and satellite lesion

on chin.
Epidemiology

HSV-1 seroprevalence rises rapidly in childhood, with the
rate of acquisition slowing in adolescence and adult-
hood. It is estimated that 70–80% of North American
and European adults and greater than 90% of African
and Asian adults are HSV-1-seropositive. HSV-2 sero-
prevalence is near zero in early childhood, then rises
quickly following sexual debut, and rates tend to increase
steadily throughout the third and fourth decades of life in
residents of Europe and the Americas, reaching a peak of
approximately 20–30% among generally low-risk popula-
tions and 45–60% among high-risk populations. Parts of
Africa generally have much higher rates of HSV-2 infec-
tion and Asia tends to be lower; however, in anygeographic
area among different populations, the rate of HSV-2 sero-
prevalence varies greatly (Smith and Robinson, 2002).
Mode of Transmission

HSV transmission requires contact with herpetic lesions or
contaminated secretions. Most infections result from
oral–oral, oral–genital, or genital–genital contact. Mother-
to-fetus or infant transmission does occur with potentially
devastating consequences. Exogenous reinfection of a pre-
viously infected anatomic site (e.g., oral cavity or genital
tract) is a rare occurrence. Most transmissions occur as
a result of asymptomatic viral shedding; such shedding
is the result of reactivation of the latent infection without
the concomitant development of recognizable signs and
symptoms of recurrent HSV infections (Wald, 2004).
Clinical Illnesses

Herpes simplex viruses are included among those rare
pathogens that produce a variety of distinct diseases. The
specific clinical disease is determined by the route of
infection, the immune status of the host and whether
the infection is primary or recurrent. Infections typically
involve the skin and/or the nervous system, although
disseminated infections do occur in those with impaired
host immunity due to genetic disorders, developmental
immaturity, severemalnutrition, immunosuppressive drugs,
or human immunodeficiency virus infection. The vesicular
lesions characteristic of mucocutaneous HSV infections are
illustrated in Figure 1. Well-recognized HSV infections
are described in Table 1. Less common illnesses include
ocular herpes, herpes meningitis and encephalitis, herpes
gladiatorum, eczema herpetiform, Stevens-Johnson syn-
drome, and disseminated herpes, particularly in the
severely malnourished and immunocompromised host. As
HSVs are neurotropic viruses, a wide range of neurologi-
cal complications can be seen with infection, including
transverse myelitis, Bells palsy, and recurrent meningitis.
HSV and Human Immunodeficiency Virus

HSV-2 infection is associated with increased genital shed-
ding of HIV-1 RNA, and epidemiological data indicate
that prevalent HSV-2 infection is associated with a three-
fold increased risk of HIV acquisition among both men
and women (Corey et al., 2004). Daily valacyclovir therapy
in dually infected women has been shown to significantly
reduce genital and plasma HIV-1 RNA levels, suggesting
that the control of HSV-2 infections could impact the
spread of HIV. In addition to increasing the risk of HIV
acquisition and transmission, there is a growing body of
evidence that HSV-2 infections may accelerate the pro-
gression of HIV disease in the dually infected individual.
Prevention and Treatment

There are no approved vaccines for the prevention of
HSV infections, although a vaccine currently in clinical
development has shown protection in HSV-seronegative
women (Stanberry et al., 2002). Risk of infection may be
reduced by limiting exposure to oral and genital secre-
tions and oral–oral, oral–genital, and genital–genital
skin contact. Correct and consistent use of latex condoms
reduces but does not eliminate the risk of sexually
acquired HSV infections. Use of valacyclovir by the
infected partner also reduces but does not eliminate
the risk of acquiring genital HSV infection by the at-risk
partner. Use of effective anti-herpes drugs in the last



Table 1 Illnesses caused by herpes simplex viruses types 1 and 2

Disease
Predominant
virus type Primary or recurrent Characteristics

Herpes gingivostomatitis HSV-1 Primary High fever, significant oral pain with associated

difficulty swallowing, vesicular lesions

throughout the oral cavity

Herpes pharyngitis HSV-1 Primary Moderate fever, persistent sore throat, vesicular
lesions on tonsils and posterior pharynx

Herpes labialis HSV-1 Recurrent Small solitary or cluster of vesico-ulcerative

lesions (fever blisters or cold sores) on or

around the lip. The onset is sometimes
heralded by tingling, itching, burning, or pain

at the site where the lesions will develop

Herpes genitalis HSV-1 or HSV-2
depending on

geographic

region

Primary or recurrent, although
recurrent infections are

almost always caused

by HSV-2

Classically presentation is that of vesicles or
genital ulcers. Lesions may be on the genitalia

or on the buttocks, thighs, or around the anus.

Mild infections may be nonclassical with

nonspecific findings including tingling,
burning, itching, erythematous patches,

and small skin fissures

Neonatal herpes HSV-1 or HSV-2 Primary Generally result from mother-to-infant

transmission, the clinical manifestations
broadly fall into one of three patterns of

disease: (1) Vesiculo-ulcerative lesions

localized to the skin, eyes, or mouth,
(2) encephalitis, or (3) disseminated infection
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4weeks of pregnancy by an HSV-2-infected woman
reduces the likelihood that she will experience an out-
break of recurrent genital herpes around the time of deliv-
ery. Three safe and effective antiviral drugs – acyclovir,
valacyclovir, and famciclovir – are widely used for the
management of HSV infections. All three are available in
capsule/tablet form; acyclovir is also available in an oral
suspension and an intravenous form. These drugs may be
used for the treatment of active infection or be used daily to
suppress outbreaks of recurrent infections. There are topi-
cal forms of these drugs but they have little use in routine
practice. Oral acyclovir suspension and topical antiviral
therapy should not be substituted for intravenous acyclovir
in the treatment of life-threatening infections such as neo-
natal herpes. The generally recommended courses for
common HSV infections are provided in Table 2.
Varicella-Zoster Virus

Pathogenesis

Like HSV, VZV is a neurotropic virus. Infection begins
with inoculation of respiratory mucosa and movement to
regional lymph nodes where initial replication is believed
to occur. Progeny virus enter the circulation to cause the
primary viremia, which seeds the liver and other cells of
the reticuloendothelial system where further replication
occurs, leading to a secondary viremia. The secondary
viremia allows for seeding of cutaneous epithelial cells
where further replication leads to the classic vesicular
chickenpox rash. Since infected individuals are contagious
1–2 days before the development of the rash, it is likely
that virus is also transmitted back to the respiratory
epithelium and released in respiratory secretions late
during the secondary viremia. The time from exposure
to development of rash is typically 10–21 days. During the
course of chickenpox, the virus reaches, by an unknown
pathway, cells of the dorsal root ganglia where a latent
infection is established. Based on immunological and
virological data, it appears that after recovery from chick-
enpox the latent virus periodically reactivates causing a
subclinical viremia. In some, particularly the elderly and
the immunocompromised, the reactivation of the latent
virus from a specific dorsal root ganglion can result in
recurrent VZV skin disease mapping to the sensory der-
matome innervated by the reactivating ganglia, e.g., zoster
or shingles. In the immunocompromised host, reactivation
may lead to more disseminated disease (Arvin, 2006).
Epidemiology

Humans are the only reservoir of VZVand latency allows
for the virus to be efficiently maintained in the human
population. In temperate climates where vaccine is not
used, VZV causes yearly outbreaks of chickenpox in the
winter and spring and greater than 95% of children
become infected by late adolescence. Epidemics are less
extensive in rural areas and in tropical climates where
infection commonly occurs in adulthood. Zoster does
not occur in epidemics and there is no seasonal variation.



Table 2 Antiviral therapy for common Herpesvirus infections

Disease Indication Drug Regimen

Herpes gingivostomatitis or
pharyngitis

Treatment Acyclovir 15mg/kg/dose orally five times daily for 7 days to
maximum dose of 1 g/day

Herpes labialis Treatment Acyclovir 200–400mg orally five times daily for 5 days

Valacyclovir 2000mg orally twice daily for 1 day

Famciclovir 500mg orally three times daily for 5 days
Suppression Acyclovir 400mg orally twice daily

Valacyclovir 500mg orally once daily

Herpes genitalis Treatment first

episode

Acyclovir 400mg orally three times daily for 7–10days

Valacyclovir 1000mg orally twice daily for 7–10days
Famciclovir 250mg orally three times daily for 7–10days

Treatment recurrent

episodes

Acyclovir 800mg orally three times daily for 2 days

Valacyclovir 500mg orally twice daily for 3 days
Famciclovir 1000mg orally twice daily for 1 day

Suppression Acyclovir 400mg orally twice daily

Valacyclovir 500–1000mg once daily

Famciclovir 250mg orally twice daily
Neonatal herpes Treatment Acyclovir 5–10mg/kg or 250mg/m2 every 8 h for 21days for

central nervous system infection and 14days for others

Varicella Treatment Acyclovir 80mg/kg per day orally in four divided doses for 5days to

a maximum of 3200mg/day
Zoster Treatment Acyclovir 80mg/kg per day orally in four divided doses for 5days to

a maximum of 3200mg/day

Valacyclovir 1000mg orally every 8 h (patients>50 years) or 12 h (for patients
29–49 years) or 24 h (for patients 10–29 years) for 7 days

Famciclovir 500mg orally every 8 h (patients >60 years) or 12 h (for patients

40–59 years) or 24 h (for patients 20–39 years) for 7 days
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The risk of zoster is constant throughout middle age
but increases dramatically in the elderly, with indivi-
duals in the eighth decade having a 1% risk of developing
disease.
Mode of Transmission

VZV is spread by air droplets from nasopharyngeal secre-
tions or zoster lesions. Transmission usually occurs
through face-to-face exposure but can occur when infec-
tious droplets are carried on air currents to susceptible
individuals. Varicella patients are generally contagious
from 2 days before until 4 days after the onset of rash.
Mother–fetal transmission can occur in women experien-
cing varicella during gestation.
Clinical Illnesses

Varicella is characterized by moderate to high fever, irri-
tability, listlessness, and an intensely pruritic vesicular
rash where each vesicle is surrounded by an erythematous
halo (described as a dew drop on a rose petal) (Figure 2).
The rash often begins on the scalp and face and rapidly
spreads to the trunk and extremities. After 1–2 days, the
fluid-filled vesicles become cloudy and begin to umbili-
cate then crust. The average patient develops 250–500
lesions but the range is from 10–20 to nearly 2000. The
duration of the illness is generally less than 7 days from
onset of rash. The vast majority of patients recover,
although hypopigmentation and scarring are not uncom-
mon. Well-recognized complications include secondary
bacterial infections and potentially fatal pneumonia seen
particularly in adolescents and adults.

Pain, usually in a single spinal nerve dermatome, gen-
erally heralds the onset of a vesicular rash in the same
dermatome as the pain. New lesions may develop for up
to 1week, with crusting followed by complete healing
typically within 2weeks, although the process may take
up to 6weeks in some. Pain associated with zoster may be
intense, requiring narcotic analgesics. Pain persisting fol-
lowing recovery from the cutaneous disease (postherpetic
neuralgia) can be debilitating.
Prevention and Treatment

A two-dose regimen of the live attenuated varicella-zoster
virus vaccine is highly effective in protecting children
and adults against varicella (Hambleton and Gershon,
2005). The vaccine is extremely heat-labile requiring a
secure cold chain in order to maintain vaccine potency.
A therapeutic vaccine containing greater amounts of the
attenuated virus has been shown to be effective in pre-
venting the development of zoster in older Americans
(Oxman et al., 2005).



Figure 2 Child with primary varicella infection.

386 Herpes Viruses
Varicella-zoster immune globulin contains high titers
of anti-VZV IgG antibodies and is effective at preventing
or ameliorating VZV infections in high-risk patients when
intravenously administered within 2 days of exposure.

Intravenous acyclovir is effective in the treatment of
varicella in the high-risk patient, including neonates and
the profoundly immunocompromised. The recommended
regimen is 30mg/kg/day in three divided doses for
7–10 days. The same dose is recommended for the treat-
ment of zoster in the profoundly immunocompromised
host. Treatment should be initiated as early as possible
after the disease is recognized.

Oral acyclovir is not routinely used in the treatment of
uncomplicated varicella in otherwise healthy children but
may be used in adolescents and adults as well as children
with underlying disorders and those who are secondary
household contacts. Oral acyclovir, valacyclovir, and fam-
ciclovir are all effective in the treatment of zoster. The
treatment options for varicella and zoster are presented
in Table 2.
Cytomegalovirus

Pathogenesis

Cytomegalovirus (CMV) infection typically begins at a
portal of entry with viral replication in mucosal epithelial
cells. Progeny virions are disseminated by means of a
leukocyte-associated viremia that may continue for months
to years. During this phase, virus is shed in various secre-
tions and fluids including saliva, genital secretions, breast
milk, and urine. Eventually, host responses limit viral repli-
cation and the associated viremia and shedding are termi-
nated. During the primary infection, CMV establishes a
latent infection in peripheral blood mononuclear cells,
which may reactivate to produce progeny virus with asso-
ciated viremia and shedding. Most primary cytomegalovi-
rus infections are subclinical but some patients develop an
infectious mononucleosis-like syndrome. Latent CMV is
thought to play a role in infection that results from blood
transfusion or solid organ transplantation. Congenital infec-
tion can develop as a result of maternal viremia during
gestation. Intrauterine CMV infection can result in injury
to the developing fetal nervous tissue.
Epidemiology

CMV infection is ubiquitous, with the rate of acquisition
of infection in a population being largely influenced by
living conditions. Crowding associated with some daycare
settings and lower socioeconomic conditions appears to
facilitate transmission. Seroprevalence rates are higher in
younger groups in many developing countries and among
those in the lower socioeconomic strata of the developed
world. Rates in adults range from 40 to 60% in developed
countries to greater than 80% in developing countries.
It is estimated that in the United States 0.5–2.2% of
infants are perinatally infected, making CMV perhaps
the single greatest cause of birth defects and developmen-
tal disabilities.
Mode of Transmission

CMVis shed in the urine and saliva of infected individuals,
and transmission likely occurs most commonly through
contact with contaminated secretions or fluids. This is
exemplified by the CMV transmission among infants
attending daycare centers where virus has been detected
on toys, surfaces, and the hands of workers. CMV is
also found in semen and cervical secretions and can be
sexually transmitted. Maternal–fetal transmission occurs
in approximately 1% of pregnancies and the risk of trans-
mission from mother to fetus is about 50% for primary
CMV infections acquired by a woman during gestation
(Stagno et al., 1986). CMV transmission can also occur as
the result of transfusion of CMV-contaminated blood or
solid organ or bone marrow transplantation from a
CMV-seropositive donor to an uninfected recipient.
Clinical Illnesses

CMV can cause distinct clinical illnesses depending on
the route of infection and the immune status of the host.
Symptomatic congenital cytomegalovirus infection, also
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known as cytomegalic inclusion disease of the newborn,
results from maternal–fetal transmission. The infant may
be symptomatic at birth or develop symptoms in the first
few days of life. Common clinical findings include hepa-
tosplenomegaly and diffuse petechiae that may result in a
blueberry muffin appearance. Other findings may include
microcephaly, intrauterine growth retardation, and post-
natal failure to thrive. Surviving infants shed CMV for
years and most have significant neurological sequelae,
including deafness and severe mental and motor retarda-
tion (Pass et al., 1980). CMV infection in preterm
infants acquired in the early postpartum period some-
times as a result of transfusion with CMV-contaminated
blood products can result in a gray baby syndrome with
pallor, hypotension, respiratory distress, and a sepsis-like
syndrome. This condition may be fatal, particularly in
very premature infants. CMV may also produce an infec-
tious mononucleosis syndrome similar to EBV with
hepatosplenomegaly, fever, malaise, fatigue, lymphade-
nopathy, and pharyngitis. Laboratory findings include
an atypical lymphocytosis and mildly elevated serum
transaminase levels. CMV infection in solid organ and
bone marrow transplant recipients can produce clinical
findings that include fever, malaise, arthralgias, and mac-
ular rash. In severe cases, the infection can progress to
cause disease in a wide variety of organs; patients may
develop pneumonitis, hepatic dysfunction, increased risk
of opportunistic infections, esophagitis, and gastrointes-
tinal ulceration, encephalitis, chorioretinitis, and graft
organ dysfunction. CMV infection is also problematic in
HIV-infected patients, causing sight-threatening retinitis, as
well as less common neural, hepatic, pulmonary, and
gastrointestinal disease.
Prevention and Treatment

There is as yet no cytomegalovirus vaccine. Cytomegalovi-
rus immune globulin use in transplant patients does not
prevent but does ameliorate infection. There are four
antivirals used in the management of the CMV-infected
immunocompromised patient: ganciclovir, valganciclovir,
foscarnet and cidofovir. Various regimens have been applied
to this population, including treatment of the symptomatic
patient, preemptive therapy, which involves monitoring the
patient for evidence of CMV viremia and then initiating
therapy, and prophylactic therapy (Fishman et al., 2007).
As this is a rapidly changing field, it is recommended
that immunocompromised patients with CMV infection
be managed in collaboration with an infectious diseases
specialist. Ganciclovir has been used experimentally in
the treatment of congenital CMV infection with limited
benefits. The toxicity of the anti-CMV drugs precludes
their use in CMV mononucleosis, as this illness is typically
self-limited.
Epstein-Barr Virus

Pathogenesis

Infection begins with lytic viral replication in oropharyn-
geal mucosal epithelial cells following exposure to EBV-
contaminated saliva. EBV next infects the B lymphocytes
that traffic through oropharyngeal tissue, and the infected
cells are disseminated throughout the lymphoreticular
system. B lymphocytes rarely support lytic viral replica-
tion but serve as the reservoir of latent (nonreplicating)
virus. This reservoir is maintained for the life of the host.
The latently infected B cells are stimulated to proliferate,
particularly during the primary infection, triggering an
intense cellular immune response that includes natural
killer cells and cytotoxic T lymphocytes. The signs and
symptoms of infectious mononucleosis are the result of
the immunopathological activation of T lymphocytes that
are induced in an effort to control the proliferating
B lymphocytes. Lytic replication in the mucosa decreases
over time along with concomitant shedding of EBV in
saliva. However, latently infected B lymphocytes continue
to infect the oropharyngeal mucosa, thus facilitating
maintenance of the infection. Chronic proliferation of
B lymphocytes and mutations in a cellular oncogene can
lead to malignant transformation that results in the devel-
opment of Burkitt’s lymphoma. Similar mechanisms may
be responsible for the association between EBV and the
development of Hodgkin’s disease and nasopharyngeal
carcinoma (Liebowitz, 1998).
Epidemiology

EBV infection is ubiquitous; the question is not whether
or not an individual will become infected but rather when.
In the developing world, most children are infected by age
3 and essentially all by age 10. In the developed world,
acquisition of infection is influenced by socioeconomic
status, with about 50% of those in the higher strata
escaping infection until the second or third decade of
life. In Western countries, approximately 5% of adults
remain uninfected.
Mode of Transmission

Transmission generally results from exposure to EBV
contaminated saliva, although EBV has been detected
in cervical secretions, raising the possibility of sexual
transmission.
Clinical Illnesses

EBV infection is generally asymptomatic, particularly
when it occurs during infancy. Up to 50% of primary
EBV infections in adolescents and young adults produce
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infectious mononucleosis, a generally self-limited disease
characterized by fever, sore throat, headache, fatigue, mal-
aise, rash, lymphadenopathy, splenomegaly, and atypical
lymphocytosis. The total duration of the illness is typically
2–3weeks. Complications can include splenic rupture,
airway obstruction, aplastic anemia, pneumonia, hemo-
phagocytic lymphohistiocytosis, psychological/psychiatric
disturbances, and cancer.
Prevention and Treatment

There is no vaccine or other prophylaxis for EBV. There
is no effective specific antiviral treatment for infectious
mononucleosis. Attempts at using acyclovir, interferon-
alpha, or intravenous gamma globulin alone or in various
combinations have been unsuccessful. The mainstay of
treatment for infectious mononucleosis is rest, anti-
pyretics for fever, and in some cases corticosteroids for
patients at risk for airway obstruction or those with
selected hematological or neurological complications.
At this time there is no specific intervention that can
prevent the development of EBV-associated cancers.
Malignancies well established to be due to EBV include
Burkitt’s lymphoma, nasopharyngeal carcinoma, and
some forms of Hodgkin’s disease.
Human Herpesviruses 6, 7, and 8

In the past 25 years, three newhuman herpes viruses, human
herpesviruses 6, 7, and 8, have been discovered. These
viruses are found worldwide. Like all herpesviruses, they
are capable of establishing latent infection. By and large,
they cause little disease but can pose problems for the
immunocompromised.
Human Herpesvirus 6

Human herpesvirus 6 (HHV-6) infection may develop
in utero or during infancy or childhood through exposure
to contaminated saliva. The prevalence of infection is high
worldwide with most people becoming infected by age
2–3 years. Approximately one in five infected children
will develop roseola (exanthema subitum or sixth dis-
ease), an illness classically characterized by moderate to
high fever for 3–5 days in a child who does not appear ill
with development of a rash within 24 h of fever resolution.
The rash is a rose-colored nonpruritic exanthema that
lasts 1–3 days. The infection is self-limited but may result
in a febrile seizure without long-term risk of epilepsy
or neurological complications (Caserta and Hall, 1993).
HHV-6 reactivation infection may occur following bone
marrow or solid organ transplantation and may be asso-
ciated with pneumonitis, encephalitis, bone marrow
suppression, graft-versus-host disease, and organ rejection.
HIV-infected patients may also experience HHV-6
reactivation infection, which has been associated with
encephalitis, pneumonitis, and retinitis. There is no vaccine
or specific antiviral treatment.
Human Herpesvirus 7

Human herpesvirus 7 (HHV-7), like HHV-6, appears to be
principally acquired in infancy and childhood and able to
cause roseola. HHV-7 has been associated with febrile con-
vulsions and has been implicated as a cause of encephalitis.
The virus has been detected in transplant patients; however,
no symptoms or significant laboratory abnormalities were
associatedwith HHV-7 infection. There are fewdata on the
treatment of HHV-7 infection with existing commercially
available anti-herpes antiviral drugs (Ward, 2005).
Human Herpesvirus 8

Human herpesvirus 8 (HHV-8), also called Kaposi’s
sarcoma-associated virus, is a recently discovered human
tumor virus. Human-to-human spread may be either by
sexual or nonsexual transmission, including transplanta-
tion of HHV-8 contaminated bone marrow and organs
(Viejo-Borbolla et al., 2004). Latency is established in
B lymphocytes. HHV-8 is unusual among human herpes-
viruses in that it is not ubiquitous but rather is distributed
geographically, with the highest seroprevalence rates
in Mediterranean countries and Africa and low rates in
much of the rest of the world. In areas of overall low
seroprevalence, high rates are found among men
who have sex with men (MSM). Most HHV-8 infections
are asymptomatic. HHV-8 infection can cause three neo-
plastic diseases, Kaposi’s sarcoma, primary effusion lym-
phoma, and some forms of Castleman’s disease. It has been
noted that the risk of developing Kaposi’s sarcoma is much
greater with sexually transmitted HHV-8 infection than
with infections acquired nonsexually. At this time there is
no vaccine or effective antiviral treatment for HHV-8.
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Malaria is an ancient threat to human health that has
persistently taken human life for millennia. Efforts to
understand and combat malaria using scientific methods
are only beginning to reduce this toll. To appreciate the
challenges, we must understand the history of the struggle
between humans, the malaria parasite, and the mosquito
vector. We review the history of our understanding of
malaria, including major discoveries and public health
strategies to reduce the morbidity and mortality asso-
ciated with malaria. A timeline outlining major scientific
discoveries in the history of malaria is provided inTable 1.

Humans and Malaria

When did malaria parasites first infect humans? Through
the use of comparative analysis of genomes, scientists have
determined that lineages representing three human
malaria parasities, Plasmodium vivax, Plasmodium ovale,
and Plasmodium malariae, diverged from each other over
100 million years ago and coevolved with human ances-
tors (Figure 1). In contrast, the emergence of Plasmodium
falciparum in humans is much more recent. Some sug-
gest that the evolutionary predecessor of P. falciparum

switched hosts from birds to humans 5000–10 000 years
ago (Schlagenhauf, 2004). Others believe that organisms
closely related to P. falciparum infected human ancestors
for over 7 million years, derived from the ancestral pri-
mate malaria P. reichenowi. Recent evidence indicates
that the parasites closely related to P. falciparum may
have existed for approximately 100 000 years (Sallares
et al., 2004). Bottlenecks in the evolutionary history of
P. falciparum have reduced its genetic diversity (Su et al.,
2003), despite the enormous genetic variability found in
some genes within extant parasite strains (Figure 2).

Prior to the development of these molecular tech-
niques, ancient documents provided the only evidence
of the history of malaria in humans. A brief overview
reveals our changing understanding of malaria as a disease
and some prescient observations on the cause of malaria.

Malaria as Known to the Ancients

It is likely that human malaria evolved in Africa. With
human migrations, malaria was brought to the Nile valley,
Mesopotamia, India, and China (Figure 3). The earliest
written records of malaria-like illness are found in ancient
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Chinese documents. In approximately 2700 BCE, the
Chinese Emperor Huang Ti, also known as the Yellow
Emperor, created the Huang Ti Nei Jin Su-Wen (the
Yellow Emperor’s Classic of Internal Medicine), also
known as the Nei Ching (the Canon of Medicine). With
18 volumes and 162 chapters, this was probably the
world’s first medical textbook. The Nei Ching consists
of two treatises. The first contains a dialogue between
Huang Ti and his minister, Qi bai, in which they discuss
the philosophy of nature, theories of Yin and Yang, the
value of life, and achievements of the perfect body. The
second contains descriptions of anatomy, physiology, and

acupuncture. Within this second treatise are references to
an illness with a constellation of signs and symptoms
consistent with malaria, including fever, headache and
chills. Importantly, the Nei-Ching discusses the rela-
tionship between these fevers and enlarged spleens and
distinguishes between tertian and quartan fevers.

Mesopotamia, lying between the Euphrates and the
Tigris rivers, gave rise to several civilizations including
Sumerian and Babylonian cultures. Clay tablets with
cuneiform script excavated from Ashur Banapli’s royal
library mention deadly, intermittent fevers suggestive of
malaria. Scribed in 2000 BCE, these tablets tell the tale of

Table 1 Timeline for the history of malaria

Prehistoric
peoples

Early humans likely attributed fevers to evil spirits, angered deities, demons, or the black magic of sorcerers

2700BCE The Nei Ching, an ancient Chinese Canon of Medicine, describes malaria

2000BCE Babylonian cuneiform script attributes malaria to a god, pictured as a mosquito-like insect and Ashur Banapli’s

royal library in Mesopotamia documents malaria fever
1570BCE Malaria is described in the ancient Egyptian medical text, the Ebers Papyrus

800BCE Indian sage Dhanvantari wrote that bites of mosquitoes could causes diseases, fever, and chills

400BCE Hippocrates described the various forms of fever, including intermittent malarial fever from other continuous

fevers and recorded the daily, every-other-day, and every-third-day spike in fever. Hippocrates also noted the
seasonality of malaria and attributed the fever to ingestion of stagnant water

300BCE Charaka Samhita in India classifies fevers into five different categories: Continuous, remittent, quotidian, tertian,

and quartan fevers
30BCE Celsus described two types of tertian fevers

160–200BCE Galen attributed malaria to an imbalance of the four humors and suggested bleeding and purging as therapy, a

view that was to dominate medical practice for 1500 years

340BCE Antipyretic properties of quighao, the herb Artemisia annua or sweet wormwood, were first described in China
1696 Morton recorded the first detailed description of the clinical picture of malaria and its treatment with cinchona

1820 Quinine synthesized by French chemists Pelletier and Caventou

1880 Laveran, a French physician working in Algeria, first identified the causative agent of human malaria when he

observed gametocytes in the blood of a soldier infected with P. falciparum
1894 Manson proposed that malaria is transmitted by mosquitoes

1897 Ross demonstrated oocysts in the gut of anopheline mosquito while working in India, proving that mosquitoes

were the vector for malaria

1898 Ross demonstrated the sporozoites of avian malaria in the salivary glands of mosquitoes and then transmitted
malaria to birds through infected mosquitoes. Grassi elucidated the life cycle of the human malaria parasite

P. falciparum within anopheline mosquitoes

1904 William Gorgas used vector control methods to reduce malaria in the Panama Canal Zone
1920s Several investigators described how differences in the behavior of anopheline mosquitoes influenced the local

epidemiology and control of malaria

1927 Von Jauregg won the Nobel Prize for his work in treating syphilis by inoculating patients with malaria

1920s and
1930s

Development of synthetic antimalarials and widespread use of the insecticide DDT

1939 The beginning of the successful vector control program led by Fredrick Soper of the Rockefeller Foundation to

eradicate Anopheles gambiae from northeast Brazil

1955 Plan for global malaria eradication adopted by the 8th World Health Assembly
1957 Macdonald publishes his model of malaria transmission dynamics, building on the work of Ross

1960s Failure of the malaria eradication program. Emergence of chloroquine resistance in Plasmodium falciparum

1971 The active ingredient of qinghao is isolated by Chinese scientists
1975 Clyde demonstrated that persons exposed to bites of mosquitoes infected with irradiated malaria parasites are

protected against sporozoite challenge

Mefloquine developed

1998 Roll Back Malaria program initiated by the World Health Organization
Malarone (atovaquone and proguanil) becomes available

2002 The genome of Anopheles gambiae and Plasmodium falciparum sequenced

Adapted from Kakkilaya BS (2006) History of Malaria: Scientific Discoveries. http://www.malariasite.com/malaria/history_science.htm

(accessed January 2008).
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gods angered by the actions of mankind. To punish man-
kind, the gods cursed man with drought, famine, and a
disease of periodic fevers (Cox, 2004). In the ancient
Babylonian city of Susa (circa 600BCE), archeologists

uncovered an object dedicated to Nergal, the Babylonian
god of disease and death, symbolized by a flying insect
(Bruce-Chwatt, 1965). With its marshy lands, Mesopotamia
was an ideal environment for malaria transmission, and
these ancient writings and symbols from Mesopotamia
reflect the awareness of living in these malarious areas.

On the banks of the Nile River in 1570 BCE, residents
of the ancient Egyptian city of Thebes recorded observa-
tions on diseases and their remedies in what has become
the oldest surviving medical text from ancient Egypt, the
Ebers Papyrus. Over 700 drugs and 800 formulations are
mentioned in this 20-ft-long document, which describes
an illness characterized by splenomegaly and fever,
most likely malaria, and provides a variety of treatments
(Cox, 2004).

In the period from 1500 to 800 BCE, Vedic and
Brahmanic scriptures developed in the Indus Valley in
northern India. The Vedas (circa 1500BCE) are the four
canonical collections of prayers, incantations, and ceremo-
nial formulae that comprise the earliest Hindu scriptures.
Initially the Vedaswere considered so sacred they were only
transmitted orally from one generation of Brahmans to the
next, but passages of the Vedas were eventually transcribed
into Sanskrit at end of the third century BCE. The Vedas

contain descriptions of tertian and quartan fevers, and
Vedic medical teachings described the enlarged spleens
associated with autumnal fevers, the king of diseases attrib-
uted to the anger of the god Shiva (Bruce-Chwatt, 1965).
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Figure 1 Phylogeny of malaria parasites. From Carter R and Mendis KN (2002) Evolutionary and historical aspects of the burden of
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The Atharva-Veda contains many references to fevers,
including an incantation to the fever demon Takman:

To the cold Takman, to the shaking one, and to the

deliriously hot, to glowing, do I render homage to him

that returns on the morrow, to him that returns for two

successive days, to the Takman that returns on the third

day, shall homage be (Carter and Mendis, 2002: 581).

Other ancient Indian writings also make references to
malaria. Written by Ayurvedic sages in approximately
300 BCE and 100 BCE, respectively, the Caraka Samhita
and Susruta Samhita are ancient texts on Ayurvedic med-
icine. The Caraka Samhita classifies fevers into five cate-
gories: Continuous fevers (samatah), remittent fevers
(satatah), quotidian fevers (anyedyuskah), tertian fevers
(trtiyakah), and quartan fevers (caturthakah). In the Sus-
ruta Samhita, the sage Susruta observed that mosquitoes
may be responsible for fevers and described five different
types of mosquitoes (Bruce-Chwatt, 1965).

In the eighth century BCE, the Greek poet Homer
in the Illiad compared Achilles with Sirius, the harbinger
of fevers during the harvest time (Bruce-Chwatt and
Zulueta, 1980). This is the first mention of malaria in
Greek literature. Writing in the third century BCE, Hip-
pocrates provided accurate descriptions of malaria. His
book Epidemics contains a series of case reports that accu-
rately describe malaria, including the periodic fevers,
rigors, sweating, and splenomegaly (Bruce-Chwatt and
Zulueta, 1980). He also observed that the quartan fevers
are longest but the most benign. In Airs, Waters, and Places,
Hippocrates associated intermittent fevers with the envi-
ronment. In one of the earliest documented applications
of epidemiological reasoning, he noted that cases were
clustered in swampy areas and suggested that an environ-
mental factor, possibly miasma emanating from the
swamps, was the cause of intermittent fevers (Desowitz,

1991). He thus went beyond a mere description of the
disease to hypothesize potential causes of malaria. In fact,
the word malaria comes from the Italian meaning bad air
(mala aria), reflecting the association with foul-smelling
stagnant water, and, although introduced into English in
1740, came to be widely used only in the twentieth century.

Malaria appears to have reached ancient Rome by
200BCE (Carter and Mendis, 2002). Correspondence
between the Roman orator Cicero and his friend Atticus in
50BCE provide detailed descriptions of Atticus’s bout with
quartan fever. Celsus, a first-century Roman, differentiated
the clinical symptoms of P. falciparum from those of P. vivax,
described as semitertian and tertian fever (Bruce-Chwatt
and Zulueta, 1980). In ancientRome, the presence ofmalaria
was associated with socioeconomic conditions. Increased
prosperity was accompanied by drainage of marshy areas, a
recognized source of disease. The fate of Campagna, the
marshy lands around Rome, depended upon the ability of
a prosperous Empire to drain the marshes (Carter and
Mendis, 2002). Due to these drainage efforts, the Campagna
was free of malaria for several centuries. When the Roman
Empire fell, the marshes reemerged and malaria returned.

Middle Ages and the Renaissance

These ancient, occasionally accurate, observations linking
malaria and swamps were to become subjugated to the
medical theories of Galen, a Greek physician based in
Rome in the second century CE. Galen was an enor-
mously influential figure whose theory of disease, based
on imbalances of the four humors, was to dominate medi-
cal thinking for 1500 years. Galen recognized the signs
and symptoms of malaria but believed the cause to be an
imbalance of humors, with tertian fever a result of an
imbalance of yellow bile, quartan fever an excess of black

Columbus
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Figure 3 Probable routes of spread of malaria. From Schlagenhauf P (2004) Malaria: From prehistory to present. Infectious Disease
Clinics of North America 18: 189–205. Adapted from Bruce-Chwatt LJ (1965) Paleogenesis and paleo-epidemiology of primate

malaria. Bulletin of the World Health Organization 32: 363–387.
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bile, and quotidian fever by an excess of phlegm. Proper
balance was restored by bleeding or purging.

Several of the greatest writers during the Middle Ages
and Renaissance made reference to malaria in their works,
including Dante, Chaucer, and Shakespeare. In Canto
XVII of the Inferno in The Divine Comedy, Dante equates
the fear he felt when told to climb upon a beast’s back in
the seventh circle with that of malaria fever and chills:

As one who feels the quartan fever near

and shivers, with his nails already blue,

the sight of shade enough to make him shudder

so I became when I had heard these words

The Beginnings of a Scientific
Understanding of Malaria

In the sixteenth and seventeenth centuries, with the
Enlightenment replacing Aristotelian scholasticism and
the teachings of Galen, a scientific understanding of
malaria began to take hold. In the sixteenth century,
Europeans learned of the antimalarial properties of cin-
chona bark as they explored the Americas. In 1696,
Morton described in detail the clinical features of malaria
and its response to treatment with cinchona. The Italian
physician Giovanni Maria Lancisi first described in 1716
the black pigmentation of the brain and spleen in persons
with fatal malaria, an observation that initiated more
detailed pathological studies. In a treatise titled Noxious

Emanations of Swamps and Their Cure, Lancisi linked
malaria with swamps and suggested that mosquitoes
might be responsible for the disease. He even proposed
that malaria might be transmitted by the bite of mosqui-
toes and injection of their salivary fluid.

In 1880, the understanding of malaria made a great
leap forwardwhen Laveran, a French army physician work-
ing in Algeria, first identified the causative agent of
human malaria. Using a crude microscope, Laveran identi-
fied gametocytes in the blood of a soldier infected with
P. falciparum. However, it took many years, the development
of the oil immersion microscope lens by Zeiss, and specific
staining techniques by Romanowsky, for malariologists to
accept Laveran’s discovery. For his work, Laveran received
the Nobel Prize in 1907. Laveran’s initial description of
the malaria parasite in 1880 followed by 1 year a descrip-
tion of the so-called bacterial cause of malaria by Klebs
and Tomasi-Crudeli (Desowitz, 1991). Within the scien-
tific community, dominated by the discoveries of Louis
Pasteur and Robert Koch, there was widespread belief
that bacteria were the causative agents of infectious dis-
eases. Klebs and Tomasi-Crudeli injected marsh water
into rabbits, which became ill with fever. A bacterium,
named Bacillus malariae, was isolated from the sick rabbits
and assumed to be the cause of malaria. Among some

malariologists, this evidence was sufficient to establish
the bacterial etiology of malaria and disprove Laveran’s
observations.

More controversial were debates at the end of the nine-
teenth century about how malaria was transmitted andwho
was to be credited for this discovery. Patrick Manson, who
had reported that filariasis was transmitted by mosquitoes
while working in China (although he incorrectly hypo-
thesized that it was transmitted by ingestion of infected
mosquitoes), proposed thatmalariawas transmitted bymos-
quitoes in 1894 (Desowitz, 1991). In 1897, Ronald Ross,
an army physician working in India who trained under
Manson, identified oocysts of the malaria parasite in the
stomach of a mosquito that had previously fed on a patient
withmalaria. However, bothRoss andManson initiallywere
convinced that ingestion of the oocyst in water contami-
nated with infected mosquitoes was responsible for human
disease. Transmission of an infectious agent by the bite of an
arthropod was a novel concept at the turn of the twentieth
century. The first demonstration of vector-borne transmis-
sion by a blood-sucking arthropod was by Theobald Smith
and F. L. Kilbourne in 1893, who reported that babesiosis
(a protozoan similar to Plasmodia) was transmitted by the
bite of a tick (Desowitz, 1991).

Writing shortly after Ross’ observations, William
Thayer at the Johns Hopkins Hospital was not convinced
of the evidence that mosquitoes transmit malaria. In his
300-page Lectures on the Malarial Fevers published in 1897,
Thayer describes Ross’s experiments:

Ross placed mosquitoes upon individuals whose blood

contained crescentric, ovoid, and round bodies, and ob-

served flagellation of these forms in blood taken later

from the stomach of the mosquito. This interesting

though insufficient evidence has led Manson to assume

that the mosquito is a normal intermediate host in the life

of the malaria parasite. (Thayer, 1897: 80)

More convincing evidence that malaria was transmitted
by the bite of mosquitoes came a year later, in 1898, when
Ross, then stationed in Calcutta, began studies of avian
malaria. Through microscopic examination of infected
mosquitoes, Ross was able to follow the life cycle of
malaria parasites from the gut wall to the salivary glands.
He then demonstrated that mosquitoes with parasites in
their salivary glands could transmit malaria to uninfected
sparrows.

The Turn of the Twentieth Century to
World War I

Ross received the Nobel Prize in 1902 for his work,
5 years before Laveran, even though Laveran’s work had
been carried out 20 years earlier. However, as Ross was
conducting experiments with avian malaria, the Italian
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malariologist Giovanni Batista Grassi was elucidating the
life cycle of the human malaria parasite P. falciparum

within anopheline mosquitoes (Desowitz, 1991). Grassi’s
knowledge of entomology was much greater than that of
Ross and he was the first to understand that anophelines
are the only species of mosquito capable of transmitting
malaria to humans. However, Grassi published his work in
1898 after Ross had made his observations public. Thus
began the acrimonious debates as to who deserved credit
for the discovery of the transmission of malaria by mos-
quitoes. Ross received the Nobel Prize alone, in part due
to the intercession of Robert Koch, whom Grassi had
angered and who opposed Grassi’s nomination. Later, in
1901, Grassi predicted a third phase in the life cycle of the
malaria parasite, distinct from the blood stage described
by Laveran and the sexual stage described by Ross. How-
ever, the exoerythrocytic stage in the liver would not
be fully characterized until four decades later, in part
because of an erroneous report by Schaudinn in 1902
that sporozoites could directly invade red blood cells.

Ross’s contributions to the understanding of malaria
were not limited to his work with mosquitoes and the
mode of transmission. A quantitative understanding of
malaria was first systematized in his mathematical model
of malaria transmission developed in 1908. Ross had an
interest in mathematics (and poetry) and used equations
to describe malaria transmission dynamics. Importantly,
Ross formulated the concept of threshold densities of
mosquitoes and their relationship to vector control:
‘‘. . .to counteract malaria anywhere we need not banish
Anopheles there entirely . . . we need only to reduce their
numbers below a certain figure’’ (quoted in McKenzie and
Samba, 2004: 94). Another implication of his model was
that successful malaria control was more likely to result
from integrated programs, combining vector control,
treatment of infected persons with quinine, and personal
protection through bed nets, than from a single interven-
tion. However, this epidemiologic insight was not always
followed in the development of malaria control (and
eradication) programs.

The discovery of the malaria parasite and its vector-
borne transmission are the foundations for any under-
standing of malaria. However, debates flourished after
these discoveries as to how best to control malaria. On
one side were those who believed the burden of malaria
could be reduced only through improvements in eco-
nomic and social conditions. On the other were those
who believed that scientific advances led to the rational
development of focused public health interventions. This
view was in turn divided into those who believed vector
control should be the primary strategy and those who
favored treatment of infected individuals with the anti-
malarial quinine.

The concept that malaria control was linked to
improvements in living conditions derived from earlier

associations between malaria and swamps. At the turn of
the twentieth century, the Italian malariologist Angelo
Celli, aware of the recent discoveries regarding the
malaria parasite and its transmission by mosquitoes, devel-
oped a malaria control strategy for Italy that included
economic, agricultural, and social reforms to improve
the housing, nutritional status, and health care of the
rural poor (Packard and Gadelha, 1994; Hamoudi and
Sachs, 1999), in addition to the use of quinine for treatment.

Successful efforts in vector control were based upon
the discovery of the transmission of malaria by mosquitoes
(Hamoudi and Sachs, 1999). In 1901, Malcolm Watson
eliminated the vector of malaria in Malaya by altering
breeding sites, and thus reduced the burden of malaria on
the colonial rubber and tea plantations. But success was
temporary, with a large outbreak of malaria occurring
10 years later. Intensive vector-control strategies also
were used effectively by William Gorgas in 1904 to con-
trol malaria in the Panama Canal Zone. However, not all
efforts at vector control were successful, including Ross’s
own effort to eliminate parasite breeding sites in Free-
town, Sierra Leone. Between 1902 and 1909, an expensive
vector control project established by the British in the city
of Mian Mir in India failed to reduce malaria (Bradley,
1998). There was more to learn about malaria.

Advances After World War I to
World War II

Societal changes that occurred in the wake of World War
I focused malaria control priorities on the United States
and Europe. In these regions, rapid economic growth
contributed to the decline in malaria, particularly through
improved agricultural land use, better access to health
care, and urbanization. This decline in the prevalence of
malaria, often in the absence of specific vector-control
measures, was consistent with the broader perspective of
malaria as a disease of poverty and underdevelopment.
The debate between those who advocated vector control
and those who promoted social and economic reforms was
taken up by the Malaria Commission established by the
League of Nations. In reports published in 1924 and 1927,
the Commission favored the broad malaria control stra-
tegies developed in Italy (largely the reclamation of
marshlands, leading to economic development of the
rural poor, and the widespread use of quinine) as opposed
to more focused vector control strategies (Packard, 1994).

After World War I, however, advances in vector con-
trol continued to be made, particularly the development
and widespread use of larvicides such as Paris Green. The
most important advance between the two World Wars was
understanding the ecological complexities of Anopheles

mosquitoes. In the 1920s, several investigators, including
Roubaud in France, Swellengrebel and Van Thiel in the
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Netherlands, and Falleroni in Italy, differentiated the
subspecies of Anopheles maculipennis complex (the predom-
inant species complex in Europe) and described the role
of mosquito behavior in the transmission of malaria. Spe-
cifically, strains of Anopheles maculipennis were observed to
differ in their feeding, resting, mating, and breeding
habits, and these differences accounted for the local epi-
demiology of malaria and the success or failure of vector
control efforts. Until these differences were recognized,
the phenomenon of anophelism without malaria (i.e.,
regions where Anopheles maculipennis existed but malaria
did not) and the differing success rates of vector control
programs remained puzzling to malariologists.

World War II and Progress in the Fight
Against Malaria

In the years precedingWorldWar II, progress was made in
the development of important tools in the fight against
malaria, including the insecticide DDTand new synthetic
antimalarial drugs to reduce dependence upon Cinchona

plantations. DDT, originally synthesized in Germany in
1874, was recognized as a useful insecticide during the
late 1930s. Synthetic antimalarials, largely developed in
Germany as well during the 1920s and 1930s, included
pamaquine, mepacrine, and, most importantly, santochin,
the precursor of chloroquine.

The impact of these technological advances on the
epidemiology of malaria was to again focus attention on
large-scale vector-control programs. The best example of
this approach, and one that had a profound influence on
subsequent efforts to eradicate malaria, was the successful
vector control program led by Fredrick Soper of the
Rockefeller Foundation’s International Health Division
to eradicate Anopheles gambiae from northeast Brazil
between 1939 and 1941 (Packard, 1994). Anopheles gambiae,
an extremely efficient transmitter of malaria to humans,
was introduced into Brazil from West Africa in the 1930s
and was responsible for several large outbreaks of malaria.
Using vector-control methods to eliminate breeding sites
and fumigate homes, Soper and his team were able to
eradicate Anopheles gambiae from Brazil within 2 years.
A similar program, also led by Soper, eliminated Anopheles

gambiae from upper Egypt. The success of these programs
was critical in directing malaria-control strategies after
World War II.

The Era of Hope After World War II

With the conclusion of World War II in 1945, the world
settled into an era characterized by international hope,
optimism, and idealism. Almost immediately following
the surrender of Japan, the United Nations Charter was

ratified by 51 nations on 24 October 1945. The World
Health Organization (WHO), the United Nations spe-
cialized agency for health, was established in April 1948
with the objective that all people should attain the highest
possible level of health. From its very beginning, the
WHO recognized that malaria was of great importance
to human health. The Commission responsible for draft-
ing the WHO constitution and launching its antecedent
activities in 1947 declared that:

. . . Apart from its . . . fundamental work . . . meeting its

statutory obligations, the Commission was confronted

with the task of initiating a direct attack on the diseases

which were the principal cause of wastage of human life

and effort. Of these, malaria, tuberculosis, and venereal

disease were . . . paramount importance . . . The Expert

Committee on Malaria was . . . to advise on a general plan

for the world control of malaria . . .

(International Development Advisory Board, 1956)

As experience increased in the postwar period with the
magic of DDT, the broad array of malaria-control efforts
shifted to the narrow focus of eliminating anopheline
vectors. The culmination of this shift was the adoption
of a most ambitious and dramatic plan for global malaria
eradication by the 8th World Health Assembly in 1955.
The Director General of WHO, in making the case for the
plan, put forth the following information: (1) tremendous
success had been achieved in controlling malaria through
the use of DDT in a variety of countries; (2) evidence
from several countries indicated that malaria eradication
by residual spraying was technically and economically
feasible; and (3) there was growing evidence that vector
resistance was increasing to DDT and other pesticides.
The Director General concluded that ‘‘there is no other
logical choice: malaria eradication is clearly indicated,
presents a unique opportunity and should be implemen-
ted as rapidly as possible. Time is of the essence.’’ The
decision to launch the plan was based upon a conviction
that eradication was possible and that it should be carried
out before vector resistance precluded the possibility
(Packard, 1998: 217).

The Great Malaria Eradication Campaign

By 1958, the most inspirational, ambitious, complex, and
costly health campaign ever undertaken was underway.
Eradication using DDT residual spraying was estimated
to cost less than 25 cents per person per year. The total
cost for the first 5 years would be half a billion U.S. dollars.
The four-phase strategy of the Global Eradication Program
(preparation, attack, consolidation, and maintenance) was
designed to make maximum use of the continually shrink-
ing time frame of DDT effectiveness. Agricultural use of
the insecticide had already begun to select for resistance
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before the eradication program began. The goal of the
attack phase of the program was to use residual application
of DDTon the walls of houses to reduce the lifespan of the
vector (Hamoudi and Sachs, 1999). Emilio Pampana
emphasized that the parasite needs several days to develop
within the mosquito and that during this period the
infected mosquito would come back repeatedly to feed
and risk being killed. If all houses have their inner walls
appropriately sprayed with insecticide, transmission of
malaria will be stopped (Pampana, 1969). Most European
countries and many across Asia and Latin America joined
the Program and many achieved outstanding success. In
Malta, the anopheline vector was completely eliminated,
and within the first few years of the program malaria was
eliminated from Europe (Hamoudi and Sachs, 1999).

During this period in the 1950s, George Macdonald
returned to England from years of work in the tropics and
began to build on Ross’s mathematical models of malaria
transmission (McKenzie and Samba, 2004). Macdonald’s
models indicated that, at equilibrium, the weakest link in
the chain of malaria transmission was the survival of adult
female Anopheles. Macdonald defined the basic reproduc-
tion number (R0) as the number of secondary infections
that result from a single infection over the period of
infectivity. R0 depends on many factors, including the
abundance of vectors, the propensity of a vector to bite
humans, the proportion of bites that are infectious, the life
span of the vector, and the time to reproduce in the vector.
The most important of these is the life span of the vector. If
R0 can be reduced to less than 1 by manipulating one or
more of these determinants, then it would be possible to
eradicate malaria. Because DDT has such overwhelming
effect on the vectors’ lifespan, its use emerged as a poten-
tial panacea, and Macdonald’s model served as the con-
ceptual basis for the Global Malaria Eradication Program.

Disillusionment and Abandonment

With the urgent military-style campaign mentality, how-
ever, those conducting the global eradication campaign
overlooked the fact that critical knowledge about malaria
transmission needed for the model was missing, such as
the biting and resting behavior of several important vec-
tors. A sense of urgency overruled practicality and some-
times Cold War politics dictated its direction. Indeed, the
last Expert Committee meeting on malaria before the
eradication plan was adopted by the WHO Assembly
advocated a broad range of approaches and concluded
that ‘‘it is not likely that any single policy will be generally
applicable. . .’’ (Packard, 1998).

Despite the dramatic success in a number of countries,
little impact was seen in many continental tropical
countries of Asia and South America. In Africa, where
malaria was by far of greatest importance, virtually nothing

was even attempted. Unfortunately, with the emphasis
on logistics and organizational activities, there seemed a
comparable de-emphasis of scientific research. Fred Soper
of the Rockefeller Foundation argued against ‘‘long-term
detailed entomological or malaria studies . . . unless residual
DDT fails to greatly reduce [mosquito] densities which
will be contrary to all previous experience’’ (Stapleton,
2004: 212).

The eradication approach, a single-minded, insecti-
cide-based attack on malaria, may have been the most
successful antimalaria strategy of all time. Yet it contrib-
uted to a legacy of insecticide-resistant anophelines and
single-purpose health cadres. Of even greater importance,
over a period extending for 20 years, virtually no innova-
tive research on malaria was undertaken. An entire gener-
ation of malaria researchers was lost.

Even by the early 1960s it was clear that eradication
would fail. The complex logistical and operational needs
for the eradication effort were too much for the weak
infrastructures in most tropical countries; moreover, the
parasite and vector were evolving, including anopheline
resistance to insecticides and parasite resistance to anti-
malarials. A further problem was that the exclusive use of
household residual insecticide spraying failed to account
for vital differences in anopheline behavior. Many com-
munities eventually abandoned their antimalarial efforts.
In some regions, notably in southern Asia, where the
prevalence of malaria remained low and the community
rendered immunologically naı̈ve, devastating resurgences
occurred throughout the 1970s. Entire communities fell
ill in ever-increasing waves until communal immunity
was re-established and malaria achieved its relatively
silent endemic equilibrium.

By 1969, the malaria eradication campaign was viewed
as a major failure and was abandoned. In the wisdom of
hindsight, the failure was seen as a result of scientific
arrogance and lack of foresight. In truth, large numbers
of lives were saved in many countries and major economic
activities were spurred. With the formal declaration end-
ing the global eradication program, the substantial multi-
lateral funds that had gone to support local malaria
control programs were withdrawn. At the same time,
each country was forced to develop its own control pro-
gram based upon local ecology and resources. To do so,
countries required a much greater level of epidemiologi-
cal and ecological expertise. Since virtually all resources
had been single-mindedly put into the logistics of DDT
residual spraying, such expertise was lacking.

New Beginnings and Hope for Peaceful
Coexistence

As countries struggled to develop their national control
programs under a new WHO Global Malaria Control
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Program, the notion that peaceful coexistence between
humans and malaria parasites would have to be worked
out was gradually accepted. A major revolution in ideas
about what could be done about malaria control was fos-
tered. Investigators went back to basic research to improve
understanding of the pathogenesis, immunology, and trans-
mission dynamics of malaria, to develop new vaccines, new
approaches to vector control, and innovative approaches
for household and community interventions.

The major challenges remained in sub-Saharan Africa
where malaria control has never been achieved and,
except for parts of southern Africa and highland Ethiopia,
generally never even attempted. The first 25 years of the
Global Malaria Control program coincided with the hor-
rors of the HIV/AIDS epidemic in Africa, and Ministries
of Health along with major donors focused attention and
efforts to mitigate this epidemic, and so neglect of malaria
control continued. Only with the establishment of the
Roll Back Malaria initiatives beginning in 1998 has serious
attention been given to malaria. Despite the recent sharp
criticism of the very slow pace and paucity of achievement
(related in part to the complicated issues of drug resis-
tance), much can be done to reduce the consequences of
malaria through personal and household protection from
vectors by the use of insecticide-treated nets, prompt treat-
ment with artemisinin-based combination therapy at
early signs of malaria, and by intermittent presumptive
therapy for pregnant women and children. The relative
high costs of these approaches, and who should pay, remain
major issues to be resolved. Although the cost may be high
relative to the low expenditures on health in African
countries, it is not compared to global expenditures on
virtually anything else (such as video games). In addition,
the logistics and infrastructure needed to provide therapy
still lag behind demand. Nevertheless, there is progress in
some African countries and now sufficient experience with
successful programs to know that it can be done.

The Era of Molecular Biology and
Vaccine Development

Molecular tools have allowed for epidemiological investi-
gations of malaria on temporal and spatial scales that previ-
ously were not possible. These tools have been used
in studies of the evolutionary relationships between
malaria parasites, parasite and mosquito population
structures, coinfection with the same or different species
of Plasmodia, and the evolution and spread of drug-
resistant strains. Simultaneous with the publication of
the genome sequence of P. falciparum, a first draft of the
genome sequence of Anopheles gambiaewas published in 2002.
Identification of polymorphisms within the A. gambiae

genome permits epidemiologic studies of insecticide resis-
tance, transmission efficiency of malaria parasites, and gene

flow within mosquito populations. Knowledge of gene flow
within mosquito populations is critical to assessing the
potential effectiveness of introducing genetically modified
Anopheles mosquitoes that fail to transmit malaria.

Prospects for a successful vaccine against malaria have
been considered bright for several decades; unfortunately
they have remained prospects and to date no vaccine has
been sufficiently effective to warrant widespread use. How-
ever, progress has been made. The overwhelming evidence
that humans develop protective immune responses against
P. falciparum when repeatedly exposed to infection indi-
cates that development of an effective vaccine should be
possible. Studies by Ian McGregor and colleagues in the
1960s demonstrated that serum from immune adults in
The Gambia could be used to treat young children with
malaria in East Africa. In the early 1970s, David Clyde and
others demonstrated that injection of sporozoites derived
from irradiated P. falciparum-infected mosquitoes provided
protective immunity against challenge. However, the
immunologic basis of protection induced by natural infec-
tion or irradiated sporozoites is not completely under-
stood. Vaccine development has focused largely upon
three parasite stages: (1) pre-erythrocytic sporozoite and
hepatic forms to prevent infection, (2) asexual erythrocytic
forms to reduce morbidity and mortality, and (3) sexual
forms within the mosquito to prevent transmission. Over
100 malaria vaccine candidates are in preclinical and clini-
cal development.

The Future of Malaria and Its Control

The failure of malaria eradication in the mid-twentieth
century makes it highly unlikely that any single approach
to malaria control will be attempted again. Successful
control will require deeper understanding of the local
epidemiological and ecological interactions between
malaria parasites, anopheline vectors, and human hosts.
Such an understanding will be enhanced by the use of
molecular tools to study the genetic structure and evolu-
tion of malaria parasites and anopheline vectors. As vac-
cines against malaria are developed and tested under
different ecological conditions, new insights will be
gained into the epidemiology, transmission characteris-
tics, and population immunity of malaria, insights that
will build upon the seminal discoveries of Laveran, Ross,
and Grassi at the turn of the twentieth century. But
the old insight of Angelo Celli and others, that malaria
control is dependent upon social and economic develop-
ment, should be kept alive. Malaria and its consequences
differentially burden the impoverished rural populations
of Africa and Asia and contribute to a vicious cycle of
poverty, misery, and injustice. The history of malaria
shows that the international cooperation needed to break
this cycle is achievable.
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See also: World Health Organization.
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Introduction

Public health and colonialism have strongly linked his-
tories. In part this is because of the historical period in
which they both consolidated. As European nation-states
emerged over the late eighteenth and nineteenth centu-
ries, the health and welfare of the population became both
of more interest, and gradually a responsibility of the

state. Counting, assessing, and promoting longevity, mor-
bidity, and mortality, and the impact of infectious diseases,
became increasingly central to the work of many modern
governments. At the same time, European interests were
being consolidated around the globe, both formally and
informally. The first ‘Age of Empires’ – sixteenth and sev-
enteenth century commerce, exploration, and slave trading
in the Atlantic world, settlement in the Americas, in India,
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and in the East Indies – was succeeded by the second ‘Age.’
In the eighteenth century, the Pacific and Australasia were
explored and gradually colonized by European powers and
later the United States, and by the end of the nineteenth
century, much of the continent of Africa was legally owned
if not actually occupied by Europeans.While not all of these
ventures were government-led – some were missionary
initiatives, others were commercially driven – the increas-
ing interest in health and welfare of the domestic popula-
tion (as a labor force, as a citizenry, as a military force, as a
reproductive entity) extended to most colonial locations,
such that by the early twentieth century collecting public
health data and implementing public health programs
were common.

Whenever and wherever masses of people have moved,
microbes have traveled with them, infecting otherwise
nonimmune populations. Conversely, groups of people
have sometimes moved to foreign locations and suc-
cumbed to diseases to which they themselves had no
resistance. The history of colonialism is fundamentally a
history of movement of populations, sometimes forced,
sometimes voluntary. And in this way, it has almost always
involved transfer and exchange of infectious disease, as
well as efforts to minimize and manage disease. This is
discussed in the first section.

In the second section, tropical medicine is analyzed.
More than any other branch of modern biomedicine and
public health, tropical medicine is connected to the his-
tory of colonialism. European people’s susceptibility to
exotic diseases was the initial rationale for the develop-
ment of ‘diseases of warm climates,’ which became tropi-
cal medicine in the very late nineteenth century. In the
third section, the close relationship between mission,
colonialism, and health care is introduced, in which the
humanitarian care of women and children was fore-
grounded. What was charitable or mission work in the
nineteenth century, however, largely became government
work into the twentieth century. This was particularly the
case in the field of maternal and infant health, introduced
in the fifth section. Finally, colonial interests in health
education and promotion are discussed, with specific ref-
erence to the promotion of sexual health in the past, and
the colonial (and in some cases postcolonial) links between
public health and eugenics.

Infectious Disease and Its Control

Over the 1500s, parties of Europeans – mainly Spanish
and Portuguese – traveled to the NewWorld in increasing
numbers, and with increasing rapidity. Indigenous
populations in the Caribbean islands, the Yucatán, and
South America were quickly infected with measles, small-
pox, influenza, and typhus. Over several generations,
these diseases markedly affected local morbidity rates,

which in turn had consequences for fertility rates.
A major effect of these diseases, then, was to depopulate
native groups, some beyond recovery. Several historians
of public health and disease, as well as historians of
American native people, have argued that depopulation
was an intention of leading colonizers. Others argue that,
even if unintentional, European powers were nonetheless
responsible for the massive illness and depopulation of
New World indigenous people (Stannard, 1992; Cook,
1998). It is important to realize that this debate is not
only a recent phenomenon: sixteenth- and seventeenth-
century European scholars and politicians were deeply
engaged in legal and theological debate over responsibil-
ity for the introduction and effect of diseases in the
New World and the related legitimacy of claim to land
(Moses and McDonnell, 2005). Thus, disease has been
related to the legal and political question of European
colonialism from the outset.

The pattern of disease and depopulation that accom-
panied European expansion continued in North America
from the 1600s, and in the Pacific and Australasia between
the 1700s and 1900s. On the Hawaiian Islands, for exam-
ple, the population reduced from about 600 000 in 1778
(mean of current estimates) when James Cook first
landed, to 48 000 a century later. A major epidemic of an
unspecific diarrheal disease in 1804, a series of measles,
whooping cough, and influenza epidemics in 1848–49,
and a smallpox epidemic in 1853 were the primary causes
of this sharp demographic decline (Crosby, 1994). Simi-
larly, from 1788 in New SouthWales, the military, settlers,
and convicts of the new British penal colony brought
influenza, smallpox, and measles, which all but decimated
the local population of Aboriginal people.

Colonial and medical personnel were always aware of
the effect of diseases, and over time the responsibility to
prevent or at best minimize illness was understood to be
part of the project of colonialism and settlement. Occa-
sionally, work toward prevention of disease was under-
taken as individualized acts and decisions. For example,
Hudson’s Bay Company fur traders in present-day
Canada occasionally brought technology for the preven-
tion of smallpox, as well as bringing the disease itself.
Techniques of variolation and later vaccination were
sometimes distributed amongst native groups. In present-
day India and Sri Lanka, vaccination programs to reduce
smallpox were introduced systematically, and eventually
on a large scale. In the mid-nineteenth century, British
governments attempted to make vaccination of children
compulsory. In colonial contexts like India, this public
health campaign came up sharply against radically differ-
ent traditions of etiology and of preventive and therapeu-
tic health care. Efforts to implement vaccination (cowpox)
not only flouted religious practices in India, they were
accompanied by the discouragement of variolation, a
long-standing indigenous preventive measure.
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While there was an early effective vaccine for small-
pox, the major infectious disease preventive strategy was
segregation. In the maritime world, quarantine proce-
dures were well established by the 1700s. Especially
with the cholera epidemics in Europe during the 1830s,
maritime practices shaped land quarantine as well, and
cities and villages were policed through the establishment
of different kinds of cordons sanitaires, the restriction of
movement within and outside towns. Indigenous people
also instituted forms of quarantine: In 1806, for example, a
Hawaiian chief refused entry to a trading vessel, once it
became clear that a diseased man was aboard. The colo-
nial versions of European quarantine regulations often
segregated people on the basis of race, as well as (or as a
substitute for) the basis of disease status. When there were
acute infections, non-Europeans were not infrequently
isolated precisely and explicitly on the grounds of their
race. In an 1881 epidemic of smallpox in Sydney, for
example, all Chinese men were compulsorily isolated in
the city’s quarantine station without police or medical
staff requiring any evidence of contact with the disease.
White residents of Sydney were also transferred to the
quarantine station, but only on the evidence of medical or
public health personnel that they were symptomatic or
had had contact with a symptomatic person.

The problems of ambiguous or deliberately discrimi-
nating rationales for segregation were compounded in the
management of chronic infectious diseases. In the cases of
both sexually transmitted diseases and conditions such as
Hansen’s disease, almost permanent segregation could
result. This was much more likely for non-Europeans
than for European settlers. In the case of leprosy, a series
of laws making segregation compulsory were enacted
across the colonial and settler world from the 1860s. In
medical and policy debate at the time, these laws were
introduced specifically in relation to concerns about a
perceived increase in the risk of infection of Whites and
Europeans in the colonies. In Europe, there was a fear that
leprosy might recur as a pandemic, the continent having
been largely free of leprosy for centuries. From 1866 in
Hawaii, for example, new legislation required the segre-
gation of people with leprosy to the peninsula of the
Island of Molokai. In British Columbia, where Hansen’s
disease was typically called ‘the Chinese disease’ in the
nineteenth century, islands were allocated for the deten-
tion of Chinese individuals. In the Cape Colony, Africans
with leprosy were detained on Robben Island as part of
the process of disease management (Deacon, 1996). In
Australia, islands off the coast of Queensland and the
Northern Territory were set aside for people with leprosy.
Europeans were detained on some of these islands. For
Aboriginal people, however, this detention was an exten-
sion of a system of reserve segregation already in place.
Both the ‘leprosy’ islands and the ‘venereal disease’
islands, marked specifically for Aboriginal people, were

a secondary isolation. As late as 1956 pathological criteria
for detention were different for white people and so-
called full-blooded and half-caste Aboriginal people, a
policy and practice not only endorsed by Australia’s
peak medical advisory group, but actively formulated
by it (Bashford, 2004).

Tropical Medicine

Infectious disease was not only a difficulty for indigenous
and diasporic people in the colonies. It is also the case
that colonizing administrators, settlers, and military per-
sonnel became ill as a result of contact with diseases not
encountered before. For example, the mortality rate for the
military in both French and British colonies in the eighteenth-
century Caribbean was extremely high compared with
domestic rates of morbidity for similar-aged men, largely
due to yellow fever (Burnard, 1999). French attempts to
colonize Madagascar were thwarted by malaria. This high
mortality and morbidity from diseases not typically expe-
rienced in Europe itself was the driving rationale for the
development of the subdiscipline of tropical medicine.

Tropical medicine of the late nineteenth and twentieth
centuries evolved from earlier interest in what was usually
called ‘diseases of warm climates’ in English-speaking
traditions, and diseases of ‘torrid zones’ in Spanish-
speaking traditions. This nomenclature lingered in Patrick
Manson’s well-known 1898 textTropical Diseases: A Manual

of Diseases of Warm Climates (see Haynes, 2001). The only
medical subdiscipline organized with respect to a geo-
graphic area, historians have analyzed the nature of
the peculiar delineation of ‘tropics’ within the history of
European colonialism (Arnold, 1996; Moulin, 1996;
Bashford, 2004). Much of what became classic work in
the ‘diseases of warm climates’ and the later ‘tropical
medicine’ traditions concerned places well north of the
Tropic of Cancer and south of the Tropic of Capricorn.
Thus, ‘tropical medicine’ was not so much strictly about
the tropics as about places other to Europe and North
America, and diseases associated with those places: colo-
nial medicine. For French tropical medicine, for example,
the Algerian case was exemplary, and yet North Africa falls
well north of any tropical zone. The alternative French
terminology of la pathologie exotique captures the colonial
implications so evident throughout the field of tropical
medicine. In this way, diseases associated with places and
people other than Europe and Europeans became ‘tropical
diseases,’ even though theyoccurred throughout the globe,
if in different concentrations. Leprosy is a clear example:
in his classic study Tropical Diseases, Patrick Manson tells
readers that ‘‘there are a good many lepers in Iceland.’’

Expertise in tropical medicine retained such scientific
and popular purchase because of the strength of theories
about the effect of climate on bodily constitutions.
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‘Climate’ in this understanding ranged from external
temperature and humidity, to wind patterns, rainfall, and
the nature of soils. Informed by Galenic schools of
thought on environmental influences on the balanced or
imbalanced body, climate remained a central aspect of
European health and medical thinking for a remarkably
long time – well into the twentieth century. A most
important accompanying idea was that certain kinds of
human bodies naturally belonged to certain climates and
regions of the globe. If those people were displaced (as in
colonialism), many public health experts understood
some kind of physiological decline to take place. Special
hygienic measures were needed to offset this decline, and
to preserve health for Europeans ‘out of place.’ Many
public health measures in colonial locations were based
on these theories, from arrangements for the disposal of
waste, to urban design, to education in preventive clothing
and conduct. These ideas were not so much displaced by
germ theories and the new microscopic pathological
sciences, as supplementing them as a way of understand-
ing disease causation and prevention.

At the same time, and seemingly counterintuitively,
other colonial locations attracted Europeans as travelers
and as settlers precisely because they were understood to
be therapeutic in climatic terms. It was the temperate
climate of Tasmania and parts of New Zealand, for exam-
ple, that established these colonial locations as sanatoria
for wealthy sufferers of tuberculosis. Likewise, spas in
Guadeloupe and Madagascar were promoted by the
French Ministry for the Colonies as places where the
French could treat and help prevent various colonially
acquired conditions ( Jennings, 2006).

The project of tropical medicine was intimately related
to colonialism not just culturally, but intellectually, insti-
tutionally, and financially; this was not an incidental link,
but rather a defining one. Especially from the 1890s and in
the first decades of the twentieth century, medical and
public health institutions were critical aspects of commer-
cial, military, and administrative centers of imperialism.
The London School of Hygiene and Tropical Medicine
(1899) was linked with the Colonial Office; the Liverpool
School of Hygiene (1899) was connected with commercial
overseas trading interests; and the Johns Hopkins School
of Public Health (1916) was associated with Washington
military medicine, as well as with the health work of the
Rockefeller Foundation in Latin America. Colonial and
military administrators, and the financial backers of large
colonial projects, were only too aware of the difficulties
that infectious diseases posed. A notorious case is the
failure of French combined forces to successfully push
through the Panama Canal, defeated by high morbidity
and mortality. Subsequent U.S. interventions, and their
connections to U.S. imperialism in Latin America and
the Caribbean, are less well known. Yet a major aspect
of the U.S. movement into the region after the 1898

Spanish–American war was the public health effort to
eradicate diseases. In one extraordinary year, for example,
a concerted military-sanitary campaign reduced Cuban
yellow fever morbidity to zero. As a result of that success a
similar strategy was implemented in the Panama region,
during the building of the canal between 1904 and 1914.
Thereafter, the Rockefeller Foundation as well as the U.S.
government assumed real interest in and much control
over disease eradication programs across Latin America.
Historians have shown how U.S. health campaigns in this
region as well as in the Pacific were simultaneously suc-
cessful in terms of disease eradication and minimization,
and in terms of securing and justifying U.S. administrative
and military presence (Hattori, 2004; Stern, 2006).

Health and Missions

Many matters that became public health responsibilities
of colonial governments in the twentieth century fell to
missionaries in earlier periods. The links between Chris-
tian missions and health activity in the colonies were
generally very strong indeed, especially in the early to
mid-nineteenth century when there was a wave of activ-
ist Evangelical and Non-Conformist Church initiatives.
There were several intersecting reasons for this. First, in a
highly religious world, the connection between healing,
Christian, and philanthropic practice were marked; saving
bodies and saving souls were theologically linked. Second,
this was compounded in the colonial context by a deep
investment in a ‘civilizing’ mission: Europeans sought to
change the conduct, social networks, and medical, legal,
and institutional practices of colonized people. Along
with a deep belief in this civilizing mission, as well as
the imperative to convert, health care and people’s ill-
nesses provided a critical rationale for initial mission
entry into a colonial location.

Missionary work, then, was typically health work, and
this often preceded and paved the way for formal poli-
tical or administrative colonial control. The London
Missionary Society, established in 1794, was active in
Africa, the Pacific Islands, and China where it established
hospitals and nursing care. Not infrequently, it was the
care of women and children that provided a humanitarian
rationale for intervention and activities. Protestant groups
like the Delhi Medical Mission directed their work quite
specifically at Indian women and infants. Characteristi-
cally for this time, theMission sought women practitioners
to attend women patients, since it was understood that
Indian women would not be attended by European men,
and were thus placed beyond the reach of Christian and
English influence. In 1866, for example, the director of the
Delhi Medical Mission wanted female medical practi-
tioners as a ‘‘means of both directly and indirectly getting
Christianity before her patients who would otherwise be
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utterly inaccessible to religious instruction’’ (cited in
Bashford, 1998: 89). If sending women to undertake colo-
nial health work was in the interests of the Mission, it was
also often in the interests of the individual woman herself.
In the mid-nineteenth century, when European women
were pressing various institutions for access to medical
careers, opportunities to practice in colonial locations
became important. Indeed, one of the main and arguably
most successful arguments for women’s medical practice
came to rest on this perceived need for health care of
women in the colonies. For many European men, colonies
offered outlets for more lucrative practice, as the market
for general practitioners in Britain and Europe itself was
generally overcrowded.

It is also the case that medical missions provided con-
siderable training for local practitioners, and were impor-
tant conduits for the introduction and dissemination of
Western modes of health care. This took place with some
intensity around the management of childbirth. In Kenya
in the 1930s, for example, the availability of British nurses
prompted European-style pre- and postnatal maternity
care in villages and on reserves. Additionally, maternity
wings were added to many government as well as mission
hospitals. With these services in place – strongly sought
by locals – hospital births increased dramatically in the
1930s. In the Malayan colonies, Malaysian women and
some Chinese women were trained in Western midwifery,
for employment within government systems of home care,
dispensaries, and hospitals from 1905. Maternal and infant
morbidity and mortality often improved in this major
twentieth-century shift, but traditional health care was
also challenged. For indigenous women in Canada and
Australia, moreover, this institutionalization and increas-
ing state interest in childbirth was of considerable concern
because it coincided with assimilationist programs of
removal of children (Bashford, 2004).

Maternal and Infant Welfare

Over the nineteenth century, health bureaucracies
generally were driven by two major public health con-
cerns: the control of infectious diseases and (related)
urban sanitation. In the early twentieth century, these
issues were joined by a third major issue, concern for
which in many ways defined public health in the period:
maternal and infant health and welfare. In earlier centu-
ries, the governments of most nation-states and colonial
administrations held no particular responsibility for pro-
moting healthy childbirth or reducing infant mortality.
Typically, except for the ‘sick-poor’ who became a public
health responsibility through their poverty, women’s
childbearing and child rearing was a private matter for
the well-to-do, and a charitable and missionary matter in
colonial contexts. This changed swiftly from around

the turn of the twentieth century. In Europe, North
America, and Australasia major demographic shifts were
being noticed: fertility rates were declining sharply
among certain populations. Increasing amounts of govern-
ment funds and expertise were directed at gathering
demographic and epidemiological data, with a directed
focus on standardizing categories of maternal mortality
and morbidity, and enabling demographic projections
for future generations.

At the same time, a number of key powers – France, the
United Kingdom, the United States – were engaged in
wars over colonial territory. The South African war, for
example, brought to British public attention both the
matter of a declining birth rate and an apparent lack of
fitness among the young male population. An extremely
strong idea of ‘degeneration’governed much public health
expertise in this period, whereby key national populations
were understood to be declining in both numbers and
fitness. These broad issues, along with a changing politics
of welfare, resulted in a sharp increase in expert and state
interest in women as mothers, and infants as future citi-
zens. In Britain, France, and the United States infant
welfare centers were established over the first decades
of the twentieth century, infant vaccination programs
became more common, midwives and other practitioners
were increasingly regulated, and demographic techniques
and apparati for data collection on maternal and infant
matters were refined. This was the beginning of the broad
twentieth-century shift toward institutional rather than
domestic births. Typically for the period, the issue of
maternal and infant welfare was not understood by
experts to be limited to a domestic significance. Rather,
the health and welfare of mothers and babies was directly
linked to matters of imperial strength.

As with many public health matters, this issue both
extended to colonial locations and in doing so changed
nature. The number of births, and the health of mothers
and children, always assumed a different significance
in the colonies, according to local racial and class politics.
Thus, for example, a strong labor politics in early twentieth-
century Australia meant that health and welfare – including
maternal welfare – became a financial responsibility of gov-
ernment comparatively early. But access to this care, and
financial benefits such as motherhood endowments which
aimed to improve health, were specifically made available to
white women only. In other instances, indigenous depopula-
tion was of most concern in this period, and provided the
rationale for a number of early public health interven-
tions. In Fiji, for example, there was a Commission of
Inquiry between 1893 and 1896 on the ‘Decrease of the
Native Population.’ Similarly, in the Pacific Island colony
of Vanuatu, indigenous depopulation (and therefore
maternal and infant welfare) prompted active health
responses on the part of colonial administrators (Ram
and Jolly, 1998).
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Health Education and Promotion

Colonial administrations and governments were usually
heavily invested in improving the overall health of people
in the colony. Especially from the early twentieth century,
governments became increasingly interested in the idea of
health education: that people could and would change
many aspects of their bodily conduct, from diet to exercise
to sex practices. The frequently stated aim was to have as
many people as possible take responsibility for their own
health improvement, as a matter of daily habit.

Settler colonies like New Zealand often had a strong
expert and popular investment in the overall health of
their societies, compared with the ‘Old World.’ Early
health promotion efforts such as the ‘Don’t Spit’ anti-
tuberculosis campaigns were built on the perceived need
to retain this reputation for healthiness. Similar to various
anti-tobacco campaigns later in the twentieth century,
efforts to change public and private behavior to minimize
the spread of tuberculosis were remarkably effective.

Other health education programs were aimed at the
prevention and reduction of sexually transmitted infections.
‘Venereal diseases,’ which usually meant syphilis and gon-
orrhea, were possibly the first chronic diseases in which
governments took active long-term interest. In the nine-
teenth century, France had a system of registrations and
health checks for prostitutes. In Britain, attempts to imple-
ment a new series of ‘contagious diseases’ laws from the
1860s by detaining prostitutes suspected of infection, and
treating them compulsorily, created one of the largest
and longest protest movements in the period. Historians
point to similar laws and policies in place in parts of the
empire before the domestic laws were enacted, as well as
analyzing the sequence of spin-off ‘CD Acts’ across other
parts of the British Empire: Hong Kong, Queensland, and
the Straits settlements, for example (Levine, 2003). In each
of these locations, the differential treatment among local
indigenous women, diasporic Chinese and Indian women,
and women of European descent was stark, yet often
explicitly legitimated in statutes and regulations. But the
‘venereal disease’ issue became even more discussed and
regulated after World War I, as a result of the unprece-
dented global movement of men between colonial regions,
from Old World to New, and back again. One result was a
new and characteristically early twentieth-century expert
interest in men’s heterosexual behavior as a health issue:
many colonial and national governments and public health
groups embarked on health campaigns to promote men’s
and boys’ sexual restraint before marriage. Typically, this
was linked not only to the prevention of sexual diseases,
but also to the development of national fitness.

These sex education campaigns dovetailedwith colonial
demographic questions, not only of quantity but of the
common interwar question of the so-called quality of popu-
lations: eugenics. Problematically, ‘quality’ has referred

in the past to the prevalence of inheritable diseases and
conditions (or conditions thought at the time to be inherit-
able) in some individuals and groups: from criminality and
homosexuality to alcoholism and ‘feeble-mindedness,’ to
diseases such as leprosy and tuberculosis. In preventing
the increase of these conditions in future generations,
public health and eugenics programs became almost indis-
tinguishable in many colonial locations, andwere typically
shaped by local racial distinctions and inequalities. In
many contexts, current reproductive health services have
their origins in the eugenics health services of earlier
generations. For example, the Australian Family Planning
Association was created in 1960 from its earlier incarna-
tion as the Racial Hygiene Association.

In some locations the ‘health promotion’ message
aimed for people to take up various contraceptive mea-
sures, so that the number of apparently dysgenic sub-
populations would reduce. Such education programs
dovetailed with Neo-Malthusian concerns about colonial
overpopulation and the need to reduce population in
order to alleviate poverty. In Puerto Rico, for example,
birth control measures were strongly promoted by U.S.
philanthropist and physician Clarence Gamble, who
established a string of birth control clinics on the island
in 1936. Although there had been earlier movements
toward institutionalizing birth control linked with Puerto
Rican nationalism, Gamble’s health program was asso-
ciated with the U.S. National Committee on Maternal
Health which explicitly favored a differential contracep-
tive education program for colonized people. Sterilization
laws were passed alongside a legalization of birth control
information and practice, to be implemented through
health clinics. Gamble’s interventions in Puerto Rico
established the island’s population as key in the history
of experimental research on the pill (Briggs, 2002).

Eugenics and reproductive health promotion have a
twentieth-century history intimately linked with colo-
nialism. However, it is important to note that this was
not limited to colonial administrations. In the decoloniz-
ing period after World War II, several postcolonial nations
took up eugenics policies of planned reproduction as part
of public health. The new Singaporean government, for
example, implemented a series of eugenics programs as
did the Japanese in their period of reconstruction after
World War II (Palen, 1986).

Conclusion

The global inequalities of health which have become
so striking and seemingly intractable in the later twentieth
and twenty-first centuries are in part legacies of colonial-
ism. But ironically, so are the key organizations that cur-
rently monitor and aim to reduce this health inequality.
Historians have become interested in the colonial medicine
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and tropical medicine origins of ‘international health,’ of
the Pan-American Sanitary Bureau, the interwar League
of Nations Health Organization, and the World Health
Organization itself. Colonialism, of course, did not sharply
end with World War II, despite the important period of
decolonization that followed from the late 1940s to the
1960s. In the field of public health various continuities
over the interwar and postwar periods are evident. Many
key public health figures in colonial administrations were
sought by national governments, and in particular by new
international agencies of the postwar period. Colonialism
has been such a defining global characteristic of the past
few centuries that contemporary public health practi-
tioners should expect it to have affected practice, policy,
and health possibilities, as it has most other human and
scientific endeavors. Understanding the history of colonial-
ism assists in the understanding of public health itself.

See also: Ethnic Conflict and Public Health; Leprosy;

MaternalHealthServices;MaternalMortality andMorbidity;

Quarantine ThroughHistory; RacismandHealth; Smallpox.
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Early Public Health and Early Hygiene

Works on the history of public health are often rather short
when it comes to the development of the field in ancient
times. In the classical 535-page A History of Public Health

(1993), George Rosen has already entered the Middle Ages
by page 26; and likewise the topic ‘Health and morality in
the ancient world’ has been given a mere 12-page chapter
by Dorothy Porter in her Health, Civilization and the State

(1999), which covers 376 pages.
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However, there may be good reasons for that. Depend-
ing on how the notion of public health is interpreted, one
may argue that the concept of public health, as the expres-
sion is used today, originated in the eighteenth century,
a point also discussed by Porter (1993). Perhaps interest
in the health conditions of populations with an intention
of active intervention for the betterment of the collective
health is simply an offspring of the Enlightenment. This
cultural background may be perceived as a general pre-
requisite for public health, even if some measures that
are considered to be part of today’s public health field are
found further back in history, such as systems for offering
medical services and quarantine in case of epidemics.

If we regard hygiene as the scientific field that aims at
taking care of health among the healthy, public health is
hygiene applied on the aggregate level in order to pre-
serve health for the group and not primarily for the
individual (Brockington, 1960). In textbooks of hygiene
one often finds excursions into the history of the field
where the two concepts are treated together. As an exam-
ple, Hueppe (1925) saw the development of public health
more or less as a continuum that originated in antiquity.

After the Greek health goddess, Hygieia, daughter of
Asklepios and sister of the goddess for the treatment
of diseases, Panakeia (Leven, 2005), became part of the
Asklepios worship culture from the fifth century BC,
the field of hygiene was named after her. ‘Hygiene’ meant
then, and still does, rules and advice for the preservation
of health both on the individual level and on the public
level; that is, intervention when diseases threaten, cover-
ing public arenas such as drainage of sumps which were
regarded as unhealthy, control of wells and other forms
of water supply, city planning, food handling, diet, and
cleanliness, as well as measures against individual diseases
regarded as risks to the population.

The scientific background of hygiene rests on the pre-
vailing theories for causation of disease and on the percep-
tion of health hazards, but also on the views on the linkages
between health and society (Sigerist, 1945). In antiquity,
health was closely linked to the understanding of the world
as such and therefore can only be interpreted within this
framework (Sigerist, 1960). Empirical knowledge was only
part of the basis for hygiene, as other perceptions of health
and disease often occupied a central place in the minds
of people; for example, disease as a result of magical influ-
ences, disease as a result of actions by an evil spirit, disease
as revenge, or disease as punishment for violations of civic
regulations or for offending religious rules. Also, these
health risks called for the preventive measures that be-
longed to the field of hygiene of the time (Hinnels and
Porter, 1999). Hygienic measures, on both the individual
and collective levels, not only served to preserve health and
well-being according to contemporary conceptions, but
also had other functions, such as making sure the people
behaved in accordance with the rules of society and in line
with demands set by religion. Many rules, measures, and

habits connected to religion may be hygienic in character,
but nevertheless belong to a sphere other than public
health. Thus, hygiene in history, especially the public
health side of it, should often in part be perceived as a
determinant for the preservation of the particular culture
to which it belonged.

Motives Behind Ancient Public Health

Many hygienic rules existed in ancient times independent
of their theoretical background. Advice on cleanliness for
individuals and on city planning for the community
appeared to prevent disease, and so city planning and
cleanliness as basic principles of hygiene experienced a
long life throughout history. As an example, the Greek
notion of polluted air, the miasma, as a cause for spreading
communicable diseases, served as the foundation for pre-
ventive measures throughout the centuries, and was more
or less alive even after the specific causation for important
diseases had been discovered in the nineteenth century,
simply because prevention worked. Cleanliness and fresh
air were good for one’s health, regardless of the theory
behind it.

The heyday of hygiene, especially for the work in
public health, came at the beginning of the nineteenth
century, when development of modern societies made
demands, health problems were immense, pandemics rav-
aged, and the field of microbiology soon took a long leap
forward. As well, many societies could still impose even
harsh hygienic regulations on the population for the sake
of public health. Later on, when health conditions gener-
ally got better, at least in the Western world, and when
therapeutics had undergone a fast development, connota-
tions to ancient Greek medicine shifted from allusions
to Hygieia, thereby leaving prevention in the dust, to her
sister, Panakeia, who offered a remedy for every ailment.

On the one hand, in ancient Greece, hygiene on the
individual level was closely linked to the prevailing con-
cepts of health and disease, especially within Hippocratic
medicine (Van der Eijk, 2005), and was part of a complex
way of thinking, regarding, for example, the linkages
between symptoms and signs of disease, causation, and
prognosis, but the medical considerations also included
other aspects of intellectual life (Langholf, 1990). On the
other hand, Greek hygiene was also closely connected to
the notions of comfort. This introduces the concept of
social class into the history of hygiene and public health,
as the grounds for pursuing hygienic rules were basically
different for the thin layer of upper-class people who were
concerned about their own well-being, for those who
wanted to keep their stock of slaves healthy and fit for
work, and for the poor population who only hoped to
withstand the health hazards of everyday life.

The study of public health in ancient times therefore
has to consider that the existence of a continuous
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historical development probably should be questioned.
The key has to be sought in the motivation. Thus, the
history of hygiene and the history of public health do
not cover each other completely. As stressed in Leven’s
Antike Medizin (Labisch and Koppitz, 2005; Schnalke,
2005), the history of hygiene contains elements on both
individual and collective levels which for the modern
reader seem to be based on sensible medical reasoning
in order to prevent disease, and thus represent stages of a
development, but in fact they have different backgrounds.

It is argued, and in contrast to Rosen, that in the field
of public health, even the classical Hippocratic text on
environment, On Airs, Waters and Places (1999), has been
misinterpreted as a basis for public health. The text was
obviously meant for the practicing physician to recognize
such circumstances around the patient that might be of
interest for the individual’s treatment.

The planning of ancient cities might have been linked
more to architectural and cultural ideals than to preven-
tive medicine, even if the outcome was also positive for
health. Building canals and sewage systems did not neces-
sarily have public health as an objective; baths could serve
magical, religious, and social purposes; and the interest in
sports and body culture might have had military motiva-
tions, as in ancient Sparta. The diet, understood as lifestyle
and denoting more than just the intake of nutrients, might
have had, for example, a religious background and did not
primarily reflect public health thinking. On the other
hand, if nonmedically motivated advice and intervention
had observable health effects, this certainly could contrib-
ute to their persistence and longevity.

A general problem in understanding public health
history during a certain period is to accurately assess
to what extent diseases were perceived as a natural part
of life. Contemporary descriptions of them may be vague,
and logically there might have been only a weak impetus
to engage in active work against the diseases. And even if
a measure of medical insight had developed, it is impor-
tant to note how the value of health ranked as compared
with other values.

It is also possible that the obligation to care for others,
inherent in Christianity, constitutes a prerequisite for public
health thinking, which was not at hand in many non-
Christian cultures. Arguments like these probably have to
be considered when we learn about measures of apparently
hygienic character or of ritualistic habits that in hindsight
may have prevented disease.

George Rosen saw traits of building habits in India
4000 years ago, sanitary installations in Egypt and Crete
long before Christian times, and virtues of cleanliness
not only as cultural representations, but as direct precur-
sors for modern public health. When Rosen comments
on the fact that communicable disease is astonishingly
absent or only unclearly mentioned in the Hippocratic
texts, even in the Epidemics, this in itself indicates that

other perceptions of disease were at hand, and blurs
the notion of an unbroken history. In their article in Antike
Medizin, Labisch and Koppitz (2005) take the position
that public health in the modern sense did not exist in
antiquity.

Health and the Public in Ancient Greece

A prevailing assumption in ancient Greece was that health
was the result of an optimal balance between the forces of
nature. Accordingly, preventive medicine was to advocate
a lifestyle and establish living conditions that avoided
disturbances of the equilibrium. Nutrition, rest, exercise,
and other elements of life should be in harmony. This was
the concern the physician had for his patients. For exam-
ple, by visiting temples for the gods of health, that is, by
religious worship, relaxation and restoration of health
could go hand in hand (Figure 1).

Much of what we learn about Greek medicine of the
past therefore relates to the upper class. Nevertheless, an
account of the Greek perception of health and disease is
important, because of its later impact on medical thinking
in Western civilisation. Helen King (2005) refers to
attempts to describe the real morbidity of the ancient
Greek population based on osteoarcheological work.
However, even with newer skeleton materials general
conclusions on morbidity are difficult to draw, and an
abundance of diseases may ravage without leaving
changes in bone tissue. As pointed out by Sigerist (1977),
the general message that paleopathological efforts may
convey is that historically recognizable diseases seem to
have existed for a very long time, but that there may have
been substantial variations in their occurrence. Further

Figure 1 The mix-up of religion, pleasure, and health in
antiquity is clear from this photograph of the ruins of Epidauros

(Greece). Here in the temple area Asklepios was worshiped from

the fifth century BC until the fourth century AD. The remnants

shown are of a Roman bath connected to the temple. (Photo:
Ø. Larsen, 1995.)
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information on these variations, that is, the geography of
diseases, implies the existence of a contemporary need for
this type of knowledge in practical medicine, which did
not emerge until the Middle Ages, when great epidemics
became a public challenge. The underlying health situa-
tion that confronted ancient Greek medicine, therefore,
we only know in fragments.

However, Greek physicians went abroad and exported
their medicine to other countries. Of special importance
was their role from the third century AD when the Roman
Empire began to expand and Greek and Roman culture
joined forces, an outcome that also took place within the
field of medicine.

In the second volume of A History of Medicine, Sigerist
(1961) presented a thorough discussion of Greek medi-
cine, describing as well life in the Greek city-states during
the golden age of Greek culture, that is, the fifth century
BC. A point to be noted is that Greek city life had the polis,
the community, as its turning point, in contrast to neigh-
boring and earlier authoritarian monarchies. This concen-
tration on the group constituted a special soil for medical
thinking, although public health issues in the modern
form were hard to find. Sparta, however, as a leading star
militarily, concentrated on the need for strengthening the
health of soldiers and the breeding of new ones. The
authoritarian society of Sparta was in contrast to the city
of Athens which hailed democratic principles, even if
democratic participation in decision making was limited
to a relative few. In any event, descriptions of medicine
and health in the city-states do not have many references
to public health in the modern sense.

The position of the physicians in ancient medicine
should also be taken into account. Medical treatment at
that time was probably not effective enough to give medi-
cine any special status, nor did their scientific specula-
tions make any difference to major parts of the population.
On the other hand, as Sigerist (1960) puts it, the Greek
world was indeed a world of health. To be sick held a
stigma. The physician’s position in society was due to his
perceived ability to restore the patient, to turn him once
again into a worthwhile citizen.

Roman Public Health

Paleopathologists have a little more exact insight into the
morbidity in Roman cities than they have on the condi-
tions in ancient Greece. On August 24th and 25th in the
year 79 AD, Mount Vesuvius, in a tremendous eruption,
buried the cities of Pompeii and Herculaneum and their
people. Remains of 500 individuals have been collected
during the excavations of Pompeii, albeit, for different
reasons, much of this material is not optimal for medical
research. However, as late as the 1980s, 139 well-preserved

skeletons were found in Herculaneum (Laurence, 2005).
These skeletons are much more valuable to the field of
medical history than are those of any cemetery, where
representation of the population may be questioned
and burial procedures may introduce artefacts. The in-
habitants of Pompeii and Herculaneum were ordinary city
dwellers, killed almost instantly, and through their remains
leaving testimony to the health of the population they
belonged to.

Given the limitations inherent in skeleton studies, in
Herculaneum it seems nutrition was adequate; on the
other hand, the growth of children was obviously ham-
pered by acute diseases. Bone findings from the two cities
also indicate the occurrence of chronic infections which
may have been of tuberculous and treponemal origin,
suggesting the presence of syphilis. Degenerative joint
diseases were apparently frequent. Dental hygiene was
faulty or lacking in Pompeii, whereas in Herculaneum
the situation was better. The findings as a whole point to
better health and health conditions in the wealthy upper
class than in the lower classes.

Skeletons are silent witnesses, devoid of diagnostic bias
caused by prevailing concepts of disease and registration
practices. Although this finding of human remains repre-
sents but a small number of cases, their study indicates
that the population suffered under a far-from-negligible
burden of disease.

The Roman Empire, from the founding of Rome in
753 BC until the onset of its decline in the fourth century
AD, left an abundance of architectural remains of struc-
tures and buildings which may have had a positive impact
on the health of the public. In Rome, and also in other
parts of the empire, arches of aqueducts remind modern
man how much energy and means were spent bringing
fresh water to the city (Uffelmann, 1880) (Figure 2). Dur-
ing the centuries a network of canals were laid out, often
through tunnels but also crossing valleys and lowlands

Figure 2 Aqueduct from antiquity northwest of Rome.
(Photo: Ø. Larsen, 2006.)
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on high and imposing constructions. By 614 BC the 10-km-
long Aqua Marcia had been built, and by 311 BC the
16.6-km Aqua Appia became an important supplement.
Other water channels followed. At the end of the first
century AD there were nine water canals with a length of
430 km. Under the emperor Diocletian (AD 284–305) there
existed 14 aquaducts, providing Rome on average with
approximately 150 liters of water per inhabitant every
day. Admittedly, the water was also used for fountains and
in the many baths, but there was obviously an abundance
for the general public.

The ample supply of water became a hallmark of Rome
and many other Roman cities, and even though water’s
hygienic and disease-preventing effects were not explicitly
declared at the time, its contribution to the public health
must have been substantial. There was a hierarchic system
of personnel taking care of the water supply, clearing out
sedimentation basins and the like. In Rome the cloaca max-
ima and its adjacent canals drained the ground and led the
wastewater into the Tiber River. The water system is one of
the clues that the Roman Empire indeed had elements that
we in retrospect perceive as hygienically very important.

But how healthy was the Roman city? Morley (2005)
points out that this question has been interpreted in litera-
ture along two main lines, depending on the viewpoints of
the authors. One group of scholars praises Roman city
planning as an example to be pursued, whereas others see
the city as a place of darkness and death. The city was
crowded, the houses were tall, and the streets narrow.
However, as stressed by Morley, health conditions have to
be regarded as part of an urban ecosystem, wherein demo-
graphic factors, the presence of endemic diseases, the pos-
sibilities for introduction of disease from remote regions,
and so on were all important factors. The well-organized
Roman setup of the society also took care of building
regulations, public latrines, parks, food control, and food
supply systems, whereas a corresponding concern for the
care of the sick seems to have been weaker.

All over the Roman part of the ancient world, baths
are found, from simple establishments open to the general
public to the luxurious bathing suites for the wealthy
( Jackson, 1990; Yegül, 1992) (Figure 3). However, be-
cause they were the site of social functions as well as
bathing for cleanliness, baths also played a role in the
spread of diseases.

In conclusion, is it difficult to evaluate the health
situation in ancient Rome and the impact on health of
the measures that had been taken. Some of them were
medical and may be perceived as public health efforts;
other measures were taken in order to comply with cul-
tural ideas. However, probably the Romans, despite their
diseases and health risks, were probably better off com-
pared with people in many non-Roman cities of the world,
and also when compared with times to come: medieval
Rome following the breakup of the empire.

The last decades of the Roman Empire were turbulent.
Having housed around a million inhabitants, Rome shrank
to a city of 50 000 or even less during the wars in the fifth
and sixth centuries AD. In the years 534–553 devastating
fighting severely hurt the city of Rome. The aquaducts
were broken, larger parts of the city destroyed, and the
well-planned, hygienically quite well functioning city
faded into history.

Whatever had been the motivation for spending so
much on salubrity in the ancient world, public health
thinking had to start anew.

See also: Bacteriology, Historical; Epidemiology,

Historical.
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HIV/AIDS and Children

Since the first case reports of immune deficiency 25 years
ago, human immunodeficienty virus, or HIV, is ever more
concentrated in vulnerable, impoverished, and margin-
alized populations. Differential access to effective thera-
pies, ideas that matter, and the power to use them deepens
health inequities. Today, most of the 2.3million children
under 15 years of age infected with HIV (UNICEF, 2005)
live in sub-Saharan Africa. As the majority of children
under 15 with HIV were infected by their mothers
in utero, peripartum, or during breast-feeding, prevention
of maternal-to-child transmission (pMTCT) using anti-
retroviral therapy (ART) in the developed countries of
Europe and North America has made pediatric HIV
infection extremely rare there. By stark contrast, in
resource-poor settings less than 5% of pregnant women
have access to HIV testing and even fewer have access to
the drugs that prevent maternal to child transmission. In
the absence of testing, prevention, and treatment, approx-
imately 1800 new pediatric HIV infections occur each
day. But children under 15 are not the only group placed
at high risk for HIV. The situation is even more dire
among adolescents and young adults ages 15–24. Among
them 6000 new infections happen each day. Girls are at
extreme and perilous risk as the sexual debut for many
occurs in the context of poverty, gender inequity, and
violence that make prevention methods difficult if not
utterly impossible.

Once infected with HIV, children in resource-poor
settings fare poorly as they are exquisitely susceptible to

aggressive opportunistic infections such as M. tuberculosis

and S. typhi, in addition to syndromes commonly asso-
ciated with infant mortality. Since 2002 there has been a
massive effort to scale-up ART in heavily HIV-burdened
countries. However, HIV care for children has been
slower to advance than among adults in resource-poor
settings. Lack of health personnel trained in the manage-
ment of children with HIV and the lack of pediatric
formulations of AIDS medicines stack the odds against
children.

This article addresses the public health importance
of preventing HIV transmission to infants born to HIV-
positive mothers, the risk of HIV among adolescents,
and the important issue of pediatric HIV treatment in
resource-poor settings.

Prevention of Transmission to and Care of
Infants Born to HIV-Positive Mothers

Prevention of Maternal-to-Child Transmission
(pMTCT)

Women of childbearing age represented nearly half of
the 39.4 million adults living with HIV/AIDS worldwide
in 2004. In regions where ART prophylaxis is not readily
available, rates of mother-to-child transmission (MTCT)
of HIV range from 25 to 40% (UNAIDS, 2004). Programs
to prevent MTCT will have the greatest impact if the
vulnerability of the whole family is taken into account.
Ideally, HIV prevention and care, including pMTCT,
should be integrated with primary health care and
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women’s health services. If a pregnant woman is found to
be HIV-positive, it is critical to preserve and improve the
mother’s health as well as to decrease the risk of transmis-
sion of the virus to the infant. HIV-positive pregnant
women should receive medical care and extended social
support, including an assessment of the family’s living
situation, nutritional assistance, and testing of any chil-
dren and sexual partner(s). If the mother’s immunologic
state is deemed poor based on CD4 monitoring or clinical
status, three antiretroviral medications should be started
as soon as possible as per normal guidelines for
the management of HIV infection in adults. Alternatively,
if the mother is not ill, ART can be deferred until the
28th week of gestation, then administered to prevent
MTCT of HIV.

Nutritional supplementation should be provided to
pregnant women beginning at the 12th week of gestation
and continued through the pregnancy. This supplementa-
tion should be in the form of a daily multivitamin contain-
ing B1 (20mg), B2 (20mg), B6 (25mg), niacin (100mg),
B12 (50 mg), C (500mg), E (30mg), and folic acid
(0.8 mg). This regimen has been found to reduce the risk
of fetal death, severe preterm birth, small size for gesta-
tional age, and low birth weight among children of
HIV-positive women. Because vitamin A has been shown
to increase the risk of MTCT of HIV, particularly in
women who take it during breast-feeding, nutritional
supplements that include vitamin A should not be given.

The presence of sexually transmitted infections (STIs),
anemia, increased viral load, and low CD4 count have all
been associated with increased rates of HIV transmission
from mother to child and should be addressed accordingly
(Bobat et al., 1996). Obstetric risk factors for transmission
include prolonged rupture of amniotic membranes, vagi-
nal rather than elective cesarean delivery (in particular,
among women not receiving ART), chorioamnionitis,
and obstetric complications. Thus, the provision of obstet-
rical services should be improved concurrently with the
scale-up of ART if maternal mortality and vertical trans-
mission (MTCT) of HIV are to be decreased. Prenatal
testing, prenatal care, and appropriate screening and
treatment for STIs are clearly linked to better obstetric
and pediatric outcomes. However, of all known factors,
high maternal viral load is the strongest predictor of
vertical HIV transmission. The risk of MTCT is
increased 2.4-fold for every log increase in viral load at
the time of delivery (Ioannidis et al., 2001). ART is thus
the most important intervention for pMTCT.

ART in Pregnant Women

The use of maternal ART has led to perinatal transmis-
sion rates of less than 2%, compared to rates as high as
36% in the absence of ART (Perinatal HIV Guidelines
Working Group, 2007). The literature regarding choice of

ART during pregnancy, labor, and delivery continues to
evolve rapidly. The landmark AIDS Clinical Trials Group
(ACTG) 076 study used a three-part zidovudine (AZT)
monotherapy regimen – antepartum and intrapartum for
the mother, postpartum for the newborn – and reduced
MTCT rates from 26% to 8% (Connor et al., 1994). Since
that trial, a number of other studies have attempted to
determine whether shorter courses of monotherapy for
the mother and/or infant, or combinations of ART, have
equal or greater efficacy. Efficacy has been shown for
regimens involving AZT alone, AZT and lamivudine
(3TC), nevirapine (NVP) alone (single-dose to mother
and infant), AZT with single-dose NVP, and AZT and
3TC with single-dose NVP (Guay, 1999; Petra Study
Team, 2002; Lallemant et al., 2003).

In wealthy countries, the current standard of care
for pMTCT is triple-drug maternal ART (European
Collaborative Study, 2001). In a multivariate analysis,
adjusting for maternal viral load and duration of therapy,
the odds-ratio of MTCT for women receiving potent
triple therapy compared with AZT monotherapy was
0.27, supporting the benefit of using three drugs
(Cooper et al., 2002). Data strongly support that transmis-
sion rates are significantly lower when multiagent therapy
is being administered to an HIV-positive pregnant woman
and when lower maternal plasma HIV-RNA levels are
observed. Viral load is more significant a predictor of
HIV transmission than mode of delivery. In addition to
lowering the risk of MTCT, combination therapy
also diminishes the risk of developed drug resistance
in the mother. After the use of single-dose NVP for
pMTCT, strains of HIV resistant to non-nucleoside
reverse transcriptase inhibitors (NNRTIs) have been
found (at least temporarily) in just under 50% of babies
and a little more than 50% of women (Madger et al., 2005).
The clinical significance of this finding with regard to
future pregnancies and future management of maternal
and pediatric disease is currently unknown.

Recommended ART Regimens for pMTCT

Decisions regarding maternal ART should be made based
on the timing of presentation for care and maternal indica-
tions for therapy. Women who are already receiving ART
at the time of conception should continue on the same
regimen, unless it includes efavirenz (EFV), in which case
NVP or a protease inhibitor (PI) should be substituted.
When a pregnant woman is newly identified as HIV-
positive and has clinical and/or immunologic reasons for
ART (i.e., either clinical symptoms or CD4 below 350 cells/
mm3), she should immediately start combination therapy
with three antiretroviral drugs (Figure 1). The preferred –
and most widely available – regimen is AZT, 3TC, and
NVP. Women presenting in pregnancy who are not
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already receiving ART and who do not have maternal
indications for therapy (i.e., CD4 above 350 cells/mm3)
may be started on therapy at the 28th week of gestation
for pMTCT.

Triple therapy is superior to monotherapy for
pMTCT, yet NVP, the most widely used third agent in

resource-poor settings, may be associated with maternal
liver toxicity in women with CD4 counts greater than
250 cells/mm3. Thus the preferred triple therapy with
AZT, 3TC, and a PI is preferred. HIV-positive women
who present after the 28th week of gestation should
be started on triple therapy as soon as possible, even

Continue ART. Standard
regimen for pregnant

women is
AZT+3TC+NVP. Avoid or
discontinue EFV, TDF, or

ddl with d4T

Administer single-dose
NVP and 2 weeks of

AZT+3TC postpartum
to the mother

HIV-positive woman presents during pregnancy

Already
receiving

ART?

Presenting
in labor?

Patient
demonstrates

clinical symptoms of
AIDS, seroconverts during

pregnancy, or presents
after the 28th week of

gestation?Initiate maternal
ART and continue

after delivery;
routine monitoring

Initiate maternal ART
(AZT+3TC+NVP) at the
28th week of gestation

Monitor LFT after
first week of therapy
and every 2 weeks

subsequently or if onset
of symptoms of hepatitis

• Stop NVP+3TC
• Continue
  maternal AZT
  through delivery

Evidence
of

hepatitis?

Continue ART

After delivery:
• Discontinue maternal NVP at first postpartum visit
• Continue maternal AZT+3TC for 2 weeks after NVP is stopped

CD4 ≤ 350
cells/mm3?

CD4 count
available?

YES

YES

YES

YES

NO

NO

NO

NO

NO

YES

NO
YES

Figure 1 Antiretroviral therapy for pregnant women based on WHO guidelines for resource-poor settings. Reproduced with

permission from Partners in Health (2006) PIH Guide to the Community-Based Treatment of HIV in Resource-Poor Settings, 2nd edn.

Boston: Partners In Health.
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before the results of CD4 testing are available. If NVP is
used, liver function tests (LFTs) should be closely moni-
tored. Women who present in labor and have not yet
received ART should receive single-dose NVP (Guay
et al., 1999). In addition, based on reports of developed
NVP resistance, any woman who received any NVP for
pMTCT is now also given 1week of AZT and 3TC. In
some settings, an aggressive approach to maximizing
adherence has been piloted, continuing AZT and 3TC
for 2weeks after the postpartum cessation of NVP.

All HIV-exposed infants should be given postexposure
prophylaxis with ART. Studies have found that the critical
factor is the time of initiation of maternal prophylaxis
(28 weeks’ gestation is more efficacious at preventing
MTCT than 34weeks) and that there is little difference
between 1 and 6weeks of infant prophylaxis with AZT.
However, the addition of single-dose NVP to the post-
partum infant within 72 hours of birth improves the
prevention of transmission. Thus, it is reasonable to add
single-dose NVP to infant prophylaxis of AZT and use
the longer duration of AZT for a total of 6 weeks of
therapy if the mother did not receive ART prior to
the 34th week of gestation (Figure 2). If the mother is

suspected of having resistant virus, alternative drug com-
binations may be considered for the infant. Infant protocol
is determined by the available information about the
mother’s prior exposure to antiretrovirals, viral load, and
presence or absence of resistance mutations.

ART Toxicity during Pregnancy

Cohorts of HIV-positive pregnant women given
ART (specifically, AZT and 3TC) have demonstrated
little in the way of maternal or fetal toxicity. However,
several antiretroviral agents and combinations should be
avoided or used with caution during pregnancy. The use
of EFV in pregnant monkeys has been associated with
abnormalities in their offspring; a single case of myelo-
meningocele has also been reported in a human infant
exposed to EFV in utero (Fundaro et al., 2002). Generally,
pregnant women and women of childbearing age who are
not using contraception should not be given EFV. If
a woman becomes pregnant while receiving an EFV-
containing regimen, NVP or a PI should be substituted.
While this particular use has not been studied, EFV may

Administer AZT syrup
4 mg/kg 2x/day for

1 week to infant

Administer single-dose
NVP 4 mg/kg and AZT
syrup 4 mg/kg 2x/day

for approximately
6 weeks (finish 100 ml

bottle) to infant

HIV-positive
mother initiated ART before

the 28th week of
gestation?

• Avoid breast-feeding; provide artificial milk and potable water
• At weaning, provide nutritional support
• Administer TMP/SMX 7 mg 2x/day from 4 weeks of age until confirmation
  of HIV-negative status
• Perform HIV PCR at 4 weeks and 4 months to determine serostatus
• Administer vitamin A 100 000 IU at 9 months and 200 000 IU every
  subsequent 6 months until age five

YES NO

Figure 2 ART for infants born to HIV-positive mothers. Reproduced with permission from Partners in Health (2006) PIH Guide to the
Community-Based Treatment of HIV in Resource-Poor Settings, 2nd edn. Boston: Partners In Health.
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possibly be given in the third trimester, as the develop-
ment of the infant’s neural tube occurs during the first
trimester.

NVP has been associated with an increased risk of hep-
atotoxicity in women with a CD4 count above 250 cells/
mm3; thus, a regimen containing AZT, 3TC, and NVP may
not always be recommended for pMTCT in women with
high CD4 counts. However, NVP is the most widely avail-
able nonteratogenic third agent in resource-poor settings
and in Zanmi Lasante clinics (in Haiti) is used in the first-
line regimen for ART and pMTCT regardless of maternal
CD4. A recent study from Brazil demonstrated minimal
toxicity from this approach (Custódio João et al., 2005).
When NVP-based triple therapy is given to women with a
CD4 count above 250 cells/mm3, close monitoring of liver
function tests – 1week after the initiation of ART and then
every 2weeks subsequently, or if symptoms develop – is
strongly recommended. Another reasonable alternative is to
initiate AZTat the 28th week of gestation, with the addition
of maternal NVP at labor and after birth for the infant
(Lallemant et al., 2004).

The use of Stavudine (d4T) and didanosine (ddI) in
combination is associated with increased mitochondrial
toxicity during pregnancy and should be avoided. In addi-
tion, tenofovir (TDF) should not be used during preg-
nancy, due to concerns about osteopenia in infants and a
general lack of safety data.

Mode of Delivery

Elective cesarean sections prior to rupture of membranes
can reduce MTCT in HIV-positive women who are not
receiving ART. For women receiving ART, however,
cesarean sections do not decrease the risk of MTCT.
Recent data from PACTG 367 indicate that transmission
rates are significantly lower when multiagent therapy is
being administered and when lower maternal plasma HIV
RNA levels are observed; rates do not differ significantly
according to mode of delivery. Cesarean sections should
therefore be reserved for women who are likely to have a
detectable viral load at the time of labor – that is, those
women who are not receiving effective ART or who
demonstrate nonadherence during pregnancy – and
women who have an obstetric indication for a cesarean
section. This stipulation is particularly important given
that women with HIV infection may be at increased risk of
febrile complications after a cesarean section.

Breast-feeding and MTCT Risk

The rate of MTCTof HIV through breast-feeding can be
as high as 0.7% per month. In breast-feeding populations,
30 to 50% of MTCT is attributable to breast-feeding.
Although the U.S. Centers for Disease Control and Pre-
vention (CDC) has recommended since 1986 that women

with HIV infection avoid breast-feeding (CDC, 1985),
breast-feeding is heavily implicated in fueling ongoing
vertical transmission in resource-poor settings. The
Petra study (in which AZT and 3TC were given during
pregnancy only) revealed that most of the impact of
preventive ART was negated when infants breast-fed for
18months, with comparable rates of transmission among
interventions and placebo (Petra Study Team, 2002). Risk
of transmission via breast milk has been found to be
dependent on factors such as maternal viral load, mater-
nal immune status, and infant feeding patterns, as well as
by the presence of infant oral candidiasis or maternal
breast pathologies such as mastitis or fissure (Coutsoudis
et al., 1999). Debate over breast-feeding is especially fierce
with regard to resource-poor settings, where the availabil-
ity of infant formula and potable water is limited. How-
ever, obtaining formula and improving water sources is
less complicated than administering lifelong care to HIV-
infected infants. The provision of clean water also has a
positive impact on the health of the mother, the family,
and the community at large.

In settings such as the Partners In Health programs
in Haiti and Rwanda, where assistance with the provi-
sion of clean water and aggressive prevention and treat-
ment of diarrhea and dehydration are an integral part of
primary health care and HIV programs, formula feeding
for infants born to HIV-infected mothers makes sense
both practically and ethically. In certain circumstances,
the absolute lack of clean water or cooking fuel to boil
water or the fear of HIV status disclosure with the use of
bottle feeding, may mean that HIV-positive women have
no alternative but to breast-feed. UNICEF and other
organizations recommend exclusive breast-feeding for
6months, as some studies have demonstrated increased
MTCT through mixed (i.e., breast and formula) feeding.
However, studies have found that 75% of HIV infections
from breast-feeding occurred during the first 6months. In
addition, if early weaning is indeed promoted and nutri-
tional supplementation is not provided, the infant is also
at high risk for diarrhea and kwashiorkor. For women who
choose to breast-feed, weaning at 6months is encouraged
and nutritional support is given during the weaning
period. Because malnutrition, mastitis, and breast lesions
are all associated with increased risk of HIV transmission
through breast milk, a multivitamin supplement (contain-
ing vitamins B, C, and E), as well as basic instructions on
the prevention of mastitis and breast lesions, should be
provided to all breast-feeding women. Single-dose NVP
for the mother during labor and for the infant within
72 hours of birth has been associated with a sustained
reduction in the transmission of HIV in breast-fed babies
through 18months of age. Studies are currently ongoing
to determine if triple-drug maternal ART can reduce the
risk of viral transmission to infants who continue to
breast-feed.
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The Care of HIV-Exposed Infants

Without preventive measures cumulative risk of transmis-
sion of HIV from infected mother to child is 25–45%.
Yet with antenatal and postnatal care, ART, and breast
milk substitution, the transmission of HIV from mother
to infant may be reduced to less than 2% (Connor et al.,
1994; Guay et al., 1999; De Cock et al., 2000; European
Collaborative Study, 2001; Cooper et al., 2002; Petra Study
Team, 2002; Lallemant et al., 2003). Because babies born to
HIV-positive mothers receive passive transmission of
maternal HIV antibody, a simple HIV serology will not
determine whether the infant is infected with HIV. After
18months of age, a positive HIVantibody can be assumed
to be the child’s response to HIV infection and is consid-
ered definitive evidence of pediatric infection. However,
prior to 18months of age, a virologic test must be per-
formed to definitively diagnose infant infection. Thus,
HIV-positive infants born to HIV-positive mothers, but
with unknown HIV infection status are considered ‘HIV-
exposed’ during this period.

Early virologic diagnosis of HIV infection in infants is
performed routinely in developed countries as it is crucial
to know whether a child is infected to optimize medical
management and decisions related to infant feeding.
Additionally, the psychological stress on the family is
reduced significantly if parents can be informed of the
infant’s status as early as possible. Early knowledge of
the infant’s status also has been found in resource-poor
settings to be cost effective (Sherman et al., 2005). Yet,
virologic testing is not available in many resource-poor
settings, which places infants in the nebulous category of
HIV-exposed for up to 18months. The following descrip-
tion of care of the HIV-exposed infant is geared toward
such settings.

HIV-exposed infants should receive routine immuni-
zations (including countries endemic for tuberculosis
[TB], and Bacillus Calmette-Guerin [BCG] at birth)
and should be given trimethoprim/sulfamethoxazole
(7mg per kg twice daily) to prevent Pneumocystis carinii
pneumonia and bacterial infections from 4–6weeks of age
until they are confirmed to be HIV-negative (World
Health Organization [WHO], 2004). (Prophylaxis of
HIV-infected children is discussed in the section ‘Care
of the Child with HIV.’) In addition to routine care, all
HIV-exposed infants should receive 100 000 IU of vitamin
A at 9months of age and 200 000 IU every subsequent
6months until the age of 5 years (Villamor et al., 2000,
2004). When feasible to offer safe breast milk substitution,
HIV-exposed infants should not be breast-fed as breast-
feeding is associated with 0.7% HIV transmission per
month. Primary health care of the HIV-exposed child
should include routine growth and development monitor-
ing. HIV-exposed infants with weight loss or poor weight
gain should be assessed carefully for opportunistic infec-
tions, especially TB. If HIV infection is suspected in

infants younger than 18months of age in whom virologic
diagnosis is not available, the WHO staging criteria
(Table 1) and CD4 count or percent (Table 2), if avail-
able, may be sufficient criteria to initiate therapy. Note
that clinical diagnosis in these infants remains uncertain
because all signs and symptoms indicated – even those for
WHO Pediatric Clinical Stage III – are also frequently
seen in HIV-negative infants; this is particularly true in
the developing world. For all infants less than 18months
of age in whom ART is initiated based solely on clinical
criteria, HIV serum antibody should be measured after
18months, and ART should be continued only in those
infants who have a positive antibody test.

Diagnosing HIV Infection in Infants

Maternal antibody to HIV may be present in infants until
18months of age; infants may therefore record a false-
positive HIV antibody test up until clearance of these
maternal antibodies. This period of uncertainty as to
whether the infant is HIV-infected can be fatal. Studies
have shown that babies who acquire HIV in utero and
immediately postpartum and who have high viral loads
at birth are at a greater risk of dying during their first year
of life than infants infected through breast-feeding (CDC,
2001). Thus, improving access to virological testing is
currently being promoted. Virologic testing, real-time
polymerase chain reaction (RT-PCR) of HIV-RNA and
HIV-DNA and ultrasensitive p24 (Up24Ag) assays are
being used in some resource-poor settings and can defin-
itively diagnose HIV in infants after 4 weeks of age with
sensitivity approaching 98%. Because blood may be diffi-
cult to collect from young infants the use of dried blood
spots (DBSs) for both HIV-DNA or HIV-RNA testing
and Up24Ag assay has been used in a variety of settings
(Sherman et al., 2005). DBSs do not require venipuncture
but can be obtained by using blood from a finger-stick or
heel-stick. While HIV antibody testing cannot be used to
diagnose HIV infection definitively in infants under
18months of age, a negative test is helpful in excluding
HIV infection between 9 and 12months of age in children
6weeks after they were last breast-fed (WHO, 2006)
(Figure 3).

HIV Prevention and the Adolescent

HIV prevention should be targeted toward adolescents
before the debut of sexual intercourse. School-based and
out-of-school-based education programs have been shown
to increase knowledge of how HIV is transmitted and
how it can be prevented. However, many young people
lack the agency needed to carry out real choice in terms
of protection against unwanted sex, unwanted preg-
nancy, and sexually transmitted diseases including HIV.
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Poverty, gender inequalities, and lack of child rights often
result in coercion, rape, or economic necessity trigger-
ing the onset of sexual activity. The HIV/AIDS pandemic
has fueled the stresses on children resulting in massive

losses of teachers (Grassly et al., 2003), worsening
homelessness, lack of education, and poverty among ado-
lescents by leaving them orphaned or without parents
who are well enough to care for them. Without an

Table 1 WHO clinical staging of HIV/AIDS for children with confirmed HIV

Clinical stage 1

Asymptomatic
Persistent generalized lymphadenopathy

Clinical stage 2

Unexplaineda persistent hepatosplenomegaly

Papular pruritic eruptions

Extensive wart virus infection
Extensive molluscum contagiosum

Fungal nail infections

Recurrent oral ulcerations

Unexplained persistent parotid enlargement
Lineal gingival erythema

Herpes zoster

Recurrent or chronic upper respiratory tract infections (otitis media, otorrhoea, sinusitis, or tonsillitis)

Clinical stage 3

Unexplained moderate malnutrition not adequately responding to standard therapy
Unexplained persistent diarrhea (14days or more)

Unexplained persistent fever (above 37.5 �C intermittent or constant, for longer than 1month)

Persistent oral candidiasis (after first 6–8weeks of life)

Oral hairy leukoplakia
Acute necrotizing ulcerative gingivitis or periodontitis

Lymph node tuberculosis

Pulmonary tuberculosis
Severe recurrent bacterial pneumonia

Symptomatic lymphoid interstitial pneumonitis

Chronic HIV-associated lung disease including brochiectasis

Unexplained anemia (<8.g/dl), neutropenia (<0.5 � 109 per liter) and/or chronic thrombocytopenia (<50 � 109 per liter)

Clinical stage 4b

Unexplained severe wasting, stunting, or severe malnutrition not responding to standard therapy

Pneumocystis pneumonia

Recurrent severe bacterial infections (such as empyema, pyomyositis, bone or joint infection, or meningitis but excluding pneumonia)

Chronic herpes simplex infection (orolabial or cutaneous of more than 1month’s duration or visceral at any site)
Extrapulmonary tuberculosis

Kaposi sarcoma

Esophageal candidiasis (or candidiasis of trachea, bronchi, or lungs)

Central nervous system toxoplasmosis (after 1month of life)
HIV encephalopathy

Cytomegalovirus infection: retinitis or cytomegalovirus infection affecting another organ, with onset at age older than 1month

Extrapulmonary cryptococcosis (including meningitis)
Disseminated endemic mycosis (extrapulmonary histoplasmosis, coccidiomycosis)

Chronic cryptosporidiosis

Chronic isosporiasis

Disseminated nontuberculous mycobacterial infection
Cerebral or B-cell non-Hodgkin lymphoma

Progressive multifocal leukoencephalopathy

Symptomatic HIV-associated nephropathy or HIV-associated cardiomyopathy

aUnexplained refers to when the condition is not explained by other causes.
bSome additional specific conditions can also be included in regional classifications (such as reactivation of American trypanosomiasis

[meningoencephalitis and/or myocarditis] in the WHO region of the Americas, penicilliosis in Asia, and HIV-associated rectovaginal

fistula in Africa).
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education, home, or means to support oneself adolescents,
particularly girls, are put in the position of using sex
as a commodity toward achieving a better life. Several
studies have documented the HIV risk associated with
adolescent girls having older sexual partners. The much
discussed ‘sugar daddy’ phenomenon is driven by eco-
nomics and gender, and therefore, power dynamics
(Luke, 2005). Not only is AIDS education critical, but
education itself is critical to protecting adolescents against
HIV infection. Studies have linked condom use with
higher levels of education as well as economic indicators
(Gavin et al., 2006).

Pediatric HIV Infection

Care of the Child with HIV

Once a child has been diagnosed with HIV infection,
careful follow up is critical. Growth and developmental
monitoring should be performed monthly with careful
attention to rule out opportunistic infections, particularly
TB, which in children are often due to primary rather
than reactivation of disease. Children are infected with
largely the same pathogens as adults including (in devel-
oping countries) ubiquitous and aggressive pathogens
such as M. tuberculosis, Pneumococcus pneumoniae, S. typhi,

and more classically ‘opportunistic pathogens’ such as
Pneumocystis carinii, Toxoplasma gondii, Cryptococcus neoformans,

Cryptosporidium parvum, cytomegalovirus, herpes simplex,
varicella zoster, and hepatitis B and C.

Children who are diagnosed with HIV infection should
be given prophylaxis for opportunistic infections based on
CD4 count or clinical staging of III or IV. Prophylaxis
with trimethoprim/sulfamethoxazole for P. carinii and
bacterial infections is the mainstay of prophylaxis and
also protects against T. gondii. Isoniazid for children with
latent TB infection purified protein derivative (PPD)
greater than 5mm or a household contact with TB is
important in endemic areas. Newborns who are known
to be HIV infected benefit from prophylaxis against

P. carinii pneumonia and bacterial infections from birth
regardless of CD4 count or percentage as the immune
system is immature. A recent study from South Africa
suggests that newborns greater than 8weeks of age may
have a survival benefit from isoniazid prophylaxis (Zar
et al., 2006).

Starting ART in Infants and Children

When to start ART in an HIV-infected child is an impor-
tant decision. Perinatally infected children under
12months of age have a 40% mortality if untreated. The
classification of immune suppression in HIV-exposed
children under 5 years of age is optimally assessed by
percentage of CD4 cells of all T-lymphocytes (all CD3-
positive cells) rather than by absolute CD4 count.
Figure 4 summarizes the approach to deciding when to
initiate ART in children. If children are not yet eligible
for ART, they should be monitored monthly for growth,
development, and with CD4 every 6months. If a child
meets immunologic or clinical criteria for ART, the
choice of first-line ART for children follows the
same general principles as for adults – 2 NRTIs and either
a NNRTI or a PI is used as the third agent. In children,
the additional considerations regarding available formula-
tions and certain pharmacokinetic factors must also be
taken into account. First-line NRTIs generally used for
children are 3TC and either AZTor d4T. The third agent
is typically an NNRTI, usually NVP. Once a child weighs
more than 10 kilograms, it is possible to administer tablets
and capsules, which are cheaper and simpler to procure
and store, rather than syrup formulations.

For children coinfected with TB, ART is generally
deferred until after at least 2months of TB therapy, or
(if possible) until TB treatment is completed. Delaying
ART avoids adverse drug interactions with rifampin (R)
and helps limit the number of medicines a child must take
at any one time. In children above 3 years of age who are
receiving R as part of concomitant TB treatment,
the third ART agent should be EFV instead of NVP.

Table 2 CD4 criteria for severe HIV immunodeficiency in children

Immunological
Age-specific recommendation to initiate ART b

marker a �11months 12months to 35months 36months to 59months �5 years

%CD4+c <25% <20% <15% <15%

CD4 countc <1500cells/mm3 <750cells/mm3 <350cells/mm3 <200cells/mm3

aImmunological markers supplement clinical assessment and should therefore be used in combination with clinical staging. CD4 is

preferably measured after stabilization of acute presenting conditions.
bART should be initiated by these cut-off levels, regardless of clinical stage; a drop of CD4 below these levels significantly increases the

risk of disease progression and mortality.
c%CD4+ is preferred for children aged < 5 years.
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Nonbreast-fed child

Negative test result Negative test result

Child remains at risk of
acquiring HIV infection

until complete cessation
of breast-feedinga

Positive test result

Child is uninfected Child is infected

Refer for HIV treatment and
care including initiation of ART

Child develops signs or symptoms suggestive of HIV

Diagnostic HIV testingb,c

Virological test available Virological test not
readily available

HIV antibody teste

HIV antibody positive
Presumptive severe HIV disease

Refer for assessment for HIV treatment and care including initiation of ART

Virological test positive

Child is infectedNonbreast-fed

Breast-fed

aThe risk of HIV transmission remains if breast-feeding continues beyond 18 months of age.

bInfants over 9 months of age can be tested initially with HIV antibody test, as those who are HIV Ab
 negative are not HIV infected, although still at risk of acquring infection if still breast-feeding.

cIn children older than 18 months antibody testing is definitive.

dUsually HIV antibody testing from 9–18 months of age.

eWhere virological testing is not readily available HIV antibody testing should be performed, it may be
 necessary to make a presumptive clinical diagnosis of severe HIV disease in HIV-seropositive children.
 Confirmation of diagnosis should be sought as soon as possible.

Child remains well

Routine follow-up
testing as per national

program
recommendationsd

Breast-fed child

Diagnostic virological test from 6 weeks of age

Figure 3 Establishing the presence of HIV infection in infants born to HIV-positive mothers. Reproduced from World Health

Organization (WHO) (2006) Antiretroviral therapy of HIV infection in infants and children in resource-poor settings: Toward universal
access. Recommendations for a public health approach. Geneva: WHO.
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The bioequivalence for EFV in children under 3 years of
age has not been determined, however. Thus, for HIV/TB
coinfected children under 3 years of age who are receiving
R, abacavir (ABC) should be used as the third agent in
lieu of EFV. Note that known perinatal exposure to NVP
also warrants consideration in determining an appropriate
pediatric ART regimen.

Conclusions

The rise or fall of health inequities, like the risks and
outcomes of HIV among children, is neither random nor
inevitable. Rather, it is the consequence of policy choices
made by the privileged and powerful. In resource-poor
settings, the number of childrenwithHIV continues to rise

Child demonstrates HIV-related symptoms without a definitive
diagnosis of HIV infection, or child confirmed HIV-positive by
ELISA or rapid test at > 18 months or by HIV PCR at any age

Signs
and symptoms

of TB?

CD4 count or
% available?

YES

YES

NO

NO

Age 36–60
months

Begin TMP/SMX prophylaxis and ART if WHO pediatric clinical stage III:
1. AIDS-defining opportunistic infections
2. Unexplained severe failure to thrive (wasting): persistent weight loss
 >10% of baseline or less than 5th percentile on weight for height chart on
 two consecutive measurements more than 1 month apart
3. Progressive encephalopathy
4. Malignancy
5. Recurrent septicemia or meningitis

Administer TMP/SMX
prophylaxis and consider
ART if WHO pediatric
clinical stage II:
1. Unexplained chronic
 diarrhea (>30 days)
2. Severe persistent or
 recurrent candidiasis
 outside the neonatal
 period
3. Unexplained weight
 loss or failure to thrive
4. Unexplained persistent
 fever (>30 days)
5. Recurrent severe
 bacterial infections
 other than septicemia
 or meningitis (e.g.,
 osteomyelitis, bacterial
 (non-TB) pneumonia,
 abscesses)

Age 12–36
months

Age < 12 months

Begin
TMP/SMX
prophylaxis

and ART if CD4
≤ 15% or ≤ 350

cells/mm3

Begin
TMP/SMX
prophylaxis

and ART if CD4
≤ 20% or ≤ 750

cells/mm3

Begin
TMP/SMX
prophylaxis

and ART if CD4
≤ 25% or ≤ 1500

cells/mm3

Defer ART in WHO
pediatric clinical
Stage I:
1. Asymptomatic
2. Generalized
 lymphadenopathy

Exclude or
concomitantly
treat active TB

Figure 4 Initiation of ART in children less than 5 years of age in resource-poor settings. Reproduced with permission from Partners in
Health (2006) PIH Guide to the Community-Based Treatment of HIV in Resource-Poor Settings, 2nd edn. Boston: Partners In Health.
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because of their mothers’ disproportionate burden of risk.
Poor women’s lack of access to HIV testing and ART to
prevent vertical transmission, and continued breast-
feeding in the absence of safe water and affordable infant
formula drive the rise of the pandemic among the world’s
children. Moreover, adolescents and young adults are
the fastest growing group of newly HIV-positive persons.
And while HIV prevention education regarding condom
use, delayed onset of sexual intercourse, and limiting part-
ner number is important among this vulnerable group,
the bulk of their risk is also related to social and economic
inequities and to other human rights abuses that sharply
constrain their ability to make choices and take action.

Active case finding of HIV among children living in
HIV endemic areas is important, both for children known
to be born to HIV-positive mothers and for children
presenting with malnutrition, TB, chronic diarrhea, and
other illness that may be associated with HIV or AIDS.
When children are infected with HIV, they do respond
well to treatment with ART if started promptly and man-
aged appropriately. Here again, differential access to
effective therapies exacerbates health inequities and
inflicts harm, suffering, and death. Increasing access to
virologic testing for infants born to HIV-positive mothers
and to ART among children with HIV infection are criti-
cal if the scale-up of HIV treatment is to reach those in
places where it is most acutely required.

See also: Infant Mortality/Neonatal Disease; Orphans

Due to AIDS; Social Gradients and Child Health.
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Introduction

In the decades preceding 1980, tuberculosis (TB) rates
were declining globally; TB elimination was viewed as
attainable if control efforts were maintained (and
strengthenedwhere necessary). But after the now landmark
report (Centers for Disease Control, 1981), published in

1981 in the Morbidity and Mortality Weekly Report, of five
cases of Pneumocystis carinii pneumonia among previously
healthy young men in Los Angeles that heralded the
emergence of a new population of immunosuppressed
individuals and the beginning of the HIV/AIDS epidemic,
elimination of TB in the decades ahead is no longer realis-
tic. Indeed, control efforts now are focused on preventing
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large increases in cases, rather than on the steep reductions
once envisioned.

Mycobacterium tuberculosis, the exclusively human patho-
gen that causes TB, is an ancient organism. Approximately
one third of the world’s population, or over 2 billion people,
is infected with M. tuberculosis, the great majority of whom
are latently infected. As the lifetime risk of developing active
TB ranges between 10% and 20% in those with TB infec-
tion alone (i.e., without other forms of immunosuppression),
a balance involving incident cases, treated cases, and overall
world prevalence had been attained. But the emergence of
HIV changed everything, as rates of active TB in those
coinfected can exceed 10% in one year alone.

After the appearance of HIV, TB rates inmany countries
increased markedly; TB is now the most common cause
of death in HIV-positive adults worldwide. HIV has
been associated with epidemic outbreaks of TB, and is
now associated with epidemics of multi-drug-resistant TB
(MDR-TB) and extensively drug-resistant TB (XDR-TB)
as well. Certain subpopulations have been particularly
affected, especially those living in congregate settings and
others with shared risk factors for both HIV and TB. Now,
more than ever, the two epidemics are intertwined in a
catastrophic way.

This article reviews the epidemiology of the epi-
demics, the influence of HIV on TB and vice versa, at
both the subclinical and clinical levels, the treatment of
TB in patients, the global control of TB/HIV, and TB/
HIV in congregate settings. The focus is on providing
both an overview of these epidemics and strategies for
their control, highlighting issues of interest to those in
both global and public health.
Epidemiology

There were 8.9million new cases of active TB in 2004, a
global case rate of 140 cases per 100 000 population; at
least 741 000 of these cases occurred in adults infected
with HIV. Based on 2000 data, it is estimated that 9%
of all new TB cases in adults are attributable to HIV
Table 1 TB/HIV epidemiology by region

WHO
region

TB incidence (all
forms)

TB prevalence
(all forms)

TB m
forms

AFRO 2 572 988 3 740 695 586
AMRO 363 246 466 232 52

EMRO 644 531 1 090 434 142

EURO 444 777 575 448 69

SEARO 2 967 328 4 964 979 535
WPRO 1 925 332 3 764 564 307

Global 8 918 203 14 602 353 1 693

Adapted from WHO (2006) Global tuberculosis control: Surveillance, p

Geneva: WHO.
infection worldwide, but this proportion varies widely.
Africa has, by far, the greatest proportion (31%), followed
by the Americas (5.1%). In certain countries, such as
South Africa and Zimbabwe, at least 50% of all new TB
cases are attributable to HIV. HIV has an impact even in
some regions with low TB incidence. In the United States,
for example, where the incident case rate is only 5 per
100 000, or 28 times less than the global case rate, an
estimated 26% of TB cases are attributable to HIV.

An estimated 1.7million people died from TB in 2004,
yielding a global fatality rate of 27 deaths per 100 000,
including at least 248 000 deaths in those coinfected with
HIV. According to one analysis by Corbett and colleagues
(2003), TB was the cause of 11% of all adult AIDS deaths
worldwide, and 12% of all TB deaths were attributable to
HIV. Table 1 presents a summary of the global TB/HIV
prevalence and mortality rates.

Whereas per capita TB incidence is stable or falling in
many regions of the world, TB incidence is still growing
globally because of the rising prevalence of HIV in Africa
where greater than 50% of the population is latently infect-
ed with TB. An estimated 24.5 million of the 38.6 million
people with HIV, or almost two thirds, live in Africa
(UNAIDS, 2006). This region also has a disproportionate
share of AIDS mortality, with over 70% of the 2 800 000
annual AIDS deaths worldwide.

MDR-TB has become a major public health challenge
throughout the world. About 460 000 new cases of
MDR-TB, or 5% of all incident TB cases, are identified
every year. About half of these cases are among new TB
patients; the other half occur among those previously
treated. The HIV epidemic, as well as high treatment
failure rates of initially drug-sensitive TB, are thought to
be fueling this epidemic. In general, the prevalence of
drug-resistant TB in HIV-infected patients is higher
than that in non-HIV-infected patients; HIV-positive
patients infected with MDR-TB also seem to have signifi-
cantly shorter survival rates. Outbreaks of MDR-TB
affecting HIV-positive patients have been reported in
many cities, including Buenos Aires, Argentina; Milan,
Italy; and New York City.
ortality (all
)

TB mortality –
HIV+ cases only

HIV prevalence in adult
incident TB cases (%)

911 205 602 33
240 5852 16

193 4588 2.4

081 3714 4.7

278 23 560 3.9
411 5064 1.4

051 248 378 13

lanning, financing. WHO Report 2006. (WHO/HTM/TB/2006.362)



Table 2 The association between CD4 cell counts and

clinical manifestations of HIV-related TB

CD4 cell count range

Clinical

manifestation

>300 201–300 101–200 0–100

Presence of

extrapulmonary
disease, %

28 44 50 70

Positive tuberculin

skin test

(�5 mm), %

91 42 61 0

Positive

mycobacterial

blood culture, %

0 7 20 49

Reproduced with permission from Burman WJ and Jones BE

(2003) Clinical and radiographic features of HIV-related tubercu-

losis. Seminars in Respiratory Infections 18: 263–271. Copyright

Elsevier (2003).
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In March 2006, a new global threat was formally
announced: extremely drug-resistant tuberculosis (XDR-
TB). XDR-TB refers to MDR strains that are also resis-
tant to rifampin, isoniazid, a fluoroquinolone, and to at
least one injectable agent (streptomycin, amikacin, kana-
mycin, and/or capreomycin). Since its appearance,
XDR-TB has garnered significant media attention. First
diagnosed in KwaZulu Natal, South Africa, in an area
already hit hard by MDR-TB, it has since been found
all over the world including in the United States. Of note,
the South Africa epidemic was extremely deadly; 52 of
53 patients died, with a median survival from the time of
sputum collection of 16 days. The KwaZulu Natal out-
break was ultimately much larger than these 53 cases; as of
March 2007, a total of 205 cases had been confirmed
there, with another 64 confirmed in other parts of South
Africa. The fact that these cases occurred almost entirely
in an HIV-positive population further underlines that a
‘perfect storm’ has been created by resistant TB and
HIV, heightening the threat of future large outbreaks
such as this one.
Influence of HIV on TB

HIVaffects the presentation of TB, our ability to diagnose
it, and the clinical outcome, including mortality, all of
which contribute substantially to the further propagation
and amplification of the HIV/TB co-epidemic.
Atypical Presentation

HIV, the virus that causes acquired immunodeficiency syn-
drome (AIDS), infects and kills CD4 lymphocytes, resulting
in suppression of cell-mediated immunity. As the virus
proliferates, the immune system progressively weakens,
resulting in increased susceptibility to many infections
including TB. Although TB can occur at any level of
immunosuppression, the presentation of TB may be atypi-
cal in an HIV-positive patient, especially as immunosup-
pression progresses. As immunity wanes, the ability to
contain the infection in a single body site is lost; therefore,
extrapulmonary and disseminated disease are more com-
mon in HIV-positive patients than in HIV-negative ones
(Table 2). It also becomes more common to have both
pulmonary and extrapulmonary infections simultaneously.
The most common extrapulmonary manifestations of TB
are asymmetrical lymphadenopathy, pericarditis, pleurisy,
and bone and skin infections. Tuberculous meningitis has
also become a common and serious clinical problem in
HIV-positive populations.

When TB does have a pulmonary focus, radiographic
features may be altered in HIV infection, corresponding to
a somewhat different pattern of infection. In early HIV
infection when immune function is relatively well
preserved, chest X-rays typically reveal that the infection
is restricted to the upper areas of the lung, similar to the
presentation in an HIV-negative patient. In contrast,
patients with advanced HIV infection demonstrate
involvement throughout the lung as well as in the lymph
nodes that reside in the nearby tissue. Also less common in
HIV-positive patients are consolidation, bronchopulmon-
ary spread, volume loss, and pleural thickening, whereas
pleural effusions are seen more often. When seen in HIV-
positive patients, cavitation appears more likely to occur at
CD4þ lymphocyte count of �200/mm3. A normal chest
X-ray may occur in patients with very low CD4 counts
even with sputum-smear-positive disease.

The atypical features common to persons with HIV
and TB may delay the diagnosis of TB. HIV-positive
individuals with TB frequently are anergic, meaning
that they lack the ability to generate a sensitivity reaction
to a substance expected to be allergenic, and therefore
register a negative tuberculin skin test (TST) despite TB
infection. In fact, TST reactivity declines in tandem with
decreasing CD4þ lymphocyte counts (Table 2).

The imperfection of the TST, a test that has been in
clinical use for close to a century, has stimulated the
search for a new diagnostic test of latent tuberculosis. As
of April 2007, two new tests are licensed and commer-
cially available; both fall into the category of ex vivo,
interferon-g release assays (IGRAs). Although these two
tests show considerable promise, a recent meta-analysis
by Menzies and colleagues (2007) concluded that their
performance in immune-compromised persons needs to
be better defined. More recent studies not included in the
meta-analysis suggest that the sensitivity of the IGRAs
appears relatively unimpaired by moderately advanced
HIV infection. This remains an area targeted for further
research.
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Infectiousness of TB in HIV-Infected Patients

HIV does not appear to affect the contagiousness of TB.
HIV-positive individuals are also more likely to present
with extrapulmonary or disseminated TB, forms of TB
that are generally considered substantially less infectious.
Natural History of TB in HIV-Infected Patients

Rates of TB in HIV-positive individuals are considerably
higher where rates of TB overall are higher, particularly
in Africa. The presence of HIV infection in the setting of
TB alters the natural history of the infection in two ways.

First, higher rates of reactivation of latent TB infection
occur; according to work by Selwyn and others (1992),
whereas the rate of activation of TB may be as low as 1.0/
100 person-years in HIV-negative patients, the rate is
almost 10 times higher, or 9.7/100 person-years, in HIV-
positive persons in the United States.

Cohort studies of South African gold miners suggest
that the increased risk of TB appears almost immediately
after HIV seroconversion; the rate of TB doubles within
the first year of HIV infection in this population. A cohort
study of European injection drug users (IDUs) also
concluded that the risk of TB during the first 3 years
after HIV seroconversion was higher than that in HIV-
negative individuals in other studies.

Second, HIV also increases rates of active TB in those
exposed to TB. Observational studies provide evidence
that newly acquired TB infection can progress rapidly to
active, symptomatic disease among HIV-positive indivi-
duals. In one study by Daley and coworkers (1992) in a
housing facility for HIV-positive people, active TB devel-
oped in 37% of all residents exposed to possible TB
infection (n¼ 30) within 6months post-exposure, whereas
it did not develop in any of the staff members with possible
TB exposure (n¼ 28).
Influence of TB on HIV

As HIV alters TB, TB also influences HIV. However, in
contrast to HIV’s influence on TB, many aspects of this
influence have yet to be entirely defined, including the
precise effect of TB on the HIV viral load in an actively
infected patient, the possible upregulation, or increased
replication, of M. tuberculosis caused by HIV, and the
progression of HIV (including mortality) in patients
who survive TB.
HIV Viral Load in TB Infection

TB creates an inflammatory microenvironment at the site
of Mycobacterium tuberculosis infection which has been
shown to enhance HIV replication and infection (Toossi,
2003). A pleural TB model revealed that this replication
takes place within both activated Tcells and macrophages;
several possible mechanisms for this replication include
the augmentation of TNFa, a relative paucity of HIV-
inhibiting b-chemokines, and the upregulation of expres-
sion of one of the viral coreceptors by mononuclear cells.
This intense replication has been associated with an
increased diversity of HIV quasi-species leading to a
more heterogeneous HIV infection at TB infection sites.
Interestingly, the HIV found systemically (i.e., in the
blood) mirrors the increased diversity locally, at the site
of the TB infection, and appears to be the result of leakage
of these HIV quasi-species into the systemic circulation,
contributing to increased viral diversity overall, a pheno-
menon thought to promote disease progression.

In one in vivo study, early, active TB was associated
with a 5- to 16-fold increase in HIV viral replication;
successful TB treatment in turn reduced the viral repli-
cation (Goletti et al., 1996). An increase in HIV viral load,
albeit a more modest one (average 2.5-fold), was noted at
the time of diagnosis of TB in another study.

However, not all studies have reached the same con-
clusions. In contrast to these results, viral load was ele-
vated prior to TB diagnosis in HIV-positive patients in
Ethiopia; despite treatment and clinical resolution of TB
disease, the viral load elevations of these patients were
sustained. Similarly, another study concluded that the
mean HIV load was higher in TB patients compared with
non-TBpatients both at baseline and at the ‘final’ time point
(approximately 5months from the start of treatment); the
difference between the baseline and final time point just
failed to reach clinical significance after adjustment for
baseline World Health Organization (WHO) stage. This
remains an area targeted for further research. Of note, latent
TB infection (LTBI) did not appear to enhance HIV-1
replication in co-infected patients.
Mycobacterial Upregulation – Paradoxical
Reactions and Immune Reconstitution
Inflammatory Syndrome

Treatment-related transient worsening of TB signs and
symptoms has been described with either introduction of
TB therapy (paradoxical reaction) or introduction of HIV
treatment (immune reconstitution inflammatory syndrome,
or IRIS). Although many authors use the terms inter-
changeably as each refers to an unexpected treatment-
related clinical worsening, the paradoxical reaction with
initiation of TB treatment has been described for decades,
well before the HIV epidemic, and will not be considered
further here.

IRIS is attributed to the rapid restoration of immune
function in the setting of HIV treatment. Clinically,
patients may deteriorate with higher fever, new lymph-
adenopathy, ascites, pleural effusions, and overall
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respiratory decompensation; radiographic worsening is
also seen. Although IRIS can occur in all patients, it
occurs more often in HIV-positive persons with advanced
disease. In several studies, the risk of paradoxical reactions
is strongly associated with starting highly active antiretro-
viral therapy (HAART) within the first 2months of TB
treatment, although this finding was challenged in another
study. Specifically, the paradoxical reaction has been asso-
ciated with TST conversion, providing further evidence
of the immune reconstitution nature of the illness. Simi-
larly, if IRIS symptoms are severe, anti-inflammatory
adjunctive treatment, such as a corticosteroid, may be
required.
Overall Worse Mortality from HIV for Those Who
Have Survived TB

HIV-positive patientswithTBhave decreased survival after
TB even when controlling for baseline differences in risk
behavior, infection with other opportunistic infections, and
the use of antiretroviral therapy. A recent study in women
showed a fourfold increased risk of death after incident TB;
the effect on mortality was similar regardless of exposure to
HAART. In two cohort studies, the increased mortality
associated with TB appeared only in patients with a
CD4þ lymphocyte count of >200/mm3.

LTBI, as opposed to active TB infection, does not
appear to hasten HIV progression; specifically, it does
not alter the rate of decline of the CD4 count nor increase
the HIV viral load in HIV-positive, TST-positive IDUs.
Trials of the treatment of LTBI in HIV-positive patients
conflict in their conclusion about whether treatment is
associated with a delayed progression of HIV disease.

Whereas TB has been associatedwith decreased survival
in HIV-positive patients, other AIDS-defining conditions
exert a larger impact on survival. TB has better survival
than most other opportunistic infections; survival rates of
TB patients were comparable to survival rates of oral
hairy leukoplakia, oral candidiasis, Kaposi’s sarcoma, or
esophageal candidiasis/Pneumocystis jiroveci pneumonia.
This is supported by the fact that TB occurs across a wide
spectrum of immune dysfunction; in areas with a high
prevalence of TB, patients often have CD4þ lymphocyte
Table 3 Adverse drug reactions associated with concomitant us

Adverse drug reaction Main H

Peripheral neuropathy Stavud
Hepatitis Nevira

Gastrointestinal dysfunction (diarrhea, abdominal pain) All

Skin rash Nevira
Central nervous system dysfunction Efavire

Reprinted with permission from Burman WJ and Jones BE (2003)

Seminars in Respiratory Infections 18: 263–271.
counts exceeding 200/mm3 (the CD4þ lymphocyte count
threshold for defining AIDS), leaving some experts to
wonder if, in these areas, TB should not be considered an
AIDS-defining illness.
Treatment of TB in HIV-infected
Individuals

Although TB treatment is as effective in the HIV-infected
population as it is in the uninfected population, many issues
complicate TB treatment in an HIV-infected patient.
Adverse reactions to medications used to treat TB are
more common among patients with HIV-related TB. Mal-
absorption of anti-TB medications may also be an issue,
particularly in those with a low CD4 count (Burman and
Jones, 2001).

Additional problems may arise if the patient is concur-
rently on HIV medications. The medications used to treat
TB may have overlapping toxicities with the antiretrovi-
ral medications (see Table 3). If possible, medications
with different toxicity profiles should be selected to
avoid additive adverse drug reactions, or the start of
antiretroviral medication should be delayed if possible.

The rifamycin class of anti-TB medications constitutes
the most potent group of drugs available in the treatment
of TB, yet all have significant drug–drug interactions
with antiretroviral medications. The rifamycins, including
rifampicin, rifabutin, and rifapentine, are all significant
inducers of the cytochrome P450 enzyme, the enzyme
involved in the metabolism of two of the three major
classes of antiretroviral medications – non-nucleoside
reverse transcriptase inhibitors and protease inhibitors.
Coadministration of a rifamycin with one of these HIV
medications leads to a significant perturbation of HIV
drug concentrations. In particular, rifampicin (referred
to as rifampin in the United States), a mainstay of TB
treatment, should be given cautiously or not at all with
these HIV medications; coadministration could result in
nontherapeutic levels of the HIV medications which in
turn may create durable resistance mutations.

Because inclusion of a rifamycin is crucial in short-
course, sterilizing anti-TB regimens, non-rifamycin
e of HAART and drugs for TB

AART drug involved Main tuberculosis drug involved

ine Isoniazid
pine Rifampicin, isoniazid, pyrazinamide

All

pine Rifampicin, isoniazid, pyrazinamide
nz Isoniazid

Clinical and radiographic features of HIV-related tuberculosis.



Table 4 The five components of the DOTS technical and

management package

1. Sustained political commitment

2. Access to quality-assured TB sputum microscopy services

3. Provision of standardized short-course chemotherapy for all

cases of TB under proper case management conditions,
including direct observation of treatment

4. Uninterrupted supply of quality-assured drugs

5. Standardized recording and reporting systems

Adapted from WHO (2003) Treatment of Tuberculosis Guidelines
for National Programmes, 3rd edn. (WHO/CDS/TB/2003313)

Geneva: WHO.
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regimens are not recommended as rates of treatment
failure and relapse are unacceptably high. Instead, clin-
icians are advised to substitute rifapentine or rifabutin,
preferably the latter, for rifampicin, because the drug–
drug interactions are fewer.

The timing of the initiation of antiretroviral medications
in patients already under treatment for active TB is of
critical importance; physicians must balance an interest in
avoiding the aforementioned overlapping toxicities and
drug–drug interactions, as well as the high pill burden
created by two sets of medications. Whereas mortality
from HIV in the setting of TB is highest within the first
2months of diagnosis, this period also represents the initia-
tion phase of TB treatment, when the number of medica-
tions administered is the largest and the risk of drug
intolerance is high. Furthermore, the risk of developing a
paradoxical reaction or IRIS is also the highest during this
time, most frequently whenHAART is started concurrently.

The strategy that has evolved has been one of varying
the approach depending on the patient’s level of immu-
nosuppression (Harries et al., 2006a), with an overall
strategy of starting HAART early in those with advanced
immunosuppression. Where a CD4 count measurement is
available, the general approach is to delay the initiation of
antiretroviral therapy if the CD4 count is above a thresh-
old of 200; some experts (Harries et al., 2006b) recommend
that a threshold of 100 be used. In those with CD4 lym-
phocyte counts below the threshold, antiretroviral ther-
apy should be started as soon as possible, that is, within
2 to 4 weeks. Unfortunately, mortality in coinfected
patients is highest in this early period, so the delay in
starting antiretroviral therapy may be detrimental. Fur-
ther research is urgently needed to clarify this point.
Global Control of TB and HIV

DOTS

The resurgence of TB in the last two decades has been
closely monitored by public health authorities around
the world. The World Health Organization declared
TB a global emergency in 1993; the introduction of
the DOTS strategy, a public health approach to TB in
developing countries, followed shortly thereafter. The five
components of the directly observed treatment – short-
course (DOTS) technical and management package are
outlined in Table 4.

Importantly, DOTS was developed in the pre-HIV/
AIDS era based on early, pioneering work of the Inter-
national Union Against Tuberculosis and Lung Disease.
However, by the time DOTS was introduced globally,
HIV/AIDS was already a scourge in many parts of the
world. Although the DOTS strategy is considered an imp-
ortant advance with implementation in 183 countries dur-
ing 2004, and treatment success in the 2003 DOTS cohort
(1.7 million patients) of 82%on average (edging close to the
85% treatment success target), success lagged in some areas
of theworld.Most notably, treatment outcomes are substan-
tially below target in the African Region (with only 72%
treatment success), a failure attributed largely to the com-
plications of HIV coinfection. This and other shortcomings
led global public health experts such as De Cock and
Chaisson to publicly recognize as early as 1999 that
DOTS alone would not be enough to control TB (De
Cock and Chaisson, 1999). Even though the DOTS strategy
was regarded as essential, it was recognized that additional
interventions would be necessary for long-term TB control
in countries with a high prevalence of HIV infection.
Stop TB

‘Stop TB,’ a strategy that builds on the five components of
DOTS, was first introduced in June 2005 by the WHO’s
Strategic, Technical and Advisory Group on TB, and was
later endorsed fully by a body known as the Stop TB
Partnership in October 2005. ‘Stop TB’ codifies innova-
tive, complementary approaches to the control of TB
(Raviglione and Uplekar, 2006). The first set of compo-
nents (‘Pursue high-quality DOTS expansion and
enhancement’) is a restatement of the previously estab-
lished DOTS strategy; the only difference being a subtle
de-emphasis of the need for supervision as part of stan-
dardized treatment in the Stop TB strategy, an area of
significant controversy. The next component, ‘Address
TB/HIV, MDR-TB, and other challenges,’ discusses (1)
implementing collaborative activities between TB and
HIV/AIDS control programs, (2) preventing and
controlling MDR-TB, and (3) addressing prisoners, refu-
gees, and other high-risk groups, and special situations.
The other primary components recommended by Stop
TB include: contribute to health system strengthening,
engage all care providers, empower people with TB and
communities, and enable and promote research. The Stop
TB strategy forms the basis and the context of the
recently launched Global Plan to Stop TB, 2006–15,
with an ambitious 2015 goal of reducing prevalence of
and deaths due to TB by 50% relative to 1990 levels.
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Collaborative TB-HIV Activities

Multiple interventions exist to specifically address HIV-
related TB, as summarized by Maher and colleagues
(2005) and presented in Table 5. These are discussed in
turn in the paragraphs that follow.

Collaborative efforts can be further strengthened if
services for the HIV care of TB patients are collocated
with TB services. Health facilities should provide full
antiretroviral therapy and TB registration services, as
well as drugs to treat both infections in the same health
facility. Collocation of services can be improved by
combining DOT for TB with provision of HAART, a
model referred to as DOT-HAART. Small pilots in Haiti
and South Africa provide evidence that this model can
be effective, well-tolerated, and well-accepted in a
resource-limited setting. However, these pilots aroused
considerable controversy regarding the ethics of requiring
long-term DOT (as would be necessary in the case of
DOT-HAART); one of the studies was criticized for lack-
ing rigorous evaluation. Further pilot studies are required
on this subject.
HIV Prevention Measures

HIVpreventionmeasures include voluntarycounseling and
testing (VCT) for HIV among all TB patients. This is
important in all settings but especially where coinfection
rates are high. Ideally, health-care facilities should embed
this testing and counseling into that of TB diagnosis/regis-
tration. Diagnosis of TB without knowledge of HIV status
might compromise care (Harries et al., 2006a). Specifically, if
HIV status is unknown, opportunities may be missed to
provide additional therapy (e.g., cotrimoxazole). Further-
more, early diagnosis of HIV may confer improved survival
and can lead to behavior changes that reduce the risk
of transmission, contributing to the overall control of the
TB-HIVepidemic.

Although VCT uptake approached 100% in a model
program in a rural area, and 49% as part of a national
program as described by Reid et al. (2006), both in Malawi,
this success is isolated. Despite the apparent simplicity
and proven acceptability of this intervention, fewer than
10% of African patients with TB are tested for HIV. In an
attempt to increase counseling and testing, WHO and
UNAIDS now recommend an ‘opt-out’ strategy for HIV
testing of TB patients, an approach that is already being
scaled up in TB programs in Tanzania and Kenya.
Table 5 Interventions to control HIV-related TB

1. HIV testing and prevention measures

2. TB-preventive treatment

3. Intensified TB case finding and treatment
4. Treatment of HIV-infected people with antiretroviral therapy
Opt-out screening refers to performing HIV testing after
notification that the test will be performed if not declined
or deferred; assent to testing is inferred unless the patient
specifically declines testing.
TB Preventive Treatment

Treatment of LTBI is effective and can reduce the occur-
rence of active TB by 60% to 90% in non-HIV-infected
individuals; prophylaxis also reduces the occurrence of
TB in HIV-infected individuals. Although the initial
regimen found to be effective is isoniazid (INH) for
12months, a meta-analysis by Bucher and others (1999)
of randomized controlled trials performed in both high-
and low-prevalence TB regions showed that the treat-
ment of LTBI with as few as 6months INH is effective
in the HIV-infected. Studies to date suggest that the
mortality benefit of INH is limited to individuals with a
positive TST.

Regimens other than INH to prevent TB have similar
efficacy in reducing the incidence of TB in TST- andHIV-
positive individuals, including shorter-course, multi-drug,
rifampicin-containing regimens. However, after the recom-
mendation to suspend use of a short-course rifampicin
and pyrazinamide combination to treat LTBI in non-HIV-
infected individuals (subsequent to the finding of multiple
cases of fatal hepatotoxicity), caution about side effects
associated with this and other multi-drug LTBI treat-
ment regimens in HIV-infected individuals limits their
current application.

Although INH treatment is shown to be effective, the
protection it offers has been noted to wane within 1 year
of completion in areas with a high prevalence of TB. This
waning protection is thought to occur secondary to rein-
fection, not reactivation, raising the issue of whether
treatment should be continued indefinitely in certain
high-prevalence settings.

Treatment of LTBI is cost-effective in HIV-infected
people in sub-Saharan Africa. However, the short-term
benefit of INH prophylaxis and the apparent cost saving
may be somewhat limited by a so-called perverse effect
on the coinfected population: in communities with a
high burden of TB and HIV, epidemiologic models
show the accelerated emergence of drug-resistant TB
with community-wide INH prophylaxis. The successful
control of the co-epidemics will depend on incorporating
LTBI treatment into existing TB treatment programs that
effectively manage the increasing proportion of patients
with drug-resistant TB.

The risk of recurrent TB is higher in HIV-1-infected
than in uninfected individuals; risk was decreased in the
setting of extended treatment for TB or post-treatment
INH prophylaxis. Secondary prophylaxis doesn’t appear
to provide a mortality benefit for HIV-positive individuals
with a history of TB treatment. While post-treatment
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INH prophylaxis in HIV-infected individuals should be
considered in settings with high rates of recurrent TB, it is
not yet recommended by WHO.
Intensified Case Finding and Treatment

Screening of HIV-infected individuals for TB is of utmost
importance. As discussed earlier, the diagnosis of LTBI in
the immunosuppressed can be complicated by anergy, and
the diagnosis of active TB can be delayed by atypical
clinical signs and symptoms; further operational research
is needed to determine the best diagnostic approach.
While symptom-driven screening detects most active
cases, it does not detect them all.

In addition to the implementation of the DOTS strategy
(see Table 4), active case finding, including the identifica-
tion and screening of all close contacts of the index case,
should also be employed to interrupt ongoing transmission.
Active case finding should take place in any setting that
concentrates HIV-infected persons and among family
members and household contacts of TB patients. Priority
should be given to any HIV-infected contacts. As with most
of the other interventions mentioned, this involves close
collaboration between HIVand TB programs for success.
Treatment of HIV-Infected Individuals with
Antiretroviral Therapy

HAART reduces the risk of tuberculosis in patients with
HIV by 70% to 90% in countries with both high and
low TB incidence. In a South African cohort described
by Badri and colleagues (2002), the protective effect
of HAART was greatest in patients with symptomatic
HIV infection and those with advanced immune suppres-
sion. However, although HAART significantly reduces
the incidence of TB, rates are still higher than in HIV-
negative individuals, indicating that the restoration of the
immune system in patients on HAART is not complete;
this phenomenon has been observed in countries with both
low and high TB burdens. Importantly, although HAART
has a large short-term impact on TB incidence, the long-
term impact is smaller; while HAART suppresses TB, it
extends life expectancy, so HAART-treated individuals
develop TB at a lower rate but over a longer period of time.
Comparative Benefits

The observation that even good DOTS programs are
failing to limit surges in TB incidence in areas of high
HIV prevalence led researchers to compare the effective-
ness of different interventions using a dynamic model of
TB and HIV. Simulations by Currie and others (2003,
2005) indicate that, over a 10-year period, preventive
measures (such as INH prophylaxis) are much less effec-
tive than finding and curing active TB to decrease TB
cases and deaths in high HIV-prevalence areas. In this
model, 100% coverage with HAART is necessary for this
approach to equal TB case finding and treatment. How-
ever, no country in Africa, where HIV prevalence is the
highest, comes close to this coverage level of HAART.
Specifically, the benefit of prevention of HIV infection is
not realized in the short term, but it would eventually
have an impact on the epidemic over a 20-year period
(after an initial 4-year lag).

While LTBI treatment is an appealing strategy con-
ceptually, the Currie simulations conclude that it is inef-
fective over all time frames. Another modeling study of
TB and HIV determined that improving TB detection,
improving TB cure, or improving both were also the
lowest cost and most cost-effective strategies. HAART,
while expensive, was considered cost-effective; treatment
of LTBI, while inexpensive, did not have much effect on
averting TB cases. These comparisons of TB/HIV con-
trol measures should guide interventions, particularly in
areas of high HIV prevalence.
Barriers

To date, only $25 billion has been invested of a necessary
$56 billion for the 2006–15 international Global Plan to
Stop TB, resulting in a funding gap of $31 billion. Experts
cite a weak clinical and laboratory infrastructure and poor
political commitment as additional obstacles to success.
The lack of training programs for combined TB and HIV/
AIDS care is another formidable barrier.

The relative shortage of qualified staff to scale up HIV-
TB collaborative activities poses a further problem.
Whereas there are many reasons for this human resources
crisis, among the most tragic is that HIV and TB directly
threaten the supply side of health care. The incidence of
TB among health-care workers increased in tandem with
the rapidly expanding HIV epidemic in the community
around the health-care facility in one study (Wilkinson
and Gilks, 1998). Nosocomial TB transmission among
health-care workers is a significant concern, particularly
in Africa, where administrative and environmental
control measures utilized in industrialized countries are
not in place due to insufficient resources. Corbett and
others (2006) recommend that facilities implement prac-
tical, simple measures to limit nosocomial transmission,
thereby simultaneously protecting health-care workers,
laboratory staff, and patients.
Special Populations: Congregate Settings

Correctional facilities all over the world have long been a
place where marginalized and disenfranchized people,
particularly those with high risk of many infections and
poor access to health care, have been forced to congregate.
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Even prior to the HIV era, outbreaks of TB occurred
in such settings because of structural factors (e.g., over-
crowding, poor ventilation, inadequate respiratory infec-
tion controls). Risk of transmission was further increased
by the policy of repeated transfers of problem inmates.
Now that HIV infections also are concentrated in prisons,
the problem is further compounded as HIV infection in
prisoners presents yet another TB risk factor. Multiple
large outbreaks in congregate housing units for HIV-
infected prison inmates occurred in the 1990s throughout
the world. It is estimated that TB and HIV are approxi-
mately 100 and 25 times more common, respectively, in
prison populations than in the population at large.

Treating TB and HIV in the prison population is not
just about basic health care for inmates; it is also about the
health of the greater community. In 1997 in the United
States, 40% of all those with TB and 20% to 26% of all
those with HIV passed through the correctional system.
In several of the large prison outbreaks, visiting spouses
and, in one case, the child of an inmate became infected
with TB. Furthermore, if treatment is not carried out
promptly and effectively, rates of drug resistance may
soar; one large study of drug resistance in Russia revealed
a 37% prevalence of drug resistance among prisoners,
almost twice that in the civilian population.

Multiple opportunities for intervention exist. As
with TB/HIV control in other settings, further HIV
transmission can be limited with prevention education
as well as provision of condoms and clean needles for
injection and tattooing. TB and HIV screening can be
provided in prisons, both on initial incarceration and at
transfer; treatment of LTBI in HIV-positive inmates
can be offered as the prisoners represent a ‘captive audi-
ence.’ Environmental controls such as isolation should
be put in place to contain infections. Importantly, the
prison health-care system must be linked with the public
health departments and the larger health-care system
to provide continuous monitoring and care upon release.
While these interventions have been proposed as for-
mal guidelines for the control of TB in prisons, imple-
mentation lags.

Other congregate, nonmedical residences for HIV-pos-
itive individuals, such as orphanages and single-room
occupancy hotels, have been identified as possible sites
of TB transmission. Where possible, these should also be
targeted for screening, containment, and collaboration
with public health authorities.
Conclusion

Where HIV has taken hold, TB is on the rise, particularly
in Africa, which bears the overwhelming brunt of the
global TB/HIV disease burden. As described in this arti-
cle, a combination of elements conspires to fuel these joint
epidemics, including the unique interaction of these
infections. It is no surprise, then, that the control of the
infections within an individual, as well as the control of
the infections at the population level, is also quite com-
plex, involving the simultaneous employment of multiple
strategies.

While there is much that is not known about HIV
and TB, posing a challenge to global control, the greater
challenge by far is putting in place the evidence-based
interventions that already fill the numerous volumes
of TB/HIV control guidelines. Implementing collabora-
tive TB/HIV activities remains problematic and fraught
with barriers; greater political will and commitment
are necessary.

Although the situation is certainly dire, with the omi-
nous news of the emergence of XDR-TB, the estimate
that millions of opportunities for intervention are missed
every year, and the understanding that celebrated preven-
tive measures would only truly have an impact on rates of
HIV-associated TB in the long term, there is reason for
hope. Model programs have emerged, and operational
research has already provided results that are guiding
further scale-up. Collaboration between HIV and TB
control programs may soon lead to a strengthening of
the health-care infrastructure in general, a much wel-
comed, albeit indirect, consequence. So while the world
is already behind in implementing the Global Plan to
Stop TB (2006–15), global momentum appears to be
building, with new resources available for disease control
from domestic and international sources. Perhaps TB
elimination will be perceived as an attainable reality
once again this century.
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Introduction

Neurological disorders have been a leading cause of mor-
bidity associated with HIV and the immunosuppression
characterizing AIDS since early in the disease epidemic.
HIV-associated neurological disorders may affect any
portion of the neuroaxis, manifesting as disorders of the
brain, spinal cord, peripheral nerve, and muscle. The
etiologies of neurological disease in this setting include
opportunistic and other comorbid infections, malignan-
cies, vascular disorders, nutritional diseases, and direct
infection with HIV-1 itself. Neurological diseases affect-
ing either the central or peripheral nervous system
occur in the majority of infected individuals and are the
initial presenting illnesses of AIDS in 7–20% of patients.
Neurological disorders in the context of HIV infection are
associated with increased expenses related to medical care
and increased mortality compared to patients without
nervous system complications, and lead to impairment
ranging from painful extremities or mild cognitive diffi-
culties to frank dementia or coma and death. Thus, the
public health burden of HIV-related neurological diseases
is extremely high, though the importance of these relative
to other complications of HIV/AIDS varies depending
on geographic and medical setting.

Although the frequency of severe neurological disor-
ders has declined dramatically in settings where highly
active antiretroviral therapy (HAART) and prophylactic
anti-infective agents are in common widespread use, the
spectrum of neurological disorders afflicting patients
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who progress to severe immunodeficiency has remained
constant through the course of the epidemic, with diver-
sity depending on geographic and demographic factors.
In the setting of HAART use, new clinical syndromes
have developed, related specifically to the robust but
abnormally regulated inflammatory reaction seen in the
context of reconstitution of the immune response. Conse-
quently, though clinicians are used to a certain spectrum
of neurological conditions – many of which are treatable –
in the context of HIV/AIDS, diagnosis in any particular
case may be challenging and complex. Diagnosis and
appropriate treatment of these disorders depends on
understanding the main predisposing factors to each con-
dition and the presentation of disease in each segment
of the nervous system. A discussion of the most common
disorders affecting the central nervous system (CNS)
in HIV-infected patients is presented below.
Stages of Neurological Complications
of HIV

As outlined in Figure 1, distinct neurological diseases
occur at different stages of infection with HIV. During
the earliest phases of infection, approximately 2weeks
after exposure to virus, the majority of patients experience
systemic signs and symptoms of fever, rash, headache, and
lymphadenopathy. In a subgroup of these patients, such
systemic symptoms may be followed within 2–4 weeks
by disorders involving the nervous system, including
meningitis, encephalitis, focal cranial nerve palsy, or sen-
sory or motor symptoms of acute peripheral neuropathy.
These syndromes are usually self-limited and resolve
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without specific therapy. The first 7–10 years after infec-
tion are usually a period of relative clinical latency in
terms of overt disease. The predominant neurological
conditions that may present during this period include
peripheral neuropathy, inflammatory demyelinating neu-
ropathies, mononeuritis multiplex, myopathies, and epi-
sodes of aseptic meningitis. These conditions and those
that occur during the period of acute infection are
thought to be autoimmune-mediated in the setting of an
aberrant systemic immune response. During the late
stages of HIV infection in the setting of declining systemic
immunity, patients develop more debilitating and morbid
complications relating either to HIV infection itself or
to opportunistic infections, which are conditions related
to suppressed immunity. Both focal brain lesions that
present difficulty with specific neurological functions
and diffuse brain involvement leading to cognitive and
motor difficulties present during this time. The specific
diagnosis of each of these conditions depends on typical
signs and symptoms as well as clinical and demographic
parameters. Many serious central nervous system com-
plications of HIV and AIDS may be reversed or treated
with appropriate therapy, either pathogen-specific ther-
apy or with the immune reconstitution that can occur
with institution of antiretroviral therapy.
Focal Brain Diseases

Patients harboring a focus of tumor, infection, or demye-
lination present with focal brain dysfunction referable to
the cerebral location of the lesion, such as difficulty
moving one side of the body (hemiparesis), inability to
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see a part of the visual world (hemi- or quadrantanopsia),
poor comprehension or production of language (aphasia),
or incoordination of an extremity (ataxia). Often, more
than one focal lesion affecting distinct brain structures
may confound attempts at localization or appear as a more
diffuse brain disorder (see ‘Diffuse Brain Diseases’ section).
Among the focal brain disorders afflicting individuals in the
developed world with AIDS, cerebral toxoplasmosis, pri-
mary central nervous system lymphoma (PCNSL), and
progressive multifocal leukoencephalopathy (PML) are
most common. WhereMycobacterium tuberculosis is endemic
(Asia, Africa, Central and South America), cerebral com-
plications of tuberculosis are another major etiology of
focal lesions. Less common focal brain lesions in patients
with advanced immunosuppression include infectious
abscesses due to Staphylococcus and Streptococcus species,
nocardia, cytomegalovirus, Aspergillus, mucor, Candida, or
amoeba. Noninfectious focal lesions include glioma, ische-
mic stroke, and hemorrhagic stroke. The more uncommon
brain lesions are usually diagnosed either in the setting
of extraneural infection (e.g., pulmonary cavitary fungal
lesions or septicemia) or through the use of brain bio-
psy, a procedure with low morbidity when appropriately
performed.

The majority of common focal brain lesions in patients
with AIDS cause an expansion of tissue with surrounding
swelling. These most commonly include cerebral toxoplas-
mosis and PCNSL in developed countries, and tuberculosis
in many areas of the resource-limited world. Focal brain
lesions that cause no expansion of tissue aremost commonly
attributable to progressive multifocal leukoencephalopathy
(PML) in the setting of JC virus infection in the central
nervous system. Table 1 summarizes the typical clinical
features of focal neurological disorders seen in HIV.
Cerebral Toxoplasmosis

Focal encephalitis/abscesses occurring in the context
of reactivation of infection with the parasite Toxoplasma

gondii have historically been the most common cause
of focal central nervous system lesions in patients
with AIDS in the developed world. Approximately 33%
of patients with advanced immunosuppression (CD4
counts <200 cells/ml) who are not on antitoxoplasma
Table 1 Clinical features of focal brain lesions in AIDS

Temporal
progression

Level of
alertness

Cerebral toxoplasmosis Days Reduced

Primary CNS lymphoma Days/weeks Variable
Progressive multifocal

leukoencephalopathy

Week Preserved

Central nervous system tuberculosis Weeks Reduced

Stroke Acute Variable
prophylaxis will develop toxoplasma encephalitis at
some time during their disease course, though incidence
depends somewhat on the relative prevalence of seropos-
itivity for T. gondii, which varies widely with geographic
region (less than 10% in areas of Britain to greater than
70% in Nigeria). Though domesticated and undomesti-
cated cats are the definitive hosts for the responsible
parasite, humans usually become infected through inges-
tion of undercooked infected tissue of pigs or sheep, the
intermediate zoonotic hosts.

Clinically, cerebral toxoplasmosis is characterized by
the rapid development over days of neurological signs
or symptoms in the setting of headache and low-grade
fever. Since the condition is related to reactivation of
latent chronic infection, IgG antibodies indicating previ-
ous exposure are present in the blood in at least 95% of
patients with cerebral toxoplasmosis, although in some
rare cases serology may be negative. Typically, either
CT or MRI imaging shows contrast-enhancing lesions
(single or multiple) involving the cortex or basal ganglia
and thalamus, surrounded by extensive areas of edema,
which may extend through white matter tracts, mimicking
other conditions (see Figure 2). The contrast enhance-
ment is typically ring enhancing around the border of
the primary lesions, though there may be enhancement
in the center (a target sign). Diagnosis is usually made
based on the typical clinical course, presence of posi-
tive serology, and typical neuroimaging features on CT
or MRI imaging. Reliable information about adherence
to potential prophylaxis against toxoplasma reactivation
(trimethoprim-sulfamethoxazole is effective in preventing
both Pneumocystis carinii pneumonia and toxoplasmosis)
also helps guide diagnosis in this setting. If all of these
features are consistent with potential toxoplasmosis,
patients are treated with prompt initiation of induction
therapy with sulfadiazine (clindamycin may be used
in sulfa-intolerant patients), pyrimethamine, and folinic
acid to prevent myelosuppression, then closely observed.
Clinical improvement should be evident within a few
days, usually first marked by the patient as improve-
ment in headache. Radiological improvement is typically
apparent within weeks. Without improvement after 2weeks
(or with continued deterioration during early therapy),
alternate diagnoses should be considered.
Fever Typical symptoms

Possible Severe headache, any focal deficit

Absent Moderate headache, any focal deficit
Absent Painless deficit, spasticity, cortical blindness

Possible Headache, cranial nerve palsies, myelopathy

Possible Any focal deficit, possibly history of zoster rash



Figure 2 MRI images of a patient with cerebral toxoplasmosis. T1-weighted image with gadolinium (a) shows typical outline of the
lesion with contrast on left side of image, appearing as a slightly serpiginous border around the lesion core, and a target-appearing

central area of additional enhancement (enlarged dark area next to lesion represents an expanded lateral ventricle due to the lesion’s

blockade of cerebrospinal fluid drainage); an additional lesion enhances more diffusely in the basal ganglia on the opposite side.

Fluid-attenuated inversion recovery (FLAIR) image (b) demonstrates extensive bright signal surrounding both lesions, which reflects
dramatic cerebral edema extending through the white matter, typical of toxoplasmosis.

HIV/AIDS of the Central Nervous System 433
Toxoplasmosis is perhaps the most amenable to treat-
ment of all neurological manifestations of HIV, with the
potential for lesions to macroscopically entirely resolve
with little or no sequelae if there are no mechanical com-
plications relating to transient mass effect or the rare
vasculitic or hemorrhagic involvement. Patients should
be treated with induction-dose therapy for 4–6 weeks
after diagnosis, then continually treated with the same
anti-infective medications at reduced doses for life or
until the CD4 count has been over 200 cells/ml for more
than 6months in the context of complete resolution of
symptoms referable to cerebral toxoplasmosis. Without
secondary prophylaxis, cerebral toxoplasmosis recurs in
30–50% of patients; even in the setting of chronic suppres-
sive therapy, treatment failure occurs in up to 10%, likely
in part due to inconsistent adherence.
Central Nervous System Tuberculosis

In regions of the resource-limited world where infection
with Mycobacterium tuberculosis is endemic or epidemic,
extrapulmonary – including CNS – involvement is a
significant cause of morbidity and death in patients
with AIDS. Though meningitis with headache, neck
stiffness, and decline in the level of consciousness is
the most common manifestation of CNS infection with
tuberculosis (TB), focal lesions may develop in the setting
of tuberculomas, intraparenchymal tubercular abscesses,
and sites of vascular infection or inflammation leading to
cerebral infarction. Such extrameningeal manifestations
of CNS TB are common in HIV infection, and TB is
the most common cause of HIV-associated focal brain
lesions in parts of India and Africa.

CNS TB typically presents over weeks, with develop-
ment of cranial nerve palsies, small-vessel strokes, and
increased intracranial pressure, indicating a predilection
for inflammatory collections in the basilar meninges and
along cranial nerve sheaths. Increased intracranial pres-
sure leads to visual compromise and optic disc swelling
in many patients, and involvement of the spinal cord may
result from transverse myelitis, vasculitis, or spinal tuber-
cular abscesses. Importantly, severely immunocompro-
mised patients may have less overt symptomatology of
meningeal irritation than immunocompetent hosts. CSF
may demonstrate elevations in opening pressure, white
blood cell count (predominantly lymphocytes or neutro-
phils), and protein (usually >100mg/dl), along with
low glucose levels, but fails to manifest one or more of
these findings in at least 10% of patients with AIDS. CSF
acid-fast stains are only positive in 25% of specimens, and
mycobacterial cultures are more sensitive but require sev-
eral weeks for incubation. PCR for TB is at present the
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most effective diagnostic method for CNS TB available
from the CSF. Neuroimaging may be nonspecific; themost
common CT finding is enlargement of the cerebral ven-
tricles (hydrocephalus), which is present in up to 80% of
patients. A more distinctive thickening of the meninges,
especially those adjacent to the base of the brain, marked
by robust enhancement after the administration of con-
trast, is seen in 60%of those with CNSTB.Other findings,
including focal areas of infarction, or either smoothly or
ring-enhancing lesions, may also be seen in HIV-infected
patients with concomitant CNS TB infection.

CNS tuberculosis often, but not always, occurs in
the company of pulmonary or disseminated multiorgan
infection. The approach to treatment is similar in CNS
disease as for extraneural involvement, including multi-
drug therapy tailored to the possibility of drug-resistant
organisms in relevant geographic settings. Of drugs com-
monly used, isoniazid and pyrazinamide typically pene-
trate well into the CNS, while rifampin and ethambutol
do not. However, in the setting of meningeal inflammation
and disruption of the blood–brain barrier, drugs may
effectively enter the CNS, and the combination of these
four drugs may be successful in cases where organisms
are susceptible. In some cases, including TB-related overt
cerebral edema in children, addition of corticosteroids
may have some therapeutic benefit.
Figure 3 CT with contrast of patient with primary central
nervous system lymphoma. Note thick ring enhancement

surrounding multiple lesions in basal ganglia and on right side of

image, abutting the ependymal surface. These images are

indistinguishable from those seen in toxoplasmosis. Image
provided courtesy of Dr. Steven Feske.
Primary Central Nervous System Lymphoma

Primary CNS lymphoma (PCNSL), the most common
CNS malignancy in AIDS patients, refers to lymphoma
that arises in the nervous system in the absence of sys-
temic lymphoma. AIDS-related PCNSL is usually B cell
in origin, arising in association with the oncogenic infec-
tion Epstein-Barr virus, and accounts for 15% of non-
Hodgkin’s lymphoma in patients with AIDS. PCNSL
is one of the most common neurological AIDS-defining
illnesses and will develop in 3% of patients with AIDS
at some point during the course of infection. Although
in the pre-HAART era, PCNSL was almost exclusively
described in patients with extremely advanced immuno-
suppression (CD4 counts <50 cells/ml), we and others
have recently seen patients with pathologically confirmed
PCNSL presenting with CD4 counts in higher ranges
(200–350 cells/ml), possibly reflecting more restricted
immune responses in the setting of prior low CD4 nadirs.

The clinical syndrome of PCNSL may differ slightly
from toxoplasma encephalitis, in that the course is slightly
more indolent, usually causing recognizable signs and
symptoms over the course of weeks rather than days.
Systemic signs of fever, weight loss, and malaise may
be present, though headache is usually less prominent
than in cerebral toxoplasmosis. However, there is enough
overlap between the presentation of PCNSL and that of
other causes of cerebral mass lesions that these may be
clinically indistinguishable. Usually, radiological appear-
ance is helpful in identifying whether a lesion is consistent
with PCNSL, but not in differentiating between this and
other causes of focal lesions with mass effect. The lesions
may be single or multiple, may enhance solidly or along
the rim of lesions with contrast, and are accompanied by
surrounding edema (see Figure 3). Typical locations of
PCNSL lesions include the cerebral white matter, the
surfaces of the cerebral ventricles, and the corpus callo-
sum. CT or MRI appearance may be indistinguishable
from that of toxoplasma encephalitis.

A recommended diagnostic and therapeutic approach
to cerebral mass lesions that are of undetermined etiology
has been to initially treat for the most common infectious
cause (toxoplasmosis in the developedworld or tuberculosis
in areas of the resource-limited world), and watch carefully
for clinical improvement in the first fewdays after initiation
of therapy, with a high suspicion of alternate diagnoses if
the patient is toxoplasma serology-negative (where tuber-
culosis is less common) or does not respond within days
with clinical improvement or indeed continues to decline
on therapy. In patients with one of these factors, rapid
employment of brain biopsy is usually required for diagno-
sis, although where available, further diagnostic testing
may be helpful. If positron emission tomography (PET) or
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single-photon emission computed tomography (SPECT) is
performed, the lesions of PCNSL are hypermetabolic
or thallium-avid, versus lesions from foci of infections,
which are bland on radionuclide imaging. Furthermore,
the presence of Epstein-Barr virus (EBV) DNA detected
in spinal fluid by PCR is both sensitive (80–98%) and
specific (88–100%) for PCNSL in HIV-infected patients,
likely relating to the reactivation of latent EBV infec-
tion associated with this condition. Although often
brain biopsy is necessary in the diagnostic evaluation of
PCNL, combining suggestive results of radionuclide
imaging with PCR detection of EBV in the CSF is consid-
ered adequate evidence of PCNSL to warrant definitive
treatment in some cases.

PCNSL can be a devastating condition, which was
associated with a mean survival of only a few months
after diagnosis in the pre-HAART era, even in those
treated with aggressive whole-brain radiation for symp-
tom palliation. In the context of immune restoration on
antiretroviral therapy, survival has improved and regres-
sion of lesions has been reported with chemotherapy,
including high-dose intravenous methotrexate. The opti-
mal regimens for therapy and the definitive long-term
prognosis of PCNSL in patients with HIV are an area of
active investigation.
Progressive Multifocal Leukoencephalopathy

Although progressive multifocal leukoencephalopathy
(PML) is caused by brain infection with a viral organism
( JC virus), the painless, slowly progressive loss of func-
tion associated with this disorder is distinct from the
clinical presentation of most other forms of cerebral infec-
tion. This classic clinical presentation can be obscured,
however, by the presence of multiple active conditions in
patients with severe immunosuppression, making access
to neuroimaging and CSF sampling crucial for diagnostic
certainty. Latent kidney infection with JC virus is ubiq-
uitous and seemingly benign in the immunocompetent
host. In the setting of impaired cell-mediated immunity,
including hematological malignancies, organ transplanta-
tion, and HIV infection, JC virus seems to be activated
to enter and infect cells of the host CNS. Up to 5%
of patients who meet criteria for AIDS will develop
PML during their lifetime, and although it typically
affects patients with advanced immunosuppression, at
least 10% of patients develop PML with CD4 counts
over 200 cells/ml.

The absence of headache and fever in typical PML
reflects the lack of an inflammatory response to JC
virus infection of oligodendrocytes, cells within the
central nervous system that are responsible for mainte-
nance of myelinated axons primarily traversing the white
matter of the brain. Oligodendrocyte infection and dys-
function leads to single or multiple expanding areas of
demyelination, most marked in the large white matter
tracts. Clinically, PML is characterized by the smoothly
progressive development of neurological dysfunction over
weeks, typically manifesting as hemi-body weakness or
sensory loss due to involvement of the frontal or parietal
white matter, hemi-field visual loss due to a lesion in the
occipital subcortical white matter, gait disorders due to
involvement of the cerebellar peduncles, or abnormalities
of bulbar functions such as swallowing or articulation due
to brainstem disease.

In typical PML, neuroimaging demonstrates charac-
teristic lesions, mostly confined to white matter, which
appear dark on CT scans and T1-weighted MRI images,
and bright on T2-weightedMRI sequences (see Figure 4).
These may be subcortical or involve the white matter
tracts of the deeper white matter and posterior fossa.
They are not surrounded by edema or characterized by
the displacement of structures, which indicates mass
effect, and they only rarely enhance (less than 10%)
when contrast is administered. CSF should be examined
for the presence of JC virus and for other potential etiol-
ogies, but is typically relatively normal or may have a
mild pleocytosis (fewer than ten cells) or slightly elevated
protein, a nonspecific finding in chronic asymptomatic
HIV infection. Demonstration of JC virus in the CSF by
PCR is close to 100% specific for PML, but only partially
sensitive in the current era, ranging from 58 to 92%. Thus,
a negative CSF JC virus PCRwarrants re-evaluation with
additional lumbar punctures and occasionally brain
biopsy for confirmation of diagnosis if neuroimaging and
clinical presentation are typical.

Although a number of therapies, including cidofovir,
cytarabine, and topotecan, have failed to show efficacy
in treatment of PML, treatment with HAART has a bene-
ficial impact on the outcome of this condition in most cases.
Before the availability of HAART, PML was associated
with survival of approximately 3–6months after diagnosis,
with only 10% of patients surviving at 1 year. With the
advent of HAART, 50% of patients are alive at 1 year after
diagnosis. Approximately 50% of patients with PML
started on effective HAART experience a halt in the pro-
gression of neurological deficits from PML, and in some
cases improvement in function. Ironically, however,
immune reconstitution in response to HAART has also
been associated with novel phenotypes of CNS disease
associated with JC virus infection, including inflammatory
lesions that may appear in conjunction with immune recov-
ery as reflected in a rising CD4 count. Clinically, patients
may develop fulminant progression of previously indolent
disease, associated with marked clinical signs of cerebral
inflammation, including headache, seizures, and fever. On
neuroimaging, lesions associated with PML in the context
of this immune reconstitution inflammatory syndrome
(IRIS) may appear to be centered in the white matter but
are surrounded by edema and typically dramatically



Figure 4 Brain images of a patient with progressivemultifocal leukoencephalopathy (PML). CT scans without contrast (a) and after the

administration of contrast (b) indicate a hypodense lesion (dark) in the cerebellum on the right side of the image which does not
measurably enhance with contrast. FLAIRMRI obtained at presentation (c) shows a large area of increased (bright) signal in the affected

area of the cerebellum, suggestive of demyelination due to a predilection for white matter and lack of mass effect. MRI obtained

18months later (b) demonstrates striking atrophy in the brainstem and cerebellum as sequelae of PML, despite this patient’s survival

and clinical stabilization in response to combination antiretroviral therapy.
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enhance with the administration of contrast, as shown in
Figure 5. Pathologic evaluations in cases of PML IRIS
have demonstrated an atypical inflammatory cell infiltrate
in demyelinating lesions, which simultaneously harbor JC
virus. Due to the inflammation detected in these lesions,
corticosteroid therapy has been employed as adjunctive
therapy to HAART, without consistent benefit. Those
patients who survive the acute period of decline during
PML IRIS have a similar prognosis to patients with PML
who have an uneventful course of immune recovery with
the initiation of HAART.
Stroke

Stroke due to cerebrovascular ischemia or hemorrhage is
characterized by the development of a focal neurological



Figure 5 MRI scans of a patient with immune reconstitution inflammatory syndrome (IRIS) associated with PML. (a) FLAIR
image shows extensive white matter abnormality extending throughout bilateral hemispheres, atypical for isolated demyelination

due to appearance of mass effect (effacement of sulci and asymmetry of ventricles). (b) T1 image with gadolinium shows area

of feathery enhancement within lesion on left side of image, a finding rare in typical PML but which is commonly seen in
IRIS-associated PML.
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deficit of acute onset. The incidence of stroke is increased
in HIV-infected individuals, though the reason for this
predilection remains unclear. Possible contributory fac-
tors include abnormalities in lipid levels associated with
antiretroviral therapy, autoimmune or inflammatory
factors affecting coagulation and thrombosis, and the
role of specific infections that lead to cerebral vasculo-
pathy or cerebral embolism. Varicella-zoster virus (VZV)
infection may lead to vascular inflammation or bland
infection with resultant vessel occlusion and cerebral
infarction. This usually presents with hemi-body deficits
contralateral to a trigeminal distribution herpes zoster
rash. Although it is usually associated with dermatologic
evidence of VZV, the neurological deficit may be remote
from the zoster rash by up to 1 year. CSF may demon-
strate mild elevations in protein and white blood cell
count and be positive for VZV DNA by PCR. Treatment
is for typical stroke in conjunction with antiviral therapy
with acyclovir or foscarnet, with or without the addition
of corticosteroids. Neurosyphilis and TB meningitis are
also associated with vasculitis and stroke, with a predilec-
tion for small penetrating vessels, and Aspergillus fumigatus

causes cerebral vasculitis, often complicated by arterial
rupture and hemorrhage. Bacterial endocarditis with
typical and atypical organisms is more common than in
the HIV-uninfected population, due both to immunosup-
pression and risk factors such as intravenous drug abuse,
if present.
Diffuse Brain Diseases

Patients with pathology involving diffuse areas of the
cerebral hemispheres or the meninges and intrathecal
compartment present clinically with alterations in cogni-
tion. Behavioral and memory abnormalities in the setting
of preserved consciousness may be the presenting mani-
festation of profound CNS dysfunction in patients with
AIDS. Alternately, abnormal thinking and memory may
be accompanied by signs of symmetric tendon reflex
and motor system abnormalities, decline in the level of
consciousness, or headache and symptoms of meningeal
irritation. The main distinction between the clinical pre-
sentation of diffuse lesions and those of the focal disorders
described above is the lack of discrete deficits referable
to one or more areas of the brain. While there may
be lesions apparent on neuroimaging or even pathologi-
cal studies in the diffuse disorders, the clinical manifesta-
tions of these lesions are less distinct and instead part of
a larger syndrome where cognitive changes are the
predominant feature.
AIDS Dementia Complex

AIDS dementia complex (ADC), also termed HIV-
associated cognitive-motor complex, AIDS dementia, or
HIV dementia is a syndrome of cognitive and motor



Table 2 AIDS dementia complex staging

ADC stage Characteristics

Stage 0 (normal) Normal mental and motor function

Stage 0.5

(equivocal/

subclinical)

Minimal or equivocal symptoms or mild

signs of cognitive or motor dysfunction

characteristic of AIDS dementia
complex, without impairment of work

or capacity to perform activities of

daily living (ADL); normal gait and

strength
Stage 1 (mild) Unequivocal symptoms, signs,

neuropsychological test performance

indicating intellectual or motor
impairment characteristic of ADC but

able to perform all but the more

demanding aspects of work or ADL;

walks without assistance
Stage 2 (moderate) Cannot work or maintain demanding

aspects of daily life but able to perform

basic activities of self-care;

ambulatory but may require a single
prop

Stage 3 (severe) Major intellectual incapacity (cannot

sustain complex conversation,
considerable slowing of all output) or

motor disability (cannot walk

unassisted)

Stage 4 (end stage) Nearly vegetative; intellectual and social
comprehension are at a rudimentary

level; nearly or absolutely mute;

paraparetic or paraplegic with double

incontinence

Adapted from Price R and Brew B (1988) The AIDS dementia

complex. Journal of Infectious Diseases 158: 1079–1083; Sidtis JJ

and Price RW (1990) Early HIV-1 infection and the AIDS dementia

complex. Neurology 40: 323–326.
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dysfunction that is caused by HIV-1 itself, rather than by
an opportunistic organism. A significant portion of the
40million HIV-infected individuals worldwide are there-
fore at risk for what might be considered prema-
ture dementia, since long-term chronic exposure of the
nervous system to HIV leads to overt ADC in up to 30%
of untreated patients or those failing to recover immune
function on antiretroviral therapy. Although ADC has
declined in incidence since the advent of HAART in the
developed world, the prevalence of this disease has not
dropped as significantly, perhaps related to prolonged
survival. Furthermore, though previous dogma had sug-
gested that ADC was less prevalent in resource-limited
settings than in the developed world, recent well-executed
studies indicate that similar proportions of HIV-infected
patients in Africa meet diagnostic criteria for ADC, as
do untreated patients in the United States and Europe.

Although a small number of patients present with
ADC as the first AIDS-defining illness, more commonly
ADC develops in the setting of late-stage disease when
overt immunosuppression, opportunistic diseases, and
generalized wasting may already be evident. Dementia is
usually subacute, developing over months, in contrast to
most other forms of diffuse brain dysfunction affecting
patients with advanced AIDS. Usually the disease presents
at low CD4 counts (<200 cells/ml), though a disorder
termed mild cognitive motor dysfunction (MCMD) has
been recently detected in a large proportion of HAART-
treated patients at higher or even normal CD4 counts.
Though milder in phenotype than ADC, MCMD can
still lead to impairment of quality of life and productive
function at work or in society.

The cognitive manifestations of AIDS dementia com-
plexes reflect its injury to the subcortical regions, includ-
ing deep gray matter structures and white matter of
the brain. Patients develop psychomotor slowing, leading
them to complain that it takes longer than usual to com-
plete a simple household or work-related task. The inter-
viewer may note overt clinical psychomotor slowing
in terms of delay in answering questions and performing
tasks associated with the examination. Patients also com-
plain of difficulty simultaneously juggling multiple tasks
or concepts at work, related to impairment of higher
executive function. Memory difficulties, beginning with
needing to keep lists and appointment books and eventu-
ally leading to confusion such as getting lost in previously
familiar surroundings are frequent complaints.

These cognitive symptoms are typically associated
with the development of slow clumsy or still limb and
extremity movement, affecting both coordination of the
upper limbs as well as mobility and balance. Examination
reveals slowed fine movements of the fingers, impaired
ability to repetitively direct limb movement to a target,
increased muscular tone, unsteadiness of gait, and brisk
tendon reflexes. In association with these cognitive and
motor signs, patients often demonstrate alterations and
behavior, usually characterized by apparent apathy, a
diminished display of emotion, and lack of interest in
their surroundings. Abulia, or a reduction in the produc-
tion of spontaneous speech, is a characteristic sign.

The spectrum of ADC ranges from mild symptoms
or signs of cognitive or motor dysfunction to extreme
incapacity characterized by mutants and complete inabil-
ity to walk or spontaneously move the legs. A staging
system that factors not only signs and symptoms in the
ADC spectrum, but also functional capacity is useful for
the classification and monitoring of patients with this
disease. In the staging system, stage 0.5 indicates equivocal
or subclinical disease, whereas stage 4 disease indicates a
nearly vegetative condition (see Table 2). In addition,
differential diagnosis may be different in different stages
of disease. In early-stage disease, in particular, depression
is high on the differential diagnosis with ADC. The clini-
cal overlap between the main cognitive and behavioral
features of AIDS dementia complex and those of depres-
sion lead to diagnostic confusion, or missed ADC
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diagnosis, in many cases. Thorough examination for the
presence of the motor disturbance typical of ADC may be
helpful, and the differential diagnosis should be expanded
to include or confirm the diagnosis of ADC. In later stages
of disease, usually stage 2 or higher, multifocal lesions
(such as in the setting of advanced PML) or other diffuse
conditions, may mimic the clinical findings of ADC.
Diagnosis

After history and neurological exam raises the possibility
of ADC, helpful diagnostic information may result from
neuropsychological evaluation, laboratory testing, and
neuroimaging. Often, detailed neuropsychological testing
reveals subtle deficits that are consistent with the patient’s
or acquaintances’ complaints, but are not detected on
general office examination. Neuropsychological testing
is useful chiefly for definition of the domains of cognition
that may be affected in any given individual, allowing
identification of patterns suggesting a subcortical demen-
tia (which would be consistent with ADC) versus a chiefly
cortical dementia (more suggestive of Alzheimer’s dis-
ease), a deficit suggestive of focal disease or difficulties
more likely referable to a mood disorder. Of course,
patterns may overlap, and detection of suggestive abnorm-
alities on evaluation does not necessarily indicate whether
the process is active or static. Thus, in some cases, serial
neuropsychological testing has utility in demonstrating
a progression in deficits. Typically, patients with even
early ADC have particular difficulty with tests requiring
trailmaking, copying and substitution of digit symbols,
placing shaped pegs into a pegboard, tapping fingers
rapidly, and walking briskly, reflecting difficulty with
executive function, psychomotor speed, and motor coor-
dination and control.

In conjunction with neuropsychological testing, labo-
ratory evaluation is important in approaching the patient
with ADC. This mainly involves analysis of the likelihood
of ADC based on the patient’s current CD4 count and
plasma HIV RNA burden, and exclusion of other causes
of dementia or delirium. In most patients with ADC, the
CD4 count is low (<200 cells/ml) and the viral load is
elevated (more than 1000 copies/ml), reflecting the later
stages of immunosuppression and loss of viral suppression
that characterizes overt AIDS. However, there are rare
exceptions to this standard, with reported cases of
patients with ADC-like cognitive impairment without
any other obvious etiologies at CD4 counts above 350
cells/ml, or with apparently suppressed plasma HIV
RNA levels. In at least one case, a patient with ADC in
the context of an undetectable HIV RNA in the plasma
was found to have an extremely elevated CSF HIV RNA
level. Such findings indicate the utility of considering
other markers as risk factors or coincident diagnostic
laboratory findings for ADC, including CSF-specific
markers that may more specifically indicate or reflect
nervous system disease.

Due to the presence of anatomic and physiologic
blood–brain and blood–CSF barriers, the nervous system
is compartmentalized from the systemic circulation in
terms of molecular, drug, and viral exchange. As a result,
CNS HIV infection is often compartmentalized from
systemic infection, reflected in distinct viral loads in
the two compartments in most patients (approximately
one log higher in the blood than the CSF in untreated
patients), differing dynamics of viral decay in response to
therapy, and often diverging genotypic and phenotypic
characteristics of HIV species. Thus, examination of CSF
can reveal a more direct reflection of CNS HIV infection
than sampling of blood alone. In patients with advanced
immunosuppression, ADC severity and HIV encephalitis
correlate with HIV RNA levels in the CSF. However,
many patients with a high CSF viral burden are asymp-
tomatic and neurologically normal on examination, espe-
cially in the earlier stages of HIV infection. Furthermore,
the presence of any neuroinflammatory response (such as
that due to concurrent neurosyphilis or the presence of a
CNS opportunistic infection) can raise the CSF HIV
RNA level even in the absence of ADC. Thus elevated
CSF HIV RNA is not specific for the presence of neuro-
logical disease. CSF HIV-1 measurement may be useful in
helping to clarify the possible activity of HIV in the CNS
in patients who have ongoing neurological disease in the
context of suppressed systemic viral loads or in monitor-
ing the response to therapy in patients with known neu-
rological disease, but is not a current part of routine
clinical practice.

In evaluation of a patient with possible ADC, CSF
analysis is crucial in order to exclude disease due to
conditions besides HIV itself. As a result, patients with
neurological disease in the setting of HIV and immuno-
suppression should almost always receive a routine lum-
bar puncture (though the presence of focal cerebral lesion
with mass effect or bleeding diathesis or clotting dysfunc-
tion are contraindications to lumbar puncture due to the
risk of brain herniation or intrathecal or epidural bleed-
ing). CSF protein and white blood cell count are often
mildly elevated in ADC, but may also be elevated in
asymptomatic untreated HIV infection as well as other
CNS conditions such as neurosyphilis. CSF markers
of inflammation, macrophage activation, and neuronal
injury including neopterin, beta-2-microglobulin, quino-
linic acid, monocyte chemoattractant protein-1, and neu-
rofilament light chain are elevated in ADC but are also
nonspecific for this disease. Disease-specific CSF studies
that should be considered are cryptococcal antigen detec-
tion, CSF venereal disease research laboratory (VDRL)
for syphilis, Gram stain and routine culture, and exami-
nation for particular organisms by culture (mycobacteria,
fungal), stain (India ink, acid fast bacilli), or PCR analysis
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(CMV, VZV, EBV) depending on risk factors, demo-
graphics, and clinical presentation.

Although neuroimaging may be unremarkable in
ADC, several findings on CTor MRI support the diagno-
sis. Atrophy of the brain, as reflected in large ventricles
and sulci is evident in the majority of patients with ADC,
but also in many patients with asymptomatic HIV infec-
tion. Bilateral periventricular white matter abnormalities,
Figure 6 MRI scans of a 40-year-old man with AIDS dementia com
enlarged ventricles for age and diffuse cerebral atrophy which are ha

enhancement with contrast. (c) FLAIR image shows symmetric areas

matter which are not apparent in (a); these are typical in character an
characterized by nonenhancing hypodense lesions on CT
or areas of increased signal on T2-weighted MRI seq-
uences that appear normal on T1 and do not enhance with
contrast or more specifically suggestive of ADC. Figure 6
demonstrates the typical MRI findings in a patient with
ADC. More biochemically based imaging such as MR
spectroscopy may be more sensitive and specific than
anatomic imaging done for the diagnosis of ADC.
plex (ADC). (a) T1 image without gadolinium demonstrates
llmarks of ADC. (b) T1 image with gadolinium shows no areas of

of periventricular T2 hyperintensity in periventricular white

d location for lesions seen in ADC.
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Treatment
Although the detailed steps in pathogenesis from initial
HIV infection to the characteristic findings of neuronal
loss, white matter pallor, and HIV encephalitis in ADC
are not entirely understood, the clinical and pathologic
abnormalities are known to improve in response to com-
bination antiretroviral therapy employed in treatment of
systemic infection. HAART’s effects on HIV may be
caused by direct reduction of CNS HIV viral burden,
indirect suppression of neurotoxic cytokines related to
inflammatory and immune responses, or both mechan-
isms. Clearly, however, ADC incidence is much reduced
in the era of antiretroviral therapy in the developedworld,
and patients may experience a halt in the progression of
ADC or reversal of deficits in the context of successful
HAART and immune reconstitution. In most situations,
any HAART regimen effective in suppressing plasma
virus and maintaining or elevating CD4 counts seems to
be effective in treating the CNS. Given the potential
compartmentalization of CNS HIV, in certain situations
drug with favorable CNS penetration may be preferred if
a patient has known ADC. Of currently available drugs,
these include zidovudine, abacavir, stavudine, nevirapine,
and some protease inhibitors (with the important excep-
tions of indinavir and lopinavir) in combination with
ritonavir. In addition, in cases of patients who may harbor
resistant virus, assessment of resistance mutations present
in CSF HIV viral species may be important for effective
treatment of the CNS.
Other Diffuse Brain Diseases

Besides ADC, a number of conditions may develop in
patients with advanced AIDS that manifest predominantly
as altered cognition. These often, if not always, present
with additional signs and symptoms that leave the clinician
to suspect specific conditions distinct from ADC.
Cytomegalovirus Encephalitis

In patients with extremely advanced AIDS (CD4 count
<50), a syndrome of acute or subacute onset of confusion
may develop in the setting of CNS infection with cyto-
megalovirus (CMV). Often, the clinical presentation
includes striking impairments of short-term memory,
accompanied by nystagmus, cranial neuropathies, and
ataxia, reflecting the predilection of this infection to pro-
voke ventriculoencephalitis involving ependymal surfaces
of the ventricles and thus midline structures of the
brain and brain stem. In addition, patients often have
fluctuations in their level of arousal, seizures, and con-
stitutional symptoms of fever, headache, and malaise that
are distinct from the typical presentation of ADC. CMV
disease of the nervous system usually develops in the
setting of active CMV infection at other sites, including
the esophagus, lung, and most commonly, the eye.

Related to the fact that overt clinical CMVCNS infec-
tion is characterized by ventriculoencephalitis, CSF may
be markedly inflammatory in nature. Abnormalities in-
clude elevations in white blood cell count, protein level,
and occasionally low glucose. In contrast to other forms of
viral encephalitis, a polymorphonuclear predominance
may be found in the CSF, although this is not always
present. Extremely helpful in specific diagnosis of CNS
disease due to CMV is the detection of CMV DNA by
PCR in the CSF, though a distinct syndrome of CMV
polyradiculomyelitis that leads to groin and leg pain,
incontinence, and lower extremity weakness is also accom-
panied by this finding. MRI may be normal or may show
evidence of ventriculitis, with contrast enhancement along
the linings of the cerebral ventricles and T2 hyperintense
signal in midline structures and the brainstem (Figure 7).

Pathologic studies have in fact demonstrated histolog-
ical evidence of CMV infection in a quarter of brains of
AIDS patients at autopsy, the majority of whom had no
evidence of the distinct ventriculoencephalitis syndrome.
Thus, the spectrum of effects in CMV infection in the
brain may range from asymptomatic to severe disease.
In its severe form, CMV encephalitis should be treated
with IV ganciclovir, foscarnet, or a combination of these
therapies. Even with aggressive therapy, many patients
sustain permanent memory loss, seizure disorders, and
cognitive impairment.
Central Nervous System Cryptococcal Infection

Cryptococcus neoformans is the most common fungal organ-
ism leading to neurological disease. Though in some
developed areas, the incidence of CNS cryptococcal
infection is low (2–5%), it may be the most common
CNS opportunistic infection worldwide since its preva-
lence in patients with AIDS reaches 38% in areas of the
resource-limited world with the highest HIV prevalence.
CNS infection is related to exposure to the ubiquitous
encapsulated yeast that is found in the soil. Cryptococci
are spread through inhalation from the environment and
can cause disease ranging from lung abscesses to skin
infections, though cerebral cryptococcosis is the most
common and usually severe form of the infection.

Cryptococcal infections of the CNS may occur in non-
AIDS immunocompromised or immunocompetent hosts;
in this setting, disease commonly manifests as stiff neck,
confusion, fever, and headache. However, cryptococcosis
in AIDS patients presents with a much wider spectrum
of disease, ranging from headache alone to confusion,
headache, and drowsiness, which may rapidly progress
to coma. Hallmarks of cryptococcal infection are loss
of hearing or vision, often reported by patients prior to
diagnosis, due in part to infiltration of cryptococcal



Figure 7 Coronal MRI images of a patient with CMV encephalitis. Note the thin rim of contrast enhancement lining cerebral ventricles

in T1 image with gadolinium (a), with more extensive bright signal visible in cerebral tissues adjacent to ventricles on FLAIR image,

indicating inflammation of ependymal surfaces (b).
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organisms directly into the IInd (optic) or VIIIth (audi-
tory) cranial nerves. Not uncommonly, cognitive and/or
cranial nerve abnormalities present in the absence of any
headache and/or meningeal signs (60–75% of patients
have no signs of meningeal irritation). The minimal men-
ingeal signs and symptoms on history and examination
reflect the typically limited inflammatory reaction related
to CNS infection with cryptococcus in AIDS, leading to
the designation as cerebral cryptococcosis rather than
cryptococcal meningitis. Reflecting this lack of inflamma-
tion in typical disease, CSF may have few or no white
blood cells and normal protein levels, especially in
advanced immunosuppression. India ink stains for rapid
identification of the fungal capsule often reveal an enor-
mous burden of organisms even when there is little or no
inflammatory reaction. Cryptococcal antigen titers are
positive in the CSF in at least 72% of cases. CT scans
of the brain are usually normal or reveal only enlarged
ventricles and sulci, suggesting communicating hydroceph-
alus. MRI more commonly shows abnormalities, revealing
better characterization of hydrocephalus and often menin-
geal enhancement. In some cases, focal lesions are evident,
including small globular lesions within the basal ganglia,
or areas of inflammation in the posterior areas of the
brain and cerebellum that enhance with contrast and likely
represent focal cerebritis (see Figure 8).

A predominant portion of the symptoms of headache,
confusion, and visual disturbance noted in cryptococcal
meningitis are due directly to increased intracranial pres-
sure caused presumably by failure of proper CSF drain-
age in the setting of a large burden of cryptococcal
organisms. Communicating hydrocephalus is a significant
cause of irreversible neurological deficits and death in this
condition; an opening pressure of greater than 350mm
H2O on initial diagnostic examination is one of the most
salient predictors of increased disease-related mortality.
Serum cryptococcal antigen is invariably positive in the
setting of CNS disease in patients with AIDS. However,
even when a diagnosis is clear from clinical presentation
and cryptococcal antigenemia, spinal tap for opening
pressure is necessary for evaluation and therapeutic man-
agement of this condition. Serial cryptococcal antigen
titers are not useful to monitor response to therapy in
either CSF or blood, though serial examination of the
opening pressure is helpful.

An important development in the spectrum of illness
that may present with CNS cryptococcal disease has been
a new phenotype of disease associated with the recovery
of the immune system in response to treatment with
effective HAART. As with PML, the characteristics of
cerebral cryptococcosis in the setting of immune recon-
stitution may include a dramatic syndrome of meningitis
with fulminant symptoms of meningismus, headache,
nausea, vomiting, and fever. Lumbar puncture may reveal
a predominantly inflammatory CSF characterized by a
pleocytosis of more than 50 cells/mm3 (predominantly



Figure 8 MRI scan of a patient with cerebral cryptococcosis.
Although patients with cerebral cryptococcosis may have

normal-appearing neuroimaging or scans that solely indicate

communicating hydrocephalus, in some cases patients develop
focal lesions in the cerebellum and occipital lobes that enhance

with gadolinium and may represent focal cerebritis adjacent to

collections of infected cerebrospinal fluid, as is evident in

this case.
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lymphocytes). These presentations usually occur at least
6weeks after the initiation of therapy in the context
of a marked rise in CD4 cell count and are most com-
mon in patients who are extremely immunosuppressed
(<50 cells/ml) at the time of initiation of HAART. In some
reported cases, presentations are of a change in the other-
wise typical low-grade course of known cryptococcal infec-
tion, whereas in some cases this fulminant meningitis
presents in the context of a previously unidentified latent
infection. Though such presentations and those of other
forms of IRIS have added complexity to the questions of
when to start HAART in patients with known opportunistic
infections, most clinicians initiate HAART early in such
cases as long as patients can be monitored carefully for
unusual inflammatory complications.
Neurosyphilis

Though syphilis had been decreasing in prevalence
through the latter part of the twentieth century, in parallel
with the rising worldwide prevalence of HIV/AIDS it
reemerged as an important coinfection affecting up to
one-quarter of those infected with HIV. Symptomatic
nervous system infection with Treponema pallidum presents
in less than 3% of HIV-uninfected persons, predomi-
nantly in the context of late-stage systemic syphilis. How-
ever, neurosyphilis is more common and develops much
earlier in the course of infection in patients with con-
comitant HIV infection. Though T. pallidum notoriously
causes protean manifestations throughout the neuroaxis,
in HIV-infected patients neurosyphilis tends to be
either asymptomatic, or to present with meningitis,
VIIth and VIIIth cranial nerve palsies, meningovascular
involvement, or ocular disease. Thus, neurosyphilis may
be associated with delirium or confusion in the context of
overt meningeal symptoms or a syndrome of cerebral
vasculitis, although syphilitic gummas may occur, causing
more focal deficits, and myelopathy may occur.

In the setting of the most typical form of neurosyphilis
in HIV, the serum rapid plasma reagin (RPR) and confir-
matory T. pallidum hemagglutination assay (TPHA) test
are positive, indicating current or past active infection.
CSF usually reveals a lymphocytic pleocytosis of up to
several hundred cells/mm3 and moderately elevated pro-
tein. As these are common findings in even asymptomatic
HIV infection, more direct evidence of treponemal infec-
tion should be sought. The CSF Venereal Disease
Research Laboratory (VDRL), a non-treponemal test,
is diagnostic of current or past neurosyphilis if positive,
but is negative in 30–70% of cases. The treponemal test
FTA-ABS is highly sensitive, so a negative result can
exclude the diagnosis of syphilis. However, for many
labs this test is not readily available. Since laboratory
confirmation of neurosyphilis is not always possible,
most clinicians recommend definitive therapy in the con-
text of known systemic syphilis infection and suspicion of
CNS involvement based on typical clinical symptoms and
findings. Therapy options for neurosyphilis include a 10-
to 14-day course of any of the following: penicillin IV
every 3–4 h, procaine penicillin IM with probenecid
orally, or ceftriaxone IV daily. CSF should be reexamined
every 6months after treatment to monitor for a decline in
CSF WBC and until CSF VDRL becomes nonreactive, if
initially positive.
Spinal Cord Disorders

In the context of HIV infection, diseases affecting the
spinal cord lead to difficulty with gait due to lower-
extremity weakness, increased muscle tone in the legs,
or a combination of these. Accompanying these motor
symptoms may be sensory abnormalities such as loss
of joint position sense in the limbs, a discrete sensory
level below which sensation is abnormal, painful par-
esthesias in the legs or the groin, and a variable degree



444 HIV/AIDS of the Central Nervous System
of urinary or anal sphincter dysfunction. The typical
patterns and associated symptoms of disease help to dis-
tinguish the etiologies of myelopathy in the clinical
setting of HIV/AIDS.
Vacuolar Myelopathy

Vacuolar myelopathy is the term used to describe the
most common spinal disorder in AIDS. The condition
appears to be attributable to HIV infection itself, rather
than dysfunction caused by an opportunistic disease.
However, the pathology reveals vacuolization of the
white matter of the spinal cord, in the absence of direct
cord infection with HIV. As a result, the pathogenesis of
vacuolar myelopathy, like that of ADC in the brain, seems
related to immune-mediated or metabolic neuronal
injury in the setting of active HIV infection.

Clinically, there is a spectrum of overlap between
patients developing spinal cord disease and dementia in
the setting of AIDS, leading the symptoms and signs of
myelopathy to be included in the diagnostic criterion for
ADC. The myelopathy in this case is diffuse rather than
dysfunctional at a focal spinal level. These symptoms are
of a gradually progressive (over months to years) spastic-
ity and weakness of the lower extremities, leading to
impaired gait, accompanied by urinary retention or
incontinence. Sensory changes, if present, may be mild
and related to posterior column (enervating joint position
and vibratory sensation) dysfunction or often to concomi-
tant underlying peripheral neuropathy. Brisk deep tendon
reflexes are found in the limbs, though ankle jerks may
be relatively diminished in the presence of neuropathy.
Though dementia often develops in parallel, in some
patients stiff and weak lower extremities are the predom-
inant finding.

Since obtaining tissue from the spinal cord directly is
almost impossible in life, diagnosis of vacuolar myelopa-
thy rests on the presence of the correct clinical scenario in
the absence of alternate conditions. Patients tend to
develop vacuolar myelopathy when they are not on
HAART, when plasma HIV RNA levels are uncontrolled,
and when CD4 counts are lower than 200 cells/ml. CSF
should be sampled for evidence of HTLV-1/2 infection
and syphilis, and blood levels of vitamin B12 should
be examined. Spinal cord imaging should be performed
to rule out compressive lesions. In HIV-associated vacuo-
lar myelopathy, imaging is generally normal or shows
cord atrophy.

The best current available treatment for vacuolar mye-
lopathy is HAART and viral suppression. While in some
cases, myelopathy due to HIV does not improve with
HAART to the extent that cognitive abnormalities regress
in ADC, our clinical experience and that of others indi-
cates that some patients have substantial recovery of
motor function and diminution in spasticity. Adjunctive
therapies such as corticosteroids or intravenous immune
globulin are not helpful.
Focal Myelopathies

Several spinal cord disorders in HIV/AIDS cause distinct
impairments at the level of the spinal cord, leading to
characteristic dysfunction of motor, sensory, and sphincter
function at that level and below. Varicella zoster virus
(VZV) is known to cause acute myelitis in approximately
1% of patients within approximately 3weeks following an
outbreak of herpes zoster. Typically, the spinal level
affected is adjacent to the nerve root associated with the
dermatomal rash, with infection directly infiltrating the
cord at the site of entry of the nerve. The clinical presen-
tation is a very rapidly developing (over days) focal mye-
lopathy after a reported zoster rash. CSF typically reveals
a lymphocytic pleocytosis and may yield a positive PCR
test for VZV DNA. MRI of the cord shows a T2 hyperin-
tense lesion in the cord at the affected level. IVacyclovir is
the first-line therapy for all CNS VZV infections, though
foscarnet is needed in cases of acyclovir resistance. Corti-
costeroids are often used as additional therapy, although
their effectiveness is unclear. CMV and herpes simplex
virus can also cause myelitis in rare cases. Diagnosis is
usually facilitated by detection of the responsible virus
through PCR studies.

Additionally, compressive lesions may affect the spinal
cord in patients with HIV and AIDS. Their frequency is
usually related to the degree of immunosuppression, and
their clinical presentation is that of severe back pain in
the setting of bilateral limb weakness and incontinence.
Metastatic lymphoma causes compressive lesions in the
setting of systemic disease. TB may lead to intraspinal
tuberculomas as well as cord compression due to Pott’s
disease (tubercular infection of the vertebral bodies).
Finally, acute bacterial abscesses occur in patients due to
increased susceptibility from immunosuppression in the
setting of IV drug abuse or indwelling catheters.
Conclusions

Central nervous system disease in HIV is a source of
considerable morbidity for patients, especially once they
reach the levels of immunosuppression associated with
AIDS. These disorders also may present particular chal-
lenges for practitioners who may be experienced in infec-
tious conditions or disorders of the nervous system, but
not both. Although some aspects of these disorders may be
changing over time and in response to the increasing
availability of HAART, the bulk of neurological manifes-
tations of AIDS fall within a limited spectrum. Careful
evaluation of the clinical context, the patient’s history,
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and clinical examination, combined with crucial exami-
nation of CSF and neuroimaging, where possible, will
yield a diagnosis in most patients. If antiretroviral therapy
is available, such treatment in conjunction with targeted
anti-infectious therapy against the offending pathogen
leads to improvement in survival and reversal of deficits
in many cases.
See also: AIDS, Epidemiology and Surveillance; Mental

Health and Physical Health (Including HIV/AIDS); Specific

Mental Health Disorders: Mental Disorders Associated

With Aging.
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Introduction

‘Universal precautions,’ as defined by CDC, are a set of

precautions designed to prevent transmission of human

immunodeficiency virus (HIV), hepatitis B virus (HBV),

and other bloodborne pathogens when providing first aid

or health care. Under universal precautions, blood

and certain body fluids of all patients are considered

potentially infectious for HIV, HBVand other bloodborne

pathogens.

(Regulation Standards for Bloodborne

Pathogens-Centers for Disease Control,

http://www.cdc.gov/hiv/aboutDHAP.htm)
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body fluid that might contain blood (e.g., saliva). Contact
with infected blood is the most important source of HIV
in the workplace, and those persons at greatest occupa-
tional risk for HIV are health-care workers (HCWs). The
HCWs at greatest risk, in terms of absolute numbers
exposed, appear to be nurses, physicians, and dentists.
However, in terms of percentage within a career field
exposed, surgeons and dentists have the greatest personal
risk. In a 1994 Nigerian study, 100% of dentists and 81%
of surgeons reported a needlestick accident in the preced-
ing year, versus 32% of nonsurgical physicians and 31%
of nur ses ( Ade gboye et al ., 1994 ). Amo ng physi cians, gen-
eral surgeons, neurosurgeons, obstetricians/gynecologists,
and orthopedic surgeons seem to have the greatest risk,
with pathologists, internists, radiologists, and pediatricians
the lowest. Similarly, surgical nurses and nursesworking in
labor wards may be at particularly high risk versus other
fields of nursing. However, virtually all who work in a
health -care setti ng are at increas ed risk (Table 1 ).



Table 1 Health-care workers at risk for exposure to HIV

(bloodborne infections)

1. Nurses

2. Surgeons

3. Dentists

4. Nonsurgeon physicians
5. Medical trainees (medical and nursing students)

6. Hospital housekeeping staff

7. Hospital technicians, especially lab technicians

8. Phlebotomists
9. Clinical pharmacists

10. Emergency medical service personnel

11. Other emergency personnel (e.g., firefighters, first
responders to disasters)

446 HIV Safety Guidelines
Another group at increased risk of occupational HIV
exposure is the public safety workers (PSWs), who
include firefighters, law enforcement officers, correc-
tional facility personnel, and first responders in times of
disaster. All of this risk is especially high in HCWs and
PSWs working overseas; in certain developing countries,
as many as 20% of adults are seropositive for HIV.

For HCWs, the risk of HIV exposure is considerable
and various routes of exposure are possible. These include
direct or splash contact with nonintact skin or mucous
membranes and percutaneous injury from needles and
non-needle sharps (Ippolito et al., 1999). However, needle-
sticks are by far themost commonmode of transmission and
have accounted for more than 80% of the exposures. It has
been estimated that as many as 3 million HCWsworldwide
receive percutaneous exposure to bloodborne viruses annu-
ally, which has resulted in approximately 16 000 new cases
of hepatitis C, 66 000 cases of hepatitis B, and between 200
and 5000 cases of HIV (Kermode et al., 2005).

Fortunately, the risk of seroconversion from an
infected needlestick is still fairly low. In fact, the infectiv-
ity rate for HIV after a needlestick is generally less than
1% (Flum and Wallack, 1997). Even using the 5000 per
year estimate, HCW-related HIV infection only accounts
for approximately 100 000 of the more than 40 to
50million estimated cases of HIV infection that have
occurred to date worldwide. Nonetheless, accidental nee-
dlesticks are extremely common, especially among nurses
and surgeons, among whom as many as 80–100% have
reported at least one accidental needlestick per year, and
one-quarter to one-half of surgical gloves have demon-
strated evidence of needle puncture (Green and
Gompertz, 1992). Moreover, HIV infection exerts life-
altering and often devastating consequences and, among
health-care workers, it has significant ethical, medico-
legal, and career implications.

Similarly, the riskof transmission ofHIV from aHCWto
a patient is extremely small. The probability of an HIV-
positive surgeon infecting a patient is as low as 0.00024%
for a single procedure, but the estimated lifetime risk of in-
fecting one patient ranges from 0.8–8.1% (Bell et al., 1992).
Universal Precautions

Since the emergence of the AIDS epidemic in the early
1980s, various recommendations and regulatory strategies
have been developed in countries around the world to
reduce the risk of exposure to HIV, hepatitis C, and other
bloodborne viral contaminants (CDC, 1989). In some
jurisdictions and countries, these regulations have even
been converted into law.

The mainstay for the prevention of transferring or
acquiring HIV has been the concept of ‘universal precau-
tions’ (UPs). These guidelines were designed to minimize
the transmission of HIV and other bloodborne pathogens,
not only from the patient or client to the HCW/PSW, but
also from the HCW/PSW to the patient or client. Uni-
versal precautions apply to potential exposure to any
blood, as it is always assumed to be potentially infected
with HIV. To date, HIV transmission has only been docu-
mented from exposure to blood, and not from exposure to
any other body fluids (e.g., feces, urine, sputum, nasal
secretions, sweat, tears, or vomit). However, UPs do
apply to saliva in the dental setting, as it is likely con-
taminated with blood. In all settings, these precautions are
intended to be used in conjunction with good infection
control practices.

Universal precautions involve several specific safety
procedures, which are expected to be utilized by
HCWs/PSWs at all times, but especially when there is a
risk for the transmission of a bloodborne infection, either
from a patient to a health-care worker or from a health-
care worker to a patient (Table 2). The first essential
element is good hand hygiene. Using an appropriate ger-
micidal soap, hands should be washed thoroughly prior to
any form of contact and immediately following exposure
to any body fluid.

The second essential element entails the use of pro-
tective barriers such as gloves, gowns, masks, face shields,
and eyewear. These barriers reduce the risk that a given
HCW/PSW’s skin or mucous membranes will be exposed
to potentially infected body fluids. However, these bar-
riers do not prevent penetrating injuries, and 80% of the
transmission of bloodborne infections in the health-care
setting is via needlesticks (Green and Gompertz,
1992). Hence, extreme care must be employed by any
HCW/PSW handling needles or other sharp objects.
Double-gloving, which has been proposed as a way to
prevent needlesticks, may reduce but does not eliminate
the risk of percutaneous injury. Nonetheless, it still is
recommended as a means to reduce the risk of direct or
splash contact of potentially infected fluids with the
HCW’s hands.

As stated previously, needlesticks are the most com-
mon source of HIV transmission in the health-care
setting. The highest risks for accidental needlesticks,
especially among nurses, are related to recapped, broken,



Table 2 Universal precautions

1. Wash hands with an appropriate germicidal soap
2. Exercise extreme caution with all needles and other sharp

instruments

a. Do not recap a used needle that is to be disposed of
b. Do not remove a used needle from a disposable syringe

c. Touch the syringe only; do not break, bend, or otherwise

handle a needle

d. If recapping is necessary, use the one-handed technique,
with the cap placed on a flat surface, so that the needle

slides easily into the cap

e. Dispose all used needles in puncture-resistant sharps

containers that are easily accessible and clearly labeled
3. Use appropriate barriers (e.g., gloves, gown, mask, face

shields, eyewear)

4. Carefully disinfect used or soiled equipment and surfaces
5. Report all known or suspected percutaneous or other

exposures to the appropriate personnel

HIV Safety Guidelines 447
or cut needles. Because of this, several guidelines have
been generated, within the universal precautions guide-
lines, explicitly to prevent needle-stick injuries. They are
as follows: (1) never recap a needle if it is to be disposed
of, (2) never remove a used needle from a disposable
syringe, (3) never bend, break or otherwise handle needles
by hand, (4) should it ever be necessary to recap a needle,
it should be done with one hand, with the cap placed on a
flat surface so that the needle can slide easily into the cap,
and (5) all used needles and sharps should be disposed of
in puncture-resistant containers that are easily accessible
and clearly labeled.

Finally, any surface or equipment that has been
exposed to blood or other body fluid should be carefully
decontaminated with an approved germicide or a 1:100
solution of household bleach.
Compliance with Universal Precautions

Universal precautions are termed ‘universal’ because they
are intended for use at all times, in any circumstance
where there is the risk of transmission of a bloodborne
infection from a HCW/PSW to a patient or vice versa. As
with all regulations, they only work if they are used
properly. Unfortunately, despite predictions that their
use could lower risk dramatically, significant evidence
exists that these guidelines have not always been followed
either consistently or well in the necessary settings. This
has been true in both developed and less developed
countries. In a 1994 study of emergency department phy-
sicians, nurses and other personnel at a university hospital
in California, 22% of 322 recappable needles were
recapped using a two-handed technique, and four sharps
were inadvertently discarded into the trash. Overall, the
estimated increased risk to the HCWs from noncompli-
ance with universal precautions was 27%, and the risk
to patients and other hospital personnel was 12%
(Moss et al., 1994). In Thailand, even though roughly
95% of doctors and 86% of nurses were knowledgeable
about UPs, only 47% and 28%, respectively, reported that
they would take these precautions with all patients
(Danchaivijitr et al., 1995). In a 1992 Scottish study, despite
regulations passed down from the Association of Anesthe-
tists for the adoption of UPs with all patients, only 16% of
anesthetists routinely wore gloves and one-third still
recapped used needles (O’Donnell and Ashbury, 1992).
Among surgeons in France, as recently as 2006, only 10%
of accidental needlesticks were reported, and the rate of
intraoperative percutaneous exposure continued to be
high (Tarantola et al., 2000).

A comprehensive survey of 322 surgeons in Houston,
Texas, addressed not only the rates of compliance but also
predictors of compliance with 11 different UP items.
Guidelines regarding the wearing of gloves and disposal
of sharps were followed by 94% and 92%, respectively;
but only 55% wore protective clothing, and 56% avoided
the unnecessary recapping of needles. Overall compliance
with all items was between 31–38%. Logistic regression
revealed that noncompliant physicians tended to be
37 years old or older, to report high levels of work-related
stress, and to perceive a conflict of interest between
providing good patient care and protecting themselves.
Conversely, compliant physicians were more likely to be
knowledgeable and to have received training in UPs, to
perceive that UPs are effective, and to believe that their
organization was committed to HCW and patient safety
(Michalsen et al., 1997).

In another study assessing reasons for noncompliance
in three hospitals dispersed across the United States
(mid-Atlantic, Southwest, and Midwest regions), compli-
ance again was noted to be strongly correlated with
perceived organizational commitment to safety, and
strongly negatively correlated with a perceived conflict
of interest between workers’ need to protect themselves
and their need to provide medical care to patients
(Gershon et al., 1995). Other strong positive correlations
were with perception of risk, knowledge regarding
routes of HIV transmission and prior UP training.
Females had higher overall compliance scores than
males, and overall compliance scores were highest for
nurses and lowest for physicians. A risk-taking personal-
ity was strongly negatively correlated with UP compli-
ance. In a Dutch study, a variety of HCWs were found to
overestimate their knowledge regarding risks and proce-
dural skills, and their compliance with UPs was influ-
enced by their perception of risk (van Gemert-Pijnen
et al., 2006). Appreciation of risk also was found to be
important among emergency department personnel,
where anticipated exposure to blood and more training
experiences with UPs resulted in HCWs being more
likely to wear gloves and less likely to recap needles;
conversely, lack of time, the perception that a given
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patient was of lower risk for hepatitis or HIV infection
and perceived interference with technical performance
were barriers to glove use.

One potential source of ‘noncompliance’ might be
termed ‘selective compliance,’ which stems from the ill-
advised belief that UPs only are necessary when a patient
is known or suspected to have a bloodborne infection.
However, in a study at a Veterans Administration hospital
in Washington, DC, 3.7% of all hospital admissions were
HIV positive, and only 24% of these were known prior to
testing (Gordin et al., 1990). This apparent failure to
identify the majority of HIV-positive patients may be
because most HIV-positive individuals do not have any
readily distinguishable traits. Some high-risk groups also
may be unrecognized. Finally, in terms of exposure rates
to bloodborne infections, there appears to be no benefit
associated with knowing a patient’s HIV status.

Despite this apparent lack of complete compliance with
UP guidelines, needlestick injuries are decreasing in some
countries. In the United States, for example, the estimated
number of accidental needlesticks decreased from 1million
annually in 1996 to 385 000 in 2000. This decrease has been
attributed to the protection afforded by the Occupational
Health and Safety Administration’s (OHSA) Bloodborne
Pathogens Standard, which includes the elimination of
needle recapping, the use of safer needle devices and
sharps boxes, and adherence to other universal precautions.
Other measures that have led to decreased injuries are the
‘no-touch suturing’ technique and increased training in
bloodborne infection risk and universal precautions for all
trainees. Table 3 lists other potential means of lessening
HIV transmission risk.

Some attempts have been made to lessen risks further
via the development of spring-loaded syringes that allow
the needle to retract immediately after extraction from
the patient’s skin; but these syringes are rarely used due
to their high costs. Similarly, needle-less intravenous
delivery systems have been developed, but have not
yet achieved popular use. Hence, the mainstay of risk
reduction, with respect to the transmission of HIV and
other bloodborne infections, continues to be universal
precautions.
Table 3 Other ways to protect yourself against exposure to
bloodborne infections

1. Stay informed about risks and any changes to precaution

guidelines or policies

2. Inform supervisors and/or administration of undue risks
3. Use the ‘no touch’ technique for suturing

4. Be extremely careful when handling hospital garbage or

patient clothing or linen
5. Be especially careful around high-risk patients or in high-risk

settings

6. Use special devices (e.g., spring-loaded syringes) to lower

risk, if proven effective and when available
Conclusions

Since the early 1980s and the emergence of AIDS as a
major health issue worldwide, there has been fairly unan-
imous recognition of the need for protection against
exposure to bloodborne infections (namely, HIVand hep-
atitis B and C) in order to prevent the transmission of such
infections from patients to HCWs and vice versa. What
has resulted is a list of universal precautions, which are
guidelines aimed to protect HCWs/PSWs from being
exposed to HIV and from exposing their own infections
to others. The core elements of these guidelines are
(1) thorough hand washing, (2) use of protective clothing,
(3) safe handling of needles and other sharp equipment,
and (4) careful disinfection of all dirty equipment and
surfaces. These guidelines do appear to be exerting a
beneficial effect, but this effect is entirely dependent
upon the level of overall compliance with them.
See also: AIDS, Epidemiology and Surveillance; Disease

Prevention; Emergency Medical Technicians; Occupa-

tional Health: Overview.
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Introduction

The growth of public interest in, and use of, traditional,
complementary, and alternative medicine (TCAM) has
been well documented. In a number of industrialized
countries, almost half of the population now regularly
uses some form of TCAM, while the figures for Canada
and Germany are 70% and 71–75%, respectively
(Table 1). Considerable use of TCAM also exists in
many developing countries: 40% in China and Colombia,
71% in Chile, and up to 80% in some African countries
(Kasilo et al., 2005). Here, the term ‘traditional medicine’
is used when there is a need to refer exclusively to the
indigenous health traditions of the world, in their original
settings, while ‘complementary and alternative medicine’
(CAM) refers to health-care approaches outside the bio-
medical mainstream in industrialized countries. More
often, ‘TCAM’ is used to encompass both.
TheWHOGlobal Atlas onTraditional, Complementary
andAlternativeMedicine, a large international collaborative
effort to document current trends in utilization, sectoral
growth, and policy in TCAM, highlights the trend of high
TCAM use around the world and the accompanying policy
and research response. Popular use ofTCAMand increasing
consumer demand has been accompanied by a growth in
research and associated literature, with an increase in an
evidence-based approach over the past decade. Research
and policy developments to date have, however, largely
addressed clinical, regulatory, and supply-oriented issues,
to the general neglect of wider public health dimensions.
Typically, research has focused on efficacy, mechanisms of
action, and safety of complementary and traditional thera-
pies. Within the broader topic of safety, critical issues such
as quality control and drug interactions – whether with
conventional medications, or between different TCAM
therapies used simultaneously – are also often overlooked.



Table 1 Utilization of TCAM in industrialized countries

Country Utilization (% of population) Reference

Australia 48a MacLennan et al., 1996
Canada 70 Health Canada, 2001

Denmark 33 Dansk Institut for Klinisk Epidemiologi, 1995

France 49 Fisher and Ward, 1994

Germany 71 Melchart et al., 1995
75 Marstedt and Moebus, 2002

United Kingdom 47 Thomas et al., 2001

United States 62/36b Barnes et al., 2004

aThese figures are quoted from primary literature and no attempt has beenmade to analyze or standardize the definition of TCAM, which

may vary between studies.
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In certain developing countries, where there is long-
term practice of TCAM both within and outside the domi-
nant health-care system, interest has been building over the
past decade or more for a policy framework for TCAM
within national health-care systems, and some guidelines
have been developed (Bodeker, 2001). However, in indus-
trialized countries, regulation of CAM practitioners, estab-
lishment of standards of practice, guidelines for licensing
and self-regulation, while occurring within a small number
of the licensed professions (massage, acupuncture, chiro-
practic), have only recently been considered on a broader
national scale (House of Lords Select Committee on Sci-
ence and Technology, 2000; White House Commission on
Complementary and Alternative Medicine Policy, 2002).
Education and training efforts in these countries have
largely focused on medical students and conventional
health-care practitioners.

Considerable progress has been made in the develop-
ment of national policies. At the launch of the WHO’s Tra-
ditional Medicine Strategy in 2002, only 25 of WHO’s 191
Member States had a national policy on TCAM (WHO,
2002), but the more recent WHO Global Atlas on Tradi-
tional, Complementary and Alternative Medicine shows
that there are now at least 66 out of a total of 213 Member
States with TCAM policies (Bodeker et al., 2005). A further
43 Member States have at least some specific legislation
relating toTCAM, even in the absence of an official national
policy, while 20 Member States are currently in the process
of developing policies and/or legislation.
Contexts for Integration and Evaluation:
Shaping Questions and Establishing
Priorities for Action

Complementary and traditional medical services are often
used alongside conventional medical treatment, but many
patients avoid disclosing their use of TCAM to their con-
ventional health-care providers. Studies have found the
rate of nondisclosure to be as high as 77%. The main
reasons for nondisclosure were concern about negative
responses by medical practitioners; a belief that the practi-
tioners did not need to know about their TCAM use; and
the fact that the practitioners did not ask (Robinson and
McGrail, 2004). In addition to medical practitioners’ gen-
eral lack of information about TCAM and how to advise
patients, what is lacking is a detailed understanding of the
public health dimensions of TCAM use: for example, dif-
fering patterns of use according to disease, income, gender,
age, geography, and culture. Other research questions
include: What is the quality of services being offered to
the public? What models exist for partnering the best of
TCAM along with the best of conventional medicine to
provide effective and affordable health care? What, if any,
are the impacts on the health of populations of TCAM use?
What impact, if any, does TCAM have on public health
expenditures?
Social and Cultural Dimensions

Social, cultural, and political values, as well as socioeco-
nomic factors, influence TCAM use in industrialized
societies (Astin, 1998; Eskinazi, 2001). Predictors of
TCAM use in the United States, in a 1998 survey, included
commitment to environmentalism, commitment to femi-
nism, and interest in spirituality and personal growth psy-
chology (Astin, 1998). In an Oxford University study,
similar results were found in Britain (Ong et al., 2002).
Members of such groups tend to perceive certain TCAM
therapies as more congruent with their values, worldview,
and beliefs than the dominant health-care system.

Ethnic minorities in industrialized countries often
continue to use the traditional medicine from their
culture alongside, or even in place of, conventional medi-
cine; (Ma, 1999; Factor-Litvak, 2001; Kronenberg et al.,
2006; Reiff et al., 2003; Wade et al., 2007). This can apply
even in settings where conventional health care is
provided free of charge, but traditional health-care ser-
vices must be paid out of pocket, as in the case of Chinese
communities in the United Kingdom (Ong et al., 2001;
Green et al., 2002). As in developing countries, the
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affordability, availability, and cultural familiarity of tradi-
tional medicine, together with family influence, contribute
to the continued use of traditional medical providers and
medicines in ‘ethnic enclaves.’
Economic Factors

In most countries, patients are paying out-of-pocket,
sometimes on a large scale, for TCAM services, which
are largely not covered by insurance. Of 213 WHO
Member States surveyed for the WHO Global Atlas
(Bodeker et al., 2005), only 58 (27%) are known to have
any form of public financing for TCAM, whether full or
partial. Reimbursement of TCAM costs by public health
insurance is often restricted to specific therapies, or to
certain categories of practitioners, and only in a few
countries – such as China, Korea, and Viet Nam – are
traditional treatments and products fully covered by pub-
lic health insurance. Dedicated public-sector hospitals for
TCAM (not necessarily all therapies) are found only in
China, Viet Nam, Pakistan, Cuba, and the United King-
dom, although individual therapies are offered in public-
sector general hospitals in a number of other countries
(Bodeker et al., 2005). In Britain there is a growing trend
for the National Health Service to pay for the services of
complementary providers (House of Lords Select Com-
mittee on Science and Technology, 2000).

Questions relevant to the economics of TCAM
include: Is the public getting value for its money? What
modalities are safest and most cost-effective for managing
the conditions that are the largest burden on national
health budgets? Do TCAM modalities contribute to cost
savings through preventing illness, and if so, how can they
be expanded? What impact does insurance coverage of
TCAM have on use? What are sound models of health
financing for CAM and traditional medical services? In
the developing world, how might international funders
evaluate and potentially include traditional medicine
within the treatment spectrum for priority diseases in
public health programs that they are supporting?
Priority Disease Management

TCAM is being used by the public in the management of
chronic conditions that are costly to society, including
pain and arthritis, and for more life-threatening diseases
such as heart disease, cancer, and HIV-related illness
(Bodeker et al., 2001; Wootton and Sparber, 2001a, 2001b;
Lengacher et al., 2002). In many cases, particularly that of
cancer, TCAM is used mainly for symptom relief and as
an addition to conventional care rather than as a primary
therapy. Certain TCAM therapies may be particularly
useful in addressing the emotional and psychological
impact of terminal illness and in providing palliative care.
In poorer countries, the search for effective and afford-
able treatments for such epidemics as malaria and oppor-
tunistic infections associated with AIDS is driving
renewed interest in traditional medicine, although herbal
medicines are not always the first treatment choice
(WHO, 2002).

Prevention of disease is a cornerstone of many tradi-
tional and complementary health systems, with diet and
nutrition as well as traditional forms of exercise (e.g., yoga,
Tai chi) and stress reduction being used in combination to
promote balanced health and prevent illness.
A Policy Framework

Equity

In industrialized societies, complementary medicine use
has been found to be associated with higher income and
education (Astin, 1998; Eisenberg et al., 1998; Ong et al.,
2002). Those with lower incomes and educational levels
tend not to use complementary medicine, which may be
due to less disposable income and less exposure to TCAM
information.

Conversely, traditional medicine use by ethnic mino-
rities in those same societies is substantive and at times
may be the first-line treatment for the poor and for those
not speaking the language of the dominant society (Wade
et al., 2007). Inadequate and expensive conventional med-
ical services are factors contributing to reliance on tradi-
tional medicine. ‘Complementary’ medicine in these
situations is not complementary; rather, since basic con-
ventional medical care may not be accessible, a danger
exists of facilitating a ‘separate but unequal health care
system’ (White House Commission on Complementary
and Alternative Medicine Policy, 2002).
Ethics in Clinical Research

While there are international guidelines for standards of
clinical research, research in TCAM may differ from
clinical evaluation of conventional drugs. For example,
WHO guidelines for the evaluation of herbal medicines
consider that for traditional medicines with an established
history of use, it is ethical to proceed from basic animal
toxicity studies directly to Phase 3 clinical trials. Some of
the subtleties of TCAM therapies might be more appro-
priately examined if clinical trial design included stratifi-
cation according to diagnostic categories of traditional
and complementary systems.
Intellectual Property Rights

Exploitation of traditional medical knowledge for drug
development without the consent of customary knowledge
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holders is forbidden under the UN Convention on
Biological Diversity. Researchers evaluating traditional
medicines need to recognize that under international law,
the customary owner – and often the country of origin –
holds rights over the knowledge being evaluated. This has
implications for patenting. If a patent is sought by a nonin-
digenous group, prior informed consent and just benefit
sharing with customary owners must be established.
Regulation

For TCAM to be incorporated into national health-care
systems, qualified practitioners must be distinguished
from those without such qualifications and safer TCAM
products distinguished from potentially hazardous ones
(Barnes, 2007). As in the case of conventional medications,
the concept of safety is a relative one. No health-care
product can ever be entirely risk-free, and there may be
a need to balance risks and benefits, especially in the case
of conditions for which no effective conventional treat-
ment exists.

In Britain, the House of Lords Select Committee on
Science and Technology (2000) recommended that self-
regulation should be a cornerstone for the formalization of
the complementary professions. Osteopaths and chiroprac-
tors and acupuncturists were registered as official health
professionals through an Act of Parliament and herbalists
are on track for registration (Walker and Budd, 2002;
McIntyre, 2004). Self-regulation of certain TCAM profes-
sions is also emerging in Belgium, Norway, and the Russian
Federation.

New Zealand has registered more than 600 Maori
traditional healers who provide services within the
wider health-care system. While the government reim-
burses their services under health insurance, criteria for
registration and oversight of professional practice are the
responsibility of Maori traditional health practitioner
associations (Scrimgeour, 1996).

In the United States, chiropractors are licensed in all
50 states, and acupuncturists are licensed in 41 states. The
National Council for Certification of Acupuncture and
Oriental Medicine holds a national exam for Traditional
Chinese Herbal Medicine. The Botanical Medicine Acad-
emy and the American Herbalists Guild have developed a
voluntary national examination in the United States for
practitioners of Western herbal medicine.

Asia has seen the most progress in incorporating tradi-
tional health systems into national health policy. In China,
this began in 1951 with the establishment of a Traditional
Chinese Medicine Division within the Ministry of Public
Health, upgraded to a Department in 1954. In 1988, the
State Council established the State Administration of
Traditional Chinese Medicine as an independent admin-
istrative body in its own right, with eight major depart-
ments. The Government’s commitment to ‘‘develop
modern medicine and Traditional Chinese Medicine’’
has been written into the National Constitution and the
two are regarded as equally important.

In India, formal recognition for Indian systems of
medicine came with the Indian Medicine Central Council
Act of 1970. In 2002, India developed a specific national
policy to facilitate the integration of these health-care
systems into national health programs. The policy empha-
sizes affordability, safety, efficacy, and the sustainable use
of raw materials.
Financing/Insurance Coverage

Out-of-pocket spending is the most important means of
financing TCAM treatments worldwide, and the only

available financing mechanism in most developing
countries (Burford et al., 2007). Even in industrialized
countries, insurance coverage for CAM services is rela-
tively new and incomplete, so out-of-pocket spending is
considerable. Americans have been found to spend more
on CAM than on all U.S. hospitalizations (Eisenberg et al.,
1993; Astin, 1998), while Australians spend more on CAM
than on all prescription drugs (MacLennan et al., 1996). In
Canada, the total out-of-pocket expenditure on CAM was
estimated at US$2.4 billion in 1997 (Health Canada,
2001), while in the United Kingdom it was estimated at
£1.47 billion per annum in 2003, with the inclusion of
over-the-counter products (Ong and Banks, 2003).

Public health insurance is an important funding mech-
anism in Europe, with 22 European countries offering
full or partial reimbursement for selected TCAM thera-
pies (Burford et al., 2007). Some Americanmedical insurers
confer benefits for limited complementary medical ser-
vices, primarily through employer-sponsored health
plans (Pelletier and Astin, 2002). In the year 2000, 70%
of employee-sponsored programs covered chiropractic;
17% covered acupuncture, 12% covered massage, and
the numbers dwindled from there for other CAM services
(White House Commission on Complementary and
Alternative Medicine Policy, 2002). In the United King-
dom in 1995, 40% of GP practices provided access to
CAM, with 10% of the cost being met by the National
Health Service (Thomas et al., 2001). In Australia, since
the introduction of a Medicare rebate for acupuncture in
1984, use of acupuncture by medical practitioners has
increased greatly. Medicare reimbursements to doctors
for acupuncture rose from $7.7million to $17.7million
(Easthope et al., 1998).

There is a risk that improved regulation and training
may have the unwanted ‘side effect’ of destroying the
flexibility and community-centered focus inherent in
many traditional health systems, which permits the poor-
est clients to pay by installments or make a gift in kind to
the practitioner. Careful planning by policy makers is
required to ensure that, in becoming ‘modernized’ and
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‘professionalized,’ traditional health-care services do
not lose the advantages that currently make them an
attractive option for some billions of the world’s popula-
tion (Burford et al., 2007).
Knowledge Generation

The U.S. National Center for Complementary and Alter-
native Medicine (NCCAM) has led a focused program of
clinical and basic science research, now seen internation-
ally as a model for how to proceed in conventional scien-
tific research in TCAM (Bodeker and Kronenberg, 2002).
This has been followed by funding initiatives from
national and international foundations. Yet, despite an
escalation in biomedical research momentum, this wave
has yet to reach public health research. Clearly, priority
should be assigned to strengthening the public health
research agenda if knowledge generation is to keep
abreast of consumer demand for cost-effective services,
and government and insurer demands for policy
information.
Capacity Building

Investment in professionals could result in leaders who
could contribute to implementing public health responses
to the growth in complementary and traditional medicine.
A notable gap is in the curricula of schools of public
health, which could contribute by offering training for
students and professionals in the public health dimensions
of TCAM.

Expanded capacity would include greater understand-
ing of the potential for benefit, risks, and the costs of these
health-care approaches. This in turn would enable an
evidence-based approach to harnessing the TCAM sec-
tor’s contributions in meeting major public health
challenges.
Research Environment

While the randomized controlled clinical trial (RCT) is
considered the gold standard of biomedical evidence,
RCTs have limitations that can be addressed by social
science and public health research methodologies. For
example, RCTs are often too small or time-limited to
provide accurate information on infrequent adverse
outcomes, such as rare side effects of drugs; and there
are also limitations in adequately evaluating the long-
term consequences of therapy, such as toxicity from
chronic, low-level exposure to medications. Ethnogra-
phic, epidemiological, observational, survey, and cohort
methodologies can all make important contributions in
these areas (Margolin, 1999).

Unmet health needs of ethnic minorities, women, chil-
dren, the poor, the elderly, and those with special medical
conditions must be considered in the establishment of a
public health research framework and priorities for action.
Also needing attention are diseases for which current
conventional treatment regimens are unsatisfactory, for
example, many cancers and chronic debilitating condi-
tions, for which the public are turning to TCAM.
Conclusion

Around half of the population of most industrialized
countries is now using complementary medicine as a
part of their general health care and also for wellness
and preventive purposes. At the same time, traditional
medicine continues to exist in the developing world as a
major source of health care for the majority of the
population.

National and international policies are calling for part-
nerships between conventional and traditional health
practitioners in order to provide adequate health-care
coverage in the face of limited resources.

The public health dimensions of this trend are clear –
the public are using health-care approaches that are typi-
cally outside the purview of mainstream medicine. Why?
To what benefit or detriment – medically, financially,
socially? And what does this portend for health care in
the future. These are all public health questions and
warrant a comprehensive research and policy response
from public health professionals and academics. Indeed,
while overdue, this is now expected by the public and
health-care providers.
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Home care can be defined in many ways and may encom-
pass many different types of care and treatment. The
inconsistencies in the definition of home care point to
the lack of consensus surrounding what it constitutes, and
this confusion may influence the effectiveness of the
models of care used to deliver medical treatment and
care at home. Most governments in the Western world
have supported the development of alternatives to hospi-
tal care in an attempt to find solutions to the demand for
hospital treatment that exceeds available resources. The
high incidence of HIV and AIDS in developing countries,
particularly those in Africa, has precipitated a shift from
hospital-based to home-based care in an attempt to alle-
viate pressure on health services (Chipfakacha, 1997;
Steyn et al., 2006). An increasingly common model of
home care involves the delivery of medical and nursing
treatments in the home to patients who would otherwise
require hospitalization.
Models and Definitions of Home Care

Home-care programs are described in various ways
and have varying titles and differing missions depending
on the country in which they are offered and the structure
of the particular health-care system. Some models of
home care feature skilled nursing services to assist with
mostly functional concerns of usually elderly patients;
some are community-based long-term care services,
again to usually elderly or disabled clients; and others
deliver home-based primary care services. Even when
the focus of home-care treatments is acute hospital sub-
stitution there is variation in the terminology used to
describe the programs. For example, in countries such as
Australia, Canada, Britain, and Cuba, acute home-care
models are described variously as Hospital in the Home
or Hospital at Home. In the United States, the terms
Home Hospital, Home Health Care, or Acute High-
Tech Home Care are more common. Regardless of
the particular nomenclature, each of these models refers
to the delivery of some type of acute care or treatment
in patients’ own homes. These programs of acute hospi-
tal substitution are the fastest growing models of home
care in the Western world, and there is increasingly inter-
est in their implementation in the Middle East, Africa,
and Asia.

These models involve the delivery of acute care treat-
ments in the home to patients who would otherwise
require hospitalization. They manifest in a variety of
forms, including full substitution for hospital admission,
that is, the patient is admitted straight to a home-care
program from an emergency department or doctor’s
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surgery, or as a combination of admission to a hospital bed
for a short period followed by a period of home care
known as a partial substitution. In some models the hos-
pital and its medical staff retain legal responsibility for the
patient’s ongoing care and treatment even though their
treatment occurs in the home environment. In turn, the
patient retains his or her right to access the personnel
and resources of the institution. In other models the
patient is discharged to a private home-care agency and
managed through that entity. In sub-Saharan countries
it has been reported that many of those treated in home-
based programs are cared for by traditional healers
(Chipfakacha, 1997).
Hospitals and Home Care

Home-care models are often discussed in a manner that
implies they are modern initiatives; however, they are in
fact a return to pre-industrial times when care in the
home was considered normal. They are, of course, not
new initiatives because prior to the industrial revolution
most care was provided in the home or in the abbeys and
convents of religious orders. Physicians or barber sur-
geons tended to those who had financial means or status,
leaving those who were not wealthy or privileged to be
cared for by female family members or wise women of the
community (Clarke, 1997).

However, with industrialization came the emergence
of what we now call hospitals. Although these ‘hospitals’
were initially a response to the impact of poverty, they
provided the beginnings of the medical institutions we
now know (Giddens, 1991). The development of modern
hospitals was closely tied to the professionalization of
medicine. Hospitals became sites where medical expertise
and new technologies could be fostered and medical
knowledge increased. Over time the medical profession
gained increased power and influence owing to the
knowledge gained from access to the bodies of the sick
in hospitals.

With modernity came the disruption of local social
customs and institutions. Health care was lifted out of
the home and into the hospital, where experts with
newly acquired scientific knowledge deployed modes of
technical knowledge. Hence, through much of the twen-
tieth century, hospitals were associated with excellence in
medical scientific practice (Latimer, 1999) and were held
in high regard by members of society.

Until quite recent times, people have been encouraged
to trust the hospital system implicitly. The size of hospi-
tals, the number of experts working in them, and the
technological resources available were all seen as signs
of a prosperous community. More recently, people are
being asked to transfer this trust back to the home,
which has been epitomized as once again a place of
comfort and healing (Purkis, 2000). Certainly, patients
are drawn to the notion of continuing their lives while
avoiding the hazards of hospitalization by receiving care
such as intravenous antibiotic therapy at home. Conse-
quently, home care is moving to the stage where it is seen
as an alternative to hospital care rather than as a means of
recovering from inpatient care.
Health-Care Costs

The development of home-care programs, particularly
those related to acute treatments at home, has emanated
in part from the reduction in the number of public hospi-
tal beds available to the sick. The phenomenon of global-
ization has had an impact on the economies of nation
states worldwide. The business principles of competitive-
ness and rationalization are now applied to the funding of
most public services. It is clear that governments in mar-
ket economies are committed to reducing escalating
health-care costs. The aging of the population, the rise
in the incidence of chronic illnesses worldwide, and the
increased availability and use of advanced medical tech-
nologies have resulted in an exponential rise in the cost of
health care. The number of public hospital beds has been
reduced at the same time as the demand for hospital
treatment has expanded, thus placing increased pressure
on health-care systems. Consequently, internationally,
health services are struggling to meet the demand for
acute inpatient care (Dwyer and Jackson, 2001). In most
countries this has resulted in long waiting lists for surgery
and treatment.

The strategies identified to manage the demand on
hospital beds, improve efficiency, and balance the system
include reducing the average time patients spend in hos-
pital, maximizing the number of people who can be trea-
ted with a given bed stock, and reducing bottlenecks in the
system as a whole to ensure that patients do not occupy
acute beds simply because alternative forms or settings
are not available (Dwyer and Jackson, 2001). The transfer
of patients directly to home from emergency departments
and an increase in same day surgery followed by care at
home are initiatives recognized as effective in increasing
‘throughput’ and lowering costs.

The financial advantage to be gained for health-care
providers in terms of reduced hotel costs such as laundry,
cleaning, and food preparation provide a strong incentive
for undertaking acute home-care initiatives. Advances in
medical technology, improved housing, and the emphasis
on primary care have made this approach possible and
resulted in care in the home being considered a viable
option to hospitalization. Acute home-care programs have
been embraced as a means of reducing costs by reducing
length of stay and of delivering comparable care at similar
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or lower cost than an equivalent admission to an acute
hospital (Leff et al., 2005).

However, when reporting improved fiscal manage-
ment, data rarely explicate that patients at home come
from a low-risk category, and are chosen because they are
not likely to experience complications. In these circum-
stances it is highly likely that costs will be lower. Con-
versely, hospital costs are more likely to be high because
patients who are sicker require a longer stay and are
therefore more resource intensive.
Benefits of Home Care

Home-based care has been well accepted by its users
because it offers patients the opportunity of increased
independence, reduced disruption to family life, and
more autonomy over their treatment. The person man-
aged at home benefits from increased comfort, less noise,
more freedom of movement, more palatable food, and,
especially important, reduced exposure to potentially
serious hospital-acquired infections. It has been proven
that drugs remain stable in the home environment, can
be administered promptly, and produce comparable
results in terms of resolution of various conditions
(Grayson et al., 2002). However, these discussions have in
the main taken place in isolation from the intricacies of
the patients’ social circumstances or environmental
concerns such as weather conditions of extreme heat and
cold. Indeed, the alterations in usual family life and cus-
toms that illness imposes are generally disregarded
(Ruddick, 1995).

Moreover, many families are not prepared and do not
have the resources to provide care for family members at
home. Yet carers have little choice but to agree to become
caregivers. It is difficult for a parent to refuse to take a
child home, for a daughter to reject a parent’s care (Arras
and Neveloff Dubler, 1995), or for a wife to refuse to care
for a husband, regardless of whether they have the neces-
sary skill (Kipp et al., 2006).

The debate surrounding the burden on the home and
carer supposes that these resources are readily available to
all. A less heralded argument is that which surrounds
society’s failure to deal with those who have no home or
no carer (Rose, 1989). There are those who are disenfran-
chised when alternative health-care models are offered.
The ideal of a home that is conducive to recovery and
healing fits best with a middle-class conception of the
family home. Hospital in the Home programs in Western
countries have the luxury of imposing criteria against
which assessment of patient suitability can be made.
Homes with too few rooms, too many occupants, and
poor sanitation and without resources such as the tele-
phone are not considered suitable for the conduct of
hospital care at home (Staley, 1999). These criteria are,
however, of little consequence in countries where poverty
and scare resources mean poor housing conditions and
shortage of food are everyday challenges.

It is clear that many patients appreciate the ability to
choose an alternative to hospital admission and feel more
in control when in their own home. For some, such as
cancer patients, the choice of home care can facilitate a
better quality of life. Nevertheless, the increased oppor-
tunity for autonomy for patients needs to be weighed
against the potential for increased burden on family and
carers, both emotionally and financially.
Family Members as Carers

While there can be clear benefits for patients, health-care
systems, and family members when care is delivered at
home there are drawbacks that require consideration.
Family members are required to take on the role of carers
once the health-care professional, usually the nurse, has
left the home. Carers also often underestimate the com-
mitment required and misjudge the pressures involved in
caring for a sick relative (Duke and Street, 2005). The
unpaid burden of the care does not fall evenly on family
members but rests mostly with the female members. The
assumption that women will accept this added responsi-
bility is described by Arras (1995) as

. . . parasitic on widespread but socially unjust roles for

women caretakers. The traditional image of the ‘home as

castle’ reflects a male point of view; its appeal derives in

large measure from the unstated premise that someone else

[original emphasis] will be doing the cooking, cleaning,

and caregiving (p. 8).

Kipp et al. (2006) in a study of 80 women caregivers
in the Democratic Republic of Congo reported that
89% of these women found caregiving very stressful,
were deeply unhappy, experienced high levels of social
isolation, and described low health status. Despite these
issues acute home care is emerging as an area ripe for
expansion.
Health Professionals in the Home

The medical profession has recognized the potential for
developing this area as a specialty as it is not only well
received by most patients but it also frees up acute care
beds and allows more patients to be treated by using the
existing bed stock. However, the involvement of hospital
medical staff in the home has encroached on the role of
the general practitioner (GP), who has traditionally dealt
with the patient in this environment, and traditional
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healers, who are widely consulted in countries such as
those in Africa.

What has become clear with the shift of acute care to the
patient’s own home is the need to have health-care profes-
sionals who are independent decision makers and skilled
problem solvers capable of providing front-line delivery of
acute patient care treatments. In most models of home
hospital care this position is held by the nurse. Few home
hospital models also include visits daily from a physician.

The home environment is a relatively new site of care
for health professionals, yet many have recognized the
advantages of moving away from the hierarchical con-
straints of the hospital structure. Acute home-care prac-
tice offers the prospect of increased independence and
more social working hours that do not usually include
night shifts, very early mornings, or late nights. Presently,
those who work in these programs have an acute care
background and have gained their practice experience
largely in tertiary hospitals. It is not surprising then that
the model of care in acute home-care programs closely
mimics in-patient models of care. The usual routines,
protocols, and treatments of in-patient hospital care are
adapted for delivery in the patient’s home. Yet care at
home shifts the balance in the relationship between
patients and health professionals. Indeed, family members
may still expect the patient at home to function in his or
her usual role while dealing with his or her illness and the
treatments required for it. Consequently, acute care inter-
ventions at home may lead to the loss of the sense of the
home as a source of comfort that promotes healing
(Gardiner, 2000). Home is clearly a therapeutic environ-
ment for many, but there are some who are concerned that
the ‘gaze of medicine’ that dominates the hospital setting
is likely to follow the patient home (Liaschenko, 1994;
Cox and Cox, 2000). Medical ethicists such as Arras
(1995) suggest that the use of complex technology in the
home amounts to overmedicalization and an extension
of medical control into the once private setting, thus
eroding its intimacy, privacy, and freedom. It seems clear
that the cultural and social constructions of the home
differ enormously from those of the hospital and are
therefore likely to have significant impact on the conduct
or execution of treatments at home.

Managing the intricacy of family dynamics in the
context of the increasingly acute and complex health
problems of home-care patients provides challenges for
health professionals and caregivers. In the home the nor-
mal relationships between nurse and the patient, the
physician and the nurse, the physician and the patient,
the patient and his or her family are altered by the
changed power relationships of care in the home environ-
ment. Everyday activities of the hospital are constrained
by the social mores of normal social intercourse that must
be considered when one enters the home of another, even
when the other is a patient or client.
When health professionals enter the home they are
faced with contradictions to their normal environment.
For example, in the hospital, it is they who welcome
the patient and attempt to put them at ease, they who
orientate the patient to the environment, point out the
toilets, the bathroom, and their particular room and bed.
Likewise, once the patient is settled, it is they who direct
the site, the timing, and the manner of any subsequent
interventions or interactions. In the home, however,
whereas the expectations of the relationship remain the
same the responsibilities are reversed. In the home it is the
health professional who waits to be welcomed, invited in,
directed to a room, and offered a seat.

Although there is clearly a need to re-consider usual
ways of interacting when in the home, this realization has
not influenced the principles underlying care delivered at
home. Anecdotally the adaptation of acute in-patient
protocols appears successful, but there is little evidence
to support the use of such adaptations, and it is clear that
this level of evidence may not be enough in the future.
Protocols adapted for home care do not have the kind of
evidence that has been used to justify the stability and
effectiveness of intravenous antibiotics or anticoagulation
therapies at home, for example.
Evidence for Acute Home Practice

Home care is clearly an innovative professional specialty
that utilizes the benefits of recent advances in science and
technology. However, a critical need remains for more
definitive data to show the clear linkages between this
model of care and safe effective patient outcomes. Thus
far randomized trials have not produced useful data.
Comparisons are difficult because of the inconsistency
of the measures used to ascertain outcomes and the
often exclusive patient population studied.
Future of Home Care

It will be important for ongoing confidence in the capa-
city of acute home-care programs to examine outcomes
that describe the input of health professionals involved in
acute home care, particularly nursing. These investiga-
tions must be mindful of the environmental and social
conditions present in the home and their effect on rou-
tines and practices developed for hospital contexts.

Areas such as patient satisfaction, carer satisfaction,
and cost-effectiveness require consideration, but more
importantly, evidence needs to be developed to ensure
the best possible outcomes for people treated at home.
For example, the clinical symptom management of pain,
fatigue, and anorexia has not been considered for the
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person at home. Out-of-pocket expenses, social cohesive-
ness, and inclusiveness must be considered to ensure equi-
table experiences for all users of the health-care system.
Conclusion

Acute home-care programs have been instrumental in
decreasing lengths of hospital stays and so seem to have
an assured place in the future of health-care delivery. The
development of these programs has stemmed from
the effects of economic rationalism and globalization.
The adoption of these dogmas has seen cuts in health-
care spending and a subsequent increase in waiting lists
for public hospital services. Home-care programs are
specifically designed to assist institutions to move patients
quickly through their system, increase availability of beds,
and cut waiting lists. As such they can be understood as
products of modern social life.

Hospitals are both aggressively modern and deeply
traditional. They represent all that is modern in today’s
society while clinging to many traditional forms of
interaction and practice. The buildings themselves are
repositories for expensive, technologically sophisticated
equipment. The experts who work within them foster the
development of new knowledge through scientific
research and experimental pursuits, and they undertake
the training of health professionals to care expertly for
the sick.

The health-care professionals working in acute home-
care programs have mostly been recruited from acute
hospital environments. They are aligned with the expert
systems that operate in these institutions and have appro-
priated the status that follows. The routinized structures
that exist in hospitals are well embedded in the conscious-
ness of health professionals, and they therefore attempt to
structure the home in similar ways by assisting the home
to become an extension of the institution: the ‘‘hospital
without walls’’ (Cox and Cox, 2000: 1), the ‘‘boundaryless
hospital’’ (Braithwaite et al., 1995: 1), or the ‘‘extra mural
hospital’’ (Hoyt-Hallett, 1994: 1). In positioning the home
in such ways, little consideration appears to be given to
the merit of such endeavors. The home is thus made a tool
of modernity by the incursion of the hospital into its
normal functions. Nevertheless, the home does not always
bend easily to hospital imperatives; they are intensely
private locales with rooms zoned in ways that hinder
health professionals’ attempts to reproduce hospital rou-
tines. Indeed, the home draws upon its own tradition,
routine, culture, and customs to direct, authorize, and
typify what is done there.

The acceptance of Hospital in the Home programs as
an alternative to hospital admission for acute illness is, it
appears, motivated by economics and deeply reliant upon
shifting the burden of care from health services to families
to be successful. Improved efforts to support and acknowl-
edge caregivers are necessary, particularly in developing
countries, where the burden on women is especially
enormous.
See also: Evidence-Based Public Health Policy; Long

Term Care in Health Services; Public Health Profes-

sionals.
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Hospice and Palliative Care and Public
Health Challenges

Death is the one certainty in life, and chronic diseases are
becoming one of the leading causes of it across the world.
Hospice and palliative care aims to ensure the conditions in
which the physical, mental, and social well-being of people
suffering from these serious life-threatening illnesses can
be improved. The large number of people that these deaths
already affect and will affect in the future makes their care
an increasing public health issue. This is particularly
important when evidence already shows inequity in the
human right to dignity and security toward the end of life.
Definitions and Approaches

‘To cure sometimes, to help often, and to comfort always’
was how a sixteenth-century physician summarized the
purposes of medicine. Hospice and palliative care focus
on the latter two aims of medicine, for people whose
disease no longer responds to curative treatment or for
which a cure does not exist at all. It is concerned with
how to make their remaining lives as good as possible,
pain-free and dignified, and how to support their
families throughout the disease and into bereavement
(Cicely Saunders International, 2004).
The hospice movement has its roots in the late 1960s,
when Dame Cicely Saunders pioneered in the United
Kingdom the organization of special units for the care of
dying patients (Figure 1). She also conducted early
research on pain relief using a new system for a regular
administration of drugs according to the individual needs
of each patient, which was later adapted as the WHO
analgesic ladder, depicted in Figure 2.

Hospice and palliative care has since evolved, strongly
influenced by its original aims. These include the affir-
mation of life and dying as a normal process, the view of
each person as a unique physical, emotional, social, and
spiritual whole, and a team approach to address the needs
and wishes of patients and their families. The term pallia-
tive care, from the Latin palliare (to cloak) was suggested
in 1974 by Dr. Balfour Mount in Canada, as an alternative
to the word hospice. (In French, hospice implies a place of
last resort for the poor and derelict, which made its global
use difficult.) In 2002 the World Health Organization
defined palliative care as:

an approach that improves the quality of life of patients

and their families facing the problems associated with a

life-threatening illness, through the prevention and relief

of suffering by means of early identification and impecca-

ble assessment and treatment of pain and other problems,

physical, psychosocial and spiritual. (WHO, 2002: 84)



Figure 1 Dame Cicely Saunders, the founder of hospice

and palliative care and of St. Christopher’s Hospice, the first

inpatient hospice, in 1967 in London. Copyrights to Cicely

Saunders International.
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In almost four decades, palliative care has developed
into a well-established specialist field of research and
practice. It is now disseminated in different models of
care – inpatient units, hospital teams, day centers, and
community teams providing care in the patient’s home
and other settings. Countries have taken differing
approaches. In the United States, for example, hospice
care is a plan of care for patients with a prognosis of less
than 6 months of life, paid for through the publicly
funded Medicare and Medicaid Hospice Benefits, and
by most private health insurances, and mainly provided
at the patient’s home. In the UK, hospice and palliative
care is free at the point of delivery, is cancer-oriented, and
largely run by charities. Inpatient units, community, and
hospital-based services have also been developed.
International Challenges

Each year 58million people die in the world, 85% in
developing countries (WHO, 2005). Each death potentially
affects the lives of, on average, five other people in terms of
caregiving and grieving (Singer and Bowman, 2002). It is
therefore estimated that the total number of people
affected each year by death and dying currently stands at
290million, about 5% of the world population. Predictions
show that by 2030 there will be 74million deaths per year,
which will increase the number of people affected by death
and dying per year to 370million (Mathers and Loncar,
 WHO analgesic ladder is a method for pain relief
 can be summarized in five phrases:
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rder to permit wide applicability.

se for opioid drugs. The ‘right’ dose is the
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is does not relieve the pain, an opioid for mild to
an, typified by codeine, should be added as the
p of the ladder. If this fails, an opioid for
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e clock’
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(1996) Cancer pain relief with a guide to opioid availability.
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2005). This alone makes hospice and palliative care a global
public health issue. Changes in the pattern of diseases and
the world’s sociodemography add further reasons to why
hospice and palliative care should be not only a part of but
a priority for public health.
Expansion of Chronic Diseases

Improvements in public health and the control of infectious
diseases, industrialization, and consumerism have resulted
in great changes in the way people live and the diseases they
suffer and die from. Chronic diseases and cancers are now
the leading causes of death. Chronic diseases currently
account for 35million deaths annually, 60% of all world
deaths (WHO, 2005). Table 1 shows the predictions for
2030 – rising numbers of people dying from heart disease,
cerebrovascular disease including stroke, chronic respira-
tory disease, and respiratory infections, and cancers.

In 2005 24.6million people were living with cancer and
7.5million died from it (WHO, 2005). Although cancer
deaths are expected to reach 11.4million by 2030, these
will account for only 15.3% of all world deaths. Cardio-
vascular diseases, for example, will cause twice as many
deaths (23million) as cancer. The pandemic of HIV/
AIDS, which killed 2.8million people in 2005, is expected
to become the third leading cause of death in the world by
2030. In Africa, the scale of palliative care needs for HIV
disease and AIDS already outweighs by up to 10 times the
needs for cancer care. InUganda, for example, 20 000 cancer
patients need palliative care, while 200 000 AIDS patients
need these services (WHO, 2004a).
Sociodemographic Changes

In line with more chronic diseases, many countries have
experienced improvements in population life expectancy.
After reaching the age of 65, people now live on average
Table 1 World deaths (in millions) by leading causes, 2005 and 2

2005

Rank Death

Ischemic heart disease 1 7.6
Cerebrovascular disease 2 5.7

Lower respiratory infections 3 3.7

Chronic obstructive pulmonary disease 4 3.0
HIV/AIDS 5 2.8

Perinatal conditions 6 2.3

Diarrheal diseases 7 1.7

Tuberculosis 8 1.6
Trachea, bronchus, lung cancers 9 1.3

Road traffic accidents 10 1.3

Diabetes mellitus 11 1.1

Stomach cancer 15 0.9

Adapted from WHO (2005) Global Burden of Disease Statistics. http:
another 12–22 years (Davies and Higginson, 2004a). As a
consequence, growing and aging populations are an
important characteristic of world demography. The
world population increased from 2.5 billion in 1950 to
6.4 billion in 2005, with the rise being particularly sharp
in developing countries. The number of people aged
60 years and over has more than tripled since 1950,
when 10.4% of all people were in this bracket – 10.2%
in developed countries and 8.2% in developing regions.
The world population is predicted to be more than
8 billion by 2030. Figure 3 illustrates how the size of the
age group of 60 and over is expected to increase further
and to account for 16.7% of the world population by 2030.
Ifmore people live to older ages andwith increasing chronic
disease, then larger numberswill be livingwith their effects,
for longer, and dying from it. More people will need some
form of help toward the end of life.

The growing need for hospice and palliative care is
happening in a social context of changing family structure
and wider migration, employment and aging of potential
caregivers, particularly women who traditionally have
been relied on to care for and support people toward the
end of life (Davies and Higginson, 2004b). As the propor-
tion of working-age to older people declines, influenced
by the reduction in fertility rates, fewer women (and men)
will be able to provide support and care. Families have
become smaller, more dispersed and varied, affected by
increased migration, divorce, and external pressures. It is
therefore expected that health systems will be faced with
greater needs for the support of families and informal
caregivers caring for people near the end of life.
The Knowledge Base

As hospice and palliative care expanded, the science
developed accordingly, despite numerous challenges for
030

2030

s % Rank Deaths %

13.0% 1 9.7 13.1%
9.9% 2 7.7 10.3%

6.3% 5 2.6 3.5%

5.2% 3 6.5 8.7%
4.9% 4 5.9 7.9%

4.0% 10 1.6 2.1%

2.9% 16 0.9 1.2%

2.8% 9 1.8 2.4%
2.3% 7 2.2 3.0%

2.3% 8 2.1 2.8%

1.9% 6 2.3 3.1%

1.6% 11 1.4 1.8%

//www.who.int/healthinfo/bod/en/index/html.

http://www.who.int/healthinfo/bod/en/index/html
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the des ign of f easible but rigorous studies and ethical
issues concer nin g end-of -lif e matter s. The volume of
research has grown dramat ically, espec ially in the last
20 year s, to over 40 0 emp irical studies ( Geor ge, 2002 ).
Much is of good qua lity, but there are still impr ovements
to be made, name ly, the need for more longitu dinal stud-
ies of pa tients and their f amilies, quasi-exp erimental
meth ods, high-q uality and popu lation- based sampli ng
strateg ies, and bette r outco me meas ures.
Effectiv eness of Hospi ce and Palliative Care

Both the WHO and the UK National Institu te for Health
and Clini cal Excell ence (NIC E) have recently reviewed
the inter national evidence for the ef f ectiveness of
aspec ts of treatm ent and care that hospice and palliative
care have provided ( N ICE, 2004; WHO, 2004b ). They
re por ted on system atic reviews, inc luding stud ies of peo-
ple with can cer from many countrie s, demonstrat ing
strong evidence for impr ovements in simple outc omes
such as pain relief . When c linical guide lines on pain
control are followed, 70–9 7% of patients with advanced
cancer pain gain adequat e relie f . Stud ies find that good
f ace -to-f ace commu nication and infor mation givi ng
impr ove outcome s for patient s and f amilies (such as
sympto m control and satisf acti on with care) . Ther e is
extensive inter na tional researc h, inc luding randomi zed
control trials, showing that edu cation improves the
commu nication skills of health prof ession als, using such
techni ques inc luding on e-to-one contac t with patient s,
group discussi on, f eedback from audi otaped consu lta-
tions, and decis ion-mak ing aids . Good- quali ty evaluatio ns
of coordi nated care in the UK, th e United Stat es, Canad a,
Norway, and the N ether lands dem onstrate that this
results in bette r-quality ser vices, allows people to re main
in their ho mes, an d has a posit ive imp act on the quali ty of
lif e of caregiver s.

Over 40 stud ies, mos t of excell ent quality, have eval-
uated the ef f ectiveness of specialist palliative care ser-
vices . Desp ite conflictin g findings in initial reviews,
meta-an alysis now shows sm all bu t signific ant benef its
on a range of outco mes for patien ts and f amil ies, suc h as
pain con trol and other symptoms, and satisf action with
care. There is also preli minary evidence for the appli ca-
tion of mode ls of pall iative care for people with illnesses
other than cancer and in developi ng countr ies.

However, given the compl exity an d variety of inter-
ventions in hospice and palliat ive care, more work is
needed to test spe cific compon ents. Gaps in the evidence
base inc lud e stud ies of ef f ective metho ds of imp lementi ng
and sustaining good pra ctices by changing the behavior of
health prof essiona ls and redes igning ser vice deliver y.
There is also less evidence on the ef f ect iveness of
day care ser vices and compleme ntary th erapies, how to
provide psych ological inter vention s or specific ther a-
pies and spir itual su ppor t, how to educ ate and deliver
psycholog ical inter vention s for caregiver s, and to involve
user s in the design of ser vices.
Acce ss to Ser vices and Inequ ities

Al though hosp ice and pall iative care has bec ome more
widely acce ssible it is still a ser vice for re latively f ew. The
coverage of palliative care services varies across countries.
Population-based surveys estimate that only 7% of
patients dying from a life-threatening illness in the
United States get some form of specialist palliative care,
compared to 47%, for example, in Australia (Greiner
et al., 2003; Currow et al., 2004). Moreover, studies suggest
that those lacking access to such care may be those in

http://esa.un.org/unpp/
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greater need, such as the elderly and the poor (Higginson
and Koffman, 2005). Other disadvantaged groups include
ethnic minorities, people living in rural and remote areas,
those with dementia or learning disabilities, refugees,
and asylum seekers. Although this evidence has to be
contrasted with a more rigorous evaluation of need, it
gives rise to serious concerns about equity and a fair
distribution of hospice and palliative care in the popula-
tions. A systematic review identified several barriers to
access and referral to palliative care including lack of
knowledge and education among professionals, and a
lack of standardized referral criteria (Ahmed et al., 2004).
National surveys in various countries about public
awareness of hospice and palliative care reveal an
increasing but still limited understanding of hospice and
palliative care.
Recent Developments

Going Worldwide

Hospice or palliative care initiatives now exist, or are
under development, on every continent and in about 125
countries (Hospice Information, 2006). It is estimated that
more than 8500 hospice and palliative care services
including hospice inpatient units, hospital-based services,
community teams, and day care centers are available
worldwide. Palliative care services exist in 15 African
countries and are being planned in another 11. Models
in Uganda, Kenya, South Africa, and Zimbabwe show the
development of affordable, sustainable community-based
hospice and palliative care services, integrated with the
mainstream health service. Nevertheless, 21 countries in
Africa have no palliative care services.

International research networks have developed to
map services and explore palliative care across nations,
looking at issues such as pain control and place of
death. The European Association for Palliative Care, a
nongovernmental organization recognized by the Council
of Europe, coordinates research, education, and network-
ing across Europe. The International Association for
Hospice and Palliative Care is helping developing
countries to build programs suitable to local cultures
and those societies’ lifestyles. An innovative international
institute of palliative care, named after Dame Cicely
Saunders, opened in London in 2008, housing collabora-
tive networks, multiprofessional scholars and clinicians,
teaching facilities dedicated to palliative care, and an
information and resource center for patients and families.
Despite these initiatives and that U.S. estimates suggest
that 10 to 12% of total health-care costs are spent on
the end of life, there is a lack of funding for research in
this field (Higginson and Koffman, 2005). Several
countries have reviewed their national strategies and
found that less than 0.5% of cancer research funding is
devoted to palliative care. For example, this is 0.2% in the
UK and 0.9% in the United States (Davies and Higginson,
2004b).

Expanding hospice and palliative care globally, both in
practice and research, is an important step for the future
to keep up with the extent of the world need. In 2004 the
WHO recognized these international challenges, and ele-
vated palliative care to a public health priority and
pointed to a number of future directions: to address
human rights and preferences, ensure access to vulnerable
groups, improve the quality of palliative care and the
training for health professionals, and increase public
awareness of palliative care issues and options (Davies
and Higginson, 2004b).
Going Diseasewide

The original focus of palliative care on cancer enabled
important work on the effectiveness of different aspects
of care. However, more people die from other diseases
while experiencing similar problems and enduring multi-
ple symptoms. As services are still ‘biased’ toward those
with cancer, many noncancer patients are missing out on
care that may benefit them. Research shows that the prev-
alence of distressing symptoms is equally high in other
advanced diseases such as HIV/AIDS, heart failure, renal
failure, and chronic obstructive pulmonary disease
(Solano et al., 2006). Three symptoms – pain, breathless-
ness, and fatigue – are particularly common and are
reported by more than 50% of patients with each disease
(Table 2). This suggests that there is a common pathway
toward death in terms of symptom experience, and that
hospice and palliative care is relevant beyond cancer.

The time has now come to widen the scope of hospice
and palliative care to include patients with other life-
threatening illnesses and in earlier stages of disease.
The aspiration is to reach more people, without over-
whelming existing services. Aspects of assessment and
management will need careful planning. For example,
Figure 4 explains how the dying trajectory differs
between people dying from cancer, who face a sharp
functional decline in the last 5 months of life, compared
to patients with other diseases facing a more gradual
decline (Lynn and Adamson, 2003). A new way of thinking
about and modeling palliative care services for people
with nonmalignant diseases is already developing, based
on the identification of the specific needs of these
groups of patients and families. This is being explored
through new palliative care services for people with
neurological conditions (e.g., dementia, multiple sclerosis,
Parkinson’s disease) and HIV/AIDS. In parallel, there
is spreading awareness that advanced planning and
integrating palliative care earlier in the course of



Table 2 Palliative symptom grid of symptom prevalence in far-advanced diseasea,b

Symptoms Cancer AIDS Heart Disease COPD Renal Disease

Pain 35–96% 63–80% 41–77% 34–77% 47–50%
Depression 3–77% 10–82% 9–36% 37–71% 5–60%

Anxiety 13–79% 8–34% 49% 51–75% 39–70%

Confusion 6–93% 30–65% 18–32% 18–33% —

Fatigue 32–90% 54–85% 69–82% 68–80% 73–87%
Breathlessness 10–70% 11–62% 60–88% 90–95% 11–62%

Insomnia 9–69% 74% 36–48% 55–65% 31–71%

Nausea 6–68% 43–49% 17–48% — 30–43%

Constipation 23–65% 34–35% 38–42% 27–44% 29–70%
Diarrhea 3–29% 30–90% 12% — 21%

Anorexia 30–92% 51% 21–41% 35–67% 25–64%

aMinimum–maximum prevalence ranges were extracted from 64 original studies, identified through a systematic search in 2004 of

medical databases (Medline, Embase, and Psycinfo) and 12 textbooks of palliative care, internal medicine, and oncology.
bIn two occasions, a single study reported a prevalence range rather than a single point prevalence—anxiety for COPD and constipation

for renal failure; ‘—’ was displayed when no data were found for a specific symptom and condition (e.g., confusion for renal failure).
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disease are central issues in ensuring full access to pallia-
tive care for people with similar symptoms but different
disease trajectories (Figure 5). This will most likely
require a public health approach to the problem,
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including public education, general training of primary
care professionals in palliative care, and continued capac-
ity building. The most effective way to achieve this is still
a matter for further research.
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from different countries were collected in different ways, via
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the comparison that can be drawn, but highlights the need for

health-care systems across Europe to begin to collect this

information routinely. Some 15% of deaths in the Netherlands
also occur in residential homes for the elderly, and these are not

included in the graph above. Reproduced from WHO (2004)

Palliative care: The solid facts. Geneva: WHO.
Going Home

Since the beginnings of the hospice movement, it became
apparent that most terminally ill patients wish to remain
at home. Forty years later, over 30 studies show that
this is the overwhelming preference of patients, families,
and the general public, with inpatient hospices in second
place (Higginson and Sen-Gupta, 2000). Recent studies,
including national surveys in Ireland, the UK, Australia,
the United States, and Canada, find that 56–98% of
people want to die at home. This preference may change
as the disease progresses. Knowledge is still limited on
this matter because of the variety of ways of assessing
preferences and the lack of prospective studies. However,
it seems that prior experience, expectations, concerns of
being a burden to the others, and a positive or negative
view of home and hospital care may influence final
decisions.

Despite the development of hospice and palliative care
and the investment in home care services worldwide, most
people in many European and developed countries die in
the hospital; only one in four die in the place of their first
choice – at home– and less than 5%at their second choice –
an inpatient hospice (Figure 6). There is recent evidence
for the success of some countries such as the United States,
Canada, and Australia on fighting back this tendency and
enabling more to remain at home. In other countries, such
as the UK, Italy, and Japan, the trend toward hospitalization
at the end of life appears to persist.

The growing need for end-of-life care extends to all
countries, across all settings of care. But because of limited
capacity of institutional care, the demand is expected to
become greater for care at home. For example, in the UK,
if the current numbers of people dying in institutional
care do not change in the future (presuming capacity
maintains) the number of people dying at home per
year is expected to more than double by 2030 (Gomes
and Higginson, 2008). The reality in developing countries
is different. Given the lack of resources and the distance
to hospitals, patients and families may end up staying
at home, even if the available care is poor. The provision
of hospice and palliative care in the community is,
for different reasons, equally if not more important
in these regions. Improving the access and quality of care
at home and developing palliative care services to coordi-
nate care from other settings into the community are
therefore global targets for public health in the twenty-
first century.

Many factors influence whether patients are able to
die at home. Figure 7 illustrates the model of the
determinants of place of death developed in a meta-
analysis including studies with 1.5million patients from
13 countries (Gomes and Higginson, 2006). The findings
stress the need to consider and intervene in different
dimensions – related to the illness, to the individual and
the environment, improving the home care and support
available to patients and families. Palliative care has the
potential to target most of these aspects and allow people
to die at home, if they choose. Although the design of
evaluation studies preclude causative conclusions (e.g.,
randomization is not often feasible in palliative care),
trials of different methods of coordinating services
between hospital and the community and comparing pal-
liative home care against conventional care find that a
higher proportion of people can be helped to die at
home (Jordhoy et al., 2000).

In summary, hospice and palliative care aims to
empower patients and families facing a life-threatening
disease to live as actively and as well as possible. For
reasons related to increasing chronic disease and aging,
hospice and palliative care is a public health issue with
increasing pertinence. Table 3 shows the directions in
which public health interventions may contribute to
the continued growth of hospice and palliative care, to
meet growing needs in the world in an efficient and
sustained way.



Table 3 The public health role in expanding hospice and palliative care

Going worldwide Going diseasewide Going home

Human rights Address patients and families’ priorities, wishes, and preferences
Access Ensure access in all world

regions

Ensure access to noncancer

patients and earlier in the disease

course

Ensure access to home care

Quality of care Needs assessment
Data systems

Evaluation of services

Needs assessment
Advanced planning

Evaluation of services

Needs assessment
Advanced planning

Coordinated care

Intensive home care
Support for families

Professional training Referral criteria

Drug management

Psychological support

Referral criteria

Assessment and management of

nonmalignant diseases

Discussion of prognosis and preferences

with patients and families

Training primary care staff in
palliative care

Capacity building Developing countries Services for nonmalignant diseases In the community

Public education Meaning of hospice and

palliative care

Aims and eligibility criteria for

palliative care

Choices and services available

Factors related to illness – clinical changes that occur because of
illness. These relate to what caused the disruption in patients’
lives (the illness) and symbolize a threat to patients’ continuity
    Individual factors – account for the maintenance of patients’
individuality, comprising demographic variables (relatively stable
and unchangeable characteristics defining the patients’ identity)
and personal variables (which reflect the patients’ beliefs, wishes,
and inner resources to cope with the illness)
    Environmental factors – contextual determinants that comprise
variables related to the health-care input available and received by
the patients and carers, the patients’ social support networks, and
macrosocial factors (defined as determinants at a group or
system level related to a certain sociohistorical moment, political
approach, and culture defining a wide group of people)

The different factors in the model

Environmental factors

Health-care input
Use of home care Home

Home

Hospital

Hospital

Home

Hospital

Intensity of home care

Availability of inpatient beds

Previous admission to hospital

Rural environment

Areas with greater hospital provision

Home

Home

Home

Home

Social support
Living with relatives

Extended family support

Being married

Caregiver’s preferences

Home

Macrosocial factors
Historical trends

Home

Personal variables
Patient’s preferences

Hospital

HomeGood social conditions
Demographic variables

Place of death

Individual factors

Ethnic minorities

Home

HospitalNonsolid tumors

Factors related to illness

Long length of disease

HomeLow functional status

Figure 7 Model of the determinants of place of death. The proposed model of the determinants of place of death has four key
characteristics: (1) conceptually based – it was generated based on relevant theories and models applied in health research; (2)

evidence based – it was empirically tested through a systematic review that identified factors influencing death at home for terminally ill

patients with cancer for which there was high-quality and consistent evidence; (3) international – it incorporates the findings of 58
studies with 1.5 million patients from 13 countries; (4) multifactorial – it includes 17 factors associatedwith place of death, covering three

main groups of aspects, which are related to illness, the individual, and the environment, of which the latter was found to be the most

determinant. Reproduced from Gomes B and Higginson IJ (2006) Factors influencing death at home for terminally ill patients with

cancer: A systematic review. British Medical Journal 332: 515–521.
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Definition

Human exposure science is defined as a study of human
contact with chemical, physical, or biological agents
occurring in their environments and advances in knowl-
edge of the mechanisms and dynamics of events either
causing or preventing adverse health outcomes (Barr,
2006). It covers many areas of current research and appli-
cations within the field. Further, it can be used to embrace
the new opportunities for the development of exposure
measurement techniques as well as provide a basis for the
simulation of exposure events through the completion of
human exposure modeling as well as source and dose
modeling.
Background and History of the Field

The origins of exposure science are deeply rooted in
the fields of industrial hygiene and radiation health phys-
ics, where personal air monitoring in the workplace has
been conducted for over half a century. For many occupa-
tional situations and events, worker contact is measured
at the breathing zone to determine the levels of many
contaminants over the course of the work week or parts
of a work week. In radiation, there were also significant
attempts to complete exposure and dose modeling. This
information was used to quantify integrated or short-term
contacts with individual toxicants, and the results are
typically compared with standards or guidelines that
have been promulgated for a large number of chemical,
physical, and biological agents by various countries
around the world during the twentieth century. The
progression in the development of occupational hygiene
personal air monitors has been documented in the
Air Sampling Instrument Manual, which is in its 9th edition
(ACGIH, 2001). There also has been major progress in
the development of Biological Exposure Indices for work-
place contaminants, which are derived from the measure-
ment of contaminants or their metabolites in a biological
fluid. Over the years, such measurements have become
identified as biological markers of exposure. Since the
1980s, research has been conducted to develop expo-
sure models and frameworks for determining computa-
tional source-to-dose systems. Recent efforts include
work on pharmacokinetic processes (Georgopoulos and
Lioy, 2006).

The major difference between the activities associated
with occupational hygiene and exposure science is that
human exposure science includes not only occupational
exposures, but also extends the scientific inquiry to
exposures within the outdoor and indoor community
environments. This is an important consideration because
the intensity of exposure can be much lower in the com-
munity environment, even though it covers all the time
spent in various locations throughout a person’s total
day. As a result, the sampling and analysis techniques
for environmental exposure issues must be more sensi-
tive to detect lower concentrations (<1000 occupational
levels). At the same time, there is usually a need to
consider expanding the sampling and analyses to a
much larger suite of contaminants. The latter is necessary
since both the indoor and outdoor environment
within the community can have a complex mixture of
contaminants in one or more media (National Research
Council, 1991). Furthermore, the complexity of
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multiroute contact, activity patterns, and human beha-
viors required individual- and population-based exposure
and dose modeling to help focus on major issues.

In environmental pollution and health effects issues,
the way environmental regulations developed origi-
nally focused efforts on measuring the levels of contami-
nants that could be present in the air, water, and other
media. Basically, the initial measurements and standards
developed in the 1960s and 1970s were not directly
related to exposure to ambient pollution, but were
benchmarks of environmental quality associated with
contaminants present in a particular medium. The envi-
ronmental quality standards set by government agencies
attempted to link a concentration with the potential
health effects. However, there was no attempt to recon-
cile the contributions of contaminant from different
media or different locations to prioritize which would
yield the greatest opportunity for contact and possible
health effects.

During the late 1970s, the field of risk assessment
began to change the way we viewed environmental pollu-
tion and provided the foundation for activities that ini-
tially became known as exposure assessment. The term
exposure assessment evolved from the activities of risk
assessment, which required information on both hazard
and exposure to calculate risk. However, at that time risk
assessors had a very limited view of what could be accom-
plished by exposure assessment to help reduce the risk for
cancer and other diseases (National ResearchCouncil, 1983).
This was a reasonable assumption at that time since the
field of exposure had very few tools that were readily
accessible to investigators for quantitatively measuring
exposure in the community environment.

The two environmental problem areas that helped
advance the science used to assess exposure were (1) the
events that produced indoor air pollution, first examined
in detail in Europe, and (2) in the United States, the
exposures to contaminants present in the local environ-
ment around hazardous waste sites (National Research
Council, 1983, 1991). Each brought into the picture the
concept of multiple routes of exposure and the need to
define total exposure to environmental agents.

In the early 1980s, the first total human exposure study
was conducted by the US Environmental Protection
Agency, called the Total Exposure Assessment Method-
ology (TEAM). It was conducted in a number of locations
within the United States (Wallace, 1989). The primary
results of the study showed that even in a highly indus-
trialized area, e.g., Elizabeth, NJ, a majority of the expo-
sure came from indoor or personal sources. It also
introduced the use of biological markers such as a meth-
odology to link exposure to dose for a variety of agents
beyond lead. The TEAM study also illustrated the
need to seriously consider exposures that could occur
simultaneously via multiple routes, including inhalation,
ingestion, dermal, and/or injection. However, little mod-
eling was attempted on the TEAM data.

Since the initial TEAM studies, measurement and
modeling research associated with the indoor environ-
ment has expanded greatly. In fact, it has reached the
point where the indoor environment is considered not
only in terms of sources of indoor pollution, e.g., tobacco
smoke, unvented cooking smoke, and lead flaking from
surfaces, but as a dynamic environment where indoor
chemistry can occur between outdoor generated and infil-
trated ozone and volatile organics released indoors from
cleaning products, etc. In addition, semivolatile com-
pounds released indoors (e.g., organophosphate pesticides
and flame retardants) will redistribute indoors based upon
the temperature and ventilation factors, i.e., such com-
pounds can persist and build up on many types of surfaces
(Lioy, 2006).

The initial applications of exposure assessment to haz-
ardous waste sites brought to the scientific community
protocols for making worst-case point estimates of expo-
sure and risk. However, in many cases these did not
realistically assess the validity of the assumptions about
human contact with toxic agents. Nevertheless, they did
provide a starting point to begin considering the impact of
contact with an agent for multiple routes of exposure.
A recent draft document by the EPA has begun to look
more closely at the different layers of exposure and risk
assessments to environmental contaminants (Environ-
mental Protection Agency, 2006). Concepts associated
with hazardous waste problems were very important for
epidemiology, since study designs for specific pollutants
or classes of pollutants needed to consider which route
would be most important for sampling and analysis to
estimate exposure, response relationships for a population
of concern.

In the United States, the first true recognition of the
need to examine total exposure, identified as contact to an
agent across all media and routes of entry into the body,
came as a result of a food quality protection act. This
federal mandate outlined an approach to aggregating
the exposures to pesticides across media and three ex-
posure routes (inhalation, dermal, and ingestion). Aggre-
gate exposure was defined as contact with a single
pesticide across all routes of exposure and has been ex-
tended to include other chemical, physical, and biological
toxicants (Environmental Protection Agency, 2001). This
concept was augmented by the introduction of cumulative
exposure, which is defined as contact with multiple con-
taminants over a single route of exposure or the long-term
exposure to a single contaminant (Environmental Protec-
tion Agency, 2003). To adequately achieve these types
of characterizations, exposure measurements should be
combined with exposure modeling to generalize the
results and provide a way to determine how to mitigate
a particular problem. The measurement and modeling of
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exposure is important for each application to meet the
needs of prospective epidemiological studies and studies
that attempt to quantify the dynamic processes that lead
to contact with contaminants that cause acute or chronic
health effects.
The Fundamentals of Human
Exposure Science

In 1987, the National Academy of Sciences (NRC) recog-
nized the need to provide a basic framework for the field,
and at that time defined the concept of human exposure as
‘‘an event which results in contact with a chemical,
biological or physical agent at a boundary of the human
body at points in space over a specified time,’’ (Duan,
1982; Lioy, 1990; National Research Council, 1991) and
is represented by the following equation:

E ¼ St1t0CðtÞdt:
where E is exposure, C(t) is the time varying concentra-
tion, and t, the time of contact over an interval between
t0 and t1. In some circumstances, this equation can be
reduced to a summation that reflects the incremental
addition of exposures because most measurements cur-
rently cannot measure exposure continuously in all loca-
tions and for all activities or routes of contact. In these
situations, the measurements or estimates that are made
for determining the concentrations (C(t)) are called
micro-environmental measurements (Duan, 1982; Lioy,
1990; National Research Council, 1991). Examples would
be measurements and model estimates made of contact
with house dust, general room air, smoky coal stove
kitchen areas in Asia, near roadway air and dust, tap
water, shower water, yard soil, surfaces, toys, motor vehicle
passenger compartments, etc.

However, the NRC report established a further
requirement for human exposure science, namely that
an individual’s or a population’s contact with an agent is
not only driven by the concentrations found in environ-
mental media, but also linked to a biologically relevant
time of a person’s contact with the contaminants of con-
cern. Thus, characterization of exposure goes beyond the
simple application of the above equation, and the critical
value of concern is t1 – t0, the interval of time of con-
tact with the concentration present in each route of
contact. This is important because it requires one to
identify the nature of a biological, chemical, or physical
toxicant causing acute or chronic effects. Further, it places
the person or persons at the correct points, in both space
and time, for realistically having the potential to exhibit
the symptoms or health outcomes associated with the
contaminant(s) of concern. (Lioy, 1990; National Research
Council, 1991).
The NRC also recognized that in addition to a location
related to an event, there needs to be an understanding of
the human activities that could increase or decrease the
impact of exposure. This information is necessary to
determine the approaches required to prevent or mitigate
a source. Such concepts could then be applied to a variety
of personal, indoor, or outdoor situations that lead to
contact with a toxicant. This has led to a specific area of
inquiry in the field that examines the activities and activ-
ity patterns that result in significant contact with a con-
taminant, and at the same time differentiates these
contacts according to age, sex, lifestyle, etc. Investigations
associated with human activities and personal behaviors
include questionnaires, video taping, and technician
observation. The results from applications of these tech-
niques have led to major improvements in exposure char-
acterizations, especially among children. For example, we
now know that young children can have hand-to-mouth
behavior within a range of less than 10 to up to 40 contacts
per hour. This is important when combined with the
potential for numerous contacts with surfaces that may
or may not be contaminated. The latter depends upon
the sources of a contaminant and the child’s location
(Cohen-Hubel et al., 2000). These data are also valuable
as input to distributional estimates of population exposure
and dose.

A basis for linking exposure to scientific issues and
other disciplines in the research environment and envi-
ronmental health sciences is the source-to-effect contin-
uum. This has developed over the past 20 years, and as
shown in Figure 1, the process continuum places research
on human exposure as a bridge to the research, monitor-
ing, modeling completed by traditional environmental
sciences, including the sources of the emissions of a con-
taminant. This bridge then links these processes to the
results obtained through toxicological research on a con-
taminant’s mechanisms of action and finally to clinical
and epidemiological studies on health effects among the
general population and susceptible individuals (Lioy,
1990). Thus, the accurate identification of the intensity
of contacts between a person and a chemical, physical, or
biological agent is valuable in linking a source and a
contaminant released, or formed after release, to an
acute or long-term health effect. The continuum is envi-
ronmental medium- and route of contact-independent,
but can be used to combine across media and routes of
contact to establish total exposure (defined earlier) and
ideally provide information as to what could cause a
human health effect. In addition, it provides a framework
for the development of computational models that can
simulate the movement of a contaminant across the
source-to-effect continuum, including the estimation on
dose using physiologically based pharmacokinetic pro-
cesses. Finally, these processes and analyses can be used
to establish the level of certainty associated with an
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exposure and/or dose to metrics of early expression of
disease or a specific health outcome. For example, expo-
sure characterizations based upon emission estimates and
the general location of an individual or population will
have more uncertainty than the actual measurement of
exposure in locations where a person would be in contact
with the agent of concern.

It should be noted that the continuum also provides a
logical approach to designing studies that can investigate
hypotheses on the dynamics of exposure, e.g., the intensity
of contact with a contaminant. This is important since the
continuum is not only to place the application of exposure
science in perspective but also to define areas of indepen-
dent and interdependent inquiry on human contact with
contaminants (see Figure 1) (Lioy, 1990; National
Research Council, 1991).

Exposure characterizations using measurement and
modeling tools can be completed at both individual and
population levels. Each is equally important, but usually
has different objectives and has different degrees or com-
plexities in data requirements. Individual exposure char-
acterizations are completed for a variety of purposes
(National Research Council, 1991). Historically, the sim-
plest was the use of the extant concentration and exposure
factor (e.g., inhalation rate, a dermal contact rate, weight,
etc.) data to estimate a maximum exposed individual. The
purpose of such analyses was usually to provide screening
level exposure and risk assessments. The target individual
could be a hypothetical person who has a total inability
to remove him- or herself from contact with an agent that is
present in one or more exposure pathways. On the
other extreme of individual exposure characterization
would be an individual who has been or may be exposed
to a toxicant, and a personal monitoring study is com-
pleted to determine the actual intensity of exposure.
Other data would be collected such as a personal interview
or questionnaire or other microenvironmental measure-
ments, to help determine the proximate (e.g., rugs) or
ultimate (e.g., soil) source of the exposure to that individual.
The individual measurement studies and subsequent gen-
eralizations completed through computational analyses are
very useful in clarifying clinical diagnoses, intervention,
and prevention strategies as well as source replacement.

Population exposure characterizations can be used to
provide information similar to those identified for the
individual. In the case of screening analyses, extant data
will be employed and include concentration patterns for
exposure pathways; information on contact rate, other
exposure factors (e.g., sex, age), and a range of activities
associated with the population(s) (Georgopoulos and
Lioy, 2006). The results from these analyses provide one
or more distributions of exposure among the population
at potential risk, including a mean. The population esti-
mates may also provide information on the range of expo-
sures that could occur for the group of individuals at the
high or low end of the distribution. These are usually
considered above and below the 90th and 10th percentiles,
respectively. In recent years, statistical techniques, includ-
ing Monte Carlo analysis, have been adapted to construct
exposure distributions. A bit of caution should be noted
here, however: The distribution functions used in any
distributional exposure calculation must be reviewed for
all variables. In some cases, investigators have used nor-
mal, log-normal, square wave, and even point estimates to
represent exposure. Therefore, the results can differ
from investigator to investigator for a particular analysis.
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Further, such analyses can provide reasonable informa-
tion on the most exposed groups of people, but these do
not necessarily represent the most susceptible groups of
individuals. In addition to the preceding, some measure-
ment studies will accumulate enough data to establish an
actual distribution of exposure from personal monitoring
or biological marker data. For other situations, distribu-
tions will be constructed using a combination of extant
data (activity patterns) and concentration or personal
monitoring data (Georgopoulos and Lioy, 2006).

With the development of exposure science as a
discipline, another approach has been added to complete
exposure characterization, which has been defined as
source-to-dose modeling (Georgopoulos and Lioy, 2006).
It starts with fundamental principles on how a chemical is
released and formed (secondary product), uses mathemat-
ical representations of the transport to an individual or a
population, then estimates contact with an agent, and
finally estimates exposure. Subsequently, potential and
internal dose are calculated using physiological factors
for the body, and the application of pharmacokinetic mod-
eling for the agent of concern. This has been done for both
individuals and the general or susceptible populations;
however, the data needs for such analyses and the model-
ing components necessary to complete such analyses can
be extensive.

The general equation for any dose is:

D ¼
Z

EðtÞ CR f ðaÞ dt

where D is a dose, E(t) is the time-varying exposure, CR
is the contact rate (inhalation rate, water intake frequency,
dermal absorption), and f (alpha) are variables that reduce
the initial potential dose by excretion, metabolism, etc. to
yield the internal dose (e.g., an agent in the blood) and
possibly a biologically effective dose (the amount of the
agent that actually causes injury in an organ, etc. (Lioy,
1990). For the moment, we are attempting to reduce the
uncertainty in both the measurement and prediction of
exposure and contact rate. In the future, it is anticipated
that new biological markers will be developed that can
give us a quantitative measure of genetic damage or
quantitative information on an early marker of disease.
This information is necessary to improve our ability to
predict exposures to the general public and susceptible or
underserved populations that may be important for
understanding the factors that lead to early indications
of disease or the manifestation of a health effect or symp-
toms. Recently, Georgopoulos and Lioy (2006) introduced
the concepts of Individual Based Exposure Modeling
(IBEM) and Population-Based Exposure Modeling
(PBEM), which can also be extended through PBEM
analyses to dose estimation. (This approach can also be
considered as a basis for developing new tools to recon-
struct exposure for biomarker data.)
Measurements of Human Exposure

Exposure science has two primary methods for measuring
exposure: The indirect measurement approach and the
direct measurement approach. Direct exposure involves
using a number of techniques for taking measurements of
a contaminant in a person for a point of contact associated
with one or more routes of entry into the body or by
measuring a contaminant marker in a person’s body that is
proportional to the level of a contaminant at the point of
contact (Duan, 1982; National Research Council, 1991).
Each can be used to extend the results to larger popula-
tions if studies are appropriately designed to include
variables essential to simulations of exposure by compu-
tational modeling.

Indirect exposure techniques involve measuring the
agent at locations or during activities or events partici-
pated in by a person or population and measuring how
long the person is in that location or his or her participa-
tion in that activity. Finally, indirect measurements can be
completed by sampling for the contaminant in all media
(air, water, soil, and food) encountered by a person and
quantifying the plausible types and intensity of contact
using extant data, e.g., general activity patterns.

The direct measurement technique is derived from
industrial hygiene practice and radiation health physics
and includes the collection and analysis of samples taken
externally of the body at a point of contact that is expected
to lead to exposure by one or more routes of entry into
the body. Included in the tool box for current exposure
science issues and applications are passive and active
personal air monitoring devices, video taping of activities,
washes from the surface of the skin, duplicate diets, and
glasses of water or other fluids that are consumed by an
individual. These can provide either integrated or contin-
uous measurements, but to date most provide integrated
sample results. Major studies have been conducted over
the past 15 years in a variety of settings to examine either
aggregate or cumulative exposure and single-route or
total human exposure.

In addition to the above, one direct exposure measure-
ment technique is actually derived from medicine, the
sampling and analysis of a material present in a biological
fluid. The most frequently used and quoted measurement
in the 1970s was the amount of lead in blood. The suite of
techniques available today for exposure characterization
has become known as biological markers of exposure,
which are now measured in exhaled breath, urine,
hair, breast milk, etc. Included are measurements of radi-
ation, volatile organic compounds, metals, and metabo-
lites (National Research Council, 2006). Biological fluid
measurements are point-in-time measurements that
provide information on a recent exposure (e.g., benzene)
or exposure that has integrated over time (e.g., lead or
PCBs). The interpretation of these results beyond
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analyses for status and trends is difficult without other
information on the route of contact with the contaminant
or the source. These data can be acquired by other direct
measurement and indirect measurement tools and must
be considered essential for any study that has biological
markers as a cornerstone of the investigation; they are
essential for completing computational analysis to recon-
struct exposure. From the standpoint of public health, this
additional information is necessary for explaining signifi-
cant results beyond the simple recognition that one has
been exposed. For people who have low values, the basic
biological marker data still need to be placed within a
broader context of where one fits along a distribution of
exposure and what this means in terms of long-term risk.

The direct markers of exposure are now employed in
both the industrial hygiene and the environmental expo-
sure applications for epidemiology, intervention, clinical
evaluations, and prevention programs to improve the
public’s health. Today, the CDC periodically measures
the levels of toxic agents, or their metabolites or adducts,
for a statistically representative subgroup of the general
population in the United States in the National Heath and
Nutrition Survey (NHANES) (National Research Coun-
cil, 2006) and provided similar measurements during the
US Environmental Protection Agency-funded National
Human Exposure Assessment Survey NHEXAS program
(Pellizzari et al., 1995; Sexton et al., 1995). During the
development of NHEXAS, a conceptual framework was
developed by Pellizzari et al. for an exposure study; the
design is illustrated in Figure 2 (Pellizzari et al., 1995).

The design provides a process determining person
selection (person selection unit, PSU) and then selects
the types of indirect and direct measurements of expo-
sure. The clear message is that all measurements must be
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Figure 2 Conceptual framework for an exposure study.
related in some way to the time and activity patterns of
the individual in order to eventually provide individual
and population inferences on exposure.

In addition to the many exposure studies that have been
conducted in the United States since NHEXAS, exposure
measurement programs and studies have been completed
in European nations (e.g., Germany and Finland) and
other developed or developing countries around the
world (e.g., People’s Republic of China and Korea).

The indirect method for measuring exposure is actually
a tool for providing a reasonably accurate estimate of expo-
sure. Programs and studies that use this strategy are imple-
mented in contrast to the direct method for a number of
reasons. First, and probably foremost, direct exposure mea-
surements require the active participation of subjects, and
the more invasive the program (e.g., drawing blood), the
harder it is to obtain enough subjects to study. Employing
human subjects also requires extensive recruitment strate-
gies, active participation of the volunteers (scheduling), and
retention strategies. Each of these problems can be solved,
but at times they also limit the level of scientific questions
that can be asked because of limitations in instrumentation
and field personnel. In contrast, the indirect method is
primarily an advanced form of environmental monitoring,
and is usually referred to as microenvironmental monitor-
ing. The design of an indirect exposure study requires prior
knowledge of activities and locations of concern for the
population or individuals that are being examined for expo-
sure. Therefore, in these studies measurements can be
obtained for some of the following: Indoor room air (e.g.,
kitchen, bedroom); surface and/or rug dust; residential or
community shower or tap water; surface soil; toys
and clothing; outdoor ambient, residential, or neighborhood
air; and food basket survey data on food use and/or
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contaminants. Questionnaire data on activities, source use,
hobbies, work schedule, etc., and motor vehicle passenger
compartment air are typical examples. These would change
based upon the location and the specific issues of the popu-
lation to be studied and the duration of the study.

The major difference that currently exists between the
two approaches is the ability of the indirect measurements
to examine the variability in exposure because multiple
measurements can be taken continuously or frequently
over relatively short periods of time. Further, a study can
be extended to cover large numbers of exposure periods
such as seasons and easily be repeated in a number of
diverse locations. Because of the invasive nature or the
degree of human subject compliance needed to acquire
direct measurements, the results obtained will be more
limited in time and frequency. In most cases, investigators
have to employ spot samples (morning void of urine),
integrated values for contact with toxicants (passive air
monitors), periodic personal sampling (drinking water or
duplicate diet, air samples, and periodic biologic fluid sam-
pling (blood, urine, or hair samples). Thus, only indirect
methods will be able to collect more complete and longer-
term databases for use in exposure characterization via
computational models. The one downside to extensive
application of an indirect measurement study is that
there will be greater uncertainty in the calculations that
will be made to estimate individual- or population-based
exposures and doses.

The NHEXAS program mentioned above in this sec-
tion was planned and designed specifically to address total
exposure to a statistically representative population. This
study had three overlapping study strategies and was
conducted in the Great Lakes Region of the United States,
the state of Arizona, and the city of Baltimore. The overall
study design has been summarized in a scientific article by
Sexton et al. (1995). Each of the above-mentioned loca-
tions measured a suite of contaminants, including metals,
pesticides, and volatile organic species, in multiple expo-
sure pathways, as described in Figure 2. They also
employed questionnaires or video taping to provide data
that could be used to examine the major contributors to
exposure such as sources and routes of contact. These
latter data ensured that the results provided opportunities
to evaluate the dynamics of exposure by combining the
results obtained using both direct and indirect mea-
surement tools through model simulation of the data
(Georgopoulos and Lioy, 2006).

In the future, the exposure science goal is to develop
more and better sensors that can measure personal expo-
sure continuously or with greater frequency, but at the
same time reduce subject burden. With the development
of nanosensors, this may be possible for many types of
personal samples. However, in most cases these are still
years away. Furthermore, if the promise of toxico-
genomics and proteomics are achieved, there may be a
new suite of biological markers of exposure and effects
that can reduce the uncertainty in exposure characteriza-
tion and reduce uncertainties in the estimation of dose in
source-to-dose models. Better and more dynamic (more
frequent) measurements of a biomarker in the body can be
used in computational modeling to reconstruct exposure,
i.e., the inverse of source-to-dose modeling, namely dose-
to-exposure route and source. However, this approach
will have to be developed on a contaminant-by-contami-
nant basis, because of the need for better mechanistic and
pharmacokinetic data.

At the present time, there are options that need to be
explored more seriously to bring direct and indirect mea-
surements closer together. Such measurement tools could
involve the use of robotic sensors and the implementation
of prospective human exposure studies. Robotic samplers
may provide an interesting compromise between direct
and indirect monitoring because the investigator can
design it to mimic human activities and contact (a direct
measurement advantage) and at the same time sample
frequently or repeatedly and without the need to obtain
active participation from a subject to determine the pres-
ence or absence of a contaminant for one or more routes
of exposure. The prospective approach uses highly
trained technical personnel to complete scripted tasks to
mimic the exposure that could be experienced by indivi-
duals. This form of measurement will be very important
for understanding the dynamics of exposure since it
allows the investigator to examine critical questions
about contact. The approach has been used to study
pesticides through the use of jazzercise scripts to mimic
contact with a pesticide on surfaces (Cohen-Hubel et al.,
2000). It has recently been employed to measure air
pollution exposure along walking trails in an urban park
and in a tracer experiment among street canyons. Fur-
thermore, prospective exposure studies using scripted
activities can also be designed that use inert tracers.
Such investigations can be of significant value in simulat-
ing the types of exposures that could be experienced
during a terrorist attack or a major industrial accident.
Summary

The fundamental principles of the field of exposure sci-
ence have evolved over the past 25 years. Currently, the
field provides a number of different measurement and
modeling tools and methods that are used to examine
the contact between a person or a group of persons and
contaminants that can be present in the personal, occupa-
tional, neighborhood, or home environment. Studies can
be conducted to provide information along a continuum
that includes the source of a contaminant to a biological
effect. The design of exposure characterization studies
can include direct and indirect measurements of
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contact with contaminants and the exposures and doses
can be simulated by using exposure modeling and source-
to-dose modeling.

All of the above can be tailored to evaluate single or
multiple contaminants and/or for single or multiple routes
of entry into the body. The fact that both individual- and
population-based exposures can be measured or estimated
provides a number of opportunities for public health
professionals to obtain information that can help solve or
mitigate a problem. The results from exposure character-
izations can be used to employ intervention, prevention,
and interdiction strategies for individuals and large popula-
tions that are in contact with contaminants. Furthermore,
the new exposure measurement and modeling tools should
be employed in epidemiological studies to reduce uncer-
tainties in establishing exposure response relationships.
Finally, exposure estimations and measurements need
to be considered in policy decisions and accountability
activities associated with major regulations and the out-
comes of major control strategies, respectively.
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Introduction

The origin and justification for human rights, whether
anchored in natural law, positive law, or other theories
and approaches laid out by various authors, as well as their
cultural specificity and actual value as international legal
commitments, remains subject to ongoing lively debate.
Theoretical and rhetorical discourses continue to chal-
lenge and enrich current understanding of the relevance
of human rights for policy and governance. Nonetheless,
human rights have found their way into public health and
play today an increasing role in the shaping of health
policies, programs, and practice.

Health and human rights are not distinct but inter-
twined aspirations. Viewed as a universal aspiration, the
notion of health as the attainment of physical, mental, and
social well-being implies its dependency on and contribu-
tion to the realization of all human rights. From the same
perspective, the enjoyment by everyone of the highest
attainable standard of physical and mental health is in
itself a recognized human right. From a global normative
perspective, health and human rights are closely inter-
twined in many international treaties and declarations
supported by mechanisms of monitoring and accountabil-
ity (even as their effectiveness can be questioned) that
draw from both fields.

With respect to health specifically, it is arguably
viewed as an important prerequisite for and desirable
outcome of human development and progress. Health is

. . .directly constitutive of the person’s wellbeing and it

enables a person to function as an agent – that is, to

pursue the various goals and projects in life that she has

reason to value. (Anand, 2004: 17–18)

Health is also the most extensively measured component
of well-being; it benefits from dedicated services and is
commonly seen as a sine-qua-non for the fulfillment of all
other aspirations. It may also be. . . ‘‘a marker, a way of
keeping score of how well the society is doing in deliver-
ing well-being’’ (Marmot, 2004: 37).

Health and human rights individually occupy privileged
places in the public discourse, political debates, public
policy, and the media, and both are at the top of human
aspirations. There is hardly a proposed political agenda that
does not refer to health in its own right, as well as justice,
security, housing, education, and employment opportu-
nities – all with relevance to health. These aspirations are
often not framed as human rights but the fact that they are
contained in human rights treaties and often translated into
national constitutions and legislations provides legal sup-
port for efforts in these areas.

Incorporating human rights in public health policy
therefore responds to the demands of people, policy
makers, and political leaders for outcomes that meet
public aspirations. It also creates opportunities for helping
decipher how all human rights and other determinants of
well-being and social progress interact. It allows progress
toward these goals to be measured and shapes policy
directions and agendas for action.

This article highlights the evolution that has brought
human rights and health together in mutually reinforcing
ways. It draws from the experience gained in the global
response to HIV/AIDS, summarizes key dimensions of
public health and of human rights and suggests a manner
in which these dimensions intersect that may be used as a
framework for health policy analysis, development, and
evaluation.
Human Rights as Governmental
Obligations

Human rights constitute a set of normative principles
and standards which, as a philosophical concept can be



Table 1 The right to highest attainable standard of health,

Article 12 of the International Covenant on Economic, Social and

Cultural Rights

1. The States Parties to the present Covenant recognize the right
of everyone to the enjoyment of the highest attainable standard

of physical and mental health

2. The steps to be taken by the States Parties to the present
Covenant to achieve the full realization of this right shall include

those necessary for:

a. The provision for the reduction of the stillbirth rate and of

infant mortality and for the healthy development of the child
b. The improvement of all aspects of environmental and

industrial hygiene

c. The prevention, treatment, and control of epidemic,

endemic, occupational and other diseases
d. The creation of conditions which would assure to all medical

service and medical attention in the event of sickness

From United Nations (1966a) Article 2, International Covenant on

Economic, Social and Cultural Rights. United Nations General
Assembly Resolution 2200A [XX1], 16/12/1966, entered into

force 03/01/1976 in accordance with Art 17. New York: United

Nations.
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traced back to antiquity, with mounting interest among
intellectuals and political leaders since the seventeenth
century (Tomushat, 2003). The atrocities perpetrated
during World War II gave rise, in 1948, to the Universal
Declaration of Human Rights (United Nations, 1948)
and later to a series of treaties and conventions that
extended the aspirational nature of the UDHR into
instruments that would be binding on states under inter-
national human rights law. Among these are the Interna-
tional Covenant on Civil and Political Rights (ICCPR)
and the International Covenant on Economic, Social,
and Cultural Rights (ICESCR), both of which came
into force in 1976.

Human rights are legal claims that persons have on
governments simply on the basis of their being human.
They are ‘‘what governments can do to you, cannot do to
you and should do for you’’ (Gruskin, 2004). Even though
people hold their human rights throughout their lives,
they are nonetheless often constrained in their ability to
fully realize them. Those who are most vulnerable to
violations or neglect of their rights are also often those
who lack sufficient power to claim the impact of the lack
of enjoyment of their rights on their well-being, including
their state of personal health. Human rights are intended
to be inalienable (individuals cannot lose these rights any
more than they can cease being human beings); they are
indivisible (individuals cannot be denied a right because it
is deemed less important or nonessential); they are inter-
dependent (all human rights are part of a complementary
framework, one right impacting on and being impacted by
all others) (United Nations, 1993). They bring into focus
the relationship between the State – the first-line provider
and protector of human rights – and individuals who hold
their human rights simply for being human. In this regard,
governments have three sets of obligations toward their
people (Eide, 1995):

. They have the obligation to respect human rights,
which requires governments to refrain from interfering
directly or indirectly with the enjoyment of human
rights. In practice, no health policy, practice, program,
or legal measure should violate human rights. Policies
should ensure the provision of health services to all
population groups on the basis of equality and freedom
from discrimination, paying particular attention to vul-
nerable and marginalized groups.

. They have the obligation to protect human rights, which
requires governments to take measures that prevent
non-state actors from interfering with human rights,
and to provide legal means of redress that people
know about and can access. This relates to such impor-
tant non-state actors as private health-care providers,
pharmaceutical companies, health insurance companies
and, more generally, the health-related industry, but
also national and multinational enterprises whose
actions can impact significantly on lifestyle, labor, and
the environment such as oil and other energy-produc-
ing companies, car manufacturers, agriculture, food in-
dustry, and labor-intensive garment factories.

. They have the obligation to fulfill human rights, which
requires States to adopt appropriate legislative, admin-
istrative, budgetary, judicial, promotional, and other
measures toward the full realization of human rights,
including putting into place appropriate health and
health-related policies that ensure human rights pro-
motion and protection. In practice, governments should
be supported in their efforts to develop and apply these
measures and monitor their impact, with an immediate
focus on vulnerable and marginalized groups.

Government responsibility for health exists in several
ways. The right to the highest attainable standard of
health appears in one form or another in most interna-
tional and regional human rights documents, and equally
importantly, nearly every article of every document can
be understood to have clear implications for health.
The Right to Health

The right to the highest attainable standard of health
builds on, but is by no means limited to, Article 12 of
the ICESCR (Table 1). Rights relating to autonomy,
information, education, food and nutrition, association,
equality, participation, and nondiscrimination are integral
and indivisible parts of the achievement of the highest
attainable standard of health, just as the enjoyment of the
right to health is inseparable from all other rights,
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whether they are categorized as civil and political, eco-
nomic, social, or cultural. This recognition is based on
empirical observation and on a growing body of evidence
that establishes the impact that lack of fulfillment of any
and all of these rights has on people’s health status: Edu-
cation, nondiscrimination, food and nutrition epitomizing
this relationship (Gruskin and Tarantola, 2001). Con-
versely, ill-health constrains the fulfillment of all rights
as the capacity of individuals to claim and enjoy all their
human rights depends on their physical, mental, and
social well-being.

The right to health does not mean the right to be
healthy as such, but the obligation on the part of the
government to create the conditions necessary for indivi-
duals to achieve their optimal health status. In addition to
the ICESCR, the right to health is further elaborated in
CERD (Convention on the Elimination of all forms of
Racial Discrimination, 1965); in CEDAW (Convention on
the Elimination of all forms of Discrimination against
Women, 1979), and CRC (Convention on the Rights of
the Child art 24 1989) and in a range of regional human
rights documents.

In May 2000, the United Nations Committee on
Economic, Social, and Cultural Rights adopted a Gen-
eral Comment further clarifying the substance of gov-
ernment obligations relating to the right to health (UN
Committee on Economic, Social and Cultural Rights,
2000). In addition to clarifying governmental responsi-
bility for policies, programs and practices impacting the
underlying conditions necessary for health, it sets out
requirements related to the delivery of health services
including their availability, acceptability, accessibility,
and quality. It lays out directions for the practical appli-
cation of Article 12 and proposes a monitoring frame-
work. Reflecting the mounting interest in determining
international policy focused on the right to health, the
UN Commission on Human Rights appointed in 2002 a
Special Rapporteur whose mandate concerns the right of
everyone to the enjoyment of the highest attainable
standard of physical and mental health. The Special
Rapporteur’s role is to undertake country visits, transmit
communications to states on alleged violations of the
right to health, and submit annual reports to the Com-
mission and the UN General Assembly. Accordingly,
through publication review and country visits, the Spe-
cial Rapporteur has explored policies and programs
related to such issues as maternal mortality, neglected
medicines, and reproductive health as they connect to
human rights (Hunt, 2007).

All international human rights treaties and conventions
contain provisions relevant to health as defined in the
preamble of the Constitution of theWorld Health Organi-
zation (WHO), repeated in many subsequent documents
and currently adopted by the 191 WHO Member States:
Health is a ‘‘state of complete physical, mental, and social
well-being, and not merely the absence of disease or infir-
mity.’’ The Constitution further stipulates that ‘‘The
enjoyment of the highest attainable standard of health is
one of the fundamental rights of every human being with-
out distinction of race, political belief, economic or social
condition.’’ The Constitution was adopted by the Interna-
tional Health Conference held in New York from 19 June
to 22 July 1946, signed on 22 July 1946 by the representa-
tives of 61 States (World Health Organization, 1946), and
entered into force on 7 April 1948. Amendments adopted
by the Twenty-sixth, Twenty-ninth, Thirty-ninth and
Fifty-first World Health Assemblies (resolutions
WHA26.37, WHA29.38, WHA39.6 and WHA51.23)
came into force on 3 February 1977, 20 January 1984, 11
July 1994 and 15 September 2005, respectively, and are
incorporated in the present text.
The Emergence of a New Public Health

The focus of public health from its inception in the
eighteenth century through the mid-1970s remained on
combating disease and some of its most blatant social,
environmental, and occupational causes. The state acted
as a benevolent provider of services and the source of
policies, laws, regulations, and practices generally based
on the disease prevention and control model emphasizing
risk- and impact-reduction strategies through immuniza-
tion, case finding, treatment, and changes in domestic,
environmental, and occupational hygiene.

In 1978, the Alma Ata conference solidified a new
international health agenda (Litsios, 2002). The aim of
achieving Health for All by the Year 2000 was put forward,
and this was to be achieved through a Primary Health
Care (PHC) approach. Invoking the human right to the
highest attainable standard of health, the Declaration of
Alma Ata called on nations to ensure the availability of
the essentials of primary health care, including education
concerning health conditions and the methods for pre-
venting and controlling them; promotion of food supply
and proper nutrition; an adequate supply of safe water and
basic sanitation; maternal and child health care, including
family planning; immunization against major infectious
diseases; prevention and control of locally endemic dis-
eases; appropriate treatment of common disease and inju-
ries; and provision of essential drugs (Declaration of Alma
Ata, 1978).

The 1980s also witnessed the recognition that health
was not merely determined by social and economic status
but was dependent on dynamic social and economic
determinants that could be acted upon through policy
and structural changes. In 1986, the Ottawa Charter on
Health Promotion helped sharpen the vision of the
relationships between individual and collective health
and its social, economic, and other determinants (Ottawa
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Charter for Health Promotion, 1986). The Charter
spelled out the fundamental conditions and resources for
health as peace, shelter, education, food, income, a stable
ecosystem, sustainable resources, social justice, and
equity. All of these prerequisites could have been framed
as human rights. Probably to stay clear from political
controversy that could have been divisive and best been
addressed in a United Nations forum, however, the
Charter did not explicitly bring human rights or state
obligations into play.

The late 1980s and the 1990s saw growing attention
being directed in the policy discourse to human rights and
to their particular implications for health, and this
resulted from several factors. First, the ICCPR and
IESCR entered into force in 1976, and in the 1980s the
UN Committees responsible for the monitoring of their
implementation had begun to decipher their actual mean-
ing and core contents, making the obligations of govern-
ments explicit and measurable. Second, the decay of the
world geopolitical block ideologies of the late 1980s and
the advent of economic neoliberalism created a space for
alternate paradigms to help shape public policy and inter-
national relations. Human rights entered the scene of
geopolitical reconstruction and became common parley
after the Glasnost and the fall of the Berlin Wall, in 1989,
regardless of whether in reality they were used or abused
by new political leaders. Third, the connection between
human rights and health was increasingly being shaped
around focal causes in various social and political move-
ments. This resulted in the creation of NGOs, some of
which engaged in human rights work (responding to tor-
ture in particular), others in advocacy around reproduc-
tive health and rights issues, while others provided health
assistance in armed conflicts and natural disasters, all with
the intent of positively impacting on policy and practice.
Fourth, and particularly important for the ways this con-
tributed to the integration of human rights concepts into
health policy, the emergence of AIDS in 1981, and the
recognition of HIV as a global pandemic, resulted in a
variety of human rights violations by those seeking to
address this mounting public health problem. As tradi-
tional disease control policies that had marked the earlier
history of public health were put in place by state autho-
rities, with a few exceptions, community-based and advo-
cacy organizations, supported by academic groups, voiced
the necessity for policies that afforded greater protections
for the rights of people living with or vulnerable to HIV.

Until this time, the focus of public health had generally
been to promote the collective physical, mental, and
social well-being of people, even if in order to achieve
public health goals, policies had to be implemented that
sacrificed individual choice, behavior, and action for the
common good. This was, and continues to be, exemplified
by the principles and practices that guide the control of
such communicable diseases as tuberculosis, typhoid, or
sexually transmitted infections, where quarantine or other
restrictions of rights are imposed on affected individuals.
In a number of instances, in particular where health policy
addressed communicable diseases and mental illness,
restrictions of such rights as privacy, free movement,
autonomy, or bodily integrity have been imposed by
public health authorities with the commendable intention
to protect public health even without valid evidence of
their intended public health benefit. The current resur-
gence of this issue in the context of systematic testing for
HIV in health facilities or within entire populations, advo-
cated by some in order to enhance the early access to care
and treatment by people found infected, illustrates that
disease control methods blind to human rights have by no
means vanished. Insufficient attention has been devoted to
assessing and monitoring the impact of such policies on
the life of people whose rights were being restricted or
denied, and to the negative consequences such imposi-
tions can have on their willingness to participate suppor-
tively in public health efforts that concern them. Public
health abuses have also been exemplified by policies
which result in the excessive institutionalization of people
with physical or mental impairments where alternate care
and support approaches have not been adequately consid-
ered. In the fields of disability and in mental health, in a
number of countries national policies have been found to
be discriminatory and, in the case of mental health, at
times when carried out in practice to amount to inhuman
and degrading treatment. And far from uncommon was –
and remains – something often invisible to policy but
invidious if not adequately addressed, discrimination in
the health-care setting on the basis of health status, gen-
der, race, color, language, religion, or social origin, or any
other attribute that can influence the quality of services
provided to individuals by or on behalf of the State.
HIV and Genesis of the Integration of
Human Rights into Health Practice

Cognizant of the need to engage HIV-affected commu-
nities in the response to the fast-spreading epidemics in
order to achieve their public health goals, human rights
were understood as valuable by policy makers not for
their moral or legal value but to open access to prevention
and care for those who needed these services most, away
from fear, discrimination and other forms of human rights
violations, and as a way to ensure communities that
needed to be reached did not go underground. The dep-
rivation of such entitlements as access to health and social
services, employment, or housing imposed on people
living with HIV was understood to constrain their capa-
city to become active subjects rather than the objects of
HIV programs, and this was recognized as unsound from a
public health perspective.
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The evolution of thinking about HIV/AIDS moved
from the initial recognition of negative effects of human
rights violations among people living with HIV to prin-
ciples that guided the formulation of a global strategy on
HIV/AIDS and, beyond, to the application of these prin-
ciples to other health issues. In the decade that followed
the emergence of AIDS, tremendous efforts were made to
induce behavior change through policies that supported
intensified, targeted prevention efforts. Everywhere, the
initial approaches to HIV had been focused on the reduc-
tion of risk of acquiring HIV infection through policies
that supported the creation of protective barriers: The use
of condoms, early diagnosis and treatment of sexually
transmitted infections, and reduction in the number of
sexual partners. Some of these efforts were successful on a
small scale, in particular where communities were
educated and cohesive, as was the case for communities
of gay men on the East and West Coasts of the United
States, Western Europe, and Australia. Less immediately
successful were interventions in communities under
immediate social or economic stress and those hampered
in their ability to confront HIV/AIDS as a result of strong
cultural and other barriers. In sub-Saharan African
countries, for example, early interventions related to con-
doms and other prevention methods, even when sup-
ported by national-level policy, were confronted with
denial and rejection. Gender-related discrimination was
often at the core of resistance to change. Stigma and
discrimination directed toward people living with HIV
or people whose behaviors were associated with a risk of
acquiring and transmitting infection (sex workers, inject-
ing drug users, as well as people defined by their racial or
ethnic characteristics) also created obstacles to reaching
those who, even perhaps more than others, needed open
access to prevention and care. For these reasons, the
protection of human rights and combating discrimination
became important underlying principles of the first
Global Strategy on HIV/AIDS formulated by WHO in
1987 (World Health Organization, 1987).

The risk-reduction strategies of the late 1980s con-
fronted several obstacles in implementation. One was
the practical difficulty of scaling up successful approaches
to national or international levels. Another was the
poor results achieved from applying models proven suc-
cessful in some settings to different social and cultural
environments: Clearly, one size did not fit all. Empirical
evidence showed that even as the capacity of individuals
to minimize or modulate their risk of exposure to HIV
was closely related to specific behaviors or situations,
these were in turn influenced by a variety of other
factors. In 1992, a risk-vulnerability analysis and reduc-
tion model was put forward, positing that in order to
successfully impact on risk-taking behaviors, it was nec-
essary to recognize and act on factors that determined
the likelihood of individuals engaging in such behaviors
(Mann and Tarantola, 1992). A broader perspective
suggesting the need for an expanded response to HIV
began to emerge, bridging risk, as measured by the
occurrence of HIV infection, to risk-taking behaviors,
and to their vulnerability determinants. Vulnerability
factors could be categorized for simpler analysis as indi-
vidual (linked to personal history and status, agency,
knowledge, or skills); societal (linked to social, eco-
nomic, and cultural characteristics of the community
within which people lived or had lived, including the
policy and legal environment); and program-related
(dependent on the capacity and approach of programs
– health and social in particular) and the extent to which
they responded appropriately to people’s needs and
expectations and assured their participation (Mann and
Tarantola, 1996).

While the linkages between health outcomes and
health determinants was already very present in the pub-
lic health discourse, the mounting HIV epidemic made
clear the need for policy to simultaneously address a wide
and complex assembly of health outcome and determi-
nants touching many facets of society. Simply listing these
determinants born out of the established and empirical
evidence was overwhelming. There was a need to catego-
rize these determinants in a logical fashion and in a way
that would allow them to be taken up by different sectors
engaged in human development. The human rights
framework was very well suited to this purpose in that it
allowed vulnerability factors to be categorized as civil,
political, social, economic, or cultural, and each of these
factors, recognized through research or empirical evi-
dence, could be easily linked to one or more specific
human rights. This expanded approach helped clarify
the related responsibilities of different sectors, thereby
expanding the scope of public policy change and possible
interventions. Importantly, these interventions could
build on commitments already expressed, and obligations
subscribed to, by governments under international human
rights law. From an initial focus on nondiscrimination
toward people known or assumed to live with HIV/
AIDS, human rights was now helping guide the analysis
of the roots, manifestations, and impacts of the HIV epi-
demics. Stemming from an instrumental approach rather
than moral or legal principles, the response to HIV had
exposed the congruence between sound public health
policy and the upholding of human rights norms and
standards (Mann et al., 1994).

The analytical and action-oriented risk and vulnera-
bility framework that linked HIV to the neglect or viola-
tions of human rights and the call for needed structural
and societal changes grounded in solid policy were
important features of the 1994 Paris Summit Declaration
on HIV/AIDS (UNAIDS, 1999) and later served as one of
the founding principles of the 1996 UNAIDS global strat-
egy and its subsequent revisions (UNAIDS, 1996). These
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ideas are also apparent in the Declaration of Commitment
which emerged from the 2001 United Nations General
Assembly.

International activism and a series of international
political conferences that took place in this period
facilitated similar changes in the approach taken to a
wide range of diseases and health conditions, in particular
with respect to reproductive and sexual health issues
(Freedman, 1997). The 1994 Cairo International
Conference on Population and Development was a water-
shed in recognizing the responsibility of governments
worldwide to translate their international-level commit-
ments into national laws, policies, programs, and practices
that promote and do not hinder sexual and reproductive
health among their populations. National laws and poli-
cies were thus open to scrutiny to determine both the
positive and negative influences they could have on sexual
and reproductive health programming, information, ser-
vices, and choices. Human rights concerns, including
legal, policy, and practice barriers that impact on the
delivery and use of sexual and reproductive health
services thereafter became a valid target for international
attention.
Human Rights and Health Policy in the
New Millennium: Key Concepts

As, from a theoretical perspective, the interaction
between health and human rights was drawing increased
attention from policy makers in an expanding array of
health-related domains, two issues were and continue to
be cited as creating obstacles to the translation of theory
into practice. The first is that the realization of the right to
health cannot be made real in view of the structures,
services, and resources it requires. The second, often
cited by those concerned with communicable disease
control, is that the protection of human rights should
not be the prime concern of policy makers when and
where such public health threats as emerging epidemics
call for the restriction of certain individual rights. As these
two obstacles are often used and misused to question the
validity of the health and human rights framework, they
are discussed briefly below.
Progressive Realization of Health-Related
Human Rights

In all countries, resource and other constraints can make it
impossible for a government to fulfill all rights immedi-
ately and completely. The principle of progressive reali-
zation is fundamental to the achievement of human rights
as they apply to health (United Nations, 1966a), and
applies equally to resource-poor countries as to wealthier
countries whose responsibilities extend not only to what
they do within their own borders, but also their engage-
ment in international assistance and cooperation (United
Nations, 1966b).

Given that progress in health necessitates infrastruc-
ture and human and financial resources that may not
match existing or future needs in any country, the princi-
ple of progressive realization takes into account the
inability of governments to meet their obligations over-
night. Yet, it creates an obligation on governments to set
their own benchmarks, within the maximum of the
resources available to them, and to show how and to
what extent, through their policies and practices, they
are achieving progress toward the health goals they have
agreed to in international forums such as the World
Health Assembly, as well as those they have set for them-
selves. In theory, States account for progress in health (or
lack thereof) through a variety of mechanisms that include
global monitoring mechanisms, as well as national State
of the Health of the Nation reports or similar forms of
domestic public reporting.
Human Rights Limitations in the Interest of
Public Health

There remains a deeply rooted concern of many in the
health community that application of a health and human
rights approach to health policy will deprive the State from
applying such measures as isolation or quarantine or travel
restrictions when public health is at stake. Public health and
care practitioners alike, acting on behalf of the State, are
used to applying restrictions to individual freedom in cases
where the enjoyment of these rights creates a real or per-
ceived threat to the population at large. Recently, the SARS
and Avian flu epidemics have demonstrated that such
restrictions can also be applied globally under the revised
International Health Regulations (IHR), the only binding
agreement thus far under the auspices of WHO (World
Health Organization, 2005). They stipulate that WHO can
make recommendations on an ad hoc, time-limited, risk-
specific basis, as a result of a public health emergency of
international concern, and that implementation of these
Regulations ‘‘shall be with full respect for the dignity,
human rights and fundamental freedoms of persons.’’ The
human rights framework recognizes that these are situations
where there can be legitimate and valid restriction of rights,
and this under several circumstances relevant to the crea-
tion of health policies: Public emergencies and public health
imperatives. Public emergencies stipulate that in time of a
public emergency that threatens the life of the nation and
the existence of which is officially proclaimed, the States
Parties to the present Covenant may take measures dero-
gating from their obligations under the present Covenant to
the extent strictly required by the exigencies of the situa-
tion, provided that such measures are not inconsistent with
their other obligations under international law and do not
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involve discrimination solely on the ground of race, color,
sex, language, religion, or social origin (Art 49, ICCPR).
Public health imperatives give governments the right to take
the steps theydeemnecessary for the prevention, treatment,
and control of epidemic, endemic, occupational, and other
diseases (Art 16, ICCPR).

Public health may therefore justify the limitation of
certain rights under certain circumstances. Policies that
interfere with freedom of movement when instituting
quarantine or isolation for a serious communicable
disease – for example, Ebola fever, syphilis, typhoid, or
untreated tuberculosis, more recently SARS and pan-
demic influenza – are examples of limitation of rights
that may be necessary for the public good and therefore
may be considered legitimate under international human
rights law. Yet arbitrary restrictive measures taken or
planned by public health authorities that fail to consider
other valid alternatives may be found to be both abusive
of human rights principles and in contradiction with
public health best practice. The limitation of most rights
in the interest of public health remains an option under
both international human rights law and public health
laws, but the decision to impose such limitations must
be achieved through a structured and accountable pro-
cess. Increasingly, such consultative processes are put
in place by national authorities to debate over the
approach taken to public health issues as they arise, such
as in the case of immunization, disability, mental health,
HIV, smoking, and more recently pandemic influenza
preparedness.

Limitations on rights are considered a serious issue
under international human rights law – as noted in spe-
cific provisions within international human treaties –
regardless of the apparent importance of the public good
involved. When a government limits the exercise or
enjoyment of a right, this action must be taken only as a
last resort and will only be considered legitimate if the
following criteria are met:

1. The restriction is provided for and carried out in
accordance with the law.

2. The restriction is in the interest of a legitimate objec-
tive of general interest.

3. The restriction is strictly necessary in a democratic
society to achieve the objective.

4. There are no less intrusive and restrictive means avail-
able to reach the same goal.

5. The restriction is not imposed arbitrarily, i.e., in an
unreasonable or otherwise discriminatory manner
(United Nations, 1984).

The restriction of rights, if legitimate, is therefore
consistent with human rights principles. Both principles
of progressive realization and legitimate limitations of
rights are directly relevant to public health policy as
they can inform decisions on how to achieve the optimal
balance between protecting the rights of the individual
and the best interest of the community. Examples of the
impact of human rights violations and protection on pub-
lic health are set out below. Discrimination – a frequent,
severe, and persistent issue confronted both in society and
in the health-care setting – has been chosen to illustrate
how public health can be hampered by the neglect of
human rights and enhanced by their incorporation in
public health policy.
Public Health Policy and
Nondiscrimination

Discrimination can impact directly on the ways that mor-
bidity, mortality, and disability – the burden of disease –
are both measured and acted upon. In fact, the burden of
disease itself discriminates: Disease, disability, and death
are not distributed randomly or equally within popula-
tions, nor are their devastating effects within communities.
Tuberculosis, for example, is exploding in disenfranchised
communities, in particular among prison inmates and
people already affected by HIV and subjected to dual
discrimination both in their communities and in the
health-care setting.

Far from uncommon, discrimination in health systems,
including health centers, hospitals, or mental institutions,
may further contribute to exacerbating disparities in health.
A few examples of myriads that could be cited are named
here. Undocumented migrant workers receive poor or no
treatment for fear of having to justify their civil status.
Documented migrant workers, refugees, and asylum see-
kers and their families may not avail themselves of services
that have not been designed to suit their culture and
respond to their specific needs. People with hemophilia
have been given unsafe blood products on the premise that
this adds only a marginal risk to their lives. People with
physical or mental disabilities receive substandard care;
they are unable to complain or if they do, they fare poorly
in legal action (Moss et al., 2007). Discrimination in health
systems concerns not only diseases that are already stigma-
tized, such as AIDS, hepatitis B and C, tuberculosis, and
cancer, but also others, such as diabetes and cardiovascular
diseases, which could be alleviated if equal treatment
within societies and within health-care settings became
the norm. A health and human rights approach to policy
development concerning health systems requires that state
authorities refrain from enacting discriminatory policies
and provide information, education, training, and support
to their staff toward eliminating discrimination in public
health practice and within the workforce.

Discrimination can also be at the root of unsound
human development policies and programs that may
impact directly or indirectly on health. For example, an
infrastructure development project may require the
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displacement of entire populations and fail to pay suffi-
cient attention to the new environment to which these
populations will have to adjust. In the developing world,
when the health impact of large-scale development pro-
grams at the local level is considered, it is often from the
perspective of the possible further spread of such infec-
tious diseases as malaria and other waterborne diseases.
The psychological capacity of displaced communities to
relocate and rebuild new lives or the long-term physical
and social consequences of such displacement are seldom
factored into the equation.

The ongoing international movement toward poverty
alleviation has emphasized the critical importance of
health in the fight against poverty. The eight Millennium
Development Goals (MDGs) – which set targets for 2015
to halve extreme poverty, halt the spread of HIV/AIDS,
and improve health and education – have been agreed to
by all the world’s countries and all the world’s leading
development institutions (United Nations, 2005). Argu-
ably, all MDGs have a linkage to health either by their
direct bearing on health outcomes and the needed ser-
vices (e.g., through efforts to reduce child and maternal
mortality, HIV, malaria, and other diseases) or by under-
scoring principles central to public health policy (e.g.,
gender equality) or else by calling for the creation of
policies addressing the underlying conditions for progress
in health (e.g., education, environmental sustainability,
and global partnerships).
Public Health Policy and the Value of
Health and Human Rights

Human rights and public health policy intersect in a
number of ways, which, for practical purposes, can be
regrouped into three broad categories: The national and
international context within which policy is developed;
the outcome of public policy; and the process through
which it is developed, applied, and monitored.
Context

A distinction exists between public policy affecting
health (most of them do) and public health policy (often
emerging from public health governmental authorities or
on their initiative). Policies affecting health – for example,
those related to gender, trade, intellectual property, the
environment, migration, education, housing, or labor –
are contingent upon national laws and international
treaties or agreements which often overlook – by omission
or commission – their potential health consequences.
As the Health Impact Assessment of development and
social policies gained credence in the 1990s, the develop-
ment of a human rights assessment for the formulation
and evaluation of public health policies emerged (Gostin
and Mann, 1999). Health Impact Assessment (HIA),
applying different methods, has become more frequently
practiced to guide policy options both nationally and
internationally. While the aim of such exercises is to
forecast the health impact of a single or alternative poli-
cies or programs (including those related to infrastruc-
ture, financing, service delivery, transportation, or
production and many others), the impact of such policies
and programs on both health and human rights remains
to be adequately tested. Much work is currently
ongoing toward the development of a Health and
Human Rights Impact Assessment for which assessment
methods and health and human rights indicators are
required.

An example where such an impact assessment might
have been useful was when a number of countries – indus-
trialized and developing alike – applied for membership of
the World Trade Organization when such a membership
implied for the signatory country to become party to the
Agreement on Trade Related Aspects of Intellectual Prop-
erty Rights (TRIPS). The constraints imposed by TRIPS
on developing countries with regards to intellectual pro-
tection of pharmaceuticals in particular only became
evident in the late 1990s as new, proven therapies for
HIV-AIDS were reaching the international market. Civil
society movements and some international organizations
embarked on an active campaign to overcome the con-
straints set by TRIPS to the production or importation
of generic medicines by developing countries needing
them most. It was not until 2002, however, that WHO
and WTO jointly produced a document on WTO agree-
ments and public health (World Health Organization
and World Trade Organization, 2002). In most develop-
ing countries, Ministries of Health had not been con-
sulted, been equipped to assess, or had underestimated,
the possible health impacts of the new trade and intel-
lectual property agreement they were signing on to as
new members of the WTO. This was and continues to
be a painful reminder of the oversight or deliberate
neglect of the possible health consequences of public
policy guided by other agendas, international trade in
this case.

Public health policy should seek the optimal synergy
between health and human rights, building on the premise
that the optimal quality of a public health policy is
attained when the highest possible health outcome and
the fullest realization of human rights are both attained.
This requires a close interaction between public health
professionals, human rights practitioners and representa-
tives of affected communities. The response to HIV has
been shaped by such an interaction with significant posi-
tive impact – at least in the short term – in such countries
as Australia, Sweden, Thailand, Brazil, or Uganda. Where
misconceptions about either sound public health or
human rights have distorted HIV policies and programs,
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the epidemic has continued to strive, as illustrated by the
situation in South Africa or China.

As it is generally formulated and monitored by the
State, public health policy should operate in the context
of the obligations the State has subscribed to under inter-
national human rights treaties and national law. Central to
these obligations are those to respect, protect, and fulfill
all human rights, including the rights to participate in
public affairs and policy making, equality, nondiscrimina-
tion, and dignity.
Outcome and Impact

Both public health policy and human rights emphasize the
importance of outcome and impact, crudely measured in
public health terms by the reduction of mortality, mor-
bidity and disability, and the improvement of quality of
life, along with economic measurement enabling an
assessment of the value for money of particular policies
or programs that can guide priority setting. The extent to
which outcome includes the fulfillment of human rights is
seldom factored in. For example, one would like to see the
value of policies that promote sex education in school
measured not only in terms of reduction of teenage preg-
nancy or the incidence of sexually transmitted diseases,
but how the right of the child to information is fulfilled in
this way and how it impacts on further demands for other
health-related, life-saving information. Likewise, when
assessing the outcome and impact of policies that priori-
tize childhood immunization programs, one would want
to know not only how immunization makes people
healthier, both early and later in their childhood, but
also how such public health policies will advance the
right of the child to growth and development and her
right to education by improving her attendance to and
performance at school.

Measuring the outcome and impact of health and
health-related policies from a combined health and
human rights perspective implies measurement indicators
that are neither fully developed nor tested. One of the
constraints is that measuring health and human rights on
the national, aggregate level is not sensitive to disparities
that may exist within the nation, for example as a result of
discrimination.
Process

The human rights to information, assembly, and partici-
pation in public affairs – including policy making – imply,
among other practical steps, the engagement of
communities in decisions affecting their health. As high-
lighted earlier, the history of health and human rights has
amply established that community representation in
decision-making bodies increases the quality and impact
of public health measures. An important issue is to
determine who can legitimately speak on behalf of
concerned communities. In the last two decades, stimu-
lated by the response to HIV in particular, nongovern-
mental organizations, and more broadly civil society, have
played key roles in drawing attention to policies that were
or could be detrimental to health (e.g., restrictions in
access to medicines, denial of sex education of young
people, access to harm reduction methods among sub-
stance users, promotion of tobacco products in young
people, marginalized communities and low-income
countries, environmental degradation, marketing of
unhealthy foods). While state machineries are increas-
ingly cognizant of the growing need for transparency in
policy development, civil society is likely to sustain its
contribution to such a process, and this through active
monitoring by national-level NGOs and such interna-
tional groups as Amnesty International, Human Rights
Watch, or Physicians for Social Responsibility.
In Conclusion

This article has attempted to lay out the principles under-
lying the application of health and human rights princi-
ples to public health policy, and it has done so by recalling
the historical emergence of these concepts and the oppor-
tunities they provide for new approaches to policy
development.

Health and human rights, together and independently
from each other, have achieved today a degree of promi-
nence in the political and public discourse never wit-
nessed before. The fields of health and rights are
illuminated today by their commonalties, no longer by
their differences. Both are obligations of governments
toward their people; and each supports and requires the
fulfillment of the other.

Overall, health and human rights provide a framework
for all aspects of policy and program development. In
practice, human rights considerations are often built into
public health policy through the application of what are
today called rights-based approaches. The practical appli-
cation of these principles is a subject of active and rich
debates. Rights-based approaches to health are but some
of the attempts currently being made to offer practical
guidance to health policy makers and other stakeholders
in health and human rights toward translating these prin-
ciples into health policies, programs, and interventions.
Through further reflection, practice and research, public
health and human rights practitioners can further estab-
lish how and to what extent the promotion and protection
of health and human rights interact. In the search for a
world where the attainment of the highest standard of
physical, mental, and social well-being necessitates, and
reinforces, the dignity, autonomy, and progress of every
human being, the broad goals of health and human rights
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are universal and eternal. They give us direction for our
understanding of humanity and practical tools for use in
our daily work.
See also: Global Health Initiatives and Public Health

Policy; Health Policy: Overview; Law, and Public Health

Policy; The State in Public Health, The Role of.
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Introduction

Complex emergencies (CEs) caused by violent armed
conflict have become the most common human-generated
disaster. The term complex emergencies was introduced
in the early 1990s to describe crises that involve large
numbers of civilian populations and are characterized by
political instability, lawlessness, armed conflict, violence,
food shortages, collapse of public health infrastructure,
and population displacements. The prevailing emergency
situation usually requires international response that goes
beyond the mandate or capacity of any single agency or
a United Nations (UN) country program (Goodhand
and Hume, 1999; Leaning, 1999). To provide an effective
response, public health specialists, humanitarian workers,
and other health professionals must strive to understand
the historical, social, economic, and political context within
which specific CEs occur.

Of particular concern are the tragic health conse-
quences brought about by these crises. Compared to all
other disasters, CEs cause high rates of disease, disability,
and death. Moreover, in certain countries, a conflict situ-
ation is made worse by frequent occurrence of natural
disasters. Recent examples include Sudan, Somalia, Nepal,
and Afghanistan.

Since the end of the Cold War, the majority of armed
conflicts have occurred within, rather than between
countries. This change came about when the economic
and/or military support that had previously been enjoyed
by many developing countries from the two superpowers,
the United States and the former Soviet Union, was
no longer readily available. The economic and political
uncertainties gave rise to previously held tensions between
tribes, religious groups, and ethnicities, causing instabil-
ity, violent conflicts, and forced population movements.
As new wars flared, old ones were reignited, making it
almost impossible to govern certain countries (Leaning,
1999; Brennan andNandy, 2001). Harbom andWallenstein
(2005) found that of the armed conflicts that took place
between 1989 and 2004, the highest numberswere recorded
between 1991 and 1992 during which 49 out of 51 occurred
within state boundaries. Africa and Asia have consistently
registered high numbers of armed conflicts.

The main targets in modern day internal conflicts are
civilians of all ages. Civilians experience the heaviest
burden of war, with higher proportions of the victims
being women and children. The aim of the warring fac-
tions is to terrorize communities through intimidation,
abduction, mass killings, forced deportation, detention
camps, mass rapes, and torture. Populations are forcefully
removed from their homes on the basis of religion or
ethnic identity. In certain instances, rebel armies use civi-
lians as shields and extort food from them. Gross human
rights abuses are rampant (Toole et al., 2001). The ethnic
cleansing in former Yugoslavia, the 1994 genocide in
Rwanda, and the current conflict in Darfur (Western
Sudan), highlight the extent of civilian targeting in recent
conflicts.

A common trend in modern-day conflicts is the use of
children as soldiers, porters, sex slaves, and military wives.
Children as young as 8 years old become fighters and
spies. They carry out food raids and also become human
shields for older soldiers. Rebel groups in Liberia, Sierra
Leone, Sudan, Nepal, Sri Lanka, the Democratic Repub-
lic of Congo (DRC), and Uganda were among those
reported to have used children during war. It is estimated
that approximately 300 000 children have carried arms in
conflicts worldwide (Pearn, 2003).

Causes of internal armed conflicts aremultifaceted. They
are no longer based on ideological differences. Although
cultural, ethnic, and religious differences between groups
and communities seem to be common reasons for internal
conflicts, the underlying causes are rooted in economic,
political, and social factors. Political decay, economic stag-
nation, poverty, inequalities, and discrimination against
minoritygroups predispose a country toviolence (Nafzinger
and Auvinen, 2002).
Consequences of CEs

Populations affected by armed conflict experience hard-
ships that begin before flight and continue during dis-
placement and long after the war ends. Increased levels of
morbidity (sickness) and mortality (death) are significant
public health issues in CEs (Krug et al., 2000).

Massive population displacements are a major conse-
quence in CEs. At the beginning of 2006, an estimated 45
million people had fled their homes to escape persecu-
tion, armed conflict, and violence. Some crossed interna-
tional borders as refugees but the majority are internally
displaced persons (IDPs) within the boundaries of their
own countries (United Nations High Commissioner for
Refugees, 2006). A refugee is ‘‘any person who is outside
his/her country of origin and who is unwilling or unable to
return there or to avail him/herself of its protection
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because of: i) a well founded fear of being persecuted for
reasons of race, religion, nationality, membership in a
particular social group, or political opinion; or ii) a threat
to life or security as a result of armed conflict and other
forms of widespread violence which seriously disturb
the public order’’ (UNHCR, 2000: 12). IDPs are those
who have been forced to flee their homes suddenly or
unexpectedly in large numbers because of armed conflict,
internal strife, systematic violations of human rights, or
natural disasters, and who are within the territory of their
own country.
Response to Complex Emergencies

Preparedness

Emergency preparedness requires planning to ensure that
necessary resources are available in time to meet the
anticipated emergency needs. Preparedness activities can
be undertaken at the global, regional, or country levels. In
conflict situations, the task of detecting an emergency in
advance so as to plan and prepare is not an easy one. While
there are early warning and risk mapping systems devel-
oped to detect various types of natural disasters, such
systems are less developed for internal armed conflicts.
Response

Emergency response is aimed at providing appropriate
actions to save lives and restore the well-being of affected
populations. The major players include UN agencies,
national and international nongovernmental organizations,
the International Committee of the Red Cross (ICRC), and
the Red Crescent movement, academic and research insti-
tutions, and the media. The nature and scope of response is
unique to a specific emergency and often based on the
political, environmental, cultural, economic, and public
health context.

An emergency may start with an influx of thousands of
displaced populations with visible life-threatening condi-
tions. In certain instances, such as in drought and famine,
things may not be so dramatic and obvious. Humanitarian
workers should be able to recognize that a situation exists
that requires emergency response.

There are indicators used in public health to deter-
mine an emergency situation and the type of response
necessary (UNHCR, 2000: 32). The crude mortality rate
(CMR) is the most common indicator used early in an
emergency. The CMR among stable populations in devel-
oping countries is estimated to be 0.3 to 0.5/10 000 per
day. During a CE, a CMR higher than 1/10 000 per day
is considered an emergency situation requiring urgent
action. When the situation stabilizes and CMR is less
than 1/10 000 per day, the situation is described as being
in a postemergency phase. The postemergency phase may
be followed by repatriation, resettlement, or continued
stay in refugee or IDP camps, depending on the situation
(UNHCR, 2000).

The operating environments in emergency situations
are complex and challenging. Because of the volatile con-
ditions, there is often a lack of security for beneficiaries
and aid workers alike. Also, long distances may have to be
traveled on bad roads to reach services or affected popula-
tions. Despite the obstacles, providing timely assistance
to those affected must be emphasized. Initial assessment
under the umbrella of a comprehensive humanitarian
action plan should be done as soon as possible.

Any type of response should be designed to support
and not undermine the local coping capacities of popula-
tions. The Sphere guidelines, for example, emphasize the
importance of making the best use of coping strategies of
disaster-affected populations while acknowledging vari-
ous vulnerabilities, needs, and capacities among them
(Sphere Project, 2004). Allocation of resources to dis-
placed populations should be done equitably and not in
a manner that further divides communities. Moreover,
relief agencies need to involve local institutions and
populations from the start. Coordination among agencies
is especially critical to ensure that humanitarian assistance
is delivered in a targeted, effective, and complementary
manner.
Needs Assessment

An emergency situation is typically assessed in the very
early stages when the needs are critical. Since collecting
reliable data requires time, an initial (rapid) assessment
is recommended. This information helps to establish the
nature and extent of an emergency. The information also
assists with planning and prioritizing immediate needs for
relief action and future evaluation of the relief process.
When the situation stabilizes, more focused, organized
comprehensive surveys can be undertaken. Efforts are
made by relief agencies to make the initial assessment
as collaborative as possible. Assessment teams comprised
of experts from different sectors (i.e., food, health, water,
shelter, etc.) can be formed prior to the assessments.
Nonetheless, it is important to note that emergency
response does not have to wait for data. Medical treatment
for urgent war-related injuries, emergency obstetric care,
emergency food distribution, and access to drinking water
can be implemented when assessment plans are underway.

Médecins Sans Frontières (MSF) (1997) outlines reasons
for initial assessment to include confirming the emergency,
determining the magnitude of the emergency, identifying
existing and potential public health problems, measuring
present and potential impact, assessing resources needed
including availability and capacity of a local response,
determining and planning an appropriate external response,
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setting up a health system, and recommending priority
action for immediate response.

Types of data to be collected during an initial assessment
are context of displacement, description of the population,
characteristics of the environment in which refugees and
IDPs have settled, the major health problems, and human
and material resource requirements (MSF, 1997). During
assessment, the vulnerable groups are identified early.
These are unaccompanied children, the elderly, persons
with disabilities, women, infants, children and adolescents,
pregnant and lactating mothers, and ethnic minority groups
at risk of discrimination. These vulnerable groups usually
face the risk of not getting adequate services. They also
become targeted for various forms of exploitation including
gender-based and sexual violence (e.g., rape).

Primary data are obtained through interviews with
affected populations (refugees and/or IDPs), relief orga-
nizations present in the area, local authorities, church
leaders, ministry of health (MOH) representatives, and
community health workers; health data are collected from
clinic registers. Population size should be rapidly esti-
mated using one of the following methods: mapping,
aerial or satellite photographs, a sample survey to assess
the average number of persons per shelter, extrapolation of
vaccine coverage data onto general population, and a census
(MSF, 1997). Primary data should be augmented by second-
ary data to provide the disaster’s context and background
information. Such data include baseline health information:
Endemic diseases, mortality, morbidity, nutritional status,
and sources of health care. Sources of secondary data
include census data, country reports from various agencies,
maps, and demographic and health surveys (DHSs).

Mortality data are the best indicator for assessing the
severity of the situation and must be established as a
baseline for evaluating effectiveness of assistance. Mor-
bidity data can be found from surveillance data and hos-
pital registers. Mortality data are found from death
registers, counting graves from the community’s burial
place, or retrospective mortality surveys (MSF, 1997).
Nutrition Assessments

Data on population-based malnutrition levels are also an
important indicator for assessing the severity of an emer-
gency. War-affected populations start to experience food
shortages long before displacement. Moreover, in a com-
plex emergency, a high child mortality rate is often asso-
ciated with high levels of malnutrition.

Rapid nutrition assessment is based on a population-
based survey that provides a foundation for planning a
food relief program. The extent of malnutrition shapes
the decisions on the components of rations and also the
requirement for any additional selective feeding programs.

Nutrition assessment can be conducted as part of
the initial needs assessment. Once the baseline nutrition
status is established, regular nutrition surveys can be
planned to continually monitor the situation. The first
nutrition assessment provides information on the propor-
tions of people malnourished, the vulnerable groups, and
dietary habits, as well as local availability of foods, fuel,
and cooking utensils.

Save the Children (SCF) (2004) has outlined the main
indicators of malnutrition in CEs such as weight-for-
height and mid-upper arm circumference of children
6–59months of age. These measurements are comple-
mented by presence of edema and clinical observations.
Any child with edema, for example, is considered severely
malnourished even if the weight/height measurements
are normal. In a CE, malnourished children are most
often abnormally thin and underweight for their height
(wasted). Body measurements provide a good indication
of these different forms of malnutrition in children under
5 years of age. Weight-for-height is used as an objective
assessment that quantifies the nutritional situation at one
point in time and allows comparisons over time.

Tables of reference values are used to compare an indi-
vidual child’s weight with that of a reference child of the
same height. The reference standards that have commonly
been used to standardize measurements were developed
by the World Health Organization and the US National
Center forHealth Statistics (NCHS) in 1978. The reference
population chosen by the NCHS was a random population
of healthy infants and children (SCF, 2004). However, these
standards were criticized by experts in that they do not
adequately represent early childhood growth. To generate
new curves for assessing the growth and development of
children of the world, WHO undertook a Multicentre
Growth Reference Study (MGRS) between 1997 and
2003 in the United States, Brazil, Oman, Ghana, Norway,
and India. At the time of writing, results from these studies
are being field tested and peer reviewed (WHO, 2007).

Results of any population-based nutrition survey should
be presented within the context of the larger situation.
Some questions to ask in light of any results include:

. What else is happening in the community?

. What type of malnutrition is being referred to?

. How was it measured?

. What are the underlying and immediate causes?

. How does the current situation differ from the norm?

. How are different groups affected?

. What is being done about it?

Also consider looking at food markets, prices, production,
livestock, assets, employment, household food availability,
preparation, fuel, relief food, and diseases. An analysis of the
state of the health sector can also provide useful context.
Some helpful questions in this regard would be:
. What is the general state of health services?

. How are they functioning and how effective are they?
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. What is the state of human resources for health?

. WHO has developed tools that can be used to facilitate
an analysis of heath systems during and after armed
conflict (WHO, n.d.).
Meeting the Needs of Displaced
Populations

The nature and scope of the international response
depends on the availability of resources and the willing-
ness of the international community of donors to get
involved. Experience has shown that the location of an
emergency and the level of media involvement play a
significant role in the kinds of response and assistance
received by affected populations. For example, in 1999
when Kosovars were forcefully displaced to Macedonia,
Miller and Simmons (1999) noted that UNHCR was
spending $1.23 per person per day compared to $0.11
per person per day in parts of Africa.

In recent years, relief agencies have relied on the
Sphere universal minimum standards and indicators to
guide response and provision of shelter, food aid, health
care, water, and sanitation. The Sphere Project is the
Humanitarian Charter based on the principles and provi-
sions of international humanitarian law, international
human rights law, and the code of conduct for the inter-
national Red Cross and Red Crescent Movement and
NGOs. Over 400 relief agencies including NGOs and
UN agencies in 80 countries around the world contribu-
ted to the development of the Sphere minimum standards.

The Sphere Project and the associated Code of Con-
duct provide guidance on core principles that govern
humanitarian action. They aim to improve the quality of
humanitarian assistance by emphasizing protection and
treatment with dignity, of the populations affected by
disaster. Additionally, the Sphere Project has outlined
standards of addressing cross-cutting issues relating to
children, the elderly, disabled people, gender, protection,
HIV/AIDS, and the environment. These issues are to be
considered in every sector during the humanitarian oper-
ation. The standards also enhance accountability in disas-
ter response. Agencies committed to the Humanitarian
Charter and Code of Conduct strive to meet the minimum
standards of care to affected people while observing the
humanitarian principles (Sphere Project, 2004). Table 1
summarizes selected basic needs and their minimum stan-
dards as recommended by the Sphere Project.
Food

When planning for foodstuffs, care should be taken to
provide foods familiar to the populations. Minimum
needs for calories, protein, and essential micronutrients
are met in sufficient quantities to sustain families. Food
rations should contain at least 2100 kcal of energy per
person per day (Sphere Project, 2004). The daily require-
ment can be adjusted depending on the situation and
availability of food. Everybody in the population irrespec-
tive of age and sex receives the same amount of food
rations. The food basket should contain a staple food
source (cereals) and energy source (fats and oils), a pro-
tein source (legumes, blended foods, meat, fish), salt, and
possibly condiments (spices). Fresh food for micronutri-
ents should be included. Vitamin A supplements are
distributed to prevent childhood mortality and blindness
(Sphere Project, 2004).

Food can be distributed in one of two main forms: Dry
ration or cooked (wet) meals. Dry food is distributed to
individuals who then prepare it at home. Cooked (wet)
meals, on the other hand, are prepared at a central loca-
tion where they are served and consumed. Cooked meals
are much more labor-intensive and difficult to organize
than dry rations. Utensils, cooking fuel, cooking oil, grind-
ing facilities, and firewood are distributed early in an
emergency. Food storage facilities should be arranged
for individuals and groups depending on the availability
of space, shelter, and security (WHO, 2000).

In situations with high malnutrition rates, selective
feeding programs (SFPs) for malnourished infants, preg-
nant women, and other vulnerable populations are estab-
lished. SFPs should be in addition (not a substitute) to the
general rations given to each family. The main types of
selective feeding programs are therapeutic feeding pro-
grams (TFPs), targeted supplementary feeding programs
(SFPs), blanket SFPs, and community therapeutic care
(WHO, 2000; Valid International, 2006).
Shelter

Site selection, planning, and shelter are critical in the
initial stages of a disaster. The provision of shelter
enhances human dignity and can be one of the determi-
nants for survival. In refugee situations, for example, the
host government plays an active role in the site selection.
When populations are displaced within countries, local
authorities at the location take the lead in identifying a
camp site. Nonetheless, displaced populations should be
involved in all the steps of planning. UNHCR (2000)
suggests three specific types of settlements commonly uti-
lized in an emergency including mass shelter (public build-
ing and public facilities), dispersed settlements, and camps.

Mass shelter is intended to be temporary and transit
accommodation, provided very early during the first few
days in the emergency. Populations find accommodation
in preexisting facilities such as schools, church com-
pounds, army barracks, hotel gymnasiums, open grounds,
etc. Dispersed settlements are used when displaced



Table 1 Summery of basic needs and the minimum standards (Sphere Project, 2004)

Shelter Minimum shelter area . 3.5m2/person/day
Food Minimum food energy requirement for a

population totally dependent on food aid

. 2100kcal/person/day

Water Minimum basic survival water needs . 7.5–15 l/person/day
Maximum distance from any household to a

water point

. 500m

Water quality, low risk of fecal contamination .No fecal coliforms/100ml at the point of

delivery
Adequate water-collecting containers . 2 clean water-collecting containers of

10–20 l/household

Bathing facilities . Sufficient bathing cubicles
. 1 washing basin/100 people (where

communal washing facilities are

necessary)

Excreta
disposal

Toilets . 20 people/toilet
Communal toilets . 50 people/toilet

Defecation field

Distance from dwellings . No more than 50m

Health care . All people have access to heath
services that prioritize main causes of

mortality and morbidity
. Design to support existing health

systems and structures
Personal

hygiene

Sufficient soap or other items to ensure

personal hygiene, health, dignity, and

well-being

. 250g bathing soap/person/month

. 200g laundry soap/person/month

. Sanitary materials for menstruation
(women and girls)

. 12 washable diapers (infants and

children up to two years)

Clothing and
bedding

People affected should have sufficient
clothing, blankets, and bedding to ensure

their dignity, safety, and well-being

. One full set of clothing in the correct
size, appropriate to the season

and climate

Cooking and

eating
utensils

Access to cooking and eating utensils . A large cooking pot with handle and lid/

household
. Medium-sized cooking pot with handle

and lid/household
. Basin for food preparation and serving
. A kitchen knife and two wooden

serving spoons

Stove fuel and

lighting

Communal cooking facilities or stove and

fuel supplies for cooking needs and
thermal comfort

. Stove and fuel/household
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populations are integrated within households of families
in the host country or community.

Camps are the common type of settlements. In camps,
displaced populations build their own shelters with assis-
tance from UNHCR or the NGO in charge of shelter.
UNHCR recommends that site planning must follow a
rational organization of space, shelter, and facilities required
for provision of essential services. Camps with very large
populations should be avoided. If not planned properly,
they can present health risks due to overcrowding, lack of
adequate services, and poor environmental sanitation.
Health Care

There is no single model for setting up health services,
which depends on the specific context, disease patterns,
possible outbreaks, and available resources. In any
displaced population, the four most common communi-
cable diseases are diarrhea, acute respiratory infections
(pneumonia), measles, and malaria. Overcrowding, unfa-
miliar environments, poverty, inadequate food and water,
poor environmental conditions, and lack of proper shelter
increase the risk of disease in emergency situations.
Hence, curative and preventive health services are neces-
sary in emergencies. Treatment targets the most common
diseases among the displaced populations.

It is also important to care for the psychosocial needs of
displaced populations. Psychosocial stresses and mental
health problems are related to experiences before, during,
and after displacement. These include social isolation as
well as loss of family members, community, and status
(Krug et al., 2002). The most common manifestations of
psychosocial disorders in conflict settings are anxiety dis-
orders, depressive disorders, suicidal thoughts and attempts
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at suicide, anger, aggression, andviolent behaviors, drug and
alcohol abuse, paranoia, suspicion and distrust, somatic
disorders, and insomnia (MSF, 1997). Mental health inter-
ventions and support should be initiated as soon as pos-
sible. The Inter-Agency Standing Committee (IASC) has
outlined guidelines for mental health interventions in
emergency settings. These guidelines include a matrix of
intervention and action sheets for minimum response in all
sectors (Inter-Agency Standing Committee, 2007).

The MOH policies, procedures and treatment proto-
cols of the host country are used in refugee situations.
Training of local personnel is undertaken as necessary.
Ensure a supply of safe, effective, and affordable drugs to
meet priority needs of displaced populations. In the early
phase of an emergency, prepackaged emergency health
kits may be useful (see, for example, theWHO emergency
health kit; WHO, 1998). The three levels of a health-care
system include referral, a central health facility, the health
center level, the health post/dispensary/clinic, and the
community level. It is worth noting that other alternative
sources of health care such as traditional practitioners and
herbalists play a major role in some societies before and
during conflict. Nonetheless, during conflict, with a lack
of adequate health services, these sources play a more
significant role in the provision of health care.
Water

Availability of water is integral to prevention of commu-
nicable diseases and epidemics. The lack of adequate
water can lead to dehydration and death. From the begin-
ning of an emergency, the provision of water is given
immediate attention. Large-scale outbreaks of epidemics
have occurred in initial phases of an emergency. In the
emergency phase, priority is given to providing sufficient
quantities of water. A large amount of poor-quality water
is preferable to a small amount of quality drinking water.
Water should be provided in sufficient quantities for
drinking, food preparation, washing, and sanitation. How-
ever, water quality should be improved as soon as possible
(Sphere Project, 2004).

Proximity to safe water sources should always be con-
sidered, especially in camp situations. Water sources
include ground water (springs and wells), water from
municipal and private systems, and surface water (rivers,
lakes, or dams). Water sources should be well protected
from pollution, for example, by fencing them off. Popula-
tions should be provided with containers to collect and
store water (Sphere Project, 2004).
Sanitation

Environmental sanitation includes human excreta con-
trol, managing solid waste and waste water, and pest and
vector control. Sanitation and environmental hygiene
issues must be analyzed during the initial assessment.
Considerations for sanitation needs are included during
the camp planning and layout. As with the other sectors,
refugees/IDPs and community leaders should be con-
sulted and involved at every level of planning. Advice
from sanitation engineers and experts regarding appropri-
ate sanitation facilities is solicited as necessary. Health
education programs should be in place early to prevent
the outbreak of diseases, especially among children.

Human excreta should be kept away from sources of
water and accommodation. Immediate action is taken to
localize excreta disposal and prevent contamination of the
water supply. Cultural and physical factors observed by
the populations in excreta disposal are taken into consid-
eration. Appropriate anal cleaning and hand washing
materials are provided. The Sphere Project recommends
that each person should be supplied with at least 250 g of
soap per month. Adequate numbers of latrines should be
placed at no more than 50m from dwellings in a manner
that populations (i.e., women and children) can use safely
at night. At the beginning of an emergency before latrines
are constructed, trench latrines or defecation fields may
be used. Care is taken to place them far away from the
general population to ensure that contamination does not
occur. Once constructed, a maximum of 20 people should
use one latrine (Sphere Project, 2004).

For solid waste, garbage disposal areas must be desig-
nated and access to them restricted, especially for chil-
dren. The quantity of garbage can become substantial,
especially around market places. If not taken care of, an
accumulation of garbage becomes a breeding ground for
rodents, vermin, and other pests. Garbage should be man-
aged by providing individual households with metal bins
for refuse disposal. A 100-l drum is used by ten families as
a refuse bin. Garbage is either disposed of by sanitary land
filling (controlled tipping), incineration, or composting
(Sphere Project, 2004).

Waste water treatment requires proper drainage be put
in place to prevent water from stagnating around distri-
bution points. Stagnated waste water can be a breeding
place for vectors such as mosquitoes. Channeling water
away from homes into kitchen gardens is most ideal.
Sufficient tools are provided to families for maintaining
the drainage systems as necessary. Good drainage should
be in place at water points and sanitary facilities such as
showers, toilets, and washing areas (Sphere Project, 2004).

Disposal of the dead needs to be arranged from the
start of emergency when the mortality rates are high.
Burial and cremation are the two common methods of
disposing of the dead. Burial is the simplest. To the extent
possible, give allowance and flexibility for traditional
burial rituals as needed. Additionally, contact authorities
to provide guidance on appropriate procedures (Pan
American Health Organization/WHO, 2004; Sphere
Project, 2004).
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A high level of cultural sensitivity is required in rela-
tion to developing and structuring all these services and
facilities. Failure to take account of culture, gender, and
conflict experiences may increase risks of ongoing vio-
lence and instability.
Logistics, Administration, and Finance

Running an effective emergency program requires good
planning and an efficient supply chain. The ability to
deliver the right material and human supplies to the
right place at the right time in the right quantities is a
prerequisite for an effective emergency operation. There
should be clear understanding of the supply chain, trans-
portation system, loading and unloading of goods, customs
clearance procedures, up to the final distribution point.
Good supply chains require speed, flexibility, and security.
Coordination with other agencies is encouraged so as to
consolidate efforts with a view to cutting cost and avoiding
duplication. To the extent possible, local resources and
procurement are encouraged.

Humanitarian agencies, the UN, and the ICRC,
and the Federation of the Red Cross each has specific
rules, regulations, and procedures regarding the types
of programs they implement, hiring (national and inter-
national staff), and policies regarding financial issues.
Emergency environments are volatile and risky to expert
relief workers and local hires alike. Relief agencies must
develop security procedures that are general and specific
to every program location. These are shared with all staff,
should be observed in the field, and should build on a
number of general principles. Humanitarian workers
should understand ways of reducing vulnerabilities to
their security and well-being in the field. They need to
know what to do and where to go in case the security
situation changes.
Postemergency Phase

During the postemergency phase, the camp situation
is relatively stable among IDPs and refugees alike. Mor-
tality rate is less than 1/10 000 per day. Feeding centers
have fewer malnourished children. Through surveys, a
better understanding of the populations and their needs
is established. During this phase, services are re-evaluated
with a view to determining services to continue and
identify new priorities. Many of these may have com-
menced earlier and can be further consolidated during
this period.

Services in all sectors are reviewed looking at sustain-
able strategies. New services (programs) such as educa-
tion, income-generating activities, and peace-building
initiatives may be started at this time. Additionally, a
population census can be undertaken during this stage
to give accurate population estimates. The quality of
services is improved as more qualified personnel are
hired. There is more involvement of displaced popula-
tions as training activities are continued or new ones put
in place.

Health information systems and surveillance are estab-
lished. Some of the health programs strengthened in this
phase include curative health, reproductive health, child
health care, HIV/AIDS prevention and treatment (where
possible) and STD programs (prevention and treatment),
tuberculosis control programs, and psychosocial and men-
tal health (MSF, 1997).

Coordination between relief agencies is emphasized
through regular meetings and information sharing. The
lead agency is responsible for coordination. Once a coun-
try has restored some level of stability and improved
security, displaced populations may want to return to
their homes. The decision to return belongs to individual
IDPs or refugees. Nonetheless, life as a displaced person is
life on hold and populations are usually eager for solu-
tions so that they can return home. They should not be
forced or prevented from doing so. The three durable
solutions that UNHCR has for refugees are voluntary
repatriation, local integration, and resettlement to a
third country (UNHCR, 2000).
Challenges and Dilemmas in
CE Response

. Access is a major challenge in a conflict situation. It is
sometimes difficult to reach the beneficiaries and this may
delay response. Security issues can on occasion only allow
aid to reach those located in accessible areas. This creates
uneven response and leaves hundreds, especially IDPs,
without any help.

. Coordination among NGOs that sometimes have
competing interests is very difficult to achieve. Informa-
tion-sharing among NGOs is hard and this leads to dupli-
cation of services. Also, the humanitarian market share
becomes overcrowded and each NGO needs to maintain a
high profile and be present at a disaster to get funds.

. NGOs seem to be more accountable to their boards
and donors than to the beneficiaries. Beneficiaries have no
way to register dissatisfaction or complaints. Additionally,
there are no barriers to becoming an NGO and no com-
prehensive enforceable standards. Some NGOs maintain
budgets with high salaries for their staff and administrative
costs. This leaves the beneficiaries with only a portion of
money donated for a cause.

. Human resources and qualified staff are limited.
Training for humanitarian assistance is quite recent.
Hence, most NGOs lack sufficiently trained personnel
to do the work. The majority learn on the job. However,
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in recent years, humanitarian assistance training has
started around the world.

. There is also a high staff turnover among NGOs and
this makes it difficult to retain institutional memory and
for continuity. Implementation of lessons learned and
improving efficiency becomes difficult.

. Political considerations mean that there is unequal
response to different emergencies around the world
by the international community. There is bias in the
response toward high-profile emergencies: Some coun-
tries are considered strategically unimportant. Some
countries get 100% of the funds requested, spending
$200–$300/person, and others get inadequate assistance
or no help at all. The role of the media in reporting CEs
is critical. Reporting may sometimes be skewed, present-
ing a selective and unbalanced perspective of what is
occurring. On the other hand, the media, especially 24-h
news stations such as CNN, can focus public attention on
previously little-recognized crises, such as the ongoing
CE in Darfur. In one sense, the media has become a
humanitarian actor, helping in the response.

. There can be interference in the local economy.
Restaurants, brothels, and other services spring up as
soon as humanitarian operations begin. Additionally,
NGOs pay high salaries for educated and capable local
populations, compared to their government counterparts.
This results in a brain drain. Imported food for food aid
can undermine the local economy and make activities
such as agriculture less profitable.

In conclusion, CEs have become regular and a signifi-
cant part of pubic health. Hence more attention needs to
be paid to these situations and sustainable ways of dealing
with them should be sought by professionals in the field.
For instance, rising population pressures, environmental
degradation, growing scarcity of water, and continued lack
of a public health infrastructure will continue to trigger
CEs in the future.
See also: Ethnic Conflict and Public Health; Famine;

Forced Migration and Health; Populations at Special

Health Risk: Migrants; Relief Operations.
Citations
Brennan RJ and Nandy R (2001) Complex humanitarian emergencies:
A major global challenge. Emergency Medicine 13: 147–156.

Goodhand J and Hulme D (1999) From wars to complex political
emergencies: Understanding conflict and peace-building in the new
world disorder. Third World Quarterly 20(1): 13–26.

Harbom L and Wallensteen P (2005) Armed conflict and its
international dimensions 1946–2004. Journal of Peace Research
42(5): 623–630.

Inter-Agency Standing Committee (IASC) (2007) IASC Guidelines on
Mental Health and Psychosocial Support in Emergency Settings.
Geneva, Switzerland: IASC.
Krug EG, Dahlberg LL, Mercy JA, Zwi AB, and Lozano R (eds.) (2002)
World Report on Violence and Health. Geneva, Switzerland: World
Health Organization.

Leaning J (1999) Introduction. In: Leaning J, Briggs SM, and Chen LC
(eds.) Humanitarian Crises: The Medical and Public Health
Response, 1st edn., pp. 1–11. Cambridge, MA: Harvard University
Press.

Médecins Sans Frontières (1997) Refugee Health: An Approach
to Emergency Situations, 1st edn. London: Macmillan Education Ltd.

Miller C and Simmons AM (1999) Relief Camps for Africans and
Kosovars: Worlds Apart. http://www.nettime.org/Lists-Archives/
nettime-l-9905/msg00276.html (accessed November 2007).

Nafzinger EW and Auvinen J (2002) Economic development,
inequality, war and state violence. World Development 30(2):
153–163.

Pan American Health Organization/World Health Organization (2004)
Management of Dead Bodies in Disaster Situations (Disaster
Manuals and Guidelines Series No. 5). Washington, DC: PAHO.

Pearn J (2003) Children and war. Journal of Pediatric Child Health 39:
166–172.

Save the Children (SCF) (2004) Emergency Nutrition Assessment
(1st ed.). London, UK: Save the Children.

Sphere Project (2004) Humanitarian Charter and Minimum Standards in
Disaster Response. Geneva, Switzerland: Sphere Project.

Toole MJ, Waldman RJ, and Zwi AB (2001) Complex humanitarian
emergencies. In: Merson MH, Black RE, and Mills AJ (eds.)
International Public Health, 1st edn, pp. 439–513. Gaithersburg, MD:
Aspen Publishers.

United Nations High Commissioner for Refugees (UNHCR) (2000)
UNHCR Handbook for Emergencies (2nd ed.). Geneva, Switzerland:
UNHCR.

United Nations High Commission for Refugees (UNHCR) (2006)
2005 global refugee trends: Statistical overview of populations of
refugees, asylum-seekers, internally displaced persons, stateless
persons, and other persons of concern to UNHCR. Retrieved 2006,
from http://www.unhcr.org/statistics.html.

Valid International (2006) Community therapeutic care (CTC) (1st ed.).
Oxford, UK: Valid International.

World Health Organization (WHO) (1998) The New Emergency Health Kit
(2nd ed.). Geneva, Switzerland: WHO.

World Health Organization (WHO) (1999) Rapid Health Assessment
Protocol for Emergencies (1st ed.). Geneva, Switzerland: WHO.

World Health Organization (WHO) (2000) The Management of
Nutrition in Major Emergencies. (1st ed.). Geneva, Switzerland:
WHO.

World Health Organization (n.d) Analyzing Disrupted Health Systems-
Manual. http://www.who.int/hac/techguidance/tools/
disrupted_sectors/en/ (accessed 26 September, 2007).

World Health Organizationm (2007) WHO Growth Standards:
Methods and Development. http://www.who.int/childgrowth/
standards/second_set/technical_report_2.pdf (accessed 27
September, 2007).
Further Reading
Bilukha OO, Brennan M, and Woodruff BA (2003) Death and injury from
land mines and unexploded ordinance in Afghanistan. Journal of
American Medical Association 290(5): 650–653.

Cogill B (2003) Anthropometric Indicators Measurement Guide, revised
edn. Washington, DC: Food and Nutrition Technical Assistance
Project.

Gaseer NA, Dresden E, Keeney GB, and Warren N (2004) Status of
women and infants in complex humanitarian emergencies. Journal of
Midwifery and Women’s Health 49(supplement 1): 7–13.

Gengerich T and Leaning J (2004) The Use of Rape as a Weapon of War
in the Conflict in Darfur Sudan. Boston, MA: François Bagnoud
Center for Health and Human Rights.

Giannou C (1997) Antipersonel landmines: Facts, fictions, and priorities.
British Medical Journal 315(7120): 1453–1454.

http://www.nettime.org/Lists-Archives/nettime-l-9905/msg00276.html
http://www.nettime.org/Lists-Archives/nettime-l-9905/msg00276.html
http://www.unhcr.org/statistics.html
http://www.who.int/hac/techguidance/tools/disrupted_sectors/en/
http://www.who.int/hac/techguidance/tools/disrupted_sectors/en/
http://www.who.int/childgrowth/standards/second_set/technical_report_2.pdf.
http://www.who.int/childgrowth/standards/second_set/technical_report_2.pdf.


Goma Epidemiology Group (1995) Public health impact of Rwandan
refugee crisis: What happened in Goma Zaire, in July 1994. Lancet
345: 339–343.

Gourevitch P (1998) We Wish to Inform you that Tomorrow we
will be Killed with our Families: Stories from Rwanda. New York:
Picador.

Grobler-Tanner C and Collins S (2004) Community Therapeutic Care
(CTC): A New Approach to Managing Acute Malnutrition in
Emergencies and Beyond. Technical Note No. 8, Washington, DC:
Food and Nutrition Technical Assistance (FANTA).

Jennings PJ and Swiss S (2001) Health and human rights: Women and
sexual violence. Lancet 351: 302–304.

Leaning J, Briggs SM, and Chen LC (1999) Humanitarian Crises: The
Medical Public Health Response. Cambridge, MA: Harvard
University Press.

Levy B and Sidel V (1997) War and Public Health. New York: Oxford
University Press.

Marks SP (ed.) (2006) Health and Human Rights: Basic International
Documents (2nd ed.). Boston, MA: Fançois-Xavier Bagnoud Center
for Health and Human Rights.

Perrin P (ed.) (1996) War and Public Health. Geneva, Switzerland:
International Committee of the Red Cross.

Stewart F (2002) Root causes of violent conflict in developing countries.
British Medical Journal 324: 342–345.

Swiss S and Giller JE (1993) Rape as a crime of war: A medical
perspective. Journal of the American Medical Association 270(5):
612–615.

Toole MJ and Waldman RJ (1990) Prevention of excess mortality in
refugee and displaced populations in developing countries. Journal
of the American Medical Association 263: 3296–3302.

Relevant Websites

http://www.a mnesty.org/ – Amnesty Internat ional.
http://www.e m-dat.net/ – EM-DAT Emergency Data Base.
http://www.hu manitarianinfo.or g/ – Humanitaria n Informa tion Centers
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– International Strategy for Disaster Reduction.
http://www.i rinnews.org/ – Irin Ne ws-Humanitaria n News and Analysis.
http://physi ciansforhumanright s.org/ – Physicians for Human Rights

(PHR).
http://www.rel iefweb.int/ – Reliefweb.
http://www.rh rc.org/ – Repro ductive Health Response in Conflict

Consortium.
http://www.sipr i.org/ – The Sipri Year Book.
http://www.o chaopt.org/ – UN Office for Coordination of Humanit arian

Affairs.
http://www.un hcr.org/ – United Nations High Commissioner for

Refugees (UNHCR).
http://www.un icef.org/ – United Nations Childr en’s Fund (UNICEF).
http://www.refu gees.org/ – US Committee for Refug ees and

Immigrants.
http://www.wome nscommission.org/ – Women’s Commission for

Refugee Women.
http://www.who .int/ – World Health Organization (WHO).
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Huntington’s disease (HD) is a relatively rare, incurable,
autosomally dominant inherited, neurodegenerative dis-
ease of the central nervous system. It is caused by a single
defective gene which leads to degeneration of neurons
in the basal ganglia, primarily in the putamen and the
caudate nuclei, as well as in the frontal cortex of the brain.
The resulting neuronal degeneration leads to a range of
physical, psychological, and psychiatric problems, includ-
ing involuntary ‘choreiform’ movements, dementia, per-
sonality changes, and behavioral changes.

HD usually develops in adulthood, during the 40 s to
50 s, and can display a wide range of symptoms including
movement disorders, cognitive decline, and neuropsychia-
tric symptoms. In juvenile HD, presenting symptoms
are abnormal movements, decline in cognitive abilities,
and often epilepsy. The age of onset, rate of disease pro-
gression, and symptom presentation varies from person to
person. The disease affects both males and females;
both sexes are at equal risk of inheriting the defective
gene from a parent with HD. A person inheriting the
defective gene will eventually develop the disease. The
most common form of HD is adult onset; juvenile onset
HD is much rarer. In very rare cases no family history of
HD can be found.

Because of the nature and complexity of HD, input from
a multitude of services is often required from health, social
care, statutory, and voluntary organizations, not just for the
person with the diagnosis of HD but also for family
members.

HD was initially known as Huntington’s chorea or HC
(‘chorea’ is derived from the Greek meaning ‘to dance’)
due to the choreiform movements typically displayed by a
large number of people with HD. However, as this only
describes the physical symptoms and makes no reference
to the psychiatric symptoms, the preferred name is now
Huntington’s disease or HD.

Because of the relative rarity of HD, the nonspecialist
health professional is unlikely to see more than one person
with HD in his or her professional career (Shakespeare
and Anderson, 1993).
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History of Huntington’s Disease

In 1872 , a young physician, Geor ge Hu ntington, pre-
sented a paper outlining the fir st complete description
of HD. He re por ted on a mothe r and daughter who dis-
played a ‘here ditary chorea ’ – the diseas e later took his
name . He des cribed the princi pal f eatures, namely: adul t
onset , cho reifor m moveme nts, men tal impair ment , inh er-
ited natur e, and disease progressi on leadi ng eventual ly
to death ( Huntin gton, 1872 ). However, there have been
descri ptions of HD dating back to the Middle Ages (Kolb
and Whitshaw, 1995 ).
Cause of Huntington’s Disease

The symptoms of HD are cause d by the degeneration of
neuron s and atrophy in areas of the brain, spe cifically the
basal gan g lia and frontal cor tex, leading to mot or, cogni -
tive, per sonality, and psycho logical problem s; the dis ease
is caused by the inher itance of a def ect ive gene. The
def ective gene was ident ified in 1993 by the Huntin gton’s
Disease Colla borative Research Group. The def ec t is
located on a small sequence of DNA found on the shor t
ar m of chromos ome 4 ( Hu ntington’s Dis ease Colla bora-
tive Research Gro up, 1993 ). The gene is know n as IT15 ,
and huntingt in is its pro tein pro duct. It is thoug ht that
in HD, the mu tated ver sion of the hun tingtin prote in pro-
duce s a new function for the gene, leading to neu ronal
damage and dest r uction ( Bentley, 1999 ).

The gene is composed of the three DNA bases cystosine,
adenine, and guanine (CAG), referred to as a trinucleotide
repeat. Individuals who develop HD will have a higher
number of CAG repeats than the general population (see
Ta b l e 1 ).

Occasion ally the re sult f alls in a ‘gray area,’ in which it i s
uncertain as to whether the person will develop HD or not.

The age of symptom onse t varies widely and in many
cases is not associated with the size of CAG re peat, so this
should on ly be used to deter min e whether HD may
Table 1 Effect of cystosine, adenine, and guanine (CAG) repeats

Number of CAG repeats Presentation of HD

9–29 Number of CAG repeats expected

29–34 Individual will not present with sym
gene will expand (genetic anticip

35–39 Some but not all individuals will de

36–40 HD will develop but often at an old

40 and greater HD will develop at some date in the
50 and above HD will develop in childhood or ado

Simpson S (2004) The management of Huntington’s. Practical Neur

and Stroke. Huntington’s disease: Hope through Research. http

(accessed August 2007); Kirkwood SC, Su JL, Conneally PM, and F
stages of Huntington’s disease. Archives of Neurology 58(2): 273–27
possibly occur rather than to pr edict the age of symptom
onset . Also, the numb er of CAG re peats is not predi ctive
of the rate of disease progressi on or sym ptom prese nta-
tion, which vary widely from individual to ind ividual,
even withi n the sam e f amily, or of the likeli hood that the
af f ected gene will be passed on to the of fspring.
Diagnosis

Sin ce 1993, the diag nosis of HD has been made or
confir med via a blood test to detect the a bnor mal gene,
even if an ind ividual is asympto matic . However, c linical
present ation and a positive f amily history should not be
ignor ed, and a f amily memb er or caregiver shou ld be pre-
sent at con sultations.

Brain scann ing or imag ing in conjunct ion with a robust
c linical history, record of symptoms, and neurolo gical
examinati on will suppor t a diagnos is of HD and r ule out
other possible causative f actor s. Imagin g of the brain may
highl ight areas of shri nkage asso ciated with HD, par ticu-
lar ly the putam en and the caudate.
Inheritance Pattern

HD is autosomal dominant, meaning the gen e involved is
locate d on an autosomal ch romosome, ch romosome 4, not
on on e of the sex ch romosomes. In an individual who has
inh eri ted the HD gene, one of the p air o f ch romosomes is
not functioning cor rectly a nd dominate s t he other working
gene, so the individual will eventually develop HD (see
Figure 1).

In HD, an af f ected par ent passes on either the HD
gene or the unaf f ec ted gene to his or her of fspr ing, thus a
per son who has HD, regardless of sex, has a 50% or one-in-
two chance of passing on the affected gene and thus HD to
his or he r of fspring. If the of fspring i nherits th e a f f ected gene,
he or she w ill devel op HD ; conver sely, if h e or she d oes not
inherit the affected gene, he or she will not develop HD and
 on HD presentation

to be found in the unaffected population

ptoms of HD but in very rare cases there is the chance that the
ation) and future children may develop HD

velop HD; next generation is at risk

er age

individual
lescence – juvenile HD

ology 4(4): 204–213; National Institute of Neurological Disorders

//www.ninds.nih.gov/disorders/huntington/detail_huntington.htm

oroud T (2001) Profression of symptoms in the early and middle
8.
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Figure 1 Inheritance pattern of Huntington’s disease.
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in turn will not pass it on to his or her offspring. However,
each pregnancy has an equal 50% chance of the offspring
inheriting HD, but that does not mean that there will be an
even distribution of offspring with and without HD.

Some families are fortunate and perhaps four out of four
children do not inherit the HD, whereas other families, less
fortunate, may have four out of four affected; but the chance
for any additional child remains one in two. When large
numbers of HD-affected families are studied, the number of
offspring who have HD remains generally at 50%.

If both parents of an individual have HD, the risk of
inheritance increases to 75% or a three in four chance,
because the individual may possibly inherit the affected
gene from both parents; although this is a rare occurrence,
it can and does happen.
Screening

Testing for the gene should only be undertaken in con-
junction with genetic counseling to help an individual
decide whether testing is the right thing for them to do
and to prepare them for the result, whether it is positive,
negative, or inconclusive. In the UK, this is normally
undertaken by regional genetics services, and counseling
is provided before and after testing. The genetic testing
can be undertaken even if an individual is asymptomatic.
A peripheral blood sample is obtained and analyzed to
detect the CAG repeat length and hence the HD muta-
tion in the blood. There are a number of excellent, infor-
mative leaflets on genetic testing for HD, available from a
worldwide range of support organizations (see the Rele-
vant Website section at the end of the article).
Prenatal testing is available via amniocentesis or cho-
rionic villus sampling; however, there is a need to know
the gene status of the parents, as a positive fetal test will
indicate whether a parent, even if asymptomatic, has HD.
There is a risk of spontaneous abortion associated with the
screening. Pre-implantation screening via in-vitro fertili-
zation can be used to implant unaffected embryos to
ensure that the offspring will not develop HD.

It is essential to consider an individual’s personal
knowledge of HD. Often people will have experienced
family members who have HD, possibly even family
members who have died as a result of HD. The previous
experiences an individual has had of HD may influence
how he or she and family members will deal with a
positive diagnosis and longer-term management of HD.
Epidemiology

HD is found in many countries throughout the world,
with varying prevalence due to its inherited nature (see
Table 2). Areas of increased prevalence occur according
to geographical location, historical migration and settle-
ment and the ethnicity of the population. In general the
highest prevalence is in Europe and countries of Western
European origin; and the lowest is in Africa, China, and
Finland, there are also regional variations within popula-
tions. The Lake Maracaibo region in Venezuela has an
extremely high prevalence, in many cases it can be traced
back to one of the initial settlers in the region who carried
the HD gene (Gusella et al., 1983). The geographical isola-
tion of the area, relatively low levels of migration small gene



Table 2 Prevalence of HD

Population

Prevalence of HD
(cases per 100 000
people)

South Africa (blacks) 0.06

Japan 0.10–0.40

Hong Kong 0.37
Finland 0.60

Europe and countries of European

descent

4.00–10.00

Northern Ireland 6.40
South Wales (UK) 7.61

Scotland (Grampian Region) 9.94

United States 10.00
Tasmania 17.40

Mauritius 46.00

Venezuela (Lake Maracaibo region) 700.00

Data from Revilla F and Grutzendler J (2005) www.stanford.edu/
group/hopes/causes/popgen/aj5.html.
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pool and families having large numbers of children have led
to this high prevalence.

The age of onset of HD is commonly in the forties and
fifties, with death occurring 15 to 30 years from onset of
symptoms (Hart and Semple, 1990), although there are
reports of people as young as 2 and up to the age of 80
developing symptoms. If an individual displays symptoms
before the age of 20, he or she is classed as having juvenile
HD. This occurs in about 7% of cases (Wells and Warren,
1998); the rate of disease progression is more rapid in
such cases.

When a child develops juvenile HD it is usually pater-
nally transmitted (Simpson, 2004) because of an increase
in gene size. This increase in gene size occurs more
frequently in spermatogenesis, due to the greater instabil-
ity of the HD allele during spermatogenesis. There have
been reported cases of children developing HD before
their father develops symptoms, because the father’s
gene size was average size but the child’s had greatly
expanded (Simpson, 2004).
Clinical Features

HD is a progressive, incurable disorder with no effective
treatment to slow the progression of the disease, which
leads to increasing disability and ultimately death. Identi-
fication of problems and effective management of these
problems may improve an individual’s quality of life and
that of family members, but ultimately it will not halt the
progression of the disease and death, which usually occurs
within 15–30 years from onset.

HD is often viewed in three distinct stages (Hoffman,
1999; Kirkwood et al., 2001):
. Stage 1: Initial symptom onset, the individual remains
independent in performing activities of daily living.

. Stage 2: Increasing dependence upon others for
activities of daily living.

. Stage 3: Functional independence lost; loss of voluntary
movements; global dementia demonstrated. At Stage 3
the majority of individuals require long-term specialist
placements.

There is a wide variation in clinical features presented
among individuals with HD, even within the same family.
The onset of symptoms varies greatly, and symptoms can
be physical, psychological, and psychiatric, whether in
isolation or in a variety of permutations. It is essential to
recognize that not each person with HD will present with
or develop all of the symptoms described.
Assessment

The individual with HD requires a thorough assessment
with ongoing reviews throughout the disease trajectory.
These should be undertaken with informed family mem-
bers present to ensure accuracy of reported information
from the individual with HD and, in the latter stages of
the disease, to highlight issues that the personwithHDmay
be unable to discuss.

Changes should be identified and the patient referred
as needed to appropriate specialist services such as phys-
iotherapy, dietetics, speech therapy, occupational therapy,
genetics services, neuropsychiatry, community psychiatric
nurses, specialist nurses, and social workers. Safety should
be considered in all aspects of the individual’s care, envi-
ronment, and lifestyle, and appropriate management and
treatment strategies should be implemented as necessary.

HD is a highly complex and multifaceted disease, pre-
senting a challenge for successful management and treat-
ment of the presenting symptoms. A multidisciplinary team
approach to care should be adopted, with team members
having an understanding of HD.
Physical Problems

Physical problems include the following (Harper et al.,
1996; Kirkwood et al., 2001; Simpson, 2004):

. Abnormal eye movement: motor movements of eyes are
affected, with an inability to make direct eye contact or
lift gaze.

. Abnormal gait pattern: predisposition to falls, wide
staggering gait linked to chorea.

. Akinesia and bradykinesia in the later stages of disease.

. Cachexia: normally in later stages (cause not fully under-
stood), it is independent of excessive movements and is
not always resolved by a high calorific intake; dietetic
input should be sought and weight monitored.

http://www.stanford.edu/group/hopes/causes/popgen/aj5.html
http://www.stanford.edu/group/hopes/causes/popgen/aj5.html
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. Cerebellar anomalies: for example, tremors; this is not a
normal feature.

. Chorea: the most recognizable and universal feature in
HD; more prominent in the early stages. Initial man-
agement should address areas such as safety, comfort,
stress reduction, avoidance of hunger, and treatment of
depression which can exacerbate movements.

. Clumsiness: generally apparent in early or mid-stage HD.

. Dysarthria: rhythm and rate of speech are affected in
the early stages; difficulties in initiation of speech leads
to unintelligible speech as the disease progresses.

. Dysphagia: can lead to choking, aspiration, and asphyxi-
ation; tachyphagia is also apparent in some individuals.
Referral is needed to speech therapist for assessment and
management of the problem; training should be given for
the management of choking episodes. Percutaneous
endoscopic gastrostomy (PEG) feeding may be required
in the late stages.

. Dystonia: frequently seen in late stages.

. Epilepsy: common in juvenile HD.

. Falls: often associated with chorea and abnormal gait;
consider the use of wheelchairs to aid mobility if falls
become a major issue.

. Incontinence: urinary and fecal, normally occurring in
the late stages, with a range of causes. It is essential to
maintain a good fluid intake to reduce the risk of
urinary tract infection, constipation, and dehydration.

. Pressure sores: often in the later stages, be aware of the
effect of friction and shearing due to movements. Mon-
itor skin condition and educate in skin care, providing
appropriate pressure-relieving equipment, when
indicated.

. Reduced manual dexterity: assessment by occupational
therapist for provision of aids as appropriate to main-
tain independence.

. Rigidity: a prominent feature in juvenile HD and more
common in advanced stages in adults.
Table 3 Behavioral difficulties associated with cognitive problem

Behavior Possible management strategies

Fixed thinking Attempt to channel fixed behavior thoug

Anosognosia Consider gaining additional information f

dealing with a person with HD are awa
Slowed thinking and

responses

Use unambiguous and concise sentence

Memory problems Use prompts or cues, reduce environme

Difficulty sequencing
activities

Maintain regular routines, use prompts a

Loss of visuospatial

awareness

This can sometimes be misinterpreted as

personal space or may tend to slam ob

be flat and of one material; encourage

Data from Bourne C, Clayton C, Grant J, andMurch (2006) Cognitive im

disease. Nursing Standard 20(35): 41–44; Simpson S (2004) The man
. Sleep disturbance: movements often reduce during sleep,
but restlessness is a common problem in mid to late
stages.

. Voluntary movement impairment: delayed initiation,
and slow and inaccurate execution of movements,
progressing throughout the stages.
Cognitive Problems

Cognition can be viewed as an individual’s ability to take in
information, process it, and store it in memory, remember-
ing it as necessary (Bourne et al., 2006). In HD, cognitive
functioning is almost universally affected. This can then
lead to behavioral problems affecting executive functioning
and cognitive flexibility. Family members will often men-
tion that an individual has become very selfish, unaware of
how his or her HD affects others in the environment, and
also overestimating his or her abilities and being unaware of
the consequences of his or her actions.

Simpson (2004) describes ‘anosognosia,’ in which an in-
dividual with HD is unable to recognize a physical prob-
lem, thus demonstrating a lack of self-awareness. This
can be manifest by an individual answering ‘‘I’m fine’’ to
a question when he or she is clearly not. It is thus very
important to involve family in the management of
individuals with HD to ensure that a true picture of
an individual’s difficulties is obtained (Table 3).

It is also essential not to consider the individual in
isolation, but to be aware of the needs of their significant
others. Access to voluntary groups is extremely useful
enabling individuals to obtain excellent information and
support from outside of the health-care or social care
setting, provided by an individual experienced in HD.
Finances can often be an issue that requires support to
review and assistance to reduce the impact of possible
unemployment due to the HD. General safety measures
s in HD

ht into a manageable behavior

rom others who know the person with HD well. Ensure those

re of this potential problem
s, allow time for response

ntal distractions

s appropriate

aggressive behavior, as individual may not be aware of his or her

jects down. Take a step back from the person; flooring needs to

individual to feel for table etc., prior to putting things down

pairment and behavioral difficulties in patients with Huntington’s

agement of Huntington’s. Practical Neurology 4(4): 204–213.



Table 4 Possible pharmacological treatments for problems associated with HD

Problem Consider treatment with

Chorea – interfering with function and safety Benzodiazepines or dopamine-depleting agents
Bradykinesia and rigidity Levodopa or dopamine agonists

Depression Selective serotonin reuptake inhibitors (SSRIs); if ineffective

consider other antidepressants, including tricyclic

antidepressants
Hallucinations, delusions, or schizophrenia-like syndromes Antipsychotic medications – newer types such as quietiapine,

clozapine, risperidone

Irritability Antidepressants, particularly SSRIs

Aggression Antipsychotic or neuroleptic medications

Data from Revilla F and Grutzendler J (2005) Huntington Disease, eMedicine. http://www.emedicine.com/neuro/topic81.htm (accessed

August 2007); Simpson S (2004) The management of Huntington’s. Practical Neurology 4(4): 204–213.

Table 5 Personality and psychological problems

Aggression
Anxiety Linked to depression, occasionally linked to environmental factors

Bulimia

Deliberate self-harm

Delusions
Dementia Early-onset behavioral changes, slowing of cognition, impairment of intellectual functions and memory

problems

Depression A feature in 30% of individuals with HD, it may occur several years before the onset of motor symptoms

indicating it is an integral part of HD as opposed to a reaction to increasing debilitation
Disinhibited behaviors Including sexual disorders

Hypersensitivity

Impulsiveness
Irritability

Obsessive compulsive

symptoms

Personality change Often the initial psychiatric change, demonstrated by 38–58% of individuals with HD
Psychosis

Suicide Increased rate in HD

Verbal abuse Escalating to violence. Responses exaggerated and inappropriate to events

Cummings J (1995) Behavioral and psychiatric symptoms associated with Huntington’s disease. Advanced Neurology 65: 179–186;
Harper P (ed.) (1996) Huntington’s disease. Major Problems in Neurology, 2nd edn. London: Saunders; Hoffman N (1999) Understanding

the neuropsychiatric symptoms of Huntington’s disease. Journal of Neuroscience Nursing 31(5): 309–313; Kirkwood SC, Su JL,

Conneally PM, and Foroud T (2001) Progression of symptoms in the early and middle stages of Huntington’s disease. Archives of

Neurology 58(2): 273–278; Revilla F and Grutzendler J (2005) Huntington Disease, eMedicine. http://www.emedicine.com/neuro/
topic81.htm (accessed August 2007); Bourne C, Clayton C, Grant J, and Murch (2006) Cognitive impairment and behavioral difficulties

in patients with Huntington’s disease. Nursing Standard 20(35): 41–44; Simpson S (2004) The management of Huntington’s. Practical

Neurology 4(4): 204–213.
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and management of presentin g problem s without med ica-
tions should be considered be fore us ing phar maco logic
inter ventions; Table 4 provides a brief over view of possi-
ble phar maco logic inter vention s. Table 5 highl ights per-
sonality and psycholog ical problem s.
Conclusion

HD is a complex, rare, and challenging condition with a
diver se range of symptoms that vary from per son to per son.
Individuals require appropriate assessment, management,
monitoring, review, and treatment throughout the cour se of
the disease. HD is a condition that aff ects not only the
individual with the disease but also the entire family and
others around the individual. A fundamental need in the
successful management of HD is to have access to care
from people with an under standing of the complexities of
the condition. Effective management requires input from a
wide range of professionals from a variety of voluntary and
statutory bodies, throughout the disease progression who
can off er the individual holistic support rather than looking
at each presenting problem in isolation.
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Introduction

Hypertension is an important public health challenge
worldwide. Its high prevalence and the concomitant
increase in risk of cardiovascular diseases (CVDs), includ-
ing heart attack, stroke, and renal disease have placed it
third as a cause of disability-adjusted life years and a
leading risk factor for overall mortality according to the
work of Ezzati and colleagues (2002) in the Global
Burden of Disease study. Hypertension is the most com-
mon and probably the most important modifiable risk
factor for coronary heart disease (CHD), stroke, conges-
tive heart failure, end-stage renal disease, and peripheral
vascular disease. According to data from the Third
National Health and Nutrition Examination Survey
(NHANES III), conducted from 1988 to 1992, as many as
43million Americans (estimated 24% of adults in the
general population) have hypertension, defined as having
systolic blood pressure (BP) 140mmHg or higher and/or
having diastolic BP 90mmHg or higher, and/or taking
antihypertensive medications (Burt et al., 1995). Data
from NHANES 1999–2000 and the United States Census
Bureau information, however, suggest that 43million is an
underestimation and a staggering 58–65million adult
Americans have hypertension, thus translating to
29–31% of the general adult population (Fields et al.,
2004). Prevalence of hypertension increases with advanc-
ing age, and more than half of adults in the 60- to 69-year-
old group and approximately three-fourths of those older
than 70 have hypertension. Not only is the health burden
of hypertension significant, but also it is a financial burden.
It was estimated that in 2002 the United States spent over
$47.2 billion on hypertension (He et al., 2003). While sig-
nificant progress has been made in the prevention,
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detection, and treatment of hypertension, it remains a
major public health challenge, contributing significantly
to morbidity and mortality due to CHD and stroke and
placing a significant burden on the health-care system.
Global Burden

Based on World Health Organization (WHO) data, world-
wide burden of hypertension is substantial, with an estimated
1 billion individuals affected worldwide and 7.1million
deaths per year attributable to hypertension. According
to a recent study of the global burden of hypertension
conducted by Kearney and colleagues (2005), in 2000
26.4% of the world’s adult population had hypertension,
and it is predicted that 29.2% will have hypertension
by 2025. Men in the regions of Latin America and the
Caribbean had the highest estimated prevalence of hyper-
tension worldwide, while for women, those living in the
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Figure 1 Frequency of hypertension in people aged 20 years and o
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worldwide data. Lancet 365: 217–223.
former socialist economies of Eastern Europe had the
highest estimated prevalence of hypertension. The lowest
prevalence of hypertension for both sexes was observed in
Asia, not including China, and the Pacific Islands. Figure 1
presents rates of hypertension by geographic region and
gender. The population burden of hypertension is greater
in economically developing countries than in economically
developed countries. In developing countries, more people
are affected in total and the onset of cardiovascular disease
as a consequence of hypertension occurs at earlier ages.
Classification of Hypertension

The Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of
High BP ( JNC 7; Chobanian et al., 2003) reported the
following classifications for BP in adults aged 18 years:
Normal BP, prehypertension, stage 1 hypertension, and
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Table 1 Classification of BP for adults from JNC 7

BP Classification Systolic BP mmHg
Diastolic BP
mmHg

Normal <120 and <80

Prehypertension 120–139 or 80–89

Stage 1 hypertension 140–159 or 90–99

Stage 2 hypertension �160 or �100

Adapted from Chobanian AV, Bakris GL, Black HR, et al. (2003)

Seventh Report of the Joint National Committee on Prevention,

Detection, Evaluation, and Treatment of High Blood Pressure.

Hypertension 42: 1206–1252.
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stage 2 hypertension (Table 1). These criteria relate to
individuals not taking antihypertensive medication and
who are not acutely ill. The classification scheme is
based on the average of two or more properly measured,
seated BP readings recorded at two or more separate visits.
In this classification, prehypertension is not a disease
category, rather it is a term used to identify people at
increased risk of developing hypertension in the future.
Current recommendations advise lifestyle modifications
as a part of interventions for prehypertension, stage 1, and
stage 2 hypertension. The JNC 7 advises drug therapy
for all people who have stage 1 or stage 2 hypertension.
For persons with prehypertension and no other compelling
medical conditions, the goal is to lower BP to normal limits
with lifestyle modifications, and for individuals with stage
1 and stage 2 hypertension with no other compelling
conditions to less than 140/90mmHg. Stage 1 hyperten-
sion is the most common form of hypertension and
accounts for approximately 80% of hypertension.
Secular Trends in Hypertension

Substantial success has been achieved in increasing aware-
ness, treatment, and control of hypertension in the United
States. For instance, according to the JNC 7, awareness of
hypertension in Americans has increased from 51% in
1976–80 to 70% in 1999–2000. The proportion of patients
receiving treatment also improved from 31% to 59%,
and achievement of goal BPs (<140/90mmHg for most
persons) improved from 10% to 34% over the same period
of time.Moreover, a downward trend in systolic BPhas been
observed, with median systolic BP decreasing by 16mmHg
in adults 60- to 74-year-old from 1960 to 1991. In the past
two decades, age-adjusted death rates from stroke and
CHD, and the hospital case-fatality rate for heart failure
have also declined. While these improvements are substan-
tial, it is estimated that 30% of adult Americans are still
unaware of their hypertension, and more than 40% of those
with hypertension are not receiving treatment. Finally, a
staggering two-thirds of patients with hypertension are not
achieving BPs below 140/90mmHg (Chobanian et al., 2003).
There are many possible reasons for this large proportion of
persons who have not achieved adequate blood pressure
control. Adherence to antihypertensive medication regi-
mens is often less than 50%, and the asymptomatic and
lifelong nature of hypertension undoubtedly contribute to
difficulties with patient adherence. Two to three medica-
tions are often required to control blood pressure, and some
of the more common side effects of antihypertensive med-
ications include dry cough, dizziness, nausea, headache, and
sexual dysfunction, depending on the drug administered.
Hypertension and End Organ Damage

The relationship between BP and risk of CVD events
and kidney disease is continuous, positive, and indepen-
dent of other risk factors. This relationship has been
demonstrated very clearly by Klag and colleagues (1996)
among the more than 300 000 men screened for the
Multiple Risk Factor Intervention Trial (MRFIT) and
by Lewington and colleagues (2002) among more than
one million persons included in a meta-analysis of pro-
spective studies with individual-level data. Among men
screened for the MRFIT, adjusted relative risk for end-
stage renal disease (ESRD) increased from 1.0 in those
with optimal BP (<120/<80) to 1.9 in persons with pre-
hypertension, 3.1 in persons with mild hypertension, 6.0
in persons with moderate hypertension, and 11.2 among
persons with severe hypertension. The age-adjusted rate
of ESRD per 100 000 person-years is shown in Figure 2
by ranges of systolic and diastolic BP. The relationship
between BP and risk of CVD is similar and has been
studied extensively. In the largest study, individuals
40–70 years of age doubled their risk of CVD with
each increase of 20mmHg in systolic BP or 10mmHg
in diastolic BP throughout the range of BP from 115/75
to 185/115mmHg. Moreover, in clinical trials of BP-
lowering therapies (Neal et al., 2000), decreases in
BP have been associated with reductions in stroke inci-
dence averaging 35–40%; myocardial infarction, 20–25%;
and heart failure, more than 50%. Using data from the
NHANES, Ogden and colleagues (2000) estimated that
in patients with stage 1 hypertension (systolic BP
140–159mmHg and/or diastolic BP 90–99mmHg) and
additional cardiovascular risk factors, achieving a sustained
12mmHg reduction in systolic BP over 10 years will pre-
vent one death for every 11 patients treated. If CVD or
target organ damage is already present, only nine patients
would require BP-lowering therapy to prevent a death.
Pathogenesis of Hypertension

Hypertension increases risk of cardiovascular disease
events through several mechanisms. The release of angio-
tensin II via the renin–angiotensin–aldosterone (RAA)
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system increases oxidant stress on blood vessels and
induces cardiac and vascular hypertrophy. Resulting
increased arterial stiffness may compromise coronary
artery perfusion, thereby contributing to the occurrence
of ischemia. Moreover, in hypertensive microvasculature,
there is decreased nitric oxide-induced vasodilatation and
an imbalance in endothelial factors, which leads to a pro-
atherosclerotic, pro-coagulant milieu, again increasing the
likelihood of an ischemic event.

Hypertension is classified into primary, or essential,
and secondary. Essential hypertension, or hypertension of
unknown cause, accounts for more than 90% of all cases of
hypertension, and its pathophysiology is poorly understood.
It is a complex multifaceted disorder with both genetic and
environmental contributions to its development.
Genetic Factors

Evidence for genetic influence on BP comes from various
sources and has been reviewed extensively by Tanira
and Al Balushi (2005). Twin studies document greater
concordance of BP in identical as opposed to fraternal
twins, and population-based studies have shown a greater
correspondence in BP within families than between
families. While a shared environment can produce some
correspondence, this does not explain the entire associa-
tion since adoption studies also demonstrate greater con-
cordance of BP among biological than adoptive family
members living in the same household. In addition, single
genes can have significant effects on BP, accounting for the
rare Mendelian forms of high BP. It is estimated that
genetic elements account for 30–50% of blood pressure
variation. The rare Mendelian forms of hypertension occur
due to alterations in the regulation of salt reabsorption in
the kidney. Thus the kidney plays a key role in the patho-
physiology of hypertension. The common polygenic form
of hypertension has been associated with genes of many
different types and pathways. One of the most studied of
these is the RAA system. Moreover, genetic variations
identified in association with the sympathetic nervous sys-
tem, ion channels, the immune system, and inflammation,
and the G-protein signal transduction systems have also
been implicated in the pathogenesis of hypertension
(Tanira and Al Balushi, 2005).
Environmental Factors

Various environmental factors also play an important role
in the pathogenesis of hypertension. Obesity, elevated
sodium intake, low potassium and fiber intakes, excessive
alcohol consumption, decreased physical activity, and
stressful home and work environments have become com-
monplace in many societies and strongly contribute to the
development of hypertension.

Increased sodium intake is likely to be one of the chief
factors in the development of hypertension. It has been
observed that many isolated populations demonstrate little
or no rise in blood pressure with age in contrast to more
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developed societies. One of the most salient and consistent
differences between developed societies and these isolated
populations is a very low mean sodium intake. Even within
isolated populations, those with a lower intake of sodium
and hence having a lower sodium:potassium excretion ratio
in urinary testing, have lower blood pressures and less age-
related increase in blood pressure.

Migration studies, such as that of He and colleagues
(1991) among the Yi people of China, have also supported
the primary role of environmental factors such as elevated
sodium intake, low potassium intake, weight gain, decreased
physical activity, and other lifestyle changes in the develop-
ment of hypertension. However, some of the best evidence
for the influence of these environmental factors in the
development of hypertension has come from randomized
controlled trials testing strategies for the prevention and
treatment of hypertension.
Strategies for Prevention and Treatment

Weight Loss

Overweight and obesity play an important role in devel-
opment of hypertension, and several studies support the
role of weight loss in the prevention and treatment of
hypertension. The Trial of Nonpharmacologic Interven-
tions in the Elderly (TONE) trial (Whelton et al., 1998)
was designed to determine whether weight loss or dietary
sodium reduction would produce satisfactory BP control
after withdrawal of antihypertensive therapy. In this trial,
the average weight reduction in obese patients assigned
to weight loss arm was 3.5–4.5 kg, whereas in those not
assigned to weight loss average reduction in weight was
0.9 kg. At the trial endpoint, 39% of those randomized to
weight loss remained off antihypertensive medication
with BP of less than 150/90mmHg compared with 26%
of those not assigned to weight loss 30months after the
attempted withdrawal of antihypertensive medication.

He and colleagues (2000) examined the relationship
between long-termweight loss and hypertension by study-
ing 181 men and women who participated in the Trials of
Hypertension Prevention, Phase I (TOHP I). At baseline
in 1987–88, participants were 30–54 years oldwith systolic
BP less than 160mmHg, and diastolic BP of 80–89mmHg,
and they were randomly assigned to one of two 18-month
lifestyle modification groups, either weight loss or dietary
sodium reduction group, or to a usual care group. After
7 years of follow-up, the incidence of hypertension was
18.9% in the weight loss group compared to 40.5% in the
control group. Additionally, the odds of hypertension were
reduced by 77% (odds ratio, 0.23; 95% CI, 0.07–0.76;
p¼ 0.02) in the weight loss group compared with the
control group. Similar findings were reflected in TOHP,
Phase II (The Trials of Hypertension Prevention Collab-
orative Research Group, 1997).
Dietary Sodium Reduction

Reduced dietary sodium intake lowers BP in both normo-
tensive and hypertensive patients, reduces incidence of
hypertension, and may reduce the risk of cardiovascular
disease in overweight individuals. Evidence from the
TOHP II (The Trials of Hypertension Prevention Col-
laborative Research Group, 1997) showed that overweight
participants with high normal BP could reduce their BP
with sodium restriction and avoid the development of
hypertension. In this trial, sodium restriction was asso-
ciated with a 50- and 40-mEq decline in sodium intake at
6 and 36months in the salt-restricted group compared to
the usual care group, and systolic and diastolic BP fell by
2.9 and 1.6mmHg, respectively, in the salt-restricted
group at 6months.

In the TONE trial, 585 obese participants were rando-
mized to reduced sodium intake, weight loss, both, or
usual care, and also 390 nonobese participants were ran-
domized to either reduced sodium intake or usual care
groups. After 3months of intervention, withdrawal of
a single antihypertensive agent was attempted. As
shown in Figure 3, those participants assigned to the
reduced sodium intake group were significantly less
likely to be diagnosed with high BP at a follow-up visit,
be treated with an antihypertensive medication again,
or have a cardiovascular event during the follow-up
period compared to those not assigned to reduced sodium
intake (relative hazard ratio, 0.69; 95% CI 0.59–0.81;
p< 0.001).

TheDietaryApproaches to StopHypertension (DASH)-
Sodium trial (Sacks et al., 2001) tested the BP effects of three
levels of sodium reduction in two diet groups. The three
sodium levels were 143mmol/day, reflecting typical U.S.
consumption; 106mmol/day, reflecting the upper limit of
current U.S. recommendations; and 65mmol/day, targeted
at further reduction of BP. In the control diet, which was
designed to reflect a typical American diet, reducing sodium
intake from the higher to the intermediate level significantly
reduced systolic BP by 2.1mmHg, and reducing sodium
intake from the intermediate to the lower level further
decreased systolic BP by 4.6mmHg. In the DASH diet
group, corresponding reductions in systolic BP were 1.3
and 1.7mmHg, respectively. The combination of the
DASH diet with lower sodium level reduced systolic BP
by 7.1mmHg in nonhypertensive persons, and 11.5mmHg
in hypertensive persons.

Several meta-analyses of randomized controlled trials
have also shown that sodium reduction decreases BP and
prevents hypertension. In all of these studies, sodium
reduction was associated with a significant reduction in
systolic BP among normotensive persons. Cutler and col-
leagues (1997) estimated that an average reduction of
77mmol/day in dietary sodium intake resulted in a
reduction of 2.8mmHg in systolic BP and 1.5mmHg in
diastolic BP.
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Potassium Supplementation

Observational studies have shown that there is an
inverse association between dietary potassium intake
and BP level within and across populations. Additionally,
randomized controlled trials have provided evidence
that potassium supplementation lowers BP in both hyper-
tensive and normotensive individuals (He and Whelton,
1997a).

Data from the large-scale International Study of Salt
and BP (INTERSALT Cooperative Research Group,
1988) that included more than 10 000 participants from
32 countries provided the most precise and accurate
observational estimates of potassium’s effect on blood
pressure; after adjustment for multiple factors including
urinary sodium excretion, a 50-mmol/day increase in uri-
nary potassium excretion was associated with a 3.36-
mmHg decrease in systolic BP and a 1.87-mmHg decrease
in diastolic BP (Dyer et al., 1994). Similarly, a meta-
analysis of 33 randomized controlled trials conducted by
Whelton and colleagues (1997) has shown that potassium
supplementation (median, 75mmol/day) lowered systolic
BP by 3.1mmHg (95%CI, –4.3 to –1.9) and diastolic BP by
1.9 (95% CI, –3.9 to –0.5). Conversely, through the work
of Krishna and colleagues (1989, 1997), low dietary potas-
sium intake has been associated with elevated BP levels.
Moreover, the effects of potassium supplementation are
affected and differ by level of sodium intake. Effects of
potassium appear to be enhanced in diets with a higher
level of sodium intake and may be blunted in diets with a
low level of sodium.
Calcium and Magnesium

While epidemiologic data in populations have suggested
an inverse relationship between calcium and magnesium
intake and BP, randomized controlled trials in normoten-
sive individuals have failed to show that dietary calcium
or magnesium supplementation lowers BP. A recent meta-
analysis of randomized controlled trials has shown that
calcium supplementation leads to only a small reduction
in BP, and even this effect has only been observed in those
with hypertension (Griffith et al., 1999).
Physical Activity

Epidemiologic studies have demonstrated a consistent
inverse relationship between physical activity and BP. In
a Japanese cohort of 6017 men 35–60 years of age, Hayashi
and colleagues (1999) found that a walk of 21min or more
compared with 10min or less was associated with a 29%
lower risk of hypertension. In the Atherosclerosis Risk in
Communities Study cohort, white men who performed
the most leisure activity (primarily walking and cycling)
had a 34% lower odds of developing hypertension over
6 years comparedwith those whowere least active (Periera
et al., 1999). In this study, however, leisure physical activity
was not associated with the incidence of hypertension in
white women or African-Americans.

Randomized controlled trials also support the role
of physical activity in lowering BP. At least two meta-
analyses of randomized trials of aerobic exercise effects on
BP have been conducted to date. Kelley (1999) conducted a
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meta-analysis among women aged 18 years and older,
including ten randomized trials with 732 participants.
Overall, a significant reduction in systolic (–2mmHg
(95% CI, –3 to –1mmHg) and diastolic (–1mmHg (95%
CI, –2 to –1mmHg)) BP was observed in these women.
In the meta-analysis of Whelton and colleagues (2002),
54 randomized controlled trials with 2419 participants,
both men and women, were included in the analysis.
Pooled estimates showed that aerobic exercise was asso-
ciated with a significant reduction in mean systolic and
diastolic BP: –3.84mmHg (95% CI, –4.97 to –2.72)
and –2.58mmHg (95% CI, –3.35 to –1.81), respectively.

Young and colleagues (1999) compared the effects of a
12-week moderate-intensity aerobic exercise program
and a T’ai Chi program of light activity on BP in a
randomized controlled trial. Sixty-two sedentary adults
aged 60 years and older with systolic BP of
130–159mmHg and diastolic BP of less than 95mmHg
were randomized to aerobic exercise or a T’ai Chi pro-
gram. In each program, participants were required to
exercise 4 days per week for 30min per day. During the
12-week intervention period, systolic BP reductions
were –8.4mmHg and –7.0mmHg (each within group
p< 0.001; between group p¼ 0.56) and diastolic BP
reductions were –3.2mmHg and –2.4mmHg (each within
group p< 0.001; between group p¼ 0.54) in the aerobic
exercise and the T’ai Chi groups, respectively. Results
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from this study indicate that programs of moderate-inten-
sity aerobic exercise and light exercise may have similar
effects on BP. Therefore, promoting light-intensity activ-
ity could have substantial public health benefits as a means
to reduce BP in older persons.
Alcohol Consumption

Moderation of alcohol intake is an important component
in prevention of hypertension. Observational epidemio-
logic studies have demonstrated a positive and indepen-
dent association between alcohol consumption and
elevated BP. Several clinical trials of the effects of alcohol
reduction on BP have been conducted but have been
limited by small sample size and have reported inconsis-
tent findings. Because of the large number of studies with
small sample size, and the importance of even small
reductions in BP, meta-analysis of these randomized con-
trolled trials has been conducted by Xin and colleagues
(2001). Fifteen randomized controlled trials with a total
of 2234 participants were included. Overall, alcohol
reduction was associated with a significant reduction in
mean systolic and diastolic BPs of –3.31 (95% CI, –4.10
to –2.52) and –2.04mmHg (–2.58 to –1.49), respectively
(Figure 4, Table 2). A dose–response relationship was
seen between the mean percentage of alcohol reduction
and mean BP reduction in this study.
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Table 2 Summary of reductions in BP (mmHg) in response to various interventions based on evidence from recent meta-analyses

Intervention Meta-analysis

Change in BP (95% CI)

Systolic Diastolic

Sodium reduction Cutler, 1997 –2.8 (–2.4 to –1.7) –1.5 (–1.9 to –1.1)

Potassium supplementation Whelton, 1997 –3.1 (–4.3 to –1.9) –1.9 (–3.4 to –0.5)

Fish oil supplementation Geleijnse, 2002 –2.1 (–3.2 to –1.0) –1.6 (–2.2 to –1.0)
Physical activity Whelton, 2002 –3.8 (–4.9 to –2.7) –2.6 (–3.4 to –1.8)

Alcohol reduction Xin, 2001 –3.3 (–4.1 to –2.5) –2.0 (–2.6 to –1.5)

Weight loss Neter, 2003 –4.4 (–5.9 to –2.9) –3.6 (–4.9 to –2.3)
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Dietary Fiber Intake

Observational and experimental studies have shown that
increasing fiber intake has beneficial effects on BP in both
normotensive and hypertensive individuals; however,
clinical trials have shown wide variation in BP responses
to dietary fiber supplementation. Given that many clinical
trials of dietary fiber and BP have been conducted with
inadequate sample size, they may have lacked power to
detect small but meaningful BP effects. Hence, a meta-
analysis of randomized placebo-controlled trials of the
effects of fiber supplementation on BP was conducted
by Streppel and colleagues (2005). They identified 24 ran-
domized placebo-controlled trials and abstracted data on
fiber dose, fiber type, BP changes, and other characteristics.
Fiber supplementation (average dose of 11.5 g/day)
changed systolic BP by –1.13 mmHg (95% CI, –2.49 to
0.23) and diastolic BP by –1.26 mmHg (–2.04 to –0.48).
In their study, reductions in BP tended to be larger in
older (>40 years) than in younger populations. Fiber
supplementation was also a part of the DASH study
interventions. Both the fruit and vegetable and the com-
bination diets included 31 g of fiber daily versus the
control diet which included 9 g of fiber daily (Appel
et al., 1997). Moreover, dietary fiber intake may also favor-
ably influence other cardiovascular risk factors resulting in
lower risk of coronary heart disease. For example, in the
large NHANES I Epidemiologic Follow-up Study
(NHEFS), a higher intake of dietary fiber appeared to be
associated with a reduced risk of coronary heart disease
(Bazzano et al., 2003). Beneficial effects of fiber were related
to water-soluble types of fiber more so than insoluble fiber
in that study.
Dietary Fat Intake

The relationship between total dietary fat intake and BP
has been investigated closely in the past decades with
conflicting results. Total dietary fat has not been associated
with BP in most cross-sectional epidemiologic studies.
Prospective studies have shown conflicting results. In the
Nurses’ Health Study, dietary fatty acids showed no associ-
ation with the 4-year incidence of hypertension (Witteman
et al., 1989), while analyses of the MRFIT data showed
positive associations between BP and saturated fats and
an inverse association with polyunsaturated fats (Stamler
et al., 1996).

Fat reduction has been one of the aspects of more
complex interventions to prevent hypertension. For exam-
ple, in the DASH study of dietary patterns (Appel et al.,
1997), 459 adults with systolic BPs lower than 160mmHg
and diastolic BPs of 80–95mmHg were fed a control diet
that was low in fruits, vegetables, and dairy products, with
a fat content typical of the average diet in theUnited States
for 3weeks, then were randomly assigned to receive the
control diet, a diet rich in fruits and vegetables, or a
combination diet rich in fruits, vegetables, and low-fat
dairy products and with reduced saturated (6% vs. 16%
of energy) and total fat (27 vs. 37% of energy) for the
next 8 weeks. The combination diet reduced systolic
and diastolic BP by 5.5 and 3.0mmHg more, respect-
ively, than the control diet; the fruit-and-vegetable diet
reduced systolic BP by 2.8mmHg more and diastolic BP
by 1.1mmHg more than the control diet. Among the 133
subjects with hypertension, the combination diet reduced
systolic and diastolic BP by 11.4 and 5.5mmHg more,
respectively, than the control diet ( p< 0.001 for each);
among the 326 subjects without hypertension, the cor-
responding reductions were 3.5mmHg ( p< 0.001) and
2.1mmHg ( p¼ 0.003). While the possible effects of con-
suming a diet reduced in total and saturated fat on BP
cannot be distinguished from other components of the
combination diet in this trial, it is likely from previous
trials that those effects were small.

People tend to establish their diet by choosing partic-
ular foods rather than nutrients. In light of this, studies of
food intake and BP have become as important as those of
nutrient intake. Studies have suggested that diets that
include abundant fruits, vegetables, and low-fat dairy
products may lower BP. The DASH clinical trial demon-
strated that diet rich in fruits, vegetables, and low-fat
dairy with maintenance of constant energy consump-
tion does lower BP and may prevent the onset of hyper-
tension. This diet significantly lowered BP in all major
subgroups including men, women, African-Americans,
non-African-Americans, hypertensives, and normoten-
sives. Moreover, the effect of the DASH combination
diet in hypertensive participants was similar to that of
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drug monotherapy for hypertension. This has significant
implications for public health. With the adoption of the
DASH dietary pattern it may be possible to shift the
population BP downward, thus reducing the risk of
hypertension-related CVD.
Dietary Omega-3 Fatty Acids

There has been evidence to suggest that omega-3 poly-
unsaturated fatty acids, commonly known as fish oils,
reduce BP. Many of the clinical trials of fish oil supple-
mentation, however, have been of insufficient size to
detect relevant BP changes. At least three meta-analyses
have been conducted to date, and all have found signifi-
cant antihypertensive effects of fish oil. The most recent,
conducted in 2002 by Geleijnse and colleagues (Geleijnse
et al., 2002), analyzed 36 trials of fish oil supplementation
and found that intake of fish oil (median dose 3.7 g/day)
reduced systolic BP by 2.1mmHg (95% CI, –1.0 to –3.2;
p< 0.01) and diastolic BP by 1.6mmHg (95% CI, –1.0
to –2.2; p< 0.01). Restricting their analysis to double-
blind trials demonstrated BP reductions of 1.7mmHg
(95% CI, –0.3 to –3.1) systolic and 1.5mmHg (95%
CI, –0.6 to –2.3) diastolic. These estimates correspond
well with those of the meta-analysis conducted by Appel
and colleagues (1993). Weighted pooled estimates of 11
clinical trials of fish oil supplementation and BP in nor-
motensive individuals yielded systolic BP reductions of
1.0 mmHg (95% CI, –2.0 to 0.0) and diastolic BP reduc-
tions of 0.5mmHg (95% CI, –1.2 to 0.2).
Stress and Relaxation

Psychological and emotional stress may also contribute to
the development of hypertension and incremental increases
in BP via the body’s sympathetic nervous system. Trials of
relaxation techniques ranging from transcendental medita-
tion to biofeedback have shown small but potentially
important improvements in BP with use of these noninva-
sive methods; however, several of these trials had methodo-
logical weaknesses that may have affected the results.

In one well-conducted randomized trial, Schneider and
colleagues (1995) tested the short-term efficacyof two stress
reduction techniques in the treatment of mild hypertension
in older African-Americans. One hundred twenty-seven
individuals aged 55–85 years with prehypertension or
stage I hypertension were randomized to a 3-month tran-
scendental meditation or progressive muscle relaxation
or control program, which included education on lifestyle
factors, and were followed in a primary care, inner-city
health center. Of these, 16 did not complete follow-up
BP measurements. Participants in the transcendental
meditation group reduced their systolic pressure by
10.7mmHg ( p< 0.0003) and diastolic BP by 6.4mmHg
( p< 0.00005). Progressive muscle relaxation lowered
systolic BP by 4.7mmHg ( p¼ 0.054) and diastolic pressure
by 3.3mmHg ( p< 0.02). The reductions in the transcen-
dental meditation group were significantly greater than in
the progressive muscle relaxation group for both systolic BP
( p¼ 0.02) and diastolic BP ( p¼ 0.03). The findings of this
study and others suggest that psychosocial interventions in
hypertensive and prehypertensive individuals warrant
more investigation.
Drug Treatment of Hypertension

Many drugs have been developed and tested specifically
for the treatment of hypertension and although recom-
mendations for initiating medical therapy in essential
hypertension have been proposed, there is no universal
agreement regarding which antihypertensive agent should
be started as initial therapy. Antihypertensive medications
span a wide range of different classes of drugs, including
the thiazide diuretics, beta blockers, angiotensin convert-
ing enzyme (ACE) inhibitors, angiotensin II receptor
blockers, and calcium channel blockers. A growing num-
ber of randomized controlled trials have provided sub-
stantiation for the hypothesis that, at the same level of
blood pressure control, most antihypertensive drugs offer
an equivalent degree of cardiovascular benefit, principally
that of decreased cardiovascular morbidity and mortality.
One of the largest and most significant randomized con-
trolled trials comparing antihypertensive medications was
the Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack (ALLHAT) Trial (The ALLHAT
Officers and Coordinators for the ALLHAT Collabora-
tive Research Group, 2002). ALLHATwas a randomized
prospective study of nearly 45 000 patients with hyperten-
sion and one additional risk factor for coronary heart
disease, such as previous myocardial infarction or stroke
(greater than 6months), left ventricular hypertrophy, type
2 diabetes, current cigarette smoking, HDL cholesterol
level less than 35mg/dl (0.91mmol/l), or atherosclerotic
CVD. ALLHATwas designed to evaluate whether the inci-
dence of adverse cardiovascular outcomes differed among
those randomly assigned to chlorthalidone (a thiazide
diuretic) compared to one of three other antihypertensive
drugs: Amlodipine (a calcium channel blocker), lisinopril
(an ACE inhibitor), or doxazosin (an alpha-adrenergic
blocker). The doxazosin arm was prematurely terminated
due to an increased risk of heart failure compared to
chlorthalidone noted during an interim analysis. The
baseline characteristics of the patients in the remaining
three treatment groups were similar, with initial mean
untreated and treated blood pressures being approxi-
mately 156/89mmHg and 145/83mmHg, respectively.
At a mean follow-up of almost 5 years, each of the
antihypertensive agents successfully lowered blood pres-
sure. However, compared with chlorthalidone, the mean
systolic blood pressure was slightly higher with
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amlodipine and lisinopril, while the diastolic blood pres-
sure was lower with amlodipine. BPs were 133.9/75.4,
134.7/74.6, 135.9/75.4mmHg for chlorthalidone, amlodi-
pine, and lisinopril, respectively. The incidence of the
primary outcome (fatal coronary heart disease and non-
fatal myocardial infarction), and all-cause mortality were
the same for all three agents. The principal finding
of ALLHAT is that chlorthalidone, amlodipine, and
lisinopril provided similar protection from coronary
heart disease death and nonfatal myocardial infarction
among patients with hypertension and risk factors for
cardiovascular disease, a result consistent with several
other trials comparing antihypertensive medications.
In addition, amlodipine, a calcium channel blocker, was
not associated with an excess number of cardiac deaths,
which had been a concern. Based on this and other data,
JNC 7 recommends the use of a thiazide diuretic as initial
therapy for hypertension when no other compelling
medical indication for different treatment was present
(Chobanian et al., 2003).
Hypertension in Specific Groups

Children and Adolescents

The Report of the Second Task Force on BP Control in
Children – 1987 and the subsequent 1996 update com-
piled some of the best data available on the relationship of
BP and age in childhood and adolescence (Task Force on
Blood Pressure Control in Children, 1987). BP measure-
ments recorded on more than 70 000 children, ages 1–20
who participated in nine cross-sectional surveys were
pooled to create normative BP distribution curves by
age. BP measurements were standardized and were
obtained with the child in a seated position using a mer-
cury sphygmomanometer or a Doppler instrument in
infants. Among infants and children ages 3–12 years, the
fourth Korotkoff sound was used to signify diastolic BP,
while in adolescents (13–18 years), both fourth and fifth
Korotkoff sounds were used as markers of diastolic BP.
At birth, the average systolic and diastolic pressures
were 70mmHg and 50mmHg, respectively. There is a
rapid and pronounced rise in systolic BP, so that by the
end of the first year of life, systolic BP averages 94mmHg,
while diastolic BP rises only 2mmHg over the same period.
Thereafter, there is a tendency for BP to rise with increas-
ing age throughout the remainder of childhood and ado-
lescence. The slope for age-related change in BP is much
steeper for systolic (1–2mmHg/year) than for diastolic
(0.5–1mmHg/year) BP.

Evidence from the pooled data also reflects the influ-
ence of gender on BP. From the age of 4 years onward, the
slope of the age-related change in BP remains fairly
constant for boys, whereas for girls, the pattern parallels
that of boys until adolescence, when the slope for girls
becomes considerably flatter than that of boys. Taken as a
whole, the evidence suggests little difference in the pat-
tern of average BP levels between sexes until adolescence.
During the teenage years, however, average BP was
consistently higher for boys compared to girls. As a con-
sequence, by age 18, boys had average systolic and
diastolic BPs that were almost 10 and 5mmHg higher
than the corresponding values for girls. There was no
evidence for a systematic difference between the average
levels of BP in children of different races (White, Black,
and Mexican-American).
Elderly

There is a general tendency for both systolic and diastolic
BP to rise during adulthood (Whelton, 1994). The age-
related rate of rise is consistently greater for systolic than
for diastolic BP. Systolic BP tends to rise until the eighth or
ninth decade, whereas diastolic BP tends to remain con-
stant or decline after the fifth decade. As a consequence,
pulse pressure increases progressively with aging. This is
particularly true during the latter part of life.

The pattern of BP change with age is modified to a
certain extent by gender and race. In young adults, systolic
and diastolic BPs tend to be higher in men than in women;
however, the slope of age-related BP increase is steeper
for women than for men. As a result, by the seventh decade
women tend to have levels of systolic BP that equal or
exceed those seen in men. Selective survivorship may
explain part of this gender-related difference in BP, as
men with high BP earlier on may be less likely to survive
and contribute to average BP later in life. Longitudinal
analysis of the Framingham cohort and other data sets
suggests, however, that selective survivorship only explains
a portion of these age-related trends.

Race and ethnicity also influence age-related change
in BP. This phenomenon has been well documented
in NHANES III (Figure 5). In both sexes, non-Hispanic
Blacks had the highest and non-Hispanic Whites had the
lowest average systolic BP, although the differences among
the three race/ethnicity groups were small. In women,
non-Hispanic Whites continued to have the lowest average
systolic BP during the sixth decade. By the seventh decade,
however, the three race/ethnicity groups had similar aver-
age systolic BP levels. Non-Hispanic Black women had a
higher average diastolic BP than non-Hispanic white or
Mexican-American women. The same was true in men
until the end of the fifth decade. Thereafter, diastolic BP
was similar in the three race/ethnicity groups.
Ethnicity

Burt and colleagues (1995) compared the prevalence of
hypertension in different racial groups using data from
the NHANES III. In the 18- to 49-year age group, the
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non-Hispanic Blacks had prevalence of hypertension of 15%
in men and 8% in women, non-Hispanic Whites had
prevalence of hypertension of 11% in men and 4% in
women, andMexican-Americans had the highest prevalence
of hypertension in men of 20%, while in women it was only
3%. In the 50- to 69-year age group, the prevalence was 45%
inmenand43%inwomenamongnon-HispanicBlacks; 35%
and 29% in men and women among non-Hispanic Whites;
and 37% in both men and in women among Mexican-
Americans, respectively. Overall the prevalence of hyper-
tension is highest in male and female African-Americans.
The prevalence of hypertension is higher in white men
thanMexican-American men, while the prevalence is higher
in Mexican-American women than white women.

Several longitudinal cohort studies have also shown that
African-Americans have a higher incidence of hypertension
than Whites. For instance, in the Atherosclerosis Risk in
Communities Study (Fuchs et al., 2001), the 6-year inci-
dence of hypertension was 13.9% and 12.6% in white men
and women, and 24.9% and 30.3% in African-American
men andwomen aged 45–49 years. The corresponding inci-
dence of hypertension among participants aged 50–64 years
was 18.0% and 17.0% inwhite men andwomen, 28.3% and
29.9% in African-American men and women, respectively.
Other longitudinal cohort studies indicated that the
incidence of hypertension in African-Americans was an
average of two times higher than in Whites (He and
Whelton, 1997b).
Conclusion

Hypertension continues to be an important public health
challenge worldwide. Given that most of the major risk
factors for hypertension are modifiable, and strong evi-
dence that hypertension can be prevented altogether, the
importance of primary prevention strategies in reducing
the global burden of hypertension and cardiovascular
diseases cannot be overstated. Relatively small blood pres-
sure reduction around 5mmHg may prevent one-third of
strokes and one-fifth of coronary events in Western socie-
ties (Chobanian et al., 2003). Therefore, public health
strategies to shift population blood pressure to a lower
level are of utmost importance in reducing the burden of
hypertension and cardiovascular disease worldwide.
See also: Coronary Heart Disease; Diet and Heart

Disease; Kidney Diseases; Physical Activity and Health.
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Introduction: From American Disease
to Global Epidemic

When David Musto penned his influential history of
narcotic control in 1973, The American Disease would
have seemed an appropriate title. Throughout the twenti-
eth century, drug use in America had regularly been an
issue of concern, and by the 1970s, it had become one of
the key U.S. domestic policy issues. In reality, the use of
psychoactive substances by humans is virtually univer-
sal. In many parts of the world indigenous people were
continuing to use psychoactive substances, including
those controlled under the United Nations (UN) drug
control conventions, in much the same way as they had
for centuries. But this kind of drug consumption remained
largely unrecognized or simply ignored at a global level.
Similarly, in some parts of Europe drug use among the
artistic and fashionable elite had existed since the begin-
ning of the nineteenth century, and postwar Europe to
some extent mirrored the American association of drug
use with a growing youth and counterculture. However, in
the 1970s, it appeared that drug use was predominantly a
problem of the developed world, and in only a handful
of nations was it becoming recognized as an important
public health issue.

To a large extent, this condition has changed, and drug
use has now become recognized as a global problem.
While a debate still exists that sets drug consumers in
the affluent developed world against drug producers in
poorer developing countries, this paradigm is increasingly
being replaced with a discourse that acknowledges a
shared responsibility for the illicit drug problem. There
are a number of reasons for this paradigm shift. First, drug
consumption in many developing countries is now consid-
erable. Second, the development of new patterns of syn-
thetic drug use, along with technological developments
that allow cannabis to be intensively produced, mean that
significant drug production is now occurring in developed
countries. Finally, governments in many developing and
transitional countries have recognized the potential costs
of drug problems and their links to other pressing social
concerns, such as crime, community safety, AIDSinfec-
tion, corruption, and general political instability.

As drug use has become recognized as a widespread
problem, there has been a gradual change in how it is being
tackled. If anymoment can be said to mark the recognition
of the drug problem as a common global responsibility,
it was the 1998 UN General Assembly Special Session
(UNGASS) on the world drug problem. The UNGASS
was accompanied by a 10-year action plan to reduce drug
use, andmore importantly, it also committed signatories in
the accompanying Declaration on Guiding Principles of
Drug Demand Reduction. This declaration outlined the
need to balance drug interdiction efforts with initiatives
to reduce the demand for illicit drugs, and the need
for these initiatives to be based on a comprehensive and
regular assessment of the illicit drug situation.

Looking to the future, drug use problems are likely to
be increasingly associated with the developing rather than
developed world because of the combined impact of glo-
balization, urbanization, and that a far greater proportion
of those in the developing world are young – the predom-
inant risk group for drug use. Moreover, because drug
problems have a tendency to coalesce with and exacerbate
other health and social ills, the developing world may
disproportionately pay the public health and social cost
of future drug epidemics.
Monitoring Illicit Drug Trends

Measuring Illicit Drug Use

A number of problems hamper any discussions of illicit
drug trends at the global level. A large part of uncovering
515
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the public health aspect of illicit drug trends involves
appreciation of the nuances regarding which substances
are classified as drugs, what constitutes drug use, and
when drug use becomes drug ‘abuse’ or problematic.
Drug use encompasses a complex set of behaviors that
are usually found at low prevalence and tend to be stig-
matized and well hidden. This presents the researcher
with a number of practical, methodological, and even
ethical challenges, a review of which can be found in
Epidemiology of Drug Abuse, edited by Zili Sloboda (2005).
For practical and methodological reasons, monitoring the
extent of drug use is typically restricted to simple behav-
ioral measures of drug use within a temporal reference
period. Currently the most common measures used for
monitoring purposes are lifetime prevalence, past-year
prevalence, past-month prevalence and, if available, the
number of days the drug was used in the past month.
Although it is theoretically possible with this sort of
approach to also look at combined use of different sub-
stances, in practice this can be quite difficult. Growing
recognition of this issue has led to a greater interest in
adapting current approaches to be more sensitive to multi-
or poly-drug use (for more on multidrug use, see under the
section titled ‘Concluding remarks’).

From a public health perspective, it is not only the use
of drugs per se that is of interest, but the identification of
drug users that would meet a clinical definition of drug
‘abuse’ or ‘dependence,’ who disproportionately account
for drug consumption and drug-related harm. Both the
DSM-IV (Diagnostic and Statistical Manual of Mental Dis-

orders) and ICD-10 (International Classification of Diseases)
have diagnostic criteria that are useful at the individual, or
clinical, level in assessing dependence on drugs. Clinical
assessment of drug dependence is usually not feasible
Total world population:
6475 million people

World population age 15−64:
4177 million people (100%)

Non-drug using population
age 15−64:

3977 million people (95.2%)

Last month prevalence of drug use:
110 million people (2.6%)

Annual prevalence of drug use:
200 million people (4.8%)

Problem drug use:
age 15−64:

25 million people (0.6%)

Figure 1 Illegal drug use at the global level (2005/2006). In percent o

United Nations Office on Drugs and Crime (2006a) World Drug Repo
within the context of routine drug-monitoring systems,
necessitating the use of behavioral proxies of problem
drug use, such as daily drug use or other high-risk drug-
using behaviors (e.g., injecting drug use) (Figure 1).

Even defining which psychoactive substances fall
under the general heading of illicit drug use can be
problematic. Illicit drugs are scheduled by the UN and
national governments according to their perceived degree
of harm and other considerations. However, not all drugs
that are prohibited at a national level necessarily fall
under international control. Khat, for example, is currently
prohibited in some countries but freely available else-
where, and in its natural plant form it is not subject to
international control.

Drug problems can also occur through the misuse of
diverted medicines intended for therapeutic or pharma-
ceutical purposes, or by imbibing household or industrial
products that contain psychoactive chemicals. The in-
novative nature of the contemporary synthetic drug mar-
ket also lends itself to discovery of new psychoactive
substances that do not fall under current UN interna-
tional drug control conventions.

Classification of drug types is a further concern when
monitoring global illicit drug trends. Some countries still
classify drugs as being narcotics or psychotropics, accord-
ing to whether they fall under the 1961 UN Single Con-
vention on Narcotic Drugs (including cocaine, heroin,
and cannabis), or the later conventions on psychotropic
substances, which cover a range of synthetic drugs. Con-
temporary classification of illicit drugs is more specific,
and there have been significant efforts to harmonize the
reporting of illicit drug trends along globally recognized
drug classification systems. The most problematic area in
terms of drug classification is the nomenclature used to
f population age 15–64. Adapted fromWorld Drug Report (2006).

rt 2006. Volume 1: Analysis. Vienna, Austria: UNODC.
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describe various types of synthetic drugs, where drug
market conditions can preclude monitoring specific sub-
stances (e.g., pills containing a combination of illicit
psychoactive ingredients).
Global, Regional, and National Drug Monitoring
Mechanisms

Historically, the engine driving drug monitoring was the
need to assess the effectiveness of supply reduction mea-
sures and the adherence of UN member states to the drug
control conventions; however, public health concerns have
increasingly risen in prominence. At the international level
an outcome of this transition can be seen in the range of
bodies with an interest in collecting data on drug use: the
UNOffice on Drugs and Crime (UNODC), which acts as a
secretariat for the Commission on Narcotic Drugs (CND);
the International Narcotics Control Board (INCB), which
acts as the guardian of the drug control conventions; as
well as the World Health Organization (WHO) and the
UNAIDS program.

At the regional level, the Inter-American Drug Abuse
Control Commission (CICAD) plays an important role in
monitoring drug use in the Americas through a multi-
evaluation mechanism. The European Monitoring Centre
for Drugs and Drug Addiction (EMCDDA), a decentra-
lized agency of the European Union, takes on the sole task
of collecting data and reporting on drug use in Europe,
using some of the epidemiological approaches developed
by the Pompidou Group of the Council of Europe.
Regional reporting is often structured around epidemio-
logical working groups or supports regional political initia-
tives that exist in many parts of the world. Currently the
most active initiative is the ACCORD network (ASEAN
and China Cooperative Operations in Response to Danger-
ous Drugs) in Southeast Asia. Through its Global Assess-
ment Programme (GAP), the UNODC is supporting the
developments of regional reporting systems elsewhere
(mainly Africa and Central Asia).

A number of national systems are also fundamental to
note, namely the National Institute on Drug Abuse
(NIDA) in the United States, which supports scientific
research and dissemination of information, as well as
data collection and training in various parts of the world
through its international program. The U.S. Community
Epidemiological Working Group (CEWG) has been par-
ticularly groundbreaking and influential, with its approach
imitated and adopted elsewhere, including by the afore-
mentioned Pompidou Group. The Canadian Centre on
Substance Abuse provides information and advice through
similar methods of data collection and dissemination.
Australia has also invested considerable resources in
developing national sentinel monitoring systems, such as
the Illicit Drug Reporting System, which supports more
comprehensive national data collection activities. In South
Africa, SACENDU (South African Community Epidemi-
ological Network on Drug Abuse) is probably the best
example of a long-standing and successful monitoring
program in the developing world. A good overview of
data collection approaches and the bodies working in
these areas can be found in the 2002 and 2003 double
issues of the international Bulletin on Narcotics.
Indicators of Illicit Drug Use Used in
Monitoring Systems

In one version of an old fable, a king wishing to test his
wisest sages sends them into a dark room containing an
elephant. Each sage subsequently describes the animal
according to the part of its body he had encountered,
comparing this feature to the observation of some other
object, such as a wall or a tree. None of their descriptions
in isolation provided an adequate depiction of the animal
and all could be said to be in some respects both accurate
and misleading. However, taken collectively the accounts
did allow the king, who was unaware of the animal’s
identity, to draw a picture of the complete creature.

In many respects this fable provides a good analogy for
the approach taken in describing patterns and trends in
drug use. A range of data sources usually referred to as
indicators is available, all of which are deficient in some
respects and require careful interpretation, but when
taken together nonetheless provide an image of the phe-
nomenon. By using a variety of indicators, none of which
is sufficient on its own, in combination they can provide a
more accurate picture of drug use in a given population
and allow changes over time to be identified. Certain
methods are often more appropriate than others for mea-
suring specific types of drug use, depending on general
prevalence in the population, degree of hidden use and
stigmatization, and cost effectiveness.

The main indicators used to monitor illicit drug use can
be found in the UNAnnual Reports Questionnaire (ARQ )
and through many of the regional and national reporting
mechanisms listed at the end of this article. These indica-
tors are also explicitly listed in the Lisbon Consensus, an
agreement among international and regional bodies on the
core components of a drug monitoring system.

An important distinction between illicit drug epidemi-
ology and approaches to other public health topics is
the prohibited nature of illicit drug use. For this reason,
monitoring illicit drug use is driven by both concern
about drug control (interdiction efforts against produc-
tion, trafficking, and use) and public health issues (treat-
ing drug dependence and preventing HIV transmission
through injecting drug use). As such, much of the data
available on illicit drug trends stem from law enforcement
efforts to control illicit drugs (e.g., arrests for drug use
and drug seizure data) as well as its consequences
(e.g., demand for drug treatment).
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Obtaining a comprehensive picture of the illicit drug
situation involves thoughtful and cautious examination of
these various illicit drug indicators. Some of the more
commonly used indicators of illicit drug use, and their
limitations, are outlined here.
Interdiction statistics

For supply-related drug interdiction efforts, intelligence
and law enforcement authorities monitor trends on drug
seizures and arrests for drug-related offences, as well as
market price and purity information. Methodological
approaches vary, as does the quality of the information
available, with data on price and purity being generally
poor or unavailable. Because reporting on the number and
quantity of illicit drugs seized is obligatory for countries
who are signatories to the UN drug control conventions,
this data set is generally relativity robust at the interna-
tional level. Nonetheless, seizure data are problematic to
interpret because they are heavily influenced by large-
volume seizures, most of which relate to drugs in transit
rather than being reflective of local drug consumption
trends. The UNODC and the U.S. Drug Enforcement
Agency (DEA) also report on opium and cocaine crop
production, based on ground and satellite surveys. Esti-
mating the overall production of cannabis or synthetic
drugs is extremely difficult, and consequently, the global
production figures reported by the UN should be
regarded as ‘best estimates’ rather than precise figures.
School surveys

The most comprehensive and comparable global data set
on illicit drug use arises from school surveys on drug use,
which are inexpensive and easy to conduct. These surveys
are particularly useful because they target adolescents,
who are a high-risk group for drug use. At the global
level, questions on cannabis use are included in the
WHO survey on Health Behavior in School-aged Chil-
dren (HBSC). In the United States, the Monitoring the
Future annual survey of eighth-, tenth-, and twelfth-
graders represents one of the most developed and largest
survey exercises, running since 1975. Other notable school
survey data sources include CICAD, which has prioritized
school surveys on drug use in Latin America, and adopted a
common methodological approach across countries to
facilitate intraregional comparisons. And in Europe, the
ESPAD study group (European School Survey Project on
Alcohol and other Drugs) reports on drug use among 15- to
16-year-olds in over 30 countries every 4 years.

Problems of bias related to nonresponses and dishonest
responses can be a difficulty for any survey, but they
present a particular challenge when surveying illicit
drug use. Techniques have been developed to ensure
confidence in anonymity to improve the honesty and
accuracy of responses. However, school surveys face
additional problems: in many countries, the children
most at risk of using drugs do not attend school for various
reasons, while in the developing world, education is often
not universal, or is limited to the early years of schooling.
Therefore, generalizations from the results of school
surveys to the wider population of young people need to
be made with some caution.

School-aged children are not the only special target
population selected for assessing drug use levels: surveys
of military conscripts have been conducted in some
countries, while at-risk groups such as out-of-school
youth, the homeless, and sex workers have also been
targeted for surveys.
Household surveys
Less commonly available for the developing world, but a
mainstay for reporting on drug use in North America,
Australia, and Europe, are national household surveys on
the health habits of the general population, like the U.S.
National Survey on Drug Use and Health (NSDUH).
Such surveys are costly and methodologically complex,
but they include numerous approaches developed to
reduce reporting biases, such as the use of computer-
aided interviewing. Despite these state-of-the-art meth-
ods, general population surveys are generally regarded as
inadequate for measuring stigmatized and infrequent
drug use behaviors (e.g., injecting drug use), which are
disproportionately found in marginalized communities.
For this reason a number of statistical techniques (e.g.,
capture-recapture and benchmark-multiplier methods)
have been developed that try to extrapolate from known
data sources to estimate the unknown, or hidden, propor-
tion of drug users. Nevertheless, well-conducted house-
hold surveys are useful for examining the relative
prevalence of illicit drugs, and they can provide time-
series data on more commonly used drugs, which is
important for evaluating trends and compensating for
other data limitations.
Health-care services and criminal justice

indicators

In addition to techniques to estimate the prevalence of drug
use, drug information systems also report on peoplewho are
identified as having a drug problem through their contact
with health-care services or the criminal justice system. In
the United States, approaches in this area include drug
testing among arrestees (Arrestee Drug Abuse Monitoring,
or ADAM) and reported drug use among medical emer-
gency patients (Drug AbuseWarningNetwork, or DAWN).
More common is the practice of monitoring the character-
istics of people seeking drug treatment, which provides a
convenient tool for analyzing global drug trends. The
Treatment Demand Indicator is one of the key epidemio-
logical measures adopted by the EMCDDA, while similar
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treatment-demand monitoring systems have been estab-
lished in a number of non-European countries. Clearly,
information on the characteristics of those seeking help
for drug problems is influenced by the availability of
drug treatment services and factors such as court-mandated
treatment. Nonetheless, this type of data is useful in moni-
toring problematic drug use and shifts in treatment demand.
Other key indicators include monitoring drug-related
deaths (by acute poisoning) and levels of infectious disease
(principally HIV and hepatitis C) among injecting drug
users. Finally, data from ad hoc research studies and more
qualitative information from interviews with researchers,
health-care providers, and social workers – and drug users
themselves – all contribute to the global information base
on drug use trends.
A Global Overview of Illicit Drug Use

The quality and type of information available on illicit
drug use varies greatly between geographic regions, in
part because illicit drug data collection activities tend to
receive greater funding in developed countries. For this
reason, some parts of the world base their understanding
of the illicit drug situation on sophisticated and standar-
dized reporting methods, while others rely almost solely
on drug arrest and seizure data or on the opinion of
available experts. It is possible to describe the overall
illicit drug situation quite comprehensively in North
America, Europe, and Australia, while in South America
and parts of Southeast Asia only limited data exist,
which are often localized and more difficult to compare.
In Africa, with the exception of South Africa, data are
extremely limited, with only a few rapid assessments and
some ad hoc surveys in Northern Africa and a few Middle
Eastern countries. Similar deficits exist in much of
Central Asia, where again only sporadic information sets
are available. This paucity of data is reflected in the
submission rates for the ARQs, which are provided to
the UN to prepare the annual global drug situation report
for the CND: only around 110 of the 193 UN member
states submit data through the ARQ.
Table 1 Extent of drug use (annual prevalence) estimates 2004/0

Amfetamine-type s

Cannabis Amfetamines

(million people) 158.8 24.9

in % of global population

age 15–64

3.8% 0.6%

aAnnual prevalence is a measure of the number/percentage of people

period preceding the assessment.
Despite the information deficits it is possible to draw a
rough picture of the global drug problem and to identify
some significant trends and developments. The reader
should be aware that drug use is a dynamic phenomenon
and reporting tends to be based on data that are often slow
to compile (for more contemporary data sources that can
be accessed, see the section titled ‘Relevant Websites’). In
particular, the World Drug Report, which is published each
year by the UNODC, provides the best global overview
on many aspects of the drug problem. However, this
report is very general and the inadequacies of some of
the data sources used are not always apparent. For this
reason, the reader should refer to local drug monitoring
systems to gain insight into drug use trends within any
particular country or region.

According to the World Drug Report 2006 (UN, 2006a),
the global consumption of illicit drugs continues unabated.
An estimated 5% of the world’s population had used an
illicit drug in the past year, while drug production and
trafficking was estimated to be a US$320 billion industry.
Most of this drug use was sporadic: only about half of those
who had used drugs in the past year, or 2.7% of the global
adult population, had used drugs in the last month. Those
with serious problems were a far smaller number, with an
estimated 25million drug addicts or problem drug users
worldwide, or 0.6% of the global population aged 15–64.
In nearly all regions of the world, drug users are dispro-
portionately young and male, though in some regions
there are concerns of a narrowing gender gap or evidence
of an aging population of drug users (Table 1).
Cannabis

Cannabis is by far the most widely used, produced,
and trafficked illicit drug in the world. An estimated
162million people worldwide use cannabis, and the drug
is grown in at least 176 countries. Cannabis resin (hashish)
is primarily produced in Morocco and in a few other
countries, with Europe as the world’s main resin con-
sumer. Herbal cannabis production is practically impossi-
ble to monitor, but is particularly intensively cultivated in
the Americas. The widespread availability of this drug is a
5 (or latest year possible)a

timulants

Ecstasy Cocaine
Opiate
(including heroin) Heroin

8.6 14.3 15.6 11.1

0.2% 0.3% 0.4% 0.3%

who have consumed an illicit drug at least once in the 12-month
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likely factor in its ubiquitous high prevalence in compari-
son to other illicit drugs. Any limitation on the drug’s
cultivation by climate, land space, or crop detection has
been circumvented by the development of indoor hydro-
ponic cultivation. High prevalence of cannabis use can be
found in Australia and New Zealand, North America, and
West and Central Europe, where annual prevalence esti-
mates range from around 7 to 15%. Cannabis use is
undoubtedly prevalent in many other parts of the world,
but the absence of comprehensive prevalence surveys in
many developing nations makes it difficult to verify the
extent of use. For example, cannabis is the main drug used
throughout most of Africa and the Pacific Islands. It is also
widely used in Asia, but its use is this region is oversha-
dowed by problems with opiates and methamfetamine.
Cocaine

While cannabis is the most widely used illicit drug, his-
torically two other products that are based on illicit crop
production have been the predominant drugs associated
with severe health and social problems. Cocaine, pro-
duced from the leaves of the coca bush, and heroin,
derived from opium poppies, both remain responsible
for some of the world’s most damaging drug problems.
While chewing of unprocessed coca leaves was a common
traditional habit in many Andean indigenous commu-
nities, nearly all modern coca cultivation goes toward
production of cocaine. Most of the estimated 910 metric
tons of cocaine produced each year comes from Colombia
(50%), and to a lesser extent Peru (32%), and Bolivia
(15%). In line with the production of cocaine in this
region, around two-thirds of the estimated 13.4million
users worldwide live in the Americas. Although the
United States is the country most associated with cocaine
use problems and particularly crack cocaine abuse
(a concentrated and smokable form of the drug), cocaine
consumption in the United States appears to have stabi-
lized. This country still reports the world’s highest annual
prevalence figure for the adult population (2.8%), although
Spain and the UK in Europe as well as Canada now report
levels of use approaching those in the United States
(2.7%, 2.4%, and 2.3%, respectively).
Opiates

The use of heroin and other opiates remains a major
public health concern, largely because of their potential
to bring about dependence, but also because they are often
injected, creating a population susceptible to infection
by blood-borne viruses (i.e., hepatitis B and C, HIV).
UN estimates suggest that there are almost 16million
opiate users worldwide, 11.3million of whom are heroin
users. Opium production is currently concentrated in
Afghanistan, which is thought to be responsible for 89%
of global opium production (estimated at 4620 metric
tons in 2005). Opium is still produced in parts of South-
east Asia, but opium poppy cultivation has declined sig-
nificantly over the past decade, and within that region is
now mainly limited to Myanmar. Opium poppy cultiva-
tion has also been noted in South and Central America
(Colombia, Mexico, Peru, and Venezuela) and other Asian
countries (Laos PDR, Pakistan, Thailand, and Vietnam).

Declines in the cultivation of opium in Southeast Asia
could be argued to underlie recent declines in opioid use
in parts of Southeast Asia and Australia. However, heroin
use continues to be a significant concern in China and
Vietnam, while opium remains the major illicit drug of
abuse in Myanmar. In Europe, there is a stable overall
trend in heroin consumption, while heroin use in North
America also appears to have stabilized. The picture is
different in the Russian Federation and the former Soviet
republics and Central Asia. In 2004, the annual prevalence
of heroin use was estimated at 2.0% for the adult popula-
tion, and high prevalence was also found in the Ukraine
(0.8%), Kyrgyzstan (2.3%), Kazakhstan (1.3%), and
Tajikistan (1.0%). Of particular concern, heroin injecting
appears to be the main vector for the HIV epidemics in
Russia, Central Asia, and the Baltic states. The world’s
highest prevalence for heroin use is from Iran (estimated
annual prevalence of 2.8% in 1999). Relatively high prev-
alence rates have also been reported by Pakistan (0.8%)
and Afghanistan (1.4%).

Heroin use is comparatively lower in Latin America,
and there appears to be little use in the Pacific Islands.
Despite a dearth of prevalence data in Africa, there
have been anecdotal reports of heroin use along drug-
trafficking routes that extend from East Africa across the
continent, evidence of use in Nigeria (estimated prevalence
of 0.6% in 1999), and a growing demand for heroin treat-
ment in South Africa. In contrast to the seemingly low
prevalence of heroin use in mainland Africa, the island
country of Mauritius has a long-standing heroin use prob-
lem, with an estimated annual prevalence of 2.0%.
Synthetic Drugs

Although plant-based substances remain an important part
of the global drug problem, a clear trend since the early
1990s has been increased availability and use of a range of
synthetically produced drugs, most notably amfetamine-
type stimulants (ATS). An estimated 24million people
use ATS each year, often with devastating health and
social consequences. The category of ATS includes meth-
amfetamine, amfetamine, ecstasy (3,4-methylenedioxy-
methamfetamine, or MDMA), and ecstasy-related drugs
(e.g., 3,4-methylenedioxamfetamine (MDA), 3,4-methyle-
nedioxy-N-ethylamfetamine (MDEA)). Methamfetamine
and ecstasy currently demand the most attention of all
the drugs within this class, and of these synthetic
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stimulants, methamfetamine has a higher dependence lia-
bility and is associated with far greater harm. Amfetamine,
the less potent analogue of methamfetamine, sometimes
found in controlled medicines, has been superseded by
methamfetamine in most parts of the world, while ecstasy
derivatives are usually inadvertently produced in an
attempt to manufacture ecstasy, rather than being intended
for a designated market. Other synthetic drugs, such as
gamma-hydroxybutyrate (GHB or GBH) have become
popular among niche drug markets, although they repre-
sent a growing concern for some countries. Here we restrict
our attention to the most widely used synthetic drugs in
the current global illicit drug market: methamfetamine and
ecstasy.

Methamfetamine

The global rise in methamfetamine use and related pro-
blems since the late 1990s has disproportionately impacted
the Asia Pacific region and North America. Southeast
Asia, in particular, is a global hub for the production and
trafficking of methamfetamine, accounting for 58% of
global methamfetamine seized in 2004. Significant produc-
tion of the drug also occurs in North America. As with all
synthetic drugs, methamfetamine production is not
restricted to any particular location, as this is limited only
by the availability of precursor chemicals (sometimes found
in cold and flu medicines) and the capacity to manufacture
the drugs undetected. Areas of the globe most affected by
methamfetamine use are those proximal to major manu-
facturing regions. Smoking crystalline methamfetamine
(shabu, or ice) has been a historical trend in the Pacific islands
of Japan, Hawaii, and the Philippines, while this pattern of
drug use is also apparent in Brunei, Darussalam, Indonesia,
and Malaysia (UNODC, 2006b). A more contemporary
trend is the large-scale production of methamfetamine
pills called ya ba in the Shan State of Myanmar, which
have also been used in epidemic proportions in neighbor-
ing Thailand. The production and use of combination
ATS pills, many of which also contain methamfetamine,
has become a broader issue affecting countries within
the sub-Mekong region (Laos, Vietnam, and Thailand)
(UNODC, 2006c).

Outside of Southeast and East Asia, methamfeta-
mine has also become a significant problem in both
New Zealand and Australia, with additional concerns
due to use by injection. In North America, crystalline
methamfetamine use is expanding eastward from the
West Coast, particularly through rural areas, while in-
creases in methamfetamine use have recently affected
Vancouver, Canada. A sharp rise in treatment demand
for the drug has also been reported in South Africa
(Parry et al., 2004). Significant use of this drug in Europe
is limited to the Czech and Slovak republics, where a
localized problem has existed since the mid-1980s.
Other parts of Europe have a long history of amfetamine
use, including in the United Kingdom and Scandinavia
and surrounding Nordic countries, although amfetamine
use has fallen dramatically in the UK, being superseded
by cocaine and ecstasy use, a trend apparent across Eur-
ope as a whole.

Ecstasy

A more fashionable synthetic drug trend is the rapidly
growing popularity of ecstasy (MDMA). The recreational
use of ecstasy can be traced back to the 1970s in the
United States, but it was only in the mid-1980s that the
drug became popular, first in Europe, and subsequently
on a worldwide scale. Unlike many other drug use pat-
terns, ecstasy is predominantly associated with recrea-
tional drug use among integrated young adults, very few
of whom report substantial problems from their drug use
or seek drug treatment. A relatively low number of deaths
have been reported from ecstasy use. For example, in
2005, 77 deaths were identified in Europe as being
ecstasy-related – in comparison with 8000 deaths per
year attributed to opiate overdose.

Europe remains the global center of ecstasy pro-
duction, with laboratories based predominantly in the
Netherlands and Belgium, although increasingly the rel-
ative importance of Europe is declining as production
increases elsewhere, particularly in North America and
East and Southeast Asia. Levels of ecstasy use have been
relatively stable in Europe (annual prevalence estimates
range from 0.5–2.5%), although there has been a con-
tinuing upward trend in some countries. Despite rising
in the 1990s, ecstasy trends in North America also appear
to have stabilized, with annual prevalence estimates of
around 1.0%. In contrast, Australia has experienced a
sustained increase in the prevalence of ecstasy use since
the late 1990s, and the annual prevalence is now 3.4%
among adults. Several countries in East and Southeast
Asia are also seeing increases in ecstasy use, albeit at
lower levels.
Concluding Remarks

In this article, we have summarized the main approaches
to monitoring the illicit drug problem, noted some of the
more important conceptual and methodological difficul-
ties in this area, and provided a simple overview of the
global illicit drug situation. By necessity, our brush strokes
are broad, but it is hoped that they are sufficient to provide
a basic understanding of illicit drug trends, related data
collection methods, and more importantly, direct the
reader to further information on illicit drug monitoring.

There are a number of important issues that were not
covered in the current article, but require due attention.
An issue of paramount importance is the association
between injecting drug use and HIV infection. In many
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par ts of the wor ld injectin g dr ug us e is a major cause of
the continuin g HIV/ AIDS e pid emic, with alar min g ly
high HI V prevalence rates among injectin g dr ug us er s in
Asia, South America, and East er n Europe.

An increasing ly acknowled ged issue in the illicit dr ug
arena is th e high level of comorbidi ty between dr ug use
and oth er men tal health disor der s, su ch as de pression and
psychotic diso rder s. In par ticul ar, there is a growing
empha sis on the developmen t of treatm ent approa ches
that address both dr ug use and ment al health problem s.

Also wor th noting are pa tter ns of multi- or poly-sub-
stance us e, inc luding the comb ined us e and interaction
with substances that are legal in most cou ntries, such as
alcohol and tobacco . From a policy and publi c health per s-
pective, many countrie s are now developing response s that
tar get substa nce consu mption in general, rather tha n the
use of spec ific su bstances.

In recogni tion of changing illicit dr ug trends associated
with g lobalization , fu r ther developmen t of data colle ction
and treatment cap acity is need ed in developing nat ions.
Within thes e countrie s, there is typical ly little infor ma-
tion from which to assess potenti ally growing dr ug pro-
blem s. Adh erence to inter national ly re cognized ethni cal
stand ards in moni toring illicit dr ug tren ds is also a g lobal
imper ative, while dedi cated g lob al ef for ts are re quired to
sustain a bala nce between und er standing both th e demand
and the supply aspe cts of illicit dr ug trends .

See also: AIDS, Epidemiology and Surveillance; HIV/AIDS;

Illicit Drug Use and the Burden of Disease; Mental Health

and Substance Abuse; Mental Health and Physical Health

(Including HIV/AIDS); The Regulation of Drugs and Drug

Use: Public Health and Law Enforcement.
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Operations in Response to Dangerous Drugs (ACCORD).
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http://www.drugabuse.gov/about/organization/CEWG/CEWGHome.

html – Community Epidemiological Working Group (CEWG).
http://www.dawninfo.samhsa.gov – Drug Abuse Warning Network

(DAWN).
http://www.aic.gov.au/research/duma – Drug Use Monitoring in

Australia (DUMA).
http://www.emcdda.europa.eu/?nnodeid¼25328 – EMCDDA Drug

Profiles.
http://www.emcdda.europa.eu – European Monitoring Centre for Drugs

and Drug Addiction (EMCDDA).
http://www.espad.org – European School Survey Project on Alcohol

and Other Drugs (ESPAD).
http://www.hbsc.org – Health Behavior in School-Age Children Survey

(HBSC).
http://www.ndp.govt.nz/publications/illicitdrugmonitoringsystem.

html – Illicit Drug Monitoring System (IDMS).
http://ndarc.med.unsw.edu.au – Illicit Drug Reporting System (IDRS)

and the Ecstasy and Related Drugs Reporting System (EDRS).
http://www.incb.org – International Narcotics Control Board (INCB).
http://www.cicad.oas.org – Inter-American Drug Abuse Control

Commission (CICAD).
http://www.monitoringthefuture.org – Monitoring the Future.
http://www.aihw.gov.au – National Drug Strategy Household Survey

(NDSHS).
http://www.drugabuse.gov – National Institute of Drug Abuse (NIDA).
http://www.oas.samhsa.gov/nhsda.htm – National Survey on Drug

Abuse and Health (NSDUH).
http://www.sahealthinfo.org/admodule/sacendu.htm – South African

Community Epidemiological Network on Drug Abuse (SACENDU).
http://www.samhsa.gov – Substance Abuse and Mental Health

Services Administration (SAMHSA).
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Introduction

Illicit drugs are those whose nonmedical use is prohibited
by international law, namely: amfetamine-type stimulants
(ATS), one of a class of sympathomimetic amines with
powerful stimulant action on the central nervous system
(CNS); cannabis, a generic term for psychoactive pre-
parations (e.g., marijuana, hashish, and hash oil) derived
from the cannabis sativa plant; cocaine, an alkaloid CNS
stimulant drug that is derived from the coca plant; heroin,
an opioid drug derived from the opium poppy; other
opioids, derivatives from the opium poppy, and their
synthetic analogues, which act on the opioid receptors
in the brain (they have the capacity to relieve pain and
produce a sense of euphoria, as well as cause stupor, coma,
and respiratory depression); and ecstasy (3,4 methylene-
dioxymethamfetamine, or MDMA), a synthetic drug that
is used as a stimulant.

This article focuses on the burden of disease (BOD)
attributable to the use of cannabis, amfetamines, cocaine,
Table 1 Annual prevalence (%) of illicit drug use among 15–64-y

Region Opioids
No. of opioid
users Cocaine

No. of
users

Europe 0.7 4 030000 0.7 3 524
West & Central

Europe

0.5 1 565000 1.1 3 333

South-East
Europe

0.2 180000 0.1 64

Eastern Europe 1.6 2 285000 0.1 127

Americas 0.4 2 280000 1.5 8 440

North America 0.5 1 300000 2.3 6 459
South America 0.3 980000 0.7 1 981

Asia 0.3 8 530000 0.1 260

Oceaniaa 0.4 890000 0.9 175

Africa 0.2 910000 0.2 959
Global 0.4 15840000 0.3 13 358

aRefers to Australia and New Zealand and the islands that comprise
and opioids. Other substances that are illegal in most
countries, such as MDMA and solvents, are not included
because there is insufficient research to quantify their
health risks.
Global Prevalence of Illicit Drug Use

The first challenge in quantifying the burden of disease
attributable to illicit drugs is estimating the prevalence of
their use. The illegality of illicit drug use makes this
difficult to quantify because illicit drug users are ‘hidden’
and are thus difficult to identify, and even when they can
be located and interviewed, they may attempt to conceal
their drug use.

The United Nations Drug Control Programme
(UNDCP) provides a convenient tabulation of the most
recent estimates of the global prevalence of illicit drug
use (Table 1). The quality of the data collected and
reported by the UNDCP varies across countries and
ear-olds (UNODC-World Drug Report 2006)

cocaine
ATSb

No. of ATS
users Cannabis

No. of cannabis
users

000 0.5 2700 000 5.6 30800000
000 0.7 2185 000 7.4 23400000

000 0.2 180 000 2.3 1 900000

000 0.2 335 000 3.8 5 500000

000 0.8 4320 000 6.4 36700000

000 1.1 3190 000 10.3 29400000
000 0.4 1130 000 2.6 7 300000

000 0.6 15250000 2.1 52100000

000 3.0 610 000 15.3 3 200000

000 0.4 2000 000 8.1 39600000
000 0.6 24880000 3.9 162 400000

Polynesia, Melanesia, and Micronesia.
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regions from high-quality national survey data to key
informant and indicator data of uncertain validity. The
prevalence estimates for each type of illicit drug cannot
be added together because many individuals use more
than one.

Cannabis is the most widely used illicit drug with
162.4 million persons over the age of 15 estimated to
have used cannabis in the past year during the early
2000s. Patterns of cannabis use have been most exten-
sively studied in the United States, Canada, Australia,
and Europe. Europe generally has lower rates of use
than Australia, Canada, and the United States. The lim-
ited data from developing countries suggest that with
exceptions (e.g., Jamaica, South Africa) rates of cannabis
use are much lower in Africa, Asia, and South America
than in Europe and English-speaking countries.

The ATS are the next most widely used illicit drugs,
with 24.9million people estimated to have used these
drugs globally in 2006. The highest rates of per capita
use were in Oceania, North America, and Europe.

The illicit opioids were the third most common form of
illicit drug use. Globally, illicit opioids were estimated to
have been used by 15.8million people. The highest rates of
opioid use appear to be in the developed world, where
estimates of use in the past year are around 0.4–0.5% of
adults aged 15 or more.

Cocaine was the least widely used of the major illicit
drugs, with its global use declining from third place
in 1997. A total of 13.3 million adults were estimated
to have used cocaine globally in 2006. The highest
prevalence of use was in the United States, with lower
reported rates of use in other developed societies
(see Table 1).
Defining Problem Illicit Drug Use

We follow the International Classification of Diseases

(ICD-10) in distinguishing between ‘harmful drug use’
and ‘drug dependence.’ Harmful drug use is defined by
evidence of substance-related physical (e.g., organ dam-
age) and psychological harm (e.g., drug-induced psy-
chosis). In the ICD-10 drug dependence requires the
presence of three or more of the following indicators: a
strong desire to take the substance; impaired control over
its use; a withdrawal syndrome on ceasing or reducing use;
tolerance to the effects of the drug; requiring larger doses
to achieve the desired psychological effect; a dispropor-
tionate amount of the user’s time is spent obtaining, using,
and recovering from drug use; and the user continues to
take drugs despite associated problems. These problems
should have occurred at some time during the previous
year for at least a month.

There are no widely accepted gold standard methods
for producing credible estimates of the number of people
who make up the hidden population of problem drug
users. The preferred strategy is to look for convergence
in estimates produced by a variety of different methods of
direct and indirect estimation. Direct estimation methods
attempt to estimate the number of illicit drug users
in representative samples of the population by way of
surveys. Indirect estimation methods use information
from known populations of illicit drug users (such as
those who have died of opioid overdoses or have been
treated) to estimate the size of the total hidden population
of illicit drug users.
Adverse Health Effects of Illicit
Drug Use

Cannabis

Effects on mortality

A Swedish study of mortality over 15 years among male
military conscripts found an increased risk of premature
death from violence and accidents among men who had
smoked cannabis 50 or more times by age 18. However,
the association between mortality and cannabis use dis-
appeared after statistical adjustment for alcohol and other
drug use. Sidney et al. (1997) reported a 10-year study of
mortality in cannabis users among 65 171 members of the
Kaiser Permanente medical care program aged between
15 and 49. The sample comprised 38% who had never
used cannabis, 20% who had used less than six times, 20%
who were former users, and 22% who were current can-
nabis users. Regular cannabis use had a small association
with premature mortality that was explained by increased
AIDS deaths in men, probably because cannabis use was a
correlate of male homosexual behavior in this cohort.

Cannabis produces dose-related impairments in cogni-
tive and behavioral functions that may potentially impair
driving an automobile or operating machinery. The effects
of recreational doses of cannabis on driving performance
in laboratory simulators and standardized driving courses
have been reported as similar to blood alcohol concentra-
tions between 0.07% and 0.10%. However, studies of
the effects of cannabis on driving under more realistic
conditions on roads have found much more modest
impairments. Epidemiological studies of motor vehicle
accidents have produced equivocal results because most
drivers who have cannabinoids in their blood also have
high blood alcohol levels.
Morbidity

A cannabis dependence syndrome occurs in heavy chronic
users of cannabis. Regular cannabis users develop toler-
ance to THC, some experience withdrawal symptoms on
cessation of use, and some report problems controlling
their cannabis use. The risk of dependence is about one
in ten among those who ever use the drug.
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Cognitive effects: Long-term daily cannabis use does not
severely impair cognitive function but it may more subtly
impair memory, attention, and the integration of complex
information. It remains unclear whether these effects
are due to the cumulative effect of regular cannabis use
on cannabinoid receptors in the brain or are the residual
effects of THC that will disappear after an extended
period of abstinence.

Psychotic disorders: There is now reasonable evidence
that chronic cannabis use may precipitate a psychosis in
vulnerable individuals.

The gateway hypothesis: Among adolescents in developed
societies alcohol and tobacco have typically been used
before cannabis, which in turn, has been used before
hallucinogens, amfetamine, heroin, and cocaine. Gener-
ally, the earlier the age of first use, and the greater the
involvement with cannabis, the more likely a young per-
son is to use other illicit drugs. The role played by
cannabis in this sequence remains controversial. The
hypothesis that cannabis use has a pharmacological effect
that increases the risk of using other illicit drugs is not
strongly supported. More plausible hypotheses are that
the relationship is explained by a combination of: (1) early
recruitment into cannabis use of nonconforming adoles-
cents who are more likely to use other illicit drugs; (2) a
shared genetic vulnerability to dependence on cannabis
and other illicit drugs; and (3) socialization of cannabis
users within a drug-using subculture that increases the
opportunity and encourages the use of other illicit drugs.

Adolescent psychosocial outcomes: Cannabis use is associated
with failure to complete high school, early family forma-
tion, poor mental health, and involvement in drug-related
crime. In the case of each of these outcomes the strong
associations in cross-sectional data are more modest when
one takes into account that cannabis users often show char-
acteristics before they use cannabis that predict these out-
comes, for example, have lower academic aspirations and
poorer school performance than peers who do not use.
Amfetamine-Type Stimulants

Amfetamine users who inject the drug are at high risk of
blood-borne infections through needle sharing. Amfet-
amine users are as likely as opioid users to share injection
equipment. Primary amfetamine users are also a sexually
active group, small proportions of whom engage in paid
sex to support drug use.

High-dose amfetamine use, especially by injection, can
result in a schizophreniform paranoid psychosis, asso-
ciated with loosening of associations, delusions, and hal-
lucinations. The psychosis could be reproduced by the
injection of large doses in addicts and by the repeated
administration of large doses to normal volunteers. High
proportions of regular amfetamine users report symptoms
such as anxiety, panic attacks, paranoia, and depression.
The emergence of such symptoms is associated with
injecting the drugs, greater frequency of use, and depen-
dence on amfetamines.

In high doses, amfetamines can be lethal but the risk is
low compared to the risks of overdose from heroin.
Amfetamine-related deaths are due to the effects of
amfetamines on the cardiovascular system, for example,
cardiac failure and cerebral vascular accidents. Amfeta-
mines appear to be neurotoxic with animal studies indicat-
ing that heavy amfetamine use results in dopaminergic
depletion. More recently, deficits in performance on neuro-
psychological tests have been demonstrated in human users.
Illicit Opioids

Mortality

Four main causes of premature death are elevated in illicit
opioid users compared with peers who do not use these
drugs: drug overdose, HIV/AIDS, suicide, and trauma.
In the ICD-10, drug overdose refers to deaths caused by:
(a) accidental or intentional fatal poisoning caused by spe-
cific drugs, and (b) poisoning deaths among dependent
drug users that are attributed to drug dependence.
Despite the conceptual simplicity of drug overdose deaths
it has been difficult to precisely quantify the number of
such deaths in developed countries with well-developed
vital statistics. The connection between illicit opioid use
and HIV/AIDS arises from injectors sharing contami-
nated injecting equipment.

Illicit opioid users report high rates of suicide attempts
and show elevated rates of suicide mortality. These deaths
are probably underreported because cultural variations in
attitudes toward suicide may influence coroners’ and
mortality registrars’ willingness to classify deaths among
young adults as intentional.

Rates of death from motor vehicle accidents, other
forms of accidental death, and homicide have all been
found to be elevated in cohort studies of illicit opioid
users. It is likely that these causes of death are under-
estimated among illicit opioid users because they may not
be recognized as drug-related.
Morbidity

Each of the major causes of premature mortality in illicit
opioid users (overdose, HIV, attempted suicide, and acci-
dents) causes substantial morbidity. So too does chronic
infection with hepatitis B (HBV) and hepatitis C (HCV)
viruses. Opioid-dependent persons have a high preva-
lence of major depression and anxiety disorders. It is
unclear what proportion of these disorders preceded and
contributed to the development of problem drug use or
vice versa. Nor is it clear to what extent preexisting
psychiatric disorders have been exacerbated by problem
illicit drug use.
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Cocaine

Regular cocaine users who inject cocaine or smoke crack
cocaine are likely to develop dependence and problems
related to their cocaine use. In the United States it has
been estimated that one in six cocaine users becomes
dependent on the drug. High rates of cocaine dependence
are found among persons treated for alcohol and drug
problems and among arrestees in the United States.

In large doses cocaine is cardiotoxic in cocaine-naı̈ve
and -tolerant individuals. The vasoconstrictor effects of
cocaine in large doses place great strain on the cardiovas-
cular system that can cause fatal cardiac arrests, cerebral
vascular accidents, seizures, and hyperthermia in healthy
young adults.

In the United States, regular cocaine users report high
rates of anxiety and affective disorders. The repeated use
of large doses of cocaine can also produce a paranoid
psychosis. Persons who are acutely intoxicated by cocaine
can become violent, especially those who develop a para-
noid psychosis. Animal studies suggest that cocaine use
may be neurotoxic in large doses but it is unclear whether
it is also neurotoxic in humans.

Cocaine injecting, either on its own or in combination
with heroin (known as speedballs), is associated with more
frequent injection, needle sharing, increased sexual risk-
taking, and HIV infection. An association between cocaine
use and HIV risk-taking has been reported in Europe,
Australia, and the United States. Crack cocaine smoking
has also been linked to higher levels of needle risk, sexual
risk-taking, and HIV infection. Two mechanisms probably
underlie the relationship between cocaine use and HIV
infection. First, the short half-life of cocaine promotes a
much higher frequency of injecting than that seen in
heroin injectors. Second, cocaine itself disinhibits and
stimulates users, encouraging them to take greater risks
with sexual activity and needle use.
Quantifying Mortality and Morbidity
Attributable to Illicit Drug Use

The best evidence that illicit drug use is a cause of
premature death comes from cohort studies of illicit
drug users (for a detailed review, see Degenhardt et al.,
2004). The available cohort studies have a number of
major limitations; we consider the following four.

First, the majority of cohort studies of illicit drug users
have included people seeking treatment for problem drug
use. A small number of studies have compared mortality
of drug users while in and out of treatment (Degenhardt
et al., 2004).

Second, injecting opioid users are overrepresented in
these cohort studies by comparison with cocaine, other
stimulant, and cannabis users. The few studies that report
mortality in problem illicit opioid and stimulant use sug-
gest that it is higher among opioid users because of the
higher rate of fatal overdose. Stimulant users appear to
have higher rates of blood-borne virus infections such as
HBV and HCV from sharing injection equipment and
exchanging sex for drugs.

Third, the cohort studies have predominantly been
done in developed countries. Extrapolating from these to
drug users in developing countries is problematic because
the latter generally have all-cause mortality rates that are
significantly higher than the developed countries.

Fourth, the majority of the cohort studies were con-
ducted before the HIV/AIDS epidemic began to affect
mortality among injecting drug users. There have been
changes in the epidemiology of HIV and other drug-
related conditions since these studies were conducted,
which reduces their value in predicting contemporary
illicit drug-related mortality.

Despite these limitations, the cohort studies have iden-
tified causes of mortality that are more prevalent among
problem illicit drug users than their age peers. There are
good reasons for believing that the relationships are causal
for deaths caused by drug overdose and blood-borne virus
infection. Opioids cause respiratory depression that can
cause death, especially when used in combination with
other CNS depressants such as alcohol and benzodiaze-
pines. Cocaine and amfetamines can cause fatal cardiac
arrhythmias and strokes that are very rare causes of death
in young adults who do not use these drugs. The viruses
that cause HIV/AIDS, and HBV and HCV infections, are
efficiently spread by contaminated blood in shared injec-
tion equipment.

The case for illicit drug use being a contributory cause of
suicide is indirect. Depression is a risk factor for suicide and
it occurs at higher rates among illicit drug users. Alcohol
and opioids use and dependence have been shown in case-
control and prospective studies to increase suicide risk in
persons with depression. Opioid-dependent persons in
treatment also report very high rates of attempted suicide.

The case for a causal connection between illicit drug use
and trauma deaths is also indirect. Drivingwhile intoxicated
by alcohol is a well-known risk factor for fatal motor vehicle
crashes and heavy alcohol use is common among illicit drug
users. Opioids are also intoxicating substances that
adversely affect driving, although they are less commonly
found in persons killed in fatal car crashes.
Estimates of the Global Burden of Disease
Attributable to Illicit Drug Use

The global burden of death and disability attributable to
illicit drugs was first estimated by Donoghoe as part of the
Global Burden of Disease project. Donoghoe (Murray and
Lopez, 1997) estimated that illicit drug use was responsible
for 100 000 deaths globally in 1990; 62% of these deaths
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occurred in developing countries. Donoghoe’s estimate was
based on the attributable fractions of various causes of
mortality and morbidity attributable to illicit drug use.

Murray and Lopez (1997) estimated the contribution
that illicit drugs made to the global burden of disease
(GBD) by combining Donoghoe’s mortality estimate with
an estimate of disability attributable to illicit drug depen-
dence. The burden of disease was assessed by the number of
disability-adjusted life years (DALYs) accounted for by each
risk factor. This was the sum of years of life lost from
premature mortality due to the risk factor and the number
of years livedwith disability (adjusted for the severity of the
disability). The contribution that illicit drug use made to
global burden of disease was assessed along with tobacco
and alcohol and a list of other risk factors.

Comparative estimates of contributions made by alco-
hol, tobacco, and illicit drugs to the GBD are shown in
Table 2 for established market economies (EME), for-
merly socialist economies (FSE), China (CHN), Latin
America and the Caribbean (LAC), other Asia and Islands
(OAI), Middle Eastern crescent (MEC), India (IND), and
sub-Saharan Africa (SSA). Overall, 0.5% of GBD in 1990
was attributed to illicit drug use compared with 2.6% for
tobacco and 3.5% for alcohol. Illicit drug use accounted
for nearly 20% of the disease burden of tobacco even
though this legal drug was used by a much larger propor-
tion of the world’s population. The contribution of illicit
drugs to GBD was higher for males in all regions and
highest in developed countries (1.5%), as were the con-
tributions of tobacco (12.1%) and alcohol (9.6%).

Degenhardt and colleagues (2004) updated Dono-
ghoe’s estimates for illicit drug use in 2000 in the Com-
parative Risk Assessment project. This project updated
and improved on the Murray and Lopez (1997) estimates
of GBD that was attributable to alcohol, tobacco, illicit
drugs, and many of the same risk factors assessed in 1990.
Illicit drug use was defined as the use by injection or the
Table 2 Percentage of DALYs attributable to tobacco,

alcohol and illicit drugs in various global regions in 1990

Subregion Tobacco Alcohol Illicit drugs

EME 11.7 10.3 2.3

FSE 12.5 8.3 1.3

IND 0.6 1.6 0.1
CHN 3.9 2.3 0.3

OAI 1.5 2.8 0.4

SSA 0.4 2.6 0.2

LAC 1.4 9.7 1.6
MEC 1.2 0.4 0.7

Developed 12.1 9.6 1.9

Developing 1.4 2.7 0.4

World 2.6 3.5 0.6

Source: Murray CJL and Lopez AD (1997) Global mortality, dis-

ability, and the contribution of risk factors: Global Burden of

Disease study. The Lancet 349: 1436–1442.
long duration use of amfetamines, cocaine, or opioids.
UNDCP data were used to estimate the prevalence of
use of these illicit drugs in different world regions. Data
from the United States and Australia were used to esti-
mate the proportion of people that had used these drugs
in the past year who were problem users. Cohort studies
of mortality in illicit drug users provided estimates of the
annual mortality among illicit drug users that could be
attributed to AIDS, overdose, suicide, and trauma. Degen-
hardt et al. (2004) also used an estimate of overall excess
mortality among illicit drug users (SMR) that was derived
from all causes of death in the cohort studies.

Degenhardt et al. (2004) used direct methods to esti-
mate the number of deaths attributed to illicit drug use
in each country by applying attributable fractions to each
of the relevant ICD-classified causes of death in national
mortality statistics. They also used indirect methods
to estimate the excess mortality attributable to problem
illicit drug use by using overall mortality risk among illicit
drug users and the estimated prevalence of problem illicit
drug use in each population.

A major difficulty in applying the direct method was the
poor quality of mortality data in many countries. This was
exemplified by deaths by overdose, the only cause of death
wholly attributable to illicit drug use. Overdose deaths
should be the most easily quantified but major difficulties
have been identified inmanydeveloped countries in assign-
ing deaths to this cause.

Degenhardt et al. (2004) estimated that the median
number of global deaths attributable to illicit drugs in
2000 produced by summing the deaths due to overdose,
AIDS, trauma, and suicide was 240 483. The median
estimate obtained by applying the all-cause mortality to
the estimated prevalence of illict drug use was 197 383.
Both estimates had wide uncertainty intervals around
them. The estimated numbers of deaths for each method
also varied between subregions, reflecting considerable
uncertainty about the prevalence of drug use and the
poor quality of mortality data in many developing
countries (Tables 3 and 4).

Degenhardt et al.’s (2004) estimates nonetheless sug-
gested that illicit drug use was a significant global cause
of premature mortality among young adults. As they
stressed, they probably underestimated the total disease
burden attributable to illicit drugs because of: (a) a lack
of data on mortality attributable to the use of cannabis and
newer synthetic ATS stimulants; (b) differences between
World Health Organization (WHO) subregions in the
quality of mortality data; and (c) an absence of data on
mortality attributable to HBV and HCV and violence.

The estimated contribution of illicit drug use to GBD
was higher in 2000 than in 1990 (0.8% vs. 0.5%). This
was largely because the estimated number of deaths
attributed to illicit drug use in 2000 was approximately
twice that estimated by Donoghoe in 1990. Comparison of



Table 3 Median estimates of mortality attributable to illicit

drug use in 14 WHO subregions (Degenhardt et al., 2004)

Subregion AIDS
Opioid
overdose Suicide Trauma

AFR-D 4003 1891 1 191 2 768

AFR-E 1334 407 64 922

AMR-A 10698 6397 2 034 4 057
AMR-B 5349 1845 922 2 342

AMR-D 1035 498 78 716

EMR B 962 3881 673 813

EMR D 4273 12852 2 015 2 954
EUR-A 6236 5527 2 355 3 387

EUR-B 733 1281 1 465 651

EUR-C 773 6895 4 156 830
SEAR-B 1586 955 576 797

SEAR-D 57011 22989 14982 3 128

WPR-A 1310 825 1 251 1 028

WPR-B 10122 2909 456 9 295
Total (median) 105425 69152 32216 33689

AFR-D, Africa D; AFR-E, Africa E; AMR-A, Americas A; AMR-B,

Americas B; AMR-D, Americas D; EMR-B, Eastern Mediterra-

nean B; EMR-D, Eastern Mediterranean D; EUR-A, Europe A;
EUR-B, Europe B; EUR-C, Europe C; SEAR-B, South East

Asia B; SEAR-D, South East Asia D; WPR-A, Western Pacific A;

WPR-B, Western Pacific B

A: very low child and very low adult mortality
B: low child and low adult mortality

C: low child and high adult mortality

D: high child and high adult mortality
E: very high child and very high adult mortality

Table 4 Estimates of total mortality attributed to illicit drug use in

of all-cause mortality) (Degenhardt et al., 2004)

Subregion
Population (000s)
>15 years

Sum of four causes
of mortalitya

P
ra

AFR-D 159577 9853 0
AFR-E 190152 2727 0

AMR-A 255420 23186 0

AMR-B 297625 10458 0
AMR-D 44658 2327 0

EMR-B 86853 6329 0

EMR-D 204039 22094 0

EUR-A 339446 17505 0
EUR-B 161213 4130 0

EUR-C 152432 12654 0

SEAR-B 206870 3914 0

SEAR-D 818521 98110 0
WPR-A 129888 4414 0

WPR-B 1131503 22782 0

Global 4 178 197 240483 0

aSum of the median estimates of the following four causes: AIDS, op
bMedian estimates of all-cause mortality derived from SMR analyses

AFR-D, Africa D; AFR-E, Africa E; AMR-A, Americas A; AMR-B, Ame

EMR-D, Eastern Mediterranean D; EUR-A, Europe A; EUR-B, Europe

East Asia D; WPR-A, Western Pacific A; WPR-B, Western Pacific B

A: very low child and very low adult mortality
B: low child and low adult mortality

C: low child and high adult mortality
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the contributions of tobacco, alcohol, and illicit drug
use to GBD in various world regions produced similar
results to the 1990 comparison. The contribution of illicit
drugs to GBD was less than tobacco and alcohol but
disproportionately high when compared to its much
lower prevalence of use than the legal drugs. All drugs
made a larger contribution in disease burden in men than
in women in all regions and their contribution to GBD
was largest in developed regions (Table 5).
Australian Studies of the Burden of
Disease Attributable to Illicit Drugs

Two studies have been conducted in Australia of the
major determinants of disease burden using similar
methods to those of the GBD. Mathers et al. (2000) esti-
mated the contribution that tobacco, alcohol, and illicit
drugs (primarily heroin use) made to the burden of dis-
ease in Australia in 1996. The results were broadly consis-
tent with those of the original GBD estimate and the 2000
update in that tobacco use accounted for the largest
proportion of disease burden (Table 6). Alcohol and illicit
drugs contributed similarly to disease burden because the
authors included an estimate of the benefits of moderate
alcohol consumption which offset some of the harm that
its use caused (Mathers et al., 2000).
14 subregions (using the sum of four main causes, and estimates

opulation mortality
te (per 1000)

All-cause
mortalityb

Population mortality
rate (per 1000)

.06 19046 0.12

.01 8 286 0.04

.09 40356 0.16

.04 18425 0.06

.05 2 522 0.06

.07 5 012 0.06

.11 10411 0.05

.05 16453 0.05

.03 5 794 0.04

.08 10709 0.07

.02 5 688 0.03

.12 11024 0.01

.03 9 916 0.08

.02 33741 0.03

.06 197 383 0.05

ioid overdose, suicide via opioids, and trauma.

and pooled CMRs.

ricas B; AMR-D, Americas D; EMR-B, Eastern Mediterranean B;

B; EUR-C, Europe C; SEAR-B, South East Asia B; SEAR-D, South



Table 6 Contribution of tobacco, alcohol, and illicit drugs to

burden of disease in Australia in 1996

Drug Males Females Persons

Tobacco 12.1 6.8 9.7
Alcohol (net) 4.2 �0.1 2.1

Illicit drugs 2.2 1.3 0.9

Source: Mathers CD, Vos ET, Stevenson CE (1999) The Burden of

Disease and Injury in Australia. Canberra, Australia: Australian
Institute of Health and Welfare.

Table 7 Contribution of tobacco, alcohol, and illicit drugs to
burden of disease in Australia in 2003

Drug Males Females Persons

Tobacco 9.6 5.8 7.7

Alcohol (net) 3.8 0.07 2.3
Illicit drugs 2.6 1.2 2.0

Source: Begg S, Vos T, Barker B, et al. (2007) The Burden of

Disease and Injury in Australia 2003. Canberra: Australian Institute

of Health and Welfare. http://www.aihw.gov.au/publications/
hwe/bodaiia03/bodaiia03.pdf (accessed October 2007).

Table 5 Percentage contribution to burden of disease for tobacco, alcohol, and illicit drugs in selected world regions 2000

Subregion

Tobacco Alcohol Illicit drugs

Males Females Males Females Males Females

High-mortality developing countries 3.4 0.6 2.6 0.5 0.8 0.2

AFR-D, AFR-E, AMR-D, EMR-D, SEAR-D

Low-mortality developing regions – emerging economies 6.2 1.3 9.8 2.0 1.2 0.3
AMR-B, EMR-B, SEAR-B, WPR-B

Developed regions 17.1 6.3 14.0 3.3 2.3 1.2

AMR-A, EUR-A, EUR-B, EUR-C, WPR-A

World 6.3 5402 6.5 1477 1.1 0.4

Source: Rehm J, Taylor B, and RoomR (2006) Global burden of disease from alcohol, illicit drugs and tobacco.Drug and Alcohol Review

25: 503–513.

AFR-D, Africa D; AFR-E, Africa E; AMR-A, Americas A; AMR-B, Americas B; AMR-D, Americas D; EMR-B, Eastern Mediterranean B;
EMR-D, Eastern Mediterranean D; EUR-A, Europe A; EUR-B, Europe B; EUR-C, Europe C; SEAR-B, South East Asia B; SEAR-D, South

East Asia D; WPR-A, Western Pacific A; WPR-B, Western Pacific B

A: very low child and very low adult mortality

B: low child and low adult mortality
C: low child and high adult mortality

D: high child and high adult mortality

E: very high child and very high adult mortality

Illicit Drug Use and the Burden of Disease 529
Begg et al. (2007) estimated the major contributors to
burden of disease in Australia in 2003 using updated
methods and mortality data. Their results (Table 7) indi-
cated that the contribution of illicit drug use to BOD in
Australia had doubled between 1996 and 2003. This
increase was partly due to a heroin epidemic in Australia
in the mid to late 1990s that produced a steep increase in
overdose deaths. It also increased because of the inclusion
of higher morbidity estimates for each drug type. The
latter were derived by applying disability weights to esti-
mates of the population prevalence of different types of
illicit drug dependence obtained in the National Survey
of Mental Health and Well-Being conducted in 1997. The
burden attributable to tobacco use declined between 1996
and 2003 in line with a decline in the population preva-
lence of tobacco smoking since 1996. The contribution of
alcohol changed marginally, despite different methods of
estimating its health benefits.
Research Priorities

The quantification of disease burden attributable to illicit
drug use is in its infancy even in developed countries with
good mortality and morbidity data collection systems.
The following are research priorities to improve the qual-
ity of future estimates.

First, we need better estimates of the prevalence of
problem illicit drug use in developed and developing
countries. Second, in developed countries we need cohort
studies of injecting and other problem illicit drug users
who are not in treatment. Third, we need better studies of
morbidity in illicit drug users attributable to nonfatal
overdoses, HBVand HCV, suicide attempts, and trauma in
developed and developing countries. Fourth, we need
better-designed prospective studies of mortality and mor-
bidity amongmore representative samples of problem illicit
drug users in developing countries, especially those with
high rates of injecting drug users (IDU) and high rates of
HIV/AIDS infection.
Conclusions

Notwithstanding the limitations of existing methods of
estimation, illicit drug use makes a substantial contribution

http://www.aihw.gov.au/publications/hwe/bodaiia03/bodaiia03.pdf
http://www.aihw.gov.au/publications/hwe/bodaiia03/bodaiia03.pdf
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to GBD that is disproportionate to the low prevalence of
this form of drug use.

The contribution to disease burden is clearest for illicit
opioid injecting in developed countries where it produces
a high rate of premature mortality from drug overdose,
trauma, and suicide, and in some settings, HIV/AIDS.

Illicit use of ATS stimulants and cocaine probably also
contributes to increased disease burden by way of
increased mortality from overdose and HIV/AIDS. The
contributions of these types of illicit drug use have been
less extensively studied even in developed countries with
high rates of use.

Cannabis is probably not a major contributor to pre-
mature mortality apart possibly from some deaths from
motor vehicle accidents and suicide. Its contribution to
morbidity has probably been underestimated because of a
lack of population estimates of cannabis dependence and
uncertainty about the contributions of cannabis use to
psychosis, poor mental health, and poor psychosocial out-
comes in adolescence.

Existing estimates almost certainly underestimate the
contribution of illicit drug use to burden of disease for a
number of reasons. First, the coverage of illicit drug types
has been limited. Second, considerable uncertainty remains
about the contribution that different types of illicit drug use
make to premature mortality. Third, there is a dearth of
data on the contribution that all illicit drug use makes to
morbidity.

See also: Controlling Illegal Stimulants: A Regulated

Market Model; Illicit Drug Trends Globally.
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cowpox from the pustules of a milkmaid. This eventually
led to the eradication of smallpox almost two centuries
later (Fenner et al., 1988) (Figure 1).

Following this historic achievement, the World Health
Organization (WHO) and the United Nations Children’s
Fund (UNICEF) spearheaded the Expanded Program on

http://www.aihw.gov.au/publications/hwe/bodaiia03/bodaiia03.pdf
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Immunization (EPI). This ushered in a strategic and sys-
tematic approach to immunization, and the benefits began
to reach children in resource-poor countries in the 1980s.
A major milestone was the declaration of Universal Child-
hood Immunization (UCI) in 1990 (Grant, 1991). In the
15 years preceding the declaration, the legendary leaders
of UNICEF and WHO, James Grant and Halfdan Mahler,
had mobilized massive support from heads of state around
the world and placed immunization at the top of the
international health agenda.

New vaccines have now been added to the original
six EPI antigens recommended by WHO for infants
(Bacillus Calmette-Guérin, diphtheria, tetanus, pertussis,
oral polio, and measles). Yellow fever vaccine is recom-
mended where the epidemiological situation warrants
it in Africa and South America. Hepatitis B was formally
included in 1992 and Haemophilus influenzae type b in 1997.
Uptake of these vaccines around the world has been
slow. Today, mumps and rubella vaccines are widely
used in all but the poorest countries, and many indus-
trialized countries have added pneumococcal, meningo-
coccal, and varicella vaccines. Immunization now averts
well over two million deaths from vaccine-preventable
diseases (VPD) every year (WHO, 2005a), leading
progress toward the Millennium Development Goal of
reducing mortality in children less than 5 years of age
(Figure 2).
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Nonetheless, only six to nine vaccines are available to
children and mothers in resource-poor settings, whereas
immunization programs in industrialized countries offer
10 to 12 vaccines with variations from country to country.
This disparity constitutes a major inequity, and hampers
efforts to further reduce childhood illness and death.

The world stands at a threshold with respect to the
promise of new vaccines. Pneumococcal vaccine alone
may dramatically reduce pneumonia deaths worldwide
(WHO, 2007), and several other vaccines with potential
to improve population health will become available in
coming years. The benefits of immunization are public
goods that foster survival and productivity, such that invest-
ment commensurate with potential gains enhances social
and economic development. However, in the twenty-first
century, reaching unimmunized children around the world
with existing and new vaccines still presents formidable
public health challenges (Figure 3).
Immunization in Public Health

Social Policy and Immunization

Immunization policy and objectives should be articulated
as a component of wider social policy and public health
strategy. A cornerstone of primary health care, immuni-
zation also helps governments deliver key elements of
Other
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influenzae

type b
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Rotavirus
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*An estimated 2.5 million deaths worldwide (of a total of 10.5 million for
this age group) are caused by diseases for which vaccines are currently
available.
†Diphtheria, hepatitis B, Japanese encephalitis, meningococcal disease,
poliomyelitis, and yellow fever. (In older age groups, approximately
600 000 hepatitus B deaths are preventable by routine immunization.)

Figure 3 Percentage of deaths from vaccine-preventable

diseases (VPDs) among children under 5 years of age

worldwide, 2002. WHO/UNICEF Global Immunization Vision and

Strategy. Source: World Health Organization (2005a) Global
Immunization Vision and Strategy. Geneva, Switzerland: World

Health Organization.
healthy public policy such as creating a safe and enabling
environment and promoting equity across socioeconomic
strata. The primary objective for a given immunization
program could be to save lives, prevent premature death
and disability, improve ability of children to learn, reduce
health sector costs for hospital care or economic loss
to society from absenteeism, or any combination of these
and other possible objectives, according to the burden of
disease and vaccine in question.

In most countries, vaccines and immunization policy
is governed by legislation and regulatory authorities that
monitor vaccine quality and adherence to national and
international standards. Today, numerous civil society
organizations advocate for and against vaccines. As such,
immunization is both a hard-nosed science and a source of
passionate debate in society. For successful collaboration,
it is therefore critical for policy makers and immunization
program managers to share a clear vision of their purpose.
Immunization and Public Health Practice

Vaccination is a classic example of primary disease preven-
tion, and immunization programs encompass other elements
of public health practice including health protection and
promotion, planning, monitoring, and evaluation, and sur-
veillance. A reliable supply of high-quality vaccines must be
ensured for the populations that need them and demand
must be sustained.

Immunization programs throughout the world are
the backbone of preventive health services, especially for
children and women. This contact between an individual
and the health system provides an opportunity to offer
health education and other services. In industrialized
countries, immunization is often provided by a family
physician or a public health nurse at which time a range
of health issues can be discussed. In developing countries,
immunization services are increasingly packaged with
other preventive health measures, such as provision of
insecticide-treated bednets for malaria prevention, ante-
natal care or family planning services for women, or
deworming tablets for school children.
Planning for Immunization

For a successful national immunization program, vaccines
must be identified as a desirable public health good,
planned for, financed, procured, purchased, transported,
stored appropriately, and administered safely in good
condition to an informed and knowledgeable popula-
tion by trained and competent health workers. To inform
priority-setting and planning, decision makers must
have knowledge of the epidemiology of VPDs and their
contribution to morbidity and mortality. Some popula-
tions may be at higher risk due to age, gender, socioeco-
nomic status, occupation, ethnic background, or other
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factors. Therefore, to determine need for a vaccine
and monitor its impact following introduction, reporting
systems are needed for vaccine utilization and coverage
and surveillance of the disease to be prevented.

Vaccine product options include oral or injectable for-
mulations, monovalent or combination vaccines, and single-
or multi-dose vials. Vaccines may be liquid or freeze-dried.
Other product characteristics to consider include temper-
ature stability, type of preservative used, package size, and
space requirements for cold storage and delivery.

Vaccines are delicate products, destroyed if handled
incorrectly. Vaccine management spans a spectrum of
activities from the manufacturer to the end-user, for
which plans must be regularly updated to ensure effective
and efficient service delivery. These are (1) inventory,
forecasting, and stock control; (2) distribution, storing,
handling, and monitoring; (3) equipment maintenance
and replacement; (4) procedures for vaccine use; and
(5) transport, operations, and waste management. Since
most vaccines must be stored at approximately 4 to 8 �C,
there must be an adequate ‘cold chain’ from point of
manufacture to point of administration. This usually
involves cold rooms and freezers, refrigerated vehicles,
‘cold boxes,’ vaccine carriers, and ice packs. Temperature
monitoring technology exists to help ensure vaccine
potency, such as temperature recorders, ‘freeze-watch’
devices that crack at temperatures below 0 �C, and
vaccine vial monitors that change color when a product
Monthly report/
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record
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Vaccinator/mother and child

Annual statistics
and estimates

Analysis

Figure 4 Vaccine supply chain. Source: Expanded Programme on
has been exposed to high temperatures (WHO, 1999).
Finally, vials, syringes, and unused vaccines must be dis-
posed of safely by autoclaving or incineration, where
environmental legislation allows or there is no alternative
(Figure 4).
Delivering a Successful Immunization Program

A successful immunization program has the support of
politicians, physicians, and other professionals, the gen-
eral public, and the media. Program managers must be
able to advocate and raise awareness, manage rumors, and
engage stakeholders. Involving health workers and the
public in designing communication materials and mes-
sages will improve their appropriateness and acceptability
in the local context (Figure 5).

Health worker competence is paramount to safe admin-
istration of the right vaccine to the right person at the right
time in the right manner. Examining the curricula in
nursing, midwifery, and medical schools is therefore essen-
tial. However, in the rapidly changing world of vaccines
and immunization, in-service training and health services
management education are also necessary.

Usually a mix of immunization strategies provides the
optimal balance to achieve disease control targets and
strengthen health systems. Routine infant vaccination is
the building block for control of VPDs; coverage well
above 90% (proportion of the target population
(Manufacturer)
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Request
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Immunization, World Health Organization, Geneva, Switzerland.



Figure 5 Delivering oral polio vaccines. World Health

Organization Polio Eradication Programme.
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vaccinated) protects individuals and reduces disease
transmission. Most vaccines are first given in infancy and
schedules vary from the classic 2, 4, and 6months of age
for the primary series of DTP vaccine in many industria-
lized countries, to the 6, 10, and 14 weeks of age in
resource-poor countries, where the pressure of infec-
tion is higher and younger infants are at greater risk.
Other vaccination schedules vary for similar reasons,
such as measles (first dose given at 9months in developing
countries, at 12 to 18months elsewhere) and hepatitis
B (given in infancy in highly endemic countries and
to school-aged children in some countries with low
prevalence).

Conjugate vaccines such as Haemophilus influenzae

type b are so effective at preventing not only invasive
disease but also naso-pharyngeal carriage of the pathogen,
that even moderate immunization coverage results in
indirect protection (herd immunity) and elimination of
the disease (WHO, 2006). Nonetheless, booster doses
may be recommended for some antigens at school entry
and in adolescence, as vaccine-induced immunity wanes
with time, especially in the absence of natural boosting.
The routine schedule is often complemented with ante-
natal screening for rubella and hepatitis B, school-based
screening and immunization, voluntary or mandatory
health worker vaccination, and programs for university
students, military recruits, travelers, and other groups at
risk. In countries where infant immunization coverage
has been low, women of child-bearing age are offered
tetanus toxoid to prevent maternal and neonatal tetanus.
Other countries provide vaccines for the elderly and
persons with chronic conditions, for example, the
23-valent pneumococcal polysaccharide vaccine or the
seasonal influenza vaccine.

There are, however, situations where the routine im-
munization schedule is not sufficient to achieve ade-
quate disease control and other strategies are needed.
For instance, to reach geographically remote populations
or insecure areas, outreach and pulse immunization strate-
gies have proven very effective, whereby health workers
visit such communities monthly or even less often to offer
vaccination. These strategies offer an opportunity to inte-
grate child health, reproductive health, and antenatal ser-
vices such as intermittent presumptive treatment for
malaria, andminor curative care, if personnel and resources
allow. Many countries now have national ‘immunization
weeks’ or ‘child health days’ to raise public awareness and
mobilize communities for routine or supplementary
immunization services. Previously unimmunized popula-
tion groups can be reached in such ‘catch-up’ activities.
Epidemic Prevention and Control of VPDs

Epidemic prevention and control programs aim to detect
infectious disease outbreaks early and institute control
measures, such as vaccination, as rapidly as possible.
For some diseases such as measles, the virus is so conta-
gious that even with high routine immunization coverage,
eventually the pool of unvaccinated individuals (and those
with an inadequate primary immune response to the
vaccine) accumulates sufficiently for transmission to be
re-established and outbreaks to occur. For this reason a
second opportunity to receive measles vaccine is offered
in most countries to all children through routine or sup-
plemental programs. Other vaccines, such as meningococ-
cal polysaccharide vaccines, do not prevent transmission
and only protect the individual from invasive disease for a
few years, so achieving high immunization coverage early
in an outbreak is necessary to prevent an epidemic.

To accelerate disease control and dramatically reduce
death and disability, supplemental immunization activities
have proven invaluable. TheAmericas andAfrican countries
have carried out national campaigns over days or weeks to
offer supplemental doses of polio and measles vaccines to
children.Manycountries have at one time or another carried
out similar activities for adults or the whole population for
polio, measles, diphtheria, yellow fever, meningococcal
meningitis, Japanese encephalitis, and even anthrax for
groups at high risk. Similar programs are now being initiated
for influenza and human papillomavirus vaccine.

Outbreak prevention and control activities are highly
organized enterprises to reach the target population with
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available resources and in tune with the local context. Since
these activities typicallydeliver a high volume of vaccines in
a short period of time, adequate vaccine supplyand logistics,
human resources, cold chain materials, and communication
become essential. Campaigns have beenmuch maligned for
detracting from routine immunization services. There are
as manyexamples, however, of campaign activities strength-
ening intersectoral collaboration, planning, and cold chain
capacity, health worker competence, and public acceptance,
thereby strengthening the health system and immunization
program (Mogedal and Stenson, 2000).
Surveillance, Monitoring, and Evaluation

The International Health Regulations (WHO, 2005b) list
the diseases that must be reported to the World Health
Organization and countries maintain their own lists of
notifiable diseases. High-quality surveillance is essential
to detect cases and outbreaks early, identify populations
at risk, and monitor vaccine impact.

Surveillance takes different forms according to the
pathogen and disease control objectives. Most ‘passive’
surveillance relies on routine weekly or monthly report-
ing from physicians, laboratories, or health units. Con-
versely, active search of cases is usually required for
programs targeting eradication or elimination of a disease,
to prove that the pathogen can no longer be found.
An example is surveillance for acute flaccid paralysis for
polio eradication, whereby stool specimens are collected
from every person with this clinical syndrome and
cultured to identify the poliovirus. Another example is
case-based surveillance of childhood rash and fever
requiring serological assay of a blood specimen to confirm
measles or rubella.

For some conditions, sentinel surveillance is adequate.
In the case of seasonal influenza, a few sites worldwide
collect specimens for detailed laboratory analysis to
inform the composition of influenza vaccine every year.
Where resources are severely constrained, sentinel sites
can be useful to monitor disease trends and vaccine
impact in a region. An example of this is the African
pediatric bacterial meningitis surveillance network.

Immunization coverage assessment is essential to
monitor program performance. The number of children
vaccinated with given antigens is usually provided by
administrative reports from health units, physicians’
offices, and even parents in some countries. Countries
report such data through WHO and UNICEF. Special
coverage surveys can provide additional information on
the service provided, timing of vaccination, and attitudes
to immunization. National programs should be evalu-
ated periodically to ensure the relevance and quality of
the vaccines offered and the appropriateness and reach
of immunization service delivery.
Considerations for New Vaccine
Introduction

New vaccines and reformulations of existing vaccines are
being made available all the time. The decision to intro-
duce a new vaccine in a national public immunization
program is a major one that requires careful priority
setting, planning, and stakeholder consultation and sup-
port. Policy goals must be clearly articulated, all aspects
of the existing program must be reviewed to accommo-
date the new product, and resources and personnel
must be made available (WHO, 2005c). Table 1 outlines
some of the elements and activities that need to be
considered.
Vaccines for Communicable Diseases

Dozens of vaccines have been developed to date. Not
all of them are still in use and not all have the same degree
of immunogenicity, efficacy, and safety. Table 2 provides
summary information on some vaccines, and more details
are provided on the major ones here in the following
paragraphs.
Diphtheria

Diphtheria is a bacterial infection, transmitted through
close physical and respiratory contact, which once caused
regular epidemics. With the DTP vaccine in use since the
1940s, epidemics gave way to sporadic cases and intermit-
tent outbreaks. DTP is given to infants and preschool-age
children for primary vaccination, while bivalent vaccine
(DT) is used for booster doses. From 7 years of age
onward, the adult form (Td) is used, containing one
tenth the diphtheria toxoid to reduce the risk of sensitivity
to the diphtheria component.
Pertussis

Pertussis (whooping cough) is a highly contagious disease
which causes between 200 000 and 400 000 deaths an-
nually, most in early infancy. Several decades of using
inactivated whole cell vaccines (wP) in immunization
programs dramatically reduced the occurrence of pertus-
sis. These vaccines are now produced in over 40 countries,
including many developing countries. Frequent, mild,
adverse reactions and a fear of rare neurological
events prompted development of acellular pertussis (aP)
vaccines containing one to five components of Bordetella
pertussis.More expensive, they compare favorably with wP
vaccines for efficacy and safety. Pertussis vaccine is usu-
ally administered in combination with diphtheria and
tetanus toxoids (DTwP or DTaP).



Table 1 Considerations and activities for successful new vaccine introduction

Timing Activities Country Global

Prior to introduction Establish burden of disease and public health benefit
. Establish or strengthen surveillance ffip ffip
. Establish disease burden þ /�
. Economic analyses þ /� ffip
Vaccine development and regulatory activities
. Establish vaccine efficacy/effectiveness/safety þ /� ffip
. Demand and supply planning

ffip ffip
. Product presentation and supply negotiations

ffip ffip
. Licensing

ffip �
. WHO pre-qualification � ffip
Support country decision-making and put financing in place
. Policy analysis and dialogue, stakeholder analysis

ffip ffip
. Establish vaccine prices ffip ffip
. Determine resources needed

ffip ffip
. Establish financing mechanisms

Introduction Support decision-making and program management
. Advocacy for decision-making and financing ffip ffip
. Effective program coordination

ffip ffip
. Assess public demand and attitudes

ffip ffip
. Establish or strengthen surveillance

ffip ffip
. Engage professionals and the private sector ffip ffip
Support vaccine introduction
. Upgrade infrastructure, cold chain, waste management

ffip ffip
. Plan delivery strategies (routine, SIAs) and logistics ffip ffip
. Train health workers ffip ffip
. Communication and social mobilization

ffip ffip
Maintain vaccine supply
. Supply negotiations and manufacturer scale-up ffip ffip
. Strengthen country procurement capacity

ffip ffip
Post-introduction Monitoring and evaluation

. Sustain surveillance and monitor impact
ffip ffip

. Effective program coordination ffip ffip

. Undertake operations research to improve program
ffip þ /�

. Sustain program effectiveness and coverage
ffip ffip

. Communication and advocacy ffip ffip

. Outbreak response and control ffip ffip
Maintain vaccine supply and financing
. Supply negotiations and manufacturer scale-up

ffip ffip
. Sustain procurement capacity, buffer stocks ffip ffip
. Maintain delivery systems and infrastructure

ffip þ /�
. Sustain conditions and commitment for vaccine financing

ffip ffip

SIAs: Supplementary immunization strategies.

536 Immunization
Tetanus

Tetanus symptoms are caused by a neurotoxin produced
during growth of the bacterium Clostridium tetani in
dead tissues (dirty wounds, or in the umbilicus after birth).
Maternal and neonatal tetanus can be prevented by
vaccination with tetanus toxoid and by promoting clean de-
livery and cord-care practices. Tetanus toxoid-containing
vaccines (DTP, DT, Td, TT) can be given as appropriate
in infancy, childhood, and adulthood, and in pregnancy to
protect mother and child. Three doses at least 4weeks apart
are administered before the age of one year. Some countries
provide a fourth dose of DTP at 18months to 4 years of
age. Routine Td boosters approximately every 10 years
maintain immunity.
Measles

During the pre-vaccine era, measles affected almost every
person before adolescence. Complications such as diar-
rhea, middle-ear infection, and pneumonia are common.
Infants under 1 year of age have the highest case-fatality
ratios, sometimes reaching 20% in epidemics. An old
Arabic saying advised ‘‘do not count the children before
measles has passed.’’

Measles vaccine was first licensed in 1963 in the
United States as the Edmonston B attenuated vaccine.
Several attenuated vaccines are now in use, many of
them derived from the original strain, with the Schwartz
and Moraten strains the most common today. Infant
immunization against measles has significantly reduced



Table 2 Main vaccines and their characteristics

Disease Vaccines
Primary schedule
and route Booster doses Adverse reactions Comments

BCG Live bacterial, lyophilized

vaccine

One dose (0.05ml) at

birth or as soon as

possible, ID

None Local abscess, regional

lymphadenitis

Many countries have discontinued BCG due to limited

efficacy

Cholera Killed WC/rBS vaccine 2 doses, 10–14days

apart, Oral

None Mild local or systemic

reactions

Not recommended for general public health use

Live, attenuated CVD 103-

HgR

1 dose, Oral

Diphtheria Toxoid (D or d) in DTP, DT

and Td

3 doses before one year

of age, IM

DTP at 18months

and 6 years; Td

every ten years

Mild local or systemic

reactions

Schedules and number of booster doses vary by

country. DTP is increasingly used as platform for

combination with hepatitis B, Hib, IPV, and
meningococcal A or C conjugates

Haemophilus

influenzae
type b

Conjugate; monovalent or

combined with DTP

2 or 3 doses,

IM

Being considered Mild local reactions Highly effective vaccine licensed in USA in 1990s and

recently introduced into developing countries

Hepatitis A Inactivated from cell

culture or from purified

HAV; alone or in
combination with

hepatitis B

2 doses six months

apart, between

12 and 23months of
age or older, IM

After 10 years Mild systemic and local

reaction

Infant immunization in some countries, adult high-risk

groups, and travelers

Hepatitis B Recombinant DNA

vaccine

3 doses, IM None Local soreness and

redness; rarely
anaphylactic reaction

Birth dose is recommended if there is a risk of perinatal

transmission

Human

papillomavirus
(HPV)

Recombinant against HPV

6, 11, 16, 18 in single-
dose vial or prefilled

syringe

3 � doses on a 0, 2,

6month schedule, for
females 9–26years of

age, IM

Not known Pain, swelling, erythema,

pruritus, fever, nausea,
dizziness

100% efficacious against HPV 16 and 18 infection, and

precancerous lesions

Influenza Inactivated viral One dose, SC or IM New vaccine

annually

Local pain, fever Vaccines for pandemic influenza due to H5N1 or other

form of deadly avian flu viruses are being developed
Japanese

encephalitis

(i) mouse brain-derived,

purified, inactivated

Schedule depends on

vaccine type, SC

Depends on

vaccine type

Mild local or systemic

reactions

The use of the mouse-brain-derived and inactivated

vaccine has recently been discontinued in many

countries such as Sri Lanka and Nepal(ii) cell culture derived,

inactivated
(iii) cell culture derived, live

attenuated

Measles Live attenuated,
monovalent or in

combination with rubella

or mumps and rubella

One dose at or after
9months of age, SC

Second dose
recommended

Fever, rash; rarely
encephalitis and

meningitis

Increasingly administered in combination with rubella
and mumps vaccine (MMR)
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Table 2 Continued

Disease Vaccines
Primary schedule
and route Booster doses Adverse reactions Comments

Meningococcal

meningitis and

septicemia

Meningococcal

C conjugate

3 doses for infants or

one dose for older

children, IM

None Occasional mild local

reaction or fever

Type A conjugate vaccine under development

Purified capsular
polysaccharide (AC,

ACW135, ACYW135)

One dose after the age
of 2 years, IM

Every 3 to 5 years Polysaccharide vaccines used for epidemic response,
travelers, high-risk groups

Mumps Live attenuated, Viral One dose,

after 9months SC

Not required Parotitis and low-grade

fever; Rare:
Aseptic meningitis

may occur

Usually administered

with measles and rubella vaccines

Pertussis Inactivated whole cell (wP)
or acellular (aP)

3 doses before one year
of age, IM

DTP at 18months
and 6 years

Mild local or systemic
reactions

Schedules and number of booster doses vary by
country

Pneumococcal

meningitis,

pneumonia,
sepsis

7-valent conjugate

vaccine against

serotypes 4, 6B, 9V, 14,
18C, 19F, 23F

3 doses before one year

of age, IM

May be useful Mild local or systemic

reactions

10 and 13-valent vaccines under development to

increase serotype coverage for developing countries

Poliomyelitis Live attenuated trivalent

(OPV)

3 doses (4 in endemic

countries) in first year

of life, oral

Supplemental

doses in

endemic
countries

OPV: paralytic

poliomyelitis (once in 3

million doses)

OPV is used in endemic countries. Monovalent OPV

types 1 and 3 recently licensed. Most industrialized

countries use IPV

Inactivated (IPV) 2-3 doses in first year of

life, IM

One dose at

18months

Rabies Inactivated from cell
culture or embryonated

egg vaccine

3 doses IM After one year
then every

5 years

Mild systemic
or local reactions; rare

neuroparalytic reactions

Many poor countries were using a less costly, less
efficacious nerve tissue vaccine which has high rates

of adverse effects. This is being phased out

Rotavirus Live human monovalent
G1

2 doses (1ml) at least four
weeks apart, between

6 and 24weeks of age,

Oral

None Mild gastro-
intestinal

symptoms;

fever, fatigue

These vaccines, licensed in 2006, were studied in trials
of nearly 70 000 infants, the largest prelicensure trials

in vaccine history. Efficacy and safety data available

for Africa and Asia in 2009

Live, contains 5
reassortant rotaviruses

3 doses (2ml) four
weeks apart, between

6 and 32weeks. Not

for older ages, Oral

Rare: upper respiratory
tract infection,

hoarseness

The Rotashield W vaccine was removed from the
market in 1999 due to risk of intussusception
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Rubella Live attenuated viral;
combination with

measles (MR)

One dose after age of
9months, IM or SC

None Fever, rash; rarely
anaphylaxis, arthritis

Tetanus Tetanus toxoid in DTP, DT,

Td or TT

3 doses before one year

of age, IM

DTP at 18months

and 6 years; T/
Td every ten

years

Mild local or systemic

reactions increase with
number of doses

Schedules and number of booster doses vary by

country

Typhoid Ty21a, live attenuated viral

(S. Typhi )

3 doses (capsules) two

days apart from
2years of age, Oral

Every 3 years None significant Duration of protection not fully established

Vi polysaccharide single-

dose

One dose from two years

of age SC or IM

Every 3 years

Varicella Live attenuated, viral One dose under

13 years of age;

2 doses for older

groups, 4weeks
apart, SC

At 6 years

Yellow fever Live viral One dose after 9months

of age, SC

Every ten years Hypersensitivity to egg;

rarely hepatic failure;

very rare reports of
death from organ failure

Yellow fever vaccination is strictly regulated by the

International Health Regulations

0.5ml dose unless otherwise stated.

DTP: diphtheria-tetanus-pertussis; IM: intramuscular; SC: subcutaneous; ID: intradermal.
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cases and deaths. Most industrialized countries now
use the combination measles-mumps-rubella or measles-
rubella vaccine. As a result, most monovalent measles
vaccines are now produced in India and other developing
countries, with industrialized country manufacturers pre-
ferring the more lucrative combination vaccines.
Poliomyelitis

Until the introduction of live or inactivated polio vaccines
in the 1950s, epidemics caused the death and paralysis
of hundreds of thousands of children. The trivalent live
attenuated oral poliovirus vaccine (OPV), widely used
since the early 1960s, elicits intestinal mucosal immunity.
In the effort to eradicate polio globally, OPV has been
used extensively to stop circulation and transmission
of wild poliovirus types 1, 2, and 3. To break the last
chains of wild poliovirus transmission, more highly
immunogenic monovalent vaccines against types 1 and 3
were developed and licensed in 2005 for supplementary
immunization in remaining endemic areas.

Risks associated with OPV, such as the rare vaccine-
associated paralytic poliomyelitis, have led some coun-
tries to switch to inactivated polio vaccine (IPV), at a
significantly higher price. Low-income countries con-
tinue to use OPV due to the benefit of inducing mucosal
immunity, ease of administration, and lower cost. Effec-
tiveness of IPV in EPI schedules in developing countries
needs further elucidation. When polio is eradicated,
stockpiles of monovalent vaccines will be needed to
respond to any outbreaks caused by circulating vaccine-
derived polioviruses, replication of poliovirus in immu-
nodeficient individuals, or deliberate release. Following
eradication, countries that will use IPV may prefer alter-
native schedules and presentations to those in use in
industrialized countries (e.g., two-dose schedules, stand-
alone presentations).
Hepatitis B

WHO estimates that 350million people are chronically
infected and at risk of serious illness and death from
liver cirrhosis and primary liver cancer caused by chronic
infection with the hepatitis B virus. Hepatitis B vaccine
was first licensed in the United States in 1982, the
first vaccine against a cancer-causing pathogen. It has
proven to be one of the safest, most immunogenic and
effective vaccines. Despite a 1992 World Health Assembly
resolution, introduction worldwide has been slow primar-
ily because of the limited vaccine supply and high price.
The launch of the GAVI Alliance in 1999 accelerated
the uptake of hepatitis B vaccine in the poorest countries
and more than 160 countries were using the vaccine by
2007. A dramatic decline in the vaccine price has now
made this sustainable.
Haemophilus influenzae type b infection

Haemophilus influenzae type b (Hib) causes 3million cases
of serious illness, primarily pneumonia and meningitis,
and 386 000 deaths annually, mainly in children under
5 years of age (WHO, 2002). Several Hib vaccines con-
sisting of Hib capsular polysaccharide conjugated to a
protein carrier are licensed for use in infancy, often
in combination with DTP, DTP-Hep B, or DTP-Hep
B-IPV. WHO recommends that conjugate Hib vaccines
be included in all infant immunization programs, and as a
consequence, invasive Hib disease has been eliminated
in most industrialized countries. Although more than
100 countries now use Hib vaccine, many of the most
populous developing countries do not, leaving millions
of children without access. Through subsidizing pro-
curement, the GAVI Alliance partners are supporting
countries to accelerate introduction of this expensive
vaccine.
Rotavirus

Diarrhea due to rotavirus infection can progress to severe
dehydration in infants and young children. An estimated
527 000 children die from rotavirus each year, over 90%
in developing countries, and more than 2million are
hospitalized (WHO, 2007a). Standard diarrhea prevention
and treatment is less effective for severe rotavirus disease.
The first rotavirus vaccine licensed in 1988 was with-
drawn from the market when it was found to be associated
with intussusception, a serious condition that causes
bowel obstruction. Since then, two orally administered,
live, attenuated rotavirus vaccines were found to be safe
and efficacious in large-scale clinical trials in the Amer-
icas and Europe, and were licensed in 2006. Efficacy
studies in Asia and Africa are also under way, with results
expected by 2009. Confirming vaccine efficacy in these
contexts is important as regional differences were seen
with earlier rotavirus candidates and other orally admi-
nistered, live, attenuated vaccines. Several countries
(United States, Brazil, Honduras, Nicaragua, Mexico)
have already introduced the vaccine in routine immuni-
zation. In 2006, the GAVI Alliance decided to finan-
cially support rotavirus vaccine introduction in eligible
countries in the Americas and Europe. Vaccines will reach
these countries in 2008, just 2 years after licensure.
Human Papillomavirus

Every year, 500 000 new cases of cervical cancer occur
leading to 270 000 deaths, the vast majority of which
occur in the developing world. Virtually all cases are
attributable to genital human papillomavirus (HPV)
infection and two thirds to types 16 and 18. Cervical
cancer screening and treatment programs have achieved
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remarkable success in industrialized countries. However,
these are difficult to establish in developing countries.
Cervical cancer therefore continues to affect primarily
women living in poverty with limited access to health
care. First licensed in 2006, two HPV vaccines are now
available, each requiring three doses over 6months. Based
on virus-like particles, with unprecedented efficacy of
100% against precancerous lesions due to HPV 16 and
18 infections, these vaccines could prevent more than
60% of cervical cancer in women worldwide. Several
countries already recommend HPV vaccine for girls and
women aged 9 to 26 years. To achieve high coverage
among adolescent girls before sexual debut, innovative
approaches will be needed, building on tetanus and
rubella vaccination programs for this group. Preliminary
work suggests that school-based vaccination may be a
good option for HPV vaccines.
Pneumococcal disease

Streptococcus pneumoniae causes severe bacterial pneumo-
nia and meningitis. WHO estimates that more than
1.6million people die every year of pneumococcal infec-
tions, more than 90% in poor countries, with increased
risk in HIV/AIDS-affected persons (WHO, 2007b).
There are more than 90 serotypes of S. pneumoniae, deter-
mined by the capsular polysaccharide that helps the bac-
terium evade the immune system. Pneumococcal vaccines
prevent disease by stimulating immunity to the serotypes
included in the vaccine. Most infections in children are due
to 7 to 13 serotypes. Vaccines that contain these serotypes
could prevent 50 to 80% of all infections worldwide.

First used in the United States in 2000, a 7-valent
pneumococcal conjugate vaccine for infants was followed
by a dramatic decline in invasive pneumococcal disease
in children. Adult infections also dropped, and herd
immunity prevented twice as many cases of pneumococ-
cal disease as did direct protection of those vaccinated.
A clinical trial in South Africa found 9-valent pneumo-
coccal vaccine to be 83% effective in non-HIV-infected
children and 65% effective in HIV-infected children.
A trial of 9-valent vaccine in The Gambia showed a
decline in all-cause mortality in vaccinated children
of 16% and in hospital admissions of 15%.

There is one pneumococcal conjugate vaccine licensed
in over 70 countries and more than 20 candidate vaccines
in development with different serotype combinations.
With financial support of the GAVI Alliance, pneumococ-
cal vaccine will begin to reach poor countries in 2008.
Tuberculosis

Tuberculosis is a leading cause of illness and death
in developing countries and incidence is rising in indus-
trialized countries. Strategies for tuberculosis control are
undermined by the rising number of cases occurring in
parallel with HIV/AIDS and by emerging multidrug
resistance. The bacillus Calmette–Guérin (BCG) vaccine
has existed for 80 years and is widely used, reaching
over 80% of infants in countries where it is part of the
immunization schedule. BCG vaccine protects against
meningitis and disseminated tuberculosis in children. It
does not prevent primary infection or reactivation of
latent pulmonary infection, the principal source of bacil-
lary spread in communities, limiting any impact on dis-
ease transmission. Of note, BCG vaccine is of proven
efficacy in the control of leprosy and is also used for the
treatment of bladder cancer.

Recent advances in mycobacterial immunology and
genomics have stimulated research for new vaccines
against tuberculosis. There are six vaccine candidates in
the pipeline, one undergoing Phase 3 testing, which could
be licensed by 2013.
Malaria

The malaria parasite has killed people for millennia and
remains the most common cause of death in children
younger than 5 years of age in Africa. The 2005 World
Malaria Report estimated that 107 countries are at risk
and more than 1million people die of malaria annually.
Malaria drains precious human and financial resources
from societies and economies that can least afford it.

At least 40 promising malaria antigens have been iden-
tified. Developing these antigens into vaccines requires
extensive preclinical research, and as there are no corre-
lates of protection or predictive animal models, malaria
vaccine candidates must undergo clinical testing in the
field. For a complex disease like malaria, private sector
resources are critical to developing an effective vaccine.
However, as many developing countries spend less than
$10 per person per year on health, this has been commer-
cially unattractive. Funding to offset development costs
has been made available by a small group of donors,
including the U.S. National Institutes of Health, the Well-
come Trust, and the Bill and Melinda Gates Foundation.

One candidate vaccine is now completing Phase 2 trials
and Phase 3 trials are planned, with registration possible
by 2011. Though efficacy is only 30% against infection
and 57% against severe disease, this vaccine could have
a substantial public health impact. As a first-generation
malaria vaccine, it would help lay the groundwork for
others (Alonso et al., 2004).
Human Immunodeficiency Virus

TheAIDS epidemic kills more people than any other infec-
tious disease and is the leading cause of death and disease
worldwide among adults aged 15 to 59 years. AIDS was
responsible for 2.9million deaths in 2006 and 39.5million
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people are infected with human immunodeficiency virus
(HIV) (UNAIDS, 2006). Over 95% of new HIV infections
occur in low- and middle-income countries.

Ever since HIV was identified as the cause of AIDS,
vaccine developers have engineered candidates based
on their sophisticated understanding of HIV infection.
Despite this, vaccine development faces major scientific
challenges. Over 30 candidates are being tested in small-
scale human clinical trials, but the first large-scale vaccine
efficacy trials completed in 2003 were not successful.
Four candidates are now in Phase 2 trials and, if success-
ful, could prove useful in industrialized countries. How-
ever, these candidates may have limited effectiveness
in the developing world, due to immunity to the viral
vectors used to deliver HIV antigens. These vaccines are
based on stimulating cellular immunity. It may take
another decade or more for a vaccine candidate designed
to elicit neutralizing antibodies to go through preclinical
testing, clinical trials, and licensure.

There is a pressing need for greater involvement
of the private sector in the search for an HIV vaccine.
Barriers to investment include scientific challenges and
the high cost of lengthy, large-scale trials to determine
efficacy. Market uncertainty is a concern as demand for
a vaccine in countries least able to pay will result in public
pressure to offer a heavily discounted price.

Influenza

Influenza virus types A and B are common causes of acute
respiratory illness. Influenza A viruses are the principal
cause of epidemics and worldwide pandemics. As influ-
enza A viruses undergo frequent surface antigen changes,
infection by one strain may not provide immunity against
other variants. Consequently, WHO established a Global
Influenza Surveillance Network to monitor antigenic shift
and provide annual recommendations for influenza vaccine
composition. New vaccines against influenza are designed
each year to match the circulating strains likely to cause the
next epidemic. Among healthyadults, appropriate influenza
vaccines are 50 to 80% effective against clinical disease,
whereas in the elderly, vaccination reduces risk of serious
complications or death by 70 to 85%.

Vaccine formulation and production for an influenza
pandemic (e.g., ‘bird flu’) will take several months. A con-
certed effort to develop, produce, and distribute vaccine
will be mandatory. Still, supply will fall several billion
doses short of the need to protect the global population,
and poor countries will be most affected. Several avenues
are being pursued to increase production capacity.
Quality, Safety, and Regulatory Aspects

Vaccines are given to healthy people and are therefore
held to the highest standards of quality and safety
throughout the cycle of research, production, and utiliza-
tion (WHO, 1996). Regular revision of manufacturing
processes, legislation on production and licensing, and
post-licensure surveillance raise the cost of regulation
and quality assurance.
Research and Development

Vaccines are first carefully evaluated for effectiveness and
potential harmful effects in vitro and in animals. If good
results are obtained, phased clinical trials of increasingly
larger size are performed to establish clinical tolerance
and safety, quantify immune response, and demonstrate
protective efficacy.

Phase 1 trials look at safety and immune response in
20 or fewer participants, usually healthy adults. These
trials are meant to identify any common adverse reactions.
Phase 2 trials involving fifty to several hundred partici-
pants help determine the optimum vaccine composition
to achieve adequate protection while ensuring safety.
Phase 3 trials determine clinical efficacy for disease pre-
vention, provide further safety information, and serve as
the final gatekeepers before widespread use. They involve
thousands to tens of thousands of participants. In general,
such trials include a control group receiving a placebo
in order to compare the occurrence of adverse events
among vaccinated and unvaccinated individuals.
Production

Each step of the production process is documented and
validated. Consistency of production must be demonstrated
by showing comparable clinical response tovaccine batches.
Confidence that vaccines are consistently safe and effica-
cious requires continual oversight by an independent and
competent National Regulatory Authority (NRA). In addi-
tion to sophisticated tests, vaccine regulation entails char-
acterization of starting materials by supplier audits, cell
banking, seed lot systems, compliance with the principles
of good manufacturing practice, and independent release of
vaccines on a lot-by-lot basis by NRAs.

For some vaccines, WHO advises on their acceptabil-
ity for developing country immunization programs. This
technical advice known as ‘prequalification’ is required
for vaccine procurement through United Nations agen-
cies such as UNICEF.
Monitoring of Licensed Vaccines

Adverse events following vaccination range from the
common, innocuous redness or soreness at point of
injection to extremely rare, serious reactions. Adverse
events may be due to an immunological or allergic reac-
tion, susceptibility to a particular antigen, human error
when administering the vaccine, or, most frequently,
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coincidental events occurring at the same time or after
vaccination.

Once vaccines are licensed, ‘postmarketing surveil-
lance’ identifies less-common reactions which may occur
after a long period of time or in specific subgroups of
the population. Adverse events occurring once in every
100 000 or 1million vaccinations may be identified this
way. Such monitoring is typically done through spontane-
ous reporting systems whereby events thought to be
related to the vaccine are reported to health authorities.
Sometimes postlicensure monitoring is conducted in more
formal Phase 4 trials. Adverse events reported following
immunization are not necessarily caused by the vaccine.
Determination of a cause-and-effect relationship necessi-
tates further investigation.

It is the joint responsibility of governments, industry,
health-care providers, and patients to report any sus-
pected adverse event related to immunization. Challenges
lie ahead as more complex vaccines require increasingly
sophisticated monitoring systems.
Public Concerns

Over the past 25 years immunization programs have
protected hundreds of millions of children from deadly
and debilitating diseases. As some diseases have disap-
peared, however, public perceptions have changed. Global
communication, increasing consumer awareness, and
public debate about health matters have all contributed
to greater scrutiny of vaccines and immunization. As the
public, in some parts of the world, is no longer familiar
with infectious diseases such as diphtheria and measles,
attention is concentrated on the risk of vaccine-associated
adverse events. This leads to complacency and a lack
of confidence in immunization, which in turn results
in declining coverage and resurgence of the disease. In
2006, fueled by now-discredited claims of a link between
the measles-mumps-rubella vaccine (MMR) and autism,
the UK experienced its largest measles outbreak in
20 years and the first measles-related death in 14 years.
Research in Vaccine Delivery

New Immunization Technology

The increased use of auto-disable syringes (which lock
after a single injection) has improved safety by preventing
reuse of contaminated syringes, thus reducing the risk
of transmission of bloodborne pathogens such as hepatitis
B, hepatitis C, and HIV.

Single-dose presentations, widely used in industria-
lized countries, also reduce the risk of contamination.
Prefilled monodose injection devices not requiring a sep-
arate needle improve safety at the point of use. UniJect®
is such a device that has been successfully tested with
hepatitis B and tetanus toxoid vaccines administered by
traditional birth attendants (Tsu, 2004). Need for addi-
tional cold storage space and cost remains an obstacle,
which may be balanced by lower vaccine wastage with
this technology.

Needle-free injectors deliver vaccine at high velocity
into the skin and therefore should reduce risk of trans-
mission of bloodborne pathogens. Earlier multidose
injectors were found to be unsafe and new models are
under development. Single-dose injectors are also in
development but could prove difficult to use in mass
campaigns.
New Vaccine Formulations

Alternative vaccine formulations could further improve
immunization safety and reduce contaminated waste.
Administration routes such as oral, nasal, and transcuta-
neous are currently being explored. One example is an
aerosol measles vaccine to facilitate administration during
mass campaigns (Dilraj et al., 2007). Another interesting
concept is plant-derived or edible vaccines encoding
protective antigens from pathogens into transgenic plants.
The plants are processed to deliver a uniform dose of
vaccines. Human clinical trials have been conducted
with bananas and raw potatoes, which showed encourag-
ing antibody responses. Potential advantages of this tech-
nology include thermostability, low investment needs,
multivalency, and oral administration.
Vaccine Management

Innovation would benefit all areas of vaccine manage-
ment. For instance, heavy reliance on the cold chain
remains a major economic and logistical barrier. Taking
advantage of heat stability of vaccines and increasing
use of vaccine vial monitors to take vaccines ‘out of the
cold chain’ could revolutionize immunization services,
simplify delivery, reduce costs, and allow for integrated
distribution and supply systems. Development of thermo-
stable vaccines is a priority. Sugar glass drying is one such
technology that has shown promise in producing vaccines
that are heat stable except under extreme climatic condi-
tions. Uncertainty about market prospects and the high
cost of regulation and licensing have impeded develop-
ment and use of this technology.

Research for handling of medical waste is also under
way. For immunization, this concerns the disposal of used
syringes which represent a small proportion (5 to 10%)
of all sharps used in the health sector. Technologies being
explored include corrosive disinfectants, thermo pro-
cessing, needle destruction, and plastic melting. None,
however, is currently sufficiently developed.
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Special Initiatives

Smallpox

Arguably the largest success in public health was the
eradication of smallpox, the only disease totally elimi-
nated from the world. Before this, smallpox had decimated
populations in sweeping epidemics that killed thousands
(Fenner et al., 1988). A major global campaign came to
fruition when the last case was detected in Somalia in
1977. This was followed by intensive surveillance for cases
in former smallpox strongholds such as the northern states
of India and the Horn of Africa. An expert committee
finally declared that sufficient evidence was available
to confirm eradication. The 33rd World Health Assembly
formally declared smallpox eradicated on May 8, 1980.

Reservoirs of smallpox virus held in the United States
and Russia are a threat to eradication. Before the world
agreed to confine the virus to these two sites, a case of
smallpox occurred when virus escaped from a laboratory
in Birmingham, England, in 1978. There is ongoing
debate about whether the remaining virus should be
destroyed. However, the possibility of a biological attack
with smallpox, through intentional release either from a
reservoir or from unknown stocks elsewhere, has so
far prevented the world from agreeing to this. For the
same reason, smallpox vaccines continue to be produced
and high-risk groups immunized in some countries.
Polio

Spurred on by earlier success with smallpox, in 1988 at the
World Health Assembly, all WHO member states agreed
to eradicate poliomyelitis by the year 2000. Since then, a
massive global program has been in operation and circula-
tion of the wild poliovirus has been interrupted in most
countries, with three continents entirely free from polio. In
2007, only India, Pakistan, Afghanistan, and Nigeria had
endemic polio. Importations to other countries occurred
and were rapidly controlled. There is optimism that the
transmission of wild virus can be totally stopped in the
near future. Originally it was hoped that polio vaccination
could stop when eradication was declared. This hope is
evaporating and today new vaccination strategies for the
posteradication era are being developed. The Global Polio
Eradication Initiative is led by a coalition of four partners:
WHO, UNICEF, the U.S. Centers for Disease Control and
Prevention, and Rotary International.
Measles

The region of the Americas set a goal to eliminate
measles – the biggest childhood killer among VPDs –
from the hemisphere and the initiative has been largely
successful. The delay in eradicating polio has affected the
ability of countries in Africa and South-East Asia to
undertake a similar effort. Nonetheless, major progress
has been achieved in reducing measles mortality through
strengthening routine and supplemental immunization. It
is estimated that measles deaths declined by 60% between
1999 and 2005, from 873 000 to 345 000, annually world-
wide (United Nations, 2007).
Maternal and Neonatal Tetanus

A similar effort is ongoing to reduce maternal and neona-
tal tetanus mortality, although this disease is not eradica-
ble due to the ubiquitous presence of tetanus spores in
soil. In 1999, 57 countries had not yet achieved and
validated elimination of maternal and neonatal tetanus.
By 2005, this had declined to 49 countries.
The GAVI Alliance

The Global Alliance for Vaccines and Immunization, now
known as the GAVI Alliance, was created in late 1999 as
a global partnership with the aim of addressing three gaps:
(1) the number of children who do not have access to
any vaccines, (2) the disparity in the number of vaccines
provided to children in the poor countries compared with
industrialized countries, and (3) investment in vaccine
research and development for diseases prevalent in poor
countries, but for which no market exists in the industria-
lized world. GAVI has been very successful in pursuing
these goals, resulting in a significant increase in immuni-
zation coverage and an acceleration of the introduction
of new vaccines in the poorest countries.
Economic Dimensions of Vaccines and
Immunization

Economic Evaluation

Economic evaluation of vaccines and immunization
explores how scarce resources can be used to maximize
technical and allocative efficiency. Such studies require
data on the burden of disease, the effectiveness of vaccines
and immunization strategies being compared, the costs
of delivering a vaccine, and the opportunity costs of not
using it. Economic evaluations in low- and middle-
income countries face particular challenges such as data
availability and quality.

There are special considerations for economic analysis
for immunization. Methods of assessing vaccine effective-
ness differ according to disease, vaccine, and context.
Increasingly, infectious disease modeling is used, taking
into account not only vaccine efficacy from clinical trials,
but also the force of infection and natural boosting in a
population, the protection offered by a vaccine over
time (e.g., waning immunity), and indirect protection of
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the nonvaccinated (e.g., through vaccine shedding) or
reduced disease transmission (herd immunity). Valuing
future impact presents unique difficulties and outcome
measures should include at least cases and deaths pre-
vented and disability-adjusted life years (DALYs) gained.

Costing should include all vaccine and program costs,
and present and future treatment costs. Whereas the cost
of expanding coverage may rise at higher coverage levels,
effectiveness may also increase as more vulnerable popu-
lations are reached, resulting in stable or greater cost-
effectiveness. Where a societal perspective is adopted,
costs to families and indirect costs of lost productivity
must also be considered. Discounting of future costs
is recommended for vaccines with future or long-lasting
impact.

The WHO classifies an intervention as ‘highly cost-
effective’ if one DALY is gained for less than the Gross
Domestic Product (GDP) per capita of a given country,
and ‘cost-effective’ for interventions saving a DALY for
between 1 and 3 times the GDP per capita.
Financing Vaccines

Economic evaluations are necessary for decision making
but are not sufficient. Policy goals must still be clear
and value judgments made about social and public health
priorities. As more vaccines become available, the ques-
tion of whether and how to fund them in the public sector
takes on new urgency. However, no matter how cost-
effective a vaccine may be, it must still be affordable;
that is, it should be possible to finance the vaccine within
an immunization budget over the medium- to long-term
without significantly affecting resources for other public
health priorities. Economic assessment may help build the
case for expanding resources for immunization over time.

There are numerous indicators for tracking immuni-
zation financing. These include immunization costs per
capita, per immunized child, or as a proportion of the
government health budget, total health expenditure, or
GDP. Cost savings engendered by vaccine introduction
may not be available to finance the vaccine, as resources
flow to other therapeutic services or savings occur in the
future. In practice, private individuals, employers, and
health insurance companies often recognize the health
and economic value of vaccines before they are offered
in the public sector. Product prices may also decline with
time following licensing and expansion of the market.

While encouraging such trends, fiscal space for immu-
nization can be expanded in the public sector by reallo-
cating or preferably increasing the national health budget
and, in lower-income countries, by seeking external fund-
ing. These avenues require the highest level of policy
dialogue between ministries of health and finance and
their development partners. For the 72 poorest countries,
the GAVI Alliance now subsidizes introduction of a range
of vaccines and offers financial support to strengthen
immunization services and health systems.

Additional funds have been successfully mobilized for
these purposes through innovative financing mechanisms.
The International Financing Facility for Immunization
(IFFIm) developed in 2005 allows donor countries to
make legally binding aid commitments over 20 years.
IFFIm borrows against these pledges on capital markets
to raise US$4 billion for GAVI-supported programs in
poor countries. Another US$1.5 billion has been pledged
for an Advance Market Commitment (AMC) to acceler-
ate the availability of a more effective pneumococcal
vaccine. Through the AMC, a market price is guaranteed
for about 10 years for a vaccine meeting WHO specifica-
tions, in exchange for a commitment for continued supply
at a lower price affordable to low-income countries.
The Global Marketplace and Economic
Development

Marginalized a few years ago, vaccines and immunization
are again central in global politics, economics, and
finance. Whereas, until recently, mergers in the pharma-
ceutical industry radically reduced the number of com-
panies investing in vaccines, the winds of change have
reversed this trend. With the creation of a new market in
developing countries, large companies have a new interest
not only in vaccine research and development, but also in
making their products more attractive and affordable for
resource-constrained settings. There is also new vigor in
the vaccine industry with companies in, for example,
India, China, South Korea, and Brazil entering the scene,
as returns on investment seem more certain.

Investing in health is increasingly recognized to be
essential for social and economic development. For
many countries, immunization is a key indicator for the
national poverty reduction strategic plan. The goal of
protecting people, especially infants and children, from
vaccine-preventable diseases is increasingly shared as
a core value throughout the world. The global health
architecture has been permanently changed by the com-
ing together of governments, institutions, and individuals
in partnerships to make this goal accessible to all.
Challenges Ahead

The future of vaccine development is bright. The
astounding progress against infectious diseases has made
many of them nearly invisible, at least in wealthier socie-
ties. Progress in advanced molecular biology and genetics
is filling the pipeline with a versatile armament of new
vaccines against more than 40 infectious and noncommu-
nicable diseases. These extraordinary developments bring
challenges for the public health community.
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On the one hand, there is an ‘unconscious faith’ in
the power of new vaccines, recently demonstrated with
the licensing of HPV vaccines, which has created a pow-
erful platform for women’s health and right-to-health
lobby groups. At the same time, parents are increasingly
concerned about possible complications of more tra-
ditional vaccines. Managing public expectations in this
context must be a constant concern.

The advent of new products together with the
growing demand for safety will undoubtedly raise the
profile of quality assurance further and lead to a more
stringent regulatory environment. This trend will also
affect developing country manufacturers eager to com-
pete in global markets. Production costs will continue to
rise, making affordability for poorer countries an even
more challenging goal.

The wealth of medicinal and biological products avail-
able challenges cost-conscious policy makers and profes-
sionals to make difficult choices. For resource-poor
countries to benefit from new products and strengthen
the systems to support them, health budgets must grow
faster than they have to date. Immunization programs
and logistics systems will have to evolve to accommodate
products of varying stability, formulation, and presenta-
tion, and fit better in health systems designed to deliver
comprehensive health care.

Equity in access to vaccines and immunization,
between and within countries, will remain a constant
challenge as new products roll off production lines. Con-
versely, vaccines of public health importance may
continue to suffer from insufficient investment in research
and development if product uptake is uncertain. The
critical challenge, therefore, is to create an environment
for a healthy market, where research efforts receive the
necessary investment, financing mechanisms guarantee
purchase on a large scale at affordable prices, and national
immunization programs are sufficiently robust to adopt
and safely deliver life-saving new products. Considerable
advocacy and financial resources will be required to
build on the GAVI experience and address this challenge.

These monumental challenges must be tackled for
immunization to remain the pathfinder for primary health
care and deliver the benefits of science to prevent unnec-
essary illness and death around the world.

See also: Hepatitis, Viral; Influenza; Influenza, Historical;

Measles; Poliomyelitis; Poliomyelitis, Historical; Small-

pox; Tetanus; Vaccines, Historical.
Citations
Alonso PL, Sacarlal J, Aponte JJ, et al. (2004) Efficacy of the
RTS,S/AS02A vaccine against Plasmodium falciparum infection and
disease in young African children: Randomised controlled trial.
The Lancet 364: 1411–1420.
Dilraj A, Sukhoo R, Cutts F, and Bennett JV (2007)
Aerosol and subcutaneous measles vaccine: Measles
antibody responses 6 years after re-vaccination. Vaccine 25:
4170–4174.

Fenner F, Henderson DA, Arita I, Jezek Z, and Ladnyi ID (1988)
Smallpox and Its Eradication. Geneva, Switzerland: World Health
Organization.

Grant J (1991) The Children’s Vaccine Initiative . . . and
other promises to keep. Journal of Tropical Pediatrics 37:
272–274.

Mogedal S and Stenson B (2000) Disease eradication: Friend or foe to
the health system? Synthesis Report from Field Studies on the Polio
Eradication Initiative in Tanzania, Nepal and the Lao People’s
Democratic Republic. Geneva, Switzerland: World Health
Organization.

Tsu VD (2004) New and underused technologies to reduce maternal
mortality. The Lancet 363: 75–76.

UNAIDS (2006) UNAIDS/WHO AIDS Epidemic Update. Geneva,
Switzerland: UNAIDS.

United Nations (2007) The Millennium Goals Development Report.
New York: United Nations.

World Health Organization (1996) WHO Statement on Vaccine Quality.
Geneva, Switzerland: World Health Organization.

World Health Organization (1999) Quality of the Cold Chain:
WHO-UNICEF Policy Statement on the Use of Vaccine Vial Monitors
in Immunization Services. Geneva, Switzerland: World Health
Organization.

World Health Organization (2002) Distribution of the Estimated Deaths
from Diseases That Are Preventable by Vaccination. Geneva,
Switzerland: World Health Organization.

World Health Organization (2005a) Global Immunization
Vision and Strategy. Geneva, Switzerland: World Health
Organization.

World Health Organization (2005b) 58th World Health Assembly:
Revision of the International Health Regulations. Geneva,
Switzerland: World Health Organization.

World Health Organization (2005c) Vaccine Introduction Guidelines.
Adding a Vaccine to a National Immunization Programme: Decision
and Implementation. Geneva, Switzerland: World Health
Organization.

World Health Organization (2006) Weekly Epidemiological Record.
No. 47, 81: 445–452. Geneva, Switzerland: World Health
Organization.

World Health Organization (2007a) Weekly Epidemiological Record.
No 32, 82: 285–296. Geneva, Switzerland: World Health
Organization.

World Health Organization (2007b) Weekly Epidemiological Record.
No. 12, 82: 93–104. Geneva, Switzerland: World Health
Organization.
Further Reading
Jamieson DT, Brennan JG, Measham AR, et al. (2006) Disease Control
Priorities in Developing Countries. Oxford, UK: Oxford University
Press and World Bank.

Levine MM, Campbell JD, and Kotloff KL (2002) Overview of vaccines
and immunisation. British Medical Bulletin 62: 1–13.

Levine MM, Kaper JB, Rappuoli R, Liu MA, and Good MF (2004)
New Generation Vaccines. 3rd edn. New York:
Marcel Dekker.

Plotkin S and Orenstein WA (1999) Vaccines. 3rd edn. Philadelphia, PA:
WB Saunders.
Relevant Websites
http://www.vaccineamc.org – GAVI Alliance, Advance Market
Commitments (AMC).

http://www.gavialliance.org – GAVI Alliance.

http://www.vaccineamc.org
http://www.gavialliance.org


http://www.iff-immunisation.org – International Finance Facility for
Immunisation Company (IFFIm).

http://www.unaids.org – Joint United Nations Programme on HIV/AIDS
(UNAIDS).

http://www.unicef.org – United Nations International Children’s
Emergency Fund (UNICEF).

http://www.un.org/millenniumgoals/pdf/mdg2007.pdf – United Nations
(UN), The Millennium Development Goals (MDG) Report 2007.

http://www.who.int/immunization – World Health Organization (WHO),
Immunization, Vaccines and Biologicals.

Indoor Air Pollution/Developing Countries 547
Indoor Air Pollution/Developing Countries

M Ezzati, Harvard School of Public Health, Boston, MA, USA

ã 2008 Elsevier Inc. All rights reserved.
Indoor Air Pollution

Indoor air quality (IAQ ) and indoor air pollution (IAP)
deal with the presence, levels, health effects, and control
of physical, chemical, and biological factors in indoor
environments, including homes, workplace, transporta-
tion media, etc. IAQ and IAP research in industrialized
countries has examined hundreds of specific factors (e.g.,
temperature, various chemical substances, or mold), sources
of pollution (e.g., passive smoking, environmental tobacco
smoke, occupational activities such as manufacturing, com-
bustion of fuels, consumer cleaning products, or moisture),
and control technologies (e.g., ventilation). The greatmajor-
ity of research on IAQ and IAP in developing countries has
focused on indoor smoke from household energy use for
cooking and heating.
<20% 20−40% 40−
Household solid fuel use known
No data

Figure 1 Percent of households using solid fuels (coal and biomas

predictions from a model in countries with solid patterns. From Smith

from household solid fuel use. In: Ezzati M, Lopez AD, Rodgers A, Mu
and Regional Burden of Disease Attributable to Selected Major Risk F
Household Energy and Indoor Air Pollution

Biomass fuels and coal are vital to health and welfare in
developing nations (Ezzati et al., 2004). Almost three bil-
lion people worldwide use biomass (wood, charcoal, crop
residues, and animal dung) and coal as their primary
source of energy for cooking, heating, and other house-
hold needs such as food preservation (Figure 1) (Smith
et al., 2004). Biomass accounts for more than one-half of
household energy in many developing countries, and for
as much as 90% in some lower-income countries.

Combustion of biomass and coal emits hundreds of
health-damaging pollutants, including particles in the
inhalable range, carbon monoxide and nitrogen dioxide,
and organic matter such as polycyclic aromatic hydro-
carbons (e.g., benzo[a]pyrene) and other volatile organic
60% 60−80% >80%

s) in the year 2000. Household solid fuel use estimates are

KR, Mehta S, and Maeusezahl-Feuz M (2004) Indoor air pollution

rray CJL (eds.) Comparative Quantification of Health Risks: Global
actors, pp. 1435–1493. Geneva: World Health Organization.
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compounds (e.g., benzene and formaldehyde) (Smith, 1987).
In addition to the above pollutants, coal combustion may
release oxides of sulfur and toxicants such as arsenic and
fluorine. Emissions and indoor concentrations of pollutants
are several times higher than common health guidelines
recommend, especially in open or poorly enclosed and
ventilated stoves, typical of most developing nations. For
example, the latestNational AmbientAirQuality Standards
of the US Environmental Protection Agency required the
daily average concentration of PM10 to be below 150mg/m3

(annual average below 50 mg/m3). In contrast, typical 24-h
average concentrations of PM10 in homes using biofuels
may range from 200 to 5000 mg/m3 or more throughout
the year, depending on the type of fuel, stove, and housing.

The concentrations of various pollutants at locations
inside the house depend on energy technology (stove–
fuel combination), house design (e.g., the size and con-
struction materials of the house, the arrangement of
rooms, and the number of windows), and stove-use behav-
ior (e.g., whether the stove door is closed or fuel is dried
before use). Personal exposure depends on pollution level
as well as time–activity budgets of individual household
members (e.g., time spent inside or near the stove and
direct participation in cooking tasks) (Ezzati et al., 2000).

Detailed analyses of multiple determinants of exposure
have shown a complex range of energy–environment–
behavior interactions in determining exposure (Ezzati and
Kammen, 2002; Ezzati et al., 2005), with implications for
intervention design. For example, whether energy is used
for cooking versus heating is an important determinant of
exposure. Cooking is often done in shorter time intervals
and possibly in confined areas. Further, emissions from
Figure 2 (a) In central Kenya, household members who cook are e

above the fire. (b) An important route of exposure to fluorine and arse
food (corn and chili).
open biomass and coal stoves fluctuate over short time
intervals, with emission peaks occurring when fuel is
added or moved, the stove is lit, the cooking pot is placed
on or removed from the fire, etc. (Ezzati et al., 2000). Because
household members who cook – typically women – are
consistently close to the stove at such times (Figure 2),
peak emissions contribute significantly to the exposure of
female household members (Ezzati et al., 2000). Heating,
on the other hand, often involves longer hours of energy
use in larger areas and relatively similar distance to the
combustion source for most household members ( Jin et al.,
2005). In contrast to direct inhalation during cooking and
heating, bioaccumulation of trace elements (e.g., arsenic and
fluorine) in food dried and stored over the stove for
long durations is an important route of exposure to these
pollutants in parts of China (Figure 2).
Health Effects of Indoor Air Pollution

The mixture of pollutants from biomass and coal combus-
tion has been implicated, with varying degrees of evidence,
as a cause of acute respiratory infections (ARI), chronic
obstructive pulmonary disease (COPD), lung cancer (for
coal smoke), asthma, nasopharyngeal and laryngeal cancers,
tuberculosis, low birth weight, and diseases of the eye
(Smith et al., 2004). Until recently, epidemiological studies
were most available for ARI, COPD, and lung cancer.
Estimates using these three diseases indicate that in year
2001, an estimated 1.8 million deaths and 3% of the total
global burden of disease were due to IAP exposure. Over
900 000 of these deaths were from lower respiratory
xposed to episodes of high pollution when they work directly

nic from stove use in southern China is bioaccumulation in



Indoor Air Pollution/Developing Countries 549
infections (LRI) among children under 5 years of age and
the remainder from COPD and lung cancer among adults,
especially adult women. Figure 3 shows the number of
deaths by region, separately for men and women and for
children and adults. IAP-attributable deaths in sub-Saharan
Africa, where child mortality from LRI is still very high, are
dominated by this outcome; in East Asia and the Pacific, a
region with relatively low child mortality, the effects are
dominated by adult chronic diseases (COPD and lung
cancer); South Asia has a more mixed pattern.

The magnitude of the disease burden and its con-
centration among women and children in poor households,
has identified solid fuel use as amajor global health concern.
The growing determination to reduce the health hazards
of solid fuels may soon parallel those around water and
sanitation in the last quarter of the twentieth century.
For example, solid fuel use is an indicator for Goal 7
(ensuring environmental sustainability) of the Millennium
Development Goals, and is related to at least two other
goals (reducing child mortality and promoting gender
equality).
Poverty and Household Energy

Figure 4 shows the fraction of households using different
fuels by economic status in different regions. High exposure
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to IAP as a result of restricted access to clean energy,
coupled with increased susceptibility from simultaneous
exposure to risks of malnutrition and limited access to
health care, means that the health consequences of energy
are often disproportionately greater on the poor than those
at other income levels.

The correlation between poverty and energy source
(i.e., fuel) has often been described within the energy
ladder framework, which hypothesizes that households
switch to cleaner sources of energy with increasing
income (Hosier and Dowd, 1987; Leach 1992). Although
the energy ladder is a convenient qualitative representa-
tion of the correlation between household energy source
and household wealth or income, it may lead to over-
simplification of the economic dimensions of energy
use that need not hold if the cultural and policy context
and energy infrastructure are different from those of the
original formulation. This deterministic formulation of
the income–energy relationship can also hinder innovative
technological and policy approaches to addressing the
energy issues of the poor that bypass the energy ladder.

The above critique does not imply that income is not a
crucial determinant of household energy choice. Rather it
is important to treat income not as a deterministic cause
of energy transition, but rather as a source of additional
freedom to choose certain types and quantities of fuel
 years)
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tive quantification of mortality and burden of disease attributable
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as well as the technology for fuel utilization. What the
household actually does with the extra income will be
decided by household members – influenced by socio-
cultural factors, and energy and economic infrastructure
and regulations. Households may spend extra income on
non-energy commodities or services, such as nutrition or
education. Even within the energy realm, a household may
decide to consume more of the same fuel, switch to a
different form of energy (e.g., switch to kerosene or LPG
from biomass), switch its source of energy access (e.g.,
purchase biomass instead of collecting it), or use a mix of
energy sources for different purposes (e.g., different fuels
for cooking and heating, or even for cooking different foods;
or continue to use biomass for cooking and heating, and use
electricity for lighting, as has been the case in countries such
as China where rapid economic growth and infrastructure
expansion have contributed to near-universal access to
electricity; more than 70% of households continue to use
coal or biomass as their primarily fuel for cooking and
heating (Smith et al., 2004)).
Intervention Options to Reduce IAP
Exposure and Health Effects

Interventions for reducing IAP exposure can in principle
include modifications in energy source (fuel) and energy
conversion technology (stove), housing and ventila-
tion, and behavioral factors such as fuel preparation and
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Figure 5 Estimated reduction in mortality for scenarios of fuel trans

respiratory infections (LRI) among children under 5 years of age and

women. Estimates account for forecasted demographic change (pop
trends in disease and mortality levels. The scenarios refer to gradual

switch to charcoal from wood and to petroleum-based fuels from bio

Mortality and greenhouse gas impacts of biomass and petroleum en
time–activity budgets (Ezzati and Kammen, 2002; Ezzati
et al., 2005). To date, most research on IAP interventions
has focused on fuels and stoves. Transition to non-solid
fuels such as electricity, LPG, and kerosene can reduce
exposure substantially and result in health benefits (Smith,
2002; Bailis et al., 2005) (Figure 5). Other fuel options
include those that are obtained by preprocessing biomass
and coal, including conversion of biomass and coal into
liquefied or gasified fuels, conversion of biomass into
charcoal, and removal of specific pollutants (e.g., sulfur
or fluorine) from coal.

Improved (high-efficiency and/or low-emission) stoves
have been advocated as a more affordable intervention
option in the near term than a complete shift to non-
solid fuels. Initially, however, efficiencies and emissions
of alternative stoves were measured in controlled condi-
tions that were different from those of actual household
use. Although there was a great deal of initial excitement
around the so-called improved stoves, more systematic
evaluations have demonstrated barriers to stove adop-
tion and more variable performance than cleaner
fuels, affected greatly by stove design, construction, and
maintenance, and by user behaviors that modify ideal
combustion (Agarwal, 1983; Sinton et al., 2004). A recent
community-randomized study of stove interventions in
four poor provinces of China found that heating stove
interventions were effective in reducing indoor air pollu-
tion from coal and biomass fuels (Zhou et al., 2006). When
energy is used for heating, fuel combustion takes place
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with a more stable pattern and with less intensity. There-
fore, new heating stoves, which separated the location of
combustion from the indoor environment and/or ventilate
smoke outdoors, were effective in reducing indoor air
pollution, and not sensitive to user behaviors. Stove inter-
ventions had more mixed performance when they were
used for cooking, because during cooking users modify
combustion patterns actively and regularly, leading to
relatively large fluctuations in combustion intensity.

Changes in stove and time–activity behavior have been
considered as intervention options in South Africa and
China (Barnes et al., 2004; Jin et al., 2006). The Chinese
four-province intervention study also included an interven-
tions group with health education and behavioral inter-
ventions. This study found no IAP benefits from health
education and behavioral interventions alone, despite the
relatively extensive program. The introduction of alter-
native stove handling behaviors as a part of the health
education program led to changes in knowledge about
IAP sources and hazards and in specific behavioral indi-
cators (e.g., covering stove door or top after fuel is added)
based on self-reported data, but these changes seem to have
had nomeasurable benefits for indoor air quality. There are
two possible reasons for the limited effectiveness of health
education and behavioral interventions. First, awareness
of health risks and interventions cannot lead to changes in
fuel and stove choices when there is insufficient physical
and financial access to alternative fuels and stoves. Second,
the specific behavioral changes reported by participants
may not be enough to lead to reduction in emissions,
given the central role of cooking and heating in daily life.
There are nonetheless reasons to use health education as
a part of more comprehensive intervention programs.
First, health education may help encourage the uptake of
interventions such as cleaner fuels and stoves, or affect how
these technologies are used. Second, health education may
help reduce IAP exposure through specific routes even if
ambient concentrations remain unchanged.

There has been little emphasis on housing as a part of
interventions programs because housing change has been
considered too expensive and/or difficult for large-scale
implementation. Housing improvements may, however,
complement changes in heating fuels and stoves, if better
insulation reduces the amount of fuel used for heating
and if new heating techniques have substantially reduced
emissions so that indoor concentrations in better insulated
homes are low.

In addition to technology design and evaluation,
research needs for design of more effective intervention
include a better understanding of the role of specific
pollutants and their mixtures in disease etiology and
quantifying the hazardous effects along a continuum of
exposure levels (the exposure–response relationship).
This would allow evaluating the health benefits of inter-
ventions that provide partial exposure reduction, possibly
with different pollutant-specific reductions (e.g., lowering
particle concentrations but not CO). Second, there is a
need to establish the temporal dimensions of exposure
and hazard. Specific questions include the effects of expo-
sure during pregnancy (as seen in the two studies on low
birth weight (Boy et al., 2002; Mishra et al., 2004)), child-
hood, and adulthood on different disease outcomes, and
risk reversibility after exposure reduction. Third, because
the health outcomes caused by IAP also have other com-
mon risk factors (e.g., childhood and maternal undernu-
trition for low birth weight and ARI, and smoking for
COPD and lung cancer) the hazards of multiple expo-
sures and benefits of individual and combined interven-
tions must be studied.
Programs and Policies for Dissemination
of Interventions

IAP exposure is closely related to household access to,
and choice of, energy technology (i.e., the fuel–stove
combination) and energy-related behaviors. Therefore,
while health constitutes the largest consequence of solid
fuel use, large-scale intervention programs will require
linkages to multiple sectors such as energy, rural devel-
opment, and finance (Ezzati et al., 2004). Complete tran-
sitions to electricity or petroleum-based fuels such as
natural gas and kerosene will certainly provide substantial
health gains (Smith, 2002; Bailis et al., 2005). This transi-
tion has already taken place among wealthier households
in many developing nations, especially in urban areas.
As discussed earlier, however, higher income does not
automatically create a parallel shift to commercial energy
for household needs. Therefore, for many nations and
households, transition to clean fuels is not a realistic
option in the next two to three decades. Obstacles include
large capital costs for energy generation/processing infra-
structure, limited fuel delivery infrastructure, and the
volatility of petroleum-based fuel prices and supplies,
both internationally and as a consequence of national
energy policies (Table 1) (Ezzati et al., 2004).

These obstacles point to two important research direc-
tions for effective interventions. First, there is a need for
ambitious research and development on alternative tech-
nologies for clean and accessible energy and on economic
and regulatory institutions required for large-scale dis-
semination of these technologies (Ezzati et al., 2004).
Together with this long-term agenda, there is a need
for interventions that lower emissions by modifying cur-
rent fuel-stove–behavior combinations, as discussed earlier.
Such interventionswill almost certainly have to be designed
locally, because of variations in the natural environment
and meteorological characteristics, the purposes of energy
use (e.g., cooking versus heating), and local infrastructure
and sociocultural circumstances.



Table 1 Household energy choices and barriers

Selected determinants of adoption

Energy source Equipment costs Nature of payments Nature of accessa

Electricity Very high Lumpy Restricted

Bottled gas (LPG,

butane, natural gas)

High Lumpy Often restricted; bulky and specialized transport

Kerosene Medium Small Often restricted in low-income areas
Charcoal or coal Low Small Good; dispersed markets and reliable supplies

though prices and supplies can vary seasonally

Fuel wood Zero, low, or medium Small; zero if gathered Good; dispersed markets and reliable supplies
though prices and supplies can vary seasonally

Crop residues, animal

dung

Zero, low, or medium Small; zero if gathered Variable: depends on local crops and livestock

holding; high opportunity cost where residues

are used as fodder and/or dung is used as
fertilizer

aNature of access refers to ease at which households can choose the fuel if they are willing to pay for it and is determined by physical
and institutional infrastructures. See Ezzati M, Bailis R, KammenDM, et al. (2004) Energymanagement and global health.Annual Review

of Environment and Resources 29: 383–420 for further information and discussion.
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Individual and institutional efforts in the past few
decades have established indoor air pollution from house-
hold solid fuel use as an important global health risk,
especially among the poor. The increased visibility must
be sustained. The crucial contribution of future research
in alleviating the burden of disease associated with solid
fuel use, however, lies not in evidence-based advocacy,
but in strengthening the scientific basis of technological
innovation and technology management to reduce the
large and inequitable burden.

See also: Chronic Obstructive Pulmonary Disease;

Energy Use, Health Implications of.
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Introduction

According to The Global Strategy for Infant and Young Child

Feeding, ‘‘inappropriate feeding practices and their conse-
quences are major obstacles to sustainable socioeconomic
development and poverty reduction’’ (WHO, 2002). This
article deals with the issue of infant nutrition, with a special
focus on breastfeeding and its contribution to preventing
child malnutrition. Most infants (children under
12months) are largely dependent on their mothers for
breastfeeding to secure their nutrition. This article exam-
ines the role of breastfeeding in malnutrition during
infancy, and its link to the survival of infants and conse-
quently their lifelong development. We analyze reasons for
suboptimal breastfeeding, and discuss why mothers are not
always supported to be successful in breastfeeding. The
global commitments to ensure optimal breastfeeding prac-
tices are also discussed, as is where we stand in terms of
providing the needed support for these practices by iden-
tifying gaps in policies and programs. We conclude with a
summation of what should be done next and in the near
future to optimize breastfeeding practices.
Definitions

Breastfeeding

The Global Strateg y for Infant and Young Child Feeding, which
was adopted by the World Health Assembly (WHA) in
May of 2002, defines breastfeeding as

‘‘an unequalled way of providing ideal food for the healthy

growth and development of infants; it is also an integral part

of the reproductive process with important implications for

the health of mothers. As a global public health recommen-

dation, infants should be exclusively breastfed for the first

six months of life to achieve optimal growth, development,

and health. Thereafter, to meet their evolving nutritional

requirements, infants should receive nutritionally adequate

and safe complementary foods while breastfeeding con-

tinues for up to two years of age or beyond’’ (WHO, 2002).

This statement summarizes what is generally described as
optimal breastfeeding practices. In ‘exclusive breastfeed-
ing’ ‘‘the infant receives breastmilk only without any
additional food or drink, not even water’’ for the first
6months of life (WHO, 2003).
Infant Malnutrition

Infant malnutrition is defined as malnutrition in infancy.
Infants are malnourished if their diet does not provide
adequate calories and protein for growth and maintenance
or if they are unable to fully use the food they eat due to
illness (undernutrition) or if they consume too many cal-
ories (overnutrition). For the infant there are three neces-
sary components of good nutrition: adequate and proper
diet (food), good and loving care in a healthy environment,
and access to health-care services. Breastfeeding forms an
integral part of good nutrition in the infants.
Importance of Good Infant Nutrition

To achieve optimal health, development, and survival of
infants and young children, and to fulfill their rights to
survive and attain the highest attainable standards of
health, all infants should be exclusively breastfed for the
first 6months of life, followed by the introduction of
appropriate complementary feeding along with continued
breastfeeding for 2 years or beyond. When breastfeeding is
disrupted and the quality of replacement food is inade-
quate, this affects the quality of food intake. This disrup-
tion can clearly cause infant malnutrition. Infant and
young child undernutrition is responsible, directly or
indirectly, for 60% of more than 10million child deaths
annually. According to the World Health Organization
(WHO), well over two-thirds of under-5 child deaths,
which are often associated with inappropriate feeding
practices, occur during the first year of life. This propor-
tion may also differ in different countries (e.g., in India,
75% of all child deaths occur during infancy, according to
a document of India’s planning commission). Malnour-
ished children who survive are frequently sick and suffer
the lifelong consequences of impaired development.

Available scientific evidence makes it clear that sub-
stantial reductions in child mortality will not occur if
undernutrition of infants and young children is not
addressed more effectively. Diarrhea, newborn infections,
and pneumonia are the three major causes of mortality
during infancy and yet are mostly preventable. According
to the most widely accepted and published data, breast-
feeding (defined as exclusive breastfeeding for the first
6months and continued breastfeeding for 6–12months)
has been shown (sufficient evidence is available) to be a
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Level 1 intervention for all three major causes of mortal-
ity just mentioned ( Jones et al., 2003). Optimal nutrition
for infants is critical not only for survival but also for early
child and long-term human development. Most brain
growth occurs during this period. Undernutrition impairs
cognitive development, intelligence, strength, energy, and
productivity of the individual, thus impacting the nation
in which the individual lives as well. Moreover, breast-
feeding is not simply a matter of the physical transmission
of nutrients; it also embodies caring and warmth through
closeness and contact thus contributing to social and
emotional well-being.

The launch of a new WHO child growth standard is a
landmark development in the field of infant nutrition,
health, and development, as this standard describes how
children should grow and establishes breastfeeding as the
biological norm (WHO, 2006). A new global initiative titled
the Ending Child Hunger and Undernutrition Initiative
(ECHUI), proposed by the World Food Program (WFP)
and UNICEF, embarks on a clear focus on infant nutrition
through a global framework for action.

The United Nations (UN) System Standing Commit-
tee on Nutrition (SCN) has stressed the double burden
of malnutrition, that is, that malnutrition impacts
badly whether it is under- or overnutrition. There are
170million underweight children globally, over 3million
of whom die each year as a result of being underweight.
At the same time, 17.6million children under the age of
5 years are estimated to be overweight worldwide, and con-
sequently at risk for heart disease, stroke, cancer, diabetes,
and other nutrition-related chronic diseases later on in
life. Childhood obesity is already epidemic in some areas
and on the rise in others. The problem is global and increas-
ingly extends into the developing world (WHO, 2003).

Over- and undernutrition are not simply problems of
income only, that is, whether a society is rich or poor.
Over- and undernutrition are increasingly found to coex-
ist in communities, and even the same households, in both
developed and developing countries. In its latest publica-
tion, the WHO has provided meta-analysis of global stud-
ies clearly pointing out that breastfeeding enhances brain
development, and is effective in protection from obesity,
diabetes, hypertension, and resultant cardiovascular dis-
ease (WHO, 2007). In disadvantaged populations, exclu-
sive breastfeeding is associated with less growth faltering
during early infancy, and continued breastfeeding through
the second year of life enhances linear growth.
The Role of Early and Exclusive
Breastfeeding to Ensure Good Infant
Nutrition

Since time immemorial breastfeeding has contri-
buted to infants’ survival and holistic development. In
the twentieth century, we witnessed a decline in breast-
feeding, and a full-scale commercial competition to
breastfeeding introduced by baby food manufacturers
(who found a market in breast milk substitutes). As early
as 1939, Cecily Williams, a pediatrician working in
Singapore, presented a talk on bottle-baby deaths and
condensed milk to the Singapore Rotary Club. In her
presentation, titled ‘Milk and Murder,’ she said that ‘‘mis-
guided propaganda on infant feeding should be punished
as the most criminal form of sedition, and that those
deaths should be regarded as murder’’ (Cecily Williams:
http://www.ibfan.org/english/issue/history01.html). Noted
Jamaican pediatrician Dr. Derrick Jelliffe coined the term
‘commerciogenic malnutrition’ to describe the impact of
industry marketing practices on infant health and the
resulting morbidity and mortality that occurred among
children being bottle-fed ( Jelliffe, 1972). These authors
established that commercial marketing of baby foods
interferes with breastfeeding and contributes to poor
infant health outcomes.

In 1979, a global meeting on infant and young child
feeding called by WHO and UNICEF observed that
such an interference should stop and recommended the
development of the International Code of Marketing of
Breast-milk Substitutes. After 1970, scientists and re-
searchers around the world had to work hard to reexam-
ine the benefits of breastfeeding and also to define
more clearly the term exclusive breastfeeding. In 1991,
researchers showed that babies do not need water while
on exclusive breastfeeding (Almroth, 1978; Sachdev et al.,
1991). Then a debate began on the duration of exclusive
breastfeeding, whether it should be 4–6months as a range
or the first 6months. Many studies in different parts of the
world led to a belief that the 4–6month range was arbi-
trary and exclusive breastfeeding should in fact continue
for the first 6months of life (Cohen et al., 1994).

It took 7 long years for the World Health Assembly
(WHA) to finally adopt, in 2001, a resolution defining the
duration of exclusive breastfeeding as the first 6months of
life. This was based on the recommendations of the global
technical consultation and scientific evidence. Research
from Bangladesh demonstrated that an increase in exclu-
sive breastfeeding rates from 39 to 70% led to a 32%
reduction in infant mortality (Arifeen et al., 2001). Similar
data came in from Latin American countries (Victora et al.,
1987). In 2003, The Lancet published a series on child
survival and in 2004 on neonatal survival. After commis-
sioning worldwide reviews, the journal showed that near
universal coverage (90%) of exclusive breastfeeding could
bring down child deaths by 13–15% and adequate com-
plementary feeding between 6 and 24months could pre-
vent an additional 6% of all such deaths. Exclusive
breastfeeding for the first 6months and continued breast-
feeding for the next 6months was identified as the single
most effective intervention to prevent childhood deaths,

http://www.ibfan.org/english/issue/history01.html
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more than any other child survival intervention ( Jones
et al., 2003).

A global ecological risk assessment of deaths and
years of life lost due to suboptimal breastfeeding among
children in the developing world revealed that attributable
fractions for deaths due to diarrheal disease and lower
respiratory tract infections are 55% and 53%, respectively,
for the first 6months of infancy, 20% and 18%, respec-
tively, for the second 6months, and are 20% for all-cause
deaths in the second year of life (Lauer et al., 2006). The
authors concluded that globally, as many as 1.45 million
lives (117million years of life) are lost each year due to
suboptimal breastfeeding in developing countries.
New Data on Role of Early Initiation of
Breastfeeding

A study from Ghana established for the first time the effect
of early initiation of breastfeeding on infant survival. In this
study, which was conducted on more than 10 000 infants,
delayed beginning of breastfeeding of 72 hours or more was
associated with six times higher neonatal mortality. It was
concluded that initiation of breastfeeding could prevent
22% of all neonatal deaths. Further analysis now suggests
that in developing countries, if 99% of women initiated
breastfeeding within 1 hour it would cut down newborn
deaths by 31%, and if they begin breastfeeding within
1 day it would reduce newborn deaths by 24% (Edmond
et al., 2006). This means that more than 1million neonatal
deaths could be averted with early initiation of breastfeed-
ing. As the effect was independent of other factors, includ-
ing exclusive breastfeeding during the first month of life, it
means the survival value of optimal breastfeeding may be
much higher than already predicted by Jones et al. (2003).
Considering the vital role of early and exclusive breast-
feeding as a contribution to infant nutrition and survival,
the size of the gap between current practice and recom-
mendations is striking and surprising even after a unique
global consensus around its role.
Faulty Feeding Practices: The Key
Determinant of Malnutrition

Faulty infant feeding practices contribute to malnutrition,
growth failure, and poverty. Bottle-fed babies are more
prone to infections not only because of unclean bottles
but also because of a loss of potential immunity trans-
ferred from the mother through breast milk. Growth
stunting occurs during two important time periods in
infants’ lives. The first is when fluids other than breast
milk are introduced into the baby’s diet. The second
is when complementary feeding is initiated. Faulty feed-
ing practices begin with giving any fluids other than
breast milk before 6months of life. Such practices have
immediate and long-term consequences on the health,
growth, and development of a child. Studies have shown
the link between bottle-feeding and increased disease
burden and deaths as well.

Another disadvantage to artificial feeding of infants is
socioeconomic, as a family has to spend on milk and
related products to feed a baby during the first 6months.
Resultant sickness also has economic impact. Money
spent on milk and related products could be used to buy
food for the mother and the child. In poor nations alter-
native feeding perpetuates poverty, draining the existing
meager family income and resources.

In such situations it is important as well as critical
that women are fully supported in their role toward
their babies to exclusively breastfeed them, with ade-
quate knowledge and skills to succeed, through a univer-
sally applicable education and support package. How
each faulty practice contributes to malnutrition, growth
failure, and poverty is briefly described in the following
section.
Giving Babies Other Fluid and Milk before
Breastfeeding Is Initiated

Giving other fluids or milk other than breast milk con-
tributes to the delay in the establishment of exclusive
breastfeeding and puts infants at risk of increased infec-
tions. Babies lack the desire to suckle after being fed with
something else, which leads to a decrease in mothers’
milk production, which is dependent on the suckling of
the baby. The practice contributes to loss of essential
nutrition and places infants at risk of illness and even
death. Currently one-third of babies are not exclusively
breastfed by the end of the first month of life.
Late Initiation of Breastfeeding

If breastfeeding is started late, it will interfere in success-
ful establishment of exclusive breastfeeding and thus
lead to early cessation of breastfeeding. This faulty
practice contributes to the decline in breastfeeding, and
deprives babies of essential nutrition, care, stimulation,
and affection. Starting bottle-feeding/artificial feeding as
early as the first month also causes babies to refuse
breastfeeding.
Starting Artificial Feeding before 6Months

Introduction of any foods/fluids before the age of
6months leads to displacement of breast milk and also
increases risk of infections like diarrhea, which further
contribute to weight loss and malnutrition. Besides this,
babies are also not ready to receive other foods due to
immaturity of the gastrointestinal and neurdevelopmental
systems, and the kidneys.
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There is a clear link between artificial feeding and
increased disease risks. Risks of artificial feeding are
many, and thus affect both the dietary intake and health
condition, which are the immediate determinants of
nutritional and developmental status of a child.

Various authors and researchers have documented that
artificial feeding in children may lead to increased risk of
allergies, eczema, gastroenteritis, otitis media, pneumo-
nia/lower respiratory tract infection (Lawrence and
Lawrence, 1999), inflammatory bowel disease (Corrao
et al., 1998), diabetes, type 1 (Pettitt et al., 1997), Hodgkin’s
lymphoma (Davis, 1998), necrotizing enterocolitis (Riordan
and Auerbach, 1999), and many other diseases.
Early and Late Start of Complementary Foods

Both early and late introduction of complementary feed-
ing are harmful. As explained in the previous section,
early start of complementary foods would displace breast
milk, and a late start leads to insufficient calorie intake
leading to inadequate weight gain, as breast milk alone is
not sufficient to provide the needed nutrition.
Reasons for Faulty Feeding Practices

Infants may become malnourished as early as the first
few months of life, essentially due to inadequate breast-
feeding. Reasons for the faulty feeding practices include
aggressive promotion of commercial infant milk substi-
tute/formulas and infant foods by manufacturers, lack of
adequate and accurate information and social support to
the lactating mother and the family, and lack of skilled
support from health workers in hospitals and nutrition
workers at the grassroots level.

Unfortunately, it is plain and simple business practice
for baby food manufacturers to aggressively promote
their products – commercial infant milk substitutes/for-
mulas and infant foods – to make profits and thus satisfy
their shareholders. They resort to all possible tactics in
marketing baby foods, putting profits before health. This
undermines the success of breastfeeding, especially when
health workers are unsupportive and not well informed. In
1979, during the first international meeting on infant and
young child feeding, a clear link between commercial
marketing of baby foods and interference with breastfeed-
ing was observed (thus the call for an international code
for marketing of breast milk substitutes and baby foods). It
has been shown around the world how companies use
false health and nutrition claims, and mislead or confuse
people with incorrect information. Marketing of comple-
mentary foods has been very aggressive and companies
recommend its use at a very early age, as low as the
4th month of life.
Lack of adequate and accurate information and
social support is another important cause of faulty feed-
ing practices. This is because of the erosion of the value
of breastfeeding in the society and the lack of under-
standing of the needs of women to be successful in breast-
feeding, both of which lead to inadequate community
support to breastfeeding mothers. Mothers also require
support from the family, so that they can remain in close
proximity to the baby, at least for the first 6months. If
a mother has to go out to work and take her baby with
her then there is a need for support at the workplace
(e.g., availability of crèches or day nurseries). Inappropri-
ate practices are also due to lack of accurate and unbi-
ased information compounded by inadequate awareness
among people regarding optimum infant feeding practices.
This issue can only be addressed through a national action
to provide this as a minimum essential service to women.

Finally, lack of skilled support from health workers in
hospitals and nutrition workers at the grassroots level is an
important contributing factor to faulty feeding practices.
Women need accurate information, counseling, and sup-
port during pregnancy, at birth and later. They also need
additional nutrition support. Mothers need assistance at
the time of birth, whether delivering in hospitals or at
home, to establish exclusive breastfeeding fast enough
(within 1 hour) to avoid sore nipples or breast engorge-
ment, and someone to answer their questions. If they do
encounter sore nipples or engorgement, mothers then
need technical and skilled support to continue exclusive
breastfeeding, otherwise these painful conditions lead to
discontinuing breastfeeding. There aremore than 10–15%
of mothers who face such problems and those pregnant for
the first time are at greater risk. When babies have pro-
blems with suckling, being small, or sick, additional help
and support from skilled health workers is required to
establish breastfeeding. All this requires capacity building,
as most health and nutrition workers in hospitals, espe-
cially those working in pediatric and maternity areas, and
at the family level, do not have adequate knowledge and
skills to help women in early initiation of breastfeeding,
and thus establishing and maintaining exclusive breast-
feeding. Because of their lack of knowledge and skills,
they overlook the importance of counseling and support
in regard to breastfeeding.
Global Commitments to Improve
Infant Nutrition

There have been several global commitments since
1952, when the International Labor Organization con-
vention recognized the need to establish maternity leave.
Many commitments at theWorld Health Assembly (WHA)
and the UN have mobilized some action on breastfeeding,
but much remains to be done.
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The International Code of Marketing of
Breast-Milk Substitutes

The International Code of Marketing of Breast-milk Sub-
stitutes was adopted by the WHA in 1981 as a minimum
requirement to protect infant health to be implemented in
its entirety. The International Code is a unique and indis-
pensable tool to protect and promote breastfeeding and to
ensure that marketing of breast milk substitutes, feeding
bottles, and teats does not interfere with breastfeeding.
The International Code was the first of its kind, an inter-
nationally adopted and endorsed basic minimum require-
ment to protect infant and young child feeding practices.
Although less binding than a treaty or a convention, the
International Code is an international public health rec-
ommendation to regulate the marketing of breast
milk substitutes. Many countries have followed up and
enacted legislation, however, stronger action is still
needed by a majority of countries. While formulating
action on infant nutrition is essential, enacting legal
frameworks to protect breastfeeding from commercial
influence is the most critical of all.
The Global Strategy for Infant and Young
Child Feeding

The WHA adopted The Global Strategy for Infant and Young

Child Feeding inMay 2002 and in September of that year, the
UNICEF Executive Board endorsed it. In addition to four
targets suggested by the Innocenti Declaration (1990), the
Global Strategy provided five additional targets to achieve
optimal infant andyoung child feeding practices as ameans
to prevent child malnutrition and reduce infant and young
child mortality. The Global Strategy encourages member
states, among many other actions, to formulate a compre-
hensive national policy and a legal framework to promote
maternity leave and a supportive environment for 6months
of exclusive breastfeeding; to create a detailed plan of
action to implement, monitor, and evaluate policy; and to
allocate adequate resources for this process.

Recent commitments also include the Innocenti Dec-
laration 2005 on Infant and Young Child Feeding, which
further reiterates the urgent implementation of the global
strategy for protection, promotion, and support of breast-
feeding for achievement of the Millennium Development
Goals (MDGs) by 2015.
UN Millennium Development Project 2000

UN member countries reaffirmed their commitment to
further reduce infant and child mortality by adopting the
MDGs (UN, 2000). The fourth goal (MDG-4) relates to
reducing the under-5 mortality rate (U5MR) by two-
thirds between 1990 and 2015. Given the importance of
breastfeeding in infant nutrition, acceleration in scaling
up action on breastfeeding is required. Table 2, the result
of the work by the Standing Committee on Nutrition
(SCN) Working Group shows how breastfeeding and
complementary feeding are linked to achievement of the
MDGs.
State of the World’s Breastfeeding

Despite the numerous benefits of breastfeeding in con-
tributing to infant nutrition, survival, and development,
less than one-third of the world’s infants are breastfed
optimally. They fail to achieve one or more of the three
major infant feeding practices that are required for opti-
mal feeding: (1) initiation within one hour, (2) exclusive
breastfeeding for the first 6 months, and (3) complemen-
tary feeding after 6months.

According to the UNICEF’s The State of the World’s
Children 2007, out of about 133million global births in the
year 2005, only 36%were exclusively breastfed during the
first 6months, which means about 85million infants were
not receiving exclusive breastfeeding (UNICEF, 2007).
The rates vary across regions and countries. For example,
the rate of exclusive breastfeeding was 43% in East Asia/
Pacific, 41% in Eastern/Southern Africa, 20% in West/
Central Africa, and 22% in Central and Eastern Europe
(CEE)/Common wealth of Independent States (CIS).
According to the same report, the rate for timely comple-
mentary feeding is 51%. In developing countries, it varies
from 67% in sub-Saharan Africa and 60% inMiddle East/
North Africa to 44% in East Asia/Pacific and 45% in
South Asia. This variation reflects the different levels of
support women receive. Data are hard to find on the early
initiation of breastfeeding as it is not always reported. For
example, only 38 of the 60 countries with the world’s
highest rates of child mortality had such data available.
The International Baby Food Action Network (IBFAN) in
Asia published findings of an exercise in 2007 and could
find only 62 countries reporting it. It ranged from 11 to
95% with a mean of 47%. In South Asia, the rate of
initiation of breastfeeding within 1 hour was reported to
be 23% in India and 24% in Bangladesh. These two
countries contribute significantly to the unacceptably
high global infant mortality rate.
Gaps in Programs and Policies on Infant and
Young Child Feeding

According to The Global Strategy for Infant and Young Child

Feeding, there are ten program areas that require action.
These are national policy, program, and coordination;
baby friendly hospital initiative (BFHI); implementation
of the International Code; maternity protection; health
and nutrition care; community outreach; information
support; infant feeding and HIV; infant feeding during
emergencies; and monitoring and evaluation.



Table2 Contribution of breastfeeding, complementary feeding, and relatedmaternal nutrition to theMillenniumDevelopment Goals

MDGs Goals and targets
Contribution of infant and young child feeding (i.e., early and exclusive breastfeeding,
continued breastfeeding with complementary feeding, and related maternal nutrition)

Goal 1 Eradicate extreme poverty and

hunger

Breastfeeding significantly reduces early childhood feeding costs, and exclusive

breastfeeding reduces by one half the cost of breastfeeding. Exclusive breastfeeding

and continued breastfeeding for 2 years is associated with reduction in underweight

and is an excellent source of high-quality calories for energy. By reducing fertility,
exclusive breastfeeding reduces reproductive stress. Breastfeeding provides breast

milk, serving as low-cost, high-quality, locally produced food and sustainable food

security for the child

Goal 2 Achieve universal primary
education

Breastfeeding and adequate complementary feeding are prerequisites for readiness to
learn. Breastfeeding and quality complementary foods significantly contribute to

cognitive development and capacity. In addition to the balance of long chain fatty acids

in breast milk that support neurological development, initial exclusive breastfeeding and
complementary feeding address micronutrient and iron deficiency needs and, hence,

support appropriate neurological development and enhance later school performance

Goal 3 Promote gender equality and

empower women

Breastfeeding is the great equalizer, giving every child a fair start on life. Most differences

in growth between sexes begin as complementary foods are added into the diet, and
gender preference begins to act on feeding decisions. Breastfeeding also empowers

women:
. increased birth spacing secondary to breastfeeding helps prevent maternal depletion

from short birth intervals
. only women can provide it, enhancing women’s capacity to feed children
. increases focus on need for women’s nutrition to be considered

Goal 4 Reduce child mortality By reducing infectious disease incidence and severity, breastfeeding could readily reduce
child mortality by about 13%, and improved complementary feeding would reduce child

mortality by about 6%. In addition, about 50–60% of under-5 mortality is caused by

malnutrition due to inadequate complementary foods and feeding following on poor

breastfeeding practices and, also, to low birth weight. The impact is increased in
unhygienic settings. The micronutrient content of breast milk, especially during

exclusive breastfeeding, and from complementary feeding can provide essential

micronutrients in adequate quantities, as well as necessary levels of protein and

carbohydrates
Goal 5 Improve maternal health The activities called for in the Global Strategy include increased attention to support for

the mother’s nutritional and social needs. In addition, breastfeeding is associated with

decreased maternal postpartum blood loss; breast, ovarian, and endometrial cancers;
and the probability of decreased bone loss post menopause. Breastfeeding also

contributes to the duration of birth intervals, reducing maternal risks of pregnancy too

close together, including lessening risk of maternal nutritional depletion from repeated,

closely spaced pregnancies. Breastfeeding promotes return of the mother’s body to
pre-pregnancy status, including more rapid involution of the uterus and postpartum

weight loss (obesity prevention)

Goal 6 Combat HIV/AIDS, malaria, and

other diseases

Based on extrapolation from the published literature on the impact of exclusive

breastfeeding on MTCT, exclusive breastfeeding in a population of untested
breastfeeding HIV-infected population could be associated with a significant and

measurable reduction in MTCT

Goal 7 Ensure environmental

sustainability

Breastfeeding is associated with decreased milk industry waste, pharmaceutical waste,

plastics and aluminum tin waste, and decreased use of firewood/fossil fuels for
alternative feeding preparation, less CO2 emission as a result of fossil fuels, and less

emissions from transport vehicles as breast milk is locally produced

Goal 8 Develop a global partnership
for development

The Global Strategy for Infant and Young Child Feeding fosters multisectoral
collaboration, and can build upon the extant partnerships for support of development

through breastfeeding and complementary feeding. In terms of future economic

productivity, optimal infant feeding has major implications

Report of the United Nations system standing committee on nutrition, working group on breastfeeding and complementary feeding:
contribution to millennium development goals (MDGs), held during the ACC/SCN’s 31st session in New York, United States, March

2004; chairs: Miriam Labbok, UNICEF, Randa Saadeh, WHO.
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IBFAN carried out an assessment of the state of imple-
mentation of the Global Strategy in many countries across
the world using these ten indicators of policy and pro-
gram, and five indicators of the resultant infant and young
child feeding practices. They found major gaps in policies
and programs on breastfeeding in a detailed study on
eight nations of South Asia. All countries were at different
levels of implementation; however, gaps existed in almost
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all countr ies and all pr ogram areas (IBFAN, 2007). This
raises a serio us con cer n a bout the national acti ons to
implem ent the Global Strateg y. The gaps thus found call
for action in all ten areas of acti on on inf ant and young
child f eedi ng in the existing pr ograms. This means main-
stream ing inf ant and young child f eeding cou nseling ser-
vices and suppor t. In this way we can ensure that mother s
get at least a minimum essen tial progra m of ser vi ces that
inc lude educ ation a bout breastf eedi ng and mater nity
entitlem ents .
Infant Nutrition in the Child Rights
Framework

Infants’ and young children’s need for food is met in
different ways during two distinct time periods, 0–6 months
and 6–24 months. For the fir st 6 months, exclusive breast-
feeding fulfills this need. Fulfillment of the infant’s need for
food requires that mother s stay close to their infants during
the period of exclusive breastfeeding. Continued breast-
feeding along with adequate complementary feeding ful-
fills the need for food from 6 to 24 months.

The right s of women and childr en to adequat e food
and nutritio n can be located withi n th e broade r cont ext of
nutriti on rights in moder n inter national human right s law
and principle s. The human righ ts re levant to breastf eed-
ing are mainly found in the Inter national Covenant on
Econ omic, Social and Cultural Righ ts (IC ESCR), the
Convention on the Elim ination of All For ms of Discri mi-
nation against Women (CEDAW), and the Convention on
the Rights of the Child (CRC). The CRC obl iges state
par ties to take appr opriate meas ures to dim inish inf ant
and chil d mor tality and directs them ‘‘to ensur e that all
segm ents of societ y, in par ticular parents an d ch ildren, are
infor med , have access to edu cation and are su ppor ted in
the use of basic knowledge of chil d health and nutriti on
[and] the advanta ges of breast f eeding ’’ (htt p://www.oh cr.
or g/en g lish/ law/pdf/crc.p df). In its ar tic le 27, th e CRC
also states, in paragra ph 3, tha t state par ties ‘‘shal l in case
of need provide material ass istance and suppor t pr o-
grams, particularly with regard to nutrition, clothing,
and housin g’’ (http://www.ohcr.org/english/law/pdf/crc.
pdf). Exper ts on human righ ts law have ar gued for an
entitlement for the mother–baby dyad, considering that
infants’ rights to good nutrition can only be realized if
their mothers’ rights are fully realized.
What Are the Solutions?

Breastfeeding has traditionally been left to the private
domain of the mother. But optimal breastfeeding can
only be practiced if it is understood properly, if adequate
information is available, and if societal and structural
parameters that govern women’s ability to breastfeed
optimally exist and an environment is created that sup-
ports women and breastfeeding.

First of all, creating a suitable environment means that
women and families are not subjected to commercial
marketing of baby foods. Baby food companies must put
an end to ongoing exploitation of families. All nations
must have legislative action to apply the International
Code and relevant WHA resolutions as a minimum
requirement.

Next, it is necessary to bring about a behavioral change
at the family and community level, which will not happen
spontaneously. Ongoing campaigns to reach family and
community are required to provide information on opti-
mal breastfeeding practices as well as change old cultural
practices governed by myths.

Then comes action at the service level. Creating an
enabling environment also means health services support
to breastfeeding women. To breastfeed successfully,
women must have accurate information, and practical
help and assistance at the time of birth and later. Two
factors are vital for ensuring proper breast milk supply:
baby’s suckling, which controls milk production, and
women’s confidence and state of mind, which controls
the flow of breast milk. Thus, women need to be physi-
cally close to their infants, and to be confident about their
ability to feed their infants adequately. This often requires
a supporting health system and skillful counseling.
Counseling should ideally happen during pregnancy and
at the time of birth to be continued later at the family
level. Many women give up breastfeeding because of the
feeling that they cannot produce enough milk. This can
be corrected with one-on-one counseling to build their
confidence. Where traditional beliefs interfere with suc-
cessful breastfeeding, family-level counseling is helpful.
A standardized educational package can be made available
through establishing countrywide breastfeeding support
centers managed and run by skilled health workers.

Creating an environment in which women are able to
meet their infants’ right to nutrition means that some
women may need to be supported financially through
maternity entitlements. It also means that women working
in the organized sector, whether in public or private sectors,
should be givenmaternity leave of at least 6months. Recent
analysis on the issue has provided that maternity leave can
enhance exclusive breastfeeding for the first 6months
(Baker, 2007). The enabling environment should also
include nutritional support for women. Crèches and nur-
series are also needed at workplaces.

All this, more often than not, requires good planning
for a national plan of action and committed resources.
Policy support, political will, and effective monitoring
and evaluation mechanisms are needed. On top of this, a
mechanism of accountability is needed to implement the
action plan and to oversee it.

http://www.ohcr.org/english/law/pdf/crc.pdf
http://www.ohcr.org/english/law/pdf/crc.pdf
http://www.ohcr.org/english/law/pdf/crc.pdf
http://www.ohcr.org/english/law/pdf/crc.pdf
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Conclusion

Infant malnutrition must be tackled during the first
12 months and before the baby is born. Prevention of
infant malnutrition should be the goal of any child-related
public health program. Public health experts predict that
the MDG to reduce the U5MR by two-thirds by 2015
cannot be met unless neonatal mortality is at least halved.
This would require accelerated efforts to mainstream
early and exclusive breastfeeding interventions in overall
child and newborn health interventions. Another key
would be to scale up efforts to increase the coverage to
all. In 2006 The Lancet published the findings of an exer-
cise to track intervention coverage for child survival in
60 countries that have the highest child mortality. The
findings show that seven countries are on track to meet
the MDG-4, 39 are making some progress but need to
accelerate action, and in 14 countries the situation is a
cause for serious concern (Bryce et al., 2006). Given the
vital role of early and exclusive breastfeeding it is imper-
ative that women are supported around the world. Such
action, in turn, demands that breastfeeding become a
priority in policies and programs.

The new multicentric growth reference study demon-
strates that all infants worldwide have the potential to
achieve good growth provided they get the right environ-
ment, which includes an environment that is smoke-free
and supports optimal breastfeeding. To provide this envi-
ronment, to which all governments and the international
community have committed, there is a need for a concrete
plan to support women before and at the time of birth and
during infancy for proper care of babies through breast-
feeding and other needs.

All these provisions can be made a part of a minimum
essential program (MEP) of services within the human
rights framework and through a legal framework. Recourse
mechanisms for those whose entitlements are not fulfilled
should also be built in. The MEP can serve as a means
to ensure optimal breastfeeding practices and infant nutri-
tion. Although the level of action may differ, all countries
need to take action on infant nutrition. In this way they
will ensure laying a proper foundation for lifelong human
development and thus realize the rights of women and their
infants.

See also: Community-Based Nutrition Programs; Fetal

Growth Retardation: Causes and Outcomes; Functions

and Deficiencies of B-vitamins (and Their Prevention);

Nutrition and HIV.
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Introduction

The infant mortality rate has long been one of the most
accessible and highly utilized public health statistics. This
prominent public presence is due to its relative simplicity
as well as to the social meaning that both the public health
community and the general public convey to its inter-
pretation. First, infant mortality implies tragedy, as the
innocence and inherent promise of infancy imbues any
measure of infant death with deep emotional content.
Each infant death, regardless of cause, is perceived as a
tragedy, as a ‘shame.’ Second, infant mortality has long
been viewed as being linked to the adequacy of social
conditions and patterns of social equity. This reflec-
tive capacity shifts the meaning of the infant mortality
rate to the political arena, extending it from merely the
tragic to the unjust. In this manner, the tragic content of
infant death – as being a ‘shame’ – is coupled with its use
as a social mirror – as being ‘shameful.’

While this dual nature, tragedy and social mirror, has
long defined the power of the infant mortality rate, it
has also generated deep tensions in how the infant mor-
tality rate is perceived by different disciplines and, more
importantly, in how efforts to reduce infant mortality have
been shaped and implemented in the real world. Those
who view infant death as primarily a tragedy have directly
focused on the infant mortality rate through the devel-
opment and implementation of largely technical solu-
tions. Those who perceive the infant mortality rate as an
indicator of social conditions have tended to use the infant
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mortality rate as an advocacy tool and to elevate funda-
mental social processes as the primary determinants of
health.

History

Although the struggle to find meaning in the death of an
infant child has likely existed since parents began to value
the promise of birth, the effort to measure infant mortality
was largely rooted in the social reform movements of
eighteenth-century Europe. Newly developed vital statis-
tics systems and an expanding capacity to calculate
population-based statistics provided an analytic founda-
tion for a series of public reports documenting striking
social inequalities in infant and young child mortality.

However, the response to these documented inequal-
ities in infant mortality was characterized by a profound
tension between those who stressed technical interven-
tions and those who advocated for broader political
reform. An important group of reformers, including
Florence Nightingale and Edwin Chadwick, focused on
unhealthy sanitary conditions as the primary cause of
elevated mortality and stressed technical improvements
such as improved sewage systems, clean water, and better
housing. Consequently, the need for sanitary reform could
be advocated without advancing the social claims of the
affected communities. This technical approach has largely
been adopted by the medical disciplines. However, another
group of reformers, including Frederich Engels, saw the
infant mortality rate as reflecting the deeper social fabric
of an industrializing Europe. This group of reformers
focused less on technical responses than on social ones,
emphasizing economic and political reforms. Here the
emphasis was on social rather than civil engineering.

Despite these longstanding tensions between technical
and social frameworks, infant mortality is responsive to
both technical and social influences. When highly effica-
cious technical interventions exist, then access to these
interventions, often socially defined, will tend to domi-
nate the distribution of infant outcomes. When technical
efficacy is low or nonexistent, then access falls away and
the determinants of underlying risk, particularly social con-
ditions, will tend to dominate the distribution of infant
outcomes. Therefore, the availability of efficacious techni-
cal interventions does not necessarily reduce the impor-
tance of social factors but rather alters the mechanisms by
which they are ultimately expressed as patterns of infant
death. Accordingly, the interaction of the technical and
social determinants of infant mortality are best viewed as
intensely dynamic and serve as the basis for examining
global patterns of infant mortality and their specific causes.

Definitions

An infant is defined as a live-born child less than 1 year of
age. The ‘infant mortality rate’ is defined as the number of
deaths to live-born infants who die before reaching 1 year
of age divided by the total number of live births. This is
usually reported as the number of infant deaths per 1000
live births. Generally, the infant mortality rate is calcu-
lated for a given calendar year, with all infant deaths
occurring in that year included, even if some of these
infants may have been born in the prior calendar year.

The infant mortality rate is best viewed as a compo-
site of a series of component rates, each with its own
spectrum of causation. The infant mortality rate can be
stratified into two component rates: the ‘neonatal mortal-
ity rate,’ defined as the number of deaths to live-born
infants who die before reaching 28 days of age; and the
‘postneonatal mortality rate,’ defined as the number of
deaths to live-born infants who die between 28 days and
1 year of age. The sum of the neonatal mortality rate and
the postneonatal mortality rate equals the infant mortality
rate. This disaggregation of the infant mortality rate is
helpful, as the age at death tends to be associated with
different distributions of causes.
Sources of Data

In many settings, particularly industrialized parts of the
world, infant mortality rates are generally derived from
vital registration systems. Population-based death regis-
tries provide figures for the numerator, while birth
registries generate the denominator of infant mortality
rate calculations. However, in many parts of the world,
accurate vital registration systems may not exist. Infant
mortality rates in these settings are usually derived from
surveys of selected, representative communities. Approx-
imately half of all infant deaths in the world are identified
through direct vital registration systems; the other half
is estimated on the basis of surveys. Even where well-
developed registries exist, differences in definition and
childbearing practices can complicate the comparison of
infant mortality rates. Of particular concern is the classi-
fication of deaths occurring to extremely premature
newborns, as such deaths may be considered fetal deaths
in many areas. Such differences can have a major impact
on international comparisons when extreme prematurity
accounts for a substantial portion of infant mortality.
Global Patterns of Infant Mortality

It is estimated that in 2004, the world’s infant mortality
rate was approximately 50 deaths per 1000 live births (see
Table 1). The highest rates in the world are reported in
West-Central Africa (109 deaths per 1000 live births in
2004), although some areas ravaged by war and other
humanitarian emergencies can also report extremely high
rates. In contrast, the infant mortality rate for wealthy
industrialized countries such as those of Western Europe



Table 1 Infant mortality rate, number of infant deaths, and percent of global infant deaths by region and country development

status, 2004

Infant mortality rate Number of infant deaths
Percent of global
infant deaths

Region

Sub-Saharan Africa 102 2 882826 40.1%

South Asia 67 2 482484 34.5%
East Asia and Pacific 29 868028 12.1%

Middle East and North Africa 44 423280 5.9%

Latin America and Caribbean 26 303524 4.2%

Central/Eastern Europe and Commonwealth of
Independent States

32 178240 2.5%

United States and Canada 7 30578 0.4%

Western Europe 4 13260 0.2%
Australia and N. Zealand 5 1520 0.0%

All other countries 6 6158

World Total 54 7 189898 100%

Development status
Developing countries 59 7 060117 99.2%

Least developed countries 98 2 726654 38.3%

Industrialized countries 5 54195 0.8%

World Total 54 7 189898 100%

Source: UNICEF. State of the World’s Children. 2006.
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was approximately 5 deaths per 1000 live births; the figure
for Japan was approximately 3 deaths per 1000 live births
in 2004.

Most areas of the world have witnessed major declines
in infant mortality over the past several decades. However,
the largest percentage decreases have occurred in areas
already characterized by relatively low rates, particularly
in Japan, Singapore, and Western Europe. This has had
the effect of widening longstanding inequalities between
materially wealthy countries and their poor counterparts.
These inequalities have been exacerbated recently with a
relative slowing in the annual improvements in infant
mortality in materially poor areas of the world.

In general, recent reductions in infant morality rates
have occurred in both neonatal and postneonatal mortal-
ity. However, in most high-income countries, postneona-
tal mortality rates have fallen more dramatically than
neonatal rates, thereby increasing the portion of infant
mortality that is accounted for by deaths in the neonatal
period. For example, approximately two-thirds of the
infant mortality rates for England and the United States
are due to neonatal deaths.

Although the sub-Saharan Africa region contributes only
20% of all births in the world, it accounts for some 40% of
all infant deaths. South Asia accounts for almost 35%
of global infant deaths, with India alone accounting for
approximately 22% of the global toll. Of the approximately
12% contributed from the East Asian and Pacific region,
China accounted for about half of these deaths. In contrast
to these major contributions, Western Europe and the
United States contributed 0.6% of all infant deaths in the
world, even though theyaccounted for some 6%of all births.
Components of Infant Mortality

The first year of life is characterized by dynamic changes
in physiology and environmental and social exposures as
the infant grows and develops. This results in a rapidly
changing epidemiology of mortality. Moreover, the under-
lying social and health conditions in a population will
dramatically alter the relative distribution of different
causes of infant death.

Overall, it is estimated that the majority of infant
deaths in the world are related to three general categories:
(1) prematurity, birth asphyxia, and other obstetrical com-
plications, (2) congenital anomalies, and (3) a variety of
infectious causes. However, the causes of infant mortality
vary considerably with different social and economic
characteristics. Communities characterized by low mate-
rial resources not only have dramatically elevated infant
mortality rates but the ultimate causes of death are far
more likely to be associated with pregnancy or birth
complications, malnutrition, and infectious diseases. Popu-
lations of greater material resources, on the other hand,
generally have infant mortality rates that are primarily
due to problems noted at birth, such as prematurity and
birth defects.

Recent estimates suggest that approximately half of
infant mortality occurs during the neonatal period and
half in the postneonatal period. This distribution can vary
considerably, however, particularly when major differ-
ences exist in the reporting of early neonatal deaths. In
general, neonatal mortality is dominated by conditions
exhibited at birth or shortly thereafter. Postneonatal mor-
tality tends to reflect delayed effects of birth defects and
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patterns of infectious causes, often with strong interac-
tions with malnutrition. However, the causes of neonatal
and postneonatal mortality overlap considerably, particu-
larly where infectious determinants of mortality are
highly prevalent.

The clinical causes of infant mortality should be seen
as the ultimate pathophysiologic expression of a cascade
of social and biologic interactions. Nevertheless, these
direct causes provide important insights into the mecha-
nisms of risk and potential opportunities for effective
interventions. Detailed information on the clinical deter-
minants of infant mortality is largely unavailable in many
areas of the world. Therefore, global estimates regarding
clinical causation are based on a mix of national data
systems and selected surveys designed to be representa-
tive of large populations of neonatal deaths.
Neonatal Mortality

Neonatal deaths, those occurring in the first 28 days of
life, are estimated to number approximately 4million
throughout the world annually. This accounts for more
than one-third of all child deaths under 5 years of age.
This suggests that the actual risk of mortality during the
neonatal period is some 30 times higher than that during
the remaining period between 29 days and 5 years of
age. This high concentration of mortality is even more
extreme in high-income countries, where the portion of
young child deaths under 5 years of age occurring in the
neonatal period approaches two-thirds.

Even within the neonatal period, mortality is heavily
skewed to the first days of life. It is estimated that some
three-quarters of all neonatal deaths occur in the first
week of life, with up to half of these occurring in the
first 24 h after birth.

Low birthweight

Low birthweight implies reduced fetal growth prior to
delivery either through shortened gestation, growth retar-
dation, or both. Generally defined as a newborn weighing
less than 2500 g (approximately 5.5 lbs) at birth, low birth-
weight can elevate the risk of death from a variety of
metabolic, nutritional, and infectious processes. It is esti-
mated that low birthweight occurs in approximately
15% of all newborns, almost 20million infants annually
throughout the world, with the largest contribution
coming from South Asia. This 15% of births, however,
accounts for some 60–80% of all neonatal deaths.

Low birthweight is not a direct clinical cause of neo-
natal mortality per se as it can reflect a variety of specific
pathophysiologic problems. Rather, low birthweight is
merely a useful indicator of problem pregnancies and
the risk of mortality during the neonatal period. Gener-
ally, low birthweight is the result of either shortened
length of gestation or inadequate fetal growth for any
given length of gestation. Shortened length of gestation
of clinical significance is usually termed prematurity,
while seriously reduced growth per unit of gestation is
often labeled intrauterine growth retardation.

Prematurity
Globally, the most common direct clinical cause of neo-
natal death is prematurity, generally defined as a gesta-
tional age of less than 37weeks (a normal pregnancy is
approximately 40weeks of gestation). It is estimated that
some 27% of all neonatal deaths are associated with
premature birth. However, in countries with relatively
low neonatal mortality, this contribution is generally sub-
stantially higher. In addition, the risks associated with
prematurity rise sharply as gestational age falls; in many
settings, mortality for a newborn of 26 weeks gestation is
some 100 times that of an infant born at 36 weeks of
gestation. The problems premature infants face are mul-
tiple and reflect the immaturity of organ systems and
immunity. Of special note are respiratory difficulties,
metabolic problems such as an inability to feed or main-
tain body temperature, brain injuries due to hemorrhage
or a lack of oxygen, and sepsis due to inadequate immune
response to bacteria and other infections. The causes of
prematurity are heterogeneous and poorly understood.
However, infections or inflammation of the genitourinary
tract, placental abnormalities, and maternal complications
such as severely elevated blood pressure that may require
delivery have all been associated with preterm birth.

Intrauterine growth retardation

Intrauterine growth retardation (IUGR) refers to seri-
ously reduced fetal weight for its gestational age. Gener-
ally defined as a birthweight less than the 10th percentile
of predicted fetal weight for its gestational age, IUGR is
associated with elevated neonatal morbidity and mortal-
ity. The condition can be caused by a variety of pathways,
including inadequate maternal–fetal circulation, intra-
uterine infections, and congenital anomalies such as tri-
somy 21 and trisomy 18. However, IUGR can also reflect
inadequate maternal nutrition, both before and during
pregnancy. IUGR elevates the risk of neonatal morbidity
and mortality, particularly if growth retardation is severe
or associated with other serious perinatal conditions.
There are also some recent data suggesting that children
born with even moderate IUGR can experience subtle
cognitive or metabolic difficulties later in life.

Asphyxia

Asphyxia, a potentially catastrophic reduction in the sup-
ply of oxygen to the fetus during labor and delivery, is also
a major contributor to newborn mortality. This can occur
due to a variety of causes but often is associated with
prolonged or obstructed labor or with difficult fetal pre-
sentations such as the breech position. Although asphyxia
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can cause death in utero (stillbirth), it contributes to neo-
natal mortality through the birth of an infant whose
neurologic and metabolic status is severely compromised.

Effective interventions to prevent asphyxia include
enhanced prenatal care, the improved management of
labor and delivery, and basic resuscitative measures for
hypoxic newborns. These strategies have been implemen-
ted as part of improved training for traditional birth
attendants and midwives, who provide the largest portion
of obstetrical and newborn care in most parts of the world.
It is estimated that approximately half of asphyxia-related
deaths could be prevented with available interventions
and techniques.

Pneumonia and sepsis

Pneumonia, both with and without accompanying sepsis
(serious bloodborne infection), also accounts for a major
portion of neonatal mortality. Accounting for as much as
one-quarter of neonatal deaths, pneumonia can kill
through either interference with adequate oxygenation
or through acting as a source for bloodborne, systemic
infection. Although it is difficult to distinguish the specific
infectious agent of any individual case, known etiologies
of neonatal pneumonia include a variety of viral infec-
tions and bacterial agents, including group B streptococci
and Escherichia coli.

Tetanus

Tetanus accounts for approximately 5% of all neona-
tal deaths worldwide. Tetanus is caused by the toxin-
producing bacteria Clostridium tetani and, in newborns, is
usually due to infection of the umbilical cord stump.
Highly effective vaccines to prevent tetanus have made
it extremely rare in industrialized countries. However,
neonatal tetanus is still a major problem in areas where
access to immunization is inadequate and where poor
hygiene is practiced during the delivery process.

The importance of birth weight and causal

interactions

It is common for neonatal deaths to be the result of multiple
pathologic conditions, and sharp distinctions between
causal groupings should bemadewith caution. For example,
prematurity predisposes newborns to a variety of condi-
tions, including severe respiratory problems and sepsis.
Similarly, birth defects can often be associatedwith terminal
conditions such as pneumonia or dehydration.

The neonatal mortality rate is best viewed as a com-
posite of a number of component rates, each with its own
relationship to social forces and clinical pathways.
Because birthweight is so closely tied to the infant risk
and is relatively easy to measure, it has become a useful
means of disaggregating infant mortality rate into differ-
ent constituent arenas of potential prevention.

In general, elevations in neonatal mortality rates can be
stratified into two components: birthweight distribution
and birthweight-specific mortality. Birthweight distribu-
tion reflects the relative birth rates of infants at different
birthweights, and particularly at birthweights that convey
a high risk of morbidity and mortality. For example, an
elevation in neonatal mortality could be due to elevated
birth rates of low-birthweight infants. Alternatively, ele-
vated neonatal mortality can be caused by differences in
birthweight-specific mortality, generally defined as the
risk of mortality for any given birthweight group. Here,
an elevated neonatal mortality rate is due not to differ-
ences in the birth rate of low-birthweight newborns
(birthweight distribution) but rather to differences in
the risk of death once a low-birthweight infant is born
(birthweight-specific mortality).

Although a helpful epidemiologic technique, the
deeper utility of birthweight stratification rests on the
general ability to tie these component rates to different
arenas of causation and opportunities for constructive
intervention. Birthweight-specific mortality rates have
been most closely associated with the obstetrical manage-
ment of high-risk deliveries and the provision of care to
high-risk newborns once they are born. Birthweight dis-
tribution, on the other hand, is largely determined by
prenatal influences and the general health of women.

Birthweight distribution effects

In large measure, the association of birthweight distribu-
tion and neonatal mortality is due to the birth rate of low
birthweight infants, and particularly very low birthweight
infants (<1500 g). This is because in most settings the risk
of death rises sharply at the two tails of birthweight
distribution, particularly at the lower end as birthweight
declines below 1500 g. Accordingly, caution should be
used when considering broad birthweight groupings,
such as low birthweight (<2500 g), as they can be domi-
nated by the relatively large number of infants falling near
the upper boundaries of these categories, precisely the
infants least likely to experience significant clinical pro-
blems. Similarly, comparisons of the mean or average
birthweight of a general population of births will almost
always reflect differences in the weights of infants born
near the mean, which in most instances will have no
bearing on morbidity or mortality. It should also be recog-
nized that birthweight is generally used as a proxy for
gestational age, since in large populations birthweight
is usually far more accurately assessed than the dura-
tion of pregnancy itself. Although low birthweight can
reflect growth retardation influences, the relationship
between low birthweight and mortality is generally due
to prematurity, which reflects the impact of immature
organ system development secondary to being born
too soon.

Reducing neonatal mortality through the improve-
ment of birthweight distribution is heavily shaped by
our ability to reduce very low birthweight and extreme
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prematurity. There is a large and diverse literature
regarding risk factors for very low birthweight and pre-
maturity. These risks include demographic factors such as
parity and maternal age, social influences such as income
and housing, maternal behaviors such as tobacco use, and
a variety of preexisting medical and obstetrical conditions.
However, the specific contribution of these documented
risks to elevations in prematurity is difficult to assess,
and together they account for only a relatively small
portion of premature and very low-birthweight births. In
response, research efforts have been focused on both a
broader array of psychosocial influences as well as a
deeper understanding of the pathophysiologic mechan-
isms of premature birth.

While the impact of absolute material deprivation on
birth outcome is well recognized, there is growing interest
in the potential impact of relative deprivation and social
discrimination on the risk of prematurity. In addition, the
organization and capacities of neighborhoods and com-
munity support systems and other broader ‘social capital’
influences could also play a role in mediating the ultimate
expression of individual characteristics and behaviors on
birth outcomes. Although the precise mechanisms by
which these psychosocial effects operate remain unclear,
there are suggestions that alterations in hormonal or
prostaglandin pathways that help control the duration of
pregnancy may be involved. These interactions in turn,
may be influenced by genetic or epigenetic predisposi-
tions (changes to DNA that do not involve alterations in
base pair sequencing). Similarly, there is evidence that a
variety of infectious conditions may increase the risk for
prematurity. Here too, socially defined exposures and
biologic predisposition may be highly interactive in shap-
ing patterns of elevated risk for prematurity.

Birthweight-specific mortality effects

Once an infant is born at a given birthweight, there are a
variety of factors that can influence its relative chances of
survival. For prematurity, access to high-quality obstetri-
cal management of labor and delivery can be crucial in
determining infant outcomes. Even more crucial is the
quality of care the infant receives once born. In industria-
lized countries, most of such care has been organized into
regional referral networks in which critically ill newborns
are cared for in medical facilities with special expertise in
neonatal intensive care. In such industrialized settings, the
major reductions in neonatal mortality documented over
the past several decades have been due to improvements in
birthweight-specific mortality associated with improve-
ments in obstetrical and neonatal care.

Birthweight-specific mortality rates also reflect differ-
ences in the rate of severe birth defects, as many such
children are born at normal birthweights. Accordingly,
any intervention that reduces the risk that a child will be
born with such a condition can affect birthweight-specific
mortality. For example, the addition of folic acid to the
diet of women prior to and early in pregnancy can reduce
the risk of neural tube defects, a set of conditions
that elevate the risk of neonatal and infant mortality.
Similarly, the use of prenatal ultrasound or other screening
technologies to identify affected fetuses, can, if abortion
is an option, reduce the birth rate of infants with severe
birth defects.

Neonatal mortality and women’s health

Major improvements in infant and particularly neonatal
mortality will depend in some large measure on improv-
ing the health of young women. Particularly where pre-
maturity, low birthweight, and birth defects account for a
large portion of infant mortality, efforts to improve neo-
natal survival will likely require reducing the impact of
complex and often longstanding maternal risks, such as
chronic medical conditions, adverse maternal behaviors,
poor prior obstetrical history, inadequate nutrition, and
severe social needs. Moreover, a comprehensive approach
recognizes that women’s health extends beyond child-
bearing and that access to all forms of health services,
including contraception and primary health care, are
essential. Prenatal care, therefore, should always be
viewed as merely a component, albeit an important com-
ponent, of comprehensive women’s health care over a
lifetime.
Postneonatal Mortality

Although there are no sharp distinctions between the
causes of neonatal and postneonatal mortality, postneona-
tal mortality patterns tend to be less reflective of birth
outcomes and more the direct interaction of the develop-
ing infant with the material and social environment.
Accordingly, postneonatal mortality has long been tied
to materially poor social conditions and tends to account
for a larger portion of infant mortality in areas of the
world characterized by severe poverty. Moreover, malnu-
trition is a major factor in predisposing infants for illness
and death from virtually all causes. In this manner, inade-
quate familial resources and breast-feeding practices will
affect the risk of acquiring and succumbing to a variety of
infectious agents. Indeed, inadequate nutrition courses
through the entire epidemiology of infancy and repre-
sents a central mechanism by which poverty shapes the
risk of mortality during the first year of life.

Pneumonia

Pneumonia is a major cause of postneonatal mortality,
accounting for an estimated 25% of deaths in this age
group. Pneumonia in the postneonatal period tends to be
caused by a different spectrum of infectious agents than
that in the neonatal period. This is important because
two major causes of pneumonia among older infants are
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Streptococcus pneumoniae and Haemophilus influenzae, two
bacterial agents for which effective vaccines have been
developed. Pneumonia in this age group often presents as
fever and respiratory distress. As for neonatal pneumo-
nias, the rapid initiation of appropriate antibiotic therapy
can prove highly effective when bacterial infections are
present. Other important causes include viruses, such as
the respiratory syncytial virus, which can occur in major
seasonal outbreaks.

The development of vaccines for Streptococcus pneumo-
niae and Haemophilus influenzae disease represents a major
opportunity to reduce infant and young child illness and
death from pneumonia. The use of these vaccines in the
United States, Europe, and other industrialized countries
has dramatically reduced illness and mortality from these
causes over the past two decades. New global strategies to
make these vaccines accessible to all infants and children
could help ensure that similar reductions occur through-
out the world.

Diarrhea

Diarrhea accounts for a significant portion of infant
deaths, particularly among those in the postneonatal
period. Although diarrhea during infancy can be due to
a variety of causes, infectious etiologies account for the
vast majority of diarrhea-related deaths in this age group.
A variety of viral agents, including rotavirus, account for
the majority of diarrhea-related infant deaths. Bacterial
infections such as Salmonella, typhoid fever, cholera, and
shigella as well as protozoan infections such as amebiasis
and giardia can also cause severe diarrhea, particularly as
part of local outbreaks. Generally, the risk of death from
diarrhea is due to dehydration secondary to severe fluid
and electrolyte loss. Therefore, regardless of the specific
infectious etiology, the replacement of fluid and electro-
lytes during the acute phase of the diarrheal illness is
highly effective in preventing mortality. In addition, newly
developed rotavirus vaccines offer some promise in pre-
venting a major portion of severe diarrhea in this age
group throughout the world.

Birth defects

Birth defects account for an important component of
postneonatal death. Although an important portion of
birth defects are due to known genetic, toxic, nutritional,
or infectious causes, most are of complex or unknown
origin. Nevertheless, there are a variety of effective inter-
ventions to reduce mortality from birth defects. Adequate
maternal nutrition including folic acid and iodine, vacci-
nation against rubella, elimination of toxic exposures
including maternal alcohol intake and teratogenic medi-
cations, and access to prenatal diagnosis and termination
of pregnancies when the fetus is severely affected are
among the most effective means of preventing serious
birth defects. In addition, mortality from birth defects
can be reduced through comprehensive monitoring and
response to health problems in affected infants once born.
Malaria

Although malaria is not among the most common threats
to infants around the world, it does account for a signifi-
cant portion of deaths in several areas, particularly sub-
Saharan Africa. Indeed, more than 90% of all malaria
deaths in the world occur in Africa, which account for
almost 1 in 5 deaths to young children in these areas. In
these endemic and hyperendemic areas, malaria parasites
are present in approximately 10% of all infants by the
time they reach 3months of life, and some 90% by 1 year
of age. Mortality from malaria is concentrated in young
children.

There are effective interventions to reduce infant mor-
tality from malaria. These include general efforts to elim-
inate mosquito breeding sites as well as the use of
insecticide-impregnated mosquito nets for sleeping. In
addition, confined spraying of dichlorodiphenyltrichloro-
ethane (DDT) in homes in endemic areas has also been
recently recommended. Long avoided because of envi-
ronmental damage and possible direct human toxicity, the
persistent if not growing threat of malaria to young chil-
dren has generated calls for reinstituting purposeful
DDT-based strategies in heavily affected areas. New ther-
apeutic agents have also been developed that can be
crucial in preventing death in children once they are
infected with malarial parasites.
Acquired Immunodeficiency Syndrome (AIDS)

Infants infected with the human immunodeficiency virus
(HIV) are at elevated risk of mortality due to a variety of
infections. Virtually all infants acquire HIV through what
has been termed vertical transmission, infection from the
mother, which can occur during gestation, labor, and
delivery, or through breast-feeding. In areas of high HIV
prevalence, therefore, infant deaths due to AIDS can
account for a substantial percentage of all infant deaths.

It has been shown that a major portion of HIV infec-
tion in infants can be prevented with the appropriate use
of antiretroviral therapies during pregnancy, labor and
delivery, and infancy. Different protocols have proven
effective, and new strategies that attempt to reduce the
complexity and cost of such interventions are undergoing
active investigation. Yet provision of these effective med-
ications remains profoundly inadequate in many areas.
Indeed, this problem reflects the general lack of access
to antiretroviral therapy in general and to women in
particular. In addition, recommendations to discourage
breast-feeding by women with HIV infection have proven
controversial in some areas, due to the lack of appropriate,
alternative sources of nutrition and the lack of available
treatment of women infected with HIV.
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Summary

In settings of profound material deprivation, the purpose
of health interventions is fundamentally to uncouple pov-
erty from its implications for health. In this manner,
technical strategies are directed at improving health out-
comes even if poverty persists. The potential to accom-
plish this relative uncoupling in the arena of infant
mortality has been estimated to be substantial, with
approximately half of neonatal deaths and up to two-
thirds of postneonatal deaths considered preventable
with available technical capabilities. The burden, there-
fore, remains equitable and efficient provision to commu-
nities that would benefit from such capabilities, a burden
that while concerned with technical solutions is inher-
ently social in origin.

Strategies to address infant mortality in general and
inequalities in infant mortality in particular must ensure
the provision of efficacious interventions to all those in
need. However, this strategy, while essential, must be tied
to broader approaches that respond to the fundamental
challenges of material deprivation, oppressive social
structures, especially for women, and inadequate global
commitment. In this manner, a comprehensive approach
to reducing infant mortality must consider issues of power
Infectious Disease Modeling
M Kretzschmar, Julius Center for Health Sciences and P
The Netherlands

ã 2008 Elsevier Inc. All rights reserved.

What Is Infectious Disease Modeling?

In recent years, mathematical models have been used
increasingly to support public health policy making in
the field of infectious disease control. Especially in devel-
oping public health response plans for a future pandemic
outbreak of a new strain of influenza A, mathematical
and computer modeling has been applied to investigate
various intervention scenarios ranging from ring prophy-
lactic treatment with antivirals to increasing social
distance by school closure. There are several reasons to
use mathematical modeling as a tool for an analysis of
policy options. One is the complexity of infectious disease
dynamics: Since transmission of infections involves con-
tact between infectious and susceptible persons, the
spread of an infectious disease depends on contact behav-
ior and patterns in the population in combination with
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biological characteristics of the host–pathogen interac-
tion. Second, it is not possible by pure reasoning to decide
between a variety of different intervention strategies
or possibly combinations of these strategies, because
their effectiveness depends on many interrelated factors.
Third, to conduct a sound cost-effectiveness analysis,
the impact of intervention on the prevalence and inci-
dence of an infectious disease should be taken into
account, which requires quantitative estimates of the
impact of different intervention options.

The central idea of transmission models as opposed
to statistical models is a mechanistic description of the
transmission of infection between two individuals. This
mechanistic description makes it possible to describe the
time evolution of an epidemic in mathematical terms
and in this way connect the individual-level process
of transmission with a population-level description of
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incidence and prevalence on an infectious disease. The
rigorous mathematical way of formulating these depen-
dencies requires analyzing in great detail all the dynamic
processes that contribute to disease transmission. There-
fore, developing a mathematical model helps to focus
thoughts on the essential processes involved in shaping
the epidemiology of an infectious disease and to reveal the
parameters that are most influential and amenable for
control. Mathematical modeling is therefore also integra-
tive in combining knowledge from very different disci-
plines such as microbiology, social sciences, and clinical
sciences.

The first roots of mathematical modeling date back
to the eighteenth century, when Daniel Bernoulli used
mathematical methods to estimate the impact of smallpox
vaccination on life expectancy (Dietz and Heesterbeek,
2000). Later, Hamer (Hamer, 1906) used mathematical
reasoning to argue that an epidemic can come to an end
before all susceptible persons in the population have
been infected, even without a decrease in the virulence
of the pathogen. A rigorous mathematical framework was
first worked out by Kermack and Mckendrick in 1927
(Kermack and McKendrick, 1991a, 1991b, 1991c). Their
model has been the basis of all further modeling and is
nowadays best known as the SIR model, although the
theory developed by Kermack and McKendrick is much
richer than what is usually meant by the SIR model. In
their work, the central insight of the threshold value that
determines whether a disease spreads or becomes extinct
is first introduced. This threshold value is now better
known as the basic reproduction number and will be
explained in more detail in the section titled ‘The SIR
model and the basic reproduction number R0’ below.
Research in mathematical modeling of infectious diseases
increased and expanded out of the pure applied mathe-
matics community into the public health community in
the 1980s with the advent and problems of the spread of
HIV/AIDS. But only in recent years has mathematical
modeling been recognized as a valuable tool for public
health policy makers and has the interaction between
modelers and policy makers become direct and intense.
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Figure 1 Flow chart of the SIR model.
Examples such as the outbreak of SARS in 2003, the need
to design response plans for renewed smallpox outbreaks,
and the need to prepare for the event of an outbreak with
a pandemic strain of influenza A have shown public health
policy makers the power of using models to test interven-
tion strategies in the face of infectious disease threats that
are newly emerging or yet to come.
The SIR Model and the Basic
Reproduction Number R0

The SIR model contains all the essential elements of a
mathematical model for the transmission of an infectious
disease. Its basic assumption is that the human population
is subdivided into three groups or compartments: The
group of susceptible persons (denoted by S), the group
of infected persons (denoted by I) and the group
of removed persons (removed from the process of trans-
mission by immunity) (denoted by R). The mathematical
model provides a precise description of the movements in
and out of the three compartments. Those movements are
birth (flow into the compartment of susceptibles), death
(flow out of all compartments), transmission of infection
(flow from S into I) and recovery (flow from I into R)
(Figure 1).

Transitions between compartments are governed by
rates, which in the simplest version of the model are
assumed to be constant in time. The birth rate n describes
the recruitment of new susceptibles into the population,
the death rate m the loss of individuals due to a disease-
unrelated backgroundmortality, and g denotes the recovery
rate of infected individuals into immunity. The key element
of themodel is the term describing transmission of infection
according to a rate b using a mass action term. The idea
behind using a mass action term to describe transmission
is that individuals of the population meet each other at
random and each individual has the same probability per
unit time to meet each other individual. Therefore, for a
susceptible person the rate of meeting infected persons
depends on their density or prevalence in the population,
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or in mathematical terms l¼ b I , where l is the force of
infection. The force of infection is a measure for the risk of a
susceptible person to become infected per unit of time. It
depends on prevalence, either in an absolute sense on the
number of infected people in the population or in a relative
sense on the fraction of infected people in the popula-
tion. In the latter case, we would obtain l¼ bI/N , with
N denoting the total population size. The parameter b is a
composite parameter measuring the contact rate k and the
probability of transmission upon contact q, so b¼ kq. The
flow chart in Figure 1 can be translated into a system of
ordinary differential equations as follows:

dS

dt
¼ n� bS

I

N
� mS

dI

dt
¼ bS

I

N
� gI� mI

dR

dt
¼ gI� mR

with N¼ Sþ IþR. For a full definition of the model,
the initial state of the system has to be specified, i.e., the
numbers or fractions of the population in the states S, I,
and R at time t¼ 0 have to be prescribed. Values for the
parameters n, m, g, and b have to be chosen either based on
estimates fromdata or based on assumptions. Then standard
numerical methods can be used to compute the time evolu-
tion of the system starting from the initial state.

So far, the model describes disease transmission with-
out any possible intervention. We will show how to incor-
porate vaccination of newborns into this simple system
and how to obtain some important insights into the effect
of universal newborn vaccination. We denote the fraction
of newborns that are vaccinated immediately after birth
by p. Then instead of having a recruitment rate of n,
the recruitment is now (1 – p)n into the susceptible
compartment, while pn is recruited directly into the
immune compartment. In terms of model equations this
leads to:

dS

dt
¼ nð1� pÞ � bS

1

N
� mS

dI

dt
¼ bS

I

N
� gI� mI

dR

dt
¼ npþ gI� mR

with 0 � p � 1. We will now derive some basic principles
using this model as an example.
Basic Concepts: Reproduction Number,
Endemic Steady State, and Critical
Vaccination Coverage

The most important concepts of epidemic models can be
demonstrated using the SIR model. Let us first consider
an infectious disease that spreads on a much faster time
scale than the demographic process. On the scale of dis-
ease transmission, the birth rate n and the death rate m can
be considered to be close to zero. When can the preva-
lence in the population increase? An increase in preva-
lence is equivalent with dI/dt > 0, which means that
bSI/N> gI. This leads to bS/N> g or equivalently to
bS/(gN)> 1. In the situation where all individuals of the
population are susceptible, we have S¼N; this means
that an infectious disease can spread in a completely
susceptible population if b/g> 1. The quantity R0¼ b/g
is also known as the basic reproduction number and can
in principle be determined for every infectious disease
model and can be estimated for every infectious disease. In
biological terms, the basic reproduction number describes
the number of secondary infections produced by one index
case in a completely susceptible population during his
entire infectious period (Diekmann et al., 1990; Diekmann
and Heesterbeek, 2000).

If R0> 1 the infection can spread in the population,
because on average every infected individual replaces
himself by more than one new infected person. How-
ever, this process can only continue as long as there is
a sufficient number of susceptible individuals available.
Once a larger fraction of the population has gone
through the infection and has become immune, the prob-
ability of an infected person to meet a susceptible person
decreases and with it the average number of secondary
cases produced. If – as we assumed above – there is no
birth into the population, no new susceptible indivi-
duals are coming in and the epidemic outbreak will
invariably end (Figure 2(a)). Analysis of the model
shows, however, that the final size of the outbreak will
never encompass the entire population, but there will
always be a fraction of susceptible individuals left over
after the outbreak has subsided. It can be shown that the
final size A1 (attack rate in epidemiological terms) is
related to the basic reproduction number by the implicit
formula A1 ¼ 1� expð�R0A1Þ. In other words, if the
basic reproduction number of an infectious disease is
known, the attack rate in a completely susceptible popula-
tion can be derived.

The situation changes when we consider the system on
a demographic time scale where births and deaths play a
role (Figure 2(b)). Assuming now that n and m are positive,
with the same arguments as above, we obtain that
R0¼ b/(gþ m). Now if R0> 1 the system can develop
into an equilibrium state where the supply of new suscep-
tible persons by birth is balanced by the transmission
process and on average every infected person produces
one new infection. This endemic equilibrium can be com-
puted from the model equations by setting the left-hand
sides to zero and solving for the variables S, I, and R in
terms of the model parameters. First one obtains the steady
state population size as N*¼ n/m (the superscript * denotes
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Figure 2 (a) The epidemic curve for R0¼2.5 in a population without birth and death. (b) The convergence to the endemic equilibrium

for a population with birth and death. Adapted from Krämer A and Reintjes R (eds.) (2003) Infectious Disease Epidemiology: Methods,
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the steady state value). The steady state values for the
infection-related variables are then given by:

S� ¼ ðgþ mÞn
bm

¼ n
mR0

I� ¼
8>>>: n

m

9>>>;
8>>>: m

gþ m

9>>>;
8>>>:1� 1

R0
� p

9>>>;

R� ¼ n
m
� S� � I�

Hence the fractions of the population that are susceptible,
infected, and recovered in an endemic steady state are
given by:

S�

N�
¼ gþ m

b
¼ 1

R0
I�

N�
¼
8>>>: m

gþ m

9>>>;
8>>>:1� 1

R0
� p

9>>>;

R�

N�
¼ 1� S�

N�
� I�

N�

Note that the fraction of susceptible individuals S*/N* in
the endemic steady state is independent of the vaccination
coverage p. On the other hand, the prevalence of infection
I*/N* depends on p:The prevalence decreases linearly with
increasing vaccination coverage until the point of elimina-
tion is reached. This means we can compute the critical
vaccination coverage pc, i.e., the threshold coverage needed
for elimination from 0¼ 1�1/R0 � pc as pc ¼ 1� 1=R0.
In other words, the larger the basic reproduction number,
the higher the fraction of the population that has to be
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vaccinated in order to eliminate an infection from the
population. For an infection such as smallpox with an esti-
mated basic reproduction number of around 5, a coverage of
80% is needed for elimination, while for measles with a
reproduction number of around 20 the coverage has to be at
least 96%. This gives one explanation for the fact that it was
possible to eradicate smallpox in the 1970s whereas we
are still a long way from measles eradication. There are
some countries, however, that have been successful in elim-
inating measles based on a consistently high vaccination
coverage (Peltola et al., 1997). A graphical representation
of the relationship between the basic reproduction
number and the critical vaccination coverage is given in
Figure 3.
Advanced Models

Building on the basic ideas of the SIR framework, numer-
ous types of mathematical models have been developed,
all incorporating more structure and details of the trans-
mission process and infectious disease dynamics.
More Complex Compartmental Models

A first obvious extension is the inclusion of more disease-
specific details into the model. Compartments describing
a latent period, the vaccinated population, chronic and
acute stages of infection, and many more have been
described in the literature (Anderson and May, 1991).
Another important refinement of compartmental models
is to incorporate heterogeneity of the population into the
model, for example by distinguishing between population
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subgroups with different behaviors or population sub-
groups with differences in susceptibility, or geographi-
cally distinct populations. Heterogeneity in behavior
was first introduced into models describing the spread
of sexually transmitted infections by Hethcote and
Yorke (Hethcote and Yorke, 1984). Later, during the first
decade of the HIV/AIDS pandemic, efforts were made to
describe models with sexual activity levels and mixing
patterns between subgroups of various activity levels
(Koopman et al., 1988). These models are still used fre-
quently for assessing the effects of intervention in the
spread of STI. Age structure has also been modeled as a
series of compartments, with individuals passing from
one compartment to the next according to an aging rate,
but this requires a large number of additional compart-
ments to be added to the model structure. This point
also shows the limitation of compartmental models:
With increasing structuring of the population, the number
of compartments increases rapidly and with it the neces-
sity to define and parametrize the mixing between all
the population subgroups in the model. The theory
of how to define and compute the basic reproduction
number in heterogeneous populations was developed by
Diekmann et al. (Diekmann et al., 1990). Geographically
distinct but interacting population groups have been
investigated using the framework of metapopulations for
analyzing the dynamics of childhood infections.
Models with a Continuous Age Structure

Age structure can best be described as a continuous vari-
able, where age progresses with time. Mathematically,
this leads to models in the form of partial differential
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equations, where all variables of the model depend on
time and age (Diekmann and Heesterbeek, 2000). Analyt-
ically, partial differential equations are more difficult to
handle than ordinary differential equations, but numeri-
cally solving an age-structured system of model equations
is straightforward.
Stochastic Transmission Models

In a deterministic model based on a system of differential
equations, it is implicitly assumed that the numbers in the
various compartments are sufficiently large that stochastic
effects can be neglected. In reality, this is not always the
case. For example, when analyzing epidemic outbreaks in
small populations such as a school or a small village,
typical stochastic events can occur such as extinction of
the infection from the population or large stochastic fluc-
tuations in the final size of the epidemic. Questions of
stochastic influences on infectious disease dynamics have
been studied in various ways, starting with the Reed-Frost
model for a discrete time transmission of infection up to a
stochastic version of the SIR model introduced above
(Bailey, 1975; Becker, 1989). Finally, stochastic models
have been investigated using simulation techniques also
known as Monte-Carlo simulation. An important theoret-
ical result from the analysis of stochastic models is
the distinction between minor and major outbreaks for
infectious diseases with R0 >1. While in a deterministic
model a R0 larger than unity always leads to an outbreak if
5040302010
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Figure 4 The probability distribution for the occurrence of minor an

index case into a population of 100 susceptible individuals for an infe

Krämer A and Reintjes R (eds.) (2003) Infectious Disease Epidemiolo
Health (in German). Heidelberg: Springer Verlag, with kind permissio
the infection is introduced into an entirely susceptible
population, in a stochastic model a certain fraction of
introductions remain minor outbreaks with only a few
secondary infections. This leads to a bimodal probabil-
ity distribution of the final epidemic size following the
introduction of one infectious index case (Figure 4). The
peak for small outbreak sizes describes the situation where
the infection dies out after only a few secondary infec-
tions; the peak for large outbreak sizes describes those
outbreaks that take off and affect a large part of the
population. The larger the basic reproduction number,
the larger is the fraction of major outbreaks in the suscep-
tible population (Andersson and Britton, 2000).
Network Models

Some aspects of contact between individuals cannot easily
be modeled in compartmental models. In the context of
the spread of sexually transmitted diseases, models were
developed that take the duration of partnerships into
account, called pair formation models. Extending those
models to include also simultaneous long-term partner-
ships leads to the class of network models, where the
network of contacts is described by a graph with nodes
representing individuals and links representing their con-
tacts. Different network structural properties have been
related to the speed of spread of an epidemic through the
population. In the small world networks, most contacts
between individuals are local, but some long-distance
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contacts ensure a rapid global spread of an epidemic.
Long-distance spread of infectious disease is becoming
increasingly important in a globalizing world with
increasing mobility, as demonstrated by the SARS epi-
demic in 2003. Recently, the concept of scale-free net-
works where the number of links per node follows a
power law distribution was discussed in relation to the
spread of epidemics. With respect to the spread of sexu-
ally transmitted diseases, a network structure where some
individuals have very many partners while the majority
of people have only a few might lead to great difficulties
in controlling the disease by intervention. Network con-
cepts have also been applied to study the spread of res-
piratory diseases.
Use of Modeling for Public Health Policy

Mathematical models have been widely used to assess
the effectiveness of vaccination strategies, to determine
the best vaccination ages and target groups and to esti-
mate the effort needed to eliminate an infection from the
population. More recently, mathematical modeling has
supported contingency planning in preparation for a pos-
sible attack with smallpox virus and in planning the public
health response to an outbreak with a pandemic strain of
influenza A. Other types of intervention measures have
also been evaluated such as screening for asymptomatic
infection with Chlamydia trachomatis, contact tracing, and
antiviral treatment in the case of HIV. In the field of
nosocomial infections and transmission of antibiotic-
resistant pathogens, modeling has been used to compare
hospital-specific interventions such as cohorting of health-
care workers, increased hygiene, and isolation of colonized
patients. In health economic evaluations, it has been recog-
nized that dynamic transmission models are a necessary
requisite for conducting good cost-effectiveness analyses
for infectious disease control.

It is a large step from developing mathematical theory
for the dynamics of infectious diseases to application in
a concrete public health-relevant situation. The latter
requires an intensive focusing on relevant data sources,
as well as clinical and microbiological knowledge to make
a decision on how to design an appropriate model. Appro-
priate here means that the model uses the knowledge
available, is able to answer the questions that are asked
by the policy makers, and is sufficiently simple so that
its dynamics can be understood and interpreted. In the
future it will be important to strengthen the link between
advanced statistical methodology and mathematical mod-
eling in order to further improve the performance of
modeling as a public health tool.

See also: Biostatistics; Measurement and Modelling of

Health-Related Quality of Life.
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Krämer A and Reintjes R (eds.) (2003) Infectious Disease Epidemiology:
Methods, Surveillance, Mathematical Models, Global Public Health
(in German). Heidelberg, Germany: Springer Verlag.

Peltola H, Davidkin I, Valle M, et al. (1997) No measles in Finland. Lancet
350(9088): 1364–1365.
Further Reading
Ancel Meyers L, Newman ME, Martin M, and Schrag S (2003) Applying
network theory to epidemics: Control measures for Mycoplasma
pneumoniae outbreaks. Emerging Infectious Diseases 9(2):
204–210.

Baggaley RF, Ferguson NM, and Garnett GP (2005) The epidemiological
impact of antiretroviral use predicted by mathematical models:
A review. Emerging Themes in Epidemiology 2: 9.

Barnabas RV, Laukkanen P, Koskela P, Kontula O, Lehtinen M, and
Garnett GP (2006) Epidemiology of HPV 16 and cervical cancer in
Finland and the potential impact of vaccination: Mathematical
modelling analyses. PLo S Medicine 3(5): e138.

Bootsma MC, Diekmann O, and Bonten MJ (2006) Controlling
methicillin-resistant Staphylococcus aureus: Quantifying the effects
of interventions and rapid diagnostic testing. Proceedings of the
National Academy of Sciences USA 103(14): 5620–5625.

Coffee M, Lurie MN, and Garnett GP (2007) Modelling the impact of
migration on the HIV epidemic in South Africa. AIDS 21(3): 343–350.

Eames KT and Keeling MJ (2003) Contact tracing and disease control.
Proceedings of the Royal Society B: Biological Sciences 270(1533):
2565–2571.

Edmunds WJ, Medley GF, and Nokes DJ (1999) Evaluating the cost-
effectiveness of vaccination programmes: A dynamic perspective.
Statistics in Medicine 18(23): 3263–3282.

Ferguson NM, Keeling MJ, Edmunds WJ, et al. (2003) Planning for
smallpox outbreaks. Nature 425(6959): 681–685.



576 Infectious Disease Modeling
Ferguson NM, Cummings DA, Fraser C, Cajka JC, Cooley PC, and
Burke DS (2006) Strategies for mitigating an influenza pandemic.
Nature 442(7101): 448–452.

Gay NJ, Hesketh LM, Morgan-Capner P, and Miller E (1995)
Interpretation of serological surveillance data for measles using
mathematical models: Implications for vaccine strategy.
Epidemiology and Infection 115(1): 139–156.

Grundmann H and Hellriegel B (2006) Mathematical modelling:
A tool for hospital infection control. Lancet Infectious Diseases 6(1):
39–45.

Hadeler KP, Waldstatter R, and Worz-Busekros A (1988) Models for pair
formation in bisexual populations. Journal of Mathematical Biology
26(6): 635–649.

Hethcote HW (1997) An age-structured model for pertussis
transmission. Mathematical Biosciences 145(2): 89–136.

Hufnagel L, Brockmann D, and Geisel T (2004) Forecast and
control of epidemics in a globalized world. Proceedings of
the National Academy of Sciences USA 101(42):
15124–15129.

Keeling MJ and Eames KT (2005) Networks and epidemic models.
Journal of the Royal Society Interface 2(4): 295–307.

Kretzschmar M, Welte R, van den Hoek A, and Postma MJ (2001)
Comparative model-based analysis of screening programs for
Chlamydia trachomatis infections. American Journal of Epidemiology
153(1): 90–101.
Infertility
F Zegers-Hochschild and J-E Schwarze, Clinica las C
V Alam, Merck Serono, Ginebra, Switzerland

ã 2008 Elsevier Inc. All rights reserved.

Glossary

Anovulation Lack of ovulation.

Azoospermia Lack of sperm in the semen.

Blastocyst An embryo with a fluid-filled blastocele

cavity (usually developing by 5 or 6 days after

fertilization).

Clinical abortion An abortion of a clinical pregnancy

that takes place between the diagnosis of pregnancy

and 20 completed weeks’ gestational age.

Clinical pregnancy Evidence of pregnancy by

clinical or ultrasound parameters (ultrasound

visualization of a gestational sac). It includes ectopic

pregnancy. Multiple gestational sacs in one patient

are counted as one clinical pregnancy.

Embryo Product of conception from the time of

fertilization to the end of the embryonic stage

8weeks after fertilization (the term ‘preembryo,’ or

dividing conceptus, has been replaced by ‘embryo’).

Endometriosis An abnormal gynecological

condition characterized by the growth and function of

endometrial tissue outside of the uterus.

Endometrium The mucous membrane lining the

uterus, which undergoes cellular changes each

month during the menstrual cycle.
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Fecundity The ability to produce offspring frequently

and in large numbers.

Fertilization The penetration of the ovum by the

spermatozoon and fusion of genetic materials,

resulting in the development of a zygote.

Fetus The product of conception starting from

completion of embryonic development (at

8 completed weeks after fertilization) until birth or

abortion.

Gamete Specialized reproductive cells (ova in

females; spermatozoa in males), the union of which

forms a new individual.

Gamete intrafallopian transfer (GIFT) ART

procedure in which both gametes

(oocytes and sperm) are transferred to the

fallopian tubes.

Gestational age Age of an embryo or fetus

calculated by adding 14 days (2weeks)

to the number of completed weeks since

fertilization.

Hysterosalpingography (HSG) Radiologic

procedure involving the insertion of radio-opaque

solution through the cervix to investigate the shape of

the uterine cavity and the shape and patency of the

uterine tubes.
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Implantation The attachment and subsequent

penetration by the zona-free blastocyst (usually in

the endometrium), which starts 5–7 days following

fertilization.

Intracytoplasmic sperm injection (ICSI) IVF

procedure in which a single spermatozoon is injected

through the zona pellucida into the oocyte.

Laparoscopy Examination of the abdominal cavity

by means of an instrument called a laparoscope,

which is introduced through a small abdominal

incision, allowing the physician to see the

reproductive organs; used especially when fallopian

tube damage or endometriosis is suspected.

Live birth A birth in which a fetus is delivered with

signs of life after complete expulsion or extraction

from its mother, beyond 20 completed weeks of

gestational age. Live births are counted as birth

events (e.g., a twin or triplet live birth is counted as

one birth event).

OvulationThereleaseofamatureegg fromtheovarian

follicle. Both FSHand LHare required for this process.

Preimplantation genetic diagnosis (PGD)

Screening of cells from preimplantation embryos for

the detection of genetic and/or chromosomal

disorders before embryo transfer.

Spontaneous abortion Spontaneous loss of a

clinical pregnancy before 20 completed weeks of

gestation or, if gestational age is unknown, of a

weight of 500 g or less.

Stillbirth Abirth in which the fetus does not exhibit any

signs of life when completely removed or expelled from

the birth canal at or after 20 completed weeks of

gestation. Stillbirths are counted as birth events (e.g., a

twin or triplet stillbirth is counted as one birth event).

Zygote The diploid cell resulting from the fertilization

of an oocyte by a spermatozoon, which subsequently

develops into an embryo.
But you must come, sweet love, my baby, because water

gives salt, the earth fruit, and our wombs guard tender

infants, just as a cloud is sweet with rain.

(Federico Garcia Lorca, Yerma, 1934)

Introduction

For many couples, the inability to bear children develops
into a life crisis. The confluxes of personal, interper-
sonal, social, and religious expectations bring a sense of
failure, loss, and exclusion to those unable to conceive.
Furthermore, relationships can become very strained when
children are not forthcoming: One partner may seek to
blame the other as being defective or unwilling.
Most societies, especially in developing countries, are
structured to rely on children for the future care and
maintenance of older family members. Even in developed
countries with social support systems, it is the family,
including the children, who are expected to provide
most of the care for the elderly.

Their treatment varying enormously in different eth-
nic groups and cultures, childless couples can be exclu-
ded from taking part in important family functions and
events such as birthdays, christenings, confirmations, bar
mitzvahs, and other social gatherings. Furthermore,
many religions assign important ceremonial tasks to the
couple’s children. Peer or parental pressure to ‘have a
baby’ (Fonttis et al., 2004) may lead couples to avoid
participating in family or other social gatherings, affect-
ing their family and social life.

Only recently has the international community
acknowledged a comprehensive concept of reproductive
health that encompasses more than just childbearing, con-
traception, and the prevention of sexually transmitted dis-
eases. In 1995, the United Nations Program of Action
formally expanded the meaning of reproductive health to
include the right of men and women to choose the number,
timing, and spacing of their children. It also includes, in
reproductive health programs, the recommendation to sup-
port the prevention and appropriate treatment of infertility
(WHO, 1994). Furthermore, since 2006, infertility has been
considered a reproductive health indicator, such asmaternal
mortality rate, prenatal mortality rate, prevalence of ane-
mia, and so forth (WHO, 2006). In general, 1 in 10 couples
experience primary or secondary infertility, thus affecting
more than 80million people in the world (United Nations,
1995). Infertility rates vary among countries, from less
than 5% to more than 30% (Vayena et al., 2002).

The objective of this article is to provide a comprehen-
sive review of the magnitude of the problem of infertility
in different regions – its main causes as well as the impact
of this condition on individuals, their families, and society
as a whole. It is also the purpose of this article to describe
the major causes of infertility and alternative treatments
available today, and the accessibility worldwide to the
aforementioned treatments.
Definitions

The terms ‘infertility,’ ‘sterility,’ ‘infecundity,’ and ‘child-
lessness’ are often used with little consideration of their
precise meaning. The understanding of these terms may
differ substantially when they are used by demographers or
by clinicians dealing with infertility treatments. The demo-
graphers’ main focus is to describe the effect of reproduc-
tion on the structure of a certain population; therefore, their
goal is the actual number of births taking place in a certain
population. In this context, fertility rate is expressed as the
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ratio between the numbers of births and the number of
women exposed to pregnancy; infertility is defined as the
absence of births irrespective of whether pregnancy had
occurred. On the other hand, for clinicians dealing with
fertility treatments, the definition of infertility is the failure
to conceive (become pregnant) after at least 1 year of unpro-
tected coitus. Although from the couple’s perspective, the
delivery of a live birth is the only significant event, for a
given treatment, pregnancy is the first direct measure of the
qualityand efficacyof that intervention. For this reason, when
evaluating efficacy or comparing different treatment mod-
alities, both the clinical pregnancy rate and the delivery rate
are used. Infertility can also be subclassified as primary or
secondary, depending on whether the woman has been pre-
gnant before, irrespective of the outcome of that pregnancy.

From a different perspective, the concept of childless-
ness is often applied to women who by the end of their
reproductive age have remained, either voluntarily or
involuntarily, without children.

In this article, the ‘demographic’ definitions will be
used when analyzing population data, and the ‘clinical’
definitions when analyzing the outcome of infertility
treatments (see Table 1).
Prevalence of Infertility

The prevalence of primary infertility (percentage of
women age 25–49 who have had unprotected sexual inter-
course but have never had a birth) and secondary infertil-
ity (women who have had one or more live births and are
unable to have another child) varies among different
countries and continents, with ranges from 5–30%
(Vayena et al., 2002).
Table 1 Demographic and reproductive medicine definitions

Demography
Reproductive
medicine

Infertility Percentage of women

who have been

married for the past
5 years, who have

ever had sexual

intercourse, who

have not used
contraception

during the past

5 years, and who
have not had any

births

Failure to conceive

after at least 1 year

of unprotected
coitus

Childlessness Percentage of women

who are currently
married, have been

so for at least

5 years, and who

have no living
children
Consensus estimation is that approximately 10% of
married and cohabiting couples will not be able to con-
ceive after 1 year of unprotected coitus. The reasons for
this broad range have to do with a variety of biological and
sociocultural components, such as:

. the mean age of the female population,

. the age and mode of sexual initiation,

. the number of sexual partners (before women express
their desire to become mothers),

. the incidence of sexually transmitted diseases (STDs),

. the use and type of contraception, and

. the incorporation of women into academic education
and the workforce.

Once sexual relations are established on a regular basis,
pregnancy soon follows for the majority of women unless
contraception is used. Table 2 shows the proportion of
women with primary and secondary infertility. Secondary
infertility increases sharply with age, from about 5% at
ages 20–24 to about 62% at ages 45–49 (Rutstein and
Shah, 2004).

Many developing countries, especially in Africa, show
low incidence of primary infertility, partly due to the fact
that marriage and pregnancy take place at a younger age
than in developed countries. This is confirmed in several
reports that indicate that sexual activity begins at an
increasingly younger age in different countries in Africa
(Bambra, 1999). Furthermore, younger birth cohorts with
first coitus occurring at younger age have been reported
in several countries. However, due to lack of proper assis-
tance in pregnancy and delivery, and especially the high
incidence of sexually transmitted diseases (Bambra, 1999),
the rate of secondary infertility can be as high as 30% in
Central Africa and 27% in Eastern Africa (Rutstein and
Shah, 2004).

On the other hand, in many highly industrialized
countries the exposure to pregnancy is postponed, allow-
ing more sexual partners before seeking pregnancy.
Therefore the frequency of primary infertility is higher
in developed countries when compared to developing
countries, with a prevalence ranging from 3.6–14.3%
(Schmidt and Münster, 1995).

Prevalence of infertility from an international perspec-
tive confronts two paradoxes (Nachtigall, 2006). The first
paradox is that, due to its population structure, the devel-
oping world is aimed at controlling and containing popu-
lation growth, while most of the industrialized nations
of the developed world have fertility rates below those
required to maintain their current populations. The
second demographic paradox is that countries with the
highest overall fertility are also those with the highest
prevalence of infertility. Countries in northern Africa,
southern Asia, and Latin America all report high incidence
of secondary infertility, ranging from 15% to greater than
25% (Rutstein and Shah, 2004). In the so-called ‘infertility



Table 2 Primary and secondary infertility, and childlessness

Country
Primary
infertility a

Secondary
infertility b Childlessnessc

Sub-Saharan

Africa

Benin 3.3 22.0 3.2

Burkina Faso 1.8 23.2 1.4
Cameroon 3.5 26.4 7.3

Central African

Republic

4.8 35.8 10.5

Chad 3.1 32.8 4.4
Comoros 6.9 24.7 5.5

Cote d’Ivoire 3.7 37.3 3.7

Eritrea 4.0 26.9 1.2
Ghana 4.1 24.3 1.1

Guinea 3.4 33.1 3.0

Kenya 2.5 24.0 1.5

Madagascar 5.2 26.3 4.7
Malawi 1.9 24.1 2.8

Mali 2.3 27.9 3.3

Mozambique 4.6 35.2 3.1

Niger 2.9 26.6 4.4
Nigeria 5.6 30.7 2.1

Senegal 3.5 20.3 3.8

Tanzania 3.2 24.1 2.8
Togo 4.4 18.1 1.4

Uganda 3.6 37.7 3.2

Zambia 3.1 22.0 2.3

Zimbabwe 2.8 19.5 2.7
North Africa/

West Asia

4

Egypt 3.6 17.0 2.8

Jordan 3.5 13.5 2.4
Morocco 17.8 15.2 2.0

Turkey 8.9 18.9 1.8

Yemen 2.5 24.5 2.5
Central Asia/

South and

Southeast Asia

Bangladesh 1.9 22.7 1.8
Cambodia 2.6 38.4 2.1

India 2.9 27.5 2.6

Indonesia 3.4 26.1 3.7

Kazakhstan 4.1 15.7 2.0
Krygyz Rep. 2.0 17.0 0.5

Nepal 2.2 26.9 3.2

Philippines 2.9 19.8 1.6

Turkemenistan 2.1 18.7 1.3
Uzkebistan 1.9 16.6 0.9

Vietnam 1.7 9.3 0.9

Latin America/
Caribbean

Bolivia 4.1 17.5 1.1

Brazil 7.7 12.6 3.3

Colombia 7.7 10.3 2.5
Dominican

Republic

4.0 18.1 3.7

Guatemala 1.2 20.2 1.7

Haiti 5.6 24.5 3.9
Nicaragua 2.5 17.7 1.4

Peru 5.8 15.7 1.4

aPrimary infertility: Percentage of women ages 25–49 who have

had sexual intercourse but have never had a birth.
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belt’ of sub-Saharan Africa, the percentage of couples with
secondary infertility exceeds 30% in some countries, and
in Zimbabwe, it has been reported that almost 2 out of 3
women over the age of 25 are infertile (Larsen, 2000).

Childlessness at the end of the reproductive years is
most effectively studied by using women in the oldest age
cohort: women 45–49 years. However, there are well-
known reporting problemswith this age group that involve
both the determination of age and fertility. Data from the
Demographic and Health Surveys give a proportion of
childless women at ages 40–49 ranging from less than
2% (Malawi, Tanzania, Zambia) to 9% (Philippines),
with a mean close to 4% (Rutstein and Shah, 2004).

Table 2 presents data on women in a younger age
cohort than the one described above (40–44 years) mea-
suring lifetime childlessness. Among currently married
women ages 40–44 who have been married for at least
5 years, about 96% have one or more surviving children
in the majority of countries. In most developing countries,
even when fertility has already declined significantly, the
proportion of childless women is low. Many developed
countries experienced a baby boom in the 1950s and
1960s. Consequently, the percentage of childless women
in some cohorts reached very low levels. Fertility and
family surveys carried out in a number of European
countries in the 1990s determined the proportion of
childless women. These women, ages 40 to 49 at the
time of the survey, were born on the average around
1950, and are thus post-baby-boom cohorts. The propor-
tion of childless women is low in some countries (5–8% in
Norway, Poland, Romania, Czech Republic, Ukraine), but
exceeds 10% in Finland and Sweden, and peaks at 18% in
Switzerland. The proportions for men are usually higher,
sometimes substantially: 17% in Finland, and more than
21% in Switzerland (Rutstein and Shah, 2004).
Consequences of Infertility on Individuals
and the Family

Infertility is an unexpected event in the life cycle of any
person, and coming to terms with this reality is a stressful
process for both the individuals and the couple. Although
bSecondary infertility: Percentage of women ages 25–49 who

have had a delivery, but report themselves as infecund or have

not had a live birth in the past five years while not using contra-
ception during this period.
cChildlessness: Percentage of currently married women age
40–44 who have been married for at least five years and have

no living children.

Source: Rutstein SO and Shah IH (2004) Infecundity, Infertility,
and Childlessness in Developing Countries. DHS Comparative

Reports No. 9. Calverton, MD: ORC Macro and the World Health

Organization.
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men and women use different strategies to manage stress
associated with infertility, this condition has an effect on
both partners, regardless of which one appears as biologi-
cally responsible.

The magnitude of stress generated by infertility is only
comparable to somatic diseases such as cancer. Further-
more, the stress generated by infertility treatment is
ranked second to the stress involving the death of a family
member or the stress involving divorce.

When confronted with the diagnosis of infertility, cou-
ples undergo different psychological stages, often begin-
ning with denial and disbelief, followed by an acute phase
of anxiety. Later, many couples experience feelings of loss,
grief, and depression (Covington, 1995). Many infertile
couples also resent the lack of support from their families
and social environment. Family and social environment
actually become an important source of stress by members
inquiring about a couple’s childlessness and spreading
myths about infertility and its solution. When couples
decide to undergo an assisted reproductive technology
(ART), which is often seen as the last recourse, anxiety
increases even more. If treatment fails, the associated
stress leads many couples to abandon treatment, even if
additional treatment is affordable. On the other hand, the
lack of access to treatment due to economic reasons can be
an aggravating factor.

Infertility challenges the person’s feelings about gen-
der roles, self-worth, self-esteem, and self-perception of
the body. While men andwomen may experience a variety
of sexual demands in connection with this ‘procreative’
rather than ‘relational’ or ‘recreational’ sex, sexual dys-
function is commonly observed during and/or after infer-
tility treatment. For couples whose previous sexual
adjustment was difficult, infertility can negatively impact
their sexual response and the feeling of pleasure, decreas-
ing libido in women and generating erectile dysfunction
or other forms of sexual dysfunction in men.

There is substantial variability in how different couples
are affected by infertility. Some couples’ relationships dete-
riorate, whereas other couples emerge closer and more
satisfied. In general, differences in gender perspective
often generate conflicts among infertile couples. Within
infertile couples, women see having children as more
important than men do, and are more involved in the
process of trying to conceive. Women want to talk and
share their feelings about trying to have children more
than their male partners do, and are more likely to experi-
ence emotional distress and loss of self-esteem as a result of
experiencing infertility. In developing countries, the pres-
sures on infertile women are, if anything, greater than the
ones seen in developed countries. This is especially so in
Africa and some countries in Latin America, where women
unable to bear children are often rejected by their husbands
and ostracized, being perceived as inferior and useless to
society.
Etiology

The frequency of different etiologic factors varies
between countries and is greatly dependent on cultural,
social, and economic determinants. Furthermore, differ-
ences in the availability of modern and more sophisticated
diagnostic tools can affect the capacity to reach certain
diagnoses. The absence of an updated international stan-
dardization of diagnostic categories makes it difficult to
compare the relative frequency of various etiologic factors
in different regions of the world.

A recent report by Collins et al. (Smith et al., 2003)
in women from North America demonstrates that ovula-
tory disorders account for 17.6% of the female factors,
tubal diseases 23.1%, endometriosis 6.6%, and male
factors 25.9%. Unexplained infertility presented with a
very high incidence, 25.6%. One of the few studies
conducted in a geographically isolated but demogra-
phically and socioeconomically representative area of an
industrialized Western society is the Walcheron study
in The Netherlands. The authors followed a cohort
of 726 couples during 2 to 10 years without interven-
tions. Almost 10% (9.9%) of them presented with fertility
complaints at least once during the cohort follow-up.
Thirty percent were due to male factors, 25.9% had
ovulation defects, 13% were tubal factors, and again
there was a high incidence (30%) of unexplained
infertility.

While in highly industrialized countries the delay in
exposure to pregnancy is a cause of infertility, in poorly
industrialized countries primary infertility is low but sec-
ondary infertility is very high due to pelvic infections
associated with STDs. Pelvic infections due to Neisseria

gonorrhea and Chlamydia trachomatis, acquired through sex
or after abortions and deliveries, remain a major public
health challenge. Their prevalence has constantly increased
in the last 20 years, despite governmental and public
efforts to control them. In many African countries, some
of the factors responsible for this increase in STDs are:
(1) high birth rates, resulting in increasingly larger
sexually active populations, (2) wars and civil unrest alter-
ing the male-to-female population rate, leading to the
development of sex workers, (3) urbanization and male
migration, promoting male promiscuity and commer-
cial sex, (4) poor medical service, leading to lack of treat-
ment of common STDs and hence their spread, and
(5) general poverty in female communities and low income
(Bambra, 1999).

With STDs in developing communities and a delay in
exposure to pregnancy in developed societies as the major
conditions causing infertility, treatment modalities need
to deal with either damaged fallopian tubes or poor-
quality oocytes. Both conditions require access to modern
reproductive technology, which is available to only a
small proportion of infertile couples in the world.
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Although less prevalent, dietary or environmental
factors may be responsible for some cases of infertility
(Hamberger and Janson, 1997). Iodine and selenium defi-
ciencies have been linked to infertility, as have exposures
to the alatoxins that commonly contaminate foods in trop-
ical countries. Men and women in developing countries
may also face exposure to environmental and occupational
toxicants such as arsenic, lead, solvents, pesticides, and
industrial chemicals. Highly prevalent habits such as
smoking and alcohol and caffeine consumption have also
been linked to decreased fertility in both men and women.
Overview of Infertility Evaluation and
Treatment Alternatives

Since 85% of couples will achieve pregnancy within 1 year
of unprotected intercourse, medical intervention is indi-
cated in couples attempting pregnancy who fail to conceive
within that year. Earlier interventions can be performed in
women over 35 years of age, as natural fecundity and there-
fore the prognosis of any medical procedure decrease dra-
matically as years pass by. Evaluation of both partners
should begin simultaneously. The goal of the initial infertil-
ity evaluation is to build a hypothesis based on a compre-
hensive anamnesis and physical examination, together with
specific tests to evaluate the reproductive systems of the
male and female partner, both as individuals and as repro-
ductive couples (Tables 3 and 4).

The first requirement for a spontaneous conception to
take place is an anatomical and functional indemnity of
the reproductive organs, allowing the male partner to
deposit semen inside the vagina during coitus. This can
be affected by various reasons, such as hymen obliteration
Table 3 Basic infertility workup

Man Physical exam

Semen analysis

Woman Physical exam

Pelvic ultrasound
Mid-luteal progesterone

Hysterosalpingography

Postcoital test

Table 4 Diagnostic categories

Female infertility Mechanical

Endocrine
Immunological

Genetic

Endometriosis

Low ovarian reserve
Male infertility Impaired sperm production

Impaired sperm motility

Impaired sperm morphology
Unknown, i.e., idiopathic
and scars in the vulva as a consequence of trauma and
infection, and sometimes as a sequel of clitoridectomy
practiced in certain Muslim and African communities
(Obermeyer, 2005). Developmental abnormalities in the
penis such as Peyronie disease can also interfere with
normal coitus. Apart from these structural abnormalities,
appropriate release of semen in the vagina can also be
impaired by ejaculatory dysfunction and lack of orgasm in
the male partner.

If normal coitus takes place during the fertile period, a
sequence of synchronic events needs to occur for preg-
nancy to proceed:

1. The release by the ovary of a mature oocyte.
2. Sufficient number and quality of motile sperm reach-

ing the Fallopian tube.
3. Encounter of female and male gametes in the oviduct,

followed by fertilization.
4. The resulting embryo must then be transported from

the oviduct toward the uterine cavity where it will
continue development.

5. At the end of the 5th day after fertilization, the resulting
blastocyst will eventually attach and penetrate the en-
dometrium. It is only then that conception starts.
Infertility Evaluation of the Female Partner

A basic infertility investigation in the female partner
should include: (1) evaluation of ovarian reserve,
(2) assessment and characterization of the ovulatory
cycle, (3) assessment of uterine cavity, and (4) evaluation
of tubal indemnity and pelvic integrity.
Evaluation of ovarian reserve

Faddy (1992) proposed a mathematical model describing
the age-related decline in the population of small follicles
in the human ovary. His model suggests that the rate of
follicle disappearance almost doubles when the number
of follicles falls to a critical figure of 25 000 at the age of
37.5 years. In vitro studies have further shown that the
remaining follicles have fewer granulosa cells, decreased
mitosis, and increased apoptosis. It can be speculated that
in women who experience menopause by the age of 45 or
earlier, the critical point of 25 000 remaining follicles had
been reached 13 years earlier, with a rapid decline of
fertility starting at 32 and possibly total loss of fertility
by the age of 36. Nevertheless, age is not the only predic-
tor of ovarian reserve, or the pool of follicles in the ovary.
Previous pelvic surgeries, smoking habits, and genetic
factors can also affect ovarian reserve.

When matched by age, women with decreased ovarian
reserve have a lower fertility rate when attempting preg-
nancy, lower pregnancy rate per cycle when undergoing
low-complexity ART, and lower oocyte yield when
undergoing high-complexity ART.
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Several markers have been used to determine ovarian
reserve: basal follicle-stimulating hormone (FSH) mea-
sured in plasma between days 3 and 5 of the menstrual
cycle, inhibin B; and the number of antral follicles in the
early follicular phase assessed by ultrasound. On the other
hand, ovarian challenge tests offer the theoretical benefit
of measuring ovarian reserve in a dynamic and clinically
meaningful way. The exogenous FSH ovarian reserve test
was designed to screen for good or poor response during
in vitro fertilization (IVF). Although expensive, it has
less intercycle variability than basal FSH alone. The
clomiphene citrate challenge test has also been used with
success. It is especially useful to identify a subgroup of
women with decreased ovarian reserve in spite of having
normal basal FSH.

Assessment and characterization of the

ovulatory cycle

A clinical assessment of the ovulatory cycle starts with a
medical history recording both the frequency and char-
acteristics of each menstrual cycle. Regular menstrual
periods (25 to 35 days) preceded by the loss of transparent
mucus secretion are usually associated with ovulation,
especially if produced 12 to 15 days prior to each men-
strual episode. This can be further confirmed by the
measurement in plasma or urine of mid-luteal progester-
one or its urinary metabolite. Ultrasound assessment of
follicular growth and rupture, together with the visuali-
zation of changes in endometrium growth and texture, are
also important objective markers of ovulation.

Ovulatory disorders include anovulation, which is fre-
quently but not necessarily associated with amenorrhea,
and ovulatory dysfunction, which includes a variety of
menstrual disorders such as the loss of menstrual cycles,
oligomenorrhea, and luteal phase defects, frequently asso-
ciated with inadequate corpus luteum function. When
characterizing ovulatory disorders, the first objective is
to determine whether the cause is located in the pitui-
tary gland, in the ovaries, or in other systems. The
measurement of FSH, estradiol, and prolactin early in
the follicular phase should allow for a topographic local-
ization of the problem. If FSH is high (>12 IU/l), the
cause is most probably the result of decreased ovarian
reserve and there are very few treatment alternatives.
On the other hand, if FSH is normal or low, the cause
is most probably a pituitary failure or dysfunction, in
which case there are many treatment alternatives aimed
at restoring ovulation. In order to prevent multiple ges-
tation, treatments should be directed at recruiting and
maturating one or at the most two dominant follicles.
Cumulative pregnancy rates of 40–70% are usually
achieved after three ovulatory attempts with different
treatment options.

The treatments most frequently used are: (1) clomi-
phene citrate, (2) human menopausal gonadotropins
(HMG), extracted from urine of postmenopausal women,
and (3) recombinant gonadotropins (rFSH and rLH) man-
ufactured by recombinant DNA technology. The main
complication when treating anovulation is the high inci-
dence of multiple pregnancies, especially in women with
pituitary dysfunction or failure. Once ovulation is restored
in these women, cumulative conception rates are similar to
normal women; therefore, exposure to multiple oocytes
increases the risk of multiple gestations. This is especially
so when HMG or rFSH is used without appropriate ultra-
sound monitoring of the number of follicles recruited and
matured. Multiple gestations derived from aggressive
induction of ovulation should be avoided by following
guidelines of best clinical practices, including appropriate
cancellation decision.
Assessment of Uterine Cavity and Evaluation
of Tubal Indemnity and Pelvic Integrity

Abnormalities in the uterus can be the result of develop-
mental abnormalities, such as bicornuate, septate, arcuate
uterus and other similar conditions, which can affect
embryo implantation as well as the continuation of preg-
nancy and delivery, or acquired abnormalities, such as
infection and trauma to the epithelial and/or muscular
layer, usually associated with chlamydia infection and
tuberculosis, and so on. Trauma due to repeated dilation
and curettages (D&Cs) and uterine perforation by con-
traceptive intrauterine devices (IUDs) can also damage
the uterine cavity. Other acquired conditions are the
result of fibroids located near the endometrium, which
can interfere with embryo implantation.

The fallopian tubes can also be damaged, interfering
with either oocyte pickup and/or embryo transport into
the uterine cavity. What causes more damage to this organ
are infections associated with STDs and adhesions gener-
ated after septic procedures and pelvic surgery. The uterine
cavity can be assessed by ultrasound, hysterosalpingography
(HSG), and hysteroscopy. Evaluation of tubal patency can
only be obtained by either HSG or laparoscopy.

Obstructions, distortions, adhesions, infections, and
other pathologies account for 20–40% of the causes of
infertility, depending on the geographical region. The
goal of assessing the female genital tract is to demonstrate
tubal patency and absence of adhesions and/or endome-
triosis. HSG has a sensitivity of 65% and specificity of
83% for diagnosis of tubal patency. Positive HSG findings
are confirmed by laparoscopy in 75.5% of the cases;
however, accuracy in detecting peritubal disease is poor.
Moreover, endometriosis, regardless of its severity, rarely
causes abnormalities detectable by HSG. Therefore,
endometriosis can only be diagnosed by laparoscopy.
Laparoscopy is considered the gold standard in evaluating
tubal patency, as demonstrated in a large prospective
study. The superiority of laparoscopy over HSG in



Table 5 Normal semen analysis parameters

Volume 2–5ml
Sperm concentration 20 million/ml or more

Amount >40 million/ml

Motility 50% or more with forward
progressive or 25% or more with

rapid linear progression within

60min after collection

Morphology >50% or more with normal
morphology

pH 7.2 to 7.8

Total sperm count 40 million or more

White blood cells Fewer than 1�106 per ml
Zinc (total) 2.4mol or more per ejaculate

Citric acid (total) 52mol (10mg) or more per ejaculate

Fructose (total) 13mol or more per ejaculate
Viability 75% or more alive

Infertility 583
assessing adhesions and endometriosis has been shown in
several studies with reported abnormal findings ranging
between 21–68% of cases after a normal HSG. Given that
laparoscopy is an invasive surgical procedure, it should be
left as a final step in the infertility workup in women with
normal HSG and no history of pelvic surgery or previous
pelvic inflammatory disease. Moreover, laparoscopy is not
required when ART is indicated, unless there are ultra-
sound and/or radiographic signs suggesting hydrosalpinx.

Microsurgery and laparoscopic surgery have been the
treatments of choice for tubal diseases and adhesions, with
success rates in the range of 20–40% according to the
extent of tubal damage and the surgeon’s experience.
Nowadays, the usual treatment for tubal occlusions in
developed countries is IVF. It is estimated that up to
50–60% of women with tubal factor as the only cause
will give birth after four cycles of IVF. These results
compare favorably with the best outcomes of reconstruc-
tive tubal surgery; but very few people in the world can
afford four IVF cycles.

Endometriosis

A special condition affecting the anatomical indemnity of
the female pelvis is endometriosis. Endometriosis is defined
as the presence of endometrium tissue (gland and stroma)
outside the uterine cavity. The disease is mainly character-
ized by pelvic pain and infertility. The incidence of endo-
metriosis is 30–50% among women consulting for
infertility. Diagnosis can be suspected in women complain-
ing of severe dysmenorrhea and the generation of pain
during gynecologic examination. The presence of ovarian
cysts diagnosed by ultrasound can also contribute to the
diagnosis. However, it is only after direct observation
through laparoscopy and histology that the final diagnosis
can be confirmed. Available treatments include surgical
and/or medical procedures. A recent review combined the
results of two randomized controlled trials into a meta-
analysis and showed that surgical treatment is better than
medical management (odds ratio for pregnancy 1.7; 95%
confidence interval 1.1–2.5).

Although the association of infertility with minimal and
mild endometriosis remains unclear, treatment with con-
trolled ovarian stimulation and intrauterine insemination
enhances monthly pregnancy rates compared with that of
expectant management. In cases of severe tubal damage and
adhesions, the recommended treatment is ART.

Infertility Evaluation of the Male Partner

Semen analysis is the main method to assess the male
partner. Although azoospermia is an undisputed and
easily diagnosed cause of male infertility, the relative
weight of other causes of male infertility is more difficult
to establish. AWHOmanual for the examination of semen
has been used internationally. There are well-defined
normal values of sperm density, motility, and morphology
to discriminate between normal and abnormal semen
(see Table 5). Nevertheless, the more fertile the female
partner, the fewer normal sperm are needed to conceive.
Inversely, no sperm will swim across the cervix if there is
no mucus, and no fertilization will take place if the tubes
are not patent.

An important abnormality in the male partner could
be identified in approximately 30% of infertile couples. In
another 20–30%, abnormalities could be detected in both
partners. Thus, in over half of all infertile couples, there is
a male factor contributing to infertility.

Unexplained Infertility

Despite the increased variety and precision of diagnostic
procedures and the knowledge conveyed after more than
20 years of ART, 25–30% of fully investigated couples
remain without a definitive cause for their infertility.
A diagnosis of unexplained infertility is usually made
after it has been demonstrated that the female partner
ovulates regularly, has patent fallopian tubes, shows no
evidence of peritubal adhesions, fibroids, or endometri-
osis, and has a partner with normal sperm production.
Furthermore, it is not always possible to establish a direct
relation between what can be considered an abnormal test
and the cause of infertility. In fact, a study done in normal
fertile couples reports that at least one infertility factor
was present in two-thirds of cases.

In the absence of an evident cause of infertility, treat-
ment is recommended to start 2 or more years after
diagnosis. This is supported by the observation that
approximately 60% of couples with unexplained infertil-
ity of less than 3 years’ duration will become pregnant
within 3 years of expectant management. This observation
needs to consider the age of the female partner, since
spontaneous monthly fecundity rate declines with age
and with increasing duration of unexplained infertility.
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Figure 1 In vitro preimplantational development of the human embryo (a) Ultrasound image of a preovulatory follicle, prior to oocyte

pick-up. (b) Metaphase-2 oocyte, denudated of surrounding cumulus oophorus. (c) Early-cleavage embryo; two blastomeres are

seen 26 h after in vitro fertilization. (d) Early-cleavage embryo; four blastomeres are seen 48 h after in vitro fertilization. (e) Eight-cell

embryo, 72 h after in vitro fertilization. (f) Blastocyst seen 96 h after in vitro fertilization. Two distinct cell types are seen: the
trophoectoderm (T), which originates the placenta, and the inner cell mass (ICM), which originates the embryo.
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Overview of Assisted Reproductive Technology

An agreed definition of ART corresponds to:

all treatments or procedures that include the in vitro

handling of human oocytes and sperm or embryos for

the purpose of establishing a pregnancy. This includes,

but is not limited to, in vitro fertilization and transcervical

embryo transfer, gamete intrafallopian transfer, zygote

intrafallopian transfer, tubal embryo transfer, gamete

and embryo cryopreservation, oocyte and embryo dona-

tion and gestational surrogacy. ART does not include

assisted insemination (artificial insemination) using sperm

from either a woman’s partner or a sperm donor.

(Zegers-Hochschild et al., 2006: 16–19)
The last world survey on ART corresponds to proce-
dures performed during 2000. Around 400 000 cycles of
ART are reported every year. Today, it is estimated that
800 000 to 1 million cycles are initiated every year, with
enormous regional variation. While Europe contributes
with approximately 300 000 cycles, Latin America contri-
butes with only 18 000–20 000 cycles per year. The overall
delivery rate per aspiration is 13–20%, irrespective of the
technology used to fertilize oocytes.

Although in vitro fertilization was initially indicated for
women with damaged and/or irreparable fallopian tubes,
in recent years the indications have been extended to
cases of severe male factors, endometriosis, unexplained
infertility, and women attempting pregnancy late in their
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reproductive years. In recent years, IVF has also been
used to allow for preimplantational genetic diagnosis
(PGD) in order to prevent the transfer of an affected
embryo, especially in couples with high risk of transmit-
ting genetic diseases to their offspring and in women at
high risk of chromosomal abnormalities due to age or
recurrent abortion.

Both in vitro fertilization and intracytoplasmic sperm
injection (ICSI) use basically the same steps: controlled
ovarian hyperstimulation, followed by oocyte collection,
in vitro fertilization and in vitro culture (see Figure 1),
embryo transfer, and luteal phase support. The difference
between IVF and ICSI is basically the fertilization process
that takes place in the laboratory. In IVF, the oocytes are
co-incubated in a culture medium with approximately
50 000 sperm cells to allow for spontaneous fertilization
to take place. In ICSI, a single sperm is injected into an
oocyte. Since only one sperm is necessary to perform
ICSI, its indications have been gradually expanded to
include nearly all men with serious infertility, including
many who would previously have been considered not
suitable for IVF.

A comprehensive review of ART can be obtained in a
recent report of a WHO meeting, Current Practices and
Controversies in Assisted Reproduction (Vayena et al., 2002).
Table 6 Proportion of public versus private ‘out of pocket’

health expenditures in high-income and upper-middle-income
countries (2001)

Country
Population
growth (%)

Total health
expenditure
(% GDP)

Publica/
privateb

health
expenditure

United Kingdom 0.3 7.6 82.2 17.8

Denmark 0.3 8.4 82.4 17.0

Sweden 0.1 8.7 85.2 14.8
Belgium 0.2 8.9 71.7 28.3

France 0.5 9.6 76.0 24.0

United States 0.9 13.9 44.4 55.6

Argentina 1.1 9.5 53.4 46.6
Brazil 1.2 7.6 41.6 58.4

Chile 1.1 7.0 44.0 56.0

Mexico 1.2 6.1 44.3 55.7

Japan 0.2 8.0 77.9 22.1
Israel 1.6 8.7 69.2 30.8

Egypt 2.0 3.9 48.9 51.1

aAs % of total health expenditure.
Inequality in Access to Fertility
Treatments/ART

Throughout the world, the availability of infertility services
is the result of public health policies associated with a
variety of socioeconomic and political factors. Wide dispa-
rities exist in the availability, quality, and delivery of infer-
tility services within developed countries, but most of all
between developed and developing countries. Outside of
those infertile couples living in Israel and in Scandinavian
countries, relatively few of the world’s infertile population
have complete equitable access to the full range of infertil-
ity treatment at affordable levels. Even in wealthy countries
such as Japan and the United States, access to IVF is marked
by high disparity, and inequality in the access to treatment
due to high cost. This is especially true in the access to
modern reproductive technologies such as IVF.

Although a very large number of infertile couples have
had children with the help of ART, with an estimated
3 million IVF-babies born to date (Adamson et al., 2006;
International Committee for Monitoring Assisted Repro-
ductive Technology et al., 2006), these treatments are not
currently available to the majority of infertile couples
worldwide. Furthermore, the mere knowledge that these
treatments are available but beyond financial reach adds
stress to infertile couples. The fact that the major cause for
secondary infertility in poor communities is tubal damage
due to pelvic inflammatory diseases (PID), for which ART
is the only treatment available, is also a source of anger
and desolation.

Most countries do not consider infertility a disease or a
relevant public health issue. While an excessive popula-
tion growth has concentrated public health initiatives for
the past 30 to 40 years, in most countries, infertility is a
condition that affects individuals; hence, no protection is
currently available except for those countries where
decreased population growth is part of a national interest.
An example is Israel, where extensive infertility services
are provided; however, observers of the Israeli political
process suggest that the state’s interest in enlarging its
Jewish population is a crucial underlying factor in the
government’s willingness to sustain its costly infertility
treatment policy (Birenbaum-Carmeli, 2004). With a few
exceptions – most notably the United States, where a
minor proportion of ART cycles are covered either by
public private health insurance – developed countries are
increasingly recognizing infertility as a medical condition,
which means including infertility treatments as part of
national health policies. On the other hand, the same
governments may also deny access to specific groups of
people to certain infertility services. For example, in
Germany, the utilization of donor gametes is restricted;
access to infertility services may be denied to lesbians, as
well as to single and postmenopausal women. These
restrictions as well as other national regulations, such as
the new Italian law prohibiting embryo cryopreservation,
have led to what has been referred to as ‘‘reproductive
tourism’’ (Spar, 2005), in which couples or individuals with
enough economic resources travel to other countries to
receive treatment when they can not get the services they
require at home.



Table 7 Proportion of health resources allocated to private or public health expenditure

Countries Total health expenditure (% GDP) Public/private health expenditure Public/private health expenditure

Denmark 8.4 82.4 17.6
Sweden 8.7 85.2 14.8

United Kingdom 7.6 82.2 17.8

United States 13.9 44.4 55.6

Argentina 9.5 53.4 46.6
Brazil 7.6 41.6 58.4

Chile 7.0 44.0 56.0

Mexico 6.1 44.3 55.7

Egypt 3.9 48.9 51.1

Source: World Health Organization (2003) The World Health Report 2003. Geneva: WHO.
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Because most societies in the developing world are
considered to be in need of population control, infertility
is rarely acknowledged as a serious public health problem.
Consequently, the treatment of infertility is rarely
incorporated into programs of family planning in devel-
oping countries (Hamberger and Janson, 1997).

In developing countries, barriers to infertility treat-
ment can be divided into three main categories: accessi-
bility, economic cost, and cultural/social factors. It is
not unusual for all three to be present simultaneously,
creating an almost insurmountable obstacle to adequate
reproductive health care.

In many regions of the world, conditions affecting
accessibility to any form of medical treatment include lack
of knowledge as to where to go, poor infrastructure, lack of
electric power, and shortage of public transportation to the
nearest clinic or hospital, among others. In other regions,
as in Costa Rica, the lack of access to certain treatments
(i.e., ART) is the result of a legal prohibition imposed by
the Supreme Court of that country.

Economic barriers include the high costs associatedwith
more advanced techniques such as hormone assays, sperm
analysis, hysterosalpingography, or laparoscopic proce-
dures. Furthermore, even if diagnosis is made, the use of
modern reproductive technology is generally not available.
For the majority of women, the cost of such treatments is
out of reach, and this inability to receive appropriate infer-
tility treatment has far-reaching consequences.

Cultural and social differences in belief can cause
Western-style infertility treatments to appear disturbing
and even threatening. Furthermore, religion may play a
role in access to fertility treatment in both the developing
world and the industrialized West. For example, in Latin
America, the Catholic Church applies considerable moral
pressure on legislators and the public to prevent or regu-
late access to ART.

As described previously, the rates of tubal and male
factor infertility are often significantly higher in the
developing word than they are in the developed world.
These problems are virtually impossible to overcome
without the use of ART. Therefore, the lack of availability
and affordability of ARTmeans that the majority of infer-
tile couples have essentially no access to effective treat-
ment at all (Nachtigall, 2006). In Table 6, the coverage of
ART treatments is compared between countries in Latin
America, Europe, and the United States. If this informa-
tion is placed with the country-to-country variation in the
proportion of health resources allocated to private or
public health expenditure (Table 7), one can easily appre-
ciate that countries with the highest coverage of treatment
are those with the highest proportion of health resources
directed into public rather than private expenditures.

Several studies have shown that the number of couples
seeking treatment, and therefore the number of proce-
dures, greatly increases once the service is covered by
health providers, demonstrating that the need for infertil-
ity care is underestimated. The financial burden is the
only reason for many couples to delay or refrain from
seeking medical help (Hughes and Giacomini, 2001).

In summary, one of the key questions is whether infer-
tility should be recognized as a medical problem. If it is
recognized as a medical condition, then a publicly funded
system should enforce solidarity between the fertile and
infertile populations, as it does between the sick and the
healthy for a number of medical conditions, and provide
access to affordable diagnostic and therapeutic proce-
dures for the majority of infertile couples.

See also: Female Reproductive Physiology/Function;

Gender Aspects of Sexual and Reproductive Health; Male

Reproductive Function; Sexual and Reproductive Health:

Overview; Sexually Transmitted Infections: Overview.
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Epidemics. The name ‘influenza’ came about in the Middle
Ages as a derivation of the Latin coeli influenza, which
referred to the belief that the illness was the result of
celestial influences. Later it was attributed to exposure
to the cold. The English used influenza to describe a



European outbreak in the mid-1700s, but European and
other geographic outbreaks had clearly occurred prior to
that time (Potter, 2001). An example of the global reach of
this illness was observed in CE 1580, when it spread from
Asia to Africa and Europe and then to America.

History of Viral Isolation and Viral
Characteristics

Influenza illness in humans is, of course, not caused by
astrological influences or evil humors but rather by influ-
enzavirus A and influenzavirus B – both single-stranded
RNA viruses from the virus family Orthomyxoviridae
(Wright and Webster, 2001). Influenzavirus C can cause
infection in children, but the magnitude of clinically
relevant infection rates from influenza C overall is rela-
tively insignificant when compared with influenza A and
B (Table 1). Richard Pfeiffer isolated Haemophilus influenzae
in 1892, and it was commonly accepted that this orga-
nism caused influenza because it was frequently found
in the throats of influenza victims from the Russian flu
(1889–1890) and Spanish flu (1918–1919) outbreaks. It has
since been recognized that this organism reflected a bacte-
rial superinfection. In the 1920s, Richard Shope demon-
strated that a swine form of influenza could be transmitted
to pigs through bronchial secretions of infected animals,
and he proposed a virus as an etiologic agent for influ-
enza illness. Subsequently, Smith, Andrewes, and Laidlaw
isolated influenza virus from human influenza patients in
1933. Although this article focuses on influenza in humans,
viral influenza can occur in birds, swine, horses, dogs, and
other animals.

The classification of influenza into A, B, and C types is
based on antigenic differences in nuclear material. Influ-
enza A in particular exhibits a variety of subtypes based
on differences in viral surface antigens: hemagglutinin (H)
and neuraminidase (N). Varying combinations of H and N
antigens make up the observed subtypes of influenza
A (for example, H1N1 or H3N2). There are 16 recog-
nized H antigens, 3 of which are usually associated with

infections in humans (H1, H2, and H3), and 9 recognized
N antigens, 2 of which are usually associated with infec-
tions in humans (N1 and N2). Antibody against one influ-
enza virus type or subtype confers limited or no
protection against another type or subtype of influenza
(Smith et al., 2006). Furthermore, antibody to one anti-
genic variant of influenza virus might not completely
protect against a new antigenic variant of the same type
or subtype.

Influenza strains are identified through surveillance by
organizations such as the National Institute of Infectious
Diseases ( Japan), the National Institute for Medical
Research (United Kingdom), the Centers for Disease
Control and Prevention (CDC; United States), and glob-
ally by the U.S. Department of Defense and the World
Health Organization (WHO). Any new strains are con-
ventionally designated on the basis of virus type, the
geographic area from which the strain was identified,
the strain number, and the year of identification, as well
as the H and N antigen subtypes (see Figure 1).

For influenza viruses, the H and N antigens change over
time, usually the result of point mutations in specific gene
segments of the influenza Avirus – so-called antigenic drift
(Figure 2). Antigenic drift is a manifestation of natural
selection pressures as host populations develop full or par-
tial immunity to the virus, and drift can occur in influenza
B and C as well (CDC, 2007). Antigenic drift can result in
epidemic influenza, or influenza that results in cases and/or
mortality in excess of expected amounts on a local, regional,
or national level. Of course, recognition of epidemics
requires a standarddefinition of ‘normal’ or ‘expected’ levels
of disease, as well as surveillance. As an example, the CDC
monitors influenza occurrence and mortality in the United
States, and the severity of an influenza season is determined
by excess pneumonia- and influenza-related deaths. The

Table 1 Influenza types and characteristics

Type A Moderate to severe illness

All age groups
Humans and other animals

Type B Milder disease

Primarily affects children

Humans only
Type C Rarely reported in humans

No epidemics

From Centers for Disease Control and Prevention (2007) Influenza.

In: AtkinsonW, Hamborsky J,McIntyre L, andWolfe S (eds). Epide-
miology andPrevention of Vaccine-PreventableDiseases.10thedn,

pp. 235–256. Washington, DC: Public Health Foundation.

A/Fujian/411/2002  (H3N2)

Neuraminidase
Hemagglutinin

Type of nuclear
material

Virus
type

Geographic
origin

Strain
number

Year of
isolation 

Virus
subtype

Figure 1 Influenza virus naming convention. From Centers

for Disease Control and Prevention (2007) Influenza. In: Atkinson
W, Hamborsky J, McIntyre L, and Wolfe S (eds). Epidemiology

and Prevention of Vaccine-Preventable Diseases. 10th edn,

pp. 235–256. Washington, DC: Public Health Foundation.
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CDC also maintains influenza-related mortality surveil-
lance through the 122 Cities Mortality Reporting System,
which obtains weekly overall death data and influenza/
pneumonia death data from 122U.S. cities andmetropolitan
areas. An epidemic of influenza mortality is defined as 1.645
standard deviations above the expected seasonal baseline,
which is established from the previous 5 years of influenza
and pneumonia mortality data.

In addition to antigenic drift, which is an ongoing
process generally resulting in minor antigenic changes in
the influenza A virus, periodic ‘antigenic shift’ (Figure 3)
can also be observed at varying time intervals. This pro-
cess can result in major changes in the H and N surface
antigens and the emergence of a new influenza A virus to
which human populations have little or essentially no
immunity. This shift is thought to occur predominantly

Each year’s flu vaccine contains three flu strains –
two A strains and one B strain – that can change from year to year

After vaccination, your body produces infection-fighting antibodies
against the three flu strains in the vaccine

If you are exposed to any of the three flu strains during
the flu season, the antibodies will latch onto the virus’s 
HA antigens, preventing the flu virus from attaching to
healthy cells and infecting them

Influenza virus genes, made of RNA,
are more prone to mutations than
genes made of DNA

If the HA antigen changes shape, antibodies that
normally would match up to it no longer can, allowing
the newly mutated virus to infect the body’s cells

This type of genetic mutation is called ‘ANTIGENIC DRIFT’.

If the HA gene changes, so can the
antigen that it encodes, causing
it to change shape

Antibody

Viral RNA

Antibody

Antibodies
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antigen
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Figure 2 Antigenic drift. From http://www3.niaid.nih.gov/NR/rdonlyres/A68ECEB4-8292-499B-B33F-FAEEDBAC7BBC/O/

AntigenicDrift_HiRes.jpg.
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through reassortment, or gene segment exchange, be-
tween human and avian influenza viruses. This reas-
sortment may be facilitated by hosts such as swine,
which are susceptible to infection by both avian and
human influenza viruses, thus creating a ‘mixing pot’
for reassortment when concurrent infection occurs.
Since in humans, antibody against specific influenza
virus types and subtypes in general offers little to no
protection against other influenza types or subtypes,

new influenza A viruses occurring through antigenic
shift can lead to influenza pandemics, or a global disease
outbreak.

Pandemic Influenza

Pandemics require a new virus causing infection in
humans and sustained human-to-human transmission of

The genetic change that enables a flu strain to jump from
one animal species to another, including humans, is called ‘ANTIGENIC SHIFT’
Antigenic shift can happen in three ways:

The new strain
may further
evolve to spread
from person to
person. If so, a
flu pandemic
could arise

Bird host

HA
antigen

HA
antigen

Viral entry
intermediate host cell

New influenza
strain

Intermediate
host cell

Genetic mixing

Link studio for NIAID

Intermediate
host (pig)

Human
host

Without
undergoing
genetic change,
a bird strain of
influenza A
can jump
directly from a
duck or other
aquatic bird to
an intermediate
animal host and
then to humans

A duck or other
aquatic bird passes a bird
strain of influenza A to
an intermediate host
such as a chicken or pig

A person passes a 
human strain of
influenza A to the
same chicken or pig.  (Note that reassortment can
occur in a person who is infected with two flu strains)

When the viruses infect the same cell,
the genes from the bird strain mix
with genes from the human
strain to yield a new strain

The new strain
can spread
from the
intermediate
host to
humans

NA
antigen

NA
antigen

Bird influenza A strain

Human influenza A strain

Without
undergoing
genetic change,
a bird strain of
influenza A can
jump directly
from a duck 
or other aquatic
bird to
humans

B

C

A-1

A-2

A-3

A-4

Figure 3 Antigenic shift. From http://www3.niaid.nih.gov/NR/rdonlyres/30377A8B-747F-480A-832E-O2ABE091B3C/O/

AntigenicShift_HiRes.jpg/.
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that virus. An average of three pandemics per century
have occurred since the 1600s, usually at 10- to 50-year
intervals. In the twentieth century, pandemics occurred
in 1918–1919 (Spanish flu), 1957 (Asian flu), and 1968
(Hong Kong flu). Mortality from the Asian flu and the
Hong Kong flu was estimated at 700 000–1million deaths
and 1–2million deaths, respectively – large and frighten-
ing numbers. The Spanish flu epidemic of 1918–1919,
however, wreaked human, social, and economic impact
like no scourge previously recorded in human history,
including the Black Death of the Middle Ages. It has
been estimated that up to 20% of the world’s population
developed influenza during the Spanish flu pandemic, and
up to 100million people died worldwide. Furthermore,
many of the dead were young, healthy individuals. The
Spanish flu virus was an avian H1N1 subtype of influenza
A that may have crossed the species barrier from birds to
humans without an intermediary host such as swine. The
Asian flu was caused by an avian H2N2 influenza A strain,
and the Hong Kong flu was caused by an H3N2 strain that
was a reassortment of human and avian viruses as well.
Given the tremendous adverse public health conse-
quences of an influenza pandemic, as well as the time
since the last global pandemic, heightened awareness and
preparedness for an influenza pandemic are warranted.

The WHO has articulated the phases of an influenza
pandemic alert as part of a larger preparedness and action
plan (WHO, 2005c), from the interpandemic period
(phase 1), in which the threat to humans from pandemic
influenza is thought to be low, through an actual influenza
pandemic (phase 6), in which sustained human-to-human
transmission occurs (Table 2). Currently, the WHO and
national public health agencies across the globe are
closely monitoring the H5N1 avian influenza viruses
that have led to 307 recognized human infections and
186 deaths as of 24 May 2007, resulting in the designation
of a global phase 3 pandemic alert.

Signs and Symptoms of Influenza
Infection

One of the difficulties in pinpointing influenza as a cause
of illness throughout history is the relatively nonspecific
nature of influenza symptoms and signs. Illness is char-
acterized by acute onset of fever, with headache, myalgias,

fatigue, sore throat, cough, nasal congestion, rhinorrhea,
and less commonly nausea, vomiting, and diarrhea (more
frequently seen in children). Symptoms last 2–7 days from
onset, although cough and fatigue may persist for more-
prolonged periods, and severe bouts of illness can lead to
prostration, secondary respiratory bacterial infections,
hospitalization, and death. The primary mode of spread
is through airborne respiratory droplets, although direct
contact with virally contaminated materials can also lead
to infection. The incubation period is 1–3 days, and the
period of communicability is from up to a day before
through 5–7 days following development of clinical
symptoms, and perhaps longer in children: up to 10 days
following development of clinical symptoms (Stohr, 2004).

Recent reviews examined the value of medical history
and physical examination findings in the outpatient diag-
nosis of influenza infection, and neither study found that
individual signs or symptoms were high yield for identify-
ing or excluding a diagnosis. Symptom complexes, which
combine the presence or absence of specific signs and
symptoms suggestive of influenza, can be used to refine
diagnostic possibilities as well as to monitor for influenza
disease regionally, nationally, and internationally. In the
United States, the CDC utilizes a Sentinel Providers Sur-
veillance Network of approximately 1200 health-care pro-
viders, who report age-group-specific numbers of total
patient visits as well as visits to monitor occurrence of
‘influenza-like illness’ (ILI), which is defined as the symp-
tom complex of fever (temperature � 100 �F, or 37.8 �C)
and a cough and/or a sore throat in the absence of a known
cause other than influenza. The concept and definition of
ILI are also frequently used in clinical trials and other
research studies evaluating the effectiveness of influenza
prevention or treatment regimens.

Epidemiology: Disease Distribution and
Surveillance

Although influenza activity in humans occurs year-round
in tropical climates such as southeast Asia and equatorial
Africa, influenza is more commonly associated with sea-
sonal epidemics that occur annually in the temperate
regions of the northern and southern hemispheres. In
the United States, the first infections in which virus is

Table 2 World Health Organization phases of pandemic alert

1 Interpandemic phase Low risk of human cases

2 New virus in animals, no human cases Higher risk of human cases

3 Pandemic alert No or very limited human-to-human transmission

4 New virus causes human virus Evidence of increased human-to-human transmission
5 Evidence of significant human-to-human transmission

6 Pandemic Efficient and sustained human-to-human transmission

Adapted from http://www.who.int/csr/disease/avian_influenza/phase/en/index.html
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isolated are usually seen in early- to mid-October, and
influenza-positive infections continue to be observed
through May. In the 2005–2006 U.S. season, influenza
A H3N2 was most commonly seen overall, but as the
season progressed, influenza B was more frequently
isolated from respiratory specimens. While this has been
the most common strain predominance and temporal
pattern in the United States for some years, influenza
B viruses have tended to be more commonly reported in
Europe, and influenza A (H1N1) and influenza B viruses
predominated in Asia in 2005 and 2006.

During influenza seasons, between 5% and 15% of the
total population in affected countries may develop respi-
ratory infections. As the leading cause of health-care
encounters for acute respiratory tract infections in the
United States, influenza is associated with 20 000–40 000
deaths, up to 300 000 hospitalizations, and countless sick
days and episodes in which individuals are temporarily
unable to attend to their normal life activities every year.
Globally, annual influenza is thought to cause between
3million and 5million cases of severe illness and between
250 000 and 500 000 deaths in the world’s population
annually (WHO, 2003).

Young children, those with chronic diseases, and older
people are disproportionately at risk for illness and death
from influenza. Annual global influenza attack rates in

children are higher than in all adults (20–30% vs.
5–10%, respectively), although mortality rates in adults
increase with age and comorbidity. In the United States,
more than 90% of influenza and pneumonia deaths
that occur during influenza epidemic periods are among
persons age 65 or older. This predominance of excess
mortality in the older population tends to reflect the
experience of developed countries, although less is
known regarding the descriptive epidemiology of influ-
enza in the developing world. Morbidity and mortality
from influenza are likely to be severely underestimated in
the tropics and subtropics.

Global Surveillance

The WHO Global Influenza Program has four major foci
aimed at addressing influenza control globally: Provide
influenza surveillance, promote global and national pan-
demic preparedness, provide standards for influenza
surveillance and control, and provide leadership toward
mitigating the health and economic burden of influenza
in the world. The WHO Global Influenza Surveillance
Network consists of 121 influenza centers in 93 coun-
tries (Figure 4). The centers obtain respiratory samples
from patients with ILI and submit specimens to four

Figure 4 Geographic distribution of National Influenza Centers, 2007. White, no laboratory; blue, one laboratory; dark blue, more

than one laboratory. From http://www.who.int/csr/disease/avian_influenza/centres/en/index.html.
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international WHO Collaborating Centers for isolation
and identification of influenza strains. The Surveillance
Network has been collecting information on circulating
influenza strains and documenting trends in influenza
infection since 1948, and extending coverage to all
countries would provide more-accurate data on circulat-
ing strains, emerging new strains, and disease trends that
can inform resource allocation toward optimal prevention
and control of global influenza.

Influenza Control

Influenza control is principally achieved through the use
of vaccination to prevent the development and transmis-
sion of illness. However, influenza vaccination is not uni-
versally available on a global level; 90% of the world’s
influenza vaccine production capacity is centered in
North American and European countries, which repre-
sent only 10% of the world’s population. Nor is influenza
vaccine optimally utilized in developed countries: The
United States has not met national objectives for vaccina-
tion rates to eligible individuals, including those involved
in the provision of health care to the population in general
(USDHAS, 2000). Significant health disparities also exist
for vaccine receipt among different racial and socioeco-
nomic groups (O’Malley, 2006).

As with other infectious diseases, education of local
populations and health-care providers regarding basic
personal hygiene, such as hand washing, avoidance of
mucus contamination, and control of coughs and sneezes,
can contribute to improved influenza control. Mainte-
nance of adequate barrier protections and supplies to
maintain adequate hygiene during periods of increased
clinic or hospital use associated with influenza outbreaks
may serve to dampen nosocomial transmission as well.
In hospitals, where patients may be at increased risk for
severe complications of influenza, restricting visitors with
respiratory illness or elective procedures has been pro-
posed in the literature. Isolation of cases is difficult because
of delays in presentation that may coincide with the period
of communicability and because of delays in diagnosis,
even where rapid laboratory testing exists. Rapid diagnostic
testing for influenza A and B can now take as little as
30min with commercially available kits processed by
trained laboratory personnel. In general, these tests are
90–95% specific and 70–75% sensitive when compared
with routine influenza culture as a gold standard.

While quarantine is not routinely applied to influenza
cases, the WHO is vigorously promoting pandemic
preparedness, including case investigation and treatment,
prevention of the spread of disease in the community,
maintenance of essential services, and planning for recovery
(WHO, 2005a). The next pandemic is not a matter of if, but
of when.

Antivirals

In addition to prevention and control of influenza through
the use of vaccines and general hygiene measures,
two classes of antiviral agents exist for prevention and
treatment of influenza infections: adamantanes and neura-
minidase inhibitors (NIs) (Moscona, 2005). The adaman-
tanes include amantadine and rimantadine, both of which
have activity only against influenza A, not influenza
B. Furthermore, viral resistance to the adamantanes was
observed to increase dramatically over the past 3 years,
from 1.9% in 2004 to 91% of isolates tested through
12 January 2006 by the CDC. On January 14, 2006, the
CDC issued a health alert recommending the use of
amantadine or rimantadine in the 2005–2006 season for
prevention or treatment of influenza in the United States.
This recommendation has carried forward to the
2006–2007 influenza season. The CDC currently recom-
mends against the use of amantadine or rimantadine for
prevention or treatment of influenza in the United States.

The NIs include oseltamivir and zanamivir, and these
agents are active against both influenza A and influenza
B. Oseltamivir is approved for treatment and preven-
tion in persons 1 year old and older, and Zanamivir is
approved for treatment in persons 7 years old and older
and prevention in persons 5 years old and older. While
resistance to the adamantanes has led to recommenda-
tions against their use, all influenza isolates tested for
drug resistance by the CDC in the 2005–2006 season
remained susceptible to the NIs. Thus, these agents are
the antivirals of choice for influenza prevention and
treatment.

For treatment of influenza, the NIs should be started
within 2 days of the onset of illness – clearly a challenge in
practice, given the often nonspecific early symptoms of
influenza as well as the highly variable time among
patient populations between onset of symptoms and
presentation to medical attention. Nonetheless, if started
within the recommended time frame, duration of uncom-
plicated illness can be decreased by approximately
1–2 days in otherwise healthy individuals. There may be
a similar benefit in high-risk individuals as well. Treat-
ment with the NIs should last 5 days.

For prevention of influenza, vaccination remains the
preferred method to minimize or avoid morbidity and
mortality. Both NIs may be used for contact postexposure
or community prophylaxis (zanamivir was approved for
prevention of influenza in the United States in 2006).
Efficacy for protection against laboratory-diagnosed
influenza is approximately 80%. These agents may be
used in vaccinated individuals, and in settings such as
nursing homes experiencing influenza outbreaks, NIs
may confer added protective benefit. In addition, the
NIs may have wider application when strain mismatch
occurs between vaccine and circulating influenza virus.
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Vaccines

Using data obtained through the WHO Global Influenza
Surveillance Network and laboratory analysis of circulat-
ing influenza strains by the WHO Collaborating Centres,
the WHO twice annually convenes a panel of interna-
tional influenza experts to make recommendations for the
composition of influenza vaccine for the northern hemi-
sphere (February) and southern hemisphere (September).
These recommendations are published in the WHO’s
Weekly Epidemiological Record and influence the production
of more than 250million influenza vaccine doses annu-
ally. A WHO Global Immunization and Vision Strategy
has been created to serve as a template for national
vaccination strategies, with the ultimate goal of extending
vaccination to all eligible persons (WHO, 2005). The
introduction of new vaccines and vaccine technologies is
a key component of the WHO’s vision.

Inactivated trivalent influenza viral vaccine (TIV), tar-
geted at inducing systemic rather than local immunity,
has been licensed in the United States since the late
1950s and has been recommended routinely since 1963.
TIVs are safe and are highly purified, containing only
noninfectious, inactivated viruses that cannot cause influ-
enza. Composed of whole virus or purified subunit
antigens of the N and H viral surface glycoproteins, anti-
bodies to inactivated virus in vaccines can neutralize viral
replication, but when administered intramuscularly they
may not induce adequate mucosal responses that mini-
mize the risk of infection. As previously noted, the
WHO and national agencies such as the Food and Drug
Administration in the United States recommend the
composition of annual TIV. The standard approach is to
include two vaccine virus strains that mirror the predomi-
nant circulating influenza Avirus or viruses with an influ-
enza B vaccine virus strain (hence, trivalent). Protection
conferred by the vaccine has been shown to correlate
directly with the immune response elicited in the recipi-
ent. However, the strength of this association is not as clear
in older vaccinees, and inactivated vaccines are predomi-
nantly effective only against viral strains that have similar
H andN antigens.When the viruses chosen for the vaccine
resemble those of the circulating epidemic strains, vac-
cine efficacy for prevention of hospitalization and death
approaches 70–90% among healthy young adults. Gross
and colleagues, in a meta-analysis conducted in the mid-
1990s, found that the pooled estimates of TIV efficacy
for 20 cohort studies in the older population were as
follows: 56% for preventing respiratory illness, 53% for
preventing pneumonia, 48% for preventing hospitaliza-
tion, and 68% for preventing death (Gross et al., 1995).

Live attenuated, cold-adapted vaccines against influ-
enza have been explored for more than three decades, and
a live attenuated intranasal vaccine (LAIV) was licensed
and has been available since the 2003–2004 influenza

season in the United States (Flumist; MedImmune Vac-
cines). Overall, however, few countries recommend or use
live attenuated influenza vaccines, and they are not
recommended by the WHO for influenza prevention
because of cold-chain and cost considerations. However,
the vaccine is safe and highly efficacious. Limited avail-
ability, complexities in large-scale production, and vac-
cine storage and handling issues likely influence this
recommendation. Administered intranasally as a large-
particle aerosol to the upper respiratory epithelium, the
vaccine is targeted at inducing an IgA response to the
influenza virus. Although inactivated vaccines adminis-
tered intramuscularly frequently produce higher titers of
serum antibody to influenza virus, LAIV intranasally
induces higher levels of secretory and local antibody.
One of the argued benefits of the LAIV is that the mucosal
immune response to the live attenuated vaccine virus may
more closely resemble a naturally occurring immune
response than the response that is produced by inactivated
vaccines. However, the true mechanism of protection
remains incompletely understood.

Like TIV, LAIV contains vaccine virus strains (or the
antigenic equivalent) that are recommended annually and
is administered annually to eligible individuals. Unlike
TIV, LAIVuses live virus, and vaccine receipt could result
in mild influenza-like illness associated with infection by
an influenza vaccine virus. Some recipients shed detect-
able virus in nasal secretions for a short duration after
vaccination. However, there has been only one report of a
placebo recipient acquiring an attenuated viral strain from
a LAIV recipient, and no other published studies to date
have reported such transmission from vaccinated to
unvaccinated persons. Although the attenuated vaccine
strains theoretically could recombine with a wild-type
variant and cause the potential for illness or a novel
viral pandemic, more than 30 years of study have shown
that the vaccine virus is genotypically stable, and the
hypothetical reassortments have not been identified
among any of the clinical trial participants to date.

LAIV has been targeted to children and young to
middle-aged adults in the United States. Prevention of
influenza among children likely holds benefit for other
age and at-risk groups as well, as time lags in age-specific
morbidity and mortality suggest that children may repre-
sent a primary vector for viral transmission in commu-
nities. As such, intensive efforts focused on vaccination of
children (and protection of children through vaccination
of contacts) may provide the added benefit of decreased
morbidity and mortality among the older population.

Vaccine Strategies

The scaling of strategies to undertake and improve influ-
enza vaccine receipt rates is highly dependent on the
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underlying health-care infrastructure and cultural and
social factors that influence the decision to give and
receive vaccine. In the absence of integrated and compre-
hensive outpatient and hospital-based patient medical
record systems and registries, which most of the world
does not possess, the best approach is to take the vaccine
to eligible populations and remove as many barriers to
vaccine receipt as possible. Patient and provider education
regarding the cost–benefit of vaccine receipt, as well as
the potential health consequences of acquiring influenza
infection at the individual and community level, are impor-
tant foundations of improved vaccination coverage. Immu-
nizing individuals in a variety of settings can improve
coverage as well; not only hospitals and health or health-
related service clinics but also home health visits, long-term
care facilities, group homes, and even community centers,
places of religious worship when appropriate, schools, and
places of employment could be considered.

One effective strategy for improving vaccination cover-
age rates when vaccine is routinely available is simply
recommending vaccination to patients when appropriate.
A health-care provider’s recommendation is among the
strongest determinants for inducing adult patients to
receive vaccinations. Recommending and offering influenza
vaccination consistently throughout the influenza season,
rather than predominantly or only in the weeks preceding
the influenza season or at the onset of influenza activity,
presents another opportunity. System-based opportunities
to improve vaccination coverage exist as well. Both immu-
nization registries and recall and reminder systems can be
effective in improving vaccination coverage in primary care
clinics with sufficient administrative support to maintain
accurate records-based systems.

Many studies have shown standing orders to be a valu-
able system approach to vaccine delivery, and computer-
based standing orders have demonstrated utility as well.
In the hospital setting, physicians with the highest volume
of pneumonia care in their hospital practices may actually
do significantly worse (35–40%) in completing vaccine
provision to their hospitalized patients than do their
colleagues treating lower pneumonia volumes, further
supporting the rationale for taking vaccine delivery out
of physicians’ hands and utilizing standing orders. Addi-
tional information on standing order templates and other
programs to improve vaccination rates, including client
education, drop-in clinics, recall and reminder, perfor-
mance feedback, and other programs may be found
at the CDC National Immunization Program website
(www.cdc.gov/vaccines/recs/remider-sys.htm, June 2007).

Future Directions

Events in the past decade leading to the current phase 3
pandemic alert regarding human infection by the H5N1

avian influenza virus are dictating much of the recent
energy and efforts concentrating on influenza pandemic
preparedness, and appropriately so. Given the relatively
long period of 40 years since the last influenza pandemic,
many people are concerned that the next pandemic is on
the immediate horizon and that H5N1 may be it. This
threat is complicated by inadequate supplies of antiviral
agents and increasing drug resistance to commonly used
antivirals against influenza. Recognition by the WHO and
other public health agencies of the need for better, less
expensive, and more easily and rapidly produced, stored,
and handled influenza vaccine to allow more complete
worldwide coverage in the event of an influenza pandemic
is both timely and necessary. Unfortunately, this need also
highlights, not only the immense global disparities in
vaccine availability and delivery, but also the tremendous
international racial and socioeconomic disparities in pub-
lic health and medical infrastructure. While emerging
technologies and the wave of knowledge associated with
the Human Genome Project may help us solve many
theoretical problems in the control and prevention of
influenza, we must also solve the practical problems
adversely affecting health equity and health promotion
in order to optimize the public health and wellness of our
global community.

See also: Global Burden of Disease; Immunization;

Influenza, Historical; Surveillance of Disease: Overview;

Vaccines, Historical.
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Introduction

The history of influenza or influenza-like disease extends
back to Ancient Egypt and Greece 2500 years ago. How-
ever, medical historians do not agree on when the first
influenza epidemic occurred. Some scholars believe that
there were no epidemics in traditional hunting and
gathering societies, and that the necessary conditions
for an outbreak were not present until man began to
domesticate and live in close contact with animals, like
pigs and birds, and when a substantial proportion of
the population lived in larger cities where contagion
could be easily spread. However, animals were domesti-
cated much earlier than the first records of influenza
around 500 BC. Pigs were, for example, domesticated
in China and the Middle East about 5000 BC, while
ducks were being raised in the Middle East from about
2500 BC, and in China by circa 2000 BC or even earlier.
The first cities were also established earlier than the
first outbreaks of influenza. For example, the cities of
Jeriko, Israel, and Catal Hüyük, Turkey, are from about
6000 BC, and in Sumer, Mesopotamia, several cities
are known from circa 5000 BC. However, agriculture
did not become sophisticated enough to sustain larger
urban populations before the period from 5000 BC until
about 1200 BC.

Available records from ancient times to the bacterio-
logical breakthrough at the end of the nineteenth century
are for the most part written by politicians or historians
of the time. The symptomatic descriptions made by obser-
vers who may have lacked formal medical training may
be difficult to interpret several centuries later. When
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reading these sources, the possibility of exaggeration by
reporters should be borne in mind, making a disease
outbreak seem more dramatic than the reality would
warrant. For certain periods, records may be scanty or
not available; however, this does not necessarily mean
that epidemics did not occur. The absence of epidemics
for some periods or countries may be explained, for
example, by the absence of reporters. However, when
the historical sources mention symptoms typical for influ-
enza (e.g., high attack rates but low fatality rates), and that
sudden onset of the disease was followed by diffusion over
countries and continents in a matter of months, often in
two or three waves, it is highly likely that it was a severe
epidemic of influenza or a pandemic.

Possibly themost striking feature of the epidemic behav-
ior of influenza is that in uneven intervals, pandemics infect
a large proportion of the world’s population. For influenza,
the word pandemic means a worldwide epidemic caused
by a new subtype of virus type A due to antigenic shift,
that is, a total reassortment of the hemagglutinin (H) and
neuraminidase (N) genes that subsequently few or no
humans have immunity to fight. (The virus that caused
Spanish influenza from 1918–20 is labeled, e.g., A/H1N1).
Antigenic drifts occur annually, causing normal influenza
or epidemics in the winter season. Some of these epidemics
are worldwide, but because the virus is not a new subtype,
they do not qualify as pandemics. When the historical
records report epidemics that occurred during the warmer
months, it is almost certain that these were pandemics,
examples of which are the years 1580, 1781, 1831, and
1918 (see Table 2). Records of historic epidemics and
pandemics published after the bacteriological breakthrough
(late 1800) but before the virological era (after 1930) are
written for the most part by physicians. These may be
considered more trustworthy than earlier records written
by medical historians. Examples are four monographs pub-
lished in the latter part of the nineteenth century, which
describe the general history of influenza up until then
but the eighteenth and nineteenth centuries in particular
(Hirsch, 1883; Thompson, 1890; Creighton, 1894; Finkler,
1898). These accounts have been extensively reviewed
and revised by later authors (Vaughan, 1921; Beveridge,
1977; Pyle, 1986; Patterson, 1986). After 1933, when the
cause of influenza in humans was discovered, whether a
recorded respiratory disease was influenza could be con-
firmed in laboratory diagnosis.
Name and Discovery

In ancient times, large and sudden disease outbreaks that
may have been influenza were often called pest, pesti-
lence, or plague. ‘The plague of Athens,’ from 430 to
427 BC, for example, was in all likelihood influenza
(Langmuir, 1985). The word influenza is Italian and is
known to have been used during outbreaks of influenza
in Tuscany in 1357 and in Italy again in 1387 (Townsend,
1933). However, the first use of the word influenza
appears in connection with an outbreak of an epidemic
in Florence in 1504, which apparently occurred in con-
junction with or after influence from stars, comets, meteors,
or a particular constellation of the planets Jupiter, Saturn,
and Mars.

Some later authors began to use the term influenza di

freddo, which pointed toward sudden drops in temperature
as the cause of the disease. The name influenza was
adopted by the English during the possible pandemic of
1742–43. Contemporary French and German writers
used the name la grippe (French for ‘to grip’); the associa-
tion is to the sudden onset of illness when stricken
by influenza. The same name was also used for an insect
that became an increasing problem in Europe at the end
of the sixteenth century. Some scholars, among them
the German philosopher Immanuel Kant, believed that
these grippe insects transmitted influenza to humans. In
an article printed in the newspapers of Köningsberg,
18 April 1782, Kant argued that influenza and other dis-
eases spread along the communication routes at sea
and the caravans between Europe and other parts of the
world, assisted by insects (vectors), among them la grippe.

These ideas stood in stark contrast to the grand theory
of influenza diffusion in this period, which was based
on ideas of Hippocrates. In this view, the disease was
caused by miasma, which is Greek for poisoned or con-
taminated air resulting from decomposition processes
in the ground. The miasma could apparently be released
by earthquakes or volcanic eruptions and be carried
over long distances by the wind. The people that were
exposed to the contaminated air were consequently
infected by influenza. At first, Kant’s ideas were rejected
by European physicians on the argument that influenza
often broke out explosively and simultaneously at places
miles away from each other. This phenomenon could
not be explained by the transportation of disease from
one place to another by carriers such as insects. Not even
new and fast modes of transportation were rapid enough
to explain simultaneous outbreaks of influenza in separate
towns at great distance from one another.

However, during the eighteenth and nineteenth cen-
turies, in particular after the pandemic of 1889–92, which
was the first pandemic occurring after the breakthrough
of modern bacteriology (and the transportation revolu-
tion), several observers believed that influenza could
spread in the opposite direction of the wind. Increasing
numbers of physicians therefore became convinced that
the disease spread independently of atmospheric condi-
tions, miasma, or insects. During the great pandemic of
1918–20, the dominant view in the medical profession was
that influenza was a contagious disease that was transmit-
ted between humans by person-to-person contact.
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In the effort to search for the cause of the disease before
this time, researchers concentrated on finding a bacteria or
bacillus, and in 1891–92, the German bacteriologist
Richard Pfeiffer of Berlin’s highly prestigious Institute
for Infectious Diseases, discovered a bacterium present in
the throats of many influenza patients apparently infected
by Russian flu. Pfeiffer’s bacillus (Haemophilus influenza)
was found in many Spanish influenza patients some
30 years later; however, several bacteriologists were not
convinced that this was the cause of the disease. By 1918
it was also acknowledged that some diseases were caused
by microbes smaller than bacteria. In the literature these
microbes were called filterable and ultravisible viruses,
that is, viruses that could pass through filters that held
back bacteria and viruses that could not be seen through
ordinary microscopes. Despite extensive research efforts
sparked by the 1918 pandemic, the agent causing influenza
remained a mystery throughout the 1920s.

The scientific breakthrough came in 1931, when
Richard Shope at the Rockefeller Institute for Compara-
tive Pathology at Princeton, New Jersey, isolated influ-
enza virus in swine. Two years later, in 1933, influenza
virus was isolated in humans by Christopher Andrewes,
Wilson Smith, and Patrick Laidlaw, at the National Insti-
tute for Medical Research in London. In 1935, Wilson
Smith discovered that the influenza virus could be
cultivated in fertilized hen eggs. This finding made it
easier to do research on the biology of influenza, and a
few years later different variants of the virus were discov-
ered: type A, which is the most important because it can
cause pandemics (1936); type B, which causes the annual
epidemics (discovered by Francis, 1940); and type C,
which are endemics (discovered by Taylor, in 1950).
Although the cause of influenza seemed settled once and
for all after the virus was discovered in 1933, later
research put forth the argument that influenza epidemics
are caused by influences from outer space. Hoyle and
Wickramasinghe (1979), for instance, claimed that there
is a strong association between sunspots and outbreaks
of influenza. Other milestones since the discovery of
the cause of influenza are presented in Table 1 and will
be addressed in the following sections of this article.
Chronicle of Major Epidemics and
Pandemics

Influenza before 1700 AD

The plague of Athens (430–427 BC), as described by the
historian and politician Thucydides (ca. 460–400 BC),
may be the first recorded influenza epidemic (Langmuir,
1985). However, most medical historians seem to agree
that a disease outbreak in Greece in 412 BC, described
by both the founder of medical science, Hippocrates
(ca. 460–ca. 377) and the great Roman historian Titus
Livius (Livy) (ca. 59 BC–AD 17), was the first possible
influenza epidemic. The symptomatic and epidemiologi-
cal information given by fifth-century-BC observers
may nevertheless be considered insufficient to make a
clear diagnosis. Records of possible outbreaks of influ-
enza up until the year 1000 AD are generally also too
vague to be absolutely sure that they were influenza
(Table 2), although later records are somewhat better
(Beveridge, 1991).

Different medical historians regard subsequent out-
breaks in the period from 1173 to 1387 as the first defini-
tive epidemics of influenza, while the first pandemic
agreed upon by all authors occurred in 1580. However,
there are no available sources to confirm that the 1580
pandemic arrived in the Americas. Moreover, the first
influenza epidemic on the American continent is actually
not recorded before 1647, and was probably imported
by the Spanish or other Europeans. Before the first docu-
mented outbreak in the sixteenthth century that may
have been a possible pandemic, historians have been
able to, for the most part, document epidemics of influ-
enza or influenza-like disease in cultural and urban cen-
ters like Athens or Rome or early centers of agriculture,
such as the Middle East and the eastern Mediterranean
region. These two regions – in addition to relatively
densely populated areas of northern China and northern
India – have been described as the ‘‘civilized disease
pools of Eurasia’’ (McNeill, 1976). From these regions,
in particular Rome and Athens, relatively abundant writ-
ten sources have also survived the centuries.

This does not mean, of course, that epidemics did
not occur on other continents than Eurasia. One explana-
tion for the apparent absence of records of influenza
in other parts of the world may be because the major
authors of monographs on the history of influenza have
been too Eurocentric (e.g., Hirsch, 1883; Thompson, 1890;
Creighton, 1894; Finkler, 1898). These authors held pri-
marily to British, German, French, Greek, and northern
Italian medical sources and took far too little interest
in archives and written sources for other continents
(and Eastern Europe) in the search for descriptions of
influenza outbreaks. Another possibility is that these stud-
ies have relied on far too few primary sources; the history
of influenza has been essentially documented by using
contemporary and early nineteenth-century secondary
sources (Patterson, 1986).
Influenza 1700–1900 AD

The geography and epidemiology of epidemics and pan-
demics from 1700–1900 is well surveyed in the literature
(see e.g., Beveridge, 1977; Patterson 1986). In this period
26 outbreaks of influenza are recorded, the majority being
either definitive or possible pandemics (see Table 2).



Table 1 Milestones since the discovery of the cause of influenza

1931 Influenza virus isolated in swine
1933 Influenza virus isolated in humans, and successfully transmitted to ferrets

1935 Influenza virus cultivated in chicken embryos

1936 Different variants of the (type A) virus discovered
1940 Second type (B) of influenza isolated

1941 Hemagglutinin, one of the two antigens on the surface of the influenza virus (clumping of red blood cells by virus),

discovered by Hirst

1943 Killed vaccine developed and shown to be effective
1946 Novel variant ‘A prime’ emerged, thought at the time to be a new subtype (H1N1)

1949 Stable hybrids produced in the laboratory by crossbreeding different strains

1950 Third type (C) of influenza isolated; causes endemics

1955 Avian influenza viruses recognized
1955 Influenza virus isolated in horses

1957 Neuraminidase, the second of the antigens on the influenza virus, identified (it is an enzyme)

1957 Asian pandemic (H2N2)
1957 Interferon (cells producing defensive substance when infected by a virus) discovered

1961 Influenza virus isolated from wild birds (terns)

1963 Amantadine, the first chemotherapeutic drug active in vivo against influenza developed

1968 Hong Kong pandemic (H3N2)
1971 Hybridization demonstrated in live animals

1972 Influenza virus found to occur frequently in wild birds

1974 Influenza virus found in cloaca of wild birds

1976 Swine influenza outbreak at Fort Dix, New Jersey (H1N1), 500 soldiers infected, one died
1977 Russian influenza (H1N1)

1986 Swine influenza with avian origin in the Netherlands (H1N1)

1988 Swine influenza in Wisconsin, United States (H1N1)
1989 Zanamivir (Relenza), the first neuraminidase inhibitor and inhibitor of influenza virus replication in vitro and in vivo was

commercially developed

1993 Swine influenza, reassorted with H3N2 from humans and H1N1 from birds

1993 Rimantadine approved for use in United States as a chemoprophylactic agent for influenza
1995 Influenza in ducks, Great Britain (H7N7)

1996 Highly pathogenic H5N1 virus is isolated from a farmed goose in Guangdong province, southern China

1997 Direct spread of avian influenza from birds to humans documented for the very first time (H5N1), 18 cases and 6 deaths in

Hong Kong
1998–99 Avian influenza, Hong Kong/China (H9N2)

2003 Massive spread of H5N1 among birds in South-East Asia

2003–07 Avian influenza spreads from birds to humans (H5N1), a total of 335 confirmed cases and 206 deaths (up until

12 November 2007) in Azerbaijan, Cambodia, China, Djibouti, Egypt, Indonesia, Iraq, Laos, Nigeria, Thailand, Turkey,
and Vietnam. Avian influenza was detected in 51 countries across Europe, Africa and Asia, but there was no spread to

humans

2005 The gene structure of the 1918 Spanish influenza virus unraveled and recreated in laboratory

Adpated from Beveridge WIB (1977) Influenza: The Last Great Plague. An Unfinished Story of Discovery. New York: Prodist; World
Health Organization (1976–2007) http://www.who.int/en (last accessed November 2007).
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The first two, in 1708–09 and 1712, were severe locally but
probably not true pandemics (although the summertime
spread is notable in 1712). The first true pandemic of the
eighteenth century occurred in 1729, and spread east-
ward from Moscow and Astrakhan on the Caspian Sea in
April, while the second pandemic occurred only three
years later, in 1732–33 (see Table 2). Independent pan-
demics only three years apart also occurred a century
later, in 1830–31 and again in 1833. The third definitive
pandemic in the eighteenth century, in 1781–82, ranks
with those of 1889–92 and 1918–20 as among the most
widespread and dramatic disease outbreaks in history,
and they have attracted a great deal of medical writing
(there is no evidence, however, that mortality was as
high as in 1918). The earliest reports from the pandemic
in 1781–82 came from Russia, but for the very first
time China was also considered as a likely place of origin
(see Table 2). The diffusion and intensity of influenza
in the period 1799–1807 were probably to a large extent
shaped by troop and refugee movements during the
Napoleonic wars (Patterson, 1986). However, the first
pandemics in the nineteenth century occurred in
1830–31 and again in 1833. There were also severe epi-
demics that may have been pandemics in 1836–37,
1847–48, and 1857–58, but the most spectacular outbreak
in the nineteenth century that was a definitive pandemic
occurred in 1889–92. The extensive reports from differ-
ent parts of the world make it possible to map the
geographical diffusion of the Russian influenza pandemic
in detail for most parts of the world (Patterson, 1986).

http://www.who.int/en


Table 2 Influenza epidemics and pandemics described since 430 BC

Year(s) Reference Month(s) Place of origin or of first report Comments

430–27BC a Summer Ethiopia or upper Egypt Mediterranean and Middle East
412 BC b ,c December Greece

393 BC b ,c, d Greece

43 BC c, d Rome

2AD c

591–92 d

827 b Rapid and widely spread in Europe

837 c, d

876 b ,c, d Italy General diffusion in Europe
889 c, d

927 b France

932 c, d

976 b France/Germany

996–97 b England

1173 b ,c, d, e Europe

1239 b France
1307 c, d

1323 b ,c, d

1327 b Italy

1357 c Tuscany, Italy
1387 b ,c, d Italy Central Europe

1403–04 b ,c France, Germany

1410–11 b ,c France
1414 b France

1427–28 b ,c France

1438 b Italy

1504 c Florence, Italy
1510 b,d,g,k Malta Possible pandemic

1529 c, d Possible pandemic

1551 c, d

1557 b ,c, d,g,k Asia Possible pandemic
1580 b ,c, d,g,k Aug/Sept Asia Definitive pandemic, but not recorded in the

Americas

1587 b Italy, Germany
1593 b ,c, d,k Belgium Limited to Europe

1626 b Italy Italy

1647 b ,c, d,k First American epidemic, limited to the Western

Hemisphere
1655–58 c, k North America America/Europe

1675 b ,c, k September Germany Western Europe

1688 b England England, Ireland

1693 b , d Dublin Great Britain, France and Holland
1698 k Limited to North America

1708–09 b ,c, d,f ,k December Rome, Italy Western Europe

1712 b ,c, d,f,k April Jena, Germany Germany, Denmark, Holland, Italy

1718 c, d

1727 c,d

1729–30 b ,c, d, e, f,h,i ,k April Moscow, Astrakhan Definitive pandemic

1732–33 b ,c,d, e, f,k Oct/Nov Russia, United States Definitive pandemic
1742–43 b ,c, d,e,f January Germany Possible pandemic

1757–58 b ,d,f,k North America Americas/Europe

1761–62 b ,d ,e,f,h,k Germany Possible pandemic

1767 b ,c, d, e, f,k Europe/North America Possible pandemic
1775–76 b ,d ,e, f,k Autumn England/Europe Possible pandemic

1781–82 b,c,d,e,f,h,i,j,k December China/Moscow, Russia Definitive pandemic

1788–89 b ,d ,e,f,k March St. Petersburg, Russia, Kherson,

Ukraine

Possible pandemic

1793 c, d

1799–1802 b ,c, d, e,f,k October Russia Eastern Europe

1805–1807 f West Indies, Europe, USA
1815–16 b ,c, d Possible pandemic

Continued
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Table 2 Continued

Year(s) Reference Month(s) Place of origin or of first report Comments

1824–27 b ,c, d,f Western Hemisphere

1830–31 b ,c, d,e,f,k January China/Russia Definitive pandemic

1833 b ,c, d,e,f,k India/Russia Definitive pandemic
1836–37 b ,c, d,e,f,k December St. Petersburg, Russia Possible pandemic

1847–48 b ,c, d, e,f,k January Moscow, Russia Possible pandemic

1850–51 b ,c, d, e, f,k South America Possible pandemic

1857–58 b ,c, d,e,f,k August Panama Possible pandemic
1873–75 b ,c, d,e,k Possible pandemic

1889–92 b ,c, e,f,k May Bokhara, Uzbekistan Definitive pandemic

1899–1900 f,g Possible pandemic

1918–20 c, e,f,k March France, England, United States,
China

Definitive pandemic

1946 e Possible pandemic

1957–58 e,f,i February China; Yunan province, Hong Kong Definitive pandemic
1968–70 e,f July China and Hong Kong Definitive pandemic

1977–78 f May China, Russia Possible pandemic

Data from:
aLangmuir AD (1985) The thucydides syndrome. A new hypothesis for the cause of the plague of Athens. New England Journal of

Medicine 313(16): 1027–1030.
bVaughan WT (1921) Influenza. An Epidemiologic Study. Baltimore, MD: The American Journal of Hygiene, Monograph Series No. 1.
cTownsend JF (1933) History of influenza epidemics. Annals of Medical History 5: 533–547.
dHirsch A (1883) Handbook of Geographical and Historical Pathology, 2nd edn., trans. Charles Creighton. London: New Sydenham
Society.
eBeveridge WIB (1977) Influenza: The Last Great Plague. An Unfinished Story of Discovery. New York: Prodist.
fPatterson KD (1986) Pandemic Influenza, 1700–1900. A Study in Historical Epidemiology. Totowa, NJ: Rowman and Littlefield.
gPotter CW (2001) A history of influenza. Journal of Applied Microbiology 91(4): 572–579.
hFinkler D (1898) Influenza. In: Stedman TL (ed.) Twentieth Century Practice, vol, 15, pp. 1–250, London: Sampson Low, Marston.
iPyle GF (1986) The Diffusion of Influenza: Patterns and Paradigms. Totowa, NJ: Rowman and Littlefield.
jThompson ES (1890) Influenza. London: Percival.
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The Spanish Influenza of 1918–20

The Spanish influenza was one of the most devastating
outbreaks of disease in history (Crosby, 1989; Phillips and
Killingray, 2003). From unclear origin, it spread around
the globe in three waves in 1918–19; nearly a third of
the world population tallying 1.8 billion was infected,
and an estimated 50–100million died from the disease
in less than a year. The Spanish influenza pandemic
claimed more lives in less than a year than HIV/AIDS
has done in the last quarter of the twentieth century
(ca. 30million), and it may also have killed more people
than the Black Death of 1348–51 (62million). Only
the Plague of Justinian in the sixth century is comparable
to Spanish influenza in the number of deaths (100mil-
lion). However, the death toll from Spanish influenza
pandemic fell within the course of one year; the Plague
of Justinian lasted half a century.

The first scattered cases of Spanish influenza were
reported during the spring of the Northern Hemisphere
of 1918, but it was not before the end of June that
the number of cases and deaths skyrocketed. In the first
bout of influenza during the summer of 1918, the virus
spread fast and infected a relatively large majority of
the population, as few or none had immunity to resist it,
but relatively few actually died from it. However, the virus
apparently mutated during the summer, and at the end
of August a second and highly virulent bout of influenza
started (mortality during the second bouts of influ-
enza during the pandemics of 1889–92 and 1957–58 was
also much higher than during the first bouts). Two-thirds
of all the deaths from Spanish influenza occurred during
the months from October through December 1918.
A third bout of influenza started around the time of
Christmas and New Year celebrations in the year shift
1918–19 and did not subside until March–April 1919. The
third wave did not spread as fast as the first wave and
was not as lethal as the second wave, probably because a
large proportion of the population had gained immunity
and frail individuals had already died from influenza or
pneumonia in the previous waves. From January through
March 1920, Spanish influenza made a last appearance.
This time, the disease struck populations that for the most
part had escaped Spanish influenza in 1918–19 and who
lived in the most peripheral and remote areas of the world.
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Spanish influenza did not geographically originate in
Spain. The reason for the name is that the Spanish gov-
ernment was one of the first to admit that a new and
strange disease had emerged in their country. Being a
neutral country, Spain lacked the same incentive as the
belligerent countries to censor the news. Although it
was recognized early on that the naming of the disease
had nothing to do with Spain, the name nevertheless
stuck. There are three theories to explain the geographi-
cal origin of the Spanish influenza. The first is that it may
have started in the United States among soldiers at Camp
Funston, Kansas, in the beginning of March 1918, and
that the soldiers brought the deadly virus with them
across the Atlantic Ocean to Europe when the American
forces entered the decisive battles on the western front
during the spring of 1918. The second theory is that
Spanish influenza may have originated in the Guangdong
province in Southern China and that Chinese laborers
brought it to the United States and later to Europe when
they were digging trenches on the western front. Propo-
nents of this theory further assert that the Guangdong
province in Southern China may be a breeding ground for
future influenza pandemics. The outbreak of severe acute
respiratory disease (SARS) in 2003 may support this idea,
but it does not prove that Spanish influenza also had its
origin in Southern China. The third view on the origin of
Spanish influenza in the literature is that it may have
started among soldiers on the western front during the
winter of 1916 or 1917, independently of any diffusion of
influenza from China or the United States.
Influenza in the Virological Era

Two definitive pandemics and one possible pandemic
occurred after the causative agent of influenza was found.
The 1957–58 pandemic was first reported in China in the
middle of February 1957. One month later it spread to
Hong Kong, Singapore, and Japan, and in June 1957, the
new virus was identified all over South-East Asia, Australia,
Western Europe, and North America. The first cases in
Europe appeared among intercontinental maritime crew
and passengers coming by ship from Asia, and later among
airline passengers. Because the number of travelers by
plane was relatively modest in 1957, it took several months
before the virus spread globally. The second pandemic in
the virological era was only 11 years later, in July 1968.
Again, Hong Kong is regarded as the starting point of
global diffusion of influenza. The Hong Kong pandemic
ravaged the U.S. population during the winter of 1968–69
while it was not until the winter of 1969–70 that the
pandemic struck Europe. Researchers disagree whether
the Russian influenza of 1977–78 (H1N1) qualifies as a
pandemic although an antigenic shift occurred. This out-
break of influenza was first reported in China in May 1977,
and in November and December it was also reported in the
Soviet Union and Hong Kong. The pandemic was mild,
causing little or no excess mortality, and initially it only
attacked people born after 1950.
Intervals between Epidemics and Pandemics

One authoritative study concluded that the intervals
between pandemics have not changed much over time,
suggesting that increased population, more travel, and
faster modes of transportation are not important factors
determining interval length (Potter, 2001). However,
when the average time between pandemics and variation
in the interval length per century is calculated, starting
with the first possible pandemic in 1510, and based on
figures in Table 2, an interesting variation over time may
indeed be observed. Average interval length and variation
in the interval length (variance in parenthesis) per each of
the last five centuries is thus 19.4 (4.5), 15.0 (3.1), 6.8 (1.9),
8.2 (2.2), and 15.4 (2.8) years, respectively. Average interval
length between epidemics described before 1500 could also
be estimated, of course, but is omitted here because the
symptomatic and epidemiological evidence generally are
too vague for absolute certainty that they were influenza.

The decline in average and variation in interval length
from 1500 to 1700 may be explained by several factors.
First, due to better ships and navigation equipment, dur-
ing the fifteenth century Europeans began to explore
the coasts of Africa, Asia, and America in search of
new goods and profits, and in the sixteenth century, the
Europeans established several trading centers in all parts
of the world. This development made it possible for dis-
eases to spread globally and for pandemics to occur, and,
with increasing worldwide trade, pandemics could
also occur more frequently. However, one must bear in
mind that the descriptions of origin and geographical
range of the different epidemics are contingent upon
what part of the world that was known to the different
writers, and from which part of the world it is likely
that they received reports. Thus the decline in interval
length between pandemics from 1500–1700 could only
be a result of increasing speed of diffusion of information
in the world.

Second, a number of societal changes, all occurring
from circa 1750, including more rapid growth in the
global population (due to a decline in mortality rates
but still high birth rates), increasing urbanization and
industrialization, continual growth in world trade (estab-
lishment of colonies), as well as the increasing speed of
transportation (steamships and railways from ca. 1850, at
least in central European countries), may also explain
why pandemics occurred more frequently. The increase
in interval length from 1700 to 1900 does not accord with
these societal changes, which were further reinforced
during the nineteenth and twentieth centuries. However,
only the increase from 1800 to 1900 is significant in
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statistical terms. We can never know whether an even
larger increase in interval length would have occurred
without these societal changes. As well, a change in
other factors, for example, the biology of influenza viruses
and contact pattern between poultry, pigs, and humans,
may also be important in determining interval length.
Spatial Origin and Diffusion of Influenza

The annual influenza epidemics usually start during
the winter months in the Southern Hemisphere in the
period from June to August, and spread to the Northern
Hemisphere during the winter months from November
to February. Most pandemics are believed to have origi-
nated from Asia, typically in the eastern boundaries
of European Russia or southern China (see Table 2).
It is generally thought that the first cases of influenza in
Europe in the period 1700–1900 were imported from
Moscow, Russia, but the primary origin of these epidemics
could well have been China. The likely origin of all
pandemics in the twentieth century was also China. This
historic overview seems to indicate that future pandemics
will also originate in this area, which many influenza
experts refer to as the ‘epicenter of influenza’ because
of the high population densities and high degree of mix-
ing of humans and animals like ducks and pigs.

Influenza spreads as fast as humans can travel. Histori-
cally, the diffusion of influenza has followed major routes
of commerce and communication. First it spread as fast
as humans could walk. Later, horse and carriage, motor-
driven riverboats, continental railways, intercontinental
steamships, and finally, intercontinental airliners, gradu-
ally increased the speed of influenza diffusion. The largest
cities were usually the foci of disease diffusion, then
smaller cities and finally rural areas. However, the first
time influenza is explicitly described to have spread
down the urban hierarchy occurred during the possible
pandemic of 1761–62 (Patterson, 1986).
The Epidemiology and Demography of
Influenza

The Toll

Influenza is a disease with enormous morbidity, but usu-
ally low mortality. Therefore, it is normally the high
morbidity, with large proportions of people being away
from work and school and with increasing hospitali-
zation rates, which illustrates the problem that influenza
is to the public health. However, during the disas-
trous fall of 1918, mortality was also so overwhelming
that the demand for burial services, grave digging, and
coffins could not be met. Many of the victims were buried
without coffins and in mass graves. The number of deaths
during pandemics is higher than during epidemics
primarily because a larger proportion of the population
is infected. During epidemics 10–20% of the population is
infected while 30–50% might be infected during pan-
demics. During the 1918–20 pandemic the lethality was
1–5%; in other pandemics in the twentieth century it
was just 0.2–0.3%. These numbers do not seem alarming,
of course, when compared to the lethality of other infec-
tious diseases such as Ebola, for example, or meningitis,
in which the lethality is 70% and 15%, respectively.

One of the first reliable quantifications of mortality
associated with influenza was recorded by Robert
Graves who found that 3000 people died during a
severe outbreak of influenza in Dublin in 1837. (Similar
studies were also undertaken in 1836–37 for London,
Paris, and for certain Danish provinces.) Graves’s study
was done by counting the number of new graves in the
cemetery and comparing those with new graves from
the preceding year, which was assumed to have been a
normal year of mortality (i.e., an early quantification of
‘excess mortality’ using all causes of death). However,
figures exist for influenza mortality dating further back in
time, which are considered approximate and are cited by
several authors. During the 1647 epidemic, for example,
5000 and 6000 died in Barbados and St. Kitts, respectively
(Townsend, 1933). In Rome the pandemic of 1580 may
have killed 9000 citizens, and, during the 1742–43 pan-
demic, 8000 may have died in Rome in January alone.
In the same years, the crude death rate trebled in London,
and some Spanish cities are said to have been decimated
(Vaughan, 1921). The old custom from the Middle Ages
of bleeding patients suffering with fever probably also
contributed to the great mortality (Beveridge, 1977).
However, the deadliest pandemic in both absolute and
relative terms remains the 1918–20 outbreak of Spanish
influenza in which at least 50, but possibly as many as 100,
million died globally (27–54 deaths per 1000) ( Johnson and
Mueller, 2002). In less than one year Spanish influenza
killed five to ten times more people than the 5-year-long
First World War, which was its contemporary. During the
1889–92 and 1957–58 pandemics, 300 000 (0.2 deaths per
1000) and 2million (0.7 deaths per 1000) may have died
respectively, and the 1968–70 pandemic took an estimated
1million lives worldwide (0.3 deaths per 1000).
Age, Sex, and Long-Term Consequences for
Mortality

The age pattern of mortality during a normal influenza
season or during epidemics or pandemics is usually
U-shaped, with the highest mortality for those under
the age of five and those above the age of 65. Among
the oldest age groups those most susceptible to succumb-
ing to influenza or pneumonia, the most common bacte-
rial complication following influenza, are those with
chronic heart and lung disease or metabolic disorders.
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Besides the high death toll and lethality, one of the most
remarkable characteristics of the 1918–20 pandemic was
that the normal U-shape was replaced by a W-shape in
the age pattern of mortality (Crosby, 1989). Although the
complete genome of the virus (A/H1N1) has been
sequenced and reconstructed, the underlying causes of
the high death toll among young adults are unkonwn.
However, it is theorized that the W-shaped mortality of
the 1981–20 pandemic is explained by a combined effect
of high virulence and that cohorts younger than 30 years
were immunilogically naive, while cohorts older than 30
years gained immunity from exposure to a H1-like virus
in circulating prior to the pandemic of 1889–90.

A second peculiar feature of the 1918–20 pandemic
is the much greater increase in male mortality than that
of females in the age group 20–40; for most other epi-
demics and pandemics recorded in history, the male
excess mortality in all age groups is present but not
very pronounced. The sex difference in 1918–20 has
been explained by the fact that active and latent tubercu-
losis is also highest in this age group and that this is
particularly true for males (Noymer and Garenne, 2000)
(Figure 1).

Another subgroup that has generally been shown to
be vulnerable to influenza is pregnant women. In addition
to the higher risk of death when pregnant, the risk of
having a spontaneous abortion or giving birth to children
with congenital deformations increases when infected
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Figure 1 Age and sex-specific death rates for influenza and pneum
by influenza. As a consequence, these particular cohorts
may in later life have experienced poor health, higher
mortality, and lower socioeconomic status. Research has
shown, for example, that individuals who were in utero

during the peak months of the pandemic in the autumn
of 1918 in the United States, have had significantly lower
income and education, and have experienced more
unemployment, functional limitations, and higher risks
of suffering from a variety of diseases as adults compared
to cohorts who where in utero some months before and
after the height of the pandemic (Almond, 2006). It
has been shown that French and Italian cohorts born
in 1918 experienced higher mortality in later life com-
pared to older and younger cohorts.

Many Spanish influenza survivors of different ages
demonstrated a number of psychiatric symptoms. Some
went into a temporary or a long-term state of coma;
others had problems of insomnia or coping at work and
with everyday life for months or even years after the disease.
The psychiatric symptoms were assigned a psychiatric
diagnosis, encephalitis lethargica, or ‘sleeping sickness.’
The disease was pandemic in the period 1918–28 and
caused more than 500 000 deaths globally. Many patients
who initially recovered subsequently developed profound
chronic parkinsonism. These examples show that influenza
pandemics can cause large and immediate impacts on mor-
tality, as in 1918, but they can also significantly affect the
health and mortality of survivors many years later.
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Socioeconomic and Ethnic Status

Most accounts of influenza present the disease as a
socially neutral disease with respect to morbidity and
mortality. However, low income and education may be
associated with a higher risk of living in crowded and
poor housing conditions, which, in turn, are related to
an increased risk of contracting influenza. Moreover,
lower socioeconomic status may also be associated with
a higher risk of having preexisting diseases (e.g., tubercu-
losis) and poor nutrition, which, in turn, increases the
risk of succumbing to influenza and possible bacterial
complications following influenza. Studies of the associa-
tion between socioeconomic status and different causes
of death for the mid and latter half of twentieth-century
United States and Spain have shown that some of the
strongest proofs of such an association may be seen in
the combined death rates of influenza and pneumonia
(see Mamelund, 2006). Additional evidence that discredits
the social neutral hypothesis for mortality during influ-
enza epidemics or pandemics appears in a study of the
Spanish influenza pandemic using multivariate analysis
and unique individual level data (Mamelund, 2006).

In times when influenza may have been a novel disease,
population groups that lived in more isolated areas or
seldom mixed with the greater society may have been
more vulnerable than others. For example, during the
1918–20 pandemic, indigenous populations all over the
world were reported to have extremely high mortality.
One study has demonstrated that the effect of ethnicity on
mortality was independent of important confounders,
among them socioeconomic status (Mamelund, 2003).
Social and Economic Costs of Influenza

The individual costs of mortality during historical influ-
enza epidemics cannot be measured in statistical terms,
but the suffering and pain ensuing from the sudden
loss and consequent bereavement of loved ones are, of
course, significant. The pandemic of 1918–20 is a special
case in point, not only due to its relatively high lethality
and subsequent high mortality toll, but first and fore-
most because the largest increase in mortality compared
to normal influenza seasons occurred among persons in
the age range of 20–40 years. The consequence was
an extraordinarily high number of marriages of young
adults being dissolved due to the death of one of the
spouses and the tragic orphaning of young children.
Very few countries had public social security schemes or
widow pensions in 1918, and widows with many children
probably therefore also experienced major economic
difficulties. A significant rise in suicides related to the
unbearable loss of a spouse, children, or close relatives
were reported from countries like the United States,
South Africa, and New Zealand. In South Africa it is
likely that the introduction of a child and widower pen-
sion in 1921 was due to the Spanish influenza.

The economic costs of severe epidemics to society
may also be large. For instance, the cost of the 1918–20
pandemic in the United States was estimated at 100 billion
(1968) dollars (Millar and Osborn, 1977). Even less serious
pandemics can have a significant economic impact. In
the United States, costs of the 1968–70 pandemic ranged
from 3.0–4.6 billion (1968) dollars due to absence
from work of the sick and the providing of Medicare
(Beveridge, 1977; Millar and Osborn, 1977). Children
were particularly hard hit during the 1957–58 pandemic.
Sick children need care at home, thereby contributing
to the absence from work of parents. However, the impact
on the economy of this pandemic was relatively insig-
nificant, probably because morbidity among adults was
relatively low, and because the employment rates among
women, the traditional caregivers, were still modest, even
in the most egalitarian Western welfare states.

The economic burden of epidemics may be unequally
distributed among individual families and local commu-
nities, as well as different sectors of the economy. Some
businesses experienced economic loss during the 1918–20
pandemic, not only because employees were absent
from work due to the flu, but also because governments
in a number of countries across the globe decided to
close down certain businesses to try to check the spread
of influenza. Examples of such businesses were cafés,
restaurants, dance halls, and theaters. Life insurance com-
panies from all over the world, on the other hand, profited
from the general fear and the drop in social integration
induced by the pandemic. Although some companies
showed deficits, most had large surpluses due to record
numbers of new customers with life insurance. Unfortu-
nately, the literature gives few examples of the economic
burden of pandemics before 1918 (or for other parts of
the world other than Europe and the United States).
This is probably because writers of the time, whether
historians or medical doctors, had not paid much atten-
tion to the economic aspect of diseases or lacked the
data to make such estimates. Furthermore, in countries
in which history is not written down but is transferred
by word of mouth, as is the case in many African
countries, information on economic or other impacts of
diseases may be difficult to obtain.
Public Health and Influenza: Preventing
Influenza

Quarantine and Isolation

Several tools have been implemented to prevent influ-
enza. One is quarantine and isolation, which is known to
have been used for centuries to hinder or check the
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diffusion of influenza. During the 1918–20 pandemic, this
preventive measure failed. However, there are a few
examples of apparent success. For example, strict quaran-
tine for ships may be one of the reasons why Australia
was not hit by the second deadly wave before January
1919, while the rest of the world experienced it in the last
quarter of 1918. Other examples are the northeastern
parts of Iceland and American Samoa, which apparently
did not have any cases of Spanish influenza. However,
for these countries relative isolation may be an equally
important explanation for the absence of the disease. New
Guinea, St. Helena, and a few isolated Pacific Islands,
for example, escaped without imposing quarantine.
Other Preventive Measures

Since the Middle Ages people have tried to protect them-
selves against various infections by using masks, and
this was probably also tried against influenza. During the
Spanish influenza pandemic of 1918–20, several countries
made it compulsory to wear masks to prevent the spread
of influenza, in particular during the virulent second
wave that occurred in the last quarter of 1918. Recent
times have also witnessed people in South-East Asia
wearing masks during the different outbreaks of avian
influenza from 1997–2007. However, although masks
have undoubtedly improved over time, there is no empir-
ical evidence that wearing masks has been of significant
value in preventing historical influenza epidemics. In
the effort to check the spread of avian influenza in
1997–2007, millions of birds were slaughtered, import
bans on birds were imposed by several countries, and
vehicles crossing borders and coming from infected
areas were fumigated. The massive slaughter of birds
in Hong Kong in 1997 is believed to have stopped an
outbreak of avian influenza there, which caused the
death of 6 out of 18 known cases.

In 1918, many local health authorities closed schools,
workplaces, churches, and dance halls, and they banned
fairs and large public meetings to check the spread of
influenza. Cities in the United States that implemented
nonpharmaceutical interventions, like school closures,
may have managed to delay the diffusion of the pandemic
and to reduce mortality (Markel et al., 2007; Hatchett
et al., 2007; Bootsma and Ferguson, 2007). However,
physicians and public health officials often expressed a
sense of helplessness and humiliation in 1918, as most
public health measures seemed to make little difference
when it came to morbidity and mortality. Moreover, there
were no effective vaccines, antibiotic, or antiviral drugs
available. Nor did it appear that the mortality was lower
among patients that were hospitalized than among those
who were ill in bed at home. On the contrary, mortality
may have been higher in the wards because of cross-
breeding of diseases. However, the female-dominated
nursing profession in 1918 did not express the same
negative view as the male-dominated medical profession.
The nurses emphasized instead the opportunity the dis-
ease offered for giving beneficial care to their patients (see
Chapter 4 in Phillips and Killingray, 2003).
Vaccination, Antiviral Drugs, and
Antibiotics

There were no effective vaccines, antiviral drugs, or anti-
biotics available before the second half of the twentieth
century. In most of the history of influenza, therefore, peo-
ple had to trust the available remedies thought to reduce
symptoms and control the length and severity of the disease
and its mortality. Examples of these remedies included
consuming large amounts of garlic, inhaling smoke from
tar, or drinking strong liquor such as whiskey or cognac. In
theMiddle Ages, but also up to themid-nineteenth century,
influenza was treated with some combination of bleeding,
purging, sweating, inducing vomiting, or urination. In
1943, killed vaccine (killed virus with purified effective
antigens) was first developed and shown to be effect-
ive. From 1941, the bacterial pneumonias could also be
treated with antibiotics (A. Fleming’s penicillin), and, in
1963, amantadine, the first drug active in vivo against influ-
enza, was developed and found effective to reduce the
severity of symptoms and length of the disease. However,
this and another antiviral drug first introduced in 1993,
rimantadine, were reported to have serious side effects. In
1989, the first neuraminidase inhibitor, zanamivir (Relenza),
was commercially developed. Another neuraminidase
inhibitor, oseltamivir (Tamiflu), received substantial media
attention in 2005 and 2006 when several governments (and
even some private individuals) started stockpiling the drug
in preparation for a new potential influenza pandemic.
Moreover, oseltamivir was also extensively used during
the H5N1 avian influenza epidemic in South-East Asia in
2005. Vaccines, antiviral drugs, and antibiotics have andwill
continue to play an important role in checking both mor-
bidity and mortality associated with influenza.

Nevertheless, in Europe and the United States, most
of the historical decline in mortality associated with influ-
enza (in particular pneumonia) and other preexisting
conditions known to increase the risk of dying from influ-
enza (e.g., tuberculosis), was observed in the latter half
of the nineteenth century and the first decades of the
twentieth century, that is, before the medical break-
throughs of the latter half of the twentieth century. The
historical mortality decline in Europe and the United
States is explained by better nutrition, socioeconomic
development, and better public health systems (personal
and public hygiene, quarantine, sanitation, etc.). The rel-
atively rapid decline in mortality associated with influ-
enza in the developing countries in the latter half of the
twentieth century, compared to the European and U.S.
experience, is, of course, due also to the import of vaccines
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and antibiotics in addition to better nutrition and socio-
economic development.

These are all welcome developments. However, it
should be remembered that the influenza virus is contin-
ually changing, and it may in time develop resistance
to vaccines, antiviral drugs, and antibiotics (possibly
when excessively prescribed and used). Furthermore,
there is also the question whether a new vaccine can be
on the market in time for the first wave during a poten-
tially new influenza pandemic. It has long been recog-
nized that successful vaccination depends on early
detection of the emergence of a new virus. To achieve
this, in 1948 the World Health Organization (WHO)
commissioned a worldwide network to monitor the inci-
dence, diffusion, and possible antigenic change in the
viruses. As of 2007, this network consists of over 100
collaborating influenza research laboratories. The influ-
enza alert system was in place when the 1957–58 pan-
demic appeared, and although the system was still
new and not yet generally accepted by public health
officials in all countries in the world, the WHO neverthe-
less generated health advisories and issued recommenda-
tions as anticipated.

The virus that caused the Spanish influenza was excep-
tionally lethal. To be properly prepared for the reappear-
ance of a similar strain of influenza, several attempts
have been made to decipher the genetic code of this
virus. The first was in 1951, when Johan Hultin, a Swedish
pathologist heading a team of researchers from the
University of Iowa, excavated bodies buried in the perma-
frost at Brevig, Alaska. Previously, the team’s efforts
to cultivate the virus in fertilized chicken eggs failed,
and ferrets that were injected with a mixture of the lung
tissues did not contract influenza. (A similar project at
Svalbard in 1998 failed because the persons that were
excavated had not been buried deep enough in the per-
mafrost; the constant thawing and refreezing of the bodies
left no soft tissue to work with, only skeleton and tooth
remains.) Finally, in 2005, a research team at the Armed
Forces Institute of Pathology in Washington, headed by
Jeffrey Taubenberger, managed to decipher the 1918 virus
using lung tissues taken from the excavated bodies
from Brevig, Alaska (supplied by Johan Hultin), and
lung tissues taken from soldiers who died in 1918.
The results from this work were and can be used to
develop antiviralia and vaccines to fight the same virus
as caused the Spanish influenza pandemic.
The 1976 Swine Flu Affair

Since the avian influenza outbreak in Hong Kong in 1997,
most of the world’s leading influenza experts, including
the WHO, have been expecting a new pandemic. In 1976,
it was also believed that the world stood before a new
devastating pandemic, possibly as bad as the 1918–20
experience. The alarm was sounded over an outbreak
of swine influenza at Fort Dix, New Jersey (H1N1), in
which 500 persons were infected and one soldier died.
To contain a potential pandemic on site, the U.S. govern-
ment, led by President Gerald Ford, launched a mass
vaccination program. However, the pandemic never
came. The campaign was therefore considered a huge
failure on a number of fronts, including financially – the
total cost was more than 100million (1977) dollars – but
also because there were reports of ensuing side effects
and even deaths, the best documented being persons
who had succumbed to Guillain-Barré syndrome (Bever-
idge, 1977; Millar and Osborn, 1977). However, many
of the participants who implemented the campaign
believed in retrospect that they followed the best course,
because it was better to have a vaccine and no virus to
fight than have to face a full-fledged pandemic with no
vaccine available.
A Continuing Public Health Quest

The history of influenza dates back at least 2500 years.
The influenza viruses are constantly changing, and it
continues to be a public health concern, primarily because
of the disease’s high morbidity. However, in uneven inter-
vals, pandemics occur which far outnumber the morbidity
and mortality seen during normal influenza seasons or
during epidemics. The nonchronological pattern makes
it difficult to predict a new pandemic, and because pre-
vious antigenic shifts have shown no correlation with
economic cycles, peace, or war, it is difficult to pinpoint
the necessary conditions for outbreaks of pandemics.
However, global monitoring of the development of differ-
ent influenza strains has never been better than in
the beginning of the twenty-first century. Contingency
plans have also been developed by international bodies,
such as the WHO, as well as a number of individual
countries. The world has thus never been better prepared
should a new pandemic occur. Nevertheless, the world
remains vulnerable. Because many countries still face
severe problems with poverty, malnourishment, and dis-
eases like tuberculosis and HIV/AIDS, there is reason to
believe that in the event of a new pandemic, there will be
large differences in mortality rates between countries
according to the level of socioeconomic development.
Some countries will also suffer higher mortality because
they cannot afford to stockpile vaccines, antiviral drugs,
and antibiotics.

See also: Bacteriology, Historical; Epidemiology, Histori-

cal; Parkinson’s Disease; Planning, for Public Health

Policy; Populations at Special Health Risk: Indigenous

Populations; Quarantine Through History; Respiratory

Diseases: Overview; Respiratory Infections, Acute; Sleep

Disorders; Social Epidemiology.



Citations

Almond D (2006) Is the 1918 influenza pandemic over? Long-term
effects of in utero influenza exposure in the post-1940 U.S.
population. Journal of Political Economy 114(4): 672–712.

Beveridge WIB (1977) Influenza: The Last Great Plague. An Unfinished
Story of Discovery. New York: Prodist.

Beveridge WIB (1991) The chronicle of influenza epidemics. History and
Philosophy of the Life Sciences 13: 223–235.

Bootsma MC and Ferguson NM (2007) The effect of public health
measures on the 1918 influenza pandemic in U.S. cities. Proceedings
of the National Academy of Sciences of the USA 104: 7588–7593.

Creighton C (1894) A History of Epidemics in Britain. London:
Cambridge University Press.

Crosby A (1989) America’s Forgotten Pandemic: The Influenza of 1918.
Cambridge, UK: Cambridge University Press.

Finkler D (1898) Influenza. In: Stedman TL (ed.) Twentieth Century
Practice vol. 15, pp. 1–250. London: Sampson Low, Marston.

Hatchett RJ, Mecher CE, and Lipsitch M (2007) Public health interventions
and epidemic intensity during the 1918 influenza pandemic.
Proceedings of the National Academy of Sciences of the USA 104:
7582–7587.

Hirsch A (1883) Handbook of Geographical and Historical Pathology,
Creighton C (trans.), 2nd edn. London: New Sydenham Society.

Hoyle F and Wickramasinghe NC (1979) Diseases from Space.
London: Dent.

Johnson NASP and Mueller J (2002) Updating the accounts: Global
mortality of the 1918–1920 ‘‘Spanish’’ influenza pandemic. Bulletin
of the History of Medicine 76: 105–115.

Langmuir AD (1985) The thucydides syndrome. A new hypothesis for
the cause of the plague of Athens. New England Journal of Medicine
313(16): 1027–1030.

Mamelund S-E (2003) Spanish Influenza mortality of ethnic minorities in
Norway 1918–1919. European Journal of Population 19(1): 83–102.

Mamelund S-E (2006) A socially neutral disease? Individual social class,
household wealth and mortality from Spanish influenza in two socially
contrasting parishes in Kristiania 1918–19. Social Science and
Medicine 62: 923–940.

Markel H, Lipman HB, Navarro JA, et al. (2007) Nonpharmaceutical
interventions implemented by US cities during the 1918–1919
influenza pandemic. Journal of the American Medical Association
298: 644–654.

McNeill WH (1976) Plagues and People. New York: Garden City.
Millar JD and Osborn J (1977) Precursors of the scientific

decision-making process leading to the 1976 national immunization
campaign. In: Osborn J (ed.) History, Science and Politics. Influenza
in America 1918–1976, pp. 15–28. New York: Prodist.

Noymer A and Garenne M (2000) The 1918 Influenza epidemic’s effect
on sex differentials in mortality in the United States. Population and
Development Review 26(3): 565–581.

Patterson KD (1986) Pandemic Influenza, 1700–1900. A Study in
Historical Epidemiology. Totowa, NJ: Rowman and Littlefield.

Phillips H and Killingray D (eds.) (2003) The Spanish Influenza Pandemic
of 1918–19: New Perspectives. London: Routledge Social History of
Medicine Series.

Potter CW (2001) A history of influenza. Journal of Applied Microbiology
91(4): 572–579.

Pryor HB (1964) Influenza: That extraordinary malady. Notes on its
history and epidemiology. Clinical Pediatrics 3: 19–24.

Pyle GF (1986) The Diffusion of Influenza: Patterns and Paradigms.
Totowa, NJ: Rowman and Littlefield.

Thompson ES (1890) Influenza. London: Percival.
Townsend JF (1933) History of influenza epidemics. Annals of Medical

History 5: 533–547.
Vaughan WT (1921) Influenza. An Epidemiologic Study. Baltimore, MD:

The American Journal of Hygiene, Monograph Series No. 1.

Relevant Websites

http://influenza.sph.unimelb.edu.au – FluWeb Historical Influenza
Database.

http://www.who.int/en – World Health Organization.

608 Influenza, Historical
Injuries, Epidemiology of
E T Petridou and C N Antonopoulos, Athens University Medical School, Athens, Greece
D-M Alexe, London School of Hygiene and Tropical Medicine, London, UK

ã 2008 Elsevier Inc. All rights reserved.
Terminology and Definitions

Injuries: The Theoretical Definition

A clear definition is essential in pursuing the etiology of
any given pathological entity. According to Haddon’s
energy-release theory of causation, injuries result from
tissue damage caused by transfer of energy (mechanical,
electrical, thermal, chemical, radiation) to the body pro-
duced in the course of energy exchanges that have
relatively sudden discernible effects. Two important con-
siderations that should be taken into account in the defini-
tion of injuries are the identification of the causal event as
well as the assessment of the subsequent pathological out-
come. Indeed, some somatic lesions that are not related to a
traumatic process may occur (e.g., injuries following septic
shock), whereas contact of some physical agents with the
human body may not always result in a physical injury
(e.g., road crashes from low-speed rear impacts may some-
times leave no visible mark) (Langley and Brenner, 2004).

Haddon’s definition covers both the etiology and the
outcome of injury, but it does not cover all terminological
aspects. For example, an injury can occur from the lack
of energy following, for example, the sudden decrease in
the energy supplies to the human body, such as oxygen
or heat in cases of drowning and frostbite, respectively,
contrary to Haddon’s definition. While this dimension has
been recently included in the definition, concerns with
regards to other aspects still remain, given that death
itself, irrespective of its cause, is defined as the lack of
energetic resources and activities.
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Other controversial issues relate to some forms of tissue
damage caused during medical procedures. For instance, a
surgical incision is the result of intentional transfer of
mechanical energy and this transfer results in tissue damage;
yet traditionally surgical incisions are not included in counts
of intentional injuries. On the contrary, other types of injury
that result in no pathological lesions, such as ingestion of
foreign bodies into the digestive track, are commonly char-
acterized as injuries. It should also be noted that Haddon’s
definition does not include the psychological dimension of
injury, namely the relatively recently identified posttrau-
matic stress disorder or those suffering from depression
following, for example, a sexual assault.

A widely debated issue with regards to injury terminol-
ogy has focused on why it is appropriate to use the word
accident, given the inherent connotation of fate as the
underlyingmechanism leading to an injury. Etymologically,
the word accident comes from the Latin word accidentum,
which means that something unfortunate has happened by
chance, without one’s foresight or expectation. It has been
argued that the use of this word in the context of injuries
maydeter injury prevention efforts, as an event that is due to
chance cannot be predicted or prevented. In an effort to
strengthen the importance of injury prevention measures
and precautionary interventions, a radical attitude has been
adopted byone of themost prestigiousmedical journals, the
British Medical Journal, whose editors have decided to ban
the word accident from the columns of the journal. This
move has raised a lively debate in the scientific community,
as a more appropriate approach seems to be defining dis-
tinctive features in the terms injury, lesion, trauma, and
accident, so that the preventability of injuries is clearly
stated. Therefore it has been recommended to use injury,
lesion, or trauma in describing the result caused to the
human body instead of the term accident. The term acci-
dent, however, is often used by lay people to describe both
the unintentional event leading to an injury as well as the
resulting lesion. The tyranny of words is not the issue at
stake, however. Instead, the distinction between the unin-
tentional event that has led to the body lesion (accident) and
the body lesion itself should be clearly made. It is important
to provide detailed information associatedwith the descrip-
tion of the event and its external cause, concentrate on how
to raise awareness, and channel all human potential and how
to combat this contemporary epidemic, irrespective of cul-
tural and terminological deviations.
Injuries: The Operational Definition

According to the etiological mechanism, unintentional
injuries are classified on the basis of their external cause
in the following categories of the ICD-10 version 2006:

1. Motor vehicle traffic accidents;
2. Other transport accidents;
3. Accidental poisoning;
4. Accidental falls;
5. Accidents caused by fire and flames;
6. Accidental drowning;
7. Accidents caused by machinery, cutting, piercing

instruments;
8. Accidents caused by firearm missile;
9. All other accidents, including late effect.

Another category of injuries concerns those produced by
drugs, medications causing adverse effects in therapeutic
use, while the sizeable category of intentional injuries is
divided into those resulting from suicide and self-inflicted
injuries and those from homicide and injury purposely
inflicted by another person. Lastly, the category encom-
passing other external causes includes legal interventions
and operations of war and other injuries.
Commonly Used Terms in Injury Research
and Prevention

Safety is a term frequently used in injury research and
prevention, referring to the condition of being protected
against failure, damage, error, accidents, or harm. This term
comes from Latin (salus, salube, and solidus, all used to define
a status of good health or otherwise being healthy). Injury
prevention refers to measures that are being taken in order
to reduce the incidence and severity of injuries and focuses
on the implementation of safety promotion measures in an
effort to provide a safer environment as well as on how to
tackle risk-taking behaviors. Injury preventionmeasures are
separated into active and passive behaviors, depending on
whether an individual is expected to intentionally under-
take an action aiming to maximize the effect of a prevention
measure (for example wearing a seatbelt vs. enjoying the
protection provided by built-in air bags in the event of road
traffic injuries).

In conclusion, the definitions of injury and other
related terms have been significantly improved during
the last decades, both in terms of theoretical and practical
applications. Fine-tuning these definitions, however, with
a view to providing a common understanding, would
substantially facilitate international and time trend com-
parisons through the development of injury indicators and
contribute to etiological injury research. High-quality
injury surveillance systems are prerequisites for setting
priorities and actions for injury prevention as well as for
monitoring the effectiveness of projects aiming to ulti-
mately lead to the reduction of the burden of injuries.
Classifications, Coding Systems, and
Injury Categories

Classifications and Coding Systems

Understanding how injuries occur, what the underlying risk
factors are, and assessing the magnitude of the problem is



Table 1 ICD-9 and corresponding ICD-10 codes for injuries

Category ICD-9 ICD-10

All Injury E800–E999 U01–U03, V01–Y36,

Y85–Y87, Y89

Unintentional E800–E869,

E880–E929

V01–X59, Y85–Y86

Suicide E950–E959 U03, X60–X84, Y87.0

Homicide E960–E969 U01–U02, X85–Y09,

Y87.1

Undetermined E980–E989 Y10–Y34, Y87.2
Legal intervention E970–E978 Y35–Y36
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necessary in any decision-making effort aiming to reduce
their burden. Time trends showing reduction of the inci-
dence of injury following specific interventions can ideally
be used to identify good practices and select appropriate
prevention strategies as well as to gain support for a chosen
injury prevention strategy or to evaluate injury prevention
programs.

Mortality data represent only the top of the injury
pyramid, but they are available virtually worldwide and
coded under the International Classification of Diseases
(ICD), established in 1900. ICD is designed to promote
international comparability in the collection, processing,
classification, and presentation of mortality data reported
either by physicians, medical examiners, and coroners
or collected from death certificates. Mortality data are
also collected from physicians’ offices and hospital inpa-
tient and outpatient records. The ICD Clinical Modifica-
tion (CM) is the main system used to code nonfatal injury
data from medical records, such as hospital records, emer-
gency department records, and physician’s office data.

Apart from the codes describing the nature (N) of the
body lesion (e.g., femoral fracture), injury-related fatal-
ities were until recently coded in the 9th revision of the
ICD (ICD-9) based on the external (E) cause of injury
from E800.0 to E999.9. E codes described the underlying
circumstances of an injury death of unintentional intent
and were grouped by injury type:

1. Motor vehicle traffic accidents;
2. Other transport accidents;
3. Accidental poisoning;
4. Accidental falls;
5. Accidents caused by fire and flames;
6. Accidental drowning and submersion;
7. Accidents caused by machinery and by cutting and

piercing instruments;
8. Accidents caused by firearm missile;
9. All other accidents, including late effects;

10. Drugs, medicaments causing adverse effects in thera-
peutic use.

Intentional injuries were grouped into three categories,
namely:

1. Suicide and self-inflicted injury;
2. Homicide and injury purposely inflicted by other per-

sons;
3. Other external causes including those fatal injuries of

undetermined intent or those related to legal interven-
tions and operations of war.

Revisions in the ICD coding reflect advances and/or
changes in the understanding of the underlying mechan-
isms and terminology and are designed to maximize the
amount of information that a code can provide. In the
latest ICD revision (ICD-10), the E codes for fatalities
were replacedwith V,W, X, and Y codes along with special
reference (U codes) for injuries due to terrorism. Thus, the
underlying external cause of death is indicated by the
U01–U03, V01–Y36, Y85–Y87, or Y89 codes, whereas
the nature of injury codes corresponds to the S00–T78
and T90–T98 of the Injury and Poisoning chapter of the
ICD-10 manual. Conversion tables between the ICD-9
and ICD-10 codes for injuries (Table 1) are available but
the different philosophy in the development of ICD-10
requires some caution in their use (WHO, 2004).

Consideration of multiple causes of death in the anal-
ysis of injury mortality ICD-10 data provides a more
comprehensive assessment of the genuine number of
deaths by type of injury. For instance, a poisoning-related
death from carbon monoxide can be identified by using
both the underlying cause of injury code X47 and the
nature of injury diagnosis code T58 in the multiple cause
data. Other changes refer to the terminology of inten-
tional injuries. Thus, the term homicide has been changed
in the new code to assault and the term suicide to inten-
tional self-harm. Regarding drowning, more details are
given for the type of water sources involved (e.g., bathtub,
swimming pool, natural water), whereas in the ICD-9, the
emphasis was on the activity being undertaken at the time
of the event (e.g. swimming, diving), resulting in loss of
information in the new version. Water transportation-
related drowning codes (e.g., V90 and V92) are included
in the other transport codes rather than with drowning
codes. External cause codes for poisoning are substan-
tially less detailed and have to be combined with the
multiple cause-of-death poisoning codes to regain poi-
soning details. Transport accidents are given by the char-
acteristics of the injured person (e.g., pedestrian, pedal
cyclist, car occupant), whereas in ICD-9, they were
given by type of vehicle involved in the accident (e.g.,
railway, water transport accidents). The subcategory of
Bites and Stings in the ICD-9 framework was dropped
from the ICD-10 matrix. Lastly, in ICD-10, bitten by has
been combined with contact with and/or struck by for
some relevant codes. Lastly, because the introduction of
the ICD-10 classification can cause distortion in the time
trend analyses, several options have been recommended
in order to account for the changes and limitations
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introduced by the new code, e.g., noting in the graphs the
time where ICD-10 was implemented, using comparabil-
ity ratios, or specifically examining the codes and decid-
ing whether the likelihood of error is substantial.

Major Categories of Injuries

Overall, injuries are grouped into five major categories.
Three of these categories comprise unintentional acts,
namely motor vehicle, home and leisure, and occupa-
tional injuries, and another two intentional acts, namely
suicides/self-inflicted injuries and interpersonal violence.
It should be noted, however, that the intent is not always
evident or easy to determine, which is why a considerable
proportion of injuries may be unclear or inadvertently
misclassified.

Motor vehicle injuries
Motor vehicle injuries (also called road traffic injuries or
road crashes) account for a vast proportion of fatal inju-
ries. The estimated annual toll is 1.2 million out of a total
of 5 million fatal injuries worldwide. In other words, more
than 3000 people die every day in road crashes, while
approximately 30 000 are seriously injured. They are
defined as a collision involving at least one vehicle in
motion on a public or private road that results in at least
one person being injured or killed (WHO, 2004). Some-
times a road traffic injury may also refer to an automobile
striking a human or animal. Therefore, prevention strate-
gies may differ by type of road user.

Specifically, road traffic injuries may concern:

1. Passengers, occupants of vehicles other than the driver
or rider; passengers of hackneys, cars, motor caravans,
cars used as taxis, minibuses, buses, and pedal cycles;

2. Pillion passengers (passengers on mopeds or motor-
cycles);

3. Pedestrians (e.g., children on scooters, roller skates or
skateboards, children riding toy cycles on the footpath,
persons pushing bicycles or other vehicles or operating
pedestrian-controlled vehicles, persons leading or herd-
ing animals, occupants of prams or wheelchairs, people
who alight safely from vehicles and are subsequently
injured, persons pushing or pulling a vehicle, persons
other than cyclists holding on to the back of a moving
vehicle;

4. Pedal cyclists, such as drivers/riders of pedal cycles,
including children riding toy cycles on the road;

5. Motorcyclists: Drivers/riders of mopeds and motor-
cycles;

6. Drivers of motor vehicles (e.g., drivers of hackneys,
cars, motor caravans, cars used as taxis, minibuses,
and buses);

7. Other road users (drivers and passengers of invalid/
three-wheelers, tractors, ridden horses, other motor
vehicles, and other nonmotor vehicles).
Vulnerable road users is a term specially referring to
those participants in the traffic environment who are not
protected by an outside shield, namely pedestrians and
two-wheelers, as they carry a greater risk of injury in any
collision against a vehicle and are therefore highly in need
of protection against such collisions. Among vulnerable
road users, the elderly, the disabled, and children are
considered even more vulnerable.
Home and leisure injuries

The realization that the majority of injuries occur at home
or during leisure time, and that this type of injury results
in a high proportion of job absenteeism, disability, and
injury costs, has motivated injury prevention organiza-
tions and world organizations to incorporate consumer
protection into their agendas. Given the high numbers
of new consumer products introduced on the market
every year, research, assessment and management of the
health risks and safety hazards associated with them relies
on the availability of injury data; hence, additional classi-
fication systems were developed to account for and detail
consumer products that might have been involved in the
causation of the injury.

Introduction of these surveillance systems has been
instrumental in supporting the development of safety
standards and guidelines; in enforcing legislation by con-
ducting investigations, inspections, seizures, recalls, and
prosecutions; in testing and conducting research on con-
sumer products and providing importers, manufacturers,
and distributors with hazard and technical information; in
publishing product advisories, warnings, and recalls; and in
promoting safety and the responsible use of products
because all these sectors rely on the availability of data
generated by ongoing routine health data collection
sources. Alternative sources for data collection were
sought, for example by the Consumer Product Safety
Commission in the United States or the European Home
and Leisure Accident Surveillance System (EHLASS) in
the European Union, the latter relying on reporting from
sentinel systems located in hospital accident and emer-
gency departments. Among other types of injury derived
from these systems, those related to sport and school
activities were found to deserve special consideration.
Occupational injuries
A sizeable proportion of injuries in the working popula-
tion used to be of occupational origin. They are usually
defined as events that happen during a paid activity and
have resulted in at least 3 days of absence from work for
medical care, according to Eurostat. All injuries in the
course of work outside the premises of someone’s business
are covered by this definition, even if they are caused by a
third party (on a client’s premises, on another company’s
premises, in a public place or during transport, including
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road traffic injuries) as well as cases of acute poisoning.
Injuries on the way to or from work (commuting acci-
dents) are excluded, as well as cases of medical origin such
as a heart attack at work and occupational diseases. A fatal
injury at work is defined as an injury that leads to the
death of a victim within 1 year of its occurrence.

As a rule, migrants and young workers are particu-
larly vulnerable for occupational injuries, with young age
and inexperience considered as important risk factors.
Through concerted and sustainable efforts, occupational
injuries have been substantially reduced over time, at least
in the developed parts of the world, and the underlying
reasons for this long-term success have to be explored. It
is worth noting, however, that a substantial part of injuries
still occurs among young children who work in mostly
unpaid small family business and farms and they are not
formally included in the occupational injuries.

Suicide and self-inflicted injuries

Suicide is the result of a complex, multicausal human
behavior and in several parts of the world is associated
with severe social stigmatization. It accounts for a high
burden of injury fatalities, and in some parts of the world
deaths by suicide have surpassed those resulting from
road crashes. The realization of this fact has led some
political bodies, such as the Division of Public Health of
the European Union, to prioritize the fight against suicide
high on their agendas. Special emphasis is put on the
prevention and promotion of mental health. Indeed, clin-
ical or subclinical depression accounts for more than two-
thirds of suicides. Several other risk or protective factors
for suicide have been identified. Poor mental health in
general as well as a history of other major mental dis-
orders, in particular the presence of a prior suicide
attempt, is among the widely spread but modifiable risk
factors for attempted or successfully committed suicide.

Interpersonal violence

Violence is defined as the

intentional use of physical force or power, threatened

or actual, against another person or a group of people

that results in or has a high likelihood of resulting in

injury, death, psychological harm, maldevelopment or

deprivation. (WHO, 2002)

Intentional injuries resulting from interpersonal violence
include homicide, assaults, child abuse and neglect, inti-
mate partner violence, elder abuse, and sexual assault.

A specific type of violence, known as intimate partner
violence, occurs in the context of intimate relationships of
either heterosexual or homosexual types. It involves any
threatened or actual use of physical force against an
intimate partner that either results in or has the potential
to result in injury, harm, or death. Such violence may lead
to lethal consequences (murder) or nonlethal offences
(domestic violence, spouse abuse, woman battering,
courtship violence, sexual violence, date rape, and part-
ner rape) (WHO, 2002). Child abuse or maltreatment is
another type of intentional injury and refers to all forms of
physical and/or emotional ill-treatment, sexual abuse,
neglect, or negligent treatment or commercial or other
exploitation, resulting in actual or potential harm to the
child’s health, survival, development, or dignity in the
context of a relationship of responsibility, trust, or power
and is grouped in four types: Physical abuse, sexual abuse,
emotional abuse, and neglect.

The incidence and prevalence of intimate partner vio-
lence are severely underestimated. In the United States,
the problem has begun to be recognized only since the
1970s, while in Europe researchers have started to address
this important social, legal, and public health issue rela-
tively recently. Intimate partner violence is regarded as a
social taboo; therefore, disclosure is extremely difficult,
especially in traditional societies. Health-care providers
are rarely provided formal training concerning the recog-
nition, assessment, and referral of victims, and resources
to assist victims and perpetrators of abuse and provide
them with support are limited. To this end, substantial
efforts have been undertaken by several major bodies such
as WHO, whereas screening tools specifically designed
for the identification of intimate partner violence in pri-
mary health settings and hospital emergency departments
have to be developed. The most commonly observed
pattern includes younger injured women and older men,
presenting on their own at the emergency department
during the late evening and night hours with certain
types of injuries, notably multiple facial injuries (Petridou
et al., 2002).
Injury Data Collection and Data Sources

The major source for injury mortality data is the Home
State Office of Vital Statistics or Vital Records. As a rule,
injury mortality data are collected at the county level,
reported to the state or federal government, and then
presented to the WHO Statistical Information database
(WHOSIS). More user-friendly information is provided
by web-based injury statistics query and reporting systems
that provide customized injury-related mortality data,
e.g., WISQARS (Web-based Injury Statistics Query and
Reporting System) for the United States, developed by
the National Center for Injury Prevention and Control,
or the CDC Wonder Database for county, state, and
national injury mortality data in the United States. More
recently, a pilot Injury Statistics Portal for injury mortality
data in the European Union of 25 Member States (EU-25)
has been developed, aiming to provide readily available
information with regard to mortality from injuries. Valu-
able information on severe nonfatal injuries could have
been made available through E-coded hospital discharge
data. At present, the low and uneven, at least among EU
member states, proportion of E-coded hospital discharge
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data hinders the development of respective query systems
for injury morbidity data.

Data on deaths due to injury are of high and satisfac-
tory quality in most countries. However, the reliability of
data collected in certain situations in countries with a
strong religious background surrounding the taboo of
dying through suicide is sometimes questionable. There-
fore, deaths from suicide may instead be reported as due
to unintentional causes in these countries. Nevertheless,
the variation in suicide rates in different parts of the world
is so great that these mortality data must be monitored for
cross-country disparities as well as the effect of different
prevention strategies.

Specific injury-type data recording systems are also in
place, including fatal and nonfatal road traffic injuries,
such as the International Road Traffic Accidents Database
(IRTAD), theNational HighwayTransport Safety Admin-
istration (NHTSA) in the United States, and the European
Union Community Road Traffic Database (CARE). Simi-
larly, data on occupational injuries are assembled by the
EUROSTAT in the European Union and by the U.S.
Department of Labor in the United States. Lastly, the
United Nations Disability database may prove useful in
providing information on disability related to accidents,
obtained through national surveys in some countries.
Measures of Injury Burden

Epidemiologic Indices

Traditional epidemiologic principles and indices are also
used in injury epidemiology to measure and monitor the
burden of injuries. Thus, injuries are frequently described
in terms of mortality (fatal injuries) or morbidity (nonfatal
injuries), the latter mainly assessed via hospital discharge
or emergency department visitation data or non-health-
care sources providing cause-specific data, such as the
road traffic police or those reported by insurance compa-
nies. Overall and cause-specific incidence and prevalence
figures are necessary for evidence-based policy making.
During the last few decades, newly developed indices,
such as years of potential life lost or years lived with a
disability are utilized to quantify the consequences of
injuries. The most commonly used terms are synoptically
defined in the following sections.

Incidence and prevalence of injuries

The incidence rate refers to the number of new cases of
injured persons occurring in a population during a spe-
cific time interval. For instance, injury incidence rates
(which include fatalities before 1992) declined 39% dur-
ing 1976–2001, from 8.9 cases per 100 full-time workers in
1976 to 5.4 cases in 2001. In order to calculate the respec-
tive yearly incidence rate, one has to divide the number of
observations (injuries) by the population of all countries
of the WHO Region of Europe during the same year
and then to multiply by 100 000 (or another appropriate
multiplier). This calculation is actually an estimate of
the crude injury rate and has the advantage of being a
simple, easily calculated measure, which gives a broad
picture of the magnitude of injuries in a particular area
in a particular time period. This rate does not adjust,
however, for the possible confounding effect of the age
structure of a population; thus, it does not reflect the
variation in the risk of disease due to factors such as
age, which also affect injury risk. For this purpose, age-
standardized injury rates are used. To obtain standardized
rates, statistical methods are applied, so as to neutralize
the influence of certain characteristics to the disease
factor and to make two populations with different demo-
graphic characteristics comparable.

Mortality rate is the most commonly used and most
widely available index for cross-country and time trend
comparison and refers to the number of injury deaths in a
given population. The corresponding mortality rate in the
WHO Region of Europe was almost 61 unintentional
injury deaths per 100 000 people.

Fatality measures how lethal a type of injury is. Thus,
most fatal injuries are those that produce the highest
number of deaths among those who have sustained an
injury. Specifically, in work-related roadway crashes in
the United States during 1992–2001, approximately one
fatality per 100 000 full-time equivalent (FTE) workers
was recorded, with 1.6 deaths per 100 000 FTE among
workers aged 55–64 years, 3.8 among those aged
65–74 years, and 6.4 among those aged more than 75 years
according to CDC.

Prevalence refers to the total number of injuries
recorded in a defined population at a specified moment
in time. It is expressed as the percentage of the population
suffering from respective injuries in the total population
at that moment. For example, in a recent U.S. study, the
prevalence of reported acute trauma due to intimate
partner violence among women attending hospital emer-
gency departments ranged between 2 and 14% for physi-
cal or sexual abuse experienced at some point during the
past year, whereas the lifetime prevalence was 37% (Sethi
et al., 2004).

Injury risk

Absolute risk defines a person’s chance of developing a
specific disease over a specified time period; therefore, it
is actually a measure of the cumulative incidence. Thus,
the risk of dying from injuries in the European Union is
about 5% for residents of southern and northern
countries and 7.5 in New Member States (WHO mortal-
ity data analyzed by CEREPRI, 2004, unpublished data).

Relative risk compares two populations in terms of the
injury risk associated with being exposed versus unex-
posed to a specific risk factor. It refers to the number of
people experiencing injuries in the exposed population
versus those in the unexposed population and quantifies
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the risk associated with that specific factor under investi-
gation. The relative risk is described as the rate ratio
obtained from comparing the incidence of injuries in the
two groups or risk ratio, resulting from the cumulative
risk in the exposed population reported to that of unex-
posed people. Basically, odds ratio and risk ratio both
represent expressions of relative risk.

The rate difference or attributable risk refers to the
difference in the injury incidences between two groups of
people (exposed vs. unexposed) and indicates the number
of cases in a given population that occurred due to expo-
sure to the studied risk factor.

The attributable risk percentage is the proportion of
injury cases in the exposed group (population) that is
attributable to the exposure or the incidence of injury in
the exposed individuals that would be eliminated if the
specific exposure were to be eliminated (Last, 2000).
Measures of the Impact of Injuries on Life
Expectancy and Quality of Life

Years of life lost (YLL) is an estimation of premature
mortality, defined as the number of years of life lost
among persons who die before the conventional cut-off
year of age, usually 65 or 75. YLLs are calculated from the
number of deaths multiplied by a standard life expectancy
at the age at which death occurs (WHOSIS, 2006).

Years livedwith a disability (YLD) measures the years of
healthy life lost by living in a state of less than full health.

Disability-adjusted life years (DALYs) for a disease are
the sum of the years of life lost due to premature mortality
in the population and the years lost due to disability for
incident injury cases. The DALY is a health gap measure
that extends the concept of potential years of life lost due
to premature death (PYLL) to include equivalent years of
healthy life lost in a state of less than full health, broadly
termed disability. One DALY represents the loss of 1 year
of equivalent full health (WHOSIS, 2006).

Health-adjusted life expectancy (HALE) is defined as
the number of years that a newborn can expect to live in
full health based on current rates of ill health and mortal-
ity (WHOSIS, 2006).

All these indicators are useful tools in quantifying and
monitoring injuries at the population level as well as in
estimating the effectiveness of prevention measures by
assessing their time trends and making cross-country
comparisons.
Measures of Injury Severity

Clinical Measures

From the clinical point of view, injury severity can be
evaluated by use of specific scales, which address (1) the
anatomical location and extent of an injury (anatomical
scales) and/or (2) the functional consequences of an
injury (functional severity scales).

Anatomical measures

Abbreviated Injury Scale

The Abbreviated Injury Scale (AIS) is an anatomical scor-
ing system that was first introduced in 1969. Injuries are
ranked in a scale ranging from 1 to 6 (1 corresponding to
an injury of minor severity, 5 to a severe one and 6 to a
fatal injury). This scale was meant to measure the imme-
diate threat to life associated with an injury and was
developed to provide a more comprehensive measure of
injury severity.

Injury Severity Score

The Injury Severity Score (ISS) is an anatomical scoring
system that provides an overall score for patients with
multiple injuries. Each injury is assigned an AIS score
and is allocated to one of six body regions (head, face,
chest, abdomen, extremities (including pelvis), and exter-
nal). Only the highest AIS score in each body region is
used. The three most severely injured body regions have
their score squared and added together to produce the ISS
score. The ISS score ranges from 0 to 75. It is virtually the
only anatomical scoring system in use and correlates
linearly with mortality, morbidity, hospital stay, and
other measures of severity.

Anatomic Profile

The Anatomic Profile (AP) was introduced to overcome
some of the limitations of the ISS. It is based on the AIS
but comprises four specific body regions (head/brain/
spinal cord, thorax/neck, all other serious injury, and all
nonserious injury).

Trauma and Injury Severity Score

The Trauma and Injury Severity Score (TRISS) calcula-
tor determines the probability of survival from the ISS
and the Revised Trauma Score (RTS), taking into account
the patient’s age. ISS and RTS scores can be input inde-
pendently or are calculated from their base parameters.

A Severity Characterization of Trauma

A Severity Characterization of Trauma (ASCOT), intro-
duced by Champion et al. (1990), is a scoring system that
uses the Anatomic Profile to characterize injury instead
of ISS. ASCOT has been shown to outperform TRISS,
particularly for penetrating injury.

Therapeutic Intervention Scoring System

The Therapeutic Intervention Scoring System (TISS)
was developed to quantify severity of illness among inten-
sive care patients and it is based on the type and amount
of treatment received. The underlying philosophy was



Injuries, Epidemiology of 615
that the sicker the patient, the greater the number and
complexity of treatments provided.

Functional severity scales

Revised Trauma Score

The Revised Trauma Score (RTS) is one of the more
common scores aimed at measuring the functional con-
sequences of an injury (Boyd et al., 1987). It uses three
specific physiologic parameters: (1) the Glasgow Coma
Scale (GCS), (2) systemic blood pressure (SBP), and (3)
the respiratory rate (RR). RTS is heavily weighted toward
the GCS to compensate for major head injury without
multisystem injury or major physiological changes and
correlates well with the probability of survival.

Glasgow Coma Scale

The Glasgow Coma Scale (GCS) is a neurological scale
aiming to provide a reliable, objective way of recording
the conscious state of a person, both for initial and
continuing assessment of the patient, which has a special
value in predicting the ultimate outcome. Generally,
comas are classified as severe, with GCS � 8, moderate,
GCS 9–12, and minor, GCS � 13.

APACHE I, II, III systems

APACHE I is a severity of disease/injury classification
system. Its name stands for Acute Physiology and Chronic
Health Evaluation. APACHE II was introduced as a
simplified modification of the original APACHE. The
APACHE II score consisted of three parts: 12 acute
physiological variables, age, and chronic health status.
The APACHE III system was designed to predict an
individual’s risk of dying in a hospital. It compares each
individual’s medical profile against nearly 18 000 cases in
its memory before reaching a prognosis that is, on average,
95% accurate.

The aforementioned scales of injury severity are used
in triaging injured people. Their adequacy in correlating
injuries and the clinical and laboratory results of an
injured person with the chances he or she has for survival
has been substantiated. They are dynamic scales, which
regularly undergo revisions, whereas trauma scoring sys-
tems play a central role in the provision of trauma care.
Descriptive Epidemiology: Burden of
Injuries

The Public Health Burden of Injuries

The burden of injuries worldwide

Injuries are responsible for an appalling number of deaths
worldwide. Annually, more than 5million people lose
their lives due to injuries, a figure corresponding to almost
14 000 recorded deaths per day or 570 every hour. In other
words, one in ten deaths worldwide are due to injuries,
with unintentional injuries representing two-thirds of this
burden and intentional injuries the remaining one-third.
Injuries affecting a large segment of the population are
those related to motor vehicle accidents, falls, suicide, and
self-inflicted injuries. Road traffic injuries, for instance,
account for one-quarter of this burden (WHO, 2002).

Deaths are only part of the picture. It is estimated that
more than 100 million injury cases are severe enough to
require medical attention (about 2500 per 100 000 people)
and there are more than 60 million years lost due to
disability from injuries. When looking at the causes of
years of life lost (YLL) due to premature morbidity,
injuries rank third (more than 1900 YLL per 100 000
people) after infectious diseases and cardiovascular ill-
nesses (WHO, 2002). In contrast, the resources devoted
to injury prevention are scarce. One 1996 report from the
WHO indicates that funding for the prevention of these
injuries is less than $1 per disability adjusted life compared
to the $26 for HIV/AIDS at the top of the relevant list
(WHO, 1996). This figure, however, refers exclusively to
WHO funding for injury prevention and should be treated
with caution. In truth, we simply do not have a good
estimate of the total resources devoted to injury preven-
tion, as funding is provided across many different sectors.

Injuries are not uniformly distributed across countries:
Low- andmiddle-income countries account for almost 90%
of the total burden of fatal injuries, whereas more developed
regions, as a rule, are safer both in terms of the possibility of
sustaining an injury as well as eventually dying due to an
injury. More specifically, the African and the South-Asian
Regions are the WHO regions experiencing the highest
injury rates (Figure 1). The EuropeanUnion of 25Member
States, however, accounts for only 30% of the fatal injury
burden in the WHO European Region, whereas the age-
standardized injury mortality rate in the EU is approxi-
mately half of the average rate worldwide. Most road traffic
injuries occur in the African and South-Asian regions. It is
of interest to note, however, that the WHO Europe Region
has the highest mortality rate due to poisonings, probably
due to alcohol intoxication and falls (Figure 2).

Injury risk by age group and gender

Additional information can be obtained by examining the
injury mortality rate within age groups and genders and
by type of injury. Globally, the probability of dying from
injuries is twice as high for men as for women, but the risk
varies at different ages. In the EU for example, road traffic
injuries are the leading cause of death among males and
young people aged 15–44 years in most parts of the world,
while at older ages, falls account for a large number of
deaths (Figure 3).

In the United States, motor vehicle crashes are the
leading cause of death for children ages 1–3, with drown-
ing being the second cause (CDC, 2004). In 2003, one-
third of children aged 4 and younger who died in motor
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vehicle crashes were unrestrained. In the 4–11 age group,
nearly 3 200 000 children were nonfatally injured. Unin-
tentional falls were the most common cause, while homi-
cide was the fourth leading cause of death, taking the lives
of 250 children in 2002. Adolescents have the highest risk
for motor vehicle crashes and are four times more likely
to crash per mile driven than older drivers. As regards the
20–49 age group, 13 600 000 adults were nonfatally injured,
with falls being the most common cause (CDC, 2004).
Injuries in older adults follow the same pattern, with
14 000 estimated deaths due to falls in 2002, corresponding
to 2 700 000 recorded injuries in 2003 (CDC, 2004).

As regards DALYs, road traffic injuries in the year 2002
were the eighth leading cause of DALYs for all age groups,
while self-inflicted injuries were the 17th leading cause.
In particular, road traffic injuries (22%), falls (11%),
self-inflicted violence (11%), and interpersonal violence
(9%) were the main injury-related causes of DALYs
(WHO, 2002).
Time trends

Past injury records reveal substantial variation in injury
rates. For instance, road traffic injury mortality rates
peaked around 1990 in all country groups, then fell from
25 per 100 000 people in 1991 to 16 per 100 000 in 1997
and then more or less leveled off at 18 per 100 000 (WHO,
2005). By the year 2020, a dramatic injury increase is
expected to occur and road traffic injuries, interpersonal
violence, war, and self-inflicted injuries will rank among
the 15 leading causes of death if current trends continue.
Notably, this increase is predicted for low- and middle-
income countries, while high-income countries will
record a 30% drop in injury fatalities. Road traffic injuries
are the main cause of this rise and they are expected to
rank third in terms of disease burden by the year 2020
(WHO, 2005).

Much research has inevitably concentrated on fatal
injuries because of the greater availability of data. Much
less is known about the long-term consequences of non-
fatal injuries. These have significant resource conse-
quences and a more systematic method of measuring
such injuries would be welcome. In Greece, for example,
for every injury fatality, an estimated 36 people are hos-
pitalized, whereas 380 require outpatient treatment in
hospital emergency departments. By quantifying the
above ratio, it is estimated that the 4486 injury fatalities
recorded in the EU correspond to 161 800 nonfatal inju-
ries per year that require hospitalization and 1 700 000
emergency department consultations. Many more people
seek help from their general practitioner or treat them-
selves and even more suffer from short- or long-term
disabilities as a result of their injuries. The corresponding
ratios may differ by age, region, and health delivery sys-
tem, but these figures are indicative of the high prevalence
of serious injuries and testify to the resulting drain on
health resources and productivity lost (Figure 4).
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Table 2 Age-adjusted childhood (0–14 years) mortality rates

per 100 000 person-years in EU member states (1984–93) and

four major geographic regions of the United States circa 1990
and 1997

Mortality rates per 100 000 during
specified periods

Regions 1984 1989–1991 1993 1996–1998

U.S. regions

Midwest U.S. 13.2 10.6
Northeast U.S. 9.8 6.4

South U.S. 16.3 13.1

West U.S. 12.8 9.6
Total U.S. 13.5 10.5

EU Regions

Austria 14.5 8.9

Belgium 13.6 10.5
Denmark 9.8 6.8

Finland 8.0 7.1

France 14.4 8.5

Germany 13.8 7.6
Greece 13.2 9.1

Ireland 12.3 8.3

Italy 8.4 6.7
Netherlands 10.1 6.3

Portugal 24.9 15.1

Spain 12.2 10.4

Sweden 6.4 5.0
UK 10.2 5.4

From Philippakis A, Hemenway D, Alexe DM, et al. (2004)

A quantification of preventable unintentional childhood injury

mortality in the United States. Injury Prevention 10: 79–82.
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Estimating the preventable fraction of injuries

Improvement of emergency medical care services and
treatment modalities has contributed considerably to the
reduction of injuries over the last few decades in several
parts of the world. Much greater and possibly more cost-
efficient gains can be expected through dedicated injury
prevention and safety promotion practices. Several studies
have recently attempted to quantify the potential for pre-
vention of injuries. Basically, the variance in the country-
specific injury mortality rates can be attributed to the
different strategies and levels of prevention efforts that
have been undertaken in different countries; then, using
alternative theoretical scenarios, an attempt can be made
to estimate the potential for prevention if all countries
being considered were to achieve the lowest overall or
injury-specific rates.

The main aim of this exercise is to encourage inter-
ested parties and government officials to undertake spe-
cific action and formulate national plans that can monitor
progress toward combating the injury epidemic. A study
by Petridou concerning the preventable fraction of child-
hood injuries showed that half of childhood lives lost
could have been saved if all member states in the Euro-
pean Union of 15 Member States (EU-15) had matched
the accomplishments of the country with the lowest mor-
tality rate. What is more, injuries stem from a variety of
causes and EU countries show considerable variability,
making it all the more difficult for every country to
meet the ideal country’s criteria. Some countries have
been more effective in combating mortality from certain
categories of injuries, whereas others have been more
successful with respect to other types of injuries. Only
by achieving the lowest childhood mortality rates in every
single injury category can the proportion of deaths due to
injuries that could have been prevented be eliminated
(Petridou et al., 2000) (Table 2). The importance of estab-
lishing widely accepted national prevention programs can
be evidenced by the northeast region of the United States,
which has developed such prevention strategies and
reduced childhood mortality rates. It is estimated that if
every region of the United States had the same injury rate
as the Northeast, one-third of all unintentional childhood
injuries would not have occurred (Philippakis et al., 2004).
As regards intentional injuries, over 73% of all intentional
injury deaths could have been avoided if all EU countries
matched the country with the lowest intentional injury
mortality rate. This corresponds to 600 fewer intentional
injury deaths in children, approximately 40 000 fewer
adult deaths, and over 14 000 fewer intentional injury
deaths in the elderly.
Etiological Considerations: Risk Factors
and Vulnerable Population Groups

The role of individual risk factors for injury as well as the
contribution of the physical and social environment in the
causation of injury have been intensively studied over the
last few decades, mainly in Australia, Canada, the United
States, and several members of the European Union,
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notably in regions where injury reduction has been more
effective. The study of modifiable or nonmodifiable char-
acteristics has been considered essential for the subsequent
planning and monitoring of targeted prevention efforts
and orientation of human and financial resources.
Sex and Age

Males have a higher risk of sustaining injuries, both fatal
and nonfatal, than women. Interestingly, gender differ-
ences in the mortality and morbidity rates are evident
from the first years of life and peak during adolescence,
pointing to underlying inherent or biological factors.
Injury is the leading cause of death in children aged
1–14 years, adolescents, and young adults. Injury mortality
rates increase steadily with advancing age and peak among
the more fragile elderly (Figure 5). Although cardiovas-
cular diseases and cancer surpass injury as a cause of death
among the elderly, in most developed parts of the world,
injury mortality rates among the elderly almost triple
compared with that among middle-aged adults.
Socioeconomic Factors

As a rule, all types of injuries are more common among
the more disadvantaged population groups, with family
income and per capita gross domestic product (GDP)
strong predictors of injury risk. In the European Union,
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Figure 5 Age-specific injury mortality rates (deaths per 100 000) in
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for example, injury mortality rates have been found to
correlate significantly at the country level. The mostly
low- and middle-income new EU Member States have
higher mortality rates compared with EU countries of
higher GDP for all types of injury (Figure 6).

At the community and family level, poverty may influ-
ence the risk for injury through several mechanisms, such
as poor housing and problematic traffic and road struc-
tures. Specifically, children living in these areas are more
likely to be living in houses that have close proximity to
busy roads; therefore, the risk of sustaining a traffic injury
is significantly higher. Moreover, when an accident occurs,
the medical support in these areas is often deficient, with
further consequences in the outcome of an injury. Other
socioeconomic factors that have been studied in relation to
the risk for injury are poor educational background and
family structural factors such as single parenthood, young
age of the mother, crowding, and poor living conditions.

Correlations between injuries and tobacco, alcohol,
and/or drug use have also been reported. It has been
estimated that alcohol is involved in about 40% of all
road traffic injuries. Moreover, even though physical exer-
cise has immense benefits to human health, participation
in professional sports activities as well as vigorous exer-
cise has been shown to increase injury risk (e.g., overuse
injuries). It has been reported that people undertaking
very high levels of exercise are twice as likely to sustain
an injury as those who do not undertake any exercise. It is
134.44
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the EU-25. Data from WHOSIS 2004, data analyzed by CEREPRI,
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of interest to note, however, that being overweight seems
to be a risk factor for sustaining an injury.
Risk-Taking Behavior

There seems to be an inherited tendency to develop vio-
lent behaviors, whereas being prone to injuries is a more
complex process. The interactions of these characteristics
with environmental factors, including social surroundings,
seem similarly complex. There is no doubt, however, that
risk-taking behavior is linked with the causation of injury
and that it also influences the severity of the outcome once
the injury occurs. The probability of a person manifesting
a violent temper, for instance, has been associated with
certain biological characteristics such as a low resting
heart rate. Several childhood social, family, and psycho-
logical characteristics such as antisocial behavior as a
child, impulsivity, low intelligence and achievement, fam-
ily criminality, poverty, and poor parental child-rearing
behavior, have also been correlated with violence in later
life. Moreover, specific human behaviors, such as using a
cell phone while driving a car, speeding, and alcohol intake
and driving, in other words, not complying with safety
rules and regulations, have been repeatedly correlated
with a high risk for injury. The underlying mechanisms
have not been fully explored, but the Human Genome
Project is an ambitious step in this direction.
From Theory to Practice: What Works in
Injury Prevention?

Haddon’s Injury Prevention Model

It is now clear that injury is a major epidemic today that
requires the input of multidisciplinary teams reflecting on
a theoretical background that could enable scientists and
practitioners in the field to focus on and maximize the
impact of actions to remedy this scourge. Progress in the
field has always been slow and painful and the major
challenge is how to most effectively use the results of
injury research for the implementation of injury preven-
tion projects. In this context, it is essential that the nature
of injuries be clearly defined, that risk factors be identi-
fied, and that their progression be carefully monitored
and evaluated based on agreed-upon criteria, so that the
most cost-efficient methodologies be implemented in
injury-prevention projects.

Based on the classical epidemiological model of disease
prevention, some 35 years ago Haddon proposed a model
for the prevention of injuries that clearly distinguishes the
role of the environment (physical and socioeconomic),
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the human factor (host), and the role of the vector/agent
of the energy exchange in the etiology of an accident. The
model aimed to specifically address the role of each of
these factors in the etiological chain of events leading to
injury and provide a framework for the respective preven-
tion measures. According to this model, different factors
seem to interact and eventually determine the occurrence
and the severity of the injury during the pre-event, the
event, and the post-event phases of an accident. Therefore,
completion of a matrix could assist in the exploration of
the potential underlying factors and the different time
periods during which they might have exerted their effect.
A version of the Haddon matrix principle applied to the
problem of injuries to children falling on playgrounds is
shown in Table 3 (Runyan, 2003).

Injury prevention measures can primarily target each
one of these specific levels or address all of them. Thus,
the basic injury prevention principles derived from the
Haddon theory for road traffic injury prevention can be
delineated as follows (WHO, 2006):

1. Prevent the initial aggregation of the particular ener-
gy form. This is usually done by discouraging the use
of vehicles and designs that are particularly hazard-
ous and by encouraging alternate travel modes.

2. Reduce the amount of energy aggregated. Examples
are setting speed limits on roads, making engines that
are not very powerful, and installing speed limiters on
existing vehicles.

3. Prevent the inappropriate release of energy. This can
be achieved by designing vehicles and the environ-
ment such that road users do not make mistakes easily,
Table 3 An example of the Haddon matrix applied to the problem

Haddon matrix

Host (children in the
playground)

Agent/vehicle (specific
playground equipment
and devices)

Pre-event

(before
the fall)

Teach children to follow

safety rules in the
playground (e.g., no

crowding on the

climbing equipment)

Construct equipment

with tacky grips, sized
to children’s hands, to

reduce the risk of

hands slipping
Event

(during

the fall

and time
of

impact)

Teach children to fall in

ways that reduce

injury

Reduce the number of

protrusions on

equipment so falling

children do not hit
sharp components

Post-event

(after the
child is

injured

by the
fall)

Teach children how to

summon help when
injuries occur (e.g.,

using emergency call

boxes)

Avoid equipment in

which children can fall
into areas not easily

reached by rescue

personnel

From Runyan WC (2003) Introduction: Back to the future – Revisiting

tion. Epidemiologic Reviews 25: 60–64.
for example, through the use of better brakes, safer
intersections and roundabouts, and skid-resistant
roads.

4. Alter the rate or spatial distribution of energy release
from its source. Making pointed and sharp surfaces
rounded and flatter distributes the forces over a larger
area during an impact and thus reduces stresses on the
body. Vehicles meeting appropriate crashworthiness
criteria will transfer less energy to occupants.

5. Separate susceptible structures from the energy
being released by means of space or time. Separate
lanes for bicycles and pedestrians reduce the
probability of the riders or walkers being hit by
motor vehicles. Daytime curfews for trucks in cities
reduce the number of crashes involving pedestrians.

6. Interpose a material barrier to separate the released
energy from susceptible structures. Examples are
physical road dividers on highways, and bollards
and fences between pedestrian paths and roads.

7. Modify contact surfaces or basic structures that can
be impacted. Padded interiors and absence of sharp
objects prevent injury. Examples include softer car
and bus fronts, breakaway poles on highways, and use
of helmets by two-wheeler riders.

8. Strengthen human beings who are susceptible to
injury by the energy transfer. An example is treat-
ment for osteoporosis of older road users.

9. Quickly detect and evaluate injury and prevent its
continuation or extension. Injury can be limited by
efficient systems for extraction of victims from vehi-
cles, emergency care, and management of crash sites.
of injuries to children falling in playgrounds

Physical environment (overall
playground design)

Social environment
(community norms,
policies, rules)

Build sliding boards into

hillsides so children do not
have to climb to heights

Foster social norms that

encourage adults to help
maintain orderly play on

the playground

Ensure the presence of resilient

surfacing

Organize community-

watch systems to

monitor playground

safety (e.g., maintaining
surfacing)

Provide benches for

supervisors that afford good
visibility of all playground

areas to facilitate noticing

when children are injured

Ensure funding for

adequate emergency
personnel appropriately

equipped to deal with

pediatric emergencies

Haddon’s conceptualization of injury epidemiology and preven-
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10. Carry out all necessary measures between the emer-
gency period immediately following injury and ulti-
mate stabilization of the process. Such measures
include intermediate and long-term repair and rehabil-
itation.
The primary and secondary Es of injury prevention

Since the mid-1970s, a plethora of injury prevention pro-
grams have been designed and implemented; yet there is
still a debate aboutwhat works best in injury prevention and
how to facilitate the connection between what seems to be
theoretically effective and what works in everyday life.
Thus, effective prevention can be described at three levels:

1. Theoretical, which requires optimal performance of
the proposed or experimentally tested measures (e.g.,
the theoretical effectiveness of car restraints in simula-
tion crashes could exceed 80%); this level does not
provide for the effect of human errors and of faulty
equipment.

2. Pragmatic, the realistically attainable effect of injury-
preventive measures, were all equipment to perform as
expected and were all individuals willing to use the
measures provided (e.g., the pragmatic effectiveness of
car restraints is approximately 60% because of subop-
timal quality controls or maintenance of the equipment
or unpredictable use of car restraints).

3. Population-based, i.e., the net effect of a preventive
program taking into account the uptake of the measure
by the population and any possible barriers and finan-
cial obstacles (e.g., the population-based effectiveness
of car restraints may be less than one-third when the
usage rate is only one in two).

Nowadays, a vast array of measures – principally passive
prevention – are available for almost all types of injury,
which could yield considerable gains in injury prevention if
they were to be widely accepted at the population level.
Thus, the challenge in injury prevention may be rather how
to minimize the difference between their pragmatic and
population-based effectiveness than how to introduce a
new preventive measure of high theoretical effectiveness.
One conceptual framework aiming to facilitate policy
makers and practitioners in the field to conceptualize the
injury prevention theory that has already been promoted
since the 1950s is to utilize all three Es – education,
enforcement, and engineering – when implementing a
program. In subsequent years, secondary Es were added
to the primary Es – evaluation, environment, enactment,
economics, empowerment – emphasizing additional com-
ponents that should be taken into account and the com-
plexities encountered in program implementation.

By combining information on both the costs and the
effectiveness of different policies and interventions, eco-
nomic techniques such as cost-effectiveness or cost–benefit
analyses can provide decision makers with data aiming to
inform and assist decisions on how to make the best use of
available resources to maximize benefits. It is a valid argu-
ment, for example, to ask a policy maker to support a car
restraint loan scheme, in which for a modest rental fee
(15 euros) for a child car restraint, the equivalent gain per
life year saved would amount to over 400 euros, while the
cost for each prevented casualty would be approximately
32 000 euros.

Several systematic reviews have been undertaken aiming
to assess the effectiveness of injury preventionmeasures and
best practices in the implementation of projects. It seems,
however, that what might prove to be a best practice in a
certain community or population group may not be as
effective when implemented in another; therefore, it has
been recommended that the term best practice be replaced
by the term good practice. With regards to the reduction of
road traffic injuries, most gains stem from vehicle and
environmental changes, whereas attempts to improve safe
behaviors clearly lag behind. It seems, however, that as we
are reaching the stage of diminishing returnswith regards to
investments in further improvements in the host and the
environment components of the injury triangle or when
there are practically no passive prevention measures avail-
able (e.g., prevention of childhood drowning in a water
environment), safer behavior and attentive childhood
supervision become of paramount importance. The state
of the art with regard to methodological questions on tech-
nology transfer, behavioral maintenance, and evaluation of
effective behavioral modification projects is presented in
Injury Prevention: Behavioral Science Theories, Methods and

Applications (Gielen et al., 2006).
Injury Prevention Approaches

During the last fewdecades, injury prevention has evolved
as a distinct public health discipline comprising (1) theo-
retical principles, (2) etiologic research, namely epidemi-
ology, biomechanics, and basic science, (3) application
methods, namely, prevention programs, product research,
environmental design, and clinical trials, and (4) outcome
research, i.e., injury rate and severity, cost effectiveness,
quality of care, and health-related quality of life. Despite
the great losses in human lives, however, community
involvement in injury prevention fades compared to the
participation that can be mustered for presumed environ-
mental threats. This paradox was already recognized sev-
eral years ago when Surgeon General Everett Koop
commented: ‘‘If a disease were killing our children at
the rate that unintentional injuries are, the public would
be unbelievably outraged and demand that this killer be
stopped’’ (Girasek, 2006: 71–73).

The critical question of why injury prevention has
such a meagre impact in generating enthusiasm and chan-
neling public interest still remains unanswered (Petridou
et al., 1995). Which strategy should be followed to obtain
the greatest injury reduction from implementing injury
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prevention measures and whether this should target the
community as a whole or certain high-risk population
groups is currently being debated.
Community-based interventions

Community-based interventions refer to multicompo-
nent interventions that generally combine individual and
environmental change strategies across multiple settings
aiming to prevent dysfunction and to promote well-being
among population groups in a defined local community.
In most cases, entire communities (e.g., neighborhood,
city, county) are used as units of intervention. From the
ethical point of view, it seems reasonable to offer preven-
tion to all members of a community. Furthermore, com-
munity programs offer the opportunity to stimulate
cultural changes. Such programs are, however, very
expensive. Also, measuring the outcome of such interven-
tions is difficult both in terms of the time period that is
necessary to observe a significant change in injury rates
and in terms of the number of cases required to attain a
reasonable statistical power. Process measures may there-
fore be more appropriate for monitoring the effectiveness
of community injury-prevention programs.

Targeting population groups at high risk for sustaining
injuries may be a more feasible approach in terms of
interventional costs as well as in measuring the outcome
of such an initiative, as it has sufficient statistical power.
Moreover, there is a great potential for injury reduction
because of the higher exposure to the risk factor for injury.
Identifying such population groups’ use of reliable
screening measures with an acceptable level of sensitivity
and specificity is a prerequisite.

As a rule, injury prevention programs have no built-
in evaluation components in their design, possibly due to
the lack of data showing effectiveness and the intrinsic
difficulty of detecting outcomes. Further methodological
problems for measuring the outcomes relate to the appro-
priateness of random assignment and difficulties in
finding suitable comparison sites. Consequently, it is
extremely difficult to make recommendations for or
against an injury prevention measure when evidence of
its effectiveness is still lacking. Where this evidence has
been sought, however, it is not uncommon to see that the
intervention may be unlikely to represent a cost-effective
use of resources. For example, the effectiveness of a com-
munity-based smoke alarm give-away program was tested
using data from a randomized controlled trial. This
resulted in a 0.15 probability of being cost-effective,
which is highly unlikely to represent a cost-effective use
of resources. The Cambridge-Somerville Project, within
the field of violence prevention, is another example of an
ambitious randomized controlled trial to prevent juvenile
delinquency, violence, and injury; in the end, it resulted in
higher rates of crime, violence, and untimely death in the
intervention group than in the control group.
The overall experience gained from community injury-
prevention programs, however, has reached the conclusion
that community participation and multidisciplinary col-
laboration are essential factors in solving local injury pro-
blems. The World Health Organization (WHO) Safe
Community model is a prominent framework for injury
prevention at the community level that uses multiple stra-
tegies and targets all age groups, environments, and situa-
tions. Similarly inspired national movements in other
countries include the Canadian Safe Communities Foun-
dation and the Beterem National Centre for Children’s
Health and Safety in Israel. In general, the findings of
these programs show that the most successful interventions
occurred in medium-sized Scandinavian communities,
reveal the importance of social and cultural homogeneity
of the participating intervention communities, and con-
clude that such programs may work better in cohesive,
homogeneous, stable, and isolated communities.

Initiatives aiming at sharing views and exchanging
information on injury prevention and improving report-
ing of nonfatal, non-hospital system-based events may be
a good basis with actions coordinated across sectors.
While economic evidence is growing, the specific costs
and benefits of different strategies need to be calculated
for different countries due to variable resource levels.
Within a specific community, it may be more effective
to target specific population groups, such as the safety
needs of older people.

See also: Environmental and Occupational Epidemiology;

Occupational Death/Injury Rates; Occupational Health:

Overview; Risk Assessment, Environmental/Occupation-

al; Spinal Injury.
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Introduction

Health Promotion (HP) is one of the cornerstones for
health development of the people (World Health Organiza-
tion, 2006a). It represents a comprehensive social and polit-
ical process of enabling people to increase control over and
to improve their health (World Health Organization, 1986).
Health promotion not only embraces actions directed at
strengthening the skills and capabilities of individuals, but
also action directed toward changing social, environmental,
and economic conditions so as to alleviate their impact on
public and individual health. With this comprehensive def-
inition, the 1986 Ottawa Charter for Health Promotion
called for countries and international organizations to
reorient health services, fundamental conditions for exam-
ple peace, shelter, education, food, income, social justice,
equity, and their resources toward the promotion of health
(World Health Organization, 1986). The 1997 Jakarta Dec-
laration on Health Promotion reiterated the importance of
mobilizing resources for health promotion (World Health
Organization, 1997). The 2005 Bangkok Charter urged
countries to make promotion of health a core responsibility
of the governments, by giving priority to investments in
health, within and outside the health sector, and to provide
sustainable financing for health promotion (World Health
Organization, 2005a). Despite the pivotal role of financing
HP as highlighted by these charters, little is known on how
much was spent on health promotion.
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Much has been advocated on the role of HP and multi-
sectoral community interventions in controlling chronic
illnesses.

The following example highlights the success of the
Finnish multiple approaches of HP in containing cardio-
vascular diseases (Vartiainen et al., 2000). In the 1970s,
Finland had the world’s highest death rate from cardio-
vascular disease, largely caused by widespread and heavy
tobacco use, a high-fat diet, and low vegetable intake. In
response to local concerns, a large-scale community-
based intervention was organized, involving consumers,
schools, and social and health services. It included legis-
lation banning tobacco advertising, introducing low-fat
dairy and vegetable oil products, changes in farmers’
payment scheme, and incentives for communities achiev-
ing the greatest cholesterol reduction.

Death rates from heart disease in men have been
reduced by at least 65% and lung cancer death rates
in men have also fallen. Greatly reduced cardiovas-
cular and cancer mortality has led to greater life expec-
tancy, approximately 7 years for men and 6 years for
women.

The effectiveness of these interventions was proven by
scientific communities and synthesized by a WHO report
(World Health Organization, 2005b). This report also set a
global goal, by 2015, for all countries to reduce the death
rates from all chronic diseases by 2% per year over and
above existing trends during the next 10 years. This would
result in the prevention of 36million chronic disease
deaths by 2015, most of which would occur in low- and
middle-income countries (Figure 1). Achieving the global
goal would also result in appreciable economic dividends
such as economic gains from reducing mortality, and the
reduction in countries’ health expenditure. Although this
goal is ambitious and adventurous, it is neither extrava-
gant nor unrealistic, based on evidence and best practice
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Diseases: A Vital Investment. Geneva, Switzerland: World Health Org
of health promotion activities from countries that have
implemented them.

To achieve this global goal, governments need to
ensure the provision of adequate resources and show lead-
ership to address the chronic disease problems in their
countries. A series of low-cost, high-impact actions can
be implemented in a stepwise manner even in a resource-
poor setting. However, financial resources remain one of
the major challenges. In developing countries, HP is gen-
erally funded by the government budget through conven-
tional clinical prevention and health promotion services,
very often on a hospital or clinic basis. For example,
prenatal care, childhood immunization, and screening of
blood cholesterol which the poor and the needy may not
be able to access. Nevertheless, there is a need to explore
alternative sources for financing HP and search for effec-
tive approaches to prioritize and implement the HP policy
in developing countries across the world.

This paper synthesizes financing health care in general
and HP in particular and reviews experiences of innova-
tive financing of HP in selected countries that have a
specific dedicated tax for HP. Finally, the paper draws
on lessons from an in-depth case study in Thailand, a
lower-middle-income country, of the Thai Health Pro-
motion Foundation, which has been established since
2001, focusing on innovative financing and a multisectoral
and multidisciplinary approach to HP.
Financing Health Care: A Global Review

The 2006 World Health Report (World Health Organiza-
tion, 2006b) provides the level and profile of health
expenditure among 192 member states in 2003. Total
health expenditure (THE) was on average 6.2% of GDP
(range from 4.6% in Southeast Asia to 7.5% in Europe),
me countries World

70 years or more

 70 years or age

hed. FromWorld Health Organization (2005b) Preventing Chronic
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and US $581.3 per capita (ranging from US $55.40 in
Africa to US $1407.70 in Europe) (see Table 1). Poorer
countries spent less on health; for example 31 out of 192
WHO member states spent less than US $20 per capita,
more than two-thirds of which were members of the
African Region.

An analysis of public and private financing sources
of THE among different WHO regions in 2003 reveals
a common trend of health-care finance between rich
and poor territories. In Table 2, countries in poor
regions, namely Africa and Southeast Asia, relied more
on household out-of-pocket payment and external
resources, compared to richer regions. Health receives a
smaller share of government expenditure, and social secu-
rity as well as prepaid health insurance are not well
established and also have a smaller share. For example,
total health spending for social security among countries
in African and Southeast Asia regions in 2003 was
4.5% and 7.1% of general government health expendi-
ture, whereas external resources were 15.6% and 10.6%
of THE, respectively. In contrast, out-of-pocket spend-
ing accounted for a major share of private health expendi-
ture in all regions. These findings support previous
analyses of global health expenditure among 191 count-
ries studied by the WHO (Musgrove et al., 2002; Poullier
et al., 2002).
Table 2 Share of total health expenditure by sources and WHO

WHO region
GGHE,
% THE

PvtHE,
% THE

GGHE,
% GGE

Extern
resou
% TH

African 50.6 49.4 9.1 15.6

American 55.3 44.8 12.7 2.8

Eastern

Mediterranean

53.9 46.1 7.4 5.1

European 66.2 33.9 12.7 1.7

Southeast Asia 53.2 46.8 7.4 10.6

Western Pacific 69.8 30.3 10.8 15.4
All 58.9 41.1 10.7 8.0

GGHE, general government health expenditure; PvtHE, private health

total health expenditure.

From World Health Organization (2006b) World Health Report 2006: W

Table 1 Total health expenditure as % of GDP and US$ per cap

WHO region Countries THE (% GDP) T

African 46 5.0
American 35 6.8

Eastern Mediterranean 21 5.0

European 52 7.5 1

Southeast Asia 11 4.6
Western Pacific 27 6.7

All 192 6.2

From World Health Organization (2006b) World Health Report 2006: W
Financing Health Promotion

Based on information about National Health Accounts
(NHA) available to the WHO, during the 5-year period
from 1999 to 2003, there were a total of 120 data sets
having complete information from which we can estimate
expenditure on prevention and public health services.
In this paper, expenditure on disease prevention and
public health services is assumed as spending on HP
activities.

Expenditure on prevention and public health services
is classified as health-care function six (HC6, which
includes the following details: HC.6.1, maternal and
child health, family planning and counseling; HC.6.2,
school health services; HC.6.3, prevention of communica-
ble diseases; HC.6.4, prevention of noncommunicable
diseases; HC.6.5, occupational health care; and HC.6.9
all other miscellaneous public health services) according
to the International Classification of Healthcare Function
by OECD Systems of Health Accounts (OECD, 2002).
The analysis indicates that HC6, an average of the
percentages computed for the 120 data sets, accounts for
2.94% of THE (range, 0.02–8.24%).

We assume that spending on HP is 2.94% of THE for
those countries where information on HP is absent, in
order to estimate expenditure on HP per capita. Results
regions, 2003

al
rces,
E

SocSec HE,
% GGHE

Out-of-pocket
spending,
% PvtHE

Prepaid plans,
% PvtHE

4.5 79.7 8.1

24.7 77.1 22.1

14.1 83.1 13.6

48.3 84.6 11.0

7.1 85.3 2.2

12.4 80.2 4.4
23.4 81.3 10.8

expenditure; SocSecHE, Social Security health expenditure; THE,

orking Together for Health. Geneva: World Health Organization.

ita in 2003 by WHO regions

HE per capita (US$) THE per capita <US $20 (countries)

55.4 23
469.3 0

241.2 2

407.7 1

69.9 4
470.0 1

581.3 31

orking Together for Health. Geneva: World Health Organization.
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indicate a wide variation in HC6 spending across regions,
from US $1.6 per capita in the African region, to US $36.9
in the European region (see Table 3).

This result, 2.94% of THE spent on HP, is slightly
lower than 3.8% of THE (1.4–8.4%) among 13 high-
income countries that are members of the Organization
for Economic Cooperation and Development (OECD), as
estimated by Tangcharoensathien et al. (2005), and much
lower than 7.5% of THE (range, 3–12%) analyzed by
Berman et al., for eight countries in Latin America (Ber-
man et al., 1999).

Figure 2 illustrates expenditure on HP as percent of
THE among the 120 data sets. Expenditure on HP has
been more or less stable at 3% of THE over the 5-year
period from 1999 to 2003, with no significant change.

Although the data from 120 data sets do not provide
information on sources of finance for HP, a recent study in
14 OECD countries revealed that approximately 73.5% of
Table 3 Financing of prevention and public health services

Available data set 1999–20

WHO region Members Data sets % Data set

African 46 3 1%

American 35 23 13%
Eastern Mediterranean 21 0 0%

European 52 79 30%

Southeast Asia 11 3 5%
Western Pacific 27 12 9%

All 192 120 13%

NA, not available.

From World Health Organization (2006b) World Health Report 2006: W
and details from NHA focal point in WHO Headquarters.
aAverage spending on HP at 2.94% of THE was applied to data fo

especially for all WHO members in the Eastern Mediterranean region

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

1999 2000 2001 2002

Figure 2 Average expenditure on health promotion as percent tota

1999–2003 according to WHO regions.
expenditure on HP was financed by general government
revenue (GGR), 12% by social health insurance (SHI),
and 12.1% by donor resources (Tangcharoensathien et al.,
2005). Out-of-pocket spending and private health insur-
ance had a minor share of 2.3% and 0.1%, respectively.
The above proportion of HP financed by GGR and SHI is
simply applied to the estimated figure of US $16.7 per
capita spending on HP, giving US $12.2 financed by GGR
and US $2.0 by SHI.

After a comprehensive review of financing health care
and HP, the following summary remarks can be made.

1. Globally, information on the level and sources of
spending on HP is scarce, despite advocacy for more
financial resources going to HP by several charters on
health promotion.

2. Assessment of financing health care indicates that poor
countries in Africa and Southeast Asia, facing resource
03 2003

HC6, average
% of THE

THE of all members,
per cap US$

Average HC6 of
all membersa,
Per cap US$

2.2% 55.3 1.6

4.5% 469.2 18.8
NA 241.1 7.1

2.4% 1407.8 36.9

8.1% 70.0 2.1
2.6% 470.4 13.4

2.94% 578.4 16.7

orking Together for Health. Geneva: World Health Organization

r those WHO members where information on HP was absent,

.

2003 Average
5 years

African

American

European

Southeast Asia

Western Pacific

All

l health expenditure (THE) from 120 data sets in
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restrictions, spent merely US $55.4 and US $69.9 per
capita, respectively, on the health of their population in
2003.

3. Spending on HP was much lower, given that only 2.9%
of THE was used for HP; spending on HP was a mere
US $1.6 and US $2.1 per capita, respectively, in
countries in Africa and Southeast Asia.

4. This limited level of spending on health and very little
on HP cannot meet the challenges of the current
burden from preventable communicable and noncom-
municable chronic diseases. This warrants further
investigation into innovative financing of HP.
Review of Innovative Financing of
Health Promotion

Many countries have had innovative health promotion
strategies that conformed to WHO directions during the
last two decades (World Health Organization, 1986, 1997).
To fully implement the initiatives, governments in some
countries have, through legislation, introduced the HP
financing mechanism by means of dedicated portions of
their revenues. Instead of transferring to the general rev-
enue of the government, some portions, for example a
tobacco excise tax, are earmarked for the HP Fund. As a
result, financing of HP is ring-fenced and does not com-
pete either within the health sector priority or between
other social sectors in the general budgetary process,
usually on an annual basis.

An earmark of so-called sin taxes from tobacco or
alcohol has been commonly applied to fund the HP activ-
ities in many countries, such as the Health Promotion
Foundations in Australia (since 1987), the Republic of
Korea (since 1995), and Thailand (since 2001).

Some countries have also introduced additional levies
on health insurance premiums to support HP activities
such as the case in Switzerland (Health Promotion
Switzerland, 2005). In Austria, the health promotion foun-
dation is funded by an appropriation from treasury bud-
gets (Fonds Gesundes Österreich, 2005). Several funds
are administered and disbursed by the nongovernmental
entities, especially in the form of health promotion foun-
dations (Australia), though in some countries they are
managed or governed by governmental agencies (Korea,
the United States).

Historical development and characteristics of the
innovative financing mechanism for HP are summarized
country by country in chronological order of their fund
establishment in these countries.
Australia

The Victorian Health Promotion Foundation (VicHealth)
was the world’s first health promotion foundation set up
by using an additional levy on tobacco, which was directly
earmarked to VicHealth in order to support activities in
health promotion. VicHealth was established by the Vic-
torian Parliament as part of the Tobacco Act in 1987, with
funding from state government-collected cigarette tax.
The governing board of VicHealth comprises parliamen-
tary representatives from three major political parties and
11 ministerial appointments. This is a crucial strategy to
ensure support from all political parties and ensure future
sustainability of VicHealth under different ruling parties.

Logically, the VicHealth fund is generated from ear-
marked tax levied from tobacco products, while VicHealth’s
mandate is to promote health of the people, and support
antismoking campaigns and tobacco control programs in
the State of Victoria.

Since 1988, VicHealth has been used to buy out tobacco
company’s sponsorship of sports and art events. The
Tobacco Act has banned billboards (since 1989), print
media (since 1990), and point-of-sale advertising of tobacco
(since 2000). All these proven effective actions against
tobacco were the result of the VicHealth movement.

An impact of VicHealth on tobacco control is evident
by a decline in the smoking rate of Victorian adults from
1986 to 2004 (31.5% in 1986 to 25.6% in 1991 and below
17% in 2005) (WHO Regional Office for the Western
Pacific, 2004). VicHealth then moved to other major pub-
lic health problems and active HP activities, for example,
it funds breast cancer and cervical cancer screening cam-
paigns, nutrition programs, health promotion in work-
places, and research in Alzheimer’s disease and mental
health. Each year VicHealth funds over 400 health pro-
motion projects to hundreds of both large and small
nongovernment and community-based organizations
(VicHealth, 2005).

The South Australian government and the Australian
Capital Territory (Healthpact) established health
promotion funds in 1988 and 1989, respectively. Initially,
funds were generated by tobacco licensing fees. The funds
supported HP campaigns, in order to replace tobacco
sponsorship of sports, arts, and racing events.

In Western Australia, the US $1.2million tobacco tax
increase in 1983 was allocated to a one-off Tobacco Tax
Trust Fund. The Western Australian Health Promotion
Foundation (Healthway) was formally established under
the 1990 Tobacco Control Act in February 1991 (Health-
way, 2004). Healthway avoids political interference by
excluding members of state parliament from being asso-
ciated with any payments made by the Foundation. It is
governed by board members representing sports, arts,
health, youth, and country interests.

In 1991, when Healthway was set up, the 15% increase
in tobacco tax resulted in a 10% additional fund allocated
to health promotion activities. Of the revenue of AU
$17million a year generated from tobacco tax, Healthway
grants approximately one-third to health promotion
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projects and research, 30% to sports organizations, and
15% to arts organizations (Healthway, 2004).

In August 1997, the Australian High Court ruled that it
was unconstitutional to earmark the state-based tobacco
tax. Very unfortunately, this court decision ended the
earmarked tobacco tax financing for health promotion
foundations throughout Australia. As a result, Australian
health promotion activities are at the present funded by a
direct allocation from consolidated state government rev-
enue (VicHealth, 2006).

After the High Court ruling, VicHealth managed to
secure an increasing fund from the state government reve-
nue, indicating high political support for HP. Health Pro-
motion grants increased from AU $25.4million in 2000–01
to AU $28.4million in 2004–05 (VicHealth, 2005). A large
portion of the Fund (84–87%) was grants provided to
different agencies to move for HP; the operating expendi-
ture was minimum (13–15%) (see Table 4).

Having reviewed the Australian cases, historically,
they reveal a strong political intention by the State Parlia-
ment to provide an earmarked tobacco tax to fund HP
activities and having their own governing structure for
decision making. In response and accountable to the
tobacco funding source, most activities primarily focused
on anti-tobacco campaigns and then moved to other
priority health problems. Working with several partners
and using a variety of instruments including legislation,
law enforcement, and public awareness campaigns led to
many impressive results. This initiative brought down the
prevalence of regular smokers in several states of Australia.
Estonia

In 1993, health promotion activities were formally
launched in Estonia. The Ministry of Social Affairs
decided to create a system for financing national and
community-based health promotion projects. The fund-
ing was obtained from an earmarked share of the Estonian
Table 4 Financial statement of VicHealth 2000–2005

Income 2004–05 2003

Health promotion grant 96% 95

Investment income 1% 2
Other 3% 4

Total income, % 100% 100

Total income, AU $1000 29 674 293

Expenditure
Grants and associated expenses 84% 85

Business projects expenses 1% 2

Operating 15% 14

Total expenditure, % 100% 100
Total expenditure, AU $1000 28 804 306

Net result 870 –13

From VicHealth (2005) Annual Report 2004–2005. Melbourne, The Vic
Health Insurance Fund (EHIF) and managed by a com-
mittee of experts making decisions on the funding as well
as coordinating evaluation.

Since 1995, the EHIF has invested annually 0.3–1% of
its budget for health promotion. In absolute terms, this
amounted to €615 400 (€0.43 per capita) in 1995 and
€865 400 (€0.62 per capita) in 2002 (The Estonian Health
Insurance Fund, 2005).

In the Estonian case, financing HP was ring-fenced
through an earmarked funding from the Health Insurance
Fund. Though small in monetary terms, it has had an
increasing trend in terms of the per capita HP budget.
However, there is a need to investigate the nature of
expenditure by the Estonia HP Fund.
The Republic of Korea

In 2001, health risk in the population of the Republic of
Korea was high, for example the prevalence of smoking,
heavy drinking, and obesity was 62%, 35%, and 32.6%,
respectively, among Korean men. During the same period,
lack of physical activity was also a serious health risk
problem; 81.6% among women and 77.8% among men
( Jung et al., 2005).

In response to these health risks, the National Health
Promotion Fund (NHPF) was established under the
National Health Promotion Act 1995. The Ministry of
Health and Welfare was mandated to collect 150 Won
(approximately US $0.15) for every pack of 20 cigarettes
in 2000 ( Jung et al., 2005). The earmarked tobacco tax
increased to 354 Won in 2004, and around 500 Won at the
end of 2004. The Fund plans to achieve 15 billion Won
(approximately US $12million) annually. A campaign
against tobacco is one of the most active programs of
health promotion in the Republic of Korea.

The Fund was administered by the Korea Institute for
Health and Social Affairs (KIHASA; affiliated with the
Ministry of Health and Welfare). Following a successful
–04 2002–03 2001–02 2000–01
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fund raised from the tobacco tax in 2002, approximately
3% of the fund (US $17million) was allocated to HP
activities, 14% for disease prevention and the majority,
65% was used for health insurance purposes (Korea Insti-
tute for Health and Social Affairs, 2006).

The Korea Institute for Health and Social Affairs, a
governmental agency, is responsible for operating and
making use of the fund and therefore it is likely that a
decision on the use of the Fund is subject to political
influence, for example the largest allocation for health
insurance purposes is mostly for curative services.
Switzerland

Health Promotion Switzerland was established under
Article 19 of the 1996 Sickness Insurance Act. Since 1998,
activities of the Foundation have been financed in accor-
dance with the Federal Health Insurance Act by annual
contributions from all persons living in Switzerland. The
Fund intends to stimulate, coordinate, and evaluate mea-
sures for health promotion and disease prevention. It has a
governing Board, with 17 members, elected by the Swiss
Federal Department of Home Affairs, and also federal
and local government representatives. The Board has the
support of an advisory committee of ninemembers, selected
on the basis of personal capacity.

Since 1998, the activities of the Foundation have been
financed in accordance with Article 20 of the Federal
Sickness Insurance Act by annual contributions from all
citizens in Switzerland. The contribution is currently
SwF 2.40 per insured person per year (approximately
US $1.80), which yields a total budget of around
SwF 17million per year (Health Promotion Switzerland,
2005). Contributions are collected by the sickness insur-
ance provider via sickness insurance premiums. The
annual amount of the contribution per person is set by
the Federal Department of the Interior on request of the
Foundation. The total SwF 11.8million was invested in
the 69 new HP projects contracted in 2004.

Switzerland was the second country, following Estonia,
to earmark social health insurance contributions to a HP
Fund, and the Fund is managed by a nongovernmental
agency. A multisectoral approach was adopted by the Fund.
Austria

The Austrian Health Promotion Foundation was estab-
lished by the 1998 Health Promotion Act. The Founda-
tion receives grants-in-aid for each calendar year from the
federal government’s consolidated revenue from value-
added tax. The Foundation operates on an annual budget
of €7.25million, serving as granting agency to promote
and support projects and programs related to HP. The
Foundation is governed by a 13-member board, and about
half are government appointees. The remainder are can-
didates proposed by associations of local government offi-
cers, health professionals, and other interest groups. The
Foundation supports activities to raise public awareness in
health promotion and to create healthy living conditions
and lifestyles, by funding over 500 projects (Fonds
Gesundes Österreich, 2005).
United States

Similar to Australia, the U.S. demonstrated a strong rela-
tionship between an increase in tobacco tax and a major
reduction in the prevalence of smoker and other tobacco-
related chronic diseases. In Arizona, the smoking rate
among the adult population dropped from 23.1% in 1996
to 18.3% in 1999, whereas the smoking rate among 18- to
24-year-olds decreased by 24% over the same period
(American Lung Association, 2003). The incidence of
lung cancer in California declined approximately 14%
from 1988 to 1997. In Massachusetts, where in 2002 the
cigarette excise tax rate was the highest in the US (US
$1.51 per pack of 20 cigarettes), and had the highest
increase (US $0.75 in the 2002 tax rate adjustment), the
smoking rates in high and middle school children dropped
by as much as 29.7% and 13% during the period of
1999–2002.

Facing budget constraints, legislatures in several states
of the U.S. successfully raised significant amounts of state
revenues by passing tobacco tax increase laws. However,
spending on HP in some other states, especially on
tobacco control, is still below the minimum amounts
required by the US CDC’s best practices. Maine, Dela-
ware, Colorado, Hawaii, and Wyoming were the top five
performers in tobacco control expenditure in 2006
(American Lung Association, 2006) (Table 5).

In 2006, there were 32 states (61%) in the US spending
less than half of the benchmark on tobacco control,
six states (12%) spent from 50% to 74%, and 11 states
(21%) spent 75% to 100% of the benchmark (see
Table 6). Interestingly, there were three states that spent
over 100% of the benchmark on tobacco control.

In 1988, the primary source of financing tobacco con-
trol in California originated from the Proposition 99,
which aimed to increase the state’s tobacco tax by US
$0.25 per pack. A 20% portion of the total revenue was
further allocated to tobacco control and antismoking edu-
cation, as well as research in tobacco-related diseases
(5%). Spending on tobacco control efforts has been
between US $85 and US $115million, which falls short
of the CDC minimum recommended amount.

In 2002, there was a push from a nongovernmental
organization coalition to the Californian State Legislature
to increase the US $0.87 current tax rate so as to earmark
for smoking cessation and tobacco-related research, heart



Table 5 Top five highest and least states spending on tobacco prevention and control, against best practices recommended by

CDC in 2006

US states Total expenditure 2006, US$ CDC benchmark, US$ Ratio expenditure to benchmark

Five best performers

1. Maine 15785699 11190000 141.1%

2. Delaware 10851501 8 630000 125.7%

3. Colorado 26404214 24550000 107.6%
4. Hawaii 10 420 026 10780000 96.7%

5. Wyoming 7 043151 7 380000 95.4%

Five least performers

1. Georgia 2 694027 42590000 6.3%
2. Puerto Rico 1 083264 25197000 4.3%

3. Tennessee 1 144430 32230000 3.6%

4. Mississippi 611761 18790000 3.3%
5. Missouri 857000 32770000 2.6%

From American Lung Association (2006) State of Tobacco Control 2006. http://lungaction.org/reports/tobaccoprevention206.html

(accessed September 2007).

Table 6 Percent distribution of US states actual spending on

tobacco control against benchmark provided by American Lung

Association, 2006

Percent actual spending to
benchmark

Number of
states Percentage

0–24 19 36%

25–49 13 25%

50–74 6 12%
75–100 11 21%

100 3 6%

Total 52 100%

From American Lung Association (2006) State of Tobacco Con-
trol 2006. http://lungaction.org/reports/tobaccoprevention206.

html (accessed September 2007).
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disease prevention and cancer research, and health care
for the uninsured.

Having learned from the precedent of earmarked
tobacco tax set by California, in 1994 Arizona introduced
a US $0.40 per pack increase in the cigarette excise tax,
23% of which was earmarked to tobacco control pro-
grams. The fund raised by tobacco tax has been managed
by the state Department of Health Services since 1996,
and has been used for programs such as antismoking
campaigns among the youth, smoking cessation and
counseling, and training and education. However, state
legislature tried to cut the spending for health promotion
activities to help balance the budget due to the loss of
revenue dedicated to tobacco control.

In November 2002, the latest proposition pushed by
NGO activists had successfully increased the Arizona State
tobacco tax by US $0.60 (to a total of US $1.18 per pack) and
reauthorized the 1994 tax for health promotion financing. In
2003, Arizona spent a total of US $18.5million for tobacco
control, which was still below the CDC recommendation.

In July 2002, the Massachusetts State Legislature
increased the cigarette tax to the highest level in the
U.S., namely U.S. $1.51 per pack, generating a state
revenue of U.S. $222million. At the same time, the legis-
lature and governor reduced the spending on tobacco
control from U.S. $48million to U.S. $6million, which is
approximately one-sixth of the CDC recommendation.

Having reviewed innovative financing of HP in these
countries, the following summary remarks emerge.

1. HP Funds in Australia, the U.S., and the Republic of
Korea were rooted from a situation of very high smoking
prevalence with an increasing trend and the economic loss
from tobacco-related illnesses, both in medical care costs
and loss of lives. For example, 23% of high school students
and 10% of middle school students in the U.S. currently
smoke (American Lung Association, 2004). The CDC
estimates that each pack of cigarettes sold in the United
States costs the country U.S. $7.18 in medical care costs
and lost productivity (American Lung Association, 2004).
It should be noted that VicHealth was also established by
the Victorian Parliament as part of the 1987 Tobacco Act.

2. Based on this evidence, offsetting up an HP Fund is
much influenced by the ideology of earmarking tobacco tax
for a specific purpose.

3. The increase in tobacco tax was founded on strong
evidence that increasing cigarette prices reduces youth
smoking (The World Bank, 2000). Studies estimate that a
10% increase in the price of cigarettes would reduce teen-
age smoking by 7% and adult consumption by 4% (Ameri-
can Lung Association, 2004). Also, a 10% increase on
cigarette prices worldwide would reduce consumption by
up to 5% in high-income and by 8% in low- and middle-
income countries, and low- and middle-income countries
are more responsive to price increases (Ranson et al., 2002).

4. In achieving earmarked tax from tobacco, it requires
a legislative procedure. This is possible through the
active engagement of civil groups and NGOs in such a
campaign.

http://lungaction.org/reports/tobaccoprevention206.html
http://lungaction.org/reports/tobaccoprevention206.html
http://lungaction.org/reports/tobaccoprevention206.html
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Table 7 summarizes country experiences on legislative

framework, detailed funding sources, annual revenue, and
population covered by each Fund.

Having reviewed the experiences in these countries, a
matrix emerges on funding sources, for example, dedi-
cated tax, earmarked contributions by insurance fund, and
consolidated government revenue, as well as the organi-
zation and management of the fund, for example through
an independent statutory body (e.g., a foundation or non-
governmental body) or merely through government agen-
cies. Table 8 summarizes the experiences of the countries
reviewed that fall into each group of arrangements and
funding sources.

This matrix is a very useful framework for in-depth
assessment of the performance of such innovative finan-
cing mechanisms, for example, sustainability of funding
among three major sources, performance of downstream
implementation of funding, and support activities.
Case Study on Innovative Financing of
Health Promotion in Thailand

Historical Background

In the mid 1980s, health policy in Thailand gave high
priority to reducing tobacco consumption (Supawongse
and Buasai, 1997; Chantornvong and McCargo, 2001). In
1987, a nationwide campaign called Running Against
Tobacco jointly organized by the Anti-Smoking Cam-
paign Project (which later became the Anti-Smoking
Foundation) and the Rural Doctor Society (a professional
organization for the rural district doctors) raised signifi-
cant public awareness on the health impacts of tobacco
(Supawongse et al., 1998). This was the prime mover of the
campaign against tobacco in Thailand.

Several important public health measures were intro-
duced in the late 1980s, for example, the 1988 Executive
Decree banning advertising of tobacco products and the
1989 Cabinet Decree on labeling tobacco as harmful pro-
ducts. In addition, the establishment of two important
government agencies, the National Tobacco Consumption
Control Board in 1989 and the Office of Tobacco Con-
sumption Control under the MOPH in 1990 was the
landmark of HP history (Chantornvong and McCargo,
2001). The Board and the Office served as an institutional
umbrella for a systematic movement toward HP using
tobacco as an entry point. The Office received an annual
budget from the MOPH.

A 1992 act gave birth to the Health Systems Research
Institute (HSRI), an independent public granting agency
for health systems research (Health SystemsResearch Insti-
tute, 2004). HSRI receives an annual budget from the
government. One of the major contributions of research
granted by HSRI was evidence on epidemiology and trends
of tobacco consumption, cost of tobacco-related illnesses,
and evidence on income and price elasticity based on Thai
household surveys (Buasai, 1993; Health Systems Research
Institute, 1994; Sarntisart, 1995; Tungthangthum, 1997).
This evidence serves as a platform for effective HP
strategies.

The Tobacco Offices and HSRI facilitated a forum for
intensive exchanges of experience, lessons, andvisits ofThai
and VicHealth on tobacco control in 1994–95. In the first
biennial HSRI conference in February 1995, the VicHealth
Chief Executive Officer was invited to deliver the Vic-
Health experience in Bangkok (Siwaraksa, 2005). One
of the notable outcomes of this informal Thai–Australian
collaboration is the confidence among the Thai partners on
the feasibility of a dedicated-tax-for-health movement. As a
result of convictions and commitments by Thai tobacco
champions, many stakeholders were involved in a series of
consultations, aiming to achieve a dedicated tobacco tax for
health promotion. Finally a policy recommendation was
made to the Government in 1996 on the possibility of
founding such a mechanism (Siwaraksa, 2005).

In 1997, a working group was established by the
Ministry of Finance (MOF) to investigate models of
such a mechanism. The working group’s recommendation
endorsed a tobacco tax-funded health promotion founda-
tion, and an appropriate and cost-effective mechanism to
improve the health of the population. At the same time,
the Alcoholic Policy Committee also recommended the
MOF to create a financial mechanism in securing funds to
minimize the problems related to alcohol consumption.

It took 2 years for dialogue and negotiation among
stakeholders. At the end, in 1999, the MOF combined the
two proposals to establish a health promotion foundation
funded by tobacco and alcohol dedicated taxes. The dedi-
cated tax is a major shift from conventional central pooling
of all sources of government revenue to the Treasury, and a
legislative endorsement was required. It took another
2 years for the drafting of a bill to be considered by the
House of Representatives and the Senate. Finally the Thai
Health Promotion Foundation Act 2001 was promulgated,
and the Thai Health Promotion Foundation (ThaiHealth)
came into force in October 2001.

Success factors for the founding of ThaiHealth are the
knowledge-based movements by civic groups and political
support by the MOF. Lessons learned from VicHealth
were valuable and provided a context for this movement
in Thailand.
The Priority

The mission of the ThaiHealth is to empower civic soci-
ety and promote the well-being of the citizens, by acting
as a catalyst and to provide financial support for projects
that change social values, lifestyles, and environment
conducive to health. Its mission is based on a broad
definition of health and the application of the Ottawa



Table 7 A summary on country’s experiences in using innovative financing for health promotion

Country/state Organization
Legal
framework

Funding
sources

Annual
revenue
(2003)

Population
covered, million
(2003)

Australia, Victoria Victorian Health Promotion
Foundation (VicHealth) www.

vichealth.vic.gov.au

Tobacco Act 1987 (Section 16) State budget, initially from tobacco tax US $16.2 m 4.6

Australia,
Southern

Australia

Department of Human Services
Office for Recreation, Sport and

Arts www.dhs.sa.gov.au

Tobacco Products Regulation Act 1987 State budget, initially from tobacco tax US $9 m 2

Australia, Capital

Territory

Australian Capital Territory Health

Promotion Foundation
(Healthpact) www.health.act.

gov.au

Health Promotion Act 1995 State budget, initially from tobacco tax US $1.4 m 0.3

Australia,

Western
Australia

Western Australian Health

Promotion Foundation
(Healthway) www.healthway.

wa.gov.au

Tobacco Control Act 1990 (Section 15) State budget, initially from tobacco tax AU$17 m 1.9

Austria Austrian Health Promotion

Foundation (Fund for a Healthy
Austria) www.fgoe.org

Health Promotion Act 1998 Federal

consolidated revenue
from value-added tax

€7.25 m 8

Estonia Health Promotion Commission

www.haigekassa.ee

Tobacco Excise Duty Act 1994 (Article 3);

Alcohol, Tobacco, and Fuel Excise Duty
Act 2000; Health Insurance Fund 2002

3.5% of tobacco tax, 3.5% of alcohol tax;

0.3–1% of health insurance fund

€0.8 m 1.4

Republic of

Korea

Korea Institute for Health and

Social Affairs under Ministry of

Health and Welfare www.kihasa.
re.kr

National Health Promotion Act 1995

(Chapter 3)

Tobacco tax (tax rate Korean Won 150 per

pack) (3% allocated to health promotion

and the rest to health insurance fund)

US $17 m 48

Switzerland Health Promotion Switzerland

www.gesundheitsfoerderung.ch

Sickness Insurance Act 1996 (Article 19) Insurance premium and local

government tax

SwF 17m 7

Thailand Thai Health Promotion Foundation
(ThaiHealth) www.thaihealth.

or.th

Health Promotion Foundation Act 2001 2% of tobacco and alcohol taxes US $50m 64

USA, Arizona State Department of Health
Services

Tobacco Tax and Health Care Act Arizona
Revised Statutes, 1994

Tobacco tax (tax rate US $1.18 per pack)
(23%of tobacco tax earmarked to health

education)

US $18.5m
allocated

to tobacco

control

5.6

USA, California State Treasury California Revenue and Taxation Code,
1998

Tobacco tax (tax rate US $0.87 per pack)
(in 1988, 20% earmarked to tobacco

control)

US $108.1m
allocated

to tobacco

control

35.5

USA,
Massachusetts

Massachusetts General Laws Tobacco tax (tax rate US $1.51 per pack) US $7.4m
allocated

to tobacco

control

6.4
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Table 8 Matrix of funding sources and organization structure of the fund

Funding sources

Fund administrator and
governing
organizational structure

Dedicated tax from
tobacco

Earmarked
insurance
contribution

Consolidated government
revenue

Independent statutory body

(Foundation, NGO)

VicHealth, Healthpact, Healthway (before

1997); ThaiHealtha
Switzerland,

Estonia

VicHealth, Healthpact, Healthway

(since 1997); Austria
Government organizations and

agencies

Southern Australia (before 1997), Republic

of Korea, Arizona, California

Southern Australia (since 1997);

Massachusetts

aThaiHealth includes earmarked tax from both tobacco and alcohol, as it moves beyond tobacco to the alcohol arena.
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Charter. It plays in addition to the current players in HP,
which invites collaboration and avoids resistance. Thai-
Health weaves different partners into networks who work
closely together en route to national well-being.

Priorities include, for example, the introduction of
health promotion, creating awareness of unhealthy behav-
ior, supporting campaigns against tobacco and alcohol,
and supporting research in HP (Thai Health Promotion
Foundation, 2006). To achieve these goals, it employs four
synergistic strategies; social mobilization, system devel-
opment, healthy community development, and strength-
ening social capital.
The Governance

By law, ThaiHealth has two boards, the Governing Board
and the Evaluation Board, appointed by the Cabinet. The
Governing board has eleven members from the public
sector (the Prime Minister is the chair, and ten other
ex officio), and eight members from nongovernmental sec-
tors selected on their personal capacities. ThaiHealth
reports to the Cabinet and House of Representatives
annually on achievement and performance.

ThaiHealth has eight clusters responsible for granting
proposals and projects requested by partner agencies.
Each cluster has an expert steering committee providing
guidance, overseeing proposals and project implementa-
tion. According to the country’s context, ThaiHealth usu-
ally has a common issue, which cuts across relevant
clusters, for example, the Youth and Health issue in 2006.
Financial Profile

The total revenue of ThaiHealth in fiscal year 2005 was
2.32 billion Baht (approximately U.S. $57.9 million), with
a 10% annual growth in nominal terms (Thai Health
Promotion Foundation, 2005a). This is equivalent to
U.S. $1 per capita, compared to an average U.S. $6.4 per
capita (spent on conventional HP activities, mostly
clinical preventive and promotion services) in 2000–02
(Tangcharoensathien et al., 2005). Though per capita
expenditure by ThaiHealth is small, it serves a catalytic
function, engaging civil society and massive social
mobilization.

The share of revenue from alcohol tax is nearly double
that from tobacco. From the historical trend and current
tax rate, ThaiHealth revenue is expected to increase from
U.S. $57.9 million in 2005 to U.S. $116million by 2020.

In 2005, ThaiHealth spent 2.52 billion Baht, slightly
more than the current revenue; the deficit was absorbed
by reserves. Of the total 2005 expenditure, 96% was
grants to HP projects. ThaiHealth is a lean organization
where operating and staffing expenditure were 2.5% and
1% of total expenditure, respectively.
Performance

We applied three dimensions of performance assessment
of the health promotion foundation (WHO Regional
Office for Western Pacific, 2004).
Relationship with partners

ThaiHealth was assessed by an external independent
committee. Assessment indicated that it gathered the
fragmented social capital and like-minded people across
the country and interlaced them into a health promotion
network, both area- and issue-based. For example, the
Stop Drink Network, consisting of 144 partner organiza-
tions nationwide, worked jointly to reduce alcohol-related
problems. Networking is a key success of the No Alcohol
Campaign (Stopdrink Network, n.d.).
Project funding
In 2005, ThaiHealth supported over 700 projects. More
than one-third of funded projects were on tobacco, alco-
hol, and prevention of road traffic injuries (34%), HP
among specific populations (17%), and community
capacity strengthening (16%) (see Figure 3).
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The funding profiles conformed to the national prior-
ity and strategic plan. The Evaluation Board, however,
identified some inconsistency of project plans and targets
such as projects for community capacity strengthening
and knowledge management in health promotion, partic-
ularly among these projects in the same geographical area
(Thai Health Promotion Foundation, 2005b).
Impact on the population

National representative household surveys conducted reg-
ularly by the National Statistical Office include household
consumption of tobacco. Figure 4 illustrates the 1976–2003
16%

16%

12%

5%

Tobacco and alcohol consumption control, r

Health promotion is specific population

Community capacity strengthening

Knowledge management in health promotio

Drug addiction, sexual behavior, mental hea

Health promotion by health-care infrastructu

Figure 3 The distribution of HP programs funded by ThaiHealth in
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Statistical Office, National Health and Welfare Surveys in 1976–2003.
prevalence trend of regular smokers among the population
over 11 years old. Men had much higher rates than women.
A decreasing trend was observed well before the existence
of ThaiHealth in 2001, as a result of the tobacco campaign
in the late 1980s. A stagnation of progress was observed in
the early 2000s. Despite the strong enforcement of two
tobacco laws – the 1992 Tobacco Product Control Act and
the 1992 Non-Smoker Health Protection Act – much
remains to be done to bring down smoking prevalence,
especially among young adolescents.

ThaiHealth has demonstrated success in policy advo-
cacy, public awareness, and national health promotion
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capacity building. Tobacco and alcohol supply control,
regulation of alcohol advertisements, and road safety
campaigns are examples of initial achievements (Thai
Health Promotion Foundation, 2004). The 1.2million
alcohol drinkers’ intention to abstain from alcohol during
the 3-month Buddhist Lent period in 2005 was evidence
of a broad-based societal impact of ThaiHealth (Stop-
drink Network, n.d.).
Lessons on success factors

Based on in-depth interviews of key stakeholders involved
in the initiation and implementation of VicHealth, we
identified three enabling factors: (1) organizational resil-
ience to rapidly changing contexts and problems, (2) finan-
cial security, and (3) effective strategies.

ThaiHealth, a quasi-public agency, enjoys an auto-
nomous status. It has corporate status and the legal capa-
city to sign contracts and fund projects, in a very flexible
manner, while its social accountability is well in place,
through the functions of the Evaluation Board, External
Auditor, External Program Evaluators, and annual report-
ing mechanism to the Cabinet and the House of
Representatives.

It allows full flexibility in coordinating multiple stake-
holders, civil society, community-based organizations,
individuals and partners in public and private sectors
without rigid bureaucratic rules and regulations. A new
set of skills is needed to manage ThaiHealth, especially
setting strategic and program direction, engaging partners
and networking, campaign skills and massive social mobi-
lization, proposal reviews, and granting and implementa-
tion monitoring.

Dedicated tax from tobacco and alcohol ensures
security and sustainability of the Fund. ThaiHealth
receives transfer of tax on a daily basis from the Excise
Table 9 Comparison of two models: conventional and innovative

Conventional financing

Source of finance Government budget through annual

budget cycle

Organization and
management

Government agencies (federal and local)

Governance and

accountability

Mostly dominated by public agencies,

bureaucratic inertia, conservative
approaches

Financial sustainability Subject to political manipulation, priority,

and decisions

Deliverables Conventional HP services, mostly clinical

preventive services

Organization and
management

Less flexible, difficult to contract
community-based organization,

nongovernmental agencies
Department. Use of the Fund is approved by the Steering
Committee and is free from political influence.

Finally, ThaiHealth plays a catalytic and complemen-
tary role to the existing health promotion players. The
MOPH health promotion activities, mostly clinical pre-
ventive services, are delivered by health-care institutions
and have little to do with other social determinants on
health. ThaiHealth fills in the gaps and limitations faced
by these partners.
Summary and Recommendation

Table 9 summarizes the differences in two models of
financing HP, which are conventional and innovative
financing mechanisms.

Although a majority of the burden of diseases can be
mitigated by low-cost but effective health promotion
interventions and consistent calls for increasing invest-
ment in health promotion by several charters, little is
known on the actual level of financing health promotion.

Estimated spending on HP was low. If an estimated
average 2.9% of total health expenditure was allocated
for health promotion, the per capita expenditure on
health promotion in 2003 was extremely low, U.S. $1.6
and U.S. $2.1 in countries in Africa and Southeast Asia,
respectively. This is because expenditure on health was
already low, and the proportion to health promotion
was also low in low- and middle-income countries. This
level of spending on HP cannot meet the challenges of
current disease burden.

This article has investigated innovative financing mod-
els for HP, and lessons from high-income countries,
except Thailand, a lower middle-income group. There is
no such model for low-income countries. The historical
evolution of innovative financing for health promotion
financing HP

Innovative financing

Earmarked sin tax, social insurance contributions

Autonomous public agencies, corporate status and legal
entity for grant signing

Multiple partners involved, civil society involved

Opportunity to increase tax for alcohol and tobacco, generate

more revenue for the government and the fund, and halt

consumption especially in the young adolescents
Community-based, school-based, factory-based, social

mobilization, campaign nature, through networking with

partners and stakeholders

Exercise a full flexibility in management, campaign, contract
and engage broad-base partners
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reveals a close link with existing strong tobacco control
measures, especially price increases and dedicated taxes
for health promotion, as in Australia, the U.S., and Thai-
land. Another financing source is earmarking from social
insurance premiums in countries that have achieved uni-
versal coverage, where social health insurance has been
widely implemented. The limited role of social health
insurance in low-income countries hampers their capacity
to finance health promotion.

In all cases, achieving success in ef f ect ive financin g of
HP requires legis lation to endor se a fund and often an
inde pend ent agency with greater flexibility in the or gani-
zatio n and management of fu nding health promotion
projects . These are conc luded as ind ispensibl e characte r-
istics of a suc cessful health promotion fund.
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Introduction

The purpose of this article is to provide an overview on
the principles of health insurance plans and programs. (On a
system level, we use the term health insurance program.
On the level of the individual health insurance entity, we
use the term health plan. It is important to note that this
article does not cover the tax-financed schemes that are
predominant in some parts of Europe such as Scandinavia,
the UK, and Italy and Canada.) In doing so, we endeavor
to discuss the major theoretical issues that make the
design of health insurance plans and programs difficult.
The diversity of health insurance designs around the
world is the consequence of these difficulties. One of
these theoretical problems is adverse selection in competi-
tive health insurance markets: As a consequence of market
failures, comprehensive coverage by health insurance is
difficult if not impossible to obtain. Another important
problem is to ascertain the value of health insurance:
While comprehensive coverage health insurance coverage
is valued highly in many countries, the incomplete cover-
age in the United States can – among other reasons – be
explained by the conviction that health insurance leads to
wasteful overconsumption of health care because the price
of health services for the consumer is too low.

This article is organized as follows. The section titled
‘Design of health insurance programs’ provides a sum-
mary and nontechnical discussion about the research
that has been conducted on two of the most important
theoretical problems of health insurance: The value
of health insurance and adverse selection in competitive
health insurance markets. This section also provides
an analytical framework to classify real-world health
insurance programs. The following sections analyze
real-world health insurance programs in more detail.
‘Private health insurance programs’ discusses the design
of private health insurance programs that typically
calculate risk-related premiums. We find that even
in the United States supposedly purely private health
insurance is not dominant: Typically designers of health
insurance programs prefer comprehensive coverage,
which is difficult to obtain by using private health insur-
ance with risk-related premiums. Therefore, the section
titled ‘Social health insurance programs’ reviews the
more predominant social health insurance programs.
Social health insurance implies that extensive regulation
– most importantly premium rate restrictions, standardi-
zation of benefits, and mandatory coverage – leads to
comprehensive coverage. However, some important dif-
ferences between social health insurance programs can be
established, most importantly the difference between com-
petitive multipayer programs and noncompetitive single-
payer programs. Finally, ‘Health insurance in low- and
middle-income countries’ reviews the evidence on the
health outcomes of health insurance programs.
Design of Health Insurance Programs

This section discusses two of the most important theoret-
ical problems of the design of health insurance programs:
The trade-off between comprehensive coverage and was-
teful overconsumption of health care and the trade-off
between competition and selection. The section titled
‘Calculation of premiums in health insurance programs’
introduces an analytical framework to classify real-world
health insurance programs.
The Value of Health Insurance

The value of health insurance is derived from the uncer-
tainty and unpredictability of health spending. Of any
given population, only a very small fraction of individuals
incurs a very large fraction of health spending. For
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Figure 1 Health spending in German social health insurance. From Jacobs K, Reschke P, Cassel D, andWasem J (2002) Zur Wirkung
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Germany, this fact is illustrated by Figure 1. The distri-
bution of health spending at any given time (and over time
as well) is highly skewed, in Germany as well as in other
countries. Although individuals have some information
about their health status and their needs for health spend-
ing, the exact amount is highly uncertain. As a conse-
quence, health insurance is an important tool to spread
risks and by this to enhance welfare.

Insurance is superior to borrowing and saving (Cutler
and Zeckhauser, 2000). Individuals might borrow money
when they are sick and repay their loans when they are
healthy again. However, individuals might not be able to
live long enough to pay back their loans. Moreover, sav-
ings might be able to cover everyday health expenses.
However, medical episodes will possibly incur very sub-
stantial health expenses, which cannot be covered by
savings. As a consequence, risk spreading of health insur-
ance is highly valuable for individuals. Moreover, it
is highly valuable from a societal perspective as well.
In most developed industrial countries – with the notable
exception of the United States – comprehensive coverage
against the financial risk of health spending is highly
valued by society. Moreover, comprehensive mandatory
coverage avoids market failures such as adverse selection
and free-rider behavior (see the section titled ‘Adverse
selection in competitive health insurance markets’).
The value of health insurance, determined by spread-
ing medical risks, is, however, diminished by incentive
problems caused by health insurance. There is a substan-
tial body of literature that presumes that the existence of
health insurance leads to overspending (Pauly, 1968).
Individuals with health insurance use more health ser-
vices than they would if they were paying for these health
services themselves. This behavior is called moral hazard.
The term does not refer to some moral failure of indivi-
duals. Moral hazard simply implies that individuals adapt
their behavior to incentives set by health insurance: ‘‘The
response of seeking more health care with insurance than
in its absence is a result not of moral perfidy, but of
rational economic behaviour (Pauly, 1968: 535). The
economic analysis of the welfare implications of moral
hazard actually led to the conclusion that moral hazard
substantially reduces the value of health insurance and
consumers might even incur a negative value from health
insurance if the coinsurance rate is very low (Manning
and Marquis, 1996). This welfare loss occurs because with
health insurance patients consume additional services
that provide little benefit to them (Rice, 2002).

A rather famous natural experiment found that (higher)
coverage of health insurance indeed leads to higher utili-
zation rates of health services. The RAND Insurance
Experiment randomized about 6000 individuals in six



Table 1 Results of the RAND health insurance experiment

Co-insurance rate
Outpatient expenses
(1984$)

Inpatient expenses
(1984$)

Total expenses
(1984$) Physician visits Admissions

0 (Free) 340 409 749 4.55 0.128

25% 260 373 634 3.33 0.105

50% 224 450 674 3.03 0.092

95% 203 315 518 2.73 0.099

From Manning WG, Newhouse JP, Duan N, et al. (1987) Health insurance and the demand for medical care: Evidence from a

randomized experiment. American Economic Review 77(3): 251–277, with permission from American Economic Association.
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areas in the United States into different insurance pro-
grams. The insurance programs differed by coinsurance
rates – between 0% and 95% (see Table 1). Without
coinsurance, total health spending per capita was con-
siderably higher than with some degree of coinsurance
(Manning et al., 1987; Newhouse and Insurance Experi-
ment Group, 1993). However, the RAND Insurance Exper-
iment also found that individuals are unable to distinguish
between highly effective and less effective treatments. In
other words, more coinsurance may indeed lead to less
utilization of health services – useful services as well as
useless services – ‘‘. . . cost sharing did not seem to have a
selective effect in prompting people to forgo care only or
mainly in circumstances when such care probably would
be of relatively little value’’ (Lohr et al., 1986: S36).

The design of health insurance programs involves a
trade-off between risk spreading and appropriate incen-
tives. More generous health insurance programs spread
risk more broadly but also led to more overspending due
to moral hazard. Several studies simulate optimal coinsur-
ance rates, ranging between 25% and 58% (Cutler and
Zeckhauser, 2000). From a societal point of view, these
coinsurance rates are – at least outside the United States –
difficult to accept. Still, modest coinsurance rates are part
of most social health insurance programs. Therefore, most
countries accept some degree of moral hazard in order to
gain the benefits which are due to risk spreading: ‘‘Perhaps
the most persuasive empirical evidence regarding the
value of health insurance is the extent to which health
insurance is purchased voluntarily, or provided to the
citizens of democratic states. This evidence, represented
by the high proportion of U.S. consumers who are insured
and the high proportion of developed democracies that
have some form of national health insurance, suggests that
the value of health insurance is overwhelmingly positive’’
(Nyman, 2006: 102).
Adverse Selection in Competitive Health
Insurance Markets

In the previous section we discussed the trade-off between
risk spreading and appropriate incentives. In this section,
we discuss another trade-off that is essential for the design
of health insurance programs: The trade-off between com-
petition and selection. Of course, this trade-off is not
relevant for noncompetitive single-payer health insurance
programs. However, designers of health insurance pro-
grams in many countries rely on competition as a means
to stimulate innovation and – at least to some degree – to
enhance consumer choice as a way to meet individual
preferences. As a consequence, consumers who are shop-
ping around for the lowest price and the best product at
least theoretically stimulate price competition and the
development of new products. The benefits of competing
health insurers are similar to the benefits of competition in
other markets (Cutler and Zeckhauser, 2000).

Unfortunately, health insurance is different. In contrast
to other markets, some characteristics of the consumer
of health insurance programs most probably affect the
price of the product. If health insurance programs are
charging risk-related premiums (see the section titled
‘Calculation of premiums in health insurance programs’)
sick individuals pay more for an identical product
than healthy individuals. Moreover, sick individuals pre-
fer health plans with more generous benefits and low
coinsurance rates. Since individuals also tend to have
more information about their health status than the health
plan, the latter is unable to calculate actuarially fair pre-
miums. As a consequence, health plans charge some
kind of average price. However, more generous health
plans attract a high share of sick individuals and less
generous health plans attract a high share of healthy
individuals. As a result of this process of adverse selection,
premiums of more generous health plans go up, which
drives out the remaining healthy individuals, which in
turn increase premiums even further. The empirical evi-
dence for adverse selection is rather strong and unambig-
uous (Cutler and Zeckhauser, 2000; Geoffard, 2006).

Adverse selection makes it extremely difficult – if not
impossible – to reach market equilibrium that ensures risk
spreading for both groups, sick individuals as well as
healthy individuals. Moreover, health plans have incen-
tives to distort benefits in order to make themselves unat-
tractive for sick individuals. What is more, they face
disincentives to develop product innovations that are
likely to attract sick individuals. This outcome is rather
undesirable from a societal point of view.
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As a consequence, designers of social health insur-
ance programs in many countries strive to prevent the
consequences of adverse selection. They do so by intro-
ducing mandatory coverage, standardizing benefits, and
abolishing risk-related premiums. (Alternatively, health
insurance programs could also charge risk-related pre-
miums if bad risks (sick individuals) received premium
subsidies, for example by the government: The sicker an
individual, the higher the premium subsidy (see Zweifel
and Breuer, 2006). However, this solution is not applied
in practice.) However, the trade-off between competition
and selection remains an important issue in highly regu-
lated health insurance programs as well, because some kind
of risk adjustment system needs to neutralize incentives for
risk selection (see the sections titled ‘Private health insur-
ance programs’ and ‘Social health insurance programs’).
Calculation of Premiums in Health Insurance
Programs

We have seen in the previous section that adverse selec-
tion is an important reason why the design of health
insurance plans is regulated quite heavily. One of the
most important fields of regulation is the method of
premium calculation in health insurance plans. In this
section, we introduce some basic distinctions of premium
calculation in health insurance programs and discuss the
implications. Table 2 displays the basic methods of pre-
mium calculation and some real world examples of health
insurance programs.

Adverse selection is an important reason for the regu-
lation of health insurance programs. Moreover – and
maybe even more importantly – societies in many
OECD countries place a high priority on fairness or
solidarity as a policy objective in health-care financing
(Wagstaff and van Doorslaer, 1992, 2000). Several dimen-
sions of solidarity need to be distinguished (van de Ven
and Ellis, 2000), the most important being risk solidarity
and income solidarity. The most basic dimension of soli-
darity is risk solidarity. Looking in more detail, it can be
distinguished in ex ante risk solidarity and ex-post risk
solidarity between the healthy and the sick. Ex-post soli-
darity means that there is a limited redistribution of
Table 2 Calculation of premium in health insurance programs

Method of premium calculation Income-related contribution

Health insurance program Germany (social)

France
Netherlands

Based on Wasem J, Greß S, and Okma KGH (2004) The role of p

Saltman R, Busse R, and Figueras J (eds.) Social Health Insurance in
resources from the unexpectedly healthy toward the
unexpectedly sick. Ex-post risk solidarity between
the healthy and the sick can also be considered to be the
basic (health) insurance function, which can even be
achieved in private health insurance programs that calcu-
late risk-related premiums. For the sake of simplification
we classify health insurance programs as private if they
primarily rely on risk-related premiums. If health insur-
ance programs are required to calculate community-rated
premiums or income-dependent premiums, we classify
them as social insurance programs. The private U.S.
group health insurance programs are somewhere in
between. Note that the classification ‘private’ does not
refer to the legal status of insurance companies: In the
Netherlands, the social health insurance program is now
carried out by private health insurance companies.

Ex-ante risk solidarity implies a redistribution from
those who are expected to be healthy to those who are
expected to be sick. This cannot be achieved with risk-
related premiums, as they charge those expected to be sick
higher premiums. This is the natural result that can be
observed on more or less unregulated health insurance
markets. However, OECD countries do not want to
restrict their health-care system to ex post risk solidarity.
Therefore – with the notable exception of individual
private health insurance markets in the United States
and Germany (in both countries individual health insur-
ance calculates risk-related premiums and has a market
share of approximately 10%) – designers of social health-
care financing systems prefer to implement modes of
financing, which provide an enhanced degree of solidarity
and redistribution. The introduction of premium rate
restrictions, for example community rating (community-
rated premiums are the same for all enrollees in the same
health plan) – and mandatory enrollment lead to ex-ante

risk solidarity as well as ex-post risk solidarity between the
healthy and the sick, because health insurance programs
have to refrain from charging higher premiums for high
health risks (see the section titled ‘Social health insurance
programs’ for the implications this regulatory require-
ment has for the trade-off between competition and
selection).

Moreover, income solidarity between the rich and the
poor may be another fundamental feature of health
s Community rating Risk-related premiums

Switzerland United States (individual)

Germany (private)

United States (group)

Netherlands

rivate health insurance in social health insurance countries. In:

Western Europe, pp. 227–247. London: Open University Press.
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insurance programs as well, but not necessarily so. If
health insurance programs are required to calculate com-
munity-rated premiums, these premiums are indepen-
dent of income. As a consequence, these health
insurance programs do not redistribute resources from
the rich to the poor. What is more, the consequences of
community-rated premiums are regressive: The higher
the income, the smaller the share which is spent for health
insurance premiums. In those OECD countries that use
social health insurance as the predominant mode of
health-care financing, these consequences are not accept-
able to designers of health insurance programs. Therefore,
they either implement a system of community-rated pre-
miums and tax-financed and needs-tested premium sub-
sidies to the poor (Switzerland) or use income-dependent
premiums as a mode of financing (the social health insur-
ance market in Germany, France). In the Netherlands,
both approaches are applied, as half of the contribution in
social health insurance is income-dependent, half is com-
munity-rated. The income consequences of community-
rated premiums with tax-financed and needs-tested pre-
mium subsidies on the one hand and income-dependent
premiums on the other hand can be equivalent (Breyer,
2002).
Private Health Insurance Programs

Compared to other sources of health-care finance, private
health insurance programs are of minor importance in
most OECD countries. Within the OECD, it is only in
the United States that private health insurance programs
account for more than 30% of health spending. Still,
adequately regulated private health insurance programs
are attractive alternatives to so-called socialized medicine
for proponents of market-oriented reforms not only in
the United States (Pauly and Herring, 1999) but also in
Western Europe (Henke, 1999). What are then the pro-
blems of adequate regulation of private health insurance
programs? The next section briefly describes the various
functions private health insurance programs can perform
in health-care systems. The section titled ‘Regulation of
private health insurance programs’ analyzes regulation
of private health insurance programs. Finally, we will
discuss the relationship of private health insurance pro-
grams with health-care providers (‘Provision of health-
care services’).
Functions of Private Health Insurance Programs

Private health insurance programs (PHIs) cover a wide
range of arrangements. Private health insurance programs
are supplied by commercial insurance firms (both stock-
holder and mutual; among them also plans owned by
the state) as well as not-for-profit agencies. Insurance
business can be run by conventional indemnity plans,
which only reimburse costs, as well as by more innovative
plans, which provide some form of managed care. On the
demand side of PHI markets, individuals as well as groups
or corporate actors (e.g., employers, professional organi-
zations) may ask for insurance. In general, contracts
between insurer and enrollee are voluntary for both
sides. However, mandatory contracts (for one or both
sides) are realized in some countries (and discussed in
others) as well. Risk spreading between the parties
involved (insurer, insured, health-care providers, and
employers) varies considerably.

Regulation of private health insurance programs in
different countries results from specific historical national
as well as international developments. In the past interna-
tional developments have been of minor importance for
PHI regulation. However, in Europe European Union
regulation is of increasing importance. The third EU direc-
tive on Non-Life Insurance has forced several member
states to adapt their regulatory framework for private
health insurance programs. However, they also reflect the
particular function of private health insurance programs.
Basically three functions of PHI in health-care systems
can be observed in international comparisons.

Private health insurance programs may be the only
system of coverage available for some part of the popula-
tion, because these people are not included in public
schemes. Private health insurance programs thus perform
the function of an alternative to public arrangements. This
is the case particularly in countries with means-tested
public health benefit schemes (Medicaid in the United
States) or if eligibility to social health insurance programs
depends on income and/or employment status (Germany)
or age (Medicare in the United States). The need for
regulation of alternative private health insurance pro-
grams is particularly high, because an unregulated market
does not guarantee that people who are not entitled to the
public system will receive adequate insurance coverage
(see the section titled ‘Adverse selection in competitive
health insurance markets’).

The second function of private health insurance pro-
grams is to supplement public schemes. Supplementary
private health insurance programs can offer coverage for
services not covered in the public system (e.g., dental
care for adults in the Netherlands as well as dental care
and pharmaceuticals in Canada but also upgraded hos-
pital services such as private or semi-private rooms in
almost every country). Supplementary private health
insurance programs also offer coverage for services not
completely covered by public schemes and thus reduces
co-payments and deductibles (e.g., Medigap insurance
in the United States, coverage for co-payments in
France, dental care in Germany). If benefit schemes of
the public system are rather comprehensive and of good
quality, supplementary private health insurance
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programs basically cover luxury goods (e.g., more com-
fortable board and lodging in hospitals in Belgium). As a
consequence, a smaller degree of regulation for supple-
mentary private health insurance programs than for
alternative private health insurance programs is more
justifiable in terms of social acceptability.

The third function of private health insurance pro-
grams is to complement public schemes. Thus private
health insurance programs provide double cover: People
who are entitled to benefits of the public systemmight buy
private insurance that covers at least partly the same
benefits as the public system. People purchase comple-
mentary private health insurance programs for a variety of
reasons: They want to get services quicker than in the
public system (queue jumping), they want to get better
or more comfortable services, or they want to contact
health-care providers who are excluded from delivering
services within the public system. Complementary private
health insurance programs seem to occur primarily in
tax-financed health-care systems – for example, in the
United Kingdom, Australia, and Canada (Flood et al.,

2005) – but play a role in systems with mandatory social
health insurance programs as well, for example in the
Netherlands (Brouwer et al., 2003). Regulation of com-
plementary private health insurance programs pri-
marily concerns the question whether it may be supplied
at all. In Canada, 100% of the population is covered by the
public health insurance scheme, which is run by the pro-
vinces. Most provinces prohibit the supply of complemen-
tary private health insurance programs. However, this
regulation was challenged by the Supreme Court in June
2005. In a narrow 4:3 decision, the Supreme Court of
Canada struck down Quebec laws prohibiting the sale
of complementary PHI on the basis that they violate
Quebec’s Charter of Human Rights and Freedoms. The
result makes further Charter challenges to similar laws in
other provinces inevitable, but the question of whether
they will succeed remains unanswered for the time being
(Flood et al., 2005).
Regulation of Private Health Insurance
Programs

We have shown that unregulated private health insurance
markets would not lead to socially desirable outcomes (see
the section titled ‘Design of health insurance programs’).
In this section, we review the regulation of (mostly alter-
native) private health insurance programs that aim to
increase access for unfavorable risks. The term unfavor-
able risks is applied to individuals who are expected to
have high health spending in the future.

To increase access to private health insurance pro-
grams for unfavorable risks, a variety of approaches is
possible and many have been tried during the last few
decades. Most of them have been implemented only for
alternative private health insurance programs or (in the
case of Ireland) for complementary private health insur-
ance programs. Discrimination against unfavorable risks
in supplementary private health insurance programs is
widespread, which might become less acceptable the
more benefits in public schemes are limited. The attempt
of the French government to increase access for low-
income persons to supplementary private health insur-
ance programs by providing means-tested subsidies
(Turquet, 2004) and the initiative of the European
Parliament for the revision of European regulation for
supplementary private health insurance programs
(Rocard, 2000) are first indicators for more regulation in
that particular area of private health insurance programs.

One possible way to safeguard access to health care for
unfavorable risks is to offer access to a public scheme for
those individuals. Deficiencies of the risk spreading cap-
abilities of competitive private health insurance programs
thus would be compensated for. This type of approach has
been realized in parts of the United States. Premium
income generally covers only parts of health spending
for high risks in these schemes. The deficit is covered by
the fiscal budgets (Achman and Chollet, 2001).

Instead of implementing a public scheme for unfavor-
able risks, private health insurance programs may be
directly regulated in order to increase access: Mandatory
open enrollment, prohibition of preexisting condition
limitations and/or prohibiting or premium rate restric-
tions are instruments of direct regulation. Similar to
the first approach, most of these measures imply a subsi-
dization of unfavorable risks. Here, subsidies would be
financed not through taxes but by favorable risks insured
with private health insurance programs. A similar approach
was applied in alternative private health insurance pro-
grams in the Netherlands before the 2006 health insur-
ance reform and will be applied in alternative private
health insurance programs in Germany in 2009. Even the
United States has implemented federal legislation in
order to increase access for unfavorable risks, especially
for small group and individual contracts. Since 1996, the
extent to which private health insurers may impose pre-
existing conditions limitation is limited. Furthermore,
private health insurers in the United States are not
allowed to discriminate against unfavorable risks in
group contracts ( Jost, 2001).

Mandatory open enrollment, prohibition of preexist-
ing condition limitations, and premium rate restrictions
are important tools to increase access in private health
insurance programs. However, they also create new incen-
tives for adverse selection. Favorable risks could seek very
low coverage first and change to more comprehensive
coverage when they happen to become unfavorable risks.
It is difficult to neutralize these incentives for adverse
selection. One way is to restrict access to private health
insurance programs to a limited time period, for example
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after losing coverage in public schemes or in social health
insurance programs.

Regulation to increased access for unfavorable risks in
private health insurance programs does not only produce
problems of adverse selection. It might also produce pro-
blems of unequal risk distribution and incentives for risk
selection (cream skimming) between competing health
insurers, which would not occur if insurers could exclude
unfavorable risks or charge them an extra premium
reflecting their unfavorable health status. As a conse-
quence, some type of risk adjustment scheme needs to
neutralize incentives for risk selection (van de Ven and
Ellis, 2000; Glazer and McGuire, 2006).
Table 3 Typology of social health insurance programs

Single payer Multiple payers

Competitive – Germany, Netherlands,

Switzerland
Noncompetitive Korea France, Austria
Provision of Health-Care Services

Traditionally, private health insurance programs – in the
United States and elsewhere – do not influence incentives
on the supply side, for example, remuneration systems for
physicians. One important exception is the development
of managed care insurance in the United States (Glied,
2000). However, managed care has been developed
because third-party payers (employers, government) put
pressure on private health insurance programs to contain
health spending. Managed care is virtually nonexistent in
individual private health insurance programs in the
United States. In general, private health insurance pro-
grams instead use instruments at the demand side to
influence costs. Insurance contracts include mechanisms
such as co-payments and deductibles to increase consu-
mers’ cost-consciousness. These mechanisms in turn are
supposed to put indirect pressure on the behavior of
providers.

Moreover, private health insurance programs usually
are unable to influence the supply of health-care provi-
ders. The market power of private health insurance pro-
grams in most cases is too small to play an active role in
determining the supply of health-care providers. More-
over, policy makers (at least in most of Europe and in
Canada) are first of all interested in the viability of public
schemes. Thus, they want to cut expenditures and growth
rates of expenditures primarily within these systems. Cost
containment in private health insurance programs is of
secondary importance to them. Therefore, we often
observe that the attempt to contain costs in the public
sector leads to cost shifting toward private health insur-
ance programs. It is very common that health-care provi-
ders compensate for budgets, spending cuts, and the like
in the public sector by raising volume and/or prices for
services in private health insurance programs. Govern-
ments may even purposefully shift costs from public
schemes to private health insurance programs by allowing
higher fee levels in private health insurance programs to
compensate providers for cost-containment measures in
the public sector.
Social Health Insurance Programs

Designers of competitive multipayer health insurance
programs in many countries strive to prevent the conse-
quences of adverse selection. This problem can be avoided
by designing single-payer health insurance programs (such
as in Korea) or noncompetitive multiple-payer health
insurance programs (e.g., in France and Austria). As a
consequence, potential benefits of competitive health
insurance markets can also not be achieved (Table 3).

In competitive multi-payer social health insurance pro-
grams (e.g., Germany, Switzerland, and the Netherlands),
adverse selection is prevented by introducing mandatory
coverage, standardizing benefits, and abolishing risk-
related premiums. However, the trade-off between com-
petition and selection remains an important issue in these
health insurance programs as well, because some kind
of risk adjustment system needs to neutralize incentives
for risk selection by health insurers. In this section, we
analyze the relationship between risk adjustment and
consumer choice in three social health insurance pro-
grams in Germany, the Netherlands, and Switzerland
(Greß, 2006).
Risk Adjustment

The objectives guiding health-care reforms in Germany,
Switzerland, and the Netherlands leading toward more
competition in social health insurance programs in the
middle of the 1990s have been quite similar. These objec-
tives can be summarized as efficiency and consumer sat-
isfaction in the provision of health-care services while
maintaining solidarity of health-care financing and effec-
tive containment of health-care costs (van de Ven et al.,

2003). One of the most important prerequisites for com-
petition in social health insurance programs to be success-
ful is an effective mechanism for risk adjustment. Since
premium rate restrictions prohibit risk-rated premiums in
any of the three social health insurance programs, without
risk adjustment health plans have ample incentives for the
selection of risks. If risk adjustment is absent or incom-
plete, it is more profitable for health plans to select risks
than to manage health services. This behavior may be
rational from the viewpoint of health plans. However, it
definitely contradicts the objectives of the health-care
reforms mentioned above.
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Systematically, three adverse effects of incentives to
select risks can be separated (van de Ven et al., 2004). First,
health plans face a disincentive to react to the preferences
of bad risks. It is rational for health plans to provide good
service for profitable, i.e., favorable, risks. Moreover, it is
also rational for health plans to provide bad service for
unprofitable, i.e., unfavorable, risks since investments in
preferred risk selection (cream skimming) have higher
returns than investments in improving the efficiency of
health services. From a public health point of view, these
disincentives are fatal, since unfavorable risks are usually
patients who are chronically ill and need services that are
better than average. Neither health plans nor health-care
providers have incentives to gain a reputation for treating
the chronically ill efficiently and effectively (van de Ven
and Ellis, 2000).

Second, if cream skimming is successful, it will even-
tually lead to market segmentation. Unfavorable risks
(high-risk patients) will be members of sickness funds
with high contributions. Conversely, favorable risks
(low-risk patients) will be members of sickness funds
with low contributions. This situation is not compatible
with the idea of solidarity in social health insurance
programs since in fact it paves the way for risk-related
premiums.

Third, preferred risk selection strategies that are highly
rational from an individual health plan point of view
create welfare losses for society. Investments for the iden-
tification of favorable risks (e.g., information technology)
and investments for the attraction of favorable risks
and the deterrence of unfavorable risks (e.g., resources
used for developing effective marketing strategies) do not
create any societal gains. Therefore, resources spent on
preferred risk selection represent a welfare loss (van de
Ven and Ellis, 2000). Moreover, preferred risk selection
strategies may create an unstable market if some sickness
funds refrain from selecting risks. These funds may be
forced to declare bankruptcy due to adverse selection of
risks. This consequence also represents a welfare loss to
society.

Research is unanimous in concluding that adjusters
based on sex and age (demographic adjusters) predict
actual health-care expenditures of individuals very poorly
(van de Ven and Ellis, 2000). If the risk adjustment for-
mula takes into account information of prior diagnosis
and/or prior costs, the risk adjustment formula predicts
actual health-care expenses of individuals more accu-
rately. Thus, it neutralizes incentives of sickness funds to
select risks more effectively. The difference between actu-
arially predicted expenses and revenue from contribu-
tions and the risk adjustment mechanism is much smaller.

In all three social health insurance programs – in
Germany, the Netherlands, and Switzerland – some
kind of risk adjustment system has been implemented.
However, only in the Netherlands is risk adjustment
health-based (van de Ven et al., 2004). As a consequence,
only in the Dutch social health insurance program are
incentives for cream skimming of health plans neutralized
quite effectively (Prinsze and van Vliet, 2005). The rather
crude risk adjustment mechanisms in Germany and
Switzerland leave ample incentives for health plans
to make risk selection worthwhile (Beck et al., 2003;
Behrend et al., 2004). Accordingly, risk selection for
health plans in Germany and Switzerland is less profit-
able than it would be in a situation without risk adjust-
ment at all. However, it is still profitable enough to make
selection strategies worthwhile. This is not the case
in the Netherlands. Even if health plans may have
small financial incentives for the selection of favorable
risks, they also have to consider the costs for pursuing
these strategies. These costs consist not only of costs for
identifying and attracting favorable risks but also consist
of negative public relations effects if these strategies
become public knowledge.
Consumer Choice

Another important prerequisite for competition to be
successful is free consumer choice. Consumers – the
insured – need to have an exit option in order to search
successfully for more efficient sickness funds: ‘‘. . . the exit
option is widely held to be uniquely powerful: by inflict-
ing revenue losses on delinquent management, exit is
expected to induce that ‘wonderful concentration of the
mind’ akin to the one Samuel Johnson attributed to
the prospect of being hanged’’ (Hirschmann, 1970: 21).
Free choice of health plans – open enrollment – has been
established in all three health insurance programs. Open
enrollment implies that consumers are able to switch
health plans and each health plan must accept all appli-
cants. Usually there is an open enrollment period during
which consumers can switch to another fund. Incentives
for consumer choice are enhanced if the benefits of
switching (lower premiums) are substantial enough to
outweigh the costs of switching (information costs, search
costs, administration costs). Moreover, incentives for con-
sumer choice are enhanced if consumers can realize the
full benefits of lower premiums after switching health
plans. If this is not the case, consumers may refrain from
switching, although they might do so if they were able to
collect the full benefits of switching.

Free consumer choice of health plans has been estab-
lished in Germany, the Netherlands, and Switzerland.
However, incentives for consumer choice vary. Open
enrollment has been established in all countries. Whether
consumers can realize the full benefits of switching to
a lower-priced health plan depends on the manner
premiums are calculated (see the section titled ‘Calcula-
tion of premiums in health insurance programs’). In
Switzerland, contributions are community-rated and
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independent of income. Therefore, consumers can realize
the full benefits of switching to another health plan. The
same is true in the Netherlands, since health plans have
different community-rated premiums. This is not the case
in Germany where employer and employee pay 50% each
of an income-dependent premium that differs between
health plans. If consumers switch to a lower-priced health
plan, they realize only 50% of the pecuniary benefits.

Price differences between health plans in Germany,
Switzerland, and the Netherlands reflect differences in effi-
ciency as well as differences in the risk structure on mem-
bers. Since risk adjustment does not neutralize incentives
for risk selection effectively in Germany and Switzerland,
price differences are high and constitute powerful incentives
for consumers to switch. Therefore, in both Germany
and Switzerland price differences between sickness funds
should be substantial enough to offset the costs of switch-
ing for consumers. In the Netherlands, this is less obvious.
Price differences are smaller, since they do not reflect
diverging risk structures of sickness funds as strongly as
in Germany and Switzerland.

In contrast to Germany (Tamm et al., 2007), it is quite
surprising that consumers in Switzerland in fact are very
reluctant to switch to lower-priced health plans, since
incentives to switch are high. This might be partly
explained by poor consumer information (Beck et al.,

2003). Moreover, the analysis of incentives for consumer
mobility does not explain why healthy consumers switch
more often than less-healthy consumers in all three
countries, in Germany and Switzerland more so than in
the Netherlands. Since sickness funds do not calculate
risk-related premiums, price differences are the same for
healthy and less-healthy consumers. Moreover, open
enrollment applies to all consumers. Different switching
behavior of different risk groups therefore points to risk
selection of sickness funds (Laske-Aldershof et al., 2004).
Provision of Health-Care Services

Even if there were few incentives for health plans to select
risks in a competitive environment and incentives for
consumer choice were high, health plans are only able to
influence the efficiency of the provision of health service
if they have sufficient instruments do so. Otherwise,
‘‘. . .under competition dissatisfaction takes the form of
ineffective flitting back and forth of groups of consumers
from one deteriorating firm to another without any
firm getting a signal that something has gone awry’’
(Hirschmann, 1970: 26). In order to avoid this ‘‘ineffective
flitting back and worth of consumers,’’ health plans need
to be able to develop innovative contractual arrangements
with health-care providers that take into account consu-
mers’ preferences. Accordingly, health plans must be able
to decide which providers to contract with and must be
able to negotiate freely about the content of those contracts.

If health plans are not able to contract selectively with
health-care providers they will not be able to gain competi-
tive advantages. The potential for developing innovative
arrangements for the provision of health care will instead
be small when health plans are obliged to contract collec-
tively, i.e., with every willing licensed health-care provider.
Even if health plans are able to contract selectively, contrac-
tual freedom can be diminished by public regulation
intended to contain costs. However, public regulation to
contain costs (restrictions on prices, budgets, and other
contract parameters) may severely restrict the contractual
freedom of health plans and health-care providers.

There is some opportunity for health plans to con-
tract selectively with health-care providers in all
three social health insurance programs. However, these
opportunities are limited (Greß, 2006). Only in the
Netherlands are health plans legally allowed to choose
health-care providers. However, a governmental agency
determines maximum tariffs for prices in ambulatory care
and hospital care. In contrast to the Netherlands, collec-
tive contracting is still the legal norm in Germany and in
Switzerland. Yet there are exceptions from this norm
in both countries. In Germany, sickness funds are allowed
to contract selectively with general practitioners in order
to offer gatekeeping models (Greß et al., 2004). Moreover,
the legislator has earmarked 1% of overall budgets of
ambulatory care and hospital care for integrated care
projects. Sickness funds are free to determine their con-
tractual partners for these projects (Greß et al., 2006). In
Switzerland sickness funds are only allowed to contract
selectively with health-care providers if their insured
enroll in managed care plans.
Health Insurance in Low- and
Middle-Income Countries

The trade-offs between risk spreading and appropriate
incentives and between competition and selection that
we focused on in this article are relevant for low- and
middle-income countries as well as for high-income
countries. For low- and middle-income countries, how-
ever, specific chances but also specific challenges exist,
with regard to the implementation of health insurance.
In the last few decades, quite a large number of low- and
middle-income countries have started to implement
mechanisms of health insurance as an approach to solve
their often dramatic health funding problems. Implement-
ing health insurance has been identified as a strategy to
contribute to the solution of these problems for three
reasons (Carrin and James, 2005a, 2005b; Carrin et al.,

2007; Hsiao and Shaw, 2007; McIntyre, 2007):
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. Revenue collection: It is well known that low- and
middle-income countries spend even smaller portions
of their GDP on health than high-income countries.
Many low-income countries spend considerably less
than the 5% of GDP. Often an underfinanced health
sector with poor performance is financed by taxes, and
private (formal but often as well informal) payments
add some resources. Social health insurance has been
seen by several countries as an instrument to increase
available resources for health. Especially if people feel
that they are getting value for money and draw addi-
tional benefit from health insurance, they often are
willing to contribute.

Mandatory social health insurance, however, is easier
to implement in the formal sector of the economy. If most
of the labor force is in the informal sector, small-scale,
voluntary community health insurance may be a more
appropriate approach; its main obstacle, however, is
adverse selection (as described in more detail in the
section titled ‘Health insurance programs and health out-
comes’), as the healthy might wait until they join.

. Pooling of funds: Often medium-size and large expen-
ditures for medical treatment lead to impoverishment,
debts, etc. in low- and middle-income countries. This is
because, even if a tax-financed health system exists, its
coverage for expensive surgery and drugs is often rather
limited or available only in certain regions or for cer-
tain groups of the population. As we analyzed in more
detail in the section titled ‘The value of health insur-
ance,’ the value of health insurance is derived from the
uncertainty and unpredictability of health spending. At
the time of illness, health insurance is pooling funds
from many contribution payers to cover the costs of
treatment. It is sharing risks. Poor people pay small
contributions to health insurance regularly and are
entitled to receive services in case of illness. Health
insurance is enabling medical treatment for parts of the
population who would not be able to finance it without
insurance. Pooling of resources might be accompanied
by ex ante redistribution of resources, from the healthy
to the sick, from higher income to the poor. Health
insurance might therefore contribute to narrowing
somewhat the often extreme gap between the large
majority of rather poor and a small minority of rich in
low- and middle-income countries.

. Purchasing of health-care services: Health insurance
agencies buy health services for their insured on
health-care markets. They therefore have some market
power and can negotiate for quality and cost-effective
services, whereas the individual, especially when in
need of health services, cannot. As performance of the
health sector in low- and middle-income countries
often is low, implementing health insurance might be
a strategy, therefore, to increase quality of services.
Also, as the insured have paid contributions to health
insurance, they can argue that they are entitled to
services of a certain quality.

Although there are some strong arguments that imple-
menting health insurance might contribute to quantity
and quality of health services and a fair distribution of
the burden of finance, health insurance is far from being a
deus ex machina, which would solve all the health sector’s
problems easily. Whether implementing health insurance
will be a success story in low- and middle-income
countries depends on a variety of factors. In particular,
there must be a political framework and a climate in
society that allows success for health insurance (Carrin
and James, 2005b).
Health Insurance Programs and Health
Outcomes

The final section of this article reviews empirical research
about the relationship between different health insurance
programs and health outcomes. First of all, it is quite
evident that the health consequences of not having
insurance at all can be quite dramatic. Research on the
consequences of being uninsured in the United States
has shown consistently that individuals without health
insurance ‘‘receive fewer preventive and diagnostic ser-
vices, tend to be more severely ill when diagnosed,
and receive less therapeutic care’’ (Hadley, 2003: 3S).
More importantly, having health insurance would de-
crease mortality of the uninsured in the United States
significantly.

One might expect that similar findings are available for
differences between health insurance programs. For
example, enrollment in more generous health insurance
programs – such as high-coverage and low coinsurance
plans – might result in superior health outcomes com-
pared to enrollment in less generous health insurance
programs, such as managed-care insurance and high co-
insurance plans. However, there are also tendencies coun-
teracting these assumptions. For example, fee-for-service
plans might increase incentives for the overuse and mis-
use of services, which might be beneficial for the income
of the health-care provider but may be harmful for the
patient’s health. What is more, the use of evidence-based
guidelines in managed care might decrease the overuse
and misuse of health services, which might be beneficial
for health outcomes (Cutler and Zeckhauser, 2000).

Evidence on the health consequences of different
health insurance programs is scarce and rather ambigu-
ous. The RAND Health Insurance Experiment has found
some relationship between the level of coinsurance and
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health outcomes, although the findings were less dramatic
and less conclusive than the relationship between the
level of coinsurance and health spending (see the section
titled ‘The value of health insurance’). Actually, health
outcomes did not differ across plans for most individuals.
However, it has to be noted that the RAND Health
Insurance Experiment was limited to a short time period:
‘‘Increased primary and preventive care, even if strongly
beneficial, might not be so important in such a short
period of time’’ (Cutler and Zeckhauser, 2000: 629).

Moreover, maybe even more importantly,

‘‘health among the sick poor – approximately the most

disadvantaged 6 percent of the population – was adversely

affected . . . In particular, the poor who began the experi-

ment with elevated blood pressure had their blood

pressure lowered more on the free care plan than on the

cost-sharing plans. The effect on predicted mortality

rates – a fall of about 10 percent – was substantial for

this group. In addition, free care marginally improved

both near and far corrected vision . . . and increased

the likelihood that a decayed tooth would be filled’’

(Newhouse and Insurance Experiment Group, 1993: 339).

Evidence on the health outcome of managed care insur-
ance is ambiguous as well. A review of the empirical litera-
ture comparing health outcomes of managed care insurance
and fee-for-service indemnity insurance did not find clear
differences. About half of the studies have found that man-
aged care improves health outcome (quality of care), while
the other half have found that managed care has a negative
impact on health outcomes (Miller and Luft, 2002).

Moreover, there is no clear empirical evidence of
health outcomes in private health insurance programs
compared to health outcomes in social health insurance
programs (e.g., comparing health outcomes in Germany
social health insurance and in German alternative private
health insurance).
Conclusions

The design of health insurance programs and plans is
determined by important trade-offs. First, designers of
health insurers need to consider the trade-off between
risk spreading and appropriate incentives. More generous
health insurance programs spread risk more broadly
but may also lead to more overspending due to moral
hazard. However, most countries – with the notable
exception of the United States – accept some degree of
moral hazard in order to gain the benefits stemming from
risk spreading and comprehensive coverage. Even in the
United States the fact that employers can deduct health
insurance premiums for their employees from their tax
sheet sets incentives for more generous health insur-
ance policies (Pauly, 1986). Second, designers of health
insurance programs need to consider the trade-off
between competition and selection. Many countries rely
on competitive health insurance programs as a means to
stimulate innovation and – at least to some degree – to
enhance consumer choice as a way to meet individual
preferences. However, if health insurance programs are
calculating risk-related premiums, adverse selection
makes it extremely difficult – if not impossible – to
reach market equilibrium, which ensures risk spreading
for both groups: Sick individuals as well as healthy indi-
viduals. As a consequence, designers of health insurance
programs in many countries strive to prevent the conse-
quences of adverse selection.

Mandatory open enrollment, prohibition of preexist-
ing condition limitations and premium rate restrictions
are important tools to increase access to private health
insurance programs. However, regulation also creates new
incentives for adverse selection. Moreover, regulation
might also produce problems of unequal risk distribution
and incentives for risk selection (cream skimming)
between competing health insurers. Moreover, regulation
of private health insurance programs reflects the particu-
lar function of private health insurance programs. The
need for regulation of alternative private health insurance
programs is particularly high, because an unregulated
market will not guarantee that individuals who are not
entitled to the public system will receive adequate insur-
ance coverage. In contrast, less-extensive regulation for
supplementary health insurance is socially acceptable.
Discrimination against unfavorable risks in supplemen-
tary private health insurance programs is widespread.
However, it might become less acceptable the more ben-
efits in public schemes are limited.

Adverse selection can be prevented by designing
single-payer or noncompetitive multiple-payer social
health insurance programs. Designers of competitive
multiple-payer social health insurance programs prevent
the consequences of adverse selection by introducing
mandatory coverage, standardizing benefits, and abol-
ishing risk-related premiums. However, the trade-off
between competition and selection remains an important
issue in these health insurance programs as well, because
some kind of risk adjustment system needs to neutralize
incentives for risk selection by health plans. Even if there
were few incentives for health plans to select risks in a
competitive environment and incentives for consumer
choice were high, health plans are only able to influence
the efficiency of the provision of health service if they
have sufficient instruments do so.

Evidence on the health consequences of different
health insurance programs is scarce and rather ambigu-
ous. The health consequences of not having insurance at
all can be quite dramatic. Having health insurance would
decrease mortality of the uninsured in the United States
significantly. The RAND Health Insurance Experiment
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has found some relationship between the level of coinsur-
ance and health outcomes, although the findings were less
dramatic and less conclusive than the relationship
between the level of coinsurance and health spending.
Evidence on the health outcome of managed-care insur-
ance is ambiguous as well. Moreover, there is no clear
empirical evidence of health outcomes in private health
insurance programs compared to health outcomes in
social health insurance programs.

Health insurance can contribute to the problems
of health sector financing in low- and middle-income
countries as well. In particular, it can make revenue col-
lection easier and therefore allow for an increase in quan-
tity and quality of services, it may support the pooling
of risks and therefore avoid impoverishment because of
illness, and it may be a vehicle for prudent purchasing
of health care. Whether implementing health insurance
in low- and middle-income countries will be a success
story depends on many factors, however, political and
societal support being the most important among them.

See also: Universal Coverage in Developing Countries,

Transition to.
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Introduction: From Government to
Governance

Put simply, public policy is ‘what governments do and
neglect to do’ (Klein and Marmor, 2006: 890). To under-
stand how and why governments do as they do, Klein and
Marmor argue that three basic tools suffice:

. an understanding of the ideas, assumptions and theories
policy actors bring to assessing problems, their causes,
and their solutions

. analysis of the institutions within which governments
operate (i.e., the ‘rules of the game’)

. an analysis of the interests operating in a particular
political arena.

This article looks at interest groups and, particularly,
those drawn from civil society.

The public policy process has changed profoundly in
most countries since World War II in a gradual shift from
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‘government’ to ‘governance’ (Rhodes, 1997). A relatively
simple policymaking process in which the government of
each nation state was central, working with a small num-
ber of professional groups and with civil servants largely
monopolizing policy advice, has gradually given way to a
more complex, messy process in which government shares
power with, and is influenced by, a wider range of national
and even global actors located outside formal political
structures (Pierre and Peters, 2000). The ‘core’ of the
state is said to have lost power due to developments
within countries and internationally as a result of the
forces of globalization. Rhodes refers to the latter as
the ‘external hollowing out of the nation state’ (Rhodes,
1997: 18). At its extreme, the governance literature por-
trays the central government of a typical nation state as,
‘now only one actor among many in the policy-making
process. . .the process of governing today involves a much
more pluralistic conceptualization of power. . .’ (Richards
and Smith, 2002; 19).
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This trend means that a range of interest groups,
including so-called ‘civil society organizations,’ operating
within and across countries (see discussion that follows
for definitions of various types of interest group), have
greater salience in making and delivering public health
policy than was the case 50 years ago. Although business
interest groups, especially transnational corporations, and
international donors currently exert considerable influ-
ence on national governments, transnational nongovern-
mental organizations (NGOs), civil society organizations,
and related social movements can also successfully put
pressure on governments, as well as supporting them on
occasions in the face of demands from business (e.g., to
reduce social protection).

The extent to which the power of the central state has
diminished in the face of the rise of civil society varies
from country to country and from issue to issue. In many
low-income countries there was little sign until compara-
tively recently of the policy process becoming more
directly permeable to nongovernmental influences except
externally to big business and international donors and
internally to well-organized professional groups such as
doctors. However, in the 1980s and 1990s there was grow-
ing evidence of broader interest-group activity in many
poor countries. In part, this growth resulted from the
emergence of less authoritarian and elitist forms of gov-
ernment and, in part, from a growing recognition by donor
agencies of the useful role which organizations outside
government could play in delivering services, supporting
policy and institutional reform, and encouraging govern-
ments to be more accountable to their people. As a result,
donors provided more funds to nongovernmental organi-
zations in low-income countries, and their number and
importance grew.
Civil
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Figure 1 Civil society organizations, interest and pressure groups,
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In many settings today, particularly in more demo-
cratic and higher-income countries, public health policy is
developed and sometimes implemented through complex,
largely self-organizing networks of actors that involve pub-
lic, private, and civil society organizations (e.g., NGOs and
other voluntary bodies) that enjoy considerable autonomy
from central government. Although these developments
make public health policymaking more complicated and
less predictable, they also offer public health professionals
and advocates new resources and alternative channels by
which to promote their messages and deliver services. For
example, it is generally the case that public health initiatives
and services that involve NGOs and end users tend to be
seen by the public asmore trustworthy andworthwhile than
those led exclusively by government agencies.
Interest Groups and Civil Society
Organizations

There is a potentially confusing range of terms used to
describe organizations outside the formal system of gov-
ernment, but which can from time to time contribute to
and shape public health policy, such as ‘interest group’,
‘pressure group’ ‘civil society organization’ and ‘non-
governmental organization’ (Figure 1 attempts to clarify
the distinctions between different types of organizations
outside the government sphere). Generally, ‘interest
group’ and ‘pressure group’ can be used synonymously.
At its simplest, an ‘interest group’ promotes or represents
the demands of a particular part of society (e.g., people
suffering from blindness or manufacturers of pharmaceu-
ticals) or stands for a particular cause (e.g., environmen-
talism or free trade). Different types of interest group
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involved in public health policy typically include bodies
representing:

. staff, such as the medical, nursing, and allied health
professions (e.g., physiotherapy, speech therapy)

. providers, such as hospital associations

. insurers, such as sickness funds and private insurance
companies

. payers, such as employers’ associations

. different groups of patients and users (e.g., people with
mental health problems or those who are HIV-
positive), as well as citizens and consumers

. suppliers of goods and services to the health system,
such as pharmaceutical companies and medical equip-
ment manufacturers

. other commercial interests whose activities bear on
public health and the environment, such as the food
and drink industry, supermarket chains, motor manu-
facturers, and airlines.

Although there are varying definitions of interest or
pressure groups, they tend to:

. be voluntary – people or organizations choose to join
them

. aim to achieve some desired goals

. stay outside the formal government process while striv-
ing to influence it.

Unlike political parties that are also voluntary and
goal-oriented, pressure groups do not plan to take formal
political power but wish to be involved in decisions affect-
ing their interests. Sometimes pressure groups evolve into
political parties and then become involved in policymak-
ing from within government – such as the German Green
Party, which began life as an environmental pressure
group – but most remain as organized groups outside
government, even if some of them have very close rela-
tionships with government (see the discussion of ‘policy
communities’ that follows).

Today it is common to describe interest groups as
existi ng in civi l societ y. Heywood (2000: 17 , cited in
Richar ds and Sm ith, 2002: 171 ) def ines civil societ y as
‘a realm of autonomous groups and associations such as
businesses, pressure groups, clubs, families and so on. . . .;
civil society encompasses institutions that are ‘‘private’’
in that they are independent from government and-
organized by individuals in pursuit of their own ends.’
Others see civil society slightly less broadly as lying
between the private space of the family or household
and the public sphere of the government, thereby exclud-
ing families. Either way, this explains why the term ‘civil
society group’ is sometimes used interchangeably with
‘interest group,’ although public policy issues can be
very peripheral to the identity of some civil society
groups. For example, sports clubs will only very occasion-
ally take a position on an issue of public policy when it
risks impinging on their sporting activities, whereas the
raison d’être of other groups lies in political campaigning.
As a result, not all civil society groups are necessarily
interest groups. Civil society organizations represent a
wider range of organizations (Figure 1).

NGOs form the most familiar part of civil society. The
term NGO originally referred to any not-for-profit orga-
nization outside government but more recently has taken
on a more specific meaning, particularly in the fields of
public health and international development, of a rela-
tively highly structured organization with a headquarters
and paid staff working in client advocacy and/or service
delivery, in many cases providing a service that might
previously have been provided directly by the state.
Many NGOs also retain a desire to influence public
policy and can thus act as pressure groups.

If not all civil society groups are necessarily to be seen
as interest groups, then there is also some debate as to
whether it is accurate to call all interest groups civil
society groups. It is increasingly common analytically to
exclude interest groups related to market activities (i.e.,
business organizations such as trade associations) from
civil society, on the basis that civil society is ‘a sphere
located between the state and market: a buffer zone strong
enough to keep both state and market in check, thereby
preventing each from becoming too powerful and dom-
inating.’ ( Gi ddens, 2001: iii ). Figu re 1 is drawn from this
perspective. In this article, ‘civil society’ is defined as the
social space not occupied by the family and household,
the state, or the market.
Resources of Interest Groups

The resources that interest groups can mobilize vary
widely, but include the following:

. Their members – the larger the number of members, all
other things equal, the more influence an interest group
is likely to have.

. Their level of funding and resources – funding affects
all aspects of an interest group’s activities, such as the
ability to hire professional staff to organize campaigns,
prepare critiques of government policy, contribute to
political parties, and organize demonstrations.

. Their knowledge about their area of concern – some
of this information and understanding may be unavail-
able from any other source. For example, a gov-
ernment may be dependent on a pharmaceutical
company for the first trial evidence of the effectiveness
of a new drug.

. Their persuasive skills in building public support for
particular positions or policies by stimulating activity
by others, such as the mass media.

. Their contacts and relations with policymakers, offi-
cials, ministers, opposition parties, and the media.
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. The sanctions, if any, at their disposal – these
could range from embarrassing the government in
international fora or the mass media to organizing
consumer boycotts harming the domestic economy or
protracted industrial action.

Interest groups are also increasingly involved in legal
action or the threat of legal action against governments
and transnational corporations to promote their point of
view and force change in policy. For example, national and
international civil society organizations played an impor-
tant part in the legal action against the South African
government which forced the government to concede
the principle that antiretroviral drugs should be made
available universally.
Strategies and Relations to the State: ‘Insider’
and ‘Outsider’ Groups

Interest groups can also be analyzed in terms of how far
they are recognized or legitimized by governments which,
in turn, relates to their aims and their strategies. Grant
(1995) distinguishes two basic categories in this respect –
‘insider’ and ‘outsider’ groups. Insider groups are groups
which are still not officially part of the machinery of
government but are regarded as legitimate by government
policymakers, are consulted regularly, and are expected to
play by the ‘rules of the game.’ For example, if they accept
an invitation to sit on a government committee, they will
respect the confidentiality of the discussions that take
place there until ministers are ready to make a statement
about the direction of policy. Insider groups thus become
closely involved in testing policy ideas and in the devel-
opment of their field. Typically, in health policy, producer
groups such as medical and nursing associations expect to
be consulted or directly involved in policy developments
and frequently are, even if they do not always get their
own way.

In the UK, the Association of the British Pharmaceuti-
cal Industry (ABPI) has insider status with the Depart-
ment of Health on the grounds that the government is
both concerned to promote the UK pharmaceutical
industry and to ensure that safe and effective medicines
are available at the earliest opportunity to patients. There
are regular meetings between the industry, senior officials,
and ministers. The ABPI has also recruited retired civil
servants to help it negotiate with government over drug
regulation and prices.

Outsider groups, by contrast, are either organizations
that reject a close involvement in government processes
on strategic grounds or have been unable to gain a repu-
tation as legitimate participants in the policy process.
Perhaps the most high-profile outsider groups in the
contemporary health field are so-called ‘new social move-
ments’ such as radical antiabortion and antivivisection
organizations because of the vehemence of their views
and their reputation for taking direct action against
clinics, laboratories, and sometimes those who work in
them. One of the best-known direct action groups in
public health was BUGA UP (Billboard Utilising Graffi-
tists Against Unhealthy Promotions). Founded in 1979 in
Sydney, Australia, it was notorious (or celebrated, depend-
ing on your point of view) for illegally defacing outdoor
advertising of unhealthy products, particularly tobacco
and alcohol. Its tactic was to alter advertisements to pro-
vide a critical commentary on the industry’s promotions.
‘Anyhow, Have a Winfield’ was changed to ‘Anyhow, it’s a
Minefield’ or ‘Man how I hate Winfield.’ When members
of BUGA UP were charged, they defended themselves by
arguing that their actions were essential to prevent a
greater harm from occurring (Chapman, 1996).

Interest groups may shift their strategies over time. For
example, in its early life Greenpeace favored direct action
as a way of drawing attention to conservation issues.
Most notably it disrupted the activities of whaling
vessels. More recently, Greenpeace has adopted a less
flamboyant and less confrontational strategy through sci-
entifically based advocacy, but still uses confrontational
tactics on occasions. In the process, it has developed closer
relations with governments, although it has yet to attain
full insider group recognition. Groups that shift their
strategies or positions are known as ‘thresholder’ groups.
Studies of the evolution of policy in the field of human
immunodeficiency virus/acquired immunodeficiency
syndrome (HIV/AIDS) in the United States and Britain
clearly show how outsider groups played a key role in
the early stages of the epidemic by using their knowl-
edge about the syndrome to pressure governments to
take the topic seriously. Some of these same organizations
became more closely involved in both policy and service
delivery as circumstances changed, and they were able
to accept insider status. Often an outsider group becomes
an insider group through taking responsibility for deliv-
ering services paid for by government or international
donors.
Contribution of Interest Groups to
the Policy Process

Taken together, the different types of interest groups
fulfill a range of functions in policymaking, particularly
as the scope of the modern state has widened since World
War II. Peterson (1999) argues that interest groups can
provide opportunities for the following:

. Participation: Given that elections in democracies are
both an infrequent and a highly indirect way for citizens
to involve themselves in public issues, interest groups
provide an alternative way for voters to get involved in
politics and register their opinions to politicians.
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. Representation: When policymakers take into account
the views of a range of interest groups, the range of
opinion under consideration normally widens.

. Political education: Members learn about the political
process, for example, if they become office holders in
an interest group.

. Motivation: Interest groups can draw new issues to the
attention of governments, provide more information,
change the way governments view issues, and even
develop new policy options through their scientific
and political activities.

. Mobilization: Interest groups build pressure for action,
and support for, or opposition to, new policies (e.g., by
stimulating media interest in a topic or by blocking
implementation of a policy).

. Monitoring: Interest groups assess the performance and
behavior of governments, thereby contributing to the
public accountability of leaders, for example, by seeing
whether political promises are implemented. They are
also increasingly involved in holding private corpora-
tions to account as national governments struggle to
deal with the power of transnational businesses.

. Provision: Interest groups can use their knowledge of a
particular patient group or area of policy to deliver
services with or without government funding (e.g., mis-
sionary societies).

Richards and Smith (2002: 173) identify four further
benefits for governments, in particular, from involving
pressure groups or interest groups in the policy process:

1. Legitimacy: State intervention is generally seen as
more appropriate if policies have been developed
with the involvement of key groups affected.

2. Information: Interest groups often represent experts in
a particular field (e.g., health professionals) whose
advice may be helpful to the state.

3. Implementation: Policy implementation is enormously
easier and less costly if the state can rely on key interest
groups to cooperate, perhaps by making some conces-
sions to the self-interest of the groups (e.g., allowing
doctors to continue their private practice along with
their commitment to a public health-care system).

4. Order: Policy uncertainty can be reduced by placating
groups with coherent memberships and resources (this
can also be a way of marginalizing more unpredictable,
potentially disruptive groups).

Larger interest groups tend to have a wider range of
functions and ways of operating. For example, Oxfam, the
British-based international antipoverty NGO, describes
itself as ‘a development, advocacy and relief agency work-
ing to put an end to poverty world-wide.’ Its activities
cover ‘motivation,’ ‘mobilization,’ ‘monitoring,’ and ‘pro-
vision’ according to Peterson’s typology, as well as ‘repre-
sentation’ in some of the 70 countries in which it works.
Smaller NGOs tend to have more focused goals and
activities. For example, the Fred Hollows Foundation,
based in Australia, is an NGO devoted to working with
local blindness prevention agencies in 29 countries to
reduce unnecessary and avoidable blindness, with a pri-
mary focus on cataract. Thus, as with many NGOs, its
main function is ‘provision,’ including training local staff
to deliver services and developing high-quality, low-cost
technologies for eye care. However, in its work with
indigenous Australians, it has extended its role to include
advocacy (‘motivation’ and ‘mobilization’).
From Policy Communities to Issue
Networks

Political scientists have observed that when it comes
to policy formulation in public health (as opposed to
getting an issue onto the agenda in the first place), the
most influential participants are usually individuals and
organizations with an enduring interest and knowledge of
the field.

One way of understanding the formal and informal
relationships between government and nongovernment
(interest group) actors is to identify the various policy
subsystems or policy communities in which they interact.
At its simplest, a policy subsystem or community is a
recognizable subdivision of public policymaking. In health
policy, for example, mental health policy formulation is
distinctively different from policy on environmental
health issues and involves different actors. Some subsys-
tems, known as ‘iron triangles,’ are small, very stable, and
highly exclusive three-way sets of relationships, usually
among politicians, bureaucrats, and a commercial interest.
In the case of defense procurement, the triangle is con-
stituted by government, suppliers, and end users in the
military. Other subsystems are typically larger (i.e., involv-
ing more entities) and more fluid, with less clear bound-
aries (e.g., family policy).

The challenges in the 1980s and 1990s to the dominant
position of the medical profession in health policy in
Britain and other Western countries led to a shift from
more to less closed policy communities in health, with a
conscious attempt by governments to develop new net-
works, including groups representing users, business, and
free market-oriented think tanks, although consumer
groups remained relatively weaker than professional
groups.

Marsh and Rhodes (1992) distinguished between
‘policy communities’ – which they sawas highly integrated
networks in which all participants had resources to
exchange, relationships were stable, and exclusive narrow
interests predominated – and ‘issue networks,’ which they
saw as loosely interdependent, less predictable, with
unstable networks of a large number of members, usually
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serving a consultative function in relation to policy devel-
opment. The main feature of a policy community is
sustained interaction between the participants through a
web of formal and informal relationships (Lewis, 2005). In
health policy, organizations and individuals representing
practitioners (health professionals), users, the public,
researchers (from laboratory sciences to the social
sciences), commentators (journalists and policy analysts),
businesses (e.g., drug companies, medical equipment
manufacturers, the food industry), hospitals and clinics,
insurers, government officials, politicians, and interna-
tional organizations will be involved to differing degrees
depending on the issue at stake. Policy communities are
not necessarily consensual networks. Increasingly, health
policy communities in Western countries are marked
by conflicts between a range of powerful interests
representing professional and commercial providers, the
community, and government as new groups make their
presence felt.
The Emergence of New Social Movements

Beginning in the 1970s but gathering global force in the
1990s as part of the shift from ‘government’ to ‘gover-
nance,’ the relatively closed systems of decision making in
public policy, including public health, were challenged by
the emergence of what were dubbed new social move-
ments (NSMs). These organizations were very different
from conventional NGO bureaucracies and, unlike polit-
ical parties, were frequently single-issue movements in
civil society, focusing on problems traditionally not well
represented in mainstream politics, such as the environ-
ment, human rights, peace, and animal welfare.

They have a number of other distinctive features:

. They tend to be nonhierarchical and have flat, fluid
structures.

. They predominantly use ‘outsider’ tactics (see above)
that emphasize direct action, including illegal acts,
demonstrations, and occupations.

. They tend not to be class-based, instead promoting
issues that cut across economic and sectional interests.

. They are increasingly not confined to a single country;
rather, they are often international or even global
(e.g., Amnesty International).

. They focus on introducing new ideas and information
into the policy debate by attracting media coverage of
their activities rather than working through conven-
tional governmental consultative channels.

. They tend to focus on high-profile, single-issue cam-
paigns (e.g., campaigns against genetically modified
organisms or the indebtedness of poor countries).

Social scientists generally see the rise of NSMs as a
response to, and enabled by, developments such as
postindustrialism, the rise of knowledge-based rather
than industrial societies in high-income countries, the
acceleration of globalization, and the increasing diffusion
of political power with theweakening of the nation-state in
favor of the interests of transnational corporations
(Melucci, 1996; cited in Hudson and Lowe, 2004: 106).
For example, flexible, low-cost protest movements against
the perceived harmful consequences of economic globali-
zation are enabled by the same technologies (the Internet,
e-mail, text messaging, etc.) that enable the global finan-
ciers whom they oppose to move capital between countries
by using a few computer key strokes. According to Peter-
son’s typology of roles fulfilled by interest groups (dis-
cussed previously), NSMs have provided increased
opportunities for public participation in policy, allowed a
wider range of opinion to enter the policy debate (repre-
sentation), offered fora for political education, pressured
for change (motivation), and monitored the actions of
governments. The only role they have not typically occu-
pied is provision of services.
International and Global Civil Society
Organization Activity

The emergence of global social movements, international
NGOs (e.g., Greenpeace, Amnesty International and Help
the Aged), transnational public health advocacy (most
notably in the field of HIV/AIDS), and most recently
global philanthropic organizations such as the Bill and
Melinda Gates Foundation, have inevitably led to the
question of whether it is meaningful to talk of a global
civil society, defined as: ‘the sphere of ideas, values, insti-
tutions, organisations, networks, and individuals located
between the family, the state and the market and operating
beyond the confines of national societies, polities and
economies’ (Anheier et al., 2001: 17). Although arguments
continue about the appropriateness of the term, there has
undoubtedly been a dramatic increase in transnational
interactions between civil society organizations. Norma-
tively, this can be seen as a strategic, grassroots response to
globalization, providing much needed global conscious-
ness raising and resistance to global capitalism in the face
of the declining capacity of nation states to regulate
transnational corporations. Global civil society has also
cohered in response to the emergence of a range of other
global political issues such as global warming (climate
change), environmental degradation, infectious disease
epidemics, human trafficking, and international terrorism
when it is clear that nation-states acting singly can do
relatively little.

Regulating transnational corporations has become an
increasing focus of networked civil society action as busi-
ness has become increasingly globalized and beyond the
reach of national jurisdictions. To this end, civil society
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organizations use both cooperative (e.g., eco-consumerism,
collaborations with business, promotion of voluntary codes
of conduct and stewardship) and confrontational strategies
such as consumer boycotts, public relations wars, surveil-
lance and exposure of corporate malpractice, and share-
holder activism.

There are also new official venues for civil society
activity in public health at the international level, for
instance, through the European Union, around the meet-
ings of the World Trade Organization, the Group of
8 (G8), andUnitedNations bodies. As a result, civil society
organizations have been able to open new channels of
access to official policymakers and develop new forms of
policy network at the European and global levels, thus
reducing their dependence on nation-states as the main
sites for decision making. Interest groups can shift their
attention back and forth between individual countries and
internationally, depending on the progress they are
making at each level.
What Impact Do Civil Society
Organizations Have in Public Health
Policy?

Despite the obvious increase in civil society activity at
national and international levels in the public health field,
questions inevitably arise as to whether this activity makes
a detectable difference to policy and how influential such
groups are compared with others involved in the policy
process. The effectiveness of civil society organizations
can be appraised across different stages and levels of
policy. Thus civil society may generate new information,
frame debates, and set the policy agenda; it may secure the
support of key actors and establish new norms; it may
produce procedural change (e.g., establish an interna-
tional code or treaty); it may influence the behavior and
decisions of state and nonstate actors; and finally, it may
be credited with having made a direct and major contri-
bution to policy change.

Among interest groups, business interests are generally
still the most powerful in most areas of public policy,
followed by labor interest groups. This is because both
capital and labor are vital to the economic production
process. In capitalist societies, ownership of the means of
production is concentrated in the hands of business cor-
porations rather than the state. As a result, business has
huge power vis-à-vis government, particularly in the cur-
rent globally interconnected environment in which cor-
porations can potentially shift their capital and
production relatively easily between countries if their
interests are being harmed by government policies.

Even in health-care systems in which most services are
provided in publicly owned and managed institutions,
there will still be extensive links with private-sector actors
who bring new ideas, demands, and practices into the
public sector. Provider professionals and workers have
an important influence on policy, in addition to business
interests. In the case of the doctors, this influence results
from a medical monopoly over a body of esoteric knowl-
edge that is allied to the control that doctors are able to
exert over the market for their services. Governments
continue to have a strong influence because of the large
contribution of public finance and provision in most (par-
ticularly high-income) countries.

However, consumer and citizen interests are also
increasingly heard and responded to. Although it is hard
to generalize, civil society organizations’ main impact
appears to lie in championing new ideas and pushing issues
onto the policy agenda of governments and corporations
rather than in determining the contours of the eventual
policy response. It is increasingly apparent that interest
groups such as patient organizations are playing a more
influential role in health policy even in low-income
countries, where they have traditionally been weak or
absent. Of course, the extent of influence on policy from
outside government and the immediate impact of party
politics will vary from place to place and from issue to issue.

The Jubilee 2000: Drop the Debt campaign was one of
the most high-profile and arguably relatively effective
civil society campaigns of the last decade and highlights
many of the strengths and limitations of global civil soci-
ety. It coordinated over 60 national campaigns worldwide,
including 17 in Latin America, 15 in Africa, and 10 in
Asia, and raised 17 million signatures, including 1 million
from Bangladesh and one-quarter of the 4 million popu-
lation of the Republic of Ireland. The campaign had an
impact on key bilateral negotiations relating to the debt of
poor countries, as well as offering unprecedented scrutiny
and media coverage of the impact of global macroeco-
nomic policies and institutions.

However, the campaign faced major difficulties in
achieving global coherence. The U.S. campaign focused
only on the very poorest states for domestic political
reasons, and this led to tensions with many southern
activists. In addition, some of the global legitimacy of
the campaign was undermined by the North–South
imbalance in funding and access to decision makers.
Despite the disproportionate share of resources deployed
by northern activists, which reflected what the campaign
was criticizing, the campaign did succeed in giving voice
to and empowering southern groups. The international
connections boosted the credibility of southern groups in
their own countries.

The history of the response to HIV/AIDS across the
globe is noteworthy for the very high level of involvement
and influence of civil society organizations. ‘Never before
have civil society organizations – here defined as any
group of individuals that is separate from government
and business – done so much to contribute to the fight
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against a global health crisis, or been so included in the
decisions made by policy-makers’ (Zuniga, 2006). The
HIV/AIDS history is also notable for the diversity of
interest group activities which together redefined the
policy agenda, the large number of HIV/AIDS organiza-
tions involved with strong transnational linkages (cur-
rently over 3000 in 150 countries), and the gradual shift
of activism from the high- to low-income countries. In the
United States and Western Europe in the 1980s, the most
affected population group was homosexual men who had
recent experience of the gay rights movement of the
1970s. They used some of the same civil rights strategies
and refused to play the passive role of ‘patients.’ Similarly,
in low-income countries subsequently, HIV/AIDS activ-
ism has been inspired by, and allied itself to, wider social
justice movements such as those for debt relief, as well as
building alliances with established groups in the North.
Is Interest Group Participation a Good
Thing in Policy Terms?

Generally, in democratic societies, the involvement of
organizations outside the government in policy processes
is seen as a good thing. However, there are potential
drawbacks. After all, organized criminal gangs are techni-
cally part of civil society.Table 1 summarizes the possible
advantages and drawbacks.

One of the most striking features of recent times has
been the proliferation of ‘front’ organizations for big
Table 1 Possible advantages and drawbacks of involving interes

Potential advantages of ‘open’ policy processes

Wide range of views is brought to bear on a problem, including a

better appreciation of the possible impacts of policy on different
groups

Policymaking process includes information that is not accessible

to governments

Consultation and/or involvement of a range of interests gives
policy greater legitimacy and support so that policy decisions

may be more likely to be implemented

New or emerging issues may be brought to governments’

attention more rapidly than if process is very ‘closed,’ thereby
allowing a rapid response

Source: Buse K, Mays N, and Walt G,Making Health Policy.Maidenh

with permission.
business masquerading as civil society organizations to
disguise commercial lobbying as grassroots democratic
debate (Buse and Lee, 2005). In 2006, Cancer United
was set up ostensibly to campaign for equal access to
cancer care across the European Union. It was presented
to prospective celebrity supporters as a coalition of doc-
tors, nurses, and patients, but was funded by Roche with
Roche’s public relations arm acting as its secretariat.
A related trend is for the pharmaceutical industry to
fund patients’ groups such as the English Fight for
Herceptin Campaign, a web-adept, media-friendly,
apparently grassroots women’s action group, but in fact
supported by the manufacturer’s public relations firm.
Conclusion

Public policymaking, including in public health, has
become more complex, involving a wider, less predictable
range of interest groups, including civil society organiza-
tions. National governments are also increasingly subject
to external and transnational pressure not just from trans-
national corporations but also from emerging global civil
society. Despite the widely identified shift from ‘govern-
ment’ to ‘governance’ since World War II, it is important
to keep a sense of perspective. Although the unfettered
power of many nation-states has diminished appreciably,
the state remains influential, particularly in Western
countries, in initiating, structuring, and managing the
relations between the government and civil society actors,
t groups in shaping health policy

Potential negative consequences of ‘open’ policy processes

Difficult to reconcile conflicting and competing claims for

attention and resources of different interest groups
Adds to complexity and time taken to reach decisions and

implement policies

Concern to identify whom different interest groups ‘truly’

represent and how accountable they are to their members or
funders

Risk of token involvement of civil society in policy decision rather

than genuine engagement

Less well resourced, less well connected interests may still be
disadvantaged by being overlooked or marginalized

Interest groups may not be capable of providing the information

or taking the responsibility allocated to them
Activities of interest groups may not be transparent

Under pressure to raise their media profile to help with

fund-raising, organizations may adopt irresponsible,

extreme positions
Proliferation of ‘front’ groups enables corporate interests to

develop multiple, covert channels of influence

Interest groups can be bigoted, self-interested, badly informed,

abusive, and intimidatory – being in civil society does not
confer automatic virtue

ead, UK: Open University Press, 2005, Table 6.2, p. 117, adapted
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including nongovernmental organizations. As a result,
public health practitioners and advocates need to become
expert in the political skills of stakeholder analysis and
develop strategic alliances with government officials, pro-
fessional groups, civil society organizations, donors, and
the research community if they wish their policies to be
taken up and implemented (Buse et al., 2006). Public
health policy has always been inherently political, never
more so than today.

See also: Agenda Setting in Public Health Policy; Global

Health Initiatives and Public Health Policy; Human

Rights, Approach to Public Health Policy; The State in

Public Health, The Role of.
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Introduction

Health data need to be documented so that these records
can be further studied for various purposes such as moni-
toring and evaluation. Health data are usually recorded
using natural language. To process this information in a
standardized way, specific coding structures may be
applied to allow systematic study of the health events,
actions, and other constructs. Several schemes have been
created to represent the universe of health information in
different dimensions such as ‘diseases,’ ‘disability,’ ‘inter-
ventions,’ and others. These schemes include logically
organized sets of categories to process data, which are
known as classifications. A health classification is a sys-
tematic organization of health concepts in sets of cate-
gories based on their properties. Given the comprehensive
nature of their scope, classifications provide a conceptual
framework as an overview of the full universe of their
content and offer logical groupings to organize these
concepts for reference purposes. They are used to system-
atically analyze data and report health information at the
individual or population level.

International classifications represent schemes pro-
duced and endorsed by global authorities to facilitate
the storage, retrieval, analysis, and interpretation of data.
International schemes are essential to make comparison
across countries and over time. As the lead international
agency for health, theWorld Health Organization (WHO)
is the producer and custodian of most of the international
health classifications. WHO currently oversees a set of
international classification products that may be used in
an integrated fashion to compile and compare health
information nationally and internationally.
History of International Health
Classifications

Although various health practitioners have used various
schemes to classify diseases and other health phenomena,
the first large-scale and systematic use of health classifi-
cations took place in the sixteenth century, in the appli-
cation of London Bills of Mortality as a way of warning
about plague epidemics. The mortality information was
collected by parish clerks and published every week. In
1629, the cause of death was included in the reporting,
and in the early eighteenth century, the age at death. Most
of the information was supplied by clerks who were not
medical professionals. Their lack of medical knowledge
resulted in cause-of-death terms that were often vague or
wrong, such as ‘evil’ or ‘being planet struck.’

The first attempt to classify diseases systematically was
made by François Bossier de Lacroix (1706–77), better
known as Sauvages, whose comprehensive treatise was
published under the title Nosologia Methodica. A contem-
porary of Sauvages was the great methodologist Linnaeus
(1707–78), who is better known for devising the system
used to this day to classify living organisms. He also
produced a classification of diseases in a treatise entitled
Genera Morborum (Genera of Diseases, 1763). These works
are first attempts to consider all diseases in relation to one
another as a joint set, in a systematic way, and based on a
hierarchical organization scheme. Although some of the
resulting classifications seem peculiar by modern stan-
dards – for example, Linnaeus classified rabies as a psy-
chiatric disorder – the system he created paved the way for
an internally consistent and coherent system.

The utility of a uniform classification of causes of
death was so clearly recognized at the first International
Statistical Congress, held in Brussels in 1853, that the
Congress requested Dr. William Farr – the first medical
statistician of the General Register Office of England and
Wales – and Dr. Marc d’Espine of Geneva to prepare ‘‘a
uniform nomenclature of causes of death applicable in all
the countries.’’ At the next Congress in Paris in 1855, Farr
and d’Espine submitted two separate lists based on very
different principles. Farr’s classification was arranged
under five groups: epidemic diseases, constitutional (gen-
eral) diseases, local diseases arranged according to anato-
mical site, developmental diseases, and diseases that are
the direct result of violence. D’Espine classified diseases
according to their nature (gouty, herpetic, hematic, etc.).
The Congress adopted a compromise list of 139 rubrics,
and further revisions followed in 1874, 1880, and 1886.
Although there was never any universal acceptance of this
classification, the general arrangement, including the
principle of classifying disease by anatomical site pro-
posed by Farr, has survived as the taxonomic basis for
the International Classification of Diseases (ICD).

The International Statistical Institute (ISI), which
replaced the International Statistical Congress, at its
meeting in Vienna in 1891, charged a committee chaired
by Dr Jacques Bertillon, Chief Statistician of the City of
Paris, with the preparation of a classification of causes
of death. The report of this committee was adopted in
1893 and included three different classifications, which
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represented a synthesis of English, German, and Swiss
classifications. In 1898, the American Public Health Asso-
ciation at its meeting in Ottawa, Canada recommended the
adoption of the Bertillon classification by registrars of
Canada, Mexico, and the United States. The Association
further suggested that the classification be revised every
10 years. International conferences for the revision of the
classificationwere held in 1900, 1909, 1920, 1929, and 1938.
These conferences produced the first five revisions of what
would eventually become the ICD. A hallmark of the
classification system is that diseases are represented in
different groupings in concise and structured lists so that
all codes jointly exhaust the full universe of known diseases;
at the same time, the codes are mutually exclusive, that is,
one and only one code applies to any given condition.
The International Classification of
Diseases and the World Health
Organization

The International Health Conference, held in New York
City in 1946, requested the Interim Commission of the
World Health Organization to prepare the next revision
of the International Lists of Causes of Death and to establish
the International Lists of Causes of Morbidity. The Interna-
tional Conference for the Sixth Revision of the Inter-
national Lists of Causes of Death was convened in Paris
by the government of France and WHO in April 1948.
The resulting classification was renamed the International
Reference clas
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international nomenclature regulations, all Member
States of WHO have the obligation to report mortality
and morbidity information using ICD.
WHO Family of Classifications

Expanding upon the foundation laid by the ICD, WHO
has created a suite of integrated schemes of various clas-
sifications to address an array of dimensions of health such
as deaths, diseases, disability and degree of functioning,
health interventions, or reasons for encounters with
health services. The WHO Family of International Clas-
sifications (WHO-FIC) provides a conceptual framework
for various information domains relating to different
dimensions of health. The member classifications of the
family are designed to share common foundations to
the extent possible so that they can be used jointly and
serve as a common language to improve communication.
There are three types of classifications in the WHO-FIC:
reference classifications, derived classifications and related
classifications, as shown in Figure 1.
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Here we briefly introduce the different categories of
classifications in the WHO-FIC. The following section
describes specific members of the family in greater detail.
Reference Classifications

Reference classifications cover the main parameters of
health and the health system, such as death, disease, func-
tioning, disability, health, and health interventions. WHO
reference classifications are a product of international
agreements. They have achieved broad acceptance and
official agreement for use and are approved and recom-
mended as guidelines for international reporting on health.
They may be used as models for the development or
revision of other classifications, with respect to both the
structure and the character and definition of the categories.

The two main reference classifications include the
ICD, now in its 10th revision, and the International Classi-
fication of Functioning, Disability and Health (ICF) (WHO,
2001). These two classifications provide complementary
health information; for example, ICD can be used to
record diseases, while ICF records disability or function-
ing levels. Both of these could be combined in a ‘case-mix
system’ so as to explain resource needs and serve reim-
bursement systems. A third reference classification, the
International Classification of Health Interventions (ICHI), is
under development.
Derived Classifications

Derived classifications are based upon one or more refer-
ence classifications, and are consistent with them. Derived
classifications may be prepared either by adapting the
reference classification structure and categories, or by
providing additional detail beyond that provided by the
reference classification. Alternatively, theymay be prepared
through rearrangement or aggregation of items from one
or more reference classifications. Derived classifications
are often tailored for use at the national or multinational
level.

Within WHO-FIC, the derived classifications may
include specialty-based adaptations of ICF or ICD, such
as the ICF version for children and youth (ICF-CY), the
International Classification of Diseases for Oncology (ICD-O-3),
the Application of the ICD to Dentistry and Stomatology ,
3rd edition (ICD-DA), the ICD-10 for mental and behav-
ioral disorders, and the Application of the ICD to Neurology

(ICD-10-NA).
Related Classifications

Related classifications are included in WHO-FIC to
describe important aspects of health or the health system
not covered by reference or derived classifications. They
may arise from work in other sectors of the WHO, as in
the case of external causes of injury (ICECI) (WHO
Working Group, 2000) and medicines (ATC-DDD)
(WHO Collaborating Centre, 2003), or have been devel-
oped by other organizations, such as the International
Classification of Primary Care (ICPC-2) (WONCA,
1998) and Technical Aids for Persons with Disabilities
(ISO9999) (International Organization for Standardiza-
tion, 2005). An aim of the family is to work over time
with custodians of related classifications to reduce incon-
sistencies with reference classifications.
Reference Classifications

The International Classification of Diseases

As noted in the historical overview above, the ICD, under
different names and changing auspices, has undergone 10
approximately decennial revisions to reflect advances in
medical knowledge and changing emphases in public
health. The tenth revision (ICD-10) was published by the
World Health Organization in 1992 (WHO, 1994). The
revision process toward ICD-11 started in 2007, for publi-
cation in 2015. Today the ICD represents the main inter-
national classification scheme, and it is globally used to
code deaths (i.e., mortality) and diseases (i.e., morbidity).
The ICD is used for mortality registration in 110 countries
and has been translated into over 40 languages. The classi-
fication is available online in English and French on
WHO’s website, and in other national languages on the
websites of relevant institutions. In addition to coding of
causes of death, diagnosis and procedure codes defined in
relation to ICD are also used by health insurance schemes
and in a variety of applications in medical informatics such
as statistical analysis of diseases, reimbursement, resource
allocations based on case-mix grouping such as diagnosis-
related groupings, and for epidemiology and health ser-
vices research purposes and clinical decision support
systems. ICD groups diseases and related health problems
in line with taxonomic rules based on anatomical site and
other pragmatic statistical reasons. Table 1 summarizes
the list of ICD-10 chapters.

The code structure in ICD-10 was changed to an alpha-
numeric code to allow for more detail. The print edition of
ICD-10 consists of three volumes. Volume I contains the
classification itself as well as special tabulation lists for
mortality and morbidity. Volume II is the instruction man-
ual, with extensive description of the classification and
coding rules for its use. Volume III is the alphabetical
index, and contains separate indices for diseases, external
causes, and drugs/substances. A mechanism for regular
update of the ICD is in place that enables yearly minor
updates to the classification. Every three years, a new
edition is published as a major update.



Table 1 List of ICD-10 chapters

1. Certain infectious and parasitic diseases
2. Neoplasms

3. Diseases of the blood and blood-forming organs and certain

disorders involving the immune mechanism

4. Endocrine, nutritional, and metabolic diseases
5. Mental and behavioral disorders

6. Diseases of the nervous system

7. Diseases of the eye and adnexa

8. Diseases of the ear and mastoid process
9. Diseases of the circulatory system

10. Diseases of the respiratory system

11. Diseases of the digestive system
12. Diseases of the skin and subcutaneous tissue

13. Diseases of the musculoskeletal system and connective

tissue

14. Diseases of the genitourinary system
15. Pregnancy, childbirth, and the puerperium

16. Certain conditions originating in the perinatal period

17. Congenital malformations, deformations, and chromosomal

abnormalities
18. Symptoms, signs, and abnormal clinical and laboratory

findings, not elsewhere classified

19. Injury, poisoning, and certain other consequences of external

causes
20. External causes of morbidity and mortality

21. Factors influencing health status and contact with health

services
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ICD National Clinical Modifications

Given the differing needs of medical practice in different
countries, national modifications of ICD have been pro-
duced, for example, ICD-9-CM (clinical modification)
and ICD-10-CM in the United States, ICD-10-CA
(Canadian adaptation), and ICD-10-AM (Australian
modification). Similar adaptations exist in many other
countries, such as Denmark, Germany, Korea, and Thai-
land. These national classifications use the main ICD
scheme and extend the classification into further cate-
gories to suit better their local clinical applications.
International Classification of Functioning,
Disability and Health

The International Classification of Functioning, Disability and

Health (ICF) aims to provide a unified and standard lan-
guage and framework for the description of health and
health-related states of an individual. It defines compo-
nents of health and some health-related components of
well-being (such as education and labor). ICF is translated
into over 42 languages and can be accessed online in its 6
official languages at WHO’s website.

‘Functioning’ is a broad term intended to encompass
all body functions, activities, and participation. Similarly,
‘disability’ is used as an umbrella term that encompasses
impairments, activity limitations, and participation restric-
tions. ‘Activity limitations’ replaces the former ‘disabilities,’
and ‘participation restrictions’ replaces the more negative
term ‘handicaps,’ used in the precursor International Classi-
fication of Impairment, Disabilities and Handicaps (ICIDH).

The ICF model and its underlying principles represent
a significant development from its predecessor, the ICIDH
(WHO, 1980). In the ICIDH, disability was understood
as a limitation in the person’s activity that resulted from
impairment. Neither disabilities nor handicaps could be
assessed in terms of degree of severity. Environmental fac-
tors were acknowledged but not classified, and no linkages
between disability and health status measurement were
made.Due to these limitations, ICIDHwas generally viewed
as flawed and so was ignored by disability data users in
general and by advocates of the social model of disability.

In response to these and other criticisms, the ICF was
developed over a seven-year period by an international
collaborative process and validated by means of field trials
in over 70 countries before officially being endorsed by all
WHO Member States in 2001.

At the core of ICF’s concept of health and disability is
the notion that disability is a multidimensional and uni-
versal phenomenon located on a continuum with health.
Human functioning is understood as a continuum of
health states, and every human being exhibits one or
another degree of functioning in each domain, at the
body, person, and society levels. ICF conceptualizes
disability not solely as a problem that resides in the
individual, but as a health experience that occurs in a
context. Disability and functioning are, according to the
ICF model, outcomes of interactions between health con-
ditions (diseases, disorders, and injuries) and contextual
factors. The bio-psychosocial model embedded in the
ICF broadens the perspective of disability and allows
medical, individual, social, and environmental influences
on functioning and disability to be examined.

The ICF contains health domains and health-related
domains to define levels of functioning. By classifying
health and health-related domains, ICF enables the user
to record profiles and level of functioning in various
domains for purposes such as outcome measurement or
social insurance assessment.

Components of ICF are shown in Figure 2. As a classi-
fication, ICF systematically groups different domains for
a person in a given health condition (e.g., what a person
with a disease or disorder does do or can do). These
domains are described from the perspective of the body,
the individual, and the society in two basic lists:

1. body functions and structures
2. activities and participation.

Body functions and structures are classified according
to main physiological systems:

. mental functions

. sensory functions and pain



Health condition

Body functions
and structures

Environmental
factors

Personal
factors

ParticipationActivities

Figure 2 Components of the ICF ã WHO – reproduced with

permission.
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. voice and speech functions

. functions of the cardiovascular, hematological, immu-
nological, and respiratory systems

. functions of the digestive, metabolic, and endocrine
systems

. genitourinary and reproductive functions

. neuromusculoskeletal and movement-related functions

. functions of the skin and related structures.

Activities and participation are classified according to
meaningful sets of related life areas, such as:

. learning and applying knowledge

. general tasks and demands

. communication

. mobility

. self-care

. domestic life

. interpersonal interactions and relationships

. major life areas (work, school, etc.)

. community, social, and civic life.

Each of the domains of ICF parts is detailed through a
series of chapters and categories at different levels. The
full detailed version can be aggregated into a short version
when summary information is required. Various qualifiers
are used to express severity (extent or magnitude), and
the distinction between ‘capacity’ and ‘performance.’

ICF also recognizes contextual factors, including envi-
ronmental factors and personal factors. Environmental
factors are included as a third list in ICF. These factors
interact with the individual’s health condition and function-
ing, forming facilitators and barriers. Facilitators enhance
function, while barriers increase limitations and restrictions.
Environmental factors are divided into those that are
physical, such as features of the home setting, and those
that are societal, such as politics and social attitudes.

ICF refers to but does not list personal factors, which
include background contexts such as the individual’s par-
ticular attitudes, experiences, gender, age, race, and voca-
tion. Personal factors are not enumerated explicitly
because they are difficult to standardize internationally,
and because there may exist special international schemes
such as those for education, labor, and occupations.
International Classification of Health
Interventions

Health interventions include medical procedures and
other interventions at the level of an individual, for diag-
nosis or treatment, as well as interventions at population
level, such as vaccination programs.

In a first attempt to classify health interventions at the
international level, the International Classification of Proce-

dures in Medicine (ICPM) was published in 1978. Because
the speed of changes in the field of medical procedures is
too fast and too context-specific, an international consen-
sus proved to be difficult to obtain. While the ICPM has
been adapted for use in reimbursement systems in a few
countries, its structure is outdated, and recent procedu-
ral developments may not fit well into the classification
system.

In a second effort, the Australian Classifications of
Health Interventions was tested in a simplified version.
Despite its utility at national level, field testing and struc-
tural analysis showed some limitations to international
use. Currently, renewed efforts are underway to develop
an international classification of interventions that is suit-
able for making international comparisons.
Derived Classifications

International Classification of Diseases for
Oncology, Third Edition

The International Classification of Diseases for Oncology , third
edition (ICD-O-3), is designed to categorize tumors. It is
used primarily in tumor or cancer registries for coding the
site (topography) and the histology (morphology) of neo-
plasms, usually obtained from a pathology report and in
research. The ICD-O-3 is a multiaxial classification, con-
sisting of two main axes, the topography and the morphol-
ogy of tumors. For the morphology there exist two
additional axes, to differentiate behavior (benign/malig-
nant) and grading of a tumor. The topography axis uses
the ICD-10 classification of malignant neoplasms with
some exceptions.

The first edition of ICD-O was published by WHO in
1976, the second edition in 1990, and the third edition in
2000. It is the product of international collaboration and
in line with the reference publication of the International
Agency for Research in Cancer (IARC) Blue Book series
WHO Classification of Tumours.

The ICD-O-3 has been published in English, Flemish/
Dutch, German, Japanese, Korean, Romanian, Turkish,
French, Chinese, Czech, and Portuguese. It is available
through WHO in English and in French. Correspondence
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tables are available between ICD-O revisions, and
between ICD-O revisions and ICD-9 and ICD-10. ICD-
O-3 introduced huge changes in the field of hematopoie-
tic tumors, thus rendering code conversion in this special
field in part impossible. The corresponding part of ICD is
currently being revised accordingly.
The ICD-10 Classification of Mental and
Behavioral Disorders

The mental and behavioral disorder chapter has under-
gone major changes during the last three revisions. In
1957, Stengel’s seminal report called for the need for
operational definitions to overcome the problem of lack
of agreement on the diagnosis of mental disorders among
mental health professionals. Therefore, brief descriptions
of the categories included in Chapter 5 (mental disorders)
were introduced in the ninth revision of the ICD in 1975.
No other chapter includes such a glossary. These defini-
tions were meant to assist the person making the diag-
nosis. Their inclusion in the ICD has been very useful
and has stimulated the work on the definitions of criteria
and rules concerning the classification of mental and
behavioral disorders.

The ICD-10 for mental and behavioral disorders chap-
ter was successively reformulated following extensive
work of various conferences and field trials. The products
of these efforts represent a congruent set of related classi-
fications intended for different users such as clinicians,
researchers, and primary care workers (see Table 2).
These include the ICD-10 Classification of Mental and
Behavioral Disorders: Clinical Descriptions and Diagnos-
tic Guidelines, the ICD-10 Classification of Mental and
Behavioral Disorders: Diagnostic Criteria for Research,
and a primary care version, which also included manage-
ment guidelines for most common mental disorders
frequently seen in general health-care settings. In addi-
tion, there have been multiaxial representations of the
classification to record different aspects of adults’ and
children’s mental disorders. The research version of
ICD-10 contains operationally defined criteria that are
quantifiable and linked to national adaptations of widely
used classifications in the field, such as the Diagnostic and
Statistical Manual (DSM) of the American Psychiatric
Association. The ICD-10 classification of mental and
Table 2 Different presentation of ICD-10 Chapter 5 for different u

Version

ICD-10 main volume

ICD-10 Chapter V: Classification of Mental and Behavioral

Disorders:Clinical Descriptions and Diagnostic Guidelines (‘Blue B
The ICD-10 Classification of Mental and Behavioral Disorders:

Diagnostic Criteria for Research (‘Green Book’)

ICD-10 Classification of Mental and Behavioral Disorders:
Primary Care version
behavioral classification represents a consensus base
among mental health workers and, to the extent possible,
represents the current scientific evidence for better
describing the disease and disorder knowledge.
Application of the ICD to Dentistry and
Stomatology, Third Edition

This third edition of the Application of the International

Classification of Diseases to Dentistry and Stomatology (ICD-
DA) provides a coherent system for coding and classifying
data on oral and dental disorders. The scope of the classi-
fication includes all diseases and conditions that occur in,
have manifestations in, or are associated with the oral
cavity and adjacent structures. For oral and dental disor-
ders, most of the classifications provided by ICD-10 have
been subdivided and expanded to include a fifth character.
The purpose of this exclusive fifth character is to focus the
attention of oral health personnel on the need for detailed
diagnosis for each patient, to allow standardized recording
of all diagnoses, and to facilitate comparison of data at an
international level. Like the parent work, ICD-DA has a
detailed tabular section followed by a comprehensive
alphabetic index. The classification can be used in a con-
tracted form, consisting of a relatively small number of
broad headings, or in an expanded form that allows
detailed analysis in areas of special interest.
Application of the ICD to Neurology

The Application of the ICD to Neurology (ICD-10-NA) is an
expansion of the original ICD-10 with further detailed
classification of diseases of neurological origin or expres-
sion. It also contains a table of inclusion and exclusion
terms and a detailed alphabetical index. The coding sys-
tem of the ICD-10-NA is exactly the same as for the ICD-
10, since cross-referencing requires that specialization
classifications such as the ICD-10-NA derived from the
ICD must have the same 3- and 4-digit codes as those in
the original ICD-10. Within these limits, the fifth, sixth,
and seventh digits of the subdivision codes, and the gen-
eralization of multiple coding used to describe both etiol-
ogies and manifestations, have greatly increased the
discriminating power and precision of neurological dis-
eases classification based on the parent ICD.
sers

Feature User

Short glossary definitions Coders

ook’)

Diagnostic guidelines and

descriptions

Clinicians

Operational criteria Researchers

Diagnostic and management
guidelines

Primary care workers
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ICF Version for Children and Youth

The ICF version for children and youth (ICF-CY) is an
extension of the main reference classification of ICF for
specific application to childhood and youth age groups,
which cover significant developmental processes that
makes the classification of functioning and disability
more complex. It includes additional items, or annotations
relevant to children and youth. In this way it is more usable
for capturing developmental disabilities in children and
aligning this with statistical and clinical information needs
(e.g., through the addition of codes related to ‘play’).
Related Classifications

International Classification of Primary Care,
Second Edition

The International Classification of Primary Care, second edi-
tion (ICPC-2), classifies patient data and clinical activity in
the domains of general/family practice and primary care,
taking into account the frequency distribution of problems
seen in these domains. It allows classification of the patient’s
reason for the encounter, the problems/diagnosis managed,
interventions, and the ordering of these data in an episode
of care structure. WHO has accepted ICPC-2 within the
WHO-FICmainly as a reason for encounter classifications,
and users may use it as a classification for primary care or
general practice wherever applicable.

The ICPC-2 has a biaxial structure and consists of 17
chapters, each divided into seven components dealing
with symptoms and complaints (component 1); diagnostic,
screening, and preventive procedures (component 2); medi-
cation, treatment, and procedures (component 3); test results
(component 4); administrative (component 5); referrals and
other reasons for encounter (component 6); and diseases
(component 7).

The classification was developed through an interna-
tional effort by the classification working group of the
World Organization of National Colleges, Academies,
and Academic Associations of General Practitioners/
Family Physicians (WONCA) and the WONCA Interna-
tional Classification Committee (WICC), starting from
ICD-10, and was first published in 1987 (they were first
called HICPIC and HICPIC 2). But it has evolved in a
different way along the needs of primary care. An updated
second edition was published in 2003. The ICPC-2 has
been translated into more than 20 languages and is in
use worldwide. A revised edition, the ICPC-3, is under
preparation. WHO and WONCA collaborate to realign
ICD-11 and ICPC during the mutual revision process.
International Classification of External
Causes of Injury

The International Classification of External Causes of In-
jury (ICECI) is meant to classify external causes of injuries.
It is designed to help researchers and prevention practi-
tioners to describe, measure, and monitor the occurrence of
injuries and to investigate their circumstances of occurrence
using an internally agreed-upon classification.

The classification has a separate coding axis for each
main concept. It aims to be useful for injury prevention, to
be useable in many types of settings (many parts of the
world, as well as emergency departments and other places
where data are collected), and to ensure comparability
and complementarity with the ICD-10.

The ICECI has a multiaxial and hierarchical structure
consisting of a core module of seven items (mechanism of
injury, objects/substances producing injury, place of
occurrence, activity when injured, the role of human
intent, use of alcohol, use of (other) psychoactive drugs)
and five additional modules to enable collection of addi-
tional data on special topics (violence, transport, place,
sports, occupational injury).

The classification was first published in May 1998. It
has been developed as a related classification with respect
to ICD-10, Chapter 20; ICECI does not replace this
chapter because it includes just the external causes. The
U.S. Centers of Disease Control and Prevention’s recom-
mended framework for presenting injury mortality data
provides a bridge between the two classifications.

Custodianship and responsibility for maintenance and
updating lies with an international group of experts, the
ICECI Coordination and Maintenance Group, which
includes WHO. The ICECI is available for free download
on the Internet in English, Spanish, and Portuguese.
The Anatomical Therapeutic
Chemical Classification System
with Defined Daily Doses

The Anatomical Therapeutic Chemical Classification
System with Defined Daily Doses (ATC/DDD) classifies
therapeutic drugs. The purpose of the ATC/DDD system
is to serve as a tool for drug utilization research in order to
improve quality of drug use. The drugs are divided into
different groups according to the organ or system on
which they act and their chemical, pharmacological, and
therapeutic properties. The daily drug doses reflect an
average of international dosage to get an estimate con-
sumption. The listed dosage does not mean equal thera-
peutic effect. The system has been in use for statistics
since 1975. Guidelines were published for the first time in
the current format in 1990, and the index was first pub-
lished as a paper copy in the current format in 1990. The
classification is updated on an annual basis.
Technical Aids for Persons with Disabilities –
Classification and Terminology

The Technical Aids for Persons with Disabilities – Classi-
fication and Terminology (International Standardization
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Organization, or ISO 9999) establishes a classification of
technical aids for persons with disabilities. It is restricted
to technical aids intended mainly for the use of an indi-
vidual. The classification consists of three hierarchical
levels termed classes, subclasses, and divisions. Each
class, subclass, or division consists of a code, a term, and
if necessary an explanatory note. The ISO 9999 was first
published in 1998, was updated in 2002, and is under
revision at the moment.
The International Classification for
Patient Safety

The International Classification for Patient Safety (ICPS)
aims to define and group patient safety concepts into an
internationally agreed classification in a way that is con-
ducive to learning and improving patient safety across
systems. The classification system can be used to collect
patient safety information if no system was in place. It also
can be used to merge information from different sources.
It is compatible with existing patient safety classification
and documentation systems. The WHO began work on
developing an international patient safety event classifi-
cation in 2003. The development of this classification was
formally identified in 2004 as a key priority for the
WHO’s World Alliance for Patient Safety’s 2005 Forward
Programme. A panel consisting of experts in the fields of
patient safety, classification theory and development,
health informatics, consumer advocacy, law, and medicine
(the ‘drafting group’) was assembled in October 2005 and
since then has worked to accomplish this goal. The differ-
ent aspects of patient safety have been put into a concep-
tual framework that is compliant with the general
framework of the WHO-FIC. The name of the classifica-
tion was officially changed to the International Classifi-
cation for Patient Safety (ICPS) to be consistent with the
WHO-FIC naming convention. Initially it was named
International Patient Safety Event Classification (IPSEC).
Other International Classifications

International Classification of Nursing Practice

The International Classification of Nursing Practice
(ICNP) is a unified nursing language system. It aims to
describe patient phenomena of concern to nurses and the
nurse-specific interventions with their attendant patient
outcomes. A shared terminology used to express the ele-
ments of nursing practice (what nurses do, relative to
certain human needs or patient conditions, to produce
certain outcomes) allows description of nursing practice
in such a way as to be able to compare practice across
clinical settings, client populations, geographic areas,
or time. A shared terminology also identifies the particu-
lar contribution of the nurse to the multidisciplinary
health-care team and differentiates the practices of expert
professional nurses and other health-care providers.

The ICNP was developed between 1990 and 2005, and
a final version was released after systematic development
and field-testing. ICNP has seven axes:

1. Focus: The area of attention that is relevant to nursing
(e.g., pain, homelessness, elimination, life expectancy,
knowledge)

2. Judgment: Clinical opinion or determination related to
the focus of nursing practice (e.g., decreasing level,
risk, enhanced, interrupted, abnormal)

3. Means: A manner or method of accomplishing an in-
tervention (e.g., bandage, bladder-training technique,
nutritionist service)

4. Action: An intentional process applied to or performed
by a client (e.g., educating, changing, administering,
monitoring)

5. Time: The point, period, instance, interval or duration
of an occurrence (e.g., admission, childbirth, chronic)

6. Location: Anatomical and spatial orientation of a diag-
nosis or intervention (e.g., posterior, abdomen, school,
community health center)

7. Client: Subject to which a diagnosis refers and who is
the recipient of an intervention (e.g., newborn, caregiv-
er, family, community).

These seven axes represent three basic ICNP elements:

. Nursing phenomena (nursing diagnoses)

. Nursing actions

. Nursing outcomes.
See also: Chronic Disease Modeling; Decision Analytic

Modeling; Infectious Disease Modeling; Measurement

and Modelling of Health-Related Quality of Life.
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Introduction

The growth and elaboration of the field of international
public health law in the last decade and a half has been a
notable development in global health policy. Traditionally,
public health was viewed as a realm of almost exclusive
national jurisdiction and multilateral cooperation in this
realm was restricted to discrete areas. Public health law
today remains predominantly domestic and national, but
the field of international public health law is extant and
growing. Through the codification of binding global health
law standards that regulate interstate behavior and national
conduct as well as the creation of other global norms that
influence state actions, international public health law has
expanding significance in national public health law and
policy.

The domain of international public health law now
encompasses increasingly diverse concerns, including
aspects of biomedical science and human reproduction/
cloning, organ transplantation and xenotransplantation,
infectious and noncommunicable diseases, the control of
the safety of health services, food and pharmaceuticals
in international trade, and the control of addictive and
harmful substances such as tobacco and narcotics (Grad,
2005). International health law is also increasingly linked
to other traditional areas of international legal concern.
Environmental law and the control of toxic pollutants, arms
control, and the banning of weapons of mass destruction,
human rights law, nuclear safety and radiation protection,
and occupational health and safety are increasingly recog-
nized as connected to public health. Table 1 hereto
provides a variety of examples of the wide domain of
international law related to public health, including inter-
national agreements that have positive as well as negative
implications for public health.

This article provides an overview of the field of inter-
national public health law. It examines the historical
origins of the field and the factors contributing to its
contemporary evolution. In addition, the article briefly
reviews the nature and the significance of international
law and the contribution of international organizations
to the codification of international public health law.
Finally, the role of two international organizations, the
World Health Organization and the World Trade Organi-
zation, in the contemporary development of international
law are considered in connection with recent examples
of lawmaking with important public health and public
health policy implications.
The Evolution of International Public
Health Law

Although public health is one of the earliest fields of
international cooperation and one of the first domains in
which an intergovernmental organization was created, the
scope of international legal cooperation in public health
was, until recently, highly limited.

Disease has been the unwelcome traveling companion
of international commerce throughout history and inter-
national public health cooperation from the beginning
was as concerned with facilitating trade as with protect-
ing public health. The functions of the early international
health organizations of the nineteenth and twentieth
centuries centered on combating infectious and commu-
nicable diseases and preventing their spread across inter-
national boundaries (Pannenborg, 1979). For example, the
Conseil superieur de santé (Superior Council of Health)
of Constantinople, composed of delegates of the Ottoman
Empire and the chief maritime states, was established in
1838 to supervise sanitary regulation of the Turkish ports
to prevent the spread of cholera. As a further example,
the international legal activities of the first permanent
international health organization, L’Office International



Table 1 Examples of international law and public health

Category of public health concern Date International agreement

Disability 2006 Convention on the Rights of Persons with Disabilitites
Communicable disease control 2005 International Health Regulations (revised)

Global tobacco control 2003 WHO Framework Convention on Tobacco Control

Human rights 1966 International Covenant on Economic, Social and Cultural Rights

1966 International Covenant on Civil and Political Rights
1979 Convention on the Elimination of All Forms of Discrimination Against

Women

1980 Convention on Certain Conventional Weapons

1984 Convention Against Torture and Other Cruel, Inhuman or Degrading
Treatment or Punishment

1989 Convention on the Rights of the Child

Arms control 1968 Treaty on the Non-Proliferation of Nuclear Weapons
1972 Biological Weapons Convention

1993 Chemical Weapons Convention

1982 UN Convention on the Law of the Sea

1996 Comprehensive Test Ban Treaty
Environmental health 1985 Vienna Convention for the Protection of the Ozone Layer

1987 Montreal Protocol to the 1985 Vienna Convention for the Protection of

the Ozone Layer

1992 UN Convention on Climate Change
1994 Convention to Combat Desertification

1992 Convention on the Transboundary Effect of Industrial Accidents

1997 Kyoto Protocol to 1992 UN Convention on Climate Change
1998 Convention on Prior Informed Consent for Certain Hazardous

Chemicals and Pesticides in International Trade

2001 Stockholm Convention on Persistent Organic Pollutants

International narcotic drug control 1961 Single Convention on Narcotic Drugs
1971 Convention on Psychotropic Substances

1988 UN Convention Against Illicit Traffic in Narcotic Drugs and

Psychotropic Substances

Occupational health and safety 1921 White Lead (Painting) Convention
1932 Protection Against Accidents (Dockers) Convention

1960 Radiation Protection Convention

1974 Occupational Cancer Convention
1981 Occupational Safety and Health Convention

International trade law 1994 General Agreement on Tariffs and Trade (GATT 1994)

1994 General Agreement on Trade in Services (GATS)

1994 Agreement on the Application of Sanitary and Phytosanitary Measures
(SPS)

1994 Agreement on Trade-Related Aspects of Intellectual Property Rights

(TRIPS)
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d’Hygiene Publique, were restricted to the administra-
tion of international sanitary conventions, including the
international exchange of epidemiological information.
International communicable disease control remained
the predominant area of international legal cooperation
throughout the mid-nineteenth century and most of the
twentieth century.

With a focus limited to international communicable
disease control, public health law remained a relatively
neglected field of international legal concern throughout
most of the twentieth century. In particular, the World
Health Organization (WHO), established in 1948 as the
specialized agency of the United Nations in the field of
health, stood out as unique among such UN agencies in
that the Organization traditionally neglected the use of
international legislative strategies to promote its global
public policies (Taylor, 1992). WHO Member States
also paid little attention to the potential contribution of
international law in advancing global health during most
of the last century. Although public health remained a
narrow realm of multilateral cooperation for over 150
years, the long-standing historical connection between
international lawand communicable disease control pointed
to the larger role that international law could serve in
future international health diplomacy.

In the last decade and a half, the field of international
public health law has expanded significantly. The breadth
and depth of contemporary international health law can
be traced to a number of recent and interconnected devel-
opments, including: (1) the impact of globalization on
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public health diplomacy; (2) the growth of global concern
with economic and social rights, including the right to
health, and (3) expanding appreciation of the nexus
between public health law and other realms of interna-
tional legal concern.
Globalization and the Expanding Domain of
International Health Law

It is widely recognized that contemporary globalization is
contributing to the expansion of the field of international
public health law. Although increasing global integration
is not an entirely new phenomenon, contemporary glo-
balization has had an unprecedented impact on global
public health and is creating new and increasingly diffi-
cult governance needs and health policy making chal-
lenges (Lee et al., 2002).

Globalization has contributed to the rapid decline in
the practical capacity of sovereign states to address public
health challenges through unilateral national action alone
and expanded the need for health governance structures
that transcend traditional and increasingly inadequate
national approaches.

Treaty law, often referred to as conventional interna-
tional law, has received new prominence as a mechanism
or a tool that can be used by states to facilitate multilateral
cooperation in this era of globalization, as states increas-
ingly recognize the need for international cooperation to
attain national public health objectives for which domestic
law and other policy responses are increasingly inade-
quate (Taylor, 2004). For example, rapid worldwide dis-
semination of recent advances in scientific knowledge and
technology has encouraged international cooperation in a
wide range of treaties, including those concerning the
safety of chemicals, pesticides and food, and the disposal
of hazardous wastes.

Globalization has increased the need for new, forma-
lized frameworks for international cooperation, including
international law, to address emerging global health
threats. For example, the dynamics of globalization have
created fertile global breeding conditions for the cross-
border spread of emerging threats to health, such as
weapons of mass destruction, including bioterrorism;
emerging and reemerging infectious diseases; and non-
communicable diseases including tobacco use and obesity.

In addition, globalization has expanded global interest
in codifying new international commitments to protect
the health status of poor states that have not benefited
from globalization – the so-called losers of globalization.
For example, the need to promote more equitable innova-
tion and universal access in health-care products, includ-
ing medicines, pharmaceuticals, diagnostics, and medical
devices, is generating ongoing debate about the efficacy of
codifying a new international instrument on medical
research and design.
Because of the momentum of globalization, states must
increasingly turn to international cooperation in order to
protect and promote domestic health. Consequently, we
are likely to see wider use of international legal instru-
ments in this century to control the risks and threats to
health associated with globalization and, perhaps, to take
advantage of the opportunities to improve world health
that have been afforded by global change.

For example, the WHO International Health Regula-
tions, the sole international legal instrument designed to
provide a framework for multilateral efforts to combat
infectious diseases, were revised in 2005 to address the
increasing threat posed by the transnationalization of
infectious diseases and to incorporate newly developed
mechanisms for international coordination and response.
The International Health Regulations are discussed in
detail in the section titled ‘TheWorld Health Organization:
The 2003 Framework Convention on Tobacco Control
and the 2005 International Health Regulations.’
Health and Human Rights

The evolution of international health law in the last
decade and a half is very much tied to the protection
and promotion of human rights related to physical and
mental integrity. The principal international legal basis
for the right to health is found in the core instruments
of international human rights law promulgated under the
auspices of the United Nations: The International Bill
of Rights, which consists of the Universal Declaration of
Human Rights (1948), the International Covenant on
Economic, Social and Cultural Rights (1966), and the
International Covenant on Civil and Political Rights
(1966). Despite the historic linkage, the strong connection
between health and human rights has only recently received
significant attention.

A number of emerging global concerns, including
HIV/AIDS and women’s health issues, including rape
and other forms of violence against women, brought the
intrinsic connection between health and human rights to
the forefront of international policy concern beginning
in the late 1980s and early 1990s. Of particular impor-
tance was a pioneering human rights approach to the
global HIV/AIDS pandemic adopted by WHO in the
late 1980s. It is widely recognized that this novel emphasis
on the linkage between public health and human rights
law had a groundbreaking impact in that it compelled
governments to be publicly accountable on an interna-
tional stage for their actions against persons living with
HIV/AIDS (Gruskin and Tarantola, 2002). Ultimately,
this innovative global political approach to public health
issues publicly highlighted for the very first time the
underlying legal responsibility of governments to protect
and promote the health of their populations and has
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served as a forerunner for increasingly widespread links
between human rights and other public health issues
(Mann and Tarantola, 1998).

The domain of health and human rights has expanded
significantly under the auspices of agencies and organs of
the United Nations and other international organizations.
Specific international legal instruments addressing the
rights of particular populations, such as persons with
HIV/AIDS, women, children, migrant workers, and refu-
gees have recently been adopted. As a further example, on
December 13, 2006, the United Nations General Assem-
bly adopted the Convention on the Rights of Persons with
Disabilities, a Comprehensive and Integral International
Convention on the Protection and Promotion of the
Rights and Dignity of Persons with Disabilities.

Other contemporary developments are contributing to
the further elaboration of international legal instruments
in the realm of health and human rights, including, in
particular, globalization. For example, widespread recog-
nition of growing inequalities in health status and differ-
ential access to medical advances in rich and poor states
has expanded interest in the relationship between social
and economics rights and health. Of particular concern is
the impact of international intellectual property protec-
tion under the World Trade Organization TRIPS Agree-
ment, discussed in the section titled ‘The World Trade
Organization: 1994 Trade Related Aspects of Intellectual
Property Agreement and Access to Essential Medicines,’
in restricting access to essential medicines, particularly
HIV/AIDS antiretrovirals, in most developing countries.
The unprecedented human catastrophe posed by HIV/
AIDS has led the international community to adopt a
number of nonbinding resolutions at the United Nations
General Assembly, the former United Nations Commis-
sion on Human Rights and the World Health Organiza-
tion specifying the relationship between HIV/AIDS,
human rights, and access to medicines. Most recently, in
June 2006, the United Nations General Assembly adopted
a Political Declaration on AIDS (UN Res. 60/262) reaf-
firming that access to medicines in the context of pan-
demics, including HIV/AIDS, is one of the fundamental
elements to achieving full realization for everyone of the
international right to health.

Globalization is also furthering the elaboration of
international instruments in this realm because increasing
global integration is compounding the impact of other
contemporary global developments associated with health
status and human rights. For example, the spread of com-
munication and information technologies has dramati-
cally accelerated the rate of scientific progress as well
as its global diffusion. For instance, the implications of
recent advances in biotechnology for the protection
of human rights and human dignity have also been a
topic of recent interest by international and regional
organizations, including consideration of bans on novel
technologies. In 1997, the United Nations Educational,
Scientific and Cultural Organization (UNESCO) adopted
a nonbinding instrument, the Universal Declaration on
the Human Genome and Human Rights. In addition, in
the wake of failed treaty negotiations, in 2005 the United
Nations General Assembly adopted a declaration urging
Member States to prohibit reproductive cloning as
incompatible with human rights. At the regional level,
the Council of Europe adopted a Convention on the
Protection of Human Rights and Human Dignity with
Regard to the Application of Biology and Medicine: The
Convention on Human Rights and Biomedicine in 1997.
Protocols to the Convention – separate agreements – on
human cloning, biomedical research, and transplantation
have also been adopted by the Council of Europe.

Finally, it is important to note that the rapid expansion
of the domain of health and human rights also serves as an
important illustration of another interconnected factor
contributing to the breadth of contemporary international
health law: The increasingly recognized nexus between
public health and other international legal concerns.
Linkage and the Scope of International
Health Law

The expanding domain of international health law can be
understood, in part, as a product of recently enhanced
appreciation of the interconnectedness of contemporary
global concerns and, concomitantly, the linkage of health
to other legal issues. International legal scholars have
traditionally compartmentalized and treated substantive
subject matters such as human rights, environmental pro-
tection, arms control, and public health as discrete self-
contained areas with limited connections. Rapid global
integration propelled by contemporary globalization has
contributed to the fairly recent recognition of the nexus
among different realms of international law.

As a consequence of issue linkage, international health is
increasingly understood to be a central component of other
international legal regimes, including labor law, human
rights, arms control, and international trade. The recent
connection between health and human rights in contem-
porary international law and practice discussed in the
preceding section is an important example of the linkage
of two traditionally distinct realms of international law. The
evolution of the concept of human security provides
another interesting example of this development. The tra-
ditional understanding of human security has come under
increasing pressure in recent years, with growing support
for a comprehensive approach to human security that
addresses the wide-ranging factors that impact upon the
vulnerability of people. In 2003, the UN Commission on
Human Security released a report proposing a new secu-
rity framework and recognizing the linkage between health
and human security (United Nations Commission on
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Human Security, 2003). In addition, expanding global con-
cern with weapons of mass destruction and terrorism has
underscored the strong interconnection between public
health and security. For example, legal commitments estab-
lished under WHO’s new International Health Regula-
tions, described further herein, are clearly designed to
apply to releases of biological, chemical, and radiological
events, accidental and deliberate.
An Introduction to Public International
Law

The Nature and Sources of International Law

Understanding the implications of recent developments
in international health law, including those for domestic
public health policy, requires some appreciation of the
nature of international law and the international political
system. Since the end of the Thirty Years War in 1648,
the global political system has principally involved the
interactions of sovereign states. Consequently, the elabo-
ration of international law has focused on the establish-
ment of consensual rules concerning the status of states
and their fundamental rights and obligations as well as
commitments. International law, therefore, is primarily
focused on the interactions of sovereign states and can
broadly be defined as the rules that govern the conduct
and relations of states.

International law is traditionally understood as con-
sisting of two core realms: Public international law and
private international law. While public international law
is primarily concerned with the relations of states, private
international law focuses on the law of private transac-
tions of individuals and corporations. The traditional dis-
tinction between public and private international law
persists even though it is not fully accurate. For example,
much of private international law concerns the transac-
tions of public entities. In addition, while states are the
primary subjects of public international law, they are not
the only subjects. International organizations and, through
the development of international human rights law, indi-
viduals, as discussed above, are now considered subjects of
public international law.

In international law, the sources of legal rules are very
different than in most domestic legal systems because
the global political system of sovereign states differs
Table 2 Statute of the International Court of Justice

The Court, whose function it is to decide in accordance with internat

a. international conventions, whether general or particular, establishi

b. international custom, as evidence of a general practice accepted
c. the general principles of law recognized by civilized nations;

d. subject to the provisions of Article 59, judicial decisions and the te

nations, as subsidiary means for the determination of rules of law
fundamentally from domestic political systems. While
there are important differences in the sources of law
among countries, domestic law generally comes from
national constitutions, municipal statutes, parliamentary
or executive regulations, and decisions of municipal
courts. In contrast to domestic political systems, there is
generally no supranational authority within the interna-
tional system to develop and enforce law against sovereign
states. In the absence of a supranational authority, states
establish the rules of international law. Article 38(1) of the
Statute of the International Court of Justice is generally
regarded as an authoritative list of the sources of interna-
tional law (Table 2).

Although there is a wide and complex array of inter-
national legal sources, most international law today,
including international public health law, can be found
in treaties. The word treaty is a generic term that encom-
passes all written instruments concluded between states
by which states establish obligations by and among them-
selves. Treaties function essentially as contracts between
states whereby states make binding written rules to govern
their own conduct and the conduct of their individual
and corporate nationals. When states become parties to
treaties, they explicitly agree to limit their sovereign
freedom of action in some respect to achieve mutually
agreed-upon goals. Generally, treaties are only binding
upon states that give their express written consent.

Treaties are also subject to a significant corpus of
international law: The 1969 Vienna Convention on the
Law of Treaties (the Vienna Convention). The Vienna
Convention, the so-called law of treaties, provides general
rules of treaty implementation and interpretation. The
Vienna Convention confirms the generic use of the term
treaty by defining a treaty as ‘an international agreement
concluded between States in written form and governed
by international law, whether embodied in a single instru-
ment or in two or more related instruments and whatever
its particular designation.’ The terms treaty, convention,
protocol, and pact are largely used interchangeably in
international legal parlance. Article 19 of the Vienna
Convention sets forth the basic legal principle concerning
the observance of treaties, pacta sunt servanda: ‘Every
treaty in force is binding upon the parties to it and must
be performed in good faith.’

A second important source of international law is
customary international law. Analogous to domestic
ional law such disputes as are submitted to it, shall apply:

ng rules expressly recognized by the contesting States:

as law;

achings of the most highly qualified publicists of the various
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legal concepts such as usage of the trade and course of
dealing, the idea behind customary international law is
that widespread international practice undertaken out of a
sense of legal duty creates reasonable expectations of
future observance and constitutes implicit consent to the
creation of legal rules. The determination of whether or
not a particular practice constitutes customary interna-
tional law is a complex analysis that is more like an art
than a science. But, generally, the determination requires
near uniform state practice undertaken because of a sense
of legal obligation. With some important exceptions, once
a rule is recognized as part of customary international law,
it is generally considered binding upon all states. For
example, the Vienna Convention is accepted as declara-
tory of customary international law and binding for all
states, including those that have not formally ratified it.
Like treaty law, customary international law is said to
emanate from the consent of states. States party to a treaty
explicitly consent to be bound by codified rules, whereas
with customary international law states implicitly agree to
be bound to particular rules through consistent state
practice.

In addition to binding international law, states produce
a wide variety of nonbinding international legal instru-
ments that can have an important impact on state behav-
ior. Such instruments include resolutions, declarations,
codes of conduct, guidelines or standards. However
named, general declaratory resolutions are, for the most
part, intended to be nonbinding instruments expressing
the common interest of many states in specific areas of
international cooperation. Of course, nothing in such
resolutions prohibits states from incorporating the terms
of the instruments into national law. One well-known
example of a nonbinding international code in the public
health field is the WHO Code of Marketing Breastmilk
Substitutes. Although generally nonbinding, such instru-
ments are not without significance. Like treaties, these
nonbinding instruments can be mechanisms for advancing
international consensus on rules and for promoting con-
sistent state action. For example, the WTO Doha Decla-
ration on Trade and Public Health, discussed below, is
widely considered to have advanced global understanding
and, perhaps, action on trade and health matters, particu-
larly in relation to access to essential medicines, even
though the legal significance of the declaratory instru-
ment is unclear.

At times such intergovernmental resolutions have been
highly persuasive and the conduct of states has tended to
follow the principles embodied in these resolutions. The
effectiveness of some nonbinding intergovernmental reso-
lutions in promoting international cooperation has led
some commentators to refer to them as soft-law, although
the term is highly controversial. Such instruments are
often carefully negotiated and, at times, drafted with the
intention to influence state practice. Soft-law instruments,
at times, have also paved the way for the evolution of
treaty law by generating an on-going diplomatic forum.
It is important to recognize that not all resolutions lead
to the development of formalized obligations or are a
significant factor in state practice. However, intergovern-
mental resolutions, particularly resolutions of the UN
General Assembly that are supported by influential states
often have a political significance that can stimulate
national behavior and lead to the eventual development
of binding international law.
The Limitations of International Health
Lawmaking in International Health Policy

It is important to recognize that international law is an
inherently imperfect mechanism for international coop-
eration. The innate weakness of international law stems in
large part from the core principle of state sovereignty.
The law that is made and the law that is implemented
depend upon the will of states. In the treaty-making
process, states are explicitly agreeing to make rules to
govern and, thereby, limit their own conduct and that of
their nationals through the development and implemen-
tation of legislation and other policies, depending upon
the terms of the treaty, which are consistent with their
international commitments. The concept of sovereignty
looms large in the international system and states are
generally loath to sacrifice their freedom of action
through the development of binding international obliga-
tions. A related weakness stemming from the principle
of sovereignty is the general lack of enforcement mechan-
isms in most contemporary economic and social agree-
ments. In contrast to the dispute resolution mechanism
established under the WTO, described below in the sec-
tion on the ‘World Trade Organization’, in most social and
economic treaties states do not include machinery to
compel parties to comply with their international legal
commitments.

The fact that many treaties tend to be well respected
in practice largely ref lects the fact that they are generally
seen as mutually beneficial for states’ parties. In addition,
there is increasing awareness that the failure of states
at times to implement international commitments may
reflect more a lack of capacity than political will. Many
states, particularly developing countries, face acute pro-
blems of limitations of resources and capacity in imple-
menting contemporary treaties. Recent advances in the
international legislative process have expanded mechan-
isms to address these problems of domestic capacity
through international technical and financial assistance
programs incorporated in the texts of relevant conventions.

International law and the international legislative
process suffer from other important difficulties. Notably,
the international legislative process itself is characterized
by numerous challenges and limitations – including
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challenges to timely national commitment by states
through timely treaty ratification and implementation –
although considerable advances have been made in the
last few decades.

An emerging challenge in international health law-
making is the limited scope of entities that are subjects
of international law and thereby entitled to participate in
international agreements and hold rights and duties
thereunder. As described above in the ‘Nature and Sources
of International Law’ section, states have traditionally
been the sole subjects of international law. The scope of
international law was only expanded in the twentieth
century to include individuals and international organiza-
tions. However, the nature of global health and the major
actors in health policy are changing in such a way that
challenges this restricted approach to international legal
cooperation. To begin with, in an era of globalization the
exclusive focus on territorial statehood is irrelevant to
global health policy. Non-states ranging from Taiwan
to Palestine are excluded from a range of international
agreements because of lack of statehood. In addition, the
major actors in global health policy today, including foun-
dations, most notably the Bill and Melinda Gates Founda-
tion, and a wide range of significant public–private
partnerships, such as the Global Alliance for Vaccines
and Immunizations and theGlobal Fund for AIDS,Tuber-
culosis and Malaria, or civil society organizations, such as
Medicines sans Frontiers, are also excluded from the
international lawmaking process. A major challenge for
this century is to establish mechanisms to promote more
effective cooperation between states and the other major
health actors under international law.

Despite the conspicuous limitations of the interna-
tional lawmaking process and the inherent challenges of
using treaties to promote collective action, treaties can be
useful for raising global awareness, and stimulating inter-
national commitment and national action. As an increas-
ing number of health threats are global in scope or have
the potential to become so, international legal agreements
are likely to become of increasing importance and an
essential component of global health governance. Conse-
quently, international legal agreements are likely to
become an increasingly important factor underpinning
and guiding national policy and action on health.
The International Lawmaking Process
and the Role of International
Organizations

The process of international lawmaking, like the identifi-
cation of international legal rules, is very different than
it is in most domestic legal systems. The unique character
of the international lawmaking process, like the interna-
tional legal rules themselves, can be understood as a
consequence of the core principle of state sovereignty.
In the international political system, there generally
exists no supranational authority to make binding inter-
national rules.

International health law is largely treaty-based and most
international treaty making today is typically conducted
under the auspices of international organizations. The vast
majority of international legislative projects tend to be
undertaken at public international organizations because
such institutions function as formal mechanisms for multi-
lateral negotiation and cooperation for their member states.
International organizations can anchor and facilitate treaty-
making efforts because their organizational structures and
administrative arrangements enable them to serve as stable
and ongoing negotiating forums.

In recent years, there has been considerable develop-
ment in the field of international organization with a
significant increase in the number of international orga-
nizations active in the domain of health. Within the
United Nations system, for example, organizations with
significant involvement in the health sector include
WHO, UNICEF, FAO, UNEP, UNDP, UNFPA, and
The World Bank. Overall, an increasing number of inter-
national organizations have served as platforms for the
codification of international health law, while others have
had a significant influence on the development of inter-
national law in this field.

It is important to recognize that not all international
organizations have lawmaking authority or the legal man-
date to serve as a platform for international health nego-
tiations. The World Bank, for example, is an organization
that is highly influential in the field of health but has no
actual legal authority to serve as a framework for treaty
negotiations. In the international legal system, lawmaking
authority is always expressed and never implied. The
existence and scope of lawmaking authority can generally
be identified by carefully examining an organization’s
constituent instrument, typically its constitution.

Today there is considerable jurisdictional overlap in
the field of international health lawmaking. Unlike most
domestic systems where lawmaking efforts are largely
coordinated into an integrated legal system, in the inter-
national legal system lawmaking efforts among different
international organizations are notoriously uncoordi-
nated. In the absence of an umbrella organization to
manage lawmaking efforts, the proliferation of interna-
tional organizations with overlapping legal authority and
ambitions is creating the risk of institutional overload and
inconsistent standard setting (Taylor, 2004).

For example, during the early stages of the WHO
Framework Convention on Tobacco Control negotiation
process, other international organizations initiated novel
efforts to negotiate binding instruments on global tobacco
control. In 1998, the Pan American Health Organization,
a regional office of WHO with separate constitutional
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status, initiated efforts to develop a regional treaty on
tobacco control under the auspices of the Organization
of American States. As a further example, in 2000 the
Secretary General of the World Customs Organization
(WCO), an international organization outside of the
United Nations framework, advanced efforts to develop
a WCO treaty on global tobacco control. While both of
these overlapping treaty-making efforts ultimately failed,
problems of jurisdictional overlap and inconsistent stan-
dard setting are occurring in other realms.
The Process of International Lawmaking

International law allows considerable f lexibility in the
process by which multilateral agreements are developed.
The primary source of international law governing the
creation of treaties, the Vienna Convention, provides a
limited number of ground rules for the conclusion of
treaties, concerning the capacity of states to enter into
agreements, adoption and authentication of a treaty by
a valid representative, and expressions of consent to be
bound by a treaty. Beyond these few basic requirements,
the Vienna Convention does not mandate any particular
methods of negotiation or ratification.

In the absence of binding international rules, interna-
tional organizations have adopted a wide variety of stra-
tegies to initiate, negotiate, and conclude international
agreements. Despite the differences in legal processes
the treaty-making process generally consists of four
stages: initiation, negotiation, adoption, and entry into
force (Szasz, 1997). Negotiations are the most difficult
and generally the longest substage of the treaty process.
In practice, all recent public health negotiations have
been open to participation by all states or all states’
members of the international organization sponsoring
the negotiations.
Examples of International Organizations
and International Lawmaking

The World Health Organization: The 2003
Framework Convention on Tobacco Control
and the 2005 International Health Regulations

The World Health Organization, the largest international
health agency and one of the largest specialized agencies
of the United Nations system, has wide-ranging respon-
sibilities to address global public health concerns based
upon responsibilities assigned by its constitution and by
its affiliation with the United Nations.

The structure of the relationship between WHO and
the United Nations, a separate international organization,
is grounded in the United Nations Charter and, in partic-
ular, those sections that describe the objectives of the
United Nations. Article 55 of the Charter describes the
goals that the United Nations has pledged to promote
among its members, including solutions to international
economic, social, health, and related problems. As the
United Nations specialized agency with the constitutional
directive to act as ‘directing and co-ordinating authority’
on international health work, WHO has the cardinal
responsibility to fulfill the aims of the Charter with
respect to health.

WHO’s broad authority to serve as a platform for
international health lawmaking is expressly established
by the terms of its Constitution. Article 19 of the WHO
Constitution specifies that the World Health Assembly,
WHO’s legislative body composed of all of its Member
States, ‘shall have the authority to adopt conventions or
agreements with respect to any matter within the compe-
tence of the Organization’. Article 1 of the Constitution
defines the objective of WHO as ‘shall be the attainment
by all peoples of the highest possible level of health.’
The broad scope of WHO’s mandate under Article 1
vests the Organization with the legal authority to serve
as a platform for conventions and agreements that poten-
tially address all aspects of national and global public
health, as long as advancing human health is the primary
objective of such instruments.

Despite WHO’s wide authority in the field of interna-
tional health lawmaking, it has only recently used its
constitutional authority to develop conventions by serving
as a platform for the negotiation of the 2003 WHO
Framework Convention on Tobacco Control (FCTC).
Initiated in the early 1990s by Taylor and Roemer, the
WHO FCTC was envisioned as a mechanism to pro-
mote national public health interventions and multilateral
cooperation on aspects of tobacco control that transcend
national boundaries. Formally negotiated between 1999 and
2003 in six negotiation rounds open to all WHO Member
States, the text of the treaty was adopted by the World
Health Assembly in May 2003 and entered into force in
February 2005. The final text of the Convention cuts
across a wide range of tobacco control topics, including
advertising, production, smuggling and counterfeit cigar-
ettes, warning labels, clean indoor air policies, and health
education (Roemer et al., 2005).

One of the important lessons from WHO’s first treaty
negotiation process is the significance of the international
lawmaking process itself in promoting national action
and international cooperation long before the treaty is
adopted and formally entered into force, the ‘power of
the process.’ It is widely recognized that WHO’s efforts to
achieve global public support for an international regu-
latory framework for tobacco control, stimulated national
policy change in a number of countries and thus made an
important, albeit limited, contribution to curtailing the
epidemic well before global consensus on binding tobacco
control norms was secured. The FCTC negotiations were
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also the raison d’être for the establishment of the first
global alliance of tobacco control activists, the Framework
Convention Alliance – a coalition of over 300 non-
governmental organizations worldwide – and thus further
influenced the strengthening and deepening of tobacco
control legislation in many states around the world.

In another recent lawmaking initiative, onMay 23, 2005,
the World Health Assembly adopted the new International
Health Regulations (IHR). As described above in the ‘Evo-
lution of International Public Health Law’ section, virulent
infectious diseases have a long history in civilization and
international disease control was one of the earliest areas of
international cooperation. WHO, upon its founding, inher-
ited the responsibility for the management of the interna-
tional legal regime for the control of the international
spread of diseases. The IHR, first adopted by the Health
Assembly in 1951 and last modified in 1981, were designed
to provide an effective framework for addressing the inter-
national spread of disease while ensuring minimum inter-
ference with world traffic. However, the IHR were
ineffective in ensuring national action and global coopera-
tion to stop the spread of disease. The IHRonly applied to a
highly narrow subset of infectious diseases and were rou-
tinely ignored by states. Themagnitude of the global impact
of catastrophic appearances of new infectious diseases and
the virulent re-emergence of old contagions during the
1980s and 1990s underscored the irrelevancy of the old
IHR in global health initiatives and initiated global interest
in securing more effective international cooperation to
control infectious diseases.

Although the IHR revision process has been under-
way since 1995, the negotiations were galvanized by the
well-publicized global threats of severe acute respiratory
syndrome (SARS) in late 2002 and 2003 and outbreaks of
both human (H3N2) and avian (H5N1) influenza less
than a year later. The SARS epidemic spread rapidly
from its origins in Southern China until it had reached
more than 25 countries within a matter of months. The
magnified public attention to these recent epidemics
jolted global awareness of the global vulnerability spurred
by the rapid spread of disease in this era of globalization
as well as the necessity of international cooperation in
halting the spread of deadly agents. As such the SARS
epidemic provided a mobilizing vision for coordinated
health action. Consequently, the IHR revision process
provides an important lesson in the significant role played
Table 3 Article 21 of the Constitution of the World Health Organi

The Health Assembly shall have the authority to adopt regulations co

a. sanitary and quarantine requirements and other procedures desig

b. nomenclatures with respect to diseases, causes of death, and pu
c. standards with respect to diagnostic procedures for international

d. standards with respect to the safety, purity and potency of biolog

commerce;

e. advertising and labeling of biological, pharmaceutical and similar
by a galvanizing event, and associated global public and
media attention, in bringing states to the table in contem-
porary international law negotiations.

The new IHR are also an important example of the
linkage of traditionally distinct subject matters for the
protection of global public health. The new Regulations
bring together under one treaty intertwined concerns
of public health, security, international trade, and human
rights. The complex regulations include 66 articles
divided into ten parts as well as nine annexes. The new
IHR expand the scope of disease coverage, incorporate
human rights principles, and institute demanding obliga-
tions for state surveillance and response (Fidler and
Gostin, 2006).

The IHR were adopted pursuant to Article 21 of
WHO’s Constitution, a fairly unique lawmaking device
in the international system. Article 22 of the WHO Con-
stitution provides that regulations adopted under Article
21 are adopted pursuant to a contracting-out procedure
designed to simplify and expedite the lawmaking process.
Regulations come into force automatically for all WHO
Member States, except for those states that notify WHO’s
Director-General, the Organization’s executive head, of
any rejection or reservations. The drafters of the WHO
Constitution severely circumscribed the scope of this
simplified lawmaking process, however, by limiting the
scope of the regulatory authority under Article 21 to
traditional public health concerns (Table 3). In the case
of the new IHR,WHOMember States who do not opt out
of the IHR pursuant to WHO’s Constitution are legally
required to update policy and law to comport with the
provisions of the new instrument.
The World Trade Organization: 1994
Trade-Related Aspects of Intellectual Property
Agreement and Access to Essential Medicines

This article would be remiss if it did not discuss the
significant role of the World Trade Organization in inter-
national health law and policy. The connection between
international trade and health is an important example of
the contemporary linkage of two traditionally distinct
realms of international legal concern discussed above.
The growth of international trade means that the link
between World Trade Organization treaties is becoming
increasingly manifest in a wide range of areas, including
zation

ncerning:

ned to prevent the international spread of disease;

blic health practices;
use;

ical, pharmaceutical and similar products moving in international

products moving in international commerce
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access to medicines, health services, food security, nutri-
tion, infectious disease control, and biotechnology.

The WTO, formed at the conclusion of the Uruguay
round of the General Agreement on Tariffs and Trade
(1994), is the primary international institution governing
international trade with over 90% of world trade con-
ducted according to its rules. The Uruguay round brought
about a complete overhaul of the international trading
system by the conclusion of a number of new interna-
tional agreements addressing trade issues and by the
establishment of the new WTO.

Certain organizational features of the World Trade
Organization make it uniquely powerful in contemporary
international relations and international law. First, as a
condition of membership in the new Organization, mem-
ber states were required to agree and bind themselves to
24 different agreements, contained in Annexes 1–3 of the
Marrakesh Agreement. Second, the WTO established a
powerful dispute resolution procedure with a structured
process, a prompt timetable, and the capacity to enforce
rulings that is very rare in the international legal system.
Pursuant to the WTO Dispute Settlement Understand-
ing, a WTO Dispute Settlement Body is authorized to
formally adjudicate trade disputes between members and
can authorize the winning party to apply trade sanctions if
the losing party does not modify the violating law or
policy. This mandatory and enforceable dispute resolu-
tion process stands in sharp contrast to the limited imple-
mentation mechanisms established by most treaties.

Notably, the World Trade Organization does not have
a direct legal mandate in international health. Article III
of the Marrakesh Agreement that established the WTO,
specifies that the Organization shall ‘provide a forum for
negotiations among its Members concerning their multi-
lateral trade relations. . . .’ The WTO’s impact on health
law and policy is collateral to its role in establishing a legal
framework for international trade relations. Since the
principal aim of the WTO is the reduction of barriers to
trade and not the protection of public health, the perva-
sive and growing influence of WTO agreements on
national and international health policy has been a subject
of increasing concern.

A number of the WTO trade liberalization agreements
have a significant impact on health policy. For example,
the WTO’s General Agreement on Trade in Services
(GATS) has resulted in the liberalization of international
trade in health services and has exacerbated concerns
about equity and quality in the health sector in develop-
ing countries. As a further example, the Agreement on
Agriculture has had an important impact on food security
through its downward pressure on non-tariff barriers to
trade, opening up developing country markets to food
imports from industrialized states. Similarly, the General
Agreement on Tariffs and Trade (1994) has expanded
international trade in harmful commodities, such as
tobacco, by mandating that states lower tariff and non-
tariff barriers to trade.

The impact of the World Trade Organization’s Trade
Related Aspects of Intellectual Property Agreement
(TRIPS) in impeding drug development capacity and
access to medicines in developing countries has received
the most public attention during the last decade. As dis-
cussed above in the ‘Health and Human Rights’ section,
the concern about TRIPS has arisen particularly in the
context of global access to HIV/AIDS antiretrovirals in
poor nations. It is estimated that 95% of the world’s
population of 40million people living with HIV live in
developing countries and that most do not have access to
life-saving antiretrovirals.

The 1994 TRIPS Agreement brought intellectual
property rights under one common set of international
rules for the first time and established minimum levels of
protection that all members of the WTO must accord to
the intellectual property of fellow members. According
to the WTO, TRIPS attempts to balance long-term social
objectives of providing incentives for future inventions
with short-term access to such inventions. TRIPS is the
most comprehensive agreement ever reached on intellec-
tual property. Notably, TRIPS is one of the mandatory
agreements that all WTOmembers, including developing
countries, were required to ratify. Developing countries
were given transition periods to bring their national intel-
lectual property legislation in compliance with TRIPS.
By 2005, all member states of the WTO, except for the
poorest, were required to be TRIPS-compliant.

The most significant aspect of TRIPS, for public
health purposes, is that it strengthened international pro-
tection of pharmaceutical patents. Prior to TRIPS, most
developing countries did not recognize patents on phar-
maceuticals in order to promote widespread and cost-
effective access to medicines through generic competition
and to strengthen the development of the local pharma-
ceutical industry. TRIPS requires patent protection of
pharmaceuticals for 20 years. The patent monopolies
established by TRIPS are a significant concern to many
countries because such monopolies tend to increase the
price of medicines and restrict generic competition.

The TRIPS agreement contains a wide range of safe-
guards that can be used to protect public health at the
national level, including the possibility of overriding
patents through compulsory licensing or parallel imports.
These and other TRIPS flexibilities as well as the legal
authority of developing countries to use them to protect
public health were battled out in the WTO during
this decade. A large part of the concern was settled
in November 2001 in the Declaration on the TRIPS
Agreement and Public Health, the so-called Doha Decla-
ration, discussed above, in which WTO members reaf-
firmed the right of states to use TRIPS f lexibilities to
protect public health and, in particular, promote universal
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access to essential medications. Although it is beyond
the scope of this article to provide a detailed analysis of
TRIPS, it should be noted that the Doha Declaration did
not solve all of the problems associated with intellectual
property protection and public health.

The conf lict between the imperatives of ensuring
access to essential medications, particularly in the poorest
countries, and providing incentives to industry to develop
new products through the TRIPS framework continues to
dominate international public health law discourse.
Despite the Doha Declaration and a subsequent, related
WTO decision for countries that lack domestic generic
capacity, few countries have instituted TRIPS flexibilities
to expand access to essential medicines and many have
come under pressure from industrialized countries to
provide broader intellectual property protection than
that required by TRIPS, particularly through the use of
bilateral agreements. In addition, the transition period for
most developing countries to become TRIPS-compliant
has recently come to an end. This means that all new
medicines are and will be patented in all export-capable
countries and will in all likelihood limit the supply
of generics of new essential medicines in the poorest
countries that depend on such imports.

The battle over universal access to antiretroviral ther-
apy is symptomatic of the overall challenge of securing
access to essential medicines for developing nations. One-
third of the world’s population lacks access to basic med-
icines. The introduction of patent protection for drugs has
made efforts to promote universal access more difficult by
raising prices and reducing access. The failure of the
international community to secure an effective mecha-
nism under TRIPS to ensure the production and export
of essential medicines to meet the health needs of devel-
oping states as well as growing recognition of the link
between access to medicines and human rights have led
to proposals for a radical shift in the way in which phar-
maceutical research and development is undertaken,
including proposals for a new research and development
treaty described above. A critical global public health
challenge for the coming years will be to ensure pharma-
ceutical research and access to essential medicines for
the benefit of all.
Conclusion

This article has provided a broad overview of the rapidly
expanding field of international health law. This is an era
of significant change in health policy. Over the last decade
and a half, public health has emerged as an issue central
to virtually all areas of multilateralism, ranging from
arms control to security to human rights to trade. At the
same time, the global dimensions of public health are
transforming traditional approaches to public health.
Globalization has limited the capacity of governments to
protect health within their sovereign borders through
unilateral action alone and national and international
health are increasingly recognized as intertwined and
inseparable. In addition, the idea that governments have
human rights responsibilities to protect and promote
public health and can and should be held accountable
domestically and internationally for their actions is gain-
ing widespread acceptance. In this new era of global
health governance, international law has an important
role to play in promoting and coordinating international
cooperation and national action. Through the establish-
ment of international health commitments, states legally
bind themselves to establish, implement and, at times,
coordinate national health laws and national health policy.

The effective design and management of international
health law will be one of the major challenges for global
health governance in this century. Recent developments
in international health law and diplomacy have led to
increasing calls for international lawmaking in an expand-
ing number of areas related to public health. It is impor-
tant to recognize that international law is not an
appropriate policy instrument for all global health pro-
blems. Given the substantial limitations of international
law and the international legislative process, careful con-
sideration should be given to the selection of global health
concerns and the construction of legal regimes in future
international health lawmaking enterprises. Policy makers
must give high priority to identifying if and how legal
strategies can contribute to the agenda in international
health cooperation, including, most importantly, the
major challenges that plague many developing nations.
At the same time, increased attention should be paid
to the impact, both positive and negative, of existing
international law on population health. It is hoped that
increased attention to the impact of international law,
most notably international trade law, will open up critical
avenues for advancing human health.

See also: Foundations in Public Health Law; Human

Rights, Approach to Public Health Policy; Legal Issues in

Public Health.
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Introduction

The Internet has had a pervasive impact on communities,
directly or indirectly affecting the way the majority of
people in technologically advanced societies work, com-
municate, become informed, entertain themselves, or buy
goods and services. The public health impact of the Inter-
net is also wide reaching, affecting many aspects of peo-
ple’s social lives and practices. The Internet might be
exacerbating some public health problems. For example,
extensive use of the Internet can increase hours of seden-
tary activity and contribute to obesity (Lajunen et al.,
2007) and the Internet increases the accessibility of gam-
bling and purchase of drugs. But it has also become central
to health information for patients and the public, as well
as a core element in health promotion and the provision of
health care (including telemedicine).

Telemedicine has been defined as ‘‘the use of telecom-
munications technology for medical diagnostic, monitor-
ing, and therapeutic purposes where distance and/or time
separates the patient and health care provider’’ (Hersh
et al., 2006: 1). However, telemedicine raises a large num-
ber of issues that are more germane to the delivery and
organization of clinical services, and therefore is not
further considered in this article. As well, the use of the
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Internet in public health practice is considered elsewhere.
It is the personal use of websites for information, commu-
nication, and support that is the focus of this article.
Access to health information is a key public health and
health promotion issue, and the Internet is becoming the
key source of information for the community.

Websites can incorporate a wide variety of content,
including:

. Static website pages (e.g., information, personal stories,
blogs)

. Tools to enable self-help or best use of health care (e.g.,
decision aids, referral information)

. Directories of other public web sources

. Interactive materials (including tests, online diaries, or
monitoring tools)

. Audiovisual communication (sound and/or video)

. Moderated or unmoderated online peer support (bul-
letin boards, chatrooms, online forums)

. Systematic instructional programs via modules

. Open public access to an expert reply to emails

. Access to a therapist or health practitioner as part of an
interactive module

. Real-time group meetings or classes online (National
Institute of Clinical Studies, 2003).
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The Internet’s multimedia capacity has fueled the
development of interactive forms of health information,
such as patient decision aids. These often incorporate
techniques such as values clarification exercises, which
are intended to help decision making by enabling people
to explore what matters to them to help them decide
between options (O’Connor et al., 2003; Holmes-Rovner,
2007). The ability to translate decision-making and cogni-
tive techniques such as those used in cognitive-behavioral
therapy has also resulted in increasingly sophisticated and
interactive structures and designs for health websites
(Kaltenthaler et al., 2006; Spek et al., 2007). These capaci-
ties, the cost-effectiveness of the medium, and the accessi-
bility of the Internet are part of the reason for the growth
of the Internet as a communication medium in health
(Griffiths et al., 2006).
Accessibility of the Internet

Internet access is still spreading globally. As of 2005,
there were estimated to be over 1 billion people using
the Internet, around half of whom were in Europe and
the United States (Central Intelligence Agency, 2007).
Most people with access to the Internet probably use it
to find health information (Fox, 2006). Those people
are not only using it on their own behalf: over half are
looking for information for someone else, which suggests
that the circulation of Internet health information is much
greater than only among Internet users. This means that
personal level of Internet use does not fully measure
the extent to which information from the Internet is
reaching patients.

In high-Internet-use countries, the Internet could be
the first port of call before a doctor or clinic consulta-
tion for around half of patients, according to some assess-
ments among rheumatology and cancer patients (Richter
et al., 2004; Hesse et al., 2005; Pennekamp et al., 2006).
Many facing health crises such as cardiac surgery are
supported by friends and family members who search
for information on the Internet for them (Murero et al.,
2001). Further, health-care professionals, journalists, and
self-help groups derive much of the information they
communicate to patients from the Internet. There may
now be relatively few patients in developed countries
who are untouched by information that originated from a
website somewhere. The Internet has had a dramatic effect
in increasing the flow of information through commu-
nities, especially those where the use of the Internet is
high andwherever mass media journalists have access to it.

The Internet has some major accessibility advantages
as a medium for health information, especially its 24-hour
availability and its ability to carry audio and film as well as
text. Multimedia formats can increase the access to infor-
mation for people with visual problems, and international
web standards that aim to reduce the inaccessibility of
websites generally for people with disabilities are widely,
if far from universally, observed. Access to the Internet
can reduce information inequalities in people living in
rural and remote areas (National Institute of Clinical
Studies, 2003).

Further, the Internet is not just accessible to the com-
munity: the community has relatively good access to
making its own contributions, whether that access constitu-
tes fully developed websites by self-help groups, individual
patients, or simple blogs. Talk-back radio, letters to the
editors of newspapers and magazines, and emails to televi-
sion stations offer some mechanism for the community to
communicate through mass media. But not many indivi-
duals or self-help groups can initiate and run their own
conventional media in the way they can with the Internet.

Nevertheless computer technology and computer skills
are not universal, so disparities in access to the Internet
remain, globally and within communities. There are some
encouraging signs that unlike many other disparities in
health, this inequality may be reducing (Schmeida and
McNeal, 2007). Although gender differences in the ear-
lier days of the Internet were stark, these may also be
lessening (National Institute of Clinical Studies, 2003).

Globally, however, it is not only in access to digital
technology and connections that there are major inequal-
ities. Language is another disparity, internationally and
within communities. English speakers have access to
far more health information on the Internet than people
from other language groups. The comparatively smaller
investment in Internet health information in languages
other than English might also be resulting in less, high-
quality information (Berland et al., 2001). Intercultural
differences may also be contributing to differential access
to health information. Cancer websites in Germany have
been found to include more information on alternative
therapies but less information on effects of treatments
(including adverse effects) and the results of research,
for example (Weissenberger et al., 2004). It has been
suggested that this is at least partly attributable to
intercultural differences, although whether such differ-
ences reflect true differences in patients’ information
interests is debatable.
Quality of Health Information on the
Internet

There is as yet no method of measuring the quality of
websites that is empirically supported, especially in terms
of the quality of content (Eysenbach and Köhler, 2002).
A recent comparison of five major website evaluation
systems identified only two content criteria in common:
attribution of sources (with dates) and stating the nature
of evidence supporting any claims (Cullen, 2006). Only
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one system included the criterion of a clear distinction
between advertising and information, and two of the sys-
tems did not include disclosure of authorship as a crite-
rion. While considerable effort continues to be devoted to
creating website quality ratings or endorsement mechan-
isms, the very nature of the Internet makes this activity
somewhat difficult. Websites can change overnight, and
the quality from one piece of information to another within
a website is often highly variable too. There may not be
much further gain to be expected in the area of developing a
definitive, quality seal of approval for health websites.

When it comes to the quality of health information on
the Internet, there may be considerable concordance in
the attributes of quality expressed by the public and
professionals (Nettleton et al., 2005). But there is still
much more to learn about what leads users to trust web-
sites, information providers, or particular pieces of infor-
mation (Poensgen and Larsson, 2001; National Institute
of Clinical Studies, 2003). While Internet users generally
appear to have a healthy skepticism about the quality
of what they may encounter on the Internet, their ability
to distinguish between accurate and unreliable informa-
tion will be dependent on their own levels of health as
well as media literacy. Further, the nature of Internet use
and surfing for information is such that people typically
neither check sources too closely nor remember where
they acquired particular ideas or pieces of information
(Eysenbach and Köhler, 2002). Given the potential con-
sequences of manipulative and inaccurate health informa-
tion, the quality of content of websites is a critical public
issue, as is the use of the Internet for commercial promo-
tion of drugs.

Researchers from a variety of disciplines study Internet
use, including medicine, health education and commu-
nication, sociology, and psychology. When researchers
evaluate websites, they use a variety of techniques, asses-
sing such factors as readability, adherence to quality
standards in the production of information, transparency
in information and funding sources, and accuracy of
content (Cullen, 2006). Whichever methods are used,
systematic evaluations in individual content areas con-
tinue to show cause for considerable concern: the major-
ity of health information on the Internet is of poor or
mediocre quality, and high-quality health information
websites are relatively uncommon. Improving the quan-
tity and availability of higher-quality health information
will be essential if the Internet is to meet its potential to
improve health.
Effectiveness of Health Information on the
Internet

The Internet has the potential to encourage patient
empowerment, although it can also do harm. According
to the definition of the World Health Organization,
empowerment in health includes the ability to make
choices and take actions in accordance with one’s own
goals. Becoming better informed can be a key element in
this process. Further, the simple act of searching out
information for oneself may itself be an empowering
one, and not just an action of empowered individuals.

There is now a reasonably large body of empirical
assessment of the effects of individual websites or Inter-
net-based information. Several systematic reviews of
trials of health information interventions on the Internet
have shown that Internet information can be beneficial.
Internet-based health information has been shown to
positively affect consumers’ and patients’ knowledge,
choices, health, and well-being (National Institute of
Clinical Studies, 2003; Wantland et al., 2004; Kaltenthaler
et al., 2006; Spek et al., 2007). Some trials have investigated
quite simple websites communicating information, some
have included more or less intensive personal or group
support interaction, while others have assessed websites
delivering Internet forms of cognitive-behavioral
interventions.

Not every intervention on the Internet has been
proven to be effective, however, and we do not yet have
enough evidence to guide the production of information
interventions on the Internet. The medium and the mes-
sage being conveyed will interact with the way the infor-
mation is communicated to determine the influence of
the intervention.

Few of the trials of Internet interventions actively
addressed the potential for harm. Health information on
the Internet could potentially have negative effects in
several ways: misinformation could exaggerate fears or
raise unrealistic expectations of cure, or it could encour-
age incorrect self-diagnosis and overuse or underuse of
treatments (National Institute of Clinical Studies, 2003).
People could have distressing experiences in chatrooms or
on bulletin boards. And just as a patient who has informed
him- or herself by way of the Internet may be a more
active participant in a health-care consultation in a way
that improves the clinical encounter, what a patient learns
from the Internet might also instigate conflicts with
health-care professionals. In other words, health informa-
tion on the Internet has much of the same potential both
for benefit and harm as other forms of information and
communication.
Prospects for the Internet in Health

Information technology and the practices that grow
around it develop quickly and in ways that are often
unexpected. The enormous adoption of text messaging
from mobile phones, for example, was unanticipated.
In the 1990s, the words ‘Google’, ‘blog’, and ‘Wikipedia’
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had yet to enter our thinking and affect the use of
the Internet. We do not yet know what the impact
of storage of personal health records and the linkage of
those to information sources will mean, or how the Inter-
net will be used to enhance or replace current forms of
health care.

Nor do we know in what ways this unprecedented
access to information will further affect the doctor–patient
relationship and the way people manage their health and
interact with systems. We still do not know enough about
what might be called the ecology of health information, and
how it flows and spreads. Understanding more about how
the content of information reaches people throughout a
community will help us learn how to use the Internet in
more effective ways.

We also do not know how ongoing media convergence
and improving technology will affect what the Internet is
capable of, and who uses it and how. As the Internet
converges in particular with television and hand-held
devices, the reach of the Internet should increase dramat-
ically. With that will come not only a far greater capacity
to communicate audiovisually instead of through text
alone, but indeed the imperative to do so. More sophisti-
cated forms of media provide the opportunity to commu-
nicate with people from a broader range of backgrounds
and literacy than current Internet users. In fact, many
revolutionary changes could well lie ahead, driven to a
large extent by the technology we currently call the
Internet.

But while we do not know what else will change, some
things will not change, or at least, they will not change
quickly. Major illness and injury will still be crises that
cause immense suffering. The people affected by them
will still need expert support, information, and communi-
cation, often for many years. These needs will remain, but
within the framework of evolving systems and relation-
ships. Historically, patient information has tended to be
paternalistic, assuming ignorance on the part of patients
together with a need for them to be protected from
uncertainty and distressing information: patients should
be directed about what they should know, what they
should think, and what they should do. This remains,
to a significant extent, a feature of patient information.
That is not in the end consistent with empowerment
through information, and it is inconsistent with the open
and revealing nature of the Internet. As more people
become better educated about their health and how to
use information, the slow historical trend toward increas-
ing patient autonomy can be expected to at least continue.
Most likely, it will be sped up substantially by the
Internet.

See also:Consumerism: Overview; Health Literacy; Mass

Media Interventions; Media Coverage and Public Health;

Patient Empowerment in Health Care.
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Introduction

Diarrhea, the most common form of gastrointestinal tract
infection, is a leading cause of death in many resource-
poor countries where its greatest impact is seen in infants
and children. Even in developed countries such as the
United States, the financial burden associated with medi-
cal care and lost productivity due to infectious diarrhea
amounts to more than 20 billion dollars a year. Infectious
diarrhea may be associated with a number of different
complications (Table 1).

Diarrhea is variably defined as increases in the volume
or fluidity of stools, changes in consistency, and increased
frequency of bowel movements. The passage of loose or
watery stools three or more times in a 24-h period is a
frequently used definition of diarrhea. Diarrheal diseases
are occasionally categorized as acute (sudden onset with
symptom resolution within 14 days) and persistent (last-
ing 14 days or more).

The etiology and severity of gastrointestinal infections
are determined by several epidemiological factors. Host risk
factors for more severe disease and complications include
young and advanced age, and immunocompromise due
to underlying diseases such as the acquired immunodefi-
ciency syndrome (AIDS), hematological malignancies, and
immunosuppressive medical therapies. Poor sanitation,
inadequate water supplies, and increasing globalization of
food transport systems all predispose to the development of
large epidemics of food- and waterborne outbreaks of gas-
trointestinal disease. Seasonal or cyclic weather variations
also influence the epidemiology of diarrheal disease and
food poisoning.

A broad spectrum of bacterial, protozoal, and viral
pathogens is responsible for gastrointestinal tract infections.
The characteristics of specific organisms are described in
detail elsewhere in this encyclopedia. Here are presented
the burden of disease, pathophysiology, common clinical
syndromes, diagnosis, management, and prevention of fre-
quently encountered gastrointestinal diseases.
Burden of Disease

During the past 5 decades, diarrhea-associated mortality
has declined from approximately 4.6million to 2.5million
childhood deaths per year. This equates to a decline from
13.6 to 4.9 deaths per 1000 children per year. The greatest
decline in diarrhea-specific mortality has occurred in
children less than 1 year old. More than 60% of deaths
due to diarrhea are attributable to undernutrition. Despite
improvements in rates of mortality, diarrhea still accounts
for 15 to 20% of all deaths of children under the age of
5 years in developing countries.

During the time period from 1990 to 2000, children
under the age of 4 had a median of 3.2 diarrhea episodes
per year (Kosek et al., 2003). Rates were highest in infants
aged 6 to 11months (median 4.8 episodes per year) and
children aged 1 to 2 years (median 3.9 episodes per year).
Unfortunately, the estimated median incidences in the
past decade were similar to those of the previous 20 years.

While the burden of mortality due to diarrhea is great,
there is growing evidence that recurrent episodes of
enteric infections during the first few years of life are
responsible for a significant negative impact in terms of
growth impairment, physical fitness, cognitive develop-
ment, and school performance. The disability-adjusted
life year (DALY) estimate of the impact of diarrheal
disease is about 100million, predominantly due to



Table 1 Potential complications of gastrointestinal infections

Complication Causative pathogens

Dehydration Vibrio cholerae, enterotoxigenic Escherichia coli (ETEC), Cryptosporidium parvum
(especially in immunocompromised hosts), rotavirus

Severe vomiting Staphylococcal food poisoning, norovirus, rotavirus

Hemorrhagic colitis Campylobacter jejuni, enterohemorrhagic E. coli (EHEC), Salmonella, Shigella,

V. parahaemolyticus
Toxic megacolon, intestinal perforation EHEC, Shigella, C. jejuni (rare), Clostridium difficile (rare), Salmonella (rare),

Yersinia (rare)

Hemolytic uremic syndrome (HUS), thrombotic

thrombocytopenic purpura (TTP)

EHEC, Shigella, C. jejuni (rare)

Reactive arthritis C. jejuni, Shigella, Salmonella, Yersinia

Malabsorption/malnutrition (underweight,

stunting, and wasting)

Giardia lamblia, C. parvum, Cyclospora cayetanensis (especially

immunocompromised hosts)
Vitamin A deficiency Ascaris lumbricoides

Iron deficiency anemia Hookworms, Trichuris trichiura (heavy infections)

Vitamin B12 deficiency Diphyllobothrium latum

Distant metastatic infection Salmonella, C. jejuni (rare), Yersinia (rare)
Guillain-Barré syndrome C. jejuni (rare)
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mortality. However, recently revised calculations, which
place more emphasis on the long-term negative conse-
quences of recurrent episodes of diarrhea, suggest that the
DALY estimate for diarrhea may in fact be two- to sixfold
greater.
Pathophysiology

Host Factors

Normal intestinal flora

The proximal small intestine, including the stomach,
duodenum, jejunum, and upper ileum, has a relatively
sparse microflora. Colonization of the upper intestine by
Gram-negative bacilli is an abnormal event, one that is
characteristic of illness due to pathogens such as Escher-
ichia coli and Vibrio cholerae. The large bowel has abundant
microflora, with anaerobes such as Bacteroides spp., Clos-
tridium spp., and anaerobic streptococci outnumbering
aerobic bacteria, such as coliforms, by 1000-fold. During
an episode of acute diarrhea, regardless of the etiology,
the colonic flora becomes less anaerobic because of the
rapid transit of intestinal contents. As a consequence,
strictly anaerobic bacteria decrease in number while
there is an increase in coliforms, and the pathogen itself
assumes a dominant position in the flora, so that the major
fecal isolate may be Salmonella spp. or V. cholerae.

In addition to the longitudinal distribution of bacteria
in the gastrointestinal tract, the bowel microflora is found
both within the lumen and adherent to the mucous layer
overlying epithelial cells. Invasive pathogens such as
Campylobacter, Shigella, Salmonella, and Yersinia spp. can
penetrate the mucosal surface and infect epithelial cells
or translocate into the mesenteric lymph nodes and
bloodstream.
Control mechanisms
Gastric acid kills most organisms that are ingested at the
portal of entry, the stomach. In the setting of reduced or
absent gastric acid, there is a higher incidence of bacterial
colonization of the upper small intestine. Consequently,
persons with hypochlorhydria or achlorhydria, or those
using drugs such as proton-pump inhibitors that inhibit
gastric acid secretion, are more susceptible to diarrheal
diseases. Propulsive motility and antibacterial properties
of biliary fluid play important roles in maintaining the
sparse flora of the upper bowel. The glycocalyx and
intestinal mucins secreted by epithelial cells provide a
mechanical barrier to invasion by gut pathogens, whereas
antibacterial substances produced by the normal intestinal
microflora help to maintain the stability of normal popu-
lations of organisms and to prevent gut colonization with
pathogens.
Intestinal immunity

The intestinal immune system plays a major role in the
host’s response to enteric pathogens. Peyer’s patches, lym-
phoid aggregates in the mucosa and submucosa of the
distal small intestine, serve as sites for the presentation
of antigens to B and T lymphocytes. After activation by
antigens, bacteria, or viruses in the Peyer’s patches, lym-
phocytes migrate to the lamina propria and the intra-
epithelial portion of the intestinal lining where, along
with macrophages and other types of white blood cells,
they protect the host from specific pathogens. Plasma cells
in the lamina propria produce secretory immunoglobulin
A, which is released into the intestinal lumen. When the
mechanical barrier of the gut fails, then the intraepithelial
and lamina propria lymphocytes provide the next level of
protection against pathogenic enteric organisms.
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Microbial Factors

The number of organisms ingested that can result in acute
gastroenteritis varies from as few as 10 to 100 in the case of
Shigella spp., and to as many as 108 for V. cholerae. In the
presence of reduced gastric acidity or underlying immu-
nosuppression, the inoculum needed to establish infection
is reduced. Enteric pathogens can cause intestinal disease
by means of enterotoxins, adherence to gut mucosa, or
invasion of enterocytes.
Toxins

Bacterial enteric pathogens can elaborate enterotoxins
which act directly on intestinal epithelial cells (e.g., chol-
era toxin) or preformed toxins which are ingested in
contaminated food (e.g., Bacillus cereus toxin). While inva-
sive bacteria penetrate the mucosal surface of the gut as
the primary event, they may also secrete enterotoxins.

Many organisms elaborate enterotoxins that cause
fluid and electrolyte secretion in the gut. Diarrheal toxins
can be grouped into two categories: cytotonic, which
produce fluid secretion by activation of intracellular
enzymes such as adenylate cyclase, without causing dam-
age to the epithelial surface; and cytotoxic, which cause
injury to the mucosal cell while also inducing fluid secre-
tion, but not primarily by activation of cyclic nucleotides.
V. cholerae and enterotoxigenic E. coli (ETEC) are examples
of pathogens that cause dehydrating diarrhea by produc-
ing enterotoxins of the cytotonic type.
Invasion

Whereas toxigenic organisms usually involve the small
bowel, invasive pathogens target the lower intestine, par-
ticularly the distal ileum and colon. Histological findings
include evidence of mucosal ulceration with acute inflam-
mation in the lamina propria. Principal pathogens in
this group include Salmonella spp., Shigella spp., entero-
hemorrhagic E. coli (EHEC), enteroinvasive E. coli (EIEC),
Campylobacter spp., and Yersinia spp. Although there are
important differences among these organisms, they all
have in common the property of mucosal invasion as the
initiating event. Three theories have been proposed to
explain the mechanism of fluid production in invasive
diarrhea. First, fluid production may result from an
enterotoxin, at least early during the course of the illness.
Second, invasive organisms lead to an increased local
synthesis of prostaglandins at the site of the intense
inflammatory reaction which may result in increased
fluid secretion and diarrhea. Third, damage to the epithe-
lial surface may prevent reabsorption of fluids and
thereby may result in a net accumulation of fluid in the
bowel lumen, resulting in diarrhea.

A number of different pathogenic factors, each con-
trolled by plasmids or chromosomal loci, are used by
pathogenic strains of Salmonella. For example, these
plasmids encode for factors that facilitate bacterial
spread from Peyer’s patches to other sites in the body,
allow certain strains to survive within macrophages
following phagocytosis, and permit salmonellae to elicit
transepithelial signaling to neutrophils. Invasion by
Shigella spp. is also associated with diverse virulence
factors related to various stages of invasion. The final
result is the death of the intestinal epithelial cell, focal
ulcers, and inflammation of the lamina propria. Shigella
species rarely penetrate beyond the intestinal mucosa and
therefore do not usually invade the bloodstream.
Adherence

Specific fimbriae or adhesins mediate the attachment of
pathogenic bacteria to gut mucosal cells. For example,
protozoa such as Giardia lamblia use a ventral adhesive
disc to attach to the mucosal surface of the small intes-
tine. In contrast, the attachment of V. cholerae is mediated
by a fimbrial colonization factor, known as the toxin-
coregulated pilus. Certain enteropathogens, such as entero-
pathogenic E. coli (EPEC), attach to the intestinal mucosa in
a characteristic manner, producing ultrastructural changes
known as attachment-effacement lesions; this leads to the
elongation and destruction of microvilli. Thus, enteric
pathogens have devised a number of different ways to
adhere to the surface of the gut.
Clinical Manifestations

Gastrointestinal infections usually result in three major
syndromes: noninflammatorydiarrhea, inflammatorydiar-
rhea, and systemic disease. Noninflammatory diarrhea
primarily involves the small intestine, whereas inflam-
matory diarrhea predominantly affects the colon. The
clinical characteristics and certain diagnostic features of
the illness are influenced by location of the infection
(Table 2). Organisms that target the small intestine tend
to produce watery, potentially dehydrating diarrhea,
while those infecting the large intestine cause bloody
mucoid diarrhea associated with tenesmus.
Common Etiologies of Noninflammatory
Diarrhea

Bacteria

Severe infection due to V. cholerae can cause dehydration
and rapidly progress to death if it is not aggressively
managed (Sack et al., 2004). Patients with cholera can
present with a range of clinical manifestations – from an
asymptomatic carrier state to severe dehydration with
shock. Initial symptoms of vomiting and abdominal dis-
tention are rapidly followed by diarrhea, which acceler-
ates over the next few hours to frequent purging of large



Table 2 Clinical features of diarrheal diseases

Site of infection

Feature Small intestine Large intestine

Pathogens Enteropathogenic and enterotoxigenic

Escherichia coli (EPEC, ETEC)

Enteroinvasive and enterohemorrhagic

E. coli (EIEC, EHEC)

Vibrio cholerae Entamoeba histolytica

Cryptosporidium parvum Shigella spp
Giardia lamblia

Rotavirus

Norovirus
Location of pain Mid abdomen Lower abdomen, rectum

Volume of stool Large Small

Blood in stool Rare Common

Fecal leukocytes Rare Common (except in amoebiasis)
Sigmoidoscopy Normal Mucosal ulcers, hemorrhagic foci, friable mucosa

Figure 1 Cholera patient. Photo courtesy of the International

Centre for Diarrheal Diseases Research, Bangladesh.
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volumes of ‘rice-water’ stools. The acutely ill patient
has marked dehydration manifested by poor skin turgor
(Figures 1 and 2), ‘washerwoman’s hands,’ feeble to
absent pulses, reduced renal function, and hypovolemic
shock.

Non-01 cholera vibrios have also been associated with
severe, dehydrating diarrhea, septicemia, and wound
infections. V. vulnificus is an important non-cholera vibrio,
based on the severity of illness that it causes, especially in
patients with underlying liver disease, and especially
those with iron-storage disease. This infection can be
acquired by direct consumption of seafood, usually raw
oysters, or as a wound infection in people after direct
contact with salt water. Since this infection can be lethal
in high-risk people, such persons should be warned about
eating raw seafood, especially oysters. V. parahaemolyticus is
an important cause of sporadic outbreaks of gastroenteri-
tis associated with the consumption of contaminated
seafood.
ETEC infections are one of the most common causes
of diarrhea in travelers to less developed countries and
children living in these regions. The incubation period of
this infection is usually 24 to 48 h, after which the disease
often begins with cramping, followed soon thereafter by
watery diarrhea. The infection can range in severity from
mild, with only a few loose bowel movements, to a severe,
cholera-like syndrome with profuse watery diarrhea lead-
ing to severe dehydration. Other strains of E. coli such as
enteroaggregative (EAEC), diffusely adhering, and
enteropathogenic E. coli (EPEC) may also be associated
with watery diarrhea.

Viruses

Numerous viruses are responsible for as many as 30 to
40% of self-limited episodes of noninflammatory diar-
rhea, especially in children. Rotavirus occurs primarily
in children aged between 3 and 15months; infections
continue into the 2nd year of life, but after this age are
less common. Rotavirus is responsible for a range of
clinical manifestations from asymptomatic carriage to
severe, potentially fatal dehydration. Adults can develop
mild infections with group A rotaviruses, especially if
there is a sick child in the household. After an average
incubation period of 1 to 3 days, illness often begins with
vomiting, followed shortly thereafter by watery diarrhea.
The average duration of illness is 5 to 7 days; rarely
chronic diarrhea can occur.

Caliciviruses are single-stranded RNAviruses that are
responsible for human and animal infections. Recent
molecular studies have shown that noroviruses (formerly
known as Norwalk and Norwalk-like viruses) have a
genetic composition that places them in the Caliciviridae
taxonomic family. This family of viruses typically causes
disease mainly in infants and young children. The illness
is generally mild and indistinguishable from that due to
rotavirus or even epidemic noroviral disease. Noroviruses
cause explosive epidemics of diarrhea that sweep through



Figure 2 Severe dehydration from cholera. Note the decreased skin turgor and sunken eyes in this severely dehydrated woman with

cholera. Photo courtesy of the International Centre for Diarrheal Diseases Research, Bangladesh.
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communities with a high attack rate. These agents have
become notorious in recent years as causes of diarrhea
outbreaks on cruise ships, in hotels, and in crowded evac-
uee settings. Noroviruses show no respect for age, as they
can affect virtually all age groups except infants. Infec-
tions caused by noroviruses tend to be relatively mild and
short-lived, with common symptoms including nausea,
vomiting, diarrhea, abdominal pain, and myalgias. Gener-
ally, the clinical illness lasts no longer than 24 to 48 h.

Astroviruses are responsible for outbreaks of diarrhea
in day-care centers and in communities with infants. The
disease is characterized by watery or mucoid stools, nau-
sea, vomiting, and, occasionally, fever, but it tends to be
associated with less dehydration than rotavirus. Adenovi-
rus serotypes 40 and 41 are responsible for day-care cen-
ter and nosocomial outbreaks of gastroenteritis in young
children. In contrast to rotavirus or norovirus, enteric
adenovirus infections have a long incubation period last-
ing approximately 8 to 10 days, and the illness can be
prolonged for as long as 2 weeks.
Intestinal protozoa

Giardia lamblia causes clinical syndromes ranging from
asymptomatic cyst passage, to self-limited diarrhea, to
chronic diarrhea with malabsorption, and weight loss.
After an incubation period of 1 to 2weeks, illness is
heralded by the onset of frequent, loose to watery bowel
movements associated with abdominal cramps, bloating,
belching, nausea, anorexia, and flatulence. Blastocystis

hominis, another protozoan parasite, is often the most
prevalent organism found in surveys of intestinal proto-
zoa, but it causes disease only rarely and its role as a
pathogen is a matter of debate.

Patients with cryptosporidiosis (caused by Cryptosporid-
ium spp.) are usually younger children in developing
countries or immunocompromised adults. Illness is
characterized by watery diarrhea associated with abdomi-
nal pain, nausea, vomiting, low-grade fever, malaise, and
anorexia. Symptoms usually resolve by 5 to 10 days. Stool
output may be voluminous and dehydrating in immuno-
compromised patients, particularly those with underlying
human immunodeficiency virus (HIV) infection. Infec-
tion with Cyclospora cayetanensis is manifested by anorexia,
intermittent diarrhea, and nausea. Diarrhea is usually self-
limiting, but it can persist for several weeks in immuno-
competent patients and result in significant weight loss.
Isospora belli also causes a self-limited illness characterized
by watery, nonbloody diarrhea, abdominal cramping,
anorexia, weight loss, and, less commonly, fever. All of
these parasitic infections are apt to be more severe and
longer lasting in immunocompromised patients, such as
those with HIV or organ transplants.
Food poisoning

The consumption of food contaminated with bacteria or
bacterial toxins is generally responsible for food poison-
ing. Various syndromes can also be due to parasites (e.g.,
trichinosis), viruses (e.g., hepatitis A), and other toxins
(e.g., mushrooms of the Amanita family). The most well-
recognized causes of bacterial food poisoning include:
Clostridium perfringens, Staphylococcus aureus, Vibrio spp.
(including V. cholerae and V. parahaemolyticus), Bacillus cereus,
Salmonella spp., C. botulinum, Shigella spp., toxigenic E. coli

(ETEC and EHEC), and certain species of Campylobacter,
Yersinia, Listeria, and Aeromonas.

Type A strains of C. perfringens produce an enterotoxin
that causes foodborne outbreaks with high attack rates
which are, however, of short duration. Food poisoning
caused by C. perfringens is characterized by severe, crampy
abdominal pain and watery diarrhea, usually without
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vomiting, beginning 8 to 24 h after the incriminating meal.
Fever, chills, headache, or other signs of infection are
usually absent. Strains of C. perfringens type C elaborate
a similar enterotoxin that has been implicated in out-
breaks of enteritis necroticans secondary to the consump-
tion of rancid meat in Europe, also known as ‘pigbel’ in
Papua New Guinea. This is a much more severe, necro-
tizing disease of the small intestine and carries a high
mortality rate.

Staphylococcal food poisoning typically presents with
severe vomiting, nausea, and abdominal cramps, often
followed by diarrhea. B. cereus, an aerobic, spore-forming,
Gram-positive rod, has been associated with two clinical
types of food poisoning – a diarrhea syndrome and a
vomiting syndrome. The latter has a short incubation
period, about 2 h, after which nearly all affected persons
experience vomiting and abdominal cramps. In contrast,
the diarrhea syndrome has a median incubation period of
9 h; clinical illness is characterized by diarrhea, abdominal
cramps, and vomiting. B. cereus is particularly associated
with the ingestion of contaminated rice that has been kept
for a long time in a warm or partially cooked state in take-
out food restaurants. Fevers are uncommon with all three
of these bacterial toxin-mediated syndromes. Episodes of
staphylococcal and B. cereus food poisoning are short-
lived, usually resolving within 24 h.

Traveler’s diarrhea

People who travel from developed countries to resource-
poor areas of the world are at risk of contracting traveler’s
diarrhea. As many as 25 to 50% of travelers to developing
countries will suffer from one or more episodes of diar-
rhea. Students and low-budget tourists are at highest risk,
business travelers at intermediate risk, and travelers who
are visiting friends and relatives at lowest risk. Young
travelers – particularly those 20 to 29 years old – have
the highest risk, whereas the lowest rates of travelers’
diarrhea occur in those over 55 years of age. The disease
usually does not begin immediately but generally starts
2 to 3 days after the traveler’s arrival. While most people
have three to five watery, loose stools daily, about 20% can
have as many as 6 to 15 movements per day. A minority of
patients, approximately 2 to 10%, have fever, bloody
stools, or both, and these people are more likely to have
shigellosis. Diarrhea is frequently accompanied by gas,
cramps, fatigue, nausea, abdominal pain, fever, and
anorexia. The illness usually resolves without specific
therapy within 3 to 5 days, although a few unfortunate
travelers will suffer from persistent diarrhea.

Food and beverages contaminated with infectious
microorganisms are the main source of traveler’s diar-
rhea. High-risk foods include uncooked vegetables, salsa,
meat, and seafood. Tap water, ice, salads, unpeeled fruits,
and unpasteurized milk and dairy products are also asso-
ciated with an increased risk. Although many different
pathogens have been described, the leading culprits are
various forms of E. coli, particularly ETEC and EAEC.
C. jejuni is encountered in a significant proportion of
cases, particularly during cooler seasons. Viruses, Shigella,
Salmonella, Giardia, Cryptosporidium, and Cyclospora spp.
are responsible for a minority of episodes of traveler’s
diarrhea.

Prudent selection of beverages and foods can help
reduce the risk of developing traveler’s diarrhea. Bottled
carbonated beverages, hot coffee or tea, beer, and boiled
water are generally safe choices for fluids. Avoiding salads,
unpeeled fruit, ice, and undercooked or raw meat, poultry,
and seafood can help reduce the risk. Because the venue of
food consumption determines the risk of contracting tra-
veler’s diarrhea, travelers should be advised to avoid
eating food from street vendors. Studies have shown
high protection rates when prophylactic antimicrobial
agents such as ciprofloxacin or rifaximin are taken; this
approach, however, is generally not advised because of the
risk of side effects and emergence of antibiotic-resistant
enteric flora. Travelers should be encouraged to use
antimicrobials only when clinical indications for their
use exist.
Chronic Noninflammatory Diarrhea

Certain pathogens cause chronic diarrhea of small intes-
tinal origin. For example, some patients with giardiasis
develop chronic diarrhea associated with fatigue, steator-
rhea, weight loss, and intermittent constipation, along
with malabsorption of fat, vitamins A and B12, protein,
and d-xylose. Acquired lactose intolerance is common.
A lactose-free diet should be recommended in such
cases. Cryptosporidiosis can result in chronic, dehydrat-
ing diarrhea in immunocompromised patients, especially
those with AIDS. Complications of chronic cryptosporid-
iosis include malabsorption, wasting, pulmonary infec-
tion, and biliary tract disease. Patients with AIDS are
also at risk for chronic, noninflammatory diarrhea due to
diffusely adherent E. coli, microsporidia, and I. belli.

Giardia, Cyclospora, and, rarely, Shigella, Salmonella spp.,
or C. jejuni may be responsible for persistent diarrhea in
about 1 to 3% of travelers returning from a developing
country. The diarrhea can last for 1month or more with
some suffering from a prolonged irritable bowel-like syn-
drome. A causative agent is often not identified in many
travelers suffering from prolonged diarrhea. Some of
these unfortunate individuals will respond to empirical
therapy with broad-spectrum antibiotics since they have
‘tropical jejunitis’ or a mild form of tropical sprue.
Inflammatory Diarrhea

Bacterial enteropathogens such as Shigella, Campylobacter,
Salmonella spp., EHEC, V. parahaemolyticus, and Clostridium
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difficile result in acute inflammatory diarrhea. Among the
parasites, Entamoeba histolytica is the most common cause of
dysenteric illness, although several other parasites includ-
ing Balantidium coli, Schistosoma mansoni, S. japonicum, Tri-
churis trichiura, hookworms, and Trichinella spiralis can all
cause bloody, mucoid diarrhea.

Dysentery is a commonly used term that refers to a
diarrheal stool that contains an inflammatory exudate
composed of blood and polymorphonuclear leukocytes.
Patients with bacillary dysentery classically present with
crampy abdominal pain, rectal burning (‘tenesmus’), and
fever, associated with multiple small-volume, bloody
mucoid, bowel movements. Fever is present in less than
half of these patients, and the typical dysentery stool,
consisting of blood and mucus, is present in only one
third.

Bacteria
The Shiga bacillus, S. dysenteriae type 1, produces the most
severe form of dysentery, while S. sonnei produces milder
disease. S. flexneri is the most commonly encountered
serogroup in tropical countries, whereas S. sonnei is the
most common in industrialized nations. Many patients
with shigellosis manifest a biphasic illness. The initial
symptoms of fever, abdominal pain, and watery, non-
bloody diarrhea result from the action of enterotoxin.
The second phase, starting 3 to 5 days after the onset of
symptoms, is notable for tenesmus and small-volume
bloody stools. This period corresponds to invasion of the
colonic epithelium and acute colitis. Infection with
S. dysenteriae type 1 and malnutrition, especially in
young children, are factors associated with a more severe
course. Complications of shigellosis include intestinal
perforation, protein-losing enteropathy, hypoglycemia,
seizures, thrombocytopenia, and hemolytic–uremic syn-
drome (HUS), the latter three being especially common
in children.

Campylobacter species, especially C. jejuni, are responsi-
ble for intestinal infections ranging from frank dysentery,
to watery diarrhea, to asymptomatic excretion. Most
patients have diarrhea, fever, and abdominal pain –
about 50% will note bloody stools. Constitutional symp-
toms such as headache, myalgias, backache, malaise,
anorexia, and vomiting are often present. The illness
usually resolves in less than 1week, although symptoms
can persist for 2 weeks or more, and relapses occur in as
many as one quarter of patients. Rare complications
include gastrointestinal hemorrhage, toxic megacolon,
pancreatitis, cholecystitis, HUS, bacteremia, meningitis,
reactive arthritis, and Guillain-Barré syndrome.

Recent years have seen an increasing frequency of
outbreaks of Salmonella enterica serovar enteritidis asso-
ciated with the consumption of uncooked or raw eggs.
Salmonella gastroenteritis is characterized by initial
symptoms of nausea and vomiting, followed by abdominal
cramps and diarrhea with accompanying fever in about
50% of persons. The diarrhea varies from a few loose
stools, to dysentery with grossly bloody, purulent feces,
to a cholera-like syndrome.

Yersinia enterocolitica can cause illness ranging from
acute nonbloody diarrhea to invasive colitis and ileitis.
Fever, abdominal cramps, and heme-positive diarrhea are
characteristic of Yersinia enterocolitis. V. parahaemolyticus
outbreaks have been associated with the consumption of
raw fish or shellfish. Illness is generally characterized
by explosive, watery diarrhea, abdominal cramps, nausea,
vomiting, and headaches. Rarely a bloody dysenteric syn-
drome is observed.

EIEC strains are capable of invading epithelial cells
and producing a Shiga-like toxin. Patients with EIEC
typically present with diarrhea, tenesmus, fever, and
abdominal cramps. After a mean incubation period of
3 to 4 days, illness begins with watery, nonbloody diarrhea
associated with severe abdominal cramping, nausea,
vomiting, chills, and low-grade fever. The diarrhea then
often progresses to visibly bloody stools. Leukocytosis
with a left shift is usually present, whereas anemia
is uncommon unless infection is complicated by the
development of HUS or thrombotic thrombocytopenic
purpura (TTP). The median duration of diarrhea is 3 to
8 days, although longer durations have been described in
children and persons with bloody diarrhea.

Parasites

While numerous species of intestinal nematodes and tre-
matodes can be associated with an inflammatory diarrhea,
E. histolytica is by far the most common parasitic cause
of dysenteric illness. Approximately 50 million cases
of invasive colitis due to E. histolytica occur worldwide
each year, primarily in developing countries. In industria-
lized countries, populations at high risk of infection
include institutionalized persons, especially the mentally
impaired, recent immigrants, returning travelers, and sex-
ually active male homosexuals. Malnutrition, malignancy,
glucocorticoid use, pregnancy, and young age are risk
factors for greater severity of infection.

There are two distinct species of Entamoeba that can be
differentiated on the basis of antigenic structure, isoen-
zyme analysis, host specificity, in vitro growth character-
istics, in vivo virulence, and DNA characterization. These
two species, E. histolytica and E. dispar, are morphologically
identical and have similar life cycles. However, E. dispar
is associated with an asymptomatic carrier state, while
E. histolytica is capable of invading tissue and causing
symptomatic infection.

A spectrum of clinical illness occurs with E. histolytica

infections including asymptomatic carriage, nonbloody
diarrhea, acute dysenteric colitis, fulminant colitis with
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perforation, chronic nondysenteric colitis, and the forma-
tion of an ameboma, an annular lesion of the colon which
can be confused with colon cancer. Patients with acute
amoebic dysentery usually present with a 1- to 3-week
history of bloody diarrhea, tenesmus, and abdominal pain.
Fever and dehydration are present in a minority of
patients. Complications of amoebic colitis include intesti-
nal perforation and toxic megacolon. Although nearly all
patients have blood in the stool, fecal leukocytes are
usually absent, probably as a result of the lysis of inflam-
matory cells by trophozoites. Amoebic liver abscess can
occur either in association with or independent of acute
colitis. Fulminant amoebic colitis is characterized by the
rapid onset of fever, bloody mucoid diarrhea, diffuse
abdominal pain with peritoneal signs, and leukocytosis.
Chronic nondysenteric amoebiasis is a syndrome usually
lasting more than 1 year, with intermittent diarrhea,
mucus, abdominal pain, flatulence, and weight loss.

Antibiotic-associated colitis

Although the mechanism has not been fully elucidated, it
appears that the normal bowel flora inhibits overgrowth
by C. difficile in the large intestine. Factors such as antibi-
otic use and chemotherapy disrupt the usual suppressive
effects of the microflora and allow C. difficile to propagate
and to secrete its toxins. This organism produces two
cytotoxins, one of which, cytotoxin A, appears to be
responsible for damaging the colonic mucosa, while the
other, cytotoxin B, is used for diagnosis based on its
cytotoxic effects in tissue culture.

Although classically acquired in hospitals and chronic-
care facilities, toxin-producing strains of C. difficile have
been increasingly recognized as a cause of community-
acquired diarrhea. Recent antimicrobial therapy, especially
with cephalosporins and clindamycin, or chemotherapeutic
agents such as methotrexate, usually precedes the onset of
illness. Clinical findings range from asymptomatic carriage
to fulminant colitis with perforation. Symptomatic patients
have frequent, malodorous bowel movements that are not
grossly bloody. Associated signs and symptoms include
crampy abdominal pain, fever, and abdominal tenderness.
Leukocytosis with an increase of immature neutrophil
forms is often present. Complications of C. difficile colitis
include toxic megacolon, perforation, electrolyte distur-
bances, and hypoalbuminemia.

Invasive infections

There are many infections of the gastrointestinal tract
that do not present with diarrhea, but instead are mani-
fested by a systemic illness in which constitutional symp-
toms and signs predominate. Enteric fever, particularly
when caused by S. enterica serovar Typhi (formerly known
as Salmonella typhi), may be the most common invasive
bacterial infection worldwide.
Typhoid Fever

After ingestion in contaminated food or water, S. Typhi
penetrates the small bowel mucosa and makes its way to
the lymphatics, mesenteric nodes, and finally the blood-
stream (Bhutta, 2006). Following an initial bacteremia, the
organism is sequestered in cells of the reticuloendothelial
system where it multiplies and re-emerges several days
later in recurrent waves of bacteremia, an event that
initiates the symptomatic phase of infection.

Typhoid fever is a febrile illness of prolonged duration,
characterized by hectic fever, delirium, persistent bacter-
emia, splenomegaly, abdominal pain, and a variety of
systemic manifestations. Pulse–temperature dissociation
is present in some patients. About 50% of patients have no
change in bowel habits; in fact, constipation is more com-
mon than diarrhea in children with typhoid fever. As a
result of bacteremic dissemination of the organism,
patients with typhoid fever can develop pneumonia,
pyelonephritis, osteomyelitis, septic arthritis, and menin-
gitis. Intestinal hemorrhage and perforation, the most
common complications, often occur in the 3rd week of
infection or during convalescence.

While S. Typhi is the main cause of typhoid fever,
other serotypes of Salmonella occasionally produce a simi-
lar clinical picture, known as enteric or paratyphoid fever.
These serotypes include S. Paratyphi, S. Schottmülleri
(formerly S. Paratyphi B), and S. Hirschfeldii (formerly
S. Paratyphi C), as well as others such as S. Typhimurium.
Parasitic infestations

Certain gastrointestinal parasites are associated with sys-
temic signs and symptoms during the extra-intestinal
stages of their life cycles. Intestinal infections with Stron-

gyloides stercoralis manifest with vague symptoms such as
abdominal pain, bloating, and diarrhea, frequently asso-
ciated with eosinophilia. During the migration of this
parasite through the skin and lung, specific symptoms
attributable to the local inflammatory response in these
tissues may occur. Hyperinfection or disseminated stron-
gyloidiasis develops in immunocompromised patients,
especially those with HIV infection, or hematological
malignancies, or those taking systemic steroids or other
immunosuppressive agents. Individuals with the hyperin-
fection syndrome have heavy worm burdens that can lead
to intestinal obstruction, respiratory failure, Gram-negative
bacteremia, or meningitis.

Other intestinal parasites such as T. trichiura, hook-
worm, and Schistosoma spp. can cause gradual blood loss
from the intestine that, in prolonged infections, can lead
to clubbing, severe malnutrition, pica, stunting of growth,
and congestive heart failure secondary to severe anemia.
Chronic infections with all Schistosoma species, with the
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exception of S. haematobium, can cause significant morbid-
ity and mortality as a result of granuloma formation in the
intestine and liver. The resulting hepatic fibrosis leads to
portal hypertension which can eventually be complicated
by splenomegaly, esophageal varices, hematemesis, and
death.

Intestinal tuberculosis

Mycobacterium tuberculosis is responsible for most cases of
intestinal tuberculosis, although in some developing
countries, cases caused by M. bovis, an organism found in
unpasteurized dairy products, still occur. The most fre-
quent sites of intestinal involvement are the distal ileum
and cecum, although any region of the gastrointestinal
tract can be involved. Most patients with intestinal tuber-
culosis are asymptomatic. The most common complaint is
chronic, nonspecific abdominal pain. Weight loss, fever,
diarrhea or constipation, and blood in the stool may be
present. An abdominal mass, commonly located in the
right lower quadrant of the abdomen, is appreciated in
about two thirds of patients. Complications include
gastrointestinal bleeding, obstruction, perforation, fistula
formation, and malabsorption.

Peritoneal tuberculosis results from the hematogenous
spread of M. tuberculosis to mesenteric lymph nodes.
Ascites is the most common presenting feature and is
often associated with fever, abdominal pain, lethargy,
and weight loss. The ascitic fluid is notable for an elevated
white blood cell count with a lymphocytic predominance,
and a high albumin concentration.
Diagnosis

Although there is substantial overlap in presenting
signs and symptoms, nevertheless a pathophysiological
approach can be used to make a presumptive etiological
diagnosis in patients with infectious diarrhea (see
Table 2). The general type of pathogen can be categor-
ized based on the initial symptoms and the type of
diarrhea, separating organisms that target the upper
small bowel from those that attack the large intestine. In
the case of the noninflammatory bowel pathogens, stool
microscopy reveals no white or red blood cells, whereas
these are often abundant in the feces of patients with
invasive diarrheal pathogens. Several organisms, including
Salmonella, Yersinia spp., V. parahaemolyticus, and C. difficile,
produce variable findings on microscopic examination of
stools.

A diagnostic algorithm can be used to help deter-
mine which patients should be treated symptomatically
and which require further evaluation and treatment
(Figure 3). Approximately 90% of cases of acute diarrhea
fall into the ‘no studies–no treatment’ category. Because
of the significant morbidity and cost associated with
infectious diarrhea, making a specific laboratory diagnosis
can be useful epidemiologically, diagnostically, and ther-
apeutically. A definitive diagnosis is achieved mainly
through study of fecal specimens, using bacteriological
or viral culture, electron microscopy for viral particles,
and identification of microbial antigens (viruses, bacteria,
parasites, or toxins). DNA probes, polymerase chain reac-
tion (PCR), and immunodiagnostic tests can now be used
to identify several pathogens in stool specimens. Eleva-
tions of serum antibody titers are sometimes used for
diagnosis, but this method is usually retrospective and
often inaccurate. Even in epidemic settings, the specific
organism causing a diarrheal disease outbreak is often not
found, suggesting that the list of known enteric pathogens
is incomplete. Many of the pathogens discussed in this
article (e.g., Cryptosporidium, the microsporidia, EAEC) are
relatively new to medical science and are ‘emerging
diseases.’

Invasive procedures such as sigmoidoscopy or upper
endoscopy generally play a limited role in the diagnosis of
gastrointestinal tract bacterial infections. Sigmoidoscopy
with biopsy of the rectal mucosa is often helpful in identi-
fying parasitic infections such as E. histolytica or S. mansoni.
Endoscopy with duodenal aspirates or biopsies may help
to establish the diagnosis of giardiasis, cryptosporidiosis,
microsporidiosis, or strongyloidiasis. These procedures
should be carried out during the evaluation of patients
with chronic diarrhea if stool cultures and examinations
for ova and parasites have failed to elucidate the etiology.

Febrile patients who are suspected to have typhoid and
paratyphoid fever should have blood cultures performed.
Although newer diagnostic tests that detect IgM antibo-
dies against specific S. Typhi antigens have been field
tested in recent years, these tests have not been proven
to be adequately robust for use in community settings.
PCR assays appear promising but are primarily still avail-
able only in research settings. Since there has been a
gradual rise in multidrug resistance, including decreased
susceptibility to fluoroquinolones in the past decade, bac-
teriologic culture remains an important component of the
evaluation and management of patients with enteric fever.
Management

Rehydration

Since the most devastating consequences of acute infec-
tious diarrhea result from fluid losses, the major goal of
treatment is the replacement of fluid and electrolytes.
Although the intravenous route of administration is tradi-
tionally used, oral rehydration solutions (ORS) have been
shown to be equally effective physiologically and are
logistically more practical and less costly to administer,
especially in developing countries (Figures 4 and 5)
(WHO/UNICEF, 2001). ORS is the treatment of choice
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Figure 4 After initial intravenous hydration, oral rehydration is

provided to the cholera patient. Photo courtesy of the

International Centre for Diarrheal Diseases Research,
Bangladesh.

Figure 5 Cholera patient after rehydration. Photo courtesy of

the International Centre for Diarrheal Diseases Research,

Bangladesh.
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for mild-to-moderate diarrhea in both children and adults,
providing vomiting is not a major feature of the gastro-
intestinal infection. ORS can also be used in severely
dehydrated patients after initial parenteral rehydration.

Although there is no doubt about the value of ORS in
treating dehydrating diarrhea, the optimal concentration
of sodium that should be used remains in dispute, partic-
ularly in regard to the treatment of mild-to-moderate
diarrhea in well-nourished children in industrialized
countries. The high concentration of sodium (90mmol)
in the previously recommended standard World Health
Organization (WHO) ORS formulation (Table 3) was
rarely associated with hypernatremia and even seizures
in children with non-cholera watery diarrhea. Conse-
quently, lower concentrations of sodium and a reduced
osmolarity solution were evaluated in different popula-
tions. The lower sodium-reduced osmolarity solution was
found to be effective for rehydration and not associated
with any serious adverse clinical events. Consequently,
since 2003, the WHO has recommended this solution
for oral rehydration therapy. The substitution of starch
derived from rice or cereals for glucose in ORS has
been another approach. Rice-based salt solutions pro-
duce lower stool losses, a shorter duration of diarrhea,
and greater fluid and electrolyte absorption than do
glucose-based solutions in treating childhood and adult
diarrhea.

The provision of zinc supplements in conjunction with
oral rehydration therapy serves to shorten the duration of
diarrhea and reduce the risk of subsequent episodes
among children in resource-poor settings. This approach
is now advocated by the WHO for the routine treatment
of childhood diarrhea in developing countries.

Diet

Dietary abstinence, a traditional approach used in the
management of an acute diarrheal illness, restricts the
intake of necessary calories, fluids, and electrolytes. Dur-
ing an acute attack, the patient often finds it more com-
fortable to avoid spicy, high-fat, and high-fiber foods, all
Table 3 Fluid compositions in infectious diarrhea and hydration

Stool or hydration fluid

E

S

Cholera, adult 1
Cholera, child 1

Nonspecific diarrhea, child

Ringer’s lactated solution 1
Oral rehydration therapy (original WHO formula)b

Oral rehydration therapy (reduced osmolarity WHO formula)d

aEquivalent from lactate conversion.
bIncludes glucose, 110mmol/L (20 g/L).
c10mmol/L citrate may be used instead of bicarbonate.
dIncludes glucose, 75mmol/L (13.5 g/L).
of which can increase stool volume and intestinal motility.
Although giving the bowel a rest provides symptomatic
relief, continued oral intake of fluids and foods is critical
for both rehydration and the prevention of malnutrition.
In children, it is particularly important to re-start feeding
as soon as the child is willing to accept oral intake.

Because certain foods and fluids can increase intestinal
motility, it is wise to avoid fluids such as coffee, tea, cocoa,
and alcoholic beverages. Ingestion of milk and dairy pro-
ducts can potentiate fluid secretion and increase stool
volume. Besides the oral rehydration therapy outlined
earlier, acceptable beverages for mildly dehydrated adults
include fruit juices and various bottled soft drinks. Soft,
easily digestible foods are generally acceptable to the
patient with acute diarrhea.
Antimicrobial Therapy

Most patients with infectious diarrhea, even those with a
recognized pathogen, have a mild, self-limited course;
therefore, neither a stool culture nor specific treatment
is required for such cases (see Figure 1). For more severe
cases, however, empirical antimicrobial therapy should
be instituted, pending the results of stool and blood
cultures. Theoretically, antimicrobial treatment may
not only help the individual with the disease, but also
reduce the shedding of infectious organisms that may
serve to continue the cycle of transmission to others.
Gastrointestinal infections likely to respond to antibiotic
treatment include cholera, shigellosis, E. coli diarrhea in
infants, symptomatic traveler’s diarrhea, C. difficile diar-
rhea, giardiasis, cyclosporiasis, and typhoid fever. Drug
choice should be based on in vitro sensitivity patterns,
which vary from region to region. A fluoroquinolone anti-
biotic is generally a good choice for empirical therapy,
since these agents have broad-spectrum activity against
virtually all bacterial pathogens responsible for acute
infectious diarrhea (except C. difficile). However, resis-
tance to fluoroquinolones in South and South-East Asia
solutions

lectrolyte Concentrations (mmol/L)

odium Potassium Chloride Bicarbonate

24 16 90 48
01 27 92 32

56 25 55 14

30 4 109 28a

90 20 80 30c

75 20 65 30c
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is an increasing problem. The presence of nalidixic acid
resistance among gastrointestinal pathogens such as
S.Typhi has been associated with fluoroquinolone clinical
treatment failures. Alternative therapies including azi-
thromycin or third-generation cephalosporins are recom-
mended in these circumstances.

In patients with severe community-acquired diarrhea –
characterized by more than four stools per day lasting
for at least 3 days or more with at least one associated
symptom such as fever, abdominal pain, or vomiting –
there is a high likelihood of isolating a bacterial pathogen.
In this setting, a short course of a fluoroquinolone, gener-
ally 1 to 3 days’ duration, will usually provide prompt
relief with a low risk of adverse effects. Fluoroquinolones
will not be effective for parasitic infections, and so specific
antiparasitic drugs should be prescribed after identifica-
tion of the offending pathogen in stool smears.

Self-treatment with an effective antimicrobial agent is
advised for traveler’s diarrhea. While a fluoroquinolone is
the treatment of choice, travelers to countries in Asia
where resistance has become widespread should be
provided with azithromycin for standby therapy. Rifaxi-
min may also be used but this nonabsorbable antibiotic is
not recommended for treatment of invasive diarrhea, which
is common among travelers to Asia, especially Thailand.

There are conflicting reports regarding the efficacy
of antimicrobial drugs in several important infections,
such as those caused by Campylobacter spp., and insufficient
data for infections caused by Yersinia and Aeromonas spp.,
vibrios, and several forms of E. coli. In cases of EHEC,
there is evidence that antibiotics are not helpful and may
even be harmful. Indeed, individuals with Salmonella

diarrhea may counterintuitively have their period of
diarrhea as well as their period of asymptomatic excre-
tion of the organism extended by antibiotic therapy.
Such individuals, if employed in the food industry, may
need several negative stool cultures before they are
allowed to return to work as mandated by public health
regulations.
Antidiarrheal Agents

Antimotility drugs are particularly useful in control-
ling moderate-to-severe diarrhea. These agents disrupt
propulsive motility by decreasing jejunal motor activity.
Opiates may decrease fluid secretion, enhance mucosal
absorption, and increase rectal sphincter tone. The overall
effect is to normalize fluid transport, slow transit time,
reduce fluid losses, and ameliorate abdominal cramping.

Loperamide is the best agent because it does not carry a
risk of habituation or depression of the respiratory center.
Treatment with loperamide produces rapid improvement,
often within the first day of therapy. Despite the long-
standing concern that antimotility agents might exacer-
bate cases of dysentery, this has largely been dispelled
by clinical experience. Patients with shigellosis, even
S. dysenteriae type 1, have been treated with loperamide
alone and have had a normal resolution of symptoms with-
out evidence of prolonging the illness or delaying excretion
of the pathogen. However, as a general rule, antimotility
drugs should not be used in patients with acute severe
colitis, whether infectious or noninfectious in origin.

Bismuth subsalicylate (BSS), an insoluble complex of
trivalent bismuth and salicylate, is effective in treating
mild-to-moderate diarrhea. Bismuth possesses antimicro-
bial properties, while the salicylate moiety has antisecre-
tory properties. In traveler’s diarrhea trials in Mexico and
West Africa, BSS reduced the frequency of diarrhea sig-
nificantly relative to placebo, but results were generally
better when a high dose (e.g., 4.2 g/day) was used.
A number of studies have shown that the combination of
an antimicrobial drug and an antimotility drug provides
the most rapid relief of diarrhea.
Prevention

Strict adherence to food andwater precautions as outlined
earlier will help travelers to less developed areas of
the world to decrease their risk of acquiring gastroin-
testinal infections. Parasitic infections, such as strongyloi-
diasis and hookworms, can be avoided by the use of
footwear. Avoiding contact with fresh water such as rivers
and lakes in endemic areas serves to prevent schistoso-
miasis. In developing countries, hand-washing promotion
and fly control interventions have successfully reduced
the incidence of diarrheal disease in young children.

Probiotics, especially Lactobacillus rhamnosusGG, effec-
tively reduce the frequency and duration of diarrhea
in children and adults (McFarland, 2006). Probiotics are
also useful for the prevention of antibiotic-associated
diarrhea.

Immunization represents an ideal way to prevent cer-
tain bacterial and viral diseases, but has not yet proved
successful for combating many gastrointestinal pathogens.
The cholera vaccine that has been available for decades
suffers from low efficacy, a moderate risk of side effects,
and a short duration of action (several months). Newer
oral cholera vaccines, such as the inactivated B subunit
vaccine, are highly effective for prevention of severe chol-
era. New rotavirus vaccines, now available for the preven-
tion of rotaviral diarrhea in children, have not been
associated with intussusception (which plagued a former
rotavirus vaccine that was subsequently withdrawn).
Immunization has been partially effective for the pre-
vention of typhoid fever, especially in endemic areas.
Although the efficacy of the currently available typhoid
vaccines has not been determined in persons from indus-
trialized regions, these vaccines are widely used for the
prevention of typhoid fever in travelers to developing
countries.
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Diversity of the Pathogens Known
as Parasites

This section deals with parasitic diseases in the traditional
sense of the term. It focuses on infections caused by pro-
tozoans and helminths, and infestations byectoparasites. In
addition, because public health interventions related to
these infections require multidisciplinary approaches
based on parasitic diseases’ often complex life cycles,
some sections in this article also address the vectors, as
well as ecological and societal facets involved in the trans-
mission of the diseases. The spectrum of size alone in
organisms encompassed in this section is astonishing:
they can range from protozoans of a few microns to hel-
minths of 10 meters in length. The range of those who
study and implement control programs of these diseases is
equally broad, stretching from basic and social scientists to
health economists, clinicians, engineers, and public health
practitioners. The diseases in this category are often
thought of as diseases of poverty, and many of them are.
They thrive in conditions of poor sanitation, bad housing,
and unsafe water, and are ultimately often conquered by
economic development coupled with health education
and the provision of alternatives to unsanitary living con-
ditions. In short, many of these diseases exist beyond the
reach of modern living conditions taken for granted in
many high-income countries. In addition, many of these
diseases are considered to be problems only of rural areas.
However, neither wealth nor urban living can fully protect
people from some parasitic diseases. In fact, the demo-
graphics of some previously rural afflictions are shifting to
peri-urban areas. Also, the convenient, now common,
transportation of people and fresh foods can easily result
in diseases of one region and economic strata rapidly
impacting on other regions, and deforestation, water man-
agement, and massive urbanization can lead to the estab-
lishment of old diseases in new settings.

In concert with the broad spectrum of organisms, dis-
ciplines, and demographics represented here, there is an
equally broad spectrum of requirements to adequately
address the public health needs related to these diseases.
The organisms are often very complex, and there is
clearly a need to learn more about their basic biology
and the nature of the host/parasite relationships that



Table 1 Two categories of major parasitic disease threats

(and their global prevalence estimates)

Major causes of
mortality

Major contributors to impaired
development and disability

Malaria (400–500million) Lymphatic filariasis (120million)

Chagas’ disease

(18million)

Schistosomiasis (200million)

Cutaneous leishmaniasis (8million)
African trypanosomiasis

(0.5million)

Onchocerciasis (18million)

Cysticercosis/taeniasis (50million)

Visceral leishmaniasis

(4million)

Soil-transmitted helminths (2 billion)

Waterborne and foodborne
protozoans (1.5 billion)

Guinea worm (<11000; down from

8million)
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occur with infection. These are often ‘neglected’ diseases
with obvious needs for the development of new, effica-
cious, and field-applicable tools with which to control,
eliminate, or eradicate these scourges. However, at the
same time, better usage is needed of existing tools. As is
the case with diseases of poverty, those who are most
afflicted have the least to say about what is emphasized
in public health and biomedical research, thereby requir-
ing others to champion their needs. In addition to pro-
moting these parallel needs, there is an even more
fundamental need to develop population-based awareness
of these diseases at the grassroots level. It is heartening
that some of this essential awareness now exists in philan-
thropic, social, and governmental circles.
Global Situation of Human Parasitic
Diseases

Parasitic diseases have a rich, sometimes colorful, history
of discovery, definition, and public health response. This
history involves many of the early giants of infectious
diseases, such as Carlos Chagas, who as a medical student
discovered and then defined the complete life cycle of
American trypanosomiasis (Chagas’ disease), and Ronald
Ross, a military (colonial service) physician who discov-
ered the role of mosquitoes in the transmission of malaria.
In reality, many of the early advancements in parasitic
diseases were made in relationship to the colonial history
of the late nineteenth and early twentieth centuries.
While the discoveries, documentations, and early control
programs of that era were outstanding, and many of the
leaders of the day and the institutions they founded were
and are excellent, in some ways the field has suffered
somewhat under its former association with colonialism
and the label of ‘tropical medicine.’ Modern-day parasitic
disease research and control efforts still often, and very
appropriately, take place in low- and middle-income
countries, and also often involve investigators and practi-
tioners from high-income countries. However, those pro-
grams with any hope of sustainability now fully involve
true partnerships among international colleagues, with a
heavy emphasis on capacity building in those countries
that are endemic for the diseases being studied. The
stigma of ‘colonial medicine’ has largely given way to
fundamental neglect by many in biomedical research
and public health alike. The adage ‘out of sight, out of
mind’ plays some part in this dilemma, but fortunately
this is currently being challenged on the basis of both
public health and economic development issues. Thus,
there has been a recent wave of interest and activity in
addressing malaria and ‘neglected tropical diseases’ from
the perspective of promoting healthy people to lead and
participate in essential global economic development
and nation building. Many are now making the case
for addressing these diseases based on: (1) the econo-
mic return that integrated control programs promise
(Canning, 2006); (2) human rights as they relate to health
(Hunt, 2006); and (3) the vast numbers (i.e., billions) of
people infected with parasites (Table 1).

In addition, globalization is constantly increasing the
proximity of these infections to high-income countries, or
at least the threat that they might occur or reoccur there.
An excellent example of a disease of poverty that became
a disease of affluence is cyclosporiasis. In 1996, Cyclospora
cayentenensis was imported into the United States and
Canada resulting in severe outbreaks of diarrhea asso-
ciated with eating raspberries at very upscale occasions
and parties. The vehicle of disease transmission was
imported raspberries from Guatemala, and the cost of
this delicacy explains the differential involvement of the
wealthy in North America. Another enteric protozoan
made headlines in 1993 when over 400 000 people in
Milwaukee, Wisconsin were stricken with cryptospori-
diosis and suffered diarrhea. This was an emerging infec-
tion at that time, and it was several years before the
genetic tools were developed to demonstrate that the
source of this outbreak was due to human fecal contami-
nation in a municipal water supply. This outbreak
prompted strong responses from clean water advocates,
public health officials, and the water industry, and cost
an estimated $96 million in medical costs and produ-
ctivity losses (Corso et al., 2003). The focus of attention
on this ‘exotic,’ emerging infection led to considerable
interest in cryptosporidiosis in food and water in high-
income countries, and the spillover benefit of this empha-
sis is that a great deal has been learned about an otherwise
largely unknown parasite. Hopefully this knowledge
can now be used globally, because we now know that
cryptosporidiosis can cause cognitive and physical
developmental deficiencies when encountered as early
childhood diarrhea in endemic settings in low- and
middle-income countries (Guerrant et al., 1999). Thus,
parasitic diseases can occur in all economic settings, and
globalization increases the chances that they will move
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readily across borders. Also, while controversial and far
from certain, there is some evidence that global climate
change may serve to possibly introduce or reintroduce
some parasitic diseases to previously more temperate
climes, at some time in the future.

More fundamental reasons for the developed world to
take note of, to study, and to do something about parasitic
diseases stem from their overall scientific, medical, and
public health importance. There is no question that this
was, and remains, a wormy world, and is likewise a world
oppressed by protozoan infections. One way of classifying
these diseases is to group those that are major causes of
mortality and those that make a major impact on people’s
quality of life (Table 1). Both categories cause devastating
human afflictions, and it is now generally agreed that im-
proved health by controlling these and other infections will
contribute greatly to both well-being and economic growth.
Basic Science Contributions of Studies
on Parasitic Diseases

In addition to the widespread global disease impact of
these human parasitic diseases, they are also beginning to
be appreciated in regard to the multiple, basic scientific
contributions that now stem from studies of their causa-
tive organisms and the host/parasite relationships that
they foster. These are multifaceted pathogens, and their
interrelationships with their hosts have clearly evolved
over eons. Most exist as chronic infections that involve
intricate associations between the parasite and its host,
both at the level of the host’s immune system (usually
thought of in terms of inducing altered or regulated
immune responses), and at the level of developmental
cues that many (perhaps all) parasites require from their
hosts. Some investigations into these relationships have
yielded fascinating and potentially very useful insights
into other areas of biomedical science. These involve
new mechanisms of nucleic acid rearrangement, the dis-
covery of new organelles and lateral gene transfers
between phyla, various intracellular adaptations for sur-
vival, and immunoregulatory manipulations of the host.
Thus, basic research into these complex parasites and
their host/parasite relationships is an important contrib-
utor to modern biomedical science.

Fortunately, studies of protozoans are now firmly
established in the age of ‘omics’ with many protozoal
genomes having been sequenced and annotated and
their proteomics now being unraveled. However, there
are still major challenges for those seeking to do likewise
with parasitic helminths. While some parasitic worm
genomes have been sequenced, the field has lagged
behind that of parasitic protozoans for lack of a true
molecular toolbox with which to tackle these metazoan
beasts. The use of RNAi and microarrays is beginning to
be successfully applied to these worms, but the truly
elegant studies seen with free-living worms (Caenorhabtitis
elegans, and others) still appear to be unapproachable
with parasitic worms.
Public Health Consequences of Basic
Science Studies of Parasites

One public health and basic scientific arena that has
developed in relationship to the control of helminthic
infections in high-income countries concerns the inverse
relationship between this control and the rise of another
public health problem: atopic allergies and allergic
asthma. It was initially proposed that the increased preva-
lence of these atopic conditions in high-income countries
is due to cleanliness beyond the level of sanitation to a
point that newborns, infants, and children do not have
their immune system sufficiently challenged by microbes,
and this leads to the development of these immune dis-
orders. However, this general ‘hygiene hypothesis’ has
been modified by some, based on the epidemiologic and
immunologic findings that, rather than a broad lack of
microbial stimulation, the Th2-biased allergies may arise
due to a more specific lack of exposure to helminth
infections (Cooper et al., 2003). The reasoning for
this ‘worm-centric’ hygiene hypothesis is based on the
propensity of helminthic infections to skew immune
responses toward a general ‘Th2-ness’ to a level that it
can lead to altered responses to other antigens, and even
modify appropriate responses to vaccines. It is possible
that by removing helminth-related stimuli during child-
hood, a relative ‘Th2-void’ is filled by excessive and
inappropriate Th2-mediated responses to a variety of
allergens. In addition, it is thought that an imbalance of
Th1–Th2 responses results from immunoregulatory
responses, leading to increases in the prevalence of exces-
sive Th1-mediated autoimmune diseases (Wilson and
Maizels, 2004). A mixture of both epidemiologic and
immunologic evidence supports the hypotheses that in
the absence of helminthic infections both Th2-mediated
allergies and Th1-mediated autoimmune diseases ap-
pear to be more abundant. The fundamental basis on
which these observations are founded is being investi-
gated, and interventions/treatments are being tested
(Summers et al., 2005).

Another practical aspect of these intriguing possi-
bilities involving immunoregulation by parasites and
the occurrence of atopic allergies and autoimmunity dis-
eases is the likelihood that the ‘worminess’ of low- and
middle-income countries may alter how people there
respond to vaccines developed and tested in high-income
countries. Do vaccine trials in ‘helminth-endowed’ envir-
onments need to be done after deworming programs, as
suggested by both human (Sabin et al., 1996; Elias et al.,



Introduction to Parasitic Diseases 697
2001) and experimental (Elias et al., 2005; Da’Dara et al.,
2006) studies? Also, are populations afflicted with worm
infections immunologically altered generation to genera-
tion by way of maternal/infant immune interactions such
that they may not respond appropriately to some vac-
cines? Furthermore, if helminths exert such profound
immunoregulatory effects can they, or eventually para-
site-derived materials, be used in the treatment or pre-
vention of allergies and autoimmune maladies, or as the
much-sought-after ‘smart’ adjuvants? These are examples
of how fundamental studies of parasitic diseases may
benefit other biomedical and public health arenas, while
also leading to better tools (e.g., diagnostics, drugs, vac-
cines) for their control.
Public Health Interventions Concerning
Parasitic Diseases

With regard to the actual implementation of public health
interventions to overcome parasitic diseases, there have
been both amazing successes and dramatic failures. To
discuss these one should first consider the concepts of
eradication, elimination, and control. With respect to
public health strategies and implementation, these terms
have strict meanings, but they are sometimes garbled or
confused. For our purposes, eradication means stopping
all transmission of a given pathogen, worldwide; elimina-
tion means reducing the level of transmission of a given
pathogen to humans to zero or near zero, thus eliminating
the human disease as a public health threat (possibly in
one geographic area and not another); and control means
reducing and limiting transmission of a given pathogen,
morbidity caused by that pathogen, or both. There is a
very fundamental difference between eradication and
elimination. Following certification of actual eradication
there is no longer a need for public health surveillance for
that pathogen, while elimination of a disease means that
public health surveillance is still necessary to detect rein-
troduction or resurgence. Unfortunately, eradication does
not necessarily mean extinction. Thus, while wild small-
pox is eradicated, there is still the threat that reserve
stocks of the virus might be used as weapons of mass
destruction, and thus surveillance for smallpox once
again has been initiated (Abllera et al., 2006). The levels
of challenge and effort to accomplish any of these public
health goals are enormous, but differ conceptually and
practically, depending on the goal chosen. Decisions
regarding which of these goals is selected are difficult
and must take into consideration the abilities and uses of
available tools, the epidemiologic vulnerability of the
pathogen (the ability to implement the available tools in
a cost-effective manner), the availability and sustainabil-
ity of funding, and the political will to do so. Political will
encompasses such aspects as the burden of disease; the
perception and promotion of the outcome; the impact on
the overall health services sector; and the likely impact
on economic development, luck, and persistence. One
critical aspect of tackling any such program is the ability
to form functioning partnerships. Such partnerships have
proven to be essential, but not easily put together or
maintained. They require input from multinational and
bilateral agencies, government as well as nongovernmen-
tal agencies, philanthropic organizations, and industry.
They also require an inordinate level of organization
and outstanding management, as well as a strong spirit
of goodwill.
Examples of Eradication, Elimination,
and Control Programs

Successful elimination of soil-transmitted helminths (STHs;
hookworm, ascariasis, trichursis), schistosomiasis, and
filariasis has been achieved in Japan, and contrary to
popular opinion, this huge success story was not only
based on Japan’s economic development, but was also
founded on strong public health programs. In fact, the
assault on these helminthic scourges (the prevalence of
STHs in Japan has been estimated at >70% in the late
1940s) was begun as a private–public health enterprise,
prior to the economic boom that then developed in
Japan. Thus, while the long-term sustained success of
this campaign is clearly due to the concomitant develop-
ment of Japan as a high-income country and the long-
term programs that allowed, the demise of helminthic
infections in Japan was based on rigorously applied pub-
lic health campaigns.

Another major success story, which will hopefully soon
achieve its ultimate goal, is the fight to eradicate dracun-
culiasis (guinea worm). This eradication program has the
use of neither a curative drug nor a vaccine. Nevertheless,
through the implementation of an unwavering public
health campaign based on clean water, case management,
health education, and meticulous organization, it has
almost achieved eradication. By dramatically lowering
the global prevalence of guinea worm from over 8million
cases to an annual case rate of less than 10 000, this out-
standing program, encompassing many public and private
partners, is on the verge of total success – eradication. The
program has learned many lessons since the goal of eradi-
cation was announced. The total need for absolute, stead-
fast perseverance by a functioning coalition of diverse
partners has probably been the most important take-
home message for other current and future programs.

At the other end of the spectrum many consider the
malaria eradication program approved by the World
Health Assembly in 1955 to be an abject failure. It is,
however, most likely that this was more of a failed con-
cept, coupled to a too-rigid program that depended on
strict adherence to a technological approach. In fact, the
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program was quite successful as an elimination program in
given geographic areas. Prime errors were to consider
malaria eradicatable with tools that the parasite and the
vector could obviate (chloroquine and DDT, respec-
tively), to undertake an eradication campaign in given
geographic areas (South America and the Asian subconti-
nent) while ignoring others (sub-Saharan Africa), and to
confuse elimination (with its continued need for surveil-
lance and response) with eradication (with its ‘walk away
and forget it’ concept).

Another example of good intentions gone awry is the
countrywide program to treat schistosomiasis in Egypt
that began in the early 1960s and continued into the
1980s. Quite rightly, the Egyptian government recognized
schistosomiasis as a major public health problem in their
country, and set about to do something systematic about
it. This was at a time when the only treatment available for
schistosomiasis was intravenous antimonial drugs. It was
also a time when the sterilization of reusable injection
needles was not universally done, and the campaign, while
successful in treating huge numbers of people for their
schistosomiasis, also appears to have inadvertently spread
hepatitis C in much of the population treated (Frank et al.,
2000). In Japan, earlier (in the 1920s) less organized treat-
ment programs may have contributed to the same out-
come (Mizokami and Tanaka, 2005). This is a cautionary
tale to all who will listen and learn, about the law of
unintended consequences. It should not impede the
implementation of future programs, but it should remind
us all of the necessity of full and open planning and
execution that is as rigorous as possible. (More complete
presentations of ongoing and possible future control,
elimination, and eradication programs related to parasitic
diseases are in the ensuing sections of this article.)
Parasitic Disease Surveillance

Surveillance is perhaps the least exciting area of public
health, and yet it is one of the most critical of public health
activities. At this point, disease-specific surveillance for
parasitic diseases is largely passive or nonexistent, except
when it is an integral part of a dedicated control, elimina-
tion, or eradication campaign. One consequence of this is
that in general we do not really know the prevalence, and
certainly not the incidence, of most parasitic diseases.
Thus, the global prevalence numbers in Table 1 are at
best anecdotal, and for some diseases could easily be off by
50%. Nevertheless, when looked for most of these diseases
are found, and the inability to have hard numbers by which
to operate is a function of both the general lack of interest
(until lately) in these infections and that they often are
most prevalent in areas where access is limited and may be
seasonal. Perhaps the best example of parasitic disease
surveillance is the guinea worm eradication program,
which is highly organized and dependent on a sequential,
or bucket-brigade reporting system that starts with village
health workers and ends up at the World Health Organi-
zation (WHO)Collaborating Center for the Eradication of
Dracunculiasis within The Carter Center/Global 2000
and the Centers for Disease Control and Prevention
(CDC). This Herculean organizational and training effort
will be hard to duplicate for every disease, and may not be
easily transformable into multidisease-integrated pro-
grams, but this would be highly desirable.
Parasitic Disease Outbreak Investigations

In comparison to surveillance, outbreak investigations are
often the most interesting and ‘headline-catching’ of all
public health efforts. However, parasitic diseases are most
often thought of as being endemic problems, with little
thought to them occurring as outbreaks. The exception to
this is when they occur among travelers or the military, or
unexpectedly in high-income countries. As indicated
above, two major examples of this last phenomenon
occurred in the 1990s. The first was the 1993 outbreak
of waterborne cryptosporidiosis in Milwaukee, and then
the widespread foodborne outbreak of cyclosporiasis due
to imported raspberries. These are excellent cases of
parasitic diseases being emerging infections – at least in
terms of our awareness of them in human populations.
Clearly, they were not new infections, but newly recog-
nized in human settings. The important point here is that
because of these highly publicized outbreaks considerable
scientific and public health interest has been generated,
and has led to new findings and investigations that show
that these diseases are everyday problems in many low-
and middle-income countries (Guerrant et al., 1999).
New (or Renewed) Interest in Parasitic
Diseases in Health and Development

It is an exciting and challenging time for global health
overall, including global parasitic diseases. There has been
a shift in fundamental approaches to global development
that now includes promoting global health as an integral
and essential part of development. While the former posi-
tion was infrastructure-based (build better bridges and
communications and development will follow), since the
1993 World Bank’s World Development Report: Investing

in Health, planners have come to more fully understand
that healthy people may build better bridges. Clearly,
promoting health alone is not sufficient to lead people
out of poverty, but it is now equally clear that trying to do
so without attention to health issues does not work well.
This realization has led to major philanthropic invest-
ments in health, and the initiation of multiple, new global
programs to curtail parasitic diseases. The parasitic



Table 2 Current and possible future global parasitic disease

eradication, elimination, and control effortsa

Eradication Guinea worm (dracunculiasis)

Elimination Lymphatic filariasis

Chagas’ disease (American trypanosomiasis)
Control Malaria

Onchocerciasis

Schistosomiasis

Soil-transmitted (ascariasis, hookworms,
trichuriasis)

Possible future

programs

Taeniasis and cysticercosis (eradication)

Echinococcosis (elimination)

African trypanosomiasis (control)
Visceral leishmaniasis (elimination)
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disease ‘grandparents’ of these newer programs are the
previously mentioned guinea worm eradication program
and the campaigns to control blindness due to onchocer-
ciasis. Working with the WHO, such programs pointed
the way forward, and there are now multiple ongoing
programs that strive to control, eliminate, or eradicate
given parasitic diseases (Table 2). As efforts intensity
and tools are developed, some of the current programs
may appropriately move to become elimination or eradi-
cation programs.

Because parasitic diseases primarily affect the impov-
erished there has long been insufficient financial motiva-
tion for private companies tomake the investments needed
to implement major discovery and development programs
focused on human parasitic diseases. Fortunately, some
companies have long seen the value in donating drugs
used in the veterinary market for human use, and other
types of donations. In addition to these bright spots, over
the last 5 to 10 years – with the encouragement and sup-
port of the WHO Special Programme for Research and
Training in Tropical Diseases (TDR), the National Insti-
tutes of Health (NIH), the Bill and Melinda Gates Foun-
dation, the Burroughs Wellcome Fund, the Wellcome
Trust, the Sandler Foundation, and many others – new,
highly innovative, and effective ways of answering this
challenge have been developed. This has been primarily
by development of various not-for-profit companies
(such as the Institute for One World Health) and public/
private initiatives (e.g., Medicines for Malaria Venture,
the Drugs for Neglected Diseases Initiative). These pro-
grams, developedwith broad-based inputs from industries,
governments, bilateral and multinational agencies, and
philanthropists, are now seen as essential for fostering
and supporting basic, translational, and applied research
and implementation programs to tackle the public health
problems posed by parasitic diseases of poverty.
Integration of Public Health
Efforts – Immediate Plans and
Future Goals

Within the last two or three years, there has been rising
interest in moving to an ultimate goal of integrated global
programs for the control, elimination, and eradication of
multiple infectious and noninfectious health problems,
including lymphatic filariasis, onchocerciasis, schistoso-
miasis, soil-transmitted helminths, malaria, trachoma, and
micronutrient deficiencies (Richards et al., 2006). Such
program integrations, while highly desirous, are not easily
accomplished for a plethora of reasons. These reasons
range from the unfortunate (competitiveness among
donors and participants of one program with another –
so-called turf wars – and lack of communication) to the
practical (lack of data on giving multiple drugs, different
timing of drug and vaccine regimens) (Olds et al., 1999).

All of these challenges are addressable, but all require
an understanding of the problems, a willingness to tackle
them together, and persistence. The benefits of integra-
tion are expected to be worth the effort. At the local level,
village health workers and public health officials would do
their work much more efficiently, rather than responding
repeatedly to multiple ‘single silo’ programs. Further-
more, the end result of such integrations should be
increased coverage for each of the interventions and
cost-effectiveness gains (Canning, 2006). Among the esti-
mated cost benefits, the improved efficiency of talent, and
the promise of improved coverage, there seem to be ample
reasons to work hard together to achieve amalgamated, or
at least coordinated, public health programs for these
diseases through such programs as integrated Child
Health Days and the like. This will require a reeducation
of those currently involved in individual programs, from
the level of soliciting funding to the actual handing out of
pills or insecticide-impregnated bed nets. It will also
require superb leadership from the WHO, which has
recently reconfigured its efforts concerning neglected
tropical diseases to assist in doing this.
The Future of Parasitic
Diseases – Research and Control

Ultimately, the long-term solutions for prevention of
almost all of the infections that fall under the rubric
of parasitic diseases can be encompassed in the goals of
improved sanitation, housing, nutrition, and safe water.
This means that as important as they are, most of the
current control and elimination programs are by their
nature somewhat stopgap measures. Also, their sustain-
ability is always in question in relationship to donor and
implementer fatigue. Unfortunately, the previously dis-
cussed, long-term solutions are as yet unobtainable for
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most areas in most low- and middle-income countries.
Therefore, it is apparent that we need to continue to do
what we can with those tools we currently have (imple-
mentation), while we continue to pursue that which we
need in the way of better tools (research), and accomplish
all of this while also working to improve the overall living
conditions of people throughout the world. This is a tall
order, but it is the arena in which those working on
parasitic diseases find themselves, and it is an exciting
time to be there. New scientific horizons are now attain-
able for many of these diseases, and likewise new inter-
ventional prospects are now under way.

See also: Bacteriology, Historical; Community-Based

Nutrition Programs; Drinking Water and Sanitation;

Emerging Diseases: Overview; Food Safety; Health Issues

of the UN Millennium Development Goals; Helminthic

Diseases: Dracunculiasis; Helminthic Diseases: Oncho-

cerciasis and Loiasis; The History of Malaria and its

Control; Protozoan Diseases: Cryptosporidiosis, Giardia-
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Introduction

Iodine deficiency is a risk factor for the growth and
development of up to 2.2 billion people living in iodine-
deficient environments in 130 countries throughout the
world. The effects of iodine deficiency on growth and
development, called the iodine deficiency disorders
(IDDs), comprise goiter (enlarged thyroid gland), still-
births and miscarriages, neonatal and juvenile thyroid
deficiency, dwarfism, mental defects, deaf mutism, and
spastic weakness and paralysis, as well as lesser degrees
of loss of physical and mental function.

Iodine deficiency is now accepted by the World Health
Organization as the most common preventable cause of
brain damage in the world today. Iodine deficiency is also
a major factor in global poverty.

Since 1990 there has been a major international health
program to eliminate iodine deficiency using iodized salt.
The continuing challenge of this program provides a great
opportunity for the elimination of a noninfectious disease,
which is quantitatively a greater scourge than were the
infectious diseases of smallpox and polio.
History

The first records of goiter and cretinism date back to
the ancient civilizations, the Chinese and Hindu cultures
and then to Greece and Rome. In the Middle Ages,
goitrous cretins appeared in pictorial art, often as angels
or demons. The first detailed descriptions of these sub-
jects occurred in the Renaissance. The paintings of the
Madonnas in Italy so commonly showed goiter that the
condition must have been regarded as virtually normal.
In the seventeenth and eighteenth centuries, scientific
studies multiplied and the first recorded mention of the
word ‘cretin’ for associated mental retardation appeared
in Diderot’s Encyclopédie in 1754.

Mass prophylaxis of goiter with iodized salt was
first introduced in Switzerland and in Michigan, USA,
in the 1920s.

A further major development was the introduction of
injections of iodized oil to correct iodine deficiency in
Papua New Guinea for people living in inaccessible
mountain villages. These long-lasting injections were
shown to correct iodine deficiency and prevent goiter
for 3 to 5 years depending on the dosage.

Subsequently the prevention of cretinism and stillbirths
was demonstrated by the administration of iodized oil
before pregnancy, in a controlled trial in a severely
iodine-deficient community in the Highlands of Papua
New Guinea. This trial proved the causal role of iodine
deficiency andwas followed by amass oil injection program.

To further establish the relationship between iodine
deficiency and fetal brain development, an animal model
was developed in severely iodine-deficient pregnant
sheep given an iodine-deficient diet. Subsequently, simi-
lar models showing the effects of severe iodine deficiency
on brain development were developed in the primate
marmoset monkey and in the rat.

The combination of the controlled human trials with
the results of the studies in animal models clearly indi-
cated that prevention was possible by correction of the
iodine deficiency before pregnancy.

This work led to Hetzel (1983) proposing a new con-
cept of IDD, the result of all the effects of iodine defi-
ciency on growth and development, particularly brain
development, in an exposed population, that IDD can be
prevented by correction of the iodine deficiency.

Although the major prevalence of iodine deficiency is
in the developing countries, the problem continues to be
very significant in many European countries as well
(France, Italy, Germany, Greece, Poland, Romania,
Spain, and Turkey) because of the threat to brain devel-
opment in the fetus and young infant. Recent research
indicates that even mild iodine deficiency has an impact
on brain function. This underscores the urgency of pre-
vention with iodized salt.
The Ecology of Iodine Deficiency

There is a cycle of iodine in nature. Most of the iodine
resides in the ocean. It was present there during the
primordial development of the Earth, but in addition
large amounts were leached from the surface soil by
glaciation, snow, or rain and were carried by wind, rivers,
and floods into the sea. Iodine, occurring in the deeper
layers of the soil, is found in oil wells and natural gas
effluents, now a major source for the production of iodine.

The better-known areas to be leached are the moun-
tainous areas of the world. The most severely deficient
soils are those of the European Alps, the Himalayas, the
Andes, and the vast mountainous ranges of China. But
iodine deficiency is likely to occur to some extent in all
elevated regions subject to glaciation, or higher rainfall,
with run-off into rivers. More recently it has become clear
that iodine deficiency also occurs in flooded river valleys,
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such as the Ganges in India, the Mekong in Viet Nam, and
the great river valleys of China.

Iodine occurs in soil and the sea as iodide. Iodide ions are
oxidized by sunlight to elemental iodine, which is volatile,
so that every year some 400 000 tons of iodine escape from
the surface of the sea. The concentration of iodide in the
seawater is about 50–60mg (mg¼millionth of a gram) per
liter, in the air it is approximately 0.7mg per cubic meter.
The iodine in the atmosphere is returned to the soil by the
rain, which has concentrations in the range 1.8–8.5mg/liter.
In this way the cycle is completed (Figure 1).

However, the return of the iodine is slow and small in
amount compared with the original loss of iodine, and
subsequent repeated flooding ensures the continuity of
iodine deficiency in the soil. Hence no natural correction
can take place and iodine deficiency persists in the soil
indefinitely. All crops grown in these soils will be iodine
deficient. The iodine content of plants grown in iodine-
deficient soils may be as low as 10 mg/kg, compared with
as much as 1mg/kg dry weight in plants in a non-iodine-
deficient soil.

As a result, human and animal populations that are totally
dependent on food grown in iodine-deficient soil become
iodine deficient. This accounts for the occurrence of severe
iodine deficiency in vast populations in Asia living within
systems of subsistence agriculture in flooded river valleys
(India, Bangladesh, Burma, Viet Nam, and China).
The Iodine Deficiency Disorders (IDD)

The effects of iodine deficiency on the growth and devel-
opment of a population termed IDDs, are evident at all
Figure 1 The iodine cycle in nature. The atmosphere absorbs iodine
mountainous regions. It is then carried by rivers to the lower hills and

flooding increase the loss of soil iodine, which has often been already

food for man and animals. Reproduced with permission fromHetzel B

in Nutrition. Oxford, UK: Oxford University Press.
stages of growth, including particularly the fetus, the
neonate, and in infancy, which are the periods of rapid
brain growth. The term ‘goiter’ has been used for many
years to describe the enlarged thyroid gland caused by
iodine deficiency (Figure 2). Goiter is indeed the obvious
and familiar feature of iodine deficiency, but knowledge of
the effects of iodine deficiency on brain development has
so greatly expanded over the last 30 years that the new
term, IDD, was introduced (seeTable 1) to refer to all the
effects of iodine deficiency on growth and development,
particularly brain development, which can be prevented
by correction of the deficiency. Severe brain retardation is
known as cretinism (Figure 3).

In a review of 18 studies, a comparison was made
between IQ scores in iodine-deficient children and in
carefully selected control groups. The iodine-deficient
group had a mean IQ that was 13.5 points lower than
that of the non-iodine-deficient control group. Detailed
individual studies demonstrating these defects in Italian
and Spanish schoolchildren, as well as those from Africa,
China, Indonesia, and Papua New Guinea, have been
published. There is a serious problem in both Europe
and many developing countries due to lack of political
support for salt iodization.
Magnitude of the Problem

The extent of IDD in the world was estimated by the
World Health Organization (WHO, 1990) to be 1.6 billion,
including in excess of 200million with goiter and in excess
of 20million with some degree of brain damage due to the
effects of iodine deficiency in pregnancy. More recently,
from the sea, which then returns through the rain and snow to the
plains, eventually returning to the sea. High rainfall, snow, and

denuded by past glaciation. This causes the low iodine content of

S (1989) The Story of Iodine Deficiency: An International Challenge



Figure 2 Amother and child from a NewGuinea village who are

severely iodine deficient. The mother has a large goiter and the
child is also affected. The bigger the goiter, the more likely it is

that she will have a cretin child. This can be prevented by

eliminating the iodine deficiency before the onset of pregnancy.

Reproduced with permission from Hetzel BS and Pandav CS
(eds.) (1989) The Story of Iodine Deficiency: An International

Challenge in Nutrition, 2nd edn. Oxford, UK: Oxford University

Press.

Table 1 Spectrum of iodine-deficiency disorders

Fetus abortions
. Stillbirths
. Congenital anomalies
. Neurological cretinism
. Mental deficiency, deaf mutism, spastic diplegia, squint
. Hypothyroid cretinism
. Mental deficiency, dwarfism, hypothyroidism
. Psychomotor defects
Neonate increased perinatal mortality
. Neonatal hypothyroidism
. Retarded mental and physical development

Child and increased infant mortality
. Adolescent retarded mental and physical development

Adult goiter with its complications
. Iodine-induced hyperthyroidism
All ages goiter
. Hypothyroidism
. Impaired mental function
. Increased susceptibility to nuclear radiation

Reproduced with permission from Hetzel BS (1989) The Story of

Iodine Deficiency: An International Challenge in Nutrition. New

Delhi: Oxford University Press).

Figure 3 A hypothyroid cretin from Sinjiang, China, who is also

a deaf mute. This condition is completely preventable. Right: The
barefoot doctor of her village. Both are about 35 years of age.

Reproduced with permission from Hetzel BS (1989) The Story of

Iodine Deficiency: An International Challenge in Nutrition. Oxford,

UK: Oxford University Press.
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estimates of the population at risk have been increased to
2.2 billion, with the recognition that even mild iodine
deficiency in the mother has effects on the fetus. There
are now estimated to be 130 IDD-affected countries inclu-
ding the most populous – Bangladesh, Brazil, China, India,
Indonesia, andNigeria. There is therefore a global scourge
of great magnitude, which provides one of the major chal-
lenges in international public health today.
The Correction of Iodine Deficiency

Iodized Salt

Since the successful introduction of iodized salt in
Switzerland and the United States in the 1920s, similarly
successful programs have been reported in a number
of countries. These include countries in Central and
South America (e.g., Guatemala, Colombia), Finland,
and Taiwan. However, because of political instability, it
has been extremely difficult to sustain these programs in
Central and South America. More recently, following the
breakup of the USSR, iodine deficiency has recurred in
the Central Asian Republics.
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The difficulties in producing and maintaining the
quality of iodized salt for the millions of individuals who
are iodine deficient, especially in Asia, were vividly
demonstrated in India, where there was a breakdown in
supply. These difficulties have finally led to the adoption
of universal salt iodization (USI) in India and subse-
quently in many other countries. This policy includes
legislation that provides for compulsory iodization of all
salt for human and animal consumption, and that makes it
illegal for noniodized salt to be available for human or
animal consumption.

In Asia, the cost of iodized salt production and
distribution at present is in the order of 3 to 5 cents per
person per year. This must be considered cheap in rela-
tion to the social benefits that have already been
described.

However, there is still the problem of the iodine in the
salt actually reaching the iodine-deficient individual.
There may be problems with distribution or preservation
of the iodine content – it may be left uncovered or
otherwise exposed to heat and moisture. To reduce the
loss of iodine, salt should be added only after cooking.

Of the two – potassium iodate and potassium
iodide–potassium iodate is the preferred vehicle
because of its greater stability in a tropical environ-
ment. A dose of 20 to 40mg iodine of potassium iodate
per kilo is recommended to cover losses and to ensure
an adequate household level. This assumes a salt intake
Figure 4 Subsidence of goiter in a New Guinea woman 3 months a
well-being, due to a rise in the level of the thyroid hormone in the blo

permission from Hetzel BS (1989) The Story of Iodine Deficiency: An

University Press.
of 10 grams per day; if the level is below this, then an
appropriate correction can readily be made by increas-
ing the concentration of potassium iodate.
Iodized Oil

Iodized oil by injection or by mouth is singularly appro-
priate for isolated communities so characteristic of remote
mountainous endemic goiter areas. The striking regres-
sion of goiter, following iodized oil administration, with
improved well-being from correction of hypothyroidism,
ensures general acceptance of the measure (Figure 4).

Iodized oil is much more expensive than iodized salt
but is used especially for severe iodine deficiency in
remote areas. It provides instant correction of the defi-
ciency and the consequent prevention of brain damage.

In a suitable area the oil (1ml contains 480mg iodine)
should be administered to all females up to the age of
40 years and all males up to the age of 20 years. A dose of
480mg will provide coverage for 1 year by mouth and for
2 years by injection.
The Role of the United Nations System

The United Nations System recognized IDD as a major
international public health problem and adopted a global
plan for the elimination of IDD by the year 2000. The
fter the injection of iodized oil. This is accompanied by a feeling of
od. This makes the injections very popular. Reproduced with

International Challenge in Nutrition. Oxford, UK: Oxford
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plan was proposed by the International Council for
Control of Iodine Deficiency Disorders (ICCIDD),
working in close collaboration with UNICEF and WHO.

The ICCIDD, founded in 1986, is an independent
multidisciplinary expert group of more than 700 profes-
sionals in public health and medical and nutritional sci-
ence, as well as technologists and planners, drawn from
more than 90 countries.

In 1990, the World Health Assembly and the World
Summit for Children both accepted the goal of elimina-
tion of IDD as a public health problem by the year 2000.
At the World Summit for Children, these major meetings
included government representatives, including heads of
state, from 71 countries, with a further 88 countries sign-
ing the Plan of Action for elimination of IDD, as well as
other major problems in nutrition and health.

Since 1989 a series of Joint WHO/UNICEF/ICCIDD
Regional Meetings have been held to assist countries with
their national programs for the elimination of IDD. The
impact of these meetings has been that governments now
better realize the importance of the prevention of iodine
deficiency to the future potential of their people.

A dramatic example is provided by the government
of the People’s Republic of China. As is well known,
China has a one-child family policy, which means that
an avoidable hazard like iodine deficiency must be elimi-
nated. In China iodine deficiency is a threat to 40% of
the population due to the highly mountainous terrain and
flooded river valleys – in excess of 400million are at risk!
In recognition of this massive threat to the Chinese
people, the government held (September 21–24, 1993) a
National Advocacy Meeting in the Great Hall of the
People, sponsored by the Chinese premier, Li Peng,
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Figure 5 Wheel model for IDD elimination program. The wheel mod

program. The successful achievement of this process requires the es

political and legislative authority to carry out the program. Reproduce
Deficiency: An International Challenge in Nutrition. Oxford, UK: Oxfor
under the chairmanship of Madame Peng Pei-yun of
the (Supreme) State Council. The commitment of the
government to the elimination of iodine deficiency has
been sustained since 1999 by monitoring salt and urine
iodine levels.
The Elimination of IDD at Country Level

It is now recognized that an effective national program
for the elimination of IDD requires the multisectoral
approach as shown in Figure 5, which provides a model
in the form of a wheel.

This wheel represents the continuous feedback process
involved in the national IDD control (elimination) pro-
gram. All actors in the program need to understand the
whole social process. The wheel must keep turning to
maintain an effective program. The wheel model also
shows the social process involved in a national IDD con-
trol program. The successful achievement of this process
requires the establishment of a National IDD Control
Commission, with full political and legislative authority
to carry out the program (WHO/UNICEF/ICCIDD,
2001). The wheel consists of the following components:

1. Assessment of the situation requires baseline IDD
prevalence surveys, including measurement of urinary
iodine levels and an analysis of the salt economy.

2. Communication of findings implies dissemination to
health professionals and the public, so that there is full
understanding of the IDD problem and the potential
benefits of elimination of the most common preventa-
ble cause of brain damage.
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d with permission from Hetzel BS (1989) The Story of Iodine
d University Press.
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3. Development of a plan of action includes the establish-
ment of an intersectoral task force on IDD and the
formulation of a strategy document on achieving the
elimination of IDD.

4. Achieving political will requires intensive education
and lobbying of politicians and other opinion leaders.

5. Implementation needs the full involvement of the salt
industry. Special measures, such as negotiations for
monitoring and quality control of imported iodized
salt, will be required. It will also be necessary to ensure
that iodized salt delivery systems reach all affected
populations, especially the neediest. In addition, the
establishment of cooperatives for small producers, or
the restructuring of larger units of production, may be
needed. Implementation will require training at all
levels, in management, salt technology, laboratory
methods, and communication.

In addition, a community education campaign is
required to educate all age groups about the effects of
iodine deficiency with particular emphasis on the brain.

6. Monitoring and evaluation require the establishment of
an efficient system for the collection of relevant scien-
tific data on salt iodine content and urinary iodine
levels. This includes suitable laboratory facilities.

Striking progress with universal salt iodization has now
occurred, as indicated by the WHO/UNICEF/ICCIDD
Report to the 1999 World Health Assembly. These data
show that, of the 5 billion people living in countries with
IDD, just over 2 billion are at risk of IDD and 68% of
households now have access to iodized salt. It was reported
that, of the 130 IDD-affected countries, 105 (81%) had an
intersectoral coordinating body and 98 (75%) had legisla-
tion in place.

Although the elimination objective was not achieved
by 2000, great progress was made, with 68% coverage,
compared with less than 20% prior to 1990.

Agreement has been reached between ICCIDD, WHO,
andUNICEF (2001) on criteria for tracking progress toward
the goal of elimination of IDD. These criteria include salt
iodine (90% effectively iodized) and urine iodine in the
normal range (median excretion of 100–200mg per liter).

The major challenge is not only the achievement but
the sustainability of effective salt iodization. In the past a
number of countries achieved effective salt iodization, but
then, in the absence of monitoring, programs lapsed with
recurrence of IDD. To this end ICCIDD, WHO, and
UNICEF are now offering help to governments with
partnership evaluation to assess progress toward the goal
and to overcome any bottlenecks obstructing progress.
The Global Partnership

Since 1990, a remarkable informal global partnership has
come together. This group comprises the people and
countries with an IDD problem; the international agen-
cies, particularly UNICEF, WHO, and the ICCIDD; the
bilateral aid agencies in Australia (AusAID) and Canada
(CIDA); the salt industry (including the private sector);
and Kiwanis International. Kiwanis International, a World
Service Club of 500 000 members throughout the world,
has achieved a fund-raising target of $75million toward
the elimination of IDD through UNICEF. This partner-
ship exists to support countries and governments in their
elimination of IDD. A more recent development has been
the establishment of the Global Network for Sustained
Elimination of Iodine Deficiency, in collaboration with
the salt industry.

A Resolution by the 2005 World Health Assembly
has requested that countries report levels of iodization
every 3 years from 2007. In this way, continued updates
can be provided on further progress toward the elimina-
tion goal.

The achievement of the global elimination of
iodine deficiency will be a great triumph in the field
of non-infectious disease, ranking with the eradication of
the infectious diseases smallpox and polio. However, the
goal of elimination is a continuing challenge – sustained
political will at both the people and the government
level is necessary to bring the benefits to the many
millions who suffer the effects of iodine deficiency.

See also: Food Fortification; Infant Mortality/Neonatal

Disease; Internet, Health Information on the; School

Health Promotion.
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Definition of Iron Deficiency and Iron
Deficiency Anemia

Iron deficiency is one of the most common nutritional
deficiencies in the world and occurs in several stages
(Table 1), ranging from iron depletion, which causes no
physiological impairments, to iron deficiency anemia,
which can result in physiological impairments. Iron defi-
ciency develops gradually, and the first stage involves a
negative iron balance. This negative balance depletes the
storage of iron while the hemoglobin remains normal.
When iron status is measured, serum ferritin is used to
determine iron stores, and hemoglobin is used to assess
iron deficiency anemia. The World Health Organization
has defined anemia as a hemoglobin concentration lower
than 110 g l�1 for pregnant women and for children
6months to 5 years of age, lower than 120 g l�1 for non-
pregnant women, and lower than 130 g l�1 for men (World
Health Organization, 2002). A depleted iron store is
defined as a serum ferritin level of less than 12 mg l�1.

Table 1 Stages of iron deficiency and body iron (Centers for

Disease Control and Prevention, 1998)

Iron status
Stored
iron

Transport
iron

Functional
iron

Normal Normal Normal Normal
Iron depletion Low Normal Normal

Iron deficient

erythropoiesis

Low Low Normal

Iron deficiency

anemia

Low Low Low
Effectiveness. WHO/UNICEF/ICCIDD. WHO/NUT/96.13. Geneva,
Switzerland: WHO.

World Health Organization (WHO) (1999) Progress Towards the
Elimination of Iodine Deficiency Disorders (IDD). WHO/UNICEF/
ICCIDD. WHO/NHD/99.4. Geneva, Switzerland: WHO.
Relevant Website

http://www.iccidd.org – International Council for the Control of Iodine
Deficiency Disorders (ICCIDD).
, MD, USA

Serum ferritin increases in inflammatory and infectious
diseases and cannot be used to accurately assess depleted
iron stores when poor health is common. In iron deficient
erythropoiesis, the stored iron is low and transport iron is
reduced, resulting in limited red blood cell production. In
iron deficiency anemia, an advanced stage of iron deple-
tion, iron stores are deficient, which causes a reduction
in concentration of hemoglobin and other functional
iron compounds. Public health definitions also include
increased requirements for iron in pregnancy and define
iron deficiency as stores that are insufficient to meet
physiologic needs.

Iron Metabolism and Absorption

Since iron can accept or donate electrons, it is an essential
element for most forms of life and has several vital func-
tions in the body. It serves as a carrier of oxygen to the
tissues from the lungs by red blood cell hemoglobin
and myoglobin, which supply oxygen to muscle; as a
transport medium for electrons within the cells for
energy production and for DNA synthesis; and as an
integral part of important enzyme systems in various
tissues. However, with excess iron, this redox activity
can lead to the production of oxygen free radicals. It
is important that iron levels are regulated to provide
enough for physiological needs without causing excess
iron toxicity. This is important because the body lacks a
mechanism for the excretion of iron. The regulation of
iron balance occurs predominantly at the absorption site,
the enterocytes of the duodenum and proximal jejunum.

http://www.iccidd.org


Table 2 Prevalence (%) of iron deficiency and iron deficiency

anemia in the United States, based on the third National Health

and Nutrition Examination Survey, 1988–1994 (Centers for

Disease Control and Prevention, 1998)

Sex and age (years) Iron deficiency
Iron deficiency
anemia

Both sexes

1–2 9 3
3–5 3 <1

6–11 2 <1

Nonpregnant females

12–15 9 2
16–19 11 3

20–49 11 5

50–69 5 2

>70 7 2
Males

12–15 1 <1

16–19 <1 <1
20–49 <1 <1

50–69 2 1

�70 4 2
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The amount of iron that is absorbed is based on the
amount of iron in the body, the rate of red blood
cell production, the amount and type of iron in the diet,
and the presence of inhibitors and enhancers in the diet.
The major factor affecting iron absorption is the amount
of stored iron in the body, or iron status. If the stores
are low, there will be an increase in iron absorption,
and if stores are sufficient, a decrease in absorption.
Hepcidin, a peptide hormone secreted by the liver,
is considered to be the central regulator of intestinal
iron absorption and iron recycling by macrophages and
iron release from stores (Ganz and Nemeth, 2006).
Hepcidin binds to and degrades ferroportin, leading to
decreased export of cellular iron from enterocytes, hepa-
tocytes, and macrophages. Hepcidin synthesis is increased
by iron loading and decreased by anemia and hypoxia.
Dietary iron is absorbed as follows: reduction of iron to
the ferrous state on the brush border, transport across
the apical plasma membrane of the enterocyte, storage
as ferritin or transfer across the basolateral membrane
to the plasma. Iron that is released into the circulation
binds to transferrin and is transported to sites of storage
or sites to be used. The percentage of overall iron absorp-
tion can vary widely depending on iron status and the
various dietary factors that affect iron absorption;
average values range from 6% for men to 13% for
women (Hallberg, 1997). However, the absorption of
heme iron ranges from 15 to 35% and is not significantly
affected by diet (Monson, 1988). Heme iron, found in
meat, poultry, and fish, has the highest iron bioavailability,
compared with the 2–20% absorption of nonheme iron
found in vegetables and fortified cereals. Nonheme iron is
affected significantly by food components such as the
enhancer vitamin C and inhibitors such as phytates, tan-
nins, polyphenols, and calcium. Approximately 70–80%
of body iron is classified as functional iron, and 20–30% is
storage or transport iron. About 80% of the functional
iron in the body is found in the red blood cells in the
form of hemoglobin and the remaining in myoglobin
and tissue enzymes. Iron is stored mainly in the liver,
bone marrow, and spleen as ferritin, a soluble protein
complex, and hemosiderin, an insoluble protein complex.
In healthy individuals, most iron is stored as ferritin
and small amounts of ferritin circulate in the plasma.
The normal adult has approximately 2–4 g body iron
(Bothwell, 1995). Iron is transported in the blood by
the protein transferrin. A new iron measurement is the
serum transferrin receptor (Skikne et al., 1990). This pro-
tein is involved in receptor-mediated endocytosis, the
process by which transferrin iron is delivered to the cyto-
sol. Serum ferritin reflects body iron stores, whereas the
levels of serum transferrin receptor measure tissue iron
need. Serum ferritin level identifies iron deficiency, and
the serum transferrin receptor concentration reflects the
severity of deficiency.
Prevalence of Iron Deficiency

Iron deficiency is the most common nutritional deficiency
in the world and is an important risk factor for ill health. It
is estimated to affect 2� 109 people worldwide, or 30% of
the world’s population (World Health Organization,
2002), with the majority of these individuals living in
developing countries. In developed countries, iron defi-
ciency is the major cause of anemia. In undeveloped
countries, malaria, HIV/AIDS, hookworm infestation,
schistosomiasis, and other infections or inflammatory
disorders such as tuberculosis contribute significantly to
the high prevalence of anemia in some areas. The high-
est prevalence for iron deficiency worldwide is found
in infants, children, adolescents, and women of child-
bearing age. In developed countries, the prevalence of
iron deficiency anemia is much lower than in undevel-
oped countries, usually between 2 and 8%. In developing
countries, approximately 20–30% of women of childbear-
ing age have subnormal iron stores, and in adolescent girls
this condition is even more prevalent.

Iron deficiency continues to be prevalent in U.S.
females and affects 7.8 million adolescents and women
of childbearing age, and iron deficiency anemia affects 3.3
million females (Looker, 1997). The prevalence of iron
deficiency and anemia in the United States, based on the
third National Health and Nutrition Examination Survey
(NHANES III) data, is shown in Table 2. Data from
NHANES III indicate that 9% of children between 12
and 36months had iron deficiency, and 3% had iron
deficiency anemia. At this stage, rapid growth is occurring,
frequently accompanied by inadequate dietary iron
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intake. Adolescent girls (ages 12–19) have a high iron
requirement, and the risk of iron deficiency increases
because of rapid growth. Menstruation also increases the
risk for iron deficiency throughout the childbearing years.
Heavy menstrual blood loss (>80ml monthly) is an
important risk factor for iron deficiency anemia and
affects approximately 10% of women in the United States
(Bothwell and Charlton, 1981).
Table 4 Recommended dietary allowance (RDA) for iron,

amounts of iron considered sufficient to meet the physiologic
needs of practically all healthy people in the United States

Adapted from Food and Nutrition Board, U.S. Institute of

Medicine (2001)

Sex and age (years) RDA (mg/day)

Both sexes

7–12 months 11

1–3 7

4–8 10
Females

9–13 8

14–18 15

19–30 18
The Causes of Iron Deficiency

The most common cause of iron deficiency relates to a
diet that cannot supply sufficient iron to meet the body’s
physiological requirements. Iron deficiency anemia is also
associated with inadequate absorption of iron or excessive
blood loss. Women of childbearing age, pregnant women,
infants, and children are at greatest risk for developing
iron deficiency anemia because of their special require-
ments for increased amounts of iron. The two groups most
affected by iron deficiency in developing countries are
young children and women of childbearing age. Infant
diets in these countries are low in iron, and the consump-
tion of food from animal sources is also very low. Adoles-
cents are vulnerable to iron deficiency because of
increased requirement for iron during rapid growth. Iron
requirements continue to remain high in females because
of menstrual blood loss, which averages about 20mg of
iron per month. As shown in Table 3, there are a number
of different causes for iron deficiency. These include a
diet lacking in iron or low in bioavailability; impaired
absorption; rapid growth, which requires additional iron;
pregnancy, which requires intake of iron-rich foods as well
as iron supplements; and blood loss, which is a common
cause of iron deficiency anemia in adults. In addition to
heavy menstrual blood loss, blood loss can be caused by
internal bleeding, usually in the digestive tract. Causes of
such bleeding include stomach ulcer, ulcerative colitis,
cancer, or consumption of aspirin or other medicines. In
tropical countries, infestations with hookworms can lead
to considerable intestinal blood loss. Individuals with
Table 3 Causes of iron deficiency (Centers for Disease

Control and Prevention, 1998)

Increased iron requirements Inadequate iron absorption

Blood loss Diet low in bioavailable iron
Menstruation Impaired absorption

Gastrointestinal tract Intestinal disorders

Genitourinary tract Gastric surgery
Respiratory tract Medications

Blood donation Hypochlorhydria

Hookworm infestation

Growth
Pregnancy
achlorhydria (low production of gastric acid) have a
reduction in iron absorption of approximately 50% com-
pared with normal individuals.
Prevention of Iron Deficiency

In developed countries, better information about iron
deficiency and the availability of iron-fortified cereals
have helped improve the iron status of populations at
risk (U.S. Institute of Medicine, 1993). However, in devel-
oping countries, iron deficiency remains very critical for
many groups, especially infants in the weaning period.
During weaning, iron is of great importance for adequate
development of the brain and other tissues such as the
muscles (Beard, 2007). The recommended dietary allow-
ance (RDA) of iron for young children, adolescents,
adults, and pregnant and lactating women is shown in
Table 4. The RDA of iron for all age groups of men and
postmenopausal women is 8mg daily, for premenopausal
women, 18mg daily, during pregnancy, 27mg daily, and
for lactating women, 9–10mg daily. Improvements in the
quality and quantity of iron-fortified infant formula and
cereals are resulting in a decline in the prevalence of
anemia in children. For example, studies carried out in
Chile have shown that there is a reduction in iron defi-
ciency among infants receiving milk powder fortified with
iron (Walter et al., 2001). In addition, some countries have
31–50 18

51–70 8

>70 8
Males

9–13 8

14–18 11

19–30 8
31–50 8

51–70 8

>70 8

Pregnant
14–50 27

Lactating

14–18 10

19–50 9



Table 5 Examples of food sources that contain heme and

nonheme iron (U.S. Department of Agriculture, 2005)

Food

Heme iron Milligrams iron per

85 grams or 3

ounces

Clams, mixed species 11.9
Chicken, liver 9.9

Oysters, eastern 5.9

Beef, liver 5.2

Beef, chuck, blade roast 3.1
Fish, sardine 2.5

Duck, domesticated 2.3

Lamb, shoulder 2.3
Beef, ground, 85% lean meat 2.2

Fish, haddock 2.0

Turkey, meat only 1.5

Nonheme iron Milligrams iron per cup
Cereal, ready to eat, fortified 18.0

Cereal, cooked 10.3

Soybeans, mature, cooked 8.8

Lentils, mature seeds, cooked 6.6
Spinach, cooked 6.4

Beans, kidney, cooked 5.2

Lima beans, cooked 4.5
Beans, navy, cooked 4.3

Beans, pinto, cooked 3.6

Raisins, seedless 2.7

710 Iron Deficiency and its Prevention
been successful in preventing iron deficiency among
infants by using dietary measures and iron fortification
of infant foods. Staple foods have also been iron-fortified
to prevent iron deficiency among older individuals. Iron
deficiency, however, remains a very common problem,
and progress will be made only by overcoming economic
barriers and by assigning a higher priority to the preven-
tion of nutritional deficiencies.

Most adolescent girls and women do not require iron
supplements but are encouraged to eat foods that are good
sources of iron and foods containing vitamin C to enhance
iron absorption. A variety of foods containing good
sources of heme and nonheme iron are listed in Table 5.
If adolescent girls and women have iron deficiency ane-
mia, then an intake of 60–120mg of iron daily is recom-
mended by the Centers for Disease Control and
Prevention. Iron therapy in combination with a dietary
approach to increase intakes of iron and ascorbic acid can
treat iron deficiency anemia by producing an increase in
hemoglobin concentration and iron stores.

See also: Anemia; Food Fortification.
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With a population of 127million, Japan has the second that patients were expected to pay according to their

largest economy in the world. Its macro health indices
of life expectation at birth and infant mortality are among
the best, while the percentage of the gross domestic product
(GDP) consumed by health expenditures at 8.0% is 18th

among theOECDcountries (OECD, 2005). This impressive
record could partly be explained by the fact that less
demand is placed on the system in the way of crime, illicit
drug use, traffic accidents, and human immunodeficiency
virus (HIV) prevalence compared with most developed
countries (Ikegami and Campbell, 1995; Campbell and
Ikegami, 1998). However, the health-care system should
deserve some credit for providing universal coverage and
egalitarian access to care without the existence of long
waiting lists that have plagued other countries with socia-
lized medicine (Ikegami, 2005).

Japan’s health-care system has evolved to its present
state by incremental adjustments rather than by radical
restructuring. Thus, to better understand the present sys-
tem, the three sections on delivery, financing, and reim-
bursement will begin with their historical background.
The reimbursement system has been the principal mech-
anism for containing costs by controlling the flow of
money from the financing system to the delivery system.
This article will conclude by briefly reviewing the possi-
ble scenarios for the future.
Delivery System

Historical Background

Japan already had a well-established network of practi-
tioners mainly in traditional Chinese medicine (TCM) by
the middle of the eighteenth century. Medication was the
main treatment, to the extent that these practitioners were
often known as apothecaries. Payment was theoretically
made only for the cost of medication since it was regarded
as morally unacceptable to charge fees for performing a
humane service. However, the unstated quid pro quo was
ability, and therefore munificently if they had the means.
This norm served a useful purpose for the government. It
was absolved of the responsibility of providing public
assistance for medical care because the practitioner’s
duty to provide services and the patient’s obligation to
pay were not directly connected.

Medical practice was an exception to the rigidly divided
society of that time because it was open to all classes
and there was competition based on skill. Practitioners
recognized a hierarchy among themselves, with those
appointed as personal physicians to the feudal lord
being ranked the highest. Compared with Western
nations, there was little development of guilds and pro-
fessional identity among traditional practitioners in Japan.
Another distinguishing aspect was the lack of institutional
care for the sick and indigent by religious organizations or
by the government. The selfless practice of philanthropy
was not a religious duty for the popular Buddhist and Shinto
sects, which promised the granting of secular wishes, nor
was it a secular duty under the Confucian ideology favored
by the rulers, which emphasized practical ethics. Care of the
ill, disabled, and elderly, was regarded as the responsibility
of the family (Ikegami, 1995).

With the inauguration of the Emperor Meiji in 1868,
the government embarked on a policy of rapid Westerni-
zation. However, little could be allocated to health care
because the country was facing foreign aggression and
internal discord: The limited resources had to be invested
in defense and building the industrial infrastructure.
Thus, the government decided to target their resources
in establishing a state of the art medical school at Tokyo
University, to which German physicians were invited as
professors. Its graduates went on to become the faculty
of other national universities as they later came to be
established. The general population continued to receive
care from the preexisting traditional practitioners, who
together with their sons as their successors, were uncon-
ditionally given a license to practice. However, new
1
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entrants had to graduate either from a university medical
school or from a vocational school and then sit for the
license examination. Unlike other East Asian nations,
official recognition of TCM was limited to granting a
license to practice acupuncture and moxa.

Following the policy decision to adopt Western medi-
cine, the government established hospitals for teaching
purposes and for treating infectious diseases, but most
hospitals were opened and managed by physicians as an
extension of their private clinics. Hospitals were not asso-
ciated with care for the indigent; in fact, hospitals were the
first to introduce regular fees because they were not
constrained by the old rule of not demanding payment
from patients. The hospital was regarded as very much the
doctor’s workplace, and a medical doctor as the director
carried both clinical and administrative responsibilities.
Nurses were trained almost solely for the purpose of
assisting physicians since the family continued to provide
care even after the patient had been admitted to a
hospital.

Because of the lack of trained physicians and well-
equipped hospitals, a close and long-standing relationship
developed between the professor and chair of the univer-
sity clinical departments and their affiliated hospitals.
Physicians tended to remain attached to their university
clinical departments and to practice in the hospitals that
were affiliated with each department. The hierarchical
and closed structure of physicians retarded the develop-
ment of professional specialist organizations. Since career
advancement depended on the evaluation by their profes-
sors, young physicians tended to focus more on research
than on acquiring clinical skills. Their objective lay in
obtaining the research degree of Doctor of Medical Sci-
ence, which came to be regarded as a mark of professional
competence by the public because there was no formal
system of certification as specialists. Most physicians went
into private practice in mid-life, upon which they would
lose their access to hospital facilities. Thus, physicians in
clinics usually focused on primary care, but those trained
in ENT, ophthalmology, etc., continued to practice within
their specialties; also, not a few physicians later expanded
their clinics to hospitals.

After the defeat in World War II, the occupying forces
tried to reform the system based on the American model
with some limited success. The two-tiered system of
medical education was abolished by upgrading or closing
vocational schools and a national licensure examination
was made mandatory for all upon graduation. Nurses took
on the responsibility of caring from the families and were
made more independent from physicians. The post-war
economic growth led to a major expansion of the delivery
system, with the number of hospital beds increasing by
threefold from 1954 to its peak in 1993. However, the
hierarchical yet competitive system has remained resis-
tant to change (Ikegami, 2005).
The Present System

One-third of physicians practice in clinics that are almost
always solo practices and have no access to hospital facil-
ities, while two-thirds are hospital-based. Approximately
80% of the hospitals are in the private sector, usually
owned and operated by physicians. Investors are prohibited
from opening for-profit hospitals in Japan. The remaining
20% are in the public sector, which includes those owned
by quasi-public organizations such as the Red Cross. How-
ever, since the public-sector hospitals are subsidized by the
central or local governments, they tend to provide most of
the high-tech care. The delivery system is still weighted
toward outpatient care, so that Japan has one of the highest
rates of physician visits and the lowest rates of hospital
admissions among advanced industrialized countries
(OECD, 2005). Waiting lists for inpatient care are limited
to a few prestigious hospitals, and patients who cannot
wait are referred to their affiliated hospitals (Ikegami and
Ikeda, 1996).

The biomedical healthcare system is characterized by
the following features (Ikegami, 2005). First is the lack of
standardization and quality control. Most hospital physi-
cians have been appointed to their positions within the
closed network of hospitals affiliated with the university
clinical department. Although two-thirds of the physi-
cians are now certified as specialists, only about half
have undergone a formal postgraduate training process,
and the rest have been grandfathered in based on their
experience.Regarding hospitals, an accreditingorganization
was created in 1997 with funds provided by the Ministry of
Health and Welfare (MHW; the MHW merged with the
Ministry of Labor to become theMinistry of Health, Labor
and Welfare, MHLW, in 2001), the Japan Medical Associa-
tion ( JMA), and other provider and payer organizations.
Although roughly one-quarter of all hospitals are now
accredited and the survey results have become available
on theweb ( JCQHC, 2006), accreditation has not conferred
tangible advantages to the hospital in the way of more
reimbursement or waiving of government inspections.

Second is the lack of differentiation between general-
ists and specialists, and between acute-care and long-
term-care (LTC) facilities. As noted, certification as a
specialist has been slow to develop. Physicians may pro-
fess and practice in any specialty they may choose, while
patients can directly access any physician they wish,
including those in tertiary hospitals. LTC came to be
provided by the health-care system because of the slow
development of social services and by the decision to
provide free (no coinsurance) care to elders in 1973.
The expensive and inefficient medicalization of LTC
was one factor contributing to the establishment of the
public LTC insurance in 2000 (Campbell and Ikegami,
2000; Ikegami, 2007). However, the transfer of LTC to the
new program has remained incomplete, with a majority of
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the hospital LTC beds still being covered by health insur-
ance and functioning as de facto nursing homes.

Third is the high level of hospital beds at 14.3 per 1000
population, while the staffing level of nurses remains low
at one nurse for two inpatients. These factors, together
with the lack of differentiation between acute care and
LTC, have contributed to the long average length of stay,
36 days (if LTC hospital beds are excluded, this would still
be 20 days) (MHLW, 2006a).
Financing System

Development of Social Health Insurance

Health insurance in Japan began with coverage of govern-
ment personnel and employees in a few paternalistic
private companies from late in the nineteenth century.
Social health insurance (SHI) was formally legislated in
1922, with the objectives of preempting labor unrest and
improving the productivity of workers. Initially, coverage
was restricted to only blue-collar workers, representing
only 3% of the population, but, unlike other countries, it
included those working in small firms. The reason was not
political demand, but probably administrative conve-
nience because small-firm employees were also covered
by the same workman’s compensation system. In any case,
since small firms did not have the management capability
or large enough pools to manage their own systems, the
government had to take on the responsibility. This role of
the government as the largest insurer, rather than just as a
coordinator of insurance plans, is one reason that MHW
has played a dominant and direct role in negotiating with
providers (Ikegami and Campbell, 1995; Campbell and
Ikegami, 1998).

The development of SHI could be divided into four
periods: In the first and second, the population covered
expanded, and, in the third and fourth, the differences in
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benefits gradually decreased. In the first period, the
driving force came from the military, which was
concerned about the physical condition of the draftees,
and by extension, of their potential mothers, as the war
with China intensified in the 1930s. In particular, they
wished to improve the health status in rural villages where
the majority of the population lived by extending cover-
age and by developing health-care facilities. Their efforts
were successful to the extent that, at its peak in 1943, 70%
of the population was covered. The second period was
from 1945 to 1961, when after the post-World War II
chaos had subsided, the major political parties vied to
establish a welfare state. The MHW increased subsidies
to the Citizens’ Health Insurance (CHI) for the self-
employed, who were managed by the municipalities. In
1961, when the last municipalities established their CHI,
universal coverage was achieved (Figure 1).

The third stage was from 1961 to 1982 when differences
in benefits were decreased by increasing subsidies to the
CHI. It culminated in 1973, when the coinsurance rate
came to be waived entirely for the elderly (70 and over),
and lowered from 50% to 30% in the CHI and dependants
of the employee-based plans. In the same year, the coin-
surance came to be waived when the amount exceeded
30 000 Yen per month in all the plans. However, 1973 was
the year when the economic growth slowed down as a
result of the oil crisis. At the same time, expenditures,
especially for the elderly, increased more than predicted
and had doubled by 1980, as many hospitals became de facto
nursing homes providing LTC, an unforeseen result of
providing free medical care for the elderly.

This set the stage for the last period from 1982 to the
present, with benefits becoming more equal by making
them less generous to those who had previously been
favored. Legislation passed in 1982 led to the introduction
of a 10% coinsurance for employees, and a small token
payment for every visit made and for every day of
'53 '58 '61 '70 '80 '90

ear

GMHI

SMHI

CHI

MAA

insurance in Japan. Reproduced with permission from

– Maintaining Japan’s Low-cost Egalitarian System. Cambridge,



4 Japan, Health System of
hospitalization for the elderly. For employees, the rate was
increased to 20% in 1997, and later to 30% in 2003. These
increases did not impact the utilization rate for outpatient
care, but they did decrease benefit expenditures (Cabinet
Office, 2005). For the elderly, the flat rate was gradually
increased, and in 2003, was changed to an across-the-
board 10% coinsurance rate. In 2003, the coinsurance
rate for the elderly with incomes above that of the average
employee was increased to 20%, and in 2006 to 30%
(Ikegami, 2006).
The Present System

Virtually all residents in Japan have compulsory coverage
either by the health plan provided by their employer or
by the municipality where they reside if self-employed
or pensioners. Dependants are covered by the plan of
the household head. There is virtually no choice
of plans, either by the employer or the employee, and
all plans provide essentially the same benefits that
include unrestricted access to virtually all providers,
drugs, dental care, and some preventive services (Campbell
and Ikegami, 1998). The coinsurance rate is 30%, with
the exception of most elderly (70 years old or older who
pay 10%), children (3 years old or under who pay 20%),
and those with designated chronic diseases. However, if
the monthly coinsurance amount exceeds on average
80 100 Yen ($720, the ceiling amount is higher if the
individual has a high income and lower if in the
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low-income bracket or the individual has chronic dis-
eases), then the coinsurance rate above this amount is
reduced to 1%.

The insurance plans could be grouped into three tiers,
each enrolling approximately one-third of the population,
according to the degree they rely on subsidies from the
national government (Figure 2). The first tier consists of
plans established by the public sector, Mutual Aid Asso-
ciation (MAA), and by large companies, the Society of
Managed Health Insurance (SMHI). These plans do not
receive any subsidies. The second tier is a single plan
managed by the MHLW, the Government Managed
Health Insurance (GMHI), for those employed in small
to medium-size companies. The GMHI is subsidized at
14% of its benefit expenditures. The third tier consists of
plans established by the municipalities, the Citizen’s
Health Insurance (CHI), for the self-employed and pen-
sioners. The CHI plans are subsidized on average for half
of their benefit expenditures by the national government
(40% if the average income of the enrollees in the plan is
high, up to 80% if the average income is low). Most
municipalities also provide subsidies from their general
expenditure budget to decrease the premium rate on
those with low income. Another measure to narrow the
differences in the premium rate among the plans is the
pooling fund that finances the health expenditures of
the elderly. All SHI plans must contribute to this fund
on an equal basis, regardless of the percentage of elderly
they have actually enrolled.
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However, the financing system is under pressure from
two factors. The first is the rapid aging of society. The
proportion of the population 65 and over has doubled from
10% in 1985 to 20% in 2005 and is projected to be 28% in
2025 (NIPSSR, 2003). In the employment-based SMHI
plans, contributions to the pooling fund have increased to
the extent that they made up 37% of expenditures in 2004
(Kenporen, 2006). The second is from the government’s
austerity measures. Beginning in 1991, Japan entered into
a long period of economic depression. The decline in tax
revenue and the tax cuts made to heat the economy have
resulted in government debts that have accumulated to
1.8 times the GDP in 2006 (MOF, 2006; Nikkei BP, 2006).
Since one-quarter of the National Medical Expenditure
(NME) is financed by central government taxes, there has
been a strong pressure to contain the NME, and, in parti-
cular, the amount that is publicly financed. The govern-
ment has pledged that every effort will be made to reduce
all expenditures before taxes will be increased, which
was why the coinsurance rates have been increased, even
though expenditures have been relatively contained. Par-
enthetically, the average premium rate for the SMHI has
actually declined from 7.547% in 2003 to 7.484% of
annual income in 2004 (Kenporen, 2006).
Reimbursement System

Basic Structure of the Fee Schedule

The present fee schedule ultimately derives from the
fee-for-service payment designed for clinical physicians
when the Health Insurance Act was implemented in 1926.
Dispensing was the most important component, so much
so that the basic unit of payment was based on the fee for a
day’s dosage. To this day, many physicians’ offices and
hospitals still dispense drugs. Another legacy is that the
fee schedule does not distinguish between payment made
to physicians and that to hospitals so that both services are
listed together in the fee schedule. Hospitals are paid on
the same basis as clinics with no explicit mechanisms for
reimbursing capital expenditures or administrative costs.
Hospital-based physicians, who are all employees except
the owner, receive fixed salaries and are treated in a
similar way to the staff employed by solo practitioners in
their clinics for reimbursement purposes.

The fee schedule plays a key role in linking the
financing and delivery systems by serving as the valve
that controls the money flowing from all insurance plans
to all providers (Figure 2). It has maintained equity by
making the benefit package essentially the same for all
insurance plans, contained costs by restricting other
sources of revenue to the providers, and reduced admin-
istrative costs. The fees and prices are uniform throughout
Japan and, in principle, are the same for university hospi-
tals and clinics, and do not adjust for differences in the
local level of wages or cost of living. While this may
seem to be unfair, it has contributed to a more equitable
geographical distribution because the higher wages that
the health-care workers demand in large, urban medical
centers is compensated by the fact that their physicians
are willing to accept lower remunerations for the profes-
sional satisfaction of practicing in these settings. On the
other hand, workers in a rural or small hospital, or clinic,
are willing to work at lower wages, but the physicians
would only do so if offered more payment. The only
major exception to this nationally uniform reimburse-
ment is in the case-mixed-based payment which was
introduced in a limited way for acute inpatient care in
2003 for hospitals meeting prescribed standards. In this
case, the per-diem reimbursement rate is adjusted by a
conversion factor specific to each hospital that reflects the
amount it would have received if reimbursed by the
former fee-for-service form of payment.

Services, drugs, and devices not listed in the fee sched-
ule cannot be provided in combination with those that are
covered during the course of the same treatment. Should
they be provided, then all costs, and not just that of the
uncovered services, must be paid out of pocket, with the
exceptions of the services listed in the Specified Medical
Costs. These mainly consist of extra charges for hospital
roomswithmore amenities and new technology still under
development. Thus, the only other sources of revenue for
providers are the subsidies to public-sector hospitals and
services provided outside the SHI. However, the latter
services are confined to the normal delivery of babies
(for which a lump cash payment is made to the enrollee),
preventive measures (covered either by the local govern-
ment public health program or as part of occupational
health), and cosmetic surgeries (Ikegami, 2006). Paren-
thetically, extracts of Chinese herbal medicine are covered
if listed in the SHI formulary and prescribed by a physician
for patients meeting the designated conditions.
Revising the Fee Schedule

There are three steps in the revision of the fee schedule
made every 2 years. First, at the macro level, the cabinet
decides on the global rate of revision, with the Ministry of
Finance demanding a decrease, the JMA lobbying for an
increase, and the MHLW playing a key role by providing
the data and technical expertise. Since one-quarter of the
National Medical Expenditure (NME, excludes subsidies
to public-sector hospitals, OTCdrugs, etc., included in the
OECD data) is funded from the national government’s tax
revenue, this rate must be set so that the allocated amount
will remain within the general expenditure budget.

Second, the price of drugs set by the payment system is
revised primarily according to the results of a market-
price survey. The government researches the current
price of each drug through a survey of providers and
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on-site inspections of the wholesale distributors’ books. It
normally finds their prices are lower than that set by the
SHI because of the competition among the distributors.
Accordingly, the fee schedule price of each drug is revised
to reflect its volume-weighted average market price. The
margin allowed between the latter and the revised price
has been progressively decreased from 15% in 1990 to the
present level of 2%. Since dispensing has become less
profitable, the percentage of prescriptions dispensed by
outside pharmacies declined to 53% in 2005 (MHLW,
2006b). Independent of this survey, the price of new
drugs that had sales greater than the amount estimated
by the manufacturers and the price of brands that have
had generics introduced since the previous revision are
unilaterally decreased. These factors have led to a contin-
uous downward spiral of prices and to a decrease in the
ratio of health expenditures consumed by drugs from 39%
of the NME in 1981 to 20% in 2003 (Iryo Hoken Seido
Kenkyukai, 2005). The savings made from these decreases
in drug prices have been allocated to increases in service
fees. However, drug expenditures have been contained
less than one would expect because of the introduction
of new drugs. The price of a new drug is set by evaluating
the degree of innovativeness and effectiveness with a
comparator, and its price in the United States, Germany,
France, and the United Kingdom. The price of devices is
set and revised in a similar way.

Third, service fees are individually revised, within the
budgetary limits set by the first two steps, and not by
applying a global revision rate across the board as a
conversion factor. The fees for those that have shown
inappropriately large increases in volume may be cut
dramatically. For example, in the 2002 fee schedule revi-
sion, the fee for a head MRI was reduced from 16 600 Yen
(US$138) to 11 400 Yen (US$95). Such examples of con-
taining costs via micromanagement of the fee schedule in
the biennial fee revisions have been multiplied many
times over and have blunted increases in costs stemming
from the expanded use of high-tech equipment. Paren-
thetically, despite these cuts in fees for MRI, which have
also been made in the past, Japan has the highest per
capita number of MRIs in the world (OECD, 2005)
because they have spurred the development of low-priced
types of MRI.

The second and third decisions aremade by the Central
Social Insurance Medical Care Council of the MHLW,
which is composed of representatives from providers and
payers, and those to represent public interest. The objec-
tive basis for making the latter decision is provided from
the survey of the financial condition of hospitals and
clinics made by the MHLW in the year prior to the
revision: If a particular specialty or type of facility is
found to be making a large profit, then fees in that area
are likely to be reduced. In addition, the MHLW conducts
a survey of the claims data to estimate the volume of each
item, so that the effect of revising any particular item on
the NME can be calculated. Although the revision process
tends to become heated as the specialty and hospital
groups lobby the MHLW and the JMA, care has been
taken to maintain the balance among the providers: Hos-
pitals versus clinics, acute care versus chronic care, and so
forth. This balancing principle has inhibited rapid changes
and minimized conflict. It has kept important constituents
from becoming too dissatisfied and, if dissatisfied, allowed
them to hope to do better in the subsequent fee-revision
process 2 years later (Ikegami, 2005).
Trends in Medical Expenditures and Prices

Figure 3 shows the annual percentage increases in the
GDP and the NME, and the global revision rate from
1980 to 2002. Since health and fiscal policy is focused on
the nominal NME, rather than the per capita or deflated
amount, analysis will be made using these figures.

The first point to note is the relationship of the NME
to the GDP. When averaged out for the period from 1980
to 2002, NME increased at an annual rate of 5.0%, com-
pared to GDP at 4.0%. However, the pattern is quite
different in the 1980s, when the economy expanded at
the rate of 6.4%, and after 1990, when the rate was just
2.0%. From 1980 to 1989, since theNME grewat about the
same rate as theGDP, the ratio remained constant at around
5%. However, after 1990, the economy declined sharply; in
the latter half of the decade, the nominal growth rate of
GDP became zero or even negative. During this deflation-
ary period, the growth rate of NME actually declined, but
less so than that of the GDP, so that its share increased from
4.6% in 1990 to 6.0% in 1999. After 2000, the gap has ceased
to expand as cost-containment efforts were intensified.

The second point is the impact of revisions in the
national fee schedule on NME growth. It can be seen
that the global revision rate has had a substantial effect
on the NME, with the correlation of the annual increase
rate between the two indices being 0.78 for the years
studied. It should be also noted that medical inflation
was sharply constrained during this entire period, averag-
ing only 0.46% per year, which is 1 percentage point
lower than the consumer price index (CPI) of 1.46%.
After 2002, the revision rate was a net zero in 2004 and
decreased by 3.16% in 2006.

The third point is, because medical inflation has been
minimal, the bulk of the increase can be attributed to
three factors: Population growth, population aging, and
other (the residual). Demographic factors have had a
constant effect due to declines in birth rate and increases
in the proportion of the elderly: The two together have
contributed to an average annual growth rate of 1.8% in
the NME. The other category includes changes in volume
(the number of patient visits and hospital days) and
advances in technology. While it is not possible to sepa-
rate out these factors, since volume has tended to
decrease, almost all the increases in the residual could



−4.0

−2.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

National
medical 
expenditures 

Gross
domestic
product 

Fee-schedule
prices 

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

Figure 3 Annual changes in gross domestic product, national medical expenditures and average fees, Japan, 1980–2002.

Reproduced with permission from Ikegami N and Campbell JC (2004) Japan’s health care system: Containing costs and attempting

reform. Health Affairs 23(3): 26–36.

Japan, Health System of 7
be ascribed to advances in technology. The average annual
increase of the other category was 2.8%, which is lower
than that of the GDP, and negates the widely held belief
that advances in technology must inevitably drive up
health-care costs (Ikegami and Campbell, 2004).
Prospects for the Future

While Japan has managed to maintain equity and contain
costs by relying on the fee schedule, both the delivery and
the financing systems are under pressure to reform. In the
delivery system, the laissez-faire policy of permitting phy-
sicians to open clinics and profess any specialty has led to
their uneven distribution. In particular, there is a shortage
of hospital-based pediatricians and obstetricians as their
work-load is heavy and compensations low, when com-
pared with clinic-based physicians. Moreover, the patient’s
trust has eroded as medical errors have come to be reported
in prestigious hospitals (Leflar and Iwata, 2005). In the
financing system, the cross-subsidization among plans to
equally share the cost of caring for the elderly has become
increasingly difficult to sustain as society ages. Cutting fees
to absorb the increases in theNME due to population aging
and advances in technology will also become more difficult
because this would ultimately lead to reducing the income
of health-care workers. This would not be a practical solu-
tion because labor is likely to become in shorter supply as
the economy started to grow again in 2002.

To meet this challenge, in June, 2006, the Diet passed a
comprehensive package of reform drafted by the MHLW.
In the delivery system, the 47 prefectures will be given
greater responsibility to coordinate services within each
major disease group (such as cerebral strokes), to shorten
the average length of stay, and to implement preventive
services for the early detection and intervention of the
metabolic syndrome (MHLW, 2006c; Ogata, 2006). In the
financing system, the prefecture will become the unit for
restructuring health plans and also that of the new inde-
pendent health insurance plan that will enroll all elders
75 and over. Should the SHI plans fail to meet targets,
then their contributions to the new plan that enrolls all
elders 75 and over will be increased by up to 10%. Thus,
the fiscal responsibility will be gradually devolved from
the MHLW to the prefectures. Each prefecture’s pre-
mium level would reflect the community’s needs, willing-
ness to pay, and the efficiency of the delivery system.

However, whether the prefectures are up to this chal-
lenge and whether costs can be contained by the reform
plan remain questionable. Prefectures do not have expe-
rienced staff who can take a proactive role in health policy.
Coordinating services among providers will be difficult
since they tend to be functionally undifferentiated and
therefore compete with, rather than compliment, each
other. Shortening the average length of stay may decrease
hospital costs but would be offset by increases in home
and community care and LTC costs. Systematic screening
of metabolic syndrome may not lead to the improvement
of life style by counseling as envisioned, but to aggressive
treatment, which would increase immediate costs without
any assurance of containment in the future (Thorpe and
Howard, 2006). Perhaps most important, the degree to
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which decisions on revisions of the fee schedule would be
transferred to the prefectures remains unclear because it
raises the issue of geographical equity.

An alternate solution advocated by the Economic and
Fiscal Council of the Cabinet Office is to restrict SHI
benefits to a basic package, allow extra billing by providers,
and permit the entry of investor-owned for-profit hospitals.
Bydoing so, the pressure on the general expenditure budget
that subsidizes the SHI would decrease and patients as
consumers would have more opportunities to exercise
their choice. However, this would not only erode the egali-
tarian provision of services, but also remove the fee sche-
dule’s tight control on benefits and reimbursement. By
doing so, the door will be opened to an inflationary and
inefficient market-oriented system (Ikegami, 2006). Japan’s
future health-care policy should be closely monitored to
determine whether the solidarity principles of SHI are
sustainable in a societywith increasing disparities in income
(Tachibanaki and Urakawa, 2006).
See also: Acute Care Hospitals; Adolescents; Agenda

Setting in Public Health Policy; Blood Transfusion

Services; Comparative Health Systems; The Demand for

Health Care; Dentists; Determinants of National Health

Expenditure; Disability and Rehabilitation; Emergency

Medical Technicians; Governance Issues in Health

Financing; Health Finance, Equity in; Health Policy:

Overview; HIV/AIDS and TB; Home Care; Hospice and

Palliative Care; Innovative Financing of Health Promotion;

Insurance Plans and Programs – An Overview; Interest

Groups and Civil Society, in Public Health Policy; Long

Term Care in Health Services; Long Term Care, Organisa-

tion and Financing; Maternal Health Services; Mental

Health and Substance Abuse; Nurses; Oral Health;

Planning, for Public Health Policy; Primary Health Care;

The Private Sector in Health Care Provision, The Role of;

Provider Payment Methods and Incentives; Public Health

Professionals; The State in Public Health, The Role of;

Universal Coverage inDevelopingCountries, Transition to.
Citations
Cabinet Office (2005) Report on the Evaluation of Structural Reforms
Health Care Reform. Tokyo, Japan: Cabinet Office.
Campbell JC and Ikegami N (1998) The Art of Balance in Health
Policy – Maintaining Japan’s Low-cost Egalitarian System.
Cambridge, UK: Cambridge University Press.

Campbell JC and Ikegami N (2000) Long-term care insurance comes to
Japan. Health Affairs 19(1): 26–39.

Ikegami N (1995) Economic aspects of doctor-patient relationship in
Japan. In: Kawakita Y, Sakai S, and Otsuka Y (eds.) History of the
Doctor–Patient Relationship, pp. 131–140. Tokyo, Japan: Ishiyaku
EuroAmerica Inc.

Ikegami N (2005) Japan. In: Gauld R (ed.) Comparative Health Policy in
the Asia-Pacific, pp. 122–145. Maidenhead: Open University Press.

Ikegami N (2006) Should providers be allowed to extra bill for uncovered
services? Debate, resolution and sequel in Japan. Journal of Health
Politics Policy and Law 31(6): 1129–1149.

Ikegami N (2007) Rationale, design and sustainability of long-term care
insurance in Japan – In retrospect. Social Policy and Society 6:
423–434.

Ikegami N and Campbell JC (1995) Medical care in Japan. New England
Journal of Medicine 333: 1295–1299.

Ikegami N and Campbell JC (1999) Health care reform in Japan: The
virtues of muddling through. Health Affairs 18(3): 56–75.

Ikegami N and Campbell JC (2004) Japan’s health care system:
Containing costs and attempting reform. Health Affairs 23(3): 26–36.

Ikegami N and Ikeda S (1996) Waiting lists in Japanese hospitals. In:
Ikegami N and Campbell JC (eds.) Containing Health Care Costs in
Japan, pp. 176–183. Ann Arbor, MI: University of Michigan Press.

Iryo Hoken Seido Kenkyukai (2005) 2005 Visual White Paper of Health
Insurance (in Japanese). Tokyo, Japan: Gyosei.

Japan Council for Quality Health Care (2006) Report of Surveys. http://
jcqhc.or.jp (accessed November 2007).

Kenporen (Federation of Health Insurance Societies) (2006) Financial
Status of Health Insurance Societies (in Japanese). Tokyo, Japan:
Kenporen.

Leflar RB and Iwata F (2005) Medical error as reportable event, as
tort, as crime: A transpacific comparison. Widener Law Review 189:
197 n. 25.

Ministry of Finance (2006) Present Amount of Government Bonds,
Debts and Other Liabilities Guaranteed by the Government.
http://www.mof.go.jp/gbb/1806.htm, (accessed November 2007).

Ministry of Health, Labor and Welfare (2006a) 2004 Survey of Medical
Institutions and Hospital Report (in Japanese). Tokyo, Japan: Kousei
Toukei Kyokai.

Ministry of Health, Labor and Welfare (2006b) Claims data survey, early
reports (in Japanese). Shakai Hoken Jyunpo 2293: 26–29.

Ministry of Health Labor and Welfare (2006c) Explaining the Health Care
Reform to Prefectures (in Japanese). Tokyo, Japan: MHLW.

National Institute of Population and Social Security Research (2003)
Population Statistics of Japan, 2003. Tokyo, Japan: NIPSSR.

Nikkei BP (2006) Economy Related Indices. http://business.nikkeibp.co.
jp/article/money/20060612/104162/?cd¼overture (accessed
November 2007).

Organization of Economic Cooperation Development (2005) OECD
(Health Data 2005). CD-ROM.

Ogata H (2006) Redefining health planning and the management of
medical facilities in the fifth revision of the Medical Care Act (in
Japanese). Byoin 65(10): 788–793.

Tachibanaki T and Urakawa K (2006) Study of Japan’s Poverty
(in Japanese). Tokyo, Japan: Tokyo University Press.

Thorpe KE and Howard DH (2006) The rise in spending among
Medicare beneficiaries: The role of chronic disease prevalence and
changes in treatment intensity. Health Affairs 25: W378–W388.

http://jcqhc.or.jp
http://jcqhc.or.jp
http://www.mof.go.jp/gbb/1806.htm
http://business.nikkeibp.co.jp/article/money/20060612/104162/?cd=overture
http://business.nikkeibp.co.jp/article/money/20060612/104162/?cd=overture
http://business.nikkeibp.co.jp/article/money/20060612/104162/?cd=overture


K

Kidney Diseases
G Eknoyan, Baylor College of Medicine, Houston, TX, USA

ã 2008 Elsevier Inc. All rights reserved.
Diseases of the kidney have afflicted humans from time
immemorial and interest in their medical care can be
traced to antiquity. However, it is only in the past decade
that kidney disease has come to be recognized as a global
public health problem. Actually, it was the treatment of
end-stage renal disease (ESRD) with dialysis of patients
with kidney failure that focused attention on the problem.
Started as an exploratory effort to sustain life in the 1960s,
dialysis evolved in the 1970s into life saving replacement
therapy for patients whose kidney disease had progressed
to kidney failure necessitating replacement therapy with
dialysis. For much of this period, the problem of kidney
disease came to be viewed in the context of ESRD, which
is estimated to affect about 0.1 to 0.2% of the population
in developed countries and does not even exist in parts of
the world where dialysis therapy is not available. Conse-
quently, much of the concerns of national health agencies
were focused on the increased cost of maintenance dialy-
sis and regional disparities in access to a life-saving
therapy. As a result, kidney disease was considered
uncommon and from the perspective of public health of
little consequence. Indeed, chronic kidney disease is
not mentioned in the 2005 report of the World Health
Organization (WHO) Preventing Chronic Disease: A Vital

Investment (WHO, 2005).
As administrative data from various registries of main-

tenance dialysis accrued in the 1980s, it became evident
that the care of these patients should have been initiated
well before the need for dialysis, and that an even greater
opportunity existed to improve outcomes at earlier stages
of kidney disease. It was this concern that prompted the
first efforts at the definition and stratification of chronic
kidney disease and led to its recognition as a global public
health problem. This brief historical preamble is impor-
tant to keep in mind because this is a relatively new area in
which epidemiologic data are beginning to accrue and
public health issues to be addressed.
What Is Chronic Kidney Disease?

After maintenance dialysis became available in several
parts of the world, and well into the 1990s, kidney disease
was categorized by cause (glomerulonephritis, pyelone-
phritis, lupus nephritis, analgesic nephropathy, etc.). This
traditional taxonomic approach to diseases in general is
obviously useful when a specific diagnosis facilitates the
treatment of a given disease. What became evident in the
1990s, from data accrued by various ESRD registries
established in the preceding decade, is that most patients
with ESRD presented in kidney failure without a previ-
ously known diagnosis of kidney disease, and that the
number of cases of kidney failure that could be attributed
to traditional causes was relatively small and diminishing,
whereas those due to hypertension and diabetes was large
and increasing, especially in the elderly. In the majority of
these individuals the kidney disease had been asymptom-
atic and escaped diagnosis well after more than half of
their normal kidney function was lost and the complica-
tions of the disease, with their associated morbidities and
mortality, had set in.

As preliminary data on the earlier stages of kidney
disease began to be collected, it became increasingly
evident that the systemic complications that develop dur-
ing the course of progressive kidney disease (anemia,
hypertension, bone disease, cardiovascular disease) were
uniform and independent of the primary cause of the
kidney disease. The cacophony of terms used to describe
the commonality of these patients, beginning with the
now archaic historical eponym Bright’s disease, such as
chronic renal failure, chronic renal disease, chronic renal
insufficiency, pre-dialysis, pre-ESRD, and azotemic, were
descriptive, ill defined, vague, and variably used. This
ambiguous terminology, coupled with the categorization
of these patients at differing cut-off levels of serum creat-
inine, a rather insensitive marker of kidney function,
9



10 Kidney Diseases
resulted in a number of reports published in the 1990s that
indicated a large but variable number of individuals with
kidney disease in the general population. The reported
results were not comparable among these early and dispa-
rate studies because of differing methods used to measure
creatinine and the application of different cut-off levels of
serum creatinine and blood urea nitrogen to determine
the presence of kidney disease.

In 2002, the U.S. National Kidney Foundation’s Kidney
Disease Outcomes Quality Initiative (K/DOQI) clinical
practice guidelines provided for the first time a working
definition of chronic kidney disease (CKD), irrespective
of the cause of kidney disease, based on the presence of
kidney damage or a glomerular filtration rate of less than
60ml/min/1.73m2 for more than three months (National
Kidney Foundation, 2002) (Table 1). The proposed clas-
sification system is based on the severity of the disease
derived from the level of kidney function, irrespective of
diagnosis. The level of kidney function was recommended
to be determined from the estimated glomerular filtration
rate (eGFR), rather than just that of the traditional serum
creatinine level from which the eGFR is calculated
(Table 2). Using available databases and evidence-based
analysis of the then available literature, these guidelines
documented the increased number of complications asso-
ciated with declining kidney function and the increased
rates of morbidity and mortality at each of the stages of
increasing severity of the kidney disease, and provided
Table 2 Classification of chronic kidney disease based on sever

Stage Description

1 Kidney damage with Normal or " GFR

2 Kidney damage with Mild # GFR

3 Moderate # GFR
4 Severe # GFR

5 Kidney failure

GFR ¼ glomerular filtration expressed as ml/min/1.73m2; T ¼ kidney

CKD Stage 3-T; D ¼ dialysis either hemodialysis or peritoneal dialysis
Reproduced with permission from Kidney International (2005) 67: 208

Table 1 KDIGO definition of chronic kidney disease

Structural or functional abnormalities of the kidneys for

�3 months, as manifested by:

1. Kidney damage, with or without decreased GFR, as
defined by

Pathologic abnormalities

Markers of kidney damage

Urinary abnormalities (proteinuria)
Blood abnormalities

Imaging abnormalities

Kidney transplantation
2. GFR <60ml/min/1.73 m2, with or without kidney damage

GFR ¼ glomerular filtration rate.

Reproduced with permission from American Journal of Kidney

Diseases (2002) 39 (Suppl. 1): S1–S266.
estimates of the prevalence of CKD in the general popu-
lation based on the new classification.

The principal limitations of the proposed classification
system were the formulae used to estimate GFR, which
were developed in selected cohorts in the United States,
and the differing assays used to measure creatinine levels,
from which the eGFR is derived. The applicability of
the formulae to various populations and ethnic groups
with different body size and muscle mass and consequently
creatinine production presented a new challenge as the
classification system began to be applied in different parts
of the world. These limitations notwithstanding, eGFR,
albeit not perfect, has been shown to be a better clinical
indicator of kidney function than the serum creatinine
alone. Importantly, a worldwide effort is now under way
to standardize the measurement of creatinine and develop
modifications of the formulae that would broaden its appli-
cability to various populations and differing groups.
Prevalence of CKD

The original data on the prevalence of kidney disease using
the new definition of CKD was derived from the Third
National Health and Nutrition Survey (NHANES III)
of the period from 1988 to 1994. Subsequent analysis of
NHANES data, as well as surveys of other large databases,
have confirmed the prevalence of CKD, documented the
increased mortality and morbidity at declining levels of
GFR, and provided information on the associated comor-
bidities and the increased health-care costs of these patients.

Data from several dependable studies confirm the
prevalence of CKD in the United States, which affects
9.6% of noninstitutionalized adults, corresponding to about
25million individuals. The elderly, ethnicminorities (Native
Americans, Latin Americans, and African Americans), and
those from lower socioeconomic groups are affected dispro-
portionately. Ethnicity as a risk factor for CKD, most
evident in reports from the United States, has also been
shown to be true in other parts of the world such as South
Africa and Egypt. Importantly, reports from other countries
reveal a consistent picture of the high prevalence of CKD.
In a careful analysis of data from the Health Survey of
ity and therapy

GFR Therapy

� 90

60–89 T if kidney transplant recipient

30–59
15–29

<15 D if dialysis

transplant, T added as a suffix after the given stage, for example,

, D added as a suffix after Stage 5, for example, CKD Stage 5-D.
9–2100.
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Nord-Trøndelag County (HUNT II) in Norway, the total
CKD prevalence was 10.2%, with CKD Stage 1 represent-
ing 2.7%; Stage 2, 3.2%; Stage 3, 4.2%; and Stage 4, 0.2% of
the population, respectively. Data from Australia show a
prevalence of 11.2%. These results closely approximate
those of the reports of CKDprevalence in theUnited States.

Prevalence estimates from other countries that have
used methodologies developed in the United States
are more difficult to compare. Data on CKD Stages 1
and 2 are particularly difficult to evaluate and compare
because albuminuria, the principal marker of kidney dam-
age used in screening, is generally obtained under non-
stable conditions and based on single measurements on a
spot urine sample, whereas the actual definition of CKD
requires persistent albuminuria, specified as a positive test
in 2 out of 3 specimens. This is not to belittle the impor-
tance of albuminuria as a marker of kidney injury and an
independent risk factor of mortality and morbidity.
Several careful epidemiologic studies confirm its preva-
lence and validity as a marker of CKD at its earlier stages
and as a risk factor for progression of CKD, cardiovascular
disease, and diabetes. Importantly, there is now convinc-
ing evidence that treatments associated with lowering
albuminuria reduce progression of kidney disease and
mortality from cardiovascular disease of these individuals.

By the same token, available information indi-
cates increased cardiovascular mortality at eGFR
< 60ml/min/1.73m2, independent of the presence or
absence of albuminuria. In an analysis of data from 24
reported studies, the cut-off level of GFR at which cardio-
vascular risk is increased was found to be 75ml/min/
1.73m2. Actually, the increased risk begins to be detected
at an eGFR of <90ml/min/1.73m2 even when albumin-
uria is not measured. The combined presence of an eGFR
of<60ml/min/1.73m2 and albuminuria increases the risk
beyond that of each alone. This is perhaps most dramati-
cally evident in the reported increase of the relative risk
of cardiovascular death from about 1.5 in those with
isolated albuminuria to almost 500 among individuals
aged 25–34 years who are on maintenance hemodialysis.

Epidemiologic data on the worldwide prevalence of
CKD Stages 3–5, where an eGFR of <60ml/min/1.73m2

is the determinant of CKD, are relatively more depend-
able, albeit still limited by variability in creatinine assays
used, which have been standardized only in some reports.
Studies in the UK and the Netherlands show an estimated
prevalence of CKD Stages 3–5 of 4.9% and 5.3% of
the general population, respectively. These are quite
close to that of 4.4% and 4.7% reported from Norway
and the United States, respectively. The reported rate
of prevalence from other countries varies, and is reported
as low as 2.54% in China. Whereas differences in study
cohort, ethnicity, sampling, and methods of data collec-
tion could account for the variable rates reported, it is
evident that the high prevalence of CKD is a worldwide
health problem of epidemic proportions and significant
implications. Furthermore, the available data showa detect-
able trend of an increased prevalence of CKD, due in part to
the increasing prevalence of diabetes, hypertension, obesity,
and the elderly in which kidney disease commonly occurs.
Although much of this information comes from studies in
developed countries and regional differences exist, it is
especially relevant because diabetes and hypertension
show a clear and distinct increased prevalence in develop-
ing countries, and where examined have been found to
account for the increasing incidence of CKD.
A Public Health Approach to CKD

In addition to a definition and classification, the K/DOQI
guidelines provided a conceptual model for CKD as the
basis for a public health approach based on the stages of
CKD, as well as its antecedents, outcomes, and risk factors
for the onset and progression of the disease (Figure 1).
Although presented as a continuum, it must be empha-
sized that not all patients with CKD progress to kidney
failure. The ones likely to progress are those with a GFR
of less than 60ml/min/1.73m2, but even at these advan-
ced stages of CKD (Stages 3–5) some 20–30% maintain
stable kidney function for decades. The relative risk for
progression from CKD Stages 3 or 4 to ESRD in U.S.
white patients and Norway has been estimated to be 2.5.
The vast majority of those who do progress do so slowly,
and at variable rates that depend on the kind of kidney
disease, baseline eGFR, age, ethnicity, and magnitude of
proteinuria. However, and more important, the number of
patients who die at each stage of CKD is much higher
than those who progress to kidney failure.

The principal cause of death of individuals with CKD is
cardiovascular disease (CVD); mortality rates in these
individuals are two- to four-fold higher than that in the
general population. Stated otherwise, the principal
adverse outcomes of CKD are not only the onset of its
complications and to a lesser extent its progression to
kidney failure, but also, and more important, the risk of
death from cardiovascular disease. Several well-conducted
epidemiologic studies show that the two markers of CKD,
albuminuria and decreased eGFR, each consistently and
in a graded fashion increase the risk of CVD death. It has
been estimated that an individual with CKD is 100 times
more likely to die from cardiovascular disease than to
develop kidney failure.

Apart from cardiovascular mortality, when compared
to the general population, individuals with CKD have
increased all-cause mortality. Where examined, the
other causes of increased rates of mortality are infection,
cancer, pulmonary disease, and cardiovascular surgery.
Essentially, CKD is a multiplier of the risk of adverse
outcomes and costs of the other major chronic diseases.
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The available data on increased all-cause mortality in
CKD is a definitive but crude measure of the relationship
between CKD and survival, and an indicator of the poten-
tial benefits of preventative measures.

This risk-multiplier effect on adverse outcomes posi-
tionsCKD as one of the highest priority groupswith respect
to survival and health-care costs to individuals and societies.
Once again, the best evidence available is from cardiovas-
cular disease. The clinical intersection between CKD and
CVD represents a high-risk state for poor health outcomes.
Interrelationship of CKD and CVD includes common risk
factors (diabetes, hypertension, older age) and a bidirec-
tional effect of one disease on the progression of the other.
For example, the reduced capacity to excrete sodium in
CKD would aggravate coexistent congestive cardiomyopa-
thy, and conversely reduced blood flow to the kidneys in
congestive cardiomyopathy would decrease the GFR and
contribute to the severity of the kidney disease.
CKD as a Public Health Problem

Based on the above considerations, it is evident that the
recognition of CKD as a public health problem has
evolved quite rapidly over the past decade. Thus it is no
longer possible to overlook the burden of CKD as a global
public health problem of epidemic proportions and signifi-
cant repercussions. CKD can be detected easily in clinical
practice by using simple laboratory tests, and its treat-
ment can prevent or delay its complications and associated
mortality. The failure to adopt them is disconcerting
because of lost opportunities for the detection of such
individuals and their treatment not only to reduce progres-
sion to kidney failure but also to prevent the increased risk
of CVD mortality and other morbidities. Equally discon-
certing is the considerable variability in the application of
preventative measures and treatment of those identified
withCKD, resulting in lost opportunities to improve quality
of life and outcomes of those afflicted with kidney disease.

Apart from the identification and the adequate care of
these patients there is an urgent need in each country to
obtain adequate data on the burden of CKD that would
allow for the adoption of regional cost-effective public
health programs, which would anticipate, understand, and
plan the appropriate action steps. These challenges have
begun to be addressed by several organizations, notably
those of Kidney Disease: Improving Global Outcomes
(KDIGO), an international foundation that has made a
concerted effort to coordinate attempts to improve the
care and outcomes of CKD patients worldwide, including
that of providing accurate evidence-based information to
front-line health professionals and the public at large. The
following recommendations, based on a KDIGO confer-
ence by a group of international experts on CKD as a
global public health problem, provide a simple framework
that could serve as a first approach to the problem.

1. Determine the burden of CKD. Administrative data
provide a relatively easy way to generate basic infor-
mation. Coding systems used are variable in different
parts of the world, but data derived from them provide
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essential information to regional public health authori-
ties. It is important that coding systems capture
the elements of the CKD classification system. The
9th version of the International Classification of Disease
in the United States (ICD-9 CM) has adopted a coding
system for kidney disease that incorporates the current
CKD staging system. This needs to be incorporated in
the current (ICD-10) and future versions of ICD devel-
oped by the World Health Organization, which is the
one most commonly used in different countries. The
consistency of evolving iterations of ICD would allow
following trends over time and potentially allow for
comparisons between different localities.

2. Detection of CKD. General population-based screen-
ing does not seem to be cost-effective. Targeted screen-
ing for CKD should be directed at subgroups of the
population who would derive the most benefit from the
detection of kidney disease. This would include diabe-
tes, hypertension, and cardiovascular disease for which
screening programs exist in several countries. Incorpor-
ating a targeted screening for CKD (urinalysis, eGFR)
in such programs would be cost-effective and provide
useful clinical information in detecting those at highest
risk and at the individual level in identifying those
requiring more intensive attention.

3. Surveillance programs for CKD. Several countries have
registries for dialysis and transplantation. As mentioned
in the introduction, it was information from these regis-
tries that led to the recognition of the broader health
issues of CKD. Unfortunately, these registries overlook
individualswithCKDwho die before the onset of kidney
failure. Surveillance programs limited to Stages 4 and 5
of CKD would provide information on this group com-
posed of those at higher risk than earlier stages of CKD.
The institution of registries that would capture data from
such surveillance programs would provide important
information for local public health agencies in planning
and resource allocations. Obviously, information for
Stage 3 CKD would reach a broader group but would
necessitate additional resources.

In summary, the adoption of public health policies for
CKD (detection, surveillance, and education) within the
clusters of existing chronic diseases would be a reasonable
and cost-effective approach to initiating and instituting
public health programs related to CKD.
See also: Coronary Heart Disease; Risk Factors.
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Introduction

Each year 9million hectares of forest are cleared, or the
equivalent area of the state of New York. Such land cover
change not only threatens biodiversity worldwide but land
use change influences a range of infectious diseases (Patz
et al., 2000). Anthropogenic drivers that especially affect
infectious disease risk include destruction or encroach-
ment into wildlife habitat, particularly through logging
and road building; changes in the distribution and avail-
ability of surface waters, such as through dam construc-
tion, irrigation, or stream diversion; agricultural land use
changes, including proliferation of both livestock and
crops; deposition of chemical pollutants, including nutri-
ents, fertilizers, and pesticides; uncontrolled urbanization
or urban sprawl; climate variability and change; migration
and international travel and trade; and either accidental or
intentional human introduction of pathogens (Patz et al.,
2005) (Table 1 and Figure 1).

Anthropogenic land cover and environmental changes
more specifically can affect key biological mechanisms of
disease transmission. While factors underlying the emer-
gence or re-emergence of some diseases are unknown,
several biological mechanisms have been identified and
are reported in the Millennium Ecosystem Assessment.
These include: altered vector breeding sites or reservoir
host distribution; niche invasions or interspecies host
transfers; changes in biodiversity (including loss of pred-
ator species and changes in host population density);
human-induced genetic changes of disease vectors or
pathogens (such as mosquito resistance to pesticides or
the emergence of antibiotic-resistant bacteria); and envi-
ronmental contamination of infectious disease agents
(Table 2).

The following diseases were ranked by the Millennium
Ecosystem Assessment as high priority for their large
global burden of disease and their high sensitivity to
ecological change:
. malaria across most ecological systems;

. schistosomiasis, lymphatic filariasis, and Japanese en-
cephalitis in cultivated and inland water systems in the
tropics;

. dengue fever in tropical urban centers;

. leishmaniasis and Chagas disease in forest and dryland
systems;

. meningitis in the Sahel;

. cholera in coastal, freshwater, and urban systems; and

. West Nile virus and Lyme disease in urban and subur-
ban systems of Europe and North America
Habitat Fragmentation, Biodiversity, and
Disease Emergence

If a forest is fragmented into small patch, species biodiver-
sity can change and in turn influence the ecology of infec-
tious diseases that may involve multiple species in their life
cycle. Due to the nature of food webs within ecosystems,
organisms at higher trophic levels exist at a lower popula-
tion density and are often quite sensitive to changes in food
availability. Smaller forest patches left after fragmentation,
for example, may not have sufficient prey for top predators,
resulting in local extinction of predator species and a
subsequent increase in the density of their prey species.

Lyme disease is one example where such ecosystem
dynamics play a substantial role. In eastern U.S. oak for-
ests, studies on the interactions between acorns, white-
footed mice (Peromyscus leucopus), moths, deer, and ticks
have linked defoliation by gypsy moths with the risk of
Lyme disease. Most tick vectors feed on a variety of host
species that differ dramatically in their function as a
reservoir for the bacteria that causes Lyme disease –
that is, the probability of a tick picking up the bacteria
from different reservoir hosts varies substantially. Increas-
ing species richness has been found to reduce disease risk,
and the involvement of a diverse collection of vertebrates
15
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in this case may dilute the impact of the main reservoir,
the white-footed mouse.

Predators also tend to be absent in small woodlots, and
probable competitors occur at lower densities in these
areas than in more continuous habitat. Therefore, habitat
fragmentation causes a reduction in biodiversity within
the host communities, increasing disease risk though the
increase in both the absolute and relative density of the
primary reservoir.

Other diseases are known to have resurged following
land use change, including cutaneous leishmaniasis, Cha-
gas disease, human granulocytic ehrlichiosis, babesiosis,
Table 1 Mechanisms and processes of land use change that
affect healtha

Agricultural development

Urbanization
Deforestation

Population movement

Increasing population

Introduction of novel species/pathogens
Water and air pollution

Biodiversity loss

Habit fragmentation

Road building
Macro and micro climate changes

Hydrological alteration

Decline in public health infrastructure
Animal-intensive systems

Eutrophication

Military conflict

Monocropping
Erosion

aRanked from highest to lowest public health impact by meeting

participants. Criteria for ranking were based on estimated
impacts on both the number of infectious diseases and the

prevalence of those diseases.

Source: Patz JA, Daszak P, Tabor GM, et al. (2004) Unhealthy
landscapes: Policy recommendations on land use change and

Deforestation

Mining
development

Vegetation change, road construction, s
rise in water table, poor drainage, and se

Increase in breeding

Figure 1 Habitat change and vector-borne disease. Reproduced fr

Ecosystem Regulation of Infectious Diseases: Ecosystems and Hum
plague, louping ill, tularemia, relapsing fever, Crimean-
Congo hemorrhagic fever, and La Crosse virus.
Deforestation, Biodiversity, and Malaria

Due to rapidly increasing human population settlements,
large swaths of species-rich tropical and temperate forests,
as well as prairies, grasslands, and wetlands, have been
converted to species-poor agricultural and ranching areas.
The global rate of tropical deforestation continues at
staggering levels with nearly 2–3% of global forests lost
each year. Recent evidence from Africa, the Amazon, and
parts of Asia now indicates deforestation as one of the causes
for the increase in malaria across the tropics and habitat
fragmentation (e.g., ‘fish-bone’ pattern in the Amazon from
road building), creating breeding sites and ‘edge’ effects.

Malaria is the world’s most widespread fatal or debil-
itating vector-borne disease, killing nearly 2million
(mostly children) annually. The World Health Organiza-
tion (WHO) estimates malaria is responsible for 13% of
global disability and mortality from infectious and para-
sitic diseases (2005). Within endemic countries it con-
sumes 0.25–1.3% of per capita gross national product
(GNP). Southeast Asia, Africa, and the Amazon have
experienced increased malaria risk accompanying both
human population growth and environmental change.
Environmental factors, including ‘‘policies and practices
regarding land use, deforestation, water resource manage-
ment, settlement siting and modified house design,’’ are
estimated to contribute to 42% of malaria cases world-
wide. Whereas an abundance of malaria epidemiology
research exists focusing on individual, behavioral, popu-
lation, and socioeconomic dimensions, current research
on land use/land cover dimensions remain limited –
despite recent calls to address this knowledge gap (Patz
and Olson, 2006).
tream bed alteration,
epages

 sites for mosquitos

Filariasis

Malaria

Japanese
encephalitis

Water projects and
agricultural
development

om Patz JA, Confalonieri VEC, et al. (2005) Human Health.

an Health Well-being. Current State and Trends 14: 391–414.



Table 2 Mechanisms of disease emergence and examples of diseases across ecosystems

Ecosystems

Mechanisms
Cultivated
systems

Dryland
systems Forest systems Urban systems Coastal systems

Habitat alteration Schistosomiasis

Japanese

encephalitis

Hantavirus

Rift Valley

fever

Malaria

Arboviruses

(e.g., yellow fever)

Lymphatic

filariasis

Dengue fever

Cholera

Malaria Meningitis Onchocerciasis Malaria

Niche invasion or host

transfer

Nipah virus HIV (initially) Leishmaniasis

BSE (mad cow)
SARS

Influenza

Biodiversity change Leishmaniasis Onchocerciasis Rabies Lyme disease

Onchocerciasis

Human-driven genetic

changes

Antibiotic-

resistant

bacteria

Chagas disease Chagas disease

Environmental

contamination of

infectious agents

Cryptosporidiosis Leptospirosis Diarrheal

diseasesLeptospirosis

Source: Reproduced from Patz JA, Confalonieri VEC, et al. (2005) Human Health. Ecosystem Regulation of Infectious Diseases:
Ecosystems and Human Health Well-being. Current State and Trends 14: 391–414.
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Land Use and Cover Change: Past and Present

Altered land cover – with subsequent habitat disturbance –
has been changingmosquito distributions for centuries. The
draining of swamps surrounding Rome reduced mosquito
populations and malaria in the city. When agricultural
practices spread across Europe, the resultant social and
land transformations contributed to the eradication of
malaria. The removal of forests from within the ancient
Indus valley is proposed to have shifted the habitat prefer-
ences of A. stephansi from the forest to urban areas and
waterways and thereby contribute to the civilization’s col-
lapse circa 2000 BC. Through to this day, A. stephansi
remains themost prolific vector for urbanmalaria transmis-
sion across the Middle East.

After the discovery of malaria transmission via mos-
quitoes, attention shifted away from the influence of land
use and cover change (LUCC) on malaria risk. The pri-
mary goal of malaria programs became vector eradication,
via insecticides and clinical health interventions. If LUCC
was recognized as a risk factor, it was used to focus the
application of DDT to mosquito breeding sites.

However, one exception during this period occurred in
Trinidad: a malaria epidemic linked to bromeliads. In the
1930s, economic pressures forced the nation’s agriculture
sector from subsistence farming into the cacao industry.
The change in agriculture and labor demands generated a
surge of human population within the forest. The new
agriculture practices also altered the malaria landscape.
Cacao trees establish a lighter and drier environment
than the surrounding natural forests. Immortelles were
interplanted to provide shade to the cacao trees. Immor-
telles support epiphytes, mostly bromeliads. In Trinidad,
these immortelles supported a bromeliad tank species that
naturally collect a small amount of water that is an ideal
breeding site for A. bellator. A. bellator is a malaria vector that
also prefers drier areas and the subcanopy elevation of the
forests. Public health officials noted that splenomegaly
among schoolchildren correlated with the areas cultivating
cacao, while the vector, A. bellator, was not found outside of
the cacao farm area. Removal of the bromeliads, both by
hand and with herbicides, reduced A. bellator populations
and returned malaria rates to prior endemic levels.

Longitudinal studies of malaria incorporating human
cases, adult/larval mosquito abundance, and land use are
rare, and assessments of landscape ecology are nonexistent.
In place of longitudinal data, most mosquito studies have
designs that sample sites for adult or larval abundance in
different habitats and/or gradients of one LUCC type. For
example, a project in western Venezuela collected mosqui-
toes using a standard protocol in locations with different
LUCC.They found greatermosquito species richness in tall
forests in comparison to short forests and open areas. Larval
species richness in open areas was higher for swamps and
flooded pastures than ground pools, lagoons, or rivers. Nat-
ural wetlands have greater richness and abundances of
mosquitoes than constructed environments. In Africa,
breeding pools for Anopheles larvae had significantly less
canopy cover than breeding pools for other mosquito spe-
cies and the larval habitat size was significantly different
across several different LUCC categories.
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An. darlingi is the most efficient and principal interior
vector of falciparum malaria in the Brazilian Amazon.
Arguably, the most comprehensive and controlled study
of deforestation and malaria to date is by Vittor et al.
(2006). Set near Iquitos, in the Peruvian Amazon, the
primary vector of falciparum malaria, Anopheles darlingi

was not captured in the region prior to the 1990s. The
study incorporated human health data and biting and
larval mosquito collections at 56 sites along gradients of
deforestation. Over 15 000 mosquitoes in the human bit-
ing component and 900þ bodies of water (597 An. darlingi
larvae) for the larval component were sampled during a
7-month period.

The sites surrounded by deforestation had An. darlingi

biting rates nearly 300 times larger than forested sites,
even after controlling for human population density.
Sites with greater than 80% deforestation had mean biting
rate 8.33 (7.86, 8.81) and sites with less than 30% defores-
tation hadmean biting rate 0.03 (0.01, 0.08). These findings
suggest that environmental risk factors for malaria are
related to the LUCC changes associated with human
expansion into forested areas. Additionally, larvae of
An. darlingi were more often found in breeding sites with
more sunlight (less forest canopy), with emergence grasses
and algae. Current indicators of LUCC related to malaria
risk from localized studies remain to be tested across a
broader region, and investigations of ecology have not
been performed (Table 3).
Table 3 Average human-biting ratesa and 95% confidence interv

in a 1� 1 km grid around the collection site (as determined by remot

Percent remaining forest

0–20%
Species 19 sites

Subgenus Nyssorhynchus

A. darlingi 6.5 (4.9, 8.0)

A. triannulatus 1.2 (0.6, 1.8)
A. benarrochi 2.5 (1.5, 3.5)

A. oswaldoi 1.0 (0.1, 1.8)

A. rangeli 0.5 (0.3, 0.7)

A. nuneztovari 0.3 (0.1, 0.5)
A. (N) spp.b 0.8 (0.5, 1.2)

Subgenus Anopheles

A. mediopunctatus 0.4 (0.2, 0.5)
A. mattogrossensis 0.2 (0.1, 0.3)

A. punctimacula 0.0 (0.0, 0.1)

A. peryassui 0.0 (0.0, 0.1)

A. (A) spp.b 0.1 (0.0, 0.1)
Total Anopheles 13.5 (11.1, 15.8)

Culicines 192.7 (171.3, 214.1)

aMean human-biting rate per 6 h per person; 15 or 16 collection nigh
b(N)¼ s.g. Nyssorhynchus, (A)¼ s.g. Anopheles. Due to low numbers

(subgenus Lophopodomyia; 13 specimens total) were omitted from t
Malaria and Local Effects on Climate from
Land Use Change

Changing landscapes can significantly affect local weather
more acutely than long-term climate change. Land cover
change can influence micro-climatic conditions including
temperature, evapotranspiration, and surface runoff
(Foley et al., 2005), key to determining mosquito abun-
dance and survivorship. In Kenya, Yan and colleagues
have found that open treeless habitats average warmer
midday temperatures than forested habitats, and also
affect indoor hut temperatures (Figure 2) (Afrane et al.,
2005). As a result, the gonotrophic cycle of female
A. gambiae was found to be shortened by 2.6 days (52%)
and 2.9 days (21%) during the dry and rainy seasons,
respectively, compared to forested sites. Similar findings
have been documented in Uganda, where higher tempera-
tures have been measured in communities bordering
cultivated fields compared to those adjacent to natural
wetlands, and the number of Anopheles gambiae s.l. per
house increased along with minimum temperatures
after adjustment for potential confounding variables
(Lindblade et al., 2000).

Higher maximum and mean temperatures of aquatic
breeding sites found in farmlands also hasten larval devel-
opment and pupation rates (Munga et al., 2006). Increased
canopy cover in western Kenya is negatively associated
with the presence of Anopheles gambiae complex and
als for each Anopheles species by the amount of remaining forest

e sensing and GIS)

20–60% 60–98%
24 sites 13 sites

1.7 (1.0, 2.4) 0.0 (0.0, 0.1)

5.0 (3.1, 6.8) 7.6 (5.3, 9.9)
1.6 (0.1, 3.1) 1.4 (0.0, 3.9)

2.2 (1.5, 2.8) 1.4 (0.8, 2.0)

0.9 (0.5, 1.3) 0.0 (0.0, 0.0)

0.1 (0.1, 0.2) 0.1 (0.0, 0.1)
0.9 (0.7, 1.2) 0.6 (0.4, 0.8)

1.9 (1.3, 2.4) 1.1 (0.7, 1.6)
0.4 (0.1, 0.8) 0.0 (0.0, 0.0)

0.2 (0.0, 0.3) 0.2 (0.0, 0.5)

0.0 (0.0, 0.0) 0

0.1 (0.1, 0.2) 0.1 (0.0, 0.2)
28.4 (5.7, 51.0) 12.7 (9.1, 16.3)

258.2 (228.8, 287.6) 297.3 (243.3, 351.2)

ts per site during 1 year (total: 888 6-h nights).

, A. neomaculipalpus (three specimens total) and A. squamifemur

he table.
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An. funestus larvae in natural aquatic habitats (Minakawa,
et al., 2002). In artificial pools, survivorship of An. gambiae
larvae in sunlit open areas was 50 times the survivorship in
forested areas and also was related to assemblages of
predatory species (Tuno et al., 2005). In short, deforesta-
tion and cultivation of natural swamps in the African
highlands create conditions favorable for the survival of
An. gambiae larvae, making analysis of land use change on
local climate, habitat, and biodiversity key to malaria risk
assessments.
Agricultural Development, Crop Irrigation
and Breeding Sites

The most salient footprint of human existence on the
Earth’s surface has been the conversion of land to agricul-
tural use (Turner et al., 1990; Meyers, 1991). Migrant farm-
ers appear to be the primary direct agents of tropical
deforestation around the world, although the initial causes
are often roads built by logging, mining, or petroleum
interests (United Nations, 2001; Geist and Lambin, 2002).
Agricultural development in many parts of the world has
resulted in an increased requirement for crop irrigation,
which reduceswater availability for other uses and increases
breeding sites for disease vectors. An increase in soil mois-
ture associated with irrigation development in the southern
Nile Delta following the construction of the Aswan High
Dam has caused a rapid rise in the mosquito Culex pipiens,
and consequential increase in the arthropod-borne disease
bancroftian filariasis (Harb et al., 1993; Thompson et al.,
1996). Onchocerciasis and trypanosomiasis are further
examples of vector-borne parasitic diseases that may be
triggered by changing land-use and water management
patterns. In addition, large-scale use of pesticides has had
deleterious effects on farm workers, including hormone
disruption and immune suppression (Straube et al., 1999).
Cross-Species Transfer of Disease
Agents

Some of today’s most widespread diseases originally
stemmed from domestication of livestock. Measles, small-
pox, and tuberculosis, for example, stemmed from the
domestication of wild cattle. Pathogens that are currently
passed from person to person (anthroponotic), including
some influenza viruses and HIV, were formerly zoonotic
but have diverged genetically from their ancestors that
occurred in animal hosts.
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The spread of industrial and postindustrial change,
rapid population growth, and population movements have
quickened the pace and extensiveness of ecological change
over the past two centuries (Patz et al., 2005). New diseases
have emerged even as some pathogens that have been
around for a long time are eradicated or rendered insignif-
icant, such as smallpox. Ecological change, pollutants, the
widespread loss of top predators, persistent economic and
social crises, and international travel that drives a great
movement of potential hosts have progressively altered
disease ecology, affecting pathogens across a wide taxo-
nomic range of animals and plants.

Approximately 75% of human diseases are zoonotic
and have a link to wildlife and domestic animals (Taylor
et al., 2001). The emergence of many diseases has been
linked to the interface between tropical forest commu-
nities, with their high levels of biodiversity, and agricul-
tural communities, with their relatively homogeneous
genetic makeup but high population densities of humans,
domestic animals, and crops. For instance, expanding eco-
tourism and forest encroachment have increased oppor-
tunities for interactions between wild nonhuman primates
and humans in tropical forest habitats, leading to patho-
gen exchange through various routes of transmission
(Wolfe et al., 2000).

The emergence of SARS, which threatened to become
pandemic, stemmed from customary wet markets in
China – a known source of influenza viruses since the
1970s. (Live-animal markets, termed ‘wet markets,’ are
common in most Asian societies and specialize in many
varieties of live small mammals, poultry, fish, and reptiles.)
The majority of the earliest reported cases of SARS were
of people who worked with the sale and handling of wild
animals. The species originally at the center of the SARS
epidemic was the palm civet cat, and further research
implicated the Chinese horseshoe bat as the definitive
reservoir host. As of July 2003, there had been 8096
cases and 774 deaths reported worldwide.

Invasion into the jungle for bushmeat has afforded
easier exchange of pathogens between humans and non-
human primates. In Central Africa, 1–3.4million tons of
bushmeat are harvested annually. In West Africa, a large
share of protein in the diet comes from bushmeat. The
bushmeat harvest in West Africa includes a large numbers
of primates, so the opportunity for interspecies disease
transfer between humans and nonhuman primates is sig-
nificant. Therefore, there is opportunity for cross-species
transmission and the emergence of novel microbes into
the human population.

Road building is linked to the expansion of bushmeat
consumption that may have played a key role in the
early emergence of human immunodeficiency virus
types 1 and 2, and workers collecting and preparing chim-
panzee meat have become infected with Ebola. The
‘Taxonomic Transmission Rule’ states that the probability
of successful cross-species infection increases the closer
hosts are genetically related (chimpanzees are closer
genetically to humans, for example, than birds or fish
are), since related hosts are more likely to share suscepti-
bility to the same range of potential pathogens.

Transmission across species can also go from humans
to wildlife. For example, the parasitic disease Giardia
was introduced to the Ugandan mountain gorilla by
humans through ecotourism activities. Gorillas in Uganda
also have been found with human strains of Cryptosporidium
parasites, presumably from ecotourists. Human tuberculosis
has also jumped species, infecting the banded mongoose.

Such transfer and emergence events not only affect
ecosystem function, but could possibly result in a more
virulent form of a human pathogen circling back into the
human population from a wildlife host.
Addressing Trade-Offs Among
Environment, Health, and Development

There are some inherent trade-offs when considering
land use change and health. They are ethical values,
environmental versus health choices, and disparities in
knowledge and economic class. Trade-offs are between
short-term benefit and long-term damage. For example,
draining swamps may reduce vector-borne disease hazards
but also destroy the wetland ecosystem and its inherent
services (such as water storage, water filtration, biological
productivity, and habitats for fish and wildlife). Research
can help decision making by identifying and assessing
trade-offs in different land use change scenarios. Balan-
cing the diverse needs of people, livestock, wildlife, and
the ecosystem will always be a prominent feature.
Conclusions

As much of the world strives for economic development,
health risks must be considered at various levels. These
include (1) specific health risk factors, (2) landscape or
habitat change, and (3) institutional (economic and behav-
ioral) levels. It is essential that we shift away from dealing
primarily with specific risk factors and look ‘upstream’ at
the causative factors of land use and biodiversity change
effects on infectious disease. As such understanding
increases, it will become more feasible to plan how to
prevent new infectious disease emergence.

When considering issues of land use change, biodiver-
sity loss, and infectious disease emergence, the public
needs to be attentive to entire ecosystems, rather than
simply their local environs. And while we may not live
within a certain environment, its health may indirectly
affect our own. For example, intact forests support com-
plex ecosystems and provide essential habitats for species



that are specialized to those flora and that may be relevant
to our health. If these complex relationships are disrupted,
there may be unforeseen impacts on human health, as the
above examples clearly demonstrate.

See also: Biodiversity, Health Implications of; Population

Growth; Protozoan Diseases: Malaria Clinical Features,

Management, and Prevention.
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Introduction

Although social medicine has become a widely respected
field of research, teaching, and clinical practice in Latin
America, the accomplishments of this field remain little
known in the English-speaking world. This gap in
knowledge partly derives from important publications that
remain untranslated from Spanish or Portuguese into
English. In addition, the lack of impact reflects a frequently
erroneous assumption that the intellectual and scientific
productivity of the ‘Third World’ manifests a less rigorous
and relevant approach to the important questions of our age.
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This article describes the history of the field (covering
the time period of approximately 1800 to the present),
depicts the challenges of leadership and daily work activ-
ities, and analyzes the debates, theoretical approaches,
methodological techniques, and major themes emerging
from Latin American social medicine. The perspectives
here are derived mainly from a long-term study of this
field (Waitzkin et al., 2001a, b). Our methods in this study
included a review of publications and unpublished litera-
ture in Spanish and Portuguese; an analysis of archives;
and focused, in-depth interviews with leaders, health-care
practitioners, and lay participants in social medicine
programs.
Historical Development of the Field

Most Latin American accounts of the history of social
medicine emphasize its origins in Europe. Such historical
accounts usually cite the work of Rudolf Virchow in
Germany. Especially through his political activism in the
reform movements that culminated in the revolutions of
1848, Virchow initiated a series of influential investiga-
tions concerning the effects of social conditions on illness
and mortality. Presenting pathologic observations and
statistical data, he argued that the solution of these pro-
blems required fundamental social change. Virchow
defined the new field of social medicine as a social science
that focused on illness-generating social conditions
(Waitzkin, 2006).

Adherents of Virchow’s vision immigrated to Latin
America near the turn of the twentieth century. Virchow’s
followers helped establish departments of pathology in
medical schools and initiated courses in social medicine.
For instance, a prominent German pathologist, Max
Westenhofer, who directed for many years the department
of pathology at the medical school of the University of
Chile, influenced a generation of students, including
Salvador Allende, a medical student activist and future
president of Chile.
The Golden Age of Social Medicine in Chile
and the Role of Salvador Allende

While the roots of Chilean social medicine date back to the
mid-nineteenth century, the most sustained activities began
after the nationwide strikes of 1918. During that year,
saltpeter workers in the northern desert encouraged work
stoppages in other industries, with a goal of improving
wages, benefits, and working conditions. Luis Emilio
Recabarren, a charismatic organizer among the saltpeter
workers, emphasized malnutrition, infectious diseases, and
premature mortality. During the next three decades, Reca-
barren and his political allies agitated for economic reforms
as the only viable route to improvements in patterns
of illness and mortality that affected the poor. During the
1920s and 1930s, social medicine flourished in Chile, partly
as a response to demands of the labor movement.

Allende’s experiences as a physician and pathologist
shaped much of his later career in politics. Acknowled-
ging debts to Virchow and others who studied the social
roots of illness in Europe, Allende set forth an explanatory
model of medical problems in the context of underdevel-
opment. Although parallel developments in social medi-
cine were occurring during the same period in North
America and Europe, Allende’s writings did not indicate
a direct influence of this latter work.

Writing in 1939 as Minister of Health for a newly
elected popular front government, Allende presented his
analysis of the relationships among social structure, dis-
ease, and suffering in his classic book, La realidad médico-
social chilena (The Chilean Medico-Social Reality). La realidad
conceptualized illness as a disturbance of the individual
fostered by deprived social conditions. Breaking new
ground in Latin America at the time, Allende (1939)
described the living conditions of the working classes
that generated illness. Allende emphasized the social con-
ditions of underdevelopment, international dependency,
and the effects of foreign debt and the work process. In
La realidad, Allende focused on several specific health
problems, including maternal and infant mortality, tu-
berculosis, sexually transmitted and other communi-
cable diseases, emotional disturbances, and occupational
illnesses. Describing issues that had not been studied
previously, he analyzed illegal abortion, the responsive-
ness of tuberculosis to economic advances rather than
treatment innovations, housing density in the causation
of infectious diseases, and differences between generic
and brand name pricing in the pharmaceutical industry.

The Ministry of Health’s proposals that concluded
La realidad took a unique direction by advocating social
rather than medical solutions to health problems. Allende
proposed income redistribution, state regulation of food
and clothing supplies, a national housing program, and
industrial reforms to address occupational health pro-
blems. Rather than seeing improved health-care services
as a means toward a more productive labor force, Allende
valued the health of the population as an end in itself
and advocated social changes that went far beyond the
medical realm.

Allende’s analytic position in social medicine lay
behind much of his political work until his death in 1973
during the military coup d’etat. In addition to the work of
Virchow and Westenhofer in pathology, Allende – like
many later practitioners of social medicine in Latin
America – was influenced by the Civil War in Spain.
The struggle against fascism and for a more egalitarian
society in Spain during the late 1930s led to a movement
for improved public health among activists in the exiled
Spanish Republican community. Allende and his
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supporters incorporated principles from the Spanish pub-
lic health movement in their efforts for change in Chile.

As an elected senator in the early 1950s, Allende intro-
duced the legislation that created the Chilean national
health service, the first national program in the Americas
that guaranteed universal access to services. He linked
this reform to other efforts that aimed to achieve more
equitable income distribution, job security, improved
housing and nutrition, and a less dominant role for multi-
national corporations within Chile. Similarly, as a senator
during the 1960s and elected president between 1970 and
1973, Allende sought reforms in the national health ser-
vice and other institutions that would have achieved
structural changes throughout the society. Due to his
advocacy of a unified health service in the public sector,
the Chilean national medical association (Colegio Médico)

feared the effects of Allende’s policies on private practice
and therefore frequently opposed him, especially before
the coup of 1973.
Social Medicine versus Public Health in Other
Latin American Countries

Other Latin American countries did not advance as far
in adopting the perspectives and activism that character-
ized Chile during the 1930s. Public health efforts
throughout Latin America, as clarified recently by several
major investigations, provided a background to which
contemporary practitioners of social medicine responded.
For instance, leaders of social medicine in many Latin
American countries reacted critically to the Rockefeller
Foundation’s public health initiatives, which emphasized
the productivity of labor in enhancing the ventures of
U.S.-based multinational corporations. However, from
our literature review and interviews, we conclude that
this early history proved much more influential in some
countries than in others. Although substantial public
health efforts occurred historically in Brazil, Colombia,
Cuba, and Mexico, current leaders view these influ-
ences as less important for social medicine than those
in Chile, Argentina, and Ecuador. Both historically and
currently, leaders in Latin America have distinguished
social medicine from traditional public health as practices
in Latin America and the rest of the world.

The following sections of this article consider activities
that researchers and practitioners define as social medi-
cine and try to distinguish this term consistently from a
public health point of view. From the perspective of social
medicine, public health tends to define a population as a
sum of individuals. These individuals possess specific
characteristics – such as gender, age, education, income,
and race/ethnicity – that permit their classification into
groups. In traditional epidemiology, rates for a population
are calculated arithmetically from the characteristics of
individuals who make up the population. By contrast,
much work in social medicine envisions populations,
as well as social institutions, as totalities whose character-
istics transcend those of individuals. Social medicine
therefore defines problems and seeks solutions with
social rather than individual units of analysis. In this
way, the population can be analyzed through such cate-
gories as social class, economic production, reproduction,
and culture, not simply through the characteristics of
individuals.

Another distinction between social medicine and tra-
ditional public health concerns the static versus dynamic
nature of health versus illness, as well as the effect of
social context. Social medicine conceptualizes ‘health-
illness’ as a dialectic process, rather than a dichotomous
category. Critical epidemiologists have studied disease
processes in a contextualized model, considering the
changing effects of social conditions over time. The epi-
demiologic profile of a society or group within a society
requires a multilevel analysis of how social conditions
such as economic production, reproduction, culture,
marginalization, and political participation affect the
dynamic process of health–illness. In this theoretical
vision, multivariate models in public health – such as
recent logistic regression models with disease as a dichot-
omized dependent variable, either present or absent –
obscure health–illness as a dialectic process.

By contrast, in Argentina during the 1920s, a group led
by Juan B. Justo tried to go beyond the public health
initiatives of the time, known as ‘hygienic’ interventions
(higienismo), which emphasized infection control, improved
sanitation, nutrition, and similar efforts to improve popula-
tion health.Higienismo usually aimed to improve labor force
productivity, in the interest of national development and
international investment. Justo, a surgeon, became a found-
ing leader of the Socialist Party and provided an early
Spanish translation of Marx’s Das Kapital. Resembling
Allende’s stance, Justo called attention to the pervasive
effects of social class on health services and outcomes.
This work led to regional and national organizing efforts
that sought broad social change as the basis of improved
health. However, Justo’s efforts remained in a minority
position, as higienismo gained dominance.

Another line of work in social medicine that grew from
Argentine roots was that of Ernesto (‘Che’) Guevara.
Guevara’s childhood asthma, as well as role models in
his family, led him to enter medical school and eventually
to specialize in allergic diseases. After medical school,
he toured South America, Central America, and Mexico
by motorcycle. Through experiences of poverty and
suffering during this trip, he developed his views about
the need for revolution as a prerequisite for improving
health conditions.

In his speeches and writings on ‘revolutionary’ medi-
cine, Guevara called for a corps of physicians and other
health workers who understood the social origins of
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illness and the need for social change to improve health
conditions. Guevara’s work profoundly influenced Latin
American social medicine. Predictably, Guevara’s views
might have developed partly from knowledge about
Allende, Justo, and others who preceded him, but appar-
ently this was not the case. Sources close to Guevara,
including an uncle who served as a role model in medi-
cine, claimed that throughout his medical training and
career Guevara remained unexposed to earlier works in
Latin American social medicine and that he developed his
analysis linking health outcomes with social conditions
largely through experiences during his motorcycle trip
(Guevara, 1995).

In Ecuador, leaders in social medicine trace their local
roots back more than 150 years. During the early nine-
teenth century, the physician Eugenio Espejo linked his
work as a physician to the revolutionary struggles against
Spain. In efforts to control epidemics, like Virchow’s later
work in Germany, Espejo became convinced that poverty,
inadequate housing and sanitation, and insufficient nutri-
tion fostered such outbreaks. Later, in the early twentieth-
century movement toward social security, Pablo Arturo
Suárez’s book on the situation of the working class
provided epidemiologic data on adverse health out-
comes. During the 1930s, the physician Ricardo Paredes
studied occupational lung diseases and accidents among
Ecuadoran miners working at a U.S.-owned mining com-
pany. In addition to legislation that improved working
conditions, Paredes’ efforts led to a broad consciousness
in Ecuador about the effects on health of ‘economic
imperialism’ by multinational corporations.
The 1960s and Later

Among the changes that occurred worldwide during the
1960s, the Cuban revolution of 1959 emerged as one of
the most important for social medicine. Cuba’s improved
public health system emerged as part of a social revolu-
tion, in which accomplishments in health occurred as
an integral part of broad structural changes in the
society as a whole. The social changes underlying Cuba’s
achievements in primary care, public health, medical
education, planning and administration, and epidemio-
logic surveillance inspired activists and scholars in other
countries.

If Cuba provided a positive model for Latin American
social medicine, Chile created ambivalence. Social medi-
cine groups took keen interest when Allende and the
Unidad Popular government achieved victory during
1970. Many people in social medicine came to Chile to
work with the new government. Allende had proposed a
peaceful transition to socialism through electoral rather
than military means – the first such transition in history.
The government moved toward a unified national health
program, in which the contradictions of coexisting private
and public sectors would be reduced. After the violent
coup d’etat of 1973, repression of the population and
especially of health workers reached unprecedented levels
of violence. The failure of the peaceful road to socialism
left a mark on those throughout Latin America who pur-
sued social medicine.

Nicaragua’s revolution of 1979 also inspired social
medicine activists, although many worried about the San-
dinista government’s social policies linked to health. Lea-
ders of social medicine from several countries contributed
to the new Nicaraguan government’s health reforms,
including extensive programs that dealt with infectious
diseases and with maternal and child health. These lea-
ders’ concerns, which remained unpublished, focused on
the contradictions of the Nicaraguan revolution that per-
mitted, for instance, a continuing major role for private
practice, even for health professionals who worked full
time for the national health service. Government repre-
sentatives argued that such policies enhancing the private
sector of the economy would prevent a similar exodus of
health professionals as had occurred in Cuba. Due to such
contradictions, some social medicine leaders eventually
reduced their support activities, especially after the San-
dinistas’ electoral losses.

Liberation theology became a source of inspiration for
many of social medicine’s activists. Priests such as Frei
Betto in Brazil advocated participation in ‘base commu-
nities,’ which fused religious piety with struggles for
social justice. These struggles included efforts to improve
health and public health services. Certain leaders of lib-
eration theology grew skeptical about nonviolent pro-
cesses in base communities. Influenced by Camilo
Torres, a priest who joined the revolutionary movement
in Colombia, some social medicine activists entered
armed struggle in several countries and later returned to
the practice of social medicine.

Another important influence on social medicine
stemmed from the educational innovations of Paulo Freire
and coworkers in Brazil. Through adult literacy cam-
paigns, Freire encouraged people in poor communities
to approach education as a process of empowerment. In
the efforts that led to his classic book, Pedagogy of the

Oppressed, Freire fostered the organization of small educa-
tional circles, by which local residents could link their
studies to the solution of concrete problems in their
communities. Activists later began to extend this approach
to public health education and organizing to improve
health services. Freire himself became more interested
in applications of empowerment strategies to health.
While Freire’s orientation also has affected public health
in the United States, the impact proved even greater in
Latin American social medicine.

During the 1970s, a leader emerged who profoundly
affected the course of social medicine, from a base in
Washington, DC. Trained as a physician in Argentina
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and as a sociologist in Chile, Juan César Garcı́a served as
research coordinator within the Pan American Health
Organization (PAHO) from 1966 until his death in 1984.
Garcı́a himself produced seminal works on medical edu-
cation, the social sciences in medicine, social class deter-
minants of health outcomes, and the ideological bases of
discrimination against Latinos. Although his Marxist
social philosophy manifested itself in several works pub-
lished under his own name while he was working for
PAHO, he also published more explicitly political articles
under pseudonyms.

Garcı́a affected social medicine through financial and
socioemotional support that he provided through PAHO.
With his colleague at PAHO, Marı́a Isabel Rodrı́guez,
who was living in exile after serving as dean of the school
of medicine at the University of El Salvador, Garcı́a
orchestrated grants, contracts, and fellowships that proved
critical for social medicine groups throughout Latin
America. PAHO funding helped establish the first
influential training program in social medicine at the
Autonomous Metropolitan University, Xochimilco, in
Mexico City, which attracted students from throughout
Latin America. Current leaders consistently refer to
Garcı́a’s initiative and tenacity, despite opposition that
he increasingly received within PAHO.

In advocating for social medicine, Garcı́a helped dis-
tribute Spanish-language translations of works by Vicente
Navarro. These works influenced Latin American social
medicine concerning the effects of capitalism, imperial-
ism, and maldistribution of economic resources on health
services and outcomes. The International Journal of Health

Services, edited by Navarro, provided an English-language
forum for Latin American authors.
Theory, Method, and Debate

Latin American social medicine has developed into a rich
and diverse field, rather than a single, homogeneous tra-
dition. Intense debates have focused on theory, method,
and strategies for change. For instance, theoretical debates
have questioned the usefulness of traditional Marxist
analysis as opposed to more recent theories. Theoretical
differences also have focused on the primacy of economic
forces versus other issues such as gender and race/ethnic-
ity. Methodological debates have considered the balance
between quantitative and qualitative methodologies in
research, as well as individuals versus groups as units of
analysis. Strategically, practitioners of social medicine
have differed widely in their intention to collaborate
with international health organizations and multilateral
lending agencies.

If there is one commonality that distinguishes the field,
however, it is an emphasis on theory. Practitioners of
social medicine have argued that a lack of explicitly stated
theory in North American medicine and public health
does not signify an absence of theory. Instead, an atheo-
retical or antitheoretical stance means that the underlying
theory remains implicit. Through this prism, Latin Amer-
ican critics have interpreted the North American ten-
dency to focus on the biological rather than social
components of such problems as cancer, hypertension,
and occupational illnesses. The biological focus, from
this perspective, reduces the unit of analysis to the
individual and thus obscures social causes amenable to
societal-level interventions.

Referring to the linkage between theory and practice,
practitioners of social medicine frequently use the
term praxis. Influenced by Gramsci’s (1971) work in Italy,
Latin American leaders have emphasized theory that both
informs and takes inspiration from efforts toward social
change. Research and teaching activities often take place
in collaboration with labor unions, women’s groups, Native
American coalitions, and community organizations.

Although Marxist theory has stimulated social medi-
cine, conceptual work has focused on the strengths and
limitations of traditional Marxism in the Latin American
context. Adverse experiences in state socialist countries
like the Soviet Union also have revealed the limited
applicability of traditional Marxist theory. Certain com-
ponents of Marxist theory, however, have continued to
ground conceptual work and research.

First, social medicine has emphasized social class, as
defined by the relations of economic production. In
Marxist theory the most important characteristic of social
class involves ownership and control of the productive
process. Practitioners of social medicine have argued that
the exploitation of labor remains an inherent condition of
economic production, especially in less developed
countries. As a result, they have maintained a vision of
social class rooted in economic production, rather than in
such demographic characteristics as income, education,
and occupational prestige. This theoretical position
concerning economic production has led to the choice
of research questions that focus on the labor process itself
in both industrial and agricultural settings. The social
medicine groups in Mexico, Chile, Ecuador, and Brazil
have initiated studies of work hierarchies, the production
process in factories, and the impact of work conditions on
health and mental health outcomes.

A second focus involves the reproduction of economic
production. Marxist theory questions how the capitalist
system can reproduce the inherently exploitative relations
of production across generations. Among the supporting
institutions that accomplish this reproduction, the family
figures most prominently, especially through the patterning
of gender roles. Marx and Engels argued, for instance, that
the exploitation of workers was inherently linked to the
exploitation ofwomen, since economic production required
the reproduction of the labor force, mainly through the
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activities of womenwithin families. In contemporary socie-
ties, women often bear the triple burden of wage labor,
housework, and child-rearing. For that reason, social medi-
cine groups in several countries have collaborated in
research that focuses on women workers and the effects of
their roles in economic production and reproduction.

Ideology, a third theoretical focus, comprises the distinc-
tive ideas and doctrines of a social group. Some Latin
American theorists in social medicine have argued that
ideology represents individuals’ imagined relationship to
the material conditions of their existence. A hegemonic
ideology tends to justify the interests of the class that
dominates a society during a specific historical period.
Demystification of this dominant ideology then becomes a
task for theoretical and political work. The social medicine
groups in Latin America have accepted this task of demys-
tification as a priority. During earlier years, the work of
demystification focused on ‘developmentalist’ policies, fos-
tered by North American and European governments.
More recently, demystification efforts have emphasized
the health policies of theWorld Bank and other multilateral
lending agencies. These agencies have encouraged increas-
ing indebtedness, privatization, and cutbacks in public ser-
vices, based on macroeconomic, market-based principles.

Contemporary European theory also has influenced
Latin American social medicine. For instance, theoretical
efforts in Italy on the work process have shaped the con-
ceptual approach taken by the Mexican group in collabo-
ration with industrial unions. French psychoanalysis and
institutional analysis have influenced the efforts of Argen-
tine and Brazilian investigators in their studies of health
services. Philosophical advances in France, partly devel-
oped by Argentinians in exile, have informed the critique
of ideologies in health policies and proposals for change.

The theory of health–illness as a dialectic process has
generated criticisms of traditional approaches to causal
inference in medicine and public health. At a basic level,
social medicine practitioners have criticized monocausal
explanations of disease. From a similar perspective as
Virchow’s, simplistic explanations that a specific agent
causes a specific disease do not adequately consider the
social conditions that increase the likelihood of disease.
However, even multicausal models, such as those that
consider the interactions among agent, host, and environ-
ment, still define disease in a relatively static fashion.
Critiques from the standpoint of social medicine have
argued that by dichotomizing the presence or absence of
a disease, traditional multicausal models do not ade-
quately consider the dynamic linkages by which social
conditions affect the dialectic process of health–illness.
These analyses have suggested a more complex approach
to causality, in which social and historical conditions
receive more explicit emphasis.

Anticipating current methodological trends in the
United States, leaders in Latin American social medicine
since the mid-1970s have called for a multimethod
approach that triangulates complementary methods at
both individual and societal levels of analysis. Even in
early research, Mexican and Ecuadoran researchers com-
bined quantitative, multivariate analyses with qualitative,
in-depth interviews that they often conducted in group
situations (‘collective interviews’). Recent approaches to
multilevel research have included quantitative techniques
such as structural equation modeling, combined with
qualitative techniques such as focus groups and compu-
terized content analysis.
Emerging Themes

Social Policies, Power, Health, and Health Care

Social medicine groups throughout Latin America have
emphasized the effects of international policies. Histori-
cally such work has analyzed the impact of economic
imperialism, the extraction of raw materials, and the
exploitation of inexpensive labor. More recently, social
medicine groups have focused on international macroeco-
nomic policies and the political power of multinational
corporations and lending agencies. The burden of foreign
debt in ‘Third World’ countries has emerged as an issue of
grave concern. Public sector cutbacks, privatization of
public services, and the opening of markets in health
care to multinational corporations have received critical
attention. Several groups have collaborated in evaluating
managed care as a privatization initiative by multinational
corporations and lending agencies. These studies have
emphasized the detrimental effects on access to services
as the public-sector safety net deteriorates, and have
demystified claims that market-oriented practices im-
prove conditions for the poor.

The social medicine groups have linked their policy
research with organizing efforts aiming to change power
relationships. These actions seek to expand public debate
and to redirect reform initiatives toward meeting the
needs of vulnerable populations. Social medicine groups
have collaborated with the opposition Party of the Dem-
ocratic Revolution (PRD) and the Zapatista Army of
National Liberation in Mexico, the coalition of indige-
nous and labor organizations in Ecuador, the Workers
Party in Brazil, and the Central Organization of Argentine
Trade Unions.
Social and Cultural Determinants of Illness
and Death

Several groups have pioneered research on social and
cultural determinants. Researchers in Ecuador have
focused on urban ecology, economic changes stemming
from petroleum production, and the relationships between
gender and the work process in explaining morbidity and



Latin American Social Medicine 27
mortality patterns. The Ecuadoran group has pioneered
the use of multivariate, quantitative techniques to conduct
multilevel research on social determinants, using data at
the individual, social, and cultural units of analysis. Brazi-
lian researchers have used multilevel and multimethod
approaches – including anthropological, nonquantitative
methods in epidemiology – to clarify mechanisms at the
community, family, and biological levels that mediate the
impact of social inequalities.

Relations among Work, Reproduction, the
Environment, and Health

This focus emerges from a theoretical emphasis on eco-
nomic production and reproduction, as well as recogni-
tion that such problems represent some of the chief
threats to health in ‘Third World’ countries. Mexican
researchers have worked with industrial unions and local
communities to clarify health and mental health problems
that derive from the work process and environment. In
this effort, the investigators have pioneered such methods
as the collective interview. The Ecuadoran group has
emphasized the differing health outcomes that women
experience in industrial and agricultural work environ-
ments. In Chile, the social medicine group has carried out
research that links gender, work, and environmental con-
ditions. Microlevel research on the work process in Bra-
zilian health institutions has informed the policy efforts of
the national Workers Party.

Violence, Trauma, and Health

Partly reflecting the violent conditions that practitioners
of social medicine themselves have confronted, research
on violence and trauma has received priority in several
countries. In Colombia, the social tradition of violence –
previously linked to poverty and cycles of rebellion but
more recently reflecting narcotics traffic and paramilitary
operations – has generated research on the effects of
violence on health outcomes. Chilean investigators have
studied families whose members experienced torture,
exile, or death during the dictatorship. Influenced by
psychological studies of violence in El Salvador by
Ignacio Martı́n-Baró, a U.S.-trained psychologist who
himself was assassinated by paramilitary forces, research-
ers in Argentina have focused on the survivors of the more
than 30 000 individuals who ‘disappeared’ during the
Argentine dictatorship.
Challenges Facing Latin American
Social Medicine

Political Repression

Practitioners of Latin American social medicine fre-
quently have suffered from political repression. Among
the 24 in-depth interviews with leaders of social medicine
that we conducted, only four respondents denied having
suffered some form of political repression. Respondents
have experienced repression because of their work in
progressive governments (such as Chile’s Unidad Popular

under Allende, their activity in human rights, or their role
as health-care activists). The forms of repression have
included torture, imprisonment in concentration camps,
exile, exclusion from government jobs, loss of economic
security and work stability, loss of professional prestige,
and restriction from political activity (for personal his-
tories of such experiences, see Waitzkin et al., 2001b).

The work process in social medicine varies widely,
depending on political and economic conditions. From
Chile and Argentina, most leaders of social medicine
took refuge in other countries. These refugees from
South America’s southern cone made major contributions
to the dissemination of social medicine while they were
living and working abroad. If people remained within
their homelands, they usually supported themselves
through clinical laboratory work, market research, or
retail sales. After the dictatorships, people in social medi-
cine have faced great difficulties in attempts to reintegrate
themselves into universities or medical schools. Most hold
multiple jobs, usually in clinical or administrative work,
and pursue social medicine as largely unpaid activities.

In countries without dictatorships, or where dictator-
ships proved somewhat less brutal such as Brazil, fewer
people needed to emigrate and more remained at work in
universities or teaching hospitals. Due to the tradition of
violence in Colombia, however, prominent leaders of
social medicine have perished or entered exile, despite
the presence of elected governments (Waitzkin et al.,
2001b). In other countries like Mexico, Ecuador, and
Cuba, participants in social medicine have been able to
maintain relatively stable academic positions. Currently
the most favorable institutional conditions for social med-
icine exist in Mexico, Ecuador, Brazil, and Cuba.
Although conditions in Argentina, Chile, and Colombia
remain more adverse, participants in social medicine
struggle to achieve high levels of productivity.
Financial Survival

Financial support for research, educational, and service
projects also varies widely among Latin American
countries. Although Juan César Garcı́a had orchestrated
financial support for several social medicine groups from
his position at the PAHO, after his death in 1984 this
organization became less reliable as a source of funding.
The Canadian Association of Public Health has assisted
several national groups with project-based funding over
extended periods of time. Government agencies and foun-
dations in Holland, Germany, Spain, and Italy have
provided support for projects in several countries.
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Some groups have been able to secure financial sup-
port within their own countries, but this capability varies
widely. In Mexico, for instance, researchers in the Mexico
City and Guadalajara social medicine groups have
received support periodically from the national council
on science and technology. Brazilian leaders have partici-
pated in committees of the Oswaldo Cruz Foundation, a
public institution in Rio de Janeiro that resembles the U.S.
National Institutes of Health. Scientific organizations in
Brazil, such as the National Research Council, also have
provided grants and contracts.

In Argentina and Chile, support from national scientific
funders has proven more difficult. Social medicine workers
have received some funding from nongovernmental orga-
nizations and from labor unions for focused projects. For
instance, the medical association in the city of Rosario,
Argentina, provided financing and physical space to the
local social medicine group for more than 20 years, largely
to facilitate the publication of the influential journal, Cua-
dernos Médico Sociales (Medico-Social Notebooks); since the
mid-1990s, the impact of managed care has caused the
Association to impose major budget cuts. The Central de

Trabajadores Argentinos (Central Organization of Argentine
Workers) has assisted in distribution of work by Buenos
Aires researchers on privatization policies and managed
care. In addition, the Colegio Médico de Chile (Chilean Medi-
cal Association, Santiago, Chile) has provided intermittent
support for work in social medicine. However, such support
in Argentina and Chile remains more sporadic and unpre-
dictable than in Brazil and Mexico.

Professional Associations

Many people who work in social medicine participate in
an international organization, the Asociación Latinoameri-

cana de Medicina Social, ALAMES (Latin American Associ-
ation of Social Medicine). Founded in 1984, ALAMES
now claims approximately 1000members in Latin America,
the Caribbean region, North America, and Europe. The
biannual conferences of ALAMES generally attract more
than 2000 participants, who take part in plenary sessions,
oral presentations, poster sessions, networking, dances,
and musical events.

Although several national and regional associations
affiliated with ALAMES maintain their own schedules
of conferences and publications, the largest and most
influential remains the Asociacão Brasilera de Pós-Graduação
em Saúde Colectiva, ABRASCO (Brazilian Association of
Post-Graduate Studies in Collective Health), founded
in 1979. With a membership of approximately 4000,
ABRASCO organizes annual conferences that rival those
of ALAMES in size and intensity, usually attracting more
than 5000 participants. ABRASCO sponsors the publica-
tion of books and journals and also sometimes contributes
financially to research and educational projects.
Publications

The national groups in social medicine have published a
variety of journals and books that reflect the productivity
and sophistication of the field. However, institutional insta-
bility and job insecurity add to the impact of economic
underdevelopment on publication efforts. Although several
national groups haveworked out relationshipswith publish-
ers or (especially in Ecuador and Brazil) have themselves
initiated publishing wings to produce books and journals,
economic uncertainties have hindered these efforts.

Currently, journals in this field encounter several key
problems. Costs of national and international postage make
mailing the publications to subscribers difficult. Problems
within the postal systems themselves lead to the common
experience of publications not arriving at their destination.
Mail subscriptions often do not function adequately in Latin
American countries, partly because many people do not
customarily use postal services for communication. Finally,
printing journals through conventional methods is very
costly. Due to these problems, two of the key journals in
Latin American social medicine – Salud y Cambio (Health and
Change, Chile) and Cuadernos Médico-Sociales (Medico-Social

Notebooks, Argentina) – have encountered serious financial
problems and have experienced long publication delays.

As most works in Latin American social medicine have
been published only in Spanish or Portuguese, they have
reached few readers in North America, Europe, Africa, or
Australasia. One English-language journal, the Interna-

tional Journal of Health Services, which Vicente Navarro
edits at the Johns Hopkins School of Hygiene and Public
Health, has provided a forum for Latin American social
medicine. Navarro has worked closely with Latin Ameri-
can authors in the preparation of manuscripts suitable for
publication in English. Occasional publications from
Latin American social medicine also have appeared in
such journals as Social Science and Medicine and the Ameri-
can Journal of Public Health. Despite these accomplish-
ments, very little work in the field has reached English
readers, and even the diffusion of publications in Spanish
and Portuguese across borders within Latin America has
proven challenging.

To address these problems, a collaboration based at
several Latin American centers and the University of New
Mexico, with funding from the U.S. National Library
of Medicine, has enhanced the diffusion of publications
from Latin American social medicine. The methodology
employs Internet distribution of multilingual, structured
abstracts from selected books and articles (see the section
‘Relevant Website’). Publication of structured abstracts in
English, Spanish, and Portuguese improves access for
English readers and enhances the ability of Latin Ameri-
can health professionals to obtain information in their
own languages. The development of full-text, online pub-
lishing capabilities helps surmount the problems of postal
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expenses and inefficiencies, traditional constraints limit-
ing mail subscriptions, and high printing costs.
When Social Medicine Governs

Leaders of Latin American social medicine have partici-
pated in innovative policy changes within specific countries
where progressive governments have taken power after
electoral victories. These changes have occurred since 2000.

In the Federal District ofMexico (encompassingMexico
City and some outlying areas, with a population of over 20
million), Asa Cristina Laurell, a prominent leader of Latin
American social medicine and a critic of neoliberal health
policies, became the Secretary of Health for the PRD
(Laurell, 2003). By reducing corruption and administrative
costs, Laurell and her colleagues improved hospitals and
clinics, strengthened the training of health professionals,
made free health care and medications available to all
uninsured persons, and provided a retirement pension to
all residents over 70 years old who did not already receive
one. Health expenditures increased by 67%, comprising
12.5% of the metropolitan budget. Broad community par-
ticipation centered on health occurred through more than
1000 neighborhood assemblies.

Under the presidency of Hugo Chávez, Venezuela
enacted path-breaking innovations based on social medi-
cine principles. Influenced partly by social medicine lea-
ders such as Marı́a Urbaneja, Francisco Armada, and
Oscar Feo (the first two serving as national ministers of
health), the country embarked on a far-reaching series of
organizational changes known as Barrio Adentro (‘Commu-
nity Within’) (Muntaner et al., 2005). Regarding the health
sector, low-income communities throughout the country
organized to provide their own health services, with the
assistance of more than 20 000 primary care physicians
from Cuba. Communities constructed their own health
facilities and designed services that addressed the per-
ceived needs of specific neighborhoods. These changes
have occurred with some support but for the most part
independently from the national Ministry of Health.
Barrio Adentro later attracted attention as a model for
change in many other Latin American countries, particu-
larly in Bolivia under the presidency of Evo Morales, the
first indigenous president in South America.

After the election of Tabaré Vázquez, an oncologist,
Uruguay also has initiated dramatic reforms influenced by
Latin American social medicine. In particular, a decen-
tralization of health institutions, guided by extensive
neighborhood participation, integrated health services
with local governments at the level of the municipality.
These changes occurred with the leadership of Miguel
Fernández, a social medicine scholar and teacher who
served as sub-secretary in the Ministry of Health.

Collective health, the term that characterized social
medicine in Brazil, profoundly affected health policies
under the government of Luiz Inácio Lula da Silva, a former
trade unionist elected to two successive terms as president.
Leaders of collective health participated as activists within
the Workers Party and contributed to many of Lula’s elec-
toral and substantive accomplishments. Several leaders
of collective health served as influential officials in the
national Ministry of Health. In local municipalities,
collective health activists worked in such efforts as commu-
nity-determined budgets to address local needs. Due to
anticipated adverse effects on health and health services,
some collective health leaders opposed Lula’s policies that
favored the interests of international financial capital.
Conclusion

Social medicine in Latin America has emerged as a some-
times dangerous but very productive field of work.
A focus on the social origins of illness and early death
inherently challenges the relations of economic and
political power in Latin America. As a result, participation
in social medicine has led to suffering and even death for
some of its most talented and productive adherents. The
themes and findings of Latin American social medicine
have become pertinent for problems in medicine and
public health throughout the world. Due to language
barriers and possibly due to skepticism about research
emanating from the ‘Third World’, ignorance prevails
among many health professionals whose work could
advance if the productivity of Latin American social
medicine proved more accessible.

Practitioners of Latin American social medicine have
used theories and methods that distinguish their efforts
from those of traditional public health. In particular, a
focus on the social and historical contexts of health pro-
blems, an emphasis on economic production and social
causation, and the linkage of research and education to
political practice have provided innovative approaches to
some of the most important problems of our age. For the
United States and other ‘First World’ countries, during an
era of globalization and its dangers, the courageous work
of Latin American social medicine may become a highly
valued import.

See also: Centers for Disease Control; Dietary Guide-

lines, International; Health Systems of Mexico, Central

America and the Caribbean; Urban Health Systems:

Overview; World Bank; World Health Organization.
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Breilh J (1993) Género, Poder y Salud. Quito, Ecuador: Centro de
Estudios y Asesorı́a en Salud.
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Introduction

States have a moral and political mandate to protect their
populations from threats to health. Two of the most impor-
tant tools which assist states in this task are public health
policy and public health law. Policy and law play different
but interrelated roles in the protection of the public’s health.

Public health lawhas been defined as the power andduty
of the state to ensure the conditions for people to be healthy
and the limitations on the state’s power to constrain auton-
omy, privacy, liberty, and proprietary interests of individuals
and businesses (Gostin, 2000). This definition encompasses
both strategic public health policy of the state in terms of its
role and responsibilities in relation to population health,
and functional policies setting out the interventions it is
prepared to undertake to carry out its strategy.

Definition and Boundaries of Policy
and Law

Public Health Policy

Public health policy is determined by a process of consul-
tation, negotiation, and research, which leads to a plan of
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action that sets out a vision of identified public health
goals. In the context of public health, policy is usually
determined by the political or executive arm of the state,
although private public health agencies may also formu-
late policy in relation to their own public health objectives.
The British AIDS charity, the Terrence Higgins Trust
(THT), for example, has developed a corporate strategy
setting out the purpose, boundaries, and methodologies of
their AIDS services (Terrence Higgins Trust, 2004). As
with THT, an objective of private agency policy will often
be to influence formulation of government policy.

Policy is a statement about values as to the importance
of identified goals and the appropriateness of mechanisms
for achieving them. In the context of public health, states
have developed and refined policies which represent a
cohesive and focused set of responses to particular public
health problems. Most states have, with a varying degree
of sophistication, policies which address threats such as
communicable disease, contaminated food, environmen-
tal harms, and smoking harms. As new public health
threats emerge, such as the obesity epidemic, policy is
formulated or adapted to address those threats.

A policy may be descriptive in that it sets out an
approach to an issue of public health, or prescriptive in

http://hsc.unm.edu/lasm
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that it requires some follow-up action (Ham, 1990). The
Philippine tobacco strategy consists of both descriptive
policy (‘ It is the policy of the State to protect the populace
from hazardous products and to protect the right to
health . . .’) and prescriptive policy (‘ . . . the government
shall institute a balanced policy whereby the use, sale and
advertisements of tobacco products shall be regulated in
order to promote a healthful environment . . .’) (Tobacco
Regulation Act, 2003). Policy may be confidential to the
policymaker or published to the wider population. The
process of policymaking is ongoing. The values underpin-
ning policy are always up for debate and subject to chal-
lenge not only by developments in public health science
but also by interest groups. In the United States for exam-
ple, policies on needle exchange programs to reduce cases
of HIV, although supported by scientific evidence, have
been undermined by political objections (Rosenstock and
Lee, 2002), and in Latin America the development of
policies on protection from secondhand smoking have
been hindered by the focused strategies of the tobacco
industry (Barnoya and Dlantz, 2002).

Policy may be decided after a long period of consulta-
tion or hurriedly in response to a new threat, and can be
flexible in its response to new knowledge. Policies may be
designed to be short term or longer term in their applica-
tion, but the shelf life of government policy is likely to be
limited to the government’s term of office.

Not all policies are of equal weight. Within each state
there will be a hierarchy of policy determined by who
makes the policy and the purpose it is designed to serve.
The closer the policymaker is to the seat of power, the
more powerful and influential will be the policy. Policy
which represents strategic management will rank higher
than policy which is task oriented or which defines man-
agement functions. Higher-level policies will be of a
greater level of abstraction and generalization, whereas
lower-level policies, which filter down from strategic pol-
icy, will contain more detailed specification. The South
African Department of Education has published strategic
policy on AIDS and education which makes clear that

‘the Ministry is committed to minimize the social, eco-

nomic and developmental consequences of HIV/AIDS

to the education system, all learners, students and

educators, and to provide leadership to implement an

HIV/AIDS policy’

(South African Department of Education, 1999).

The South African government then published legisla-
tion which set out the detailed policies which serve to
implement the strategy, such as that ‘public funds should
be made available to ensure the application of universal
precautions and the supply of adequate information and
education on HIV transmission,’ and ‘schools and institu-
tions should inform parents of vaccination/inoculation
programs and of their possible significance for the
wellbeing of learners and students with HIV/AIDS’
(National Education Policy Act, 1996). These more
detailed policies contain details of the powers and duties
which are necessary to meet the strategic policy goals.

Policy can exist without recourse to law, although it may
choose to use law as a tool of implementation, as in the
example above. Policymakers call upon lawwhen policy has
been designed for a long-term purpose, when policy pro-
grams of education and voluntary compliance are unsuc-
cessful in achieving policy goals, and when the effective
implementation of policy requires a heavier hand. The
more detailed the policy, themore likely it is that, to achieve
policy implementation, the policy will be embodied in law.
Public Health Law

Public health law consists of legislative (passed by parlia-
ment) and judicial (the judgment of a court) statements of
rules or norms governing health interventions or health
behaviors. Law is by its nature in the public domain.

Legislation consists of written documents setting out
rules of behavior of individuals, private and public bodies;
powers of public bodies; limitations on powers; and the rights
of persons subject to those powers. Such a written document
will in some legal systems be called a statute, an act of
parliament, or an ordinance, and in other systems be called
a code. The statute or act or ordinance or code may be
accompanied by ‘secondary’ legislation, which carries less
authority and which sets out in greater detail how the legis-
lation is to be implemented. This secondary legislation may
be called a regulation but might also be called a code of
practice or a decree or a circular. The characteristics which
make these written documents legislation rather than policy
are the process bywhich theyare formulated and the author-
ity of the state to enforce the provisions of the document.

Legislation in a democratic state is determined by
a parliamentary process that enables the parliamentary
representatives of the public to contribute to the shaping
of law. The process by which legislation is made will be
clearly defined, such that any flaw in the process will
render the legislation invalid and unenforceable. The
authority of legislation derives from public recognition
of the validity of the law-making body together with
public confidence that legislation has been determined
in accordance with the legislative process. In a nondemo-
cratic context, legislation may be made by rulers of the
state without public representation and without compli-
ance with rules of process, and in such a case the enforce-
ability of legislation derives from the power of military
support rather than from the rule of law.

In some legal systems, especially those modeled on the
Napoleonic Code, the total body of law is contained in
the written documents which make up legislation. Other
countries, such as Canada, Australia, New Zealand, India,
and the United States, have a common law system
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modeled on the British legal system, where legislation is
complemented by case law determined by a judicial pro-
cess in which interested parties are given an opportunity
to argue their case. In a common law system, legislation
passed by a parliamentary process takes precedence over
judge-made law, but where legislation is lacking or is
ambiguous, judge-made law may assume the importance
of legislation. For example, in England and Wales, the law
which regulates the age at which a young person can
consent to sexual intercourse can be found in a statute
(Sexual Offences Act 2003), but as there is no statute
regulating the age at which a young person can consent
to medical treatment; this is governed by judgments of
the courts (Gillick v. West Norfolk and Wisbech Area Health

Authority, 1985). Case law cannot be found in a definitive
legal document but rather results from a synthesis of court
judgments giving rise to legal principles.

Law, at least good law, results from and is underpinned
by policy and is usually framed after the policy debate is
concluded. Although it would be naive to propose that the
content of law is unassailable by vested interests, and
although law may be based on policy which has been
hijacked by political or economic factions, the parliamen-
tary and judicial processes are designed to work toward a
balanced reflection of views. Lawwill reflect but not overtly
state values, and any challenge of law in the courts must be
confined to a challenge of the process of law and not of the
values on which it is based. Objection to law on the grounds
of its underlying values will require challenge of the policy
which lies behind law rather than of law itself.

The framing of new law, whether by parliament or by
the courts, is a slow and often laborious process, which is
both a good and a bad thing. The complexity of the law-
making process renders law inflexible and impotent in the
face of unforeseen harms, so law may be useless if the
public threat is new in kind. At the same time, once law is
in place, its amendment or removal requires a new pro-
cess, and incoming governments may have difficulty sum-
marily overturning law which has been made in response
to policies determined by an earlier government. Law’s
advantage lies in its weight. It is difficult to challenge, it
carries with it powers of enforcement by the authority or
custom of the state, and it is a powerful influence on the
attitudes and behavior of citizens. While much policy will
never be implemented, law should be, and generally is,
enforced. Indeed the enforceability of law is one impor-
tant factor which distinguishes it from policy.
The Relationship Between Public Health
Law and Public Health Policy

Law and Strategic Public Health Policy

Law is not always an effective vehicle for the expression of
abstract principles and strategic policy. Nevertheless, law
does have a role to play in informing the public of the
importance of policy and the seriousness with which the
government intends to execute policy. It can also serve to
prepare the population for the later introduction of func-
tional policy measures. Law setting out strategic policy
will address the actions of public bodies, including politi-
cal bodies, rather than the actions of private bodies and
individuals. Such law will not generally provide enforce-
ment measures, although public law might enable chal-
lenge of actions which contravene law. A more important
purpose of law in the context of strategic policy is to
formulate in unambiguous legal language the govern-
ment’s stance on a policy issue and so to provide tools
and language for debate on theways andmeans with which
government policy is to be implemented. Law implement-
ing strategic policy can be used to establish public entities
and to clarify their objectives, values, and functions.

The Hong Kong Legislative Council, for example,
initiated its approach to the prevention of smoking
harms by establishing the Hong Kong Council on Smoking
and Health. This was achieved by means of a statute which
expressed a broad mission statement setting out the gov-
ernment’s strategic policy goals in relation to smoking
harms, such as informing and educating the public, co-
ordinating research, and advising bodies and agencies on
health protection measures (Hong Kong Smoking and
Health Ordinance). The statute provided no specific
duties or powers and no enforcement mechanisms, but it
made clear how the government intended to proceed and
provided a platform for a more focused debate on the
nature of the powers and interventions which might be
used to protect against tobacco harms. In pursuance of
these strategic goals, and after consultation and debate
on how the goals could be achieved, the Legislative Coun-
cil then passed legislation implementing the functional
policy interventions the government intended to take
to ensure that strategic aims were implemented, such as
regulating tobacco advertising and specifying the informa-
tionwhich must be contained on a cigarette packet (Smok-
ing (Public Health) Ordinance). This legislation was then
in turn supported by regulations which contain the detail
of implementation, such as the powers of the government
chemist to determine the nicotine and tar levels of cigar-
ettes (Smoking (Public Health) Regulations).
Law and Functional Public Health Policy

Law is a more effective and efficient tool for ensuring
compliance with specific, detailed, and functional norms
of behavior than for expressing strategic policy. Laws
implementing functional policy can address the actions
of public executive bodies, private bodies, and individuals.
They prescribe and proscribe identified actions and beha-
viors and dictate the circumstances of application of law,
calling on other branches of law such as criminal law, tort
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law, public law (in particular judicial review), taxation
law, and licensing law for enforcement. Much public
health law is dedicated to stating and enforcing functional
public health policy.

Law can uniquely impose enforceable duties on both
public bodies and individuals. If implementation of public
health strategy requires assurance that an action or activ-
ity has been performed, law is the most appropriate
mechanism for achieving performance. Communicable
disease control, for example, is reliant on data as to
the prevalence and incidence of disease, and many states
have within their public health armory laws which impose
duties of disease notification.

Law can provide powers to act in ways which might
otherwise contravene other laws or impinge on human
rights. If a public health official is required to act to limit
the exposure of a person with infectious disease to others,
the state will need to frame legal powers of detention or
isolation to enable the official to act without challenge.
Otherwise the forcible detention might amount to a crim-
inal trespass or a breach of the right to liberty. The
Swedish government was found by the European Court
of Human Rights to have exceeded its powers by detain-
ing a man who was HIV positive because it feared his
health behaviors created a public health risk. The deten-
tion was found to have infringed the detainee’s rights to
liberty and to private and family life, and he was awarded
compensation for breach of rights (Enhorn v Sweden, 2005).

Law also serves to provide limits to the exercise of
powers. At strategy level, government policy will deter-
mine the relationship between the state and the individual
and the balance between public good and individual
rights. In a nonauthoritarian state, those relationships
will need legal expression. Compulsory vaccination and
compulsory medical treatment, for example, may serve
the utilitarian and communitarian objectives of reducing
disease threat, but does the strategic policy of the state
endorse such measures? Each state, in light of its political,
historical, and social environment, will have developed
formal or informal policy on the extent to which public
good might justify interference with individual autonomy
and privacy. Unless that policy has legal expression,
individuals will have no basis for challenging abuses of
power, and public health officials will have no clear indi-
cation of the limits to their power to act in pursuance of
public health goals. Most states will have laws, expressed
either in legislative or customary form or through the
process of litigation, which determine individual rights
and provide remedies for the breach of those rights.

Law performs another, more pervasive role in the
implementation of functional policy. Law carries with it
status, integrity, and sanctity (a value which should not be
violated) which give it authority beyond the expression
of policy. In an organized society, citizens look to law
to define good and bad, acceptable and unacceptable
behavior. Law is habitually obeyed, not because of the
nature of its content but because it derives from a legal
act of the sovereign or government of the state (Austin,
1995). Citizens obey laws because they accept law as
expressing standards that justify criticism and punishment
of deviation from those standards (Hart, 1994). Citizens
will, with this view, obey law even where they question its
moral or logical merit, simply because it is the law. Law is
accepted as a dictator of good or acceptable behavior, and
citizens adjust their behavior to comply with law irrespec-
tive of the likelihood of enforcement or penalty.

Law has played an important part in the shaping of
public health behaviors. Road traffic fatalities in many
states have been significantly reduced by laws requiring
seat belts and child safety seats when traveling in a motor
vehicle. It may initially have been the case that citizens
wore seat belts or purchased safety seats because they
feared prosecution, but it quickly came to be accepted
that the good citizen regarded vehicle restraints as evi-
dence of good behavior. Similar attitudes to acceptability
of behavior have been observed after the introduction of
smoking legislation. Although it might once have been the
case that a nonsmoker would object to a smoker on
grounds that smoking invaded the nonsmoker’s personal
right to clean air, after the intervention of law the smoker
in a regulated nonsmoking zone is perceived as offending
not against the individual nonsmoker but against society.
The smoker’s behavior ceases to be an individual nuisance
and becomes a public offence, incorporating a moral judg-
ment of the social acceptability of the smoker’s behavior.

The role of law as a setter of social norms plays an
important role in the execution of functional public
health policy. Public health policy on tobacco smoke,
even supported by extensive public health advocacy and
public health education, did little to reduce the incidence
of smoking. Voluntary codes of practice have not proved
successful ( Jones et al., 1999). Although it is too early to
pronounce on the success of law in reducing smoking
levels, there is some evidence to suggest that in places
where smoke-free laws are in place, the sale of cigar-
ettes has fallen (Euromonitor International, 2006), that
workers’ health has benefited from protection from
secondhand smoke (Allwright et al., 2005), and that law
has served to change attitudes to smoking behaviors
(Fichtenberg and Glantz, 2002). Evidence also suggests
that citizens in states which lack smoking laws are edu-
cated by legal developments elsewhere to question the
absence of law in their own state (Pilkington et al., 2006).
The Limits of Law in the Implementation
of Public Health Policy

Although there is much that law can do to implement
policy, there are times when the measures law can provide
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are inappropriate or powerless, and policy is a more
effective tool than law. Law is not helpful in providing
open-ended obligations on state bodies, such as an obliga-
tion to protect the right to health. An attempt was made in
the South African Constitution to provide that everyone
has the right of access to health-care services, and the
constitution imposed an obligation on the state to take
reasonable legislative and other measures to achieve the
realization of this right. When individuals came to chal-
lenge refusal of health-care services in the South African
Constitutional Court, the court recognized that the real-
ity of such rights was that they were limited by resources.
The state could not be held responsible for the absolute
health of any individual citizen, and in an open and
democratic society based on principles of dignity, free-
dom, and equality, the principles of rationing of health-
care provision were found to be integral to a human rights
approach to health care (Chinkin, 2006).

Nor is law particularly effective in imposing obliga-
tions on individuals to act positively to protect the best
interests of others. Law can regulate intentional, reckless,
or negligent behavior, for example by criminalizing reck-
less transmission of disease, or by providing remedies to
persons who have been negligently exposed to radiation,
or by clarifying the constraints on medical practitioners in
their treatment of patients. But difficulties arise where law
purports to require an individual to undertake an obliga-
tion such as a duty to rescue an accident victim or a duty
to stay away from work if an employee develops symp-
toms of influenza. The problem lies with the extent to
which the law can require an individual to undergo a
personal sacrifice for the benefit of another. Should an
individual be required to put himself or herself at risk of
physical harm to rescue another from drowning or from a
violent attack? Should an individual be legally obliged to
forego earnings so that others can work without fear of
infection? Law tends to operate on the assumption that
individuals have responsibility for their own safety out-
side the deliberate, reckless, or negligent actions of others.
Workers who wish to be free of infection risk must make
the financial sacrifice themselves by staying away from
infection zones.

Policy, however, has no difficulty accommodating the
obligation to act for the benefit of others. Vaccination
policy, for example, encourages individuals to undergo
vaccination even where the immunization policy is for
the benefit of herd protection rather than for the protec-
tion of the immunized individual. Most states have for-
mulated vaccination policies which include advocacy
programs to encourage vaccination on the premise that
in the interests of public good individuals may be required
to make some sacrifices. Rarely do states impose compul-
sory vaccination, although legal challenges to state powers
of compulsory vaccination have not generally been suc-
cessful, confirming that compulsory vaccination may well
be a legitimate use of the power of the state to require
individuals to act for the benefit of the public good
(Jacobson v. Commonwealth of Massachusetts). Historically,
however, attempts forcibly to vaccinate, such as with
smallpox vaccination programs in England, the United
States, and South Asia, proved counterproductive. Such
programs provoked violent resistance and noncoopera-
tion, weakened the effectiveness of emergency measures,
and caused administrative and financial problems for
public health agencies (Albert et al., 2001; Wellcome
Trust Centre).

Policy is a more effective tool in these circumstances. If
government were to take the view that in certain defined
circumstances, for example when pandemic human influ-
enza threatened, all infected or exposed persons should be
made subject to isolation powers or should undergo vac-
cination, then functional policy can be framed speedily
and flexibly and be time-limited to address the concern at
hand. Measures other than legal enforcement, such as
state compensation for loss of earnings or the offer of
free medical treatment, are more likely to produce com-
pliance than the heavy hand of law. Some states, such as
the United States and France, make childhood vaccination
a precondition to state-provided services such as school-
ing, thus achieving something close to compulsory vacci-
nation by administrative means.

Law is also a poor vehicle for forcing public bodies to
use powers they might have. It is common, for example,
for public health officials to have the power to isolate
persons with infectious disease. If the official declines to
exercise that power such that others are put at risk, law
rarely provides a mechanism to enable those others to
enforce the exercise of the power. This is because the
nature of a legal power is such that it incorporates a
discretion to act or not act, and responsibility for deter-
mining the exercise of discretion lies with the person
provided with the power. Rarely do legal systems provide
the means to force the official to act, even when significant
harm might result from failure to act, for to do so would
serve to convert the power into a duty. Had the legislature
intended there to be a duty to act, the legislation would
have said so. Exceptionally, there might be a remedy when
the failure was to prevent a breach of a legally protected
human right, or the failure to exercise the power was
completely irrational. The Supreme Court of India has
recognized that the right to life incorporates the right to
the bare necessities of life (Francis Coralie Mullin v. The

Administrator, Union Territory of Delhi, 1981), and that water
is a community resource which is held by the state in
public trust. This has been held to mean that the state is
under a legal duty to protect water sources, and failure to
exercise its powers to do so, by for example cleaning rivers
and wells, could be challenged in court (M.C. Mehta v.

Union of India, 1988). However, in most circumstances
policy is better suited than law to directing the exercise
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of a power, and might well dictate to public bodies a
political or social obligation to exercise powers in certain
defined circumstances. Policy has the flexibility to respond
to changing circumstances and social needs. Law is too
blunt and clumsy an instrument for this purpose.

Another limitation of law is that law is a weak and
inappropriate tool where negotiation or compromise is
necessary. Law is by its nature adversarial, and although
law might be used to establish and authorize mediation
bodies, and may well provide leverage to persuade indi-
viduals or bodies to engage in negotiation or mediation, it
is too inflexible a tool to provide a framework for negoti-
ation or mediation. Again, policy is a better mechanism
for setting terms of negotiation and is better placed to
compromise those terms when it is pragmatically or polit-
ically desirable to do so.

A final limitation of law is that laws are generally
promulgated by national legislatures and judiciaries, with
the result that laws rarely operate beyond state borders.
Public health threats, however, do not respect borders.
The power of states to act extraterritorially is extremely
limited, although such powers have been invoked excep-
tionally to prosecute pedophiles operating abroad in rec-
ognition of obligations under Section 34 of the United
Nations Convention on the Rights of the Child, which
requires states to take national, bilateral, and multilateral
measures to prevent the exploitative sexual use of children.

The exception to the domestic character of law is law
made by a supranational body such as the European
Union, which has power to issue directives with which
member states are obliged to comply. Supranational law-
making powers may facilitate public health in member
states by imposing coordinated frameworks for protection
against global public health threats such as contaminated
food or environmental harms. But supranational law
which is framed to serve a purpose other than public
health may have the consequence of constraining a nation
state from protecting its citizens from health harms.
The European Common Agricultural Policy, for example,
is credited with increasing the price of healthy fruit and
vegetables by requiring that produce be destroyed to
maintain prices, but one of the concerns in the struggle
to contain epidemic obesity is that processed food is
cheaper than fresh food.

International agreements, strategies, conventions, and
regulations also operate across states. These international
instruments address the actions of states and may dictate
strategic policy, and although they do not generally
address directly the actions of private bodies and indivi-
duals or dictate issues of functional policy, they can be
an important public health tool. Functional policies
derived from internationally agreed strategic policy
are then embodied in national laws. The World Trade
Organization (WTO)-administered TRIPS agreement
(Trade-related Aspects of Intellectual Property Rights)
is an agreement that, among other things, sets out strategic
policy on the patenting of pharmaceutical products with
the objective of reaching a balance between technological
innovation and the social and economic welfare of con-
sumers. In 2003 it was amended by the Doha Declaration
to enable developed states to export pharmaceutical pro-
ducts to other states in which there was an identified
national health concern, so long as products were not
exported as part of a commercial arrangement. The agree-
ment relies on signatory states to then make appropri-
ate laws, and provides justification for state laws which
derogate from patent-holder rights in circumstances such
as national emergencies. The WHO DOTS (Directly
Observed Therapy) is a strategy for tuberculosis control
that sets out standardized TB treatment practices, some of
which may require legislative backing. Russia, for exam-
ple, has passed regulations to support TB control in line
with the DOTS strategy in order to address its serious
tuberculosis threat (Marx et al., 2007).

International conventions are mostly aimed at the
obligations of the state to protect the rights of its citizens.
The strongest expressions of obligation lie in instruments
that contain civil and political rights such as the right to
life and the right to be free from torture, for example the
International Declaration of Human Rights. Convention
signatory states are expected to provide such protections
in national law. Instruments which aim to protect eco-
nomic and social rights such as the right to work, the right
to education, and the right to freedom from discrimina-
tion in the distribution of public goods such as health
services, are premised on more ‘progressive’ realization
of rights within national law, recognizing that the social
and economic environment of some states may make
these rights more difficult to implement. But in relation
to all rights conventions, implementation depends on
the state’s willingness to enact laws which reflect agreed
international policy.

A more novel use of the device of the convention instru-
ment is the WHO Framework Convention on Tobacco
Control, which advocates the use of law at both the interna-
tional and national level in support of policy in relation to
tobacco harms. The Convention constitutes a unique use of
WHO’s international treaty-making powers to address a
global public health concern, in recognition of the enormity
of scale of tobacco addiction and tobacco-related disease
across the developed and underdeveloped world. Unlike
problems of alcohol and obesity, tobacco harms are greatest
in the poorer countries as a consequence of the efforts of the
tobacco industry to target these markets (Taylor and
Bettcher, 2000). Although it has long been recognized that
implementation of tobacco control strategies can serve to
avert the health costs of tobacco, and that law is an essential
vehicle for such strategies (World Bank, 1999), the use of
international law to address an international health concern
is a new approach.
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Although the WHO has power to make regulations for
the protection of health, it has rarely used this power.
With the renewed awareness of the threat of communica-
ble disease following severe acute respiratory syndrome
(SARS), in 2005 the WHO revised their dated and in-
effectual International Health Regulations to provide an
international legal regime for communicable disease con-
trol. The TRIPS agreement, the DOTS strategy, human
rights conventions, the Tobacco Convention, and the
International Health Regulations all presuppose that
national laws will be framed to reflect international con-
trol measures. It is the international documents which
contain in legislative form the global policy strategies,
and national laws will serve to implement the functional
strategies aimed at particular public health interventions
or particular health harms.
Law and Policy as Dual Mechanisms
in Public Health

Neither law nor policy on their own can provide effective
means to deal with contemporary public health concerns.
Policy is more effective when it is enshrined in law,
operating a strategy of law and policy as dual mechanisms.
Such an approach might consist of strategic public health
policy, embodied perhaps in legislation to indicate politi-
cal will, combined with purpose-oriented functional poli-
cies, some of which are embedded in law to provide
duties, powers, and enforcement provisions.

An example of how law might be used as a tool for the
realization of policy can be seen in relation to the issue of
cyclist road safety. In the region of Wuhan, China, cyclists
account for 45% of traffic fatalities, and cycle accidents are
the leading cause of brain injury in China (Li and Baker,
1997). Bicycle and motorcycle safety is recognized as a
serious public health issue in China, as it is in many other
states. The WHO has addressed the problem of cycle
safety, and its Helmet Initiative is one component of a
policy strategy to reduce bicycle and motorcycle fatalities.
The implementation of policy has, however, been ham-
pered in many countries by social attitudes and by avail-
ability and price of safety helmets. In China, as in Vietnam,
Thailand, and the Philippines, states with fatality rates
similar to those in China, cycle helmets may be available
only in luxury-good stores and at a luxury price. Yet many
helmets on the market are manufactured in these states.

It has been shown elsewhere, in Sweden for example,
that public health education programs do not significantly
reduce cycle fatalities and that mandatory helmet wearing
is one of the most effective strategies in reducing fatality
and injury rates from cycle accidents (Svanström et al.,
2002). In pursuance of WHO policy, Thailand introduced
helmet wearing laws, and this was followed by a 56%
reduction in fatalities (WHO, 2002). Law works not only
by providing enforcement mechanisms by way of penal-
ties and license suspension, but also by educating riders
and drivers as to good and bad road behaviors. Law can
also impose speed restrictions for two-wheeled vehicles or
regulate the built environment to provide cycle paths. In
lower-income countries such as China, law could also play
a part in facilitating access to helmets by requiring fac-
tories producing helmets for export to use excess plant
capacity to produce helmets for local consumption at
reduced or subsidized cost (Hendrie et al., 2004).

Policy underpinned by law has proved themost effective
approach to public health harms resulting from alcohol
abuse. The contribution of alcohol consumption to mortal-
ity and morbidity is well recognized. Many states, particu-
larly English-speaking and northern European states, have
developed strategic policies (for example, the Alcohol
Harm Reduction Strategy for England) in relation to
alcohol-related problems, accompanied by functional poli-
cies addressing particular concerns such as alcohol-fuelled
violence, alcohol-related motor accidents, alcohol-induced
psychiatric disorders, and alcohol-induced physical disease.
Such policies support a range of programs including
education and public information campaigns, but these
have largely proved unsuccessful in reducing alcohol
consumption.The powerful interests of the alcohol industry
have been influential in inhibiting the implementation of
policy-based programs (Room et al., 2005).

Legal measures in support of policy, however, have
been effective. Taxation of alcohol to increase alcohol
prices, introduction of driving laws stipulating maximum
alcohol levels, imposition of licensing conditions on pubs
and restaurants, and civil liability of persons who serve
alcohol to inappropriate persons have all worked either to
reduce alcohol consumption or to reduce alcohol harms.

Similarly, it is now accepted that policy strategies to
address epidemic obesity will work only with the support
of law. Voluntary agreements for broadcasters on adver-
tising of foods high in fat, salt, and sugar (HFSS) aimed at
children, voluntary codes of practice on nutritional stan-
dards of school food, voluntary codes on inclusion of
nutritional information in food labeling, and voluntary
agreements within the retail trade on the pricing of
healthy foods have all failed to achieve strategic policy
objectives. Food manufacturers argue that unlike alcohol
and tobacco, HFSS foods are not intrinsically harmful if
eaten in moderation, and that it is therefore inappropriate
to make food products subject to regulation. The food
lobby is an economically powerful one, and potential
loss of revenue from food advertising and food marketing
has discouraged compliance with policy strategy. Govern-
ments across the world are turning to law to provide more
powerful tools to tackle obesity, and some states (for
example, Sweden and Quebec) have begun to legislate
to constrain the actions of food manufacturers in the cause
of obesity prevention.
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Conclusion: A Marriage of Law and
Policy?

Traditionally, law and policy have operated as separate
but interrelated tools. Some states are considering a new
form of public health law which enables law to serve as a
public expression of state public health policy even as that
policy evolves to respond to changing public health con-
cerns (Martin, 2006). The potential inflexibility of law in
the advent of new and unpredictable health threats was
realized in the face of SARS, and since 2003 many states
have begun the process of rewriting their infectious dis-
ease laws. Some have attempted a complete rethinking of
how law might best serve public health, premised on the
notion that contemporary public health practice operates
in a framework of risk regulation. Risk is not a concept
that has traditionally been addressed, overtly at least, in
law, although more recently reforms in environmental law
and in occupational health law, both areas with implica-
tions for public health, have incorporated risk assessment
into their legal approaches.

Western Australia has published a discussion paper
on public health law reform in which it is suggested
that law should take a ‘new approach driven by risk’ in
which legislation should be ‘driven by the philosophy
of minimizing risk to the public’s health’ (Department of
Health, Western Australia, 2005). What is proposed is
legislation which includes, alongside traditional duties
and powers, a statement of policies and guidance detailing
risk assessment criteria to assist in the exercise of those
duties and powers. A similar approach has been suggested
in the New Zealand consultation paper on public law
reform, which proposes application of its public health
laws not only to defined diseases and conditions but to
any condition, disease, risk factor, or other matter of
public health concern (Ministry of Health, New Zealand,
2002). The proposed legislation, far from purporting to
remain value neutral, would make clear the value frame-
work of law, listing the fundamental principles which
would guide any exercise of risk assessment or discretion
in exercise of public health powers.

Such law is new in that it brings policy, as well as
ethics, into the fold of law. The new proposals envisage
that primary legislation will consist of a statement of
strategic public health policy, in that it will express in
legislative form the state’s policy approach to communi-
cable (and potentially noncommunicable) disease control,
together with principles, values, and ethics which will
govern exercise of policy. Such legislation might, for
example, introduce into risk regulation the precautionary
principle, a principle now familiar in the context of envi-
ronmental law, which would justify public health inter-
ventions in the event of serious public health risk even
when there was an insufficient supportive scientific evi-
dence base for the intervention. One objective of primary
legislation would then be to make clear the state’s policy
determination of acceptability of levels of risk. The pre-
cautionary principle in the context of public health results
from a recognition that public health risk analysis is
relevant not just at the functional level of policymaking,
but also at the strategic level of public policy determina-
tion, that it is relevant not just to quantitative risk assess-
ment but also to more discursive qualitative risk, and that
it is relevant not only to economic risk but also to value
system risk (Steele, 2004). Subsidiary legislation in the
form of regulations and codified rule of practice would
then set out details of functional health policy, on the
understanding that subsidiary legislation can, within lim-
its, be amended and extended without requiring a full
parliamentary process.

This new-generation public health legislation is still in
the gestation stage. Its importance lies in recognition that
the separation between policy and law, which has proved
valid in protection against harms with identifiable and
isolated causes, may be artificial and unhelpful in dealing
with public health concerns which result from manmade
risks, lifestyle choices, health inequalities, and social liv-
ing conditions. Legislation which can incorporate refine-
ment of policy as circumstances dictate, and which can
accommodate policy change at a functional level, will
provide a far more useful public health tool than tradi-
tional public health law. Whether there can be a success-
ful, workable, united expression of law and policy within a
legislative document remains to be seen. What is clear is
that public health law must be sufficiently flexible to
provide a vehicle for public health intervention in unfore-
seeable circumstances, and the incorporation of strategic
policy into the legal framework of health protection might
serve both to enhance the status of public health policy
and to provide law which better reflects the realities of
public health practice.
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Lead Toxicity

Lead is the longest known and best-studied toxicant.
Knowledge of its sources, the effects of exposure, and
the mechanisms underlying its toxicity is useful in its
own right, and can be expected to predict and enrich
understanding of other agents that have not received the
same intense scrutiny.
Early History of Lead Poisoning

Lead was used as a cosmetic and decorative metal as far
back as the Pharonic era of Egypt. Its toxic properties
were reported by Nikander of Egypt in 250 BC, and its
impact on the brain was described in the first century AD
by Dioscorides, Nero’s physician, who wrote that ‘lead
makes the mind give way.’

In the late 1690s the German city of Ulm experienced
a severe outbreak of lead colic, an illness characterized by
a variety of symptoms, including excruciating abdominal
pain. Ulm’s official physician, Eberhard Gockel, noted
that at a local monastery those monks who did not drink
wine were healthy while those that did developed typical
lead colic. Since the monks lived together, ate the same
food, and drank the same wine, they provided the astute
doctor with an ideal setting for investigating the cause of
the disease. Every time he visited the monks he was
offered a glass of wine until he too developed colic.
Upon investigation he found the cause – litharge – a
white oxide of lead used to sweeten the wine. The region
depended upon wine export as a major source of revenue.
In 1696, Duke Ludwig issued a decree forbidding the use
of lead-based additives in any wine product, imposing the
death penalty on violators.

Charles Dickens, in his essay ‘‘Star of the East,’’
described the terrible effects of lead poisoning on wo-
men who worked in London’s infamous white lead mills.
Dickens, while visiting a rooming house near the lead
mill, saw a woman huddled in the corner. The landlady
told him, ‘‘Her brain is coming out her ear and it hurts her
dreadful. . . . It is the lead Sur, every one who gets taken
on gets sick sooner or later.’’ During this discussion, the
landlady’s daughter enters the room to announce that she is
going to the mill in search of employment. He ends his
essay with ‘‘Better to be ulcerated and have your brain
come out your ear than watch your babies starve.’’
Benjamin Franklin in 1763 wrote about the ‘dangles’
and ‘dry gripes’ (colic) which affected tinkers, painters,
and typesetters. Franklin, an apprentice printer, noticed
that he often had pains in his wrists. He was warned by a
journeyman printer not to dry his leaden type by the fire
or he would suffer the ‘dangles,’ or lead-induced wrist
drop. Later in his career he studied and wrote about lead
colic in painters, tinkers, and metal workers. In a letter to
his publisher, he ended with these prophetic words: ‘‘You
will see by it, that the Opinion of this mischievous Effect
from Lead, is at least above Sixty Years old; and you will
observe with Concern how long a useful Truth may be
known, and exist, before it is generally receiv’d and prac-
tis’d on.’’

In England at about the same time, an outbreak of colic
occurred in Devonshire. Residents of the neighboring
shires were not afflicted. Sir George Baker determined
that the millstones used to grind apples for cider
were fastened with lead keys. When he reported this, he
encountered hostility from the cider makers, but the keys
were removed; the illness disappeared, and Baker was
given a knighthood.

Lead’s hazards to the reproductive process have been
known for at least a century. British factory inspectors at
the turn of the twentieth century noted that women who
were exposed to lead through working in the ceramic
cottage industry tended to be barren and that children
who were born to those women often did not live long. In
most Western countries during the 1930s through the
1970s, awareness among health workers was associated
with more lead poisoning cases being reported, and laws
protecting workers were enacted.
Sources of Lead

The major nonindustrial sources of lead for humans
are paint, water, and air. Although lead has been banned
in household paint since the 1970s, many houses have
paint that was applied before the ban. Old paint tends to
flake or powder and become part of the household dust.
Air was also an important source of lead, due to the
addition of tetraethyl lead as an antiknock agent. Banning
of this additive began in 1976 and was complete in the
early 1980s. As well, lead can be leached from old plumb-
ing if the water supply is acidic and has low mineral
content.
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Toxicology of Lead

Lead is a divalent cation, and binds strongly to sulfhydryl
groups on proteins. It affects many organ systems, the
kidneys, the cardiovascular and skeletal systems, but the
most important is the central nervous system. Much of its
toxic properties can be explained by distortion of enzymes
and structural proteins, but it is a versatile toxicant and has
many other targets. Lead interferes with the development
of the endogenous opiate system, the mechanism by which
reward and pleasure are modulated. It efficiently cleaves
the ribophosphate backbone of tRNA catalytically at spe-
cific sites, with no evidence of a threshold. Many of lead’s
toxic properties are due to its ability to mimic or compete
with calcium. At picomolar concentrations, lead competes
successfully with calcium for binding sites on cerebellar
phosphokinase C, and thereby affects neuronal signaling. It
inhibits calcium entry into cells. Lead is picked up by
mitochondria and produces swelling and distortion of mito-
chondrial cristae. Uncoupled energy metabolism, inhibited
cellular respiration, and altered calcium kinetics subse-
quently take place. Lead has a binary impact on neuro-
transmitter release. Spontaneous neurotransmitter release
is enhanced, while stimulated release is inhibited.

Attention has focused on the heme synthetic pathway,
where a large number of sites for lead activity are found.
Delta aminolevulinic acid dehydratase is extremely sensi-
tive to lead. Inhibition of this enzyme results in increased
circulating aminolevulinic acid (ALA). ALA is a weak
gamma amino butyric acid (GABA) agonist, and by pre-
synaptic inhibition, decreases GABA release. Increased
circulating ALA may account for some of the disordered
behavior in porphyria, and perhaps in lead toxicity. Lead
also interferes with ferrochelatase, and thus blocks the
insertion of iron into the heme pocket. Zinc replaces it,
forming zinc protoporphyrin. Lead has diverse impacts on
the central nervous system (Lidsky and Schneider, 2006).
Immature astrocytes are sensitive to lead, and lead inter-
feres with the integrity of the blood–brain barrier.
Myelination is inhibited by lead exposure. Lead interferes
with the synthesis of collagen, and affects vascular perme-
ability. At high enough doses, this will result in brain
edema and hemorrhage. When given to lactating rats at
lesser doses, interference with synaptogenesis in offspring
pups occurs. Lead’s interference with brain development
has been demonstrated using the rodent barrel field cortex.
Lead Poisoning in Adults

Although adult lead poisoning is mainly of occupational
origin, cases of acute lead poisoning from leaded dish-
ware, bootlegged moonshine, certain cosmetics, and folk
remedies continue to be reported. Considerable amounts
of lead continue to be mined and smelted, although this
has declined with the removal of lead from gasoline.

Lead poisoning in adults can affect the peripheral and
central nervous systems, the kidneys, and blood pressure.
Classical descriptions of occupational toxicity depict
peripheral neuropathy, with wrist or foot drop. At lesser
exposures, slowed peripheral nerve conduction has been
reported. High blood lead levels may present with severe
intractable colic, motor clumsiness, clouded conscious-
ness, weakness, and paralysis. Lead has adverse effects
on both male and female reproduction. The fetotoxic
properties of lead were known to British factory inspec-
tors at the end of the nineteenth century, who found a
high incidence of stillbirths (60%), neonatal deaths, and a
decreased fertility rate in women employed in the
ceramic industry. Males may manifest decreased sperm
counts and teratospermia.
Tetraethyl Lead

In its tetraethyl form, lead is a powerful neurotoxin.
When first produced for use as a motor fuel additive
in 1925, workers began at all three operating plants
to die. A moratorium on production was called by the
Surgeon General. However, after a short time, production
resumed and continued until the 1980s (Needleman,
1997). Tetraethyl lead (TEL) is fat soluble; absorption
through the skin and uptake by the brain is rapid. Because
of growing evidence of neurotoxic effects at low dose,
tetraethyl lead was banned from gasoline in 1978. Air
lead levels and blood lead levels have correspondingly
declined.

Recently, the late impact of TEL exposure on retired
workers who were not previously identified as poisoned
has been reported. An important series of studies of adult
lead toxicity was done by scientists at the Johns Hopkins
School of Medicine. Schwartz and colleagues (2000) stud-
ied a group of retired TELworkers, Korean inorganic lead
workers, and a population study of residents in Baltimore,
Maryland, using bone lead concentrations measured by
X-ray fluorescence. Higher bone lead levels were asso-
ciated with cognitive decline. The authors suggest that a
proportion of ‘normal’ age-related decline may be due to
lead and other neurotoxicants.
Childhood Lead Poisoning

Lead toxicity was initially thought to be an industrial
disease, afflicting only miners and lead workers. In the
late nineteenth century, a severe outbreak of lead toxicity
in children was reported in Australia by J Lockhart
Gibson, an ophthalmologist at the Brisbane Children’s
Hospital. Children were exposed to lead mainly by
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ingestion of leaded paint, which has a sweet taste. Gibson’s
report was greeted with bitter skepticism, particularly by
the spokesmen for the Australian lead mine. Despite this,
the first law banning lead in household paint was passed in
Brisbane in 1920. Lead poisoning in children was reported
in the United States in 1929 by Dr. Kenneth Blackfan, a
pediatrician at Johns Hopkins.

Isolated case reports began to be published, primarily
from large eastern U.S. cities, and the reality of the disease
in children was accepted. After childhood lead poisoning
was acknowledged, the prevailing belief was that if the
acute episode was not fatal, the child recovered with no
effects of the illness. In 1943, Randolph Byers, a pediatric
neurologist at Boston Children’s Hospital was referred
two children who had attacked their teacher. He recog-
nized them as former patients who had been treated for
lead poisoning and discharged as ‘cured.’ To investigate
this, he identified 20 lead-poisoned children who had
been treated and discharged as cured from the hospital.
After evaluation, including psychological testing, he
found that 19 were behavior disordered, poor learners,
or mentally retarded. He suggested a substantial portion
of children with unspecified behavioral or cognitive dis-
orders were missed diagnoses of lead poisoning (Byers
and Lord, 1943). This paper marked the beginning of
the modern era of childhood lead poisoning.

Following the Byers and Lord report, it was thought
that the effects of lead were seen only in children who had
shown features of encephalopathy. Studies of children
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that showed deficits at lower blood lead concentrations
led to revision of the diagnosis by the Centers for Disease
Control and Prevention (CDC) in steps down to 10 mg/dl.

The demonstration of deficits at very low levels of lead
is due to a number of factors. Recent studies have exam-
ined larger numbers of subjects, yielding greater statistical
power to find an effect. Improved analytical methods allow
more precise measure of lead at lesser concentrations and
better psychological measures increase precision, while
newer multivariate techniques reduce statistical uncer-
tainty. The most important factor is the result of lowering
the overall exposure to lead as a result of its removal from
gasoline. The mean blood lead level in the United States
in 1975 was 15 mg/dl. Primarily because of the ban on lead
in gasoline, it is now 2 mg/dl. As a result, investigators are
able for the first time to examine the effects of lead
contrasted with subjects who have true low-level expo-
sure. When the mean level was 15 mg/dl, it was impossible
to See health effects at 10 mg/dl.

In the 1980s and 1990s studies from around the world
replicated the reports of lead at low dose. Three meta-
analyses confirmed the hypothesis that low-level lead
exposure was associated with IQ deficits. In response to
the new data, in 2007, the CDC revised its definition
downward in steps, from 60 mg/dl in the 1970s to its
current status of 10 mg/dl.

In 2002 and 2003, new studies reported neurobeha-
vioral effects at levels below 10 mg/dl, further lowering
the observed threshold for effect. Lanphear et al. (2005)
measured psychological performance and blood lead
levels in 4853 children who were subjects in the National
Health and Nutrition Examination Survey III. The mean
blood lead in this sample was 1.9 mg/dl; 2.1% of the sample
had blood lead levels greater than 10 mg/dl. Outcomes
measured were the math and reading subtests of the
Wide Range Achievement Test, and the Block Design
and Digit Span of the Wechsler Intelligence Scale for
Children (WISC) III. After adjustment for covariates, sig-
nificant inverse relationships between blood lead and all
outcomes were reported down to 2.5 mg/dl. Canfield et al.
studied 166 36-month-old children whose mean blood
lead level was 7.9 mg/dl. Seventy-three percent of the
subjects had blood lead levels less than 10 mg/dl. Signifi-
cant inverse relationships were found between IQ scores
and lead after covariate adjustment. The slope of the lead-
IQ regression again was steeper below 10 mg/dl, indicating
that the effect is greatest at the lower levels of lead in
blood. A credible no-effect level for lead in the blood and
neurobehavioral function has not been demonstrated.

The late effects of early childhood lead exposure have
been examined by a number of investigators, who have
generally found that the effects persisted over time. At age
18 years, subjects from the 1979 study reported earlier,
whose dentine lead levels were in the high lead group,
had more school failure, reading disabilities, lower
class standing in their final year of high school, and
disturbances in fine motor function. Figures 2 and 3
show the association between dentine lead in quartiles
and high school failure and reading disabilities. Fergusson
et al. (1993) followed a large sample of New Zealand
children into their eighteenth year and reported that
elevated dentine lead levels were associated with poorer
reading scores, more failure to graduate from high school,
and poorer examination scores. The clear conclusion from
these studies is that the effects of early exposure to lead
are permanent, and are reflected in performances that
affect life success.
Lead and Antisocial Behavior

Most lead studies focused on psychometric IQ as the
outcome of interest, ignoring the 1943 report of Byers
and Lord of lead-associated antisocial behavior and the
common observation by parents that their child’s behav-
ior, after recovery from the acute poisoning episode,
changed radically. Children who were previously man-
ageable and placid became unattentive, quarrelsome,
and, if frustrated, occasionally violent after recovery
from lead poisoning. Denno (1990) studied schoolchildren
in Philadelphia who had been enrolled from birth in the
Perinatal Collaborative Study. After adjustment for a
number of covariates, the strongest predictor of arrest
was a history of lead poisoning. Needleman and collea-
gues (1996) evaluated 301 primary school students using
the Child Behavior Checklist, and measured their bone
lead levels by X-ray fluorescence. Children with elevated
bone lead levels scored higher on the attention, aggres-
sion, and delinquency clusters, after adjustment of
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covariates. The same group conducted a case-control study
of 195 delinquent youths, and 155 nondelinquent controls,
measuring integrated bone lead burden by X-ray fluores-
cence (Needleman et al., 2002). They found an increased
risk of delinquency associated with bone lead concentra-
tions. The covariate-adjusted odds ratio was 4 (95% confi-
dence limit [CL]: 1.4–11.1). Using this odds ratio and
exposure data from the time these subjects were young
children, a population-attributable risk (PAR) for delin-
quency due to lead exposure was estimated. The PAR
ranged from 11–38%, indicating that between 11 and
38% of delinquency in Allegheny county, Pennsylvania,
was due to lead toxicity.
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Further evidence supporting the lead–crime asso-
ciation is found in the ecological studies in which
community lead burdens and crime rates are correlated.
Stretesky and Lynch (2001) compared homicide rates in
3311 counties in the United States. After adjustment
for 15 covariates, they reported a fourfold increase in
homicide rates in those counties with the highest air
lead levels compared to counties with the lowest air lead
levels. Nevin (2000) correlated sales of leaded gasoline
with violent crime rates, and adjusting for unem-
ployment and percent of population in the high-crime
age group, found a statistically significant association
(Figure 4).
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Animal Studies of Behavioral Effects

Behavioral alterations secondary to lead exposure have
been found in rodents and primates that are analogous to
changes found in humans. Monkeys were dosed from birth
onward to 200 days of life to achieve blood lead levels
ranging from 3 mg/dl to 25 mg/dl. At 7 to 8 years of life
they were tested on a delayed alternation test. Treated
monkeys showed impaired ability to learn, particularly at
longer intervals of delay. Lead-exposed primates also
demonstrated impaired social function. Rodents given
lead show deficits in learning mediated by dopaminergic
and glutamatergic systems. In one interesting report
(Nation et al., 1986) untreated rats found 15% solutions
of alcohol aversive in a free choice situation, but when
given lead sufficient to raise their blood lead levels to
61 mg/dl, increase their intake in both free and forced
choice paradigms. The authors speculated that lead
increased the irritability of rats, and they sought alcohol
as a tranquilizer (Nation et al., 1986).
Diagnosis and Management of Clinical
Poisoning

In adults lead toxicity should be considered in the differ-
ential diagnosis of abdominal pain, arthralgia, hyperten-
sion, severe headache, increased intracranial pressure,
central nervous system dysfunction, anemia, and renal
dysfunction. An occupational history and an inventory of
possible sources of exposure are useful. The diagnosis is
established by an elevated level of lead in blood. A blood
lead level greater than 10 mg/dl should be considered
elevated, even though clinical symptoms are rarely seen
below 60 mg/dl.

Any child with growth failure, abdominal pain, behav-
ior change, hyperactivity, language delay, or anemia
should have a blood lead test to rule out lead poisoning.
The cornerstone of management of lead toxicity is the
termination of exposure. For children this means inspec-
tion of the home, and if this does not reveal lead, a survey
of other possible sources. For lead levels greater than
40 mg/dl, chelation therapy is effective in lowering the
blood lead level. Calcium disodium edathamil (EDTA)
was the preferred agent until recently, when succimer, a
drug that is effective after oral administration, was found
to have equal efficacy. Both agents will reduce an elevated
blood lead level to 40–50% of its baseline. After treatment
is concluded (5 days for EDTA, 19 days for succimer)
body pools tend to equilibrate, and blood lead levels
begin to rise. It is often necessary to administer more
than one course of chelant.

When EDTA was introduced into the pharmacopoeia
in the 1950s, the mortality rate of encephalopathy
declined precipitously. For the next 40 years EDTA was
the primary pharmaceutical administered for lead poison-
ing. Because the efficacy was never subjected to a con-
trolled clinical trial, whether its use conveys any benefit to
children who do not have encephalopathy remains
uncertain.

After succimer had been in use for a few years, a
multicenter study of the efficacy of the agent in children
with moderate elevations of lead was conducted. Subjects
with blood lead levels in the range of 25–45mg/dl were
given succimer, and their blood lead trajectory and IQ
scores compared to placebo controls. Blood lead levels in
the treatment group were reduced to significantly lower
levels at the completion of treatment, but at 2 years of age,
there were no differences between the two groups. The
only truly effective remedy for low-level lead exposure is
prevention of exposure.

In 1973, when the Environmental Protection Agency
(EPA) began the examination of the health effects of tetra-
ethyl lead, claims were made by industrial representatives
that the associations between lead and IQ were spurious,
and that removing lead from gasoline would have no
impact on body lead burdens. In 1973 the administrator
of the EPA mandated that each gasoline station should
have one lead-free pump. In 1977, the EPA, after review of
the health effects, established an air lead standard of
1.5 mg/M3. The stepwise removal of lead from gasoline,
based on the new air standard, began in the late 1970s..

The mean lead level in the United States in 1976 was
15 mg/dl; in 2002 it was 2.1 mg/dl.

The most important remaining source of lead for Amer-
ican children is paint. Although lead has been banned in
household paint since 1971, it is estimated that 80% of the
houses built before 1950, or 23 000 000 units have leaded
paint. A cost–benefit analysis done by the Public Health
Service (Binder and Falk, 1991) estimated the cost of abat-
ing these houses over a 30-year period at $34 billion
(1991 dollars). The estimated benefits from avoided
health-care costs and increased income due to raised IQ ,
was $62 billion. This did not include avoided delinquency
and cardiovascular disease, both demonstrated effects of
lead exposure. This cost analysis may be conservative.

More recent cost–benefit analyses have added support
to the large costs of low-level lead exposure. Using the
decline of blood lead levels from 1976 to 1999 of
15.1mg/ml, and the estimations for lead-related decline in
IQ of between 0.185 and 0.323 points for each 1mg/ml
blood lead concentration, Grosse et al. (2002) inferred that
each preschool child’s IQ was increased by 2.2–4.7 points
over what it would have been had the reduction in blood
lead not taken place. From this they calculated the increase
in income as a result of lowering blood lead levels, and
estimated the economic benefit for each year’s birth cohort
of 3.8 million children. The range of benefit for a single
year cohort ranged from $110 billion to $319 billion.
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The Challenge of Lead in Paint

With the removal of lead from gasoline, paint remains the
most important source. As stated previously, 80% of
houses built before 1950 in the United States have interior
lead paint. Lead in paint exists in dangerous surplus in the
same locations where housing is decaying and unsafe, and
where unemployment is epidemic. A ready solution to this
unfair and hazardous imbalance would be to train the
unemployed in safe deleading, and pay them. This would
have the consequence of transferring people from the
welfare rolls to the taxpayer rolls, making houses livable
and attractive, andwiping out lead poisoning forever. Such
a solution was tried by the Department of Housing and
Urban Development, and was showing signs of success
when it was cancelled by government officials who thought
it was rewarding individuals for delinquent behavior
(David Jacobs, unublished).

See also: Environmental Health: Overview; Human

Exposure Science; Indoor Air Pollution/Developing

Countries; Lung Diseases, Occupational.
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Introduction
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or add to or explain existing laws. The law relating to
public health comes from many of these sources and can
best be described as a disparate collection of obligations
often to be found in areas that are not regarded as having
great social significance, such as in the by-laws or ordinances
of local government or in city codes. Furthermore, public
health law does not yet operate under a unifying umbrella
of a ‘grand theory’ insofar as it does not reflect systematic
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or overarching ideas about public health (although these
ideas are to be found in the public health literature, the
Ottawa Charter for Health Promotion (1986) being one).
Rather, public health law is seemingly uncoordinated, scat-
tered over a range of fields of public health interests, more
the ad-hoc response to particular issues than a planned
enterprise. Sometimes public health laws are so old and so
out of touch with modern needs as to still reflect ideas about
the causes of disease that were replaced over a century ago
by the germ theory. Perhaps because of this they have often
been eclipsed by newer and more powerful legislation, such
as that relating to environmental protection or the control of
pollution, where the traditional public health issues have
been recast as environmental issues. Yet communities will
always rely upon effective public health responses that are
necessarily underpinned by laws, and newly emerging pro-
blems, such as the potential of pandemic influenza, continue
to remind us of this fact.

In short the criticisms that could be made of public
health law are that it is antiquated, uncoordinated and
overshadowed by more modern forms of regulation. It is
also slow to develop, particularly in response to chronic
diseases, such as those caused by tobacco, excessive alco-
hol consumption and, increasingly, obesity. When it is
changed it is often in an ad hoc manner and in response
to a crisis. Yet public health advocates are aware of these
deficiencies and change is on the way; in some parts of the
world, new ideas and principles are being developed to
form the basis of new and thoughtfully planned public
health legislation. Potentially these promise to make the
most substantial reforms to public health law since the
traditional birth of the discipline as a systematic form
of regulation in English-speaking countries in the mid-
nineteenth century.
The Scope of Public Health Law

Granted the scattered nature of public health law, it does
traditionally have a generally understood content that is
taken to cover a number of core areas. These are environ-
mental health (sanitation and clean environments), commu-
nicable disease, food, drugs (which includes the regulation
of alcohol and tobacco), radiation control, and occupational
health and safety. To these areas we might also argue that
the laws that regulate product safety, the use of the roads or
which restrict access to firearms, also qualify as public
health laws because, if effective, they also stand to prevent
avoidable deaths and injury. However, laws that focus on
public health serve other interests as well, creating a con-
fusing and sometimes inconsistent set of objectives. For
example, food laws can further public health needs by
regulating hygiene standards, yet food laws might also
seek to encourage a profitable and dynamic food industry.
Although potentially conflicting interests can often be
compatible in practice, there will be some cases where
public health is balanced against the industry’s needs, most
clearly where the issues of public health are not so obvious
and there is debate about what amounts to an acceptable
risk. Another example of this might be the laws controlling
the number of liquor outlets, which although theymay seem
to have a public health benefit, more typically are driven by
the competing financial interests of those already in the
business of selling alcohol and those seeking a license to
enter it.

Similarly, laws can have confused objects and appear to
be operating from competing sets of values. For example,
a public health approach to illicit drugs focuses on the
harms that drugs cause and the best way of minimizing
them. This approach differs from that of drug laws that
are based on a moral view that the use of particular types
of drugs is wrong. A harm-minimization view is more
pragmatic and more focused on outcomes, allowing seem-
ing inconsistencies such as needle exchange programs or
injecting-rooms to coexist with the general ban on pos-
session and use as a legitimate component of a policy on
illicit drugs. By contrast, a moral view is less inclined to
accept these approaches, preferring a more complete and
prohibitionist position.

Further, some fields of public health have been recast
as the province of other areas. In the nineteenth century
the health and safety of workers were often regulated by
public health law (requiring factories to be ventilated and
have proper sanitation). But this was replaced by
newer and more comprehensive bodies of occupational
health and safety law and the creation of agencies to
administer and enforce them. Similarly, the first environ-
mental laws were also public health laws; today specialist
agencies protect the environment. As a result, many
countries now have up-to-date, sophisticated, and versa-
tile legislation specifically focused on the workplace or the
environment that have long since replaced the original
public health-based laws.

However, notwithstanding this fragmentation of inter-
ests and erosion of many of its areas of territorial respon-
sibility, public health law still offers an important
safeguard for communities, and as this entry discusses,
new developments in the discipline suggest that future
laws will sustain a visionary and reformist approach to
public health policy.
The Structure of Public Health Laws and
Systems of Governance

The administration of public health is as complex as the
levels of government of the country in which it operates.
It exists at a national level at which issues such as quarantine
or the importation of regulated substances are involved,
but it also exists within other levels of government.
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Typically, within a federal systemmuch public health law is
administered at a regional (state or provincial) level, since
this level of government is generally responsible for issues
such as food, disease control, or tobacco regulation. Much
environmental health is also administered through local
ordinances or by-laws at a local (county, shire, or city)
level, and it is here that important links can be made
between land use controls and the regulation of new devel-
opments (as provided by local zoning and planning con-
trols) and the health impacts of those activities. The
international perspective is also important for public health
law insofar as both national and local domestic regulation
should be influenced by the various international instru-
ments such as the Framework Convention on Tobacco
Control, the International Health Regulations, and the
Codex Alimentarius, to name three prominent examples.
Regional arrangements such as those created within the
European Community are also a source of public health
law, with its enactments being adopted by member states.

All laws and regulations are subject to powers of par-
liament, usually established by a written constitution, and
these provide the legal authority to make statutes. For
example, in the United States the federal government
draws its powers to make laws from section 8 of the U.S.
Constitution, which provides a list of areas within which
laws can be made. Although there is no reference to
‘public health’ as a specific area, the power to make laws
about taxation or to regulate commerce can sustain laws
that potentially have great significance for the public’s
health. The same is true in Australia, where the Com-
monwealth Constitution (section 51(ix)) allows the fed-
eral parliament the power to make laws only in one area
that is clearly about public health (quarantine). However,
the power to make national laws with respect to corpora-
tions and trade and commerce, or to use the tax power to
achieve good public health outcomes, has sustained a
significant body of federal public health laws. Similarly
the Canadian Constitution establishes fields of federal
legislative authority, notably trade and commerce, and
general criminal law, which includes public health sta-
tutes that carry penalties. For example, in RJR-McDonald

v. Canada (1995) the Canadian Supreme Court held that
the Tobacco Products Control Act 1988 (Canada) was
‘in pith and substance a criminal law.’ Other Canadian
public health laws can be made in the fields of taxation
and the power to regulate quarantine and establish
‘marine hospitals’ (section 91). The Constitution further
sets out areas of provincial (state) responsibility that by
implication pick up basic public health functions (estab-
lishment of hospitals generally, municipal institutions,
liquor licensing, taxation for provincial purposes, and
local laws within the province) (section 92).

When legislation is made subject to constitutional
power, it is always open to challenge in the courts as being
beyond the scope of that power and thus unconstitutional.
For this reason there will always be some uncertainty
about the validity of some federal public health laws,
particularly when they are controversial and therefore
more likely to attract a challenge.

Inevitably, the distribution of public health powers
between levels of government does not always go smoothly.
There can be arguments that national controls should be
expanded to deal with a national or international public
health problem rather than relying on a body of patchy and
potentially inconsistent regional laws. Alternatively, per-
sons concerned about the growth of central authority at
the expense of the states or provinces will argue against
the imaginative use of constitutional powers to sustain
public health laws that were not directly envisioned by
their constitutions’ framers. These problems have often
been resolved by collaborative arrangements (sometimes
called ‘new federalism’) that allow policy and standards
to be developed nationally (typically via a process that
involves all parties, including representatives from all of
the states or provinces), which are then adopted uniformly
through regional legislation. In this way national unity is
achieved and the federal balance is preserved.

By contrast, unitary countries such as England and
New Zealand tend to concentrate their legislative powers
in a central parliament. In these cases the distribution of
power and public health responsibilities is between the
central government and the local governments.
Constitutional Rights in Public Health

Rights can affect the public’s health status in ways that can
be both productive and problematic. For example, a con-
stitutional right to housing or to a healthy environment
(a social and economic right) provides the basis from
which advocates can argue for better services or against a
policy or proposed development that might have adverse
health impacts. By comparison, a right to liberty (a civil
and political right) should prevent quarantine measures
from being used in an arbitrary or unreasonable manner.
A right to free speech (also a civil and political right) might
allow a corporation to argue that its advertising is com-
mercial speech that falls within the right, thus overturning
an advertising ban on its products. Similarly a right to
compensation for property ‘taken’ by government action
might be argued to apply if an environmental agency
prevents a potentially polluting factory from being built.
Social And Economic Rights in Public Health

Social and economic rights (also called ‘positive rights’ in
the sense that they bring expectations on governments to
satisfy them) are a feature of international agreements
and some constitutions. Article 12 of the United Nations
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International Covenant on Economic, Social and Cultural
Rights (1966) provides that signatories ‘recognize the
right of everyone to the enjoyment of the highest attain-
able standard of physical and mental health.’ This
has been reflected and made more explicit by Article 35
of the Charter of Fundamental Rights of the European
Union:

Everyone has the right of access to preventive health care

and the right to benefit from medical treatment under the

conditions established by national laws and practices.

A high level of human health protection shall be ensured

in the definition and implementation of all Union policies

and activities.

Good environmental health is predicated on the exis-
tence of a healthy and unpolluted environment. In some
cases, this is also the subject of constitutional rights. For
example, article 11 of the Constitution of the People’s
Republic of China provides that ‘The State protects the
environment and natural resources and prevents and
eliminates pollution and other hazards to the public.’
Among other rights, section 24 of the South African
Constitution provides:

Everyone has the right

a. to an environment that is not harmful to their health or

well-being; and

b. to have the environment protected, for the benefit of

present and future generations, through reasonable

legislative and other measures that:

i. prevent pollution and ecological degradation;

ii. promote conservation; and

iii. secure ecologically sustainable development and

use of natural resources while promoting justifiable

economic and social development.

Article 19(8) of the Chilean Constitution provides ‘the
right to live in an environment free from contamination,’
and further provides that ‘it is the duty of the State to
watch over the protection of this right and the preserva-
tion of nature.’ India also has a constitutional right to a
clean environment, insofar as the Constitution imposes
the following rights on the State and its citizens:

48A. The State shall endeavor to protect and improve the

environment and to safeguard the forests and wild life of

the country.

51A. It shall be the duty of every citizen of India:

(g) to protect and improve the natural environment

including forests, lakes, rivers and wild life, and to have

compassion for living creatures.

How can these rights be given meaning? They are not
absolute guarantees; for example, an individual’s health
depends on many factors (genetics, luck, personal choices)
and also on the capacities of individual governments
to provide adequate care and public health responses.
But a right to health should drive policies that provide
persons with the opportunities and the environments to
lead a healthy life to his or her full potential. Domestic
laws can then adopt and apply these rights. One example is
written into the preamble to the South African National
Environmental Management Act 1998, which commences
with the statement that ‘everyone has the right to an
environment that is not harmful to his or her health or
well-being,’ followed by the accompanying duty of the
State to ‘respect, protect, promote and fulfill the social eco-
nomic and environmental rights of everyone and strive to
meet the basic needs of previously disadvantaged
communities.’

Courts can also apply constitutional rights and give
them meaning. For example, in the case of the right to
housing, also provided for in the South African Constitu-
tion, the Constitutional Court required the government to
move toward this obligation and to do what it reasonably
can to meet it. In doing this it should take account of
the most needy (Government of the Republic of South Africa v.
Grootboom, 2001; Kende, 2003).
Civil and Political Rights in Public Health

For the most part countries have more civil and political
rights enshrined in legislation than social and econo-
mic rights. These are the more familiar rights to free
speech, rights of association, and guarantees of due pro-
cess. Actions and prohibitions done in the interests of
public health sometimes conflict with the strict language
of these rights, but usually they are justifiable on the
grounds that no right is absolute but can be abridged
where there is a demonstrated need. For example, section
7 of the New Zealand Bill of Rights Act 1990 provides
that the ‘rights and freedoms contained in this Bill of
Rights may be subject only to such reasonable limits
prescribed by law as can be demonstrably justified in a
free and democratic society.’ However public health leg-
islation has infringed constitutional rights in some cases.
A notable example was the RJR-McDonald Inc v. Canada

case (1995). This was a challenge in the Canadian
Supreme Court to the national Tobacco Products Control
Act 1988. The Act established a complete prohibition on
tobacco advertising and promotion and the court found
that the ban breached the Canadian Charter of Rights and
Freedoms insofar as the Act went beyond what was a
reasonable limit on the right of free communication. In
particular, the total ban imposed by the Act was only going
to be constitutionally valid if it could be shown to be

‘necessary in order for the legislation to achieve a press-

ing and substantial goal. When the evidence is unclear

whether a partial prohibition is as effective as a full prohi-

bition, the Charter requires that the legislature enact the

partial denial of the implicated Charter right.’
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The Charter allowed the regulation and prohibition of
advertising but in a way that required government to be
able to demonstrate that the method used was reasonable
and not disproportionate to the burden on free communi-
cation guaranteed by the Charter.

Further, when coercive public health powers are used
to detain and quarantine persons or to oblige them to
undergo a clinical examination, they involve the placing
of restrictions on personal liberty and the rights to associ-
ate with others (both are fundamental civil and political
rights). However much they may be justified, it is crucial
that these powers are used subject to a respect for rights.
Good public health practice is completely compatible with
a respect for human rights and operates more effectively in
an environment where those rights are properly respected.
The Law Relating to Environmental Health
and Planning for Health

Public health laws typically have followed public health
crises. During the Black Death of the mid-fourteenth
century, European cities imposed a series of quarantine
controls, arguably the first recognizable public health
laws. One of these was Venice, whose Great Council
isolated new arrivals for a period of 40 days (said to be
chosen by analogy with Christ’s sufferings in the wilder-
ness; Zeigler, 1997: 39). Trade and movement across the
globe prompted a series of more general quarantine laws,
some of them extraordinarily harsh. English laws put in
place during the eighteenth century allowed persons
breaching quarantine to be hanged and their vessels
sunk (Reynolds, 1995: 161). However, the threat of visiting
epidemics (for which quarantine controls were the logical
response) was compounded by another set of threats to
public health in the nineteenth century, when the inhabi-
tants of newly emerging cities (the new populations of
a rapidly industrializing world) became the victims of
chronic diseases caused by poverty, crowding, and an
unhealthy environment. Although these problems were
not new then, nor have they been solved, the mid-
nineteenth century did see a period of sanitary reform
that was expressed in legislation. From this period, our
first recognizably modern public health laws emerged,
whose basic structure remains in many countries to this
day. England was the focus for these laws. In the 1840s it
had significant urban growth together with medical and
social reformers willing to report on and then address the
issues of chronic sickness and premature death.

Thus, the Public Health Act 1848 (UK) was primarily
driven by social and political ideals and was an example of
how laws might be used as an instrument in the reform
process. As an early example of public health law, the Act
had its failings: it was limited in its scope, had many oppo-
nents, notably from landlords and other vested interests,
and was premised on a miasmatic view of disease causation
(that miasmas, effluvia of ‘vapors,’ generally recognizable
physically as ‘bad smells’ emerging from unsanitary condi-
tions, were responsible for spreading disease). Although this
view of disease causation was to be replaced by current
knowledge, it did prompt a focus on the urban environment
as unhealthy, as well as unpleasant, and the first public
health laws were also the first environment protection laws.

The Public Health Act 1848 offered a legislative
framework to respond to public health issues that con-
tinues to be reflected in public health laws of the countries
that have inherited a British legal system and a British
structure of governance. This includes many Common-
wealth countries, including the Canadian provinces and
the Australian states. Thus in Southern Africa, the Public
Health Bill 1999 of Swaziland or the Public Health Act
1972 of Botswana reflect a standard ‘English model’ of
comprehensive public health legislation. The United
States also offers a similar model of regional public health
regulation. This framework centrally contains a statutory
power to identify and remove unsanitary conditions or
sanitary nuisances, generally after a complaint has been
made by a neighbor. For the most part these powers were
administered by local governments as part of their wider
municipal powers, and the philosophical underpinnings of
the legislation were in the utilitarian tradition of the first
sanitary reformers. The framework has lasted over 150
years without significant change. However, this traditional
approach is now much criticized and challenged by new
ways of protecting the public’s health. The main challenge
has been the rise of environmental protection agencies
and the laws that sustain them. Today we see many tradi-
tional public health problems as environment protection
problems and the ‘heartland’ of public health concerns.
Clean water, clean air, and the control of waste are typi-
cally dealt with in many countries as aspects of their
environmental protection laws and, therefore, many day-
to-day problems of human health are now addressed by
the environmental protection laws. This raises the ques-
tion, how can public health legislation remain relevant
when so much of its core areas have been absorbed else-
where? The response in the United Kingdom has been to
transfer the key environmental health remedies from the
public health laws into the Environmental Protection Act
1990. In the United States and other parts of the world,
these provisions remain in the local municipal ordinances
and bylaws. In Canada, New Zealand, and Australia the
environmental health laws remain in the public health
acts, many of them old and in need of substantial reform.
Since 2000 Australia has done substantial rethinking
of the future role of environmental health law. A new
approach based on a general unifying idea rather than a
detailed problem-by-problem approach is being consid-
ered. This involves the proposition that persons should
have a statutory obligation to conduct their affairs in a
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way that does not pose a risk to health, the idea being that
risks to health are evolving and are not necessarily tied
back to the limited sanitary contexts in which most envi-
ronmental health acts currently operate. This general duty
is then to be supported by administrative powers to issue
abatement orders and to produce guidelines that spell out
the scope of the duty in particular cases and also by an
offence of ‘causing a risk to health,’ with penalties that
in serious cases rival the offences associated with major
environmental crimes.

Public health practice is focused on prevention. Within
the framework of controls that regulate environmental
health issues, the best opportunity for prevention is
offered by the planning system, which decides whether a
new development, for example a proposed factory, can be
built in a particular locality and, if so, whether conditions
designed to shield neighbors from its visual or polluting
impacts should be imposed on the builders. An effective
planning system is a ‘gateway control’ with the potential
to prevent public health problems from coming about as a
result of bad and unhealthy developments. In this regard
planning systems will be more sensitive to human health
needs if health concerns are part of the formal criteria for
assessing applications. Much work has been done recently
on health impact assessment (HIA). HIA needs to be built
into the planning controls to ensure that public health
questions are identified and then taken into account in
the process of development control. More generally, land
use controls need to make the raising and addressing of
human health questions a central part of their decision-
making processes.

Modern public health acts need to support these ideas
and create links between environmental health and land
use and other areas of social and environmental policy.
Although few public health laws currently have moved
very far beyond their traditional origins, Quebec’s Public
Health Act 2001 reflects a forward-thinking approach to
public health law. It provides for ongoing planning and
surveillance requirements in relation to a range of public
health problems generally, rather than a narrow focus on
sanitation. The framework for a new public health act based
generally on ideas of ‘risk to health’ was also set out in
a discussion paper released in 2005 (Western Australia
Department of Health, 2005). Initiatives such as these
offer to restate the case for environmental health and re-
establish the discipline as a distinct approach rather than as
a somewhat overshadowed aspect of the wider field of
environment protection. Yet the links with the environment
and the laws that relate to it remain crucial for environmen-
tal health practice and, as is discussed in a following section,
there is value in establishing a theory that unifies both
traditions.

Finally, legislation can play a role in implementing the
ideas and values of both traditional and new public health
thinking and philosophy. It can do this by incorporating
these ideas and values of public health as objects and
principles in legislation. One example is the Swedish Pub-
lic Health Objectives Bill 2003. Formal objectives and
principles serve as a mechanism of accountability for
governments and their public health administrators and
also as a way of supporting the administration, on the basis
that specific obligations and programs must be sustained
financially because they are mandated by legislation.
The Regulation of Communicable Disease

The control of communicable diseases has long been a
core part of public health law. As we have seen, quarantine
controls were among society’s earliest attempts to control
such diseases. Later these controls were included in the
general public health laws of many countries. More
recently, special laws have been put in place for particular
diseases, notably human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS). Indeed, the
experiencewithHIV/AIDS, with its immense global public
health impacts, and more recently with the more contained
threat of SARS, together with the potential for a new
influenza pandemic, has led to a rethinking of disease con-
trols in many countries. Quarantine laws still remain the
most fundamental of the disease controls. They are most
obviously controls at the frontiers and have an impact on
travelers. For example, Article 1 of the Frontier Health and
Quarantine Law of the People’s Republic of China provides
that the legislation ‘is formulated in order to prevent
infectious diseases from spreading into or out of the coun-
try, to carry out frontier health and quarantine inspection
and to protect human health.’ However, in implementing
quarantine controls there will always be some uncertainty
as to how ‘deeply’ they can intrude into domestic areas
(such as the closure of cinemas or schools) and still be
exercises of a quarantine law. This is particularly impor-
tant for countries such as Australia, whose federal quaran-
tine controls are limited by a Constitutional reference to
the term. At a minimum, all countries should have the
capacity to implement the WHO International Health
Regulations of 2005, which provide the most up-to-date
requirements for quarantine and related controls.

Domestic disease control laws exist as part of the
public health laws of many jurisdictions. Some are general
provisions, dealing with the notification and investigations
of cases of specified diseases. Other powers allow compul-
sory examination and the imposing of orders that might
restrict a person’s activities or require the person to main-
tain medical contact or to continue with treatment. In
extreme cases, isolation (either in a person’s home or an
institution) is also an option. Laws such as these can either
apply generally to a series of listed diseases or to a specific
disease. Thus in 1987 The People’s Republic of China
promulgated Regulations on the Monitoring and Control
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of AIDS. In 1993 the Australian State of Tasmania passed
the HIV/AIDS Preventive Measures Act. By comparison,
the United Kingdom has a general disease control law, the
Public Health (Control of Disease) Act 1984, and Japan
has a general Infectious Diseases Law 2003.

Traditionally the infectious disease controls of many
countries were applied without any check and with no
regard for the rights of the persons they affected. There
are many examples of persons, notably foreigners or mino-
rities, being singled out and in effect victimized by public
health laws as part of a wider campaign against them.
During the Black Death of 1348, Jews were tried and
executed for spreading the plague by poisoning wells.
This trend continues: in the nineteenth century margin-
alized immigrants (the Chinese or the Irish) were said to
be responsible for a range of public health problems. This
has even been a feature of recent times, and in the late
twentieth century AIDS was variously characterized in
Western countries as a disease of homosexuals or outsiders.
Modern approaches should require that the laws are never
able to be used unless there are reasonable grounds;
namely where a person is known or reasonably likely to
be suffering from an infectious disease and is behaving in a
way that places others at risk. Modern communicable
disease laws also provide an umbrella of values and prin-
ciples under which individual powers should be exercised.
For example Article 3 of the International Health Regula-
tions (IHR) (2005) establishes the following principles
under which the legislation is to be implemented:

1. The implementation of these Regulations shall be with

full respect for the dignity, human rights and funda-

mental freedoms of persons.

2. The implementation of these Regulations shall be

guided by the Charter of the United Nations and the

Constitution of the World Health Organization.

3. The implementation of these Regulations shall be

guided by the goal of their universal application for

the protection of all people of the world from the

international spread of disease.

4. States have, in accordancewith theCharter of theUnited

Nations and the principles of international law, the sov-

ereign right to legislate and to implement legislation in

pursuance of their health policies. In doing so they

should uphold the purpose of these Regulations.

Article 42 further requires that all processes under-
taken in accordance with the IHR are subject to the
general requirement that they must be ‘initiated and com-
pleted without delay, and applied in a transparent and
non-discriminatory manner.’

More specifically, domestic communicable disease
control laws establish lists of rights and obligations. Rights
were identified in the Western Australia Discussion Paper
(Western Australia Department of Health, 2005) as the
right to:
. privacy and confidentiality

. dignity and appropriate care and treatment, without
any discrimination other than that genuinely necessary
to protect public health and only to the extent neces-
sary to do this

. be given information about the condition, its potential
impact on the person diagnosed with the disease, and
on others that he or she might have contact with and its
treatment

. consent to treatment and examination, unless this is
specifically overridden by an order under the Act

. have access to legal representation and advice and
support from family and friends.

Correspondingly, the key obligations and responsibil-
ities were identified as the obligation to:

. ascertain whether the condition has been contracted,
and what precautions should reasonably be taken to
avoid exposing others to the condition

. comply with preventative measures or treatment that
will minimize the risk to others of exposure to the
condition

. take reasonable measures to ensure that others are not
placed at risk through any action or inaction of the
person or any person responsible for the care, support,
or education of the person.

The application of the coercive provision, such as
compulsory examination and isolation, should also be
guided by a requirement that the least intrusive option
is always considered first. This has been formalized in the
thinking of some jurisdictions. The Western Australian
Discussion Paper (Western Australia Department of
Health, 2005) envisages that powers are to be exercised
in conformity with the objects of the new Act and in
particular in accordance with the following provision:

that the liberty and rights of persons are to be respected at

all times and infringed upon only when the interest in

protecting public health is compelling and then only to the

minimum extent necessary to secure this end. Consistent

with the interest to protect public health, the least intru-

sive power necessary is always to be used.

More recently public health concern has focused on
the possibility of emergencies caused by a number of
possibilities, notably from pandemics or wide-scale out-
breaks of bioterrorism. Historically public health law has
offered little support for dealing with these contingencies.
The last global pandemic was influenza in 1918, but the
reviews of legislation over the 1980s and 1990s were,
where they occurred, focused on HIV/AIDS, which pre-
sents a different set of issues. However, model legislation
has been developed to address the range of public health
emergencies. The first significant example of this was
the Model State Emergency Health Powers Act (2001)
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prepared by the U.S. Center for Law and the Public’s
Health. This Act reflects much current thinking on emer-
gency public health law, which offers comprehensive
powers balanced against a concern for human rights.
The Regulation of Noncommunicable
Disease

Noncommunicable disease encompasses a vast range of
possibilities, contexts, and causes. The potential for law
and legislation to influence their prevalence is huge and
often not as well recognized as it should be. The first
factory acts were in effect some of the first laws relating
to noncommunicable disease, since by requiring better
ventilation and cleaner environments they reduced expo-
sures to the causes of cancer and chronic disease. In recent
times the emergence of the ‘lifestyle diseases,’ most obvi-
ously tobacco-related illnesses, have offered opportunities
for law and legislation to support public health policies.
More recently, the dramatic increase in obesity (in both
rich and poor countries) will have devastating impacts on
public health, and once again opportunities exist to craft a
legislative response to this issue. It should always be
noted, however, that legislative intervention in areas
such as tobacco, alcohol, or food, especially when it brings
restrictions on marketing, are never easily achieved: there
are wealthy and politically influential business interests
prepared to commit resources to lobby against proposed
changes and then to challenge them in the courts if they
are enacted. Despite this, the period from 1980 to 2000
saw the drafting and implementation of a range of controls
over the promotion and sale of tobacco products. Typi-
cally such controls sought to ban the advertising of cigar-
ettes, including ‘backdoor advertising’ through the
sponsorship of sporting events by tobacco companies.
This was necessary because sponsorship grew signifi-
cantly in the wake of the initial controls. First, it was a
way of avoiding the bans on advertising (for example,
sponsorship messages could be said to be incidental to a
televised event and thus escape a direct prohibition).
Second, it was a very effective way of getting extensive
brand coverage, especially in a globally televised event
such as the Formula One Grand Prix motor races. Legis-
lation also banned competitions, ‘giveaways,’ and other
devices to sell cigarettes and tobacco. Yet even in the face
of a seemingly comprehensive ban, the tobacco industry
has created ways to continue promotion. Films can show
people smoking andmake reference to particular brands in
passing. These fall outside the bans because they are said to
be ‘incidental’ references to tobacco products rather than
direct advertising, yet they are placed there quite deliber-
ately and there is evidence that actors have been paid to
be seen smoking or displaying a certain brand (Reynolds,
2004). Tobacco can also be advertised through the
Internet, a medium that nation states cannot easily regu-
late. The existing laws can also be made to seem oppres-
sive and unreasonable; the cigarette industry has painted
restrictions on advertising and sponsorship as evidence of
a ‘maternal’ and overregulatory public health system that
stifles freedom of choice. A counterargument is that the
bans strengthen freedom of choice by ensuring that peo-
ple make their decisions in a world where smoking is not
constantly represented as a glamorous and a desirable
pastime.

Tobacco laws also prohibit smoking in particular public
places, mainly worksites, restaurants, theaters, and public
transport. They have beenmost controversial when extend-
ing into places where smoking is common, such as bars and
casinos. In some countries these bans developed rapidly in
the 1990s and in the wake of evidence that persons exposed
passively to the tobacco smoke of others were risking an
additional burden of ill health. In a legal sense this knowl-
edge translated into workers’ compensation claims and civil
damages for negligence. Employers especially became
concerned with the potential costs of not banning smoking
and increasingly introduced their own bans or supported
compulsory bans through legislation, although some, par-
ticularly in the hospitality industry, sensed that they would
lose trade if smoking were to be prohibited in bars and
nightclubs. The tobacco industry fought the introduction
of bans, largely on the basis that whereas some might find
exposure to ambient tobacco smoke annoying, the evidence
of physical harm was not strong. For many, however, any
evidence of increased mortality and morbidity among non-
smokers exposed was sufficient to justify a ban. Restrictions
on smoking in public have been implemented at quite
different rates across the world. Where smoking is more
prevalent and a strong component of daily life, bans will be
much harder to achieve than in countries where smoking
is less prevalent and typically declining further. There
is also a secondary issue: bans are only effective if they
are complied with and are accompanied by an enforcement
policy.

The place of taxation in tobacco control programs has
been debated, given its potential for unwanted conse-
quences as well as public health benefits. The case for
taxation as an aspect of public health policy is that as cost
increases (the additional tax is generally passed on to the
consumer as a higher retail price), demand will decline.
When applied to goods and services generally, this argu-
ment may hold true. But when the commodity is tobacco,
the situation is complicated by the fact that many smokers
are habitual, even addicted, and in this context pricing is
often a ‘blunt instrument’ that makes some people poorer
rather than achieving the desired public health goal of
reducing consumption. However, in the case of persons
with limited disposable income who are not habitual
smokers, pricing stands to be effective. Typically, these
are children – many of whom risk commencing a lifelong
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habit. Since the first object of tobacco strategy should be
to prevent the incidence of smoking (i.e., new cases),
taxation may have a positive role in tobacco policy not-
withstanding its potential to make some people poorer
without, in their cases, achieving public health gains.
Taxation should always be seen as a health promotion
strategy and part of a wider program to assist persons to
quit using tobacco, not as a relatively uncontroversial way
of raising revenue, because it ‘punishes iniquity.’

Global issues have impacted tobacco regulation in two
important ways. First, the WHO Framework Convention
on Tobacco Control offers a global statement of the
significance of tobacco as a public health issue. The pre-
amble makes the following points:

Recognizing that the spread of the tobacco epidemic is a

global problem with serious consequences for public

health that calls for the widest possible international

cooperation and the participation of all countries in an

effective, appropriate and comprehensive international

response.

Reflecting the concern of the international community

about the devastating worldwide health, social, economic

and environmental consequences of tobacco consumption

and exposure to tobacco smoke.

Seriously concerned about the increase in the world-

wide consumption and production of cigarettes and other

tobacco products, particularly in developing countries, as

well as about the burden this places on families, on the poor,

and on national health systems.

The Convention places obligations on signatories to
‘implement, periodically update and review comprehen-
sive multisectoral national tobacco control strategies,
plans and programmes.’ This includes the use of pricing
and taxation, packaging and labeling, imposing bans on
advertising and sponsorship, and enforcing laws on sales
to minors. Compensation claims by governments against
the industry are also envisaged. Article 19 provides that:

For the purpose of tobacco control, the Parties shall

consider taking legislative action or promoting their

existing laws, where necessary, to deal with criminal and

civil liability, including compensation where appropriate.

The Framework Convention on Tobacco Control is
a global response to a global epidemic, and is a hugely
significant document provided that its provisions
are adopted by the countries that have signed it. However,
international agreements can also be detrimental to
public health, and the demands of global trade increase
opportunities for a range of products that are adverse
to public health, notably tobacco, to penetrate local mar-
kets. Any attempt to prevent the sale of such products can
be painted as an unlawful restriction on trade that is
designed to protect the local industry rather than the
public’s health. Although the free trade agreements do
allow exclusions if they are necessary to protect plant
and animal quarantine and human health, the case for
public health could be overwhelmed by a well-resourced
and energetic campaign designed to promote the interests
of global business. Furthermore, in many cases the
adverse public health outcome will be less obvious than,
for example, the immediate threat of an introduced
disease.

The experience with tobacco offers a useful template
for legislative policy in the area of nutrition. In the face of
increasing global obesity, governments must begin to craft
effective policies to deal with the problem and prevent the
diseases linked to it. However, the analogy with tobacco
can only be taken so far; there are some obvious differ-
ences between food and tobacco. Food is necessary for
survival and comes in a range of types, healthy and
unhealthy. In moderation, food is mostly healthy. Tobacco
is an addictive carcinogen, unsafe at any dose. Further,
tobacco-related diseases are specific to tobacco and are
generally attributable entirely to smoking. Obesity poten-
tially has many causes: diet, genetics, and insufficient
exercise. Unlike tobacco, no one type of food can be
blamed for a person’s obesity. This makes the role that
bans and restrictions might play in food marketing far less
clear than it might be with tobacco. However, the size of
the obesity problem and its huge impacts on the health
system has meant that legislation restricting promotion of
certain foods, particularly where children are the target
audience, is being canvassed as a possible component of a
wider public health strategy to address obesity. They have
yet to be implemented in legislation and governments
remain tentative as to the desirability of controls on
advertising and sponsorship, though theWHO has recom-
mended that food and beverage advertisements should not
exploit children and that ‘messages that encourage
unhealthy dietary practices or physical inactivity should
be discouraged’ (WHO, 2004: 13).

A range of options could be crafted to limit the reach of
food advertising. Self-regulation may be an option, but
often it is ineffective, designed more to forestall legisla-
tion than to achieve clear public health goals. Legislative
options might include bans on some types of advertising
(for example, where a toy associated with a meal is the
focus of the advertisement, or advertisements for certain
types of high-energy foods during the prime time for
children’s television). Similarly, sponsorships could be
regulated. But unlike tobacco, where a complete ban is
feasible, enacting controls on food advertising presents
the great difficulty of distinguishing between ‘good’ and
‘bad’ food, and crafting the partial ban would present legal
problems, as well as public health policy problems. Yet
some regulatory agencies are recognizing that a move
toward some degree of effective control over the market-
ing of food to children needs to happen. In the United
Kingdom, the Food Standards Agency made the following
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recommendations as part of a series of strategies and
expressed the view that:

action to address the imbalance in TVadvertising of food

to children is justified

action on relative amounts of advertising for foods,

meals or snacks high in fat, sugar or salt and for healthier

foods, and the times at which these adverts are scheduled,

is likely to be the most effective option to address the

imbalance

(UK Food Standards Agency, 2004).

In 2005 a private members bill was introduced into the
UK Parliament that allowed for the banning of advertising
of certain foods. In particular it envisaged regulations that
prohibited specified kinds of marketing to children ‘of
classes of food which may be considered detrimental to
the health, well-being or educational performance of such
children.’ The bill also sought to improve the nutritional
content of school lunches both by prohibiting specified
unhealthy options and by setting standards for meals.
Implicit in the proposal is the idea that the state has a
responsibility for the food marketed to children and con-
sumed by them. Although this may be seen as a controver-
sial idea, and sharply at odds with the notion of personal
responsibility, it provides an example of how legislation
might have a role in what is increasingly a major public
health problem (Children’s Food Bill 2005 (UK)).

By contrast, other countries have sought to protect
their food industries from the legal liability that might
flow from its marketing practices. At both a federal and
regional level the United States has introduced legislation
(Personal Responsibility in Food Consumption Act of 2005,
109th Congress H.R. 554) that is essentially designed to
protect food manufacturers, sellers, and their trade associa-
tions ‘for claims of injury relating to a person’s weight gain,
obesity, or any health condition associated with weight
gain or obesity.’ The idea that obesity is a matter only of
personal or parental choice provides the underpinning for
the legislation. Section 1714.4 of the Californian Civil Code
(the equivalent of the Federal Act) was amended in 2005 to
make the point that ‘[i]ndividuals remain ultimately
responsible for the choices they make regarding their bod-
ies, despite any commercial influences.’

The notion of ‘personal responsibility’ has become
prevalent in the discussions of obesity and public policy.
But it is also a component of more general questions about
responsibilities for public health and the role of govern-
ment that have been part of the public health debate since
public heath laws were first drafted. Even accepting
the argument that mostly persons do have responsibility
for their own health, they make their choices within envir-
onments that can be either supportive or destructive of
healthy outcomes. For example, it is the case that the fast
food industry can ‘out advertise’ healthy food promotions
many times over. This creates an environment in which
persons are consistently provided with cues to consume
and the ‘playing field’ is not level but tilted substantially in
favor of industry interests. This is quite at odds with a key
idea from the Ottawa Charter on Health Promotion
(1986), that ‘healthy choices should be easy choices.’ It is
far easier to exercise personal responsibility in a world
where families are not subject to continuing messages to
make unhealthy choices. It is far harder to exercise per-
sonal responsibility in a world where the messages are so
skewed towards the unhealthy.

Other social issues might successfully be addressed
by the same kind of approaches as those discussed for
tobacco and obesity. In New Zealand the Gambling Act
2003 provides the underpinning for a public health model
to address problem gambling. Such an approach moves
the focus away from the individual gambler as an ‘addict’
or the issue of personal responsibility. Rather it focuses
on the environment in which gambling occurs and the
responsibilities of the operators of clubs and casinos.
This public health approach contrasts with a revenue-
raisingmodel inwhich the focus is on the taxation received
(Raeburn and Herd, 2003).
Litigation as a Source of
Public Health Law

The restrictions on smoking in public places illustrate the
influence that civil litigation can have on public policy.
Indeed, the threat of legal actions against employers or
proprietors of places of entertainment provided a strong
argument for a public response in the form of bans on
places where people could smoke. Without the threat of
litigation it is unlikely that smoking bans in public places
would have developed in many countries to the extent
that they did. This raises a general point: although public
health law is principally to be found in legislation, the
influence of the courts should also be recognized as an
important source of public health law. Another good
example of this is ‘server liability’ or ‘dram shop liability,’
the argument being that under common law systems, the
person serving alcohol has a duty of care to those buying
it and to otherswhomight be affected by the purchase.With
this duty of care comes the obligation on a person to act
responsibly, and in the context of serving alcohol, to not
serve people if theyare intoxicated and to provide as far as is
reasonable and practical a safe environment, not only for
drinkers but for those who might be directly affected by
their actions. This potential for civil liability can be rein-
forced by statutes and many jurisdictions across the world
make it an offence in their liquor licensing laws for a person
to serve alcohol to someone who is already intoxicated.

More generally, the principle of a duty of care has a
broad application in public health and could apply to
persons and companies marketing fast food and to persons
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who operate gambling facilities such as places where
poker machines are located or online betting occurs.
The extension of liability in this way is controversial,
because it is said to be driven by lawyers’ financial inter-
ests or to represent an example of an overbearing and
overprotective state stifling free enterprise or depriving
people of their personal autonomy. And, as discussed
previously, attempts have been made in a number of
jurisdictions to limit the extent to which claims can be
made. But civil actions such as these do make the point
that persons whose activities impact on public health
(whether serving food or alcohol, selling guns, or
operating gambling venues) are responsible for the con-
sequences of their actions and should act reasonably
under the circumstances. More particularly, the public
health value of successful litigation cannot be underesti-
mated. For example, a successful claim against the owner
of a bar for the injuries that have occurred as a result of
careless serving of alcohol to an intoxicated client, who
then injures another person, has the direct effect of com-
pensating that person for the losses or injuries suffered,
which is the primary purpose of litigation. But it also has a
more general public health impact; it sends a warning
across the whole industry to lift its standards to an accept-
able level, with all of the future potential public health
benefits that this will bring.
Public Health Law: Future Directions

The future of public health law will be shaped by the
emerging problems and threats to the public’s health both
regionally and globally. The threats of a new pandemic of
human influenza, the ongoing mortality of AIDS, and the
increasing burdens of lifestyle diseases have been well
described in the public health literature. However, poten-
tially more significant public health problems will result
from the impacts of our unsustainable lifestyle with its
ongoing process of environmental degradation and cli-
mate change. The developed countries and increasingly
many other countries across the world are running unsus-
tainable economies that are drawing on finite resources
and outstripping them (Loh and Wackemagel, 2004). This
will bring vast long-term public health problems directly
through the immediate impacts of storms, droughts, and
increased temperature and indirectly if, as a result,
regional economies that are dependent on depleting nat-
ural resources fail and poverty increase. Yet these issues are
seen generally as environmental issues and, to the extent
that legislation seeks to address them, the responses are
considered as a body of environmental law and policy. The
Western Australian Discussion Paper (Western Australia
Department of Health, 2005) argued that the opportunity
exists for public health and environmental legislation
to discover a common source under the principles of
sustainability and that new public health legislation needs
to support sustainable policy and decision makingwherever
possible. This is a new idea, but it does illustrate that public
health legislation needs to respond to the emerging public
health problems of the day. It has been argued, for example,
that requirements such as the health impact assessments
described earlier could be set in legislation and influence
decision making with a view to long-term sustainability.

There are also opportunities for sustainable decision
making to influence public health outcomes in both the
long and the short term. A cogent example of this is the
potential for public policy to change commuting patterns.
Increasingly in developed countries people commute by
private vehicles. Journeys to work and to school that were
formerly partially or completely active, comprising a mix of
public transport and/or physical exercise (walking or
cycling), are now replaced by door-to-door journeys in
private vehicles that are largely passive. This trend has
increased over the past decades and is unsustainable. But
it is also a contributing factor to the problems of obesity,
especially among children for whom a built-in opportunity
to exercise (the opportunity to walk or cycle to school) is
lost. Government policies usually underpinned by legisla-
tion can influence travel patterns. For example, taxation can
either encourage or discourage private vehicle ownership
and use. Public transport use can be encouraged by a num-
ber of policy options. Physical environments in which peo-
ple feel safe towalk and exercise do not occur by chance but
are the product of a planning control system whose zoning
controls set the criteria for new developments that can
either be ‘pedestrian friendly’ or ‘pedestrian unfriendly.’
Indeed, in many ways laws can be used as an instrument
to encourage commuting choices that are healthier for
individuals and more sustainable for communities. This
example of bringing together two areas of public health
concern is reflected in the provisions of the New Zealand
Land Transport Management Act 2003, which specifically
incorporate the two ideas of the protection and promotion
of public health and ensuring environmental sustainability
as key issues to be considered in the national and regional
planning process required under the Act (S12).
Research in Public Health Law

A remarkable feature of public health law is the modest
research capacity devoted to it. Unlike environmental law,
which is taught in most law schools and environmental
studies programs and sustains many specialist research cen-
ters, public health law is restricted to a fewcenters, typically
funded or supported through government agencies or
through the work of individual researchers with an interest
in the field. Most notably, the United States has the Center
for Law and the Public’s Health, which was established in
2000 as a joint initiative of Georgetown and Johns Hopkins
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universities and is a collaborating center of the Centers for
Disease Control and Prevention (CDC). The Center is the
source of a series of model legislation for public health law
generally and emergency health powers in particular. Also
in the United States, the Louisiana State University has a
Program in Law, Science and Public Health. TheU.S. CDC
has provided the initiative for much research in public
health law, and in 2005 the CDC Foundation announced
the creation of an Institute of Public Health Law. In Aus-
tralia, a National Centre for PublicHealth Law (at LaTrobe
University, Melbourne) was funded from 2002 to 2005.

Specialist law texts exist in a number of areas of public
health, notably food and drug law and environmental
health law. General texts include Gostin (2001), Goodman
et al. (2003), and Reynolds (2004). Although all three tend to
be confined to their national contexts (the United States in
the case of the first two and Australia for the third), they do
offer general ideas and perspectives on the state of public
health law.

See also: Foundations in Public Health Law; Health

Technology Assessment: Ethical, Legal and Social Issues;

The Regulation of Drugs and Drug Use: Public Health and

Law Enforcement; Resource Allocation: International

Perspectives on Resource Allocation; Resource Alloca-

tion: Justice and Resource Allocation in Public Health.
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eludes cultivation on artificial media (Rees and Young,
1994). The stigma attached to leprosy has caused untold
suffering for countless numbers of people, even the word
‘leprosy’ has become a curse word in some languages.
Today, stigma continues to hinder early presentation of
new cases and adherence to treatment, and to threaten the



social integrity of the people affected in most countries
where leprosy is endemic. Leprosy is both a dermatological
condition and a chronic disease of the peripheral nervous
system. Management of leprosy and its complications
involves village health workers, paramedical workers,
dermatologists, neurologists, physicians, surgeons, public
health experts, physiotherapists, occupational therapists,
nurses, social workers, and, above all, the people affected
by leprosy themselves.

Epidemiology

Etiology

Leprosy is an infectious disease caused by Mycobacterium

leprae (M. leprae). M. leprae was the first human microbial
pathogen to be discovered, by Dr. G. H. Armauer Hansen in
Norway in 1873 (Rees and Young, 1994). A Gram-positive,
strongly acid-fast, rod-shaped bacteria, M. leprae measures
1–8mm by 0.3mm. Despite being the first pathogen to be
identified, it still cannot be cultured on artificial media.
However, M. leprae will multiply when inoculated in
mouse footpads, immune-compromised mice, or nine-
banded armadillos. The generation time of 11 to 13 days is
uniquely slow even among the slow-growing mycobacteria
(the generation time ofM. tuberculosis is 20 hours).M. leprae

is the only bacterium that infects peripheral nerves. It is
an obligate intracellular parasite, predominantly residing in
macrophages and Schwann cells, particularly of unmyelin-
ated nerve fibers (Rees and Young, 1994).

Case Definition

Because of the chronicity of leprosy, it is often impossible to
determine the exact onset of disease. Effective antileprosy
treatment usually causes the typical skin and nerve lesions
to regress, but often patients still have obvious signs and
symptoms of leprosy at the end of treatment, such as resid-
ual hypopigmentation of former skin lesions, sensory or
motor impairment, or secondary impairments. However,
the World Health Organization (WHO) decided that a
patient who is cured from a bacteriological point of view
should no longer be called a ‘case.’ A case was thus defined
as ‘‘any person clinically diagnosed as having leprosy, with
or without bacteriological confirmation of the diagnosis,
and needing chemotherapy.’’ Patients who have completed
chemotherapy are therefore removed from the register and
are no longer counted in the official statistics. However,
many have residual impairments needing continued atten-
tion to prevent further deterioration, and a proportion will
continue to develop new impairments and disabilities even
after successfully completing chemotherapy (Croft et al.,
2000). Thus, although no longer ‘cases,’ these people still
need appropriate care, including services to help prevent
disability. In addition, there are people who suffer the

consequences of leprosy in terms of activity limitations or
restrictions in (social) participation (van Brakel, 2000). They
are no longer ‘leprosy cases,’ but may still be in need of
rehabilitation services, for example, community-based
rehabilitation or vocational training. These groups of
people need to be taken into account during health services
planning exercises.

Occurrence

WHO regularly reports data on registered prevalence and
new case detection from the various WHO regions and
countries. It is known that these data are affected by
several operational factors, such as changes in case defini-
tions, the practices for case detection, treatment, and reg-
istration. Global reported annual detection reached a peak
of 804 357 in 1998, before falling to around 621 000 in 2002
and 515 000 in 2003. This downward trend continued
during 2004 and 2005, with 408 000 and 299 000 newly
detected cases, respectively. The sharp decline in the
number of annually reported new cases over the last four
years can be almost fully attributed to the reduction in case
detection in India alone (Figure 1). It is unclear at the time
of writing whether this reflects a true decline or whether it
is mainly a reflection of operational factors. The reported
proportion of ‘grade 2 disability’ among new leprosy
patients in different parts of the world ranges between
3% and 32%. In 1997, WHO estimated the global preva-
lence of (ex-)patients with visible impairments (WHO
disability grade 2) to be 2million. This estimate would
be even higher if people who only have sensory
impairment were included. In some countries and areas
the prevalence of people with residual impairments is
high. This places a considerable demand on the health
services regardless of the new case detection rate.

Reservoir

The primary reservoir of infection is human beings. Natu-
rally acquired infection has been reported in nine-banded
armadillos, chimpanzees, andmangabeymonkeys, but these
are not currently considered a source of infection of
any significance. However, the fact that the incidence so
far failed to decrease significantly in many countries has led
to speculation regarding other possible reservoirs of
M. leprae, such as soil and water. New techniques, such as
polymerase chain reaction (PCR), have made more sophis-
ticated investigations of environmental sources possible and
new studies are under way.

Mode of Transmission

The main mode of transmission is believed to be droplet
infection by bacilli excreted from the nasal cavity of
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untreated lepromatous (or other multibacillary) patients.
Skin to skin transmission remains a possibility, although
it is doubtful that bacilli could enter intact skin. The
most likely portal of entry is believed to be the upper
respiratory tract.

Incubation Period and Communicability

The incubation period is usually between 2 and 5 years
but ranges from a few months to more than 20 years. It is
not known at what stage an infectious patient starts
excreting bacilli, nor how long this would continue in
the absence of treatment. Effective antileprosy treatment,
for example with rifampicin, usually renders a patient
noninfectious within a few days.

Susceptibility

The factors that determine the susceptibility of indivi-
duals to leprosy are still not known. Prolonged and close
contact with a known patient, particularly if this patient is
of the lepromatous type, significantly increases the risk of
becoming a case (Fine et al., 1997). However, it has been
shown that others – household contacts, neighbors, and
contacts at work – are also at increased risk of developing
leprosy (Bakker et al., 2006; Moet et al., 2006). Suscepti-
bility to the disease may be increased by prolonged expo-
sure to M. leprae, but this remains hypothetical and
difficult to prove. The type of leprosy to develop in
susceptible individuals may be determined, at least in
part, by human lymphocyte antigen (HLA)-linked genes.
There is evidence that leprosy is highly infectious, but
that only a small proportion of infected individuals
develop clinically overt disease. Recently, two genes
were identified that have a strong association with
increased susceptibility. Further studies are under way.

Diagnosis, Classification, and Treatment

The disease spectrum of leprosy varies from a single self-
healing hypopigmented macule to a generalized illness
that causes widespread peripheral nerve damage and
affects even bones and internal organs. Skin lesions may
be either well- or ill-defined hypopigmented macules,
plaques, or nodules, localized in a particular area or sym-
metrically distributed over the whole skin (Figure 2).
They may be hypesthetic, anesthetic, hyperesthetic (par-
esthesia), or have normal sensibility. Nerve lesions occur
in dermal nerves as well as in superficial sensory nerves
and mixed nerve trunks. One or more nerves may be
enlarged on palpation. Commonly affected are the greater
auricular, radial (cutaneous), ulnar, median, common
peroneal, sural, and posterior tibial nerves. Other nerves
that may be affected are the facial nerve, giving a charac-
teristic paresis or paralysis with lagophthalmos, usually
without affecting the oral branch, and the corneal
branches of the trigeminal nerve, causing corneal hy-
pesthesia or anesthesia. Secondary signs such as clawing
of fingers and toes, ‘absorption’ of digits due to repeated
injury, and dry skin are due to impairment of motor,
sensory, and autonomic nerve function. In patients with
long-standing ‘lepromatous leprosy,’ madarosis, and nasal
collapse occur, but are now uncommon.

Diagnosis

The diagnosis ‘leprosy’ is based on finding at least one of
three so-called cardinal signs: diminished sensibility
(detected with cotton wool and/or a nylon filament) in a
typical macule or plaque in the skin (Figure 3), palpable
enlargement of one or more peripheral nerve trunks at
specific sites, and the demonstration of acid-fast myco-
bacteria in a slit skin smear.
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Figure 1 Global annual number of newly detected leprosy cases, 1996–2006.
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If diminished sensation cannot be clearly demon-
strated, the diagnosis cannot be made based on the
skin lesion(s) alone. Palpable thickening of peripheral
nerve trunks due to causes other than leprosy is rare.
The differential diagnosis of nerve thickening includes
hereditary diseases such as Charcot Marie Tooth disease
and Déjerine Sottas disease, amyloid neuropathy, and
post-traumatic neuritis. These are generally considered
to be so rare that in a leprosy-endemic area the finding of
‘definite’ enlargement of a peripheral nerve trunk is suffi-
cient to establish the diagnosis of leprosy. However, one
should be careful before diagnosing leprosy on the basis of
a single enlarged nerve, particularly in the case of ‘pure
neuritic’ leprosy in which there are no characteristic skin
lesions and the skin smear is negative.

Diagnosis may be confirmed by histology of affected
skin or nerve tissue, although the histological diagnosis of
biopsies from early suspected lesions is not straightfor-
ward. For the bacteriological examination of a (suspected)

leprosy patient, usually four to six slit skin smears are
taken from different sites on the body. These should
include both earlobes and, where possible, at least two
active-looking skin lesions. The smears are fixed and then
stained with the Ziehl-Neelsen method. The results are
reported using the bacteriological index (BI), a 7-point
scale based on the number of bacilli present per oil
immersion field; either the highest or the average score
of the individual smears is used (Rees and Young, 1994). It
should be noted that only a relatively small proportion of
all cases have positive smears, so this test can never be
used to rule out leprosy.

Immunology and Classification

The various clinical manifestations are the result of the
immune response of the host to infection with M. leprae.
In the 1960s, Ridley and Jopling proposed a 5-group
classification system based on immunological and
histological characteristics. This system is still used in
research. Patients with limited disease (one or a few skin
lesions only) and a potent cell-mediated immune (CMI)
response against M. leprae were called ‘tuberculoid’ (TT),
while those with extensive disease and an absent CMI
response were called ‘lepromatous’ (LL). Between these
two ends of the immunological spectrum came the so-
called borderline patients (BT, BB, or BL). In 1982, WHO
introduced a 2-group classification system based on the
probable number ofM. leprae present. Patients assumed to
harbor only a few bacilli are called ‘paucibacillary’ (PB),
while those assumed to harbor many are called ‘multi-
bacillary’ (MB). From 1998 on, classification would be
done on clinical signs only, but skin smear results are
taken into account when available. Patients with more
than five skin lesions or who are BI-positive are classified
as ‘MB,’ while all others are classified as ‘PB.’

Treatment

Sulphone therapy for leprosy was introduced in the late
1940s. This was successfully used as monotherapy for two
decades. However, in the 1970s, resistance to dapsone
emerged on a wide scale. To counter this serious problem,
WHO introduced MDT in 1982. PB patients were to be
given a 6-month regimen (PB MDT) consisting of daily
dapsone (DDS, 100mg once daily) and monthly rifampi-
cin (600mg once a month, supervised). MB patients were
to be treated with a three-drug MDT regimen for a
minimum of 2 years, but where possible until the skin
smear had become negative. Besides the drugs of the PB
regimen, the MB regimen includes clofazimine 50mg
daily and 300mg once monthly, supervised. The results
of these regimens have been very good with very few
relapses. The duration of MB MDT was shortened in
1993 to a fixed-duration 24-month regimen and, in 1998,

Figure 3 Sensory testing of hypopigmented skin lesions in a

young boy detected with leprosy in Kano, Northern Nigeria

(March 2007).

Figure 2 A large mid-borderline (BB) leprosy lesion in a new

case in Thailand (January 2007).
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to a 12-month regimen. MDT has been very successful in
the treatment of individual cases, but the epidemiological
impact has been less striking; registered prevalence has
declined because of the reduced duration of treatment,
but disease transmission does not seem to have been
greatly reduced, presumably because significant transmis-
sion occurs in the late stages of incubation, prior to
diagnosis and the start of treatment.

Complications

The skin signs of leprosy are relatively harmless, but
complications of the disease may lead to severe conse-
quences, such as blindness, infertility, and severe sensory
and motor disability. Most of the complications are the
result of immune-mediated damage to the peripheral
nervous system. This may be insidious, as part of the
‘normal’ pathophysiological process of leprosy, in which
granulomatous inflammation destroys subcutaneous
nerves. But much more dramatic and debilitating are the
so-called leprosy reactions. Other complications include
destruction of the soft palate, causing palatal perforation,
and bone changes due to infiltration withM. leprae. These
occur only in advanced cases and are most common in
sites where the temperature is below 37 degrees, such as
the nasal cavity and the fingers and toes. Destruction
of the nasal septum leads to the typical collapsed or
‘saddle’ nose. Dermatological complications include
madarosis and skin wrinkling, occurring only in leproma-
tous patients. Most ocular complications are secondary to
iritis or lagophthalmos. Corneal anesthesia may be pres-
ent following infiltration of M. leprae into the corneal
branches of the trigeminal nerve. This may lead to eye
injury due to failure of the blink reflex.

Reactions and Neuritis

The term ‘reaction’ is used to describe the appearance
of signs and symptoms of acute inflammation due to
hypersensitivity to leprosy antigens. Clinically there is
redness, swelling, heat, and sometimes tenderness of skin
lesions, and there may be swelling, pain, and tenderness
of nerves, often accompanied by loss of function. New
skin lesions may appear. The nerve function impairment
is likely to become permanent if left untreated. Two
types of reaction are distinguished. A Type I Reaction
(T1R) or ‘reversal reaction’ may occur in both PB and
MB patients. A T1R is a delayed-type hypersensitivity
(DTH) reaction involving the cell-mediated immune
system (Britton and Lockwood, 1997). The localized
DTH response causes local inflammation of skin and
nerves at the site where antigen is present. Erythema
nodosum leprosum (ENL) or Type II Reactions occur in
MB patients only (especially those with ‘lepromatous’

leprosy). ENL is a systemic immune complex reaction,
in which antibody–antigen complexes may be deposited
in various tissues, leading to vasculitis (Britton and Lock-
wood, 1997). At the time of diagnosis, during drug col-
lection visits, and at release from treatment (RFT), all
patients must be questioned and examined for signs and
symptoms of reactions (Figure 4).

Not infrequently patients develop nerve damage with-
out any of the obvious signs of the two types of reactions
outlined earlier. This is called ‘silent neuritis’ or ‘silent
neuropathy’ and is defined as ‘‘any sensory and/or motor
impairment of recent onset (<6months duration) without
spontaneous symptoms of nerve pain or tenderness or
signs of a reaction (T1R or T2R).’’

Peripheral Neuropathy

M. leprae is the only bacillus known to selectively invade
human peripheral nervous tissue. A histological picture of
acid-fast bacilli inside the peripheral nerve is considered
pathognomonic for leprosy. From the point of view of the
pathology of leprosy, Ridley and Job wrote ‘‘Leprosy is
essentially a disease of the peripheral nerves.’’ The ques-
tion is therefore not whether or not the patient has neu-
ropathy, but whether the neuropathy is severe enough to
be detected with the instruments available. However, only
clinically detectable neuropathy requires treatment.
There is evidence that mild sensory neuropathy often
heals without treatment other than MDT.

Damage of sensory, motor, and autonomic nerve fibers
is common. Motor nerve impairment has long been recog-
nized as an important problem in leprosy, because it often
leads to visible impairment (deformity). Regular testing of
voluntary muscle strength was already suggested in the
1960s. It has been adopted on a worldwide scale as a
measure of neural function and is often the only outcome

Figure 4 Close-up of Type 1 Reaction lesions on the arm of an

Indonesian leprosy patient (April 2005).
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parameter reported. Although the importance of motor
function in daily life is beyond dispute, the importance of
sensory function is often underestimated. A patient with
insensitive feet is at constant risk of injury, while those with
insensitive hands often have considerable activity limita-
tions (van Brakel and Anderson, 1997). Loss of protective
sensation in eyes, hands, and feet is responsible for much of
the long-term morbidity caused by leprosy. Autonomic
nerve damage is important because the resulting dryness
of the skin, and possibly also the changed microvascular
physiology, are additional risk factors for injury.

Treatment of Reactions and Nerve Function
Impairment

Patients who only have skin signs of reaction, without ulcer-
ation of the lesions and without signs of nerve involvement,
may be treated with rest and anti-inflammatory drugs such
as aspirin (600mg three times daily for 14 days) or chloro-
quine phosphate (250mg three times daily for 14 days).
Patients with a mild reaction should be reviewed carefully
by a doctor or supervisor after 2weeks for possible worsen-
ing of the reaction, particularly the occurrence of nerve
function impairment (NFI). If the reaction is still mild, the
above treatment should be continued for another 2 weeks,
after which the patient is reviewed again. Chloroquine
should not be given for more than 4weeks.

If there are signs of a severe reaction (the presence of
NFI, ulceration, severe edema, or the involvement of
other organs such as eyes or testes), or if a mild reaction
fails to improve within 4 weeks, prednisolone should be
prescribed. The patients with certain (relative) contra-
indications must first be referred to a specialist center.
These include intercurrent infections, suspected nerve
abscess, painful red eye, any hand or foot wound,
suspected peptic ulcer, cough for more than 3 weeks
(suspected tuberculosis), suspicion of other conditions
such as hypertension, diabetes, and pregnancy, or age of
15 years or less.

Steroid Regimens

Further studies to determine the optimal dose and dura-
tion of the steroid treatment of reactions are still needed.
We currently recommend the following prednisolone reg-
imen for patients of 15 years or older:

. Starting dose 40mg, single dose per day, given in
the morning. This corresponds to about 0.5–1mg per
kilogram body weight for most patients.

. Tapering 5mg every 2weeks for PB patients and every
4weeks forMB patients. The total duration of a standard
course would be 12weeks for PB and 24weeks for MB.

. If the dose needs to be increased for any reason during
the steroid course, this should be done in steps of 10mg

per week. Reasons for this include failure to control the
acute signs and symptoms of the initial reaction,
including sensory and/or motor impairment of recent
onset, recurrence of acute signs and symptoms, and
increasing sensory or motor deficit.

. Sometimes the patient has to be admitted during the
first 2 to 4weeks or until the signs and symptoms of
reaction have begun to subside.

Regimen for children under 15 years of age:

. Starting dose 30mg, single dose per day, given in the
morning for the first week, then 30mg on alternate
days for 1week; then

. Reduce the dose to 25mg on alternate days, tapering
5mg every 2weeks; total duration of a standard course:
12 weeks.

The rationale behind this regimen is that suppression of
the pituitary and adrenal glands is unlikely to happen
within 1week, while the initial beneficial effect of the
steroids can be expected within the first 1 to 2weeks.

Nerve Function Assessment

Autonomic impairment is common in leprosy, but is
difficult to test. Assessing dryness with the fingers or
back of the hand is a simple but crude test, which can be
difficult to interpret on the foot soles of people walking
barefoot or wearing open sandals, particularly in the
dry season.

An appropriate test of touch sensation is skin indenta-
tion. The most widely used sensory test in the field of
leprosy is the ballpoint pen test. Its strengths lie in its
simplicity and in the almost universal availability of the
instrument. The test is not sensitive enough to pick up
mild impairment, but is a valid test of protective sensation,
provided the correct technique is used. The principle of
sensibility testing with graded filaments, originally intro-
duced by von Frey in the late nineteenth century, was
revived by Semmes and Weinstein using standardized
nylon monofilaments. The test method and ways to record
and interpret results are described elsewhere (Figure 5).

The voluntary muscle test (VMT) has been used
widely in leprosy since 1968. In the early 1980s, a 6-
point scale was recommended for grading the test when
assessing people affected by leprosy. Shorter 3- and
4-point scales are also in use. The most commonly used
is the 3-point scale which grades muscle strength as
‘strong,’ ‘weak,’ or ‘paralyzed.’ The VMT is not easy to
perform technically, as the tester has to use ‘intrinsic
normal values’ based on his or her experience of normal
muscle strength. Normal muscle strength varies with
sex and age, so this requires considerable practice. An
advantage of the VMT is that no testing instruments are
required. Nerve function assessment should be done at
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the first clinic visit of each patient and at least every
3months during MDT treatment.

Long-Term Consequences of Leprosy

When detected and treated in time with corticosteroids,
primary impairments may be reversible. However, a sub-
stantial proportion of patients (10–50%) do not recover or
get worse. Among new patients, 3% to 32% present with
secondary impairments (grade 2 disability), such as
wounds, contractures, and shortening of digits, usually
preventable consequences of the autonomic, sensory,
and/or motor neuropathy. All people with impairments
need careful and repeated teaching on methods to prevent
further impairment and subsequent disability. Following
such impairments many people experience limitation of

activities (of daily living). As a result of such limitations,
or because of the stigma attached to visible impairments
or even to the diagnosis ‘leprosy,’ many people have
socioeconomic problems. They are restricted in their
(social) participation (van Brakel, 2000). A large, but
unknown percentage of people succeed in overcoming
these activity limitations and participation restrictions
by themselves and do not need outside help, in spite of
residual impairments. A certain percentage, however, do
need rehabilitation assistance, including physical or occu-
pational therapy, reconstructive surgery, or temporary
socioeconomic assistance.

Prevention of Disability

Prevention of disability (POD) is a key objective in any
leprosy control program. The main components are:

. Primary prevention. Early detection of leprosy and
adequate treatment are by far the most effective mea-
sures to prevent disability (Meima et al., 1999). How-
ever, since 10% to 20% of patients will develop new
sensory or motor impairments during or even after
MDT, early detection of reactions and NFI and
subsequent steroid treatment are also of vital impor-
tance. The Consensus Conference on Prevention of
Disability in Cebu, Philippines (2006), highlighted
the current challenge to make this treatment widely
available, as close to where patients live as possible; if
the treatment is to be made available, it is essential
that patients themselves are aware of the possible
symptoms that may occur, and that local health workers
have the basic knowledge and skills to assess the prob-
lem and then either treat or refer (WHO, 2006).

. Secondary prevention. If people have already devel-
oped irreversible neural impairment or even secondary
impairments (such as wounds and contractures),
one needs to prevent these from getting worse. Recon-
structive surgery plays a part in secondary prevention,
since the goal is often to prevent further injury. Protec-
tive footwear for people with insensitive feet is some-
times provided by the program, but often people must
buy the footwear themselves. Other ‘assistive devices’
may correct or prevent activity limitations.

The main strategy for secondary prevention,
however, is ‘self-care’: teaching the affected persons
how to look after their damaged eyes or limbs, how to
prevent injury, and how to treat wounds. They will have
to do this conscientiously for the rest of their lives. Self-
care groups can be an effective means to support this. It
is now realized that effective self-care depends largely
on the empowerment of those affected, so that they are
motivated and enabled to pursue their own POD goals
(WHO, 2006) – in much the same way as is happening
in the management of other chronic diseases.

. Tertiary prevention. The objective is to prevent partici-
pation restrictions, often resulting from the stigma
attached to leprosy. Strategies for prevention therefore
include counseling of the affected person and their
families, neighbors and community, vocational training,
and advocacy work (Gershon and Srinivasan, 1992).

Rehabilitation

People suffering from activity limitations or participation
restrictions may need rehabilitation services. If at all
possible, these should be sought within existing facilities
for people with disability, such as community-based reha-
bilitation programs, counseling services, or vocational
training schemes. Reconstructive surgery has an impor-
tant role in improving the function of hands and feet and
in reducing stigmatizing deformities. Promoting the

Figure 5 Sensory testing of the sole of the foot (posterior tibial

nerve) of a Nepali leprosy patient using a nylon monofilament

(April 2006). The monofilaments have different colors for different

standard diameters. The test determines the thinnest filament still
felt by the patient. The purple filament shown exerts a pressure of

approximately 2 g.
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dignity of people affected by leprosy is one of the most
important tasks in health education and advocacy work.
Leprosy ‘treatment’ is only successful if, in the end, peo-
ple can function optimally and are accepted as equal
members of their society. Organization of people affected
by leprosy in self-help groups or organizations can be a
powerful way to promote rehabilitation and to fight
against stigma and discrimination.

Leprosy Control

Disease control can be defined as the reduction of
the incidence and prevalence of the disease, and of the
morbidity and mortality resulting from the disease to a
locally acceptable level as a result of deliberate efforts.
Continued intervention is required to maintain the
reduction.

The objectives of leprosy control are:

. To interrupt transmission of the infection, thereby
reducing the incidence of disease

. To treat patients in order to achieve their cure

. To prevent the development of associated deformities

. To achieve complete rehabilitation.

The strategy to achieve control of leprosy consists of
three major elements:

. Early case detection

. Adequate chemotherapy (MDT)

. Provision of high-quality, comprehensive care for the
prevention of disabilities and rehabilitation of patients.

Comprehensive care includes early diagnosis and treat-
ment of reactions, eye care, wound and ulcer treatment,
patient education, self-care, use of protective footwear
and other protective devices, physiotherapy, reconstruc-
tive surgery, and socioeconomic rehabilitation (ILA, 2002;
WHO, 2006).

Implementation of this strategy ideally requires read-
ily accessible, efficient, and sustainable health services
that cover the population fully, and that are accepted by
the community and the patients. This strategy implies
that leprosy control activities should be implemented by
the general health services (ILA, 2002).

Prevention

The objective of communicable disease control is ulti-
mately to stop transmission of the causative agent, so
that no new individuals will get infected and be at
risk of developing disease. Disease may be prevented by
preventing transmission or by preventing an infected
person from developing the disease (e.g., through vac-
cination). In some diseases, such as leprosy, HIV, or
typhoid, it may be very difficult to prevent transmission,
because people may be asymptomatic carriers who are

themselves unaware that they are infected and infectious
to others. No methods are available to prevent infection
withM. leprae. Isolation of infectious patients is no longer
practiced, for two main reasons: Most patients have
been infectious for a long time by the time they are
detected and therefore transmission has likely already
taken place; and treatment with MDT renders even a
lepromatous patient noninfectious within a few days.
MDT can therefore be seen as ‘chemical isolation.’

Prevention of disease in infected persons is also diffi-
cult because as yet no reliable tests exist to detect
(subclinical) infection. Some authorities recommend
rifampicin prophylaxis for use in close contacts of lepro-
matous patients. Two large field trials in Indonesia and
Bangladesh have shown that one or two doses of prophy-
lactic rifampicin reduces the risk of leprosy among con-
tacts by 50% after 2 years (Bakker et al., 2006; Moet et al.,
2006). There is now substantial evidence that (repeat)
vaccination with BCG gives up to 75% protection against
the occurrence of clinical leprosy (Fine and Smith, 1996).
However, no policy for revaccination of at-risk people
has yet been recommended. A case could be made for
BCG (re)vaccination of contacts of MB leprosy cases, at
least where the prevalence of HIV is still low.

The only means to reduce transmission of leprosy is to
render infectious cases noninfectious as early as possible.
Therefore, early case finding and treatment of all cases
with MDT are the two main methods for the control of
leprosy as a communicable disease.

Elimination of Leprosy

In 1991, the World Health Assembly declared the ‘elimina-
tion of leprosy as a public health problem’ as a goal to be
achieved by the year 2000. ‘Elimination’ was defined as a
prevalence of less than one case per 10 000 population.
Underlying the elimination strategy was the hypothesis
that, because leprosy patients are assumed to be the sole
source of infection, early detection and treatment with
MDT would reduce transmission of M. leprae. Once the
prevalence fell below this level, the chain of transmission
was expected to be broken, and leprosy would disappear
naturally. However, despite a dramatic decline in registered
prevalence rates over the past two decades, case detection
rates (CDR) have remained more or less stable or have
declined at a much slower rate over the past 10 to 15 years
in most endemic countries (Figure 1) (ILA, 2002).
Prevalence is dependent on duration of disease and inci-
dence. Over the past decade, the duration of treatment – and
thus, effectively, the duration of disease – has been short-
ened, leading to dramatic but artificial reductions in preva-
lence. Several authors have therefore argued that prevalence
and prevalence rates are no longer adequate indicators to
monitor the epidemiological situation of leprosy in a given
country or area (ILA, 2002). CDRs should be interpreted
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in conjunction with other indicators, such as the child pro-
portion and the proportion of cases with grade 2 disabil-
ity among new cases (ILA, 2002). Recently, WHO has
also identified these indicators as important tools for moni-
toring and evaluation of the Global Strategy 2006–2010
(WHO, 2006).

The elimination target and the tremendous effort
of the WHO in trying to achieve this target have had a
major impact on leprosy control worldwide. Political
commitment in endemic countries has increased greatly.
MDT services have expanded to cover the majority of
the population and almost 100% of new cases are now
treated with MDT. As a result, the prevalence of cases on
treatment has been reduced by over 90%. On the negative
side, the elimination target has led many to believe
that leprosy would no longer be a problem after AD
2000, leading to a decrease in funding and research efforts.
Others believed elimination to be the same as eradication
and, as a consequence, believed leprosy would soon
be history. Governments were led to believe that leprosy
services would no longer be needed after elimination had
been achieved, jeopardizing the sustainability of leprosy
control programs. In the meantime, the elimination target
has been reached on a global scale, but in several major
endemic countries, the target was postponed until 2005.

The current high proportion of children among
new cases (13%) indicates continued transmission. This,
in combination with the long incubation period of leprosy,
means that newcaseswill continue to appear for many years
to come (ILA, 2002). Effective leprosy services, capable of
providing adequate standards of care under low-endemic
circumstances, need to be sustained (WHO, 2005). There is
now general agreement on this, reflected in current
plans and strategies, which have been endorsed by all
major stakeholders with an interest in leprosy control
(WHO, 2005).

Integration of Leprosy

A key strategy to provide sustainable leprosy control
services with a wide geographical coverage is the integra-
tion of such services into the general health-care system
of a country. Integration has now been implemented or is
in progress in most endemic countries. It is important to
realize, however, that in situations in which CDRs are low,
a focused approach is appropriate, whereby services are
provided mainly in selected general health facilities in
areas where leprosy still occurs. The skills of peripheral
health workers will be limited mainly to suspecting lep-
rosy. Referral centers should verify the diagnosis and start
the treatment of the patient. Continuation of treatment
could be delegated to the peripheral health facility
serving the community in which the patient resides. The
community should be informed, and the general health

staff of the peripheral health facility should be trained in
diagnostic skills and case management (ILA, 2002).

Conclusion

Leprosy is an age-old disease, mainly manifesting itself in
the skin and the nerves. It is notorious for the deformities
and disabilities it causes. The strong stigma attached to
leprosy has caused untold suffering and continues to this
day, although there are signs of increasing acceptance of
people affected, especially in the general health services.
MDT provides an effective cure and is now globally
available. New impairments may occur before, during,
and after treatment, highlighting the importance of pre-
vention of disability during every stage of the disease.
People affected by the long-term consequences of leprosy
should be offered rehabilitation services where possible
through existing community-based rehabilitation pro-
grams. Epidemiological analysis indicates that new cases
will continue to appear for many years to come. There-
fore, effective, sustainable leprosy control services need to
be continued as an integral part of general health services.

See also: Autoimmune Diseases; Bacterial Infections:

Overview; Environmental Opportunistic Mycobacteria;

Health-Related Stigma and Discrimination; Skin Diseases

(Non-Cancerous).

Citations

Bakker MI, Hatta M, Kwenang A, et al. (2006) Risk factors for developing
leprosy: A population-based cohort study in Indonesia. Leprosy
Review 77(1): 48–61.

Britton WJ and Lockwood DNJ (1997) Leprosy reactions: Current and
future approaches to management. Bailliere’s Clinical Infectious
Diseases 4: 1–23.

Consensus Conference on Prevention of Disability (2006) Consensus
statement on prevention of disability. Leprosy Review 77(4).

Croft RP, Nicholls PG, Richardus JH, and Smith WC (2000) Incidence
rates of acute nerve function impairment in leprosy: A prospective
cohort analysis after 24months. The Bangladesh Acute Nerve
Damage Study. Leprosy Review 71(1): 18–33.

Fine PEM and Smith PG (1996) Vaccination against leprosy: The view
from 1996. Leprosy Review 67: 249–252.

Fine PE, Sterne JA, Ponnighaus JM, et al. (1997) Household and
dwelling contact as risk factors for leprosy in northern Malawi.
American Journal of Epidemiology 146(1): 91–102.

Gershon W and Srinivasan GR (1992) Community-based rehabilitation:
An evaluation study. Leprosy Review 63(1): 51–59.

International Leprosy Association (ILA) (2002) Report of the International
Leprosy Association Technical Forum, Paris, France, 22–28
February. International Journal of Leprosy and Other Mycobacterial
Diseases 70(supplement 1): S3–S62.

Meima A, Saunderson PR, Gebre S, Desta K, van Oortmarssen GJ, and
Habbema JD (1999) Factors associated with impairments in new
leprosy patients: The AMFES Cohort. Leprosy Review 70(2):
189–203.

Moet FJ, Pahan D, Schuring RP, Oskam L, and Richardus JH (2006)
Physical distance, genetic relationship, age, and leprosy

64 Leprosy



classification are independent risk factors for leprosy in contacts of
patients with leprosy. Journal of Infectious Diseases 193(3):
346–353.

Rees RJW and Young DB (1994) The microbiology of leprosy. In:
Hastings RC (ed.) Leprosy. 2nd edn., pp. 49–83. Edinburgh, UK:
Churchill Livingstone.

Ridley DS and Job CK (1985) The pathology of leprosy. In: Hastings RC
(ed.) Leprosy. 2nd edn., pp. 49–83. Edinburgh, UK: Churchill
Livingstone.

van Brakel WH (2000) Peripheral neuropathy in leprosy and its
consequences. Leprosy Review 71(supplement): S146–S153.

van Brakel WH and Anderson AMA (1997) Impairment and disability in
leprosy: In search of the missing link. International Journal of Leprosy
and Other Mycobacterial Diseases 69(4): 361–376.

WHO (2005) Global Strategy for Further Reducing the Leprosy Burden
and Sustaining Leprosy Control Activities (2006–2010). WHO/CDS/
CPE/CEE/2005.53. Geneva, Switzerland: WHO.

WHO (2006) Global Strategy for Further Reducing the Leprosy Burden
and Sustaining Leprosy Control Activities (2006–2010) – Operational
Guidelines. WHO/SEA/GLP/2006.2. New Delhi, India: WHO.

Further Reading

International Federation of Anti-Leprosy Associations (ILEP) (2001) How
to Diagnose and Treat Leprosy. Learning Guide 1. London: ILEP.

International Leprosy Association (ILA) (2002) Report of the International
Leprosy Association Technical Forum, Paris, France, 22–28
February. International Journal of Leprosy and Other Mycobacterial
Diseases 70(supplement 1): S3–S62.

ILEP (2002) How to Recognise and Manage Leprosy Reactions.
Learning Guide 2. London: ILEP.

ILEP (2003) Facilitating the Integration Process, pp. 1–36. Technical
Guide. . London: ILEP.

ILEP (2003) How To Do a Skin Smear Examination for Leprosy. Learning
Guide 3. London: ILEP.

ILEP (2003) Training in Leprosy, pp. 1–64. Technical Guide. . London:
ILEP.

ILEP (2006) How to Prevent Disability in Leprosy. Learning Guide 4.
London: ILEP.

ILIP (2006) Meeting the Needs of People Affected by Leprosy Through
CBR. Technical Guide. London: ILEP.

Relevant Websites

http://www.infolep.org – INFOLEP Leprosy Information Services,
Netherlands Leprosy Relief (NLR).

http://www.ilep.org.uk/ – International Federation of Anti-Leprosy
Associations (ILEP).

http://www.who.int – World Health Organization (WHO).

Leprosy, Historical 65
Leprosy, Historical
J Robertson, University of Oxford, Oxford, UK

ã 2008 Elsevier Inc. All rights reserved.
History of Leprosy

Public health measures against leprosy have been influ-
enced both by leprosy’s reputation and also by long-stand-
ing unsolved medical and scientific questions. Historically,
Mycobacterium leprae has been a puzzling bacillus that has
not been able to be cultivated in vitro. To make matters
worse, over the ages leprosy has acquired a reputation as a
‘loathsome’ disease. While responses to leprosy vary across
cultures and throughout history, in many instances, people
have been required by law to surrender their liberty for
their whole lives, for the sake of the health of the majority.
Not until afterWorldWar II has effective medication been
available for leprosy. In the absence of a cure, legislation to
isolate and segregate those who suffered from the disease
seemed to be the only way of containing it.
Origins of Leprosy

Until recent genome research, it was believed that leprosy
originated in India and spread to Europewith the soldiers of
Alexander the Great, who were returning from the Indian
campaign, but recent genome research indicates that the
disease has traveled with various waves of immigration,
originating in East Africa. In the eighteenth century, for
example, leprosy traveled with the slave trade to Central
and South America (Monot et al., 2005) (Figure 1).
Leprosy in Early Sources

Leprosy in Ancient India

Ancient Hindu sources dating from 600 BC, the Charaka

Samhita and the Sushruta Samhita, refer to leprosy under the
names vata-rakta, vata-shonita, and kushtha. The Sanskrit
word kustha refers to skin diseases in general. The disease
was considered to be both hereditary and highly conta-
gious, communicated through sexual intercourse, touch,
breath, or sharing bedding or food. It was also believed to
come about through divine retribution, and assisted sui-
cide was a viable option for sufferers. Before the advent of
the British in India, people affected with leprosy begged
for alms and sought shelter in charitable establishments
(Wilson, 1825; Dharmendra, 1940; Pandya, 2001).
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Figure 1 Map of immigration routes by whichM. leprae has traveled. Reproduced fromMonot M, et al. (2005) On the origin of leprosy.

Science 308: 1040–1042, with permission from AAAS.
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Leprosy in Ancient China

In the nineteenth century, leprosy was associated with
China and the Chinese, but the statistics for leprosy in
China at that time have most probably been exaggerated
(Gussow, 1989). Disease categories that include some of
the characteristics of leprosy can be found in the Huang di
Neijing, the earliest book of medicine in China (earlier
than 200 BC). By the time of the Song dynasty (AD
960–1279) the present-day word for leprosy, mafeng, was
in use. By the later Imperial period, probably as a result of
confusion between leprosy and syphilis, leprosy became
increasingly associated with ideas of moral contamination.
When China became the People’s Republic of China,
leprosy villages were established in all of the provinces
and people were confined there and treated. Today China
states that it has eliminated leprosy according to the terms
of the World Health Organization (WHO) (for discussion
of elimination of leprosy, see Leprosy).
Leprosy in Ancient Egypt

Palepathological evidence dating from the second cen-
tury BC, in the Egyptian Dakhleh Oasis, shows changes in
skeletal remains brought about by leprosy (Dzierzykray-
Rogalski, 1980).
Biblical References to Leprosy

The stigma attached to leprosy has been attributed to the
biblical proscriptions against the disease, including the
requirement that anyone with the disease should be
isolated from the community. The disease referred to by
the Hebrew word zāra’ath (Leviticus 13 and 14), translated
as leprosy, prescribes rituals for cleansing or purifying
people, garments, and houses affected by the disease.
Confusion arises because zāra’ath, which should be trans-
lated to include any incurable, severe, or contagious dis-
ease, was translated into Greek as lepra. Lepra was then
equated with leprosy in successive translations (Hebra
and Kaposi, 1875; Lie, 1938).
Confusion in Greek and Arabic Medical Texts

Lepra in the Greek medical texts referred to a chronic,
scaling, and harmless disease and elephantiasis to a chronic,
nonscaling, and destructive disease that is recorded as
making its appearance in Greece two centuries before
Christ. An additional distinction needs to be made with
the Arabic term djudzam that had also been translated as
lepra, but in this instance it meant leprosy as we now know
it. True leprosy was subsequently distinguished as Lepra
Arabum – Elephantiasis Graecorum (Hebra and Kaposi, 1875).
Medieval Leprosy

In the nineteenth century, the medieval strictures against
the disease were used to argue for the effectiveness
of isolation, but this view is undergoing revision. There
is no question that leprosy was present in medieval
Europe, but the extent of this is unclear (Creighton, 1965;
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Gussow, 1989; Rawcliffe, 2006). The research of Møller-
Christensen revealed skeletal remains bearing the effects of
leprosy in four medieval Danish leper cemeteries, indicat-
ing the accuracy of the medieval diagnosis of lepromatous
leprosy (Richards, 1977). Rawcliffe (2006) argues that the
medieval lazarets offered a monastic refuge for those
affected by leprosy, in keeping with what was considered
an acceptable and praiseworthy way of life.
Leprosy in the New World

The ‘disappearance’ of leprosy from medieval Europe
needs to be considered against the evidence of traces of
the disease persisting in Europe in the Scandinavian
countries, but also in Spain and Portugal, in addition to
the growing presence of leprosy in the New World.

In the sixteenth century, both the Spanish and the
Portuguese were aware of the need to make some provi-
sions for leprosy in their colonial possessions, as well as at
home. In Seville, Spain, for example, the San Lazaro
Hospital, established in 1248 and still caring for patients
until the 1930s, served as a prototype for the Spanish
leprosy hospitals in the New World. In the Spanish
possessions, leprosy hospitals were established on the
island of Hispaniola (1520), and in Mexico City (1521);
Lima (1563); Cartagena, Colombia (1592); Cuba (1617);
Venezuela (1626); Argentina (1778); and in Louisiana, in
the United States (1776), when it was a Spanish posses-
sion. Elsewhere, in the Philippines, 134 Japanese Chris-
tians with leprosy were exiled to Manila in 1632 and the
Spanish established another San Lazaro Hospital outside
the city of Manila in 1632, which was still operating at the
beginning of the twentieth century (Toral and Dias, 1997;
Gussow, 1989; Gould, 2005).
The Nineteenth Century

In the nineteenth century, complex debates about
whether leprosy was contagious or hereditary were com-
pounded by the relatively low communicability of the
disease. Several questionnaire-based surveys, such as
that conducted by Rudolph Vichow and that which
resulted in the Report on Leprosy by the Royal College of

Physicians in 1867, were carried out in an attempt to
decide what to do about what was becoming an interna-
tional threat (Gussow, 1989).
Figure 2 ‘Norwegian Leper Asylums: Pleiestiftelsen, No. 1,

Front View, Bergen’ from Henry Vandyke Carter. Reproduced

from Carter HV (1874) Report on Leprosy and Leprosy Asylums in
Norway with References to India. London: George Edward Eyre

and William Spottiswoode.
Norwegian Leprosy

In 1816 Johan Ernst Welhaven (1775–1828) exposed the
shameful living conditions at the 400-year-old St. Jørgen’s
Hospital for lepers in Bergen. He described it as a ‘grave-
yard for the living’ and 20 years later, the Bergen commu-
nity petitioned parliament to build new nursing homes for
those affected by leprosy. A Royal Commission was estab-
lished and Dr. Jens Johan Hjørth (1798–1873), who sur-
veyed leprosy in Norway in 1832 and traveled abroad to
research the treatment of cutaneous diseases, made
recommendations to the government for stemming the
progress of leprosy.

Subsequently, leprosy control in Norway focused on a
system of medical registration, legislation, hospitalization,
and research. Surveys were conducted in 1836, 1845, and
1852, and a medical superintendent for leprosy, Ove
Guldberg Høegh (1814–63), was appointed to be respon-
sible for a national leprosy register, established in 1856.
St. Jørgen’s Hospital and three additional hospitals, as well
as a research hospital, were dedicated to leprosy, and the
modern knowledge of leprosy entered a new era through
the work of Daniel Cornelius Danielssen (1815–94), Carl
Wilhelm Boëck (1808–75), and Gerhard Henrik Armauer
Hansen (1841–1912) (Figure 2).

Danielssen and Boëck produced what Ruldolf Virchow
described as the beginning of biologic knowledge of lep-
rosy. Their most notable publication was Om Spedalskhed

published in Christiania, 1847, and translated into French
as Traité de la Spedalskhed ou Elephanthiasis des Grecs (1848),
and the Atlas Colorié de Spedalskhed (Elephantiases des Grecs),
which contained 24 lithographs by J. L. Losting (1810–76).
The cause of leprosy was attributed to an inheritable
dyscrasia of the blood, capable of latency, but emerging
in unfavorable living conditions. They had not observed a
single instance of the spread of leprosy by contagion in
their vast experience at St. Jørgens and they strongly
denied this possibility. If the disease was carried in a latent
state by individuals, they should be stopped from repro-
ducing, so sexual segregation was considered a necessity,
and in 1850, the medical committee recommended that
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the marriage of leprosy-affected people and their children
and grandchildren be prohibited.

Gerhard Henrik Armauer Hansen (1841–1912) is cred-
ited with discovering that leprosy was a distinct, nosologi-
cal entity. His identification of the bacillus M. leprae in
1873 was the first identification of a bacterium as the
causative agent of a human disease. Legislation was intro-
duced in Norway in 1877 and in 1885 required leprosy-
affected people to be hospitalized. In a population of
1 500 000, 2858 people were diagnosed with leprosy in
Norway and by 1906, there were 577. The diminution of
the disease by the end of the nineteenth century became
instrumental in convincing the rest of the world of the
value of legislation and isolation measures along the lines
of the Norwegian model (Richards, 1977; Irgens, 1984;
Gussow, 1989; Andresen, 2004; Gould, 2005) (Figure 3).
Hawaii and Father Damien de Veuster

It was known that there was leprosy in Hawaii 40 years
before the surgeon William Hillebrand, at Queen’s
Hospital, Honolulu, reported on its rapid spread. This
report, in 1863, provoked the Act to Prevent the Spread
of Leprosy (1865). In the same year, land on the island of
Figure 3 Gerhard Henrik Armauer Hansen (1841–1912)
identified the causal bacteria of leprosy (M. leprae) in 1873.
Molokai was purchased to receive the first contingent of
leprosy-affected people on 6 January 1866. Between 1866
and 1905, 5800 people were sent to the settlements of
Kalawao and Kalaupapa on Molokai, and only in 1969 did
the legislation requiring involuntary lifetime isolation
come to an end (Gussow, 1989).

In October 1863, the Belgian, Joseph de Veuster, was a
last-minute replacement for his sick brother, Pamphile, to
go to Hawaii as a Catholic missionary. Ten years later,
as Father Damien, he volunteered to go to Kalawao,
Molokai. He dedicated 16 years to improving the basic
conditions of the colony and representing the needs of the
people to the parsimonious Board of Health. He noticed
the first signs of leprosy on his body in 1876. His death in
April 1889 seemed to indicate conclusively that leprosy, as
a germ disease, was communicable (Yzendoorn, 1927;
Gould, 2005) (Figure 4).
Wellesley Bailey and theMission to Lepers, India

In 1869, Wellesley Bailey, an Irish missionary with the
Church of Scotland, became aware of the plight of people
with leprosy in Ambala, India, in the Punjab. His letters
Figure 4 Father Damien at 33.



Figure 5 Chandkhuri Leper Home and Hospital, a partial view

from the north side (no date).
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inspired three Dublin friends, the Misses Pim, to organize
small meetings to support him. The success of their
appeals was the foundation for the Mission to Lepers
in India, which established its own leprosy asylums and
supported those of other missionary organizations. Today
the Leprosy Mission still supports leprosy work through-
out the world (Miller, 1965) (Figure 5).
The National Leprosy Fund and the Indian
Leprosy Commission

The National Leprosy Fund, which had begun as the
Committee for the Father Damien Memorial Fund,
launched an investigation into leprosy in India. When
the commissioners advised that leprosy was only mildly
contagious, the Leprosy Fund overruled the commission
and recommended segregation. In spite of this, the legis-
lation in India was applied selectively by districts and only
to pauper lepers (Kakar, 1996).
Berlin Conference, 1897

The first Leprosy Conference was held in Berlin in 1897,
with 150 attendees, of which 44 delegates represented 22
governments. The gathering accepted that Bacillus leprae
was the virus of leprosy. They concluded that in view of
the virtual incurability of leprosy, the detrimental effects
that it could cause to the community, and the reported
good effects from the measures adopted in Norway, isola-
tion was the best means of preventing the spread of the
disease. They also appointed a commission to formulate a
plan for an International Leprosy Society.
Leprosy in the Twentieth Century

Leprosy was still present in the Iberian peninsula, the
Mediterranean, the Balkans, and the Scandinavian and
Baltic countries. Richards (1977) states that about 10 000
cases of leprosy were recorded in Norway, Sweden,
Finland, and Iceland between 1856 and 1956. Legislation
and leprosy institutions were introduced following the
three congresses in Bergen (1909), Strasbourg (1923), and
Cairo (1938). This was the period of the ‘model’ leprosy
colony or settlement influenced by Molokai, Hawaii and
the Culion Leper Colony, established in 1906 by the
American government in the Philippines. The hospital
and agricultural colony of Fontilles in Spain was estab-
lished in 1907 (Bernabeu-Mestre and Ballester-Artigues,
2004); and, in the same year, after a leprosy survey that
estimated that there were 30 359 people with the disease in
the country, Japan introduced legislation aimed at pauper
and vagrant lepers (Ohtani, 1998).
Bergen Conference, 1909

In 1909, Bergen hosted the second International Leprosy
Conference, which affirmed the Berlin resolutions, and
cautioned countries about the need for legislation to
protect their borders. It also encouraged the search for a
specific remedy (Currie, 1909).
United States National Leprosarium

The American Committee of the Leprosy Mission began
in 1906 and was incorporated in 1917 as the American
Mission to Lepers. In the same year, the United States
enacted legislation to create a national leprosarium, and
the asylum in Carville, Louisiana, to which leprosy-
affected people had been sent since 1894, became the
U.S. Marine Hospital, No. 66, of the Public Health Ser-
vice in 1921 (Gussow, 1989; Gould, 2005).
Culion: The Model Colony

American dedication to leprosy in the Philippines inten-
sified under the patronage of the new Governor-General
Leonard Wood. By 1935, there were nearly 7000 people
isolated on the island of Culion. WhenWood died in 1927,
the Leonard Wood Memorial Fund for the Eradication of
Leprosy was incorporated in 1928 as a nonprofit orga-
nization in support of leprosy research (Long, 1967)
(Figure 6).
Chaulmoogra Treatments

Until the 1940s, the only treatment believed to exert some
beneficial effect was the oral use of the ancient Indian
chaulmoogra and hydnocarpus oils, but they were so
nauseating that patients generally were unable to take
sufficient doses. Derivatives of Hydnocarpus wightiana



Figure 6 (a) Aerial photo of Culion sanitarium, courtesy of Dr Artur Cunanan. (b) Layout of Culion sanitarium. Reproduced from
Republic of the Philippines, Department of Health, Culion Sanitarium (1956) Culion 1906–1956. Manila: Bureau of Printing.
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and Hydnocarpus anthelmintica were developed either as
ethyl esters or as sodium salts and administered by vari-
ous methods of injection (Parascandola, 2003).
Third International Leprosy Conference,
Strasbourg, 1923

Concerned that leprosy presented a threat through
emigration from endemic countries, the third leprosy
conference stopped short of introducing international
legislation, but requested that the League of Nations
constitute an international bureau of information and
inquiry and collect statistics of leprosy throughout the
world. It emphasized that isolation be humane but that
indigent and homeless people be isolated and treated in a
hospital, sanatorium, or agricultural colony.
British Empire Leprosy Relief Association
(BELRA)

The British Empire Leprosy Relief Association (BELRA)
was formed in 1924 in a spirit of optimism prompted by
the reported success in the use of sodium salts of hydno-
carpus developed by Sir Leonard Rogers. BELRA esti-
mated that there were more than ‘300 000 lepers in the
Dominions of the King’ and stressed the importance of the
detection and treatment of early cases and discouraged
segregation (Stringer, 1974) (Figure 7).



Figure 7 BELRA Appeal. Three typical cases, before and after treatment. Source: Draft Appeal circulated by the British Empire
Leprosy Relief Association: ‘To stamp out Leprosy in the British Empire’ including a memorandum regarding the medical policy of the

British Empire Leprosy Relief Association by Leonard Rogers (Published in London as a pamphlet and dated 1924).
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League of Nations Inquiry into Leprosy

In response to the appeal made to the League of Nations
at the Strasbourg Conference, the Health Committee of
the League of Nations began an inquiry into leprosy
in October 1925. Two meetings – one in Bangkok, in
December 1930, and one in Manila, in January 1931 –
set the groundwork for coordinating international
research and epidemiological studies. In addition, the
International Leprosy Association (ILA) and the Interna-

tional Journal of Leprosy were established. This new level
of coordination culminated in the Fourth International
Conference and First Leprosy Congress, in Cairo
(21–27 March 1938).

The events of the 1930s gave rise to another spate of
legislation and leprosaria construction. Japan revised its
earlier legislation in 1931, and by 1941 succeeded in
establishing 10 state-run sanatoria and isolating 11 383
people by 1943 (Ohtani, 1998) (Figure 8).
In Brazil, in 1929, there were an estimated 24 000
affected by leprosy and between 1930 and 1945, a nation-
wide network of leprosy colonies and preventorios were
established. This network model was influential in
China in 1957 (Figure 9).
Effective Chemotherapy: The Sulfones

In March 1941, Dr. Guy Faget, the medical officer at the
U.S. Marine Hospital, No. 66, at Carville, Louisiana, per-
formed a trial of promin, a derivative of the sulfone group,
and found that it appeared to inhibit the progress of
leprosy ‘in a considerable percentage of cases.’ Robert
Cochrane was the first to use dapsone or diphenylsul-
phone (DDS), the parented forms in South India, and in
1948, small nontoxic doses of DDS by mouth were found
to be effective. With this form of chemotherapy, ambula-
tory treatment by paramedical workers became possible.



Figure 9 An aerial view of Itapuã, Rio Grande do Sul, Brazil.

Figure 8 Oshima Seishoen Sanatorium is located on the Seto

Inland Sea.
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When effective medication became available, there were
an estimated 10–12 million people suffering from leprosy
worldwide (Stein, 1974; WHO, 2004; Gould, 2005).
The Gandhi Memorial Leprosy Foundation

Coinciding with the introduction of DDS in India and the
birth of Indian independence, Indian indigenous activity
against leprosy began with the establishment of the
Gandhi Memorial Leprosy Foundation (GMLF). Inspired
by Gandhi’s emphasis on leprosy as part of a program for
national reconstruction, this organization began working
with the government to launch the national leprosy pro-
gram in India. India announced the elimination of leprosy
by WHO standards in 2006.
Stanley Stein and the ‘Sixty-Six Star’

Leprosy-affected people did not suffer passively from the
leprosy policies of the past. An outstanding example of
resistance and militancy was initiated at Carville through
the efforts of Stanley Stein (real name Sydney Maurice
Levyson) who established the newsletter the ‘Sixty-Six
Star’ on 16 May 1931. By 1933 the newspaper was crusad-
ing against compulsory segregation, the use of the word
‘leper’, and the relationship between leprosy and sin in the
Bible. The newspaper stirred up so much controversy that
it was forced to close in 1934, but began again in 1941 with
the primary objective of educating the public about the
disease. Increasingly, the people of Carville gained a voice
for themselves, and in response to their interventions, in
1948, the Leprosy Congress in Havana banned the use of
the word leper and called for the disease to be known
clinically as Hansen’s disease (Stein, 1974).
Dapsone Resistance, Animal Laboratory
Models, and Effective Chemotherapy

In 1960, Charles Shepard demonstrated that M. leprae

from skin biopsy specimens could be grown in the foot-
pads of mice. With an animal model, it then became
possible to test the effectiveness of the available chemo-
therapy and thus perform trials of new drugs. Dapsone
resistance (secondary) was conclusively reported in 1964,
and in 1977, the long-anticipated and frightening prospect
of primary dapsone resistance was recognized, thus it
became vitally important to develop new and more effec-
tive chemotherapies. By 1984, the WHO was able to
recommend multidrug therapy (MDT), which was a com-
bination of clofazimine, rifampicin, and dapsone (WHO,
2004). The Nippon Foundation funded the supply of the
WHO’s MDTworldwide from 1995–99 and now Novartis
(a pharmaceutical company) provides supplies so that no
person in need of treatment is denied it.
The Global Alliance for the Elimination of
Leprosy and the Integration of Leprosy into
General Medical Health Services

In 1991, the World Health Assembly declared the goal to
eliminate leprosy as a public health problem by the year
2000. The politics of this elimination strategy and the
long-term consequences for leprosy have yet to be stud-
ied. Historically, the absence of a cure, as well as the
opprobrium associated with leprosy, meant that for cen-
turies leprosy was considered a disease ‘apart.’ Now with
effective chemotherapy, and in the face of many other
pressing diseases, leprosy should be confidently relegated
to the status of any other disease – worthy of speedy
diagnosis and effective treatment.
Compensation in Japan

On 11 May 2001, the government of Japan paid
£10.4 million in compensation to 127 plaintiffs who had
been unconstitutionally detained in leprosy sanatoria
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(Gould, 2005). The people of Taiwan and Korea are
currently pursuing similar compensation.
The Genome

The whole sequence of the chromosome is now available.
It is now possible to revisit some of the questions that have
troubled leprosy research since the nineteenth century,
and perhaps, before long, unravel some of the fundamen-
tal scientific questions associated with the disease
(Colston, 2001).

The history of leprosy provides the opportunity to
study social and cultural responses to a disease that,
before effective medical treatment, often brought about
a life sentence in isolation from society. The long-stand-
ing scientific difficulties associated with isolating the
bacillus ‘in vitro’ and producing a laboratory model for
the disease made it necessary for public health officials to
seek other ways of dealing with leprosy. As a result, the
affected person came to be equated with the disease, and
the history of controlling leprosy became a history of
controlling people, identified as ‘lepers,’ and viewed as a
danger to the health of the population.

Simultaneously, equally long-standing medical uncer-
tainties about contagion and the transmission of leprosy,
even after the identification of the bacillus, left those who
had contracted the disease open to suspicion. They were
long judged to have done something immoral or ‘against
nature’ to precipitate their illness. In spite of concerted
efforts of medical education, this stigma has been difficult
to disassociate from the disease. In the face of the wide-
spread deprivation of liberty, legal rights, and personal
identity, as well as the right to marry and bear children,
leprosy-affected people have fought vigorously against
stigma, especially the cruel designation of the term
‘leper’ so that they can be afforded the same rights as
anyone else. In many countries, legislation is now in
place that forbids the use of derogatory language to iden-
tify those who have suffered from leprosy.

This provides a unique example, in the history of
public health, of society requiring the individual to sacri-
fice their interests for the ‘greater good.’
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History of Leukemia

The term cancer has been in use for over 1500 years;
however, it was not until the nineteenth century that the
first cases of leukemia were reported. The first break-
through came in the 1600s with the development of the
primitive compound microscope by Anton van Leeuwen-
hoek, who went on to identify human red blood cells; this
was followed by descriptions of white cells and lympho-
cytes in the late eighteenth century. At the beginning of
the nineteenth century, there were reports of patients with
irregularities of the blood, but it was almost 100 years after
the identification of white blood cells that leukemia was
first reported as a distinct clinical entity (Bennett, 1845;
Virchow, 1845). Two terms were used to describe this new
disease: Virchow introduced leukhemia (white blood)
while Bennett preferred leucocythaemia or white cell
blood. However, although their research demonstrated
that white cells have different types of nuclei, neither
could explain how or why these diseases arose. In 1849,
Virchow observed that more than one type of the disease
existed; these were described as splenic and lymphatic,
the former associated with splenomegaly and the latter
with large lymph nodes and cells in the blood that resem-
bled those in the lymph nodes (Virchow, 1849). He also
proposed his cellular theory of the origin of leukemia,
which has been fundamental to present-day understand-
ing of the condition. With respect to childhood leukemia,
it appears that the first recorded case was in 1850; inter-
estingly, it was not the acute form that is most commonly
seen today, but chronic myeloid leukemia. The acute form
of the disease was not described until 1857. Controversy
surrounded the claims that leukemia was a separate dis-
ease entity but as the number of case reports increased
along with pathological and clinical details, it gradually
became accepted in its own right as a distinct disease.
Concurrently, speculation about the determinants of this
cancer also began to increase.

More breakthroughs occurred in 1868 when bone mar-
row was discovered to be the source of blood formation
and changes in the bonemarrowwere identified in cases of
leukemia. Alongside these discoveries, it was observed that
non-nucleated red blood cells formed from nucleated red
blood cells in the bone marrow, and that the bone marrow
also produced white blood cells. Neumann in 1878 went
on to classify leukemia as a disease of the bone marrowand
added the myelogenous subtype of leukemia to the splenic
and lymphatic types already described. Unfortunately, it
took almost 20 years for these theories to be accepted.

Improvements in microscopy and the development of
methods to differentiate between cell types allowed the
classification of leukemia to be simplified into myeloid
(arising from granulocytes in the bone marrow) and lym-
phoid (arising from lymphocytes, nongranular cells).
Ehrlich, who was instrumental in developing this classifi-
cation, also identified a primitive cell that he described as
an ancestral cell in the hematopoietic system, from which
other cells in the distinct cell lineages were derived; this
may also have been the earliest report of a stem cell
(Ehrlich, 1880). In 1900, Naegeli described a new cell
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type, the myeloblast, which was shown to be an ancestor of
the granulocyte. The lymphoblast was also shown to be
the cell in the lymphoid line that produced lymphocytes,
thus confirming that the cell lineages were distinct. It was
from this point onward that the presence of primitive
myeloblasts and lymphoblasts in the circulating blood
formed a classic diagnosis of acute leukemia. Several
years later, monocytic leukemia was described; and by
1913 it was possible to classify leukemia as chronic lym-
phocytic, chronic myelogenous, acute lymphocytic, mye-
loblastic, monocytic, or as erythroleukemia.

Significant advances in laboratory techniques over the
last 100 years have underpinned progress in the classifica-
tion of leukemia, which in turn has enabled the develop-
ment of improved treatments. Thus in 1948, it was shown
for the first time that it was possible to obtain temporary
remission in patients with acute leukemia following treat-
ment with folate antagonists. In 1962, acute lymphoblastic
leukemia was the first systemic malignancy to be cured by
chemotherapy. However, despite advances in classifying
leukemia subtypes, all acute leukemias in children were
grouped together until the late 1960s. It was only the
observation that acute myeloid and acute lymphoid leu-
kemias responded differently to treatment that enforced
the use of the new technologies to distinguish between
them. Today, it is reported that over 70% of cases of acute
lymphoblastic leukemia diagnosed in children under
15 years are cured, although improvements have been
more limited in adults. However, while much insight has
been gained into classification, diagnosis, and treatment of
leukemia, unfortunately the same cannot be said about
our understanding of the causes.
Classification

Leukemias are a heterogeneous group of disorders arising
from the unregulated proliferation of a clone of immature
hematopoietic cells that have been trapped at an early
stage of differentiation and are unable to differentiate into
mature functional blood cells. The ensuing clones accu-
mulate in the bone marrow and spill over into the periph-
eral blood, examination of which enables the cell of origin
to be determined. The different subtypes of leukemia are
classified according to this presumed cell of origin, along
with the clinical behavior, such that patients with acute
disease, where the clone of leukemic cells is highly malig-
nant, tend to have a poorer prognosis than those diag-
nosed with a chronic form, where the clone is of low
malignancy. However, clinical outcome is not only depen-
dent on the nature of the leukemic clone, but also on how
far the disease has progressed by the time the symptoms
are recognized, the diagnosis made, and the treatment
implemented. If there is a delay in diagnosis it is more
likely that the clone will have progressed to the point
where additional mutations will have been accrued,
including those that confer drug resistance, making treat-
ment more difficult.

The maturity of the main leukemia cell type seen in
the bone marrow and blood is also considered; immature
blast-like cells predominate in acute leukemia, whereas
more mature cells are seen in chronic leukemia. The
acute leukemias are divided into myeloid or lymphoid
based on the lineage of the blast cells. Classification of
acute leukemia has traditionally been based upon the
appearance (morphology) of leukemic cells in a bone
marrow aspirate. The French-American-British coopera-
tive group described different variants of acute lympho-
blastic leukemia (ALL) and acute myeloid leukemia
(AML) based on the morphology and immunophenotypes
of the malignant cells, which became known as the FAB
subtypes L1–L3 and M0–M7 (Table 1) (Bennett et al.,
1976). These two subtypes, along with chronic myeloid
(granulocytic) leukemia (CML) and chronic lymphocytic
leukemia (CLL) account for the majority of clinical diag-
noses of leukemia. Other rarer forms include hairy cell
leukemia and prolymphocytic leukemia.

Historically, histological examination has been used for
the diagnosis and classification of leukemia subtypes.
However, molecular biology techniques have become an
integral part of the diagnostic process. These include the
use of monoclonal antibodies against various cellular anti-
gens and cytochemical, immunophenotypic, and cyto-
genetic tests to further characterize the leukemic cells, to
determine T and B cell monoclonality, and to detect
chromosomal abnormalities. Immunophenotyping, car-
ried out by flow cytometry or immunohistochemistry, is
pivotal in distinguishing between AML and ALL and
between Tcell and B cell subtypes of ALL. Some subtypes
have such characteristic immunophenotypic features that
diagnoses can often be suggested or excluded based purely
on these results. Cytogenetic analysis is doubly beneficial
and it provides information about chromosomal abnorm-
alities that not only correlate with particular subtypes of
ALL but also with prognosis. Recent advances include the
increasing popularity of gene expression microarrays for
both diagnostic and prognostic purposes.
Descriptive Epidemiology

Unraveling the causes of leukemia is complex. However,
descriptive epidemiological studies of disease incidence,
prevalence, mortality, and survival in well-defined popu-
lations and subgroups can be of tremendous benefit. The
frequency (incidence) of leukemia and of its specific sub-
types, typically expressed as the number of new cases per
100 000 population per year, is generally obtained from
population-based cancer registries, with the total popula-
tion at risk obtained from national or local census data.



Table 1 The French-American-British (FAB) classification of acute leukemias

Acute lymphoblastic leukemia

FAB category Features of leukemic lymphoblasts

L1 Small uniform blast cells, scanty cytoplasm

L2 Large heterogeneous blast cell with nucleoli and low-nuclear-cytoplasmic ratio

L3 Large basophilic vacuolated blast cells

Acute myeloid leukemia

FAB category Features of bone marrow

M0 Undifferentiated

M1 Myeloblastic without

maturation

Myeloblasts predominate with little or no maturation

M2 Myeloblastic without
maturation

Myeloblasts predominate, some show maturation to and beyond promyelocyte
stage

M3 Promyelocytic Promyelocytes predominate and are often hypergranular

M4 Myelomonocytic Evidence of granulocytic and monocytic maturation.

Promonocytes plus monocytes >20% in bone marrow
M5 Monocytic Monoblasts or promonocytes predominate

M6 Erythroleukemia High proportion of erythroblasts, often evidence of morphological abnormalities

M7 Megakaryoblastic Megakaryoblasts or micromegakaryocytes prominent

76 Leukemia
Worldwide, leukemia accounts for around 3% of all
cancer diagnoses each year making it the 11th most com-
monly diagnosed malignancy. As with most other malig-
nant diseases, leukemia is more common in men than
women, with more than 56% of all new diagnoses seen
in men. Incidence estimates for total leukemia vary around
tenfold between countries, ranging from 1.8–12 cases
per 100 000 persons per year among men and 1.7–7.8
cases per 100 000 per year among women (Figure 1).
The highest rates of leukemia in men are seen in
Australia, New Zealand, North America, and Western
Europe and the lowest in Western and Middle Africa.
For women, leukemia rates are also highest in Australia,
New Zealand, and North America, in addition to Poly-
nesia, and are lowest in Western Africa, South-Central
Asia, and Melanesia. In the UK, the estimated incidence is
high compared with other parts of the world, in particular
for men (13.8 per 100 000), in whom it is the ninth most
common malignancy. The incidence in women is lower
(9.7 per 100 000).

The overall incidence of leukemia and its specific
subtypes varies with age. For acute leukemia, the peak
incidence in children is between the ages of 2 and 5 years
and then a steady decline until the age of 20–24 years.
There is a slow increase from ages 30–34 to ages 50–54,
followed by a rapid increase with age such that the highest
incidence is seen in those over 85 years of age. The peak
incidence seen between 2 and 5 years of age is accounted
for by ALL, the most common form of leukemia seen
in children: 75% of cases of ALL are diagnosed in chil-
dren under the age of 6 years. In contrast, AML accounts
for less than 20% of all leukemias in children, but its
incidence increases rapidly with age from around 2 per
100 000 per year in young adults to 10–20 per 100 000
population in those over 65 years of age. Chronic forms
of leukemia in children are very rare in all populations
and seldom exceed 4% of all leukemia diagnoses; indeed,
CLL is rarely seen before the age of 35. However, the
incidence of both types of chronic leukemia increases
with age.

CLL is the most commonly diagnosed form of leuke-
mia, accounting for up to 50% of all diagnoses (Figure 2).
It has an annual incidence of two to three cases per
100 000 per year and a male-to-female ratio of 2:1. CML
is less frequent (1 per 100 000). There is geographic varia-
tion in incidence of the leukemia subtypes; for example
while CLL is the most common form of leukemia in the
Western world, its incidence in Japan, South America, and
Africa is much lower. AML in children is seen more
frequently in Asia and among black populations of
North America than in Caucasians.

Around 3% of all cancer-related deaths worldwide
are attributable to leukemia. In the UK, for example,
leukemia is responsible for just under 3% of all cancer-
related deaths, and it ranks as the 11th most common
cause of death from cancer. Mortality rates for leuke-
mia are slightly higher in men (8.2 per 100 000 per year)
than in women (7.2). During the last decade in the UK,
there has been a small decrease in the European
age-standardized mortality rate for leukemia in women;
by contrast, there has been a small increase in the rate
for men.

Historically, one of the problems faced when describ-
ing patterns of incidence of leukemia and searching for
specific risk factors and appropriate treatments has been
the heterogeneity of the disease. However, advances in
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technol ogy that per mit mor e detailed diagnos tic analyses
but that requ ire less biological mater ial have ena bled
recent e pidemi ological studies to investigate the etiology
not only of the more common disease subtypes su ch as
AML and CLL but of the rarer subtypes such as hairy cell
leukemia (2% of cases) and precur sor T-lymph oblasti c
leukemia (3%) ( Figure 2 ). Since the under lying biologica l
pathways involved in the initiation and progressi on are
likely to be dif f erent for each of the dis tinct diseas e su b-
types, it is impo r tant to c lassify them as ind ividual dis ease
entities when designin g new investigative stud ies. In addi-
tion, althou gh the freq uency of the rarer subtypes has
been, and will con tinue to be, low, it is impo r tant that
they are inc luded in future studies and tha t inter national
consor tia are esta blished in order to provide su f ficient
power to detect any ri sks.

http://www.hmrn.org
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Etiology of Leukemia

The etiology of leukemia has not been fully elucidated.
However, like most other malignancies, the pathogenesis
of leukemia is likely to be a multistep process influenced
by a combination of environmental and genetic factors.
Carcinogens can accumulate over a longer period of time
in adults than in children, so the potential duration of
exposure is much shorter in children and it is likely that
different exposures are associated with childhood and
adult disease subtypes. Exposures acting before birth
and early in life have long been thought to be important
determinants of the disease in children. Several potential
mechanisms by which exogenous agents, including envi-
ronmental factors and drugs, could impact on childhood
leukemia susceptibility have been identified. Areas of
interest to date have involved parental smoking before
and during the period of conception of the child, parental
drug use, exposure to ionizing and nonionizing radia-
tion, folate intake, infant feeding, and most notably the
timing and dose of exposure to infectious agents.
However, while much progress has been made in the
treatment of childhood leukemia, this has not been
matched in terms of delineating the underlying causes
of the disease (Lightfoot and Roman, 2004).

Several risk factors have been clearly identified
for specific leukemia subtypes, however, including ioniz-
ing radiation, certain genetic disorders, and exposure
to chemotherapeutic drugs, along with other physical
and chemical exposures, including benzene. In addition,
conditions such as myelodysplastic syndromes, myelo-
proliferative disorders, pernicious anemia, recovery
from aplastic anemia, and paroxysmal nocturnal hemo-
globinuria have all been linked with AML. Infection
with the human T cell lymphotropic virus type 1
(HTLV1) has been associated with risk of adult T cell
leukemia. One other important factor in the pathogenesis
of leukemia is the role that chromosomal abnormalities
play in the development, classification, and outcome of
the disease.
Chromosomal Abnormalities

Most of the original information gathered about chromo-
somal alterations in cancer has come from studies of
leukemia and lymphoma, because it is easier to obtain
pure populations of single cell types from peripheral
blood or bone marrow samples than from solid tumors
such as lung, colon, or breast tumors. Not all leukemias
have evidence of chromosomal abnormalities, but several
types of chromosomal abnormality are commonly asso-
ciated with specific leukemia subtypes, such as transloca-
tions, deletions and additions, point mutations, and gene
amplification.
Acute Myeloid Leukemia

Acute myeloid leukemia (AML) is subclassified according
to evidence of lineage differentiation, including AML
with recurrent genetic abnormalities, AML with multi-
lineage dysplasia, therapy-related AML and AML not
otherwise characterized. The first three all have specific
cytogenetic profiles that are important in predicting the
leukemic process, especially with respect to response to
therapy and survival.

The most common abnormalities seen in AML with
recurrent genetic abnormalities include the reciprocal
translocations t(8;21) (q22:q22) (AML-ETO), inv(16)
(p13q22), t(16;16) (p13:q22) and various translocations
involving the 11q23 breakpoint. Many of these tend to
occur in younger patients and are generally associated
with a good response to therapy, often a high rate of
complete remission and a favorable outcome. With respect
to 11q23 aberrations, these are frequently seen in two
specific clinical subgroups of AML: AML in infants and
therapy-related leukemia that can arise after treatment
with DNA topoisomerase II inhibitors. Acute promyelo-
cytic leukemia (APL) is a specific form of AML that
occurs in adults in mid-life and accounts for 5–8% of all
AML cases, with recurrent genetic abnormalities charac-
terized by (15:17) (q22:q12) translocations and abnormal
promyelocytes.

In contrast, AML with multilineage dysplasia is more
frequently seen in older patients, rarely occurs in chil-
dren, and is associated with a reduced likelihood of
achieving complete remission. It is categorized by an
unfavorable cytogenetic profile, often involving additions
and deletions of major segments of selected chromosomes
including deletions of 5q, 7q, 11q, 12p, and 20q, gain of
chromosomes 8, 9, 11, 19, and 21, loss of chromosomes 5,
7, and 18, specific translocations t(2;11), t(1;7), and trans-
locations involving 3q21 and 3q26. Deletions involving
5q and/or 7q are associated with a higher incidence of
multidrug resistance and poor response to therapy.

Therapy-related AML (t-AML) occurs following
cytotoxic chemotherapy and/or radiation therapy and is
predominantly associated with balanced translocations
involving 11q23, in particular t(9;11), t(11;19), and t(6;11),
although others including t(8;21), t(3;21), inv(16), t(8;16),
and t(6;9) have also been observed. Less is known about
the AML not otherwise classified group, which includes
acute myeloblastic leukemia minimally differentiated, acute
myeloblastic leukemia with and without maturation,
acute myelomonocytic leukemia, acute monoblastic and
acute monocytic leukemia, and acute megakaryoblastic
leukemia. Some of these, such as acute myeloblastic leu-
kemia without maturation, are quite common, comprising
30–45% of AML cases, and prognosis varies depending on
the chromosomal abnormalities identified. More detail
about the specific types of AML is given in Table 2.



Table 2 Subtypes of acute myeloid leukemia

Abnormality Cell of origin and description of AML Genes involved Frequency FAB subtype Prognosis

t(8;21) (q22;q22) AML with recurrent genetic abnormalities AML-ETO 5–12% M2 Good
Myeloid stem cell, predominant neutrophil

differentiation

Inv(16) (p13q22) or t(16:16) (p13;q22) AML with recurrent genetic abnormalities CBFb/MYH11 10–12% M4 Good

Hematopoietic stem cell, monocytic and
granulocytic differentiation, abnormal

eosinophil in the marrow

t(15;17) (q22;q12) APL PML/RARa 5–8%b M3 Good
Myeloid stem cell, granulocytic differentiation Other

variantsa

11q23 AML with recurrent genetic abnormalities MLL 5–6% M4/M5 Moderate to poor

Hematopoietic stem cell, multi-lineage potential
�5/del(5q), �7/del(7q), þ8, þ9, þ11, del(11q), del(12p),
�18, þ19, del(20q), þ21, t(2;11), t(1;7), 3q21, 3q26
translocations

AML with multilineage dysplasia

Hematopoietic stem cell

Not known Unfavorable

Complex karyotypes Acute myeloblastic leukemia minimally
differentiated

Hematopoietic stem cell at earliest stage of

myeloid differentiation

Not known 5% M0 Unfavorable
Trisomy 4,8, 14

Monosomy 7

None identified Acute myeloblastic leukemia without maturation Not known 10% M1 Unfavorable
Precursor hematopoietic stem cell at earliest

stage of myeloid differentiation

Include del(12p) (p11–p13); t(6;9) (p23;q34); t(8;16) (p11;
p13)

Acute myeloblastic leukemia with maturation
Hematopoietic stem cell at earliest stage of

myeloid differentiation

Not known 30–45% M2 Variable t(8;21):
good t(6;9) (p23;

q34): poor

None specificc Acute myelomonocytic leukemia Not known 15–25% M4 Variable

Hematopoietic precursor cell with potential to
differentiate into neutrophil and monocytic

lineages

Involve 11q23c Acute monoblastic leukemia Not known 5–8% M5a Unfavorable

Bone marrow stem cell with commitment to
monocytic differentiation

t(8;16) (p11;p13) Acute monocytic leukemia 3–6% M5b Unfavorable

Bone marrow stem cell with commitment to
monocytic differentiation

None specific include inv(3) (q21;q26)d Acute megakaryoblastic leukemia Not known 3–5% M7 Unfavorable

t(1;22) (p13;q13)e Hematopoietic precursor cell committed to

megakaryocytic lineage and possibly erythroid

aThese include t(11;17) (q23;q21), t(5;17) (q32;q12); t(11;17) (q13;q21).
bAPL accounts for 5–8% of cases of AML.
cThose with inv(16) and 11q23 abnormalities are included in AML with recurrent genetic abnormalities.
dAlso seen in AML with and without maturation.
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Acute Lymphoblastic Leukemia

Most cases of ALL (over 80%) arise from malignant
primitive precursors of B lymphocytes, while the others
are T cell leukemias. ALL is predominantly a disease of
children. The immunological subtypes include common,
pre-B-ALL, null, and B and T phenotypes. Common ALL
is the most frequent, accounting for 50% of all cases of
childhood ALL. The segregation by age of these different
subtypes may account for the marked prognostic differ-
ences between infants, children, and adults (Greaves, 1999).
The cytogenetic abnormalities are generally grouped as
high hyperdiploidy (over 50 chromosomes per nucleus
instead of the normal 46), hyperdiploidy (47–50 chromo-
somes), hypodiploidy (fewer than 46 chromosomes),
pseudodiploidy (46 chromosomes but with structural or
numerical changes), and translocations. All of these are
used in designing the treatment of ALL in children. Over
200 genes have been found to be involved in chromosomal
translocations in ALL, but many are rare; those most
commonly associated with childhood ALL are MLL, TEL,
and AML1, all of which can fuse with over 15 other genes
and, in the case of TEL and AML1, with each other.

One of the most favorable subtypes of ALL is precur-
sor B-ALL, in which treatment can achieve complete
remission in about 95% of children and 60–85% of adults.
However, in adult precursor B-ALL, the cases are gener-
ally less well characterized genetically; the poor prognos-
tic abnormality t(9;22) (q34;q11.2) (BCR-ABL) is seen in
25% of cases and translocations involving the MLL gene
at the 11q23 locus, associated with a poor prognosis
regardless of age, are also more common in adults than
in children. Conversely, those chromosomal alterations
that confer a good prognosis, such as high hyperdiploidy
and the t(12;21) translocation, are less frequently seen in
adults. Details of the common genetic alterations seen
in B-ALL along with the associated prognosis are given
in Table 3. Other abnormalities also exist, including del
(6q), del(9p), del(12p), hyperdiploidy less than 51, near
triploidy, and near tetraploidy, which are all associated
with an intermediate prognosis.

Precursor T-ALL, originating from a precursor
T lymphoblast, accounts for approximately one in six
childhood ALL diagnoses and one in four adult ALL
diagnoses. In a third of cases, it is characterized by
Table 3 Genetic abnormalities associated with common ALL

Cytogenetics Gene(s) involved

t(1;19) (q23;p13.3) PBX/E2A

t(4;11) (q21;q23)a AF4/MLL
t(9;22) (q34;q11.2) BCR/ABL

t(12;21) (p13;q22) TEL/AML1

Hypodiploidy
Hyperdiploidy

aThis is the prototype 11q23 translocation seen in precursor B ALL; t
translocations involving 14q11.2, 7q35, and 7p14–15 loci,
in combination with a number of partner genes such as
MYC(8q24.1), TAL1(1p32), RBTN1(11p15), RTBN2

(11p13), HOX11(10q24), and LCK(1p34.3–35). The dele-
tion del(9p) is also seen in around 30% of cases.
Chronic Myeloid Leukemia

Chronic myeloid leukemia (CML) is a clonal myelopro-
liferative disorder originating from a pluripotent bone-
marrow stem cell. It is characterized by a reciprocal
translocation between chromosomes 9 and 22, t(9;22)
(q34;q11) (BCR-ABL) that results in the Philadelphia
chromosome (der(22q)). This translocation occurs in
over 95% of all cases, not only in neutrophil precurs-
ors but also erythroblasts, megakaryocytes, and some
B lymphocytes. It results in the production of a chimeric
protein with increased tyrosine kinase activity. The
remaining cases of CML either have variant transloca-
tions involving a third or even a fourth chromosome, in
addition to chromosomes 9 and 22, or cryptic transloca-
tions involving 9q34 and 22q11. While t(9;22) trans-
locations have been identified in both CML and adult
ALL, albeit only in a minority of cases, those seen in CML
arise from different break points from those found in most
ALL patients. Both translocations have tyrosine kinase
activity but the fusion protein seen in ALL has higher
activity, which may account for the fact that ALL is a
much more aggressive disease. Development of new treat-
ments for CML has also been focused on the presence of
the t(9;22) translocation: Chemical agents have been gen-
erated that block the tyrosine kinase activity of the abnor-
mal BCR-ABL protein. Allogeneic bone marrow transplant
remains the only curative therapy.
Chronic Lymphoblastic Leukemia

Over 98% of all chronic lymphoblastic leukemia (CLL)
diagnoses involve a neoplastic clone of B lymphocytes;
although the malignant cells appear morphologically
mature, they are actually arrested at an early stage of
B cell development. The remaining cases arise from
T lymphocytes. Abnormal karyotypes are associated
with 80% of cases, with 13q14 deletions observed in up
Frequency Prognosis

6% (25% of pre-B-ALL) Unfavorable

2–3% Unfavorable
3–4% Unfavorable

16–29% Favorable

5% Unfavorable
20–25% Favorable

here are other translocations involving the MLL gene.
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to 50% of cases. Trisomy 21 and delet ions at 11q22–2 3 are
also found in 20% of cases; the latter also occur s with
soma tic mu tations in the other alle le. Additional a bnor m-
alities see n inc lude delet ions at 6q2 1 (5% of cases ) and
17p13 (p5 3 locus) (10 % of cases) and exp ression of p53 in
10% of cases. Many of the alter ations seen in CLL appear
to cont ribute to outc ome; trisomy 21 cor relates w ith an
aggressive c linical cour se, whereas the 13q 14 a bnor mal-
ities are asso ciated with long sur vival. Both 11q 22–23
deletions and TP53 a bnor malit ies are associat ed with
poor sur vival. Inh erited genetic a bnor malities in the
ataxi a-telangie ctasia gene have also been assoc iated with
an increas ed risk of developing CLL.
Genetic Fac tors

In addition to the ch romosoma l a bn or malities des cribed
previously, numer ous constit utional geneti c def ects and
disor der s have also be en asso ciated with risk of leukemia,
in par ticul ar acut e leukemia in chil dren. The most nota ble
assoc iation is that between acu te leukemi a and Down’s
syndr ome (tri somy 21), in which the inci dence of acute
lymphoblastic leukemia (ALL) and acute myeloid leuke-
mia (AML) is increas ed by 20- to 30-fold, whil e acute
megakar yobla stic leukemia (AMKL) is 500 times more
common in per sons with Down’s syndr ome than in oth er s
(Hasle et al ., 2000 ). The und er lying biological mecha nisms
for thes e assoc iations are unc lear, but pr ogress has been
made foll owing the discovery of an exc lusive mutatio n of
GATA1 , a transcr iption f actor involved in hematop oiesis,
in children with both Down’s syn drome and AMKL .
However, advances in the molec ular und er standing of
this for m of leukemia have not be en matched by basic
e pidemio logical info r mation a bout its incidence . While it
appear s thus f ar that ALL is equally common in children
with and withou t Down’s syndrome, the type of AML
seen in childr en with Down’s syndrome is dif f erent from
that seen in other children. Moreover, the attention con-
centrated on AMKL has somewhat obscured the fact that
ALL, and not AML, remains the most common form of
leukemia in children with Down’s syndrome. A UK-based
study has been designed to address the paucity of epide-
miological information and to further our understanding
of the specific characteristics that may contribute to acute
leukemia susce ptib ility (www.cd ss.or g.uk).

As well as trisomy 21, several other rare inherited
genetic disorders have also been associated with predispo-
sition to leukemia; these include Bloom, Klinefelters, and
Li-Fraumeni syndromes, Fanconi anemia, ataxia-telangi-
ectasia, and neurofibromatosis. Fanconi anemia (FA) is a
rare condition seen in around 1 in 200 000 live births, and
although it is usually inherited as an autosomal recessive
trait, it is genetically heterogeneous, and includes an X-
linked form. While AML is the most common leukemia
associated with FA, reported in approximately 10% of
cases, cases of T cell and B cell ALL have also been
observed. The association of both germ-line and somatic
mutations in the FA pathway with AML susceptibility has
been considered. Although current data provide little evi-
dence of a role for inherited FA gene mutations in AML
susceptibility, reduced levels and in some cases a total
absence of FA proteins has been observed in both AML
cell lines and primary AML samples. AML that arises in
people with FA is associated with a high incidence of
myelodysplasia and other unfavorable clinical features,
and it is possible that this is due to abnormal susceptibility
to DNA damage, global genomic instability, or a combina-
tion of both. Ataxia-telangiectasia (AT), another autoso-
mal recessive disorder, has been associated with a number
of leukemia subtypes, including childhood T cell ALL.
Deletion of the gene associated with AT, ataxia-telangiec-
tasia mutated (ATM), has been reported in CLL. Neuro-
fibromatosis type 1 and Noonan syndrome are also both
related to leukemia in infants and young children, and they
are particularly linked to juvenile myelomonocytic leuke-
mia and other types of myeloproliferative disorder.
Environmental Exposures

The list of suspected chemical, physical, and biological
agents associated with increased leukemia risk continues
to increase, although the evidence for some is often lim-
ited or even contradictory. However, several exposures are
widely accepted as known risk factors for leukemia.

A goodmodel by which to study chemical leukemogen-
esis is provided by therapy-related AML (t-AML). Ther-
apy-related leukemias can be categorized into two main
groups, depending on the source of exposure. One group is
associated with exposure to chemotherapeutic alkylating
agents and is characterized by chromosomal abnormalities
involving chromosomes 5 and 7. The other is linked to
exposure to topoisomerase II inhibitors and is typified by
balanced translocations involving theMLL gene at 11q23.
Since infant leukemia is also characterized by 11q23 trans-
locations, it is possible therefore that in utero exposure to
topoisomerase inhibitors could also be important in infant
leukemia risk. However, the list of topoisomerase inhibi-
tors is extensive and includes specific chemotherapeutic
agents such as etoposide but also benzene metabolites
(derived from cigarette smoke and pollution for instance),
bioflavonoids, herbal medicines, anthraquinone laxatives,
podophyllin resin, quinolone antibiotics, pesticides, and
most phenolic chemicals and their metabolites. Further-
more, topoisomerase II inhibitors have been found in
specific fruits, tea, coffee, wine, soy, and cocoa and it is
quite likely that many other chemicals that have the ability
to inhibit this enzyme have yet to be identified. The ever-
increasing list of chemicals that can act as topoisomerase II
inhibitors means that investigating the association
between this group of compounds and leukemia risk is
complex, since many of them will have effects on other

http://www.cdss.org.uk
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biological pathways. Therefore, trying to ascertain which,
if any, is the important pathway for disease pathogenesis
may not be straightforward.
Ionizing Radiation

Ionizing radiation is a well-known risk factor for leuke-
mia, and AML is one of the most common malignancies
associated with exposure. A dose-dependent increase in
AML was observed in survivors of the atomic bomb
explosions in Japan, with a peak incidence 5–7 years
after exposure to neutrons and gamma rays. There have
also been reports of increased incidence of leukemia in
workers exposed to the highest levels of radiation follow-
ing the accident at the Chernobyl nuclear processing
plant in 1986. Both AML and ALL have been identified
in other casualties of the Chernobyl disaster who were
exposed to beta-particles at a young age. AML is com-
monly seen in people who have received high-dose spinal
radiation for ankylosing spondylitis. A particular area of
concern is the increased potential for radiation-induced
second malignancies such as AML, since patients with
cancers such as prostate and breast cancer tend to be trea-
ted with radiation therapy at younger ages and survive
for longer. The most pertinent issue for AML is that the
time interval between exposure and development of the
disease is typically only a few years. There are difficulties
in applying the results of early studies to assess the risk of
leukemia following radiotherapy because the radiother-
apy protocols have evolved considerably. Complex mech-
anistic models have been developed to enable prediction
of radiation-induced cancer risks, and these should help
by optimizing treatment plans to minimize the incidence
of leukemia following radiotherapy.

It is generally accepted that the fetus and young child
may be more susceptible to the effects of ionizing radia-
tion than the adult, with modern concern revolving
mainly around the importance of dose and gestational
age at the time of exposure. Epidemiological evidence
that prenatal exposures were involved in the development
of childhood leukemia was first provided by the Oxford
Survey of Childhood Cancers over 50 years ago, when an
association between diagnostic radiography of mothers
during pregnancy was related to the subsequent develop-
ment of leukemia and other cancers in their children
(Stewart et al., 1956). Good data also exist for paternal
occupational exposure to ionizing radiation; in 1990,
Gardner and colleagues reported that the recorded exter-
nal dose of whole-body ionizing radiation to fathers dur-
ing their time at Sellafield was associated with the
development of leukemia in their offspring. Their results
suggested that the highest risks were seen in those with
highest accumulated ionizing radiation doses prior to
conception, either over their total duration of exposure
or during the preceding 6months. Case–control studies
carried out in the vicinity of other nuclear establishments
where workers were, on average, exposed to much lower
doses were unable to confirm these findings and the
results of other large-scale studies are contradictory.
The paucity of historical human data on this topic, cou-
pled with the fact that workers nowadays are routinely
exposed to much lower doses, means that additional
human data on this topic are unlikely to accrue.
Benzene

Benzene is a widespread environmental contaminant, still
found in glues, solvents, and gasoline. It is a product of
incomplete hydrocarbon combustion and is present in
traffic exhaust fumes as well as in tobacco smoke. The
greatest risk for exposure to high doses of benzene occurs
in the workplace, although the most common exposure to
lower doses of benzene occurs in the general environ-
ment. Exposure to benzene can either be through inhala-
tion or skin absorption with inhalation of contaminated
air the primary route of exposure.

It is well established that exposure to benzene is asso-
ciated with an increased risk of AML, although the
latency period following benzene exposure is not as
accurately defined as that for radiation or chemotherapy-
induced AML. Initially, increased risks of leukemia, pre-
dominantly AML, were reported among workers with
high levels of benzene exposure in the chemical, shoe-
making, and oil-refining industries, whereas more recently
studies have focused on workers with lower exposure.
While the underlying mechanisms relating benzene expo-
sure to AML are unclear, it is thought to involve damage
to specific regions of DNA, which subsequently results
in chromosome abnormalities, including rearrangements
and deletions. Chromosomal changes commonly seen in
AML, including monosomy 7, trisomy 8, and t(8;21), have
been identified in blood cells of workers in Shanghai who
had been heavily exposed to benzene, and DNA methyla-
tion patterns similar to those seen in AML have also been
observed following exposure to low-level airborne ben-
zene. Furthermore, 5q deletions are also common in AML
patients who have been exposed to benzene or alkylating
agents. In addition, it has been proposed that benzene
metabolites may act as DNA topoisomerase II inhibitors,
and induce abnormalities at 11q23.

Evidence from both epidemiological and laboratory
animal studies supporting the association between ben-
zene exposure and carcinogenesis has led to measures to
limit occupational and environmental exposure. In the
United States, the Environmental Protection Agency
(EPA) has enforced limits on concentrations of benzene
in drinking water, with the ultimate aim being to abolish it
altogether. The National Institute of Occupational Safety
and Health (NIOSH) and the Occupational Safety and
Health Administration have limited occupational



exposures to benzene to 1 part per million during an aver-
age working day; they also recommend personal protec-
tive equipment such as respirators. Importantly, changes
in policy that restrict smoking in public places will also
reduce environmental exposure to benzene.

Summary

Leukemia is a complex and heterogeneous group of disor-
ders. Understanding the determinants of leukemia has been
aided byadvances in immunological techniques, which have
helped to identify chromosomal abnormalities that have
significance not only for classification of the different sub-
types of leukemia, but also for prognosis and treatment.
A number of acquired genetic abnormalities, including
trisomy 21, are associated with a higher risk of specific
leukemia subtypes and much may be learned from focusing
on those groups. While specific exposures relating to AML
risk have been identified, such as benzene, ionizing radia-
tion, and chemotherapeutic alkylating agents, less is known
about risk factors for other leukemia subtypes including
ALL. The largest area of interest for ALL, particularly
with respect to childhood ALL, remains the potential etio-
logical role of the timing and dose of exposure to infectious
agents. The success story to date has been the treatment of
childhood leukemia, because over 80% of all cases now
survive for long periods and may be considered cured.

See also: Cancer Survival; Pediatric Cancers; Radiation

Therapy.
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Introduction

Life expectancy (LE) is one of the key issues in clinical
medicine. It is of interest to individual patients and their
medical practitioners as well as to policy makers when
trying to understand the impact of a given health program
on the longevity of members of the general population.
Estimation of the gains in LE associated with medical
interventions that are considered to be effective some-
times seem small. For example, there is little doubt that
cigarette smoking has the potential to shorten life because
it causes cancer. One would think, therefore, that smoking
cessation should be associated with a significant increase
in LE. However, the gain for 35-year-old women is only
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8months (Tsevat, 1991; Wright, 1998). To a lay person
and to many health professionals, this increase hardly
seems worth the considerable effort required by smokers
in order to stop smoking. In fact, this particular magnitude
of LE gain can be shown to be quite significant.

The objectives of this article are to explore the mean-
ing of LE and gains or losses thereof, to understand those
factors inherent in a disease state or in a health interven-
tion that determine the magnitude of a change in LE, and
to illustrate some methods for estimating LE values from
empirical data. In this chapter, the LE associated with a
closed cohort is considered, that is a group of individuals
that is gathered together at some inception point and then
followed over time. Dynamic cohorts, of interest to demo-
graphers, in which new individuals are added to the group
as time passes, by birth for example, are not within the
scope of the current discussion.
members of a cohort divided by the number of individuals in
the cohort.
Definition of Life Expectancy

Average Life Span

In the ideal case, LE is a straightforward concept. It is equal
to the average life span of a cohort of individuals who are
observed after an inception time point. Some examples of
cohorts include the members of an arm of a randomized
clinical trial (RCT), a particular exposure group in a pro-
spective, observational study, and a hypothetical cohort in a
Markov decision model. Examples of inception points
include birth, the onset or diagnosis of a disease, the initia-
tion of treatment, or the first cycle of a Markov process
(see ‘Life Expectancy as the Output of a Markov Process’).

From a theoretical perspective, calculating the LE for a
cohort involves observing it until all of the members have
died, summing the total amount of time, e.g., the life-
months, that the cohort accrued and then dividing by the
number of individuals in the cohort at the inception point.
A graphic illustration of this is shown in Figure 1. The life
spans, in months, since the inception of the cohort is shown
for a group of ten individuals. If the total number of life-
months experienced by the members of the cohort was 130,
then the life expectancy of the cohort is equal to 130 life-
months/10 lives¼ 13.0months. Note that LE is always an
average: Some individualsmay livemore and somemay live
less than the average. Given an individual with the same
characteristics, placed in the same environment, and at the
same point in his or her life history as the members of the
cohort were at the inception point, onewould expect him or
her to live 13months, on average.
Equivalent Way of Thinking about LE

An alternative way to conceptualize the calculation of LE
is not to think of horizontal life spans of members of
the cohort as shown inFigure 1, but rather to think of verti-
cal cohort membership as shown in Figure 2. The number
of individuals remaining in the cohort each month after
the inception point is plotted as a series of vertical bars.
As members of the cohort die, the vertical bars shrink
in size.

The members of the cohort who survive the first month
each add 1 life-month to the cumulative total of the cohort.
One can see that the number of life-months accrued by
the members of the cohort during the first month after
the inception is equal to the area of the rectangle above
month 1 in Figure 2. The width of the rectangle is equal to
1month and its height is equal to the number of indivi-
duals who survived for at least 1month. The total number
of life-months experienced by the cohort is therefore the
sum of the areas of the rectangles. If that sum happened to
be 8236 life-months, and there were 684 individuals in the
cohort at the inception, then the LE of the cohort would be
8236/684¼ 12.04months.
Area Under a Survival Curve

The process of calculating LE by adding up the areas of
the rectangles as shown in Figure 2 and then dividing
by the number of individuals in the cohort at inception
can be represented symbolically as:

L � nn1 � D1 þ n2 � D2 þ . . .þ nm � Dm

n0
½1�

where n0 is the number of individuals in the cohort at
time zero, ni, is the number left in the cohort after the
ith interval, which is the same as the height of the ith
rectangle (ie[1,m]), and Di is the width of the ith interval.
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In this case, D1¼D2¼ . . . .¼Dm¼ 1month. The area of
the rectangle associated with the ith interval is the prod-
uct of its width and its height, niDi, and the sum of those
products equals the total number of life-months accrued
by the cohort. Distributing the denominator through the
terms in the numerator yields:

L � nn1
n0
� D1 þ nn2

n0
� D2 þ . . .þ nnm

n0
� Dm ½2�
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Figure 3 Life expectancy can also be viewed as the sum of the are
at each month after inception.
Since ni/no is the proportion of individuals, or the proba-
bility of an individual surviving the ith interval, the equa-
tion for LE can be rewritten as:

L � P1 � D1 þ P2 � D2 þ . . .þ Pm � Dm ½3�

As shown in Figure 3, if, instead of representing the
absolute number of individuals remaining in the cohort at
a given time, the proportion surviving or the probability
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ception (months)

Total area = 8236
life-months

m of the areas representing the number of cohort members

of people initially in the cohort.

ception (months)

LE = 12.04 months
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as of rectangles representing the probability of remaining alive
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of survival is plotted as a function of time since inception,
then the LE of the cohort is equal to the area of the
rectangles themselves rather than the area of rectangles
divided by the number of individuals at inception.

As shown in Figure 4, if LE is calculated as the area of
the rectangles in a discrete, survival probability graph,
whether the probability of survival for a given month is
calculated at the end (Figure 4(a)) or the beginning
(Figure 4(b)) of each interval will produce significantly
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the ideal curve (the white line) at the beginning or end of eachmonth. (a

ideal curve at the end of each interval and LE is underestimated. (b) C

the ideal curve at the beginning of each month and LE is overestimat
different answers for the LE estimate. In the figure, the
ideal survival curve is shown as a smooth line. The ideal
curve represents the more likely scenario that deaths in the
cohort occur randomly throughout the interval, rather than
at discrete times as has been assumed thus far. Figure 4(a)
shows the results of using a discrete process to account
for deaths at the end of the interval. In that case, the
resulting LE estimate will underestimate the ideal value.
Conversely, as shown in Figure 4(b), the LE estimate
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derived from accounting for survival at the beginning of
the interval will overestimate the ideal value.

The error introduced will be significant if the size of the
interval is a substantial fraction of the time horizon of
the cohort. The horizon can be thought of as the number
of intervals where the remaining fraction of the cohort is
above some minimal value. As shown in Figure 5, as the
width of the intervals decreases, and their number increases,
then the LE calculated as the sum of rectangular areas
approaches the ideal value. In the case shown in the figure,
membership in the cohort is counted at the beginning of
each interval. Thus, as the number of intervals increases, the
LE estimate decreases toward the ideal value. Finally, in
the limit:

L ¼lim
n!1
D!0

Xn
i¼1

Pi � Di ¼
ð1
0

SðtÞdt ½4�
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Figure 5 The LE estimate when taken as the areas of probability re

increases and their width decreases. In this case, since the heights of t

interval, and thus overestimate the true LE, as the number of rectang
In other words, LE can be understood to be equivalent to
the area under a smooth survival function, S(t). The latter
statement is true regardless of the shape of the curve.

Figure 6 demonstrates a cumulative survival curve.
With each interval, the number of life-months generated
by the members of the cohort during the current interval is
added to the cumulative total for all of the prior intervals.
The height of each rectangle represents the current value of
the cumulative total. As shown in the figure, the cumulative
total approaches a certain value asymptotically. This value
is equivalent to the areas of the rectangles, i.e., approxi-
mately the LE, of the noncumulative survival curve. Just as
the approximation of life expectancy in the noncumulative
case improves when the size of the intervals decreases and
their number increases, the asymptotic value obtained from
a cumulative survival plot approaches the ideal when it is in
the form of a smooth curve.
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Life Expectancy as the Output of a Markov
Process

A Markov process is a method of simulating the behavior
of a cohort of individuals with a particular health scenario.
The simulation traces the distribution of the hypothetical
cohort among a set of mutually exclusive health states
over time. The passage of time is represented by a cycle
counter. Each cycle consists of a set of steps: (1) Transi-
tioning hypothetical individuals from one state to another
via a set of probability rules; (2) determining the new
distribution of the cohort among the health states; and
then (3) awarding each hypothetical individual an incre-
ment of life equivalent to the length of the cycle. At the
end of each cycle, the total number of life-months experi-
enced by the cohort is added to a cumulative total.

Time in a Markov process is represented by the prod-
uct of the cycle length (in units of days, months, or years)
and the number of cycles that have elapsed since the
initiation of the process. A Markov model should have
one or more absorbing states into which hypothetical
individuals may enter but from which they cannot leave
and which does not award life increments. Eventually
when the proportion of the cohort that has not been
absorbed reaches a preset minimum, the Markov process
terminates. The total accumulated life increments for the
cohort approaches a final value asymptotically. This latter
value, when divided by the size of the hypothetical cohort,
is the output of the Markov process.

One can appreciate that the procedure of calculating
the accumulating life increments of a hypothetical cohort
in a Markov process is equivalent to the procedure of
calculating the LE of a real cohort of individuals using a
cumulative survival plot. Also, it is easy to see, therefore,
that the output of a Markov process is a LE. Figure 7
shows a state membership graph in which the proportion
of a hypothetical cohort remaining in the alive health state of
a two-state Markov process is plotted as a function of cycle
number. The other state, dead, represents the absorbing state
for the process. The state membership plot is equivalent to
a survival curve for the alive state. The area underneath
the graph represents the contribution of life increments
from members of the cohort who have spent time in that
state to the cumulative total for the entire cohort.
Quality-Adjusted LE

Figure 8 shows a state membership graph for a slightly
more complicated Markov process. In this case, there is a
well state, an intermediary sick state and an absorbing
dead state. The unadjusted LE for the Markov process is
equal to the sum of the areas under the well and sick
curves. However, a common practice is to assign a relative
value, known as an incremental utility, to each state. For
example, if an incremental utility of 0.6 is assigned to the
sick state, it implies that a cycle spent in that state is only
worth 60% of a cycle spent in the well state. Formal
systems for eliciting judgments about the relative value
of health states exist. If the area underneath each state
membership curve is multiplied by its associated incre-
mental utility, then the sum of those products is known as
a quality-adjusted LE.
Event-Free LE

Until this point, the event of interest has been the death of
members of the cohort. However, the concept of LE can be
extended to any irreversible outcome. An example of this is
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the freedom from first cancer recurrence. A cohort of
patients who have experienced an initial remission of their
cancer would exist in this state until the first recurrence
happens. Since they can never again be said to have not
experienced a first recurrence, the transition out of the free-
dom-from-first-recurrence health state is irreversible. The
area under a plot of the proportion of individuals free of first
recurrence would give the event-free LE of that cohort.
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Figure 10 The relationship between some commonly

employed measures of treatment effect. The absolute
risk reduction at some time t, ARR(t), is the vertical

separation of the curves at t, the change in median survival

time, DMST, is the horizontal separation of the curves at a

survival probability of 0.5. DLE represents the area
between the survival curves that integrates the ARR at all

times, t, and the change in survival time at all survival

probabilities.
Gains in LE

The discussion to this point has focused on the LE of a
single cohort. However, clinicians are often interested in
the relative difference between two alternative strategies.
Given that the LE of a cohort is equivalent to the area
under its survival curve. It follows that the gain in LE,
DLE, associated with membership in one cohort relative
to another is equal to the area between their respective
survival curves, as is shown in Figure 9.

Determinants of the Magnitude of Gains in LE

The gain in LE associated with adopting one health
strategy over another is equal to the area between their
respective survival curves. Therefore, the magnitude of
gains in LE is determined by the two factors that alter the
area between survival curves: (1) The vertical or horizon-
tal separation of the curves, and (2) the slope of the curves.

As shown in Figure 10, the vertical separation of two
survival curves at some time point is equivalent to the
absolute difference in survival between the two strategies,
which is the same as the absolute risk reduction (ARR)



90 Life Expectancy Measurements
at that time. The horizontal separation of the curves at a
survival probability of 0.5 is equivalent to the difference in
median survival time between the two strategies.

In the case of curves representing a control group and
an intervention group, the separation of the curves, verti-
cal or horizontal, is determined by the absolute efficacy of
the intervention and the proportion of people in the
cohort who will benefit from it. For example, the benefit
from vaccination against a rare but lethal infectious dis-
ease is distributed unevenly in the cohort of vaccinated
individuals. The vaccine produces a very large gain in LE
in those who would have ultimately contracted the disease
but has zero effect in those who would not. The gain in LE
for the former group is very large but since they represent
only a small fraction of the cohort, and since the majority
of the cohort experience zero gain, the LE gain for the
cohort overall is quite small. For example, in the smoking
cessation example mentioned in the introduction, the gain
of 8months represents the population-wide gain for all
35-year-old women regardless of their smoking history.
When the gain is recomputed for the 35-year-old female
smokers who are actually at risk, its value is a more
impressive 2.8 years (Tsevat, 1991; Wright, 1998).

The other determinant of the magnitude of a gain in LE
is the slope of the survival curves. For any given ARR at a
fixed time (or change in median survival time), the steeper
the decline in the control (baseline) group curve, the lower
the gain in LE associated with adopting an intervention
(see Figure 11). One approach to help put gains into
perspective would be to report both the absolute gain in
LE and the proportion or percentage that the gain repre-
sents of the LE in the control group. For example, in the
smoking cessation example mentioned in the introduction,
the DLE was 8months on a baseline LE of 542months,
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Figure 11 The same absolute risk reduction (ARR) at 10 years can

curves – the steeper the curves, the lower the resulting DLE.
which represents a gain of 1.5%. In a cohort at much higher
risk, with a baseline LE of 24months, the same absolute
gain in LE would represent a 33% increase.

Wright et al. (1998) have suggested using baseline risk in
a qualitative sense as a criterion for categorizing the gains
associated with medical interventions. Their goal was to
help readers of studies that report gains in LE to put the
results into the correct context and thereby determine if
the gain is significant. They have proposed that gains of
1month or more should be considered for preventative
strategies in populations at average risk – for example, a
decade of biennial mammography for women aged 50 pro-
duced a gain of 0.8months. Prevention strategies aimed
at populations with elevated risk yielded gains that were
typically about 1 year. For example, reduction of diastolic
blood pressure from an initial value between 90 and
94mmHg to a value less than 88mmHg in 35-year-old
hypertensive patients yielded a gain of 13months for men
and 11months for women. The authors found that gains
associated with the treatment of established disease varied
with the severity of the disease but rarely exceeded 1 year.
Perceptual Difficulties

One of the reasons that gains in LE may seem to be small
is a misconception regarding their meaning. As we have
seen, a gain (or loss) of LE represents the area between
two survival curves. However, readers often make the
mistake of thinking that gains in LE come as additional
time tacked onto the end of a fixed life span. For example,
a 20-year-old female smoker, anticipating a LE of an
additional 60 years, might think that a LE gain of 8months
means that he or she will live to be 80.67 years rather
than 80 years if she were to stop smoking.
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produce different DLE values depending on the slope of the
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Such a gain seems small to her because of the process
of discounting. The latter concept refers to the fact that
benefits we receive in the future are less valuable to us in
present terms than benefits we receive immediately. For
example, imagine a 20-year-old individual being told that
he or she will lose 1 year of life due to smoking: In the first
case, the individual will die immediately instead of living
until age 21 and in the second case, he or she will live
only until age 80 instead of 81. Most people would consi-
der the former scenario to represent a much more signifi-
cant loss even though the numerical change in life span is
identical. This implies that we value life in the near-term
more than life in the future. Thus, if it was true that LE
gains merely represent extensions of life span in the
distant future, then they would have little value to us in
the present because of the process of discounting. In
reality, the fact that gains in LE are equivalent to the
separation of survival curves means that the benefit starts
to occur as soon as the two curves start to separate.
Estimation of LE from Empirical Sources

In contrast to the simplicity of the calculation of LE in an
ideal and theoretical sense wherein one follows a com-
plete cohort of individuals until all have died, estimation
of LE using commonly available data is not so straightfor-
ward. The difficulty lies in the fact that cohorts are rarely
followed until all of its members have died. Censoring and
incomplete observation requires some degree of extrapo-
lation when estimating LE. Extrapolation can be achieved
with parametric and nonparametric approaches.
Closed-Form, Parametric LE Estimation

The goal of the closed-form parametric approach is to
produce an expression of LE that is relatively simple and
that can be evaluated with a hand-held calculator (i.e., that
does not need numerical approximation using a computer
simulation).

The exponential survival function

The simplest closed-form approach is to assume a sur-
vival model in which the hazard remains constant – the
exponential model – which has the following form:

SðtÞ ¼ expð�mtÞ ½5�
where m is a constant value. LE, as has been shown above,
is equal to the area under the survival function:

L ¼
ð1
0

SðtÞdt ½6�

Evaluating the integral yields L¼ 1/m.
From the data for a group in a RCT or a prospect-

ive observational study, one can obtain the estimated
proportion of deaths, P(t), during the observation interval,
t. The latter estimate may be derived from a Kaplan-
Meier estimate. Alternatively, P(t) may represent the
raw proportion of events observed in the cohort under
observation at the median observation time, t. The esti-
mate of the survival function is therefore:

ŜðtÞ ¼ 1� P̂ðtÞ ½7�

Using this estimate of the survival function at t, an esti-
mate of the LE of the cohort can be obtained:

m̂ ¼ �In ŜðtÞ� �
=t ½8�

L̂ ¼ n1=m̂ ¼ �t=In ŜðtÞ� � ½9�

Caution is required when using this approach since
Kuntz and Weinstein (1995) have shown that LE estimates
generated in this way are statistically biased. In other
words, since the LE estimate is a nonlinear function of
the survival function estimate, the expected value of the
LE estimate is not equal to the true LE value.

Using a Taylor series expansion, they show that:

2 ðL̂Þ ¼ 2 n� t

In ŜðtÞ� �
 !

¼ n� t

In SðtÞ½ �
� �

� nts2ðtÞ 2þ In SðtÞ½ �½ �
2SðtÞ2 In SðtÞ½ �½ �3 ½10�

In other words, the expected value of the LE estimate
can be decomposed into the true value (the first term on
the right-hand side) and a bias term (the second term on the
right-hand side). The magnitude of the bias is a func-
tion of t, s2(t), representing the variance of the survival
function estimate, and the true survival function value S(t).

Kuntz and Weinstein point out that the bias term
is zero when ln[S(t)]¼�2 and S(t) is, therefore, approxi-
mately 0.135. When S(t) is greater than 0.135, the bias
tends to be positive and vice versa. The variance of the
survival function estimate depends both on the sample
size and on the percentage of censoring within the study
on which the estimate was based. Through simulation,
they show that the magnitude of the bias increases as the
sample size on which P(t) is based decreases, the observa-
tion interval shortens and as m decreases. The bias also
increases with a higher percentage of censoring. In order
to mitigate against this bias in practice, they recommend
the use of larger studies with a low percentage of censor-
ing and choosing the observation interval t such that
estimate of S(t) is as close to 0.135 as possible.

The DEALE

Beck et al. (1982a, 1982b) have proposed an extension to the
use of the exponential model called the DEALE, or declin-
ing exponential approximation of life expectancy, in which
the hazard is broken into two components, an age, sex, and
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race specific hazard, mASR, due to causes of death other than
the disease in question (i.e., natural causes), and a constant
disease-specific hazard, mD. In the DEALE approach and in
all of the subsequent methods described in this section, it is
assumed that a table of life expectancies, L, is available
for each age in the general population. These estimates
may be averaged over race and sex, i.e., La, or else stratified
by the latter demographic features, i.e., Lasr.

For example, in order to calculate the LE with the
DEALE methodology for the intervention group in a
RCT, one first obtains an estimate of the probability of
disease-specific mortality for the cohort over some time,
P(t), and estimates the disease-specific hazard, mD, as
described in eqns [7] and [8]. Next, one obtains the age,
sex, and race-adjusted LE from published demographic
tables for the general population, Lasr. The particular
value to take from the table is the one for people whose
age, sex, and race most closely corresponds to the char-
acteristics of the intervention group. The hazard due to
natural causes, mASR, is therefore equal to 1/ Lasr. Accord-
ing to the DEALE, one assumes that both the disease-
specific and natural hazards remain constant over time.
Therefore, LE with disease, LD is estimated by:

L̂D ¼ n1
m̂D þ mASR

½11�

The Gompertz mortality function
Although the DEALE is attractive because of its simpli-
city, it can lead to inaccurate estimates of LE because, in
reality, the hazard due to natural causes is not constant.
The function that most closely approximates the mortal-
ity observed in the general population, the Gompertz
function (named after its discoverer, Benjamin Gompertz)
has the form:

mASRðtÞ ¼ k � expða � tÞ ½12�

The hazard associated with natural causes increases
with time: It doubles approximately every eight and one-
third years. Assuming that the hazard from natural causes
remains constant, as in the DEALE method, results in a
risk of death that is too high for younger and too low
for older individuals. This can be seen in the original
description of the DEALE method by Beck et al. where
they compared LE estimates with the latter method and
with a Gompertz-based approach: Underestimation by the
DEALE was most pronounced for younger individuals.

A logical extension of theGompertz hazard function, the
Makeham-Gompertz function, is formed by the addition of
a constant disease-specific hazard to the Gompertz hazard:

mðtÞ ¼ mD þ k � expða � tÞ ½13�

However, there is no closed-form expression for LE that
incorporates the latter hazard function.
Extensions to the DEALE

Keeler et al. (1992) have proposed a set of alternatives to
the DEALE that satisfy the closed-form requirement and
provide a better approximation to Gompertz-based LE.

The first of these has mASR (t)¼ bt. In other words, the
natural hazard increases with time, just not exponentially.
They show that the corresponding survival function is:

SðtÞ ¼ exp � nbt2

2

� �
½14�

LE without disease, Lasr, is the area under the latter
survival function:

Lasr ¼
ð1
0

exp � nbt2

2

� �
dt ½15�

This expression for LE without disease is a variation of
the error function,

erf ðxÞ ¼ n2ffiffiffi
p
p
ðx
0

e�t
2

dt ½16�

and so Keeler et al. call this approach the ERror Function
Approximation to Life Expectancy or the ERFALE. As
in the case of LE estimation with the DEALE, the first
step in the ERFALE method, and in all of the techniques
suggested by Keeler et al., is to obtain an estimate of the
LE without the disease in question, Lasr, from a demo-
graphic table that corresponds most closely to the age, sex,
and race distribution of the cohort of interest. In order to
calculate the LE with disease, one needs to develop an
expression for the hazard parameter, b, in terms of Lasr.

Note that the probability density of a normal variable
(x) is:

fðxÞ ¼ n1

s
ffiffiffiffiffi
2p
p exp

�ðx� mÞ2
2s2

� �
½17�

Let x¼ t, m¼ 0 and s2¼ (1/b) then

fðtÞ ¼
ffiffiffiffiffi
nb
2p

r
exp

n� bt2

2

� �
½18�

The probability mass function is therefore:

FðtÞ ¼
ffiffiffiffiffi
nb
2p

r ðt
�1

exp
n� bt2

2

� �
dt ½19�

Because the latter is a probability mass function, it
follows that

1 ¼ Fð1Þ ¼
ffiffiffiffiffi
nb
2p

r ð1
�1

exp � nbt2

2

� �
dt ½20�

and therefore, since the cumulative normal probability
mass function is symmetrical

n1
2
¼

ffiffiffiffiffi
nb
2p

r ð1
0

exp � nbt2

2

� �
dt ½21�

substituting eqn [15]
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n1
2
¼

ffiffiffiffiffi
nb
2p

r
� Lasr ½22�

and therefore

b ¼ np

2ðLasrÞ2
½23�

Let ŷ ¼ nm̂Dffiffiffi
b
p

then Keeler et al. have shown that

L̂D ¼ nŷ � Fð�ŷÞ
m̂DfðŷÞ

½24�

which can be approximated by

L̂D ¼ n1
m̂D

1� n1
ŷ2
þ n3
ŷ4

� �
½25�

Another alternative to the DEALE is the delayed
DEALE in which the LE, Lasr, for a person without dis-
ease but with the same age, sex, and race as the cohort is
divided into two time periods: An initial period, kLasr, in
which the hazard is 0 followed by a second period (1�K)
Lasr in which the hazard function is 1/[(1�K) Lasr]. LE for
a patient with disease is estimated by:

L̂D ¼ n1
m̂D

1� nexpð�m̂DKLasrÞ
1þ m̂Dð1� KÞLasr

� �
½26�

Finally, the mixed DEALE is a model where a propor-
tion, p, of a healthy population lives exactly Lasr more
years and the remainder, (1�p) follow the DEALE. In this
case, the LE for patients with disease is estimated by:

L̂D ¼ p � n1� expð�m̂DLasrÞ
m̂D

� �
þ ð1� pÞ � n1

m̂D þ 1
Lasr

" #
½27�

Keeler et al. found that the best values for the fractions k
and p were 0.5 and 0.75, respectively. Using a variety
of values for Lasr and mD, they found that the estimates
for LE with disease using the DEALE approximation
consistently underestimates the Gompertz-based LE,
while the ERFALE, delayed DEALE, and mixed DEALE
had variable results but tended to overestimate Gompertz.

The GAME Approximation

One of the issues with the latter extensions to the DEALE
is that they require natural hazard functions to assume
piecemeal, nonsmooth, forms, and they also assume that
the disease-specific hazard remains constant with time. Van
Den Hout (2004) has proposed a closed-form approach
that addresses these concerns for the situation in which
the disease-specific hazard function declines with time in a
smooth, monotonic, and concave-upward fashion. Natural
hazards are modeled with a GAmma distribution and
disease-specific hazards with Mixed Exponential distribu-
tions hence the name of the approach: GAME.

In this model, the remaining life span of a healthy
individual at a given age a, Ta, has a gamma distribution:
Ta ~ Gamma (ka,ya). From the fundamental characteris-
tics of gamma probability distributions, the expected
value of Ta, E( Ta), which is the LE, La, is equal to kaya.
The variance of Ta, var(Ta), is equal to kaya

2. For conve-
nience, Van Den Hout reparameterized the distribution
using the squared coefficient of variation, sa¼ var(Ta)/
E2(Ta)¼ kaya

2/ka
2ya

2¼1/ka. Thus the reparameterized
gamma distribution for Ta is Gamma(1/sa,saLa). In order
to derive a survival function for healthy individuals at
various ages, it is necessary to have values of sa for each
age. While values of La¼E( Ta), the LE for the general
population at each age, are readily available, information
on the variance of Ta at each age is not. Van Den Hout
therefore describes an iterative method for deriving the
variance values from a table of life expectancies:

Pa ¼
La � 1

2

Laþ 1 þ 1
2

½28�

where pa is the probability of a healthy individual at age a
surviving for at least 1 more year. Then Van den Hout
shows that
varðTaÞ ¼ EðT2
aÞ � E2ðTaÞ

¼ pa � varðTaþ1Þ þ ð1þ Laþ1Þ2
	 


þ ð1� paÞ � ð1=3Þ � L2
a ½29�
Thus, the production of the table of variances for Ta by
age requires one to start at the oldest age and work
iteratively toward younger ages. How to specify the
value of var(Ta+1) for the oldest age group in the table is
not mentioned by Van Den Hout, but presumably this
would be arbitrarily set to zero. With both the tables of life
expectancies and variances in hand, then for a healthy
individual at age a:

sa ¼ nvarðTaÞ=E2ðTaÞ ¼ nvarðTaÞ=L2
a ½30�

The survival function, S0(t) for a healthy person at age
a is 1-CDFgamma(1/sa,saLa), i.e., one minus the cumula-
tive distribution function for a gamma probability distri-
bution with shape parameter 1/sa and scale parameter
saLa. Note that:

CDFgammaðt; k;yÞ ¼ ngðk; t=yÞ
GðkÞ ½31�

so

S0ðt; aÞ ¼ 1� ngð1=sa; t=saLaÞ
Gð1=saÞ ½32�

also note that

gð1=sa; t=saLaÞ þ Gð1=sa; t=saLaÞ ¼ Gð1=saÞ
where g(a,b) is the lower incomplete gamma function,G(a,b)
is the upper incomplete gamma function, and G(a) is the
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complete gamma function (note that the gamma function is
not the same as the gamma probability distribution).

Therefore

S0ðt; aÞ ¼ 1� nGð1=saÞ � Gð1=sa; t=saLaÞ
Gð1=saÞ ½33�

If 1/sa is an integer then G(1/sa)¼ ((1/sa)�1)! and

Gð1=sa; t=saLaÞ ¼ ðð1=saÞ � 1Þ! � exp �t=saLað Þ �
Xð1=saÞ�1

j¼0
tj=j!

Thus

S0ðt; aÞ¼ 1�
ðð1=saÞ � 1Þ!� ðð1=saÞ � 1Þ! � exp �t

saLa

� �
�Pð1=saÞ�1j¼0

tj

j!

ðð1=saÞ � 1Þ!

8<
:

9=
;

and

S0ðt; aÞ ¼ exp �t=saLað Þ �
Xð1=saÞ�1

j¼0
tj=j! ½34�

The exponential distribution is a special case of
the gamma distribution, gamma(k, y), where k¼ 1 and
y¼ 1/m. Recall that under the reparameterization, sa¼ 1/ka
and ya¼ saLa, therefore, sa¼ 1/sa¼ 1 and �t/saLa ¼�tma.
Thus, the survival function shown in eqn [34] simplifies to:
S0(t;a)¼ exp(�tma).

Excess hazard due to disease is modeled by a mixture of
exponential distributions. This allows the effect of disease
to be heterogeneous among different groups of patients:

SDðtÞ ¼
Xn
i¼1

pi � expð�mitÞ ½35�

where p1+p2 +. . .+pn¼ 1 represents the proportion of
the diseased cohort that belongs to each group. Note that
the overall hazard starts as a composite of the hazards in the n
groups but decreases toward that in the group with the
smallest hazard as time passes and themembers of the higher
risk groups make up a smaller proportion of the survivors.

Van Den Hout describes two methods for estimating
the pi and mi parameters from observed survival curves for
the disease. In the first method, one assumes that there are
two groups, one of which has no excess mortality. From
the observed disease-specific survival curve, one picks an
arbitrary time, x and another time halfway between 0 and
x, then:

p̂1 ¼ nð1� ŜDðx=2ÞÞ2
ð1� ŜDðx=2ÞÞ � ðŜDðx=2Þ � ŜDðxÞÞ

; p̂2 ¼ 1� p̂1

m̂1 ¼
2

x
In

n1� ŜDðx=2Þ
ŜDðx=2Þ � ŜDðxÞ

 !
; m̂2 ¼ 0 ½36�

In the second method, the parameters for any arbitrary
number of groups can be found using a spreadsheet with a
optimization procedure by minimizing an error function.
The method is described in detail in the paper by Van
Den Hout and in a worked example in a spreadsheet that
is available on his website (Van Den Hout, 2004).

Finally, the survival functions for healthy and diseased
individuals are assumed to be independent and therefore
the overall survival function is their product. The GAME
estimate of LE is then the area under the combined
survival curve for individuals at age a:

LdðaÞ ¼
ð1
0

SDðtÞ � S0ðt; aÞdt ½37�

Using a complex derivation, Van Den Hout shows that the
combined LE estimate for a patient at age ‘a’ is:

LdðaÞ ¼
Xn
i¼1

pi
mi

1� n1
1þ miðSaLaÞ
� �1=Sa

( )
½38�

Note that if a particular disease group has no excess
mortality, then the expression above involves division by
zero. In that case, the summand for that group should be
replaced with piLa.

Van Den Hout validated the GAME approach using
LE tables for Dutch women with ages from 0 to 100 years
and with a range of constant disease-specific hazards, m,
from 0 to 1. The GAME and DEALE methods were
compared to a gold standard model:

LdðaÞ ¼ papd � ð1þ Ldðaþ 1Þ� �

þ ð1� papdÞ � ð1=2Þ
� � ½39�

where pd is equal to exp(�m). Once again, LE estimates
for the gold standard are computed starting with the old-
est age and working backward. The DEALE underesti-
mated the gold standard LE to a much greater degree (a
maximum of 10 years) than did the GAME approach
(a maximum of 2months). However, a better validation
might have been achieved if the two methods were com-
pared to a LE estimate produced with a Markov process
(see the section titled ‘Parametric LE estimation using
Markov processes’ below) implementing a Gompertz-
Makeham hazard.

For validation of the GAME method in a scenario
where disease-specific hazard decreases with time, sur-
vival curves and LE estimates for both the DEALE and
GAME approaches were calculated for breast cancer sur-
vival data from the National Cancer Institute. The
GAME method more closely approximated the observed
data.
Conclusions Regarding the Closed-Form
Approaches

The advantage of the closed-form approaches is that,
despite the complex derivation for some of them, they
all result in formulae that are relatively easy to implement
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with a hand-held calculator or a spreadsheet. There are,
however, a few unresolved issues. First, the clinical studies
that one might hope to use for LE estimation are
often heterogeneous. This complicates the choice of the
particular Lasr value to use in the estimation formulae.
Furthermore, in order to use these methods – except for
the GAME approach – one must make the assumption
that the disease-specific hazard estimated from the clini-
cal data is constant across age, sex, race, and other factors.
The GAME method has the advantage that a single
observed survival curve from a heterogeneous diseased
population can be decomposed into a set of subgroups,
each with its own constant disease-specific hazard rate.
Alternatively, if one has the luxury of having disease-
specific mortality data for the subgroups of a cohort
then the other methods could be used to estimate an LE
for each in turn. Indeed, Benbassat et al. (1993) showed
that substantially different LE results were obtained for
cancer patients if cancer-specific hazard was modeled to
be constant, a function of age at diagnosis, or a function of
both age at diagnosis and time since diagnosis.

Second, the natural hazards computed from LE tables
for the general population represent the composite risk
from all causes of death including the disease of interest.
Thus methods that combine natural hazards in the general
population and disease-specific hazards are actually count-
ing the effect of the disease twice. For rare causes of death,
this issue is negligible, but for studies of mortality due to
cardiovascular disease, common cancers, and diabetes, the
error would be expected to be more substantial.
Parametric LE Estimation Using Markov
Processes

If one is willing to forego a closed-form approach
and engage in numerical approximation, then discrete,
Markov process-based calculation of LE has advantages.
A two-state (alive and dead) Markov process can be set up
and allowed to run until the proportion of the theoretical
cohort left in the alive state reaches some negligible value.
The resulting output of the Markov process is the LE
estimate (see ‘Life Expectancy as the Output of a Markov
Process’). Note that commonly used decision-analytic
software accounts for alive state membership in discrete
Markov processes at the end of each time increment or
cycle and therefore underestimates the true LE value.
This is particularly true when the Markov process is
coarse – i.e., when the length of each cycle is a significant
proportion of the time horizon (see above). This can be
remedied by shortening the cycle length and by adding a
value equivalent to a half-cycle length to the LE estimate
produced by the Markov process. As an example of
the Markov-based approach, Tsevat et al. (1991) used a
more complex Markov model to estimate the gain in
LE associated with population-wide cardiovascular risk-
reduction strategies.

Because the Markov process is discrete, the incorpora-
tion of annual age-, sex-, and race-specific natural hazards
becomes straightforward. It is also straightforward to
incorporate disease hazards that have either a multiplica-
tive or an additive effect on natural hazards.

For example, a feature of the DEALE method and its
extensions is the assumption that the disease-specific and
natural hazards are additive. Kuntz and Weinstein (1995)
have used a Markov-based approach to examine the dif-
ferences in calculated LE values when additive and mul-
tiplicative models are used. The effect of these different
disease-specific effects on the calculated gain in LE asso-
ciated with treatment was also examined.

They use a step function to represent survival without
disease:

S0ðtÞ ¼ exp �
Xt
i¼1

mASRðiÞ
 !

½40�

where mASR(i) is the age-, sex-, and race-specific annual
hazard rate for the general population in the ith year after
some arbitrary starting age. Then LE at the starting age
without disease is:

Lasr ¼ 1

2
þ
Xn
t ¼ 1

S0ðtÞ ½41�

where n is chosen so that S0(n) is negligible. Equation [41]
is representative of a two-state Markov process that is
allowed to run for n cycles.

Under the model where hazard due to disease is
additive:

SDðtÞ ¼ exp �
Xt
i ¼ 1

ðmASRðiÞ þ mDÞ
 !

½42�

and the survival function for a cohort of diseased indivi-
duals who are treated is:

SRðtÞ ¼ exp �
Xt
i ¼ 1

ðmASRðiÞ þ mDlaÞ
 !

½43�

where la has the value 0 for a perfectly effective treat-
ment and the value 1 for a completely ineffective one.
LEs for diseased individuals with and without treatment
were computed using Markov processes, as represented
in eqn [41], by replacing S0(t) with estimates of SD(t)
and SR(t). Estimates for mD and la were obtained by
using RCT data and rearranging eqns [42] and [43],
respectively:

m̂D ¼
n� In½ŜDðtÞ�

t
� n

Pt
i¼1 mASRðiÞ

t
½44�

and

�̂a ¼ n� In½ŜRðtÞ� �
Pt

i¼1 mASRðiÞ
tm̂D

½45�
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Under the model where hazard due to disease is mul-
tiplicative:

SDðtÞ ¼ exp �
Xt
i¼1
ðmASRðiÞ � bDÞ

 !
½46�

and the survival function for a cohort of diseased indivi-
duals who are treated is:

SRðtÞ ¼ exp �
Xt
i¼1
ðmASRðiÞ � bDlmÞ

 !
½47�

where lm has the value ‘1/bD’ for a perfectly effective
treatment and the value 1 for a completely ineffective one.
Estimates for bD and lm were obtained by using RCT
data and rearranging eqns [46] and [47], respectively:

b̂D ¼
In½ŜDðtÞ�
In½S0ðtÞ�

½48�

and

�̂m ¼ In½ŜRðtÞ�
In½S0ðtÞ� � b̂D

½49�

Kuntz et al. derived these parameter estimates for
three large RCTs comparing medical and surgical ther-
apy for coronary artery disease. In general, the multipli-
cative model produced lower LE estimates and smaller
gains in LE for surgery over medical therapy than did
the additive model. The difference in DLE between the
two approaches ranged from 0.42 to 0.98 years for
LE estimates that averaged 21.3 and 14.1 years, respec-
tively, across treatment arms and types of disease-specific
effect.

When the parameter estimates derived from patients as
old as the enrollees in the cardiovascular RCTs were
extrapolated to other ages, predictable behavior of the
DLE occurred. Under the additive model, the gain in LE
associated with surgery declined monotonically with
age and was always lower for men. Kuntz et al. show that
this is due to the fact that, in the additive model, constant
disease-specific hazard has a smaller relative magnitude
(and therefore treatment is less efficacious in absolute
terms) as age increases. Furthermore, since men have a
larger burden of death from natural causes at any given
age, if disease-specific hazard is the same for men and
women, then men have a smaller relative effect of disease-
specific hazard and therefore less absolute benefit from
treatment.

In the multiplicative case, the DLE rises with age and
then falls. Men have larger DLE values at younger ages
and then lower values at older ages compared to women.
Kuntz et al. show that this effect is due to the fact that two
factors are in tension: While the relative magnitude of a
multiplicative disease effect remains constant, its absolute
size increases. Thus treatment efficacy increases with age,
while at the same time the LE and therefore the number
of years over which the treatment can have an effect
decreases with age. For young people who have large
LEs, the higher natural hazard experienced by men
produces a larger absolute treatment effect compared to
women. For older people, shorter LEs become the limit-
ing factor so that women, who have longer LEs than men,
experience a larger treatment effect.

These effects are artifacts and result from extrapola-
tion of LE estimates from RCT data to other age groups.
Kuntz and Weinstein recommend that, wherever possible,
parameter estimates for the disease-specific effects should
be obtained from RCTs that break survival estimates
down by age. Furthermore, the relative proportion of
disease-specific to natural deaths across age groups can
give a clue as to which model, additive or multiplicative, is
operating. If disease-specific deaths fall as a proportion of
total mortality in older patients, then an additive effect is
likely. Conversely, if the proportion of disease-specific
deaths remains constant with age, then a multiplicative
model should be used.
Nonparametric LE Estimation

It is possible to estimate LE from clinical studies that
report Kaplan-Meier (KM) survival curves without
resorting to estimating parameters. One must be cautious
because a curve derived from heavily censored data is
likely to be biased unless the censoring is purely random.
Furthermore, the estimated cumulative survival probabil-
ity of the right-hand tail of the KM curve tends to be
unstable because it is based on the data from fewer patients.
Also, a true LE estimate cannot be made unless the KM
curve extends down to zero probability of survival. Other-
wise, the method described below will provide an estimate
of the number of life-months accrued by the cohort during
the period of observation. In that case, a true LE estimate
will require an extrapolation of the KM curve.

In order to produce a LE estimate, one must have
access to the life table upon which the Kaplan-Meier
curve was based. Suppose that there are n observed sub-
jects, and that the ith subject has an associated observation
time, ti, and an estimated cumulative survival probability,
S(ti), at that time. Estimates of the number of life units
associated with the ith individual and the LE are:

l̂i ¼
ti; i ¼ 1

Ŝðti�1Þ � ðti � ti�1Þ; i > 1

(

L̂D ¼
Xn
i¼1

l̂i ½50�

LE estimates are also possible to derive from Cox regres-
sion models if one has access to the original data. The Cox
proportional hazard model is:
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Sðt; ~XÞ ¼ exp �Hðt; ~XÞ� �

Hðt; ~XÞ ¼ H0ðtÞ � expðb1X1 þ b2X2 þ . . .þ bpXpÞ ½51�

Statistical software is readily available for estimating
the beta coefficients of a Cox model for right-censored,
time-to-event data. If the statistical program reports a
value of the survival function for each case in the data
set, then it is possible to arrange these estimates and
observation times into a table, order them in an ascending
fashion by observation time and apply eqn [50] in order to
calculate a LE estimate for the cohort.

However, one may wish to calculate the LE of a person
with particular values for the X variables or the DLE
associated with a change in the value of one or more of
them. In that case, an estimate of the baseline hazard
function, H0(t), is required. Unfortunately, H0(t) is not
often reported by statistical programs. However, in the
course of estimating the Cox model, if the statistical
package offers the option of calculating a log-minus-log
(lml) and x-beta statistic for each case in the data set, then
it is possible to reconstruct the estimated baseline hazard
function. Rearranging eqn [51] for the ith case in the data
set yields:
Ĥ0ðtiÞ ¼ exp Inð�Inðsðti~XiÞÞÞ
� ��~b

_

�~Xi


 �

Ĥ0ðtiÞ ¼ expðImli � xbetaiÞ ½52�
Here, lmli represents the log of the minus log of the
estimated survival function for the ith case at ti and xbetai
represents the linear combination of the estimated Cox
regression coefficients with the ith case’s particular vector
of values for the predictor variables, Xi. One calculates an
estimate of the baseline hazard function value for each
case in the data set. These values, when ordered by ti, can
then be used as a lookup table which is set up for interpo-
lation. Then

_
LD �

XT
j¼1

exp �0ðjÞ � expð~̂b �~XnewÞ
h i

½53�

where the LE value is estimated over Tunits of time, such
that the value of the summand at T is negligible, H0(j) is
the interpolated value of the baseline hazard function
obtained from the lookup table andXnew is the new vector
of values for the predictor variables. In order to calculate
the effect on LE of a difference in one or more of the
predictor variables, eqn [53] can be implemented twice
using the different values of the vector Xnew and subtract-
ing the resulting LD estimates. An expression for the
variance of the LE estimate using this method has not
been developed, nor has the magnitude of the bias in the
estimate of the baseline hazard function been determined.
As discussed in ‘Closed-form, Parametric LE Estimation’
above, this bias may exist because H0(j) is a nonlinear
function of the survival estimate. As for nonparametric
LE estimation from KM curves, this method will only
provide true LE estimates if the survival function extends
down to a value close to zero. Otherwise the method
provides the number of life-months (or years) accrued
by a cohort – or the difference in life-months between
two cohorts – during the observation time.
Conclusion

Life expectancy can be understood to be equal to the area
under a survival curve regardless of its shape. A gain in life
expectancy associated with adopting one health strategy
over another (or of being in one exposure group versus
another) is the area between the respective survival
curves. In order to put a given gain into proper perspec-
tive, it is necessary to understand the baseline risk in the
control group and the proportion of people who are likely
to benefit from the intervention. It is certainly a miscon-
ception to view gains in life expectancy as increments of
time tacked onto the end of a fixed life span. Life expec-
tancy can be estimated from empirical data by a variety of
methods that each have strengths and weaknesses.

See also: Cancer Mortality; Cancer Survival; Clinical

Epidemiology; Comparative Risk Assessment; Cost-influ-

enced Treatment Decisions and Cost Effectiveness

Analysis; Decision Analytic Modeling; Longevity in Specif-

ic Populations; The Measurement and Valuation of Health

for Economic Evaluation; Quality Adjusted Life Years.
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Efforts to promote self-efficacy and empowerment in health
care are changing how the role of the patient is viewed, from
passive participant to informed and activated consumer.
Health information has become increasingly accessible to
consumers of health-care services as a result of the Internet
and mass media. In this new era, greater attention on how
information is accessed, understood, and used is warranted.

The definition of health literacy accepted by the Insti-
tute of Medicine (IOM) and National Library of Medicine
(NLM) in the United States is the ‘‘degree to which indivi-
duals have the capacity to obtain, process, and understand
basic health information and services needed to make
appropriate health decisions.’’ It is a multifaceted concept,
of which reading ability is a fundamental component. An
individual’s ability to read, comprehend, and take action
based on health-related material may be closely related to
the ability to read, comprehend, and take action based on
other types of materials (general literacy). The prerequisite
health literacy skill set ultimately is determined by the level
of complexity of tasks imparted to individuals by a particu-
lar health-care system, and include more than one’s ability
to read text in print materials. Rather, health literacy skills
encompass a broad range of cognitive and social processes
that are involved in the act of comprehending and respond-
ing to both oral and print communication. Individuals
therefore need to have adequate listening and speaking
skills, numeracy ability, and conceptual knowledge to
engage in routine self-care activities and to navigate com-
plex health-care systems (see Figure 1).
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Within the IOMmodel, determinants of individual health
literacy skills include culture and society and the educatio-
nal system, as well as the health-ca re system (see Figure 2).
This, perhaps, was the most groundbreaking achievement of
the IOM report: the acknowledgment of limited health liter-
acy as a problem mostly situated in the way essential health
information is communicated to consumers of health care. As
such, the IOM report recommends that the responsibility for
improvement must be shared by these various sectors and
that the health-care system carries significant, but not com-
plete, responsibility for improvement.

Beyond the U.S. IOM Model

While the accepted definition of health literacy is the
same in the United States and the United Kingdom, the
definition of health literacy in continental Europe has
been expanded to not only include basic health, patient,
and consumer competencies (e.g., self-care, navigation,
making healthy decisions in the selection and use of
goods and services) but citizen competencies as well.
This means individuals must share in the responsibility
of promoting and protecting health in a society by being
informed on health matters, advocating on behalf of
health issues, and being proactive instead of only respond-
ing to health problems at the time when decisions need to
be made. Thus, health literacy in this definition refers to
being an empowered consumer of health care.
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Both the U.S. and European definitions reflect a broad
conceptual understanding of health literacy, although it
should be noted that the related body of research literature
that has led to the eventual creation of this field of study has
operationalized the term in a very limited manner. This is
explained in part due to the difficulty in measuring certain
aspects of the conceptual definitions, and by the early
beginnings of research in this area that focused on health
associations with patients’ reading ability.
Background

The term ‘health literacy’ formally arrived and became
part of the U.S. public health lexicon during the 1990s,
although investigations of whether patients possess the
necessary skills to read, understand, and act on available
health information had been conducted for some time
before then. What began as a handful of studies evaluating
associations between poor reading ability and health
knowledge and behaviors since has expanded to an inde-
pendent field of study. Currently, there are approximately
1000 health literacy-related publications; a large propor-
tion of these address the readability of health materials.
Texts, annual conferences, and numerous available fund-
ing opportunities are further indication of the rapidly
growing awareness of the health literacy agenda. In the
United States, where the term was conceived and the clear
majority of research performed, the federal government
has identified improving the health literacy of Americans
as a priority for national public health efforts. As a result
of the increased recognition of the importance of literacy
skills in health care, the U.S. Department of Education
conducted the first national assessment of adult health
literacy in 2003, and is expecting to track the progress of
Americans at five-year intervals.

From a global perspective, other countries have also
begun to individually address the problem of limited health
literacy. Both Switzerland and the United Kingdom have
recently completed national health literacy surveys, the first
of their kind in Europe. Likewise, formative responses to
health literacy have been implemented and are now under-
way within many different national health-care systems,
including Canada, Ireland, and the United Kingdom.
Awareness of the issue and its potential impact on health
care and costs has made health literacy a priority for an
increasing number of governments around the world.
Epidemiology

In the United States, estimates of health literacy were first
derived from general adult literacy statistics that
measured an individual’s functional literacy skills within
a variety of daily living situations (including health), as
defined by the National Adult Literacy Act of 1991 (see
Figure 3). According to the U.S. National Assessment of
Adult Literacy (NAAL) of 2003, approximately 14% of U.S.
adults possess skills in the lowest level of prose and
document literacy, which is termed ‘below basic,’ and
22% are at the lowest level for quantitative literacy. In
practical terms, adults at the below-basic level have diffi-
culty reading and understanding information, even in
short and common texts (prose, document literacy), and
locating easily identifiable numerical information
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(quantitative literacy). At best, they can perform only the
most simple and concrete literacy tasks. However, those
with only ‘basic’ literacy proficiency also have limited
abilities and are likely to be hindered in routine daily
activities. When considering individuals with basic and
below-basic skills combined, as many as one-third to one-
half of adults in the U.S. have limited literacy skills.
Estimates are significantly higher among the elderly;
nearly two-thirds of Americans over the age of 65 have
limited levels of prose and document literacy. Those who
are socioeconomically disadvantaged, belong to racial/
ethnic minority groups, and are from rural locations are
also disproportionately afflicted by limited literacy skills.

These estimates, however, may not give the full picture
for health literacy. For instance, reading fluency and the
full range of literacy skills is likely to vary with an indi-
vidual’s familiarity with the content of the text. Health
materials and encounters may be more likely to use diffi-
cult and often-unclarified medical terms that are not
familiar to many individuals. Therefore, the estimates of
limited health literacy using the NAAL general literacy
assessment may underestimate the problem. As a response
to this concern, the NAAL 2003 included a health literacy
assessment that evaluated health literacy proficiency
among U.S. adults. However, this and other assessments
have all limited the measure of literacy to the ability to
use print health information, and not the full list of
activities that may fall under capabilities to perform
health tasks (see Table 1). The report showed the average
health literacy scores of Americans to be lower than
average general literacy scores of adults. Those over
65 years of age had the lowest levels of health literacy,
placing them on average at the threshold between
below-basic and basic proficiency. Adults between the
ages of 25–39 reported the highest levels of health literacy,
yet still only placing them on average in the basic health
literacy proficiency category. Evidence from this first
health literacy assessment also confirms the persistence
of disparities in health literacy skills as reported with
general literacy skills. African-American and Latino/
Hispanic men and women tested at lower levels of health
literacy compared to Whites. In all, the conclusion
appears to remain the same: Large numbers of U.S. adults
lack the basic competencies enabling them to effectively
use various health materials and to accomplish health-
related activities.
Considering Culture

The racial/ethnic divide in literacy and health literacy skills
highlights the significance of limited health literacy as a
likely contributing factor to noted health disparities in the
United States. These differences may be deeply rooted in
access and quality of opportunities in education and other
needed socioeconomic resources. Educational attainment
alone has been strongly linked to poorer health in numerous
studies. But health disparities may also reflect less experi-
ence with the terminology used by physicians and other
health-care providers. For people of all ethnicities, ages, and
other variations in experience, cultural factors can strongly
influence beliefs, communication, and behaviors related to
health. Culture is defined as the shared ideas, meanings, and
values acquired by individuals as members of society; this is
not entirely separate from the idea of health literacy.
Acquiring cultural ideas, meanings and values continues
throughout one’s lifetime, as ‘lived experiences’ build for
individuals. The World Health Organization has acknowl-
edged health literacy within its own definition of the con-
cept as a set of active, adaptable, and dynamic skills that
evolve as does our cultural experience.

For health, culture includes not only language and
vocabulary but also the definitions and meanings attached
to health and illness concepts, expectations regarding
interactions with health professionals, and proper utiliza-
tion of health-care services. It is the context that influ-
ences notions of how people interface with various
health services, and this is the ‘lens’ through which an
individual interprets and gives meaning to health infor-
mation, and eventually to what choices are made. Embed-
ded in culture are many individual, family, and societal
factors that determine health behaviors and related



Table 1 Example of skills needed for health

Health-related goal Sample tasks and skills needed

Promote and protect health and prevent disease . Read and follow guidelines for physical activity
. Read, comprehend, and make decisions based on food and product labels
. Make sense of air quality reports and modify behavior as needed
. Find health information on the Internet or in periodicals and books

Understand, interpret, and analyze health
information

. Analyze risk factors in advertisements for prescription medicines

. Determine health implications of a newspaper article on air quality

. Determine which health websites contain accurate information and which

do not
. Understand the implications of health-related initiatives in order to vote

Apply health information over a variety of life events

and situations

. Determine and adopt guidelines for increased physical activity at an older age

. Read and apply health information regarding child care or elder care

. Read and interpret safety precautions at work; choose a health-care plan
Navigate the health-care system . Fill out health insurance enrollment or reimbursement forms

. Understand printed patient rights and responsibilities

. Find one’s way in a complicated environment such as a busy hospital or

clinical center
Actively participate in encounters with health-care

professionals and workers

. Ask for clarification

. Ask questions

. Make appropriate decisions based on information received

. Work as a partner with care providers to discuss and develop an appropriate
regimen to manage a chronic disease

Understand and give consent . Comprehend required informed consent documents before procedures or for

involvement in research studies
Understand and advocate for rights . Advocate for safety equipment based on worker right-to-know information

. Request access to information based on patient rights documents

. Determine use of medical records based on the Privacy Act

. Advocate on behalf of others such as the elderly or mentally ill to obtain
needed care and services

Reproduced with permission from Nielsen-Bohlman L, Panzer A, and Kindig DA (eds.) (2004) Health Literacy: A Prescription to End

Confusion. Washington, DC: National Academies Press.

Literacy and Public Health 101
communication, much of which precede and shape the
gradual development of health literacy proficiency.
Measurement

In earlier health literacy studies, general literacy tests
from educational research, such as the Wide Reading
Achievement Test (WRAT) and the Slosson Oral Reading
Test (SORT) were used. Since then, the assessment of
health literacy skills in clinical research settings has been
predominantly performed with one of two instruments:
the Rapid Estimate of Adult Literacy in Medicine
(REALM) and/or the Test of Functional Health Literacy
in Adults (TOFHLA) or short form (S-TOFHLA). The
REALM tests an individual’s ability to recognize and
pronounce words, while the TOFHLA measures the abil-
ity to read and comprehend text and perform computa-
tions involving health-related activities (e.g., reading a
prescription label and calculating dosing intervals). Both
the REALM and TOFHLA were modeled after general
functional literacy measures and provide estimates of
literacy ability as applied to health-care contexts.

The limitations of these instruments have often dictated
which one would be used in a particular research study.
For instance, the REALM can be administered quickly
(approximately 2min), but it does not measure comprehen-
sion and it is only available in English. The TOFHLA, on
the other hand, measures comprehension and is available in
both English and Spanish, but its length (20 min or more)
has been an obstacle to use when research is performed in
clinical settings. A shortened version of the TOFHLA
(S-TOFHLA) has been developed, but it still requires
about 8min, precluding its use inmany busy clinical settings.

A new screening instrument for limited literacy, the
Newest Vital Sign (NVS), is a six-item literacy assessment
structured around the activity of reading anddemonstrating
an understanding of information included on a nutrition
label. The NVS is short enough (3min) to use in clinical
settings, and it is available in both English and Spanish.
Shortened versions of the REALM have also been devel-
oped, but are not widely used at this time. Others have also
proposed single-item questions to ascertain likelihood of
health literacy problems, as well as using years of school
completed as a proxy measure for limited literacy ability.
Both of these screening strategies have been criticized,
though, and may misclassify many patients as having ade-
quate literacy skills when they actually may not.

Authors of these tests recommend only aggregate test-
ing to provide profiles of the reading ability of groups of
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patients in clinics or health systems. They currently do
not recommend testing individual patients unless health
education interventions are being specifically tailored for
the patient. In addition, these experts recommend attend-
ing to privacy issues in recording literacy levels in medical
records. If providers test patient’s literacy skills, they need
to be sensitive to patient’s concerns and potential embar-
rassment, and ensure that testing results will be confiden-
tial. As an additional word of caution, it should be
acknowledged that there is no evidence to date that sug-
gests literacy testing results in improved delivery of health
care or improved health outcomes. Clearly, additional
research is needed to examine the impact and usefulness of
literacy feedback to clinicians before promoting the use
of literacy measures in a clinical role.
Why Limited Literacy or ‘Health Literacy’
Affects Health Outcomes

There is a significant amount of research literature demon-
strating that individuals with less education, in terms of
years of school completed, have worse health outcomes. In
most of these studies, educational attainment appears to
have a direct effect on health after adjusting for socioeco-
nomic indicators. However, the causal pathways between
education and poorer health, including mortality, have
not been extensively articulated. While the relationship
between health literacy and health outcomes also is not
entirely clear, there are plausible mechanisms by which
literacy could directly affect health behaviors, compliance
with medications, and other pathways to health. Empirical
data collected over the past two decades support these links.
Limited health literacy has been associated with less health
knowledge, worse self-management skills, higher hospitali-
zation rates, worse health, greater mortality risk, and higher
health-care costs. In the few studies that have demonstrated
associations between limited literacy and health outcomes,
literacy has been a more dominant indicator of outcomes
than years of education.

In order to have a general understanding of the pro-
jected pathway through which limited health literacy
impacts health outcomes, we have broken down the defi-
nition of health literacy to describe in more detail its three
requisite functions: (1) obtaining health information and
services, (2) processing and understanding health infor-
mation, and (3) making appropriate health decisions.
Obtaining Health Information and Services

Prior studies have shown that individuals with limited
oral, written, and quantitative literacy skills face consid-
erable difficulty in accessing print health information
materials, and are often challenged when engaging in dia-
logue with health-care providers. This is likely attributed
to the high reading difficulty found among consumer
health information materials, which have been reported
upon in numerous contexts. Yet low literacy may impair
access to health information and subsequent recom-
mended health services in ways other than the ability to
read existing printed health materials and to communi-
cate effectively with health services providers. Lower-
literate adults have previously been found to be more
likely to report their physician to be their only source of
health information compared to more functionally literate
patients, who may often access multiple informational
sources. This is problematic, considering many physicians
and other health services providers do not communicate
health information and instructions in a manner that is
understandable to lower-literate patients, in particular,
and to patients without clinical training in general.

Many adults, regardless of education and background,
find it difficult to navigate the health-care system and
decipher the complex health information required to suc-
cessfully manage personal and family health care. This
highlights an important point: An individual’s health liter-
acy skills may be closely related to his or her ability to read,
comprehend, and take action based on other types of mate-
rials (i.e., general literacy). Yet reading comprehension var-
ies with an individual’s familiarity with the content of the
text. Therefore, accessing health information that uses dif-
ficult medical terms or conversing with a health-care pro-
vider may be problematic for an even larger proportion of
adults in the United States than previously suggested.
Processing and Understanding Health
Information

As a result of problems accessing health materials, persons
with limited health literacy skills are at greater risk of
having difficulty comprehending health information and
medical instructions. Consequentially, several research
studies conducted among individuals living with a chronic
disease have reported poorer knowledge among lower-
literate patients of concepts that are central to having a
proper understanding of both disease and treatment. For
instance, lower-literate persons with HIV were less able
to have a working definition of a CD4 count or viral load.
Other studies have cited examples of poor understanding
of self-care activities among patients with limited literacy
skills, including improper use of metered-dose inhalers
for adults with asthma and inadequate knowledge of die-
tary restrictions among hypertensive patients. This asso-
ciation has also been found for understanding of basic
terms commonly used to describe recommended preven-
tive services and medication label instructions.

In many of these cases, however, a sizable percentage of
functionally literate adults had difficulty understanding
basic medical terms associatedwith the care of their chronic
condition or information presented on a medication label.
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This is further evidence of the inadequacies that persist
throughout health-care systems and their ability to provide
services to those with limited health literacy skills.
Making Appropriate Health Decisions

The impact of limited health literacy has a cumulative
effect. Limitations in access to comprehensible health
information leads to poor knowledge and understanding,
affecting decision making and health behaviors, and ulti-
mately health outcomes. Patients and families are increas-
ingly asked to participate and to be held responsible in
health-care decisions. Yet those with limited health liter-
acy skills will likely face problems during information
exchange and deliberation on health decisions due to a
lack of information and/or miscommunication and a
desire to appear knowledgeable.

The consequences of less-informed health decisions
are reflected in outcomes. Patients defined as having
inadequate health literacy according to the TOFHLA
have been previously reported as having poorer physical
and mental functioning, higher rates of hospitalization,
and, among diabetic patients, poorer glycemic control.
Recently, studies found that literacy (as measured by
both the REALM and S-TOFHLA) was associated with
a greater mortality risk among the elderly. Health literacy
may be intrinsically linked to several socioeconomic and
cultural factors within an ecological model, and the com-
bined effect could be predicting these health outcomes.
Responding to Limited Health Literacy

At present, little information is available on how best to
overcome health literacy barriers. Simplifying written
health information has been previously recommended to
improve comprehension of health information; however,
these ‘enhanced print’ strategies support only minimal
improvement in knowledge outcomes among lower-literate
individuals. The inclusion of visual aids (i.e., graphics) has
been proposed as a better way to improve patient compre-
hension, recall, and compliance with recommended health
behaviors. Multimedia tools have also been promoted as a
more sophisticated means for health education that might
best respond to the special health learning needs of adults
with limited literacy. However, findings have been mixed
concerning the efficacy of either graphics in print materials
or the use of multimedia tools to improve knowledge trans-
fer among patients with limited health literacy.

Other system-based interventions have been developed
and tested with more robust results. Clinician-directed
training to improve provider–patient communication has
led to sizable increases in preventive screening utilization
among patients with low literacy. Intensive care-manage-
ment strategies have been proven to be effective at reducing
health literacy barriers among patients with certain chronic
conditions, such as heart failure and diabetes, and at a
fairly low cost. More research is needed to provide more
conclusive evidence as to best practices for overcoming
the problem of health literacy, in terms of health promo-
tion, disease prevention, chronic disease management, and
health-care navigation.
The Challenge of a Health-Literate
Society

The 55-year-old World Health Organization preamble
states that ‘‘informed opinion and active cooperation on
the part of the public are of utmost importance in pro-
moting health.’’ Yet many countries have restrictive
policies on health information provision, limiting the
opportunity for attaining our goal of a health-literate
society. In the United States, poor health literacy has
been described as a silent epidemic, with almost half of
the adult population lacking the literacy skills to under-
stand and use health information. There are increasing
demands on people to be informed and activated consu-
mers, able to make good choices about their health plan,
which include picking a good provider and hospital for
services and choosing the drug benefit program that best
serves their needs and is most cost-effective. Health
insurers in the United States promote consumerism in
health care through the use of high-deductible health
plans with savings accounts and health reimbursement
arrangements. They promise consumers choice among
health plans, providers, and even treatments; however,
this all requires well-informed consumers. In reality,
most patients in the United States usually depend on
their doctors to act in their best interests.

The challenges of addressing the magnitude of the
problems of health literacy are heightened by growing
diversity in many countries, as culture gives meaning to
health information. An evidence-based review of health
literacy research by the Agency for Healthcare Quality
and Research in 2004 found that numerous interventions
had been shown to improve knowledge in mixed popula-
tions that included substantial numbers of people with
low literacy. However, the field of research is not cur-
rently advanced enough to determine whether certain
interventions actually reduce literacy-related disparities
in health, and more research is needed to better identify
approaches for improving health communication for cul-
turally diverse populations.

Informed, activated consumers and patients with better
outcomes define a health-literate public. They are more
concordant with the people who provide health services;
seek care earlier because they recognize and understand
warning signs; read and comprehend instructions; under-
stand what their doctors advise them; and are not afraid
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to ask questions when they do not understand. Health-
literate people can seek new and reliable information on
the Internet, critically hear and read the news, and place
new health studies in context. In articulating a vision for a
health-literate America, the IOM report described a soci-
ety in which everyone has the skills to obtain, understand,
and use health information effectively. Importantly, health
institutions and systems in the society are responsible for
facilitating this by providing clear communication and
necessary support to promote health.

Those working in public health – private and public
funders, professionals from the academic sector, health-
care providers, policy makers, researchers, marketers,
publishers, information technology professionals, and
others – must educate those on the front lines delivering
health to embrace and address health literacy. Perhaps it is
time for a multi-sector-driven ‘manifesto’ or ‘convention’
on health information provision to advance the knowledge
base and practice to enhance a health-literate public.

Improving health literacy is both a process and an
outcome for improving health and health care in the
United States and elsewhere. To reach the goal of a
health-literate public requires prioritization by leadership
and worldwide professional communities to raise aware-
ness of the issue and to develop meaningful solutions.

See also: Health Literacy; Risk Communication.
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Bruit A rough sound heard with a stethoscope during

the phase of cardiac contraction.

Budd-Chiari syndrome A condition caused by

blockage of the hepatic veins (which drain blood from

the liver) by clotted blood.

Canaliculus Little channels through which bile

drains from the liver.
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Cavernous hemangioma Large benign tumor of

blood vessels.

Chemoembolization To inject an anti-cancer agent

into a tumor at the same time as embolizing the

tumor.

Cirrhotic Cirrhosis is a liver disease characterized

by fibrosis and nodular regeneration of the liver.

Constitutive Uncontrolled.

Crescentic outline The diaphragms normally

have a crescentic outline or shape on X-ray of the

chest.

Cytotoxic Drugs that kill cells; used in treatment of

cancers.

Doppler A type of ultrasonography.

Dysplastic Abnormal-looking preneoplastic cell or

nodule.

Edema Swelling caused by accumulation of water in

the subcutaneous tissue.

Embolization To cut off the blood supply to a tumor

by introducing a clot into the feeding artery.

Eosinophilic Staining red with a particular stain.

Fibrolamellar Specific clinical and histologic type of

liver cancer.

Fibrous septa Sheets of fibrous tissue.

Fibrous stroma Tissue between cancer cells that is

fibrous.

Gadopentetate dimeglumine A radiographic

contrast medium.

Hemangioendothelioma Type of tumor of blood

vessels seen in children.

Hemoperitoneum Bleeding into the peritoneal

(abdominal) cavity.

Hepatocytes The main cells in the liver.

Hepatomegaly Enlargement of the liver.

Hilar The hilum of the liver is the point where the

hepatic artery enters and the bile duct leaves the

liver.

Hypercalcemia Increased calcium level in blood.

Hypercitrullinemia Inherited disease of citrulline

metabolism.

Hypertriglyceridemia Too high a level of

triglycerides in the blood.

Hypoglycemia Low blood sugar level.

Impissated Clotted.

Intrahepatic cholelithiasis Formation of gallstones

within the bile ducts in the liver.

Ischemic necrosis Cell death caused by insufficient

supply of blood.

Mediastinum Name given to the central portion of

the chest. The aorta and superior vena cava run

through the mediastinum and the latter may be

obstructed by a mass lesion in the mediastinum

giving rise to a clinical syndrome.
Nonseminomatous A subgroup of tumors of the

gonads.

Opacify To show vessels during radiography by

injecting a radiographic contrast material into the

vessel.

Paraneoplastic An unusual phenomenon

attributable to a tumor.

Patency State of openness (if something is patent it

is open).

Polycythemia An increased amount of hemoglobin

in the blood.

Porphyria Disease of porphyrin metabolism.

Portography Specialized visualization of vessels

using radiographic contrast material.

Right hemidiaphragm Right side of the diaphragm.

Tomogram A special form of X-ray which allows a

structure to be visualized at a number of depths.

Percutaneous Via the skin.

Pleomorphic Very abnormal-looking cells.

Scirrhous Type of tumor containing a lot of fibrous

tissue.

Sclerosing cholangitis Disease characterized by

fibrous narrowing or occlusion of the bile ducts.

Steatohepatitis Liver condition characterized by

excessive amounts of fat in the liver and also

inflammation of the liver.

Thrombi Clots formed by blood or tumor tissue.

Trabecular Pattern of liver cells seen under

microscope (columns of cells separated by narrow

spaces).

Tyrosinemia Inherited disease of tyrosine

metabolism.
Introduction

Hepatic tumors may either originate in the liver – from
hepatocytes, bile duct epithelium, or mesenchymal
tissue – or spread to the liver from primary malignant
tumors in distant or adjacent organs. Tumors originating
in the liver are either malignant or benign. Of the primary
malignant tumors, the most common is hepatocellular
carcinoma, with cholangiocarcinoma being the only other
tumor that occurs with any frequency. Rare but important
primary malignant tumors are hepatoblastoma and angio-
sarcoma. Benign hepatic tumors, with the exception of
hemangiomas, are rare. They include hepatocellular ade-
noma, hemangioepithelioma, and the tumor-like lesion,
focal nodular hyperplasia. In most parts of the world, sec-
ondary spread of cancers to the liver (hepatic metastases) is
more common than primary malignant tumors.
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Primary Malignant Tumors of the Liver

Hepatocellular Carcinoma

Incidence and geographic distribution

Hepatocellular carcinoma is the fifth most common
malignant tumor in men and the eighth in women, but
is among the three most common tumors in many of
the most populous regions of the world. Approximately
550 000 new cases of hepatocellular carcinoma occur
globally each year, constituting 5.6% of all new cancers.
Hepatocellular carcinoma ranks third in annual cancer
mortality rates.

High incidences of the tumor occur in eastern and
southeastern Asia, some of the western Pacific Islands, and
sub-Saharan Africa, but the tumor is rare or uncommon
in most industrialized countries. Intermediate incidences
occur in some European and South American countries.
Hepatocellular carcinoma is increasing in incidence in a
number of industrialized countries, especially in Japan but
to a lesser extent in parts of North America and Europe.
Gender distribution

Men are generally more susceptible to hepatocellular
carcinoma. Male predominance is, however, more obvious
in populations at high risk for the tumor (mean ratio
3.7:1.0) than in those at low or intermediate risk (2.4:1.0).
The main determinant of this difference is the higher rate
of chronic hepatitis B virus infection (the most important
cause of hepatocellular carcinoma in countries with a
high incidence of the tumor) and exposure to the fungal
toxin, aflatoxin (another important cause of the tumor in
countries with a high incidence of hepatocellular carci-
noma) in males than females in populations at high risk
for hepatocellular carcinoma. In industrialized countries,
patients with hepatocellular carcinoma in the absence of
cirrhosis have an approximately equal sex distribution.
Age distribution

The incidence of hepatocellular carcinoma increases pro-
gressively with advancing age in all populations, although
it tends to level off in the oldest age groups. However,
in Chinese and even more in Black African populations,
the age distribution is skewed toward a younger age.
This phenomenon is most striking in Mozambique,
where more than 50% of Shangaan men with the tumor
are younger than 30 years of age. Hepatocellular carci-
noma is rare in children.
Clinical presentation

Patients with hepatocellular carcinoma are often unaware
of its presence until the tumor has reached an advanced
stage. Black Africans, in particular, usually seek treatment
late in the illness. When far advanced, hepatocellular
carcinoma generally presents with typical symptoms and
physical signs, and diagnosis is then relatively easy. Before
this late stage is reached, however, clinical recognition is
often difficult. The tumor frequently coexists with long-
standing cirrhosis, more so in industrialized countries.
In these countries, the cirrhosis is usually symptomatic
and when hepatocellular carcinoma supervenes the
patient has few, if any, symptoms attributable to the
tumor. If, in addition, the tumor is small (as it often is in
the presence of cirrhosis), it may not be obvious on
physical examination. One circumstance that should
alert the clinician to the possibility that hepatocellular
carcinoma has developed is a sudden and unexplained
change in the patient’s condition: He or she may complain
of abdominal pain or weight loss; ascites may worsen or
become blood-stained or intractable; the liver may
enlarge rapidly or develop a bruit or hepatic failure may
supervene. In contrast, in Chinese and Black African
populations at high risk of hepatocellular carcinoma, the
symptoms, if any, of the coexisting cirrhosis are oversha-
dowed by those of the tumor. Hepatocellular carcinomas
are generally considerably larger in these populations and
the patient’s symptoms and signs are accordingly more
florid, and this facilitates clinical diagnosis.

The most common symptom is upper abdominal pain,
which is usually a dull ache but may become intense in
the later stages of the illness. Pain is usually accompanied
by weakness, anorexia, and loss of weight. Jaundice is
infrequent. Physical findings depend upon the stage of
the disease at the time the patient is first seen. Early on
there may be no abnormal findings or only evidence of
cirrhosis. More often the tumor is advanced at the first
visit. The liver is then almost always enlarged, sometimes
massively so, especially in Black African and Chinese
patients, and may be tender. The surface may be smooth
or obviously nodular, and the texture is stony-hard or firm.
An arterial bruit (or rarely a friction rub) may be heard
over the liver. Ascites may be present and increases in
severity with progression of the tumor and the spleen is
sometimes slightly enlarged. Slight or moderate wasting
may be evident at the time of the first visit. Thereafter,
progressive wasting is the rule. Jaundice is unusual and
mild early on but may appear or deepen with progression
of the disease. Physical evidence of cirrhosis is common in
patients in industrialized countries.

Atypical presentations of hepatocellular carcinoma
are with obstructive jaundice; an acute abdominal crisis
when the tumor ruptures causing acute hemoperitoneum;
Budd-Chiari syndrome when it invades the hepatic veins
and severe pitting edema of the lower limbs when the
inferior venal cava is blocked by tumor; superior mediasti-
nal syndromewhen the superior vena cava is compressed by
malignant lymph nodes in the mediastinum; bone pain in
the presence of bony metastases; and respiratory symptoms
when the right hemidiaphragm is markedly elevated or
pulmonary metastases or a large pleural effusion are
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present. Hepatocellular carcinoma may also present with
one or more of a number of paraneoplastic syndromes,
including most often hypoglycemia, polycythemia, or
hypercalcemia.

Diagnosis
Conventional tests of hepatic function do not distinguish
hepatocellular carcinoma from other hepatic masses or
from cirrhosis. Accordingly, they contribute little to the
diagnosis of the tumor.

a-Fetoprotein is an a1-globulin that is normally present
in high concentration in fetal serum but in only minute
amounts thereafter. Reappearance of high concentrations of
the globulin in the serum strongly suggests the diagnosis of
hepatocellular carcinoma (or hepatoblastoma). This finding
is especially true in populations with a high incidence of
hepatocellular carcinoma: Approximately 90% of Chinese
and Black African patients have raised serum levels and
roughly 75% have diagnostically raised levels (greater
than 500 ng/ml). These percentages are appreciably lower
in populations with low or intermediate incidences of the
tumor, anda-fetoprotein is consequently a less useful tumor
marker in these populations. Raised serum levels range over
six orders of magnitude, although figures of greater than
1million are rare. Synthesis of a-fetoprotein by a tumor is
permanent and age-related: The younger the patient, the
more likely the serum value is to be raised and the higher
the level attained. There is no gender difference in a-
fetoprotein production provided the patients are matched
for age. No obvious correlation exists between the serum
concentration of a-fetoprotein and any of the clinical or
biochemical features of the tumor or the survival time of the
patient. Small, asymptomatic tumors are accompanied by
appreciably lower serum levels of a-fetoprotein than are
symptomatic tumors.

The reason why 500 ng/ml is taken as a diagnostic
level of a-fetoprotein is that serum concentrations up to
this level may be found in patients with acute and chronic
hepatitis and cirrhosis. False-positive results may also
occur in patients with tumors of endodermal origin and
nonseminomatous tumors of the ovary or testis.

Pulmonary metastases may be seen on plain chest
radiography, particularly often in Black African and
Chinese patients. They are almost always multiple. The
right hemidiaphragm may be abnormally raised and may
lose its normally crescentic outline.

Ultrasonography detects the majority of hepatocellular
carcinomas but does not distinguish this tumor from other
solid lesions in the liver. Its advantages include safety,
availability, and cost effectiveness, although it has the
drawbacks of being nonstandardized and observer-
dependent. Approximately two-thirds of hepatocellular
carcinomas are uniformly hyperechoic, with the remain-
der being partly hyperechoic and partly hypoechoic;
small, early tumors are hypoechoic. Tumors located
immediately under the right hemidiaphragm may be dif-
ficult to visualize. Ultrasonography with Doppler is useful
for assessing the patency of the inferior vena cava, portal
vein and its larger branches, and hepatic veins. Dynamic
contrast-enhanced Doppler ultrasonography with intra-
arterial infusion of carbon dioxide microbubbles and
intravenous-enhanced color Doppler ultrasonography,
by characterizing hepatic arterial and portal venous flow
in hepatic nodules, facilitates the differentiation between
malignant and benign hepatic nodules.

Spiral (helical) computerized tomography and com-
puterized tomography during arterial portography have
greatly improved imaging of hepatocellular carcinoma.
The images obtained are, however, not specific. Compu-
terized tomography is particularly useful in defining the
extent of the tumor within and beyond the liver, and
showing the course, caliber, and patency of blood vessels.
Because iodized poppy seed oil (Lipiodol) is concentrated
and retained in hepatocellular carcinoma tissue, injection
of this material at the end of hepatic arteriography can be
used in conjunction with computerized tomography, per-
formed after a suitable delay, to detect very small tumors.

Magnetic resonance imaging provides another means
of distinguishing hepatocellular carcinoma from normal
liver tissue. Many tumors have a low signal intensity
on T1-weighted images and a high signal intensity on
T2-weighted images. Gradient echo sequences and turbo
spin-echo sequences have greatly reduced the time needed
for magnetic resonance imaging. Furthermore, use of a
contrast agent, such as gadopentetate dimeglumine and
superparamagnetic iron oxide, increases the accuracy of
magnetic resonance imaging, especially in detecting small
hepatocellular carcinomas in cirrhotic livers and dis-
tinguishing small hepatocellular carcinomas from heman-
giomas or dysplastic nodules uncovered in surveillance
programs.

Hepatic digital subtraction angiography is helpful in
recognizing small hypervascular hepatocellular carcino-
mas, but may miss early well-differentiated hypovascular
tumors. Angiography is also essential in delineating the
hepatic arterial anatomy when planning surgical resec-
tion, transplantation, bland or chemoembolization of the
tumor, or infusion of cytotoxic drugs into the hepatic
artery or its branches. Angiography with recirculation
will also determine the patency of the hepatic veins.

Laparoscopy can be used to detect peritoneal and
other extrahepatic spread, ascertain whether the nontu-
morous part of the liver is cirrhotic, and obtain a biopsy of
the liver under direct vision.

Pathology

Definitive diagnosis of hepatocellular carcinoma depends
upon demonstrating the typical histological features of
the tumor. Samples suitable for diagnosis can usually
be obtained by either percutaneous needle biopsy or
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fine-needle aspiration. Because there is a risk of local,
regional, or systemic dissemination of the tumor cells by
needling the liver, these procedures should be avoided as
long as the tumor is thought to be operable.
Gross appearance

Hepatocellular carcinoma may take three forms: nodular,
massive, or diffuse. The nodular variety accounts for 75%
of tumors and usually coexists with cirrhosis. It is char-
acterized by numerous round or irregular nodules scat-
tered throughout the liver, many of which are confluent.
The massive type is more common in younger patients
without cirrhosis. It is the type most likely to rupture.
The diffusely infiltrating variety is rare: A large part of the
liver is infiltrated homogeneously by indistinct tumor
nodules, which may be difficult to distinguish from the
cirrhotic nodules that are almost invariably present.

The portal vein and its branches are infiltrated by
tumor in approximately 70% of cases seen at necropsy.
The hepatic veins and bile ducts are invaded less often.
Microscopic appearance

Hepatocellular carcinoma is classified histologically into
well-differentiated, moderately differentiated, and undif-
ferentiated (pleomorphic) varieties.
Well-differentiated Despite the aggressive nature and
poor prognosis of the great majority of hepatocellular car-
cinomas, most tumors are well-differentiated. Trabecular
and acinar (pseudoglandular) varieties occur. In the trabe-
cular variety the malignant hepatocytes grow in irregular
anastomosing plates separated by sinusoids lined by flat
epithelial cells. The trabeculae resemble those of normal
adult liver, although they are often thicker and are com-
posed of several layers of cells. The malignant hepatocytes
are polygonal with abundant slightly granular cytoplasm
that is less eosinophilic than that of normal hepatocytes.
The nuclei are large and hyperchromatic with prominent
nucleoli. Bile production is the hallmark of hepatocellular
carcinoma, regardless of the pattern. Avariety of gland-like
structures are present in the acinar variety. They are com-
posed of layers of malignant hepatocytes surrounding the
lumen of a bile canaliculus, which may contain impissated
bile. The individual cells may be more elongated and
cylindrical than in the trabecular variety.
Moderately differentiated Solid, scirrhous and clear-cell
varieties occur. In the solid type, the cells are usually
small. Pleomorphic multinucleated giant cells are occa-
sionally present. The tumor grows in solid masses or cell
nests. Central ischemic necrosis is common in the larger
tumors. In the scirrhous type, the malignant hepatocytes
grow in narrow bundles separated by abundant fibrous
stroma. Duct-like structures are occasionally present.
In most tumors, the cells resemble hepatocytes, although
occasionally the cells are clear cells.

Undifferentiated The cells are pleomorphic, varying
greatly in size and shape. The nuclei are also extremely
variable. Large numbers of bizarre-looking giant cells are
present. Occasionally, the cells may be spindle-shaped,
resembling sarcoma cells.

Extrahepatic metastases are present at necropsy in
40–57% of patients with hepatocellular carcinoma. They
are more common (roughly 70%) in patients without
coexisting cirrhosis than in those with cirrhosis (approxi-
mately 30%). The most frequent sites are the lungs (up to
50%) and regional lymph nodes (approximately 20%).

Fibrolamellar hepatocellular carcinoma typically occurs
in young patients, has an approximately equal sex distribu-
tion, does not produce a-fetoprotein, is not caused by
chronic hepatitis B or C viruses, and almost always arises
in a noncirrhotic liver. It is more often amenable to surgical
treatment and therefore generally has a better prognosis
than typical hepatocellular carcinoma. It does not, however,
respond to chemotherapy any better than other forms of
the tumor. The hepatocytes are characteristically plump
and deeply eosinophilic and are encompassed by abundant
fibrous stroma composed of thin parallel fibrous strands
that separate the cells into trabeculae or nodules. The
cytoplasm is packed with swollen mitochondria, and in
approximately half of the tumors contains pale or hyaline
bodies. Nuclei are prominent and mitoses are rare.

Etiology and pathogenesis

Hepatocellular carcinoma is multifactorial in etiology and
complex in pathogenesis. A number of risk factors for the
tumor have been identified. Chronic necroinflammatory
hepatic disease, especially cirrhosis, is the most common
causal association, especially in industrialized countries.
All forms of cirrhosis may be complicated by tumor
formation, although not with the same frequency. Consti-
tutive proliferation of hepatocytes triggered by continu-
ous cycles of hepatocyte necrosis and regeneration and
DNA damage resulting from the generation of oxidative
stress by the chronic necroinflammation are the main
pathogenetic mechanisms.

The most common environmental risk factor for
hepatocellular carcinoma is chronic hepatitis B virus
infection. It is implicated in about 80% of the hepatocel-
lular carcinoma that occurs at high frequency in eastern
and southeastern Asia, the Pacific islands, and sub-
Saharan Africa. Approximately 54% of patients with the
tumor globally are infected with the virus. Chronic car-
riers of the virus are infected very early in life, either
by perinatal or horizontal infection, and they are at very
high risk of developing the tumor later in life. The virus is
thought to be both directly and indirectly hepatocarcino-
genic. Many of the patients who develop hepatocellular
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carcinoma have cirrhosis and this contributes to the car-
cinogenic process. However, hepatitis B virus DNA
becomes integrated into host DNA and is thought to
be directly oncogenic. The hepatitis B virus x gene
appears to play a central role in the direct hepatocar-
cinogenicity of this virus. Possible mechanisms include
direct disruption of cellular DNA, generation of chromo-
somal instability, suppression of the function of tumor
suppressor genes, and increased transactivation of proto-
oncogenes.

Chronic hepatitis C virus infection is an important
risk factor in industrialized countries. Together with hep-
atitis B virus, it is estimated to be responsible for more
than 80% of global hepatocellular carcinoma. Virtually
every patient with hepatitis C virus-induced hepatocel-
lular carcinoma has cirrhosis and this is thought to be the
major contributor to hepatocarcinogenesis. However, evi-
dence is accumulating that the core and NS5A proteins of
the virus may be directly carcinogenic. Hepatitis B and
C viruses have synergistic hepatocarcinogenic effects.

A fungal toxin, aflatoxin B1, is an important cause
of the tumor in sub-Saharan Africa, China, and Taiwan.
It contaminates certain staple foodstuffs, such as maize
and ground nuts. High levels of dietary intake result in
the accumulation of an electrophilic metabolite, aflatoxin
B1-8,9-exo-epoxide that, together with its metabolite,
forms adducts with host DNA that result in the inactiva-
tion of the p53 tumor suppressor gene and other geno-
toxic effects. Aflatoxin B1 and chronic hepatitis B virus
infection have synergistic hepatocarcinogenic effects.

Iron overload of the liver is a cause of hepatocellular
carcinoma in patients with one of two diseases. The first is
an inherited disease, known as hereditary hemochroma-
tosis, in which the iron overload results from an inherited
predisposition to absorb too much iron from a diet with a
normal iron content. The second disease, dietary iron
overload in the African, results from the consumption of
large quantities of a traditional beer, which is home-
brewed in cast iron drums or pots and which therefore
contains a high iron content. Excess hepatic iron in these
conditions causes cirrhosis, but is also directly hepato-
carcinogenic by producing oxygen reactive species and
oxidative damage to cellular DNA and other organelles.

Recently, it has been realized that nonalcoholic steato-
hepatitis with its associated metabolic abnormalities of
hyperglycemia, insulin resistance, hypertriglyceridemia
as well as obesity and arterial hypertension, is a risk fac-
tor for hepatocellular carcinoma. The resulting cirrhosis
contributes to the carcinogenic process, but in addition
oxidative damage and other changes are incriminated.

A number of rare inherited abnormalities may be com-
plicated by hepatocellular carcinoma. These are a1-;anti-
trypsin deficiency, glycogen storage disease, hereditary
tyrosinemia, hereditary hypercitrullinemia, and acute
intermittent porphyria.
Natural history and prognosis

Symptomatic hepatocellular carcinoma carries a grave prog-
nosis. Themain reasons for this are the advanced stage of the
disease when the patient is first seen and the presence of
coexisting cirrhosis. The natural history of hepatocellular
carcinoma in its florid form is one of rapid progression with
increasing hepatomegaly, abdominal pain, wasting, and
deepening jaundice. In Black African and Chinese popula-
tions, death often ensueswithin 4months, although in indus-
trialized countries the tumor generally runs a more indolent
course with longer survival times.

Treatment
The treatment of hepatocellular carcinoma depends on
the burden of disease, the presence or absence of cirrhosis,
and the degree of hepatic dysfunction.

Surgical resection

Surgical intervention offers the only chance of cure. For
resection to be considered, the tumor must be confined to
one hepatic lobe and be favorably located in that lobe, and
ideally the nontumorous tissue should not be cirrhotic.
Resection can, however, be considered if the cirrhosis is
not severe and the tumor is either confined to the left lobe
or, if present in both lobes, allows the surgeon to perform
a segmentectomy or limited nonanatomic resection. The
number of patients with resectable tumors is small
in countries with a high incidence of hepatocellular car-
cinoma. Even after successful resection, there is a high
recurrence rate of the tumor.

Transplantation

Transplantation can be performed in patients in whom the
tumor is not resectable but is confined to the liver, or in
whom advanced cirrhosis and poor liver function preclude
resection. Even patients with reasonably good liver
function may be better served by transplantation. Because
of undetected spread before surgery, the rate of tumor
recurrence is high.

Nonoperative treatments

Small tumors not amenable to resection because they
are multiple or inaccessible or because of severe liver dys-
function have been treated with a variety of intralesional
techniques. Alcohol injection was used initially, but more
recently radiofrequency ablation has been preferred. Arte-
rial embolization or chemoembolization are additional pal-
liative methods in selected patients. They are also used to
reduce the size of the tumor in an attempt to make resection
possible or to allow a more conservative resection.

Chemotherapy

A large number of anticancer drugs, including alkylating
agents, antitumor antibiotics, antimetabolites, plant alka-
loids, platinum derivatives, and procarbazine, have been
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tried alone and in various combinations, and by different
routes of administration, in the treatment of hepatocellu-
lar carcinoma, but response rates have invariably been less
than 20%. Because single agents have limited value in
treating hepatocellular carcinoma, it is not surprising
that combinations of these agents are also disappointing.
Multidrug resistance is an important factor in the poor
outcomes, and the development and testing of drugs that
reverse this resistance is in progress. Biologic response
modifiers tested to date have not proved to be of value.

Screening for small presymptomatic tumors
Because symptomatic hepatocellular carcinoma is seldom
amenable to surgical intervention and responds poorly
to conservative modalities of treatment, there is a pressing
need either to prevent the tumor or to diagnose it at a
presymptomatic stage when surgical intervention is still
possible. Mass screening of populations at high risk for the
tumor is a daunting and expensive task with a relatively low
yield. Long-term surveillance of individuals known to be
at high risk (particularly those chronically infected with
hepatitis B or C viruses) is more effective and can be cost-
effective. Ultrasound examination is used as the initial
imaging screen in association with measurement of serum
a-fetoprotein levels, usually performed at 6-month intervals.

Prevention

The only very effective means of preventing hepatocellu-
lar carcinoma at present is the use of hepatitis B virus
vaccination. Universal incorporation of this vaccine into
the Expanded Program of Immunization in countries
in which infection with this virus is endemic and hepato-
cellular carcinoma common has already resulted in a
more than tenfold decrease in viral carrier rates and a
more than 70% reduction in the occurrence of hepatitis
B-virus-induced hepatocellular carcinoma in the age
cohorts that have received the vaccine.
Cholangiocarcinoma

Cholangiocarcinomas may originate from small intra-
hepatic bile ducts (peripheral cholangiocarcinoma), larger
or hilar intrahepatic ducts (hilar cholangiocarcinoma)
(when located at the bifurcation of the right and left main
intrahepatic bile ducts, referred to as Klatskin tumor), or
extrahepatic bile ducts (bile duct carcinoma).

Epidemiology and etiology

The occurrence of peripheral cholangiocarcinomas shows
geographical variation, although not to the same extent as
hepatocellular carcinoma. The tumor occurs most often
in Hong Kong, Canton and, most notably in northeastern
Thailand where it is causally related to chronic infestation
with the liver flukes, Clonorchis sinensis and Opisthorchis

viverrini. Occasionally, cholangiocarcinoma is a late
complication of the use of thorium dioxide (Thorotrast)
as a radiographic contrast medium. Hilar cholangiocarci-
noma may complicate longstanding sclerosing cholangitis,
biliary atresia, Caroli’s disease, von Meyenberg com-
plexes, or intrahepatic cholestasis.

Intrahepatic cholangiocarcinomas are more common in
older age groups (average age at presentation, 50–60 years).
The gender distribution is approximately equal.

Clinical presentation

Peripheral cholangiocarcinomas seldom produce symp-
toms until the tumor is far advanced. The clinical features
are then similar to those of hepatocellular carcinoma,
except that jaundice may be more frequent, earlier, and
deeper. In addition, the liver tends not to be as enlarged, a
bruit is not heard, ascites is much less common, and fever
and extrahepatic metastases are less frequent. The clinical
picture of hilar cholangiocarcinoma is one of progressive
obstructive jaundice, with or without weight loss.

Diagnosis

Apart from the higher serum bilirubin, alkaline phospha-
tase and g-glutamyl transpeptidase levels in peripheral
cholangiocarcinoma, the results of liver biochemical tests
are similar to those in hepatocellular carcinoma. a-
Fetoprotein levels are rarely raised in cholangiocarcinomas.
The appearances of peripheral cholangiocarcinoma on
ultrasonography and computerized tomography are similar
to those of hepatocellular carcinoma. Larger hilar tumors
and the resulting ductular dilatation can also be seen with
these imaging modalities and endoscopic retrograde or
transhepatic cholangiography localizes their site. In peri-
pheral cholangiocarcinoma, the marked desmoplastic
reaction characteristic of this tumor causes the branches
of the hepatic artery to appear scanty, stretched, and atte-
nuated on hepatic arteriography.

Pathology

Cholangiocarcinomas are usually large and solitary tumors,
but they may be multinodular. They arise in a noncirrhotic
liver, although hilar tumors, when longstanding, can cause
biliary cirrhosis. Hilar cholangiocarcinomas may take the
form of a firm intramural tumor encircling the bile duct,
a bulky mass centered on the duct and radiating into the
surrounding hepatic tissue, or a spongy friable mass within
the lumen of the duct. Microscopically, cholangiocarcino-
mas consist of acinar or tubular structures, resembling
adenocarcinomas. Most are well-differentiated. The tumor
cells provoke a variable but often extensive desmoplastic
reaction.

Treatment and prognosis

Peripheral cholangiocarcinoma carries a poor prognosis.
Resection is rarely possible and the results of radia-
tion therapy and chemotherapy are disappointing. Liver
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transplantation offers the only chance of cure. Hilar chol-
angiocarcinoma may be resectable, depending on size,
position, and spread. For inoperable tumors, bile drainage
must be established for relief of symptoms of cholestasis.
Hepatoblastoma

Epidemiology

Hepatoblastoma is the most common malignant hepatic
tumor in children. It occurs almost exclusively in the first
3 years of life. Boys are affected twice as often as girls.

Clinical presentation
The most common symptom is abdominal swelling, but
others are failure to thrive, weight loss, and abdominal
pain. The liver is almost always enlarged and firm with
a smooth or nodular surface. Jaundice is uncommon.
The tumor occasionally presents with isosexual precocity
in boys.

Diagnosis

Serum a-fetoprotein levels are raised in 80–90% of
patients. The tumor is seen as a nonspecific echogenic
mass on ultrasonography or computerized tomography
and an avascular mass on hepatic arteriography.

Pathology

Hepatoblastomas arise as malignant derivatives of incom-
pletely differentiated hepatocyte precursors. They are
classified into an epithelial type and a mixed epithelial
and mesenchymal type. Two types of epithelial cells are
present. The first resemble fetal hepatocytes and the
second less differentiated embryonal cells. Mixed hepato-
blastomas contain both types of cells.

Treatment and prognosis

Hepatoblastoma is a rapidly progressive tumor, with the
fetal variety carrying the worst prognosis. If solitary, the
tumor may be resected or liver transplantation performed.
Chemotherapy, with or without radiotherapy, may shrink
the tumor to the point that it becomes operable. Neither
chemotherapy nor radiotherapy is, however, curative.
Angiosarcoma

Epidemiology

This rare tumor occurs almost exclusively in adults in
the sixth and seventh decades. Men are affected four times
more often than women.

Etiology

In early reports, this tumor often arose as a late compli-
cation of radiographic examination with thorium dioxide.
More recently, it has usually followed many years of
exposure to vinyl chloride monomers in industry.
Clinical presentation

The most common presenting symptom is upper abdomi-
nal pain, but other frequent complaints are abdominal
swelling,malaise, anorexia, weight loss, and rapidly progres-
sing liver failure. The liver is almost always enlarged and is
usually tender, with an irregular surface. The patient is
often jaundiced. Splenomegaly and ascites may be present.

Diagnosis
Evidence of declining hepatic function is frequently present.
Radiopaque deposits of thorium dioxide may be visible in
the liver and spleen. One or more masses may be seen on
ultrasonography, and hepatic arteriography shows a blush
and puddling during the middle of the arterial phase,
except in the central region, which may be hypovascular.

Complications and prognosis

Angiosarcomas grow rapidly and the prognosis is
very poor.

Pathology

Angiosarcomas are usually multicentric. Their hallmark
is blood-filled cysts, although solid tumor growth is also
evident. The earliest change is the presence of hypertro-
phic sinusoidal lining cells in ill-defined loci. With pro-
gression, sinusoidal dilatation and disruption of hepatic
plates occur and malignant cells become supported by
collagen tissue. Enlarging vascular spaces lined by malig-
nant cells cause the lesion to become cavernous.

Treatment

Operative treatment is usually precluded by the advanced
state of the tumor. Even when surgery is performed the
results are poor. The results of radiotherapy and chemo-
therapy are poor.
Hepatic Metastases

The liver is the organ most frequently targeted for meta-
static spread of tumors. The reasons for this are the double
blood supply to the liver and the presence of fenestrations
in the sinusoidal endothelium that facilitate the penetra-
tion of malignant cells into the hepatic parenchyma.

Clinical presentation

Hepatic metastases are often silent or their symptoms
are overshadowed by those of the primary tumor. Likely
symptoms are malaise, weight loss, or upper abdominal
pain. The liver may be enlarged. The surface may be
nodular and umbilication of nodules may be felt.

Pathology
Hepatic metastases are almost always multiple. They
may be discrete or infiltrative. Subcapsular metastases
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are often umbilicated. The microscopic appearance dupli-
cates that of the primary tumor.

Diagnosis, treatment, and outcome

The diagnosis is made by hepatic imaging, confirmed if
necessary by needle biopsy or aspiration cytology.

The extent of replacement of liver tissue determines
the patient’s prognosis. Metastases from colorectal cancer
may be successfully resected, but otherwise there is little
that can be done therapeutically.
Benign Tumors of the Liver

Hepatocellular Adenoma

Epidemiology and etiology

Hepatocellular adenoma is extremely rare in men, but is
less rare in women taking oral contraceptive steroids,
particularly with prolonged usage. Both types of synthetic
estrogen and all forms of progestogens contained in con-
traceptive steroids have been incriminated, especially in
preparations with a high hormonal potency.

Clinical presentation

Hepatocellular adenomas may produce no symptoms and
are then usually discovered coincidentally during upper
abdominal imaging for other reasons. They may produce
upper abdominal pain, which is mild unless hemorrhage
into or infarction of the lesion has occurred. The liver may
be enlarged and slightly tender. The most alarming pre-
sentation is with an acute abdominal crisis resulting from
rupture of the tumor with consequent acute hemoperito-
neum. This is most likely to occur during pregnancy.

Diagnosis

Hepatic angiography is the most useful aid to diagnosis.
One-half of the tumors are avascular with vessels seen to
be draped over the tumor. Often nearly parallel vessels are
seen entering the lesion from the periphery (spoke-wheel
appearance).

Pathology
Hepatocellular adenomas are usually solitary and arise in
a normal liver. They are usually 8–25 cm in diameter and
are larger in women taking contraceptive steroids. Micro-
scopically, hepatocellular adenomas may mimic normal
liver tissue to an astonishing degree. They are composed
of sheets or chords of normal-looking or slightly atypical
hepatocytes. Kupffer cells are usually markedly reduced
in number or are absent. There are few or no portal tracts
or central veins.

Treatment and prognosis

Because of the danger of rupture and the small risk of the
adenoma undergoing malignant transformation, surgical
resection is recommended. If the lesion is not resected,
pregnancy, oral contraceptives, and estrogen-containing
preparations should be avoided.
Cavernous Hemangioma

Epidemiology

Cavernous hemangioma is the most common benign hepa-
tic tumor and is present in as many as 7% of necropsies. It is
thought to be a congenital malformation or hamartoma.
Cavernous hemangiomas are present at all ages but most
commonly in the third, fourth, and fifth decades. They
increase in size during pregnancy and with the taking of
estrogen-containing preparations.

Clinical presentation

The great majority are small and asymptomatic and are
discovered by chance. Larger or multiple lesions produce
symptoms. Upper abdominal pain is the most common
complaint. Cavernous hemangiomas occasionally rupture.
The only abnormal finding may be an enlarged liver.
Cavernous hemangiomas in the liver are occasionally
associated with hemangiomas in other organs.

Diagnosis

Blood-pool radionuclide scanning, bolus-enhanced com-
puterized tomography, magnetic resonance imaging, and
hepatic arteriography can be used in the diagnosis of cav-
ernous hemangiomas. Because of the risk of bleeding, per-
cutaneous biopsy should not be performed.

Pathology

Cavernous hemangiomas are usually solitary, although
multiple lesions occur in 10% of patients. They are
well-circumscribed but seldom encapsulated. Microscop-
ically, they are composed of multiple vascular channels
lined by a single layer of flat epithelium and supported by
fibrous septa. The channels may contain thrombi.

Treatment

The great majority can safely be left alone. Large heman-
giomas causing incapacitating pain should be resected.
Infantile Hemangioendothelioma

Epidemiology and clinical presentation

The importance of this tumor lies in the high incidence of
congestive cardiac failure that occurs in infants with the
tumor and the resulting 70% mortality rate. The cardiac
failure results from arteriovenous shunting of blood in the
tumor. Infantile hemangioendothelioma almost invariably
presents in the first 6months of life and is twice as
common in girls. It often coexists with hemangiomas in
other organs, especially the skin.
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Small lesions are asymptomatic. The presence of a
large tumor is recognized by the diagnostic triad of an
enlarged liver, high-output cardiac failure, and multiple
cutaneous hemangiomas. The size of the liver is dispro-
portionate to the severity of cardiac failure.

Diagnosis

Hepatic arteriography is particularly helpful in diagnosis.
Abnormal vessels arise from the hepatic artery and
promptly opacify the liver, the characteristic picture of
an arteriovenous shunt. Percutaneous biopsy is contra-
indicated because of the danger of bleeding.

Pathology

Infantile hemangioendotheliomas are characteristically
multifocal and produce a nodular deformity of the whole
liver. The nodules vary in size from a few millimeters to
many centimeters. Microscopically the tumor is composed
of layers of plump endothelial cells: a single layer is a type
I pattern, multiple layers a type II pattern. Fibrous stroma
may be prominent.

Treatment and prognosis

The course of infantile hemangioendothelioma is charac-
terized by growth during the early months, followed
by gradual involution. If the child survives, the tumor
involutes completely. Life-threatening aspects of the dis-
order are intractable congestive cardiac failure and, to a
lesser extent, tumor rupture. The cardiac failure should
be treated by conventional means. If this fails, emboliza-
tion or ligation of the hepatic artery or surgical resection
should be attempted.
Focal Nodular Hyperplasia

Focal nodular hyperplasia is a tumor-like lesion. It is a
circumscribed, usually solitary lesion composed of nodules
of benign hyperplastic hepatocytes surrounding a central
stellate fibrous scar.

Epidemiology and pathogenesis

Focal nodular hyperplasia occurs at all ages, but most
patients present in the third and fourth decades. It is
hormone-dependent and is seen more often in women.
The cause is unknown, but an ischemic origin related to
vascular malformation is possible.

Clinical presentation and diagnosis

Focal nodular hyperplasia is almost always asymptomatic.
Mild pain may be felt, particularly with bleeding into or
necrosis of the lesion.

The mass lesion seen on ultrasonography and compu-
terized tomography is not specific for focal nodular hyper-
plasia, although the central scar may be seen and is a useful
diagnostic pointer. The picture obtained with dynamic
contrast-enhanced Doppler ultrasonography with intra-
arterial infusion of CO2 microbubbles is characteristic.

Pathology

Focal nodular hyperplasia presents as a firm, coarsely
nodular light brown or yellowish gray mass of variable
size with a dense central stellate scar and radiating fibrous
septa that divide the lesion into lobules. The nodule may
be small or extremely large. Microscopically, focal nodu-
lar hyperplasia closely resembles inactive cirrhosis.

Treatment

Large symptomatic or complicated lesions should be
resected, usually by segmental resection or enucleation.
Otherwise, focal nodular hyperplasia should be left alone.
If the lesion is not resected, contraceptive steroids should
be discontinued and pregnancy avoided. There is no
convincing evidence that focal nodular hyperplasia is a
premalignant condition.

See also: CancerCare, TheFutureOrganizationof;Cancer:

Global Burden/Trends and Projections; Cancer Mortality.
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Long-term care (LTC) encompasses a wide range of
health and social services including skilled and interme-
diate nursing care, assisted living, custodial or personal
care, adult day care, respite care, home health care, and
hospice care; LTC generally does not include care in
short-stay hospitals (Actuarial Standards Board, 1999).

The primary use of LTC is among people with limita-
tions in one or more activities of daily living (ADLs) or
instrumental activities of daily living (IADLs), and people
with cognitive impairment (CI), where the expected dura-
tion of the limitation or impairment is at least 3months.
Some people use LTC throughout their lives; more gen-
erally, the use of LTC increases exponentially with age,
making it a significant health and financial risk for the
elderly. Use of LTC is associated with developmental
disabilities and mental illnesses, chronic diseases, injuries,
disabling conditions, physiological frailty, and dementia.
LTC use rates are high in the period preceding death.
Recovery from conditions requiring LTC declines with
age; higher recovery rates among the elderly occur at ages
65–74 and lower rates at ages 85þ.

LTC financing varies substantially between and within
countries, and according to the LTC user’s income, assets,
and social support networks. This article focuses on LTC
in the United States.
LTC Surveys

The population using LTC can be defined narrowly based
on ADL limitations and more broadly using IADL limita-
tions and/or CI. Variations in operational implementa-
tions of each definition can yield vastly different estimates
of the size of the population using LTC and its change
over time. Wiener et al. (1990) reviewed the measurement
of ADL status in 11 national surveys and found that the
prevalence of ADL limitations among noninstitution-
alized persons in the 1984 National Health Interview
Survey Supplement on Aging (NHIS-SOA) was 62% of
that in the 1987 National Medical Expenditure Survey
(NMES) and 56% of that in the 1984 National Long-
Term Care Survey (NLTCS).

Freedman et al. (2002) reviewed the quality and consis-
tency of disability trends in seven national surveys and
assigned the best ratings to the NLTCS and to a combi-
nation of the National Health Interview Survey (NHIS)
and the National Nursing Home Survey (NNHS). The
NLTCS used a nationally representative stratified list
sample of elderly Medicare enrollees aged 65þ years;
the NHIS used a complex area-probability sample of
the civilian noninstitutionalized population, covering all
ages; the NNHS used a stratified two-stage list sample of
nursing homes, covering all ages. The combined NHIS-
NNHS sample, in theory, overlaps and extends to all ages
the elderly sample of the NLTCS.

Rogers and Komisar (2003) used the combined 2000
NHIS-NNHS to estimate that 9.5million persons had
ADL or IADL limitations, of whom 3.5million were
younger than age 65 and 6.0million were aged 65þ.
Manton and Gu (2001) used the 1999 NLTCS to estimate
that 7.0 million persons aged 65þ had ADL or IADL
limitations. The 1.0million person difference at age 65þ
was the difference between the estimates of the size of the
noninstitutionalized LTC population: 4.5 million in the
NHIS versus 5.5million in the NLTCS.

Kinosian (2006) performed detailed comparisons of
ADL limitations in the NHIS and NLTCS and found
that the 1999 NHIS estimate for noninstitutionalized
persons was 72.4% of that in the 1999 NLTCS; in con-
trast, the 1999 NNHS estimate for institutionalized per-
sons was 99.6% of that in the 1999 NLTCS. Blackwell and
Tonthat (2003) reported estimates for noninstitution-
alized persons in the 1999 NHIS that were 82.8% of the
1999 NLTCS estimates.

The above comparisons indicate that the estimates of the
size of the population using LTCwill depend on the source
of the data used in making the estimates, even when using
data that are judged to be of high quality and reliability.
Time differences in the relative sizes of the NHIS and
NLTCS estimates can produce trend differences in the
rates of change of the sizes of the population using LTC.
NLTCS

The best source for details on the use of LTC in the US is
the NLTCS. Its purpose was to measure LTC disability
and the use of LTC services among the U.S. elderly aged
65þ at multiple points in time. It included six closely
related surveys conducted in 1982, 1984, 1989, 1994, 1999,
and 2004. LTC disability included ADL and IADL lim-
itations, cognitive impairment (CI), and institutionaliza-
tion. The six waves constituted a nationally representative
longitudinal sample of 49 274 Medicare enrollees aged
65þ. Beginning in 1984, each wave added a replenishment
sample of approximately 5000 persons who had passed
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their 65th birthday since the closing date of the sample
drawn for the prior wave. The replenishment sample
ensured that each wave contained a representative cross-
sectional sample of approximately 20 000 elderly Medi-
care enrollees. The response rates were generally 95% or
higher, except for 2004, which dropped to 91%.

The NLTCS employed a two-stage sampling of Medi-
care enrollment files. The first stage consisted of a short
screener interview to assess the inability of a community
resident to perform nine ADLs and seven IADLs without
help or to determine that the respondent was a resident of
a nursing home or a similar LTC institution. Help meant
assistance from another person or special equipment
needed to perform the activity. The IADLs were recog-
nized as being limited only when the inability to perform
the activity was the result of a disability or health prob-
lem. A community resident screened in if the duration of
the ADL and/or IADL limitation was expected to be at
least 3months. Institutionalized persons screened in with-
out any additional conditions.

The second stage consisted of a detailed in-person
assessment that was given to new and prior screened-in
persons, institutionalized persons, and certain supple-
mental samples of persons who screened out at the first-
stage assessment. The ADLs and IADLs were modified in
the second stage to facilitate the detailed assessment of
the nature of the limitations. One ADL was dropped and
one was moved to the IADL list, where it was separated
into two component activities. These changes yielded
seven ADLs and nine IADLs.

The nine IADLs were light housework, laundry, meal
preparation, grocery shopping, outside mobility, travel,
managing money, taking medication, and making tele-
phone calls. An IADL limitation was recognized only
when caused by a disability or health problem. A tenth
IADL, heavy housework, was also assessed but was not
part of the screener criteria.

The seven ADLs were eating, inside mobility, transfer-
ring, dressing, bathing, toileting, and continence. The
NLTCS questions allowed the ADL limitations to be
classified according to the following hierarchy:

1. needs, but does not receive, help with ADL;
2. performs ADL with special equipment;
3. uses standby help with/without special equipment;
4. uses active help with/without special equipment;
5. unable to perform ADL.

Questions were also asked about the elapsed (but not
expected) duration of the ADL limitations and the fre-
quency of help. Beginning in 1994, questions were asked
about whether the help actually received on specific
ADLs was enough to meet the respondent’s needs, and if
not, the frequency at which such insufficiencies occurred.

Continence was included in the first-stage screener
interview and as part of the toileting module in the
second-stage detailed interview; however, it did not trig-
ger the toileting ADL nor was it included as part of the
standard set of six flap-item ADLs designed to identify
disabled persons in the NLTCS.

The NLTCS did not screen for CI in the first-
stage assessment. The second-stage detailed interviews
employed the Short Portable Mental Status Question-
naire (SPMSQ; Pfeiffer, 1975) in 1982–1994 and 2004,
and the Mini Mental State Exam (MMSE; Folstein et al.,
1975) in 1999. In addition, CI can be inferred when a
proxy interview was listed as resulting from senility or
Alzheimer’s disease.
Health Insurance Portability and
Accountability Act

Clarification of the tax treatment of LTC expenses
(including LTC insurance) was included in the Health
Insurance Portability and Accountability Act of 1996
(HIPAA). HIPAA introduced rules under which LTC
expenses could qualify as income-tax-deductible medical
expenses. HIPAA required that a licensed health-care
practitioner certify that the LTC care recipient is a
chronically ill individual on account of one or more
of three possible triggering criteria (Internal Revenue
Service, 1977):

1. ADL Trigger: The individual is unable to perform
without substantial assistance from another individual
at least two out of six ADLs (bathing, dressing, toilet-
ing, transferring, continence, and eating) for at least
90 days due to a loss of functional capacity. Substantial
assistance means hands-on or standby assistance.
Hands-on assistance means the physical assistance of
another person without which the individual would be
unable to perform the ADL. Standby assistance means
the presence of another person within arm’s reach that
is necessary to prevent injury to the individual while
the individual is performing the ADL.

2. Cognitive Impairment (CI) Trigger: The individual
requires substantial supervision to protect him or her
from threats to health and safety due to severe cogni-
tive impairment. Severe cognitive impairment means a
loss or deterioration in intellectual capacity compara-
ble to Alzheimer’s disease or similar irreversible de-
mentia with a measurable impact on memory,
orientation, or reasoning. Substantial supervision
means continual supervision (including cueing) that
is necessary for the individual’s health/safety.

3. Similar Level Trigger: The individual has a level of
disability similar to that described in the ADLTrigger,
as determined under regulations developed in consul-
tation with the Department of Health and Human
Services (DHHS). This trigger is currently inactive,
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but may at some future date be activated using, for
example, some combination of ADLs and IADLs.

By 2002, 90% of all LTC insurance policies sold in the
US complied with the HIPAA requirements for tax quali-
fication (Coronel, 2004). These rules are the de jure cri-
teria for classifying LTC expenses as medical expenses,
making it reasonable to consider their use in public health
and public policy research.
LTC Disability Estimates

Table 1 displays the population distribution of the
HIPAA ADL and CI Triggers by ADL and IADL disabil-
ity levels among the U.S. elderly in 1999, based on data
from the 1999 NLTCS. The cumulative totals at the
bottom of the table indicate that 4.75million elderly met
at least one of the two HIPAA triggering criteria: 2.96
million met the ADL Trigger, 3.44million met the CI
Trigger, and 1.65 million met both triggers.

The implementation of the HIPAA ADL Trigger in
this article followed the standard NLTCS protocol in
accepting as ADL-disabled all cases that met the personal
assistance criterion for ADL limitations in the detailed
questionnaire without further considering whether the
expected disability duration would be at least 3months.
Expected 3-month duration was queried on the screener
questionnaire, but only for newly screened-in cases; for
previously screened-in cases, expected 3-month duration
was queried, if at all, at the time they screened in.

Thus, the determination that the expected duration
was at least 3months was incomplete in the NLTCS
detailed interview; some cases (e.g., institutionalized
persons; the healthy subsamples) were automatically
screened in or were otherwise designated for detailed
interview without explicitly meeting the expected
3-month duration criterion (Wolf et al., 2005).
Table 1 Distribution of HIPAA triggers by ADL/IADL disability lev

ADL/IADL disability level

HIPAA trigger

None CI trigger only ADL trigg

Nondisabled 27 861 564

IADL only or inside-mobility 2001 895
1 ADL 598 327

2 ADLs 324

3 ADLs 237

4 ADLs 205
5 ADLs 318

6 ADLs 229

Total 30 461 1786 1313
Right cumulative total 35 211 4750 2963

CI trigger is defined as a score in the range 0–23 on the MMSE, seni

Source: Author’s calculations based on the 1999 National Long-Term
The standard NLTCS protocol may have a small bias
when used to estimate HIPAA ADL prevalence rates.
Among the reasons for this opinion are the following:

1. The HIPAA ADL prevalence rate based on two or
more ADL impairments in the NLTCS detailed ques-
tionnaire would be approximately 15% lower if one
eliminated all cases whose disability duration was less
than 3months (Stallard and Yee, 2000). Multiple dec-
rement analysis of these same cases showed that the
relative risks of ending the disability episode with
institutionalization or death versus recovery or im-
provement were 1.3 at ages 68 and 70, 2.3 at age 75,
2.9 at age 80, 4.8 at age 85, and 6.3 or higher at ages
90 and over. With the highest absolute numbers of
cases that met the two or more ADL impairment
criteria occurring at age 81, these relative risks imply
that roughly one-quarter of the 15% reduction in
prevalence that would result from the elimination of
cases with less than 3months’ duration of disability
would be due to recovery or improvement. Hence,
the bias induced by failing to screen for expected 3-
month duration could be as large as 3.75%.

2. The 3-month minimum duration in the HIPAA ADL
Trigger is neither a waiting period nor a qualification
period; it is an expectation that may or may not be
realized. HIPAA certifiers might assume that the age-
specific average durations for two or more ADL dis-
ability episodes (in the range 36–26months at ages
65–90) (Stallard and Yee, 2000) applied to each indi-
vidual case, implying that the bias associated with the
standard NLTCS protocol could be zero.

3. Alternatively, HIPAA certifiers might rely on model-
based (or expert-opinion-based) estimates of the
expected individual durations, in which case the bias
would be non-zero only if the durations from initial
disability to recovery/improvement were predictable
and the model (or expert) yielded at least some
el, United States 1999, age 65 and above, in 000s

Total Right cumulative totaler only ADL & CI trigger

28 426 35 211

2897 6785
925 3888

214 539 2963

190 427 2425

231 435 1998
415 733 1563

601 830 830

1651 35 211
1651

lity, or Alzheimer’s disease.

Care Survey.
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predicted durations below 3months; the bias would
reach the upper limit of 3.75% only if the model
reproduced the distribution of durations without
error. Under these conditions, the bias associated with
the use of the standard NLTCS protocol is likely to be
substantially less than the upper limit of 3.75%.

The estimates for the CI Trigger depend on the scor-
ing range selected for the MMSE. An individual with an
MMSE score in the range of 0–23 of a possible 30 points
was classified as cognitively impaired in Table 1. An
alternative classification would use the range 0–15. The
upper bounds of 23 and 15 correspond to the midpoints of
the ranges for mild (21–25) and moderate (11–20) demen-
tia identified by Perneczky et al. (2006) using the Clinical
Dementia Rating instrument. The impact of the alterna-
tive classification rule can be seen in Table 2.

The number of persons meeting only the CI Trigger
declined from 1.79million to 571 000. The total number
meeting the CI Trigger declined from 3.44million to
1.93million. The number meeting the ADL Trigger was
unchanged at 2.96million. The number meeting at least
one of the triggers declined from 4.75million to 3.53million.

Although the HIPAA CI Trigger uses the terms severe
cognitive impairment with a measurable impact, HIPAA
did not provide guidance as to the specific cut-points one
should use for standard tests such as the MMSE. As a
consequence, there may be substantial variation in esti-
mates of the size of the LTC population when different
tests of cognitive functioning or different cut-points on
the same tests are employed. The remainder of this article
employs the criteria in Table 1.

The cumulative totals at the right side ofTable 1 show
the distribution of the 2.96million persons who met the
HIPAA ADL Trigger. Of these, 2.00million had four or
more ADL limitations and 830 000 had six ADL limita-
tions; and, of these, 62% and 72%, respectively, were also
cognitively impaired.
Table 2 Distribution of modified HIPAA triggers by ADL/IADL dis

ADL/IADL disability level

Modified HIPAA trigger

None CI trigger only ADL trigg

Nondisabled 28 317 108
IADL only or inside-mobility 2583 313

1 ADL 776 149

2 ADLs 402

3 ADLs 296
4 ADLs 273

5 ADLs 389

6 ADLs 249

Total 31 677 571 1608
Right cumulative total 35 211 3534 2963

CI trigger is defined as a score in the range 0–15 on the MMSE, senil

Source: Author’s calculations based on the 1999 National Long-Term
The number of persons with any ADL or IADL limi-
tation, including limitations in inside mobility, was esti-
mated as 6.79million. The number of nondisabled persons
meeting the CI Trigger was 564 000 (108 000 in Table 2).
Since the NLTCS did not screen for CI, this may be an
underestimate of the true number. Thus the total number
with any CI, ADL, or IADL limitation was at least
7.35million.

An area of potential discrepancy in estimating the LTC
population involves differences between the list of ADLs
in HIPAA and the list used in the NLTCS flap items,
which forms the set traditionally used in published
reports based on the NLTCS (Manton and Gu, 2001).

Five of the six HIPAA ADLs are the same as
the traditional six flap-item ADLs in the NLTCS.
HIPAA’s ADLs include continence, but not inside mobil-
ity. The flap-item ADLs include inside mobility, but not
continence. Because continence was measured in the
NLTCS, the NLTCS can be used to generate estimates
of the population meeting the HIPAA LTC criteria in
addition to estimates of the population meeting the tradi-
tional NLTCS disability criteria. The former are shown in
Tables 1 and 2; the latter are shown in Table 3.

The flap-item ADLs in the NLTCS are triggered by
the use of special equipment in addition to the use of
personal assistance. The largest difference occurs under
the column heading None, where 1.14million persons
having two or more flap-item ADLs are classified as not
disabled by the HIPAA LTC triggers. The total number of
7.08million with any ADL or IADL limitations is only
4.3% higher than the corresponding number (6.79million)
in Table 1. The 4.61million with two or more ADLs in
Table 3 is 56% larger than the corresponding number
(2.96million) in Table 1.

Table 4 provides a direct comparison between the two
sets of classification rules. The 16 000 with one HIPAA
ADL that were nondisabled on the traditional flap-item
ADLs and IADLs were all due to incontinence.
ability level, United States 1999, age 65 and above, in 000s

Total Right cumulative totaler only ADL & CI trigger

28 426 35 211
2897 6785

925 3888

137 539 2963

131 427 2425
163 435 1998

344 733 1563

581 830 830

1355 35 211
1355

ity, or Alzheimer’s disease.

Care Survey.



Table 4 Distribution of HIPAA ADL/IADL disability level by traditional NLTCS ADL/IADL disability level, United States 1999, age 65
and above, in 000s

NLTCS ADL/
IADL
disability
level

HIPAA ADL/IADL disability level

Total

Right
cumulative
totalNondisabled

IADL only
or inside-
mobility 1 ADL 2 ADLs 3 ADLs 4 ADLs 5 ADLs 6 ADLs

Nondisabled 28 115 16 28 131 35211

IADL only 1090 5 1096 7080
1 ADL 255 800 309 11 1375 5984

2 ADLs 49 565 244 130 14 1003 4609

3 ADLs 5 314 211 203 84 17 834 3606

4 ADLs 3 121 125 150 233 71 18 720 2773
5 ADLs 6 14 44 86 329 304 29 812 2053

6 ADLs 1 9 19 411 801 1241 1241

Total 28 426 2897 925 539 427 435 733 830 35 211
Right

cumulative

total

35 211 6785 3888 2963 2425 1998 1563 830

Source: Author’s calculations based on the 1999 National Long-Term Care Survey.

Table 3 Distribution of HIPAA triggers by traditional NLTCS ADL/IADL disability level, United States 1999, age 65 and above,

in 000s

NLTCS ADL/IADL disability level

HIPAA trigger

Total

Right
cumulative
totalNone CI trigger Only ADL trigger Only ADL & CI trigger

Nondisabled 27600 530 28 131 35 211

IADL Only 714 382 1096 7080

1 ADL 1006 358 9 2 1375 5984

2 ADLs 564 294 54 90 1003 4609
3 ADLs 373 156 181 123 834 3606

4 ADLs 183 66 271 200 720 2773

5 ADLs 20 359 433 812 2053
6 ADLs 1 438 802 1241 1241

Total 30 461 1786 1313 1651 35 211

Right cumulative total 35 211 4750 2963 1651

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.
Source: Author’s calculations based on the 1999 National Long-Term Care Survey.
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LTC Demographics

Table 5 displays the distribution of the HIPAA LTC
triggers by age and sex among the U.S. elderly population.

Among males, 434 000 met both the ADL and CI
Triggers, with the largest number of those aged 75–84.
Among females, 1.22million met both the ADL and CI
Triggers, with the largest number of those aged 85þ.
Among the 6.1% of males who met the ADL Trigger,
49% simultaneously met the CI Trigger; among the
10% of females who met the ADLTrigger, 59% simulta-
neously met the CI Trigger.

Certain patterns of change over age can be more read-
ily assessed using the percentage distributions shown in
Table 6. For example, the relative frequency of ADL
Trigger cases meeting the CI Trigger increased with age
for both sexes, but the increase was larger for females.
Moreover, the percentage of females meeting any HIPAA
trigger was larger at all ages for females and the relative
excess increased with age from 8.1% at age 65–74 to 43%
at age 85þ. This latter increase was attributable to the
absolute excess of 10.7% of females at age 85þ meeting
both the ADL and CI Triggers.

Tables 7 and 8 stratify the population counts and
percentage distributions in Tables 5 and 6 by community
residence versus residence in an LTC institution, where an
LTC institution was a nursing facility or similar setting
having a health professional (e.g., registered nurse,
licensed practical nurse, licensed vocational nurse, psychi-
atrist, etc.) on duty for 24 h each day (including weekends).

The age–sex group with the largest number of institu-
tional residents was females aged 85þ with 656 000 of the
total 1.44million. The next largest group was females aged
75–84, followed by males aged 75–84.



Table 5 Distribution of HIPAA triggers by sex and age, United States 1999, age 65 and above, in 000s

Sex Age

HIPAA trigger

Total
Right cumulative
totalNone CI trigger only ADL trigger only ADL & CI trigger

Male 65–74 7700 206 140 101 8147 14594

75–84 4456 286 184 191 5117 6447

85þ 918 139 132 142 1331 1331
Total 13 074 631 456 434 14 594

Female 65–74 9342 248 221 120 9931 20616

75–84 6306 529 294 426 7556 10685

85þ 1739 378 341 671 3129 3129
Total 17 387 1156 857 1216 20 616

Total 30 461 1786 1313 1651 35 211

Right cumulative total 35 211 4750 2963 1651

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.

Source: Author’s calculations based on the 1999 National Long-Term Care Survey.

Table 6 Percent distribution of HIPAA triggers by sex and age, United States 1999, age 65 and above

Sex Age

HIPAA trigger

Total (in 000s)None CI trigger only ADL trigger only ADL & CI trigger Any trigger

Male 65–74 94.5 2.5 1.7 1.2 5.5 8147
75–84 87.1 5.6 3.6 3.7 12.9 5117

85+ 69.0 10.4 9.9 10.7 31.0 1331

Total 89.6 4.3 3.1 3.0 10.4 14 594
Female 65–74 94.1 2.5 2.2 1.2 5.9 9931

75–84 83.5 7.0 3.9 5.6 16.5 7556

85+ 55.6 12.1 10.9 21.4 44.4 3129

Total 84.3 5.6 4.2 5.9 15.7 20 616
Total 86.5 5.1 3.7 4.7 13.5 35 211

Right cumulative total 100.0 13.5 8.4 4.7

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.

Source: Author’s calculations based on the 1999 National Long-Term Care Survey.
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Among institutional residents, 92% met at least one
HIPAA LTC trigger, the only notable discrepancy occur-
ring among males aged 65–74, where 80% met at least one
trigger. For females aged 65–74, the corresponding value
was 89%. For both sexes, the value increased with age,
reaching 97% for males aged 85þ and 93% for females
aged 85þ. These results indicate that the HIPAA LTC
triggers were reasonably successful (i.e., their overall sensi-
tivitywas 92%) inmeeting their goal of identifying severely
disabled elderly persons, assuming that residence in an
LTC institution was a valid indicator of severe disability.

Meeting a HIPPA LTC trigger, however, does not
necessarily imply institutional residency.Table 9 displays
the age, sex, and HIPAA LTC-Trigger-specific institu-
tionalization rates for the data displayed in Table 7.

Among those meeting any HIPAA LTC trigger, 31%
of females and 21% of males (28% combined) were
institutionalized.

The institutionalization rates varied significantly
depending on the specific triggers that were met. Among
those meeting both the ADL and CI Triggers, 54% of
females and 44% of males (51% combined) were institu-
tionalized; among those meeting only the ADL Trigger,
34% of females and 21% of males (30% combined) were
institutionalized; and among those meeting only the CI
Trigger, 4.6% of females and 5.1% of males (4.8%
combined) were institutionalized.

The overall institutionalization rates were 5.3% for
females and 2.4% for males (4.1% combined); these
rates increased significantly across the three age groups,
from 0.8% to 9.7% for males and 0.9% to 21% for
females. Within the HIPAA LTC triggered groups, the
highest institutionalization rate (63%) was for females
aged 85þ meeting both the ADL and CI Triggers; the
next highest rate (49%) was for females aged 75–84
meeting the same triggers.

Table 10 stratifies the institutionalization rates in
Table 9 by marital status. Among those meeting any
HIPAA LTC trigger, 15% of married females and 12%
of married males (13% combined) were institutionalized.
For the same conditions, 35% of unmarried females and
34% of unmarried males (35% combined) were



Table 8 Percent distribution of HIPAA triggers by institutional status, sex, and age, United States 1999, age 65 and above

Institutional
status Sex Age

HIPAA trigger
Total
(in 000s)None CI trigger only ADL trigger only ADL & CI trigger Any trigger

Community Male 65–74 95.1 2.5 1.6 0.9 4.9 8085

75–84 89.6 5.5 2.9 2.0 10.4 4956
85+ 76.0 10.6 7.3 6.1 24.0 1201

Total 91.6 4.2 2.5 1.7 8.4 14243

Female 65–74 94.9 2.4 1.8 0.9 5.1 9839

75–84 87.0 7.1 2.9 3.0 13.0 7220
85+ 68.6 14.2 7.2 10.1 31.4 2473

Total 88.6 5.6 2.9 2.9 11.4 19 532

Total 89.9 5.0 2.7 2.4 10.1 33775

LTC institution Male 65–74 20.5 10.1 19.0 50.3 79.5 61
75–84 9.6 8.7 25.3 56.4 90.4 160

85+ 3.4 9.2 34.2 53.2 96.6 129

Total 9.2 9.1 27.5 54.2 90.8 351
Female 65–74 10.9 10.7 49.3 29.1 89.1 93

75–84 7.9 4.7 25.1 62.3 92.1 336

85+ 6.6 4.2 25.0 64.2 93.4 656

Total 7.4 4.9 27.1 60.6 92.6 1085
Total 7.8 5.9 27.2 59.1 92.2 1436

Total 86.5 5.1 3.7 4.7 13.5 35211

Right cumulative

total

100.0 13.5 8.4 4.7

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.

Source: Author’s calculations based on the 1999 National Long-Term Care Survey.

Table 7 Distribution of HIPAA triggers by institutional status, sex, and age, United States 1999, age 65 and above, in 000s

Institutional
status Sex Age

HIPAA trigger

Total
Right cumulative
totalNone

CI trigger
only

ADL trigger
only

ADL & CI
trigger

Community Male 65–74 7687 200 128 71 8085 14 243

75–84 4441 272 143 100 4956 6158
85+ 913 127 88 73 1201 1201

Total 13 041 599 359 244 14 243

Female 65–74 9332 238 176 93 9839 19 532

75–84 6280 514 210 217 7220 9693
85+ 1695 351 178 249 2473 2473

Total 17 307 1103 563 559 19 532

Total 30 349 1701 922 803 33 775
LTC institution Male 65–74 13 6 12 31 61 351

75–84 15 14 41 91 160 290

85+ 4 12 44 69 129 129

Total 32 32 96 190 351
Female 65–74 10 10 46 27 93 1085

75–84 26 16 84 209 336 992

85+ 43 27 164 421 656 656

Total 80 53 294 658 1085
Total 112 85 390 848 1436

Total 30 461 1786 1313 1651 35 211

Right cumulative total 35 211 4750 2963 1651

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.
Source: Author’s calculations based on the 1999 National Long-Term Care Survey.
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institutionalized. Among those meeting both the ADL and
CI Triggers, 35% of married females and 26% of married
males (30% combined) were institutionalized. For the
same conditions, 57% of unmarried females and 67% of
unmarried males (59% combined) were institutionalized.
The highest rates of institutionalization were among
unmarried males aged 75–84 (75%) and 85þ (74%)
meeting both the ADL and CI Triggers.



Table 9 Percent institutionalized by HIPAA triggers by sex and age, United States 1999, age 65 and above

Sex Age

HIPAA trigger

TotalNone CI trigger only ADL trigger only ADL & CI trigger Any trigger

Male 65–74 0.2 3.0 8.3 30.4 10.9 0.8

75–84 0.3 4.9 22.0 47.4 21.9 3.1

85+ 0.5 8.5 33.5 48.5 30.3 9.7
Total 0.2 5.1 21.2 43.8 21.0 2.4

Female 65–74 0.1 4.0 20.7 22.6 14.0 0.9

75–84 0.4 3.0 28.7 49.1 24.7 4.4

85+ 2.5 7.2 48.0 62.8 44.1 21.0
Total 0.5 4.6 34.3 54.1 31.1 5.3

Total 0.4 4.8 29.7 51.4 27.9 4.1

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.
Source: Author’s calculations based on the 1999 National Long-Term Care Survey.

Table 10 Percent institutionalized by HIPAA triggers by marital status, sex, and age, United States 1999, age 65 and above

Married Sex Age

HIPAA trigger

TotalNone CI trigger only ADL trigger only ADL & CI trigger Any trigger

Yes Male 65–74 0.0 0.0 4.6 11.1 3.9 0.2

75–84 0.0 2.6 13.3 32.6 14.4 1.7
85+ 0.2 1.6 30.7 24.3 19.9 5.7

Total 0.0 1.6 13.6 25.9 12.3 1.1

Female 65–74 0.0 4.8 6.5 19.4 8.4 0.4

75–84 0.1 3.4 10.4 42.2 18.1 2.2
85+ 0.9 8.9 15.7 39.9 23.8 5.9

Total 0.1 4.5 9.2 35.4 14.9 1.2

Total 0.0 2.7 11.9 29.8 13.3 1.1
No Male 65–74 0.8 6.9 40.4 47.7 23.8 2.9

75–84 1.3 8.6 41.2 75.0 35.9 7.3

85+ 0.9 13.4 36.4 73.6 39.7 14.2

Total 1.0 9.5 38.8 66.8 34.1 6.4
Female 65–74 0.2 3.5 30.6 24.7 17.8 1.5

75–84 0.6 2.9 38.0 51.0 26.8 5.5

85+ 2.7 7.1 50.0 63.9 45.1 22.6

Total 0.7 4.6 42.5 57.1 34.8 7.9
Total 0.8 5.7 41.8 58.6 34.7 7.5

Total 0.4 4.8 29.7 51.4 27.9 4.1

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.

Source: Author’s calculations based on the 1999 National Long-Term Care Survey.
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Home and Community-Based LTC

Table 11 displays the usage rates among community
residents of personal assistance within the week prior to
the NLTCS detailed interview, where the assistance
stemmed from a disability or health problem and
details of the nature and amount of the assistance were
provided.

The personal assistance rates were very low for per-
sons who met neither HIPAA LTC trigger: 3.8% of
married persons and 6.5% of unmarried persons (4.9%
combined) had such assistance; unmarried females had
the highest rates of assistance (6.9%) and married males
the lowest (2.8%).
The specificity of the HIPAA LTC triggers can be
estimated as the percentage of persons among the esti-
mated 29.88million community residents meeting neither
HIPAA LTC trigger who had no personal assistance due
to a disability or health problem within the prior week,
assuming that the lack of such assistance was a valid indi-
cator of the absence of severe disability. The number of such
persons was 28.85million, implying a specificity of 97%.

In contrast, personal assistance rates were substantial
for persons meeting any HIPAA LTC trigger: 72% of
married persons and 69% of unmarried persons (70%
combined) had such assistance; married females had the
highest rates of assistance (72%) and unmarried males the
lowest (68%).



Table 11 Percent of community residents reporting personal assistance within the prior week due to a disability or health problem;

by HIPAA triggers by marital status, sex, and age, United States 1999, age 65 and above

Married Sex Age

HIPAA trigger

TotalNone CI trigger only ADL trigger only ADL & CI trigger Any trigger

Yes Male 65–74 1.4 36.5 94.3 100.0 71.1 4.4

75–84 4.3 45.5 91.2 99.0 71.3 10.9
85+ 9.6 37.1 85.9 94.8 71.6 24.3

Total 2.8 41.1 91.7 98.0 71.3 7.9

Female 65–74 3.8 38.1 84.3 81.9 64.1 6.3

75–84 7.4 44.7 96.3 97.0 75.7 14.2
85+ 10.4 69.2 100.0 100.0 89.2 24.3

Total 5.1 43.9 91.2 92.2 72.1 9.4

Total 3.8 42.2 91.5 95.8 71.6 8.5
No Male 65–74 1.7 48.2 100.0 91.1 61.9 6.1

75–84 5.7 45.0 91.5 78.2 59.4 12.1

85+ 17.8 73.3 97.1 86.5 82.7 33.5

Total 5.3 54.0 95.2 86.3 67.7 12.5
Female 65–74 3.2 36.0 93.7 82.3 62.5 6.9

75–84 7.0 44.4 92.0 89.7 63.1 15.2

85+ 17.6 59.3 92.1 95.9 78.3 37.8

Total 6.9 48.6 92.4 92.0 69.4 16.1
Total 6.5 49.8 92.9 91.3 69.1 15.3

Total 4.9 47.3 92.2 92.9 70.1 11.5

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.

Source: Author’s calculations based on the 1999 National Long-Term Care Survey.
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The highest personal assistance rates were for persons
meeting both the ADL and CI Triggers: 96% of married
persons and 91% of unmarried persons (93% combined)
had such assistance; married males had the highest rates of
assistance (98%) and unmarried males the lowest (86%).
The assistance rates for females meeting both the ADL
and CI Triggers were the same (92%) for married and
unmarried women.

The personal assistance rates were almost as high for
persons meeting only the ADL Trigger: 92% of married
persons and 93% of unmarried persons (92% combined)
had such assistance; unmarried males had the highest rates
of assistance (95%) and married females the lowest (91%).

The personal assistance rates were substantially lower
for persons meeting only the CI Trigger: 42% of married
persons and 50% of unmarried persons (47% combined)
had such assistance; unmarried males had the highest
rates of assistance (54%) and married males the lowest
(41%). These declines suggest that the current implemen-
tation of the CI Trigger may overestimate the number of
cases that meet the HIPAA certification requirements.
However, because the modified CI Trigger used in
Table 2 would only raise the marginal percentage in
Table 11 from 47% to 55%, it follows that the use of
more stringent MMSE scoring criteria would not resolve
the overestimation.

The relatively low frequency of personal assistance
among those meeting only the basic or modified CI Trig-
gers was attributable to subgroups of persons identified in
Tables 1 and 2 as CI Trigger Only who were free from
IADL and ADL limitations and whose marginal rates of
personal assistance were only 8.4% and 6.6%, respectively,
for the two forms of the CI Triggers. Among married
persons meeting these same criteria, the rates of personal
assistance were similarly low at 6.3% and 6.6%, respec-
tively. These calculations suggest that some forms of assis-
tance provided to persons meeting only the CI Trigger
may not be captured by the NLTCS survey instruments.

Eliminating the CI Trigger Only persons who were
free from IADL and ADL limitations would raise the
marginal percentages among those meeting only the
basic or modified CI Triggers to 67% and 68%, respec-
tively. The marginal percentages would increase further
to 79% and 80%, respectively, if the IADL-only groups
were eliminated (leaving a residual group with exactly
1 ADL limitation). These calculations indicate that ADL
and IADL assistance provided to persons meeting only
the CI Trigger is captured by the survey instruments.

Table 12 displays the percentages using paid personal
assistance among community residents with any personal
assistance within the week prior to the NLTCS detailed
interview. The numerators of the percentages inTable 11
were the denominators of the percentages in Table 12.

The use of paid personal assistance was substantial for
persons who met neither HIPAA LTC trigger but who
had personal assistance: 13% of married persons and 34%
of unmarried persons (25% combined) had paid assis-
tance; unmarried males had the highest rates of paid
assistance (37%) and married males the lowest (11%).
Of course, these percentages would be reduced



Table 12 Percent of community residents reporting paid personal assistance among those with any personal assistance within the

prior week due to a disability or health problem; by HIPAA triggers bymarital status, sex, and age, United States 1999, age 65 and above

Married Sex Age

HIPAA trigger

TotalNone CI trigger only ADL trigger only ADL & CI trigger Any trigger

Yes Male 65–74 0.0 12.0 8.9 13.0 10.4 7.3

75–84 5.1 9.3 28.3 40.7 26.5 18.9
85+ 47.6 11.7 31.1 32.2 28.0 33.9

Total 10.9 10.5 20.1 31.6 21.2 17.9

Female 65–74 9.3 9.0 38.4 20.0 26.8 16.7

75–84 19.7 10.7 13.7 44.5 21.8 20.8
85+ 13.6 22.0 44.1 49.8 40.2 30.8

Total 14.0 11.6 26.8 37.7 26.0 19.9

Total 12.7 10.9 22.9 33.8 23.1 18.8
No Male 65–74 9.5 48.9 21.9 41.9 43.4 34.3

75–84 36.0 63.1 52.0 22.7 53.1 46.1

85+ 47.8 26.6 56.6 61.6 42.9 44.9

Total 36.9 45.0 51.0 43.0 46.4 42.8
Female 65–74 27.1 19.8 44.1 37.2 35.4 31.8

75–84 40.2 28.4 48.7 47.6 39.8 40.0

85+ 29.9 32.2 37.9 57.9 43.7 39.4

Total 33.7 29.1 42.9 52.0 41.0 38.4
Total 34.3 32.8 44.4 50.9 42.0 39.2

Total 24.9 26.5 33.6 44.6 34.6 30.9

CI trigger is defined as a score in the range 0–23 on the MMSE, senility, or Alzheimer’s disease.

Source: Author’s calculations based on the 1999 National Long-Term Care Survey.
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substantially if one multiplied them by the corresponding
values in Table 11 to produce the marginal usage rate of
paid personal assistance among all persons who met nei-
ther HIPAA LTC trigger.

The use of paid personal assistance was 8–10% higher,
absolutely, for persons who met any HIPAA LTC trigger:
23% of married persons and 42% of unmarried persons
(35% combined) had paid assistance; unmarried males
had the highest rates of paid assistance (46%) and married
males the lowest (21%).

The use of paid personal assistance was an additional
9–11% higher for persons who met both the ADL and CI
Triggers: 34% of married persons and 51% of unmarried
persons (45% combined) had paid assistance; unmarried
females had the highest rates of paid assistance (52%) and
married males the lowest (32%).

The use of paid personal assistance for personswhomet
only the ADLTrigger was similar to the use for those who
met any HIPAA LTC trigger: 23% of married persons and
44% of unmarried persons (34% combined) had paid
assistance; unmarried males had the highest rates of paid
assistance (51%) and married males the lowest (20%).

The use of paid personal assistance for persons who
met only the CI Trigger was substantially lower than for
persons who met the HIPAA ADL trigger, and was close
to the use for persons who met neither HIPAA LTC
trigger: 11% of married persons and 33% of unmarried
persons (27% combined) had paid assistance; unmarried
males had the highest rates of paid assistance (45%) and
married males the lowest (11%).
Table 13 displays the average number of hours of help
per week among community residents reporting personal
assistance within the week prior to the NLTCS detailed
interview. The numerators of the percentages inTable 11
were the denominators of the averages in Table 13.

Hours of help were missing for about 8% of the
respondents in the numerators of Table 13; these missing
values were assumed to be equal to the cell-specific means
for the nonmissing values. The weekly hours of help were
substantial for persons who met neither HIPAA LTC
trigger but who had personal assistance: Married persons
had an average of 20 h and unmarried persons an average
of 13 h (combined average was 15 h); married males had
the highest average (25 h) and unmarried females the
lowest (12 h). These averages would be reduced substan-
tially if one multiplied them by the corresponding values
inTable 11 to produce the marginal hours of help among
all persons who met neither HIPAA LTC trigger.

The weekly hours of help were substantially higher for
persons who met any HIPAA LTC trigger: Married per-
sons had an average of 49 h and unmarried persons an
average of 46 h (combined average was 47 h); married
males had the highest average (52 h) and unmarried
males the lowest (44 h).

The weekly hours of help were highest for persons who
met both the ADL and CI Triggers: Married persons had
an average of 63 h and unmarried persons an average of
68 h (combined average was 66 h).

Among those meeting only the ADLTrigger, married
and unmarried persons both had an average of 50 h.
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Among those meeting only the CI Trigger, married per-
sons had an average of 25 h and unmarried persons an
average of 16 h (combined average was 19 h).

Table 14 displays the average number of paid hours of
help per week among community residents reporting paid
Table 13 Average hours of help per week among community resi

disability or health problem; by HIPAA triggers by marital status, sex

Married Sex Age

HIPAA trigger

None CI trigger only A

Yes Male 65–74 23.8 23.7 6

75–84 23.9 26.4 5

85+ 28.0 44.9 5
Total 24.7 28.4 5

Female 65–74 14.5 33.4 4

75–84 14.6 14.4 4

85+ 28.2 20.2 4
Total 15.8 20.0 4

Total 19.8 25.4 5

No Male 65–74 6.2 11.6 1
75–84 16.6 18.3 6

85+ 13.6 20.6 5

Total 13.7 17.6 5

Female 65–74 8.6 7.7 3
75–84 11.9 17.0 4

85+ 13.7 15.8 5

Total 12.2 15.9 4

Total 12.5 16.3 5
Total 15.1 18.8 5

CI trigger is defined as a score in the range 0–23 on the MMSE, seni

Source: Author’s calculations based on the 1999 National Long-Term

Table 14 Average hours of paid help per week among commun

week due to a disability or health problem; by HIPAA triggers by mar

Married Sex Age

HIPAA trigger

None CI trigger only A

Yes Male 65–74 – 6.5 3

75–84 6.3 7.4 2

85+ 10.7 40.0 3
Total 8.7 11.3 2

Female 65–74 3.6 3.0 1

75–84 8.7 7.7 2

85+ 15.5 2.0 1
Total 8.2 5.6 1

Total 8.4 9.1 2

No Male 65–74 5.8 12.2 4
75–84 8.3 15.3 5

85+ 7.2 8.8 4

Total 7.5 13.1 4

Female 65–74 6.5 14.7 2
75–84 9.7 8.3 2

85+ 11.4 8.2 4

Total 10.0 8.6 3

Total 9.5 9.9 3
Total 9.3 9.8 3

CI trigger is defined as a score in the range 0–23 on the MMSE, seni

Source: Author’s calculations based on the 1999 National Long Term
personal assistance within the week prior to the NLTCS
detailed interview. The numerators of the percentages in
Table 12were the denominators of the averages inTable 14.

Hours of help were missing for about 4% of the
respondents in the numerators of Table 14; these missing
dents reporting personal assistance within the prior week due to a

, and age, United States 1999, age 65 and above

TotalDL trigger only ADL & CI trigger Any trigger

1.9 51.8 53.6 43.7

5.4 72.8 53.1 42.9

3.0 42.8 47.2 40.8
6.9 60.4 52.0 42.7

1.7 50.6 42.9 28.3

0.9 78.8 46.3 31.5

7.6 58.0 44.7 38.3
1.9 67.3 45.1 31.2

0.1 63.1 49.1 37.3

9.8 105.4 41.0 27.6
9.8 44.6 46.3 32.5

7.0 56.4 44.3 30.9

8.1 68.2 44.4 31.0

9.6 29.7 30.8 19.6
3.4 64.3 41.8 28.0

4.4 73.7 52.1 38.7

8.3 67.7 46.2 32.1

0.2 67.7 45.9 31.9
0.1 66.1 47.1 33.9

lity, or Alzheimer’s disease.

Care Survey.

ity residents reporting paid personal assistance within the prior

ital status, sex, and age, United States 1999, age 65 and above

TotalDL trigger only ADL & CI trigger Any trigger

1.8 2.5 20.9 20.9

5.9 16.0 19.6 17.1

0.0 10.4 20.8 16.9
8.0 12.9 20.1 17.5

2.1 7.7 10.7 9.0

0.0 23.5 20.2 15.3

0.8 36.0 20.0 19.3
5.0 23.6 17.2 14.2

1.7 17.7 18.8 15.9

0.5 67.0 37.3 27.4
4.1 2.5 33.8 24.2

3.1 19.0 32.4 21.2

7.8 34.9 33.9 23.4

1.2 25.8 21.4 15.4
4.5 63.3 34.5 23.4

8.3 55.0 44.5 35.5

5.3 56.4 38.9 28.5

8.1 54.7 37.9 27.5
3.4 45.3 33.2 24.9

lity, or Alzheimer’s disease.

Care Survey.
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values were assumed to be equal to the cell-specific means
for the nonmissing values.

The weekly hours of paid help were lowest for persons
who met neither HIPAA LTC trigger but who had paid
personal assistance: Married persons had an average of 8 h
and unmarried persons an average of 10 h (combined
average was 9 h); unmarried females had the highest aver-
age (10 h) and married females the lowest (8 h).

The weekly hours of paid help were substantially
higher for persons who met any HIPAA LTC trigger:
Married persons had an average of 19 h and unmarried
persons an average of 38 h (combined average was 33 h);
unmarried females had the highest average (39 h) and
married females the lowest (17 h).

The weekly hours of paid help were similar or higher
for persons who met both the ADL and CI Triggers:
Married persons had a similar average of 18 paid h and
unmarried persons a higher average of 55 paid h (com-
bined average was 45 paid h).

Among those meeting only the ADL Trigger, married
persons had an average of 22 paid h and unmarried
persons an average of 38 paid h (combined average was
33 paid h). Among those meeting only the CI Trigger,
married persons had an average of 9 paid h and unmarried
persons an average of 10 paid h (combined average was
10 paid h).
Disability Declines

One of the most significant findings from the NLTCS was
the discovery (Manton et al., 1993, 1997) and confirmation
(Manton and Gu, 2001; Freedman et al., 2002, 2004) that
LTC disability rates among the U.S. elderly were declin-
ing at a rate faster than the 0.6% per year expected based
on the century-long trends established by Fogel and Costa
(1997) and Costa (2000, 2002).
Table 15 Percent of population meeting HIPAA ADL trigger unde

and 1999, age 65 and above, males

Age

Cross-sectional weights

Year

1984 1999

65–69 3.12 2.17

70–74 5.50 3.76

75–79 8.57 5.29
80–84 13.48 10.73

85–89 21.88 18.40

90–94 37.31 23.87

95–99 53.20 35.56
Age standardized rate 7.48 5.32

Results were age-standardized to the 1984 NLTCS weighted male po

Source: Author’s calculations based on the 1984 and 1999 NLTCS.
Stallard et al. (2004) used longitudinal weights to estab-
lish that the general decline in disability also applied to
the more severe form represented by the HIPAA ADL
Trigger. Longitudinal weights were used because con-
cerns had been raised about the reliability of the standard
cross-sectional weighting procedures in the NLTCS
(Freedman et al., 2004).

The standard cross-sectional weighting procedures
used the CDS Screener Cross-Sectional Weights for each
indicated year, with adjustment for noncomplete institu-
tional interviews. The longitudinal weights were defined
as the cross-sectional weights assigned to the NLTCS
respondents in 1984 or, if not then, the first cross-sectional
weights assigned to the respondents as they aged in at some
later date. The longitudinal weights did not include
adjustments for non-response, in part because the response
rates to the survey were very high (about 95%), and in part
to minimize the number of assumptions used in their
construction. However, the longitudinal weights included
a one-time adjustment for deletions of certain persons
aged 70–74 at their second survey, which reverted to the
original longitudinal weights when these persons were
reinstated beginning at their third survey. All of these
deleted persons screened out at their first survey when
they were aged 65–69. The surveys affected by these
deletions were conducted in 1989, 1994, and 1999. The
deletions were made because the vast majority of these
persons were free of disabilities and the limited resources
had to be directed toward the disabled.

Tables 15 and 16 display separately by sex the age-
specific and age-standardized disability prevalence rates
and their changes based on the HIPAA ADLTrigger using
the standard cross-sectional weights for 1984 and 1999
and the longitudinal weights for 1999.

For both sets of weights, for all ages, and for both sexes,
the prevalence rates for persons meeting the HIPAA ADL
Trigger declined at rates faster than the expected rate of
r cross-sectional and longitudinal weighting, United States 1984

Longitudinal weights

Year

Annual rate of
decline; 15 year 1999

Annual rate of
decline; 15 year

2.39% 2.17 2.39%

2.51% 3.76 2.50%

3.16% 5.24 3.22%
1.51% 11.21 1.22%

1.15% 17.87 1.34%

2.93% 25.10 2.61%

2.65% 31.61 3.41%
2.24% 5.35 2.21%

pulation.



Table 16 Percent of population meeting HIPAA ADL trigger under cross-sectional and longitudinal weighting, United States 1984

and 1999, age 65 and above, females

Age

Cross-sectional weights Longitudinal weights

Year Year

1984 1999
Annual rate of
decline; 15 year 1999

Annual rate of
decline; 15 year

65–69 3.49 2.56 2.04% 2.56 2.04%

70–74 4.91 4.28 0.91% 4.41 0.71%

75–79 9.00 7.07 1.59% 7.05 1.62%
80–84 17.25 13.08 1.83% 13.42 1.66%

85–89 30.15 24.09 1.49% 24.69 1.32%

90–94 49.78 42.05 1.12% 43.52 0.89%
95–99 69.32 54.31 1.61% 56.75 1.33%

Age standardized rate 10.95 8.74 1.49% 8.94 1.35%

Results were age-standardized to the 1984 NLTCS weighted female population.

Source: Author’s calculations based on the 1984 and 1999 NLTCS.
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0.6% per year. The age-standardized rates declined at a
rate of 2.2% per year for males (for both sets of weights)
and 1.4% or 1.5% per year for females (longitudinal vs.
cross-sectional weights).

Significant areas of research involve the development
and fielding of improved instruments for measurement of
LTC disability and the analysis of existing data to
enhance our understanding of the causes and public
health implications of the declines.
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For the most part long-term care (LTC) has not been
among the main concerns of health policy makers.
Cost-containment issues, perhaps an excessive focus on
specialized medical care, and the fact that families have
always been and remain the major providers of LTC have
contributed to a slow development of public long-term
care services (WHO, 2000). However, demographic tran-
sitions are resulting in dramatic changes in health needs
around the world. Care for the chronically ill and for
those with disabilities and a steep rise in the numbers of
elderly are a growing challenge in practically all societies.
Definition and the Target Population in
Need of LTC

LTC includes activities undertaken for persons who are
not fully capable of self-care on a long-term basis by infor-
mal caregivers (family and friends), formal caregivers, and
volunteers.

The target population includes those who suffer from
any kind of physical or mental disability requiring assis-
tance with the activities of daily living.

LTC encompasses a broad array of services such as
personal care and assistive devices that are designed to
minimize, restore, or compensate for the loss of indepen-
dent physical or mental functioning.

Disability also results in difficulties in accessing health
care and in complying with health-care regimes, and it
affects the ability of the individual to maintain a healthy
lifestyle to prevent deterioration in functional status.
Therefore, LTC includes efforts to ensure access to
acute, chronic care and rehabilitation services and to pre-
vent deterioration of the functional capacity of the
disabled (such as, for example, preventing bedsores and
preventing depression). The central role of the family in
providing LTC requires significant efforts to inform and
guide the families (WHO, 2002).
The Uniqueness of Long-Term Care

Whereas more traditional health care is concerned with
cure and recovery, LTC attempts mainly to contribute to
alleviating suffering, maintaining the best possible quality
of life, reducing discomfort, improving the limitations
caused by diseases and disability, and maintaining the
best possible levels of functioning (Larizgoitia, 2003).

An additional significant difference between LTC and
the acute sector is that the provision of LTC is heav-
ily based on unspecialized, labor-intensive, and relatively
unskilled providers. Professionals (physicians, nurses,
social workers, and others) are involved to a degree that
is significantly less than that in acute care. LTC allows lay
volunteers, in particular the family, to take part in its
implementation. Indeed, in most countries, care is still
predominantly a family task – mainly performed by
women. Despite the increasing role of the government,
nongovernmental organizations (NGOs) and the private
(for-profit) sectors in service provision, informal care has
remained the dominant form of care (Wiener, 2003).
However, the increasing proportion of women in the
labor market and the declining ratio between those need-
ing care and those who are potential caregivers are raising
questions of whether informal care will maintain its pre-
dominant role.
Issues in the Organization and Provision
of LTC Services

All developed countries have established LTC programs
under the auspices of health and welfare services, and
many developing countries are in the initial stages of
some development. Programs usually include some com-
bination of health, social, housing, transportation, and
support services for people with physical, mental, or
cognitive limitations. However, there is no single para-
digm and there are a number of different approaches in
the organization and provision of LTC. An understanding
of the nature of the variance among countries is important
to provide insight for development of care policies.

Countries differ in the way they have resolved basic
design issues. Among the most central issues are the
nature of entitlements, targeting and finance; service
delivery strategies; and issues of integration between
LTC and health and social services.
Nature of Entitlements, Targeting and Finance

Among the most significant key policy design issues are
the principles of eligibility for publicly subsidized LTC
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services and the nature of entitlements. Underlying these
issues are two fundamental decisions:

1. Who does a country decide to support – everyone or
only the poor?

2.. Should access to services be based on an entitlement
(insurance principle) or subject to budget constraints
(tax-funded principle)?

Such questions also arise in the provision of acute care.
What is unique, however, to LTC is the additional possi-
bility that the family might at least in part meet these
needs for many individuals. Thus, underlying this deter-
mination is society’s view of the appropriate and expected
roles of the people with disabilities and their families.

The choice among different options is often between
selective (or means-tested) and universal approaches to
service provision. Support for the poor is obviously based
on a concern for their inability to purchase these services
and can lead to an exclusive focus on this group. Even if
such is one’s primary goal, this can lead to a strategy that
supports the nonpoor, if it is believed that including them
in a more universal program is the best way to mobilize
support for the poor and to avoid the problems associated
with programs for the poor, such as low quality. Support
for the broader population can have several rationales,
including:

. The catastrophic potential nature of LTC costs when
broad segments of the population may find it difficult
to pay; when resources are depleted, they become a
burden on public programs;

. Concern with the broader social costs of care provision
and an interest in easing the burden on families (par-
ticularly women);

. Reducing utilization of more costly acute care (partic-
ularly hospitalization) services by substituting LTC
and in part by medicalizing it.

A second key question is whether access to LTC ser-
vices should be based on an entitlement or subject to
budget constraints. An entitlement program means that,
irrespective of available budgets, everyone who fulfills the
eligibility criteria must be granted benefits.

Entitlement programs are generally financed through
insurance-type prepayments, whereas nonentitlement
programs are usually financed through general taxation.
A prepayment is generally viewed as granting a right to a
service.

It should be kept in mind that an entitlement approach
can influence the targeting of services. With contributory
entitlement, strict income testing is unlikely to be adopted
so as to prevent exclusion from benefits for the many who
contribute to financing the program. Nonentitlement pro-
grams, focused primarily on the poor, will usually have a
relatively strict means test.
The decision to adopt an entitlement approach and a
contributory finance system has implications for addi-
tional eligibility criteria. The nature of family availability
and support will not typically be taken into account in an
insurance framework.

A third implication is that under an entitlement sys-
tem, benefit levels are set relatively lower because family
support is not a criterion, and benefits will be provided to
many who might already be receiving significant family
support. Setting low benefit levels also reflects concern
with cost control. In an entitlement system, cost is not
easily predictable or defined because it is determined by
the number of eligible applicants.

We can illustrate the variation in these fundamental
design issues by using a couple of examples. On the one
hand, in the UK, provision of LTC is normally income
tested and provided on a budget-restricted basis. On the
other hand, Scandinavian countries (e.g. Sweden) have a
policy commitment to maintaining high levels of services
to the entire population and not only for the poor, even
though services are financed through general taxation.
There are user charges related to income, but given the
high level of pensions, this has not been a significant
barrier for those who need LTC services. Most Canadian
provinces are somewhere in between countries like the
UK and the Scandinavian countries with respect to tar-
geting the poor (UK Royal Commission on Long-Term
Care, 1999).

The Medicaid program in the United States is an
interesting example of a system that while focusing on
the poor and financed by general tax revenues provides an
entitlement subject to a strict means test.

In recent years, a number of countries have adopted a
broader insurance-based approach and a full entitlement.
This model includes Germany, Austria, Holland, Israel,
and more recently Japan (Brodsky et al., 2000).
Service Delivery Strategies: Balancing Care in
the Home, in the Community, and in Institutions

Another element of variation among countries is reflected
in the actual package of services offered to people with
disabilities. There is no universally agreed-upon package
of LTC services. For one thing, countries are in different
stages of economic development, and some can afford a
more comprehensive package than others. In addition,
countries have different sociodemographic and epidemi-
ological patterns, cultures, and values, which can all play
an important role in defining the needs and priorities. For
example, in Sweden most families do not feel obligated to
look after older parents, believing that this is just as much
the role of government. In contrast, in Israel much more is
expected of family members (and less by government).
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One of the most important distinguishing dimensions
among services is the location in which these services are
to be provided, collectively referred to as a continuum of
care: home-based, in ambulatory settings in the commu-
nity, or in a LTC institutional setting.

Home-based programs

Such programs may include

. Home health services – include skilled medical/
nursing care, health promotion, prevention of function-
al deterioration, training and education, facilitation of
self-care, and palliative care;

. Personal care – care related with activities of daily
living (ADL) (e.g., bathing, dressing, eating, and toilet-
ing);

. Homemaking – assistance with instrumental activities
of daily living (IADL) (e.g., meal preparation, cleaning,
and shopping);

. Assistive devices, physical adaptations of the home, and
special technologies (alarm systems).

Ambulatory settings

Ambulatory settings in the community can provide a
different package of services, which may be more health
related or more social related. For example, some models
of day-care provision focus on health-related services
such as monitoring of health status and rehabilitation,
whereas others focus on providing the disabled person
opportunities for recreation and socialization.
Institutional services

This model includes a wide range of institutions which
provide various levels of maintenance and personal or
nursing care. There are LTC institutions aimed mainly
at addressing housing needs and providing opportunities
for recreation and socialization, whereas others (usually
referred to as nursing homes or skilled nursing homes)
address health-related needs. The first type serves the
moderately disabled, whereas the second type the more
severely disabled.
Assistive living, service-enriched housing, and

sheltered housing

This model includes special housing units that offer
independent living but also services and care to an extent,
which, in some cases, comes close to a modern, noncusto-
dial institution. These kinds of sheltered accommodations
are now substituting the traditional residential homes, and
to some extent also nursing homes.

Whereas almost all industrialized countries offer a broad
package of services, the absolute level and the relative
importance of the service mix vary. There is also noticeable
convergence. In most industrialized countries, the share of
the older population (over 65) in institutions varies between
5 and 7%. This percentage does not appear to have grown
dramatically in recent years despite continued aging of
older populations, and in some countries such as Canada
and Holland, it has even declined.

Partly because of the rising cost of institutional care, a
focus on community care has taken place in many indus-
trialized countries. ‘Aging in place’ is perceived as pre-
ferred by the elderly and, in the majority of cases, as a less
expensive alternative to institutional care. One of the
hopes of those planning various LTC programs was that
their broader availability would reduce costs by reducing
acute care hospital utilization and the demand for long-
term institutional care. In Japan and Canada, for example,
there is an overuse of acute beds by those needing LTC.
As a result, reforms have been introduced in Quebec. The
Netherlands is one of the countries in which the level of
institutional care has been particularly high. The Dutch
government has actively implemented experimental pro-
grams aimed at reducing institutionalization.

Although the infrastructure of supportive services has
grown, the expectation of diverting a significant number
of disabled elderly people from nursing homes has been
somewhat scaled down in many countries. The extent to
which the various LTC programs have influenced pat-
terns of referral to institutions has depended in part on
the extent and type of community care available. When
such services are limited, they are less likely to offer an
alternative to institutionalization, particularly for the
more severely disabled elderly.

More recently, some countries have highlighted the
potential of health services such as post-acute care and
rehabilitation in delaying or preventing long-term insti-
tutionalization. Over and above the availability of com-
munity services, other factors may affect an elderly
client’s ability to choose between community and institu-
tional services, including the supply of beds and the level
of copayments for institutional care. In Germany, for
example, a copayment of 25% is levied on people enter-
ing LTC to keep such care from becoming financially
preferable to home care. Japan has made similar efforts
to damp down institutional demand.

There is a wide variation in the provision of home care.
For example, home help (nursing and assistance in activ-
ities of daily living) has been estimated to be provided to
between 5 and 17% of the population, depending on the
country (OECD, 1999).

In some countries, greater individual flexibility in
choice of care delivery has been considered, for example,
the provision of cash benefits in addition to or instead of
services in-kind. There are three basic forms of provision:
services in kind (e.g., Israel); cash allowances without
restrictions which enables a client to use the funds as he
or she sees fit (e.g., Germany and Austria); and cash
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allowances with a restriction to purchase services (e.g.,
experimental programs in Holland and the United States).
Long-Term Care Assessment

Assessment in LTC serves multiple purposes: to deter-
mine eligibility for services, develop the most appropriate
care plan according to clients’ needs, monitor clients’
status over time, and assess services’ outcomes in relation
to functional needs or maintaining maximum function
and enhancing the quality of life of people with disabil-
ities and of their families. At a health-service level, mea-
sures may be used to monitor quality of care, allocate
resources based on case mix, and even to plan for the
development of appropriate resources (Berg and Mor,
2001). The desired characteristics of an assessment instru-
ment will vary relative to the objective of the assessment,
but the same instruments can sometimes be used for
multiple purposes. Comprehensive assessment should
address different domains of impairment (e.g., cognitive
status, strength, sensory and perceptual deficits), disabil-
ity (e.g., measures of activities of daily living), and health-
related quality of life (e.g., mental health and emotional
well-being). For each domain, there is no single best
measure. There is general agreement as to the types of
domains and indicators that should be included in assess-
ment for long-term care, although the relative weights to
be placed on these various domains are more debatable.

There are numerous available assessment instruments
that focus on particular aspects of LTC. Table 1 gives
selective examples of some of the most established instru-
ments developed in the United States and Europe. Some
Table 1 Long-term care: Examples of assessment instruments

Assessment domain Examples of indicators

Activities of daily living
(ADL)

Ambulation; toileting; continence; person
dressing; mobility; locomotion

Instrumental activities
of daily living (IADL)

Meal preparation; housekeeping; shoppin
management of oral medications; use o

transportation; basic finances

Health status Skin condition; pain interfering with activi

nutritional status and significant weight
pressure ulcers; falls

Cognitive status Cognitive functioning: memory; decision

language; orientation

Emotional/behavioral
status (affect)

Anxiety level; level of social interaction; le
participation; behavioral problems; dep

General quality of life
measures and

measures of

well-being

Multidimensional indicators including hea
emotional, social status

Family/caregiver strain Caregiver burden (physical, emotional, ec
social); effect of caregiving on the relat

between caregiver and care receiver; a
of these instruments are quite culturally specific and
would need to be adapted not only to other languages
but also to other cultures and worldviews.

In the United States, Medicare and Medicaid autho-
rities, along with the development of managed care,
have given a tremendous push to research in this area
(Shaughnessy et al., 1994). One of the best-known LTC
assessment tools is the Minimal Data Set (MDS). Its main
aim is to provide a reliable, uniform, and universal set of
data across settings and for different purposes, which are
used to inform care planning to provide a basis for exter-
nal quality surveys and internal continuous quality
improvement and in the case mix adjusted reimbursement
systems. Although MDS began in institutions in the
United States, it has since been expanded for home care
and other settings, and has been used in both English- and
non-English-speaking countries.
Issues of Integration between LTC and Health
and Social Services

A major concern involves the continuum of care between
the acute and LTC systems, and between the health and
social service systems. However, one of the major pro-
blems in many countries is fragmentation of such services
(Clarfield et al., 2001). The interest in integration arises
out of a number of concerns for the quality and efficiency
of care. These include the ability to provide for coordi-
nated care packages, consider alternative services in the
most optimal way, and ease the access to services by
offering one easily identified source of provision. Never-
theless, it is by no means simple to provide integrated
Examples of standardized measures

al hygiene; Katz Index; Barthel Index; Functional
Independence Measure (FIM); Mobility

Assessment

g; laundry;
f

PSG Scale

ty;

loss;

Minimum Data Set (MDS); the Mini Nutritional

Assessment (MNA)

making; Mini-Mental State (MMSE); The CERAD

Assessment Packet

vel of social
ression

Geriatric Depression Scale (GDS);
Neuropsychiatric Inventory (NPI); the CERAD

Behavior Rating Scale for Dementia (BRSD)

lth, mental, SF-36; General Health Questionnaire (GHQ);
Philadelphia Geriatric Center Morale Scale

(PGCMS)

onomic,
ionship

buse

Burden Interview (BI); Caregiver Social Impact
Scale; Caregiving Appraisal Scale (CAS);

Cost of Care Index (CCI)



Long Term Care in Health Services 131
LTC because services are the responsibility of many
jurisdictions, and the various components tend to work
in parallel with separate funding streams and budgets.

Links between LTC and acute health systems can
encourage continuity of care. These connections may
reduce acute hospital stays and create an incentive to
provide adequate home health care and rehabilitation,
especially if the health-care providers can enjoy the ben-
efits of reduced institutional long-term care. At the same
time, there are concerns about linking LTC with primary
health care that generate interest in independent models
of LTC. The impact of integration on incentives to pro-
vide adequate LTC are neither certain nor easily pre-
dictable. Within health systems, there is concern for
a preference toward addressing acute care needs over
those that are more chronic or function related. A related
concern is for the overmedicalization of LTC services if
provided in a medically oriented system and the conse-
quences of higher costs as a result. In addition, in the
United States, for example, the integration of acute and
LTC has depended on integrating medical and social care
funding streams. There is a belief that such integrated
funding is the basis for program integration. However,
although such linkage is necessary, it is insufficient. Suc-
cessful integration requires a major reorganization of the
programmatic infrastructure, which can then be rein-
forced with funding approaches (Kane, 2003).

In general, most developed countries have not fully
integrated LTC within the acute system. Some countries
have made an effort to partially integrate components of
LTC (e.g., Germany), where it is administratively but not
financially integrated. Other countries have implemented
demonstration projects that fully integrate acute and LTC
such as the PACE program in the United States and the
SIPA program in Quebec (Béland et al., 2006).

The PACE – program for all-inclusive care of the
elderly – was implemented experimentally in one neigh-
borhood in San Francisco in the 1970s and has been
expanded to some 36 locations throughout the United
States. The model enables the resources for acute and
long-term care to be pooled. Disabled elderly who join
the program receive a variety of services under one roof.
Those eligible for the program are disabled elderly who
are eligible to enter long-term care facilities from Medic-
aid, but who remain in their homes. The program is
funded on a capitation basis by Medicare and Medicaid.

SIPA – French acronym for system of integrated care
for older persons – is an integrated system of social,
medical, and short- and long-term hospital services
offered in both the community and institutions to vulner-
able elderly persons. It has been implemented in Canada.
Its distinguishing features are community-based multi-
disciplinary teams with full clinical responsibility for
delivering integrated care through the provision of com-
munity health and social services and the coordination
of hospital and nursing home care; all within a publicly
managed and funded system.

In the absence of integrated systems, many countries
have been experimenting with various coordinating
mechanisms such as care management.
Conclusions

Care for people with disabilities is a major challenge in
industrialized as well as in developing countries. We have
shown that although almost all industrialized countries
offer a broad package of services, their level and mix vary
among countries. In some areas there seems to be more
convergence, whereas in others, policies have taken a
different route and differ on principles of targeting, enti-
tlement, and finance. There is much to be learned from
the experience of industrialized countries in defining the
range of options and in learning from some of the dis-
advantages and advantages of these systems. Unfortu-
nately, the ability to learn from the experience is limited
by the lack of adequate systems for monitoring outcomes
and evaluating implementation, as well as in difficulty in
‘comparing apples and oranges.’ As LTC programs con-
tinue to develop, it is hoped that more attention will be
given to systematic and comparative evaluations.

See also: Comparative Health Systems; Home Care;

Hospice and Palliative Care; Populations at Special

Health Risk: The Elderly.
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Introduction

Long-term care comprises a set of nonmedical as well as
medical services delivered to individuals who have lost
some capacity for self-care because of chronic illness or
disability. It differs from other types of health care in that
its primary goal is not to cure ill health but to allow
individuals to achieve and maintain optimal levels of
personal functioning. Promotion of quality of life is a
core aim. Long-term care can therefore include provision
of medical care, but tends to be more closely associated
with an array of social, personal, and supportive services
that provide help with domestic tasks (such as shopping,
cleaning, preparing meals), personal care tasks (dressing,
bathing), and personal concerns (safety). Specialized
housing might be provided.

Most of the long-term care received by people who live
at home is provided by family members or other informal
(unpaid) carers. But, as we shall describe later, in most
high-income countries, there has been a gradual shifting of
the balance of care – away from the family and toward
formal care services delivered by paid staff employed by
health-care agencies, municipalities, voluntary (nonprofit,
nongovernmental) organizations or private sector bodies.

Other key parameters of a long-term care system vary
quite noticeably from country to country, again as we
discuss later. The mechanisms used to finance long-term
care can include collectively organized risk-pooling
arrangements such as social insurance or tax-based fund-
ing, but across much of the world there is still heavy
reliance on privately financed care, whether through
out-of-pocket payments (user charges) or voluntary
insurance policies. Another variable is the locus of care,
with countries choosing to rely to differing degrees on
residential forms of provision such as nursing homes,
staffed care facilities and long-stay hospital wards. It is
generally held to be preferable to provide long-term care
in ordinary community settings, such as an individual’s
own home, although this is not always easy to achieve.
Another relevant parameter is the balance between pro-
vider sectors, with some long-term care systems heavily
reliant on public services and others dominated by ser-
vices delivered by private and voluntary sector bodies.

Long-term care services are used by people with
chronic health and related conditions. Older people are
particularly heavy users of such services, and this pattern
will undoubtedly persist given the aging of the world’s
population. We focus primarily on this age group.
Demographic Change

Population aging is a worldwide phenomenon. The chal-
lenge that this generates can be illustrated for some Euro-
pean countries (Table 1). Countries such as Germany and
Italy, for example, are expected to see decreases in total
population between 2004 and 2050, whereas the Irish
population is expected to grow by more than a third,
and the population of Sweden by 13%. Generally, high-
income countries will see decreases in the population
aged 15–64, conventionally the most productive ages in
terms of contributions to national economies. Projected
changes in the older population (age 65 and above) will
be pronounced. For example, in the UK there were
9.5million older people in 2004, projected to almost dou-
ble to 17 million by 2050. Of more interest for long-term
care systems is the expected growth in the old old age
group. For example, again looking at the UK, there is a
projected increase of 150% in the number of people aged
80 or above, but this pales by comparison to Ireland,
Spain, the Netherlands, and Germany.

Central to many concerns about future long-term care
arrangements is the demographic balance between depen-
dent older people and the labor force. The ratio of the
population aged 65 or older to those aged 15–64 is already
quite high in Italy, Germany, France, and Spain, and by
2020 will be much higher (Table 2).

Why are these demographic patterns important? Use of
long-term care and medical services is high among older
people, and an aging population will inevitably put grow-
ing pressure on care services. This can be illustrated by
projections of needs and expenditure for England using
the Personal Social Services Research Unit (PSSRU)
model (Wittenberg et al., 2006). The model has projected
that the number of occupied residential places (in resi-
dential care homes, nursing homes, hospitals) would need
to expand by 115% between 2002 and 2041 just to keep
pace with demographic change, while care support for
older people in their own homes would need to increase
by 103%. But these needs could be much higher if the
proportion of older people who are dependent increases
(perhaps because people with high care needs survive into
old age as a result of improvements in medical technol-
ogy), or if quality of care improvements are demanded by
future cohorts of service users, or family members are less
able or willing to provide unpaid care for dependent older
relatives (perhaps because of changing labor force parti-
cipation patterns and geographical mobility).



Table 2 Ratio of the population aged 65 and older to

population aged 15–64

2005 2010 2015 2020

Australia 24.1 26.2 30.5 35.3
Canada 22.6 24.7 29.0 33.8

Denmark 28.6 31.6 36.5 40.9

France 37.0 38.9 45.5 51.4

Germany 37.5 41.2 42.2 45.2
Ireland 21.2 21.6 23.7 26.1

Italy 44.3 46.7 50.7 54.5

Japan 32.0 37.8 45.3 50.5

Netherlands 25.3 27.6 32.1 35.3
New Zealand 21.3 23.0 27.0 31.3

Norway 26.6 27.5 30.6 33.8

Spain 36.1 37.4 39.7 42.3
Sweden 33.5 36.7 41.6 45.5

US 20.9 22.2 25.1 29.1

UK 29.5 31.2 35.5 38.8

From OECD (2006) OECD Factbook 2006: Economic Environ-
mental and Social Statistics. Paris: Organisation for Economic

Co-operation and Development.

Table 1 Overview of the projected changes in the size and age structure of some European populations, in millions

Population (total) Older population (ages 65þ) Very old population (ages 80þ)

2004 2050 % Change 2004 2050 % Change 2004 2050 % Change

Denmark 5.4 5.5 2 0.8 1.4 7 0.2 0.5 140

France 59.9 65.1 9 9.8 17.4 94 2.6 6.9 163

Germany 82.5 77.7 –6 14.9 23.3 105 3.4 9.9 187

Ireland 4.0 5.5 36 0.4 1.4 12 0.1 0.4 313
Italy 57.9 53.8 –7 11.1 18.2 89 2.8 7.2 158

Netherlands 16.3 17.6 8 2.3 4.3 26 0.6 1.6 191

Spain 42.3 43.0 1 7.1 15.0 99 1.8 5.3 199
Sweden 9.0 10.2 13 1.5 2.5 12 0.5 0.9 95

UK 59.7 64.2 8 9.5 17.0 93 2.6 6.5 150

From ECFIN (2006) The impact of ageing on public expenditure: Projections for the EU25 Member States on pensions, health care,

long-term care, education and unemployment transfers (2004–2050). European Economy Special Report. http://ec.europa.eu/economy_
finance/publications/european_economy/2006/eespecialreport0106_en.htm
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The PSSRU model estimates that long-term care
expenditure would need to increase by 325% in real
terms between 2002 and 2041 to meet demographic pres-
sures and allow for expected real rises in unit costs.
Projections of this kind are subject to uncertainty, of
course, but they vividly illustrate why there is so much
discussion of population aging and its implications.
Mixed Economy of Care

One of the complications in planning long-term care is
that many older people have multiple needs. If a care
system is well developed and adequately resourced it
is likely that these needs will be identified, assessed,
and addressed by a variety of agencies. Thus, for exam-
ple, there might be roles for health services, social care,
housing providers, social security agencies, and others in
supporting older people. The financing arrangements
could be very different between these agencies, with
implications for who pays for what, and there could be
the substantial challenge of coordinating care across orga-
nizational boundaries.

An added issue is that the care needed by older people
and their families could be delivered by government
(public sector), private (for-profit) or voluntary (non-
profit, charitable) organizations. Of course, most support
and care is not provided through structured organizations
at all, but by unpaid relatives and other individuals
providing informal care. Most countries have a thriving
mixed economy of provision – a mix of services delivered
by a mix of agencies and individuals, each with potentially
different motivations and funding bases. In understanding
how long-term care systems operate, we therefore need to
pay attention to the roles played by families, the types of
formal service provided, and the ways that those services
are financed. The next three sections address these topics
in turn. We then consider a relatively new development in
some long-term care systems – self-directed services.
Informal Care

Reliance on Unpaid Caregivers

Changing demographic patterns, family composition,
labor force participation and geographical mobility are
reducing the (potential) pool of family caregivers for older
people. The substantial inputs of unpaid family caregivers
(in terms of practical help, companionship, assistance in
getting out, and general supervision) often go unrecog-
nized. Yet without them either the state or civil society
(voluntary/charitable) bodies would have to step in to
provide formal care support, or older people or their
families would have to purchase care themselves. The
alternative would be poor and deteriorating quality of
life for older people and others with long-term care needs.

http://ec.europa.eu/economy_finance/publications/european_economy/2006/eespecialreport0106_en.htm
http://ec.europa.eu/economy_finance/publications/european_economy/2006/eespecialreport0106_en.htm
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The effects on caregivers can be considerable. On the
positive side, most caregivers gain great satisfaction from
their contribution to maintaining and improving the qual-
ity of life of the person they support, often a loved relative.
However, more attention focuses on the negative aspects,
and particularly the effects on health, stress, employment,
and income. Caregiver health problems are particularly
associated with supporting older people with high-level
needs (Moise et al., 2004). One of the most tangible effects
of caring is reduced opportunity to work and reduced
income: Evandrou (1995) found that men and women
who provide 20 or more hours per week of informal care
have earnings from employment that are 25% lower than
the earnings of employed noncaregivers.

Family caregivers, and particularly women, are abso-
lutely the mainstay of all long-term care systems. Not
surprisingly, most governments have therefore introduced
a range of measures that seek to encourage families to
continue to provide care for dependent relatives. Adequate
and appropriate health and social services provided to
older people, both in institutions and at home, are known
to be a major factor in supporting the inputs of family
carers and reducing the burden of care on their shoulders.
Respite care is central to most countries’ support pro-
grammes for caregivers: It offers families a break from
their caring responsibilities, and could be offered in the
home, or in a care facility (during the dayor overnight for a
fewdays). Financial support is available in some countries,
through tax credits (as in Canada, Spain, the US), pension
credits (as in Canada, Germany, the UK), or social care
budgets (as in Australia, France, Sweden) or through self-
directed payments (see the section titled ‘Financing’
below). Initiatives have also been taken to provide families
with better general information, advocacy, education, and
training about needs, how to meet them, and the availabil-
ity of local support. Employment-friendly policies are also
being introduced in some countries to help people com-
bine a career with caring responsibilities.

Experience in Canada illustrates many of the practical
and policy issues in relation to informal care. Unpaid
caregivers provide more than 80% of the support needed
by people with long-term conditions in Canada (Statistics
Canada, 2002). Although men are providing more care
than in the past, women still constitute the majority of
caregivers. Data from Statistics Canada’s 2002 General
Social Survey reveal that 59% of people providing care
to an older person in the preceding 12 months were
women. According to Smale and Dupuis (2002), 92% of
caregivers of older people in Canada are family members,
53% spouses, and 38% adult children of the person
being supported. One in 25 caregivers said they had
become economically inactive because of their caring
responsibilities.

A mix of programs and policies is in place at federal,
provincial, and territorial levels to support caregivers.
One of the main ways of providing support is through
provision of home care services, whether direct to care
receivers or specifically to meet the needs of caregivers
through, for example, respite services. These programs are
largely the responsibility of provincial departments of
health or social services, with the exception of veterans
and members of First Nations, who fall under federal juris-
diction. While there have been calls for the development of
a universal home care program, current federal health pol-
icy does not provide standards or guidelines for the devel-
opment or delivery of home care services. As a result, home
care programs vary widely across the country and meet the
needs of caregivers with varying degrees of success.

One emphasis in Canada has been to use the tax
system to provide financial support to those providing
care to disabled or elderly relatives. There are a number
of tax relief measures that can be claimed at the federal
level, although a criticism that has been made is that these
measures are least useful to those who most need them:
Although women constitute the majority of caregivers,
data from the 2000 tax year indicate that only 39% of
Caregiver Credit claimants were women, which may be
partly because many women caregivers do not have
sufficient income to benefit from a nonrefundable credit
(Shillington, 2004). While many caregivers meet some of
the eligibility criteria for most tax deductions and credits,
they rarely meet all, and so do not benefit from financial
compensation policies. The complexity is also said to put
off some potential beneficiaries.

The other national program offering financial com-
pensation to caregivers is the Compassionate Care
Benefit, an element of the Employment Insurance pro-
gram. It came into effect in 2004 and provides temporary
income support for eligible workers who need to take
leave from work to provide care to a family member
who is likely to die within the next 6 months. There are
many significant restrictions on eligibility for receipt of
this benefit: It is available, for example, only to close
relatives who are eligible for employment insurance (so
that, for example, self-employed persons are ineligible).

The provinces and territories have also used the tax
system to provide financial assistance to caregivers. But
tax credits available at this level, where they exist, largely
parallel those found at the federal level, although amounts
and eligibility criteria vary. There are also some sales tax
exemptions for respite care.
Provision

Many of the needs of older people stem from deteriora-
tion in their health and are most usually appropri-
ately met by health-care services. Other needs are more
appropriately met by social care providers. But the
boundaries between these sets of needs are hard to draw,
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and different patterns of service provision have grown up
in different countries, influenced by national culture,
financing arrangements, availability of skilled profes-
sionals and the caprices of day-to-day decision making.
The distinction between health and social care has poten-
tially important implications both for the level of cost (for
example, needs may be excessively medicalized or spe-
cialist treatment underprovided) and for the balance of
funding (if different eligibility criteria influence threshold
levels of dependence, for instance). In turn, these could
create (perverse) incentives: Cost-shifting is a problem in
some countries, as is the risk of people falling between two
separate care systems. Sweden is one country that appears
to have solved long-standing problems such as hospital
bed blocking and nursing home funding responsibilities,
but new boundary issues have arisen there, concerning
rehabilitation, home nursing, assistive technology and
so on.

Although there are many differences between
countries, there is a common core of (non-family) services
that can be said to comprise long-term care, including
needs assessment, counselling and advice, self-help sup-
port groups, respite care, crisis management, support cen-
ters, day programs, support for people in their own homes
(so-called home care, including home help, meals, and
community nursing), residential and nursing home provi-
sion, and – increasingly – a range of housing-with-support
services (such as sheltered housing, extra-care housing
and some retirement communities).
Institutional Care

The long-stay hospital ward for older people is gradually
being phased out in many Western countries, although it
remains an unwelcome feature of care systems in parts of
Eastern Europe. More policy attention in Western
countries has therefore turned to the balance between
institutional care (which now usually means residential
and nursing home care) and home care.

An OECD (1996) study found suggestions of some
convergence around a level of roughly 5% of older people
supported in institutional settings, ranging from below
1% in Greece and Turkey (in the early 1990s or late
1980s) to above 6.5% in Canada, Finland, Luxembourg,
the Netherlands, New Zealand, and Norway. Countries
with an above-average level of bed provision were gener-
ally trying to reduce it and those below the average were
generally trying to expand provision. Discussions on the
appropriate balance of care have included arguments
about relative effectiveness (for whom is residential/
nursing home care more effective – in terms of promoting
quality of life and other outcomes – and when?), relative
cost (both in total and to various agencies, especially
health and social care), and user and family preferences
(themselves influenced by factors such as perceptions of
quality, availability of informal care, the broader family-
centered culture in certain societies, and personal cost).

One consequence of this shifting balance between insti-
tutional and other forms of care is that older people tend to
get admitted to care homes when already quite dependent,
for example at later stages of dementia. This can leave
families carrying a heavy burden, and caregiver-related
factors are common reasons for admission. Another conse-
quence is that a high proportion of residents in care homes
and other highly staffed congregate care settings today
have dementia. Decisions on what is an appropriate bal-
ance of provision need to be thought through. For exam-
ple, the availability of places in care homes has significant
impacts on rates of delayed discharge from hospital in
England (Fernández and Forder, 2007).
Home Care

The OECD (1996) found a great deal of intercountry
variation in the provision of home care. For example, no
more than 5% of all older people in Austria, Germany,
Ireland, Italy, Portugal, and Spain were receiving home
care at the time of the study, compared to more than 10%
in Denmark, Finland, Norway, and Sweden. There was no
evidence of movement toward a similar proportion. How-
ever, comparisons of home-based care are difficult to make
across countries: ‘‘Howmuch of this [observed] variation is
due to differences in definitions of home care or other
methodological issues, rather than due to the actual use of
such services, is not clear’’ (Gibson et al., 2003: 3).

Notwithstanding this difficulty, the extent and nature
of development of what are sometimes called intermedi-
ate care arrangements (housing with various levels of care
support) also vary considerably. A common phenomenon
has been the transformation of most home care services
from the traditional home help, focused on household
chores, to services that concentrate on personal care.
This transformation has often gone hand in hand with
the development of intensively supported home care,
often costing as much as a place in a care home. It is
becoming increasingly common to find long-term care
systems targeting available resources on people with the
greatest needs (hence the development of intensive home
care, for example), at the expense of low-level care for
people with fewer needs. Indeed, collectively financed
low-level support has virtually disappeared in some
countries (such as England).
Provider Pluralism

Provider pluralism is another pervasive and increasingly
visible feature of many long-term care systems. The pub-
lic sector has often been the largest provider of formal
services, but not-for-profit (voluntary) and for-profit (pri-
vate) organizations have also been high-volume and/or



Long Term Care, Organization and Financing 137
high-profile contributors in the mixed economy of care
(Kendall et al., 2006). Responsibility for strategically coor-
dinating or commissioning care still rests predominantly
with public sector bodies, but increasingly it is nonpublic
bodies that actually deliver services in the field.

Policy debates in some countries have kept services
and financing distinct when discussing the future of long-
term care (such as in the UK), although the two are
obviously closely connected in practice. The sectoral bal-
ance of provision affects the balance of funding responsi-
bilities: For example, charitable donations can be used to
subsidize state or individual funding of services. The
sectoral balance of provision may also affect the overall
cost of care if one sector is demonstrably and consistently
less expensive and/or more cost-effective than another.
Coordination

Good interagency coordination of long-term care is imper-
ative if individual and family needs are to be met, which
requires collaborative approaches to financing. Without
effective coordination, yawning gaps could open up in
the spectrum of support: Even in well-resourced care
systems there are large numbers of people whose long-
term care needs go unrecognized or unmet. Wasteful
duplication of effort is another possibility. Countries,
states, and municipalities differ in their service and agency
definitions, responsibilities, and arrangements, and there-
fore in their interagency boundaries and the kinds of
connected action that spans them. One of the major orga-
nizational resource challenges, therefore, is to coordinate
service funding in ways that are effective, cost-effective,
and fair. Cost shifting and problem dumping between
agencies will not help individuals or families, but recogni-
tion of economic symbiosis could help decision makers
fashion improved responses to needs through pooled bud-
gets, jointly commissioned programs and other whole-
system initiatives.

In some countries, such as the Netherlands and
Scandinavia, there have been efforts to integrate housing
and health/social care to improve service coordination
and promote independence and self-care.
Quality of Care

Concern has been widely expressed about quality of care,
how to improve it and how to assure it through appropriate
regulatory mechanisms. There are inherent difficulties in
measuring some aspects of quality, and service users with a
moderate or high degree of cognitive impairment, for
example, are unlikely to be able to participate as informed
consumers using their voice to bring about change.

One factor working against quality improvements is the
low status and high rate of turnover of staff. A number of
countries are experiencing shortages of qualified or skilled
staff for long-term care services, and particularly to work
in services for people with dementia. One of the reasons is
undoubtedly that rates of pay seem to be universally low,
hindering recruitment and fostering turnover.
Financing

Themain approaches to funding long-term care are out-of-
pocket payments; voluntary insurance (sometimes called
private insurance); tax-based support from general tax rev-
enue; and social insurance. The last of these includes social
health insurance but could be broader to include social care.
All but the first are prepayment arrangements. They differ
one from another in the personal–collective funding bal-
ance, extent of risk pooling, and nature of government
intervention. Policy instruments applied to potentially any
of these funding approaches include providing informa-
tion and advice, regulation, subsidies, tax raising, transfer
payments, and direct provision of services. All financing
arrangements involve some redistribution over the life
cycle, whether explicitly through contributions to long-
term care or other insurance policies during the working
years, or through tax or social insurance contributions
(linked closely to employment) or through investment in
housing equity.

Almost all high-income countries rely heavily on pre-
payment systems of revenue collection, widely held to be
preferable to out-of-pocket payments when an indivi-
dual’s risk of needing long-term care is very uncertain,
and, when the need arises, if the attendant costs (of care)
and/or losses (of earnings) could be catastrophic. Prepay-
ment contributions pool risks, and therefore redistribute
benefits toward people with greater needs. They also have
the potential to redistribute in favor of poorer individuals,
either because need is inversely correlated with income,
or purposively by making arrangements progressive so
that poorer individuals pay proportionately less than
wealthier individuals for equivalent care. Out-of-pocket-
payment systems (from private savings, equity release and
so on) generally do not have these same advantages.
Out-of-Pocket Payments

Although prepayment systems dominate, in many
countries there are out-of-pocket charges for some ser-
vices, whether as co-payments (a specific amount is paid
for a service), co-insurance (an agreed percentage of cost
is charged) or deductibles (an agreed amount is paid
before insurance kicks in). There are various rationales
for introducing out-of-pocket payments, including to
raise revenue (if wealthier individuals can afford to pay,
why not charge them?), to discourage unnecessary ser-
vice use (moral hazard), and to create price sensitivity
that might help direct service users to more cost-effective
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and appropriate treatments. But out-of-pocket payment
mechanisms usually have undesirable impacts on access
and equity, discouraging the use of essential as well as
nonessential services, and delaying demand and utiliza-
tion that might later mean substantially increased costs.
Voluntary Insurance

Voluntary insurance is taken up and paid for at the dis-
cretion of individuals (hence the label voluntary) or per-
haps by employers on behalf of individuals. Insurance
policies might be offered by public, quasi-public, for-
profit or nonprofit organizations. Generally speaking,
voluntary insurance is less important in European
health-care systems than in the U.S., where it accounts
for half of health-care expenditure (Center for Disease
Control and Prevention, 2003). However, long-term care
insurance has failed to establish itself even in the U.S., and
has certainly not proved popular in countries where tax-
based or social insurance arrangements are in place
( Johnson and Uccello, 2005).

People individually purchasing insurance have lower
bargaining power than when insurance arrangements are
made by employers or the state, which in turn could affect
the benefits covered. Inherent in voluntary prepayment
systems are disadvantages such as adverse selection and
cream skimming, where higher risk groups (such as those
with chronic conditions) may find insurance unaffordable
and lower risk groups may feel that their own premiums
are too high. Insurance plans may also exempt existing
conditions from the benefit packages, which could be a
difficulty for long-term care. If there is no charge at the
point at which a service is used there may be excessive
utilization, the so-called moral hazard problem that might
be addressed by introducing co-payments at point of use.
Tax-Based Financing

Many health and social care systems are funded from
national, regional, or local taxes. If the tax that generates
the revenue is progressive (as with income tax) and eligi-
bility for benefits is not income-related, then long-term
care financing will also be progressive. But long-term care
financing could be regressive if financed from indirect
taxes (such as sales or value-added tax), because poorer
individuals often contribute larger proportions of their
incomes. Generally, however, at least in discussions of
health-care financing in high-income countries, tax-based
systems are seen as the most progressive and equitable of
all arrangements (Mossialos et al., 2002), and the samewould
apply to long-term care.

Payments are mandatory, and scale economies can
be achieved in administration, risk management, and
purchasing power. Services (or cash payments in some
countries – see the section on self-directed services
below) are provided on the basis of need, and there is
obviously also the potential to allocate or distribute ser-
vices (or their cash equivalents under self-directed care
arrangements) on the basis of income or assets. For those
who advocate health or long-term care as a right, tax-
based systems fit the bill, while those with conservative
leanings might view such arrangements as erosions of
personal responsibilities and freedom.

Tax-based systems have limitations. Funding levels
may fluctuate with the state of the national economy:
When an economy is not doing well, there is a tendency
to cut back on publicly funded programs. Competing
political and economic objectives make a tax-based system
less transparent, and bureaucracy can add to inefficiency,
perhaps reflected in long waiting lists (although there is
also symptomatic underfunding). Service users may view
tax-based systems as offering them limited choice, but
uninsured individuals in an alternative financing system
might argue that they face no choice whatsoever.
Social Insurance

Care systems based on social insurance generate their
revenues from salary-based contributions administered
and managed by quasi-public bodies. Employers also
make contributions, and transfers are usually made from
general taxation to sickness funds to provide cover for
unemployed, retired, and other disadvantaged or vulner-
able people. One of the most interesting financing
arrangements is the system introduced in Japan in 2000,
which have attracted worldwide attention. Mandatory
long-term care social insurance was introduced in 2000,
operated by the more than 3000 municipalities under
central government legislation. (The decision was made
to go with a social insurance rather than tax-based model
on a number of grounds; see Ikegami, 2004.) The insur-
ance is financed 50% from taxes (half from national taxes,
a quarter each from local and regional taxes) and 50%
from insurance premiums paid by people aged 40 and
above. For people in employment, the premium is equiv-
alent to 0.6% of income up to a ceiling, with employers
and employees sharing this cost. For older people, pre-
miums are deducted from pensions and are also income-
related (Campbell and Ikegami, 2003). Co-payments
amounting to 10% of care costs are paid.

Eligibility is based solely on need for everyone aged 65
and over and those aged 40–64 with aging-related dis-
abilities. Insured people in need of care are assessed on
application and classified into one of six care levels
according to need. A fee schedule is set nationally accord-
ing to the level of need. The role of a care manager was
newly created with the introduction of the insurance
system to draw up care plans reflecting individual needs.
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The scheme covers residential and home care services.
Cash benefits are not paid – unlike in Germany, for
example – partly to move care away from the traditional
heavy reliance on female carers (particularly in a context
of a declining ability and willingness of families to provide
support; Ikegami, 2004), partly to help long-term care
provision to expand (Campbell and Ikegami, 2003).

Tax revenues may also be called upon to cover deficits
in social insurance funds, especially if the working popu-
lation is too small to generate sufficient revenue to cover
the population eligible to receive benefits. Enrollment is
usually mandatory, and although premiums are not risk-
adjusted, they tend to be linked to income so that pooling
allows for redistribution according to both need and
income. A disadvantage is that the link between financing
and employment may constrain job mobility and hence
economic competitiveness (at the national level).

Both tax-based and social insurance-dominated sys-
tems take account of ability to pay and cover vulnerable
and low-income groups.
Comparing the Options

A number of criteria have been alluded to in describing
the relative advantages of the different financing methods.
Efficiency is obviously central – ensuring that the highest
volume or best quality of care is achieved from a given
funding base. Financing arrangements are obviously not
desirable if they do not allow full assessment of individual
needs, or embody inappropriate incentives to use residen-
tial care (or not to use it enough), or shift costs between
agencies so that support arrangements are poorly coordi-
nated or have heavy management or transaction costs.

Equity is also especially relevant as a criterion, looking
at both the services and benefits received aswell as funding
contributions, and has been widely discussed in connec-
tion with long-term care financing options. Other criteria
discussed include affordability, sustainability, indepen-
dence, self-respect, dignity, choice, and social solidarity.

Governments of different political hues will give dif-
ferent emphasis to these and other criteria. What is com-
mon across many countries today is exploration of
financing options that shift some of the burden away
from the state, whether in tax-financed systems or because
of the need to subsidize or underpin other financing
arrangements.
Health and Long-Term Care Differences

Different financing arrangements can be employed for
health and long-term care systems, or indeed for different
services within these systems. In particular, there can be
different regimes for charging users. In England, there is
currently considerable tension between health care
(which is free at the point of use) and social care (which
is means-tested). People with dementia or other long-
term conditions moving from a hospital ward to a nursing
home might suddenly find themselves liable to pay (often
substantial) charges for their care, even though their pri-
mary need is generated by a health problem.
Expenditure Levels

The OECD (2005) estimated public and private expendi-
ture on long-term care as a percentage of GDP in 2000
(Table 3). (Public expenditure in this table is equivalent
to general government expenditure as the term is used in
national health accounting.) Total expenditure ranged
from lows of 0.6% of GDP in Italy and Spain to greater
than 2% in Scandinavian countries. The average of 14
countries covered by this OECD report was 1.25%. Gen-
erally, public sector spending on long-term care domi-
nated private expenditure, except in Spain. However,
these OECD data only include expenditure related to
medical services and so underestimate total long-term
care spending.
Self-Directed Services

A noticeable trend across some countries is the develop-
ment of self-directed (or consumer-directed) services
(Ungerson and Yeandle, 2007). The primary aim is to
give more independence and choice to older people
and thereby give them greater control over their lives.
An increasingly common way to do so is to hand funding
over to individuals to purchase their own care support.
Voucher-like arrangements are also being used. The
German long-term care financing system offers the
devolved funds option, while in England there are oppor-
tunities for people assessed as eligible for state-supported
long-term care to receive funding through direct pay-
ments or individual budgets (Knapp, 2007).

There are a number of reasons for these initiatives.
Social work theory – which certainly exerts influence
over long-term care systems in some countries – has long
emphasized independence and empowerment, which
gives normative professional credibility to devolved pur-
chasing or commissioning powers. There is also a belief
that such arrangements can improve quality of care while
being cost-effective. The approach appeals both to the
political right because of its links to market mechan-
isms, and also to the center left because of its connections
with choice and accountability in public services. From
the user perspective, self-directed services can be attrac-
tive because of the empowerment offered and are clearly
supportive of rights-based agenda. They might also help
to break down barriers between sectors and budgets,



Table 3 Public and private expenditure on long-term care as a percentage of GDP, 2000

Total expenditure Public expenditurea Private expenditure

Home care Institutions Total Home care Institutions Total Home care Institutions Total

Australia 0.38 0.81 1.19 0.3 0.56 0.86 0.08 0.25 0.33

Canada 0.17 1.06 1.23 0.17 0.82 0.99 NA 0.24 0.24

Denmark NA NA 2.60 NA NA – NA NA NA

France NA NA 1.10 NA NA NA NA NA NA
Germany 0.47 0.88 1.35 0.43 0.52 0.95 0.04 0.36 0.4

Ireland 0.19 0.43 0.62 0.19 0.33 0.52 NA 0.1 0.1

Italy NA NA 0.60 NA NA NA NA NA NA
Japan 0.25 0.58 0.83 0.25 0.51 0.76 0.00 0.07 0.07

Netherlands 0.60 0.83 1.44 0.56 0.75 1.31 0.05 0.08 0.13

New Zealand 0.12 0.56 0.68 0.11 0.34 0.45 0.01 0.22 0.23

Norway 0.69 1.45 2.15 0.66 1.19 1.85 0.03 0.26 0.29
Spain 0.23 0.37 0.61 0.05 0.11 0.16 0.18 0.26 0.44

Sweden 0.82 2.07 2.89 0.78 1.96 2.74 0.04 0.10 0.14

USA 0.33 0.96 1.29 0.17 0.58 0.74 0.16 0.39 0.54

UK 0.41 0.96 1.37 0.32 0.58 0.89 0.09 0.38 0.48
OECD averageb 0.38 0.88 1.25 0.35 0.64 0.99 0.06 0.19 0.24

NA, not available.

From OECD (2005) The OECD Health Project: Long-term Care for Older People. Paris: Organisation for Economic Co-operation and

Development.
aGeneral government expenditure as the term is used in national health accounting.
bAverage of: Australia, Canada, Germany, Ireland, Japan, Netherlands, New Zealand, Norway, Poland, Spain, Sweden, Switzerland,
UK, and US.
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because the funding can be used within the gray areas
between health, social care, housing and so on.

However, there are potential drawbacks. Self-directed
arrangements place considerable responsibility for finding,
monitoring, and purchasing services on the shoulders
of long-term care users, many of whom could be frail or
cognitively impaired. Family carers might not be available
to help. The funding transferred to individuals might be
too little to allow them to access services they want or feel
they need. Individual purchasers will have little bargain-
ing power relative to service providers (compared to,
say, large purchasers such as a municipality or social insur-
ance fund), and there is the risk of exploitation by providers
or financial advisers. Although brokerage (advisory, sup-
port) services are usually established in self-directed care
systems, coverage or quality might not be adequate.
Conclusions

Across the world, populations are aging, and increasingly
governments are worrying about the future affordability
of long-term care, given the close correlation between
age and the need for support in self-care and personal
tasks. One area of concern is the availability of unpaid
support by families and others, which remains the most
common source of long-term care. The future supply of
informal care is likely to be considerably lower than at
present because of changing demography, growing labor
force participation by women, and changing societal
expectations. There is also growing recognition of the
high psychological and opportunity costs of being a care-
giver, and governments are gradually introducing infor-
mation and advice, financial support, respite care, and
employment-friendly policies.

Particular attention is also being paid to the organiza-
tion of formal services provided by municipalities, volun-
tary organizations (civil society), and for-profit private
companies. Historically there was quite heavy reliance
in some countries on long-stay hospital services, nursing
homes, and residential care facilities, but a common pol-
icy emphasis today is to try to substitute community-
based services, on the grounds of quality of life, cost,
and the personal preferences of older people. Home
care services are themselves often being transformed
from traditional home help models to personal care, and
in some countries are being targeted on people with the
greatest needs in efforts to avoid or delay admission into
institutional facilities. There is also an observable ten-
dency across a number of countries to develop long-term
care arrangements that blur the boundaries between insti-
tutional and community-based provision, and between
health and social care, while also developing specialist
resources for conditions such as dementia.

As countries increase the resources devoted to long-
term care, they wrestle with the challenge of how to
finance services over the coming decades. One conse-
quence has been to try to shift more of the funding
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balance away from collective responsibility and toward
individual service users and their families. Nevertheless,
there remains heavy reliance on prepayment financing
arrangements (through taxation or insurance) that gener-
ally redistribute in favor of people with greater needs
and lower incomes. While many governments are explor-
ing ways to reduce their own financial responsibilities,
at the same time there is growing government activity
in regulating long-term care systems, providing safety
net support, seeking to monitor care markets, and improv-
ing quality assurance mechanisms. Self-directed systems
are being introduced in some countries, giving control
over the selection and purchasing of services to the people
who actually have long-term care needs, and this kind
of arrangement seems likely to grow considerably in
the future.

See also: Active Life Expectancy; Aging, Physical Activity

andHealth; Demography of Aging; HomeCare; LongTerm

Care for Aging Populations; Long Term Care in Health

Services; Populations at Special Health Risk: The Elderly.
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Introduction

Human longevity can be defined in three ways. The first and
most common approach is average life expectancy for a
particular age; the second is age-specific all-cause mortality
rate (deaths/100 000 people/year), which is the inverse of
longevity. A third but unconventional definition deals with
the percentage of centenarians in a population, which indi-
rectly reflects the longevityof the adult population.Note that
the maximum life span (MLS) of humans appears to be fixed
at approximately 120 years. Unlike life expectancy, which has
increased substantially since ancient Rome, MLS has not
changed over thousands of years. The following material
reviews the longevity of various populations.
Table 1 Life expectancies for various populations (estimated
2007)

Rank
Population
(both sexes)

Life expectancy
at birth in years

1 Andorra 83.52
2 Macao 82.27

3 Japan 82.02

4 Singapore 81.80

4 San Marino 81.80
6 Hong Kong 81.68

7 Sweden 80.63

8 Australia 80.62

8 Switzerland 80.62
10 France 80.59

12 Iceland 80.43

20 Norway 79.67

28 Netherlands 79.11
Factors Affecting Longevity

It is well established that environment is a key factor
affecting the longevity of individuals and entire popula-
tions. This includes socioeconomic status (SES), the quality
of medical care, educational facilities, and exposure to
various diseases. Nutrition also has a critical role because
malnutrition can cause susceptibility to infections and pre-
mature death (Samaras, 2006, 2007). While many popula-
tions suffer from food deprivation, many developing and
developed populations experience excessive food intake,
and obesity is now a worldwide health problem leading to
reduced longevity (Elrick et al., 2002). In view of the
increasing weight trend, the body mass index (BMI) has
become an important guideline for predicting mortality
and longevity. Generally, a BMI (weight/height2) of 19
to 23 kg/m2 with good nutrition predicts greater longevity.

Other factors that affect longevity are heredity; stress
levels; traumatic events; regular physical activity; toxins in
the environment, food, and water; and exposure to disease-
producing bacteria, viruses, and parasites. Although cli-
mate may play a role in longevity, long-living people are
found in semitropical, cold, and temperate climates. The
same is true for sea level and mountainous elevations.
However, longevity appears to favor relatively small
populations, such as Andorra (�80 000) and Sweden
(�9million ) as shown in Table 1.
32 Germany 78.95

47 Denmark 77.96

103 China 72.88
145 India 64.59

184 Kenya 55.31

222 Swaziland 33.23
Worldwide Variations in Life Expectancy

Life expectancy is the average age at death for a particular
population group. Note that life expectancies are also
determined for each age group, usually in 10-year
increments.

Life expectancies are available for 225 populations rang-
ing from China to the tiny sovereign states of Andorra and
San Marino. As shown inTable 1, life expectancies at birth
for males and females combined range from 33.23 years for
Swaziland to 83.52 years for Andorra (Central Intelligence
Agency, 2007).

Consistent with findings that a good environment and
SES promote longevity, most of the longest living popu-
lations are found in highly developed populations with
superior sanitation, education, and health care. The worst
life expectancies are found in Africa with its lower eco-
nomic development and very high rate of mortality from
HIV/AIDS infection. The top ten populations in terms
of descending life expectancy (83.52 to 80.59 years) are
Andorra, Macao, Japan, Singapore, San Marino, Hong
Kong, Sweden, Australia, Switzerland, and France. (Rank-
ings shift from year to year but most of these states stay
in the top ten or close to it.)

The low life expectancy of developing populations
does not mean that elderly people are absent from devel-
oping populations. Since poor countries tend to have
much higher infant death rates, this situation lowers the
average life expectancy. In addition, early deaths of
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children and young adults due to malnutrition, trauma,
and infections reduce the average life expectancy. How-
ever, if early death is avoided, adults often reach advanced
ages (Walker, 1974; Samaras, 2007).

A common misconception in comparing today’s life
expectancy to that of earlier times, such as the 1900s, is
the belief that individuals can expect to live 25–30 years
longer. However, if we look at the life expectancy of
elderly people, the picture is quite different; e.g., 60-
year-old white males lived 6.6 years longer in 2004 vs
1900, and 80-year-olds lived 3 years longer.
Gender and Life Expectancy

Females commonly have greater longevity compared to
men throughout their lives. Exceptions exist, such as in
Martinique and Afghanistan. However, there is a substan-
tial difference of less than 2 to more than 10 years in
longevity between the sexes, depending on the populations
involved. Generally, the greatest differences are found in
developed populations. Several reasons for gender differ-
ences in longevity have been proposed, such as hormonal
protection, more robust physiology, better health-care
habits, and lower rates of high-risk activities. These factors
no doubt have an impact, but animal and human research
indicates that differences in body size may play a major role
(Samaras, et al., 2002; Samaras, 2007). For example, one
study reported that the average height for males in 21
European nations was 7.7% taller than females, and males
had an 8.0% lower life expectancy (Samaras et al., 2003a).
Another study by Miller, based on about 1700 men and
women in Ohio, found that when men and women of the
same height were compared, there was essentially no dif-
ference in average life span (Samaras, 1996). Rollo also
found that when he compared male and female mice of
the same body weight, the usual difference in average life
span disappeared (Samaras, 2007). Brown-Borg and Bartke
also reported that dwarf male mice lived substantially
longer than normal-size female siblings (Samaras, 2007).

Centenarians

Centenarians are another population of interest. Gerontol-
ogists have studied people who live to be 100 or more years
in an attempt to define the qualities or conditions that
characterize centenarians as a special population. They
have identified a variety of positive attributes, such as not
smoking, small body size, diet, regular exercise, avoidance
of stress, good environment, family connectedness, avoid-
ance of worry, and a positive attitude toward life.

The greatest concentration of centenarians has been
found in Okinawa, Japan, with 340–400/million, Bulgaria
with 199/million, and Sardinia with 136/million. The
Okinawans have been studied for many years and
researchers have attributed their longevity to good nutri-
tion and low caloric intake. Okinawan children in the
recent past consumed about 40% fewer calories than
children in mainland Japan (Samaras, 1996). Other factors
were a simple life and life-long physical activity.

It should be noted that centenarians tend to be relatively
short and light. This could be an artifact due to the trend
toward greater height and body size during the last
150–200 years. In addition, people tend to shrink with age
due to postural changes and compression of the discs in the
spine, although shorter people shrink less than taller ones.
However, the Okinawan male and female centenarians are
quite short, averaging 148.3 cm and 138.6 cm respectively.
After accounting for shrinkage and secular growth, these
are still small people; for example, males equal to or exceed-
ing 100 years were over 10 cm shorter than elderly men
averaging 73 years of age (Chan et al., 1997). In addition,
Paolisso et al. (1995) found Italian male centenarians aver-
aged 162 cm and were 15 cm shorter than elderly men
averaging 77.6 years. Note that shorter female centenarians
normally outnumber taller males by a factor of three or four.
Longevity and Body Height

If we look at the countries with the greatest life expectan-
cies, developed countries lead the world. Based on this fact,
it would appear that the tallest and heaviest (and some-
times the fattest) populations in the world live the longest.
However, a number of factors contradict this hypothesis.
In fact, if the top six populations in terms of life expectancy
are examined for height, it appears that most of them are
relatively short. For example, the populations of Andorra
(mostly Catalans and Spaniards), Macao (mostly Chinese),
San Marino (similar to Italians), Singapore (mostly
Chinese), HongKong (mostly Chinese), and Japan are shor-
ter than the populations of northern Europe. In contrast,
although Sweden ranks 7th from the top, other equally tall
populations, such as Iceland, Norway, the Netherlands,
Germany, and Denmark, average 29th from the top ranking
(vs 3.3 for the top six populations). Note that the Dutch are
the tallest people in the world and rank 28th in longevity.

The negative impact of excess weight on longevity is
widely accepted in the medical community (Samaras,
2006, 2007). However, the role of height is controversial,
and the following material will highlight conflicting find-
ings on longevity based on height differences among
several populations.

Studies Showing Taller People Have Greater
Longevity

A review of life expectancy data shows that the tallest
countries (and most developed) have on average the great-
est longevity. Although not as great as the six top-ranking
populations, Western and southern Europe, Australia,
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Canada, NewZealand, the UK, and the United States have
substantially longer life expectancies compared to shorter
nations in the Middle East, most of Asia, South America,
and Africa. Approximately 40 studies found taller people
have lower all-cause or cardiovascular disease mortality
(CVD) (Samaras et al., 2003a). Since CVD is a major factor
in reducing longevity, it indirectly supports the hypothesis
that taller people live longer.

Waaler (1983) conducted a study of 176 574 deceased
Norwegians and found that taller people had about a 15%
lower mortality compared to shorter ones. However, at
advanced ages, tall males experienced higher mortality.
This study did not adjust findings for smoking, birth
defects, accelerated growth, childhood illness, or SES.
However, a more recent study from South Korea evaluated
386 627 middle-aged males and found all-cause mortality
dropped 6% for a 10 cm increase in height when adjusted
for SES and other factors (Song et al., 2003). However, no
height trend was found for coronary heart disease (CHD).
Studies Showing Shorter People Have Greater
Longevity

Data supporting the greater longevity of shorter people is
at least as impressive as the findings showing taller people
live longer. For example, a California study involved
1million deaths of various ethnic groups and found tall
people have over 100% higher all-cause mortality com-
pared to short people, i.e., whites and blacks had over
twice the all-cause mortality of the Chinese and Japanese.
Latinos and South Asians, who were slightly taller than
the Chinese, had similar mortality rates (Samaras, 2007).
A similar pattern was found for CHD.

Another study involving 1.3million Spanish military
recruits tracked them for 70 years into their 80s and 90s
and found a strong negative correlation (r¼ –0.58)
between height and survival age (Samaras, 2007). The
findings were based on measured conscription heights
and deaths from national census data.

Insurance studies involving 4.5million men and
women reported that all-cause mortality increased with
increasing height for middle-aged women and men
(�30% for the tallest men) (Samaras et al., 2003a). In
addition, several longevity studies of athletes in Finland
and the United States revealed that shorter athletes lived
longer than taller ones. The loss of life with increasing
height averaged about 0.52 year/cm (Samaras, 2007).

Shorter people throughout the world have been found
to have superior longevity or reduced chronic disease.
These findings are summarized in Figure 1. Note that
the lower left hand rectangle only lists four sample popu-
lations for low CHD. Many others exist, including Solo-
mon Islanders, Congo Pygmies, Vietnamese, Papua New
Guinea inhabitants, the Chinese and the Japanese. Based
on a review of 300 studies by Gunnell et al., shorter people
also have lower cancer mortality (Samaras, 2007).
Potential Confounders in Height Studies

There are a number of explanations for the conflicts
between studies showing positive or negative relations
between longevity and body height. As mentioned before,
longevity is a function of many factors and conditions, and
height is only one factor, probably representing roughly
10–20% of the total impact. For example, SES for all
major phases of life has an important bearing on longevity
independent of height. In addition, since people in higher
SES are generally taller, the benefits due to SES can offset
the negative effects of increased body height. Another
confounder is BMI because taller people tend to have
higher BMIs when of similar proportions as shorter peo-
ple (Samaras, 2007). However, most epidemiological stud-
ies use the same BMI to evaluate the mortality of tall and
short people. This process results in comparing taller,
leaner people against shorter, stockier people. Since lea-
ner people tend to have a lower mortality, this bias can
favor taller people (Samaras, 2007).

Other confounders involve prenatal and postnatal care
and early growth patterns. In recent years, it has been
found that catch up or accelerated growth in height and
weight promotes obesity and chronic disease in adulthood
(Samaras et al., 2003b; Samaras, 2007). Since low-birth-
weight children generally become shorter adults compared
to their normal-weight peers, their increased mortality is
interpreted to result from their shorter height or lower SES
rather than to accelerated growth and related health pro-
blems caused by excess weight (Samaras, 2007). Another
potential problem is congenital or early childhood illness
that results in shorter adult height and poorer health.
Animal Findings

There is strong evidence that larger animal species live
longer than small ones. The obvious example includes
a comparison between a mouse and an elephant. This
advantage is mainly due to lower metabolic rate and evo-
lutionary changes that resulted in greater cell replication
potential and improved free radical defenses and DNA
repair mechanisms. However, since the 1930s, robust
findings indicate that within a species, smaller size pro-
motes greater longevity. Rollo (Samaras, 1996, 2007) eval-
uated hundreds of longevity studies involving mice and rats
and found a highly significant and substantial inverse rela-
tionship between body size and longevity. In addition,
Miller and Austad (2006) reported that small dogs had
greater longevity than medium and large ones. The most
recent study on dogs found that there was a substantial
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Figure 1 Partial summary of evidence supporting greater longevity of shorter, lighter people.
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negative correlation between height and survival (Greer
et al., 2007). For a wide height range of 15–94 cm, they
found r¼ –0.603, p< 0.05. For a weight range of
0.9–89 kg, r ¼ –0.679, p< 0.05.
Biological Factors and Mechanisms That
Affect Longevity

If tallness is a real advantage for promoting longevity,
what are the mechanisms that promote this feature? Cer-
tainly, recent human history shows a relation between
improved education and economic status and increased
height. However, this condition is environmentally driven
rather than related to biological factors, although
biological factors favoring taller height include lower
heart and resting metabolic rates. Another beneficial fac-
tor is avoiding low birth weight (<2500 g). Since taller
people are less likely to have been low-birth-weight
infants, this reflects better maternal nutrition and SES as
long as birth weight does not exceed 4000 g (macrosomic).
In contrast to taller people, shorter people have a larger
number of biological advantages if their proportions and
life-long SES are the same as taller people (see Table 2).
Conclusion

The preceding findings indicate that when tall people
remain thin and experience the benefits of high SES,
they can attain improved longevity compared to shorter
people in disadvantaged populations. However, it appears
that shorter, lighter bodies within the framework of posi-
tive environments and good nutrition have a number of
inherent biological advantages.

Since height has a moderate impact on longevity,
short and tall people can benefit from following well-
established health practices. These include (1)



Table 2 Summary of biological mechanisms that may increase the longevity of shorter people

Biological factor Description

Larger organs in proportion to body weight Except for the heart and lungs, shorter people have relatively larger organs, which
provide greater functional capacity. In addition, maximum oxygen uptake per

kilogram is substantially higher

Greater cell duplication potential Greater cell proliferation potential because fewer cell doublings are needed to

attain adult height and weight. (A tall person may have 100 trillion cells
compared to 60 trillion for a short person.) Note that many cells cannot

reproduce after 50–100 replications according to the Hayflick limit

Lower need for cell replication Lower demands for lifetime replacement of defective cells due to fewer cells in the

body
Lower DNA damage Much lower DNA damage, e.g., one study found an 85% higher rate of DNA

damage in people who were 18% taller (Samaras, 2007: chapter 7).

Reduced toxin exposure Lower food and water needs reduce exposure to toxins, parasites, bacteria, and
viruses

Lower CVD risk Lower blood pressure and lower left ventricular mass or hypertrophy reduce risk of

CVD. Lower rates of atrial fibrillation. (However, shorter people in developed

countries have more strokes)
Lower cancer risk Lower risk of cancer due to fewer body cells and lower surface area (Samaras and

Elrick, 2005)

Lower insulin and glucose levels Lower insulin, insulin-like growth factor-1, and glucose levels increase longevity

(chapters 6–8, Samaras, 2007)
Lower risk of obesity In general, taller people were heavier babies and heavier infants tend to have

increased risk of obesity (Samaras and Elrick, 2005: chapter 7; Samaras, 2006)

Lower risk of injury or death Lower risk of hip fractures and injury or death in motor car accidents (Samaras,
2007: chapter 4)
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maintenance of low BMIs (19–23), (2) consumption of
diets high in vegetables, whole grains, and fruits and low
in saturated fat, trans fats, and salt, (3) regular exercise,
(4) adequate sleep, (5) avoiding exposure to harmful
bacteria, viruses, and toxins, (6) management of stress,
(7) maintenance of social networks, and (8) total avoid-
ance of smoking and limited use of alcohol (Samaras,
2006, 2007).

See also: Active Life Expectancy; Demography of Aging.
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Epidemiology of Lung Cancer

Lung cancer accounts for approximately 12.4% of all
cancers diagnosed worldwide. There are estimated to be
more than 1.35million new cases each year, and this figure
is steadily rising. From 1985 to 2005, the number of cases
diagnosed annually increased by more than 50% globally.
Nearly 1.2million people die of the disease every year,
accounting for 29% of total cancer-related deaths. In the
United States and parts of Europe, lung cancer is respon-
sible for as many deaths in men as the next three most
common cancers (prostate, colorectal, and stomach) com-
bined. Although incidence rates in women throughout
the world are lower, lung is now the third commonest
cancer site after breast and cervix. Furthermore, in certain
regions lung cancer has overtaken breast cancer as the
commonest cause of cancer-associated mortality among
women.

Considerable geographical variation in the incidence
and mortality rates of lung cancer exists, with the highest
rates reported in industrialized nations. Whereas a peak in
incidence appears to have been observed in Western and
Northern Europe, rates continue to increase in Southern
and Eastern Europe with overall age-adjusted incidence in
males ofmore than 100/100 000 cases per year. Among black
populations in several U.S. cities, the age-standardized
incidence rate is above 100 cases per 100 000 of the popu-
lation and lifetime risk exceeds 12%. In contrast, in parts
of rural Africa and Asia, where exposure to lung carcino-
gens remains low, the age-standardized incidence rate
is less than 5/100 000 annually. This figure is similar to
that observed in parts of the United States and northern
Europe at the start of the last century. Similarly, estimates
from the International Agency for Research on Cancer
(IARC) of age-standardized mortality rates for men and
women show that there is considerable variation between
regions (Figures 1 and 2). However, caution is needed in
making direct comparisons of these data since differences
exist in the methods of cancer registration in different
geographical regions.

The International Agency for Research on Cancer
(IARC) estimates the crude incidence rate of lung cancer
for men in the developing parts of the world at 14/100 000
overall, although this likely represents a conservative
estimate as rates of diagnosis and reporting are consis-
tently lower than in industrialized countries. In 1980, it
was estimated that the developing world accounted for
approximately 30% of lung cancer cases worldwide.
Recent data indicate that this figure is now closer to
50% of the total. Moreover, it is likely that lung cancer
patterns will follow those observed in Europe and the
United States during the latter twentieth century, with
mortality rates predicted to reach almost epidemic pro-
portions in the developing world during the next 50 years.

There is a striking correlation between social class and
lung cancer. Those on lower levels of income and lesser-
attained education have disproportionately higher inci-
dence rates, even after adjustment for smoking status. The
reasons for these associations are incompletely under-
stood, but likely reflect the complex interplay of impor-
tant determinants of risk such as tobacco smoke exposure
(both direct and environmental), dietary factors, and
occupational carcinogen contact. There is also evidence
that delays in diagnosis may also negatively contribute. In
order to tackle this socioeconomic disparity, both basic
scientific and epidemiological research endeavors are
required. However, it is unlikely that significant gains
will be made in this regard without effectively addressing
the broader inequalities that exist between different social
groups within society at large.



Figure 1 Global age-adjusted lung cancer incidence rates in men in 2002. From IARC, GLOBOCAN 2002 (http://www-dep.iarc.fr).

Figure 2 Global age-adjusted lung cancer incidence rates in women in 2002. From IARC, GLOBOCAN 2002 (http://www-dep.iarc.fr).
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Risk Factors

Smoking

The link between tobacco smoke and lung cancer has long
been suspected, but it was the landmark epidemiologic
study by Doll and Hill published in 1950 that con-
firmed this association (Doll and Hill, 1950). Smoking is
now recognized as the principal etiological factor in the
overwhelming majority of cases; in developed countries,
smoking is estimated to cause 87% of lung cancer deaths.
Indeed, the indisputable role of smoking in causing lung
cancer is among the most extensively studied causal rela-
tionships in biomolecular research. Each of the histo-
pathological variants shows an association with smoking,
with the strongest dose–response relationship seen for
small cell carcinoma (see below).

The dramatic increase in the rates of lung cancer
during the latter half of the last century closely mirrors
patterns of tobacco consumption, with a lag time of approx-
imately two decades. In 1998, it was estimated that more
than 1.2 billion of the world’s population were smokers,
approximately one-third of all persons aged 15 or older.
Eight hundred million of these smokers are in developing
countries. Worldwide, approximately 47% of all men and
12% of all women are current smokers, although there is
considerable variation in this ratio between regions. In
developed countries, 42% of men and 24% of women
smoke, while in developing countries, it is estimated that
48% of men and 7% of women smoke, indicating that
different nations are at different stages in the tobacco
epidemic. Indeed, there has also been a notable decrease
in smoking prevalence among men in many industrialized
countries. This has had a significant impact on the num-
bers of lung cancers observed, which has shown a gradual
decline during the last 20 years. In contrast, there has been
a consistent rise in the numbers of new cases in women,
reflecting an increase in smoking prevalence among
women worldwide. Worryingly, even though the peak of
lung cancer appears to have passed in males in the United
States and parts of Europe in line with changing smoking
trends, data indicate that no such peak has been reached
in females (Devasa et al., 2005).
Environmental Tobacco Smoke

Environmental tobacco smoke (ETS), also referred to as
passive or involuntary smoking, has been extensively
investigated as a potential cause of lung cancer. The
National Research Council in the United States estimates
that 2–3% of all lung cancer (approximately 3000 cases
per year) may be attributable to ETS. Much of epidemio-
logic research on ETS has examined the relative risk
increase among nonsmoking women according to level
of smoking by husbands. Overall there is an elevated risk
of between 20 and 30% among nonsmoking wives of
smoking husbands when compared with nonsmoking
wives of nonsmoking husbands. Prolonged exposure to
ETS in the workplace also confers increased risk and
forms the basis for smoking-ban legislation in an increas-
ing number of countries.
Factors Not Related to Smoking

Although smoking is implicated as causative in most cases,
numerous other environmental and occupational expo-
sures are known or suspected to contribute to the
development of lung cancer. Data from investigations of
occupational groups (often with prolonged exposure to
physical or chemical agents at the workplace) estimate
that 10–15% of lung cancers are linked to environmental
factors. Furthermore, there is clear evidence that many
carcinogens act synergistically with cigarette smoking to
further augment risk. Even though the proportion of lung
cancer unrelated to tobacco smoke is small, the absolute
number of these cancers is significant and will remain a
major burden in terms of overall cancer mortality, irre-
spective of the outcome of tobacco control endeavors.

One of the most important naturally occurring lung
carcinogens is radon, a ubiquitous inert radioactive gas.
Produced in the decay series of uranium, high levels of
radon have long been linked to increased lung cancer risk.
Underground miners exposed to elevated radon levels
have particularly high rates of the disease. The U.S. Envi-
ronmental Protection Agency and the Biological Effects
of Radiation Committees estimate that approximately
15 000–20 000 cases of lung cancer deaths per year in
the United States are due to radon exposure.

The link between asbestos and lung cancer was first
made nearly 70 years ago. This association was strength-
ened by epidemiologic data from the 1950s showing that
textile workers in Britain exposed to high levels of asbes-
tos dust had a tenfold increased incidence. The risk con-
ferred by asbestos exposure is increased in a multiplicative
manner in smokers, due to a synergistic effect of several
carcinogens found in cigarette smoke. Other proven or
suspected occupational risk factors include nickel, chro-
mium, beryllium, arsenic, and silica.

Both indoor and outdoor pollution have been impli-
cated as etiologically relevant for lung cancer. Inhabitants
of urbanized areas appear to be at increased risk, although
there are considerable difficulties in obtaining reliable
estimates of exposures. Inhalation of atmospheric con-
taminants may account for approximately 1–2% of lung
cancers, although the presence of uncontrolled confoun-
ders in many studies may have influenced the strength of
associations reported in the literature. Populations living
in proximity to sources of high local pollution such as
factories have also been extensively studied. In this regard,
case–control studies showed that residents living in prox-
imity to smelters of copper, zinc, or lead have increased
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risk of lung cancer, even after adjustment for smoking.
Lastly, the widespread use of solid fuels such as unpro-
cessed coal for cooking and domestic heating is believed
to account for a significant proportion of cases among
nonsmokers, particularly in developing countries.
Histopathological Subtypes

The World Health Organization (WHO) classification
system of lung cancer recognizes four main cell types:
Squamous cell carcinoma, adenocarcinoma, large cell (or
undifferentiated) carcinoma, and small cell carcinoma.
Each of these histopathological entities arises from trans-
formed bronchial epithelium. As squamous cell, large cell
and adenocarcinoma demonstrate overlapping clinical
characteristics and anticipated treatment responses; they
are grouped together under the umbrella term non-small
cell lung cancer (NSCLC). Overall, NSCLC accounts for
approximately 80% of all lung cancers, whereas small cell
carcinoma (SCLC) accounts for approximately 15% of
cases. Less common subtypes include carcinoid tumors
and carcinomas with pleomorphic, sarcomatoid, or sarco-
matous elements.

The relative proportion of each of the four main histo-
logical types shows considerablevariation between countries,
although this is in part likely an effect of different methods
and rates of tissue diagnosis. In North America, adenocarci-
noma remains the most prevalent type seen, whereas squa-
mous cell carcinoma is more common in Europe.

Differences between the relative proportions of patho-
logical subtypes likely reflect not only changes in the prev-
alence of smoking among different populations but also
modifications in cigarette design. In order to enhance the
combustion of tobacco, modern cigarettes contain higher
levels of nitrates. The result of more complete combustion
is the generation of increased concentrations of the tobacco-
specific nitrosamine, NNK,which is linked to increased risk
of adenocarcinoma. Furthermore, smokers of filtered cigar-
ettes with so-called low concentrations of tar (i.e., condens-
able residue of tobacco smoke) and/or nicotine tend to take
larger average inhalational volumes in order to achieved
desired levels of nicotine delivery. It has been hypothesized
that this compensation in smoking pattern results in greater
deposition of carcinogenic particulate matter to peripheral
regions of the bronchial tree (Hoffmann et al., 1997), in turn
increasing numbers of cancers that arise in peripheral air-
ways and alveolar tissue.
Figure 3 Chest radiograph demonstrating mass in right

lower lobe.
Assessment of the Lung Cancer Patient

Clinical Presentation

Most patients initially present symptomatically to
their primary care physician or hospital emergency
department, although approximately 5% of lung cancers
are discovered incidentally. Symptoms may be caused by
the primary tumor (e.g., hemoptysis or unexplained
cough), regional invasion (e.g., chest wall pain), or distant
metastatic spread (e.g., unexplained bone pain or new
neurological symptoms).
Diagnostic Investigation

The purpose of investigation is twofold: To obtain tissue
samples to confirm diagnosis and to determine the extent
of disease dissemination (i.e., stage) in order to plan an
appropriate therapeutic strategy. In general, thorough
testing should be done in those being considered for
aggressive treatment (e.g., lung resection or chemo-
radiotherapy) in order to exclude metastatic disease.
The initial investigation of choice in cases of suspected
lung cancer is the plain chest radiograph (Figure 3),
which is invariably abnormal in those patients presenting
with respiratory symptoms.
Tissue Diagnosis

Tissue diagnosis is usually obtained via flexible bronchos-
copy, during which essential endobronchial staging infor-
mation is also obtained (Figure 4). Where the lesion is
visible within the endobronchial tree, cytohistopathology
specimens will almost always be diagnostic. For peripheral
lesions beyond the visible portion of the airways, trans-
bronchial samples taken under fluoroscopic X-ray guid-
ance will be diagnostic in up to two-thirds of patients.
Where samples from bronchoscopy are negative, percuta-
neous transthoracic needle aspiration biopsy performed
under computed tomography (CT) guidance is a reliable
diagnostic alternative.
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Staging

In order to select the most appropriate therapeutic strategy,
accurate staging information is mandatory. Bronchoscopy
andCTscan of the thorax and upper abdomen are generally
Figure 4 Endobronchial tumor, right lower lobe bronchus.

Table 1 Staging of non-small cell lung cancer (TNM classification
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Adapted from Mountain CF (1997) Revisions in the International Syst
performed as a minimum, with further diagnostic testing
undertaken as dictated by clinical assessment and/or initial
imaging studies. In up to two-thirds of patients, clinical
assessment alone will identify features that preclude radical
therapy, either as a result of advanced disease or adverse
patient factors such as impairment of lung function or
comorbidities.

Spiral CT is established as the investigation of choice for
characterization of the primary tumor, assessment of
regional lymph node status, and detection of other intratho-
racic pathology. A major drawback of CT is its relatively
poor performance in accurately characterizing mediastinal
lymph nodes. Overall published sensitivity rates range from
40% to 65%, with specificity rates of 45–90% reported.
Positron emission tomography (PET) scanning is now also
firmly established as a useful staging adjunct and may help
identify the presence of occult metastases.

Patients with NSCLC are staged according to the inter-
national TNM (tumor, node, metastases) system (Table 1).
This classification was published in 1997 by Mountain and
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is based on data from a U.S. database of 5319 patients
assessed for surgery (Mountain, 1997). The TNM system
is a powerful prognostic tool that correlates strongly with
outcome and is used to determine the most appropriate
therapeutic strategy. Application of the TNM system does
not have the same prognostic relevance in SCLC, which is
divided into limited (tumor is confined to a single hemi-
thorax� ipsilateral supraclavicular fossa) or extensive stage
(tumor spread beyond limited stage).
Therapeutic Approach to Lung Cancer

The active management of the lung cancer patient should
always begin with an assessment of that individual’s gen-
eral medical condition and fitness for proposed therapy.
Significant comorbidity, profound weight loss, and poor
pulmonary function reserve may preclude aggressive
treatment approaches.
Treatment of Early-Stage NSCLC

The treatment of choice for patients with stage I and II
NSCLC is surgical resection. Systematic mediastinal
lymph node dissection at time of surgery improves accu-
racy of staging and may also confer a survival gain. In
those with excessive surgical risk, stereotactic radiother-
apy or radiofrequency ablation may be options for node-
negative tumors.

The optimal treatment for preoperatively confirmed
stage IIIa disease and minimal N2 involvement remains
controversial. Although regarded as inoperable by many,
some series have shown a 20–30% 5-year survival with
surgical resection in selected N2-positive patients.

There are now compelling data that adjuvant chemo-
therapy improves outcome in stage II and IIIa disease.
A series of randomized studies have shown both overall
and disease-free survival advantages using a platinum-
based combination of agents in this setting. However, the
benefit of chemotherapy for fully resected stage I patients
remains unproven.
Treatment of Advanced NSCLC

Those with locally advanced inoperable thoracic disease
and adequate performance status should be offered combi-
nation chemotherapy/radiotherapy. Meta-analyses have
demonstrated that combined modality regimens are asso-
ciated with a small but statistically significant improve-
ment in overall survival compared to thoracic radiotherapy
alone. Appropriate candidates for this approach include
stage IIIa patients with associated widespread N2 metas-
tases and those with stage IIIb disease.

For individuals with stage IV disease (approximately
70% of total NSCLC burden), there is now ample
evidence that treatment with palliative chemotherapy is
superior to best supportive care. Combination treatment
using a platinum-based doublet regimen should be con-
sidered as a first-line approach in those without signifi-
cant weight loss or comorbidity. This strategy has been
shown to offer improvements in quality of life and mod-
estly increased median survival. Recently, novel targeted
therapies such as erlotinib and bevacizumab have emerged
as promising additions to the therapeutic armamentarium
for advanced lung cancer.
Treatment of SCLC

Patients with SCLC and adequate performance status
should be offered combination chemotherapy; without
treatment, median survival is less than 4months. Response
rates to chemotherapy in SCLC are excellent and a
complete response (i.e., no evidence of residual disease)
is achieved in more than two-thirds. However, relapse
rates are high and long-term survival is unusual. Current
recommendations are that those with limited-stage disease
should also receive thoracic radiotherapy and prophylactic
cranial irradiation, as this strategy reduces local recurrence
and intracranial relapse, and confers a modest survival gain.
Survival

The EUROCARE, SEER, and NPCR Programs

In order to effectively plan the provision of public health
services, accurate collection of data on survival rates for
lung cancer patients is of critical importance. In the past,
direct international comparisons were hampered by var-
iations in classifications of cancers, as well as differences
in methods and accuracy of data collection and statistical
analysis. The establishment of large population-based
cancer registries such as the EUROCARE program in
Europe and the Surveillance, Epidemiology and End
Results (SEER), and National Program of Cancer Regis-
tries (NPCR) projects in the United States has facili-
tated international comparisons of cancer management
practices and of survival estimates. This in turn provides
information that allows governmental agencies to plan
and implement effective national cancer strategies and
to improve delivery of health care for cancer patients.
Moreover, these databases provide a robust method to
gauge the success or failure of such strategies.

In 2003, Coleman and coinvestigators from the EURO-
CARE-3 project analyzed the outcomes of more than
250 000 cases diagnosed during the period 1990–1994
throughout Europe (Coleman et al., 2003). Results showed
that there was no European country (for which data were
available) in which 5-year survival for lung cancer was
greater than 15%. Moreover, large differences in survival
exist between and within European countries for lung
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cancer. In particular, there are significant differences
in cancer survival rates between Eastern and Western
European countries. Overall, survival rates are slightly
higher in younger patients, though still less than 20% at
5 years. Outcomes for women were almost identical to
their male counterparts (9.6% vs 9.7%, respectively).
Published SEER Program data show an overall 5-year
survival rate of 15%, which is marginally better than the
European average reported in the EUROCARE-3 study.
Racial/Ethnic Disparity

A distinct racial/ethnic disparity exists in the burden of
lung cancer, a problem that has been extensively studied
in the United States. Findings of a report that combined
surveillance data from both the SEER and NPCR projects
indicate that substantial differences exist between Black
Americans and non-Hispanic White Americans not only
in incidence rates (109.0 vs. 86.8 per 100 000 per year), but
also in survival. In 2007, Ries and Eisner published a
summary of data from the U.S. National Cancer Institute
database in which survival for more than 200 000 cases of
lung cancer between 1988 through 2001 was analyzed.
This revealed that the 5-year relative survival rate for
White Americans was 16% and for Black Americans was
12%, a racial discrepancy that exists in both sexes and
persists across all diagnostic stages.

The relative contributions from the various biological
and/or societal factors that account for this ethnoracial
survival gap have yet to be fully elucidated. Although
differences in smoking patterns, tobacco metabolism, and
susceptibility to carcinogenic effects of smoking have all
been suggested as important considerations, data indicate
that restricted access to diagnostic and therapeutic facil-
ities due to socioeconomic factors (e.g., lack of medical
insurance) also appears to contribute. Further study is
necessary to establish the factors responsible for the sig-
nificant difference in survival rates between the different
ethic/racial groups.
Difficulties with Estimates of Survival

Some of the practical difficulties in examining for changes
in survival patterns over time are also highlighted by these
data. From 1988 onward, patients with lung cancer and
associated pleural effusion were classified as having dis-
tant disease rather than locoregional disease. As a result,
there was an apparent increase in the proportion of
patients with more advanced stage after 1988 according
to the SEER database, making direct comparison of sur-
vival data difficult. Nevertheless, overall survival rates in
the United States, Europe, and elsewhere have shown
little change in the last 30 years.

Many experts criticize the use of improvements in
5-year survival rates as a valid measure of success of
cancer prevention programs, since a number of biases
(see below) can falsely indicate increased survival rates
without an associated reduction in mortality. In the case of
lung cancer, however, this point is somewhat moot, since
the evidence generated from numerous large national
cancer databases confirm consistently poor survival rates
that have changed minimally over time in most countries.
This is despite considerable advances in diagnostic tech-
niques and refinements in therapeutic approaches during
the past several decades.
Improving Delivery of Lung Cancer Care

Approximately three-quarters of patients present with
either regionally advanced or metastatic disease, and for
the majority curative intent treatment is not possible.
Given the enormous worldwide burden of disease, it is
perhaps not surprising that the prevailing attitude to lung
cancer, even among health-care professionals, is generally
one of pessimism. However, the differences in international
survival rates are attributable, in some measure at least, to
factors that are amenable to intervention. It is likely that the
variable survival rates reported throughout regions of Eur-
ope and the United States are in part explained by the
considerable differences in the coordination and delivery
of cancer services. In many parts of the world, such services
are poorly organized and fragmented, such that the care
offered to the individual patient may depend more on
geographical location than clinical imperative.

In some countries, access to optimal care may be
restricted due to socioeconomic considerations. For exam-
ple, it is estimated that nearly 50million people in the
United States do not have medical insurance, and in 1988
Greenberg and coworkers showed there is evidence that
lung cancer patients without private health insurance
receive surgical (i.e., curative intent) treatment less often
than those with private health insurance (Greenberg et al.,
1988). This disparity in delivery of care impacts overall
cancer survival rates. However, universally applied early
diagnostic and therapeutic strategies would be expected to
impact on the geographical and socioeconomic contribu-
tors to differences in survival rates. Indeed, there is ample
evidence that improved organization of lung cancer ser-
vices, with rapid access to multidisciplinary care, improves
short- and long-term outcome and enhances quality of life.
Future Estimates and Preventative
Strategies

In the absence of dramatic future developments in early
diagnosis or in therapeutic innovations, it is widely
accepted that population patterns of smoking prevalence
will remain the principal predictor of lung cancer mortal-
ity in the coming decades. In line with the decreases in



154 Lung Cancer
smoking prevalence rates observed during the second half
of the last century, so there has been a gradual reduction
in incidence in many developed countries. In the United
States, the numbers of smokers declined consistently from
the 1960s until approximately 1990, at which point a
plateau prevalence of approximately 25% was reached.
Other developed nations have reported similar trends.

Given the lag time between population smoking pat-
terns and associated lung cancer incidence, it is antici-
pated that a similar reduction in disease rates will be
observed for the next 5–10 years, after which the preva-
lence will likely level off. The success of tobacco control
programs will therefore be reflected in reduced burden of
disease in most developed countries during the next
decade. However, in order to continue the success of
this downward trend, concerted efforts focused on sus-
tained cessation and reduction of initiation are required.

There are only two ways to reduce cancer-associated
mortality: By decreasing the number of incident cancers
through primary prevention and by improving cure
rates among those diagnosed with cancer through early
detection and therapeutic advances. A plethora of well-
designed, large-scale randomized studies have been con-
ducted over the last 30 years or so, seeking to improve
patient outcome by exploring various strategies based
upon surgical resection, chemotherapeutic regimens,
and radiotherapy approaches. Although these endeavors
have helped clarify the roles of these different modalities
in the management of lung cancer patients, most experts
agree that a plateau of effect has probably been reached
and it is likely that only modest further gains can be
expected from the continued evaluation of treatment
methods currently available. Yet lung cancer is almost
entirely preventable, since the overwhelming majority of
cases are due to a specific etiological agent, one that is,
in theory at least, entirely avoidable. Thus, reducing
the prevalence of cigarette smoking remains the most
effective method of impacting on lung cancer burden
worldwide.
Reducing the Prevalence of Smoking

In order to impact on the prevalence of smoking, it
is necessary both to prevent adolescent initiation of
cigarette smoking and facilitate cessation among current
smokers. There is clear evidence from cohort and case–
control studies that individuals who stop smoking have a
reduced risk of lung cancer compared to continuing smo-
kers. Although the risk reduction is not immediate, the
likelihood of developing lung cancer diminishes with
the duration of cessation. There are also data to suggest
that smokers who are unable or unwilling to completely
quit nevertheless gain a reduction in risk by decreasing
the number of cigarettes smoked. For example, among
individuals who smoke 15 or more cigarettes per day,
smoking reduction by 50% appears to significantly
reduce the risk of lung cancer.

Through extensive and sustained tobacco control cam-
paigns, most developed nations have achieved consider-
able success in reducing the proportion of citizens that
smoke. In the United States, approximately half of all of
those who have ever smoked are now former smokers.
Some of this success has been attributed to the recent
widespread introduction of bans on smoking in enclosed
public places and workplaces in a number of different
countries. The first of these was Ireland, and on March
29, 2004, the Irish Government implemented a complete
ban on smoking in public places. Although themain reason
cited for the introduction of such bans is to protect the
health of workers, the encouragement of smoking cessa-
tion is accepted as an additional rationale. Unfortunately,
the success of tobacco control programs in the developed
world has led to increased marketing by tobacco compa-
nies in developing countries where lung cancer rates are
rising dramatically.
Screening

Individuals who successfully quit smoking dramatically
reduce their likelihood of lung cancer. Yet for many, a
substantial risk remains. The reduction in smoking preva-
lence in many countries will have profound implications
on the demographics of lung cancer in the future, as an
increasing number of cases will occur in former smokers.
In order to further reduce the risk for former (and cur-
rent) smokers, there has been considerable interest for
several decades in secondary preventative efforts such as
screening. Most lung cancer patients present symptomat-
ically with advanced disease and have a poor outcome.
However, survival rates for those with surgically treated
early-stage disease approaches 70% at 5 years. Thus, any
screening strategy that detects more early stage disease
might increase the proportion of potentially curable cases.

A number of conditions need to be met before a
national screening policy can be implemented. The dis-
ease in question should represent a major public health
problem with a high incidence and/or prevalence in the
screened population. The screening tool employed must
be safe, accessible, accurate, and cost-effective, and medi-
cal intervention at a preclinical stage of disease should
lead to improved outcome. Most importantly, once an
early detection program is established, both the disease-
specific and overall mortality rates should be reduced in
the screened population. Such measurements encompass
the salutary effects conferred by earlier intervention as a
result of screening and offsetting potential harm to those
who choose to undergo unnecessary resection. This latter
cohort comprises patients treated for spurious (i.e., false-
positive) test findings and those treated for disease that
would remain nonlethal in the absence of intervention.
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It also includes those undergoing curative-intent treat-
ments despite undetected occult metastatic disease.

Encouraging results from early nonrandomized chest
X-ray screening studies led to a series of large randomized
clinical trials conducted during the 1960s and 1970s. In
these studies, volunteers were randomized to either a
periodic chest radiograph or control arm after baseline
examination. Investigators found an overall increased
number of cancers with chest X-ray screening, but there
was no reduction in death rates, even after an extended
20-year follow-up. Because of the relatively small enroll-
ments, however, these studies may have overlooked a
small but important benefit of annual chest radiography.
As a result, and in an effort to definitively establish
whether chest X-ray screening can impact on lung cancer
mortality, the National Cancer Institute established the
Prostate, Lung, Colorectal and Ovarian (PLCO) study,
which enrolled nearly 155 000 participants. Although
early results from the PLCO trial confirm that chest
X-ray screening results in detection of a greater number
of early-stage cancers, final results from analyses examin-
ing for an effect on mortality are awaited.

The advent of novel diagnostic techniques, together
with the fact that methodological flaws may have intro-
duced significant biases into earlier trials, has generated
renewed interest in other early detection strategies. Of
these, helical CT has shown greatest promise, and several
studies evaluating the role of CT have been conducted
in recent years. Overall, detection rates of early-stage
tumors using CT screening are high, with the proportion
of those with stage I disease approaching 90%. As a result,
the proportion of patients undergoing potentially curative
resection far exceeds rates of those of unscreened popula-
tions. Encouraging projected survival rates have also
been reported with CT screening in the International
Early Lung Cancer Action Program (I-ELCAP) study by
Henschke et al. in 2006, although this was a nonrandomized
trial that had no control arm (Henschke et al., 2006).

Unfortunately, screening strategies using CT have the
major limitation of poor sensitivity. Depending on the
study population, up to 85% of screened individuals will
have irrelevant lesions detected with this strategy, most of
which will be ultimately characterized as benign by serial
scanning. However, a significant number of individuals
will require invasive biopsy and occasionally thoracotomy
where diagnostic uncertainty remains.

Data indicate that the mean volumetric doubling time
for CT-detected cases of lung cancer is approximately
500 days, whereas that of non-screen-detected cases is
only 100 days. This suggests that CT preferentially detects
more indolent tumors, a phenomenon referred to as
length-time bias. Positive results from studies may also
be influenced by lead-time bias, in which an apparently
improved survival time in a screen-detected cohort repre-
sents merely earlier detection of disease without impact
on time of death. However, this latter bias may be avoided
by designing properly conducted randomized studies with
intervention and control arms that test lung cancer-
specific mortality as an endpoint.

Given that there remains a lack of conclusive data to
show that screening using CT (or any other modality)
reduces mortality, no country has yet introduced a popula-
tion-based screening program for lung cancer. Ultimately,
the question of whether a screening program using low-
dose CT is capable of reducing mortality should be
answered by results from randomized, placebo-controlled
trials currently underway. Most experts agree that such
randomized trials are the only reliablemethod for obtaining
true assessments of the benefits and potential harms of
mass screening programs. In the United States, approxi-
mately 50 000 individuals have been recruited to the
NCI-sponsored National Lung Screening Trial, with re-
sults expected in 2010. In addition, the NELSON trial is a
European collaborative effort that also aims to evaluate the
potential of CT screening through enrollment of 16 000
participants.

It is also important to note that, even if these studies
show a positive effect that is attributable to screening,
the cost-effectiveness of rolling out CT-based screening
programs in different jurisdictions will require careful
assessment. To date, published estimates using different
computer-simulated models of the cost of CT screening
have varied considerably, depending on the demographics
of the populations screened (e.g., current or former smo-
kers) and the outcome measure used. Whereas some stud-
ies have shown estimates in the region of $2500 per
quality of life year (QALY) saved, other projections have
indicated the cost to be closer to $2 000 000 per QALY
saved. Ultimately, however, an accurate assessment of the
cost-effectiveness of any screening technique can only be
made if that technique is shown to save lives.
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Introduction

Workers in various occupations such as mining, construc-
tion, and even office buildings are exposed to respiratory
toxicants, which can cause disease at any point along the
respiratory tract. Occupational exposures may account for
up to 15% of asthma and 10% of lung cancer. Workers in
developing countries are exposed to a distinct and more
varied range of respiratory exposures than workers in
developed countries, because regulations may not be as
effective and environmental engineering not as advanced.
This article summarizes the essential features of the diag-
nostic evaluation of the more common occupational respi-
ratory diseases.

Disease can occur at any point along the respiratory
tract, which spans the nasal cavity to the small air sacs
(alveoli) in the lung tissue. Within the lung itself, disease
can involve the airways, resulting in common diseases
such as asthma and chronic obstructive pulmonary disease
(COPD). The range of exposures associated with airway
disease is vast and includes animal and plant material,
numerous industrial chemical products, metal and wood
products, and irritants such as welding fumes and acidic
gases. Disease in the lung may also cause inflammation
and scarring of lung parenchyma, the internal lung tissue.
Common causes of such diseases include asbestos expo-
sure in textile and shipping industries, as well as silica
exposure in industries involving sandblasting and con-
crete breaking.

Industrialization in developing countries has exposed
workers to high levels of respiratory toxicants, many of
which have been effectively regulated in developed
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countries. For example, the World Health Organization
(WHO) has launched a program to eliminate silicosis
worldwide. The respiratory health of agricultural workers
has also received increasing attention.
Lung Anatomy

Understanding respiratory tract anatomy is essential to
understanding the toxicity of individual respiratory tox-
icants. The respiratory tract is divided into upper and
lower respiratory tracts. The nasal cavity, pharynx, and
larynx make up the upper respiratory tract. The trachea,
bronchi, bronchioles, and alveoli constitute the lower
respiratory tract. The trachea divides into two branches,
which lead to the bronchi. The bronchi branch into
bronchioles that branch into 300 million alveoli with a
cumulative surface area of 140 m2. Small, motile, mucus-
coated surface projections, cilia, clear deposited dust. The
bronchioles and alveoli are responsible for gas exchange.
The airways include the network of tubules leading to the
alveoli and include the trachea, bronchi, and bronchioles.
The lung parenchyma, the internal lung tissues, comprise
the air sacs and their supporting structures. Immune cells
such as macrophages ingest foreign material. The pleura
are the two-layered linings between the chest wall and the
lung (Figure 1).
Rhinitis and laryngitis
Large particles are deposited in the nose, pharynx, and laryn
  More soluble gases (e.g., sulfur dioxide) are absorbed by 
  upper respiratory tract mucous membranes, causing
  edema and mucus hypersecretion. 

Tracheitis, bronchitis, and bronchiolitis
Large particles (more than 10 µm in diameter) are deposited
   then cleared by cilia. Small particles and fine fibers are de
   and bifurcations of alveolar ducts. Less soluble gases pen
   small airways. 

Asthma and chronic obstructive pulmonary disease

Cancer
Carcinogens (asbestos and polycyclic aromatic hydrocarbon
   into contact with bronchial epithelial cells, causing mutatio
   proto-oncogenes and tumor-suppressor genes. More than
   such contact results in malignant transformation. 

Interstitial disease
Small particles (less than 10 µm in diameter) and fibers are dep
   in terminal bronchioles, alveolar ducts, and alveoli. Penetratio
   to the interstitium results in fibrosis and the formation of
   granulomas.

Allergens and irritants are deposited in large airways by turb
   flow, causing chronic inflammatory changes. 

Figure 1 Respiratory tract anatomy. Reproduced from Beckett W (
of Medicine 342: 406–413.
Deposition and Host Defense

Aerosols are any airborne particles whereas dusts are solid
airborne particles. Vapors are gaseous substances that can
irritate the respiratory tract. Airborne particles can initiate
disease anywhere in the respiratory tract by sedimenta-
tion (i.e., settlement by gravity in the large airways), inertial
impaction (i.e., changes in airstream direction in the nose
and large airways), interception (i.e., collision into bronchi-
olar walls), and/or diffusion. The nose traps particles
greater than 10 microns in aerodynamic diameter and can
impact the alveoli (particles less than 5 microns are respira-
ble). During exertion, increases in tidal volume (i.e., volume
of air inspired with each breath) and respiratory rate
increase the amount of deposited particles. The respiratory
tract’s natural defense system includes particle capture and
removal through entrapment in the nose, clearance by the
mucociliary ladder, and ingestion by alveolar macrophages.
Upper Respiratory Tract Diseases

Occupational exposures can cause upper respiratory tract
disease, producing symptoms that can also be found in
lower respiratory disease. Numerous exposures ranging
from animal and plant materials such as chemical irritants
(e.g., acid anhydrides) can cause disease. Rhinitis, sinusitis,
and laryngeal dysfunction can occur after exposures to
x.
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such allergens and irritants. Rhinitis is the inflammation
of the nasal mucosa, with symptoms such as bouts of
sneezing, nasal congestion, and itching. Physical examina-
tion may reveal red or blue swollen nasal mucosa. Sinusi-
tis can cause similar symptoms as rhinitis but involves
inflammation and swelling of the sinuses – the cavities or
air-filled pockets along the nasal passages. Symptoms
include headaches, runny nose, and cough and may reveal
facial tenderness on physical examination. Inflammation
of the larynx or vocal cords can produce choking sensa-
tions, voice changes, or stridor (difficulty in inspiring air).
Treatment starts with reducing exposures to allergens and
irritants and for rhinitis and sinusitis include a variety of
nasal sprays and oral medications that suppress inflamma-
tion (e.g., antihistamines and nasal sprays that contain
corticosteroids).
Table 1 Selected causes of occupational asthma
Lower Respiratory Tract Diseases

Obstructive lung disease (OLD) includes COPD and
asthma. By 2020, OLD will be the third leading cause of
death.
Exposure Potential exposure source

Sensitizer-induced asthma agents

Animal

Dander Animal handlers, laboratory
research workers

Excreta Animal handlers, laboratory

research workers
Secretions Animal handlers, laboratory

research workers

Plant

Flour Bakers
Grain Grain storage workers

Coffee bean Coffee roasters

Latex Health-care workers

Wood dust Sawmill, carpentry, furniture
work

Castor bean Oil manufacturing

Chemicals
Isocyanates Polyurethane, plastics, varnish

industries

Acid anhydride Plastics industry

Biocides Health-care workers
Metals and others

Platinum Platinum-refining workers

Cobalt Hard-metal grinders

Chromium Metal-plating workers
Metal-working fluids Machinists

Reactive airways
dysfunction

(RADS)/Irritant-induced

asthma agents

Chlorine spills Paper mill workers
Acid spills Metal-plating workers

Nitrogen oxides Silo gas

Welding fumes Welders

Metam sodium Pesticide
Asthma

Over 250 substances have been identified as causes of
asthma, which is characterized by airway inflammation and
is associated with intermittent spasm of the airway smooth
muscle. Asthma can be work aggravated, an exacerbation
of subclinical disease, or new onset. Sensitizer-induced
asthma develops a few months after exposure because it
takes the body that long to develop antibodies to the expo-
sure. Sensitizers include high- and low-molecular-weight
chemicals. High-molecular-weight chemicals stimulate the
production of IgE, an allergic antibody, and include biolo-
gical proteins such as particles from wood products, textiles,
grains, crustaceans, and latex allergen. Low-molecular-
weight chemicals, such as isocyanates (chemicals used in
polyurethane foams and paints), react and combine with
endogenous chemicals already found in the body to produce
allergens which in turn stimulate the production of antibo-
dies. Nonspecific irritants can provoke work-aggravated
asthma.

Respiratory toxicants can be divided into allergens and
irritants. Irritants initiate disease by mechanical, thermal,
and chemical irritation of local nerve receptors. Allergens
(sensitizers) react with antibodies to trigger an immuno-
logical cascade leading to disease. Antibodies are mole-
cules in the blood and secretory fluids of the body that tag,
destroy, and neutralize bacteria, viruses, and other toxins.
The immunological cascade triggered by these antibodies
includes a network of different cells and the chemical
products they produce that protect the body from these
foreign invaders. Reactive airways dysfunction (RADS),
or irritant-induced occupational asthma, may occur after
a single, massive irritant exposure or repeated, smaller
ones. Unlike sensitizer-induced asthma, RADS occurs
immediately after massive exposure because it is caused
by irritation and does not involve stimulating the body’s
internal immunologic cascade.

Diagnosing occupational asthma requires taking a
careful history with specific attention to the relationship
between symptoms away and at work. Workers with an
individual or family allergy history are at increased risk.
Symptoms are often episodic and include coughing,
wheezing, chest tightness, and shortness of breath. Breath-
ing studies such as pulmonary function tests performed at
and away from work are helpful (Table 1).

In addition to exposure avoidance or reduction through
respiratory protection, treatment entails the use of standard
asthma medications. This includes inhalers such as inhaled
corticosteroids and oral medications such as leukotriene
antagonists that reduce inflammation. Other classes of med-
ications also include long-acting beta-agonists, which
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relieve bronchospasm, or airway muscle spasm. In workers
with sensitizer-induceddisease, environmental controls and
respiratory protection may be insufficient because low
exposure levels can trigger symptoms. Early recognition
and prevention are crucial because symptoms may persist
after exposure discontinuation.
Chronic Obstructive Pulmonary Disease

Unlike the intermittent airflow obstruction found in
asthma, COPD is characterized by chronic airflow obstruc-
tion. While COPD is predominantly associated with
tobacco smoking, workers in coal mines, hard rock mines,
tunnel workers, and concrete-manufacturing workers are
also at increased risk. Although there are two forms of the
disease – emphysema (destruction of the alveoli) and
chronic bronchitis (airways clogged with mucus due to
chronic inflammation), the most common form is a com-
bination of these two and often also overlaps with asthma.
Symptoms of chronic cough and shortness of breath may
not present until many years after exposure onset. Diag-
nostic workup includes breathing studies such as pulmo-
nary function tests. Several medications are available that
relieve inflammation (e.g., inhalers that contain steroids)
and muscle airway spasm (e.g., anticholinergic and beta-
agonist inhalers). In general, COPD treatment is not
nearly as effective as asthma treatment because the dam-
age in COPD is often irreversible.
Diseases of the Respiratory Units or
Lung Parenchyma

Several widely prevalent respiratory toxicants cause fibro-
sis or scarring of the lung parenchyma – the internal tissue
in the lung – or pleural disease, which is disease of the lung
lining. Most cases are due to asbestos exposure, silica and
coal dust exposure from working in coal mines, exposure
to beryllium (causing chronic beryllium disease), and
organic dust (causing hypersensitivity pneumonitis).
Figure 2 Asbestosis. Courtesy of Dr. Ami N. Rubinowitz.
Asbestos Lung and Pleura Effects

Asbestos is a strong incombustible fiber, which is used for
fireproofing and insulation and comprises several forms
including chrysotile, amosite, crocidolite, and tremolite.
Shipyard workers, electricians, welders, and plumbers all
may be potentially exposed. Even moderate, cumulative
exposure to asbestos over years can result in various
pulmonary manifestations involving either the pleura –
the lung lining – and/or the lung parenchyma. Disease
may be relatively benign, such as in the case of pleural
effusions, a fluid collection between the two layers of
lung lining, or pleural plaques – scars of the lung lining
studded with calcium deposits. Disease of the lung
parenchyma including scarring and pulmonary fibrosis
may range from mild to severe. Finally, exposure may
cause cancer, primarily lung cancer and mesothelioma (a
unique form of cancer of the pleura).

Workers with benign disease (e.g., pleural disease) may
be asymptomatic, whereas workers with more severe dis-
ease (e.g., pulmonary fibrosis) may develop the insidious
progression of shortness of breath and nonproductive
cough. In the case of the latter, unfortunately, treatment
options are limited. Diagnostic evaluation for workerswith
pulmonary fibrosis may reveal reduced lung volumes –
that is, a restrictive ventilatory defect, on lung function
tests. Radiographic imaging for workers with pulmonary
fibrosis may reveal mild scarring (small, linear, irregular
lines) at the lung bases, or bottom of the lungs (Figure 2).
Silicosis and Coal Workers’ Pneumoconiosis

Mineral or organic dust inhalation can result in slowly
progressive pulmonary fibrosis. Common causes include
coal dust and silica exposure. Less common exposures
include talc, kaolin, andmica. Chest radiographsmay reveal
small rounded opacities that may eventually coalesce into
massive fibrosis (Figure 3). Not infrequently, workers may
have no respiratory symptoms such as cough or shortness of
breath but have significant abnormal findings on chest
radiograph.

Workers in foundries, tunneling, sandstone grinding,
sandblasting, concrete breaking, granite carving, and
china manufacturing are exposed to silica. In 1995, the
WHO, in conjunctionwith the International Labour Orga-
nization (ILO), launched the International Programme on
the Global Elimination of Silicosis. In China, more than
500 000 cases of silicosis and 24 000 deaths were recorded
between 1991 and 1995.



Figure 3 Silicosis. Courtesy of Dr. Ami N. Rubinowitz.
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While acute silicosis has been reported after intense
short-term exposure, more commonly chronic exposure
by inhalation of quartz or other forms of silica dioxide
may lead to a proliferation of small and large rounded
opacities and, in some cases, massive pulmonary fibrosis.
Lung biopsies combined with energy-dispersive, X-ray
analysis may confirm diagnosis but are not generally
necessary if given a suggestive history. Two significant
complications of silicosis include an increased risk for
both lung cancer and active tuberculosis. Pulmonary
function tests may reveal reduced lung volumes (restric-
tive ventilatory defects) associated with a decreased diffu-
sion capacity – that is, a decrease in the ability to absorb
and excrete gases. Treatment options for silicosis are
limited but may include oral steroids.
Chronic Beryllium Disease

Beryllium is a metallic element found in rocks, coal, soil,
and volcanic dust. Exposure occurs in many industries
including the aerospace and electronics industries and,
to a lesser extent, the dental and laboratory technology
and manufacturing ceramics industries. Chronic exposure
to beryllium leads to a chronic granulomatous disease
indistinguishable from the idiopathic pulmonary disease,
sarcoidosis. Workers present with an insidious onset of
cough and shortness of breath. In addition to symptoms,
diagnosis is made by appropriate radiographs and labora-
tory demonstration of an immunological response to
beryllium from blood or bronchoalveolar lavage (washing
from lung). Chest radiographs may reveal small nodular
opacities or hilar lymphadenopathy – that is, swelling of
the lymph nodes found in the chest. While regulatory
agencies in developed countries have reduced exposure
levels dramatically, workers at low-exposure levels may
still be at risk. Anti-inflammatory therapy such as oral
corticosteroids may be effective in symptomatic patients.
Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis (HP) is caused by sensitiza-
tion to organic dusts, particularly fungal or bacterial
spores, animal proteins, or chemicals. Farmers, grain
operators, wood workers, and bird breeders are at highest
risk. HP has acute, subacute, and chronic forms. Acute
forms are accompanied by sudden shortness of breath
and cough and often improve rapidly after exposure ces-
sation. Chronic disease may occur insidiously or after
several acute episodes. Reduced lung volumes (restrictive
ventilatory defects) with impaired gas exchange ability
(diffusing capacity) are usually present. Chest radiographs
may reveal patchy infiltrates or evidence of reticulations
and more severe scarring such as honeycombing in more
chronic phases. If permanent changes have occurred,
exposure cessation may be insufficient. Diagnosis includes
taking a suggestive history and a blood test demonstrating
immunologic exposure to an appropriate agent. Blood
tests, however, are often insufficient as a positive test may
simply indicate exposure and a negative test cessation of
exposure. Anti-inflammatory medications such as corti-
costeroids are often particularly useful in the acute setting.
Occupational Exposures in Other Industries

Internationally, workers in several other industries not
discussed previously are at increased risk for lung disease.

The respiratory health of agricultural workers has
received increasing attention. Exposure to ammonia,
D-glucan, endotoxin, and other microbial products may
give rise to several different symptoms including flulike
symptoms, shortness of breath, and cough. Asthma and
HP are more commonly found.

Parenchymal lung disease is also found in workers in
other occupations, such as the textile industry, in which ex-
posures to cotton, flax, and hemp dust cause byssinosis. This
disease is characterized initially bychest tightness, shortness
of breath, and cough. Other reports of those diagnosedwith
parenchymal lung disease work in the handicraft industries
(carpet weaving, brassware, and stone polishing).

Finally, tuberculosis (TB) remains epidemic in many
countries. Poorly ventilated work spaces may promote TB
transmission, and risk is increased by silica exposure.
Diagnostic Workup

Diagnostic evaluation includes evaluation of the indi-
vidual worker, with careful attention to work-related
exposures and the presence of disease in coworkers. This
section focuses on the key elements of the diagnostic
evaluation including history, chest radiograph, and pul-
monary function tests. Rarely, more advanced testing such
as cardiopulmonary exercise testing or lung biopsies are
necessary.
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Occupational History and Physical

A detailed occupational history is most critical. Information
including job title and activities, work exposures, and the
extent and duration of exposure is crucial. Former employ-
ment history is also key as diseases such as asbestosis and
silicosis have a long latency. Any industrial accidents result-
ing in massive exposure levels should be recorded. The
presence of disease among coworkers should be documen-
ted. Personal protective equipment (PPE) usage should be
determined. Symptomatic improvement while on vacations
or during weekends may suggest an occupational etiology,
particularly in workers with asthma or HP.

Physical examination is often unrevealing, and normal
examinations do not exclude the disease. Velcro-popping
sounds, occurring as scarred airways open during inspira-
tion, are often heard in workers with chronic parenchymal
disease such as asbestosis. High-pitched whistling sounds
representing flow through inflamed airways may be heard
in asthmatics.
Chest Radiograph and Computed Tomography

Chest radiographs are the most important diagnostic test
for workers with parenchymal disease. The International
Labor Office (ILO classification) first published guidelines
for assessing chest radiographs in 1950 and then revised
them in 2000. Parenchymal opacities – that is, abnormal
shadows in the lung, are classified according to size (large
and small), shape (rounded or irregular), extent and pro-
fusion (concentration) and are rated on a 12-category
scale. Changes in the pleura are also graded. The WHO
recommends that workers exposed to silica or coal mine
dust undergo chest radiographs at baseline every 2 to
3 years during exposure and every 2 to 5 years after expo-
sure discontinuation. Alternatively, given the long latency
of disease, the WHO also recommends increased fre-
quency of chest radiographs in asbestos workers as the
time from onset of asbestos exposure increases.

Computed tomography (CT) scanning, a more sophis-
ticated diagnostic imaging technique producing detailed
cross-sectional images, is more sensitive than chest radio-
graphs. CT scans may help detect early disease and
confirm disease in workers with questionable chest radio-
graphs (unfortunately, CT scans require expensive equip-
ment and are often impractical from a logistic and cost
perspective).
Physiologic Methods

Pulmonary function tests include various breathing tests
that measure different aspects of lung function. Organi-
zations such as the American Thoracic Society and the
European Respiratory Society have published standards
for testing and interpretation. Themost routinely and easily
administered test is spirometry. During spirometric testing,
workers are asked to inhale to full capacity and then exhale
forcibly. Decrements in forced vital capacity (FVC, or the
amount of total air forcefully exhaled) or in forced expira-
tory volume in 1 second (FEV1), compared either with the
general population or with excessive decrements over time
within one individual, are considered significant. In general,
a reduction in the ratio of FEV1 to FVC suggests obstruc-
tive airways disease, such as asthma or COPD. Individuals
without obstruction but reduction in lung volume (FVC), or
restrictive lung disease, may have parenchymal lung disease
such as asbestosis. Reductions in diffusing capacities (mea-
surement of gas exchange) are also common in parenchymal
disease and may occur before reduction in lung volume.
Many workplaces require spirometry surveillance. Since
significant variation in the population exists, tracking lung
function changes in individual workers over time is helpful.
The WHO recommends annual spirometry with a work-
place intervention if a decline of greater than 15% from the
baseline percent of predicted values occurs for certain
workforces.

Because asthma is episodic, diagnosis can be elusive.
Peak expiratory flow rates (PEFR, or measuring how fast
a worker can exhale air) measured using a simple port-
able instrument can be obtained in the workplace and
recorded in a diary. PEFR variations between work and
home and during vacations or weekends away from work
are informative.

Exposure

In many countries, workplaces are required to provide
employees information regarding the toxicity of work-
place chemicals. Workplaces often maintain records of
previous and current workplace exposures, which are
recorded in material safety data sheets. Historical records
contain information regarding changes over time in work-
place exposures and records of accidents. Area samples
can be obtained by direct air sampling or monitoring
devices. Personal samples obtained by attaching devices
to workers often provide a better exposure estimation by
sampling the worker’s ‘breathing zone.’
Prevention, Regulation, and Disability

Prevention

Prevention is the principal strategy used to reduce the
burden of occupational lung disease. Prevention may
entail toxicant removal, substitution with a less toxic
agent, or exposure reduction with or without respirator
usage.

The health-care worker plays a crucial role in disease
prevention simply by recognizing and reporting disease.
The patient’s history is the most crucial: the worker’s
symptoms should be consistent with the medical,



162 Lung Diseases, Occupational
epidemiologic, or toxicologic literature. Exposure should
precede disease onset and be of sufficient duration to
cause disease. For certain diseases such as RADS, one
single massive exposure may be sufficient cause for
onset, while for other diseases, such as asbestosis, disease
may not present for over 20 years. In certain situations,
particularly for asthma or HP, a history of symptom
recurrence immediately after exposure and improvement
upon exposure cessation is suggestive.
Regulation

Several laws and agencies regulate hazardous substance
usage in workplaces. Occupational exposure limits (OELs)
for short-term and time-weighted average exposures exist
for many chemicals. Many countries require surveillance
programs and reporting of any occupational diseases.
Implementation and enforcement of these limits is chal-
lenging. Furthermore, disease, particularly disease related
to sensitizers, may occur at chronic, low exposure levels.
Disability

A workers’ compensation system exists in many countries
and is mandated by law to provide insurance for workers
who have been unable to continue working temporarily or
permanently due to work-related illness or injury.
Impairment is the term for loss of function whereas disabil-
ity is the term for inability to work because of impairment.
Impairment ratings rely on the degree of impairment found
on pulmonary function testing. Health-care workers should
assess the severity and permanence of the impairment.
A long-term assessment is made after a worker has reached
maximummedical improvement and is onminimummedi-
cation requirements. Specific compensation systems exist
for workers in particular fields such as coal mining, cotton
workers, and longshoremen.

See also: Agricultural Health and Safety; Asbestos;

Bioaerosols; Cadmium; Carcinogens, Environmental; En-

vironmental Health: Overview; Human Exposure Science;

Indoor Air Pollution/Developing Countries; Occupational

Health: Overview; Outdoor Air Pollution: Sources, Atmo-

spheric Transport, and Human Health Effects; Risk

Assessment, Environmental/Occupational.
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Lupus erythematosus (LE), an inflammatory autoimmune
disease, is the result of multiple events involving both
susceptible genes and environmental impacts. The clini-
cal manifestations of the disease may vary in severity from
limited cutaneous lesions (cutaneous lupus erythemato-
sus, CLE) to severe systemic disease, especially involving
progressive renal damage (systemic lupus erythematosus,
SLE). A common feature of the disease is the breakdown
of tolerance to self antigens, a consequence of which is the
production of antibodies reactive with multiple self pro-
teins. Patients with a systemic organ manifestation of the
disease have high levels of circulating autoantibodies
against a number of nuclear antigens (ANA) including
double-stranded DNA (dsDNA) and ribonucleoproteins.
However, the pathogenetic mechanisms of LE are still not
well understood, although there is accumulating evidence
that aberrant apoptosis plays a pivotal role in the patho-
genesis of various subtypes of the disease. Elucidation of
further relevant humoral and cellular factors may lead to
future development of effective strategies to prevent
abnormal reactivity in patients with LE.
Epidemiology of Lupus Erythematosus

In Europe, the annual incidence of SLE ranges from 3.3 to
4.8 cases per 100 000 persons per year, and in the United
States, the annual incidence of SLE has been reported to
range from 2.0 to 7.6 cases per 100 000 persons per year.
However, the incidence of SLE in the general population
varies according to the characteristics of the popula-
tion studied, such as predominant age, sex, race, ethnicity,
and national origin. Furthermore, most of the studies
focus on SLE and a systematic epidemiological analysis
of the various subtypes of CLE has not been conducted.
The incidence of CLE has only been estimated to be two-
to threefold higher than the incidence of SLE. In addition,
cutaneous manifestations appear in 73–85% of patients
with SLE and can occur at any stage of the disease;
conversely, only a small percentage of patients with CLE
subsequently develop a systemic manifestation of the
disease. In most patients with SLE, the clinical symptoms
of the disease appear between the age of 15 and 40 years,
with a mean age of 29–32 years. The disease affects both
females and males, with a female:male ratio of approxi-
mately 10:1 for SLE.
Classification of Cutaneous Lupus
Erythematosus

The clinical expression of the skin lesions in LE shows a
great variety; consequently, this has led to the practice of
identifying different subsets of the disease. Although the
clinical expression of skin lesions in LE shows a great
variety, lesions frequently appear at the beginning of the
disease. Historically, the disease was first recognized and
evaluated by its visible cutaneous symptoms before the
analysis and study of its systemic organ manifestations
established the complex nature of LE. However, the devel-
opment of a unifying concept for skin manifestations of the
disease has proven difficult. In 1977, Gilliam developed a
classification system that divided the cutaneous lesions into
LE-specific and LE-nonspecific manifestations by histolog-
ical analysis of skin biopsy specimens. The LE-specific
cutaneous findings encompass the various subtypes of
CLE, which were subdivided into three different categories
as defined by constellations of clinical features, histological
changes, laboratory abnormalities, and average duration of
skin lesions: Acute CLE (ACLE), subacute CLE (SCLE),
and chronic CLE (CCLE). In contrast, skin lesions, such as
urticarial-like vasculitis and livedo reticularis, are some of
the most common LE-nonspecific cutaneous lesions and
are mostly associated with SLE, reflecting potentially seri-
ous complications. Since the initial formulation of the
Gilliam nomenclature and classification system more than
two decades ago, several attempts have been made to
improve on this system and to provide new approaches to
the problem of classification of the cutaneousmanifestations
of LE. In recent years, a further subtype with characteristic
clinical, histological, and photobiological features, named
LE tumidus (LET), has been analyzed and defined as a
separate entity of CLE (Figure 1). The course and progno-
sis in these patients is generallymore favorable than in those
with other subtypes of CLE, and therefore a modified
classification system, including LET as the intermittent
subtype of CLE (ICLE), was suggested in 2004 (Table 1).
Significance of Photosensitivity in
Cutaneous Lupus Erythematosus

It has long been known that aberrant reaction to sunlight
is present in almost all patients with a cutaneous or
systemic manifestation of LE. Therefore, photosensitivity



Table 1 Duesseldorf Classification of Cutaneous Lupus

Erythematosus

Acute cutaneous lupus erythematosus (ACLE)

Subacute cutaneous lupus erythematosus (SCLE)

Chronic cutaneous lupus erythematosus (CCLE)
. Discoid cutaneous lupus erythematosus (DLE)
. Lupus erythematosus profundus (LEP)
. Chilblain lupus erythematosus (CHLE)

Intermittent cutaneous lupus erythematosus (ICLE)
. Lupus erythematosus tumidus (LET)

Kuhn A, Ruzicka T (2004) Classificationof cutaneous lupus erythe-
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is listed as one of the American College of Rheumatology
(ACR) criteria for the classification of SLE, although it is
poorly defined as ‘‘a result of an unusual reaction to
sunlight by patient history or physician observation’’
(Tan et al., 1982: 1274).Therefore, a detailed clinical his-
tory is important for the diagnosis and assessment of
photosensitivity in patients with LE, including several
key components, such as the morphology of the rash,
duration, distribution, and the relationship to sun expo-
sure and specific symptoms (e.g., pain, pruritus, burning,
blistering, and swelling). Each of these symptoms may
provide clues to the nature of the photosensitive eruption
and, thus, the diagnosis. In addition, photoprovocation
tests with long-wave UV light (UVA) and sunburn UV
light (UVB) irradiation have been found to be an objective
way to evaluate photosensitivity in patients with CLE.
A standardized protocol for phototesting has been devel-
oped and optimized by taking into account multiple fac-
tors, such as light source, test area of irradiated skin, dose
of UV exposure, and frequency of irradiation. In 2001,
photoprovocation test reactions were evaluated in more
than 400 patients with different subtypes of CLE and most
of the patients developed characteristic skin lesions using
combined UVA and UVB. Altogether, skin lesions were
observed in 54% of patients with LE; 42% of these
patients reacted to UVB irradiation only and 34% to
UVA irradiation only. Interestingly, there were substantial
differences in the clinical subtypes of LE with regard to
Figure 1 Erythematous, succulent, non-scarring plaques on
the left cheek of a patient with lupus erythematosus tumidus.
response to the different UV wavelength. Patients with
ICLE have been found to be the most photosensitive
subtype, as phototesting revealed characteristic skin
lesions in 72% of these patients. In contrast, pathologic
skin reactions were induced by UV irradiation in 63%
of patients with SCLE, in 60% of patients with ACLE,
and in 45% of patients with CCLE. Moreover, photo-
provocation tests are also helpful for the education of
patients on protective measures. It has been demonstrated
that broadband sunscreens can suppress the induction of
skin lesions by UV irradiation in patients with CLE.
Therefore, consequent protection against UV light as
well as other physical and mechanical injuries may be
of significant value for the course and prognosis of both
CLE and SLE (Table 2).
matosus. In: Kuhn A, Lehmann P, and Ruzicka T (eds.) Cutaneous

Lupus Erythematosus, 1st edn., pp. 53–58. Heidelberg, Springer.

Table 2 The 1982 Revised Criteria for Classification

of Systemic Lupus Erythematosus

Malar rash

Discoid rash

Photosensitivity

Oral ulcers
Arthritis

Serositis

Renal disorder

Neurologic disorder
Hematologic disorder
. Hemolytic anemia or
. Leukopenia or
. Lymphopenia or
. Thrombocytopenia

Immunologic disorder
. Positive LE cell preparation or
. Anti-DNA: Antibody to native DNA in abnormal titer or
. Anti-Sm: Presence of antibody to Sm nuclear antigen
. False-positive serologic test for syphilis

Antinuclear antibody

Tan EM, Cohen AS, Fries JF, et al. (1982) The 1982 revised

criteria for the classification of systemic lupus erythematosus.

Arthritis and Rheumatism 25: 1271–1277.
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Altered Apoptosis and Inducible Nitric
Oxide Synthase in Cutaneous Lupus
Erythematosus

Apoptosis is a form of programmed cell death that is
characterized by several distinct morphological changes,
such as cell shrinkage, plasma membrane blebbing, and
nuclear condensation, in response to the activation of
several factors and receptors specific for the apoptotic
pathway. The biochemical hallmark of apoptotic cell death
is the degradation of DNA into oligosome-sized fragments
by specific endonucleases and the formation of small vesi-
cles from the cell surface, also known as apoptotic bodies.
In 1994, a potentially crucial role in the initiation of
the autoimmune reaction cascade was attributed to UV-
induced keratinocyte apoptosis by Casciola-Rosen and
coworkers. More recently, the potential significance of
apoptosis in the pathogenesis of CLE has been emphasized
by further investigation. Using different staining tech-
niques to detect nuclei with DNA damage, an increased
number of apoptotic keratinocytes was found in skin lesions
of various subtypes with this disease. Furthermore, a sig-
nificant increase of apoptotic nuclei was also seen in
UV-induced lesions of patients with various manifestations
of CLE after phototesting. This was in striking contrast
to healthy controls with a proper clearance of apoptotic
cells after UVA and UVB irradiation. The hypothesis that
clearance of apoptotic cells in the skin of the majority
of patients with CLE is either impaired or delayed is in
analogy to the growing evidence that defects in the clear-
ance of apoptotic cells may be important in triggering
the immune response in SLE. Impaired clearance for
dying cells may explain accumulation of apoptotic and
subsequently of secondary necrotic cells in various tissues
of these patients. Interestingly, lymph node biopsies from
patients with SLE have been investigated to determine
whether a defect in engulfment of apoptotic cell material
can also be observed in germinal centers. A characteristic
feature of lymphatic germinal centers is the presence of
specialized phagocytes, usually referred to as tingible
bodymacrophages (TBM). Under healthy conditions TBM
remove apoptotic cells very efficiently in the early phase
of apoptosis. However, in a subgroup of patients with
SLE apoptotic cells accumulate in the germinal centers.
This may be due to impaired phagocytic activity or
caused by the absence of TBM. Instead of normal clearance,
apoptosis might progress allowing cells to enter the late
stages of apoptotic cell death, including secondary necrosis.

Moreover, systemic autoimmunity has been noted in
mice deficient for molecules potentially involved in the
clearance of apoptotic cells including serum amyloid
P (SAP), c-Mer, C4, IgM, or C1q. SAP is a member of
a family of proteins termed pentraxins that bind to apo-
ptotic cells and then interact directly with phagocyte
receptors or with C1q. C1q and a related protein, man-
nose binding lectin (MBL), function as collectins, which
are proteins with globular lectin-like heads and collagen-
like tails that bind to and flag late-apoptotic cells for
disposal by phagocytosis. Interestingly, the surface blebs
of apoptotic keratinocytes bind C1q, an early component
of the complement cascade. The C1q-binding protein that
was initially identified to be present in apoptotic plasma
membrane blebs is calreticulin, and autoantibodies to
calreticulin can interfere with this binding. The binding
of C1q to apoptotic cells has been postulated to facilitate
the clearance of these cells by macrophages that express a
C1q cell surface receptor. A potential role for C1q in the
clearance of apoptotic debris and in the genesis of CLE is
suggested by two observations. First, patients with com-
plete congenital C1q deficiency frequently develop LE-
like photosensitive eruptions at an early stage. Second,
mice with C1q deficiency show an SLE-like disease asso-
ciated with an accumulation of apoptotic cells in the
kidneys. However, the clearance of UV-induced apoptotic
keratinocytes was not observed to be altered in C1q-
deficient mice.

Nitric oxide (NO), a pleiotropic molecule synthesized
by a family of nitric oxide synthases, is an important
regulator of apoptosis and has an implication in the course
of various autoimmune diseases. Interestingly, this mole-
cule appears to have differential effects upon the various
cell types within the skin and has been shown to play a
role in the pathogenesis of CLE. Aberrant regulation of
inducible nitric oxide synthase (iNOS) expression has
been noted in UV-induced lesions of patients with CLE.
In contrast to healthy controls, patients with various sub-
types of this disease were noted to have significantly
delayed and prolonged expression of iNOS, suggesting
that the kinetics of iNOS induction and the time span of
local iNOS expression might play an important role in the
pathogenesis of CLE. Moreover, the clinically normal-
appearing skin of patients with active SLE also demon-
strated elevated levels of iNOS in both the epidermis and
adjacent vascular endothelium. It has further been
reported that elevated levels of iNOS and serum nitrite
correlated with established indices of disease activity and
titers of anti-dsDNA antibodies in patients with SLE.
Regulatory T Cells and Chemokines for
Lymphocyte Recruitment in Cutaneous
Lupus Erythematosus

Naturally arising CD4+CD25+ regulatory T cells (Treg)
represent a major lymphocyte population actively main-
taining immunological tolerance to self and non-self anti-
gens. In the experimental mouse model of LE (NZB/
NZW F1), the frequency of Treg is lower than in control
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animals. Recently, a decreased number of peripheral Treg

was also found in SLE patients and a significant correla-
tion was detected between the number of Treg and disease
activity. Whether the suppressive function of Treg cells is
impaired in patients with SLE is currently under investi-
gation. Furthermore, a decrease of Treg only at the site of
inflammation in skin lesions of patients with CLE has
recently been observed. This reduction of Treg in the
dermal infiltrate was independent of the subtype of the
disease and not reduced in other inflammatory skin dis-
eases such as psoriasis vulgaris. Therefore, a reduction in
the number of Treg in skin lesions of patients with CLE
might be caused by specific factors of this disease. Never-
theless, studies on CLE did not encompass a general Treg

defect as supported by a normal frequency of circulating
Treg subpopulation and by a normal capacity to suppress
Tcon proliferation. The reduction of Treg in CLE probably
reflects a limitation of the disease to the skin, whereas a
systemic decrease of Treg might explain the widespread
autoimmunity in patients with SLE resulting in multiple
organ involvement.

Although the pathogenetic role of skin-infiltrating
lymphocytes is undoubted, their recruitment and activa-
tion pathways in inflammatory skin diseases, such as CLE,
are still elusive. A superfamily of small chemotactic pro-
teins has been shown to regulate lymphocyte trafficking
under inflammatory conditions, and it has been demon-
strated that UV irradiation induces the expression of Tcell
attracting chemokines. Furthermore, the CXC chemokine
receptor R3 ligands CXCL9, CXCL10, and CXCL11 have
been identified as the most abundantly expressed genes in
the skin of patients with CLE. Additionally, it has been
reported that the CCR4 ligand TARC/CCL17 was
strongly expressed in skin lesions and elevated in the
serum of patients with CLE. The functional relevance of
lymphocytic CCR4 expression could be confirmed by
TARC/CCL17-specific in vitro migration assays, suggest-
ing that CCR4 and TARC/CCL17 are involved in the
pathophysiology of CLE disease.
Treatment and Prevention of Cutaneous
Lupus Erythematosus

In patients with CLE, it is important to provide instruc-
tions concerning methods of protection from sunlight and
artificial sources of UV irradiation as well as avoidance
of potentially photosensitizing drugs. Topical corticoster-
oids are the mainstay of treatment for patients with all
different subtypes of CLE; however, they are of limited
value in the therapy of widespread skin lesions due to
well-known side effects, such as skin atrophy. Recently,
different groups have found administration of calcineurin
inhibitors to be useful in CLE. In addition, physical ther-
apy, such as cryotherapy or lasers and dermatosurgical
methods, may be useful adjuncts and can be invaluable in
enhancing quality of life for patients with this disease. The
mainstay of treatment for widespread skin manifestations
in patients with CLE, irrespective of the subtype of this
disease, is antimalarial agents. Our understanding of the
use of combinations of antimalarial agents and proper
dosing according to the ideal body weight limits problems
with toxicity. Further therapies, such as dapsone, retinoids,
and thalidomide, are helpful for patients with resistant
disease; however, side effects need to be taken into consid-
eration. Recent advances in biotechnology resulted in the
development of several novel systemic agents for the
treatment of autoimmune diseases. It is conceivable that
the prevention of apoptotic keratinocytes by protective
measures and strategies may significantly reduce disease
activity in CLE; however, further progress and controlled
clinical trials are necessary for the approval of new thera-
peutic strategies.

In summary, consequent protection against UV light
and also other physical and mechanical injuries may be of
significant value for the course and prognosis of CLE,
especially since such injuries may even initiate systemic
manifestations of the disease, which was previously limited
to the skin. Further steps in this research will consider
the pathogenetic mechanisms in CLE photosensitivity to
develop more specific pharmaceuticals beyond UV filters,
such as antioxidants or DNA repair enzymes, which will
be able to counteract the detrimental effects of UV irradi-
ation on the disease.
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Introduction

Lyme disease (LD), a multisystem zoonotic illness caused
by the spirochete Borrelia burgdorferi, is now recognized as
the most common vectorborne illness in the United States
and Europe, and the number of cases per year continues
to increase in much of the northern hemisphere. Clinical
manifestations are protean, often involving the skin, joints,
central nervous system (CNS), and heart.

Borrelia burgdorferi sensu lato (‘in the broad sense’)
can be further divided into three closely related genospe-
cies based on DNA relatedness: (1) Borrelia burgdorferi
sensu stricto (‘in the strict sense’), herein referred to as
B. burgdorferi, the causative agent of Lyme disease in
the United States, Asia, and Europe, (2) Borrelia afzelii,
and (3) Borrelia garinii, two additional agents of LD in
Asia and Europe, but not yet isolated in the United
States. At least 37 additional Borrelia species have been
identified, many of which are agents of relapsing fever;
two species, B. valaisiana and B. lusitaniae, have been
detected in skin biopsies in patients with skin findings
but their role in the pathogenesis remains unclear. Infec-
tion with different B. burgdorferi sensu lato genospecies
results in varying degrees of pathogenicity, probably due



Figure 1 Erythema migrans rash. Photo Courtesy: Cheleste
Thorpe MD, Lucas Wolfe MD and Linden T. Hu MD.
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to different organotropism, and therefore distinct disease
patterns.

Lyme disease was first recognized as a clinical syn-
drome in Lyme, Connecticut in 1975 and described in
1977 by Steere et al. as a cohort of 27 children and
8 adults in a tight geographic cluster with oligoarticular
arthritis seen in a seasonal distribution, 25% of which
developed the typical erythema migrans (EM) rash
(Steere et al., 1977). Similar dermatologic symptoms were
previously described by Afzelius from the bite of the sheep
tick, Ixodes ricinus, in Europe, as a rash associated with
multifocal neurologic disease termed ‘tickborne meningo-
polyneuritis’; this was found to be penicillin-responsive
and given the eponym ‘Bannwarth syndrome.’ Dr. Rudolph
Scrimenti reported the first description of an erythema
chronicummigrans (ECM) in the United States in 1970, in
a north-central Wisconsin physician bitten by a tick while
grouse hunting; he was successfully treated with penicillin
G benzathine (Scrimenti, 1970).

The causative spirochete was initially identified in
ticks captured on Long Island, New York and grown
from patient samples from New York, Connecticut, and
other endemic areas. It was named Borrelia burgdoferi after
Willy Burgdorfer at The Rocky Mountain Laboratories
in Hamilton, Montana, who was an expert in tickborne
diseases and was the first to culture the Lyme disease
agent (Burgdorfer et al., 1982).
Clinical Presentation of Lyme Disease

Stages of Lyme Disease

Lyme disease has been described as having three phases:
early localized, disseminated, and late persistent infec-
tion; patients may seek treatment at any point. These
phases fall along a continuum and may overlap. The host
immune system may occasionally eradicate the infection,
or the Borrelia may incite a localized reaction at the
skin. This reaction, presenting as a red migrating rash in
humans may go unnoticed, especially if on a hidden area,
such as the base of the neck, scalp, or back. Borrelia travel
from the site of inoculation and if not contained, may
hematogenously disseminate to a variety of organ systems,
including the CNS, musculoskeletal system, and/or the
heart, with broad clinical implications.
Early Lyme Disease: Stage I

The first stage of Lyme disease, or early localized disease,
manifests as an expanding rash and is the most easily
recognized symptom when present. The classic erythema
migrans (see Figure 1), whose name was shortened from
erythema chronicum migrans due to a lack of chronicity,
was first described in Europe by Lipshutz in 1913 and
Afzelius in 1921 and described in the United States in
Wisconsin and Connecticut in 1970 and 1975, respec-
tively, as recounted by Campbell et al. in 1998. EM usually
appears within a few days to a few weeks after prolonged
feeding (>48 hours) by an infected tick. The rash may
be asymptomatic or associated with vague, systemic
symptoms including myalgias, arthralgias, headache, stiff
neck, and fever in 80% of cases (Steere, 2001). Within
3–4weeks, the EM usually resolves. Classically, the EM
rash is sufficient for diagnosis, but for extracutaneous
manifestations of Lyme disease, diagnostic testing in qual-
ified laboratories may be necessary.
Early Disseminated Disease: Stage II

The second stage, early disseminated disease, may occur
days to weeks after transmission of Borrelia, even in the
absence of EM lesions. Hematogenous dissemination is a
common and important feature of early Lyme disease
in the United States. Symptoms may involve the skin,
joints, muscles, peripheral or central nervous system;
joint involvement occurs in 60% of untreated people.
The central or peripheral nervous system may become
involved at this stage, and present as meningitis, cranial
nerve VII palsy (Bell’s palsy), or sharp or tingling pains in
the extremities (neuropathy).
Late Lyme Disease: Stage III

The third stage, late Lyme disease, is a diagnosis of
exclusion, and generally affects the central nervous sys-
tem and joints. In Europe, it may involve the skin as well,
particularly with B. afzelii infection. This stage is charac-
terized by inflammatory arthritis of large joints, most
commonly the knee. Cognitive dysfunction of late LD
can appear as nonspecific depression, anxiety, fatigue,
and sleep disturbances. In the United States, arthritis is
the most common late sequela, but in Europe,
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radiculopathy, peripheral neuropathy, and late skin find-
ings are associated with Borrelia garinii infection.
Manifestations of Lyme Disease

Skin

Three cutaneous manifestations of LD involve the skin: the
prototypical EM, which is translated as ‘red migrating rash,’
Borrelia lymphocytoma (BL), and acrodermatitis chronica
atrophicans, more commonly seen in elderly patients.

After an incubation period of 7–14 days (range of
3–32 days), an expanding skin lesion may be seen at the
site of the tick bite. The EM rash is typically present
in 70–90% of the patients, but may be undetected or
forgotten. The EM lesion is often found near the axilla,
inguinal region, behind the knee, or at belt lines, as the
tick has a predilection to attach at warm, moist areas.
It may demonstrate central clearing, with a ‘bull’s-eye’
appearance; however, this is seen in only a minority of
cases. The rash may progress at a rate of 1–2 cm per day.
Not every annular rash is an erythema migrans. A local
allergic reaction may occur at the site of tick attachment
and can appear as an erythematous macular expanding
lesion; differentiation is important. Hypersensitivity reac-
tions may occur while the tick is still attached, but gener-
ally disappear by 24–48 hours and are less than 5 cm.
Approximately 10% of patients with EM have multiple
skin lesions, which represent dissemination of the organ-
ism. If EM goes unrecognized and untreated, patients
may develop early or late disseminated disease.

Borrelia lymphotcytoma is a bluish-purple rash seen in
early Lyme disease, which resembles dermal lymphoma.
Histopathology demonstrates infiltration with polyclonal
lymphocytes. BL is rare, with a prevalence of 0.6–1.3%.

During late infection, an erythematous, atrophic plaque
(acrodermatitis chronica atrophicans) may develop, most
commonly seen in Europe with B. afzelii infection. It pre-
sents as a localized edema and bluish-red discoloration on
extensor surfaces of the hands, feet, elbows, and knees.
Musculoskeletal

In the United States, arthritis is the most common mani-
festation, usually with mono- or oligoarticular infection
affecting the knee, ankle, and elbow. Approximately 50%
of untreated patients develop migratory polyarthitis,
and 10% develop monoarthritis.

Sacroiliac or spinal involvement is not seen with Lyme
disease and therefore favors an alternative diagnosis.
Neurological

The neurologic manifestations of Lyme disease were
first described in France by Garin-Bujadoux in the 1920s,
and later by Bannwarth in 1941, associating neurologic
symptoms with the preceding EM rash. The first system-
atic study of chronic neuropathy in LD was reported by
Hopf in 1966 in 201 German patients with acrodermatitis
chronicum atrophicans and a concomitant 10-year asym-
metric sensory neuropathy in 40% of the affected patients.

Early disseminated disease may produce neurolo-
gical symptoms such as meningitis (inflammation of the
meninges resulting in headaches, photophobia, or stiff
neck), neuropathy (inflammation of peripheral nerves),
or radiculoneuritis, resulting in pain or numbness or tin-
gling sensation or weakness. Lyme meningitis is typically
lymphocytic. Neuropathy may affect both cranial and
peripheral nerves. In the United States, cranial neuropathy
is the most common symptom of early LD, and typically
affects cranial nerve (CN) VII, the facial nerve, presenting
as a unilateral Bell’s palsy. Occasionally, Lyme disease may
present as a bilateral Bell’s CN VII palsy, which helps
differentiate it from idiopathic Bell’s palsy.

The most prominent clinical symptom is pain caused
by inflammation of a spinal nerve, or radiculoneuritis,
seen more often in Europe than in the United States,
and more frequent and severe in adults than in children.
Chronic Lyme neuropathy, as compared with acute neu-
ropathy, is generally less severe with mild sensory and
rare motor or autonomic involvement, and is associated
with a reversible, mild axonal sensorimotor polyradiculo-
neuropathy or polyradiculopathy.
Cardiac

Lyme carditis occurs in less than 5% of patients, and
presents with symptoms such as palpitations, lighthead-
edness, dizziness, or syncope. This correlates with the
electrophysiologic manifests of atrioventricular conduc-
tion delay or block, most commonly Mobitz type 1. For
patients with advanced heart block, a temporary pacer
may be required. Conduction system involvement usually
reverses rapidly with antibiotic treatment.
Post-Lyme Syndrome

There is no accurate definition of ‘post-Lyme disease
syndrome.’ Controversy exists as to evidence of a chronic,
persistent infection in the skin and other sites after anti-
biotic treatment. The results of a National Institutes of
Allergy and Infectious Diseases-supported, randomized,
placebo-controlled, double-blind study demonstrated a
90-day course of oral or intravenous antibiotics was no
better than placebo in improving the persistent musculo-
skeletal, neurologic, or cognitive problems reported after
a full course of treatment for a documented case of Lyme
disease (Klempner et al., 2001). However, survival of the
spirochete has been demonstrated in mice after antibiotic
therapy, and B. burgdorferi-infected mice demonstrate
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reactivation of the spirochete after administration of an
anti-TNF-a agent. For a recent evaluation of what has
been termed chronic Lyme disease, see Feder et al. (2007).
Lyme Disease in Pregnancy

Case reports have suggested poor fetal outcome in
women with Lyme disease during pregnancy; however,
several large studies have failed to demonstrate defini-
tive adverse neonatal outcomes with maternal Lyme
disease. The evidence-based recommendations reviewing
published literature do not suggest altering treatment,
except for the avoidance of doxycycline in pregnant
or breast-feeding women. An alternative agent such as
amoxicillin should be used.
Coinfection

Coinfection with Babesia and/or Anaplasma may occur
in patients with LD. Ixodes scapularis is a vector for Ana-
plasma phagocytophilum, the bacterial agent of human gran-
ulocytic anaplasmosis (HGA, formerly ehrlichiosis), and
Babesia mictroti, the parasitic agent of babesiosis. A high
index of suspicion is needed in endemic areas or in
patients who present with a more severe initial presenta-
tion. Symptoms such as high-grade fever >48 hours,
despite LD-appropriate antibiotics or unexplained leuko-
penia, thrombocytopenia, or anemia should trigger a
search for coinfection. Coinfection should be considered
with persistence of symptoms despite resolution of
the EM.
Lyme Disease Diagnosis

Diagnostic Techniques

The diagnosis is based on clinical findings in conjunction
with laboratory confirmation. The EM rash is a de facto

diagnosis in conjunction with a reliable history of a tick
bite from an endemic area. IgM develops approximately
2weeks after the EM appears; IgG develops 4 weeks
after the EM rash and may persist indefinitely despite
appropriate treatment.

Four diagnostic laboratory approaches have been
employed: microscopy, culture, protein detection, and
nucleic acid detection. Antigen detection assays and
microscopy are limited by the paucity of recoverable
Borrelia in disseminated disease. Culture is limited by
the slow growth of Borrelia in the lab, with a doubling
time of 12–24 h. They require highly specialized liquid
culture media and may yield a rate of recovery less than
5% in patients with EM. The media are difficult to
make, expensive to purchase, and easily contaminated
with other microbes. Recently, larger-volume (9ml)
samples of plasma have improved culture yields over
serum and whole blood samples.

For a diagnostic workup, a two-step approach is most
definitive. The first step uses the enzyme-linked immuno-
sorbent assay (ELISA) as a sensitive screen. ELISA mea-
sures antibodies against the organism in patient serum.
If positive or indeterminate, these screens should be fol-
lowed by a confirmatoryWestern blot. Immunoblots, which
measure antibodies against specific components of the
organism, have increased the sensitivity and standardization
of diagnosis. Detection rates for serum antibodies are
20–50% in stage I, 70–90% in stage II, and nearly 100%
in stage III Lyme disease. Therefore, if ELISA and western
blot are negative in late LD, alternative diagnoses
should be considered. An ELISA using the C6 epitope of
VlsE may prove beneficial in assessing treatment response
in early LD.
Lyme Disease Treatment

U.S. Guidelines

Updated treatment guidelines from the Infectious Disease
Society of America (IDSA) from 2006 replace the previ-
ous treatment guidelines published in 2000 (Wormser
et al., 2006). The following is an abbreviated excerpt
from this informative guideline, which should serve as a
template for diagnostic and treatment decisions. Doxycy-
cline or cefuroxime axetil is recommended for early
Lyme disease without cardiac or neurologic involvement
in those over 8 years of age. IV ceftriaxone is recom-
mended for patients with later disease affecting the joints
or neurologic disease, but it is critical to emphasize that
more details are provided in the IDSA guidelines, which
should be consulted by any physician for both diagnostic
and therapeutic guidance.
Postexposure Prophylaxis

According to the most recent IDSA guidelines (Wormser,
2006), for the prevention of LD after a documented tick
bite, routine prophylaxis is not recommended unless
three conditions are met: (1) the tick can be identified as
a nymphal or adult I. scapularis attached >36 h (on the
basis of engorgement or certainty of the time of the
tick bite), (2) prophylaxis with doxycycline, if not contra-
indicated, can be started within 72 h of tick removal, and
(3) ecologic information consistent with a local rate of
Borrelia tick infection over 20%. A single dose of doxycy-
cline 200mg may be offered to adult patients, and a
dose of 4mg/kg may be offered to children over 8 years.

Prophylaxis after the bite of an I. pacifus is not neces-
sary due to the low carriage rate of Borrelia burgdorferi.
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Borrelia burgdorferi

Microbiology and Pathogenesis

Borrelia burgdorferi, the causative agent of Lyme disease,
belongs to the phylum Spirochaetes. They are helical, irre-
gularly coiled motile bacteria, 10–20mm in length,
0.2–0.5mm in width, containing 3–10 spirals. The ends are
tapered,with 4–8 flagella at each end, inserted along the long
axis. Strains were initially differentiated according to vector
relationship, infectivity potential, less reliably cross-immu-
nity, and now according to DNA sequences. The genome is
small, containing approximately 1.5 megabases, which have
been completely sequenced for one strain. The genome is
composed of an approximately 910 kbp linear chromosome,
and contains numerous circular and linear plasmids. It
contains only a few biosynthetically active proteins, and is
therefore dependent on its host for most nutrients.
Surface Proteins

The most well-known B. burgdorferi proteins are the ‘Osps’
(outer surface proteins), although most Osps currently
have no known function. The most studied protein is
OspA, which is expressed in unfed nymphal and adult
ticks, and mediates adherence of spirochetes to the sur-
face of tick midgut cells. OspA is also the major antigenic
determinant in bacteria grown in vitro, constituted the
human vaccine, and was the target of the original
ELISA. OspC is a virulence factor correlated with spiro-
chete transmission from tick to mammal. OspA and OspC
are differentially expressed by the bacteria in the tick,
responding to cues from the blood meal and changes
in temperature, pH, and tick feeding as triggers. OspA is
expressed in the unfed ticks, and OspC is expressed during
transmission when OspA is down-regulated. OspC com-
plexes with a tick salivary protein, Salp 15, which is
thought to provide protection against the host immune
system but is is not essential.

Borrelia species have developed several mechanisms
of resistance to the host’s antimicrobial defenses. As few
as 20 spirochetes are needed to establish infection in the
host and disseminate. In addition, the B. burgdorferi life
cycle requires persistent infection of immunocompetent
wildlife. Complement activation destroys pathogens by
coating them during opsonization, initiating a chain of
events leading to eventual lysis. The spirochete may
evade this arm of the host immune system by binding
complement regulators, which inhibit microbial killing.
Additionally, new proteins are expressed after the
transmission of B. bugdorferi into the host. The variable
major protein-like sequence, or VlsE, undergoes signifi-
cant antigenic variation by recombining portions of mul-
tiple silent cassettes into the expression site, which also
helps evade host immune responses.
Vector of Lyme Disease

Ticks

Ticks are arthropods belonging to the class Arachnida,

which includes spiders and scorpions. They are divided
into two families: Ixodidae (hard ticks) and Argasidae (soft-
bodied ticks). The head of the Ixodidae hard tick is visible
from above and anterior in position, whereas in the Arga-
sidae soft tick, the head is subterminal. Ticks are generally
found in low-lying grass and shrubs, and are attracted
to warmth and odor from byproducts of metabolism and
respiration, such as carbon dioxide, ammonia, and lactic
acid production. Ticks do not jump or fly; initial con-
tact is made with the animal’s distal lower extremities.
Ticks attach to a host while exhibiting questing behavior,
in which contact with the host is made by the front legs
while the back legs are attached to the vegetation. The
tick climbs the host for up to 24 h to find a moist, dark,
protected spot suitable for attachment. Frequent sites of
attachment include the mouse’s ear, or at the level of
the shoulder on a deer (hence the name I. scapularis).
Species survival is predicated on the completion of a
blood meal, and the tick is self-selected to attach in places
where it will be less likely groomed or brushed off prior
to repletion. The head and mouth of the tick are complex
structures with many functional apparati assisting in
piercing the skin, anchoring, and feeding. The barbed
mouth part, the hypostome, assists in attachment during
feeding. Ixodes tick saliva contains substances that seal
the wound and anticoagulants and anti-inflammatory
components that aid in engorgement. Borrelia burgdorferi

takes advantage of at least two of the salivary components.
In the Northeastern and North Central United States,

the black-legged or deer tick, Ixodes scapularis (formerly
I. dammini) transmits LD. In Asia and Europe, I. ricinus (the
sheep or castor bean tick) and I. persulcatus (the Taiga tick)
are implicated in Borrelia carriage. The transmission cycle
of B. burgdorferi to humans in the western United States
involves a complex enzootic cycle. Ixodes pacificus functions
as a tick vector to humans, but is not directly involved in
maintenance. Dusky-footed woodrats (Neotoma fuscipes)
and the non-I. ricinus complex tick, Ixodes neotomae, main-
tain this cycle. Ixodes pacificus ticks prefer to feed on a
particular species of lizards that contain an antiborrelial
factor in their blood, effectively eradicating the spirochete
during feeding (Lane, 1988). I. pacificus will occasionally
feed on other hosts, such as rodents and lagomorphs,
allowing them to acquire and transmit infection.
The Tick Life Cycle

The black-legged or deer tick, Ixodes scapularis, has a
2-year, three-stage life cycle: larva, nymph, and adult.
Ixodes scapularis is considered a three-host tick, in which



Figure 2 Nymphal (a), adult male (b), and adult female
(c) Ixodes scapularis ticks collected in Massachusetts, USA.

Scale bars are 1mm. Photo Courtesy: Dorothee Grimm, PhD.
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feeding occurs once in each stage on each of three hosts.
The adult female is dependent on a full blood meal for
the proteins needed in egg production. Although some
ticks are host-specific, most are opportunistic and feed
on a variety of hosts, including mammals and birds.

Larvae hatch, rarely infected, from fertilized eggs,
in late spring and feed once for two or more days. Trans-
ovarial transmission of Borrelia burgdorferi can occur, but
less than 1% of field-collected larval ticks are infected,
dismissing it as a significant contributor to the enzootic
cycle. Borrelia transmission is transstadial (across stages;
i.e., persisting from larva to nymph and from nymph
to adult). In the northeastern and midwestern United
States, larvae feed to repletion preferentially on the prin-
cipal reservoir, the white-footed mouse, and occasionally
on birds or other small mammals, such as chipmunks
or voles. The white-footed field mouse provides a blood
meal during which the larvae may obtain the Borrelia

burgdorferi spirochete. The white-footed mouse infects
40–90% of the larval ticks that feed on it, according to
a 1989 study by Mather published in the American Journal
of Epidemiology. They drop to the ground and molt into
nymphs and lie dormant over the winter period.

Most cases of LD are transmitted by the nymph
(Figure 2a), which feeds actively from May through
early July. If an infected nymph feeds from a noninfected
mouse, the spirochete can be transmitted to the mouse,
hence multiplying the opportunity to infect the next
cohort of larvae. An infected mouse may provide blood
meals with spirochetes to multiple feeding larvae or
nymphs. Nymphs are not fastidious about which hosts
on which they feed, and therefore account for the majority
of human Lyme disease.

After this meal, the nymphs molt into adults. Adult
females feed in April–June or October–November. Adult
ticks ( Fi gure 2b and 2c ) may f eed on huma ns and trans-
mit the infection, but usually seek their blood meal from
the white-tailed deer, a species that does not harbor
Borrelia burgdorferi persistently, and is therefore considered
an incompetent reservoir. The deer population serves
to maintain the population of ticks. The white-tailed
deer provides proteins that enable the tick to deposit a
single large batch of 1000–18 000 eggs on the forest floor,
propagating the next generation of vectors.

In specific geographic regions, certain birds may serve
as primary hosts of vector ticks or as sources of spirochetal
infection for uninfected vector ticks. In southern Connec-
ticut, robins and wrens are reservoir-competent hosts of B.
burgdorferi. However, in northwestern California, it has
been demonstrated that birds contribute little to the enzo-
otic nature of LD due to low tick parasitism and lack of
detectable spirochete infection (Slowick and Lane, 2001).

Migrating birds are implicated in the spread of tick
vectors and enzootic LD, especially with Borellia garinii
species in Asia. In central Japan, nymphal ticks on 21 species
of migratory birds carried Borellia garinii, not present in a
survey of ticks in the same geographic area the previous
season. Two of the 15 isolated Borrelia had rRNA sequences
highly similar to B. garinii strains seen in Korea and Inner
Mongolia. It was hypothesized the spirochete was intro-
duced to a new geographical area by migratory birds from
northeastern China via Korea (Ishigoro et al., 2000).

Lyme disease as a clinical entity has been known
to occur occasionally in domesticated dogs. The two non-
Borrelia vector species of ticks most commonly found on
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humans and companion animals in North America are
the American dog tick (Dermacentor variabilis) and the
groundhog tick (Ixodes cookei). They are frequent cause
of unwarranted Lyme disease concern because neither
of these species is an effective vector of Lyme borreliosis.
Companion animals may bring ticks into the home or
yard, but direct canine- or feline-to-person transmission
does not occur. Dogs may become infected, but are
often asymptomatic. In dogs, antibiotic-resistant arthritis
has not been described. However, rarely, canine Lyme
nephritis has been associated with progressive and fatal
disease (CDC, 2007).

All Borrelia species are vectorborne and require an
arthropod able to acquire, maintain, and transmit infec-
tion. If the arthropod is not a competent vector, the
spirochete will not survive, multiply, or propagate into a
new host. Additionally, hard ticks, such as I. scapularis,
must be attached for a significant period of time to permit
transmission of pathogens. Des Vignes et al. demonstrated
that Ixodes scapularis transmitted Borrelia burgdorferi only
after 24, and optimally more than 48 h of attachment.
Epidemiology

Survey Techniques

Epidemiology of vectorborne disease mandates an under-
standing of the interrelationship between vector, host,
etiologic agent, and environment. Three techniques have
been employed to survey ticks. The CO2 trap is effective
in sampling the Amblyomma (lone star tick) species, but
this stationary strategy is less useful for ticks that exhibit
questing behavior, such as I. ricinus. A ‘walking survey’
consists of collecting ticks on the surveyor after walking
through vegetation. The third and most common tech-
nique consists of ‘dragging’ cloth behind or ‘flagging’ cloth
in front of a researcher against vegetation to capture
questing ticks.
Case Definition

The CDC surveillance case definition, updated in 1996,
was developed for national reporting of LD and is not
intended for clinical diagnosis. For surveillance purposes,
a case of LD is defined as a physician-diagnosed erythema
migrans >5 cm in diameter or at least one manifestation of
late LD (i.e., musculoskeletal, cardiovascular, or neuro-
logic) with laboratory confirmation. We discussed clinical
findings and laboratory diagnosis of LD in earlier sections.

The Centers for Disease Control and Prevention
began surveillance in 1982, and Lyme disease was made
a notifiable condition in 1991 by the Council of State and
Territorial Epidemiologists (CSTE). By 2000, the CDC
recorded 17 730 cases, which increased in 2005 to a
reported 23 305 cases. This yielded an average of 7.9 per
100 000 persons. In the 10 states where Lyme disease was
most common, the average was 31.6 cases per 100 000
(CDC, 2007).
Distribution

North America

LD occurs primarily in three foci in the United States:
in New England through the mid-Atlantic states (Maine
to Virginia), in the Midwest (Wisconsin and Minnesota),
and in the west (northern California and Oregon). The
tick is found throughout the eastern United States to
south central Texas; however, few Ixodes scapularis in that
region harbor Borrelia burgdorferi.

Tick infection rates of Borrelia burgdorferi of 10–30%
are found throughout parts of New England, parts of
the mid-Atlantic states, and Wisconsin and Minnesota.
Indirect epidemiological methods offer crude estimates
based on passive reporting systems; active surveillance
is employed in only a few endemic areas. This most
likely represents an underestimation of true infection, as
demonstrated by a deterministic mathematical model
of LD incidence of and frequency of infected black-legged
tick (Ixodes scapularis) bites in Westchester County,
New York between 1991–94.

Cases are most frequently reported by the northeast-
ern, mid-Atlantic, and north central states. LD has been
reported in all states except Montana (through 2005);
however, most sporadic cases are ‘imported.’ In 119 965
patients who reported at least one symptom between
1992–2004, erythema migrans was seen in 68% of the
patients, arthritis in 33%, facial palsy in 8%, radiculopa-
thy in 4%, and 1% each reported meningoencephalitis
or heart block (sum is >100% due to multiple presenting
symptoms reported). In 2005, Delaware and Connecticut
reported the highest incidence (76.6 and 51.5 per 100 000,
respectively), thenNew Jersey andMassachusetts (38.6 and
36.5 per 100 000), and Pennsylvania (34.5 per 100 000)
(CDC, 2007).
Europe

In Europe, approaches to collecting data vary, which
makes it difficult to compare and contrast incidence and
prevalence. In the majority of countries, data are collected
through diagnostic laboratories. Based on 2006 available
data, the highest reported incidence is in Central Europe,
with 206 cases per 100 000 persons in Slovenia and 135
per 100 000 in Austria. In southern Europe, such as Italy
and Portugal, the incidence appears to be much lower,
with an incidence of 1 per 100 000 (Smith et al., 2006).



174 Lyme Disease
The rising incidence of Lyme disease is multifactorial.
Although deer are irrelevant as reservoirs of B. burgdorferi,
they are principal maintenance hosts for adult black-
legged ticks, and the presence of deer appears to be
mandatory for the establishment of I. scapularis in any
area. The proliferation of the white-tailed deer was a
major factor of endemic LD and linked to the spread of
the I. scapularis ticks (Steere et al., 2001). Increased tick
abundance in conjunction with increased human contact
with wildlife and their habitats during outdoor recrea-
tional activities facilitates transmission.
Prevention

The best method for preventing infection with B. burgdorferi
and other tickborne illnesses is via primary prevention by
exposure reduction. As with all primary prevention tech-
niques, counseling and education programs are important,
and should be targeted to those in endemic regions who
spend a lot of time outdoors. Parents should be instructed
on tick prevention strategies and full-body tick check after
time outdoors. Landscaping techniques such as placing
wood tiles or chips around the backyard’s outer border
may prevent tick encroachment into the yard. Yearly appli-
cation of acaracides (a pesticide that kills ticks and mites as
well as insects) to dense vegetations may help reduce tick
exposure as well.

If exposure is unavoidable, recommendations to
reduce the risk of infection include the use of personal
protective equipment, such as long-sleeved shirts but-
toned at the cuffs and tucked into pants, along with
long pants tucked into socks, in combination with tick
repellents containing DEET (N,N,-diethyl-m-toluamide).
Long clothing is generally not favored during warmer
weather; therefore, daily tick checks are recommended
for prompt tick removal prior to transmission. Ticks
should be removed with tweezers directed at the mouth
parts. Pinching with fingers, suffocation with oil or petro-
latum, and scraping or burning should be avoided due
to increased risk of transmission by increasing salivary
secretions.

Permethrin, a synthetic pyrethroid acaricide, can
be applied to clothing and when used in combination
with DEET is effective in preventing a tick bite. This
combination in conjunction with appropriate battle dress
uniform is considered by the U.S. Department of Defense
as the Insect Repellent System. When possible, light-
colored clothing allows for easier tick detection.
Vaccines

Two human vaccines were developed, and in 1998 the
antigenic OspA protein with an aluminum hydroxide
adjuvant, Lymerix, was approved, but pulled during
postmarket phase IV trials in 2002 due to low sales and
questionable reports of postvaccine arthritis and neuro-
logic changes. There is currently no human vaccine
on the market, but second-generation vaccines may be
pursued using customized OspA or multiple protein
combinations.

The Vaccine Adverse Events Reporting System
(VAERS), established in 1990 as a cooperative program
between the CDC and the Food and Drug Administra-
tion, requires reporting of all adverse events temporally
related to vaccine administration. This provides postmar-
keting vaccine safety surveillance for all U.S. licensed
vaccines. By 2001, with over 1.4million Lyme vaccine
doses administered, 905 reports of mild, self-limited
reactions and 59 reports of arthritis were reported to
VAERS. The incidence pattern occurred at the same
rate as background, and in unvaccinated individuals,
and the FDA found no conclusive evidence that the
Lyme vaccine was related to the reported adverse events.
A 4-year postlicense vaccine safety and efficacy case-
control study was planned; however, vaccine sales fell
dramatically and GlaxoSmithKline withdrew Lymerix
from the market, citing poor sales.

A second approach in eradicating Lyme disease is
to target the principal reservoir, the white-footed mouse.
In a proof-of-principle study, over 1000mice located in a
southern Connecticut study site were randomized to
receive either OspA recombinant vaccine or placebo; the
study found approximately 16% reduction of nymphal
infection prevalence in the vaccinated group (Tsao et al.,
2004).
Conclusion

Lyme disease has emerged as a significant cause of mor-
bidity since its characterization in the mid-late 1970s. It
illustrates the interplay of ecology with dynamic interspe-
cies relationships in the establishment and amplification
of a vectorborne infectious disease. Attempt at control
should be multifaceted, with primary prevention at the
outset, aimed at the vector, reservoir, etiologic agent, and,
when possible, the host.
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Glossary
Acquired immune deficiency syndrome (AIDS)

End stage of infection with human immunodeficiency

virus; marked by significant impairment of immune

function and increased risk of opportunistic

infections; often leads to development of specific

cancers.

Adult T-cell leukemia/lymphoma (ATLL) Distinct

entity of lymphoma common in southwest Japan and
the Caribbean; associated with human T-cell

lymphotropic virus.

Angiotensin-converting enzyme inhibitors (ACE)

Heart medication that dilates blood

vessels to improve blood flow and decrease blood

pressure.

Ataxia-telangiectasia (AT) Complex genetic

neurodegenerative disorder characterized by

progressively impaired coordination of voluntary

movements, development of reddish lesions of the
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skin due to dilatation of blood vessels, and impaired

immunologic response.

B lymphocyte White blood cell that arises in the

bone marrow; produces antibodies to fight infection.

Borrelia burgdorferi Spirochete that infects ticks

and leads to Lyme disease in humans; symptoms

include rash at site of tick bite and flulike symptoms.

Campylobacter jejunei Bacterium that frequently

infects poultry; associated with rare small intestinal

lymphoma.

Celiac disease Digestive disorder marked by gluten

intolerance; etiology is unknown but probably

autoimmune in nature; results in iron deficiency

anemia, weight loss, osteoporosis, and increased

risk of lymphoma.

Chlamydia psittaci (CP) Intracellular bacteria

usually found in animals; causes lung disease in

infected humans.

Cluster differentiation antigen (CD) Antigen

expression on tumor cell surface; used to categorize

lymphomas into specific subtypes.

Cyclooxygenase-2 inhibitors (COX-2) Type of

nonsteroidal anti-inflammatory drug.

2,4-dichlorophenoxyacetic acid (2,4-D) Specific

type of herbicide for agricultural use.

Epstein-Barr virus (EBV) Ubiquitous virus common

in developed countries; associated with

mononucleosis.

Giant cell arteritis Inflammatory condition that

affects the blood vessels that carry blood up through

the neck to the head, especially those that carry

blood to the eyes, jaw, and temple; may result in loss

of vision and may lead to stroke.

H2 blockers Drugs that block histamine production,

particularly in the stomach; often used to treat peptic

ulcers.

Helicobacter pylori (HP) Bacteria that often infects

the stomach and is associated with lymphoma.

Hepatitis C virus (HCV) Lymphotropic virus that has

been associated with liver cancer.

Highly active anti-retroviral therapy (HAART)

Combination of several drugs developed to inhibit

virus production.

Hodgkin lymphoma (HL) Hematologic malignancy

arising from B lymphocytes; distinguished by the

presence of Reed-Sternberg cells.

Human herpes virus 8 (HHV8) Rare virus typically

associated with Kaposi sarcoma.

Human immunodeficiency virus (HIV) A retrovirus

that attacks the immune system.

Human T-cell lymphotropic virus 1 (HTLV-1)

Retrovirus common in Japan; transmitted through

blood and breast milk; precipitates

immunosuppression.
Kaposi sarcoma (KS) Disease in which malignant

cells form under the skin, in the lymphatic vessels, or

on mucous membranes; most commonly occurring in

immune-suppressed or HIV+ individuals.

Mucosa-associated lymphoid tissue (MALT)

Lymphoid tissue of mucoid nature, particularly

common in the gut.

Natural killer cells (NK) Large cytotoxic cells that

lack the T cell receptor; designed to kill target cells

involved in viral infections or malignancy.

Non-Hodgkin lymphoma (NHL) Heterogeneous

group of malignancies of the lymphatic system

arising from B or T lymphocytes.

Plasmodium falciparum Parasite that causes

malaria 9–14 days after initial infection; can

be life-threatening.

Polymyalgia rheumatica Rare, inflammatory

condition that causes pain or aching in the large

muscle groups, especially around the shoulders

and hips.

Posttransplant lymphoproliferative disease

(PTLD) Lymphoma-like disease that may occur after

organ transplant in those with significant drug-

induced immunosuppression.

Reed-Sternberg cells (RS) Multinucleated,

neoplastic cells of B-lymphoid lineage that

prevent synthesis of full-length immunoglobulin.

Selective serotonin reuptake inhibitors (SSRIs)

Pharmacologic agents that improve mood by

increasing the brain’s use of the neurotransmitter

serotonin; often used to treat depression.

Simian virus 40 (SV40)Monkey virus of the

polyomavirus family that has been linked to human

cancer.

Sjögren’s syndrome Chronic immunologic

disorder causing insufficient moisture production

from glands, particularly salivary glands and tear

glands.

Systemic lupus erythematosus (SLE) A chronic

autoimmune disease affecting multiple organ

systems; characterized by periods of remission and

relapse; common symptoms include fever and

muscle/joint pain.

T lymphocyte White blood cell that migrates to

thymus for development; circulates as mature cell to

kill malignant cells or to help stimulate or suppress

B lymphocytes.

Ultraviolet radiation (UVR) Sun exposure.

Wiskott-Aldrich syndrome Rare, inherited disorder

of the immune system characterized by recurrent

infections due to defects in the immune system, and

the presence of scaly, itchy skin rashes (eczema)

that vary in severity.
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Introduction
The lymphomas encompass a group of distinct hematologic
malignancies which arise from T and B lymphocytes. These
lymphatic neoplasms are typically categorized as Hodgkin
or non-Hodgkin lymphomas. Hodgkin lymphomas (HL)
are derived from B cells or their progeny and are distin-
guished by the presence of multinucleated Reed-Sternberg
cells. Non-Hodgkin lymphomas (NHL) are classified by
the World Health Organization (Jaffe and Harris, 2001) into
21 subtypes of B-cell and 15 subtypes of T-cell malignan-
cies; NHL account for about 80–90% of all lymphomas.
Lymphomas vary in their clinical presentation, cour se,
treatment strategies, and long-term prognosis. The diver-
sity of lymphoma subtypes suggests that etiologic factor s
may also differ, which contributes to the complexities of
disease investigation. While some factors associated with an
increased risk of these cancers have been identified, the
elucidation of clear etiologic determinants and their mech-
anistic role in pathogenesis has been challenging.
Epidemiology

Wor ldwide, there are approxi mately 363 000 new cases of
lymphoma annu ally, accountin g for 3.3% of all cancer s.
Lympho ma c laims a bout 195 000 lives each year. In the
United States, lymphoma is the fifth mos t common ly
occur ri ng malign ancy, with an incidence rate of 21.8 per
100 000. Thes e canc er s are slightly more common in
males (26. 0/100 000) tha n in f emales (18.4/1 00 000).
Regarding race, Whites are at greater risk than Bl acks.
Hisp anic ethnic ity is ass ociated with a decreased ri sk of
lymphoma. Age-related patter ns of diseas e dif f er between
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HL and NHL. The incidence of NHL increas es dramati-
cally with aging. The med ian age of diag nosis is a bout
64 year s, with only 3% of cases diagnosed under 20 year s
of age. In con trast, in developing countr ies, HL occu r
predom inantly during chil dhood an d incidence decreas es
with age. Am ong industri alized nations, the distribution of
HL is bimod al with peaks in the third and fifth deca des of
lif e. There is significant disparity in lymphoma incidence
related to econom ic developmen t, with the highest rates
obser ved in the most developed countrie s. Impr oved diag-
nostic s, mor e compl ete re por ting, greater exposure s to
potenti al environme ntal carci nogens, decreas ed child-
hood exp osure to diseas e-related pathogens resultin g in
decreas ed immun ity, and dif f er ences in racia l dis tribu-
tions may account for these dif f erences in diseas e inci-
dence . The rates of dif f erent lymphoma subtypes are also
subject to significant re gional and inter nat ional variation,
likely due to dif f erences in pr evalence of etiolog ic f actor s.
Trends in NHL Incidence

In most Weste r n countrie s, unpreceden ted increases of
a bout 3–4% each year in lymphoma incidence rates
wer e obser ved fro m the 1970s to ear ly in the 19 90s,
regard less of age, gender, or race ( Figure 1 ).

In par ticul ar, incidence in males, ages 25–5 4, und er-
went dr amatic escala tion, mos tly related to the HIV e pi-
demic . A shar p rise in the inci dence of extranodal primary
lymphomas, particularly those of the brain, has also been
documented. Factors that may account in part for this
startling escalation in disease incidence include: improved
cancer reporting, more sensitive diagnostic techniques
particularly for borderline lesions, changes in
1990 1993 1996 1999 2002
f diagnosis

ales Females

incidence rates in the U.S. by year and sex. Source: http://seer.

http://seer.cancer.gov/
http://seer.cancer.gov/
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classification of lymphoproliferative diseases, and, in par-
ticular, the increasing occurrence of AIDS-associated
lymphomas.

Since 1995, lymphoma incidence among males in
many countries has decreased, reflecting the improved
immune status of those with HIV/AIDS resulting from
the introduction of highly active anti-retroviral therapy
(HAART). However, available data suggest that the non-
AIDS-related lymphoma incidence rates have continued
to increase at a rate of approximately 1% per year, specif-
ically among females, older males, and Blacks in the
United States.
Clinical Aspects of Lymphoma

The presentation of both HL and NHL depends on the
specific lymphocytic tissue involved in the malignancy.
Typically, disease is localized at onset and subsequently
spreads by contiguity within the lymphatic system. Loca-
lized symptoms may be limited to a painless enlargement
of a single lymph node. As the cancer disseminates, how-
ever, systemic symptoms develop which often mimic an
infectious process. Fever, night sweats, fatigue, weight loss,
shortness of breath, and itching skin are common. Diagno-
sis is made by histologic examination of biopsy tissue.
Morphologic, immunophenotypic, genetic, and clinical
characteristics also contribute to determination of the
diagnostic classification and to the disease prognosis.

Confirmation of a diagnosis of HL requires the pres-
ence of multinucleated, polypoid Reed-Sternberg cells in
the malignant tissue. HL presents in two forms: nodular
lymphocyte predominant and the more classic form that
includes nodular sclerosis, mixed cellular, lymphocyte-
rich, and lymphocyte-depleted subtypes. A complete
diagnostic work up is key to proper disease staging. Treat-
ment is usually radiation therapy and/or combination
chemotherapy. Outcomes of HL are particularly good
with 5-year survival rates exceeding 90% for stages I
and II and 80–90% for stages III and IV disease.

NHL vary from indolent to aggressive types. While
slowly progressive and relatively responsive to chemother-
apy, indolent tumors tend to wax and wane, repetitively
relapse, and usually lead to eventual death. Aggressive
lymphomas are highly proliferative and can be rapidly
fatal, however, with new therapies, an increasing pro-
portion of these malignancies are curable. Classification
of NHL depends upon cluster differentiation antigen
expression on the tumor cell surface; cytogenetic findings
also add diagnostic and prognostic information. The Inter-
national Prognostic Index provides distinct clinical and
prognostic categories based on five demographic and clin-
ical characteristics (age, performance status, serum lactate
dehydrogenase, number of extranodal sites, and AnnArbor
stage). Therapeutic approaches for this disease are based
on the specific lymphoma subtype, the stage of disease, the
physiologic status of the patient, and the prognosis. While
chemotherapy and/or radiotherapy are curative in some
patients, many with primary or relapsed disease remain
refractory to conventional treatments. For some subtypes,
extended remissions have been achieved using either
newly developed monoclonal antibodies directed against
lymphoma cells (rituximab) or high-dose chemotherapy
regimens paired with stem cell transplantation. Survival
varies considerably by specific subtype; however, the
overall 5-year survival rate for this malignancy now
approaches 66%.
Lymphoma Pathogenesis

Lymphocytes arise from hematopoietic stem cells and
undergo differentiation to a specific phenotype. These
cells along with secondary lymphoid organs (lymph
nodes, spleen, gastrointestinal and respiratory lymphoid
tissues) are responsible for the immunologic response that
protects against invasion by infectious and other foreign
antigens. Immune regulation depends on a continuum of
lymphoid cell growth, cell signaling, programmed cell
death, and/or immune eradication. An imbalance in this
complex system may initiate molecular processes that
drive the malignant transformation of lymphocytes and
promote proliferation of neoplastic cells; however, these
processes are not well-understood. Normal T and B cell
differentiation requires intricate B cell immunoglobulin
and T cell receptor gene rearrangements, which are sub-
ject to spontaneous error. Chromosomal translocations are
detected in up to 90% of lymphoid malignancies. Onco-
genic viruses and environmental carcinogens may also
independently generate genetic lesions. At a molecular
level, these chromosomal translocations, deletions, and/or
mutations may alter cell recognition, precipitate oncogene
activation, and suppress repair mechanisms, thereby allow-
ing clonal expansion of malignant T or B cells.

An emerging paradigm related to lymphomagenesis is
that chronic antigenic stimulation, that is, a persistent
inflammatory process, leads to increased B cell prolifera-
tion, thereby increasing the probability of random genetic
errors. This theory is supported by the fact that increased
risk of lymphoma has been clearly established in immu-
nocompromised populations vulnerable to infection and,
more recently, in those with specific chronic infections
and autoimmune conditions. Common to such individuals
is a persistent state of foreign- or autoantigenic stimula-
tion leading to a chronic inflammatory response involving
a cascade of cellular and cytokine reactions that may
provoke tissue injury, compensatory immunosuppression,
and eventual tumor initiation. If the responsible antigen
is infectious in nature, the pathogen itself may have
the potential to infect a normal cell, integrate viral
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DNA into the host genome, and transform the cell into
one that is malignant and self-replicating. Other environ-
mental factors that independently lead to immuno-
suppression may act as cofactors in lymphomagenesis by
further inhibiting the recognition and eradication of a
malignant cell.
Etiology of Lymphoma

Familial and Hereditary

Oncogenes, tumor suppressor genes, and DNA repair
genes have been shown to play an important role in
carcinogenesis. While most genetic lesions that have
been linked to cancers represent somatic mutations,
inherited (germ line) genetic susceptibility to lymphoma
is conceivable. Aggregation of lymphoma in families,
while unusual, has been observed, suggesting a role of
either heredity or shared environmental exposures in
the etiology of lymphoma. Up to sevenfold increases in
risk of lymphoma among individuals having a close rela-
tive with lymphoma or other lymphoproliferative diseases
have been observed. Of note, Mack and colleagues (1995)
reported a 99-fold increase in risk of HL among those
having a monozygotic twin with HL. These associations,
however, may merely reflect early identification of new
cases in families with an increased awareness of lym-
phoma symptoms or may suggest shared environmental
exposures among family members. While the role of
polymorphisms in genes specifically responsible for
immune regulation and function, such as apoptosis,
DNA repair, and tumor necrosis factor, have been inves-
tigated, no clear association between any of these genetic
mutations and lymphoma risk has been identified. In
general, familial lymphomas account for less than 5% of
all cases; thus, the risk of lymphoma attributable to hered-
itary factors is likely to be low.
Immune Dysregulation

An important role of the immune system in the occur-
rence of lymphoma has been well-established. Risk of
lymphoma is clearly increased in conditions of immune
dysregulation, be it primary immunodeficiency, iatrogenic
immunosuppression, autoimmune disease, or acquired
immunodeficiency. Persistent immunologic stimulation
and cytokine production, reactivation of Epstein-Barr
virus (EBV) infection, and gene rearrangements appear
to be sequelae that most often herald lymphomagenesis.

Primary immunodeficiency

Among individuals with primary immunodeficiency, the
risk of lymphoma ranges from 10–25%. These conditions
are characterized by genetic defects that interfere with
DNA repair and cell-mediated immunity. Specifically,
hereditary immunodeficiencies such as Wiskott-Aldrich
syndrome and ataxia telangiectasia are accompanied by a
10–15% absolute risk of diffuse large B-cell lymphoma.
Since the T cell response is so important in controlling
EBV infection, it is not surprising that many of these
tumors are EBV-associated. These neoplasms are aggres-
sive, primarily extranodal, and frequently involve the
central nervous system.

Iatrogenic immunosuppression
Individuals with secondary immunosuppression, most
often drug-induced to prevent organ rejection in trans-
plant recipients, experience dramatic increases in lym-
phoma risk. Posttransplant lymphoproliferative disease
(PTLD) is characterized by polyclonal and monoclonal
lesions derived from mutated B cells. The magnitude of
risk of PTLD varies depending on the degree, duration,
and type of immunosuppression. Opelz and Dohler (2004)
conducted a large international study of 195 938 patients
who received a solid organ transplant. These investigators
found that the relative risk of lymphoma among organ
transplant recipients at 5 years compared to the normal
population was 239.5 for heart–lung recipients, 58.6 for
lung recipients, 34.9 for pancreas, 29.9 for liver, 27.6 for
heart, and 12.6 for cadaveric kidney. Chronic antigenic
stimulation from the allograft on a backdrop of drug-
induced immunosuppression is the likely mechanism for
these lymphoid malignancies. As with primary immuno-
deficiency, the hallmark of these lymphomas is high-
grade, often EBV-positive tumors with a proclivity for
extranodal sites, especially the brain. While this condition
often develops within the first year after an allograft, when
immunosuppression is usually severe, time to lymphoma
development had no impact on patient survival. Histori-
cally, outcomes with PTLD have been poor, with 1-year
mortality approaching 50%. Recent efforts to reduce
immunosuppressive drugs and treat with rituximab have
led to a 64% response rate in PTLD.

Autoimmune conditions

It has been difficult to delineate the deleterious effects of
immunosuppression alone from the impact of persistent
inflammation in the development of lymphoma among
individuals having autoimmune conditions that often
require treatment with immunosuppressive agents. For
example, rheumatoid arthritis, systemic lupus erythema-
tosis, Sjögren’s syndrome, and celiac disease all carry
an increased risk of both HL and NHL. Patients with
the latter two diseases are generally not treated
with immunosuppressants, so their risk of lymphoma
can be attributed to the underlying autoimmune disease.
On the other hand, patients with rheumatoid arthritis
and systemic lupus erythematosis frequently receive
immunosuppressive therapy for extended periods of
time. The increased risk of lymphoma seen in this



Table 1 Infectious pathogens associated with lymphomas

Pathogen Lymphoma subtype

Epstein-Barr virus Burkitt lymphoma

Hodgkin lymphoma

Human T-cell lymphotropic
virus

Adult T-cell leukemia/lymphoma

Helicobacter pylori Gastric MALT lymphoma

Human herpes virus 8 Primary effusion lymphoma
Hepatitis C Marginal zone lymphoma

Simian virus 40 B cell non-Hodgkin lymphoma

Borrelia burgdorferri Primary cutaneous B cell

lymphomas
Campylobacter jejunei Mediterranean lymphoma

Chlamydia psittaci Orbital adnexal lymphoma
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population may therefore be partly incurred from the
disease itself and partly from its treatment. Askling and
colleagues (2005) designed a study to assess the risk of
steroid immunosuppression and specifically address this
problem of etiologic differentiation by including a popu-
lation of individuals with either giant cell arteritis or
polymyalgia rheumatica. Both conditions are treated
with corticosteroids early in their courses rather than
after a protracted pattern of chronic inflammation. The
investigators found that with one to three years of moder-
ate- to high-dose steroids, there was no increased risk of
lymphoma in this population. Instead, they found a statis-
tically significant reduction in the rate of lymphomas.
While these findings cannot be extrapolated to other
immunosuppressive agents whose mechanism of action
is different from that of corticosteroids, this study suggests
that inflammation may have a greater role in lymphoma-
genesis than treatment with some immunosuppressive
agents.

Acquired immunodeficiency

NHL is one of the most common malignancies associated
with human immunodeficiency virus (HIV) infection, and
rates of HL are also elevated among those infected with
HIV. As early as 1985, NHL was recognized as an AIDS-
defining illness when approximately 4% of all AIDS cases
first presented with lymphoma. Although HIV is not con-
sidered to be an oncogenic virus, it contributes to lympho-
magenesis by impairment of cell-mediated immunity and
increased opportunity for virally induced cell prolifera-
tion, leading to an accumulation of genetic lesions. About
50% of HIV-associated lymphomas are EBV-positive.
Burkitt lymphoma and centroblastic lymphoma are asso-
ciated with EBV in 30% and 40% of HIV-positive cases,
respectively, unrelated to the severity of immunodefi-
ciency. In contrast, immunoblastic lymphoma, primary
central nervous system lymphoma, and primary effusion
lymphoma are almost always EBV-associated and usu-
ally occur only in strongly immunosuppressed AIDS
patients. This variability suggests other factors must also
be involved in the etiology of AIDS-related lymphomas.
Although incidence of NHL in HIV-positive individuals
has decreased since the mid-1990s, NHL still accounts for
about 20% of all AIDS-related deaths in countries having
broad access to HAART. The findings by Biggar and
colleagues (2006) that show an increasing excess of HL
among persons with AIDS are perplexing. These inves-
tigators speculate that in severely immunosuppressed
individuals with AIDS, Reed-Sternberg cells are incapable
of producing the cytokines required to perpetuate sur-
vival; however, in the presence of the immune-modulating
effects of antiretroviral therapy, these malignant cells
are able to establish a microenvironment that facilitates
their own proliferation and expansion, with the ultimate
development of HL.
Infectious Agents

The number of viruses and bacteria that have been asso-
ciated with lymphoma is steadily increasing (Table 1).

These infections increase the risk of lymphoma
through numerous mechanisms, including immunosup-
pression, direct oncogenic mutation of cellular DNA,
and chronic antigenic stimulation. Each infectious agent
is briefly discussed below.

Epstein-Barr virus

Epstein-Barr virus is a ubiquitous virus that persistently
infects more than 90% of adults in developed countries
and essentially all individuals living in developing coun-
tries. Although primary infection is usually subclinical in
nature, the virus remains latent in memory B cells. EBV is
associated with infectious mononucleosis, and viral DNA
and proteins are found in lymphoma cells. EBV has been
shown to be capable of B-cell activation, which could lead
to a genetic mutation occurring in a virally infected
B lymphocyte. Many lymphomas arising in the setting of
immunosuppression are EBV-associated, including those
found in recipients of organ transplantation and those
associated with HIV. These most likely represent reactiva-
tion of latent EBV infection. EBV is also associated with
approximately 30–40% of Hodgkin lymphomas, most
aggressive natural killer (NK) cell lymphomas and leuke-
mias, a subset of peripheral T cell lymphomas, and virtu-
ally all Burkitt lymphomas arising in malarial areas.

In developed countries, approximately 40% of HL are
EBV-positive. The role of delayed EBV infection, char-
acterized by development of infectious mononucleosis in
adolescence, has been examined but not confirmed as a
risk factor for HD. Risk has been estimated to be 2.5 and
lasts up to 20 years after initial infection, suggesting a link
with EBVor confounding due to socioeconomic class and
late exposure to infections or to hyperreactivity resulting
from antigenic stimuli.

The onset of endemic Burkitt lymphoma is character-
ized by high EBV antibody titers. The relative restriction
of endemic Burkitt lymphoma to the wet, temperate
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lowlands of Africa and New Guinea suggests an etiologic
significance of the convergence of two pathogens: Plasmo-
dium falciparum in endemic malarial infestation regions,
and EBV reactivation among malarial-infected children.
Only about 15–25% of Burkitt lymphoma cases in nonen-
demic areas are associated with EBV.

Although EBV is endemic throughout the world, only a
small percentage of carriers will develop lymphoma.
Clearly EBV-associated lymphomagenesis is a multifac-
torial process, which is only partially understood. The
role of the virus in the pathogenesis of a diverse subset
of lymphomas is indicative of its potential to behave
differently under circumstances of immunosuppression,
coinfection, and other host and environmental factors.

Human T-cell lymphotropic virus 1

In 1978, human T-cell lymphotropic virus 1 (HTLV-1)
was identified as the etiologic agent of adult T-cell leuke-
mia/lymphoma (ATLL). This retrovirus produces slow,
progressive infection, is transmitted through blood and
breast milk, and is known to precipitate immunosuppres-
sion. HTLV-1 is endemic in Japan, the Caribbean, and
parts of central Africa; carriers have a cumulative lifetime
risk of ATLL of 1–5%. In endemic regions, ATLL
accounts for 50% of all lymphoid malignancies. Exposure
usually occurs during infancy, but due to its long latency
period the median age of development of ATLL is
55 years. The leukemogenic potential of the virus is
thought to arise from the infected cells’ expression of
viral oncoproteins, which promotes genetic mutation
and clonal proliferation. Public health strategies such as
blood donor screening, protective sexual practices, and
accessibility of nutritious alternatives to breast-feeding
are primary prevention measures that may limit HTLV-1
transmission in countries of high viral prevalence.

Helicobacter pylori

Helicobacter pylori (HP), a gastric pathogen, has been shown
to play a pivotal role in extranodal gastric lymphoma,
particularly mucous-associated lymphoid tissue (MALT)
types, of which the majority are HP-positive. This associ-
ation is now well-established based upon the presence of
HP infection in primary gastric lymphoma, confirmation
of the importance of HP in the pathogenesis of gastric
lymphoma by in vitro studies, and demonstration of com-
plete remission of the lymphoma following antibiotic
eradication of HP. Chronic antigenic stimulation and
inflammation due to the pathogen may represent the
mechanism of lymphomagenesis in these tumors.

Human herpes virus 8

Some rare infectious pathogens have been linked to the
development of lymphoma. Human herpes virus 8
(HHV8), primarily associated with Kaposi sarcoma, has
been detected in most subjects with primary effusion
lymphoma, a body-cavity-based lymphoma seen almost
exclusively in HIV-positive patients. Cases often present
with dual EBVand HHV8 infection; therefore, delineation
of the etiologic role of each virus is difficult. These neo-
plasms have been demonstrated to be monoclonal expan-
sions of a single infected cell, suggesting that the viral
infection precedes tumor growth.

Hepatitis C

Approximately 180million people, or 3% of the world
population, are infected with hepatitis C virus (HCV).
Although not known to be oncogenic, HCV is lympho-
tropic and replicates in peripheral blood mononuclear
cells. In Italy, reports have suggested that up to 32% of
NHL cases are HCV-positive, compared to only 1.3% of
normal controls. Japanese studies have reported similar
findings. In the United States, however, where HCV
prevalence is less than 2%, a population-based study
demonstrated a relative risk of NHL of only 2.0 with
HCV positivity. Studies from Canada and several other
countries have been negative. While there may be a role
of HCV in NHL, this virus may only be relevant in
geographic areas with the highest prevalence of infection.
While the exact mechanism of lymphomagenesis is
unclear, the increased risk may be due to chronic anti-
genic stimulation.

Simian virus 40

In the past decade there has been considerable controversy
regarding the potential role of simian virus 40 (SV40), a
polyomavirus indigenous to African green monkeys, in
lymphomagenesis. Confirmed as a viable contaminant of
the Salk polio vaccine, SV40 has demonstrated oncogenic
potential in animals and may be transmissible from person
to person and from mother to infant during childbirth. In
2002, reports by two investigative teams, Vilchez et al. and
Shivapurkar et al., that demonstrated detection of SV40 in
40% of NHL specimens drew significant attention to this
virus as an etiologic factor in lymphoma. While additional
studies have provided evidence of an association between
SV40 and lymphoma, other investigations from Spain,
Australia, and Germany have failed to detect SV40 DNA
in any lymphoma specimen. Dissemination of the virus via
contaminated vaccine in these countries has not been
confirmed. Given the high prevalence of SV40 detected
in lymphoma specimens in early reports, further research
in this area is warranted.

Other pathogens

A plethora of data has recently emerged linking lym-
phoma risk to various other infections. Recent studies
suggest that Chlamydia psittaci (CP) may be associated
with ocular lymphomas of the orbital adnexal type. CP
is an obligate intracellular bacterium that causes psittaco-
sis, a human lung infection associated with exposure to
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infected birds, cats, and other pets. Ferreri and colleagues
(2004) demonstrated CP DNA in 80% of tumor biopsies
from 40 Italian patients with ocular lymphomas. Of those
positive, 66% were marginal zone lymphomas. Other
studies have not consistently supported this finding.
Genetic and phenotypic variations in CP strains present
in Europe and southeastern United States may account
for some of these differences.

Recently, infection with Borrelia burgdorferri has been
linked to primarycutaneous B cell lymphoma. Themajority
of these observations have come from European countries,
with little evidence of such an association in North
America.

Mediterranean lymphoma is an unusual form of lym-
phoma that arises in small-intestinal-mucosa-associated
lymphoid tissue. Early-stage disease regresses with anti-
biotic treatment, suggesting a bacterial etiology. The bac-
teria Campylobacter jejunei has been identified in these
tumors. Although research has been quite limited due to
the unusual nature of these lymphomas, these observa-
tions raise the possibility of a role for other, yet to be
recognized, pathogens in lymphomagenesis.
Other Environmental Exposures

Numerous other environmental exposures have been
studied related to lymphoma; however, results have
been somewhat inconsistent and at times contradictory.
Many of these studies have been limited by inadequate
sample size, poor methodologic designs, and difficulties
in measuring exposure.

Ultraviolet radiation

The impact of exposure to ultraviolet radiation (UVR) on
the risk of developing lymphoma remains controversial.
Increasing recreational time, changing fashions leading to
more skin exposure, and the cosmetic desirability of
tanning have contributed to increasing UVR exposure in
recent years, and the increasing incidence of NHL paral-
lels the escalating incidence of skin cancer. NHL and skin
cancer occur more frequently than expected in the same
individuals, and some studies suggest that sun sensitivity
is related to an increased risk of NHL. Such disease
pairing may provide etiologic clues to disease causation.
In humans, sunlight exposure in susceptible individuals
produces acute UV injury, resulting in both inflammatory
and immunomodulatory responses. Evidence suggests
that it is the absorption of UVR by these cells and the
resulting DNA damage that trigger the biochemical cas-
cade of immunosuppression, and may alter the balance of
the host–disease relationship in favor of pathogens. Some
studies have implicated UVR in risk of lymphoma, but
data remain inconclusive. A moderate international geo-
graphic correlation of UVR levels and NHL incidence
among Caucasians has been reported. Similarly, findings
of a higher risk of NHL among farmers may be attributed
to the increased UVR exposure that accompanies their
outdoor activities. On the other hand, Smedby and col-
leagues (2005) conducted a large, population-based study
of 3740 patients and 3187 controls in Sweden and
Denmark that yielded opposing results. The study found
that higher amounts of UVR exposure were associated
with decreased lymphoma risk, contrary to what was
previously indicated. Protective effects of vitamin D are
a possible explanation that would support an inverse
association between UVR and lymphoma risk. Given the
ubiquitous nature of UVR, this exposure warrants careful
consideration as an etiologic factor in lymphoma. The
conflicting results of published studies suggest that fur-
ther investigation is, indeed, indicated.
Chemical/agricultural exposure

Given the excess mortality from cancer observed in rural
areas, particularly those in which farming is common, and
the concurrent rise in the use of pesticides, agriculture-
related environmental exposures have been ambitiously
investigated. These studies are challenging to conduct
because of the difficulty in developing high-quality assess-
ments of exposure.While many studies have demonstrated
a high rate of lymphoma among agricultural workers, few
provide information on the specific agricultural exposures
that might be involved, such as individual pesticides, ani-
mal pathogens, or even UVR exposure.

Some specific herbicides and pesticides have been
linked to an increased risk of lymphoma. Phenoxy herbi-
cides, which are widely utilized both in agriculture and by
the general population, have most frequently been asso-
ciated with higher risk of lymphoma. One of particular
interest has been Agent Orange, a phenoxy herbicide
formulation used as a defoliant by U.S. forces in Vietnam.
Some but not all studies have reported an increased inci-
dence of lymphoma among veterans exposed to this agent.
The herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) has
been associated with excess risk of lymphoma; risk esti-
mates of 3–8 times normal have been associated with the
heaviest exposure levels. Additional studies have sug-
gested some increased risk of lymphoma among persons
exposed to organochlorine chemicals such as polychlori-
nated biphenyls, or PCBs. Although the data for occupa-
tional exposures are not entirely consistent, there is
evidence that some links may exist between the develop-
ment of lymphoproliferative diseases and environmental
or work-related toxins. Chemical exposures have been
shown to increase genetic mutations and alter cell-
mediated immunity. Occupations that include tobacco,
leather, construction, automotive, and health-care workers
have been studied, but results are inconsistent. Additional
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large, population-based studies are needed in order to
improve our current understanding of this problem.
Hair dyes

Hair dyes contain compounds, such as aromatic amines, that
are known to be mutagenic and carcinogenic in animals.
Excess hematologic malignancies have been reported in
both hairdressers and men and women whose hair is dyed.
It appears that darker permanent dyes pose the highest risk,
but there is some evidence that this risk has greatly dimin-
ished or been eliminated since 1982, when oxidative dye
products were reformulated in the United States and
Europe. A recent international European study of 2302
lymphoma patients and 2417 controls examined patterns
of hair dye use among men and women. This study found
that 38% of study subjects reported previous use of a hair
dye product, and a history of having ever used hair dye was
associated with a 19% increased risk of lymphoma. The
odds ratio in this study was markedly higher for those using
hair dyes exclusively prior to 1980 compared with those
who starteddyeing their hair after that year (1.37). Although
the increased risk apparently posed by hair dyes is compar-
atively small, the potential impact of this exposure is
magnified by the prevalence of hair dye use. For this rea-
son, the use of products currently available merits closer
examination.
Tobacco and alcohol

Tobacco has been shown to alter the immune response
and contains substances known to be leukemogenic; how-
ever, minimal support for an association of HL and NHL
with tobacco exists. Most studies have found no associa-
tion with smoking amount or duration.

Studies regarding alcohol have been inconsistent, but
several have suggested a protective effect of alcohol rela-
ted to HL and NHL, implicating a cellular and humoral
immune response benefit. This reduced risk appears to be
independent of specific type of alcohol consumed, duration
of alcohol use, and lifetime consumption.
Blood transfusions

Several studies have demonstrated an association between
history of blood transfusion and lymphoma. In patients who
are diagnosedwith low-grade lymphomas within months or
a few years following transfusion, it is often impossible to
know if the lymphoma preceded the transfusion or if the
reverse is true. Potential biologic mechanisms that may
have an etiologic impact include transmission of an onco-
genic virus, transfusion-induced immunosuppression, and
engraftment of malignant lymphoma cells from the donor.
A population-based study of women in Iowa found a two-
fold or greater risk of lymphoma among persons receiving
blood transfusions. Additional cohort studies have likewise
shown a significant increase in risk of NHL in patients with
a history of blood transfusion.

Diet

The Westernized diet has changed substantially over the
past decades with the inclusion of more processed and
refined foods. Diet has been shown as a source of muta-
genic and chemopreventive agents; therefore, dietary fac-
tors may account for some of the increase in lymphoma
incidence that has occurred over the past several decades.
The risk of NHL has been linked to increased consump-
tion of animal protein and saturated and animal fats. Ani-
mal products may generate chronic antigenic stimulation
and/or immune unresponsiveness, or confounding by die-
tary absorption of pesticides and herbicides may account
for the association. The roles of specific types of fats and
their effects on immune function remain poorly under-
stood. Some studies have attributed increased lymphoma
risk to consumption of dairy products and eggs as well.

Higher intake of fruits, cruciferous vegetables, green
leafy vegetables, and vegetables high in carotenoids have
been demonstrated to have an inverse association with
NHL. The relationship between fruits and vegetables and
risk of NHL may be due to the antioxidants and inhibitors
of nitrosation found in some foods. Fish consumption has
also been associated with a decreased risk of lymphoma.

Drugs

As early as 1966, systemic ‘pseudolymphoma’ syndromes
were linked to the use of anticonvulsants. These syndromes
are often clinically indistinguishable from lymphoma, and
they usually regress when the offending agent is withdrawn.
Other drugs, such as calcium channel blockers, ACE inhi-
bitors, statins, H2 blockers, and SSRIs, can produce cutane-
ous hypersensitivity reactions, which often appear to
overlap histologically with cutaneous B or T cell lympho-
mas and occasionally progress to NHL. Factors related to
the evolution of these lymphomas remain largely unknown.
No consistent associations of NHL with long-term use of
non-steroidal anti-inflammatory drugs, aspirin, or COX-
2 inhibitors have been observed.

Reproductive

While hormones have immunomodulatory effects, there
is no convincing evidence of any influence of hormones or
reproductive factors on HL or NHL. A small increase in
lymphoma risk has been reported during pregnancy, but
the immune dysregulation of pregnancy has been repeat-
edly suggested to increase the mother’s vulnerability to
cancer and other diseases.

Anthropometric parameters
While physical activity is thought to influence immune
function, there are little data to suggest that there is a
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relation with lymphoma. Reported risk estimates of 1.6
and 1.4 for males and females, respectively, with a body
mass index of greater than or equal to 30 appear in the
literature. Studies have indicated that obesity can lead to
impaired immune function, which can be restored if cal-
ories are restricted and physical activity is increased.
Obesity may also affect the metabolism of endogenous
hormones, which may interfere with cell proliferation,
differentiation, and apoptosis. Taller height, also asso-
ciated with availability of food and energy and greater
exposure to growth-related hormones, has also been sug-
gested as a marker of increased HL risk.
Summary

A significant step in lymphoma research has been the grad-
ual realization that the lymphomas comprise a diverse set of
diseases, which vary not only in pathology and clinical
course but most likely in etiology. The improved treatment
and prevention of these hematologic malignancies depend
on our understanding of the etiology and pathogenesis of
these diseases. The rapid increase in the occurrence of
NHL between 1975 and 1995 suggests that lymphomagen-
esis may be influenced by environmental factors. The iden-
tification of environmental–genetic interactions that may
predispose patients to develop lymphoma is an important
component to the delineation of disease causation.

Although we have seen that there is an abundance of
epidemiologic data in lymphoma, many questions remain
unanswered. While many of these factors have been dis-
cussed, it is not certain which factor(s) may serve as an
initiator of malignancy and which promote the survival of
a cancer cell, perhaps at times merely by ignoring its
existence. We must build on our current knowledge
regarding the etiology of NHL and the mechanisms
related to its progression. As knowledge is gained in
these two arenas, prevention, treatment, and eventual
cure will be realized. Potential strategies that may be
useful include: administration of vaccines and medications
(antibiotics or antivirals) to prevent or treat viral infections
that are eventually demonstrated to be associated with
lymphoma; development of immunotherapeutic treat-
ments that will treat existing tumors whose growth may
be dependent on viral antigenicity, or will enhance the
immune response against the tumor; development of
therapies that interfere with tumor survival such as anti-
angiogenesis drugs and biologics that interrupt critical
growth-signaling pathways in the tumor; novel approaches
to enhance immune function such as vitamins and nutri-
ents that will improve immune surveillance during epi-
sodic exposure to carcinogens or during anticipated
immunosuppression such as during medical procedures
or high-stress events; implementation of protective prac-
tices for hazardous and mutagenic substance use, such as
protective clothing, air management systems, and so forth;
and development of newagricultural, industrial, and home
products that are effective while carcinogen-free.

See also: Cancer: Global Burden/Trends and Projections;

Cancer Mortality; Cancer Screening; Cancer Survival.
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Introduction

Male reproductive function depends on the integrity of
the organs of the male reproductive tract, most relevantly,
the testis, epididymis, deferent duct, seminal vesicle, pros-
tate, and penis, as well as the various parts of the central
nervous system, the hypothalamus, and the pituitary
gland. In contrast to female reproductive function, hor-
mone and gamete production in healthy men persists
lifelong. However, various disorders of male reproductive
function show a relatively high prevalence and are there-
fore of significant relevance for public health.
The Testis

The main male reproductive organ is the testis. The testis
has an endocrine as well as an exocrine function. The
predominant endocrine function is synthesis of testoster-
one, which is important for normal sperm production
within the testis as well as – after entering the general
circulation and binding to the androgen receptors of the
various target organs – for initiating and maintaining
androgen-dependent functions. The most important
exocrine function of the testis is production of immature
spermatozoa that are – after maturation in the epididymis –
able to fertilize an egg and induce a pregnancy.

Endocrine testicular dysfunction is characterized
by testosterone deficiency. A recent population-based,
observational survey indicates that the overall preva-
lence of testosterone deficiency associated with relevant
clinical symptoms in men aged 30–79 years is 5.6%
(Araujo et al., 2007). These data demonstrate the overt
relevance of testosterone deficiency for public health. In
primary endocrine testicular failure, low testosterone
secretion is caused by a deficiency or absence of Leydig
cell function. Clinically relevant diseases include
anorchia, gonadal dysgenesis, testicular tumors, testicular
maldescent, Leydig cell hypoplasia, enzymatic defects in
testosterone synthesis, numerical or structural chromo-
some abnormalities, gene mutations, irradiation, and sys-
temic diseases. Testosterone deficiency can also be caused
by exogenous factors such as environmental toxins or
medications (Table 1). In contrast to primary endocrine
testicular failure, secondary endocrine testicular failure
is caused by absent or insufficient bioactivity of
gonadotropin-releasing hormone (GnRH) or luteinizing
hormone (LH).

Men diagnosed with primary exocrine testicular dys-
function are infertile. Although exact figures are not avail-
able, it is assumed that about 7% of all men are confronted
with impaired fertility in the course of their lives, resulting
in a significant impact on public health (Nieschlag, 2000b).
Infertility might be caused by impaired spermatogenesis
due to deficiency of GnRH or gonadotropin secretion,
anorchia, gonadal dysgenesis, varicocele, orchitis, structural
abnormalities of spermatozoa, testicular tumors, testicular
maldescent, Leydig cell hypoplasia, enzymatic defects in
testosterone synthesis, irradiation, or systemic diseases, or
by exogenous factors such as environmental toxins or
medications, numerical chromosome abnormalities, struc-
tural chromosomal abnormalities, Y chromosome micro-
deletions, gene mutations, or other still unknown genetic
defects (Table 1).
Hormonal Regulation of Testicular Function

Testicular steroidogenesis and spermatogenesis are con-
trolled primarily by the hypothalamic GnRH and the two
pituitary gonadotropins, luteinizing hormone and follicle-
stimulating hormone (FSH) (Figure 1). The production
and secretion of these stimulating hormones are under
negative feedback control of hormones produced by the
testis, especially testosterone and its active metabolites
and inhibin B (Weinbauer et al., 2000).
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Table 1 Classification of disorders of male reproductive function based on localization of cause

Localization of disorder Disorder Cause

Hypothalamus/pituitary Kallmann syndrome Congenital disturbance of GnRH secretion, defect of the Kal-1 gene
Idiopathic hypogonatropic

hypogonadism

Congenital disturbance of GnRH secretion

Prader-Labhart-Willi syndrome Congenital disturbance of GnRH secretion

Constitutionally delayed puberty Delayed biological clock
Secondary disturbance of GnRH

secretion

Tumors, infiltrations, trauma, irradiation, disturbed circulation,

malnutrition, systemic diseases

Hypopituitarism Tumors, infiltrations, trauma, irradiation, ischemia, surgery, GnRH

receptor mutation
Pasqualini syndrome Isolated LH-deficiency

Hyperprolactinemia Adenomas, medications, drugs

Testes Congenital anorchia Fetal loss of testes
Acquired anorchia Trauma, torsion, tumor, infection, surgery

Testicular maldescent Testosterone or AMH deficiency, congenital anatomical hindrance

Varicocele Venous insufficiency

Orchitis Infection and destruction of germinal epithelium
Sertoli-cell-only syndrome Congenital/acquired (e.g., after radiotherapy)

Spermatogenetic arrest Congenital/acquired

Globozoospermia Absence of acrosome formation

Immotile cilia syndrome Absence of dynein arms
Klinefelter syndrome Meiotic nondysjunction

46,XX-male Translocalization of part of Y chromosome

47,XYY-male Meiotic nondysjunction
Noonan syndrome Gene mutation

Structural chromosomal

anomalies

Deletions, translocations

Persistent oviduct AMH receptor mutation
Gonadal dysgenesis Genetic disturbances of gonadal differentiation

Leydig cell hypoplasia LH receptor mutation

Male pseudohermaphroditism Enzymatic defects in testosterone synthesis

True hermaphroditism Genetic disturbance in gonadal differentiation
Testicular tumors Congenital/unknown

Disorder caused by exogenous

factors or systemic diseases

Medication, irradiation, heat, environmental and recreational toxins,

liver cirrhosis, renal failure
Idiopathic infertility Cause(s) unknown

Excurrent seminal ducts

and accessory sex

glands

Obstructions

Cystic fibrosis

Congenital anomalies, infections, vasectomy, accidental damage

during appendectomy, herniotomy, or kidney transplantation

Mutation of the CFTR-gene
CBAVD (congenital bilateral

aplasia of the vas deferens)

Mutation of the CFTR-gene

Young syndrome Mercury poisoning?

Disturbance of liquefaction Cause(s) unknown
Immunologic infertility Autoimmunity

Disturbed semen

deposition

Hypospadias, epispadias Congenital

Penis deformations Congenital/acquired

Erectile dysfunction Multifactorial origin
Disturbed ejaculation Congenital/acquired

Phimosis Congenital/acquired

Androgen target organs Testicular feminization Complete androgen receptor defect
Reifenstein syndrome Incomplete androgen receptor defect

Prepenile bifid

scrotumþ hypospadias

Incomplete androgen receptor defect

Bulbospinal muscular atrophy Androgen receptor defect
Perineo-scrotal hypospadias

with pseudovagina

5a-reductase deficiency

Gynecomastia Hormonal imbalance

AMH, anti-Müllerian hormone; CFTR, cystic fibrosis transmembrane conductance regulator; GnRH, gonadotropin-releasing hormone;
LH, luteinizing hormone.

Modified from Nieschlag E (2000) Classification of andrological disorders. In: Nieschlag E and Behre HM (eds.) Andrology: Male

Reproductive Health and Dysfunction, 2nd ed, pp. 83–87. Berlin: Springer-Verlag. With kind permission of Springer Science and

Business Media.
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Gonadotropin-releasing hormone (GnRH)

GnRH is a decapeptide produced in specific neurons of
the hypothalamus. It has a relatively short half-life of less
than 10min and is released into the portal blood in
discrete pulses, which are at least partially controlled by
stimulatory and inhibitory effects of various steroid hor-
mones, neurotransmitters, and neuromodulators. GnRH
stimulates LH and FSH synthesis and secretion from the
pituitary gland. The nature of the pulsatile GnRH secre-
tion has not been well-characterized in the human but
seems to be important for GnRH action, as experimental
long-term continuous GnRH release is not able to stimu-
late LH and FSH synthesis and secretion.

GnRH stimulates gonadotropin secretion following
occupation and activation of specific GnRH receptors in
the pituitary gland. These receptors belong to a family of
G protein-coupled receptors having the typical seven-
membrane domain structure. GnRH is capable of mod-
ulating the number and activity of its own receptor.

Several disorders and diseases are known to cause
testicular dysfunction by disturbances of GnRH synthesis,
secretion, or function (Table 1). Diminished or absent
hypothalamic secretion of GnRH can be found in patients
with idiopathic hypogonadotropic hypogonadism (IHH) or
Kallmann syndrome. Secondary GnRH deficiency might
be caused by a tumor in the region of the diencephalon
(craniopharyngioma or meningioma), metastases, granulo-
matous illnesses or hemochromatosis, fractures of the skull
base, ischemic and hemorrhagic lesions, or radiotherapy. In
patients with absent or diminished GnRH secretion, highly
effective restoration of testicular function can be achieved
by exogenous administration of GnRH intravenously or
subcutaneously, in a pulsatile manner (Büchter et al., 1999).

Several patients with inactivating mutations of the
GnRH receptor causing testicular dysfunction have been
described. In these men, exogenous GnRH is ineffective,
but proper treatment of infertility can be achieved by exog-
enous gonadotropin administration (see ‘Gonadotropins’).
If fertility is not desired, patients should be treated with
testosterone preparations.

Gonadotropins

LH and FSH, the gonadotropins regulating testicular
function, are glycoprotein hormones secreted from the
pituitary gland in response to GnRH (Figure 1). They
consist of two subunits, alpha and beta. While the alpha
subunit of LH and FSH is identical and is similar to
the alpha subunit of other members of the glycoprotein
hormone family, such as thyroid stimulating hormone
or human chorionic gonadotropin (hCG), the specific
actions of LH and FSH are caused by their specific beta
subunits. Due to different terminal glycosylation, LH and
FSH have different elimination half-lives of about 20min
and 120min, respectively. Therefore, the pulsatility as
measured in serum is more apparent for LH than for
FSH. In addition to the pulsatile secretion of both gona-
dotropins, FSH is, to some degree, secreted constitutively
from the pituitary gland.

Steroid hormones secreted from the testes, especially
testosterone and its active metabolites, dihydrotestoster-
one and estradiol, exert a negative feedback control of
both gonadotropins at the level of both the hypothalamus
and pituitary. In addition, FSH secretion is under negative
control of inhibin B secreted from the Sertoli cells of the
seminiferous tubules in the testes.

Both gonadotropins act via specific receptors on dif-
ferent testicular cell types, with LH exerting its effects on
Leydig cells and FSH binding to and activating receptors
in Sertoli cells. The LH and FSH receptors belong to the
family of G protein-coupled receptors, and both have a
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large extracellular hormone-binding domain. Normal
function of both gonadotropins and their receptors seem
to be necessary for quantitatively and qualitatively normal
initiation and development of spermatogenesis at puberty.
Although some degree of spermatogenesis might be main-
tained thereafter by one normally functioning gonadotro-
pin and its receptor, both LH and FSH activity seem to be
mandatory for normal spermatogenesis.

A lack of normal physiological levels of gonadotropins in
patients might be caused by tumors (gonadotropin, prolac-
tin, growth hormone, thyroid hormone, ACTH-secreting,
or endocrinologically inactive adenomas) or metastases of
tumors in the pituitary or the hypophyseal stalk, brain
surgery, radiotherapy, trauma, infections, hemochromatosis,
or vascular disorders (Table 1). The most frequent cause of
pituitary insufficiency is a prolactin-secreting pituitaryade-
noma (prolactinoma) that might destroy the gonadotropin-
secreting pituitary cells or impair their function.

Inmost patients, prolactinomas can be treated effectively
with dopamine agonistic drugs such as bromocriptine.
Patients with irreversible destruction of gonadotropin-
secreting pituitary cells can be successfully treated for
their infertility with administration of exogenous gonado-
tropins. Instead of the natural LH, the gonadotropin hCG –
which has LH activity – is commonly used because of its
prolonged duration of action (Büchter et al., 1999).

In some patients, inactivating mutations of the LH or
FSH receptor gene have been detected as the cause for
testicular dysfunction. In these patients, gonadotropin
preparations with LH and FSH activity are generally
not effective.
Endocrine Function: Testosterone Production

Testosterone is the most important sex hormone in men.
More than 95% of the endogenous testosterone is
produced in the testes, with 6–7mg secreted every day.
Testosterone is produced by the Leydig cells in the inter-
stitial compartment in response to LH binding to its
specific Leydig cell membrane receptor. As no testoster-
one can be stored in the Leydig cells, it has to be produced
continuously de novo.

Testosterone is an important intratesticular factor for
regulating spermatogenesis. In addition, it is released into
the general circulation and transported in serum, with
54% bound to sex hormone binding globulin (SHBG),
44% bound to albumin, and 2% circulating as free or
unbound steroid. The free and albumin-bound fractions
are considered to be biologically active. However, the
physiological role of SHBG-bound testosterone has not
yet been fully elucidated. Several studies have shown that
the testosterone concentration within the testis is about
100-fold higher than in the general circulation.

In serum, testosterone levels follow a circadian pattern,
with morning concentrations 20–40% higher than
evening values (Diver et al., 2003). As normal ranges for
serum testosterone levels are commonly based on morn-
ing levels, blood for diagnostic tests should be drawn in
the morning. Short, intensive physical exercise can
increase serum testosterone concentrations, whereas
extended, exhausting physical exercise and the practice
of high-performance sports can result in significant
decreases.

Testosterone has two clinically relevant metabolites. It
is 5 alpha-reduced to 5a-dihydrotestosterone (DHT),
which is important for normal development of the exter-
nal male genitalia and prostate gland. In a separate meta-
bolic pathway, testosterone is aromatized to 17b-estradiol,
which has essential functions in bone development.

Testosterone and its active metabolite DHT bind to an
intracellular androgen receptor that belongs to the family
of steroid hormone receptors. Once occupied, these recep-
tors translocate to the cell’s nucleus and bind to specific
sequences of the genomic DNA to induce RNA and pro-
tein synthesis. In addition, a rapid nontranscriptional
mode of action has been recently demonstrated for testos-
terone and DHT.

Various androgen receptor mutations have been
described in infertile patients; these result in diminished
or absent androgen action. In addition, polymorphisms of
the androgen receptor, especially the so-called CAG repeat
polymorphism in exon 1 of the androgen-receptor gene,
have been shown to modify androgen action (Zitzmann and
Nieschlag, 2007). In men with higher numbers of triplet
residues, testosterone’s effects in the various target organs
seem to be attenuated.

Hypogonadism

Hypogonadism can be defined as a condition with absent
or decreased biological action of testosterone. It might be
caused by disorders at the testicular level and is then
classified as primary hypogonadism. Hypogonadism due
to disorders at the hypothalamic or pituitary level is
classified as secondary hypogonadism. In addition, hypo-
gonadism might be caused by androgen receptor dysfunc-
tion at the androgen target organs (Table 1).

The clinical symptoms of hypogonadism depend on the
age of manifestation, in particular whether onset occurs
before completed puberty or thereafter (Table 2). If
androgen deficiency exists at the time of normal onset of
puberty, an eunuchoid tall stature will result because of
delayed epiphyseal closure. Arm span will exceed body
length and the legs will become longer than the trunk.
Onset of androgen deficiency after puberty will not result
in a change of body proportions, although the musculature
can be atrophic, depending on the duration and degree of
androgen deficiency.

Long-standing testosterone deficiency may lead to
osteoporosis, which can result in severe lumbago and
pathological spine and hip fractures. Fat tissue



Table 2 Symptoms of hypogonadism relative to age of manifestation

Affected organ/
function Before completed puberty After completed puberty

Larynx No voice mutation No change

Hair Horizontal pubic hairline, straight frontal hairline,

diminished beard growth

Diminishing secondary body hair, decreased beard

growth

Skin Absent sebum production, lack of acne, pallor,
skin wrinkling

Decreased sebum production, lack of acne, pallor, skin
wrinkling

Bones Eunuchoid tall stature, osteoporosis Osteoporosis

Bone marrow Low-degree anemia Low-degree anemia

Muscles Underdeveloped Atrophy
Prostate Underdeveloped Atrophy

Penis Infantile No change of size

Testes Small volume, possibly maldescended testes Decrease of volume and consistency
Spermatogenesis Not initiated Decreased

Libido Not developed Loss

Erectile function Decreased Decreased

Adapted from Behre HM, Yeung CH, Holstein AF, et al. (2000) Diagnosis of male infertility and hypogonadism. In: Nieschlag E and Behre
HM (eds.) Andrology: Male Reproductive Health and Dysfunction, 2nd edn., pp. 89–124. Berlin: Springer-Verlag. With kind permission of

Springer Science and Business Media.

Table 3 Typical clinical symptoms of testosterone deficiency

in late-onset hypogonadism

The easily recognized features of diminished sexual desire

(libido) and erectile quality and frequency, particularly

nocturnal erections
Changes in mood with concomitant decreases in intellectual

activity, cognitive functions, spatial orientation ability, fatigue,

depressed mood, and irritability

Sleep disturbances
Decrease in lean body mass with associated diminution in

muscle volume and strength

Increase in visceral fat

Decrease in body hair and skin alterations
Decreased bone mineral density resulting in osteopenia,

osteoporosis, and increased risk of bone fractures

Adapted from Nieschlag E, Swerdloff R, Behre HM, et al. (2005)

Investigation, treatment and monitoring of late-onset hypogo-
nadism in males: ISA, ISSAM, and EAU recommendations. Inter-

national Journal of Andrology 28: 125–127.
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distribution might have female characteristics, and lean
body mass can be decreased and fat mass increased com-
pared to normal.

Late-onset hypogonadism (LOH), defined as testoster-
one deficiency with clinical symptoms in the aging male,
has become a topic of increasing interest throughout
the world (Nieschlag et al., 2005). Current demographic
trends show a worldwide ‘graying’ of the population, with
increasing percentage of the population aged 60–65 years
and above. Average testosterone levels fall progressively
with age, and a significant percentage of elderly men have
serum testosterone levels lower than the normal ranges
of young adults. A recent study estimated the overall
prevalence of testosterone deficiency in combination
with typical clinical symptoms of hypogonadism to be as
high as 5.6% in men aged between 30 and 79 years.
Prevalence was not related to race or ethnic group;
however, it increased substantially with increasing age
(Araujo et al., 2007).

Late-onset hypogonadism is often caused by mixed
primary and secondary endocrine testicular failure.
Symptoms of LOH are given in Table 3. However, the
clinical diagnosis might escape detection for various rea-
sons: Not all the signs and symptoms necessarily present
together, they often progress slowly and are subtle in
nature, and the unspecific signs and symptoms of LOH
might not be discernible from the unavoidable process of
aging itself (Nieschlag et al., 2004).

The most comprehensive review of the long-term clini-
cal consequences andmorbidity of LOH has been compiled
by the U.S. Institute of Medicine (Liverman and Blazer,
2004). Potential impacts of age-related testosterone decline
on health have been identified for bone, body composition
and strength, physical function, cognitive function, mood
and depression, sexual function, health-related quality of
life, cardiovascular and hematologic outcomes, prostate
outcomes, sleep apnea, and other areas.

Apparent good health, defined as the absence of chronic
illness,medication, obesity, or excessive drinking, attenuates
the age-related decrease of testosterone (Feldman et al.,
2002). On the other hand, at all ages, serum testosterone
concentrations may be transiently or permanently affected
by comorbidities or their respective treatment (Kaufman
and Vermeulen, 2005). Recently, it has been demonstrated
in men aged � 45 years and visiting primary care practices
in the United States that odds ratios for having
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hypogonadism were significantly higher for men with
hypertension, hyperlipidemia, diabetes, obesity, prostate
disease, and asthma or chronic obstructive pulmonary dis-
ease than in men without these conditions (Mulligan et al.,
2006). Therefore, a proper diagnostic workup is mandatory
in all men with known or suspected testosterone deficiency.

In patients with disturbed endocrine testicular func-
tion and without present intention to induce a pregnancy,
the therapy of choice is testosterone substitution. Numer-
ous studies and more than 50 years of clinical experience
have confirmed that testosterone substitution has benefi-
cial effects on the symptoms of patients with primary or
secondary hypogonadism, with acceptable adverse side
effects. Today, several testosterone preparations are avail-
able for clinical use that can be applied via the intramus-
cular, transdermal, subcutaneous, oral, or buccal route.
The various preparations have different pharmacokinet-
ics, different adverse side effects, and different costs. As
evidence from comparative studies is not available, the
choice of the testosterone preparation is based on per-
sonal preferences and experience of the patient and the
treating physician.

Men with late-onset hypogonadism may or may not
benefit from testosterone treatment; the risks associated
with such intervention are not well-described for this pop-
ulation (Nieschlag et al., 2005). Results from recent studies
show short-term beneficial effects of testosterone in older
men that are similar to those in young men, but long-term
data on the effects of such treatment in men with late-onset
hypogonadism are limited. Future studies have to evaluate
the specific risks on the prostate and cardiovascular system
as well as the potential long-term benefits, including those
that may retard frailty of elderly men.
rsd
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Figure 2 Normal spermatogenesis: Seminiferous epithelium in

stage I (I) and stage III (III) of spermatogenesis showing

spermatogonia (sg), pachytene spermatocytes (p), round step 1

and 3 spermatids (rsd), and elongating spermatids (elsd).
Primary magnification,� 40. Reproduced from Behre HM and

Bergmann M (2003) Primary testicular failure. In: McLachlan R

(ed.) Endocrinology of Male Reproduction. South Dartmouth, MA:

Endotext.com. http://www.endotext.org/male/index.htm
(accessed February 2008), with permission from

MOTEXT.com, INC.
Exocrine Function: Spermatogenesis

The second major function of the testis is production of
spermatozoa. This process, termed spermatogenesis, takes
place in the tubular compartment of the testis, while the
testosterone production of the Leydig cells is located in
the interstitial compartment (Weinbauer et al. 2000).

The tubular compartment of the testis represents
60–80% of the testicular volume. In total, each testis
contains about 600 seminiferous tubules. The Sertoli
cells within the seminiferous tubules are somatic cells
and extend from the basal membrane to the lumen of
the tubule. Sertoli cells support the structure of the semi-
niferous tubule and have a role in regulating the internal
environment. The number of Sertoli cells in a testis
determines the ultimate spermatogenic output. Sertoli
cell function is regulated by occupation and activation of
androgen and FSH receptors, and these hormonal signals
are then transduced to the germinal cells.

Spermatogenesis takes place in three phases: (1) mitotic
proliferation and differentiation of spermatogonia,
(2) meiotic division, and (3) spermiogenesis, which repre-
sents a transformation of round haploid spermatids arising
from the final division of meiosis into the complex struc-
ture of the spermatozoon (Figure 2). The overall duration
of spermatogenesis is at least 64 days.

In most men with severely reduced sperm concentra-
tion in the ejaculate and no obstruction of the seminal
ducts, various disturbances of spermatogenesis can be
detected by testicular biopsy. In complete germ cell apla-
sia or Sertoli-cell-only syndrome (SCO), the tubules are
reduced in diameter and contain Sertoli cells, but no other
cells involved in spermatogenesis. Germ cell aplasia can
also be focal with a variable percentage of tubules con-
taining germ cells, but in these tubules spermatogenesis is
often limited. Germ cell aplasia or SCO syndrome is one
common cause of nonobstructive azoospermia (complete
absence of spermatozoa in the ejaculate).

Spermatogenic arrest is a histopathological description
of the interruption of normal germ cell maturation at the
level of a specific cell type in the pathway leading from
spermatogonia to spermatocytes to spermatids. Complete
arrest of spermatogenesis results in azoospermia. Sperma-
togenetic arrest or germ cell aplasia might be caused by,
for example, microdeletions of the Y chromosome and
numerical or structural chromosome abnormalities.

Hypospermatogenesis is the third major classification
of impaired spermatogenesis; it is characterized by a
mildly, moderately, or severely reduced number of all
germ cell types, including mature spermatids, in some
or all tubules.

http://www.endotext.org/male/index.htm
http://www.uni-leipzig.de/~eaa/
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Seminal Ducts

Epididymis

After production within the seminiferous tubules of the
testis, the immature testicular spermatozoa together with
fluid secreted by the Sertoli cells pass the tubuli recti and
the rete testis and enter into 12–18 efferent ducts that
form the caput of the epididymis. Here, the efferent ducts
unite and form the single tubule of the epididymis. The
single tubule of the epididymis is then coiled into lobules
and forms the corpus epididymis and finally the cauda
epididymis. The total length of the epididymis is esti-
mated to be 5–6m. The time for spermatozoa to pass
through the epididymis is between 2 to 11 days. The
major function of the epididymis is the maturation of
spermatozoa and storage prior to ejaculation.
Deferent Duct and Seminal Vesicle

During the emission phase of ejaculation, spermatozoa
from the lower portion of the epididymis are transported
via the deferent duct through its peristaltic action of
muscle layers to the intraprostatic ejaculatory duct.
Each deferent duct is about 30 cm long, and the ejacula-
tory duct about 2 cm. The seminal vesicle is a tubular
gland of approximately 5 cm in length, located poster-
oinferior to the urinary bladder and surrounded by a
thick coat of smooth muscle. The capacity of each seminal
vesicle is approximately 2ml, which contributes about
70% of the ejaculate volume. During the emission phase
of ejaculation, sperm-containing fluid of the proximal
deferent duct is diluted with fluids of the seminal vesicle,
and the mixture transported via the intraprostatic ejacu-
latory duct into the prostatic urethra at the seminal
colliculus.
Prostate

The prostate is a tubulo-alveolar exocrine gland surround-
ing the urethra just below the urinary bladder. Its main
function is storage and secretion of clear alkaline fluid that
constitutes up to 30%of the ejaculate volume.The prostatic
urethra transports urine or, during ejaculation, the seminal
fluid containing spermatozoa. During the ejection phase of
ejaculation, the bladder neck becomes firmly closed, pre-
venting reflux of the ejaculate into the bladder. By contrac-
tion of the prostatic musculature and pelvic floor muscles,
the ejaculate is propelled into the anterior penile urethra
and beyond. Ejaculatory disorders include retrograde,
premature, retarded, or absent ejaculation, as well as vari-
ous orgasmic disturbances. There are no good data on
the prevalence of ejaculatory disorders; however, they
seem to be as frequent as erectile dysfunction. For example,
premature ejaculation has been found to affect approxi-
mately 13–18% of men aged between 40 and 80 years
(Beutel et al., 2006).
Penis

From the male reproductive function perspective, normal
erectile function of the penis is important for sexual
intercourse resulting in proper intravaginal sperm depo-
sition for successful reproduction. Three hemodynamic
factors in the penis are essential for normal erection:
(1) relaxation of the muscle cells within the corpora
cavernosa of the penis, (2) increase of arterial blood inflow
by dilatation of the arterial vessels, and (3) restriction of
venous blood outflow by compression of intracavernosal
and subtunical venous plexus.

According to the National Institutes of Health consen-
sus, erectile dysfunction is defined as the inability to
achieve and maintain an erection sufficient for satisfac-
tory sexual performance. Erectile dysfunction can be
caused by various disturbances. It is estimated that
50–80% of organically caused erectile dysfunction is
due to arterial dysfunction. Other common reasons
include neurogenic, endocrine, drug-induced, and –
more often in younger men – psychogenic etiologies.
In many patients, the reason for erectile dysfunction is
multifactorial. Numerous epidemiological studies have
been published on the prevalence of erectile dysfunction.
In all these studies, the prevalence was strictly associated
with aging. The overall prevalence has been estimated to
be as low as 2.3% in men aged 30–39 years, but up
to about 15–70% in men aged above 70 years (Beutel
et al., 2006).
Infertility

Infertility may be diagnosed when a couple fails to
achieve a pregnancy within 1 year of regular unprotected
intercourse. In contrast to other diseases or disorders, the
diagnosis of infertility can be made only in a couple, and
only in a couple with a desire for pregnancy. There is a
significant interdependence of the reproductive function
of the male and female partners. Disturbed male repro-
ductive function, such as decreased sperm count, can be
compensated for by optimal reproductive functions of the
female partner, and vice versa.

Various diseases in the male might cause disorders of
male reproductive function and infertility. These condi-
tions can be classified by the topographic localization of
the cause (Table 1). There are several causes for primary
and secondary testicular failure. In many patients who
have various degrees of abnormal spermatogenesis, the
exact cause for testicular dysfunction is unknown. These
patients are categorized as having idiopathic infertility



Figure 3 Scrotal sonography of a normal testis.
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and remain a majority of patients seen in modern androl-
ogy practices. For these patients, symptomatic treatment
applying methods of assisted reproduction can be offered,
such as intrauterine insemination, intracytoplasmic sperm
injection with ejaculated sperm or sperm retrieved from
testicular biopsies by testicular sperm extraction (TESE),
depending on the site and degree of spermatogenic
failure.

Acute or chronic infections of the epididymis, seminal
vesicles, or prostate are curable conditions of male infer-
tility. In patients with bilateral obstruction of the epidi-
dymis or deferent duct, microsurgical reanastomosis can
be offered to restore fertility. When this is not possible,
for instance in patients with congenital bilateral aplasia of
the vas deferens/deferent duct (CBAVD), sperm can be
retrieved from the epididymis by microsurgical sperm
aspiration, or from testicular biopsies by TESE. For
patients with CBAVD, a condition caused by mutations
in the cystic fibrosis transmembrane conductance regula-
tor gene, genetic counseling and testing should be offered.

In couples unable to conceive due to erectile dys-
function, various highly effective therapies can be offered,
such as phosphodiesterase type V inhibitors, intracaverno-
sal prostaglandin E1 injections, and hormonal, surgical,
or psychological therapy. After proper diagnosis of the
etiology of erectile dysfunction in the individual affected
patient, the effectiveness of these rational therapies is high.

Infertility can be caused by retrograde ejaculation, for
example, after surgery or trauma. In affected patients, the
ejaculate – which would normally exit via the urethra – is
redirected toward the urinary bladder. Patients with ret-
rograde ejaculation can effectively be treated with various
drugs, such as imipramine or chlorpheniramine in combi-
nation with phenylpropanalamine, which produce ante-
grade ejaculation and thereby restore fertility.

The multiplicity of diseases, disorders, or exposures
resulting in infertility clearly indicates the need for a
systematic andrological examination of the affected man,
and not just an analysis of his ejaculate. Rational and
preventive therapy of male infertility is based on proper
clinical and laboratory diagnoses. These should include a
comprehensive history, physical examination, application
of ancillary methods such as ultrasonography of the testes
(Figure 3), prostate, and seminal glands, and proper
endocrine laboratory diagnosis and semen analysis,
according to standard procedures recommended by the
World Health Organization (World Health Organization,
2008). In certain patients, examination might be com-
pleted by testicular biopsies and molecular and cyto-
genetic analyses.

Whenever possible, preventive therapy should be
applied to maintain normal male reproductive function
and integrity of the reproductive organs. For example,
timely use of effective antibiotics in case of infections
of the epididymis or prostate might prevent irreversi-
ble obstruction leading to azoospermia. Early hormonal
treatment of maldescended testes or, if unsuccessful, sur-
gical therapy might preserve fertility and decrease the risk
of future testicular cancer (Pettersson et al., 2007). Exoge-
nous factors, such as radiation or environmental toxins,
should be minimized or eliminated as soon as possible.
Prior to compulsory chemotherapy or radiotherapy
because of malignant diseases, patients should be offered
cryopreservation of spermatozoa in order to maintain
reproductive ability. From the public health perspective,
it should be noted that smoking, obesity, abuse of alcohol
or certain drugs such as anabolic steroids, and untreated
systemic diseases are potentially avoidable factors lead-
ing to infertility (Handelsman, 2000; Brinkworth and
Handelsman, 2000).
Conclusion

Male reproductive function depends on normal functioning
of the various organs of the male reproductive tract and the
respective regulatory mechanisms of the central nervous
system. It should be noted that disturbances of reproductive
function, such as hypogonadism, ejaculatory disorders,
erectile dysfunction, and infertility, have a relatively high
worldwide prevalence of more than 5% for each disorder.
Therefore, proper diagnosis and treatment of male repro-
ductive dysfunction aswell as preventionwhenever possible
are of utmost relevance for public health.

See also: Family Planning/Contraception; Female Repro-

ductive Physiology/Function; Infertility; Prostate Cancer;

Puberty; Sexual Health; Sexually Transmitted Infections:

Overview; Testicular Cancer.
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Introduction

Managed care has become an increasingly popular strat-
egy for organizing the delivery of health-care services.
Despite the regularity with which the term is used, there
is no single accepted definition of managed care. Managed
care may refer to a diverse array of arrangements, from
those in which insurance and service delivery are fully
integrated, such as staff and group model health mainte-
nance organizations (HMOs); to those in which insured
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people are restricted to a defined set of providers, such as
independent practice associations (IPAs); to arrangements
in which the choice of providers is unrestricted but
insurers provide incentives to use selected providers and
monitor the care provided, such as preferred provider
organizations (PPOs) that conduct utilization review
(UR) of costly services. The term managed care is also
used to describe management tools, such as utilization
review or disease management, whether or not these
tools are being used by managed care organizations.

Managed care is often thought of as a U.S. institution,
operating in the private, voluntary insurance market and
associated with the delivery of personal health-care ser-
vices. Since the early 1990s, however, several countries,
including Great Britain, the Netherlands, Germany,
Israel, France, and several Latin American countries
have formally incorporated elements of managed care
into their health systems. Other countries are contemplat-
ing such changes.

Finally, managed care tools, although primarily asso-
ciated with the delivery of personal health-care services,
drawheavily on public health concepts.Managed care plans
both finance care and attempt to manage the health
(and expenditures) of their enrolled populations, unlike
conventional insurers, which principally finance the care
of individual patients. Managed care plans make use of
epidemiology, prevention research, and cost-effectiveness
analysis to achieve these population-oriented ends.
Elements of Managed Care

Managed care plans include a range of distinctive ele-
ments. Plans combine and modify these elements over
time and across settings.
Provider Selection and Organization

Conventional insurers do not contract with specific health-
care providers. Rather, they reimburse enrollees for care
provided by any provider, often based on usual and cus-
tomary payment rates. By contrast, most managed care
plans do contract with a network of providers. Several of
the earliest managed care plans were almost fully vertically
integrated organizations, in which a limited number of
hospitals and physicians were employees of organizations
that took on insurance risk. These plans are often referred
to as ‘staff model’ HMOs. Closely related to these plans
are those (often referred to as ‘group model’ HMOs) in
which a fixed group of physicians (and sometimes hospi-
tals) contracts exclusively with an organization that takes
on insurance risk. Most group and staff model HMOs are
not-for-profit.

Several HMOs that use staff and group model
approaches have recently been established in Switzerland.
Germany and the region of Catalonia in Spain are experi-
menting with physician networks and integrated delivery
approaches that follow this type of HMO model. Most U.S.
plans today contract with independent providers, who may
hold contracts with many managed care organizations and
may also treat patients who hold conventional insurance.
The most common form of this type of managed care is
the PPO, in which plans negotiate discounted rates with a
defined panel of providers and also permit members to seek
care outside the network (though at higher coinsurance).
Some European countries are considering the implementa-
tion of PPOs, butmost plan to beginwith the introduction of
fully integrated delivery systems after experimenting with
managed care tools in their traditional health-care systems.

Managed care plans have the opportunity to select the
physicians, nonphysician providers, hospitals, and phar-
maceuticals included in the plan. In principle, they make
this selection by choosing the highest quality and lowest
cost providers. There is only limited research examining
the characteristics of providers who are selected into
plans. In the United States, participating physicians are
more likely to be board-certified than the national aver-
age; they may also have low-cost practice styles.
Paying Providers

Because managed care plans contract with providers, they
can use a wider range of payment methods than can
conventional plans. Plans may pay physician providers
using salaries, fee-for-service, and capitation. They may
pay hospitals using case rates, such as diagnosis-related
groups, or per diem rates. Plans may also combine these
mechanisms, as well as bonuses, including payment for
performance, withholds for excessive service use, and
other incentives, into tailored incentive schemes.

In fully vertically integrated plans, physicians are often
paid using salaries. Many managed care plans pay physi-
cians on a (discounted) fee-for-service basis. Denmark
and the Netherlands use a mix of fee-for-service and
capitation in their health-care systems.

Under capitation payment, providers receive a fixed
periodic payment for each patient they enroll. They can
earn more if they enroll more patients, as long as the
capitation fee exceeds expected costs. If capitation pay-
ments are driven too low, physicians may refuse to enroll
patients under capitated contracts, forcing a return to
other payment forms.

Capitation arrangements vary according to the scope
of services covered within the capitation contract. Under
broad capitation arrangements, providers may also be
financially responsible for the costs of services obtained
through referral or hospitalization. If the scope of services
is very narrow, providers paid a capitation fee have incen-
tives to refer patients to other providers whose services
fall outside the capitation fee. In consequence, capitation



Managed Care 197
contracts with narrow service coverage often incorporate
additional mechanisms to restrict referrals.

Plans can also combine these payment mechanisms.
For example, plans may pay fee-for-service rates but
withhold a portion of the payment if use exceeds a pre-
determined level. A recent trend in physician reimburse-
ment is the use of pay-for-performance, which can be seen
as a combination of a capitation base payment and fee-
for-service payments tied to the achievement of agreed
objectives. In these arrangements total reimbursement
depends on the achievement of specific performance
measures (clinical measures, patient satisfaction, and
information technology implementation).

Pay for performance methods have garnered consider-
able interest outside the United States. Israel plans to
make physicians accountable for quality of care and is
contemplating putting physicians at financial risk for
the health-care expenditures they generate. The UK
introduced pay-for-performance for physicians in 2004.
Family practitioners entered into contracts with the gov-
ernment that will provide additional payments for high-
quality care.
Monitoring Service Utilization

Managed care plans may place limits on what providers
can do. Through monitoring service use, plans can reduce
the cost of care and may also improve (or reduce) the
quality of care. The strategies used by plans may incorpo-
rate payment incentives, feedback mechanisms, and
support services.

One way to monitor service utilization is through the
use of ‘gatekeeper’ arrangements. Under these arrange-
ments, enrollees can only use specialty services if they
obtain a referral from a specified primary care physician
or other designated referral source. Under gatekeeper
arrangements, primary care doctors can be held responsi-
ble for the level of specialist use of their enrollees.

Gatekeeping has been applied in various countries
(e.g., Germany and the Scandinavian countries); however,
studies that evaluate its impact are rare and variable,
particularly because of the heterogeneity of gatekeeping
approaches. Some evidence suggests that health-care
expenditures increased more slowly in countries with
gatekeeping systems. In Switzerland studies have shown
a decrease in costs by 7% to 20% as a result of
gatekeeping.

Most managed care plans also monitor service utiliza-
tion directly. Plans may refuse to pay for services unless
authorization is obtained in advance. They may also mon-
itor resources concurrent with use or retrospectively.
Research suggests that UR may reduce hospital expenses
by about 7% to 10% although the results are not unequiv-
ocal. Except as an element of gatekeeping, UR is not used
widely outside the United States.
Many managed care plans use case management, espe-
cially for high-cost cases. Case management may involve
using support services to ensure that medical care is
delivered to patients in the least costly way. Case manage-
ment may also use support services to improve the quality
of care provided to patients. There is little evidence
demonstrating the effectiveness of case management in
reducing costs, although some evidence, including studies
in both the United States and Europe, suggests that it may
improve health-care quality in selected situations. A more
recent innovation is disease management, in which the
care of patients with a specific set of diseases is managed
by a separate team. Disease management is an increasingly
popular element of U.S. health insurance plans and has
been introduced in Germany, the UK, and Switzerland. To
date, there are few rigorous studies evaluating the effec-
tiveness of disease management. Some evidence supports
its role in the care of patients with type 2 diabetes.
Quality Monitoring

The emphasis in managed care plans on limiting unnec-
essary care through selective contracting, utilization man-
agement, and payment incentives, generated concerns
that managed care undermined the quality of medical
care. Plans, seeking to gain members, wanted to disprove
this contention. At the same time, the ability of plans to
measure outcomes within a defined population made it
easier to assess the quality of care provided.

These developments generated a movement toward
quality measurement. The U.S. National Committee for
Quality Assurance (NCQA), a private not-for-profit orga-
nization, began accrediting managed care organizations in
1991. NCQA requires accredited plans to undergo rigor-
ous evaluation and, beginning in 1992, to measure out-
comes according to a standard based on the Health Plan
Employer Data Information Set (HEDIS). The over 60
HEDIS measures include both clinical outcomes and
patient satisfaction. NCQA and other organizations
continue to refine quality measures, which are essential
components in pay-for-performance initiatives.
Preventive Health-Care Benefits

Managed care plan contracts in the United States are
more likely than other types of private insurance plans
to cover preventive and maternity services. In all contexts,
managed care plans tend to place a heavy emphasis on
prevention. Managed care plans benefit from keeping
their beneficiaries healthy as overall health-care costs to
the plan may be reduced. Unfortunately, whereas many
preventive health-care services are cost-effective, rela-
tively few reduce medical care costs for the plan (at
least in the short term). Moreover, plan members can,
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and often do, change plans well before the benefit of
preventive interventions would be realized. Even if these
benefits do not save money for managed care plans, offer-
ing generous preventive benefits may improve the health
of their covered populations, helping them to attract
additional members. Moreover, generous preventive care
benefits may, themselves, be especially attractive to
healthier than average populations.
Special Cases: Behavioral Managed Care and
Pharmaceutical Benefits Management

Managed care principles have proven especially effective
in the delivery of specific types of health care. For exam-
ple, managed care arrangements have been used for the
provision of disease-specific care and pharmaceutical
benefits.

The most important of these ‘carve-out’ models of
managed care is the managed behavioral health-care
plan. Employers, governments, and some general man-
aged care plans often contract with a separate behavioral
health-care plan to provide management of behavioral
health (mental health and substance abuse treatment)
services to their enrolled populations. Behavioral health
carve-out plans have several advantages over traditional
indemnity insurers and general managed care plans. First,
these plans contract with a specialized group of providers,
who are generally quite distinct from general health
providers. Specialized plans can develop expertise in the
selection and monitoring of these providers. Second, this
same specialized expertise makes behavioral health carve-
out plans adept at monitoring mental health and sub-
stance abuse treatment. Indeed, utilization management
has had its largest effects in this sector. Finally, contract-
ing all behavioral health services to a single carve-out
plan avoids problems of selection that often plague the
delivery of mental health benefits in competitive insur-
ance markets. Behavioral health conditions tend to be
chronic and costly, leading to substantial self-selection
into plans with generous benefits. In the absence of
a specialized carve-out plan, general health insurers
tend to avoid covering behavioral health services at
all. The carve-out arrangement permits purchasers to
maintain generous behavioral health benefits, while offer-
ing a choice of general health plans to the enrolled
population.

Behavioral managed care has led to substantial reduc-
tions on spending for the combination of mental and
general health care. In the absence of care management,
most private insurers required much higher copayment
rates and placed many more limitations on services for
behavioral health than for general health care. Managed
behavioral health plans have been able to constrain men-
tal health spending while reducing copayment rates to
parity with general health services.
The rise of behavioral managed care, however, also
illustrates some of the problems that may occur in an
environment where a plan is paid a fixed amount to care
for an enrolled population. Capitated plans have an incen-
tive to shift costs to other providers. In the case of behav-
ioral managed care, plans are responsible for providing
behavioral health services, but do not pay for any pre-
scribed medications or for behavioral health-care services
delivered through general health plans. This bifurcation
of responsibility encourages behavioral health plans to
promote the use of medication, rather than psychothera-
peutic, management of behavioral health conditions. This
cost-shift dampens (although it does not eliminate) the
effect of managed behavioral health organizations on
overall health-care spending. It also encourages general
health plans to limit the provision of behavioral health
services in general health care.

Pharmacy benefits management is a second common
type of specialized managed care. General health plans
and purchasers (including the U.S. Medicare program)
contract with pharmacy benefits management firms to
control the costs of prescription pharmaceuticals covered
under insurance. Pharmacy benefits managers develop
formulary lists, negotiate prices with drug companies,
provide incentives to patients to choose less costly drugs
(such as formularies with copayment rates that vary by
drug cost category), monitor drug use directly, and work
to educate physicians about the benefits of generic drug
use (‘counter-detailing’). Whereas pharmacy benefits
management appears to lower the cost of drugs, some
advocates have expressed concern that they limit access
to necessary medications. Just recently, pharmaceutical
benefit companies have expanded their scope of services
to include disease management and other less drug-
related and more health management–related services.
History of Managed Care

Managed care has a long history. The earliest mention of
arrangements in which individuals (often employers)
contracted with a number of physicians to provide ser-
vices for a preset fee to a defined population dates back to
1849. The Kaiser Health plan, and other large prepaid
group practices, emerged in the 1930s. For many years,
the plans faced considerable opposition from organized
medicine.
The United States

The federal government became interested in managed
care in the late 1960s and, in 1973, the U.S. government
passed the HMO Act, which provided incentives for
HMO growth. Between 1970 and 1975, the number of
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HMOs increased from 37 to 183 and HMO membership
doubled, though from a very low base.

In 1982, California relaxed laws that limited the ability
of health plans to selectively contract with a subset of
providers. This led to the emergence of PPOs and
between 1981 and 1984, 15 other states passed laws
encouraging the growth of PPOs. Almost immediately,
growth in PPO plans escalated rapidly. By the late
1990s, about 85% of those receiving employment-based
health insurance benefits were enrolled in managed care.
Most were enrolled in PPOs and similar open-access
plans, not in traditional HMOs with highly restrictive
provider access. In 2005, a total of about 68 million Amer-
icans were enrolled in HMOs and 108million were
enrolled in PPO-type products.

Managed care has also grown in the U.S. public sector.
Medicare permitted enrollment in HMOs from its incep-
tion, but plans had few incentives to participate. In 1983,
only 1.5% of Medicare beneficiaries belonged to HMOs.
From 1982 on, changes in Medicare legislation made
managed care participation somewhat more attractive to
Medicare beneficiaries, so that by 1990, 5.4% of Medicare
beneficiaries belonged to HMOs. Further legislative
action, and rising premiums for supplementary insurance,
made managed care a more attractive option for Medicare
beneficiaries during the 1990s. By 1996, one in eight
Medicare beneficiaries belonged to a managed care plan.
In 2005, 14% of Medicare enrollees belonged to HMOs.

Under Medicaid, a joint state-federal program, states
have always been permitted to contract with managed
care plans that could provide services to those who
voluntarily enrolled. These voluntary plans attracted
very few beneficiaries (only 1.3% of all beneficiaries in
1980) both because of difficulties in administering the
plans and because Medicaid fee-for-service beneficiaries
already received comprehensive services and had little
cost sharing. Legislation in 1981 created the possibility
of waivers for mandatory HMO enrollment. By 1991,
nearly 10% of Medicaid beneficiaries were enrolled in
managed care plans. Since then, states have been increas-
ingly turning to managed care. By 1996, all states except
Utah and Alaska used managed care as a component of
their Medicaid programs, and nearly 40% of Medicaid
beneficiaries were enrolled in managed care. The 1997
Balanced Budget Act eliminated the requirement that
states seek a federal waiver to begin mandatory Medicaid
managed care programs. While HMOs dominate the
Medicaid managed care business, other forms of managed
care are also in use. For example, California implemented
a system of selective contracting for its Medicaid fee-for-
service program in 1982.

The rapid growth of managed care, its effects on pro-
vider incomes and on the practice of medicine, and the
restrictions placed on enrollees eventually generated a
legal backlash against managed care. In 1995, 27 states
required state-regulated insurers to permit ‘any willing
provider’ to participate in a health plan, and some states
require managed care plans to permit those holding cov-
erage a free choice of provider or mandate that plans must
offer a point-of-service option. Overall, by 1996, nearly
one-third of the states had strong or medium-strong
restrictions on the operations of state-regulated managed
care plans. States are continuing to pass laws through
the 2000s. Since 2000, legal restrictions on selective
contracting, consumer interest in looser forms of care
management, and legislation promoting the use of high-
deductible plans as a response to rising health-care costs
have all contributed to a flattening in the growth of
managed care in the United States.

Changes in the market have also generated new orga-
nizational strategies for managed care plans. Today, verti-
cally integrated plans are rare. Rather, under emerging
models, health plans, medical groups, and hospital sys-
tems focus on those services they perform best while
coordinating with other services primarily through con-
tractual (rather than ownership) relationships. The con-
sumer role has also changed, with a growing emphasis on
consumer cost-sharing as a means of limiting the demand
for services.
Europe

While managed care has a long history in the United
States its implementation in other – mostly European –
countries is rather recent. Initial European interest in
managed care in the early 1990s focused on the introduc-
tion of managed care tools into frameworks of state-led
medicine. Subsequent health-care reforms in the majority
of European countries have paved the way for the devel-
opment of new strategies and tools for managing health-
care systems. Nonetheless, the formation of managed care
organizations such as HMOs themselves is still in its
infancy (except in Switzerland). In other countries, man-
aged care organizations exist primarily as pilot projects.

In France, a health-care reform in 1996 introduced
computerized medical records, practice guidelines, and
incentives to encourage the use of primary care practi-
tioners as gatekeepers. These developments enhanced
managed care goals of price competition and selective
contracting, but at the same time encountered the resis-
tance of practicing physicians. To date, gatekeeping has
not been used to constrain service use.

In Germany, health reforms that incorporate managed
care elements date back to 1993, but only recently (2004)
has legislation enabled organizations to form integrated
delivery systems. Since 2000, physician networks, hospi-
tals, and other licensed health-care providers have been
formally permitted to cooperate to achieve ‘integrated
health-care delivery.’ The legislation also permitted the
introduction of a primary care physician gatekeeper
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system and the possibility that an integrated delivery
system would take on budget responsibility.

Despite this enabling legislation, regulatory restric-
tions made it difficult to take any of the authorized
steps. The 2004 Health Care Modernization Act has
now removed these regulatory obstacles and has provided
start-up funding for the development of managed care
organizations. As of June 30, 2006, there were 2590 con-
tracts in Germany for integrated health-care delivery
approaches, covering 3.7million insured persons. Most
of these contracts, however, are quite narrow and cover
only specific diseases, rather than taking on financial
responsibility for care of a defined population.

The United Kingdom’s National Health Service (NHS)
has also incorporated several elements of managed care
within its state-financed health-care system. The NHS has
implemented incentives that make a substantial share of
physician income dependent on performance. Since 2003,
integrated care approaches have been initiated in three
regions (Torbay, Northumbria, and Eastern Birmingham).

Switzerland leads Europe in the development of
managed care, subsequent to its 1996 health-care reform.
Today, there are 19 HMOs (about 100 000 members) and
several IPA-like physician networks (about 390 000 mem-
bers) in existence. Similarly to the development in the
United States, the emergence of managed care in
Switzerland enhanced the demand for quality measure-
ment and monitoring.
Latin America and the Developing World

Managed care and managed care tools have also made
inroads in the health systems of middle-income and devel-
oping countries. In developing countries with an emerging
middle class, managed care plans operating integrated
delivery systems offer a private alternative to often limited
government-funded health-care systems. Large employers
may contract with these plans to provide employee benefits.

In Chile, Argentina, Brazil, and several other Latin
American countries, managed care plans have been
integrated more fully into the health system. Managed
care plans may be offered by employers, selected by
individuals, or may be an insurance option for benefici-
aries of the national social security systems (usually lim-
ited to employed workers). Managed care is viewed as an
attractive option by governments because it often brings
an inflow of new investment funds to the health sector and
allows the government to off-load the risk of health
expenses to independent entities.
Effects of Managed Care

There has been a very substantial amount of research
concerning the impact of managed care and of managed
care tools. Despite this large volume of research, it is hard
to come to definite conclusions about these effects. First,
as discussed above, the term managed care incorporates
many different combinations of mechanisms. Second, in
most situations, managed care plans enroll different –
often healthier – enrollees than do conventional plans. If
managed care enrollees differ from enrollees of conven-
tional insurance plans, differences in observed use at a
point in time, growth in use over time, and outcomes may
be a consequence of the underlying characteristics of
the enrolled population, rather than anything the plans
themselves do.

Third, managed care techniques control medical care
costs, but, in many cases, they do so by adding administra-
tive and managerial complexity, particularly in less
integrated contexts. For example, implementing utiliza-
tion review requires the insurer to hire skilled reviewers
and forces physicians to communicate and often negotiate
with these reviewers. These added administrative costs
may reduce the overall social savings from the use of
managed care tools.
Selection

Many studies in the United States have found differences
in the characteristics of managed care and conventional
insurance enrollees. On average, U.S. studies find that
managed care plans in the private sector and in Medicare
enroll beneficiaries who are 20% to 30% less costly than
those who remain in conventional plans. In contrast,
enrollees in German integrated delivery systems, which
do not take financial responsibility for care but offer
attractive care management programs for chronic popula-
tions, attract a population that is sicker than average.
Utilization

Many studies assess the effects of managed care on inpa-
tient, outpatient, and total utilization. It is most valuable
to study utilization across a broad range of services to
address the possibility of cost shifting across services and
from managed care entities to other providers. In early
studies, managed care plans (generally staff and group
model HMOs) reduced inpatient admission rates, had
mixed effects on length of inpatient stays, and reduced
total inpatient costs. The overall effect on inpatient days
was a reduction of 5% to 25% for IPA plans and 35% for
group and staff model plans. Similarly, analysis of
integrated delivery models in the UK has found admission
rates well below the national average.

The results of studies that compare PPOs with con-
ventional plans are less clear. Some studies find that PPOs
have lower costs, while others find that they have higher
costs than competing arrangements.
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By the late 1990s, even conventional fee-for-service
plans adopted many aspects of managed care, including
utilization review and price negotiation. In several studies
conducted in the mid and late 1990s, there were no longer
any differences between costs of inpatient (or outpatient)
service use patterns in HMOs and traditional indemnity
plans. Managed care plans, however, do tend to pay lower
prices to providers than do conventional insurers.

Evaluations of physician networks in Switzerland that
use the primary care physician as the gatekeeper also find
that managed care models have lower costs than other
plans. However, evidence varies as these networks are
very heterogeneous (looser or closer networks with or
without budget responsibility). Studies find risk-adjusted
savings of 20% to 30% for HMOs and 7% to 20% for
physician networks.
Quality

Most studies find few consistent differences between the
quality of care provided in managed care plans and con-
ventional insurance arrangements. To the extent that
there is a pattern, managed care plans tend to perform
better than conventional plans in the care of people with
common chronic illnesses and worse in the care of those
with serious, but less common, conditions. Subjective
measures of quality, such as consumer satisfaction with
care, tend to favor conventional insurance arrangements
over managed care for most (but not all) populations.
Spillover Effects of Managed Care

Managed care may also have effects – positive or negative –
on the delivery of care to those who are not managed care
beneficiaries. If plans attract healthier than average popu-
lations, they may drive up costs for nonmanaged care
plans. Conversely, if a lower-cost managed care practice
style diffuses to nonmanaged care physicians, the effects
of managed care may be compounded. Early studies of the
effects of managed care on total costs were generally case
studies, and most found no effect. More recent studies
focus on the rate of cost growth in areas with high man-
aged care penetration. Most, but not all, of the more
recent studies find that increases in managed care pene-
tration are associated with reductions in the rate of growth
of total costs. Whereas these studies mainly support the
hypothesis that managed care can reduce total costs, they
do not yet conclude the issue.
Managed Care and Public Health

The managed care model alters the orientation of tradi-
tional health insurance plans in a direction that is more
compatible with public health. Unlike traditional private
health insurance plans, which paid bills for services
organized and managed by individual physicians, man-
aged care plans can be held responsible for defined popu-
lations of patients. Moreover, the growth of managed care
has prompted a new emphasis on the measurement of
population-level health outcomes for covered popula-
tions. To the extent that health promotion, disease man-
agement, and management of environmental risks help
managed care plans to achieve measurable outcomes, they
have an enhanced incentive to incorporate these activities
among their functions.

Managed care plans can effectively work as adjuncts to
the screening and data collection efforts of health depart-
ments, for example, by screening populations for lead and
reporting abnormal levels. Plans have also been involved
in the design and implementation of immunization and
disease registries. Highly integrated plans have also been
able to use their population level data to conduct impor-
tant public health research.

Despite the potential for managed care to complement
public health activities, the level of interaction between
managed care organizations and public health departments
in the United States has been limited. In a recent survey,
only about one-half of U.S. local health departments had
interacted with local managed care plans at all. Interactions
between public health departments andmanaged care plans
have been primarily around public sector (especially
Medicaid) managed care plans. The providers in these
plans are often traditional public health safety net providers.

Managed care plans cannot take over all public health
functions. These plans are typically at risk for only a
segment of a community, whereas public health has
responsibility for the health of the community as a
whole. Managed care plans have little, if any, incentive
to invest in activities that benefit populations who are not
enrolled in their plans, although a few are engaged in
community-level public health activities.

Managed care also poses some dangers for health
departments. Managed care plans face incentives to off-
load some of their costs onto public health departments
and other public providers. This type of cost shifting,
from a risk-bearing managed care plan to public entities,
such as public health services, has been documented in the
literature on managed behavioral health care. The growth
of managed care – and the array of preventive activities that
plans provide – may also reduce the funding base of tradi-
tional public health departments, making it more difficult
for them to meet their community-level mandate.
Conclusion

Despite the recent backlash, managed care and managed
care tools, are likely to remain an important part of the U.S.



health-care system and a growing component of health-
care systems in other countries. Managed care could also
contribute to the public health orientation of social health
insurance systems. The tools of managed care, including
the use of selective contracting and incentive payments,
have applicability in both private and public health-care
delivery. Just as managed care has built on public health
approaches, public health may be able to adopt managed
care strategies as it aims to provide more services with
ever-tightening budgets.
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Believe nothing that you see in the newspapers . . . if you

see anything in them that you know is true, begin to doubt

it at once. (Osler, 2003)

Printer’s ink is one of the greatest potential life-saving

agents. (Moree, 1916–269–283)
Introduction

News media are the principal conduit of information
from experts to the lay people about new scientific knowl-
edge, research findings, and technology advancements,
shaping public attitudes toward science, medicine, and
the functioning of research and health-care institutions.
The media influence people’s health attitudes and behav-
ior, doctor prescribing and patient utilization of drugs and
health services, and trust in health-care practitioners and
the health system. In the corporate world of the health
industry, news affects product sales, stock market prices,
and the flow of venture capital to fast-developing areas of
research. In health policy, media politics is an integral part
of the policy-making process and influences the standards
by which politicians and administrators are judged.

Fair and balanced reporting of medical research and
health issues is therefore of fundamental import for phy-
sicians, researchers, and policy makers, as well as the
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general public. However, the media have been tradition-
ally faulted as oversimplifying complex scientific issues,
promoting sensationalism, and pushing ‘‘the boundary
of truth’’ (Winsten, 1985). And yet, media communica-
tion campaigns aiming at channeling the power of the
media toward public health goals have long been accepted
as a means for transmitting information, forming atti-
tudes, and achieving social and behavioral changes on
ever-expanding goals and issues. The chapter on health
communication of the Healthy People 2010, for example,
sets the ambitious goals of informing, influencing, and
motivating individual, institutional, and public audiences
in disease prevention and health promotion, health-care
policy and the business of health care (U.S. Department of
Health and Human Resources, 2000).

The interplay between ‘normal’ media coverage of
health and health-care issues and formal mass communica-
tion campaigns is the basis for the two fundamental para-
doxes of public health interventions through the media:

1. Mass communication campaigns compete with normal
media coverage in a crowded media world which
potentially eclipses even the most intensive exposure
via formal public health campaigns. Experimental evi-
dences of minimal or no overall effects in the early,
large community trials of mass public health interven-
tions, such as COMMIT (community intervention
trial for smoking cessation) and the Stanford-five-
city-community trial, have been explained as the con-
tamination effect in the control communities of the
secular trend in attitudes and behaviors influenced by
the background media noise (Hornick, 2002). Mass
communication campaigns should therefore be prop-
erly interpreted as initiatives in information control,
aiming at influencing natural media coverage in the
amount and type of information provided on a given
issue, in order to ensure adequate exposure of the
target audience to the campaign messages, with the
goal of accelerating change in attitudes and behavior
at a rate faster than the secular trend provoked by
normal mass coverage (Randolph and Viswanath,
2004).

2. The media have traditionally been the blessing and the
curse of public health practitioners and advocates.
Their dual role is inextricably interwined: media cam-
paigns that apparently aim at increasing public aware-
ness of underdiagnosed illness and at empowering
people in preventing and managing them can also be
exploited as marketing tools for creating new markets
and new customers, such as with disease mongering
and direct-to-consumer advertising of drugs and other
medical services (Moynihan and Cassels, 2005).

Understanding these paradoxes requires expanding the
focus of traditional analyses of health and the media to
examine the three main areas of production, representa-
tion, and reception in which media health is conventionally
divided (Seale, 2003), linking production, content, and
audience reception of media messages in a common circuit
of communication (Philo, 1999). Applying to the field of
public health the study of news media as political institu-
tions therefore combines resources, theories, and methods
drawn from health service research and epidemiology as
well as from political science, social psychology, media
studies, and discourse analysis (Schudson, 2002).

This article is not meant to be a systematic review of
the amount of literature bearing on the field, which is
available elsewhere. Instead, it takes a selective stance,
aiming in the main at drawing some substantive and
methodological lessons from an integrated analysis of
the political economy of news media and mass campaigns
in public health. We focus on traditional mass media,
rather than on the new media such as the Internet,
which has been building up as a distinct field and is
covered in another article. The first part focuses on the
empirical evidence about the quality and accuracy of the
news media products, considering the cozy relationships
between news media and their sources, including medical
journals and the scientists themselves. This also provides
background for the more specific analyses that follow,
examining reception problems and the expanding role of
the media in the policy-making process.
Empirical Evidence

That mass media play a powerful role in shaping public
views and behaviors is not only a commonly held opinion,
but also something empirically documented, at least to
some extent. When their effect was examined in a system-
atic review of studies, with sufficiently robust design and
exploring the impact of planned mass media campaigns or
unplanned mass media coverage of health-related issues,
they were shown to have a tangible effect on patterns of
health services utilization as well as a funding relatively
consistent across different topics, health-care areas, and
settings. In short, mass media reports do indeed have an
impact on how citizens (and health professionals) use
health-care services. Unfortunately, the examination of
those studies did not allow a better understanding of
how mass media actually achieves such an effect, either
through the analysis of the content of the message or
through the identification of the main characteristics of
a ‘successful campaign.’ Thus, one of the main implica-
tions of that systemic evaluation, in addition to the quest
for additional and better research in this area, was the
relevance of efforts aimed at assuring that mass media are
accurate in their reporting; that is, that their message
correctly represents the best available knowledge.
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Therefore, accuracy is seen as a sort of necessary
condition for mass media in acting a ‘positive’ role,
increasing public awareness of scientific findings, and
avoiding false hopes and unrealistic expectations. How-
ever, accuracy is a complex concept.

The accuracy with which the news media report sci-
entific findings has two dimensions: (1) the correspon-
dence between media reporting and the reality, usually
defined by experts’ assessments and/or by comparison
with epidemiological data; (2) the extent to which the
media provide a fair and balanced portrayal of the most
pressing social problems (Oxman et al., 1993).

Claims of poor validity make an impressive list, includ-
ing sensationalism, such as dramatizing stories by sounding
alarms or touting cures; premature reporting of preliminary
findings, which further research fails to confirm; lack of
follow-up of studies that get discredited or are retracted;
andmissing coverage of important stories, so that the public
is denied information on relevant subjects (Schucman and
Wilkes, 1997). As for the agenda-setting function, for exam-
ple, public health advocates have long criticized the news
media for giving too much space to the scares of the day,
privileging threats of impending crises over more important
and long-term problems. A recent King’s Fund report sup-
ports these claims using a death-to-news ratio to measure
how much news media distort ‘real’ priorities (Harrabin
et al., 2003). The editor of Tobacco Control lamented similar
problems portraying an impending ‘‘pathos derby’’: ‘‘the
banality of tobacco deaths’’ against more powerful images
of ‘‘Americans eating themselves to death’’ (Shatenstein,
2004). However, a closer look at the empirical evidence
suggests that the traditional accusations of grossly misre-
presenting facts may also be themselves exaggerated.

Early studies concluded that ‘‘the amount of coverage
is predicted only by the objective characteristics of the
hazard events’’ (Freudesburg, 1996), and that ‘‘there is
more reassuring than alarming news’’ (Schranne and
Meier, 1991). In the United States, national print media
closely parallel mortality level and trends of six major
medical conditions (cancer, heart disease, AIDS, diabetes
mellitus, Alzheimer’s disease, and arthritis) (Adelman and
Verbrugge, 2000). However, an exponential increase in
news media reporting on obesity has been observed in
Europe, where the frequency of obesity is still lower than
it was in the United States in the 1960s, suggesting the
import of newsworthy issues, irrespective of their epide-
miological importance (Saguy and Riley, 2005). In fact,
large differences exist across news media (newspapers
are usually more accurate than television) and among
newspaper types (elite or quality broadsheets are more
balanced than tabloids), as well as across topics and dis-
ciplines. Genetics, for example, seems relatively well cov-
ered compared with the traditional dramatization and
hype of sectors such as aging, HIV infection, food safety,
and nutrition (Bubela and Caulfield, 2004; Holtzman et al.,
2005). However, specific topics, such as behavioral genet-
ics, may be overemphasized and a few stories on highly
salient issues can significantly impact public perception
(Condit, 2001). An overly optimistic slant has been noted
in both the United States and Canada in pharmaceutical
reporting, where drug benefits are mentioned more fre-
quently than potential harms and positive findings are
reported of more immediate and widespread use than
actual indications suggest (Moynihan et al., 2000; Cassels
et al., 2003). Exaggeration of benefits and minimization of
risks are traditionally reported for cancer treatments and
anti-HIV chemotherapy (Cohen, 1997). While medical
errors seem easy to dramatize, coverage of medication
errors in several countries is generally fair in content
and usually framed according to the culture of safety
promoted by the patient safety movement (Stebbing
et al., 2006).
The Political Economy of the News Media

Scientists and public health practitioners blame the media
system for being careless in presenting research findings
and insensitive to its impact on the public. Journalists in turn
accuse the medical community and its institutions of being
obscure and uninterested in the public implications of their
work. In fact, we know little of how much the supposed
flaws of the news media on reporting public health issues
depend on the quality of reporting or its sources.

Factors endogenous to the production of the news
media include motivation and the organizational routines
and practices of the media industry. Since the first rule of
journalism is that what is published must be read, reports
of an immediate menace to the daily life of the readers
(such as food scares) is easier to relate to the readers’ per-
sonal experience and more likely to get the readers’
attention than some distant, long-term risk (Laurance,
1998). The techniques use a number of discursive strate-
gies, including personalization and vocabularies empha-
sizing fear and danger, as well as an extensive use of the
‘rhetoric of quantification,’ through the repetitive citing of
extremely large numbers of potential victims and persons
at risk (Miller, 1999).

Time and space always make the top of the long list of
organizational constraints over the production process of
the news. The time factor seems to be the major differ-
ence between the print media and television, where
reporting is usually limited to a few sound-bites. Lack of
context comes as a crucial difference between medical
and other news, where journalists can safely assume read-
ers’ common background. Occasional and fragmented
coverage of medical discoveries makes medical research
appear as a series of unrelated breakthroughs, instead of
an ongoing effort with frequent turnarounds. This is par-
ticularly the case with television coverage, which usually
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focuses on episodic events, in contrast to newspapers,
which tend to frame their stories more thematically
(Iyengar, 1991). Journalists’ professional norms of fair and
balanced reporting can also confuse the public, since the
rule of presenting both sides of a story implies legitimiz-
ing opposing views that are at the margins of mainstream
science (Dearing, 1995; Boykoff and Boykoff, 2004).

A fundamental study of the interface between medical
journals and the news media industry analyzed the
making of medical news, examining the characteristics of
medical articles published in The Lancet and the British

Medical Journal that the journals’ editors highlighted in
their press releases and that were subsequently reported
in two British newspapers (The Times and The Sun) at the
extremes of the market of the print media (Bartlett et al.,
2002). ‘Bad’ and ‘good’ news were proportionally repre-
sented in the press releases, but bad news was more likely
to make both newspapers. Findings from randomized
controlled studies were more likely to be press released,
but less likely to be covered in newspapers. Both news-
papers were equally selective regarding specific topics:
studies of women’s health are over-represented in press
releases and even more so in the newspapers; whereas
cancer and elderly studies were proportionally repre-
sented in press releases but over-represented and entirely
ignored, respectively, by both newspapers.

This study is important for the analysis of the produc-
tion process of medical news in showing that the editors
of both medical journals press-released a similar propor-
tion of published papers (45.4% for The Lancet and 41.1%
for the BMJ ) and that all medical news that made the
newspapers had been press-released – although the poor
quality of the press releases, when compared with their
original papers, has been repeatedly demonstrated. For
example, out of the press releases from six consecutive
issues of nine different leading medical journals, only
65% quantified study results, 23% mentioned study lim-
itations, and 22% of studies funded by the industry
reported such disclosure (Woloshin and Schwartz, 2002).

Medical reporters are cognizant of the intrinsic limits
of their instruments, concerned about the impact of their
work on the general public, and willing to take responsi-
bility for false or premature hopes; moreover, their sug-
gestions for improving medical reporting are similar to
scientists’ proposals (Winsten, 1985; Entwistle and Watts,
1999). Commonality of analyses and intents directs the
attention toward external factors affecting both the pro-
ducts of medical news and their original scientific sources.
Cozy Relationships

Medical journals and their press releases, along with
health-care and research institutions and individual
researchers, have long been the primary source of
information for the news media, which frequently push
for publication (Einsiedel, 1992).

The use of popular media by individual scientists to
seek visibility for their research was first analyzed in
Nelkin’s groundbreaking book Selling Science:

Increasingly dependent on corporate support of research

or direct congressional appropriations, many scientists

now believe that scholarly communication is no longer

sufficient to maintain their enterprise. . . . They see gain-

ing national visibility through the mass media as crucial

to securing their financial support (Nelkin, 1999: 133)

To prevent premature diffusion of scientific news to the
public and to maintain the primacy of peer review for
legitimization and recognition of the scientific validity of
research findings, the Ingelfinger Rule proscribed the
publication of articles in medical journals after their con-
tent had first appeared in the lay press (Altman, 1996).
However, the funding of research by private corporations
and the patentability of scientific discoveries have further
expanded the interest of scientists and their institutions
for media coverage. Competition for press coverage
among research and health-care institutions increasingly
interlocked with the corporate world, combined with
obvious efforts by drug and devices manufacturers, as
well as by a host of other industries with corporate inter-
ests in the public health field (such as tobacco and food
industries), resulted in aggressive marketing of research
findings by corporate sources, academic institutions, med-
ical journals, and professional organizations (Etzowitz,
1998; Brennan et al., 2006).

A steady stream of empirical studies have documented
the effects of the industry links on scientific outcomes,
providing extensive evidence of the complex web of
influence corporations wield over biomedical research,
medical education, and health care. This is the focus of
extensive analyses in the medical literature (see, e.g.,
Angell, 2004 and Kassirer, 2004) as well as of concern for
governmental bodies. Discussing the ‘lax oversight’ of the
Department of Health of the British government over
the pharmaceutical industry, the Select Committee of the
House of Commons stated that ‘‘pharmaceutical compa-
nies will inevitably continue to be the dominant influence
in deciding what research is undertaken and conducting
that research, publishing it and providing information to
prescribers’’ (House of Commons Health Committee,
2004–05: 3).

Empirical research has clearly proved that conflicts
of interest (financial or otherwise) are associated with
greater chances of pro-industry biased research, increased
secrecy, and inappropriate publication practice, such as
keeping less favorable results secret and/or publish-
ing positive results from studies of poor quality in sympo-
sium proceedings and medical journals’ supplements,
with no peer review (Rochon et al., 1994; Bekelman and
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Le Yan, 2003; Bhandari et al., 2004; Ridker and Torres,
2006). Members of panels in regulatory agencies main-
tain industry ties, influencing their decisions on regu-
latory issues (Steinbrook, 2005; Lurie et al., 2006). These
empirical findings are consistent with the tobacco indus-
try strategies revealed by the analysis of the ‘tobacco
papers,’ that is, the internal documents whose disclo-
sure was forced by the U.S. tobacco settlement and the
U.K. Health Select Committee Inquiry (Bero, 2003).
These documents have provided the first significant
exposure of industry practices, which are being used
as a template for studying the role of the industry and
the business community in other fields, such as the
food industry.

Of course, industry sponsors have no absolute obliga-
tion to science or to the health of the public, since
corporations maintain a fiduciary duty only to their share-
holders, under the axiom that ‘the business of business is
making business’ (Friedman, 1970). However, the solid
evidence for the significant effects of conflicts of interest
in individual scientists and their parent organizations
should have called for a strong policy of full disclosure.
Most leading medical journals have adopted such policies
but their enforcement is inadequate and their effectiveness
is limited (McCrary et al., 2000; Krimsky and Rothenberg,
2001).

Peer-reviewed journals aim at providing the most reli-
able and unbiased scientific information, under the
assumption that science is operating according to the Mer-
tonian norms of communality, universality, disinterested-
ness, and organized skepticisms. However, because of
what Horton (current editor of The Lancet) defines as ‘‘the
privatisation of knowledge,’’ ‘‘medical journals have
become an important but unrecognised obstacle to scien-
tific truth-telling’’ (Horton, 2004). According to Richard
Smith (former editor of the BMJ), they currently are just
‘‘an extension of the marketing arm of pharmaceutical
companies’’(Smith, 2005). In fact, medical journals are not
only repositories of medical knowledge for a small circle of
specialists, but also businesses that generate substantial
income for their owners (frequently, a medical association)
and, usually, fat salaries for their editors (Smith, 2006a).

The role of peer review has rapidly changed from ‘‘a
crude and understudied, but indispensable’’ instrument
(Ingelfinger, 1977) to a ‘‘smokescreen’’ and ‘‘an empty
gun’’ (Goldbeck-Wood, 1999; Smith, 2006b). In fact,
Lawrence describes ‘‘the politics of publication’’ of top
scientific journals as a riddle of forces between authors,
editors, and reviewers which ‘‘all combine to create an
antiscientific culture in which pushiness and political
skills are rewarded too much, and imaginative approaches,
high-quality results and logical arguments, too little’’
(Lawrence, 2004). Hype, which scientists use to place
blame on sloppy reporters, seems also to go hand
in hand with publication politics: ‘‘Hyperbole has
become a common and accepted practice in science now-
adays . . . the purpose being to persuade editors, other
scientists and even ourselves that our results mean more
than they do.’’

The obvious conclusion is that medical research and
media industry institutions, as well as individual research-
ers and journalists, share a mutually reinforcing and usu-
ally undisclosed motivation for ‘stretching the boundaries
of truth’ in framing the outcomes of research. Alterna-
tively, interdependencies between research, health-care
organizations, and corporations may silence scientists
when their findings run against corporate interests, as
with the famous Olivieri case in Canada (Viens and
Savulescu, 2004).

Political scientists have long portrayed political news
reporting as a story of continuous interaction between
reporters and government officials who serve as the cru-
cial resource for a steady supply of raw material for the
production of their news (Schudson, 2002). The cozy
symbiosis in press–government relationships where ‘‘news
gathering is generally an interinstitutional collaboration
between political reporters and the public figures they
cover’’ (Schudson, 2002: 250) results in a press made
captive by the government in charge through cash sub-
sidies and in-kind services from spin doctors and press
officers. This same coziness can be usefully considered in
explaining the ‘miscommunication’ between medicine
and the news media (Ransohoff and Ransohoff, 2001).
To capture media attention in order to successfully com-
pete for private and public funding, researchers and
research institutions tend to oversimplify and dramatize
preliminary findings, ‘jumping the gun’ on research and
reporting. Stretching the truth of scientific findings to
make newsworthy pieces produces tensions within the
norms of balanced reporting and drives conflicts between
scientists’ responsibilities to the norms of science and
their personal or institutional interests.
Active Audiences

A common and implicit assumption in the analysis of the
media impact on public health is that the public is gener-
ally defenseless against the media’s influence and gullible
populations are traditionally portrayed as easy prey for
hype and false hopes. In fact, audiences are far from being
passive receivers of the messages of the news media and
may prove resistant to the messages of mass campaigns.

The social amplification of risk (SAR) concept pio-
neered by Slovic has long recognized the active role of the
audience in the social construction of risk to health and
well-being (Slovic, 1987). Perception of risk has been
constructed as a continuous process of blending scientific
information and judgment with psychological, social, cul-
tural, and political factors, including social values, trust in
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regulatory agencies, and the credibility of the sources of
information. Messages communicated by newspapers as
well as by scientific articles may therefore be received by
different audiences in unintended ways, and risk commu-
nication alone cannot make a significant contribution to
reducing the gap between technical risk assessment and its
public perception. The theory of the ‘active audience’ and
the concept of ‘lay epidemiology’ have much in common
with SAR.

The ‘active audience’ theory emphasizes the polysemy
of the message, which is open to interpretation by those to
whom the message is addressed, bringing into play their
own personal and collective experiences and beliefs
(Philo, 1999). According to the concept of lay epidemiol-
ogy, people interpret health promotion messages by inte-
grating observations and discussions of cases of illness and
death in their personal networks with the more formal
and objective evidence provided by educational messages
(Frankel et al., 1991). This concept has been brought
to bear in explaining why the public tends to give
more credence to information received from relatives,
friends, and people they trust than from anonymous and
more formal sources, including the media and govern-
mental organizations, and why they show skepticism and
resistance to educational messages.

The observation that people resist the message does
not imply that the media are ineffectual. Sociologists and
political scientists have long recognized that the identifi-
cation of social problems emerges from the competition of
different issues in the ‘‘marketplace of ideas,’’ under the
constraint of the ‘‘carrying capacity’’ of social institutions
(Hilgartner and Bosk, 1988). Miller (in Philo, 1999), in
examining ‘food scares’ in the British press, has argued
that news media serve as public fora where a number of
interest groups (including government organizations, the
industry, medical scientists, etc.) both compete for public
attention in terms of how they frame medical issues,
making certain aspects salient and marginalizing others,
and prime emotional responses.

Frames convey the relative importance of the issue for
the different audiences and interest groups, and define
causal connections and the range of acceptable solutions,
identifying who is to blame and who is responsible for the
solution. Medical errors, for example, were originally
framed as an issue for the courts under the tort law before
the landmark Institute of Medicine reportTo Err Is Human
re-framed them as a public health issue, amenable to
preventive intervention (Institute of Medicine, 1999).
Alternative frames compete, but can also be interactive
and dialogical, so that competing interest groups may
occasionally share common aspects of different frames.
Obesity has been alternatively framed as a medical and a
public health issue, emphasizing individual health risk
and/or collective problems; an aesthetic issue, against
the accepted model of a thin body; a social justice issue,
in terms of nondiscrimination of the obese; and a market
choice issue, where responsible consumers are free to
make their own informed decisions about eating behavior.
Different stakeholders, including the government (mostly
interested in the public health and cost-containment
angle of the problem), the food industry (promoting the
informed free choice approach), and citizen organizations
(taking either a public health or a social justice stance), are
the major agents competing for the dominant frame
resulting from different combinations of the original ver-
sions (Lawrence, 2004). The emergent frame for obesity
combines the public health frame, portraying a global
epidemic nurturing an impending disaster, with aesthetic
and moral arguments, emphasizing personal responsibil-
ity and individual failings against the corporate greed of
the food industry.

The main conclusions of the analyses of the agenda-
setting function of the news media were popularized with
the statement that media are not saying ‘what to think’ but
‘what to think about,’ which clearly rejected persuasion
as the central organizing paradigm of the relationship
between media and the public. The twin concepts of
framing and priming (both of which imply an active role
for the audience) are captured by a further twist of the
phrase, where the news media do not just focus the public
attention but also define the problems and their accept-
able solutions (‘how to think about’) (Kitzinger, 1997, 2000).
This opens the way for the news media and public health
campaigns to become part of the policy-making process.
Health Policy and the Media

The public arena function of the news media and the
theory of the active audience suggest that the media are
more than a passive conduit through which people learn
about scientific advancements and government initiatives;
the media can also influence policy making by sending
messages to politicians and administrators, calling them to
responsiveness and public accountability (Page and Sha-
piro, 1983). Media politics, that is, the role of the media as
actors in the political arena, has greatly increased with the
historic decline of political parties as instruments of polit-
ical advancement (Page, 1996). An increasing number of
important social decisions, such as genetic engineering
and stem-cell research, are made on the frontier of sci-
ence, and the news media could serve as public fora for
fostering democratic debate. Media attention has contrib-
uted to change in health behaviors, both directly and by
facilitating a supportive environment, pushing local and
central governments toward tougher policies aimed at
preventing smoking, promoting traffic safety, and so on.
Public outrage provoked by aggressive reporting and
media campaigns has forced new regulations on medical
practices (such as with the politics of ‘drive-through’
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deliveries) and entire industries (for example, by support-
ing the managed care backlash in the United States)
(Blendon et al., 1998). The ‘public shaming’ of doctors by
elite newspapers and television news has been credited
with pushing both policy makers and the profession’s
leaders to adopt a systematic approach to error preven-
tion which eventually led to the patient safety initiative
(Millenson, 2002).

Health-care system reforms are more difficult stories
to cover, because of the complexity of the health-care
system and the lack of consensus among the experts on
how to fix it (Otten, 1992). However, the mass media
played a significant role in the rise as well as the demise
of the Clinton Health Plan, first placing the problem of
the uninsured at the top of the public policy agenda, and
then helping the government plan to fail, under the attack
of a devastating barrage of TV ads (Skocpol, 1996). The
TV campaign used commercial-style advertising which
borrowed heavily from the soap operas, featuring a mid-
dle-class couple, Harry and Louise, discussing the gov-
ernment proposal at the kitchen table (West et al., 1996).
While not directly attacking the goal of providing univer-
sal coverage, these discussions aimed at raising anxiety
about what pursuing this collective end would imply for
those already insured. Both the format and the effects of
this campaign are important in understanding the new
‘policy making by commercials.’ The political campaign
worked less by directly mobilizing public opinion against
the plan than by persuading political leaders that the
government plan was producing uncertainty and anxiety
in the public. This novel approach in the strategic use of
the media as part of the policy-making process has subse-
quently been used in general election campaigns and
issue-specific initiatives (Goldstein et al., 2001).

A further innovation in the use of public information as
an integrated part of the policy-making process is in the
making in the UK. The Wanless report on health policy
introduced the idea of a ‘‘fully engaged patient,’’ one who
undertakes ‘‘health-seeking behavior,’’ including the man-
agement of his/her health and health care through rea-
sonable and informed choices (Wanless, 2001). It is the
government’s task to provide appropriate information to
help consumers make choices, empowering the citizen/
client to navigate a health-care market designed for active
consumers. Information is the core content of the new
politics of health care, not just an instrument for framing
the issues and their acceptable solutions.

This goes well beyond the strategy of imposing public
disclosure of standardized, comparative reports on the
outcomes of health-care organizations in order to secure
government control of their performance and/or to
shame providers into action to improve the quality of
their care. Although lay media have been shown to be
able to influence health services utilization when cover-
ing health-related issues (Grilli et al., 2002), disclosure to
the public of comparative performance of providers has
failed to show the anticipated effects on consumers’
choices among individual health-care providers (Marshall
et al., 2000).
Concluding Comments

Mass media are the principal sources of information about
the advancement of knowledge in health and health care
and the main conduit of information from expert sources
to the lay people. Formal communication campaigns
superimpose on normal media coverage, competing in a
media-crowded world with opposite messages. This is
why examining the political economy of the production
of the news media and its interplay with public health
campaigns is of both practical and theoretical importance
for public health practitioners and advocates.

Since medical journals are the most important sources
of ideas and information for journalists writing about
medicine, a substantial part of the blame – usually placed
on the news media for the poor quality of medical
reporting – should be shared by the research community
and its scientific institutions. The reasons for and the
implications of such a state of affairs are best summarized
by two medical journalists who lucidly saw the impending
changes more than 10 years ago:

the speed of information technology, the prospect of

lucrative patents or business deals, the combat for grant

funds and the flaws of peer review itself are breaking

down the old system based on the norms of Mertonian

science.

(Anton and McCourt, 1995: 6, quoted in

De Semiz, 1996)

Analyses of audience reception processes show that
media matter for the general public as well as for medical
practitioners and researchers. However, media are seldom
the sole source of information on which people draw
when assessing and reacting to perceived risk and educa-
tional messages. The ‘resistance’ of the target audience to
which highly technical messages are addressed has been
explained by the difficulty in understanding the complex
information, and the lack of trust in its source compared
with the word-of-mouth from relatives and friends. Per-
sonal experiences and collective resources from social
networks are mobilized when individuals must interpret
the messages of preventive campaigns or examine tables
of health-care providers in order to choose the right
hospital. Mass campaigns aiming at channeling the power
of the news media toward public health goals should
provide a legitimate space for debate of social issues
at the science–policy interface, rather than just acting as
a passive conduit of information from expert sources to
the public.
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See also: Consumerism: Overview; Media Coverage and

Public Health; Public and Consumer Participation in

Policy and Research.
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a range of services and information allowing women to
make informed choices regarding their health care in
pregnancy and childbirth. Strictly speaking, maternal
health services cover the period from conception to

http://www.hm-treasury.gov.uk/wanless
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42 days after the end of the pregnancy but ideally also
provide prepregnancy counseling and advice. This arti-
cle attempts to describe a global picture of maternal
health services relevant to a public health practitioner.
Although some issues, such as equity and access to health
care, are universal, others, such as female genital cutting
and rising cesarean section rates, are specific to certain
cultures.
Epidemiology

As the primary purpose of maternal health services is to
prevent maternal mortality and morbidity, it is useful to
clarify the meaning of these terms at the beginning.
What Is a Maternal Death?

The International Classification of Diseases (ICD-10) (WHO,
1992) gives the definition of maternal death as:

The death of a woman while pregnant or within 42 days of

termination of pregnancy, irrespective of the site of the

pregnancy from any cause related to or aggravated by the

pregnancy or its management, but not from accidental or

incidental causes.
Measures of Maternal Mortality

There are three commonmeasures of maternal mortality –
maternal mortality ratio, maternal mortality rate, and life-
time risk of dying from pregnancy-related causes. Each of
these measures relates to a specific group of women and
takes into account different variables.

. The maternal mortality ratio is the number of maternal
deaths per 100 000 live births calculated in a year. It
represents the risk associated with each pregnancy, that
is, the obstetric risk.

. The maternal mortality rate is the number of maternal
deaths per year per 100 000 females in the reproductive
age group (15–49 years). This takes into account not
only the obstetric risk but also the frequency with
which women are exposed to that risk.

. The lifetime risk of maternal death is a measure of
women’s risk of becoming pregnant as well as the risk
of dying while pregnant. It is calculated by divid-
ing the number of maternal deaths in the reproductive
period by the number of women entering the repro-
ductive period.

As is obvious from these definitions, all measures of
maternal mortality require that the number of maternal
deaths be counted. The best way to do this is through the
vital registration system. Unfortunately, especially in
countries in which maternal mortality is high, the vital
registration system is incomplete. Even where the regis-
tration system is almost complete, there may be 10–40%
of underreporting. In some countries, such as the UK and
South Africa, committees carry out confidential enquiries
into all maternal deaths, and every maternal death has to
be reported to the committee by law. However, in devel-
oping countries, most births occur at home and it is
possible for a woman to die of maternal causes without
ever having come in contact with the health or related
services, so her death remains unreported. The sisterhood
method is a survey-based method whereby women are
asked about any sisters who may have died in pregnancy,
childbirth, or postnatal period. This method has been
widely used in countries without complete vital registra-
tion to calculate the maternal mortality rate (MMR) over
a set period.
Levels, Trends, Causes, and Risk Factors
of Maternal Mortality and Severe
Morbidity

The WHO (2004) reported that the 2004 annual maternal
mortality worldwide was 529 000, 99% of which occurred
in developing countries. The lifetime risk of dying from
pregnancy-related causes for a woman living in resource-
poor countries is 1 in 48, in sharp contrast to developed
nations, where the risk is only 1 in 1800.

Before the start of the twentieth century, the overall
maternal mortality rates worldwide were similar. By about
1900, maternal mortality in Europe and North America
had started a gradual decline, mainly as a result of
improvements in sanitation and living conditions,
although it showed quite a lot of variation between
countries even within the developed world. In 1900 the
maternal mortality rates were the lowest in Sweden and
northern Europe (approximately 200 deaths/100 000 live
births). The MMR in England and Wales at that time was
twice that of Sweden but half that of the United States,
which had an MMR of about 700. In the 1930s, a sharp
decline occurred in maternal mortality in most developed
countries, bringing rates down to the very low level
of fewer than 100 deaths/100 000 live births all over
Europe and in the United States. A number of interven-
tions have been implicated in causing this decline – not
least of which were the introduction of antibiotics and
ergometrine, skilled attendance at delivery, and access to
emergency obstetric care. These interventions resulted
practically in the elimination of maternal deaths due to
sepsis and hemorrhage, such that there was a shift in the
burden of cause-specific mortality.

The picture in the developing countries, however, is
still very different. Very little historical data are available
and even recent studies conducted in these countries
rarely collect information on the causes of death in a
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standard format or use a standard classification system as
in the ICD coding. Efforts to collect country-specific data
on maternal mortality were only attempted in the 1990s,
and even then these efforts were largely based on
modeling.

Maternal deaths may be classified as:

. Direct, that is, maternal death occurs as a result of a
complication of pregnancy, labor, or puerperium.

. Indirect, that is, death occurs as a consequence of
preexisting disease or diseases that developed during
pregnancy but not directly as a result of the pregnancy
itself.
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Figure 1 Cause distribution of maternal mortality and

morbidity. Reproduced Graham WJ, Cairns JA, Bhattacharya S,

et al. (2006) Maternal and perinatal conditions. In: Jamison DT,
Breman JG, Measham AR, et al. (eds.) Disease Control Priorities

in Developing Countries, 2nd edn., pp. 499–530. New York: The

World Bank and Oxford University Press. With permission from

the World Bank.
Direct Causes of Maternal Death

In developing countries, almost 80% of all maternal deaths
occur as a result of a direct obstetric complication. Figure 1
shows maternal mortality from different obstetric causes.
Where maternal mortality is high, the causes of death are
similar, although the absolute levels and the proportion of
death due to specific causes vary from region to region. The
five main direct causes of death are relatively unvarying.

Hemorrhage

Hemorrhage or bleeding may occur antepartum, intrapar-
tum, or postpartum and is one of the leading causes of death,
especially if it occurs in the postpartum period. It is esti-
mated that death may occur within two hours if a massive
uterine bleeding, usually due to failure of the uterus to
contract, is not managed immediately. The risk factors for
intrapartum or postpartum hemorrhage include history of
bleeding in a previous pregnancy, previous cesarean section,
multiple pregnancies or polyhydramnios, placenta previa,
and prolonged labor. Anemia increases the risk of dying from
a hemorrhage by reducing a woman’s hematological reserve.

Genital tract sepsis

Puerperal sepsis is said to occur when two or more of the
following conditions are present in a woman following
delivery: fever, pelvic pain, abnormal or foul-smelling
vaginal discharge, or delay in the reduction of the size of
the uterus. Historical data indicate that in most cases
puerperal sepsis is related to infection contracted during
labor, and the risk of infection increases with the number
of vaginal examinations. Other factors that play a role in
causing intrapartum or postpartum sepsis are prolonged
labor with early rupture of membranes and unhygienic
birthing conditions. Sexually transmitted diseases, espe-
cially HIV infection, are associated with a higher inci-
dence of sepsis and increased case fatality rates.

Hypertensive disorders of pregnancy

Hypertensive disorders of pregnancy include pre-eclampsia
and eclampsia and are defined as raised blood pressure
and proteinuria with or without edema; in eclampsia con-
vulsions also occur. Although hypertensive disorders may
account for fewer deaths than hemorrhage or sepsis, the
absolute risk of maternal deaths from the condition is ele-
vated in areas with high maternal mortality rates. This is
because the overall incidence of hypertension is high and a
high case fatality rate is associated with it. Several risk
factors have been identified for hypertensive disorders,
including multiple pregnancy and primiparity.

Obstructed labor

Obstructed labor usually results from cephalo-pelvic dis-
proportion or malpresentation. When delivery care is
poor or delayed, obstructed labor frequently results in
maternal or perinatal mortality or morbidity. Short stat-
ure and malnutrition in childhood predispose girls to
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obstructed labor later in life. A 1995 meta-analysis by
WHO suggested a 60% greater likelihood of obstructed
labor among women in the lowest quartile of height,
compared with the highest quartile. Maternal death
occurs mostly from a ruptured uterus or from massive
hemorrhage and/or sepsis. Perinatal death occurs almost
invariably as a consequence of obstructed labor unless
cesarean section delivery is undertaken. One of the
other serious maternal conditions that may occur as a
result of obstructed labor is an obstetric fistula. A fistula
causes fecal or urinary incontinence and can make life for
a woman suffering from it seem worse than death due to
social ostracism.

Unsafe abortion

Unsafe abortion accounts for a significant proportion
of maternal deaths. The risk of death varies significantly
between world regions, however, from 1 death per 1900
induced abortions in Europe to 1 in 150 in Africa.
Unsafe abortions lead to death through incomplete
abortion, sepsis, hemorrhage, genital and abdominal
trauma, perforated uterus, or poisoning from abortifacient
medicines. Unwanted pregnancies, absence of legal
contraception, and pregnancy termination services predis-
pose women to unsafe abortions by unskilled attendants.
Indirect Causes of Maternal Death

The two most important indirect causes of maternal death
in the developing world are anemia and infection.

Anemia
Anemia is probably the most prevalent indirect cause
of maternal mortality and severe morbidity in resource-
poor countries. Anemia occurs physiologically in preg-
nancy due to hemodilution, and when this is superim-
posed on the chronic condition caused by nutritional
deficiency and infection, it can give rise to severe anemia
of pregnancy, with hemoglobin of less than 7 g/dl. As
a result, heart failure may occur during pregnancy or
labor. Anemia also increases the risk of death from intra-
partum or postpartum bleeding or sepsis. There is clear
evidence to suggest that women with severe anemia run a
risk of dying in pregnancy and childbirth which is 3 to
5 times greater than that of women without anemia.

Infection

The cell-mediated immune response is dampened in
pregnancy and thereby makes the pregnant woman
more susceptible to infections such as tuberculosis and
malaria. Moreover, the severity of the infections is also
increased in pregnancy and results in a corresponding
increase in risk of dying from the condition. Other
important infections in pregnancy include viral hepatitis
and AIDS.
Sociodemographic Determinants of
Maternal Health

The sociology of pregnancy and giving birth is culture
specific but influences maternal health to no less a degree
than the medical conditions. Some of the sociodemo-
graphic factors are obvious, such as age at first pregnancy
or contraceptive behavior, whereas others such as lifestyle
and cultural factors exert a covert influence.

. Age: Extremes of age pose risks for the health of the
mother, not only in physical terms, but also in terms of
psychosocial well-being. This effect is more prominent
in primigravid women. Although ages 15 to 49 years are
generally accepted as within childbearing age, teenage
pregnancy is a problem in both developed and develop-
ing societies. In recent times, assisted reproductive tech-
nology and lifestyle choices have meant that more
women are postponing pregnancy either voluntarily
or involuntarily to an older age. This is not without
health and social implications for the mother as well as
the baby.

. Birth spacing: A technical consultation meeting
organized by WHO recommends a minimum interval
of 24months after a live birth and at least 6months after
a miscarriage or termination before the next pregnancy
in order to minimize maternal and perinatal risks. This
recommendation should, however, be assessed in light
of maternal age, parity, previous obstetric history, and
family aspirations.

. Substance misuse in pregnancy: Smoking while preg-
nant has detrimental effects on the baby. Smoking in
the first 12 weeks of pregnancy can result in miscarriage
or preterm delivery and accounts for up to 25% of low-
birth-weight infants. Smoking has also been implicated
as a cause of cot or crib death. With regard to alcohol,
most of the evidence comes from the United States. The
Centers for Disease Control and Prevention (CDC) esti-
mates that 6.7 births per 10 000 live births result in fetal
alcohol syndrome. At the less extreme end, moderate to
high alcohol consumption can cause miscarriage, pre-
term birth, and growth restriction of the baby.

. Nutrition in pregnancy: Both under- and overnutrition
of the mother affect the baby adversely. Severe protein-
calorie malnutrition and micronutrient deficiency can
result in preterm delivery and a growth-restricted baby,
whereas overnutrition and maternal obesity are asso-
ciated with preeclampsia, diabetes, increased operative
deliveries, and stillbirth.
Organization of Maternal Health Care

Figure 2 shows a schematic representation of how mater-
nal health care should be organized. Structurally the care
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is organized into separate but interrelated groups accord-
ing to the time of pregnancy (Table 1).
Prepregnancy and Early Pregnancy Services

Good health before and during early pregnancy benefits
the mother, the baby, and the wider family. Every woman
should have access to prepregnancy counseling and advice
regarding smoking cessation, alcohol consumption, and
dietary advice, including folic acid consumption to pre-
vent neural tube defects in the baby. Moreover, women
with poor obstetric history, medical problems, and family
history of relevant serious illness benefit from early preg-
nancy services. Early pregnancy service also deals with
any untoward symptoms such as bleeding and abdominal
pain and arranges appropriate investigations and treat-
ment. The provider of this service varies according to
the severity of the situation. Routine prepregnancy and
early pregnancy services can be delivered at the commu-
nity level by a midwife or a general practitioner (GP);
high-risk or symptomatic cases need to be managed at
specialist centers with appropriate management facilities.
Antenatal care

Maternity services should provide a woman a family-
centered, locally accessible, midwife-managed, compre-
hensive and effective model of care during pregnancy
with clear evidence of cooperation between primary, sec-
ondary, and tertiary services. This is the basis of provision
of antenatal care (ANC). Antenatal clinics were started
between 1915 and 1920 in the United States, Australia,
and Scotland to screen healthy pregnant women for signs
of disease. In recent times, the emphasis has shifted
from provision of antenatal care to provision of obstetric
care at delivery in order to prevent maternal morbidity
andmortality. This is because of the paradigm shift from the
at-risk approach to treating every pregnancy as possible
high-risk. However, ANC is still considered to be of benefit,
especially to the baby, for early detection of pregnancy
complications and for preparing women for delivery.
A recent multicenter trial (Villar et al., 2001) conducted by
WHO highlighted that routine antenatal care can be deliv-
ered by no more than four visits to the clinic. Based on a
systematic review of different models, WHO recommend
the following content for routine antenatal care:

. History taking of previous obstetric events, complaints
in index pregnancy, and any relevant previous medical
history;

. Clinical examination, height and weight, blood
pressure;

. Obstetric examination for gestational age estimation,
fetal heart, determination of presentation and position;

. Gynecological examination;

. Urine test (multiple dipstick);
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. Laboratory investigations: hemoglobin, blood group
and Rh status, syphilis and any other symptomatic
sexually transmitted infection;

. Advice on emergencies, birth preparedness, delivery,
and lactation;

. Education about clean delivery and recognizing warn-
ing signs;

. Iron and folic acid supplementation;

. Tetanus toxoid immunization.

Although this content forms the basic package for
routine antenatal care, several other interventions are
often delivered from the antenatal clinics that are rele-
vant to the consumer population. Voluntary HIV testing
and counseling, screening and treatment of syphilis,
and antenatal screening for congenital abnormalities
are some interventions commonly delivered during the
antenatal period.

In addition to routine antenatal care, maternal health
services also manage any complications occurring in the
antenatal period; often at a higher referral level. This
constitutes evidence-based management of antepartum
hemorrhage, pregnancy-induced hypertension, preterm
labor, growth-retarded baby, and any other pregnancy-
related complication.

It has to be remembered, however, that antenatal care
is effective in improving the health of the mother and the
baby and in preventing perinatal deaths, but it has a
limited role in preventing maternal mortality.
Delivery Care

As with antenatal care, delivery care is provided at two
levels. At the community level, routine delivery care is
given to all women having uncomplicated pregnancies
and deliveries; referral to a higher-care center is sought
at the first sign of any complication. The challenges of
delivery care in developing countries center around the
safety of childbirth, whereas in countries where safety is
accepted as the norm, the issues are more around choice
and giving every woman the right to choose how and
where they give birth.

Basic delivery care consists of the following:

. Clean birthing technique;

. Active management of the third stage of labor;

. Early cord clamping;

. Controlled cord traction;

. Oxytocics on the birth of the anterior shoulder;

. Essential newborn care.

In addition to this, the United Nations Population
Fund (UNFPA) also recommend that the following ele-
ments be available at the primary level of care:

. Parenteral antibiotics;

. Parenteral oxytocic drugs;
. Parenteral sedatives/anti-convulsants (e.g. magnesium
sulphate) for pre-eclampsia/eclampsia;

. Facilities for vacuum or forceps delivery;

. Facilities for manual removal of placenta;

. Facilities for removal of retained products of
conception.

These elements form what is termed ‘basic essential
obstetric care.’ Over and above these, the services consti-
tute ‘comprehensive essential obstetric care,’ usually deliv-
ered at a district hospital level, if facilities are available for:

. Cesarean section;

. Blood transfusion.

At the tertiary level, consultant-led maternity units
providing a full range of services to women with high-
risk pregnancies should have available:

. Obstetric/midwifery specialist services;

. Anesthetic services and access to adult intensive care;

. Neonatal resuscitation facilities and access to neonatal
intensive care;

. Round-the-clock radiology and imaging;

. Round-the-clock laboratory facilities;

. Blood transfusion.

It is also recommended that maternity services have a
holistic approach providing a fully integrated childbirth
service tailored to the individual needs of women, prefer-
ably with continuity of care.
Postnatal Care

The postnatal period is perhaps one of the most crucial
times in a woman’s life. It is the 6 to 8week period
following the end of a pregnancy. This period is important
because:

. Approximately 60% of the complications occur during
this period;

. Postnatal depression can occur at this time;

. It is the crucial time for establishing breastfeeding;

. It is the appropriate time to give contraceptive advice.

The purpose of postnatal services is to facilitate the
transition of women and their families into parenthood.
Although for most women and their babies this period will
be uncomplicated, maternity services need to ensure that
any complication is prevented or detected early and man-
aged appropriately.

The National Institute of Health and Clinical Excel-
lence (NICE, 2006) in the UK has developed guidelines
for the core care of women and their babies during this
period based on the best available evidence:

. An individualized women-centered care plan should be
developed in the antenatal period and reviewed regu-
larly during the postnatal period.
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. Women should be given adequate information to pro-
mote their own health and that of their babies.

. Women should be educated about the warning signs for
potentially life-threatening conditions (see Table 2)
and call for help if any of them occurs.

. Breastfeeding should be actively promoted.

. Women’s emotional well-being should be assessed to
detect any early signs of depression.

. Advice and information relating to the health of the
baby should be offered.

In addition, if any complications given inTable 2 occur,
health services should manage the condition appropriately.
Utilization of Care

Inequalities exist in the uptake of any health care,
but particularly in maternity services. Differentials exist
not only when regions of the world are compared
(Figure 3) but also within each country or region between
the rich and the poor or among different ethnic groups
(Figure 4).

Poverty has long been implicated as a determinant of
health and health-care utilization. Its relationship with
maternal health is, however, rather more complex. For
example, Nigeria is ranked 47th in the world in terms of
its gross domestic product (GDP) but has a maternal
mortality ratio of 800 per 100 000 live births. This is in
sharp contrast to Sri Lanka, which is ranked 78th but has a
maternal mortality ratio of 92 per 100 000 live births. On
the other hand, Graham et al. (2004), exploring the rela-
tionship between maternal mortality and poverty quintiles
developed by the World Bank, found a close correlation in
seven different countries. It has been postulated that with
maternal health care, gender-related factors and women’s
empowerment play an important role. Another factor that
Table 2 Postpartum complications and their warning signs

Signs and symptoms Condition

Sudden and profuse blood loss or

persistent increased blood loss,

Postpartum

hemorrhage

faintness, dizziness or palpitations/
tachycardia

Fever, shivering, abdominal pain and/or

offensive vaginal loss

Infection

Headaches accompanied by one or more

of the following symptoms within the

first 72 hours after birth:

Pre-eclampsia/

eclampsia

. visual disturbances

. nausea, vomiting

Unilateral calf pain, redness or swelling Thromboembolism

Shortness of breath or chest pain
correlates well with maternal mortality is the quality of
maternal health services, as Figure 5 shows.

The International Federation of Gynecology
and Obstetrics (FIGO) Save the Mothers initiative in
Uganda and the UNFPA project in India found that
improving the quality of maternity care also improved
uptake of the care.

Table 3 highlights some of the barriers encountered in
accessing maternal health care and some examples of
interventions to overcome them.
The Cost and Financing of Maternal
Health Services

There is much in the way of published literature regard-
ing the cost of maternity care, but inconsistencies in
costing methods and definitions of maternal health make
cross country comparisons difficult. Indeed, global methods
for modeling cost-effectiveness (Mother Baby Package;
WHO-CHOICE; Disease Control Priority Project –
DCPP) have limited value at country level, where prior-
ity setting and policy decisions are made. Nevertheless,
they offer a standardization of costing methods. Overall,
the findings from several studies suggest that maternal
health care is cheaper if delivered at the primary care
level and therefore upgrading a primary health center to
deliver basic emergency obstetric care is a cost-effective
option. Although obstetric surgery and blood transfusion
can only be offered at the level of secondary care, a great
many of the life-saving interventions can be carried out
at primary level (Maine, 1999). Implicit in this tiered
approach is the presence of an effective referral and
transport system.
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Table 3 Barriers to accessing maternal health care and possible strategies to overcome them

Type of barrier Example Strategies

Lack of knowledge Lack of information about available services Outreach health promotion

Lack of education About warning signs Improve access to primary education for girls

Geographical
barriers

Distance and lack of access to health-care facility Outreach facilities, upgrade local facility, emergency
transport system

Loss of earnings Due to attending clinic Outreach, monetary incentives

Household

preferences

Asymmetric control of household resources, inferior

position of female in household

Free maternity care, gender empowerment

Cultural

preferences

Dependent on traditional medical care Culturally sensitive health care, training of traditional

birth attendants (TBAs)

Availability of

alternative care

Seeking care from inappropriate providers because

cheaper

Education on best treatment for condition, build

confidence in health-care system

Adapted from Ensor T and Cooper S (2004) Overcoming barriers to health service access: Influencing the demand side. Health Policy

and Planning 19(2): 69–79.
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The estimated costs of the components of a maternal
health-care system are as follows (Borghi, 2001):

Antenatal care: US$2.21 (Uganda) to US$42.41
(Argentina) per visit

Normal vaginal delivery: US$2.71 (Uganda) to US$140.41
(Argentina)

Routine postnatal care: approximately same as antenatal
care

From a review of the published literature, some other
generalizable findings emerge: (1) Personnel, drugs, and
medical supplies are the main contributors to total cost,
and directing resources toward these recurrent costs
benefits women in the long run; (2) the cost of a cesarean
section is three times that of a vaginal delivery;
therefore use of cesarean section, when not clinically
indicated, is neither cost effective nor beneficial to the
mother or baby.

Borghi (2001) reports that in developing countries,
4–12% of domestic health expenditure is devoted to
maternal health care. Apart from the National Health
Service in the UK, where the entire maternity care is
financed by internal revenue and government subsidies,
all other countries need to find alternative sources of
funding. These may be:

. Direct government financing;

. Donor financing;

. Private user charges;

. Third-party payments (e.g., health insurance, commu-
nity financing or mutuelle schemes).

Most health systems are financed by a mixture of these
sources.
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Quality Assurance

Although we now know that quality assurance of health
services is imperative and should ideally be built in with
the services, the measures of quality and standards are
variable and culture specific. Although in sub-Saharan
Africa, quality assurance of maternity services means
having a regular supply of drugs and well-trained health
care providers, in the developed countries, this means not
only providing clinically effective care but also giving
women the choice of how, where, and when to give
birth. As Weeks (2007) points out, in order to improve
MMR and meet the Millennium Development Goals,
governments need to promote high-quality maternity
services, especially in rural areas. This implies a
decentralization of health-care systems, regularity of
staff training and consumables supply, and national and
local audits to periodically evaluate the service. These
audits may be either critical incident audits, such as the
Confidential Enquiries into Maternal Deaths, or crite-
rion-based clinical audits with appropriate clinical
standards. In addition, dialogue with consumers and key
stakeholders is equally important in order to assess their
requirements.
Issues and Challenges

HIV/AIDs

One disease that has changed the epidemiology of chronic
diseases and put a major burden on health services is HIV
infection. Because this is a sexually transmitted disease and
is likely to affect men and women of the reproductive age
group, its impact on maternal health cannot be overesti-
mated. In some countries, such as South Africa, it has
become the principal cause ofmaternalmortality.Moreover,
because of the stigma attached to it, maternal deaths from
AIDS tend not to be reported, thus posing a major problem
inmeasuring the outcome.The challenges of diagnosing and
treating HIV/AIDs are beyond the scope of this article, but
any article on maternal mortality or maternity services
would be incomplete without touching upon the effect of
HIVon maternal health, as is illustrated by Figure 6.
Overmedicalization of Birth

Because many pregnancies will pass uneventfully and end
happily with a healthy mother and a healthy baby, the
concept of ‘first do no harm’ is particularly applicable to
maternity care. There are many examples of maternal
morbidity and even mortality that can occur as a result
of overenthusiastic but misinformed medical care: The
inappropriate use of oxytocics, the overzealous curettage
of the postabortion uterus, and cesarean section with-
out clinical indication, to name but a few. As an added
complexity, there is the issue of malpractice suits, espe-
cially when health care is self-financed, which has given
rise to overmedicalization of the natural process of birth.
Issues of choice regarding the place and time of delivery,
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‘designer babies’ (an often pejorative popular scientific
and bioethics term that specifies a child whose hereditary
makeup, orgenotype, would be selected via various
reproductive and genetic technologies) and cesarean sec-
tion on maternal request have all been in the news
recently in developed countries but are issues probably
far removed from the reality for the mother struggling
across the mountains of Afghanistan to reach a health-
care facility.
Pain Relief in Labor

As motherhood became as safe as was possible to make
it in the developed world, the issue of making childbirth
a satisfying experience for the mother became the
next target. Since labor pain is often referred to as the
worst aspect of childbirth, the provision of obstetric anal-
gesic services has now become the norm in most large
hospitals in the developed countries. This service is able
to offer laboring women a choice of pain relief in terms of
premixed nitrous oxide and oxygen gas, parenteral
opioids, and epidural analgesia with minimal effects on
the baby.
Implications for Health Policy

It has long been acknowledged that the health of mothers
is of paramount importance not just to the family but also
to the health of the nation. Despite this, maternal mortal-
ity continues to be a major health concern, especially in
the developing world. Yet less than a century ago, mater-
nal mortality in countries such as the United States and
UKwas as high, if not higher, than some of the developing
countries today (Loudon, 1997). Several factors, such as
new drugs and technologies and improved living stan-
dards, played a part in bringing about this transformation,
but the greatest difference was made by the political will
to effect changes in the health system and society. In the
UK, the Confidential Enquiries into Maternal Deaths was
set up in 1928 by the Ministry of Health and functions to
this day as an example of quality assurance in women’s
health care.

Efforts were made to translate the experiences of the
UK, United States, and Sweden into a global effort. In
1930, the League of Nations’ health section noted the high
maternal mortality in some countries and expressed a will
to transfer some of the medical progress made in devel-
oped countries to their colonies.

In 1978, the International Conference on Primary
Health Care was held in Alma Ata, where it became
obvious that simply transferring medical care models
from developed to developing countries would not work.
Around this time the emphasis shifted to family planning
methods, and national policies relating to curbing the
population inflation were supported by global organiza-
tions such as the UN.

By 1987, improvements in data collection informed
an awareness of the extent of the problem of maternal
mortality, and the concept of Safe Motherhood as an
international political agenda was born. The first
international Safe Motherhood conference was held in
Nairobi in 1987. Two years later, the World Summit
for Children took place in New York. Although this
summit emphasized the importance of monitoring and
reducing maternal mortality, it was only in the context
of child survival.

In the mid-1990s, three international meetings – the
International Conference on Population and Develop-
ment (Cairo, 1994), the Fourth World Conference for
Women (Beijing, 1995), and the Social Summit (Copenha-
gen, 1995) – all viewed Safe Motherhood in the larger
context of reproductive health. The growing interest in
maternal health toward the end of the twentieth century
culminated in an interagency technical consultation in
Colombo, Sri Lanka, in October 1997. This consultation
brought together Safe Motherhood specialists and policy
makers from all over the world to decide on a way forward
for the Safe Motherhood movement. Since then, there
have been several meetings held and many nongovern-
mental organizations (NGOs) have come forward with a
commitment to Safe Motherhood, not the least of which
are theWHO, the International Federation of Gynecology
and Obstetrics (FIGO), and UNFPA (AbouZahr, 2003):

In the words of Professor Fathalla, expresident of
FIGO:

Maternal deaths in developing countries are often the ulti-

mate tragic outcome of the cumulative denial of women’s

human rights. Women are not dying because of untreatable

diseases. They are dying because societies have yet to make

the decision that their lives are worth saving.

Maternity is a social function and not a disease. When

women are risking death to give life, they are entitled to

have their own right to life and health protected. Societal

attitudes of looking at women as means and not ends have

resulted in the denial of women’s rights to essential mater-

nity services. A signal of hope is that safe motherhood is

now on the world agenda as one of eight Millennium

Development Goals. The global community of obstetri-

cians has a major responsibility to help make motherhood

safer for all women. (Fathalla, 2006)

See also: Infant Mortality/Neonatal Disease; Maternal

Mortality and Morbidity; Perinatal Epidemiology; Popu-

lations at Special Health Risk: Women; Reproductive

Rights.
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Introduction

Pregnancy and childbirth are among the most significant
periods in women’s lives, both physically and emotionally.
Women normally adapt to the physiological changes of
pregnancy and are capable of delivering healthy babies
with full recovery following delivery. However, some
pregnancies may pose risks to the health of women
and/or their babies, leading to unwanted consequences in
varying severity – ranging from pelvic lacerations due to
obstetric trauma to death. At an individual level, it is not
usually predictable which women will experience either a
minor or a life-threatening complication, although certain
characteristics such as age, number of previous pregnancies
and their outcomes, health status, and family history are
associated with some of the negative outcomes.

At the population level, socioeconomically disadvan-
taged women are more likely to experience negative out-
comes of pregnancy and childbirth. Substantial differences
in terms of the type and extent of the complications exist
between women living in more developed countries and
those living in developing countries and among subgroups
characterized by social, economic, geographical, and eth-
nic features within the same country. The reasons under-
lying these differences include physical vulnerability in
terms of poor nutrition and lifestyle conditions, type of the
health care available, and the extent of women’s receiving
it, or, in most cases, a mixture of all.

The patterns of complications of pregnancy and child-
birth reflect the capacity of the health system in a popula-
tion, including the capacity of the health system to address
the needs of the most vulnerable segments of the popula-
tion. For example, hemorrhage is the most common direct
cause of maternal deaths in most developing country set-
tings, but few women die due to this condition in devel-
oped countries because it is preventable and treatable.
So, both the prevalence of hemorrhage and the probability
of dying from it are much lower in countries with more
developed health systems. In this context, the main causes
of maternal deaths are rare conditions that the medical
profession is not able to prevent (such as preeclampsia) or
treat (such as complications of congenital health disease)
adequately. Understanding the causes of maternal deaths,
the patterns of morbidities, the characteristics of the
groups affected most, and health system failures is essen-
tial to determine where to concentrate efforts to provide
improvements in a population. Such information is also an
indicator of the broader issues of social inclusion, women’s
status and rights, and socioeconomic development in the
society.

Public health challenges remain at conceptual, mea-
surement, and implementation (of effective interventions)
levels, particularly in countries with less developed health
systems. Developed countries are faced with a new chal-
lenge of sustaining the health system such that mortality
and morbidity rates do not deteriorate as resources are
shifted to other areas or training of health professionals
ignores common problems.
Concepts and Definitions

Maternal Death

The World Health Organization (WHO) in the Interna-
tional Classification of Diseases and Related Health Pro-
blems (ICD-10) (1992) defines a maternal death as:

The death of a woman while pregnant or within 42 days

of termination of pregnancy, irrespective of the duration

and site of the pregnancy, from any cause related to or

aggravated by the pregnancy or its management but not

from accidental or incidental causes.

This definition allows examination of maternal deaths
according to their causes as direct and indirect deaths.
Direct obstetric deaths are those resulting from obstetric
complications of the pregnant state (pregnancy, delivery,
and the postpartum period) from interventions, omissions,
incorrect treatment, or from a chain of events resulting
from any of the above. Deaths due to hemorrhage, pre-
eclampsia/eclampsia, or those due to complications of
anesthesia or cesarean section are, for example, classified
as direct obstetric deaths.

Indirect obstetric deaths are those resulting from pre-
vious existing disease or diseases that developed during
pregnancy and were not due to direct obstetric causes, but
were aggravated by physiologic effects of pregnancy. For
example, deaths due to aggravation of an existing cardiac
or renal disease are indirect obstetric deaths.

Accurate identification of the causes of maternal deaths
to be able to understand the extent towhich they are due to
direct or indirect obstetric causes, or due to accidental or
incidental events, is not always possible, particularly in
settings where deliveries occur mostly at home and/or
information registration systems are not adequate. In
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these instances, the classical ICD definition of maternal
death will not be useful. A concept of pregnancy-related
death included in ICD-10 incorporates maternal deaths
due to any cause. With this concept, any death during
pregnancy, childbirth, or the postpartum period is a mater-
nal death even if it is due to accidental or incidental causes.

Complications of pregnancy or childbirth can lead
to death after the postpartum period (42 days following
delivery) has passed. Deaths due to aggravation of chronic
conditions, such as cardiac diseases, may happen at a rela-
tively late stage. In addition, increasingly available modern
life-sustaining procedures and technologies help more
women survive adverse outcomes, but may also delay
death. Despite having been caused by pregnancy-related
events, these deaths do not appear as maternal deaths in
registration systems that use only the conventional defini-
tion. An alternative concept of late maternal death is
included in ICD-10 to capture delayed deaths (those due
to the complications of pregnancy and childbirth that occur
later than the completion of 42 days after termination of
pregnancy up to one year) (Table 1).

These alternative definitions, particularly the concept
of pregnancy-related death, allow identification and mea-
surement of maternal deaths in settings where accurate
causes of deaths are not known by means of reliable infor-
mation registration systems. In these instances, determina-
tion of maternal mortality levels mostly depend on ad hoc

household surveys, where relatives of awomanwho has died
at reproductive age are asked about her pregnancy status at
the time of the death. In settings where established routine
registration systems with correct attribution of causes of
death exist, it is possible to identify maternal deaths that
fit into the classical ICD definition of maternal death.
Maternal Morbidity

Defining morbidity as an outcome is more difficult than
defining death in general. Conceptualization of maternal
or obstetric morbidity is particularly difficult as compared
to defining morbidities in other areas of medicine because
of the wide range of pregnancy outcomes, each with
varying severity. Definitions of specific negative outcomes
differ in different settings or for different purposes. For
example, severe postpartum hemorrhage, one of the main
causes of maternal deaths, is defined as blood loss greater
than 500, 1000, or 1500ml in different settings. One
reason for this is that the amount of blood loss that
Table 1 Alternative definitions of maternal death in ICD-10

Pregnancy-related death – the death of a woman while pregnant
or within 42days of termination of pregnancy, irrespective of

the cause of death

Late maternal death – the death of a woman from direct or

indirect obstetric causes more than 42days but less than
1 year after termination of pregnancy
could lead to death would differ according to a woman’s
preexisting health, in particular her hemoglobin status,
or her probability of receiving timely and adequate care.
An anemic woman is more likely to die with less blood
loss from postpartum hemorrhage than a woman with
normal hemoglobin level. Other definitions of hemor-
rhage exist for instances when it is not feasible to accu-
rately identify the level of blood loss. These refer to the
need for a specified amount of blood transfusion or to a
defined level of drop in hemoglobin level. Similarly, for
another serious pregnancy outcome, preeclampsia, the cut-
off levels to define high blood pressure differ in different
definitions. Finally, some conditions, such as urinary incon-
tinence, are difficult to define, as a distinction between
normal physiological symptoms due to pregnancy and its
pathology may not be clear-cut.

It is, however, essential to measure maternal morbidity
as well as the deaths. Monitoring maternal morbidity has
some major advantages over monitoring maternal deaths.
Maternal morbidity occurs much more frequently than
maternal deaths; hence information on maternal care can
be more rapidly gathered and analyzed, allowing for more
rapid feedback and intervention. The survival of the
woman means that the woman can be interviewed to
identify whether the health system failed or not. This is
of particular value in women who have been referred from
one institution to another, and especially for assessing
care at the primary health-care level. This information
on care provided at the primary level is often not available
in the investigation of maternal deaths.

In countries with low numbers of maternal deaths, the
causes of the deaths are often peculiar to the particular
case. For example, congenital heart disease is an important
contributor to maternal death in the United Kingdom, but
congenital heart disease is a rare condition. Information
gained from analyzing deaths due to congenital heart
disease, although useful, is limited to those very few peo-
ple with the condition. Hence, lessons learned cannot be
generalized to the whole population.

Several useful approaches to conceptualize maternal
morbidity and to categorize the wide range of pregnancy
outcomes exist. One approach classifies maternal morbid-
ity based on the hierarchy of the severity of pregnancy
outcomes. In this concept, the spectrum of the pregnancy
outcomes ranges from death to normal physiological
experiences, as shown in Table 2. The conditions that
fall into categories 2–4 fit into the definition of maternal
morbidity.
Maternal Death

Measurement

Although widely accepted standardized definitions of
maternal mortality exist, as described above, it is difficult



Table 2 Range of pregnancy outcomes

1. Death
2. Near miss (severe acute maternal morbidity)

3. Severe morbidity

4. Minor obstetric morbidity

5. Sociocultural difficulties around major life event
6. Normal physiological experiences and adaptation of

pregnancy, lactation, and postpartum period

Adapted from Bewley S, Wolfe C, and Waterstone M (2002)

Severe maternal morbidity in the UK. In: MacLean AB and
Neilson JP (eds) Maternal Morbidity and Mortality, pp. 132–146.

London: RCOG.

Table 3 Statistical measures of maternal mortality

Maternal mortality ratio (MMR) – number of maternal deaths
during a given time period per 100000 live births during the

same time period

Maternal mortality rate – number of maternal deaths in a given

time period per 100 000 women of reproductive age during the
same time period

Lifetime risk of maternal death – the probability of dying from a

maternal cause during a woman’s reproductive lifespan
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to accurately measure the level of maternal mortality in a
population for several reasons. First, it is difficult to
identify maternal deaths precisely. Particularly in settings
where deaths are not reported comprehensively through
routine registration systems, the death of a woman of
reproductive age may not be recorded. Second, even if it
is recorded, her pregnancy status may not be known and,
third, even if the pregnancy status is known, where a
medical certification of cause of death does not exist,
correct attribution of death as a maternal death cannot
be done. This means that even in settings where routine
registration of deaths is in place, without special attention
to enquiring about the causes of deaths, maternal deaths
can go underreported. Chang and colleagues (2003) in
their report of routine surveillance of maternal deaths in
the United States during 1991–99, estimated that the true
number of deaths related to pregnancy might increase
30–150% with active surveillance.

Where routine registration with correct cause–
attribution of deaths does not exist, determination of the
levels of maternal mortality relies on ad hoc population
surveys. These surveys require very large sample sizes
because, despite being unfairly high in some parts of the
world, maternal deaths are relatively rare events in epi-
demiological terms. Even very large sample sizes produce
estimates of maternal mortality levels with wide confidence
intervals. Alternative methods to reduce the requirement
for large sample sizes have been developed, but the problem
of the large uncertainty margins remains.

Public health officials use statistical measures of mater-
nal deaths primarily so that comparisons can be made over
time or between areas. However, another aspect related to
maternal death analysis is to detect where health systems
fail. For this, only a large representative sample is needed.
This is particularly useful in developing countries where
inadequacies in data collection mean rates are not possible
to calculate. Confidential enquiries into maternal deaths
(CEMD) are a good example of this approach and are
defined by WHO (2004) as:

A systematic multidisciplinary anonymous investigation

of all or a representative sample of maternal deaths
occurring at an area, region (state) or national level, which

identifies the numbers, causes and avoidable or remediable

factors associated with them. Through the lessons learnt

from each woman’s death, and through aggregating the

data, confidential enquiries provide evidence of where the

main problems in overcomingmaternal mortality lie and an

analysis of what can be done in practical terms, and high-

light the key areas requiring recommendations for health

sector and community action as well as guidelines for

improving clinical outcomes.
Measures of maternal mortality

Thematernal mortality ratio (MMR) is themost frequently
used statistical measure to evaluatematernalmortality. This
measure refers to the number of maternal deaths during
a given time period per 100 000 live births during the
same time period. It is a measure of the risk of death once
a woman has become pregnant. Other less commonly used
measures include maternal mortality rate and lifetime risk
of maternal death, as shown in Table 3.
Data sources and collection methods

Ideally, data for both the numerator (number of maternal
deaths) and the denominator (number of live births)
should be obtained by direct counting through routine
registration systems with correct attribution of the causes
of deaths as determined by medical certification. For rea-
sons mentioned earlier, this does not exist in many
countries. Even if such systems exist, underreporting is
usually a problem and identification of the true numbers of
maternal deaths requires additional specific investigations
into the causes of deaths, even in developed countries.
A specific example for such investigation is the CEMD
for the United Kingdom, which was initiated in 1928.

Alternatively, data are collected on an ad hoc basis using
a variety of methods including direct household surveys,
surveys using sisterhood methodology, reproductive-age
mortality studies (RAMOS), and censuses. Derived esti-
mates are based on respondents’ accounts of maternal
deaths in the household or among their sisters (sisterhood
methodology) or studies of deaths among women of repro-
ductive age (RAMOS methodology). Questions investigate
deaths of women during pregnancy, childbirth, or the
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defined postpartum period, thus pregnancy-related deaths.
Mainmethodologies used for estimatingmaternalmortality
levels are shown in Table 4.
Global Levels and Determinants

The difficulties in measuring the true extent of maternal
mortality, particularly in less-developed countries, are
well-established. Making international comparisons is
also difficult due to the variety of methodologies used to
determine maternal mortality in different settings and
the different definitions used by different methodologies.
Table 4 Methodologies used for estimating maternal mortality

Methodology Characteristics

Routine registration systems

(vital registration)

Direct counting of maternal dea

coverage is complete and all

finding, maternal deaths may
. Confidential inquiries are used

Direct household survey Where vital registration data are

household surveys provide an
. Surveys using direct estimatio

statistically reliable estimate
. Even with large sample sizes,

Sisterhood method Obtains information by interview
reduces high sample-size req

. the problem of wide uncertain

. provides a retrospective rathe

midpoint around 12 years befo
. originally developed version (i

where fertility levels are low (to

or other causes of social dislo
. the Demographic and Health

sisterhood method). This relie

larger sample sizes and the a

approximate point estimate so
confidence intervals remains,

Reproductive-age mortality

studies (RAMOS)

Involves identifying and investig

defined area/population
. Multiple and varied sources of

age; no single source identifie
. Interviews with household me

are used to classify the death
. Properly conducted, the RAM

mortality (in the absence of re

time-consuming to undertake

Verbal autopsy Means to assign cause of death
medical certification of cause

. Reliability and validity for asse

particular has not been estab
. May fail to correctly identify a

pregnancy (ectopic, abortion-

termination of pregnancy (sep

(malaria, HIV/AIDS)

Census A census of the whole populatio
. could include questions on de
. could includemore detailed qu

the basis of time of death rela
. eliminates sampling errors, thu

borne in mind)
It is, however, clear that a vast difference between more
developed and developing countries exists in levels of
maternal mortality. WHO, together with the United
Nations Children’s Fund (UNICEF), the United Nations
Population Fund (UNFPA) and the World Bank, uses a
methodology to calculate global estimates of maternal
mortality in which countries are classified according to
the availability of data from different sources and a mod-
eling technique for those with no available reliable data is
used. The most recent WHO publication of maternal
mortality estimates (2007) refers to levels of maternal
mortality in 2000 and shows an MMR of 450 in
ths (and live births) within routine registration. Even where

deaths are medically certified, in the absence of active case

be missed or misclassified
to evaluate the extent of misclassification and underreporting

not appropriate for the assessment of cause-specific mortality,

alternative
n are expensive and require large sample sizes to provide a

uncertainty margins are wide – difficult to monitor trends

ing respondents about the survival of all their adult sisters –
uirements, but

ty margins remains

r than a current estimate (refers to some 35 years back, with a

re the survey)
ndirect sisterhood method) is not appropriate for use in settings

tal fertility rate <4) or where there has been substantial migration

cation
Surveys use a variant of the sisterhood approach (direct

s on fewer assumptions than the original method but requires

nalysis is more complicated. Obtained estimates refer to an

me three to four years before the survey. The problem of wide
hence the limitation of monitoring trends

ating the causes of all deaths of women of reproductive age in a

information are used to identify deaths of women of reproductive
s all the deaths

mbers and health-care providers and reviews of facility records

s as maternal or otherwise
OS approach provides the most complete estimation of maternal

liable routine registration systems), but can be complicated and

, particularly on a large scale

through interviews with family or community members where
of death is not available

ssing cause of death in general and identifying maternal deaths in

lished

group of maternal deaths, particularly those occurring early in
related), those in which the death occurs some time after the

sis, cardiac disease), and indirect causes of maternal death

n that:
aths in the household in a defined reference period

estions that would permit the identification of maternal deaths on

tive to pregnancy (verbal autopsy) and
s allows trend analysis (weaknesses of verbal autopsy should be
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developing country settings and 9 in more developed
regions. As shown in Figure 1 the highest maternal mor-
tality levels were in Africa (820 maternal deaths per
100 000 live births) and the lowest in Latin America (130
maternal deaths per 100 000 live births) among the devel-
oping regions of the world.

Countries in sub-Saharan Africa had very high levels
of maternal mortality. For example, MMR was estimated
as 2100, 1800, and 1500 in Sierra Leone, Niger, and Chad,
respectively. In Afghanistan, 1800 women were estimated
to have died from pregnancy-related causes per 100 000
live births. In contrast, maternal mortality ratios hardly
exceed 9 per 100 000 live births in developed countries
(Figure 2).

In addition to wide between-country differences, mater-
nal mortality levels vary between subpopulations within
countries, both more developed and developing. Ethnic
group differences in the United States are among the
most-cited examples of differentials of maternal mortality
in developed settings. Anachebe and Sutton (2003) reported
a fourfold disparity in the risk for maternal death among
black women as compared to white women for 1987–96
in this country. In Germany, Razum and colleagues (1999)
found that immigrant women were reported to be more
likely to die from pregnancy-related causes as compared
to their native counterparts. Women living in the most
deprived areas of England had a 45% higher death rate as
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Figure 1 Maternal mortality according to world regions. Adapted fr

Mortality in 2005: Estimates Developed by WHO, UNICEF and UNFP
compared with women in the most affluent areas according
to the CEMD 2004 in the United Kingdom for the years
2000–2002 (Lewis, 2004). Similar trends exist in developing
countries. An analysis of nationally representative survey
data from 10 developing countries (Graham et al., 2004)
showed the consistent increase in probability of dying
from maternal causes with increased poverty.

Between-country differences in maternal mortality
levels reflect the differences in socioeconomic development
of countries as well as the capacity and functioning of
health systems to deliver effective interventions as needed.
Within-country differences show that certain subpopula-
tions are disadvantaged through a variety of characteristics.
These characteristics make them vulnerable to maternal
complications (e.g., poor living conditions and nutrition)
as well as less able to seek and obtain appropriate health
care (e.g., education, health-care access, quality of care) for
the prevention or management of these complications.
Causes of Maternal Deaths

As mentioned in the previous sections, maternal deaths
are caused either by conditions specific to pregnancy,
childbirth, and the postpartum period and/or their manage-
ment (direct causes) or by preexisting medical conditions
(indirect causes). Direct causes include hemorrhage, hyper-
tensive disorders of pregnancy (preeclampsia, eclampsia),
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sepsis, obstructed labor, uterine rupture, obstetric embolism,
ectopic pregnancy, complications of abortion, cesarean
section, or anesthesia, and other less frequent conditions.

Indirect maternal deaths may occur due to chronic
conditions such as cardiac or renal disease, or suicide
due to pregnancy-related depression and psychosis. Non-
pregnancy-related infections, including malaria and tuber-
culosis, are usually also regarded as indirect causes of
maternal deaths. Deaths due to acquired immune defi-
ciency syndrome (AIDS) are also often included as indirect
deaths in the non-pregnancy-related infections category.
Women rarely die due to AIDS alone, but rather due to
a concomitant disease such as tuberculosis, Pneumocystis
carinii pneumonia, cryptococcal meningitis, and other com-
mon diseases, such as malaria and community-acquired
pneumonia, that are made more severe by the underlying
condition of AIDS. In areas with high HIV prevalence, it is
more appropriate to classify all womenwith respect to their
HIV status and their stage of disease rather than have AIDS
as a specific primary obstetric cause of maternal death.
Analysis of women with or without HIV infection and
those with or without AIDS can then be performed and
the full impact of the disease assessed. When AIDS is
classified within the indirect causes, this may conceal the
actual cause of death, for example, a septic abortion. (When
a woman with AIDS dies, there is a tendency to report only
AIDS and not other conditions directly responsible for the
death but imminently treatable such as a septic abortion.)
Although not regarded as maternal deaths within the
classic definition, accidental causes including trauma and
homicide are increasingly becoming important in cause
distributions of maternal deaths in developed countries,
where mortality due to other causes is reduced with
provision of effective health care.

The patterns of the causes of maternal deaths vary
according to the world regions due to the disease profiles
in the regions as well as the extent of the development of
health systems. An analysis of the causes of maternal
deaths in the broad world regions (Khan et al., 2006)
shows that hemorrhage is the leading direct cause of
death in Africa (33.9%) and Asia (30.8%). In Latin
America and the Caribbean, hypertensive disorders
including preeclampsia and eclampsia are responsible
for the largest number of deaths (25.7%). In more devel-
oped country settings, deaths due to a group of direct
obstetric causes including complications of anesthesia are
the biggest contributors to maternal deaths (21.3%)
(Figure 3). Deaths related to infections, in particular
HIV/AIDS, anemia, and abortion are the region-specific
characteristics of distribution of maternal deaths in Africa,
Asia, and Latin America and the Caribbean, respectively.

Another emerging pattern in the cause distribution of
maternal deaths in developed countries with low maternal
mortality ratios is the dominance of causes indirectly
related to pregnancy, particularly worsening of preexist-
ing medical conditions. The contribution of indirect
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conditions was 59% to all deaths in the United Kingdom
CEMD for the years 2000–2002 (Lewis, 2004). In the
United States, where MMR is slightly higher than in
many European countries, one-third of maternal deaths
during the 1990swere due to indirect morbidities including
cardiomyopathy, complications of anesthesia, cerebrovascu-
lar accidents, and pulmonary or neurological problems, as
reported by Chang and colleagues (2003). The shift from
direct causes to indirect causes associated with chronic
conditions is due to the relative decrease of deaths caused
by direct morbidities as more developed health systems are
able to prevent and treat these conditions.
Maternal (Obstetric) Morbidity

Severe Acute Maternal Morbidity (Near Miss)

The concept of severe acute maternal morbidity (SAMM)
or ‘‘near miss’’ describes the severest type of maternal
morbidity, defined by Mantel and colleagues (1998)
as: ‘‘A very ill pregnant or recently delivered woman who
would have died had it not been that luck and good care
was on her side.’’

This concept is relatively new in maternal care, but
is increasingly becoming an important indicator of
pregnancy-related risks and the quality of maternal health
care. Particularly where maternal deaths are becoming
less frequent or the geographic area is small, investigation
of the low numbers of maternal deaths gives information
relevant only to the limited number of cases. Examination
of the cases that almost died, however, provides richer
information on the quality of the health care in relation to
common major morbidities in a particular setting.

Maternal deaths in developed countries are now rare,
and the factors that surround the death are often peculiar
to the event and are not generalizable. This does not mean
that pregnancy is a safe condition in developed countries.
Waterstone and colleagues (2001) reported a severe
obstetric morbidity rate of 12.0 per 1000 births, and a
severe morbidity to mortality ratio of 118:1 in the South
East Thames region in London. Contrary to what would
be expected, the common causes of maternal mortality are
not the same as the common causes of maternal morbidity
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in developed country settings. A review of only maternal
deaths would neglect the important life-threatening other
obstetric emergencies, which are common causes of mor-
bidity in London, such as antepartum hemorrhage, postpar-
tum hemorrhage, and preeclampsia. The most common
cause of severe morbidity was severe hemorrhage at 6.7
per 1000 births in the London area. This is not unique
to London, as the most common cause of near misses in
Scotland (Brace et al., 2004) was also hemorrhage. In com-
parison, there were only seven deaths in over 2million
deliveries (3.3 deaths per million deliveries) due to hemor-
rhage in the United Kingdom CEMD for the years 1997–99
(Lewis, 2001).

By looking at maternal deaths only, developed countries
might be in danger of overlooking other major causes of
morbidity in obstetric care. This might have already hap-
pened in the United Kingdom, as in the next triennium
(2000–2002), according to the CEMD, there were 17 deaths
(8.5 deaths per million deliveries) due to hemorrhage,
a 140% increase (Lewis, 2004). A systematic analysis of
severe morbidity would have kept hemorrhage as a priority
condition, and the increase in deaths due to hemorrhage
may potentially have been prevented. The newchallenge in
developed countries is to ensure that the gains made are
sustained. Morbidity analysis will help in ensuring this, as
resources will not be diverted away and health workers’
training will not neglect conditions such as hemorrhage.

Operational definitions to identify SAMM cases include
those according to existence of specified conditions (disease-
specific); use of specific interventions or management tech-
niques (management-based); and existence of organ failure
(organ system-based) (Table 5).

Prevalence of SAMM varies according to which defi-
nition is used. Rates vary between 0.80–8.23% with
Table 5 Definitions and criteria for severe acute maternal morbid

Definition Identification

Disease-specific – existence of severe forms of

common conditions

. Severe hemorrh

other direct mo
transfusion) (Pr

. Severe hemorrh

enzymes and lo

rupture (Waters
Management-specific – use of specific

interventions

. Admission to in

. Emergency hys

Organ system failure-based – existence of
severe organ dysfunction or failure

Organ systems in
system)

. Cardiac – pulm

. Circulatory – hy

. Respiratory – in

. Immunological

. Renal – oliguria

. Hepatic – jaund

. Metabolic – ket

. Coagulation – t

. Cerebral – com
disease-specific and between 0.38–1.09% with organ-
system-based definitions (Say et al., 2004). Rates are
lower (0.01–2.99%) with management-based definitions.
As expected and similar to MMR, prevalence of SAMM
varies between less developed and more developed
countries. In less developed countries, 4–8% of pregnant
women who deliver in hospitals experience SAMM when
diagnosis is made on the basis of specific diseases. This
rate is around 1% when organ system failure is consid-
ered. In more developed country settings, the rates are
around 1% with disease-specific and 0.4% with organ-
system-based criteria, respectively.

In-depth reviews of SAMM cases in terms of the
health care that the cases received give detailed informa-
tion on how particular types of cases are managed and
where the gaps and weaknesses are in the process of care.
The use of a combined measure of mortality and morbid-
ity also provides a crude indicator of the quality of care.
One approach to construct such a measure is to divide the
number of the cases identified as severe morbidity by
those of deaths (morbidity-to-mortality ratio). The draw-
back of this approach is that although severe morbidity and
mortality are expected to rise and fall equally (in the same
setting), they may be independent. A second approach is
to calculate the ratio of maternal deaths to the sum of
maternal deaths and SAMM cases (mortality index, or
MI). This measure gives the proportion of women with
SAMM who die.

Morbidity-to-mortality ratio is typically 10-fold higher
in studies undertaken in developed countries as compared
to those in developing countries. For example, MI was
calculated as 5–8 and 49 in South African and Scottish
studies, respectively, that used the same case identification
criteria (Say et al., 2004).
ity (SAMM)

age, severe preeclampsia, eclampsia, sepsis, severe dystocia,

rbidities (requiring cesarean section, hysterectomy, and/or blood
ual et al., 2000)

age, severe preeclampsia, eclampsia, haemolysis, elevated liver

w platelet count syndrome (HELLP) sepsis, severe sepsis, uterine

tone et al., 2001)
tensive care

terectomy

cluded and signs of organ failure (specified criteria for each

onary edema, cardiac arrest

povolemia

tubation/ventilation requirement
– sepsis

ice (with preeclampsia)

oacidosis, hypoglycemic coma, thyroid crisis
hrombocytopenia

a (Mantel et al., 1998)
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Major Morbidities

Major conditions that lead to SAMM and/or maternal
death are classified under this category and include obstet-
ric hemorrhage (antepartum, postpartum), preeclampsia/
eclampsia, pregnancy-related infections (mainly postpar-
tum sepsis), thromboembolism, and obstructed labor (by
leading to postpartum hemorrhage, sepsis, and uterine
rupture) as direct maternal morbidities. Complications of
abortion, when performed under unsafe conditions, con-
stitute a major cause of maternal death through hemor-
rhage, infection, or uterine rupture. Other direct major
morbidities are complications of ectopic pregnancy, anes-
thesia, or cesarean section.

Major morbidities include indirect causes of maternal
deaths such as those that are based on preexisting medical
conditions (e.g., chronic hypertension, cardiac or renal
disease, diabetes, asthma, anemia) or suicide due to
pregnancy-related depression, as well as non-pregnancy-
related infections during pregnancy such as AIDS, malaria,
and tuberculosis.
Table 6 Operational definitions of severe hemorrhage

Prual et al., 2000 (seven
countries in Western Africa)

Waterstone et al., 2001
(United Kingdom)

Leading to blood transfusion;
OR

Clinically estimated blood
loss of �1500ml;

Leading to hospitalization for

� 4days;

OR

Peripartum hemoglobin
drop of �4g/dl;OR

Leading to hysterectomy; OR

OR Acute transfusion of �4
units of bloodLeading to death
Obstetric hemorrhage

Hemorrhage is themajor cause of maternal deaths inmany
settings. It can cause up to one-third of maternal deaths in
settings with less-developed health systems. Because of
the variety of definitions and difficulties in assessing the
blood loss involved, the incidence of hemorrhage cannot
be determined precisely. Severe hemorrhage was reported
in 3.05% of women delivering live babies in six African
countries and 0.67% of deliveries in the United Kingdom.
Approximately 3% and 0.3% of these cases died in the
African countries and the United Kingdom, respectively
(Prual et al., 2000; Waterstone et al., 2001).

Hemorrhage may occur during pregnancy, either ante-
partum (due to placenta previa or placental abruption)
or, most commonly, postpartum (due to uterine atony,
retained placenta, inverted or ruptured uterus, or cervical,
vaginal, or perineal laceration). The majority of cases occur
immediately after delivery (immediate postpartum hemor-
rhage) and the most common cause is uterine atony, that is,
the failure of the uterus to contract after delivery. Risk
factors for uterine atony include preeclampsia, prolonged
labor, high parity, induction of labor, high doses of haloge-
nated anesthetics, prior postpartum hemorrhage, and large
or multiple fetuses. However, as many as two-thirds of
women who have postpartum hemorrhage do not have
any of these risk factors. Late (or secondary) postpartum
hemorrhage occurs after the first 24 h of delivery and can be
due to retained placenta, infection, or trophoblastic tumors.

Postpartum hemorrhage is traditionally defined as the
loss of more than 500ml of blood after completion of
the delivery, although the accurate measurement of the
amount of the blood loss has been problematic. When
measured objectively, 500ml of blood loss is observed in
approximately half of normal vaginal deliveries. Clinically
estimated loss of 500ml or more, however, is considered
as significant since clinical estimates of blood loss are
found to be about half of the actual loss (objectively
measured) (Pritchard et al., 1962). This definition is par-
ticularly relevant to developing country settings, where
women are more vulnerable to negative consequences of
blood loss due to limitations of the delivery care they
usually receive or to preexisting severe anemia. In devel-
oped country settings, blood loss of 1500ml or more is
usually defined as severe hemorrhage.

Other practical definitions of severe hemorrhage also
exist since accurate measurement is not always feasible
and clinical estimations are not reliable. Drop of a speci-
fied quantity in hemoglobin or hematocrit levels or the
amount of blood transfused are alternative practical defi-
nitions of severe hemorrhage. Operational definitions used
in two classic studies of severe morbidity in developing
and developed country settings are shown in Table 6.

Severe hemorrhage can lead to SAMM or death in a
very short period if not managed properly. Management
depends on the cause and the severity of the bleeding. For
example, hemorrhage due to uterine atony is managed by
stopping the bleeding using uterotonics, physical compres-
sion techniques, uterine artery ligation, or hysterectomy, as
well as replacement of fluid, clotting factors, and blood that
have been lost due to the bleeding. Additional treatment
will involve removal of retained fragments in the case of
retained placenta, suturing in case of lacerations, and hys-
terectomy or repair in case of uterine rupture.

Postpartum hemorrhage due to uterine atony can be
prevented in most instances. An intervention package
involving administration of uterotonic agents, controlled
cord traction, and uterine massage, referred to as active
management of the third stage of labor, was shown to be
effective in reducing the incidence of postpartum hemor-
rhage. Active management is therefore preferred over
expectant management, which involves waiting for signs
of placental separation and allowing for spontaneous
delivery of the placenta.

Other measures to prevent hemorrhage include admin-
istering a uterotonic agent alone, reducing the incidence of
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obstructed labor by timely intervention as needed, mini-
mizing the trauma due to instrumental delivery, and detec-
tion and treatment of anemia during pregnancy.
Hypertensive disorders of pregnancy

(preeclampsia/eclampsia)

Pregnancy-specific hypertensive conditions, in particular
preeclampsia/eclampsia, are among the leading causes of
SAMM and maternal deaths. Four types of such condi-
tions complicate pregnancy (Table 7).

As seen in Figure 3, 9–29% of maternal deaths are
caused by hypertensive disorders inworld regions. Hyper-
tension complicates approximately 5% of all and 11% of
first pregnancies, respectively. Preeclampsia constitutes
half of these cases (2–3% of all pregnancies and 5–7% of
first pregnancies). Between 0.8–2.3% of women with pre-
eclampsia develop eclampsia (Magpie Trial Collaborative
Group, 2002). Similar to hemorrhage, the likelihood of
dying from preeclampsia or eclampsia is much higher in
developing country settings than in more developed ones.
Around 5% of women with eclampsia and 0.4% with
preeclampsia die in developing country settings. These
figures are as low as 0.7% and 0.03%, respectively, in
more developed countries.

Preeclampsia is a multisystem disorder usually char-
acterized by sudden onset of hypertension and proteinuria
during the second half of pregnancy. The basic causes are
changes in the endothelium, which is an intrinsic part of
all blood vessels. Preeclampsia, therefore, has the poten-
tial of affecting any organ system. The nature of the signs
and symptoms varies according to which organs are
affected. In addition to hypertension, proteinuria, oli-
guria, cerebral or visual disturbance, pulmonary edema,
cyanosis, thrombocytopenia, or signs of impaired liver
function can be detected in a preeclamptic woman. It is,
however, proteinuria and hypertension that are the defin-
ing features of preeclampsia.
Table 7 Hypertensive disorders of pregnancy

Chronic hypertension – high blood pressure before the

20th week of pregnancy or, if only diagnosed during
pregnancy, persisting after the sixth week after delivery

Gestational hypertension – development of hypertension after

the 20th week of pregnancy without other signs of

preeclampsia
Preeclampsia/eclampsia – development of hypertension after the

20th week of pregnancy with other signs of preeclampsia;

eclampsia is the occurrence of seizures in women with
preeclampsia

Preeclampsia superimposed on chronic hypertension –

development of new signs associated with preeclampsia after

the 20th week of pregnancy in women with chronic
hypertension
A variety of definitions of preeclampsia with different
specifications for both features is used, particularly for
research purposes. Clinically:

. hypertension is defined as blood pressure of equal to or
greater than 140mmHg systolic or 90mmHg diastolic in
two consecutive measurements and occurring after
the 20th week of pregnancy

. proteinuria is defined as a protein concentration of
more than 500mg/l in a random specimen of urine or
a protein excretion of more than 300mg per 24 h

. eclampsia is the occurrence of seizures in a woman with
preeclampsia.

Women with first pregnancy, extremes of age, obesity,
multiple pregnancy, preexisting hypertension or renal
disease, who have had preeclampsia or eclampsia in a
previous pregnancy, and with a family history of preg-
nancy are more at risk of developing preeclampsia.

Identification of reduced placental perfusion or vascu-
lar resistance dysfunction by Doppler ultrasonography or
high levels of urinary kallikrein may be useful in diagnos-
ing preeclampsia during early pregnancy, but widespread
use of these techniques, particularly in resource-poor
settings, is limited due to technological requirements.
Regular screening of blood pressure, urinary protein,
and fetal size during antenatal care visits is currently the
only strategy for early diagnosis of preeclampsia. High-
risk women should be screened more frequently between
24 and 30weeks of pregnancy, when the onset of the
disease is most common.

If the hypertension is severe (blood pressure
�170mmHg systolic or�110mmHg diastolic), treatment
should include antihypertensive drugs. The effectiveness
of antihypertensive treatment in mild to moderate hyper-
tension has not been established. Magnesium sulfate is
the drug of choice for preeclampsia to prevent eclampsia,
as well as for eclampsia to reduce recurrence of convul-
sions and maternal death.

Studies on the effectiveness of a range of nutritional
(vitamins, antioxidants) or non-nutritional (antiplatelet
agents, calcium) strategies to prevent preeclampsia have
provided no conclusive evidence. The only recommended
strategy is the use of low-dose aspirin in high-risk nullip-
arous women and women with poor obstetric history.
Sepsis

Sepsis, in particular, postpartum sepsis, is an important
cause of maternal death in developing countries, but is
very rare in more developed countries where historically
most of the deaths were due to sepsis. The invention and
widespread use of antibiotics and recognition of the
importance of clean delivery practices with skilled deliv-
ery attendants brought a sharp decline in the number of
maternal deaths, in particular those caused by postpartum
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sepsis, during the first half of the 20th century. Currently,
less than 1% of deliveries in developed country settings
are complicated with sepsis, which usually results from
rare hospital infections.

Sepsis is a systematic response to infectious agents or
their byproducts. It develops most frequently from urinary
tract infections, chorioamnionitis, postpartum fever (due
to pelvic infection, surgical procedures, endometritis), or
septic abortion. The infectious agents are either endoge-
nous (i.e., they already exist as part of the normal flora of
the woman’s genital tract or as an existing infectious agent)
or exogenous (i.e., acquired from outside sources such as
deliveries or abortions taking place under unhygienic con-
ditions) and most frequently include Streptococcus, Gram-
negative bacteria, gonococcus, chlamydia, herpes simplex,
and the organisms causing bacterial vaginosis. The effects
of malaria and HIV/AIDS in areas where these infections
are frequent are also increasingly recognized, although the
mechanisms by which these infections cause sepsis are not
clearly identified.

The usual signs of infection, such as fever, tachycardia,
and leukocytosis at the early stages, if not treated appro-
priately, convert to severe sepsis with signs of multiple
organ effects, such as hypothermia, hypotension, enceph-
alopathy, oliguria, and thrombocytopenia. This can fur-
ther lead to septic shock, which is a highly lethal
syndrome in both developing and developed countries.

Management of sepsis involves treatment of the causa-
tive agent with appropriate antibiotics and interventions
targeted to deal with presenting signs, such as hypovole-
mia, encephalopathy, or clotting problems.

Sepsis is preventable by:

. treatment of existing infection with appropriate anti-
biotics;

. prophylactic use of antibiotics for cesarean section, for
women with preterm pre-labor rupture of membranes,
and for high-risk women (women with previous sponta-
neous preterm delivery, history of low birthweight, pre-
pregnancy weight less than 50 kg, or bacterial vaginosis
in the current pregnancy); and

. clean delivery/pregnancy termination practices (infec-
tion control), including hand hygiene of providers
and use of sterile, preferably disposable, supplies and
equipment.
Obstructed labor

Obstructed labor is the failure of labor to progress due
to mechanical obstruction. The source of the problem may
be the mother (such as a contracted pelvis or tumor causing
obstruction), the baby (such as a large or abnormal baby or
abnormal position, presentation, or lie), or both. Most
frequently, the problem is related to a relative size discrep-
ancy between a normal baby and the pelvis of a healthy
mother. In women experiencing their first pregnancy,
obstructed labor usually leads to decreasing uterine
activity and prolonged labor with the possibility of infec-
tion, postpartum hemorrhage, and vesicovaginal fistula for-
mation, whereas in multiparous women uterine activity
may continue to the point of uterine rupture.

Poor progress of labor may be due to obstruction, cer-
vical dystocia, inefficient uterine activity, or a combination
of these. The clinical diagnosis is usually based on poor
progress of labor despite adequate uterine activity, together
with visible signs of obstruction such as molding of the fetal
skull. The definition of obstructed labor generally involves
the length of labor (such as >12 or >18h, or second
stage >2 h), although other definitions involving clinical
signs (such as uterine ring, pre-rupture, second stage trans-
verse lie) are also used. According to the unpublished data
from the WHO database of maternal mortality and mor-
bidity, prevalence (with the definition of labor lasting
>18 h) is in general less than 1% in developed country
settings and may be up to 5% in less developed countries.

Black race, short maternal height, and maternal obesity
were suggested as potential risk factors, although there are
no agreed criteria for their use to predict obstructed labor.
In settings where common, scarring due to female genital
mutilation may cause obstructed labor. Women with pre-
vious obstructed labor are at risk of experiencing future
obstruction.

In settings with ready access to safe cesarean section,
the management of obstructed labor is straightforward
and related maternal mortality is extremely rare, although
perinatal and maternal morbidity may occur. However,
when cesarean section is not readily accessible, obstructed
labor is a major cause of maternal mortality and severe
morbidity by leading to uterine rupture, postpartum hem-
orrhage, sepsis, and obstetric fistula. Uterine rupture is a
serious complication of obstructed labor, particularly in less
developed settings. In developed countries, uterine rupture
is typically seen in women with scarred uterus due to
previous cesarean section.

The widely accepted interventions for preventing
obstructed labor are the correction of breech presentation
by external cephalic version at term and cesarean section.
When cesarean section is not available or unsafe, symphy-
siotomy is a life-saving intervention for both themother and
the baby, although it has long been regarded as an unac-
ceptable operation due to the perceptions of complications.
Venous thromboembolism

Venous thromboembolism refers to two related conditions –
venous thrombosis and pulmonary embolism – that affect
pregnant women. Pulmonary embolism arises from venous
thrombosis, which is the process of clotting within the
veins. It represents the leading cause of maternal deaths
in developed country settings, despite being a rare event
with a prevalence of less than 1%. Major risk factors
for venous thromboembolism in pregnant women are
shown in Table 8.



Table 8 Risk factors for venous thromboembolism

Age older than 35 years
Cesarean section

Operative vaginal delivery

Body mass index (BMI) >29
Thrombophilia

History of deep venous thrombosis or pulmonary

thromboembolism

Gross varicose veins
Existing infection

Preeclampsia

Immobility

Medical conditions such as cardiac problems
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Venous thrombosis predominantly occurs in the legs
and presents with clinical signs of pain, discomfort,
swelling, and tenderness in the affected leg. Because pro-
blems such as swelling of the legs and discomfort are
common in normal pregnancies, the clinical diagnosis of
deep venous thrombosis is difficult. Only 10% of pregnant
women who have such symptoms are diagnosed with deep
venous thrombosis. It is, however, important to objectively
diagnose the condition, because approximately one-fourth
of women with untreated deep venous thrombosis develop
pulmonary embolism.

In the majority of the cases where the thrombus is in
the legs, the abovementioned clinical signs precede pulmo-
nary embolism, but in others, where the thrombus is in the
pelvic veins, the woman is usually asymptomatic until pul-
monary embolus occurs. Themost common clinical signs of
pulmonary embolism are breathlessness, chest pain, cough,
collapse, and hemoptysis. Advanced techniques such as
compression ultrasonography and sophisticated computer-
ized tomography scanners are used to diagnose deep venous
thrombosis and pulmonary embolism, respectively.

The exact strategy to manage venous thromboembolism
during pregnancy is still debated, but treatment generally
includes the use of appropriate anticoagulants, mostly hep-
arin. In deep venous thrombosis, the use of anticoagulants
decreases the risk of developing embolism to less than 5%.
Limitation of activity and use of elastic stockings are the
recommended supportive measures. Anticoagulant use
should be continued following delivery, but the evidence
on the optimum length of use is limited. Current practice is
to continue for at least 6weeks. Thromboembolism can
recur; thus, pregnant women with a previous event should
be given prophylactic anticoagulants.
Other major morbidities

A summary of other contributors of severe maternal mor-
bidity and mortality not examined above is shown in
Table 9. A final category that requires special attention
is the effect of non-pregnancy-related infections – namely
those of AIDS and malaria. These are classified among
the indirect causes of maternal deaths as a subcategory of
non-pregnancy-related infections.
The effect of AIDS

The most significant evidence on the contribution of
AIDS to maternal deaths comes from the CEMD in
South Africa (Pattinson, 2003, 2006). The inquiry attrib-
uted 17.0% and 20.1% of all maternal deaths to AIDS in
1999–2001 and 2002–2004, respectively. Moreover, the
increase of deaths in hemorrhage, sepsis, and other non-
pregnancy-related infections compared to the previous
years was also suggested to be due to the effect of AIDS.

The mechanisms by which AIDS causes maternal
deaths have not been clearly identified. There is some
evidence from developing countries that pregnancy
may be accelerating the disease, particularly in late stages.
The presence of AIDS increases the severity of the com-
plications of pregnancy and delivery, including ectopic
pregnancy, spontaneous abortion, bacterial pneumonia, uri-
nary tract infections, opportunistic infections (such as
tuberculosis) and other infections, preterm delivery, hem-
orrhage, and sepsis that might eventually cause death. It
appears that both the effects of infection and its complex
interaction with related medical and social conditions
that affect pregnancy are possible explanations of increased
adverse pregnancy outcomes due to AIDS.
The effect of malaria

The proportion of maternal deaths attributable to malaria
ranges between 2.9–17.6% in community-based studies in
Africa (Brabin and Verhoeff, 2002), although the causal
pathways between the infection and death, as in HIV, have
not been established. The contribution of malaria to mater-
nal deaths might be through its associationwith preeclamp-
sia, eclampsia, hemorrhage, sepsis, and anemia. It has
also been suggested that comorbidity with HIV increases
malaria-related maternal deaths. In addition, pregnant
women are more susceptible to infection than nonpregnant
women are, and preventive measures should be a part of
antenatal care where malaria is endemic.
Minor Morbidities

Obstetric trauma

Conditions that do not lead to serious maternal morbidity
or death but cause long-term disability are included
under this category. Sequelae of obstetric trauma, such
as episiotomies or lacerations that are inappropriately
managed and obstetric fistula, can cause lifelong suffering
in varying degrees.

Lacerations involving the anal muscle and sphincter
may cause rectal incontinence and uterine prolapse by
weakening the support provided by the pelvic diaphragm.
High parity, episiotomy, and cesarean section increase
the risks of fecal or flatus incontinence. Urinary inconti-
nence occurs with deep lacerations of the anterior vaginal
compartment following spontaneous, forceps, or vacuum
delivery.



Table 9 Other major maternal morbidities

Epidemiology

Condition Definition/notes Developed countries Developing countries

Direct

Ectopic

pregnancy

Implantation of pregnancy outside the

uterus – 95% in the Fallopian tubes

1.6–2.2% of all pregnancies;

6–8% of pregnancy-related

deathsa

0.4–2.3% of all live births; 1.2–3.5%

of pregnancy-related deaths

(African countries)a

Anesthesia –

complications

Failed intubation, aspiration of gastric

contents, local anesthetic toxicity or

high epidural block

1.6% of pregnancy-related

deaths (USA)b
3.9% of pregnancy-related deaths

(South Africa)c

Amniotic fluid

embolism

Entering of amniotic fluid into

circulation

1 of 20 000 deliveries; 7.5–10%

of pregnancy-related deaths

(USA)b

(All embolism) 6% of pregnancy-

related deaths (South Africa)c

Complications
of abortion

Difficult to estimate the burden –
cause severe morbidity and death

through hemorrhage, sepsis,

uterine rupture; misclassification

under these conditions is frequent

Negligible Depends on legal, cultural, religious
factors – 3.9% of pregnancy-

related deaths (South Africa)c

Indirect

Preexisting

medical
disease

Cardiac disease due to congenital

anomalies, cardiomyopathy,
aneurysm, myocardial infarction;

cancer; renal disease;

cerebrovascular disease (CVA)

Percent of pregnancy-related

deaths: cardiac disease: 8%
(USA)b, 14% (UK)d cancer:

9% (UK) CVA: 5% (USA)b

Percent of pregnancy-related deaths:

cardiac disease: 3% (South Africa)c

preexisting maternal disease: 9%

(South Africa)c

Suicide Mostly due to postpartum
depression – with the

improvements in maternal health

care and reductions in deaths from

direct causes, increasingly
becoming a significant contributor

to maternal deaths

1.8–15% of all maternal
deaths (studies from USA,

Sweden, UK)e

1.8–15% of all maternal deaths
(studies from India, Bangladesh,

Zimbabwe)e

Anemia-related Death due to anemia may occur due

to its direct effect or secondary to
adverse events, such as

hemorrhage

Negligible 35–75% of pregnant women have

anemia, 15–20% severe anemia
(hemoglobin <8g/dl);f significant

contributor to maternal deaths

in Asia
Coincidental –

accidents,

homicide

Homicide rate for pregnant women

reported to be twice the rate for

nonpregnant women

0.8–24.6% of all maternal

deaths (studies from USA,

Sweden)e

2% of all maternal deaths (one study

in Bangladesh)e

aGoyaux N, Leke N, Keita N, and Thonneau P (2003) Ectopic pregnancy in African developing countries. Acta Obstetricia et Gyneco-

logica Scandinavica 82: 305–312.
bDanel I, Berg CJ, Johnson JH, and Atrash H (2003) Magnitude of maternal morbidity during labor and delivery: United States,

1993–1997. American Journal of Public Health 93: 631–634.
cPattinson RC (2003) Saving Mothers 1999–2001: Second Report on Confidential Enquiries into Maternal Deaths in South Africa.

Pretoria, Africa: Government Printer.
dLewisG (ed.) (2004) Why Mothers Die 2000–2002: The Confidential Enquiries Into Maternal Deaths in the United Kingdom. London:
RCOG Press.
eShadigian E and Bauer ST (2005) Pregnancy-associated death: a qualitative systematic review of homicide and suicide. Obstetric and
Gynaecological Survey 60: 183–190.
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Obstetric fistula (vesicovaginal or rectovaginal)
occurs due to prolonged obstructed labor when the genital
tract is compressed between the fetal head and the bony
pelvis. Prolonged pressure may result in necrosis with
subsequent vesicovaginal fistula formation, causing an
uncontrollable pass of urine from the vagina. Rarely, vesi-
cocervical fistula occurs when the anterior cervical lip is
compressed against the symphysis pubis. Rectovaginal fis-
tula occurs in a similar way to vesicovaginal fistula. In this
case, holes form between the tissues of the vagina and
rectum, leading to uncontrollable leakage of feces. Some
of these fistulas may heal spontaneously but, more often,
special repair is necessary. Despite appropriate repair,
Murray and colleagues (2002) reported persistence of
urinary incontinence in 55% of cases in Ethiopia.

Psychological/psychiatric problems

Pregnancy may be associated with a level of anxiety
reflecting fears surrounding delivery and the health of
the baby, which, in some women, can lead to clinically



Maternal Mortality and Morbidity 235
meaningful levels of anxiety and depression. Sustained,
high levels of anxiety may cause preterm delivery, pro-
longed delivery, and higher levels of delivery complica-
tions. Such anxiety also increases the risk of developing
postpartum depression, which is the commonest cause
of suicide among postpartum women, followed by post-
partum psychosis. Suicide in the postpartum period is
among the leading causes of maternal death, particularly
in developed countries (Table 9).
Conclusion

Pregnancy and childbirth may have negative outcomes
ranging from minor conditions to more serious morbid-
ities and even death. Among all maternal deaths, 99%
occur in developing parts of the world, where maternal
morbidities are also more prevalent. The classic major
severe morbidities of pregnancy contribute to a smaller
part of the relatively few maternal deaths in developed
countries because these conditions are preventable and
treatable. In these settings, rare conditions, such as obstet-
ric embolism, worsening of preexisting medical condi-
tions, and depression-associated suicide have become
the largest contributors of maternal deaths. In developing
countries, the major direct morbidities are still the main
causes of maternal deaths, together with emerging infec-
tions such as AIDS and malaria or anemia. The patterns of
maternal mortality and morbidity reflect the level of
development of the health systems to be able to cope
with severe consequences of major maternal morbidities.
Public health challenges of maternal health remain to:

. accurately measure the extent of the mortality and
morbidity and establish the patterns of both,

. address the weaknesses of health systems at both tech-
nical and functional levels, and

. ensure inclusion of populations that are most vulnera-
ble in the delivery of services.
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Disease Description

Measles is an acute viral illness caused by a virus in the
family Paramyxoviridae, genus Morbillivirus. The highly
contagious measles virus is transmitted following airborne
or droplet exposure. The average incubation period from
exposure to onset of the symptoms is 8 to 12 days.

Clinical Features

Measles is characterized by a prodrome of fever and
malaise, cough, coryza, and conjunctivitis that lasts 2 to
4 days. Koplik’s spots, an enanthem considered pathogno-
monic for measles, usually appears on the buccal mucosa
1 to 2 days before rash onset (Figure 1(a)). The rash is an
erythematous maculopapular eruption which usually
appears 14 days after exposure and spreads from the
head over the trunk to the extremities during 3 to 4 days
(Figure 1(b)). The rash is usually most confluent on the
face and upper body and fades during the next 3 to 4 days
in order of appearance.

Complications

Measles can be severe and is most frequently complicated
by diarrhea (8%), middle ear infection (7%–9%), and
pneumonia (1%–6%). The most serious complications
include blindness and encephalitis. Encephalitis fre-
quently results in permanent brain damage, and can
occur in 1 per 1000–2000 cases of measles. The most
severe sequela of measles virus infection is subacute scle-
rosing panencephalitis, a rare degenerative central ner-
vous system disease that can occur in 1 per 100 000 cases
and usually develops 7 to 10 years after infection. In
developing countries, mortality rates due to measles are
usually 1 to 5 per 1000 cases but may reach 10% to 30%.
Further Reading
Critchley H, MacLean A, Allan PL, and Walker J (eds.) (2003)
Preeclampsia. London: Royal College of Gynaecology Press.

Cunningham FG, Leveno KJ, Bloom SL, et al. (eds.) (2005) Williams
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Pneumonia is the most common complication from mea-
sles associated with death. The risk of severe complica-
tions and death is higher among children less than 5 and
adults greater than 20 years of age. In the United States,
measles has resulted in encephalitis in 1 in 1000 reported
cases during 1987–2000. One third of cases (29%) had
some complication, with 6% of cases complicated by
pneumonia and 19% of cases being hospitalized. During
that period, death was reported in 0.3% of the cases
(Perry and Halsey, 2004).

Global Public Health Burden

Measles is now rare in many industrialized countries;
however, it remains a common illness in many countries
of the world, mostly in developing countries. The World
Health Organization (WHO, 1999) estimates that more
than 20 million people are affected each year by measles.
In 2005, it was estimated that there were 345 000measles
deaths globally: this translates to more than 945 deaths
every day or 39 deaths every hour from measles. The
overwhelming majority (>95%) of measles deaths occur
in countries with per capita gross national income of less
than US$1000. The primary reason for the continuing
high childhood measles morbidity and mortality is the
failure to deliver at least one dose of measles vaccine to
all infants. In countries where measles has been largely
eliminated, cases imported from other countries remain
an important source of infection.

Diagnosis

Clinical Diagnosis

Measles should be suspected in patients with an acute
erythematous maculopapular rash and fever preceded by



Figure 1 (a) Measles Koplik’s spots. (b) Measles rash.
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a prodrome of cough, coryza, and conjunctivitis. Several
clinical features support the diagnosis of measles: a char-
acteristic prodrome of intensifying symptoms over 2 to
4 days, the presence of Koplik’s spots, a rash that pro-
gresses from the head to trunk and extremities, and the
appearance of fever shortly after rash onset. In the United
States, a clinical case definition used for public health
surveillance includes the presence of a generalized
maculopapular rash lasting 3 or more days; a temperature
101 �F (38.3 �C) or higher; and cough, coryza, or conjunc-
tivitis. Other countries use a less specific clinical defini-
tion that does not require a 3-day duration of rash.
Laboratory diagnosis is often used to confirm the diagno-
sis, especially for sporadically occurring cases.
Laboratory Diagnosis

Measles immunoglobulin M (IgM) antibody

In a susceptible person exposed to measles virus, an IgM
serologic response is usually detected around the time of
rash onset. In the first 72 hours after rash onset, however,
up to 30% of tests for IgM may give false-negative results;
therefore, tests that are negative on serum specimens
taken in the first 72 hours after rash onset should be
repeated. IgM is detectable for at least 28 days after rash
onset and frequently longer.

Measles immunoglobulin G (IgG) antibody

The IgG response to measles infection starts more slowly,
beginning about 7 days after rash onset, but typically
persists for a lifetime. Diagnosis of measles through mea-
surement of IgG antibody titers requires two serum
specimens, the first taken at the time of diagnosis (acute)
and the second collected 14 to 30 days after the first
(convalescent). Laboratory confirmation of measles
requires paired testing of acute and convalescent speci-
mens and the demonstration of a fourfold rise in IgG
antibody titer against measles.

Measles virus detection
Measles can also be confirmed by isolation of measles
virus in culture or detection of measles virus by reverse
transcription polymerase chain reaction (RT-PCR) in
clinical specimens such as throat swabs, nasopharyngeal
aspirates, or urine. Measles virus is more likely to be
detected when the specimens are collected within 3 days
of rash onset. Practically, clinical specimens should be
obtained within 7 days of rash onset to increase the likeli-
hood of detecting virus if present. If measles virus is
cultured or detected by RT-PCR, the viral genotype can
be determined and used to identify the genotypes asso-
ciated with imported cases of measles.
Treatment

There is no specific antiviral therapy for measles. The
basic treatment consists of providing necessary supportive
therapy such as hydration and antipyretics and treating
complications such as pneumonia. Vitamin A supplemen-
tation has been shown to decrease mortality and morbidity
from measles in community- and hospital-based studies
(D’Souza and D’Souza, 2002). WHO recommends
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treatment with vitamin A to all children diagnosed with
measles in communities where vitamin A deficiency is a
problem or the measles case-fatality rate is 1% or greater.
Because low serum concentrations of vitamin A have been
found in children with severe measles in the United
States, the American Academy of Pediatrics recom-
mends vitamin A supplementation for hospitalized mea-
sles patients 6months to 2 years of age, and for measles
patients 6months or older with any of the following con-
ditions: immunodeficiency, clinical evidence of vitamin A
deficiency, impaired intestinal absorption, moderate to
severe malnutrition, or recent immigration from areas
where high measles mortality rates have been observed.
Prevention

Vaccination

Measles vaccine contains live, attenuated measles virus.
It is available as a single-antigen preparation and in
combination formulations, such as measles-rubella (MR),
measles-mumps-rubella (MMR), and measles-mumps-
rubella-varicella (MMRV). Measles vaccine, as a single-
antigen or combined, is given subcutaneously in a dose of
0.5 mL. A single dose of measles-containing vaccine admi-
nistered in the second year of life induces immunity in
about 95% of vaccinees (King et al., 1991), and approxi-
mately 95% of persons who fail to respond to the first
dose respond to a second dose (Watson et al., 1996).

Indications

According to WHO recommendations, the first dose of
measles vaccine should be given at 9months old in most
developing countries because of the high morbidity and
mortality of measles in the first year of life. A second
opportunity for measles immunization is also recom-
mended. In the United States, the first dose of MMR is
routinely administered at 12 to 15months of age and the
second dose at 4 to 6 years of age (CDC, 2006), the
minimum interval between doses being 28 days. Com-
bined vaccines are recommended whenever one or more
of the individual components are indicated to provide
protection against mumps, rubella, and/or varicella.

Adverse reactions to vaccination

Fever greater than 39.4 �C (>103 �F) can occur in 5% to
15% of susceptible vaccinees, usually beginning 7 to
12 days after measles vaccination. Transient rashes, usually
appearing 7 to 10 days following vaccination, occur in 5%
of the individuals vaccinated with measles-containing vac-
cines. Mild allergic reactions such as urticaria or wheal and
flare at the injection site, generalized rash, and pruritis can
occur after measles vaccination. Severe anaphylactic reac-
tions are estimated to occur less than once per million
doses distributed. Clinically apparent thrombocytopenia
has been reported at a rate of approximately 1 case per
30 000 vaccinated children. The risk for febrile seizures is
approximately 1 case per 3000 doses of measles vaccine
administered. Encephalopathy has also been attributed to
measles containing vaccination with an estimated fre-
quency of 1 case per 2 million doses distributed.
Precautions and contraindications to vaccination

. Severe illness: Vaccination of persons with moderate or

severe febrile illness should generally be deferred until
they have recovered from the acute phase of their
illness.

. Allergy: Persons with severe allergy to gelatin or neo-
mycin (components of the vaccine) or who have had a
severe allergic reaction to a prior dose of measles
vaccine should not be vaccinated except with extreme
caution.

. Pregnancy: There is no evidence that measles vaccine
causes any damage to the fetus. However, it should not
be administered to women known to be pregnant be-
cause of theoretical risks to the fetus with administra-
tion of a live attenuated vaccine. Pregnancy should be
avoided for 1month after receipt of measles vaccine.

. Immunosuppression: Severely immunosuppressed
individuals should not be vaccinated with measles vac-
cine because of potentiated replication of viruses in
persons who have deficiency disorders.
. Steroids: Persons receiving high daily doses of corti-

costeroids (>2mg/kg per day or >20mg/day of
prednisone) for �14 days should not receive measles
vaccine because of concern about vaccine safety.
Measles vaccine should be avoided for at least
1month after cessation of high-dose therapy.

. Other immunosuppressive therapy: In general, mea-
sles vaccine should be withheld for at least 3months
after cessation of immunosuppressive therapy.

. HIV: Measles vaccine is not recommended for HIV-
infected persons with evidence of severe immuno-
suppression (i.e., CD4þ T-lymphocyte count
<15%).

. Immune globulins or other antibody-containing blood
products: Measles vaccine should be administered at
least 14 days before the administration of antibody-
containing blood products, such as immune globulin,
because passively acquired antibodies may interfere
with the response to the vaccine. Measles vaccination
should be delayed until 3 to 11months after administra-
tion of blood products, depending on the type of blood
product received (Kroger et al., 2006).

. Thrombocytopenia: Avoiding a subsequent dose of
measles vaccine may be prudent if an episode of throm-
bocytopenia occurred within approximately 6weeks
after a previous dose of vaccine.
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. Tuberculosis: Measles vaccine can suppress the re-
sponse to skin testing in a person infected with Myco-

bacterium tuberculosis. Tuberculosis skin testing can be
done on the day of vaccination. Otherwise, it should be
delayed for 4 to 6weeks after measles vaccination.
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Figure 2 Reported measles cases, United States, 1950–2006.

From Centers for Disease Control and Prevention.
Care of Exposed Persons

Use of vaccine

Measles vaccine, if administered within 72 hours of initial
measles exposure, may provide some protection. If the
exposure does not result in infection, the vaccine should
induce protection against subsequent measles infection.

Use of immune globulin
Immune globulin can be used to prevent or modify mea-
sles in a susceptible person if given within 6 days of
exposure. Immune globulin is indicated for household
contacts of patients with measles, particularly contacts
younger than 1 year, pregnant women, and immunocom-
promised persons for whom the risk of complications is
higher (American Academy of Pediatrics, 2006).
Public Health Impact of Vaccination
Programs

Despite the availability of an effective vaccine for over
40 years, measles remains the leading cause of vaccine-
preventable deaths in children. Nevertheless, remarkable
reduction of measles morbidity and mortality is being
achieved regionally and globally.

In the United States, measles vaccine was introduced in
1963. Before its introduction, roughly half a million cases
of measles were reported each year. In 1989 a two-dose
schedule was recommended and in 1998, the Advisory
Committee on Immunization Practices and the American
Academy of Pediatrics jointly recommended that states
ensure second-dose coverage of children in all grades
by 2001. The two-dose strategy has led to a dramatic
decline in measles cases. Current surveillance data indi-
cate that indigenous measles transmission has stopped,
and measles was declared eliminated in the United States
in 2000 (Katz and Hinman, 2004). Fewer than 150 cases
were reported each year during 1997–2005 and measles
incidence has decreased to a record low of 37 reported
cases in 2004 (Figure 2).

In recent years, outbreaks of measles in the United
States have been small, with less than 35 cases reported.
Recent outbreaks do not have a predominant setting but
mostly involve people who are exposed to imported
measles cases and who are unvaccinated or have received
only one dose of measles vaccine. Moreover, recent
outbreaks have often been associated with a lack of
adherence to existing recommendations for measles pre-
vention among high-risk groups such as travelers, health-
care workers, and communities that reject vaccination.

In the Americas, under the leadership of the Pan
American Health Organization (PAHO), Ministries of
Health of the member countries implemented an aggres-
sive measles elimination program. In 1994, ministers of
health of countries of North and South America established
the goal of eliminating measles from the Western Hemi-
sphere by the end of 2000. To accomplish this goal,
PAHOdeveloped a strategywith three essential vaccination
components: (1) catch-up – a one-time mass vaccination
covering all children ages 1 to 14 years regardless of prior
disease or vaccination status; (2) keep-up – achievement of
90% or greater immunization coverage in each successive
birth cohort; and (3) follow-up – subsequent mass cam-
paigns conducted every 3 to 5 years covering all children
ages 1 to 5 years irrespective of prior disease or vaccination
history. In addition to the vaccination strategy, case-based
surveillance with laboratory confirmation of suspected
measles cases has been established in all countries of the
Americas. Implementation of the PAHO strategy in the
Western Hemisphere has resulted in a greater than 99%
decline in reported measles cases from a high of almost
250 000 cases in 1990 to 85 cases in 2005, the lowest annual
total ever (Figure 3).

In May 2003, the 56th World Health Assembly unani-
mously adopted a resolution to reduce measles deaths by
50% by the end of 2005 compared with 1999 levels.
This goal was established a year earlier by the United
Nations General Assembly Special Session on Children,
‘‘World Fit for Children.’’ In May 2005, the 58th World
Health Assembly adopted the WHO/UNICEF Global
Immunization Vision and Strategy (GIVS). GIVS calls
on countries to reduce global measles deaths by 90% by
2010 compared with 2000 estimates. The strategy recom-
mended by the WHO for sustainable measles mortality
reduction includes four components:

Strong routine immunization. In countries with mortality
reduction goals, the first dose of measles vaccine should
be given to children at the age of 9months or shortly
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thereafter through routine immunization services. This is
the foundation of the sustainable measles mortality
reduction strategy. At least 90% of children should be
reached by routine immunization services every year, in
every district.
‘Second opportunity’ for measles immunization. Recommen-
dation of a second opportunity for measles immuniza-
tion to assure measles immunity in children who failed
to receive a previous dose of measles vaccine, as well as
in those who were vaccinated but failed to develop
immunity following vaccination (approximately 10%
to 15% of those children vaccinated at 9months of age).

The second opportunity prevents the accumula-
tion of susceptible children because many older chil-
dren may have missed measles vaccination and may not
have been infected, so they are not immune. The second
opportunity for measles immunization can be imple-
mented either through routine immunization services
(if high coverage can be achieved and maintained over
time) or through periodic supplementary immuniza-
tion activities (SIAs). SIAs target large populations of
children (entire nations or large regions) and aim to
achieve immunization coverage of over 90%.
Adequate surveillance. Prompt recognition and investiga-
tion of measles outbreaks provides important information
about program impact and assures the implementation of
appropriate outbreak response activities. Standard mea-
sles surveillance guidelines have been developed and
should be implemented (WHO, 1999).
Improvement of clinical management of measles cases. This
includes vitamin A supplementation and adequate
treatment of measles complications, if needed, with
antibiotics.
Major progress has been made in reducing global mea-
sles mortality by implementation of these strategies.
Worldwide, more than 360 million children received mea-
sles vaccine through SIAs during 2000–2005. During the
same period, improvements in routine measles vaccina-
tion coverage and implementation of measles SIAs have
resulted in a 60% decrease in the estimated number of
global measles deaths. This reduction was highest in
Africa where measles morbidity and mortality decreased
by nearly 75%. Therefore, the goal to reduce global
measles deaths between 1999 and 2005 by 50% has been
not only achieved but exceeded.

Based on the success in the Americas using
PAHO’s strategies, measles elimination targets have been
established in the European and Eastern Mediterranean
regions for the year 2010, and the Western Pacific region
for 2012. The African and South-East Asian regions have
set goals for sustainable reductions in measles mortality.
See also: Pneumonia; Vaccines, Historical; Vitamin A

Deficiency and its Prevention.
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Introduction

Health-related quality of life (HRQOL) refers to howwell a
person functions in their life and his or her perceived well-
being in physical, mental, and social domains of health.
HRQOL includes whether the person can carry out a
range of activities of daily living such as bathing or dressing
him- or herself (physical functioning). It also includes
whether the person can climb stairs, walk, or run. Other
relevant aspects of functioning include the extent to which
one is able to interact with family, friends, and others (social
functioning). The functional part of HRQOL consists of
behaviors that can be observed by other people.

The well-being part of HRQOL refers to internal, sub-
jective perceptions such as vitality, pain, anxiety, depressive
symptoms, and general health perceptions. These percep-
tions are not directly observable by others. A person who is
anxious might look nervous to an external observer or
someone in pain might grimace, but these external signs
can be hidden, difficult to detect, and provide at best an
indirect indicator of the way the person feels.
Methods of Assessing Health-Related
Quality of Life

The target person is considered the best source of infor-
mation about his or her functioning and well-being.
Hence, the usual mode of assessing HRQOL is through
self-reports. HRQOL data are typically gathered using
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either self-administered surveys (e.g., mail) or inter-
viewer-administration (e.g., telephone).

When it is not possible to obtain HRQOL data from the
target respondent, HRQOL data can be collected using a
proxy (e.g., family member or clinician). Proxy responses
are more often used in studies of children or adults who are
severely ill or cognitively impaired. Agreement between
proxy and self-reports tends to be better for more observ-
able aspects of HRQOL, such as physical functioning, than
for internal perceptions such as emotional well-being
(Hays et al., 1995; Magaziner et al., 1997).
Generic versus Targeted HRQOL Profile
Measures

Generic HRQOL measures are analogous to intelligence
tests in that they are designed to be relevant to anyone and
allow different people to be compared to one another
because they have taken the same test. Generic profile
measures yield scores on multiple aspects of HRQOL.

The SF-36 is themost well-recognized genericHRQOL
profile measure in the world today. It comprises 36 items
selected from a larger pool of items used in the RAND
Corporation’s Medical Outcomes Study (MOS). Twenty
of the items are administered using a ‘past four weeks’
reporting interval. The SF-36 assesses eight health concepts
using multi-item scales (35 items): physical functioning (10
items), role limitations caused by physical health problems
(4 items), role limitations caused by emotional problems
(3 items), social functioning (2 items), emotional well-being
(5 items), vitality (4 items), pain (2 items), and general
health perceptions (5 items). An additional item assesses
change in perceived health during the last twelve months.

Generic HRQOL profile measures such as the SF-36
are often used to compare the relative burden of disease
for different groups of patients. For example, SF-36 phys-
ical functioning and emotional well-being scores for 2864
HIV-infected individuals in a probability sample of adults
with HIV receiving health care in the United States were
compared to patients with other chronic diseases and to
the general U.S. population (Hays et al., 2000). SF-36
physical functioning scores were about the same for adults
with asymptomatic HIV disease as compared with the
U.S. general population but were much worse for those
with symptomatic HIV disease (by one standard deviation
[SD]), and worse still (by another standard deviation) for
those who met criteria for AIDS. Patients with AIDS had
worse physical functioning than those with some of the
other chronic diseases (epilepsy, gastroesophageal reflux
disease, clinically localized prostate cancer, clinical
depression, diabetes). SF-36 emotional well-being was
comparable among patients with various stages of HIV
disease, but was significantly worse than the general U.S.
population and patients with other chronic diseases with
the exception of depression. In a separate analysis from
the same dataset, HRQOL for HIV patients coinfected
with chronic viral hepatitis was shown to be similar to
those with HIV monoinfection (Kanwal et al., 2005).
HRQOL Targeted Profile Measures

Targetedmeasures are constructed to fill the gaps in generic
instruments by tapping aspects of HRQOL that have par-
ticular relevance to peoplewith the characteristic of interest
(e.g., age, gender, disease). A common target for these mea-
sures is a particular disease or condition. Patrick and Deyo
(1989) recommended use of both a generic measure and
disease-targeted items. For instance, the Kidney Disease
Quality of Life (KDQOL) instrument (Hays et al., 1994)
includes the SF-36 as the generic core plus items that
assess symptoms and problems associated with kidney
disease such as the effects of the disease on daily activ-
ities, burden of kidney disease, work, quality of social
interaction, sexual function, and sleep.

Disease-targeted measures have the potential to be
more sensitive to smaller differences and smaller change
over time than generic measures because they are selected
to be relevant to a given condition. In a study of HRQOL
in men treated for localized prostate cancer, there were no
differences on the SF-36 between those treated with
surgery, radiation, watchful waiting, or an age- and zip-
coded matched control group (Litwin et al., 1995). How-
ever, disease-targeted measures of sexual, urinary and
bowel function, and distress revealed worse HRQOL
among the treatment groups (e.g., radiation, surgery).

A fundamental consideration for including disease-
targeted measures in tandem with generic cores is the
unique information they capture. The National Eye Insti-
tute Refractive Error Quality of Life (NEI-RQL) multi-
item scales were found to account for 29% of the variance
in satisfaction with vision correction item beyond that
explained by the SF-36 and the National Eye Institute
Visual Functioning Questionnaire (NEI-VFQ) (Hays
et al., 2003). In a study of 598 persons with chronic eye
diseases, the NEI-VFQ scales were found to have low
correlations with the SF-36 (Mangione et al., 1998).
While the SF-36 was not associated with self-rated sever-
ity of gastrointestinal tract involvement, disease-targeted
scales in the Scleroderma Gastrointestinal Tract 1.0 sur-
vey were sensitive to differences in disease severity
(Khanna et al., 2007).
Summary Scores for HRQOL Profile
Measures

Profile measures provide multiple scores (one for each
domain assessed) and more comprehensive information
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about a person on a range of HRQOL indicators (e.g., the
eight SF-36 scales). However, there are times when sum-
mary scores are preferred. Summary scores provide par-
simony, but provide less information. Factor analyses are
employed to examine how higher-order factors or sum-
mary measures can be constructed over a range of
HRQOL indicators. Factor analyses of the SF-36 in the
United States provide strong support for two underlying
factors with physical health defined primarily by
measures of physical functioning, pain, and role limita-
tions due to physical health problems, and by mental
health reflected primarily by measures of emotional
well-being and role limitations caused by emotional pro-
blems (Hays et al., 1994). General health perceptions,
vitality, and social functioning represent both physical
and mental health about equally.

The SF-36 Physical Component Summary (PCS) and
Mental Component Summary (MCS) scores were derived
using an orthogonal (i.e., uncorrelated) factor model
(Ware et al., 1995). Inconsistent results have been found
between scale scores and the PCS and MCS because
‘mental health’ scales receive negative weightings in cre-
ating the PCS whereas ‘physical health’ scales receive
negative weightings in constructing the MCS. Thus, bet-
ter mental health tends to lower the PCS and better
physical health tends to lower the MCS. For example, a
study of 536 primary care patients who initiated antide-
pressant treatment found that the SF-36 physical func-
tioning, role limitations due to physical health, pain, and
general health perceptions scales improved significantly
by 0.3 to 0.5 standard deviations over time, but the PCS
did not change significantly (Simon et al., 1998). Inconsis-
tency can arise whenever the physical and mental scales
change in a consistent direction.

Hays and colleagues (1998) derived physical and men-
tal health summary scores using a correlated factor model
in a sample of 255 female and 245 males stratified by age,
race/ethnicity, and educational level to reflect the U.S.
population. Farivar et al. (2007) derived alternative sum-
mary scores for the SF-36 based on a correlated factor
model. The difference in factor scoring coefficients for
the PCS were as follows (standard scoring vs. alternative):
physical functioning (0.42 vs. 0.20), role limitations due to
physical health problems (0.35 vs. 0.31), bodily pain (0.32
vs. 0.23), general health perceptions (0.25 vs. 0.20), vitality
(0.03 vs. 0.13), social functioning (�0.01 vs. 0.11), role
limitations due to emotional problems (�0.19 vs. 0.03)
and emotional well-being (�0.22 vs. �0.03). For the
MCS the differences in factor scoring coefficients was as
follows: physical functioning (�0.23 vs. �0.02), role lim-
itations due to physical health problems (�0.12 vs. 0.03),
bodily pain (�0.10 vs. 0.04), general health perceptions
(�0.02 vs. 0.10), vitality (0.24 vs. 0.29), social functioning
(0.27 vs. 0.14), role limitations due to emotional problems
(0.43 vs. 0.20) and emotional well-being (0.48 vs. 0.35).
The alternative scoring reduces the number and size of
negative weights that produce inconsistencies between
scale and summary scores.
Preference-Based HRQOL Measures

While profile measures provide a wealth of information
over multiple HRQOL domains, if an intervention shows
improvements in some HRQOL scales and decrements in
others, it may be difficult to make an overall conclusion.
In addition, attrition due to mortality poses a unique
problem for profile measures. If those who die are
dropped from the analysis, results can be biased. Some
proposals for imputing HRQOL scores for the dead have
been made (e.g., Diehr et al., 1995), but no one approach is
entirely satisfactory.

Preference-based measures are designed to integrate
across domains of health to produce a single summary
score for each health state anchored relative to ‘dead’ (score
of 0) and ‘perfect health’ (score of 1). The preference-based
measure SF-6D is derived using a six-dimensional health
classification scheme (physical functioning, role function-
ing, emotional well-being, pain, social functioning, and
vitality) and a subset of items and categories from the
SF-36. Preference weights for 9000 health states defined
by combinations of responses to the SF-36 health survey
were derived. Visual analogue and standard gamble esti-
mating equations were developed to predict preference
scores for each possible health state. The 166 partici-
pants in the valuation study consisted of health profes-
sionals, health service managers and administrators, staff
at the University of Sheffield medical school, undergrad-
uates, and patients at hospital outpatient clinics (Brazier
et al., 1998). A larger study of 611 people from the UK
general population was used to finalize the scoring func-
tion (Brazier et al., 2002).

O’Brien et al. (2003) compared the SF-6D with the
Health Utilities Index, Mark 3 (HUI3) in a sample of
246 patients at increased risk of sudden cardiac death
who were participating in a randomized trial of implant-
able defibrillator therapy. Mean scores differed signifi-
cantly ( p< 0.05) for the SF-6D (0.58) and HUI3 (0.61).
Product-moment and intraclass correlations between the
two measures were only 0.58 and 0.42. Hence, future work
is needed to document and explain the variation in scores
produced by different preference-based measures.
Attributes of Good Measures

The ability of HRQOL data to enhance decision making
in health care, research, practice, and policy depends on
the quality of the instrument used. As reviewed in the
following subsections, key characteristics of a good
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HRQOL measure include the conceptual and measure-
ment model, reliability, validity, minimally importance
differences and interpretation of scores, respondent and
administrative burden, alternative assessment modalities,
and language translations.
Conceptual/Measurement Model

The U.S. Food and Drug Administration (2006) guidance
on patient-reported outcomes (PROs) for labeling and
promotional claims emphasizes the importance of identi-
fying concepts and domains that are important to patients
(Figure 1). In addition, the document argues for a clear
conceptual framework or specification of how items are
grouped into domains. The mapping of items to the con-
cepts they represent is a fundamental step in the develop-
ment and evaluation of HRQOL measures.

Focus groups and cognitive interviews can be very
helpful in developing and evaluating the conceptual
framework. Focus groups typically consist of a moderator
interacting with six to twelve people representing the
target population, significant others (e.g., family), or
health-care providers of the target population. Focus
groups may be used during all stages of instrument devel-
opment and evaluation. In early stages, focus groups may
respond to open-ended questions that elicit information
about important issues and concerns about the HRQOL
construct. This may uncover cultural differences in
the experiences of the HRQOL domain. Further, it is
possible to use focus groups to obtain feedback on item
formulation and how items are perceived. For lengthy
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Figure 1 How are PROs developed?: The FDA perspective.
instruments, focus group members typically complete
the instrument in advance and the moderator may ask
individuals to discuss complex terms and identify unclear
items. Focus groups may also help in generating hypoth-
eses or explanations for interpreting data that have been
collected (Aday, 1996).

Cognitive interviewing is a powerful tool for gaining
a better understanding of the underlying or covert process
involved in responding to survey items through the use of
verbal probing techniques (Willis, 2005). It is used to
evaluate the quality of each item in terms of a person’s
understanding of the item, ability to retrieve the appropri-
ate information, decision making on reporting retrieved
information, and selection of the response. Further, cog-
nitive interviews can be used to examine relationships
between participant characteristics, such as ethnicity, and
responses to HRQOL items.

The cognitive interview process includes both the
administration of an instrument and the collection of
additional verbal information about the survey responses
(Beatty, 2004). Cognitive interviewing encompasses the
more specific practice of cognitive debriefing. The term
cognitive debriefing is typically associated with following
up with a respondent through the use of retrospective
probes, after he or she has completed an instrument
with a line of questions aimed at uncovering any difficul-
ties the person may have experienced with either the item
content or instructions. For cognitive interviews that
involve concurrent probing, the interviewer follows each
question with a series of probes to capture participant
understanding. In contrast to the retrospective cognitive
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debriefing, concurrent probing can yield information
about the cognitive processing of the item at a point
close in time to when it is first presented. It is recom-
mended that five to twelve persons are used for cognitive
interviews with a second, iterative round of testing to
evaluate items revised from the first round (Willis, 2005).

Cognitive interviews can include both scripted probes
to ensure that particular information is collected in every
interview and then could be compared across all inter-
views and emergent, nonscripted probes that help
interviewers make sense of gaps or contradictions in par-
ticipants’ responses and provide contextual information
needed to precisely define item problems. If sufficient
numbers of cognitive interviews are conducted, a coding
mechanism allows researchers to use quantitative meth-
ods (e.g., logistic regression) to determine if problems
encountered during the interviews are due to a number
of factors including cultural effects. Cognitive interview-
ing has been employed as an instrument evaluation tool in
several HRQOL studies.
Reliability

The first attribute evaluated and reported typically is reli-
ability, the extent to which a measure yields the same
number or score each time when the construct being
measured has not changed. Internal consistency reliability,
the primary method of estimating reliability for multi-item
scales, provides information about the associations among
different items in the scale. Internal consistency is typically
indexed by coefficient alpha, which is estimated using a
two-way fixed-effect analysis of variance (ANOVA) that
partitions the ‘signal’ (i.e., between person variance) from
the ‘noise’ (i.e., interaction between people and responses to
different items). Alpha can also be expressed as: a¼ (K�
Rii)/(1þ (K� 1)� Rii). This alternative expression illus-
trates how reliability increases with the number of items (K)
in a scale and the intraclass correlation (estimated reliability
for a single item), which is based on the correlations among
items (Rii). A multi-item scale is typically more reliable
than a single-item measure.

Test-retest reliability is the only option available for
single item scales, but can be used for multi-item scales as
well. Picking the optimal time interval for test-retest
reliability may be difficult. It should not be too soon
such that responses at the second assessment are simply
memories of the first assessment, yet not so long that true
change in the construct has occurred during the time
interval between the initial and subsequent HRQOL
assessment.

Reliability coefficients range in theory between 0 and 1,
with 0.70 the standard threshold for adequate reliability
for use of measures for group comparisons. For individual
applications, a more stringent minimum threshold of
0.90 reliability has been suggested (Nunnally, 1978).
The higher standard is needed because the error around
an individual’s score is larger than the error around a
group mean score. For example, even with a reliability
of 0.90, the individual’s standard error of measurement –
SD� square root of (1� reliability coefficient)¼ 0.30�
SD. If the SD of a measure is 10 as it is with the SF-36v2
scales, then the width of the 95% confidence interval
around an individual’s score is 12 points (greater than a
SD) as it extends from 6 points below to 6 points above the
estimated true score. Using the same instrument in a
group, a sample size of 25 people would result in the
width of the 95% confidence interval around the group
mean to be 2.4 points (approximately one-quarter of a SD).

Reliability and standard error of measurement (SEM)
are inversely related; the more reliable the instrument,
the smaller the SEM. This association has important
implications for the sample size needed to detect group
differences in HRQOL measures. For example, adjusting
for the SEM, the required sample size per group to detect
a difference between baseline and follow-up of about one-
third of a SD is about 297 versus 227 per group if the
reliability is 0.69 versus 0.84, respectively (Zimmerman
and Williams, 1986).

The limitation of the traditional measures of reliability
is that they assume that the reliability of a scale is fixed for
all score levels. For example, a pain instrument with a
reliability of 0.82 would be considered acceptable for mea-
suring a group’s average state of pain no matter if the group
experiences mild, average, or severe levels of pain. In
contrast, item response theory (IRT) provides an alterna-
tive assessment of reliability in terms of item and scale
information curves. The IRT information curve indicates
the precision (reciprocal of the error variance) of an item or
scale for measuring different levels along its underlying
HRQOL trait continuum. Thus, the reliability of an item or
scale varies depending on the trait level one is assessing.
Items are most useful when they are appropriate or
matched to the individual completing it. For instance,
asking a person who is generally happy and content with
life about thoughts of suicide in the last week is not likely to
be informative for measuring his/her emotional distress
level. Items are most informative when the answer that
someone will give is less certain probabilistically (e.g., just
as likely to say ‘yes’ as ‘no’ to a dichotomous question).
Because of the emphasis on assessing dysfunction, informa-
tion curves for measures often reflect higher precision for
measuring worse HRQOL than for measuring better
HRQOL. This is appropriate for determining if an inter-
vention has an effect on the population if dysfunction is the
range of the continuum targeted by the measure.
Validity

Validity is the extent to which an instrument measures
that which it was intended to measure and not something
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else. There are three main subtypes of validity: content,
criterion, and construct. Content validity is the extent to
which a measure represents the appropriate content and
the variety of attributes that make up the measured con-
struct. Another way of expressing content validity is the
adequacy of sampling of the material in the measure.
Adequate sampling is best ensured by a plan for content
and item construction before the measure is developed.
Focus groups and other qualitative methods (e.g., cogni-
tive testing) are sources for appropriate content. A group
of experts can examine items and can either endorse the
content validity or identify any important gaps in content.
Face validity is considered a form of content validity in
which the content of a scale is evaluated in terms of the
extent to which it is perceived to be measuring what it is
supposed to measure by patients or experts.

Criterion-related validity refers to the extent to which
the measure agrees with an external standard, typically a
‘gold standard’ measure. An example would be the devel-
opment of an observational measure of how well an indi-
vidual is breathing and comparing it to the gold standard
of a pulse oximeter that measures oxygen saturation.
Because there is typically no gold standard for HRQOL
measures, criterion-related validity is usually not applica-
ble. For situations in which it is appropriate, evaluation of
criterion-related validity would involve determining the
extent to which the new measure is consistent or captures
the essence of the gold standard measure. For example,
one might employ contingency table analyses of sensitiv-
ity and specificity or area under the curve analyses to
assess the level of agreement of the new measure with the
standard.

Construct validity is the extent to which the measure
‘behaves’ in a way consistent with theoretical hypotheses
and represents how well scores on the instrument are
indicative of the theoretical construct. Construct validity
evaluation includes the degree to which a measure corre-
lates with other measures to which it is similar and does
not correlate with (diverges from) measures that are dis-
similar. A surplus of terminology exists in the literature
that falls into the general class of construct validity. For
example, the multitrait, multimethod approach to validity
assessment refers to convergent and discriminant validity
as aspects of construct validity. Although responsiveness
(i.e., an instrument’s ability to capture sensitivity to
change) is often described as a separate psychometric
property of HRQOL instruments, in actuality it is one
aspect of the construct validity of a measure because a
valid measure should change in accordance with true
underlying change (Hays and Hadorn, 1992).

Construct validity is typically examined using bivari-
ate correlations, factor analysis, and multivariate regres-
sion models. For example, one could hypothesize that a
breast cancer patient’s self-esteem was positively asso-
ciated with breast-conserving surgery. One could regress
self-esteem on type of surgery (e.g., lumpectomy, partial
mastectomy, radical mastectomy) and background vari-
ables such as age, marital status, and educational level.
A statistically significant finding for type of surgery would
support the hypothesis and construct validity of the mea-
sure of self-esteem. A more complicated example is as
follows. Suppose one hypothesized that larger breast size
was associated with lower self-esteem in men but higher
self-esteem inwomen. One could then compute rankorder
correlations separately by gender between a category
measure of size (A, B, C, D, DD) and a self-esteem mea-
sure. In addition, one could regress self-esteem on a gen-
der dummy variable (female¼ 1; male¼ 0), breast size,
the interaction of female gender with size, and some
background variables such as age and educational attain-
ment. The presence of a positive significant interaction
term would support the hypothesis and construct valid-
ity of the measure of self-esteem. One might also imagine
more refined hypotheses, such as a quadratic effect among
females such that intermediate cup size (e.g., B or C), are
associated with the highest level of self-esteem.
Minimally Important Difference and the
Interpretation of Scores

The minimally important difference (MID) is the smallest
change in HRQOL that is perceived by patients as bene-
ficial or that would result in a change in treatment
(Guyatt et al., 2002). Evaluating the MID is a special
case of examining responsiveness to change that focuses
on the people who are deemed to have had ‘minimal’
change. Hence, a fundamental aspect of estimating the
MID is identifying the subgroup of people who have
changed by a minimal amount. The essential step is to
use external information or anchors (retrospective mea-
sures of change, knowledge about the course of health
over time, clinical parameters) to identify those who have
changed.

The best anchors are ones that identify those who have
changed but not too much. In other words, it is important
to identify the subset of people who have experienced
minimal, but detectable, change. Figure 2, for example,
shows a hypothetical plot of the impact on physical func-
tion of four life interventions. The change from preinter-
vention to postintervention is displayed on the y-axis.
Changes in physical function for getting hit by a feather,
rock, bike, and car are 0, 2.5, 12.5, and 20, respectively.
Assuming the physical function scale has a standard devi-
ation of 10, the getting hit by a car intervention results in a
substantial impact on physical function (two standard
deviations). At the other extreme, the feather has no
detectable impact on physical function. The bike impacts
physical function by 1.25 standard deviations and the rock
impacts it by about a quarter of a standard deviation. If
one had the highest possible physical functioning at
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Figure 2 Hypothetical change in physical function (T-score units) by magnitude of intervention.
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baseline, a decline of 1.25 standard deviations on the SF-
36 physical functioning scale would occur at follow-up by
a report of being limited ‘a lot’ in vigorous activities,
limited ‘a little’ in moderate activities, and limited a lot
in climbing several flights of stairs. A decrease by one
quarter of a standard deviation would occur if one
reported being limited a little in vigorous activities.

The car, bike, and feather interventions would not be
good anchors for estimating the MID because they would
be expected to produce changes in physical function that
are either nonexistent (feather) or too large (bike or car).
One might argue, however, that getting hit by a rock could
be an anchor that might be useful for estimating the MID
in physical function.

One type of anchor that has been used in the past is
asking study participants at follow-up to report how much
they changed since baseline of a study using a multiple
categorical response scale such as ‘got a lot better,’ ‘got a
little better,’ ‘stayed the same,’ ‘got a little worse,’ ‘got a lot
worse.’ People who reported either getting a little better
or a little worse constitute the minimal change subgroup.
The change in HRQOL reported by this subgroup of
people would then be the estimate of the MID as per-
ceived by the patient. One should look at change for those
getting worse versus getting better separately first and if
the results are consistent pool them together after
accounting for the difference in the direction of change
(e.g., multiplying the change for those who got a little
worse by negative one to account for the direction differ-
ence). It may also be informative to evaluate whether the
MID estimate is invariant to location of the scale (low or
high on the construct).

Retrospective self-reports are known to be subject to
recall bias (Schwartz and Sudman, 1994). When retro-
spective change items are used as anchors, it is useful
to determine if they reflect the baseline (pretest) and
present (posttest) status equally. In theory, retrospec-
tive change items should correlate positively with the
posttest and have a negative correlation of equal magni-
tude with the pretest as illustrated in the following
formulas: r (x, y � x) ¼ r (x, y) and r ( y, y � x)¼
r ( y, �x)¼�r (x, y), where r is the correlation, x is the
pretest, and y is the posttest. In reality, retrospective self-
reports tend to correlate more strongly with the posttest
than they do with the pretest because current status
unduly influences the retrospective perception of change.

As with any anchor, use of clinical anchors requires
establishing the amount of change that is a reasonable
indicator of ‘minimal.’ Kosinski et al. (2000) defined mini-
mal improvement on their clinical measures as 1–20%
improvement in the number of swollen and tender joints
in a study of 693 patients with rheumatoid arthritis.
Although this may be a reasonable threshold, other inves-
tigators might argue for something different.

The variety of possible anchors and uncertainty in the
anchor cut point that defines a minimal difference makes
a single estimate of MID problematic. Using the retro-
spective report anchor as an example, the recall item
might refer globally to change in ‘health,’ ‘health-related
quality of life,’ or ‘quality of life.’ Moreover, the anchor
might be worded more specifically such as ‘physical func-
tioning,’ ‘pain,’ ‘getting along with family,’ etc. The choice
of words could lead to variability in the performance of
the anchor. Any specific anchor may be more or less
appropriate for different HRQOL domains. For example,
a vitality scale might be expected to change more than a
pain scale in response to change in hematocrit. Interpret-
ing change in response to a particular anchor should take
into consideration that not all domains should change or
change equally in tandem with the anchor. Other factors
that can lead to variation in the estimation of the MID
include whether the people being evaluated are high or
low on the measure at baseline, whether they improve or
decline in HRQOL over time, and whether they have
similar demographic, clinical, and other characteristics
(Hays and Woolley, 2000).
Respondent and Administrative Burden

Respondent burden is the time, effort, and other demands
imposed on respondents to a survey. Administrative bur-
den is the demand on those who administer the survey.
A measure that has adequate reliability and validity will
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not be used in practice if the burden on the respondent or
those who administer it is excessive.

A rule of thumb is that about 3–5 survey items can be
administered per minute. Of course, these rules of thumb
are general and do not take into account the nature of the
items. Survey items with fewer response options are more
quickly administered. For example, Hays et al. (1995)
found that 832 clients enrolled in treatment programs
for impaired (drinking) drivers completed about 4.5
items per minute for an alcohol screening scale with
polytomous response options but they were able to com-
plete about 8 items per minute for scales with dichoto-
mous response options.

There is no absolute time threshold for survey admin-
istration, but surveys that can be administered in 15–30
minutes are preferred over longer surveys. Applying
the 3–5 items per minute rule of thumb, 45–65 items
can be administered in 15 minutes while 90–150 items can
be administered in 30 minutes. Because the survey needs
to be accessible to slower respondents, the lower end of
the range should be used in planning survey length.
Availability in Alternate Forms

Alternative forms refer to the ability of the HRQOL
instrument to be administered in different modes (e.g.,
mail self-administration, telephone interviews, web self-
administration). The equivalence of alternative modes of
administration is especially important in vulnerable and
hard-to-reach populations given the advantages of mixed
mode data collection for enhancing study participation
rates (Brown et al., 1999).

There is consistent evidence that interviewer-adminis-
tration yields more socially desirable (better HRQOL)
responses than self-administration (Dillman et al., 1996).
Indeed, there is consistent evidence that interviewer admin-
istration results in more positive HRQOL reports than does
self-administration (McHorney et al., 1994; Weinberger
et al., 1996; Jones et al., 2001). For example, persons rando-
mized to telephone interviews had more positive SF-36
scores than those randomized to mail self-administration,
leading McHorney et al. (1994: 565) to recommend mode-
specific norms.
Translations

Establishing the conceptual and linguistic equivalence of
translated and original versions of HRQOL survey instru-
ments is necessary. The international adaptation and eval-
uation of the SF-36 health survey has been one of the
most systematic and coordinated efforts to date (Ware and
Gandek, 1998). Efforts such as this suggest a series of
important steps in translation of instruments.

If one is trying to translate an instrument developed by
someone else, it is a good idea to contact the developer to
obtain approval for translation and to work out an
acceptable mechanism for proceeding (Acquadro et al.,
1996). Working closely with the developers can be mutu-
ally beneficial and synergistic. The primary goal of the
effort is to produce a translation that is linguistically
and conceptually equivalent to the original version.
Equivalence can only be obtained if the original and
translated versions have the same meaning. Translators
should be instructed to produce colloquial translations
that will be understood by the general public (Acquadro
et al., 1996).

The instructions, items, and response choices should
be translated independently by at least two trained bilin-
gual translators. Ideally, these translations should be car-
ried out by local teams and both translators should
be native speakers of the language into which the measure
is being translated. Translators can rate the difficulty of
translating each item and response scale using a 0 (not at
all difficult) to 100 (most difficult) scale (Ware et al., 1996).
To help select equivalent response options, the Thurstone
and Chave (1929) method of equal-appearing intervals
can be employed. In this method, a sample of raters
(n¼ 25 or so) is asked to rate the position of intermediate
response choices using a 10-cm line anchored by the
extreme (lowest and highest) response choices (Ware
et al., 1996). The translators should compare their transla-
tions and reconcile discrepancies.

Two different translators should then rate the quality
of the reconciled forward translation. Each item and
response scale is rated for its conceptual equivalence to
the original version using a 0 (not at all equivalent) to 100
(exactly equivalent) scale. Items and response scales that
are rated less than 75 on the 0 to 100 scale are retranslated
by the original translators until an acceptable indepen-
dent rating of equivalence is obtained.

The resulting translation should then be cognitively
tested in a small sample (about 10) of patients. This testing
should take the form of concurrent or think-aloud
interviews as well as self-administration followed by
retrospective interviews ( Jobe andMingay, 1990). Follow-
ing cognitive testing, the item and response options
should be rewritten as necessary and a new version of
the translation produced. Ideally, the next step is to
convene a panel that includes the forward translators, a
survey design expert, a patient, and a clinician. The
panel’s job is to evaluate the conceptual equivalence of
the translation and the original survey instrument. The
forward translation is then finalized based on the panel’s
feedback.

After approval of the process by the developers, the
final forward translation should be back-translated by two
other translators. Both of these translators should be
native speakers of the original language of the survey.
These two translators should compare their backward
translations and come to agreement about discrepancies.
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The reconciled back translation will then be compared
against the original and each item and response scale
rated for equivalence to the original version using a
0 (not at all equivalent) to 100 (exactly equivalent) rating
scale. Items and response scales should be rated highly
(e.g., 75 or higher on the 0–100 scale) for the translation to
be approved.

The next step is field testing the translated survey
instrument. At a minimum, the translation should be
administered to a sample of 75 people who are native
speakers of the target language. Scale equivalence
should be assessed by performing standard reliability
and validity testing and comparing these results to
those obtained for the original sample (Hays et al., 1995).
Ideally, the translated and the original versions of the
instrument should be administered to a bilingual sample
in counterbalanced order to allow for direct comparisons
of responses for the same respondent (c.f. Coons et al.,
1998).

Meaningful and valid comparisons of different groups
assume that the generic measure is equivalent in the
different groups. This means that the HRQOL scales
should have the same level of acceptability, reliability,
and validity in different segments of the population. In
HRQOL studies, some attention has been paid to evalu-
ating cross-group equivalence involving different lan-
guage or race/ethnic subgroups. For example, Yu et al.
(2003) compared the reliability and mean scores of the
English and Chinese versions of the SF-36 in a sample of
309 Chinese nationals bilingual in Chinese and English
living in the United States. Similarly, the International
Quality of Life Assessment Project evaluated the equiva-
lence between the U.S. English and translations versions
of the SF-36 into multiple languages including Dutch,
Spanish, German, Japanese, and Italian (Gandek et al.,
1998).
Item Banking

An item bank is a collection of items that measure a single
HRQOL domain that have undergone rigorous quali-
tative, cognitive, and psychometric review (including
cross-cultural group validations), and that have been
IRT-calibrated with a set of properties allowing instru-
ment developers to select an item set matched to the
characteristics of the study population (Reeve and Fayers,
2005). The bank can be used to develop short-form instru-
ments selecting the best set of items, or used for compu-
terized-adaptive testing (CAT). Instruments built from
item banks can yield reliable and valid measurement
with reduced response burden.

Another advantage of item banks is the ability in a
comparison trial to tailor the item severity (not content)
to the target group. For one reason or another, one group
may have more depression or pain than another. The
item bank can provide different sets of items (but all
measuring the same construct) to the different groups,
yet because the items come from the same item bank,
scores can be compared. Further, item banks can offer
the ability to administer repeated HRQOL assessment
in a short time frame and not have to worry about
issues related to memory effects for responses given on
previous assessments. A well-populated item bank can
provide alternative HRQOL scales all linked on the
same metric.

The strength of a bank to deliver precise, valid, and
efficient measurement depends, like any other HRQOL
instrument, on the developmental process. An item bank
should start with a conceptual framework that leads to
identifying existing items that measure that domain and/
or developing new items. Once the item pool has been
built of old and new items, a thorough qualitative review
phase must begin evaluating the items using the techni-
ques described above including focus groups and cogni-
tive interviewing. Next, response data with a large sample
representative of the target population must be collected
and used to quantitatively review the item performance
and make IRT-calibrations.
Use of Measures in Research, Population
Surveillance, and Clinical Practice

HRQOL measures can be used for a range of potential
applications. The most common application to date has
been for group-level comparisons in research. For exam-
ple, Lorenz et al. (2006) found that each additional symp-
tom at follow-up was associated with worsened overall
health and overall quality of life ratings in a nationally
representative cohort of 2267 patients in care for HIV
who were surveyed in 1996 and again in 1998.

HRQOL measures are also used for population sur-
veillance. For example, one study of U.S. Medicare man-
aged-care beneficiaries found that age- and gender-
adjusted annual expenditures in the year after a self-rating
of health varied from $8743 for those who rated their
health as poor to $1656 for those rating their health as
excellent (Bierman et al., 1999). The SF-36 has been
administered to Medicare beneficiaries enrolled in man-
aged care as part of a project to monitor performance and
stimulate quality improvement in managed care plans
(Haffer and Bowen, 2004; Jones et al., 2004). The HUI
was administered in the Joint Canada/United States
Survey of Health, a binationally representative random-
digit-dial telephone survey administered in both the
United States and Canada to compare the health of
those 18 and older in the two countries (Sanmartin et al.,
2006). The Medical Expenditure Panel Survey is a
nationally representative survey of health-care utilization
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and expenditures for the U.S. noninstitutionalized civilian
population (Cohen et al., 1996) that included the SF-12
version 1 and the EQ-5D in some administrations.

Investigators with the Dartmouth Cooperative
Information Project (COOP) were pioneers in the use of
HRQOL measures in clinical practice. The COOP
chart system was developed by a network of community
medical practices that cooperate on primary care
research activities. The COOP charts were developed
for the purpose of making a brief, practical, and valid
method to assess the functional status of adults and
adolescents.

The charts are similar to Snellen charts, which are
used medically to measure visual acuity quickly in busy
clinical practices. Each chart consists of a title, a question
referring to the status of the patient over the past
2–4weeks, and five response choices. Each response is
illustrated by a drawing that depicts a level of functioning
or well-being along a 5-point ordinal scale (Nelson et al.,
1990). The illustration makes the charts appear friendly
without seeming to bias their responses (Larson et al.,
1992).

In one study of 29 intervention and 27 control group
physicians, the Dartmouth COOP Charts were used to
assess HRQOL of adult patients during a single clinical
encounter (Wasson et al., 1992). The ordering of tests and
procedures for women was increased by exposure to the
COOP Charts (52% vs. 35%; p< 0.01); the effect in men
was not as significant (37% vs. 23%; p¼ 0.06). Although
women reported no change in satisfaction with care, men
claimed that the clinician helped in the management of
pain (p¼ 0.02).

A prospective randomized study of 28 oncologists and
286 cancer patients documented more frequent discussion
of chronic nonspecific symptoms ( p¼ 0.03) in the inter-
vention group. HRQOL improvement was associated with
use of HRQOL data ( p¼ 0.016) and discussion of pain
and role function ( p¼ 0.046).

Despite some encouraging results in the use of
HRQOL measures in clinical practice, Greenhalgh et al.
(2005) argued that more attention needs to be given to the
mechanism linking HRQOL assessment to better out-
comes to maximize its impact on clinical decisions.

Wasson and James (2001) discussed how HRQOL
assessment and feedback could be used at multiple levels
including clinic, school, workplace, and community. They
note that in the clinic patients and providers are encour-
aged to discuss the patient’s HRQOL. In the school sys-
tem, aggregated information can be used to target
programs to meet student needs. Health assessment and
personal feedback at school (Wasson et al., 1995) or in the
workplace can be offered to improve health and reduce
health-care costs. Finally, the Internet provides a means
by which health assessment and feedback can be used to
improve the health of the community.
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Introduction

The quality-adjusted life year (QALY) combines length of
life and health-related quality of life (HRQOL) into a single
measure. To put the ‘Q’ into a QALY requires an index for
valuing health states. The increasing application of eco-
nomic evaluation, and specifically the use of the incremen-
tal cost per QALY to assess cost effectiveness, has resulted
in an enormous growth in the demand for health states
values for use in decision-analytic models and clinical trials
comparing alternative health-care interventions.

The range of tools for valuing health states has
expanded considerably from the early notion of a health
index in the United States (Fanshel and Bush, 1970) to the
emergence of the EQ-5D in Europe (Brooks et al., 2003)
and the Health Utilities Index (HUI) in Canada (Feeny
et al., 2002). At the same time there have been important
debates in the literature concerning the core issues of what
to value (or how to define health), how to value it, and who
should do the valuing. This article aims to provide the
reader with an overview of these issues and then focuses
on methods for valuing health (see Brazier et al., 2007).

The article begins by outlining these core issues. It
then describes the main techniques for the direct valua-
tion of health states, including the conventional cardinal
techniques (like standard gamble) and their advantages
and disadvantages, and ordinal methods (like ranking
and pairwise choices) that are starting to be used to
value health states. The article then addresses the ques-
tion of whose values to use and whether values should be
based on preferences (as is usually the case in economics)
or experiences. Finally, there is a brief review of the most
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widely used generic preference-based measures of health
(such as EQ-5D, SF-6D, and HUI3).

The Core Questions to Address When
Valuing Health States

To calculate QALYs it is necessary to represent health
on a scale in which death and full health are assigned
values of 0 and 1, respectively. Therefore, states rated as
better than dead have values between 0 and 1 and states
rated as worse than dead have negative scores that in
principle are bounded by negative infinity. One of the
most commonly used instruments for estimating the
value of the ‘Q’ in the QALY is a generic preference-
based measure of health called the EQ-5D (Brooks et al.,
2003). This instrument has a structured health state
descriptive system with five dimensions of mobility, self-
care, usual activities, pain/discomfort, and anxiety/
depression (Table 1). Each dimension has three levels: no
problem (level 1), moderate or some problem (level 2), and
severe problem (level 3). Together these five dimensions
define a total of 243 health states formed by different
combinations of the levels (i.e., 35), and each state is
described in the form of a five-digit code using the three
levels (e.g., state 12321 means no problems in mobility,
moderate problems in self-care, etc.). It can be administered
to patients or their proxy using a short one-page question-
naire with five questions.

The EQ-5D can be scored in a number of ways
depending on the method of valuation and source coun-
try, but the most widely used to date is the UK York TTO



Tariff shown in Table 2. This population value set was
obtained using the time trade-off (TTO) method with a
sample of about 3000 members of the UK general popu-
lation; similar tariffs have been estimated for other
countries, including the United States. Different valuation
methods and the appropriateness of obtaining values from
the general population are reviewed later in the article.

The EQ-5D provides a useful starting point for the rest
of this article, because it demonstrates the key features of
any method for measuring and valuing health. Underpin-
ning the EQ-5D and similar instruments are a number
of core methodological questions: How should health be
described, how should it be valued, and who should pro-
vide the values? The first part of the question concerns the

aspects of health (and/or quality of life) that should be
covered by the measure. The next part concerns the
valuation technique that should be used. The EQ-5D
has been valued using TTO and visual analogue scale
(VAS). Other generic preference-based measures such as
the HUI3 and SF-6D used the standard gamble (SG)
method, which some have argued should be the gold
standard method of valuation in this field. The last part
of the question concerns the source of values, and whether
they should be obtained from patients themselves, their
carers and medical professionals, or members of the gen-
eral population. The remainder of this article addresses
these three questions. (For discussion on whether the
QALY is an appropriate measure and how QALYs should
be aggregated and used to inform health policy, see
Brazier et al., 2007.)

How Should Health Be Described?

There are two broad approaches to describing health for
deriving health state values. One is to construct a custom-
made description of the condition and/or its treatment
and the other is to use a standardized descriptive system
(such as the EQ-5D). A bespoke description, sometimes
referred to as a vignettes in the literature, can take the
form of a text narrative or a more structured description
using a bullet point format. More recently researchers
have begun to explore alternative narrative formats, such
as the use of videos or simulators. The use of custom-made
vignettes was more common in the early days of obtaining
health state values, however, in recent years the standar-
dized descriptive systems have tended to dominate.

The other approach has been to use generic preference-
based measures of health such as the EQ-5D. These have

Table 1 EQ-5D classification

Dimension Level Description

Mobility 1 No problems walking about
2 Some problems walking about

3 Confined to bed

Self-care 1 No problems with self-care

2 Some problems washing or
dressing self

3 Unable to wash or dress self

Usual activities 1 No problems with performing usual
activities (e.g., work, study,

housework, family, or leisure

activities)

2 Some problems with performing
usual activities

3 Unable to perform usual activities

Pain/discomfort 1 No pain or discomfort

2 Moderate pain or discomfort
3 Extreme pain or discomfort

Anxiety/

depression

1 Not anxious or depressed

2 Moderately anxious or depressed
3 Extremely anxious or depressed

Table 2 Descriptive systems of generic preference-based measures

Instrument Dimension Levels Health states

QW Mobility, physical activity, social functioning 3 945

B 27 symptoms/problems 2

HUI-2 Sensory, mobility, emotion, cognitive, self-care, pain 4–5 24000

Fertility 3
HUI-3 Vision, hearing, speech, ambulation, dexterity, emotion, cognition, pain 5–6 972000

EQ-5D Mobility, self-care, usual activities, pain/discomfort, anxiety/depression 3 243

15D Mobility, vision, hearing, breathing, sleeping, eating, speech, elimination, usual

activities, mental function, discomfort/symptoms, depression, distress, vitality,
sexual activity

4–5 31 billion

SF-6D Physical functioning, role limitation, social functioning, pain, energy, mental health 4–6 18000 (SF-36 version)

7500 (SF-12 version)
AQoL Independent living (self-care, household tasks, mobility), social relationships

(intimacy, friendships, family role), physical senses (seeing, hearing,

communication), psychological well-being (sleep, anxiety and depression, pain)

4 16.8 million

Source: Brazier J, Ratcliffe J, Salomon J, and Tsuchiya A (2007) Measuring and Valuing Health Benefits for Economic Evaluation.
Oxford, UK: Oxford University Press.
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two components, the first a system for describing health or
its impact on quality of life using a standardized descrip-
tive system, and the second an algorithm for assigning
values to each state described by the system. A health state
descriptive system is composed of a number of multilevel
dimensions that together describe a universe of health
states (such as the EQ-5D described earlier). Generic
instruments have been developed for use across all groups
by focusing on core aspects of health.

Generic preference-based measures have become the
most widely used and this stems from their ease of use,
their alleged generic properties (i.e., validity across differ-
ent patient groups), and their ability to meet a number of
requirements of agencies such as the National Institute
for Health and Clinical Excellence (NICE). Furthermore,
they come ‘off the shelf,’ with a questionnaire and a set of
weights for each health state defined by the classification
already provided. The questionnaires for collecting the
descriptive data can be readily incorporated into most
clinical trials and routine data collection systems with
little additional burden for respondents, and the valuation
of their responses can be done easily using the scoring
algorithms provided by the developers.

However, there are concerns about the sensitivity of the
generics and their relevance for some conditions. As a
result, there has been work to develop condition-specific
descriptive systems (Brazier et al., 2007) and there continues
to be an interest in using custom-made vignettes. This
raises the question as to whether health state
utilities derived from specific descriptive systems are
generalizable. This is important for economic evaluations
in which the purpose is often to inform resource allocation
decisions across patient groups. Even if values are obtained
using the same techniques and from similar populations,
differences may persist due to preference interactions
between dimensions in the descriptions and those outside
the system. The impact of asthma on health state utility
values, for example, may be altered by the presence of pain
from a comorbid condition. Of course, this problem exists
for generic descriptive systems; it is just more likely to be a
problem with specific systems. Ultimately it is a trade-off
between the greater relevance and sensitivity of some spe-
cific systems and the limitations on generalizability.

There are also important issues about the appropriate
conceptual basis for a descriptive system; some instru-
ments cover quite narrowly defined aspects of impairment
and symptomology associated with medical conditions,
while others consider a higher level and broader concep-
tion of quality of life.

Valuation Techniques

To be used in economic evaluation, health state valuations
need to be placed on a scale ranging from 0 to 1, where 0 is

for states regarded as equivalent to dead and 1 is for a state
of full health. Within the health state valuation process it
is also necessary to allow for states that could be valued as
worse than being dead. The three main techniques for
valuing health states are the SG, the TTO, and the VAS.
This section describes how each technique can be used to
value chronic health states.

The Visual Analogue Scale (VAS)

The VAS is usually represented as a line with well-
defined endpoints, on which respondents are able to
indicate their judgments, values, or feelings (thus it is
sometimes called a ‘feeling’ thermometer). The distances
between intervals on a VAS should reflect an individual’s
understanding of the relative differences between the
concepts being measured. VAS is intended to have inter-
val properties, so that the difference between 3 and 5 on a
10-point scale, for example, should equal the difference
between 5 and 7.

In the health context, VAS has been widely used as a
measure of symptoms and various domains of health
including the direct measurement of a patient’s own health
or as a means of valuing generic health state classifications
including the Quality of Well-Being scale (QWB) (Kaplan
and Anderson, 1988), the HUI (Feeny et al., 2002) and the
EQ-5D (Brooks et al., 2003). Figure 1 presents an example
of the VAS developed by the Euroqol group. VAS can also
be used to elicit the value attached to temporary health
states (e.g., those lasting for a specified period of time
after which there is a return to good health in contrast
to chronic health states which are assumed to last for
the rest of a person’s life) and states considered worse
than death.

The Standard Gamble (SG)

The SG comes from expected utility theory, which pos-
tulates that individuals choose between prospects – for
example, different ways of managing a medical condition –
in such a way as to maximize their ‘expected’ utility. The
SG method gives the respondent a choice between a cer-
tain intermediate outcome and the uncertainty of a gamble
with two possible outcomes, one of which is better than
the certain intermediate outcome and one of which is
worse. The SG task for eliciting the value attached to health
states considered better than dead is displayed in Figure 2.
The respondent is offered two alternatives. Alternative 1 is
a treatment with two possible outcomes: either the patient
is returned to normal health and lives for an additional
t years (probability¼ P), or the patient dies immediately
(probability¼ 1� P). Alternative 2 has the certain outcome
of chronic state hi for life (t years). The probability P of
the best outcome is varied until the individual is indiffer-
ent between the certain intermediate outcome and the
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gamble. This probability P is the utility for the certain
outcome, state hi. This technique is then repeated for all
intermediate outcomes. The SG can also be modified to
elicit the value attached to health states considered worse
than death and temporary health states.

The SG technique has been widely applied in the
decision-making literature and has also been extensively

applied to medical decision making, including the valua-
tion of health states, in which it has been used (indirectly
via a transformation of VAS) to value the HUI2 and HUI3
(Torrance et al., 1996; Feeney et al., 2002) and to di-
rectly value SF-6D (Brazier et al., 2002) and a number
of condition-specific health state scenarios or vignettes
(Brazier et al., 2007). There are many variants of the SG
technique that differ in terms of the procedure used to
identify the point of indifference, the use of props, and the
method of administration (e.g., by interviewer, computer,
or self-administered paper questionnaire).

The Time Trade-Off (TTO)

The TTO technique was developed specifically for use
in health care in an effort to overcome the problems
associated with SG in explaining probabilities to respon-
dents. TTO asks respondents to choose between two
alternatives of certainty rather than between a certain
outcome and a gamble with two possible outcomes. The
application of TTO to a chronic state considered better
than dead is illustrated in Figure 3.

The approach involves presenting individuals with a
paired comparison. For a chronic health state preferred to
death, alternative 1 involves living for period t in a speci-
fied but less than full health state (state hi). Alternative
2 involves full health for time period xwhere x< t. Time x
is varied until the respondent is indifferent between the
two alternatives. The score given to the less than full health
state is then x/t. The TTO task can be modified to con-
sider chronic health states considered worse than death
and temporary health states. In common with SG, there
are numerous variants of TTO using different elicitation
procedures, props (if any), and modes of administration.

Pros and Cons of Valuation Techniques

Visual Analogue Scales (VAS)

VAS achieves high response rates and high levels of com-
pletion. VAS methods tend to be less expensive to admin-
ister than TTO or SG methods due to their relative

Your own health 
state today

Best imaginable 
health state

Worst imaginable
health state

100

0

0

0

0

0

0

0

0
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0

To help people say how good or bad their
health is, we have drawn a scale (rather like
a thermometer) on which the best state you
can imagine is marked by 100 and the worst
state you can imagine is marked by 0.

We would like you to indicate on this scale
how good or bad your own health is today,
in your opinion. Please do this by drawing a 
line from the box below to whichever point
on the scale indicates how good or bad your
current health state is.

Figure 1 Example of a visual analogue scale (EQ-5D VAS) –

own health. Reproduced from Euroqol Group, http://www.

euroqol.org Reproduced with permission.

Alternative 2

Alternative 1
Full health 

State hi

Death

P

1–P

Figure 2 Standard gamble for a chronic health state preferred
to death.

Value

Healthy   1.0

State i       hi

0 x t Time

Figure 3 Time trade-off for a chronic health state preferred to
death.
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simplicity and ease of completeness. There is also a sig-
nificant amount of empirical evidence to demonstrate the
reliability of VAS methods in terms of inter-rater reliabil-
ity and test–retest reliability. However, the lack of choice
and direct nature of the VAS tasks have given rise to
concerns over the ability of this technique to reflect pre-
ferences on an interval scale.

There is also a concern that VAS methods are suscep-
tible to response spreading, whereby respondents use all
areas on the valuation scale when responding, especially
where multiple health states are valued on the same scale.
Response spreading can lead to health states that are very
much alike, being placed at some distance from one
another on a valuation scale, and health states that are
essentially vastly different being placed very close to one
another, as the respondent seeks to place responses across
the whole (or a specific portion) of the available scale.
If response spreading does occur, then this implies that
VAS techniques do not generate an interval scale and the
numbers obtained may not be meaningful in cardinal
terms.

More generally, VAS is prone to context effects in
which the average rating for items is influenced by the
level of other items being valued and by endpoint bias
whereby health states at the top and bottom of the scale
are placed further apart on the scale than would be
suggested by a direct comparison of differences.

In summary, VAS techniques appear to measure aspects
of health status changes rather than the satisfaction or
benefit conveyed by such changes. Qualitative evidence
of respondents seeing VAS methods as an expression of
numbers in terms of ‘percentages of the best imaginable
state,’ or a ‘percentage of functioning scale’ rather than
eliciting information about their preferences for health
states provides support for this hypothesis. There is a
large body of evidence to suggest that unadjusted VAS
scores do not provide a valid measure of the strength of
preference that can be used in economic evaluation.

Given the evidence that VAS may not produce health
state utilities that can be used directly in the calculation of
QALYs, there has been interest in mapping VAS values to
SG or TTO utility values. This has the advantage of
retaining the ease of use of VAS with the theoretical
advantages of a choice-based measure of health. However,
the extent to which a stable mapping function can be
found between VAS and SG or TTO has been disputed
(Stevens et al., 2006).

Standard Gamble

Many SG studies, across different respondent groups,
have reported completion rates in excess of 80%, with
some studies reporting completion rates as high as
95–100%, indicating that the SG appears to be acceptable
in terms of its practicality. The SG has also been found to

be feasible and acceptable among varied types of patient
groups and clinical areas including cancer, transplanta-
tion, vascular surgery, and spinal problems.

SG is rooted in expected utility theory (EUT). EUT
has been the dominant theory of decision making under
uncertainty for over half a century. EUT theory postu-
lates that individuals choose between prospects (such as
different ways of managing a medical condition) in such a
way as to maximize their ‘expected’ utility. According to
this theory, for a given prospect such as having a surgical
operation, a utility value is estimated for each possible
outcome, good or bad. These values are multiplied by
their probability of occurring and the result summed to
calculate the expected utility of the prospect. This proce-
dure is undertaken for each prospect being considered.
The key assumption made by EUT over and above con-
ventional consumer theory is independence, which means
that the value of a given outcome is independent of how it
was arrived at or its context. In decision tree analysis this
is the equivalent of saying that the value of one branch of
the tree is unaffected by the other branches.

Due to its theoretical basis, the SG is often portrayed
as the classical method of decision making under uncer-
tainty, and due to the uncertain nature of medical decision
making the SG is often classified as the gold standard.
As medical decisions usually involve uncertainty the use
of the SG method would seem to have great appeal.
However, the type of uncertain prospect embodied in
the SG may bear little resemblance to the uncertainties
in various medical decisions, so this feature may be less
relevant than others have suggested.

The status of SG as the gold standard has been criti-
cized given the existence of ample evidence that the
axioms of EUT are violated in practice. One response in
health economics (as elsewhere) has been that EUT
should be seen as a normative rather than a descriptive
theory, that is, it suggests how decisions should be made
under condition of uncertainty. However, this still does
not alter the concern that the values generated by SG do
not necessarily represent people’s valuation of a given
health state, but incorporate other factors, such as risk
attitude, gambling affects, and loss aversion.

Time Trade-Off

The TTO technique is a practical, reliable, and accept-
able method of health state valuation as evidenced by
the wide variety of empirical studies that have applied
this method (Brazier et al., 2007). The TTO has been
mainly interviewer-administered although it has also
been used in a self-administered and computer-based
applications.

The applicability of the TTO in medical decision
making may be questioned because the technique asks
respondents to make a choice between two certain
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outcomes, when health care is characterized by conditions
of uncertainty. It is potentially possible to adjust TTO
values to incorporate individuals’ attitudes to risk and
uncertainty, though this is rarely done. Furthermore,
adjusting for risk attitude is difficult when there are strong
theoretical and empirical grounds for arguing there is not
a constant attitude to risk.

An underlying assumption of the TTO method is that
individuals are prepared to trade off a constant proportion
of their remaining life years to improve their health status,
irrespective of the number of years that remain. This is a
very strong assumption and it seems reasonable to expect
that the valuation of a health state may be influenced by a
duration effect relating to the time an individual spends in
that state. There may be a ‘maximal endurable time’ for
some severe health states beyond which they yield nega-
tive utility. Furthermore, for short survival periods, indi-
viduals may not be willing to trade survival time
(measured in life years) for an improvement in quality of
life, implying that individuals’ preferences are lexico-
graphic for short time durations. If individuals do not
trade off a constant proportion of their remaining life
expectancy in the valuation of health states, then values
elicited using specific time durations (e.g., 10 years) can-
not be assumed to hold for states lasting for different time
periods.

The impact of ‘time preference’ on valuations is
another issue that causes theoretical concerns with the
TTO. If individuals have a positive rate of time prefer-
ence they will give greater value to years of life in the near
future than to those in the distant future. Alternatively
respondents may prefer to experience an episode of ill
health immediately to eliminate ‘dread’ and move on. For
instance, this hypothesis may explain why some women
with a family history of breast cancer opt for mastectomy
before any breast cancer is detected. In practice, the
majority of individuals exhibit positive time preferences
for health, although empirically the validity of the tradi-
tional (constant) discounting model in health has been
challenged in favor of a model that allows for decreasing
time aversion (implying that the longer the period of
delay for the onset of ill health, the lower the discount
rate). TTOvalues are rarely corrected for time preference.

Which Valuation Technique Should Be
Used?

Health economists have tended to favor the choice-based
scaling methods of SG and TTO in the context of cost per
QALY analysis and a choice-based method is also recom-
mended by NICE. Each of the SG and TTO methods
starts with the premise that health is an important argu-
ment in an individual’s utility function. The welfare
change associated with a change in health status can

then be determined by the compensating change required
in one of the remaining arguments in the individual’s
utility function that leaves overall utility unchanged. In
the SG, the compensating change is valued in terms of the
risk of immediate death. In the TTO, the compensating
change is valued in terms of the amount of life expectancy
an individual is prepared to sacrifice.

SG has the most rigorous foundation in theory in the
form of EUT theory of decision making under uncer-
tainty. However, there are theoretical arguments against
the use of SG in health state valuation and there is little
empirical support for EUT. There are also concerns about
the empirical basis of the TTO technique. There is also
concern that duration effects and time preference effects
can have an impact on the elicitation of TTO values.

In summary, there are theoretical concerns with all
three valuation techniques. We argue that unadjusted
VAS values do not provide a valid basis for estimating
preferences over health states and satisfactory adjust-
ments remain elusive. For trade-off-based valuations
from an individual perspective, the current choice is
between SG and TTO, but for the reasons outlined
above the values they generate are distorted by factors
apart from preferences over health states, and currently
there is no compelling basis on which to select one or the
other. This is one reason why researchers in the field have
begun to examine the potential role of ordinal techniques
such as ranking and discrete choice experiments (DCEs)
in health state valuation.

The Use of Ordinal Techniques

Ordinal methods simply ask respondents to say whether
they prefer one state to another but not by how much.
Two well-known ordinal methods are ranking and pairwise
comparisons. Typically, with ranking, respondents are
asked to rank a set of health states from best to worst. The
pairwise comparison limits the comparison to two states and
has been usedwidely in DCEs in health economics, though
not usually tovalue health per se. To use them tovalue health
states it is necessary to include full health and death in the
comparisons or to introduce valuations for these states from
other sources (e.g., Ratcliffe et al., 2006).

Until recently the use of ordinal data in health state
valuation has largely been ignored. Ranking exercises
have traditionally been included in health state valuation
studies as a warm-up procedure prior to the main cardinal
method to familiarize the respondent with the set of
health states to be valued and with the task of preference
elicitation between health states. Often these data may not
be used at all in data analysis, or they may be used to
check consistency between the ordinal ranking of health
states and the ranking of health states according to their
actual values obtained using a standard elicitation
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technique (e.g., TTO or SG). Thurstone’s law of compar-
ative judgment offers a potential theoretical basis for
deriving cardinal values from rank preference data. Thur-
stone’s method considers the proportion of times that one
health state (A) is considered worse than another health
state (B). The preferences over the health states represent
a latent cardinal utility function and the likelihood of
health state A being ranked above health state B when
health state B is actually preferred to health state A is a
function of how close to each other the states lie on this
latent utility function.

Salomon (2003) used conditional logistic regression
to model rank data from the UK measurement and valua-
tion of health (MVH) valuation of the EQ-5D. He was
able to estimate a model equivalent to the original TTO
model by rescaling the worst state using the observed
TTO value. Other methods of rescaling were also consid-
ered, including normalization to produce a utility of 0 for
death, but these were found not to provide the best-fitting
predictions.

DCEs have their theoretical basis in random utility
theory. Although DCEs have become a very popular
tool for eliciting preferences in health care, the vast
majority of published studies using DCE methodology
have tended to focus on the possibility that individuals
derive benefit from nonhealth outcomes and process
attributes in addition to health outcomes. A limited num-
ber of studies have used DCEs to estimate values for
different health state profiles and few have linked these
values to the full-health dead scale required for the cal-
culation of QALYs. Ratcliffe et al., (2006) used an external
valuation of the worst state of health defined by the
classification (i.e. PITS state by TTO to recalibrate the
results of a DCE onto the conventional 0 to 1 scale.
Brazier et al. (2007) have finally used DCE data on their
own by setting death to 0 and including death in some of
the comparisons. The use of DCE – and to a lesser extent
ranking data for this purpose – is at an early stage of
development, however, it offers promise as an alternative
to cardinal methods.

The Impact of Different Variants of the
Valuation Techniques

Although the academic literature has tended to focus on
the most appropriate technique for valuation, it is impor-
tant to remember that there are many variants of each
technique and these too may have important implications.
Techniques vary in terms of their mode of administration
(e.g., interview or self-completion, computer or paper
administration), search procedures (e.g., iteration, titra-
tion, or open-ended), the use of props and diagrams,
time allowed for reflection, and individual versus group

interviews. There have been few publications in the
health economics literature comparing these alternatives,
but what evidence there is suggests that health state values
vary considerably between variants of the same technique
(Brazier et al., 2007).

There is evidence that the wording of questions affects
the answers. This finding has a number of implications.
To cite two examples, first, it demonstrates the impor-
tance of using a common variant to ensure comparability
between studies. Second, there might be scope for cor-
recting for some of these differences if they prove to be
systematic. However, there has been little of this work
to date.

More fundamentally, this evidence suggests that people
do not have well-defined preferences over health prior to
the interview, but rather their preferences are constructed
during the interview. This would account for the apparent
willingness of respondents to be influenced by the precise
framing of the question. This may be a consequence of
the cognitive complexity of the task. Evidence from the
psychology literature suggests that respondents faced with
such complex problems tend to adopt simple-decision
heuristic strategies (Lloyd, 2003). Much of the interview
work has been done using cold-calling techniques. There
is a strong case for allowing respondents more time to
learn the techniques, to ensure they understand them
fully, and to allow them more time to reflect on their
health state valuations. An implication may be to move
away from the current large-scale surveys of members
of the general public involving one-off interviews, to
smaller-scale studies of panels of members of the general
public who are better trained and more experienced in the
techniques and who are given time to fully reflect on their
valuations (Stein et al., 2006).

Who Should Value Health?

Values for health could be obtained from a number of
different sources including patients, their carers, health
professionals, and the community. Health state values are
usually obtained frommembers of the general public trying
to imagine what the state would be like, but in recent years
the main criticism of this source has come from those who
believe values should be obtained from patients.

The choice of whose values to elicit is important, as it
may influence the resulting values. A number of empirical
studies have been conducted that indicate that patients
with firsthand experience tend to place higher values on
dysfunctional health states than do members of the gen-
eral population who do not have similar experience, and
the extent of this discrepancy tends to be much stronger
when patients value their own health state. There are a
number of possible contributing factors for observed dif-
ferences between patient and general population values
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including poor descriptions of health states (for the
general population), use of different internal standards,
or response shift and adaptation.

Why Use General Population Values?

The main argument for the use of general population
values is that the general population pays for the service.
However, while members of the general population want
to be involved in health-care decision making, it is not
clear that they want to be asked to value health states
specifically. At the very least, it does not necessarily imply
the current practice of using relatively uninformed
general population values.

Why Use Patient Values?

A common argument for using patient values is that
patients understand the impact of their health on their
well-being better than someone trying to imagine it.
However, this requires a value judgment that society
wants to incorporate all the changes and adaptations that
occur in patients who experience states of ill health over
long periods of time. It can be argued that some adapta-
tion may be regarded as laudable, such as skill enhance-
ment and activity adjustment, whereas cognitive denial of
functional health, suppressed recognition of full health,
and lowered expectations may be seen as less com-
mendable. Furthermore, there may be a concern that
patient values are context based, reflecting their recent
experiences of ill health and the health of their immediate
peers. In addition, there are practical problems in asking
patients to value their own health, many of whom will by
definition be quite unwell.

Finally, to obtain values on the conventional 0 to 1
scale required for QALYs, valuation techniques require
patients to compare their existing state to full health,
which they may not have experienced for many years.
For patients who have lived in a chronic health state like
chronic obstructive pulmonary disease or osteoarthritis,
for example, the task of imagining full health is as difficult
as a healthy member of the general population trying to
imagine a poor health state.

A Middle Way – Further Research

It has been argued that it seems difficult to justify the
exclusive use of patient values or the current practice of
using values from relatively uninformed members of the
general population. Existing generic preference-based
measures already take some account of adaptation and
response shift in their descriptive systems, but whether
this is sufficient is ultimately a normative judgment. If it is
accepted that the values of the general population are
required to inform resource allocation in a public system,

it might be argued that respondents should be provided
with more information on what the states are like for
patients experiencing them.

Generic Preference-Based Measures
of Health

Description of Instruments

Generic preference-based measures have become one of
the most widely used set of instruments for deriving health
state values. As already described, generic preference-
based measures have two components: the first is their
descriptive system that defines states of health and the
second is an algorithm for scoring these states. The num-
ber of generic preference-based measures has proliferated
over the last two decades. These include the QWB scale;
Rosser Classification of illness states; HUI Marks 1, 2,
and 3 (HUI1, HUI2, and HUI3); EQ-5D; 15D; SF-6D,
a derivative of the SF-36 and SF-12; and AQOL (see
Brazier et al., 2007 for further details of each of these
instruments and their developers). This list is not com-
plete and does not account for some of the variants
of these instruments, but it includes the vast majority of
those that have been used.

While thesemeasures all claim to be generic, theydiffer
considerably in terms of the content and size of their
descriptive system, the methods of valuation, and the
populations used to value the health states (though most
aim for a general population sample). A summary of the
main characteristics of these seven generic preference-
based measures of health is presented in Table 2 and
Table 3. Table 2 summarizes the descriptive content of
these measures including their dimensions and dimension
levels. Each instrument has a questionnaire for completion
by the patient (or proxy), or administration by interview,
that is used to assign them a health state from the instru-
ment’s descriptive system. These questions are mainly
designed for adults, typically 16 or older, although the
HUI2 is designed for children. Table 3 summarizes the
valuation methods used in terms of the valuation tech-
nique and the method of modeling the preference data.

Comparison of Measures

The agreement between measures was generally found to
be poor to moderate (about 0.3–0.5 as measured by the
intraclass correlation coefficient). Whereas differences in
mean scores have often been found to be little more than
0.05 between SF-6D, EQ-5D, and HUI3, this mean statistic
masks considerable differences in the distribution of scores.

Given the differences in coverage of the dimensions
and the different methods used to value the health states,
it is not surprising the measures have been found to
generate different values. The choice of generic measure

The Measurement and Valuation of Health for Economic Evaluation 259



has been a point of some contention, since the respective
instrument developers have academic and in some cases
commercial interests in promoting their own measure.
The recommended approach to instrument selection has
been to compare their practicality, reliability, and validity
(Brazier et al., 2007). Although all these instruments are
practical to use and achieve good levels of reliability, the
issue of validity has been more contentious and difficult
to prove.

Validity can be broken down into the validity of
the descriptive system of the instrument, the validity
of the methods of valuation, and the empirical validity of
the scores generated by the instrument. In terms of
methods of valuation, the QWB and the 15D would be
regarded by many health economists as inferior to the
other preference-based measures due to their use of VAS
to value the health descriptions. HUI2 and HUI3 would be
preferred to the EQ-5D by those who regard the SG as the
gold standard, but this is not a universally held view in
health economics. A further complication is that the SG
utilities for the HUIs have been derived from VAS values
using a power transformation that has been criticized in the
literature (Stevens et al., 2006). There is evidence in terms of
descriptive validity that some measures perform better for
certain conditions than others (Brazier et al., 2007); however,
there are no measures that have been shown to be better
across all conditions. The validity of the descriptive system
relates to the condition and treatment outcomes associated
with the treatment being evaluated.

Conclusions

This article has described the key features of the instru-
ments available for estimating health state values for
calculating QALYs. It has shown the large array of meth-
ods available for deriving health state values. This rich-
ness in methods comes at a price, because the analyst, and

perhaps more importantly the policy maker, must decide
on the methods to use for informing resource allocation
decisions. Some of the issues raised can be resolved by
technical means, using theory (such as the use of VAS) or
empirical evidence (such as the descriptive validity of
different generic measures). Others require value judg-
ments about the appropriateness of using general popula-
tion instead of patient values.

For policy makers wishing to make cross-program
decisions, the Washington, DC panel on Cost Effective-
ness in Health and Medicine and some other public
agencies (such as NICE) have introduced the notion of a
reference case that has a default for one or other of the
(usually generic) measures. Given that more than one
measure is likely to be used for the foreseeable future,
and perhaps for good reason, there is a need for further
research to focus on mapping or ‘cross walking’ between
measures.

See also: Biostatistics; Comparative Risk Assessment;

Decision Analytic Modeling; Measurement and Modelling

of Health-Related Quality of Life; Meta-Analysis; System-

atic Reviews in Public Health.
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Themeasurement of mental and behavioral disorders poses
three particular challenges. First, there are no laboratory or
similar independent confirmatory diagnostic technologies;
instead, the nature of these disorders requires the collection
of subjective psychological information on inner states of
feeling, thinking, and perceiving, together with, sometimes,
reliable information on behavior over time. Second, nearly
all measures involve a retrospective element that relies on
recall, whereas ideally information should be collected
prospectively, requiring a more costly longitudinal element.
Third, there is the challenge of achieving external or crite-
rion validity.

This article covers the principles of measurement in
psychiatric epidemiology, including discussions around
international aspects (e.g., cross-population issues, includ-
ing excluded groups, and issues of culture), measurement of
specific disorders, and application ofmeasurementmethods
in public health contexts (e.g., surveillance and screening in
health settings). Enormous progress has been made in
developing and applying such methods, including their
use in very large-scale international surveys in recent
years. Policy and decision makers can now readily access
the information they need but must first understand the
potential and limitations of current measurement methods.

It is assumed that the reader of this article is already
familiar with basic clinical measurement, epidemiological,
and public health concepts. This article points selectively to

the ways in which such concepts have been developed in
relation to measurement and public mental health. In order
to illustrate this with the most up-to-date examples, we
refer to survey methods used in Great Britain to collect
information for policy on children (Green et al., 2005),
adults, and older people (Singleton et al., 2001), but we
also refer to more widely known, similar methods used
elsewhere in relation to studies of the adult population,
including high-quality national surveys in low-income
countries. Such surveys have generated not only official
government and policy reports but also numerous articles
in academic journals. The article begins with a discussion of
the nature of mental disorder, study design and measure-
ment issues, procedures and techniques, and the interpreta-
tion of findings.

Nature of Mental Disorder

For further reading please see Farmer et al. (2002).

Psychopathology

Concepts of psychopathology were first described in the
clinical literature on severe mental disorders such as psy-
chosis in the nineteenth century (Farmer et al., 2002).
Attempts to define these with a view to their reliable

Measurement of Psychiatric and Psychological Disorders and Outcomes in Populations 261

http://www.sheffield.ac.uk/scharr/sections/heds/discussion.html
http://www.sheffield.ac.uk/scharr/sections/heds/discussion.html


Expon (4.2700)

P
ro

po
rti

on
 o

f p
op

ul
at

io
n

CIS-R score

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 5 10 15 20 25 30 35 40 45 50

Figure 1 Proportion of population by full range of common

mental disorder (CIS-R) scores, and fitted exponential curve.

(Goodness of fit (RMS error) test statistic ¼ 0.029E-04.) From

Melzer D, Tom B, Brugha T, Fryers T, and Meltzer H (2002)
Common mental disorder symptom counts in populations: Are

262 Measurement of Psychiatric and Psychological Disorders and Outcomes in Populations
measurement developed in the following century (Wing
et al., 1974). Soon after this, work was extended to a wide
range of mental and behavioral disorders to support the
emergence of detailed mental disorder classification
systems (World Health Organization Division of Mental
Health, 1992; World Health Organization, 1992, 1993;
American Psychiatric Association, 1994).

The psychopathology of mental disorders can be
considered in terms of specific mental functions. Emotion
in the form of mood and anxiety is given prominence in
such systems with relatively little attention given to other
emotions such as anger or happiness (except in the form
of inappropriate elation in mania or bipolar disorder).
Abnormalities of the experience and perception of reality
in the form of psychotic hallucinations is given promi-
nence, together with beliefs that are clearly false and not
shared with another person (in contrast to subculturally
approved beliefs). Cognitive impairment as seen in mental
retardation (also known as learning disability or as intel-
lectual disability) and dementia also receive prominence.
Problems due to misuse of psychoactive drugs and their
effects on mental functioning have taken greater promi-
nence in recent years. New areas hardly touched on in
surveys include developmental, behavioral, and personality
abnormalities.
there distinct case groups above epidemiological cutoffs?

Psychological Medicine 32: 1195–1201.
Definition and Classification of Disorders

Until now the official classification systems (American
Psychiatric Association, 1994; World Health Organization
Division of Mental Health, 1990) have relied exclusively
on binary definitions of disorders (Brugha, 2002): either
the person has or does not have the disorder. This has been
an enormously important and successful development in
helping mental disorders to be considered and included in
general health policy debates. However, critics have ques-
tioned the large number of categories of mental disorder,
most of which would not register in surveys of public
mental health in the general population anyway. Further-
more, the underlying nature of commonmental disorder is
likely to be dimensional without obvious cut points repre-
senting a diagnostic threshold (Figure 1). Dimensional
approaches are, however, promised in future revisions of
the classification system. Even within the ICD-10 system,
depression is described in terms of levels of severity. Sub-
threshold levels are likely to be given greater prominence
in the future in much the same way that clinical medicine
increasingly recognizes the significance of lower levels of
blood pressure or of serum lipids in terms of prediction of
future morbidity. A stepped-care approach to the manage-
ment of depression that uses these different levels of
severity is already officially recommended in Great
Britain by the National Institute for Health and Clinical
Excellence. This is important for policymakers to consider
because it implies that most (but not all) published
prevalence tables for depressive disorder do not take into
account such clinically significant distinctions.
Purposes of epidemiological methods

(epidemiological estimates, modeling

determinants, treatment planning, and

needs assessment)

It makes sense that any data collection using
epidemiological methods should be preceded by a careful
consideration of the purposes for which they will be
used. Yet convention often seems to overtake such
considerations.

A key question should be whether the purpose is
research, audit, or surveillance. Research should aim to
answer a key question and related subsidiary questions
and should be designed and planned as such. The purpose
of audit is to improve a process or service by examining its
functioning against defined objectives and standards; audit
should not be carried out without inclusion of a process
for correcting flaws in the process or service being
audited. Surveillance is similar to audit but is designed
to monitor trends in populations over time and to alert
decision makers to any changes that require early or
urgent action.

A further difficulty may lie in a misunderstanding of
the differences between clinical and epidemiological
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assessment. The measurement of psychiatric disorders in
national surveys, which aim to provide population esti-
mates, differs substantially from methods used in judicial
and clinical decisions, for example, for benefits, compen-
sation, and need for services. Methods used for assessing
individuals, say, for a treatment program, are rarely the
same as those required in epidemiology for classifying
populations. In the case of the former, detailed and
time-consuming assessments by a range of professionals
of contexts such as family situations are justified because
such methods are sensitive to individual circumstances
and produce results that are equitable between indivi-
duals. In surveys, provided that the methods used deal
adequately with the majority of people and can be done
within a relatively short time, it matters little if a small
minority have been classified differently than they would
had more detailed procedures been used.

Quality of data

Conclusions regarding epidemiological estimates, the
modeling of possible determinants, service planning, and
needs assessment all require the use of comparisons.
Comparisons have little value or legitimacy if the data
employed are not collected reliably. The types of mea-
sures available are discussed later in this article. Because it
is essential that epidemiological methods are reprodu-
cible (reliable), comparison may be either too costly or
impractical when purely clinical measures are used. How-
ever, it is also important in developing either a new
measure or in using an existing measure in a population
with different language or culture, that it is generally
accepted as representing descriptions used in clinical set-
tings. Small-scale comparisons of epidemiological ques-
tionnaires and systematic clinical evaluations have been
carried out occasionally in general population samples. At
first sight the level of agreement between these appears to
be poor and likely to be limited by the uncertain consis-
tency with which clinical assessments can be used outside
in the general population where most conditions are less
severe and more fluctuant over time. It is reassuring
therefore that clinical and epidemiological measures,
when compared in clinical settings, can show high levels
of agreement.
Design Issues

Study designs can be divided into the experimental and
nonexperimental; the former are infrequently used in the
collection of information on psychiatric and psychological
disorders in the general population. New mental health
policies are seldom subjected to the rigors of experimental
evaluation in the general population, although where
feasible this can be particularly informative. One
experimental design variant that may be particularly
feasible in practice is the cluster randomized evaluation.
Examples are beginning to appear in the mental health
field in which the cluster is an organizational unit, for
example, a primary care practice, a specialist team: exist-
ing and new policies can be compared between randomly
allocated cluster units (MacArthur et al., 2002). Another
example makes use of the classroom or work team unit,
which could be used in prevention policy trials. As in any
experiment involving human subjects, ethical considera-
tions arise: interventions can have wanted and unwanted
effects, and those participating should be informed. Care-
ful consideration should be given to anticipating possible
harm and minimizing its likelihood; experiments are only
justifiable when there is genuine uncertainty about the
outcome.

A detailed discussion of the use of different designs in
psychiatric epidemiology can by found in a chapter by
Zahner and colleagues (1995). Here we focus selectively
on the factors that are sometimes neglected in the design
of studies in the general population. Most first-generation
mental health surveys were typically small, based in a
local community, and carried out by a small academic
team. The past two decades have seen the emergence
of adequately powered, large sample size surveys using
complex, often clustered sampling methods, systemati-
cally developed and tested structured instruments, and
specialized ‘survey’ methods of analysis, carried out by
collaborations between professional survey organizations
and academic researchers, which are referred to in exam-
ples that follow.
Cross-sectional Surveys

This article refers mainly to the use of cross-sectional and
longitudinal designs. Great attention is paid in such
surveys to ensuring the representativeness of subjects so
that inferences are generalizable and can be used, for
example, at a national level and sometimes in small area
statistics. Because we regard this as a fundamental issue,
which is often inadequately handled in surveys other than
those carried out by large (generic) survey organizations,
we give this particular emphasis here.

The approach taken by one of us to the challenge of
sampling children nationally illustrates some of the factors
that can and need to be considered. Several methods of
obtaining a representative sample of children in Great
Britain were considered: carrying out a postal sift of the
general population to identify households with children,
sampling through schools, using administrative databases,
and piggybacking on other surveys. It was decided to draw
the sample from administrative records, specifically, the
Child Benefit Records held by the Child Benefit Centre
(CBC). Parents of each child under 16 living in the United
Kingdom are entitled to receive child benefits unless the
child is under the care of social services. Using these
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centralized records as a sampling frame was preferred to
carrying out a postal sift of over 100 000 addresses or
sampling through schools. The postal sift would have
been time consuming and expensive. The designers did
not want to sample through schools because they wanted
the initial contact to be with parents who then would give
signed consent to approach the child’s teacher. A two-hour
survey was regarded as too long for piggybacking on other
surveys.

Use of centralized records (see later also) does have
some disadvantages; access to the records can be problem-
atic and the frame may not be accurate or comprehensive.
It was realized that some child benefit records did not
have postal codes attributed to addresses: 10% in a first
survey and 5% in the repeat. The Child Benefit Centre
had no evidence that records with postal codes were
different from those without. The addresses with missing
postal codes probably represent a mixture of people who
did not know their postal code at the time of applying for
child benefits and those who simply forgot to enter the
details on the form. If there are other factors which
differentiate between households with and without
postal-coded addresses, the key question is to what extent
these factors are related to the mental health of children.
Because these factors are unknown, one does not know
what biases may have been introduced into the survey by
omitting the addresses without postal codes.

The survey design dealt with the problem of omission
of children in the care of social services by carrying out a
separate survey of this vulnerable group even though such
children represent only 0.5% of the population in Eng-
land. Previous research had indicated high rates of mental
disorders among this group. Also excluded from the orig-
inal sample were cases in which ‘action’ was being
invoked, such as occur with the death of the child or a
change of address. These are administrative actions as
distinct from some legal process concerning the child
and hence should not bias the sample in any way.

Small-area statistical estimates are population approx-
imations developed by specialized statistical procedures
such as spatial interpolation. They allow policymakers,
local planners, and individual users of services to extrap-
olate census and survey data to specific local areas. Very
large survey sample sizes may be used in conjunction with
census data allowing linkages between different informa-
tion sources on economics, health, crime, quality of the
environment, and so forth. The estimates obtained may be
subject to census (or survey) or modeling error. Trend
estimates may not be directly comparable from year to
year because of changes in boundaries, data, and method-
ology. Estimates can be improved by the use of spatially
more precise, geographically coded, building identifiers.
Alternatively postal code data or an equivalent coding
system are essential but will not be available in all parts
of the world.
Screening and full assessment
Although in the children survey example all respondents
were administered the same set of questions, many
surveys employed two-stage or multiphase survey designs.
The first stage consists of a self-report questionnaire
administered to the full sample by lay interviewers who
do not need to have any clinical training. In a second
stage, a randomly selected subsample will undergo a
more complex and detailed assessment, possibly involving
some degree of clinical expertise. The second phase might
involve a full clinical assessment of one or more forms of
mental disorder, analogous to a second stage of a popula-
tion dietary survey in which a random subsample of first-
stage respondents undergoes a more detailed inventory of
all food kept in a household, and of food purchases within
a past number of days, which may be carried out by a
smaller team of research dieticians.

There are considerable advantages and also disadvan-
tages to both the single and two-phase designs; these are
well discussed in the literature (Newman et al., 1990;
Shrout and Newman, 1989). The advantages of the single
stage approach are as follows:

. Detailed information is collected on all respondents.
A sample distribution can be produced on all subscales
even though only those with an above-threshold score
will have psychopathology.

. With the possibility of a longitudinal element in
the survey, there is a large pool of respondents from
which to select controls who could be matched on
several characteristics to the children who exhibit sig-
nificant psychiatric symptoms during the first-stage
interview.

. A one-phase design is likely to increase the overall
response rate compared with a two-phase (screening
plus clinical assessment) design.

. A one-stage design reduces the burden put on respon-
dents. Ideally, a two-phase design would require a
screening questionnaire to be followed up with an
assessment interview administered to the selected
respondent. A one-stage design only requires one
interview.

One of the advantages of a one-phase over a two-phase
design is that it can be carried out in a far shorter time scale.
The main disadvantage of a one-stage design is cost. The
administration is far cheaper in two-stage designs,
although they are likely to have more biases and less
precision.
Cohort and Longitudinal Surveys

Cross sectional surveys explore associations between two
variables (x and y) whereas prospective surveys allow
the researcher to investigate the problem of unknown
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direction of causality (x! y; x y; x$ y). In relation to
mental disorder they can also provide invaluable informa-
tion on the persistence and duration of mental disorder
over time in the population (in general the commoner and
less severe forms of disorder in adulthood tend to be of
short duration rather than long lasting). However, they are
not appropriate for examining treatment and service
effectiveness prospectively because, if anything, at a
given time, those having treatment are likely to be more
severely ill and to have a poorer subsequent health
outcome.

In our experience the more common obstacle to suc-
cessfully carrying out a longitudinal study is a failure to
include this element in the design from the beginning of
the study, a ‘keeping in touch component.’ This is essen-
tial if the number followed up successfully is to be max-
imized. In an adequately funded ‘keeping in touch’
program, respondents are regularly sent reminders and
updates, often including personal birthday greetings, on
the progress and successful achievement of the study, thus
sustaining what can be a considerable commitment on the
part of respondents. This of course requires sustained
funding over much longer periods some of which could
be used to provide incentives.
Informed Consent

According to Martin (2000), the validity of survey
research depends crucially on obtaining as high response
rates as possible from the sample selected for a survey.
However, individuals selected have a right to make an
informed decision about whether or not to participate.
Martin argues that without personal contact with an
interviewer, the conditions needed to obtain informed
consent cannot be achieved. Use of opt-out procedures
based on a letter (and opt-in procedures to an even great
extent) guarantees neither that the information needed to
ensure that consent is informed reaches the right person
nor that the person has read and fully understood what
participation entails. Martin has concluded that truly
informed consent can be obtained only if it is sought by
an interviewer trained to explain the survey fully and
answer all questions. This is analogous to a personal
approach to take part in a clinical trial in which informed
consent must also be obtained.

The survey research literature and standard survey
practice both emphasize the importance of motivating
people to agree to take part in surveys by stressing the
importance of the survey and of their personal contribu-
tion. There is no evidence that such motivation is seen as
exerting undue pressure. The voluntary nature of surveys
is always explained, and respondents are free to refuse to
answer particular questions or to terminate their partici-
pation at any stage. Additional safeguards in the case
of the longitudinal and panel surveys are that explicit
permission is sought to continue at each stage of the
survey, so initial consent does not imply consent to
every part of the survey process (Martin, 2000).
Case Control Studies

Measures of exposure status can be compared in which
disease status is determined at the time of subject selec-
tion. This design may be useful in studying rare condi-
tions, events, or exposures. However, unless these are
obtained in the same population setting from which con-
trols are drawn, comparisons and resulting estimates may
be biased. This design is rarely used in this field.
Information Sources

Types of information sources can be divided into admin-
istrative and survey or census. Some very useful studies
can be performed by means of existing well-collected
administrative data, thus avoiding the high cost of new
data collection and using those resources instead for the
important tasks of analysis and dissemination.
Administrative Sources

For cultural and legal reasons, administrative authorities
will probably have the best data on causes of death such as
suicide and homicide. Data can exist in registers of inde-
pendent organizations, provider services, or of the author-
ity organization itself.
Censuses

Censuses are a similar source of data; the main advantage
is that they collect whole-population data. But census
sources are limited by the fact that questions on health
are rare and virtually unheard of in relation to psycholog-
ical and mental health. Other disadvantages are that they
are carried out relatively infrequently, rely on proxy
information (provided by one household member), and
rely on another service such as the postal service to
convey data.
Surveys

Surveys can be an efficient and relatively low-cost
method for obtaining large numbers of observations in a
systematic, reliable way and provide powerful methods for
addressing questions on health. Such survey data sets are
increasingly archived after a period of time and therefore
remain available to the wider research community and to
policy advisers (see the Relevant Websites section at the
end of this article). This is good in that better use is made
of such data at little extra cost, but it can have bad effects
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also, particularly in a complex area such as mental health,
unless the original survey designers can contribute the
analysis and interpretation of the data in order to obviate
serious misunderstandings.

Mental health surveys
Early mental health surveys tended to be carried out on
small samples obtained in single communities and were
typically conducted by an individual or small academic
team. Estimates from these studies carried little precision,
and only substantial effects were demonstrable. Large-
scale, statistically more powerful, survey methodologies
began to impinge on the field of psychiatric surveys with
the Epidemiologic Catchment Area Survey of Mental
Disorders (ECA) (Robins et al., 1984), British National
Psychiatric Morbidity Surveys ( Jenkins et al., 1997) (see
Relevant Websites), the National Comorbidity Survey
(NCS) (Kessler et al., 1994), and now the WHO World
Mental Health Survey (Demyttenaere et al., 2004), all of
which have served to transform the field. Not only did this
development herald the introduction of new instruments
for assessing mental disorders (see below) but it also
served to refine sampling and statistical methods used to
generate scientific and policy information. Such surveys
have probably been more successful in answering ques-
tions about effects within subgroups of the population
such as those who are economically disadvantaged. They
have also been effective in collecting representative data
from difficult-to-reach populations, including low-
income populations in less economically developed parts
of the world. General health surveys and social and eco-
nomic surveys have also made increased use of measures
of mental and physical health and functioning, thus bring-
ing evidence to a much wider community of policymakers
and decision makers.
Registers

Disease and service registers have also played a key part,
although few countries have been willing to or capable of
operating these over sustained periods. Scandinavian
countries, most notably Denmark, have made a contribu-
tion in this regard to studying, for example, rarer condi-
tions such as bipolar disorder and other specific forms of
psychosis within a whole population context. External
researchers have also been able to work collaboratively
with those responsible for maintaining such registers. The
use of such sources must include a careful consideration
of the quality of the register’s coding of data.
Services

Although services ought to be able to provide information
on rarer events and conditions in practice, for example, we
have found such sources to be unable to furnish reliable
information except, of course, when they are linked to a
register that is managed to high scientific standards. A key
issue that may underlie this situation is that the purposes
for which data are collected and used by a service are
likely to be very different from those of scientific or policy
researchers. Services may be able to supply information
on the use of such services, providing diagnostic coded
data (sometimes in close accord with an accepted set of
definitions).
Record Linkage

Linking data on respondents or service users across pop-
ulation care sectors and agencies can be of value in ensur-
ing continuity of care, evaluation, and planning of mental
health services, depending of course on the aforemen-
tioned issue of data quality. Notable research examples
have involved linking data on suicide with data on previ-
ous service usage. Useful recent examples of the use of
record linkage to support services are the Ontario Data
Linkage System (Squire et al., 2002) and the Western
Australia Linked Database system (Holman et al., 1999).
Measurement Methods

As discussed earlier, we make a distinction in this section
between measures suitable for clinical settings and requir-
ing some clinical experience and measures that can be
either self-completed or administered by a lay interviewer
that are not only less costly to use but are also more feasible
to use in the kinds of large-scale general population surveys
needed to obtain information that is useful in planning and
policy development. Further background reading about
these kinds of measures can also be obtained elsewhere
(Thompson, 1988; Biemer et al., 1991; Farmer et al., 2002).
Unstructured Methods

When an investigator is beginning to study a new area of
research or is beginning to study an understood construct
but in a new population or cultural context or setting, it
may be prudent to start with qualitative assessments as a
first stage in identifying key themes and concepts and in
particular the language in which they are expressed.

Once a structured (or semistructured) instrument has
been drafted, testing can be enhanced by means of cogni-
tive interviewing (Biemer et al., 1991). After the test
respondent answers each question, an interviewer then
asks the respondent questions such as: What do you think
was meant by that question? What were you thinking
when you answered that question? Why did you answer
it that way?
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Qualitative analytical methods are used to summarize
key points emerging from such interviews; questions are
revised and further testing is carried out, and so on.

The more structured methods of measurement
described further on were developed because of concerns
about the use of unstructured measures such as the clini-
cian mental state assessment. Given the all-important
consideration of instrument reliability, mentioned previ-
ously, we do not propose to give further consideration to
unstructured approaches to the assessment of mental
health functioning.
Structured Measures

Fully structured measures are completed by study
respondents. They can be either directly completed in
the form of self-completion, ‘paper and pencil’ question-
naires although such methods are increasingly computer
assisted; (see the Procedures section) or they can be
administered face-to-face by a lay interviewer. When an
interviewer administers a questionnaire, the interviewer
must not impose her or his judgment on the responses to
the questionnaire, which must be chosen by the respon-
dent or left blank, unfilled. Considerable ingenuity has
gone into the development of such questionnaires in order
to gather information on the criteria needed to determine
the presence of specified types of psychiatric disorder.
Such techniques were first developed within the social
survey field in order to collect information on complex
social and economic issues. The principles involved began
to be used in the field of mental disorders in the 1970s
and 1980s. A strength but also a limitation of such inter-
viewer-administered questionnaires is the use of branch-
ing rules: when a respondent states that they do not have a
particular characteristic (e.g., symptoms of depression in
general, being currently unemployed) further questions
about depression or about the effects of being unem-
ployed need not be asked. Such methods allow a great
deal of information to be collected selectively but are
limited by the sensitivity and specificity and positive
and negative predictive value of the initial ‘screening’ or
‘sifting’ questions.
Self-report questionnaires

Self-report questionnaire can be used at little cost because
interviewers need not be directly involved in their admin-
istration. A comprehensive listing of such questionnaires
can be found in Farmer et al. (2002), where rating scales
are also described. The best-known examples of such
self-report measures for adults are the General Health
Questionnaire (Goldberg, 1972), the Short-Form Ques-
tionnaire (Ware, 1993), which also assesses physical
aspects of health and functioning, and the Strengths and
Difficulties Questionnaire for children (Goodman et al.,
2000b). These measures have been used in a considerable
number of large-scale surveys (including prospective or
panel studies), which mainly focus on general health
rather than specifically on mental disorder. Also widely
used is the Edinburgh Postnatal Depression Scale to
screen for perinatal maternal depression (Cox et al.,
1987). A promising new measure recommended for iden-
tifying more severe forms of mental disorder are the new
K6 and K10 Scales (Kessler et al., 2003). A great deal of
attention has focused on the psychometric properties of
these measures. Unfortunately, their deceptively simple
appearance may disguise the enormous work that goes
into their development. Therefore, researchers should be
very cautious in trying to develop measures of their own,
because questionnaire design and development is a highly
specialized undertaking.

Structured diagnostic interviews

As already explained, diagnostic interviews extend the
concept of self-report further; they either require an
interviewer or, in some studies, a computer to administer
the interview directly (interviewers will typically also use
a computer rather than printed paper to help them cor-
rectly follow branching rules). Comprehensive listings are
provided by Farmer et al. (2002). The limitations of these
useful and efficient interview branching techniques need
to be considered. For example, a respondent, perhaps for
reasons of social desirability, may deny having symptoms
of depression based on stem questions, which might oth-
erwise have been picked up if nonstem questions (for
example, about the physical effects of depression and
accompanying thoughts) were asked in a nonbranching
questionnaire. Therefore, some researchers prefer to use
the self-report questionnaire formats that do not include
any branching structure.

The first widely used such interview was the Diagno-
stic Interview Schedule, which later evolved into a series
of interviews that carry the common title Composite
International Diagnostic Interview (CIDI) (Robins et al.,
1988). Although lengthy and highly detailed, this quality
has not been detrimental to their widespread use, includ-
ing in the collection of survey data in low-income
countries. However, they are not suitable for measuring
severe mental disorders, and there are many different
versions of the CIDI, thus limiting comparison between
different studies. Less known are similar diagnostic inter-
views used in the British National Survey Programme
(see Relevant Websites). For the child surveys, worth
mentioning is a particularly novel solution to the chal-
lenge to combine fully structured questions and the use
of clinical ratings in the Development and Well-Being
Assessment (DAWBA) (Goodman et al., 2000a). The ques-
tionnaire used structured interviewing supplemented by
open-ended questions. When definite symptoms were
identified by the structured questions, interviewers used
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open-ended questions and supplementary prompts to get
parents to describe the child’s’ problems in their own
words. The wording of the prompts was specified.
Answers to the open-ended questions and any other
respondent comments were transcribed verbatim by the
interviewers but were not rated by them. Interviewers
were also given the opportunity to make additional com-
ments, where appropriate, on the respondents’ under-
standing and motivation.

A small team of experienced clinicians reviewed the
transcripts and interviewers’ comments to ensure that
the answers to structured questions were not misleading.
The same clinical reviewers could also consider clashes of
information between different informants, deciding which
account to prioritize. Furthermore, children with clini-
cally relevant problems that did not quite meet the oper-
ationalized diagnostic criteria could be assigned suitable
diagnoses by the clinical raters. There are no other exist-
ing diagnostic tools that combine the advantages of
structured and semistructured assessments in this way,
which is why a new set of measures were specifically
designed for this survey. The new measures and their
validity are described in more detail elsewhere (Goodman
et al., 2000a).
Semistructured

The term ‘semistructured’ is used to refer to measures
that could be considered as lying in between the pre-
worded, fully structured measures and largely unstruc-
tured qualitative interviews just described. In the sense
that it is used here, ‘semistructured’ refers to a style of
interviewing that is flexible and more conversational but
critically different in that the interviewer (either the
interviewer or others on the research team) has two
additional responsibilities: first, the selective framing of
supplementary questions in order to add clarification and
to respond to the way subjects at first answer and appear
to understand questions; and second, sifting through the
interview content and deciding on the final ratings. Issues
of feasibility, cost, and complexity of the phenomena to be
measured will bear on the choice of which approach to use
in a study, as discussed earlier.

Diagnostic interviews

Diagnostic interviews are discussed in detail elsewhere
(Farmer et al., 2002; Thompson, 1988). As for fully
structured diagnostic interviews, all the information
needed for the mental disorder classification system is
sought (and these interviews also use branching tech-
niques). Because the interviewer is required to provide
the judgment of each rating in a semistructured interview
as compared to the respondent in a fully structured inter-
view, great care is needed to ensure the consistency of
such ratings between interviewers and across time within
one study not to mention between studies. Little is known
about how successful such efforts are. There is little doubt
that such approaches will be very costly in most settings.
However, in low-income populations the cost of inter-
views also may be lower; there may also be advantages
arising from the flexible ‘clinical’ conversational style of
such interviews that could serve to minimize misunder-
standing among respondents who are perhaps less well
acquainted with Western psychological terms. However,
these are all conjectural matters for further investigation.
Some of the issues are also discussed elsewhere in the
wider context of survey measures in general (Biemer et al.,
1991).

In a previous section we discussed the DAWBA
(Goodman et al., 2000a), which combines a fully
structured and a partial semistructured element that has
been shown to be reliable in generating DSM-IV and
ICD-10 categories. The most widely used such measure
in adult mental health surveys is the Structured Clinical
Interview for DSM (SCID) (Spitzer et al., 1992). Also used,
particularly to elucidate psychotic forms of disorder, is the
Schedules for Clinical Assessment in Neuropsychiatry
(SCAN) (World Health Organization Division of Mental
Health, 1992). Both should be administered by clinically
experienced, specifically trained clinicians or by inter-
viewers with greatly extended training that provides
such experience (Brugha et al., 1999). The SCAN provides
dimensional and ICD-10 and DSM-IV diagnostic outputs
and has been translated extensively; the SCID-I provides
DSM-IV outputs only and also exists in a number of
translated forms.
Rating Scales

Rating scales are similar to semistructured interviews in
that the person administering the scale judges the ratings.
However, far less guidance is provided on how to collect
the data. Such measures were developed in order to
efficiently make use of the observations of a clinician,
who presumably would already have conducted a mental
state assessment, in treating a patient. These approaches
have for many years been in widespread use in clinical
treatment trials but are rarely used in surveys. Examples
can be found in Farmer et al. (2002) and Thompson (1988).
Cross-Population Issues

A number of references have been made to considerations
that are of importance when measuring mental health in
different cultures and language settings. This principle
should be extended to consideration of any subpopulation
that could be marginalized or excluded, such as prisoners
(Brugha et al., 2004) and those with sensory impairment.
For example, a version of the DIS interview has been
developed for deaf people (Montoya et al., 2004).
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Culture and ethnicity
There is a large body of evidence suggesting that the idioms
for mental distress vary across different ethnic groups
(Sproston and Nazroo, 2002). The implication of possible
cultural differences in symptomatic experience is that stan-
dardized research instruments will perform inconsistently
across different ethnic groups, greatly restricting the valid-
ity of conclusions based on their use in surveys. Although
there is some evidence of the universalityof themajor forms
of clinical psychopathology (Cheng et al., 2000), this is not
universally accepted. Fundamental issues about the trans-
ferability of Western psychological and psychopathological
concepts continue to be debated. Invaluable experience
of the practicalities and scope for addressing such chal-
lenges has come from the International Pilot Studies
of Schizophrenia and subsequent research under WHO
auspices (Jablensky et al., 1992) and from recent work within
the general population survey paradigm of the diverse
cultures and languages found in urban Britain (Sproston
and Nazroo, 2002), which included detailed qualitative,
unstructured assessments carried out in the first language
of respondents.
Translation methods and protocols

A great deal of experience has been built up in translating
(Sartorius, 1998) and testing instruments in different pop-
ulation and cultural settings. Great emphasis has been
placed on the use of both forward- and back-translation.
Recent developments emphasize that it is the concepts
rather than the words that need to be translated, thus
preserving meaning as far as possible. In order for ques-
tions to be understood in a way that is comparable within
and across populations that rely on different languages
and dialects, it is necessary to have a translation procedure
that yields equivalent versions of the questions across a
variety of settings and cultures.

There are three main problems that occur when trying
to standardize the translation process across countries:

. linguistic differences caused by changes in the meaning
of words between dialects;

. translation difficulties; and

. differences that arise when applying a concept across
cultures.

The conceptual translational method relies on detailed
explanations of the terms used in each survey question, as
well as the underlying concepts that the questions were
intended to measure. This approach differs from the
forward-backward method in the ‘backward’ step, during
which rather than translating the question back into the
original language, a checker determines whether each
question was properly translated such that the intended
concepts were actually captured (Robine and Jagger, 2002;
Robine and Jagger, 2003).
Measurement of Specific Disorders

As mentioned earlier, mental health survey approaches
and programs in a given geographic setting sometimes
begin by assessing an overall or ‘common mental disorder’
outcome that may be dimensional (see Figure 1) or based
on a categorical case definition. This approach can also be
embedded into surveys that assess other aspects of health,
economic and social functioning. The influence of clinical
psychiatry has led to an expectation of data on specific
categories of mental disorder. Most surveys have focused
on more common internalizing disorders: anxiety and
depression in adults, conduct and emotional disorders in
children and young people. Many surveys also attempt to
measure rarer and more complex disorders (in terms of
diagnostic criteria and their measurement), such as obses-
sive compulsive disorder and psychosis in adults and
attention deficit disorder and developmental disorders in
children (e.g., tick disorder and autism). Externalizing
disorders involving the use of substances and alcohol are
also often assessed; other disorders of behavior, such as
personality disorder, are rarely assessed. These expecta-
tions are likely to be increasingly questioned in favor of
the more practical and parsimonious value of information
on severity, complexity per se, and persistence over time.
Procedures (Surveys Mainly)

The procedures used in surveys also determine quality,
cost, and acceptability. Quality (or accuracy) is the most
difficult of these to evaluate. A notable example is that
it has been shown that audio computer-assisted self-
interviewing (ACASI) administration can yield more
information on mental health than that obtained from
an interviewer-administered, paper-and-pencil (I-PAPI)
mental health module of the CIDI (Epstein et al., 2001).
Face to Face

In face-to-face procedures the respondent is administered
the questions by an interviewer who will typically visit the
person’s home or other agreed-upon place. Although
costly, such methods are regarded as of high quality. The
researcher has control over the quality of the training and
procedures used by interviewers.
Postal

Respondents complete and return a questionnaire by post,
usually using a prepaid cover or envelope. Unless addi-
tional steps are taken to ensure cooperation, response
rates tend to be so low as to make the information
provided of limited value, but methods for increasing
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response rates have been developed. Costs are under-
standably very low. It may come as a surprise, however,
to find that quality can be high, possibly because respon-
dents have time to think more carefully about questions
and also because social desirability factors play less of a
part (Bushery et al., 1996) than in face-to-face interviews.
However, self-completion methods that are fully anony-
mous are now often included within a face-to-face inter-
view procedure.
Electronic and Digital

Various electronic methods have gradually been intro-
duced; some of these are under active development and
likely to become either more sophisticated or drop out of
use. In most contexts and cases, costs are lower than for
the equivalent interviewer-based approach, although
start-up costs may be very high.

Procedures include computer-assisted telephone
interviewing, the Internet, interactive voice response
over telephone (IVR), and so forth. IVR is a more auto-
mated version of telephone interviewing but may be
limited by the proportion of the population who sub-
scribe. Telephone interviewing is used widely by com-
mercial organizations in some populations, and this may
lead to resistance among some of the public and thus
compromise the representativeness of survey findings.

Start-up costs for Internet surveys, although drop-
ping, are still high but then fall to almost zero per unit
cost. They may share some of the advantages of accuracy
of postal methods. Data can be collected from all over
the world (which may be either an advantage or a dis-
advantage) and is immediately available for analysis.
Other computer-administered methods include audio-
computer-assisted interviewing (ACASI), in which the
respondent may wear ear phones; text to speech (TTS),
which may use ‘talking heads’ (Avatars) that can be
specifically gender and culture matched to the respon-
dent; digital recording; and touch screen responses to
questions.

Computer adaptive testing (CAT), in which the soft-
ware calculates and determines the next question to ask in
an interview, is probably limited to assessing fairly simple
concepts and facts rather than attitudes; when we evalu-
ated such a system in a comparison with a clinical evalua-
tion of neurotic symptoms we found poor agreement
(Brugha et al., 1996).
Application of Measurement Methods in
Public Health Contexts (e.g. Surveillance
and Screening in Health Settings)

Government policy documents are beginning to suggest the
use of surveillance methods such as repeat surveys over
time in order to evaluate policies and success in implement-
ing health objectives (e.g., England; Department of Health,
1999). National mental health strategies should set realistic
targets for improvements in the mental health of the popu-
lation ( Jenkins et al., 2002). The example of a common
mental disorder for which there is a range of effective
treatments deserves mention. Despite the high prevalence
rates of common mental disorders, they have traditionally
been underdetected and undertreated. In recent years
changes in services should have improved this situation in
Great Britain. A campaign by theRoyal Colleges ofGeneral
Practitioners and of Psychiatrists to increase awareness and
the effective treatment of depression led to over half of
general practitioners (GPs) taking part in teaching sessions
on depression. The pharmaceutical industry successfully
encouraged increased prescription of newer antidepres-
sants. The effectiveness of such innovations may be evalu-
ated by monitoring the mental health and treatment of
representative samples of the whole population surveyed
in 1993 and 2000. However, a recent examination of rates
of such disorders in 1993 and 2000, during which rates of
treatment increased dramatically, concluded that treatment
with psychotropic medication alone is unlikely to improve
the overall mental health of the population nationally
(Brugha et al., 2005). Similar conclusions have emerged
since from the USA (Kessler et al., 2005). Such evidence
can be interpreted as pointing to the need to develop
effective prevention policies for which surveillance meth-
ods would also be essential.
Policy Information and Decision Making

Little is known or understood about how policymakers use
information from mental health surveys. Expectations are
likely to be shaped by the nature and value of information
used in physical health and evidence-based treatments and
services, including prevention policies. This may be why
information on the prevalence of mental disorders is often
sought and provided, although the concept may have little
meaning. A surprisingly large number of systematic
reviews, often including the use of synthetic methods
such as meta-analysis, have appeared in the psychiatric
epidemiology literature in the past decade. Policymakers
require guidance on the value of such reviews, given the
technical difficulties faced in carrying out good-quality
studies in this field.
Conclusions

Methods for measuring psychiatric and related psycho-
logical disorders and outcomes in populations have
advanced considerably, particularly in the past two dec-
ades. Some long-standing assumptions have been tested,
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sometimes with surprising conclusions. Contemporary
researchers pay particular attention to consistency and
reproducibility of findings, in contrast to an earlier era
in which clinical applicability often dominated the choice
of the method used. Studies have become much larger and
require the input of many more and different disciplines
than in the past; this is probably to the good, as it may help
render the topic of mental disorder more acceptable and
less stigmatizing. Although the field seems new and tech-
nologically exciting, old principles are still important:
simplicity and clarity of purpose, an appropriate design,
the use of well-tested measures, and the interpretation of
findings with a clear understanding of the limitations of
the methods used. The measurement of mental disorder
now stands equal in importance, in methodological rigor
and usefulness, to other major public health topics.
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Introduction

Much of the global variation in cancer incidence has been
attributed to environmental factors, such as diet. Thus far,
one of the constituents of diet that has been most consis-
tently associated with elevated risks of certain cancers is
meat, particularly consumption of red and processed
meats. Meat intake varies enormously throughout the
globe, with some populations consuming relatively little
meat, while in some countries, such as Argentina and
Australia, meat provides a large percentage of daily calo-
ric intake.
There have been several reviews of the meat and
cancer association, including two large consensus reports
from the Wor ld Cance r Research Fund (1997 ) and the
Committee on Medical Aspects of Food and Nutrition
Policy (1998). The recommendation from these reports
was to prevent the average level of red meat and processed
meat consumption from rising; people consuming high
levels (>140 g/day) were advised to reduce their intake.
The WCRF report concluded that an association between
meat and colorectal cancer was ‘probable.’ In addition, this
report concluded that there was a ‘possible’ association
between meat and cancers of the pancreas, prostate,
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breast, and kidney (World Cancer Research Fund, 1997).
The WCRF report is being updated; although the publi-
cation has not yet been released, it is likely that the
recommendation to limit meat consumption will be
strengthened.
Epidemiology

The amount of epidemiologic evidence on meat intake
and cancer risk varies depending on the anatomic site. All
of the studies with cancer as an endpoint have been
observational cohort and case-control studies rather than
clinical trials, although there have been some controlled
feeding studies, which is discussed below. This section
summarizes the epidemiologic literature for the cancer
sites most commonly thought to have risks modifiable by
dietary components. The most stable risk estimates are
obtained from meta-analyses or pooled analyses, rather
than individual studies.
Colorectal Cancer

The relationship between meat consumption and cancer
of the colorectum has been studied more extensively than
that with other cancer sites. In 2001, a meta-analysis
pooled results from 13 prospective studies and concluded
that an increase of 100 g/day of all meat or red meat
was associated with a statistically significant 12–17%
increased risk of colorectal cancer, and an increase of
25 g/day of processed meat was associated with a 49%
increased risk (Sandhu et al., 2001). The following year,
results from 34 case-control studies and 14 cohort studies
of meat intake and colorectal cancer were reviewed, of
which 15 case-control studies and nine cohort studies
examined red meat intake specifically and 22 case-control
and seven cohort studies examined processed meat spe-
cifically (Norat et al., 2002). This review found a statisti-
cally significant increased risk for colorectal cancer for
those in the highest quantile of red meat (RR¼ 1.35; 95%
CI¼ 1.21–1.51) and processed meat (RR¼ 1.31; 95%
CI¼ 1.13–1.5) (Norat et al., 2002). More recently, a
meta-analysis of the prospective studies through March
2006, which included 19 studies, confirmed the positive
association in the summary statistics for both red meat
(RR¼ 1.28; 95% CI¼ 1.15–1.42) and processed meat
(RR¼ 1.20; 95% CI¼ 1.11–1.31) in the highest versus
lowest categories of intake (Larsson and Wolk, 2006).

In contrast, some researchers have questioned the
role of meat in colorectal cancer etiology. A pooled anal-
ysis of five cohort studies, each with a high proportion of
vegetarians, showed no difference in the risk of mortality
from colorectal cancer in vegetarians compared with meat-
eaters (Key et al., 1999). However, this study had a high
proportion of vegetarians and very few heavy meat-eaters;
furthermore, the definition of regular meat-eaters was those
who consumed meat just once per week or more.
Esophageal and Gastric Cancer

There is very little known about meat as a risk factor for
esophageal cancer. The first cohort study to investigate this
association in a Western population was published in 2006
(Gonzalez et al., 2006); this studyexamined adenocarcinoma
of the esophagus and found no association for meat intake
overall, but it did report increased risk for those in the
highest tertile of processed meat consumption.

With regard to gastric cancer, total meat intake was not
associated with risk in three cohorts (Ito et al., 2003; Kneller
et al., 1991; Ngoan et al., 2002). Red meat intake was also not
associated with gastric cancer risk in two large case-control
studies (Boeing et al., 1991; Ji et al., 1998), but was associated
with an elevated risk in several other case-control studies
(Chen et al., 2002; Correa et al., 1985; Mathew et al., 2000;
Ward et al., 1999; Zhang et al., 1997), although only two
reached statistical significance (Correa et al., 1985; Ward
et al., 1999). Processed meat consumption has also been
associated with risk of gastric cancer in several case-control
(Boeing et al., 1991; Correa et al., 1985; Ward et al., 1999;
Buiatti et al., 1989; Gonzalez et al., 1991; Hoshiyama and
Sasaba, 1992; Risch et al., 1985; Ward et al., 1997) and cohort
studies (Kneller et al., 1991; Ngoan et al., 2002; Chyou et al.,
1990; Nomura et al., 1990; van den Brendt et al., 2003),
but not in others (Ito et al., 2003; Galanis et al., 1998;
McCullough et al., 2001). None of the studies mentioned
above looked separately at cancers of the gastric cardia and
non-cardia, the two main subtypes of gastric cancer.
Recently, a large, multicentered cohort within Europe
published findings for gastric cancer by sub-site; the
authors found significantly elevated risks for non-cardia
cancer for total meat (3.5-fold risk), red meat (1.7-fold risk),
as well as processed meat (2.5-fold risk), but no associations
with gastric cardia cancer (Gonzalez et al., 2006).
Pancreatic Cancer

Meat intake as a risk factor for pancreatic cancer has
been investigated in many case-control studies (Bueno de
Mesquita et al., 1991; Falk et al., 1988; Farrow and Davis,
1990; Fernandez et al., 1996; La Vecchia et al., 1990; Lyon
et al., 1993; Mizuno et al., 1999; Olsen et al., 1989; Raymond
et al., 1987; Silverman et al., 1998; Soler et al., 1998;
Anderson et al., 2002; Baghurst et al., 1991; Ghadirian
et al., 1995; Gold et al., 1985; Ji et al., 1995; Mack et al.,
1986; Norell et al., 1986; Tavani et al., 2000), as well as
several cohort studies (Coughlin et al., 2000; Hirayama,
1989; Isaksson et al., 2002; Larsson et al., 2000; Mills et al.,
1988; Zheng et al., 1993; Michaud et al., 2003; Nothlings
et al., 2005; Stolzenberg-Solomon et al., 2002), with mixed
results. The majority of studies reported either positive
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(Falk et al., 1988; Farrow and Davis, 1990; Lyon et al., 1993;
Olsen et al., 1989; Soler et al., 1998; Anderson et al., 2002;
Ghadirian et al., 1995; Mack et al., 1986; Norell et al., 1986;
Tavani et al., 2000; Hirayama, 1989; Larsson et al., 2006;
Mills et al., 1988; Zheng et al., 1993; Nothlings et al., 2005) or
null results (Bueno deMesquita et al., 1991; Falk et al., 1988;
Fernandez et al., 1996; La Vecchia et al., 1990; Mizuno et al.,
1992; Olsen et al., 1989; Raymond et al., 1987; Silverman
et al., 1998; Baghurst et al., 1991; Ji et al., 1995; Coughlin
et al., 2000; Michaud et al., 2003; Stolzenberg-Solomon,
2002), although few have reported inverse associations
(Bueno di Mesquita et al., 1991; Silverman et al., 1998;
Gold et al., 1985; Isaksson et al., 2002).
Prostate Cancer

The findings regarding meat intake and prostate cancer
are inconsistent, with some studies reporting no relation-
ship (Bosetti et al., 2004; Cross et al., 2005; Gronberg et al.,
1996; Hayes et al., 1999; Hirayama, 1979; Hsing et al., 1990;
Whittemore et al., 1995) and others reporting positive
associations (Deneo-Pellegrini et al., 1999; Gann et al.,
1994; Giovannucci et al., 1993; Le Marchand et al., 1994;
Michaud et al., 2001; Schuurman et al., 1999; Veierod et al.,
1997; Villeneuve, 1999). Most recently, a large U.S. cohort
that examined the association between meat and prostate
cancer risk separately in whites and African-Americans
found no association in white men, but significantly ele-
vated risks in black men. The relative risk estimates com-
paring the top to the bottom quartile were 2.0 for red
meat, 2.4 for processed meat, and 2.7 for cooked processed
meat (2.7-fold risk) (Rodriguez et al., 2006). A racial dif-
ference in the association between meat and prostate
cancer has been observed previously (Hayes et al., 1999).
Breast Cancer

The evidence for meat intake as a risk factor for breast
cancer is also inconsistent. There have been two reviews
of the evidence, one meta-analysis of published literature
from 22 case-control and nine cohort studies through
July, 2003 (Boyd et al., 2003), and one pooled analysis
of eight prospective studies (Missmer et al., 2002). The
meta-analysis found an overall positive association for
meat intake and breast cancer risk (RR¼ 1.17; 95%
CI¼ 1.06–1.29), with a stronger association for the cohort
studies (RR¼ 1.32; 95% CI¼ 1.12–1.56) (Boyd et al.,
2003). However, the pooled analysis found no association
between total meat or redmeat intake and breast cancer risk
(Missmer et al., 2002). The two most recent prospective
studies found elevated risks for breast cancer with high
intake of both red and processed meats (Taylor et al., 2007),
specifically for estrogen- and progesterone-receptor-
positive pre-menopausal breast cancer (RR¼ 1.97; 95%
CI¼ 1.35–2.88) (Cho et al., 2006).
Non-Hodgkin Lymphoma

The incidence rates for non-Hodgkin lymphoma (NHL)
have increased since the mid-1970s, yet there are few
established risk factors. Dietary risk factors have not
been extensively investigated, with the majority of studies
suggesting a positive association for fat and protein intake,
which led to a few studies that examined meat intake. One
cohort study (Chiu et al., 1996) and one large case-control
study (Purdue et al., 2004) reported elevated risks for total
meat intake and NHL risk, although three other case-
control studies reported null associations (Cross et al.,
2006; Tavani et al., 2007; Ward et al., 1994). The results
have been inconsistent with respect to red meat; most
studies have not found an association for NHL (Tavani
et al., 2000; Purdue et al., 2004; Cross et al., 2006; Ward et al.,
1994; Chang et al., 2005; Franceschi et al., 1989; Talamani
et al., 2006; Zheng et al., 2004), although two female cohorts
(Chiu et al., 1996; Zhang et al., 1999) and one case-control
study in men (De Stefani et al., 1998) found two- to 2.5-fold
elevated risks. Of nine studies (Chiu et al., 1996; Purdue
et al., 2004; Cross et al., 2006; Tavani et al., 1997; Ward et al.,
1994; Franceschi et al., 1989; Talamani et al., 2006; Zhang
et al., 1999; De Stefani et al., 1998) investigating processed
meat as a risk factor for NHL, only two found an elevated
risk (Purdue et al., 2004; Tavani et al., 1997).
Bladder Cancer

There have been few studies of meat intake in relation to
bladder cancer. Two cohort studies have reported ele-
vated, but not statistically significant, risks of bladder
cancer for those in the highest category of meat con-
sumption (Chyou et al., 1993; Mills et al., 1991), although
other studies have reported null findings (La Vecchia
and Negri, 1996; Steinmaus et al., 2000). With regard to
red meat specifically, one cohort study found a 2.2-fold
increased risk for bladder cancer (Steineck et al., 1988),
whereas another found no association (Michaud et al.,
2006). Processed meat intake has been associated with
bladder cancer risk in one case-control study (Wilkens
et al., 1996) and two prospective cohorts combined found
a 1.6-fold increased risk for bacon intake (Michaud et al.,
2006), whereas another cohort did not (Chyou et al., 1993).
Mechanisms

There are several plausible biological mechanisms to
explain an association between meat consumption and
cancer. Early hypotheses focused on the potential effects
of saturated fat or protein in red meat on colon cancer.
Subsequent research has implicated other components of
meat that could contribute to carcinogenesis such as iron
in red meat, mutagens associated with meat preparation,
and substances used to preserve meat, as noted below.
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Preservation and Processing

Curing meat by adding salt, nitrate, or nitrite or by smoking
has been a method of preservation for years. Most of the
research regarding meat preservation methods has focused
on cancers of the gastrointestinal tract; these studies were
summarized by the WCRF report, which concluded that
there was ‘possible’ evidence for an association between
cured meats and colorectal cancer (World Cancer Research
Fund, 1997). Other cancers that have been associated
with processed meat consumption include childhood leu-
kemia (Peters et al., 1994) and cancer of the brain (Preston-
Martin et al., 1982; Sarasua and Savitz, 1994), oral cavity
(Rajkumar et al., 2003), larynx (Levi et al., 2004), prostate
(Michaud et al., 2001), and pancreas (Norell et al., 1986;
Risch, 2003).
Salted foods

Case-control studies have found a positive association
between stomach cancer risk with consumption of salted
meat and fish (Boeing et al., 1991; Ward et al., 1999; Buiatti
et al., 1989; Haenszel et al., 1972; Kono et al., 1988; Lee et al.,
1995; Palli et al., 1992; Ramon et al., 1993); in addition, a
cohort study found a two-fold increased risk of stomach
cancer with salted fish consumption (Kneller et al., 1991).
Salted meat and fish has also been associated with a
2.6-fold increased risk of colorectal cancer (Knekt et al.,
1999). Some foods, such as salted fish, are preserved using
nitrite salts and are thus a source of both salt and exoge-
nous N-nitroso compounds (NOC) from the reaction
between the nitrite and the secondary amines present in
the fish. Chinese salted fish, for example, contains high
levels of NOCs.
Nitrates/nitrites and N-nitroso compounds (NOCs)

Meat may be associated with cancer risk by contributing
to NOC exposure. NOCs are among the most powerful
chemical carcinogens; therefore, even small amounts in
the human body could be important. The carcinogenicity
of NOCs has been tested in 39 different animal species,
including six species of primate. Tumors have been
induced in all species so far examined at a variety of
sites and in a wide range of target cells. Thus, there is
no reason to assume that humans are not susceptible to
their actions.

There are two major routes of exposure to NOCs, by
exogenous routes (from processed meats in particular)
and by endogenous formation within the body, which is
dose-dependently related to the amount of red meat in
the diet. Exogenous exposure to NOCs occurs mainly by
the inhalation or consumption of tobacco and preserved or
heat-treated foods. Nitrite is added to processedmeat as an
antibacterial agent against Clostridium botulinum and as a
cosmetic agent to react with myoglobin to produce the
characteristic red-pink color of cured meats. Nitrate and
nitrite are known precursors for NOC formation and,
therefore, nitrite added to meat can form NOC in the
meat. NOCs have also been detected in foods processed
by smoking or direct fire-drying, which uses sufficient heat
to oxidize molecular nitrogen to nitrogen oxides, which
are able to nitrosate amines present in foods such as meat.

Dietary sources of nitrate and nitrite have not shown
consistent associations with cancer risk. Some studies
have found a positive association between foods high
in nitrite, such as bacon and hot dogs, and esophageal
cancer (Rogers et al., 1995), nasopharyngeal cancer (Ward
et al., 2000), non-cardia gastric cancer (Mayne et al., 2001),
pancreatic cancer (Coss et al., 2004), bladder cancer
(Michaud et al., 2006), childhood leukemia, and brain
cancer (Peters et al., 1994; Sarasua and Savitz, 1994;
Kuijten et al., 1990); however, no association was found
for colorectal (Knekt et al., 1999) or gastric cancer risk
(Chyou et al., 1990; van Loon et al., 1997). Some studies
have estimated overall NOC intake and have found sig-
nificant positive associations with stomach cancer risk
(Correa et al., 1985; Gonzalez et al., 1994; La Vecchia
et al., 1995; Pobel et al., 1995), upper aerodigestive tract
cancers (Rogers et al., 1995), and brain cancer (Preston-
Martin, 1982). Childhood exposure to NOCs has been
specifically associated with nasopharyngeal cancer (Ward
et al., 2000). A study of esophageal cancer conducted in
two different areas of China, a low- and a high-risk area,
showed that NOC levels in the diet and daily excretion of
NOC were significantly higher in the area at high risk for
this cancer (Lin et al., 2002). The association between
exogenous NOC exposure and cancer was directly inves-
tigated in 73 cases of colorectal cancer in a Finnish cohort
of 9985 individuals (Knekt et al., 1999). This study inves-
tigated whether N-nitroso-dimethylamine (NDMA)
intake or foods rich in N-nitrosamines are predictive for
colorectal cancer. NDMA intake came from smoked and
salted fish (52%) as well as cured meats and sausages
(48%). This study found a significant two-fold increased
risk of colorectal cancer in those with a high intake of
NDMA (Knekt et al., 1999).

Endogenous NOC formation is thought to occur as a
result of nitrosating agents, such as those derived from
nitrite, reacting with nitrosatable substrates, the most
commonly studied being secondary amines; this reaction
can be catalyzed by nitrate reductase, which has an eight-
fold variation in activity among individuals. A study in rats
harboring human fecal flora in their intestine and fed
human diets showed a three-fold increase in bacterial
nitrate reductase activity with a three-fold increase in
meat consumption (Rumney et al., 1993).

Fecal NOC level is measured as apparent total
N-nitroso compounds (ATNC), which is a proxy for
endogenous N-nitrosation when exogenous NOC expo-
sure is low. When nitrate is given to conventional and
germ-free rats, ATNC remains low irrespective of the
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nitrate dose; however, in conventional rats, the level of
nitrate in the water had a marked effect on the fecal
ATNC levels (r¼ 0.95, p< 0.01) (Massey et al., 1988).
Furthermore, controlled human feeding studies have
demonstrated a clear dose–response effect of red meat
on fecal ATNC levels (Hughes et al., 2001). More recently,
heme iron was identified as the component responsible
for the enhancing effect of red meat on endogenous
N-nitrosation (Bingham et al., 2002; Cross et al., 2003).
A review of 33 studies considering the effect of iron on
colorectal carcinogenesis, which weighted each study
according to its design and number of subjects, revealed
that the stronger studies did find a positive association
between dietary iron or iron stores and colorectal cancer
risk (Nelson, 2001). There are no epidemiologic studies
assessing the effect of measured heme iron intake from
different meats and cancer risk.
Meat Cooking Methods

According to the WCRF report, high-temperature cook-
ing methods, such as pan-frying or grilling/barbecuing,
are ‘possibly’ contributing to the risk of both stomach and
colorectal cancers (World Cancer Research Fund, 1997).
Case-control studies of colorectal adenoma (Gunter,
2005; Probst-Hensch, 1997; Sinha, 1999), colorectal can-
cer (Butler et al., 2003; Gerhardsson de Verdier et al., 1991;
Peters et al., 1989; Wohlleb et al., 1990), and pancreatic
cancer (Anderson et al., 2002; Ghadirian et al., 1995; Ji
et al., 1995; Norell et al., 1986) have found elevated risks
for high-temperature cooking methods. Frying/grilling
has also been associated with increased risks of NHL
(Chang et al., 2005) as well as pancreatic (Norell et al.,
1986), lung (Sinha et al., 1998), and bladder cancer
(Steineck et al., 1990). Furthermore, the degree to which
the meat is cooked is also thought to affect risk of some
cancers. Several case-control studies investigating the role
of meat doneness level on the risk of colorectal adenoma
(Probst-Hensch, 1997; Sinha et al., 1999) or colorectal can-
cer (Butler et al., 2003; Gerhardsson de Verdier et al., 1991;
Lang et al., 1994; Nowell et al., 2002) have reported elevated
risks for well- or very well-done meat consumption. Other
studies have found similar associations for well-done meat
intake and tumors of the stomach (Ward et al., 1997), pros-
tate (Cross et al., 2005; Norrish et al., 1999), breast (Zheng
et al., 1998), and lung (Sinha et al., 1998). However, other
studies have not found any associations for high-tempera-
ture cooking methods or for well-done meat consumption
and colorectal cancer (Augustsson et al., 1999; Kampman
et al., 1999; Lyon and Mahoney, 1988; Muscat and Wynder,
1994), pancreatic cancer (Baghurst et al., 1991; Gold et al.,
1985; Mack et al., 1986; Stolzenberg-Solomon et al., 2002),
or NHL (Chiu et al., 1996; Cross et al., 2006; Chang et al.,
2005; Zhang et al., 1999), for example. Relatively large risks
are observed when a combination of method and doneness
is considered; for example, fried meat with a heavily
browned surface increased the risk of colon cancer by
2.8-fold and rectal cancer by six-fold in a Swedish case-
control study (559 cases and 505 controls) (Gerhardsson de
Verdier et al., 1991).

Cooking method and doneness are thought to be surro-
gates for mutagens formed inmeat as a result of the cooking
process. Laboratory results have shown that meats cooked
at high temperatures contain heterocyclic amines (HCAs)
and polycyclic aromatic hydrocarbons (PAHs) ( Jagerstad
et al., 1991).
Heterocyclic amines (HCAs)

The most abundant HCAs in cooked meat are PhIP
(2-amino-1-methyl-6-phenylimidazo(4,5-b)pyridine) and
MeIQx (2-amino-3,8-dimethylimidazo(4,5-f )quinoxaline)
and, after a cooked meat meal, they are also the two
HCAs that are most absorbed (Lynch et al., 1992). In
1993, the International Agency for Research on Cancer
found that there was sufficient evidence from experimental
animal studies to conclude that the HCAs IQ (2-amino-
3-methylimidazo(4,5-f )quinoline), MeIQ (2-amino-3,4-
dimethylimidazo(4,5-f )quinoline), MeIQx, DiMeIQx
(2-amino-3,4,8-trimethylimidazo[4,5-f]quinoxaline), and
PhIP were carcinogenic (IARC, 1993). Over 20 individual
HCAs have been identified, at least ten of which have
been found to induce tumors in lab animals at multiple
sites. PhIP specifically has been associated with an
increased risk of intestinal and mammary adenocarcino-
mas in rodents, as well as prostate tumors in rats. MeIQx
can induce tumors at multiple sites in rodents such as the
liver and lung as well as lymphomas and leukemias. In
addition, the DNA adducts and mutations from such
HCA exposure show similarities between experimental
animals and humans; these adducts have been detected
in a wide variety of tissues and organs. A small pilot study
in humans showed that colonic DNA adducts were
formed in a dose-dependent manner after oral adminis-
tration of a capsule containing MeIQx (Turteltaub et al.,
1999). In addition, DNA and protein adducts were formed
in the colon and blood, respectively, of humans receiving
a dose of PhIP equivalent to the level found in 175 g of
very well-done chicken, although the adducts were unsta-
ble and declined over 24 h (Dingley et al., 1999).

In more recent studies, questionnaires with detailed
cooking and doneness information linked to a HCA data-
base are used to estimate individual HCA intake. The
HCA database was created by measuring levels of HCAs
in a variety of meats, cooked by different methods to a
range of doneness levels (rare, medium, well-done, and very
well done) (Knize et al., 1995; Sinha et al., 1995; 1998a,b).
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Two case-control studies found a significant increased
risk associated with HCAs; one found a 1.8-fold increased
risk of colon cancer with DiMeIQx intake (Butler et al.,
2003), and the other found 2.1- to 2.5-fold increased risks
for colorectal adenoma with DiMeIQx, MeIQx, and PhIP
intake (Sinha et al., 2001). The findings for MeIQx were
replicated in a case-control study (157 cases and 380
controls) of colorectal cancer, which showed a significant
four-fold increased risk of colorectal cancer in the highest
quartile of MeIQx intake (Nowell et al., 2002). One of the
most recent studies to publish results on HCA intake
and colorectal cancer risk was a population-based study
of 620 cases and 1038 controls; this study found that
DiMeIQx intake was associated with a 1.8-fold risk, but
no associations for MeIQx or PhIP (Butler et al., 2003).
Specific HCAs have been investigated in two studies of
prostate cancer. The first was a case-control study of 317
cases that found no association (Norrish et al., 1999);
the second was a cohort study with 1338 cases, and the
authors found PhIP intake to significantly increase the
risk for prostate cancer (Cross et al., 2005), which confirms
animal findings that suggest PhIP is a prostate-specific
carcinogen (Shirai et al., 1999). Furthermore, a case-con-
trol study of pancreatic cancer found MeIQx, DiMeIQx,
and PhIP were all positively associated with risk (Ander-
son et al., 2005). However, other studies have shown no
association between specific HCA intake and risk of NHL
(Cross et al., 2006), colorectal adenoma (Gunter et al.,
2005), colorectal cancer, or bladder cancer (Augustsson
et al., 1999).
Polycyclic aromatic hydrocarbons (PAHs)

PAHs are mutagenic compounds formed in foods pro-
cessed by smoking, such as meat, as well as in meat cooked
by grilling/barbecuing. Meat cooked over a flame results
in fat and meat juices dripping onto the hot fire, which
yields flames containing a number of PAHs. These PAHs
adhere to the surface of the food. Benzo[a]pyrene (B[a]P)
is one of the most potent PAH carcinogens in animal
studies and can induce leukemia as well as gastric, pul-
monary, fore-stomach, esophageal, and tongue tumors
in rodents (Culp et al., 1998). Grilled and well-done
steak, hamburger, and chicken contain the highest levels
of B[a]P, containing up to 4 ng of B[a]P per gram of
cooked meat (Kazerouni et al., 2001). Dietary exposure
to PAHs is thought to be important, since the intake of
well-done meat is more correlated to blood PAH adducts
than smoking (Rothman et al., 1990; 1993).

Epidemiologic studies investigating the association
between dietary intake of PAHs and cancer have generally
proven to be null for colon (Butler et al., 2003) and prostate
cancer (Cross et al., 2005). However, case-control studies
of colorectal adenoma (Gunter et al., 2005; Sinha et al.,
2005) and pancreatic cancer (Anderson et al., 2005) found
elevated risks for those in the top, versus bottom, quantile
of intake.
Conclusions

Red meat continues to be implicated as a risk factor for
carcinogenesis. However, there are limitations to the cur-
rent literature. Much of the published literature has lim-
ited statistical power to examine the relationship of
specific types of meat with cancer or within sub-sites.
There is a lack of standardization in how meat items are
defined, as well as heterogeneity in meat products
throughout the globe. Currently, most epidemiologic
studies rely on the food frequency questionnaire, which
is associated with a degree of measurement error. Fur-
thermore, many of the studies do not include detailed
meat-specific components, including information on
preparation, cooking methods, and doneness level, in
their questionnaires.

Studies have clearly shown that red meat dose-
dependently increases the endogenous formation of
NOCs. However, the carcinogenic potential of such an
increase needs to be verified by the characterization of the
precise NOC species being formed. Further research is also
needed to elucidate the role of iron in cancer risk and to
determine whether any such risks associated with iron are
the result of a catalytic role in endogenous NOC formation.

It is likely that HCA and PAH intake, determined by
meat cooking technique and doneness level, makes a small
contribution to cancer risk. However, the normal intake of
HCAs is many orders of magnitude below the exposure
levels that induce cancer in animal models; the evidence
for PAHs also is weaker. Nevertheless, one must consider
species differences and the possibility that humans may be
more susceptible to the action of these compounds than
rodents.

In order to advance the field of meat-related mutagens,
the methods of exposure assessment must be further
improved.Detailed questionnairesmust be used in conjunc-
tion with reliable biomarkers in large prospective studies to
accurately investigate the associations between meat, meat
cooking and preserving methods, and cancer risk.
See also: Bladder Cancer; Colorectal Cancer; Esopha-

geal Cancer; Gastric Cancer; Lymphomas; Pancreatic

Cancer; Prostate Cancer.
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industrialized countries. In 2004 the prevalence of CVD in
the U.S. population was estimated to be 33% (79 400 000
persons), and it accounted for 871 517 deaths (36.3% of all
2 398 000 deaths in 2004). In 2007, the direct and indirect
costs of CVD in the United States are estimated to be
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$431.8 billion. In Europe, CVD accounts for over 4.35
million deaths each year (49% of all deaths). Overall CVD
is estimated to cost the EU economy € 169 billion annually
(Petersen et al., 2005). Globally, CVD was responsible for
16.7 million deaths in 2002, about one third of deaths
worldwide. In recent years the burden of CVD has steadily
increased in developing countries as well. Around 80% of
all CVD deaths worldwide now occur in low- and middle-
income countries. It is estimated that by 2020, CVD will be
responsible for 19 million deaths in developing countries
(Murray and Lopez, 1996).

The best strategy for primary prevention of CVD is a
healthy lifestyle, including maintenance of normal
weight, regular exercise, no smoking, and consumption
of a limited amount of alcohol. In addition, dietary factors
play a critical role in the development of CVD. While
foods from animal sources contain important nutrients
that may not be readily available from plant sources,
high consumption of meat has been shown to be strongly
and positively associated with risk of morbidity and mor-
tality from CVD, diabetes mellitus, and certain cancers.
Animal fats from meat and dairy products are currently
the major source of saturated fats in the U.S. diet.

Data from surveys conducted by the USDA show that
since the early twentieth century, consumption of meat in
the United States has progressively increased and now
exceeds nutritional needs, contributing to high rates of
CVD and other chronic diseases. According to USDA
data, in 2000 total meat consumption (red meat, poultry,
and fish) amounted to an average 195.5 pounds per person,
which is 57 pounds higher than the level in 1950–59. Each
American consumed an average of 7 pounds more red
meat (mostly beef ) than in 1950, 46 pounds more poultry,
and 4 pounds more fish and shellfish. However, consump-
tion of red meat, primarily beef, peaked in 1970–79 and
has since been on the decline: average annual per capita
consumption of red meat increased from 106.7 pounds in
1950–59 to 129.5 pounds in 1970–79, but steadily decre-
ased to 113.5 pounds by 2000 (USDA, 2003).

This article reviews current research on the association
of meat (red meat/poultry) and fish consumption to CVD
risk factors such as hypercholesterolemia, hypertension,
and diabetes, and to morbidity and mortality related to
CVD; it also summarizes current nutritional guidelines
and recommendations by the USDA and American Heart
Association (AHA) for primary prevention of cardiovas-
cular disease.
Meat Consumption and CVD Risk Factors

Numerous studies have examined the association of meat
consumption – red meat, poultry, and fish – to CVD risk
factors such as high blood pressure, high cholesterol,
and diabetes. Compared with individuals who eat meat
frequently, those who do not eat any meat or eat meat
only rarely (less than once a week) have on average lower
cholesterol levels and lower risk of type 2 diabetes. They
also have lower mean weights, consume less alcohol,
report more physical activity, and in general exhibit
healthier dietary patterns (Thorogood et al., 1987; Slattery
et al., 1991; Tande et al., 2004).
Meat Consumption and Cholesterol

Tande et al. (2004) used data from 9111 men and women
ages 20–59 years who participated in the National Health
and Nutrition Examination Survey III (NHANES III)
to examine the associations between the five major
food groups as delineated by the food guide pyramid
and serum lipid levels. In linear regression analyses
adjusted for age, sex, body mass index (BMI), waist to
hip ratio, education, income, smoking, ethnicity, activity,
and menopausal status, higher meat intake was associated
with higher LDL-cholesterol ( p¼ 0.02). In the Oxford
Vegetarian Study on about 6000 vegetarians and 5000
nonvegetarians from the U.K., mean total cholesterol
and LDL-cholesterol concentrations (adjusted for age
and sex) were significantly lower in vegans than in meat
eaters, with similar intermediate levels among persons
who ate fish but not meat or those who were lacto-
ovovegetarians. Mean HDL-cholesterol levels were high-
est among fish eaters with similar levels among the other
groups (Thorogood et al., 1987). These differences in
plasma lipid concentrations persisted with further adjust-
ment for BMI (Thorogood et al., 1989). In stepwise multi-
ple linear regression analyses, after adjusting for age, meat
consumption was positively associated with mean total
cholesterol levels in both men and women (Appleby
et al., 1995). Among 518 men ages 70–89 from the Zutphen
Study, dietary intake was assessed by the cross-check
dietary history method and participants were aggregated
by cluster analysis into four groups, including one group
characterized by high meat consumption (which also had
higher intake of eggs, cheese, and edible fats), and another
group by a healthy dietary pattern. Mean total serum
cholesterol was 0.26mmol/L higher in the high meat
cluster compared with the healthy diet cluster (Huijbregts
et al., 1995). Cross-sectional data from the Coronary Artery
Risk Development in Young Adults (CARDIA) study
showed that individuals who ate red meat and poultry less
than once a week (n¼ 47; approximately 1% of CARDIA
cohort) had lower mean levels of total plasma cholesterol
(p¼ 0.001), LDL-cholesterol (p¼ 0.001), and triglycerides
(p¼ 0.015) than those who ate meat more frequently
(Slattery et al., 1991).

In a small controlled trial, Sacks et al. (1981) examined
the effect of meat intake (250 grams of beef/day) for 4weeks
among 21 strict vegetarians, showing a significant increase
in plasma total cholesterol by 19% at the end of the 4-week
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period. No changes in plasma HDL-cholesterol were
observed. A more recent randomized clinical trial compar-
ing the effects of lean red meat and lean white meat con-
sumption on serum lipid levels of 191 men andwomenwith
hypercholesterolemia demonstrated reductions in LDL-
cholesterol (by 1%-3%) and elevations inHDL-cholesterol
(by about 2%) in both groups in 36weeks of treatment
(Davidson et al., 1999).
Meat Consumption and Blood Pressure

The association of meat consumption and blood pressure
(BP) has not been clearly elucidated, possibly due to the
confounding effects of saturated fats and dietary choles-
terol which are contained in meat and have been directly
associated with BP (Stamler et al., 1996, 2002). However,
numerous studies have reported that BP is lower among
vegetarians than nonvegetarians (Sacks and Kass, 1988;
Fraser, 2003), and addition of meat to a vegetarian diet
has been shown to increase BP (Sacks et al., 1981). In a
small clinical trial among 21 strict vegetarians, there was a
significant increase in their systolic BP by 3% after con-
sumption of 250 grams of meat daily for 4 weeks com-
pared with control values. No significant changes in
diastolic BP were observed (Sacks et al., 1981).

Among 41 541 U.S. female nurses aged 38–63 years who
completed a semiquantitative food frequency question-
naire and were free of diagnosed hypertension, cancer, or
CVD at baseline, meat intake was directly associated with
systolic but not diastolic BP. Within the meat food group,
processed meats, hamburger, and beef were directly asso-
ciated and chicken was inversely and significantly asso-
ciated with BP. Fish intake was not associated with BP
(Ascherio et al., 1996). Steffen and colleagues (2005) exam-
ined the association of meat consumption with 15-year
incident high BP among 4304 men and women baseline
ages 18–30 years from the CARDIA study. Consumption of
meat (red and processed meat, poultry, fish) and eggs were
positively associated with the risk of developing high BP,
even after adjustment for potential explanatory factors
such as lifestyle behaviors, nutrients, and physiologic mea-
sures. In subanalyses, there was no association between
poultry or fish and the development of elevated BP ( p for
trend was 0.19 and 0.21, respectively); however, red and
processed meat intake was positively associated with ele-
vated BP. Among 1710 men ages 41–57 years from the
Chicago Western Electric Study, higher intakes of beef/
veal/lamb and poultry were associated with greater
increases in systolic and diastolic BP over 7 years of fol-
low-up. For example, menwho reported intake of 8 to 20 or
more servings of 120-gram portions ofmeat permonth had,
respectively, 5.4mmHg and 6.0mmHg greater increase in
systolic BP ( p-values less than 0.05), and 2.0mmHg and
2.5mmHg greater increase in diastolic BP ( p-values 0.08
and 0.03) than men who consumed less than 8 servings of
meat per month. Adjustment for various nutrients did not
greatly impact the meat and poultry–BP associations. Men
with higher levels of fish intake had less of an increase in BP
over time although these findings were not significant
(Miura et al., 2004).
Meat Consumption and Diabetes

In a study involving Seventh-Day Adventists, total meat
consumption was associated with a higher prevalence of
type 2 diabetes and with a higher incidence of diabetes as
mentioned on death certificates. Compared with vegetar-
ians (defined as those who consumed meat less than 1 day
a week), the age-adjusted prevalence ratio for self-
reported diabetes at baseline was 1.9 (95% CI, 1.4–2.6)
for male nonvegetarians and 1.6 (95% CI, 1.3–2.0) for
female nonvegetarians (i.e., those who consumed meat
on 1 or more days per week). Multivariate-adjusted risk
of prevalent diabetes was about three times higher for
nonvegetarian men and more than twice as much for non-
vegetarian women who ate meat 6 or more days per week
than for their vegetarian counterparts. Meat consumption
was positively associated with any mention of diabetes on
the death certificate among men but not among women. In
multivariate-adjusted analyses, risk of diabetes mention on
the death certificate was almost twice as high for all non-
vegetarian men combined (i.e., men who ate meat at least
1 day a week) and more than three times as high for
nonvegetarian men who ate meat 6 or more days a week
than for vegetarian men (Snowdon and Phillips, 1985).

Similarly, among 42 504 men aged 40–75 years and free
of diagnosed diabetes and CVD at baseline, consumption
of processed meats five or more times a week was asso-
ciated with a 46% higher risk of type 2 diabetes compared
with infrequent intake ( p for trend under 0.0001). How-
ever, intake of unprocessed red meat (beef, lamb, or pork)
and of poultry (chicken or turkey with or without skin)
was not associated with risk for type 2 diabetes (Dam et al.,
2002). In the Nurses’ Health Study (NHS), consumption
of processed meat, but not other meats, was positively
associated with a 6-year risk of type 2 diabetes after
adjustment for BMI, prior weight change, and alcohol
and energy intake (Colditz et al., 1992). A subsequent
report from the NHS among 69 554 women showed that
with longer follow-up (14 years) not only processed meats
but also red meat were positively associated with type
2 diabetes. The highest quintiles of red meat and total
processed meat intake were associated with 36% and 60%
higher risk of type 2 diabetes, respectively, compared with
the lowest quintiles of intake. In analyses with meat intake
as a continuous variable, each 1-serving increase in red
meat and in total processed meat intake was associated
with 26% and 38% higher risk of diabetes, respectively
(Fung et al., 2004). These findings suggest that processed
meat may confer a higher risk for diabetes than red meat.
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Processed meats contain a high level of nitrites (com-
monly used for the preservation of meat) and interaction
of nitrites with amines from the meat can lead to the
formation of nitrosamines (some of which are b-cell toxins)
in the food or in the stomach. Both nitrites and nitrosa-
mines have been positively associated with the risk of type
1 diabetes, although their association with type 2 diabetes is
unclear (Virtanen et al., 1994; Parslow et al., 1997).
Meat Consumption and CVD Morbidity
and Mortality

In general, diets high in red meat have been associated
with increased CVD risk whereas higher intakes of fish
and poultry have been associated with lower CVD risk
(Hu et al., 2000; Fung et al., 2001; He et al., 2004a, 2004b).
A report on 44 875 men aged 40–75 from the Health
Professionals Follow-up Study found that a ‘prudent’ die-
tary pattern which included higher intakes of fruit, vege-
tables, whole grain, fish and poultry, was associated with
a lower risk of CHD, whereas a ‘Western’ dietary pattern
characterized by red meat, processed meat, high fat dairy
products, refined grains, and sweets was associated with
higher CHD risk (Hu et al., 2000). Similar associations
of these dietary patterns with risk of CHD and stroke
were reported by the NHS (Fung et al., 2004a, 2004b).

Much of the data on meat consumption and cardio-
vascular diseases come from longitudinal studies of
California Seventh-Day Adventists (Snowdon et al., 1984;
Snowdon, 1988; Fraser, 1999) (Table 1), a conservative
religious group whose members are discouraged from
consuming meat, fish, coffee, and eggs, and prohibited
from using alcohol and tobacco. About half of all Adven-
tists are lacto-ovovegetarians (i.e., exclude meat but not
dairy and eggs from their diets), and there is considerable
variation in past and current levels of meat consumption
among vegetarians and nonvegetarian Adventists, respec-
tively (Snowdon et al., 1984). Snowdon and colleagues
reported the relationship of meat consumption and
21-year risk of ischemic heart disease (IHD) mortality
among 25 153 men and women (baseline ages 45–84)
from the Adventists Mortality Study, whose dietary habits
were assessed by a questionnaire at baseline in 1960
(Snowdon et al., 1984; Snowdon, 1988). Usual meat con-
sumption (specifically meat and poultry) was assessed by a
single question, that is, ‘How many days per week do you
eat meat?’ Fish consumptionwas assessed separately. Vege-
tarians were defined as individuals with meat/poultry
intake less than 1 day a week. Because red meat and poul-
try intake was assessed together by a single question,
differences in their association with risk could not be
assessed. Meat consumption was positively associated
with fatal IHD in both men and women. Furthermore,
the observed higher age-adjusted risks of fatal IHD for
nonvegetarian men and women were similar among those
with versus without a history of heart disease at baseline,
that is, 43% and 35% versus 49% and 37%, respectively.
In subsequent analyses combining individuals with and
without baseline heart disease and stratified by level of
meat consumption (6 or more, 3–5, 1–2, and less than
1 day/week, i.e., vegetarians/reference group), meat
intake was significantly and positively associated with
IHD in all age groups except in the oldest group for men
and in the two older age groups (ages 65–74 and 75–84) for
women. Positive associations between meat consumption
and IHD were stronger in men than in women, and,
overall, strongest in younger (ages 45–54) than older
men. In age-adjusted analyses, men who ate meat 6 or
more days a week had almost a threefold higher risk of
fatal IHD compared with those who ate meat less than
1 day a week; for women, risk (computed for the
45–64 year age group since number of deaths were small
in the 45–54 age group) was nonsignificantly higher by
26%. In multivariate analyses adjusted for age, marital
status, cigarette smoking history, obesity, and frequency
of egg, cheese, milk, and coffee consumption, findings
were similar. Daily consumption of meat was associated
with 70% higher risk of IHD for men and 37% higher risk
for women compared with no meat intake (p values were
less than 0.001 and 0.02, respectively) (Snowdon et al., 1984;
Snowdon, 1988). Meat consumption had no clear associa-
tion with stroke among either men or women from the
Adventists Mortality Study (Snowdon, 1988).

These findings were supported by results from the
more recent Adventists Health Study (1976–1998) cohort
of 34 192 California Seventh-Day Adventists aged 25 years
and older, in whom baseline dietary assessment was con-
ducted by a food-frequency questionnaire (including
questions regarding 51 different foods or food groups).
In multivariate analyses adjusted for age, smoking, BMI,
exercise, hypertension, and intake of several foods, beef
consumptionwas significantly associatedwith fatal IHD in
men; risk of fatal IHD was about twofold higher in men
who ate beef less than three times a week and exceeded
twofold (p< 0.0001) in men who ate beef three or more
times a week than in vegetarians. However, no associations
of beef consumption and fatal IHD were observed among
women. Furthermore, beef consumption was not signifi-
cantly associated with the incidence of nonfatal myocar-
dial infarction (MI) (Fraser, 1999).

In the Oxford Vegetarian Study, 6115 non-meat eaters
(mean age 38.7þ 16.6) and 5015 meat eaters (mean age
39.3þ 15.4) were recruited between 1980 and 1984
through the Vegetarian Society of the U.K. and the news
media. Nonvegetarians were nominated by vegetarians
from among their family and friends. Diet was assessed
by a simple food frequency questionnaire. During 12 years
of follow-up, non-meat eaters had significantly lower
standardized mortality ratios for IHD than meat eaters;



Table 1 Studies on the association of meat consumption and risk of cardiovascular disease

Author/year and
population

No. of
participants Age, sex

Follow-up
(years)

Exposure
assessment

Meat intake
categories

Outcome
(no. of events) Adjusted variables Association with CVD

Snowdon et al.,

1984
Adventists

Mortality

Study,

Seventh-Day
Adventists,

California,

USA

25153 45–84 MþF 21 Questionnaire

asking how
many days/wk

participants ate

‘meat or

poultry’; fish
assessed

separately

<1day/wk

(vegetarian);
1–2days/wk;

3–5days/wk;

6+ days/wk

IHD deaths (247)

ICD-8 (codes
410–414)

Age, smoking

status, marital
status, % desired

weight, frequency

of eggs, cheese,

milk, and coffee
consumption

Multivariate adjusted RR for

meat intake 6+ days/wk
(compared with no meat

consumption) were 1.70

(p<0.001) for men and

1.37 (p¼0.02) for women

Fraser et al.,
1992, 1999

Adventists

Health Study,

Non-Hispanic
White,

Seventh-Day

Adventists,
California,

USA

26473 25 and older
MþF

6 Food frequency
questionnaire

which included

questions

relating to 51
different foods

or food groups

Never; <3
times/wk; �3
times/wk

Non-fatal MI
Fatal MI

Age, smoking,
exercise, BMI,

hypertension,

consumption of

bread, nuts, fish,
cheese, coffee,

legumes, and fruit

Among men, RR (95% CI) of
definite fatal IHD were 1.93

(1.12–3.33) for beef intake

<3 times/wk and 2.31

(1.11–4.78; p<0.001) for
beef intake �3 times/wk vs.

never; for women,

corresponding RRs (95%
CI) were 0.81 (0.50–1.32)

and 0.76 (0.37–1.56)

Thorogood et al.,

1994 Oxford
Vegetarian

Study, UK

6115

non-meat
eaters,

5015

meat-

eating
controls

Cases: mean

age
38.7�16.6
Controls:

mean age

39.3�15.4

12 Food frequency

questionnaire

Meat eaters

(meat intake
at least once

a wk) Non-

meat eaters

(all others)

IHD mortality under

age 80 (94) ICD-9
(codes 410–414)

Smoking, BMI,

socioeconomic
status

Standardized mortality ratios

for IHD: 51 (95% CI, 38–66)
for meat eaters and 28 (95%

CI, 20–38; p < 0.01) for

non–meat eaters (value for

general population, 100) For
non–meat eaters vs. meat

eaters, unadjusted IHD

death rate ratio was 0.55
(95% CI, 0.36–0.82);

adjusted IHD death rate

ratio was 0.72 (95% CI,

0.47–1.10)
Key et al., 1996

Health Food

Shoppers

Study, UK

10 771 16 and older

MþF

16.8

(mean)

Diet assessed by

short

questionnaire

which asked
about

vegetarianism

(not defined

further)

Vegetarian

Non-

vegetarian

IHD deaths (224)

ICD-8 (codes

410–414) Stroke

deaths (68)
ICD-8 (codes

430–438)

Age, sex, smoking For vegetarians vs.

nonvegetarians, age-, sex-,

and smoking-adjusted

mortality ratio for IHD was
0.85 (95%CI, 0.68–1.06); for

cerebrovascular disease,

0.96 (95% CI, 0.69–1.34)
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Table 1 Continued

Author/year and
population

No. of
participants Age, sex

Follow-up
(years)

Exposure
assessment

Meat intake
categories

Outcome
(no. of events) Adjusted variables Association with CVD

Mann et al.,
1997 UK

10802 16–79 MþF 13.3 Self-administered
semi-

quantitative

food frequency
questionnaire

Never; less
than daily;

daily Also:

meat eaters;
semi-

vegetarian;

vegetarian/

vegan

IHD mortality (64)
ICD-9 (codes

410–414)

Age, sex, smoking,
social class

IHD death rate ratio was 153
(95% CI, 84–279) for less

than daily and 118 (64–218)

for daily meat intake vs.
never (reference: 100)

(p-trend NS)

IHD death rate ratio was 108

(47–248) for
semivegetarians and 83

(48–143) for vegetarians vs.

meat eaters (p-trend NS)

When individuals with
pre-existing disease were

included, IHD mortality was

significantly lower for

vegetarians vs. meat eaters
(death rate ratio 63, 95% CI,

42–93)

Jamrozik et al.,
1994

Population-

based

case-control
study, Perth,

Western

Australia

536 stroke
cases,

931

controls

18 and older
MþF

– Semi-structured
interview and

pre-coded

questionnaire

which included
current

frequency of

meat and fish

consumption

Meat
consumption

> 4 times/wk

compared to

less

Stroke and TIA
cases drawn from

register of acute

cerebrovascular

events in Perth
(ascertained

using multiple

sources and

standard
definitions of

stroke and TIA)

Alcohol intake,
smoking status,

history of

hypertension,

claudication,
previous stroke or

TIA (for analyses

with all strokes

combined), use of
reduced fat/skim

milk, added salt

(only in model for
all strokes

combined), fish

consumption

(only in model for
first stroke)

For meat intake > 4 times/wk
vs. less, OR ¼ 2.17 (95% CI,

1.33–3.53) for all strokes

combined and OR ¼ 2.30

(95% CI, 1.29–4.08) for
first-ever strokes for those

without prior history of

stroke or TIA
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Jamrozik et al.,

2000
Prospective

follow-up of

controls from

population-
based, case-

control study,

Perth,
Western

Australia

817 18 and older

MþF

4 Semi-structured

interview and
pre-coded

questionnaire

which included

current
frequency of

meat and fish

consumption

Meat

consumption
>4 times/wk

vs.

�4 times/wk

Fatal vascular

events (CHD,
stroke, ruptured

aortic aneurysm,

PVD, mesenteric

thrombosis) (96)
Major vascular

events (fatal

vascular events,
nonfatal MI or

stroke) (141)

First-ever major

vascular events
(83)

All models included

age, quadratic
term for age, sex

Additional

variables: for

vascular death:
history of MI, DM,

alcohol intake; for

major vascular
events: history of

MI, DM, alcohol

intake, smoking,

use of full fat vs.
reduced/skim

milk; for first

vascular event:

Rankin score for
disability and DM

Multivariate hazard ratios for

consumption of meat
> 4 times/wk (vs.

� 4 times/wk) were 0.62

(95% CI, 0.39–0.97) for

vascular death, 0.60 (95%
CI, 0.40–0.90) for major

vascular events, and 0.56

(95% CI, 0.35–0.89) for first
vascular events

Hu et al., 1999

Nurses’ Health
Study, USA

80 082 34–59 F 14 61-item food

frequency
questionnaire in

1980; 116-item

food frequency

questionnaire in
1984; similar

questionnaires

used to update

dietary intakes
in 1986 and

1990

Quintiles of

intake

Non-fatal MI and

fatal CHD (939)
(ascertained by

review of medical

records; MI

confirmed using
WHO criteria)

(identified from

state vital records

and the NDI or
reported by next

of kin or postal

system)

Age, time period,

BMI, cigarette
smoking,

menopausal

status, parental

history of MI
before age 60,

vitamin

E supplement

use, alcohol
consumption,

history of

hypertension,

Age-adjusted RR of CHD for

1 serving/day was 1.43
(95% CI, 1.35–1.65) for red

meat and 0.51 (95% CI,

0.38–0.67) for poultry/fish

Multivariate RR of CHD from
lowest to highest quintiles of

red meat intake: 1.0, 1.02,

0.95, 1.03, and 1.15

(p ¼ 0.35)
Multivariate RR of CHD from

lowest to highest quintiles of

poultry/fish intake: 1.00,
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Table 1 Continued

Author/year and
population

No. of
participants Age, sex

Follow-up
(years)

Exposure
assessment

Meat intake
categories

Outcome
(no. of events) Adjusted variables Association with CVD

aspirin use,
vigorous

exercise, total

energy intake (red

meat, white meat,
high-fat and low-

fat dairy products

entered into the

multivariate
model

simultaneously)

0.92, 0.88, 0.80, and 0.85
(p ¼ 0.06) Multivariate RR of

CHD ¼ 1.32 for highest vs.

lowest quintile of red meat

to poultry/fish ratio
(p-trend ¼ 0.001)

Sauvaget et al.,
2003

Hiroshima/

Nagasaki Life

Span Study,
Japan

37130 Mean age 56
(34–103)

MþF

16 22-item food
frequency

questionnaire

Never; < once/
wk; 2–4

times/ wk;

Almost daily

Total stroke
mortality (1462)

ICD-9 (codes

430–438)

Mortality from
intracerebral

hemorrhage (354)

ICD-9 (codes

431, 432)
Mortality from

cerebral

infarction (655)
ICD-9 (codes

433, 434)

Age, sex, birth
cohort, smoking,

alcohol, BMI,

education,

histories of
diabetes or

hypertension,

radiation dose,

city

HR for total stroke for almost
daily beef/pork intake vs.

none: 1.01 (95% CI,

0.73–1.38) HR for total

stroke for almost daily
chicken consumption vs.

none: 1.43 (95% CI,

0.98–2.10) HR for total

stroke mortality was 0.88
(95% CI, 0.77–1.00); HR for

intracerebral hemorrhage

mortality was 0.76 (95% CI,
0.58–0.99; p-trend ¼ 0.03)

for highest vs. lowest tertile

of intake of all animal

products combined (beef
and pork, chicken, pork

products, milk, eggs, dairy

products, fish, broiled fish)
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Kelemen et al.,

2005
Postmenopausal

women from

the Iowa
Women’s

Health Study

29 017 55–69 F 15 Semi-quantitative

food frequency
questionnaire

Quintiles of

intake

CHD mortality (739) Age, total energy,

saturated fat,
polyunsaturated

fat,

monounsaturated
fat, trans-fat, total

fiber, dietary

cholesterol,

dietary
methionine,

alcohol, smoking,

activity level, BMI,

history of
hypertension,

postmenopausal

hormone use,
multivitamin use,

vitamin

E supplement

use, education,
family history of

cancer, vegetable

protein (animal

protein model
only)

No association with CHD

mortality when animal
protein was substituted for

carbohydrates; multivariate

risk ratio 0.88 (95% CI,
0.42–1.86) for highest vs.

lowest quintile

CHD mortality risk significantly

higher by 44% for highest
vs. lowest quintile of intake

when red meat was

substituted for isoenergetic

amount of carbohydrates;
multivariate risk ratio 1.44

(95% CI, 1.06–1.94;

p-trend ¼ 0.02)
No association with poultry or

fish; multivariate risk ratios

for highest vs. lowest intake

quintile: 0.93 (95% CI,
0.71–1.23) for poultry and

1.12 (95% CI, 0.86–1.46) for

fish

With simulated isoenergetic
substitution of vegetable for

animal protein for highest

vs. lowest quintile of intake,
multivariate risk ratio for

CHD mortality was 0.70

(95% CI, 0.51–0.98;

p-trend ¼ 0.02)

Abbreviations: BMI, body mass index; CHD, coronary heart disease; CI, confidence intervals; DM, diabetes mellitus; ICD, International Classification of Diseases; IHD, ischemic heart

disease; MI, myocardial infarction; NDI, National Death Index; OR, odds ratio; PVD, peripheral vascular disease; RR, relative risks; TIA, transient ischemic attack; WHO, World Health

Organization.
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290 Meat Consumption and Cardiovascular Disease
compared with the general population, mortality was
49% lower for meat eaters and 72% lower (p < 0.01) for
non-meat eaters. The unadjusted risk of IHD death
for non-meat eaters was 45% lower than that for meat
eaters. However, with adjustment for smoking, BMI, and
social class, the association weakened and became nonsig-
nificant (Thorogood et al., 1994; Applyby et al., 1999).
In a cohort of 4336 men and 6435 women (43% vegetar-
ians) followed on average for 16.8 years, a vegetarian diet
was associated with 15% lower mortality from IHD, but
these findings were not significant (Key et al., 1996).
A report, which combined data for 76 172 men and
women from five prospective cohort studies, compared
mortality rates between vegetarians (persons who did
not eat any meat or fish) and nonvegetarians with other
similar lifestyles. IHD mortality rate was 24% lower in
vegetarians than in nonvegetarians after a mean follow-up
of 10.6 years. Compared with persons who ate meat at least
once a week, IHDmortality was 20% lower in persons who
ate meat occasionally but less than once a week, 34% lower
in persons who ate fish but not meat, 34% lower in lacto-
ovovegetarians, and 26% lower in vegans (Key et al., 1999).

Menotti and colleagues reported associations between
food groups and a 25-year risk of CHD mortality among
12 763 middle-aged men from the Seven Countries Study.
Animal food groups were directly correlated and fish and
vegetables were inversely correlated with CHD mortality
(Menotti et al., 1999). Among women who participated
in the NHS, consumption of red meat was associated with
significantly higher risk of CHD by 43% per each 1-
serving/day, whereas consumption of poultry and fish was
associatedwith 49% lower risk of CHD after adjustment for
age. These associations were attenuated and became non-
significant after multivariate adjustment. The ratio of red
meat to poultry and fish was more strongly associated with
CHD risk and remained significant after multivariate
adjustment; CHD mortality risk was 32% higher for the
highest compared with the lowest quintile of intake
( p–trend, 0.001) (Hu et al., 1999). In a report from the Iowa
Women’s Health Study on 29 017 postmenopausal women,
Kelemen and colleagues (2005) estimated a 15-year risk of
CHD mortality from a simulated isoenergetic substitution
of dietary protein for carbohydrates and of vegetable for
animal protein (with adjustment for carbohydrates). Among
women in the highest quintile of intake, CHDmortality risk
was significantly lower by 30% from the substitution of
vegetable for animal protein compared with women with
the lowest quintile of intake ( p–trend, 0.02). No association
with risk of CHD mortality was seen when animal protein
was substituted for carbohydrates. However, CHD mortal-
ity was significantly associated with red meats; risk of CHD
mortality was 44% higher for the highest versus lowest
quintile of intake when red meat was substituted in place
of number of servings of carbohydrate-rich foods ( p trend,
0.02). No association with poultry or fish was observed.
Sauvaget and colleagues (2003) examined the associa-
tions of animal product intake with risk of stroke mortality
in a cohort of 37 130 men and women from Japan, who
responded to a mailed survey, including a 22-item food
frequency questionnaire, and who were followed for
16 years. Consumption of beef and pork or of pork pro-
ducts was not associated with higher risk of stroke mortal-
ity. A positive but nonsignificant association of chicken
intake with stroke mortality risk was observed (i.e., 43%
higher risk for almost daily consumption versus none).
Among participants with the highest tertile of intake of
animal products combined (beef and pork, chicken, pork
products, milk, eggs, dairy products, fish, broiled fish), risk
of all stroke mortality and risk of intracerebral hemor-
rhage mortality was significantly lower by 12% and 24%,
respectively ( p–trend, 0.03), compared with persons with
the lowest tertiles of intake. In a case-control study of
lifestyle risk factors, stroke cases were obtained from a
population-based register of acute cerebrovascular events
in Perth, Western Australia. Consumption of meat more
than four times a week was associated with higher risks
of all strokes combined and first-ever strokes, in persons
without prior history of any stroke or transient ischemic
attack ( Jamrozik et al., 1994). However, when controls
were followed prospectively for 4 years, consumption
of meat more than four times a week was associated
with lower risk of fatal vascular events (deaths from
CHD, stroke, ruptured aortic aneurysm, peripheral vas-
cular disease, or mesenteric thrombosis) by 38%, major
vascular events (fatal vascular events, nonfatal MI, or
nonfatal stroke) by 40%, and first-ever major vascular
events by 44%, compared with less intake ( Jamrozik
et al., 2000).
Fish Consumption and Cardiovascular
Disease

Fish and CHD

While numerous studies have investigated the association
of fish consumption with CHD mortality, there are little
data from randomized clinical trials. Prospective epide-
miologic studies have yielded inconsistent findings
(Table 2). Some studies showed an inverse association
between fish intake and risk of CHD mortality (e.g.,
Kromhout et al., 1985; Norell et al., 1986; Kromhout et al.,
1995; Oomen et al., 2000; Mozaffarian et al., 2003; Jarvinen
et al., 2006), whereas others found no association (e.g.,
Curb and Reed, 1985; Vollset et al., 1985; Fraser et al.,
1992; Salonen et al., 1995; Osler et al., 2003). Among
1822 men aged 40–55 and free of CVD at baseline from
the Chicago Western Electric study, there was an inverse
graded association between fish consumption and
30-year mortality from CVD and CHD, particularly non-
sudden death from MI. In multivariate-adjusted analyses,



Table 2 Studies on the relationship of fish consumption and risk of CHD

Author/year and
population

No. of
participants Age, sex

Follow-
up
(years)

Exposure
assessment Fish intake categories

Outcome (no. of
events) Adjusted variables Association with CHD

Kromhout et al.,

1985 The

Netherlands

852 40–59 M 20 Interview based

on Burke’s

diet history
method

0g/day; 1–14g/day;

15–29g/day;

30–44g/day;
�45g/day

CHD mortality (78)

ICD-8 (codes

410–413)

Age, SBP, serum total

cholesterol, cigarette

smoking, subscapular
skinfold thickness,

physical activity,

energy intake, dietary
cholesterol, prescribed

diet, occupation

RR (95% CI) of CHD mortality

0.64 (0.32–1.26) for fish

intake 1–14g/day, 0.56
(0.27–1.15) for

15–29g/day, 0.36

(0.14–0.93) for
30–44g/day, and 0.39

(0.13–1.15) for �45 g/day
vs. none (p-trend < 0.05)

Fraser et al., 1992
Adventists Health

Study, California,

USA

26473 25 and
older

MþF

6 Self-
administered

food

frequency

questionnaire

None; <1/wk; �1/wk CHD death or
nonfatal MI (260)

ICD-8 (codes

410–414)

Age, sex, smoking,
exercise, relative

weight, high BP

RR (95% CI) of nonfatal MI
were 1.11 (0.75–1.66) for

fish intake < 1 time/wk and

1.04 (0.55–1.96) for

�1 time/wk
RR (95% CI) of CHD death

were 1.01 (0.76–1.35) for

fish intake <1 time/wk and
0.74 (0.42–1.33) for

� 1 time/wk

Ascherio et al., 1995

Health
Professionals

Follow-up Study,

USA

44 895 40–75 M 6 Self-

administered
food-

frequency

questionnaire

<1/mo; 1–3/mo; 1/wk;

2–3/wk; 4–5/wk;
�6/wk

Coronary events: fatal

CHD (264), nonfatal
MI (547), coronary

artery bypass or

angioplasty

procedures (547)
(based on medical

records and

autopsy report –
ICD codes not

available)

Age, BMI, smoking

habits, alcohol
consumption, history of

hypertension,

diabetes,

hypercholesterolemia,
family history of MI

before age 60,

profession

Multivariate-adjusted RR of

any CHD was 1.14 (95%
CI, 0.86–1.51) for fish

intake �6 times/wk vs.

<1 time/mo

The slightly higher risk of
CHD among men with the

highest intake was due to

an excess of coronary
artery bypass or

angioplasty procedures

For fish intake �6 times/wk

vs. < 1 time/mo,
multivariate-adjusted RR

for coronary artery bypass

grafting was 1.65 (95% CI,

1.03–2.64), for nonfatal MI,
0.96 (95% CI, 0.63–1.47),

and for fatal CHD, 0.77

(95% CI, 0.41–1.44)
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Table 2 Continued

Author/year and
population

No. of
participants Age, sex

Follow-
up
(years)

Exposure
assessment Fish intake categories

Outcome (no. of
events) Adjusted variables Association with CHD

Daviglus et al., 1997

Chicago Western
Electric Study,

USA

1822 40–55 M 30 Interview based

on Burke’s
diet history

method

0g/day; 1–17 g/day;

18–34 g/day;
�35 g/day

Death from MI (293),

any CHD mortality
(430) ICD-8 (codes

410–414)

Age, education, religion,

SBP, serum
cholesterol, no. of

cigarettes/day, BMI,

diabetes, ECG

abnormalities, daily
intake of energy,

cholesterol, saturated,

monounsaturated, and
polyunsaturated fatty

acids, total protein,

carbohydrate, alcohol,

iron, thiamine,
riboflavin, niacin,

vitamin C, beta

carotene, retinol

Multivariate-adjusted RR of

CHD mortality: 0.62 (95%
CI, 0.40–0.94) for fish intake

�35g/day, 0.84 (0.61–1.17)
for 18–34g/day, and 0.88

(0.63–1.22) for 1–17g/day,
vs. none

(p-trend ¼ 0.04)

Corresponding figures for
CVD mortality were 0.74

(0.52–1.06), 0.89

(0.67–1.19), and 0.94

(0.70–1.25)
(p-trend ¼ 0.01)

For non-sudden MI death,

RR for fish intake

�35g/day, 0.33 (95% CI,
0.12–0.91) (p-trend ¼
0.007)

Mann et al., 1997
UK

10 802 16–79
MþF

13.3 Self-
administered

semi-

quantitative

food
frequency

questionnaire

Never; <once/wk;
�once/wk

IHD mortality (64)
ICD-9 (codes

410–414)

Age, sex, smoking, social
class

Death rate ratio for IHD
mortality was 123 (95% CI,

70–217) for fish intake

�1 times/wkvs. none

(reference category death
rate: 100) (p-trend not

significant)

Albert et al., 1998

Physicians’
Health Study,

USA

20 551 40–84 M 11 Self-

administered
20-item semi-

quantitative

food
frequency

questionnaire

<1/mo, 1–3/mo,

1–2/wk, 2–5/wk,
�5/wk; and <1/mo,

1–3/mo, �1/wk

Nonfatal incident MI

(737) and sudden
CHD deaths (113)

ICD-9 (codes

410–414)

Age, aspirin and

b-carotene treatment
assignment, evidence

of CVD before 12-mo

questionnaire, BMI,
smoking status, history

of diabetes,

hypertension, and

hypercholesterolemia,
alcohol intake,

vigorous exercise,

vitamin E, vitamin C,

and multivitamin use

Multivariate RR of sudden

death was 0.39 (95% CI,
0.15–0.96; p¼ 0.11) for fish

intake �5 servings/wk vs.

<1/mo (5 categories);
and 0.48 (95% CI,

0.24–0.96; p ¼ 0.03) for

fish intake �1 serving/wk

vs. <1/mo
(3 categories)

Fish consumption not

associated with risk of total

MI, RR 1.00 (95% CI,
0.62–1.60), for �5/wk vs.

<1/mo); nonsudden
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cardiac death, RR 1.19

(95% CI, 0.38–3.70); or
CHD mortality, RR 0.81
a95% CI, 0.41–1.61)

Oomen et al., 2000

Seven Countries
Study, Finland

1088 50–69 M 20 Interview based

on Burke’s
diet history

method

0–19g/day;

20–39 g/day;
�40g/day

CHD mortality (242)

ICD-8 (codes
410–414, 795)

Age, BMI, cigarette

smoking, intake of
energy, vegetables,

fruits, alcohol, meat,

butter, margarine

Multivariate RR of CHD

mortality was 1.25 (95%CI,
0.89–1.76) for fish intake �
40 vs. 0–19g/day

Multivariate RR of CHD
mortality was 0.80 (95%CI,

0.51–1.26) for any fatty fish

intake vs. none

Multivariate RR of CHD
mortality was 1.08 (95%CI,

0.78–1.50) for lean fish

intake �40 g/day vs. none

Oomen et al., 2000
Seven Countries

Study, Italy

1097 50–69 M 20 Interview based
on Burke’s

diet history

method

0g/day; 1–19g/day;
20–39 g/day;

�40g/day

CHD mortality (116)
ICD-8 (codes

410–414, 795)

Age, BMI, cigarette
smoking, intake of

energy, vegetables,

fruits, alcohol, meat,
butter, margarine

Multivariate-adjusted RR of
CHD mortality was 0.67

(95% CI, 0.33–1.39) for fish

intake �40 g/day vs. none
Multivariate-adjusted RR of

CHD mortality was 0.40

(95%CI, 0.19–0.84) for any

fatty fish intake vs. none
Multivariate-adjusted RR of

CHD mortality was 0.80

(95% CI, 0.38–1.66) for

lean fish intake �40g/day
vs. none

Oomen et al., 2000

Seven Countries

Study, The
Netherlands

553 50–69 M 20 Interview based

on Burke’s

diet history
method

0g/day; 1–19g/day;

�20g/day
CHD mortality (105)

ICD-8 (codes

410–414, 795)

Age, BMI, cigarette

smoking, intake of

energy, vegetables,
fruits, alcohol, meat,

butter, margarine

Multivariate-adjusted RR of

CHD mortality was 1.10

(95% CI, 0.68–1.79) for fish
intake �20 g/day vs. none

Multivariate-adjusted RR of

CHD mortality was 0.70
(95% CI, 0.38–1.27) for any

fatty fish intake vs. none

Multivariate-adjusted RR of

CHD mortality was 1.29
(95% CI, 0.82–2.03) for

lean fish intake � 20 g/day

vs. none
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Table 2 Continued

Author/year and
population

No. of
participants Age, sex

Follow-
up
(years)

Exposure
assessment Fish intake categories

Outcome (no. of
events) Adjusted variables Association with CHD

Yuan et al., 2001
Shanghai, China

18 244 45–64 M 12 Interview based
on 45-item

food

frequency

questionnaire

<50g/wk; 50–<100g/
wk; 100–<150g/wk;

150–<200g/wk;

�200g/wk

(equivalent to <1, 1,
2, 3, and �4
servings/wk)

Mortality from acute
MI and other IHD

(187) ICD-9 (codes

410–414)

Age, total energy intake,
level of education, BMI,

current smoker,

average no. of

cigarettes/day, no. of
alcoholic drinks/wk,

history of diabetes and

hypertension

Fish/shellfish intake
� 50g/wk vs. < 50g/wk

associated with 44% RR of

fatal MI (age- and energy

intake–adjusted RR 0.56
(95% CI, 0.37–0.85)

Multivariate-adjusted RR of

fatal MI was 0.41 (95% CI,

0.22–0.78) for fish/shellfish
intake � 200g/wk vs.

<50g/wk

In analyses for fish and
shellfish intake separately,

significant inverse

associations with acute MI

persisted; multivariate RR
of acute MI was 0.35 (95%

CI, 0.17–0.72) for fish

intake �150g/day vs.

<30g/day (p-trend ¼ 0.02)
Hu et al., 2002

Nurses’ Health

Study, USA

84 688 34–59 F 16 Self-

administered

semi-
quantitative

food

frequency

questionnaire

<1/mo; 1–3/mo; 1/wk;

2–4/wk; �5/wk

Incident CHD

including CHD

deaths (484) and
nonfatal MI (1029)

(based on medical

records, death

certificate, and
autopsy report –

ICD codes not

available)

Age, time periods,

smoking status, BMI,

alcohol intake,
menopausal status and

postmenopausal

hormone use, vigorous

to moderate activity,
frequency of aspirin

use /wk, multivitamin

use, vitamin

E supplement use,
history of hypertension,

hypercholesterolemia,

and diabetes, trans-fat

intake, ratio of
polyunsaturated to

saturated fat, dietary

fiber

Multivariate-adjusted RR

(95% CI) of CHD was 0.79

(0.64–0.97) for fish intake
1–3 times/mo, 0.72

(0.59–0.88) for 1 time/wk,

0.72 (0.57–0.91) for 2–4

times/wk, and 0.69
(0.52–0.93) for �5/wk

(p-trend ¼ 0.007) vs. < 1

time/mo

Inverse association stronger
for CHD deaths than for

nonfatal MI: multivariate

RR for fish intake �5 times/

wk were 0.55 (95% CI,
0.33–0.91) for CHD deaths

and 0.77 (95% CI,

0.54–1.11) for nonfatal MI
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Hu et al., 2003
Women with

diagnosed type

2 diabetes from

the Nurses’
Health Study,

USA

5103 34–59 F 16 Self-
administered

semi-

quantitative

food
frequency

questionnaire

<1/mo; 1–3/mo; 1/wk;
2–4/wk; �5/wk

Incident CHD
including CHD

deaths (141) and

nonfatal MI (221)

(based on medical
records, death

certificate, and

autopsy report –

ICD codes not
available)

Age, time periods,
smoking, BMI, alcohol

intake, parental history

of MI, menopausal

status and
postmenopausal

hormone use, vigorous

to moderate activity,

usual aspirin use,
multivitamin and

vitamin E supplement

use, history of
hypertension,

hypercholesterolemia,

diabetes duration and

hypoglycemic
medication, trans-fat

intake,

polyunsaturated to

saturated fat ratio,
dietary fiber

Multivariate RR (95% CI) of
incident CHD were 0.70

(0.48–1.03) for fish intake

1–3 times/mo, 0.60

(0.42–0.85) for 1 time/wk,
0.64 (0.42–0.99) for 2–4

times/wk, and 0.36

(0.20–0.66) for�5 times/wk

vs. <1 time/mo
(p-trend <0.002)

For fish intake

�5 times/wk vs.
<1 time/mo, multivariate

RR of fatal CHD was 0.41

(0.18–0.94); multivariate

RR of nonfatal MI was 0.28
(0.11– 0.71)

Additional adjustment for

fruits, vegetables, and red

meat did not affect the Rrs

Osler et al., 2003

Copenhagen
County, Denmark

7540 30–70

MþF

11 Self-

administered
questionnaire

<1/mo; 2/mo; 1/wk;

�2/wk

Fatal and nonfatal

incident CHD (total
491, fatal CHD,

247) ICD-8 (codes

410–414)

Familial predisposition,

smoking status,
physical activity,

alcohol, educational

status, healthy diet

score, total cholesterol,
BMI

Multivariate HRs for CHD

morbidity and mortality
were 0.93 (95% CI,

0.68–1.27) for intake

�2 times/wk; and 1.02

(95% CI, 0.80–1.30) for
intake �1 time/mo vs.1

time/wk

(p-trend¼0.55)

Among individuals at high risk
for CHD (based on age and

smoking and/or

cholesterol), HR for CHD

was 1.28 (95% CI,
0.92–1.80) for fish intake

�1 time/mo vs. 1 time/wk
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Table 2 Continued

Author/year and
population

No. of
participants Age, sex

Follow-
up
(years)

Exposure
assessment Fish intake categories

Outcome (no. of
events) Adjusted variables Association with CHD

Mozaffarian et al.,
2003

Cardiovascular

Health Study,

USA

3910 �65
MþF

9.3 Self-
administered

picture-sort

version of

food-
frequency

questionnaire

<1/mo; 1–3/mo; 1/wk;
2/wk; �3/wk

IHD deaths (247) and
incident nonfatal MI

(363) (based on

medical records

and death
certificate – ICD

codes not available)

Age, gender, education,
diabetes, smoking,

BMI, SBP, LDL

cholesterol, HDL

cholesterol,
triglycerides,

C-reactive protein,

type of fish meal (tuna/

other and fried),
saturated fat, alcohol,

beef/pork, fruit and

vegetables

For tuna/other baked or
broiled fish intake

� 3 times/wk vs. <1 time/

mo, multivariate HRs (95%

CI) for total IHD deaths
were 0.47 (0.27–0.82) (p-

trend ¼ 0.002); for

arrhythmic IHD death, 0.32

(0.15–0.70)
(p-trend ¼ 0.001); and for

nonfatal MI, 0.67

(0.42–1.07) (p-trend¼ 0.10)
For fried fish/fish sandwich

intake � 3 times/wk vs.

<1 time/mo, multivariate

HRs (95% CI) for total IHD
deaths were 1.37

(0.48–3.90) (p-trend ¼
0.35); and for nonfatal MI,

1.93 (0.91–4.08� (p-trend ¼
0.11)

Folsom and

Demissie, 2004

Iowa Women’s
Health Study,

USA

41836 55–69 F – 127-item food

frequency

questionnaire

Quintiles of servings /

wk, from 1 to 5: <0.5,

0.5– <1.0, 1.0–1.5,
>1.5–<2.5, �2.5

CHD mortality (922)

ICD-9 (codes

410–414, 429.2)

Age, energy intake,

educational level,

physical activity,
alcohol intake,

smoking status, pack-

years of smoking, age
at first live birth,

estrogen use, vitamin

use, BMI, diabetes,

hypertension, intake
quintiles of whole

grains, fruits and

vegetables, red meat,

cholesterol, saturated
fat

Multivariate RR of CHD

mortality for quintile 5 vs. 1

was 1.04 (95% CI,
0.80–1.34) (p-trend ¼ 0.31)
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Nakamura et al.,

2005 Japan

8879 �30
MþF

19 Self-

administered

questionnaire

Seldom; 1–2/wk; 0.5/

day; 1/day; 2þ/day
CHD mortality (1745

deaths)

Age, sex, smoking,

alcohol drinking,

hypertension, BMI,
diabetes, total

cholesterol

Multivariate RR of CHD

mortality for individuals in

the highest fish intake
group was 0.91 (95% CI,

0.35–2.35) (p-trend¼ 0.54),

compared with those who
ate fish 1–2 times/wk

Iso et al., 2006

Japan Public

Health
Center–based

Study, Cohort I,

Japan

41578 40–59

MþF

11 Food frequency

questionnaire

Quintiles frequency,

median intake ranged

from 8 times/wk,
180g/day (Q5) to

once/wk, 23g/day

(Q1)

CHD deaths (62)

Nonfatal CHD

events (196)

Age, sex, smoking,

alcohol intake, BMI,

history of hypertension
or diabetes,

medication use for

hypercholesterolemia,

education, leisure
sports, intake fruit,

vegetables, saturated,

monounsaturated, and
n6 polyunsaturated fat,

cholesterol, total

energy, public health

center

Multivariate HRs (95% CI) for

highest vs. lowest quintiles

of fish intake were 0.63
(0.38–1.04) for total CHD;

0.44 (0.24–0.81) (p-trend ¼
0.03) for definite MI; and

1.14 (0.36–3.63) for sudden
cardiac death

Inverse association seen for

nonfatal CHD (HR 0.43,
95% CI, 0.23–0.81; p-trend

¼ 0.02) but not for fatal

CHD (HR 1.08, 95% CI,

0.42–2.76)
Jarvinen et al., 2006

Finland

5220 30–79

MþF

21.5 Dietary history

interview

Quintiles frequency,

intake ranged from

�11g/day (Q1) to

�63g/day (Q5)

CHD mortality (498

deaths)

Age, energy intake, area,

BMI, serum

cholesterol, blood

pressure, smoking,
occupation, diabetes

Multivariate RR of CHD

mortality for participants in

the highest vs. lowest

quintile of fish consumption
was 1.00 (95% CI,

0.70–1.43; p-trend ¼ 0.83)

for men and 0.59 (95% CI,

0.36–0.99; p-trend ¼ 0.02)
for women

Abbreviations: BMI, body mass index; CHD, coronary heart disease; CI, confidence intervals; DM, diabetes mellitus; HR, hazard ratio; ICD, International Classification of Diseases; IHD,

ischemic heart disease;MI, myocardial infarction; OR, odds ratio; RR, relative risks; TIA, transient ischemic attack;WHO,World Health Organization. Adapted fromHeK, Song Y, DaviglusM,
et al. (2004) Accumulated evidence on fish consumption and coronary heart disease mortality: A meta-analysis of cohort studies. Circulation 109: 2705–2711.
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298 Meat Consumption and Cardiovascular Disease
risk of CHD mortality was lower by 38%, 16%, and 12%
for men who consumed 35 g or more, 18–34 grams, and
1–17 grams of fish per day, respectively, compared with
those who consumed none ( p trend, 0.04). Risk of death
from MI (sudden and nonsudden) was lower by 44%,
24%, and 12%, respectively (p trend, 0.02). The observed
inverse association of fish consumption and CHD mortal-
ity risk was accounted for by the relation of fish consump-
tion to nonsudden death from MI; men who consumed 35
or more grams a day had a 67% lower risk (p trend, 0.007)
compared with those who did not consume fish (Daviglus
et al., 1997).

Among 20 551 male U.S. physicians ages 40–84, free of
MI, CVD, and cancer at baseline, consumption of fish at
least once a week was associated with a 52% lower
11-year risk of sudden cardiac death compared with less
than once a month fish consumption (analyses were
adjusted for potential confounders; p, 0.04). Lower risk of
sudden death was seen at all levels of fish consumption,
but the magnitude of risk reduction did not differ sub-
stantially at intake levels greater than one serving week,
suggesting a possible threshold effect. Fish consumption
and omega-3 fatty acids were not associated with lower
risk of total MI, nonsudden cardiac death, or total CVD
mortality (Albert et al., 1998).

Among 18 244 Chinese men aged 45–64 years followed
for an average of 12 years, those who consumed at least
one serving of fish and shellfish (�50g) a week had a 44%
lower risk of fatal MI compared with those with less
intake. In analyses adjusted for age, total energy intake,
and known CVD risk factors, men who consumed 200 or
more grams (four or more servings) of fish/shellfish a
week had a 59% lower risk of fatal MI compared with
those who consumed less than 50 grams a week. Seafood
intake was not associated with risk of death from stroke or
IHD other than acute MI. In analyses examining fish and
shellfish intake separately, the inverse associations with
acute MI persisted and were significant for both fresh/
salted fish intake (70% of total seafood consumed) and
shellfish intake (30% of total seafood consumed) (Yuan
et al., 2001).

Among 41 578 middle-aged Japanese men and women,
higher fish intake was significantly associated with lower
11-year CHD risk, primarily nonfatal cardiac events,
compared with moderate fish intake of once a week
(about 20 grams/day) after adjustment for CVD risk fac-
tors and selected dietary variables. Risks of total CHD and
definite MI were lower by 37% and 56%, respectively,
among persons in the highest quintile of fish intake
(8 times/week, median intake 180 grams/day) compared
with those in the lowest quintile (once/week, median
intake 23 g/day). The inverse association was primarily
seen for nonfatal CHD events (risk was significantly
lower by 57%) but not for fatal CHD events. These find-
ings suggest that higher levels of fish intake can even
further reduce the risk of initial CHD events compared
with moderate intake (Iso et al., 2006). Higher fish con-
sumption was also significantly associated with lower
16-year risk of CHD morbidity and mortality among
84 688 U.S. women aged 34–59 years who were free of
cancer and CVD at baseline. Compared with women
who rarely ate fish (less than once a month), multivari-
ate-adjusted risk of CHD (CHD deaths and nonfatal MI)
was lower by 21%, 29%, 31%, and 34% for those who ate
fish one to two times a month, once a week, two to four
times a week, and five or more times a week, respectively
( p trend, 0.001). The inverse association was stronger for
risk of CHD mortality (p trend, 0.01) than for nonfatal MI
( p trend, 0.10); women who ate fish five or more times a
week had a significantly lower risk of CHD mortality by
45%, whereas their risk of nonfatal MI was nonsignifi-
cantly lower by 23% (Hu et al., 2002).

A review published in 1999, which quantified the
fish intake–mortality relationship based primarily
on only four cohort studies, reported that the inverse
association between fish consumption and CHDmortality
was evident among ‘high-risk’ but not ‘low-risk’ popula-
tions. The authors concluded that consumption of up to
40 to 60 grams of fish daily had a dose-dependent associ-
ation with markedly lower CHD mortality for individuals
who were high risk (i.e., had adverse risk factors or
unhealthy lifestyle behaviors), but that there were no
added benefits of fish consumption for persons at low
risk for CHD and with a healthy lifestyle (Marckmann
and Gronbaek, 1999). However, a recent meta-analysis of
13 cohorts from 11 independent cohort studies compris-
ing 222 364 participants (3032 CHD deaths) with an aver-
age 11.8 years of follow-up found a consistent inverse
association between fish consumption and CHDmortality
rates. Compared with those who never consumed fish or
ate fish less than once a month, individuals with a higher
fish intake had lower CHD mortality: in pooled multivar-
iate analyses, risks for CHD mortality were 11%, 15%,
23%, and 38% lower with fish intake of one to three times
a month, once a week, two to four times a week, and five
or more times a week, respectively, compared with no fish
intake. Inverse associations were more evident among
studies with a follow-up period of 12 years or longer.
A dose–response relationship between fish consumption
and CHD mortality was observed: that is, each 20 grams/
day higher intake of fish was associated with a 7% lower
risk of CHD mortality ( p trend, 0.03) (He, 2004). Another
meta-analysis of 19 observational studies (including 14
cohort and 5 case-control studies) found that risks of
fatal CHD and total CHD were lower by 17% and 14%,
respectively, for those who consumed any fish compared
with little or none ( p < 0.005 for both) (Whelton et al.,
2004).

The benefits of fish consumption on CHD mortality
rates have also been demonstrated in diabetic populations.



Meat Consumption and Cardiovascular Disease 299
Among 5103 diabetic women from the NHS who were
free of any history of heart disease or stroke at baseline,
higher consumption of fish was associated with lower
CHD and total mortality, even after adjustment for estab-
lished cardiovascular risk factors. Compared with women
who rarely ate fish (<1 serving/month), risk of CHD
(adjusted for age, smoking, and other CHD risk factors)
was 30%, 40%, 36%, and 64% lower with fish consump-
tion one to three times a month, once a week, two to four
times a week, and five or more times a week, respectively
(p trend < 0.002). The inverse association persisted with
adjustment for dietary factors related to CHD, including
fiber, trans-fatty acids, polyunsaturated to saturated fats
ratio, or fruits, vegetables, and red meat intake. Consump-
tion of fish five or more times a week was associated with a
significantly lower risk of fatal CHD by 59% and of
nonfatal MI by 72% compared with intake of less than
one serving a month. Additional adjustment for fruits,
vegetables, and red meat did not affect the estimated
risks (Hu et al., 2003). Moreover, fish consumption has
been associated with significantly reduced progression of
coronary atherosclerosis in diabetic women with CHD.
Among 229 postmenopausal women with coronary ath-
erosclerosis, changes in the mean minimum coronary
artery diameter, the mean percentage of stenosis, and
the development of new coronary lesions were evaluated
by quantitative coronary angiography at baseline and after
3.2� 0.6 years. Compared with lower fish intakes,
consumption of two or more servings of fish or one or
more servings of tuna or dark fish a week was associated
with smaller increases in the percentage of stenosis
(4.54� 1.37% vs. �0.06� 1.59% and 5.12� 1.48%vs.
0.35� 1.47%, respectively; p< 0.05 for both) in diabetic
women after adjusting for age, CVD risk factors, and
dietary intakes of fatty acids, cholesterol, fiber, and alco-
hol. No significant associations were found in nondiabetic
women. Higher fish consumption was also associated with
smaller declines in minimum coronary artery diameter
and fewer new lesions (Erkkila et al., 2004).
Fish and Stroke

Several prospective epidemiologic studies have examined
the association between fish consumption and the risk of
stroke (Table 3). However, the findings have been
conflicting, with some cohort studies reporting an inverse
association between fish intake and risk of stroke after
adjustment for potential confounders (e.g., Keli et al., 1994;
Iso et al., 2001; Mozaffarian et al., 2005), while others have
reported no significant associations (e.g., Folsom and
Demissie, 2004; Nakamura et al., 2005; Myint et al., 2006).
In the Health Professional Follow-up Study (43 671 men
aged 40–75 years and free of CVD at baseline), consump-
tion of fish one to three times a month was associated with
43% lower risk of ischemic stroke compared with less
frequent consumption. However, a higher frequency of
fish intake was not associated with further risk reduction.
No significant associations were found between fish intake
and risk of hemorrhagic stroke or of total stroke (He et al.,
2002). In the Zutphen Study, men who ate more than 20
grams of fish a day had about a 50% lower riskof total stroke
compared with those who consumed less (Keli et al., 1994).
A case-control study of lifestyle risk factors for stroke,
involving cases from Perth, Western Australia, reported an
inverse relation of fish consumption to first stroke; with risk
significantly lower by 40% with consumption of fish more
than twice a month compared with less consumption. In
identical multivariate risk factor models for ischemic stroke
and for intracerebral hemorrhage, a significant inverse rela-
tion with fish consumption was found for intracerebral
hemorrhage (risk was significantly lower by 57%) but not
for ischemic stroke (risk was nonsignificantly lower by 10%)
( Jamrozik et al., 1994). However, in a cohort of Japanesemen
andwomen, risks of mortality from total stroke and intrace-
rebral hemorrhage were significantly lower by 15% and
30%, respectively, for the highest tertile of intake compared
with the lowest (Sauvaget et al., 2003).

Among 79 839 women from the NHS who were fol-
lowed for 14 years, significant inverse associations were
observed between fish intake and age- and smoking-
adjusted risk of total stroke, ischemic stroke, and throm-
botic infarction. With further adjustment for other CVD
risk factors and dietary variables, the inverse association
of fish intake with risk of thrombotic stroke remained
significant. Risk of thrombotic infarction was significantly
lower by 51% among women with fish intake of two or
more times a week (p¼ 0.03) compared with those who
ate fish less than once a month. Fish intake was not
associated with risk of hemorrhagic stroke (Iso et al.,
2001). In the NHANES I Epidemiologic Follow-up
Study, white men who ate fish more than once a week
experienced only a nonsignificant reduction in risk of
incident fatal and nonfatal stroke by 15% compared
with those who never ate fish. However, risk of incident
stroke for white women who consumed fish more than
once a week was about half that of women who never
consumed fish after adjustment for multiple risk factors
for stroke. For black women and men, any fish consump-
tion compared with none was significantly associated with
49% lower risk of incident stroke (Gillum et al., 1996).

Differences in fish consumption at baseline were not
significantly associated with higher or lower risk for total
stroke mortality in the Chicago Western Electric Study
cohort of 1847 men aged 40 to 55 years and free of CVD
at baseline (Orencia et al., 1996). Similarly, in the Physi-
cians’ Health Study, no significant association between
fish consumption and risk of total stroke was observed;
however, about half of the men in this cohort were taking
aspirin which may have attenuated the effect of fish intake
(Morris et al., 1995).



Table 3 Fish consumption and risk of stroke

Author/year and
population

No. of
participants Age, sex

Follow-
up
(years)

Exposure
assessment No. of categories

Outcome (no.
of events) Adjusted variables Association with stroke

Keli et al., 1994 552 50–69 M 15 Interview based

on Burke’s
diet history

method

<20 g/day; Total stroke

(n¼42)

Age, systolic BP, cigarette

smoking, serum total
cholesterol, energy intake,

alcohol consumption,

prescribed diet

Fish intake > 20 g/day was

associated with 50% lower
risk of total stroke vs. less

intake; HR, 0.49 (95% CI,

0.24–0.99)

Zutphen Study, The

Netherlands

>20 g/day ICD-8 (codes

430–438)

Morris et al., 1995
Physicians’ Health

Study, USA

21185 40–84 M 4 Self-
administered

questionnaire

Less than once/wk;
Once/wk;

2–4 times/wk;

�5 times//wk

Total stroke
(n¼173)

ICD-9 (codes

430, 431,

434, 436)

Age, aspirin, beta-carotene,
cigarette smoking, personal

history of diabetes,

hypertension,

hypercholesterolemia,
parental history of MI before

age 60, alcohol use,

vigorous exercise, obesity,
saturated fat, vitamin

supplements

No significant association
between fish consumption

and risk of total stroke; RR

for total stroke was 0.6

(95% CI, 0.3–1.6) for fish
consumption �5 times/wk

vs. < 1 time/wk

Orencia et al., 1996

Chicago Western
Electric Study,

USA

1847 40–55 M 30 Interview based

on Burke’s
diet history

method

0 g/day;

1–17 g/day; 18–34 g/
day;

�35 g/day

Total stroke

(n¼76)
ICD-8 or ICD-9

(codes

430–434,

436–438)

Age, SBP, cigarette smoking,

serum cholesterol,
diabetes, ECG

abnormalities, table salt

use, alcohol intake, iron,

thiamine, riboflavin, niacin,
vitamin C, beta-carotene,

retinol, polyunsaturated

fatty acids, carbohydrates,

total protein, total energy

HRs (95% CI) for total stroke

mortality for fish
consumers were 1.34

(0.53–3.41) for �35
g/day; 0.96 (0.41–2.21) for

18–34 g/day; 1.00
(0.43–2.33) for

1–17g /day compared with

nonconsumers

Gillum et al., 1996

NHANES

I Epidemiologic
Follow-up Study,

USA

5192 (4410

whites,

782
blacks)

45–74 MþF 12 Interview based

on 3-month

food
frequency

questionnaire

Never

Less than once/wk;

Once/wk;
More than once/wk

For black

participants, only

2 categories were
analyzed because

of smaller sample

size: never and

any intake

Total stroke

incidence

(620)
Stroke

mortality

(173)

ICD-9 (codes
433–434.9,

436, or

437.0–437.1)

Age, smoking, history of

diabetes or heart disease,

education < high school
graduate, SBP, serum

albumin concentration,

serum cholesterol

concentration, BMI, alcohol
intake, physical activity

For white women,

multivariate RR of incident

stroke for fish intake
>1 time/wk vs. never was

0.55 (95% CI, 0.32–0.93)

For white men, intake

>1 time//wk vs. never
associated with modest,

nonsignificant reduction in

risk of incident stroke (RR,

0.85; 95% CI, 0.49–1.46)
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Inverse, nonsignificant

association of fish intake
with stroke mortality seen

among whites; multivariate

RR (95%CI) for>1 time/wk

vs. never were 0.76
(0.30–1.93) for white

women and 0.32

(0.10–1.05) for white men.
For black participants, any

fish vs. none associated

with significantly lower risk

of incident stroke and
stroke mortality.

Multivariate RRs (95% CI) for

any intake vs. nonewere for

incident stroke 0.51
(0.30–0.88; p < 0.05); and

for stroke mortality 0.26

(0.11–0.64; p < 0.01)

Yuan et al., 2001
Shanghai, China

18 244 45–64 M 12 Interview based
on 45-item

questionnaire

<50 g/wk;
50 to <100 g/wk;

100 to <150 g/wk;

150 to <200 g/wk;
�200 g/wk

(equivalent to <1,

1, 2, 3, and �4
servings/wk)

Total stroke
(n¼ 480)

ICD-9 (codes

430–438)

Age, total energy intake,
education, BMI, current

smoker, average no. of

cigarettes/day, no. of
alcoholic drinks/wk, history

of diabetes, hypertension

No association of fish intake
with risk of stroke mortality

Multivariate RR of stroke

was1.11 (95% CI,
0.83–1.47) for fish/shellfish

intake � 200 (vs. <50) g//

wk

In separate analyses,
multivariate RR of stroke

was1.05 (95% CI,

0.77–1.43) for fish intake

�150 (vs. <30) g/wk
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Table 3 Continued

Author/year and
population

No. of
participants Age, sex

Follow-
up
(years)

Exposure
assessment No. of categories

Outcome (no.
of events) Adjusted variables Association with stroke

Iso et al., 2001

Nurses’ Health
Study, USA

79 839 34–59 F 14 Self-

administered
semi-

quantitative

food

frequency
questionnaire

<once/mo;

1–3 times/mo;
once/wk;

2–4 times/wk;

�5 times/wk

Total stroke

(n¼ 574)
Ischemic

stroke

(n¼ 303)

Hemorrhagic
stroke

(n¼ 181)

(ICD codes not
available

Age, BMI, alcohol intake,

menopausal status and
postmenopausal hormone

use, vigorous exercise,

usual aspirin use,

multivitamin use, history of
hypertension, frequency of

total fruit and vegetable

servings, nutrient intake of
saturated fat,

transunsaturated fat,

linoleic acid, animal protein,

calcium

Inverse associations between

fish intake and age- and
smoking-adjusted risk of

total stroke, ischemic

stroke, and thrombotic

infarction
In multivariate analyses,

significant inverse

association with
thrombotic stroke risk

Multivariate RR (95% CI) of

total stroke 0.48

(0.21–1.06; p-trend¼0.06)
for fish intake � 5 times/wk

vs. <1time/mo; of

thrombotic stroke 0.30

(0.08–1.07; p-trend¼0.03)
for fish intake � 5 times/wk

vs. <1 time/mo, and 0.49

(0.26–0.93; p¼0.03) for
fish intake � 2 times/wk

He et al., 2002

Health

Professional
Follow-up Study,

USA

43 671 40–75 M 12 Self-

administered

questionnaire

<once/mo;

1–3 times/mo;

once/wk;
2–4 times/wk;

>5 times /wk

Total stroke

(n¼ 608)

Ischemic
stroke

(n¼ 377)

Hemorrhagic

stroke
(n¼ 106)

(ICD codes not

available)

Age, smoking status, BMI,

physical activity, history of

hypertension, aspirin,
multivitamins, total energy,

total fat, saturated fat,

transunsaturated fat,

alcohol, potassium,
magnesium, fruits and

vegetables,

hypercholesterolemia

Multivariate RR (95% CI) of

ischemic stroke 0.57

(0.35–0.95) for fish intake
1–3 times/mo vs. <1 time/

mo; no further risk

reduction with higher

intake:
RR (95% CI) 0.56

(0.37–0.84) for 1 time/wk,

0.55 (0.36–0.85) for

2–4 times/wk, and
0.54 (0.31–0.94) for

�5 times/wk

Multivariate RR (95% CI) of
total stroke 0.73

(0.48–1.10) for 1–3 times/

mo, 0.74 (0.52–1.04) for

1 time/wk, 0.67 (0.46–0.96)
for 2–4 times/wk, and 0.83

(0.53–1.29) for �5 times/wk

vs. <1 time/mo
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Sauvaget et al.,

2003

Hiroshima/

Nagasaki, Japan
Life Span Study

37 130 Mean age 56

(34–103)

MþF

16 Self-

administered

22-item food

frequency
questionnaire

Never;

�once/wk;

2–4 times/wk;

almost daily
Tertiles of intake

also analyzed

Total stroke

mortality

(1462)

ICD-9 (codes
430–438)

Intracerebral

hemorrhage

mortality
(354)

ICD-9 (codes

431, 432)

Cerebral
infarction

mortality

(655)
ICD-9 (codes

433, 434)

Age, sex, birth cohort,

smoking, alcohol, BMI,

education, history of

diabetes or hypertension,
radiation dose, city

Multivariate HR (95% CI) of

total stroke mortality was

0.71 (0.48–1.05) for almost

daily intake of fish (except
broiled) vs. never and 0.60

(0.37–0.98) for almost daily

broiled fish vs. never

Highest (46–65 g/day) vs.
lowest (11–18 g/day) tertile

of total fish intake

associated with lower total

stroke mortality (HR, 0.85;
95% CI, 0.75–0.98;

p-trend¼0.017) and

intracerebral hemorrhage
mortality (HR, 0.70; 95%

CI, 0.54–0.92;

p-trend¼0.008)

Folsom and
Demissie, 2004

Iowa Women’s

Health Study,

USA

41 836 55–69 F 14 127-item food
frequency

questionnaire

Quintiles of intake in
servings /wk, from

1 to 5: <0.5;

0.5–<1.0; 1.0–1.5;

>1.5– <2.5; �2.5

Stroke
mortality

(313)

ICD-9 (codes

430–438)

Age, energy intake,
educational level, physical

activity, alcohol intake,

smoking status, pack-years

of smoking, age at first live
birth, estrogen use, vitamin

use, BMI, diabetes,

hypertension, intake
quintiles of whole grains,

fruits and vegetables, red

meat, cholesterol,

saturated fat

Multivariate RR of stroke
mortality for quintile 5 vs. 1

was 1.06 (95% CI,

0.67–1.67; p-trend¼0.65)

Mozaffarian et al.,

2005

Cardiovascular

Health Study,
USA

4778 �65 MþF 12 Picture-sort

version of

National

Cancer
Institute food

frequency

questionnaire

<1 time/mo;

1–3/mo;

1–4/wk;

�5/wk

Incident

strokes (626)

including

ischemic
(529),

hemorrhagic

(65), and
unclassified

(32)

Age, sex, education, diabetes,

prevalent CHD, smoking

status, pack-years of

smoking, aspirin use, BMI,
leisure-time physical

activity, alcohol use, total

caloric intake, SBP,
LDL-cholesterol,

HDL-cholesterol,

triglycerides,

C-reactive protein

For tuna/other baked or

broiled fish intake

�5 times/wk vs.

<1 time/mo, multivariate
HRs (95% CI) were for total

stroke, 0.77 (0.56–1.07;

p-trend¼0.06); for
ischemic stroke, 0.72

(0.51–1.03; p-trend¼ 0.03);

for hemorrhagic stroke,

0.98 (0.39–2.46;
p-trend¼0.63)
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Table 3 Continued

Author/year and
population

No. of
participants Age, sex

Follow-
up
(years)

Exposure
assessment No. of categories

Outcome (no.
of events) Adjusted variables Association with stroke

For fried fish/fish sandwich
intake �1 time/wk vs.

<1 time/mo, multivariate

HRs (95% CI) were for total
stroke, 1.33 (1.05–1.68;

p-trend¼0.02); for

ischemic stroke, 1.39

(1.08–1.79;
p-trend¼0.01); for

hemorrhagic stroke, 1.10

(0.55–2.19;

p-trend¼0.84)
Nakamura et al.,

2005 Japan

8879 �30 MþF 19 Self-

administered

questionnaire

Seldom;

1–2/wk;

0.5/day;

1/day;
2þ/day

Stroke death

(288)

including

death from
cerebral

hemorrhage

(63) and
cerebral

infarction

(165)

Age, sex, smoking, alcohol

drinking, hypertension,

BMI, diabetes, total

cholesterol

Multivariate RR of stroke

mortality for highest fish

intake group was 1.26

(95% CI, 0.70–2.29;
p-trend¼0.52) compared

with those who ate fish

1–2 times/wk

Myint et al., 2006
EPIC Study, UK

24 312 40–79 MþF 8.5 Food frequency
questionnaire

<1/wk;
1–2/wk;

>2/wk

Incident
stroke (421)

ICD-10

Age, systolic blood pressure,
BMI, smoking, cholesterol,

diabetes, fish oil

supplement use, physical

activity, alcohol
consumption, total energy

intake

Multivariate RR of stroke for
men in highest vs. lowest

fish intake group was 1.34

(95% CI, 0.93–2.93;

p-trend¼0.26)
Multivariate RR of stroke for

women in highest vs.

lowest fish intake group
was 0.86 (95% CI,

0.60–1.24;

p-trend¼0.29)

Abbreviations: BMI, body mass index; CHD, coronary heart disease; CI, confidence intervals; DM, diabetes mellitus; HR, hazard ratio; ICD, International Classification of Diseases; IHD,
ischemic heart disease; MI, myocardial infarction; OR, odds ratio; RR, relative risks; TIA, transient ischemic attack; WHO, World Health Organization.

Adapted from He K, Song Y, Daviglus M, et al. (2004) Fish consumption and incidence of stroke: A meta-analysis of cohort studies. Stroke 35: 1538–1542.
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Meat Consumption and Cardiovascular Disease 305
A meta-analysis of nine cohorts from eight indepen-
dent studies comprising 200 575 participants (3491
stroke events) with an average follow-up of 12.8 years
found an inverse association between fish consumption
and the risk of stroke, particularly ischemic stroke. Com-
pared with individuals who never ate fish or ate fish only
once a month, in pooled multivariate-adjusted analyses,
risk of total stroke was lower by 9%, 13%, 18%, and
31% for those with fish intake of one to three times a
month, once a week, two to four times a week, and five
or more times a week, respectively ( p trend, 0.06). In
stratified analyses of three large cohort studies with data
on stroke subtypes, pooled risk of ischemic stroke was
significantly lower by 31%, 32%, 34%, and 35% with
fish consumption one to three times a month, once a
week, two to four times a week, and five times a week,
respectively, compared with no fish consumption. How-
ever, there was no strong dose–response relationship
(p trend, 0.24). No significant association of fish con-
sumption with risk of hemorrhagic stroke was found (He
et al., 2004). The authors concluded that fish intake is
inversely associated with the risk of stroke, particularly
ischemic stroke, with a significantly lower risk of ische-
mic stroke by fish intake as little as one to three times a
month. However, there is still insufficient data to clarify
the association, if any, of fish consumption with the risk
of hemorrhagic stroke (He et al., 2004).

The beneficial effects of fish consumption on mortality
from CHD and stroke are postulated to stem from their
relatively high content of omega-3 polyunsaturated fatty
acids (eicosapentaenoic acid [EPA] and docosahexaenoic
acid [DHA]) (Kris–Etherton et al., 2003; Wang et al., 2006).
Several biological effects of omega-3 fatty acids account
for their protective effect on CVD (Kris–Etherton et al.,
2003). A hypotriglyceridemic effect and a dose–response
relationship between omega-3 fatty acid intake and
triglyceride-lowering has been demonstrated (Harris
et al., 1988; Grimsgaard et al., 1997; Harris, 1997).
Omega-3 fatty acids have been shown to have anti-
arrhythmic properties which may protect against sudden
CHD death (Siscovick et al., 1995, 2000; Albert et al., 1998).
They decrease platelet aggregation (Agren et al., 1997;
Mori et al., 1997) and additional anti-atherogenic effects
have been proposed, including reduced expression of
adhesion molecules and anti-inflammatory effects (De
Caterina and Libby, 1996; Endres and von Schackey,
1996; Abe et al., 1998; De Caterina et al., 2000). In addition,
omega-3 fatty acids have a mild BP lowering effect (Appel
et al., 1993; Morris et al., 1993; Howe, 1997) and may
improve endothelial function, possibly by enhancing pro-
duction of nitric oxide (Chin and Dart, 1995; Harris et al.,
1997). However, while numerous experimental studies
have demonstrated some benefits of fish oil intake, they
generally used a dose of omega-3 fatty acids that was
substantially higher than quantities typically consumed
in the diet. The amount of omega-3 fatty acids that need
to be consumed to confer a cardioprotective effect
remains unclear, although existing scientific evidence
suggests that intakes between 0.5 and 1.8 grams of EPA/
DHA per day significantly reduces CVD mortality
(Kris–Etherton et al., 2003).

The continued increase in overweight and obesity
globally has led to the proliferation of numerous diet
strategies to promote weight loss. While some of these
popular diets are based on long-standing medical advice
and recommend restricting portion sizes and calories,
various alternatives have been developed some of which
promote a high intake of meat and other animal foods and
restrict intake of carbohydrates. Long-term randomized
trials comparing low-carbohydrate diets with low-fat
reduced calorie diets in obese patients have demonstrated
better weight loss on the low-carbohydrate diets after
6months, but no difference after 12months (Foster et al.,
2003; Stern et al., 2004).

Much of the data on the association of meat intake and
CVD outcomes are derived from studies involving vege-
tarian populations (e.g., Thorogood et al., 1994; Key et al.,
1996, 1999; Mann et al., 1997). In general, it has been
shown that vegetarians experience lower risk of CVD
and greater life expectancy compared with meat eaters
and that their risk increases with higher meat intake.
These observations raise concerns about the level of
meat consumption compatible with CVD prevention.
However, CVD risk differs with the type of meat con-
sumed and the method of food preparation, and few
studies have examined associations separately for red
and white meat. In the Nurses’ Health Study, red meat
consumption (including processed meat) was associated
with higher age-adjusted risk of CHD, while poultry and
fish consumption was associated with lower risk (Hu et al.,
1999). Lean red meat, trimmed of visible fat, and skinless
poultry are lower in saturated fats and an important
source of protein, vitamin B12, niacin, zinc, and iron.
Among persons with hypercholesterolemia, dietary inter-
ventions to lower cholesterol incorporating either lean
red meats (beef, veal, and pork) or lean white meats
(poultry and fish), which are part of the National Choles-
terol Education Program (NCEP) Step I diet, showed
similar reductions in LDL-cholesterol and elevations in
HDL-cholesterol. This demonstrates that lean red meat, if
consumed in the recommended amounts, can be part of a
healthy diet (Davidson et al., 1999). Finally, there is com-
pelling evidence that frequent fish consumption is asso-
ciated with lower risk of CVD, particularly CHD. For
example, risk of CHD mortality was 38% lower with
consumption of 35 or more grams of fish daily in the
Western Electric Study (Daviglus et al., 1997), and 45%
lower with fish consumption five or more times a week in
the Nurses Health Study, compared to little or no intake
(Hu et al., 2002).



306 Meat Consumption and Cardiovascular Disease
Current nutritional guidelines proposed by the USDA
recommend limiting daily consumption from themeat and
beans group – including lean meats, poultry, fish, eggs,
beans, and nuts/seeds – to about 5- to 6-ounce equivalents
in all among adults (1-ounce equivalent is 1 oz. of cooked
lean meats, poultry, fish; 1 egg; 0.25 cup cooked dry beans
or tofu; 1 tablespoon peanut butter; 0.5 oz. nuts or seeds)
(U.S. Department of Health and Human Services, 2005).
Recent dietary recommendations made by the AHA
include limiting saturated fats to less than 7% of daily
energy, and cholesterol to less than 300mg/day, by con-
suming lean cuts of meat, skinless poultry, and vegetable
alternatives and fat-free or low-fat dairy products, and
eating fish, preferably oily fish, at least twice a week
(Lichtenstein et al., 2006). The Dietary Approaches to
Stop Hypertension (DASH) eating plan, which is in
accordance with AHA dietary recommendations, limits
intake of lean meat, poultry, and fish to less than six
servings per day for a 2000 calorie diet (one serving
consists of 1 oz. of cooked lean meat with visible fat
trimmed away, skinless poultry, or fish; or 1 egg). More-
over, numerous studies have demonstrated the benefits
of Mediterranean diets and diets high in fruits, vegeta-
bles, whole grains, and fish, and low in red meat, high-fat
dairy products, and saturated fats (e.g., Appel et al., 1997;
Stampfer et al., 2000; Trichopoulou et al., 2003; Knoops
et al., 2004; Trichopoulou, 2004). With CVD continuing to
be the leading cause of morbidity and mortality in the
United States and other industrialized countries despite
advances in medical technology and treatment, strong
primary preventive measures are urgently required from
an early age to promote healthy lifestyles, including
healthy diets and increased physical activity, in order to
lessen future individual and societal burden of disease.
See also: Cardiovascular Disease Prevention; Diet and

Heart Disease; Dietary Guidelines, International.
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that events on one side of the world almost instanta-
neously make the news in far-distant lands.When research
is published in a journal in England, for example, it can
create headlines and influence public debate in Africa.
A health crisis in North America can quickly induce
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public and political responses throughout Australasia.
The news media have a powerful effect on societies gen-
erally, in transmitting information, setting agendas, and
influencing behavior of the public and private sectors, and
of communities and individuals. These effects are partic-
ularly relevant for the health sector because of the media’s
interest in reporting health issues; the public’s great inter-
est in health issues fuels the media’s coverage of health,
and this in turn drives public interest. Media coverage has
been shown to have a range of effects relevant to public
health, including influencing individuals’ health beha-
viors and understanding (Caburnay et al., 2003), health
service utilization (Lawton et al., 2003; Schwartz and
Woloshin, 2004; Chapman et al., 2005), government prio-
rities, policies, and legislation (Harwood et al., 2005;
Bryan-Jones and Chapman, 2006), and the actions of
other sectors in society. The news, as noted by Dorfman
et al. (2005), is a place of public conversation where policy
issues are framed anddebated. The agendas and behaviors of
health professionals and researchers are also influenced by
media coverage; studies covered by the media, for example,
have higher citation rates than those that are not (Phillips
et al., 1991; Chapman and Lupton, 1994).

Media coverage can have both positive and negative
implications for public health. Widespread reporting of
the dangers of smoking has been implicated in declining
rates of smoking (Pierce and Gilpin, 2001). Coverage has
also been credited with policy and legislative changes
beneficial to public health in a wide range of areas,
including tobacco and alcohol control (Woodruff, 1996;
Asbridge, 2004). Content analyses of U.S. news media
coverage (Long et al., 2006), of tobacco editorials (Smith
et al., 2005), and of newspaper coverage in the United
States and Australia (Durrant et al., 2003; Clegg Smith
et al., 2005) show a general trend toward positive stories
and support for policy advances. Indeed, the U.S. Advo-
cacy Institute stated unequivocally, ‘‘News coverage has
been the lifeblood of the tobacco control movement’’
(Advocacy Institute, 1999).

Lack of media coverage can also be a health issue, with
the U.S. media’s early disinterest in AIDS being blamed
for a lack of government action there. Otten (1992) cites
a health policy analyst’s view that Washington did not
pay attention to AIDS because the press did not. Others
have noted the media’s lack of interest in sexually trans-
missible diseases more broadly (Davidson and Wallack,
2004). Media coverage can also promote information or
responses that are not to the benefit of public health.
Widespread reporting about vaccine safety concerns in
the United Kingdom and elsewhere has been blamed for
declines in vaccination rates (Leask, 2002). At the other
end of the spectrum, media reporting has been shown to
generally underplay the risks of medicines while over-
stating the benefits (Moynihan et al., 2000). Media cover-
age can distort political priorities, resource allocation,
and public health and clinical practices (Sheldon, 2007).
Its skewing of public perceptions of risk can have health
consequences; for example, heightened parental concerns
about children’s safety are often cited as a factor in child-
hood inactivity and obesity (Sweet, 2007). The media can
also frame issues in a way that is not helpful for public
health. Its preference for stories about medical advances,
new drugs, high-technology equipment, and medical
experts rather than public health agendas or broad policy
issues has been noted (Haas et al., 2001; Caburnay et al.,
2003). This has the potential to perpetuate victim-
blaming, rather than putting the focus on the broader
social and environmental contributors to poor health.
A recent analysis of health-related newspaper stories in
Canada showed that socioeconomic influences were
rarely cited as being influential in shaping population
health outcomes (Hayes et al., 2007), contrary to the
emphasis on this connection in the research literature.
On the other hand, reporters and commentators were
quite ruthless in highlighting the glaring social and cul-
tural inequalities exposed in the aftermath of Hurricane
Katrina (Alexander and Hanson, 2007).

In times of public health crisis, such as natural disasters
or infectious diseases outbreaks, the media can be both
helpful and obstructive. The French media were criticized
(Boyer et al., 2005) for not giving the public practical
preventive information during the 2003 heat wave,
and for emphasizing business and ecological issues above
public health policy. Television news journalists have
been criticized for their emphasis on crime, property
damage, and mortality figures during coverage of dis-
asters while giving low priority to disaster preparedness
and public health issues that occur in the aftermath
(Anzur, 2000).
Relevant Trends and Developments in
the Media

The media industry is in a state of transition internation-
ally (Simons, 2006). In many countries, the future of ‘old’
media forms such as newspapers and television is unclear,
due to cost pressures and competition for audiences and
advertisers from ‘new’ media forms using the Internet
and digital technologies.

The implications of these developments for public
health are mixed. On the one hand, many traditional
media outlets have fewer resources for in-depth, informed
reporting generally (Collins et al., 2006). The corporatiza-
tion of news values and the rise of celebrity-based tabloid-
style reporting also mitigate against in-depth examination
of issues of significant public interest. The media gener-
ally recognizes health as an area likely to appeal to its
audiences, with Haas and colleagues (2001) contending
that health and medicine stories are the most frequent
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items of all news coverage. However, media outlets seek-
ing to attract wealthy audiences (capable of attracting
wealthy advertisers) are less likely to focus on health
issues relevant to marginalized or disadvantaged groups
in society (Armstrong et al., 2006).

The rise of newmedia forms has broadened the range of
opportunities for reporting and also made information and
news far more accessible to more diverse audiences. As
Nightingale and Ross point out, the ‘‘proliferation of tech-
nologies for reproduction and distribution of media forms
[has] allowed people to enjoy them in situations of their
own choosing rather than at the whim of the broadcaster’’
(2003: 1). The advent of newmedia technologies and forms
is also changing the nature of the relationship between
media and its audiences, encouraging a more interactive
dialogue and potentially allowing a greater range of voices
to be heard (Nightingale and Ross, 2003). Blogging on the
Internet has allowed citizens to report on their stories and
opinions. Citizen journalism has increased the public’s
access to and often their sense of involvement in news
events and issues. This was evident, for example, after
the 2007 massacre at a Virginia tertiary institution in the
United States. Policinski (2007) observed:

Blogs provided a new-age supplement to the candlelight

vigils and posted expressions of sorrow, and a means for

citizens and journalists alike to talk to each other as never

before about campus security, gun control and mental

health.

He notes however, that ‘‘it’s much too soon to assess the
full impact of this new combination of mainstream media
and dramatic and personal ways of experiencing – not just
receiving – the news.’’

The advent of new media forms and technologies has
also been significant for those countries with controlled or
repressed media, where it has made it more difficult for
governments to suppress information and debate. How-
ever, journalist organizations argue that media freedom is
under increasing threat around the world from hostile
governments, conflict, and war (International Federation
of Journalists, 2007). Even in democratic countries, the
ability of the media to report on issues of public interest is
being curtailed (Media, Entertainment and Arts Alliance,
2007). This poses a real threat to democracy, as Vivian
asserts that ‘‘an informed and involved citizenry is possi-
ble in modern democracy only when the mass media work
well’’ (Vivian, 2007: 3).
The Media and Public Health

As the nature and scope of public health has evolved and
developed, so too has the field’s appreciation of the med-
ia’s role in its work. As public health has moved away from
a focus on the behavior of individuals and toward working
on the broader socioeconomic and environmental deter-
minants of health, its approach to the media has likewise
become more sophisticated. The public health sector
increasingly views the media not so much as a vehicle
for transmitting health information to individuals but as
an opportunity for influencing the political, social, and
environmental determinants of health (Gomm et al., 2006).
Media advocacy typically involves coalitions working to
achieve strategic use of the news media to advance a
public policy initiative, often in the face of opposition
from those with a vested interest in the status quo. It is
increasingly seen as a core tool of the so-called ‘new
public health,’ and its use has been reported by public
health practitioners working across fields such as tobacco,
alcohol, nutrition, cardiovascular disease, gun control, and
transport (Wallack, 1994; Brownson et al., 1995; Glanz
et al., 1995; Holder and Treno, 1997; Chapman and
Wakefield, 2001; Mindell, 2001; Stillman et al., 2001;
Hingson and Howland, 2002; Champion and Chapman,
2005; Gomm et al., 2006). The international reach of the
media is increasingly relevant given the global nature of
many contemporary public health concerns – whether the
threat of new and emerging infectious diseases, the rise
of chronic health problems such as obesity and diabetes,
or the promotion of unhealthy products such as tobacco.

Concerns have been raised, however, that media advo-
cacy is undervalued and underdeveloped as a public
health discipline. Chapman (1999) has argued that the
impact of media coverage on smoking rates and public
perceptions of the tobacco industry, for example, is rela-
tively understudied. He has also described advocacy as
a ‘‘Cinderella branch of public health practice’’ (2004a:
361), and noted that fewMaster of Public Health programs
formally address advocacy, there are comparatively few
textbooks, and no journals devoted to its exploration.
Engaging with the Media: Potential
Benefits

As with any intervention, decisions about whether to
engage with the media, or how to do so, involve weighing
up potential benefits, risks, and barriers.

As outlined in previous sections, media coverage can
have a powerful impact in framing debate and influencing
politicians, policy makers, professionals, the general pub-
lic, and other groups, including the private sector. It can
help to undermine barriers to better public health; for
example, routine negative publicity about the tobacco
industry is credited with undermining its public credibil-
ity and political influence (Christofides et al., 1999). The
work of the Dart Center for Journalism and Trauma,
based in the United States and with branches in Europe
and Australasia, is helping to improve media coverage of
violence and trauma.
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There is also an opportunity cost to not engaging with
the media, especially as many interests detrimental to
public health are skilled at using the media to advance
their causes (Freudenberg, 2005).

Wallack and Dorfman (1996) argue that media advo-
cacy is too important not to do. They also describe how
media advocacy provides a framework for moving the
focus of health debates from individual behavior to behav-
ior of policy makers. As they note, it addresses the power
gap, rather than simply the information gap.

Media advocacy has also been recognized as a tool for
promoting understanding and implementation of evidence-
based approaches to practice and policy. Building coalitions
to engage with media advocacy can have a side effect of
helping to develop networks, skills, and capacity. Media
advocacy can also be seen as a way of restoring power to
communities and giving them the skills to cultivate and
amplify their voice in public debates (Wallack, 1994).

Apart from the potential public benefits, engaging with
the media can be helpful for academics and other advo-
cates in raising their professional and personal profiles
and increasing their spheres of influence. It has been
suggested that the criteria for judging academic perfor-
mance should be expanded to include academics’ work in
knowledge translation or in ensuring their work influ-
ences policy or practice, and media advocacy is one way
of achieving this.

It has been argued, however, that the evidence base for
media advocacy as a reliable strategy for promoting health
policy or behavior change is limited (Niederdeppe et al.,
2007). This is at least partly because of the difficulty of
evaluating interventions in complex, uncontrolled envir-
onments where many variables are at play (Stead et al.,
2002). As well, measuring the effectiveness of media advo-
cacy interventions is not as straightforward as with other
public health programs because of the episodic and cyclic
nature of media coverage on any given topic (Stillman
et al., 2001).
Engaging with the Media: Potential Risks

Potential risks of engaging with the media arise at a
number of levels: risks to public health objectives and
thus to the public, and risks to those engaging with the
media.

Engaging with the media is not always helpful, espe-
cially if it results in a debate dominated by stakeholders
unsympathetic to public health objectives. One study of a
community-wide intervention to reduce underage drink-
ing in Louisiana suggested that increasing media coverage
had potential to do harm as well as good (Harwood et al.,
2005). Increased media coverage was associated with suc-
cessful agenda setting but also with unsuccessful attempts
to pass legislation. The successful passage of legislation
tended to coincide with low coverage. The authors con-
cluded that press inattention has potential benefits for
policy makers in not allowing the opposition to mobilize
and in allowing relevant interests to negotiate and com-
promise out of the public view. However, they also noted
that the media spotlight might be helpful if behind-the-
scenes negotiations fail, or for blocking undesirable legis-
lation. Other authors have concluded that while media
advocacy may be successful in garnering attention, this
does not always translate into helpful policy changes
(Niederdeppe et al., 2007). Others have noted that news
coverage featuring an important public health issue can
do more harm than good if it reinforces approaches and
attitudes that blame the victim and exclude the roles of
governments and other institutions in solving the problem
(Dorfman et al., 2005). As well, not everything done in the
name of public health advocacy is always in the public
interest. There is the possibility of misuse or of people
mistaking their personal motives as being in the public
interest.

Engaging with the media can also incur significant
costs to the individuals and organizations involved. It is
demanding, time-consuming work, often involving con-
flict and lack of control over outcomes. In one reported
case, a confrontational media campaign exposed schisms
in an organization that left it a far less effective advocate
for policy change (DeJong, 1996). Public health advocates
who develop a high media profile can face professional
jealousy and criticism, which may or may not be legiti-
mate. Their involvement in controversial debates can
antagonize powerful enemies, including ‘‘retributive gov-
ernments and litigious industries’’ (Chapman, 2001).
Chapman has also reported receiving death threats
because of his work lobbying for gun control.
Engaging with the Media: Potential
Barriers

The barriers to effective media engagement are many, and
reflect both the nature of the media industry as well as the
public health sector.

As Dorfman (2003) has noted, newsworthiness rather
than public health goals influences selection and report-
ing of health stories. The media operate in an intensely
competitive environment and fight hard to attract and
retain the interest of audiences overwhelmed by informa-
tion and time pressures. It does this by telling dramatic
stories and using human interest or personal anecdotes.
This focus on individual stories and behaviors is a major
barrier to those trying to reframe issues in a public health
perspective. Obesity has, for example, been framed in
much public debate as an issue of personal responsibility,
which poses challenges to those seeking to influence the
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social and economic forces implicated (Dorfman and
Wallack, 2007), and similar concerns have been raised
about reporting of alcohol-related issues (Slater et al.,
2006).

The media’s appetite for drama also means that sensa-
tional events, such as shark attacks, tend to garner more
and bigger headlines than more ‘everyday’ and less dra-
matic events, such as deaths from smoking. One person
killed by eating contaminated food can be more news-
worthy than 4 million dying the world over, each and
every year, from consuming tobacco products bought off
the same store shelves (Shatenstein and Chapman, 2002).
Journalists’ attitudes to health issues and how they should
be covered are influenced by broader cultural and societal
norms. In the United States, for example it has been
argued that the dominant social value of individualism
can be a barrier for those seeking to put health problems
into a broader context (Wallack and Lawrence, 2005).
Mental health advocacy groups, concerned by media cov-
erage that both reflects and contributes to stigma about
mental illness, have developed projects to promote more
positive and accurate portrayals of mental illness. One
such example is the Stigma Watch project run by Sane
Australia. Further, most journalists covering health
issues do not have specialist knowledge or expertise in
the area. This can be a significant barrier to accurate and
informed reporting, as was shown in a study of Nigerian
journalists’ attitudes to AIDS, in which 29% believed HIV
could be transmitted by a mosquito bite (Isibor and
Ajuwon, 2004). The International Federation of Journal-
ists is training journalists throughout Asia and Africa to
improve their reporting of AIDS. Particular barriers may
arise in developing countries, including limited exposure
to media, low literacy levels, messages not being relevant
to the audience’s needs, and the low credibility of
messages conveyed by media controlled by government
(Merson et al., 2006).

The media, deluged by information and events com-
peting for limited news space and airtime, also has a short
attention span. Few events receive prominent coverage for
more than a few days at a time. Achieving sustained
coverage for public health issues requires dedicated,
long-term effort (Woodruff, 1996). It is a marathon, not
a sprint, as tobacco control advocates have learned. Smith
and Wakefield (2005) noted a decline in the media cover-
age of key problems such as addiction and the adverse
health effects of smoking, suggesting that this was because
the issues were no longer considered contentious. The
Advocacy Institute (1999) has suggested that high-profile
coverage of tobacco left many Americans believing the
problem has been dealt with, and that years exposing
tobacco industry wrongdoing has left the public numbed
to additional revelations.

Some of the barriers to effective media engagement
lie within the public health sector. Many public health
practitioners are employed by governments, which often
restrict their ability to engage in public debate (Regidor
et al., 1997). Those working in academia do not necessarily
see engaging with media or even disseminating their
research findings as part of their core business (Dorfman,
2003). Indeed, researchers have reported difficulty in
persuading colleagues to assist in efforts to publicize
research relevant to tobacco control objectives (Chapman
and Dominello, 2001). It has been suggested that aca-
demics may be reluctant to interpret research in terms
of social change because this may require extrapolation
beyond the ‘demonstrated facts’ and may be seen to com-
promise their scientific credibility (Rychetnik and
Wise, 2004). Often, academics and other public health
advocates do not have the time or institutional and admin-
istrative support to undertake such work. Even when
public health professionals are willing and available to
undertake media advocacy, they may lack the training
and skills to be effective. The shortage of public health
advocacy literature is a further obstacle for those wishing
to develop skills and knowledge in the area (Chapman,
2004b).
Strategies and Tools for Engaging with
the Media

The ‘two worlds’ paradigm has been widely used to
explain how the differing priorities, expertise, and lan-
guage of policy makers and researchers can impede the
translation of evidence into policy and practice (Lin,
2004). The concept is also useful for those in the public
health sector seeking to engage more effectively with the
media. Public health professionals who understand and
respect the differences between their world and that of the
media are more likely to be able to engage effectively
(Arkin, 1990; Woodruff, 1996). Trying to change the rea-
lities of the media world is more likely to be frustrating
than successful, while working within those constraints
may at least be more productive – if perhaps equally
frustrating. These constraints include the time-pressured,
competitive nature of the industry and its reliance on
conflict and controversy, anecdote and sensationalism.
However, taking a strategic approach to the media can help
turn these potential negatives into positives for public
health advocacy.

While attempting to provide a broad overview of
media strategies relevant to public health goals, we are
mindful that our perspective is very much skewed to the
context of Western, democratic countries. Not all of the
suggested strategies will be appropriate or even possible
in every culture or context. Nonetheless, the globalization
of the media suggests that at least some of the following
elements of a media strategy may be broadly generaliz-
able or applicable.
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Planning and Preparation

The importance of identifying the public health problem
and the objectives of media advocacy has been widely
noted (Wallack and Dorfman, 1996; Gomm et al., 2006).
Formal or informal surveys of key media players can help
put the public health community in touch with the prio-
rities and viewpoints of the various media (Arkin, 1990;
Finer et al., 1997). Blows et al. (2005) have noted the
wisdom of anticipating and strategically examining the
strengths and weaknesses of likely opposing arguments
and recognizing that facts do not necessarily speak for
themselves, as other values, concerns, and agendas may
have significant influence on policy outcomes.

It is valuable to keep asking the question, during both
planning and execution of any campaign, of whether media
advocacy is likely to be the most effective way of achieving
the desired outcome. Chapman (2004) suggests that advo-
cates should, wherever possible, try to first work with
government or other decision makers to effect change.
Politicians and other key decision makers are naturally
keen to avoid being pressured and to be seen to lead
initiatives, he says, and criticism can close doors. In such
circumstances, he recommends dividing advocacy voices
into the moderates who will continue to work the ‘inside
route’ with government and the vanguards who will take a
critical public role in the media, setting the public agenda.
Building Coalitions

Supportive coalitions and networks of supportive interests
are often useful for adding depth and breadth to the cam-
paign, and for reducing the likelihood of it being portrayed
as the work of a self-interested, single-interest group or ‘the
usual suspects’ (Chapman, 2004b; Gomm et al., 2006).
Skills Training

Organizations and spokespeople can benefit from formal
media training to help them effectively frame and present
messages and compete with adversaries (Dorfman et al.,
2005). Rehearsing messages and practicing for interviews
is recommended (Chapman, 2004b). It has been suggested
that governments have a role to play in supporting commu-
nity leaders and others to train in media advocacy tech-
niques (Brownson et al., 1995). Public health officers in
the United States have identified their own need for train-
ing in media skills (Gellert et al., 1994). Underrepresented
stakeholders may also need assistance (Dorfman, 2003).
Identifying Appropriate Spokespeople

Spokespeople need to be accessible, effective, credible,
reliable, and mindful of media deadline pressures (Wallack
and Dorfman, 1996; Gomm et al., 2006).
Building Relationships

Establishing and nurturing relationships with key media
people or organizations, from journalists to editors and
chief executive officers, can be productive, help develop a
sense of mutual respect and understanding, and break
down barriers (Arkin, 1990; Leask, 2002). Professional
organizations representing journalists can also provide
useful contacts.
Framing Messages with the Media’s Audiences
in Mind

Think about who to reach, and how to make the mes-
sages, including any visual imagery, relevant to their
needs, interests, and values. Dorfman and colleagues (2005)
note that how a message is framed can either establish or
bolster support for the change or reinforce the opposi-
tion. Understanding local culture, values, and context is
critical (Chapman and Lupton, 1994; Clegg Smith et al.,
2006). It can help to use data in a catchy, appealing
format that the general public can easily grasp. Or use
local data to make national problems relevant to a local
audience (Chapman and Dominello, 2001; Dorfman,
2003).
Storytelling

The use of anecdotes can be anathema to public health
professionals more comfortable with the currency of sci-
entific evidence. However, stories and narrative techni-
ques are effective communication devices and can be used
to transmit evidence and knowledge. Metaphors and analo-
gies are other powerful communication tools. Chapman
(2001) argues that the sound bite that ‘‘a nonsmoking sec-
tion of a restaurant is about as useless as a non-urinating
section of a swimming pool’’ probably conveys more to the
average person than any scientist’s earnest pronouncement.
Using Plain Language

Specialists in any field are so immersed in jargon that they
often do not appreciate how much of their language is
jargon-based, or that the rest of the world may not under-
stand it. Jargon of any sort is a turn-off for the media and
their audiences. It is critical to translate the professional
lexicon into plain English.
Building a Well-Stocked Media Tool Kit

These are tools that can help make the message more
relevant and useful to the media’s needs. They include
the staging of newsworthy events and the harnessing of
the media-pulling power of celebrities (Chapman and
Leask, 2001; Chapman, 2004b; Chapman et al., 2005).
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Engaging survivors and patients in advocacy can also add
a powerful human face to the public health issue and
make it more difficult for adversaries to dismiss public
health ‘do-gooders’ (McLoughlin and Fennell, 2000).
Media releases are an extremely cost-effective way of
generating reportage that can expose potentially millions
of people to public health information (Chapman et al.,
2007). Pegging the message to local events, anniversaries,
and other ‘news hooks’ can also help boost media interest
(Wallack and Dorfman, 1996). Other tools include
writing letters to the editor and telephoning talk-radio
programs (Bryan-Jones and Chapman, 2006).
Being Opportunistic

It is far easier, cheaper, and more effective to piggyback an
issue or message onto an issue that is already dominating
news headlines than to attempt to generate news interest
in a ‘cold’ issue. The most carefully planned and executed
media strategy culminating in a staged event, such as a
news conference or the release of a report, will always be
trumped by a major news event such as a disaster. This
highlights the value of being responsive to unfolding
events (Chapman and Wakefield, 2001).
Monitoring Media

Systematic monitoring and analysis of health coverage
can help provide insights into how issues are being framed
by the public, opponents, and decisions makers, and also
to identify opportunities for advocacy. Monitoring and
evaluation of media coverage can be a tool for promoting
better reporting. This is the aim of linked projects in the
United States, Canada, and Australia that evaluate media
reporting of new treatments, with the aim of encouraging
more balanced media reporting. Meanwhile, the Centre
for Reviews and Dissemination at the University of York
is behind the Web-based service Hitting the Headlines,
which produces a rapid analysis of the evidence behind
selected health stories reported in British newspapers. In a
similar vein, a collaboration between journalists and aca-
demics has produced a tip sheet with the aim of improving
reporting on medical treatments.
Utilizing New Technologies

The Internet and the digital age have opened up many
new possibilities for media advocacy, including establish-
ment of websites, e-mailing lists, and newsletters.
Persistence and Resilience

Media advocacy is demanding, labor-intensive, and diffi-
cult work that inevitably involves setbacks and frustra-
tions. Take a long-term perspective.
Conclusion

Media coverage has a significant impact on public health
by shaping the attitudes and actions of not only the
general public but also policy makers, health profes-
sionals, and interest groups. Public health advocates who
engage strategically with the media can do much to
advance public health goals, but this requires planning,
skills, and commitment. A greater investment in imple-
mentation and evaluation of media advocacy strategies
would help develop a more useful evidence base for
the field. The rapid development of new and emerging
media technologies and forms is likely to bring new
opportunities and challenges.
See also: Mass Media Interventions.
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The concept of medical pluralism implies that in any one
community, patients and their carers may resort to differ-
ent kinds of therapies, even where these have mutually
incompatible explanations for the disorder. Pluralism is
defined by the Oxford English Dictionary as ‘‘a theory or
system that recognizes more than one ultimate principle,’’
with monism as its opposite. It is a term that appealed to
anthropologists debating issues of cultural relativism and
rationality in the 1970s and early 1980s. Where the medi-
cal profession strove for a monopoly of health care,
medical anthropologists pointed out the existence of plu-
ralism. The notion gained currency, historically, among
those medical anthropologists who found the positivist
paradigm of naturalistic versus personalistic medical sys-
tems inadequate.

However, since its inception the notion medical plural-
ism has been criticized for being grounded in an overly
simplistic concept of culture; for conceptualizing health
care from the professional’s, rather than patient’s, perspec-
tive; for engendering an overly behaviorist account of health



Medical Pluralism 317
seeking; for generating a false consciousness of choice; for
underplaying the importance of financial, structural, and
other political economic considerations; for insufficiently
attending to issues of power, authority, and policy, or work-
ing with naive notions of them; and for implicitly reprodu-
cing a monolithic concept of (bio-) medicine. In summary,
the concept is unsatisfactory as it is not grounded in social
theory. It is currently an important research topic on the
agendas of applied health research, while medical anthro-
pologists are searching for new ways of conceptualizing the
social phenomena discussed under this umbrella term and
some have conceived of the field of health care as a medical
landscape.
Definitions

Historically, medical anthropology drew much of its rai-
son d’etre from the notion of medical pluralism. The notion
of pluralism went against the medical profession’s con-
ceived monopoly and sense of exclusive competence over
its work and its aim to generate a general public belief in
its competence and authoritative expertise that set up the
criteria of medical qualification (Freidson, 1970). Where
the medical profession aimed at a monopoly, medical
anthropologists pointed out pluralism. Charles Leslie
(1973), above all, is remembered for coining the term
while discussing the professionalization of the medical
systems in South Asia. Although he used the term system,
which many have (mis-) understood as invoking clear-cut
boundaries of a homogeneous culture, a careful reading of
the ambiguities that Indian medical revivalism entailed,
highlights that he was well aware of the hybrid origins,
inter- and intracultural dynamics, and often disruptive
histori es of the medical system in question ( Leslie,
1976a ). He emphasized that the constr ucted histo ries of
revivalism were a means whereby the expanding middle
classes created new social spaces for medical
practitioners.

Consequently, medical pluralism as a term suggested
that a cosmopolitan, Western, modern, scientific biomed-
icine did not have the monopoly over health care, as had
been taken for granted in medical circles, but that it was
competing with a plurality of professionalized traditional
medica l system s. Leslie’s (1976b ) semina l publi cation on
Asian Medical Systems focused on the Great Traditions of
Ayurveda, Yunani Tibb (Greek medicine, as introduced
to India by the Muslim conquerors from the thirteenth
century onwards), Chinese medicine, Kanpo, and the like,
without neglecting to mention urban popular and rural
folk medicines (he spoke of ‘‘bone-setters, surgeons,
midwives, snake-bite curers, shamans’’). Leslie drew on
Redfield’s (1956) distinction between Great and Little
Traditions, with the aim of emphasizing that the Medi-
terranean, South Asian, and Chinese medical traditions
were each relatively independent, while sharing general
features of social organization and theory. This distinc-
tion, put crudely, implied that the text-based Great Tra-
ditions appealed to cognitive faculties, in particular to
rationality and logic, and attended to the moral issues of
sin, rebirth, and soul, while the Little Traditions of folk
religion and superstitious practice attended to andmanipu-
lated affect, emotions, and feelings, and were concerned
with the regulation of everyday misfortune and worship.
This distinction had earlier been criticized by Stanley
Tambiah (1970: 367–77). However, as Bruce Kapferer
(1983: 44–45) clarified, it was not invalid since it reflected
the bourgeois viewpoint. As a construction of the middle
class, it was part of a cultural language of domination. This
attitude was intrinsic to the construction of the professio-
nalized traditional medical systems.

Studies on medical pluralism emphasized how social
change had affected local medical care. They granted
other medical practices internal logic and coherence,
spoke of medical theories, and by highlighting how related
practitioners’ and patients’ concepts were, they empha-
sized their cultural embeddedness (see, for instance, arti-
c les and books listed in Lock and Nichter, 2002 ). Some
highlighted what they called syncretic ideas and practices,
others fluidity between medical fields with overlapping
jurisdiction. Rhodes (1980), for instance, outlined how a
parent took his ill daughter to see several practitioners
who mostly worked within incommensurable frameworks
of medical learning. Nevertheless, patient and parent were
able to combine the different strands of expert advice into
a meaningful whole. Many authors emphasized the com-
plementary rather than competitive nature of different
medical systems, and highlighted how each of these was
perceived to be useful for a different kind of disorder (e.g.,
Ohnuki-Tierney, 1984). Other authors highlighted the
similarities in treatments provided by different profes-
sionals and one study, in particular, showed that practi-
tioners advertising themselves as either Ayurvedic or
Western medical in approach prescribed much the same
treatments (Waxler, 1984). Since the Ayurvedic practi-
tioners borrowed from Western medicine, but not vice-
versa, the latter was interpreted as structurally superior.
While studies on medical pluralism had initially praised
the systemic aspects of other medicines, with the post-
modern turn authors working on the theme pointed out
partial knowledges, and David Parkin’s (1995) latticed
knowledge, used in discussion of Islamic medicine, stress-
ed precisely such interdependency and fragmentation
intrinsic to any medical system.

In summary, the concept of medical pluralism coun-
tered the medical profession’s claim to a monopoly.
Within medical anthropology, it went against the para-
digm that beliefs in medical practice were either person-
alistic or naturalistic (Foster and Anderson, 1978). It
highlighted that medical systems often have both



318 Medical Pluralism
personalistic and naturalistic aspects, and that people
transgress boundaries between medical systems and are
able to use and make sense of different medical systems.
Critique of the Notion of a Medical System

Many authors writing in the 1970s and 1980s had in
common that their points of reference were medical sys-
tems and that they wrote from a bird’s eye view about the
respective medical professionals and their medical
learning. However, others (e.g., Nichter, 1980) pleaded
for an understanding of pluralism from the perspective
of the health-care consumer. He maintained that the med-
ical pluralism patients experienced was through their per-
ceived choice of commodities on sale, such as drugs and
their colors, taste, and packaging, or stethoscopes and
scissors whose country of manufacture was considered
relevant. At about the same time, medical anthropologists
working in Africa, in particular, called into question the
medical-systems approach (Last, 1981; Bibeau, 1982).
Their critique made evident that the medical pluralism
John Janzen (1978) had described in Lower Zaire was
written from the perspective of a medical doctor working
at a local hospital. Robert Pool (1994) later reinforced it by
pointing out that the excessive interest of anthropologists
in causal explanationwas a conundrum to the local people.
A focus on the patients’ perspective treatment choices
could explain in terms of social pragmatism (Whyte,
1997 ) and social ef ficacy ( Whyte et al ., 2003 ). It also
became apparent that many healers and herbalists were
marginal figures who often did not speak the language of
their clientele and derived their medical powers precisely
from being associated with the Other, the exotic or the
wild (Parkin, 1968; Whyte, 1988; Rekdal, 1999). Healers
thus emerged as brokers who straddled boundaries, a
theme we will return to at the end of this article.

For those working in public health, this means that more
attention must be paid to the patients’ perspective, not by
swamping patients with questionnaires but by participating
in their lives and focusing on the daily problems they face.
One easily projects superstition into people, when observa-
tion of social practice highlights that they make practice-
based decisions; their choices are often limited, their deci-
sions therefore often situational and temporary. It is impor-
tant to gain an understanding for people’s cultural logic
without, however, locking other people into a cultural
paradigm; they are far more versatile and pragmatic.
Rational Behaviors of Seeking for Health
or Treatment Choices Based on Taste?

The study of the health-seeking behavior of the patient
and his or her therapy managing group is one of the core
themes of the studies on medical pluralism (e.g., Fabrega
and Manning, 1979), emphasizing the importance of the
perceived severity of the condition, the way in which it is
classified and the range of treatment choices on offer.
Research often centered on the individual and often oper-
ationalized accounts of decision-making processes, fre-
quently within cognitivist frameworks. For example,
early studies had identified hierarchies of resort, which
outlined the nowadays somewhat obsolete acculturative
(and counter-acculturative) sequences, from medical doc-
tor to priest to local exorcist (and the not exactly sym-
metrically reverse from local exorcist to priest to medical
doctor and back to priest and local exorcist, if the condi-
tion is terminal), which remained important for pointing
out that choices depended not merely on the perceived
speed of recovery achieved by treatment but on its
sociomoral functions (Romanucci-Schwartz, 1969: 205).
A decade later, Arthur Kleinman (1980) systematized
what Romanucci-Schwartz and others had variously men-
tioned in passing, namely that most health care takes
place within the so-called popular sector through the
application of home remedies. He suggested that we
speak of health systems, rather than medical systems,
and differentiated between three sectors: The popular,
folk medical, and professional medical sectors. Further-
more, his concept of explanatory models was often used
for explaining choices of health care, although it initially
had been developed in an attempt to assess (and improve!)
the doctor–patient relationship, a well-known problem in
medical sociology. In general, however, research on
health-seeking behavior and explanatory models focused
too much on the individual and the microsocial aspect and
left aside the exploration of sociological issues. Thus, what
Pierre Bourdieu in his book Distinction (1984) called taste
and habitus, which highlighted that patterns of consump-
tion are guided by the aesthetics particular to a social
group has direct importance for explaining the health-
seeking behavior and choices of treatment that medical
anthropologists study. From the therapeutic itineraries
that Samuelson (2004) studied in rural Burkina Faso for
instance, it became evident that local healers (and a
retired public health engineer) had a relatively strong
position in the local medical field due to their social
and cultural capital, while the government health center,
which was by comparison higher in economic capital, and
to a certain extent also higher in symbolic capital,
remained marginal to the health field.

Within the context of discussing health-seeking behav-
ior, as well as in some contexts of applied medical anthro-
pology, the notions of medical pluralism and medical
systems tended to be used in historically, sociologically,
and politically less sensitive ways and intrinsic differen-
tials in power and authority within the medical field and
society at large tended to be overlooked. There were
remarkable exceptions, such as the ethnography by
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Crandon-Malamud (1991), who highlighted how medical
pluralism related to race and ethnicity as well as to hier-
archical class structure. However, many studies on medi-
cal pluralism focused on health care without embedding it
in problems of society at large. Brodwin (1996) criticized
the concept heavily. He suggested ethnography around
the notion of healing powers, which embrace ideas about
clinical effectiveness, moral authority, political coercion,
and collective identity. Thus, treatment choices in Haiti
cannot be understood without awareness that biomedical
institutions are backed by the authority of the Catholic
church (Brodwin, 1996). Or, word meaning and usages of
medical terminologies in China entail a particular type
of authority (Hsu, 2000). Furthermore, governmental
health policies incisively shape everyday practice of med-
ical care in Indonesia (Ferzacca, 2002). The cultural,
social, psychological, and economic aspects matter, no
doubt, but so do issues of authority, politics, and power.

In summary, when studying the patients and their
treatment itineraries, one cannot focus on the individual
and its therapeutic managing group alone. Rather, an
illness event is entangled in the social, economic, and
also political dynamics at large.
The Marxist Critique of Pluralism

The Oxford English Dictionary defines pluralism as
‘‘a theory or system that recognizes more than one ulti-
mate principle’’ and presents it as an opposite to monism.
In retrospect, it seems that pluralism was appealing to
anthropologists who in the 1970s were caught up in
debates over relativism and rationality. Many medical
anthropologists instantly embraced it, although Marxist
authors had long dismissed it, maintaining that the notion
of pluralism created a false consciousness within late
capitalist society; i.e., it lulled the people into believing
there were choices when in fact there were none. In
One-dimensional Man, Herbert Marcuse stated that ‘‘at the
most advanced stage of capitalism, this society is a system
of subdued pluralism, in which the competing institutions
concur in solidifying the power of the whole over the
individual’’ (Marcuse, 1964: 54). He claimed that ‘‘the con-
temporary form of pluralism would strengthen the poten-
tial for the containment of qualitative change’’ (i.e. it
diverted them from getting prepared for the Revolution)
(Marcuse, 1964: 64). When writing on the role of publicity
in consumer society, John Berger intimated the same. And
‘The myth of medical pluralism’ (Han, 2002) perpetuates
this Marxist stance in its critique of complementary and
alternative medicines as creating a pretence of choice
when, in fact, they reproduce the bourgeois philosophy
and the same capitalist principles that shape biomedicine.

The term new medical pluralism concerned what, as
Cant and Sharma (1999) emphasized, was a re-emergence
of alternative, unconventional or what others have called
heterodox medicines in Britain and the West at large.
Based on a study of the interplay of the state, the medical
profession and patients as consumers, they suggested the
diversity the new medical pluralism referred to was far
more structured than that observed in the rest of the
world. They claimed an ‘‘ideal type pluralism’’ involved
players on a level playing field and promised equity and
choice (Cant and Sharma, 1999: 4), which, as is obvious
from the above, never was an assumption among the
anthropologists who first used the term; twentieth-
century government expenditure on health care has
been spent almost exclusively on biomedicine, worldwide.
Baer (2001) also stressed the hegemony of biomedicine in
his study of alternative healing systems in America, but he
repeatedly emphasized that its dominance was delegated
rather than absolute. He traced its rise to that of
the corporate class and its political allies who provided
not only financial support but also, through a licensing
system, legitimation. Both these studies on alternative
medicines stressed the hegemony of the medical pro-
fession in the West, and neither attributed their re-
emergence to deprofessionalization. Rather, they both
found that the ideology of holistic health care not only
remedicalizes everyday life but also reifies capitalist
values. It reinforces the ideology of the ever-productive
citizen so fundamental to the political economy of health
in any modern nation-state. And in an era of increasingly
indebted governments, complementary and alternative
medicines are now increasingly being evaluated for their
cost-effectiveness. They have been incorporated primar-
ily into government-sponsored sectors of primary care, in
much the same realm, Cant and Sharma suggest, as tradi-
tional medicines have been in the southern hemisphere.

To summarize, the notion of pluralism implies a political
stance and is a cherished rhetorical phrase in late capitalist
society. It does not provide a theoretically founded con-
ceptual framework for the social scientist interested in the
processes that generate and maintain difference.
Deconstructing the Monolithic Medicine

Since the 1990s, Foucault’s notion of biopower, the anthro-
pology of the body and gender, the new reproductive
technologies and kinship, and the politics of science and
medicine, have gained momentum as themes for study
within medical anthropology, while research on medical
pluralism has been taken up with new fervor in other fields,
such as public, international, or global health. Medical
anthropology has certainly also seen a surge in critical
studies of generally held medical assumptions. First, the
notion of local biologies effectively did away with an early
credo of some medical anthropologists that biomedicine
‘cures’ universally extant ‘diseases’, and other forms of
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therapeutics ‘heal’ culturally constructed ‘illnesses.’ Thus, a
life cycle phenomenon, like the loss of fertility in aging
women, is not only experienced differently in Japan and
North America but has also culture-specific biologies
(Lock, 1993). Or, rather than reducing medical practi-
tioners to the humanitarian role of providing health ser-
vices, their social agency and engagement in political
movements has been described (Adams, 1998). Differences
in medicine and ways in which the body is conceived, or,
rather, enacted, in different medical disciplines have led to
an ethnographically based critique of the biomedical pro-
fession as a monolithic institution (Mol, 2002). These stud-
ies did not set out to explore medical pluralism but are
immensely important for current research on the theme
because they have led to important redefinitions of what to
some had been a unified state-supported hegemonic medi-
cine with only one purpose. Medical anthropologists now-
adays often speak of multiple medical realities.

Within the so-called risk society marked, in Ulrich
Beck’s view, by the dismantling of nation-states and by
international interdependencies, the social position of
medical professionals has also been shaken, their authority
questioned, and their role as gate keepers in the domain of
health delivery restricted. Instead, the multinational phar-
maceutical and food industry, with ever more aggressive
advertising, can reach their clientele directly, who in turn
are driven by an ideology of individual responsibility for
personal health and security. Biomedicine’s unrivalled
expansion and colonization of the southern and eastern
worlds has been newly challenged. Flows of traditional
medicines in ever more commercialized form are moving
from the East into health markets of the West, and also of
the South (Hsu and Hoeg, 2002). In the light of the neolib-
eral commercialization of health care and the increased
mobility of patients, health professionals and technologies,
Hörbst and Wolf (2003: 4) coined the term medicoscapes
(derived from the work of Appadurai, 1990). They highlight
that health personnel and health organizations have
increasingly become interdependent through electronic
communication, multinational pharmaceutical corpora-
tions, the WHO, and development agencies. Gone are the
times where one could speak of a mosaic of clearly
bounded, different medical cultures.

Medical pluralism implies there are many systems
other than Western medicine. However, Western medi-
cine does not exist as a monolithic discipline. The bio-
medical worlds are hugely diverse, fragmented, and fluid
in themselves, changing in orientation, organization,
research, and care delivery in a changing world.
Medical Landscapes?

Independently, the landscape metaphor has been taken up
in teaching and research in Britain. It has been suggested
that studies of medical pluralism be reframed in terms of
medical landscapes. The word landscape was in English
initially used to refer to a painted landscape, which is a
cultural artifact (Hirsch, 1995), and in anthropology, to
the cultural artifact of an ethnography. Any landscape is
by definition specific to the perspective either of the
observer or of the people themselves. The anthropology
of landscape implies that the researcher is acutely aware
of his or her position and of perspective, with foreground
and background. It furthermore entails, as Hirsch says,
‘‘a relationship between the ‘foreground’ and ‘background’
of social life’’ (Hirsch, 1995: 3), a relationship understood
as a cultural process. Articles on the anthropology of
landscape have highlighted how the place of everyday
life in the foreground is put in relation to its background,
a space of regenerative life pregnant with potentialities for
social life. In Amazonia, for instance, the shaman is con-
sidered to travel from proximate place to distant space.
Likewise, as West and Luedke (2006) suggest in their
introduction to Borders and Healers, medical practitioners
in southeastern Africa are people who cross borders and
are brokers between different cultures, between the rural
and urban, local and global, between places of daily life
and spaces of potentialities. They appear to derive their
therapeutic powers precisely from this movement and
straddling of boundaries. Rather than invoking a clearly
bounded culture concept with a culturally adept healer in
its center, the notion of medical landscapes implies social
processes, relatedness, and movements between fore-
grounds and backgrounds, and across boundaries. It thus
promises to provide a theoretical framing for future stud-
ies on theme that until recently has remained central to
medical anthropology, namely the study of medical
pluralism.
See also: Cultural Factors Influencing Therapeutic Prac-

tice; Cultural Issues in Health Communication; East Asia

and Pacific States, Health Systems of; Latin American

Social Medicine; Religion and Healing; Social and

Cultural Perspectives on Eco-Health.
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of technologization of biomedicine is now its most char-
acteristic feature. Both doctors and patients envision clin-
ical care as the application of scientific knowledge. Public
health is seen as a means of efficiently managing the
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health of populations through a judicious application of
evidence. There is no doubt that the invention of the first
diagnostic tools, and the bacteriological discoveries of the
nineteenth century, set in motion massive changes in the
ways that the health and illness of bodies are understood
and managed. The twentieth century has been a period of
extraordinary medical transformations. With this, how-
ever, came new uncertainties about the meaning of these
changes for our societies.

The empiricist model of science views these changes as
solely the logical result of scientific progress toward a
truer account of nature. Scientific knowledge can be
applied well or poorly, but what is actually done with
that knowledge involves social and political issues that
are separate from the conduct of science. Social analysts,
in contrast, argue that the making of science and the
making of society are intertwined. New knowledge and
new tools emerge out of distinctive social practices and, in
turn, alter the social and natural milieus in which we live.
This view implies that science is social and political in
ways that have previously gone unrecognized, and that
cannot adequately be described as simple bias.
Positioning the Social Analysis of Science
and Technology

The social study of science and technology (also called
science studies) is an emerging interdisciplinary field of
research and theory. Anthropologists, historians, and
sociologists use a variety of concepts and methods to
clarify our understanding of the ways developments in
science and technology intersect with social relations.
The term technoscience is used to capture the increasing
interdependence of science and technology.

Social research contributes to public health efforts in
many important ways described elsewhere in this volume.
But the social study of science research discussed here is
distinctive: It begins from the premise that science is a
sociocultural endeavor, and must be analyzed as such.
Unlike approaches that simply accept the biomedical
account of problems and look solely at the application of
medical scientific knowledge, this research examines the
ways in which the actual objects, categories, classifica-
tions, protocols, and evidentiary claims of science come
into being, and are made to matter in the world.

The social study of science research poses the following
questions: What is the relation between science and tech-
nology, on the one hand, and social relations, cultural
values, and regimes of power, on the other? Is techno-
science simply an inherently neutral way of accomplishing
ends, in accordance with underlying laws of nature? Or is
it a socially organized activity through and through, one
that produces facts and inventions that carry traces of
values and social relations? Do the very processes through
which technoscientific innovations emerge reflect and
reproduce particular social ends, or sustain certain kinds
of social arrangements, and if so, how? Are the meanings
and consequences of technoscience in medicine the same
everywhere, or for everyone? How, exactly, does work in
science and technology alter our worlds?

These types of questions can be applied to the analysis
of such issues as pharmaceutical development, distribu-
tion and use; disease surveillance and control strategies;
vaccine development, promotion, and acceptance; diag-
nostic technologies and their use in prevention and
screening; genetic mapping, testing, and screening; con-
traceptive and reproductive technologies; the integration
of biomedical and other medical traditions; the uses of
and global trade in body parts and tissues; the negotiation
of international standards of disease classification; and the
creation of population-wide databases and information
systems. The insights from this work shed light on cross-
cutting issues of ethics, politics, access, policy formation,
and public attitudes as these intersect with technoscien-
tific innovation.

Public policy discussions of innovations in the life
sciences and new biotechnologies use an instrumentalist
way of speaking of social impact or social consequences.
The instrumentalist approach suggests an image of one
billiard ball hitting another, an image of the self-contained
sphere of science propelling the sphere of the social in a
given direction: Cause and effect. The social study of
science sets itself apart from this approach by arguing
that sociality does not, as this common view suggests,
follow after the fact of technoscientific innovation.
Instead, social science researchers hold that the produc-
tion of scientific knowledge itself is a social endeavor.

This position does not assume that scientific objectiv-
ity is mere illusion (because it is cultural). Rather, it asks
how objectivity is understood and what is involved in
achieving it. By looking at what Bruno Latour (1987) has
famously called science-in-the-making rather than ready-
made science, it becomes possible to take into account the
interplay of doubts and certainties, and of public contro-
versy and acceptance, which characterize the role of the
life sciences in our world. Science studies thus argue that
in order to fully understand the implications of the path-
ways taken in science and technology, it is necessary to
develop a more robust picture of how those pathways are
built and where they lead. In other words, their investiga-
tions of science in society focus on what science ‘does.’

The social studyof science can be jarring because it asks
us to rethink the conventional ways that we think about
facts. It can easily be misunderstood as an attack on sci-
ence, or even as an attack on reason all together, because
it seems to pull the rug out from under claims to objectiv-
ity in science. In contrast, researchers in this field argue
that to see medical science and technology as inherently
cultural requires, first and foremost, that we clear a
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conceptual space where it is possible to consider what is
social in a set of practices that claim to transcend context
all together. Thus, rather than accept the truth claims of
science and medicine a priori, social researchers are
concernedwith the relationship between science and soci-
ety and they inquire into how scientific assumptions are
made and are then made persuasive.

This honed, process-oriented focus on the production
and use of evidence bears a clear relation to public health’s
core concern with improving health at the population level.
It sheds new light, for instance, on the complex of factors in
a given place and time that make some directions in health-
related science appear exciting and others uninteresting or
infeasible. Given the enduring 10/90 gap (that 10% of
research resources go to investigating the health problems
afflicting 90% of the world’s population), concerned advo-
cates can benefit from nuanced analyses of how research
agendas are built up, backed, pursued, and put to use.

Science studies research is also concerned with exam-
ining the dynamics of controversies. For instance, case
studies have looked at how the tobacco industry strategi-
cally mobilized doubt in the face of evidence of the
harmful health effects of smoking (Proctor, 1998); how
people living with AIDS in the United States were able to
mobilize as an effective patient-advocacy group influen-
cing unfolding scientific research (Epstein, 1996); and
how survivors of the 1984 Bhopal chemical disaster are
enabled and constrained in their claims for restitution
amidst legal debates over evidence of harm (Fortun,
2001). For many researchers in science studies, the pur-
pose of developing theories about the nature of truth
claims is, ultimately, to address pressing questions of
social justice and democracy.
Methods and Goals in the Social Analysis
of Science and Technology

Social scientists distinguish between the narrative of
science – the abstract ideal, or myth, of science as
completely objective, solely rational, and innately
progressive – and the instantiation of particular applica-
tions of technoscience: Moments that one can describe
and analyze what really comes to pass in particular set-
tings. Their research emphasizes the mediating role of
various social processes in bringing to fruition actual
existing ways of conducting medicine and public health.

The social study of science involves empirical research
in laboratories, clinics, and industries and among experts
(scientists, engineers, clinicians, medical technicians) and
lay people (patients, health activists, and communities at
large). Researchers look at how scientists develop and
pursue research problems; they analyze the everyday lab-
oratory practices through which data are produced and
interpreted; they note how novel or ambiguous test results
are interpreted, and how standardized clinical protocols
are used in the messiness of real situations; they track the
ways that disease categories and classifications are pro-
posed, used, and challenged; and they look at the organi-
zational and interactional aspects of health-care delivery
and the implementation of public health programs.

Because medical science and technology are part of the
ordinary structure of people’s lives, social researchers
prefer to explore larger theoretical questions by docu-
menting case-specific factors and effects. They listen to
what people say, think, and believe about medical tech-
nologies. They pay attention to how people actually use
technoscience, and how their access to technological pos-
sibilities is structured. Public health practitioners can
benefit from critical social research on medical science
and technology. By adopting a wider temporal scope, and
a more comprehensive contextual view, these studies
bring into view the ways in which immediate medical
and policy issues fit into more fundamental processes.

The Biomedical Model and Technology

In relation to clinical medicine and medical science,
the dominant framework that guides actions is the bio-
medical model. It is important to understand that the
biomedical model guides action by making some path-
ways seem logical and others difficult to formulate.

The biomedical model represents an extreme concen-
tration on the component parts of the material, organic
body. The view of a machine-like body, whose workings
depend on the functioning of its component parts,
owes much to the anatomical tradition of Western renais-
sance medicine. With an emphasis on body parts rather
than physiological wholes, doctors in the early stages of
medicine secretly dissected cadavers in order to see the
site-specific lesions that illnesses left in organs and tissues.
In the nineteenth century, as stethoscopes and other
newly invented diagnostic technologies first entered into
common use, physicians began to see the body as an
interior space that they could observe objectively. Freed
from their dependency on patients’ reported symptoms
and sensations, the body could now be imagined as purely
material space, separable from embodied consciousness
and lived circumstance. Significantly, early technologies
such as the thermometer (which, it should be noted, took
many decades to perfect and to gain acceptance as a useful
tool) were among the first to objectify the body by repla-
cing an observer’s perceptions with a standardized numer-
ical scale against which an individual’s biophysiological
pathology could be gauged (Reiser, 1978).

Measurement tools, once calibrated and standardized,
made it possible to chart the course of a disease, and
compare data from numerous patients. These new ways of
objectifying and collating medical findings eventually
became the means to build a scientific medicine, something
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for which reformers of the early twentieth century pushed.
The first half of the century also saw the increasing mole-
cularization of medicine. Together, the increasingly minute
view of molecular interactions, and the vast scale of statisti-
cal management of data on disease and therapies, furthered
a viewof the body as an objective and objectifiable bundle of
material components, fully knowable without reference to
its social or environmental context.

Although biomedicine does not entirely disavow social
factors or the subjective experience of illness, it acknowl-
edges social influences only as a malleable, fuzzy context
or interpretations – as second-order factors surrounding
the hard, immutable inner kernel of biological reality.
This conceptual dichotomy makes it difficult to develop
incisive models that can account for the ways in which
sociopolitical processes and molecular–physiological pro-
cess are in fact imbricated and coconstitute each other.
Medicine and Technology in Sociocultural
Perspective

If we regard the biomedical model as merely one among
many – thus refusing to accept its claim to a privileged
power to explain illness – then how, practically speaking,
are we to regard the knowledge of disease, physiology, and
molecules produced by biomedicine? How do we open up
space to inquire into the social and political processes
woven into these patterns of explanation? What factors
contribute to the development of certain explanations?
How are patterns of explanation used? What are the con-
sequences of particular patterns of explanation? These
questions invite analyses of themyriad effects – notmerely
the efficacy – of biomedical and public health science.

Malaria eradication is a case in point. From the mid-
twentieth century, technological solutions to public health
problems have been promoted in various health develop-
ment initiatives and launched through international coop-
eration. In an era of technological optimism, and abiding
confidence in the superiority of Western know-how, autho-
rities invested in disease eradication and control campaigns.
Faith in vector control strategies was buoyed by Fred
Soper’s influential analysis (for the Rockefeller Foundation)
of the Anopheles gambiae mosquito’s spread to northeastern
Brazil. Soper’s interpretation of regional specific evidence
regarding endemic forms of malaria, climate, human move-
ments, and the economic conditions that drove them
became the evidence upon which the success of vector
control was based. But historians Randall Parkard and
Paulo Gadelha (1997) have shown that Soper’s evaluations
were flawed; and even at the time of the research, others had
contested its accuracy. Nevertheless, Soper’s analysis of the
reasons for successful vector control in this particular
malaria outbreak provided the model and paved the way
for a worldwide eradication program.
The targeted, narrowly technical interventions involved
in vector control effaced complex webs of causality, in
particular, the links between socioeconomic inequalities,
living conditions, ecological changes, and ill health. The
technological focus on attacking microbes and other patho-
gens implicitly offered a straightforwardly linear and bio-
medical solution to disease, rather than more nuanced
bio-social-ecological conceptions of disease causation.
This explanatory framework fortified the belief that health
conditions could be improved through judicious deploy-
ments of medical expertise, which did not require complex
examinations of socioeconomic conditions or sustained
interactions with local populations.

Internationally coordinated efforts to deal with malaria
have swung from goals of eradication (i.e., WHO’s Malaria
Eradication Campaign, 1955–1972) to goals of control
(i.e., the current Roll Back Malaria Initiative). But at stake
is not merely the efficacy of vector elimination versus
protection with bednets – that is, a difference in which
technology a campaign focuses on and what that technol-
ogy does. Rather, at stake are different policy visions of
how a given technology works with and through various
kinds of social relations. In the heyday of theWHOmalaria
eradication campaigns – one of the most top-down and
administratively centralized international public health
efforts of the twentieth century – specially hired teams
conducted sweeps to spray houses with DDT. Widespread
in rural areas around the world, these everyday actions of
eradication became one of the most visible ways that poor,
marginalized rural residents came in contact with the insti-
tutions of the state. In contrast, the emphasis of bednet
campaigns is on achieving local sustainability through
community involvement. This technique operates through
more dispersed networks of relations among various insti-
tutional agents for change and local communalities.

The differences in these two initiatives do not reduce
in any simple way to the technologies themselves, nor
to the relative merits of their explanatory approaches
to public health. Rather, the technologies, and their vary-
ing philosophies, are both complexly intertwined with
donor–state relations, and administrative infrastructures,
such that the relative success of either strategy cannot be
reduced to the merits of the technology itself.

Patterns of explanation can produce logics within
biological research that implicitly legitimate particular
social orders. Melbourne Tapper’s (1995) analysis of
mid-twentieth century clinical research on sickle cell
anemia in the United States demonstrates how the defini-
tion of sickle cell as a so-called Negro disease drove
research agendas. Researchers responded to cases of sickle
cell in apparently white patients by aggressively pursuing
investigations into their ancestry to uncover hidden black
ancestors they were convinced must be there. The re-
search was shaped within the binary racial logic of U.S.
society; and its application enforced the absolute
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separation of Blacks and Whites by policing the racial
classification of individuals. On a population level, ane-
mias such as sickle cell were used to classify races.

Comparative research on fetal ultrasound further
demonstrates how medical technologies function in cul-
tural, political, and moral contexts, with both meaningful
and instrumental dimensions. As a technology, ultrasound
is meant to search for anomalies. But as an obstetrical
practice in North America it also reconceptualizes preg-
nancy by focusing on the fetus as a patient, by treating
pregnancy as a potential risk and pathology, and by guid-
ing women to disregard their own embodied perceptions,
in favor of expert monitoring of their condition.

Research in North America shows that sonographers
function as both diagnostic technicians and tour guides to
the womb. Interacting with expectant parents, gazing at
the screen, their words and actions straddle these dual
roles. Sessions are typically divided between measuring
and showing the baby. Sonographers guide parents in
translating blurry images into reassuring in utero signs of
fetal personhood. Researchers Lisa Mitchell (2001) and
Janelle Taylor (2002) have both found that ultrasound
alters the lived experience of pregnancy for women, as
well as building up, in society at large, new ways of
imagining and relating to fetuses.

Parents and sonographers enthusiastically join forces
in this cultural project of personifying the fetus. Parents
routinely display printed ultrasound images as their
baby’s first picture, with little thought for the ways in
which this diagnostic procedure configures new social
realities. Yet so powerful is ultrasound’s contribution to a
cultural discourse of fetal personhood, that feminists have
argued its augmentation of the social status of the fetus
has diminished women’s rights, a logic that in the United
States even makes it possible to arrest women for endan-
gering their fetus.

However, ultrasound sessions are conducted differently
outside North America where both the test and the images
have varied meanings. The monitor may be oriented
toward the physician; women may not watch the screen;
and there may be no inclination on the part of medical
personnel, or expectant parents, to speak of the fetus as a
little person. In rural Rajasthan, Maya Unnithan-Kumar
(2004: 66) notes that women use ultrasound scans mainly
as a way to prove fertility and confirm, for the extended
family, the reality of the pregnancy long before it is evident
to the eye. Rather than promotingmaternal–fetal bonds as in
North America, the scan ‘‘serves to strengthen the connec-
tion between pregnant women and their affinal families.’’
Cross-cultural research alerts us to the fact that the ways
people use technology emerges from the desires, paradoxes,
possibilities, and needs specific to a particular context.

The practices of science are themselves enmeshed in
cultural assumptions. Anthropologist Vincanne Adams
(Adams, 2002; Adams et al., 2005) has studied efforts to
carry out randomized clinical trials in Tibet. Routine
aspects of biomedical research protocols such as randomi-
zation, blinding, and informed consent do not translate
readily into this context. To doctors, researchers, and
patients in Tibet, they are neither obviously sound ways
to empirically assess the efficacy of a medicine, nor obvi-
ously ethical ways to handle research. The interpretation
of evidence is similarly open to competing claims rooted
in different ways of comprehending the physiological
processes involved. What indicator will count as evidence
that a disorder has been cured? The presence of bacteria
may be detectable but the gastric symptoms might be
completely eliminated, with no recurrence. A uterine
growth might be visible through ultrasound, leadingWest-
ern researchers to assume the condition persists, while the
diagnostic indicators from Tibetan medicine may indicate
that the underlying problem that is causing the growths
has been solved. Adams’s research underscores the impor-
tance of translation and negotiation. These

‘‘are not simply about scientific ways of knowing, but about

how what gets defined as legitimately scientific in these

settings is about power in a discursive sense: what gets

defined as legitimate can be key to financial rewards,

political power, the health of populations, and in some

ways, the very survival of cultures’’

(Adams et al., 2005: 286).
Producing Social Relations

Increasingly complex and nuanced studies of science and
technology remainmindful ofmedicine’s capacity to repro-
duce power relations, but focus attention on the ways that
changing knowledge and medical technology can actually
alter social relations. Such alterations have far-reaching
implications for how people relate to each other, through
both differentiation and collective action. As ways of know-
ing and manipulating bodies change, the sociopolitical
potentials and dangers also shift, demanding greater atten-
tion to the multiple stakes that different actors (producers
and users, experts and the public) have in science and
technology. This approach foregrounds the notion of
agency: people’s efforts to shape the world to the ends
they seek, and the complex, open-ended, and unfinished
character of those efforts. Such studies suggest that medical
technoscience becomes an experiential vehicle through
which people live particular social formations. When peo-
ple deal withmedical knowledge andmedical technologies,
they interact not merely with immediate instrumental pos-
sibilities, but with a network of infrastructures, loosely
assembled constraints, and institutional forms.

Gender and race have long been entwined with the
medical science as concepts that link bodily form to cate-
gories of social personhood. Since the nineteenth century,
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this link has been articulated in the idiom of biological
essences and the quest to discern distinct, often dichoto-
mous biological types. Biological essentialism – the author-
itative attribution of all kinds of differences to a generative,
immutable biological nature – was the target of a first wave
of critical studies of science. Inspired by insights into the
ideological uses of biological claims, science studies
researchers show that taken-for-granted gender and race
arrangements may enter into medical science in more
diffuse and contingent ways.

Oudshoorn (1994), for example, argues that the agenda of
sex hormone researchers, in the early twentieth century, was
shaped by the existence of a clinical specialty geared to
women’s reproductive diseases; no comparable specialty
existed for men. Clinical work on reproductive disease
made available a supply of research materials – specifically
dissected ovaries – that provided the conditions of possibility
for pursing basic research questions about ‘all’ hormones; but
this situation clearly skewed research toward women’s bod-
ies. As a result, the sex hormone industry, and the technol-
ogies it produces (such as contraceptives), has been directed
almost exclusively towardwomen. Thus, women around the
world have complicated stakes in the benefits and dangers of
these products. Population control programs have focused
mainly on women. Modern hormonal contraceptives can
give women control over their fertility, often in convenient
forms, but they also make them dependent on the systems
that deliver these products and evaluate their safety.

Historian Meaghan Vaughan (1991) shows that in early
twentieth-century colonial Africa, biomedical knowledge
helped build knowledge of ‘the African.’ Concepts of ‘the’
African body not only relied on a naturalized sense of
difference, they also portrayed that difference as inher-
ently pathological:

‘‘As the notion of biological ‘race’ came under attack, white

liberals (amongst whomweremanydoctors), became uneasy

with medical theories which relied on the embodiment of

difference, and elaborated other theories to account for

perceived variations in . . . the manifestation of a disease

amongst different social groups. In these theories, medical

science demonstrated its ability to draw on ‘social science’

as well as on natural science for its authority . . . It drew

primarily on anthropology and substituted culture for

biology in many of its accounts’’ (1991: 13).

By the 1930s, the erosion of appropriate differences was
itself seen as a factor predisposing some to disease. Poor
health and living conditions of urban industrial workers in
South Africa was by then commonly attributed to their
maladjustment to civilization, which, in turn, became a
justification for restrictions on black mobility and the
maintenance of reserves. The widespread (white) ideali-
zation of a supposedly healthy rural lifestyle enabled
medical authorities to ignore evidence about actual fac-
tors impoverishing rural areas (Packard, 1989).
In the 1990s, when AIDS became known in Africa, a
version of this explanation resurfaced when so-called
African AIDS was attributed to the breakdown of tradi-
tional culture due to the modern lure of cash and com-
modities that led (it was suggested) to sexual promiscuity
and prostitution. Again, ostensibly social explanations
contain a masked logic of biological difference. The sci-
ence studies perspective does more than attribute these
explanations to racial prejudice. It provides tools for
better understanding how, why, and when such explana-
tions come to seem reasonable, sound true, and even
how consensus is reached around what terms and cate-
gories constitute legitimate explanation. This approach
enables us to ask not only what is the best evidence?
but also what determines what evidence counts as true?

At the population level of public health, even the most
basic core assumptions and categories can contribute to
the production of social inequality. One of these is the
normalized ideal of the healthy person – with its concom-
itant stigmatization of deviance – recognition of which
has proven fruitful for science studies. Sociologists have
argued that health-promotion activities in Western indus-
trialized nations proffer a model of right living with
an essentially moral character that ultimately distin-
guishes proper from improper conduct. The emphasis
on self-control, prudence, and rational management of
the body not only values a certain kind of self, it also
makes health appear as an achievement to be secured by
the individual through autonomous actions. Such a for-
mulation inevitably places blame on those who do not,
or cannot, conform to medically sanctioned normality
(Lupton, 1995).

Critical analysts argue that these seemingly innocuous
frameworks, which favor a rhetoric of personal choice, help
legitimate socioeconomic inequalities by obscuring the fac-
tors that constrain options in everyday life. Some, following
Foucault’s theory of biopower, draw attention to the unob-
trusive and dispersed mechanisms through which people
are molded into the very sort of self-regulating person the
discourse of health promotion imagines. In this theoretical
formulation, people do not experience the power effects of
health promotion activities as coercive. Instead they inter-
nalize the subject positions created for them through the
multiplicity of small everyday actions; they experience the
power of authoritative knowledge as a common sense
acceptance of what they should desire and aspire to.

Researchers looking at colonial public health note sim-
ilar patterns. In the colonial polities of the 1920s and 1930s,
the emerging technocratic management of hygiene, sani-
tation, and maternal practices among ‘the natives’ tied
efforts of health promotion very specifically to wider pro-
jects of ‘civilizing’ and ‘modernizing’ colonized peoples.
From soap to latrines, from hospital births to childrearing
practices, the reform of ‘native’ practices in the name
of health was carried out through a racial idiom that
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insistently marked the difference between civilized and
native bodies. Thus programs of hygiene, sanitary reform,
and disease eradication were important arenas through
which colonized peoples experienced rule in their every-
day lives.

Around the world, the symbolic association of biomed-
icine with modernity carries meanings weighted with
colonial moralism. The status connotations of being
someone who is ‘developed,’ or someone who is ‘back-
ward,’ play out in the smallest interactions. In a small town
in the Peruvian Amazon, young women who are selected
to become peer educators begin dressing in the shoes,
skirts, and hairstyles that convey their more cosmopolitan
modern status. In rural Nepal, villagers hide their use of
ritual healers from government health post officials to
avoid being chastised for their continued superstition. In
his disturbing analysis of the handling of a cholera out-
break in Venezuela in the 1990s, Charles Briggs (2003)
develops the concepts of sanitary citizenship and medical
profiling in order to highlight the tight relation between
representations and practical consequences. Sanitary citi-
zenship describes an eligibility for societal benefits and
civil rights that was based on a ‘proper’ relationship to
public health. ‘‘Public health officials, physicians, politi-
cians, and the press,’’ he writes (Briggs and Montini-Briggs,
2003: 10), ‘‘depict some individuals and communities as
possessing modern medical understandings of the body,
health, and illness, practicing hygiene, and depending
on doctors and nurses when they are sick.’’ Those who
would not, or could not, adhere to these standards – often
for reasons related to their class, race, or gender – were
deemed unsanitary citizens and were denied equal assess to
medical services and treatment by health professionals.
Briggs terms this process of differentiationmedical profiling.
Forms of Biosocial Collective Life

Biosociality is the term Paul Rabinow (1996) proposes to
talk about how new biotechnological possibilities (such as
geneticmapping) rearrange our actions in relation to nature,
identity, and collective life. Techniques that manipulate cell
functionality, for instance, or that createmice that have been
genetically designed for testing cancer treatments, highlight
the fact that biological nature no longer exists a priori, but is
a malleable product of organized human action. Biotechnol-
ogies generate new categories for conceptualizing the vul-
nerabilities of bodies and somatic suffering through the
manipulation of, or promise to improve, biology. Through
these processes, biotechnologies generate a proliferating
awareness of genetic risk and susceptibility. A number of
researchers note that in Western industrialized contexts
widespread promotion of technologies that identify hidden
or potential disease (as in the case of mammograms, genetic
screening for Huntington’s disease, or screening for
heterozygote carriers of genes for Tays-Sachs disease or
cystic fibrosis) encourage people, in general, to think of
themselves not as well or unwell, but as always already
potentially ill. As Nicolas Rose and Carlos Novas put it,
‘‘one has long been responsible for the health and illness of
the body, but now one must know and manage the implica-
tions of one’s genome’’ (Rose and Novas, 2005: 441).

An important implication of this shift is the emergence
of new biosocial identities, a sense of collective belonging
based solely on our consciousness of shared biological traits
that are knowable through technological renderings. Given
this, researchers ask: What are the wider arrangements
that make people demand or need these identities? How is
their understanding of themselves formed, precisely,
through their interactions with experts (medical specialists,
laboratory scientists, and medical ethicists), and with insti-
tutionalized experiences (the accessibility to patented tests,
treatments, and bioproducts), or through such factors as
entitlements, embedded in systems of health-care payment?
To what extent do certain categories of people seek out
these biosocial identities and to what extent are the labels
placed upon them by powerful others?

Often, biosocial identities form under situations of
marked scientific uncertainty, and in situations and insti-
tutions that are far removed from the realms we think of as
science. In the U.S. context, for instance, Joseph Dumit
(2000) has researched the varied uses to which the osten-
sibly objective evidence from brain imaging (PET scans)
has been put, in relation to such ambiguous disorders as
multiple chemical sensitivity, chronic fatigue syndrome,
and bipolar disorder. The etiology of these disorders is
not well understood, and they have been alternatively
framed as mental, psychiatric, and biological. But the fram-
ing of these disorders not only results in radically different
treatment recommendations, it produces identities whose
status is fraught with legal and medical questions related to
disability and insurance purposes. In this way, nonscientific
locations (insurance agencies or courts) become the places
that – legally and institutionally, temporarily and situation-
ally – establish what information counts as facts, based on
the presentation and interpretation of brain scans.

But scientific research is neither the starting, nor end
point in the establishment of truths. As Dumit (2000: 227)
comments,

‘‘scientific and medical statements come to be central and

yet nondecisive in many settings. Brain imaging – arguably

the most ambiguously promising diagnostic technology –

has andwill continue to play a key role in resisting the easy

assignment of blame, stigma and causation to the individu-

al. But it appears it will not do so by settling the matter

once and for all in biology.’’

To be a sufferer of one of these conditions is also to be
an activist involved in negotiating what sorts of evidence
count in different contexts.Prenatal diagnostic tests for
genetic disorders expose other uncertainties fundamental
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to the formation of new forms of biosocial being-in-the-
world. Rapp (1999) observes that in New York City, prior
to administering amniocentesis, genetic counselors present
patients with ostensibly objective and neutral information
regarding the possibility of Down syndrome so that
informed decisions can be made. Yet women who are
experiencing pregnancy within particular moral, cultural,
or economic constraints must make complex reproductive
decisions whose parameters are underdetermined by prob-
abilistic facts about genetic events. Potential parents do not
confront knowledge of the fetal body in a vacuum, but do
so in relation to highly complex configurations of knowl-
edge, intentions, beliefs, and desires related to their own
bodies; their sense of responsibility to future children; their
obligations to kin, culture, and society; and to the choices
provided by biomedicine. Rapp refers to parents, placed in
this position, as moral pioneers, to emphasize the ways that
people in diverse circumstances must navigate the pro-
spects of aborting genetically disabled fetuses, or forging
lives with disabilities, through complicated landscapes of
uneven scientific knowledge and therapeutic promise.

Such observations expose the limitations of trying to
understand the social aspects of the biotechnological rev-
olution simplistically on the micro level of individual
experiences, in relation to the macro level of public policy
decisions about the common good, as if both occurred
against a backdrop of stable and consolidated scientific
expertise. Certainly the questions raised in these studies
highlight the inadequacy of linear models that assume that
science simply supplies evidence to decision makers who,
in turn, set policies for the institutional structures within
which, in their turn, people seek diagnosis, care, and
recovery. Rather, biosocial modes of social engagement
involve far more convoluted and multidirectional path-
ways connecting experiences to institutional structures
and expert knowledge.
Perspectives and Prospects

The approaches described here have roots in the sociol-
ogy of knowledge but reflect a shift toward the analysis of
practice. While earlier efforts to make science an object
for sociological inquiry looked at knowledge claims, mod-
els, and even at whole epistemologies, they erred in treat-
ing science solely as a mental activity and knowledge as a
set of linguistically expressed claims. They promoted
what are now seen as an overly monolithic, systematic,
even frozen portraits of knowledge claims. Researchers
soon became far more concerned with understanding how
knowledge is produced and reproduced; how it is used
and contested. In the study of biomedicine as a cultural
system, this entailed a shift from a critique of ‘the’ bio-
medical model to more nuanced descriptions of diverse
biomedicines. This emphasis on heterogeneity has been
accompanied by attention to the orchestration of practices
involved in doing science and delivering medicine.

One criticism of the study of knowledge claims per se is
that it misleadingly portrays science as a linguistic or
representational activity, rather than a hands-on form of
tinkering with tools, instruments, materials, and organ-
isms. Practice-focused approaches are now preferred
because they enable researchers to talk more convincingly
about how scientific and medical activities intermingle
representations with materiality.

The concept of cultural or social construction has been
important to the social study of science and medicine
since the 1970s. This concept stresses the reality of fea-
tures of the social world; these realities come to exist
because of people’s actions and attitudes and because
people know them to exist they act accordingly. Construc-
tionist analysis draws attention to the interrelationships
among scientific knowledge production and such varied
domains as law and government; the economic organiza-
tion of industry, labor, and consumption; popular media;
and domestic arrangements. The concept of social con-
struction helps frame the complex and usually uneven
ways that events in these domains work together with
science to produce what we call socially constructed
ways of engaging somatic distress.

One limitation of the current body of work on medical
science and technology is that it is heavily weighted
toward cutting-edge science and high-tech interventions.
This means that most empirical research is conducted in
industrialized countries with the economic resources and
health-care infrastructures to support this type of science
and medicine on a broad scale. Far too little research looks
at medical sciences and technologies in a full range of
contexts. Many questions remain about precisely how loca-
tions in the world become connected through the various
circuits of science, including the circuits of research materi-
als, experts, and populations. More research is needed on
the fragmented and partial presence of biomedicine for
people in most of the world. Concerns about the stark
inequalities in access to even the most basic and reliable
forms of biomedical care can easily overshadow another
disturbing feature of these contexts, i.e., how they can be
simultaneously tightly integrated with particular elements
of biomedical technoscience while largely cut off from
others. These are important political questions.

Sociologist Deborah Lupton cautions that public health
professionals would benefit from being more attuned to the
way their actions both reproduce and express social contra-
dictions. She challenges them to ‘‘critically interrogate their
use of knowledge and to become aware of the interests they
serve and reproduce as part of their working lives’’
(Lupton, 1995: 13). Nicolas Rose, for his part, states that it
is important to document and track not only how the
present has been shaped by the past and how our current
assumptions might bolster existing social arrangements, but
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also how new forms may be emerging. ‘‘No single future is
written in our present,’’ he writes (Rose, 2007: 259), making
the case for the analysis of medical sciences, technologies,
and the forms of governance, infrastructure, management,
industry, and profit associated with them.
See also: Bacteriology, Historical; Cultural Context of

Reproductive Health; Cultural Factors Influencing Thera-

peutic Practice; Evidence-Based Public Health Policy;

Gender in Health and Illness; Health Literacy; The History
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Introduction

Meningitis is an infection of the fluid that surrounds the
brain and spinal cord (cerebrospinal fluid, CSF). Most
patients with bacterial meningitis also have inflammation
of the brain (meningoencephalitis) because of the close
anatomic relation between CSF and the brain. Bacterial
meningitis is a potentially lethal disease and is therefore
a medical emergency. A diagnosis of bacterial meningitis
is often considered, but the disease can be difficult to
recognize. Controversies remain for emergency medicine
and primary care providers who need to accurately
diagnose patients with bacterial meningitis and adminis-
ter antibiotics and adjunctive therapies rapidly for this
life-threatening disease. Treatment recommendations for
antimicrobial therapy are changing as a result of emer-
gence of antimicrobial resistance, and the management of
the critically ill neurologic patient with bacterial menin-
gitis may pose important dilemmas. In this article we
provide an overview of bacterial meningitis dealing with
such important aspects as the changing epidemiology and
diagnostic and therapeutic decisions in the emergency
evaluation and treatment of patients with bacterial
meningitis.
Epidemiology

The estimated incidence of bacterial meningitis is 0.6 to
4 per 100 000 per year in developed countries, and may be
up to ten times higher in other parts of the world (van de
Beek et al., 2006). The epidemiology of bacterial meningi-
tis has substantially changed over the last two decades.
Meningitis due to Haemophilus influenzae type b has nearly
been eliminated since routine childhood vaccination
was initiated in many developed countries (Figure 1),
and the introduction of conjugate vaccines against seven
serotypes of Streptococcus pneumoniae has reduced the bur-
den of childhood pneumococcal meningitis substantially
(Peltola, 2000; Whitney et al., 2003). In some regions of
the world, invasive infections due to Neisseria meningitidis

serogroup C have increased over the last 10 years, prompt-
ing the introduction of routine immunization with menin-
gococcal serogroup C protein-polysaccharide conjugate
vaccines (Snape and Pollard, 2005). The main consequence
of these kinds of routine vaccination programs in developed
countries is that the age-specific incidence of bacterial
meningitis has decreased in children, thus increasing the
fraction of patients that are adults. The most common
etiologic agents now are S. pneumoniae and N. meningitidis,
which cause 80 to 85% of all cases (Saez-Llorens and
McCracken, 2003; van de Beek et al., 2004).

S. pneumoniae primarily causes respiratory infections,
including otitis media, sinusitis, and pneumonia. Groups
at increased risk of pneumococcal infection include
children, elderly, immunocompromised patients (includ-
ing thosewithhuman immunodeficiencyvirus type1 infec-
tion), smokers, and certain other demographic groups. In
contrast, N. meningitidis most commonly causes meningitis
in young adults. Nasopharyngeal carriage of meningococci
is an important factor that leads to the development of
invasive disease. The estimated prevalence of meningo-
coccal carriage is 5–10% under nonepidemic conditions
(Snape and Pollard, 2005).

Another epidemiological trend is emergence of
antibiotic-resistant strains of S. pneumoniae (Whitney et al.,
2003). Pneumococcal resistance to penicillin, due to
changes in its penicillin-binding proteins, was first reported
in 1965. The prevalence of such resistance was limited until
an epidemic of highly resistant pneumococci occurred in
South Africa in 1977. Since then, resistance has developed
worldwide, and in some regions it occurs in a frequency up
to 70%. Reports of reduced susceptibility of pneumococci
to several antibiotics, including broad-spectrum cephalos-
porins, have also been published. In response to this epide-
miological trend, recommendations for suspected and
confirmed bacterial meningitis have necessarily evolved.
Clinical Presentation

When a patient presents to a physician for an emergent
evaluation, the patient’s history and signs and symptoms
can help to estimate the probability of meningitis. A wide
variety of patient complaints may be elicited from patients
with meningitis, and symptoms such as headache, nausea,
and vomiting demonstrated poor sensitivity and speci-
ficity for the diagnosis of meningitis (van de Beek et al.,
2004). The ‘classic triad’ of fever, neck stiffness, and
change in mental status was found to be present in 44%
of patients with bacterial meningitis; 95% of patients with
bacterial meningitis presented with at least two signs or
symptoms of headache, fever, neck stiffness, and altera-
tions in mental status. At least one of these four elements
was present in 99% of patients, so aspects of history
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and physical exam can be used to heighten suspicion
for meningitis even if they cannot alone rule out the
diagnosis.

Meningeal signs such as Kernig’s sign or Brudzinski’s
sign are physical exam findings often documented when
evaluating a patient for possible meningitis (Thomas et al.,
2002). Kernig’s test involves flexing the hip and extending
the knee, and a positive result is recorded when pain is
elicited in the back and legs. Brudzinski’s neck test is
typically performed in the supine position where the
head is passively flexed and is interpreted as positive
when flexion at the hips to lift the legs is elicited in
response. A prospective study found that none of these
signs accurately identified patients with meningitis,
although this study included only adults. There was no
correlation with moderate meningeal inflammation or
with microbial evidence of infection, and Kernig’s sign
and Brudzinski’s sign were found to have poor sensitivity
(5%) with high specificity (95%). Thus, also these classic
signs lack the adequate sensitivity to perform as screening
tests to rule out meningitis, but when present they are
concerning for an underlying meningitis and should be
followed up with appropriate additional testing.
Diagnostic Lumbar Puncture

Once an initial patient evaluation with history and phys-
ical findings has been completed, lumbar puncture (LP) is
the diagnostic procedure of choice if the diagnosis of
bacterial meningitis cannot be ruled out (van de Beek
et al., 2006). Characteristic findings in the CSF are typic-
ally used to make the diagnosis of meningitis (Fitch and
van de Beek, 2007). With the urgent nature of this testing
to make the diagnosis of meningitis, one of the issues
facing physicians is whether neuroimaging, in most cases
computed tomography (CT), is required before LP. CT
before lumbar puncture will detect brain shift and is
therefore recommended as a precaution in selected
patients before lumbar puncture to avoid the likelihood
of further brain shift (Figure 2). Therefore, cranial imag-
ing should precede lumbar puncture in patients with new
onset seizures, with immunocompromised state, with
signs suspicious for space-occupying lesions, or with
moderate or severe impairment of consciousness (van de
Beek et al., 2006). When these criteria are followed, the
indications for cranial imaging before lumbar puncture
are often present (45% of patients with bacterial menin-
gitis). Initial lumbar puncture may also be harmful in
patients with coagulopathy, because of hazard of needle-
induced subarachnoid hemorrhage or the development of
spinal subdural and epidural hematomas. Importantly, if
imaging is performed before lumbar puncture, therapy
should precede it (see later discussion).

When lumbar puncture is completed and findings
demonstrate increased white cell count in the CSF, thus
confirming a diagnosis of meningitis, clinicians would
like to determine which patients are at risk for the truly
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Figure 2 Cranial imaging to evaluate potential contraindications for lumbar puncture should be focused on identifying signs of a focal
space-occupying lesion, evidence of brain shift, and/or signs of severe diffuse brain swelling. (a) Normal brain, (b) meningitis-associated

cerebral infarct causing significant brain shift, and (c) diffuse brain swelling associated with severe infection. Initial lumbar puncture

should not be performed when computed tomography findings of significant brain shift are found, and empiric therapy for meningitis

should be continued. From Fitch MT and van de Beek D (2007) Emergency diagnosis and treatment of adult meningitis. Lancet
Infectious Diseases 7: 191–200.
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life-threatening bacterial meningitis versus those with a
typically less concerning viral meningitis (Nigrovic et al.,
2007). CSF findings are present in nearly all patients,
although normal CSF parameters do occur. Individual
predictors for the presence of bacterial meningitis are a
glucose level <1.9mmol l�1, a ratio of CSF glucose to
blood glucose <0.23, a protein level >2.20 g l�1, a white
cell count >2000/mm3, or a CSF neutrophil count
>1180/mm3 (Spanos et al., 1989).

Gram staining and culture of CSF can identify the
causative pathogen in approximately 80–85% of the
patients (van de Beek et al., 2006). The sensitivity of bacte-
rial antigen tests is limited; however, these tests may be
helpful in patients with suspected bacterial meningitis and
negative Gram staining and culture of CSF. A promising
diagnostic tool in cases of suspected bacterial meningitis
and negative CSF cultures is the amplification of bacterial
DNA by polymerase chain reaction (PCR). Although high
diagnostic sensitivity and specificity have been reported,
further refinements and particularly a reduction of the
false-positive rates are needed before PCR can be routinely
recommended in the diagnosis of bacterial meningitis.
Antimicrobial Therapy

A delay in antimicrobial therapy (e.g., due to imaging,
transfer to another hospital, or stabilization of vital
signs) has been associated with an increased risk for
adverse clinical outcome in adults with bacterial menin-
gitis. Therefore, if imaging precedes lumbar puncture,
blood cultures should be drawn and antimicrobial therapy
with adjunctive dexamethasone initiated before imaging is
performed (van de Beek et al., 2006).
The choice of initial antimicrobial therapy is based
on the most common bacteria causing the disease
based on age and/or clinical setting and on antimicrobial
susceptibility patterns (Table 1). Also important are
pharmacokinetics and pharmacodynamics of the antimi-
crobial agents, particularly the penetration into the CSF.

Once culture results and susceptibility testing are
available, antimicrobial therapy can be modified for opti-
mum treatment. With worldwide increases in prevalence
of penicillin-resistant pneumococci, combination therapy
of vancomycin plus a third-generation cephalosporin
(either ceftriaxone or cefotaxime) has become the stand-
ard approach to empiric antimicrobial therapy.

Respiratory isolation for 24 h is indicated for patients
with suspected meningococcal infection. Isolation is not
required for patients with signs of pneumococcal infection
(otitis, pneumonia) or with bacteria other than N. menin-

gitidis identified by Gram staining. Close contacts of the
patient must receive chemoprophylaxis to eradicate
meningococcal carriage.
Adjunctive Corticosteroid Therapy

Inflammation from any source in the central nervous
system is poorly tolerated, and such inflammatory
responses within the enclosed spaces of the brain and
spinal cord have been demonstrated to lead to destructive
secondary effects in basic science models. The CSF
is effectively sterilized a few hours after beginning
appropriate antimicrobial therapy, and Gram stain and
culture are often negative within hours of antibiotic
administration. The intense inflammatory response to
bacterial infection within the enclosed spaces of the



Table 1 Recommendations for initial antibiotic therapy in patients with suspected or proved community-acquired bacterial

meningitis. Empirical antibiotic therapy in adults with suspected community-acquired bacterial meningitis

Predisposing
factor Common bacterial pathogens Initial management

Age

<1 month Streptococcus agalactiae, Escherichia coli, Listeria

monocytogenes, Klebsiella species

Ampicillin plus cefotaxime or ampicillin plus

an aminoglycoside
2–60 years Neisseria meningitidis, Streptococcus pneumoniae Vancomycin plus cefotaxime/ceftriaxonea

>60 years N. meningitidis, S. pneumoniae, L. monocytogenes, aerobic

Gram-negative bacilli

Vancomycin plus cefotaxime/ceftriaxone plus

ampicillinb

With risk factor

presentc
S. pneumoniae, L. monocytogenes, Haemophilus influenzae Vancomycin plus cefotaxime/ceftriaxone plus

ampicillinb

aIn regions with very low rates of penicillin resistance (<1%), monotherapy with penicillin may be considered, although many experts
recommend combination therapy for all patients until the results of in vitro susceptibility testing are available.
bIn areas with very low penicillin-resistance and cephalosporin-resistance rates, combination therapy of amoxicillin and third-

generation cephalosporin may be considered.
cAlcoholism, altered immune status.

Reproduced from van de Beek D, de Gans J, Tunkel AR and Wijdicks EFM (2006) Community-acquired bacterial meningitis in adults.
New England Journal of Medicine 354: 46–55.
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brain and spinal cord is thought to lead to significant
morbidity and mortality despite effective antibiotic ther-
apy. Therefore, pharmacologic attempts to modulate this
inflammatory response may be an essential component of
a successful strategy to treat this life-threatening disease,
and dexamethasone is the only currently accepted adjunc-
tive therapy for the treatment of patients with bacterial
meningitis that has proven clinical efficacy.

In 2007, an updated Cochrane analysis on the efficacy
and safety of adjunctive corticosteroid therapy included 20
randomized clinical trials (RCTs), involving 2750 patients
(van de Beek et al., 2007). In this analysis, adjuvant corti-
costeroids were associated with lower case fatality rates
and lower rates of severe hearing loss and long-term
neurological sequelae. The use of corticosteroids was not
associated with an increase of adverse events. The effect of
corticosteroids was evident in adults with bacterial menin-
gitis. In children the beneficial effect was less convincing,
although there was a trend toward a beneficial effect on
hearing loss in non-H. influenzae meningitis.

The Cochrane analysis found a clear difference in
efficacy of corticosteroids between high- and low-income
countries (Molyneux et al., 2002). Therefore, the use of
adjunctive corticosteroids is recommended for children in
high-income countries. For children in low-income
countries, the use of corticosteroids was associated neither
with benefit nor with harmful effects.

The available studies also do not address two other
important issues concerning the corticosteroid regimen:
the minimum duration of corticosteroid therapy and
the maximum length of time after parenteral antibiotic
therapy for commencement of corticosteroid therapy. In a
post hoc analysis of an RCT of corticosteroids involving
301 adults with bacterial meningitis, the beneficial effect
of dexamethasone on mortality in patients with pneumo-
coccal meningitis was attributable to a reduction in
systemic complications (de Gans and van de Beek, 2002).
This could imply that the effect of dexamethasone is not
restricted to the first hours after administration, although
there are no clinical data to support this. In experimental
pneumococcal meningitis, CSF bacterial concentrations at
the start of therapy appeared to be more important than the
timing of dexamethasone therapy in influencing the anti-
microbial-induced inflammatory response.

Concerns have been raised over the interference by
corticosteroids on CSF eradication of meningeal patho-
gens by reducing the blood–brain barrier permeability
and thereby the penetration of antibiotics in the subarach-
noid space. In both children and adults with acute bac-
terial meningitis, treatment of dexamethasone did not
reduce vancomycin levels in the CSF; however, therapeu-
tic failures have been described in adults treated with
standard doses of vancomycin and adjunctive dexametha-
sone. Therefore, patients with pneumococcal meningitis
who are treated with vancomycin and dexamethasone
should be carefully observed throughout therapy.
Complications

Complications develop in the majority of patients with
bacterial meningitis and may be difficult to predict. There-
fore, monitoring in a neurological-neurosurgical intensive
care unit is recommended in order to recognize changes in
consciousness or the development of new neurologic signs,
to monitor for subtle seizures, and to more effectively treat
severe agitation (van de Beek et al., 2006). Bacterial
meningitis is often associated with septic shock, which is
an important predictor for outcome.
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A common cause of a decline of consciousness in the
patient with bacterial meningitis is clinical evidence of
meningoencephalitis. The release of proinflammatorymed-
iators in the subarachnoid space leads to an inflammatory
response in the central nervous system, which contributes
to increased blood–brain barrier permeability, cerebral
edema, and increased intracranial pressure. For patients
with decline of consciousness, or for those who fail to
improve after initiation of appropriate antimicrobial ther-
apy, brain imaging is indicated. The indication for repeated
imaging is often arbitrarily based on the clinical status of the
patient, the time frame between decline of consciousness
and initiation of adequate therapy, and results of previous
imaging. On neuroimaging, early signs of brain edema are
disappearance of sylvian fissures and narrowing of ventric-
ular size. In patients with an advanced stage of brain edema
and raised intracranial pressure, basal cisterns and sulci
may become obliterated. Several supportive therapies
have been described in such patients, although no therapy
has proven clinical efficacy. Osmotic diuretics to control
intracranial pressure may be an option, although there are
no definitive data on the efficacy of this approach.

Seizures and acute hydrocephalus are other frequent
causes of a deteriorating level of consciousness. Patients
with seizures or clinical suspicion of prior seizure should
receive anticonvulsant therapy, but the low incidence of
this complication does not justify prophylactic treatment.
In patients with acute and non-obstructive (communicat-
ing) hydrocephalus, a lumbar puncture can allow mea-
surement of CSF pressure.

Focal neurological abnormalities (i.e., hemiparesis,
monoparesis, or aphasia) are most commonly caused by
stroke, seizures, or a combination of both. Cranial nerve
abnormalities are caused by the meningeal inflammatory
process or by an increase of CSF pressure. The most fre-
quent cranial nerve abnormality is involvement of the eighth
cranial nerve, reflected by hearing loss. A cochlear implant
may be needed in some severely affected patients.
Outcome

Community-acquired bacterial meningitis is a severe dis-
ease with high fatality and morbidity rates (Saez-Llorens
and McCracken, 2003; van de Beek et al., 2006). Meningitis
caused by S. pneumoniae has the highest case fatality rates,
reported from 19 to 37%. Of those who survive, up to 50%
develop long-term neurologic sequelae, including cognitive
impairment and developmental delays (van de Beek et al.,
2002). For meningococcal meningitis, mortality and mor-
bidity rates are lower, with rates up to 5 and 7%, respec-
tively. The strongest risk factors for an unfavorable outcome
in patients with bacterial meningitis are those indicative of
systemic compromise, impaired consciousness, low CSF
white cell count, and infection with S. pneumoniae.
See also: Pneumonia; Streptococcal Diseases; Vaccines,
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Introduction

One of the earliest references to menopause in the world
literature comes from the Bible: ‘‘Abraham and Sarah were
old and well stricken in age; and it ceased to be with Sarah
after the manner of women’’ (Gen. 18:11), although three
chapters later Sarah gives birth to Isaac, so in reality
she could not have had her menopause at that time. In
the whole of nature only the human female experiences a
physical menopause. While other animals remain poten-
tially fertile until death, the woman of today, in the
developed parts of the world at least, will spend on aver-
age one-third of her life without the benefits of the female
sex hormone – estrogen. By contrast, a man slides without
abrupt change from one stage of his life to the next
maintaining the ability to father children well into old
age. The ovary is the only organ in the body that naturally
ceases to function in midlife. For many reasons, however,
women will readily appreciate the merit of not being
fertile into old age, as the human child is more dependent
on its mother than any other animal.

It is only relatively recently that menopause has
attracted much attention. Indeed, at the beginning of the
twentieth century a woman in the Western world could
only expect to live to about 48 years, but now life expec-
tancy is about 80 years, with the number of women in the
United Kingdom aged over 85 years expected to rise by
50% in the next 20 years. The United Nations projects
that by the year 2050 women aged 60 years and over will
constitute 40% of the female population of Europe and
23% of the entire world. In comparison, in 1997, the life
expectancy in sub-Saharan Africa was only 52 years and,
in many African countries, life expectancy has decreased
by 3 years as a result of acquired immune deficiency
syndrome (AIDS), so that menopause is less likely to be
of much relevance for many women.

Menopause, or last menstrual period, is a natural
biological event resulting from failure of the ovaries to
continue producing eggs (ova) and the associated hor-
mones estrogen and progesterone. The term is derived
from the Greek menos, meaning month, and pausos, mean-
ing an ending. The median age at which menopause
occurs is 52 years and has changed little over the years.
It tends to occur earlier in communities of low socioeco-
nomic status, those living at high altitudes, and 1–2 years
earlier in women who smoke. The timing of the natural
menopause tends to be inherited, with daughters experi-
encing menopause around the same time as their mothers.
Types of Menopause

Premature

A premature menopause occurs in about 1% of women,
being defined as menopause before the age of 40 years.
This may be due to genetic factors or be iatrogenic as
a result of a medical or gynecological condition. The
associated infertility can be very distressing when prema-
ture menopause occurs unexpectedly before intended
pregnancies have been achieved.
Surgical

A surgical menopause occurs when functioning ova-
ries are removed, usually together with a hysterectomy
(removal of the uterus). The sudden cessation of ovarian
function and rapid decline in circulating estrogen is more
likely to result in menopausal symptoms than a more
gradual decrease in ovarian activity associated with a
natural menopause.
Natural

The mechanism of a natural menopause is not fully
understood but is related to the ovaries running out
of suitable follicles from which ova are produced. The
ovaries have a finite number of follicles whose numbers
are maximal during intrauterine life, after which there is
a logarithmic reduction until about 50 years later when
the stock is exhausted (Table 1), or those remaining are
unable to respond to stimulation by endogenous or exog-
enous gonadotrophins. Prior to menopause and during a
variable number of months or years there is a gradual
reduction in the control mechanism for the ovarian cycle
with accompanying endocrine changes (Burger et al.,
2004). In particular, there is a decrease in the secretion
of estradiol, the main estrogen, from the ovaries accom-
panied by a rise in circulating follicle-stimulating hor-
mone (FSH) as the pituitary gland tries to stimulate the
increasingly resistant remaining ovarian follicles to
develop (Figure 1). This loss of control of the cycle causes
disturbances of menstruation with heavier, painful, irreg-
ular, and sometimes erratic periods that are frequent
causes of medical consultation. In the majority of cases,
there is no underlying disease process and the abnormal
periods are labeled ‘dysfunctional uterine bleeding.’ How-
ever, benign conditions, such as uterine fibroids and endo-
metriosis, are also more common at this time and may



Table 1 Follicular attrition with agea

Number of follicles Age

7 million 5–7 months in utero
2 million At birth

155 000 18–24 years

59 000 25–31 years

8300 40–44 years

aOnly 0.02% of primordial follicles ever ovulate. Adapted from

Bloch E (1952) Quantitative morphological investigations of the
follicular system in women. Variations at different ages. Acta

Anatomica 14: 108–123; Faddy MJ, et al. (1992) Accelerated

disappearance of ovarian follicles in mid-life: Implications for

forecasting menopause. Human Reproduction 10: 1342–1346.
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exacerbate such disturbances that can severely affect the
quality of life.

The period of time encompassing the transition from
normal regular menstrual cycles through menopause and
into the postmenopause and postreproductive phase is
called the climacteric – from the Greek meaning ‘a
ladder.’ A woman is said to be postmenopausal when
there has been a gap of 12months without menstruation.
This is mainly of medical significance, as any bleeding
after this time is abnormal and requires investigation to
exclude cancer of the endometrium (lining of the womb),
which will be found in about 10% of women.
Effects of Menopause

Menopause has different implications for women depend-
ing on their culture and tradition. In societies in which
menstruating women are considered to be unclean and
may thus be excluded from praying in public, the release
from such inferior status allows them to assume
an important and rewarding role in the family and society
(in most Indian languages there is no word for menopause).
In contrast, the modern, Western societal values and atti-
tudes are more likely to emphasize the negative aspects,
such as loss of femininity and sexual attractiveness. This
time of life may also coincide with domestic changes such
as children leaving home (empty nest syndrome), parents
becoming aged and infirm, husband and wife at a stressful
time in their careers, all of which may influence how a
woman adjusts to the climacteric and menopause. It is
therefore not without good reason that the phrase ‘change
of life’ has often been applied to this time.
Symptoms

Aging in itself is accompanied by various inevitable physi-
cal changes and it can be difficult to distinguish which
clinical symptoms are a result of the loss of ovarian func-
tion and estrogen, and which are due to the aging process
itself. About 80% of Caucasian women will experience
some symptoms considered to be due to estrogen defi-
ciency during the climacteric. Hot flushes and sweats are
the most common symptoms and of those experiencing a
natural menopause 60–75% will be affected. In Japan,
however, flushes are much less common and there is not
even a word in the Japanese language for them. Cultural,
genetic, and dietary factors with, in particular, the high
intake of soy protein in the Japanese diet, which is rich in
phytoestrogens, may contribute to the low prevalence of
hot flushes in Japan. The Mayan Indian women in Mexico
are said not to experience hot flushes at all.
The Hot Flush

The hot flush is a unique and disagreeable sensation of heat
that can occur at any time of the day or night. It may be
triggered by various situations such as sudden temperature
change; drinking tea, coffee, or alcohol; eating spicy foods;
or embarrassment, although in the latter it is definitely
different from a blush. Commonly, the sensation starts in
the face, neck, head, or chest and the initial focal point may
be very specific, such as an earlobe, forehead, or between
the breasts. Subsequent spread of the sensation of heat may
be in any direction and some experience it all over the
body. The frequency of flushing varies between individuals
ranging from a few per month to several per hour, and
similarly the duration may vary from a few seconds to one
hour, although the mean is around 3minutes (Sturdee et al.,
1978). The more intense and severe flushing episodes
may be followed by sweating, though some will also
sweat without an apparent initial flush. When these dis-
turbances occur at night, there is a resultant domino effect
causing disturbed sleep, lethargy, poor concentration and
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irritability, all of which improve with successful treatment
of the flushes. Hot flushes are commonly experienced for
around 1 to 2 years but in 25% of women they may con-
tinue for more than 5 years and rarely for 25–40 years. Hot
flushes can therefore have a very significant effect on
quality of life and cause great embarrassment, especially
in the workplace or socially. Although no one will ever die
from a hot flush, the impact on general well-being and self-
esteem should not be underestimated.

While men do not experience a comparable climacteric,
following the uncommon situation of testicular failure or
bilateral orchidectomy (removal of the testes), severe hot
flushes and sweats may occur, which have similar features
and associated physiological changes to those in women.

The mechanism of flushing is incompletely under-
stood and difficult to investigate, but it involves a distur-
bance of the temperature-regulating center (thermostat)
situated in the middle of the brain (Freedman, 2001).
The decline in estrogen during the climacteric, and prob-
ably the fluctuating levels of estrogen in particular, alter
the sensitivity of this center such that it initiates inappro-
priate mechanisms to reduce body temperature by sud-
denly increasing the blood flow to the skin, which
produces the sensation of heat and causes sweating
(Figure 2). These vasomotor disturbances, referring to
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regulation of peripheral blood vessel tone, are common
in the years before and after menopause when estrogen
levels are erratic but cease in later years when estrogen
levels, although very low, have stabilized. Priming
with estrogen seems to be an essential prerequisite
for flushing, as young women with Turner’s syndrome
(a condition in which the ovaries have not developed or
are inactive) have very low circulating levels of estrogen,
but do not have flushes. However, if these women are
given estrogen replacement therapy, which is later
stopped, hot flushes can occur and are often a very dis-
tressing, new problem. The link with estrogen is also
evident in women being treated for breast cancer with
tamoxifen, who often have distressing hot flushes due to
the antiestrogenic actions of the drug also affecting the
brain. There are complex neuroendocrine actions also
involved in the temperature-regulating mechanism in
which the hormone serotonin has a key role. Serotonin
has many functions in the body including controlling
mood and recently it has been found that drugs that are
used for relieving depression can also suppress hot
flushes, although not as effectively as estrogen replace-
ment therapy.
Other Symptoms

While the hot flush is the most characteristic symptom
and experienced by most women, the prevalence of
other symptoms that can be attributed to the decline in
circulating estrogen is very variable and less easily deter-
mined. Women who have experienced severe premen-
strual symptoms during the premenopausal years are
more likely to suffer from symptoms during the climac-
teric. Many problems at this time are attributed to ‘the
change’ (Table 2) but in reality the only genuine estrogen
deficiency symptoms are:

. Hot flushes and sweats

. Vaginal dryness

. Disturbed sleep

. Poor memory/concentration

. Depression.

It is frequently thought that depression is more com-
mon in the climacteric, but the term has now been used to
cover a wide variety of symptoms and degrees of illness.
A depressed mood is a normal human emotion that every-
one experiences at some time, and feelings of sadness and
disappointment are part of normal life experience. Indi-
vidual circumstances will influence whether the arrival of
menopause is accompanied by psychological distress or,
for some women, a feeling of relief and improved general
well-being. For those who are depressed during meno-
pause transition, the main predictors seem to be a his-
tory of depression, low socioeconomic status, stressful life
events, and chronic ill health. Various rating scales and



Table 2 Frequency of 23 symptoms in 135 women attending

a menopause clinic who had experienced a natural menopause

Symptom %

Hot flushes 75

Sweats 71

Lethargy 68

Loss of libido 65
Tension, irritability 65

Insomnia 64

Anxiety 62

Headaches 62
Muscular/joint pains 61

Depression 60

Hair/skin changes 58
Loss of memory/concentration 53

Dry vagina 48

Fears of aging/health 47

Loss of confidence 47
Weight gain 45

Indigestion/nausea 45

Discomfort with intercourse 45

Palpitations/dizziness 44
Backache 39

Formicationa 33

Loss of femininity 32
Urinary symptoms 30

aFormication; sensation as if ants crawling on the skin, possibly

related to stimulation of sweat glands.
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instruments have been used to evaluate the symptoms
associated with menopause and estrogen deficiency.
A study of women before and after menopause has shown
significant differences in anxiety, somatic physical com-
plaints, flushes and sweats (vasomotor symptoms), and
sexual interest, but not in depression (Figure 3).

Women who have had a surgical menopause and those
who hold negative beliefs about menopause, are more
likely to become depressed. Moreover, psychosocial fac-
tors have been found to account for much more of the
variation in psychological symptoms than stage of meno-
pause (Hunter, 1996). Nevertheless, it remains possible
that hormonal changes might influence mood for some
women. Improvements in some psychological symptoms
with estrogen therapy may just be due to a mental tonic
effect of estrogen. It is well recognized that women will
often state that they never felt so well as when they were
pregnant, when the very high levels of circulating estro-
gen may be an important factor.
Libido

Loss of sexual desire may be reported by about 45% of
postmenopausal women. Various physical factors related
to aging in both men and women will affect both desire
and performance, but vaginal dryness and atrophic
changes due to estrogen deficiency can be a major factor
that is easily corrected by estrogen replacement therapy,
given either locally to the vagina or systemically.
In men, sex drive is strongly correlated with testosterone,
both being at their peak in men in their 20s. Women also
produce testosterone and other androgens from their
ovaries and adrenal glands. The reduction in ovarian
function at menopause results in decreased testosterone
levels. Women who have had their functioning ovaries
surgically removed, resulting in a precipitous drop in
both estrogen and testosterone, report a reduction in
well-being, energy, and libido. These can be restored
more effectively by therapy with a combination of estro-
gen and testosterone than by estrogen alone. However, the
link between libido and testosterone in women is not as
clear as might be expected. Measurement of circulating
testosterone levels is generally unhelpful and in many
women testosterone therapy does not help the libido,
thus indicating that other factors are responsible.
Physical Effects

Urogenital Tract

Many tissues are sensitive to estrogen and will change as a
result of the decrease in circulating estrogen levels. The
urogenital tract is especially well endowed with estrogen
receptors and the vaginal skin shows the most marked
changes, which usually are evident a year or more after
menopause. Estrogen deficiency causes gradual atrophy
of the vagina and urinary tract. The earliest symptom
is usually vaginal dryness, which may cause pain or dis-
comfort during intercourse. Estrogen promotes a good
blood supply to the vagina and stimulates glands in the
cervix and at the entrance to the vagina to produce
lubricating secretions. These secretions are fermented
by lactobacillus bacteria in the vagina, and produce an
acid environment, which protects against infection. Thus,
in the absence of estrogen, the vagina becomes less acid
and loses some resistance to infection. Itching of the
vagina and vulva are also common.

Sexual activity has an impact on the health of the
vagina. Comparisons of sexually active and abstinent post-
menopausal women have shown less vaginal atrophy in
those who are active, despite similar blood levels of estro-
gen in both groups (Bachmann et al., 1984). Estrogen also
helps to maintain a healthy lining of the bladder and
urethra and, as is the case with the vagina, lack of estrogen
leads to an increase in urinary tract infections. Estrogen
deficiency may also make the bladder muscle more irrita-
ble, which could explain why postmenopausal women
can suffer from urge incontinence (overactive bladder).
This is characterized by a very strong desire to empty
the bladder, which may not be resisted causing inconti-
nence. However, although a direct role of estrogen in this
process has not been confirmed, urge incontinence is
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exacerbated by urinary infections, which are reduced by
estrogen. The other common type of incontinence is stress
incontinence, in which leakage results from a sudden rise
in abdominal pressure, such as in coughing, sneezing,
laughing, or exercising. Up to one-third of women over
the age of 60 years suffer from this condition in which
many factors are likely to be involved including the
effects of previous childbirth, being overweight, smoking,
age, and muscular weakness, but estrogen deficiency does
not seem to be a significant factor.
0 10 20 30
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40 50 60 70

Figure 4 Change in bone density (skeletal mass) in men and

women during lifetime, showing that at every age men have

stronger bones and in women the loss of bone mass with age is
accelerated for a few years after menopause. Reproduced

from Compston JE (1990) Osteoporosis. Clinical Endocrinology

33: 653–682.
Bone

Bone density and strength change considerably over a
lifetime, but especially in women, when after menopause
there is an accelerated loss of bone density due to estrogen
deficiency. In many women this will lead to osteoporosis,
which is defined as a skeletal disorder characterized
by compromised bone strength predisposing to an
increased risk of fracture. In both sexes, bone density
increases during adolescence reaching a peak around
30 years of age, which is sustained for some years and
begins to decline during the mid 40s (Figure 4). After
menopause, an accelerated period of bone loss occurs
lasting for up to 10 years followed by a much slower rate
of bone loss.

The risk of developing osteoporosis largely
depends on the level of the peak bone mass as well as the
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rate of postmenopausal bone loss and longevity. Men gen-
erally develop osteoporosis only late in life because they
start losing bone from a much higher peak bone mass and
do not have the accelerated loss due to the sudden decrease
in sex hormone production as occurs at menopause. By the
age of 70 years, women have lost 50% of their skeleton
while men lose only 25% by the age of 90 years. Without
estrogen, female bone density typically decreases by about
2% per year in the spine and 1% per year in the hip,
although in some women the loss is as much as 10 and
5%, respectively. Osteoporosis does not cause any symp-
toms until a fracture occurs, but every 10% loss of bone
doubles the risk of fracture.

The different incidences of fractures in men andwomen
with age are well recognized (Figure 5). Gradual loss of
height with advancing years is part of the normal aging
process but, in addition, the loss of bone in the vertebral
bodies in women accelerates the process. In women with
severe osteoporosis, repeated vertebral compression frac-
tures may result in thoracic kyphosis, commonly known as
a dowager’s hump. There is also some evidence that
oral bone and attending tooth loss are associated with
menopausal estrogen deficiency and osteoporosis (Lindsay
et al., 2002).

The incidence of osteoporosis is high and is predicted
to increase, constituting one of the most serious health
problems currently faced by industrialized countries.
Some statistics concerning osteoporosis fractures are the
following:
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. In the United States at least 1.3 million fractures per
year are attributable to osteoporosis.

. In the United Kingdom the annual cost to the National
Health Service is around UK£500million.

. In some countries, 20% of hospital beds are occupied
by people with hip fractures.

. One in four hip fracture patients needs long-term
nursing care and one in three will never regain full
independence.

Women with a premature menopause should be given
hormone replacement therapy (HRT) at least until the
normal age of menopause to avoid premature loss of bone.
As well, prevention of osteoporosis should start in early
life by encouraging young women to develop optimum
bone strength through lifestyle measures, such as healthy
diet, regular exercise, and not smoking.
Cardiovascular Disease

Cardiovascular disease (CVD), of which coronary heart
disease (CHD) is the most frequent, is the most common
cause of death in women over the age of 60 years, and is
relatively uncommon prior to menopause. About 50% of
women develop CHD in their lifetime and 30% will
die from the disease, with a further 20% developing a
stroke. Functioning ovaries seem to provide some degree
of protection, which is lost at menopause, particularly
if this is premature. The postmenopausal decline in
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estrogen results in several metabolic changes, which can
promote cardiovascular disease. Notable among these
changes are an increase in blood total cholesterol levels
of about 20% and triglycerides of 10–15%, an increase in
insulin resistance, and a redistribution of fat from the
hourglass figure of the younger woman with fat around
the breasts and hips to more abdominal fat, all of which
are risk factors for CHD (Stevenson, 2004). Nevertheless,
the impact of menopause on CHD remains controversial
among cardiologists and physicians, and particularly
the potential role of HRT remains a matter of much
debate. Recent, much-publicized studies from the United
States, such as those from the Women’s Health Initiative
(WHI) (Writing Group for the WHI Investigators, 2002)
have demonstrated no benefit from HRT in women with
established CHD and those who are several years post-
menopause, but there is increasing evidence of a thera-
peutic window of opportunity whereby HRT, if started
around the time of menopause, may delay the onset of
CHD. This is supported by animal studies, but more
research in women is required to clarify the situation
and before there could be a recommendation of using
HRT to prevent CHD.
Dementia

Dementia affects 10% of the population over the age of
65 years and 50% over the age of 85 years. Alzheimer’s
disease, which is the most common cause of dementia, is
more prevalent in women and there is some limited
evidence of a preventive effect of HRT but, as with
CVD, there is no benefit or even a worsening of the
condition in those with established disease. Whether
there is a potential benefit if started around the time of
menopause also has yet to be established.
Skin and Hair

The skin is the largest organ of the body and like all
tissues it changes with age, but in addition it is much
affected by solar radiation and smoking. After menopause,
there is a gradual reduction in thickness due to loss of
collagen, the main constituent of the dermis, and loss of
elasticity, and the skin becomes dry. Some 30% of the
skin collagen is lost in the first 5 years after menopause,
some of which can be replaced by estrogen replacement
therapy, but there is no evidence that wrinkles are
prevented.

Changes in hair growth with age are very variable but
among postmenopausal women the most common com-
plaints concern the decrease in body and pubic hair and
the increase in facial hair. The latter may be partly due to
a change in the ratio of androgens to estrogens.
HRT

HRT is intended to replace the deficiency of estrogen
associated with the climacteric and is suitable for women
experiencing menopausal symptoms that are affecting the
quality of life and for some women at particular risk
of developing osteoporosis. Estradiol, which is the main
estrogen produced by the ovary before menopause, or con-
jugated equine estrogens (CEE), for example, Premarin®,
are the most commonly prescribed worldwide. Estradiol
may be given by tablet, transdermal patch or gel, vaginal
ring or subcutaneous pellet implant, and CEE by tablet or
vaginal cream. Women who have had a hysterectomy may
take estrogen alone, otherwise a progestin, a synthetic formof
progesterone (the other main hormone produced by the
ovaryduring the normalmenstrual cycle) is required in addi-
tion to protect the endometrium from overstimulation by
estrogen, which could cause cancer. For women who are
experiencing symptoms related to the urogenital tract only
(see the section ‘Urogenital tract’), local, low-dose estrogen
given by tablet, vaginal pessary, cream, or ring may be suffi-
cient. These low-dose preparations act locally and do not
have any beneficial effects on othermenopausal symptoms or
cause stimulation of other tissues such as the breasts or
skeleton.

The WHI study (Writing Group for the WHI
Investigators, 2002) reported that the use of HRT, with
estrogen and progestin combined, for more than 5 years
may be associated with an increased risk of breast
cancer, venous thromboembolism (venous thrombosis
and/or pulmonary embolism), and stroke of the order of
about eight extra cases per 10 000 women per year. How-
ever, in women taking estrogen alone for up to 7 years,
there was no evidence of an increased risk of breast
cancer, though the other risks remained. Conversely,
this study also confirmed a reduction in all osteoporotic
fractures and a reduced risk of colorectal cancers.

The timing of the initiation of HRTseems to be critical,
so that if startedwithin 10 years of menopause there may be
some protection of the coronary arteries from the develop-
ment of atherosclerosis (Rossouw et al., 2007); as well, the
risks of stroke and thromboembolism are also less than in
older women. This finding has suggested that there is a
window of opportunity for giving HRT in the early years
after menopause, but starting therapy after the age of about
60 years, as in the WHI study in which the mean age of
women on entering the trial was 63 years, is associated with
a significantly increased risk of cardiovascular complica-
tions in particular.

In response to the WHI and other studies, drug
regulatory authorities in many countries have issued guide-
lines for the use of HRT, which in summary advises the use
of HRTonly for the relief of significant menopausal symp-
toms, and to use the lowest dose for the shortest time,
although neither of these criteria have been defined.
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Nonhormonal alternative treatments for menopausal
symptoms and dietary supplements have received wide-
spread use especially since the publicity in the media
about the results of the WHI and other studies. There
are limited, randomized controlled data suggesting some
benefit in the relief of hot flushes with the use of plant-
derived preparations containing phytoestrogens. How-
ever, none can compare with the effectiveness of HRT
and some herbal remedies such as black cohosh (cimicifuga
racemosa) may cause significant side effects including liver
damage.
Conclusion

Menopause is a natural and inevitable part of aging
in women occurring at about two-thirds of the way
through a normal life span. The loss of ovarian function
provides some benefits and disadvantages to varying
degrees. Greater awareness and knowledge of these
changes will allow women to accept and cope with this
transition. For those whose quality of life is significantly
affected, the merits of HRT can be considered (Hickey
et al., 2005).
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Introduction

The purpose of this article is to provide a broad overview of
what we know about the genetic epidemiology of psycho-
logical and psychiatric ailments. As the title suggests, we
provide a brief review of the genetic epidemiologic meth-
ods and principles that guide the search for genes influen-
cing these conditions. We also evaluate the evidence
implicating familial and genetic factors in general, and
specific genes and alleles in particular. As one of the most
heritable – and most often studied – psychiatric disorders,
we will focus our review on schizophrenia; however, gen-
eral principles will be emphasized, and particularly suc-
cessful efforts directed at other mental disorders will also
be highlighted where appropriate. The article concludes
with a series of recommendations to hasten the discovery of
risk genes for psychiatric disorders. Most psychiatric dis-
orders exhibit complex, non-Mendelian inheritance pat-
terns, and thus are thought to result from the joint effects of
multiple genes and environmental factors. As such, we refer
to the genes for psychiatric disorders as risk genes rather
than disease genes, since none may be either necessary or
sufficient to elicit illness.

Behavioral Genetic Methods and
Principles

Family Studies

The first question that must be asked and answered when
attempting to delineate the genetic and environmental
components of a complex psychiatric disorder is: Does

the phenotype run in families?, or, Is this phenotype
familial? This question can be answered through the
use of family studies. The basic design of the family
study begins with the ascertainment of a group of subjects
who are affected by the disorder (cases) and a comparable
group of control subjects who do not have the disorder.
Next, the biological relatives of these index subjects,
or probands, are ascertained and evaluated for the pres-
ence of the illness, or in some cases, subthreshold forms
of the illness. The rate of the disorder among family
members of affected probands is then compared to the
rate of the disorder among family members of control
probands to determine the familial risk or relative risk.

If a psychiatric disorder has a genetic etiology, then
biological relatives of cases should have a higher likeli-
hood than relatives of controls of carrying the gene or
genes that influenced illness in their relative, and thus
they should be at greater risk for the illness themselves.
In addition, the risk to relatives of cases should be corre-
lated with their degree of relationship to the proband, or
the amount of genes they share in common. First-degree
relatives such as parents, siblings, and children, share 50%
of their genes, on average, with the proband. Thus, first-
degree relatives of cases should be at greater risk for
the disorder than second-degree relatives (grandparents,
uncles, aunts, nephews, nieces, and half-siblings), who
share only 25% of their genes with the proband.

Twin Studies

Once a disorder has been established as familial,
it becomes necessary to determine if that pattern is
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attributable to the inheritance of genes or to shared famil-
ial and other environmental factors. It is also important
to quantify the contribution that genes make relative to
that made by environmental factors, as this may encour-
age or discourage future molecular genetic studies; it may
also influence the decisions made by individuals seeking
genetic counseling and the usefulness of family informa-
tion in identifying high-risk individuals to target for early
intervention and prevention protocols. These questions
can be answered by both twin studies and adoption studies
but, mostly because of their relative ease to conduct
and thus, their popularity, we focus on twin studies in
this article.

In twin study designs, identical (monozygotic (MZ)),
and fraternal (dizygotic (DZ)) twin-pairs are ascertained
if at least one member of the pair is affected with a
disorder. Twin-pairs are deemed concordant if both mem-
bers of the pair have the illness, and are deemed discor-
dant if only one member of the pair is affected. The ratio
of concordant:discordant MZ twin-pairs is then compared
to the ratio of concordant:discordant DZ twin-pairs.

MZ twins are derived from the same zygote and thus
share 100% of their genetic material. In contrast,
DZ twins result from separate fertilizations and thus
share, on average, 50% of their genes – no more or less
than any other pair of siblings. Thus, a typical MZ twin-
pair will have 50% more genes in common than a typical
DZ twin-pair. However, the degree of similarity in envi-
ronmental exposures between members of a MZ twin-
pair should be no different than that between members of
a DZ twin-pair. Thus, any difference in concordance for a
mental illness between the two types of twin-pairs can be
attributed to the effects of the additional gene-sharing in
the MZ twins.

If the concordance for a mental illness is higher
among MZ twin-pairs than DZ twin-pairs, this is a
good indication that there is a genetic contribution
to the disorder; if MZ and DZ twin-pairs have approxi-
mately equal concordance rates, environmental factors
are more strongly implicated. Frequently, concordance
rates among twin-pairs are used to estimate the herita-
bility of a disorder. Heritability measures the degree
to which genetic factors influence variability in the
manifestation of the phenotype. Heritability in the broad
sense is the ratio of genetic to phenotypic variances, or
the proportion of variance in schizophrenia risk that
is accounted for by variability in genetic factors. A heri-
tability of 1.0 indicates that all variability in the pheno-
type is due to genetic factors alone. In contrast, a
heritability of zero attributes all phenotypic variation
to environmental factors. Two points need to be care-
fully considered when interpreting heritability estimates,
however. The first is that the heritability estimate is a
maximum value, but the true heritability may be lower
than its estimate in any given sample. The second is

that heritability estimates are often context-dependent,
and this is reflected by the fact that the heritability esti-
mate accounts for the main effects of genetic factors but
also gene-by-environment interactions. Thus, the entire
heritability of a trait may be accounted for by the pres-
ence or absence of a necessary environmental cofactor.
This is easiest to understand in the context of nonpsychi-
atric disorders, such as lung cancer. In the absence of
important environmental cofactors such as exposure to
cigarette smoke, the heritability would be much lower;
in the case of phenylketonuria, lack of exposure to
phenylalanine would reduce the heritability estimate to
zero, since the condition would not occur at all. Recently,
evidence of gene-by-environment interactions in psychi-
atry have been discovered and, in some cases, replicated.
One such example of this is a commonly observed inter-
action of stress and a polymorphism in the serotonin
transporter gene, which combine to increase the risk
for major depression beyond the main effect of either
risk factor.

General Familial and Genetic Factors
Implicated in Mental Disorders

Family Studies

As shown in Table 1, many disorders identified in the
Diagnostic and Statistical Manual of Mental Disorder, Fourth
Edition (DSM-IV) (American Psychiatric Association,
1994) have been evaluated within the framework of a
family study and have yielded an estimate of the risk of
illness to a sibling of an affected person (ls). For the most
part, familial risk estimates for psychiatric conditions
have been found to range from 4 to 12, indicating that,
depending on the disorder, a sibling of an affected indi-
vidual is four to 12 times more likely to develop the
disorder himself as compared to an individual from the
general population.

It is noteworthy, however, that most family studies of
psychiatric disorders that have included second- and
third-degree relatives of the proband have observed a
nonlinear relationship between relative risk for illness
and degree of relationship to the proband (i.e., expected
proportion of shared genes). Thus, for example, the
consensus from studies of schizophrenia is that second-
degree relatives of schizophrenia patients are at an
approximately two- to threefold increased risk of illness,
but first-degree relatives are at a tenfold increased risk
despite a mere doubling of expected alleles shared with
the proband. Furthermore, the risk to offspring of two
schizophrenic parents, from whom the affected offspring
received all of their genes, is not absolute (�46%); this
pattern is also observed in studies of most other psychi-
atric disorders. These results underscore the complexity
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Table 1 Results of family, twin, linkage, and association studies of psychiatric disordersa

Psychiatric disorder
Relative
risk (ls)

Heritability
(h2) Linked loci Associated genes

Autism 22 93 7q GABRAB3, SLC6A4

Tourette’s syndrome 12 90 11q SLITRK1, TBCD

Schizoaffective disorder 11 85 1q DISC1

Bipolar disorder 8 84 6q, 8q BDNF, DRD4, MAOA, SLC6A4
Schizophrenia 12 84 1q, 2q, 8p, 22q DRD2, DTNBP1, HTR2A, NRG1, RGS4

Narcissistic personality

disorder

– 79 – –

Obsessive-compulsive
personality disorder

– 78 – –

Cannabis abuse 6 76 – –

Attention-deficit/hyperactivity
disorder

4 75 4p, 5p, 6q, 16p, 17p DRD4, DRD5, SLC6A3, DBH, SLC6A4,
HTR1B, SNAP25

Conduct disorder – 74 9q, 17q DRD4, SLC6A4

Anorexia nervosa 11 71 13q BDNF, HTR2A, SLC6A2

Stuttering 5 70 12q, 18p SOX3
Antisocial personality disorder – 69 – MAOA

Borderline personality disorder – 69 – –

Obsessive-compulsive

disorder

4 68 17q, 13q, 11p HTR2A, SLC6A4

Histrionic personality disorder – 67 – –

Stimulant abuse – 66 – –

Hallucinogen abuse – 65 – –
Gender identity disorder – 62 – –

Oppositional defiant disorder – 61 – –

Nicotine dependence – 60 5q, 9q, 20q CYP2A6, GABRAB2

Sleepwalking – 60 – –
Sedative abuse – 59 – –

Alzheimer’s disease 2 58 4p, 7q, 10q, 12p, 12q,

17q, 19p, 20p

A2M, ACE, APOE, APP, BCHE, LRP1,

MAPT, NOS3

Dependent personality
disorder

– 57 – –

Bulimia nervosa 4 55 10p BDNF

Dyslexia – 53 1p, 2p, 3p, 6p, 15q, 18p,
Xq

DCDC2

Dissociative identity disorder – 48 – –

Pathological gambling 4 46 – –

Panic disorder 5 43 9q, 13q, 22q ADORA2A
Suicide 10 43 – SLC6A4, TPH

Nightmare disorder – 41 – –

Agoraphobia 4 38 3q –

Opiate abuse 10 38 17q DRD4, OPRM1
Postpartum psychosis 11 38 – TNFA, TPH

Posttraumatic stress disorder – 38 – –

Major depression 4 37 13q, 12q, 12q, 15q DRD4, SLC6A3, TH

Narcolepsy – 37 4p, 17q, 21q HLA-DBQ1
Alcohol abuse 2 36 13q, 4q, 4p ALDH2, ADH2, ADH3

Cocaine abuse 4 32 9q –

Generalized anxiety disorder 6 32 – –
Insomnia – 32 12q, 14q, 20p –

Schizoid personality disorder 4 29 – –

Seasonal affective disorder – 29 – HTR2A

Simple phobia 4 29 14q –
Avoidant personality disorder 4 28 – –

Paranoid personality disorder 4 28 – –

Schizotypal personality

disorder

5 28 – –

Social phobia 4 25 16q –

Enuresis – 24 12q, 13q –

Dysthymia – 20 – –

aAll values denote representative, replicated, or consensus estimates, but all available data relevant to each parameter may not be

reflected in this table. Reprinted with permission from Recognition and Prevention of Major Mental and Substance Abuse Disorders,

ã 2007. American Psychiatric Publishing, Inc.
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of the genetic bases for psychiatric disorders and imply
that gene–gene interactions (epistasis) as well as envi-
ronmental factors must contribute to their etiologies.

Collectively, the evidence from family studies sug-
gests that psychiatric conditions do aggregate in families,
that multiple genes and environmental factors may be
involved in these illnesses, and that these disorders can
present (even within families) with different degrees of
severity. Despite this powerful evidence, it is important
to recognize that familiality does not necessarily establish
heritability. For example, religion and language are
familial traits, as all members of the same family often
practice the same religion and speak the same language.
These facts do not reflect the transmission of religion
genes or language genes through the family, but rather
the common environment and upbringing that those
family members share.

Twin Studies

The suggestions raised by these family studies can be
formally evaluated through the use of twin studies, and
as can be seen in Table 1, the heritability of many psy-
chiatric disorders has already been examined. Of those
psychiatric disorders described in the DSM-IV that have
been the subject of a twin study, all but one was found
to be significantly heritable. Estimates of the heritability
of these disorders vary widely, from a high of more than
90% for autism (Bailey et al., 1995) to a low of 0% for
dysthymia (Lyons et al., 1998). Thus, while some psychi-
atric disorders may have no genetic basis, most have a
genetic component and several are predominantly attrib-
utable to genes.

Analogous to the results of family studies, MZ twins
often have a rate of concordance for a psychiatric illness
that is greater than twice that observed among DZ twins,
even though their expected proportion of shared genes is
only double that of DZ twins. For example, the best
evidence from twin studies of schizophrenia suggests a
rate of concordance of approximately 46–53% for MZ
twins and 14–15% for DZ twins. These data further
support the possibility of epistasis in the etiology of
the disorder, and similar results have been observed in
twin studies of other psychiatric conditions. Furthermore,
MZ twins are not 100% concordant for any psychiatric
disorder, confirming that environmental factors make a
strong contribution to the overall risk, even for the most
heritable mental disorders.

Molecular Genetic Methods and
Principles

Linkage Studies

Knowing that genetic factors are involved in the etiology
of a psychiatric disorder – and to what degree – is essential

for designing optimal molecular genetic studies to reveal
the chromosomal location of the responsible risk genes. To
identify regions of chromosomes that have a high likeli-
hood of harboring risk genes for an illness, linkage analysis
is a highly appropriate strategy. Families are ascertained
for linkage analysis through a proband affected with the
disorder of interest. Each individual in the family is then
genotyped at a series of DNA markers (not necessarily in
genes) spaced evenly throughout the genome, and the
cosegregation of these DNA markers with the illness is
tracked in each pedigree. Evidence for cosegregation at
each marker locus is summed across pedigrees to derive
an index of the likelihood of the obtained patterns of
marker-phenotype cosegregation given the sampled pedi-
gree structures.

Although the DNA markers used for linkage analysis
are not presumed to be actual risk genes for the disorder,
they are numerous and dense enough to ensure that their
coinheritance with a nearby (but unobserved) risk gene
could be inferred with reasonable certainty based on the
coinheritance of the marker with the phenotype that is
influenced by that risk gene. In this design, the disorder
serves as a proxy for the risk gene; thus DNA markers
that cosegregate commonly with the disorder are pre-
sumed to cosegregate commonly with its underlying risk
gene. Because the probability of cosegregation of two
pieces of DNA is inversely proportional to the distance
between them, the regularity of the cosegregation of the
DNA marker and the disorder gives an indirect indication
of the genetic distance between the DNA marker and
the unobserved risk gene.

The possible outcomes of a linkage analysis will vary
based on the structure of families ascertained for analysis.
For example, linkage analysis can be performed with
affected sibling-pairs, or with other affected relative-
pairs, or with small nuclear families, or with large
extended pedigrees. Regardless of what family structure
is the principal unit of analysis, the common output across
methods is some index of the degree of phenotypic simi-
larity of family members and the degree of genotypic
similarity between those individuals at each DNA marker.
These indices are summed across families to determine
the overall evidence for linkage at a given locus in the full
sample. If a given DNA marker cosegregates with illness
through families more often than would be expected by
chance, this indicates that the marker is linked (i.e., is in
relatively close physical proximity) to a risk gene that
influences expression of the disorder.

Association Studies

Once regions of certain chromosomes have been impli-
cated from linkage analysis as harboring a risk gene for
a disorder, the next step is to identify what specific gene
is segregating through families to give rise to that

346 Mental Health Etiology: Biological and Genetic Determinants



linkage signal. A gene can be selected for such analysis
subsequent to linkage analysis as a means to follow up on
evidence for increased genetic similarity at a locus among
affected individuals in a family (i.e., a positional candi-
date gene approach). Alternatively, specific genes can
be examined in the absence of linkage information if
there is some compelling physiological reason to suspect
that the gene influences risk for a given disorder (i.e.,
a functional candidate gene approach). For example,
dopamine-system genes, such as receptors and transpor-
ters, are commonly examined as functional candidates for
schizophrenia, mood disorders, substance use disorders,
and ADHD. In contrast to linkage analysis, which uses
random DNA markers as proxies for nearby risk genes,
genetic association analysis is an appropriate method for
determining if a particular gene variant has a direct effect
on risk for an illness, or is in tight linkage disequilibrium
with such a gene. Recent developments in whole-genome
association scan methods will marry the unbiased geno-
mic survey approach of linkage analysis with the power
and precision of association analysis and may shed new
insights on previously unsuspected candidate genes for
psychiatric disorders.

If a gene influences risk for a mental illness, this should
be detectable as an increased frequency of the risk allele
of the gene in cases compared to controls. Within the
context of the family, this would be detectable as an
increased likelihood of an affected patient receiving the
risk allele of the gene from his parent, even when both
the risk and normal forms of the gene were present in the
parent and should have been transmitted to offspring with
equal frequency and likelihood.

Specific Chromosomal Loci and Genes
Implicated in Psychiatric Disorders

Linkage Studies

For the most heritable psychiatric disorders, including
schizophrenia, bipolar disorder, and autism, numerous
independent genome-wide linkage analyses have been
performed (Table 1). In fact, each of these three disorders
has been studied often enough by linkage analysis to allow
for the quantitative combination of evidence across studies
by meta-analysis. For autism, two meta-analyses have con-
firmed linkage to chromosome 7q, which was observed in
several individual studies (Badner and Gershon, 2002a,
2002b; Trikalinos et al. 2006). Schizophrenia and bipolar
disorder have also been subjected to more than one inde-
pendent meta-analysis each, but with less agreement
between the methods than has been observed for autism.

For schizophrenia, no less than 18 independent
genome-wide linkage analyses have been published to
date. Each of these studies has identified at least one
chromosomal region in which either significant or

suggestive evidence for linkage was observed. Unfortu-
nately, the major findings from these genome-wide link-
age scans do not, on first glance, appear to overlap to any
great extent. Badner and Gershon (2002a) performed the
first meta-analysis of these genome-wide linkage scans,
and the results of their pooled analysis identified loci on
chromosomes 8p, 13q, and 22q as the best candidates for
harboring schizophrenia risk genes. Other promising
regions included 1q, 2q, 6q, and 15q, but evidence for
linkage at these loci was weaker, indicating a need for
further replication. Subsequently, Lewis et al. (2003) con-
ducted a meta-analysis of these and additional studies
using an alternate methodology. Their results were some-
what different, identifying chromosome 2q as the prime
candidate linked locus, and revealing somewhat weaker
evidence for linkage on chromosomes 1q, 3p, 5q, 6p, 8p,
11q, 14p, 20q, and 22q. However, both meta-analyses were
consistent in identifying chromosomes 1q, 2q, 8p, and 22q
as the most reliably linked loci across individual studies.

For bipolar disorder, the first meta-analysis (that of
Badner and Gershon, 2002a) found the strongest evidence
for significant linkage on chromosomes 13q and 22q.
(Of note, these were two of the three loci these authors
also identified as linked to schizophrenia.) In stark con-
trast, the meta-analysis of Segurado et al. (2003) found the
strongest evidence for linkage at loci on chromosomes
9p, 10q, and 14q. Most recently, a combined analysis of
primary genotype data (rather than pooled study-level
results) from all 11 studies implicated chromosomes
6q and 8q as the strongest candidates for harboring risk
genes for bipolar disorder, perhaps providing the best
evidence to date on the topic.

Genome-wide linkage analyses have thus provided
some strong leads (but some ambiguous ones as well) in
the search for loci harboring risk genes for some mental
illnesses; however, the method is certainly not optimal for
detecting genes with small effects on risk. For example,
Risch and Merikangas (1996) illustrated that a locus
conferring four times greater risk for a disorder could be
detected by linkage analysis in 200–4000 families; a
reasonable number for today’s large, multisite collabora-
tive research studies. However, to detect a locus that
increases risk by only 50%, a minimum of 18 000 families
would be needed. This number of families is clearly
unattainable by any single research group and, indeed, is
beyond the reach of even the most effective research
consortia. In fact, this number exceeds the total number
of families studied to date in all published linkage ana-
lyses of schizophrenia, bipolar disorder, and autism com-
bined. Therefore, for all practical purposes, we have
reached an era where linkage analysis may no longer be
a feasible strategy to detect genes that have a small but
reliable influence on risk for complex mental disorders,
especially those disorders with less of a heritable compo-
nent to their etiologies.
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Association Studies

When reviewing the status of behavioral genetic studies of
psychiatric disorders, we saw that fewer conditions had
been subjected to family studies than to twin studies, even
though the former have traditionally preceded the latter
in the chain of psychiatric genetic research (Faraone
et al., 1999). This may be due to the ease of ascertaining
twins rather than entire families, as well as the enhanced
inferential power afforded by the twin study method.
Thus, while family studies give an indication of the famil-
ial aggregation of a disorder (which may or may not
reflect genetic factors), a twin study can directly establish
whether or not genes influence the disorder and to
what degree. This same type of reversal is also true
for molecular genetic studies, wherein linkage studies
have recently become far outnumbered by association
studies. Again, this may be due to the ease of ascertaining
units of analysis for an association study (i.e., unrelated
cases and controls or, at most, small nuclear families
with one affected individual) relative to a linkage study
(i.e., affected sibling-pairs or extended pedigrees). In addi-
tion, the information gleaned from an association study
may be more direct than that from a linkage study, since
the former can test for direct effects on risk for each
studied polymorphism, while the latter only identifies
linked loci that must then be subjected to further fine-
mapping to identify risk-conferring genes. Furthermore,
in contrast to linkage analysis, association analysis should
be more effective at detecting genes with small effects
on liability. For example, Risch and Merikangas (1996)
showed that a locus increasing risk for a complex disorder
by 50% could be detected in as few as 950 subjects. This
number of samples is more feasible than that needed to
detect the same effect by linkage analysis (i.e., 18 000
families). In fact, many of the pooled association studies
conducted to date have attained such numbers of subjects.

Due to these favorable attributes of association meth-
ods, many studies (we estimate over 2700) of functional
and positional candidate genes for psychiatric disorders
have been conducted over the past two decades; however,
only a handful of genes exhibit reasonably strong evi-
dence for exerting reliable risk for one or more of these
disorders (Table 1). The genes listed here are those
that have been implicated by (1) strongly significant evi-
dence from a very large primary study; (2) significant
evidence from two or more independent research groups;
or (3) significant pooled evidence from meta-analysis.
Although the genes listed in this table represent relatively
strong candidates for these disorders, we must reiterate at
this point that none of these genes are proven risk factors
for an illness, and none is either necessary or sufficient for
producing any psychiatric disorder. In fact, most have
been found to increase risk less than twofold and account
for only a small portion of the aggregate risk for the given

mental illness in the population. In addition, the risk
alleles and haplotypes identified in one sample are often
not the same as those implicated in other studies. Thus,
more work is needed to definitively specify the nature and
magnitude of the influences of these genes on risk for
the various mental disorders to which they have been
associated.

Despite these successes, association studies remain
plagued by some limitations, including their propensity
for producing false-positive results (Lohmueller et al.,
2003) and their limited breadth. Regarding the former,
genes identified as associated with a mental illness in an
initial study often overestimate the true effect size and
subsequently fall victim to the winner’s curse, wherein the
same magnitude of an effect cannot be replicated (Ioan-
nidis et al., 2001; Glatt et al. 2003). As such, independent
replication of genetic associations must be considered
crucial for determining the role of a gene in a mental
disorder. Regarding the latter, association methods
have traditionally focused on one or at most a handful of
genes at once, whereas linkage analysis constitutes a
genome-wide survey of (relatively) unselected markers.
Unfortunately, the prior probability of selecting the right
candidate gene (out of �25 000 human genes) and the
right polymorphism (out of more than 10 000 000 in the
human genome) for analysis is remote. Most candidate
genes for mental disorders have been targeted based
on their expression within systems widely implicated
in the disorder (e.g., functional candidate genes in the
dopamine neurotransmitter systems in schizophrenia).
This approach has thus far proven essential for clarifying
the nature of dysfunction within these recognized candi-
date pathways; however, it may not be optimal for identi-
fying additional novel risk factors outside of these
systems. The recent advancement of laboratory and sta-
tistical methods for genome-wide association analysis
should allow for a more unbiased examination of associa-
tion patterns throughout the genome and help resolve this
dilemma in coming years (Thomas et al., 2005).

Recommendations for Future Research

It is clear that the multifactorial polygenic etiologies
and heterogeneity of psychiatric disorders obscure the
discovery of their underlying genetic bases. The multifac-
torial polygenic nature of these diseases dictates that the
signals obtained in linkage and association studies will be
numerous and of very low intensity, while the heteroge-
neity of these disorders increases the noise against which
these already-faint signals must be detected. Some of
the most effective ways of combating these complexities
are through the maximization of power, both by increas-
ing sample size and by studying homogeneous groups
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of affected individuals. To identify the numerous genes
with small effects on risk for psychiatric illness, various
data-pooling strategies, such as direct combination of
primary data or combination of study-level data by
meta-analysis, can be particularly effective. However, to
overcome the obstacles introduced by heterogeneity, deli-
neating and studying smaller, more homogeneous sub-
groups of affected individuals may have the greatest
beneficial effects on power. When used in tandem, the
practices of pooling and splitting will yield maximal
power for genetic studies, and hasten the discovery of
the full compendium of risk genes for each heritable
psychiatric condition. Other promising avenues for eluci-
dating risk genes include the analysis of gene–gene and
gene–environment interactions. An often overlooked
potential benefit of genetic research on mental disorders
is that, once risk genes are identified, environmental risk
factors may become easier to detect within subgroups
of subjects who do or do not possess those risk genes.

Since the first draft of the human genome was pro-
duced in 2001 (Lander et al., 2001), scientists have
been touting the promise of genetic analysis for identify-
ing risk factors for common diseases and the develop-
ment of personalized medicine. Yet, the vast potential of
genetic studies to change the clinical practice of psychia-
try remains almost entirely untapped. Presently, the
results of behavior genetic analyses, such as the family
and twin studies described in this article, can be useful in
genetic counseling situations to inform individuals of
their chances of becoming affected with a particular
illness. In addition, this information can be used prospec-
tively for family planning and to help parents understand
the risks for mental illnesses that may be carried by their
children. However, families still cannot be examined for
linkage at a particular locus to determine if they exhibit a
particular pattern of marker transmission that suggests
who in the family is at risk. Similarly, individuals in the
population cannot be tested for the possession of particu-
lar genotypes to determine their cumulative risk of devel-
oping a particular disorder. The leads that have been
generated from molecular genetic studies are simply not
yet understood well enough to allow such uses. However,
with continued advancement of laboratory and analytic
methods, reliable risk genes for some psychiatric disorders
are sure to emerge in the coming years.

Once genetic risk factors for psychiatric conditions
become established and widely recognized, they can
serve many purposes for early intervention and preven-
tion efforts. For example, an objective, gene-based labo-
ratory test could facilitate the arrival at a primary or
differential diagnosis much more quickly than is pres-
ently possible. This in turn could speed the initiation
of appropriate treatments, which consequently may
promote better prognoses (McGlashan, 1999). Ulti-
mately, a panel of genetic markers for a mental illness

might be administered to high-risk individuals from
affected families or in the general population to deter-
mine their likelihood of progression toward illness even
before any clinical symptoms are manifest, which would
allow these individuals to be targeted for early interven-
tion and prevention efforts as well. Ultimately, this line of
investigation may foster medicinal chemistry applica-
tions and the development of novel therapeutics that
more precisely target faulty DNA sequences in aberrant
genes or active sites in its protein. While recent successes
in identifying specific risk genes for mental disorders are
encouraging, much more work is needed to replicate and
refine these results, and translate them into meaningful
clinical applications.

See also: Specific Mental Health Disorders: Child and

Adolescent Mental Disorders; Specific Mental Health

Disorders: Eating Disorders; Specific Mental Health

Disorders: Mental Disorders Associated With Aging;

Specific Mental Health Disorders: Psychotic Disorders.
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Historical Background

The origin of modern research on the social determinants
of mental health and disorders is often traced to the work of
Émile Durkheim, who demonstrated that cross-national
variations in suicide rates reflected differences in social
conditions rather than the characteristics of individuals.
This line of reasoning – that social structures exert pro-
found influence on the lives and well-being of individuals –
has dominated thinking about the social determinants
of mental disorders ever since. For example, the work of
Robert Faris and H. Warren Dunham demonstrated that
the prevalence of psychosis was higher in the poor and
slum neighborhoods of Chicago than in wealthier districts
of the city. Similarly, the research of Alexander Leighton
and colleagues found that rates of mental disorder in
Nigeria and Nova Scotia, Canada were highest in com-
munities experiencing social disorganization. Durkheim’s
influence is apparent in more recent research on the
characteristics of neighborhoods and variations in physi-
cal and mental health, a growing interest in the concept of
social capital (see below), as well as, more generally, in
research on the association of socioeconomic status and
well-being.

Stress Models of Psychopathology

The ‘stress-adversity’ model of psychopathology, as for-
mulated by Bruce Dohrenwend (2000), proposes that the
degree to which environments present danger and hard-
ship to individuals will be positively associated with risk
for psychopathology. The association between environ-
ment and psychopathology will be reduced by the degree
to which individuals have the ability to respond to and
cope with the adversities.

How social groups come to be at increased risk of stress
is central to considerations of the social determinants of

mental health and disorders. As suggested by Leonard
Pear lin (1989 ), relative well -being is assoc iated with
‘the structured arrangements of people’s lives and by the
repeated experiences that stem from these arrangements.’
Thus, the social positions of particular populations put
them at differential risk of stress. For example, the stress
associated with becoming unemployed is different for a
member of a poor family than it is for a member of
a wealthy family. Further, being poor often means living
in a crowded, polluted, and dangerous neighborhood,
which is far more stressful, physically and psychologically,
than being wealthy and able to afford living in a quiet
suburb with tree-lined streets. Finally, differential access
to effective medical care will have consequences for the
relative well-being of social groups.

The ‘stress-diathesis’ model builds on the stress-
adversity model by positing that risk for psychopathology
is produced by an interaction between environmental
stressors and individual vulnerability. One must not
suppose, however, that individual vulnerability negates
the notion of social determinants of well-being (Monroe
and Simons, 1991). It is likely that individual vulnerability
to common physical and mental disorders is evenly
distributed in large populations. Therefore, exposure of
subpopulations to different levels of stress will result in
social differentials in the expression of those vulnerabilities.
In view of this, one could say that the term ‘social determi-
nants’ is an overly simplistic consideration of causality. It
would be more accurate to refer to ‘environment–gene
interactions’ as a primary source of social differentials in
health and well-being. Even this is something of an over-
simplification. Environments contain features that may
mitigate or intensify the effects of social adversities. Thus,
residents of a neighborhoodwith a relatively high degree of
social capital (see below) may be less affected by an eco-
nomic crisis; in contrast, residents of a neighborhood
wracked by violence may be less capable of resilience in
the face of a natural disaster.

350 Mental Health Etiology: Biological and Genetic Determinants



Social Risk Factors for Mental Disorders

Gender

Gender, which may be thought of as the social roles desig-
nated for men andwomen in different sociocultural settings,
carrieswith it differential risk for a range ofmental disorders.
For example, women are two to three times more likely than
men to experience depression, and postnatal depression has
been recognized as a significant problemworldwide. In most
societies, completed suicide rates among men are much
higher than among women, but rates of attempted suicide
are much higher inwomen.Men aremany times more likely
to abuse substances, particularly alcohol. While it is likely
that gender differences for common mental disorders are at
least partially due to sociocultural factors, biological factors
likely also play an important role.

Socioeconomic Status

Socioeconomic status (SES), which is variously measured
by levels of income, educational attainment, occupation,
and neighborhood characteristics (see below), exerts a
profound influence on health status. On average, people
of higher SES have rates of mortality and morbidity that
are significantly lower than people of lower SES. The
same relationship is true for mental disorders. For exam-
ple, Ronald Kessler and colleagues (2003) have found that
being unemployed, having less than 12 years of education,
and having a low income are all associated with elevated
prevalence of depression in a representative sample of
adults in the United States. Findings from the Whitehall
study (Stansfeld et al., 2003), which examined the health of
civil servants in the United Kingdom, also supports the
notion of social inequalities in depression: Higher-grade
civil servants had lower levels of depression than those in
the lower grades. Other research demonstrates that the
same relationship is true for psychosis: Low SES is asso-
ciated with elevated rates of the disorder.

For a long time, there has been a debate over whether
this pattern is the result of social drift or social causation.
According to social drift theory, elevated rates of mental
disorder are found among low SES groups because mental
disorders impair the ability of individuals to raise them-
selves out of that status or limit the ability of individuals
to maintain their higher status. Thus, mentally ill indivi-
duals drift into low SES. In contrast, the social causation
theory suggests that risk for mental disorder is heightened
for low SES individuals because of the stressful social
environments in which they live.

Probably the best research to test the validity of
these two competing theories was conducted by Bruce
Dohrenwend and colleagues (1992). In an investigation of
nearly 5000 Israeli-born adults, they found that (1) persons
who had not graduated high school had rates of depression
that were higher than persons who had graduated either

high school or college; and, (2) educational status had no
association with rates for schizophrenia. To further exam-
ine the relation between social status and mental disorder,
Dohrenwend and colleagues also looked at rates of depres-
sion among adults of European (advantaged) and North
African (disadvantaged) backgrounds. The results mirrored
those for educational status: Those from disadvantaged
backgrounds had elevated rates of depression, but rates of
schizophrenia were the same for advantaged and disadvan-
taged groups. Thus, this research suggests that the social
causation theory accounts for subpopulation inequalities in
rates of depression, while the social drift theory accounts
for subpopulation inequalities in rates of schizophrenia.

One must not assume that the various measures of SES,
income and education in particular, are interchangeable. As
demonstrated by Araya and colleagues (2003), the predictive
power of these variables is very much context-dependent.
They found an inverse relation between levels of education
and the prevalence of common mental disorders in Chile,
while in the United Kingdom level of income, but not educa-
tion, was associated with prevalence, and in the United States
both income and education were found to have significant
associations with prevalence of common mental disorders.

Race/Ethnicity

Too often, social status as measured by membership in
racial/ethnic groups is seen as a proxy for socioeconomic
status. However, the relationship is much more complex.
For example, although African-Americans in the United
States are a socially disadvantaged group, their rates of
depression and suicide are lower than the majority white
population (in contrast to predictions based on SES).
Other evidence suggests that African-Americans have
higher rates of depressive symptoms and that their risk
for persistent mood and anxiety disorders is higher (in
keeping with predictions based on SES). The AESOP
study (Fearon et al., 2006) reports that incidence rates of
psychosis among the African-Caribbean and black African
populations in the United Kingdom are substantially
higher than in white Britons, a finding that suggests that
membership in a racial or ethnic minority may confer risk
for mental disorder, independent of SES. In general,
research from Australia, the United Kingdom, the
Netherlands, Denmark, and Sweden support these
findings in that immigrants, especially those from racial
or ethnic backgrounds that are different from the host
countries, are at increased risk for psychosis.

Psychosocial Environments

Social Capital

The concept of social capital emerges from the work of
Durkheim in that it looks to features of social environ-
ments to explain the collective behavior of individuals.
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Specifically, social capital may be defined as those proper-
ties of social units (e.g., neighborhoods, communities,
cities, or provinces) that include, as defined by De Silva
and colleagues (2005), ‘the quantity and quality of formal
and informal social interactions, civic participation, norms
of reciprocity, and trust in others.’ Research literature has
demonstrated a strong and positive association between
levels of social capital and the health status of commu-
nities, and there is growing evidence of an inverse associ-
ation between social capital and risk for common mental
disorders such as depression and anxiety. However, diffi-
culties in precise definition and measurement of social
capital must be overcome before it is possible to develop
public mental health policies based on the concept of
social capital.

Neighborhoods

There is now a large body of evidence demonstrating
the association of neighborhood characteristics (e.g., pro-
portion of households living in poverty) with physical
health. There is also evidence that the collective level of
depressive symptoms is influenced by the characteristics
of neighborhoods. Indeed, a 2006 study by Cohen and
colleagues shows that, compared to older residents of
middle- and high-income neighborhoods, older residents
of low-income neighborhoods are less likely to respond to
even the best of antidepressant treatment. As noted above,
Faris and Dunham found high rates of psychosis in the
inner city of Chicago. Additionally, a recent meta-analysis
by John McGrath and colleagues at the University of
Queensland (2004) suggests that relatively high rates of
schizophrenia are associated with urban residence.

Occupation and Social Status

There is increasing evidence that social inequalities in
well-being are the consequence of psychological pro-
cesses. For example, the Whitehall study (Stansfeld et al.,
2003) suggests that psychosocial work environments (e.g.,
the extent to which one may make decisions and use skills
creatively) were more important than socioeconomic sta-
tus in determining risk for depression. More generally,
research by Michael Marmot (2004) suggests that subjec-
tive social status, that is, the perception of one’s relative
position in the social order, accounts for much of the
social gradient in health and well-being.

Rapid Social Change and Social Disorganization

Durkheim associated rapid social change (e.g., political
and economic upheavals) with what he termed as ‘anomic’
suicide – suicide caused by a collective experience
of chaos and/or loss of meaning and purpose. The validity
of the concept can be found in a number of examples.
As a result of decades of political violence, suicide rates in
Sri Lanka have gone from being among the lowest to
among the highest in the world, particularly among

young adults (Somasundaram, 2007). The startling
increase of suicides in Japan since 1998 has been attrib-
uted to a range of economic factors, including unem-
ployment, bankruptcy, and debt (Curtin, 2004). Gender
inequities, as well as economic and social changes, are
often cited to explain the high rates of suicide among
young women in rural China. Perhaps the most dramatic
example of anomic suicide is found among the indige-
nous peoples of the world, who have experienced mas-
sive social and cultural dislocations for hundreds of
years. In Micronesia and Australia, for example, high
rates of suicide and self-harm among young men are
likely the result of social changes that have eroded tra-
ditional cultural activities and social structures that
helped to guide this age group through the difficult
transition to adulthood.

Difficult and rapid social transformations are often
associated with increased rates of substance abuse, alcohol-
related problems, and suicide. Evidence of this is found,
again, among the indigenous peoples of the world;
high rates of alcoholism are found among indigenous
groups in such disparate places as Australia, Taiwan, and
North America.

Rates of mortality in Russia have gone through dramatic
changes since the dissolution of the Soviet Union: a sharp
increase immediately after 1991, substantial improvement
between 1994 and 1998, and another decline after 1998. The
result is that life expectancy in Russia (66 years) is alarm-
ingly shorter than in the developed nations of the world
(�78 years). To a large degree, the overall decline in the
health status of the Russian population is due to alcohol
abuse and related deaths, as well as violence. Since 1991, the
rate of suicide in Russia has remained one of the highest in
the world; it is also presumed that high levels of depression
have contributed to high levels of alcohol abuse and suicide.
Again, the indigenous peoples of the world provide a shock-
ing example: Throughout the world, their life expectancies
are much shorter – almost 20 years shorter in Australia, for
example – than the general populations in which they live.

Globalization, specifically the spread of Western media
and cultural values, has been associated with the appear-
ance of anorexia nervosa in Hong Kong and other cities in
China. Research in the late 1990s demonstrated an associa-
tion between eating disorders among female Chinese high
school students and their relative exposure to Western
media and values. In Hong Kong, a highly Westernized
city, the prevalence of eating disorders was high, while in
the city of Shenzen and in rural Hunan the prevalence was
moderate and low, respectively. Research from Fiji provides
even stronger evidence of the causal relationship between
the images portrayed in Western media and eating disor-
ders. Just prior to the introduction of television (with
programming primarily from the United States), a survey
showed that female Fijian high school students had very
low levels of eating disorders. Three years after the intro-
duction of television, the same survey was administered
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among a comparable group of students. This time the
respondents reported much higher levels of disordered
eating behaviors. The change was attributed to the intro-
duction of television and the pervasive images of women
who were exceedingly thin (Becker, 2004).

Violence and Trauma

There is now a large body of evidence that links the
experiences of violence and trauma to risk for depression
and posttraumatic stress disorder (PTSD), in particular.
The sociopolitical context of the refugee experience, pre-
displacement and postdisplacement, is associated with ref-
ugee mental health. Conflict, war, and disaster situations
impact on fundamental family and community dynamics,
resulting in profound negative changes at a collective level.
Vietnamese and Cambodian victims of political violence
and torture have been found to suffer from elevated rates of
these disorders. Under the rule of the Taliban in Afghani-
stan, women suffered from high rates of depression and
anxiety as a result of the extreme social restrictions under
which they were forced to live. Indeed, there is extensive
evidence from throughout the world about the mental
health consequences of violence against women. The
trauma of natural disasters – such as the tsunami that struck
Aceh, Indonesia in 2004, earthquakes in China and India, or
hurricanes in the southern United States – has been linked
to increased rates of depression and PTSD. In sum, experi-
encing violence and/or trauma substantially increases the
risk for mental distress.

Conclusion

There is strong evidence that links the social conditions in
which people live and their psychological well-being.
Socioeconomic status, characteristics of neighborhoods,
exposure to violence, membership in racial or ethnic
minorities, gender, and rapid social change all influence
psychological well-being and confer differential risk for a
range of mental disorders.

See also: Ethnic Conflict and Public Health; Forced

Migration and Health; Mental Health Epidemiology (Psychi-

atric Epidemiology); Mental Illness, Historical Views of;

Populations at Special Health Risk: Displaced Populations;

Populations atSpecial HealthRisk:Migrants; Populations at

Special Health Risk: Women; Race, Human Variation, and

Health, The Interaction of; Suicide and Self-Directed

Violence.

Citations

Becker AE (2004) Television, disordered eating, and young women in
Fiji: Negotiating body image and identity during rapid social change.
Culture, Medicine and Psychiatry 28(4): 533–559.

Cohen A (1999) The Mental Health of Indigenous People: An
International Overview. Geneva, Switzerland: World Health
Organization.

Cohen A, Houck PR, Szanto K, et al. (2006) Social inequalities in
response to antidepressant treatment in older adults. Archives of
General Psychiatry 63(1): 50–56.

Curtin JS (2004) Suicide also rises in land of rising sun. Asia Times
Online July 28. http://www.atimes.com/atimes/Japan/FG28Dh01.
html (accessed October 2007).

De Silva MJ, McKenzie K, Harpham T, and Huttly SR (2005)
Social capital and mental illness: A systematic review.
Journal of Epidemiology and Community Health 59(8): 619–627.

Dohrenwend BP, Levav I, Shrout PE, et al. (1992) Socioeconomic status
and psychiatric disorders: The causation-selection issue. Science
255: 946–952.

Durkheim E (1996) Suicide. New York: Free Press.
Fearon P, Kirkbride JB, Morgan C, et al. (2006) Incidence of

schizophrenia and other psychoses in ethnic minority groups:
Results from the MRC AESOP Study. Psychological Medicine
36(11): 1541–1550.

Kessler RC, Berglund P, Demler O, et al. (2003) The epidemiology of
major depressive disorder: Results from the National Comorbidity
Survey Replication (NCS-R). Journal of the American Medical
Association 289(23): 3095–3105.

Lee S and Lee AM (2000) Disordered eating in three communities of
China: a comparative study of female high school students in Hong
Kong, Shenzhen, and rural Hunan. International Journal of Eating
Disorders 27: 317–332.

Marmot M (2004) The Status Syndrome: How Social Standing Affects
Our Health and Longevity. New York: Times Books.

McGrath J, Saha S, Welham J, et al. (2004) A systematic review of the
incidence of schizophrenia: The distribution of rates and the
influence of sex, urbanicity, migrant status, and methodology. BMC
Medicine 2: 13.

Pearlin LI (1989) The sociological study of stress. Journal of Health and
Social Behavior 30: 241–256.

Phillips MR, Li X, and Zhang Y (2002) Suicide rates in China,
1995–1999. Lancet 359: 835–840.

Pridemore WA and Spivak AL (2003) Patterns of suicide
mortality in Russia. Suicide and Life Threatening Behavior
33(2): 132–150.

Shkolnikov V, McKee M, and Leon DA (2001) Changes in
life expectancy in Russia in the mid-1990s. Lancet 357(9260):
917–921.

Somasundaram D (2007) Collective trauma in Northern Sri Lanka:
A qualitative psychosocial-ecological study. International Journal
of Mental Health Systems 1:5.

Stansfeld SA, Head J, Fuhrer R, Wardle J, and Cattell V (2003)
Social inequalities in depressive symptoms and physical
functioning in the Whitehall II study: Exploring a common cause
explanation. Journal of Epidemiology and Community Health 57(5):
361–367.

Further Reading

Araya R, Lewis G, Rojas G, and Fritsch R (2003) Education and income:
Which is more important for mental health? Journal of Epidemiology
and Community Health 57(7): 501–505.

Berkman LF, Glass T, Brissette I, and Seeman TE (2000) From social
integration to health: Durkheim in the newmillennium. Social Science
and Medicine 51(6): 843–857.

Cantor-Graae E (2005) Schizophrenia and migration: A
meta-analysis and review. American Journal of Psychiatry 162(1):
12–24.

Faris RE and and Dunham HW (1939)Mental Disorders in Urban Areas:
an Ecological study of schizophrenia and other psychoses. Chicago,
IL: University of Chicago press.

Tsuang MT, Bar JL, Stone WS, and Faraone SV (2004)
Gene-environment interactions in mental disorders.World Psychiatry
3(2): 73–83.

Mental Health Etiology: Social Determinants 353

http://www.atimes.com/atimes/Japan/FG28Dh01.html
http://www.atimes.com/atimes/Japan/FG28Dh01.html


354 Mental Health and Physical Health (Including HIV/AIDS)
Mental Health and Physical Health (Including HIV/AIDS)
A Kagee, Stellenbosch University, Matieland, South Africa
M Freeman, Human Sciences Research Council, Pretoria, South Africa

ã 2008 Elsevier Inc. All rights reserved.
Introduction

According to the World Health Report 2001, over the past
20 years a fundamental and inseparable connection between
mental and physical health has been convincingly estab-
lished (WHO, 2001). Both mental and physical health are
influenced by a combination of biological, psychological,
and social factors. Thoughts, feelings, and behavior have a
major impact on physical health. Conversely, physical
health has an important influence on mental health and
well-being. The report notes two critical pathways through
which this occurs: Physiological systems such as neuro-
endocrine and immune functioning and health behavior.
These pathways are not independent: Behavior may affect
physiology, while physiological functioning may in turn
affect health behavior. In this article, we examine the his-
torical shift that has occurred from a dualistic conception of
health and illness to the biopsychosocial model that empha-
sizes an integration of mind and body. We explore this
interrelationship using the examples of somatoform disor-
der, chronic pain, HIV/AIDS, cardiovascular disease, can-
cer, and diabetes. Finally, we focus on some of the somatic
manifestations of mental illness.
Historical Development of
an Integrated Model

The Biomedical Model

In the seventeenth century, the mind and body were
considered to be two separate entities, largely unrelated
to each other and influenced by discrete sets of factors.
René Descartes, a major proponent of a dualistic concep-
tualization of mind and body, considered it appropriate
that the functioning of the body should fall in the realm of
science, while the workings of the mind and soul should
be the concern of philosophy and, subsequently psychol-
ogy. In the strongly religious atmosphere of this era,
Cartesian dualism provided an important restraint on
the influential Christian church from interfering in scien-
tific activities that were considered previously taboo, such
as the dissection of corpses, which was considered sinful
and was forbidden by the European church. However, if it
could be agreed that scientists would be concerned with
the body and nothing else, it would no longer be the
prerogative of the church to interfere in scientific affairs.
In return, the soul and mind would remain the domain of
the clergy and outside of the realm of science. In this
context, mind and body were separate and the boundary
between the two was seen as impermeable.

Dualism became highly influential in informing the
biomedical model of health care. The medical model,
whose hegemony went largely unchallenged for more
than two centuries, embraces the view that illness is caused
by internal or external agents that arrest or alter the normal
functioning of the body. Such agents include bacteria,
viruses, toxins, carcinogens, or genes. In the medical
model, the objective is to identify the etiological factors
associatedwith poor health and rectify these so as to restore
the body to optimal functioning. Accordingly, humans are
chiefly biological organisms who can be understood by
examining their constituent parts. In its extreme form,
the only conceptual apparatuses required by the biomedical
model to understand human functioning are physical and
chemical in nature. This emphasis has led to the ascendance
of disciplines such as anatomy, physiology, and biochemis-
try in traditional biomedicine. Disease in the biomedical
paradigm occurs when there is disruption in normal bio-
logical functioning, usually caused by an identifiable event
of a physical or chemical nature. Medical treatment from
this perspective involves physical or chemical agents to
correct the disruption and restore the body to health.
The Biopsychosocial Model

With further discoveries in the health sciences in the
nineteenth and twentieth centuries, it became apparent
that a dualistic conceptualization of health and illness was
an inadequate explanatory model. It was instead recog-
nized that the physiological regulation of the body’s vari-
ous systems (e.g., the digestive and respiratory systems)
entailed a series of complex interactions and feedback
loops involving a variety of variables. The utility of linear
and mechanistic causal models of illness thus diminished
and a greater emphasis was placed on a systemic under-
standing of human functioning. Thus, viruses and bacteria
remained necessary conditions for the occurrence of ill-
ness but were no longer considered sufficient. Instead,
disease is thought to occur as a result of the interaction
between host systems and disease agents. This interaction
is characterized by complexity and nonlinearity, with an
emphasis on systemic rather than mechanistic function-
ing. It has become accepted that human health and well-
being are shaped by a multitude of factors that include
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behavior, personality, cognitive style, and social, economic
and political relationships.

The biopsychosocial model emphasizes the interaction
of psychological, social, economic, behavioral, biological,
and physical factors in influencing the functioning of
human beings. As such, it invokes a systemic understand-
ing in which elements are arranged hierarchically so that
change in one element of a system affects other parts.
Human beings are highly complex systems that consist of
organ systems, organs, tissue, cells, and chemical elements
located in a historical, social, and economic context. Yet,
while this context influences individuals, the environment
is similarly affected by human interpretation, action, inter-
action, and social change. Thus, environment influences
human behavior and is also simultaneously influenced by
it. Similarly, behavior may influence biological processes
but may also be influenced by such processes. The bio-
psychosocial model considers the boundary between the
psychological and physical dimensions of human func-
tioning to be a highly permeable mediator of reciprocal
influences. The emphasis on multiple elements and their
dynamic interplay provides a complex and nuanced under-
standing of the factors that influence health.

The biopsychosocial model defines health and illness
as ‘the product of a combination of factors that include
biological characteristics (e.g. genetic predisposition),
behavioral factors (e.g. lifestyle, stress, health beliefs),
and social conditions (e.g. cultural influences, family rela-
tionships, and social support)’ (American Psychological
Association, 2001). Political and economic structures and
systems as well as (their associated) health systems and
approaches to financing of health care have also been
found to directly affect health.

Mental and physical health intersect in various ways.
While in reality it is often not possible to separate out
these relationships, the following are important identifi-
able junctures between mental and physical health.

. Mental health status may impact on health risk behaviors;

. Mental problems may manifest as or impact on physical
health problems;

. Diseases may attack both the brain and other organs or
functions of the body;

. Physical ailments may affect mental functioning;

. A mental disorder may influence the course of physical
disease;

. Medication given for the treatment of both mental and
physical health problems may affect the other.

Having addressed some of the paradigmatic and
theoretical considerations regarding mental and physical
health, we now focus on specific conditions such as somati-
zation, chronic pain, HIVand AIDS, cardiovascular disease,
cancer, and diabetes. Our analysis is in keeping with the
biopsychosocial model to the extent that we de-emphasize
rigid divisions between the two dimensions of health.
Health Conditions

Somatoform Disorders

When physical symptoms occur in patients that are not
fully explained by a general medical condition, these are
usually referred to as somatoform disorders. In the cate-
gory of somatoform disorders, the DSM-IV-TR includes
somatization disorder (characterized by pain, gastrointes-
tinal, and sexual problems), conversion disorder (involv-
ing unexplained symptoms that affect motor or sensory
function), and hypochondriasis (characterized by the idea
that one may have a serious disease, based on misinterpre-
tation of bodily symptoms). Complaints about pain, nausea,
erectile dysfunction, paralysis, and excessive concerns about
illness in the absence of objective evidence to support such
concernsmay fall into the categoryof somatization disorder.
The features of this condition that differentiate it from a
general medical condition are the involvement ofmore than
one unrelated organ system, chronicity of complaints with-
out the development of structural abnormalities, and the
absence of laboratory evidence that suggests a medical
condition. Somatization has been shown to pose serious
medical, social, and economic problems and may be diffi-
cult to manage clinically.

Various theories have been postulated to explain soma-
toform disorders. We review the psychoanalytic and the
communicative perspectives. The idea that physical symp-
toms could be removed by influencing the mind rose to
prominence in the nineteenth century and formed the
foundation of the work of psychologists such as Jean
Charcot, Pierre Janet, Josef Breuer, and Sigmund Freud.
The psychoanalytic perspective advanced by Freud sug-
gests that an unexplained physical symptom is a defense
in response to anxiety from unacceptable unconscious
conflict. The theory holds that the individual experiences
anxiety because of an unacceptable idea or experience,
against which the conversion is a defense. Psychic energy
is then converted into a somatic symptom, which debili-
tates the physical organ. By this process, the somatic loss
symbolizes the underlying psychic conflict.

The communicative perspective holds that somatizing
patients may be defending against a variety of feelings such
as depression, guilt, or anger. The patient then uses the
problem of somatization to cope with these emotions and
negotiate personal interactions that may be considered
stressful. In the communicative perspective, the condition
of alexithymia has been associated with somatization. This
term has been used to refer to persons who have difficulty
in expressing their feelings. Thus when asked to express
feelings in response to loss, a typical response may be
a report about physical symptoms such as headaches.
There appears to be some evidence suggesting a relation-
ship between somatization and alexithymia. Alexithymic
persons have been shown to be particularly susceptible
to somatoform disorders and psychosomatic problems.
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Somatization has often been viewed as a defense against
awareness of emotional distress or as a masked version of
depression. In a population-based epidemiologic survey,
among respondents with five or more somatic symptoms,
63% reported psychological problems and 50%met criteria
for a psychiatric diagnosis. Among persons without somatic
symptoms on the other hand, these figures were 7% and 6%,
respectively (Simon and VonKorf, 1991).

Common diagnostic conditions associated with soma-
tization include chronic fatigue syndrome (CFS) and
fibromyalgia. CFS is considered a revision of a condition
that first occurred in the nineteenth century named
neurasthenia, which referred to undue exhaustion in the
context of minimal physical effort. It has been demon-
strated that CFS is often comorbid with psychiatric ill-
ness. Fibromyalgia is related to chronic fatigue and is
characterized by muscle pain and tenderness. This condi-
tion is also often accompanied by depression and sleep
disturbance.

In keeping with the biopsychosocial paradigm, it is
postulated that if the mind and brain transact, then, being
regulated by the brain, organ systems are subject to influ-
ence by the mind and, in turn, anything that affects the
mind (e.g., society and culture). As an example of the
nonlinearity of the mind–body interaction, we examine
the question of chronic pain and its association with
psychological disturbance.
Chronic Pain

The traditional biomedical model of chronic pain is that it
is caused by an identifiable disease state or tissue damage.
Medical interventions are aimed at correcting the phy-
sical pathology with the intention of removing the
experience of pain. While there have been considerable
advances in fields such as anatomy and neurophysiology,
much of patients’ reported experiences of pain cannot be
accounted for only by physical factors. For example, there
are many instances when patients have reported dissimilar
subjective experiences of pain despite identical physical
stimuli to produce them; the association between the
extent of injury and the intensity of reported pain has
been shown to be modest; it has been suggested that
between 30% and 50% of patients seeking medical treat-
ment may not have a specific diagnosable condition
(Dworkin andMassoth, 1994); and the majority of patients
who present with chronic back pain do not have a physical
basis for their condition.

Many chronic pain researchers place a strong emphasis
on the distinction between disease and illness. Disease
refers to the objective biological event such as trauma or
physiological changes to body tissue. Illness, on the
other hand, refers to the patient’s subjective appraisal of
the biological event and is associated with the experience
of physical discomfort, emotional distress, behavioral
limitations, and psychosocial disruption. While the bio-
medical model has traditionally focused on disease, the
emphasis of the biopsychosocial model is primarily on
illness.

Chronic pain in terms of the biopsychosocial model
is best understood as the result of ongoing and multifac-
torial processes in which there is a dynamic and reciprocal
relationship between the biological, psychological, and
social factors shaping patients’ experiences. The dynamics
of these reciprocal relationships may occur in at least
three ways. First, biological factors initiate and maintain
physical sensations, psychological factors may influence
the manner in which a person appraises and perceives
physiological signs and social factors may influence
how patients respond behaviorally to these perceptions.
Second, psychological and mood-related factors affect
biological processes by having an effect on hormone pro-
duction and the autonomic nervous system. Behavioral
responses may also have an effect on biological factors,
as in the case of a patient who refrains from strenuous
activities in order to reduce symptoms of pain. Third,
biological factors and pharmaceutical treatment can cause
fatigue, influence a patient’s ability to concentrate, and
affect their ability to engage in certain activities. Various
examples demonstrate the interrelationship between these
factors. For example, soldiers who sustain injuries on a
battlefield report feeling considerably less pain than they
would if the same injury had occurred elsewhere; athletes
typically report feeling pain after a sports injury only
once they are off the sports field; and patients who have
the same degree of physical deterioration as measured by
objective tests may have very different subjective percep-
tions of pain. Patients may also report pain in the absence of
any objective evidence of tissue damage. These examples
provide an indication of the complexity of the pain
experience.
Gate Control Theory

Probably the most successful attempt at understanding
perception of pain is gate control theory (Melzack and
Wall, 1982). In his original work, Melzack noted that pain
is an adaptive response to ensure the survival of the
species as it ensures that a person avoids a stimulus in
order to avoid injury, for example a hot plate that causes
tissue damage. Gate control theory suggests that there
are three systems that converge to affect the way in
which pain is perceived, namely, sensory-discriminative,
motivational-affective, and cognitive-evaluative. The model
thus rejects the dichotomous view that pain is either physio-
logical or psychological and suggests an integration of periph-
eral stimuli with psychological variables such as mood and
anxiety in the experience of pain. The pain experience
involves an ongoing set of activities that is reflexive at the



Mental Health and Physical Health (Including HIV/AIDS) 357
beginning and may be modified by excitatory and
inhibitory influences and the level of activity in the CNS.
GCT proposes that there is a series of neurophysiological
mechanisms located in the dorsal horn of each segment of
the spinal cord. The activity of these mechanisms mediates
the experience of pain and depends in part on both sensory
information from the external environment (e.g., tempera-
ture and touch) and brain processes related to emotional
state, past learning, and expectations. The meaning attrib-
uted to the stimulation is then transmitted back to the gate
via nerve fibres that go from the brain to the spinal cord. In
this way, the experience of pain is related to a combination
of sensory input (tissue damage) and the psychological and
behavioral state of the person.
Chronic Pain and Psychopathology

Emotional distress is common among persons experien-
cing chronic pain (Gatchel, 1996). Gatchel proposes a
three-stage model to account for the relationship between
chronic pain and distress. In Stage 1, the individual
experiences emotional distress as a consequence of
experiencing pain when it is acute, as pain is most com-
monly associated with physical harm. In Stage 2 when the
pain does not remit and becomes chronic, psychological
reactions may include learned helplessness, depression,
emotional distress, anger, and somatization. While the
model does not suppose a personality type that predis-
poses an individual to experiencing pain, it presumes that
the nature and extent of these problems depend on the
preexisting psychological characteristics and social con-
text of the person. There appears to be mixed evidence
concerning whether depression is a consequence of
chronic pain or whether chronic pain is part of a symptom
cluster of depression. In Stage 3 of the model, as the
behavioral or psychological problems persist, the person
may adopt a sick role, which permits him or her to be
excused from responsibilities and obligations. Physical
deconditioning may also occur alongside the progression
of patients along the trajectory of this model, as a lack of
physical activity may result in muscular atrophy and in
turn in a decrease in physical capacity. Physical decondi-
tioning may have a deleterious effect on emotional well-
being and self-esteem, which may lead to additional psy-
chological difficulties. Those chronic pain patients who
experience depression may, as part of the symptom pic-
ture of this condition, experience a decrease in their level
of motivation to engage in work, social, or recreational
activities, which may in turn further contribute to physi-
cal deconditioning.
Chronic Pain and Depression

There is considerable evidence of a close relationship
between chronic pain and symptoms of depression.
However, this relationship is complex and possibly over-
lapping as the diagnostic criteria for mild depressive dis-
order also include some physical problems that could be
attributed to chronic pain, such as sleep disturbance,
energy loss, change in appetite, and weight gain or loss.
Criterion contamination of this nature makes the process
of accurate diagnosis of depression difficult. The various
efforts to determine the causal direction between pain and
depression may be organized in the following manner
(Dersh et al., 2002):

. the antecedent hypothesis, which holds that depression
precedes the onset of chronic pain;

. the consequence hypothesis, which states that depres-
sion follows the onset of pain;

. the scar hypothesis, which speculates that prior epi-
sodes of depression predispose pain patients to further
episodes of depression;

. the cognitive behavioral mediation hypothesis, which
states that cognitions mediate the relationship between
chronic pain and the development of depression;

. the common pathogenic mechanisms hypothesis, which
states that both pain and depression have a common
etiological factor.

In a review of several studies addressing these various
hypotheses, little support was found for the antecedent
hypothesis, but robust support was found for the conse-
quence hypothesis and the cognitive behavioral mediation
hypothesis, which are in many ways compatible with
each other (Fishbain et al., 1997). Some support was
also found for the scar and common mechanisms hypoth-
eses. The scar hypothesis assumes a genetic predispo-
sition to depression and is supported by findings that
suggest that a higher proportion of patients with chronic
pain have family members with depression than those
in the general population. There is also evidence that
common processes are involved in the mechanisms of
pain and mood disturbance. For example, nociceptive
(pain-related) and affective pathways are thought to coin-
cide anatomically; the neurotransmitters associated with
mood disorders, namely norepinephrine and serotonin,
have some involvement in the gate control mechanism
described above; and antidepressant medication has been
shown to relieve chronic pain (Dersh et al., 2002). It is
apparent therefore that the relationship between chronic
pain and depression is complex and dynamic, rather than
linear and mechanistic.
Chronic Pain and Other Mental Disorders

Depression is by far the most common psychological
association with chronic pain. Yet, it is evident that con-
ditions such as substance abuse, anxiety, somatoform dis-
orders, and personality disorders may be common among
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patients suffering chronic pain. The association between
these disorders and chronic pain have received much less
empirical scrutiny than mood disorders and the trajectory
of their causal pathways awaits investigation.
HIV/AIDS and Mental Health

The complex interrelationship between mental and phys-
ical health is starkly exemplified with respect to HIV/
AIDS. Five key mechanisms through which this occurs are
presented.
Mental Health Status as a Precursor to HIV/AIDS

In the United States, people with severe mental illness are
nearly 20 timesmore likely to be infectedwithHIV than the
general population. Lack of appreciation of risk, impaired
social interactions, low levels of assertiveness, low use of
condoms, injecting drug use, multiple partners, and home-
lessness appear to be some of the reasons for the higher
infection rates.

Higher rates of infection have not been reported in the
few studies that have been conducted in developing
countries, where the prevalence of HIV in people with
mental illness has usually mirrored population preva-
lence. It is possible that because studies have primarily
been done in closed systems of in-patient psychiatric
institutions that people have been somewhat protected
from the infection. However, once infection does take
root within a closed system, the chances of widespread
infection are increased. Given high-risk sexual behaviors
in people with mental illness globally, higher rates in this
grouping should be anticipated.
HIV Infection Affects the Central Nervous
System

Infiltration of HIV into the CNS is common, often result-
ing in HIV dementia and minor cognitive disorder. HIV
can be detected in the cerebrospinal fluid of over 90% of
asymptomatic patients while 75% of AIDS patients have
been found to have brain pathology at autopsy. Between
30% and 50% of HIV-seropositive individuals are esti-
mated to experience some cognitive–motor problems
(Grant et al., 1999). HIV invades the brain early in the
infection process and in a certain proportion of people
psychotic symptoms manifest, especially in late-stage
AIDS. Manic episodes are above the population norm in
people with HIV (around 5%), especially at more
advanced stages of the disease, and are the most common
reason for psychiatric hospitalization in the HIV seropos-
itive population in the United Kingdom.
Mental Disorders and HIV/AIDS

Studies of the mental health status of people infected with
HIV have consistently found a higher prevalence of men-
tal health problems than is found in community or clinical
samples, ranging from relatively mild distress to a full
mental disorder.

Mood disorder is the most frequent psychiatric com-
plication associated with people with HIV/AIDS. High
levels of major depression, mild depressive disorder and
dysthymia have been found in seropositive individuals.
Bing et al. (2001) found a 36% 1-year prevalence of
depression among a large national sample of HIV-positive
men and women in the US. In a meta-analysis of stu-
dies comparing HIV-positive and HIV-negative samples,
Ciesla and Roberts (2001) showed that major depressive
disorder occurred nearly twice as often among HIV-
positive than HIV-negative patients. In a review of studies
of mental health problems of HIV-infected people in
developing countries, Collins et al. (2006) also found a
significantly higher prevalence of depressive symptoms
among HIV-positive people compared with controls.

Feelings of anxiety and distress are a normal and
arguably even a healthy response to a diagnosis of HIV.
However anxiety may reach clinical levels and impair
overall functioning and people’s capacity for adequate
self-care. The prevalence of anxiety disorders in studies
in the US range from negligible to around 40%. Anxiety
can be provoked by the unpredictability of the virus and
by certain milestones such as initial diagnosis, first oppor-
tunistic infection, declining CD4 count, or the onset or
progression of an AIDS-defining illness.

Since the introduction of antiretroviral therapy (ART)
in developed countries, the mental health and quality of life
of people living with HIV/AIDS has improved consider-
ably. Firstly, the progressive neuropsychiatric progression
of HIV is diminished. Secondly people’s psychological
responses to living with HIV/AIDS are deeply affected
by treatment. A number of cross-sectional as well as longi-
tudinal studies have shown decreased depression for people
on ART. However, there is other evidence that suggests that
ART does not itself alleviate depression and that a diagno-
sis of HIV remains profoundly distressing for most people.
In London, even though there was a significant decrease in
the number of referrals for adjustment disorder and organic
brain syndromes from pre-ART to post-ART eras, there
was an increase in the proportion of people experiencing
depressive disorders. People tended to have new problems
and anxieties around forming relationships, disclosure,
and demoralization around the side effects of medication.
Mental Disorder May Influence Health Behaviors

An HIV-positive person needs to engage in a number of
behaviors to maintain good health. For example, he or she
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must engage in protected sex to avoid reinfection, eat
nutritious food, refrain from excessive use of alcohol,
seek treatment for opportunistic infections when needed
and, if antiretroviral treatment is required, adhere to
the medication regimen (95% adherence is needed).
The person’s psychological state is likely to affect his or
her ability to engage in these behaviors.

As part of the HIV/AIDS Treatment Adherence,
Health Outcomes and Cost Study Group, Uldall et al.
(2004) reviewed over 50 studies that examined mental
illness and substance abuse and the impacts on adherence.
Mental health problems were found to be barriers to
adherence in a number of community samples, for
example in a population-based cohort and in a national
probability sample of people living with HIV/AIDS
engaged in primary care. This association has been found
to be particularly significant in women. While the intro-
duction of HAART in the US has reduced HIV-associated
dementia, two studies have shown that mental flexibility
was strongly associated with poor adherence. The effect
of depression on HIV medication has also been exten-
sively studied. At least eight studies have shown that
adherence to antiretroviral medication is adversely
affected by mood disturbance. A number of studies have
reported associations between adherence and generalized
anxiety disorder, panic disorder, PTSD, recent trauma,
and social phobia.

Initial studies in Africa have pointed to high levels of
ART adherence. However, in a recent analysis of African
adherence research Gill et al. (2005) caution against com-
placency and conclude that adherence rates in Africa are in
fact quite variable and often poor. They suggest that addi-
tional research is urgently needed to determine patient-
level barriers. They also suggest that ways of increasing
adherence levels need to be found. In some pilot treatment
sites, people with mental health and substance-abuse pro-
blems have been excluded from programs in order not to
compromise the program. While it is not clear to what
extent such exclusion corresponds with program success
rates, given that mental health and substance abuse have
been regularly found to be barriers to adherence in devel-
oped countries, this relationship seems possible and needs
further exploration.

Does Treatment of Mental Disorder Improve

Adherence?
The evidence that mental health problems impair HIV
treatment is far more comprehensive than the evidence
available on treating mental health problems and thereby
improving ART adherence. Nonetheless, there is some
research that indicates efficacy resulting from mental
health and psychosocial interventions.

According to Uldall et al. (2004), most of the interven-
tions that have been designed to improve adherence have
focused on cognitive-behavioral skills, such as helping
individuals with remembering to take their medication
and improving medication-taking self-efficacy, rather
than treating mental health problems in order to improve
adherence and overall health. However, a retrospective
study based on pharmaceutical records found that antire-
troviral adherence was higher for depressed patients who
received antidepressant medication than those who did
not. It was also higher for those who adhered to their
psychiatric medication.

In a study on the impacts of self-efficacy on HIV viral
load and distress in women living with AIDS, Ironson et al.
(2005) showed an improved course of illness linked to their
SMART/EST intervention. They suggest that this may
be the effect of improved adherence linked to their inter-
vention. One US study on severely nonadherent patients
showed that continuous and personalized counseling
improved adherence and virologic outcomes.Motivational
interviewing has also been utilized to improve adherence,
although with mixed results.
Side Effects of Medication

In a minority of patients, mania and psychosis can occur
due to the AIDS medication they receive such as AZT,
3TC, efavirenz, abacavir, and nevirapine. People taking
efavirenzmay experience nightmares and have other para-
noid symptoms. These usually resolve within 2–3weeks
but may persist. Patients who have had multiple episodes
of depression are at particular risk of having negative
reactions to efavirenz.
Cardiovascular Disease

The most common psychological attributes associated
with persons with cardiac disease are type A behavior
pattern (TABP). TABP is a predisposition to think, feel,
and act in a time-urgent, aggressive, and impatient man-
ner. This constellation of behaviors first reached the
attention of researchers in the 1950s when two cardiolo-
gists, Friedman and Rosenman, observed that their heart
patients behaved similarly to one another during clinic
visits. Patients sat on the edge of their seats while waiting
for appointments, as if they were ready to bolt at any
instant. In fact, the waiting room seats became worn in a
rather unusual way: only in the front. The original work on
TABP was conducted in the 1970s (Friedman and
Rosenman, 1974), and it was consistently found that the
combination of cognitive, emotional, and behavioral
predispositions was predictive of coronary heart disease.
These predispositions included time urgency, impatience,
aggression toward others, and a propensity toward hostility.
In accounting for the relationship between TABP and
CHD, it is thought that appraising the world in a time-
urgent and hostile manner can lead to chronic psychosocial
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stress via a mechanism involving excessive sympathetic
nervous system activation, which in turn leads to an exacer-
bation of coronary artery atherosclerosis.

While TABP is a well-documented antecedent of
CHD, there have also been psychological effects of
heart disease. Clinical depression is a prominent psycho-
logical feature of CHD patients and may be a strong
predictor of death. In a large-scale national community
survey, 52.1% of heart patients displayed symptoms of
depression, and of these 30.1%met the criteria for clinical
depression (Purebl et al., 2006). However, other estimates
have been somewhat lower. CHD patients who experience
depression are considered to be at greater risk of dying of
a subsequent heart attack than nondepressed patients.
Various pathways between depression and CAD have
been considered, including behavioral mechanisms that
involve poor adherence to medical and behavioral recom-
mendations, diminished heart rate variability, stress-
induced ischemia, platelet activation, and immunological
dysregulation (Faller, 2005). Studies of efficacy and
effectiveness for depression have generally been conducted
with non-CHD patients and have provided support for
psychological treatments such as cognitive behavioral ther-
apy and interpersonal therapy. In addition, aerobic exercise
as a means to elevate mood may have additional benefits
of addressing the cardiovascular condition from which
patients suffer.
Cancer

While many of the psychosocial concerns of cancer are
unique to the specific type of cancer, there are several
common psychological and behavioral factors that define
most oncology patients. Nezu and colleagues (1999) have
systematically identified the psychological issues that
patients may face when confronting cancer. When first
detecting symptoms, the patient may experience anxiety
and fear, which in some cases may lead to a delay in
seeking a diagnosis. The task at hand in this early stage
of illness is to seek the most appropriate and available
medical attention. Upon diagnosis, many patients experi-
ence emotional distress, anxiety, anticipatory grief, and
anger, have to engage with the stress of treatment decision
making, and have to adjust to a new role and related
responsibilities. The process of undergoing treatment may
also in many cases present its own challenges.

Treatment requires the marshalling of effort, energy,
and support in combating cancer, accompanied by anxiety
and grief with the loss of well-being. Common treatments
for cancer include chemotherapy, radiation therapy, and
surgery. Chemotherapy is a systemic therapy that involves
introducing medication into the body with the intention
of destroying cancer cells. The side effects of chemo-
therapy occur because of the medication’s inability to
differentiate between cancerous cells and normal cells.
Common side effects of chemotherapy include hair loss,
mouth sores, diarrhea, nausea and emesis, loss of appetite,
and fatigue. Radiation therapy is considered a local
therapy in that it is directed at a specific area of the
body that is affected by cancer. Similar to chemotherapy,
radiation that destroys cancer cells may also harm non-
cancerous ones; thus side effects are usually related to the
area of the body being treated. For example, radiation
targeted at the abdomen may lead to diarrhea, while
radiation directed at the mouth may lead to changes in
taste and sensitivity. Surgery is a local treatment that
usually involves the loss of body tissue that is affected
by cancer, such as the breast, prostate, lung, or larynx.
Many patients may experience anxiety prior to surgery
and some may experience emotional difficulties related to
their altered body image.

At posttreatment, many patients may be concerned
with the fear of recurrence and anxiety as the health-
care team may be less available to provide support.
Many patients who have been through treatment report
re-evaluating their life priorities. Among patients who
experience a recurrence of cancer, common emotional
responses include disappointment, guilt, anxiety, anger,
and grief. Treatment decision-making is accompanied
by psychological adaptation to treatment and follow-up
evaluation. When facing death from cancer that has
metastasized to other parts of the body, common experi-
ences among patients include fear of abandonment,
suffering, and anxiety and sadness related to loss of con-
trol over their lives. Patients may engage in a re-evalua-
tion of their lives and try to find meaning to their
experience with cancer.

In general, emotional distress is commonly experienced
by many cancer patients, especially when their diagnosis is
unexpected. Specifically, symptoms of depression and anx-
iety are common, while psychiatric disorders such as major
depression and posttraumatic stress disorder occur in a
minority of patients. It has been argued that cancer patients
are no more likely to experience major depression than
general medical patients. In a studyof psychiatricmorbidity
of breast cancer patients, the prevalence estimates of
emotional distress, major depression, and generalized
anxiety disorder were 29%, 9%, and 6%, respectively
(Coyne et al., 2004). Distress among cancer patients may
be most appropriately ameliorated with social and family
support, information about treatment options, and psy-
chological counseling. For the minority of patients who
meet the criteria for a psychiatric disorder, psychotropic
medication is likely to be appropriate.
Personality and Cancer

The question of whether personality factors play a role
in precipitating the onset of cancer is controversial. The
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major proponent of the view that certain personality char-
acteristics are associatedwith cancer is Hans Eysenck, who
has conducted several studies on the so-called type C, or
cancer-prone personality (Eysenck, 2000). According to
Eysenck, persons at increased risk of developing cancer
tend to be unassertive, harmony-seeking, unable to express
emotions, and have difficulties in coping that may lead to
helplessness and depression. There appear to be some data
to support this contention. For example, in a prospective
study in which a sample of 1353 healthy persons were
followed for 10 years until death, personality traits that
involved blocking of feelings and needs in important rela-
tionships appeared to be associated with certain cancers,
most notably breast cancer (Grossarth-Maticek et al., 1997).
Eysenck even went so far as to propose autonomy train-
ing to move personality characteristics away from type C
tendencies (Eysenck, 2000).

On the other hand, results of other investigations
have yielded null findings on the relationship of person-
ality factors and carcinogenesis. In a prospective study
of 5133 adults, the incidence of cardiovascular disease
was significantly predicted by emotional lability, behav-
ioral control, and TABP, but the incidence of cancer was
unrelated to these variables. In an examination of the
relationship between personality factors and cancer,
Amelang and Schmidt-Rathiens (2003) conclude that
personality factors are of little importance and explain
less than 2% of the health–disease variance. These
authors have shown that the significance of these variables
has decreased over the past several years, while the bio-
medical predictors of carcinogenesis have remained
robust. The conclusion of this review is that ‘hypotheses
addressing the causal relationships between personality
and disease are of little value’ (Amelang and Schmidt-
Rathiens, 2003: 22).

It may well be the case that certain personality factors
predispose certain people to engaging in behaviors that
place them at greater risk for developing certain kinds of
cancer. For example, the relationship between smoking
and lung cancer has been well documented. However, the
case for personality characteristics as a carcinogenic or
even constituting a risk factor for cancer remains
unconvincing.
Diabetes

Psychological difficulties common among endocrine
patients include poor adherence to medication and lifestyle
regimens, poor adjustment to the illness, an exacerbation of
medical symptoms by stress, and psychiatric problems such
as depression and anxiety. Aikens andWagner (2003) classi-
fied 65 consecutive referrals seen in a behavioral endocri-
nology service in terms of the primary presenting problem
or the corresponding DSM-IV diagnosis: major depression
(15%), adjustment disorder (8%), dysthymic disorder (8%),
specific phobia (8%), regimen nonadherence (13%), and
stress affecting diabetes mellitus (21%).

In most of the literature on the psychological and
behavioral aspects of diabetes, treatment adherence is a
salient theme. Medications that are prescribed following
consultation with a medical professional are usually dis-
pensed with an expectation of close to perfect adherence.
Such expectations pertain to the dosage, timing, ingestion
with specific foods, contraindications regarding ingestion
with other medicines, and consistent adherence to the
treatment regimen over time (World Health Organization,
2003). These details are of crucial importance in maximiz-
ing the health benefits from medical treatment. Patient
nonadherence may therefore have severe implications for
the control of symptoms, recovery time, quality of life, and
mortality. Among the factors associated with adherence in
diabetes patients are health literacy, social support, and
emotional problems.

Health literacy implies an awareness of the importance
of adherence even when actual symptoms are absent.
Behavioral regimens such as restricted fat and sugar
intake, exercise, and adherence to specific medications
in many cases serve an important preventive function by
controlling blood sugar and insulin levels. In the absence
of overt symptoms, for many patients adherence may
appear to be unimportant. Yet, the longer-term health
consequences of nonadherence may be severe, as symp-
toms will inevitably develop.

Considerable research has demonstrated consistently
that social support is a strong predictor of medical adher-
ence. Social support for adherence is defined as encour-
agement from family and friends for the patient to
cooperate with the recommendations and prescriptions
of a health professional. The expression of concern and
encouragement from others to engage in health-promot-
ing behaviors, including medication adherence, combine
with social desirability needs on the part of the patient to
yield higher rates of medical cooperation. An issue related
to social support, namely the relationship between the
health-care worker and patient, has also been shown to
be strongly associated with adherence. Data obtained by
Roberts (2002) further suggest that medical providers
viewed communicating with patients about adherence
issues as an essential component of the health-care ser-
vice. While the provider–patient relationship may osten-
sibly constitute an example of social support, it also
extends beyond this. The health professional is often
seen as a person of authority, in the possession of specific
expertise that is unobtainable elsewhere, and as someone
in whom the patient solely invests hope for assistance in
the recovery process.

Emotional problems such as depression appear to be
common among patients with diabetes. Depressive
symptoms such as loss of interest in activities, decreased
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energy, fatigue, difficulties in concentrating, remembering
and making decisions, and appetite disturbance may seri-
ously affect the extent to which patients are adherent to
their dietary and lifestyle regimens. Anxiety may be
related to diabetes in at least three ways: Symptoms of
anxiety may be produced by sympathetic nervous
system responses to hyperglycemia; endocrine abnormal-
ities may be exacerbated by normal physiological stress
responses, and the psychological stress of living with
a chronic illness and managing the challenging self-care
tasks may have a general negative effect on mood. Hypo-
glycemic fear is also a concern for insulin-dependent
diabetes patients as hypoglycemia is a highly distressing
experience that can cause serious physical consequences
that include unconsciousness, coma, and in extreme
cases, death.
Somatic Symptoms Associated with
Mental Illness

Somatic symptoms form part of the symptom picture of
a number of psychiatric illnesses, most notably major
depressive disorder. The symptoms of depression, for
example, include weight loss or gain, sleep disturbance,
and fatigue or loss of energy. When criterion contami-
nation of this nature occurs, it may be suggested that
physical symptoms are ‘caused’ by a mental condition.
Such an appraisal may tend toward dualism and a distor-
tion of a complex condition, which has both mental and
physical features. Yet, from a treatment perspective it is
essential to understand the etiological features of a
disease.

In assessing patients for depression, the DSMIV-TR
criteria stipulate that these symptoms should not be due
to the direct effects of a medical condition, such as hypo-
thyroidism. Hypothyroidism, a condition in which the
body lacks sufficient thyroid hormone and is caused
by the inflammation of the thyroid gland, is said to
mimic the symptoms of major depressive disorder.
The symptoms of hypothyroidism thus similarly include
fatigue, weakness, weight gain or difficulty losing weight,
depressed mood, irritability, memory impairment, and a
decreased libido, which can cause difficulties for mental
health professionals in distinguishing between the two
conditions. There are clear implications for treatment if
patients are misdiagnosed: Hypothyroidism is effectively
treated with hormone therapy, while the most efficacious
treatment for depression is a combination of antidepres-
sant medication and psychological counseling. Among
cancer patients as well, common somatic symptoms
include pain, fatigue, weakness, and reduced energy.
Symptoms such as these make the process of diagnosing
depression and anxiety in cancer patients a complex
process, again with important treatment implications.
On the other hand, there are somatic symptoms that are
associated with a mental illness as well. In general, somatic
symptoms of depression create diagnostic dilemmas in the
assessment of patients with medical comorbidities because
symptoms may be due to either the medical condition or
depressive illness. In an effort to determine whether the
etiologyof somatic symptomswas due to an illness condition
or mood disturbance among older patients, Drayer and
colleagues (2005) showed that scores on measures of
somatization, namely the Asberg Side Effects Rating
Scale and the Utvalg for Kliniske Undersogelser (UKU),
were significantly correlated with psychological symp-
toms of depression but not with medical comorbidities
(Drayer et al., 2005). These authors recommended that
when assessing medical disorders with multiple somatic
complaints, clinicians should consider the possibility that
such symptoms may be due to depressive illness rather
than solely due to the medical disorder. Further, it may
be necessary to assess the effects of antidepressant
medication on somatic symptoms. For example, in a
32-week trial testing the effects of citalopram, a selective
serotonin reuptake inhibitor, on somatic symptoms among
patients with anxiety and anxious depression, it was con-
cluded that somatic symptoms often improve with suc-
cessful antidepressant medication management (Lenze
et al., 2005).
Health and Behavior Change

Health behavior is a key determinant of overall health, and
a person’s health behavior is in turn highly dependent on
that person’s mental health and psychological state. Many
noncommunicable diseases such as cardiovascular disease
and diabetes are linked to unhealthy behavior such as
alcohol and tobacco use, poor diet, and a sedentary life-
style. Health behavior is also an important determinant of
communicable diseases through, for example, unsafe sex
practices. Health-care-seeking behavior is similarly influ-
enced by mental health. Three exemplars of theoretical
models on health behavior change need mention.
Theory of Planned Behavior

The Theory of Planned Behavior (TPB) postulates that
the likelihood of an individual engaging in a health behavior
(for example, regular exercise) is correlatedwith the strength
of his or her intention to engage in the behavior. A behavioral
intention represents an individual’s commitment to act and
is itself the outcome of a combination of several variables.
According to the TPB, the factors that directly influence
intentions to engage in a health behavior include the per-
son’s attitudes toward the behavior, the person’s perception
of subjective group norms concerning the behavior, and the
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extent to which the person perceives him- or herself to have
control concerning the behavior (Fishbein, 2002).
Health Belief Model

The Health Belief Model (HBM) hypothesizes that
health-related behavior depends on the combination of
several factors, namely, perceived susceptibility, perceived
severity, perceived benefits, perceived barriers, cues to
action, and self-efficacy. Perceived susceptibility refers
to an individual’s opinion of the chances of contracting
the illness condition. Perceived severity refers to an indi-
vidual’s opinion of how serious a condition and its con-
sequences are. Perceived benefits refer to one’s belief in
the efficacy of the recommended health behavior in
reducing the risk or seriousness of the condition. Per-
ceived barriers refer to the perception of cost associated
with adhering to a recommended health behavior if it is
likely to be beneficial in reducing or eliminating the
perceived threat. Self-efficacy refers to the level of confi-
dence in one’s ability to perform the health behavior in
question. Those persons who have low self-efficacy
will have low confidence in their ability, which will have
an effect on the likelihood of the behavior being per-
formed. The HBM has been applied with considerable
success to a range of health behaviors and populations,
particularly preventive behaviors, such as diet, exercise,
smoking cessation, vaccination, and contraception and
sick role behaviors such as adherence to recommended
medical treatments.
The Transtheoretical Model

This theory proposes that individuals progress through five
interlocking stages in their effort to engage in health beha-
viors. Precontemplation is the time during which people are
not seriously thinking about changing the behavior that will
permit the attainment of better health. In this stage, indivi-
duals are either unaware or underaware of their health
problems and the need to alter their behavior. During the
stage of contemplation, people are aware that a health prob-
lem exists and have earnestly begun thinking about behavior
change but have not yet committed themselves to taking
action. The third stage of the model is preparation, in which
the individual is preparing to enact the health behavior in
question. The next stage is the action stage, when individuals
are making unambiguous changes in their behavior, experi-
ences, or environment in order to address health problems.
The beginning of the maintenance stage is sometimes
defined as 6months following taking overt action to engage
in the desired health behavior. Progression through the
stages defined by the model is not necessarily linear since
in many instances relapses occur and individuals return to
either the precontemplation or contemplation stages before
finally succeeding in maintenance.
Conclusion and Implications

In defining health as a state of complete physical, mental,
and social well-being and not merely the absence of disease
and infirmity, the countries involved in developing this
World Health Organization definition of health in 1948
portrayed great insight and understanding of the compo-
nents of health. It is unlikely, however, that at the time
they realized just how interdependent all the elements in
the definition in fact are to health and illness. These
relationships are now becoming clearer. While much
research is still needed to fully understand these rela-
tionships and mechanisms, conceptualizing the compo-
nents as useful products of language that help explain
different influences on health and well-being is an impor-
tant step forward. Despite the evidence that the distinction
between mental and physical health is permeable, in real-
ity this distinction remains in the minds of many and in the
health services of most countries. A number of shifts are
needed to change this.

. Health worker education. The education of health
workers rarely conceptualizes health as being a product of
physical, mental, and social influences. Where this does
happen, it is often in a linear manner. Even within many
public health approaches where there is a growing
emphasis on the social aspects of health, there is only
minimal emphasis on the psychological or behavioral
aspects. A comprehensive and integrated understanding
of health needs to become the norm in order to change the
way health workers think about and engage with their
patients. Such an understanding should also result in
health workers becoming more involved in prevention of
health problems.

. Integration of mental and physical health care. The
integration of mental health into general health care,
where this has occurred, has been an important step
forward in health-care treatment. However, this approach
is still in its infancy, especially in developing countries.
Separating physical and mental health services reinforces
difference and mitigates against treating a whole person.
Moreover, separation often leads to poorer accessibility of
mental health services when, for example, only physical
health care is provided at local clinics or hospitals.

. Stigma and discrimination. Mental health problems
as well as some physical health problems, such as HIV/
AIDS, are highly stigmatized in most countries and peo-
ple are often discriminated against both by members of
the public and health workers. Redressing stigma and
discrimination is essential for good health within a popu-
lation, as health seeking behavior and health service pro-
vision may be adversely affected. Stigmatization also
negatively influences the course of illness.

. Promoting health-related behavior. The relationships
between lifestyle and treatment behaviors and health are
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being increasingly recognized as fundamental. Integrating
more of the behavioral sciences with the health sciences
is a crucial step that needs to be taken boldly.
See also: AIDS, Epidemiology and Surveillance; Happi-

ness, Health and Altruism; Health and Disease, Concepts

of; Health Literacy; Mental Health and Physical Health

(Including HIV/AIDS); Mental Health and Substance

Abuse; Social Science Contributions to Public Health:

Overview; Stress and (Public) Health.
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Introduction

An Increasing Burden of Disease Requiring an
Effective Service Response

Around the world, it is estimated that at least 450million
people experience mental, neurological, or substance use
disorders, including about 76million experiencing alco-
hol use disorders and approximately 15million, drug use
disorders. One person in every four has been affected by a
mental disorder at some stage during their life.

The disease burden of these disorders is enormous
(Figure 1 and Table 1), thus creating a devastating social
and economic impact for individuals, families, and gov-
ernments. In the year 2002 mental and substance use
disorders accounted for 13% of the global burden of
disease (WHO, 2004).

Although the burden is high, only a small proportion of
people receive effective treatment and care (Table 2).
A recent WHO study in 14 countries (Kohn et al., 2004)
has shown just how extensive is the treatment gap for
mental health and substance abuse disorders. In high-
income countries 35.5% to 50.3% of people suffering
from serious mental health and substance use disorders
did not receive treatment within the prior year. The
corresponding range for low-income countries was even
higher with 76% to 85% not receiving treatment. To
reduce this treatment gap and the overall health burden,
it is essential that services for mental, neurological and
substance abuse disorders are put in place.
Relationship between Mental and Physical
Disorders

Mental health is as important as physical health to the
overall well-being of individuals. The data to substantiate
this important relationship are becoming increasingly
evident from studies examining comorbidity between
mental and physical health problems.

Mental health and substance use disorders are often
comorbid with many physical health problems such as
cancer, HIV/AIDS, diabetes, tuberculosis, hepatitis, liver
cirrhosis, and heart disease among others. For example,
a review of studies (Figure 2) reports that the 1-year
prevalence of depression in people living with HIV/
AIDS can be as high as 44%; and as high as 33%
in those people who have cancer. This is compared
with the estimated 10% prevalence rates in the general
population (Saraceno et al., 2003). In addition, injecting
drug use is one of the leading modes of HIV in the
world (UNAIDS, 2006). In the United States in 1999
injecting drug users accounted for 18% of the reported
HIV cases classified by a specific risk and at least 36%
of all reported AIDS cases (CDC, 2001). The disability of
individual sufferers and the burden on families increase
with the number of comorbid conditions experienced. In
addition, the presence of comorbidity has implications for
the identification, treatment, and rehabilitation of affected
individuals. For example, knowing that someone has diabe-
tes or another relevant condition should lead the health
provider to conduct a mental health assessment to identify
and treat any (previously unidentified) mental disorder.
Finally, because mental disorders such as depression signif-
icantly reduce treatment compliance, treatment for the
mental disorder can lead to greatly improved outcomes
for the ‘physical’ health problem.

For overall health outcomes to be improved on the
population level, interventions for mental health and sub-
stance use disorders must be accessible to those in need
and have to be provided through services in general
health care. Providers of these services should be able to
identify mental and substance use disorders, understand
the links between mental and physical disorders, and
have the skills to address both dimensions for any one
health problem.
Link between Poverty and Mental Health

Studies over the last 20 years indicate a close recipro-
cal association between poverty and mental ill-health
(Patel, 2001). Not only can poverty increase the risk
of developing a mental disorder but having a mental
disorder can be an important factor leading people
into poverty (Figure 3). Common mental disorders are
about twice as frequent among the poor as among the
rich (Patel et al., 1999). In relation to severe mental
disorders, and schizophrenia specifically, data from dev-
eloped countries show that people with the lowest socio-
economic status (SES) have 8 times more relative risk for
schizophrenia than those of the highest SES (Saraceno and
Barbui, 1997).

It is therefore crucial that services are widely accessi-
ble to people with mental disorders including those living
in poverty. The provision of effective treatment and care
can help people to recover and ‘exit’ the poverty in which
they are living; however, this can only be achieved if
services are accessible in terms of both physical reach
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Table 1 Distribution of disability-adjusted life years (DALYs)

by causes (%)

Cause Percentage

Communicable, maternal, perinatal, and

nutritional conditions

41%

Neuropsychiatric conditions 13%

Others, noncommunicable diseases 34%
Injuries 12%

WHO (2004) Changing History. World Health Report 2004.

Geneva, Switzerland: World Health Organization.
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and affordability. Providing ineffective treatment and care
or services that go beyond the means of the individual
concerned can act to drive them further into poverty. It is
crucial that services are comprehensive and meet the
variety of psychosocial needs of people with mental illness
which are also required to bring them out of poverty
(employment, education, social services).

Stigma and Human Rights Violations

People with mental and substance use disorders are stigma-
tized, excluded from society, and subject to human rights
abuses. The stigma andmisconceptions associatedwithmen-
tal disorders mean that people are marginalized and ostra-
cized from society. People with mental disorders are often
assumed to be lazy, weak, unintelligent, and incapable of
making decisions, and these are common reasons why they
are denied employment and education opportunities. In
many countries people do not have access to the basicmental
health care and treatment they require. Often the only care
available is in psychiatric institutions which are themselves
associatedwith gross human rights violations. People in these
institutions are often exposed to inhuman and degrading
living conditions, with little or no access to proper clothes,
clean water, and food. They are also exposed to harmful
practices such as the abusive use of seclusion and restraint.

Even when the physical environment of a mental
health facility is adequate and clean with basic needs
being provided for, neglect remains a key feature of insti-
tutional care. Many people receive no form of stimulation
for months and even years. This aimlessness, inactivity,
and social isolation is inhuman and degrading.
Services for mental health and substance abuse need to
be respectful of human rights and the dignity of people with
mental disorders and conducive to recovery. The treatment,
care, and support provided must be comprehensive enough
to meet the variety of psychosocial needs of those with
mental illness that are required for re-integration into the
community.
Mental Health Service Organization

In many communities in countries all over the world, peo-
ple are not able to access services and many of the available
services are of poor quality. In low-income countries, the
typical pattern of services is to have one or more psychiatric
institutions based in urban areas and some informal com-
munity services provided by nongovernmental organiza-
tions (NGOs), traditional healers, spiritual healers, or
religious groups. In middle- and high-income countries, it
is not uncommon to find a predominance of institutional
care services, although these countries have to varying
degrees implemented a formal system of care involving
community services, hospitals, and primary care.

WHO has developed a pyramid framework (Figure 4)
which conceptualizes an optimal mix of services for mental

health. It reinforces the idea that no single service will
meet all needs, and that what is needed is an optimal mix
of a range of services (Funk et al., 2004).

According to this framework, and starting at the top of the
pyramid, the least numerous services ought to be mental
hospitals and specialist services, for example, psychiatric
institutions and long-term residential treatment for alcohol
and drug dependence. The second layer includes formal
community mental health services (day care centers, out-
reach services, crisis services, and methadone clinics for
opioid dependence patients) and general hospital-based
services (psychiatric and substance abuse units in general
hospitals). The third represents mental health services
provided through primary health care. The fourth layer
represents informal community mental health services, for
example, traditional healers, village leaders, schoolteachers,
and informal groups such as Alcoholics Anonymous or
Narcotics Anonymous. The fifth and final layer involves



Table 2 Estimates of the median treatment gap (%) by mental health categories in each WHO region

WHO region

Mental disorder Africa Americas Eastern Mediterranean Europe South-East Asia Western Pacific

Schizophrenia NA* 56.8 NA 17.8 28.7 35.9

Major depression 67.0 56.9 70.2 45.4 NA 48.1
Dysthymia NA 48.6 NA 43.9 NA 50.0

Bipolar disorder NA 60.2 NA 39.9 NA 52.6

Panic disorder NA 55.4 NA 47.2 NA 66.7

Generalized anxiety NA 49.6 NA 62.3 NA 55.6
Obsessive compulsive NA 82.0 NA 24.6 NA 62.7

Alcohol abuse/dependence NA 72.6 NA 92.4 NA 71.6

Kohn R, Saxena S, Levav I, and Saraceno B (2004) The treatment gap in mental health care.Bulletin of World Health Organization 82(11):
858–866.
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Table 3 Approximate proportion of psychiatric beds in

different settings in each WHO region and the world*

WHO regions
Mental hospitals
(%)

General hospitals
(%)

Africa 73.0 21.4

368 Mental Health and Substance Abuse
self-care management, that is, helping people to learn how
to take care of themselves. Each of these levels is described
in more detail in later sections of the article, including
the strengths of and considerations for delivering care at
that level.
Americas 80.6 10.3

Eastern
Mediterranean

83.0 8.8

Europe 63.5 21.8

South-East Asia 82.7 11.2
Western Pacific 60.1 34.5

World 68.6 19.8

*Other beds may be located in private and military hospitals,
hospitals for special groups of population, long-term rehabilita-

tion centers, etc.

WHOMental HealthAtlas 2005. Geneva:WorldHealthOrganization.
Long-Stay Facilities

Psychiatric institutions and specialist services present the
highest cost, yet are the least frequently needed service.
Psychiatric institutions in both the developing and the
developed world have a history of serious human rights
violations. Clinical outcomes tend to be poor as a result of
poor treatment and care practices and lack of rehabilitative
activities in these hospitals. Where they exist, they consume
most of the available specialist mental health resources and
budget of the country, and this acts as a serious barrier to
developing alternative or additional services.

Because of the high costs, often poor clinical outcomes,
and human rights violations, mental hospitals represent
the least desirable use of scarce financial resources avail-
able for mental health services (Table 3). Specialist resi-
dential services for alcohol and drug dependence may be
needed for particular groups of clients and for most severe
forms of substance use disorders, but their potential
impact on population health is limited.

A very important recommendation of WHO is to
replace psychiatric institutions by a network of services
in the community. Essentially this means embarking on a
process of deinstitutionalization – a planned and gradual
transition from a predominantly institutionally based ser-
vice model to a model that provides treatment and care
through community services, general hospitals, and pri-
mary health care.

The failure of many countries to make sure that these
services are in place when psychiatric institutions close
has led to problems of marginalization and homelessness.
Formal Community Mental Health Services

Within this category formal community mental health
services refer to day centers, rehabilitation services, hos-
pital diversion programs, mobile crisis teams, therapeutic
and residential supervised services, and home help and
support services that are based in the community.
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Strengths
Providing community services has been shown to result in
better physical health and mental health outcomes and
better quality of life than treatment provided in institu-
tions. In addition, shifting patients frommental hospitals to
care in the community has been shown to be cost effective
and ensures a better promotion and protection of the rights
of people with mental and substance use disorders.

Considerations
First, the development of community services can require a
vast and highly skilled group of professionals, thereby lim-
iting the capacity of many countries to immediately put in
place an extensive network of services. As a result, planners
need to prioritize the development of some services, while
developing others in a phased manner over time.

A second consideration in prioritizing the develop-
ment of some community services over others is to iden-
tify the existing resources in the country. For example, in
some countries fewer services such as halfway houses or
group homes may be needed because of the availability of
good family support. In situations like these planners need
to acknowledge and actively support the efforts of families
in caring for persons with mental disorders, rather than
working to build new group homes. Finally, community
mental health services work best when they have strong
links with general hospitals, primary health-care services,
and informal community services.
Mental Health Services in General Hospitals

Another important WHO recommendation is to develop
mental health services in general hospital settings. A com-
mon example of a service is a health unit within the general
hospital itself, but this category also refers to other services
such as consultation liaison services provided in the hospi-
tal. Specialist mental health professionals or general health
workers with specialist training in psychiatry generally
deliver these types of services.

Strengths

One of the most important advantages of this type of
service is that it provides a setting to manage acute epi-
sodes of mental disorders. Second, there is the opportu-
nity to simultaneously obtain medical treatment for
comorbid physical illnesses, and it also allows access to
specialist investigations and treatment. Third, the hospital
can become a base for undergraduate and postgraduate
teaching and training for many different types of health
professionals, from physicians and nurses to psychiatrists,
psychologists, and social workers.

Considerations

It is important to keep in mind some of the limitations
of these services. Although general hospital services
(short-stay wards and consultation-liaison services to
other medical departments) can manage acute episodes
of mental disorders quite well, they do not provide a
solution for people with chronic disorders who end up
in the admission–discharge–admission cycle (revolving
door syndrome) unless backed up by comprehensive pri-
mary health-care services or community services. Second,
their location generally, in district headquarters and big
cities, can create access problems especially in developing
countries which lack good, reliable, and cheap public
transportation services.
Mental Health Services in Primary Health Care

Integration of mental health care into primary health care
has been a fundamental WHO policy since the Alma Ata
Declaration in 1978 and continues to be so. Services
referred to in this category refer to mental health care
and promotional and preventive activities conducted by
health workers at the first level of formal health care; for
example, general practitioners, nurses, and other staff
providing assessment, treatment, and referral services for
mental and substance use disorders. Early identification
and management of hazardous and harmful drinking is a
good example of an activity at the level of primary health
care that, if widely implemented, can have a significant
effect on population levels of alcohol-related problems
(Whitlock et al., 2004).
Strengths

As discussed in relation to general hospital care, providing
treatment for mental and substance use disorders in pri-
mary health care improves access to mental health ser-
vices and specialist services for substance use disorders as
well as to treatment of comorbid physical conditions.
Additionally, stigma is reduced – and acceptability for
users improved – when seeking mental health care from
a primary health-care provider. In terms of clinical out-
comes it has been found that, for most common mental
disorders, primary health care can deliver good care and
certainly better care than that provided in psychiatric
hospitals. From a management perspective, integrating
health services for mental and substance use disorders
into primary health care can be an important solution to
addressing human resource shortages in the delivery of
mental health interventions.
Considerations

Integration requires a lot of careful planning and there are
likely to be several issues and challenges that will need
to be addressed. For example, integration into primary
health care requires investment in the training of staff
to detect and treat mental and substance use disorders.
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Ongoing supervision is also of utmost importance, and
mental health professionals should be available to primary
care staff, as required, to give advice as well as guidance
on management and treatment of people with mental and
substance use disorders.

The issue of availability of time needs to be addressed.
In many countries primary health-care staff are overbur-
dened with work as they are expected to deliver multiple
health-care programs. Governments cannot ignore the
need to increase the numbers of primary health-care
staff who are either partially or entirely devoted to mental
health care.
Informal Community Mental Health Services

These refer to services provided in the community
but that do not form part of the formal health and welfare
system. These may include, but are not limited to,
services delivered by traditional healers and professionals
in other sectors (social and village/community workers,
teachers, police) as well as services delivered by nonpro-
fessional organizations or lay persons (such as consumer
and family associations, advocacy groups, and NGOs).
Strengths

In many countries, informal community services are
the first point of contact for a majority of persons with
mental and substance use disorders and sometimes they
represent the only service available to them. These ser-
vices can play an important supportive role in improving
outcomes for persons with mental disorders. They can
help maintain community integration and provide a sup-
portive network which reduces the risk of relapse. These
services enjoy high acceptability and there are few bar-
riers to access as they are nearly always based in the
community. The high degree of community acceptability
also reduces the likelihood of stigma associated with using
these services.
Considerations

Informal community mental health services should not
form the core of mental health service provision and
countries would be ill-advised to depend solely on these
services. Rather they form a useful complement to formal
mental health services and can form useful alliances with
such services.

There is also the issue of the quality of these services
given that many currently fall out of the ambit of regula-
tion in many countries. Indeed, it is not uncommon to find
services providing either ineffective or inappropriate and
harmful care. In many instances, human rights violations
are committed.
Self-Care

The level of self-care refers to individuals’ knowledge and
skills to manage their mental health disorders on their
own or with the help of family and friends.
Strengths

The service level of self-care acknowledges the role and
autonomy of individuals (and families) to deal with their
own psychological or mental health problems given access
to the right information and guidance. Low-cost resources –
for example, written materials or radio programs – can be
used to promote self-care in the community.
Considerations

Problems related to mental health and substance use vary
widely in complexity and severity, and medical and other
professional expertise are essential for some of the more
severe and complex cases. However, for all cases, the
provision of information and support goes a long way in
helping people take control of their illness and reduce
their dependence on the health system.
Key Principles for Organizing Services

Even if the ‘ideal’ service organization model, as depicted
in Figure 4, is adopted, it would not result in optimal
treatment and care for persons with mental and substance
use disorders unless a number of key ‘principles’ for
organizing services are respected. These include the
need to have services and care that promote accessibility,
comprehensiveness, effectiveness, continuity and coordi-
nation, needs-led care, equity, and respect for human
rights.

To deliver a high standard of mental health treatment
and care, it is necessary to adopt an integrated system of
service delivery that comprehensively addresses the full
range of psychosocial needs of people with mental and
substance use disorders (WHO, 2003).
Accessibility

Essential mental health care, including both outpatient
and inpatient care, should be available locally so that
people do not have to travel long distances. Accessibility
also implies that services should be affordable and accept-
able. Barriers to access include stigma and discrimination;
low awareness of available services; a lack of well-
organized primary mental health care; inadequate links
between services; inadequate mental health training of
primary health-care staff; and poor identification of
cases in the community. Sometimes legislative barriers
prevent development of effective services, such as substi-
tution therapy programs for people with opioid
dependence.
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Comprehensiveness

Persons with mental and substance use disorders need and
can benefit from a range of different coordinated services
incorporating the use of case management, multidisciplin-
ary teams, crisis intervention, assertive outreach, patient
advocacy, and practical support as well as a range of treat-
ment options. In addition to dealing with acute/chronic
‘health’ needs of persons, services need to address longer-
term community integration needs, such as social services,
housing, education, and employment. Collaboration with
other sectors is essential in this regard.
Continuity and Coordination of Care

Health systems in most countries, and especially those in
developing countries, are designed to provide health care
on the basis of the throughput model. This emphasizes the
importance of vigorous treatment of acute episodes in the
expectation that most patients will make a reasonably
complete recovery without a need for ongoing care until
the next acute episode. Many mental and substance use
disorders, especially those with a chronic course or with a
relapsing–remitting pattern, are better managed by ser-
vices that adopt a continuing care model. This emphasizes
the long-term nature of the disorders and the need for a
continuing therapeutic input.

A continuing care approach also emphasizes the need
to address the totality of patients’ needs, including their
social, occupational, and psychological needs. Such
approaches therefore require the coordination of patients’
medical and social care needs in the community and
collaboration between different care agencies.
Needs-led Care

To be effective, it is essential that mental health services be
designed on a needs-led basis rather than on a service-led
basis. This means adapting services to users’ needs, and not
the other way round. Too often, services are developed
and run primarily from amanagerial perspective and users
have to adjust to the peculiar structures of the services
they need to access.
Effectiveness

Service development should be guided by evidence of the
effectiveness of particular interventions and models of
service provision. For example, there is a growing evi-
dence base of effective interventions for many mental
disorders, among them depression, schizophrenia, and
alcohol and opioid dependence. In addition, there is
growing evidence of the effectiveness of treatment and
care based on the community and the general hospital.
Equity
People’s access to services of good quality should be based
on need. Equity means that all segments of the population
are able to access services and that possible inequities are
taken into account. For most policy makers, the improve-
ment of equity involves working toward greater equality
in outcomes or status among individuals, regardless of the
income group to which they belong or the region in which
they reside.
Respect for Human Rights

International human rights norms and standards should
be respected when providing services for people with
mental disorders. People with mental and substance use
disorders have the same civil, economic, political, social,
and cultural rights as everyone else in the community and
these rights should be upheld.
Variables Influencing Service
Organization and Provision

The exact form of service organization ultimately depends
on a number of wider contextual variables related to the
country’s social, cultural, political, and economic contexts.

In this sectionwe define a ‘model’ inwhich different, but
sometimes interrelated, wider societal variables interplay
to influence service organization for mental health. The
model has a number of implications, one of which is that
changing the mental health system toward that described in
theWHO service organization pyramidwill require a num-
ber of paradigm shifts. These paradigm shifts and interven-
tions to support them are discussed in the next section.

Essentially the model defines four important groupings
of variables. The first grouping refers to the level of resources
of a country at large and the resources specifically devoted
to themental health system. In this context it is important to
note that resources and economic development can differ
considerably throughout the country, leading to vast differ-
ences in service systems, for example, between different
states and between urban and rural areas.

We know that a minimal level of resources is required
to provide an effective mental health system. Low-income
countries, sometimes, just do not have the required
resources to build effective and responsive mental health
systems. Having said that, a country can be a middle- or
even a high-income country but still have a poorly func-
tioning mental health system because mental health is
not considered a priority for investment. Furthermore,
although low economic development is a barrier to a well-
functioning mental health system, some poor countries or
poor areas within countries have been able to develop some
innovative services. Often these make use of ‘freely’ avail-
able resources in the community as opposed to ‘more costly’
services available in the formal health system.

What is also interesting is that the more resources a
country has to invest in their mental health system the
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more influential other variables, such as the prevailing
paradigm for mental health, become in shaping that system.

Essentially, the prevailing paradigm for mental health,
the second grouping of variables in this model, will greatly
influence the formation of mental health service providers
and clinical practice in countries. To date, there have been
two distinct approaches: the biomedical approach and the
psychosocial approach. The biomedical approach has been
the most predominant, and continues to influence service
delivery structures in most parts of the world. Its limita-
tions are that it focuses exclusively on the physical aspects
of mental disorders and not enough on psychosocial
dimensions. Its influences are seen in the mental health
system in terms of an over-reliance on hospital care at
secondary and tertiary levels.

The psychosocial approach, in contrast, recognizes
that successful treatment requires attention to biologically
based treatments within the context of a broader approach
to ensure that people with mental disorders are integrated
into the community and leading as normal lives as possi-
ble. Where a psychosocial orientation or model operates
in countries, the mental health system tends to be better
geared toward the lower end of theWHO pyramid, that is,
community mental health services, primary health care,
and informal community services.

The third grouping refers to the value system of
countries, for example, the relative importance given to
individual rights and collective norms and the degree to
which value systems are directed toward human rights,
equality, equity, and so on.

Countries in which social control is an important fea-
ture and in which individual needs are seen as insignifi-
cant in comparison are more likely to provide a mental
health system reliant purely on institutional care. In these
scenarios, services as well as clinical practice are based
more on ideology than evidence. Here the problem is not
necessarily that there is an absence of care – in fact, in
some of these countries mental health-care facilities and
providers can be numerous – but that the care provided is
limited to institutions emphasizing control and contain-
ment rather than rehabilitation. This is the type of care
that WHO actively discourages.

Countries in which value systems emphasize human
rights as well as equality and equity tend to provide
mental health systems that are more (1) protective of
individuals and their rights, (2) responsive to individual
needs, and (3) likely to have structures in place to offer
some degree of protection against violations and
discrimination.

The fourth grouping of variables refers to the environ-
ment, for example, the degree to which both the political
and economic environments provide long-term stability or

instability . Countries undergoing rapid change, economic
and political crisis, and civil war are likely to experience
ongoing disruptions to any existing mental health system,
and in serious conflict situations a total destruction of the
existing system of care, at the very time when mental
health needs are likely to be greatest. The end result of
these influences is chaos, lack of coordination, and unreg-
ulated care, paralleled by greater emphasis on informal
community services, a greater reliance on the private
sector, NGOs, and aid programs. On a more positive
note, in the rebuilding of systems following crises, the
classic inhibiting factors for change, such as historical
patterns of funding, no longer prevail, and so open up
new opportunities to leave behind the negative and inef-
ficient aspects of old systems in order to move toward
more efficient mental health system models.
Changing the Paradigm – Important Roles
of Training, Policy, and Legislation

The knowledge base for putting in place a comprehensive
mental health system is now available. Systems limited to
a few large mental asylums in the main urban areas,
disconnecting hospitalized people with mental disorders
from their family and community, and run by a small
number of overburdened health workers, are no longer
acceptable. However, whereas mental health care has
undergone major changes toward community-based care
in some countries during the past 50 years, the majority
have not been able to achieve this.

Worldwide, there remains a widespread need in many
countries to radically shift models of mental health care,
not only in terms of the practical organization of services
but in terms of the mental health-care paradigm itself.
Radically reforming or introducing new models of train-
ing and policy and legislation can help promote the
required paradigm shift.
Shift from a Biomedical to a Biopsychosocial
Approach

An important shift is required to move from a biomedical
model to a biopsychosocial model. The evidence indicates
that mental and substance use disorders result from a com-
plex interaction of biological, psychological, and social fac-
tors and that treatment options based solely on a biomedical
approach are failing because they have not addressed the
psychological and social dimensions. Health-care providers
need to adopt treatment approaches that (1) actively involve
the patient in his or her treatment and care plan, (2) educate
the main care provider or family on how to support the
patient, and (3) provide for rehabilitation support, voca-
tional support, social support, and any other intervention
that may be required to help persons reintegrate into their
community.
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Shift to Multidisciplinary Teams

In order to take into account the many dimensions of
mental health, treatment and care should no longer be
delivered by any one mental health professional alone
but by a multidisciplinary team, which, depending on
the country, might include psychiatrists, psychologists,
nurses, general practitioners, occupational therapists, and
community/social workers sharing their expertise
and working in collaboration, each with their own roles
and responsibilities. There also needs to be collaboration
between mental health teams and other non-health pro-
viders in health, welfare, employment, criminal justice,
and education sectors in order to meet the range of
needs that people with mental disorders might have.
Reforming Education and Training Models

Radically reforming or introducing new models of train-
ing can help promote the required paradigm shift. In
many developed and developing countries, the education
curriculum for health and allied health professionals con-
tains limited content in mental health. Much of what is
provided is focused on institutional models of care, the
diagnosis of disorders, and administration of medication,
while essentially ignoring other important mental health
issues and aspects of treatment. Outdated curricula act to
reinforce existing and outdated mental health paradigms.

Essential to building a qualified workforce for mental
health is the incorporation of mental health into the
education of a wide spectrum of health workers and
professionals, with mental health concepts introduced
early, reinforced and expanded throughout the curricula,
and developed through experiential learning opportu-
nities. Education and training should be informed by evi-
dence for the mental health and service requirements of
the country. In most countries this requires the reorienta-
tion of the treatment framework from custodial institu-
tional models of mental health care to community-based
treatment, emphasizing the integration of mental health into
general health care and the development of community care
alternatives. In addition to building knowledge and skills, for
example, communication and interpersonal skills training
also needs to promote fundamental changes in the attitudes
and beliefs of those being trained and the promotion of a
human rights approach to treatment and care.
Changes to Policy and Legislative Framework

The necessary reform of services and the required para-
digm shift in the attitudes, beliefs, and values of policy
makers and planners can be promoted by the introduction
of modern national policies and legislation in line with
best practice and international human rights standards.
The mental health policy of a government is the official
guideline for a number of interrelated strategic directions
for improving the mental health of a population, includ-
ing an important focus on service delivery. A policy pro-
vides the overall direction for mental health in a country
by defining the vision for the future, and the values and
principles on which the vision is based, and by establish-
ing objectives and a model for action (WHO, 2005a).
A mental health plan is the operational arm of the policy
and details the strategies and activities that will be imple-
mented to achieve the objectives of the policy.

Both strategies and activities are complementary and
useful tools to (1) promote development of mental health
services or their reform, such as the integration of mental
health into primary health care, development of commu-
nity mental health services, and deinstitutionalization;
(2) promote access to services in urban, rural, and poor
areas and to underserved populations in a way that is
affordable; and (3) improve the overall functioning of ser-
vices – by, for example, committing to put in place a well-
equipped workforce, good-quality treatment practices, and
mental health and substance abuse information systems.

Mental health policies and plans should promote
effective preventive and treatment interventions for sub-
stance use disorders within the health system; however, in
addition, public health policies aimed at controlling alco-
hol and other substances are also required.

Mental health legislation is also a very powerful tool in
that it can be used to legally reinforce these policy objec-
tives. In addition, because it is legally enforceable and
penalties can be applied it can be an effective mechanism
to reduce human rights violations and discrimination,
promote human rights in services and the community,
and encourage autonomy and liberty of people with men-
tal disorders (WHO, 2005b).

Despite the important role that policy and plans can
have, we know that 38% of countries do not have a mental
health policy, and even more countries have policies that
are not implemented or that do not reflect best practice.
In addition, 22% of countries do not have any mental
health legislation, 57% have legislation that is more than
10 years old, and 15% have legislation dating to the pre-
1960s, before most of the currently used treatment meth-
ods became available (WHO, 2005c).

The combined effects of outdated policy and legislation
are to preserve outdated thinking about people with mental
disorders as incapable and ‘crazy,’ unable to make decisions
for themselves, or as ‘criminals’ when related to people
with drug dependence. It reinforces the use of outmoded
treatment methods and institutional services and actively
denies people their human rights. Modernizing policy and
legislation is therefore of utmost importance to establish
and enforce the basic requirements for service develop-
ment, quality of care, and respect of human rights, and can
as a consequence lead to changes in fundamental attitudes
and beliefs and the required paradigm shift.
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Overview

Background

Epidemiology (derived from the Greek epi meaning upon,
demosmeaning people, and logosmeaning study) is the study
of factors that influence the occurrence, distribution, pre-
vention, and control of diseases and other health-related
events in human populations. It provides a framework that
helps public health officials identify important health pro-
blems, their magnitude and causative factors.

Epidemiology has been traditionally an observational
science of populations but more recently newer areas in
the field (e.g., clinical epidemiology) have initiated inter-
ventions in populations. By determining the personal
characteristics and environmental exposures that increase
risk for disease, epidemiologists identify individual risks
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and assist in the development of public health policy to
alleviate personal and environmental exposures. They
have helped to understand the factors that influence the
risk of developing chronic diseases such as schizophrenia.

A variety of types of studies are used in epidemiology.
The most common found in mental health are cross-
sectional (prevalence) studies. Data from such studies
have been used to determine levels of need, to identify
groups that are at highest risk for disease, and to deter-
mine changes over time in the occurrence of disorders.
Such data are particularly informative in public policy for
allocating resources and developing public health preven-
tion strategies. More recently, psychiatric epidemiology
has focused on determining better ways to classify people
into more homogeneous disease groups to focus interven-
tions into populations in which they will be most success-
ful. In addition, the field has sought to determine risk
factors (including biological and social) for the develop-
ment of disorders to promote future efforts at prevention.
One of the key issues is identification of the factors that
are responsible for the occurrence of a particular mental
health problem.

The purpose of this article is to provide a general
overview of epidemiology in the mental health area.
The term mental health in this article refers to conditions
defined in the Diagnostic and Statistical Manual of Mental

Disorders (DSM) and the International Statistical Classifica-

tion of Diseases and Related Health Problems (ICD) Classifica-
tion of Mental and Behavioral Disorders. Thus, it will refer to
disorders that are sometimes called psychiatric or neu-
ropsychiatric (including substance use disorders). The
article presents key examples of methods and assessment
instruments used in mental health epidemiology. How-
ever, a detailed review and discussion of epidemiologic
methods and instruments is beyond the scope of this
article. For such details, the reader is referred to several
textbooks on mental health epidemiology listed in the
‘Further reading’ section.
History

The early period of epidemiology is marked by a focus on
health issues related to the growing industrial revolution
in Europe. Public health officials were concerned with
general social reform and the effects of overcrowding in
urban industrial areas, with an emphasis on sanitary con-
ditions. In the mental health area, there was concern that
environmental toxins were the cause of disorders. For
example, mercury was considered a cause of psychosis
and lead exposure was suspected as a contributor to
mental disorders. One of the early founders of epidemi-
ology, William Farr, was among the first to study mental
illnesses. He studied the physical condition of inmates in
English asylums in the early part of the nineteenth cen-
tury. During this time, many thought there was a virtual
epidemic of mental illness but another important figure in
epidemiology, John Snow, insisted the increase was more
likely the result of an increase in detection rather than a
true increase in incidence.

The second period in the development of epidemiol-
ogy began around the start of the twentieth century and
focused on germs as a cause of disease. Epidemiology
became virtually synonymous with the study of infectious
diseases. One of the causes of insanity identified during
this time was the late effects of syphilis. Discovery of
the spirochete that causes this illness led to the develop-
ment of the first medication to stop this infectious agent
(Salvarsan 606). Although emphasis was placed on finding
infectious agents, there were some epidemiologists at this
time who studied other causes of disease. One notable
finding during this time was the association of nutritional
deficiency with the occurrence of pellagra. Initially it was
thought to be due to an infectious agent but studies in
institutionalized populations (including those in mental
institutions) led to the association with nutritional
deficiency.

After the SecondWorldWar, infectious diseases started
to decline in the higher-income countries. However, those
countries realized the increasing importance of non-
communicable diseases such as cardiovascular disease.
This led to a move away from consideration of single
etiologic factors and to the consideration of various risk
factors that could lead to disease development. New
methods such as cohort and case-control designs were
developed to identify these risk factors. Mental illnesses
were also considered to be chronic noncommunicable
disorders, but initial epidemiological work in psychiatry
focused more on counting disease in community surveys
rather than the study of risk factors. Thus, there were very
few cohort or case-control studies in the early part of this
era that focused on mental illnesses. Most of the studies in
mental health during the initial years of this period were
unstructured face-to-face field surveys with poor
reliability.

In the late 1970s during the Carter administration in
the United States, a special commission on mental health
called for a study to obtain information on mental illness
across the United States. Around the same time, the third
edition of the Diagnostic and Statistical Manual (DSM-III)
was published in the United States. It moved toward use
of explicit criteria to make a diagnosis and increased
the reliability of making such diagnoses. This standard
nomenclature made it possible to develop measures that
could be used in large community surveys.

Substance abuse had for some time not been consid-
ered a true disorder but rather a weakness of character or
a personality disorder. However, after the Second World
War it was recognized as a major public health problem,
and the field sought to quantify it through assessments
that focused on alcohol and drug use disorders. As a result
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of this effort, the significant impact of such disorders has
now been recognized as well as the frequent comorbidity
with other psychiatric disorders.

In recent years, mental health epidemiology has
expanded to include attention to genetics and the molec-
ular basis of disease. This has brought more attention to
determination of biological risk factors through the field
of genetic epidemiology. Attention has also been focused
on social processes that can affect exposure to risk factors.
This field of social epidemiology seeks to understand how
social factors might influence differences in health status
across populations.
Methods

Issues for Mental Health

One of the major problems in psychiatric epidemiology
has been the difficulty in measuring mental and substance
abuse disorders reliably and validly. Determination of a
case is made on the basis of symptoms and not clear
objective signs like a biopsy result. Because diagnosis is
dependent on symptom reports from individuals there can
be significant problems with biased reporting (both over-
and underreporting). A key concern is the lack of objective,
well-defined biological markers of mental illness.

There are continuing debates in the field about how to
define the presence of an illness and whether there should
be categorical definitions or use of a dimensional model.
A dimensional approach focuses on a collection of symp-
toms and involves a quantitative assessment of the number
of symptoms a person has from a few to many. Another
approach is to define pathology in terms of a syndrome. In
this scheme, a pattern of symptoms may include essential
symptoms and others associated with the syndrome. This
type of scheme takes the duration of symptoms into
consideration and may include severity of the symptoms
and resulting disability. Depending on the types of symp-
toms present, the duration and disability, a syndrome may
be considered to be present or absent. Thus, this becomes
a dichotomous measure (present or absent) and the result-
ing conditions are placed into categories of disorders.

Other problems in making diagnoses in mental health
are the changes in symptoms over time, even without
treatment, and the potential for recall bias (i.e., failure to
remember past symptoms). The latter is a particular prob-
lem when trying to assess lifetime diagnoses. Stigma may
also affect what a person reports about his/her behavior.
Some people may not want to report symptoms due to
embarrassment and may not come forward for treatment.
Terms

Below are listed some common terms used in psychiatric
epidemiological studies. Familiarity with these will aid
the reader in understanding such studies. A more detailed
description of the various epidemiologic terms can be
found in resources listed in the section titled ‘Further
Reading.’

. Case: This represents the presence of a mental or
substance abuse disorder in a person.

. Case registry: A database of people with a defined
mental and/or substance use disorder. It may include
other data such as demographic and clinical treatment
information.

. Comorbidity: This is the presence in a person of at least
two different disorders. It may be used to represent the
occurrence of somatic or psychiatric disorders and
simultaneous or lifetime occurrence.

. Control group: This is a group of people who are used
as a basis for comparison to another group. Depending
on the study design, control subjects do not receive the
experimental intervention or are healthy and do not
possess the disorder or risk factor in question.

. Incidence: This represents the number of new cases or
events that occur during a particular period of time.

. Odds ratio (OR): A measure of the odds of an event/
disorder occurring in one group compared to the odds
of the event/disorder occurring in another group.
Thus, an odds ratio of one (1) means that the event/
disorder is equally likely to occur in both groups. If the
odds ratio is greater than one (>1), then the event/
disorder is more likely to occur in the first group. If less
than one (<1), then the event/disorder is less likely to
occur in the first group.

. Predictive value of a test: The positive predictive value
of a test or screen is the proportion of all people who
test positive on a screen who actually have the disorder
being screened. The negative predictive value is the
proportion of all people who test negative on a screen
who do not have the disorder being screened.

. Prevalence: This represents the number of cases/events
that exist during a particular period of time. This figure
would include both newcases (incidence) and those that
were already present but still existed during the defined
period of time. It is expressed in terms of the period of
time defined to contain the cases or events. Thus, point
prevalencewould be the prevalence at a specific point in
time. Period prevalence would expand the time over
which cases or events could be present. For example,
one might have one month, 6months, 12months
(1 year), or lifetime prevalence. Period prevalence is
used more often these days in mental health epidemiol-
ogy because the diagnosis of mental disorders requires
the occurrence of symptoms over periods of time.

. Risk factor: This is something that increases the chance
for development of a disorder or the occurrence of an
event. It is important to note that it is not necessarily
causal but rather associated with the disorder or event.
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There may also be more than one risk factor for a given
disorder and a particular combination of such factors
may be necessary before a disorder develops. Risk
factors can be inherent in the individual (e.g., age and
gender) or they may represent an exposure (e.g., sub-
stance abuse, economic status).

. Reliability: This is the degree to which any particular
measure produces consistent results even among dif-
ferent raters of the measure. Reliability is often a prob-
lem in making diagnoses of mental and substance abuse
disorders.

. Sensitivity: This represents the proportion of people
with a disorder in a population who are identified
correctly by a screen or test as having a disorder.

. Specificity: This represents the proportion of people
without a disorder in a population who are identified
correctly by a screen or test as not having a disorder.

. Validity: This is the extent to which any given indicator
of a disease actually represents the presence of that
disease. In psychiatry, the gold standard against which
validity is most often measured is the diagnosis made
by a clinician.
Assessment

Background

The field of psychiatric epidemiology has developed var-
ious ways to assess and diagnose mental disorders. Some
early studies used direct observation and assessment by
clinicians. However, with the growing need for larger
community surveys, it became too expensive to use clin-
icians to make every assessment. As a result, survey instru-
ments were developed that could be used by either
clinicians or trained lay interviewers to provide reliable
diagnoses of mental illnesses.

Before considering the specific instruments used to
measure mental disorders, it is important to under-
stand how such disorders are determined. In psychiatric
epidemiological studies, disorders are assessed usually
through a set of defined questions. The set of questions is
known as an instrument or test and can be divided into two
types: A scale or schedule. An instrument can be adminis-
tered through direct observation by a clinician, through
trained lay interviewers, or self-report by the subject.

A scale is sometimes called a screen and usually focus-
es on the dimensional aspect of pathology. Responses to
items or questions on a scale are given individual values
and when added provide a score. The presence of pathol-
ogy is determined by this overall score.

A schedule is more comprehensive and complex than a
scale and determines various diagnoses through a struc-
tured set of questions. Some instruments have been
designed to be administered by trained lay people (i.e.,
nonclinicians) in community settings. In addition,
schedules determine if the symptoms are present at the
time of the interview or occurred at some other point in
time. They are designed to contain a variety of disease
modules so one can opt to assess a selected number of
diagnoses. Some are designed so a respondent who
answers negatively to certain stem questions for a partic-
ular disease can skip the rest of the module.

Concern has been raised about the validity of sche-
dules used in epidemiological studies. They may overes-
timate the prevalence of disorders, especially if compared
to assessments made by clinicians. However, some recent
studies seem to indicate clinician assessments may actu-
ally result in a larger number of identified cases (i.e.,
a higher prevalence) unless one looks only at recent
symptoms when clinician assessments may have lower
estimates of pathology. In addition to concerns about
reliability and validity, a major issue is whether dimen-
sional or categorical measurement is better. The con-
cern is that categorical measurement is too restrictive
and human behavior is not so easily divided into strict
categories. Yet, dimensional measures such as scales often
use cut points and thus create categories, while cate-
gorical measures involve some dimensional qualities.
Most branches of medicine use categorical diagnoses;
thus such approaches are compatible with general medi-
cal diagnostic practice.

Instrument development

During the Second World War, several scales were devel-
oped to assess psychopathology such as the Maudsley
Personality Inventory in the United Kingdom. The first
structured interviews were conducted in two community
surveys shortly after the Second World War. These were
the Stirling County Study and the Midtown Manhattan
Study. They used the Health Opinion Survey and the
Twenty-Two Item Scale, respectively. Yet, the studies
did not rely on the instruments for final diagnoses.
Instead, they had psychiatrists review the results from
the instruments. In spite of some differences in the way
the two studies assessed psychiatric conditions, they both
reported that about 20% of people had a mental disorder.

President Carter’s Commission on Mental Health
called for national information on psychiatric disorders
and use of mental health services in the United States at
the start of the 1980s. This led to the development of the
Epidemiologic Catchment Area (ECA) study, the first
national epidemiologic survey for psychiatric conditions
in the United States. The Diagnostic Interview Schedule
(DIS) was developed for use in the ECA. It was the first
complex diagnostic schedule designed to be used in a
community study and set the stage for future epidemio-
logic surveys around the world.

Around the time of the ECA study, the WHO colla-
borated with the U.S. Alcohol, Drug Abuse and Mental
Health Administration to assess the state of international
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diagnosis and classification. A product of this collabora-
tion was the development of a new instrument, the Com-
posite International Diagnostic Interview (CIDI). This
instrument is highly structured and does not allow inter-
viewers to interpret responses, as was allowed in some
early international studies that used the Present State
Examination (PSE) developed in the United Kingdom.
One version of the CIDI, the UM-CIDI, was used in the
U.S. National Comorbidity Survey (NCS). The CIDI has
been used in a variety of international epidemiologic
surveys, including national surveys in Australia and
Norway. The latest version is being used in the World
Mental Health Project, which is attempting to provide an
international estimate of mental disorders and the disabil-
ity associated with them.

Instruments have also been developed for use in vari-
ous clinical settings (e.g., primary care settings). The most
prominent of these is the General Health Questionnaire
(GHQ ). Other instruments designed for this setting are
the Personal Health Questionnaire, the Patient Health
Questionnaire, the Medical Outcomes Study 36-Item
Short Form Health Survey (SF-36), and the Primary
Care Evaluation of Mental Disorder (PRIME-MD).

Other instruments have been designed to allow clin-
icians to make reliable assessments of patients in clinical
settings. Among the most prominent of these is the
Hamilton Rating Scale for assessment of depressive symp-
toms. Others include the Schedule for Affective Disorders
and Schizophrenia (SADS) and the Structured Clinical
Interview for DSM-III-R (SCID).

The selection of an instrument depends on what one
wants to do with it. For example, if one wants to compare
community data to those being collected around the
world the choice at this time is the CIDI as it is being
used in the largest international study to date.
Study Designs

Here are described the common study designs and exam-
ples of each related to mental health and substance abuse.
The most common design used in traditional mental
health epidemiological studies is the cross-sectional
(prevalence) survey.

Nonexperimental or observational

In these types of studies, an investigator does not have
control over exposure to an intervention or risk factor in
any particular group. There are three basic types sum-
marized here.

Cross-sectional (prevalence) surveys

In this type of study, one selects a population and deter-
mines the presence or absence of a disease or exposure to
a risk factor by assessing the subject at a single point in
time. The subject may be asked about past events but is
not followed for any period of time. The classic epidemi-
ological surveys in psychiatry have been cross-sectional in
design (e.g., the ECA study). These studies are useful in
determining the mental health status and service needs of
community populations. A variety of techniques are used
to sample community populations for such studies (e.g.,
stratified random sampling). A few of these cross-sectional
studies have had additional follow-up interviews with
subjects (e.g., the Stirling County Study). Such studies
with a repeated assessment could be considered a hybrid
design.

In addition, the type of instrument used in a cross-
sectional survey can vary. One might create a case registry
such as that used by the National Health Insurance in the
United Kingdom. These could use assessments by both
clinicians and individually administered instruments.
However, a typical design is to administer an instrument
to every subject from a survey population. A less expen-
sive option is a two-stage design in which people are first
given a short instrument (e.g., a scale) and those who test
positive are then given a more thorough instrument to
assess psychopathology.

Case-control study

In this type of study, one selects two different groups to
compare. One is a group of people with the condition one
wants to study (cases) and the other is a group of people
who are as similar as possible to those people with
the condition, except they do not have the condition
(controls). One looks back in time to determine whether
the two groups had different exposure to risk factors of
interest. Although these types of studies are subject to
potential biases (e.g., selection bias), they are relatively
inexpensive and can be conducted quickly. For rare
disorders, it is an efficient study design. If a case-control
study indicates a finding of interest it can be tested
through more rigorous methods such as a cohort study.

Cohort study

In this type of study, people are selected to be observed
over time. These are usually conducted in a prospective
(forward) fashion with disease-free subjects but can be
done in a retrospective (backward) time fashion as long
as the temporal sequence of exposure predating disease
onset can be established. In contrast to case-control stud-
ies, groups are not defined by the presence of a disease,
but rather by the presence of a risk factor or exposure and
subjects are followed over a period of time. During the
time of study, one looks for the development of new cases
(incidence) and attempts to connect exposure to certain
risk factors with the development of the disorder. These
studies require large numbers of people since only a small
number are likely to develop the condition of interest and
thus can be quite costly and take long periods of time.
Nevertheless, cohort studies can establish without
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question that risk factors predated disease onset and are
an important strategy in epidemiology.

Experimental

Clinical trials

These types of studies are also known as randomized con-
trolled clinical trials (RCTs). In this type of study, people
are allocated randomly to either a group that receives an
experimental intervention or a group that does not receive
the intervention. Thus, the investigator can control both
the distribution of subjects into comparison groups and the
experimental condition for a group. By using random
assignment, one can reduce greatly or eliminate the poten-
tial for selection bias. In addition, raters are usually blinded
to the experimental intervention and in many studies pla-
cebos are used. Some recent clinical trials have utilized
hybrid designs in which subjects are given some choice of
the intervention and no placebo is used.
Studies and Results

Listed below are the designs of some of the most influen-
tial recent epidemiological studies in mental health. This
is followed by a summary of results from these and some
other studies. The reader is referred to the published full
reports of the studies for comprehensive details and
results.
Recent Studies

Epidemiologic Catchment Area Study

The Epidemiological Catchment Area (ECA) Study,
funded by the U.S. National Institute of Mental Health,
was launched in the early 1980s to assess the prevalence of
mental and substance use disorders in the United States
and the use of mental health services. Instead of a national
probability sample, the ECA used five specific geographic
regions in the U.S. to select population samples. Two
waves of data were collected from subjects. The first
wave started around 1980 and the second wave was col-
lected 1 year later, with the last site finishing in the mid-
1980s. The first wave had a combined sample size of a
little over 20 000 people and the second wave was not able
to assess about 21% of the first sample. It used the Diag-
nostic Interview Schedule (DIS) to obtain diagnoses for
the major DSM-III diagnoses through trained lay inter-
viewers in face-to-face community interviews. This was a
ground-breaking study in that it was the first to use
structured complex diagnostic interview schedules to
obtain estimates of community mental health.

National Co-Morbidity Survey-Replication
This study is a replication of a similar study (National
Co-Morbidity Survey) conducted in the early 1990s on a
national sample in the United States. The National Co-
Morbidity Survey-Replication (NCSR) is part of the
World Mental Health Surveys described in the next sec-
tion and was funded by the U.S. National Institute of
Mental Health. It is a nationally representative (United
States), cross-sectional household survey of people aged
18 and older. Interviews were conducted in person from
2001 to 2003 by trained lay interviewers using the WMH-
CIDI. The response rate was approximately 71%, and the
sample size was a little over 9200 people.

National Epidemiologic Survey on Alcohol and

Related Conditions

The U.S. National Institute of Alcohol Abuse and Alco-
holism launched a nationally representative survey of
people 18 years and older in 2001. The National Epide-
miologic Survey on Alcohol and Related Conditions
(NESARC) study has two waves of data collection with
the first wave completed in 2001–02. Although the survey
is of noninstitutionalized populations, it did make an
effort to include people who live in housing units more
likely to have higher substance use patterns (e.g., shelters
and group homes). The response rate for the first wave
(81%) was much higher than previous surveys.

The survey used the Alcohol Use Disorder and Asso-
ciated Disability Interview Schedule-DSM-IV version
(AUDADIS-IV). This is a state of the art structured diag-
nostic interview that is designed to be used by lay inter-
viewers. This instrument was designed to be more
accurate than previous instruments in assessing alcohol
and substance use disorders. The survey conducted face-
to-face interviews with over 43 000 people across the
United States.

WHO World Mental Health Surveys

In 1998 the WHO established the World Mental Health
Survey (WMH) Consortium to address the limitations of
previous surveys of mental health disorders around the
world. Prior surveys were unable to adequately assess
severity of disorders, interviews used in the surveys
were not standardized to allow cross-national compari-
sons, and the majority of surveys were in high-income
countries, thus limiting their generalizability to other
areas of the world. The Consortium expanded the CIDI
(WMH-CIDI) to include questions that would assess
severity, impairment, and treatment. Surveys were then
launched in 28 countries in each region of the world,
including low-income countries.

Each area is using the WMH-CIDI, a fully structured
diagnostic interview that uses trained lay interviewers to
obtain information. Age of subjects varies by country, but
the most common range is 18 and older. Sample sizes vary
by country but all used multistage household probability
sampling. Response rates have varied so far from lows
around 45% to highs of about 88%. There are differences
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in the demographics, with some sites having young and
less educated populations.
Global Burden of Disease

In the early 1990s, the WHO supported a study that was
the first to use epidemiologic data and projections of
disability from various disorders to estimate the public
health burden of various medical disorders. The purpose
of the study was to quantify the years of healthy life lost as
a result of disease in the various countries of the world.
The identified measure for this is known as DALYs
(disability-adjusted life years) and incorporates death
and disability from a disorder. This study, known as the
Global Burden of Disease (GBD) study, had a significant
influence on the perception of the impact of various
disorders. Prior estimates had indicated infectious dis-
eases were the most important causes of public health
problems. However, this study, which considered not
only mortality from a disease but the burden imposed
by living with disability from the disease, changed the
perception of which diseases were the most important in
terms of impact on public health. Chronic diseases with
significant effects on long-term disability (e.g., major
depression) now were considered more important from
a public health perspective than had previously been
Table 1 Twelve-month prevalence of mental and substance use

ECA NCS-R

Any mood disorders 9.5 9.5

Major depression 5.0 6.7
Dysthymia a 1.5

Mania 1.2 0.6

Any anxiety disorders 12.6 18.1

Panic disorder 1.3 2.7
Social phobia 2.1 6.8

Specific phobia 10.9 8.7

Generalized anxiety disorder b 3.1

Any substance use disorder 9.5 3.8
Any alcohol use disorder 7.4 3.1c

Any drug use disorder 3.1 1.4d

Any disorder 28.1 26.2

aAll sites did not assess 12-month prevalence for dysthymia.
bAll sites did not assess generalized anxiety disorder.
cAlcohol abuse only; see text.
dDrug abuse only; see text.
eFigures are median values from meta-analysis of multiple studies.
fDependence only (excludes abuse).
gFigures are from recent update analysis except dysthymia and alco

Data from: Regier DA, Narrow WE, Rae DS, et al . (1993) The de facto 

catchment area prospective 1-year prevalence rates of disorders
Kessler RC, Chiu WT, Demler O, et al . (2005) Prevalence, severity,

comorbidity survey replication. Archives of General Psychiatry 62: 61

Prevalence and co-occurrence of substance use disorders and i

Psychiatry 61: 807–816 (NESARC); Wittchen HU and Jacobi F ( 2005)
projected. There were a number of criticisms about the
methodology of the study and concerns about miscalcula-
tions of the impact of certain diseases (e.g., HIV/AIDS).

These projections were updated recently by the WHO
to consider more current epidemiological data on burden
of disease and mortality. In addition, the update moved
from considering projections by only the eight regions of
the world to project at the country level and then aggre-
gated the results into regional and income-level groups.
The various diseases and injury causes were grouped into
three levels: Group I (communicable, maternal, nutri-
tional causes), Group II (noncommunicable diseases),
and Group III (injuries).
Data on Mental Illness and Substance Use
Disorders

Table 1 shows a comparison of data from the three most
prominent studies in the United States and ameta-analysis
of studies conducted in Europe and the initial findings of
the European component of the WHO World Mental
Health Surveys. It is important to note that one cannot
make clear comparisons across these studies as the time of
data collection was different, the samples are obviously
different, and the methods varied. However, despite these
disorders (percent of study population)

NESARC Europee ESMeDg

9.3 9.1 4.5

7.2 6.9 4.1
1.8 1.1

1.7 0.9

11.1 12.0 8.4

2.1 1.8 0.7
2.8 2.3 1.6

7.1 6.4 5.4

2.1 1.7 0.9

9.3 3.4f

8.5 1.0

2.0

27.4 11.5

hol use which are from original analysis.

US mental and addictive disorders service system: Epidemiologic

and services. Archives of General Psychiatry 50: 85–94 (ECA);
 and comorbidity of 12-month DSM-IV disorders in the national

7–627 (NCS-R) ; Grant BF, Stinson FS, Dawson DA, et al . (2004)

ndependent mood and anxiety disorders. Archives of General

 Size and burden of mental disorders in Europe – A critical review
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differences, it is remarkable that estimates are very close in
some diseases. The obvious exception is the report from
the ESMeD study, which has lower 12-month prevalence
estimates. It is not clear why this would be the case, but it
represents a summary of data from several European
countries and if one looks at the range for those countries
(Table 2) there is significant variation. In addition, there
were some initial problems in the survey implementation
in these countries that could have resulted in lower esti-
mates. The meta-analysis represented in the column
labeled Europe presents median estimates and the range
is variable for these, especially alcohol dependence,
depression, and specific phobia. For substance abuse, the
Table 2 Twelve-month prevalence of World Mental Health Comp

Manual of Mental Disorders, 4th edn.a

Country anxiety mood impulse-control substance any (95% confide

Country Anxiety Mood

Americas

Columbia 10.0 (8.4–11.7) 6.8 (6.0–7.7)

Mexico 6.8 (5.6–7.9)b 4.8 (4.0–5.6)

United States 18.2 (16.9–19.5) 9.6 (8.8–10.4)
Europe

Belgium 6.9 (4.5–9.4) 6.2 (4.8–7.6)d

France 12.0 (9.8–14.2) 8.5 (6.4–10.6)d

Germany 6.2 (4.7–7.6) 3.6 (2.8–4.3)d

Italy 5.8 (4.5–7.1) 3.8 (3.1–4.5)d

Netherlands 8.8 (6.6–11.0) 6.9 (4.1–9.7)d

Spain 5.9 (4.5–7.3) 4.9 (4.0–5.8)d

Ukraine 7.1 (5.6–8.6)b,c 9.1 (7.3–10.9)d

Middle East/Africa

Lebanon 11.2 (8.9–13.5) 6.6 (4.9–8.2)

Nigeria 3.3 (2.4–4.2) 0.8 (0.5–1.0)
Asia

Japan 5.3(3.5–7.0)b 3.1 (2.2–4.1)d

People’s Republic of China

Beijing 3.2(1.8–4.6)b 2.5 (1.5–3.4)
Shanghai 2.4(0.9–3.9)b 1.7 (0.6–2.9)

aAnxiety disorders include agoraphobia, generalized anxiety disorde
stress disorder, social phobia, and specific phobia. Mood disorders in

disorder. Impulse-control disorders include bulimia, intermittent explo

symptoms of three child-adolescent disorders (attention-deficit hyp

disorders). Substance disorders include alcohol or drug abuse or dep
life and who continue to have any symptoms are considered to hav

criteria for the disorder. Organic exclusions were made as specified in

4th edn., but diagnostic hierarchy rules were not used.
bObsessive-compulsive disorder was not assessed.
cSpecific phobia was not assessed.
dBipolar disorders were not assessed.
eIntermittent explosive disorder was not assessed.
fBulimia was not assessed.
gAttention-deficit hyperactivity disorder was not assessed.
hOppositional-defiant disorder was not assessed.
iConduct disorder was not assessed.
jOnly alcohol abuse and dependence were assessed. No assessmen
figures from the NCS-R study are probably low because
themodule used to obtain these diagnoses did not consider
responses to questions about dependence in those who did
not respond positively to abuse questions.

Table 2 shows the first data from the WHO-Mental
Health Survey (WMH).The estimates varyacross countries
despite similarmethodology.However, there are likely to be
cultural differences in the interpretation of the questions
and the concept of mental illness. In addition, the stigma
attached to mental illness and substance abuse may be
greater in some areas and impede responses to such ques-
tions. An issue that often arises in any mental health survey
is a concern that the disorders reported do not represent
osite International Diagnostic Interview/Diagnostic and Statistical

nce interval)

Impulse control Substance Any

3.9 (3.2–4.7) 2.8 (2.0–3.7) 17.8 (16.1–19.5)

1.3 (0.9–1.8)e 2.5 (1.8–3.3) 12.2 (10.5–13.80)

6.8 (5.9–7.8) 3.8 (3.2–4.5) 26.4 (24.7–28.0)

1.0 (0.3–1.8)e 1.2 (0.6–1.9) j 12.0 (9.6–14.3)

1.4 (0.7–2.0)e 0.7 (0.3–1.2) j 18.4 (15.3–21.5)

0.3 (0.1–0.6)e 1.1 (0.4–1.7) j 9.1 (7.3–10.8)
0.3 (0.1–0.5)e 0.1 (0.0–0.2) j 8.2 (6.7–9.7)

1.3 (0.4–2.2)e 3.0 (0.7–5.2) j 14.9 (12.2–17.6)

0.5 (0.2–0.8)e 0.3 (0.0–0.5) j 9.2 (7.8–10.6)
3.2 (2.4–4.0)f,g,h 6.4 (4.8–8.1) j 20.5 (17.7–23.2)

1.7 (0.8–2.6)f,h 1.3 (0.0–2.8) 16.9 (13.6–20.2)

0.0 (0.0–0.1)f,g,h 0.8 (0.3–1.2)j 4.7 (3.6–5.8)

1.0 (0.4–1.5)f,g,h,i 1.7 (0.3–3.0) 8.8 (6.4–11.2)

2.6 (1.3–3.9)f,g,h 2.6 (1.2–3.9) 9.1 (6.0–12.1)
0.7 (0.4–1.1)f,g,h 0.5 (0.3–0.6) 4.3 (2.7–5.9)

r, obsessive-compulsive disorder, panic disorder, posttraumatic
clude bipolar I and II disorders, dysthymia, and major depressive

sive disorder, and reported persistence in the past 12months of

eractivity disorder, conduct disorder, and oppositional-defiant

endence, respondents who met full criteria at some time in their
e 12-month dependence even if they currently do not meet full

the Diagnostic and Statistical Manual of Mental Health Disorders,

t was made of other drug abuse or dependence.
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significant clinical problems. Thus, recent surveys such as
the WMH have attempted to measure severity and disabil-
ity. TheWMH initial reports show variation in severity and
disability but in some settings more than 50% of the cases
are of serious or moderate severity. Days out of work are
much higher for those with serious disorders than those
classified as having mild severity.
Data on Comorbidities

Among the interesting findings from recent studies is the
recognition that mental disorders and substance use dis-
order are comorbid at higher levels than was previously
expected. The NESARC study found that 20% of people
with a current substance use disorder also had a mood
disorder. These disorders appear to be independent and
not substance induced. Such findings on co-morbidity
are important as they point to the need to assess and
provide services for both mental and substance abuse
disorders when a person is seen initially for one or the
other disorder. There are no current data to clarify this
increased co-morbidity among mental and substance
abuse disorders. One may lead to the onset of the other
type of disorder, there may be common genetic or envi-
ronmental causes or the methods used to assess these
disorders may overestimate co-morbidity. An understand-
ing of these linkages could aid in development of preven-
tive and treatment interventions for co-morbidity.
Burden of Disease Data

One can see in Table 3 that noncommunicable diseases
(Group II) are the most important causes of disease burden.
By the year 2030, Group II causes are expected to have a
greater impact on overall burden of disease around theworld
than Group I (communicable) causes. Table 4 shows that
major depression becomes a significant factor in the overall
burden of disease regardless of a country’s income level.
Table 3 Leading causes of DALYs (world)

2002 2030

1. Perinatal conditions 1. HIV/AIDS
2. Lower respiratory tract

infections

2. Unipolar depressive

disorders

3. HIV/AIDS 3. Ischemic heart disease

4. Unipolar depressive
disorders

4. Road traffic accidents
5. Perinatal conditions

5. Diarrheal disease 6. Cerebrovascular disease

6. Ischemic heart disease 7. COPD
7. Cerebrovascular disease 8. Lower respiratory tract

infections8. Road traffic accidents

9. Malaria 9. Hearing loss, adult onset

10. Tuberculosis 10. Cataracts

From Mathers CD and Loncar D (2006) Projections of global

mortality and burden of disease from 2002 to 2030. PLoS Medi-

cine 3: 11: e442.
Although these updated projections address some of
the criticism of the original Global Burden of Disease
Study, there are still limitations to the study. Recent
epidemiological studies such as the WHO-WMH study
have improved what data are available for mental health,
but there are still problems in the quality of such epide-
miological data across regions. In addition, measures of
disability are not ideal and projections are based on pres-
ent data and various assumptions about future disease that
could change with time. Thus, although data such as these
are helpful for planning distribution of future health
services, they must be interpreted with caution.
Service Use Data

Many of the epidemiological studies have assessed use of
mental health services. As can be seen in Table 5, large
numbers of people with a mental disorder during a 1-year
period do not seek medical care for such services. Obvi-
ously, such data will differ according to the ability to
access such services and the stigma attached to using
them. However, it is interesting to note that even within
countries that provide universal coverage there is still a
large amount of unmet need (low use in those with dis-
orders). The studies also looked at the use of a variety of
other service sectors (including nontraditional providers).
Such data show that even though significant numbers of
people use other service sectors for mental health care
there are still large numbers of people with a disorder who
do not seek care anywhere. Those least likely to use
services are the elderly, men, people without resources
such as insurance, and those living in rural areas where
care is not readily available.
Future Needs

Assessments and Methods

The field of mental health epidemiology has come a long
way in the past 100 years, with tremendous growth since
the end of the Second World War. Key to this expansion
has been the development of explicit criteria for diagnos-
tic assessment. These have increased reliability in making
diagnoses and facilitated the development of instruments
that can be used in large-scale community surveys. How-
ever, a number of issues still confront the field. Among the
most prominent is the issue of diagnostic validity. Efforts
are underway currently to update the DSM and ICD
classification systems. That process has initiated dis-
cussions about the best ways to classify mental and sub-
stance abuse disorders and whether a more dimensional
approach should be considered. Given the growing find-
ings from basic neuroscience and genetics about potential
biological causes of mental disorders, there is a need to
connect this information with future diagnostic



Table 4 Leading causes of DALYs (2030) by country income ranking

High income Middle income Low income

1. Unipolar depressive disorders 1. HIV/AIDS 1. HIV/AIDS
2. Ischemic heart disease 2. Unipolar depressive disorders 2. Perinatal conditions

3. Alzheimer and other dementias 3. Cerebrovascular disease 3. Unipolar depressive disorders

4. Alcohol use disorders 4. Ischemic heart disease 4. Road traffic accidents

5. Diabetes mellitus 5. COPD 5. Ischemic heart disease
6. Cerebrovascular disease 6. Road traffic accidents 6. Lower respiratory tract infections

7. Hearing loss, adult onset 7. Violence 7. Diarrheal diseases

8. Trachea, bronchus, lung cancers 8. Vision disorders, age-related 8. Cerebrovascular disease

9. Osteoarthritis 9. Hearing loss, adult onset 9. Cataracts
10. COPD 10. Diabetes mellitus 10. Malaria

From Mathers CD and Loncar D (2006) Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med 3: 11: e442.

Table 5 Prevalence of 12-month use of mental health

services (percent of those with mental disorder)

Sector ESMeD ECA NCS-R

Mental health specialist 31.4 12.7 21.7

General medical physician 34.1 12.7 22.8

Data from Alonso J and Lepine J ( 2007) Overview of key data

from the European study of the epidemiology of mental disorders
(ESEMeD). Journal Clinical Psychiatry 68: 2, 3–9 (ESMeD);

Regier DA, Narrow WE, Rae DS, et al. (1993) The de facto US

mental and addictive disorders service system: Epidemiologic

catchment area prospective 1-year prevalence rates of disorders
and services. Archives of General Psychiatry 50: 85–94. (ECA);

Wang PS, Lane M, Olfson M, et al. (2005) Twelve-month use of

mental health services in the United States. Archives of General
Psychiatry 62: 629–640 (NCS-R).
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classifications. Collection of biological data in epidemio-
logical studies could help to further this connection.

In addition to classification by symptoms, more atten-
tion should be focused on other aspects of disorder such as
disability. A number of efforts are already underway in
this area, but better assessments of severity, disability, and
quality of life are needed. For many people with mental
and substance abuse disorders, the most important end
points in treatment are improvement in functional status
and quality of life, not just a reduction in symptoms.

Previous studies have focused on cross-sectional looks
at populations with very few cohort studies. Although
they are less costly and perhaps easier to conduct, these
prevalence studies have major limitation when trying to
determine risk factors for development of disorders. Thus,
the field needs to launch large cohort studies that would
help delineate the various risk factors (biological, individ-
ual, environmental, and social) and the interplay among
them. Only more comprehensive information is likely to
lead us to a better understanding of the natural history of
mental disorders and the various etiological factors that
are involved in their development.
More international collaboration would be helpful.
Previous studies have shown the importance of mental
and substance abuse disorders as public health problems
throughout the world. There is much to learn from dif-
ferent regions and standardization of assessments and
classification systems together with collaborative large
multinational studies would move the field much further.
Topics

A number of recent studies have looked at the interface
between mental disorders and other medical disorders
such as cardiovascular disease. More work in this area
would help to delineate the impact of mental health on
other medical disorders and vice versa. This could lead to
new interventions for the prevention and early interven-
tion of medical disorders that are co-morbid with mental
health disorders.

Given the increasing attention to genetic factors in dis-
ease, genetic epidemiological studies in mental health offer
an opportunity to understand the complex linkage between
genes and environment. Recent work has shown that the
presence of certain genes togetherwith certain environmen-
tal exposures increases the risk for development of depres-
sion. Studies that address the impact of genes on response to
pharmacological or psychotherapeutic interventions in the
presence of particular environmental exposure would help
to revolutionize treatments in mental health.

Epidemiological studies have tremendous potential to
inform the allocation of public health resources. However,
previous studies have tended to focus on specific individ-
ual factors that affect use of resources (e.g., insurance
status, availability of services). Studies that address both
individual factors and macro-level environmental factors
(e.g., organization of services, public mental health poli-
cies) at the same time would strengthen the ability to
make more informed public policy decisions for the pro-
vision of health-care services. This could lead to better
systems of care, ensuring that limited services reach those
most in need of them.
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Burden of Mental Disorders

The World Health Organization estimates that up to 450
million people are affected by mental, neurological and
behavioral disorders worldwide. These disorders include

unipolar depression, bipolar affective disorder, schizo-
phrenia, alcohol and drug use disorders, posttraumatic
disorder, panic disorder, Alzheimer’s disease and other
dementias, and primary insomnia. The prevalence of
mental disorders is generally higher than that of any
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other class of chronic conditions and this is further
reflected in the fact that four out of the six leading causes
of years lived with disability are neurological or mental
disorders. Even though estimates vary, depending on def-
inition and ascertainment methods, in general approxi-
mately one in every four individuals will develop one or
more mental disorders in their lifetime. Cross-national
estimates of 12-month prevalence of between 4.3% and
26.4% have been reported in studies conducted among
large community samples. In the community, the most
common disorders are anxiety, mood, and substance use
disorders. The burden attributable to mental disorders
results not only from their high prevalence but also from
the relatively early age of their onset as well as their
tendency to be chronic or recurrent. For example, the
median age of onset for anxiety disorders is early teenage
and many affected individuals will go on to develop other
types of mental disorder in adulthood.

Prevalence

Mental disorders are highly prevalent in the community.
Large-scale community surveys, which have only become
possible with the development in the last few decades of
reliable lay-administered interviews, have shown that
between 25% and 50% of adults will develop one mental
disorder or the other in their lifetime. In a 12-month
period, between one in ten and one in five adults will
have significant levels of symptoms sufficient for a cate-
gorical diagnosis. Even though such estimates have gen-
erated controversy and concern about their reliability,
their replication in several different settings has provided
credibility. These estimates have varied depending on the
mode of ascertainment, the diagnostic categories covered,
and the age group studied. There is also variability between
countries. For example, the largest mental health survey
ever conducted, the World Mental Health Surveys,
reported rates of 12-month disorder that vary between
4.7% in Nigeria and 26.3% in the United States
(Table 1). Whether this reflects the performance of the
assessment tools, the reporting styles of people from differ-
ent cultural backgrounds, or a true difference in propensity

to developmental disorders is still unknown.The likelihood
is that some or all of these factors are involved. Irrespective
of where they are conducted, it is a common observation
that prevalence rates in the general adult population typi-
cally underestimate projected lifetime risk, so that more
people are indeed likely to develop mental disorders in
their lifetime than cross-sectional estimates suggest.

The most common group of mental disorders in the
community is anxiety disorders. Lifetime estimates of anxi-
ety disorders of up to 25% have been commonly reported.
Among these, specific phobia is the most prevalent often
followed by social phobia, posttraumatic disorder, and
generalized anxiety disorder. Mood disorders, in particular
major depressive disorder, are also highly prevalent, with
some studies suggesting that up to one in five adults may
experience at least one episode of depression in their life-
time. Substance use disorders may affect up to 10% of adults
in their lifetime, with alcohol abuse the most prevalent
condition reported. While anxiety and mood disorders
tend to be more prevalent among females, males are com-
monly the more likely to report substance use disorders.
Rates of substance use disorders, as a group, tend to vary
considerably between cultural settings and age groups.
However, there is now a common observation for a trend
for a prominent cohort effect in which higher rates of these
disorders are often to be found in the teens and young adults.

Nonaffective psychotic disorders and dementia are less
common in the community. Schizophrenia has a lifetime
risk of about 1%. There is evidence that males are more
affected than females, with a male to female ratio of about
1.4, and that migrants, especially second-generation
migrants, tend to have higher incidence than native-born
individuals. Bipolar disorder also has a lifetime morbid risk
of about 1%. However, recent studies suggest that sub-
threshold bipolar syndrome, which is also a disabling disor-
der, has a much higher prevalence in the community. In
addition, several studies have now documented idespread
experience of psychotic symptoms in the community,
although the import for such experiences in regard to
disability is not yet fully understood. About 1% of persons
aged 65 years will have dementia. However, with the preva-
lence of the disorder doubling every 5 years, over 40%
of elderly persons 90 years and above will have the disorder.

Table 1 Epidemiologic studies: Lifetime and 12-month rates of mental disorder

US (NCS-R) Europe (ESEMeD) New Zealand (NZMHS) Mexico (M-NCS) Nigeria (NSMHWB)

Lifetime prevalence 46.4 25.0 39.5 26.1 12.0

12-month prevalence 26.3 9.6 20.7 12.2 4.7

NCS-R, National Comorbidity Survey-Reproduction; ESEMeD, European Study of the Epidemiology of Mental Disorders; NZMHS,

New Zealand Mental Health Survey; M-NCS, Mexican National Comorbidity Survey; NSMHWB, Nigerian Survey of Mental Health and
Well-Being.
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Comorbidity

Mental disorders do not always occur in discrete forms.
Many affected individuals will have more than one form
of disorder, a phenomenon termed comorbidity. Defined
as the presence, either simultaneously or in succession, of
two or more specific disorders in an individual within a
specified period of time, comorbidity has important
implications for the level of impairment associated with
mental disorders and for their prognosis. Persons with
multiple disorders are commonly more disabled than
those with single disorders but, in general, the implica-
tions of lifetime and 12-month comorbidity are somewhat
different. Lifetime comorbidity rates can offer important
opportunities for secondary prevention of mental disorders,
as it has been shown that the experience of early-onset
disorders confers a greater risk for the occurrence of
another later-onset disorder; these later-onset disorders
are frequently more persistent and severe. Twelve-month
comorbidity, on the other hand, is often associated with
symptom severity, with consequent increased burden on
affected persons and increased demand for services. High
rates of comorbidity have been reported in large commu-
nity surveys. The Epidemiological Catchment Area study
(ECA) and the National Comorbidity Survey in the United
States reported 54% and 56%, respectively, of respondents
with a lifetime history of at least one DSM III disorder met
criteria for some other mental disorder. The Netherlands
Mental Health Survey and Incidence study documented
a 45% comorbidity rate, while the Australian National
Mental Health Survey reported a 12-month comorbidity
rate of 39%.

The most common comorbidity is between mood and
anxiety disorders. More than 50% of patients with a mood
disorder will meet diagnostic criteria for an anxiety disor-
der. Other conditions that may be comorbid with mood
disorders include alcohol use disorders, personality dis-
orders, dysthymia, somatoform disorders, drug abuse,
and dependence and impulse control disorders. A substan-
tial proportion of patients with schizophrenia have symp-
toms of obsessive-compulsive disorder (OCD) and
schizophrenia patients with OCD may differ from those
without OCD in severity of schizophrenia symptoms.
Comorbidity also is common between mental disorders
and substance-use disorders. Up to two-thirds of patients
attending alcohol and drug services have a comorbid men-
tal disorder. Rates of alcohol-related problems are also
high in patients attending mental health services.

The presence of multiple co-occurring disorders carries
poor outcome. Comorbidity is associated with increased
case severity, lower satisfaction with life, greater disability,
longer illness course, and increased likelihood of attempting
suicide. Furthermore, even though comorbidity increases
the chance of seeking treatment and increases the chance of
detection by primary care clinicians, it often complicates

treatment and leads to poor response to treatment. In
patients with major depressive disorders, comorbidity pre-
dicts longer duration of episode, recurrence of symptoms,
and psychosocial impairment.

Child and Adolescent Mental Health

Two reasons make a consideration of child and adolescent
mental health particularly important: Many mental disor-
ders start during this period of life and childhood disorders
often predict chronicity of adult disorders. A consequence
of these factors is that the large percentage of the global
burden of disease can be attributed to neuropsychiatric
conditions in children and adolescents (World Health
Organization, 2001). Indications are that about 10–20% of
children and adolescents worldwide suffer from a serious
mental illness.

Childhood psychiatric disorders can broadly be cate-
gorized into disorders that more typically affect children
and adolescents and disorders that are more common
in adulthood but with onset in childhood. Childhood
and adolescent disorders include specific or pervasive
developmental impairment or delay and behavioral dis-
orders, such as attention deficit hyperactivity disorder
(ADHD), conduct disorder, and emotional disorders.

Approximately 50% of adult mental disorders begin in
childhood, with many starting before the age of 14 years.
Anxiety and impulse control disorders often start in the
early teens. The prevalence of major depressive disorder
in preadolescent children may be up to 2%, with over a
doubling of the rate occurring at the onset of puberty in
adolescence. Major depressive disorder in adolescence is
associated with a fourfold increased risk of depression in
adulthood.

There is a high level of comorbidity in childhood and
adolescent mental disorders. Depressed children and ado-
lescents have higher rates of anxiety disorders, oppositional
disorders, and ADHD. Childhood bipolar disorder is asso-
ciated with high rates of alcohol and drug use, ADHD, and
disruptive disorders. More than 50% of children with
ADHD may have comorbid psychiatric disorders, with the
most common conditions being oppositional defiant disor-
der, conduct disorder, and depression and anxiety disorders.

A diverse range of negative consequence is associated
with childhood and adolescent mental disorders. Adoles-
cents with anxiety disorders are at elevated risk for illicit
drug dependence and failure to attend university. The
presence of major depressive disorder (MDD) is related to
poor outcome, high rates of suicide and suicide attempts,
psychosocial impairments, and lower educational achieve-
ment. Conduct disorder tends to persist into adolescence
and adulthood and is associated with juvenile delinquency,
high school drop out rates, adult crime, antisocial behavior,
unemployment, marital problems, poor parenting, and poor
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physical health. Suicide is the third leading cause of death in
adolescents worldwide (World Health Organization, 2001).
Depression and substance abuse are risk factors for adoles-
cent suicidal behavior.

Child and adolescent mental disorders impose consid-
erable costs on society. Direct medical costs may result
from increased health-care utilization. For example, chil-
dren with ADHD, depression, and conduct disorder are
more likely to present with somatic complaints and have
higher health-care utilization than children without such
disorders. However, it has been estimated that the health
sector cost resulting from child and adolescent mental
health problems may be no more than 10% of the total
costs to the society. More costs are incurred in the provi-
sion of foster and residential care and in the criminal,
educational, and social welfare sectors.

Disability and Functional Limitation

Various concepts are still commonly employed in inter-
changeable and overlapping ways in the investigation of the
impact of mental disorders on individuals. Thus,
impairment, handicap, disability, and even quality of life
and wellbeing are often used as if they denote similar
sequelae of diseases. One example of the relative lack of
specificity of current literature in the area is the diverse use
to which common assessment tools in the field have been
put. For example, the Medical Outcomes Study 36-Item
Short-Form Health Survey (SF-36), has been used to assess
activity limitation, disability, functional impairment, as well
as quality of life. Recently, a heuristic organization of the
consequences of disease has been provided by the World
Health Organization in the International Classification of
Impairment, Disabilities and Handicaps (ICIDH-2). The
ICIDH-2 organizes the consequences of disease into three
dimensions: (1) body functions and structure (symptoms
and impairment), (2) activities, and (3) participation. This
organization has yet to form the conceptual basis of existing
research into the impact of mental disorders. Along with
the World Health Organization Disability Assessment
Scale second edition (WHO-DAS-II), which is concep-
tually linked to it, the ICIDH-2 will hopefully guide future
work in this area.

An important metric that allows comparison of the
societal impact of various health conditions was introduced
in 1993 by the Harvard School of Public Health in collabo-
ration with the World Bank and the World Health Organi-
zation. The metric, disability-adjusted life years (DALY),
combines information on the impact of premature death
and of disability and other nonfatal health outcomes. As
described by theWHO (2001), DALY represents the sum of
years of life lost due to premature mortality (YLL) in the
population and the years lost due to disability for incident
cases of the health condition. Using this metric, mental and

neurological disorders have been shown to be among the
most disabling health conditions. Cumulatively, these dis-
orders accounted for 12.3% of the total DALYs lost due to
all diseases and injuries in 2000. In 2005, neuropsychiatric
disorders accounted for approximately 28% of total DALYs
lost due to noncommunicable diseases (Figure 1).

One of the reasons why mental disorders rank so high
among the most burdensome diseases in the world is that
they are commonly associated with a significant degree of
disability or inability to perform usual activities or roles.
Disability refers to limitations in performing defined roles
and tasks in the context of the individual’s social and
cultural environment. Thus, disability can be conceived
as inability to fulfill socially or culturally sanctioned
expectations within the domains of family, work, recrea-
tion, and self-care. Multiple domains of functioning may
be affected. For example, focus is commonly directed at
the impairment of occupational and physical functioning
as well as at disability days. However, within the concept
of psychosocial disability, functions relating to marriage,
parenting, and social relationships are often studied. In
recent years, studies have been extended to encompass
disability in activities of daily living as well as instrumen-
tal activities of daily living. Thus, mental disorder may
limit performance relating to mobility as well as cognition
and may also reduce the capacity of affected individuals
for personal self-care. The demonstration that mental dis-
orders may affect not only psychosocial functioning, but
also limit physical functioning has important implications
for the understanding of the totality of the impact of
mental disorders, especially in contrasting such disorders
with common chronic physical conditions such as arthritis,
heart diseases, and respiratory conditions. Using the Shee-
han Disability Scale, a measure of functional impairment
in the domains of work, home management, social life, and
close relationships, data from the World Mental Health
Surveys show that common mental disorders are more
disabling than common chronic medical conditions, but,
paradoxically, persons with mental disorders are much
less likely to receive treatment (Table 2). The observa-
tions are true for both developed and developing
countries, even though, as could be expected, cases of
either physical or mental disorders are less likely to
receive treatment if they reside in developing as compared
to developed countries.

Schizophrenia and schizoaffective disorder constitute
the fifth leading cause of disability and are responsible for
more years of life lived with disability than all malignan-
cies and HIV combined. Because the typical age of onset
of schizophrenia is late adolescence or early adulthood,
the illness often makes the achievement of a career or the
establishment of a marital relationship impossible. The
disability associated with schizophrenia often persists
for the person’s lifetime, with attendant cost to society
in lost productivity. Persons with bipolar disorder also
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experience a significant level of disability and there is
evidence that, even though the disorder is characterized
by remissions and relapses, associated disability may per-
sist even during periods of apparent remission.

Even though psychotic disorders are seriously dis-
abling, they are not the only group of mental disorders
with evidence of associated disability and functional
impairment. Persons with common mental disorders
also show significantly elevated levels of disability when
compared with persons with no mental disorders. Also,

common mental disorders are associated with levels of
disability that are comparable or higher than those of
chronic physical disorders such as arthritis and heart
disease. A large body of evidence suggests that unipolar
major depressive disorder is commonly associated with
significant psychosocial disability. The Global Burden of
Disease study found that depression was the fourth most
burdensome of all medical conditions throughout the
world in 1990, and predicted that it would become the
second most burdensome by 2020. Unipolar depressive
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Table 2 Treatment and disability of 12-month cases of physical and mental disorders in developed and developing countries

according to the World Mental Health Surveys

Proportion treated Proportion rated severely disableda

Developed (%) Developing (%) Developed (%) Developing (%)

Physical
Arthritis 50.9 46.6 23.3 22.8

Cancer 51.8 59.6 16.6 23.9
Diabetes 94.4 76.6 13.6 23.7

High blood pressure 90.2 69.8 5.3 23.8

Mental
Bipolar 29.1 13.4 68.3 52.1

Depression 29.3 8.1 65.8 52.0

Generalized anxiety disorder 31.6 7.2 56.3 42.0

Posttraumatic stress disorder 29.5 8.1 54.8 41.2

aBased on global ratings on the Sheehan Disability Scale. Adapted from Ormel J, Petukhova M, Chatterji S, et al. (in press). Disability

and treatment of specific mental and physical disorders across the world: Results form the WHOWorld Mental Health Surveys. British
Journal of Psychiatry.
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disorder accounts for so much disability globally because it
is common, with a lifetime occurrence in the general popu-
lation reaching nearly one in five, and often follows a
chronic course. It is now known that even states of sub-
thresholddepressive symptoms that do not attain diagnostic
status are associated with considerable levels of disability
and that significant increases in disability occur with each
stepwise increment in depressive symptoms.

The evidence of significant level of disability in per-
sons with other common mental disorders is now substan-
tial. The widespread co-occurrence of common mental
disorders often confounds the link between specific dis-
orders and functional limitation. For example, comorbid-
ity of anxiety disorders with depression may hide the
unique contribution of the former to disability. However,
several studies have now documented the association of
individual mental disorderswith disability both in primary
care settings and in the community. Even though persons
with comorbid generalized anxiety disorder (GAD) and
depression are often more disabled than those with GAD
or depression alone, it is now known that GAD is inde-
pendently associated with significant disability. Analysis
of large community surveys shows that persons with
either GAD or major depression have comparable levels
of impairment. Compared with persons without mental
disorders, persons suffering from phobia report signifi-
cantly poorer social, family, and work functioning. Panic
disorder, posttraumatic stress disorder, as well as agora-
phobia each make a specific and unique contribution to
disability. When multiple disorders are examined, level of
disability varies substantially with diagnosis, with parti-
cularly prominent levels of disability among individuals
with affective disorder, panic disorder, posttraumatic stress
disorder, and generalized anxiety disorder.

Determinants and Course of Disability in
Mental Disorder

Longitudinal studies suggest that depression and disability
often show synchronyof change, such that the remission of
depression is associatedwith decrement in disability, while
a worsening of depression is commonly accompanied by
greater disability. However, symptomatic recovery does
not always guarantee complete return to full functional
capacity. Thus, even though there could be alleviation of
disability when depressed patients become asymptomatic,
there may continue to be persistence of disability even
when full symptomatic remission has occurred. The ques-
tion of whether psychopathology may cause residual
debilitating functional impairment has important ramifi-
cations for rehabilitation and organization of postrecovery
management of cases. As discussed by Ormel and collea-
gues (2004), postmorbid disability could be (1) the contin-
uation of premorbid disability, predating the onset of any

depressive episode (trait effect); (2) caused by ongoing
postmorbid residual depressive symptoms (state effect);
and (3) disability that emerged in the context of a depressive
illness but has persisted in spite of the complete remission of
the depression (scar effect). Their longitudinal study of
a Dutch community cohort suggests that psychosocial dis-
ability in persons who have recovered from depression
commonly reflects premorbid psychosocial disability and
that scarring does not occur routinely in major depressive
episodes. However, they also found the possibility of scar-
ring in persons with severe recurrent major depression, an
observation that may partly explain the apparent discor-
dance of their findings from those of previous authors who
have found evidence of scarring following mania and
depression.

The emergence and persistence of disability in major
depression may result from a variety of causes. Other
than the severity of the depression, histories of previous
episodes and of incomplete remission from them are
important determinants of disability. Duration is often
an important correlate of disability. However, it would
seem that duration of depression may have a differential
relationship with various aspects of disability, with impact
on functioning in daily activities and none on social func-
tioning. Also important are the presence of comorbidity of
psychiatric disorders, personality traits of neuroticism,
and perceived social support.

Even though most mental disorders are seriously dis-
abling, the presence of disability does not always lead to
seeking help. In some studies in the community, only
about half of persons with mental illness who were rated
as being disabled would have consulted a health provider.
Persons who do not consult for medical intervention may
feel that they do not need treatment. However, a finding
that the presence of disability in the context of mental
disorder does not lead to seeking help is curious and may
result from perceived stigma or lack of knowledge of the
availability of appropriate treatment on the part of
affected individuals. Nevertheless, when affected persons
do seek help, there is evidence that the presence of con-
comitant disability sensitizes the primary care physicians
to the presence of psychological problems and thus aids
detection and treatment.

Quality of Life

The term quality of life in the health-care field has
become useful in integrating the patient’s subjective
experience of their life during illness into clinical care.
This is done by relying on patient’s subjective assess-
ment of their quality of life. The importance of quality
of life as an index of impact of mental illness lies in the
need to capture indices of social and economic well-
being and address the salience to those suffering from
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mental disorders of features such as autonomy, choice,
life satisfaction, and self-actualization. Quality of life
has become a valued assessment in those branches of
medicine dealing with chronic suffering and disability.
In mental health, it takes on an added importance: It
embodies the regard accorded to patients as people with
needs and concerns and not just as persons with illness.
The assessment of quality of life in persons with mental
illness is not without controversy (Katschnig et al., 2006).
Several dimensions of quality of life overlap considerably
with psychopathological domains, thus raising the ques-
tion about measurement redundancy. Also, there is some
debate as to the validity of self-reported outcomes in the
assessment of quality of life of persons with mental illness.
This debate relates to the dissonance that may be observed
between patients’ subjective report and an objective evalu-
ation of their position in life. In spite of these considera-
tions, the assessment of the quality of life of persons
affected by mental illness is now a central consideration
in the evaluation of the totality of the impact of mental
disorders.

There is considerable evidence that persons with men-
tal disorders commonly rate their quality of life lower
than those with no mental disorders. Multiple domains
are often affected. Thus, poorer self-reported well-being
in physical, social, environmental, as well as psychological
domains may be reported. Persons with severe mental
disorders, such as schizophrenia, bipolar disorder, demen-
tia, and intellectual disabilities have lower scores on mea-
sures of quality of life than unaffected persons. There is
also evidence that severe mental disorders are associated
with more impairment in quality of life than common
mental disorders such as mood and anxiety disorders,
which themselves are associated with a substantial decrease
in quality of life. Other than major depressive disorder
and generalized anxiety disorder, posttraumatic stress dis-
order, panic, social phobia, as well as primary insomnia and
dependence states (including dependence on nicotine), are
all associated with quality of life decrement.

Experience of stigma and discrimination is prevalent
for people with mental illness and may be an important
reason for impaired quality of life. Stigma can be defined
as a social process with cognitive, attitudinal, behavioral,
and structural elements that lead to social inequities,
negative discriminatory treatment, and disadvantage to
people with mental illness. Stigma can affect a variety of
life situations of persons with mental illness, from
befriending to neighborhood residence. It is a common
source of disability for persons with mental health pro-
blems. A particularly important way in which stigma con-
stitutes a burden for persons with mental illness is its
potential to limit their opportunities for work. Work is
important to mental health because it enhances a sense
of self-worth and promotes social activity. When stigma
and discrimination lead to exclusion from the workforce

for people with mental illness, the result is not only
material deprivation but a denial of the opportunity for
full recovery and a perpetuation of disability.

Economic Cost

Studies of the economic costs of mental disorders are few
and have beenmainly conducted in the developed countries
of North America and Europe. Estimates often include the
costs of health service uptake, production losses, and
patients’ out-of-pocket costs. It may also include health
benefit claim costs and salary-replacement payments for
patients who are on sick leave or have short- or long-term
disability. Most attention has been given to severe mental
disorders such as Alzheimer’s disease, schizophrenia, and
bipolar disorder. Findings suggest that, not unexpectedly,
economic costs vary by country. For example, the per capita
resources spent on care for people with schizophrenia in the
United States have been estimated to be twice that in
Canada. Variation in the economic costs of mental disorders
may reflect differences in the organization of service and
per capita income, among other reasons.

Health benefit costs and health-related absences con-
stitute a financial burden for employers. The average
number of missed workdays by employees with bipolar
disorder or schizophrenia may be two to three times more
than for employees without such disorders. There is also
substantial cost associated with informal caregiving. For
Alzheimer’s disease, the annual cost of caregiving time
and caregiver’s lost earnings may be up to US $18 000 per
patient in some settings. The costs can add up to billions
of dollars for countries. Community studies show com-
mon mental disorders to be associated with considerable
economic cost. Depression imposes a much larger eco-
nomic burden on the society than chronic conditions such
as hypertension, rheumatoid arthritis, and asthma. Mood
disorders tend to be associated with higher per capita cost
than anxiety disorders and alcohol-related disorders.
However, in view of their higher prevalence, anxiety
disorders impose more economic costs on the society.
In the productive age of 18–65 years, loss of productivity
accounts for much of the economic cost of common
mental disorders.

Impact on Caregivers

Persons suffering from illnesses such as dementia, intel-
lectual disability, schizophrenia, and bipolar disorder
commonly draw on informal family sources for their
care. Indeed, families are important resources in the com-
munity care of people with a variety of mental illness.
Parents, children, and spouses are the most common
informal caregivers. There are more female than male
carers across most cultures. Caring roles can be diverse,
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ranging from supervision, help with activities of daily
living, to emotional support. Whatever the role, there is
an extensive literature documenting the burden of caring
for persons with mental illness on caregivers. The nature
of the burden is often diverse. Psychological, physical,
and social stresses are common. Among psychological
distress, depression is the most extensively studied. For
example, the prevalence of depression among carers of
dementia sufferers may be up to 50%. Increased rates
of anxiety and other psychiatric disorders are also found.
Physical strain and physical health problems are frequent,
especially when carers are themselves old. Compromised
immune response has been reported and this is sometimes
associated with increased susceptibility to physical illness,
including infections. Economic loss is common, especially
in lost earnings. Opportunities for social interactions
and leisure are constrained and carers’ quality of life is
commonly lower than control groups with similar socio-
demographic attributes but with no caring roles. Among
patients’ characteristics that increase burden on the carers
are level of behavioral disturbance and severity of symp-
toms. Prolonged duration of contact between carer and
patient is also a frequent factor.

Mortality

Excess mortality has been clearly documented in patients
with mental disorders. This has been attributed to both
natural and unnatural causes. Standardized mortality
ratios (SMRs) for both natural (deaths resulting from
somatic diseases) and unnatural (deaths due to accidents
and suicide) causes of death in psychiatric patients are
more than twice that of the general population. SMRs for
unnatural causes of death are greater than that for natural
causes. Neuropsychiatric disorders account for 1.4% of all
years of life lost (YLL) and have been linked with signifi-
cant reduction in life expectancy.

This excess mortality in patients with mental illness
can be accounted for in part by the increased frequency of
death from suicides and accidents. However, there is an
excess mortality risk from all causes of death associated
with mental disorders. Increased risk of death has been
reported in patients with serious mental illness, particularly
schizophrenia, dementia, major affective disorder, and sub-
stance use disorders. The leading causes of death include
cardiovascular diseases, suicides, accidents, respiratory dis-
eases, infections, and malignancies. Mortality rates are
higher for men than women, but SMRs are higher for
women. The highest mortality relative risk is observed
between 20 and 40 years of age. There is increased risk of
mortality in patients who had at least one episode of in-
patient care compared with out-patients and more deaths
occur in the first few years of follow-up after initial diagno-
sis and within a short time interval of last hospitalization.

The most commonly reported natural causes of death
in psychiatric populations include cardiovascular disease,
respiratory disease, infections, and metabolic disorders.
The risk factors associated with this in patients with
mental illness include higher rates of smoking and sub-
stance abuse, medication-induced weight gain, poor per-
sonal hygiene, and reduced physical activity. Another
important factor is the health gap faced by people with
mental illness; physical diseases are likely to go unde-
tected or are inadequately treated. It has been suggested
that up to one-third of psychiatric patients may harbor an
undiagnosed medical condition. Some studies have also
shown that patients with mental disorders may be less
likely to receive appropriate medical or surgical interven-
tion for physical illnesses than members of the general
population with similar physical conditions.

Suicide and Accidental Deaths

Suicides and accidental deaths are a major cause of excess
mortality in persons with mental disorders. Deaths from
suicide and accidents are usually significantly higher than
expected in patients than in other individuals. Accidental
deaths have been linked to substance use disorders, espe-
cially alcohol use, depressive disorders, anxiety disorders,
adjustment disorders, and personality disorders. Acciden-
tal deaths are more common in men than in women and
are significantly increased in the presence of comorbid-
ities. The risk of accidental death is increased in patients
aged between 30 and 49 years.

Worldwide, suicide is estimated to represent 1.8% of
the total global burden of disease in 1998. In 2000, approx-
imately one million people died from suicide: a global
mortality rate of 16 per 100 000. The majority of suicides
occur in low- and middle-income countries. More than
half of suicides occur in people aged 15–44 years; suicide
is now ranked among the three leading causes of death in
this age group for both sexes.

Mental disorders (particularly depression, substance
abuse, schizophrenia, and other psychosis) are associated
with more than 90% of all cases of suicide. Depression
may account for up to 70% of all suicides. The lifetime
risk of suicide in patients with mood disorders is about 30
times that of the general population. Higher rates of
suicide are also found among unipolar depressed patients
compared to those with bipolar affective disorders. The
suicide risk in depressed patients is determined by the
extent and severity of their symptoms. The severity of
concurrent depressive symptoms rather than the presence
of a depressive syndrome may determine suicidal behav-
ior in patients with mixed affective or bipolar disorders.
Schizophrenia is also associated with significant risk of
suicide. The risk is increased, especially in young men,
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soon after diagnosis and in the presence of comorbid
affective disorders.

High rates of psychiatric comorbidity have been
reported in patients committing suicide. Comorbidity of
psychiatric and personality disorder has been found to be
an important risk factor for suicide. Personality traits that
are thought to increase the risk of suicidal behavior include
aggression and impulsivity. Mental illness necessitating
admission has also been reported to be a strong risk factor
for suicide. Suicidality is influenced by ethnic, sociodemo-
graphic, and psychological factors independent of diagnosis
or diagnostic subgroup. Social and demographic factors
associated with suicide include age, race, and marital status.
Consistently lower rates of suicide have been reported in
blacks compared to whites. On the other hand, higher
mortality rates have been reported among separated,
divorced, or widowed individuals than in those who were
never married. Living alone has also been found to be a
strong risk factor for suicide in psychiatric patients. With
respect to gender, there are conflicting reports in the litera-
ture. Whereas some studies have found increased mortality
in females, others report increased rates in men.

One of the strongest predictors of completed suicide is
attempted suicide. Attempted suicide is also an indicator
of extreme emotional distress (Kessler et al., 2005). Epide-
miologic surveys in the U.S. suggest that 1.1–4.6% of the
general population attempt suicide at some time in their
lifetime and that about 98% of those who make such an
attempt may have a psychiatric diagnosis. The presence of
any mental disorder is often a significant risk factor for
suicidal attempt, but the odds for mood disorders are
commonly higher than those for any other disorders.
There is a significant link between suicidal attempts and
comorbidity, with increased frequency of attempts with
increasing number of psychiatric diagnoses. Adverse
experiences in childhood such as separation from parents,
physical and sexual abuse, and maternal history of mental
illness have been found to increase the likelihood of a
history of lifetime suicidal attempt among adults (Gureje
et al., 2007). Given the relationship of such childhood
adversities to mental disorders in adulthood, it is possi-
ble that they represent distal risk factors, while mental
disorders represent more proximal vulnerabilities for
suicidal behavior.

See also: Measurement of Psychiatric and Psychological

Disorders and Outcomes in Populations; Mental Health

Resources and Services; Stigma of Mental Illness.
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Why Do We Need Mental Health Policy?

Burden

Mental disorders are common everywhere in the world and
contribute to disability, mortality, loss of economic pro-
ductivity, and poverty (Murray and Lopez, 1996; Mathers
and Loncar, 2006). Across the globe, in both developed and
developing countries, mental ill health affects 10–15% of
people at any one time, and more in high-risk populations.
Mental ill health accounts for 14% of the total global
burden of disease (World Health Organization, 2005).
Conflict, increasing numbers of refugees, the impact of
HIV/AIDS, and nutritional deficiencies contribute fur-
ther to the burden of mental ill health of those living in
poor countries (World Health Organization, 2001a).
Poverty and Education

Poverty and mental health are intertwined and the asso-
ciation reflects causality in both directions: Poverty wor-
sens mental ill health and mental ill health makes poor
people poorer. Therefore, the effective provision of men-
tal health services should form an integral part of national
poverty reduction as well as general health strategies
(Gureje and Jenkins, 2007).
Impact on Children

Parental illness contributes to intellectual and emotional
consequences for the next generation.
Impact on Physical Health

The presence of untreated mental disorders also influ-
ences the success of prevention and treatment programs
for physical illness such as malaria, cholera, HIV/AIDS,
tuberculosis, leprosy, and other infectious diseases.
Mental Ill Health can be Addressed

Most cases of mental ill health are amenable to cost-
effective interventions, whether preventive, therapeutic,
or rehabilitative, and can be managed in the community
(Institute of Medicine, 2001).
Challenge of Limited Resources

Delivery of these interventions in resource-poor set-
tings poses significant challenges for health systems, com-
munities, and individuals. Many of the difficulties in
delivering effective mental health services reflect generic
problems within the health system. Specialist services are
limited, and few primary health workers have received
adequate training in mental health.
Evolving More Effective and Accessible
Services

Most countries in the world are undergoing mental health
reform to a greater or lesser extent; the precise nature of
those reforms and the current situation in each country
are variable. However, the common goal is to achieve
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comprehensive, local, needs-led, evidence-based, and
sustainable care that is in as unrestricted an environment
as is compatible with the health and safety of the
affected individual, family, and public, tailored to the
local context and resources. Many Western countries,
and much of Eastern Europe have extensive custodial
and institutional care, resulting in impaired health and
social outcomes compared to active treatment and reha-
bilitation in community settings. On the other hand, many
low- and middle-income countries have very little or no
institutional care, but they often also lack adequate access
to treatment and rehabilitation in the community. Many
countries are also contemplating reform of the legislative
framework so that it can support appropriate care in flex-
ible settings, with appropriate attention to human rights.

Both these movements require reform of other areas
and, if the public health burden of mental illness is to be
tackled effectively, it is necessary for governments to
adopt a strategic approach that encompasses all the nec-
essary components ( Jenkins et al., 1998). Most countries
focus their policy efforts on the specialist services, but this
ignores the problem that the overall mental health-care
system is extremely complex, comprising many different
agencies that inevitably interact with people with mental
illness. The interfaces and patient flows through the sys-
tem also need to be carefully considered as a blockage in
one part of the system will have inevitable consequences
for the rest of the system. For example, it is very difficult
to resettle people with severe mental illness in the com-
munity if stigma surrounding people with mental illness is
not tackled through public education and education in
schools. Similarly, it is impossible for relatively scarce
specialists to focus on those with the greatest need if
they are constantly deluged by many referrals of less ill
people from primary care. Systems need to be developed
so that the most highly trained professionals focus on the
most difficult cases, while the front-line health workers
address the bulk of mental disorder, in order to achieve
access to care for all who need it.

Summary

It is important to support governments to adopt mental
health policies and to integrate mental health policy into
public health policy and general social policy because
mental disorder causes a heavy burden for societies,
impedes the development of other health and develop-
ment targets, contributes to poverty, differentially affects
the poor, and because mental health itself is of intrinsic
value, as is physical health ( Jenkins, 2003).
What Is a Mental Health Policy?

A mental health policy is a written statement of intent by
the government on mental health issues and mental health
services. Health policy at the national level will identify
the range of health, morbidity, disability, and mortality
issues it intends to tackle, the relevant settings covered by
the policy, the overall framework for implementing policy
in the relevant settings, including, for example, health
services, social services, the education sector, the work-
place, and the criminal justice sector. The policy may set
desired goals and will set a framework for planning at
local level. The policy document addresses the issues
in mental health which require multidisciplinary and
intersectoral collaboration at all levels of human devel-
opment as well as socioeconomic development (World
Health Organization, 2001b).
How Can Policy Impact on the Mental
Health of Populations?

Policy, or a mission statement, is required at national and
local levels to set broad goals for mental health and the
means of achieving those goals. A written National Men-
tal Health Policy is important because it informs the
Health Sector Policy Framework, which in turn informs
the National Development and Planning Policies.

The policy document can bring all mental health issues
into sharp focus and act as an advocacy tool for equitable
resource allocation at individual, family, community,
national, and international levels.

The policy document can assist in the national alloca-
tion of both human and nonhuman resources such as
mental health personnel, financing, and supplies and
equipment. National mental health policy helps govern-
ment include mental health into the health and social
sector plans so it is not marginalized. It informs the
process of mental health legislation. It is a key pillar for
the development of national mental health program of
action and mental health service delivery in an integrated
decentralized manner (including coprogramming with
programs for HIV, malaria, other infectious diseases,
reproductive health, and child health). A policy is capable
of bringing mental health priorities to the same level
as physical health and social well-being and of address-
ing issues of stigmatization, not just within the general
population but also within policy makers and profes-
sionals. It can help raise awareness in other government
departments.

Mental health policy must be integrated with the over-
all national health policy, including the general health
sector reform strategy, package of essential health inter-
ventions, essential medicine kit, health information sys-
tems, curricula for all health workers, and country-level
work on global burden of disease. The policy must form
part of government policy; budgetary and public expendi-
ture processes contribute to the national poverty reduc-
tion strategy and involve ministries of finance, education,
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social welfare, domestic affairs/criminal justice, and employ-
ment ( Jenkins et al., 2002).
The Need for Locally Tailored Solutions

Mental health policy will need to take into account the
contextual factors, the epidemiology (range, severity, fre-
quency, and duration) of disorders, their accompanying
social disability, their mortality, and the relationship to
sociodemographic variables, including geographic varia-
tion. Epidemiology is fundamental to the overall goals of
mental health policy. A few countries are embarking on a
specific rolling program of detailed national mental
health surveys (e.g., Jenkins and Melzer, 2003) and
WHO is coordinating a world mental health survey pro-
gram in a variety of participating countries (Ustun and
Kessler, 2002).

Cultural and religious issues are also very important.
They influence the value placed by society on mental
health, the presentation of symptoms, illness behavior,
access to services, pathways through care, the way indivi-
duals and families manage illness, the way the community
responds to illness, the degree of acceptance and support
experienced on the one hand, and the degree of stigma
and discrimination, on the other hand, experienced by the
person with mental illness. Each country has a unique
context, culture, resources, and existing service structures
and each will require its own mental health strategy
containing locally tailored solutions ( Jenkins et al., 2004;
Jenkins, 2007).
Common Policy Aims

While each country has special needs, problems, resource
constraints, and challenges, there are nevertheless some
consistent areas that national policy needs to address
( Jenkins et al., 2002). The overall goals of public policy
on mental health generally include some or all of the
following:

. To promote mental health;

. To prevent mental and neurological disorders;

. To improve the health and social functioning of people
with mental illness;

. To deliver appropriate services for early detection,
care, treatment, and rehabilitation;

. To reduce the premature mortality of people with
mental disorders;

. To reduce stigma;

. To protect the human rights and dignity of people with
mental illness;

. To promote the psychological aspects of general
health care;
. To engage in appropriate development of human
resources;

. To develop a program of research to support the
above aims.
Common Policy Components

The components of an effective mental health policy
include:

1. National components:
. The construction of a national strategy to promote

mental health, reduce morbidity, and reduce mor-
tality;

. The establishment of policy links with other govern-
ment departments including home affairs, criminal
justice, education, housing, and finance;

. The enaction of specific mental health legislation to
set the overall philosophy of the approach to care of
people with mental disorders, together with precise
provision for assessment and treatment without con-
sent under certain defined conditions in the interests
of the individual and the public, with regard to
safeguarding human rights;

. Financing, to remove perverse incentives, to
ensure sustainable local financing, and develop
funding streams for disseminating good practice
models. In all countries, especially poor ones, fi-
nance is a major limiting factor and prioritization
of services will be necessary. A basic package should
include the provision of medicines for patients at
primary care level with psychosis, epilepsy, and se-
vere depression; the ability to refer very ill patients
for hospital admission; primary care workers sup-
ported by specialists in the community; mental
health promotion in the community, and intersec-
toral linkages;

. Implementation plans and a system of accountabili-
ty and governance.

2. Supportive infrastructure components:
. A human resources strategy;
. A consumer involvement strategy;
. A research and development strategy;
. A mental health information strategy (which should

include context, needs, inputs, processes, and out-
comes; information systems provide an essential re-
source for clinicians, managers, planners, and policy
makers and allows the audit cycle to proceed; users
and care providers also require relevant information,
and the general public requires information for pub-
lic accountability);

3. Service components:
. Primary care and specialist care, with the links

between the two;
. Good practice guidelines;
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. Liaison with NGOs, police, prisons, and the social
sector;

. Dialogue with traditional healers;

. Mental health promotion in schools, workplaces,
and the community;

. Addressing needs of refugees and internally dis-
placed people;

. Disaster preparedness.
The Construction of a National Strategy

The first step in getting mental health into national policy
is to identify and engage key agencies and stakeholders in
the overall process so that there is shared ownership of the
vision and its implementation. The next step is to under-
take a detailed situation appraisal to obtain a good under-
standing of the context, needs, demands, current policy,
service inputs, processes, and outcomes; this is best done
in collaboration with key sectors and stakeholders. The
third activity is to develop an overall mission statement,
set goals and targets, including detailed recommendations
on structures to support integrated coordination, liaison,
and implementation. The fourth step is to develop strate-
gic plans and implementation frameworks with those
agencies that take the local situation into account and
that specifically tackle local issues, constraints, and disin-
centives. The fifth and final step is to review progress
regularly using a variety of outcome measures and to
fine-tune strategy and implementation.

The policy document should be developed in a demo-
cratic and equitable manner with all the stakeholders
involved at all stages of its development as well as its
implementation.
Policy Partnerships Outside the
Health Sector

Education

Inadequate education contributes to social exclusion
because of the increased subsequent difficulties in finding
work and in participating fully in other social roles. Peo-
ple with poor educational attainment are overrepresented
in prisons and in specialized hospitals; they are overrep-
resented in prisoners with psychological disorder.

Besides their primary educational role, schools are
important settings for mental health promotion in order
to teach children important life skills aimed at reducing
acute and chronic social stresses and enhancing social
supports, all of which have a direct influence on mental
health.

Policy needs to ensure that the general health educa-
tion program, which is likely to have already established
good links to schools, the media, and health-care workers,
now develop and include education of the community on
mental health and mental illness, life skills and coping
strategies, and responsible community attitudes to people
with a mental or physical disability.

The curriculum needs to include education on mental
health as part of its health and social skills element and to
develop the higher education appropriate for the coun-
try’s needs, including generic courses, vocational qualifi-
cations, distance learning, and occupational standards.

Children often receive too little policy attention. Spe-
cific learning difficulties, including dyslexia in schools,
lead to educational failure, dropping out of school, and
unemployment, as well as overrepresentation in prisons.
It is therefore important for policy to address specific
learning difficulties in schools. Provision of spectacles to
schoolchildren increases performance, and reduces drop-
out rates and entry into child labor and child prostitution.
Children Not in a Home Setting

Large numbers of children across the world are looked
after in orphanages and children’s homes, which often
contain children who have been abused and neglected,
children whose home life has broken down, children with
developmental delay and retardation, speech delay, sei-
zures, severe hyperactivity and aggression, chronic physi-
cal illness, and disability. It should be an important policy
imperative to ensure adequate mental and physical health
promotion and care to children not in their home set-
ting and to prevent their subsequent overrepresentation
in prisons.
Police

To be effective, mental health policy needs to provide a
framework for health staff and police to cooperate to
ensure that people with mental illness who come into
contact with the police receive speedy assessment and
treatment. Police may be helpful in bringing acutely dis-
turbed patients to the attention of the health service. How-
ever, it is not acceptable for people with mental illness to
spend long periods in a police cell. There needs to be
liaison, leadership, and agreement at a senior level between
the ministry responsible for the police and the Ministry of
Health. This needs to provide a framework for liaison
between primary care teams, outpatient clinics or outreach
teams, and the police. Education and the establishment of
agreed procedures for police officers are important.
Prisons

Mental illness is very common in prisons, and in some
Western countries suicide is very high among prisoners.
We need systems to prevent and treat anxiety and depres-
sion in prison, ensure people with psychosis are treated in
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hospital rather than prison, prevent suicide and suicide
attempts, and tackle dyslexia and educational failure in
prisoners.

Mental health policy needs to address the principles
and mechanisms of diversion of mentally disordered
offenders from the criminal justice system into the
health-care system and the implications of this for spe-
cialist services. Offenders with less severe mental disor-
ders will need to receive treatment while in prison, and
therefore liaison with and education of prison staff on
depression and management of suicide risk is important.
Employment

Work, unemployment, and specific conditions at work
have been shown to have a considerable influence on
mental health and mental illness and utilization of mental
health services. Rates of illness are higher in the unem-
ployed than in the working population. There is evidence
from longitudinal studies that both unemployment, actual
redundancy itself, and the threat of redundancy causes
mental illness, although it is also true that people who are
already ill are more likely to become either voluntarily or
involuntarily unemployed.

Workplaces are also a key environment for mental
health promotion as well as physical health promotion.
Employers bear the cost of the consequences of untreated
mental illness in terms of sickness absence, labor turnover,
accidents, and poor performance. Employers should
therefore be encouraged to include mental health in
their workplace health policies, as well as drugs, alcohol,
and HIV/AIDS.

Ministries covering employment, trade, and industry
therefore need to consider environmental conditions at
work; access to employment for all, including sheltered
employment for those who need it; opportunities for
employment rehabilitation; the introduction of workplace
mental health policies, and the provision of occupational
health for the workforce in order to support a successful
economy and to make an appropriate contribution to the
prevention of discrimination against people with mental
illness.
Housing and Overcrowding

Crowding has been conceptualized as two distinct but
interrelated concepts: Excess stimulation and lack of
privacy. Culture defines what is perceived as exces-
sive demands and responses, with differences not only
between cultures and countries but also between genera-
tions. There is a strong relationship between internal
housing density and psychological symptoms in women
experiencing very low as well as high levels of density.

Children seem more vulnerable to the effects of
crowding than adults, and there is a relationship between
large family size and delinquency, low verbal IQ , and
poor reading skills.

Homelessness is generally associated with much higher
levels of both severe mental illness and depression and
anxiety.
Urban–Rural Differences

There is a consistent tendency across different counties
for rates of mental illness to be higher in urban than rural
areas, although not all studies find differences. In adults in
the UK, urban areas have higher rates of psychiatric
morbidity, alcohol dependence, and drug dependence
than rural areas, with semi-rural areas in between. Most
of the factors differentiating urban from rural areas
include higher rates of acute life events and chronic social
stresses, less social support, and more mobility in urban
areas. In addition, there is a tendency for people with
severe mental illness to drift to the cities, where they are
overrepresented among the homeless, those living in
shanty towns, and other marginalized groups.

Therefore, ministries responsible for the environment
and housing will need to consider the impact of its
planning decisions on the mental as well as the physical
health of the population and to consider the needs for
sheltered housing for people with severe mental illness if
they cannot live with their families.

Another key urban–rural issue is the fact that in low-
income countries, and indeed often in richer ones, most
psychiatrists and psychiatric beds are in the large cities,
greatly limiting access to specialist care for those in rural
areas, and where those from rural areas do manage to
access urban services, the large distances involved exacer-
bate institutionalization and difficulty in rehabilitating
the patient back home. These issues are addressed further
in the section titled ‘Key Service Provision Issues.’
Key Cross-Cutting Issues

Human Resource Development

Countries need a sustainable human resources strategy to
carry out the implementation of policy and the delivery of
services. Low-income countries will have difficulty in
meeting all their training requirements for health- and
social-care professionals. They will therefore need a sus-
tainable plan for production and continuing development
both at home and elsewhere, of primary and secondary
care staff.
User Involvement

The views of service users and care providers will be
particularly important, as they will be directly affected by
the strategy and will have personal experience of the
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problems in the current system (e.g., Mirza et al., 2006).
They will also be able to comment on those aspects of the
current mental health system that are working well. User
involvement is one of the great innovations inmental health
and provides a framework for placing people who use
mental health services at the center of decisions and activ-
ities that affect them. It is important to extend the principle
of user involvement from users of specialist services to users
of primary care services and also to the other sectors besides
health that are key for mental health such as schools, uni-
versities, prisons, and institutional care of children and the
elderly. User involvement is not simply an add-on to exist-
ing ways of doing things. Neither is it simply a process of
consultation by those in power or authority. Rather it pre-
sents a challenge to everyone involved in mental health to
reflect and rethink on how traditionally excluded people
and groups can be empowered and included in society.
People with mental illness, their care providers, and the
community are the customers of mental health services.
Their involvement can greatly improve the planning and
delivery of services since they can spot gaps and problems as
well as comment on what is working well. Government
pump priming of a national mental health NGO can be a
cost-effective way of encouraging progress.
Research and Development

All countries need to establish a sustainable research and
development strategy to support its policy development
and implementation program. Epidemiology and mental
health economics are particularly important contributors
to policy and planning. Poor countries cannot meet all
their research needs and will have to rely largely on
research produced elsewhere; however, there are some
crucial questions that can only be answered by local
research and this should be planned for.

Policy makers need both qualitative and quantitative
information. Qualitative information is just as important
as quantitative information and indeed quantitative infor-
mation will frequently not be available. Policy makers
therefore have the task of obtaining qualitative and quan-
titative evidence from a variety of sources – including
research, audit, routine data, user and professional groups,
and the general public – and of integrating very disparate
bits of evidence, knowledge, experience, and values into a
reasonably cohesive whole.

Policy makers need both broad and narrow informa-
tion on which to base their decisions. Evidence covering
contextual issues, needs, service inputs, human resources,
service processes and health, and social and economic
outcomes is required for policy making. Broad informa-
tion helps inform decisions such as how much money
should be spent overall and how it should be divided
between promotion, prevention, treatment, and rehabili-
tation services. It also helps decide the balances that
should be sought between public and private health care,
generalist and specialist health care, and mental health
care and social care. Finally, it helps determine the impor-
tance of public policy on mental health. In contrast, nar-
row information helps inform decisions on specific
treatment options and interventions ( Jenkins et al., 2007).

There are rarely any studies available on which to base
broad information decision-making; useful information
that can be shared between countries is urgently needed.
The systematic review is the narrow information instru-
ment of choice to guide decision making that has proved
very useful. However, the quality of the systematic review
is entirely dependent on the quality and quantity of the
existing investigations on which it is based, and high-
quality investigations aimed at issues relevant to the
proposed policy are not always available, especially in
middle- and low-income countries. Only a very restricted
set of policy questions have been addressed by systematic
review and as soon as one looks beyond the specific to
broader health care and the interplay of health care,
welfare, criminal justice, education, and environmental
policies, experimental trials become difficult or impossi-
ble. Given these circumstances, there are a number of
steps we can take to improve mental health policy making.

A fundamental tenet of the evidence-based approach is
that strong evidence of effectiveness should be established
before a practice is adopted. It has generally been assumed
that where possible strong evidence comes from rando-
mized controlled evaluations. However, the RCTapproach
does not always lend itself to key problems, and other
approaches also have much to offer and are also valid.
Arguably, therefore, government policies should, wherever
possible, be subject to the principle of being evidence based.
Health Management Information Systems

Good information is essential within countries to ensure
effective planning, budgeting, and documentation of out-
comes of resource expenditure. It is therefore important
to collect routine data for mental health on:

. Population needs;

. Primary care consultation rates;

. Primary care treatments and outcomes;

. Referrals to specialist care;

. Specialist treatment and outcomes;

. Suicide rates.

Such data can be collected by a combination of house-
hold surveys, mortality records, and routine consultation
data at primary and secondary care levels.

In addition, more detailed information on country
context, needs, resources, provision, and outcome can be
collated and compared between countries (e.g., Jenkins,
2004a; Jenkins et al., 2004, 2007).
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Legislation

Each country needs a legal framework that balances the
need and desire of professionals to treat people when they
are unable to consent with the need for legal protection of
the individual’s rights and regulation of the circumstances
in which involuntary detention and treatment can take
place. Governments should also develop legislation on
disability, antidiscrimination, and welfare benefits.
Addressing Stigma Within a Policy Framework

In developing mental health policy, it is important to
include consideration of stigma about mental health
issues and mental illness. As well as the impact on the
individual with mental illness, stigma results in a lack of
attention from ministers and the public, which then
results in a lack of resources and morale, decaying institu-
tions, lack of leadership, inadequate information systems,
inadequate legislation, and inadequate attention to key
public health committees. By resulting in social exclusion
of people with mental illness, stigma is detrimental not
just to people with mental illness, but also to the health of
society as a whole. All too often, our services are depar-
ture points for exclusion when they should be stepping
stones for social inclusion. The development of civil soci-
ety, greater local democracy, and local institutional frame-
works for the expression of the plurality of views in
mental health provides the impetus for more transparency
in the creation and evaluation of policy options. As the
policy process becomes more open and local, it may gain
greater legitimacy for particular policies. As the agenda of
public action in mental health increasingly includes the
issues of citizenship and human rights, mental health
becomes part of the wider human development agenda.
Policy Partnerships Within the Health
Sector

Partnerships with Generic Health Policy

Mental health policy needs to be linked to generic health
policy. It is particularly important that any general public
health strategy address mental as well as physical health
so that national mortality indicators include death from
suicide and relevant measures of morbidity due to mental
illness, and health impact assessments must explicitly
include mental health. Some of the generic health policy
issues that will impact on mental health include primary
care funding, training and incentive arrangements, and
government generic health targets.

An effective policy will see mental health included in
generic health reforms such as development of health
information systems, because it is important to develop
the facilities and instruments for routine monitoring of
needs, inputs, processes, and outcomes for planning pur-
poses, hospital optimization programs, quality standards,
basic training standards, and accreditation procedures.

Governments need to ensure that all relevant agencies
are aware of the importance of mental health for the
population, that they are aware of the influence that
their activities can have on mental health and that appro-
priate coordination between relevant agencies takes place.
This coordination is often in place for action on alcohol
and drugs and for AIDS programs but is as yet rarely in
place for mental health programs despite mental illness
forming the greater burden across the population.
Partnerships with Other Health Programs on
Communicable and Noncommunicable Disease

There is a need for a partnership rather than a competi-
tion for resources between those working on noncommu-
nicable diseases and infectious diseases. For example,
mental health promotion is essential in schools if we are
to reduce the risk of AIDS from unprotected sex and
drugs and support girls in being assertive and confident
in ensuring their sexual health and safety, and if we are to
address the lack of acceptance of condoms in the male
culture. It is much more efficient if such mental health
promotion in schools is carried out collaboratively
between the HIV, substance abuse, and mental health
teams rather than as separate initiatives.
Partnership with Traditional Healers

Traditional healers are very common across the world
(1 per 50 population in sub-Saharan Africa) and will
remain a key deliverer of health care for large proportions
of the population for many decades if not centuries. Their
practice is variable and there is no doubt that some
traditional practice is very harmful, but it is also likely
that some of the herbal medicines used have helpful
psychoactive properties and that some interventions give
important psychosocial support to individuals, families,
and communities. Rather than seeking to destroy tradi-
tional healing, it is more productive to research their
provision and outcomes, seek dialogue with the aim of
eliminating frankly harmful practices, and engage in
joint training using diagnostic algorithms to encourage
referral of difficult or chronic cases.
Integration with Primary Care

Primary health care has been defined by the World
Health Organization as:

essential health care made accessible to individuals and

families in the community, by means acceptable to them,

through their full participation and at a cost that the
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community and the country can afford. It forms an

integrated part of the country’s health care system, of

which it is the nucleus, and of the overall social and

economic development of the country (WHO, 1978).

The rationale for primary care arises from comparison
of the prevalence and burden of severe mental illness and
the common mental disorders, with the relative availabil-
ity of specialist services. For example, in the national
psychiatric morbidity surveys of Great Britain of 1994
and 2000, 16% of the adult population were suffering
from a common mental disorder such as depression and
anxiety and 0.5% from psychosis, with one psychiatrist
per 50 000 in 1994 and approaching one per 10 000–20 000
population in 2005. Therefore no country, however rich,
can afford anything approaching sufficient specialist
personnel to see and care for everyone with a mental
disorder.

Whatever the country, whether rich or poor, mental
disorder is so common that most people with mental
disorders will need to be seen and cared for by members
of a primary health-care unit. It is therefore essential that
both mental health policy and general health sector
reforms aim to strengthen the basic and continuing train-
ing of primary health-care personnel in assessment, diag-
nosis, management, and criteria for referral of people to
secondary care. This is as essential in the developed world
as it is in low-income countries.

In richer countries, people with severe mental illness
may be cared for by specialist services, with some shared
care with primary care for long-term support. In poorer
countries, there may often only be capacity for a small
number of people with psychosis to be cared for in spe-
cialist care and most will need to be assessed, diagnosed,
and treated in primary care, with support from specialist
services.

We know from epidemiological studies that there is a
high prevalence of common mental disorders in the gen-
eral population and these may also be severe, disabling,
and of long duration. This high prevalence in all countries
means that not even rich countries can afford sufficient
specialists to look after everyone with a mental disorder.

Because of their high socioeconomic costs, it is not
tenable to argue that the burden of common mental dis-
orders should be ignored. These costs arise from the
repeated primary care consultations, and if patients
remain untreated, absence due to sickness, labor turnover,
reduced productivity, and the impact on families and
children. Primary care therefore needs to play a central
role in overall mental health care in rich countries as well
as in poor countries. In addition to the logistical necessity
of primary care, primary care has particular advantages in
that it allows attention to both physical health and social
needs, it allows continuity of care, it is often preferred by
consumers, it is often more accessible than specialist care,
and studies have shown it is possible to achieve good
clinical and social outcomes.

In the development of policy on primary care of men-
tal illness, it is important to examine the existing primary
care system, its staffing, its system of basic and continuing
training for each of the professional groups involved, and
the existing system of information collection from pri-
mary care. Some key questions remain:

. Is the lead professional in the team a doctor or a medical
assistant or a nurse, and what are their respective roles?
For example, in some countries health workers with
months rather than years of training are in the front
line, dealing with screening and case finding, assessment
and treatment. In Pakistan, the first tier are health-care
workers, usually married women with grown children,
who receive a short training, and the second tier is the
primary care doctor. In the UK, the first tier is usually
the primary care doctor, although this is now changing
in some areas to allow nurses to conduct initial triages.
A few still work alone but most work in groups and
employ a number of primary care nurses. They also
collaborate with a community nursing structure of dis-
trict nurses and health visitors.

. What does the basic training for each tier and profes-
sional in the primary care unit consist of and how much
if any mental health is included? For example, in Iran
and Pakistan, the village health-care workers receive a
few months training in selected priority topics so that
they can screen, assess, diagnose, and treat. In Zanzibar,
there is a 4-year basic training for all nurses and the
fourth year is devoted to mental health.

. What continuing training is available for each tier? In
Zanzibar, there are education coordinators whose task is
to organize and deliver continuing training for all the
staff in the primary health-care units. This continuing
training is regular, consisting of several weekends a year
for which the primary care staff receive transport allow-
ances and incentive payments to attend.

. What quality monitoring exists in primary care? In Iran,
health psychologists perform a quality monitoring role
for the village health workers, and visit every month to
support, supervise, and check on the quality of the
work. Systems for information collection in primary
care are needed for adequate planning. This can be
effective without involving expensive technology. For
example, in Iran, health workers routinely collect and
display annual data on prevalence and outcome of
priority disorders.

. How proactive should primary care be? Should it most-
ly concentrate on active consulters or should it take a
broader population perspective and seek to find and
treat common disabling conditions? Primary care ca-
pacity for outreach is important. Transport is necessary
for outreach from secondary care to primary care and
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from primary care to the community. It may need to be
subsidized, be appropriate to the terrain, and preferably
not be shared with other specialties with different
working patterns.

In countries where there is a low psychiatrist-to-
population ratio, specialists must support primary care
to assess and manage all but the most severe cases. Specia-
lists need to spend a major proportion of their time as
a supportive consultant advisor (e.g., supervision, teach-
ing, local planning, service development, and researching
key local issues) for the service as awhole rather than purely
as a hands-on clinician if they are to have maximum impact
on the population for which they are responsible and if
specialist nurses and primary care teams are to be ade-
quately supported. However, in practice, it is difficult to
achieve this when psychiatrists tend largely to be trained
for their clinical role rather than for their leadership role
in service development, intersectoral partnerships, support
and supervision to primary care, etc., and where psychia-
trist’s remuneration is often dependent on the clinical role.

The integration of primary and secondary care is
assisted by communication, including regular meetings
to discuss criteria for referral, discharge letters, shared
care procedures, need for medicines, information transfer,
training, good practice guidelines, and research, and by
agreeing to prescribing policies and ensuring supply of
essential medicines.

Logistical consideration of the availability of the spe-
cialist services relative to primary care and to the popula-
tion epidemiology of disorders is essential in order to
plan the precise framework for specialist support to pri-
mary care.

In low-income countries, there is often only one psy-
chiatrist per million population and in a few countries this
is as low as one psychiatrist per five or six million.
Integration of Mental Health with District-Level
and Provincial-Level Health Care

However rich a country may be, specialist mental health
staff will nonetheless be in relatively short supply and
therefore policy is needed to ensure their efficient deploy-
ment. In low-income countries, specialist services are usu-
ally in extremely short supply, and it is important to use
them to best effect. Often the distribution of specialists is
not equitable relative to the population, with most con-
centrated in the main cities for a variety of reasons, includ-
ing the availability of private practice, the availability of
academic links and posts, and the availability of schools
and other facilities for families. For example, in Tanzania
over half the country’s psychiatrists live andwork in Dar es
Salaam. A similar situation exists in Australia and many
other countries. Attention therefore needs to be given to
the construction of attractive posts that offer exciting and
interesting work, are suitable for people with families, but
which nonetheless meet the overall service needs of the
country. During specialist training and continuing profes-
sional development, attention will also need to be paid to
the wide range of skills required by specialists responsible
for service delivery for large populations, whichmay range
from 500 000 to 5 000 000. Indeed Malawi has only one
psychiatrist for its 13 million population. Clearly, service
leadership, intersectoral liaison, support from the regional
level to the district services, and capacity building at the
district level to support and supervise primary care will be
crucial components of the leadership role, as well as advo-
cacy and construction of annual operational plans and
budgets within the health sector.

The availability of specialist doctors, psychologists,
and nurses is even less than it appears because of the
time devoted to private practice in order to supplement
the basic salary. Apart from availability for direct clinical
work, it is also important to consider availability for audit,
planning, service development, and essential research. It
is therefore important for countries, when determining
salary structures, to consider the opportunity costs of
losing a significant proportion of a highly trained specia-
list’s time not just from clinical work, important though it
is, but also from the strategic planning and service devel-
opment function, which is also essential.

There is growing concern that relatively rich countries
are increasing their relative proportions of specialists
per head of population, not so much by training greater
numbers of specialists, but rather by recruiting trained
specialists from low-income countries who can ill afford
to lose them. It is crucial that governments agree on
international guidelines to prohibit active poaching from
low- and middle-income countries, and to give adequate
recompense to governments in low- and middle-income
countries for the loss of their health-care workers, both for
their training and for the opportunity costs of losing such
people often at a relatively senior stage in their careers.
Policy on Planning and Resourcing Specialist
Services

To achieve good outcomes, people with severe mental
illness should be cared for as close to home as is compatible
with health and safety of the individual and the safety of the
public, in an environment that is the least restrictive possi-
ble, with due regard to their rights as human beings and
respect for their dignity, religion, and culture. The precise
service structure and configuration needs to be determined
in the context of local needs, culture, and resources, and in
the West may include a small flexible mixture of acute
inpatient beds, halfway houses, respite houses, outpatient
clinics, occupational rehabilitation, day care, employment,
and social activities aimed at promoting each individual’s
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self-determination and personal responsibility. In low-
income countries, resource constraints greatly limit the
extent of specialist provision, which may be limited to
district level outpatient clinics, and very small numbers of
inpatient beds in the provincial hospitals (e.g., 20 beds per
5 000 000 population). Some countries with a colonial his-
tory have inherited a large national mental hospital, which
is usually being downsized and converted to other uses such
as training. Attention needs to be paid to the appropriate
siting of inpatient beds so that relatives can visit frequently.
Apart from maintaining emotional links with the family, in
poor countries, relatives are relied on to make significant
contributions to the patient’s diet and patients may become
significantly malnourished without such input. Where
the only beds available are hundreds of miles away, it is
all too easy for family ties to be disrupted, contributing
to long-term institutionalization.

Before planning future service developments, it is cru-
cial to assess the existing specialist services, their distri-
bution relative to the population, their balance, and their
current pattern of use. Where large asylums exist, they
tend to be in poor repair, with inadequate resources for
maintaining the fabric of the building, staffing, treatment,
and rehabilitation. Policy needs to consider the future of
such asylums, which research has shown encourage insti-
tutionalization and the accumulation of significant social
handicap. There is an inevitable tension between putting
resources into developing a range of local services in each
locality, however defined, and continuing to put adequate
resources into the asylum until it can close. In essence, it
is necessary to provide double running costs for a period
of time. In practice, most governments do not budget for
double running costs and this leads in many countries to
the existence of mental hospitals, which are in a far worse
state of repair than the general hospitals, with worse
staffing, training, and worse morale, and even too few
resources to give the patient an adequate diet. It is there-
fore essential for policy to address the mechanics and time
scale, resourcing of the transition period, and to build in
adequate monitoring of progress.

In some countries, most acute admissions are to gen-
eral beds in general hospitals where the patients are cared
for by general nurses. If this is the case, policy needs to
consider how far the quality of care can be improved by
additional training for the general nurses.
Key Service Provision Issues

Supply of Essential Medicines and Therapies

It is important to assess the needs for essential medicines
and basic psychosocial interventions; even though there
is a significant cost attached to ensuring adequate avail-
ability of medicines and psychological treatments. None-
theless if there is adequate availability of treatments
in primary care, then the number of inpatient beds needed
in the new community-oriented system will be much
smaller than that originally provided in the asylums.
In some countries, senior policy makers do not recognize
that mental illness is a real illness or that it can be treated,
or that not to do so incurs considerable financial and
social costs to the country. This attitude leads to inade-
quate provision for essential medicines in the medication
budget.

Basic psychosocial interventions include general sup-
port, cognitive behavior therapy, marital therapy, psycho-
logical education, and relapse prevention. Occupational
therapy is especially important. All inpatients should
be in an appropriate rehabilitation and activity program
every day.

Where countries cannot afford a wide variety of differ-
ent specialists, it is not uncommon for one professional to
fulfill a variety of roles. For example, the psychiatric nurse
may take on the role of occupational therapist or social
worker. If this is the case, then policy needs to consider
how far the basic training of psychiatric nurses should
take into account and support this situation by incorpor-
ating modules on occupational therapy and social work.
Standards of Care

Where patients are cared for in places other than their
own homes, it is essential to have some system of quality
assurance to ensure that some basic standards are met. For
example, it is reasonable to expect an adequate diet,
adequate spacing of meals, hygienic cooking facilities,
and hygienic washing and toilet facilities, with appropri-
ate privacy and freedom from sexual harassment for
women. It would not be realistic to expect low-income
countries to be able to afford the kinds of inspection that
richer countries can deploy, but it is reasonable to expect
that psychiatric hospitals be regularly visited by senior
politicians, policy makers, and influential lay people so
that the conditions in the hospital are clearly known and
visible.

Good practice guidelines are helpful educational tools
for ensuring that best practice is routine and may be
useful in inpatient, outpatient, and community settings.
All referred patients will need routine assessment of the
physical, psychological, and social needs and a care plan
to meet those needs (e.g., Jenkins, 2004b).
Provision for Women

Women, by virtue of their increased exposure to acute life
events, chronic social stresses, lower social status and
income, and smaller social networks, are often particularly
vulnerable to common mental disorders. There is also a
small group of disorders specific to women, disorders
associated with menstruation, pregnancy, and childbirth.
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Governments will therefore need to consider access to
education, training, and health care for women as well as
the influence of other government policies on these issues.
Liaison between government departments on policies to
improve family cohesiveness, for example, mechanisms
such as taxation and welfare benefits in place to support
families, reduce family breakdown, and reduce the burden
on women as they struggle to raise their children will
impact on mental health. In some countries, mental illness
is a sufficient reason for divorce, and such premature
divorces will often leave a parent without financial sup-
port, to the detriment of both themother and the child. It is
therefore important to make available marital support and
therapy. This is an activity that can often be usefully
delivered by a nongovernmental organization.
Provision for Children

Children are a nation’s most precious resource, yet ser-
vices for children and adolescents are often the least
developed and supported. Children’s cognitive and emo-
tional development is greatly influenced by the mental
health of their parents, especially the mother, and particu-
larly when the mother is the main carer. In addition to the
general rates of adult illness, women experience higher
rates of illness around the time of childbirth. If untreated,
these disorders can severely affect the mother’s relation-
ship with her children, thus damaging the child’s cognitive
and emotional development. Particular childhood disor-
ders that need to be considered include emotional and
conduct disorders, epilepsy, mental retardation, cerebral
malaria, and specific learning problems such as dyslexia.

It is important to develop facilities for sick postnatal
mothers to be cared for with their babies, and older chil-
dren with their mothers. All children with epilepsy should
receive adequate medication (often in very short supply in
low-income countries) and school teachers should receive
training in detecting and managing dyslexia, which is a
significant contributor to conduct disorders and depres-
sion in children and to antisocial behavior in adult life.
Cognitive Disability

Children and adults with cognitive disabilities should be
able, encouraged, and supported to lead as normal a life as
possible. Children with cognitive disabilities, as well as
those with special educational needs, often also have
social, physical, and psychological needs. This means
that close liaison between the ministries of health and
education is important. Policy makers will need good
estimates of the prevalence of cognitive disabilities, and
an appreciation of the possibilities for prevention of some
cases, for example in areas where iodine deficiency is a
significant cause, such as Cambodia. Many children with
cognitive disabilities also have specific neurological pro-
blems such as cerebral palsy and epilepsy, and essential
medicines are needed to ensure that the cognitive deficit
is not aggravated by these associated conditions.

The psychiatric services need to plan how they can
deliver an assessment and management service to children
with cognitive disabilities and their care providers. There
also needs to be an orientation to the needs of children
and adults with cognitive disabilities and their families in
primary health care. This may be supported by the use of
good practice guidelines on assessment and management
of cognitive disabilities. Depending on the availability of
resources, consideration needs to be given to the training
of child psychologists, speech therapists, and special tea-
chers and to the incorporation of cognitive disability into
basic, specialist, and continuing training.
Public Health Measures

Reduction of Suicide and Homicide by Mentally
Ill People

Government health policies usually implicitly, or some-
times explicitly, aim to protect, promote, and improve
health and to reduce premature avoidable mortality.
Premature death from suicide is a significant cause of
mortality around the globe; official suicides alone form
the tenth leading cause of death in the world, equivalent
in magnitude to deaths from road traffic accidents or
to deaths from malaria. A number of countries are now
developing national suicide prevention policies (United
Nations, 1996; Anderson and Jenkins, 2008).

Psychiatric homicide prevention programs will
include improved training in risk assessment, improved
coordination, continuity of care, and communication
between care providers and improved provision of sup-
port for those in greatest need, particularly the provision
of 24-h nursing care for people in whom a lesser degree of
support is insufficient.
Reduction in Mortality from Physical
Illness in Mentally Ill People

People with severe mental illness tend to have a higher
mortality than the general population from cardiovascular
disease, respiratory disease, and malignancy. It is therefore
extremely important to ensure adequate physical health
care and health promotion to people with mental illness,
particularly those being looked after by the hospital. In
tropical countries this may include particular public
health attention to the quality of the water supply and
sanitation to reduce the risk of cholera, for example. In
cold countries, this will include particular attention to
housing.



404 Mental Health Policy
Preparedness for Disasters

No country can afford to ignore the possibility of dis-
asters, whether instigated by humans or natural. More
than 50 countries have experienced conflict in the last
20 years. Conflicts are much more common in poor
countries, and 15 of the 20 poorest countries of the
world have had a major conflict in the last 15 years.
Nearly all low-income countries are next to a country
that has experienced war and therefore frequently carry
the burden of caring for refugees. Women and children
are particularly vulnerable to war, frequently being
witness to or forced participants in murder, victims of
rape, victims of infection with AIDS, rejection, abduc-
tion of child soldiers, with the subsequent difficulty
rehabilitating them.

Psychosocial issues are often neglected in postconflict
situations even though the presence of psychosocial
disorders contributes to low compliance with vaccination,
nutrition, oral rehydration, antibiotics, and risky sexual
behavior, and hence to the high morbidity and mortality
from preventable and treatable infectious disease.

Sometimes the sheer volume of refugees and their
movements make practical arrangements very difficult.
For example, in Macedonia during the Kosovo crisis,
there were over 250 000 refugees and large transfers at
short notice between camps as new refugees arrived,
making psychosocial work very difficult during the initial
phase. In Kashmir, the affected population was extremely
widely dispersed through vast mountain areas and did not
want to abandon their homes to be centralized into camps.
Therefore, primary care is crucial in disaster manage-
ment, and the central importance of involving primary
care teams in the management of the medium- and long-
term psychological consequences of a disaster has long
been argued. In any disaster affecting large numbers of
people, there will be preexisting disorders, the severity of
which have been exacerbated by the disaster, and there
will be new disorders caused by the disaster. Thus, the
whole range of mental disorders (psychosis, common
mental disorders, childhood disorders, dementia, sub-
stance abuse) as well as common neurological problems
such as epilepsy need to be addressed, not just PTSD.
Disasters often uncover or highlight preexisting public
deficiencies and problems, such as the lack of a pre-
existing strong primary care and public health system;
consequently, much of the postdisaster task is in fact
the construction of what should have been in place before
the disaster, namely the establishment of a strong primary
care system, supported by decentralized district specialist
services, and mechanisms for intersectoral liaison. Expe-
rience indicates over and over again that countries beset
by disaster then undergo a second disaster, which is the
lack of coordination by the multiple agencies who respond
to disasters. Coordination is crucial, and all assisting
agencies must liaise closely with the WHO country office
and government ministries who have the overall lead
responsibility (see Inter-agency Standing Committee,
2007).
Implementation of Policy

Implementation is even more challenging than strat-
egy formulation, and particular attention needs to be
paid to:

. Communications: Public relations on strategy, cascad-
ing information within organizations, organizing feed-
back, and alliance-building between key partners;

. Resources: Accessing key budgets, securing capital, en-
suring revenue flows, maximizing the use of generic
budgets, sponsorship, and aid;

. Staff: Planning the development of the human resource,
training for changing service configurations, basic and
continuing education for mental health staff, training
generic staff such as primary care and teachers, com-
municating with staff, engaging professional bodies and
educational institutions;

. Embedding the strategy: Engaging generic organiza-
tions, managers, politicians;

. disseminating good practice;

. Implementing an R & D strategy: Including evalua-
tion, learning from mistakes, and successes and fine-
tuning of strategy, quality assurance, accreditation, and
inspection;

. Addressing stigma: There is a need to address high-level
stigma within government surrounding mental health
so that mental health policy is well integrated with gen-
eral health policy and so that de-institutionalization is
seen as an important step toward achieving better health
and social outcomes for people with mental illness,
but not as an opportunity to save money on the costs
of health care;

. Political will: Political will at national level is essential
to support mental health in public policy and must
include a high profile for mental health within the
ministry of health, liaison with other ministries and a
cabinet committee for mental health; political will at
international level will foster debate in the internation-
al media and international cooperation.

An important component of the way forward includes
building capacity for policy development, health monitor-
ing, research architecture, for innovation, development,
and empowering leadership. This means creative use of
attachments and secondments during training and career
development. It is important to know much more about
national and local epidemiology and to build capacity in
local epidemiology.
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The Facilitating Role of International
Agencies in Stimulating Policy
Development

In 2001, WHO devoted both its annual health day and its
annual health report to mental health, which called on
countries to develop mental health policies. In the same
year, the Institute of Medicine, in Washington, launched a
scientific report on neurological, psychiatric, and devel-
opmental disorders in low-income countries, which called
for immediate strategic action to reduce the burden of
brain disorders (Institute of Medicine, 2001). The EC
plays an important role both in Europe and elsewhere
and has recently produced a public health framework for
mental health. At national level, various governments,
national NGOs, professional bodies, and the media have
played important roles in prioritizing mental health in
their countries.
Conclusions

All countries have a mixture of developed and developing
features, and we can learn from each other. Large-scale
applications are dangerous and we need locally tailored
solutions. We need to build capacity for strategic policy
work, tackle stigma, enhance human rights, consumer
involvement, individual assessment of needs and individ-
ually tailored care plans, evidence of interventions, public
relations, and evaluation of outcomes. Psychiatrists have a
key role to play in influencing their governments to
increase the priority afforded to mental health, develop
well-tailored mental health policies, and support their
implementation and fine-tuning. It is therefore essential
that every country create a strategic mental health policy
that is well integrated, both with its general public policies
and its overall health policy at ministerial, regional, and
local levels and that covers the three broad tasks:

1. Community action to promote mental health;
2. Primary care of mental disorders for prevention and

prompt and efficient treatment of common mental
health disorders;

3. Specialist services (as local as is affordable) to support
those patients in greatest need and to support and
sustain expertise in primary care.

Mental health in a population depends on much more
than the policies of the health and social services, and is
influenced by policies on housing, employment, taxation,
and issues such as the availability of alcohol. Policy is
likely to work best if it is integrated as far as possible
with existing systems for education, human resources,
organizing feedback, and alliance building between key
partners.
It needs to be accompanied by a strategic implementa-
tion program, a timetable for action, and substantial polit-
ical will. It is essential to access key budgets, secure
capital, ensure revenue flows, maximize the use of generic
budgets as well as specific budgets, and obtain sponsorship
and aid. Mental illness is stigmatized and suffers from lack
of resources everywhere. Giving it its own budget gives it
status and visibility.

The best of plans will remain on the shelf unless a
powerful strategic mechanism is devised for their imple-
mentation with direct senior official and ministerial
accountability. The implementation strategy needs to
address all levels of action, at the national, regional, and
local level, including the specialist sector, primary care
sector, and the community.
See also: Mental Health Promotion; Mental Health

Resources and Services.
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Introduction

Mental health promotion is an area of study and practice
integral to the new public health and health promotion.
The recognition of mental health within public health is
nonetheless a recent development in many parts of the
world. Mental health theory and practice have a long
history of separation from physical health theory and
practice. The change to a more integrated approach
relates to greater public awareness of mental health and
evidence of its importance to overall health and social and
economic development.

Like health promotion, mental health promotion
involves actions that (1) support people to adopt and
maintain healthy ways of life and (2) create living condi-
tions and environments that allow or foster health. Actions
such as advocacy, policy and project development, legisla-
tive and regulatory reform, communications, and research
and evaluation are relevant in countries at all stages of
economic development. Mental health promotion relates
to the whole population of a locality or country, often
through vulnerable subgroups and particular settings. It
focuses on maintenance and growth of positive mental
health. The Ottawa Charter for Health Promotion pro-
vides a foundation for health promotion strategies that can
be applied usefully to the promotion of mental health (see
Lahtinen et al., 2005). It considers the individual, social,
and environmental factors that influence health. It places
emphasis on the control of health by people in their
everyday settings in the context of healthy policy and
supportive environments. The Charter’s five strategies
are building healthy public policies, creating supportive
environments, strengthening community action, develop-
ing personal skills, and reorienting health services.

Mental health promotion refers to improving the men-
tal health of everybody in the community, including those
with no experience of mental illness as well as those who
live with illness and disability. Activities designed to pro-
mote other aspects of health, to reduce risk behaviors
such as tobacco, alcohol, and drug misuse and unsafe
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sex, or to alleviate social and economic problems such as
crime and intimate partner violence, will often promote
mental health. Suicide prevention programs in countries
or districts will also typically include interventions that
promote mental health. Conversely, the promotion of
mental health will usually have additional effects on health,
productivity, and on social and economic conditions. The
evaluation of outcomes can be designed to take these wider
changes into account, although such an integrated view has
been rare in the past.

Awareness of the importance of mental health has
grown through advocacy for prevention and treatment
of mental illnesses. Reports on the global burden of dis-
ease, the release of the World Health Organization’s
World Health Report in 2001, ‘Mental Health: New
Understanding, New Hope,’ and the release of national
reports on mental health since 1990 have resulted in a
significant increase in awareness and action to improve
the outcomes for people affected by mental illnesses or at
risk of becoming ill. Even so, this attention in itself results
in a restricted view of the public health approach to
improving mental health. As with all other components
of health, illness claims the attention of the community
and policy makers. Indeed the term mental health is
commonly understood as referring to mental illnesses
and their prevention and treatment. The stigma attached
to people living with mental illness encourages this vague
use of terms and concepts in a way that is similar to but
generally more pronounced than for illnesses of other
types. As noted by Norman Sartorius in 1998 and in
several of his other publications, this creates confusion
about the meaning and value of mental health, and lowers
the chance of its promotion becoming a high priority for
public policy or action. Mental health is a positive set of
attributes, in a person or community, which can be
enhanced or compromised by environmental and social
conditions.
Mental Health Promotion Across Cultures

Mental health has been described in an extensive litera-
ture in terms of a positive emotion (affect) such as feelings
of happiness, a personality trait that includes the psycho-
logical resources of self-esteem and mastery, and as re-
silience, or the capacity to cope with adversity. Each of
these models contributes to understanding what is meant
by mental health. Research has aided the understanding,
although much of the accessible evidence is recorded in
the English language and generated in high-income
countries. Progress in generating the evidence for mental
health promotion depends on defining, measuring, and
recording mental health in all parts of the world (see
Kovess-Masfety et al., in Herrman et al., 2005).
Mental health is defined by WHO as ‘‘a state of well-
being in which the individual realizes his or her own
abilities, can cope with the normal stresses of life, can
work productively and fruitfully, and is able to contribute
to his or her community’’ (as quoted in Herrman et al.,
2005: 2). The term positive mental health is sometimes
used to emphasize the value of mental health as a personal
and community resource. This core concept of mental
health is consistent with its wide and varied interpretation
across cultures.

Positive mental health contributes to personal well-
being, quality of life and effective functioning, and also
contributes to society’s effective functioning and the
economy. It describes a personal characteristic as well as
a community characteristic. Geoffrey Rose (1992) used
the mental health attributes of populations to exemplify
his restatement of the ancient view that healthiness is a
characteristic of a whole population and not simply of its
individual members. He went on to note that just as the
mildest subclinical degree of depression is associated with
impaired functioning of individuals, so surely the average
mood of a population must influence its collective or
societal functioning. Yet the measurement of population
mental health and the study of its determinants are still
relatively neglected.

Concepts fundamental to public health, as distilled by
key thinkers such as Marmot, Wilkinson, Syme, and Rose,
are also fundamental to the improvement of mental
health. For example, health and illness are determined
by multiple factors, health and illness exist on a contin-
uum, and personal and environmental influences on
health and disease may be studied and changed and the
effects evaluated. Yet these ideas are foreign to mental
health for many professionals and nonprofessionals whose
views are shaped by the image of asylum care for people
living with apparently incurable mental illnesses. Fur-
thermore, the promotion of mental health is sometimes
seen as far removed from the problems of the real world
and even as diverting resources from the treatment and
rehabilitation of people affected by mental illness. As a
result, the opportunities for improving mental health in a
community are not fully realized. Activities that can
improve mental health include the promotion of health,
the prevention of illness and disability, and the treatment
and rehabilitation of those affected. As in public health
overall, these are different from one another, even though
the actions and outcomes overlap. They are all required
and are complementary to one another (Sartorius, 1998)
(Figure 1).

Although the attributes defining mental health may be
universal, their expression differs individually, culturally,
and in relation to different contexts. An understanding of
a particular community’s concepts of mental health is a
prerequisite to engaging in mental health promotion (see
Sturgeon and Orley, in Herrman et al., 2005). Sensitivity to
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the factors valued by different cultures will increase the
relevance and success of potential interventions. Under-
standing the effects of discrimination on the lives of
women in patriarchal societies or people living with HIV/
AIDS, for instance, will make a major contribution to
developing relevant intervention programs. It is equally
important to be aware that a culture-specific approach to
understanding and improving mental health may be
unhelpful if it ignores the variations within most cultures
today and fails to consider individual differences. The
beliefs and actions of people and groups need to be under-
stood in their political, economic, and social contexts.
Determinants of Mental Health

Mental health andmental illnesses are determined by inter-
acting social, psychological, and biological factors. This is
similar to the mechanism of multiple interactions under-
stood to determine health and illness in general. Ideas about
the social determinants of mental health and mental illness
have evolved to reach the current understanding that gene
expression can be influenced by external agents and may be
shaped by social experience (see Anthony, inHerrman et al.,
2005). Studies with animal models are demonstrating the
mechanisms by which social experience influences the
developing brain. For instance, the closeness of maternal
care in laboratory mice has molecular consequences that
modify the brain. Other studies are illustrating, conversely,
how the brain can process social information, for example
how unique molecules influence memory of social events
(see Insel, in Herrman et al., 2005). A life-course approach
helps in understanding social variations in health and men-
tal health.
Research designs need to take into account these sys-
temic interactions rather than rely only on risk factor
epidemiology, by which is meant a selectively narrow
focus on individual-level characteristics and behaviors.
Eminent critics such as Claus Bahne Bahnson in the
1970s had earlier advocated for more research using
designs that avoid old controversies about the relative
significance of biological or sociological or other factors,
but instead consider a larger matrix integrating the sev-
eral levels or types of determinants (see Anthony, in
Herrman et al., 2005).
Social Disadvantage: Poverty, Gender
Disadvantage, and Indigenous Populations

In the developed and developing world, poor mental
health and common mental disorders are associated with
indicators of poverty, including low levels of education.
The association may be explained by such factors as the
experience of insecurity and hopelessness, rapid social
change, and the risks of violence and physical ill health
(Patel and Kleinman, 2003). Most evidence of this associ-
ation relates to the prevalence of mental disorders. When
mental health is understood in positive terms, the need
becomes apparent for studies using positive as well as
negative indicators of mental health, as well as document-
ing the process of health-promoting interventions.

Mental, social, and behavioral health problems can
interact to intensify each other’s effects on behavior and
health. The authors of the influential volumeWorld Mental

Health (Desjarlais et al., 1995) define this idea clearly. They
marshal the evidence to state that substance abuse, vio-
lence, and abuses of women and children on the one hand,
and health problems such as heart disease, depression, and
anxiety on the other, are more prevalent and more diffi-
cult to cope with in conditions of high unemployment,
low income, limited education, stressful work conditions,
gender discrimination, unhealthy lifestyle, and human
rights violations.
Human Rights

Respect for and protection of civil, political, economic,
social, and cultural rights is fundamental to mental health
promotion in a community. Good mental health does not
coexist with abuse of fundamental human rights. The Bill
of Rights and other United Nations (UN) human rights
instruments reflect a set of universally accepted values
and principles of equality and freedom from discrimina-
tion, and the right of all people to participate in decision-
making processes. The related legal obligations on
governments can assist vulnerable and marginalized
groups to gain influence over matters that affect their
health. These UN instruments also serve to guide
countries in the design, implementation, monitoring, and
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evaluation of mental health policies, laws, and programs.
They provide additional protection to vulnerable groups,
including women and children in many settings, who are
marginalized and discriminated against and at high risk
for poor mental health and mental disorders. As human
rights have civil, cultural, economic, political, and social
dimensions, they provide a mechanism to consider mental
health across the wide range of mental health determi-
nants. They also underscore the need for action and
involvement of a wide range of sectors in mental health
promotion (see Drew et al., in Herrman et al., 2005).
Case study: Mental health and psychosocial

support in emergency settings: The Inter-Agency

Standing Committee guidelines

The Inter-Agency Standing Committee (IASC) is formed
by the heads of a broad range of UN and non-UN
humanitarian agencies. It is the primary mechanism for
interagency decisions in response to complex emergencies
and natural disasters. In 2005 in the aftermath of the Asian
tsunami, an IASC Task Force on Mental Health and
Psychosocial Support (MHPSS) in Emergency Settings
was established to develop intersectoral guidelines. The
guidelines are a foundational reference and guide for
policy leaders, agencies, and practitioners worldwide.
The Guidelines emphasize the need for protection
and human rights standards, including the application of
a human rights framework through MHPSS, and the need
to identify, monitor, prevent, and respond to protection
threats through social and legal protection.

Human rights violations are pervasive in most emer-
gencies. Many of the defining features of emergencies –
displacement, breakdown in family and social structures,
lack of humanitarian access, erosion of traditional value
systems, a culture of violence, weak governance, absence
of accountability and a lack of access to health services –
entail violations of human rights. In emergency situations,
an intimate relationship exists between the promotion of
mental health and psychosocial well-being and the
protection and promotion of human rights:

. Advocating for the use of human rights standards
such as the rights to health, education or freedom
from discrimination contributes to the creation of a pro-
tective environment and supports social protection and
legal protection. Using international human rights stan-
dards promotes accountability and the introduction of
measures to end discrimination, ill treatment, or violence.
Taking steps to promote and protect human rights will
reduce the risks to those affected by the emergency.

. At the same time, humanitarian assistance helps peo-
ple to realize numerous rights and can reduce human
rights violations. Enabling at-risk groups, for example, to
access housing or water and sanitation increases their
chances of being included in food distributions, improves
their health, and reduces their risks of discrimination and
abuse. Providing psychosocial support, including life skills
and livelihoods support, to women and girls may reduce
their risk of having to adopt survival strategies such as
prostitution that expose them to additional risks of human
rights violations.

The IASC guidelines are designed for use by all
humanitarian actors, including community-based organi-
zations, government authorities, UN organizations, non-
governmental organizations, and donors operating in
emergency settings at local, national, and international
levels. Implementation requires extensive collaboration.
The active participation at every stage of communities
and local authorities is essential for successful, coordi-
nated action, the enhancement of local capacities, and
sustainability. Action sheets in the guidelines outline
social supports relevant to the core humanitarian domains,
such as disaster management, human rights, protection,
general health, education, water and sanitation, food secu-
rity and nutrition, shelter, camp management, community
development and mass communication. Mental health
professionals seldom work in these domains, but are
encouraged to use this document to advocate with com-
munities and colleagues from other disciplines to ensure
that appropriate action is taken to address the social
risk factors that affect mental health and psychosocial
well-being.
Social Capital

Loma s (1998 ) notes that the way we or ganize socie ty, the
extent to which we encourage social interaction, and the
degree to which we trust and associate with each other
are probably the most important determinants of health.
Putnam used the term social capital in 1995 to refer to
features of social organization such as those that facilitate
coordination and cooperation for mutual benefit (Putnam,
1995). While Putnam and other scholars note the poten-
tial ill effects as well as benefits of social cohesion,
research in recent years has demonstrated links between
social capital and economic and community development.
Higher social capital may protect individuals from social
isolation, lower crime levels, improve schooling and edu-
cation, enhance community life, and improve work out-
comes. The relationships between social capital, health,
and mental health, and the potential of mental health
promotion to enhance social capital are now subject to
active investigation (Sartorius, 2003), although related
themes have a long history of study. In 1897, Durkheim
proposed that weak social controls and the disruption
of local community organization were factors producing
increased rates of suicide (Durkheim, 1897). In 1942, Shaw
and McKay linked crime to similar factors (Shaw and
McKay, 1942). The study of the links between levels of
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social cohesion and antisocial and suicidal behavior con-
tinues, as reported by the Organization for Economic
Cooperation and Development (OECD) in 2001 (OECD,
2001). Much work remains to be done in accounting for
the mechanisms underlying the health–community link
and the interrelations between social capital and mental
health.

Social capital is a population attribute, not an individ-
ual status or perception, and the concept has helped to
redirect research on the social determinants of health and
mental health. Population health measures are usually
considered as the aggregate of the individual character-
istics in the population. Anthony (in Herrman et al., 2005)
illuminates how the perspective of networks of individuals
interacting with environments, as offered by the concept
of social capital, has the potential to explain a series of
collective outcomes additional to those explained by
research based on individual health outcomes.
Physical Health

Physical health and mental health are closely asso-
ciated through various mechanisms (see Jane-Llopis and
Mittelmark, 2005). Physical ill health has adverse effects
on mental health, just as poor mental health contributes to
poor physical health. For example, malnourishment in
infants can increase the risks of cognitive and motor
deficits, and heart disease and cancer can increase the
risk of depression. Depression is an acknowledged risk
factor for heart disease, and the mechanisms are now
being studied. Poor social support, or a perception of
this, and certain types of adverse working conditions are
detrimental to both physical health (e.g., cardiovascular
morbidity) and mental health (e.g., depression). People
living with HIV/AIDS and their families frequently expe-
rience stigma and discrimination as well as depression
and other mental illnesses. Persistent pain is linked with
depression, anxiety, and disability.

Mental and physical health and functioning influence
each other over time by various pathways (see WHO,
2001), interacting with the social and environmental
influences on health. The first pathway is directly through
physiological systems, such as neuroendocrine and immune
functioning. The second pathway is through health behav-
ior. The term health behavior covers a range of activities,
such as eating sensibly, getting regular exercise and ade-
quate sleep, avoiding smoking, engaging in safe sexual
practices, wearing safety belts in vehicles, and adhering
to medical therapies. The physiological and behavioral
pathways interact with one another and with the social
environment: Health behavior can affect physiology (for
example, smoking and sedentary lifestyle lower immune
functioning) and physiological functioning can influence
health behavior (for example, tiredness contributes to
accidents). In an integrated and evidence-based model
of health, mental health (including emotions and thought
patterns) emerges as an important determinant of overall
health (WHO, 2001).
Mental Health Promotion and the
Prevention and Treatment of Illnesses

Promotion and prevention are necessarily related and
overlapping activities. Promotion is concerned with the
determinants of health and prevention focuses on the
causes of disease. Although the starting points are differ-
ent, and the range of actions and those primarily respon-
sible for them are also different, the activities and
outcomes overlap with each other. The evidence for pre-
vention of mental disorders (see WHO, 2004; Hosman
and Jane-Llopis in IUHPE, 2000 noted below) contributes
to the evidence base for promoting mental health. Beyond
that, evidence for the effectiveness of mental health pro-
motion is gained through evaluation of public health
actions and social policies in various sectors and in differ-
ent countries and settings (Herrman et al., 2005). The
actions that promote mental health will often have as an
important outcome the prevention of mental disorders.
The evidence is that mental health promotion is also
effective in the prevention of a whole range of behavior-
related diseases and risks, as described above. It can help,
for instance, in the prevention of smoking or of unpro-
tected sex and hence of AIDS or teenage pregnancy
(Orley and Weisen, 1998).

Mental health promotion actions are often social and
political: Implementing interventions in schools, influen-
cing housing and working conditions, working to reduce
stigma and discrimination of various types, and develop-
ing policy initiatives to reduce violence are examples. The
changes occur through decisions taken by politicians,
educators, and members of nongovernmental organiza-
tions. Health practitioners are important as advocates
and as aids to introducing policies that promote mental
health (Table 1).
Evidence for Mental Health Promotion

Several authoritative sources summarize the evidence
available for mental health promotion interventions. The
landmark review from Mrazek and Haggerty in 1994
(Mrazek and Haggerty, 1994) describes a consensus on
clusters of known risk and protective factors for mental
health, as well as evidence that interventions can reduce
identified risk factors and enhance known protective fac-
tors. The International Union for Health Promotion and
Education (IUHPE) endorses the idea that mental health
promotion programs work and that there are a number of
evidence-based programs to inform mental health



Table 1 The actors in mental health promotion

Progress in mental health promotion depends on the work of
several groups of people:

1. Local communities aware of the value of mental health

2. Those working in health and non-health sectors of
government, business, and other nongovernmental

organizations whose decisions affect mental health in ways

that they may not fully realize

3. Mental health professionals who need to endorse and assist
the promotion of mental health while continuing to deliver and

advocate for services for people living with mental illnesses

4. Those working to develop policies and programs in countries

with low, medium, and high levels of income and resources
5. Those concerned with guidelines for international action
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promotion practice (IUHPE, 2000; McQueen and Jones,
2007). Accumulating evidence demonstrates the feasibil-
ity of implementing effective mental health promotion
programs across a range of population groups and settings
(see Hosman and Jane-Llopis, 2005; Jane-Llopis et al.,
2005). A major task is to promote the application of exist-
ing evidence into good practice on the ground.

The published evidence comes mainly from high-
income countries. Evidence is least available from places
that have the greatest need, including low-income countries
and populations affected by conflicts. A challenge now is to
evaluate programs and practices in these settings and popu-
lations. This may include evaluation of programs and prac-
tices based on existing evidence, or initiating research and
evaluation of practices and programs established in low-
resource settings. Large-scale intervention trials are needed
in a range of settings. Another challenge is to monitor the
mental health effects of interventions in fields other than
mental health. Patel and colleagues in South Asia (Patel
et al., 2004) demonstrate, for example, that maternal mental
health is a critical and previously ignored factor in the
association between social adversity and childhood failure
to thrive in poor countries, an enormous problem in these
countries. Interventions for preventing and treating postna-
tal depression as well as nutrition and social programs
may be required, designed by members of the community
according to the circumstances. Evaluation will require a
variety of approaches and study designs, using qualitative
and quantitative methods and indicators of process and
outcome (Barry and McQueen, in Herrman et al., 2005).
Violence prevention is now seen as a major element of HIV
prevention and as these programs expand it will be sensible
to measure their mental health outcomes.

Empowerment is the process by which groups in a com-
munity who have been traditionally disadvantaged in ways
that compromise their health can overcome these barriers
and can exercise all the rights that are due to them with a
view to leading a full and equal life in the best of health.
The empowerment of women, violence prevention in the
community, and microcredit schemes for the alleviation of
debt are examples of empowerment programs that have had
a mental health impact (see Patel et al., in Herrman et al.,
2005). The evidence for the effects of these programs on
mental health is so far little documented. Doing so will
strengthen the evidence base in order to inform practice
and policy globally.

The evidence base is important to several groups for
different reasons, as described by Nutbeam in relation
to health promotion more broadly (see IUHPE, 2000).
Researchers will have a primary concern with the quality
of the evidence, its methodological rigor, and its contribu-
tion to knowledge. Policy makers are likely to be concerned
with the need to justify the allocation of resources and
demonstrate added value. Practitioners need to have confi-
dence in the likely success of implementing interventions,
and the people who are to benefit need to see that both the
program and the process of its introduction are participa-
tory and relevant to them. Mental health promotion con-
siders mental health in positive rather than in negative
terms. This shift requires further work in establishing posi-
tive indicators of mental health outcomes (Zubrick and
Kovess-Masfety, in Herrman et al., 2005). It also requires a
focus on research methods that will document the process
as well as the outcomes of promoting positive mental health
and identify the necessary conditions for successful
implementation.

The systematic study of program implementation has
been relatively neglected. A continuum of approaches is
needed ranging from randomized controlled trials (RCTs)
to qualitative process-oriented methods such as narrative
analyses, interviews, surveys, and ethnographic studies.
Collections of this kind of data will advance knowledge
on best practice in real settings. The development of user-
friendly and accessible information systems and databases
is required for both practitioners and policy makers.

These systems would respond to the urgent need to
identify effective programs that are transferable and sus-
tainable in settings such as schools and communities.
Examples are the application of programs based on com-
munity development and empowerment methods, such as
mutual support for mothers and for widows and school-
based programs for young people (Barry and McQueen,
2005). These have been shown to be highly effective, low-
cost, replicable programs successfully implemented and
sustained by nonprofessional community members in
disadvantaged community settings. The principle of pru-
dence recognizes that we can never know enough to act
with certainty (see Mittelmark et al., in Herrman et al.,
2005). Despite uncertainties and gaps in the evidence, we
know enough about the links between mental health
behavior and social experience to apply and evaluate
locally appropriate policy and practice interventions to
promote mental health (Herrman et al., 2005: XIX).
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Effective programs for universal, selective, and indi-
cated prevention of conduct disorders, depression, anxi-
ety disorders, eating disorders, substance use-related
disorders, and psychotic disorders are summarized in a
WHO publication on prevention of mental disorders
(WHO, 2004). Reducing the risk of aggressive behavior
and conduct disorders, for instance, focuses on improving
the social competence and pro-social behavior of chil-
dren, parents, teachers, and peers. Malleable risk factors
include mothers’ smoking during pregnancy, substance
abuse among parents, child abuse, early substance use,
deviant peer relationships, and poor and socially disorga-
nized neighborhoods with high levels of crime. The onset
of depression and its recurrence is influenced by a wide
range of malleable risk and protective factors at different
stages of life from infancy, including depression-specific
factors such as parental depression, and generic risk fac-
tors such as child abuse and neglect, stressful life events,
and bullying at school, and protective factors such as
a sense of mastery, self-esteem, and social support. Effec-
tive prevention of depression therefore needs multiple
actions at several levels. Prevention is possible for several
forms of developmental and intellectual disabilities
(for example, cretinism due to iodine deficiency) and
disorders due to brain injury, although neglected in
much of the world (Sartorius and Henderson, 1992). Sui-
cide prevention programs rely on a range of social and
health service interventions in any country or district,
including interventions that improve treatment of depres-
sion, provide continuing care for people living with psy-
chotic disorders, reduce harmful use of substances or
control access to the means of suicide, and that promote
mental health in the population in other ways. The proof
that an intervention or a program is effective in prevent-
ing suicide is difficult and complicated, as suicide is a rare
event (even though a leading cause of death in young
people in several parts of the world) with determinants
at several levels.

The effectiveness of exemplary mental health promo-
tion programs and policies is summarized in recent pub-
lications (Hosman and Jane-Llopis, in Herrman et al.,
2005; Jane-Llopis et al., 2005). In addition, research
demonstrates that mental health can be affected by non-
health policies and practices, for example in housing,
education, and child care (see Petticrew et al., in Herrman
et al., 2005) (Table 2). This work emphasizes the need to
assess the effectiveness of policy and practice interven-
tions in diverse health and non-health areas. It also
demonstrates the effectiveness of a wide range of pro-
grams and interventions for enhancing the mental health
of populations. These include:

. early childhood interventions;

. economic and social empowerment of women;

. social support to old-age populations;
. programs targeted at vulnerable groups such as mino-
rities, indigenous people, migrants, and people affected
by conflicts and disasters;

. mental health promotion activities in schools;

. mental health interventions at work;

. housing policies;

. violence prevention programs;

. communitydevelopment programs (Herrman et al., 2005).

Improving the mental health of individuals and com-
munities is a primary goal for some of these interventions,
for example policies and programs that improve parenting
skills and those that encourage schools to prevent bully-
ing. Mental health is enhanced as a side benefit in other
interventions that are mainly intended to achieve some-
thing else, for example policies and resources that ensure
girls in a developing country attend school and programs
to improve public housing. This distinction helps in
recognizing the shared and primary responsibilities in
countries and communities. Monitoring the effect on
mental health of public policies relating to such things
as housing and education is becoming feasible (Petticrew
et al., in Herrman et al., 2005). Mental health programs in a
country or locality can advocate for this, and help to
ensure that findings are translated into action. Other
groups will need to do the work, however, and ensure
that policies and practices are shaped by the findings.
A Public Health Framework for Mental
Health Promotion

Mental health promotion is expected to improve overall
health, quality of life, and social functioning. Interventions
designed to promote mental health, with a focus on the
major determinants in vulnerable population groups, and
through complex interactions including intermediate out-
comes at individual, organizational, and societal levels, can
result in a number of long-term benefits. In addition to
improved mental health, the benefits can include lower
rates of some mental illnesses, improved physical health,
better educational performance, greater productivity of
workers, improved relationships within families, and
safer communities. The actions likely to be feasible and
effective can be planned and monitored within a public
health framework.

The first step in planning the activities of mental
health promotion in any community or country is
gathering local evidence and opinion about the main
problems and potential gains, and the social and personal
influences on mental health. A public health framework
can help the process of assessing needs, developing part-
nerships, and planning actions and their evaluation.
A framework includes the locally identified determinants
of mental health, the population groups and areas and



Table 2 Cost–outcome domains for the economic analysis of mental health promotion

Level 1: Individuals (e.g., school
children and workers)

Level 2: Groups (e.g., households
and communities)

Level 3: Population
(e.g., regions and countries)

Resource inputs Health-seeking time Program implementation Policy development and

implementationHealth and social care Household support

Lifestyle changes (e.g., exercise)

Process indicators Change in attitudes or behavior Change in attitudes or behavior Change in attitudes or
behavior

Health outcomes Functioning and quality of life Family burden Summary measures

(e.g., DALYs)Mortality (e.g., suicide) Violence

Social and
economic

benefits

Self-esteem Social capital/cohesion Social inclusion
Workforce participation Reduced unemployment Productivity gains

Reduced health-care costs

FromPetticrewM, Chisholm D Thomson H, and Jane-Llopis E (2005) Evidence: The way forward. In: Herrman H, Saxena S, andMoodie R
(eds.) Promoting Mental Health: Concepts, Emerging Evidence, Practice, pp. 203–214. Geneva: World Health Organization.
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settings that have high priority for action, and a descrip-
tion of the anticipated benefits. In the case of the frame-
work shown as an example in Figure 2 (VicHealth, 2005),
the three identified determinants of mental health are
social inclusion, freedom from discrimination and vio-
lence, and economic participation.

Success in promoting mental health relies on the
development of partnerships between a range of agencies
in the public, private, and nongovernmental sectors. Com-
mon interests need to be identified. The focus on health
rather than illness can help in doing this, as well as avoid
the perception of competing for resources with the health
services sector, already poorly resourced in most of
the world.

Research, government policy making, and practice tend
to take place in systems or organizations that have little
involvement with each other. Effective mental health pro-
motion interventions in a population require integrated
activity across these so-called silos: Long-term planning,
investment, and evaluation are required. Long-term
gains are generally not attractive to governments with
immediate concerns in other areas. Effective advocacy
and communication with decision makers must be devel-
oped. International collaborations can assist advocacy for
mental health promotion activity in low-income as well as
high-income countries and the sharing of information and
expertise (Walker et al., in Herrman et al., 2005).
Policy and Practice

Mental health promotion strategies need support
from the community and the government. As collective
action, the success of the strategies depends on shared
values as much as on the quality of scientific evidence.
In some communities, the practices and ways of life
maintain mental health even though mental health may
not be identified as such. In other communities, people
need to be convinced – as by the results of large-scale
intervention trials – that making an effort to improve
mental health is realistic and worthwhile (Sartorius,
1998; Herrman et al., 2005: XIX). A government’s
work to develop mental health promotion strategies
involves its social development policies as well as its
health and mental health policies. It can use the public
health framework at this level, with three main ingredi-
ents: A concept of mental health, strategies to guide
mental health promotion, and a model for planning and
evaluation.
Community Development and Mental Health
Promotion

Community development aims to develop the social, eco-
nomic, environmental, and cultural well-being of commu-
nities with a focus on marginalized people. Solutions to
community problems are developed by local people,
based on local knowledge and priorities. Work done in
rural areas of India exemplifies some aspects of the relation-
ship between community development and promotion of
mental health, even where the objectives of the program
may not include a specific focus on mental health. For
example, a large primary health-care program in rural
Indian villages directly targeting poverty, inequality, and
gender discrimination has led indirectly to significant gains
in mental health and well-being (Arole et al., in Herrman
et al., 2005). As the interventions succeeded, the people
realized the advantages of working together and they
became open to approaching other issues affecting the
village such as health needs and caste discrimination. An
approach that is aware of the needs, interests, and responsi-
bilities of men andwomen and that focuses on reducing the
vulnerability and increasing the participation of women is
the likely basis of the success of community development in
these villages and the associated improvement in mental
health (Figure 3).



Population groups and action areas 

Population groups 

• Children 
• Young people 
• Women and men 
• Older people 
• Indigenous communities
• Culturally diverse communities 
• Rural communities 

• Research, monitoring, and evaluation 
• Direct participation programs 
• Organizational development (including workforce
  development)  
• Community strengthening 
• Communication and social marketing 
• Advocacy 
• Legislative and policy reform 

Key social and economic determinants of mental health and themes for action 

Social inclusion 

• Supportive
  relationships
• Involvement in
  group activities  
• Civic engagement 

Freedom from discrimination and violence 

• Valuing of diversity 
• Physical security 
• Self-determination and control of 
  one’s life

Access to economic resources 

• Work 
• Education 
• Housing 
• Money

Settings for action 

Housing 

Transport 

Community 

Corporate 

Education 

Public 

Workplace 

Arts 

Sport and recreation 

Local government 

Health 

Justice 

Academic 

Health promotion action

Projects and
programs which
facilitate: 

• Involvement
  in community and
  group activities
• Access to
  supportive
  relationships
• Self-esteem and
  self-efficacy
• Access to
  education and
  employment
• Self-determination
  and control 
• Mental health
  literacy     

Organizations which
are:  

• Inclusive,
  responsive, safe,
  supportive, and
  sustainable
• Working in partnerships
  across sectors
• Implementing
  evidence-informed
  approaches to their
  work  

Environments which: 
• Are inclusive, responsive,
   safe, supportive,
   and sustainable
• Are cohesive 
• Value civic engagement 
• Reflect awareness of
  mental health and 
  well-being issues  

A society with: 

• Integrated, sustained,
  and supportive policies
  and programs
• Strong legislative
  platforms for mental
  health and well-being 
• Appropriate resource
  allocation
• Responsive and
  inclusive governance
  structures 

Long-term benefits 

• Increased sense of
  belonging
• Improved physical
  health
• Less stress, anxiety,
  and depression
• Less substance
  misuse
• Enhanced skill levels  

• Resources and
  activities integrated
  across organizations,
  sectors, and
  settings 

• Community valuing of
  diversity and actively
  disowning
  discrimination
• Less violence and crime 
• Improved productivity   

• Reduced social and
  health inequalities
• Improved quality of life
  and life expectancy  

Intermediate outcomes 

Individual  Organizational Community Societal

Figure 2 VicHealth’s framework for the promotion of mental health and well-being. From VicHealth (2006) Mental Health

Promotion Framework 2005–2007. www.vichealth.vic.gov.au (accessed October 2007).
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Increase in:

 Social relationships and support 

 Social capital 

 Social safety nets that can be tapped during crises   

 Effective coping skills 

 Improved housing, health care, and education 

 Economic development 

 Health, uncomplicated pregnancies, nutrition, cleaner
 environment  

 Water resources     reduced community disharmony and
 burden on women 

 Empowerment: People believing they can identify solutions
 to problems and create change  

 Capacity to focus on higher values and to show compassion
 for those who are more vulnerable  

 Empowerment of women     more girls in school, fewer
 problems relating to negative adolescent experiences,
 reduced domestic violence  
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Figure 3 The relationship between community development and mental health in rural villages in India. From Arole R, Fuller B, and
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Intersectoral Linkage and Community Change in
Mental Health Promotion

Mental health can be improved through the collective
action of society. Improving mental health requires
policies and programs in government and business sectors
including education, labor, justice, transport, environ-
ment, housing, and welfare, as well as specific activities
in the health field relating to the prevention and treat-
ment of ill health. Policy makers are now recognizing
that emphasis is best placed on adding programs
that sharpen the capacity of systems, such as primary
health-care systems and school systems, to be more
health-enhancing. Investigating the sustainability of men-
tal health promotion actions is therefore less about the
technological aspects of programs and more about pro-
grams as change processes within organizations or com-
munities. Programs are opportunities to recalibrate
systems to higher or better levels of functioning. Evalua-
tion also includes a more systematic analysis of the con-
text within which programs are provided and factors
within that context (such as preexisting attitudes and
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relationships) that could predict why some programs fade
over time while others succeed and grow (see Hawe et al.,
in Herrman et al., 2005; Rowling and Taylor, in Herrman
et al., 2005) (Figure 4).
Conclusions

Mental health is everybody’s business. Those who can do
something to promote mental health and who have some-
thing to gain include individuals, families, communities,
health professionals, commercial and not-for-profit orga-
nizations, and decision makers in governments at all levels.
International organizations can ensure that countries at
all stages of economic development are aware of the
importance of mental health for human, community,
and economic development and of the possibilities and
evidence for intervening to improve and monitor the
mental health of the population. A wide range of health
and non-health decisions made by organizations and
governments at local and national levels affect mental
health. Mental health promotion ultimately depends on
activities at the local level supported by local people
and partnerships.
See also: Mental Health Epidemiology (Psychiatric

Epidemiology); Mental Health Policy; Mental Health
Resources and Services; Mental Health and Substance

Abuse; Mental Illness, Historical Views of; Specific

Mental Health Disorders: Child and Adolescent Mental

Disorders; Stigma of Mental Illness; Women’s Mental

Health.
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Introduction

Although substantial information is available on the bur-
den that mental and behavioral disorders place on society,
until recently, very little was known about the resources
available in different countries to alleviate these
problems. Most of the available information on mental
health resources was related to a few high-income
countries. Furthermore, because available studies had
used different units of measurement, the information
that was accessible was not comparable across different
countries or over time. In 2000, the World Health Organi-
zation launched Project Atlas to address this gap. The
objectives of this project include the collection, compilation,
and dissemination of relevant information about mental
health resources in different countries.
Burden of Mental Disorders

According to World Health Report for 2001, approxi-
mately 450million people alive today have mental or
neurological disorders or suffer from psychosocial pro-
blems, such as those related to alcohol and drug abuse. It
is estimated that neuropsychiatric disorders account for
14% of the global burden of disease (WHO, 2004a; Prince
et al., 2007). Currently, major depression ranks fourth in
the ten leading causes of the global burden of diseases. If
projections are correct, within the next 20 years, it will
become the second leading cause of global disease burden.
While neuropsychiatric disorders account for 27.2% of
disability-adjusted life years (DALYs) lost in high-income
countries (World Bank, 2004) in comparison to 8.6% in
low-income countries (WHO, 2004b), in terms of actual
caseload, three-fourths of those affected by neuropsychia-
tric disorders live in developing countries.

It is now obvious that the social and economic burden
of mental illness is enormous. In addition, mental illnesses
impose the burden of human suffering and stigma, dis-
crimination and humiliation on the affected people and
their families.
Public Health Approach to Mental Health

The importance of mental health has been recognized by
WHO since its origin and is reflected by the definition of
health in the WHO Constitution as ‘‘not merely the
absence of disease or infirmity,’’ but rather ‘‘a state of
complete physical, mental and social well-being’’ (United
Nations, 2006: 186). Mental health is as important as
physical health to the overall well-being of individuals,
societies, and countries. Yet only a small minority of
people suffering from a mental or behavioral disorder
are receiving treatment. The World Mental Health
Surveys (Demyttenaere et al., 2004) in 14 countries in
the Americas, Europe, the Middle East, Africa, and Asia
that covered six less developed and eight developed
countries showed that even for serious disorders that
were associated with substantial role disability, almost
two-fifths of cases in developed countries and four-fifths
in less developed countries received no treatment in the
12months before the interview.

Advances in neuroscience and behavioral medicine
have shown that, like many physical illnesses, mental
and behavioral disorders are the result of a complex
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interaction between biological, psychological, and social
factors. While there is still much to be learned, we already
have the knowledge and power to reduce the burden of
mental and behavioral disorders worldwide. Effective
psychiatric care provision, indeed, is not a matter of
sophisticated technologies, but rather a matter of equita-
ble and rational organization of human resources. The
World Mental Health Survey (Demyttenaere et al., 2004)
showed that due to the high prevalence of mild and sub-
threshold cases, the number of those who received treat-
ment for mild disorders far exceeded the number of
untreated serious cases in every country. It suggested
that reallocation of treatment resources could substan-
tially decrease the problem of unmet need for treatment.
As the ultimate stewards of any health system, govern-
ments must take the responsibility for ensuring
that appropriate mental health policies are developed
and implemented.
Mental Health at the International Level

Some of the important statements of international bodies
like the United Nations including its specialized agency –
the World Health Organization, the World Psychiatric
Association, and the World Federation for Mental Health
are detailed in the following paragraphs.

The United Nations resolution on the right of every-
one to the enjoyment of the highest attainable standard of
physical and mental health adopted in 2003 states that the
enjoyment of the highest attainable standard of physical
and mental health is a human right, and that such right
derives from the inherent dignity of the human person.

The United Nations mental health principles for pro-
tection of persons with mental illness and the improve-
ment of mental health care addresses issues such as the
right to consent to treatment, protection of minors, stan-
dards of care, resources for mental health facilities, etc.

The United Nations standard rules on equalization of
opportunities for persons with disability is an ambitious
set of practical principles aimed at the equal exercise of
rights by individuals with disabilities, of which a portion
of individuals with mental disorders constitute a subgroup.
It covers preconditions for equal participation (awareness
raising, medical care, rehabilitation, and support services),
target areas (e.g., accessibility, employment, family life
and personal integrity, culture, religion, etc.), and guide-
lines on how the standard rules can be implemented and
monitored. The rules have been strengthened by the
United Nations Convention on the Rights of Persons
with Disabilities (UN, 2006). The convention does not
establish any new rights but rather emphasizes and con-
solidates the existing rights and freedoms of persons with
disabilities and the international commitments of States.
It defines disability as an element of human diversity and
praises the contributions of persons with disabilities to
society. It prohibits obstacles to the participation and
promotes the active inclusion of persons with disabilities
in society. The long-term goal of this Convention is to
change the way the public perceives persons with disabil-
ities, thus ultimately changing society as a whole.

The World Health Organization recognizes that men-
tal health problems are of major importance to all socie-
ties and to all age groups and are significant contributors
to the burden of disease and loss of quality of life. It is
working toward a greater understanding of the mental
health issues among policy makers and other partners to
facilitate effective development of policies and programs
to strengthen and protect mental health (WHO, 2002).

The World Psychiatric Association’s ethical guidelines
on psychiatric practice (Hawaii Declaration in 1977, its
amendment in Vienna in 1983, and the Madrid Declara-
tion of 1996) prohibit abuse and treatment against a
patient’s will unless such treatment is necessary for the
welfare and safety of the patient and others. It emphasizes
information and advice to the patient or caregiver on
details of management, confidentiality, and the ethics of
research.

The World Federation for Mental Health Declaration
of Human Rights and Mental Health, first adopted in
1989, mentions that the diagnosis of mental illness by a
mental health practitioner should be in accordance with
accepted medical, psychological, scientific, and ethical
standards. It states that the fundamental rights of mentally
or emotionally ill or distressed persons shall be the same
as those of all other citizens (e.g., right to coercion-free,
dignified, humane, and qualified treatment; right to pri-
vacy and confidentiality; right to protection from physical
or psychological abuse; right to adequate information
about clinical status, etc.). The Declaration also mentions
that all mentally ill persons have the right to be treated
under the same professional and ethical standards as other
ill persons.
Current State of Mental Health
Resources in the World

Project Atlas was launched by WHO in 2000 in an attempt
to map mental health resources in the world (Saxena et al.,
2002). The analyses of the global and regional data collected
in 2001 were compiled and presented in the publication
Atlas: Mental Health Resources in the World (WHO, 2001b), and
individual country profiles and some further analyses were
presented inAtlas: Country Profiles ofMental Health Resources in

the World, 2001 (WHO, 2001a). Atlas 2005 was a part of the
second set of publications from the project and it presented
country profiles and detailed analyses of global and regional
data (WHO, 2005; Saxena et al., 2006).
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Information for this project was obtained from the
focal points for mental health in the Ministries of Health
in each WHOMember State, Associate Member, and Area
through WHO Regional Offices (Saraceno and Saxena,
2002). Also, for Atlas 2005, comprehensive literature
searches on epidemiological data pertaining to mental
health and mental health services and resources (focusing
on low- and middle-income countries) were conducted.
Information was also obtained from documents received
from countries, travel reports submitted by WHO staff,
feedback from experts and member associations of the
World Psychiatric Association, and data available with
WHO regional offices (WHO, 2005; Saxena et al., 2006).

Any comparison of data collected in the years 2001
(Atlas 2001) and 2004 (Atlas 2005) would benefit from the
understanding that some of the changes involve relatively
few countries reporting changes in status, and that this
may reflect reporting error or unreliability rather than
genuine trends. It should also be remembered that the
denominator for the two data sets (years 2001 and 2004) is
often different because many countries responded to
questions in 2004 that they had been unable to answer
previously.
National Policies and Legislation on
Mental Health

Governments, as the ultimate stewards of mental health,
have to assume the responsibility for the complex activ-
ities required to improve mental health services and care.
Mental health policy, programs, and legislation are neces-
sary steps for significant and sustained action.
Mental Health Policy

Mental health policy is a specifically written document of
the government or Ministry of Health containing the
goals for improving the mental health situation of the
country, the priorities among those goals, and the main
directions for attaining them. It may include the following
components: Advocacy for mental health goals, promotion
of mental well-being, prevention of mental disorders,
treatment of mental disorders, and rehabilitation to help
mentally ill individuals achieve optimum social and psy-
chological functioning.

Only 62.1% of countries, accounting for 68.3% of the
world population, have a mental health policy. In the
African Region, approximately half of the countries do
not have a mental health policy. A mental health policy is
present in 51%, 70%, 68%, and 70% of countries of
the low-income, lower-middle-income, upper-middle-
income, and high-income countries, respectively. Mental
health policies of most countries that have them cover
most of the broad domains such as treatment (98.1%),
prevention (95.3%), rehabilitation (93.4%), promotion
(91.4%), and advocacy (80.4%). Policies in some countries
also addressed other components such as intersectoral
collaboration, social assistance, human resource develop-
ment, and improvement of facilities for the underserved
(e.g., Maoris in New Zealand).

Many developed countries such as the Scandinavian
countries, theUnitedKingdom,Australia, andNewZealand
have comprehensive national mental health policies. Some
countries without a national mental health policy may
still have good mental health services, e.g., some Euro-
pean countries do not have a stated policy but have
well-developed action plans, and others such as the United
States have a policy at the state or provincial level rather
than the national level. On the other hand, it is possible
that a country with a mental health policy may not have
implemented its policy completely (Table 1).
National Mental Health Program

A national mental health program is a national plan of
action that includes the broad and specific lines of action
required to give effect to the policy. It helps to prioritize
mental health issues in a country, sets time frames, and
provides for budgetary support. Most countries with
national mental health programs have emphasized deinsti-
tutionalization, community-based care, and intersectoral
collaboration. At times these programs also lend support
to other specific populations (e.g., children and adoles-
cents, the elderly, refugees, indigenous people); specific
conditions (e.g., depression, suicide, HIV-related mental
disorders) or specific issues such as domestic violence.

Seventy percent of countries, accounting for 91% of
the world population, have a national mental health pro-
gram. In the European Region, only 52.9% of countries
have a program. In keeping with this, only 59.1% of high-
income countries have specified their national mental
health programs. On one hand, the low figures can be
explained by the fact that many of these countries have
laid down plans in various sectors of mental health (rather
than a unified plan) or have plans at the state or provincial
level (rather than at a national level); on the other hand,
they point to the relative neglect of mental health in
otherwise well-resourced countries. It is essential to
revise programs as needs and management issues change
over time. Nearly 11% of the programs date from before
1980 and it is unlikely therefore that deinstitutionaliza-
tion and use of the newer psychotropic drugs would figure
prominently in them.

Countries such as Norway and the Netherlands have
well-defined programs. Importantly, some countries with
limited resources such as Chile, Egypt, Jordan, India,
Mexico, and the Philippines also have established pro-
grams. In the African Region, Niger has recently



Table 1 National policies and legislation on mental health and substance misuse

WHO regions
Mental health
policy (n¼ 190) (%)

Mental health
program (n¼191) (%)

Mental health
legislation (n¼ 173) (%)

Disability
benefits
(n¼ 189) (%)

Therapeutic drug
policy (n¼187) (%)

WHO regions

Africa 50.0 76.1 79.5 45.5 93.5

Americas 72.7 76.5 75.0 90.9 90.9
Eastern

Mediterranean

72.7 90.9 57.1 85.7 95.2

Europe 70.6 52.9 91.8 100 81.6

South-East Asia 54.5 72.7 63.6 81.8 100
Western Pacific 48.1 63.0 76.0 65.4 85.2

World 62.1 69.6 78.0 77.8 89.3

Income group of countriesa

Low 50.8 70.5 74 55.2 93.4

Lower middle 69.1 72.2 69.2 87 98.2

Upper middle 65.7 77.8 81.3 80 93.9

High 70.5 59.1 92.7 100 61.9

aFour of the responding countries classified according to WHO Regions could not be classified according to the World Bank income

categories. From World Bank (2004) http://www.worldbank.org (accessed January 2008). Washington, DC: World Bank Group.

Mental Health Resources and Services 421
developed a program, Ghana updated its program in 2000,
and Zambia is in the process of developing one.
Mental Health Legislation

Mental health legislation provides for the protection of the
basic human and civil rights of people with mental dis-
orders and deals with treatment facilities, personnel, pro-
fessional training, and service structure. Some countries
such as Cuba, Hungary, Iceland, and Spain include mental
health legislation within their laws on general health.

Seventy-eight percent of countries, accounting for
69.1% of the world population, have specific mental
health legislation. In the Eastern Mediterranean Region,
only 57.1% of countries have laws in the field of mental
health, compared with 97.8% of countries in the Euro-
pean Region. There is a large disparity between countries
in different income groups, with 93% of high-income
countries having specific mental health legislation, and
69% and 74% of lower-middle-income and low-income
countries having such legislation.

Earlier legislation tried to isolate dangerous mentally
disordered patients from the community, but more
recently the focus has shifted toward ensuring consistency
with international human rights obligations. This suggests
that legislation needs to be updated and revised on a
regular basis to make it comprehensive and in line with
international norms. Scotland provides an example of a
process where consumers, service providers, and policy
makers were actively involved in revising legislation.
Many other countries such as Jordan, Niger, Uganda, the
UK, Zambia, etc., are also in the process of revising exist-
ing legislation. On the other hand, almost one-sixth of
countries have mental health legislation that dates from
before 1960, when the majority of the current effective
methods for treating mental disorders were not available
and focus on human rights was deficient.
Policy on Disability Benefits

Disability benefits are benefits that accrue to persons with
illnesses that reduce their capacity to function as a legal
right (from public funds). While disability benefits for
physical illnesses exist in most countries, disability
benefits for mental illnesses do not. Even when they do,
they are often inadequate, difficult to obtain, and those
affected are often unaware that they exist.

Some disability benefit is provided in 77.8% of countries
that account for 93% of the world’s population. While
provisions for disability benefits exist in only 45.5% and
65.4% of countries in the African and South-East Asian
Regions, respectively, such provisions have been made in
all countries in the European Region. Categorization of
countries by World Bank (2004) income groups revealed
that only 55.2% of countries in the low-income group
provide disability benefits for mental illness, compared
with nearly five-sixths of countries in middle-income
groups and all countries in the high-income group.

Countries such as Austria, France, Germany, Spain, the
UK, the United States, have well-developed (and rigor-
ously implemented) legislation on disability benefits. In
many countries, provision of disability benefit is limited to
small one-time monetary help, paid leave for a specified
duration, or early retirement with a pension. Also, the
disbursement of disability benefits is often restricted to
specific groups (e.g., those with severe chronic mental
disorders, employed personnel) or by procedural difficul-
ties (lack of uniform assessment procedures).

http://www.worldbank.org
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Policy on Therapeutic Drugs

A therapeutic drug policy is a document endorsed by the
Ministry of Health or the government to ensure accessi-
bility and availability of essential therapeutic drugs. The
essential list of drugs is usually adapted from the WHO
Model List of Essential Drugs. The therapeutic drug
policy often specifies the number and types of drugs to
be made available to health workers at each level of the
health service according to the functions of the workers
and the conditions they are required to treat. A country
may specify an essential list of drugs even in the absence
of a therapeutic drug policy.

Almost 90% of countries report the existence of a
therapeutic drug policy or essential list of drugs. More
than four-fifths of countries in all WHO regions, includ-
ing all countries in the South-East Asia Region, have a
therapeutic drug policy/essential list of drugs. While,
more than 90% of low- and middle-income countries
have a therapeutic drug policy/essential list of drugs,
only 61% of high-income countries have them. This is
probably related to the fact that therapeutic medications
are governed by independent/other (nonfederal) agencies
in these countries; nonetheless, it could lead to inequities
in the provision of therapeutic medication to their popu-
lations. Two-thirds of the policies or essential lists of
drugs were formulated after 1990. Antidepressants such
as serotonin-specific reuptake inhibitors (SSRIs) and
atypical antipsychotics are also included in the list of
essential drugs in some countries.

Overall, there was a slight increase in number of
countries with mental health policy, mental health legis-
lation, and therapeutic drug policy/essential drug list
between the two rounds of data collection (2001 and
2004). The trend for legislation was more pronounced in
the African (8.4%) and American (7.1%) regions. More
countries were providing disability benefits; the change
in this regard was most marked in the Eastern Medi-
terranean Region (10.7%) and the lower middle-income
(9.5%) countries.
Budgetary Issues

A specified budget for mental health denotes the regular
allocation within a country’s budget for actions directed at
achievement of mental health objectives, e.g., implemen-
tation of mental health policies or programs or the estab-
lishment of psychiatric care facilities. Many countries do
not make a specific allocation for mental health in their
national budgets, but make such allocations at the provin-
cial or state level. In other countries, where mental health
is a part of the primary health-care system, it is difficult to
ascertain the specific budget for mental health care.
In spite of the importance of a separate mental health
budget within the total health budget, 30.8% of countries
reported not having a specified budget for mental health
care. In the Regions of Africa and the Western Pacific,
such a budget is present in 62.2% and 59.3% of countries,
respectively. On the other hand, 78.1% of countries in the
American Region have a specified budget for mental
health care.

One hundred and one countries provided information
on the actual budget for mental health. One-fifth of these
countries, covering a population of more than 1 billion,
spend less than 1% of the total health budget on mental
health. In the Regions of Africa and South-East Asia,
70.0% and 50.0% of countries, respectively, spend less
than 1% of their health budget on mental health care. In
contrast, more than 61.5% of countries in the European
Region spend more than 5% of their health budget on
mental health care. Categorization of countries according
to World Bank (2004) income groups showed that 29.2%
of low-income countries versus 0.7% of high-income
countries spend less than 1% of their budget on mental
health care.

Examination of the percentage of the mental health
budget out of the total health budget versus the gross
domestic product (GDP) for countries shows that countries
that have higher GDP tend to earmark higher percentages
of their total health budget for mental health. A logarith-
mic trend line (Figure 1) confirms this relationship. This
illustrates the double disadvantage suffered by mental
health in low-income countries; they have, even propor-
tionally, a lower mental health budget. It is obvious that
mental health is one of the most neglected areas of health
in poor countries. Even considering the limitations of the
current data, it is obvious that countries spending less
than 1% of their total health budget on mental health
care need to substantially increase it (Table 2).
Methods of Financing

Since mental health financing is a relatively new area of
investigation, most countries do not have the information
required to provide accurate data on this index. The
ratings provided are at best approximations, because this
project only sought information ranked by order of
importance of each source of financing.

The dominant methods of financing mental health in
countries are out-of-pocket payment (17.8%), tax-based
funding (62.8%), social insurance (everyone above a cer-
tain income level is required to contribute a fixed
percentage of their income to a government-administered
health insurance fund, which pays for part or all of
the consumer’s mental health services; 14.4%), private
insurance (1.7%), and external grants to countries by
other countries or international organizations (3.3%).
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Figure 1 Specified mental health budget as a proportion of total health budget by GDP per capita (n¼101). Logarithmic trendline:

y¼ 1.1041ln(x) � 4.9884, R2¼ 0.2507. Saxena S, Sharan P, Garrido Cumbrera M, and Saraceno B (2006) World Health Organization’s
Mental Health Atlas – 2005: Implications for policy development. World Psychiatry 5: 179–184.

Table 2 Budget and financing for mental health care

WHO regions

Specified budget
for mental health
(n¼ 185) (%)

Most common method of financing mental health care countries (n¼180) (%)

Out-of-pocket
payment Tax-based

Social
insurance

Private
insurance External grants

WHO regions

Africa 62.2 38.6 54.5 0 4.5 2.3
Americas 78.1 12.9 74.2 6.5 3.2 3.2

Eastern

Mediterranean

71.4 15.8 68.4 5.3 0 10.5

Europe 70.0 0 55.1 44.9 0 0

South-East Asia 90.0 30.0 70.0 0 0 0

Western Pacific 59.3 18.5 70.4 3.7 0 7.4

World 69.2 17.8 62.8 14.4 1.7 3.3
Income group of countriesa

Low 70.2 42.9 50.0 0 3.6 3.6

Lower middle 63.6 16.0 72.0 8.0 0 4.0

Upper middle 77.1 0 63.6 30.3 0 6.1
High 74.4 0 64.9 32.4 2.7 0

aFour of the responding countries classified according to WHO Regions could not be classified according to the World Bank income

categories. From World Bank (2004) http://www.worldbank.org (accessed January 2008). Washington, DC: World Bank Group.
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Across all WHO Regions, tax-based financing is the
dominant method of financing mental health care in
one-half to three-quarters of countries. Out-of-pocket
payment is the dominant method of financing in 38.6%
and 30% of countries in the African and South-East Asia
Regions, respectively. In the European Region, social
insurance is the primary method of financing in 44.9%
of countries.
Categorization of countries according to World Bank
(2004) income groups showed that tax-based care is the
primary method of financing mental health in countries of
all income groups. Out-of-pocket payment is the primary
method of financing in 42.9% of low-income countries,
while social insurance is the primary method of financing
in 32.4% and 30.3% of high-income and upper-middle-
income countries, respectively.

http://www.worldbank.org
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Out-of-pocket payment is unsatisfactory because
severe mental disorders can lead to heavy financial
expenditure. Mental health care should preferably be
financed through taxes or social insurance, as private
health insurance is also inequitable because it favors the
more affluent sections of society and is often more restric-
tive in the coverage of mental illness than in the coverage
of somatic illness.

A comparison of data between 2001 and 2004 showed
that 23.3% more countries in South-East Asia Region
reported that they had a specific budget for mental health.
There was a decrease in emphasis on out-of-pocket pay-
ment (5.4% and 10.8%, respectively) and an increase in
emphasis on tax-based systems (7.5% and 7.8%, respec-
tively) in theAmerican andEasternMediterraneanRegions,
while in the Western Pacific Region there was an increase
in emphasis on out-of-pocket payment (11.2%) and social
insurance (5.7%). In terms of income groups of countries,
a decrease in emphasis on social insurance (8.9%) and an
increase in emphasis on private insurance (8.0%) were
observed in lower-middle-income countries; and a decrease
in emphasis on social insurance (8.3%) occurred in high-
income countries.
Resources for Mental Health Services

Mental Health Beds

The term psychiatric bed denotes a bed maintained for
continuous use by patients with mental disorders. These
beds are located in public and private psychiatric hospi-
tals, general hospitals, hospitals for special groups of
the population such as the elderly and children, military
hospitals, long-term rehabilitation centers, etc. Though
inpatient facilities are essential for managing patients with
acute mental disorders, efforts should be made to reduce
beds in stand-alone psychiatric hospitals and increase beds
in general hospitals and long-term community rehabil-
itation centers. Some regions within countries such as
Italy have completely eliminated asylum-like psychiatric
hospitals.

The median number of psychiatric beds in the world
per 10 000 population is 1.69 (mean, 4.36; standard devia-
tion, 5.47). The median figure per 10 000 population var-
ies from 0.33 in the South-East Asia Region and 0.34 in
African Region to 8.00 in the European Region. Themedian
figure per 10 000 population in low-income countries is
0.68 in comparison to 8.94 in high-income countries.

More than two-thirds of psychiatric beds in the world
are located in mental hospitals, while only about one-fifth
are found in general hospitals. More than four-fifths of
beds in the Eastern Mediterranean, South-East Asia, and
American Regions are in mental hospitals. The Western
Pacific Region has the highest proportion of psychiatric
beds in general hospitals (34.5%). On the other hand, only
about 10% of beds in South-East Asia, American, and
Eastern Mediterranean regions are in the general hospital
setting.More than three-fourths of beds in low- andmiddle-
income countries and approximately 55% of beds in high-
income countries are located in mental hospitals.

In 40.5% of countries, covering 44.7% of the popula-
tion, there is less than one psychiatric bed per 10 000
population. In the South-East Asia and African Regions,
94.9% and 82.9% of the population, respectively, has
access to less than one bed per 10 000 population. On the
other hand, in the European Region only 25.7% of the
population has access to less than five psychiatric beds per
10 000 population. Nearly five-sixths of low-income
countries, covering 96% of the world population, have
less than one psychiatric bed per 10 000 population. In
high-income countries, only roughly 10% of the popula-
tion has access to fewer than five psychiatric beds per
10 000 population.

A comparison of data between 2001 and 2004 showed
that there was a decrease in the median number of beds
in regions that had high bed-to-population ratios, i.e.,
American (a decrease of 0.9 per 10 000 population) and
European (a decrease of 0.7 per 10 000 population)
Regions, and an increase in regions with intermediate
bed-to-population ratio, i.e., in the Eastern Mediterranean
(an increase of 0.24 per 10 000 population) and Western
Pacific (an increase of 0.08 per 10 000 population) Regions.
No change was observed in regions with low bed-to-popu-
lation ratio, i.e., in the African and South-East Asian
Regions. A decrease in number of beds was noted in
high-income countries (a decrease of 1.20 per 10 000 pop-
ulation), an increase in middle-income countries, particu-
larly upper-middle-income countries (an increase of 2.30
per 10 000 population), and no change was observed for
low-income countries. There was a decrease in proportion
of mental hospital beds (denominator: all psychiatric beds)
in the African (5%), European (7%), and Western Pacific
(9.2%) Regions and low-income countries (11.7%). A
general trend toward an increase (3.9%) in the proportion
of general hospital beds to total beds was observed; this
was relatively marked for the African (8.6%), European
(11.7%), and Western Pacific (11.8%) Regions (Table 3).
Human Resources

Inputs from mental health professionals are required in
patient care, policy advice, administration, and for train-
ing other personnel.

The median number of mental health professionals
per 100 000 population in the world is quite low (psychia-
trists, 1.2; psychiatric nurses, 2; psychologists working in
mental health, 0.6; social workers in mental health, 0.4),
even though some countries may have overreported the
number of psychiatric nurses, psychologists, and social



Table 3 Distribution of psychiatric beds per 10 000 population

Psychiatric beds per 10 000 population in each category of countries (n¼185) (%)

0–1 1.01–5 5.01–10 >10

WHO regions

Africa 78.3 17.4 4.3 –

Americas 29.0 29.0 16.1 25.8

Eastern Mediterranean 50.0 40.9 9.1 –
Europe – 25.5 49.0 25.5

South-East Asia 75.0 25.0 – –

Western Pacific 48.1 37.0 7.4 7.4
World 40.5 27.6 19.5 12.4

Income group of countriesa

Low 84.5 12.1 3.4 –

Lower middle 34.6 44.2 19.2 1.9
Upper middle 12.1 27.3 30.3 30.3

High 2.6 28.9 36.8 31.6

aFour of the responding countries classified according to WHO Regions could not be classified according to the World Bank income

categories. From World Bank (2004) http://www.worldbank.org (accessed January 2008). Washington, DC: World Bank Group.
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workers in mental health fields (by mistakenly including
general nurses working in the mental health field, and
psychologists and social workers employed in general
health and related sectors such as education).

Psychiatrists

The term psychiatrist denotes a medical doctor who has
had at least 2 years of postgraduate training in psychiatry
at a recognized teaching institution. The median number
of psychiatrists per 100 000 population varies from 0.04 in
theAfricanRegion to 9.80 in the EuropeanRegion. In actual
numbers, this amounts to approximately 1800 psychiatrists
for 702million people in the African Region compared
to more than 89 000 psychiatrists for 879 million people
in the European Region. The median figure for low-
income countries is 0.05 per 100 000 population and that
for high-income countries is 10.5 per 100 000 population.

In 47.6% of countries, covering 46.5% of the world’s
population, there is less than one psychiatrist per
100 000 population. All countries in the South-East Asia
Region and 89.1% of countries in the African Region have
fewer than one psychiatrist per 100 000 population. Five-
sixths (87.9%) of low-income countries have fewer than
one psychiatrist per 100 000 population. Even when avail-
able, most psychiatrists are based in large cities and large
populations living in rural areas have no access to them
(Table 4).

Psychiatric nurses

The term psychiatric nurse denotes a graduate of a recog-
nized, university-level nursing school with a specializa-
tion in mental health. Psychiatric nurses are registered
with the local nursing board (or equivalent) and work in
a mental health-care setting. The median number of
psychiatric nurses per 100 000 population varies from 0.1
in the South-East Asia Region to 24.8 in the European
Region; and 0.16 in low-income countries to 32.95 in high-
income countries. More than three-fourths of countries in
the South-East Asia Region and in low-income countries
have access to fewer than one psychiatric nurse per
100 000 population. In many developed and in some devel-
oping countries such as Botswana, Fiji, Ghana, Jamaica, and
Tanzania, community psychiatric nurses contribute signifi-
cantly to mental health care.

Psychologists working in mental health
The term psychologist working in mental health denotes a
graduate from a recognized, university-level school of
psychology with a specialization in clinical psychology.
These psychologists are registered with the local board of
psychologists (or equivalent) and work in a mental health
setting.

The median number of psychologists per 100 000 pop-
ulation varies from 0.03 in the South-East Asia andWestern
Pacific Region to 3.10 in the European Region, and from 0.04
in low-income countries to 14.0 in high-income countries.
There is fewer than one psychologist per 100 000 popula-
tion in 61.6% of countries, accounting for 66.0% of the
world’s population. Ninety percent or more of the pop-
ulation in South-East Asian and African Regions and of
low-income countries have access to fewer than one psy-
chologist per 100 000 population.

Social workers working in mental health

The term social worker working in mental health denotes
a graduate from a recognized, university-level school of
social work, registered with the local board of social work-
ers (or equivalent) and working in a mental health setting.

http://www.worldbank.org


Table 4 Median number of mental health professionals per 100 000 population

Psychiatrists (n¼187) Psychiatric nurses (n¼176) Psychologists (n¼177) Social workers (n¼ 168)

WHO regions
Africa 0.04 0.20 0.05 0.05

Americas 2.00 2.60 2.80 1.00

Eastern

Mediterranean

0.95 1.25 0.60 0.40

Europe 9.80 24.8 3.10 1.50

South-East Asia 0.20 0.10 0.03 0.04

Western Pacificb 0.32 0.50 0.03 0.05

World 1.20 2.00 0.60 0.40
Income group of countriesa

Low 0.05 0.16 0.04 0.04

Lower middle 1.05 1.05 0.60 0.28
Upper middle 2.70 5.35 1.80 1.50

High 10.50 32.95 14.0 15.70

aFour of the responding countries classified according to WHO Regions could not be classified according to the World Bank income

categories. From World Bank (2004) http://www.worldbank.org (accessed January 2008). Washington, DC: World Bank Group.
bThe median numbers for the Western Pacific Region are 0 as a number of the smaller countries do not have these professionals.
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The median number of social workers working in
mental health per 100 000 population varies from 0.04
in the South-East Asian Region to 1.5 in the European
Region, and from 0.04 in low-income countries to 15.7 in
high-income countries. In 64% of countries, accounting
for three-fourths of the world’s population, there is fewer
than one social worker per 100 000 population. In the
African and Eastern Mediterranean Regions, more than
85% of the countries have access to fewer than one social
worker per 100 000 population. Nearly 92.7% of low-
income countries are served by fewer than one social
worker per 100 000 population, while 38.7% of high-
income countries are served by approximately ten social
workers per 100 000 population.

A comparison of data between 2001 and 2004 showed
that there was an increase in the number of mental health
professionals in the world. The greatest increase was
noted for psychologists engaged in mental health care
(increase in median: 0.2 per 100 000 population, greater
improvement occured in American and European
Regions and upper middle-income group countries), and
social workers engaged in mental health care (increase in
median: 0.1 per 100 000 population, greater improvement
occured in the European Region). When the median
number of psychiatrists per 100 000 population was
compared, it was seen that an increase had occurred
in the European Regions (0.8) and in high-income
countries (1.5). The South-East Asia Region showed a
decrease in the number of psychiatrists (by approximately
40%) and psychiatric nurses (by roughly 60%).
A decrease (roughly 20%) in the number of psychiatric
nurses was reported in the Eastern Mediterranean Region.
Availability of more accurate figures as well as the flight of
professionals to more affluent countries could be reasons
for this trend.
There was a decrease (5.1%) in the number of countries
with fewer than one psychiatrist per 100 000 population.
This trend was more pronounced in the African and
American Regions and in middle-income countries. Also,
there was a decrease (6.7%) in the number of countries
with fewer than one psychologist per 100 000 population.
This trend was supported by figures for the American,
European, and Eastern Mediterranean Regions and in
low-income and upper-middle-income countries. Simi-
larly, fewer (9.7%) countries in the EasternMediterranean
Region reported having fewer than one social worker per
100 000 population.
Primary and Community Care

Primary Care

Mental health in primary care can be defined as the
provision of basic preventive and curative mental health
at the first level of the health-care system. In many
countries, a nonspecialist who can refer complex cases
to a more specialized mental health professional provides
such care. Most mental disorders can be managed
effectively at the primary care level if adequate resources
are made available. Shifting mental health care to primary
level also helps to reduce stigma, improves early detection
and treatment, leads to cost efficiency and savings, and
partly offsets limitations of mental health resources
through the use of community resources (WHO, 2001a).

Mental health facilities at the primary level are
reported to be present in 87.3% of countries that cover
96.5% of the world’s population. They are available in
more than 77% of countries in the Eastern Mediterranean
andWestern Pacific Regions and in approximately 95% of
countries in the Americas and European Region. Across

http://www.worldbank.org
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income groups, they are present in 76.3% of low-income
countries and 97.4% of high-income countries. However,
in reality, the population coverage is lower, as primary
care services are not evenly distributed.

Treatment facilities for severe mental disorders in
primary care settings were reported to be available in
only 61.5% of countries in the world, covering 52.8% of
the population. Such facilities are available in only 44.4%
of countries in the South-East AsiaRegion. Across countries
of different income groups, such facilities are available in
55.2% of low-income countries, 44.4% of lower-middle-
income countries, and 86.8% of high-income countries.
Treatment facilities for severe mental disorders in primary
care settings across different countries also vary greatly.
Most countries provide only follow-up care to the severely
mentally ill in primary health-care facilities.

Mental health-care facilities in primary care are an
integral part of the system in countries such as Australia,
Austria, Italy, the Netherlands, the UK, and the United
States. Integration of mental health into primary care has
been found to be useful in countries such as Barbados,
Cambodia, China, India, Iran, Jamaica, Nepal, and
Zimbabwe (Table 5).
Training of primary care personnel

Training of primary care personnel involves the provision
of essential knowledge and skills in identification, preven-
tion, and care of mental disorders. Approximately 59%
of countries have some training facilities for primary
Table 5 Primary and community care for mental health

Mental health in
primary care
(n¼ 189) (%)

Facilities for SMDa in
primary care (n¼187)
(%)

Tra
ca
(n

WHO regions

Africa 82.6 60.9 58

Americas 93.9 62.5 27

Eastern
Mediterranean

81.8 63.6 81

Europe 96.1 68.6 68

South-East Asia 80.0 44.4 90

Western Pacific 77.8 51.9 55
World 87.3 61.5 59

Income group of countriesc

Low 76.3 55.2 60

Lower middle 87.0 44.4 61
Upper middle 100 72.7 55

High 97.4 86.8 66

aSevere mental disorder.
bPhenytoin, amitriptyline, and chlorpromazine.
cFour of the responding countries classified according to WHO Regi

categories.

From World Bank (2004) http://www.worldbank.org (accessed Janua
care personnel in the field of mental health. Whereas
90% of countries of the South-East Asia Region have
such facilities, the same are available in only 41.9% of
countries in the American Region. Many high-income
countries of the European and American Regions pro-
vide regular training programs for doctors, nurses, and
social workers working at primary care level. Some other
countries such as Cambodia, Pakistan, Botswana, and
Lesotho have also developed training facilities for pri-
mary care professionals.
Therapeutic psychotropic medication

Project Atlas sought information on the availability in
primary care, the most common basic strength, and the
cost of a specific list of drugs. Among antiepileptics, phe-
nobarbital is available in 93% and phenytoin in 77% of
countries. Amitriptyline, an antidepressant, is available in
86.4% of countries. Among antipsychotics, chlorpromazine
is available in 91.4% and haloperidol in 91.8% of countries.
Lithium, a mood stabilizer, is available in 65.4% of
countries. Carbamazepine and sodium valproate, which
are antiepileptics with mood-stabilizing properties are
available in 91.4% and 67.4% of countries, respectively.
Anti-Parkinson drugs are available in fewer countries,
with levodopa, carbidopa, and biperiden being available
in only 61.9%, 51.1%, and 43.5% of countries, respectively.
Almost two-thirds of countries report that they make the
three essential drugs: Amitriptyline (an antidepressant),
chlorpromazine (an antipsychotic), and phenytoin (an
ining, primary
re personnel
¼ 186) (%)

Essentialb

psychotropics
in primary care
(n¼ 192) (%)

Community care for
mental health (n¼185) (%)

.7 67.4 56.5

.3 62.9 75.0

.8 50.0 68.2

.8 62.7 79.2

.0 63.6 50.0

.6 81.5 66.7

.7 65.1 68.1

.3 52.5 51.7

.1 68.5 51.9

.9 81.3 90.9

.7 83.3 97.4

ons could not be classified according to the World Bank income

ry 2008). Washington, DC: World Bank Group.
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antiepileptic) available in primary care. However, in many
countries these drugs are either not available at all primary
care centers or are not available at all times.

Community Care

Community mental health care includes provision of
crisis support, protected housing, and sheltered employ-
ment in addition to management of disorders to address
the multiple needs of individuals. Community-based ser-
vices can lead to early intervention and limit the stigma of
treatment. They can improve functional outcomes and
quality of life of individuals with chronic mental disor-
ders, and are cost-effective and respectful of human rights.

Community care facilities exist in only 68.1% of
countries, covering 83.3% of the world population. In the
African, Eastern Mediterranean, and South-East Asian
Regions, such facilities are present in roughly half the
countries. Across different income groups, communitymen-
tal health facilities are present in 51.7% of the low-income
and in 97.4% of the high-income countries. Countries such
as Australia, Canada, Finland, Norway, the UK, and the
United States, among others, have well-established commu-
nity care facilities. Some Latin American countries have
undertaken innovative services that provide useful dem-
onstration experiences, for example in Argentina, Brazil,
and Nicaragua. Other countries such as Barbados, Ghana,
and Qatar have also developed some community care
facilities. Services of traditional healers are being used as
part of community care in many countries such as Cam-
bodia, Guinea, Niger, Nigeria, and Senegal.

A comparison of 2001 and 2004 data showed that more
countries (13.6%) in the Eastern Mediterranean Region
had made treatment for severe mental disorders available
in primary care. However, a 15.5% reduction was noted in
the number of countries that made the three essential
psychotropic drugs (amitriptyline, chlorpromazine, and
phenytoin) available in primary care. This is mainly
reflective of the fact that some countries, particularly in
the European Region, added newer psychotropics to their
essential list of drugs.
Monitoring Mental Health Systems

Monitoring is necessary to assess the effectiveness of
mental health prevention and treatment programs and
to identify its deficits. Indicators for monitoring should
include data on clients of mental health services, quality
of the services rendered, and general measures of the
mental health of communities.
Mental Health Reporting Systems

Annual reporting systems cover health and health services
functions and utilization of allocated funds. Annual
mental health reporting systems exist in 75.7% of
countries. They are reported to be present in 100% and
87.5% of countries, respectively, of South-East Asian and
European Regions versus only 57.8% of countries in the
African Region. Only 62.1% of low-income countries have
an annual mental health reporting system compared with
86.1% of high-income countries. A comparison of data
between 2001 and 2004 showed that a greater number of
countries in the African (5.5%), American (8.1%), and
South-East Asian (10%) Regions and the lower-middle-
income group (9.3%) reported the presence of mental
health reporting systems.
Programs for Special Populations

Programs for special populations are programs that
address the mental health concerns (including social inte-
gration) of the most vulnerable and disorder-prone
groups of the population. Programs for indigenous people
are present in 14.8%, for minority groups in 16.5%, for
refugees in 26.2%, for disaster-affected populations in
37.7%, for elderly persons in 50.5%, and for children in
62.4% of countries.

With 42.6% of its population made up of children
(below 14 years), the African Region has programs for
children in only 37% of countries, compared to 77.6% of
countries in the European Region, where children account
for 19.1% of the total population. Whereas 86.8% of high-
income countries have a program for children, only 34.5%
of low-income countries have one.

Programs for the elderly exist in 15.6% of countries in
the African Region, in comparison to 77.4% of countries
in the Region of the Americas. Such programs are present
in 89.5% of high-income countries but in only 17.9% of
low-income countries.

A comparison of data between 2001 and 2004 showed
that there was an increase in services for children and the
elderly in countries of the American (9.9% and 9.7%,
respectively) andWestern Pacific (7.7% and 11.5%, respec-
tively) Regions. Similarly, services for children and the
elderly increased in the lower-middle-income (13.3% and
5.6%, respectively) and upper-middle-income (7% and
9.6%, respectively) countries (Table 6).
Current Emphases in Psychiatric Care

Human Rights

The persisting question is how to balance the civil rights
of mentally ill individuals against the limitations on their
freedom required by society and contemporary healing
techniques. Violation of human rights can be perpetrated
both by neglecting patients through carelessness and by
forcing them into restraining or even violent care systems.
To prevent abuses, there is an urgent need to improve the



Table 6 Distribution of mental health programs for children,

adolescents, and the elderly

Children and adolescents
(n¼ 186) (%)

Elderly
(n¼ 184) (%)

WHO regions

Africa 37.0 15.6

Americas 81.3 77.4
Eastern

Mediterranean

72.7 54.5

Europe 77.6 63.3

South-East Asia 54.5 54.5
Western Pacific 50.0 50.0

World 62.4 50.5

Income group of countriesa

Low 34.5 17.9

Lower middle 73.6 50.9

Upper middle 72.7 66.7

High 86.8 89.5

aFour of the responding countries classified according to WHO

Regions could not be classified according to the World Bank

income categories. From World Bank (2004) http://www.world

bank.org (accessed January 2008). Washington, DC:World Bank
Group.
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quality of mental health care, to strengthen the manage-
ment of institutions, and to closely monitor the rights of
the mentally ill.

People with mental disorders are entitled to the
enjoyment and protection of their fundamental human
rights. The fundamental human rights obligations cov-
ered in the three instruments that make up what is
known as the International Bill of Rights (the Universal
Declaration of Human Rights, the International Cove-
nant on Civil and Political Rights, and the International
Covenant on Economic, Social, and Cultural Rights)
include the protection against discrimination; the right
to health including the right to access rehabilitation
services; the right to dignity; the right to community
integration; the right to reasonable accommodation; the
right to liberty and security of person; and the need for
affirmative action to protect the rights of persons with
disabilities, which includes persons with mental disor-
ders; and protection against torture, cruel, inhuman, or
degrading treatment.
Deinstitutionalization and Care in
the Community

Deinstitutionalization is a complex process in which
reduction of beds in stand-alone mental hospitals is asso-
ciated with implementation of a network of community
alternatives that can avoid the institutionalization of indi-
viduals with mental illness. Neither closure of mental
hospitals without provision of extramural alternatives
(which can lead to homelessness and transinstitutiona-
lization in prisons, nursing homes, etc.), nor creation
of extramural alternatives without restriction on admis-
sion to mental hospitals (adding new services eventually
recruits new patients but leaves the mental hospital
unaffected) is optimal. In many European countries
(e.g., Italy, Denmark, Finland, Spain, Sweden, and the
United Kingdom) and the United States, a substantial
shift from a hospital-based to a community-based system
has already taken place.

The deinstitutionalization process has also begun in
some Latin American countries, for example Brazil, based
on the policy guidelines of the Caracas Declaration. The
principles set forth in this declaration refer to the need to
develop psychiatric care that is closely linked to primary
care and within the framework of the local health system.
Deinstitutionalization has also been started in countries
such as Burkina Faso, Croatia, Czech Republic, Jamaica,
Iran, and Lithuania.
Integration with General and Primary
Health Care

Many patients with psychological problems seek treatment
from general health services. Studies conducted by WHO
in many countries have shown that between 10% and
20% of primary care patients meet diagnostic criteria
for psychiatric conditions (Harding et al., 1980). The
WHO advocates that mental health care should be decen-
tralized and integrated into primary health care, with the
necessary tasks carried out as far as possible by general
health workers rather than specialists in mental health.
Equipping primary health-care workers to deal with
mental health problems avoids wasted effort and
cost. Importantly, the responsibility for mental health
is not an extra burden for primary health-care ser-
vices; on the contrary, it increases their effectiveness.
Experiences in China, India, and African countries show
that adequate training of primary health-care workers to
early recognition and management of psychological disor-
ders can reduce institutionalization and improve clients’
mental health.
Consumer and Family Involvement

The involvement of consumers and family is closely
related to community-based management. Communities,
families, and consumers can be included in the develop-
ment and decision making of policies, programs, and
services. This should lead to services becoming better
tailored to people’s needs. Consumer and family associa-
tions have emerged as a major force in creating recipro-
cal social networks between mentally ill persons.
Consumer and family movements have a long and
important tradition in the United States and Europe,
and recently similar movements have emerged in Latin
America, Asia, and Western Pacific Regions. As a positive

http://www.worldbank.org
http://www.worldbank.org
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and promising example, in recent years, the Brazilian
Ministry of Health gave impressive support to consumers
and family organizations, which are now actively influen-
cing the mental health policy, advocating for their rights
and taking part in decision making in service
organizations.
Conclusions and Future Directions

It is clear that mental disorders cause considerable burden
on individuals, families, and societies and are of immense
public health importance. Yet, they are underrecognized,
undertreated, and underprioritized the world over, even
though effective management options are available and
psychiatric care provision does not require sophisticated
technologies. In addition, the rights of mentally ill people
(which includes the right to access to care) are often
trampled upon.

Project Atlas, launched by WHO in 2000 in an attempt
to map mental health resources in the world, has pre-
sented a worrisome picture. Global mental health
resources continue to remain low and are grossly inade-
quate to respond to the high level of need. Regional imbal-
ances and differences across income groups of countries
persist. These data emphasize the urgent need to enhance
resources devoted to mental health, especially in low- and
middle-income countries. WHO has argued for a substan-
tial enhancement in resources invested in mental health
(WHO, 2003).

The ten recommendations of the World Health Report

2001 (WHO, 2001c) remain as valid today as when they
were made:

1. Provide treatment in primary care.
2. Make psychotropic drugs available.
3. Give care in the community.
4. Educate the public.
5. Involve communities, families, and consumers.
6. Establish national policies, programs, and legislation.
7. Develop human resources.
8. Link with other sectors.
9. Monitor community mental health.

10. Support more research.

These recommendations can be adapted by every country
according to its needs and its resources.

Fortunately, the importance of mental health and
rights issues is beginning to be recognized and interna-
tional and national bodies have started advocating for
effective, equitable, and rights-based mental health ser-
vices. The world is also witnessing a welcome trend
toward integration of mental health into primary health
care, deinstitutionalization, community care, and
involvement of communities, families, and consumers
in the development of policies, programs, and services.
See also: Mental Health and Substance Abuse; Mental

Health Policy; Mental Health Promotion; Stigma of

Mental Illness; Women’s Mental Health.
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Comprehensive histories of mental illness can be found in
Shorter (1998), Stone (1997), and Hunter and MacAlpine
(1963). This article draws from these and other specific
sources but starts with some cautions about reading the
past from the present.
Reading the Past from the Present:
Three Main Starting Points

For the past 40 years psychiatric knowledge has been
contentious. For this reason any historical reading of
mental illness requires some declaration about a philo-
sophical stance toward that body of knowledge. Broadly
three starting points can be described.

‘Medical naturalism’ starts from the premise that cur-
rent medical terminology describing mental abnormality is
valid and has global and transhistorical applicability. Diag-
noses such as ‘schizophrenia’ or ‘depression’ are taken to be
labels for naturally occurring phenomena embodied in
their sufferers. Here the object (mental illness) is assumed
to precede the subject (those using the term). Mental illness
is assumed to exist ‘out there’ and to be independent of its
observers or diagnosticians. In other words the factual
status of mental illness is deemed to be nonproblematic.
The codifications used by mainstream psychiatry, and
found in the two main current nosologies of the American
Psychiatric Association’s Diagnostic and Statistical Manual

(DSM) and the World Health Organization’s International
Classification of Diseases (ICD), reflect medical naturalism.

‘Radical constructivism’ inverts the first position and
assumes instead that subject precedes object. Here the
emphasis is on how diagnoses are context-specific human
products. They are deemed to be socially negotiated out-
comes that reflect the cognitive preferences and vested
interests of the negotiators (in this case in modern times
the psychiatric profession being the most important, but
not only, group). In this view mental illness does not exist
as a natural free-standing entity but is a by-product of
psychiatric activity. The oft-quoted campaign of the dis-
sident psychiatrist Thomas Szasz to deem mental illness
to be a myth reflects this position (Szasz, 1961), although
he treats physical illness as nonproblematic, which is not
the case with other constructivists.

‘Critical realism’ is a bridge between the two positions,
in that reality is deemed to precede the subject but is re-
presented by shifting subjective or intersubjective activity.
The latter needs to be critically evaluated in order to
identify interests operating (thus it supports the radical
constructivist position to an extent). But critical realists
concede the reality of some sort about mental abnormality
(supporting to some extent the medical naturalists). Mental
illness is not dismissed as being merely a by-product of
professional activity but it is criticized for its poor concep-
tual validity. Critical realists emphasize that knowledge
claims in human or social science are not the same as in
natural science, as they are context specific to time and
place (partly but not wholly agreeing with the
constructivists).
Madness and Misery before Psychiatry

In line with this author’s starting point of critical realism, it
is reasonably safe to argue that from antiquity to the
present, all societies have described people in their midst
who are notably miserable or whose conduct is idiosyn-
cratic and not readily intelligible to others. As Rosen (1968)
notes, in antiquity madness was associated stereotypically
with aimless wandering and violence. The modern English
use of the term ‘to be mad’ reflects this conflation of lunacy
and fury and the ancient stereotypes remain with us.

But once we get beyond these very broad generaliza-
tions and stereotypes, detailed accounts suggest that psy-
chological deviance is described and judged in a very
context-specific way. Moreover, cross-cultural compari-
sons tell us that cultures vary in the number of words used
to describe internal states. For example, some cultures
have no word for ‘depression,’ even though the latter
medical term has now entered the vernacular in Anglo-
phone societies (Pilgrim and Bentall, 1999).

Another difficulty in making clear transhistorical state-
ments about mental illness relates to contested attributions
about dysfunction. For example, ancient philosophers were
ambivalent about the value of madness. Currently it is
simply disvalued in medically codified dysfunctional states,
such as ‘schizophrenia’ or ‘bipolar disorder.’ But Socrates
considered that madness and sanity had equal value. For
him, positive aspects of mad rapture included prophesying
(a ‘manic art’), mystical initiations and rituals, poetic inspi-
ration, and the madness of lovers (Screech, 1985).

As Leuder and Thomas (2000) point out, an irony of
Socrates being idealized as the epitome of rational
thought as a founder of philosophy is that he freely
admitted to experiencing what are now called ‘command
hallucinations’ (then called his ‘daemon’). Pythagoras,
another founding father of philosophy, also heard voices.
So, too, did Mohammed, Joan of Arc, and Luther. And
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Jesus and the Buddha could both be accused of being
deluded and of operating grandiose certainty about the
meaning of life. Thus, if we succumb to retrospective
psychiatric diagnosis, many religious and philosophical
leaders of the past might be described as being ‘mentally
ill,’ yet they now enjoy hypercredibility.

The medicine of antiquity began to systematize mental
abnormality based upon single symptoms (such as sad-
ness, excitement, confusion, and memory loss). This
single-symptom approach was adopted by Roman medi-
cine in the system of Galen – a view that operated in the
main in Western medicine until the eighteenth century,
overlain by religious assumptions in the Judeo-Christian
view about sin as the source of insanity.
Mental Illness and Psychiatry

The single-symptom approach adopted by Galen began
to be superseded in the eighteenth century in Britain and
France. The Scottish physician Cullen suggested a classi-
ficatory system which he called the ‘neuroses.’ This very
wide notion, which today would subsume most mental
disorders, contained the etiological premise that madness
and misery reflected damage to the nervous system. He
argued that the healthy person had adequate levels of
nervous energy (vis nervosa), which, when diseased,
would be depleted. Cullen also suggested syndromes
within this broad description of energy shortage.

By the middle of the nineteenth century, Cullen’s
overarching notion of ‘the neuroses’ was revised by
Feuchterleben, who argued that the psychoses should be
seen as a separate category because of symptom severity.
However, the notion of ‘severe’ or ‘serious’ mental illness
remains problematic, as some neurotic patients may be
more socially disabled than some psychotic patients. Like-
wise the notion of ‘insight’ does not consistently distin-
guish the two broad groups of patients.

In late eighteenth-century France, de Sauvages offered
a general classification of diseases of ten broad categories,
the eighth of which was ‘insanity.’ Just prior to the French
Revolution, Pinel, following the strictures of Hippocrates,
on close observation, began the modern trend of basing
the classification of mental illness on groups of symptoms
and suspending etiological speculation or assertion. For
example, Hippocrates opposed the common assumption,
of his time, of mental abnormality being seated in the
heart and diaphragm or phren (hence later English terms
such as ‘schizophrenia,’ ‘frenzy,’ and ‘frantic’). He argued
that with no direct evidence of causation, this assumption
should be dropped in favor of simply observing and
recording the patient’s speech and action.

Pinel delineated categories such as mania with delir-
ium, mania without delirium, melancholia, confusion, and
idiocy. This focus on group categories, which individual
patients were then fitted into, was continued by Esquirol
in France, who added the notion of ‘monomania’ or ‘par-
tial insanity.’ This included both isolated delusions and
more recent descriptions of obsessive-compulsive disor-
der. Neither Pinel nor Esquirol included the neuroses
(mild sadness and anxiety) in their incipient psychiatric
nosologies because these were deemed to be the respon-
sibility of physicians, not alienists. In other words, from
the outset psychiatry focused on madness and left neu-
rotic misery to others; in recent times the latter has been
mainly dealt with by primary care physicians.

Subsequently, German alienists also began to catego-
rize. For example, Kahlbaum argued that psychological
dysfunction could be observed in patients about their
judgment (‘paranoia’), their moods (‘dysthymia’), or their
will (‘diastrephia’). This empiricist approach to classifica-
tion started by Pinel, Esquirol, and Kahlbaum found its
most noteworthy champion in Kraepelin.

Kraepelin (1883) set the scene for the main paradigm
in modern Western psychiatry, which was characterized
by three main features:

. The mental illnesses were considered to be separate,
naturally occurring categories (hence the epistemolog-
ical position of ‘medical naturalism’ noted earlier).

. These illnesses were considered to be a function of
degeneracy; they were inherited conditions, with a
predicable deteriorating course. To signify this assump-
tion about predictable deterioration, Kraepelin used the
term ‘dementia praecox.’ He argued that cases of the
latter could be divided into three types: catatonia; para-
noia; and hebephrenia (a term he took from Hecker).
Later (1908) the term ‘dementia praecox’ was to be
re-labeled ‘schizophrenia’ by Bleuler.

. Kraepelin held the view that all symptoms of mental
illness were caused by diseases of the brain or nervous
system. Even Freud, Kraepelin’s contemporary, who
emphasized psychological determinism, considered that
all mental illness would eventually be explicable in
physical terms. Thus if Kraepelin was a biodeterminist,
Freud was a hoped-for-biodeterminist. Similarly, when
Krafft-Ebing first used the term ‘psychopathology,’ he
made it clear that all psychiatric symptoms implied
underlying neural endopathology (Krafft-Ebing, 1875).

As Kraupl-Taylor (1966) noted when discussing the
work of German psychopathologists in the late nineteenth
century, the problem they were already encountering was
that signs were only implied and still not proven (even
post-mortem) for the great bulk of patients with psychiat-
ric symptoms. The gap between symptoms and demon-
strable neurological signs continues to dog the credibility
of psychiatry today.

This Victorian zeitgeist then framed the modern psy-
chiatric view of mental illness, with its emphasis on
naturalism, hereditarianism, and biodeterminism. This
epistemological position was also a political one for the
developing profession, as it justified full medical control
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of the asylum system. The Victorian zeitgeist was mani-
fested in a scientific and political ideology based upon the
paradoxical blend of positivism and eugenics. This blend
was commonplace in the intellectual circles of Western
societies in the late nineteenth century, and it was to
guarantee the controversial status of psychiatric knowl-
edge in the twentieth century.
The Controversial Legacy of
Mental Illness

By 1900, ‘‘psychiatry looked on itself with uncritical matter-
of-factness as natural scientific enlightenment, as a flight
against demonologic and other social superstitions and for
the rights of the mentally ill. . .’’ (Doerner, 1970: 292). The
seminal work of Kraepelin epitomized this scientific self-
confidence and lack of collective professional self-doubt. It
distilled the logic of his empiricist medical predecessors in
France and Germany in the nineteenth century and it came
to dominate Western psychiatry in the twentieth century.

The recent status of the neo-Kraepelinian orthodoxy
(expressed in the DSM and ICD classificatory systems)
has been summarized as follows:

. . .if there is one central intellectual reality at the end of

the twentieth century, it is that the biological approach to

psychiatry – treating mental illness as a genetically influ-

enced disorder of brain chemistry – has been a smashing

success. (Shorter, 1998: vii)

This confirms that the lack of self-doubt, recorded by
Doerner above, was as true at the end of the twentieth
century as it was at the beginning.

But all was not completely well. By 1960 some psy-
chiatrists restated the problem about the symptom–sign
gap for confident classification (Stengel, 1960). After all,
the term ‘mental illness’ reflects a lack of confident com-
mitment to knowledge claims about mental ‘disease’
derived from proven endopathological states. The
subsequent two decades then became dominated by the
Szaszian critique of ‘the myth of mental illness’’ (Szasz,
1961). The controversies of more recent decades have
centered on the three main features of Kraepelin’s legacy.

The first relates to the refusal of many mental health
professionals (including some psychiatrists) to concede
naturalism and its purported categories of mental illness
and to favor instead dynamic wholism, biographical
uniqueness, and continua rather than categories. The sem-
inal major protagonist in this regard was Meyer, who devel-
oped his ‘psychobiological approach’ prior to the Second
World War. Meyerian psychiatry was the basis of the later
development of the ‘biopsychosocial model,’ which offers a
holistic alternative to the dominant ‘biomedical model.’

The biopsychosocial model is indebted to Meyer’s
work and that of the biologist Weiss in the 1920s and his
student von Bertalanffy, who developed General Systems
Theory in the 1950s (Pilgrim, 2002). Meyer conceded the
role of broad inherited psychological tendencies but saw
mental illnesses as reactions to peculiar biographical cir-
cumstances. His main question of interest was not ‘‘What
is this patient’s diagnosis?’’ but ‘‘Why is this particular
patient presenting with these particular symptoms at
this time in his or her life?’’ This sort of question under-
mines the ‘lumping’ tendency found in the Kraepelinian
tradition, which fits patients, Procrustean-style, into pre-
formed professionally preferred categories. Meyerian
psychiatry also gave confidence to social psychiatry, an
interdisciplinary project, which conceded the conceptual
problems of functional mental illness but got on with
studying social determinants of madness and misery
(Pilgrim and Rogers, 2005).

But a great sustaining advantage of Kraepelin’s system
for the medical profession was that it generated a checklist
approach to diagnosis and it created diagnostic-related
groups. In this way, demands for medical services could
be predicated on mapping the frequency of first cases
(incidence) and accumulated cases (prevalence). How-
ever, psychiatric epidemiology was weak from the outset.
Whereas strong medical epidemiology was based on
mapping and correlating cases and causes, the cause of
mental illness was strictly unknown (and still is for the
major functional groups).

Apart from the Meyerian viewpoint challenging the cat-
egorical view, psychoanalysis also offered an alternative.
However, psychoanalysts have been inconsistent in their
opposition. Freud certainly considered that we are all ill to
some extent (emphasizing a dimensional rather than cate-
gorical view). At the same time, other analysts accepted a
categorical approach to classification willingly or rejected it
out of hand as pseudo-science. What the psychodynamic
view more significantly introduced was a challenge to the
eugenic orthodoxy of asylum psychiatry in relation to
the ‘shellshock’ problem of the First World War. The offi-
cers and gentlemen and the working-class volunteers break-
ing down with predictable regularity in the trenches were
‘England’s finest blood,’ thus contradicting that orthodoxy.

Turning to the second feature of the Kraepelinian
legacy, the English eugenic roots in the work of Galton
and subsequent psychologists Spearman and Pearson
found its most notorious expression in German psychia-
try, during the Nazi period, in the work of Rudin and
Kallmann (Meyer, 1988; Marshall, 1990). This genetic
methodology, developed in inter-War Munich and based
on twin studies, became the basis for respectable post-War
psychiatric genetics promulgated by their English collab-
orator Slater. It is still a commonly held view in psychiatry
that the psychoses are overwhelmingly genetically deter-
mined, reflecting a strong intellectual inertia, dating back
to the eugenic roots of the profession in Nazi Germany
and the Victorian England of Galton.

The third assumption about biodeterminism also reso-
nates strongly today in relation to treatment preferences
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and etiological assumptions in psychiatry. Mental illness is
treated overwhelmingly by using biological methods (med-
ication, electro-shock, and a residue of psychosurgery).
The dominant etiological theories in psychiatry reflect
biodeterminism. However, the latter is no longer crudely
hereditarian because it also emphasizes neuro-develop-
mental effects. Such congenital and childhood insults
remind us that biology cannot be conflated narrowly with
heredity. This has opened up a space to argue that psycho-
sis is a function of early trauma interacting with genetic
predisposition, rather than it simply being the latter.

These three aspects of neo-Kraepelinian psychiatry
have been the focus of criticism both within psychiatry
from ‘anti-psychiatry’ and ‘critical psychiatry,’ as well as
from disaffected service users (the mental health service
users’ movement). These critics have tended to emphasize
constructivist and critical realist arguments when oppos-
ing medical naturalism. Such criticisms inevitably remain
alive in a branch of medicine which, as was noted earlier,
overwhelmingly deals with symptoms not signs.

Finally, a historical review of mental illness allows us
to see some repeated patterns. For example, Galen’s
emphasis on single symptoms has its advocates today in
clinical psychologists who reject diagnosis and favor
working instead with presenting problems. Socrates’
view that madness is an ambiguous state that holds per-
sonal and social strengths as well as weaknesses can be
found in voice hearers sharing their different experiences.
It is also evident in people with a diagnosis of psychosis
pointing up its extra-ordinary subjective features and
their special insights on life.

The reticence of Hippocrates to leap into etiological
speculation is mirrored now in the DSM system, which,
since 1980, has rejected etiology in favor of symptom
checklists. Prior to that, DSM conceded both biological
and psychodynamic etiological factors in its diagnostic
listings. But this Hippocratic and Kraepelinian tradition
ipso facto fails to deliver certainty about etiology and
conceptual validity. As a result, the orthodox satisfaction
with symptom checklists continues to attract criticisms of
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The toxicity of mercury has been known since ancient
times, and its therapeutic uses have also been explored in
the past. In particular, mercurous chloride (calomel) was an
important drug for syphilis treatment, and early toxicology
evidence derives from patients who inevitably became
the concept of mental illness both inside and outside of
the psychiatric profession.
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mercury poisoned. Occupational health risks were
described by Bernardino Ramazzini 300 years ago. Risks
due to environmental contamination came to the forefront
when, around 1960,Minamata disease in Japanwas found to
be caused by mercury pollution from a local factory. More
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recently, methylmercury has been discovered as a world-
wide environmental hazard. Detailed risk assessments have
been published by the UN Environment Programme and
the U.S. Environmental Protection Agency.
Chemistry

Mercury exists in three oxidation states: Hg0 (metallic),
Hgþ (mercurous), and Hg2þ (mercuric) mercury. In
organometallic derivatives, mercuric mercury is cova-
lently bound to one or two carbon atoms, and the organic
part of the molecule is often an alkyl group or an alkoxi-
alkyl group. The former compounds are more toxic,
because they are more easily absorbed and more slowly
metabolized. In its elemental form, mercury is a dense,
silvery-white, shiny metal, which is liquid at room tem-
perature and boils at 357 �C. At 20 �C, the vapor pressure
of the metal is 0.17 Pa (0.0013mmHg), and a saturated
atmosphere at this temperature contains a mercury con-
centration of 14mg Hg/m3, which is more than 100 times
the occupational exposure limit. Mercury compounds
differ greatly in their solubility, with metallic mercury
being very sparingly soluble, and several salts, such as
mercuric chloride, being easily soluble in water. Of rele-
vance for its environmental fate, methylmercuric chloride
is also soluble in water, but given the affinity of the
methylmercury ion to organic compounds, it bioaccumu-
lates in aquatic and marine species.
Sources of Exposure

Mercury is emitted to the atmosphere by degassing of the
earth’s surface and by resuspension and dissolution of
mercury particles previously deposited. Emissions from
volcanoes and other natural sources are estimated to
constitute about 1000 tons per year, while the total annual
emission from anthropogenic sources has been estimated
to approximately 2500 tons. The major anthropogenic
source is energy production from fossil fuels, especially
coals with high mercury contents (UNEP, 2002).

Mercury is produced from cinnabar ore. Elemental mer-
cury has been extensively used as a catalyst in chloralkali
plants (for production of chlorine and sodium hydroxide),
but modern production technology has nowmade the large
stores of mercury superfluous. Mercury compounds have
also been used in paints as preservatives or pigments, in
electrical switching equipment and batteries, in measuring
and control equipment (thermometers and other medical
equipment), in mercury vacuum instruments, as a catalyst
in chemical processes, in mercury quartz and luminescent
lamps, in the production and use of high explosives using
mercury fulminate, in copper/silver amalgams in dental
restoration materials, and as fungicides in agriculture
(especially as seed dressings). Many of these uses are now
being banned or controlled. According to data from the U.S.
Environmental Protection Agency, overall mercury emis-
sions from industrial use have dropped 45% since 1990 and
are still decreasing.

One of the uses of liquid metallic mercury that has
escalated during the last couple of decades is informal
gold mining. Alluvial deposits of fine gold particles can be
extracted using elemental mercury. The gold particles are
caught and dissolved in the mercury as amalgam, and the
mercury can subsequently be removed by heating with a gas
torch. This practice therefore exposes the gold miner to
mercury vapor and also leads to extensive release of
mercury to the environment, sometimes into ecologically
sensitive areas. The annual consumption of mercury in such
miningoperations is thought to be about 650 tons, mainly in
Asia, Central Africa, and Latin America. Soil contamination
may remain for many decades, and sites of previous gold
mining operations in the United States (e.g., Carson River,
Nevada) are now recognized as being heavily contaminated
with mercury, with estimated amounts of mercury exceed-
ing 6000 tons. Deposition of sewage sludge and contamina-
tion from other industrial activities often involve mercuric
salts with low solubility (i.e., sulfides). The ecological and
human health implications depend on the extent of mer-
cury methylation and bioaccumulation.

Organomercury compounds used to be produced be-
cause of their antimicrobial properties, but are now thought
to find only limited use as a fungicide. Methylmercury and
other organomercury compounds were extensively used for
this purpose in the past, until environmental problemswere
discovered. The less toxicmethoxymethylmercurymay still
find limited use forwood treatment or in the paper and pulp
industry as an anti-slime agent. A related compound, thi-
merosal or thiomersal (ethylmercury salicylate) has been
widely used as a preservative, for example, in vaccines, but is
now being phased out.

The various uses of mercury and mercury compounds
result in occupational exposures in a range of occupations,
in most cases only involving mercury vapor and inorganic
compounds. Also, the industrial use of mercury may lead
to releases to the environment, due to evaporation or
releases via sewage water. Localized problems relating to
contamination of river systems and bays have been caused
by contamination from chloralkaline plants, paper and pulp
industries, and pesticide factories. In Japan, Minamata
Bay and the surrounding waters became severely contami-
nated with methylmercury from a factory that used mer-
cury compounds as catalyst in the production of
acetaldehyde and vinyl chloride. In addition, deposition
of airborne emissions from coal-fired power plants and
incinerators can cause contamination of lakes and rivers.
In the United States, coal burning contributes 40% of
the mercury emissions, and the prevailing winds cause
increased mercury deposition primarily in Eastern Canada
and New England (Rice and Hammitt, 2005).
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In the aquatic environment, elemental mercury is oxi-
dized to the mercuric mercury ion (Hg2þ), which may
become methylated to form methylmercury compounds,
either by chemical or microbiologically catalyzed reac-
tions. The intestinal bacterial flora of various animal
species, including fish, is also, though to a much lower
degree, able to convert ionic mercury into methylmercu-
ric compounds. The opposite process, demethylation, can
also occur, for example, in the liver. Methylmercury is
accumulated by fish and marine mammals and attains its
highest concentrations in large predatory species at the
top of the aquatic and marine food chains. By this means,
methylmercury enters the human diet. The mercury
cycles in the environment are illustrated in Figure 1.
Environmental Exposures

Air

In remote areas, mean concentrations of total mercury
in the atmosphere are reported to be in the range of
2–3 ng Hg/m3 in summer and 3–4 ng Hg/m3 in winter.
Mercury concentrations in urban air usually average
three- to fourfold higher levels. Hot spots exceeding
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catching of large species, such as tuna and swordfish, that accumulate
10 000 ng/m3 have been reported close to industrial emis-
sions or in connection with mercury fungicide applica-
tions. In general, airborne mercury is of limited relevance
and is not of great concern in regard to human respiratory
exposures, because concentrations of mercury in air are
usually low, except in certain trades or near point sources.
The chemistry of atmospheric mercury is complex, and
recent research has elucidated some major aspects. The
chemical reactions and the partitioning of mercury in gas
and aqueous phases appear to determine mercury resi-
dence times in the atmosphere and its deposition at
various latitudes. Most importantly, during the Arctic
spring, the ultraviolet light catalyzes reactions that lead
to short-lasting, but extreme levels of mercury deposition
(Lindberg et al., 2002).

Few data are available on average indoor air pollution
due to mercury vapor. Fatalities and severe poisonings have
resulted from heating metallic mercury and mercury-con-
taining objects at home. Elemental mercury is sometimes
used for certain cultural and religious practices that may
involve sprinkling mercury inside, burning it in a candle, or
mixing it with perfume; such practices can create exposures
that may greatly exceed currently permitted occupational
exposures (Riley et al., 2001). Release of mercury from
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dental amalgam fillings, especially copper amalgam, is oth-
erwise the predominant source of human exposure to
inorganic mercury in the general population. Due to the
availability of modern composite materials, the use of
amalgam fillings is decreasing.

With an absorption rate of 80%, respiratory exposure
to prevalent levels of atmospheric mercury will result in
daily uptakes of up to about 200 ng. Depending upon a
subject’s number of amalgam fillings, the mercury con-
centrations in inhaled air can range up to several thousand
ng/m3. Estimated average daily absorption from amalgam
fillings is thought to be of the order of 10 000 ng.
Food and Drinking Water

Mercury in drinking water is usually 5–100 ng Hg/l, with
average values about 25 ng Hg/l. The mercury speciation
in drinking water is poorly known, but Hg2þ is probably
the predominant species present as complexes and che-
lates with various ligands. Its bioavailability depends on
the ligand. Mercury in drinking water is usually a minor
public health concern, but the presence of mercury in the
water phase in the environment can lead to serious
problems.

Concentrations of mercury in most foodstuffs are often
below the detection limit and likely to be inconsequential.
However, freshwater fish, and seafood in general (including
marine mammals) constitute the dominant sources, where
mercury mainly occurs in the form of methylmercury
(70–90% of the total). The mercury concentrations in
edible tissues of various fish species cover a wide range,
mostly between 50 and 1400 ng/g. The concentration is
influenced by the species, the age, and the size of the fish,
and environmental factors such as pH and redox potential
of the water. Large predatory fish such as pike, swordfish,
and tuna as well as shark, seals, and toothed whales contain
the highest average concentrations.
Other Sources of Exposure

Occupational exposures mainly occur in chloralkali
plants, mercury mines, thermometer factories, fluorescent
light tube production plants, refineries, and in dental
clinics. However, such exposures are now becoming rare
in most industrialized countries. The most recent estima-
tion of the number of workers exposed to mercury in the
United States is 70 000, and this number is decreasing.
Despite the phase-out of amalgam fillings, removal of
older filling may still cause exposures in dental clinics.

The high gold price and the decreasing price of
mercury have spurred an expansion of informal gold
mining using mercury for amalgamation. Exposures may
exceed those previously occurring in the most hazardous
occupations in industrialized countries. Serious mercury
exposures may occur when the gold amalgam is heated.
This process is often carried out under field conditions or
in small gold vending shops without proper ventilation.
An estimated 10million workers in Africa, Latin America,
and Asia are exposed to dangerously high concentrations
of elemental mercury through such activities.

Additional exposures can occur from the use of phar-
maceuticals, in particular thimerosal, which has been
widely applied as a preservative of vaccines and immu-
noglobulins. With up to 100 mg mercury per injection, this
preservative caused substantial bolus doses of mercury,
especially on a body weight basis, in connection with
childhood immunizations. Skin-lightening lotions are
popular in Arabian and African countries and often con-
tain mercury concentrations of about 1000mg/kg; some
products may reach concentrations in the percent range.
Although mercury may be absorbed through the skin,
consumers are usually not warned about the toxic
contents.
Relative Importance of Mercury Exposures

Human exposure to elemental mercury and inorganic
mercury compounds can be substantial in certain trades,
but otherwise releases from dental amalgams and the use
of skin-lightening lotions constitute the major mercury
sources. A small amount of inorganic mercury originates
from food, while the amount present in drinking water is
insignificant.

Worldwide, the main determinant of mercury expo-
sure is the intake of fish and seafood products, where the
mercury mainly occurs in the form of methylmercury.
The highest exposures are found in Arctic populations,
who eat marine mammals. Increased levels also occur in
fishing communities and in, for example, Japanese and
Mediterranean populations, who frequently eat fish high
in the food chain. Average exposures are lower in
countries such as the United States, where NHANES III
data suggest that only 40% of Americans consume fish at
least once a week, while 1–2% consume fish or shellfish
almost daily. From a public health point of view, fish and
seafood contain essential nutrients and are recommended
as an important part of a varied diet. Thus, dietary advi-
sories need to emphasize the types of fish that are low in
mercury and therefore provide the most nutrients with
the lowest mercury exposures.

Total dietary mercury intake has usually been
measured as part of market basket surveys or as part of
specific monitoring. Probabilistic analyses based on die-
tary questionnaire data and fish analyses suggest that
small children, on a body weight basis, may receive a
higher exposure than adults. Incomplete information is
available on the distribution of high-end intakes from
seafood diets, especially among vulnerable population
groups, such as pregnant women and children.
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Metabolic Fate in the Body

Absorption

Approximately 80% of inhaled mercury vapor is absorbed
via the lungs and retained in the body. Elemental mercury
is poorly absorbed in the gastrointestinal tract, although
increased blood-mercury concentrations have been mea-
sured in humans after accidental ingestion of several
grams of metallic mercury.

The absorption of inhaled aerosols of inorganic mer-
cury will depend on particle size and solubility, similar to
other airborne particles. Among few relevant experimen-
tal studies, 45% of deposited mercuric oxide aerosols in
the airway of dogs were cleared in less than 24 h, and the
remainder cleared with a half-life of 33 days. Ten to
fifteen percent of an oral, nontoxic dose of mercuric
mercury is absorbed from the gastrointestinal tract in
adults and retained in body tissues, but considerable indi-
vidual variations may exist. In children, the gastrointesti-
nal absorption is probably greater. Mercury compounds
can also be slowly absorbed through the skin.

With regard to organomercury compounds, human
poisoning cases have been caused by inhalation, thus
suggesting that a large fraction of these compounds
are absorbed into the blood. Alkylmercury compounds are
absorbed almost completely in the gastrointestinal tract.
Certain methylmercury compounds are probably absorbed
through the skin. These pathways can be bypassed when
injected into the body, as in the case of ethylmercury in
vaccines preserved with thimerosal.
Distribution

After exposure to mercury vapor, the element is found
in blood as physically dissolved elemental mercury. Within
a few minutes, the mercury is oxidized to mercuric mer-
cury in the erythrocytes, a reaction catalyzed by catalase.
Thus, following short-term exposure to mercury vapor, the
maximum concentration of mercury in erythrocytes is seen
after less than 1 h, whereas plasma levels peak after about
10 h. Before oxidation, elemental mercury readily crosses
cell membranes, including the blood–brain barrier and the
placental barrier. After oxidation, the Hg2þ ions (or com-
plexes) are distributed in the body via the blood. The
kidneys and the brain are the main retention sites after
exposure to mercury vapor, whereas absorbed inorganic
mercury salts are mainly deposited in the kidneys. The
uptake and/or elimination of mercury after exposure to
mercury vapor can be altered by a moderate intake of
ethanol, possibly due to inhibition of catalase. Thus, the
amount of mercury in red blood cells of humans exposed to
mercury vapor is significantly reduced in the humans given
an alcoholic beverage before the mercury exposure.

The kidneys are the predominant site of inorganic
mercury retention. Immediately after oral exposure,
some accumulation occurs in the cells of the mucous
membranes of the gastrointestinal tract, but most of it is
later eliminated due to cell shedding and does not reach
the systemic circulation. Mercuric mercury in blood is
divided between erythrocytes and plasma in about equal
amounts. In erythrocytes, mercury is probably to a large
extent bound to sulfhydryl groups on the hemoglobin
molecule and possibly also to glutathione. The distribu-
tion between different plasma protein fractions varies
with dose and time after exposure.

Mercuric mercury crosses the blood–brain and placen-
tal barriers only to a limited extent. However, mercuric
mercury accumulates in the placenta, fetal membranes,
and amniotic fluid, thus suggesting that a slow placental
passage occurs. The rate of uptake from blood and differ-
ent organs varies widely; so does the rate of elimination
from different organs. However, the kidneys always
constitute the dominating mercury pool in the body
after exposure to mercuric mercury. Inorganic divalent
mercury can induce metallothionein production in the
liver, and a large proportion of the mercury in the kidneys
is soluble and bound to metallothionein.

For methylmercury, the pattern of tissue distribution is
much more uniform than after inorganic mercury expo-
sure, except in red cells, where the concentration is
10–20 times greater than the plasma concentration.
Methylmercury readily crosses the blood–brain and pla-
cental barriers. In the fetus, methylmercury is accumu-
lated and concentrated, especially in the brain. As with
other forms of mercury, the kidneys retain the highest
tissue concentration, but the brain still contains approxi-
mately fivefold higher concentrations than blood. Meth-
ylmercury accumulates in hair in the process of formation
of hair strands, with average concentrations being roughly
250-fold higher than in blood. Methylmercury undergoes
biotransformation to inorganic mercury by demethyla-
tion, particularly in the gut. Ethylmercury is less stable
than methylmercury and it therefore shows similarities
with inorganic mercury compounds.

Elimination

After short-term exposures to mercury vapor, about one-
third of the absorbed mercury will be eliminated in
unchanged form through exhalation, whereas the remain-
ing mercury will be eliminated as mercuric mercury
mainly through feces. Assuming first-order kinetics for
the clearance of urinary mercury after exposure to
mercury vapor, the median half-life was found to be
41 days. Blood concentrations can serve as indicators of
recent mercury vapor exposure, though speciation must
be carried out in order to eliminate possible influence of
dietary intake of methylmercury from contaminated
marine food.

Excretion of absorbed inorganic mercury is mainly via
urine and feces, the rates by each pathway being roughly
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equal. The whole-body half-life in adults is also 30–40 days.
The elimination of inorganic mercury follows a compli-
cated pattern with biological half-lives that differ according
to the tissue and the time after exposure. Thus, measure-
ment of mercury excretion will not necessarily reflect
concentrations of inorganic mercury in the critical organs,
that is, the brain or the kidneys, under different exposure
conditions. One important consequence is that concentra-
tions of mercury in urine or blood may be low quite soon
after exposure has ceased, even though concentrations in
the critical organs may still be high.

Methylmercury is slowly demethylated in the gut, and
enterohepatic recirculation of methylmercury explains
that most, if not all, of the mercury excreted is in the
demethylated inorganic form. Some elimination also
occurs via urine. The whole-body half-life of methylmer-
cury is generally 45–60 days, and longer retention times
may occur in breast-fed infants, who do not have intestinal
microorganisms capable of demethylation. Laboratory
animal studies have shown that, following acute dosage
with methylmercury, blood mercury concentrations will
initially reflect organ concentrations reasonably well, but,
with time, an increasing fraction of the body burden will
be in the brain, muscles, and kidney.

The blood concentration might be a useful indicator of
the body burden of mercury, although the erythrocyte
mercury concentration is more specific for methylmer-
cury exposure. Thus, if exposure to mercury vapor or
other inorganic mercury compounds is suspected, mer-
cury should be speciated or a serum sample analyzed.
Mercury in hair, when measured along the length of a
hair strand, has also been used as an indicator of past
blood levels. However, hair mercury concentrations may
be augmented by the binding of exogenous mercury to the
surface, and permanent waving may leach mercury from
the hair. Prenatal exposure to methylmercury is best
determined as the mercury concentration in cord blood,
but cord tissue also seems a useful sample for mercury
analysis.
Adverse Health Effects

Acute Poisoning

Acute poisoning with mercury vapor may cause a severe
airway irritation, chemical pneumonitis, and, in severe
cases, pulmonary edema. Ingestion of inorganic com-
pounds may cause gastrointestinal corrosion and irritation
such as vomiting, bloody diarrhea, and stomach pains.
Subsequently, shock and acute kidney dysfunction with
uremia may ensue. Cutaneous exposure to mercury com-
pounds may result in local irritation, and mercury
compounds are among the most common allergens in
patients with contact dermatitis.
Chronic Effects of Mercury Vapor and
Inorganic Mercury

Chronic intoxication may develop as soon as a few weeks
after the onset of a mercury exposure. More commonly,
however, the exposure has lasted for several months or
years, and an insidious onset may complicate early diagno-
sis. The symptoms depend on the degree of exposure and
the kind of mercury in question. The symptoms mainly
involve the oral cavity, the peripheral and central nervous
systems, and the kidneys. Elemental mercury present in
vapor is oxidized in the blood to mercuric mercury, which
does not pass the blood–brain barrier. The non-neurotoxic
effects of absorbed mercury vapor and other inorganic
mercury compounds are therefore similar.

In exposures to mercury vapor, the central nervous
system is the critical organ, and a classic triad of symp-
toms occurs: Erethism, intention tremor, and gingivitis.
Induction of tremor by mercury vapor has been reported
when urinary excretion levels exceed 50mg/l (0.25mmol/l).
The fine intention tremor of fingers, eyelids, lips, and
tongue may progress in severe cases to spasms of arms
and legs. A jerky micrographia is typical as well. The
changes in the central nervous system result in psycho-
logical effects known as erethism, that is, restlessness,
irritability, insomnia, concentration difficulties, decreased
memory and depression, sometimes in combination with
shyness, unusual psychological vulnerability, and anxiety.
Early stages of erethism have been dubbed micro-
mercurialism, where the main symptoms appear to be
decreased memory, dizziness, and irritability. While simi-
lar symptoms may be described by patients who attribute
their ill health to mercury from their dental fillings, the
symptoms are usually nonspecific, and their relation to
mercury release from amalgams may be impossible to
verify when other causation is possible. A recent study
found no adverse effects on neurodevelopment in chil-
dren with amalgam fillings (Bellinger et al., 2006).

Limited information is available on effects of mercury
vapor on early stages of the human life cycle. Effects on
pregnancy and birth in women occupationally exposed to
mercury vapor have been reported, but insufficient details
were available to evaluate dose–response relationships. In
children, pink disease may occur, as described later in this
section.

Severe exposure to inorganic mercury causes an inflam-
mation of gingiva and oral mucosa, which become tender
and bleed easily. Salivation is increased, most obviously so
in subacute cases. Often the patient complains of a metallic
taste in the mouth. Especially when oral hygiene is bad, a
gray border is formed on the gingival edges.

In long-term exposures, the target organ for inorganic
mercury compounds is the kidneys. In general, the early
renal effects of mercury appear to be reversible after
cessation of exposure. The nephrotoxic effects include
proximal tubular damage, as indicated by an increased
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excretion of small proteins in the urine (e.g., beta2-
microglobulin). Glomerular damage seems to be caused
by an autoimmune reaction to mercury complexes in the
basal membrane, as demonstrated in experimental studies,
although human evidence is inconclusive in this regard.

In children, a different syndrome is seen, the so-called
pink disease or acrodynia, diagnosed most frequently in
children treated with teething powders, which contained
calomel, and also occasionally seen in children who had
inhaled mercury vapor (e.g., from broken thermometers).
A generalized eruption develops, and the hands and
feet show a characteristic, scaly, reddish appearance. In
addition, the children are irritable, sleep badly, fail to thrive,
sweat profusely, and have photophobia. This condition was
extremely common until 30 years ago, when the etiology
was finally found and teething powders were phased out.
Organic Mercury Compounds

Intoxications with alkoxialkyl or aryl compounds are
similar to intoxications with inorganic mercury com-
pounds, because these organomercurials are relatively
unstable. Alkyl mercury compounds, such as methylmer-
cury, result in a different syndrome due to the stability
of the mercury–methyl binding. The earliest symptoms
in adults are paresthesias in the fingers, the tongue,
and the face, particularly around the mouth. Later on,
disturbances occur in the motor functions, resulting in
ataxia and dysphasia. The visual field is decreased, and,
in severe cases, the result may be total blindness. Similarly
impaired hearing may progress to complete deafness. This
syndrome appeared as Minamata disease in Japan as a
result of methylmercury contamination from a local
factory. Epidemics also occurred when methylmercury-
treated seed grain was used for baking or animal feed in
Iraq and elsewhere.

Children and the fetus are more susceptible to the
toxic effects of methylmercury than are adults, and con-
genital methylmercury poisoning may result in a cerebral
palsy syndrome, even though the mother remains healthy
or suffers only minor symptoms due to the exposure. In
populations with a high consumption of fish or marine
mammals, methylmercury intakes may approach the
levels that resulted in such serious disease in Japan and
Iraq. A long-term follow-up study of a Faroese birth
cohort has shown that prenatal exposure to methylmer-
cury results in neuropsychological and neurophysiologi-
cal deficits that are detectable through adolescence.
Developmental delays appear to be related to maternal
hair mercury concentrations of 1–3 mg/g (Grandjean et al.,
1997) (i.e., cord blood concentrations of 4–12 mg/l). Some
of the adverse effects on neurodevelopment may be
masked by beneficial effects of seafood nutrients. In
other words, full benefits from fish and seafood diets
require that methylmercury exposures are minimized.
In adults, the clinical effects, such as paresthesias,
appear to occur when blood concentrations are above
200 mg/l (1 mmol/l). However, these neurotoxic effects
may not be the main concern. Recent epidemiological
studies suggest that adverse cardiovascular effects may
occur at much lower exposures that are prevalent among
people regularly eating seafood (Virtanen et al., 2005).
Although the full implications of these findings are not
yet clear, they suggest that methylmercury can cause
adverse effects in the general population and that benefits
of eating seafood must take into account the impact of
methylmercury exposures.

With regard to mercury compounds used in vaccines, it
seems that thimerosal easily breaks down to ethylmer-
cury, which remains in the body for a shorter time than
methylmercury. In 2001, the U.S. Institute of Medicine’s
Immunization Safety Review Committee indicated ‘‘that
the epidemiological evidence was inadequate to either
accept or reject a causal relationship’’ between vaccines
containing the preservative thimerosal and neurodevelop-
mental disorders (autism, attention deficit/hyperactivity
disorder, and speech or language delay). It has more
recently concluded that the current evidence does not
support this theory with regard to thimerosal-containing
vaccines and autism, and the evidence on the possible
adverse health effects of thimerosal is therefore still
unclear (Institute of Medicine, 2004).

Sufficient evidence exists that methylmercury chloride
is carcinogenic to experimental animals. In the absence of
comprehensive epidemiological data, methylmercury is
therefore considered a possible human carcinogen (class
2B). The U.S. Environmental Protection Agency has clas-
sified both inorganic mercury compounds and methyl-
mercury as possible human carcinogens.
Prevention

Prevention should preferably start at the source. Anthropo-
genic releases of mercury clearly exceed natural sources,
and they often occur in the proximity of human populations
and sensitive ecosystems. Worldwide, coal-fired power
plants and incinerators are important point sources. When
mercury emissions from such sources were controlled in
Florida and Massachusetts, methylmercury contamination
of local freshwater fish significantly decreased after a few
years. However, on a global scale, much still remains to be
done, especially with regard to pollution from burning of
mercury-containing coals in East Asia.

Uses of mercury can be better controlled, and such
efforts will also decrease the amount of mercury that may
reach incinerators. The European Union has enacted a ban
on mercury exports, an action that was important because
of the large surplus mercury available from outdated chlor-
alkali plants. A variety of mercury uses are being phased
out, such as mercury in household thermometers, and some



Mercury 441
countries and some communities have initiated household
collection of old thermometers, and used batteries and
fluorescent light bulbs for recycling or safe storage. Dental
health care emphasizes caries prevention, and amalgam
fillings are now used much less than in the past. Some
countries advise pregnant women not to have dental work
performed. Suitable alternative restorative materials are
now available for most purposes, although some may
carry a risk of allergy development.

With regard to occupational exposures, the World
Health Organization has recommended that long-term
mercury vapor exposures should be limited to a time-
weighted average limit of 25 mg/m3. The corresponding
limit for inorganic mercury is 50 mg/m3.

Biological monitoring is crucial in the diagnosis of
mercury exposure and in the control of occupational
exposure levels. Although blood concentrations are highly
useful, they do not reflect mercury retained in the brain,
where mercury from vapor inhalation has a half-life of
several years. Urine levels are usually preferred as an
indicator of occupational exposures to inorganic mercury
species, and a limit of 50 mg mercury/g creatinine
(28 mmol/mol creatinine) has been recommended.

Few countries monitor the mercury exposures of the
general population. The mercury concentration in whole
blood reflects recent exposures, and in fish-eating popu-
lations, the blood level indicates the level of methylmer-
cury exposure. Hair mercury analyses have proved very
useful for screening as fairly reliable indicators of individ-
ual exposures during past months, although the analytical
result is sometimes imprecise due to effects of external
factors on the cumulated hair concentration. In order to
protect the most sensitive populations against methyl-
mercury toxicity, blood-mercury concentrations should
be kept below 4 mg/l, and hair-mercury below 1 mg/g.
These levels correspond to the Reference Dose (RfD)
used by the U.S. EPA as an estimate of a daily exposure
to the human population (including sensitive subgroups)
that is likely to be without an appreciable risk of deleteri-
ous effects during a lifetime. Data on blood-mercury
concentrations in the general population of the United
States suggest that between 5% and 10% of different
population sections exceed the RfD, although the fraction
is higher in certain subpopulations who depend on sea-
food or freshwater fish. Average concentrations are also
higher in countries such as Japan.

These limits are based on results from three prospective
cohort studies in the Faroe Islands, New Zealand, and the
Seychelles Islands, where increased exposures to methyl-
mercury occur due to frequent seafood consumption
(National Research Council, 2000). The limit has also been
translated to recommendations concerning total dietary
intakes of methylmercury. The reference dose has been
calculated to 0.1mg/kg body weight per day (National
Research Council, 2000). This level was based on the results
of the prospective study in the Faroe Islands and also on a
joint analysis of threemajor studies. Using a slightlydifferent
calculation and a smaller uncertainty factor, the Joint FAO/
WHO Expert Committee on Food Additives proposed a
slightly higher provisional tolerable weekly intake (PTWI)
at 1.6mg/kg body weight per week.

Limits have been in existence for many years for
mercury in food, in particular for (methyl)mercury in
fish and seafood products. They are not based on any
specific risk assessment, but aims at excluding, for exam-
ple, particularly contaminated swordfish from the market
if it exceeds a concentration of 1.0 mg/g. Most other fish
must satisfy a limit of 0.5 mg/g, although some countries
use a lower limit. In the European Union, it was discov-
ered that several species of fish often exceeded the 0.5
limit, and a revised directive was then issued that they
needed to comply with the 1.0 limit only. This pragmatic
step was taken to protect the interests of the fishing
industry, while recognizing that these limits by them-
selves do not constitute a useful tool to control mercury
accumulation in food chains.

However, if a dietary intake of two fish dinners (400 g)
per week is considered optimal, then the reference dose
for mercury may be exceeded, if the average mercury
concentration in fish is higher than 0.1–0.2 mg/g. Accord-
ingly, the U.S. Environmental Protection Agency has
recommended fish advisories at freshwater lakes and
waterways, and mercury is now the most common reason
for fish advisories in the United States. Likewise, in
countries such as Sweden, consumption of sports fish is
banned from many lakes that were severely polluted in
the past, and where the mercury concentration in fish
has not yet decreased to a safe level. Food safety autho-
rities in various countries advise pregnant women to avoid
species that are known to contain high methylmercury
concentrations, and the general population to limit the
frequency of such meals.

Such recommendations may stimulate a controversy
between nutrition, toxicology, and commerce interests.
However, while recognizing that seafood and freshwater
fish constitute an important source of energy and essential
nutrients, full benefits of these foods will require that expo-
sures to toxic methylmercury be minimized. It will take
many decades to reduce the ecological impact of anthropo-
genic mercury pollution, and in the meantime, dietary advi-
sories must be accepted as an important tool for prevention.
See also: Environmental Health: Overview; Human

Exposure Science.
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General Aspects

Meta-analysis includes a set of methods that can combine
quantitatively the evidence from different studies in a
mathematically appropriate way. Combining data may
improve statistical power, when there are several small
studies on a specific question, but each one of them is
largely underpowered or has not been designed to address
that research question. Meta-analysis may provide a pre-
cise and robust summary estimate after a systematic and
rigorous integration of the available evidence. In addition,
meta-analysis is also useful for listing and possibly explor-
ing sources of bias, quantifying between-study heteroge-
neity, and proposing some potential explanations for
dissecting genuine heterogeneity from bias.

Any type of quantitative data may be combined
through meta-analysis. These include, but are not limited
to, randomized controlled trials, observational studies,
diagnostic test accuracy studies, and prevalence studies.
Here we will discuss primarily meta-analyses of rando-
mized controlled trials, and will also touch briefly on
issues that pertain to the synthesis of other types of data.
Meta-analysis may be performed retrospectively or pro-
spectively. Most meta-analyses to date have been retrospec-
tive. When a prospective meta-analysis is performed, a
number of studies are designed and conducted with the
anticipation that their data will be combined and analyzed
together eventually. The whole procedure is different from
amulticenter prospective trial because in prospective meta-
analysis, the research protocols of the included studies may
be similar but not necessarily identical.

The advent of evidence-based medicine has challenged
our understanding about the relative merits of various
sources of information. Expert opinion that has had
major prestige and influence in clinical and public health
decision-making in the past can sometimes be very mis-
leading. Therefore, hierarchies of evidence developed in
the 1990s not only displaced expert opinion from its
prominent place, but also ranked it at the worst possible
tier. Conversely, meta-analysis reached the top tiers of
these hierarchies.

The question of whether meta-analyses of many small
trials conform with the results of single large trials is
important for public health. Theoretically, large trials
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and meta-analyses should give the same results in the
absence of bias. Empirical evidence suggests that for
randomized trials, studies with over 1000 subjects tend
to have similar results as meta-analyses of smaller studies,
but discrepancies that are beyond what can be accounted
for by chance may still occur in 10–30% of the cases. In
these situations, large trials tend to give more conservative
results, but this is not always the case. Differences in the
exact estimate of the effect sizes are even more common;
in many cases these discrepancies do not reach formal
statistical significance probably due to low power. Discre-
pancies between meta-analyses of small trials and larger
trials also tend to be more frequent for secondary than for
primary endpoints (Ioannidis et al., 1998).
Background for a Meta-Analysis
Protocol

Research Questions

The first important step in conducting a meta-analysis is
formulating unambiguous research questions. Well-
defined questions help to define the boundaries of
the evidence to be reviewed, the literature search strategy,
and the inclusion criteria, and may also inform the choice
of analytic methods and the interpretation of the results.

The PICO approach (i.e., patient, intervention, com-
parator, and outcome) to specify parameters to be
addressed is a common method to formulate research
questions for meta-analysis. For the evaluation of most
interventions, the PICO approach assumes that the type
of studies to be analyzed is the randomized controlled
trial. One might broaden this approach by including
experimental as well as observational studies.
Literature Search and Sources of Evidence

Retrospective meta-analysis depends on data that have
already been generated, and these data may or may not
have been published. Unpublished data may be difficult to
retrieve, but even published data may need to be identi-
fied and collected from different sources. PubMed is a
default source for searching relevant published articles,
but depending on the topic other databases may contain
articles that are not indexed in PubMed. For clinical trials,
the Cochrane Library’s Controlled Trials Registry is a
valuable source for comprehensive searches.

Bibliographic databases are likely to become more in-
clusive and even larger in the future. However, electronic
search strategies currently fail to identify all pertinent stud-
ies. Sensitive strategies will identify a high proportion of
relevant literature but at the cost of manually screening
throughmany irrelevant articles. Subject-specific databases,
such as BIOSIS, CINAHL, and PsychLit, should be
searched when appropriate.
Other methods for identifying information includeman-
ually searching through relevant journals, screening refer-
ence lists and trial registries, perusal of available trial
registries, FDA files in public view or after special request,
and personally contacting pharmaceutical and medical
device companies, as well as colleagues and researchers
who may be aware of other published or unpublished stud-
ies. Prospective registration of trials has been adopted since
2004 (DeAngelis et al., 2004) and trial registries may offer an
increasingly relevant reference to identify trials that have
been completed and others that are ongoing. Registration is
increasing and the World Health Organization (WHO)
effort brings together the largest current registries that
have over 50 000 current and completed studies (Zarin
et al., 2007). However, not all trials are being registered as
of now, and registration has not been adopted for other
types of research where meta-analysis may be applied.
Study Selection

Identified studies and data sets should be evaluated accord-
ing to a prespecified protocol using parameters defined in
the PICO approach discussed earlier. Failure to adhere to a
well-defined protocol may produce misleading results,
especially if the exclusion of a relevant study or the inclu-
sion of an inappropriate study leads to considerable alter-
ation of the summary estimates. Selection of studies based
on availability of reported data for a specific outcome may
lead to bias due to selective outcome reporting. Meta-
analysts should make efforts to obtain additional informa-
tion on the relevant outcomes from the primary investiga-
tors in these circumstances.
Quality Assessment of the Original Studies

The studies included in a meta-analysis must ideally have
sufficient internal validity to produce reliable results. How-
ever, large, well-conducted studies with absolutely no biases
are not the norm in biomedical research. Issues related to the
study quality should be incorporated into the meta-analysis
and explored as potential sources of heterogeneity or bias.
Sometimes, poor quality may emanate from investigators,
sponsors, or other people involved in a study who are aware
of these poor choices, but nevertheless they implement
them. The typical motive is to inflate treatment effects, and
poor quality usually means also a shift in the results in one
specific direction. Quality may also be poor due to lack of
knowledge and familiarity with research methods. These
quality deficits may also be a surrogate of other deficits in
the design, conduct, and analysis of a study. In this case, the
effect sizesmay be affected in either direction, and actually it
may be more common to get deflated rather than inflated
effect sizes. Admittedly, separating conflicted knowledge
from ignorance is not always easy.



444 Meta-Analysis
Assessing the quality of a study can sometimes
be difficult because it can be inferred only from published
information and the relevant information may be poorly
reported or unavailable. Many quality scales are circulating
in the literature for appraising the reports of primary stud-
ies. However, the validity of the use of any quality scales has
been questioned (Juni et al., 1999); occasionally, different
quality scales can result in different conclusions. Summary
scores are popular in the literature but should generally be
avoided since they can be misleading. Lack of one quality
item is not equivalent to lack of a different one and the
composite effects of multiple quality deficits are hard to
predict. Whereas early empirical investigations proposed
that studies that lack allocation concealment and double-
blinding tend to report larger effect sizes, subsequent data
suggest that this is not necessarily the case and the effects of
quality deficits may vary on a case-by-case basis. Moreover,
reported quality is only a surrogate of the true quality of a
study, for example, a study may have done something prop-
erly but this may not be reported and vice versa. In all, it is
prudent to record carefully information on aspects of the
design and conduct of studies that are considered as poten-
tially important. Their impact on the results should be
examined separately and on a case-by-case basis, without
using summary scores. The situation with quality scoring is
even more confusing in the observational studies literature
and is further compounded by the lack of reporting stan-
dards for most observational research until recently.
Statistical Methods: Heterogeneity

There is a widespread misconception that the goal of meta-
analyses is to force heterogeneous results from individual
studies into a single estimate. Although obtaining a single
treatment effectmay be appropriate inmanycircumstances,
a more interesting application of meta-analysis is to explore
heterogeneity among different trials and to understand
possible reasons for these differences. There can be two
sources of variability that explain the heterogeneity in a
set of studies in a meta-analysis. One of them is the varia-
bility due to sampling error, also namedwithin-study varia-
bility. The other source of heterogeneity is the between-
study variability, which can appear in a meta-analysis when
there is true heterogeneity among the population effect
sizes estimated by the individual studies. The between-
study variability is due to the influence of an indeterminate
number of characteristics that vary among the studies,
including the characteristics of the samples, variations in
the treatment, and variations in the design quality, as well as
biases that may affect single studies or the field at large.

The test most commonly used for heterogeneity is the
Q statistic, which is based on the chi-square distribution.
The Q statistic tends to be insensitive, so significance is
claimed at P< 0.10, but this does not solve the problem
that it still has low power when there are few studies
(<20). Conversely, it may have excessive power to detect
negligible variability with a high number of studies.
Another strategy for quantifying heterogeneity in a
meta-analysis consists of estimating the between-study
variance. The between-study variance reflects how much
the true population effect sizes estimated in the single
studies of a meta-analysis differ. The between-study vari-
ance depends on the particular effect metric used in a
meta-analysis; it is not possible to compare values esti-
mated from meta-analyses that have used different effect-
size indices.

The I2 index of inconsistency is also very popular
(Higgins et al., 2002, 2003). The I2 index can be interpreted
as the percentage of the total variability in a set of effect
sizes due to true heterogeneity (between-study variabil-
ity). For example, a meta-analysis with I2¼ 0 means that
all variability in effect size estimates is due to sampling
error within studies. However, ameta-analysiswith I2¼ 50
means that half of the total variability among effect sizes
is caused not by sampling error but by true heterogeneity
between studies. With some simplification, percentages of
0–25%, 25–50%, 50–75%, and >75% reflect low,
medium, large, and very large inconsistency, respectively
(Table 1).

An advantage of I2 is that it is directly comparable
across meta-analyses with different numbers of studies
and different effect metrics. In this regard, the I2 index
has important advantages with respect to the Q test.
On one hand, it is easily interpretable, because it is a
percentage and does not depend on the degrees of
freedom. Another advantage is that it provides a way
of assessing the magnitude of the heterogeneity in a
meta-analysis, whereas the Q test reports about the statis-
tical significance of the homogeneity hypothesis. On the
other hand, the confidence interval around I2 is typically
very large when the number of studies is small. With a
small number of studies (k< 20), both the I2 index and
Q test should be interpreted cautiously (Huedo-Medina
et al., 2006).
Statistical Methods: Combining Binary
and Dichotomous Data

To summarize the data, each study is given a weight that
depends on the precision of its results. The weight is
generally estimated as the inverse of the variance of the
treatment effect in each study that has two components:
the variance of the individual study (the within-study
variance) and the variance between different studies (the
between-study variance). The simplest approach to think-
ing about combining different results is to assume that all
studies have approximated the same fixed truth and that
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differences among the observed treatment effects are only
the result of chance. In this case, the between-study vari-
ance is assumed to be zero, and the calculations are
performed with what are called fixed effects models.
Fixed effects models are exemplified by the Mantel-
Haenszel method and the Peto method in the case of
dichotomous data.

In contrast, if the truth itself is not fixed but is believed
to vary within a range of values, then each study can be
seen as addressing a different true treatment effect, and
these treatment effects derive from a distribution of truths
with a variance equal to the between-study variance. In
this case, calculations are performed with random effects
models, which add the between-study variance to the
within-study variance of each study. The most com-
monly used random effects model is that proposed by
DerSimonian and Laird (Table 2). More sophisticated,
fully Bayesian approaches may also be used to calculate
the between-study variance. Fixed and random effects
methods have also been developed for continuous out-
comes (Hedges and Olkin, 1985).

When the results of the combined studies are signifi-
cantly heterogeneous or anticipated to be heterogeneous,
the fixed effects models are counterintuitive and should be
avoided. Conversely, in the absence of between-study het-
erogeneity, fixed and random effects estimates are identi-
cal. Usually, fixed and random effects estimates are similar,
but major differences can occur occasionally. In terms of
precision, random effects provide larger confidence inter-
vals when heterogeneity is present because between-trial
uncertainty is introduced. Compared to the DerSimonian
and Laird estimates, fully Bayesian methods may some-
times result in even wider confidence intervals.

Generally, Mantel-Haenszel estimates work well even
with small numbers, whereas random effects estimates are
unstable. The Peto model may be associated with large
bias when the data are unbalanced. Several easy-to-
use software programs to combine data have become
available. However, the informed researcher should be
aware of the preceding caveats and should understand
which formulas the software uses.
Bias

Even comprehensive searches of the published literature
and all other sources of available data may not produce
an unbiased sample of studies when conducting a meta-
analysis. Research with statistically significant results is
potentially more likely to be submitted, published, or
published more rapidly than work with null or nonsignif-
icant results. A meta-analysis of only the identified pub-
lished studies may lead to an overoptimistic conclusion.
This problem is known as publication bias.

Funnel plot asymmetry has been proposed as a method
to assess the potential for publication bias. Small studies
have greater variation in their estimation of the treatment
effect and will be found to have more scattering around
the mean effect, compared to the larger studies. In a
funnel plot, the weight of each study, the sample size, or
the inverse of the variance is plotted against the size of
its treatment effect in a meta-analysis. This plot should
be shaped like an inverted funnel if there is no publication
bias; asymmetric funnel plots may suggest publication bias.
Nevertheless, there needs to be a range of studies with
varying sizes for a funnel plot to be useful. Furthermore, a
skewed funnel plot may be caused by factors other than
publication bias such as the study quality, the different
intensity of intervention, differences in underlying risk,
choice of effect measure, and chance. Finally, funnel plot
interpretation is subjective and is only an informal method.
Funnel plots with plain visual interpretation should be
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abandoned. Formal statistical tests have also been
described regarding funnel plot asymmetry, such as the
rank correlation test by Begg and Mazumdar, the linear
regression test suggested by Egger, and the more appro-
priate modified regression method (Peters et al., 2006) as
well as the trim and fill method (Duval et al., 2000).

All these methods are based on certain assumptions
that hold only in the minority of circumstances (Lau et al.,
2006). Empirical evaluations (Ioannidis et al., 2007) sug-
gest that in the vast majority of meta-analyses, these tests
should not be applied, as they may yield misleading
inferences. A very common misconception is to use
these tests and conclude that no publication bias exists
simply because the tests don’t give a significant signal.

Besides clear-cut publication bias, time-lag bias may
cause the delayed publication and dissemination of the
least favorable negative results. While trials with formally
statistically significant and those with nonsignificant
results take the same time to complete – with certain
exceptions – the latter trials are delayed publication
after their completion (Ioannidis et al., 1998). Another
major source of bias is selective reporting of outcomes
and analyses (Chan et al., 2004): authors do publish the
results of a study, but they selectively present the most
favorable analyses and outcomes. This bias is also a major
threat for the validity of meta-analysis. Conversely, meta-
analysis offers a unique opportunity to examine the con-
sistency of definitions and completeness of reporting of
data for specific outcomes.

Language biases have also been described, including a
Tower of Babel bias, in which authors selectively publish
positive studies in English language journals but negative
studies in their native language journals; and a reverse
language bias, where studies from certain countries
consistently report mostly positive results in their local
literatures or even when they publish in the English lan-
guage. In many medical disciplines, the non-English litera-
ture of randomized trials has never been large, is shrinking
even further, or may be of generally dubious quality. Before
routinely committing to a specific approach, it would be
useful to understand the contribution of different lan-
guages to the literature of the potential field.

In the world of nonrandomized evidence, the selec-
tive publication forces may be even more prominent.
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Significance-chasing is probably ubiquitous and may dis-
tort the evolving literature over time. A test has been
proposed (Ioannidis and Trikalinos, 2007) that tries to
evaluate the composite of both publication bias and selec-
tive outcome and analysis reporting bias that may result in
an excess of statistically significant findings in a specific
scientific field. In the absence of study and protocol regis-
tration, these biases may be very difficult to address.
Meta-Regression

Meta-regression investigateswhether particular covariates
(potential effect modifiers) explain any of the heteroge-
neity of treatment effects between studies. It is not rea-
sonable to assume that all of the heterogeneity is
explained, and the possibility of residual heterogeneity
must be acknowledged in the statistical analysis. The
appropriate analysis is therefore random effects rather
than fixed effect meta-regression. Estimating the residual
between-study variance is somewhat problematic. The
estimate is usually imprecise because it is based on a rather
limited number of trials. Different authors have advocated
different estimates, for example, empirical Bayes or res-
tricted maximum likelihood estimates. Moreover, conven-
tional random effects methods ignore the imprecision in
the between-trial variance estimate. One way to allow
for the imprecision is to adopt a Bayesian approach,
using, for example, noninformative priors. Whereas this
is preferable in principle, especially when the number of
trials is small or when the between-trial variance is esti-
mated as zero, the resulting widening of the confidence
intervals is rather slight in most practical examples.

Meta-regression analysis uses the individual study
as the unit of observation in assessing the relationship
between the magnitude of the treatment effect and differ-
ent predictors. Predictors may be study-specific (e.g., the
dose or route of administration of a drug) or ecological
variables in which a mean or median value is taken as
characteristic of the study group of patients (e.g., mean age
or percentage of men or the percentage of participants
with an event in the control group [baseline risk]). Eco-
logical meta-regressions may suffer from the ecological
fallacy, when the association seen with a group mean does
not reflect the association for individual study partici-
pants. Given that most meta-analyses in the literature to
date have included relatively few studies, it is not unfair to
say that most meta-regressions have been misapplied on
thin data.
Cumulative Meta-Analysis and Recursive
Cumulative Meta-Analysis

The results of a meta-analysis may be seen as a sequential
addition of data as more studies appear in a given order,
typically chronological. Cumulative meta-analysis ad-
dresses the impact of new studies on prior summary
estimates, whereas recursive cumulative meta-analysis
models the changes in the cumulative treatment effect as
a result of new studies, updating of old ones, or retrieval of
unpublished ones. Recursive cumulative meta-analysis
may be used while a comprehensive meta-analysis is
being performed to investigate and present the results as
a process of accumulation of missing, updated, and new
information.

Effect sizes may fluctuate over time as more evidence
appears in the published literature on the same question.
Fluctuations of effect size as they may be presented in
recursive cumulative meta-analysis may be only an issue
of the uncertainty surrounding the summary effect. This
uncertainty goes beyond what is conveyed typically by the
95% confidence intervals of a summary estimate by a
traditional random effects meta-analysis model. Empirical
data suggest that even when we have accumulated data on
2000 randomized subjects, the next trial may change the
summary relative risk by about 25% (Trikalinos et al.,
2004). Given that most effect sizes are relatively modest,
uncertainty for the mere presence of a treatment effect is
likely to exist even when several thousand subjects have
been randomized. In the majority of clinically important
questions, considerable uncertainty is the rule.

In addition, a more problematic type of fluctuation is
when effect sizes change in the same direction as more
evidence accumulates. In the most common scenario, the
addition of more data tends to shrink the treatment effect.
Whereas genuine heterogeneity may be operating in some
of these cases, the most common explanation is that here
we are dealing with biased early estimates of effect that
get dissipated as better data gradually accumulate. Many
early effects may disappear with more careful scrutiny
and additional data. In the epidemiological literature, this
phenomenon may be particularly prominent, and in
discovery-oriented research with massive hypothesis
testing it may be the rule rather than the exception.
Meta-Analysis of Individual Patient Data

Most of the published meta-analyses to date have used
summary data from individual studies or subgroups
thereof. Meta-analyses using individual patient data from
all the pertinent studies are not new, but they represent
still a minority. The meta-analysis of individual patient
data provides several clear advantages, such as closer
involvement of the participating investigators; the ability
to verify, clean, standardize, and update the data collected
within the included studies; the possibility of more
detailed time-to-event analyses; the ability to generate
individual-based multivariate models; and the chance to
assess the effect of various covariates of interest at the
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individual patient level avoiding potential ecological fal-
lacies inherent in summary data (Stewart et al., 1995).

The disadvantages of this approach include the potential
for retrieval biaswhen studieswhose data are not retrievable
are excluded; the potentially lower quality of updated data
that have been accumulated after the end of the main
follow-up period of a clinical study (e.g., extensive cross-
overs or incomplete information on many patients); and the
time and effort required to obtain data from a multitude of
investigators, especially on a retrospective basis. The first
two reasons could theoretically make meta-analysis of indi-
vidual patient data even less reliable than meta-analyses of
published group data in some circumstances. Such studies
should be encouraged, however, andmayeventually become
the commonly sought standard, especially with prospective
meta-analyses.

Early reports have suggested that the estimates ob-
tained by meta-analysis of individual patient data may
occasionally differ from the estimates of conventional
meta-analyses of the literature on the same topic. Meta-
analyses of individual-level data may then provide more
conservative results than conventional meta-analyses.
However, the extent and frequency of the discrepancies
need to be evaluated in a larger number of examples.
Meta-Analysis of Diagnostic Test Studies

Diagnostic test results are often reported as a numerical
quantity on a continuous scale, but are then used as a
binary decision tool by defining a threshold above which
the test result is positive and below which it is negative.
Results may then be summarized in a 2� 2 table reflect-
ing the agreement between the test result and the disease
state as the number of true positives, false positives, true
negatives, and false negatives. Changing this threshold
may change the sensitivity and specificity of the test.
Test performance is described by the receiver operating
Table 3 Metrics of test performance

Metric Definition Advantages

Accuracy (TPþTN)/N Intuitive

Sensitivity TP/ND Does not dep
Specificity TN/NW Does not dep

Predictive value positive TP/NP Clinical releva

Predictive value negative TN/NN Clinical releva

Likelihood ratio positive (TP/ND)/(FP/NW) Does not dep
Likelihood ratio negative (FN/ND)/(TN/NW) Does not dep

Odds ratio TP*TN/FN*FP Does not dep

sensitivity a

Area under curve area under ROC
curve

Does not dep
sensitivity a

TP, true positive; TN, true negative; FP, false positive; FN, false nega

TNþFN. Reproduced from Tatsioni A, Zarin DA, Aronson N, Sams

systematic reviews of diagnostic technologies. Annals of Internal Me
characteristic (ROC) curve, which displays the true posi-
tive rate (sensitivity) on the vertical axis versus false
positive rate (1-specificity) on the horizontal axis for
all possible thresholds. This fundamental bivariate struc-
ture poses a challenge for constructing a single number
summary to describe test performance.

Common single number measures used to describe test
performance include accuracy, sensitivity, specificity, pos-
itive predictive value, negative predictive value, positive
likelihood ratio, negative likelihood ratio, odds ratio, and
area under the curve. Only the last four combine infor-
mation about both sensitivity and specificity. This can be
illustrated by the different ROC curves that each measure
implies. On one hand, a constant sensitivity implies a
horizontal line, a constant specificity implies a vertical
line, and a constant likelihood ratio also implies a linear
relationship between sensitivity and specificity. The odds
ratio, on the other, describes a curve symmetric about the
line where sensitivity equals specificity (Table 3).

When combining data from several diagnostic tests,
the first step should be to plot the sensitivity–specificity
pairs in each study on one graph. Because the plot
may suggest a curvilinear relationship, the use of sum-
mary sensitivity, specificity, or likelihood ratio measures
may be inadequate. Combining both sensitivity and speci-
ficity independently is approximately appropriate if we
believe the test operates at a certain representative com-
bination of sensitivity and specificity. This is usually an
oversimplification. Nevertheless, because these summary
measures are either proportions or ratios of proportions
and so are easily combined using standard meta-analytic
techniques, many diagnostic test meta-analyses have
reported them. If curvilinearity is detected, it is better
instead to summarize with the diagnostic odds ratio using
standard methods for combining odds ratios.

The odds ratio is nevertheless still misleading, however,
if the ROC curve suggests asymmetry about the line of
Disadvantages

Depends on prevalence

end on prevalence Only applies to diseased
end on prevalence Only applies to nondiseased

nce Depends on prevalence

nce Depends on prevalence

end on prevalence Only applies to positive tests
end on prevalence Only applies to negative tests

end on prevalence; combines

nd specificity

Values FP and FN errors

equally; not intuitive

end on prevalence; combines
nd specificity

Lack of clinical interpretation

tive; N, sample size; ND, TPþFN; NW, TNþFP; NP, TPþFP; NN,

on DJ, Flamm CR, Schmid C, and Lau J (2005) Challenges in

dicine 142: 1048–1055.
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equal sensitivity and specificity. In this case, the decrease
in sensitivity corresponding to increased specificity differs
between high and low sensitivity settings. An SROC curve
does allow for such asymmetry. It models the linear rela-
tionship between the odds ratio and the probability of
a positive test and then reexpresses this in terms of the
ROC curve. It reduces to the odds ratio if the regression
slope is zero so that the odds ratio is invariant to the test
positivity threshold. In doing so, however, it treats
the observed odds ratios as random effects, but the test
positive probabilities as fixed effects. Thus, the resulting
summary measure fails to incorporate all the uncertainty
in the observed test results. Recently, some analysts have
used bivariate random effects models to capture the ran-
domness in both sensitivity and specificity simultaneously
(Oei et al., 2003).

In diagnostic studies heterogeneity in sensitivity and
specificity can result from a multitude of causes related to
definitions of the test and reference standards, operating
characteristics of the test, methods of data collection, and
patient characteristics. Covariates may be introduced into a
regressionwith any test performancemeasure as the depen-
dent variable. To date, the most common approach to
meta-regression has been to insert covariates into the
SROC regression allowing the odds ratio to vary by study
characteristics other than test positivity. This implies that
performance is described, not by one but by multiple
ROC curves.
Meta-Analysis of Observational
Studies

Theoretically, randomized controlled trials are suscepti-
ble to fewer biases than nonrandomized observational
studies in evaluating the efficacy of therapeutic and pre-
ventive interventions. However, this does not mean that
observational studies are always worse or they lead to
necessarily different estimates. For many research ques-
tions, data from observational studies may outweigh data
from randomized trials, or no data may exist from rando-
mized trials at all. The methods to combine observational
data sets follow the same principles as those outlined
above for randomized trials. However, more attention is
required to the appraisal of biases in single studies and in
the field at large – and more conservative interpretation of
the summary results is warranted – to avoid falling into
the trap of spurious excessive precision offered by the data
synthesis. Empirical studies have not agreed on how often
the results of randomized trials and observational studies
disagree with each other, but one should be aware that
major disagreements may often be missed due to limited
data on one or both types of evidence.

For many important questions in which randomized
studies are entirely impossible, for example, the study
of harmful exposures and lifestyle factors, or the study of
genetic risk factors, meta-analysis of observational studies
has been established as a prime method to summarize
data from diverse investigators. The same principles and
caveats apply to these settings as well.
Quality and Reporting of Meta-Analyses

A large number of meta-analyses are published each year
and their overall quality is a concern. Empirical evidence
suggests that procedures in meta-analyses are often inade-
quately reported, and methodological deficiencies that
may limit the validity of conclusions are also present
(Fishbain et al., 2000; Moher et al., 2007). In an effort to
address standards for improving the quality of reporting of
meta-analyses of clinical randomized controlled trials, the
Quality of Reporting of Meta-Analyses (QUOROM)
checklist was published in 1999 based on a conference
that was held in October 1996 (Moher et al., 1999). Given
the many changes that have happened in the field in the
last decade, a new version of QUOROM (called PRISMA)
is in the final stages of preparation as this article goes
to press. A respective statement for meta-analysis of obser-
vational studies (MOOSE, or Meta-Analysis of Observa-
tional Studies in Epidemiology) was published in 2000
(Stroup et al., 2000), but may also need updating in the
near future. Reporting of meta-analyses of observational
studies has also been shown to have commonmajor deficits
(Attia et al., 2003).
See also: International Classification Systems for Health;

Measurement and Modelling of Health-Related Quality of

Life; Wilson’s Disease.
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Background

The metabolic myopathies represent a group of muscle
disorders characterized by impairments in intermediary
metabolism. The three main categories of disease include
the mitochondrial myopathies, fatty acid oxidation
defects (FAODs), and glycogen storage diseases (GSDs).
Myoadenylate deaminase deficiency (AMPD1) has been
considered by some to be a metabolic myopathy; however,
its prevalence of almost 2% in the general population, and
the documentation of completely asymptomatic indivi-
duals, renders its pathogenicity in question. Although
there are a number of medications that can impair muscle
metabolism (e.g., statins), these are generally grouped
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within the category of toxic myopathies and will not be
considered further in this article. The focus of the article
will be on the three major categories of inborn errors of
metabolism as described above. It is important to recog-
nize these conditions, because interventional strategies
may be effective in preventing rhabdomyolysis and the
severe consequence of potential renal failure. Further-
more, in conditions such as mitochondrial myopathies
there may be multisystem involvement with very severe
consequences, and genetic counseling may be appropri-
ate. Finally, multisystem disorders such as the mito-
chondrial myopathies may be mislabeled as multiple
sclerosis (MS), nonspecific encephalopathy, or vasculitis,
and accurate diagnosis can avoid inappropriate therapeu-
tic interventions such as b-interferon for MS or cyclo-
phosphamide for vasculitis. A list of the more common
metabolic myopathies is found in Table 1.

Although some consider the metabolic myopathies to
be rare entities, it has been estimated that mitochondrial
cytopathies affect about 1 in 8000 in the population.
Although the FAODs and GSDs are comparatively less
common (McArdle’s disease¼�1/100 000; carnitine pal-
mitoyl transferase (CPT) deficiency �1/300 000, respec-
tively), they do represent one of the more common causes
of exercise-induced rhabdomyolysis, and prompt recog-
nition by the treating physician is important.

The purpose of this article is to present a brief over-
view of the more common metabolic myopathies to pro-
vide the clinician with the tools to recognize symptoms,
organize appropriate diagnostic testing, and be familiar
Table 1 Metabolic myopathies in skeletal muscle

Major category Examples

Mitochondrial

myopathy

MELAS, MERRF, mtDNA deletion,

Kearn-Sayre syndrome, complex I

deficiency, cytochrome b mutations,

cytochrome c oxidase mutations
Fatty acid oxidation

defect

CPT I, CPT II, TFP, MCAD, VLCAD,

glutaric aciduria II

Glycogen storage

disease

McArdle’s (GSD V), Tarui’s (GSD VII),

Pompe’s (GSD II), phosphorylase b
kinase, lactate dehydrogenase,

phosphoglycerate mutase,

phosphoglycerate kinase
(deficiency)

Myoadenylate

deaminase

deficiency

AMPD1 mutations

MELAS, mitochondria encephalomyopathy lactic acidosis and

stroke-like episode; MERRF, myoclonus epilepsy and ragged

red fibers; mtDNA, mitochondrial DNA; CPT, carnitine palmitoyl

transferase; TFP, trifunctional protein; MCAD, medium chain
acyl-COA dehydrogenase deficiency; VLCAD, very long acyl-

COA dehydrogenase deficiency; GSD, glycogen storage

disease.
with the available treatment options. Given space con-
straints, the reader will be referred to comprehensive
and contemporary reviews. Other reviews of metabolic
myopathies in general can be found in the references by
Tarnopolsky (2006) and Tein (1996).
General Features of the Disorders and
Inheritance

Mitochondrial Disorders

Mitochondrial disorders represent a diverse group of
conditions with a primary defect in electron transport
chain function. Although other conditions, such as
amino acid and fatty acid oxidation defects, also occur in
the mitochondria, they are not traditionally considered
part of the mitochondrial disorders. Many of the mito-
chondrial myopathies were originally characterized by
acronyms based upon the phenotypic presentation. For
example, MELAS refers to Mitochondrial Encephalomyo-
pathy, Lactic Acidosis, and Stroke-like episodes. The era
of mitochondrial medicine expanded rapidly after the
identification of a point mutation responsible for Leber’s
hereditary optic neuropathy (LHON, G11778A), chronic
progressive external ophthalmoplegia (CPEO, mitochon-
drial DNA deletions) and MELAS (A3243G). Since that
time there has been a massive proliferation of the number
of point mutations in the mitochondrial genome ascribed to
phenotypic characteristics.

In addition to the vast array of mutations found within
the maternally inherited mitochondrial DNA (mtDNA),
there is an increasing recognition of the mitochon-
drial disorders arising from mutations within the nuclear
genome and following Mendelian genetic inheritance
patterns. For example, the mutations responsible for a
number of autosomal recessive conditions have been
found, including myo-neuro-gastrointestinal encephalo-
myopathy (MNGIE, thymidine phosphorylase), complex I
(NDUF) and IV (SURF-1) Leigh’s disease, mtDNA
depletion (dGuOK, TK) and some forms of mtDNA dele-
tion syndromes (polymerase gamma, twinkle, ANT).
Autosomal dominant inheritance patterns have also been
seen in rare cases of mtDNA deletion syndromes.

Irrespective of the mutation, many of the cellular
consequences of mitochondrial dysfunction can be linked
to a decrease in aerobic energy production and/or an
increased production of free radicals. Given that the
mitochondrion is the final common pathway for the
oxidative decarboxylation of fats, proteins, and car-
bohydrates, it is understandable that mitochondrial
dysfunction can impair cellular energy metabolism,
which can be particularly apparent during periods of
superimposed metabolic stress (exercise, infection, pro-
longed fasting). Given the ubiquitous presence of mito-
chondria in all tissues except red blood cells, there is often
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widespread tissue involvement (mitochondrial cytopa-
thies); however, most patients will have varying degrees
of muscle symptoms (decreased endurance or weakness),
and these forms can be termed ‘mitochondrial myopa-
thies.’ Recent reviews of the mitochondrial cytopathies
can be found in Tarnopolsky and Raha (2005) and
Dimauro et al. (2006).
Fatty Acid Oxidation Defects

FAODs ultimately impair b-oxidation of lipid within the
mitochondrial matrix. The main defects that have been
identified include transport of long-chain fat across the
mitochondrial membrane (i.e., CPT deficiency); transport
of carnitine into the cell (i.e., carnitine transporter defi-
ciency); and the majority of defects attributed to muta-
tions in b-oxidation directly (i.e., long-chain acyl-CoA
dehydrogenase (LCAD), medium-chain acyl-CoA dehy-
drogenase (MCAD), and trifunctional protein (TFP) defi-
ciencies). These disorders are inherited with an autosomal
recessive inheritance pattern. The more severe variants
present in infancy or childhood with a primary liver or
encephalopathic picture, while the adult-onset forms are
predominantly myopathic. The main FAODs presenting
in adulthood include CPT II, TFP, and very-long-chain
acyl-CoA dehydrogenase deficiencies. Further reading in
this area can be found in the reviews by Tein (1996) and
Vockley et al. (2002).
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Figure 1 The three anaerobic energy pathways in skeletal

muscle.
Glycogen Storage Disease

GSD refers to a group of disorders characterized by genetic
mutations in glycogen synthesis, glycogenolysis, or glyco-
lysis. The pathology results from an inability to break down
glycogen to maintain plasma glucose concentration (e.g.,
hepatic forms such as hepatic phosphorylase deficiency or
glucose-6-phosphatase deficiency), abnormal tissue storage
and cirrhosis (e.g., branching enzyme deficiency), or the
myopathic forms that inhibit muscle glycogenolysis or gly-
colysis (e.g., McArdle’s disease, Tarui’s disease, etc.). The
hepatic forms usually result in hypoglycemia as the main
clinical manifestation, with type IValso leading to cirrhosis
due to the accumulation of abnormal nonbranched glyco-
gen molecules. The myopathic forms usually result in mus-
cle cramping and premature fatigue particularly during
high-intensity exercise when there is the obligatory use of
anaerobic pathways. Some of the myopathic forms of GSD
result in fixed muscle weakness such as Pompe’s disease
(GSD II), whereas others such as McArdle’s disease
(GSDV) may develop a more indolent proximal myopathy
later in life. With the exception of phosphorylase b kinase
deficiency and phosphoglycerate kinase deficiency, which
are X-linked recessive conditions, the remainder of the
GSDs are autosomal recessive in their inheritance pattern.
The more common myopathic forms of GSD, in
approximate order of frequency, include phosphorylase
deficiency (McArdle’s disease, GSDV), acid maltase defi-
ciency (Pompe’s disease, GSD II), phosphorylase b kinase
deficiency (GSD VIII), and phosphofructokinase (PFK)
deficiency (Tarui’s disease, GSDVII). Less common myo-
pathic forms include debranching enzyme (GSD III),
phosphoglycerate kinase (GSD IX), phosphoglycerate
mutase (GSD X), and lactate dehydrogenase (GSD XI)
deficiencies.
Clinical Presentation

It is important to note that many of the metabolic myo-
pathies present with symptoms during exercise. During
higher intensity exercise such as sprinting, or at the onset
of aerobic exercise, there is predominantly an anaerobic
component, with the adenylate kinase/myoadenylate
deaminase pathway being quantitatively the least impor-
tant, followed by the CK-mediated pathway of phos-
phocreatine hydrolysis, and anaerobic glycolysis and
glycogenolysis (Figure 1).

With endurance-type activity, the proportion of oxi-
dized fuels changes as a function of exercise intensity, train-
ing status, and gender; however, at moderate-intensity
exercise (less than 50% of maximal aerobic capacity
(VO2max)), the main sources of fuels are plasma free
fatty acids and blood-borne glucose. As the intensity of
exercise increases there is proportionately greater utiliza-
tion of intramuscular glycogen and intramyocellular
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lipids, with almost exclusive utilization of intramuscular
glycogen at intensities closer to a 10-km or marathon race
pace. The mitochondria are obligatory for the oxidative
metabolism of carbohydrate fat and protein, thus repre-
senting the final common pathway of aerobic energy
transduction. The main fuel sources during endurance
activity at approximately 65% of the VO2max are pre-
sented in Figure 2.

Under normal circumstances, the ATP content of skel-
etal muscle is tightly regulated and does not decrease;
however, with the metabolic myopathies it is possible to
reach a state of metabolic crisis and induce rhabdomyoly-
sis, which can lead to myoglobinuria and subsequent renal
failure. A list of some of the causes of myoglobinuria is
found in Table 2. A list of the common symtoms of the
metabolic myopathies is presented in Table 3.
Table 2 Neuromuscular diseases causing myoglobinuria

More common Less common

CPT II mtDNA deletion
McArdle’s disease (GSD V)

Toxic myopathies (alcohol,

statins)

Some muscular dystrophies (with
unaccustomed exercise)

Extreme overexertion in

dehydrated state (e.g., hot/
humid environment)

Mitochondrial cytochrome

oxidase defect

Familial recurrent

myoglobinuria
Other GSDs

Other FAODs

(VLCAD, TFP)

Viral myositis (e.g., Coxsackie,

influenza A and B)

Inflammatory myopathies

CPT, carnitine palmitoyl transferase; GSD, glycogen storage dis-
ease; FAOD, fatty acid oxidation defect; VLCAD, very long acyl-

COA dehydrogenase deficiency; TFP, trifunctional protein.

Table 3 Clinical symptoms and history suggesting metabolic
Mitochondrial Disorders

There is extreme phenotypic and genotypic heterogene-
ity in the mitochondrial cytopathies. For example,
patients with the MELAS A3243G gene mutation can
present with later adult-onset deafness and diabetes, or
in infancy with fatal encephalomyopathy with seizures
and stroke-like episodes. Conversely, patients with a
wide array of specific point mutations, mtDNA deletions,
and nuclear defects can present with encephalopathy,
muscle fatigue or ptosis and hearing loss. Due to the
impairment in aerobic energy transduction, most patients
have very low maximal oxygen uptake (VO2max), which
renders daily activities much more stressful and taxing
and patients often present with exercise intolerance.
Although the exercise intolerance is often overshadowed
by more significant neurological symptoms, most adult
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Figure 2 The major fuel sources in skeletal muscle during

submaximal endurance exercise. Each value is a proportion of

the total energy expenditure. FFA , free fatty acids; IMCL,
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patients will have quite severe exercise intolerance, often
dating back to childhood. These individuals were often
labeled as being ‘the worst athlete in the school’ and
frequently avoided physical activity. Unlike the FAODs
and GSDs, it is rare for patients to have rhabdomyolysis
with resultant myoglobinuria; however, this can be seen in
cytochrome b, cytochrome c oxidase (COX), and MELAS
A3260G mutations.

In addition to exercise intolerance, patients with mito-
chondrial myopathies frequently have headache, nausea,
and vomiting induced by exercise and can become frankly
encephalopathic. We have seen one pedigree with the
MELAS A3260G gene mutation where exercise-induced
deafness was a characteristic feature. The symptoms of
myopathies

History Possible disorder

Pigmenturia GSDs, FAODs

Myalgias/cramps with endurance
sports

FAODs, mtDNA defects,
? AMPD1 deficiency

Myalgias/cramps with power/

sprint sports

GSDs, ? AMPD1 deficiency

Symptoms triggered by fasting or

superimposed illness

FAODs, mtDNA defect

Gouty arthritis GSDs

Nausea/vomiting with exercise GSD VII, mtDNA defect
Multiple system involvement mtDNA defect

Family history:

X-linked Phosphorylase b kinase

Maternal mtDNA
Sporadic mtDNA deletions

Autosomal recessive/

consanguinous

CPT II, most GSDs, AMPD

deficiency

GSD, glycogen storage disease; FAOD, fatty acid oxidation de-
fect; AMPD1, myoadenylate deaminase deficiency; mtDNA,

mitochondrial DNA; CPT II, carnitine palmitoyl tranferase-2

deficiency.
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exercise intolerance are much worse when individuals
have a superimposed infection or are in the fasted state,
which are conditions where a greater reliance on mito-
chondrial energy function is required.

In addition to exercise intolerance and the extensive
list of other clinical features that can accompany these
disorders (ptosis, ophthalmoplegia, hearing loss, stroke-
like episodes, migraine, headaches, cardiomyopathy,-
ataxia, encephalopathy, etc.), another muscle-related
symptom can be fixed weakness. We have had several
pedigrees with the MELAS A3243G gene mutation
where fixed proximal weakness to the point of respiratory
failure was a presenting feature. In most patients, however,
strength is reasonably well preserved, and the factors
predisposing some patients to severe weakness are cur-
rently unclear.
Fatty Acid Oxidation Defects

Many patients with myopathic FAODs are asymptomatic
without the superimposition of a metabolic stress.
In children, the two main metabolic stressors are super-
imposed illnesses, such as viral illness, or prolonged fast-
ing, nausea, and vomiting with decreased fluid and caloric
intake, where significant weakness, lethargy, and even
encephalopathy can occur. The adult myopathic forms
of FAOD usually present during endurance type activity,
particularly if it is prolonged, performed in the fasted
state, or with a superimposed viral illness. These indivi-
duals can often perform high-intensity activity for short
periods of time without difficulty; however, when the
utilization of lipid becomes more important, such as dur-
ing longer-term endurance activity, they often experience
cramps, muscle discomfort, and inability to continue the
activity. There is often pigmenturia later in the day or the
next day following such an activity, and the muscles
remain very sore for several days. In some cases severe
myalgias with rhabdomyolysis and renal failure can be the
presenting symptom of FAOD.
Glycogen Storage Disease

As mentioned previously, the infantile and childhood
forms of GSD often present with hypoglycemia and an
encephalopathic picture. McArdle’s disease (GSD V) is
exclusively a myopathic condition with muscle cramps
and pigmenturia induced by higher-intensity exercise,
such as climbing stairs or sprinting for a bus. Other dis-
orders, such as Tarui’s disease and phosphorylase b kinase
deficiency (GSD VIII), are usually predominantly myo-
pathic; whereas all of the other myopathic forms can have
more severe pediatric onset, with hepatomegaly and more
severe progressive proximal myopathy in addition to
exercise intolerance. Patients with Pompe’s disease
(GSD II) have predominantly fixed proximal weakness
and respiratory insufficiency rather than exercise-induced
discomfort. Patients with McArdle’s disease and Tarui’s
disease have a compensatory increase in flux through the
adenylate kinase/myoadenylate deaminase pathway, with a
subsequent increase in uric acid, and can present with
myogenic hyperuricemia and gout.
Diagnostic Testing

The main diagnostic tests for the metabolic myopathies
include blood tests (serum CK activity, lactate, acyl-
carnitine), urine testing (organic acids, myoglobin), muscle
biopsy (light and electron microscopy, enzymology), exer-
cise testing, genetic testing, and magnetic resonance spec-
troscopy. These should be conducted at a center with
experience in these disorders and the ability to collect
and process samples appropriately. For example, delays in
freezing the muscle biopsy, delays in serum lactate deter-
mination, and timing of sample acquisition are only a few
examples of situations in which false-positive or -negative
tests can occur. A summary of the common diagnostic tests
can be found in Table 4.
Mitochondrial Disorders

The serum lactate determination is one of the more
important blood tests. This indicator is elevated in
approximately 70% of patients. It is important that the
blood be collected on ice and promptly analyzed. An
elevated lactate has high specificity (>0.9) but lower
sensitivity (�0.7) for mitochondrial cytopathies. False-
positive tests can occur in diabetics and in patients who
ate a high-carbohydrate meal within 2 h of collection.
Patients with MELAS may have elevated plasma glucose
level or impaired glucose tolerance given their propensity
towards insulin resistance in type 2 diabetes. Serum CK
activity may be elevated but is rarely more than five times
the upper limit of normal. Urine testing includes organic
acid assessment with elevations noted in ethylmalonic
acid, 3-methyl glutaconic acid, and fumarate.

The muscle biopsy can show ragged red fibers (sub-
sarcolemmal accumulation of mitochondria on modified
Gomori trichrome staining), COX-negative fibers, and
accumulation of neutral lipids. At the electron micro-
scopic level, pleomorphic mitochondria often containing
paracrystalline inclusions are a feature of mitochondrial
dysfunction. Although some of the mitochondrial myopa-
thies will show defects in specific enzyme activity in
fibroblasts and platelets, the vast majority are detectable
only with biochemical assays of electron transport chain
enzyme activity in skeletal muscle homogenates or
isolated mitochondria. A selected defect in complex IV
activity would prompt a search for mutations associated
with complex IV assembly (SCO2) or mutations in the



Table 4 Common tests for metabolic myopathies

Disease Testing

Mitochondrial
disease

Elevated lactate
Abnormal urine organic acids (3-methyl

glutaconic, fumarate)

Low exercise capacity (decreased VO2)

Impaired muscle deoxygenation (near
infra-red spectroscopy)

MRI findings (strokes, white matter

changes)

MR spectroscopy (elevated lactate,
decreased phosphocreatine)

Muscle biopsy (ragged red fibers, COX

negative fibers)
Muscle enzymology

Specific gene mutations (mtDNA deletion

(PCR), Southern blot, A3243G

(PCR-RFLP))
Fatty acid

oxidation

defect

Elevated creatine kinase during event

(normal between)

þ/� carnitine concentration

Acyl-carnitine profile (GS-MS-MS)
Urine organic acids (dicarboxylic acids)

Decreased glucose and ketone during

event
Muscle biopsy (increased lipids)

Enzyme analysis (muscle þ/� fibroblasts)

specific mutation (ser113leu (PCR-RFLP))

Glycogen storage
disease

Elevated creatine kinase (even at rest
(McArdle’s))

þ/� elevated uric acid

‘Second wind’ with exercise test

No increase in lactate with exaggerated
ammonia response to forearm exercise

testing

Muscle biopsy ¼ increased glycogen
Muscle enzyme activity

Specific mutation analysis (R49X)
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mitochondrial (COI, II, III) or nuclear-encoded (COIV,
COVb) sub-units. Conversely, multiple enzymatic defects
would prompt a search for transfer RNA or mtDNA
mutations.

Specific mutation analysis can be completed if a given
gene mutation is strongly suspected from the history or if
a mutation is known in a family. Mutation analysis can be
performed using polymerase chain reaction–restriction
fragment length polymorphism (PCR-RFLP), allele spe-
cific oligonucleotide, and a host of other tests to identify
the point mutation. Often, a test panel is completed as a
function of the clinical phenotype. For example, a patient
with stroke-like episodes, seizures, and muscle fatigability
would probably start with a screen for MELAS A3243G,
T3271C. A patient with CPEO would prompt a search for
mtDNA deletions by Southern blot or long-range PCR. If
a mutation is not identified, mtDNA sequencing can be
completed in approximately one day of the entire genome
(16 569 base pairs).
Exercise testing in mitochondrial myopathies
usually demonstrates a markedly reduced VO2max or an
abnormally high respiratory exchange ratio (indicative of
early lactate production) with cycle ergometry testing (for
a review, see Tarnopolsky, 2004). A variety of testing
modalities have been employed with forearm exercise
testing, including near infrared spectroscopy or direct
venous blood gas measurements, to demonstrate the lack
of deoxygenation due to decreased oxygen consumption
by defective mitochondria. Phosphorus (31P) magnetic
resonance spectroscopy has also been used to demonstrate
an increased reliance on phosphocreatine hydrolysis or a
delay in the postexercise phosphocreatine recovery.
A review of the diagnostic criteria for the mitochondrial
cytopathies can be found in Naviaux (2004).
Fatty Acid Oxidation Defects

Blood tests including CK, lactate, and glucose can be
completely normal in asymptomatic individuals with
FAODs. During an acute metabolic crisis, there is often
hypoketotic hypoglycemia and an increase in serum CK
activity. Other findings such as hyperkalemia can be asso-
ciated with an acute episode of rhabdomyolysis. If the
rhabdomyolysis induces renal failure, a delayed increase
in urea and creatinine and other markers such as meta-
bolic acidosis and hyperkalemia can accompany the acute
renal failure.

More definite blood testing can be completed using
liquid chromatography–tandem mass spectroscopy (LC/
MS/MS) characterizing the acyl-carnitine profile. Occa-
sionally, in the non-stressed situation, but more often
during an acute event, the acyl-carnitine signature can
yield the definitive diagnosis. A reduction in serum total
and free carnitine can also be documented in many cases.

Urine testing during an acute myopathic event may
show myoglobin, in which case admission and standard
rhabdomyolysis protocols must be employed. During this
time, dicarboxylic acids can be identified in the urine
using gas chromatography/mass spectroscopy (GC/MS).
Enzymatic testing in fibroblasts is usually much more
informative than with the mitochondrial cytopathies and
specific enzyme pathways (CPT II) or functional assays
with medium- or long-chain substrates can be used to
help identify a biochemical defect. The molecular defects
can be screened using standard procedures once either an
acyl-carnitine profile or biochemical tests suggest a spe-
cific mutation. In some cases, such as a classic presenta-
tion of CPT II deficiency, it may be appropriate to screen
by checking for the most common mutation (ser113leu)
through a variety of genetic methods as mentioned
previously.

Exercise testing is often normal, although the VO2max

can be somewhat diminished; however, this is neither
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sensitive nor specific. Occasionally, a high respiratory
exchange ratio during low-intensity exercise may indi-
cate the increased reliance upon carbohydrates, although
this finding cannot rule in or rule out a FAOD. A muscle
biopsy may show an increase in neutral lipids but may
also be completely normal, with no other structural
alterations. Reviews of the FAODs can be found in Tein
(1996).
Glycogen Storage Disease

The serum CK activity is invariably elevated in patients
with McArdle’s disease at all times and may be variably
elevated in the other GSDs. During an acute metabolic
crisis the CK activity is invariably elevated to values that
can exceed 100 000U/L. The elevation of CK activity and
the resultant risk for renal abnormalities are no different
from those seen for FAODs, and these patterns alone
cannot be used to determine the etiology of the rhabdo-
myolysis during an acute event. Serum uric acid may be
elevated due to myogenic hyperuricemia, and this can
trigger gouty arthritis. A unique feature of PFK deficiency
is the presence of hemolytic anemia. Urine testing is
totally normal except during acute rhabdomyolysis,
where the expected myoglobin is often present.

The muscle biopsy often shows an increase in glycogen
concentration as determined by periodic acid-Schiff
staining. Histological enzyme assays are routinely avail-
able for phosphorylase and PFK activity and can confirm
a diagnosis in the appropriate clinical context. Electron
microscopy usually shows increased glycogen concentra-
tion, and in the case of Pompe’s disease, it is membrane
bound within lysosomes.

Forearm ischemic, semi-ischemic, and aerobic exer-
cise testing have been described and debated; how-
ever, all of these methods demonstrate a failure of
lactate to increase with an exaggerated ammonia response
(Tarnopolsky et al., 2003). Aerobic exercise testing
shows rapid increase in heart rate, rating of perceived
exertion, and early fatigue and cramping. If an individual
with McArdle’s disease slows down and continues to
exercise, there is often a ‘second wind’ that occurs when
blood-borne substrates become available and the heart
rate falls, and it becomes easier to continue to exercise.
The VO2max is often significantly reduced in patients with
myopathic GSD.

Magnetic resonance spectroscopy using 31P spectra
can demonstrate a lack of acidosis in most cases with distal
defects in glycolysis (PFK, phosphoglycerate kinase,
phosphoglycerate mutase deficiencies) showing a charac-
teristic increase in phosphomonoesters.

If a specific genetic mutation is known in the family
or strongly suspected based on the aforementioned testing,
mutation analysis is available for most of the disorders. For
example, for a North American Caucasian patient with
classic symptoms of muscle cramps with high-intensity
exercise and rhabdomyolysis, an initial genetic screen for
the most common mutation (R49X) may be prudent.
Treatment

Mitochondrial Disorders

The mitochondrial myopathies result in a decrease in
aerobic energy transduction through the electron trans-
port chain, an increase in free radical production, and an
increased reliance on alternative energy stores. Conse-
quently, therapeutic strategies have traditionally focused
on these areas. Strategies that have been used to either
bypass specific defects or enhance the flux through the
electron transport chain have included; succinate and
riboflavin to bypass complex I; coenzyme Q10 as an
antioxidant and electron acceptor from complex I and II;
antioxidants such as vitamin E, vitamin C, a-lipoic acid
and coenzyme Q10. In an attempt to provide an alterna-
tive energy supply, some have tried oral creatine mono-
hydrate supplementation with variable success. Studies
using dichloroacetate to reduce lactate levels have not
been rewarding, and a major side effect of peripheral
neuropathy has been seen. Consequently, its use is only
advocated during acute severe events with very high
lactate concentration. Reviews of nutritional therapies
and pharmacological therapies can be found in the follow-
ing references (Mahoney et al., 2002; DiMauro et al., 2006).

Studies have demonstrated improvement in function in
patients following an endurance exercise training pro-
gram and there is theoretical evidence that higher inten-
sity weight training can activate satellite cells and lessen
the mutational burden particularly in sporadic mitochon-
drial cytopathies (Taivassalo and Haller, 2005). There are
a variety of genetic strategies that have been attempted
in vitro; however, to date these are not applicable to the
clinical scenario (Dimauro et al., 2006).
Fatty Acid Oxidation Defects

The mainstay of therapy is to avoid exercise during the
fasting state or during periods of superimposed infection.
If an individual has a flu-like illness with vomiting and
diarrhea and can not consume carbohydrates, careful
monitoring is required, sometimes with emergency
admission and intravenous treatment with glucose-
containing fluids. Most patients can avoid problems with
more frequent, higher-carbohydrate feedings, and in some
more severe cases cornstarch at night may be required.
The consumption of a high-carbohydrate diet including
carbohydrate loading and carbohydrates before and dur-
ing exercise is a mainstay of therapy. Although riboflavin
and medium-chain triglyceride oil have been advocated,
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their efficacy has not yet been demonstrated conclusively
in a randomized double-blind trial.
Glycogen Storage Disease

Lifestyle adjustment is probably the best treatment for
GSDs, including avoiding brief bursts of high-intensity
activity. Interestingly, progressive aerobic conditioning
improves functional capacity in such cases, likely by improv-
ing fitness and ‘raising the bar’ for the exercise metabolic
crisis threshold (Haller et al., 2006). The consumption of
sucrose or glucose 15 to 20min prior to exercise can provide
an exogenous source of glucose and improve exercise capac-
ity in patients with glycogenolytic defects (Vissing and Hal-
ler, 2003). In contrast, patients with defects in glycolysis do
worse with glucose ingestion, because it inhibits lipolysis
and they can’t take advantage of the exogenous glucose (due
to the block in glycolysis). Pyridoxine (vitamin B6) supple-
mentation has been advocated in the specific entityofMcAr-
dle’s disease due to the fact that it is stored in conjunction
with the enzyme phosphorylase (which is missing in this
entity); however, it has not been evaluated by a rigorous
clinical trial. High-protein diets have also been advocated
to up-regulate alternative fuel utilization; again, rando-
mized double-blind trials have not been completed. One
randomized double-blind trial did demonstrate benefits
from the use of creatine monohydrate in low to moderate
doses with an impairment of exercise capacity in higher
doses (see two papers by Vorgerd and colleagues).
Table 5 Treatments for metabolic myopathies

Disease Treatment

Mitochondrial disease Progressive exercise training

Avoid fasting and no exercise

during illness

Antioxidants (vitamin C, vitamin E,
alpha lipoic acid)

Cofactors (coenzyme Q10)

Alternative substrates (creatine

monohydrate)
Fatty acid oxidation defect Progressive exercise training

Avoid fasting and no exercise

during illness
Carnitine (only if low or transporter

defect)

High-carbohydrate diet

? Medium chain triglyceride oil
Carbohydrate before and during

exercise

Riboflavin

Glycogen storage disease Progressive exercise training
Pyridoxine

Creatine monohydrate

High-protein diet (>20% of
energy)

Pre-exercise carbohydrates
A summary of the treatment strategies for metabolic
myopathies can be found in Table 5.

See also: Multiple Sclerosis; Muscular Dystrophies.
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Table 1 Diagnostic criteria of migraine according to the IHS

classification (2004)

A. At least five attacks fulfilling criteria B–D

B. Headache lasting 4–72 h (untreated or unsuccessfully treated)

C. Headache has at least two of the following characteristics:

1. unilateral location
2. pulsating quality

3. moderate or severe pain intensity

4. aggravation by or causing avoidance of routine physical

activity (e.g., walking or climbing stairs)
D. During headache at least one of the following occurs:

1. nausea and/or vomiting

2. photophobia and phonophobia
E. Not attributed to another disorder

Table 2 Subclassification of migraine according to the IHS

classification (2004)

1.1 Migraine without aura

1.2 Migraine with aura
1.2.1 Typical aura with migraine headache

1.2.2 Typical aura with non-migraine headache

1.2.3 Typical aura without headache
1.2.4 Familial hemiplegic migraine

1.2.5 Sporadic hemiplegic migraine

1.2.6 Basilar-type migraine

1.3 Childhood periodic syndromes that are commonly
precursors of migraine

1.3.1 Cyclical vomiting

1.3.2 Abdominal migraine

1.3.3 Benign paroxysmal vertigo of childhood
1.4 Retinal migraine

1.5 Complications of migraine

1.5.1 Chronic migraine
1.5.2 Status migrainosus

1.5.3 Persistent aura without infarction
The Clinical Picture

Migraine is an idiopathic headache disorder characterized
by moderate to severe, often unilateral and pulsating
headache attacks, which are typically aggravated by phys-
ical activity. The individual attacks are accompanied by a
loss of appetite (almost always), nausea (80%), vomiting
(40–50%), light sensitivity (photophobia, 60%), noise
sensitivity (phonophobia, 50%) and odor hypersensitivity
(10%). If the headaches are unilateral, they can change
sides within an attack or from attack to attack. The diag-
nostic criteria for migraine attacks and the migraine aura
are presented in Table 1. The duration of attacks is typi-
cally 4 to 72 h; at least five attacks must have occurred
before the diagnosis can be established. The frequency
and duration of migraine attacks varies widely between
individuals, though the median frequency is around one
attack per month and median duration is roughly 24 h. In
up to 15% of cases, the migraine headache is preceded by
a recurrent disorder manifesting itself in attacks of revers-
ible focal neurological symptoms, usually developing
gradually over a period of 5 to 20min and lasting for
less than 60min. This neurological sign known as an aura
consists mostly of visual phenomena, typically jagged
zig-zag lines that move slowly across the visual field,
often followed by visual loss (scotoma). Cortical spread-
ing depression (CSD) has been suggested to underlie
migraine visual aura, based on the slow spread of clinical
and electrophysiological events in animal experiments.

Most patients suffer from migraine attacks without
aura. However, there are several migraine syndromes
with particular aura features and migraine syndromes with
uncommon histories or complications. These syndromes
have their own diagnostic criteria; the subclassification of
these syndromes is outlined in Table 2. These diagnostic
criteria for migraine syndromes are also available on the
homepage of the IHS (International Headache Society)
(www.i-h-s.org).

In children, migraine attacks can be shorter (e.g., for only
1 or 2 h) and the accompanying symptoms can be more
prominent, including syndromes such as abdominal
migraine or periodic syndromes in childhood.
1.5.4 Migrainous infarction

1.5.5 Migraine-triggered seizure
1.6 Probable migraine

1.6.1 Probable migraine without aura

1.6.2 Probable migraine with aura

1.6.3 Probable chronic migraine
Epidemiology and Genetics

Migraine is one of the most frequent headache disorders.
About 6 to 8% of males and 12 to 14% of females suffer
from migraine attacks. The lifetime prevalence in females
may be up to 25%. Before puberty, the prevalence of
migraine is about 5% both in boys and girls. The highest
incidence of migraine attacks occurs between the ages
35 and 45, potentially the most productive period
of life, with a female preponderance of three to one.
The median duration of untreated migraine attacks is
18 h; the median attack frequency is one per month.

http://www.i-h-s.org
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Epidemiological and twin studies indicate that migraine
and in particular migraine with aura is an inherited dis-
ease. However, multiple genes must be involved. Familial
hemiplegic migraine (FHM) is a dominantly inherited
disease in which the affected family members have severe
and long-lasting migraine auras sometimes leading to
hemiplegia or even loss of consciousness. Several years
ago a French group and a Dutch group independently
identified a gene locus on chromosome 19 as the res-
ponsible culprit. Several genetic loci have been identi-
fied by now, encoding P/Q calcium channels, Na2þ/Kþ

pump, and a neuronal voltage-gated sodium channel. Con-
sequently, FHM is considered a ‘channelopathy,’
but whether these genetic variants play a role in non-
hemiplegic migraine with aura and in migraine without
aura is not known.
The Burden of Migraine

Migraine attacks can have a profound effect on the quality
of life of the sufferer. In the long term, migraine may
cause emotional changes and result in coping strategies
that interfere with work, social, and family life. Conse-
quently, the results of health-related quality-of-life
studies demonstrate that migraine has a considerable
impact on functional capacity, resulting in disrupted
work and social activities. The impact of migraine on
many quality of life parameters is similar to that of other
chronic conditions, such as osteoarthritis, diabetes, and
depression.

The direct costs of migraine (due to medical care) are
small compared with the indirect costs caused by absence
from work and reduced productivity. Many migraineurs,
however, do not seek medical attention, have not been
accurately diagnosed by a physician, or do not use pre-
scription medication. Epidemiological studies reveal that
migraine is often underdiagnosed and undertreated. Iden-
tifying and treating appropriate patients will reduce the
impact of migraine on the individual level and the burden
of migraine on the society.
Diagnosis

The diagnosis of migraine is based on the typical patient’s
history (see above: clinical picture) and a normal neurolog-
ical examination. Further investigations, in particular brain
imaging, are necessary if secondary headache is suspected
(e.g., if the headache characteristics are atypical), when the
course of headache attacks changes, or if persistent neuro-
logical or psychopathological abnormalities are present. In
particular, a diagnostic investigation including imaging of
the brain in migraine is recommended when
. the neurological examination is not normal

. typical migraine attacks occur for the first time after
the age of 40

. frequency or intensity of migraine attacks continuously
increases

. the accompanying symptoms of migraine attacks
change

. new psychiatric symptoms occur in relation to the
attacks.

Comorbid neuropathologies in migraine may involve
mood disorders, such as depression and anxiety, as well
as epilepsy and essential tremor. Epidemiological data
suggest that migraine may be associated with subclinical
vascular brain lesions and that migraine may be a risk
factor for cerebral ischemia. However, prospective data
evaluating the association between specific headache
forms and stroke are sparse. In a recent prospective
study including nearly 40 000 women, an increased risk
of total and ischemic stroke was found for migraineurs
with aura. However, the absolute risk increase was low,
with 3.8 additional cases per year per 10 000 women.
Treatment

The medical treatment of migraine includes both acute
therapy aimed at aborting the attacks and prophy-
lactic therapy aimed at reducing attacks in the long term.
Acute Therapy

Several large randomized, placebo-controlled studies
have been undertaken to establish the best drug treatment
regimen for the acute management of migraine. In most of
these trials, successful treatment of migraine attacks was
defined as one or a combination of the following criteria:

. pain free after 2 h

. improvement of headache from moderate or severe to
mild or none after 2 h

. consistent efficacy in two out of three attacks

. no headache recurrence and no further drug intake
within 24 h after successful treatment (so-called sus-
tained pain relief or pain free).

Analgesics and antiemetics

Analgesics are the preferred drugs of choice for mild
or moderate migraine attacks. Evidence of efficacy in
migraine treatment in at least one placebo-controlled
study has been obtained for acetylsalicylic acid (ASA)
up to 1000mg, for ibuprofen from 200mg to 800mg, for
diclofenac from 50mg to 100mg, 1000mg for metamizol,
and 1000mg for paracetamol. In addition, the fixed com-
bination of ASA, paracetamol, and caffeine is effective in
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acute migraine treatment and is also more effective than
either of the single substances alone. In order to prevent
drug overuse headache, the intake of simple analgesics
should be restricted to 15 days per month and the intake
of combined analgesics to 10 days per month. Coxibs are
not recommended for acute migraine treatment because
of cerebrovascular adverse side effects. Opioids are of only
minor efficacy; no modern controlled trials are available
for these substances. Table 3 presents an overview of
analgesics with efficacy in acute migraine treatment.

The use of antiemetics in acute migraine attacks is
recommended for the treatment of vegetative symptoms
and because it is assumed that these drugs improve the
resorption of analgesics. However, prospective, placebo-
controlled randomized trials to prove this assumption are
lacking. There is no evidence that the fixed combination
of an antiemetic with an analgesic or with a triptan is
more effective than the analgesic or triptan alone. Regard-
ing ergot alkaloids, the only compound with sufficient
evidence of efficacy is ergotamine tartrate 2mg (oral or
suppositories). Ergot alkaloids can induce drug overuse
headache very fast and at very low doses. Therefore, their
use must be limited to 10 days per month. Major side
effects include nausea, vomiting, paresthesia, and ergot-
ism. Contraindications are cardiovascular and cerebrovas-
cular diseases, Raynaud’s disease, arterial hypertension,
renal failure, and pregnancy and breastfeeding.
Triptans (5-HT1B/1D-agonists)

The 5-HT1B/1D agonists sumatriptan, zolmitriptan, nara-
triptan, rizatriptan, almotriptan, eletriptan, and frovatrip-
tan (ordered by year marketed), so-called triptans, are
specific migraine medications and should not be used
for other headache disorders, except for cluster headache.
The efficacy of all triptans has been proven in large
placebo-controlled trials of which several meta-analyses
have been published. It should be noted that in about 60%
of nonresponders to NSAIDs, triptans are effective. Trip-
tans can be effective at any time during a migraine attack.
Table 3 Migraine therapy according to the task force of the

EFNS (2006)

Acute therapy

1. Acetylsalicylic acid
2. Ibuprofen

3. Naproxen

4. Acetaminophen
5. Dihydroergotamin

6. Triptans

Preventive therapy

1. Beta blockers (Metoprolol or Propranolol)
2. Flunarizine

3. Valproic acid

4. Topiramate
However, there is evidence that the earlier triptans are
taken, the better the efficacy. However, a strategy of
strictly early intake may lead to frequent drug treatment
in certain patients. The use of triptans is restricted to a
maximum of 10 days per month. Otherwise, there is a
danger of developing a drug overuse headache.
Preventive Therapy

Prophylactic drug treatment of migraine is possible with
several drugs. Substances with good efficacy and tolera-
bility are beta blockers, calcium channel blockers, anti-
epileptic drugs, NSAIDs, and antidepressants. The use of
all these drugs, however, is based on empirical data rather
than on proven pathophysiological concepts. The decision
to introduce a prophylactic treatment has to be carefully
discussed with the patient. A prophylactic drug treatment
of migraine should be considered and discussed with the
patient when

. the quality of life, business duties, or school attendance
are severely impaired

. frequency of attacks per month is two or higher

. migraine attacks do not respond to acute drug
treatment

. frequent, very long, or uncomfortable auras occur.

A migraine prophylaxis is regarded as successful if the
frequency of migraine attacks per month is decreased by
at least 50% within 3months. For therapy evaluation, a
headache diary is mandatory. The drugs of choice,
according to the consensus of the task force, are outlined
in Table 3.
Specific Situations

Menstrual migraine

Headaches may occur as a result of natural ovarian cycles,
or in response to the withdrawal of exogenously adminis-
tered estrogen. For some women, these headaches are
more severe, are of longer duration, and lead to greater
disability than those occurring at other times in the
menstrual cycle. Consequently, one prophylactic treat-
ment regimen of menstrual migraine involves estrogen
replacement therapy. Supplemental estrogen may be
administered in the late luteal phase of the natural
menstrual cycle or during the pill-free week of traditional
combination oral contraceptives. In menopause, hormon-
ally associated migraine is most likely due to estrogen-
replacement regimens. However, evidence regarding the
safety and efficacy of hormonal replacement/modulating
regimens is limited, and evidence particularly is lack-
ing regarding its long-term dangers or side effects.
Consequently, hormonal treatment of migraine is not a
preferred treatment strategy for most women with
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migraine. Alternatively, Naproxen sodium (550mg twice
daily) has been shown to reduce pain including headache
in the premenstrual syndrome.

Migraine in pregnancy

Migraine does not increase the risk of complications of
pregnancy either for the mother or for the fetus. Several
retrospective studies have shown a tendency for migraine to
improve with pregnancy. Between 60 and 70% of women
either go into remission or improve significantly, mainly
during the second and third trimesters. It seems as if women
with migraine onset at menarche and those with peri-
menstrual migraine are more likely to go into remission
during pregnancy. It is in the first trimester that the fetus is
at the greatest risk from drugs. Fortunately, most of the
pregnantmigraineurs experience fewer or even nomigraine
attacks. However, migraine often recurs post partum. There
are no specific clinical trials evaluating drug treatment of
migraine during pregnancy; most of the migraine drugs are
contraindicated. If migraine occurs during pregnancy, only
paracetamol is recommended. Triptans and ergot alkaloids
are contraindicated. The use of prophylactic agents during
pregnancy should be the exception, not the rule, and pref-
erably only during the second and third trimesters; only
magnesium and metoprolol are recommended.

Migraine in children and adolescents

Pediatric headache is a common health problem in chil-
dren, with a significant headache reported in more than
75% by the age of 15 years. Pediatric migraine occurs
in up to 10% of children and in up to 28% of adoles-
cents between the ages of 15 and 19 years. Nevertheless,
migraine diagnosis and treatment in these age groups
present unique challenges. The attacks are shorter in
children than in adolescents, the headache is less specific
(may be holocranial, may lack photo- or phonophobia,
abdominal pain is frequently associated). Children with
migraine miss more school days in a school year than their
matched controls. Non-drug treatments (relaxation train-
ing, self-hypnosis, and biofeedback) have been shown to
have good efficacy as prophylactic measures. The only
analgesics with evidence of efficacy for acute migraine
treatment in children and adolescents are ibuprofen
10mg per kg body weight and paracetamol 15mg per kg
body weight. The only antiemetic for use in children up to
12 years is domperidon. For migraine prophylaxis, flunar-
izine and propranolol in low doses showed positive effects
in controlled trials. Other drugs have not been studied or
did not show efficacy in appropriately designed studies.
The Pathophysiological Puzzle

Migraine has long been considered a vascular headache,
based on the idea that changes in vessel diameter or gross
changes in cerebral blood flow would trigger pain and
could, in part, explain the mechanism of action of vaso-
constrictor drugs, such as ergotamine. Modern theories
explaining the peripheral pain mechanisms suggest, based
on experimental and clinical data, an activation of the
trigeminal innervation of the cranial circulation with
involvement of vasoactive neuropeptides, such as calcito-
nin gene-related peptide. To account for the periodicity
and other clinical features in migraine, a primary dysfunc-
tion of central brain structures seems more likely.

Early studies have emphasized a dysfunction of the
cerebrovascular regulation in headache, while little atten-
tion has been given to the central processing of headache.
Recent data incorporating genetic, electrophysiological,
and neuroimaging techniques have revolutionized our
understanding of the pathophysiology of migraine and
provided unique insights into this syndrome. Modern
imaging studies point, together with the clinical picture,
toward a central triggering cause, possibly based on genetic
variations. The early functional imaging work has recently
been reworked and implies involvement of highly specific
activation of the brainstem in migraine, though it is still
unclear whether in a permissive or triggering manner.
Additionally, most studies show that information proces-
sing is abnormal in migraineurs. The best documented
abnormality is an interictal lack of habituation in migrai-
neurs, with normalization during the headache state.
Together with a diminished energy reserve found in MR-
spectroscopy studies, a possible role of increased energy
consumption in attack generation has been suggested. Fol-
lowing this line of thought, migraine is understood as a
paroxysmal central nervous system dysfunction.

Regarding the development of head pain, both vascular
and neuronal mechanisms have been proposed. A much
discussed scenario begins with CSD, which in turn activates
the trigeminovascular system and causes headaches. As
most of the migraine patients never experience an aura,
silent CSD attacks have been proposed to explain why
these patients suffer from recurrent attacks. In summary,
modern concepts suggest that migraine is, in essence, a
neurovascular headache, and that the susceptibility to
CSD and to migraine is probably genetically determined.
See also: Adolescent Health; Cerebrovascular Disease;

Populations at Special Health Risk: Women; Seizure

Disorders; Specific Mental Health Disorders: Child and

Adolescent Mental Disorders.
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Introduction

This ar tic le is or ganized into three secti ons: (1) mil itary
occupat ional infr astr ucture and health hazard issu es su r-
roundi ng military ser vice during peacetime or gar rison
(at home ) duty, (2) health hazard issues per tai ning to
mobil ization and de ployment , and (3) longer-ter m health
issues. Conten t areas will draw pr imarily from U.S. mili-
tary pr eventive medicine exper iences, but it is recogni zed
that a numb er of the issues and experien ces are common
within the inter na tional military communi ties.

Over 2 m illion individual s are ser ving a s a ctive duty,
Reserves, or National Guard member s in the U.S. Armed
Fo rces. For some, m ilitary s er vice is a j ob held fo r on ly
several year s; for others, it is a career. As an occupation,
military s er vice i s two-tiered; i ndivid uals p erfor m duties
in their respective occupational fields (e.g., as a nurse,
mechanic, or truck driver), but they also respond in time
of war, emergencies, or for humanitarian missions when
required. Military occupational and environmental health
encompasses the life cycle of military personnel, from the
time of entry (accession) into the service, throughout train-
ing and readiness phases, over specific and potentialmultiple
missions anddeployment cycles, aswell aswhen attending to
long-range health and disease prevention needs (Figure 1).
In general, the multidisciplinary approach and princi-
ples of civilian occupational health that recognize, diag-
nose, treat, prevent, and control work-related diseases,
injuries, and other conditions are applicable in themilitary
environment. Moreover, occupational health management
of military personnel in the United States adheres to
methodological procedures of recognized civilian occupa-
tional health programs that manage health hazards assess-
ment, industrial hygiene, and prevention and safety.
However, due to its two-tiered status, there are a number
of factors unique to military service that distinguishes it
from the civilian occupational and environmental health
experience. The identification of these factors and their
impact on the occupational and environmental health of
military personnel is the focus of this article.
Environmental and Occupational Health
Hazard IssuesSurroundingMilitaryService
during Peacetime or Garrison Duty

As a population, military personnel in the United States
tend to be younger than the U.S. working population and
maintain a higher level of health and physical fitness
due to combat readiness and training requirements.
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Figure 1 Occupational life cycle of military service personnel.
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Additionally, screening and elimination of individuals
deemed unfit for service selects a distinctive population.
For example, in 1995, during the period of initial entry
and first six months of military service, the primary med-
ical and disease reasons for disqualification of individuals
were hearing-related, lower extremity orthopedic pro-
blems, asthma, and psychiatric problems (Kelley, 2003:
153). Because of these differences, those serving in the
military can be considered a special group of workers with
particular experiences, just as the occupational and envi-
ronmental health issues of agricultural workers, construc-
tion groups, and health-care workers are sometimes
addressed as selected groups (Levy and Wegman, 2000).

Although the population is distinctive, to a large extent,
military jobs closely resemble or are the same as civilian
jobs. Research efforts in 2000–01 determined that 72% of
the total U.S. Army enlisted population was employed in a
job with a corresponding civilian job title; similar results
were observed in officers (both warrant and commissioned
combined) (Sulsky, 2003). The overlap is significant in
those jobs involving transportation and material moving,
construction and extraction, and business and financial
operations. Jobs categorized as involving installation, main-
tenance, and repair were more common in the Army than
in the civilian workforce, while broad occupational groups
inclusive of production and food preparation were more
common in the civilian workforce.
Military Service Characteristics

In other countries (and earlier in U.S. history when a draft
was in operation), certain entry-level requirements were
not always in place and military service was considered
mandatory for all at a certain age. In the United States
under the volunteer system, there exist levels of initial
screening and selection processes at accession and during
initial enlistment stages in terms of medical and psycho-
logical health, physical performance standards, weight
and body fat standards, aptitude determinations, and the
requirements to maintain optimal readiness (in terms of
health and ability to perform job tasks). From accession
into the U.S. military services, occupational and environ-
mental health programs and initiatives are in place. These
include standard assessments of initial physical fitness
levels and administration of appropriate immunizations;
attention to the levels of attrition due to medical condi-
tions; prevention, management, and treatment of training-
related injuries (such as stress fractures) during entry
training. Prevention programs are also in place to monitor
exertional heat illnesses, screening and management of
mental and behavioral health issues, eating disorders,
weight management, and smoking cessation.

These requirements exist within infrastructures unique
to the various military organizations and have an effect on
outcomes of occupational and environmental programs.
Military infrastructure is strongly hierarchical and execu-
tion at command level impacts program results: leadership
responsibility and accountability play prominent roles. For
example, in the Israeli Army, a case of heat illness is consid-
ered a court martial offense for the unit leader, and not for
the individual heat casualty (Pandolf and Burr, 2001: 37).

Additionally it is important to note that in the United
States and in other countries as well, some members of the
military may be serving on a part-time basis (in the
Reserves and National Guard) while holding a civilian
job. Most commonly, these individuals work a full-time
civilian job and then spend one weekend every month and
2weeks a year performing their military job duties. At
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other times, they may be called up for ‘active duty service’
and deployed for peacekeeping, humanitarian, combat, or
stabilization missions around the world. They also can be
called to serve in an emergency response capacity at state
or national levels, for example, to help evacuate civilians
and provide medical assistance, as was the case during
Hurricane Katrina, or to perform clean-up operations after
the destruction at the World Trade Center in New York
City and the Pentagon following the events of September
11, 2001, or to provide extra security during large public
events, such as occurred at the 2002 Winter Olympics in
Salt Lake City, UT.
Military Occupations: Training and
Advancement

In peacetime andduring the duty rotationwhen stationed at
the unit’s home base (in garrison), classroom training and
simulated training exercises and drills are conducted to
maintain combat readiness. These training exercises
are generally distinct from those designed to further
develop job skills within one’s designated occupational
field. These training exercises may be carried out under
extreme environmental conditions of hot and cold climates
in desert and mountain terrains and require high levels of
physicalworkload.Theymayalso involve simulated combat
or peacekeeping scenarios to provide opportunities for
learning and practicing new skills as well as maintenance
of cohesion of group-level operational roles.

Achievement of training goals as well as maintenance
of health and physical fitness standards are intimately
related to continued advancement in the military struc-
ture. Target weight standards and physical fitness levels,
job advancement skill sets, combined with training re-
quirements tailored to military occupations are an inte-
gral part of military service personnel’s responsibilities
throughout their service and are important determinants
of advancement within the profession.
Occupational and Environmental Health
Hazard Issues Pertaining to Mobilization
and Deployment

Each mission and deployment scenario presents its own
set of risks and hazards, not all of which are predictable.
Certain missions may present with more obvious hazards
(such as combat deployment). However, peacekeeping,
humanitarian, training, and stabilization and/or rebuild-
ing missions each may pose unique hazards.

One of the major challenges to military occupational
health is that to a large degree, specific hazards and health
issues during mobilization and deployment are inevitable
because their occurrence cannot be avoided. Also, optimal
exposure prevention tactics (removal from the area)
cannot always be practiced and the continual weighing
of the threats from multiple combinations of risks on
human health and lives necessitates trade-offs in terms
of focusing on the more adverse medical threats. The goal
of military operational research efforts is to better under-
stand these risks (alone or in combinations) to enable
better preparation for and prevention of these risks and
to develop and test proactive protection procedures.

Within the U.S. military, particularly since the 1991
Persian Gulf War, risk management system processes
have been continually tested and reworked to best pro-
vide commanders with methods to evaluate and act on
risks presented by operational hazards during deployment
or specific missions (including a framework for manage-
ment of occupational and environmental hazards). The
operational risk management system outlines a process
for identifying, assessing, and controlling risks, and
includes a mechanism of evaluating the effectiveness of
the control measures put in place.

In general, preventive medicine personnel are respon-
sible for carrying out the process of identifying the occu-
pational and environmental hazards, assessing the level of
medical or health threat associated with the hazards,
characterizing the associated risks of the threat(s) and
the proposed control action(s), and then transmitting the
risk assessment information and recommended control
measure options to the commander. Preventive medicine
personnel also are instrumental in implementing the con-
trol action(s) decided upon by the commander, evaluating
the effectiveness of the action in controlling the threat(s),
and documenting follow-up reassessments of the action
and lessons learned for future deployments.

Within the U.S. military’s hierarchy of occupational
and environmental chemical hazards, those that contrib-
ute to health and medical threats require evaluation
(TG230, 2003: 18–23), but by definition, they may repre-
sent different levels of importance to the military opera-
tion at hand. A health threat is one that can cause negative
health effects to the individual serviceman or woman.
For example, hereditary conditions that present in adult-
hood, individual exposure to industrial chemicals, other
injuries or conditions, or physical and psychological
traumas that affect an individual but not the whole unit
are considered health threats. Medical threats are more
severe and have the potential to adversely affect unit or
mission accomplishment or effectiveness. In the broadest
sense, medical threats include all ongoing potential
enemy actions, environmental conditions, disease condi-
tions, and nonbattle injuries that degrade unit effective-
ness. Military exposure guidelines and an outline of the
U.S. Armed Forces approach to operational risk manage-
ment are given in several technical guides (TG 230, 2003;
TG 248, 2001). Applying a risk matrix, which evaluates
the probability of exposure combined with the hazard
severity ranking, provides an estimate of the risk level
associated with the hazard of concern.
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Exposure to occupational and environmental hazards
during deployment situations may be transient or of lim-
ited duration but might be present at very high levels that
could impact individual health and/or the mission. Other
scenarios may involve lower levels of exposure but be
continuous and possibly put military personnel at higher
risk for possibly delayed or longer-term health problems.
Thus, the frequency, intensity, and duration of the expo-
sure(s) are evaluated when estimating the level of risk.
Environmental monitoring results from the deployment
area of operation are used to make the determination of
the hazard severity by making a comparison of the
detected military exposure levels to guidelines and stan-
dards (e.g., TG 230, 2003; TG230D, 2003; TG 248, 2001).
Occupational and Environmental Health
Hazards

There are three classes of military occupational and envi-
ronmental health hazards that have the potential to cause
injury, illness, disease, adverse health conditions, or death
and thus may be considered health and/or medical threats.

. Chemical hazards include contaminants in the air,
water, soil, and food as well as exposures to industrial
chemicals such as lead, solvents, pesticides, and chemi-
cal warfare agents.

. Physical hazards include climate conditions such as
excessive heat and cold and physical environmental
concerns such as operating at high altitudes and
under conditions with high noise levels.

. Situational hazards may include physical threats (acci-
dents, explosions), traumatic events (witnessing combat
events), operational demands (high physical work
demands, restricted sleep, limited food and water in-
take, prophylactic medications), and environmental liv-
ing conditions.

Obviously, such situational threats as armed enemies
present grave risks and often require the highest priority.
Although certainly important in their ability to cause
severe medical threats during deployment operations,
infectious disease vectors, biological and nuclear warfare
agents, and parasitic/entomological concerns are not
described in this section.
Chemical hazards

Over the years and with each conflict, environmental
exposures to chemical hazards have occurred. A variety
of different classes of chemical hazards present in a
deployment or mission-specific environment have the
potential to cause both acute and chronic health problems.
Chemical warfare agents

There is evidence that mustard gas (blistering agent) was
present during World War I and the Iran–Iraq war in the
mid-1980s. During the 1991 Persian Gulf deployment,
potential exposure to low levels of sarin and cyclosarin
either from the bombing of storage facilities or the
destruction of stored munitions at Khamisiyah, Iraq,
were described, although there were no documented
reports of measured exposure or evidence of acute medi-
cal threats from these agents. Depending on the chemical
warfare agent type, each has the capability to cause severe
morbidity and mortality. Low-level exposures to these
agents and related potential heath effects are not well
characterized. Agents such as sarin and cyclosarin operate
with similar toxic mechanisms to those of the organophos-
phate pesticide class, and therefore lower-level exposures
have been hypothesized to result in central and peripheral
nervous system symptoms in humans. Differences in spe-
cific brain tissue volumes and neurobehavioral function-
ing several years following the 1991 Persian Gulf
deployment have been found to be associated with esti-
mated exposure levels to sarin and cyclosarin (based on
modeling efforts) (Heaton et al., 2007; Proctor et al., 2006).
Combustion products

The potential for exposure to petroleum combustion pro-
ducts is widespread during deployment due to the many
transportation vehicles, aircraft, and ships that operate on
diesel, gasoline, and jet fuel. Also, during the 1991 Persian
Gulf deployment, exposure to these combustion products
occurred when oil wells were set on fire and burned for
a number of months casting black smoke and particulate
matter throughout the area of operation and when un-
vented tent heaters were used in enclosed areas.
Depleted uranium

Both a heavy metal and source of radiation, depleted ura-
nium is what remains after the more radioactive isotopes
U234 and U235 are removed from uranium ore to make
enriched uranium for nuclear reactor fuel. It is used as
both armor on tanks and in certain munitions because of
its ability to pierce or penetrate armor made with less
dense metals. It was first used on a large scale during the
1991 Persian Gulf deployment. Depleted uranium may
enter the body through inhalation, after combustion and
aerosolization from explosive impact, or as a piece
of shrapnel. Its primary target of toxicity is considered
to be the kidney.
Solvents

During deployment missions, as within garrison occupa-
tional settings, and depending on military occupation,
exposures to solvents such as jet fuel, degreasing agents,
CARC paints, and decontamination solutions can be com-
monplace. Exposure to solvents has been found to result
in increased health risks and symptoms, particularly to
the central and peripheral nervous systems.
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Pesticides

DEET, permethrin, and organophosphate pesticides are
routinely used when U.S. military personnel deploy to
more tropical regions in which mosquito or other insect-
borne diseases are endemic. While these compounds are
used to help prevent diseases that have the potential to
disrupt mission operations, they also may produce signifi-
cant central and peripheral nervous system symptoms
when exposure occurs at high doses or at chronic, lower-
level exposures.

During the Vietnam War, the U.S. military sprayed
herbicides from United States and South Vietnamese
military transport planes to defoliate large areas of jungle
during the war. These spraying missions started in 1962
(with Agent Purple) and continued for the next 9 years
with different combinations of chemicals, including Agent
Orange. Each combination of these herbicides contained
the long-lived contaminant 2,3,7,8-tetrachlorodibenzo-
para-dioxin (TCDD), which has been associated with
chloroacne and other more severe health problems,
including certain cancers.

Physical hazards

Noise

In the current deployment environment (as well as during
routine training exercises), hazardous noise levels are
pervasive due to machinery and firepower. Hearing loss
is one of the most prevalent health outcomes associated
with military service. As a result, hearing protection
devices are issued to all service personnel and U.S.
Army standards require these devices be worn during
training practice when steady-state noise is above 85 dB
or when impulse noise exceeds 140 dBP sound pressure
level. In an actual combat setting, hearing protective
devices may not be feasible except when firing weapons
outside the immediate zone of fighting or during trans-
portation in tracked wheeled personnel carriers, trucks,
helicopters, or other aircraft.

Harsh environments (extreme heat, cold, and

high altitudes)

Military personnel continue to be deployed to locations
in which the physical environment and climates may
present health hazards, such as areas with extreme heat
(e.g., South-West Asia) or cold weather and high altitudes
(e.g., Afghanistan).

Mission requirements may require cold exposure and
certain military occupational experiences may be exacer-
bated. For example, personnel handling petroleum pro-
ducts may be exposed to a high risk of frostbite as these
substances remain liquid at very low temperatures
(�17.7 �C [0 �F]) and may cause immediate freezing of
skin and mucous membranes on contact or reduce the
insulation factor associated with clothing layers if allowed
to saturate uniform material(s). Also, cold weather may
modulate with the exposure risks associated with nuclear,
biological, and chemical warfare agents as well as affecting
the performance of mission duties due to requirements of
wearing chemical or environmental protective gear.

Extreme heat effects such as exertional heat illnesses
(EHI) result from the combination of environmental and
behavioral or mission-specific factors, namely ambient air
temperature, air motion or ventilation, relative humidity,
radiant temperature, amount of metabolic heat being pro-
duced (physical workload), and degree of insulation and
water permeability permitted within clothing or equip-
ment worn (Pandolf and Burr, 2001: 6). The latter two
factors are largely driven by physical workloads of mission
requirements and the necessity and degree of protective
equipment worn. For example, during the 1991 Persian
Gulf deployment, while U.S. military personnel were op-
erating in a hot desert environment, they periodically were
required to wear chemical protective clothing, that is,
mission-oriented protective posture, level 4 (MOPP4) gear.

In addition to EHI, cold freezing (such as frostbite) and
nonfreezing injuries, and hypobaric hypoxia at high alti-
tudes operating in these extreme environments, may
adversely influence cognitive functioning, with negative
effects on mission accomplishments (Pandolf and Burr,
2002: 734–735).

Situational hazards

The potential combination of multiple hazardous experi-
ences during a deployment or mission also raises the risk
of adverse consequences. For example, it would be antici-
pated that military personnel will be confronted with
operational occupational scenarios during deployment
that include high levels of witnessing of traumatic events
and may be required to function on little sleep, with
inadequate hydration, in adverse environments (hot,
cold, altitude, etc.), while carrying heavy loads of gear
and wearing protective gear (such as MOPP4 gear).

Physical threats (accidents, explosions)

Vehicle and other transportation accidents due to both
battle and nonbattle related events are common causes of
injury and death during deployment missions. The occur-
rence of improvised explosive devices (IEDs), suicide
bombers, mines, and rocket-propelled grenades, in addi-
tion to the full complement of more traditional artillery,
rocket, and mortar rounds have been prevalent in
recent deployment missions. The ensuing pressure waves
induced by these explosions have the potential to produce
severe health effects on particular body organs, even with-
out obvious embedding of shards of metal or other debris.

Although newer battlefield measures have improved
war-zone survival, the success in preventing fatalities has
produced higher rates of injuries that impact the health-
care delivery systems assigned to handle these adverse
physical and mental health consequences.
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Traumatic events

During deployment missions, military service personnel
may be exposed to highly stressful and life-threatening
experiences. These may include injury from violence,
traumatic loss, or witnessing death and suffering of unit
members or civilian populations. Depending on circum-
stances during the exposure event and period of recovery,
development of acute psychological and somatic symp-
toms and/or longer-lasting mental health consequences
such as posttraumatic stress disorder (PTSD), anxiety, or
depression may result.

Operational demands

During most deployment missions there are periods of
time when the operational tempo (optempo) is increased.
At these times, military personnel may be expected to carry
out their duties and responsibilities under circumstances
involving increased physical work demands, at critical cog-
nitive performance levels, and with restricted sleep, and/or
limited nutrient and water levels. Depending on the situa-
tion, they may also be taking medications (e.g., caffeine or
benzodiazepines to combat jet lag; pyridostigmine bromide
as a nerve agent pretreatment, or atropine as a chemical
agent antidote) or wearing additional chemical protective
clothing (e.g., MOPP gear).

Living conditions

To maintain and support operational forces during a
deployment, supplies of sufficient and adequate drinking
and bathing water are necessary. Also, adequate waste-
water controls, food sanitation, ambient air quality, and
field sanitation management and monitoring are required.
Upon entry into a military field setting, it is largely the
role of the environmental science or (public) health
officer and other environmental health military personnel
to establish water supply and sanitation systems and mon-
itor health and environmental quality indicators that
might indicate a breakdown between environmental
health and sanitation, such as disease and health symptom
outbreaks, food preparation irregularities, changes in
potable water quality, and individual use of personal pro-
tective measures (e.g., insect repellents, appropriate cloth-
ing, adequate hydration).

In some deployment situations, maintenance of sani-
tary living conditions is not possible or is disrupted due to
mission threats. In addition to the expected health hazards
that might occur due to poor or inadequate human waste
disposal, unsanitary food preparation conditions, or
diminished potable water availability, research efforts
indicate that a malevolent living environment during a
deployment situation (defined as difficult living condi-
tions and distress related to daily life, perhaps in an
unfamiliar culture or extreme climate) was associated
with greater vulnerability to stress reactions among
Vietnam veterans (King et al., 1998) and related to other
mental health outcomes (as described by Litz et al., 1997
relative to the Somalia peacekeeping mission).
Role of Risk and Resilience Factors

Not everyone who experiences occupational and environ-
mental health hazards during deployment experiences
acute or lasting health problems, even if the exposure
circumstances are the same for all individuals. There are
other factors that must contribute to the outcomes.
Although not precisely known, these factors may include
preexisting demographic characteristics or health status,
degree of training and readiness preparation for potential
experiences, and aspects of the postexposure deployment
and recovery environment. In the PTSD literature, these
factors are termed risk and resilience factors: risk factors
are those that are associated with increased risk of PTSD
or adverse health outcomes; resilience factors are those
associated with a decrease in or absence of adverse health
consequences.

Research efforts since the VietnamWar have recognized
that the level of social support, in the form of both personal
relationships and from leader support and unit-level cohe-
sion, is a strong predictive factor of PTSD and other mental
health symptoms, both when present at the time of the war-
zone experience and during periods of recovery.
Longer-Term Health Issues

Postdeployment Health and Injury Issues

Upon return home from the 1991 Persian Gulf deploy-
ment, a number of U.S. servicemen and women, as well as
Canadian, Australian, French, and Danish cohorts, re-
ported an increased rate of symptoms and adverse health
problems. Considerable research and clinical care
initiatives have been focused on whether the experiences
or events during the 1991 deployment may have led to a
unique syndrome of illness. Among most clinical and
research circles, the current conclusion is that modern
wars throughout history have been associated with syn-
dromes of unexplained health symptoms and these post-
deployment symptoms are most likely a response to a
combination of the physical and psychological factors
inherent in the war environment.

Studies have been undertaken to historically review indi-
vidual medical records of persons serving in all major con-
flicts since themid-nineteenth century, specifically since the
Boer War ( Jones et al., 2002) and the U.S. Civil War (Hyams
et al., 1996). Results suggest that common symptoms of
fatigue, headaches, difficulty concentrating, rapid heart
rate, shortness of breath, and increased gastrointestinal dis-
tress were present after almost every conflict. Analyses by
Jones and colleagues (2002) suggest a pattern to the cluster-
ing of these symptom groups that was related to the era of
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the conflict. That is, they have identified three types of
somewhat overlapping postwar syndromes or symptom
clusters, each being more prevalent during a particular
period of history. Persons returning from wars prior to
1918 reported symptoms termed as a debility syndrome
consisting of fatigue, weakness, shortness of breath, and
difficulty completing tasks, with few psychological or cogni-
tive symptoms. Somatic complaints that primarily focused
on cardiac functioning, such as rapid heart rate, shortness of
breath, fatigue, and dizziness were reported primarily by
those serving in World War I. Neuropsychological and psy-
chological symptoms, such as fatigue, headaches, depression,
difficulty sleeping, and difficulty completing tasks, were
more frequently associated with serving in World War II
and the 1991 Persian Gulf deployment.

A single cause of these seemingly unexplained illnesses
has not been identified. That these overlapping post-
war subjective health symptoms were present following
multiple wars and among different populations suggests
that these are not new or unique syndromes. Moreover,
not all returning deployed service members report these
debilitating clusters of symptoms. It may be that the health
symptoms or illnesses reflect an individual’s psychological
stress reaction to particular events during a war while,
for others, the symptoms may be related to a particular
environmental experience, or may be related to a combina-
tion of circumstances dependent on the nature of the
deployment.

Since the diagnosis of PTSD was clinically identified
and defined, after the Vietnam War, mental health out-
come consequences of war have become increasingly bet-
ter recognized. More recent research and clinical efforts
have addressed the incidence and prevalence of these
debilitating disorders in post-2001 Iraq and Afghanistan
conflicts and are also tracking their longer-term impacts
on health-care utilization and functional outcomes such
as absenteeism (Hoge et al., 2007). Postwar motor vehicle
and other accident rates have been observed to increase
among subgroups of returning servicemen and women,
but appear to fluctuate over time.

Each deployment operation and mission presents
unique as well as similar inherent hazards that military
personnel encounter. As summarized above, for each con-
flict throughout history, postwar health symptoms have
been reported but they do not always present with the
same cluster of symptoms, most likely because not all
operational environments present the same set of hazards
and not everyone deployed will be exposed to them in the
same manner or degree. For example, when comparing the
operational environment during the 1991 Persian Gulf
deployment with that of the Operation Iraqi Freedom
(OIF) conflict, major differences are obvious despite
the fact that both operations occurred in the same region
of the world. The actual ground war during the 1991
Persian Gulf deployment lasted less than one week, while
the OIF conflict exceeds four years. It is anticipated that
observed postwar health and injury consequences will be
different than those posed by the 1991 Persian Gulf
deployment.
Long-Term Health

Several recent epidemiological studies provide evidence
that those serving in the military in general or during a
certain era may be at increased risk for certain diseases later
in life. This includes an increased risk of amyotrophic
lateral sclerosis (ALS) in persons serving in the 1991 Persian
Gulf deployment (Horner et al., 2003) or military service in
general (Weisskopf et al., 2004). Other studies have identified
associations between PTSD and cardiovascular disease
among a group of older military veterans (Kubzansky et al.,

2007). Research also suggests that type 2 diabetes, selected
cancers (non-Hodgkin’s lymphoma, soft tissue sarcoma,
multiple myeloma), and such birth defects as spina bifida
(among offspring of those exposed) are associated with
Agent Orange exposure during the Vietnam War.

Prospective research and increased health monitoring
and surveillance initiatives put in place in the United
States (and a number of other countries including Canada,
the United Kingdom, and Australia) since the 1991 Per-
sian Gulf deployment, within both the Department of
Defense and Department of Veterans’ Affairs, are pro-
viding mechanisms to better track the health of military
personnel over the life cycle (Figure 1). Similar to the
U.S. Department of Health and Human Services, Centers
for Disease Control and Prevention Morbidity and

Mortality Weekly Report, the Army Medical Surveillance
Activity publishes the Medical Surveillance Monthly Report

(MSMR), which summarizes trends in disease and illness
outbreaks, field and case reports, and summaries of cur-
rent pre- and postdeployment health surveillance statis-
tics across the U.S. Armed Forces. An ongoing research
effort to track the health status of over 100 000 U.S.
military servicemen and women over a 22-year period
(see the section ‘Relevant websites’) will also help to
provide better understanding of the long-term health
consequences of particular military occupational and
environmental experiences.
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Introduction

Multiple sclerosis (MS) is an inflammatory-degenerative
disease of the central nervous system (CNS). Its primary
target is the myelin sheath via a mechanism that has yet to
be explained. The degenerative phase causes destruction
of axons and neurons. Except for secondary involvement
of the facial nerve in its course within the brainstem, and
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the nucleus of the trigeminal nerve, it does not affect the
peripheral nervous system. It was described well over a
hundred years ago, but many of its aspects are still not
known. Its pathogenesis is poorly understood and its long-
term treatment is ineffectual. Much of its curious epide-
miology is unexplained and its genetic transmission
unknown. MS is the most common disease of the CNS
of the young adult. The first symptoms usually appear at
ages 20 to 40. The number of MS patients in the United
States has been estimated at about 300 000, a prevalence
of 100/100 000. This is probably inaccurate for two rea-
sons: it includes as many as 20–25% of people who have
been misdiagnosed as having MS based on the misinter-
pretation of the magnetic resonance imaging (MRI), and
it obviously also does not count the substantial number of
persons who have the asymptomatic form of the disease.

The course of the disease is extremely unpredictable
and its clinical presentation is variable, but its predilection
for certain parts of the CNS, which include the optic
nerves, the brainstem, cerebellum, and cervical spinal
cord, eventually provide a characteristic constellation of
signs and symptoms.
The Classification of the Inflammatory
Demyelinating Diseases

Some neurologists have recently suggested that MS is a
part of a spectrum of idiopathic inflammatory demyelin-
ating diseases that differ only in chronicity and severity.
For example, acute disseminated encephalomyelitis
(DEM) and Marburg’s disease are grouped under the
rubric of ‘fulminant,’ whereas Devic’s and Balo’s diseases
are included with relapsing myelitis in the group of
‘restricted distribution.’ Such a scheme ignores the
pathology of these conditions and seems to have no logical
basis. A revised updated classification of the inflammatory
demyelinating diseases is presented inTable 1. Marburg’s
disease is nothing more than acute MS, as is Balo’s con-
centric sclerosis, the latter characterized by alternating
Table 1 The inflammatory demyelinating diseases

Multiple sclerosis

Marburg’s disease (acute

MS)

Chronic MS: Acute
hemorrhagic

leukoencephalitis

Secondary progressive type

Primary progressive type
Balo’s concentric sclerosis

Disseminated

encephalomyelitis

Acute, recurrent and

multiphasic
Relapsing-remitting type

Acute and recurrent optic

neuritis

Acute and recurrent
neuromyelitis optica

Recurrent neuromyelitis optica

with Schilder’s 1912 diffuse
sclerosis endocrinopathies

Acute and recurrent transverse

myelitis
bands of demyelination. The extremely rare Schilder’s
diffuse sclerosis 1912 type has very large lesions. All
three of these diseases are often erroneously diagnosed
(and treated) as MS because of misread MRIs. Devic’s
disease (neuromyelitis optica) is believed to be a variant
of DEM (Poser and Brinar, 2004). All the lesions in
every condition listed under ‘MS’ in Table 1 exhibit the
pathognomonic sharply demarcated edge between normal
tissue and demyelination. The various types of DEM
differ from MS not only in the absence of the typical
plaques but also on the basis of clinical and pathological
indices.
Epidemiology

Latitude and Prevalence

One of the most enduring myths of the epidemiology of
MS is that of the direct relationship between latitude and
its prevalence. Table 2 makes it clear that prevalence of
the disease varies greatly between areas of similar latitude.
However, MS prevalence is higher in northern than in
southern Europe, as it is in the Americas. This is most
likely due to differences in the ethnicity of the popula-
tions: MS is much more frequent in persons of both direct
(Swedes, Danes, Norwegians, Icelanders) and indirect
Scandinavian descent (English, Irish, Russian, Norman,
etc.), including Americans in the northern tier of states,
many of whom are of Scandinavian origin. The latitude
gradient seen in African Americans in the United States,
which parallels that of Caucasians but at somewhat lower
level, has been explained by the increasing mixture of
Caucasian genetic material with progression to the north
(Figure 1) (Poser, 1994). There are also many exceptions
to the prevalence/latitude rule that militate against it, as
is well exemplified by the data in Table 2 for Croatia,
Israel, Kuwait, and South Africa. There is a great differ-
ence in MS prevalence between three small villages in the
Korski Gotar region of Croatia despite an identical envi-
ronment (Figure 2). The disease is extremely rare in
Hindus living in Mumbai, but not uncommon in Parsis
living in the same city. No convincingly documented
cases of MS have ever been reported in North or South
American Indians, in Samis (Lapps), Eskimos, Australian
Aborigines, Maoris, Melanesians, Micronesians, or Poly-
nesians. The disease occurs much less frequently in
Orientals and is extremely rare in black Africans. There
is one well-publicized example of a latitude gradient that
has defied explanation: the prevalence of MS in Tasmania
is twice that of southern Australia, and has remained that
way for 30 years despite a lack of discernible ethnic dif-
ference between the populations.

Several reports claim that MS is increasing in fre-
quency. It is hard to know whether this is a true increase



Table 2 Latitude and prevalence of MS

Location Latitude Prevalencea

Iceland 65�N 99
Shetland Islands 61�N 129

Winnipeg, Canada 50�N 35

Seattle, USA 47�N 69

Croatia 45�N
Cabar 194

Vrbovsko 27

Parma, Italy 44�N 12

Olmsted County, MN, USA 44�N 122
Copparo, Sardinia 44�N 31

Asahikawa, Japan 44�N 2.5

Hobart, Tasmania 43�S 68
Hautes Pyrénées, France 43�N 40

Boston, USA 42�N 41

Sassari, Sardinia, Italy 41�N 69

Alcoy, Spain 39�N 17
Seoul, Korea 38�N 2

Malta 36�N 4

Cape Town, South Africa 36�S
Afrikaner 11
Colored/Oriental 3

Charleston, SC, USA 33�N 14

Newcastle, Australia 33�S 32.5
Israel (immigrants) 32�N
Sephardi 9.5

Ashkenazi 36

New Orleans, LA, USA 30�N 6
Kuwait (Arabs) 30�N
Kuwaiti 9.5

Palestinian 24

Okinawa, Japan 26�N 2
Hong Kong 23�N 1

Bombay (Parsi) 19�N 26

aPer 100 000 inhabitants.

Modified from Poser C (1994) The epidemiology of multiple scle-

rosis. A general review. Annals of Neurology 36 (S2): S180–193.
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or whether it is due to a combination of factors, such as
greater awareness of the disease in physicians and the
general population, and greater use (and misuse) of imag-
ing. Longer life expectancy and earlier diagnosis may
have added to the number of cases, but it is also possible
that the disease has in fact become more common.
Genetics

The striking differences in prevalence in similar environ-
ments strongly suggest an important role for genetic factors.
There is a familial occurrence rate of about 15%. The age-
adjusted risk is higher in siblings (3%), parents (2%), and
children (2%) than in second- and third-degree relatives.
There is only a 35%concordance inmonozygotic twins, but
it is the same as in siblings for dizygotic pairs. Children of
conjugal pairs with MS have a much higher prevalence rate
(20%), but adopted offspring or other nonbiological rela-
tives have no increased risk (Sadovnick, 1994).

Because of these indications, numerous studies of
genetic markers have been carried out, but to date few
secure candidates or regions have been identified. Many
studies of the class II major histocompatibility complex
(MHC) alleles of the human leukocyte antigen (HLA)
system and their genotypes have been carried out, but at
the family level have been disappointing. Some of these
have suggested an association between the MHC alleles
DR15 and DQ6 (DRB1* 1501 and DBQ2 *0602) and the
gene for tissue necrosis factor encoded within the same
linkage group. A specifically different association (with
DR4 and its DRB 1*O405-DQA1 *0301-DQB1*0302
genotype) is seen in Mediterranean populations, primar-
ily Sardinians. There is strong evidence indicating that
MS is a polygenic disease.
The Vikings and the Genetic Origin of MS

The highest prevalence rates for MS are found in Iceland,
Scandinavia, the British Isles, and the countries settled by
their descendants. This suggests that the Vikings may
have been instrumental in disseminating the genetic sus-
ceptibility to the disease (Poser, 1994a). The Norwegian
and Danish Vikings raided in most European countries
and settled in large numbers in Normandy (‘the land of
the Northmen’), Sicily, and southern Italy. They also
founded Dublin in Ireland and York in England. They
traveled west and settled in Iceland and the Faroe Islands.
The Swedish Vikings originating in Götland went to the
southeast, along the river routes to the Caucasus and the
Black and Caspian Seas, and penetrated into Persia, India,
and as far as China. They founded Kiev and Novgorod
and established Ukraine and the Russian state. Called
‘Varangians,’ they were active in all the military activities
of the Byzantine Empire. As early as the tenth century,
the Vikings engaged in trade with the Arabs; Arab coins
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Table 3 Environmental factors for MS

Variable Rsa

Latitude 0.865b

Precipitation 0.566c

Low temperature 0.868b

Rainy climate 0.695b

Forestation (all types) 0.249
Coniferous forests 0.638b

Pig farming 0.575c

Lack of sheep 0.537c

Indo-European ancestry 0.686b

Christian culture 0.686b

Pork consumption 0.639b

Beef consumption 0.582c

Consumption of cow’s milk 0.758b

Low consumption of fish –0.382d

Consumption of smoked food 0.819b

Industrialization 0.663b

Life expectancy 0.353d

Low infant mortality 0.617b

Small population <20 years 0.525c

aRs ¼ Risk correlation coefficient.
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dating from that period have been found in tombs in
Iceland and Norway. Vikings from Scandinavia and Ice-
land, as well as their descendants from England and
France, were Crusaders. In fact, the Palestinians born
and raised in Kuwait, who have an unexpectedly high
prevalence of MS, originated in what had been part of
the Latin Kingdom established after the First Crusade.
Russians from the Ukraine, and thus of Viking origin,
settled in a separate community near what is now Beijing,
China, and formed an elite regiment of the Mongol army
that participated in the conquests of western Asia and
much of southeastern Europe, reaching the gates of
Vienna in the thirteenth century. Although the Vikings
had a fearful reputation as raiders and plunderers, most of
them settled in the areas they had conquered and eventu-
ally were integrated into the local population. The prac-
tice of capturing and keeping local women as wives or
concubines, or selling them as well as other Vikings as
slaves, mostly to Arabs, were important factors in this
genetic dissemination throughout the world.
bp< 0.001.
cp<0.01.
dp< 0.05.

Modified from Lauer K (1994) Multiple sclerosis in the old world:

The new old map. In: Firnhaber W and Lauer K (eds.) Multiple
Environmental Factors

Genetics alone cannot account for the differences in MS
observed in various situations; therefore, it is likely that
some environmental factors also influence the acquisition
of the disease. Many studies of an enormous variety of
possible agents and factors that could influence the acqui-
sition or development of the disease have been carried
out in various countries, with almost no results. Most of
the agents and factors are meaningless, since they are
completely lacking in biological plausibility (Table 3)
(Lauer, 1994). Usually these factors are related to the
clinical onset rather than the acquisition of MS.
Ultraviolet Rays: A Protective Factor?

In recent years, some investigators have focused attention
on the intensity of sunshine and ultraviolet rays as possi-
ble protection against the acquisition of MS, pointing to
the very low prevalence or total absence of the disease in
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African Blacks, Australian Aborigines, and other highly
melanotic ethnic groups. This overlooks the fact that the
disease is also completely unknown in non- or lightly
pigmented groups such as Samis, Inuits, and Eskimos,
and that their heavy clothing would effectively screen
out the supposedly protective ultraviolet rays. There is
no question that MS is extremely rare in African Blacks,
but there have been at least four autopsy-proven cases in
Senegal. In South Africa, most neurologists are still
unwilling to accept the diagnosis in their black patients,
thus making the disease seem even rarer.
Migrations

The influence of environmental factors is most apparent
in considering the effects of migration on prevalence and
incidence rates. Frenchmen living in Africa have a con-
siderably lower prevalence rate than those living in
France. The children of West Indian and Asian immi-
grants to the United Kingdom have the same incidence
and prevalence rates as native-born Englishmen, and the
Israel-born children of both Ashkenazi and Sephardic
Jews also have the same prevalence rates, although their
parents’ rates are quite different. Most Martinican
Blacks who developed MS had spent significant periods
of time in metropolitan France before acquiring the dis-
ease. The situation in Hawaii illustrates what appears to
be a unique, contradictory situation in which the presum-
ably same environment exerts opposite effects on differ-
ent ethnic groups (Alter et al., 1971). For persons of
Japanese extraction living in Hawaii or in California
there is an increased risk of MS compared with those
living in Japan (6.5 vs. 2.1); for Caucasians raised in Hawaii
it appears to offer some protection against MS (10.5 vs.
34.4). It is difficult to conceive of environmental factors
having such a disparate effect unless the genetic make-up
of the individual also plays a role in the equation. The
existence of a premorbid genetic marker such as the MS
‘trait’ could provide an explanation. Epidemiological
studies have demonstrated the primary importance of
genetic factors modified by an as yet unrecognized envi-
ronmental one.
The MS ‘Trait’: A Premorbid Marker of Genetic
Susceptibility

The remarkably low rate of concordance of MS in
monozygotic twins has never been fully explained, but
it indicates the possibility of a systemic condition
called the MS ‘trait’ (MST) (Poser, 2006), which is
quite different from asymptomatic MS and may never
develop into the disease. It results from the action of an
antigenic challenge to the immune system of a genet-
ically vulnerable person that does not cause damage to
the nervous parenchyma. A subsequent environmental
viral-antigenic event in some MST-carriers can change
the trait into the disease. This event could be an
infection, which need not be symptomatic, or a vaccina-
tion. The MS may become symptomatic, remain asymp-
tomatic, or be manifested only by lesions visible by MRI.
It is likely that the development of the MST, called
‘activation,’ occurs early in life, whereas the transition
from MST to MS, called ‘acquisition,’ takes place at
puberty in most patients, when the immune system is
made more vulnerable by the outpouring of female
sex hormones. Differences in prevalence between prepu-
beral migrants, the locally born children of migrants, and
their population of origin may also be explained by the
MST. Thus, the Hawaii-born Japanese who carries the
MST develops MS when he is exposed to an antigenic
challenge that is not present in Japan; but the MST-
bearing Caucasian does not encounter the appropriate
viral antigen, which does not occur in Hawaii, and never
develops MS.
Etiology

MS has been described as a disease of unknown etiol-
ogy, implying the existence of a single cause. A number
of infectious agents have been reported as potential
etiological agents. They include the corona, measles,
Epstein-Barr, herpes simplex type 6, and canine distem-
per viruses; the human T-cell lymphotrophic virus
(HTLV)-l, an ‘MS-associated agent’; and, most recently,
chlamydia. None of these has been confirmed, but the
idea lingers on, despite exhaustive searches by competent
investigators using sophisticated techniques. Neverthe-
less, so-called ‘epidemics’ in Iceland and in the Faroe
Islands continue to be cited as evidence of the infectious
nature of the disease, its introduction to the islands
ascribed to the arrival of asymptomatic British troops
in 1941. The data show a peak of clinical disease onset
starting in 1941 and purport to find a direct rela-
tionship between the occurrence of MS in natives and
British soldiers billeted in their homes. These studies
unfortunately are based on the meaningless date of clini-
cal onset; recalculation of the data using the putative date
of acquisition at puberty (age 14) clearly show a peak
before 1941.

It is important to differentiate between age of clinical
onset and age of acquisition of the disease for all etiological
and epidemiological investigations. Clinical onset simply
means the appearance of symptoms of an already existing
disease. The putative date of acquisition of MS has been
generally accepted as being at puberty in most if not all
patients. This was deduced from the study ofMS in English
immigrants to South Africa, noting that the disease rarely
developed in those who had immigrated before age 15,
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compared to the number that would have developed it in
England (Dean and Kurtzke, 1971). Similar studies con-
firmed this observation. In support of this concept, and
because MS is almost twice as common in women, is that
the secretion of female sex hormones, which play an impor-
tant role in enhancing immune responses, significantly
increases in both girls and boys at puberty. Furthermore,
many new environmental factors that may influence dis-
ease acquisition may be encountered at the same time,
including new school, sport, and social activities.

From all of the information that is currently avail-
able, it is much more likely that MS is the result in a
genetically susceptible subject of the activation of the
immune system by different viral agents, which initiates
a pathogenetic cascade that is not fully understood and
which eventually leads to the destruction of the myelin
sheath and the axon.
Pathogenesis

Much of what is known about the pathogenesis of
MS comes from studies of experimental allergic encepha-
lomyelitis (EAE), an imperfect model of MS but the
equivalent of human DEM. In common with EAE, a
major alteration of the blood–brain barrier (BBB) is, if
not the first, certainly an early and obligatory step in
the development of the MS lesion, but EAE does not
lead to the formation of the characteristic plaques of MS.
In fact, the BBB appears to be injured quite early in the
course of illness. Inflammation of capillary and venule
walls can be seen in the normal-appearing white matter
(NAWM), but it is insufficient to lead to leakage of water
and immunoactive substances into the brain parenchyma.

In its early phase MS has several of the features of an
autoimmune disease. Although the immune system of MS
patients has many abnormalities, the exact pathogenesis
remains obscure, and the various schemes that have been
proposed are a mixture of fact and speculation. It is unclear
whether the immunological alterations are part of the path-
ogenetic cascade or its results. Ebers (1998) put it succinctly:
‘‘It is sobering to realize that despite decades of cellular
immunology research of the survey type, no specific abnor-
mality that characterizes or definesMShas been identified.’’

The stimulus for this immunological response is prob-
ably an antigenic challenge from an infection, or possibly
a vaccination, involving the phenomenon of molecular
mimicry. (This is a phenomenon in which some compo-
nent peptides of the active antigenic molecule are immu-
nologically indistinguishable from a myelin antigen, and
hence an appropriate response to infection produces an
inappropriate action against some component of the
myelin sheath.) A key role has been suggested for tumor
necrosis factor, immune complexes, and adhesion
molecules, the last named in particular, in the loss of
impermeability of the BBB. As a result of the alteration
in the BBB, immunoactive T-lymphocytes penetrate into
the brain parenchyma. Other immunoactive substances in
serum, including complement and interferon-gamma, as
well as B-lymphocytes and macrophages, also cross the
now permeable BBB and by a still unknown mechanism
attack the oligodendroglial–myelin complex. Various
cytokines secreted by T-cells have been proposed as the
agents of myelinoclasia. The role of the oligodendrocyte
in the pathogenetic cascade also remains in dispute, and
many consider this rather than the myelin sheath to be the
primary target of the process.

The primary effects of MS are inflammation and
edema. Myelin destruction does not necessarily follow.
Spontaneous resolution of the inflammation and edema
without destruction frequently occurs, and provides a
logical explanation for the very short duration of some
symptoms. Remyelination occurs even in the earliest
lesions, but is generally relatively inefficient and much
too slow to account for clinical improvement within only
a few hours or days. Another explanation may be the
activation of alternative or supplementary physiological
pathways.

After myelin is destroyed, it is replaced by a glial scar.
It is such scars that have given MS its name. In addition
to the probable role of the T-cell in causing the inflam-
matory reaction, antibodies against myelin components
also play a crucial role in pathogenesis. The destruction
of myelin releases a number of its structural compo-
nents, including cholesterol, fatty acids, myelin basic
protein, myelin-associated glycoprotein, myelin-oligo-
dendrocyte glycoprotein, proteolipid protein, phospholi-
pids, cerebrosides, sphingomyelin, and gangliosides.
These substances may enter the bloodstream via the
permeable BBB and, in turn, provoke an immune
response from systemic lymphocytes, thereby causing a
vicious cycle that results in a self-perpetuating condi-
tion. This may explain the intermittent progression of
the disease. In MS, periods of immune activity, probably
stimulated by nonspecific viral infections, are believed to
alternate with periods of immunoquiescence. The cur-
rent status of our understanding, or lack thereof, of the
role of the immune system in MS has been summarized
by Cedric Raine (1994) as follows:

‘‘In sum, while no single immune system molecule can he

assigned as unusual to the CSF of MS, and, while there

appears to he nothing unique about the manner in which

the CNS responds to inflammation, the true uniqueness

of the situation in MS is probably related to the many

normally sequestered, specific antigens within the myelin

sheath and the biology of the myelinating cell, the oligo-

dendrocyte.’’

A generalized pathogenetic scheme is depicted in
Figure 3.
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Pathology

The pattern of destruction of myelin is unique to MS and
is seen in none of the other demyelinating (e.g., DEM) or
dysmyelinating (e.g., metachromatic or adrenoleuko-
dystrophy) diseases: it consists of plaques that are sharply
demarcated from the normal white matter surrounding
them (Figure 4). They have been aptly described as ‘‘cut
out with a cookie cutter.’’ In contrast, the inflammatory
lesions in DEM are almost invariably perivascular and
often become confluent. Unless the pathognomonic
sharp edge of the MS lesion is captured by the biopsy, it
may be impossible to differentiate it from DEM.

Plaques are most commonly seen in the optic nerves
and chiasm, the periventricular centrum semiovale, the
brainstem, the cerebellar hemispheres, and the cervical
spinal cord. Although most plaques are seen in the white
matter, they may involve the subcortical U-fibers and
extend into gray matter. The cortex, thalamus, the basal
ganglia, and the dentate nuclei may all be affected.
Lesions of the sensory nucleus of the trigeminal nerve,
the intraparenchymal portion of the facial, and some of
the connections of the acoustic nerve are frequently
involved, but peripheral nerves are spared. Asymmetry
of the lesions is the rule.

Inflammatory cellular infiltrates and edema are
almost invariably seen in the walls of small blood vessels
and the surrounding parenchyma at the edges of the plaques.
Similar changes in the walls of capillaries and venules can
also be seen in the NAWM. One of the earliest changes is
separation of the myelin lamellae by vesicular edema, frag-
mentation of the sheath, invasion by macrophages that
engulf the myelin debris, and eventual denudation of the
axon. Most of the plaques show periaxile demyelination, the
axon appearing intact, but older lesions clearly show axonal
and neuronal degeneration. Clumps of large abnormal
gemistocytic astrocytes may be seen near the lesions; these
are occasionally mistaken for astrocytomas.

The MS variants, Marburg’s acute MS, Balo’s concen-
tric sclerosis, and Schilder’s 1912 type diffuse sclerosis,
all exhibit the same pathological features (Poser and
Brinar, 2004).
Physiology

Normal motor and sensory function depend upon
the rapid propagation of the nerve impulse along myelin-
ated nerve fibers, measured in milliseconds. The myelin
sheath is interrupted at regular intervals by the nodes
of Ranvier, where the axon is denuded. Because the axon
has a high resistance to the electrical impulse, which
makes the speed of conduction too slow, an alternative
mechanism takes over. It is called ‘saltatory conduction,’
in which the electrical impulse jumps from one node of
Ranvier to the next while achieving the required conduc-
tion velocity. However, if the distance between the
available nodes is too great because of destruction of



Figure 4 MS: sections of spinal cord and brainstem (celloidin, Weigert). Note the sharp edges of the areas of

demyelination. Reprinted with permission from Poser C, An Atlas of Multiple Sclerosis. London: Parthenon Publishing Group, 1998.

fig. 44, p. 70.
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Figure 5 Saltatory conduction in MS. Reprinted with

permission from Poser C, An Atlas of Multiple Sclerosis. London:

Parthenon Publishing Group, 1998. fig. 51, p. 76.
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some myelin segments, the impulse cannot bridge the gap,
and saltatory conduction is no longer possible. The elec-
trical impulse must then travel via the slow axonal route
(Figure 5). Once the axon itself is destroyed, conduction
is obviously no longer possible and the deficit, if any,
becomes permanent.

In some MS patients signs or symptoms appear
because nerve conduction slows when body temperature
is elevated as a result of either ambient heat or fever. The
latter is a common cause of pseudoexacerbations. A body
temperature increase of as little as 1 �C may be sufficient
to cause such signs and symptoms, which disappear upon
cooling. Until recently, this was used diagnostically by
means of the hot bath test.
Clinical Aspects

The Clinical Course

Several clinical types have been recognized: relapsing-
remitting, primary, and secondary progressive. However,
the pathological end result, that is, the sharply bordered
plaques of demyelination, is noted in all of them. Some
investigators believe that these clinical types represent
different diseases or genetic variants of MS, but it is
much more likely that the differences in evolution indi-
cate the aggressivity of the disease process, the patient’s
susceptibility, and the accumulation of lesions in eloquent
areas of the CNS. Many MS lesions remain silent, and a
number of routine autopsy series have shown that asymp-
tomatic MS may be as common as the diagnosed condi-
tion, with a prevalence of 100/100 000.
Signs and Symptoms

Table 4 summarizes the symptoms of MS at onset in six
series, in three of which the diagnosis was confirmed at
autopsy. The disease is almost twice as common in women
as in men, and the clinical onset is most frequent in the
third and fourth decades. Certain neurological complaints
in a person under the age of 40 are tantamount to making
the diagnosis of MS: a Lhermitte symptom (tingling going
down the backwhen flexing the neck), trigeminal neuralgia,
hemifacial spasms, unilateral intention tremor, or binocular
diplopia which disappears when closing either eye. Simi-
larly, certain abnormalities of the neurological examination
of a young person are also common enough in MS to be of
diagnostic value: temporal pallor of the optic disk, unilateral
hyperreflexia and a Babinski sign, a significant decrease in
position and/or vibratory sensation at the ankles, or some
dysmetria on finger-to-nose testing. Dating the clinical
onset of MS is often important in epidemiological studies
and clinical trials; many patients – and physicians – ascribe
symptoms to MS that are unrelated. Table 5 lists the only
signs and symptoms that should be considered for that
purpose. MS patients may well suffer from headaches,
positional vertigo, seizures, back and neck pain, for example,
but such signs and symptoms are not part of the MS
syndrome. In addition to signs and symptoms indicating
involvement of different parts of the CNS, or dissemination
in space, and dissemination in time (symptoms appearing at
different times) are characteristic of about 2/3 of patients.



Table 4 Frequency of symptoms of MS in various countries

United Statesa Canada Denmark Norwaya Englanda Germany
Clinical feature (n ¼ 25) (n ¼ 54) (n ¼ 60) (n ¼ 31) (n ¼ 55) (n ¼ 120)

Remission 68.0 76.5 81.7 74.2 72.7 80.0
Pyramidal tract 100.0 83.3 100.0 100.0 98.2 90.0

Ocular 92.0 85.2 75.0 80.6 83.6 76.7

Urinary 52.0 53.7 71.7 87.1 92.7 55.8

Nonequilibratory 76.0 68.5 81.7 80.6 80.0 69.2
Vibration/position 64.0 64.8 51.7 64.5 78.2 76.7

Nystagmus 68.0 37.0 56.7 67.7 72.7 39.2

Paresthesiae 68.0 87.0 83.3 54.8 70.9 61.7
Dysarthria 52.0 33.3 40.0 61.3 52.7 28.3

Gait ataxia 60.0 46.3 60.0 67.7 45.5 45.0

Mental/cognitive 44.0 15.7 48.3 51.6 41.8 52.5

Duration of illness

Mean (years) 14.0 6.8 8.3 16.5 12.4 13.1

Median (years) 11.0 4.0 6.0 15.0 12.0 12.0

Range (months–years) 2–32 1–43 2–48 3–37 2–36 12–45

aAutopsied cases.

Table 5 Symptoms to be used to determine clinical onset

A. Definite (all symptoms must last at least 24h)

Optic/retrobulbar neuritis Tranverse myelitis
Monoparesis Trigeminal neuralgia (< age 40)

Binocular diplopia Scanning speech

Unilateral intention tremor Acute, painless urinary retention

Urinary urgency/
incontinence (men)

Useless hand syndrome

Gait ataxia
Unilateral dysmetria

Fecal incontinence

Non-positional vertigo
Paresthesiae of one limb

Hemifacial spasms

Oscillopsia
Monocular color blindness

B. Possible (a definite symptom or abnormal sign must appear
within 2 years)

Blurred vision Extreme fatigue

Positional vertigo Lhermitte symptom

Facial palsy Dysarthria
Painless urinary frequency

(men)

Organic sexual impotence (men)
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True exacerbations or bouts appear spontaneously or
may follow some kind of viral infection but must be dif-
ferentiated from pseudo-exacerbations that result from
fever, elevated ambient temperature, or some metabolic
derangement.

The correlation between the number, site, and size of
MS lesions, as revealed by neuroimaging and at autopsy,
and clinical manifestations is poor. Many plaques involve
so-called ‘silent’ areas of the brain. Furthermore, the
disease process must impair conduction in a critical num-
ber of fibers in order to produce neurological dysfunction.
The available fibers in the affected tract above this num-
ber constitute the safety factor. If the signs and symptoms
are due to inflammation and edema only, which is almost
always the case at the onset of a bout, they will be
reversible; it is only when the safety factor is breached,
that is, when the number of demyelinated or destroyed
fibers exceeds the required minimum, that signs and
symptoms become permanent. Figure 6 depicts the
mechanism that explains the relapsing-remitting course
that develops into secondary progression.
Clinically Isolated Syndromes
Suggestive of MS

Many clinicians now contend that the first manifestation
of MS often is optic neuritis, transverse myelitis, or a
cerebellar syndrome. Rather than waiting for the confir-
matory second episode and fulfilling the classic criteria of
dissemination in time and in space, specific, expensive,
lifelong treatment is initiated on such flimsy evidence.
Diagnosis

Diagnostic Criteria

Because MS is such a variable disease, many diagnostic
schemes incorporating a variety of confirmatory tests
and procedures have been proposed, but none are
accurate and specific enough to eliminate the main dif-
ferential diagnostic considerations. This applies to the
McDonald et al. scheme which is widely used (2001).
Although it relies heavily on magnetic resonance imag-
ing (MRI), it still endorses the traditional principles
of dissemination in both time and space as the basic
diagnostic characteristics.
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Among its improvements over previous schemes are
the following: the first criteria for primary progressive
MS, the recommendation that brainstem auditory and
sensorimotor evoked potential studies no longer be con-
sidered of diagnostic value, retaining only the visual ones;
and most important, the notation that spinal cord lesions
should be at least 3mm but not exceed the length of two
vertebrae. The McDonald et al. scheme also warns against
forming the diagnosis on the results of a brain biopsy.
Unfortunately, however, this scheme is heavily dependent
on MRI, for which a series of quantitative measures are
offered, in the complete absence of descriptive, qualitative
images. These MRI criteria were not derived from a series
of clinically well-established cases of MS, but rather on
the retrospective review of the MR images of patients who
had a clinically isolated syndrome (CIS) and subsequently
suffered from a second episode, thus presumably estab-
lishing the diagnosis of MS.

The diagnosis of MS remains a clinical one, and
usually a careful history coupled with the neurological
examination by an experienced neurologist will be
sufficient and not require confirmatory procedures. It
is regrettable that in the last few years the diagnosis of
MS has been based almost exclusively on the interpre-
tation of the MRI by the radiologist. Not only is the
latter not necessarily specially trained or experienced
but often has been given only a minimum of clinical
information.
Examination of the Cerebrospinal Fluid

Examination of the cerebrospinal fluid (CSF) as an
adjunct for the diagnosis of MS has become increas-
ingly rare but remains an essential procedure when
other conditions such as Lyme disease, sarcoidosis,
HTLV-I-associated paraparesis, AIDS, and neurosyphi-
lis must be ruled out. Thus it remains a useful confir-
matory test for MS. The CSF is usually acellular, and
the total protein level normal. A protein level above
75mg% and a white cell count above 15 should raise
serious doubts about the diagnosis of MS. Measurement
of the level of IgG is important. The simplest and most
reliable measurement is the percentage of total CSF
protein: less than 15% is considered normal. However,
an elevated CSF IgG is nonspecific. It is often observed
in many other conditions affecting the nervous system.
A more useful examination is the search for oligoclonal
bands in the gammaglobulin fraction of protein. To be
significant, there must be at least two bands, and none
in a coincidental immunoelectrophoresis of the
patient’s serum. These bands are present in over 90%
of cases and do not vary with disease activity or lack
thereof, but are not MS-specific and may be noted in
other conditions, includingdisseminatedencephalomyelitis.
In the latter, however, they may disappear in time, which
never happens inMS.
Visual Evoked Potential Studies

Pattern-reversal visual evoked responses are particularly
useful in identifying optic nerve and chiasmatic lesions in
patients who have had no symptoms or signs of involve-
ment of the visual system, because they may be delayed in
75% of such patients, including those with normal visual
acuity. The critical measurement is that of the peak,
designated as P100. The amplitude of the response is of
little portent. Interocular differences in P100 delay are
usually meaningless. Because the response is modified by
changes in visual acuity, it is imperative that the patient
wear prescribed corrective lenses during the test. Delay in
P100 is far from specific for MS lesions of the optic
system; in addition to poor fixation and changes in visual
acuity, many other conditions may give false-positive
results. Among these are glaucoma, alcohol ingestion,
cerebrovascular disease, spinocerebellar degeneration, all
types of optic atrophy, and the use of many commonly
prescribed drugs.
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Neuroimaging

Computed tomography

Despite the general availability of MRI in most countries,
computed tomography (CT) scanning will undoubtedly
remain for many years to come the only neuroimaging
procedure available in the poorer areas of the world.
Doubling or tripling the dose of intravenous iodinated
contrast medium and delaying imaging for one or two
hours have greatly enhanced the ability of CT to reveal
MS lesions (Figure 7).
Magnetic resonance imaging

The introduction of magnetic resonance imaging (MRI)
has revolutionized the diagnostic process of MS, but it has
proved to be a mixed blessing. Only too often today, the
clinician will ignore the history and neurological abnorm-
alities in favor of the radiologist’s report. Approximately
5–15% of clinically definite MS patients have normal
MRIs on repeated examination. The correlation between
the number, site, and size of MRI white-matter areas of
increased signal intensity (AISI) and the clinical signs and
symptoms of MS is unreliable. The often-used term ‘bur-
den of disease,’ based on the number and size of lesions, is
misleading, as many AISIs may be seen that have persisted
for years in clinically normal subjects.
Figure 7 Double dose iodine contrast delayed CT scan in

MS. Reprinted with permission from Poser C, An Atlas of

Multiple Sclerosis. London: Parthenon Publishing Group, 1998.

fig. 68, p. 87.
Attempts to establish reliable MRI diagnostic criteria
have largely been unsuccessful, because the pattern and
characteristics of images associated with MS are nonspe-
cific and are also seen in many other diseases. No pattern
of lesions, including the ovoid and perpendicular periven-
tricular lesion, is specific enough to be diagnostic of MS
(Figure 8).

The MRI guidelines that are available are all quantita-
tive; they consist of numbers of lesions without any indi-
cations of the details, location, distribution, or size of the
images. As new treatments become available, accuracy of
diagnosis assumes even greater importance, and correctly
distinguishing between MS and other demyelinating con-
ditions producing AISIs on T2-weighted MRIs becomes
crucial. By far the most common problem in differential
diagnosis is posed by DEM, which may be of the recurrent
or polyphasic type and indistinguishable from MS in
fulfilling the classical criteria of dissemination in time
and in space. None of the published clinical and radiolog-
ical diagnostic criteria make it possible to differentiate
between MS and DEM. Characteristic illustrative MR
images of DEM are available: the eight patterns in Figure 9
represent essentially all those that have been published
(Poser, 1994). MR images of DEM have often been errone-
ously misinterpreted as Marburg’s or Balo’s disease, or as
brain tumors that have been subjected to the risks of a
biopsy. Another helpful differential point is that in DEM
ring-like gadolinium enhancement will be seen for almost
all the lesions, whereas in MS very few of the AISIs will
enhance (Figure 10).
Treatment

Symptomatic

Effective drugs have been available for a long time for the
treatment for some of the typical problems such as spas-
ticity, the control of urinary urgency and frequency, erec-
tile dysfunction, the pain of trigeminal neuralgia, and the
characteristic and disabling severe fatigue. Both oral and
intravenous corticosteroids have successfully shortened
relapses in many patients (Poser and Brinar, 2002).
Specific

A new era of specific therapy was introduced about
ten years ago with the use of the immunomodifying
parenteral drugs b-interferon and glatiramer acetate
and, to a limited extent, the immunosuppressant mito-
xanthrone. These drugs have several possible modes of
action on the immune system, but the exact mechanisms
of action in MS have not been identified. Despite their
side effects, their high cost, and the tendency of some of
them to produce antibodies, these lifelong treatments have



Figure 8 Common pattern of T2-weighted MRI in MS. It is not diagnostic.

Figure 9 Eight examples of patterns of T-2 weighted MRIs in disseminated encephalomyelitis. They represent all those that have
been published and can be used to rule out MS. Reprinted with permission from Poser C, An Atlas of Multiple Sclerosis. London:

Parthenon Publishing Group, 1998. fig. 100, p. 109–110.
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Figure 10 T-2 weighted MRI of disseminated encephalomyelitis (left) and T-1 gadolinium ring-like enhancement of the newest

part of the lesion (right). Courtesy of Prof. V. Brinar, University of Zagreb, Croatia.
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been used with unbridled enthusiasm and, unfortunately,
in some patients whose MS diagnosis was based entirely
but erroneously on the MRI interpretation. Although
there is convincing evidence that the immunomodulatory
and immunosuppressant drugs produce statistically signif-
icant decreases in both the number of relapses and of new
lesions on MRI, they do not modify the long-term course
of the disease (Confavreux et al., 2000).

Another result of the availability of these medications
is the practice of initiating treatment after a CIS, such as a
single episode of optic neuritis, myelitis, or an isolated
cerebellar dysfunction. Rather than wait for a confirma-
tory second clinical bout, MRI criteria of dubious validity
are used to sustain the diagnosis of MS, with the justifica-
tion that treatment should be started as soon as possible to
prevent damage. The fact that the disease has almost
always been present for 10 or 15 years is ignored. A great
many clinical trials of potential therapeutic agents are in
progress. Much attention has been devoted to monoclonal
antibodies and to oral tolerization as potential therapeutic
agents, but so far results have been disappointing.
Support Systems

Many MS sufferers pursue productive and enjoyable lives
despite their disease. Patients should be encouraged to con-
tinue working as long as possible or to seek accommodations
to their limitations. Participation in sports, even if confined
to a wheelchair, is possible; horseback riding is popular with
MS patients. Also available are wheelchair basketball teams
and ‘sitdown’ skiing. People withMSmust be able to depend
upon their immediate families for moral support. In many
places however, there are specialized MS clinics that offer
comprehensive care, including medications, psychiatric and
social service counseling, and physical and occupational
rehabilitation. Some patients belong to peer groups whereas
others avoid them; in some cities, there are day centers run
by the localMS society. Other services that may be available
are transportation and the loan of wheelchairs and walkers.
Wheelchair-bound patients require access to restaurants,
museums, theaters, and other public facilities via ramps
and elevators, but many cities have yet to recognize
this need.
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Clinical Description

Initial symptoms of mumps are nonspecific, with myalgia,
anorexia, malaise, headache, and low-grade fever often
seen. The classic clinical manifestation of mumps is
enlargement of the parotid gland, which may be unilateral
or bilateral. Other salivary glands may be enlarged as
well. However, more than half of mumps cases are mani-
fest only by nonspecific symptoms without parotitis.
The clinical presentation varies by age group, and asymp-
tomatic infection is common, occurring in up to 20%
of cases. Mumps may present with predominantly respira-
tory symptoms in up to half of cases in children under
5 years old, while parotitis (inflammation of the salivary
glands) is more typically seen among school-aged children.

Complications of mumps include those resulting from
inflammation of glandular tissues (e.g., orchitis, oophoritis,
and pancreatitis) and neurologic complications. Orchitis,
usually unilateral, occurs in 20–30% of postpubertal
males; testicular atrophy may occur, but sterility is rare.
Pancreatitis is reported to occur in about 4% of mumps
cases. It is usually mild. An association with diabetes
has been suspected but has not been established. Central
nervous system involvement as manifested by cerebro-
spinal fluid pleocytosis is common in mumps infection,
occurring in 50–60% of patients. Aseptic meningitis occurs
in up to 10% of patients with mumps, with clinical manifes-
tations of severe headache, photophobia, and neck stiffness,
often accompanied by nausea and vomiting. Recovery is
usually complete and without sequelae in 3–10 days,
although many patients require hospitalization. Sensorineu-
ral hearing loss occurs in an estimated 1 in 20 000 cases; onset
is usually sudden, and hearing loss is permanent. Encephali-
tis is rare but may result in permanent sequelae such as
paralysis, seizures, or hydrocephalus. About 1% of cases of
mumps encephalitis are fatal. Serious complications can
occur in the absence of parotitis; (Plotkin, 2003; CDC, 2007).

During the first trimester of pregnancy, mumps infection
may result in fetal death. There is no increase in congenital
malformations among infants born to women who experi-
enced mumps infection during pregnancy, but an associa-
tion between endocardial fibroelastosis and intrauterine
or postnatal mumps infection has been reported.

Virology

Mumps virus was first identified by Johnson and Good-
pasture in 1934. It is an enveloped, single-stranded RNA
virus in the paramyxovirus family. Mumps virus is related
to parainfluenza and Newcastle disease viruses, and anti-
bodies to these viruses may cross-react with mumps virus.

The mumps virus genome encodes seven genes. The
hemaglutinin-neuraminidase (HN) protein and fusion
protein (F) are both surface glycoproteins. The HN pro-
tein mediates adsorption of the virus to the host cell, and
the F protein mediates the fusion of lipid membranes,
allowing the nucleocapsid to enter the cell. Antibodies
to the HN protein neutralize the infectivity of the mumps
virus. The other five structural proteins are not thought to
be important in generating a protective immune response.
The gene that encodes the small hydrophobic protein
(SH) is the most variable part of the mumps genome.
Sequencing of the SH gene forms the basis of the geno-
typing of mumps viruses (Plotkin, 2003).

Mumps viruses are inactivated by heat, organic sol-
vents, nonionic detergents, oxidizing agents, formalin,
drying, and ultraviolet radiation.
Epidemiology

Mumps occurs worldwide, and humans are the only nat-
ural hosts for mumps virus. Mumps is transmitted by
respiratory droplets. In temperate climates in the absence
of vaccination there was a strong seasonal pattern, with
peak incidence in late winter and early spring, but sea-
sonality has not been reported in tropical countries. The
disease is somewhat less contagious than measles and
varicella, based on both observational studies and the
higher average age of infection of mumps. The incubation
period averages 16–18 days, with a range of 14–25 days.
Although virus may be isolated over a more extended
period, the disease is considered to be communicable
from three days before, to the fourth day of, active disease.

In the absence of vaccination, mumps is a common
cause of illness of children and adolescents, with highest
incidence rates usually seen among 5- to 9-year-olds. In
countries with a large enough population to sustain
endemic transmission, outbreaks are typically seen every
two to five years, but outbreaks may be less frequent in
isolated or island populations. When an outbreak occurs
in a population in which there are many susceptible
adults, mumps may lead to high complication rates.

In countries that have achieved high coverage with
effective vaccines, mumps has been reduced dramatically
(Galazka et al., 1999). In several countries, outbreaks have
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occurred 10–15 years following introduction of mumps
vaccine, with disease occurring in cohorts that were
missed as programs were implemented. As mumps virus
circulation decreased, children who were not vaccinated
had less opportunity to acquire natural disease and there-
fore remained susceptible. A single dose of vaccine may
be effective in 75–90% of children. Some countries that
have achieved high, sustained coverage utilizing a two-
dose schedule of mumps vaccine have reported elimina-
tion of indigenous circulation of mumps. However, recent
outbreaks have been reported in some countries in spite of
high coverage with two doses of vaccine. These outbreaks
have tended to occur in settings of close contact where
exposure may be intense (e.g., on college campuses) and
are of limited size, compared to outbreaks in unvaccinated
populations.
Diagnosis

Acute mumps infection may be diagnosed by isolation
of mumps virus from clinical specimens. The virus
can be isolated from saliva, urine, or cerebrospinal fluid
(CSF) in a variety of cell lines as well as in embryonated
eggs. The preferred sample for virus isolation is a swab
from the parotid duct, or the duct of another affected
salivary gland. Mumps virus can also be detected by
the polymerase chain reaction (PCR); (Plotkin, 2003;
CDC, 2007).

The diagnosis can also be confirmed serologically by
demonstration of mumps-specific IgM antibodies or by
demonstrating a significant rise in mumps-specific IgG
antibody levels between acute and convalescent titers.
However, in persons who have previously received
mumps vaccine but not achieved full immunity to infec-
tion, the IgM antibody response may be transient or not
occur. A negative serologic test, especially in a vaccinated
person, does not eliminate the possibility that mumps is the
cause of illness because of the lack of sensitivity of available
assays. In the absence of an alternative diagnosis, a person
with an illness meeting the clinical case definition of
mumps should be reported as a mumps case (CDC, 2007).

Although a number of different serologic assays have
been described, the most commonly used serologic test is
the enzyme immunoassay (EIA). The sensitivity and spec-
ificity of the different EIAs vary, but cross-reactivity with
other paramyxoviruses limits their specificity and avail-
able IgM EIAs are of low sensitivity – from 24–51% in
one recent evaluation (Krause et al., 2007).
Prevention

Mumps can be prevented by vaccination. Live, attenuated
mumps vaccines have been available since the 1960s.
Many different strains have been developed, several of
which are currently widely used. Other strains are used
only in the country in which they were developed, and
some are no longer used. Although one mumps vaccine is
no longer recommended because it was found to not
provide long-term protection (the Rubini strain, used
during the 1990s in some countries in Europe), the most
important factors differentiating current mumps vaccines
are reactogenicity (the frequency and severity of adverse
reactions), availability, and cost.

Mumps vaccine is most frequently administered as a
trivalent vaccine, combined with measles and rubella vac-
cines (MMR), but is also available as monovalent mumps
vaccine and bivalent measles–mumps vaccine (MM). In
some countries measles, mumps, and rubella vaccines are
combined with live attenuated varicella vaccine as a quad-
rivalent vaccine, MMRV. The minimum amount of virus
in a mumps vaccine is set by the national control authority
in the country where the vaccine is produced. Mumps
vaccines also contain additives, such as sorbitol or gelatin,
which are used as stabilizers, and neomycin. The vaccines
are supplied as lyophilized powder.

Several mumps vaccines have been found to be com-
posed of more than one clone of attenuated mumps virus.
The significance of this finding is unclear. One mumps
vaccine, RIT 4385, was derived from one of the two strains
that comprise the Jeryl-Lynn mumps vaccine. Other
mumps vaccines that contain more than one clone of
virus are the Urabe and the Leningrad-3 mumps vaccines.
It is unknown whether the heterogeneity of these vaccines
contributes in a significant way to the vaccines’ efficacy or
adverse event profile.

Mumps vaccine is temperature-sensitive, and the cold
chain must be maintained from the time of manufacture
until the vaccine is administered. Lyophilized vaccine
should be kept frozen at �20 �C or refrigerated between
þ2 �C and þ8 �C until used; if the vaccine contains vari-
cella vaccine, storage and handling requirements may
differ. Diluent may be stored at refrigerator temperature
or at room temperature. Mumps vaccine should be pro-
tected from light both before and after reconstitution.
After reconstitution, the vaccine should be administered
promptly or stored at þ2 �C and þ8 �C for up to 8 h. If
reconstituted vaccine is not used within 8 h, the vaccine
must be discarded (CDC, 2007).

The Jeryl-Lynn vaccine, named after the child from
whom the virus was initially isolated, was developed in
the United States and licensed in that country in 1967. It
has been the only vaccine used in the United States since
the 1970s. The Jeryl-Lynn vaccine contains two different
clonal lines of attenuated mumps virus. Studies in indus-
trialized countries have demonstrated that a single dose of
Jeryl-Lynn vaccine results in seroconversion in 80–100%
of recipients. Postlicensure studies in the United States
have found that the effectiveness of one dose of the



484 Mumps
vaccine ranged from 75–91% in prevention of clinical
mumps disease. The Jeryl-Lynn vaccine has not been
associated with an increased incidence of aseptic
meningitis.

The RIT 4385 mumps vaccine was derived from one of
the virus clones contained in the Jeryl-Lynn vaccine. The
immunogenicity of the RIT 4385 vaccine appears to be
similar to the Jeryl-Lynn vaccine, but there are no com-
parative data on efficacy or effectiveness.

The Leningrad-3 vaccine was developed in the former
Soviet Union and has been used since 1974 in the
former Soviet Union and other countries. Among chil-
dren 1–7 years of age, the Leningrad-3 vaccine produced
seroconversion in 89–98% of vaccine recipients, and vac-
cine efficacy in the range of 91–99%. Information on
the incidence of aseptic meningitis following receipt of
the Leningrad-3 vaccine is not available.

TheLeningrad-Zagreb vaccinewas produced inCroatia,
from further attenuation of the Leningrad-3 vaccine strain.
The Leningrad-Zagreb vaccine is currently produced
in both Croatia and India and has been used in many
countries. The Leningrad-Zagreb vaccine has been
demonstrated to be highly immunogenic, with serocon-
version in 87–100% of vaccine recipients, and reported
efficacy of 97–100%. Aseptic meningitis has been asso-
ciated with the Leningrad-Zagreb vaccine, and vaccine
strain virus has been isolated from the CSF of aseptic
meningitis cases following receipt of vaccine. When
MMR vaccine containing the Leningrad-Zagreb mumps
vaccine has been used in mass campaigns, clusters of
aseptic meningitis cases among recently vaccinated
persons have been observed, disrupting immunization
programs and stressing health-care services.

The Urabe Am9 vaccine was developed in Japan and
first licensed in that country in 1979. Subsequently it was
licensed in several European countries and Canada and
was manufactured both in Japan and in Europe. Immuno-
genicity studies in many countries have been formed, with
seroconversion rates of 85–100% in most reports. Vaccine
effectiveness of 73–87% has been reported. Aseptic men-
ingitis among persons who had recently received the
Urabe vaccine was reported in Canada beginning in
1986. Subsequent molecular studies demonstrated the
presence of Urabe vaccine strain in the cerebrospinal
fluid of these cases, and the vaccine’s license was with-
drawn in Canada in 1990. In the United Kingdom, it was
estimated that 1 in 11 000 recipients of the Urabe vaccine
developed aseptic meningitis, and in 1992 the Public
Health Service stopped purchasing the vaccine. When
MMR containing Urabe vaccine has been used in mass
immunization campaigns, clusters of aseptic meningitis
cases have been observed, challenging both the immuni-
zation program and the health-care system.

Other mumps vaccines are also in use in Asia. The
S79 vaccine was developed in China, and more than
100 million doses have been administered in that country.
Several other vaccines, including the Hoshino, Torii,
Miyahara, and NKM-46 strains, have been developed
and used in Japan.

Persons who have experienced a severe allergic reac-
tion following a prior dose of mumps vaccine or to a
vaccine component (e.g., gelatin, neomycin) generally
should not be vaccinated with mumps vaccine. In the
past it had been thought that persons with a history of
anaphylactic reactions to egg antigens were at increased
risk of serious reactions after receipt of mumps vaccine
produced in chick embryo fibroblasts. However, it is now
recognized that most anaphylactic reactions to mumps
vaccines are not due to hypersensitivity to egg antigens
but to other components of the vaccine, especially gelatin.
Mumps vaccine may be administered to egg-allergic per-
sons without special protocols.

Because mumps is a live virus vaccine, mumps vaccines
should not be administered to persons with immune defi-
ciency or immunosuppression. However, MMR can be
administered to persons infected with human immunode-
ficiency virus who are not severely immunocompromised.
Mumps vaccine should not be administered to pregnant
women, although the risk is theoretical.

The most common adverse events following mumps
vaccination are headache, fever, and parotitis. In a large
comparative study reported by dos Santos et al. (2002),
parotid enlargement was reported among 3% of children
vaccinated with MMR containing the Leningrad-Zagreb
mumps vaccine, 1% of children receiving MMR contain-
ing Urabe vaccine, and <1% of recipients of MMR con-
taining the Jeryl-Lynn strain. Other manifestations of
mumps disease (e.g., orchitis, sensorineural deafness) are
infrequently reported following mumps vaccination.
Aseptic meningitis following vaccination has been
reported at different frequencies, reflecting in part differ-
ences in study design, diagnostic criteria, clinical practice,
and susceptibility of the population studied, but also
differences in the reactogenicity of the vaccines (Bonnett
et al., 2006). The onset of aseptic meningitis usually occurs
2–3weeks after vaccination, with a median interval of
23 days (range 18–34 days). To date, cases of vaccine-
associated aseptic meningitis have been self-limited,
with full recovery without sequelae. Meningoencephalitis
and other more severe forms of neurological involvement,
as are rarely seen with mumps disease, have not been
reported in association with mumps vaccine.

The World Health Organization recommends routine
mumps vaccination in countries with a well-established,
effective childhood vaccination program and the capacity
to maintain high vaccination coverage (80% or higher)
with measles and rubella vaccines and in which the reduc-
tion of mumps incidence is a public health priority. WHO
considers measles control and the prevention of congeni-
tal rubella syndrome to be higher priority than mumps
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control; thus, countries should consider the burden of
mumps disease, including the socioeconomic impact, in
deciding whether to introduce mumps into national
immunization programs. According to WHO, two doses
of mumps vaccine are required for long-term protection
(WHO, 2007b).

As of December 2004, the World Health Organization
reported that 109 of 192 Member States included mumps
vaccine in their routine national immunization programs.
Of the 109, 89 countries routinely administer two doses
of mumps vaccine. Mumps vaccine was used routinely
in 26 of 27 ‘developed’ countries, but none of the
50 countries classified as ‘least developed’ routinely used
the vaccine. Of the 109 countries using mumps vaccine
routinely, 105 use trivalent measles-mumps-rubella vac-
cine. In Kazakhstan, Turkmenistan, and Uzbekistan,
single-antigen mumps vaccine is used, and both single
antigen and bivalent measles-mumps vaccine are used in
the Russian Federation (WHO, 2005).

Most national immunization schedules call for the
first dose of vaccine to be given to children at age
12–18months and a second dose after a minimum interval
of one month, usually given before entry into school
(WHO, 2007b).

In order to obtain high coverage for multiple cohorts
quickly and to protect susceptible older children, adoles-
cents, and adults, many countries have conducted mass
immunization campaigns as part of the introduction of
MMR into the national immunization program. When a
mumps vaccine that is associatedwith a higher risk of aseptic
meningitis (e.g., the Urabe or Leningrad-Zagreb vaccine) is
used in a mass immunization campaign, careful planning is
required to address the expected adverse events. Guidelines
for monitoring, investigating, and managing aseptic menin-
gitis cases should be developed, and health-care workers
should receive training on expected rates of adverse events
and how to communicate risk (WHO, 2007a; b).
Surveillance

Surveillance for mumps should be conducted to support
national objectives for mumps control. When mumps is
endemic, WHO recommends routine monthly reporting
of aggregated case counts, and that only outbreaks should
be investigated. In countries that have achieved high immu-
nization coverage with mumps vaccine and low disease
incidence, surveillance should be conducted to identify
high-risk populations and to prevent and detect outbreaks
of disease. This requires case-based surveillance, with
investigations of individual cases of mumps. In countries
that have established a goal of interrupting mumps trans-
mission, intensive case-based surveillance of every sus-
pected mumps cases should be conducted (WHO, 2003).
See also: Disease Prevention; Immunization.
Citations
Bonnet M-C, Dutta A, Weinberger C, and Plotkin SA (2006)
Mumps vaccine virus strains and aseptic meningitis. Vaccine 24:
7037–7045.

Centers for DiseaseControl andPrevention (2007)Mumps. In: AtkinsonW,
Homborsky J, McIntyre L, and Wolfe S (eds.) Epidemiology
and Prevention of Vaccine-Preventable Diseases, 10th edn.,
pp. 149–158. Washington, DC: Public Health Foundation.

dos Santos BA, Ranieri TS, Bercini M, et al. (2002) An evaluation of the
adverse reaction potential of three measles-mumps-rubella
combination vaccines. Pan American Journal of Public Health 12:
240–246.

Galazka AM, Robertson SE, and Kraigher A (1999) Mumps and mumps
vaccine: A global review. Bulletin of the World Health Organization
77: 3–14.

Krause DH, Molyneaux PJ, Ho-Yen DO, McIntyre P, Carman WF, and
Templeton KE (2007) Comparison of mumps-IgM ELISAs in acute
infection. Journal of Clinical Virology 38: 153–156.

Plotkin SA (2003) Mumps vaccine. In: Plotkin SA and Orenstein WA
(eds.) Vaccines, 4th edn., pp. 441–469. Philadelphia, PA: Saunders.

World Health Organization (2003) WHO-Recommended Standards for
Surveillance of Selected Vaccine-Preventable Diseases. Geneva,
Switcherland: World Health Organization. http://www.who.int/
vaccines-documents/DocsPDF06/843.pdf (accessed January
2008).

World Health Organization (2005) Global status of mumps immunization
and surveillance. Weekly Epidemiological Record 80: 418–424.

World Health Organization (2007a) Global Advisory Committee on
Vaccine Safety, 29–30 November 2006. Weekly Epidemiological
Record 82: 18–24.

World Health Organization (2007b) Mumps virus vaccines. Weekly
Epidemiological Record 82: 51–60.
Further Reading
da Silveira CM, Kmetzsch CI, Mohrdieck R, Sperb AF, and Prevots DR
(2002) The risk of aseptic meningitis associated with the Leningrad-
Zagreb mumps vaccine strain following mass vaccination with
measles-mumps-rubella vaccine, Rio Grande do Sul, Brazil, 1997.
International Journal of Epidemiology 31: 978–982.

Dourado I, Cunha S, Teixeira MG, et al. (2000) Outbreak of aseptic
meningitis associated with mass vaccination with a Urabe-containing
measles-mumps-rubella vaccine. American Journal of Epidemiology
151: 524–530.

Hope Simpson RE (1952) Infectiousness of communicable diseases in
the household (measles, chickenpox, and mumps). Lancet 2:
549–554.

Jin L, Rima B, Brown D, et al. (2005) Proposal for genetic
characterization of wild-type mumps strains: Preliminary
standardisation of the nomenclature. Archives of Virology 150:
1903–1909.

Johnson CD and Goodpasture EW (1934) An investigation of the
etiology of mumps. Journal of Experimental Medicine 5: 1–19.

Ki M, Park T, Yi SG, Oh JK, and Choi B (2003) Risk analysis of aseptic
meningitis after measles-mumps-rubella vaccination in Korean
children by using a case-crossover design. American Journal of
Epidemiology 157: 158–165.

Sanz JC, Mosquera MDM, Echevarrı́a JE, et al. (2006) Sensitivity and
specificity of immunoglobulin G titer for the diagnosis of mumps virus
in infected patients depending on vaccination status. Acta
Pathologica, Microbiologica, et Immunologica Scandinavica 114:
788–794.

http://www.who.int/vaccines-documents/DocsPDF06/843.pdf
http://www.who.int/vaccines-documents/DocsPDF06/843.pdf


Relevant Websites

http://www.c dc.gov/vaccines/ – Centers for Disease Control and
Prevention, Vaccines and Immunizations.

http://www.e cdc.europa.eu/Healt h_topics/VI/VI.h tml – Europe an
Centre for Disease Prevention and Control, Vaccines and
Immunisation.

http://www.hpa .org.uk/infections/top ics_az/vaccinat ion/vacc_menu.
htm – He alth Protection Agency, Vacci nation/Immunisatio n.

http://www.i mmunisation.nhs.uk/ – NHS, Immu nisation.
http://www.pah o.org/english/ad/fch/im/Va ccines.htm – Pan American

Health Organization, Immunization.
http://www.pha c-aspc.gc.ca/im/i ndex.html – Public Health Agency of

Canada, Immunization and Vaccines.

http://www.who .int/immunization/en / – World Health Organization,
Immunization, Vaccines, and Biologicals.

http://www.who .int/topics/vaccine s/en/ – World Health Organization,
Vaccines.

http://www.a fro.who.int/newvaccines/ – World Health Organizat ion
Regional Office for Africa, New Vaccines.

http://www.e uro.who.int/vaccine – World Health Organization Regional
Office for Europe, Vaccine-Preventable Diseases and Immunization,
Immunization in the European Region.

http://www.se aro.who.int/en /section1226.asp – World Health
Organization Regional Office for South-East Asia, Immunization and
Vaccine Development.

486 Mumps
Muscular Dystrophies
M Astejada, M C Malicdan, and I Nishino, National Center of Neurology and Psychiatry, Tokyo, Japan

ã 2008 Elsevier Inc. All rights reserved.
Introduction

Muscular dystrophy (MD), as described by Walton and
Nattrass in 1954, is a heterogeneous group of inherited
primary diseases of the muscle, clinically characterized by
progressive muscle weakness and wasting. Histologically,
it is unified by the presence of necrotic and regenerat-
ing processes, often associated with an increased amount
of connective and ad ipose tissues (Em ery, 2001). Follow-
ing this definition, the discussion will be focused on
dystrophinopathies, Emery-Dreifuss muscular dystrophies,
congenital muscular dystrophies, limb-girdle muscular dys-
trophies, and fascioscapulohumeralmuscular dystrophy.The
heterogeneity of these different disorders included is often
delineated by a combination of clinical, genetic, molecu-
lar, and pathological aspects, which will be thoroughly
discussed in this article.
Dystrophinopathies

Dystrophinopathies are X-linked progressive hereditary
degenerative diseases of skeletal muscles caused by an
absence or deficiency of dystrophin, a sarcolemmal pro-
tein. Dystrophin and the associated proteins form a com-
plex integral framework connecting the intracellular actin
cytoskeleton to the extracellular matrix, stabilizing the
sarcolemma from mechanical stresses during muscle con-
traction (Figure 1). The responsible gene is located on the
short arm of the X chromosome at locus Xp21. It is an
extremely large gene, comprising more than 2.5million
base pairs and 79 exons. Out-of-frame mutation of
dystrophin can result in Duchenne muscular dystrophy
(DMD), while in-frame mutation causes its milder allelic
form, Becker muscular dystrophy (BMD). In both DMD
and BMD, the most common mechanism of mutation is
large-scale deletion.
Duchenne Muscular Dystrophy

Named after a French physician in 1861, DMD is one of
the most common muscular dystrophies occurring in
approximately 1 in 5000 male births. Symptoms are usu-
ally recognized by 2 years of agewhen an apparent delayed
motor development is noted. In over 50% of cases, walk-
ing is delayed until 18months and affected boys never
learn to run normally. Muscle involvement is often
bilateral and symmetrical. As knee and hip extensor weak-
ness progresses, the child employs the Gowers’ maneu-
ver, whereby he climbs up his thighs with both hands to
extend his hips and trunk in assuming a standing position.
In most cases, calf muscle hypertrophy (Figure 2) is
observed. Cardiac and central nervous system involve-
ment is clearly evident, with cardiomyopathy and low IQ
associated in some cases. Creatine kinase (CK) is usually
elevated, with levels greater than ten times the upper
normal limits during the early stages; it never reaches a
normal level, even during the terminal stage. Pathologi-
cally, fiber size variation associated with clusters of
necrotic and regenerating processes (Figure 3a) is often
observed, with complete absence of dystrophin on immu-
nostaining (Figure 3c). This disease is slowly progressive
andmost patients are wheelchair-bound by 15 years of age.
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Previously, death occurred at around 20 years of age due to
respiratory failure; however, improvement in respiratory
care has prolonged life expectancy. Most patients now
live to around 30 years of age and die from cardiac com-
plications. Female DMD has also been reported due to
X chromosome translocation involving the dystrophin
gene locus. In other instances, Turner syndrome (this
syndrome encompasses several conditions, most commonly
monosomes X. In females, normally there are XX sex
chromosomes, but in this syndrome, there is only one X
chromosome which is fully functional. As a result, the
karyotype is labeled |45, X|| instead of 46, XX|) is asso-
ciated with DMD due to complete or partial absence of an
X chromosome or nonrandom X chromosome inactivation.
Becker Muscular Dystrophy

Becker muscular dystrophy, named after a well-known
German geneticist, occurs in approximately one out of
30 000 male births. Although the same dystrophin gene is
mutated, the clinical features of BMD vary greatly from
DMD-like phenotype to no subjective weakness. The
onset of disease is much later. Muscle cramp and calf
hypertrophy are frequently noted. Cardiac abnormalities
may also be seen, but mental retardation is rare. Creatine
kinase is elevated. Muscle biopsy findings include an
active necrotic and regenerative process with endomysial
fibrosis. In milder cases, type 2 fiber can be hypertrophic,
while type 1 fibers are atrophic. Patchy dystrophin



Figure 3 Histochemistry and immunolabeling with dystrophin. (a) Muscle biopsy of a dystrophinopathy patient stained with H&E�40
showing clusters of regenerating fibers with fiber size variation. (b) Normal: dystrophin is located at the sarcolemma on all fibers.

(c) DMD: no dystrophin staining appreciated. (d) BMD: patchy sarcolemmal dystrophin staining.
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immunostaining is diagnostic (Figure 3d). The presence
of some measure of functioning dystrophin in BMD
patients allows a more benign course and most affected
individuals lose ambulation only after 20–30 years of
illness.

Female carriers of both DMD/BMD can also be
symptomatic with elevated serum creatine kinase and
muscle weakness with mosaic pattern of dystrophin
immunostaining. Some carriers develop cardiomyopathy
later in life.

For initial diagnosis of dystrophinopathies, multiplex
polymerase chain reaction (PCR) should be performed.
This method can detect deletion in 60% in all DMD and
85% in all BMD patients, while Southern blots and quanti-
tative PCR can be used to detect duplication.The algorithm
in diagnosis of dystrophinopathies is shown in Figure 4.
Prenatal diagnosis could be performed by DNA studies on
chorionic villus sampling at 8–10weeks gestation and
cultured amniotic fluid cells at 12–16weeks gestation.
Emery-Dreifuss Muscular Dystrophy

Emery-Dreifuss muscular dystrophy (EDMD) was coined
by Rowland in 1979 after the two physicians who detailed,
described, and differentiated the disease fromDMD/BMD.
It is characterized by a triad of early joint contractures,
progressive humeroperoneal muscle wasting, and cardio-
myopathy with conduction block. There are three modes
of inheritance: X-linked recessive (X-EDMD), autosomal
dominant (AD-EDMD), and autosomal recessive (AR-
EDMD). X-EDMD is often caused by a nonsense mutation
in the EMD gene, which is located on the X chromosome at
locus Xq28, resulting in the absence of an inner nuclear
protein emerin (Figure 5). The clinical onset of disease is
usually in the first or second decade of life with joint con-
tractures involving the elbows, Achilles tendon, and poste-
rior neck appearing before any significant muscle weakness.
The nature of the early onset contracture is still not under-
stood at present. Muscle weakness initially involves the
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observed. Magnification �20; indirect immunoperoxidase labeling with emerin monoclonal antibody.
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humeroperoneal areas and later involving the scapular and
pelvic muscles. In most cases of X-EDMD, cardiac abnorm-
alities appear later than muscle involvement, generally after
20–30 years of age. In contrast, both AD-EDMD and AR-
EDMD are included in a group of diseases collectively
known as laminopathies, which stem from missense muta-
tion of the Lamin A/C (LMNA) gene located on chromo-
some 1q21.2-q21.3, resulting in a nonfunctional nuclear
lamina protein. As reported by Bonne et al. in 2000, the
clinical presentation of the autosomal form, including the
age of onset and severity of disease, is much more hetero-
geneous than X-EDMD. Joint contractures occur after
muscle weakness. Cardiac conduction defects in EDMD
can manifest as sinus bradycardia, first-degree atrioventric-
ular block, Wenckebach phenomenon, third-degree
atrioventricular block, and bundle-branch block. Atrial and
ventricular arrhythmias are frequent. In AD-EDMD, the
risk of ventricular tachyarrhythmia and dilated cardiomyop-
athy manifested by left ventricular dilation and dysfunction
is higher than in XL-EDMD. Serum CK is moderately
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elevated. Muscle biopsy often reveals nonspecific features
such as fiber size variation with necrotic and regenerating
process.
Congenital Muscular Dystrophy

First described by Batten in 1903, congenital muscular
dystrophy (CMD) is a group of clinically heterogeneous
autosomal recessive inherited muscle diseases character-
ized by hypotonia at birth, generalized muscle weakness,
frequently multiple contractures, and necrotic and regen-
erating process on muscle biopsy. The clinical spectrum
ranges from a very severe form, often resulting in early
infant death, to relatively mild conditions, where the
patient survives into adulthood. The recent advances of
molecular genetics have led to a more comprehensive
classification of CMD based on the clinical presentation,
genetic abnormality, and the primary biochemical protein
defects (Table 1). Presently, nine genes responsible for
the different type of CMD have been identified. Impor-
tantly, the frequency of each subtype varies widely among
different ethnic groups.
Laminin 2 (Merosin) Deficiency

Laminin a2 deficiency comprises 40–50% of all CMD in
European countries. However, in Japan, it accounts for
only a few percent. Laminin a2, encoded by the LAMA

gene, is a glycoprotein in the basement membrane, which
Table 1 Classification of congenital muscular dystrophy with rec

Disorder Abbreviation Gene locus G

Merosin deficient CMD MDC1A 6q2 L

Congenital muscular
dystrophy 1B

MDC1B 1q42 ?

Congenital muscular

dystrophy 1C

MDC1C 19q13 F

Congenital muscular
dystrophy 1D

MDC1D 22q L

Fukuyama CMD FCMD 9q3 F

Muscle eye–brain disease MEB 1p32–34 P

Walker Warburg syndrome WWS 9q34 P

Ullrich disease UCMD 21q22 and 2q37 C

Integrin a7 deficiency ITGA7 12q13 IN

Rigid spine syndrome RSM1 1p35–36 S

Marinesco-Sjögren

syndrome

MSS 5q31 S
binds to a number of macromolecules including agrin,
nidogen, and collagen IV in the extracellular matrix and
serves as ligand to two transmembrane proteins, alpha
dystroglycan and integrin (Figure 1). Laminin a2 is
expressed in muscle, cerebral blood vessels, developing
white matter tracts, and Schwann cells. Affected children
present with hypotonia, weakness, and respiratory and
feeding problems at birth or in the first few months of
life. Contractures can occur but severe arthrogryposis is
rare. Sitting without support is the maximal motor ability
attained. Calf hypertrophy and facial muscle weakness
can be observed in the neonatal period. Brain magnetic
resonance imaging (MRI) invariably shows white matter
changes in patients after 6months, despite normal menta-
tion. However, structural brain anomalies are also
observed in some cases, causing mental retardation and
e pile psies (Munt oni and Voit, 2004). D emyelination of the
motor nerve is also observed in some patients with
reduced motor nerve conduction velocity. Serum CK is
invariably elevated, usually more than ten times the nor-
mal values in the early stages. Failure to thrive occurs in
80% of the cases, from weakness of the muscles involved
in swallowing often resulting in aspiration pneumonia.
Coupled with frequent infection, respiratory muscle weak-
ness eventually leads to respiratory failure, necessitating
ventilatory support. Mild to moderate cardiac hypokinesia
is seen in a small portion of MCD1A patients. Immunos-
taining techniques can readily demonstrate the absent or
partial reduction of merosin. However, in the latter cases,
further test is warranted for careful interpretation.
ognizable gene loci

ene Protein
CNS
involvement

aminin alpha

2 (LAMA2)

Laminin a2 þ

? ?

ukutin-related

protein (FKRP)

Putative

glycosyltransferase

�/þ

ARGE Putative
glycosyltransferase

þ

UKUTIN (FKTN) Fukutin þ
OMGnT1 O-linked mannose beta

1,2-N-acetyl-

glucosaminyltransferase

þ

OMT1 O-mannosyltransferase þ
ollagen VI (COL
6A1, COL6A2/

COL6A3)

Collagen 6 a1, collagen 6
a2, collagen 6 a3

�

TEGRIN a7 Integrin a7 �
elenoprotein N1
(SEPN1)

Selenoprotein N �

IL1 BIP-associated protein or

BAP

þ
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Fukuyama Congenital Muscular
Dystrophy

Currently, five genes (FKTN, POMGnT1, POMT1,
FKRP, and LARGE ) are identified encoding proteins and
glycosyltransferases involved in the glycosylation of
a-dystroglycan. Collectively, disorders resulting from
mutation in these genes are called a-dystroglycanopathies.
The common pathologic mechanism governing these
diseases is aberrant glycosylation of a-dystroglycan, which
might explain the existing phenotypic overlap between the
different forms. Immunolabeling reveals complete absence
or reduced a-dystroglycan. Among them, Fukuyama con-
genital muscular dystrophy (FCMD) is caused by mutation
in FKTN gene. This disease, originally described by
Fukuyama and his collaborators in 1960, is the most fre-
quentCMD in Japan, accounting for 60%of cases. Virtually
all FCMD patients are Japanese. This is because only the
Japanese share the common 3 kb retrotransposal insertion in
the 30 UTR of the FKTN gene. Seventy-five percent of
FCMD cases in Japan are attributable to homozygous 3 kb
retrotransposal insertion into the 30 UTR of the fukutin
gene and 25% have compound heterozygous mutations of
the 3 kb insertion at the 30 UTR and a mutation in the
coding sequence. The classical features include hypotonia,
generalizedweakness, facies, mental retardation, and ocular
anomalies. Motor improvement is often observed in a
brief period between ages 2 and 8 years. Typically, the
patient sits independently but never walks. This is followed
by progressive weakness with subsequent respiratory fail-
ure. Brain changes are often due to abnormal neuronal
migration, resulting in profound mental retardation and
epilepsy. Dilated cardiomyopathy typically develops in
the second decade of life. Life expectancy averages approx-
imately 20 years but with the advent of more sophisticated
respiratory equipment, survival into the third decade is
increasingly possible. Recently, a patient with a homozy-
gous 1bp insertion was reported from Turkey. This patient
had severe brain and eye abnormalities and died 15 days
after birth.
Muscle Eye Brain Disease

Muscle eye brain disease (MEB) due to mutation in the
POMGnT1 gene was first described in Finland in 1977,
but presently, worldwide distribution including Japan and
Korea is known. The clinical spectrum of brain and mus-
cle involvement is similar to that described in FCMD
patients but typically with more severe eye dysfunction
manifested as poor visual alertness during the neonatal
period. Despite the loss of glycosylated a-dystroglycan
and laminin a-2 binding capacity, the expression of core
a-dystroglycan is preserved in MEB.
Walker-Warburg Syndrome

Walker-Warburg syndrome, first described in 1942, is the
most severe form of the a-dystroglycanopathy associated
with life expectancy of less than 3 years. Although
mutation in FKTN and FKRP account for a small fraction
of WWS, mutation in POMT1 has also been recently
identified in a well-characterized cohort of WWS
patients, suggesting genetic heterogeneity. The character-
istic feature of marked weakness is compounded by the
severe brain and eye anomalies.
Congenital Muscular Dystrophy 1C

Fukutin-related protein (FKRP) is ubiquitously
expressed throughout the human body with the highest
levels in the skeletal and cardiac muscles. Recently, FKRP
gene mutation has been considered to be associated
with the widest phenotypic spectrum of muscular
dystrophy ranging from in utero onset and early fetal
lethality in WWS or MEB to late adult onset, slowly
progressive limb-girdle muscular dystrophy (LGMD2I).
Mutation in this gene, which is associated with reduced
immunolabeling of a-dystroglycan, is likewise responsible
for congenital muscular dystrophy 1C (MDC1C). The
hallmark is severe muscle weakness and early onset of
respiratory insufficiency. Serum CK levels are always
elevated (20–75 times). Intelligence and brain MRI are
normal. Heart involvement is less prominent, in contrast
to LGMD2I. A considerable number of MDC1C/
LGMD2I patients have been identified in European and
Middle Eastern countries, but only a few patients have
been found in Japan.
Congenital Muscular Dystrophy 1D

Loss of function mutation in the LARGE gene, as depicted
in the myodystrophy (Largemyd) mouse, displays a severe,
progressive muscular dystrophy andmild cardiomyopathy,
in addition to retinal and peripheral and central nervous
system involvement. Recently, recessive mutation in the
human homolog LARGE gene has been identified to be
responsible for congenital muscular dystrophy 1D
(MDC1D), which is congenital muscular dystrophy asso-
ciated with profound mental retardation brought about by
white matter changes and subtle structural abnormalities
on brain MRI. Pathologically, there is reduced immunola-
beling of a-dystroglycan and reduced molecular weight of
a-dystroglycan on immunoblot with preserved laminin
binding ability.



492 Muscular Dystrophies
Ullrich Congenital Muscular Dystrophy

Collagen VI, a ubiquitously expressed extracellular
matrix protein, forms microfibrils in close association
with the basal lamina around the muscle fibers. This
protein interacts with several other matrix constituents.
It is composed of three chains, a1, a2, and a3, encoded by
the genes COL6A1 and COL6A2 on chromosome 21q22.3

and COL6A3 on chromosome 2q37. Recessive mutation in
any of the three genes causes Ullrich congenital muscular
dystrophy (UCMD). Originally reported by Ullrich in
1930 as congenital atonic-sclerotic muscular dystrophy,
the typical phenotype is represented by a combination of
early-onset severe muscle weakness with proximal joint
contractures and distal joint hyperextensibility. Normal
intelligence is also an integral feature of the disease.
Characteristic round facies, lid lag, and prominent ears
are also often observed. Progressive functional deteriora-
tion is mostly due to increased contractures, which subse-
quently involves even the distal joint in later stages.
Respiratory insufficiency invariably develops in the first
or second decade. Serum CK is normal or mildly elevated.
Pathological features in the muscle biopsy range from
mildly myopathic with occasional necrotic and regenerat-
ing fibers to overtly dystrophic with profound endomysial
and perimysial fibrosis. Collagen VI immunolabeling re-
portedly shows three different patterns of abnormalities:
Complete deficiency, partial deficiency, and sarcolemma-
specific collagen VI deficiency (SSCD). Complete defi-
ciency is associated with recessive mutation, while SSCD
is associated with dominant mutations. An increasing num-
ber of patients has recently been recognized. Most likely,
this is one of the major CMDs, accounting for 10–20% of
CMD cases.
Rigid Spine Syndrome

The clinical phenotype of rigid spine syndrome was ini-
tially described by Victor Dubowitz. Following linkage
study, Moghadaszadeh et al. identified selenoprotein
N gene (SEPN1) as the causative gene for this disease.
It encodes an endoplasmic reticulum glycoprotein with the
highest expression in the fetal tissues, suggesting its func-
tional role in the developing muscular system. Severely
affected patients present as floppy infants with weak suck-
ling, poor neck flexion, and they never achieve ambulation.
However, in more mildly affected children, symptoms may
present in infancy or childhood with delayed motor devel-
opment or frequent falls. In such cases, ambulation is
usually maintained into adulthood. The hallmark of this
syndrome is spinal rigidity and scoliosis due to contractures
of the spine extensor muscles, which may develop between
the ages of 3 and 12 years. Serum CK is normal or mildly
elevated and muscle imaging reveals selective involvement
of medial thigh muscles with relative sparing of rectus
femoris and gracilis. Vital capacity decreases over time
due to the stiffness of the rib cage with compounding
diaphragmatic weakness. Pathologically, fiber size variation
with mild necrotic and regenerating process, type 1 fiber
predominance, and atrophy may be observed. Many
specimens would show unevenness of intermyofibrillar
network in oxidative staining, sometimes with overt core-
like features.
Integrin 7 Deficiency

Integrins are a major laminin a2 receptor in the muscle
fibers. The accurate expression and localization of integ-
rin a7b1 is laminin a-2-dependent. Primary deficiency of
integrin a7 is rare, and so far causative mutation in ITGA7
has only been identified in three patients. These patients
manifested as mild congenital myopathy with delayed
motor milestones. Muscle biopsies revealed only mild
variation in fiber size. Direct diagnosis through immuno-
labeling of integrin a7 seems to be hindered by the devel-
opmental regulation and interindividual variation
observed in the first 2 years of life wherein expression of
the protein employing the available antibodies is fre-
quently low.
Marinesco Sjögren Syndrome

Marinesco-Sjögren syndrome is a rare disorder that is
inherited as an autosomal recessive genetic condition.
The major features of this disorder are cerebellar atrophy
causing ataxias, congenital cataracts, and psychomotor
retardation. Other cardinal features include myopathies,
short stature, and hypergonadotrophic hypogonadism.
Muscle pathology is characterized by fiber size variation,
necrotic fibers, rimmed vacuoles with marked connective
tissue, and fat replacement. The underlying causative gene
SIL1 encodes for a co-chaperone for HSPA5 (also called
BiP), which is a chaperone for the heat-shock protein
70 (HSP70) (Antonen et al., 2006). Recently, researchers
have suggested that disturbed SIL1–HSPA5 interaction
and protein folding is most likely the primary pathogenesis
in Marinesco Sjögren syndrome.
Limb-Girdle Muscular Dystrophies

The limb-girdle muscular dystrophies (LGMDs) are a
group of genotypically and phenotypically heterogeneous
muscu lar dystrophies (Bush by, 1999). They are characte r-
ized by weakness of the proximal muscles in the upper
and lower extremities. Involvement is usually first evident



Muscular Dystrophies 493
in either the pelvic or, less frequently, the shoulder girdle,
often with asymmetry of wasting when the upper limbs
are first involved. Pathologically, findings include varia-
tion in fiber size, dystrophic process, internal nucleation,
and endomysial fibrosis.

The identification of the DAP complex and the char-
acterization of the complex’s role in the pathogenesis of
many LGMDs has provided a new basis for the distinction
and classification of these muscular dystrophies (Table 2).
Presently, there are 16 different loci identified, seven
autosomal dominant causing type 1 LGMD and 14 auto-
somal recessive causing type 2 LGMD. Further genetic
heterogeneity exists for both autosomal dominant and
autosomal recessive LGMD, as established by further
linkage studies.

LGMD2 cases are more common, having a cumulative
prevalence of 1:15 000 with a number of geographical
differences. Moreover, these are more severe, with some
resembling DMD phenotype. Four of the recessive forms
have been associated with defects in genes coding for the
sarcoglycan complex, which along with dystrophin helps
anchor muscles to the extracellular matrix. More devas-
tating mutations in these same genes can cause severe
childhood autosomal muscular dystrophy (SCARMD).
In contrast, only a relatively small proportion of LGMD,
around 10%, is autosomal dominant in inheritance.
Calpainopathy

Calpainopathy (LGMD2A) involves mutations in the
CAPN3 gene, which encodes the muscle-specific protein
Table 2 Present classification of limb girdle muscular dystrophy

Disease name Abbrev

Autosomal dominant limb-girdle muscular dystrophy LGMD1

LGMD1
LGMD1

LGMD1

Familial dilated cardiomyopathy with conduction defect
and muscular dystrophy

LGMD1
LGMD1

LGMD1

Autosomal recessive limb-girdle muscular dystrophy

Calpain-deficient LGMD LGMD2
Dysferlin-deficient LGMD LGMD2

LGMD2

Manitoba Hutterite dystrophy LGMD2

LGMD2

LGMD2

LGMD with mental retardation and reduced
a-dystroglycan

LGMD2

a-Sarcoglycanopathy LGMD2

b-Sarcoglycanopathy LGMD2

g-Sarcoglycanopathy LGMD2
d-Sarcoglycanopathy LGMD2
calpain-3. It is characterized mainly by a symmetric, very
selective atrophic involvement of limb-girdle and trunk
muscles, with the gluteus maximus and thigh adductors
being most affected. Clinically, calf hypertrophy is rarely
observed, but Achilles tendon contractures are common.
Scapular winging is usually present from the early stages,
though it may be asymptomatic. Onset of symptoms occurs
between the ages of 8 and 15 years, but adult onset is not
uncommon. Progression of calpainopathy is variable.
Most patients may have normal mobility in childhood
with a very slowly progressive course of disease. Confine-
ment to a wheelchair occurs at the earliest typically
11–28 years after onset. Anterior distal leg and distal arm
muscles are relatively spared. While the first location of
detectable muscle weakness was in the pelvifemoral mus-
cles, muscle CT scanning in some patients showed early
involvement of the gastrocnemius muscle, which was usu-
ally asymptomatic, though early inability to walk on tip-
toe is an important clinical clue. Respiratory, but not
cardiac, complications have been reported.

The majority of patients with CAPN3 mutations had
a variable degree of calpain-3 protein deficiency deter-
mined by immunoblot analysis. The probability of
having LGMD2A is high when patients have a complete
calpain-3 deficiency and progressively decreases with
increasing amounts of protein detected. Patients with
severe, early-onset disease usually have no calpain-3 pro-
tein, but absent or markedly reduced protein levels are
also detected in patients with adult onset. However,
almost all patients with normal calpain-3 levels have late
or adult onset of the disorder. Given the heterogeneity of
(LGMD)

iation Gene locus
Gene
name Gene product

A 5q31 TTID Myotilin

B 1q21.2 LMNA Lamin A/C
C 3p25 CAV3 Caveolin 3 (CAV3)

D 7q ?

E 6q23 ?
F 7q32.1–32.2

G 4p21 ?

A 15q15.1–21.2 CAPN3 Calpain 3 (CAPN3)
B 2p13.3-p13.1 DYSF Dysferlin (DYSF)

G 17q11–12 TCAP Telethonin

H 9q31–33 TRIM32 Tripartite motif-containing

protein-32
I 19q13.3 FKRP Fukutin-related protein

J 2q31 TTN Titin

K 9q34.1 POMT1 Protein O-
mannosyltransferase 1

D 17q21 SGCA a-Sarcoglycan
E 4q12 SGCB b-Sarcoglycan
C 13q12 SGCG g-Sarcoglycan
F 5q33–34 SGCD d-Sarcoglycan
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the mutations seen in this very large gene, muscle biopsy
will probably still prove a more straightforward starting
point for diagnosis than mutation detection, though this
will remain necessary for carrier detection and prenatal
diagnosis where this is required.
Dysferlinopathy (LGMD2B)

Dysferlinopathy (LGMD2B) is secondary to mutations in
the dysferlin gene. In this disease, CK levels are often
20–150 times above the normal range at presentation.
Disease onset usually is in the late teens, and progression
of illness is slow. Commonly, patients have inability to
stand on tiptoes because of the predominant distal lower
limb involvement. Dysferlin localizes to the muscle fiber
membrane and is expressed from very early in human
development. This gene is involved in two forms of mus-
cular dystrophy: LGMD2B and the predominantly distal
muscular dystrophy, Miyoshi myopathy. The underlying
means by which mutations in this gene are responsible for
these different phenotypes is not known. Interestingly,
both forms (LGMD2B and Miyoshi) can co-exist in the
same family.
Sarcoglycanopathies

There are five known sarcoglycans (a, b, g, d, and possibly e)
(Figure 1) at the muscle fiber membrane that forms
part of the DAPC, and genetic defects affecting four
(a-, b-, g-, and d-sarcoglycan) of these proteins cause
specific type 2 LGMDs, also known as sarcoglycanopa-
thies (LGMD2C, 2D, 2E, and 2F). The most characteristic
clinical features of this group include calf hypertrophy,
involvement of scapular and deltoid muscles at onset of
disease, and cardiomyopathy. Symptoms mostly occur
during childhood, although the onset can occur in adult-
hood. Progression of the disease ranges from very mild to
very severe.

a-Sarcoglycanopathy (LGMD2D) patients commonly
present with difficulty running and climbing stairs; like
in dystrophinopathy, however, they can present with
muscle cramps or exercise intolerance. Toe-walking is
an early feature in fewer than half of the patients. Other
patients have delayed walking, implying an earlier on-
set, but adult-onset cases have also been reported. Calf
hypertrophy is seen in almost all patients at some stage.
Facial, ocular, and velopharyngeal muscles are spared.
Progression of the disease is usually faster with earlier
presentation, but some intrafamilial variability has been
observed.

g-Sarcoglycanopathy (LGMD2C) patients have simi-
lar presentation as those having LGMD2D. They have
proximal lower limb weakness, frequent calf hypertrophy,
variability in severity, which may be intrafamilial,
predominantly with childhood onset, no cardiac involve-
ment , and nor mal intelligence (No guchi et al., 1995).

b-Sarcoglycanopathy (LGMD2E) patients with this
myopathy have a broad range of clinical severity, even
within the same family. The mean age at onset usually is
at 7–8 years. Patients with an adult onset usually have a
milder phenotype; ambulation is still possible in some
patients in the sixth decade. More severe forms have
earlier onset during childhood and faster progression.

Patients with d-sarcoglycanopathy (LGMD2F) tend
to show a very severe clinical course. Age at onset
ranges from 4 to 10 years, with confinement to a wheel-
chair between 9 and 16 years and death between 9 and
19 years.
Limb-Girdle Muscular Dystrophy 2G

Limb-girdle muscular dystrophy 2G (LGMD2G) has
been shown to be secondary to mutations in the gene
encoding telethonin. Patients typically present early in
the second decade with difficulty climbing stairs and
running, although foot-drop is also an early feature. Prox-
imal and distal lower-limb weakness is therefore present
from the onset, while in the upper limbs the proximal
musculature is more severely affected. Confinement to a
wheelchair occurs approximately 18 years after onset.
Creatine kinase may be mildly or moderately elevated.
Muscle biopsies show a considerable number of rimmed
vacuoles.
Limb-Girdle Muscular Dystrophy 2H

Limb-girdle muscular dystrophy 2H (LGMD2H), linked to
chromosome 9q31–33, has been shown to be caused by
mutations in the gene encodinga tripartitemotif-containing
protein-32 (TRIM32) among Hutterites. The initial
report was from Jerusalem et al. in 1973, where two
brothers from an inbred Hutterite colony with nonpro-
gressive weakness from infancy were diagnosed as having
sarcotubular myopathy. Affected individuals presented
with proximal lower limb weakness between 8 and
27 years of age, with elevated serum creatine kinase
concentration (2–30 times normal). Facial and proximal
upper limb muscles, predominantly the trapezius and
deltoid were affected as disease progressed. Mild distal
limb muscle (brachioradialis and anterior peroneal mus-
cle) involvement was also seen. Most patients have
remained ambulant late into adult life.
Limb-Girdle Muscular Dystrophy 2I

Limb-girdle muscular dystrophy 2I (LGMD2I) is caused
by mutation in the gene encoding fukutin-related protein
(FKRP). Age at onset ranges from 6months to 40 years.
The disorder can be phenotypically variable. Patients can
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present with hypotonia, waddling gait, or difficulty in
climbing stairs, weakness in the hip and shoulder girdle
muscles, calf hypertrophy, tight Achilles tendon, and ele-
vated serum creatine kinase. Young boys can resemble
DMD or BMD phenotype. Some patients show signs of
cardiomyopathy on electrocardiogram. In the consangui-
neous Tunisian family originally reported by Driss et al.
(2000), however, the patients had symmetric proximal
muscle weakness and wasting in all four limbs but no
heart involvement.
Limb-Girdle Muscular Dystrophy 2J

Limb-girdle muscular dystrophy 2J (LGMD2J) is caused
by homozygous mutation in the titin gene (TTN). Het-
erozygous mutation in the titin gene causes tardive tibial
muscular dystrophy (TMD). Mutation in the titin gene
also causes dilated cardiomyopathy type 1G (CMD1G).
As reported by Udd et al. in a consanguineous Finnish
pedigree, 8 out of 20 members had a severe limb-girdle
muscular dystrophy inherited in an autosomal recessive
pattern, with an onset in the first to third decades involv-
ing all proximal muscles, although some patients devel-
oped distal muscle involvement. Severe disability with
loss of ambulation occurs on the third to sixth decades.
There was no facial muscle involvement or cardiomyopa-
thy. The findings were compatible with the hypothesis
that the severe LGMD phenotype was the homozygous
manifestation of a dominant gene that in the heterozygous
state caused the milder distal myopathy. In patients with
homozygous mutations, complete loss of calpain-3 is seen,
which may be a secondary downstream effect of defi-
ciency of the TMD gene protein and results in pheno-
typic overlap with LGMD2A.
Limb-Girdle Muscular Dystrophy 2K

Limb-girdle muscular dystrophy 2K (LGMD2K),
caused by mutation in the gene encoding protein
O-mannosyltransferase-1 (POMT1), is an early-onset
myopathy, which is allelic to Walker-Warburg syndrome,
and is mostly found in Turkish families. All patients
acquire early motor milestones, excluding congenital mus-
cular dystrophy. Age at onset ranges from 1 to 6 years, with
difficulty in walking and climbing stairs. Other features
include slow progression, proximal muscle weakness, mild
muscle hypertrophy, increased serum creatine kinase,
microcephaly, and mental retardation.
Limb-Girdle Muscular Dystrophy 1A

Limb-girdle muscular dystrophy 1A (LGMD1A), second-
ary to mutations in the myotilin-encoding gene, is an
autosomal dominant disorder characterized by adult
onset of proximal muscle weakness, beginning in the hip
girdle and later progressing to the shoulder girdle region.
Distal muscle weakness may occur later. Progression of
the disease is very slow, and very few patients progress to
wheelchair confinement.
Limb-Girdle Muscular Dystrophy 1B

Limb-girdle muscular dystrophy 1B (LGMD1B) is caused
by LMNA mutations. In affected individuals, symmetric
weakness starts in the proximal lower-limb muscles
before the age of 20 years. In the third or fourth decade,
upper-limb muscles gradually become affected as well.
Early contractures of the spine are absent, and contrac-
tures of elbows and Achilles tendons are either minimal or
late, distinguishing this disorder from Emery-Dreifuss
muscular dystrophy. Like EDMD, however, cardiac
involvement is also prominent, mostly in the form of
atrioventricular conduction blocks. A minority of patients
also have dil ated cardi omyopa thy (van der Kooi et al .,
1997). While cardiac pro blems very rarely pr ecede mus-
cle symptoms, in some patients their muscle symptoms
are recognized only in retrospect.
Limb-Girdle Muscular Dystrophy 1C

Limb-girdle muscular dystrophy 1C (LGMD1C) is an
autosomal dominant muscular dystrophy, associated with
a severe deficiency of caveolin-3 in muscle fibers (up to
95% reduction). The clinical features are usually mild,
comprising calf hypertrophy and muscle pain on exertion.
Age of onset is around 5 years and disease progression is
variable, as patients can remain ambulant up to adulthood.
Episodes of exertional muscle cramps are noted in some
patients. Serum creatine kinase levels are elevated four-
to 25-fold.

The remaining LGMDs are only defined by a chromo-
somal localization since the genes associated with these
dystrophies have not yet been cloned. LGMD1D has been
mapped to chromosome 7q. Onset is between the second
and sixth decades, with hip girdle preceding shoulder
girdle involvement. Creatine kinase is elevated and mus-
cle biopsy shows fiber splitting and fibrosis. LGMD1E,
mapped to 6q23, characteristically is associated with car-
diomyopathy, conduction defects, with or without muscle
weakness. It is also referred to as dilated cardiomyopathy
1F (CMD1F). It has been identified in a large family of
French-Canadian descent. LGMD1F, linked to chromo-
some 7q32.1–32.2, has been described in one Spanish
family. Proximal muscle weakness is seen during the
onset of the disease, involving distal muscles in the later
stage. Muscle biopsy revealed myopathic changes and
sometimes rimmed vacuoles. LGMD1G, mapped to chro-
mosome 4p21, was described in a Brazilian Caucasian fam-
ily. Clinical presentation is rather homogenous: patients
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present with cramps early in the course, gradually devel-
oping proximal myopathy. Contractures produce limited
flexion of fingers and toes.

Despite the recent advances in the molecular charac-
terization of LGMDs, a clear method of classification is
not yet available. In the future, when all the causative
genes and their respective protein products are identified,
a new method of classification may be feasible.
Facioscapulohumeral Muscular Dystrophy

Facioscapulohumeral (FSH) muscular dystrophy is an
autosomal dominant form that affects muscles of the
face (facio), scapula (scapulo), and upper arms (humeral).
Although extraocular muscles are not affected, weakness
in muscles around the eye (i.e., orbicularis oculi) may be
evident when patients sleep with their eyes slightly open,
a symptom that may manifest itself before other symp-
toms develop. There is also difficulty in whistling or
blowing. Distal extremity muscles also can be affected,
and the weakness is often asymmetric. There is a wide
range of clinical severity, with symptoms that can include
cardiac, cognitive, visual, and auditory impairments.
Symptoms may develop in early childhood and are usu-
ally noticeable in teenage years. Life expectancy is nor-
mal, but some affected individuals become severely
disabled. Nearly all cases are associated with a distal
4q35 deletion.

Clinical diagnosis of FSHD is based initially on the
pattern of muscle involvement, but genetic tests, which
can detect FSHD with a 98% success rate, are now
preferred. Because there are no known genes in this
region, a novel position effect has been postulated to
explain the disease phenotype. Although the specific
gene responsible for FSHD has not been identified,
FSHD is associated with a deletion of 3.3-kb repeats
(called D4Z4) mapped to the telomeric end of the long
arm of chromosome 4. This region, termed 4q35, normally
has 11–150 D4Z4 repeats, but in patients with FSHD, the
number of repeats is fewer than 11. Although it was thought
until recently that the severity of clinical presentation
increased as the number of D4Z4 repeats under 11
decreased, this has recently been challenged. The telo-
meric D4Z4 repeats have most recently been thought to
affect anchoring of chromosome 4 to the inner nuclear
membrane. If true, FSHD would resemble other MDs,
such as Emery-Dreifuss muscular dystrophy, that are
nuclear in origin.
See also: Metabolic Myopathies; Multiple Sclerosis.
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Introduction: What is a National
Health System?

There is no single definition of what might comprise a
‘national’ health system. According to the World Health
Organization (WHO, 2000), for example, it comprises ‘‘all
activities whose primary purpose is to restore and maintain
health . . . improving the health of the population they
serve, responding to people’s expectations, and providing
financial protection against the costs of ill-health’’ (WHO
2000: 5–8). The activities (health actions, according to
WHO) of a national health system are thus characterized
by the expressed intent of those within it to improve health.
The definition is a useful one in that it recognizes that any
health system is a combination of resources, organizations,
and financing and management arrangements that ulti-
mately culminate in the delivery of health services to a
population. Therefore, every country can be said to have
some form of national health-care system, regardless of how
unstructured or unsystematic its operation.

Building an effective and affordable national health sys-
tem is a major preoccupation of governments around the
world as they attempt to bring together – whether by
contractual incentives or through publicly delivered ser-
vices – the necessary components that are needed to
improve health status and provide accessible and responsive
services to the needs of individuals, families, and commu-
nities. A major difference, therefore, between a health sys-
tem and a ‘national’ health system is the involvement of the
state (governments and legislative bodies). Consequently,
the nature of a national health system is characterized
as much by predominant political motivations as it is
by the opportunities and/or limitations imposed by the
availability of financial and human resources.

As Maxwell (1992) discusses in his six dimensions of
quality (Table 1), the principles of all national health-
care systems are broadly the same yet the combination of
these principles can lead to competition, both politically
and financially, depending on which principles are
regarded as more or less important. If one was to think
of a national health system as an automobile, for example,
there are trade-offs to be had between choosing a model
that is eco-friendly and economical with one that has a
high-performance engine and a higher specification of
internal comfort. What aspects of care make a national
health-care system more or less effective can, therefore,
depend on individual circumstances or point of view. It is
because of this that national health systems can be seen to
have varying degrees of success in living up to these
different principles and are so readily influenced by
political objectives.
The Functions of a National Health-care
System

The basic structure of a national health system can per-
haps best be illustrated in Figure 1. It reveals that all
national health systems are split into four principal func-
tions: financing, purchasing (or resource allocation), ser-
vice provision, and stewardship. Within each principal
function are a number of important subfunctions. For
instance, the financing element to a national health-care
system requires not only the ability to collect revenue but
also a process of managing that revenue collection
through, typically, the pooling of resources to ensure that
the risk of having to pay for health care is shared across a
population rather than by each contributor individually.
Similarly, the provision of services can be usefully split
between personal services (services that people receive
from a health agent, such as a doctor or dentist) and
nonpersonal services (programs manifested in public
health measures to promote healthy lifestyles or public
works that improve water quality and reduce the preva-
lence of disease). Stewardship, which is represented as a
497
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theme working across the three main delivery elements of
the system, represents the important process of managing
and/or regulating the national health system. This is
an important aspect because it is the responsibility of
the system to protect the people by ensuring their
money is used wisely. Stewardship of the system, through
regulation and governance of activities, can also promote
efficiency and quality in care delivery practice and may
also help to engender a sense of national citizenship.
These four principal functions of national health sys-
tems are performed very differently internationally. The
following sections will illustrate these variances using
case examples.
Formal Care and Lay Care

Before embarking on an analysis of the different functions
of a national health system, it is important to make a
quick distinction between formal and lay (or informal)
care. When considering the components that make up
a national health-care system, it is tempting to think
immediately of doctors and nurses, of surgeries and hos-
pitals, or of educational and health promotional interven-
tions. However, it is a fact that the majority of health care
(over 80%) is administered by one’s self (self-care), family
members, friends, and ‘lay carers.’ This is true regardless
of a country’s level of development. Hence, while a
national health system encompasses a wide range of activ-
ities with a health improvement goal, the major part of
care is provided in the informal setting and is unpaid.
Financing
Revenue collection

Fund pooling

Purchas
Strategic pu
Allocation o
Purchasin

Steward
System managemen

Figure 1 The basic structure of a national health system.

Table 1 Maxwell’s (1992) six dimensions of quality in a

health-care system

1. Access to services

2. Relevance to need (for the whole population)

3. Effectiveness (for individual patients)
4. Equity (fairness)

5. Social acceptability

6. Efficiency and economy

Adapted from Maxwell R (1992) Dimensions of quality revisited:
From thought to action. Quality in Health Care 1(3): 171–177.
In the United Kingdom, for example, about one-eighth
of adults act as ‘health carers’ to some extent (not including
routine parenting such as care for a sick child). Whereas
much of this is social care (feeding, washing, dressing, and
providing emotional support) the system has begun to
invest in ‘expert carers’ that, for instance, enable more
lay people to provide care advice, dress wounds, or give
intravenous drugs. That the services provided by lay
carers in the UK crosses the boundary with formal care
provides recognition that there is a significant gray area in
distinguishing between the formal (within the system) and
the informal (out of the system).
Financing Health Care

Financing a health-care system is critical to its sustain-
ability and key challenges are faced in ensuring that the
necessary organizational and institutional arrangements
are in place to raise revenue from which to reward and
motivate health-care providers. There are two principal
functions to financing: (1) revenue collection, the process
by which a national health system receives money, and
(2) pooling resources, the process by which this revenue is
managed to ensure that individual contributors are not
exposed to the high costs of having to pay for health care
through risk sharing with other members of the pool.
According to the World Health Organization (2000), dif-
ferences in how these functions are administered impact
directly on the relative performance of national health-
care systems, yet the mechanisms through which financing
systems operate can vary dramatically between nations.

In an excellent analysis of the advantages and dis-
advantages of different funding options, Mossialos et al.
(2002) show that revenue can be collected from a range of
sources, through varying collection mechanisms, and by
different collection agents. Examples of funding sources,
contribution mechanisms, and collection agents (and
their various combinations) can be seen in Figure 2.
This reveals that the sources of funds – or who pays for
health services – can vary from individuals, households,
employees, and employers (firms and corporate bodies) to
loans, grants, and donations from foreign governments,
ing
rchasing
f funds
g care

Provision
Personal

Nonpersonal

ship
t and regulation 



Source Mechanism Collection agent

Firms, 
corporate

entities and 
employers 

Individuals,
households and 

employers 

Central,
regional or 

local
government 

Direct and
indirect taxes

Foreign and
domestic NGOs
and charities 

Foreign
governments

and companies

Voluntary
insurance
premiums

Compulsory
insurance

contribution
and payroll

taxes

Private not-for-profit 
or for-profit insurance 

fund

Independent 
public body 

or social
security agent

Out-of-pocket
payments 

Direct to
providers

Loans, grants
and donations

Medical
savings
account

Figure 2 Examples of funding sources, contribution mechanisms, and collection agents within a health system. Adapted from

Mossialos E, Dixon A, Figueras J, and Kutzin J (2002) Funding Health Care: Options for Europe. Buckingham, UK: Open University
Press.
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nongovernmental organizations (NGOs), and charities. In
most national health systems, however, funds derive pri-
marily from the population (by individuals and/or those
that employ them).
Methods of Revenue Collection

As Figure 2 shows, there are many different approaches
to collecting revenue including taxation, social health
insurance, private health insurance, out-of-pocket pay-
ments, and loans and donations. National health systems
are often defined by their dominant revenue collection.
Thus, health systems in France and Germany are known
as social health insurance systems because it is that
method that generates the principal source of funding.
In a similar way, countries such as the United Kingdom
or Sweden are often referred to as tax-based systems
while in the United States it is private health insurance
within a business model of health-care provision that
predominates.

In many low-income countries, however, economic
hardship means that their ability to collect prepayments
by way of social health insurance or tax revenues is
limited, so their systems rely on out-of-pocket charges
and donor contributions. Indeed, in lower-income countries
around the world, revenue collection methods tend to be
less able to finance care through forms of prepayment.
For example, in Latin America, most countries employ a
mixed model of social health insurance, private health
insurance, and taxation for public health services
with a higher percentage of out-of-pocket expenditure.
In sub-Saharan Africa, out-of-pocket payments are
the principal source of revenue, exposing individuals to
the risks associated with meeting health-care costs that
prepayment schemes that pool funds for a defined
population do not.
Taxation

Taxation methods of raising revenue for health systems
can vary a great deal. For example, taxes may be raised for
general purposes (the proportion allotted to health care to
be determined later) or hypothecated such that a certain
proportion is earmarked for health purposes. The poten-
tial advantage of the latter is that it directly links tax and
spending, making it more transparent to the public where
tax money is spent. A key disadvantage, however, is that it
reduces the ability to be flexible in the prioritization of
government tax revenue and limits the range of tax
sources that governments may use to obtain health fund-
ing. Taxation may also be ‘direct’ – for example, levied on
individuals through an income tax or on businesses by
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a company tax – or ‘indirect’ such as taxes on goods and
services that people buy, import, and export. Whereas
direct taxes have the advantage over indirect taxes in
their ability to be progressive (high-income earners pay
relatively more yet health benefits are available to all)
rather than regressive (fixed amounts, e.g., for a vehicle
license), certain direct taxes can have the benefit of influ-
encing consumer behaviors. Taxing goods such as tobacco
or alcohol may deter consumption of goods regarded to do
harm to health and so help improve health itself. Taxes
that go to health care are often also raised locally as well as
nationally – an approach that is argued to improve
accountability and responsiveness to local people because
the system provides more transparency since health-care
expenditure in a local tax system is usually the largest
percentage of what a local authority spends (e.g., up to
70% in Sweden). However, in systems without adequate
redistributive mechanisms of tax income between rich
and poor localities, inequalities in health-care provision
inevitably arise.

A good example of a national health system that
is predominantly funded through taxation is Sweden
(Figure 3). In Sweden, there are three independent gov-
ernment levels involved in health care: the national
government, the county councils, and the municipalities.
All three levels play an important role in the welfare
system and are represented by directly elected bodies
that have the right to levy taxes on the population to
finance their activities. Overall goals and policies are set
at a national level by the Ministry of Health and Social
Affairs, while both the financing and provision of health-
care services are primarily the responsibility of the county
councils. According to Sweden’s three basic principles for
public health and medical care – the principle of human
dignity, the principle of need and solidarity, and the
principle of cost-effectiveness – care should be provided
on equal terms, according to need, and it should be
managed democratically and financed on the basis of
solidarity (Glenngård et al., 2005).
Social Health Insurance

Social health insurance is a system of contributions (usually
compulsory) shared between employee and employer who
pay a percentage of income to a government-sanctioned
insurance fund. Like taxation-based funding, a key advan-
tage is the process of prepayment into a large risk pool
(discussed later), and like taxation-based funding, there is
tremendous variance in the methodologies employed inter-
nationally to collect the insurance payments. Hence, in
Germany, ‘sickness funds’ are created both by geographical
locality and by occupational group, while in France and the
Netherlands, the system is organized through smaller inde-
pendent funds that provide the population with choices on
the types and levels of care coverage they would prefer.
Single national insurance funds are also common, such as
those that existed in Croatia and Slovakia.

Social health insurance systems are often regarded as
preferential to taxation models of funding since budgetary
and spending decisions are ring-fenced (that is, funds are
reserved specifically for expenditure on health care). In
theory, this protects health-care funding from political
interference. Moreover, a key element to such systems is
the development of social solidarity since the system
guarantees the entitlement to individuals of a set level of
health-care coverage at a cost that is highly visible to
them. However, as Goodwin et al. (2006) note, the system
is not without its disadvantages. For instance, since eligi-
bility is based on employment, there is the potential for
restricted access to the elderly and unemployed. Also
coverage tends to focus primarily on personal health
care, rather than on the nonpersonal elements of a health
system that emphasize public health interventions. Signif-
icantly, as costs of health systems in all Western countries
rise, social health insurance is less able to adapt to the
rising costs of provision. Indeed, as the example of the
French health-care system shows (Figure 4), social health
insurance systems often include significant elements of
taxation-based subsidies, additional voluntary insurance,
and various user charges that help to bridge the gap
between revenues collected and expenditure.

The French health-care system (see Figure 4) was
inspired by the Bismarckian (German health system
founded by Bismarck) model, with health insurance
funds under the supervision of the state. It relies on a
combination of public and private supply, even in the
hospital sector. Patients benefit from easy access to care
(freedom of choice, direct access to the specialists) and an
abundant supply of self-employed doctors, in particular.
Complementary voluntary health insurance to cover the
cost of statutory copayments is widespread (Sandier et al.,
2004). The financial sustainability of the French health-
care system is a perpetual source of concern, particularly
due to the fact that actual expenditure consistently
exceeds the targets set. Until now, the high cost of the
health-care system has been accompanied by high levels
of access to health care, but the demographic change
expected within the health professions may lead to an
increase in explicit rationing in future years. Nonetheless,
the French health-care system was ranked the best in the
world in the World Health Report 2000 for its effective
combination of responsiveness to demands and social
equality (WHO, 2000).
Private Health Insurance

Unless you live in the United States, private health
insurance is usually of a second order of significance in
the funding of your national health system. In low-
income countries, for example, private insurance accounts
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for less than 2% of total health expenditure whereas
in high-income countries it rarely exceeds 15%. Private
health insurance is obviously least affordable to those
on the lowest incomes yet is not necessarily the domain
of the most affluent. For example, in both social health
insurance and tax-based national health systems, pri-
vate health insurers are often used by individuals to
fill gaps in service coverage that are otherwise
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excluded from the nationally funded system. This form of
private insurance is thus complementary to existing
entitlements and is sometimes known colloquially as a
top-up policy.
There are two other main forms of private health
insurance: supplementary and substitutive. Supplemen-
tary insurance takes the form of an additional payment
to receive enhanced benefits in addition to those offered



Table 2 Forms of private health insurance in taxation and social insurance-based health systems

Country
Main source of funding
for health system

% population covered by
health system

% population with
private insurance Type of private insurance

Denmark Taxation 100% 28% Complementary

France Social health insurance 100% >90% Supplementary

Germany Social health insurance 88% 9% Substitutive

Netherlands Social health insurance 64% 29% Substitutive
Sweden Taxation 100% 1.5% Supplementary

UK Taxation 100% 11.5% Supplementary

Reproduced from Organisation for Economic Co-operation and Development (OECD) (2004) Towards high performing health systems:

Summary report. Paris: OECD.
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through a social health insurance scheme. Hence, it may
allow for quicker access to care, can be located in
more comfortable surroundings, or be exempt from the
costs of copayments such as those levied on drugs or
inpatient stays. As Table 2 shows, more than 90% of
individuals in the French health system take out supple-
mentary private insurance to protect against the high
level of copayments involved in accessing the nationally
funded system.

Substitutive private insurance, as the name implies,
is an alternative to social health insurance and is taken
up by those who may be excluded from public cover.
In Germany and the Netherlands, for instance, employees
earning above a certain income are excluded from care
provided by the social insurance scheme (though not
exempt from making payments) and are required to take
out ‘compulsory voluntary’ insurance to get the care they
require. Depending on their level of income and personal
choice, individuals may opt back into the national system
of social insurance health coverage or seek a private insur-
ance agent. AsTable 2 shows, supplementary, substitutive,
and complementary private health insurance tends to be
prevalent in certain types of national health systems.

The United States remains the only Western health-
care system whose primary source of funding comes
through private health insurance. It is also the only coun-
try among the most developed nations without universal
health-care coverage. Often referred to as a business
model, the health system in the United States comprises
a complex array of competing company-based and private
for-profit and not-for-profit health insurance agencies
offering a range of care plans to consumers and/or their
employers. Providers of care, often working in large group
practices and/or associations, contract with insurance
agents (sometimes exclusively) and are generally paid on
a fee-for-service basis. Cost inflation in the U.S. health
system – influenced by the predominance of fee-for-service
provision, investment in medical technologies, the high
cost of medical malpractice claims, and high consumer
demands – has resulted in the most expensive health-
care system in the world (16% of GDP in 2004).
Such rising costs have led to a growing number of citizens
who are underinsured or without any health insurance
coverage, despite a significant tax-funded component
manifest in Medicare (for the elderly) and Medicaid
(for the poor and disabled). To counteract these system
failures, local managed care systems run by health main-
tenance organizations (HMOs) developed in the 1980s
to provide enrollees with comprehensive care packages
through an exclusive and integrated network of providers.
However, antitrust legislation and consumer demands for
lower-priced health plans have all but led to the demise
of the HMO movement.
Out-of-Pocket Payments

Unlike in the previous three prepayment models, where it
is possible to pool funds and spread risks among a popu-
lation, a health system in which people must pay out of
their own pockets for a substantial part of the costs of
health services clearly restricts access to the more expen-
sive forms of care. In most low-income countries, where
prepayment systems are unavailable, out-of-pocket pay-
ments are often the only way to raise revenue and cover
costs – leaving those who cannot afford treatment at
higher health risks. Community financing is a method
often promoted in such countries in an attempt to create
pools of funds and reduce risks. For example, the Bamako
Initiative – promoted in many parts of Africa since 1987 –
helps provide local access to essential primary care ser-
vices by decentralizing revenue collection and decision
making to local communities. The basis of this approach
to health system funding is to levy a small out-of-pocket
charge when a drug or basic care is provided and then
invest this in a fund from which local people prioritize
investment into their community’s health needs. The
approach has been moderately successful and has led to
relative improvements in coverage, affordability, and use
of care in many parts of Africa (McPake et al., 1993).

In high-income countries, where prepayment models
exist, copayments and user charges are often employed as
a form of both income generation and also demand



504 National Health Systems: Overview
management by health system architects faced with the
prospect of rising health expenditures resultant from grow-
ing consumer needs and demands. Depending on the level
at which these user charges are set, and on the use of
exemption strategies for at-risk populations, such fees
have been criticized for dissuading the poor from using
services. They also do not appear to raise revenue to enable
sustainable improvements to care and are inequitable.
Loans, Grants, and Donations

External aid is a substantial source of funding for the
health sector in many low-income countries where it
can account for as much as 90% of the overall health
budget. Aid is most often provided by bilateral agencies
(donors from a particular country) such as USAID
(United States), DANIDA (Denmark), and DFID (UK).
Multilateral agencies (pooled donor resources between
countries) are also prevalent and include organizations
like the World Bank and the United Nations Develop-
ment Fund (UNDF). Aid from such organizations is often
provided as loans or grants to which a set of conditions
concerning their use is established by donors; in most
cases, these are linked to specific projects that are devel-
oped and delivered separately between donors and
national governments. While many projects have been
successful, project-based approaches have been seen to
lead to fragmentation and duplication of effort and/or
time and effort from national governments in responding
to the priorities of donors rather than concentrating on
wider health sector programs. Moreover, grants do not
necessarily lead to greater expenditure in the health sec-
tor as governments may view the funding as a substitute
for their own expenditure, or as an opportunity to
channel resources toward other priorities. Loans, grants,
and donations, if not managed carefully, may thus do
more harm than good. Aware of this, many donors and
Table 3 National examples of approaches to spreading risk and

Country System Spreading risk

Colombia Large number of small multiple

pools

Competing soc

Netherlands Multiple pools; mostly private
competing social insurance

funds

Intrapool via no
contribution

central risk e

Republic of

Korea

National health insurance (covers

30% of total expenditure of any
member) and Ministry of Health

Intrapool via no

contributions
benefits pac

members

Zambia Single formal pool held by Central
Board of Health

Single benefit p
financed by

Reproduced from World Health Organization (WHO) (2000) The Wor

Geneva: WHO.
governments are beginning to embrace longer-term and
strategic support programs; such sector-wide approaches
have been seen to be successful in countries such as
Bangladesh, Ghana, and Pakistan.
Pooling Resources

Fund pooling is the sharing of risk between contributors.
The ability to prepay for care services and to pool funds
has significant advantages for a national health system
because it enables the equalization of contributions
among members, regardless of their risk of needing to
use services. Moreover, the approach has the benefit of
economies of scale, thus allowing for cross-subsidization.
Table 3 gives examples of how different countries can
approach risk pooling, for example, from the development
of social insurance funds (sometimes called sickness
funds) to smaller community-based pools. As the exam-
ples imply, a range of agents might be involved in the
pooling process from which a larger central pool is devel-
oped or, conversely, pooling might be devolved on the
basis of risk-adjusted allocations to regional or local
agencies who are then enfranchised to address local
health-care needs and priorities.

Larger risk pools are obviously better than small ones
because they can increase the overall availability of funds
to improve and develop health services, enable economies
of scale in administration, and reduce the levels of contri-
bution to protect individuals against uncertain need.
From Table 3, it might be predicted that Colombia’s
fragmented system of small organizations would damage
the performance of the health system in these three areas.
Evidence from Argentina pre-1996, in which there were
more than 300 small pooling organizations in the system –
most with fewer than 50 000 members – would support
this proposition. The many small pools of funds meant
that available health-care packages were very limited
subsidizing the poor

Subsidizing the poor

ial security Organizations, municipal health

nrisk-related
and interpool via

qualization fund

Via risk equalization fund, excluding the rich

nrisk-related

. Explicit single
kage for all

Salary-related contribution plus supply-side

subsidy from Ministry of Health. Public
subsidy for insurance to the poor and to

farmers

ackage for all
general taxes

Intrapool via general taxation. Supply-side
subsidy via the Ministry of Health

ld Health Report 2000. Health systems: Improving performance.
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(especially in poor areas where low wages limited contri-
bution levels). InWest Africa, community financing initia-
tives to raise local pools of funding to plan and deliver
drugs and care to local people have in many cases pro-
vided some protection from the risks of out-of-pocket
payments, but the low level of pooled resources means
such approaches are beset with problems of financial sus-
tainability (Goodwin et al., 2006).

The key lesson to be learned from this section is that
the ability of a national health system to prepay for health
care, and to develop large resource pools to cross-subsidize
care between high- and low-risk people, is fundamental to
a national health system’s sustainability and operational
effectiveness. It should be noted that it is not the number
of pools that is the issue, but their size relative to popula-
tion health-care needs.
Purchasing Health Services

The management of purchasing is essential in ensuring
that providers of services meet the goals of a national
health system. As Goodwin et al. (2006) discuss, purchasers
of health services face three fundamental challenges:
which packages of care to buy, from whom to buy them,
and how to buy them. Size is important for purchasing
organizations because larger purchasers not only have
administrative advantages in terms of economies of scale,
but also have more bargaining capacity over both price
and quality.
Which Packages of Care to Buy: The Role of
Strategic Purchasing

Strategic purchasing requires a continuous search for the
best interventions and care packages to purchase. This can
be seen to occur at two levels in national health systems –
first, at a societal and political level, the extent of health-
care coverage and the goals of the system (related to the
section entitled ‘Stewardship’ later in this article); and
second, the identification of those services and interven-
tions that will meet these goals best. The latter implies
responsibility for allocating resources and/or creating
incentives and negotiating with providers.

Many countries, especially low-income countries, can-
not afford to provide comprehensive health-care benefits
for the entire population and face major imbalances in
resource allocation – for example, between rural and
urban regions, and between rich and poor communities.
Defining priorities to achieve maximum health gain for
the money that is available to purchase services becomes a
key task. Many countries address this through a policy of
essential care packages (ECPs) aimed at purchasing
services with the greatest potential of reducing the burden
of disease. The policy of ECPs has been promoted
internationally as the most effective way of channel-
ing scarce resources into interventions with the highest
health impact.
How Health Systems Purchase Services

The mechanism through which care is bought – that is,
how to purchase services – is crucial because the method
of payment establishes different kinds of incentives that
providers will react to and the subsequent cost and quality
of the services they provide. As Goodwin et al. (2006)
describe, there are three main methods by which health
systems purchase services:

1. Full retrospective reimbursement for all expenses
incurred, manifest in fee-for-service payments;

2. Reimbursement for all activity based on a fixed sched-
ule of fees using a tariff, based on a system of health- or
diagnostic-related groups (HRGs and DRGs); and

3. Prospective funding based on the expected future
expenditure using a fixed budget, manifest in salaried
employment, directly managed and/or devolved bud-
gets, and capitation.

Retrospective reimbursement is a payment scheme
whose level is determined only after services have been
provided. It may involve per diem payments, a cost-
per-case, or a direct service payment. To health systems,
the main problem with this model of purchasing is the
inability to control provider costs effectively due to weak
forms of audit and control of activity. In the United States,
for example, the cost of Medicare and Medicaid services
(tax-based funding for the old and poor) that began in the
1960s could not be maintained beyond 1983 because
federal government income did not provide enough reve-
nue to cover costs. It was known as the blank-check era
since providers received payment for all care deemed
‘customary, usual, and reasonable.’ As the number of peo-
ple on Medicare rapidly climbed and costs spiraled the
system was replaced with DRG-based funding; a similar
policy shift occurred in Germany’s social insurance sys-
tem in the early 1990s.

Prospective payment requires a tariff to be set to charges
agreed in advance with providers, the most common being
the DRG. DRGs categorize patients based on their pri-
mary and secondary diagnoses, primary and secondary
procedures, age, and length of stay. The categories estab-
lish a uniform cost, enabling funders to set a maximum
amount payable for a suite of care to a patient. Under this
system, providers are given the incentive to keep their
costs down as they would experience a profit (or surplus)
if their costs are below the tariff in the DRG category.
National health systems, therefore, benefit from more
efficient providers and provider competition based on
quality rather than cost. Such as system, called payment
by results, has recently been established in the English
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National Health Service (NHS) to replace traditional
capitation-based funding.

Prospective funding is a system that many national
health-care systems have in place. Under this system, a
global budget for health-care spending is often set within
which envelope care can be purchased. Funding agencies
acting on behalf of governments then allocate a fixed
proportion of that budget to providers. The method of
allocation can vary, for example, from political negotia-
tion (a settlement), to provider competition (a bid), or
by way of historic precedent and activity. Most countries
use more sophisticated combinations of the three, for
example, devolving resources to local purchasing agen-
cies based on the needs of local populations based on
their demographic profiles (capitation). This approach
is favored in most high-income countries of Europe
where a fair share of resources through capitation-based
formulae is generally mixed with historic local expendi-
tures and political negotiations. Variations to the approach
are, therefore, commonplace. For example, budgets in
Italy are renegotiated retrospectively; local taxes are
raised in Sweden to supplement the national allocation;
care is rationed in Norway through waiting lists or
entitlement changes; and in most countries, such as
Finland, copayments are levied to raise revenue and
manage demand.

Types of provider payment mechanisms, therefore,
produce different system incentives (Table 4). Fee-for-
service and prospective payment mechanisms provide
strong incentives to meet consumer demands and deliver
timely services, but are weaker in containing costs and do
not necessarily invest in services that prevent health pro-
blems. France is a classic example, and the rising costs of
the system has led the French to reconsider its strategic
priorities including limiting entitlements, increasing the
use of copayments, and introducing capitation payments
as a way of controlling costs. By contrast, the English
NHS, historically highly cost-effective in service deliv-
ery terms due to its capitation-based system and primary
care-led system of gatekeeping, has encouraged the move
to a DRG-style system of funding to encourage providers
to become more responsive to patient demands and so
reduce waiting lists and improve access. National health
Table 4 Provider payment mechanisms and provider behavior

Ability to prevent
health problems

D
s

Salaried/global budget þ þ �
Capitation þ þ þ �
Diagnostic related payment þ/� þ
Fee-for-service þ/� þ

þ þ þ: very positive effect; þ þ: positive effect; þ/�: little effect; �
World Health Organization (WHO) (2000) The World Health Report 20
systems, therefore, need to combine payment mechanisms
if they are to achieve all their objectives. The French and
English diversions away from their historical positions
show how countries have attempted to change provider
behavior to meet system needs – choice and responsive-
ness (in England) and cost containment (in France).

In national health systems, purchasing needs to be
actively managed since the process of making strategic
investment priorities can impact on equity and efficiency
in provision. The performance of a health system is likely
to fall short of its potential if resources are not alloca-
ted and spent wisely to gain the best mix of responses
from providers that help to satisfy needs and improve
care quality.
Providing Health Care

Referring back to Figure 1, health-care provision can
usefully be split between personal and nonpersonal ser-
vices. Personal services are those that people receive from
a health agent, such as a doctor or dentist, while nonper-
sonal services are manifest in wider health promotion and
disease prevention activities such as public health pro-
grams to promote healthy lifestyles or improve local
environmental health.

The provision of personal health-care services within a
national health system has most often been categorized
through a threefold classification – primary, secondary,
and tertiary care (Figure 5). Primary care is regarded as
the first level of contact between individuals, the family,
and/or communities with the health system itself. The
purpose of primary care services is to bring basic health
care as close as possible to where people live and work.
Primary care can be delivered by way of a wide range of
community-based health professionals, such as family phy-
sicians, pharmacists, therapists, and dentists. Primary care
forms an integral part of most country’s health systems
and, as this articlewill show later, having an effective system
of primary care providers is of crucial importance to
overall national health system effectiveness. Secondary
care, often referred to as the acute sector due to its predom-
inant basis in hospital institutions, can be described as
elivering
ervices

Responsiveness
to expectations

Containing
costs

� þ/� þ þ þ
� þ þ þ þ þ
þ þ þ þ/�
þ þ þ þ þ ���

�: negative effect; ���: very negative effect. Reproduced from

00. Health systems: Improving performance. Geneva: WHO.
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the episodic treatment provided for an illness or health
problem and is primarily curative in nature. Often, second-
ary care services are accessed through referrals from family
physicians and/or through direct access for accident and
emergency care. Tertiary care takes the form of more
specialized care often within a specialist center serving a
larger population or even the whole country.

Across a national health system, the number of patient
contacts and episodes decreases as one moves from infor-
mal lay care to primary, secondary, and tertiary sectors.
Despite the reduced number of patients accessing care in
each sector, the proportion of costs of health services
provision to the system as a whole tends to rise exponen-
tially. This can be seen in Figure 6. However, making
generalizations about the structure of health-care provi-
sion using the general classifications discussed previously
is invidious. In reality, the boundaries between care sec-
tors are often ambiguous and blurred since care can shift
seamlessly from one sector to another.
Care Pathways and Disease Management: The
Emergence of New Health System Models

There is a constant pressure to address increasing health-
care costs in most national health systems by attempting
to develop more efficient and appropriate care practices.
For example, many national health-care systems have
taken the opportunity to redesign and streamline the
care process to reduce the number of contacts with the
different parts of the system, minimize the numbers of
handovers and referrals between providers, and so make
more appropriate (and cost-effective) the use of each
sector. Purchasing and/or commissioning care delivery
across a redesigned care pathway has been claimed to be
more efficient in terms of resource use, enabling patients
quicker access to treatment and maximizing long-term
health outcomes.
An alternative, often linked, approach is based on the
greater ability of the system to promote good health and/or
enable the management of illness without recourse to the
need for the more expensive forms of care. Indeed, most
countries, whether high or low income, seek to promote
health and manage illness outside of institutionalized
structures. As a consequence, patients are increasingly
being prescribed integrated care packages across the pre-
vious dimensions of care (such as a disease management
program) and/or investment is made in the capacity of
primary care providers, and indeed of people themselves
(‘self-care’) to promote good health and provide effective
and early interventions that limit the need for people to
access the more expensive forms of care.

Disease management as the basis for a health systems
design is a concept developed in the United States during
the 1990s and has been a growing phenomenon in health
systems around the world, although its specific forms
strongly depend on the health-care system in which it
is applied. A number of definitions for this model of care
exist, but roughly it encompasses a systematic, population-
based approach to tackling specific diseases and health
problems by developing programs of care to advance
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health system quality, efficacy, and health outcomes. In
the United States, disease management programs mainly
focus on reduction of costs by targeting short-term inter-
ventions to patients currently in relatively good health
yet at high risk of using secondary and tertiary care in
the near future. In Europe the use of disease manage-
ment mechanisms is accelerating. For example, in Spain,
Insalud (the Spanish National Health Service) has con-
tracted out disease management programs for heart
failure and diabetes in Barcelona and Madrid. In Germany,
national government has by law introduced disease man-
agement programs as a lever to break up the traditional
authority of physicians while seeking to reduce rising
long-term costs.

Figure 7, adapted from the ‘Kaiser Triangle’ disease
management model of the U.S. managed care organiza-
tion Kaiser Permanente and later adopted by the Depart-
ment of Health in England (Department of Health, 2004),
describes the type of health-care system that should be
provided to people suffering from, or at high risk for,
chronic disease. Unlike the care triangle described in
Figure 6, the health system model is not based on insti-
tutional sectors (i.e., primary, secondary, and tertiary
care), but on different approaches to manage patients’
needs. At the top of Figure 7 lies case management (the
top 5% of people with chronic disease) for people with
advanced and acute conditions who require intensive and
actively managed care by professionals. At the second
level – disease management (the next 15% of cases) –
proactive case management by multiprofessional and
integrated teams is required, perhaps following specified
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Department of Health (2004) Improving Chronic Disease Managemen
pathways of care, but including a high degree (about
50%) of support to self-care. For the majority of patients
(about 80%), chronic disease remains a condition (or a
risk) that does not require active professional intervention
but can, through the right support, be addressed by
engaging patients to be active in the self-management
of their conditions and so prevent any deterioration.
Given the numbers of people in this part of the triangle
(about 80% of cases, or 48% of the whole population)
one can see that effective self-care strategies are crucial
to the overall effective support for people with long-
term conditions (i.e., reducing the numbers of people
subsequently moving up the triangle) (Department of
Health, 2004).

Figure 7 also shows that for such a health-care system
based on disease management to be effective, it requires a
significant degree of management to ensure that local
services to a defined population are tailored to meeting
needs. As the model implies, it is the purchasers’ respon-
sibility to ensure that strategies are in place for high-risk
groups to help prevent the onset of chronic disease, and
to enable self-management for those living with such
conditions. The range of self-care support tools that
purchasers might seek to encourage, therefore, lies both
within and out of the personal health sectors and includes:
patient education, self-skills training, self-diagnostic and
self-monitoring tools, home adaptations, and peer support
networks. As national health systems develop in
high-income countries, the needs of an aging population
and the rising burden of chronic disease and long-term
care needs have begun to shift how care is provided from
% of
ople

Population management (stewardship)

f chronic diseases and long-term conditions. Adapted from
t. London: Department of Health.
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an acute sector paradigm (based on episodic care in
hospital institutions) to one based on disease manage-
ment (based in primary and community care sectors and
blurring the boundary between the formal and informal
care sectors).
Public Health

Until the 1970s it was commonly assumed that improve-
ments in health experienced in most countries during
the last century occurred as a consequence of advances
in medical care. However, the evidence collated in the
key work by Wilkinson and Marmot (2003) has shown
that the most important factors to improve the health
of people, patients, and populations lies primarily outside
the formalized system of health care. This led the
authors to a key observation that the amount of money
spent on health care (in terms of percentage of GDP) is
not in itself a direct and causal contributor to a nation’s
health profile.

Many health-care systems internationally have made
fundamental changes to the management and delivery of
care in attempts to reduce inequalities in both health
status and access to services following the realization
that the role of a national health system must extend
beyond the formalized systems of medical care to address
the wider public health agenda through services and
strategies aimed at improving well-being. At present,
there is a struggle taking place in many health systems
around the world to rebalance their policies and practices.
Whereas there is a recurring policy theme internation-
ally in the importance of developing a more proactive
public health-based system, the necessary restructuring
and reengineering of existing ways of purchasing and
providing care services to achieve this implies radical
system change (Table 5). For example, the core features
of a public health system would require the provision of
comprehensive public health programs for populations
Table 5 Characteristics of a proactive public health system

Public health at the center of decision making

Public health at the cultural heart of care organizations
Finance, purchasing, and provider strategies integrated to assist

health improvement

Ring-fenced resources for public health

Interventions at the earliest opportunity to address avoidable
deaths

Preventative initiatives to promote good health and well-being

Responsibility to the citizen by helping fulfill their economic
potential to improve health

Primary care organizations to manage patients and prevent ill

health

Workforce development and training tailored to meet health
improvement agenda
to improve and protect health, public health interventions
that are integrated into the daily work of professionals
in primary care, and the creation of multidisciplinary
public health teams working in community-based managed
care networks.
Stewardship

In the view of international agencies that have examined
the relative performance of national health systems, it is
clear that more effective health-care systems are those
which are carefully and responsibly managed (WHO,
2000; OECD, 2004; Davis et al., 2007). Stewardship of a
nation’s health system is important because it is people
who entrust themselves (and their money) to a health
service and so, in return, it becomes the responsibility of
the system to protect the population by ensuring
resources are used wisely. Most organizations cannot be
left to themselves to deliver effective and excellent ser-
vices, and improve quality, safety, and efficiency, so in
most national health systems the government must ful-
fill the task of stewardship – whether through direct
regulation of nationally funded providers or by way of
the use of independent regulators in a mixed economy of
public and private providers.

Stewardship of a health system through forms of regu-
lation and governance can have three main objectives.
First, policy makers may wish to stimulate capacity and
productivity through entrepreneurial opportunities by
encouraging competitive behavior. This might include
permitting hospitals to retain operating surpluses, moving
payment systems from fixed budgets to fee-for-service, or
allowing hospitals to set their own fees. Second, regulators
might wish to protect the system from the more negative
aspects of competition through activities such as reducing
adverse selection by health-care payers and providers,
requiring insurance providers to accept all applicants, or
setting minimum quality standards through licensing or
accreditation. Third, regulation can concentrate on safe-
guarding social objectives, such as stipulating minimum
waiting times or opening hours, setting uniform prices
(tariffs), providing treatment guidelines and protocols,
and undertaking quality assurance audits.

Many Western countries have introduced regulatory
reforms to alter system behaviors. As a result, there has
been a general increase in the number of regulatory
bodies and activities at state and local levels in health
care. For example, in the English NHS, a statutory duty
to assess the performance of health-care organizations and
publish performance ratings was established in 2004 by
way of the Health Care Commission. The purpose of the
approach was to ensure that providers – now enjoying
greater entrepreneurial freedom and autonomy from the
state – were still meeting core government standards
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of quality, safety, cleanliness, and waiting times (i.e., safe-
guarding social objectives). Such ‘steer and channel’
regulation is likely to play an important role in the short
and medium term in many countries that are simulta-
neously encouraging competition but through rules con-
sistent with core social objectives. Hence, well-designed
regulatory mechanisms can stimulate needed entrepre-
neurialism while simultaneously safeguarding social
objectives – the essence of stewardship.

The nature of stewardship has an important role to
play in defining the characteristics of national health-care
systems. Political leadership and legislation practice
together defines the principles and conceptual frame-
works around which health system financing, purchasing,
and delivery operate. For example, in England, the core
principles of a tax-funded NHS that is free at the point of
delivery to all citizens according to need has remained
unchallenged despite far-reaching reforms that have
injected private-sector capital and management practices
into the system. In France, the principle of la medicine

liberale remains culturally important to citizens who
value freedom of access to specialists within a socially
equitable social health insurance-based system. As the
WHO (2004) commented, leadership by the state – its
vision, direction, and relationship with citizens – tends to
define the overall strategic framework in which the com-
ponent parts of a national health system operate.
What Factors Constitute a More Effective
Health-Care System?

In Alan Gillies’ (2004) book that examined this question it
was suggested that individuals wanted three fundamental
things from their national health-care system: first, they
wanted to be kept as healthy as possible; second, when this
is not possible, they want to be treated and made better as
soon as possible; and third, they want care provided at a
minimum (or best value) cost consistent with the first two
goals. Hence, Gillies argued that the best health-care
systems were those that enabled the greatest possible
health improvement and health-care provision within
the funding available. In common with international stud-
ies examining the factors associatedwith better health-care
systems (OECD, 2004; WHO, 2000; Davis et al., 2007) these
observations reveal that it is not the level of spending that
counts – as there is no single most appropriate level – but
how that spending is used that matters.

Responsiveness and choice have become important
criteria in the more affluent nations as they seek to meet
personal demands for health care (as opposed to national
needs) through patient-led care. However, as Gillies argues,
the priorities that have become prevalent in Western
countries are for most parts of the world an unrealistic
dream. Hence, he argues that it should never be forgotten
that the basic responsibility of a national health system
is to deliver the basics. Reflecting back to Maxwell’s
(1992) basic quality measures that define the purpose of
national health systems (see Table 1), and the realization
that no single principle is necessarily more important
than another, how might it be possible to objectively
measure, on a comparative basis between nations, which
type of national health system performs better than
another?

The question is problematic because data that may be
used to make effective comparisons between countries are
fraught with difficulties. For example, comparisons are
often made between national health systems based on
their respective health expenditure relative to their
nation’s wealth (as characterized by the percentage of
GDP allocated to financing health care). However, under-
standing what can be, or is actually, purchased with this
funding varies markedly in real terms (purchasing power)
or in terms of the coverage and entitlement to care
for all citizens. Moreover, meaningful health outcome
comparisons can be argued to be confounded by con-
textual variances in the demographic, geographical, and
socioeconomic profiles of different countries. As a result,
comparisons have tended to use high-level indicators of
performance between countries – such as levels of infant
mortality or life expectancy at birth – all factors that we
know are influenced more by factors outside the influence
of formal health system interventions (Wilkinson and
Marmot, 2003).

Perhaps the most famous comparative study is
contained in the World Health Report 2000, which com-
pares the health systems of 191 countries based on a
ranking of eight key system measures, leading with a
composite measure of these systems for overall health
system performance (WHO, 2000). More recently, the
Commonwealth Fund’s comparative analysis of six
national health-care systems has added to the debate
(Davis et al., 2007). What both uncover is that systems
without universal health coverage and/or fragmented
rather than coordinated care delivery fare worse in com-
parison to those that do, regardless of the amount of
money spent on health care. For example, the United
States (the most expensive health system) was ranked
37th in the World Health Report 2000 and last out
of the six nation summary scores (Australia, Canada,
Germany, New Zealand, UK, and the United States) in
the Commonwealth Fund’s assessment (Table 6).

The OECD’s (2004) study of 29 industrialized nations
suggested that the following key factors were associated
with high-performing health-care systems:

. a sustainable and robust financing system;

. care that is provided to all the population and care that
is coordinated so recipients are looked after ‘from cra-
dle to grave’;



Table 6 Six nation summary scores on health system performance, Commonwealth Fund (2007)

AUS CAN GER NZ UK US

Overall ranking 3.5 5 2 3.5 1 6
Quality care 4 6 2.5 2.5 1 5

Right care 5 6 3 4 2 1

Safe care 4 5 1 3 2 6

Coordinated care 3 6 4 2 1 5
Patient-centered care 3 6 2 1 4 5

Access 3 5 1 2 4 6

Efficiency 4 5 3 2 1 6

Equity 2 5 4 3 1 6
Healthy lives 1 3 2 4.5 4.5 6

Health expenditures per capita* $2876 $3165 $3005 $2083 $2546 $6102

Note: 1¼highest ranking, 6¼lowest ranking.

*Health expenditures data are from 2004 except Australia and Germany (2003).

Health expenditures per capita figures are adjusted for differences in cost of living. Source: OECD, 2004.

Source: Calculated by The Commonwealth Fund based on the Commonwealth Fund 2004 International Health Policy Survey, the

Commonwealth Fund 2005 International Health Policy Survey of Sicker Adults, the 2006 Commonwealth Fund International Health

Policy Survey of Primary Care Physicians, and the Commonwealth Fund Commission on a High Performance Health System National
Scorecard.

Source: Davis K, Schoen C, Schoenbaum S, Doty M, Holmgren A, Kriss J, and Shea K (2007)Mirror, Mirror on the Wall: An International

Update on the Comparative Performance of American Health Care. New York: The Commonwealth Fund.
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. a focus on prevention of ill health and the promotion of
public health;

. an effective monitoring and regulation system; and

. strategic planning to ensure resources for health care
are being put to good use, for example, harnessing the
potential of advances in information technology.

Each of these reports can rightly be criticized for the
methodological inadequacies in their assessments. Yet,
each serves to highlight two central issues we know
about the effectiveness of national health systems: first,
that achieving good health outcomes in a national health
system is more about how the system is designed and
not necessarily related to how much is spent; and second,
that different health-care systems are simultaneously
trading off the achievement of different measures of
system quality (e.g., in terms of access, efficiency, equity,
and responsiveness).

Regardless of funding type, there is also evidence to
suggest that more effective health-care systems have a
stronger orientation to health promotion, disease preven-
tion, and the provision of accessible and universal primary
and community care-based services. The benefits of such
a strong primary care-based component to a health system
have been identified through influential analysts such as
Barbara Starfield. By ranking the primary care orientation
of 12 Western industrialized nations, she concluded that
countries with a strong primary care base to their health-
care system achieved better outcomes, and at lower cost,
than countries in which the primary care base was weaker
(Starfield, 1998). In Starfield’s analysis, features that were
consistently associated with good or excellent primary
care included the comprehensiveness and family orienta-
tion of primary care practices, within a wider system in
which governments regulated the distribution of health-
care resources by way of taxation or national insurance.
Given that the burden of disease is shifting to the long-
term chronically ill, national health systems must adapt to
meet this challenge – a task requiring a move away from
episodic care undertaken in specialist hospital institutions
to long-term care management and coordination under-
taken in the community. The importance of a primary
care orientation to health system design with a strong
public health component has never been more relevant.
Conclusions

In almost all Western countries, health-care systems are in
a state of radical transformation as they simultaneously
attempt to meet the demands of empowered consumers,
incorporate evidence-based modes of working, apply dis-
ease management principles, and contain costs. The ten-
sions implicit in these changes mean that the relationship
between governments, insurance funds, health-care pro-
viders, medical professionals, and the public is in constant
need of effective stewardship if the espoused goals of a
national health system are to be achieved. Such steward-
ship requires effective regulation of activities to connect
together the constituent parts of a national health system
and enable, for example, the reconfiguration of personal
and nonpersonal services to meet future health-care
needs through a shift from a preoccupation with



downstream care services to an upstream focus on the
health of communities. However, achieving such ideals
will be influenced by the two key features controlling the
overall nature of a national health system: the involve-
ment of the state (the ability of governments and legisla-
tive bodies to respond to system needs) and the
limitations imposed by political and resource pressures.

See also: Health System Organization Models (Including

Targets and Goals for Health Systems); United Kingdom,

Health System of; United States, Health System of; Urban

Health Systems: Overview; Western Europe, Health

Systems of.
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Introduction

The brain’s frontal regions are slow to mature, and they
are vulnerable to neurodevelopmental disorders such as
autism as well as neurodegenerative disorders of aging
such as Parkinson’s and Huntington’s disease. The frontos-
triatal system involved in neurodevelopmental disorders
comprises the dorsolateral prefrontal cortex, the lateral
orbitofrontal cortex, the anterior cingulate, the supplemen-
tary motor area, and the basal ganglia. These areas are
involved in a number of functions, such as executive
functions (that is, functions such as self-monitoring,
planning, organization, flexibility of thinking, and inhibi-
tion), motivation, control of complex behaviors, and
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sequencing movements. Below we outline the particular
frontostriatal areas involved in six different development
disorders, how they are characterized clinically, neuropsy-
chologically, and genetically, and how they are best treated.
The six disorders are attention-deficit/hyperactivity disor-
der (ADHD), autism spectrum disorders (ASDs), depres-
sion, schizophrenia, Tourette’s syndrome (TS), and
obsessive–compulsive disorder (OCD).
Attention-Deficit/Hyperactivity Disorder

ADHD is an early-onset behavioral disorder comprising
problems with inattention, impulsivity, distractibility,
and excessive motor activity. It is classified in the Diag-

nostic and Statistical Manual of Mental Disorders as three
major subtypes: predominantly inattentive (20–30%), pre-
dominantly hyperactive (less than 15%), and combined
(50–75%). ADHD occurs in approximately 1–10% of
school-aged children. Boys are more frequently diagnosed
than girls, with ratios ranging from 2:1 to 9:1.
Clinical Features

Diagnosis of ADHD is based on the presence of a suffi-
cient number of symptoms present before the age of 7,
and the report that these symptoms impair the child’s
functioning in at least two settings (home, school). Other
than high levels of distractibility and inattention, children
with ADHD tend to be disorganized, struggling to follow
routines and to complete tasks. They tend to interrupt
others, struggle to follow rules, and are often impulsive.
Hyperactive children have difficulty remaining seated
and are constantly restless and fidgety. These behaviors
wax and wane and are influenced by the environment.
Symptoms are typically worse in situations requiring
sustained attention or mental effort, or those that are not
appealing or novel.

Between 50 and 80% of children with ADHD also
meet diagnostic criteria for other disorders, and generally
the presence of such a comorbid disorder indicates a more
serious problem and worse prognosis. The most common
comorbid disorders are other externalizing disorders,
such as oppositional defiant disorder and conduct disor-
der, followed by internalizing disorders, such as mood
disorders, anxiety disorders, and specific learning disor-
ders. Language and speech disorders and OCD are also
common. While almost half of individuals with TS also
have ADHD, the reverse is not the case.

ADHD symptoms usually reduce with maturation but
persist to adulthood in 30–50% of cases. ADHD is a
major risk factor for later personality and psychiatric dis-
orders, delinquency, substance abuse, driving accidents
and speeding violations, and difficulties in adult social
relationships, marriage, and employment. Most of these
developmental risks are exacerbated by the presence of
comorbid aggression/conduct problems.
Treatment

Stimulant medications like methylphenidate and dextro-
amfetamine are the most commonly used treatment.
They have a positive effect for approximately three-
quarters of children with ADHD at least in the short
term. Stimulant medications are primarily dopaminergic
(although they also affect noradrenergic and serotonergic
systems), and treatment is associated with a reduced risk
of later substance abuse. Contrary to popular belief that
the effects of stimulant medication are paradoxical
because ADHD children appear ‘slowed down,’ normally
developing children respond to stimulants in the same
way, with improved cognitive function and reduced
motor activity.

Antidepressants (tricyclics like imipramine, desipra-
mine; a norepinephrine [noradrenaline] reuptake inhibitor
antidepressant, atomoxetine) are alternative treatments if
children have intolerable side effects or are unresponsive
to stimulants. These particular antidepressants primarily
act on norepinephrine transmission.

Education of parents about the disorder, training in
managing problem behaviors, learning how to manage
stress, and social supports are useful for parents of
ADHD children and result in reported improvements in
the child’s behavior. Treatment involving medication is
better than behavioral treatment alone. Behavior therapy
may be a useful adjunct to medication by improving other
associated difficulties such as social problems.
Neuropsychology

Executive functioning problems are indicated, with an
emphasis on inhibitory deficits and problems with sus-
taining attention. These individuals typically show slow,
variable, and inaccurate responding. They are impaired
on tasks requiring inhibition of a response and of distract-
ing stimuli, as well as in thinking flexibly, specifically
being able to change response strategies when task
demands change (change of set). Planning, word genera-
tion, withholding premature responses, working memory,
and sustained attention are also deficient. Poor perfor-
mance on many of these tasks is normalized through
stimulant medication. While in the past the inattentive
subtype was thought to be characterized more by pro-
blems with processing speed and selective attention, it
now appears that the underlying neuropsychological def-
icits are more similar to than different from those with the
combined subtype.
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Neuroimaging

ADHD is associated with smaller whole-brain volumes,
smaller right prefrontal cortex, and structural anomalies
in the basal ganglia, cerebellum, and corpus callosum.
Functional imaging studies indicate low striatal and frontal
activity, particularly on the right, that is partially reversible
with stimulant medication. These regions are involved in
higher, executive function, such as working memory, rule-
based learning, and planning. The right prefrontal cortex is
important in editing one’s behavior, spatially focusing
attention, resisting distraction, and developing an aware-
ness of self and time. Lesions in the prefrontal cortex cause
poor attention regulation, hyperactivity, and impulsivity.
The basal ganglia act in switching off automatic responses,
in coordination, and in selecting deliberate actions.
Genetics

While environmental factors such as birth complications,
maternal alcohol, and tobacco use have been indicated,
ADHD has a strong genetic component, with herita-
bility estimates ranging from 61 to 98%. The mode of
inheritance, however, is not clear. Like most psychiatric
conditions, ADHD is a complex disorder with several
genes, each of minor or moderate effect.

Disruption in dopaminergic pathways has been pro-
posed for ADHD, and several dopaminergic genes have
been implicated (DRD4, DRD5, DAT1). The dopaminer-
gic system influences motor control, reward, and cogni-
tion, and is indicated by the primarily dopaminergic
effects of stimulant medication. Dopamine receptors are
present in the striatum and dorsolateral prefrontal cortex,
areas shown in imaging studies to function abnormally.
Problems in the dopaminergic system may also help
explain the slow responding, poor timing, and clumsiness
in ADHD.

The noradrenergic and serotonergic systems are also
implicated, and clearly, multiple neurotransmitters may
be involved. The study of the role of neurotransmitters is
complicated by the interrelationship between neurotrans-
mitter systems: a change in one results in a change in
another. Noradrenergic projections are dense in the fron-
tal cortex and cingulate gyrus, regions that subserve alert-
ness and attentional control. Norepinephrine is implicated
in working memory, behavioral inhibition, and attention.
Low concentrations of norepinephrine in certain regions
of the prefrontal cortex are associated with poor con-
centration, poor self-control, and greater motor activity.
Serotonergic deficiency is associated with impulsivity
and aggression, and serotonin is important in mood con-
trol, sleep, appetite, memory and learning, and control of
attention and locomotion.
Depression

Depression, the ‘common cold’ of psychiatry, has a lifetime
risk of between 10 and 20%, with females at twice the risk
of males. The mean age of onset of a depressive disorder is
between adolescence and the mid-twenties. It is more
debilitating than the sadness that everyone sometimes
experiences, and different even from grief of bereavement.
It may have morbid consequences, with depression being
the most common diagnosis in individuals who suicide.
Clinical Features

Major depressive disorder (MDD) is characterized by
depressed mood of at least two weeks’ duration (depressed
or irritable mood in children/adolescents) or loss of inter-
est or pleasure in all activities. In addition, a number of
other symptoms must be present: individuals with MDD
often become preoccupied with suicide, plagued by guilt
and a sense of worthlessness. They often have difficulty
thinking clearly, concentrating, remembering, or making
decisions. They may have difficulties with sleeping: they
may feel sapped of energy and have trouble sleeping, or
instead may want to eat and sleep excessively. They may
also have symptoms of psychomotor agitation or retarda-
tion (psychomotor symptoms are rare in children/adoles-
cents). MDD can present with psychotic features, usually
consistent with depressive themes. It can also, rarely, pres-
ent with catatonic features (immobility), melancholic fea-
tures (lack of reactivity to pleasurable stimuli with
worsening of symptoms in the morning, psychomotor
retardation, and early morning awakening; this is rare in
children/adolescents), and atypical features (reactive
mood, increased appetite, excessive sleep, leaden paralysis).

Approximately 3–6% may develop a less acute but
more chronic dysthymic disorder where symptoms of
depressed mood and at least two other symptoms (poor
appetite or overeating, insomnia or hypersomnia, low
energy or fatigue, low self-esteem, poor concentration, or
difficulty making decisions and feelings of hopelessness)
are present most of the day, more days than not for a period
of at least 2 years (1 year in children/adolescents). Bipolar
disorder, characterized by episodes of mania (marked by a
decreased need for sleep, rapid speech, delusions of gran-
deur, and engaging in self-destructive activities such as
spending sprees and promiscuous sex), typically com-
mences following one or more depressive episodes. It is
rarer than unipolar depression, estimated at 1–1.5%.

Depression is comorbid in approximately 60% of
cases, with anxiety disorders being the most common
comorbidities. Substance abuse, eating disorders, conduct
disorders, and ADHD are also often comorbid. Comorbid
disorders such as anxiety (but not substance abuse) often
precede depression.
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Only two-thirds respond to treatment; 15% fail to
recover (with the episode lasting for 2 or more years).
Among those who respond to treatment one-third will
relapse during remission. Of those that recover, 75%
will have a recurrent episode. Only 11% ever have a
single episode. Those with depression can expect four to
six episodes during a lifetime.
Treatment

Cognitive behavior therapy (CBT) and interpersonal ther-
apy (IPT) are the two empirically validated psychothera-
pies for adolescent and adult depression. CBT focuses on
developing a less distorted/negative thinking style and
more adaptive coping behaviors, while IPT focuses on
improving effective communication. However, severe
depression usually requires antidepressant medication.
There are added benefits with combined psychotherapy
and medication treatment. In very severe treatment-resis-
tant depression, or with severe illness/suicidality, electro-
convulsive therapy (ECT) is used, involving induction of
brief seizures. It is an efficacious rapid treatment, but ben-
efits need to be maintained with maintenance treatment
(e.g., maintenance ECT or antidepressant medication).
Transcranial magnetic stimulation, the use of a powerful
magnetic field to stimulate brain areas such as the prefrontal
cortex, also temporarily ameliorates symptoms.

Antidepressant medications act primarily on sero-
tonin (the serotonergic system plays a role in control of
appetite, sleep, memory and learning, control of atten-
tion and locomotion, muscle contraction, and endocrine
regulation) and norepinephrine. Older tricyclic antide-
pressants are primarily noradrenergic and especially
indicated where psychomotor retardation is prominent, as
in the melancholic type. Tricyclics are no more effective
than placebo in adolescents, where psychomotor symptoms
and melancholic depression are rarely seen. In this group,
the newer SSRIs (selective serotonin reuptake inhibitors)
are more effective than tricyclics, suggesting that serotonin
may be more important in childhood depression. There is
recent controversy over the use of SSRIs in children
and adolescents, in terms of safety and efficacy. Only fluox-
etine (i.e., Prozac/Lovan) was considered to have an
acceptable risk–benefit ratio by the Food and Drug Admin-
istration, and warning labels have been issued for antide-
pressants. Lithium remains the standard treatment for
bipolar disorder. Some antiepilepsy drugs are also used as
mood stabilizers in bipolar disorder.
Neuropsychology

Depressed individuals are slower in cognitive pro-
cessing and responding. Cognitive deficits have also
been observed, such as concentration difficulties and
learning and memory problems (especially verbal mem-
ory); and reduced executive functioning with an emphasis
on flexibility of thinking or shifting attentional set. Indi-
viduals with depression are also often impaired in
planning, word generation, working memory, and inhibi-
tion of irrelevant information. While some difficulties
disappear in remission (e.g., verbal fluency), others
continue to manifest (e.g., inhibition of irrelevant infor-
mation). Fewer difficulties are apparent in younger indi-
viduals. The neuropsychological difficulties in bipolar
disorder are similar, but more severe than in unipolar
depression.
Neuroimaging

Structural imaging reveals ventricular enlargement (cor-
relating with cognitive and psychomotor retardation) sim-
ilar to Alzheimer’s disease, Huntington’s disease, and
schizophrenia, together with periventricular white matter
lesions, decreased striatal volume, temporal lobe anoma-
lies, and smaller frontal lobe volume. Smaller hippocam-
pus (involved in learning and memory) and enlarged
amygdala (involved in emotional functioning) are also
reported. Functional imaging studies show lower activity
in the anterior cingulate, left dorsolateral prefrontal
cortex, amygdala, and striatum. Increased orbitofrontal
activity reflects inhibitory processes and rumination.
These brain areas mediate the affective aspects (e.g.,
orbitofrontal cortex, amygdala, hippocampus), psychomo-
tor aspects (e.g., dorsolateral prefrontal cortex), and
cognitive/executive function aspects (anterior cingulate
and dorsolateral prefrontal cortex).
Genetics

Individuals with major depression are more likely to have
relatives suffering from anxiety, depression, and alcohol
abuse. There may be overlapping genetic association
between mood disorders and alcohol abuse. While rela-
tives of individuals with bipolar disorder are at increased
risk of depression, the reverse is not true. Depression has
heritability estimates around 40–70%. Environmental risk
factors for depression include stressful life events and
childhood neglect/abuse, absence of social support, and
low maternal support in childhood.

Various genes have been investigated in depression,
including those affecting neurotransmitters such as sero-
tonin and norepinephrine and those that control activities
of certain hormones, with unclear findings. Some studies
find that stress interacts with serotonin transporter genes
in predicting depression, while others do not. Neurotoxic
effects, possibly from cortisol released during stress, may
damage hippocampal cells (part of the limbic system
involved in memory and emotion), resulting in depressive
symptoms. After a few weeks of antidepressant treatment
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the hippocampus may regain mass (neurogenesis). Possi-
bly neuroprotective proteins are also implicated. Depres-
sion probably involves an interaction of several genes with
environmental events.
Tourette’s Syndrome

TS is a severe form of tic disorder, marked by multiple
motor tics and one or more vocal tics that are present for
at least 1 year. Tics are sudden rapid, recurrent, purpose-
less movements or vocalizations/utterances. TS is more
commonly found in boys than girls (3:1 ratio) and affects
less than 1% of the population. Motor tics usually develop
before vocal tics, and these symptoms typically progress
over time, becoming more severe and complex. Onset is
usually during childhood or early adolescence, and is by
definition before age 18. Tics typically develop prior to
age eight, peak by puberty, and decline substantially
thereafter. In some cases symptoms disappear entirely by
adulthood.
Clinical Features

Simple motor tics include eye blinking, neck jerking,
grimacing, and coughing, whereas simple vocal tics
include throat clearing, sniffling, grunting, and barking.
Complex tics include licking, head shaking, throwing,
biting, jumping, compulsive touching, compulsive copying
of another’s actions (echopraxia) or speech (echolalia),
obscene gestures (copropraxia), and socially unacceptable
utterances (coprolalia). However, coprolalia occurs in less
than 15% of cases. Tics are experienced as irresistible but
can be suppressed for periods of time, though with an
increasing build up of tension. Most individuals are aware
of an urge similar to the urge to sneeze or scratch an itch.
Tics constantly change in number, frequency, and sever-
ity, and are typically exacerbated by stress or boredom
and reduced during concentration.

Tics can cause embarrassment and interfere with
social interactions, and can sometimes be quite uncom-
fortable and painful. Self-injurious behavior such as bit-
ing, scratching, cutting, or hitting are also seen in TS.
Some individuals with TS have speech dysfluencies that
resemble stuttering. The majority of individuals with TS
have symptoms of ADHD, OCD, or both, at some time
during the course of their condition. There is consider-
able overlap between TS and OCD, in that in both con-
ditions the repetitive behaviors are considered to be
involuntary (although for both there is some degree of
voluntary control), tension is experienced if the behavior
is inhibited, and relief is reported as the behavior is
carried out. TS is also comorbid with problems of poor
impulse control and an inability to control anger, learning
disorders, and anxiety and depression.
Treatment

Management involves medication, behavior or cognitive
therapy, and for a minority of severe cases, surgery (involv-
ing for example, making multiple lesions in the cingulum
and beneath the head of the caudate nucleus). Themain aim
of treatment is to achieve a degree of control of tics allowing
the individual to function as normally as possible and to
relieve tic-related embarrassment or discomfort. Most cases
of tic disorders such as TS are mild and are considered not
to require medication. Behavioral therapy such as biofeed-
back, habit reversal (e.g., practicing muscular movements
opposite to the tic) and relaxation training (to help relieve
stress that aggravates tics) has been suggested to help. Cog-
nitive therapy and supportive psychotherapy are also help-
ful in avoiding depression and social isolation and
improving family support. Habit reversal is superior to
supportive psychotherapy in reducing tic severity, but
both improve life satisfaction and psychosocial functioning.
Most psychotherapeutic interventions (with the exception
of habit reversal) have, however, not been systematically
evaluated. Often it is the comorbid conditions like ADHD
that cause greater impact, and these comorbid disorders are
often the reason for seeking help. Medications useful in
treating tics target dopaminergic systems by blocking dopa-
mine receptors. Thus antipsychotics (e.g., ‘typicals’ like
haloperidol and newer ‘atypicals’ like risperidone) are con-
sidered the most effective anti-tic agents, but are often
associated with unwanted side effects. Variable efficacy has
also been shown for antihypertensives such as clonidine.
Neuropsychology

Increased rates of eye blinking and poor handwriting (simi-
larly found in ADHD) suggest mild impairment in motor
control. There is some evidence for difficulties with respect
to visuomotor integration (e.g., copying complex designs)
and in motor coordination, as well as deficits in eye move-
ment control. Early studies suggested executive function
deficits. However, these deficits may be related to the
comorbid symptomatology of OCD and ADHD. Studies
comparing neuropsychological performance of individuals
with TS with andwithout comorbid ADHD or OCD symp-
tomatology, suggest more extensive impairments in those
with comorbid disorders and only mild cognitive deficits in
the ‘pure’ form. There is debate that rather than widespread
executive deficits, deficits in TS may be more inhibitory in
nature, though whether this is so, and precisely which inhib-
itory processes are involved, requires further investigation.
Neuroimaging

The main brain areas implicated are the basal ganglia
(especially the caudate nucleus) and the inferior prefron-
tal cortex. Caudal volume correlates inversely with tic
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severity and obsessive–compulsive symptoms. Neuroimag-
ing studies show anomalies of the basal ganglia and activa-
tion changes in the ventral striatum, orbitofrontal cortex,
and anterior cingulate. The basal ganglia normally gate
release of behaviors, with TS probably reflecting excess
facilitation of unintended (and inhibition of intended)
actions. Tics involve activity of not just motor areas, but
also oculomotor, language, limbic, and cognitive/executive
areas. During periods of tic suppression, decreased activity
is observed in the ventral globus pallidus, putamen, and
thalamus, and increased activation in areas involved in the
inhibition of unwanted impulses: the prefrontal, parietal,
temporal, and cingulate cortical areas. Prior to tic occur-
rence paralimbic areas are activated (anterior cingulate,
insular cortex, supplementary motor area – receiving
input from basal ganglia – and parietal cortex) and as the
tic commences, sensorimotor activation occurs in the supe-
rior parietal cortex and cerebellum. Interestingly, paralim-
bic and associated areas are implicated not only in tic
generation, but also with movements triggered internally
by unpleasant sensations such as pain or itching.
Genetics

While environmental factors such as infection, maternal
stress, and nausea during the first trimester of pregnancy
may influence expression of TS, it also has a strong genetic
component. Monozygotic twins have concordance rates of
50–70% (that is, if one identical twin has TS there is a
50–70% probability that the other will also have TS) and
dizygotic twins around 10–20%. The disorder’s familial
characteristics have been interpreted in terms of autosomal
dominant transmission with high but incomplete pene-
trance and variable expression; thus, not everyone who
inherits the genetic vulnerability will show the same sever-
ity of symptoms, or even any symptoms at all. Males are
more likely than females to show genetic vulnerability to tic
expression. However, the exact mode of inheritance is not
yet known, and some researchers propose an additivemodel
of gene inheritance where many genes are likely to contrib-
ute to the expression of TS. Many chromosomal locations
have been proposed – for example, on chromosomes 4, 5, 8,
11, and 17 – likely influencing dopamine receptor subtypes
and/or controlling neuronal development. Some forms
of OCD may be genetically linked to TS, and a genetic
relationship of ADHD to TS has also been proposed.
Obsessive–Compulsive Disorder

OCD is characterized by uncontrolled, recurrent, intru-
sive thoughts, impulses, and images (obsessions), accom-
panied by feelings of urgency or catastrophe, leading to
repetitive, time-consuming and ritualistic behavior (com-
pulsions), which are an antianxiety attempt to avert fear
or distress. The obsessions and compulsions cause marked
distress, are time consuming, or interfere with the indivi-
dual’s normal routine, job, or social activities. There is
often variable insight into the reasonableness of the obses-
sions and compulsions. The disorder is equally common
in males and females, and age of onset is typically around
or before puberty in males and in the 20s in females.
Lifetime prevalence is estimated to be around 2.5%.
Clinical Features

OCD is considered an anxiety disorder that is typically
chronic rather than acute. Unlike obsessive–compulsive
personality disorder, with its characteristic perfectionism
and scrupulosity, where individuals derive pleasure from
their obsessions and compulsions, those with OCD feel
distress and anxiety. The frequency of common obsessions
has been calculated as: fear of contamination (e.g., becom-
ing contaminated by handling money), 45%; pathological
doubt (e.g., wondering whether one has left the oven on),
42%; somatic concerns, 36%; need for exactness, sym-
metry, or evenness, 31%; fear of committing acts of
aggression, which unlike in psychopathy are not carried
through, 28%; sexual or religious obsessions (e.g., a recur-
rent pornographic image), 26%. Individuals with obses-
sions usually attempt to suppress such thoughts or to
neutralize them through another thought or action, i.e.,
compulsions. For compulsions, the figures are: checking
(63%), washing or cleaning (50%), counting (36%),
need to ask or confess (31%), symmetry and precision
until position or number of repetitions are ‘just right’
(28%), and hoarding (18%). Factor analysis suggests the
following groupings: aggressive and somatic obsessions
with checking compulsions; preoccupations with symme-
try and exactness involving counting, ordering, and arran-
ging rituals; fears of contamination or illness with washing
or cleaning rituals; sexual and religious obsessions. The
last, unlike the others which may change over time, tend
to be particularly stable.

Because obsessions are distracting, they may result in
inefficient performance in tasks that require concentra-
tion. In addition, many individuals may avoid objects or
situations related to the content of the obsessions, and for
some, performing compulsions may become a major activ-
ity leading to severe disruption to occupational function-
ing and relationships. Disorders commonly comorbid with
OCD include depression (67% lifetime rate), simple pho-
bia (22%), social phobia (18%), eating disorder (17%),
problems with alcohol (14%), panic disorder (12%) and
TS (7%).
Treatment

The tricyclic antidepressant clomipramine, which has
serotonergic and noradrenergic action, and the selective
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serotonin reuptake inhibitors (fluoxetine, sertraline, par-
oxetine, citalopram, and fluvoxamine) are effective treat-
ments. There is controversy over whether clomipramine
is more effective than the SSRIs. Behavioral treatments
such as exposure and response prevention (this involves
gradually learning to tolerate the anxiety associated with
not performing the ritual behavior) are effective, com-
pared to control relaxation treatments. Cognitive therapy
challenges irrational beliefs and is as effective as exposure
treatments. Cognitive behavior treatments are associated
with greater long-term gains (despite not entirely elim-
inating symptoms) than medication treatments, where
relapse is highly probable upon stopping medication.
Randomized controlled trials are required to clarify
whether or not there is any additional benefit of medica-
tion and psychological treatment. For patients with severe
OCD who do not respond to medication or psychological
treatments, psychosurgery (anterior capsulotomy, anterior
cingulotomy, subcaudate tractotomy, or limbic leucot-
omy) is a last resort.
Neuropsychology

Individuals with OCD respond more slowly, and their
performance on set shifting, response inhibition, and
motor suppression tasks (measures of executive function)
correlates negatively with the frequency and intensity of
their compulsive behaviors. There is some evidence of
selective deficits in pattern recognition and spatial mem-
ory, set shifting, and reversal of response set, with largely
intact planning and decision processes.
Neuroimaging

Specific brain regions are implicated; the basal ganglia
(particularly the caudate and striatum), orbitofrontal cor-
tex, and anterior cingulate, plus perhaps temporal lobe and
amygdala, which may provide the emotional features. Cau-
date volume is reduced and overactivity of the orbito-
frontal cortex, anterior cingulate, and right striatum is
observed. However, there are many inconsistencies in the
literature. These brain areas play an important role in
the inhibition of inappropriate responses, for executive
functioning, for overriding predominant response patterns,
and for error monitoring and detection.
Genetics

OCD has heritability estimates around 27–65%. While
the mode of inheritance remains unclear, it is likely to
be polygenic with a number of vulnerability genes,
including at least chromosomes 4, 5, and 7. Very recent
studies indicate significant associations between OCD
transmission and a locus on chromosome 9 that may be
crucial for controlling the excitatory neurotransmitter
glutamate. Genes of the serotonin and dopamine systems
(5HTTLPR, 5HT1Db, DRD4) are also implicated in
OCD. The relationship between OCD and TS may
imply a common genetic background, although the TS
genes may not be the only mode of acquisition of OCD.
Environmental factors such as pre- and perinatal events
and infection also play a role in its expression.
Autism Spectrum Disorders

ASDs such as autism and Asperger’s disorder onset
within the first 3 years of life. The prevalence of autism
and Asperger’s disorder are around 10–12 per 10 000, with
Asperger’s disorder possibly more prevalent than autism.
Both autism and Asperger’s disorder are more common
in boys than girls (4:1), with perhaps a greater prepon-
derance of affected males to females for Asperger’s
disorder.
Clinical Features

Autism is defined by impairments in social and commu-
nication function, and repetitive and stereotyped behav-
ioral patterns. Areas of social disturbance include poor
eye contact, reduced ability to interpret emotional states,
failure to develop peer relations, and deficiencies in
social-emotional reciprocity (e.g., not participating in
social play, impaired awareness of the needs of others).
For a diagnosis of autism, a child must, before 3 years of
age, exhibit abnormal or delayed functioning in at least
one of the following areas of social interaction: social use
of language, symbolic play, or imaginative play. Core
communication deficiencies include either a delay or
total lack of expressive language, as well as a marked
impairment in nonverbal behavior. Where individuals
develop language, they often have problems in initiating
or sustaining conversations. Developmentally inappropri-
ate echolalia (copying another’s speech) and pronoun
reversal, reduced prosody and intonation, and impair-
ments in the use of figurative language are also associated
with autism. Restricted, repetitive, and stereotyped beha-
viors manifest as an intense preoccupation with a single
subject or activity, adherence to nonfunctional routines or
rituals, stereotypies, and motor mannerisms, e.g., hand or
finger flapping, and body rocking. Disturbances in sensory
modulation may also be observed; for example, under-
and overreactivity to sensory stimuli.
Treatment

ASDs are lifelong conditions and therefore treatments
need to be tailored to the individuals’ particular develop-
mental needs. In general, treatments meet criteria
for best practice if they include a combination of
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educational, behavioral, communication, and social skills
training approaches, together with medication if indicated.
For example, a comprehensive treatment plan might
include: teaching new skills using positive reinforcement;
the provision of an individually designed school-based edu-
cational program; social skills training tailored to the child’s
intellectual and language abilities; and skills training for the
parents of childrenwith autism to provide themwith appro-
priate skills to promote their development.Medication may
be prescribed to target specific symptoms, e.g., neuroleptic
medication or SSRIs to treat anxiety, while lithium and
other mood stabilizers may reduce episodes of disruptive,
aggressive, and self-injurious behavior.
Neuropsychology

There are three main cognitive theories of autism and
Asperger’s disorder: theory-of-mind, the executive dys-
function theory, and the theory of weak central coherence.
Deficiencies in theory-of-mind – that is, the ability to
understand that other people have unique perspectives-
and thoughts that are sometimes contextually indepen-
dent – may be linked to the social-communicative deficits.
Weak central coherence, a deficit in the ability to inte-
grate details into a coherent global perception, may be
linked to the tendency to be preoccupied with parts of
objects and to miss the ‘bigger picture.’ Executive func-
tioning refers to the role of the frontostriatal circuits in
coordinating cognitive-motor output so that behavior is
well timed, planned, adaptable, appropriate, and relevant.
The repetitive, stereotyped, and restricted behaviors
may be due, in part, to deficient executive functioning.
Movement abnormalities in ASDs, in particular gait
(walking) abnormalities, may be underpinned by disrup-
tion to neural circuitry involving the basal ganglia and
cerebellum.
Neuroimaging

No consistent neuroimaging marker has been identified
for ASDs. Structural changes in the brains of individuals
with autism include: a slightly increased average brain
volume; decreased gray matter volumes in the limbic
system (important for social cognition); reduced neuron
numbers in the vermis of the cerebellum; and gross struc-
tural changes in the cerebellum and the parietal lobes
(important for efficient attention). Consistent with the
executive functioning and neuromotor impairments asso-
ciated with ASDs, functional imaging has revealed
decreased activation in the highly interconnected cortical
and subcortical frontal structures, including lateral and
medial premotor cortex, frontal eye fields, caudate, dor-
solateral prefrontal cortex, and anterior cingulate, sug-
gesting disruption to multiple frontostriatal circuits.
Genetics

The concordance for autism in monozygotic twins is
60% for autistic disorder and 92% for ASDs. For dizy-
gotic twins the concordance for either diagnosis is up to
10%. If an older sibling has autism, the risk that a
subsequent full sibling will have autism is about 5%.
Studies of individuals with autism suggest that chromo-
some 15q11-q13 is a candidate region for genetic risk
factors. There is also an increased frequency of the chro-
mosome 4B null allele, and of variant serotonin trans-
porter gene alleles on chromosome 17q11-q12. Autism is
associated with defined environmental causes, such as
rubella and cytomegalovirus, fetal infections, perinatal
brain injury, toxins, and specific genetic abnormalities
such as tuberous sclerosis and fragile X syndrome, in
less than 10% of cases.
Schizophrenia

Schizophrenia is characterized by psychosis (distur-
bances in thinking and perception), apathy, withdrawal,
and cognitive impairment. Schizophrenia affects emo-
tional reactivity, interpersonal relations, perceptual
processes, attention, information processing, and thought.
Its psychosocial impact is devastating at an individual,
family, and societal level. The prevalence of schizophrenia
is between 0.5–1.5%. Recent studies suggest a small, but
significantly higher, incidence of schizophrenia among
men compared with women when stringent classification
criteria are applied. Onset is typically in young adulthood,
later in females.
Clinical Features

Individuals experience a combination of ‘positive’ and
‘negative’ symptoms, which interfere with interpersonal
relations, work or education, or self-care over (at least) a
six-month period. Key ‘positive symptoms’ include: delu-
sions (distortions of thought content), hallucinations (per-
ceptual anomalies), and disorganized thinking, language,
and behavior. An example of a delusion might be the
belief that someone has inserted a thought into one’s
head or broadcast a thought from one’s own mind to
others’. Hallucinations are commonly auditory – for
example, ‘hearing voices’ that are so intense that they
are interpreted as being of external origin. Disorganized
thinking, measured clinically by the patients’ verbal out-
put, is often referred to clinically as the single most
important feature of schizophrenia. ‘Negative’ symptoms
essentially refer to restrictions in the range and intensity
of one’s ability to express emotion (affective flattening), a
reduced ability to produce fluent thoughts and ideas
(alogia), and a reduced ability to form and achieve
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particular life goals. The negative symptoms of schizo-
phrenia account for the increased suicide rate, estimated
at 10% of all those diagnosed with the disorder. The main
determinants of quality of life are depression and negative
symptoms (not active psychosis).

Depending on the constellation and type of positive
and negative symptoms, the disorder may be subtyped as
paranoid, disorganized, or catatonic. Individuals may shift
between positive and negative symptom types during the
progression of the disease – for example, commencing
with an exacerbating phase of largely positive symptoms,
followed by a plateau phase, where the severity and fre-
quency of positive symptoms stabilize, followed by a
remission of hallucinations, delusions, and disorganized
behavior with evolution of worsening negative symptoms.
Individuals may experience a single psychotic episode
followed by more or less total recovery, or suffer repeated
psychotic episodes with subtotal recovery, or, more
commonly, experience a course progressing to chronic
disability.
Treatment

The first line of treatment is pharmacotherapy. While in
the past pharmacotherapy was concentrated on control-
ling positive symptoms using neuroleptic medications
that block dopamine D2 receptors, atypical antipsychotic
medications (e.g., clozapine) are now more commonly
prescribed and are more effective than conventional anti-
psychotics, as well as yielding a more acceptable side-
effect profile. Antidepressants and mood stabilizers (e.g.,
lithium) are commonly used in treatment. Compliant
medication use sets the scene for effective psychosocial
interventions, including family psychoeducation, social
skills training, cognitive-behavior therapy, and substance
abuse treatments.
Neuropsychology

Schizophrenia is associated with multiple cognitive defi-
cits, including executive dysfunction (most notably work-
ing memory), problems with attention, concentration,
psychomotor speed, learning, and memory. Working
memory problems and attentional difficulties may under-
lie the positive and negative symptoms. For example,
distortions in perception and thinking may emerge from
a difficulty in being able to hold and manipulate cognitive
information long enough to reference an actual experi-
ence, as compared to emergent associated memory. Simi-
larly, negative symptoms such as a reduced ability to set
and execute daily goals may be underpinned by a diffi-
culty in maintaining an initial plan of action. Many of the
cognitive deficits associated with schizophrenia manifest
during remission, and are therefore considered as core
features as opposed to state deficits apparent only during
psychotic phases. As for autism, research using retrospec-
tive video footage has identified subtle neuromotor
features that are apparent prior to clinical onset. Addi-
tionally, upper-body bimanual coordination deficits have
been systematically documented.
Neuroimaging

Structural and functional brain imaging studies reveal
three consistent neuropathological findings: (1) hypofron-
tality (i.e., decreased neural activity in the frontal regions);
(2) enlargement of the lateral ventricles and decreased
brain tissue (for example, gray and white matter deficits
have consistently been found in the left superior temporal
gyrus and the left medial temporal lobe); and (3) reduced
hippocampal volume. Impairments in the dorsolateral
prefrontal cortex are responsible for core cognitive defi-
cits, most notably working memory. The hypometabolism
of the dorsolateral prefrontal cortex and anterior cingu-
late are linked to negative symptom severity, while hyper-
metabolism of the temporolimbic cortex has been linked
to positive symptomatology. Abnormalities have also
been reported in neuron density, number, and size in the
nucleus accumbens, substantia nigra, thalamus, locus
coeruleus, pedunculopontine nucleus, basal ganglia, thal-
amus, and corpus callosum. The highly salient clinical
feature of disorganized thinking is thought to be under-
pinned by a neuronal disconnectivity between the multi-
ple neural sites identified in schizophrenia.
Genetics

Schizophrenia is highly heritable. The monozygotic co-
twin of an affected individual has an estimated risk of
60–84%, whereas that of a dizygotic co-twin is around
14%. There is an 8% risk if a sibling has the disorder, and
12% if one parent and 40% if both parents are sufferers.
There are likely to be multiple susceptibility genes, each
with small effects, or several such genes, each with mod-
erate effects. Linkage analysis has identified 5q, 6p, 8p,
13q, 15q14, and 22q as promising genetic susceptibility
regions. Chromosomes 3, 9, and 20 have also been impli-
cated. The location of a schizophrenia susceptibility locus
at chromosome 22q11 has been suggested by recent
genome-wide linkage studies. Approximately 20–30%
of individuals with 22q11 microdeletions develop schizo-
phrenia or a related psychiatric condition (e.g., schizo-
affective disorder).
Conclusion

There are many similarities across the neurodevelopmen-
tal disorders, in terms of high rates of comorbidity and the
fact that the mode of inheritance is typically unclear,
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usually with a number of genes implicated. The neuro-
psychology deficits and implicated brain areas overlap,
and how each disorder manifests may depend on how
the frontostriatal system is compromised as a result of
both genetic predisposition and environmental factors.
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especially of marginalized people, in both developed and
developing countries.

There is more than one definition of the New Public
Health. It has been described differently by different
writers, ranging from a concern for issues that have long
been part of the mainstream of public health to concerns
that seem to some to be rather better suited to politics
and economics. The work and writings – such as The

Pathologies of Power – of the infectious diseases physician
and anthropologist Paul Farmer is but one example of this
more comprehensive definition of the New Public Health.
And so also is the People’s Health Movement.

Several books have been written entitled The New

Public Health, including one by the author of this article
(Ashton and Seymou r, 1988 ; Bau m, 1998; Tulchinsky and



Varavikova, 2000). Though similar in many ways, these
books provide distinct perspectives and definitions and
thus demonstrate that there are divergent views about
what constitute the New Public Health. However, a
shared basic premise is that equity and human action,
including the creation of beneficent social structures, are
crucial to improving the health of human populations. As
stated by Baum (1998):

The new public health strives for a fairer, more just,

healthier, kinder world and recognizes that it is human

action rather than physical constraint that prevents us

from achieving it.

But though seemingly new, such a comprehensive
understanding of public health has a long, albeit intermit-
tent, history and it is relevant to ask: Is it ‘The New Public
Health,’ or is the New Public Health, just de nouveau? Of
course, Hippocrates brought the different perspectives
together when considering that the way to attack ill health
was through combining the messages of Hygieia and
Panacea and restoring balance, not only physically but
also mentally and physically (O’Neil, 2006). This was
mirrored hundreds of years later, namely byWHO’s prop-
osition that health constitutes the physical, social, and
psychological well-being of individuals and not merely
the absences of disease – a definition that is inimical to
that of the New Public Health.

By the nineteenth century in Northern Europe, other
considerations drove the reinvention of public health,
increasingly focused on what came to be known as ‘sanitary
science.’ For although the Romans had introduced sewers
and bathhouses 2000 years before, the Industrial Revolu-
tion, rapid urbanization, and massive slum development
created environmental conditions under which epidemic
disease flourished. The response was an environmentally
based public health, which was born in Liverpool,
England in 1847 with the appointment of the first full-
time city Medical Officer of Health, Dr. William Henry
Duncan, and was driven centrally from London by
sanitary reformer Edwin Chadwick. At the end of the
eighteenth century, Germany had toyed with the idea of
medical police, but in Europe, at least, the then ‘new
public health’ emerged as an overwhelmingly medical
discipline, with a strong initial environmental focus.

Safe water, effective sanitation, paved streets, trash
collection, and improved housing were the tools of the
trade for practitioners at this time. In England, medical
officers of health worked closely with sanitary inspectors
and borough engineers, supported by legalization such
as the Liverpool Sanatory [sic] Act of 1846 and national
Public Health Acts in 1848 and 1875.

But in nineteenth-century England, France, Germany,
and elsewhere, there were additional and somewhat dif-
ferent efforts that may more directly be seen as the pre-
cursors of what today many call the New Public Health.

The proponents of these efforts, the so-called ‘social the-
orists of health,’ were guided by the following principles
(Trostle, 1986):

1. Health is a social and cultural concern.
2. Social, cultural, and economic conditions have an im-

portant effect on health and disease.
3. Social as well as individual measures must be taken to

promote health and prevent disease.

Included here must be the work of William Farr
(1807–83) in the British Registrar General’s office, who
noted that different classes of the population had very
different rates of mortality. He then became committed to
social reforms and to using statistics as a means to advance
these reforms. In 1845, George Engels published the
Condition of the Working Class in England, in which he clearly
analyzed and showed the relationship between social
structure and physical illness. John Snow (1813–58), the
father of modern epidemiology, must also be mentioned,
as he initiated a so-called ‘shoe-leather’ approach to
understanding a cholera epidemic in London, noting the
cause to be people’s proximity to and need of collecting
water from the (contaminated) Broad Street pump –whose
handle he broke to stop the epidemic (Trostle, 1986).

In France, we must take note of physician and statisti-
cian Louis-René Villermé (1782–1863), who investigated
the working conditions for child laborers in the silk mills
of Mulhouse, which led to the passing of the law of 1841
establishing increased protection to children in industry.

No doubt the best-known forefather of the New Public
Health was the German pathologist Rudolf Virchow
(1821–1902), also called the father of social medicine,
who stated, ‘‘Medical science is by its very nature social
science.’’ He made significant discoveries in medicine,
and he also designed and supervised the Berlin sewage
system, but he is better known for his report of the typhus
epidemic in Upper-Silesia in 1848, in which he blamed the
government for the epidemic and famine, and prescribed
education, freedom, and prosperity as lasting solutions to
the problems rather than the short-term palliatives of food
aid or new drugs. He wrote: ‘‘If disease is an expression of
individual life under unfavorable conditions, then epi-
demics must be indicative of mass disturbances of mass
life’’ (qtd. in Trostle, 1986). InTheMedical Reform (1848), he
proposed that medicine should be reformed on the basis of
four principles:

1. that the health of the people is a matter of direct social
concern;

2. that social and economic conditions have an important
effect on health and disease;

3. that these relations must be subjected to scientific
investigation; and

4. that the measures taken to promote health and to
combat disease must be social as well as medical.
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This phase (or phases) of the public health movement
lasted into the 1870s, when a more individual focus on
hygiene and behavior as the interface between biology
and the environment emerged. This became possible as a
result of the household availability of soap andwater on the
one hand, and the insights offered by the germ theory of
disease on the other – the ushering in of the so-called
‘bacteriological era,’ detracting attention from the sociopo-
litical and economic factors of public health, which did not
resurface until after the middle of the twentieth century.

As the most pressing environmental problems were
brought under control, at least in the developed world,
action to improve the health of the population moved
on, first to personal preventive medical services such as
immunization and family planning, and later to the devel-
opment of community and school-based nursing and pre-
vention services. This phase was marked by the increasing
involvement of the state inmedical and social welfare in the
United Kingdom and elsewhere. In particular, the countries
of the British Empire largely adopted the emergent model
from the mother country, and, for better or worse, the
footprint and fossil layers of this are still evident today in
the countries of the British Commonwealth.

By the 1930s, the new factor that came into play was
the possibility of effective and reliable treatment with the
discoveries of insulin, the sulfonamides, and penicillin.
However, Thomas McKeown is the most prominent com-
mentator to have drawn attention to the small contribu-
tion made by therapeutic medicine to changes in life
expectancy before this time, in comparison to the impact
from environmental measures, improvements in the stan-
dard of living, and behavior changes (in particular the
adoption of birth control and the move toward smaller
family size) – the social determinants of disease.

A sense of post hoc ergo proctor hoc (‘after this, therefore
because of this,’ or the cause and effect fallacy) began to
dominate understanding of the relative contributions of
preventive efforts versus treatment over the next 30 years.
The apparent demise of infectious diseases in the devel-
oped world coincided with the therapeutic revolution in
progress. By the end of World War II, health-care systems
increasingly became built around the hospital as the cen-
terpiece; departments of public health were progressively
weakened as power and resources shifted into the new
‘cathedrals,’ especially the teaching hospitals.

The origins of the ‘new’ New Public Health can be
dated to a cascade of writings, arguments, and initiatives
that began in the early 1970s (Ashton and Seymour, 1988).
By this time, the therapeutic emphasis was being increas-
ingly challenged, both on grounds of absolute cost but also
in terms of equity and cost-effectiveness. In the United
Kingdom, a dormant research interest in inequalities in
health was reawakened by the likes of Townsend and
Tudor-Hart, who demonstrated how the contemporary
models of health care were failing the most disadvantaged.

Possibly more significant was the Black Report (1980) of
the expert committee on health inequality, chaired by Sir
Douglas Black. The establishment of the expert committee
on health inequality was stimulated by a 1976 article (‘Dear
David Ennals’) by Richard Wilkinson, a central figure in
contemporary New Public Health. The Black Report found
that the main cause of these inequalities was poverty, and
that to attack these inequalities, the gap between the upper-
class and lower-class peoples must be narrowed.

Since the initial report was published, material/
structural explanations for health inequalities, operationa-
lized often as education, income, housing, and so on, have
largely dominated the literature. The impact of ‘social
relations and practices’ on ‘health inequalities’ is being
explored by studies concerned with context. Over the last
10 years, this body of research has been largely driven by a
search for explanations of the relationship between social
inequality and health/disease (Frohlich et al., 2001). The
recently (2005) established UN Commission on the Social
Determinants of Health, headed by Michael Marmot is a
verification that these factors, basic to the concepts inher-
ent in the New Public Health, are being taken seriously.

Illich argued powerfully that, far from being part of the
solution, the activities of the medical profession in produc-
ing iatrogenic illness were often part of the problem. The
growth of feminist ideas and alternative lifestyles in the
1960s led to growing demands to reclaim health as a
legitimate area for lay- and self-help. An excellent example
of this was the establishment of the BostonWomen’s Health
Book Collective in the late 1960s in the United States and
its book Our Bodies Ourselves, first published in 1973.
A watershed was the publication in 1974 by Canadian
Minister of Health Marc Lalonde of a government report,
A New Perspective on the Health of Canadians. A community
diagnosis for Canada, this report focused attention on the
fact that much of the new burden of noncommunicable
disease resulting in premature death and disability was
preventable, and that a public health approach was as
relevant in addressing these issues as it had been with the
infectious diseases. The Lalonde Report was a major stake
in the ground for the New Public Health. Subsequent
building blocks were not long in coming.

The Declaration of Primary Health Care

In 1978 at a meeting in Alma Ata (in the former Soviet
Union) sponsored by the World Health Organization and
UNICEF, the Declaration of Primary Health Care (PHC)
was passed, in which the development of a public health
model of primary health care was seen as being central to
effective health development. This Declaration fed into
the growing consensus being mobilized by the World
Health Organization, and that found its expression in
the WHO’s Global Strategy of Health for All By the
Year 2000. This was accepted as WHO policy in 1981 by
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the 34th World Health Assembly. According to the Strat-
egy, the task was to ensure that by the year 2000 all people
in all countries should have at least such a level of health
that they would be capable of working productively and
participating in the social life of the community in which
they lived. The means to achieving this that were put
forward were:

. promotion of lifestyles conducive to health,

. prevention of preventable conditions, and

. rehabilitation and health services.

The Alma Ata declaration identified eight essential ele-
ments of primary health care using a public health model:

1. health education,
2. food supply and proper nutrition,
3. safe water and basic sanitation,
4. maternal and child health care,
5. immunization,
6. prevention and control of the most important and

significant causes of ill health locally,
7. basic treatment of health problems, and
8. provision of essential drugs.

Mental health was added later.
In terms of ushering in the New Public Health, special

attention must be given to the five principles of PHC:

. equity,

. community involvement,

. focus on preventive care,

. appropriate technology,

. intersectoral approaches.

One significance of these principles was that a discus-
sion of equity (and social justice and human rights) was
legitimized as an appropriate topic of public health dis-
course, and thus heralded a New Public Health.

Healthy Public Policy and Health Promotion

The WHO’s work galvanized practitioners around the
world, and the outcomewas two important, complementary
concepts – those of healthy public policy and health pro-
motion. Healthy public policy, which is particularly asso-
ciated with the work of Milio in the United States, sought
to make explicit the health consequences of policies in
different domains of public life; health promotion, a concept
particularly associated with the work of Kickbusch at
WHO in Copenhagen, sought to put flesh on Lalonde’s
concept of the health field in terms of how health was to be
improved by adopting a ‘whole systems’ approach. The
OttawaConference onHealth Promotion in 1986 identified
five major strands for the New Public Health:

. Building public policies that support health. This recog-
nized that health promotion went beyond health care

and made health an agenda item for policy makers in all
areas of governmental and organizational action. Health
promotion required that the obstacles to the adoption of
health-promoting policies be identified in nonmedical
sectors, together with ways of removing them. The aim
was to make the healthier choices the easier choices.

. Creating supportive environments. Health promotion
recognized that both at the global level and at the local
level, human health was bound upwith the way inwhich
we treat nature and the environment and cross-linked
to the increasingly important agenda of sustainability.
Societies that exploit their environments without atten-
tion to ecology reap the effects of that exploitation in ill
health and social problems. Health cannot be separated
from other goals and changing patterns of life. Work and
leisure have a definite impact on health. Health promo-
tionmust therefore create living andworking conditions
that are safe, stimulating, satisfying, and enjoyable.

. Strengthening community action. Health promotion
works through effective community action. At the
heart of this process are communities having their own
power and having control of their own initiatives and
activities. This means that professionals must learn new
ways of working with individuals and communities –
working for and with them, rather than on them. In the
words of one Liverpool community member: ‘‘Profes-
sionals being on tap, not on top.’’

. Developing personal skills. Health promotion supports
personal and social development through providing
information, education for health, and helping people
to develop the skills that they need to make healthy
choices. By doing so, it enables people to exercise more
control over their own health and over their environ-
ments, making it possible for people to learn throughout
life to prepare themselves for all of its stages and to
cope with chronic illness and injuries. This has to be
assisted in the school, at home, at work, and in commu-
nity settings.

. Reorientation of health services. The responsibility for
health promotion in health services is shared among
individuals, community groups, health professionals,
medical care workers, bureaucracies, and governments
as coproducers of health. They must work together to
reorient health care toward a system that begins with a
population orientation, tackles issues of inequalities,
and provides care in the most appropriate ways depend-
ing on the local health issues.

Healthy Cities Initiative

One of the most productive spin-offs of work on the New
Public Health has been the World Health Organization’s
Healthy Cities Initiative. Despite its important role of
mobilizing and galvanizing public health globally during
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the half-century of its existence, WHO has struggled to
claim major successes apart from the eradication of small-
pox, not least in the more developed parts of the world.
Translating the rhetoric of ‘health for all’ into action was
proving challenging. It was in Toronto in 1984 that the
idea of a ‘Healthy Cities Project’ first surfaced at a con-
ference titled ‘Beyond Health Care.’ The original inten-
tion behind the Healthy Cities Project was that, by
bringing together a small number of European cities to
collaborate in the development of urban health promotion
initiatives, it would be possible to promote models of good
practice that were seen as relevant by other municipal
administrations and would be picked up and copied or
developed.

By concentrating on concrete examples of health pro-
motion based on a commitment to equity, community
participation, and intersectoral action, the Healthy Cities
Project was seen as marking the point at which the Health
For All Strategy was taken ‘off the shelves and into the
streets of European cities’ (Ashton, 1986; personal quote).
The demographic justification for the urban focus was
that within a few years a majority of the world’s popula-
tion would be living in cities.

The first formal activity of the Healthy Cities Project
took place in Lisbon in April 1986, when participants from
21 cities met to explore ideas about the healthy city and
ways in which the project might usefully develop. The
initially modest intentions for a project of four to six cities
had to be changed to accommodate the enormous interest
in the project, and by 1988, 24 European project cities were
involved, together with as many as 100 other European
cities in national networks and networks of cities in
Canada, Australia, and New Zealand. Subsequently, this
engagement spread throughout the world (Figures 1a, b,
2 , and 3 ).

The idea of a healthy city incorporated the belief that
the city as a place that shapes human possibility has a
crucial role to play in determining the health of those
living in it, in essence, an ecological concept. According to
Hancock and Duhl, two of the founders of Healthy Cities:

a healthy city is one that is continually creating and

improving those physical and social environments and

expanding those community resources which enable peo-

ple to support each other in performing all the functions

of life and in developing themselves to their maximum

potential (Ashton, 1986).

At its most fundamental, a city is unhealthy if it cannot
provide its citizens with the basic necessities for life:

. safe and adequate food,

. a safe water supply,

. shelter,

. sanitation, and

. freedom from poverty and fear.

However, these alone are insufficient, and most people
expect much more – a range of environmental prerequi-
sites, economic, physical, social, and cultural. In the spirit
of Alma Ata, cities should be able to address the common
health problems affecting their inhabitants. Today these

(a)

(b)

Figure 1 Program for the Liverpool Healthy Cities Conference

in 1988: (a) front; (b) back.
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include many behaviorally related issues, such as alcohol,
drugs, tobacco, HIV and other sexually transmitted
infections, obesity, violence, and death and injuries from
external causes, including road traffic accidents.

The Healthy Cities Project, as defined by WHO, con-
tained five major elements:

1. The formulation of concepts leading to the adoption of
city plans for health that are action-based, and that use
Health For All health promotion principles and the 38
European targets as a framework.

2. The development of models of good practice that repre-
sent a variety of different entry points to action depend-
ing on cities’ own perceived priorities. These could range
from major environmental action to programs designed
to support individual lifestyle change, but illustrating the
key principles of health promotion.

3. Monitoring and research into the effectiveness of mod-
els of good practice on health in cities.

4. Dissemination of ideas and experiences between colla-
borating cities and other interested cities.

5. Mutual support, collaboration and learning, and cul-
tural exchange between towns and cities.

The program that was built identified seven specific
tasks for participating cities:

1. The establishment of a high-level, intersectoral group
bringing together the executive decision makers from
the main agencies and organizations within the city.
The purpose of this group was to take a strategic over-
view of health in the city and free their organizations to
work with each other at every level.

2. To establish an intersectoral officer or technical group
as a shadow for the executive group to work on collab-
orative analysis and planning for health in the city.

3. To carry out a community diagnosis for the city
down to the small-area level, with an emphasis on
inequalities in health and the integration of data from
a variety of sources, including the assessment of public
perceptions of their communities and their personal
health.

4. The establishment of sound working links between the
city and the local institutions of education at school
and higher education levels. Part of this work involved
the identification of appropriate urban health indica-
tors and targets based on the Barcelona criteria:Figure 2 Liverpool becomes a healthy city.

Figure 3 The arrival of healthy cities in Hong Kong.
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. that they should stimulate change by the nature of
their political visibility and impact through being
sensitive to change in the short term and being
comparable between cities;

. that they should be simple to collect, use, and un-
derstand, and be either directly available now
or available in a reasonable time at an acceptable
cost; and

. that they should be related to health promotion.
5. That all involved agencies should conduct a review of

the health promotion potential of their activities and
organizations, and develop the application of health
impact statements as a way to make health promotion
potential in different policy areas explicit. This
includes the recognition that within a city there are
many untapped resources for health, both human and
material.

6. That each city would generate a great debate about
health within the city that involved the public in an
open way and worked actively with the local media.
This could include the generation of debate and dia-
logue using, for example, the interfaces that exist with
the public, such as schools, community centers,
museums, libraries, and art galleries. A city’s own pub-
lic health history was often seen itself as being a pow-
erful focus for debate and learning, and the
development of effective health advocacy was also
seen as a priority.

7. The adoption of specific interventions aimed at im-
proving health, based on Health For All principles and
the monitoring and evaluation of these interventions.
The sharing of experience between cities and the de-
velopment of multiple cultural links and exchanges was
seen as promoting one fundamental goal of the World
Health Organization: the promotion of world peace
and understanding, without which all health is
threatened. The core values of a commitment to re-
ducing health inequalities and working toward global
sustainability pervaded the thinking of the Healthy
Cities Planning Group.

Healthy Cities work has since spawned public health
action in many other settings, such as schools, hospitals,
workplaces, prisons, marketplaces, and sports stadiums.
The power of the approach has been seen to lie in
providing an integrating context that is both social and
environmental in which public health practice may be
taken forward in a holistic way.

Since 1988, the importance of tackling the root causes
of international tension and supporting international soli-
darity has become obvious to most people. The destabili-
zation of the world’s political forces, which was
symbolized by the terrorist attacks on the World Trade
Center in New York in 2001, has highlighted how small
the planet is and how important it is to find ways of

coexisting. Healthy Cities may still provide a policy
option for the way forward. In 1848 in Europe, rapid
urbanization had produced a crisis. In that year of revolu-
tion, public health reforms at the city level – galvanized in
the British case by the work of the Health of Towns
Association – diffused a situation that was on the brink.
Faced today with megacities in the developing world,
often with 50% of their populations under the age of 20,
and disaffected youth giving rise to new types of political
movement, the second wave of urban public health reform
may well provide the key to the planet’s future.

The historical review presented in this article verifies
that the contemporary embrace of the New Public Health
is evidence of the return to the fundamental idea of the
impact of social action and social context proposed by the
pioneers in the field of public health. And in this era of
growing disparity, such an embrace, the embrace of the
‘New’ Public Health, is more important than ever.
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Introduction

Genomics is the study of genetic information using a
whole-of-genome approach. This approach is possible
due to major advances in molecular biology, computer
technology, and informatics and permits the production
and handling of the large quantities of information
present in a genome. The latter culminated in 2003
with the announcement by the International Collab-
oration of the Human Genome Project of the comprehen-
sive sequence of the human genome. Numerous
other genomes have been sequenced including all the
principal human pathogens. The sequencing of the
human genome and the ongoing work linking genotype
with phenotype presents enormous potential in public
health to explore the interaction of genetics and environ-
ment in the development of disease. Yet it also raises
many ethical and legal issues, which are the focus of this
article.

Human Genomics, Public Health, and
Personalized Medicine

The Impact of Medical Genomics on
Public Health

At present the primary focus for public health in genomic
research lies in medical genomics, that is, in human geno-
mics or the genomics of pathogenic or model (e.g., mouse)
organisms relevant to understanding the human condi-
tion. Genomics may be used in the pursuit of understand-
ing about qualitative (e.g., predisposition to diabetes or
skin color), quantitative (e.g., blood pressure or BMI), and
behavioral (e.g., smoking or ADHD) traits in humans.
Genomic research may be carried out at the individual,
group, or population level, with each level carrying inher-
ent ethical and legal risks and issues. In some respects these
issues overlap considerably with issues raised in the study
of genetics, a far more limited exercise primarily concerned
with single-gene disorders such as Huntington’s or
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Tay-Sachs disease. The principal difference in the study of
genomics over genetics, lies in the escalating levels of
information with multiple applications. These include the
potential to characterize the genetic component of complex
diseases and drug responses and the ability to rapidly
identify and sequence emerging pathogens such as the
SARS virus.

Issues such as the duty to warn, informed consent,
or when to test children are not confined to genomics.
However, in the ‘postgenomic’ era the huge expansion of
genetic information amplifies these issues. The shift from
detection of rare single-gene disorders to identification of
the genetic component of complex and common diseases
is a shift from diagnostic services, counseling, treatment,
and consideration of the consequent ethical issues for a very
small group of affected individuals to the same considera-
tions and services for populations as a whole. This shift, by
itself, has the potential to overwhelm health systems.
The Rise of Personalized Medicine

Until now individuals and families with genetic disorders
have been a minority group. Genomics and the rise of
‘personalized medicine’ will change this. Early 2006 saw
a powerfully emotive media and political campaign in
most developed countries supporting the provision of
Herceptin, an expensive, genetically targeted drug for
breast cancer treatment. Public pressure expedited drug
approval and its use outside recommended guidelines. We
can expect that the number of genetically tailored treat-
ments will increase exponentially in the postgenomic era
and will consume scarce resources. It is possible that
genomic-derived therapies may ultimately save more
than they cost but some critics suggest that without care-
ful planning, an emphasis on genetic diagnosis and ther-
apy may result in neglect of low-tech solutions.

The future of genomics lies in the provision of afford-
able, whole-of-genome, individual, genetic-risk assessments
and population-based screening for genetic risk factors.
Both of these scenarios involve hugely increased demands
for provision of counseling. Many recessively inherited
diseases have a high incidence of carriers; for example, in
Caucasian populations 1 in 40 are heterozygotes for alpha-1
antitrypsin deficiency and 1 in 25 heterozygotes for cystic
fibrosis. Complex diseases such as diabetes and cardiovas-
cular disease (CVD) have multiple associated gene muta-
tions, whichmany of us carry. Hook et al. (2004: 646) suggest
that counseling should include ‘‘a comprehensive and accu-
rate discussion regarding inheritance patterns, penetrance,
statistical risks, and potential environmental interactions.’’
Assuming each piece of genetic information delivered,
as part of a genomic analysis, will have its own attendant
peculiarities, the degree of understanding demanded by
both the clinician delivering it and the client receiving it
may be overwhelming. The up-skilling of existing health
workers and the development of appropriate training for
new doctors and counselors, which keeps pace with a rap-
idly expanding knowledge field, will be a major burden for
all parties involved and for a society. In addition the poten-
tial for misinformation with ensuing public health conse-
quences is great.

A fundamental ethical issue in genetically inherited
disease is how to balance the need to protect confidentiality
against the duty to warn potentially affected relatives. In
particular the refusal of a proband to share critical genetic
information with relatives raises serious ethical issues. To
date, with some notable exceptions, patient confidentiality
has won out against duty to warn. In the context of a
postgenomic world a clinician’s duty to warn, given that
all of us carry some potentially harmful genetic variants, is
probably not feasible yet the degree of litigation arising
from such cases will grow. With time this may become a
moot point if testing is population-wide. In the meantime,
as increased genetic screening tests become available, dis-
cussion of these ethical issues will be essential.
The ‘Geneticization’ of Health and Illness

The rise of personalized medicine brings with it the
potential danger of the ‘geneticization’ (Lippman, 1991)
of health such that the contribution of environmental
factors in health and disease is downplayed. Although
genomics permits high-risk individuals with a genetic
predisposition to complex disorders to take action to
minimize their risk, such knowledge may be counterpro-
ductive. Fatalism arising from a belief in genetic deter-
minism may result in a failure to undertake appropriate
preventive measures. Alternatively, individuals may be
falsely reassured by negative genetic information and
may engage in risky behavior as a result. Changing behav-
ior requires considerable personal resources and there is
increasing evidence that genetic knowledge may not be a
sufficient motivator. In the past, most genetic testing has
revolved around inherited disorders with a high certainty
of future disease. In contrast, genomics will in many cases
predict marginal increased risk which, when applied
across populations, may have significant implications for
public health but may be more difficult to communicate
to the individual patient or the public at large.
Genomic Information and Equity

Screening of Children

Genetic screening of children is controversial particularly
when the disease has delayed onset or is largely untrea-
table. For many conditions presenting in childhood there
may be however economic or psychosocial reasons for
screening: it could reduce both acute presentation and
reliance on expensive and often distressing diagnostic
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tests. Screening in the postgenomic era means that issues
are further amplified (McLean and Mason, 2005). Many
genes have variable penetrance, that is, an individual may
have a genotype associated with disease but will not
express the disease or may have only a mild case. Geno-
mic testing in children will invariably raise unnecessary
anxiety and, although understanding of genotype/pheno-
type associations will improve with time, there may be
always some variability in expression. There may be
some basis for the argument to divide tests into childhood
and adult-onset conditions but even here there must
be overlap. Genomic testing with only selected release of
data may be possible. Arguments around balancing indi-
vidual and collective responsibilities come into play.
Should parents, perhaps in consultation with their physi-
cian, have the final decision as to whether their child will
be tested or should society regulate such a decision with
due consideration to the best interests of the child? Pro-
grams and policies in this area will need to reflect local
social norms.
Antenatal Screening

Many of these arguments also apply to antenatal screening.
On one hand, in many cases the objective with antenatal
screening will be to support the exercise of termination,
what McLean and Mason (2005) describe as ‘‘coming
dangerously close to a eugenic programme.’’ On the other
hand, some ethicists would argue that allowing a severely
disabled child to be born and suffer when this can be
avoided is a reprehensible act. The gray area in between
these two extremes offers considerable room for discussion.
As genomic knowledge grows Kirkman (2005: 164) suggests
‘‘people will want to protect their future children from
disease, help them to live longer, influence their appearance
and abilities, balance the sexes in the family and maximise
children’s chance of success in life.’’ Society and public
health practitioners have a role to play in helping to regu-
late the potential excesses of eugenics by promoting
‘‘empirical evidence, informed debate and building social
consensus’’ (Kirkman, 2005: 164) and ultimately by regulat-
ing genomic and genetic services.
Discrimination

Misuse of genetic information by employers or insurers
is a reality although the extent of discrimination is not
clear (Hook et al., 2004; see also NIH National Human
Genome Research Institute website). Fear of misuse of
genetic information, even if unfounded, has the potential
to stymie research and prevent uptake of new technolo-
gies with potentially deleterious public health conse-
quences. There are, therefore, grounds for legislation to
protect individuals from genetic discrimination even in
the absence of extensive evidence for such discrimination.
Existing legislation, generally only found in developed
countries, is variable (McGleenan, 2001).
Confidentiality

Ideally, to reduce cost and maximize utility for public
health, it would be desirable for an individual to undergo
genomic testing on a single occasion with the information
subsequently stored in a population-wide biobank, avail-
able for any physician or pharmacist who might need to
access it. Given the potential for discrimination it could
be argued that access to genomic data should be subject to
tight regulatory controls.

In genomic research there are similar issues. Manasco
(2005) describes a sharp reversal in ethical thought from
‘‘an almost uniform view that all genetic research should
be conducted on anonymous samples’’ to ‘‘protect the
human subjects from unintentional release of personal
information’’ to the present concept of retaining a link
to maximize use of the data. This also allows consent for
secondary use of the data. In both areas public confidence
in the security of genetic data storage is paramount for
maximizing the public health potential.
Consent

Genomic screening consent is complex because it is not
known exactly what information will emerge from ongo-
ing research. Feetham et al. (2005) allude to this risk with
respect to the APOE gene, in which early research showed
elevated risk of CVD while later studies revealed an
increased risk of Alzheimer’s disease. Some research par-
ticipantswho consented to research onCVD risk may have
inadvertently learned of their risk for Alzheimer’s disease
also. Such occurrences may become increasingly common
as genotype/phenotype associations are unraveled.
Keeping the Products of Genomic Research in
the Public Domain

Equitable use of genomic information is reliant on keeping
the data in the public domain. John Sulston (2003) presents
the compelling argument that databases held in the private
domain are ‘‘of limited value; subscribers who pay to view
them must necessarily contract not to distribute the infor-
mation or the data would quickly become public and lose
their business value.’’ Data that cannot be shared cannot be
published for public critique and use. Yet, in 1999 the
public genomic project came close to being turned over
to commercial interests.

From an insider’s perspective, Maynard Olson (2002)
describes the steamroller of media, money, marketing,
ideology, and spin that threatened to shut down the pub-
lic genome sequencing project. Such a move would have
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severely restricted research in the area by restricting
access to genomic information but there is an argument
that the combination of private and public efforts accel-
erated the project. Some issues from commercialization of
genetic information remain from patents issued for indi-
vidual genes thereby restricting development of thera-
peutic applications. It could be argued that patenting of
genes, rather than specific applications, is both unethical
and damaging to the public good (Nuffield Council on
Bioethics, 2002).

The first of the population-wide biobanks, the private
company DeCode Genetics, houses genetic information
for Iceland’s population. Other models have since been
developed (Cambon-Thomsen, 2004). The primary public
health issue with storage of materials is confidentiality and
hence controls over access to the data. Cambon-Thomsen
(2004) argues that larger biobanks allow the development
of highly sophisticated IT tools to control and protect
access, tools that would be beyond the reach of smaller
biobanks. Concerns about security have led to lively debate
around whether the regulation of biobanks, and genomic
information more generally, merits specific legislation or is
sufficiently protected under existing legislation. The disci-
pline of public health will have an important role to play in
contributing to this ongoing debate (Omenn, 2000).
Global Equity and Genomics

Many agree with the HUGO Ethics Committee that
‘‘human genomic databases are global public goods’’
(Human Genome Organisation Ethics Committee, 2002).
How this concept is to be reconciled with powerful com-
mercial interests is less clear. Genomic research may actu-
ally increase global inequity by principally benefiting
developed nations. In an attempt to counter this probable
outcome, a 2004 report, Genomics and Global Health,
advocates a Global Genomics Initiative (United Nations
Millennium Project, 2004). The report also maps bio-
technologies with the greatest potential to impact on global
health including edible vaccines, cheap safe vaccines for
malaria, TB, and HIV/AIDS, and genetic modification of
staple foods to enhance nutritional value. Again it could
be argued that simple, sustained low-tech public health
approaches could be similarly effective.
Broader Social Implications

Increased Longevity

The products of genomic research will increase health and
thereby increase average lifespan. As a consequence, the
proportion of elderly in many populations must increase
as the effects of the genome project are translated into
health gains. In developed nations social consequences
arising from aging populations are already a public health
issue. However, present projections may be inadequate in
the face of potential medical advances resulting from
genomic research.
Nonmedical Use of Genomic Information

Genetic risk assessment extends to behavioral traits such
as predisposition to alcoholism or criminal behavior.
Screening in childhood might allow for effective inter-
vention but there is also potential for self-fulfillment and
stigmatization particularly if racial stereotypes are inferred.
The use of genomic information beyond the medical arena
must be then viewed with trepidation. Past experience has
shown that behavioral traits with a genetic basis have been
used for the perpetuation of policies that have severely
impinged on individual and group rights.
Safety and Regulation

Validation and Regulation of Genomic Tests and
Genetic Screening

For public safety, genomic testing must be fully evaluated
for analytical and clinical validity, as well as clinical utility.
Beyond this, given the complex issues around consent and
confidentiality, the idea that genomic testing should be
regulated in some way is beyond question. At present
many countries rely on existing regulations relating to
genetic screening. With the expected avalanche of geno-
mic information, these protections may rapidly prove to be
inadequate, thus further debate on the issues will be
needed. For example, under what circumstances should
direct-to-consumer marketing of genetic tests be permit-
ted? Many web-based genetic testing services presently
offered are based on unsubstantiated claims.
Artificial Genomes

The in vitro assembly of a whole genome, a bacteriophage
in 2003, was quickly followed by synthesis of infectious
poliovirus. The production of artificial functional gen-
omes incorporating natural and nonnatural amino acids
is also possible (Rinaldi, 2004). These achievements raise
the specter of bioterrorism: synthesis of human pathogens,
such as smallpox or even artificial pathogens, constructed
to resist known therapies. In addition there is the possibil-
ity of accidental formation of an artificial pathogen during
genetic manipulation for other purposes. Global oversight
and ongoing discussion of the potential risks to public
health, posed by this genomic technology, is essential.
Nonhuman Genomics

Genomics is not restricted to the human genome and may
be applied in nonmedical fields impacting on public
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health su ch as environ mental studies, entom ology, and
plant scie nce. Sequ encin g of plant genom es, such as the
rice genome completed in 2005, will f acilitate research
around crop yields, disease pr otection, nutriti onal value,
and producti on of therapeut ic or indus trial compou nds.
Simila r ly, an und er standing of plant and insect genomics
will open doo r s to under stand ing the interac tion of or gan-
isms in complex ecosystem s possibly per mitting bette r
forest management, carbon dioxide sequ estration system s,
water pollution management, and control of insect vectors.
These scenarios have the potential to increase food produc-
tion, provide clean water, reduce pesticide/herbicide use
and mitigate global warming. However, they also hold the
potential to increase inequity (because many of the benefits
of genomics will be targeted to the developed world),
reduce diversity, and, particularly in the genetic modifica-
tion of cell lines, result in unforseen harmful consequences.
Conc lusion

Genomi cs car ries the promise of enor mous publi c health
benefits but only if the bala nce among communi ty good,
comme rcial interests, and individual freedo m is carefully
managed to maximize equity and safety. For this reason it is
especially important that public health practitioner s engage
in the ongoing debate around the many ethical issues asso-
ciated with the new genomic age. This will include active
involvement in the regulatory frameworks that will be
essential for managing safety and security for genomic
information and in the community engagement essential
to maintaining societal under standing and support.
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Ethics and Human Embryonic
Stem Cell Research

Human embryonic stem cell (hESC) research has been
surrounded by considerable controversy in recent years,
particularly with regard to the ethical issues associated
with such research. The scientific facts are relatively
straightforward. Stem cells are undifferentiated, unspe-
cialized cells with the ability both to multiply for long
periods and to differentiate into specific kinds of cells
after being stimulated by chemical or other signals. This
latter property means that stem cells could be trans-
formed into specialized cells with specific functions,
such as heart muscle cells, blood cells, or nerve cells.
Hence promoters of stem cell research claim that it
holds promise for the development of therapeutic inter-
ventions for a wide range of diseases in which cells have
been damaged or destroyed (e.g., heart disease, diabetes,
spinal cord injury, and Parkinson’s disease). Patients with
leukemia have been routinely treated with blood adult
stem cells (ASCs) from compatible donors since the
1970s, and the success of this therapy is often cited as a
precedent for future uses of hESCs. However, other types
of stem cell therapies are highly experimental and are
currently only used in animal models.

hESCs can be very difficult to isolate and establish in
culture, but a number of stem cell lines have been suc-
cessfully obtained from the inner cell mass of 4- to 6-day-
old embryos (blastocysts). Cells are isolated at this early
stage because it is thought that in later stages of develop-
ment, they become more restricted in terms of what types
of tissues the stem cells can become. A stem cell line
contains cells that continue dividing without differentiat-
ing into specialized cells and which remain pluripotent
(able to differentiate into any cell type with a few excep-
tions). Stem cell banks hold cell lines that have been
produced under standardized conditions, which have
been quality controlled, and provide them to basic and
clinical researchers (Faden et al., 2003). The UK Stem Cell
Bank is the most prominent of these and is overseeing the
International Stem Cell Initiative to track and character-
ize all stem cell lines worldwide.

Blastocysts used for creating hESCs typically are
derived from frozen embryos that were originally created
as part of in vitro fertilization (IVF) treatments with the
intention of achieving successful pregnancies but that
were never implanted. In many countries, there are
hundreds of thousands of unused frozen embryos stored
in assisted reproductive technology (ART) clinics. In
some countries (e.g., Australia, Canada, and the United
Kingdom), once couples have finished IVF, they can con-
sent to donation of their surplus stored embryos for
research purposes, with some limitations (Isasi and
Knoppers, 2006). Elsewhere, excess ART embryos cannot
be donated for any type of research (e.g., Italy) or creation
of hESCs is explicitly banned (e.g., Germany, which does
allow importation of lines created elsewhere for research
purposes).
Ethical Debates About the Moral Status
of the Embryo

For many, the main ethical issues associated with hESC
research are related to the fact that an embryo must be
destroyed to obtain stem cells. Some research is underway
regarding accessing stem cells without destroying the
embryo, but it has so far been unsuccessful. A central
ethical question related to this is: What is the moral status
of a human embryo? Beliefs regarding when personhood
begins (that is, when a human being has moral status)
differ. For instance, some religious traditions hold that
personhood begins at conception, and thus hold hESC
research (and all other forms of destructive embryo
research) to be unethical (Doerflinger, 1999; Meilaender,
2001). We should not use embryos as a means to other
ends, they claim, and hence should value them as human
beings with moral status and full human rights, perhaps
deserving of additional protections because they are espe-
cially vulnerable and dependent.

A similar argument can be made without relying on
religion: Each of us began life as an embryo. If my life is
worthy of respect and hence inviolable by virtue of my
humanity, so was my life in earlier stages. Since we cannot
define a precise time between conception and birth at
which we become a person, we must hold embryos to
possess the same inviolability as fully developed human
beings (for the problems with this argument, see Sandel,
2004). Opponents of embryo research also argue that
allowing such research might create a sort of slippery
slope, which will lead to increased social toleration of
loss of life for vulnerable persons (such as infants and
the disabled), although there is limited empirical evi-
dence about social attitudes to support such a claim.

Other more intermediate views hold that the stage at
which embryos would be used for hESC research (less
than 6 days old) is so early that the embryo cannot be
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argued to have moral status and hence ethically can
be used for destructive research. The time at which
personhood or moral status is said to occur differs, but
even many religious traditions would nominate implanta-
tion or the formation of the primitive streak at around
14 days. These are said to be markers of an individualized
human entity with the inherent potential to become a
human person; up until this point, the moral status of
the embryo is not that of a person, and its use for certain
kinds of research aimed at alleviating illness and suffering
can be ethically justifiable (and may in fact be preferable
to simple destruction, as research is an acknowledgment
of the value of the embryo; see Annas et al., 1999). None-
theless, the embryo should be given some protections, in
recognition of its potential as a human being.

More liberal views claim that to attribute basic and
equal human worth to an individual requires more than
cells that have the potential to develop into a person
(Robertson, 1999). They would cite a much later stage of
development as the cut-off point, such as the time at
which a termination would no longer be legally allowed
under normal circumstances, which is much later than
when destruction for hESC research would occur. On this
view, there is no moral harm committed when an embryo
is destroyed or not transferred into the uterus to attempt
pregnancy. Some have argued that embryos have higher
and lower moral status, depending on whether they are
part of a parental project where there is a desire and
intention to bring a pregnancy to term. These arguments
typically do not imply that we can do anything we wish
with embryos (such as cosmetic testing) as we need to give
them special respect because of their source and their
symbolic value, but it would allow research aimed at
curing serious diseases.

The most liberal view holds that embryos are merely
body parts until they can exist independently. Thus they
have no independent moral status and belong (as property
does) to those persons who donated the parts needed to
make them. Therefore, all decision making about disposi-
tion of embryos should reside with the couple who con-
tributed the genetic materials, and we must respect these
rights as we would any other property rights.

There also is a related debate over intentionality, and
in particular whether it is ethically permissible to create
embryos explicitly for research purposes (see Davis, 1995;
Juengst, 2000; FitzPatrick, 2003), either by using IVF to
join a sperm and an egg or via cloning (see the section
titled ‘Cloning’ below). Some people who would find it
ethically permissible to use already created, stored
embryos for research oppose the creation of embryos
explicitly for research purposes. Societies that permit or
support IVF technologies might be argued to have impli-
citly endorsed the idea that there will be some wastage of
embryos inherent in such procedures, but creating new
embryos for research is more morally problematic for
many. The Council of Europe’s Oviedo Convention
of 1997 prohibits the creation of human embryos for
research purposes, but it has yet to be ratified by a major-
ity of its member states. Others argue that the creation of
embryos for research purposes is ethically permissible, as
such embryos do not have the social significance asso-
ciated with those created for reproduction and hence have
a different moral status.
Cloning

The term cloning is used to describe a range of processes
that involve genetic copying, ranging from copies of sec-
tions of DNA (genes) to whole organisms (such as plants).
Ethical debates about cloning escalated in 1997 with the
birth of Dolly the sheep, a whole organism produced
using cloning techniques. Cloning is relevant to debates
about hESC research because it has the potential to pro-
vide a source of tailored stem cells that might be particu-
larly useful for individualized medical treatments. Human
embryo clones could be created using somatic cell nuclear
transfer (SCNT), which involves taking an egg cell from a
woman in a similar way to how eggs are obtained for in
vitro fertilization. The nucleus of the egg is extracted,
leaving behind only the cytoplasm. A nucleus is then
extracted from a somatic (body) cell of a person (who
can be another person or the same woman who donated
the original egg) and inserted into the cytoplasm.

Under the correct conditions, the entity created should
start to divide as would an embryonic nucleus created
naturally (i.e., by the union of egg and sperm). The result-
ing embryo that is formed has the same genetic material as
that of the donor of the somatic cell nucleus, instead of its
genome being a blend of the two parents as is usual, and
its inner cell mass can be used to obtain stem cells as
outlined above. The potential advantage of cloning via
SCNT is that if the donor of the somatic cell nucleus is
also the potential recipient, the resulting hESCs are less
likely to be rejected by the recipient’s immune system
when transplanted.

Clones could also be created by splitting an embryo at
early stages of cell division; by inserting an embryonic
stem cell nucleus into the cytoplasm of an egg; or by
stimulation of egg cells such that they become embryos
without being fertilized by sperm (parthenogenesis),
although many of these techniques are highly experimen-
tal and have only been used with animal models.
Ethical Debates on Cloning

In 2005 in a split vote, the United Nations adopted a
nonbinding resolution to prohibit all forms of human
cloning as they are ‘‘incompatible with human dignity
and the protection of human life’’ (United Nations,
2005). However, numerous countries (35 voted against
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and 37 abstained) did not support the resolution because
it failed to distinguish between reproductive and nonre-
productive cloning. Typically, ethical responses to cloning
split in terms of purposes for which cloning will occur,
though many claim that this distinction is difficult to
maintain and will be difficult to monitor in practice
(Bowring, 2004). Most commentators are opposed to
human reproductive cloning, where the intention is to
produce a cloned human embryo to implant in a woman
in order to produce a pregnancy and eventually a child.
There do not seem to be particularly strong rationales for
creating this type of human clone, and there are concerns
about safety and long-term effects based on animal mod-
els; reproductive cloning is explicitly legally prohibited in
several countries.

Nonreproductive cloning or SCNT is less controversial
for those who are not opposed to hESC research, as the
clone is created for research purposes and destroyed at an
early stage. This type of cloning is permitted in some
countries (e.g., Korea and New Zealand) or is allowed with
a license (e.g., the United Kingdom, China, and Australia).
Some commentators argue that pursuing cloning research
is an ethical imperative, so long as there is appropriate
oversight, transparency, and accountability (Devolder and
Savulescu, 2006). However, SCNT still requires the dona-
tion of eggs, and some ethicists have argued that women
who are potential donors might be subject to coercion,
including economic or workplace pressures (e.g., for those
working in stem cell research labs), or that it would be
difficult to foster truly informed consent (see Magnus and
Cho, 2005). Many countries do not permit payment beyond
reasonablemedical expenses for egg donors, hence partially
mitigating concerns about economic coercion.
Other Issues Related to hESC Research

Another key issue often raised in relation to hESC
research is whether ASC (or somatic stem cell) research,
which for many is much less morally problematic, might
not be as useful (or more so). ASCs are undifferentiated
cells found among differentiated cells in a tissue or organ,
although their precise origin is unknown, they can renew
themselves and it is thought that they can differentiate to
yield the major specialized cell types of the tissue or
organ, though perhaps not as many cell types as hESCs.
Skeptics claim that ASCs are relatively rare, hard to find
with available techniques, and difficult to culture outside
of the body. Opponents of hESC research argue that ASC
research holds as much if not more promise, and hence
should be pursued instead of hESC (though they often
conflate their ethical claims with scientific ones). Others
would claim that there is no need to put the two types of
research in opposition to each other, but that both lines
should be pursued so long as there is reasonable evidence
and expectation of benefit.
Some critics have argued that ART clinics may put
pressure on women and couples to produce more embryos
than are needed for IVF treatment in order to allow them
to donate for research purposes. Consequently many
countries have laws that prohibit donating embryos cre-
ated after a certain date, which usually reflects when
legislation governing hESC research was enacted. How-
ever, there seems to be little evidence of such practices
occurring, and many safeguards (e.g., cooling-off periods
following consent to donation and limits on the number of
embryos produced) exist to counter these concerns.

A final set of ethical concerns are associated with the
commercialization of these technologies and who will
have access to any beneficial therapeutics that might be
developed. Some feminist critiques of ART note that
these technologies can contribute to oppression; in the
case of hESC research, altruistic donation of eggs or
embryos could be undermined if these donations are
used for commercialized research.

Although many have noted that there is considerable
hype associated with the promises held out for stem cell
research, there still has not been adequate debate about
the broader issues associated with it (Dresser, 2005),
including the implications for public health. For instance,
as disability advocates among others have noted, it is
unclear whether the relatively high costs associated with
current research, let alone potential costs associated
with any therapies which might be developed, reflect
adequate assessment or debate regarding appropriate allo-
cation of health-care resources. As with many areas of
medicine, it can be argued that a focus on the prevention
of relevant disease conditions might prove more beneficial
to a larger number of people. In addition, given that initial
costs are likely to be extremely high for stem cell-based
treatment options, concerns exist about the possibility for
inequities in access. Furthermore, there is no consensus
on whether limitations should be placed on commercia-
lized research or how any benefits from such research are
likely to reach those who most need care. The patenting
of stem cell products might well keep them inaccessible
for all but the most advantaged. Stem cell banks which
keep resources including stem cell lines in the public
domain and accessible to researchers worldwide are
one key step in making certain that at least some of
the results of research stay in the public domain. hESC
research is likely to remain fraught with controversy, and
policies about governing it should be made through
transparent, democratic processes. The disagreements
between opponents and supporters of hESC research are
unlikely to be resolved, and hence policy makers face a
difficult task of finding ways to accommodate deeply held,
conflicting views, particularly when formulating public
health policies.

See also: Genetic Engineering.
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Definitions

Nongovernmental organizations are a broad category of
organizations that are neither for profit nor part of a gov-
ernment. The different definitions of NGOs have been
contested, but there is some consensus that NGOs consist
of durable, bounded, voluntary relationships among in-
dividuals to produce a particular product, using specific
te ch ni qu es . Weiss and Gordenker (1996: 18) argue that
the term NGO has a host of alternative uses, such as the
independent sector, the third sector or volunteer sector,
civic society, grassroots organizations, private voluntary
organizations, transnational social movement organiza-
tions, grassroots social change organizations, and nonstate
actors.

There are key similarities between NGOs, which are
outlined by Al an Fowler (1997 : 39). He c laims that NGOs
differ from government and businesses in that

. they are not established for and cannot distribute any
surplus they generate as a profit to owners or staff;
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tions)

. they are not required or prevented from existing by law
but result from people’s self-chosen voluntary initiative
to pursue a shared interest or concern;

. formed by private initiative, they are independent, in
that they are not part of government or controlled by a
public body;

. within the terms of whatever legislation they choose to
register themselves, they also govern themselves;

. registration means that the founders wish to have social
recognition – this calls for some degree of formalization
and acceptance of the principle of social accountability.

What has become clearly evident is that the number of
NGOs has drastically increased since the 1980s. For
example, the total development aid disbursed by Interna-
tional NGOs increased ten times between 1970 and
1985. By the middle of the 1990s, the Union of Interna-
tional Associations recognized over 15 000 International
NGOs who operate in three or more countries and draw
their finance from more than one country ( Weis s and
Gorde nker, 19 96 : 11). Altho ugh there wer e com paratively
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low volumes of funding being funneled through NGOs in
the 1960s and 1970s, the official funding of NGOs tripled
in the 1980s and then doubled again in the 1990s. By the
end of the twentieth century, an estimated $7 billion of
official aid and foundation funding was being chan-
neled through NGOs, surpassing the volume of the com-
bined UN system of $6 billion (Reimann, 2005: 38).
Although it is difficult to be specific about the exact
number of NGOs in operation around the world, this
sector is continuing to increase. NGOs are not the only
organizations that fill this role in the field of health. There
are many different types of information community-based
organizations, civil society organizations, or self-help
organizations that perform similar tasks to those of
NGOs. These organizations serve a vital function, much
like NGOs, but have chosen not to formalize and register
themselves.

NGOs generally have a mission to work with vulnera-
ble people, and the majority of NGO work is based
in developing countries. They tend to be intermediary
organizations that bridge donors and beneficiaries and
are therefore responding to multiple constituencies
(Hailey and James, 2004: 344). Within the international
NGO sector, there are two types of NGOs involved in
health: NGOs that have a specific focus on health issues,
and international development or humanitarian NGOs
that work on health as one of their key program areas.
Following the relief/development continuum, these
NGOs may work in arenas ranging from long-term devel-
opment projects, such as building hospitals and develop-
ing immunization programs, to situations deemed as
‘humanitarian situations’ in which immediate care is
required to save lives. NGOs involved in health are prev-
alent where there is a problem with state provision of
services.
Health Frameworks

Health NGOs exist because there are needs that are
not being met by government or international agencies.
Health needs are being defined and redefined; emphases
range from global health to primary health care to the
Millennium Development Goals.

Global health has become a focus during the last few
decades, marking a shift in the types and nature of per-
ceived health threats and their ability to transcend
national boundaries. The big health problems – primarily
malaria, tuberculosis, and HIV/AIDS – are diseases that
are not contained within state boundaries and therefore
require globally based solutions. These three diseases kill
more people than any other, and the idea behind global
health as a concept is that these diseases do not contain
themselves within state boundaries and require global
solutions. Many examples of this exist, the most notable
being the HIV/AIDS pandemic. Addressing HIV/AIDS
may require state-run programs, but NGOs are vital in
these, whereas developing a vaccine for HIV/AIDS can-
not be done by one government or one agency but
requires many partners internationally. An example fre-
quently cited is the Global AIDS Vaccine Initiative
(GAVI), which is based on private-public partnerships and
a multi-actor approach across state boundaries. Chen et al.

(2003: 70) argue that solutions must be based on

the transnational diffusion of knowledge, involving diverse

global institutions and actor groups – government, indus-

try, academia, non-profit institutions and the media. Local

and national actions increasingly call for global reinforce-

ment, engaging many actors beyond nations-states.

Health NGOs play a pivotal part in the global health
approach. According to Chen et al. (2003: 78),

the emergence of multiple actors has necessitated more

nuanced institutional arrangements in global health. After

all, no single institution, however mandated or well inten-

tioned can hope to fulfill all global health functions.

Another framework that NGOs operate in is that of
primary health care (PHC). PHC came onto the interna-
tional scene in 1978 at a Conference in Alma Ata that was
organized by the WHO and UNICEF. The Declaration of
Alma Ata indicated that community participation was
vital to health care for all and the Declaration stated
that ‘‘primary health care requires and promotes maxi-
mum community and individual self-reliance and parti-
cipation. . .making fullest use of local, national and other
available resources’’ (Chen et al., 2003: 279). Underlying
the concept is that primary health care must be univer-
sally accessible and available to all through community
financing and management, as well as external funding,
and NGOs have been seen again to play a vital role. This
reflects the movement since the 1980s that developing
countries participate in the planning, financing, organiz-
ing, and operating of health-care services in their own
communities (Chen et al., 2003: 279). Since the conference
in Alma Ata, PHC has been taken aboard by many gov-
ernments as a way to obtain health care for all. However,
Diskett and Nickson (1997: 37) argue that the costs of
implementing PHC were grossly underestimated, as in
most poorer countries, there would not be enough public
money available to meet these demands.

The Millennium Development Goals (MDGs) have
been a focal point for the international community since
their inception in 2000. Three of the eight goals directly
involve health, and if health was not firmly placed on
the development industry’s agenda before, then it certainly
is now. MDGs are important on a number of different
levels – primarily in that they form a framework for donors
to set priorities and channel funds into these areas. In broad
terms, the MDGs can be said to have set or reinforced
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certain priorities in development – health being one of
these. The three goals that are pertinent to health are the
following:

. Goal 4 – by 2015 to reduce by two thirds the mortality
rate among children under five;

. Goal 5 – by 2015 to reduce by three quarters the
mortality rate;

. Goal 6 – by 2015 to halt and begin to reverse the
incidence of HIV/AIDS and the incidence of malaria,
and other diseases.

Goal 1 of the MDGs can also be said to be related to
health in that it aims to eradicate extreme poverty, hunger,
and malnutrition – something that cannot be done with-
out adequate health provisions. Pivotal to the MDGs is
that again one actor or group of actors cannot achieve
these goals, and NGOs working on health issues are key to
this process.
The Role of Health NGOs

To speak of an exact role for health NGOs is difficult, as
the term is used for a wide variety of organizations that
have different historical trajectories, are fulfilling differ-
ent identified needs, and have different institutional abil-
ities and mandates. There are NGOs that are relief and
welfare agencies, there are technical innovation organiza-
tions, organizations that are contracted to carry out public
service contracts, development organizations with a
health wing or a health focus, grassroots development
organizations, and advocacy and lobbying groups advocat-
ing for change. However, as Farrington and Bebbington
argue (1993: 3), part of the problem in discussing NGOs
as a broad category is that these classifications do not fully
differentiate between the function, ownership, and scale
of the operation of such organizations. In addition, the
number of NGOs in general, and more specifically
the number of NGOs working in or around the field of
health, is nearly impossible to specify. For example, med-
india.com, which is a directory of NGOs working on
health in India, has over 8000 entries (see Relevant Web-
sites), yet even this figure is difficult to confirm.

Although it is difficult to categorize and quantify health
NGOs, there are a number of broad categories that we can
examine through the functional work of NGOs involved in
health. Specifically, two key functional roles for NGOs are
service delivery and advocacy. These are not the only
functions of health NGOs, and more and more is expected
of them. Lewis and Opoku-Mensah (2006: 666) best artic-
ulate this when they say that ‘‘alongside the more familiar
roles of service delivery and campaigning. . . it has
sometimes seemed that NGOs have been a tabula rasa

onto which an ever-growing set of development expecta-
tions and anxieties have been projected.’’
Service Delivery

The term ‘service delivery’ is broad and can comprise
various tasks and functions taken on by NGOs, from
building hospitals to providing training for local staff
and health workers to vaccination programs to raising
awareness around health-related issues. NGOs have fre-
quently taken on the role of ‘filling the gap’ in providing
services in health care. This can take many forms, but
generally, NGOs work where health systems are insuffi-
cient and provide technical expertise, funds, and work to
rebuild health structures. The ways in which this is done
does depend on the particular NGO and the particular
situation and location. NGOs might participate with a
country’s own ministry of health, or NGOs could work
independently of the government. According to recent
studies (Loewenson, 2003: 8) there is significant evidence
that NGO contributions of technical expertise through
institutional and financial resources and health outreach
have been effective, particularly in areas of advocacy and
innovative and community responses to health problems,
as well as in enhancing public accountability.

Filling the gap is increasingly pronounced in light of the
MDGs, as well as with the primary health-care ideology,
which promotes ‘health for all.’ The reality is that there are
acute funding problems, poor-quality services, and low
coverage, which according to Diskett and Nickson (1997:
37) led many governments to conclude that ‘free’ health
care was not a viable option. Although poor people could
potentially contribute to the cost of curative care, Diskett
and Nickson (1997: 79) argue that it is unrealistic to expect
them to share the burden of preventative activities. There-
fore, at minimum, prevention and what has been called
awareness-raising will continue to be heavily subsidized
by donors and NGOs. Information and education about
health issues, be they malaria nets, clean water, or HIV/
AIDS prevention, is a key function of many health NGOs
working in developing countries.
Advocacy

Advocacy is an inherently political act promoting the
causes of others. Keck and Sikkink (1998: 8) describe
NGO advocacy networks as ‘‘plead[ing] the causes of
others or defend[ing] a cause or proposition . . . [Advo-
cacy groups] are organised to promote causes, principled
ideas, and norms, and they often involve individuals advo-
cating policy changes.’’ Advocacy goes beyond lobbying
and influencing decision makers; it encompasses ‘devel-
opment education,’ which is a form of educating the
public on larger development issues. Jordan and Van
Tuijl (1998: 6) have defined advocacy as action that
attempts to rectify power imbalances.

The professionalization of lobbying is a relatively
new aspect of NGO work, necessitated by the need for
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effective advocacy at the highest levels. Whereas the
terms ‘lobby’ and ‘advocacy’ are sometimes used synony-
mously, lobbying is a narrowly defined process that
describes the practice of influencing the formal political
process (Jordan and Van Tuijl, 1998: 6). Thus, to lobby is
to attempt to influence, or steer, formal decisions being
made bygovernment officials. The term has been extended
to those who are outside of the formal political process
but who have decision-making powers, such as staff, man-
agement, and board members of multilateral institutions.

There has been a long history of NGO participation in
health. NGOs involved in health have been active at all
different levels of decision making, and have been increas-
ingly involved in advocating at the global policy level
(Loewenson, 2003: 6). Loewenson (2003: 8–9) outlines
some of the issues around state–NGO relations in health
at the national level. She claims that even though state–
NGO relations are a key determinant of health outcomes,
the mechanisms for these relations

‘‘are poorly resourced and serviced and there is still sparse

evidence on how best to formalize and support these

mechanisms. In part this reflects the ambivalence and lack

of consensus noted earlier on the relative roles of state and

civil society within health systems. It also indicates that the

matter goes beyond technical questions . . . these relations

are a site of political struggle.’’ Loewenson (2003: 9)

outlines a key concern for NGOs: whether their mission
should be to be ‘‘increasingly efficient at interim strategies
for ‘serving the poor’ or whether it should be building the
political momentum for wider challenges and responses to
poverty, evenwhen this necessitates confronting the state.’’

At the global policy level, NGOs have had more access
than ever before, particularly those from the North, having
greater access to funding, technical support, and the ‘corri-
dors of power,’ giving them greater political leverage. There
is a bias for Northern NGOs given their access to fund-
ing, location, access to technology, and access to key orga-
nizations. Employing professional lobbyists or advocates
is costly and their required skills and knowledge of the
system are highly specialized, resulting in a built-in bias
for Northern NGOs (Yanacopulos, 2005: 104).
Comparative Advantages of NGOs

Health NGOs and NGOs involved in health issues are a
very different type of organization from government insti-
tutions. Their differences result in advantages (and dis-
advantages) compared to governmental bodies. They are
not bound by large bureaucracies and can be more fluid
organizations. Institutionally, they are more open to
experimentation without being bound by national politi-
cal decision. However, the constraints of health-related
NGOs is that they are constantly dependent on some-
times inconsistent funding from donors, thus affecting
their longer-term planning, and can be subject to donor
trends in development priorities.

Most certainly, NGOs have a comparative advantage
in sharing of information and research – frequently across
state boundaries. Diskett and Nickson (1997:79) argue
that NGOs also play an important role in different models
of cost-sharing and financing. They are also better able
than government-run programs to monitor the effects of
programs on beneficiaries, because they are better located
‘on the ground.’ Finally, they argue that NGOs are well
placed to strengthen PHC structures and management at
different levels, as well as promoting decentralization in a
hostile economic climate.

Mercer et al. (2004) go one step further and argue that
health-related NGOs not only fill a gap that governments
and international agencies are unable to fulfill but they
also serve even more specific and necessary functions. He
uses the Bangladesh Population and Health Consortium
(BPHC) in the following example.

Bangladesh Population and Health Consortium

An agency for funding small and medium-sized, local-

level NGOs to deliver maternal and child health and

family planning services in rural areas was established

by the British Overseas Development Administration

(ODA) in 1988, under an agreement with the Govern-

ment of Bangladesh. The agency became known as the

Bangladesh Population and Health Consortium (BPHC).

Initially, the main objectives were to fund NGOs and

develop their capacity for managing health programmes,

with the aim of improving MCH outcomes. Since 1988,

BPHC has supported over 100 NGOs to provide doorstep

and clinic services, and promote use of higher level ser-

vices provided either by the NGO or by government at

upazila level (sub-district).

From 1993–97, BPHC supported NGOs with funds

provided by a consortium of international development

agencies. From 1998–2003, the UK Department for Inter-

national Development (DFID) funded BPHC to develop

government–NGO collaboration in the sector and deliver

ESP services through partner NGOs in a Public–NGO

Partnership (PNP). This was to be an integral part of the

sectoral programme, jointly managed by DFID and the

Line Director for ESP-Reproductive Health in the Min-

istry of Health and Family Welfare (MOHFW). BPHC

consists of a team of Bangladeshi staff led by an expatriate

Technical Cooperation Officer employed by DFID.

(Mercer et al., 2004: 188)

The BPHC NGO programme has been innovative in

developing community participation, gender equity and

local accountability. The NGOs’ role is not limited to ‘gap

filling’ and provision of services in remote or under-

served areas. NGOs offer an alternative for international

agencies seeking to reach the poor, in Bangladesh and in
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other low-income countries. The degree of support they

are willing to provide in different countries will depend

to some extent on the capacity of the NGO sector for

large-scale provision, the effectiveness of public services,

the pace of government sectoral reforms, and other aspects

of governance. Where there is a strong NGO sector and

government lacks the capacity to provide universal cover-

age or to sub-contract on a large scale, it may be cost-

effective for international agencies to provide direct

support to NGOs. Where there are acceptable standards

of governance, regulatory mechanisms, systems for moni-

toring quality of care, and health sector reforms, govern-

ments in low-income countries can be given. Financial

support to contract NGOs for PHC service delivery.

(Mercer, 2004: 196)

As we see from the BPHC example, NGOs have varied
competitive advantages. They are frequently more flexible
than governments; they have high levels of commitment,
and are seen to be more responsive to community needs,
frequently working at the grassroots level. Whether these
perceptions are justified is still open to discussion.
Criticisms of NGOs

Along with the rapid increase in NGO numbers and pres-
ence, there has been an accompanying set of critiques of
NGOs. These critiques can be grouped into different cate-
gories: performance and effectiveness, accountability,
autonomy, commercialization, and, ideological critiques of
their increasing influence (Reimann, 2005: 37). These gen-
eral critiques of NGOs are also relevant to health NGOs.

NGO performance and effectiveness is increasingly
being evaluated and monitored. During the 1990s, there
were great expectations of NGOs, as they were seen as a
way of working around inefficient states, as well as some-
how being ‘closer to the ground.’ Although NGOs have
delivered on some levels, they have not been the ‘magic
bullet’ that many expected them to be. Successes such as
mass immunizations, building of hospitals, education, and
awareness-raising around HIV/AIDS have been successes,
but the issue of effectiveness of NGOs is always in question.

There has been a great deal of discussion about the
accountability of NGOs during the last decade (Edwards
and Hulme, 1995; Fox and Brown, 1998), yet there is still
little consensus as to whom and for what NGOs are
accountable. There are different types of accountability,
and whereas financial accountability to donor is straight-
forward and quantifiable, accountability for more abstract
outcomes, such as ‘capacity building’ and ‘empowerment,’
are much more difficult to quantify. Indeed, in quantifying
these outcomes, NGOs run the risk of oversimplifying
what these outcomes actually represent.

Edwards and Hulme (1995: 9) originated the idea of
‘upward’ and ‘downward’ multidirectional accountability,
stating that ‘‘weak accountability of NGOs relate to the
difficulties they face in prioritising and reconciling’’ these
forces. Although it is necessary to clarify to whom they
are accountable, it is also necessary to ensure that these
demands for accountability are realistic. Arguments
around NGO accountability stem from these organiza-
tions’ increasing presence in service provision – that they
are taking on more public sector duties, and NGOs should
be more accountable. Ironically, it is when NGOs move
away from public service provision that higher require-
ments on their accountability are demanded (Edwards
et al., 1999). Edwards (2000: 19) outlines the challenge of
accountability when he states that NGOs ‘‘require
accountability mechanisms ‘downwards’ (to the poor) as
well as ‘upwards’ to the donors who fund the NGO’s
activities. This is a challenge that no NGO has addressed.’’
In addition, criticisms around autonomy stem from NGOs
taking on roles that have been in the traditional domain
of states.

The other set of strong critiques surrounding NGOs
has been ideological. By providing services that many
think the state should be providing, they are part of the
‘rolling back the state’ or what has been termed the ‘neo-
liberal’ agenda. Critics such as Loewenson (2003: 7) argue
that this undermines universal health-care coverage and
does not resolve the critical weakness of the state.
The criticism continues that NGOs are part of the very
neoliberal system that they frequently criticize.

Fundamental tensions exist around two objectives of
health NGOs – that of self-sufficiency and of primary
health care. Health programs are more likely to suc-
ceed if there are decision making and contributions from
the community; Oxfam’s experience working on health
shows that some degree of self-financing to reduce depen-
dency on donors and governments is necessary. However,
Oxfam also found that total self-sufficiency was not pos-
sible or desirable. The higher charges that beneficiaries
would need to pay would be too high, and this philosophy
contradicts the aim of equality on which primary health
care is based (Diskett and Nickson, 1997: 79).
Health Governance

NGOs are an integral element of health governance, partic-
ularly in developing countries. Dogson et al. (2002: 6)
describe health governance as being ‘‘the actions and
means adopted by a society to organize itself in the promo-
tion and protection of the health of its population,’’ the
governance mechanisms being situated at local, national,
and international levels.

A number of the large issues in health transcend
national boundaries and require more than one actor to
address them. As a result, the language of partnerships
has become more common, yet typically the term



NGOs (Nongovernmental Organizations) 541
‘partnership’ is used in an imprecise way meaning differ-
ent things to different people. Because of this, what are
frequently described as partnerships between northern
and southern NGOs are not really partnerships but a
way to transfer resources between the north and the
south. In addition, many north/south partnerships are
not active partnerships (those built through ongoing pro-
cesses of negotiation, debate, occasional conflict, and
learning through trial and error), but ‘dependent partner-
ships’ (Ahmad, 2006: 630).
Public-Private Partnerships

One of the more recent developments among health
NGOs is public-private partnerships (PPP). The UN
General Assembly described PPPs as ‘‘relationships
between various parties, both state and non-state, in
which all participants agree to work together to achieve
a common purpose or undertake a specific task and to
share risks and responsibilities, resources and benefits.’’

PPPs exist in many forms, and health NGOs are key
players in the PPP model that is prevailing in developing
countries. For example, donors such as USAID have sup-
ported different models of PPPs in India. Advocates of
PPPs include the WHO, the World Bank, and the Global
Fund to Fight AIDS, Tuberculosis and Malaria (GFATM)
(Prescott and Pellini, 2004). GFATM, also called The
Global Fund, is a PPP set up to increase global financing
to combat these three diseases, which kill over 6 million
people a year.

The health NGO Merlin outlines some of the advan-
tages and disadvantages of working in PPPs.

Public–private partnerships in the health sector: The

case of Iraq

Public–private partnerships (PPPs) are fast becoming

the dominant method of tackling large, complicated and

expensive public health problems in postconflict and un-

stable settings such as Afghanistan and Iraq. They are seen

as ‘win-win’ arrangements in which diverse actors – with

often varied, sometimes conflicting, motivations – work

together to contribute to health development.

In principle, there is no reason why a PPP should not

be effective, provided it is established on the premise of a

‘partnership’. In the quest for a standard definition of part-

nership in a PPP, there are signs of convergence on

common elements: the mutual recognition of comparative

advantages; cooperation and coordinated planning; trans-

parency; and cost-effectiveness. These general conditions

are necessary for the existence of a partnership, regardless

of its nature.

However, . . . private contractors will seek to make a

profit. Are they really motivated to provide a culturally

sensitive and appropriate health system to respond to

Iraqis’ needs? Do these contractors intend to impose their
idea of health reform, based on US healthcare models,

bypassing the Ministry of Health and the general public’s

will? An effective PPP should be based on mutual re-

cognition of comparative advantages, transparency, cost-

effectiveness and coordinated planning. In addition, in

occupied countries, the parties should operate within a

framework of legality, legitimacy and sensitivity to contex-

tual and cultural differences. Like it or not, PPPs have

become established as a method of providing humanitarian

and now development relief in Iraq. Yet, so far, they have

had a chequered record in assisting and supporting the

beneficiaries. (Prescott and Pellini, 2004)
Conclusion

Loewenson (2003: 8) claims that there are clear signs that
the relationship between NGOs and the state produces
better health action.

‘‘When legal, institutional and procedural mechanisms

support the synergy between state and civil society, posi-

tive health outcomes are reported. These include better

co-ordinated public financing and public mechanisms for

joint action, and improved health equity. In contrast,

parallel, competitive or poorly managed relations are

reported to introduce inefficiencies into the actions of

both state and civil society.’’

The international targets around theMDGs and the large-
scale transnational health issues such as infectious diseases
are two examples of the inability of one health actor alone
to address the problem. Despite criticisms, health NGOs
are working on the ground, providing services, raising
awareness around health, advocating for changes in pol-
icy, and working with other health actors in different
forms of partnerships to address important health issues.

See also: Interest Groups and Civil Society, in Public

Health Policy; Public/Private Mix in Health Systems.
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Introduction

Geopo litically, the Middle East and No r th Afr ica
(MENA) regio n is stra tegically situated with more than
half of the countrie s of the re gion cont ributing to a signif-
icant pr opor tion of the wor ld’s oil producti on. Yet despite
this a bundan ce of resou rces, there has been very modest
growt h and pover ty reductio n in th e region when com-
pared to other s. In spite of this mode st growth, however,
the re gion as a whole has achieved signi ficant progres s in
health outcome s in the past f ew decade s as a result of
impr oved health system s th at have focused on strength-
ening health ser vice delivery, public health programs, and
medica l technol ogies. The achieveme nts of the health
system s at a regional level mask significa nt dis parities
among and within cou ntries. Thes e dispariti es alo ng
with ongoing transiti ons pose signi ficant eq uity and ef fi-
ciency chall enges for MENA health system s.

This ar tic le is an analysis of MENA health systems and
a review of issu es f acing them . It highl ights the challenges
that need to be addr essed by countr ies to ensure more
efficient and responsive systems. The World Bank compo-
sition of the MENA will be used primarily in this article; the
countries included are Algeria, Bahrain, Djibouti, Egypt,
Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman,
Qatar, Saudi Arabia, Syria, Tunisia, United Arab Emirates
(UAE), West Bank and Gaza (WBG), and Yemen. However,
where reference is made to World Health Organization/
Easter n Me diter ran ean Of fice (WHO /EMRO) c lassifica-
tion of MENA in this ar tic le, it will inc lud e data from
Afgha nistan, Pakistan, Somal ia, and Sudan but exclude
those for Algeria.

The ar tic le begins with a regional over view of the
socioe conomi c status and health system s achieveme nt in
past decades and then addresses current health patterns of
the region. Before going on to address the health-related
challenges facing the region, the article reviews the orga-
nization of both biomedical and traditional medical ser-
vices by detailing issues of access, staffing, and other key
health resources, financing, and governance structures.
Regional Overview

In the last couple of decades, despite modest growth,
the MENA region has witnessed significant achieve-
ments in morbidity and mortality patterns and other
measures of health status. These health achievements can
largely be attributed to the expansion of health services
and public health programs and also to educational and
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socioeconomic developments. In comparison with other
countries within the same range of per capita incomes as
ten MENA countries (mainly middle-income countries of
Latin America and East Asia), the World Bank (Iqbal,
2006) has demonstrated that the region has performed
favorably on human development indicators in general
and more specifically on health outcomes. While MENA
countries had worse health indicators (using child mortal-
ity and life expectancy as proxies) in 1960 than comparable
countries, the gap had been eliminated by 2000. The
average infant mortality rate for the region has dropped
from 137 per 1000 live births in 1970 to 44 per 1000 live
births in 2004 (Table 1). The average life expectancy at
birth for the region has increased to 69 years in 2004 from
64 years in 1990. However, these regional achievements
mask disparities among andwithin countries of the region.
For example, by World Bank estimates, the infant mortal-
ity rate in 2004 ranged from 9.6 per 1000 live births in
Kuwait to 81.6 in Yemen. In Egypt, infant mortality rates
are 76 per 1000 live births among the poorest income
quintile households and 30 per 1000 live births among
the highest income quintile households in the country.

MENA countries are also diverse in economic terms
with per capita income (2004) ranging from US $550 in
Table 1 Income and health indicators for MENA countries

GNI per capita (in US$)

Country/Region 2004

Algeria 2270

Bahrain 14 370

Djibouti 960

Egypt 1250
Iran 2320

Iraq –

Jordan 2190

Kuwait 24 040
Lebanon 6010

Libya 4400

Morocco 1570
Oman 9070

Qatar –

Saudi Arabia 10170

Syria 1230
Tunisia 2650

UAE 23770

WBGc 1120

Yemen 550
MENA (Regional average) 1972

Reproduced from World Bank estimates (1998); World Development

(2005) Country profiles for population and reproductive health: Policy

prb.org/pdf06/2005UNFPA_CountryProfiles.pdf (accessed Septembe
aData for 1990.
bMost recent data from Population Reference Bureau.
cWBG, West Bank and Gaza.
dData for 1990.
eMost recent data from Population Reference Bureau.
Yemen to US$24 040 in Kuwait. MENA countries can be
divided into three main groups that differ in terms of their
economic and health outcomes achievements: (1) low-
income countries (Yemen and Djibouti), which have the
highest infant mortality rates and maternal mortality
ratios in the region and are facing the greatest health-
related challenges; (2) middle-income countries (Algeria,
Egypt, Iran, Iraq, Jordan, Lebanon, Libya, Morocco, Syria,
Tunisia, and West Bank and Gaza), which have made
significant progress in improving health outcomes
although some of these countries continue to face rural/
urban disparities in both health outcomes and gaps in
health coverage; and (3) high-income countries of the
Gulf Cooperation Council (GCC) (Bahrain, Kuwait,
Oman, Qatar, Saudi Arabia, and United Arab Emirates),
which have achieved good health outcomes as a benefit of
oil revenues used to achieve universal access to health
services. It is also important to note that WBG, Iraq, and
Lebanon also face conflict-related challenges, which have
had significant impacts on their health outcomes achieve-
ments and health systems development.

Like others MENA governments also signed on to the
Millennium Development Goals (MDGs), a global agenda
being used as a tool to track keydevelopment achievements
Infant mortality rate
(deaths per 1000 live births)

Life expectancy
(in years)

1970 1995 2004 1990 2004

141 34 35 67 71

67 19 9 71 75

– 116a 101 51 53

160 57 26 63 70
134 46 32 65 71

104 111 87.9b 62 60

– 31 23 68 72

54 14 10 75 77
50 32 27 69 72

124 62 18 68 74

130 56 38 64 70
129 18 10 70 75

71 19 18 69 74

123 21 21 68 72

98 33 15 68 74
124 40 21 70 73

87 16 7 73 79

– 31d 19.2e 69 73

188 101 82 55 61
137 54 44 64 69

Indicators (2006); and UNFPA and Population Reference Bureau

development and indicators. Chapter 3: Arab States. http://www.

r 2007).

http://www.prb.org/pdf06/2005UNFPA_CountryProfiles.pdf
http://www.prb.org/pdf06/2005UNFPA_CountryProfiles.pdf
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by the year 2015. The region continues to face develop-
ment challenges including rapid population growth,
high unemployment particularly among the youth, water
scarcity, gender inequality, and socioeconomic disparities
among the rich and poor that will continue to require
attention to achieve the MDGs. However, with three of
the goals reflecting the important role of health in achiev-
ing sustainable development, having efficient health sys-
tems including public health functions will be central to
achieving these goals. Based on available data, while most
countries of MENA are largely on track to achieving most
of the health-related goals, disparities in health outcomes
exist among the poorest and the richest in the populations
and significant efforts to close these gaps are still needed.
Key Health Patterns/Issues

Epidemiological and Demographic Transitions
and Their Effects on Morbidity and Mortality
Patterns

Gaziano (2007) notes that the region as a whole seems
to be entering the third stage of the epidemiological
transition characterized by degenerative and man-made
diseases, although a number of countries are facing a dual
burden of disease characterized by decreasing rates of
communicable diseases and increasing rates of noncom-
municable diseases (NCDs). WHO estimates for MENA
indicate that communicable diseases will account for 29%
of the disease burden in 2010 (an 11% decrease from
2000) while NCDs will account for 53% (8% increase
from 2000) (Figure 1). The same estimates predict that
communicable diseases and NCDs will account for 20%
and 60%, respectively, by the year 2020. Of particular
significance among NCDs in the region is the incidence
of cardiovascular disease (CVD) and diabetes. Like other
developing regions (with the exception of sub-Saharan
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Figure 1 Changes in burden of disease and injuries in the MENA re

Health Organization (1996). The Global Burden of Disease and Injurie
Africa), CVD is the leading cause of death in MENA,
which, according toWild et al. (2004) also faces the highest
projected increase in the number of cases of diabetes from
2000 to 2030 (164% increase from 20 million in 2000 to
52.8 million by 2030).

For low-income countries and rural areas in middle-
income countries like Egypt and Morocco, where com-
municable diseases are still a significant burden, they are
concurrently experiencing an increasing burden of NCDs
dispelling previous notions that NCDs mostly affect
the affluent populations. Various research results by the
Global Burden of Disease project have indicated that
premature mortality rates from NCDs are actually, on
the one hand, higher in populations with high mortality
and low income than in industrialized countries. Middle-
and upper-income countries in MENA, on the other
hand, are mainly burdened by NCDs, having largely
eliminated communicable diseases.

The effects of rapid urbanization (60% of MENA’s
population live in urban areas) and changes in diet and
lifestyle are significant contributing factors to the rising
rates of NCDs in the region. Of public health concern is
the increasing prevalence of tobacco use in the region
where tobacco-related deaths were projected by Murray
and Lopez (1996) to increase from 2.4% in 1990 to 9.5%
in 2020. Global smoking prevalence data presented by Jha
et al. (2002) reveal that the overall MENA prevalence was
23%, less than the global average of 29%. Data from
WHO/EMRO for subsequent years (1996–2000) indicate
that the smoking prevalence rates in the MENA region
are increasing (Table 2) with prevalence rates among
men ranging from 15.5% in Oman to 77% in Yemen.

The region is also experiencing a nutrition transition
characterized by a high prevalence of stunting from
undernutrition particularly in low-income countries and
certain geographic areas of middle- to high-income
countries. There is also widespread iron-deficiency ane-
mia and other micronutrient deficiencies and newer
icable Injuries

ries

2000

2010

2020

gion from 2000 to 2020. Reproduced from Statistics from World

s Series, vol. 1. Cambridge, MA: Harvard School of Public Health.



Table 2 Tobacco consumption prevalence (%) of MENA countries by sex and age

Country
Adult male
(%)

Adult female
(%)

Young male
(%)

Young female
(%)

Youth age in
years Year of study

Algeria 32 <0.5 – – – 2000

Bahrain 23.5 5.7 4.6 0.3 15–19 1998

Djibouti 57.5 4.7 47.4 – 15–19 1995

Egypt 35.0 1.6 15.0 2.0 15–19 1998
Iran 27.2 3.4 10.1 0.7 15–19 1994

Jordan 48.0 10.0 25.0 14.5 13–15 1999

Kuwait 29.6 1.5 12.0 0.1 15–19 1996

Lebanon 46.0 35.0 33.7 (both sexes) 15–19 1998
Morocco 34.5 1.6 – – – 2000

Oman 15.5 1.5 8.6 (both sexes) 15–19 1995

Palestine 40.7 3.2 9.8 (both sexes) 15–19 1997
Qatar 37.0 0.5 18.0 (both sexes) 15–19 1999

Saudi Arabia 22.0 1.0 – – – 1996

Syria 50.6 9.9 16.0 0.8 15–19 1999

Tunisia 61.9 7.7 30.0 4.0 15–19 1997
United Arab

Emirates

18.3 <1.0 18.6 – 15–19 1996

Yemen 77.0 29.0 – – – 1998

Reproduced from WHO/EMRO Tobacco Free Initiative. Eastern Mediterranean region country profile. http://www.emro.who.int/tfi/
CountryProfile-Part6.htm (accessed September 2007) and World Development Indicators (2006) for Algeria only.
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problems related to obesity from overnutrition and their
links with NCDs/chronic conditions. The adoption of
Western lifestyles of decreased physical activity and sig-
nificant increases in the consumption of energy-dense
foods have led to significant increases in the prevalence
of overweight and obese populations. MENA along with
the Pacific Islands, Southeast Asia, and China face the
greatest threat of increasing prevalence of overweight and
obese children in the world.

The rising numbers of road traffic accidents (RTAs) is
also becoming a major cause of premature mortality in the
region. Road traffic injuries are themajor cause of injuries in
the region, the burden of which is expected to increase from
15% in 2000 to 20% in 2020 (see Figure 1). According to
WHO, there was a dramatic increase (20%) in the number
of deaths due to RTAs from 1980 to 1995 and the trend has
continued since then. Kopits and Cropper (2003) indicate
that in 1990 there were about 41 000 road traffic fatalities in
MENA and predict that this number will be 94 000 in 2020,
a 68% increase. TheMENA region also has a greater share
of global road crashes than would be expected from the
number of vehicles and population of the region. Peden
et al. (2004) reported that at 26.4 deaths per 100 000 popula-
tion, low- and middle-income countries of MENA have
among the highest rates in the world (compared to a global
rate of 19 per 100 000).Figure 2 demonstrates road crashes-
related death rates per 100 000 population of selected
MENA countries, which are generally higher than the rate
for the United Kingdom.

From 1950 to 2000, MENA experienced a 3.7-fold
increase in population, the highest population growth
rate in the world (Figure 3) and currently has the second
highest annual population growth in the world (at 2% or
nearly 7 million additional people per year). At this rate,
MENA’s population is projected to double in about 50
years (Population Reference Bureau, 2001). As the popu-
lation rates are increasing in the region, so are the death
rates decreasing leading to a rapidly expanding youth
population, with 58% of the population less than
25 years old (UN, 2006) and a more modest expansion of
the aging population. Countries of the region are however
at different stages of the demographic transition, ranging
from those in the early transition stage with both high
birth and death rates such as Yemen and Djibouti, right up
to those considered to have essentially completed the
transition with both low birth and death rates such as
Bahrain, Kuwait, Qatar, and United Arab Emirates. All
the countries, to differing degrees depending on their
stage in the transition spectrum, will have to address
both a population momentum that could strain existing
health systems as well as the specific health needs of an
aging population.

Migration to, from, and within the region is also a
significant contribution to the population momentum in
MENA.Not only has the region had the largest population
and labor flows in the past 50 years, but it also has the
largest refugee population in the world. The oil-exporting
countries of the region have hosted millions of foreign
workers since the oil boom of the 1970s, with foreign
workers constituting anywhere from 60–90% of workers
in these countries. Arabs from other MENA countries and
Asians from Pakistan, India, the Philippines, and Indonesia
make up the majority of the foreign workers in the oil-
exporting countries, which also have to provide services to

http://www.emro.who.int/tfi/CountryProfile-Part6.htm
http://www.emro.who.int/tfi/CountryProfile-Part6.htm
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address health concerns of the workers and their families.
Countries of the region hosting refugee populations are
also challenged to provide them with health services.
Emerging Diseases

Like the rest of the world, newer diseases such as HIV/
AIDS and highly pathogenic avian influenza (HPAI) are
emerging inMENA and posing newchallenges.WhileHIV
prevalence rates in MENA are still low and largely limited
to high-risk groups (who are also highly marginalized and
difficult to reach), the risks for further spread exist and
unless effective and timely preventive measures are imple-
mented, the disease could have significant social and eco-
nomic consequences. Jenkins and Robalino (2003) estimate
that health-relatedHIV/AIDS expenditures could on aver-
age reach 1.5% of the GDP of MENA countries by 2015.
Economic losses would result from rising mortality and
morbidity, which would reduce labor productivity, capital
investments, and shrink the labor force. HIV/AIDS surveil-
lance systems to track the epidemic are particularly weak in
the region. The lack of data combined with high levels of
stigma and discrimination against high-risk groups and
HIV-infected persons provide an optimal context for the
disease to continue to spread silently.

The threat of HPAI pandemic is also very real for the
region with bird cases already detected in Djibouti, Egypt,
Iran, Iraq, Jordan, Kuwait, Saudi Arabia, and WBG and
human cases confirmed in Djibouti, Egypt, and Iraq.
Being centrally situated, the MENA region is geographi-
cally an important link between the origins of the infec-
tion in Asia and the rest of the world, not only in terms of
migration of people but also of wild birds. By December
2007, Egypt had recorded 38 human cases of which 15 had
died (a high 39% case fatality rate), the highest number of
cases and deaths outside the East Asia and Pacific Region.
While HPAI is still primarily a bird disease, there exists a
significant risk to humans in close contact with infected
birds, as is the case in Egypt.
Organization of Health Systems

Both biomedical and traditional medical systems exist in
the region and while the former predominates, the latter
also provides a significant but difficult-to-quantify
amount of services. The following subsections discuss
the organization of both systems in MENA.
Organizational Structure of Biomedical
Health Systems

MENA health systems had traditionally been organized
on the basis of the primary health-care (PHC) approach
as a means of achieving the WHO-supported Health for
All goals by the year 2000, but have gradually become
more curative in focus. The goals called for health systems
organized around the essential elements of PHC and this
approach has contributed to improved health outcomes
in the past. The current curative and hospital-based
approach can neither effectively nor efficiently address
the ongoing transitions. WHO assesses that MENA will
have to address a number of identified weak areas
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including limited intersectoral cooperation; poor commu-
nity involvement in planning and provision; weak policy
analysis, formulation, coordination, and regulation; weak
health information systems; poor organization and man-
agement of health services at all levels; and inappropriate
human resource policies.

The provision of health services in MENA had pri-
marily been the role of the state, with a centralized
financing and delivery structure. More recently, with the
governments’ inability to fully respond to the population’s
health service needs, the private medical sector has been
expanding to fill the gap in coverage with obvious equity,
efficiency, and quality assurance concerns resulting from
inadequate regulation by the governments. The private
sector is now playing a dominant role in the health sector
of MENA countries (with the exception of Gulf
countries) and given their curative focus, they predomi-
nantly provide hospital-oriented and capital-intensive
services requiring increased importation of drugs and
medical technology.

By the income groupings already described, low-
income countries have developed two-tiered health sys-
tems characterized by government and privately provided
services. Although government services are subsidized
and should be available to all citizens, in reality the
quality is often suboptimal with inexperienced staff and
poor availability of medical supplies and drugs. In addi-
tion, public services on the one hand do not fully cover
rural and remote areas of these countries particularly in
Yemen where there are significant physical barriers to
rural populations accessing these services. Access to pri-
vately provided services, on the other hand, requires
households to make direct out-of-pocket payments that
can be impoverishing for the poor. As an example, in 2003,
95.5% of private health expenditures were out-of-pocket
and public health expenditure accounted for only 40.9%
of total health expenditures in Yemen (Table 3).

In middle-income countries of the region, governments
have implemented reforms focusing on the financing and
organizational aspects of health systems. Social health
insurance systems have been implemented to varying
degrees among these countries with many facing issues
of population and service coverage particularly for work-
ers in the informal sectors. The gaps in coverage have
created the need for various providers including the pri-
vate (for-profit and nonprofit) sector and the voluntary
sector leading to fragmented health-care delivery and
financing systems for these MENA countries. A number
of these countries currently have to deal with rising
health-care costs and inadequate financial protection at
the consumer level. The Jordanian and Lebanese health
systems are good examples with 9.4% and 10.2% of their
respective GDP in 2003 spent on total health expenditures
of which 45.2% and 29.3%, respectively, are the public
expenditures. Out-of-pocket expenditures accounted for
74.4% ( Jordan) and 79.4% (Lebanon) of private expendi-
tures on health (see Table 3).

With significant oil revenues, the upper-income
countries have been able to achieve comprehensive health
coverage for its population either free of charge or at
highly subsidized rates. Evidence suggests however that
this universal access, although generally affordable, could
benefit from improved efficiency and quality reforms.
Although per capita health expenditures are higher
among these countries (ranging in 2003 from US $278 in
Oman and US $731 in Qatar), more recently the GCC
governments have had to implement cost-containment
measures. They also face the challenge of providing
health service coverage to foreign workers and their
dependants.
Traditional Medicine Systems

The system of traditional medicine (TM) in MENA has a
long history and is still available and used. The WHO
terminology of TM is used here and is a comprehensive
terminology that includes both TM systems (originating
from the more long-standing settings of China and India)
as well as other forms of indigenous medicine. TM in
MENA has and is still largely based on an ancient system
that is an amalgamation of the TM systems of China,
Egypt, India, Iraq, Persia, and Syria and is referred to as
Unani or Arab medicine. Unani, according to WHO, is
increasingly being used in the region despite the more
readily available modern medicine. The practice of this
system however varies among countries depending on
how it has been affected by the culture and history of
each particular country. The history of religion is a signif-
icant influence and while the Islamic religion predomi-
nates, other religions such as Christian, Byzantine,
Persian, Egyptian, Indian, Jewish, Mesopotamian, and
Phoenician have also variously influenced TM in individ-
ual countries and subregions.

TM can generally be administered as medications or
nonmedications with the former mainly including herbal
medicines and the latter comprising various techniques
which can be performed with or without medications.
Common techniques include acupuncture, chiropractic,
osteopathy, manual therapies, and other physical, mental,
and spiritual mind and body therapies. Herbal medicine
is the most common form of TM in MENA and the
use seems to be increasing. For example, WHO/EMRO
indicates that in UAE, there was a 3.85-fold increase in
the importation of herbal medicine in 2001 as compared
to 2000.

Nonmedication techniques available in MENA are
diverse. In UAE, which has one of the most formalized TM
systems in the region, nonmedication techniques include
acupuncture, chiropractic, reflexology, osteopathy, and



Table 3 Key health expenditures and health resource data for MENA countries

Health expenditure Physicians er 1000 people Hospital beds per 1000 people

Total (% of GDP)
Public 2003 (except
where indicated)

Out of pocket as % of
private expenditure 2003

Per capita in
US$ 2003 1990

La st available data
fro 1990–2004 1990

Latest available data
from 2000–2003

Country/Region 1990* 2003 % of GDP % of total

Algeria 3.0 4.1 3.3 80.8 95.3 89 0.9 1.1 2.5 –

Bahrain – – 3.2 (2001) – – 372a – – – –
Djibouti – – 3.3 (2001) – – 29a – – – –

Egypt 1.8 5.9 2.2 37.0 99 64 0.8 0.5 2.1 2.2

Iran 4.2* 6.5 3.1 47.3 94.8 131 0.3 0.4 1.4 1.6

Iraq – 2.7 1.4 51.8 100 23 0.6 0.7 1.7 1.3
Jordan 3.6 9.4 4.2 45.2 74.0 177 1.3 2.0 1.8 1.7

Kuwait 4.0 3.5 2.7 77.5 91.2 580 0.2 1.5 3.0 2.2

Lebanon 5.3* 10.2 3.0 29.3 79.4 573 1.3 3.3 1.7 3.0
Libya 4.1 2.6 62.9 100 171 1.1 1.3 4.2 3.9

Morocco 0.9 5.1 1.7 33.1 76.1 72 0.2 0.5 1.3 0.8

Oman 2.0 3.2 2.7 83.0 56.1 278 0.6 1.3 2.1 2.0

Qatar 2.8* – 2.4 – – 731a – – – –
Saudi Arabia 3.3 2.5 75.4 31.0 348 1.4 1.4 2.5 2.2

Syria 0.4 5.1 2.5 48.2 100 59 0.8 1.4 1.1 1.5

Tunisia 3.0 5.6 2.8 50.0 126 0.5 1.3 1.9 1.7

UAE 0.8 3.3 2.5 74.7 70.4 661 0.8 2.0 2.6 2.2
WBG 8.4* – – – – – – 0.8 – –

Yemen 1.1 5.5 2.2 40.9 95.5 32 0.05 0.3 0.8 0.6

MENA Regional

Average

5.4*

(1994)

5.6 2.7 50.9 89.2 92 1.0* 1.2 1.8 –

1.8 –

Reproduced from (2005) Arab human development report 2004: Towards freedom in the Arab world. New York: United Nations De lopment Program; UNFPA and Population Reference

Bureau (2005) Country profiles for population and reproductive health: Policy development and indicators. Chapter 3: Arab States. h p://www.prb.org/pdf06/2005UNFPA_CountryProfiles.

pdf (accessed September 2007); and World Bank estimates.
aData for 2001 (public expenditure per capita).

*World Bank estimates.
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spiritual healing (mainly based on the Koran) and in Iran
include bone-setting, massage therapy, and leech therapy.

Traditional birth attendants (TBA) are also an impor-
tant part of the TM system in the region. They are
patronized mainly by populations in remote and rural
areas of most MENA countries where, in addition to
age-long cultural practice of TBA, there are also signifi-
cant physical barriers to accessing biomedical services.
Surveys carried out by Khattab et al. (2000) in Saudi
Arabia indicate that 38% of women in remote areas,
despite high investments in the biomedical health systems
by the Saudi Arabian government, preferred to patronize
TBA, signifying their important role in the provision of
maternal and child health services in the country.

In an environment in which the licensing of practi-
tioners is generally absent or not well monitored, it is
difficult to quantify clients that patronize TM practi-
tioners. In many MENA countries, practitioners provide
services that are not regulated and with the most poor in
the population, mainly patronizing them due to easier
physical and financial access. It should be noted, however,
that even the more wealthy and educated populations in
the region simultaneously use the services of both tradi-
tional and biomedical health systems.

Globally, WHO classifies four main types of national
policies on TM: integrative, inclusive, tolerant, and exclu-
sive. Few countries globally adopt the two extremes of
integrated (four countries) and exclusive (even fewer)
TM policies. These policies are important to define the
role of TM in national health-care systems, allowing for
regulatory and legal mechanisms to ensure good practice.
While TM is generally accessible and affordable in many
MENA countries, it is insufficiently integrated into
national health systems and policies to guide its regula-
tion and thus use does not occur frequently.

In 2000, WHO/EMRO carried out a survey on the
regulation of herbal medicines in 22 MENA countries.
Thirteen countries responded, of which five have national
policies on TM as a whole, eight have herbal medicine
regulation, nine allow herbal medicines to be legally sold
without registration, and five have national institutes of
herbal medicine. Kuwait is the first country (in 1984) in
the region to have its constitution recognize Islamic TM
and have a herbal medicine regulation separate from the
regulation of conventional medicine. An Islamic medical
center established in 1985 tests the safety of commonly
used herbal medicines before they are then produced in
the center’s laboratory. The center works together with
medical doctors, scientists, and traditional practitioners
and it is not uncommon for doctors to diagnose patients
and the traditional practitioners to prescribe the treat-
ment, which is covered by government health insurance
schemes.

In 1996, UAE established a research center for herbal
and traditional therapy exclusively. The center works
together with the Ministry of Health (MOH) to regulate
and register herbal products. Iran has a long history of
TM and is very rich in medicinal plant resources (esti-
mated at more than 8000 medicinal plants). The govern-
ment has been supporting the development of a national
inventory of its medicinal plants of which at least 2500
have been listed and classified. The country has TM
research and educational facilities in seven out of its 30
provinces. A national academy of TM was established in
1991 in the country with the objectives of supporting
herbal medicine research, studying the history and trying
to maintain TM, conducting educational research and
recommending educational plans on TM to the MOH,
and educating the public on the rational use of TM.
A panel of experts established by the government had
facilitated the inclusion of herbal medicines on the list
of essential drugs and the registration of locally produced
herbal medicines. By the end of 2004, there were more
than 300 licensed herbal products in the country. Jordan
and member states of the GCC have also more recently
started the process of developing guidelines for the regu-
lation of herbal medicine.

WHO/EMRO has implemented TM strategy
(2002–05), with the following four key objectives:

1. To integrate relevant TM with national health-care
systems by developing and implementing national
TM policies;

2. To promote safety, efficacy, and quality by expanding
the TM safety, efficacy, and quality knowledge base,
and by providing guidance on regulatory and quality
standards;

3. To increase the availability and affordability of TM;
and

4. To promote the rational use of TM by providers and
consumers.

The organization has also been supporting countries’
efforts at developing national guidelines and policies
and is planning to publish regional guidelines in 2007.
Human Resources Issues in MENA
Health Systems

The human resource situation in the region, an important
input for quality health-care services, varies among and
within countries in terms of quality, quantity, and distri-
bution. MENA health systems also face the same global
challenges of training, sustaining, and retaining health
personnel. Table 3 includes the number of physicians
per 1000 population in 1990 and in 2004. The average
for the region in 2004 was 1.2 per 1000 population, which
is lower than would be expected for a region largely
composed of middle- and high-income countries. Yemen,
Morocco, WBG, Iran, and Iraq have the lowest number of
physicians while Lebanon, Jordan, and UAE have the
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highest number per 1000 population. The quantity of other
allied medical staff follows the same general trends as for
physicians.

Similar to international trends, most health staff in the
region are concentrated in urban areas. Rural areas, despite
having the physical health infrastructure, usually lack ade-
quate staffing not only in terms of numbers but also in terms
of the required gender and experience of available staff.
Access to services by patients in rural areas is therefore
limited in terms of general unavailability of staff (including
the limited and inconvenient hours those that are actually
present work) and of qualified staff to address specific needs.
There is also a shortage of female staff, which is a significant
barrier given that for cultural reasons women and girls
require female staff to provide their services.

There are also insufficient numbers of public health
practitioners to address the ongoing epidemiological tran-
sitions in the region. Rawaf (2004) notes that public health
practitioners – especially physicians – have a low status
and low incomes and this factor, along with underdevel-
oped public health capabilities and infrastructures, lack of
structured training and career development opportu-
nities, and lack of data are a significant human resource
challenge for the region. Appropriate policies and man-
agement of human resource issues are essential for inte-
grating preventative and health promotion services with
curative services and should also be factored into
strengthening the curricula of training institutions in the
region.
Pharmaceuticals and Medical Equipment and
Technology

According to WHO/EMRO less than half of MENA
countries have adopted or are actively implementing
national drug policies and yet less than a third of the
population has regular access to essential drugs. In the
absence of functional pharmaceutical regulations, irratio-
nal drug prescribing and self-medication are still major
challenges in the region despite the availability of essen-
tial drug lists and an abundance of treatment guidelines.
The availability of prescription medications in private
pharmacies makes self-medication relatively easy. The
use of brand name medications instead of generics is
also relatively common and this together with the irratio-
nal prescription habits contributes to the high proportion
of total health spending on pharmaceuticals in the region.
Developing more effective and better-regulated national
procurement arrangements can also reduce pharmaceuti-
cal spending in countries.

Spending on medical equipment and technology in
MENA is also very significant and inefficient. Given the
highly curative, specialized, and hospital-based model in
both public and private sectors, this should not be
surprising. With the large surpluses of hospital beds and
physicians, the spending on this category of expenditure
can be significantly rationalized for efficiency goals.
National Health Accounts

MENA countries can sufficiently track their health expen-
ditures by broad categories of public versus private sources
of funding (see Table 3) and, to some extent, expenditures
on different health inputs such as staffing, drugs, technology,
medical supplies, administration, and so on. By international
standards, however, MENA countries generally lag behind
in their ability to develop and implement national health
accounting (NHA) systems that are comprehensively and
methodologically consistent. In the absence of comprehen-
sive NHA, tracking of health expenditures and resource
allocation for cross-country comparisons and more impor-
tantly for communicating relevant policy-making informa-
tion to key stakeholders/decision makers is extremely
difficult. In particular, public health policy makers and
practitioners in the region lack the comprehensive infor-
mation they require to determine additional financing
needed for public health and which services should be
chosen for priority funding and by source of funds.
Governance and its Effects on MENA
Health Systems

Governance refers to a set of rules and the processes
governing the exercise of authority in the name of a
constituency; good public governance entails inclusive-
ness and accountability. The effectiveness of a health
system will depend on the extent to which those who
deliver the services are held accountable for their perfor-
mance. The weak performance by MENA governments is
linked to weak governance mechanisms and some defi-
ciencies in health service delivery can be attributed to the
weak public and social accountability. As noted by the
2004 Arab Human Development Report, participation in
government by civil society is weak; no questions are
asked of governments, nor are they held accountable for
their performance. The MENA region lags behind others
in terms of participatory governance (Middle East
Quarterly, 2002) and has the lowest index of public
accountability among all regions of the world according
to World Bank data that use this index along with others to
evaluate governance quality (Figure 4). Effective and effi-
cient health systems require partnerships between the
health and nonhealth sectors as well as between govern-
ment and a variety of other stakeholders including the
private sector, nongovernmental organizations, and house-
holds and individuals. The existing governance structures
limit the interaction between governments and other key
stakeholders leading to centrally managed health systems.
Many MENA governments are now exploring more
pluralistic methods for managing their health systems
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but this will require a governance structure that includes
clearly defined institutional roles for different actors and a
central government that not only provides better strategic
direction for planning and policymaking but also better
monitors and regulates policy implementation by the
various stakeholders.
Challenges to MENA Health Systems

Health Transition-Related Challenges

MENAhealth systems are under increasing pressure to keep
pace with epidemiological and demographic transitions.
The growing population implies that the cost of providing
health services will continue to increase because more peo-
ple (refugees and foreign workers included) will require
basic services, more femaleswill require reproductive health
services, more young people will require youth-friendly
services, and the aging population will require specialized
care. MENA health systems have to adapt to address all
these transitionswithin an environment of limited resources.
New approaches and paradigms are needed in the reorgani-
zation of the health-care delivery system, which should
feature among others better partnerships by different stake-
holders and providers; redistribution of skills mix and
enhancing the knowledge of health professionals; and the
rationalization of existing pharmaceuticals and medical
technologies and the appropriate introduction of new ones.

With the current curative model of care focusing
largely on acute care, MENA health systems could greatly
benefit from a more strengthened primary health-care
approach that not only provides regular and extended
care to patients but one that integrates preventive and
health promotion services together with curative services.
Patients and their households have a central role to play in
the management of chronic conditions since they require
daily lifestyle and behavior changes. Health systems must
be involved in empowering patients to play a more active
role in own their care and to link patients to community
services that can support their efforts.

The emergence of new diseases such as HIV/AIDS
and HPAI has underscored the need for more effective
surveillance systems as an important part of an overarch-
ing national monitoring and evaluation system needed
to track not only these emerging infections but other
existing conditions. A review of disease surveillance sys-
tems by WHO/EMRO notes that there is insufficient
commitment to the systems, lack of practical guidelines,
overwhelming reporting requirements, weak involvement
of the private sector, lack of transparency, shortage of
human resources, and poor data analysis. In the absence
of efficient surveillance systems, it becomes difficult to
effectively plan and implement measures that proactively
curb the widespread transmission or the onset of diseases
and to provide timely services for those who need them.
Health Systems-Related Challenges

Together with the adaptation of MENA systems to address
health transition challenges is the need to concurrently
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address systemic ones related to issues of equity, efficiency,
and sustainability. To address these challenges, political
commitment, resources, and management capacity are
needed to strengthen existing public health functions or
develop them where they are absent. The most critical of
these functions include intersectoral policy making, public
information and education, and quality assurance. The
management of these functions can only succeed
where transparent governance structures exist and where
more complex coordination among the different entities
beyond the health sector can take place.

Equity considerations will require improving the vari-
ous dimensions of access to health services but also an
extension of financial protection to those who most need
it. With the exception of a few countries (Saudi Arabia,
Oman, and UAE) out-of-pocket expenditures accounted
for at least 74% of private health expenditures in 2003
(seeTable 2), which disproportionately affects the poorer
populations who can be further impoverished in the event
of a catastrophic illness. MENA governments are increas-
ingly interested in extending financial protection and
improving access to health services by using different
risk-pooling mechanisms, including social and private
health insurance and could benefit from global experi-
ences at achieving these. Well-targeted social safety nets
are needed to ensure adequate protection of citizens
against the impoverishing effects of ill health.

Addressing the efficiency concerns will require a shift
from the current curative care model together with more
comprehensive rationalization of health resources. In gen-
eral there are more hospital beds than needed in most
countries of the region and particularly in the public
sector, which have a regional average of 80% of the beds
but less than 65% occupancy rates. Maintaining this
excess capacity has resource implications. Instead of the
current focus on expanding the hospital-based infrastruc-
ture, more critical is the need to reconfigure the MENA
health system to better integrate the provision of preven-
tative and promotion services with treatment and support
services. With the growing population, MENA health
systems require a stronger emphasis on services and func-
tions aimed at reducing the population’s level of exposure
to existing risks of emerging challenges rather than the
more expensive option of treating them when affected.

Improving and sustaining achievements of national
health systems in the region becomes even more chal-
lenging within the context of a growing population and
especially one with a high economic dependency rate.
With 58% of the population less than 25 years of age
and the highest unemployment rate, the proportion of
the MENA population that is economically active is the
lowest in the world. This has implications on how health
insurance schemes in the region (social and private) can
be more efficiently managed and maintained. The high
dependency ratio adds more fiscal pressure on limited
government health budgets, which need to be better tar-
geted at addressing the needs of the most vulnerable
populations. Governments can also take better advantage
of the growing private health sector by fully regulating
them and ensuring that private along with public invest-
ments are invested in more cost-effective technologies.

Addressing the systemic challenges will require a more
comprehensive health information system that provides
relevant data that are readily available for assessing prio-
rities as well as for planning, managing, and implementing
the required services. Unfortunately, the region generally
lacks available, reliable, timely data to guide these pro-
cesses. National and regional research and development
capabilities will need to be strengthened to contribute to
health information systems. Expenditures for research
and development in the Arab world are still relatively
low and yet there is a great need to develop local expertise
in the collection, interpretation, presentation, and dissem-
ination of data.
Conclusion

The region clearly faces a multitude of challenges at
various levels and scope, with some easier to address
than others. Governments have the complicated task of
defining the priorities and determining the best options
for addressing them within budget-constrained environ-
ments. This process will require a more thorough assess-
ment of the situation than is currently available. Investing
in this assessment will be money well spent provided it
informs and supports the required changes to the systems
to make them more responsive and efficient. To effec-
tively and efficiently respond to these challenges, MENA
governments must also have the political will to involve
key stakeholders in the planning, implementation, and
management of health systems.

The MENA region is not alone in trying to keep pace
with the current and future health-related transitions
because all other regions also have their own similar and
yet unique sets of challenges. The beauty of globalization
is that regions and countries can benefit from others and
share their experiences in tackling these challenges.
See also: Centers for Disease Control; NGOs (Non-

Governmental Organizations); Southeastern Europe,

Health Systems of.
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History of Nuclear Power

The history of nuclear power has its roots in the discovery
of radioactivity in the late nineteenth century and in the
development of nuclear weapons in the mid-twentieth
century. The very first man-made X-rays were generated
and described by the German scientist Roentgen in 1896,
and quickly became the subject of popular and often
crude experimentation. The potential medical benefits
of X-ray images were obvious, even at this early stage,
prompting scientists and doctors around the United States
and Europe to immediately begin utilizing the novel
methods for experimental diagnostic and treatment pur-
poses. The negative health effects of radiation exposure
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were not readily recognized, and thus early radiologists
and their patients were often severely overexposed; many
of them suffered immediate or late-onset illness.

Although scientists throughout North America and
Europe continued to investigate the health effects of
radiation throughout the early twentieth century, regular
use of X-rays and the marketing of all sorts of radium-
containing products became quite popular.Water containing
radium was marketed as a wonder tonic, and luminescent
paints were used to produce new glow-in-the-dark watch
dials. Several natural spas also touted the alleged health
benefits of bathing in their radioactive waters or breathing
in naturally released radon gas (Caulfield, 1989). It was not
until the mid-1920s, when several women employed as
watch dial painters (Caulfield, 1989) began to suffer from
rare bone cancers and dental problems, that radium expo-
sure became a matter of public concern. The plight of
these women was a major impetus in the creation of the
first health standards for radiation exposure, and their
cases were studied into the 1940s, when the United States
was preparing to enter World War II.

During the 1930s, scientists in Britain, the United
States, Germany, and Russia were researching the possi-
bility of nuclear fission, the process of splitting individual
atoms, which releases large amounts of energy. German
scientists were the first to achieve fission of uranium
atoms in 1938. A next logical phase in the research was
the creation of a nuclear fission chain reaction, which
would split atoms continuously, producing a critical reac-
tion releasing enough energy to create an atomic bomb.
Because World War II was already under way, scientists in
the allied countries worried that the Germans might be
the first to create and use such destructive technology.
In 1939, Albert Einstein wrote a letter to U.S. president
Franklin D. Roosevelt, warning him of the potential
destructive power of nuclear fission. Roosevelt, in turn,
created the Advisory Committee on Uranium to explore
the possibility of creating an atomic bomb ahead of the
Germans. In 1942, University of Chicago physicists Enrico
Fermi and Arthur Compton achieved the first fission chain
reaction. The Manhattan Project, a joint U.S. and British
bomb development effort, was born.

Nuclear laboratories and research facilities to create
nuclear fuel and support the Manhattan project were
constructed in several U.S. states, employing more than
40 000 workers (Caulfield, 1989). These workers provided,
by default, one of the first opportunities for researchers
to investigate the human health effects of radiation expo-
sure, and to set and enforce exposure limits. By the time
the first test bomb, code-namedTrinity, was exploded over
Alamogordo, NewMexico, on 16 July 1945, the war in the
Pacific was well under way and the overwhelming goal of
the U.S. effort was to have the bomb war-ready as soon as
possible. On 6 August 1945, the United States dropped the
world’s first military atomic bomb on Hiroshima, Japan.
Three days later, on 9 August, it dropped the second bomb
on Nagasaki. The Japanese forces surrendered uncondi-
tionally on 14 August 1945.

The postwar sentiments on nuclear energy were mixed.
There were conflicting reports of the human damage
caused by the bombs in Japan, generating a new fear of
the destructive power of nuclear weapons, yet there was
also continuing research pointing toward the potential
for myriad peaceful uses of atomic energy. The United
Nations Atomic Energy Commission (UNAEC) was
formed in 1946 to seek international agreement on the
further use of nuclear technology. As the Cold War began
to materialize, U.S. and Soviet nuclear interests began
to diverge, and when the USSR tested its first nuclear
weapon in 1949, UNAEC’s purpose became obsolete and
the nuclear arms race began. Britain and the United States
tested more nuclear weapons in 1952 and the impending
fear of further nuclear war led President Eisenhower to
deliver what came to be known as ‘the peaceful atom’
speech to the UN in 1953. In his speech, Eisenhower
urged the UN to create an international body that would
safeguard the existing global stores of nuclear materials
and that would also put them to use in areas such as
agriculture and medicine. He also delineated a ‘special
purpose’ of providing ‘‘abundant electrical energy in the
power starved nations of the world.’’

Eisenhower’s deliberate shift of focus from nuclear
weapons to nuclear power ushered in a new era for
worldwide investment in nuclear power technology. In
1954, the USSR inaugurated the world’s first nuclear
power plant in Obninsk. Britain followed soon after, in
1956, with a larger-capacity plant in Windscale. The first
commercial power plant in the United States became
operational in 1957 in Shippingport, Pennsylvania. The
1960s saw the global demand for nuclear reactors increase
dramatically and, because complete construction of a
reactor took around 10 years, scores of them became
operational during the 1970s.

The Soviet institute responsible for developing and
improving the Obninsk power reactor design developed
a new channel-type reactor, called RBMK, and commis-
sioned construction in the early 1960s. This design was
the one eventually used at Chernobyl, in Ukraine, and
there were four such units in operation there by the mid-
1980s (Read, 1993). Nuclear power plant construction
also proceeded in the UK during these years. One of the
first power reactors, at Chapelcross, in Scotland, went into
operation in 1959. It was a design called Magnox, and
there were 26 such reactors built between 1960 and 1970
in the UK. Later plants constructed in the UK were of a
different design (see Bellona website).

In spite of the ongoing Cold War, the International
Atomic Energy Association (IAEA) was formed in 1955 to
oversee and direct global nuclear research and develop-
ment. Initially created by several former allied nations,
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the IAEA then expanded in 1956 to a total of 81 nations,
including the USSR, and it remains the principal interna-
tional nuclear authority today. The mission statement of
the IAEA lists its functions as aiding its member states
with the planning and use of nuclear science for peaceful
purposes, facilitating nuclear technology transfer, and
developing nuclear safety standards. When nuclear weap-
ons nonproliferation became a global issue with the pas-
sage of the Non-Proliferation Treaty in the 1960s, the
IAEA’s scope was broadened to include international ver-
ification of treaty compliance through IAEA inspections.
This particular role has increased steadily as more and
more nations gain access to nuclear technology.

The Three Mile Island nuclear power reactor, located
near Harrisburg, Pennsylvania, was the site of the most
serious nuclear accident in U.S. history. On 28 March
1979, a combination of human error and equipment mal-
function resulted in a problem with the reactor’s cooling
system, which transfers the heat generated by fission to
the power generator. The result was an overheating and
partial meltdown of the reactor core. Although dangerous
amounts of radiation were released into the outer con-
tainment building, it functioned as designed and did not
allow these large releases into the environment. Minimal
amounts of radiation were released into the atmosphere
and the surrounding area, but the amount released on
ground level near the reactor was apparently much higher
(Botkin and Séller, 2005). Although the accident at Three
Mile Island could have resulted in significantly worse
damage, it did force the U.S. Nuclear Regulatory
Commission – which was, and still is, charged with over-
sight and licensing of all U.S. commercial and research
nuclear reactors – to update and tighten its safety mea-
sures. It was also a warning to the state agencies that had,
up until that point, been unprepared for any such accident.
This event was the first of two that would greatly damage
the global reputation of nuclear energy. The second
occurred 7 years later at the Chernobyl reactor in what is
now Ukraine.

On 28 April 1986, workers at a nuclear facility in
Sweden recorded higher than normal levels of radiation
and soon discovered the source: leaked radiation, carried
by the prevailing winds, from the Chernobyl plant in the
former USSR (Botkin and Séller, 2005). When confronted
with this claim, the Soviets admitted to an accident at the
plant 2 days earlier in which an ill-advised experiment in
shutting down reactor Unit 4 resulted in the failure of the
cooling system and a nearly complete meltdown of
the reactor core. The high temperatures inside the core
(about 5400�F) melted the uranium fuel and ignited the
graphite used to moderate the fission reactions. The top
of the building housing the reactor was blown off in the
resulting explosion, and the fire produced a cloud of
radioactive particles that was then dispersed to the sur-
rounding areas, including across international borders
(see Figures 1 and 2). Unlike the accident at Three Mile
Island, the Chernobyl accident resulted in large-scale
human and environmental damage, both immediate and
long-term, which is still being measured and assessed over
two d ecad es l ate r. Fi gure s 1 an d 2 provide a look at the
far-reaching effect of the accident.

Both of these high-profile accidents resulted in a sig-
nificant surge of public fear regarding the dangers of
nuclear power. In addition, falling oil prices in the 1980s
forced the nuclear power industry to face cheaper compe-
tition from other power utilities. With the issue of how to
dispose of the most hazardous nuclear waste, such as spent
fuel rods, still unanswered, these conditions led to a sharp
decline in global interest in nuclear energy.

Some form of radioactive waste is produced at every
phase of the nuclear fuel cycle, from uranium mining to
plant decommissioning. It is generally classified into low-
level waste (LLW), intermediate-level waste (ILW), and
high-level waste (HLW), which differ in their radioactive
composition and the length of time necessary for decay to
occur. Proposals abound for how to safely dispose of the
waste, but all are currently limited by exorbitant expense,
public resistance, and safety concerns. High-level waste,
which can remain hazardous for 20 000 years or more, is of
particular concern (see Erikson, 1994).

At this time, most countries dispose of LLW, such as
tools, clothing, and paper used in the industry, through
shallow burial or incineration that requires no special
treatment. LLW makes up 90% of the total volume of
nuclear waste worldwide but accounts for only 1% of the
radioactivity (WNAwebsite). Disposal sites for LLWexist
in most countries that have nuclear power industries.

ILW requires special treatment, usually consisting of
storage barriers made of lead, concrete, or water to protect
against the more penetrating radiation. Examples of ILW
include chemical sludge, metal fuel cladding, and decom-
missioned reactor materials. It is generally stored in a
containment barrier and then buried underground or
placed in temporary storage at reactor facilities. Those
responsible for decommissioned reactors must choose
from a variety of specified options for handling these
materials and gain approval for their plans from regional
and federal agencies. The few existing decommissioned
power reactors have taken years to go through this pro-
cess, and many more will have to do so in the future.

HLW is the most radioactive and the most long-lived,
requiring extremely long-term secure storage (sometimes
over thousands of years) before it will have decayed to a
level safe for human and environmental contact. This long
timeline for decay means that society has no prior experi-
ence or data on the behavior, security, or longevity of any
proposed storage facility.

The two types of HLW, transuranic elements and fission
products, come from the spent fuel in the reactor core. This
spent fuel is generally held in storage (wet-cooled by water
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or dry-cooled by air) as an interim step before either repro-
cessing to separate the reusable components or permanent
storage. The reprocessing step is controversial, as it results
in an overall increased amount of waste, significantly higher
cost, and the inevitable separation of plutonium, which
could be used for nuclear weapons manufacture, before it
is converted to another form of reactor fuel. Themajority of
global HLW is not currently reprocessed. Although the
United States phased out reprocessing in 1992, France is
currently the world leader in reprocessing, both of its own
fuel and that of foreign clients.

Ideas abound for a solution for the final disposal of
HLW, including shipping it to outer space beyond Earth’s
orbit, storage in a repository located on an undersea sub-
ductive plate where the movement of the earth’s crust will
absorb it into the earth’s mantle, and storage in deep
geological repositories where it can safely decay to a less
hazardous state. All of these options require feats of engi-
neering not yet achieved by human society. Currently,
HLW from nuclear weapons and nuclear power produc-
tion is managed by each country individually, although
creation of future international repositories has been
suggested (see WNA website).

At the beginning of the twenty-first century, a renewed
interest in nuclear power generation has coincided with
increased concern over global warming as a result of the
release of anthropogenic greenhouse gases into the atmo-
sphere. At the same time, the world is beginning to deal
with the decommissioning of aging reactors and the
immense cost and waste production this entails, as well
as the continuing issues of suitable waste storage, security
of weapons-grade fuel, and reactor safety.

As of early 2007, 435 commercial nuclear power reac-
tors are in operation in 30 countries, producing around
16% of world energy (WNA website). Investment in
nuclear energy varies greatly by country, with Lithuania
and France obtaining over 75% of their electricity from
nuclear power, and the United States and UK obtaining
around 20% of their energy from nuclear power. (See
Figure 3 for a global breakdown.)

Each nation has its own pattern of nuclear power
investment and policy. Japan, for example, has voiced its
intention to become the first 100% nuclear-powered
country, whereas Sweden has declared its intention to
eliminate nuclear power reactors altogether (WNA web-
site). Russia has considered the business prospect of mar-
keting itself as a depository for the world’s nuclear waste
(Dawson and Darst, 2005), but Germany, who currently
receives about 30% of its electricity from nuclear reac-
tors, has also made the decision to completely phase out
nuclear power generation by decommissioning each reactor
as it reaches the end of its life cycle (Botkin and Séller, 2005).
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There are at least 30 new reactors currently commissioned
or under constructionworldwide (WNAwebsite), but in the
United States, no new reactor orders have been placed since
1978 (Caldicott, 2005). New and improved reactor models
are constantly being researched and tested, and it remains to
be seen how these technological advances may affect the
future of global nuclear power production. Figure 4 gives a
glimpse of the locations of the world’s nuclear power
reactors.
Health and Environmental Effects

The health and environmental effects of the nuclear fuel
cycle, from ore extraction to waste disposal, have been
documented for over half a decade, beginning with the
earliest studies of underground uranium miners in the
United States. Because of the long-recognized ability of
ionizing radiation to induce various types of cancer, many
of the studies of health effects have focused on this
disease. In addition, however, there are non-cancer effects
from acute exposure, such as burns and radiation sickness,
as well as potential genetic effects on offspring of workers
in the industry. In the uranium mining and milling pro-
cess, there are respiratory hazards from inhaling silica
dust and heavy metals, such as vanadium, in the ore. In
the conversion and fuel enrichment process, there are
acids that may also produce adverse skin and respiratory
effects. And in fuel transportation, reactor operations, and
waste management, there are numerous opportunities for
accidental exposures and spills that may affect workers
and nearby residents. The following sections describe
some of the epidemiologic studies that have documented
these health effects and note some of the impacts of the
uranium fuel cycle on the natural environment.
Uranium Mining

Like most mining operations, workers are exposed to phys-
ical hazards from working underground and inhaling dust.

http://www.world-nuclear.org
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Uranium mining carries an additional risk from radon gas,
which is a radioactive decay product of the ore in both
underground and surface mining. Inhaled radon has been
recognized to cause lung cancer for many decades and has
been the subject of studies of miners in Australia, Canada,
and the United States since the 1950s. The most compre-
hensive review of these studies to date was done by the U.S.
National Academy of Sciences, and it concluded that there
was a dose-dependent increase in lung cancer with increas-
ing exposure to alpha radiation from radon inhaled by the
miners (U.S. National Academy of Sciences, 1999). In fact,
the largest cumulative radiation exposure in the entire
nuclear fuel cycle is to miners. This exposure burden in
many countries falls disproportionately on poor and indig-
enous peoples. Uranium mining also produces tailings, or
minewaste, that can also give off radon gas and be hazardous
to those people nearby. The tailings themselves constitute a
radioactive waste that must be managed so as not to be
transported by wind or rain into populated areas.
Uranium Milling

Like mining, milling of uranium ore entails respiratory
exposures to dusts and heavy metals, as well as radioactive
decay products from uranium ore. Here again, numerous
studies of uranium millers have been conducted over the
past several decades, and similar conclusions pertain to
risks experienced by those engaged in milling the ore into
fine particles for later conversion and enrichment. If an
acid leach process is used, millers may also be at increased
risk of reactive airways dysfunction syndrome from inhal-
ing acid mists. One of the environmental effects created in
some uranium mill towns is contaminated building mate-
rials and cement used in paving sidewalks. For example, in
Monticello Utah, the uranium mill tailings were used to
make mortar for constructing fireplaces in private homes,
as well as cement for town sidewalks. This, in addition to
dust blowing from the mill waste piles, created a serious
environmental radiation hazard that had to be remediated
over a period of several years in the late 1990s and the
early part of this century. The existing mill waste piles
were covered with topsoil and left in place, rather than
create another dust and radiation hazard by transporting
the waste to another secure disposal site.
Conversion and Enrichment

This process involves acidic conversion of uranium to
uranium-hexafluoride, and subsequent enrichment of
the uranium-235 content of the ore by a variety of meth-
ods. The acidic conversion confers risks to the workers
involved, and there are radiation risks at all further stages
of the work, including fabrication of the fuel pellets to be
transported to nuclear power plants. Workers in the

http://www.insc.anl.org
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Figure 5 Thyroid cancer incidence rate in children exposed

before the age of 14 years as a result of the Chernobyl accident.
Source: UNSCEAR 2000 report.
Power Plant Operation

Workers in power plants are likewise monitored because
of the potential for receiving radiation exposure from
routine operations, spills, leaks, and unexpected incidents.
Licensing and regulatory agencies, as well as the electric
power utilities themselves, keep track of such monitoring
and incident reports, and cumulative doses are noted for
workers throughout the world. These are summarized
in international reports from the United Nations Scien-
tific Committee on the Effects of Atomic Radiation
(UNSCEAR), as well as country-level agencies, and rep-
resent some of the most detailed information available on
radiation exposures in a large workforce (UNSCEAR,
2005). Studies of power plant workers have been done in
the UK, Canada, the United States, France, and several
other countries, and are summarized in numerous reports
(Cardis et al., 1995; U.S. National Academy of Sciences,
2005). The epidemiologic record shows that power plant
workers have experienced increased mortality due to
leukemia and other cancers.

Furthermore, residents near nuclear power plants are
occasionally exposed to releases or spills of radioactive
materials frommalfunctioning filters or transportation acci-
dents. There have been a few studies of communities near
nuclear facilities that showed increased leukemia, especially
in children and young adults (Beral et al., 1993). These
results have been questioned because of a lack of individual
exposure measurements, but they are certainly consistent
with effects seen in power plant workers.

The impact of the 1986 Chernobyl nuclear plant dis-
aster is an unprecedented example of the immediate and
long-term effects of environmental radiation emissions on
those who lived in Ukraine, Belarus, and surrounding
areas in Central Europe. Here, the radioactive material
was released in a powerful steam explosion that carried
debris in the upper atmosphere for hundreds of miles,
exposing children and adults to radioactive iodine and
mixed fission products both directly by fallout and indi-
rectly through the food chain. The environmental con-
tamination continues into the present century, and some
areas around the plant are still uninhabitable. The human
impact included the 30 or more deaths in power plant
workers immediately following the explosion, up to 900
cases of thyroid cancer, primarily in children in Ukraine
and Belarus (see Figure 5), and ongoing cancer and
non-cancer health effects in emergency workers (called
liquidators) and other residents in affected areas. The
lowest estimate of the number of deaths attributable to
the power plant disaster is 4000 (IAEA, 2005), but there
are credible estimates an order of magnitude larger than
this (Scherback, 1996). The psychological effects, some-
times referred to as ‘pervasive fatalism,’ and effects on
wildlife and forests are harder to quantify but are no
doubt considerable, especially in Ukraine.
Fuel Reprocessing and High-Level Waste
Disposal

Some countries have established fuel reprocessing plants
to handle spent fuel from power plants and extract pluto-
nium for weapons or breeder reactor fuel. In some instances,
there is concern that these facilities may be having adverse
health and environmental effects from releases of radioac-
tive materials. For example, a large reprocessing plant in
La Hague, France has been the focus of concern about
leukemia rates in nearby communities. The problem of
high-level waste disposal from power reactors has been
handled differently in different countries. Most of the 115
power reactors in the United States, for example, still keep
high-level waste in reactor pools or on-site storage build-
ings. At present, this waste represents a potential radiation
hazard, and new storage technologies, such as stainless steel
casks, are being developed. A permanent repository in
Yucca Mountain, Utah, has been debated for years but is
not yet approved for use. In other countries, vitrification and
burial of high-level wastes is the method used, but it is not
clear what the long-term effects of these methods will be.
Decommissioning and Dismantlement

All nuclear power plants eventually become too old, and
the metal parts too brittle, to continue safe operation. The
final stage in the life cycle of a nuclear power plant, when it
is closed, dismantled, and the radioactive building
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materials are transported away to permanent storage, also
involves radiation risks. Here again, the workers who are
exposed to the radioactive parts of the building, as well as
the transportationworkers, will have increased health risks
from their exposures. If there are accidental radioactive
releases to nearby residents on the transportation routes,
there may be health risks for these individuals, as well.
The Future of Nuclear Power

Future trends of nuclear power use into the twenty-first
century are uncertain. Technological improvements and
design innovations have made nuclear power generation
more efficient, safer, and more affordable than during its
early years of existence, yet key problems such as nuclear
waste disposal, public fear and resistance, high compara-
tive costs, and the relation to global nuclear arms prolif-
eration remain unresolved. Discussion of some of the
latest research on these issues and on recent technological
advances follows.

Improvement in nuclear reactor design and function is
a topic currently receiving much international attention
and investment by governments and corporations. There
are fewer than 10 major power plant designers and ven-
dors worldwide, with the largest being British Nuclear
Fuels, the French government’s Framatome, and the
General Electric. These three continue to design and
market improved nuclear reactor models. Although the
majority of the world’s existing power reactors – over 82%
(WNA website) – are pressurized water reactors (PWRs)
or boiling water reactors (BWRs), which burn enriched
uranium to create electricity, two unique and potentially
influential nuclear reactor models are the so-called
‘breeder’ reactor and the pebble bed reactor.

Breeder reactors, or ‘fast neutron reactors,’ currently
operate in France, Japan, India, and Russia, although only
one in each country, and only Russia’s is used for com-
mercial power production (WNAwebsite). Their defining
characteristic is that they not only burn enriched uranium
in the power production process, but they also burn and
produce fissile plutonium, which itself can be used to
produce power, though only after a specialized reprocessing
step that takes place outside of the original reactor. In
essence, breeder reactors produce more fuel than they use,
thus requiring much less uranium input per unit of energy
output. Breeder reactors are seen by some as a viable means
of making nuclear power production sustainable in the
future. Light water reactors (including PWRs and BWRs),
which make up most operable reactors today, use only 1%
of the uranium input, leaving 99% as waste (Botkin and
Séller, 2005). Breeder reactors can extract up to 60 times as
much energy from the same amount of uranium (IAEA
website). The drawbacks to breeder reactors are their high
cost and the fact that the surplus plutonium they produce is
suitable for use in the production of nuclear weapons and
thus creates added security problems.

Pebble bed reactors are a relatively new gas-cooled
design that has yet to be marketed commercially. Spear-
headed by the South African vendor Eskom, these reactors
are often touted as the next evolution of nuclear power
technology. Instead of using the rod-containing fuel assem-
blies popular in the water-cooled reactors, this design uses
spherical fuel elements, or ‘pebbles.’ Each pebble contains
several thousand uranium fuel kernels, which are molded
into a graphite and ceramic sphere about the size of a tennis
ball. Inside the reactor, these pebbles can be added and
removed from the core, along with non-fuel pebbles, to
control a steady fission reaction. Refining an originally
German design, Eskom and other partners, including the
South African Government and British Nuclear Fuels, aim
to build a test reactor outside Johannesburg in 2007 and
then to market the reactors internationally. Due to business
negotiations and technical delays, the reactors are not likely
to become commercially available until 2015.

The proposed advantages of these reactors include
their small size, increased safety, and the ability to be
prefabricated and then shipped to their destination, as
opposed to requiring lengthy on-site construction. Pebble
bed reactors are cooled by helium gas, which then directly
enters a gas turbine to create electricity. This unique
feature (lacking the common heat exchanger to make
steam to run a turbine) means that the reactorswill operate
at very high temperatures but will also gain significantly
improved fuel efficiency, nearly a 25% increase (Botkin
and Séller, 2005). The graphite in the fuel pebbles is very
stable and is considered a passive control measure that will
keep the core from melting, even at very high tempera-
tures, as well as allowing for continuous refueling by
removing pebbles from the bottom of the core and adding
them to the top. The current design does not include an
outer confinement building, the characteristic that allows
for the reactor’s significantly smaller size and a testament
to the supposed security of the reactor.

The principal critique of the pebble bed design is that
it is based on several technological and economic assump-
tions that have not yet been tested or proven on a com-
mercial scale. For example, the behavior of the fuel pebbles
under certain conditions, as well as how the components of
the reactor will hold up to such high temperatures, is still
unclear (Harding, 2005). In addition, the high cost of the
project compares unfavorably to existing technologies
such as wind or solar, which do not come with an unre-
solved waste disposal dilemma or human safety concerns.
Reprocessing

Spent or ‘irradiated’ fuel from any nuclear power plant
can be reprocessed to separate the remaining enriched
uranium and the newly produced fissile plutonium from
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the other waste materials for further use. This action
requires a separate reprocessing step and is accomplished
by means of a chemically intensive method, most often the
PUREX method, which stands for ‘plutonium-uranium
extraction’. The enriched uranium can then be returned to
the regular nuclear fuel cycle and the plutonium can be
converted to MOX fuel (short for ‘mixed oxide’), which can
be burned in specialized reactors. Reprocessing is a costly
undertaking that was aggressively pursued in the early days
of nuclear power, when it was feared that uranium stores
would be small and prices would thus be high. Because the
global price of uranium has remained relatively low, along
with technical difficulties in plant construction, continuing
waste storage problems, and fears of nuclear proliferation,
reprocessing has only been pursued on a large scale by a
small number of countries, including France, the UK, Japan,
Russia, and India. Other countries either store or transport
their spent fuel to these countries for reprocessing, thus
creating an international market for reprocessing services.
The United States currently has no reprocessing plants in
operation, although one was built then shut down and two
more were planned and then aborted for technical and
regulatory reasons.

It must be noted that separated plutonium can also be
used in the production of nuclear weapons, although
so-called ‘weapons-grade plutonium’ requires reproces-
sing and is generated from a shorter irradiation time than
that used in power production. Whatever the irradiation
time and the resulting combination of plutonium iso-
topes, the separated plutonium could be used as bomb
materials, thus making reprocessing, the resulting pluto-
nium store, and the transportation it requires somewhat
of a security concern. For example, stolen plutonium or
other radioactive materials could be packaged and deto-
nated with conventional explosives and create a major
radiation hazard in an urban area. This so-called ‘dirty
bomb’ scenario is currently one of the unresolved security
concerns in the United States.

Although reprocessing intuitively seems like an effi-
cient way to recycle waste products into usable fuel, the
overall amount of waste produced is greater, although less
falls within the high-level classification. The liquid waste
from reprocessing is generally vitrified, or immobilized in
glass, and then poured into stainless steel containers for
storage until a final disposal method is chosen. HLW that
is not vitrified is generally put into long-term storage to
await final disposal.
Yucca Mountain, Nevada, United States

In 1987, the U.S. government chose Yucca Mountain,
Nevada, located around 100 miles from Las Vegas, as its
sole prospective site for permanent disposal of HLW from
the nuclear power industry. Although approved by the U.S.
Congress and the president as a suitable location, the
project has faced stiff public resistance, including several
lawsuits lodged by the state of Nevada. Scientists have
completed an initial two-decade surveying and testing
phase, and the project has since applied for licensing to
the U.S. Nuclear Regulatory Commission (NRC), which
regulates all nuclear power plants in the country. Critics of
the project claim that the assumed geologic stability of the
Yucca Mountain repository is not well understood and
that shipping the country’s nuclear waste to the site itself
poses a security threat, making the inherent risks too high
to move forward with the project. One proposed alterna-
tive is to allow the existing HLW to remain in its storage
facilities on-site at the power plants until further research
reveals a better option. If the Yucca mountain repository
were to be licensed by the NRC, construction would not
start until 2010, with waste shipments arriving during the
period between 2015 and 2033. The designed capacity
of the proposed repository is 70 000 tons of waste (EPA
website). A further pressure on the project is the fact that
the U.S. government was under a statutory obligation to
begin accepting HLW from nuclear reactors in 1998 and
it remains in noncompliance with this law, resulting in
several pending lawsuits from the nuclear industry.
Economic Competitiveness

An important determinant of future use of nuclear power
is how well the industry can compete against other energy
competitors in the global marketplace. There are several
contradictory views on this subject, ranging from those
that endorse a majority nuclear-powered future to those
that promote a complete phase out of nuclear energy, all
supposedly based on economics.

Some main points of fact are that newly designed
nuclear power reactors are marketed as cheaper and faster
to build than older models, thus drastically reducing their
cost. Yet, many new designs have yet to be proven on a
commercial scale and thus there are few data to prove that
their projected savings will actually come to fruition.
Indeed, many phases of the life cycle of the older genera-
tion of nuclear power plants have yet to be witnessed or
proven, especially decommissioning costs and nuclear
waste storage.

Nuclear electricity is also often billed as a ‘low-carbon’
or ‘carbon-free’ option compared to coal-fired power
generation. Although the operating reactor itself does
not release carbon dioxide, a life cycle analysis that
includes the energy needed to mine, enrich, and transport
fuel, as well as to construct the reactor and store waste,
reveals the vast amount required of what is currently fossil
fuel-based energy (Caldicott, 2005).

To some, the faster speed of technological advance-
ment, the less intensive technology, and the relative safety
of other low-carbon options (such as wind, solar, and
geothermal energy) make these choices more economical.
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Figu re 6 illustrate s su ch a projectio n to th e year 20 10, and
is based on projecti ons made by the re presenta tive ind us-
try or ganizations for each ener gy source .
Conclusion

The human and environmental health effects of nuclear
power production vary by each stage in the nuclear fuel
cycle. The political, social, and economic factor s that inevi-
tably accompany nuclear power decision making add layers
of complexity to the issues. Although the nuclear industry
continues the quest to improve and market nuclear tech-
nologies, the long-term health and environmental effects of
the nuclear power cycle, which have long been recognized,
still have not been fully resolved. Controver sial questions
such as where and how to safely store nuclear waste and how
to separate, if possible, nuclear power production from
nuclear weapons proliferation are two such examples. The
level of risk that society deems acceptable may be the most
important determinant of the future of nuclear power.
See also: Arms Control Measures; Carcinogens, Environ-

mental; Energy Use, Health Implications of; Environmen-

tal Health: Overview; Environmental Protection Laws;

Hazardous Wastes.
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Professional Nursing Practice

In virtually all countries, nurses make up the largest group
of health-care professionals. In some countries, they are
the first, and sometimes only, point of contact populations
have with the health-care system. Considered the most
diversified professionals in health care, nurses are widely
recognized as an essential resource to the effectiveness of
any health system.

Nursing is a large, highly skilled, versatile, and dynamic
workforce that is continuously evolving in response to
changing societal health and social needs. As with other
health professions, nursing is shaped by the social, eco-
nomic, political, and cultural context within which it is
practiced. These contextual influences give rise to wide
variations internationally in terms of the role of nurses,
their scope of practice, educational preparation, work
environments, career structures, positionwithin the health
system and society, and legal and regulatory status.

Throughout nursing’s history individuals and organiza-
tions have sought to define nursing. Today, the most uni-
versally accepted and widely used definition of nursing
originates from the work of the International Council of
Nurses (ICN). Over a century old, the Council is a federa-
tion of national nurses’ associations that today speaks on
behalf of more than 13million nurses worldwide. Operated
by nurses for nurses, ICN works to unite nurses worldwide
and improve standards of nursing care. The ICN definition
of nursing, drawn up in 1987, states:

Nursing, as an integral part of the health-care system,

encompasses the promotion of health, prevention of ill-

ness, and care of physically ill, mentally ill, and disabled

people of all ages, in all health-care and other community

settings. Within this broad spectrum of health care, the

phenomena of particular concern to nurses are individual,

family, and group responses to actual or potential health
problems. These human responses range broadly from

health restoring reactions to an individual episode of

illness to the development of policy in promoting the

long-term health of a population.

The unique function of nurses in caring for indivi-

duals, sick or well, is to assess their responses to their

health status and to assist them in the performance of

those activities contributing to health or recovery or to

dignified death that they would perform unaided if they

had the necessary strength, will, or knowledge and to do

this in such a way as to help them gain full or partial

independence as rapidly as possible. Within the total

health-care environment, nurses share with other health

professionals and those in other sectors of public service

the functions of planning, implementation, and evaluation

to ensure the adequacy of the health system for promot-

ing health, preventing illness, and caring for ill and

disabled people. (ICN, 2003b: 6)

In addition to the functions described in the ICN
definition, nurses are often the coordinators, supervisors,
and managers of care provided by other health-care work-
ers and family members. They act as mentors for nursing
students, newly qualified nurses, and staff outside the
domain of nursing. They are knowledge workers, creative
problem solvers, and innovators. They possess technolog-
ical know-how and use a full range of medical, informa-
tion, and communication technologies to the benefit of
their patients. Moreover, nurses are advocates, educators,
and health information and system navigators for patients
and families. Lastly, they are champions of primary health
care and patient safety.

The practice of nursing is governed by a code of ethics
that serves to inform nurses, other health professionals, and
the general public about the ethics and values that are
intrinsic to the practice of nursing. While some countries
have developed their own codes of ethics, others subscribe
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to the ICN Code of Ethics for Nurses which has served
as the standard for nurses worldwide since it was first
adopted in 1953 and more recently revised in 2005. The
Codemakes it explicit that inherent in nursing is the respect
for human rights, including the right to life and choice, to
dignity, and to be treated with respect (ICN, 2006).

In most countries, the roles, functions, and responsi-
bilities determined to be within the nurse’s scope of
practice are defined by law. Depending on the country,

‘‘the authority to decide the educational requirements

for professional qualification and license to practise, the

development and/or enforcement of nursing practice

standards and the resulting disciplinary procedures may

be granted by law to the Ministry of Health, a nursing

council, a multidisciplinary regulatory body or combina-

tions of the above’’ (ICN, 2004: 5).

Nurses are employed in a wide variety of settings
around the world including hospitals, long-term care
facilities, community health centers, rural health clinics,
rehabilitation centers, public health departments, schools,
home care agencies, workplaces, and industry and corpo-
rate environments. In addition to delivering direct patient
care as clinicians, nurses work as educators, researchers,
administrators, and consultants. They may work indepen-
dently, together with other nurses, or in multidisciplinary
teams as generalist, specialist, or advanced practice nurses.

Increasing numbers of nurses are self-employed entre-
preneurs. In just about all countries,

‘‘self-employed nurses are legally permitted to offer any

service that falls within the practice of nursing and does not

infringe on the legislated responsibility or the exclusive

practice of another health discipline’’ (ICN, 2003a: 8).

Their functions, services, and work settings differ accord-
ing to public needs.

Generalist Nursing Practice

Prior to entry into professional nursing practice, a person
must first complete an approved basic nursing program
Accountability Ethical
practice

Legal
practice

Professional, ethical,
legal practice

Assessment Planning Implementation Evaluation Therape
communic

and interpe
relations

Care provision

ICN fra

Figure 1 Overview of ICN framework of competencies for the gener
of Competencies for the Generalist Nurse, p. 26. Geneva: Internation
and be licensed/registered to practice in their country.
The routes to obtaining basic nursing education vary
among countries. The most common entry-level paths
are diploma and baccalaureate degree programs. How-
ever, increasingly countries are moving toward university-
level education (e.g., baccalaureate degree) as the single
route of entry to practice.

In most countries, on entry to practice a nurse is called
a Registered Nurse; in others a Licensed Nurse, First
Level or a Qualified Nurse. Irrespective of these different
professional designations, the generalist nurse is equipped
and authorized to

‘‘(1) engage in the general scope of nursing practice,

including the promotion of health, prevention of illness,

and care of physically ill, mentally ill, and disabled people

of all ages in all health-care and other community set-

tings; (2) carry out health-care teaching; (3) participate

fully as a member of the health-care team; (4) supervise

and train nursing and health-care auxiliaries; and (5) be

involved in research’’ (ICN, 2003b: 6).

Further, the generalist nurse has the competence to pro-
vide primary, secondary, and tertiary level care across all
settings and fields of nursing (ICN, 2003b).

It is this generalist preparation that serves as the foun-
dation for specialist and advanced practice roles in
nursing. In 2000, in response to worldwide demand for
direction on professional nursing competencies, ICN
established international competencies for the generalist
nurse. The ICN Framework of Competencies for the
Generalist Nurse is broad enough to be applied interna-
tionally, but specific enough to provide guidance to
countries developing their own competencies. An over-
view of the framework is shown in Figure 1. ICN is
currently working to develop international competencies
for the specialist and advanced practice nurse.

Specialty Nursing Practice

Specialization in nursing is not a modern phenomenon.
Early in the profession’s development it was recognized
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that certain patient groups and practice settings required
practitioners with more focused and specialized knowl-
edge and skills than could be successfullyacquired through
basic nursing education. Over the last two decades, the
pace of specialization in nursing has accelerated steadily,
spurred on by a rise in medical specialization and a parallel
growth in medical and nursing knowledge and technology.
Changing patient needs and transformations in the way
health care is organized have also prompted greater levels
of specialization in nursing (ICN, 1992).

Today nurse specialists can be found practicing in
clinical, teaching, administration, research, and consultant
roles in a wide variety of specialty areas and health-care
settings. Typically, such roles are defined in terms of the
patient group or population (e.g., pediatrics), the disease/
pathology (e.g., diabetes), or by the practice setting (e.g.,
critical care). Nurses may also subspecialize within a spe-
cialty area of practice. For instance, a pediatric nurse may
have subspecialty education in pediatric oncology nursing.

The pathways to specialization differ from country to
country. However, in most cases, specialization is acquired
through experiential preparation and formal postbasic
or postgraduate education. With the rise in specialization,
a number of countries have established programs for vol-
untary certification that grant recognition of competence
in a nursing specialty. Examples of areas where voluntary
certification are available include: critical care, oncology,
emergency, diabetes, infection control, informatics,
nephrology, forensics, palliative care, pain management,
mental health, orthopedics, pediatrics, and urology.
Advanced Nursing Practice

The rapid and complex changes taking place in health
systems worldwide continue to present opportunities for
nurses to expand and advance their practice roles to better
meet and respond to the needs of the people and systems
they serve. Several forces have converged to influence the
growing number of and demand for advanced practice roles
in nursing. These include gaps in health service coverage,
particularly in rural and remote communities; rising de-
mand for specialized nursing roles; workforce shortages;
escalating global burden of disease; and economic pressures
and rising consumer expectations (Schober, 2002, in Affara
and Schober, 2006; Furlong and Smith, 2005).

Advanced nursing practice (ANP) is one of a number of
diverse professional paths available to nurses. It has been
estimated that close to 40 countries have established or are
in the process of developing advanced practice nursing
roles. Examples include Canada, the United States, Hong
Kong, Australia, New Zealand, the United Kingdom,
Botswana, Taiwan, Switzerland, Japan, and Spain.

ANP is an umbrella term that refers to ‘‘an advanced
level of nursing practice that maximizes the use of in-
depth nursing knowledge and skill in meeting the health
needs of clients (individuals, families, groups, populations
or entire communities)’’ (Canadian Nurses Association,
2006: 1). The term encompasses four commonly identified
role titles: nurse practitioner, certified nurse midwife,
certified nurse anesthetist, and clinical nurse specialist.
However, it is important to note that titling, as well as
educational preparation, regulatory requirements, role
definition, and scope of practice vary depending on the
country (Affara and Schober, 2006).

To facilitate a common understanding and to guide
the future development of advanced practice roles,
ICN, working with its International Nurse Practitioner/
Advanced Practice Nursing Network, has developed a
definition and characteristics of practice for the Nurse
Practitioner/Advanced Practice Nurse (NP/APN) (see
Table 1). ICN defines the NP/APN as

‘‘a registered nurse who has acquired the expert knowl-

edge base, complex decision-making skills and clinical

competencies for expanded practice, the characteristics

of which are shaped by the context and/or country in

which s/he is credentialed to practice. A master’s degree

is recommended for entry level’’ (ICN, 2003c: 1).

NP/APNs provide care across the health contin-
uum spanning from health promotion and illness preven-
tion to curative, rehabilitative, and supportive services.
They provide care to individuals, families, groups, and
communities across the life span. NP/APNs practice in
a variety of sectors (e.g., public and private) and geo-
graphic locations (e.g., urban and rural) as well as settings.
Table 2 provides a sampling of NP/APN practice settings.
They may practice autonomously or in collaboration with
a variety of health and social care providers such as phy-
sicians, other nurses, social workers, and therapists. While
advanced practice nursing is at various stages of develop-
ment and implementation around the world, the literature
suggest that this trend will continue well into the future,
particularly as more countries embrace this role.
Nurses’ Contribution to Health Services

Whether practicing in generalist, specialist, or advanced
practice roles, nurses are making a considerable and posi-
tive impact on the provision of health services. There is a
well-established and expanding body of research evidence
documenting the effectiveness of their care. For instance,
outcome research indicates that care provided by NP/
APNs is equivalent to that of physicians (Brown and
Grimes, 1995; Mundinger et al., 2000). Further, care deliv-
ered by NP/APNs has been associated with improved
patient satisfaction, reduced hospital lengths of stay,
improved quality of life, lower hospital re-admission
rates, better health education, and decreased health-care
costs (Brown and Grimes, 1995; Kinnersley et al., 2000;



Table 1 Characteristics of NP/APN practice

Educational preparation . Educational preparation at advanced level
. Formal recognition of educational programs preparing nurse practitioners/

advanced nursing practice roles accredited or approved
. Formal system of licensure, registration, certification, and credentialing

Nature of practice . Integrates research, education, practice, and management
. High degree of professional autonomy and independent practice
. Case management/own case load
. Advanced health assessment skills, decision-making skills, and diagnostic

reasoning skills
. Recognized advanced clinical competencies
. Provision of consultant services to health providers
. Plans, implements, and evaluates programs
. Recognized first point of contact for clients

Regulatory mechanisms – Country-specific

regulations underpin NP/APN practice

. Right to diagnose

. Authority to prescribe medication

. Authority to prescribe treatment

. Authority to refer clients to other professionals

. Authority to admit patients to hospital

. Legislation to confer and protect the title ‘Nurse Practitioner/Advanced
Practice Nurse’

. Legislation or some other form of regulatory mechanism specific to advanced

practice nurses
. Officially recognized titles for nurses working in advanced practice roles

Source: International Council of Nurses (2003)Definitions and Characteristics of the NP/APN Role, p. 1. Geneva: International Council of

Nurses. Reproduced with permission.

Table 2 Sampling of NP/APN practice settings

. Hospitals

. Private/family practice offices

. Nurse-managed primary care centers

. Community health centers

. Ambulatory/outpatient care clinics

. Mobile clinics

. Long-term care facilities

. Schools

. Urgent care centers

. Occupational/industry health settings

. Home health-care settings

. Maternity/birthing centers

. Departments of Health

. Academic facilities

. Mental health facilities
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Mundinger et al., 2000; Ritz et al., 2000; Venning et al.,
2000; Naylor et al., 2004). There are also a significant num-
ber of research studies linking higher numbers and a richer
mix of qualified/registered nurses to reductions in patient
mortality, rates of respiratory, wound, and urinary tract
infections, number of patient falls, incidence of pressure
sores, and medication errors (see West et al., 2004).

When natural or manmade disasters strike, nurses are
often the first wave of responders and major contributors
to the restoration of public health services post-disaster.
They make a significant contribution to national and
international efforts targeting the health and social pro-
blems of refugees, displaced persons, and migrants result-
ing from disasters, political turmoil, and civil strife.
Nurses make a valuable and unique contribution
to health services through research. They employ both
qualitative and quantitative research methodologies to
evaluate, validate, and refine existing knowledge and to
generate new knowledge in relation to nursing and health
services. The knowledge generated through nursing
research is used to inform nursing education, practice,
and management, to shape health policy, and to enhance
the health and well-being of populations.

Not surprisingly, nurses are also found at the forefront
of innovative discoveries in health care. They use their
creative capacity to find solutions to both old and new
problems many of which have led to improvements in the
health of patients, the day-to-day work life of nurses, and
the way in which health services are delivered. Increas-
ingly nurses are being called on by the pharmaceutical
industry, manufacturers of medical devices, and health
information technology suppliers to participate in, or
lead, new product research and development. Internation-
ally, novel solutions by nurses abound, some of which are
being captured in the International Council of Nurses
Innovations Database.
Professional Nursing Organizations

Professional organizations have long been an integral part
of the nursing profession providing a medium through
which nurses with common goals and interests work



568 Nurses
collectively for the benefit of society and the advancement
of the profession (ICN, 1996a).

Nurses join professional organizations for various rea-
sons. For example, some see membership as the first step
toward becoming identified with the profession, while
others view membership as a way to stay current on
professional issues and developments, to access network-
ing opportunities, to exchange ideas, information, and
experiences with colleagues and/or as a means to achieve
continuing professional growth and education (ICN,
1996a). A nurse may choose to hold membership in one
or more professional organizations or associations.

In all countries, the nursing profession is organized in
the form of national nurses’ associations. In some coun-
tries, these associations are federations of affiliated pro-
vincial or state nursing organizations while in others they
are nonfederated entities. The functions of such associa-
tions are diverse, but can be broadly categorized as
regulatory, professional, and socioeconomic. An associ-
ation may perform one or more of these functions. The
most common models seen today are: (1) professional
association and regulatory body; (2) professional associa-
tion and regulation responsibilities for continuing and
post-basic education and qualifications; (3) professional
association with programs also focused on members’ indi-
vidual interests and concerns; and (4) professional associa-
tion and socioeconomic welfare organization/negotiating
body (ICN, 1996b).

The purpose and functions of an association may be
influenced by a number of local external factors. These
include the health-care system in which the association is
located, legislation and societal changes, the type of asso-
ciation, the role and social status of nurses, the role of
other nursing associations, and globalization and region-
alization (ICN, 1996a). Some examples of major functions
that may be carried out by nurses’ associations are high-
lighted in Table 3.

There are also a number of well-established specialty
nursing organizations that have evolved over the past
several decades as the profession has become more
specialized. Such organizations are most often formed
around a defined area of specialty nursing practice, such
as oncology, gerontology, or public health. They may be
autonomous organizations, or they may form a branch of
a larger national nursing association. The American Asso-
ciation of Critical-Care Nurses, established in 1969, is one
the world’s largest specialty nursing organizations.

Additionally, there are organizations that speak for
nursing at the regional and global levels. For example,
the Caribbean Nurses Organization, founded in 1957, is
the regional voice for nursing in the Caribbean. At the
global level, the International Council of Nurses is the
largest and oldest organization for nurses.

Nursing organizations may also unite to form inter-
disciplinary alliances with other organizations. One such
example is the World Health Professions Alliance which
brings together dentistry, medicine, nursing, and pharmacy
through their representative international organizations,
the International Council of Nurses, the International
Pharmaceutical Federation, the World Dental Federation,
and the World Medical Association. Together, they repre-
sent the interests of more than 20 million health profes-
sionals worldwide.

Historically, professional organizations have played an
important role in nursing’s development. Today, nursing
organizations and associations, whether operating at
the local, national, regional, or international level,
remain committed to promoting improvements in the
standards of nursing care and to advancing the profession,
health services, and the health and well-being of society
as a whole.
Global Nursing Workforce Shortage

One of the most pressing challenges facing health-care
systems and the nursing community worldwide is the
growing shortage of nurses. Globally, there is wide
acknowledgment that the scarcity of nurses, combined
with the short supply of other health workers, is rapidly
establishing itself as a major threat to public health in
many nations. In a number of countries, the shortage of
health workers, particularly nurses, is placing a tremen-
dous burden on already overtaxed health systems and is
creating a major barrier to the provision of essential health
services. For others, notably the least developed countries,
inadequate human resources have become the most sig-
nificant constraint on the attainment of national and
international health and development goals.

Current and predicated nursing shortages, in both
developed and developing countries, have been reported
by a number of organizations including the World Health
Organization, the World Bank, the Pan American
Health Organization, the International Council of Nurses,
Physicians for Human Rights, and the Global Health
Trust. Nowhere in the world is the shortage said to be
more pronounced or severe than in sub-Saharan Africa
where deficiencies in supply are exacerbated by the
international movement of nurses to more developed
countries in search of better working conditions and
quality of life. In countries of this subregion, it is not
uncommon to find one nurse responsible for providing
care to 50 to 100 patients at one time.

Nursing shortages are not a new phenomenon.
A number of developed countries, notably the United
Kingdom, Canada, and the United States, have cycled
through shortages in the past frequently as a result of
demand for nursing services exceeding supply. However,
the current shortage is unlike those of the past, as health
systems worldwide are experiencing pressures exerted on



Table 3 Major functions of nurses’ associations

Regulation . Establish standards of education
. Establish standards of practice
. Determine disciplinary sanctions
. Approve/recognize schools of nursing
. Maintain a register of credentialed nurses
. Set fees
. Conduct examinations
. Provide examinations/examiners
. Issue certificates, licenses, or other credentials
. Prescribe qualifications for admission to nursing programs
. Provide continuing education programs
. Accredit continuing education programs
. Represent the government on nursing matters, nationally and internationally
. Represent nursing at governmental meetings

Professional . Promote members’ professional interests
. Promote members’ social interests, e.g., social policy
. Provide a forum for discussion of priority concerns
. Facilitate access to continuing education
. Provide continuing and post-basic education programs
. Develop support groups for nurses
. Represent nurses and nursing in decision-making bodies
. Develop working documents to influence decision-making in the health sector (e.g. definition of nursing,

legislation, classification for practice, code of ethics)
. Set standards of education and practice
. Introduce/monitor quality assurance programs
. Advance the profession (e.g. develop specializations)
. Facilitate/undertake research
. Disseminate relevant information (e.g. journal, campaigns)
. Lobby and negotiate with government, trade unions, and regulatory body
. Develop or participate in health projects
. Represent members excluded by law from affiliation to labor organizations (e.g., managers, independent

practitioners)

Socio-economic . Promote members’ socio-economic and political interests
. Provide a forum for discussion of priority concerns
. Negotiate entry and access to and rights of employment
. Negotiate improvements in salaries and working conditions
. Raise awareness and promote International Labour Organization Conventions
. Safeguard acquired rights
. Represent nurses in the workplace and labor bodies
. Provide workers’ education (e.g., negotiation, communication, collective bargaining, grievance procedures)
. Provide membership services (e.g., information, legal counseling, research, professional and medical

insurance)
. Promote and support effective communication between nurses and their employers relating to the practice of

nursing

Source: International Council of Nurses (1996) Professional and Socio-economic Responsibilities within NNAs, pp. 6–7. Geneva:
International Council of Nurses. Reproduced with permission.
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both the supply of and demand for nurses. While the
demand for health services and nurses is growing due to
demographic and epidemiological changes, among other
factors, the supply of available nurses in many countries is
diminishing and is predicted to worsen in the absence of
countermeasures.

Inadequate human resources planning and manage-
ment, including poor deployment practices, coupled
with high attrition from the workforce (due to poor
work environments, low professional satisfaction, and
inadequate remuneration), international and internal
migration, the impact of HIV/AIDS, and chronic under-
investments in health human resources are major factors
driving the current nursing shortage. Additional factors
affecting the supply of, and demand for nursing services
are highlighted in Table 4.

Ironically, today’s nursing shortages exist parallel with
the unemployment of thousands of nurses, particularly in
parts of Asia, Latin America, Eastern Europe, and Africa.
High rates of unemployment are primarily the result of
employment/hiring freezes caused by loan conditions
placed on borrowing countries by donors and interna-
tional monetary institutions. As well, a number of
countries report underemployment of nurses due to poli-
cies and practices that deter them from obtaining full-
time employment.



Table 4 Factors affecting the supply of and demand for nursing services

Increased demand Reduced supply

. Reduced lengths of stay in hospitals increasing the acuity of care

. Shift from hospital to ambulatory, home, and community care

creating a fast-growing labor market for nurses outside hospital

facilities
. Advances in medical science and technology heightening the need
for nurses.

. Rising consumer expectations and public demand for services

. An aging population, emphasizing long-term health-care services

. Growing burden of chronic and degenerative disease resulting in
higher demands for nursing care

. Emergence of new diseases and the re-emergence of old ones

. Greater nurse entrepreneurship opportunities expanding the labor
market

. A growing private sector expanding the labor market

. A shrinking labor pool resulting from fewer young people
entering and remaining in the profession

. Expanded career opportunities for women

. Increased number of nurses leaving the profession in

mid-career or through retirement
. Aging nursing faculty workforce
. Increased number of mature students with reduced

potential years of professional practice
. Past government decisions to reduce nursing student

positions
. Increased career opportunities outside the health-care

sector, offering better pay and working conditions
. Student attrition from nursing education programs
. Poor image of the profession as a career

. Globalization facilitating the mobility of nurses and further expanding

the labor market
. Increased opportunities and demand for nurses outside the nursing

service, e.g., generic management

Adapted from International Council of Nurses (2001) Position Statement on Ethical Nurse Recruitment. Geneva: International Council

of Nurses.
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In a number of countries, nursing shortages coexist
with the shortage of nurse educators. These shortages
are the result of an aging nursing faculty workforce and
a limited pool of younger faculty to replace those retiring.
The reduction in the availability of faculty is serving to
intensify the current nursing shortage by reducing the
ability of education providers to increase their intake of
applicants to meet future demand.

The international recruitment and migration of nurses
has, in the past decade, become a growing concern for
national governments, nursing organizations, employers,
and the global health and development community. The
World Health Assembly, the World Health Organization’s
highest decision-making body, has repeatedly drawn
attention to the international migration of skilled health
workers and the challenges it poses for health systems,
particularly in resource-poor countries.

While not a new phenomenon, the international move-
ment of nurses from developing to developed countries is
accelerating. Increasingly, nurses are choosing to leave
their native country seeking better working conditions
and quality of life elsewhere. Their movement across
national borders is attributed to a number of push and
pull forces. On the push side are factors such as difficult
working environments (often characterized by heavy
workloads, risk of exposure to violence, abuse and occu-
pational hazards, lack of autonomy and decision-making
authority, limited access to supplies, medication, and
technology), low pay, poor career advancement opportu-
nities, lack of non-monetary incentives, and sociopolitical
unrest. On the pull side, nurses may migrate to other
countries in search of better opportunities for professional
development, safer and better equipped working environ-
ments, improved remuneration and incentives, greater
sociopolitical stability, and a desire for greater profes-
sional autonomy.

However, large-scale, and often aggressive interna-
tional recruitment by developed countries is cited as a
major contributing factor to the current high levels of
nurse migration. Developed countries have increasingly
come to rely on recruiting foreign-trained nurses to fill
their domestic shortfalls instead of addressing in-country
recruitment and retention issues. The effects of this prac-
tice on developing countries include a loss of skilled
human capital and economic investments and an inability
to adequately meet national health service needs.

Unethical recruitment practices are occurring world-
wide and there is a lack of regulatory oversight at both
national and international levels. The International
Council of Nurses, the World Health Organization, and
the Commonwealth Secretariat, while supporting the
right of nurses to migrate, have all independently made
calls in the form of position statements, resolutions, and
codes of practice for better monitoring and more ethical
approaches to nurse migration.

In 2005, the International Council of Nurses and the
Commission on Graduates of Foreign Nursing Schools
teamed up to establish the International Centre on Nurse
Migration – a global resource for the development, pro-
motion, and dissemination of research, policy, and infor-
mation on nurse migration. The Centre works to address
gaps in policy, research, and information with regard to
the migrant nurse workforce, including screening and
workforce integration.
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Internationally, the scarcity of nurses is having a nega-
tive impact on patients, health systems, and nursing
personnel and there is a significant body of research
documenting its impact. For instance, nursing shortages
have been linked to increased mortality, accidents, inju-
ries, cross-infection, and adverse postoperative events.

The International Council of Nurses has recently
completed a major two-year research and global consul-
tation initiative to document the state of today’s nursing
workforce and to inform future policy making. Through
its work, the Council has identified five priority areas that
require policy attention in the immediate, short, and long
term, at both national and international levels. These
areas are: macroeconomic and health sector funding
policies; workforce policy and planning, including regu-
lation; positive practice environments and organizational
performance; recruitment and retention; addressing in-
country maldistribution, and out-migration; and nursing
leadership. Full details of this work can be obtained on
the ICN website.

In 2006, ICN established the International Centre for
Human Resources in Nursing. The Centre, whose ulti-
mate aim is to bring about improvements in the quality of
patient care through the provision of better managed
health care and nursing services, serves as an online
gateway to comprehensive information, resources, and
analysis on nursing human resources policy, management,
and practice.

The World Health Assembly has repeatedly recog-
nized the essential role nurses and midwives play in the
provision of effective health services and has made calls,
through numerous resolutions, to strengthen the work-
force. In 2006, during the 59th session of the Assembly,
192 member states unanimously adopted a major resolu-
tion to strengthen nursing and midwifery. The resolution
urges member states to commit to strengthening the
workforce by:

(1) establishing comprehensive programmes for the devel-

opment of human resources which support the recruit-

ment and retention, while ensuring equitable geographical

distribution, in sufficient numbers of a balanced skill mix,

and a skilled and motivated nursing and midwifery work-

force within their health services; (2) actively involving

nurses and midwives in the development of their health

systems and in the framing, planning and implementation

of health policy at all levels, including ensuring that

nursing and midwifery is represented at all appropriate

governmental levels, and have real influence; (3) ensuring

continued progress toward implementation at country

level of WHO’s strategic directions for nursing and mid-

wifery; (4) regularly reviewing legislation and regulatory

processes relating to nursing and midwifery in order to

ensure that they enable nurses and midwives to make their

optimum contribution in the light of changing conditions
and requirements; (5) to provide support for the collection

and use of nursing and midwifery core data as part of

national health information systems; (6) to support the

development and implementation of ethical recruitment

of national and international nursing and midwifery staff.

(WHO, 2006: 1–2)
Conclusion

Nurses are the single largest group of health-care profes-
sionals in most countries. As such they are a vital input in
all health systems. Internationally, nurses are evolving
their roles and reconfiguring their practice to meet the
complex challenges facing health systems and the chang-
ing health and social needs of individuals, families,
groups, populations, and communities. Ensuring their
adequacy in numbers, skills, and distribution is paramount
to quality, equity, safety, and cost-effectiveness in patient
care and health services around the world.
See also: Home Care; Hospice and Palliative Care; Long

Term Care in Health Services; Maternal Health Services;

Public Health Professionals.
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Introduction

The human immunodeficiency virus (HIV) seems to have
originated from simian immunodeficiency virus (SIV)
among monkeys in Central Africa, where SIV crossed
the species barrier and caused infection in humans
exposed when hunting monkeys for meat. When first
described in Africa, the advanced stage of HIV infection –
acquired immune deficiency syndrome, or AIDS – was
called ‘slim disease,’ due to the pronounced wasting that is
a cardinal manifestation, especially in individuals with
poor dietary intake before and after being infected.

Sub-Saharan Africa remains the hardest hit part of the
world, particularly Southern Africa. Of, the 33.2 million
individuals living with HIV infection in 2007, 22.5million
(67%) live in Sub-Saharan Africa. Of a global total of
2.1million AIDS deaths and 2.5 million new HIV infec-
tions in 2007, sub-Saharan Africa accounted for 1.6
million and 1.7 million, respectively.

In low-income populations, nutrition and HIV infec-
tion are closely linked, at the level of the individual, the
household, and the community. Thus, food insecurity and
undernutrition may be determinants as well as conse-
quences of HIV infection (Figure 1).

Even in high-income populations, with well-function-
ing health systems and access to antiretroviral (ARV)
treatment (ART), some patients may not have a diet
meeting the nutritional requirements. This could be
because the health system fails to provide nutritional
advice to the patient, and the patient lacks knowledge or
resources to obtain an adequate diet. Many organizations
and Internet sites provide information on the importance
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Figure 1 The vicious circle due to a synergistic relationship
between HIV infection and food insecurity and undernutrition, at

individual, household, and community levels. HIV leads to

nutritional deficiencies in the individual, and to food insecurity in

the household and community. Food insecurity increases risk of
HIV infection, and undernutrition increases progression of HIV

infection.
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of diet, and people living with HIV often take nutritional
supplements, herbs, or other complementary food-based
therapies, although the evidence for efficacy and safety is
lacking.
Nutrition and Infections

Adequate intake of energy and nutrients is necessary to
maintain health. The macronutrients (i.e., carbohydrates,
protein, and fat) provide energy and the micronutrients
(i.e., vitamins and minerals) are essential for general and
specific metabolic functions. A diet that is inadequate in
energy and nutrients fails to sustain optimal growth of
children and maintain weight and body composition of
adults, and impairs specific body functions.

In low-income populations, the typical diet is based on
a starch-rich staple, such as cereals, tubers, or legumes,
with few vegetables and fruits, and little, if any, animal
foods. Such a diet has a low energy and nutrient density.
The bulkiness of the diet renders it difficult to meet the
energy and nutrient requirements, even if the amount of
food is adequate. In addition, the quality of the diet is often
low. Vitamin A, for example, is rarely available as pre-
formed vitamin A, found in animal foods, but mainly as
so-called provitamin carotenoids from plant foods. The
conversion of provitamin A carotenoids to vitamin A in the
body is less efficient than previously believed, and further
impaired by deficiency of other nutrients. Iron is mainly
available as the poorly absorbable nonheme iron from
plant sources, and rarely as heme iron from animal foods.
Furthermore, the staple foods contain high levels of phytic
acid and other antinutrients, which bind essential minerals
like zinc and iron and prevent their absorption. In addition
to the low intake and bioavailability of micronutrients, a
high burden of infectious diseases increases the require-
ments and considerably contributes to the high prevalence
of deficiencies.

Women and children are particularly vulnerable to
nutritional deficiencies. Since women often have inade-
quate dietary intake before and during pregnancy, fetal
growth will be retarded and the child born with low
weight and inadequate nutrient stores. Although exclusive
breast-feeding up to 6 months of age is recommended by
the World Health Organization (WHO), most children
receive water, tea, cows’ milk, porridge, and so on, from
the first few weeks of life. The combination of early
nutritional deficiencies and contaminated liquid and
solid foods increases the risk of diarrhea and pneumonia,
which further impairs the nutritional status of the child.

Deficiencies of vitamin A, iron, and zinc, as well as
other micronutrients, are widespread in low-income
populations. Lack of micronutrients may impair specific
body functions, such as cognitive functions, vision, pro-
duction of red blood cells, as well as immune functions.
Some micronutrients have antioxidant (e.g., vitamins
C and E, and selenium) or prooxidant (e.g., iron) proper-
ties, which means that they are able to either counteract or
generate, respectively, harmful oxidative stress. Cheap
and feasible public health interventions exist, whereby
the intake of micronutrients, in contrast to macronu-
trients, can be increased in populations. These include
dietary diversification, food fortification, food modifica-
tion, and supplementation. In addition, interventions to
prevent and treat common infections serve to prevent
further increases in requirements.
Immune Functions and Resistance to Infections

Immune suppression caused by lack of nutrients has been
called nutritionally acquired immunodeficiency syndrome,
or NAIDS. Lack of zinc, of which only about 1mg is needed
every day to replace losses, leads to virtual disappearance
of the thymus, a key immunological organ. Thus micro-
nutrient deficiencies often increase risk and severity of
infectious diseases. Since infections also impair nutritional
status, then we have a synergistic two-way relationship or a
vicious circle (seeFigure 1). Nevertheless, even if a specific
nutritional deficiency impairs immunity, administration –
especially if unphysiological doses or routes are used – of
that nutrient may favor the pathogen more than the host,
and hence increase the risk and severity of infectious dis-
eases. For example, parenteral and even oral administration
of iron may stimulate growth of bacteria or parasites and
lead to increased morbidity. Vitamin A, for example, is
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essential to a range of immune functions, and large rando-
mized trials have found that periodic administration of
vitamin A capsules to children under 5 years reduces mor-
tality by 23–30%. Vitamin A supplementation, given in
large doses two or three times per year, is therefore recom-
mended by the WHO. Given the considerable effect of
vitamin A on mortality, the adequacy of dosing only a
couple of times per year, often in combinationwith national
immunization days, and the low price per capsule, makes
vitamin A supplementation one of the most cost-effective
health interventions.

Zinc supplementation may prevent diarrhea and pneu-
monia in populations with an inadequate zinc intake, and
has also been shown to reduce the duration and severity of
diarrhea when given therapeutically. In contrast to vita-
min A, zinc has to be taken frequently if not daily, since
there are no body stores. Thus, zinc supplementation may
be feasible in the treatment of children hospitalized or
attending health facilities due to diarrhea but is not a
feasible intervention in the prevention of diarrhea and
pneumonia, even though these diseases account for a
large proportion of the 10million child deaths each year.
Nutrition and HIV Infection

The biological two-way relationship between nutrition
and HIV infection is complex.
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Figure 2 Conceptual framework of the role of micronutrient

(MN) deficiencies and iron loading in HIV infection. Even early HIV

infection (HIVþ) leads to MN deficiencies, which cause oxidative
stress and NAIDS. Oxidative stress and NAIDS may increase

progression of HIV infection (HIVþþþ). Modified from Friis H

(2006) Micronutrient interventions and HIV infection: A review

of current evidence. Tropical Medicine and International Health
11: 1849–1857, Blackwell Publishers.
HIV Infection Impairs Nutritional Status

HIV infection has direct effects on nutritional status, in
addition to the effects on food security described later.
HIV infection increases nutritional requirements by
reducing absorption and increasing utilization and loss
of nutrients, and resting energy expenditure. Yet, the
intake of nutrients and energy may be reduced, due to
loss of appetite. Depending on the dietary intake of nutri-
ents and energy, micronutrient status may be impaired
and fat and particularly lean body mass lost even at early
stages of the infection. With more advanced HIV infec-
tion, when opportunistic and other infections occur, rest-
ing energy expenditure is further increased, whereas food
intake may be further reduced, due to painful sores and
infections in the mouth and esophagus.

If the additional energy requirements are not met, then
weight will be lost, unless physical activity is reduced,
which may impair household food security (see Figure 1).
If the additional nutrient requirements are not met, then
specific deficiencies will eventually occur, or existing
deficiencies will become exacerbated, which will impair
important body functions, including maintenance of lean
body mass and immune functions. An exception is iron.
Although absorption of iron may be impaired, even early
HIV infection results in anemia of infection, which is due
to suppression of the production of red blood cells in the
bone marrow. But red blood cells will continue to age, and
eventually be engulfed by white blood cells and taken to
the stores, where iron will accumulate as it is now longer
incorporated into new red blood cells.

Energy requirements are estimated to be 10% higher
during asymptomatic HIV infection, to maintain body
weight and physical activity, and they are 30% higher
during symptomatic HIV infection (WHO, 2003). In con-
trast, protein requirements do not seem to be increased.
The requirements for most vitamins and minerals are
increased, and it is recommended that patients with HIV
eat a healthy diet. In practice, many patients are advised to
take a daily supplement containing one recommended
dietary allowance (RDA) of the essential vitamins and
minerals, except iron.

But the extent to which the requirements are increased
by HIV infection is still not clear, as it will be different for
different micronutrients and depend on the stage of HIV
infection. Nevertheless, recommendations should not
only be based on which intakes are necessary to avoid
deficiency, but on which intakes give optimal health, and
prevent progression of HIV infection.
Nutrition Affects HIV Progression and
Transmission

In HIV-infected individuals, micronutrient deficiencies
and iron loading may accelerate progression of HIV infec-
tion, as shown in the conceptual framework in Figure 2.
Deficiencies of antioxidant vitamins and minerals and
accumulation of the prooxidant iron could lead to oxida-
tive stress, which is known to activate a transcription
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factor that increases replication of HIV, which results in
increased HIV progression. The iron accumulation may
also result in flare-up of latent tuberculosis (TB) and
possibly other infections, which stimulate HIV replica-
tion. Deficiencies of micronutrients essential to immune
functions lead to NAIDS, which could contribute to the
risk of coinfections, and to the decline in the number of
CD4þ cells, that is, the cells infected and destroyed by
HIV. Data from laboratory and clinical studies support
this conceptual framework. Accordingly, it is likely that
iron supplementation is harmful, as it may increase HIV
progression. Yet, iron supplementation is given routinely
to pregnant women seeking antenatal care, and occasion-
ally to TB patients presenting with anemia, even in set-
tings where HIV infection is prevalent. It should be a
research priority to assess the effects and safety of iron
supplementation to people with HIV infection.

In contrast, data from randomized, placebo-controlled
trials document a beneficial effect of micronutrient sup-
plementation during HIV infection. For example, among
HIV-infected pregnant women in Tanzania not receiving
ART, a daily supplement containing high doses of vitamins
B, C, and E was shown to increase CD4þ count and to
reduce HIV load. After 2 years, those receiving the multi-
vitamins had 29% lower risk of progression to or dying from
AIDS (Fawzi et al., 2004). Similarly, a trial among adult Thai
males and females with HIV infection found that a daily
supplement containing approximately one RDA of a range
of micronutrients reduced mortality ( Jiamton et al., 2003).
A supplementation trial was also conducted among adult
Tanzanian patients with pulmonary TB, of which almost
half had HIV coinfection. Supplementation with zinc and
other micronutrients in combination, but neither alone,
during 8 months of TB treatment considerably increased
weight gain and reduced mortality (Range et al., 2005).

This study demonstrates that treatment of an infection,
in this case TB, does not eliminate the need for nutritional
support, as it is often assumed. In fact, if the infection has
resulted in a growth or weight deficit, then treatment, by
allowing a growth spurt or weight gain, considerably
increases nutritional requirements. If these requirements
are not met, then it is likely that the weight gain will result
in fat rather than lean body mass. It is also likely that it
may exacerbate NAIDS, and potentially worsen the out-
come of the infection being treated or of coinfections,
such as HIV. Thus, nutritional support providing multi-
ples of the RDA may be needed to meet the requirements
during the initial phase of the treatment. Currently, nutri-
tional assessment, advice, and support are rarely
integrated in the management of HIV infection and TB
in low-income countries.

To the extent nutritional deficiency contributes to pro-
gression of HIV and increase in HIV load, then it is also
likely to be a determinant of infectiousness, and hence,
of mother-to-child or sexual transmission. As such, the
supplement containing vitamins B, C, and E, mentioned
previously, was also found to reduce mother-to-child HIV
transmission, although only among women with signs of
poor health. Despite initial observational data suggesting
that vitamin A supplementation might reduce mother-to-
child HIV transmission, later data from randomized, con-
trolled trials found no effect of vitamin A supplementation
in two trials, and increased transmission in a third. The
vitamin A supplement contained both preformed vitamin
A and provitamin A carotenoids, and it is not clear which
of these compounds caused the increase in transmission,
andwhy it was not the case in one of the other trials using a
similar intervention (Friis, 2006).

Due to the importance of various nutrients to epithe-
lial integrity and mucosal immunity, it is likely that defi-
ciencies may also affect susceptibility to infection, when
exposed to HIV. However, there are currently no data to
confirm this.
Nutrition and ART

With access to ART, also for HIV-infected individuals
in low-income countries, the role of nutrition–drug inter-
actions becomes increasingly important. According to
current treatment guidelines, an HIV-infected individual
is only eligible for ART when CD4þ counts are below
350. Since poor nutritional status is widespread even in
uninfected individuals, and deteriorates with progression
of HIV infection, it is obvious that an HIV-infected indi-
vidual is in a poor nutritional status at the start of treat-
ment. It is likely that nutritional deficiencies will affect
absorption and metabolization of one or more of the two
to three different drugs given, and hence affect either
efficacy or toxicity of the drugs. Indeed, among patients
on ART, low body mass index at the start of treatment has
been found to be a predictor of mortality (Paton et al.,
2006). Furthermore, it is known from Western countries
that some of the ARV drugs affect lipid metabolism, and
cause maldistribution of fat (i.e., lipodystrophia) and met-
abolic syndrome with a high risk of coronary heart disease
and diabetes. It is unknown to what extent prior undernu-
trition and inadequate diet during treatment affect the
risk of lipodystrophia and metabolic syndrome.
Breast-feeding and HIV Infection

Breast-feeding is the healthiest infant feeding practice
(Figure 3). The WHO recommends that infants are
exclusively breast-fed, that is, given breast milk and noth-
ing else, for the first 6 months of life. Infants should
then continue breast-feeding, while also receiving com-
plementary foods, into the second year of life. These
recommendations are based on the greater survival of
breast-fed, compared with non-breast-fed, infants, in
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low-income countries (WHO Collaborative Study Team,
2000), but there is also evidence from industrialized
countries of improved health. HIV can be transmitted
from mother to child through breast milk, but there are
data suggesting that early exclusive breast-feeding
is associated with a lower risk than mixed feeding
(Coutsoudis et al., 2001).

The WHO therefore recommends HIV-infected
mothers exclusively breast-feed their infants ‘‘for the
first six months of life unless replacement feeding is
acceptable, feasible, affordable, sustainable and safe’’
(WHO, 2007: 1). It is emphasized that the risk of HIV
infection must be balanced with the risks associated with
artificial feeding, and this must be done for each HIV-
infected woman on an individual basis.
Figure 3 HIV-infected mothers are recommended to

exclusively breast-feed their infants ‘for the first sia months of
life unless replacement feeding is acceptable, feasible,

affordable, sustainable and safe’ (WHO, 2007:1). Photo by

Henrik Friis.
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With the increasing availability of perinatal ART in
Africa, breast-feeding is becoming the major mode of
mother-to-child HIV transmission (Figure 4). The WHO
recommendation presents a major challenge because one
feeding practice is not universally recommended. Health-
care staff and mothers have to balance the risk of transmit-
ting HIV through breast milk with the risk of infants dying
from other infections associated with not breast-feeding.

Several approaches to make breast-feeding by HIV-
infected women safer have been investigated but their
potential for being scaled up to larger programs is not
yet known. One type of approach involves heat or anti-
viral treatment of expressed breast milk to destroy the
virus without destroying nutrients or immune factors in
the milk (Israel-Ballard et al., 2005). Another type of
approach is to provide ART for the mother or infant
during several months of lactation and then cease
breast-feeding early, around 6 months (Thior et al., 2006).

Although there have been concerns that breast-feeding
may have adverse effects on the health of the mother,
possibly as a result of the nutritional stress of lactation,
in general, research has not borne this out. As for all
lactating women, HIV-infected women who choose to
breast-feed should receive appropriate nutritional, medi-
cal, and psychosocial support.

The infant feeding advice for HIV-infected women is
dependent on the woman’s environment and individual
circumstances. Even within a health district there may be
differences in the ability of individual women to purchase
and safely prepare formula or other replacement foods.
The recommended advice also changes fairly rapidly with
time as newdrugs become available and new strategies are
shown to be effective. Health practitioners need to under-
stand and be able to explain the issues associated with
both breast-feeding and replacement feeding well enough
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delivery, and through breast-feeding with no treatment,
atment (HAART) with formula feeding.
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to guide women in making individual informed choices.
For some women, ‘‘acceptable, feasible, affordable, sus-
tainable, and safe’’ infant foods may be available from
birth, for others from 6months, and for women in the
poorest, most remote areas, not until even later, if at all.
Communicating this advice is challenging and time con-
suming, especially in a busy maternal and child health
clinic. In practice, HIV-infected women in wealthy indus-
trialized countries are recommended to formula-feed,
women in the poor rural areas of Africa are recommended
to exclusively breast-feed and women in middle-income
communities receive variable guidance, depending on the
particular health worker and how busy she is at the time,
concerning a very difficult choice.
Food Security and HIV Infection

Agriculture is the mainstay of the livelihoods of the
majority of people affected by HIV globally. HIV is sig-
nificantly impacting agriculture, but the interactions go
two ways (see Figure 1). The structure of rural commu-
nities, the way they govern themselves, the livelihoods on
which their households depend, all affect the risks of
being exposed to HIV.

The risks people face of contracting HIV will be gov-
erned partly by the nature of the livelihood systemonwhich
they depend. After HIV has entered a community, the type
and severity of its impacts on assets and institutions is then
governed by the vulnerability of the system. These impacts
will in turn determine the responses that households and
communities adopt to deal with this threat. Responses lead
to certain outcomes (nutrition and food security being
among them) that themselves condition future susceptibil-
ity and vulnerability. And so the circle turns.
Food Insecurity Increases Risk of HIV Infection

Inequalities with respect to gender, socioeconomic status,
class, caste, and religion are central to the risks people
face. Gender inequity shapes power relations, sexual rela-
tions, and access to resources, opportunities, and assets
including land. It thus also shapes the relative risks and
vulnerabilities that women face. Such socioeconomic vul-
nerability may lead a woman to exchange sex for food or
cash, drastically increasing her risk of becoming infected.

Mobility is another risk factor. Many of the points of
intersection between households and services represent
conduits for the spread of infection into or out of com-
munities. Migration, an important consequence of unequal
socioeconomic development between urban and rural
areas, is an important factor in HIV transmission. Consi-
der an agricultural commercialization policy: while any
contributions toward reducing poverty and poverty-
induced migration to find work may reduce exposure to
HIV, additional cash and the stimulus to travel further afield
to market produce could result in increased exposure.
Hence activities associated with promoting the marketing
of agricultural products need to be carefully designed to
ensure they play a role in arresting, rather than hastening,
the spread of HIV in rural communities.
HIV Infection Impairs Food Security

Many studies in sub-Saharan Africa have shown the vul-
nerability of subsistence agriculture to the various down-
stream impacts of HIV. The characteristics of livelihood
and farming systems will determine levels and types of
vulnerability. Farming systems that exhibit a high degree
of seasonality of labor demand, significant specialization
by age and sex, high interdependence of labor inputs,
increasing returns to scale of labor, and low substitutabil-
ity of labor for capital tend to be particularly vulnerable.
Studies have shown significant and enduring impacts.
Labor loss occurs not only as a result of sickness and
premature adult death, but also due to reallocation of
labor to nurse the ill, and siphoning off of working capital
to pay medical bills.

HIV has also profoundly impacted commercial agricul-
ture, and there is increasing evidence of so-called burden-
shifting as companies shift the costs being incurred, such as
replacement worker costs, paid sick leave, lost wages, and
productivity losses, to employees. Agriculture extension is
being hit hard too, both in terms of death and sick leave of
extension agents, whomay be at particular risk due to their
mobility, as well as declining time being allocated to
extension work by current workers.

As affected households face increased labor short-
ages, widespread reductions in household incomes and
increased cash constraints may also depress labor and
nontradable demand in rural communities with high
HIV incidence. Reductions in family labor may lead to a
shift out of more labor-demanding cash crops. There is
some evidence that multiplier effects of this depressed
demand could cause reductions in labor demand to the
extent that wages also fall, posing serious problems even
for poor households not directly affected by HIV and
AIDS. For poorer, smallholder households, land and cash
may be the primary constraints on rural productivity and
livelihoods, not specifically labor. AIDS is likely to pro-
gressively decapitalize highly afflicted rural communities,
meaning a loss of savings, cattle assets, farming equip-
ment, and other assets.

The impacts of HIV on agriculture and other sources
of livelihood are hidden, potentially destructive pro-
cesses. They are also context-specific, differing by com-
munity and by household. The nature and severity of
impacts depends on a range of demographic, economic,
and sociocultural factors and processes. Impacts may also
be revealed in the responses made by people, and these



too differ in effectiveness and sustainability. Some may be
characterized as ‘coping,’ or demonstrating resilience;
others are clearly taken under extreme duress and are
not sustainable.

Conclusion

Undernutrition and food insecurity play a pivotal role in
the global HIV/AIDS epidemic, affecting both risks of
HIV transmission and the subsequent AIDS-related
impacts. The response to the HIV/AIDS epidemic thus
needs to be comprehensive in focusing on broad-based
approaches to prevention, treatment and care, and mitiga-
tion, as well as interventions to improve nutritional status
and food security globally.

See also: AIDS, Epidemiology and Surveillance; AIDS:

Overview; Food Fortification; Infant Malnutrition/Breast-

feeding.
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Definition

Nutrition is the process by which living organisms obtain
food and use it for growth, metabolism, and repair. The
elderly may be defined as those persons aged 60 years and
above (WHO, 2003), and for this group the most impor-
tant purpose of nutrition is not growth, but support of the
metabolism and repair capacity, thus delaying aging-
related processes. Functioning of every nutrition stage,
such as ingestion, digestion, absorption, transport, assimi-
lation, and excretion, is transformed with aging. That
makes some nutritional requirements in the elderly dif-
ferent from younger adults.
History of the Subject

Based on the average human life span (see Figure 1), the
elderly’s nutritional status emerged as a problem in the
twentieth century.

In the Paleolithic period, the existence of a large num-
ber of large herd animals made hunting effective, and a
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settled lifestyle resulted in a respectful attitude to old
tribe members and consequently care for them. In the
Mesozoic era, nomadic tribes hunted mostly small ani-
mals and they could not feed their elderly, and went as far
as practicing geronticide.

The desirable Thoth-blessed life span in Ancient Egypt
was 100 years: Egyptians regarded the attainment of old age
as evidence of special divine favor and the reward for blame-
less behavior; old peoplewere respected for their experience
and wisdom and fed by temples, the community, and work-
ing family members. In Ancient Babylon, the government
gave food to support elderly family members (e.g., the
family was given flour instead of seeds to make it easier to
cook for their elderly). Ancient Incans who reached age 60
no longer worked: Their fields were cultivated by younger
members of the community just after the temples’ fields and
before their own fields. In Ancient Rome, the power of the
pater over theyounger generationswas absolute, andworking
family members took care of them. The elderly who had no
family practiced adoption of former slaves or poor persons,
who had to take care of them, including feeding. At the same
time, dopontanuses existed (persons older than 60 who were
used as sacrifices).

Urbanization of European society in the Middle
Ages destroyed the community system and that made it
difficult for old people to survive, making them com-
pletely dependent on their children. In 1601 in England,
the first law was declared that government protected the
elderly. In the nineteenth century, mobile kitchens were
set up to feed the poor, the disabled, and old people.

In the twentieth century, quantitative dietary guide-
lines appeared, such as one by Cathcart and Murray in
1931, the League of Nations in 1935, and in 1944 the
Proceedings of the Nutrition Society were published. It
was important for elderly nutrition that the optimum of
essential dietary components was recognized, replacing
the term deficiency, meaning that the excess of micronu-
trients may be dangerous, especially in older adults. At the
end of the twentieth century and the beginning of the
twenty-first century, nutrition as a public health concern
and community nutrition has been reborn.
How Aging Influences Nutrition

. Diseases influence absorption: Atrophic gastritis, celiac
disease, lactose deficiency.

. Diseases increase metabolism: Cardiac failure, chronic
obstructive pulmonary disease, Parkinson’s disease, hy-
perthyroidism, pheochromocytoma.
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. Aging affects micronutrients:
1. Decreases with aging: Vitamin A intake, 1.25-dixy-

droxyvitamin D, vitamin B1, erythrocyte glutathi-
one reductase activity (associated with vitamin B2),
vitamin B3 (probably), pyridoxal phosphate (asso-
ciated with vitamin B6), vitamin B12, vitamin C,
chromium, copper (in saliva, hair, and heart), fluo-
ride (after age 60 in the skeleton), manganese (in
kidney and heart), selenium;

2. Increases with aging: Copper (in serum), iodine (in
serum after age 45), nickel (in lung);

3. No changes with aging: Cobalt, manganese (in
serum) ( Joshi, Morley, 2006).

. Drug–nutrient interactions: Old people usually take
one or more prescribed or over-the-counter medica-
tions (mean number of drugs prescribed for the elderly
in nursing homes is 2.3–7.0 per person). It is important
to take this into account when analyzing macro- and
micronutrient intake (see Table 1).

Old people have other problems that influence their
nutrition:

. Problems swallowing (esophageal candidiasis, denture
problems, tremor, stroke) and chewing (gum and dental
diseases, neurological disorders).

. Changes or loss of taste and smell of food: Age-depen-
dent changes in sense organs, adverse effect of some
medications.

. Anorexia: Medication side effects (digoxin, theophylline,
H2-blockers, L-thyroxine, nonsteroidal anti-inflamma-
tory drugs, fluoxetine, lithium, phenothiazine), chronic
and recurrent infections, malignancy, hyperthyroidism,
hyperparathyroidism, hypoadrenalism, depression,
loneliness.

. Dehydration due to both reduced fluid intake and
increased fluid loss: Infection, altered level of con-
sciousness, cognitive impairment, diuretics intake.

. Gastrointestinal problems: Meteorism, diarrhea,
constipation.

. Mental and psychotic disorders: Dementia, post-
bereavement depression, paranoia, mania.

. Socialization: Poverty, social isolation, ignorance, pro-
blems with cooking, difficulties or inability to shop, lack
of religious/ethnic food preferences in institutional
settings.
How Nutrition Influences Aging

Diet is a classic risk factor of cardiovascular disease (CVD):
Eight of nine risk/cardioprotective CVD factors are influ-
enced by diet (De Caterina et al., 2006). An observed risk of
atherosclerotic disease among older women was approxi-
mately 30% less in women who ate 5–10 servings of fruits
and vegetables per day compared with those who ate 2–5
servings per day (WHO, 2003). A sufficient amount of vita-
min C helps prevent CVD and senile cataract (Nyssonen
et al., 1997).

Approximately 20% of bone mass changes can be
explained by nutritional factors. Approximately one-third
of the vitamin D requirements can be obtained from the
diet, which is especially important for the elderly who
remain indoors, because of a lack of vitamin D synthesis
in their skin from sunlight exposure and the fourfold
reduction in the capacity of their skin to produce vitamin
D (Lips, 2001). Vitamin D, calcium, as well as a sufficient
amount of protein, vitamin K, vitamin A, fluoride, phos-
phorus, and zinc help improve bone health in the elderly.

To support memory function in the elderly, their diet
should include some solid chewable food, because diet
predominantly consisting of soft ingredients suppresses
the activity of the hippocampus, a brain region important
to memory and learning function (Aoki et al., 2005).
Macro- and Micronutrients: How Much Do
the Elderly Need?

Table 2 presents the daily requirement for micro- and
macronutrients in the elderly.
How Nutrition in the Elderly Differs from
Nutrition in Adults

Population-based nutritional surveys show a gradual
decline in energy intake in the elderly, accompanied by an
increase in energy from carbohydrates and a decrease in
energy from fat (van Staveren and de Groot, 2006). The
decrease in protein and fat intake in the elderly is associated
with mortality, while carbohydrates show a threshold effect
on frail elderly patients (Frisoni et al., 1995). The associa-
tion between BMI and mortality in older adults follows a
J-shaped curve, unlike the U-shaped curve in younger
adults. The lowest mortality occurred in 60- to 90-year-olds
at progressively increasing body weight, and higher mor-
tality occurred with lower body weight (Hajjar et al., 2004).
Recommended intake for some nutrients in the elderly
differs from amounts recommended in adults (seeTable 3).

How many calories per day a person over 50 needs
depends on his or her level of activity, and it differs by
gender: For women, 1600 calories for low level of physical
activity, 18000 calories for moderate activity, and
2000–22000 calories for an active lifestyle; for men, 2000
calories, 2200–2400 calories, and 2400–2800 calories,
respectively (National Institutes of Health, 2005).

Since 1992, Food Pyramids for different groups of the
population and for different cultures and countries have
been created, including a specialized pyramid for older



Table 1 Potential macronutrient– and micronutrient–drug interactions in the elderly

Nutrient Drug Type of interaction

Vitamins
Vitamin A Iron Vitamin A deficiency inhibits iron

utilization

Neomycin # Vitamin

Cholestyramine # Vitamin
Mineral oil # Vitamin

Statins Reverse effect of statins

Vitamin D Antacids # Vitamin

Corticosteroids # Vitamin
Thiazide diuretics " Vitamin D activity and """ Serum

Ca

Mineral oils # Vitamin
Rifampicin # Vitamin

Anticonvulsant # Vitamin

Vitamin E Antacids # Vitamin

Cholestyramine # Vitamin
Colestipol # Vitamin

Sucralfate # Vitamin

Anticonvulsants # Vitamin

Mineral oils # Vitamin
Neomycin # Vitamin

Cyclosporine # Drug’s effect

Iron Vitamin E counteracts the oxidative
stress caused by high doses of

iron

Corticosteroids # Drug’s effect

Statins Reverse effect of statins
Antiplatelet drugs " Drug’s effect

Vitamin C Spare vitamin E after oxidation

Selenium " Vitamin E effects

Anticoagulants " Drug’s effect
Vitamin K Calcium Synergistic effect

Anticoagulants # Drug’s effect

Mineral oils # Vitamin
Folic acid Methotrexate # Toxic side effect of drug

Colchicine # Vitamin

NSAID # Vitamin

Sulfasalazine # Vitamin
Antidepressants " drug’s effect

Vitamin B6 and vitamin B12 Synergistically # homocysteine level

Statins Reverse statins’ effect

Anticonvulsants # Vitamin and vice versa
Trimethoprim # Vitamin

Vitamin C Statins Reverse effect of statins

Iron " Iron absorption

Aspirin # Vitamin
Vitamin E Spare vitamin E after oxidation

Vitamin B1 (thiamin) Loop diuretics # Vitamin

Vitamin B2 (riboflavin) Methotrexate # Vitamin
Cholestyramine # Vitamin

Probenecid # Vitamin

Thiazide diuretics # Vitamin

Phenothiazines # Vitamin
Tetracycline # Vitamin

Vitamin B3 (niacin) Antidiabetics (alpha-glucosidase

inhibitors, sulfonylureas, biguanides,

meglitinides)

# Drug’s effect

Aminoglycosides, tetracyclines,

cephalosporins, penicillins

# Drug’s effect

Warfarin " Prothrombin time

Continued
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Table 1 Continued

Nutrient Drug Type of interaction

Alpha-1-blockers " Hypotensive drug’s effect

Ca2+-channels blockers " Hypotensive drug’s effect

Carbamazepine " Drug’s effect
Vitamin B6 (pyridoxine) Anticonvulsants # Drug’s effect

Levodopa # Drug’s effect

Hydralazine # Vitamin

Theophylline # Vitamin
Carbamazepine # Vitamin

Hydralazine # Vitamin

Isoniazid # Vitamin

Vitamin B12 Colchicine # Vitamin
Neomycin # Vitamin

Proton pump inhibitors (PPI) # Vitamin

H2-blockers # Vitamin
Elements

Magnesium Tetracyclines # Drug’s effect and vice versa

Selenium Vitamin E " Effect of vitamin E

Calcium Thiazide diuretics " Serum calcium
Verapamil # Drug’s effect

Levothyroxine # Drug’s effect

Tetracyclines # Drug’s effect and vice versa

Iron # Absorption of iron
Zinc Diuretics " Zinc excretion

Calcium # Zinc absorption

Tetracyclines # Drug’s effect and vice versa
Iron Antacids (aluminum-, magnesium-,

calcium-containing, sodium

bicarbonate)

# Iron absorption

Levodopa # Absorption of drug
Fluoroquinolones (ciprofloxacin,

levofloxacin, ofloxacin, trovafloxacin)

# Absorption of drug

Tetracycline # Absorption of drug and vice versa

Zinc High iron level # zinc absorption
Potassium Thiazide diuretics # Serum potassium

Angiotensin-converting enzyme (ACE)

inhibitors (Capoten, enalapril, etc.)

""" Serum potassium

Laxatives # Serum potassium
Potassium-sparing diuretics """ Serum potassium

Macronutrients

Food high in sodium (processed meat,
canned food)

Antihypertensive # Drug’s effect
Lithium # Drug’s effect

Fish oil Anticoagulants " Drug’s effect

High-fat food Saquinavir " Absorption of drug

Griseofulvin " Absorption of drug
Itraconazole " Absorption of drug

Lovastatin " Absorption of drug

Spironolactone " Absorption of drug

High-carbonated food Iron # Iron absorption
Levodopa # Absorption of drug

Penicillins # Absorption of drug

Tetracyclines # Absorption of drug
Erythromycin # Absorption of drug

Beverages or food with tyramine (beer, red

wine, banana, sour cream, tofu, yogurt, aged

cheese)

Monoamine oxidase (MAO) inhibitors # Tyramine metabolism

(hypertensive crisis)

Natural licorice Antihypertensive drugs # Drug’s effect

Oatmeal (large amount) Digoxin Fibers # drug absorption

Leafy green vegetable (vitamin K source) Anticoagulants # Drug’s effect

Grilled meat Theophylline # Drug’s effect

Continued
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Table 1 Continued

Nutrient Drug Type of interaction

Alcohol Benzodiazepines " Depressive effect of drug

Antihistamines " Depressive effect of drug

Antidepressants " Depressive effect of drug
Antipsychotics " Depressive effect of drug

Muscle relaxants " Depressive effect of drug
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adults. Several points are stressed in the Food Pyramid
for the elderly (see Figure 2). For the elderly, special
considerations are calcium, vitamin D, vitamin B12,
salt control (especially for persons with hypertension),
lactose-free dairy products (or lactose added to milk in
case of enzyme deficiency), lean meat and skinless poul-
try, high-fiber food (helps to promote stool regularity, of
great importance for the elderly), and a sufficient amount
of fluids to prevent dehydration.
Assessment of Nutritional Status

Malnutrition is a common but a frequently underdiag-
nosed condition among the elderly. Consequently, in
European countries and in the U.S. nearly 25–60% of
hospitalized old people and 10–85% of nursing home
residents have malnutrition of varying severity. Profound
malnutrition and serious illness often present concur-
rently, accelerating each other. Malnutrition has been
used to refer to a wide range of deficiencies, including
protein energy, vitamins, fiber, water, as well as their
excesses (obesity, hypervitaminosis). Detection of malnu-
trition is based on the patient’s history, physical examina-
tion, and laboratory evaluation.

. Clinical manifestation: Delayed wound healing, devel-
opment of pressure ulcers, susceptibility to focal and
systemic infections, cognitive decline, delayed recovery
from acute illness.

. History: Patient’s food diary (simple questionnaire)
includes information about risk factors for deficient
nutrition intake.

. Physical exam: General body habitus, body weight and
height, presence of any sign of nutritional deficiency in
the skin, hair, nails, eyes, mouth, andmuscles. Involuntary
weight loss of 5% or more in 1month or 10% or more in
6months is a sign of malnutrition in old age (Dempsey
et al., 1998). The desired BMI for older people is
24–29 kg/m2 (compared with 20–24 kg/m2 in younger
persons), and BMI under 24 kg/m2 is an indicator of
malnutrition. However, BMI may not be as informative
in the elderly as at younger ages because an older per-
son’s stature often cannot be measured accurately be-
cause of increased prevalence of spinal curvature; for
these individuals estimation of stature from knee height
is better for providing accurate information. Calf circum-
ference is a more sensitive measure of the loss of muscle
mass in the elderly compared with other circumferences
and skin-fold thickness (Hajjar et al., 2004).

. Laboratory evaluation: Serum albumin levels under
3.5 g/dl are suggestive of protein energy malnutrition,
albumin level under 3.2 g/dl is a predictor of mortal-
ity and morbidity in the elderly. Total lymphocyte
count (TLC) less than 800 cells/mm indicates severe
malnutrition.

However, no single physical or laboratory finding is a
sufficient determinant of malnutrition. This is why several
tools have been developed to evaluate malnutrition:

1. The Instant Nutritional Assessment (INA, includes
TLC, albumin, and weight change);

2. The Subjective Global Assessment (SGA, combines
information from the patient’s history, physical exami-
nation, and the clinician’s judgment);

3. The DETERMINE checklist (developed as a screen-
ing and public awareness tool);

4. The malnutrition risk scale (SCALES, was developed
as an outpatient screening tool; it includes sadness,
cholesterol, albumin, weight loss, eating problems,
and shopping);

5. The Mini-Nutritional Assessment (MNA, a screening
tool of choice for many geriatricians, it includes an-
thropometric, general, dietary, and self-assessment
parameters and does not require laboratory tests);

6. The Department of Veterans Affairs defines malnutri-
tion as meeting two of the following four criteria
(weight–height ratio <90% of normal, mid-arm mus-
cle circumference <90% of normal, albumin <3.5 g/
dl, transferring <200mg/dl) (for detailed information
about these tools, see Committee on Nutrition Ser-
vices, 2000; Hajjar et al., 2004).
Dietary Supplements for the Elderly

Vitamin and mineral deficiencies often occur in elderly
persons and are exacerbated during hospitalization,
hypermetabolic states, alcohol use, liver disease, diuretic



Table 2 The daily requirement for vitamins, elements, and macronutrients in elderly

Nutrient

Males, years Females, years

51–70 >70 51–70 >70

Vitamin A, mg/daye 900a (3000)c 900a (3000) 700a (3000) 700a (3000)

Vitamin C, mg/day 90a (2000) 90a (2000) 75a (2000) 75a (2000)

Vitamin D, mg/dayf 10b (50) 15b (50) 10b (50) 15b (50)
Vitamin E, mg/dayg 15a (1000) 15a (1000) 15a (1000) 15a (1000)

Vitamin K, mg/day 120b (NDd) 120b (ND) 90b (ND) 90b (ND)

Thiamin, mg/day 1.2a (ND) 1.2a (ND) 1.1a (ND) 1.1a (ND)

Riboflavin, mg/day 1.3a (ND) 1.3a (ND) 1.1a (ND) 1.1a (ND)
Niacin, mg/dayh 16a (35) 16a (35) 14a (35) 14a (35)

Vitamin B6, mg/day 1.7a (100) 1.7a (100) 1.5a (100) 1.5a (100)

Folate, mg/dayj 400a (1000) 400a (1000) 400a (1000) 400a (1000)
Vitamin B12, mg/day 2.4a (ND) 2.4a (ND) 2.4a (ND) 2.4a (ND)

Pantothenic acid, mg/day 5b (ND) 5b (ND) 5b (ND) 5b (ND)

Biotin, mg/day 30b (ND) 30b (ND) 30b (ND) 30b (ND)

Choline, mg/day 550b (3500) 550b (3500) 425b (3500) 425b (3500)
Calcium, mg/day 1200b (2500) 1200b (2500) 1000b (2500) 1000b (2500)

Chromium, m g/day 30b (ND) 30b (ND) 20b (ND) 20b (ND)

Copper, mg/day 900a (10 000) 900a (10 000) 900a (10000) 900a (10000)

Fluoride, mg/day 4b (10) 4b (10) 3b (10) 3b (10)
Iodine, mg/day 150a (1100) 150a (1100) 150a (1100) 150a (1100)

Iron, mg/day 8a (45) 8a (45) 8a (45) 8a (45)

Magnesium, mg/dayk 420a (350)k 420a (350) 320a (350) 320a (350)
Manganese, mg/day 2.3b (11) 2.3b (11) 1.8b (11) 1.8b (11)

Molybdenum, m g/day 45a (2000) 45a (2000) 45a (2000) 45a (2000)

Phosphorus, mg/day 700a (4000) 700a (3000) 700a (4000) 700a (3000)

Selenium, mg/day 55a (400) 55a (400) 55a (400) 55a (400)
Zinc, mg/day 11a (40) 11a (40) 8a (40) 8a (40)

Potassium, g/day 4.7b (ND) 4.7b (ND) 4.7b (ND) 4.7b (ND)

Sodium, g/day 1.3b (2.3) 1.2b (2.3) 1.3b (2.3) 1.2b (2.3)

Chloride, g/day 2.0b (3.6) 1.8b (3.6) 2.0b (3.6) 1.8b (3.6)
Total water, l/day 3.7b 3.7b 2.7b 2.7b

Carbohydrate, g/day 130a 130a 130a 130a

Total fiber, g/day 30b 30b 21b 21b

Fat, g/day ND ND ND ND

Linoleic acid, g/day 14b 14b 11b 11b

a-Linolenic acid, g/day 1.6b 1.6b 1.1b 1.1b

Protein, g/day 56a 56a 46a 46a

Dietary Reference Intakes (DRIs): Recommended Intakes for Individuals, Vitamins. Recommended Intakes for Individual, Elements.

Recommended Intakes for Individuals, Macronutrients. Food and Nutrition Board, Institute of Medicine, National Academics, 2004. At:

http://www.iom.edu/object.file/master/21/372/0.pdf./
aRecommended dietary allowance (RDAs).
bAdequate intakes (AIs).
cTolerable upper intake level (UL).
dNot determinable due to lack of data of adverse effects in this age group and concern with regard to lack of ability to handle excess
amounts (source of intake should be from food only to prevent high levels above recommended intake).
eAs retinol activity equivalents (RAEs).
fAs cholecalciferol, in the absence of adequate exposure to sunlight.
gAs a-tocopherol.
hAs niacin equivalents (NE)
iAs dietary folate equivalents (DFEs).
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use, and laxative a buse, and deficie ncies in this group
should be cor rected by food and dietar y suppl ements.
Random ized control tri als do not suppor t use of vit amin
and miner al suppleme nts by well-nouri shed ind ividuals
( Joshi and Mor ley, 2006 ). Conseque ntly, at prese nt there
is no significa nt proof that lar ge doses of ant ioxidants can
prevent chr onic diseas es associated with agin g (such as
CVD, dia betes mel litus, and cataracts) . Results of nine
place bo-con trolled double-b lind studies of mu ltiple
nutrie nts in the elder ly, as well as 12 place bo-con trol led
studies with a sing le nutrie nt inter vention , showed a trend
of imp roveme nt in the nutriti onal status of the elder ly,

http://www.iom.edu/object.file/master/21/372/0.pdf./


Table 3 The difference between adult and elderly in micro- and macronutrients intake

Nutrient

Males, years old Females, years old

19–30 51–70 >70 19–30 51–70 >70

Vitamin D, mg/dayc 5 b 10b 15b 5b 10b 15b

Vitamin B6, mg/day 1.3 a 1.7 a 1.7 a 1.3a 1.5a 1.5a

Calcium, mg/day 1000b 1200b 1200b 1000b 1200b 1200b

Chromium, m g/day 35b 30b 30b 25b 20b 20b

Iron, mg/day 8 a 8 a 8 a 18a 8a 8a

Magnesium, mg/day 400a 420 a 420 a 310a 320a 320a

Sodium, g/day 1.5 b 1.3 b 1.2 b 1.5b 1.3b 1.2b

Chloride, g/day 2.3 b 2.0 b 1.8 b 2.3b 2.0b 1.8b

Total fiber, g/day 38b 30b 30b 25b 21b 21b

Linoleic acid, g/day 17b 14b 14b 12b 11b 11b

No differences exist between elderly and adult DRIs of nutrients which are not shown in the table.

Data based on Dietary Reference Intakes: Recommended Intakes for individuals, vitamins. Recommended intakes for individuals,

elements. Recommended intakes for individuals, Macronutrients. Food and Nutrition Board, Institute of Medicine, National Academics,

2004. At: http://www.iom.edu/object.file/master/21/372.0.pdf.
aRecommended dietary allowance (RDAs).
bAdequate intakes (AIs).

Older adultsAdults

Whole, enriched and fortified
grains and cereals:

6 or > servings
(brown rice, 100% whole-wheat bread)

Bread, cereal, rice, pasta:
6–11 servings

Use saturated and trans fat,
sugar and salt: use sparingly 

Calcium, Vit D,
Vit B12 supplements
(Nor everybody needs these

supplements. Check with your
healthcare provider) 

Fats, oils, sweets:
use sparingly

Milk, yogurt, cheese: 2–3 servings
Meat, fish, poultry, dry beans,

eggs: 2–3 servings

Vegetables: 3–5 servings
Fruits: 2–4 servings

Low- and non fat dairy
products: 3 or > servings
Dry beans and nuts, fish,
poultry, lean meat, eggs:

2 or > servings  

Bright-colored vegetables: 3 or > servings
(carrots, broccoli)

   Deep-colored fruits: 2 or > servings
(berries, melon)

Water/liquids: 6–8 or > servings
(water, fruit or vegetable juice,

low- and non-fat milk, soup)

Water/liquids: 8 or > servings
(water, fruit or vegetable juice,

low- and non-fat milk, soup)

f *

f *

Figure 2 Food guide pyramids for older adults (left) and adults (right). United States Department of Agriculture, http://www.

mypyramid.gov
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i.e., ser um vitami n levels and some bio chemical par a-
mete r s ( van Staveren and de Groot, 2006 ). It is acce pta ble
for old per sons to suppl ement with vita min B12, calciu m,
vitami n D, iron (extra for postm enopausal women who are
using hor mone re placemen t ther apy) an d vita min B6.
However, the doses of micronut rients shou ld not
exceed the recomm ended daily intakes, bec ause adver se
events asso ciated with dietary suppleme nts have been
re por ted, with symptom severity incr easing with age
(Palme r et al ., 2003).

http://www.mypyramid.gov
http://www.mypyramid.gov
http://www.iom.edu/object.file/master/21/372.0.pdf
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Problem of Food Safety in the Elderly

Old people may have problems identifying tastes and
smells, and this makes food freshness control more difficult.
To avoid this problem, old people should fully cook eggs,
pork, fish, shellfish, and poultry and should avoid deli meats
and nonpasteurized food, including dairy products.
How the Elderly Can Reduce Some Aging-
Associated Problems with Nutrition

See Ta b l e 4 on how to avoid eating problem s in the
elder ly.
Perspective of Nutrition in the Elderly

The ef f ect of calo ric re striction on delaying aging pr ocess
and prolongin g the lif espan, proven in rod ents, has not yet
been fully explored in humans ( Bengm ark, 2006 ), so other
approa ches may be ef f ective. Nutr ition is a pr omising
approa ch to modulatin g the risk of aging- related diseas es
by the ef f ects of cer tain nutrie nts on gene expression . One
of the most pr actical applica tions of nutriti onal modula-
tion of chronic dis ease asso ciated with aging may be
nutrie nts that regu late the expre ssion of inf lammator y
Table 4 How to deal with eating problems in elderly (based on th

www.fda.gov/opacom/lowlit/eatage.html).

Problem Instead of What to do

Can’t chew Fresh fruit Fruit juices and soft c
Raw vegetables Vegetable juices and

Meat Ground meat, eggs,

Sliced bread Cooked cereals, rice

Too much gas Milk Lactose-free dairy pr
Cabbage, broccoli Vegetable juices, car

Fresh fruits Fruit juices, soft cann

No appetite Ask your doctor if your medicines could be c

Increase the flavor of food by adding spices
Eat with family and friends

Take part in group meal programs, offered th

Can’t cook Use a microwave oven to cook prepared foo

Take part in group meal programs offered th
Move to a place where someone else will co

Can’t go shopping Ask the local food store to bring groceries to

Ask a local volunteer center for help, or ask y
Ask a family member or neighbor to shop for

Health Services’)

Financial problems Buy low-cost food such as dried beans and

and rice
Use coupons for money off on food you eat

Buy store-brand food, food on sale

Find out if you local church or synagogue off

Take part in group meal programs offered th
Get food stamps
genes ( Kor nman , 20 06 ). The ant i-inflamm atory molecul es
such as polyphenols may be ef f ective in delaying of aging-
related disease ( Ben gmark, 2006 ).

Recent stud ies show a posit ive ef f ect of dietary sources
that stimulate bon e mor phogenetic pr otein (BMP) pro-
moter, which stimul ates bone for mation and thus improves
bone mas s in the elde r ly with osteop orosis. Flavonoids and
statin s occur natura lly in food pr oducts and can promote
bone for mation . It may be possibl e to influ ence peak bone
mass by dietar y mean s and thus decreas e the risk of osteo-
porosis in later lif e ( Mu ndy, 2006 ).

New therapeut ic and suppleme ntation stand ards for
the elder ly to maint ain their cognitive function and to
reduce the cost of dementi a can be obtai ned from the
Nutrition , Agin g, and Memory in Elder s (NAM E) Study
of micronut rients and cogni tive fu nction in elder ly ( Scott
et al., 2006 ).

Nutr igenomics is associated with the issue of per sona-
lized nutriti on, since c laim s are being made that dif f er-
ences in genotype shou ld result in dif f er ences in the diet
and health relationshi p (e.g., folate meta bolism, when a
common polymor phi sm exists for the gene that encodes
methylenetetrahydrofolate re ductase). Many, possibly
thousa nds, of other gene po lymor phisms might result in
minor deviations in nutriti onal bioc hemist ry, where only
mar ginal or additive ef f ects would result from th ese
deviations.
e US Food and Drug Administration recommendations at http://

anned fruits
creamed and mashed cooked vegetables

milk, cheese, yogurt, pudding, cream soups

, bread pudding, soft cookies

oducts or added lactase, cream soups, pudding, yogurt, cheese
rots, potatoes

ed fruits

ausing appetite loss

and herbs

rough senior citizen programs

d or frozen foods

rough senior citizen programs
ok, like a family member’s home or a home for senior citizens

your home (free or for charge)

our church or synagogue for volunteer help
you, or pay somebody to do that (from companies as ‘Home

peas, rice and pasta, including split pea soup and canned beans

ers free or low-cost meals

rough local senior citizen programs

http://www.fda.gov/opacom/lowlit/eatage.html
http://www.fda.gov/opacom/lowlit/eatage.html
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Summary

In summary, nutritional requirements in macro- and
micronutrients in the elderly differ from adults because
of aging-associated effects on nutrient ingestion, diges-
tion, absorption, and metabolism. Aging-related diseases,
the effects of aging on nutrients, drug–nutrient interac-
tions, and social problems should be taken into account
when analyzing the nutritional status of the older person.
Future studies will help to understand how to manipulate
nutrition to alter the aging process in humans.
See also: Active Life Expectancy; Aging, Physical Activity

and Health; Cancer and Senescence; Circulatory Dis-

eases and Aging; Demography of Aging; Long Term Care

for Aging Populations; Populations at Special Health

Risk: The Elderly.
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Introduction

The prevalence of obesity has increased sharply during
the past few decades, and this condition is now recognized
as a major contributor to the global burden of disease.
Adiposity, or excess body fat, is often defined in terms
of body mass index (BMI), which is calculated by divid-
ing weight in kilograms (kg) by the square of height in
meters (m). For adults, the World Health Organization
(WHO) defines underweight as BMI <18.5, normal
weight as BMI 18.5 to <25, overweight as BMI 25 to
<30, and obesity as BMI� 30 kg/m2. Using this standard,
about half of European adults are overweight or obese,
and urban areas of many developing countries have a
similar prevalence. In the United States, two of every
three adults are either overweight or obese. According
to the U.S. National Health and Nutrition Examination
Surveys (NHANES), although the percentage of adults
in the overweight but not obese category has remained
relatively stable for the past 30 years, there has been a
doubling in obesity prevalence – from 14.5 to 32.2% –
between 1980 and 2004. For children there are no
definitions of overweight and obesity that are accepted
worldwide. NHANES data indicate that the prevalence of
childhood obesity in the United States, defined as a BMI
� 95th percentile for children of the same age and sex
according to the 2000 Centers for Disease Control and
Prevention Growth Charts, increased from approximately
6 to 16% between 1980 and 2004. Worldwide the preva-
lence of overweight and obesity has been increasing in
both industrialized countries and urban areas of develop-
ing countries. WHO estimates that 400million adults
worldwide were obese in 2005; that number is projected
to jump to 700million by 2015.

Although viewed more as a cosmetic than a health
problem by the general public and some health-care pro-
fessionals, excess weight is a major risk factor for chronic
disease and other medical complications. Epidemiologic
research has quantified the impact of overweight and obe-
sity on premature mortality, cardiovascular disease (CVD),
type 2 diabetes, osteoarthritis, gallbladder disease, some
types of cancer, and other adverse outcomes (Figure 1).
Direct dose–response relationships between increasing
BMI and lifetime risks of various conditions have been
observed in nationally representative samples, such as
NHANES, and in large cohorts followed for lengthy
periods, such as the Nurses’ Health Study, the Health
Professionals Follow-up Study, and the Framingham Heart
Study (Table 1). One conservative estimate derived from
five long-term prospective cohort studies is that obesity
accounts for>280 000 deaths each year in theUnited States.
The direct medical costs of obesity have been estimated at
5.5 to 7% of U.S. total health-care expenditures. The sub-
stantial morbidity and mortality associated with overweight
and obesity point to the pressing need to educate the public
and medical communities about the hazards of excess
weight and to remove the barriers to healthy eating and
greater physical activity.
Mortality

Most epidemiologic studies report a U- or J-shaped rela-
tionship between BMI and mortality, with death rates
elevated in persons with very low and high relative body
weights. While extremes of adiposity or of leanness
are clearly deleterious, defining the precise range of
weights associated with minimal mortality or optimal
health has been controversial because of methodologic
limitations that can distort inferences about the role of
weight in health outcomes. One such problem is the
failure to consider the effects of preexisting overt or
occult disease. Illness-induced weight loss may obfuscate
positive dose–response relationships between adiposity
and mortality. To reduce this reverse causation bias, in-
vestigators typically limit analyses to participants who
589
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appear healthy at baseline, and they sometimes exclude
deaths occurring during the first few years of follow-up
based on the assumption that many of these deaths are due
to preexisting disease that may have already influenced
weight. Reverse causation is an especially strong threat
to the validity of (1) studies of the elderly, because older
people are more likely to have chronic diseases that lead
to weight loss, and (2) studies with short follow-up peri-
ods, because certain conditions (e.g., preclinical cancers
and cardiorespiratory diseases) can cause insidious weight
loss beginning years before diagnosis.

Another limitation is insufficient control for cigarette
smoking. Because smoking is more prevalent among
leaner individuals and is also a strong independent risk
factor for death, not adjusting for its effect will produce an
artifactually elevated mortality in lean subjects. Although
such confounding can be partially controlled by statistical
techniques, the best estimates are likely to come from
studies of never smokers. A third issue is that of inappro-
priate statistical control for biologic consequences of
obesity, such as hypertension, dyslipidemia, or hypergly-
cemia, which eliminates physiologic pathways by which
obesity affects mortality and morbidity, thus attenuating
observed relationships.

Early studies did not fully address these issues.
A seminal investigation that did attempt to control for
confounders was the American Cancer Society’s Cancer
Prevention Study I, a cohort of 750 000 U.S. adults fol-
lowed from 1960 to 1972. Although the analysis did not
consider the potential for reverse causation bias, it did
stratify the data by smoking status. Among never smokers,
mortality was minimal at or somewhat below the cohort’s
average relative weight. The excess mortality observed
in the lowest weight groups was more pronounced
among current or ex-smokers than among never smokers
and was mainly due to cancers of the lung, bladder, and
pancreas, strongly implicating smoking. A reanalysis of
these data using BMI instead of relative weights and
excluding those with a history of smoking, cancer, CVD,
or recent weight loss showed an even clearer pattern of



Table 1 Relative risks and prevalence ratios of selected cardiovascular risk factors and conditions in the Nurses’ Health Study

(NHS),a the Health Professionals Follow-up Study (HPFS),a and the Third National Health andNutrition Examination Survey (NHANES III)b

Diabetes Hypertension High cholesterol level Coronary heart disease

NHS Women aged 40–65 years at baseline

BMI, kg/m2

18.5–21.9 (referent) 1.0 1.0 1.0 1.0

22.0–24.9 2.2 1.4 1.3 1.2
25.0–29.9 8.1 2.1 1.3 1.5

30.0–34.9 17.8 2.6 1.0 1.7

�35.0 30.1 2.9 0.8 1.7

HPFS Men aged 40–75 years at baseline
BMI, kg/m2

18.5–21.9 (referent) 1.0 1.0 1.0 1.0

22.0–24.9 1.8 1.5 1.3 1.1
25.0–29.9 5.6 2.4 1.6 1.7

30.0–34.9 18.2 3.8 1.5 2.2

�35.0 41.2 4.2 1.6 2.4

NHANES Women aged <55 years
BMI, kg/m2

18.5–24.9 (referent) 1.0 1.0 1.0 1.0c

25–29.9 3.8 1.7 1.9 1.3

30–34.9 2.5 3.2 1.7 1.6
35–39.9 10.7 3.9 1.7 1.7

�40 12.9 5.5 1.7 3.0

Women aged �55 years
BMI, kg/m2

18.5–24.9 (referent) 1.0 1.0 1.0 1.0c

25–29.9 1.8 1.2 1.2 1.3

30–34.9 2.5 1.2 1.1 1.6
35–39.9 3.2 1.4 1.2 1.7

�40 5.8 1.4 0.9 3.0

Men aged <55 years

BMI, kg/m2

18.5–24.9 (referent) 1.0 1.0 1.0 1.0c

25–29.9 3.3 1.6 1.3 1.0

30–34.9 10.1 2.5 1.3 1.6
35–39.9 8.0 4.5 1.4 1.1

�40.0 18.1 4.6 1.5 2.2

Men aged �55 years
BMI, kg/m2

18.5–24.9 (referent) 1.0 1.0 1.0 1.0c

25–29.9 1.8 1.1 1.2 1.0

30–34.9 2.6 1.4 1.2 1.6

35–39.9 4.2 1.5 0.9 1.1
�40.0 3.4 1.7 0.9 2.2

aTable values are relative risks after 10 years of follow-up, adjusted for age, smoking status, and race/ethnicity. For the NHS, the data
are based on a cohort of 77 690 women aged 40–65 years at start of the 10-year follow-up. For the HPFS, the data are based on a cohort

of 46 060 men aged 40–75 years at start of the 10-year follow-up.
bTable values are prevalence ratios, adjusted for age, smoking status, and race/ethnicity. The data are based on a cross-sectional

analysis of 16 884 men and women aged �25 years.
cFor coronary heart disease, prevalence ratios were similar in those aged < 55 years and those aged �55 years; therefore, the data are

not stratified by age for this outcome.
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increasing mortality with increasing weight (Stevens
et al., 1998), as did an analysis of a second American
Cancer Society cohort of >1million adults followed
from 1982 to 1996 (Calle et al., 1999) (Figure 2(a)).
Among healthy never smokers with stable weight, the
lowest mortality occurred at BMI 23.5 to 24.9 for men
and 22.0 to 23.4 for women. Similar results have been
observed in other large cohorts. For example, analyses of
Nurses’ Health Study data from 1976 to 1992 showed
that the gradient between BMI and mortality became
markedly stronger when biases due to smoking and reverse
causation were simultaneously controlled (Figure 2(b)).
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Figure 2 The influence of control for methodologic bias on the shape of the curve for BMI and all-cause mortality. (a) Cancer
Prevention Study II. Disease was defined as a history of cancer, cardiovascular disease, respiratory disease, any current illness, or

recent weight loss. The subgroups are mutually exclusive. Reference category is BMI 23.5 to 24.9 kg/m2. Adapted from Calle EE,

Thun MJ, Petrelli JM, Rodriguez C, and Heath CW (1999) Body-mass index and mortality in a prospective cohort of U.S. adults. New

England Journal of Medicine 341: 1097–1105. ã 1999 Massachusetts Medical Society. All rights reserved. (b) Nurses’ Health Study.
Women with a history of cardiovascular disease and cancer were excluded from the analytic sample. To further control for

methodologic bias, the analysis in the right-hand panel also excluded current and former smokers, those with unstable weight (>4 kg

weight change in previous 4 years), and the first 4 years of follow-up, and adjusted for the effects of age, menopausal status, oral

contraceptive use, postmenopausal hormone use, parental history of early myocardial infarction, alcohol intake, saturated fat intake,
and physical activity. Reference category is women with BMI <19 kg/m2. Adapted from Manson JE, Willett WC, Stampfer MJ, et al.
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Data from a recent 10-year study of 527 000 U.S. adults
aged 50 to 71 followed from 1995 to 2005 are also illustra-
tive. In analyses that were limited to never smokers to
eliminate confounding by smoking status and that also
used BMI at age 50 rather than BMI at study baseline
as the exposure variable to reduce the likelihood of
reverse causation, the observed relationship between
excess weight and mortality was notably strengthened;
there was an increased risk of death of 20 to 40% and
of 100 to 200% among overweight and obese persons,
respectively (Adams et al., 2006) (Figure 2(c)). Taken
together the results of these and other methodologically
rigorous studies support WHO guidelines that set the
healthy BMI range for adults at 18.5 to <25.

Weight in childhood has been less extensively studied
than weight in adulthood as a predictor of health out-
comes. However, an investigation of 227 000 Norwegian
adolescents aged 14 to 19 who were followed for 32 years
found that a high BMI predicted premature mortality
(Engeland et al., 2003). Compared with those with baseline
BMI in the 25th to 75th percentile of a U.S. reference
population, females with baseline BMI in the 85th to 95th
percentile and those with BMI > 95th percentile were
30% and 100% more likely to die in early to middle
adulthood, respectively. The corresponding figures for
males were 30% and 80%.

Most estimates of the obesity–mortality association are
derived from studies of white populations of European
ancestry. Although additional studies in diverse groups
are needed, available data do not indicate that the
biological relation between adiposity and mortality varies
importantly across racial/ethnic lines. However, to the
extent that there are racial/ethnic differences in the reli-
ability of BMI as a measure of adiposity, studies that utilize
more direct measures of adiposity (e.g., percentage body
fat) will be useful for refining estimates of the mortality
impact of overweight and obesity in various populations.
Nevertheless, there is currently no compelling evidence
to support the exclusion of any racial/ethnic group from
the WHO definitions of overweight and obesity.

It should be emphasized that studies of total mortality
are inherently insensitive in pinpointing the weight range
associated with optimal health. There are two reasons
for this insensitivity. First, obesity, similar to almost every
other risk indicator, is unlikely to influence all specific
causes of death. In large investigations of multiple out-
comes (e.g., the Nurses’ Health Study), the relative risks
associatedwith high BMI are far higher for the incidence of
(1995) Body weight and mortality among women. New England Journ
Society. All rights reserved. (c) National Institutes of Health – AARP D

ethnicity, education level, physical activity level, alcohol use, and, for

frequency of cigarette use. To control for methodologic bias, the analy
used BMI at midlife (age 50) rather than BMI at later ages (50 to 71 ye

24.9 kg/m2. Data from Adams KF, Schatzkin A, Harris TB, et al. (2006)

persons 50 to 71 years old. New England Journal of Medicine 355: 76
specific diseases, including type 2 diabetes, myocardial
infarction, and ischemic stroke, than for all-causemortality.
Similarly, many studies show that intentional weight loss
reduces various disease-specific risks, while only limited
data support the notion that such weight loss reduces total
mortality. One study in the latter category is the Swedish
Obese Subjects Study, a large nonrandomized trial of
health outcomes among bariatric surgery patients versus
matched obese control subjects, which recently found that,
over an 11-year period, total mortality was significantly
lower in the surgery group, whomaintained an average loss
of 14 to 25% of body weight (depending on surgery type),
than in the control group, whose weight remained stable
(Sjöström et al., 2007). The second reason that use of
mortality outcomes may not be the best way to determine
optimal weights is that mortality is only a small part of the
substantial burden of disease caused by conditions such as
angina pectoris, degenerative arthritis, diabetes, hyperten-
sion, and nonfatal CVD.
Cardiovascular Disease

Obesity is associated with an increased risk of coronary
heart disease (CHD), stroke, venous thromboembolism
(VTE), heart failure, and cardiomyopathy. Obesity raises
these risks partly through its effects on established coro-
nary risk factors such as hypertension, dyslipidemia, and
insulin resistance. Excess weight is also associated with
several novel risk factors for CVD and diabetes, including
elevations in thrombotic markers, such as fibrinogen and
plasminogen activator inhibitor-1, and in inflammatory
markers, such as interleukin-6 and C-reactive protein.
Independent of its effect on these established and novel
risk factors, obesity also appears to have a residual impact
on risk of CVD itself, a finding most pronounced in long-
term prospective studies.

Consistent with the excess CHD risk observed even
among persons at the upper limit of the healthy weight
range, the prevalence and incidence of some cardiovascu-
lar risk factors rises rapidly at BMI > 20. In the Nurses’
Health Study, for example, the relative risks of incident
hypertension were 1.00 for BMI < 20 (the referent cate-
gory), 1.15 for BMI 20 to 20.9, 1.35 for BMI 21 to 21.9,
1.56 for BMI 22 to 22.9, 1.80 for BMI 23 to 23.9, and 2.12
for BMI 24 to 24.9. Relative risks continued to climb
with increasing degrees of overweight, reaching 6.12 for
BMI � 31. In a study of 14 000 healthy female employees
al of Medicine 333: 677–685. ã 1999 Massachusetts Medical
iet and Health Study. All relative risks were adjusted for race/

analyses that included all men or all women, smoking status and

ses depicted by the solid lines were limited to never smokers and
ars) as the exposure variable. Reference category is BMI 23.5 to

Overweight, obesity, and mortality in a large prospective cohort of

3–768.
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of the British company Marks and Spencer, marked age-
adjusted increases in systolic and diastolic blood pressure,
serum total cholesterol, low-density lipoprotein choles-
terol, triglycerides, and fasting blood glucose, as well
as significant decreases in high-density lipoprotein
cholesterol, were observed across seven BMI categories
ranging from <20 to >30 (Ashton et al., 2001). The
Framingham Heart Study has also demonstrated that
many men and women with BMI 23 to 25 have abnorm-
alities in serum lipids, glucose tolerance, and blood pres-
sure compared with those with BMI <23, and that most
individuals with BMI >25 have such abnormalities.
Although most investigations of weight and metabolic
risk factors have been conducted in Western populations,
a study of 1610 rural Chinese peasants also found a
striking monotonic rise in adverse lipid, glucose, and
blood pressure profiles as BMI increased from <18 to
>24 (Hu et al., 2000).

Strong associations between relative body weight and
cardiovascular risk factors have also been observed in
children and adolescents. In the Bogalusa Heart Study,
which examined 9157 Louisiana children aged 5 to 17,
lipid, insulin, and blood pressure levels did not vary with
BMI at levels below the 85th percentile of a national refer-
ence population (Freedman et al., 1999). However, the prob-
ability of having an adverse lipid, blood pressure, or insulin
profile was substantially higher in children with BMI above
the 95th percentile than in childrenwith BMI below the 85th
percentile. Overweight childrenwere 2.4, 3, 3.4, 7.1, and 12.6
times more likely than normal-weight children to have a
total cholesterol level > 200mg/dL, low-density lipopro-
tein cholesterol > 130mg/dL, high-density lipoprotein
cholesterol < 35mg/dL, triglycerides � 130mg/dL, and
fasting insulin � 95th percentile, respectively. Overweight
children were also 4.5 times more likely to have an elevated
systolic blood pressure and 2.4 times more likely to have an
elevated diastolic blood pressure than their normal-weight
counterparts.

Although few data are available regarding the long-
term benefits of intentional weight loss on CVD inci-
dence, a number of mostly small clinical trials of various
designs demonstrate benefits of weight loss among over-
weight and obese individuals on specific cardiovascular
risk factors, including blood pressure, glucose tolerance,
and lipoprotein profile. The Swedish Obese Subjects
Study found that, over a 10-year period, ‘rates of recovery’
from hypertension, dyslipidemia, and diabetes were sig-
nificantly higher in the bariatric surgery group than in
the control group (Sjöström et al., 2004).
Coronary Heart Disease

Observational studies, including many long-term pro-
spective cohort studies, have demonstrated a strong asso-
ciation between excess weight and CHD. The relationship
appears to be linear, and even individuals of average
weight at midlife are at increased risk compared with
their leaner counterparts. For example, in the Nurses’
Health Study, even after adjustment for the effects of
age, smoking, menopausal status, menopausal hormone
use, and parental history of myocardial infarction, the
relative risk of CHD was 1.19 for women with BMI 21
to 22.9, 1.46 for BMI 23 to 24.9, 2.06 for BMI 25 to 28.9,
and 3.56 for BMI �29, compared with women with BMI
<21. Nearly two-fifths (37%) of CHD incidence in
this cohort was attributable to excess weight, defined
as BMI �21. Weight gain between age 18 and midlife
was also associated in a dose-dependent fashion with
increased CHD risk. Compared with women with stable
weight women who gained 5 to 7.9 kg were 1.25 times
more likely to develop CHD, and those who gained
�20 kg were 2.65 times more likely to do so. Viewed
alternatively, CHD risk increased by 3.1% for each kg
gained. More than one quarter (27%) of the overall inci-
dence in this cohort could be accounted for by weight
gains of 5 kg or more.

In the British Regional Heart Study, a 15-year follow-
up of nearly 8000 middle-aged men, the risk of major
coronary events and cardiovascular mortality increased
progressively with increasing BMI, even after controlling
for age, smoking, social class, alcohol consumption, and
physical activity (Shaper et al., 1997). An increase in
body weight equivalent to 1 BMI unit from 20.0 onward
was predictive of a 10% increase in the rate of coronary
events. In a cohort of 16 000 middle-aged Finnish men
and women followed for 15 years, each 1-unit increase in
BMI was associated with a 4 to 5% increase in CHD
mortality ( Jousilahti et al., 1996). A 26-year follow-up of
5200 participants in the Framingham Heart Study
found that high relative weight at baseline was directly
associated with CHD, coronary mortality, and heart fail-
ure independent of age, cholesterol, systolic blood pres-
sure, smoking, and other cardiovascular risk factors. In
agreement with the Nurses’ Health Study findings, the
proportion of CHD attributable to excess weight was
estimated to be roughly 25%, and weight gain during
young and middle adulthood was associated with
increased risk of CVD in both genders.

In addition to the amount of excess fat, the regional
distribution of such fat also affects cardiovascular health.
Adipose tissue in the waist, abdomen, and upper body
is more metabolically active than that in the hip, thigh,
or buttocks, and abdominal fat accumulation is an impor-
tant predictor of dyslipidemia, hypertension, and CHD
as well as of type 2 diabetes. The heightened sensitivity of
abdominal fat cells to lipolytic agents and the subsequent
direct delivery of free fatty acids and glycerol to the liver,
thus inducing insulin resistance, are possible patho-
physiologic explanations for these observed associations.
Abdominal adiposity is often estimated using waist
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circumference or waist-to-hip ratio. A waist-to-hip
ratio higher than 0.80 in women and 0.95 in men – or a
waist circumference of �35 inches in women and �40
inches in men – is associated with increased cardiovascu-
lar risk.
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Stroke

The clear weight-related increases in blood pressure,
lipids, and blood glucose described earlier should be
expected to translate into an elevated risk of stroke
among overweight and obese individuals. However, data
regarding this relationship are less consistent than they
are for CHD. Some of the inconsistency may be due to
the fact that, until recently, stroke subtypes have rarely
been examined. Several recent prospective studies that
have modeled ischemic and hemorrhagic stroke as distinct
endpoints have found that excess weight is a stronger
risk factor for the former than for the latter outcome.
In perhaps the largest investigation of stroke in relation
to obesity to date, a 14-year follow-up of 235 000 middle-
aged male civil servants in Korea, each 1-unit increase
in BMI was associated with a clearly significant 6%
increase in risk of ischemic stroke and a marginally sig-
nificant 2% increase in risk of hemorrhagic stroke, after
adjustment for age, smoking, alcohol consumption, exer-
cise habit, and salary level (Song et al., 2004). In the
Nurses’ Health Study, BMI and weight gain were asso-
ciated with an increased risk of ischemic stroke, but not
hemorrhagic stroke, over 16 years. After factoring out
the effects of age, smoking, menopausal status, and meno-
pausal hormone use, the incidence of ischemic stroke
increased steadily with degree of overweight; compared
with women with BMI <21, relative risks for women
with BMIs of 27 to 28.9, 29 to 31.9, and �32 were 1.75,
1.90, and 2.37, respectively. Conversely, there was an
inverse (albeit nonsignificant) relationship between excess
weight and hemorrhagic stroke, with the highest risk
among women in the leanest BMI category. A strikingly
similar pattern of findings was observed in the Women’s
Health Study, in which 39 000 U.S. female health profes-
sionals were followed for 10 years (Kurth et al., 2005). One
possible explanation for the inverse relation between
BMI and hemorrhagic stroke is that low serum choles-
terol, which is more prevalent among the lean, may be
associated with increased blood vessel fragility or altered
endothelial function. In contrast to these results, the Phy-
sicians’ Health Study, a 12-year follow-up of 21 000 U.S.
male physicians, found that high BMI predicted a signifi-
cantly elevated risk of hemorrhagic as well as ischemic
stroke (Kurth et al., 2002). A comparison of men with BMI
�30 with those with BMI <23 indicated an approximate
doubling of risk for both stroke subtypes. Additional
research is needed to clarify the role of obesity in hemor-
rhagic stroke.
Venous Thromboembolism

Studies of risk factors for VTE, conducted mainly in hos-
pitalized patients, have generally demonstrated an associa-
tion between excess weight and deep-vein thrombosis or
pulmonary embolism. Two large prospective studies of
community-dwelling populations support this association.
Among 113 000 women in the Nurses’ Health Study, the
risk of developing primary pulmonary embolism over
14 years of follow-up was nearly three times higher
among those with BMI �29 as compared with those with
BMI<21. In an 8-year follow-up of 19 000 U.S. adults aged
�45 in the Atherosclerosis Risk in Communities Study and
the Cardiovascular Health Study, individuals with BMI
�30 were 70% more likely to develop VTE than were
those with BMI <30 (Tsai et al., 2002).
Type 2 Diabetes

Excess weight plays a critical role in the etiology of type
2 diabetes, which is the main cause of kidney failure, limb
amputations, and new-onset blindness in U.S. adults, and a
major risk factor for premature CHD and stroke. Obesity,
especially abdominal obesity, causes insulin resistance and
compensatory hyperinsulinemia, which in turn are impli-
cated in the development of type 2 diabetes. The marked
rise in obesity among U.S. adults between 1991 and 2001
has been accompanied by a 61% increase in diabetes
prevalence.

Data from the nationally representative NHANES III
show a direct relationship between BMI and prevalence
of type 2 diabetes in U.S. adults (Figure 3). Strong asso-
ciations between BMI and type 2 diabetes have also been
consistently observed in ethnically diverse populations,
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including Europeans, Japanese, Mexicans, and Native
Americans. Of five ‘lifestyle’ variables – obesity, lack
of physical activity, poor diet, current smoking, and alco-
hol abstinence – examined in the Nurses’ Health Study,
excess body weight was by far the most important predic-
tor of diabetes onset among 85 000 women. The risk
of developing type 2 diabetes over 16 years of follow-up
was nearly 40-fold higher for women with BMI �35 and
20-fold higher for women with BMI 30 to 34.9, as com-
pared with women with BMI �23. Even a BMI falling
within the high end of the normal range (23 to 24.9)
was associated with a nearly threefold increase in risk
over that experienced by women with BMI �23. Taking
women with BMI<25 as the referent, the 10-year relative
risk of incident diabetes was 4.6 among women with
BMI 25 to 29.9, 10 among those with BMI 30 to 34.9,
and 17 among those with BMI �35. In the Health Profes-
sionals Follow-up Study, taking men with BMI <25 as the
referent, the 10-year relative risk was 3.5 for those with
BMI 25 to 29.9, 11.2 for those with BMI 30 to 34.9, and
23.4 for those with BMI �35 (Field et al., 2001). In
the NHANES Epidemiologic Follow-up Study, a cohort
of 8545 adults aged �18 followed for 9 years, diabetes
incidence climbed rapidly as BMIs increased above 22
(Ford et al., 1997). For each 1-unit increase in BMI
(about 2.7 to 3.6 kg for the average participant), the risk
of developing diabetes increased 12%. The estimated
proportion of diabetes in U.S. adults attributable to excess
weight (BMI � 22) was approximately 70% after factor-
ing out the effects of smoking, alcohol use, cholesterol,
blood pressure, and antihypertensive medication use.

In these studies, weight gain during adulthood was also
associated with a significant increase in risk of developing
type 2 diabetes, although the magnitude of the estimates
varied. In the NHANES Epidemiologic Follow-up Study
individuals who gained 5 to 7.9 kg over the preceding
10 years experienced a doubling of risk over a 9-year
period as compared with their stable-weight counterparts,
and those who gained �20 kg had a fourfold risk increase.
In the Nurses’ Health Study, when compared with women
with stable weight, women who gained 5 to 7.9 kg
from early to mid-adulthood also had a near doubling of
risk over a 14-year follow-up, but women who gained
�20 kg had more than a 12-fold risk increase.

Given the widespread prevalence of diabetes, even
modest risk reductions could have large effects on the
global burden of this disease. Although metabolic benefits
of weight loss have not been consistently observed
in community-based settings, intervention studies in
high-risk populations suggest that intentional weight loss,
either alone or combined with physical activity, improves
glucose levels and insulin action among persons with
type 2 diabetes and lowers diabetes risk among over-
weight individuals. In the 10-year Swedish Obese Subjects
Study, bariatric surgery patients without diabetes at
baseline were 75% less likely to develop the condition
than were matched obese controls, while bariatric sur-
gery patients with diabetes were 3.5 times more likely to
‘recover’ from the condition than controls (Sjöström et al.,
2004). In the Da Qing Impaired Glucose Tolerance and
Diabetes Study, 577middle-agedChinesemen andwomen
with impaired glucose tolerance were randomized to one
of three treatment groups – diet only, exercise only, or diet
plus exercise – or to a control group (Pan et al., 1997). Over
6 years the three interventions were associated with
statistically significant reductions of 31%, 46%, and 42%
in diabetes risk, respectively. In the Finnish Diabetes
Prevention Study, 522 middle-aged overweight men and
women with impaired glucose tolerance were randomly
assigned to either an intensive lifestyle intervention
designed to promote healthy eating and exercise patterns
or a control group (Tuomilehto et al., 2001). Persons in
the diet and exercise intervention group lost significantly
more weight than did those in the control group (3.5 vs.
0.8 kg) and reduced their risk of developing diabetes by
58% over a 3-year interval. The U.S. Diabetes Prevention
Program, a 3-year randomized trial that enrolled 3234
men and women aged 25 to 85 with impaired glucose
tolerance, also reported a 58% reduction in diabetes risk
among the intervention group, whose members, on aver-
age, exercised 30minutes per day and lost 5 to 7% of
their body weight during the trial (Diabetes Prevention
Program Research Group, 2002). This trial oversampled
older individuals as well as members of ethnic groups
who suffer disproportionately from diabetes (i.e., African-,
Hispanic-, and Asian-Americans; Pacific Islanders; and
American Indians) and found that the lifestyle intervention
was effective in reducing diabetes risk in all age and ethnic
groups. An ongoing large randomized trial, the Look
AHEAD (Action For Health in Diabetes) trial, should
provide valuable information about the long-term (�10
years) effects of sustained weight loss through decreased
caloric intake and exercise on the risk of CVD in obese
individuals with diabetes; results are expected in 2012.
Cancer

In the nearly three decades since the first Cancer Preven-
tion Study of 750 000 U.S. adults reported a highly signif-
icant age- and smoking-adjusted 33% increased risk of
cancer death among obese men and a 55% increase
among obese women, hundreds of investigations have
examined the association between weight and cancer
in greater detail. To date the evidence relating BMI
to cancer incidence is strongest for endometrial, postmen-
opausal breast, kidney, gallbladder, colon, and esophageal
cancer; recent data also suggest a link between obesity
and pancreatic, liver, and stomach cancer. However, the
consistency of some site-specific findings varies by
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gender; the evidence linking obesity to colon cancer is
more compelling for men than for women, and the con-
verse is true for gallbladder cancer. Also, obesity has not
been strongly implicated in the development of some of
the most common cancers, including those of the lung
and prostate. Moreover, premenopausal breast cancer
appears to occur slightly less frequently among over-
weight women, possibly because of the greater prevalence
of menstrual irregularities and anovulation at higher
weights. Alternatively, this finding may simply be an
artifact of earlier tumor detection among leaner women.
Not only do obese women have lower participation rates
in cervical and breast cancer screening programs, but the
presence of excess fat complicates tumor detection when
obese women do undergo clinical examination. Thus,
heavier patients may have more advanced disease at
time of diagnosis and consequently benefit less from adju-
vant chemotherapy. Indeed, in contrast to the breast can-
cer incidence findings, an inverse association between
obesity and breast cancer mortality is not seen among
premenopausal women.

Data from the Cancer Prevention Study II, a 16-year
follow-up of 900 000 U.S. adults, suggest that 15 to 20% of
all U.S. cancer deaths can be attributed to overweight
and obesity (Calle et al., 2003).Table 2 provides estimated
relative risks and percentages of site-specific cancers
attributable to excess weight in the United States
and the European Union. Among U.S. adults aged 50 to
69, excess weight accounts for more than one-half of
endometrial and esophageal cancers; more than one-
third of kidney, gallbladder, stomach, and male colorectal
cancers; more than one-fourth of pancreatic cancers; and
more than one-fifth of female colorectal and postmeno-
pausal breast cancers.
Table 2 Relative risks and population attributable fractions of s
United States (U.S.) and the European Union (EU)

Type of cancer

Relative risk
with BMI
25–30kg/m2

Relative
with BM
�30 kg/

Colorectal (in men) 1.5 2.0

Colorectal (in women) 1.2 1.5

Breast (in postmenopausal women) 1.3 1.5

Endometrial 2.0 3.5
Kidney (renal-cell) 1.5 2.5

Esophageal (adenocarcinoma) 2.0 3.0

Pancreatic 1.3 1.7

Liver NDb 1.5–4.0
Gallbladder 1.5 2.0

aThe population attributable fraction, or the percentage of cancer c
relative risk and the prevalence of overweight and obesity. U.S. pre

Nutrition Examination Survey of men and women aged 50–69; EU pre

women residing in 15 European countries in the 1980s and 1990s.
bND, not determined.
The biologic mechanisms by which obesity may raise
cancer risk are not entirely clear and may vary by cancer
site. It may be that obesity-associated insulin resistance,
compensatory hyperinsulinemia, and increased growth fac-
tor production act either independently or synergisti-
cally with elevated levels of bioavailable sex hormones
to induce some forms of cancer. Adipose tissue is the pri-
mary source of endogenous estrogen in postmenopausal
women. Estrogen is known to stimulate the production
of insulin-like growth factor and amplify its effects on
target tissues; the increased mitotic activity provides a
fertile environment for carcinogenesis. In line with these
observations, the link between obesity and breast cancer
appears to be obscured in women who use postmenopausal
hormone therapy since the exogenous estrogen effect is
greater than the endogenous elevation due to excess weight.
In the Nurses’ Health Study, weight gain in adulthood was
predictive of incident breast cancer only amongwomenwho
had never used hormone therapy. Because tumor cells have
a greater capacity than noncancerous cells to utilize excess
glucose, the proliferation of tumor cells may also be accel-
erated in obese individuals with glucose intolerance or
other metabolic abnormalities. This may be one reason
why obese individuals have poorer cancer outcomes than
their leaner counterparts; other reasons include greater
postoperative complications, greater difficulty on the part
of physicians in determining the most effective radiation
and chemotherapy doses for heavier patients, and, as men-
tioned earlier, delayed disease detection.

Non-hormonal pathways linking obesity to other
cancers have also been proposed. For example, gastro-
esophageal reflux disease and impaired esophageal motil-
ity are more prevalent among obese individuals and may
contribute to the development of esophageal cancer by
elected cancers associated with overweight and obesity in the

risk
I
m2

Population attributable
fractiona for U.S.
population (%)

Population attributable
fractiona for EU
population (%)

35.4 27.5

20.8 14.2

22.6 16.7

56.8 45.2
42.5 31.1

52.4 42.7

26.9 19.3

ND ND
35.5 27.1

ases attributable to overweight and obesity, is a function of the
valence estimates are from the 1999–2000 National Health and

valence estimates are from a range of sources for adult men and
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exposing the mucosal lining of the esophagus to pro-
longed irritating contact with stomach acids and carcino-
gens in food.

Although epidemiologic evidence is sparse, intentional
weight loss, in part by improving metabolic and endocrine
profiles, would be predicted to decrease cancer risk.
Liver and Gallbladder Disease

Obesity is often associated with morphological and
functional changes in the liver. In one autopsy study,
nonalcoholic steatohepatitis, a pathological condition
characterized by fatty infiltration, inflammation, and
fibrosis, was observed in 18.5% of markedly obese patients
and 2.7% of lean patients; severe fibrosis was found in
13.8% of markedly obese patients and 6.6% of lean
patients (Wanless and Lentz, 1990). Other series suggest
that �70% of patients with nonalcoholic steatohepatitis
are overweight. Although usually benign, nonalcoholic
steatohepatitis occasionally leads to the development of
cirrhosis, portal hypertension, and hepatic failure.

The risk of gallbladder disease also rises with increasing
weight. Data from NHANES III generally show mono-
tonic relationships between degree of overweight and the
prevalence of gallbladder disease among both men and
women, with risk ratios jumping from about 1.5 in over-
weight (BMI 25–29.9) to 2.6 or higher among persons
with BMI >40 as compared with those with BMI 18.5
to 24.9 (Must et al., 1999). Prospective cohort studies
with long follow-up periods have yielded similar results.
In the Harvard Alumni Study, menwith BMI 22 to 23.9, 24
to 26.9, and �27 had adjusted relative risks of incident
gallbladder disease of 1.5, 1.8, and 2.7, respectively,
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as compared with men with BMI < 22 (Sahi et al., 1998).
In the Nurses’ Health Study, the relative risks of chole-
cystectomy or new-onset gallstones were 1.7 for women
with BMI 24 to 24.9 and 6 for women with BMI � 32,
compared with women with BMI < 20. When women
with BMI < 25 were used as the referent, the relative
risks were 1.9 for women with BMI 25 to 29.9, 2.5 for those
with BMI 30 to 34.9, and 3 for those with BMI� 35. In this
cohort, weight cycling was also highly associated with
increased risk of cholecystectomy, after adjustment for
baseline BMI.
Osteoarthritis

Osteoarthritis, a degenerative disease affecting cartilage
and bone, is a leading cause of disability and pain among
U.S. adults. Osteoarthritis of the knee, hip, and hand
accounts for much of this disability among the elderly.
Data from NHANES III indicate that the prevalence of
osteoarthritis among women rises with increasing body
weight, from 52 per 1000 women with BMI 18 to 24.9
to 172 per 1000 for those with BMI � 40 (Figure 4). The
corresponding figures for men are 26 cases per 1000
individuals in the lower BMI range and 100 cases per
1000 individuals in the upper BMI range.

Studies also show an association between excess weight
and new-onset osteoarthritis. In the Framingham Study,
for example, the risk of developing osteoarthritis of the
knee over a 35-year follow-up period was twice as high
among obese women and 1.5 times as high among obese
men (i.e., those in the heaviest quintile of relative weight)
than among their counterparts in the lowest three quin-
tiles of weight. Weight gain was also directly correlated
ass index

0–34.9 35.0–39.9 40+

men, Third National Health and Nutrition Examination Survey,

The disease burden associated with overweight and obesity.
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with incident osteoarthritis; the 10-year risk jumped
about 40% for each 4.5-kg gain. Similar correlations
between obesity and knee osteoarthritis have been
observed in other cohort, twin, and national survey stud-
ies. Epidemiologic evidence linking obesity and osteoar-
thritis of the hip or hand is less consistent, however, with
some studies showing a positive association and others
showing no association. A cross-sectional survey of 809
patients who had undergone knee or hip joint replace-
ment for osteoarthritis found that obesity was strongly
associated with bilateral knee osteoarthritis but not with
bilateral hip or hand osteoarthritis (Stürmer et al., 2000).

In the Framingham Study, overweight women who lost
weight significantly lowered their risk of knee osteo-
arthritis. For each 2-unit reduction in BMI (about 5 kg
for a woman of average height), the risk of osteoarthritis
dropped by >50%. It was estimated that if obese women
(defined as BMI � 29) lost enough weight to fall into
the overweight category (BMI 25 to 28.9), and overweight
women lost enough weight to fall into the normal-weight
category (BMI < 25), the total rate of knee osteoarthritis
in the population would drop by one third. Similar esti-
mates for men suggest that such weight reductions would
cut the rate of knee osteoarthritis by more than one fifth.
Indeed, excess weight accounts for more osteoarthritis
than any other known factor among women and is second
only to major knee injury as a preventable cause of
knee osteoarthritis among men. Among overweight osteo-
arthritis patients, weight loss achieved through pharma-
cotherapy, surgery, or diet and exercise has also been
associated with an attenuation of clinical symptoms,
including pain and functional disability.

Obesity is believed to lead to knee or hip osteoarthritis
because of the increased mechanical stress, or force per
unit area, on weight-bearing joints. During walking, a
force ranging from three to six times one’s body weight
is exerted across the knee. Obesity-associated endocrine
abnormalities, especially in postmenopausal women, or
higher bone mineral densities are other potential path-
ways by which excess weight could affect the develop-
ment of not only knee and hip arthritis but also
osteoarthritis of the hand, wrist, and other joints.
Respiratory Disease

Excessive fat in the pharyngeal area, chest wall, and
abdomen can alter pulmonary function via adverse effects
on respiratory mechanics, respiratory muscle function,
lung volume, and upper-airway narrowing. Sleep apnea,
defined as frequent episodic airflow cessation during sleep
that is often accompanied by marked daytime sleepiness,
is a common obesity-related respiratory complication,
especially among men. Habitual snoring and sleep apnea
were reported by more than half of men and one third of
women in the Swedish Obese Subjects Study (Grunstein
et al., 1995), compared with 4% of men and 2% of women
in general populations. In the Wisconsin Sleep Cohort
Study, a 4-year follow-up of 690 middle-aged government
employees, weight gain was a significant risk factor
for sleep apnea, with a 10% weight gain associated with
a sixfold increase in the risk of developing moderate-to-
severe sleep-disordered breathing (Peppard et al., 2000).
In addition to interfering with work and social function-
ing, sleep apnea also appears to be an independent
risk factor for hypertension, insulin resistance, and CVD.
Among 6400 middle-aged participants in the multi-center
Sleep Heart Health Study, for example, sleep-disordered
breathing was significantly associated with increased risks
of heart failure, stroke, and CHD, even after adjustment
for BMI (Shahar et al., 2001). Weight loss alleviates sleep
apnea and improves night-time breathing.

Obesity may also be a risk factor for the development
of asthma. In a 4-year follow-up of 86 000 participants
in the Nurses’ Health Study, overweight women experi-
enced a 50% increase in risk, and obese women a tripling
of risk, of adult-onset asthma, compared with women
with BMI 20 to 22.4; weight gain was also associated
with a significant increase in asthma risk. In a 21-year
study of 135 000 Norwegians aged 14 to 60, overweight
males and females were 45% and 28% more likely,
respectively, to develop asthma than their normal-weight
counterparts; while obese males and females were 76%
and 99% more likely to do so (Nystad et al., 2004).
Because most investigators to date have focused not on
asthma incidence but rather on general indices of pulmo-
nary function, additional prospective studies are needed
to confirm these findings.
Reproductive Health

Obesity during pregnancy is associated with increased
morbidity for both mother and child. Adverse maternal
outcomes include greatly elevated risks of gestational
diabetes and pregnancy-related hypertensive disorders
such as preeclampsia. Cesarean deliveries, as well as anes-
thetic and other postoperative complications, are far
more common among overweight and obese individuals.
Excess weight may decrease a woman’s ability to become
pregnant. In the Nurses’ Health Study, higher BMI at
age 18 was strongly and monotonically associated with
subsequent risk of ovulatory infertility in women with and
without a diagnosis of polycystic ovary syndrome, ranging
from a relative risk of 1.3 among women with BMI 24
to 25.9 to 2.7 among women with BMI � 32, compared
with those with BMI 20 to 21.9.

Obesity-related complications also affect the develop-
ing fetus. Infants born to overweight and obese women
are 2 to 4 times more likely to be born prematurely,
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to be admitted to neonatal intensive care units, and to die
within the first year of life than are infants born to
normal-weight mothers. Neural tube defects, particularly
spina bifida and anencephaly, and other congenital mal-
formations may occur more frequently among infants
born to heavy mothers.
Quality of Life

Health-related quality of life is a multidimensional
construct, encompassing functional status as well as social
and emotional feelings of well-being that reflect an indi-
vidual’s evaluation of and reaction to health or illness.
Many studies have demonstrated that obese persons ex-
perience significant impairments in quality of life. In
NHANES III, for example, the proportion of men and
women who perceived themselves to be in excellent
health decreased linearly with increasing BMI among
white, African, and Hispanic Americans, even in the
absence of chronic disease (Okosun et al., 2001).
Social Health

Negative stereotypes of obesity, especially of obesity
in women, pervade many Western societies. Obese people
are often viewed as indolent, less intelligent, dishonest,
and lacking in self-control. These unfavorable attitudes
can lead to discrimination in school, workplace, and other
settings, resulting in diminished economic and social
opportunities for obese individuals. Compared with
their leaner counterparts, obese workers earn less money
for equivalent jobs, and they are less likely to be hired in
the first place. Obese women are less likely to marry than
are non-obese women, and those who do marry are more
likely to marry someone of lower socioeconomic status.
Psychological Health

Although it is plausible that chronic social stigmatization
may lead to poor psychological outcomes in obese indi-
viduals, few population-based studies have examined the
relationship between perceived weight discrimination and
emotional disturbance in such persons. Indeed, studies of
obesity and psychological symptoms report inconsistent
results, with some studies finding direct and others no
association. Several surveys suggest that the psychologi-
cal ramifications of obesity are worse for women than for
men. In a nationally representative sample of 40 000 U.S.
adults, for example, a BMI� 30 was associated with a 37%
increased risk of past-year major depression among women
but a 37% decreased risk of depression among men, as
compared with the risk observed among persons with
BMI 20.8 to 29.9 (Carpenter et al., 2000). Similar gender-
divergent patterns were also observed for suicidal thoughts
and behaviors. In the Swedish Obese Subjects study,
although obese participants of both genders reported sig-
nificantly more symptoms of anxiety and depression than
either chronically ill or general population samples, such
associations were more pronounced in women (Sullivan
et al., 1993). Appetite changes and disordered eating
patterns are common manifestations of affective dis-
ease, however, rendering it impossible to disentangle
cause and effect in these cross-sectional studies. Among
40 000 women in the Nurses’ Health Study, a higher
BMI at baseline was not related to subsequent onset of
mood symptoms during a 4-year follow-up, although
weight gain � 9 kg was significantly correlated with
concomitant increases in such symptoms. Additional
population-based longitudinal research is needed to clar-
ify the directionality of the relationship between excess
weight and psychopathology.
Physical Functioning

In contrast to the equivocal findings for mental health
outcomes, epidemiologic data consistently implicate obe-
sity in the development of physical disability. In the
Nurses’ Health Study, both higher BMI at baseline and
substantial weight gain were strongly associated with
reduced daily physical functioning and vitality and
greater bodily pain. The average decline in physical func-
tion among women age <65 who gained � 9 kg over
4 years was approximately three times the magnitude of
that associated with cigarette smoking over the same
period. In the 4-year NHANES Epidemiologic Follow-
up Study, limitations in daily activities requiring mobility
occurred twice as often among middle-aged and older
white women in the highest BMI tertile compared with
those in the lowest tertile (Launer et al., 1994). Self-
reported onset of difficulties in walking and climbing
stairs also occurred 2.3 times more often in the obese
among a predominantly African- and Mexican-American
middle-aged population, with an overall incidence rate
of 6% over 2 years of follow-up (Clark et al., 1998). The
Whitehall II study, a large population study of British civil
servants, found that obesity without other chronic condi-
tions predicted the onset of impaired physical functioning
in both men and women, although the association was
stronger in women (Stafford et al., 1998). Steady weight
gain since age 25 also predicted poor physical function
in women, independent of baseline BMI.
Conclusion

Although the prevalence of many cardiovascular risk
factors, including smoking, high cholesterol, and untrea-
ted hypertension, has declined in the United States
and other developed countries over the past 3 decades,
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the prevalence of overweight and particularly obesity
continues to climb and has reached epidemic proportions
in both developed and developing nations. Given the
strong associations between excess weight and CVD,
type 2 diabetes, certain cancers, and other chronic condi-
tions, this trend portends an enormous global burden of
obesity-related morbidity and mortality in future decades.

Adapting successful public health strategies used to
educate the public about the health risks of smoking,
high cholesterol, and hypertension should help with the
prevention and treatment of overweight and obesity.
With respect to prevention, most adults should strive to
maintain a body weight corresponding to BMI 18.5 to
<25 to experience optimal health, although lowering the
upper limit of this range may be advisable to minimize
cardiovascular risk. For many individuals weight gains of
as little as 5 kg signal the need to alter caloric intake or
physical activity to forestall further weight increases.
With respect to treatment, health-care providers should
inform overweight and obese patients about the health
risks of excess weight and encourage sustained behavioral
changes in the context of setting realistic goals and
emphasizing the benefit of modest weight loss. Given
the high prevalence of overweight and obesity, helping
even a small percentage of overweight or obese indivi-
duals achieve a lower weight would substantially reduce
morbidity and mortality, as would helping those already
in the healthy weight range to avoid future weight gain.
See also: Cholesterol and Lipids; Diabetes Mellitus

Prevention; Diabetes Mellitus Treatment; Diet and Heart

Disease; Obesity/Overweight: Prevention and Weight

Management; Physical Activity and Health.
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Introduction

Prevention of overweight and obesity is a critical public
health challenge facing the world in the twenty-first cen-
tury. Although the increase in overweight and obesity has
been especially extreme in the United States over the past
30 years, similar increases have occurred in most wealthy
countries and in urban populations of many developing
countries. Trends of this magnitude and rapidity cannot be
accounted for by changes in inherited genes or a world-
wide decline in self-control. Rather, changes in the exter-
nal (physical, economic, and social) environment, not
changes in human nature, have transformed obesity and
overweight into an international public health problem.

The real factors that underlie this epidemic have been
changes in the availability, quantity, composition, price,
and marketing of food, and decreases in the amount of
physical activity needed for daily living. Humans did not
evolve to live in a pastry shop. Our behavioral impulses are
conditioned for times of food scarcity, not overabundance.

Being overweight/obese is linked to a myriad of
diseases, chief among them hypertension, cardiovascular
disease, certain types of cancers, type 2 diabetes, and
gallbladder disease. Unfortunately, overweight/obesity is
not very amenable to treatment; therefore, prevention is
key, especially primary prevention that keeps people from
ever becoming overweight to begin with.
Measuring Adiposity Using Body
Mass Index

Body mass index (BMI), a measure of excess weight for
height, has increasingly become the standard for measuring
adiposity. BMI is calculated as weight in kilograms divided
by height inmeters squared. Individualswith a BMI of 25 or
greater are considered overweight and those with a BMI of
at least 30 are considered obese (Table 1). BMI is often used
over other measures of adiposity because it is easy to
calculate and removes the effect of height on weight. BMI
effectively captures adiposity in the general population,
although it works less well in certain groups (such as pro-
fessional athletes and the elderly) who have either a very
high or very low degree of muscle mass for their size.
Trends in Overweight/Obesity

In the United States, as in most other countries, the
prevalence of adult overweight/obesity has risen steadily
in recent decades, chiefly due to marked increases in



Table 1 Classification of overweight in adults according

to BMIa

Classification BMI (kg/m2) Risk of comorbidities

Underweight <18.5 Low (but risk of other

clinical problems

increased)

Normal range 18.5–24.9 Average
Overweight �25.0

Pre-obese 25.0–29.9 Increased

Obese class I 30.0–34.9 Moderate

Obese class II 35.0–39.9 Severe
Obese class III �40.0 Very severe

aThese BMI values are age-independent and the same for both
sexes. However, BMI may not correspond to the same degree of

fatness in different populations due, in part, to differences in

body proportions. The table shows a simplistic relationship be-

tween BMI and the risk of comorbidity, which can be affected by
a range of factors, including the nature and the risk of comorbid-

ity, which can also be affected by a range of factors, including the

nature of the diet, ethnic group, and activity level. The risks
associated with increasing BMI are continuous and graded and

begin at a BMI below 25. The interpretation of BMI gradings in

relation to risk may differ for different populations. Both BMI and

a measure of fat distribution (waist circumference or waist to hip
ratio (WHR)) are important in calculating the risk of obesity

comorbidities.

Reproduced from World Health Organization/Food and Agricul-

ture Organization (2002) Diet, nutrition and the prevention of
chronic diseases: Report of a joint WHO/FAO expert consulta-
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obesity. Based on the National Health and Nutrition
Examination Survey (NHANES) data, the age-adjusted
prevalence of overweight among adults ages 20–74 years
increased from 47.4% in 1976–80 to 66.0% in 2001–04.
During the same period, the equivalent obesity rate rose
from 15.1% to 32.1%. Women are more likely to be obese
than men and rates of obesity are especially high among
African-American and Mexican-American women. The
prevalence of overweight has also been increasing among
children and adolescents in the United States (National
Center for Health Statistics, 2006).

The prevalence of overweight/obesity has been increas-
ing around the world, in developing as well as developed
countries. In developing countries, obesity often occurs
alongside undernutrition. While there are significant varia-
tions in the rates of overweight and obesity between
countries, even those within the same region, obesity rates
are expected to continue to increase in most countries
around the world.
Causes of Overweight/Obesity

Genetic Makeup

Genetic makeup determines susceptibility to overweight/
obesity. Family studies by the National Institutes of Health
(NIH) and the National Heart, Lung, and Blood Institute
(NHLBI) have found that geneticsmayaccount for 25–40%
of the difference in bodymass, although twin studies suggest
that the genetic contribution may be as high as 70% (NIH/
NHLBI, 1998).Manygenes are likely to interact in complex
ways in determining a person’s weight.

Heritable genes contribute to variations in adiposity
observed within populations, but cannot account for large
temporal variations that occur over a short time period.
The proportionate contribution of inherited genes, as op-
posed to environmental factors, depends on the amount of
variation in food availability and physical activity level.
Environmental Factors

The environment also plays a critical role in this process by
influencing which susceptible individuals will go on to
become overweight and obese. The importance of environ-
mental factors in the development of overweight/obesity
can be seen by the rapid rise in obesity throughout the
world in the last few decades. In addition, it is well known
that population groups who migrate from less developed to
more developed countries tend to change their lifestyle
habits, as well as become more prone to obesity and other
chronic diseases, within a couple of generations. Environ-
mental factors will explain most of the difference in body
weight between two populations that differ widely on food
availability (e.g., famine conditions vs. American fast-food
customers), but a much smaller proportion if the external
environments are similar. Lifestyle factors, including diet
and physical activity, are important, modifiable causes of
overweight/obesity (Table 2). A recent World Health
Organization (WHO) and Food and Agricultural Organi-
zation (FAO) joint technical report concluded that there
was convincing evidence that a diet rich in energy-dense,
nutrient-poor foods was a cause of obesity (WHO/FAO,
2002). These foods contribute to excessive caloric intake,
which in turn leads to weight gain.

A sedentary lifestyle has also been implicated as a cause
of obesity (WHO/FAO, 2002). Less physically active indi-
viduals are more likely to gain weight over time. Many
factors contribute to a sedentary lifestyle. It is increasingly
common for people to have desk jobs that require minimal
physical activity. People often drive to work, rather than
walk or bicycle. Watching television and playing on the
computer are prevalent leisure-time activities.

The role of the larger social environment in promoting
obesity cannot be ignored. Individuals do not exist in
a vacuum. Choices are shaped by social, cultural, and eco-
nomic forces. Urbanization, globalization, and technologi-
cal advancement are major trends that have spread around
the world, leading to radical changes in the food supply,
work, leisure-time activities, and transport. It has become
cheap and easy to produce an abundance of highly pro-
cessed foods that can be quickly distributed. These foods



Table 2 Summary of strength of evidence on factors that might promote or protect against weight gain and obesitya

Evidence Decreased risk No relationship Increased risk

Convincing Regular physical activity Sedentary lifestyles
High dietary intake of NSP (dietary fiber)b High intake of energy-dense micronutrient-

poor foodsc

Probable Home and school environments that support

healthy food choices for childrend

Breastfeeding

Heavy marketing of energy-dense foodsd

and fast-food outletsd

High intake of sugars-sweetened soft drinks

and fruit juices

Adverse socioeconomic conditionsd

(in developed countries, especially for
women)

Possible Low glycemic index foods Protein content of

the diet

Large portion sizes

High proportion of food prepared outside
the home (developed countries)

‘Rigid restraint/periodic disinhibition’ eating

patterns

Insufficient Increased eating frequency Alcohol

aStrength of evidence: the totality of the evidence was taken into account. The World Cancer Research Fund schema was taken as the

starting point but was modified in the following manner: randomized controlled trials were given prominence as the highest ranking
study design (randomized controlled trials were not a major source of cancer evidence); associated evidence and expert opinion was

also taken into account in relation to environmental determinants (direct trials were usually not available).
bSpecific amounts will depend on the analytical methodologies used to measure fiber.
cEnergy-dense and micronutrient-poor foods tend to be processed foods that are high in fat and/or sugars. Low energy-dense

(or energy-dilute) foods, such as fruit, legumes, vegetables, and whole grain cereals, are high in dietary fiber and water.
dAssociated evidence and expert opinion included.
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tend to be high in energy density and low in nutrient
density. Their consumption is reinforced by often intensive
media campaigns by food companies and fast-food restau-
rants. Daily life has become increasingly mechanized. Work
often involves sitting at a computer all day. Watching tele-
vision, playing video games, and surfing the Internet are
popular leisure-time activities. Cars make it easy for people
to commute to work and school, even over long distances,
with minimal energy expenditure.

There is increasing evidence that the media plays
an important role in promoting obesity. It has been
hypothesized that the positive association between televi-
sion watching and obesity in children is at least partly
mediated through advertising of high-energy, nutrient-
poor foods that targets children (WHO/FAO, 2002).
A recent study (Wiecha et al., 2006) of over 500 school-
aged children supports this hypothesis. The study found
that each additional hour of television viewing per day
increased energy intake by 167 calories per day. Unhealthy
snack foods that are commonly advertised on television,
such as candy, fast foods, sugar-sweetened beverages, and
other sweet and salty snacks, were shown to mediate the
association between television viewing and energy intake.
Prevention of Overweight/Obesity

There are several different types of prevention that are
applicable to overweight/obesity. Primary prevention
involves either maintaining a healthy weight or reaching
and then maintaining a healthy weight. The first is prefera-
ble, because it is much easier to do. Prevention also includes
blocking further weight gain in people who are overweight
or obese (NIH/NHBLI, 1998). Primary prevention is espe-
cially important given that weight regain occurs in a major-
ity of people who lose weight (U.S. Department of Health
and Human Services [USDHHS], 2000).
Individual-Level Interventions

Prevention efforts should start early in life and span the
life course. Overweight children are at an increased risk of
being overweight in adolescence and adulthood (WHO/
FAO, 2002). Furthermore, many lifestyle habits that affect
obesity risk, such as diet, physical activity, and television
viewing, are set early in life. Prevention in adulthood
and later in life becomes increasingly important as life
expectancy increases.

Guidelines for diet and exercise

At the simplest level, energy balance is the key to the
prevention of overweight/obesity. Energy intake should
not exceed energy expenditure. Eating a healthy diet and
getting adequate physical activity help keepweight in check.

The Dietary Guidelines for Americans (USDHHS and
U.S. Department of Agriculture [USDA], 2005) recom-
mend eating a balanced diet that provides sufficient levels
of necessary nutrients and does not exceed energy needs.
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People are encouraged to choose nutrient-dense foods
that have a high vitamin and mineral content relative to
their number of calories. Nutrient-dense foods include
whole grains, fruits, and vegetables. Consumption of foods
with a low nutrient density should be restricted. These
foods, which include saturated and trans fats, added
sugars, and alcohol, provide few vitamins and minerals
for their level of calories.

Keeping portion sizes in check is an issue in today’s
supersize culture. The Dietary Guidelines for Americans
(USDHHS/USDA, 2005) recommend that people pay
attention to how their portion sizes stack up against
serving sizes given that overly large portions can contrib-
ute to the consumption of excess calories.

There is general agreement that for weight management
it is the total number of calories that count, not their distri-
bution. The NHLBI guidelines (NIH/NHLBI, 1998) make
the point that lowering the amount of fat in the diet can help
to reduce overall calories; however, reducing fat without
reducing total calories, for example, by substituting carbo-
hydrates for fat, is not effective for weight management.

Willett (2002) reviews the evidence on the relationship
between dietary fat and obesity. Lower fat diets were
associated with modest weight loss in the short term.
However, in the longer term (1 year or more), differences
in percentage of calories from fat in the 18–40% range did
not significantly affect weight. It was also noted that the
explosion in the obesity epidemic in the United States and
other industrialized countries over the last fewdecades has
occurred as the percentage of calories from fat in the diet
has fallen.

Recent results from the Women’s Health Initiative
Dietary Modification Trial (Howard et al., 2006), a large
randomized controlled trial of 48 835 postmenopausal
women lasting over 7 years, are consistent with dietary
fat having little impact on overweight/obesity. Women
randomized to the intervention group went to counseling
sessions in which they were encouraged to maintain their
total calorie intake but to reduce the percentage of calories
from fat to 20%, mainly through isocaloric substitution
of fat with carbohydrates. Women randomized to the con-
trol group were given written diet and health information.
The difference in the change in body weight between the
two groups was 1.9 kg after 1 year but only 0.4 kg after
7.5 years.

Being able to follow a healthy diet over the long term is
important to weight management. The NHLBI guidelines
(NIH/NHLBI, 1998) recommend taking into account
food preferences. A recent randomized trial (McManus
et al., 2001) found that a balanced, moderate-fat diet that
allows a variety of foods to be eaten may be easier to
adhere to over the long run, and thus more effective for
weight management, than a more restrictive, low-fat diet.
Individuals were randomized to either a moderate-fat,
Mediterranean-style diet or a low-fat diet. Both groups
had the same total energy goals but the low-fat group was
instructed to have 20% of calories from fat and the
moderate-fat group 35% of calories from fat. Both groups
also received the same intensity counseling sessions. Adher-
ence to the dietary program andmeanweight losswere both
higher in the moderate-fat group compared to the low-fat
group. Interestingly, individuals in the moderate-fat group
also commented on how they enjoyed many of their food
options and found the diet to taste better and to be less
restrictive than previous diets they had tried.

Greater amounts of physical activity can increase
energy expenditure, the other component of the energy
balance equation. To promote general health and well-
being, the general consensus is that 30min of moderate-
intensity physical activity on most days of the week is
required. To prevent weight gain, however, it is likely
that 45–60min of moderate-intensity physical activity
on most days of the week is needed. For people who
are trying to keep off weight that they have lost,
60–90min of physical activity per day is helpful (WHO/
FAO, 2002).

The NHLBI guidelines (NIH/NHLBI, 1998) review
the evidence for the relationship between physical activity
and overweight/obesity. Physical activity is associated
with modest weight loss. Purely in terms of weight loss,
diet alone may be more effective than physical activity
alone. However, diet and physical activity complement
each other, with the combination of diet and physical activ-
ity more effective than either intervention alone. Perhaps
most importantly, physical activity may play a crucial role
in weight management over time. Cross-sectional studies
have found that physically active people have a lower body
weight and gain lessweight as theyage. Longitudinal studies
lasting up to 10 years have shown that physically active
people do not gain as much weight over time.

There are many strategies that individuals can take to
incorporate more physical activity into their lives (NIH/
NHLBI, 1998). When starting to exercise, people should
slowly increase the length and intensity of their workouts.
People should also work to lead less sedentary lifestyles in
general. For example, instead of automatically taking the
elevator, they should consider taking the stairs. Being
open to trying a variety of different activities is also
helpful. These can range from team sports to gardening.
Finally, individuals should make a concentrated effort to
schedule physical activity into their busy lives.
The role of health-care providers

Health professionals play an important role in weight
management (Figure 1). Primary care providers are in a
position to assess and monitor the BMI of their patients.
They can also counsel on weight loss and management,
including diet, physical activity, and behavior therapy.
Other specialists, such as nutritionists, exercise physiolo-
gists, and psychologists, also have a role in this process
(NIH/NHLBI, 1998).
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The role of counseling

Behavior therapy helps people to more effectively change
their diet and physical activity habits, promoting long-
term weight management (NIH/NHLBI, 1998). Behavior
therapy comes in many forms. People can self-monitor
their progress by keeping diaries on their food intake and
activities, manage stress through deep breathing and med-
itation, practice stimulus control by not buying junk
food at the grocery store, reward themselves for accom-
plishing certain goals, and enlist the social support of
friends and family to help them in their quest for lifestyle
change.

The most effective weight management programs
are those that combine diet, physical activity, and behav-
ior therapy. A state-of-the-art diabetes prevention trial
(Diabetes Prevention Program Research Group, 2002)
shows that combination lifestyle therapy is highly effec-
tive in weight management and prevention of type 2
diabetes. Participants in the trial included 3234 nondia-
betic, overweight adults with elevated plasma glucose
levels who were followed for an average of 2.8 years.
They were randomized to one of three groups: placebo
(twice daily), metformin (850mg, twice daily), or lifestyle
intervention. Individuals in the placebo and metformin
groups also had a counseling session and received written
materials on eating a healthy diet, increasing physical
activity, and losing weight. Individuals in the lifestyle
intervention group had a 7% weight loss as their goal.
They were coached to follow a healthy diet low in both
calories and fat and to engage in moderate physical activ-
ity for at least 150min each week. They received 16
individualized counseling sessions covering diet, physical
activity, and behavior change during the first 24 weeks.
Subsequent individual and group counseling sessions
reinforced what they had learned in the first 24 weeks.
Participants in the lifestyle intervention group reduced
total calories and increased physical activity levels more
than those in either the metformin group or the placebo
group. In turn, they also lost more weight and had a lower
risk of type 2 diabetes.
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Weight control and smoking cessation

Smoking cessation is a major challenge for weight control.
Getting smokers to quit is clearly a top public health
priority. Unfortunately, quitting smoking often leads to
weight gain. About one-third of this weight gain can be
attributed to a reduced metabolic rate, which in turn
lowers energy expenditure. The rest can be accounted
for by increases in energy intake that often accompanies
smoking cessation. About 80% of people gain weight as
they quit smoking. Weight gain during smoking cessation
usually ranges between 4.5 and 7 pounds but can be much
more substantial in a minority of cases. The prospect of
weight gain can be an issue in getting people, especially
women, to quit smoking (NIH/NHLBI, 1998).

Preventing weight gain following smoking cessation
can be very difficult. Using drug therapy, such as nicotine
replacement, delays, but does not stop, weight gain from
happening. NHLBI guidelines (NIH/NHLBI, 1998) rec-
ommend using diet and physical activity to prevent
weight gain when quitting smoking. Results from one
large prospective cohort study highlight the importance
of physical activity in mitigating weight gain following
smoking cessation (Kawachi et al., 1996). Four groups of
women were compared in this study over a 2-year follow-
up period: women who continued to smoke throughout
the study and who had little change in their physical
activity habits during follow-up, women who quit smok-
ing but did not change their physical activity habits,
women who quit smoking and increased their physical
activity by 8–16 metabolic units above resting (MET)
hours per week, and women who quit smoking and
increased their physical activity levels by 16 or more
MET-hours per week. Overall, women who quit smoking
gained 2.4 pounds more during the follow-up period than
women who continued to smoke; however, women who
became more physically active when they quit smoking
tended to gain less weight.
Population-Level Interventions

To stem the burgeoning obesity epidemic and to effec-
tively prevent obesity on a large scale, a population-based
strategy is needed. Rose (1985) discusses two approaches
to prevention: the high-risk strategy and the population-
based strategy. The high-risk strategy targets individuals
who are most at risk of the disease, those in the tail of the
population distribution. The population-based strategy, in
contrast, focuses on lowering the risk of disease for average-
risk individuals, by shifting the entire population dis-
tribution downward. The population-based strategy yields
greater benefits to the community; however, in what is
known as the ‘prevention paradox,’ this approach that brings
large support to the community offers only small benefits to
each participating individual. It follows that these indivi-
duals will not easily be induced to make drastic changes in
how they choose to lead their everyday lives without a
radical restructuring of the social environment.

The concepts in the Rose (1985) paper are very ap-
plicable to the prevention of obesity and its associated
diseases. A population-based strategy would focus on
preventing weight gain in the general population, includ-
ing individuals of normal weight and those who are only
somewhat overweight. It can be difficult to motivate these
individuals to change deeply entrenched diet and physical
activity habits. It is not enough to encourage them to eat
healthier and to be more physically active. To shift the
distribution of obesity and its related diseases downward,
it is necessary to change the social environment that
shapes and reinforces the choices that individuals make.

The Richmond model for health policy (Atwood et al.,
1997) provides a useful framework for addressing the
challenge of obesity prevention. It is first necessary to
have a knowledge base, which includes not only scientific
knowledge about the issue at hand but also how the
science can be translated into public health practice.
The second component of the model is political will.
Both people in the population at large, on the demand
side, and politicians, on the supply side, must be com-
mitted to the issue and invested in developing and sup-
porting public health programs. The final component is the
social strategy. It is the application of the knowledge base
and politicalwill to a concrete framework for implementing
public health policy. Social strategy should be comprehen-
sive and include health-care providers, government and
industry, and local community engagement.Healthy People
2010 (USDHHS, 2000), to be discussed further with respect
to obesity, is an example of a social strategy. It tracks leading
health indicators in the United States and derives specific
goals to achieve to improve health.

An effective population-level obesity prevention strat-
egy recognizes the importance of the social environment in
individual choices. It requires government policy makers to
work together with health-care providers, schools, the pri-
vate sector, the media, and communities to make the social
environment more conducive to eating healthy and being
physically active.

Assessment and counseling by health-care providers
must be reinforced by other changes in the physical, social,
and economic environment. AWHO report (WHO/FAO,
2002) calls for governments to facilitate healthy diets by
ensuring access to nutritious foods, especially in low-
income areas, enacting food-pricing policies that support
nutritious food choices, and requiring nutrition labels on
food to foster consumer awareness. The same report urges
policy makers to work with urban planners to promote
the feasibility and safety of walking and bicycling in
communities.

The increase in bicycling in western Germany that
occurred between the 1970s and 1990s is a prime example
of the impact that public policy can have in changing
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human behavior on a population-wide level (Pucher,
1997). During this time, communities enacted various
policies that encouraged bicycling; for example, separate
bike paths were constructed, some roads were restricted to
automobiles, speed limits were reduced for cars, and bikes
were given the right-of-way at intersections. At the same
time, public policies directed at discouraging automobile
use were implemented. These included increasing bar-
riers in roadways to make driving more inconvenient,
decreasing supply of parking spaces, increasing parking
prices, and increasing taxes on roadway use and gasoline.
The net result of these public policies was to increase the
share of trips made by bicycle and decrease the share
made by automobile in cities in western Germany.

Interventions in schools and workplaces have the
potential to reach large groups of people where they
spend much of their time. Many Healthy People 2010
goals specifically target schools and worksites (USDHHS,
2000). Goals for schools include improving nutrition, both
by making more nutritious foods available and by educat-
ing school-aged children about sound nutrition practices,
and increasing the prevalence of daily physical education
for all students in schools. Goals for worksites include
making employee-sponsored nutrition counseling and fit-
ness programs more readily available. These can be either
on-site or in partnership with other community groups.

The media also plays a powerful role in overweight/
obesity prevention, especially for children. Watching tele-
vision involves little energy expenditure. Furthermore,
television marketing of junk foods is extensive and there
is evidence that junk food intake at least partially med-
iates the association between television watching and
weight gain in children (Wiecha et al., 2006). Reducing
television watching in children and restricting television
marketing of junk food are potential interventions for
overweight/obesity prevention (WHO/FAO, 2002).
Lessons from Tobacco Control

Lessons from tobacco control are relevant to the preven-
tion of overweight/obesity, as discussed in the paper by
Mercer et al. (2003). Since the mid-1960s, tobacco use has
declined substantially in the United States and many
other developed countries as comprehensive anti-tobacco
programs have been put into place that target not only
individuals but also the larger social environment. Guide-
lines have been established to guide physicians and other
health professionals in smoking cessation counseling.
Educational interventions, including anti-smoking cam-
paigns in schools and in the media, have been effective at
reducing the prevalence of tobacco use. Regulations have
been enacted, including those that prohibit tobacco sales
to minors and that restrict smoking in public places.
Economic approaches, especially taxes, have effectively
raised the prices of tobacco products, in turn lowering
their consumption. Tobacco control has been so success-
ful because of its comprehensive approach. Strategies
used by health professionals, schools, communities, the
media, and the government have acted synergistically.

Overweight/obesity has increased dramatically in
recent decades and a comprehensive approach, like that
used against tobacco, is critical to its control. It is impor-
tant for health-care providers to counsel their patients
about effective weight management; however, this message
must be reinforced by the larger physical and social envi-
ronment. Educational interventions in schools have the
potential to improve nutrition and increase physical acti-
vity. The media is also a crucial component in controlling
overweight/obesity, especially in children. Increased tele-
vision watching in children is associated with increased
weight. Currently, the media encourages children to choose
junk foods through its heavy advertising of these foods.
Regulations of the food industry can have a widespread
impact. School lunches affect what large numbers of chil-
dren eat every day and food labeling plays a role in con-
sumer food choices. Schools can also choose to outlaw sales
of soft drinks to their students. Economic policies could also
influence food choices; for example, schools and worksites
have increasedvegetable and fruit consumption by lowering
their prices through subsidies (Mercer et al., 2003).
The Situation in Developing Countries

Overweight/obesity is increasing in the developing, not
just the developed world. Its spread corresponds to radi-
cal changes in diet and physical activity patterns that
are in turn the result of globalization, urbanization, and
mechanization. People in developing countries increasingly
eat highly processed foods. Fast-food restaurants, such as
McDonald’s, are endemic. Interestingly, the Republic of
Korea, which has maintained its traditional high-vegetable
diet, has lower rates of obesity and its concomitant chronic
diseases than other similarly developed countries (WHO/
FAO, 2002). Sedentary jobs, mechanized transport, and
television have also spread to developing countries. Many
developing countries face a ‘double burden’ of disease, in
which obesity and chronic diseases are occurring alongside
undernutrition and infectious diseases (WHO/FAO, 2002),
a situation that will further tax already struggling econo-
mies and health-care systems. This discussion is highly
relevant for both developed and developing countries.
Conclusions

Overweight/obesity is increasing around the world,
in developing as well as developed countries. Eating a
healthy diet without exceeding calorie needs and getting



adequate physical activity are essential to preventing over-
weight/obesity in individuals. Effective population-level
prevention requires changes in the physical, social, and
economic environment that support individual choices.
Health-care providers, schools, workplaces, government
policy makers, communities, and the media all play an
important role in this process.

See also: Obesity/Overweight: Health Consequences of;

Physical Activity and Health.
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Introduction

Observational epidemiologic studies are those in which
an investigator observes what is occurring in a study
population without intervening. In an observational
study addressing the question of whether physical activity
protects against coronary heart disease, an investigator
might note at the beginning of a study, and at intervals
throughout the study, the physical activity level of the
study participants and relate this to the development of
coronary heart disease. This contrasts with an experimen-
tal (or intervention) study, in which the investigator
assigns study participants, preferably at random, either
to be exposed or not to be exposed to a particular agent
or activity. For instance, an investigator would randomly
assign some people to a physical activity enhancement
program and others not to be in this program, and then
follow them up for development of coronary heart dis-
ease. Because of the randomization process, on average
those assigned to the physical activity program will oth-
erwise be similar to those assigned to the comparison
group. In observational studies, however, physically active
individuals might tend to differ in many other ways from
inactive individuals. Thus, observational studies, which
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are the subject of this article, present special challenges
when used to learn about disease causation.
Some Uses of Observational
Epidemiology

One use of observational studies is to determine the
magnitude and impact of diseases or other conditions in
populations or in selected subgroups of the population.
Such data are useful in setting priorities for investigation
and control, in deciding where preventive efforts should
be focused, and in determining what type of treatment
facilities are needed. Observational studies can be used to
learn about the natural history, clinical course, and path-
ogenesis of diseases. Observational studies may be used to
evaluate the effectiveness of therapeutic procedures or
new modes of health-care delivery, although randomized
trials are usually the preferred method of study for such
evaluations. Most commonly, observational epidemiologic
studies are used to learn about disease causation, and this
application of epidemiology will be emphasized in this
article.
Descriptive Studies

Descriptive studies generally provide information about
the distribution of diseases and other characteristics with-
out testing specific hypotheses about causation. Often
such studies are used to generate hypotheses about cau-
sation. Many descriptive studies provide information on
patterns of disease occurrence in populations according
to such attributes as age, gender, race/ethnicity, marital
status, social class, occupation, geographic area, and time
of occurrence. Routinely collected data from such sources
70

60

50

40

30

20

10

0
1965 1967 1969 1971 1973 19

Ye

D
ea

th
s 

pe
r 

10
0

00
0

Figure 1 Mortality rates from childhood pneumonia according to ra

Kupronis BA, Zell ER, et al. (2000) Mortality from pneumonia in children
Medicine 342: 1399–1407.
as cancer registries, death certificates, hospital discharge
records, other medical records, and general health surveys
are generally used for descriptive studies. This informa-
tion can be used to indicate the magnitude of a problem or
to suggest preliminary hypotheses about disease causa-
tion. For instance, in a classic descriptive epidemiologic
study, maps of mortality rates of site-specific cancers by
county in the United States (Mason et al., 1975) showed
that certain geographic areas had particularly high or low
mortality rates, suggesting that specific industries or other
geographic factors might be responsible for the high rates.
In another example, mortality rates from pneumonia in
children in the United States have declined markedly
since 1939. The steep decline in mortality rates in black
children from 1966 to 1982 (Figure 1) is hypothesized to
have resulted from improved access to medical care for
poor children (Dowell et al., 2000).

Other types of descriptive studies are case reports and
case series. In a case report, one person with a certain
disease and certain exposure is noted. For instance, sup-
pose one young woman with pulmonary embolism is
observed to be using oral contraceptives. This one case
obviously does not prove that use of oral contraceptives
increases the risk for pulmonary embolism, but it might
suggest that the possibility of such an association should
be considered in more rigorous studies because pulmo-
nary embolism is very rare among young women. In a case
series, exposures in several cases with a given disease are
noted. A physician might observe that eight out of ten
young women with pulmonary embolism were using oral
contraceptives at the time the embolism occurred. While
80% may seem a high percentage, oral contraceptives are
widely used by young women, and it might be that eight
out of ten young women randomly selected from the
general population use oral contraceptives. Thus, a case
series generally does not provide definitive information
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because a comparison (or control) group of young women
without the disease is needed to determine if the 80%
figure is in excess of expectation. In a case series from an
outbreak of severe viral encephalitis associated with
Nipah virus in Malaysia (Goh et al., 2000), some 93% of
cases reported direct contact with pigs, usually in the
2weeks before the onset of the illness. This high percent-
age is strongly suggestive of transmission from pigs to
humans, but a properly designed case-control study (to
be described in the next section) would be needed to show
this more definitively. A case series of eight patients with
vitamin D intoxication in the Boston area was sufficient to
indicate that a local dairy was incorrectly and excessively
fortifying its milk with vitamin D ( Jacobus et al., 1992). In
this instance, no comparison group was needed, because
even one case was sufficient to raise concern.

Nevertheless, case reports, case series, and other
descriptive studies are usually useful only in providing
leads for studies designed specifically to test hypotheses.
Such hypothesis-testing studies are often referred to as
analytic epidemiologic studies.
Analytic Studies

Analytic epidemiologic studies are designed to test causal
hypotheses that have been generated from descriptive
epidemiology, clinical observations, laboratory studies,
and other sources, including analytic studies undertaken
for other purposes. Analytic studies seek to determine
why a disease is distributed in the population in the way
it is. Because analytic studies often necessitate the collec-
tion of new data, they tend to be more expensive than
descriptive studies, but, if properly designed and exe-
cuted, generally allow more definitive conclusions to be
reached. Common types of analytic observational studies
include case-control, cohort, and cross-sectional studies,
as well as some hybrid designs. Ecologic studies will also
be briefly described. Although these analytic study
designs usually provide more definitive information than
descriptive studies, in some instances experimental stud-
ies may be needed to demonstrate causality.
Case-Control Studies

These are studies in which the investigator selects persons
with a given disease (the cases) and persons without the
given disease (the controls). Certain characteristics or past
exposure to possible risk factors (e.g., cigarette smoking)
in cases and controls are then determined and compared.

Cases are typically people seeking medical care for the
disease. Usually only newly diagnosed cases are included
in order to be more certain that the risk factor preceded
the disease rather than being a consequence of the disease,
and so that cases of short duration are appropriately
represented.

A useful working concept of a control group has been
given by Miettinen (1985): The controls should be
selected in an unbiased manner from those individuals
who would have been included in the case series if they
had developed the disease under study. Thus, the optimal
control group depends on the source of the cases, but the
relative costs of obtaining the various types of controls
and the resources available to the investigator are also
taken into account in selecting control groups. Sometimes
controls are matched to cases on certain important char-
acteristics such as age and sex (see section titled ‘Con-
founding variables’). These characteristics can also be
taken into account in the statistical analysis if no matching
was done at the outset or if matching was not fine enough.

If the cases consist of all people developing the disease
of interest within a defined population, then the best
single control group would usually be a random sample
of individuals from the same source population who have
not developed the disease. In the United States, controls
are frequently identified through random-digit dialing to
members of the same community from which the cases
arose. In countries with population registries, controls are
typically selected from the registries. If cases come from
a defined group such as members of a health mainten-
ance organization, controls are generally sampled from
among other members of the health maintenance
organization.

In a case-control study of the possible protective effect
of phytoestrogen consumption against the development of
breast cancer (Horn-Ross et al., 2001), breast cancer cases
were ascertained from the Greater Bay Area Cancer Reg-
istry, which includes all cases of newly diagnosed cancer
among residents of the Greater Bay Area. Controls were
identified through random-digit dialing of telephone num-
bers in the same area. A case-control studyof the association
between blood transfusions and non-Hodgkin’s lymphoma
(Maguire-Boston et al., 1999) ascertained all cases diagnosed
among Olmsted County, Minnesota, residents at the two
medical-care providers in the county (Mayo Clinic and
Olmsted Medical Center) and sampled controls from
other Olmsted County residents who had been enumerated
in a special census.

If cases are identified at certain hospitals that do not
cover a defined geographic area, it is usually impossible to
specify the source population from which the cases arose.
In this instance, controls are often chosen from among
patients with other diseases admitted to the same hospi-
tals as the cases, since one wants to obtain a source of
controls subject to the same selective factors as the cases.
It is usually desirable to include as controls people with a
variety of other conditions, so that no single disease is
unduly represented in the control group. Generally, it is
important to exclude potential controls who have had
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their disease for a long period of time because, like the
cases, the presence of their disease may have influenced
their exposure to possible risk factors. Such characteristics
as physical activity, diet, weight, and medication use may
change as a result of many diseases.

The classic case-control studies of Doll and Hill
(1952) of the association between cigarette smoking and
lung cancer (see Table 1) identified cases from several
hospitals in England and chose as controls patients admit-
ted to the same hospitals with other diseases who had a
similar age and sex distribution to the cases. Although
cigarette smoking was very common among both cases
and controls, a higher percentage of cases than controls
smoked, and when the amount of smoking was taken into
account, the cases were much more likely to have been
heavy smokers than the controls.

Information on exposure to putative risk factors may
be obtained in several ways, depending on the nature of
the exposure. Frequently, questionnaires administered to
cases and controls by trained interviewers are used, as this
is often the only way to find out about past exposures.
Existing records may sometimes be used to find out about
exposures such as medication use. Physical measurements
or laboratory tests on sera or other tissue drawn from
cases and controls may also be used, but it must be kept
in mind that measurements of some attributes differ after
the disease has occurred compared to before the disease
developed. Whichever methods are used, it is important
that the same measurement methods be used in cases and
controls.

Case-control studies can provide a great deal of useful
information about risk factors for diseases, and over the
years have been the most frequently undertaken type of
epidemiologic study. They can generally be carried out in
a much shorter period of time than cohort studies (to be
discussed in the next section), and under most circum-
stances do not require nearly so large a sample size.
Consequently, they are less expensive. For a rare disease,
case-control studies are usually the only practical approach
to identifying risk factors.

Nevertheless, certain problems and limitations may
affect the conclusions that can be drawn from case-control
studies. Among some of the major concerns are that
Table 1 Case-control study of the association between

cigarette smoking and lung cancer in males, England

Smoking status Lung cancer cases Control group

Smokers 1350 1296

Nonsmokers 7 61

Total 1357 1357
Percent smokers 99.5% 95.5%

Odds ratio ¼ 1350=7
1296=61¼ 9:1;95% confidence interval¼ð4:1;19:9Þ

Adapted from Doll R and Hill A (1952) A study of the aetiology of

carcinoma of the lung. British Medical Journal 2: 1271–1286.
1. Information on potential risk factors may not be avail-
able with sufficient accuracy either from records or the
participants’ memories;

2. Information on other relevant variables that need to be
taken into account to ensure comparability of cases and
controls may not be available with sufficient accuracy
either from records or from the participants’ memories;

3. Cases may search for a cause for their disease and
thereby be more likely to report an exposure to a
particular risk factor than controls;

4. The investigator may be unable to determine with
certainty whether the agent was likely to have caused
the disease or whether the occurrence of the disease
was likely to have caused exposure to the agent;

5. Identifying and assembling a case group representative
of all cases may not be feasible;

6. Identifying and assembling an appropriate control
group may be difficult;

7. Participation rates may be low and/or different be-
tween cases and controls, causing concern about rep-
resentativeness and bias.

In view of these potential weaknesses, the case-control
study is considered by some to be a type of study that
merely provides leads to be followed by more definitive
cohort studies. However, decisions about preventive
actions often have to be made on the basis of information
obtained from case-control studies. Each case-control
study should be evaluated on its own merits, since some
studies are affected very little by error and bias, while
others may be affected a great deal.
Cohort Studies

Prospective cohort studies

In a typical prospective cohort study, individuals without
the disease under study at the start of the study are
classified according to whether they are exposed or not
exposed to the potential risk factor(s) of interest, or
according to their level of exposure. The cohort is then
followed for a period of time (which may be many years)
and the incidence rates (number of new cases of disease
per person-time of follow-up) or mortality rates (number
of deaths per person-time of follow-up) in those exposed
or not exposed (or according to levels of exposure) are
compared. A cohort study may also involve measuring
exposure status at the beginning of a study and determin-
ing how this relates to changes in an attribute (such as
blood pressure) over time. Because in most cohort studies
people enter and leave the cohort at different times, the
total length of time that each cohort member is at risk and
under surveillance by the investigator for the outcome of
interest has to be taken into account. The sum of the
length of time each cohort member is at risk and under
observation is the person-time.
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Table 2 shows results from a cohort study of whether
religiousness is associated with a reduction in mortality
rates in the elderly (Zuckerman et al., 1984). Mortality
rates over the 2-year period of the study were in fact
about 50% lower in the religious than in the nonreligious
individuals. However, it is still debated whether religious-
ness itself is beneficial or whether some attribute asso-
ciated with religiousness (e.g., a healthy lifestyle) is the
reason for the lower death rate among religious people.

Cohort studies have a major advantage over case-control
studies in that exposures or other characteristics of interest
are measured before the disease has developed (or before
changes in an attribute take place). On the other hand,
cohort studies generally require large sample sizes, long-
term follow-up of cohortmembers, largemonetaryexpense,
and complex administrative and organizational arrange-
ments. The outcome of primary interest must be relatively
common, or prohibitively large sample sizes will be needed
to ensure adequate numbers experiencing the outcome.
Therefore, prospective cohort studies are usually initiated
under two circumstances: First, when sufficient (but not
definitive) evidence has been obtained from less expensive
studies to warrant more expensive cohort studies, and, sec-
ond, when a new agent (e.g., a widely used medication)
is introduced that may alter the risk for several diseases.
In addition, cohort studies undertaken for one specific
purpose are often used to test other hypotheses of interest
as well.

Cohorts are sometimes chosen because they are rep-
resentative of a certain community, such as in the
Framingham Heart Study (Dawber et al., 1951), which
started in 1948. This study is ongoing and now includes
both offspring and grandchildren of the original cohort
members. Although the ability to generalize from such
studies makes them highly desirable, they are usually
expensive and lose a substantial proportion of participants
over the course of many years. Furthermore, an exposure
of interest may be uncommon in the general population so
that selection of a cohort with a higher proportion exposed
may be more efficient. People working in a specific
Table 2 Cohort study of association between religiousness

and mortality over a 2-year period in persons of age 62 years and

older

Religiousness
Number of
deaths

Person-
years at risk

Average annual
death rate

Religious 18 418 0.043

Not religious 29 331 0.088

Rate ratio¼ 0.043/0.088¼ 0.49, 95% confidence interval¼ 0.27,
0.88.

Adapted from Zuckerman DM, Kasl SV, and Ostfeld AM (1984)

Psychosocial predictors of mortality among the elderly poor. The

role of religion, well-being, and social contacts. American Journal
of Epidemiology 119: 410–423.
industry or occupation are commonly enrolled in cohort
studies since (a) they often have exposures of particular
interest, (b) are less likely to be lost to follow-up, (c) have a
certain amount of relevant information recorded in their
medical and employment records, and (d) in many
instances undergo initial and then periodic medical exam-
inations. Cohorts from health insurance plans also offer
various advantages, including the records that are kept of
all patient encounters with the health plan.

A cohort that has provided a great deal of information
about risk factors for several diseases in women is the
Nurses’ Health Study cohort. Nurses were selected not
because of any particular occupational exposure, but
because it was believed that their cooperation would be
good and that they would report disease occurrence with
a high degree of accuracy. The first nurses’ cohort was
established in 1976 and included 121 700 nurses. Follow-
ing such a large cohort over many years might be prohibi-
tively expensive, except that most of the information is
collected through a questionnaire sent through the mail.
A cohort study of a second group of nurses was established
in 1987.

Retrospective cohort studies

In a retrospective cohort study (also called an historical
cohort study), investigators assemble a cohort by review-
ing records to identify exposures in the past (often decades
previously). Based on recorded past exposure histories,
cohort members are divided into exposed and nonexposed
groups, or according to level of exposure. The investigator
then reconstructs their subsequent disease or mortality
experience up to some defined point in time. For instance,
cancer incidence during the period 1953–96 was deter-
mined in workers who had been employed for at least
6months in three Norwegian silicon carbide smelters
(Romundstad et al., 2001) and then compared to the cancer
incidence in the population of Norway over the same time
period. A greater number of lung cancer cases was found
among the silicon workers than was expected on the basis
of lung cancer rates in the general population.

Retrospective cohort studies have many of the advan-
tages of prospective cohort studies, but can be completed in
a much more timely fashion; consequently, they are consid-
erably less expensive. However, only when the necessary
information on past exposure has been recorded fairly
accurately can a retrospective cohort study be undertaken
with much likelihood of success. Tracing most of the cohort
members must be possible in order to establish whether
theydeveloped the disease of interest (or have died). Aswith
prospective cohort studies, a retrospective cohort study is
usually feasible only when the outcome of interest is rela-
tively common. Obtaining information on characteristics of
the cohort members other than the exposure and outcome
of primary interest is also frequently critical, so as to deter-
mine whether those with and without the exposure of



Table 3 Cross-sectional study of the prevalence of senile

cataract in Blacks and Whites in east Baltimore, Maryland, by

age and race

Race

Blacks Whites

Age
(years)

No. in age
group

Prevalence
per 1000

No. in age
group

Prevalence
per 1000

40–49 632 0 563 0

50–59 699 1.4 618 0

60–69 614 4.9 915 0
70–79 349 5.7 631 0

�80 101 49.5 206 19.4

Adapted from Sommer A, Tielsch JM, Katz J, et al. (1991) Racial

differences in the cause-specific prevalence of blindness in east
Baltimore. New England Journal of Medicine 325: 1412–1417.
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interest are comparable in other relevant respects (e.g.,
smoking habits) and to allow statistical adjustment for dif-
ferences. If such information is not available, interpretation
of the study results may be ambiguous.

Cross-sectional studies

In a cross-sectional, or prevalence, study, both the expo-
sure to a hypothesized risk factor and the occurrence of a
disease are measured at one time (or over a relatively
short period of time) in a study population. Prevalence
proportions (numbers of cases of existing disease per
population at risk at a given point in time or short period
of time) among those with and without the exposure
or characteristic of interest are then compared. For a
quantitative variable such as blood pressure, the distri-
butions of the variables in the exposed and unexposed
are compared.

Cross-sectional studies include all cases of a disease,
new and old, at a given point or period in time. Thus, it is
difficult to differentiate cause from effect. For instance,
cross-sectional studies reporting higher proportions of
smokers among persons with mental illnesses than
among others (Lasser et al., 2000) are unable to determine
whether smoking predisposes people to mental illness or
whether people with mental illnesses tend to take up
smoking. Interpretation of cross-sectional studies is gen-
erally clear only for attributes that do not change as a
result of the disease, such as genotype. In addition, the
cases with disease of long duration tend to be overrepre-
sented, since such cases are more likely to be identified at
a given point in time than cases who recover or die
quickly. Accordingly, any association found between an
exposure and a disease may be attributable to survivorship
with the disease rather than to development of the disease.

Another use of cross-sectional studies is simply to
describe the prevalence of a disease in a population. For
such studies to be useful, the individuals studied should be
representative of the population to whom the results are
to be generalized. Patients seen in tertiary care centers or
in the practice of any one physician are seldom represen-
tative of all persons in the community with a disease,
many of whom may not have sought medical care. Gen-
eralizations from such select groups of patients should be
avoided.

An example of a cross-sectional study with important
public health implications is a study of the prevalence of
causes of blindness in a sample of Blacks and Whites in
east Baltimore, Maryland (Sommer et al., 1991). Whites
were much more likely to have macular degeneration, and
Blacks were more likely to have glaucoma. The preva-
lence of unoperated cataracts was high among middle-
aged Blacks and among the elderly in both groups
(Table 3). The authors suggest that about half of all
blindness in this population is preventable or reversible
and that certain population subgroups, such as Blacks
and the elderly, should be targeted for education and
intervention.
Hybrid Study Designs

Nested case-control studies

Sometimes it is possible to increase efficiency and main-
tain the advantages of a cohort study by designing a case-
control study within either a prospective or retrospective
cohort study. Such a study is often referred to as a nested
case-control study. Suppose blood samples from a cohort
of 10 000 people free of rheumatoid arthritis at baseline
have been frozen and stored. Suppose that after 10 years
200 people have developed rheumatoid arthritis and 9800
have not. The stored sera from the 200 people with
rheumatoid arthritis and a sample of, say, 600 of the
9800 people free of rheumatoid arthritis are thawed and
analyzed for the presence of some serologic marker. This
sampling of nondiseased individuals greatly reduces the
cost from what it would be in a traditional cohort study in
which sera from all 10 000 cohort members would be
tested at the beginning of the study. Nevertheless, the
serologic marker was present before the disease devel-
oped, thus providing the major advantage of a cohort
study. The serologic status of the cases and controls is
then compared, as in a traditional case-control study. In a
nested case-control study, controls are selected from unaf-
fected cohort members who are still alive and under
surveillance at the time the cases developed the disease.
Typically, the controls are matched to cases according to
age, sex, and time of entry into the cohort. The availability
of many banks of stored serum around the world and the
current interest in serologic predictors of disease make
nested case-control studies an attractive and economical
approach, as long as the serologic marker of interest does
not undergo degradation over time. Similarly, genetic
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markers of disease can be examined in a nested case-
control study, provided appropriate cells have been prop-
erly stored.

In a nested case-control study within the Nurses’
Health Study cohort (Hunter et al., 1997), plasma levels
of organochlorine chemicals (mostly from pesticide expo-
sure) were measured from the stored sera of nurses who
developed breast cancer and a sample of nurses in whom
breast cancer had not developed.Table 4 shows that cases
did not have higher levels of either chemical than did
controls.
Case-cohort studies

Another hybrid study design being used with increasing
frequency is the case-cohort study. A case-cohort study is
another method of increasing efficiency compared to a
traditional retrospective or prospective cohort study and
is particularly useful when the associations between a
serologic marker (or other variable) and two or more
diseases are of interest. As in a nested case-control study,
all cases occurring in a cohort are generally selected for
study. However, in a case-cohort study, the comparison
group is a sample of the entire cohort, not just those free
of disease, and the cohort members are not matched to the
cases. Rather, other relevant variables and the possibility
that some cases could be included in the comparison
group are taken into account in the statistical analysis.

Cummings et al. (1998) used a case-cohort design
within the Study of Osteoporotic Fractures, a prospective
cohort study, to determine whether baseline concentra-
tions of certain endogenous hormones predicted the
occurrence of hip and vertebral fractures during follow-
up. They compared hormone concentrations from stored
serum samples of women who developed hip and verte-
bral fractures during follow-up with hormone concen-
trations from stored sera of a random sample of women
from the same cohort. They found that undetectable
Table 4 Nested case-control study of the associations

between plasma levels of 1,1-dichloro-2,2-bis(p-chlorophenyl)
ethylene (DDE) and polychlorinated biphenyls (PCBs), in parts

per billion, and breast cancer within the Nurses Health Study

cohort

DDE PCBs

Group
Number in
group

Meana Number in
group

Meana

Cases 236 6.01 230 5.08
Control 236 6.97 230 5.16

Adapted from Hunter DJ, Hankinson SE, Laden F, et al. (1997)

Plasma organochlorine levels and the risk of breast cancer. New

England Journal of Medicine 337: 1253–1258.
aThe difference between the means for cases and controls is not

statistically significant (p>0.05).
serum estradiol concentrations and high concentrations
of sex hormone-binding globulin at baseline were asso-
ciated with increased risks for both hip and vertebral
fractures.

Ecologic studies

In an ecologic study, a summarymeasure of exposure and a
summary measure of disease frequency are obtained for
aggregates of individuals, such as persons in certain geo-
graphic areas or time periods. The purpose is to determine
whether the units with the highest (or lowest) frequency of
exposure tend to be the units with the highest (or lowest)
frequency of disease. For instance, it has long been
observed that countries with the highest per capita con-
sumption of beer have the highest incidence rates of rectal
cancer. However, there are many other differences among
these countries in addition to their beer consumption.
Additional analytic studies are needed to determine
whether within these countries the individuals who drink
the most beer have the highest rectal cancer rates. An
ecologic study in the United States (McGwin et al., 2004)
reported that stateswith lower mortality rates frommotor-
cycle accidents were more likely than other states to
require a skill test for a motorcycle permit, driver training,
a long duration of a learner’s permit, three or more learner
permit restrictions (e.g., no passengers, no riding at night),
and a helmet for motorcycle operators of all ages. This
report needs to be followed up by studies to determine
whether individuals with these training characteristics are
the ones with lower risk of death from motorcycle acci-
dents, taking into account other relevant attributes such as
the alcohol consumption of the individuals and the overall
safety of the roads in the states.

When appropriate aggregated and individual-level
data are available, two or more different levels of aggre-
gation (e.g., state, county, municipality, census tract, block
group, block, individual) can be considered in the same
study and nested within each other to form a hierarchy of
levels, each of which could be contributing to risk for the
disease under study. Special methods of statistical analy-
sis, called multilevel analysis or multilevel modeling, are
used to try to separate out the contributions of the differ-
ent levels of aggregation to disease risk.
Selected Epidemiologic Concepts in
Observational Studies

Confounding

The possibility of confounding, which is especially likely
to occur in observational studies, usually needs to be
considered when trying to interpret associations between
exposures and diseases. A confounding variable is a vari-
able that (a) alters the risk of the disease or condition
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under study independent of the exposure or characteristic
of primary interest, and (b) is associated with the exposure
or characteristic of primary interest in the study popula-
tion, but (c) is not a consequence of that exposure. Sup-
pose that an investigator finds that coffee drinking during
pregnancy is associated with an increased risk for delivery
of a low-birth-weight infant. The investigator would have
to be concerned that this statistical association between
coffee consumption and delivery of a low-birth-weight
infant is actually attributable to a tendency of coffee drin-
kers to smoke cigarettes to a greater extent than non-coffee
drinkers, and that it is the cigarette smoking that puts them
at an elevated risk for delivering a low-birth-weight infant,
not the coffee drinking. In this instance, smoking is con-
sidered a confounding variable.

With any study design, information on potential con-
founding variables can be obtained during data collection
and then controlled for in the statistical analysis. Alterna-
tively, in cohort studies, one or more potential confound-
ing variables may be taken into account in the study
design by matching unexposed to exposed individuals
on the potential confounding variable(s), which then
must be taken into account in the statistical analysis by
using stratification or regression methods. In case-control
studies, controls may be matched to cases on one or more
potential confounding variables, and the matching again
taken into account in the analysis. It is possible to match
roughly on certain variables in the study design and then
control more tightly in the analysis. Measurement of
potential confounding variables is highly important,
because otherwise they cannot be adequately taken into
account in the study design or analysis.
Effect Modification

Effect modification, also called statistical interaction,
occurs when the magnitude of the association between
one variable and another differs according to the level of a
third variable. For instance, the association between obe-
sity and risk for breast cancer varies according to whether
a woman is premenopausal or postmenopausal. Among
postmenopausal women, obese women are at elevated risk
for breast cancer, while before menopause, obese women
are not at increased risk for breast cancer and may even be
at decreased risk compared to thin women. An area of
considerable current interest is whether the effects on
disease risk of certain environmental exposures and life-
style factors are modified by a person’s genotype. For
example, Hines et al. (2001) found that moderate alcohol
drinkers as a group were at decreased risk for myocardial
infarction compared to non-drinkers. However, an indivi-
dual’s alcohol dehydrogenase type 3 (ADH3) genotype
modified this association. Moderate alcohol drinkers who
were homozygous for the slow-oxidizing ADH3 allele had
greater high-density lipoprotein levels and a substantially
decreased risk for myocardial infarction compared to
moderate alcohol drinkers of other genotypes. In the
statistical analysis, identification of effect modification
involves comparing associations between exposures and
diseases in subgroups of the population (e.g., in premeno-
pausal vs. postmenopausal women; in those homozygous
for the slow-oxidizing ADH3 allele vs. those of other
genotypes).
Some Measures of Association and
Their Attributes

Relative Risk

In cohort studies, the strength of the association between
a putative risk factor and a disease is often measured by
what is called a relative risk (or more accurately, a rate
ratio or risk ratio; a discussion of rate ratios and risk ratios
is beyond the scope of this article). A relative risk is simply
the risk (or incidence rate) of disease in one group (usu-
ally the exposed) divided by the risk (or incidence rate)
of disease in another group (usually the unexposed).
A relative risk (or, technically, a rate ratio) of 0.043/
0.088¼ 0.49 can be computed from Table 2, consistent
with a beneficial effect of religiousness. Before reaching
any conclusions, however, one would want to check for
confounding by a variety of variables that are associated
with religiousness and life expectancy, such as smoking
habits, alcohol consumption, and many other attributes.
Odds Ratio

In case-control studies, risks and incidence rates usually
cannot be determined because the investigator has
selected the study population based on the presence or
absence of disease and does not know disease frequency
specifically in the exposed and unexposed. Therefore,
relative risks cannot be computed. Rather, the odds ratio
is calculated. In an unmatched case-control study, the
odds ratio is estimated by the ratio of exposed to unex-
posed among cases divided by the ratio of exposed to
unexposed among controls. In a case-control study in
which controls are individually matched to cases, the
odds ratio is estimated as the ratio of the number of case-
control pairs in which the case is exposed and not the
control to the number of pairs in which the control is
exposed and not the case. It can be shown that for all but
the most common diseases (i.e., more than 10% of the
exposed or unexposed population affected), the odds
ratio is a good approximation to the relative risk and can
be interpreted in a similar manner. In the case-control
study described above of the association between smoking
and lung cancer (Table 1), the odds ratio of 1350=7

1296=61 ¼ 9:1
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indicates that the odds of lung cancer in smokers is more
than nine times that in nonsmokers. The odds ratio in the
study mentioned previously of the association between
phytoestrogen consumption and breast cancer was 1.0 for
the highest quartile of consumption versus the lowest
quartile, suggesting no association, either negative or pos-
itive, between phytoestrogen consumption and breast
cancer.
Standardized Ratios

The standardized mortality ratio (SMR) and the standar-
dized incidence ratio (SIR) are generally used when dis-
ease rates in the cohort under study are being compared
to disease rates in a reference population, such as the
general population of the geographic area from which
the cohort was selected. The SMR (or SIR) is the ratio
of observed number of deaths (or incident cases) in the
cohort to the number of deaths (or incident cases) that
would be expected, for example, on the basis of age- and
gender-specific death (or incidence) rates in the general
population. The SIR of 1.85 (74 observed cases/39.9
expected cases) for lung cancer incidence in male
Norwegian silicon carbide smelter workers (Romundstad
et al., 2001) indicates that there are almost twice as many
lung cancer cases among the smelter workers as would be
expected based on the age- and time-period-specific inci-
dence rates in the male population of Norway.
Confidence Interval

A confidence interval should be presented along with
estimates of the relative risk, odds ratio, or other parame-
ter in order to give a range of plausible values for the
parameter being estimated. A 95% confidence interval of
1.46–2.75 around a point estimate of relative risk of 2.00,
for instance, indicates that a relative risk of less than 1.46
or greater than 2.75 can be ruled out at the 95% confi-
dence level, and that a statistical test of any relative risk
outside the interval would yield a probability value less
than 0.05.
Attributable Fraction

Provided that the association between a risk factor and a
disease is causal (see the section titled ‘Guidelines for
Assessing Causation from Observational Studies’ below),
the attributable fraction provides a rough indication of the
proportion of disease occurrence that potentially would
be eliminated if exposure to the risk factor were pre-
vented. It should not, however, be confused with the
proportion of cases caused by the exposure or the proba-
bility of causation. The attributable fraction can be calcu-
lated either for exposed individuals only or for the
population as a whole. In a cohort study, the attributable
fraction for the exposed can be computed as

ðRisk for exposed� Risk for unexposedÞ
Risk for exposed

or, equivalently

Relative risk� 1

Relative risk

The attributable fraction for the population can be com-
puted as

ðRisk for entire populationÞ � ðRisk for unexposedÞ
Risk for entire population

or, equivalently

prevalence of exposure in population�ðRelative risk�1Þ
1þðprevalence of exposure in populationÞ�ðRelative risk�1Þ
In case-control studies of uncommon diseases, the odds
ratio can be substituted for the relative risk to provide a
good approximation to the attributable fraction that
would be computed using the relative risk.

It is important to note that in the presence of con-
founding, other formulae must be used to estimate attrib-
utable fractions.
Measurement Error

Inaccurate measurement can lead to erroneous conclu-
sions. The possibility of measurement error is of concern
for most variables considered in observational epidemio-
logic studies. Exposures such as diet and physical activity
are almost always measured by questionnaire, and their
measurement can entail a great deal of error. Measure-
ment of some diseases such as arthritic disorders and
psychiatric disorders is difficult because of the frequent
absence of definitive diagnostic criteria.

The validity or accuracy of a measurement refers to
the average closeness of the measurement to the true
value. Reliability or reproducibility refers to the extent
to which the same value of the measurement is obtained
on the same occasion by the same observer, on multiple
occasions by the same observer, or by different observers
on the same occasion. Precision refers to the amount of
variation around the measurement or estimate; a precise
measure will have a small amount of variation around it,
but may or may not be valid. Measurement error is said to
be differential if the magnitude of error for one variable
differs according to the actual value of other variables,
and nondifferential if the magnitude or error in one
variable does not vary according to the actual value of
other variables. In a 2� 2 table (e.g., exposure present or
absent, disease present or absent), nondifferential
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misclassification always causes the relative risk or odds
ratio to be closer to 1.0 than the true value, provided that
errors in measurement of the two variables are indepen-
dent. Dependent, or differential, misclassification, on the
other hand, can cause associations to be overestimated or
underestimated, depending on the circumstances.

When measurement error occurs for a potential con-
founding variable, adjusting for the confounding variable
in the analysis will not entirely remove its effect. When
both the exposure and confounder are measured with
error, effects are less predictable. Also, when estimates
are made from tables larger than 2� 2, there are circum-
stances under which even nondifferential measurement
error can cause an association to appear larger than it
really is.
Common Sources of Bias in Observational
Epidemiologic Studies

Bias refers to the tendency of a measurement or a statistic
systematically to underestimate or overestimate the true
value of that measurement or statistic. Bias can arise from
many sources in observational epidemiologic studies. It
can affect estimates of disease and exposure frequency
and the magnitude of associations between exposures
and diseases. Biases from uncontrolled confounding and
from measurement error were described in previous sec-
tions. Some other common sources of bias are described in
the following sections.
Information Bias

This is systematic error in measuring the exposure or
outcome such that data are more accurate or more com-
plete in one group than in another. Interviewer bias, recall
bias, and reporting bias are examples of information bias.

Interviewer bias is systematic error occurring when an
interviewer does not collect information in a similar man-
ner for each group being compared. For example, if an
interviewer believes, whether subconsciously or not, that
a certain drug increases the risk for breast cancer, in a
case-control study the interviewer might probe more
deeply into the medication history of cases than controls.

Recall bias is systematic error resulting from differ-
ences in the accuracy or completeness of recall of past
events between groups. In a case-control study, mothers of
infants whose children are born with a congenital malfor-
mation may think back and remember events during the
pregnancy more thoroughly than mothers of apparently
healthy infants.

Reporting bias is a systematic error resulting from the
tendency of people in one group to be more or less likely
to report information than others. In a case-control study,
cases with certain diseases might be more likely to deny
that they had used alcohol than controls.
Selection Bias

This is systematic error occurring as a result of differences
between those who are and those who are not selected for
inclusion in a study or who are selected to be in a certain
group within a study. Examples of selection bias are
ascertainment bias, detection bias, and response bias.

Ascertainment bias is systematic error consequent to
failure to identify equally all categories of individuals who
are supposed to be represented in a group. For example, a
specialty hospital may include mostly very sick or com-
plicated cases who are not representative of all cases.

Detection bias is systematic error resulting from
greater likelihood of some cases being identified, diag-
nosed, or verified than others. For instance, a diagnosis of
pulmonary embolism may be more likely to be made
in oral contraceptive users than in non-users because
the oral contraceptive users may be more likely to have
a lung scan for chest pain. As a result, an association
between oral contraceptives and pulmonary embolism
might result at least in part from greater likelihood of
disease detection.

Response bias is systematic error resulting from differ-
ences between those who do and do not choose to partici-
pate in a study, and between those who remain in a cohort
study and those who do not. In a study to estimate disease
incidence or prevalence, even though a sample is scientif-
ically selected, if a substantial proportion of those who are
selected do not participate, the sample is likely to give
biased results. In a study trying to estimate the prevalence
of a disease, for instance, those with serious disease may
be too sick to participate, and busy people may have little
interest in participating. Accordingly, very ill and very
busy people may be underrepresented in the study.
If people who are sicker are less likely to return for
follow-up visits in a cohort study, information on disease
status of those who do continue to participate will not be
representative of the disease status of all persons who
were originally enrolled in the study.
Guidelines for Assessing Causation from
Observational Studies

Because most epidemiologic studies are observational,
conclusions about the likelihood of causation often have
to be made on the basis of observational studies, despite
their limitations and potential biases. In recent years,
counterfactual, graphical, and structural equation models
have begun to be applied to the analysis of possible causal
relationships. Although beyond the scope of this article,



Table 5 Levels of evidence for causation

Level 1 The evidence is sufficient to warrant further

investigation

Level 2 The evidence is sufficient for recommending
preventive action

Level 3 The evidence is sufficient to say that a causal

inference has been proved; this causal hypothesis

is included in our body of scientific knowledge

Adapted from Lilienfeld A (1957) Epidemiologic methods and

inferences in studies of non-infectious diseases. Public Health

Reports 72: 51–60.
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these models are likely to see increasing applications in
observational epidemiology in the future.

Over the years, epidemiologists have developed prac-
tical guidelines to be used as tests of whether a causal
association exists. Not all criteria need to be fulfilled in all
instances, nor are all equally important or always applica-
ble. However, taken together, they provide some guidance
about whether an association between a given exposure
and disease is one of cause and effect.

. Strength of association: The measure of association
(e.g., relative risk) should be elevated (or decreased
for a protective factor), indicating that the exposed
are at increased risk of disease compared to the unex-
posed. The higher the relative risk, the more likely the
association is to be causal. As a rough rule of thumb, a
relative risk or odds ratio of 2 suggests a moderate
elevation in risk, and a relative risk of 3 or more is
considered strong.

. Ruling out alternative explanations: Once it has been
determined that an association between an exposure
and disease exists, other explanations for the observed
association, such as methodological deficiencies and
confounding, should be carefully considered and tested
against any available data or background information.

. Dose–response relationship: If increasing dose or
length of exposure is associated with increasing risk,
then the case for causality is considerably enhanced.
The absence of a dose–response relationship, however,
does not disprove causality since other patterns, such as
a threshold effect, could also exist.

. Removal of exposure: If the presence of an exposure
increases risk of disease and removing the exposure
reduces risk, the likelihood of a causal association is
increased.

. Time order: It should be clear that the exposure caused
the disease and not that the disease caused the expo-
sure. This issue is especially relevant in cross-sectional
studies, in which prevalent cases and exposures are
considered simultaneously. Time order is unique
among the causal guidelines in that if the disease can
be shown to have preceded the exposure, the exposure
cannot have caused the disease.

. Predictive ability: Tentative hypotheses regarding cau-
sation that can be shown to predict future occurrences
better than alternative hypotheses provide strong sup-
port for causality.

. Consistency: If associations of similar magnitude are
found in different populations by different methods of
study, the likelihood of causality is increased, since all
studies are unlikely to have the same methodological
limitations or idiosyncrasies of the study population.

. Biologic plausibility: When a new finding fits well with
current knowledge of the biology of a disease, it is more
plausible than if a whole new theory must be developed
to explain the finding. Another way of enhancing bio-
logic plausibility is through laboratory experiments.
However, what occurs in a laboratory or in animals
may have limited applicability to free-living humans.

. Coherence of evidence: The various relationships
and findings should make biologic and epidemiologic
sense.

. Confirmation in experimental studies: When available,
the results of well-designed experiments in which
exposures are assigned at random are very convincing
because the only factor on which groups differ, except
by chance, is the exposure of interest. However, in
many circumstances, exposures cannot be ethically or
practically assigned at random. In addition, experi-
ments on carefully selected people may have limited
relevance to the general, free-living population.

It should be apparent that decisions on the likelihood of
causality are of necessity partly judgmental. What one
person may believe is a causal association, another person
may not. Lilienfeld (1957) divided the degree of evidence
for causation into three levels (Table 5). At the first level,
the evidence is considered sufficient for further study.
For instance, studies suggesting that the risk of certain
cancers is increased by high levels of exposure to electro-
magnetic fields fall into this category. At the second level,
the evidence is considered sufficient to warrant public
health action, even if the causal association has not
been definitively established. Many people would put the
evidence that a healthy diet protects against certain can-
cers at this second level. At the third level, the evidence is
so strong that the causal association is considered part of
the body of scientific knowledge. The evidence that smok-
ing causes lung cancer or that the human immunodefi-
ciency virus causes AIDS is at this level of certainty.
Conclusion

Observational epidemiology plays an important role in
learning about disease causation. Major concerns of epi-
demiologists undertaking observational epidemiologic
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studies include using the best sources of data, employing
the proper study designs, selecting appropriate study
populations, using good methods of measurement, quan-
tifying the magnitudes of associations, controlling for
confounding, and detecting effect modification. In prac-
tice, it is often not possible to meet all these objectives to
the extent desired because people may choose not to
participate in a study, optimal measurement may not be
feasible, and a variety of other problems may arise. It is
important to recognize the effects of these inadequacies in
various situations because specific inadequacies can affect
study results in different ways.

It should be readily apparent that conclusions drawn
from observational epidemiologic studies, as with other
types of scientific inquiry, are often not final. Results
generally require confirmation from additional epidemi-
ologic or laboratory studies, experimental studies, or
ascertainment of the effect of removal or modification of
the suspected risk factor. What was believed to be a causal
association may later be found to be attributable to
uncontrolled confounding, and an association thought
to be attributable to uncontrolled confounding may turn
out to be causal. A causal agent in one population may
not operate the same way in another population. The
best method of measurement at one point in time may
later be supplanted by a better method. In any one study,
a reported association may have occurred by chance,
especially when many possible associations are being
examined.

Thus, it is essential to keep an open mind as new
knowledge accumulates about disease causation from
epidemiologic, laboratory, and other types of studies
and as attempts are made to replicate the results of
even the most carefully executed individual studies. In
this way, knowledge about disease causation gradually
evolves.
See also: Clinical Epidemiology; Demography, Epidemi-

ology and Public Health; Genetic Epidemiology; Social

Epidemiology; Surveillance of Disease: Overview.
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Introduction

Obstructive sleep apnea syndrome (OSAS) is a common
disorder that is characterized by instability of the upper
airway during sleep resulting in markedly reduced (hypop-
nea) or absent (apnea) airflowat the nose andmouth. These
episodes are usually accompanied by oxyhemoglobin desa-
turation, and are typically terminated by brief arousals,
which result in marked sleep fragmentation and dimin-
ished amounts of slow wave and rapid-eye-movement
(REM) sleep. Patients typically present with loud habitual
snoring, witnessed apneas, and excessive daytime sleepi-
ness. The prevalence among the adult population is high
at about 4% in males and 2% in females. However, the
condition is largely unrecognized and undiagnosed, as
patients frequently see their symptoms as normal variants.
Unfortunately, many patients who do seek medical atten-
tion are dismissed as having no significant illness without
any formal assessment. The failure to recognize clinically
significant OSAS is of particular importance because the
disease is associatedwith significant morbidity and mortal-
ity. The excessive daytime sleepiness leads to significant
impairments in quality of life, cognitive performance, and
social functioning. Furthermore, the disorder is associated
with a three- to sevenfold increase in the rate of road traffic
accidents. Moreover, OSAS is an independent risk factor
for the development of cardiovascular diseases such as
hypertension, coronary artery disease, congestive cardiac
failure, and stroke. Nasal continuous positive airway pres-
sure (nCPAP) is the treatment of choice in most cases and
since its first description in 1981 has transformed the lives
of many patients.
Pathophysiology

OSAS is characterized by recurring episodes of partial or
complete upper airway (UA) obstruction during sleep. The
underlying pathophysiology of this obstruction is complex
and not yet fully understood. The UA is subjected to
collapse when the negative airway pressure generated by
inspiratory activity of the diaphragm and intercostal mus-
cles exceeds the force produced by these muscles for a
given cross-sectional area of the UA (Remmers et al., 1978).
The patency of the UA is maintained by the product of the
intrinsic anatomy and collapsibility determined by the
activity of the oropharyngeal dilator and abductor mus-
cles. A narrowed UA is more commonly seen among sleep
apnea patients than controls, and studies suggest a differ-
ence in airway shape, in addition to size (Schwab et al.,
1995). The observed variability in airway size is probably
due to a combination of genetic influences and acquired
factors such as obesity which results in UA narrowing by
increased fat deposition in the pharyngeal walls and possi-
bly also by external compression from superficially located
fat masses.

UA narrowing requires an increase in pharyngeal dila-
tor muscle contraction to maintain airway patency, and
there is evidence that patients with OSAS have more
forceful contraction of these muscles during wakefulness
than normal subjects but show a larger decrement in
contraction during sleep, thus contributing to the devel-
opment of obstructive apneas (Mezzanotte et al., 1996).
However, OSAS patients still show at least as forceful
pharyngeal dilator muscle contraction during sleep as
normals, which reinforces the fact that an imbalance
between pharyngeal collapsing forces and dilator muscle
contraction is responsible for obstruction rather than a
primary deficiency in muscle contraction. However, the
sustained increase in dilator muscle contraction in OSAS
may predispose to fatigue of these muscles, which might
aggravate the tendency to pharyngeal occlusion. Addi-
tional factors contributing to the pathogenesis of OSAS
are instability of respiratory control leading to periodic
breathing and defect of local UA neuromuscular reflexes
with impairment of UA patency (Figure 1).
Predisposing Factors

Factors predisposing to OSAS are summarized inTable 1.
As outlined previously, anatomical abnormalities predis-
posing to a narrowed and more collapsible airway are
important in the development of OSAS, with obesity as
the most common factor. Furthermore, the supine posi-
tion predisposes to OSAS by gravitational forces that
result in posterior displacement of the tongue. Ethanol
ingestion is well known to increase the frequency and
duration of apneas. This effect results from the combina-
tion of a reduction in UA dilating muscle activity and a
depressant effect on the reticular activating system, which
impairs arousal.
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Figure 1 Schematic diagram of the pathophysiology of

obstructive sleep apnea indicating the two major contributing

factors of upper airway (UA) narrowing and inadequate UA
dilating muscle activity.

Table 1 Factors predisposing to the development of

obstructive sleep apnea

General factors Male sex

Age

Family history of OSAS

Obesity Central obesity
Increased neck size

Anatomic abnormalities Retrognathia

Tonsillar hypertrophy

Macroglossia
Receding jaw

Drugs Ethanol

Diazepam
Narcotics

Nicotine

Upper airway muscle

function

Abnormal UA dilator muscle activity

Impaired relationship of UA muscle
and diaphragm contraction

Mechanical factors Supine posture

Nasal obstruction
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Epidemiology

Many epidemiological studies over the past 15 years have
demonstrated that OSAS is a common disorder. However,
differences in the criteria used to define OSAS and differ-
ent measurement techniques have contributed to consid-
erable variation in reported prevalence. One of the most
comprehensive studies of OSAS prevalence to date is the
Wisconsin cohort study, which studied employed men and
women between 30 and 60 years by means of full poly-
somnography (Young et al., 1993). Although 9% of women
and 24% of men were found to have an apnea index (AI)
greater than 5 per hour, this estimate of prevalence fell to
2% of women and 4% of men when an AI> 5 was
combined with symptomatic daytime sleepiness. Higher
prevalence has been found in Far Eastern and African
populations, which might be explained by differences in
craniofacial shape.

The male to female ratio of OSAS is about two to one.
This greater prevalence in males is still poorly under-
stood. However, gender-specific hormones may play a
role, with androgens promoting upper airway collapsibil-
ity whereas progesterone in contrast seems to lead to an
augmented ventilatory response. It has long been recog-
nized that sleep apnea is very common in the elderly, but
the clinical significance of this finding remains unclear.
Although many of these subjects are otherwise asymp-
tomatic for OSAS, there is evidence that sleep apnea
in the elderly has an adverse prognosis. Children may
develop a sleep apnea syndrome similar to that seen in
adults, and several epidemiological reports suggest a
relatively high prevalence, although somewhat less than
in adults. The etiology of OSAS in children differs from
adults in that adenotonsillar hypertrophy is the most
common cause of the disorder, although the increasing
prevalence of obesity among children in recent years
represents an important contributing factor in many
cases. Many children with OSAS can be helped by
tonsillectomy.
Clinical Presentation

Symptoms

The clinical features of OSAS are summarized inTable 2.
Patients typically present with a history of loud snoring,
which is reported by up to 95%. However, snoring is so
common in the general population that this symptom is a
poor predictor of the disease. Loud intrusive snoring
affects the bed partner, family, and occasionally neighbors.
Noise pollution and the resulting social disharmony,
which may be so severe as to jeopardize marital relation-
ships, is an important reason that the patient, often pres-
surized by the partner, seeks medical help. Apneas are
frequently witnessed by the bed partner and are a strong
predictor of the disease. These episodes usually last only
for a few seconds but can cause considerable distress both
to the patient and partner. Patients themselves are fre-
quently unaware of these episodes, so when obtaining a
history it is highly desirable to also interview the partner
who can usually provide important additional information
based on direct observation of the patient while asleep.
Many patients with OSAS report waking at night with a
choking sensation, which can be quite frightening and
presumably reflects an episode of outright wakening dur-
ing an obstructive apnea. The choking almost invariably
passes within a few seconds of wakening.



Table 2 Clinical features of obstructive sleep apnea

syndrome

Symptoms

Daytime Nocturnal

Excessive daytime sleepiness Snoring
Fatigue Witnessed apneas

Memory impairment Nocturnal choking

Personality changes Insomnia

Morning headaches Nocturia
Automatic behavior Enuresis

Depression Impotence

Intellectual deterioration Sweating
Heartburn

Physical signs

Obesity
Tonsillar hypertrophy

Retrognathia

Micrognathia
Nasal obstruction

Hypertension
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Excessive daytime sleepiness (EDS) is present in about
70% of patients and represents the most common daytime
symptom. EDS is probably the result of sleep fragmenta-
tion associated with the frequent micro-arousals that typ-
ically terminate episodes of apnea. However, EDS is not a
specific predictor of OSAS, since sleepiness may be a
feature of many other disorders. True sleepiness needs
to be distinguished from other symptoms, such as leth-
argy, fatigue, or exhaustion. Patients themselves may
underestimate their level of sleepiness, either because
they are not aware of it or because they deny it due to
work-related pressures. Several tools have been devel-
oped to measure sleepiness. The most common is the
Epworth Sleepiness Scale (ESS), which seeks subjective
ratings of recent sleepiness. Several tests to measure
sleepiness objectively have been developed but are time
and labor intensive and may not reflect everyday activity.
OSAS is reported to be associated with many daytime
symptoms other than EDS such as fatigue, memory
impairment, personality changes, automatic behavior,
and depression. Although these features may be important
in assessing the impact of OSAS on a patient and the
effectiveness of therapy, there has been no systematic
study of the capacity of these features to predict the
presence or absence of OSAS.
Physical Characteristics/Examination

Obesity is an important risk factor for OSAS, and the
prevalence among OSAS patients is approximately 70%.
Location of fat deposition, especially anterolateral to
the upper airway, is particularly important, and neck
circumference is a strong predictor of OSAS (Davies
and Stradling, 1990). Anatomical factors that predispose
to UA narrowing should be sought in the physical exami-
nation of a patient suspected of having OSAS. These
include retrognathia, micrognathia, tonsillar hypertrophy,
macroglossia, and inferior displacement of the hyoid
bone. However, the most common physical finding in
patients with OSAS is a nonspecific narrowing of the
oropharyngeal airway, with or without an increase in
soft tissue deposition. Hypertension is frequently found
in OSAS, and the finding of hypertension in a snoring
patient significantly increases the likelihood of an asso-
ciated OSAS. However, in practice, the clinical suspicion
of OSAS is based on a combination of supportive features,
but it is generally not possible to predict the severity of
the disorder based on clinical features, except at the
extremes of the clinical spectrum. Thus, some form of
objective monitoring during sleep is necessary to confirm
and grade the severity of the disorder.
Diagnosis

The diagnosis of OSAS depends on the presence of char-
acteristic symptoms together with the objective demon-
stration of sleep-disordered breathing. AWorking Group
of the American Academy of Sleep Medicine laid out the
clinical criteria necessary for the diagnosis of a clinically
significant sleep apnea/hypopnea syndrome and also pro-
posed a grading of severity. In the report, a diagnosis of
OSAS requires that the individual must fulfill criterion
1 or 2, plus criterion 3.

1. Excessive daytime sleepiness that is not better
explained by other factors

2. Two or more of the following that are not better
explained by other factors:
choking or gasping during sleep
recurrent awakenings from sleep
unrefreshing sleep
daytime fatigue
impaired concentration

3. Overnight monitoring demonstrates five or more
obstructed breathing events per hour during sleep.
These eventsmay include anycombination of obstructive
apneas, hypopneas, or respiratory-effort-related arousals.

The gold standard for the overnight monitoring of a
patient with suspected OSAS is full polysomnography
(PSG), which provides detailed information on sleep
staging, respiratory and gas exchange abnormalities, and
a range of other variables including body position, heart
rate and rhythm, and muscle tone and contraction. An
example of an obstructive apnea is given in Figure 2.
However, these studies are resource intensive, since they
generally require the facilities of a full sleep laboratory
and a trained technician. Thus, the prevalence figures for



Figure 2 Polysomnographic example of repetitive obstructive apneas over 10 epochs of sleep (5min). There is repetitive significant

reduction in airflow with associated snoring, oxygen desaturation, and increased abdominal effort with paradoxical indrawing of the
ribcage resulting in flattening of the sum curve.
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OSAS make it necessary to consider other simplified
approaches to the diagnosis. A variety of limited diagnos-
tic systems are available. They typically include the mea-
surement of oronasal airflow, chest wall and abdominal
effort, electrocardiography (ECG), and oxygen saturation.
The potential advantages of these systems are that they
are cheaper, less labor and time intensive, and technically
less challenging. The main disadvantage is that the lack of
sleep recording leads to uncertainty when deciding
whether respiratory events, particularly periods of normal
respiration, occur during wakefulness or sleep. Use of
overnight oximetry in screening for OSAS is controver-
sial. Although repetitive desaturation in the appropriate
clinical context is highly specific for OSAS, the sensitivity
of this tool for detection of more subtle disease ranges
only from 50 to 70%. As a result, a negative oximetry
recording generally needs a follow-up sleep study when
OSAS is suspected on clinical grounds.
Morbidity and Mortality Related to OSAS

It has long been suggested that OSAS is associated with a
significant morbidity and mortality and that it presents a
major public health burden. Excessive daytime sleepiness is
the most common daytime symptom of OSAS and leads to
a varietyof potentially serious sequelae. PatientswithOSAS
have significantly impaired quality of life and social func-
tioning, as well as a higher rate of minor psychiatric illnesses
such as anxiety and depression (Engleman and Douglas,
2004). Furthermore, various studies utilizing objective
assessments identified significantly reduced cognitive per-
formance in OSAS patients in comparison to controls.
As a further consequence, the rate of road traffic, as well
as work-related accidents, is three to seven times higher
(Stoohs et al., 1995). However, the EDS and associated
consequences of OSAS are reversible with effective con-
tinuous positive airway pressure (CPAP) treatment.

The principal physical morbidity and mortality of
OSAS, however, relates to the cardiovascular system.
The association is particularly strong with systemic
hypertension, and large population-based studies have
yielded convincing evidence of a modest but definite
association, independent of possible confounding factors
such as age, sex, or obesity. The Sleep Heart Health Study,
which included over 6000 subjects undergoing in-home
polysomnography (PSG), identified a modest association
(odds ratio (OR) 1.37) increasing with greater severity of
the disease (Nieto et al., 2000). The Wisconsin Sleep
Cohort study employing 1069 subjects with in-lab PSG
identified an even stronger correlation with an OR of 3.1.
Moreover, a prospective follow-up of this population
demonstrated that subjects with an AHI of 0–4.9, 5–14.9,
and over 15 events/hour of sleep had ORs of developing
systemic hypertension over the next 4-year period of 1.42,
2.03, and 2.89, respectively, compared with matched con-
trol subjects without OSAS (Young and Peppard, 2000).
Data linking OSAS to other cardiovascular diseases are
not as persuasive, but the evidence of an association is
growing. Indeed, in the Sleep Heart Health Study cohort,
OSAS emerged as an independent risk factor for conges-
tive cardiac failure (CCF) (OR 2.2), cerebrovascular dis-
ease (OR 1.58), and coronary artery disease (CAD) (OR
1.27) (Shahar et al., 2001). Furthermore, effective CPAP
therapy decreases cardiovascular morbidity and mortality,
as demonstrated in large long-term cardiovascular out-
come studies (Doherty et al., 2005; Marin et al., 2005).

The mechanisms by which OSAS predisposes to car-
diovascular disease are not fully understood but is likely
to include sympathetic excitation, inflammation, and
endothelial dysfunction in addition to metabolic dysre-
gulation (Figure 3). The typical cyclical pattern of



Table 3 Management options for obstructive sleep apnea

syndrome (OSAS)

Lifestyle modification (for all OSAS patients)

Weight loss

Avoidance of alcohol
Avoidance of sedatives

Smoking cessation

Sleep hygiene

Avoidance of supine position

OSAS (Intermittent hypoxia/sleep fragmentation)

Sympathetic
excitation

Inflammation
Endothelial
dysfunction

Oxidative
stress

Metabolic
dysregulation 

Risk of cardiovascular disease

Hypertension

Coronary artery disease

Congestive cardiac failure

Cerebrovascular accident

Figure 3 Mechanisms associated with obstructive sleep apnea syndrome contributing to cardiovascular diseases.
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intermittent hypoxia and reoxygenation associated with
OSAS probably plays a significant role in the pathophysi-
ology as it selectively activates inflammatory over adap-
tive pathways with the downstream consequence of the
production of proinflammatory cytokines such as tumor
necrosis factor alpha (TNFa), which has been demon-
strated to be involved in the pathogenesis of atherosclero-
sis (Ryan et al., 2005).
Relief of nasal obstruction (in conjunction with other treatment

modalities)

Septoplasty

Nasal corticosteroids
Nasal antihistamine

Nasal continuous positive airway pressure (CPAP)

Treatment of choice for moderate to severe OSAS
Excessive daytime sleepiness regardless of OSAS severity

Significant medical co-morbidities

Oral appliances

Treatment alternative to CPAP in mild to moderate OSAS
Patients unable to tolerate CPAP

Upper airway surgery

Treatment failure with CPAP and/or oral appliances

Identified anatomical upper airway obstruction
Management

Management options for OSAS are outlined in Table 3.
The most widespread and effective treatment modality
is CPAP, but milder cases of OSAS can often be managed
by conservative measures. These include weight loss
(where appropriate), sleep hygiene, alcohol avoidance,
relief of nasal congestion, and measures to keep the patient
off his or her back (since most cases of sleep apnea tend
to be worse when the patient is supine). Only a minority
of adult cases has a correctable anatomical lesion obstruct-
ing the upper airway, but the majority of children with
OSAS have enlarged tonsils and adenoids, and surgical
removal of these tissues can resolve the condition in
many cases.
Conservative Management

Weight loss

As mentioned previously, approximately 70% of OSAS
patients are obese, that is, exhibiting a body mass index
(BMI) of more than 30 kg/m2. Weight loss has definite
beneficial effects and results in improvement, or occasion-
ally disappearance, of sleep-related breathing disorders in
many patients. Weight loss is difficult to achieve but more
particularly to maintain. However, in all cases, weight loss
should be encouraged in obese OSAS patients. Weight
loss also has beneficial effects on snoring.
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Avoidance of alcohol and other respiratory

depressants

Ethanol suppresses upper airway dilator muscle activity,
which predisposes to obstructive apneas and also prolongs
the duration of apneas and enhances the associated oxy-
gen desaturations. Similar effects have been reported with
other respiratory depressants such as diazepam. Patients
with OSAS should therefore be counseled to avoid alcohol,
particularly within 3–4 h of retiring to bed, and also sedative
medications.
Smoking cessation

Smoking is a risk factor for OSAS, probably secondary to
the increased upper airway resistance as a consequence of
nasal mucosal inflammation. Therefore, current smokers
who have been diagnosed with OSAS should be advised to
quit. However, the weight gain that frequently follows
smoking cessation should be actively avoided.
Sleep hygiene

Sleep fragmentation and sleep deprivation could exa-
cerbate OSAS, as they reduce ventilatory responses to
hypoxia and increase upper airway collapsibility. However,
controlled trials specifically targeting the impact of sleep
hygiene on OSAS are lacking. Nonetheless, it is reasonable
to advise patients of the possible interaction between poor
sleep hygiene and OSAS. Avoidance of caffeine, a regular
sleep–wake cycle, measures to optimize sleep environ-
ment, and avoidance of daytime napping are among the
general recommendations to improve sleep hygiene.
Sleep position

It has been long recognized that snoring patients do so most
loudly in the supine position. Similarly, it has been demon-
strated that a large proportion of unselected patients with a
diagnosis of OSAS demonstrate a lower rate of apneic
events in the lateral compared to the supine position.
A tennis ball sewn into the pyjama top at the midthoracic
level was one of the first means used to prevent sleep in the
supine position. Two other strategies have been used,
namely sleep position training using a posture alarm device
and a tongue-retaining device in order to prevent tongue
retrolapse when the patient sleeps in a supine position.
Relief of nasal obstruction
Nasal obstruction due to anatomical abnormalities or
chronic congestion is a common complaint among
patients with OSAS and predisposes to UA occlusion
during sleep. However, treatment modalities to relieve
nasal obstruction have failed so far to demonstrate a
clear benefit. In selected patients, relief of nasal obstruc-
tion by surgery, nasal steroids, or antihistamines may
improve symptoms and should be considered as treatment
options.
Continuous Positive Airway Pressure
Therapy (CPAP)

The current management of moderate to severe OSAS is
largely dependent on nasal CPAP (nCPAP), which acts to
splint the upper airway open during sleep, and thus coun-
teracts the negative suction pressure during inspiration,
which promotes upper airway collapse in these patients.
Nasal CPAP completely controls the condition and has a
dramatic effect on the patient’s awake performance
because of the normalized sleep pattern. CPAP improves
quality of life, neurocognitive function, and driving per-
formance (Jenkinson et al., 1999). Moreover, long-term
cardiovascular outcome studies have demonstrated signif-
icantly fewer cardiac events in CPAP-treated patients in
comparison to nontreated subjects. Although nCPAP is
highly effective in controlling OSAS, the device is cum-
bersome, and compliance data show only moderately
satisfactory results. Compliance relates positively to the
severity of OSAS and level of daytime sleepiness.
Oral Appliances

Oral appliances are an alternative to CPAP therapy in
patients who have failed or refused this treatment modal-
ity and also as initial therapy in patients with milder
disease. The goal of therapy with oral appliances is to
modify the position of UA structures in order to enlarge
the airway, reduce resistance, and presumably reduce UA
collapsibility. The effects on UA muscle function may also
be important due to the changes in direction of muscle
fibers. Although randomized studies have demonstrated
benefit in improving objective and subjective sleep para-
meters, CPAP is significantly more effective. However,
patients generally prefer oral appliances. More data are
needed for neurocognitive and cardiovascular outcomes
after treatment with oral appliances.
Uvulopalatopharyngoplasty

The objectives of uvulopalatopharyngoplasty (UPPP) are
to enlarge the oropharyngeal airway and reduce the col-
lapsibility of this particular segment of the UA. In OSAS
patients, UPPP indications should be restricted to those
with mild disease and evidence of retropalatal narrowing,
and careful patient assessment and selection is very impor-
tant. It should also be remembered that by increasingmouth
leaks, UPPP might compromise CPAP therapy and reduce
the maximal level of pressure that can be tolerated.
Conclusion

OSAS is a highly prevalent disorder that can have major
adverse consequences on the health and quality of life of
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the affected patient. However, the disorder is eminently
treatable, and successfully treated patients generally
report a dramatic transformation in their quality of life.
See also: Coronary Heart Disease; Hypertension; Sleep

Disorders; Respiratory Diseases: Overview.
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affected, as the injury or illness impacts not just on the
injured or sick person, but also on their family, friends,
and workmates. Tragically, most work-related deaths (and
nonfatal conditions) are preventable and therefore should
not occur, but this preventability has a positive aspect,
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because it means that there is an opportunity to decrease
the current burden from work-related injury and illness.
Understanding the scope of the problem, and how and
why work-related fatal and nonfatal disorders occur, is an
important first step in their prevention. This article aims
to support this understanding by providing an overview of
work-related injury and illness, focusing on fatal condi-
tions, but including serious nonfatal conditions also. The
scope covers the burden of work-related ill health in
societies around the world, as well as information on the
type of disorder and, particularly for injury, the circum-
stances in which the disorders occur.
Definitions

When considering work-related injury or illness, it is
important to have a clear definition of ‘work-relatedness.’
This concept is not always straightforward and has been
applied differently in different settings and by different
authors. A reasonable general definition of work-relatedness
is that the disorder results from a work exposure. That
is, work-related exposures must have contributed as a
necessary factor to the individual injury or illness.

Usually, it is clear whether or not someone is
employed, but this may not be the case when the arrange-
ments are less formal, such as family members helping out
in a family business (e.g., a shop or a farm), or ad hoc work
such as collecting discarded cans for recycling. These
more informal arrangements occur in all societies, but
are particularly common in developing countries. In the
case of disease, the condition may well not become mani-
fest until the affected person has changed jobs or retired,
making the connection to work difficult to recognize or
establish. Work-related disorders may even affect persons
who are not employed at the time of injury or the relevant
exposure. This is because persons who are not working
(bystanders) can be harmed as a result of the work activity
of others (e.g., a visitor to a factory being hit by a forklift
truck, or a community living around a smelter affected by
contaminated runof f).

The context of the work activity is often of importance
in terms of prevention and is also commonly used as the
basis for inclusion or exclusion of cases. This is particu-
larly so for work-related injury of working persons, which
can be usefully divided into three groups – injuries that
occur in traffic incidents on public roads in the course of
work (‘work-road injuries’); other injuries that occur in
the course of work (‘workplace injuries’); and injuries that
occur while traveling to or from work (‘commuting inju-
ries’). Workplace and work-road injuries are commonly
combined into a single measure of work-related injuries of
workers (‘working injuries’). Most injury studies include
working injuries. Commuting injuries are included less
consistently.
Global Burden of Occupational Injury
and Disease

Fatal Injury

Occupational injury is an important cause of mortality
and morbidity throughout the world, in both developing
and developed countries. The extent of the burden arising
from occupational injury is difficult to determine accu-
rately, and what information is available primarily arises
from specific studies designed to assess the burden. This is
true at a national and international level. Developing
accurate estimates is even more difficult at an interna-
tional level, but in recent years several attempts have been
made. The estimates of the annual number of injury
deaths of workers vary from about 140 000 to nearly
500 000, with a best estimate of about 350 000. This
includes workplace and work-road deaths, but largely
excludes commuting deaths, for which there are no
soundly based estimates. The main problems with the
global estimates are a widespread lack of data, the ‘con-
tamination’ of injury data by the inclusion of some disease
cases in some countries, and the inconsistent inclusion of
homicides, suicides, and commuting deaths (Driscoll et al.,
2005c).

There are no global or regional estimates of bystander
injury deaths, but bystander death is an important occu-
pational injury issue, and some idea of the scope of the
problem is given by two national studies. These studies
found that the number of workplace bystander deaths
was between one-tenth (New Zealand) and one-quarter
(Australia) of the number of workplace deaths. In Australia
the number of road bystander deaths (nonworking persons
killed in motor vehicle incidents on public roads in which
the working vehicle was ‘at fault’) was similar to the
number of work-road deaths.
Fatal Disease

As with injury, occupational disease is an important cause
of mortality and morbidity throughout the world, but the
extent of the burden is much more difficult to quantify.
This is because most diseases can have a number of possible
causative exposures or exposure circumstances and take
many years to become fully developed, which makes it
extremely difficult to establish a connection between
work exposures and a resulting disease in an individual
case. This has meant that epidemiological approaches,
particularly population attributable risk (PAR) techniques,
have been used. These require an estimate of the risk
arising from exposure, and of the prevalence of exposure.
Risk information is obtained from epidemiological studies
and is probably broadly generalizable from one exposure
circumstance to another. Reliable exposure information is
commonly not available, or inconsistently available, for
many countries. This has meant that extrapolation between
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countries and time periods is commonly required for
national and global estimates.

As for injuries, several attempts have been made in
recent years to establish global estimates of occupational
disease. The estimates of the annual number of disease
deaths of workers vary from about 325 000 to about 1.6
million, with the higher estimates probably the most
accurate (Driscoll et al., 2005c). The recent Comparative
Risk Assessment project of the World Health Organiza-
tion (WHO) provided global estimates of fatal (and non-
fatal) disease arising from carcinogens (Driscoll et al.,
2005a), airborne exposures (Driscoll et al., 2005b), and
injury risk factors (Concha-Barrientos et al., 2004). The
disease estimates from the various studies have consider-
able uncertainty, arising in particular from missing,
sparse, or old information on exposure and overall rates
of death for specific diseases, and varying inclusion and
exclusion criteria. There are no estimates at either
national or global level of bystander disease deaths.
Nonfatal Injury and Disease

Global estimates of injury and disease usually focus on
mortality, mainly because in the statistics collected by
countries and institutions the mortality data are generally
more comprehensive. However, nonfatal conditions can
still result in considerable morbidity. Because it can be
difficult to compare or combine the burdens arising from
fatal and nonfatal conditions, several measures have been
developed to enable this to be done. The most commonly
used such measure is the disability-adjusted life year
(DALY), which is a weighted estimate of the number of
years lived with disability. The severity of the disability is
described by the weighting. The DALY therefore repre-
sents the gap between the current situation and an ideal
situation in which everyone achieves an agreed standard
life expectancy in perfect health (Driscoll et al., 2005a).

On the basis of DALYs, which allow both fatal and
nonfatal disorders to be included, the recently completed
Comparative Risk Assessment project estimated that
work-related exposures were responsible at a global
level for about 37% of back pain, 16% of hearing loss,
13% of chronic obstructive pulmonary disease, 11% of
asthma, 9% of lung cancer, 8% of injuries, and 2%
of leukemia. Looking only at health-care workers, about
40% of hepatitis B and hepatitis C infections and 4.4%
of HIV infections in these workers were estimated to be
due to needlesticks (Concha-Barrientos et al., 2004).
Work-Related Injury and Disease Deaths
in Various Countries

Injury

Work-related fatal injury is a high-profile issue in many
countries, both developed and developing. Overall
estimates from studies have been produced for various
countries, including Australia, Denmark, Finland, Jordan,
New Zealand, and the United States. Most of these studies
counted the number of injury deaths using coroners’ data
and/or death certificates. All of the studies included work-
place deaths, most included work-road deaths, and some
included commuting deaths. Countries and regions for
which one or more detailed study or review articles addres-
sing work-related fatal injuries have been published include
Australia, Brazil, Canada, China, Denmark, Europe,
Finland, Iceland, Italy, Jordan, Kuwait, New Zealand,
Nigeria, Scandinavia, South Africa, Sweden, Taiwan, the
United Kingdom, and the United States. Comparisons
between studies or countries of rates and types of fatal
work-related injuries have many potential pitfalls. These
arise because of differences in the definitions of work-
relatedness, and differences in the inclusion and exclusion
criteria, which may be based on age, sex, occupation, indus-
try, employment arrangement, or incident type. Even when
the definitions and criteria are apparently similar, appropri-
ate comparisons should be undertaken on a limited, well-
defined basis, such as using industry, occupation, and/or
age, or using overall results adjusted for differences in
these potential confounders. A recent example of a compar-
ison that attempted to take account of the factors compared
fatalities in New Zealand, Australia, and the United States.
In this study, the raw fatality rates per 100 000 persons
per year were 4.9 (New Zealand), 3.8 (Australia), and 3.2
(United States). Most of the differences were found to be
due to differences in industry distribution. Once this was
taken into account, the Australian and U.S. rates were found
to be very similar, and theNewZealand ratewas found to be
only 10 to 15%higher (Feyer et al., 2001). Other studies have
compared New Zealand with other countries, the United
States with Australia, Great Britain with Europe and the
United States, or have compared results between countries
as part of analyses that focused on specific industries,
occupations, or factors.
Disease

National estimates of work-related disease deaths have been
produced for Australia, Canada, Finland, New Zealand, and
the United States. All these studies relied on the PAR
approach to produce their estimates. Direct comparison
between countries is not common and has the same pro-
blems as comparisons on the basis of injury, with these
problems usually more important and harder to overcome
when studying disease.
Common Characteristics of Work-Related
Fatal Injuries and Diseases

The ultimate aim of the study of work-related injuries and
diseases is to prevent their occurrence. General
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surveillance and maintenance of national statistics makes
an important contribution to this by providing an under-
standing of the frequency and rate of such deaths, changes
in these parameters over time, and differences between
different regions, industries, occupations, or countries. All
of these may provide evidence of approaches to preven-
tion that are apparently successful or not successful, or
identify hazards and associated risks that need to be
controlled. However, the design of appropriate interven-
tions requires a thorough understanding of the circum-
stances surrounding fatal incidents, looking for common
patterns that might be amenable to preventative interven-
tions. Such an understanding usually only comes from a
detailed study of a well-circumscribed area, focusing on
factors such as a particular industry, occupation, mecha-
nism, agency, exposure, or personal characteristic. There
have been many examples of studies that have focused on
such areas. This section summarizes the main approaches
that have been taken.
Injuries

Published studies of work-related fatal injuries may
include all work-related injury deaths or may focus on
particular regions, industries, occupations, mechanisms,
involved agencies, injury type, personal characteristics,
human factors, intent, place of injury, and specific injury
circumstance (see Table 1 for selected examples). Some
of the important findings arising from these studies are
considered here.
Age and gender

Most studies have found a much higher rate of work-
related fatal injury in men than in women. However, this
is probably mainly a result of differences in the type of job
Table 1 Main focus of studies on work-related fatal injury

General area Main focus

Industries Agriculture, chemical production, const
Occupations Commercial pilots, farmers, fishermen,

miners, truck drivers

Mechanisms of injury Falls, contact with fire, contact with ele
Involved agencies Aircraft, cranes, farm vehicles, farm ma

motor vehicles, overhead power lines

Injury type Alkali burns, electrocution, head injuries

Employment status Self-employed, temporary, bystander, v
Personal characteristics Age, race, migrant status

Human factors Error, fatigue

Deliberate injuries Homicide

Place of injury Roads, farms, factories
Specific injury

circumstances

Confined spaces, entrapment in grain s

Combination of factors
and other

Homicide in health-care workers; electr
age and falls; machinery-related fatali

in children; alcohol
(the occupation, specific task, and industry) performed by
them. Similarly, most studies have found that the rate of
work-related fatal injury is fairly constant until about the
age of 60 or 65, after which time the rate of injury increases
dramatically (see Figure 1). There are a number of plausi-
ble explanations for this finding, including older people
being more likely to be injured or to die from a given injury
than younger workers. However, it may also be partially
artifactual, resulting from undercounting in the number of
people at risk (i.e., older working people may not have been
properly recorded as part of the labor force). This is espe-
cially an issue for elderly farmers, who may continue to
work but not be recorded as workers in population surveys,
thereby producing an erroneously low denominator and a
correspondingly erroneously high fatality rate. There is
also a worrying number of deaths of young workers asso-
ciated with farm work.
Industry and occupation

Certain occupations and industries have been consistently
found to have a high rate of work-related fatal injury (see
Table 1). The occupations include commercial pilots,
loggers, fisherpersons, miners, truck drivers, and farmers.
High rates are commonly seen in the forestry and logging,
fishing, mining, agriculture, transport, and construction
industries. These high rates presumably reflect high risks
of exposure to serious hazards. It is usually more valuable
to examine occupation (what people do) rather than
industry (where people work), because the risks are usu-
ally similar in the same occupation regardless of industry
(e.g., truck drivers in the agriculture, manufacturing,
mining, and transport industries probably face similar
hazards and associated risks). In contrast, a single industry
usually comprises a range of occupations with very differ-
ent risks (e.g., an office worker, an electrician, a driver,
ruction, electrical distribution, fishing, forestry, mining, retail trade
firefighters, forestry and sawmill workers, merchant seamen,

ctricity
chinery, fixed plant, forklifts, hay bales, hazardous substances,

, power tools, tractors

, fatal injuries arising from farm hazards

olunteer

ilos, and logs rolling off trucks

ocutions in the construction industry involving portable ladders;
ties in the construction industry; farm and tractor-related fatalities
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Figure 1 Work-related fatal injuries by age. Rate (deaths/100 000/year) Australia, New Zealand, United States. (a) Australia, 1989
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and a painter all employed in the same construction com-
pany would generally face different hazards). Within each
area it is helpful to use as narrowly defined subgroups as
the data will allow. For example, the high rates for forestry,
mining, and structural steel laborers and fishermen/
women are hidden by the overall rate for the relevant
larger occupation group to which they usually belong
(‘Laborers and related workers,’ or something akin to this).
Mechanism

Vehicular incidents on public roads are often found to be
the most common single mechanism of fatal incident for
most occupation groups and many industry groups. Fall-
ing from a height, falling objects hitting persons, and
contact with electricity are other common mechanisms
seen across a number of different occupation and industry
groups (see Figure 2).
Place

Work-related fatal injuries in persons from particular
occupations or industries occur in many different places,
so a single place such as a farm or a mine is not a very
sensitive indicator of fatalities in specific occupations or
industries such as farming or mining. However, some
places are likely to have a high specificity for work-
related fatal injuries. For example, the vast majority of
nonsuicide fatal injuries occurring in mines or on farms
are likely to be related to work or work-related exposures,
but many injuries occurring to farmers do not occur
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Figure 2 Work-related fatal injuries: Mechanism of fatal incident by

mechanism for each industry are shown. Based on Driscoll T, Mitche

1989 to 1992: An overview. Journal of Occupational Health and Safe
on farms, and many injuries to miners do not occur on
mine sites. Motor vehicle incidents are usually the most
common single mechanism resulting in the fatal injury
of working persons, and it is not surprising that the most
common place for these fatal incidents is public roads
of some sort. However, many vehicle incidents also
occur in other workplaces, such as farms, trade areas,
and mines.
Cause of death

The cause of death is likely to vary with the circumstances
of the incident. So, although knowledge of the cause of
death is helpful when identifying opportunities for, and
approaches to, prevention, such information is best com-
bined with other relevant information. For example, in a
study of work-related fatal injury in Australia, mechanical
asphyxia accounted for 7.4% of all deaths and 7.9% of
workplace deaths. However, it was the cause of death in
45% of deaths involving persons being trapped by
machinery, 25% of deaths involving the rollover of mobile
mechanical equipment, and 17% of deaths involving per-
sons being hit by falling objects (Driscoll et al., 2001). This
type of information is important because such incidents
are potentially survivable if the person has not sustained
severe injuries. In many of these incidents, the worker was
working alone, and it is possible that the worker may not
have died if there was someone else nearby at the time of
the incident who could have freed the injured worker.
This has implications for the working procedures used
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in particular situations (e.g., whether persons are allowed
to work alone) and in assessing the possible usefulness of
systems for contacting someone in the event of an
emergency.
Alcohol and drugs

The role of alcohol and drugs in work-related fatal injury
is controversial. Most studies have found that alcohol and
drugs contribute in a meaningful way to about 5% of the
deaths of workers. Alcohol is probably a larger problem
than drugs, but the relative contribution is likely to vary
between working circumstances. For example, stimulant
use is likely to be more widespread, and more likely to
contribute to injury occurrence, in truck drivers than in
many other occupations. Since alcohol and drug use in
connection with work is potentially preventable through
appropriate education and other programs, alcohol and
drug use should be considered in occupational health and
safety (OHS) prevention programs.
Time of day

Most studies that have examined the time of day of fatal
incidents have found mid-morning and mid-afternoon
peaks. This has been seen across many industries (e.g.,
fishing, forestry, and mining) and reported by a number of
studies. It is likely that the main reason for this pattern is
that these are the times when the largest number of people
are working, implying that the risk to the individual
worker is no higher than at other times (unfortunately,
appropriate denominator data are rarely available, mean-
ing that rates can’t be calculated). An alternative explana-
tion, which might make some contribution, is that the
peak times may be when the activities are more compli-
cated or interact more, when people are becoming
fatigued several hours after the last break or meal, when
people are anticipating a break, or some combination of
these or other factors. For other industries, such as the
transport industry, the time of the fatal incident is usually
more evenly spread across 24 hours, presumably reflect-
ing the fact that the transport industry functions at a high
level at most hours (see Figure 3). However, it should also
be kept in mind that fatigue appears to be an important
problem in long-distance truck drivers, and so higher
relative frequencies of incidents occurring overnight
might reflect a much greater risk for drivers during
these early morning hours, with fatigue and darkness
plausible explanations for this.
Diseases

As for injury, published studies of work-related fatal
disease may include all work-related disease deaths or
focus on particular diseases such as cancer, heart disease,
infectious disease, neurological disease, and so on. Studies
have also focused on particular regions, industries, occupa-
tions, and exposures.

Disease types

On a global basis, malignant neoplasms, communicable dis-
eases, circulatory diseases, and respiratory diseases are the
main causes of work-related fatal disease (Driscoll et al.,
2005a; Hamalainen et al., 2007). In the WHO Comparative
Risk Assessment project (which could not include a consid-
eration of communicable diseases and some other diseases
because the global data were inadequate to allow the Com-
parative Risk Assessment methodology to be applied), the
main causes of disease mortality were found to be chronic
obstructive pulmonary disease (59% of occupational disease
deaths), lung cancer (19%), mesothelioma (8%), asthma
(7%), coal workers’ pneumoconiosis (3%), silicosis (2%),
asbestosis (1%), and leukemia (1%) (Concha-Barrientos
et al., 2004).

Age and gender

Fatal occupational disease is nearly exclusively a problem
of older and retired workers, apart from deaths from
communicable disease. This is because the conditions
likely to prove fatal usually have a long period between
exposure and when the condition becomes evident. As
with injury, rates of most types of work-related fatal
disease are much higher in men than in women, and this
almost certainly reflects the type and level of their respec-
tive exposures at work. One exception to this is commu-
nicable diseases, which are estimated to be much more
common in women than men as a cause of work-related
mortality, especially in developing countries where
women work in occupations with a high risk of exposure
to infective agents (Hamalainen et al., 2007).
Industry and occupation

Certain occupations and industries have associated
harmful exposures that significantly increase the risk
of developing a condition that leads to premature death.
High-risk exposures that have been a major problem
in the recent past include asbestos (in mining, manufactu-
ring, and construction), silica (mining and construction),
benzene (manufacturing), chlorinated organic solvents
(manufacturing), and pesticides (farming). Most of the
more obvious causative exposures that typically caused
cancer or severe lung disease are now well-controlled in
the majority of workplaces in developed countries, but
control is still poor in many developing countries and is
not always optimal in developed countries. In addition, less
obvious issues have been recognized, such as the balance
between job demands and job control, that have been
found to be associated with the development of ischemic
heart disease and, because ischemic heart disease is so
common, to result in a considerable number of work-
related deaths.
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Nonfatal Injury and Disease

Injury

The connection between fatal and nonfatal injury
The circumstances surrounding fatal work-related inci-
dents are probably representative of the circumstances
surrounding many major nonfatal injuries and probably
many minor injuries and near misses, but appear not to be
representative of all injuries. For example, certain nonfatal
injury types such as injuries of the back from sprain/
strain, overuse injuries of the limbs, and simple cuts
from hand tools rarely cause death. However, for many
other injury circumstances, it is probably just a matter of
chance as to whether the affected person is killed, injured,
or just involved in a near miss. Common examples of this
include most electrocutions, falls, and drowning, as well
as most injuries resulting from motor vehicle incidents
or the use of fixed or mobile mechanical equipment. In
addition, for the vast majority of nonfatal injuries, there is
little or no useful information recorded by the workplace,
and even fewer nonfatal injuries are investigated by OHS
jurisdictions and/or the police. Even where incidents are
investigated, the data are usually not available in a form
that facilitates systematic study. Therefore, more is known
about fatal injury, and the study of fatal injury also pro-
vides information on factors that are relevant to many
nonfatal injuries.

Lost time injury measures (which count injuries that
result in one or more days off work) are commonly
used to monitor levels of OHS. However, the measures
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are open to manipulation and subject to deliberate or
unintentional variations in reporting efficiency, making
interpretation and comparisons more difficult. In contrast,
deaths are hard to cover up or ‘lose.’ Also, although both
fatal and lost time injury end points can have some defi-
nitional problems, with death these problems are on the
margins, whereas with nonfatal injury the definitional
problems can be of major importance.

One consistent difference is in the relationship to age,
with the rate of nonfatal injuries being highest in young
workers. Much of this difference is probably due to the
varying risks faced by workers of different ages, but higher
rates have still been found even when differences in job
characteristics are taken into account.

The study of nonfatal injury and fatal injury should be
seen as complementary. For year-to-year measures within
a company or small industry group, nonfatal injury (or
some form of process measure) is the appropriate out-
come to use. Whether this outcome is defined further as
the lost time injury rate, or in some other form, is less of
an issue. However, for national or international compar-
isons, for industry comparisons, for occupational compar-
isons, and for identification of common circumstances or
patterns associated with incidents that result in injury,
information on work-related fatal injury, usually obtained
from some form of coroner’s system, is the most reliable
form of data to use to monitor general levels of OHS
related to most forms of injury.
Common characteristics of work-related

nonfatal injuries

Studies of nonfatal work-related injury have a similar
focus to studies of fatal injury, except that there are few
studies at the international or even national level. As
mentioned, many serious nonfatal injuries are similar
in nature, character, and circumstance to fatal injuries,
but there are also some types of injuries that are rarely or
virtually never fatal. In addition, the identified character-
istics of work-related nonfatal injury depend considerably
on the working group being studied and the data source
being used (e.g., workers’ compensation data, hospital
emergency department data, hospital admissions data, or
data from a specific cohort of workers). Key aspects
of nonfatal injuries that differ from fatal injuries are that
the common injury types across most industries are lacer-
ation, fracture, or sprain/strain of the hands (including the
fingers) and injuries to the eye, most commonly by foreign
bodies. In some industries and occupations, sprain/strain
of the back is also common. Common characteristics of the
circumstances associated with these injuries are using
powered or nonpowered tools (hand and eye injuries)
and manual handling of heavy objects or working with
repetitive or awkward postures.
Disease

The connection between fatal and nonfatal
disease

Many of the causative exposures and exposure circum-
stances leading to fatal disease can also lead to nonfatal
disease, either resulting in the same condition or related
conditions. For example, exposure to asbestos can lead to
malignant mesothelioma, which is nearly always fairly rap-
idly fatal; lung cancer, which is often fatal but not always so;
and asbestosis, a fibrotic disease of the lung that can be fatal
but more commonly isn’t, although it can result in severe
disability due to respiratory disease. Exposure to ultraviolet
radiation can lead to malignancies of the skin, which are
more commonly not fatal than fatal. There are a wide
variety of occupational exposures that can cause or exacer-
bate the symptoms of asthma, the severity of which can
vary between mild, debilitating, or even fatal. Dermatitis
due to work exposures can be mild or very debilitating but
is very rarely fatal. Much disease related to work, whether
fatal or nonfatal, is hard to identify as being work-related
because of the long latency between exposure and disease
diagnosis, and because most diseases can be caused by
more than one exposure. The available records usually
provide better coverage of disease deaths than nonfatal
disease cases, especially in developing countries, but for
most disease types the connection to work is difficult to
establish regardless of the severity of disease. Therefore,
study of fatal disease deaths also provides information on
factors that are relevant to many nonfatal diseases, but
study of nonfatal disease is still necessary because some
diseases rarely, if ever, lead to death and the connection to
work is hard to identify for disease deaths. As for injuries,
the characteristics of work-related nonfatal disease depend
considerably on the working group being studied and the
data source being used. Respiratory disease, ischemic heart
disease, musculoskeletal disease, noise-induced hearing
loss, and dermatitis are key nonfatal diseases, with the
latter three in particular not a feature of fatal work-related
disease. As indicated by the global estimates, these diseases
result in a huge burden of work-related ill health.
Approaches to Studying and Obtaining
Information on Work-Related Injury
and/or Disease

Most of the studies of work-related fatal injury are essen-
tially cohort studies of the population of interest, with the
population being all working persons or subgroups of the
population identified by characteristics such as occupa-
tion, industry, age, or sex. However, other approaches have
been used (e.g., case-control studies, capture-recapture
studies, and proportional mortality studies) or could be
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used (e.g., case-crossover design). Sometimes the analysis
focuses on frequencies and percentages, but usually rates
are presented, at least at an overall level. Comparisons
are made on the basis of frequency, percent, and/or rate,
with the effect of multiple exposures of interest controlled
by stratification or exclusion. Other approaches have
included Poisson regression or other regression methods,
the use of standardized or proportional mortality ratios,
and the calculation of lifetime risk or years of life lost.

Disease studies commonly focus on individual worker
groups. Cohort approaches are often used, but case-control
designs, and to a lesser extent cross-sectional designs, are
more commonly used than they are for injury studies. The
main outcomes of interest are relative risks (or odds
ratios), standardized mortality ratios, proportional mor-
tality ratios, and DALYs, which have become a commonly
used measure in some settings. As mentioned earlier,
studies assessing burden commonly make use of the
population attributable risk approach. More detail on
these approaches is available in many good epidemiology
references (Rothman and Greenland, 1998; Checkoway
et al., 2003).
Data Sources for Identifying
Work-Related Injuries and Disease

In most developed countries and some developing
countries, routine data systems probably provide reason-
able coverage of severe and fatal injuries for the employ-
ees and industry sectors that they do cover (although
some underenumeration can be expected, even for deaths).
Disease deaths and serious disease cases may also be
recorded, although the routine systems rarely identify
the work-relatedness of an individual case. Cases recorded
by available data systems and reported to the WHO or
the International Labor Organization have been used as the
basis for estimating the global number of work-related
injury (and disease) cases. The main examples of useful
data sources are summarized here.
Death Certificates

Since a death certificate should be completed for all
deaths, death certificates form a potential source of infor-
mation on work-related injury and disease deaths if
information on the certificate is able to be used to identify
such deaths. This information is usually only of direct use
for injuries, unless the disease is of a sort that is explicitly
connected to work (such as coal workers’ pneumoconiosis
or silicosis). For injury, if work-relatedness is explicitly
coded, it is usually identified by a box that can be checked
if the death is related to work or occurs at work. The U.S.
National Traumatic Occupational Fatalities surveillance
system, which is run by the National Institute for Occu-
pational Safety and Health, is the best example of the use
of death certificate information for surveillance purposes.
Some information is coded, but most of the available
information is in narrative form. Although this has dis-
advantages, narrative information is very useful because it
allows searches to be conducted on a wide variety of
particular topics.

Death certificates provide a relatively low-resource
approach to work-related fatal injury surveillance.
Coverage of work-related deaths should not be influ-
enced by employment arrangement, job type, or marital
status, factors that by design or practice can exclude
deaths from being included in compensation systems.
However, there are limitations to the usefulness of death
certificates for injury. These include incomplete cover-
age, inconsistent information on certificates because
of the many different people involved in completing
them, lack of uniform coding of information provided
on the certificate, lack of relevant information on occu-
pation and industry of the person, and lack of detailed
information.
Workers’ Compensation Information

Information systems based on compensation claims usu-
ally have the advantage of reasonably up-to-date and
independently verified information, but the disadvantage
of deliberate limitations in the coverage of some workers
and the practical exclusion of some others. Examples
include the Berufsgenossenschaften in Germany, provin-
cial-based systems in Canada, and the National Data-Set
for Compensation-Based Statistics in Australia. All these
systems provide information on both injury and disease,
although injuries are generally better covered. For each of
these systems, and for other compensation systems, there
are concerns that the coverage is incomplete and that the
extent of this incompleteness is uncertain, although it is of
the order of 40% in Australia for work-related fatal injury
and probably is similar elsewhere (Driscoll et al., 2003).
OHS Authority Reports

Most countries have one or more state or federal govern-
ment occupational health and safety authorities that
investigate some work-related incidents and keep statis-
tics regarding them. These are a potentially very useful
source of information on work-related injury, since they
often contain detailed information. However, the infor-
mation provided by these agencies can have many short-
comings, being influenced by changes in administrative
policy, varying approaches to coding, and variable
coverage.
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A good example of work-related fatality surveillance
using information from official statistics held by OHS
authorities is the Reporting of Injuries, Disease and
Dangerous Occurrences Regulations (RIDDOR) system.
The RIDDOR data are used as the basis of information
published by the Health and Safety Executive (HSE) in
the United Kingdom. RIDDOR is based on notifications
to the HSE required by statute. Like most systems that
rely on notifications to OHS authorities, or investigation
by the OHS authorities, work-related deaths that are
covered by other agencies for the purposes of reporting
or investigation are not included within RIDDOR statis-
tics. These include deaths related to the supply or use
of flammable gas, most deaths related to marine fishing
and merchant shipping, fatal injury associated with
civil aircraft flight or with premises covered by the
relevant explosives act, and deaths arising from motor
vehicle crashes on public roads. Therefore, again like
most systems based on OHS notifications and inspec-
tions, the RIDDOR system covers the majority of
work-related injury deaths of workers, while probably
missing a substantial minority of those deaths. Some
information on bystander deaths is included, but cover-
age is probably poor.
Coroners’ Data

The advantages and disadvantages of using coroners’ data as
a source of information on work-related injury deaths have
already been mentioned. In brief, all injury deaths, includ-
ing those that are related to work, are due to some form of
external cause, and so can be expected to be reported to the
coroner (as required by law in most developed countries).
All deaths reported to the coroner are the subject of
some form of investigation, and the information collected
during a coroner’s investigation is often very detailed and
can contain useful information for descriptive and preven-
tive purposes. The size and completeness of the data
set allows patterns of circumstances to be seen that would
not be noticed when a more limited group of incidents was
examined; and the information contained in coroners’ files
is theoretically available to persons with bona fide reasons
for accessing it. Problems with using the coroners’ system
(or medical examiner system in some places in the United
States and Canada) as a source of information include a lack
of standardized classification and investigation approaches,
lack of mutually exclusive classification categories, incom-
plete coverage, lack of relevant information in the coronial
files, lackof a centralized file storage system, and reliance on
paper records. Some countries are moving to overcome
these difficulties by developing a computerized database
of all deaths reported to the coroner, although Australia
is probably the only country where such a system is
fully functional (Monash University National Centre for
Coronial Information (MUNCCI), 2001). The coroners’
system is not a good source of information on work-related
disease deaths because, with some minor exceptions, these
do not fall under the area of interest of the coroners’ system.
Coroners’ records have been most comprehensively used as
a source of information on work-related fatal injuries in
Australia and New Zealand.
Hospital Admissions

Many countries have begun collecting information on the
type and cause of hospital admissions. Some of these
systems use codes that identify a connection to work.
This is primarily of use for (nonfatal) work-related injury
cases, because the connection between work and disease is
often not recognized.
Emergency Department Presentations

Emergency department data systems are also increasingly
being used as sources of information on various types of
injury, including work-related injury, in persons that pres-
ent to emergency departments. Like the hospital data, the
emergency department systems appear to be of little use
as a source of information on work-related disease.
Multiple Sources

Some fatal injury data systems attempt to use information
from multiple sources. Probably the best of these is the
Census of Fatal Occupational Injuries (CFOI), which is
run by the U.S. Bureau of Labor and Industry and was
introduced in 1992. This system uses death certificate infor-
mation, but complements it with information fromworkers’
compensation reports, coroners, the Occupational Safety
and Health Administration, police, and the media.
A unique aspect of the CFOI system is that some follow-
up of surviving persons is undertaken. There is no equiva-
lent system collecting information on work-related disease.
Company Data

Data maintained by companies in personnel and job
assignment records are often used in studies to assess the
relationship of exposure to a particular disease outcome.
Exposure measures can be based on the duration of expo-
sure, the level of exposure, or some combination of the
two. Large-size cohort studies can be based on collection,
and a common analysis, of data from several companies
making the same products. The International Agency for
Research on Cancer has broadened these analyses to a
global level for a number of work-related (and other)
exposures, such as sulfuric acid mist, wood dust, man-
made mineral fibers, and formaldehyde.
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Surveys

Many countries conduct national or regional surveys that
include questions on occupational injuries and illnesses.
For example, the U.S. Bureau of Labor Statistics conducts
annual surveys of occupational injuries and illnesses, and
the Australian Bureau of Statistics conducts national
health surveys approximately every five years. Such
surveys are usually based on self-report.
The Press

Several studies have used press clippings and radio
reports as a source of information on work-related fatal
injury, but usually as an adjunct to other information
sources rather than as the primary data source. Some
information on work-related disease is available from
the press, but this is ad hoc and not amenable to use for
surveillance or other purposes.
Conclusion

Work-related injury and disease is a significant cause of
injury and disease at national and global levels. It is
important to obtain reliable information on the burden
arising from work, and the exposures leading to this
burden, in order to prioritize and plan appropriate inter-
ventions. Such interventions are considered in various
general texts (e.g., see Agius and Seaton, 2005).
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Background

This article provides an overview of the adverse health
effects caused by exposure to safety and health hazards at
work and briefly outlines approaches to reducing hazards
to promote workplace safety and health, all of which will
be explored in greater depth in other articles.

Although work has inherent hazards, working is fun-
damentally positive. It provides food, clothing, and shel-
ter, creates cities and transportation systems, and forms
the basis for human civilization. Work shapes society and
profoundly affects the person conducting it. To the extent
that workers gain income and other benefits, accomplish-
ment, and social engagement, they share in the positive
aspects of work. However, benefits to the individual and
to society must include the systematic development of
hazard identification and intervention to prevent the ill-
nesses, injuries, and loss of life that unfortunately continue
to characterize this important human activity.
Hazards

By definition, all work requires energy transfer and there-
fore generates hazards. The potential for hazardous expo-
sures to uncontrolled energy, as well as to chemical,
physical, biological, mechanical, or psychological stressors
is universal, recognizable, and preventable. The adverse
impact of human activity extends to nonoccupational
environmental settings as well, and is discussed elsewhere.

Safety hazards occur when there is opportunity for
uncontrolled energy transfer to a vulnerable worker.
Sources of energy may be kinetic, thermal, chemical,
electrical, or radioactive. These hazards are considered
to result in injury instantaneously, although that is actu-
ally a fairly loosely applied term. Injury outcomes may be
classified by type of injury sustained (e.g., burn, fracture,
etc.), by body part affected (e.g., back, head, etc.), by
source of injury (e.g. tractor, automobile, knife), or by
event (e.g., fire, transportation accident, contact with
equipment, falls, bodily exertion).

Health hazards typically occur over a longer period of
time and result in diseases rather than injuries, although
different classification systems use different terminolo-
gies. By convention, the major types of health hazard are
listed as follows:
. Biologic hazards include exposures to living organisms
and may or may not be communicable (readily trans-
mitted to others). Viruses, bacteria, fungi, rickettsia,
Chlamydia, protozoa, helminths, and now prions have
been demonstrated to produce occupational and envi-
ronmental illnesses. Toxins, which are large organic
molecules elaborated by living organisms, may be
included under the grouping of biologic hazard, but
more often are listed with chemical hazards. Workers at
higher risk of exposure to biologic hazards include
those who work with people (health-care workers,
child-care workers, laboratory workers), those who
work with animals (agricultural workers, laboratory
workers, zookeepers), those exposed to unfamiliar
pathogens through travel (business travelers, migrant
workers, military), those who work or live in large
groups (military recruits, college students), and those
who move soil (construction workers, farmers).

. Chemical hazards consist of synthetic or naturally
occurring chemicals that come in contact with the
skin, respiratory tract, or gut (or, rarely, through inocu-
lation). Chemicals may exert toxic effects by interacting
with a receptor site in these organs, by interacting
with receptor sites elsewhere in the body following
absorption, or both. Toxic substances, also called tox-
icants or xenobiotics, may be absorbed, distributed,
stored, metabolized, and excreted. Adverse outcomes
from exposure may be enhanced or reduced by meta-
bolic transformation, which primarily acts to promote
excretion of the toxicant. Exposure may be acute,
subacute, or chronic in duration, and outcomes may
be transient, persistent, cumulative, or latent. In addi-
tion to producing irritant, sensitizing or organ-specific
damage, specific chemical exposures may cause genetic
damage that may lead to adverse reproductive outcomes
or they may induce or promote changes that lead to
cancer.

. Physical hazards are measured through physics, and
include noise, vibration, temperature extremes, hyper-
baric and hypobaric atmospheres, and ionizing and
nonionizing radiation.

. Mechanical hazards or biomechanical hazards are the
most commonly encountered hazardous exposure in
most workplaces, and include sustained or repetitive
exertion that exceeds the individual’s capacity to recover.
Force, frequency, and posture contribute to the workload
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and determine the frequency of adverse musculoskeletal
outcomes.

. Psychological hazards are gaining recognition as
important predictors of cardiovascular status as well
as mental health outcomes. Hazard classification sys-
tems range from direct or indirect exposure to major
traumatic events to generalized or specific forms of
workplace harassment to factors related to work orga-
nization, such as work demands, control, and rewards.
Outcomes

Occupational exposures cause virtually all forms of acute
traumatic injury and an extraordinary range of diseases
affecting all major organ systems through most known
disease-producing mechanisms. Within this broad array of
health outcomes, the most prevalent outcomes result from
repeated exposures to hazards, including noise-induced
hearing loss, low back syndromes, upper-extremity muscu-
loskeletal disorders, acute local responses to skin exposures
(contact irritant and contact allergic dermatitis) and to
respiratory exposures (upper respiratory irritant and aller-
gic responses and irritant and allergic asthma). Occupa-
tional exposures alone or in combination with other
environmental or genetic factors produce cardiovascular
disease and stroke, adverse central nervous system out-
comes, liver and kidney disease, and a variety of cancers.
Furthermore, systemic poisoning caused by workplace
exposures may cause recognized illness and death or may
result in subtle population effects, such as slightly dimin-
ished IQ measures or slightly increased blood pressure
determinations as measured across a group.

Finally, both unemployment and the threat of involun-
tary loss of work adversely affect health and well-being
(Dooley et al., 1996), as demonstrated by the increased
mortality rates for middle-aged men in the newly
emerging states of the former Soviet Union as jobs
became insecure. A recent study from Finland suggests
that the threat of involuntary job loss has adverse effects
on men more than for women, as measured by prescrip-
tion medication usage for both psychotropic medications
and for all medications in the wake of job loss. Further-
more, this study demonstrated increased use of psycho-
tropic medications among co-workers who did not lose
their jobs, highlighting the importance of job security to
human well-being (Kivimaki et al., 2007). Ecologic studies
have identified community markers of increased cardio-
vascular mortality to include unemployment (Armstrong
et al., 2003). The widened gap between the health status of
employed and unemployed persons in minority commu-
nities in the United States may cause an exaggerated
healthy worker effect that obscures the impact of occupa-
tional exposures on health outcomes and that supports the
importance work plays in overall health.
Scope of the Problem

An accurate assessment of the global burden of work-
related illness and injury would require better surveillance
systems than currently exist in most countries. Recent
attempts to estimate the global burden of fatal occupational
injuries and illnesses suggest that workplace hazards cause
more deaths worldwide than either childhood illnesses or
infectious diseases (Hamalainen et al., 2006, 2007). By devel-
oping and applying attributable occupational fractions to
estimates of global diseases for seven major categories
(communicable diseases, malignant neoplasms, respiratory
system diseases, circulatory system diseases, neuropsy-
chiatric conditions, digestive system diseases, and genito-
urinary system diseases) Hamalainen et al. estimate that
two million work-related deaths occur annually, includ-
ing approximately 346 000 from traumatic injury. This
estimate includes higher rates of mortality from commu-
nicable diseases in India and China and a higher attribut-
able fraction of mortality from cardiovascular disease and
malignant neoplasms in developed countries with long-
er life expectancies that allow for diseases with longer
latencies to emerge.

Nonfatal work-related illnesses and injuries have enor-
mous economic consequences to the individual workers
and their families as well as to the employer and to society.
Beyond the economic impact of the estimated 264 million
nonfatal work injuries sustained each year is the emo-
tional toll on workers and family members, including
increased divorce rates, decreased school performance,
and increased rates of mental health disorders.
Globalization of Work and of the
Workforce

Downsizing, outsourcing, the globalization of industry,
and trade agreements that aim to reduce barriers to
trade, have radically transformed the production and dis-
tribution of goods and services over the past quarter
century and have created challenges for effective imple-
mentation of occupational safety and health protections.

Demographic changes in industrialized countries
include the aging of the endogenous workforce accompa-
nied by the inclusion of women in the paid workforce,
varying levels of integration of workers who would previ-
ously have been excluded, including those with physical
or mental impairments and preexisting diseases (such as
cancer survivors), and a dramatic increase in the use of
immigrant labor.

Labor migration is a global phenomenon. Within-
country migration may occur as a result of urbanization
and industrialization, or may result from development of
extraction industries in previously unpopulated areas.
Between-country migration is generally the result of a
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mismatch between job availability and worker location
and may involve highly skilled or unskilled labor. Adverse
health effects directly attributable to migration include
infectious diseases caused by unaccustomed exposures
and living conditions, diseases caused by social disruption,
and diseases that result from neglect. Workers who have
language difficulties may experience difficulties under-
standing instructions or safety training, may face overt
discrimination, or may be marginalized into exploitative
working arrangements. Migrant workers who lack docu-
mentation are less likely to seek regulatory protection
when these are available. The number of fatal occupa-
tional injuries to foreign-born workers in the United
States has risen significantly since 1995, as have numbers
of immigrants and rates of fatalities (Richardson et al.,

2003; Loh and Richardson, 2004). Foreign-born Hispanic
workers experienced a fatal occupational injury rate of 6.1
per 100 000 from 1996 through 2000, compared with rates
for U.S.-born Hispanic workers (4.5/100 000) and all U.S.
workers (4.6/100 000) that were one-third less. Of the
foreign-born Hispanic workers killed on the job, 69%
were born in Mexico.

The globalization of trade has led to significant tension
between the need to reduce trade barriers on the one
hand and protections for working populations on the
other. The tension between free trade agreements and
health and safety protections is not limited to occupa-
tional or environmental considerations. Concerns have
been raised about loss of jobs, particularly in subsistence
farming in developing countries, and the outsourcing of
manufacturing employment from industrialized countries
to countries with progressively lower wage structures,
generally accompanied by fewer safety and health
protections.

In addition to the international aspects of mergers,
downsizing and outsourcing, the emergence of significant
pools of informal or contingent labor within a given work-
site has a number of impacts. These create confusion about
authority and responsibility, which effectively leads to a
loss of attention to and control of hazardous exposures.

Contingent or precariouswork situations have increased
and cover a wide spectrum of working arrangements, such
as part-time work, temporary help, service employment,
employee leasing, self-employment, contracting out,
employment in the business services sector, day labor and
home-based work. A review of 27 studies exploring the
relation between temporary work and health outcomes
identified increased adverse mental health outcomes but
reduced sick absences, and identified different outcomes
based on the labor structure within the country studied,
suggesting greater adverse physical outcomes in countries
where the temporary labor force is more marginalized
(Virtanen et al., 2005). Quinlan and others have described
increases in precarious employment that is associated with
adverse health and safety outcomes (Mayhew and Quinlan,
1999; Quinlan et al., 2001). Contingent work arrangements
may diffuse employer responsibility; at worst, they become
undeclared work completely outside of formal government
oversight. Disorganization and economic incentives nega-
tively impact record-keeping for occupational illness and
injury. Benavides et al. (2006) explored the increased rate
ratio of fatal and nonfatal traumatic injuries among tempo-
rary workers in Spain and determined that these differences
were largely accounted for by occupation and by job tenure,
suggesting general safety and health measures and enhanced
workplace safety and health training as interventions.
Youth and Older Workers

The issue of youth at work has received attention inter-
nationally. The International Labour Organization (ILO),
a special agency of the United Nations, has adopted the
abolition of child labor as one of its four goals of the
Fundamental Principles and Rights at Work (Interna-
tional Labour Organization, 1998). In their recent publi-
cation, ‘‘Global Report: The End of Child Labour: Within
Reach’’ (International Labour Organization, 2006), they
reported progress over a 4-year period from 2000 to 2004,
with an 11% decrease in numbers of child laborers glob-
ally. They reported a 33% decrease in 5- to 14-year-olds
doing hazardous work. Areas cited for the most progress
were Latin American and the Caribbean, while sub-
Saharan Africa had made the least progress. In developed
countries, there are more likely to be laws, standards, and
regulations to protect youth at work, although enforce-
ment may be variable. In the United States, the Fair Labor
Standard of 1938, administered by the Department of
Labor, sets hour limits for workers younger than 16 and
restricts those under 18 from some hazardous occupa-
tions. However, these limits do not apply to youth
performing agricultural work and enforcement is variable.
Specific state laws may also apply to work hour and work
type limits. In the United States, a large proportion of
youth attending 7th and 8th grades (40%) and high school
(80%) report that they work (National Research Council
and Institute of Medicine, 1998). The largest proportion is
employed in retail (restaurants, fast food, grocery stores),
followed by the service sector, agriculture, and construc-
tion. It has been estimated that approximately 100 000 youth
require emergency room treatment for work-related injuries
each year. The nonfatal injury rate per 100 full-time equiva-
lents (FTE) is higher in youth than in adults (4.9 vs 2.8/
100 FTE), mostly occurring in retail and services sectors.
Fatal injuries, numbering approximately 67 annually, occur
disproportionately in agriculture/forestry/fishing and con-
struction (NIOSH, 2004a). The chief causes are transporta-
tion incidents, equipment, and assaults. Recommendations
from a recent report (NIOSH, 2004b) include better
surveillance and databases, coordinated action by the
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Departments of Labor and Education, and consideration
of changes to laws on work hours, hazardous work, and
agricultural work.

At the other end of life in some developed countries,
there will be more workers in older age groups because of
later retirement, economic necessity, longer life expec-
tancies, and the aging of the population bulge born
between 1946 and 1965. There are concerns that norma-
tive aging changes and underlying chronic medical con-
ditions may affect older workers’ ability to carry out
their work. Data from the Worker Health Chart Book
(NIOSH, 2004b) suggest that, although workers older
than 64 have lower rates of occupational injury and
illness than younger workers, the resulting morbidity
is higher, as measured by days away from work. The
rates of fatal injuries are roughly three times higher for
those over 64 compared with those aged 20–64. As
reported by the National Research Council and the Insti-
tute of Medicine (Wegman and McGee, 2004), needed
research areas include improved data (including data
on costs of occupational injury and illness in older work-
ers); targeted research on exposures, effects of chronic
underlying health conditions; and identification and
evaluation of interventions (including public policies,
job design, training, accommodations, and worksite health
promotion.
Public Health Approach

Occupational health is a public health discipline based on
the principles of assessment, intervention, and assurance,
with prevention as the goal. Primary prevention identifies
a hazard and either (1) prevents susceptible individuals
from becoming exposed to it (usually through engineering
interventions or substitution) or (2) strengthens the indi-
vidual, such as through immunization. Secondary preven-
tion identifies early evidence of a disease (usually by
screening) at a stage where intervention (such as by med-
ical treatment) can cure or prevent further progression of
the disease. Tertiary prevention attempts to reduce the
impact of illness or injury and associated disability, such as
through medical care, rehabilitation, or environmental or
workplace adaptation. All of these approaches require
effective communication and information-sharing among
a wide range of public health and health-care profes-
sionals. Areas of scientific expertise within public health
that may be brought to bear to prevent illness and injury
include industrial hygiene, epidemiology, safety, environ-
mental engineering, toxicology, occupational medicine,
occupational health nursing, sanitation, psychology, ergo-
nomics, health and safety educators, and the frontline
expertise of workers and managers. Within occupational
health care, screening and surveillance are directed
toward identification of health events or documentation
of early evidence for adverse health effects that have
already occurred. Both screening and surveillance can
lead to primary prevention measures: Screening, through
the early detection of disease or abnormality at a stage
when preventive action can reduce the likelihood that the
individual worker will develop an irreversible adverse
outcome, and surveillance, which is the use of grouped
data or sentinel events that can identify inadequate con-
trol measures that impact a group of workers, allowing
breaches in control to be corrected. Although the terms
are often used interchangeably, it is helpful to distinguish
screening as having the individual worker as the focus.
Medical screening seeks to identify asymptomatic
abnormalities in an individual at a stage when interven-
tion may prevent a clinically apparent adverse outcome.
The intervention may be preventive, such as removing
a worker from an exposure, or it may be therapeutic, as
with postexposure chemoprophylaxis for latent infection
with Mycobacterium tuberculosis. Criteria for effective
screening programs exist, and include the safety of the
screening tool and the intervention, the positive and neg-
ative predictive value of the tests (based on the prevalence
of the underlying condition as well as the test precision),
and the risks and benefits of any potential treatment.
Surveillance programs may include the same activities
as screening programs (for example, spirometry testing
for populations potentially exposed to respiratory
hazards), but the goal for surveillance programs is to
identify abnormalities that indicate an exposure problem
across the working population in order to attempt to
correct the exposure. Surveillance programs therefore
examine aggregated data to identify trends that suggest
problems in a working population even when no individ-
ual worker’s testing result reaches a threshold requiring
removal or treatment. Surveillance programs also incor-
porate the identification of outlier events that indicate
severe systems problems (sentinel events) in addition to
monitoring aggregate data.

Prevention requires a systematic approach, effective
communication, and constant feedback. In public health,
the steps include (1) gathering information about expo-
sures and outcomes (surveillance); (2) identifying pro-
blems; (3) developing, communicating, and implementing
strategies for improvement; and (4) evaluating the outcome
of the strategies.

Accurate data are critical to identify problems as well
as to shape interventions and to measure the effectiveness
of these interventions. Inaccurate or absent data challenge
the integrity of any occupational health system. Small
firms, which lack the resources and expertise of large
companies, have typically the highest rates of fatal trau-
matic injuries when compared with mid-sized or large
firms. Because reporting for fatal injuries is generally
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considered to be complete, the relationship between size
of firm and traumatic injury mortality rate (not numbers)
appears to be inverse and linear (see Figure 1).

However, the opposite is true for reported occupational
illnesses. These outcomes, which may include common
conditions such as asthma and dermatitis, often require
occupational expertise to be correctly recognized as
work-related. The virtual absence of reported occupational
illness among employees in smaller companies strongly
suggests failure to recognize or report and calls into ques-
tion the accuracy of existing surveillance mechanisms
(see Figure 2).

Several of the changes described earlier in this article,
including the increase in immigrant and contingent labor,
also impact data collection, as do systems that fail to
include verification steps or that encourage underreport-
ing. As an example, a U.S. Government Accountability
Office report in 2005 describing major changes in the
poultry and meat-packing industry over the past two
decades links the increase in contingent workers, who
now comprise fully one-third of workers in this industry,
with decreases in union representation and wages, an
increase in immigrant workers and in worker turnover
and a precipitous decline in reported illness and injury
rates, attributed to undercounting (U.S. Government
Accountability Office, 2005 (see Figure 3)).

In this report, the GAO raised concerns that the
steep drop in reported illnesses and injuries was due
to underreporting and that it may have been inadver-
tently encouraged by Occupational Safety and Health
Administration (OSHA) policies targeting industries
with high rates of self-reported illnesses and injuries for
potential inspection and sanctions without at the same
time providing meaningful third party verification of
reporting through adequate inspections. The GAO made
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recommendations to improve this data collection concern
through the following changes:

. Adjust the OSHA criteria for targeting work sites for
inspections and record audits to include sites with large
reductions over time (in addition to sites with high
recorded injury rates);

. Require multiple-year trend data and data on
subcontractors (including cleaning and maintenance
subcontractors);

. Require a common identifier.
Government Role

Like other public health functions, assuring occupational
safety and health requires government involvement in
both of the basic responsibilities of any government, to
provide services and to impose obligations. These respon-
sibilities may be shared by ministries of labor and health.
In the United States, the federal Occupational Safety and
Health Administration, within the U.S. Department of
Labor, has primary responsibility for establishing and
enforcing minimum occupational safety and health stan-
dards, although a number of other entities are also
engaged in this task for various segments of the workforce.

The Occupational Safety and Health Act of 1970
created the Occupational Safety and Health Administra-
tion (OSHA) within the Department of Labor and the
National Institute for Occupational Safety and Health
(NIOSH) within the Department of Health and Human
Services (then Health, Education and Welfare), sub-
sequently incorporated as part of the Centers for Disease
Control and Prevention. This division was created
to permit NIOSH to focus on research, but in some
ways it reflects the different cultures found within the
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International Labour Office and the World Health Orga-
nization. OSHA is the larger agency, although it remains
very small by comparison with other federal entities.
OSHA’s primary responsibility is to develop and enforce
regulations that protect workers, but it also provides tech-
nical assistance and consultation to business owners and
educational and training services to workers and man-
agers. NIOSH is approximately half the size of OSHA
and has responsibility for creating knowledge through
basic and applied research, training professionals, creating
the scientific basis for regulatory activity, and providing
technical assistance. Both agencies receive a fraction of
the funding provided to similar nonoccupational entities.
For example, OSHA’s budget is approximately 10% that
of the Environmental Protection Agency, and NIOSH
receives less than half the funding provided to the
National Institute of Environmental Health Sciences,
agencies that many scientists consider to be underfunded.

Because a number of states had already developed safety
and health programs prior to 1970, they were allowed the
option to continue to operate these programs, with addi-
tional federal funding, as state OSHA plans that take the
place of the federal program. To do this, states must have at
least as stringent rules as the federal OSHA and accept
responsibility for enforcement. Federal OSHA has a national
directorate that coordinates and facilitates communication
among all of the state OSHA plans, and the state programs
communicate through the federal regions. Currently 23
states and two territories have their own programs (four of
these cover public employees only).

http://www.gao.gov/docdblite/summary.php?rec=1&recflag=2&accno=A15498&rptno=GAO-05-96
http://www.gao.gov/docdblite/summary.php?rec=1&recflag=2&accno=A15498&rptno=GAO-05-96
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Because of constitutional and self-imposed limitations on
the power of the federal government, OSHA has no enforce-
ment authority over the following groups of workers:

. State and local government employees in federal plan
states;

. Federal employees (although they are covered by exec-
utive order);

. Family-owned farms, self-employed individuals.

Furthermore, OSHA is not able to enforce safety and
health standards when other branches of the federal gov-
ernment are responsible for safety, for example, in the
aviation industry.

Within the Department of Labor (DOL), OSHA is one
of many units that also include:

. Bureau of Labor and Statistics;

. Employment Standards Administration;

. Employment and Training Administration;

. Job Corps;

. Mining Safety and Health Administration;

. Employment Benefits and Security, Administrative
Law, Disability Employment, Women’s Bureau, Inter-
national Labor Affairs, etc.

These agencies share responsibility for data-gathering,
training, wage and hour regulations and enforcement, and
other activities that impact working life. The Mining
Safety and Health Administration most closely parallels
OSHA in its focus on safety and health. Although not
as directly impacted by many of the global factors
described above, the fragmentation of the mining industry
into smaller, less-often-unionized operations is a paral-
lel change that appears to be associated with a recent
increase in fatal traumatic injuries following nearly a
century of improved outcomes in this extremely danger-
ous occupation.

The OSHA standard-setting process is lengthy and
involves publishing an Advance Notice of Proposed Rule-
making, conducting public meetings and soliciting written
comments to a docket, issuing a proposed rule, holding
additional public meetings and soliciting additional com-
ments to a formal legal docket, limiting burdens to small
businesses through congressionally mandated protocols,
as well as following requirements for paperwork reduc-
tion. The purpose of these many steps is to assure that all
sectors of society have adequate input into the regulatory
process, yet despite all of this, each standard that is finally
promulgated is inevitably subject to immediate court
challenge. The contentious and very slow nature of the
process has been problematic since OSHA’s inception, but
has worsened over the decades.

OSHA’s regulatory history has been generally
substance-specific, dating from the initial adoption of
prevailing consensus standards to subsequent individual
standards:
. Asbestos – the initial exposure levels failed to address
carcinogenesis; although these exposure levels were
successfully reduced in subsequent standard updates.
Note that OSHA does not have the ability to propose
an outright substance ban; however, when the Environ-
mental Protection Agency, which does have the author-
ity, attempted to ban asbestos, the attempt failed legal
challenge. Efforts to ban asbestos have been successful
in other countries and a global effort is now underway,
with renewed attention in the U.S. Senate.

. Carcinogen Standard – adopted as a block of 14
chemicals, to date the largest grouping in a single
standard.

. Lead – provided the worker with medical removal
protection when blood lead levels exceeded certain
amounts (now generally agreed to be too high, because
the target levels have not changed as new information
has been developed over the years).

. Benzene – challenged in court, following which OSHA
was required to demonstrate significant risk (death or
adverse impact affecting approximately 1 in 1000 work-
ers) to justify lowered exposure levels.

. Vinyl chloride – this standard was allowed even though
it was technology forcing, requiring the industry to
develop new technology to reach the exposure limits
required.

. Ergonomics – the first regulation promulgated by the
executive branch that was rescinded by a specific act of
Congress.

While the existing OSHA standards have been
extremely important for reducing safety and health
hazards, the difficulty in developing and implementing
new standards has been problematic. An alternative
approach is the development of broader standards that
address larger issues. One of the broad concerns raised by
the occupational safety and health community was the
difficulty workers and their representatives initially faced
in identifying hazards in the workplace. In the early 1980s,
large coalitions of unions, firefighters, and community
groups raised concerns about the right to know about
hazardous chemical exposures in communities and work-
places. Because of the lack of response at the federal level,
efforts targeted enacting legislation at the state level,
based on an absence of information about the following:

. Workplace exposures, brand names, trade secrets;

. Community exposures, chronic or acute;

. Acute and chronic health hazards;

. Fire and explosion hazards;

. First aid and disaster response information;

. Appropriate preventive measures and personal protec-
tive equipment.

The disaster at Bhopal, India, in which thousands died
and many more sustained permanent respiratory and eye



Figure 4 Location where four workers died. From U.S.
Chemical Safety and Hazard Investigation Board (1998)

Investigation Report: Explosives Manufacturing Incident

(4 Deaths, 6 Injuries) Sierra Chemical Company, Mustang,

Nevada, January 7, 1998. No. 98-001-I-NV. http://www.csb.gov/
completed_investigations/docs/Final%20Sierra.pdf.
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damage when a runaway chemical reaction at a pesticide
manufacturing plant released a cloud of methyl isocya-
nate and other toxic gases onto nearby communities in the
middle of the night, galvanized public opinion. The facil-
ity was a subsidiary of the U.S.-based Union Carbide
Corporation, which had previously experienced a near
miss at its plant in Institute, West Virginia, which clearly
demonstrated the community’s need to know about haz-
ardous exposures. Congress subsequently enacted a series
of Right to Know laws (the 1986 Emergency Planning and
Community Right to Know Act, and subsequent provisions
of the 1990 Clean Air Act Amendments). Of interest, the
responsibility for developing worker training programs to
carry out hazardous waste clean-up was placed within the
research-orientedNational Institutes ofHealth, as an extra-
murally funded program through the National Institute of
Environmental Health Sciences (NIEHS), which funded a
series of education-effectiveness studies that helped drive
subsequent participatory education approaches that fos-
tered active learning, adult learning, and worker empower-
ment (McQuiston et al., 1994; Israel et al., 1998).

OSHA adopted a comparable standard, the OSHA
Hazard Communications Standard (29 Code of Federal
Regulations, 1910.1200), also in 1986. The purpose of the
OSHA standard, often referred to as Worker Right to
Know, is to ensure that the workers and employers are
informed about the hazards associated with all chemicals
produced or imported to U.S. workplaces. The standard
requires employers to provide comprehensive hazard
communication programs, which are to include container
labeling and other forms of warning, material safety data
sheets, and employee training. While the suppliers of
hazardous chemicals are required to provide labeling
and material safety data sheets, enforcement has chiefly
targeted the availability of this information in a given
worksite, rather than the quality of what the manufac-
turers or importers provide.

The information-sharing required by the standard is
important on a number of levels: Basic information about
adverse effects of specific exposures conveyed in a manner
that the individual is able to use is a form of empower-
ment. Health educators have developed and evaluated a
number of worker training programs that were supported
through a variety of federal assistance programs to target
hazardous waste workers and others in high-hazard occu-
pations. The engagement of workers and employers in
hands-on, active training programs, although not man-
dated by the standard, were evaluated in a number of
fixed industry settings and demonstrated to enhance
safety and health hazard identification.

Although the OSHA Hazard Communications Stan-
dard was a significant advance, problems persist in the
implementation and enforcement of complete programs.
Federal OSHA does not require that training take place in
a language understood by the trainee, for example, and
the quality of the information provided by the material
safety data sheets has often been substandard, without
quality checks.

In one example, the U.S. Chemical Safety Board inves-
tigated an explosion at the Sierra Chemical Company in
Nevada in 1998 (U.S. Chemical Safety and Hazard Inves-
tigation Board, 1998 (see Figure 4)). Workers had been
manufacturing blasting caps for construction using TNT
(trinitrotoluene), RDX (hexahydro-1,3,5-trinitro-1,3,5-
triazine; cyclonite), Composition B (TNT, RDX),
HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine),
and PETN (pentaerythritol tetranitrate). Four workers
died in the blast and others were evaluated at nearby
hospitals. Although the incident was initially treated as
a potential criminal investigation, it was quickly deter-
mined that a number of occupational issues likely played
a role, including evidence of chronic exposure in the
form of peripheral cataracts among the survivors and
the fact that workers were producing caps on a piece-
rate system, in addition to problems with procedures and
training. All workers had been Spanish-speaking, yet
safety training had been conducted in English. Because
Nevada is a state-plan state, its state legislature was
approached to address the problem and subsequently
passed a law requiring safety training to be conducted
in a language understood by trainees.

In other examples, problems identified with Material
Safety Data Sheets (MSDSs) include inadequate health
outcome and missing personal protective equipment
information. The death of an environmental chemist
who was an internationally known research professor
from dimethylmercury exposure provides a tragic exam-
ple: The Material Safety Data Sheet, mandated by OSHA,
only mentioned nonspecified gloves as a requirement for
handling the chemical. The researcher wore latex gloves,
which offered no protection; transdermal absorption of a

http://www.csb.gov/completed_investigations/docs/Final%20Sierra.pdf
http://www.csb.gov/completed_investigations/docs/Final%20Sierra.pdf
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lethal dose resulted in degenerative central nervous sys-
tem disease and death within 1 year (Nierenberg et al.,

1998). As part of an OSHA inspection, the university
who employed her and the company selling the chemical
were required to conduct the research needed to identify
appropriate protection.

Inadequate or incorrect MSDS information has been
demonstrated for flammability of waste products and for
health hazards such as asthma or fertility impairment.
Global harmonization efforts may improve standards,
especially to the extent external verification is included.
Generic Safety and Health Programs

The team approach to safety and health training that
includes both worker empowerment and management
commitment has been demonstrated through a variety of
research and voluntary programs to reduce adverse out-
comes. The International Labor Office includes compre-
hensive programs in the definition of safety and health
programs, incorporating policy, training, implementation,
and documentation and review as an integrated whole,
similar to the systems approaches used to verify processes
in industrial manufacturing (Alli, 2001). Successful com-
prehensive programs have been shown to reduce back
injuries among orderlies in an urban hospital, dermatitis
among manufacturing workers, and sharps-related inju-
ries among health-care workers (Evanoff et al., 1999;
Gershon et al., 2000; Held et al., 2002). Unfortunately,
this constitutes OSHA’s Missing Standard: Generic
Health and Safety Programs. Although there was a
belated attempt to develop what many believe should
have been the first generic standard in 1989 with an
advance notice of proposed rule making, after more than
10 years, this draft standard was removed from OSHA rule
making. It would have relied on the concepts used in
voluntary programs: Complete programs with quality
improvement aspects. These require data, transparency,
and participation and are based on a systems approach
similar to ISO 14 000. The OSHA failure reflects the
failed ISO 15 000 attempt, which was derailed by national
and international political and economic challenges.

OSHA’s Proposed Generic Safety and Health Standard
would have included the following components (note
there was no provision for medical surveillance, which
was initially proposed as a separate entity, which also
failed):

. Management leadership and participation: Establish the
responsibilities of managers, supervisors, and others for
managing safety and health; provide authority, informa-
tion, and training commensurate with responsibilities;
identify individuals to receive reports and initiate
corrective action.
. Employee participation: Ongoing, effective communi-
cation, employee involvement, reporting and recom-
mendations, with prompt employer response.

. Hazard assessment: Inspect the workplace and review
available safety and health information, conduct inci-
dent investigations, utilize checklists, and document.

. Hazard prevention and control: Identify hazards in new
equipment, materials and processes, prioritize all
hazards based on their seriousness and track progress
in controlling them.

. Training program: Include nature of hazards and how
to recognize them, employer controls, employee pre-
ventive measures, and emergency procedures.

. Evaluation of program effectiveness: Must evaluate pro-
gram and revise the program to correct deficiencies –
this requires accurate data.

The absence of generic safety and health programs is
particularly felt in small businesses. The use of a systems
approach to health and safety as a marker of high organi-
zational performance may also serve as a marker of effec-
tive performance overall. Evidence of the reverse is
certainly true, that poorly performing companies perform
poorly across the board. Poor middle management and an
absence of corporate leadership in health and safety
at Hudson Foods resulted in one of the largest OSHA
investigations for ergonomic hazards in the history of the
agency. Before citations could be settled, however, the
firm became subject to the largest recall of tainted beef
in the history of the United States and was subsequently
taken over by another corporation.

One of the main concerns in developing a meaningful
generic safety and health program, however, is that the
emerging issues that include worker characteristics
(migrant, undocumented, older, and younger workers, all
of whom may be hesitant to access formal protections),
working arrangements (informal, contingent, precarious
arrangements), or workplace characteristics (size, type of
industry) threaten a race to the bottom in which poor
performance is temporarily rewarded, damaging both data
and program integrity.
Role of Organized Labor

Organized labor has had an important role in workplace
health and safety. A 2002 report cited evidence of a union
effect on occupational health and safety in Canada,
Britain, and the United States. This effect was a reduction
in workplace injuries related to union-supported health
and safety committees at work (Brown, 2002). One of the
four aims of the ILO’s Fundamental Principles and Rights
at Work is implementation of freedom of association and
the right to collective bargaining. In the United States,
organized labor has played an important role in
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advocating and establishing most occupational health and
safety regulations, including the OSHA Act of 1970 and
OSHA standards, the Coal Mine Health and Safety Act of
1969, the Mine Safety and Health Administration, Bureau
of Labor Statistics and the Census of Fatal Occupational
Injuries (AFL-CIO Safety and Health Department, 2003).
The United Automobile, Aerospace and Agricultural
Implement Workers of America (UAW) Union has jointly
sponsored research and training with the automobile
manufacturers General Motors, Chrysler, and Ford.

In light of the positive historical role organized labor
has played, particularly if it is able to improve transpar-
ency and address the needs of marginalized working
populations, it may yet supply the balance toward safety
and health currently missing from the globalizing
workplace.
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Definition and Scope

Occupational injuries are defined by Hagberg et al. (1997)
as any damage to the body by energy transfer during work
with a short duration between exposure and the health
event (usually less than 48 h). Occupational injuries are
distinct from occupational diseases in that they are caused
by acute exposure in the workplace to physical agents
such as mechanical energy, electricity, chemicals, and
ionizing radiation, or from the sudden lack of essential
agents such as oxygen or heat. Examples of events that can
lead to worker injury include motor vehicle crashes,
assaults, falls, being caught in parts of machinery, being
struck by tools or objects, and submersion. Resultant
injuries include fractures, lacerations, abrasions, burns,
amputations, poisonings, and damage to internal organs.

The definition of work relatedness varies among agen-
cies, data sources, and countries. In addition to the
common definition of ‘working for compensation,’ other
situations such as working in the informal economy, chil-
dren working for a family business or farm, volunteer-
ing, performing domestic duties, and commuting to and
from work are inconsistently included in definitions of
working. Variations in how occupational injuries are
defined and recorded make global estimates and interna-
tional comparisons difficult and inexact.

Yet there is no question that occupational injuries are a
serious public health problem. Concha-Barrientos et al.
(2005) estimate that over 300 000 workers worldwide die
each year from occupational injuries. Globally, appro-
ximately 3.5 years of healthy life are lost per 100 000
workers each year due to injuries at work. Occupational
risk factors account for an approximate 9% of the global
burden of mortality from unintentional injuries (exclud-
ing injuries from violence).
Occupational Versus Nonoccupational
Injuries

Many injury causes that are common in the workplace
are also common in other environments. Transportation
events, violence, falls, and being struck by objects are
examples of injury causes that are common in multiple
settings. Others are more common to the workplace, such
as machinery, electrocutions, and explosions. Strategies
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for reducing and preventing injuries in multiple settings
include changes to the environment (such as changes
in roadway design), regulatory policy (such as specifying
product safety parameters), and educational approaches.
While broad injury prevention measures, such as those
focused on improving roadway safety, reduce the risk
of injury and death to the general public, these counter-
measures may also help improve workplace safety.

Research on occupational injuries has relevance in
other settings for several reasons: Common methods,
risks, and prevention strategies; overlap between work
and non-work tasks and environments; and the advantage
of work settings as natural laboratories for testing and
evaluating injury prevention strategies.

Studies that elucidate risk factors and develop and
evaluate effective intervention strategies in one setting
can often be applied in others. For example, motor
vehicles are the leading cause of injury-related death
worldwide, and the leading cause of work-related injury
deaths in most, if not all countries. Interventions that
were developed to prevent injuries to the general
public, such as seat belts and air bags, also prevent
injuries and deaths among those for whom the vehicle
is the workplace. In fact, they may be even more effec-
tive in this context because their use may be more
enforceable by employers. Conversely, prevention efforts
developed specifically for truck drivers and other trans-
portation workers, such as back-up sensors and collision
warning systems, also provide protection to the motoring
public.

In some environments, the risks of occupational and
nonoccupational injuries are difficult to distinguish, such
as on farms where families both live and work in a
hazardous environment; in schools where students and
teachers alike are exposed to the growing risk of inten-
tional injuries; and in health-care settings where there
are similar risks for workers and patients. As a relatively
controlled environment, the workplace can provide an
ideal setting, a living laboratory for intervention evalua-
tion studies. Similarly, workplaces offer an opportunity
for widespread implementation of prevention technol-
ogies and strategies, and for studying and improving
dissemination and technology transfer strategies.

Finally, injuries in all settings and among all popula-
tions are complex events with multiple contributors that
require the application, knowledge, skills, and efforts
of many disciplines to understand and prevent them.
These multifactoral events require collaborative expertise
in multiple disciplines to effectively identify risk factors
and develop and implement prevention strategies. The
disciplines of epidemiology, social and behavioral sciences,
occupational medicine and nursing, safety sciences, ergo-
nomics, industrial hygiene, criminology, law enforcement,
architecture, and engineering all offer important expertise
to occupational injury prevention.
The Public Health Approach to Prevention

Over 50 years ago, the public health community began to
view injury as a public health problem, which could be
addressed much in the same way infectious diseases had
been for several centuries. The public health approach
to prevention is based primarily upon the science of
epidemiology: The study of the distribution and deter-
minants of health-related states or events in specified
populations and the application of this study to control
health problems. The public health approach to injury
research and prevention includes the following steps:

. Identify and prioritize problems through injury surveil-
lance;

. Quantify and prioritize risk factors through analytic
injury research;

. Identify existing or develop new strategies to prevent or
control occupational injuries;

. Implement the most effective injury control measures
through communication/dissemination/technology
transfer, and then

. Evaluate and monitor the results of intervention
efforts.

The public health approach begins with the collection
of data. Through surveillance, injuries are identified and
patterns of existing or emerging injury problems can be
tracked. Surveillance data enable the establishment of
prevention priorities, identification of areas where further
research is needed, monitoring of injury trends, and the
tracking of progress of injury prevention efforts.

After injury problems have been identified, analytic
research may be used to identify causal mechanisms
and risk factors that produce or contribute to injuries.
The next step is to identify existing or new strategies to
mitigate risk factors to prevent injuries. In some cases,
prevention measures are available but are not widely used.
In other cases, prevention measures do not exist or are
inadequate. Options may vary in effectiveness, cost, and
feasibility. This component of the public health model
may require the most multidisciplinary collaboration –
between engineers, epidemiologists, social scientists, and
others. Prevention measures can range from organizational
and administrative controls, including procedures and
training, to engineering controls and regulations. Assess-
ing the feasibility, effectiveness, and cost effectiveness of
promising prevention measures is a critical step in the
process of identifying prevention options. Prevention stra-
tegies must then be communicated and transferred to
those who can implement them in the workplace. Once
implemented, prevention measures and programs should
be evaluated to determine whether they are having the
intended effect.

The public health approach to occupational injury
prevention entails a multidisciplinary research approach
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on a continuum from data-driven problem identification
to workplace implementation of prevention strategies.
For some problems, the magnitude or risk is unknown
and surveillance is the necessary first step. For others, the
causes are known and intervention development or eval-
uation of existing interventions is needed. In other areas,
effective interventions are known and efforts to transfer
and implement are needed. The public health framework
allows research activities to be structured sequentially
from data-driven priorities to facilitating transfer and
adoption of research findings into the workplace.
Data Sources

There are a variety of occupational injury data sources.
Some governments have agencies that document occupa-
tional injuries based on reports from employers, employer
surveys, or insurance programs created specifically to
compensate workers with occupationally related injuries
and illnesses. There is considerable variability among
these available governmental data sources in terms of
the types of workers encompassed, work-relatedness defi-
nitions, and severity of injuries that are included. In some
governmental sources, only selected economic activities
are included, leaving out major high-risk sectors such as
agriculture or groups such as the self-employed. Some
sources require that a worker be absent from work for a
minimum period of time before the injury is recorded or
reported. Motor vehicle injuries to workers who drive as
part of their job, injuries while commuting, and workplace
violence are differentially covered. The informal work
sector is excluded from most governmental data sources
and underreporting is common among specific groups
and overall. It is important that users of occupational
injury data understand the limitations of the surveillance
system and the types of workers and injuries that are
encompassed in, or excluded from, the data. It is generally
recognized that governmental data sources underrepre-
sent the true incidence of occupational injuries. The
International Labour Organization compiles occupational
injury statistics from numerous governments and provides
information on methods used in each country. The varia-
tion in coverage is important to recognize and consider.

Additional data are available from government and
research agencies that are not focused on occupational
injuries, but include occupational injuries. When these
data sources include a means to specifically identify
injuries associated with work (for example, answers to
questions such as ‘injury at work?’ or indication of
payment for health care by workers’ compensation sys-
tems), these data can be used to study and report on the
incidence and patterns of occupational injuries. These
nonoccupational data sources are important for assessing
the burden of injuries in the workplace compared to other
settings, describing occupational injuries that may not be
captured by official government statistics, and providing
detailed data that might not otherwise be available in
occupational injury data sources. Examples of nonoccu-
pational data sources that may include data on occupa-
tional injuries are death certificates and registries, data
from hospitals and other health-care settings, health
surveys of the general population, data on transporta-
tion-related events, and data on violence and crime col-
lected by law enforcement agencies.

Employers, trade and labor unions, and research orga-
nizations are other sources of data on occupational injuries.
Some employers keep detailed records on occupational
injuries that can be useful for monitoring occupational
injuries in specific work settings and guiding workplace-
specific injury prevention efforts. Trade and labor unions
and research organizations use a variety of methods to
estimate, characterize, and track occupational injuries,
including survey methodology.
Causes and Risk Factors

Although the immediate cause of injury is exposure to
energy or deprivation from essential agents, injury events
arise from a complex interaction of factors associated
with the vector or vehicle that is the immediate source
of injury, the injured person or host, and the social and
physical environment. In occupational settings, these fac-
tors include physical hazards in the workplace or setting,
hazards and safety features of machinery and tools, the
development and implementation of safe work practices,
the organization of work, the design of workplaces,
the safety culture of the employer, availability and use
of personal protective equipment (PPE), demographic
characteristics of workers, experience and knowledge of
workers, and economic and social factors.

Figure 1 illustrates how occupational injury events
can be caused by multiple contributory factors.
Prevention Strategies

Over the years, a number of models for occupational
injury prevention have evolved. Two prominent and
complementary approaches are the Haddon Matrix that
uses a systematic approach to identify points of inter-
vention, and a hierarchy of controls, with an emphasis
on controls that minimize the role of human behavior.
Haddon Matrix

Haddon (1968) introduced the concept that injury cau-
sation was a chain of multifactoral events, each of
which provides opportunities for intervention. Haddon



Environment
Machine
(vector or
vehicle)

Worker
(host)

– Small business with informal procedures and training

– Farmer was elsewhere on the farm and the worker did not 
have direct supervision

– Cold weather necessitated need to warm-up tractor

– Machine function precluded guarding of moving machine 
parts

– Machine blades were black, a nonvisual color when in 
motion

– Did not include safety features that would de-energize the 
machine when the operator was out of the seat

– Inexperience with this task. While the 
tractor needed to warm up, there was no 
reason for the silage defacer to be on

– No formal safety training in this task

Figure 1 Example of multifactoral causes of an occupational injury. Incident circumstances were derived from a worker fatality
investigated by the New York State Department of Health. Adapted from New York State Department of Health (2005) Teenage Farm

Worker Dies During Silage Defacer Entanglement. Albany, NY: New York State Department of Health Fatality Assessment and Control

Evaluation (FACE) Program Report No. 05NY001.
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developed a widely used matrix in the injury prevention
field that facilitates an examination of different points of
intervention related to the human or host, vector or
vehicle, and the physical and social environment across
the time sequence of an injury event: Pre-event, event,
and post-event. TheHaddonMatrix is depicted inTable 1.
Haddon also proposed ten basic strategies for injury pre-
vention that have a number of similarities to the hierarchy
of controls approach.
Hierarchy of Controls

The hierarchy of controls model is a prioritized set of
prevention strategies, presented here in order of priority
as adapted from Barnett and Brickman (1986):

1. Eliminating hazards through design;
2. Using safeguards that eliminate or minimize worker

exposure to hazards;
3. Providing warning signs or devices to identify hazards;
4. Training workers in safe work practices and proce-

dures;
5. Using personal protective equipment (PPE) to prevent

or minimize worker exposure to hazards or to reduce
the severity of an injury if one occurs.

Three main categories of control strategies correlate
with the hierarchy of controls approach: Engineering con-
trols, administrative controls, and the use of PPE. Follow-
ing the hierarchy of controls approach, they can be viewed
as providing prioritized tiers of protection. Engineering
controls should be viewed as the primary tier of prevention.
Because it is not always possible to develop engineering
controls for all occupational injury hazards, administra-
tive controls are necessary and should be viewed as the
secondary tier of prevention. PPE should be viewed as
the third tier of prevention as PPE does not remove the
injury hazards, but provides a means to prevent or mitigate
the injury.
Engineering controls

Engineering controls, also known as passive controls,
involve eliminating hazards through design or applying
safeguards to prevent worker exposure to hazards. Effec-
tive hazard elimination and safeguarding are designed or
retrofitted into equipment, work stations, and work sys-
tems to provide protection without direct worker involve-
ment: Thus the term passive controls. An example of an
engineering control for the injury scenario in Figure 1
would be incorporating automatic shut-off designs into
the equipment so that when the tractor operator left his
seat, the silo defacer would de-energize. This would
eliminate the possibility for the machine operator to be
in close proximity to the machine’s moving teeth. There
would still be potential hazards for other workers who
might come into proximity of the energized machine
during operation and administrative controls would also
be needed to address these worker hazards.
Administrative controls

Administrative controls are management-directed work
practices or procedures which, when implemented con-
sistently, will reduce the exposure to hazards and the



Table 1 Haddon’s Matrix—tool to identify injury prevention strategies

Person (host) Vector or vehicle Physical environment Socio economic environment

Pre-event Is host predisposed or
overexposed to risk?

Is vector
hazardous?

Is environment hazardous? Does environment encourage
or discourage risk-taking and

hazard?

Does it have hazard

reduction features?

Event Is host able to tolerate

force or energy
transfer?

Does vector provide

protection?

Does environment

contribute to injury during
event?

Does environment contribute to

injury during event?

Post-event How severe is the trauma

or harm?

Does vector

contribute to the

trauma?

Does environment add to the

trauma after the event?

Does environment contribute to

recovery?

Occupational Injuries and Work Place Violence 653
risk of injury. They are sometimes referred to as active
controls because they require worker involvement to
be effective. Employer procedures for safely operating
specific types of equipment or performing specific tasks
are administrative controls. It is generally recognized that
employer safety procedures are most effective when for-
mal and written and when workers receive feedback on
their performance of the procedures. The use of warning
signs and devices is another form of administrative
control.

Administrative controls require worker involvement to
be effective and must be accompanied by efforts such
as training, to ensure that supervisors and workers are
aware of the controls and their responsibility to follow
them. In the injury scenario in Figure 1, the farmer
reportedly stressed to workers that the silo defacer was
not to be turned on until it was in position to be used in
front of the compacted silage. This would be an adminis-
trative control to minimize hazards to both the operator
and other workers. The absence of formal documented
safety procedures for the machine, limitations in the
training, and lapses in supervision may have contributed
to the ineffectiveness of administrative controls in this
case. The silo defacer had prominent signs instructing
workers to stand clear of the machine, but these signs in
and of themselves failed in preventing the entanglement.
Training

Training refers to methods to assist workers in acquir-
ing knowledge (safety information on potential work-
place hazards), changing attitudes (perceptions and
beliefs regarding safety), and practicing safe work beha-
viors (procedures specified by employers and equipment
manufacturers). Training programs should be based on an
assessment of training needs specific for the tasks the
worker will be performing. Unique characteristics of the
specific workforce must be considered when developing
or implementing safety training programs, for example,
language, literacy, cognition, and cultural issues. The
effectiveness of the training should be assessed and feed-
back provided to workers on their knowledge and skills.
Workplace safety training appears to be most effective
when it includes active learning experiences that stress
worksite application, and when it is developed and imple-
mented in the context of a broader workplace-based
injury prevention approach.
Personal protective equipment
PPE consists of devices worn by workers to protect them,
by reducing the risk that exposure to a hazard will injure
the worker, or the severity of an injury if one does occur.
Although the hazard still exists, the potential for worker
injury is mitigated by use of PPE. The use of PPE in
many work environments and situations is essential for
worker protection. However, PPE is usually viewed as
the lowest tier in the hierarchy of controls. If hazardous
exposures cannot be eliminated through engineering con-
trols or the application of administrative controls, then
PPE provides another opportunity for worker protection.
Figure 2 depicts a worker using forms of PPE, including a
hard hat to protect against falling objects. Other examples
of PPE include steel-toed safety shoes to protect against
surface hazards and falling objects, fall-restraint devices
to protect workers from injury during a fall, and respira-
tors to protect workers from hazardous and/or oxygen-
deficient atmospheres.
Combined application of controls

A comprehensive approach to worker injury prevention
efforts inevitably includes all tiers of the control hierar-
chy to achieve maximum worker protection. In most
work environments, a combination of engineering con-
trols, administrative controls, and PPE will be required to
have a complete and effective injury prevention program.
Roles and Responsibilities

Occupational injury prevention is not the sole responsibil-
ity of a single person or group. Employers, workers, gov-
ernment agencies, standards setting bodies, and researchers
each share in the responsibility for prevention.



Figure 2 Example of worker using forms of personal protective
equipment a hard hat and a high visibility vest. From NIOSH

Division of Safety Research files.
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Employers

Employers are responsible for developing a compre-
hensive safety program and effectively implementing
that program at the workplace. An effective safety pro-
gram will strive to identify hazards through job safety
analysis or other methods of systems safety analysis, and
eliminate or control identified hazards through the vari-
ous approaches previously described. An effective safety
program will include management commitment; written
policies and procedures that are monitored and enforced;
consultation with workers and their representatives; worker
training; and proper maintenance of vehicles, equipment,
and machinery. As part of a comprehensive safety pro-
gram, employers should require systematic reporting and
tracking of occupational injuries and assessment of this
information for corrective action to prevent similar occur-
rences. Trade associations (i.e., organizations that provide
support to and advocate for groups of like businesses) can
provide occupational safety guidance and resources to their
employer members.
Workers

Workers play a vital role in workplace safety. Workers
share the responsibility for complying with safe work
practices and policies, maintaining a safe work area, and
using appropriate PPE. Workers should also participate in
company-sponsored training. They should report unsafe
conditions for corrective action. As the experts in their
jobs, workers should be involved in systems safety analysis
and development of safe solutions. In many countries
there are requirements for workers and their representa-
tives, either through safety committee or trade and labor
unions, to be represented in decision making around
workplace health and safety issues. Trade and labor
unions have played key roles in identifying the need for
and advocating worker safety protections.
Government Agencies

Many developed nations have governmental agencies
with mandated responsibilities for occupational safety
and health. These responsibilities typically include devel-
opment and enforcement of standards and regulations
that specify conditions for safe work. Government regula-
tion of worker safety can be contentious; governments
frequently try to strike a balance of providing necessary
worker safety protections without unnecessarily bur-
dening employers. Some governments have agencies
with responsibilities that include collecting and reporting
occupational injury data and conducting occupational
injury research. These governmental agencies help ensure
that work conditions are monitored and that workers are
provided with safe workplaces. The United Nations (UN)
has two specialized agencies that address occupational
safety across countries, the International Labour Organi-
zation (ILO) and the World Health Organization (WHO).
The ILO was established in 1919 and became part of
the UN in 1946. The ILO formulates international labor
standards, including standards that address worker safety.
The World Health Organization, established in 1948,
promotes health and well-being, including research and
programs addressing worker safety.
Standards Setting Bodies

In addition to government agencies mandating standards
for worker safety, there are numerous other standards
setting bodies whose work impacts worker safety. These
standards setting bodies promulgate standards that cover
a multitude of hazards and address the work environment,
work practices, equipment, PPE, and worker training.
For example, there are numerous specifications, codes,
and guidelines that address safety concerns for machinery,
equipment, tools, and other materials. These standards
are frequently developed using a consensus approach
that involves various stakeholders and opportunities for
public input. It is important to note, however, that issues
related to setting standards or procedures to promote
safety are often contested, as they invariably relate to
the use of scarce resources, whether this be time, energy,
or inputs of other forms to promote enhanced safety in
the workplace. While not regulated or enforced, voluntary
standards can be effective prevention strategies as market
competition and labor or societal pressures often result in
widespread adoption and compliance. The International
Standards Organization (ISO) is a network of nongovern-
mental standards bodies, with participation of standards
setting bodies from 157 countries in 2007.
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Researchers

Researchers make contributions to workplace safety
through all steps of the public health approach. Research-
ers help identify the incidence, patterns, and trends
in occupational injuries, including important research
to identify injuries not captured in official government
statistics. Research is the key agent for identifying and
quantifying risk factors for occupational injury across
workplaces, including rigorously demanding research
to assess the role of work organization and culture.
Researchers develop occupational injury prevention
strategies and tools, including engineering controls, and
evaluate their effectiveness.
Table 2 Typology of workplace violence

Type Description

I Criminal intent The perpetrator has no legitimate

relationship to the business or its

employees, and is usually committing a
crime in conjunction with the violence

II Customer/ The perpetrator has a legitimate relationship
Research to Practice

Many different entities have the ability to, and respon-
sibility for, transferring workplace injury prevention
research to practice in the workplace. It has only been
recently that the scientific occupational injury prevention
community has recognized that the researcher must also
take responsibility for ensuring that the results of their
research are transferred to or toward workplace applica-
tion. Every research effort, from surveillance and basic
laboratory research to field and evaluation studies, must
have at least one appropriate recipient of the study results
who will carry out the next step in moving the new
knowledge or technology toward workplace implementa-
tion. It is imperative that researchers identify and involve
the appropriate recipients from the conceptual phase of
the study, both to ensure the relevance and applicability
of the research, as well as to ensure the results will
ultimately lead to workplace implementation and worker
injury prevention. There are various types of transfer
recipients, as well as methods for researchers to facilitate
the transfer of research results to practice. Examples
include translators of scientific information to worker-
friendly guidance or training materials; manufacturers
to develop and market safety technologies; regulators
and employers to promulgate new safety policy; con-
sensus standards bodies to develop or modify guidelines
and voluntary standards; trade and labor organizations,
including trade and labor unions, to advocate for and
promote new health and safety practices; and companies
to implement new technologies, processes, and practices
to prevent injuries among their workforce.
client with the business and becomes violent

while being served by the business
III Worker on

worker

The perpetrator is an employee or past

employee of the business who attacks or

threatens another employee or past

employee in the workplace
IV Personal

relationship

The perpetrator does not have a relationship

with the business but has a personal

relationship with the intended victim
Workplace Violence

Definitions and Classification of Typologies

The definition of workplace violence (WPV) varies
among agencies and programs (e.g., law enforcement,
public health, surveillance, and compensation and benefit
programs). All definitions include physical assault includ-
ing bodily injury inflicted by one person on another.
Definitions may include simple assaults (a law enforce-
ment definition) due to threat with a weapon. Some define
WPV to include verbal assaults or incivility, i.e., language
or actions that make someone uncomfortable in the
workplace.

Definitions of verbal assault may include bullying or
continued threats and harassment over a long period of
time. The U.S. National Institute for Occupational Safety
and Health (1996) recommends a working definition as
‘‘violent acts, including physical assaults and threats of
assaults, directed toward persons at work or on duty.’’

In addition to differing definition of workplace vio-
lence among agencies, the definition of jobs or work
relatedness associated with workplace violence also dif-
fers among agencies (Peek-Asa et al., 2001). Differing
definitions make it difficult to compare estimates of work-
place violence among different surveillance and research
study databases.

Table 2 presents a four-tiered typology for the cir-
cumstances of WPV (Peek-Asa et al., 2001). This typology
is frequently used to characterize WPV events and is
particularly useful for examination of WPV risk factors,
and for development and evaluation of targeted WPV
preventions in different industries. Type 1 is violence
associated with criminal intent that is usually associated
with a perpetrator committing a crime in the business
establishment such as robbery, shoplifting, or loitering.
Type II is violence to workers by customers, clients,
patients, students, inmates, and any persons for which
businesses provide services. A large proportion of type II
incidents occur in the health-care industry such as in
nursing homes and psychiatric facilities, where the vic-
tims are often caregivers. Other occupations that are fre-
quently victims of type II violence are police officers,
correctional staff, social service workers, and teachers.
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Type III violence is worker-on-worker violence, including
employer-on-worker and worker-on-employer violence. In
countries where employer-on-worker violence is a signifi-
cant problem, a distinction in surveillance programs should
be made between employer and co-worker violence. Type
IV violence is violence due to personal relationships such
as victims of domestic violence assaulted or threatened
while at work.
Extent of Problem – Why Workplace Violence Is
a Public Health Issue

WPV is a significant public health issue due to the large
number of workplace physical assaults, homicides, and
lost work time. Millions of workers are injured each year
during workplace assaults. The U.S. Bureau of Labor
Statistics reported that in the United States in 2002
there were 18 104 lost work days due to work-related
assaults and violent acts by persons. This is likely to be a
substantial underestimate and in most settings, especially
in less well-resourced countries, few if any data are
reported and/or recorded. Workplace violence has been
associated with stress and consequences leading to fatigue,
absenteeism, and job turnover. Work-related homicide
rates are highest among public safety and corrections,
the retail industry, and taxicab drivers. Work-related non-
fatal WPV injury rates are highest among health-care
workers such as nurses in psychiatric hospitals and
nursing homes, social service workers, elementary and
secondary school teachers, retail workers, bus drivers,
and in public safety and corrections.

In the United States, the vast majority (85%) of work-
place homicides are type I violence (criminal intent),
while only 3% of workplace homicides are type II vio-
lence (customer/client), 7% are type III violence
(worker-on-worker), which continues to be emphasized
by the media, and 5% are type IV violence (Peek-Asa
et al., 2001).
Role of Surveillance

The role of WPV surveillance is to provide data on the
number and rate of workplace violence with respect
to time, place, occupation, industry, and circumstances.
Surveillance helps identify high-risk workers and their
risk factors in order to focus resources for prevention.
Surveillance also provides data to evaluate the success
of prevention efforts by estimating the change in the
number and rate of WPV incidents over time among
high-risk occupations. Surveillance data systems have tra-
ditionally come from law enforcement crime reports,
labor statistics, workers’ compensation records, hospital
emergency records, and vital statistics records (coroner
reports, death certificates, and other sources).
Challenges persist in surveillance of both work-related
violent deaths and injuries caused by definitions of work
relatedness for work-related homicides, and the absence
of central reporting systems for nonfatal violent injuries
(Peek-Asa et al., 2001). Traditional sources for nonfatal
assaults such as workers’ compensation records, physi-
cians’ records, or employees’ reports often fail to capture
events related to violent crime that are not necessarily
linked to criminal activity. Police records may fail to
identify victims who are employees and therefore work
relatedness is difficult to ascertain. Additionally, nonfatal
events may be significantly underreported to authorities.
Risk Factors

Risk factors vary depending on the occupation and type
of violence. Two examples are discussed below, retail
workers who have a high type I homicide risk, and
health-care and social service workers who have high
type II and III nonfatal violence risk.

Late-night retail

The risk of robbery-related assaults is a problem in occu-
pations requiring the handling of cash such as among
retail workers. Additionally, female retail employees are
at risk of sexual assault, which occurs more often in
business establishments with a history of robbery and
frequently involves a female clerk alone in a store at night.

Risk factors for late-night retail robbery (OSHA, 1998)
include:

1. Contact with the public;
2. Exchange of money;
3. Delivery of passengers, goods, or services;
4. Working alone or in small numbers (pertains to taxicab

drivers but not small grocery stores);
5. Location of a store in high-crime areas or in close

proximity of an expressway;
6. Lack of natural surveillance due to poor environmental

design (e.g., poor visibility into the store from the out-
side, and outside the store from inside, high shelf height
providing places to hide and block visibility within the
store, no mirrors, noncentralized placement of cash reg-
ister, and easy access to escape routes);

7. Lack of administrative or work-practice controls (e.g.,
no training of employees in crime prevention, no cash
handling procedure to minimize amount of cash on
hand, no use of a drop safe to deposit cash, an employ-
ee providing resistance, or use of weapons during a
robbery;

8. Lack of security equipment (e.g., no bullet-proof enclos-
ures or closed circuit TV surveillance equipment).

Health care and social service

Lanza (2006) noted that violence in health-care settings,
particularly to nurses, is a problem internationally.
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Violence against nurses has been documented in the
United States, Europe, China, Japan, India, Africa,
Mexico, South America, New Zealand, and Canada.
Risk factors that predispose health-care and social
service workers to increased risk of assault (OSHA,
2004) include:

1. The prevalence of handguns and other weapons
among patients, their families, or friends;

2. The increasing use of hospitals by police and the cri-
minal justice system for criminal holds and the care of
acutely disturbed, violent individuals;

3. The increasing number of acute and chronic mentally
ill patients being released from hospitals without fol-
low-up care;

4. The availability of drugs or money at hospitals, clinics,
and pharmacies, making them likely robbery targets;

5. Unrestricted movement of the public in clinics and
hospitals and long waits in emergency or clinic areas
that lead to client frustration over an inability to
obtain needed services promptly;

6. The increasing prevalence of gang members, drug
or alcohol abusers, trauma patients, or distraught
family members;

7. Low staffing levels during times of increased activity
in psychiatric hospitals such as meal times, visiting
times, and when staff are transporting patients;

8. Isolated work with clients during examinations or
treatments;

9. Solo work, often in remote locations with no backup
or way to get assistance, such as communica-
tion devices or alarm systems or in high-crime set-
tings;

10. Lack of staff training in recognizing and managing
escalating hostile and assaultive behavior;

11. Poorly lit parking areas.

Prevention Approaches

Three types of WPV prevention strategies (legislative,
administrative and behavioral, and environmental design
approaches), are discussed in the following sections.

Legislative and regulatory approaches

Laws and regulations when enforced have worked to
increase compliance to administrative, behavioral and
environmental preventions and have resulted in reduc-
tions of robbery-related homicides and assaults in retail
and taxicab industries. Federal, state, or provisional or
local legislation when enforced can be a WPV deterrent.

Administrative and behavioral approaches

Runyan et al. (2000) defined administrative and behav-
ioral interventions as ‘‘those directed at altering man-
agement practices (e.g., pre-placement screening, staffing
patterns), worker practices (e.g., conflict management,
restraint and control strategies), or both, for preventing
workplace violence’’ (Runyan et al., 2000). Their definition
excluded interventions that focus on modifying the phys-
ical work environment, which is reviewed in the
next section. In their review of the literature, Runyan
et al. (2000) applied the Haddon Matrix approach and
categorized proposed administrative and behavioral inter-
ventions into pre-assault, during assault, and post-assault
events. Although a wide variety of administrative and
behavioral approaches to workplace violence prevention
have been suggested and are frequently employed in the
workplace, Runyan et al. (2000) concluded that few have
been adequately evaluated.

Environmental design approaches

For over 20 years, the approach to prevent type I robbery-
related assaults among retail workers in which taking
money is the primary motive has been crime prevention
through environmental design (CPTED). The CPTED
model has been well accepted and recommended by the
U.S. Occupational Safety and Health Administration,
made part of some state and local ordinances in the
United States, and is the basis of U.S. convenience store
industry guidelines.

The CPTED model recognizes that robbery risk can
be reduced by modifying the business environment
through application of four elements: Natural surveil-
lance, access control, territoriality, and activity support.
Natural surveillance includes increasing and balancing
internal and external lighting such that visibility into the
store is clear from the outside and vice versa. This creates
a fish-bowl effect to give potential robbers the perception
of being watched. These designs include central location
of the cash register; clear view of the gas pumps, parking
lot, and street from the register; clear view of the cash
register from the outside premises; no signs blocking the
windows; and clear view of all aisles, requiring low aisle
height and corner mirrors.

Access control refers to the number of entrances,
door placement, design of store to control customer
movement, and access routes off the property. Ease of
access and escape routes should be modified to increase
natural surveillance by fencing off escape routes requiring
exit from the parking lot in clear view of the register,
fencing off access to trash dumpsters, etc.

Territoriality includes location of the store within the
community, traffic flow surrounding the store, signs and
advertisements for the store, and design issues that
empower the employees over the perpetrators. Examples
are not locating the establishment near access to major
expressways and high-crime areas, and use of security
features to protect employees, such as bullet-proof glass
and pass-through windows, drop safes and cash mini-
mums, signage advertising cash limits, and camera and
closed-circuit TV systems to aid in capture of robbers.



Activity support includes features that increase the pres-
ence of customers and traffic flow in order to increase
natural surveillance.

Approaching Occupational Injuries and
Workplace Violence from Multiple Levels

Occupational injuries and workplace violence exert too
large a toll on the worldwide workforce. Improvements
require concerted and consistent efforts from multiple
parties and levels. Individual employers ultimately are
responsible for providing safe work environments. How-
ever, employer efforts need to be complemented by efforts
from organizations with overlapping interests, such as
trade unions and other labor groups, manufacturer
groups, standards setting bodies, government agencies,
and researchers. Particularly vulnerable workers and
those at differentially high risk merit attention. Some
such groups can be identified globally (e.g., young and
elderly workers, agriculture and construction sectors) and
some vary by country or region (e.g., informal sector,
unprotected workers, workers at risk of violence). There
is potential and value for cooperative and collaborative
efforts at the community, regional, national, and global
levels.
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Preventing occupational disease and injury, eliminating
hazards, and improving the quality of the working envi-
ronment is an essential component of public health and
preventive medicine. In industrialized nations, people
who are economically active spend about 40% of their
waking hours in the working environment. People in
developing nations may spend even more of their day
working and earning a more meager living. In general,
hours spent at work are the most active physically and
mentally. The work environment likely includes chemical,
physical, and psychosocial hazards that are either not
found or are present at much higher or more intense
levels compared to those exposures in the general com-
munity. Further, the work environment and the nature of
work itself may have ramifications beyond the workplace.
Indeed, conditions at work, like excessive stress or
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compromised health due to toxic exposures, may deter-
mine many of the qualities of life, health, and well-being
outside the workplace.

This article reviews statistical measures of occupa-
tional safety and health performance, and link these to
specific prevention programs. The approach is framed by
extensive experience in the manufacturing sector, and
especially the motor vehicle manufacturing sector, which
is the historical base of the discipline.

Manufacturing is an important generator of wealth and
well-paid employment, but it is only a fraction of the
world of work, and in the developed world, a declining
fraction. Sectors and occupations historically recognized
as ‘dangerous’ include construction, mining (perhaps best
understood as construction and excavation underground
in poorly ventilated spaces), transportation (including
warehousing), and agriculture. Newly emerging as sectors
with high risks and therefore opportunities for prevention
are the ‘high-risk service sectors,’ including health care
and social service agencies. Many service sector workers –
for example, hotel staff – perform activities found in
the home environment, except much intensified in dura-
tion, intensity, and pace, and performed within an author-
itarian work organization scheme. Finally, occupational
health and safety approaches based on the hierarchy
of controls are applicable to the vast array of clerical,
Table 1 Number and rate for disabling injuries and fraction of se

Industry NAICS code Total c

Private industry 1 2346
Goods producing 3940

Mining 21 90

Construction 1570
Manufacturing 2091

Automobile and light-duty motor

vehicle manufacturing

33611 40

Motor vehicle parts manufacturing 3363 104
Wholesale trade 42 801

Retail trade 44–45 1758

Automobile dealers 4411 167

Utilities 22 72
Financial activities 38 2

Educational services 61 105

Hospitals 622 629
Nursing and residential care facilities 623 666

Hotels and motels 72 111 196

Automotive repair and maintenance 8111 97

aCases with days away from work per 200000 hours worked, equiva
bSum of fractures, cuts, punctures, bruises, amputations, and multipl

includes strains and sprains associated with forceful contact).
cSum of sprains, strains, carpal tunnel syndrome, tendonitis, back p

overexertion).
dSum of heat burns, chemical burns, and all other natures (other

proportions as well as exposures to chemicals and stress).
technical support, professional, and managerial jobs and
environments that encompass nearly half the economy.
Table 1 presents the rates and natures of the recorded
disabling injuries in various selected sectors of American
private employment. The methodology and approaches
we describe below for the manufacturing sector can simi-
larly be employed for prevention and control to the risks
listed in the table.
General Statistical Measures of
Occupational Injury and Illness

In this section we provide a brief overview of the extent of
occupational illness and injury. Much of our focus is on the
United States, where conditions and production processes
are comparable to those in developed industrialized
nations worldwide. Both the nature of work, the distribu-
tion of jobs in various workplaces, the extent of exposure,
and the lack of regulation make it clear that these condi-
tions and exposures are much worse in developing nations,
but few reliable or comparable statistics are available.

In 2005 in the United States, according to its Bureau
of Labor Statistics (BLS), there were 4.2million nonfatal
injuries and illnesses in private industry (Bureau of Labor
Statistics, 2006). These workplace injuries and illnesses
lected natures for selected industry sectors, 2005

ases Ratea
Acuteb injury
fraction

MSDc

fraction

‘Other’d

nature
fraction

80 1.4 0.31 0.51 0.18
90 1.8 0.36 0.43 0.20

20 1.5 0.42 0.40 0.18

70 2.4 0.39 0.42 0.19
30 1.5 0.34 0.45 0.21

70 1.9 0.16 0.71 0.12

30 1.5 0.30 0.50 0.21
70 1.5 0.29 0.54 0.17

80 1.5 0.32 0.52 0.16

40 1.4 0.29 0.48 0.23

30 1.3 0.23 0.54 0.23
50 0.52 0.28 0.50 0.21

00 0.69 0.31 0.50 0.19

30 1.8 0.21 0.67 0.13
20 2.9 0.19 0.69 0.12

00 1.8 0.29 0.53 0.18

40 1.2 0.35 0.41 0.23

lent to cases per 100 full-time employees.

e traumatic injuries (mechanism presumed to be forceful contact;

ain, and pain (mechanism presumed to be repetitive motion and

natures likely includes acute and MSD incidents of unknown
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occurred at a rate of 4.6 cases per 100 workers among
private industry employers. Approximately 2.2million of
the reported injuries and illnesses were serious enough
that the worker was unable to perform his or her normal
duties; that is, they involved either days away from work,
job transfer, or job restrictions. This injury rate corre-
sponds to an incidence rate for cases with days away
from work, job transfer, or restriction of 2.4 cases per
100 workers. These rate data are, by design, underesti-
mates of the true injury and illness rate among workers
because they exclude incidents diagnosed among retired
or otherwise inactive workers. It is widely acknowledged
these data do not include occupational illness arising from
long-term exposure. Such conditions are simply neither
counted nor, for the most part, even recognized as attrib-
utable to occupational exposures.

Despite the fact that these official survey data are widely
thought to be undercounts (Rosenman et al., 2006) and
largely represent only acute injuries diagnosed by the
employers, they still result in substantial costs. In 2004,
the workers’ compensation cost of occupational injuries in
the United States was $87.4 billion, representing employer
expenditures of about $1.76 per $100 of labor cost, with
$1.13 per $100 going to actual wage replacement and medi-
cal care of workers. The balance of employer costs goes to
administration. When a worker does receive benefits, the
usual replacement in the United States is generally about
half the pre-injury wages. Of the costs to the employer, only
slightly more than half represents wage replacement, with
the balance going to medical costs (Sengupta et al., 2006).

Other data sources provide a more reliable idea of the
much larger impact of the working environment on health
than is revealed by workers’ compensation and official
occupational injury statistics. One such source is disability
insurance. Disability insurance covers costs associated
with incidents or illnesses that are not recognized as
‘related to’ workplace exposures or conditions, even if,
in fact, workplace conditions either caused or exacerbated
the condition. For example, a private insurance company
reported an incidence of 9.1 short-term disability claims
per 100 covered employees and concluded that of these,
one-third were musculoskeletal conditions. A substantial
fraction of these musculoskeletal conditions were likely to
be of occupational origin. They also reported that long-
term disability claims were filed at 0.36 per 100 covered
employees, and of these, one-third, again, were musculo-
skeletal, with a substantial fraction of likely occupational
origin (Leopold, 2004). Similarly, claims-based insurance
data from an industrial employer revealed approximately
a 20 per 100 incidence of claims, with approximately 50%
for musculoskeletal or injury causes.

Although health insurance claims are a difficult data
source to analyze for possible work-related disorders,
some specific databases have been identified that could
help elucidate the true work-related incidence of disease
and disability (Park, 2001; Reeve et al., 2003). When eval-
uating general disability insurance data, it is important
to keep in mind that the particular condition that has led
to the disability may not be the work environment. Rather,
it may be the case that the rigor of the work environment
requires a worker to withdraw from or delay return to
work after a non-occupational illness. Thus, occupational
exposures result in lost time, even if the initial incident
was not occupational in origin.

Some indications of the extent of chronic disease
related to employment can also be gleaned from epide-
miological studies, but often these are more difficult to
generalize from and true rates are not as readily calculable
as in claims-based data.
Analyzing Occupational Injury and
Illnesses by Categories

To devise methods of reducing the burden of illness
and injury arising from employment and the work envi-
ronment, it is essential to analyze patterns of disease out-
comes in ways that reflect the mechanisms by which the
injury or illness may have occurred. The three most useful
broad categories are industry classification, occupational
group, and health outcomes.

For industry classification, the BLS employs 20 major
categories of activity and many subcategories in the offi-
cial U.S. system for categorizing employment (the North
American Industrial Classification System, or NAICS).
A useful grouping for analysis by process type is:

. mining and extractive;

. construction;

. transportation;

. manufacturing;

. retail and wholesale trade;

. service (including health care and education);

. finance;

. agriculture.

For occupational groups, the BLS employs 36 major
categories. Job assignment groups have different spectra of
risks. For manufacturing industry, some useful groupings
of jobs categories are:

. skilled trades (maintenance, repair, installation,
service);

. mechanical material handling (powered industrial
trucks, cranes);

. other support (cleaners, production service);

. fixed production (machine operators and assemblers);

. clerical and technical;

. executive and professional.

For health outcomes, the BLS categories that are used
to describe the nature of the condition are not as useful.
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A more useful cause-oriented grouping combining both
nature of injury and gravity is:

. fatal or severe acute injuries;

. injuries and illnesses of lesser gravity;

. musculoskeletal disorders;

. short-onset chemical effects;

. chronic disease related to long-term chemical exposure;

. outcomes from psychosocial stressors.

It is important to realize that there is a great deal of
overlap between categories in actual practice. First, with
regard to health effects, it is very likely that a worker who
develops one kind of impairment may be simultaneously
exposed to several hazards and would, in any case, be
more susceptible to additional problems once any aspect
of his or her health has been compromised on the job.

Also, many types of jobs cross industry category lines.
For example, truck drivers are employed in the service
sector, in construction, in manufacturing, and in agricul-
ture, not just in transportation. Thus they face the same
risks as those of a transportation employer and in addition
are exposed to the particular hazards that are found in
their industrial sector.

Some of these employment categories are very broad.
For example, service sector job environments are quite
diverse and include two major and very different employ-
ment groups: health care and education services. Health
care itself is a very broad category that clearly encom-
passes many more opportunities for intense exposure to
injury and chemical and physical hazards, as well as unique
hazards in patient handling and infectious disease. Educa-
tional services’ physical hazards are less intense, but they
are not benign.Hazards in educational services can include
exposure to infectious agents; physical attack, even mur-
der; very poor indoor air quality; and extreme stress.

It is also important to recognize that the diversity of
the employed population may lead to differing levels of
risk in the various worker demographic groups present.
The differing risk may be a reflection of different suscept-
ibilities and physical characteristics, different types and
levels of exposure, or both. One typical breakdown of
worker demographics focused on vulnerability is:

. women;

. young workers;

. older workers;

. minority status;

. immigrant status;

. poverty status.

These demographic categories may not be particularly
useful for prevention or intervention. It is, in general, very
difficult to change the workers (and probably illegal to
try), and in any case, making the workplace safe for all
demographic groups qualified to work in it is the prefera-
ble approach. Often if different risks are observed
between workers in these categories, the differences
arise from substantially different employment patterns
and exposures on the job rather than from true inherent
differences among categories of workers. Indeed, studies
that have controlled for job characteristics and industrial
sector have generally found fewer differences based on
worker demographics. In addition, another practical prob-
lem is that vulnerable workers may be exposed to worse
working conditions and at the same time may have less
ability to ensure that their employment rights are intact.
Thus, ensuring that workplace rights and guarantees are
available to all workers, rather than creating separate
employment classes, is the means by which the workplace
can be made safer for all workers.
Contrasting Approaches to Prevention

In 1931, H.W. Heinrich published Industrial Accident Pre-

vention, and his approach became the dominant paradigm
for prevention of occupational injury (Heinrich, 1931).
Underlying his model was the assertion that 90% of
workplace injuries are caused by ‘unsafe acts’ – in other
words, the antithesis of a systems approach to accident
prevention. The concept and the canonically repeated
90% incidence became a mainstay of occupational safety
practice and theory. This proportion has never been ver-
ified in the published literature. The idea that unsafe acts
cause most accidents and injuries remains the conceptual
framework underlying the historical approach to health
and safety. Specifically, the unsafe acts theory posits that:

. accidents are caused by unsafe acts and operator error;

. accidents can be averted if employees are trained to
follow safety rules;

. employees should be motivated to follow safety rules.

In the 1970s, the quality movement, a new and con-
trasting approach to that of Heinrich and the ‘unsafe
worker’ conceptualization, was developing. In the quality
movement approach, occupational injury is viewed as
follows:

. Adverse effects are caused by the physical environment
and production system.

. Processes can be modified to avoid injuries and
illnesses.

. Workers can be trained to recognize hazards and sys-
tem failures.

. Workers can be motivated to participate in hazard
identification and abatement.

The quality movement is reflected in competing
approaches to injury prevention; the best known is the
Hierarchy of Controls (Rosenstock, 1996; Plog et al., 2002).
The hierarchy is an approach to modifying the environ-
ment in various categories in order to prevent injury and
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illness, rather than prescribing worker-behavioral modifi-
cation within an unchanging environment. The ‘hierarchy
of controls’ is:

. elimination;

. substitution;

. engineering;

. warnings;

. training and procedures;

. personal protective equipment.

The hierarchy of controls has been more readily recog-
nized in practice for chemical and physical health
hazards than it has for safety hazards. For example, most
modern safety practitioners will prefer higher-level envi-
ronmental controls for noise and chemical exposures, like
vibration damping, noise enclosure or fume capture tech-
nologies, to earplugs and respirators. The approach is far
less commonly applied to injury controls, where, in the
United States, safety rhetoric favors ‘working safely’
rather than extending the reach of safety devices and
guards. The hierarchy of controls, however, is much
more commonly practiced for injury control in the
European Union, where most experts agree that ‘unsafe
behaviors’ are best reduced by modifying the social envi-
ronment or work organization that causes and reinforces
such behaviors.
Generalized Elements of a Workplace
Health and Safety Management Program

The quality movement and other advances in the man-
agement and prevention of occupational safety and health
risks made it clear that a comprehensive safety and health
management system for abating workplace hazards and
improving protections was needed. In addition to the expan-
sion of the conceptual framework underlying accidents
from unsafe workers to more realistic systems approach,
the need for such a generalized program arose, in part,
because even full compliance with Occupational Safety
and Health Administration (OSHA) standards was less
than fully protective. For example, the majority of recog-
nized injuries arose from ergonomic hazards, for which no
OSHA standard exists. Further, even if exposures were in
compliance with the permitted exposure levels (PELs),
chemically related symptoms still would arise. Standards
that were developed to address key hazards, like machine
guarding, walking and working surfaces, and powered
industrial trucks, were incomplete and not specific on
allowed and prohibited conditions.

To respond to the perceived need for a comprehen-
sive safety and health management system, OSHA de-
veloped its Program Evaluation Profile (PEP), which
outlined the key elements in a management system
(Occupational Safety and Health Administration, 1996).
Later, an industry consensus standard entitled Safety and

Health Management Systems (Z-10-2005) was developed and
ratified under the auspices of the American National
Standards Institute (ANSI) (American Society of Safety
Engineers, 2007).

The elements of a workplace health and safety man-
agement program represented in this standard are gener-
ally recognized to be:

. management commitment and employee involvement;

. worksite analysis;

. hazard prevention and control;

. safety and health training.

Benchmarks for management commitment and
employee involvement are the demonstration that policies
and objectives of health and safety in the workplace are
established and communicated. There must be visible
involvement of top management, and employees must
be involved in identifying hazards and solving abate-
ment issues. Responsibility for safety and health must be
clearly assigned, and those assigned must have adequate
authority to meet their responsibilities. Managers, super-
visors, and employees are held accountable in the manage-
ment system, and program operations must be reviewed
at least annually.

The requirements for worksite analysis within the
health and safety management system include carrying
out a baseline survey of hazards and carrying out a change
analysis each time that any change occurs in the work
environment that has an impact on the existing occupa-
tional health and safety conditions. There must also be
ongoing job hazard analysis. Worksite analysis requires
that regular self-inspections and routine inspections be
made and that each employee know the appropriate per-
son to notify about hazards and how to make such notifi-
cation. There can be no reprisals for hazard notification.
An incident investigation mechanism must be in place,
and there must be an established means for analyzing any
injuries or illnesses that occur and are related to the
workplace environment.

Hazard prevention and control is the requirement that
hazards be controlled to the extent feasible and that safe
work practices be established that are based on the afore-
mentioned job hazard analysis. It is the obligation of
supervision to enforce and reinforce safe practices, but
such supervision must include fair disciplinary proce-
dures. In order to be in compliance with this aspect of
the standard, hazards must be identified and corrected in
a timely fashion and there must be adequate preventive
maintenance procedures in place and in practice to ensure
that already recognized hazards are controlled and that no
new hazards are inadvertently introduced. A prevention
and control program must include medical services. Mini-
mally, first aid and CPR must be available on every work
shift. There must be adequate preparation for dealing
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with emer gencies, and evacuation routes and eme r gency
numb er s mu st be promin ently displ ayed.

Benchm arks for adequate saf ety and health trai ning are
that emp loyees can explain how and why they do their jobs
saf ely. If emp loyees are required to us e per sonal pr otective
equipme nt (PP E), those emp loyees must be a ble to dem-
onstrat e kn owled ge a bout the appr opriate use, care, and
maint enance of their assigned equipme nt. Benchm arks for
super visor saf ety and health trai ning are that the super vi-
sor mu st be a ble to explain the r ules and pr ocedure s that
are in place, inc luding the trainin g and enf orcemen t
requirem ents. It is the obligatio n of manager s to be a ble
to explain the various levels of responsi bilities.
The Matrix Approach to Recognizing and
Controlling Safety and Health Hazards

Relative risks of disa bl ing occu pational injury, strati-
fied by occupat ional c lassificat ion, are shown in Table 2 .
The rate of dis a bling injurie s among material -moving
worker s is mor e than 20 times tha t of executives. Produc-
tion worker s, like assembl er s and mac hine operator s,
suf f er mor e than 10 times the disa bling injury rate. Ser-
vice worker s su f f er near ly 8 time s the rate, c lerical work-
er s suf f er 3 times the rate, and even prof essiona l worker s
suf f er twice the rate as the executive ref erence group.
These dif f erences imply th at any meas urement of saf ety
and health perfor mance in a workpl ace has to take occu-
pational mix into accou nt.

In Figure 1 we illustrate a job–outcom e matrix, a
useful tool for analyzing health outc omes and job c lasses.
This figu re illustrate s the combinati on for the manu -
f actu ring sector, but a similar matrix with perhaps dif f er-
ent categories can be create d for any ind ustry sector.
Simila r matrices have been develope d for jobs and expo-
sures. Such matrices are regu lar ly used in e pidemi ological
occupat ional health stud ies.
Table 2 Relative risk of disabling injury by occupational group, U

Occupational group Occupatio

Management, business, and financial operations 11–13

Professional and related 15–29

Sales and related occupations 41
Office and administrative support 43

Service 31–39

Farming, fishing, and forestry 45
Construction and extraction 47

Installation, maintenance, and repair 49

Production 51

Transportation and material moving 53

Number of cases with days away from work by occupational groupin

http://www.bls.gov/iif/oshwc/osh/case/ostb1661.txt (accessed Octo

Department Current Population survey. http//pubdb3.census.gov/ma
An Example of Application of the Matrix
Approach: Manufacturing Sector

Becau se of the great utility of the mat rix appro ach, we
illustrate its ap plication here with a manu f actur ing sector
example . The example combine s experien ce in a primar-
ily trans por tation equipme nt and metalworking manuf ac-
turing envi ronment w ith diver se other sector s where the
worker s were re prese nted by a sing le trade uni on with an
active health and saf ety pr ogram. This exam ple pr ovides a
framework for analyses of other sector s, for which there is
cur rently less pr actical experien ce that has been applied
to the matrix mode l. The reader is ref er red elsewhere for
fuller des cription of the processes and som e of the out-
comes in this sector ( Mi rer, 1998 ). The f atality data sup-
por ting these analyses have been colle cted and published
as well (Inte r national Union, 2006), and in this ar tic le we
link in, for the fir st time, the disa bili ty insuranc e data. We
present the mode l on an outcome by out come basis.

The mode l was framed by obser vations over many
year s of dif f erential outcome s acros s job assig nments.
Spec ifically, the rate for f atal injuries was very elevated
for the skilled trades (maint enance an d re pair worker s)
compar ed to producti on worker s at fixed station s (assem -
bler s and machine opera tor s). This dif f er ential risk was a
majo r driving force in prevention programs over deca des.

We now pr oceed to illust rate prevention progra ms for
various outcome s: f atal or severe acute injur ies; injuries
generally; mu sculoskeletal disorder s; shor t-onse t shor t-
duration chemical exposu re ef f ects; chronic expo sure
chem ical ef f ects; high-risk ser vice sector outcome s; and
outcome s from work-rel ated psycho social stres s.
Outcom e: Fatal or Severe Acute Injuries

Table 3 pr esents propor tions of f atal injurie s over a
23-year period, stratified on selected exposure categories.
We estimate that no more than 20% of hourly workers are
nited States, 2005

nal code Percent of workforce Relative risk

14.4 1.0

20.3 2.1

11.6 3.5
13.8 3.4

16.3 7.8

0.7 11.4
6.5 12.0

3.7 14.9

3.7 13.5

6.1 21.3

g from Bureau of Labor Statistics (2006) Disabling Injury Survey.

ber 2007). Employment by occupational grouping from Labor

cro/032007/perinc/new06_001.htm (accessed November 2007).

http://www.bls.gov/iif/oshwc/osh/case/ostb1661.txt
http//pubdb3.census.gov/macro/032007/perinc/new06_001.htm
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trauma 
Injuries generally
MSDs
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chemical effects 
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chemical effects 
High-impact 
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outcomes 
Psychosocial 
stress outcomes 

X X X

X
X

X

X

X

X

X

X

XX

Figure 1 Job class–outcome matrix for manufacturing.

Table 3 Fatal incidents in UAW-represented bargaining

units, 1973–2006, by selected occupational group, employer

type, and incident characteristics

Category 2006 1973–2006

Total 6 503

Occupational group:

Skilled trades 3 209 (41%)
Employer type:

Big three and sold units 2 327 (66%)

Other manufacturing 4 155 (30%)
Technical, office, professional or service 2 21 (3.9%)

Incident characteristics:

Roadway 3 16 (2.6%)

Cranes – rigging 2 16 (2.8%)
Fall 1 69 (14%)

Lockout-machine guarding 1 126 (26%)

Vehicles in work area 1 126 (26%)

Person lift 0 11 (2%)
Electricity 0 32 (6.6%)
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skilled trades. Since 41% of fatalities were skilled trades
workers, we calculate that the fatality risk is about four-
fold compared to the rest of the hourly workforce.

Skilled trades work involves installation, repair, and
maintenance of machinery, equipment, and building
structures, while production work does not. Thus, using
a job-matrix approach, it makes sense that these work
activities should be the focus for fatality prevention.
Among the health and safety interventions carried out,
an initial focus was energy lockout. Energy lockout
encompasses shutting off the power to equipment (and
also releasing stored energy) and then securing the energy
sources with individually assigned locks (lockout process)
before engaging in repair and maintenance activities.
(Sometimes a less effective ‘tagout’ approach is used, in
which the energy source is merely tagged to warn against
its usage.) The energy lockout approach is described in
the OSHA standard for control of hazardous energy
(1910.147). After experience with systematic application
of energy lockout, it has become clear that lockout should
be an integral part of machine guarding and control
circuitry, and it is now required by the OSHA machine
guarding standard (1910.212) and the national electrical
code (NFPA 79A).

Our analysis also shows that falls from heights to a
lower level are another major cause of death. Here, grav-
ity itself is the hazardous energy source. Unlike in the
construction industry, there is no fall prevention standard
for general industry. Therefore, it became necessary to
develop and launch self-designed programs to prevent
fall-related fatalities. The approach used was to blend fall
arrest equipment with the higher-level control of work-
place design. The program emphasized installation of
guardrails on maintenance platforms. This approach spe-
cifies implementation of the OSHA standard for walking
and working surfaces, and frames the new ANSI standards
for fall-prevention programs. The ANSI standard is an
example of how preventive approaches for one sector can
be generalized to other at-risk employment sectors.

Other major sources of energy that must be controlled
in order to prevent fatal injuries are material handling
equipment like industrial trucks, cranes, and other vehi-
cles in work areas. When a study was carried out in the
automobile manufacturing industry, researchers found
that obstructed aisles were strongly associated with
increased collision risk (Collins et al., 1999). The industry
formulated a program to clear the path of vehicle travel to
prevent collisions.

In summary, fatality and serious injury risk is asso-
ciated with maintenance, with work at nonstandard
locations, and with mechanical material handling. The
most fundamental corrective is to design and build
production equipment and the environment to eliminate
the problem. Designing for maintenance would also im-
prove reliability of production and reduce downtime and
waste. Effective design for maintenance will depend on
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involvement of employees, who will eventually maintain
and repair the equipment in the earliest parts of the
design phase.
Outcome: Injuries in General

The dominant measure of health and safety program
effectiveness in a facility is the injury-illness incidence
rate, measured either as total cases or as cases resulting in
disability. Figure 2 illustrates the experience in the motor
vehicle assembly sector in the United States, and illus-
trates the importance to prevention of complete injury
and illness reporting.

The general injury and illness incidence rate in this
sector, as reported by the BLS, was slowly trending down,
as was the rate for all private employment from 1976 to
1986. From 1986 to 1994, however, there were steep
increases in the recorded rates, with a sixfold increase in
the overall rate, a fourfold increase in the injury-only rate,
and greater than a 30-fold increase in the ‘illness’ rate.
Then, from 1994, rates trended down again. By 2005,
there was a threefold decrease. Similar but less dramatic
time trends were observed in motor vehicle parts and
related sectors. Meanwhile, the time trends in the rest of
private employment were trending down a few percent.

The changes in the various reported rates can be
explained by events in the health and safety environment.
From 1986 through 1990, OSHA vigorously enforced
injury and illness recording requirements, particularly in
large facilities in the manufacturing industry, focusing
on meat packing and the auto sector. This enforcement
0
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Figure 2 Injury illness rates, motor vehicles and car bodies, 1976–2
explained by historical context. In 1986–87, OSHA conducted an enf

disorders, previously not recognized, added to the count, leading to

mostly cumulative trauma disorders (CTDs). Ergonomics programs we

Rates then trended downward until 2001, when OSHA announced ch
MSDs, causing a sharp downward break. Over this whole period, inju
involved assessment of six-figure penalties for willfully
not recording. One result of the OSHA enforcement pro-
gram was that it was possible to determine what types of
injuries were being underreported. The predominant
cases not recorded in the OSHA logs prior to the enforce-
ment crackdown were musculoskeletal disorders (MSDs).
Musculoskeletal disorders are defined by the U.S. Depart-
ment of Labor as ‘‘an injury or disorder of the muscles,
nerves, tendons, joints, cartilage, or spinal discs. MSDs do
not include disorders caused by slips, trips, falls, motor
vehicle accidents, or similar accidents. MSDs include
sprain and strain injuries and disorders such as carpal
tunnel syndrome’’. The events that cause these are over-
exertion and repetitive motion. Practitioners believe that
many sprain or pain events are acute flareups of chronic
conditions. The chronic conditions may arise from long-
term repetitive exposures – such as kneeling at work
eventually leading to an acute ‘knee sprain’ – or be sequels
to a primary overexertion, such as a back injury.

The undercounting of MSDs was primarily identified
when paid workers’ compensation claims were analyzed
in comparison to the OSHA-required data on occupa-
tional injuries. All paid workers’ compensation cases, of
course, have an implicit recognition of the work related-
ness of the injury; they almost always involve time lost
from work and thus should appear in the OSHA data, but
few of these cases were recorded in the OSHA-required
database.

The observations that musculoskeletal disorders were
the most common cause of injury triggered participatory
ergonomics programs at every unionized facility in this
90 92 94 96 98 0 2 4
ear

Injury Total

004 (SIC 3711, NAICS 33611). The roller coaster effect can be
orcement campaign on injury-illness recording. Musculoskeletal

a fourfold increase in injuries and a 30-fold increase in illnesses,

re launched in the late 1980s, and became fully effective in 1994.

anges in recording rules to permit employers to omit many more
ry rates in the private economy were flat or trended downward.
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sector. These programs became fully effective around
1994 and it is very likely that some of the upward trend
in the data shown, up to the year 1994, was the combined
result of better recognition of MSDs as work-related and
of better recording of incident cases. The decreasing
trends that are observed in Figure 2 are almost certainly
a reflection of the abatement of risk factors for musculo-
skeletal disorders that also followed the development of
the ergonomic programs in the industry. The ergonomics
programs continued to mature and dominate the reported
injuries trend until 2001. In 2001, OSHA changed the
recording rules to permit employers to omit recording
of previously recordable injuries, and provided incentives
to reduce recording by targeting inspections for work-
places that did record and report more injuries.
Outcome: Musculoskeletal Disorders

Once MSDs are recorded, it becomes clear that MSDs
among production and service workers dominate the
injury-illness rate in the motor vehicle sector and nearly
every other sector of the economy.

The overall number of MSDs comes from a combined
count of strain and sprain injuries and cumulative trauma
disorders. The impact of MSDs arising from overexertion
or repetitive motion on the overall injury rate can be
inferred from the Bureau of Labor Statistics Disabling
Injury Survey. These data are derived from a large sample
of employer injury-illness records, coded by BLS for
nature of injury, event or exposure, body part, and agent,
stratified on industry and worker characteristics. Table 1
shows that in the motor vehicle manufacturing sector,
71% of disabling injuries are known to be MSDs. In
virtually every other sector, the proportion of MSDs is
40% or greater.

A variety of MSD risk factor assessment checklists
or simple calculation instruments based on the force-
frequency-posture-duration paradigm are available for
use by nonspecialist professional practitioners and lay job
analysts. These include the NIOSH lifting guide (National
Institute for Occupational Safety and Health, 1994), the
Rapid Upper Limb Assessment Tool (McAtamney et al.,
1993), and the ACGIH Hand Activity Level (Franzblau
et al., 2005).

Elements of an effective ergonomics program include
prospective job analysis, injury illness analysis, symptom
surveys, reactive job analysis following identification of
cases, risk factor abatement, reanalysis of abated jobs,
worker training for participation in risk factor identifica-
tion and participation in medical surveillance, and ongo-
ing evaluation (National Institute for Occupational Safety
and Health, 1997).

Job analysis for abatement at fixed workstations should
also identify acute injury hazards, such as handling sharp
objects, deficiencies in machine guarding, and the risk of
hand tool use without appropriate fixtures for the work
piece.

An example of a higher level of control is designing a
product, such as a motor vehicle or significant home
appliance, to encompass appropriate health and safety
safeguards and features. Employees whose work involves
using such a product should participate in redesign of the
product, as well as in identifying hazards and recommend-
ing changes in workstations, work methods, and tooling.
Outcome: Illness from Intermittent,
Short-Duration, High-Level Chemical Exposures

Fatalities associated with confined space entry dominate
the documented instances of adverse health effects that
result from short-duration, high-level chemical exposures
in the manufacturing industry. We still do not have an
accurate measure of the probability of less acute illnesses
that arise from lower-level or repeated incidents that do
not result in fatality or emergency response. Anecdotal
reports of employee symptoms from major and minor
spills of process chemicals, emissions from process upsets,
fires, and explosions are frequent but not systematically
documented. For example, the chemical exposures during
restoration of production after a fire, spill, or process
upset can be substantial. Servicing of ventilation, air
cleaning, and other environmental control equipment is
a significant concern. Disturbing or removing asbestos and
lead paint is an important risk in the auto industry, where
the occupational groups most likely to be impacted are
skilled trades workers and nonskilled maintenance and
cleanup workers. Health impact can also be inferred
from limited studies that reveal chronic illnesses among
skilled trades workers whose chemical exposures follow
this pattern due to the nature of their work assignments
(Park and Mirer, 1996).

Preventive measures include job-specific chemical
hazard control procedures and information for nonrou-
tine activities (supported by 1910.1200), hazardous waste
and emergency response operations programs (supported
by 1910.120), and confined space entry programs (sup-
ported by 1910.146), as well as construction asbestos and
construction lead programs. An industrial hygiene evalu-
ation of nonroutine activities needs to be carried out in
order to develop appropriate exposure-based protective
measures and information. The limitations of an indus-
trial hygiene exposure measurement approach, however,
are the governmental exposure limits (OSHA PELs) dis-
cussed below. Without appropriate and available PELs,
industrial hygiene evaluations are limited.

The fundamental prevention of these outcomes
depends on eliminating or reducing sources of nonroutine
exposure: Eliminate confined spaces or the need to enter
those spaces; clean without solvents; and modify equip-
ment or production processes to prevent spills, leaks, and



Occupational Safety and Health Protections 667
process upsets. A canonical solution is to substitute non-
hazardous or less hazardous materials; however, examples
of such substitution are largely limited to exchanging
water-based cleaners for volatile organic solvents.
Outcome: Illness from Long-Term Chemical
Exposures

The risk of a work-related fatality caused by illness from
long-term chemical exposures far exceeds that of a fatality
caused by traumatic injury (Fingerhut et al., 2006). The
fatality risk of United Auto Workers members generally,
calculated from the database described above, is about 5 per
10 000. For the high-risk skilled trades worker group, the
risk is about 2 per 1000. By contrast, the risk over the whole
private workforce is 2 per 1000, and that for construction
workers (comparable toUAW skilled trades) is 8.7 per 1000.
Translating the rate of mortality from occupational cancer
generally into the same units, based on the very limited
estimate of 4% of cancers due to occupational exposures,
yields an estimate of 1 per 100, between 5 and 20 times the
rate of traumatic injury fatalities.

Studies in the U.S. motor vehicle manufacturing indus-
try have reported increased mortality from cancer among
foundry workers (lung), workers exposed to metalworking
fluids (a variety of sites), vehicle assembly workers (lung),
stamping and sheet metal fabricators (lung, stomach), and
electronics workers (brain) (Mirer, 2003). These illnesses
arose from exposure levels that were in compliance with
current and past occupational health exposure limits
(except for silica in foundries).

Respiratory conditions are the most prominent chemi-
cally related noncancer illness observed among foundry
workers and workers exposed to metalworking fluids.

Prevention of these adverse outcomes is hampered by
the absence of governmentally enforced or generally
accepted exposure limits that sufficiently restrict expo-
sure to prevent a significant risk of adverse effects. This
problem has largely been discussed in the political arena
rather than in the peer-reviewed literature. Prevention
strategies revolve around best practices for ventilation,
prevention of skin contact, and medical surveillance.
Control of exposure is supported by the Hazard Commu-
nication standard (1910.1200).
Outcome: High-Impact Service Sector
Occupations

Service sector occupations are found in virtually every
industry sector. For example, health-care workers are
found in most large factories. Their exposures include
infectious disease and patient movement, as well as the
potential for client violence. Other occupations such as
personnel management and union representation have
the aspect of social work, also with a potential for client
violence.

The most applicable regulation is bloodborne patho-
gens (1910.1030), although a general infection control
program is indicated in every large facility.
Outcome: Somatic and Mental Illness Arising
from Work-Related Psychosocial Stress

The prominence of mental illness as a leading cause of
disability among manufacturing workers suggests that
work-related psychosocial stress may play some causal
role. Adverse effects of work-related psychosocial stress
have largely been investigated outside the manufacturing
sector, in job settings with less intense exposure to physical
and chemical hazards. Stressors frequently mentioned
under the rubric ‘work organization’ include high-demand
low-control jobs, lack of social support, and effort–reward
imbalance. These same stressors may be present, with
similar or greater intensity, in the manufacturing environ-
ment. The effect of stressors may be direct or indirect
through an association with increased health risk beha-
viors such as smoking, substance abuse, or poor diet.

The association of noise exposure, prominent in the
manufacturing sector, with hypertension has been
observed in a number of studies, but this endpoint has
not been taken into account in priority of noise abatement
programs. Similarly, adverse effects of various unusual
work schedules – extended duty (frequently named ‘over-
time’), rotating shift, afternoon and night shift – have been
observed but not taken into account. The contribution of
work-related musculoskeletal pain directly to cognitive
effects and indirectly to health risk behavior has not been
sufficiently explored.

Preventive measures for outcomes of psychosocial
stress are not generally a part of occupational health and
safety programs. These measures are addressed by aspects
of labor law – labor standards, hours of work, antidiscri-
mination legislation. To the degree that unequal treat-
ment and lack of access to information and input on work
questions contribute to stress, a labor agreement may
alleviate these problems.

See also: Occupational Death/Injury Rates; Occupational

Health: Overview; Risk Assessment, Environmental/

Occupational.
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Introduction

Oral cancer is a major public health problem, with 350 000
to 400 000 newcases identifiedworldwide each year.World-
wide, oral squamous cell carcinoma (OSCC) is the sixth
most common cancer for both sexes (Parkin et al., 1999).
Incidence varies widely between countries and geographi-
cal areas, but it is generally most common in developing
countries. Even in the United States, however, it was esti-
mated that oral and pharyngeal cancers would account for
29 800 cases and 8100 deaths in 1999 (Landis et al., 1999).
These variations have traditionally been explained by
differences in lifestyle exposure to specific risk factors
such as tobacco, betel, and alcohol use, although environ-
mental factors (especially infective agents) and socioeco-
nomic factors, genetics, and ethnicity may also be involved.

Oral cancer is a term that usually includes cancers of
the lip, tongue, salivary glands, and other sites in the
mouth (gum, floor of mouth, and other unspecified parts
of the mouth). Approximately 90% of oral cancers are
squamous cell carcinomas (OSCCs). Pharyngeal cancer is
a term that includes cancers of the nasopharynx, oropha-
rynx, and hypopharynx.

In the developed world, some 42% of OSCC affects
the lip, but most intraoral OSCC involve the floor of the
mouth or the lateral border of the tongue (the graveyard
or coffin area; 22% the tongue, 17% the floor of mouth).
In the developing world, cancers of the tongue and buccal
mucosa are the most common (Sankaranarayanan, 1990).

Oral cancer is especially common in disadvantaged older
people with lifestyle factors of smoking tobacco and drink-
ing alcohol. Incidence increases with age, a steep rise begin-
ning in the age group 60–64 years (Ries et al., 1999). The
overall male-to-female ratio is greater than 2:1, but for
oropharyngeal cancer the ratio is 4:1 (Ferlay et al., 2001).
The excess in older males has largely been attributed to the
habits of males, particularly tobacco and alcohol use, and
the length of exposure to carcinogens/mutagens.
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Among younger individuals, the incidence of OSCC is
rising, particularly for tongue cancers. Evidence that tra-
ditional risk factors may not be responsible for this trend
suggests the need for more definitive and cost-effective
means to detect OSCC in populations that until recently
have been considered at low risk.

Two-thirds of all OSCC in males and three-quarters in
females arise in the developing world (Parkin et al., 1999),
where it is the third most common cancer. It is particu-
larly common in South-Central Asia, home to one fifth of
the world’s population. Probably 58% of the cases are
concentrated in South and Southeast Asia (Nair et al.,
2004). In most regions of India, oral cancer is the most
common cancer in men and the third most common
cancer in women. In Karachi, oral cancer ranks second
of all malignancies among both males and females, with
one of the highest reported incidences in the world
(Bhurgri, 2005). Brazil also has a high incidence in
males, and the area including southern Brazil, Uruguay,
and Argentina has the highest rates in Latin America.
The gender difference in OSCC rates has been decreasing
over time, presumably as tobacco and alcohol consump-
tion equalize (Tumino and Vicario, 2004).

The highest incidence of OSCC worldwide, at up to 55
cases per 100 000 per year, has been recorded in the
Bas-Rhin département of France (Blot et al., 1996; Levi
et al., 1998), but incidence in Hungary and other parts of
Eastern Europe is rising (La Vecchia et al., 2004). In Central
and Eastern Europe, Hungary, Croatia, Slovenia, Ukraine,
Russia, and Lithuania have incidence above 7 per 100 000;
intermediate rates at 6–7 per 100 000 are seen in Spain,
Switzerland, Germany, Poland, and Italy; and rates below 4
per 100 000 are found in Greece, the Netherlands, some
Nordic countries, and England andWales (Levi et al., 1998).
In the United States, OSCC is the tenth most common
cancer among males (Moore et al., 1999, 2000).

Oral squamous cell carcinomas are often diagnosed
late. Five-year survival is relatively low, at approximately
50%; and this has changed very little in the past 30 years
(Swango, 1996). In the United States, 5-year survival is
much lower in Blacks (34%) than Whites (55%). Survival
is particularly low in black males (28%), compared with
47% in females. In Europe, 5-year survival is about 44%
(Berrino et al., 1999). Localized cancers have the highest
5-year relative survival (79%), those with regional disease
intermediate (42%), and cancers with distant metastases
the lowest (19%) (Gloeckler Ries et al., 1994).

OSCC is associated with a very high risk of second
primary tumors (SPTs) in the same location (Cooper et al.,
1989).
Lip Cancer

The incidence of lip cancer in men has decreased in many
countries, such as in Finland (Tarvainen et al., 2004) and
Pakistan, but the rates in Pakistan have remained level in
females (Bhurgri, 2005).
Intraoral Cancer

The incidence of OSCC in U.S. white men stabilized in
the 1980s and started to decrease, but incidence in women
and especially black men began to increase. About that
time, an increased incidence of tongue cancer was noted
in young people (under 45 years of age) in many countries
(Davis and Severson, 1987; MacFarlane et al., 1987; Mol-
ler, 1989; Hindle and Nally, 1991; MacFarlane et al., 1992;
Wennerberg et al., 1994; Hindle et al., 1996; Kari et al., 1997;
Mork and Glattre, 1998; Myers et al., 2000; Shiboski et al.,
2000; Annertz et al., 2002; Schantz and Yu, 2002; Shiboski
et al., 2005).

OSCC incidence has also changed in Pakistan and
India (Gupta, 1999). Data for 1995–2004 from the Karachi
Cancer Registry, Pakistan, showed an earlier onset of
disease for all categories (Bhurgri, 2005). The incidence
of tongue cancer increased, but a more dramatic increase
in OSCC in the cheek was evident in both sexes (Bhurgri,
2005). In males in India, however, a statistically significant
decreasing trend in the overall age-adjusted incidence rates
of OSCC was observed during the period 1986–2000,
which may be attributable to a decrease in the usage of
pan and tobacco (Sunny et al., 2004). The high prevalence of
smokeless tobacco use among young adult men andwomen
may explain the stable trend in oral cancer incidence in
this group.

In Europe during the period 1955–90, several countries
in Central and Eastern Europe had at least a twofold
increase in OSCC, principally in males under 45 years
of age (La Vecchia et al., 2004), and Denmark, Finland,
Norway, and Sweden showed more than fivefold increases
in young males (Annertz et al., 2002; Tarvainen et al., 2004).
Similar increases were also seen in young women in
England and Wales (Hindle and Nally, 1991), Scotland
(MacFarlane et al., 1992), and Greece (Zavras et al., 2003).

In most European countries, oral cancer mortality had
been rising between the 1950s and 1980s, in both genders,
and with a twofold increase in men in the Czech Republic,
Poland, Romania, and Spain, and a fourfold rise in
Hungary and Germany (La Vecchia et al., 1997; Levi
et al., 1999). Similar increases were recorded in the United
States (Schantz and Yu, 2002), Thailand (Reichart et al.,
2003), India and Pakistan (Gupta, 1999), Uruguay (De
Stefani et al., 1994a, b), and Brazil. Mortality continued
to increase in many European countries during 1980–99,
especially in Eastern Europe, although mortality levelled
off in Poland and the Czech Republic, and actually fell
in some Western European countries including Austria,
Germany, and England andWales (La Vecchia et al., 2004).
The disparity in mortality between males and females is
largely attributable to differences in incidence.



Table 1 Five-year survival rates for oral cancer in the United

States

Five-year relative survival (%)

Race All White African-American

59.4 61.8 39.5

From http://SEE R.cancer.gov /csr/1973–1996 (accessed December

2007).
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The increa ses at younger ages, seen in many countrie s,
indica te cohor t ef f ects that suggest that the increas e in
over all inci dence is likely to con tinue in future decades
(Boyle et al. , 1992; Macf ar lane et al. , 1994 ).

The incidence of tumor s of the tongue and tonsil rose
in young Whites in the United States over the period
1973–2001 (Shiboski et al., 2005). The incidence of OSCC
of the tongue in adults under 40 year s of age increased by
60% between 1973–84 and 1985–97 (Schantz and Yu, 2002).
Mortality from cancers of the mouth in males increased
in 19 of 24 countries between 1950–54 and 1980–85
(MacFarlane et al., 1994). Oropharyngeal cancer incidence
rose rapidly in Scotland between 1950 and 1998, particu-
larly among males and females aged 35–64 year s during
the period 1989–96, although age-standardized mortality
appeared to have stabilized (Robinson and Macfarlane,
2003).

Thes e increas es in OSC C appear to reflect lif estyle
ha bits that have be come com mon in younger genera tions,
such as the use of tobacco, alc ohol, and betel. The risi ng
trend in Cent ral and Easter n Europe appear s to reflect the
rise in all tobacc o-related neopl asms, but the ri se in
OSC C in Scotland , despite th e f all in lun g cancer, may
reflect increased alcohol use ( Levi et al. , 2003 ). The rises
in Rus sia may reflect increas ing alcohol us e ( Zat onski,
1998 ). The rise s in South As ia re flect growing betel use
(Nair et al. , 2004 ). However, the increases in other coun-
tries have often be en seen in the a bsence of these conven-
tional lif estyl e ri sk f actor s, par ticula r ly in women, which
raises ques tions a bout the cause of these can cer s.

Carcinogenesis is the result of dist urbed growth con-
trol arisi ng from DNA damage (mu tation) which can ari se
spont aneously (pro ba bly from free radica l damage), but
may also be precip itated by mutagens ( Scully et al. , 2000 ).
Tobacco, alcoho l, betel, and areca nut are the main risk
f actor s ( La Vecchia et al. , 1997; Bagnar di et al. , 2001;
Boeing et al., 2002 ), but significant numb er s of younger
patien ts with O SCC deny expo sure to any known risk
f actor s ( Ehlinger et al. , 1993; Mackenzie et al. , 2000;
Llewellyn et al., 2003 ).

A case–control study in Brazil showed the risk for
cancer in the head and neck to be raised for those who
reported cancer at any site in a fir st-degree relative, with
a greater risk if the relative had cancer in the head and neck
(Foulkes et al., 1995). In a UK study, most young OSCC
patients had had a relative with cancer (Llewellyn et al.,
2003). Some have suggested that f amilial clustering of
cancer points to a genetic component, but so f ar no study
has provided clear-cut evidence to support this view.
Ethnicity
There is an excess mor tality from OSCC in mino rity
ethnic and in social ly disadvant aged groups ( Scully and
Bedi, 2000 ) (Ta b l e 1 ).
Exam ination of mor tality trends from 1973–87 sug-
gests that the dispar ity in mor tality be tween Bla cks and
Whites in the United States was most proba bly attribu t-
a ble to dif f erences in sur vival, rathe r than dif f er ences in
incidence ( Goldber g et al. , 1994 ). In Europe, there is an
increas ed mor tality in immig rants from th e Indian su b-
contine nt (Swerdlow et al., 1995 ).
Lifestyle factors

The results of many studies have be en summ arized by the
Inter national Agency for Research on Cance r (IARC)
showing the impor tance of spe cific risk f actor s, i.e.,
tobacco, bete l, and alco hol use ( IARC 1986a , b, 1988 ),
which cont ain known carci nogens.
Tobacco

Tobacco use in all for ms appear s to car ry a risk. O ral
cancer risks show a c lear dec lin e after stopp ing tobac co
use (La Vecchia et al., 1999 ). Oral leukoplakia, the mos t
common pr emalignant oral lesion, is related to tobac co
use (Gupta, 1984 ). Smoker s have a sevenfold risk of an
oral dysplasti c lesion ( Ja ber et al., 1999 ).

Cigarette smoker s appear to be a bou t five times more
likely to develop O SCC than nonsmoker s. Those who
a bstain (e.g., Mor mons and Seventh Day Adventists )
have a lower inci dence. In one study, the odds rati o for
consump tion of more than 20 cigarettes a day was double
that of smoker s consu ming f ewer cigarette s ( Lope z et al.,
2000 ). In one Euro pean study, the risk of oral cancer in
smoker s of low/med ium-tar cigarette s was 8.5- fold higher
than in nonsmokers, and more than 16-fold for high-tar
cigarette smokers (La Vecchia et al., 1990).

Smoking bidi, the unfiltered cigarettes with a small
amount of flaked tobacco, which is widely practised in
South Asia, increases the risk of OSCC (Rahman et al.,
2005). Cigars may predispose to leukoplakia (Baric et al.,
1982) and oral and pharyngeal cancers (Shanks and Burns,
1998). Pipe smoking carries a risk of leukoplakia andOSCC
(Baric et al., 1982). Reverse smoking (holding the burning
end of a cigarette or cigar within the mouth) – seen in India,
South America, Taiwan, and the Philippines – is strongly
associated with OSCC (Gupta et al., 1980).

Smokeless tobacco (ST) products include paan (or
pan), chaalia, gutka, and naswar and are used in all sections

http://SEER.cancer.gov/csr/1973�1996
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of South Asian society. Use of these products increases the
risk of OSCC (Gupta et al., 1980).

In India, different forms of chewing tobacco are
used such as betel, khaini, pattiwala tobacco, maiwpuri
tobacco, zarda, kiwam, and gadakhu. Risks appear to
depend on the processing of the particular product,
which can markedly affect the level of the carcinogen
nitrosamine (Warnakulasuriya, 2004). A wide range of
smokeless tobacco products is used worldwide (Table 2).
Many migrants to the West continue to use them even
several decades after migration. Bangladeshis, in particu-
lar, are likely to retain the habit of betel use (Bedi, 1996;
Croucher and Islam, 2002). Indian migrants to the UK
have a significantly higher incidence of OSCC than native
UK populations (Warnakulasuriya et al., 1999), presum-
ably related to the use of smokeless tobacco.

Betel quid is probably used by 20% of the world’s
population. In some areas (e.g., Pakistan), up to 70% of
primary school children use it on a daily basis (Shah et al.,
2002). The way that the quid of betel is prepared and used
varies widely. It may contain tobacco, areca (betel) nut,
and lime or other products. The quid may be left in the
mouth for long periods, even overnight, in close contact
with the oral mucosa. The habit can cause premalig-
nant lesions ( Jacob et al., 2004), submucous fibrosis, and
invasive squamous cell carcinoma (Seedat et al., 1988;
Nandakumar et al., 1990; Sankaranarayanan et al., 1990;
Van Wyk et al., 1993).

Snuff is finely powdered plant material, principally
tobacco. It is used orally or nasally, and is a risk factor
for OSCC (Axell et al., 1978; Winn et al., 1991; Hirsch,
2002). The risks are mainly in snuff users who also use
tobacco (Accortt et al., 2005).
Table 2 Main forms of smokeless tobacco use

Name Constituents

Betel (paan) Three basic types
. Areca nut but no tobacco, e.g., sweet pan (gutkh
. Tobacco but no areca
. Areca nut plus tobacco products

Chewing
tobacco

Tobacco

Gudakhu Tobacco, molasses, and other ingredients

Khaini Powdered tobacco mixed with slake lime paste, som

placed inside the mouth
Kiwam Destalked tobacco leaf, boiled in rose water and sp

Maiwpuri A mixture of tobacco, slacked lime, areca nut, and s

Mishri Dark roasted powdered tobacco used as tooth-clea

Nass A mixture of tobacco, cotton ash or sesame oil, lime

Naswar A mixture of powdered tobacco, slaked lime, and in

Pattiwala A sun-cured tobacco leaf, used with or without lime
Shammah Powdered tobacco leaf, ash, lime carbonate, and o

Toombak Tobacco and sodium bicarbonate

Zarda Tobacco leaf boiled with spices and lime until evapo
Increased consumption of any alcohol-containing bev-
erages is associated with a risk of OSCC (WRCF, 1997;
WHO, 2002; Ogden, 2005). The risk decreases after stop-
ping alcohol use, but the effects appear to persist for several
years (Franceschi et al., 2000). The risk is highest among the
heaviest drinkers of alcohol (Barra et al., 1990; Petti and
Scully, 2005). The type of alcoholic beverage appears to
influence the risk: Hard liquors confer higher risks (Barra
et al., 1990; Day et al., 1994; De Stefani et al., 1998; Gronbaek
et al., 1998; La Vecchia et al., 1999; Huang et al., 2003;
Lissowska et al., 2003). Ecological studies suggest that the
impact of alcohol on OSCC mortality has increased in
recent years (Hindle et al., 2000; Petti and Scully, 2005).

The use of mouthwash with a high alcohol content
(25% or higher) increases the risk of OSCC by 40% in
men and by 60% in women (Winn et al., 1991). However, it
appears as if the effect of alcohol from mouthwash could
be similar to that of alcohol used for drinking, although in
terms of attributable risk, the contribution of mouthwash
use to OSCC must be very small (Elmore and Horwitz,
1995; Morse et al., 1997).

The combined effect of alcohol and tobacco on the
risk of OSCC is multiplicative, not simply additive (Blot
et al., 1988; Franceschi et al., 1990; Rodriguez et al., 2004)
(Tables 3 and 4).

There have been a number of case reports of oral cancer
in marijuana smokers but any relationship has yet to be
supported by full epidemiological studies (Firth et al.,
1997; Fung et al., 1999). A review of two cohort studies
and 14 case–control studies showed a possible association
between marijuana use and cancer risk (Hashibe et al.,
2005), but regular users of marijuana are often heavy
cigarette smokers (Firth, 1997; Fung et al., 1999).
Used mainly in

South Asia, Papua New Guinea
a or gutaka)

Western Europe and North
America

Southeast Asia

etimes used with areca nut; Southeast Asia

ices added Southeast Asia

pices Southeast Asia

ning agents Southeast Asia

, and gum Iran, Central Asia, Afghanistan,
Pakistan

digo Afghanistan, Pakistan

South Asia
ther ingredients Saudi Arabia

Sudan

ration India and Middle East



Table 3 Results from European Prospective Investigation

into Cancer and nutrition (EPIC) study 2002: Cancer of upper

gastrointestinal tract. Effects of alcohol or tobacco

Alcohol (mean lifelong
consumption, g/day) Tobacco

Grams per
day

Relative
risk

Cigarettes
per day

Relative
risk

0 1 Never 1

>0–30 1.21 Ex-smoker 1.52

>30–60 3.17 <20 2.74
>60 9.22 >20 9.02

Data from Boeing H and EPICWorking Group on Dietary Patterns

(2002) Alcohol and risk of cancer of the upper gastrointestinal

tract: First analysis of the EPIC data, pp. 151–154. In: Riboli E and
Lambert R (eds.) Nutrition and Lifestyle: Opportunities for Cancer

Prevention. IARC Scientific Publication 156. Lyon: IARC Press.

Table 4 Results from European Prospective Investigation

into Cancer and nutrition (EPIC) study 2002: cancer of upper

gastrointestinal tract. Effects of alcohol plus tobacco

Alcohol Tobacco

g/day Nonsmoker <20/day >20/day

>0–30 1 2.0 6.8

>30–60 2.6 5.1 20.7
>60 6.9 22.0 48.7

From Boeing H and EPIC Working Group on Dietary Patterns

(2002) Alcohol and risk of cancer of the upper gastrointestinal

tract: First analysis of the EPIC data, pp. 151–154. In: Riboli E and
Lambert R (eds.) Nutrition and Lifestyle: Opportunities for Cancer

Prevention. IARC Scientific Publication 156. Lyon: IARC Press.

Table 5 Occupations associated with raised risk of oral

cancer

Occupation Country Reference

Exposure to wood stove

fumes

Brazil Franco et al., 1989

Machinery operations Italy Merletti et al., 1991

Plumbers
Building industry

Textile industry

Electricity production

Carpet installation United
States

Huebner et al., 1992

Machining

Metal working
Petroleum industry

Painting

Furniture industry

Woodworkers
Exposure to fossil fuels

Butchering Uruguay Orregia et al., 1989

Blacksmithing

Masonery
Driving

Electricity working

Railway working
Metal working Brazil Franco et al., 1991

Exposure to horses on

farms

Norway Nordby et al., 2004

Employment on
construction work

Pesticide use, grain

production

Exposure to benzene UK Sorahan et al., 2005
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Charcoal-grilled red meat (Franco et al., 1989) and
fried foods (Galeone et al., 2005) have been implicated as
risk factors. Increased consumption of fruits and vegeta-
bles is associated with a lower risk of OSCC (Potter et al.,
1997).

Socioeconomic status plays an important role, even if it
is indirect. Most premalignant lesions (Hashibe et al., 2003)
and most squamous cell carcinomas of the oral cavity
occur in people of low socioeconomic status (Edwards
and Jones, 1999; Greenwood et al., 2003; Bhurgri, 2005).

Raised risks of oral cancer have been found in a num-
ber of occupations (Table 5). Candida albicans and viruses
such as herpesviruses and human papillomaviruses may
be implicated in at least some cases (Gillison et al., 1999;
Scully, 2005).

Lip cancer is seen mainly in males with chronic sun
exposure and in smokers (Luna-Ortiz et al., 2004). Ionizing
radiation exposure is a possible risk factor for second
primary cancers of the oral cavity (Hashibe et al., 2005).

Persons with poor oral hygiene appear to have in-
creased risk of OSCC, independent of any effect of
tobacco, alcohol, or other proven risk factors, but not all
workers agree, so further studies are required.
Potentially malignant (precancerous)

clinical lesions

Some potentially malignant (precancerous) clinical lesions
that can progress to OSCC include especially:

. Erythroplasia (erythroplakia): The most likely lesion to
progress to severe dysplasia or carcinoma. Erythroplas-
tic lesions are velvety red plaques, which in at least
85% of cases show frankmalignancy or severe dysplasia.
Carcinomas are seen 17 times more frequently in ery-
throplakia than in leukoplakia (but leukoplakias are far
more common).

. Leukoplakia, particularly where admixed with red lesi-
ons, as in speckled leukoplakia, and proliferative verru-
cous leukoplakia, sublingual leukoplakia, candidal
leukoplakia, syphilitic leukoplakia (now exceptionally
rare).

. Lichen planus.

. Oral submucous fibrosis ( Jeng et al., 2001).

Apart from these lesions, most other potentially malig-
nant lesions or conditions have only a very low incidence
of dysplasia or malignant change (Table 6).

There is a highly significant increase in the incidence
of OSCC of the tongue in systemic sclerosis (Derk et al.,



Table 6 Potentially malignant oral lesions and conditions

Approximate
malignant
potential Lesion Known etiological factors Main clinical features

Very high (85%þ) Erythroplasia Tobacco/alcohol Red plaque

High in some

instances
(30%þ)

Actinic cheilitis Sunlight White plaque/erosions

Chronic candidosis (candidal leukoplakia) Candida albicans White or speckled white and
red plaque

Dyskeratosis congenita Genetic White plaques

Leukoplakia (nonhomogeneous) Tobacco/alcohol Speckled white and red

plaque or nodular plaque
Proliferative verrucous leukoplakia Tobacco/alcohol/human

papillomavirus (HPV)

White or speckled white and

red or nodular plaque

Sublingual keratosis Tobacco/alcohol White plaque
Submucous fibrosis Areca nut Immobile pale mucosa

Syphilitic leukoplakia Syphilis White plaque

Low (<5%) Atypia in immunocompromised patients HPV (?) White or speckled white and

red plaque
Leukoplakia (homogeneous) Friction/tobacco/alcohol White plaque

Discoid lupus erythematosus Autoimmune White plaque/erosions

Lichen planus Idiopathic White plaque/erosions

Paterson-Kelly-Brown syndrome (sideropenic
dysphagia; Plummer-Vinson syndrome)

Iron deficiency Postcricoid web
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2005) and an increase of OSCC in transplant recipients
(Scheifele et al., 2005).
Prevention of Oral Cancer

There is remarkably little good-quality evidence on the
prevention of OSCC. However, OSCC shares several
risk factors with other diseases, and is thus potentially
amenable to prevention using the principles of the Com-
mon Risk Factor Approach (Sheiham and Watt, 2000).
Health promotion campaigns centered on cessation of
tobacco use in particular have been advocated and
directed either at primary prevention or at preventing
the malignant transformation of potentially malignant
lesions and conditions. Most notably, Warnakulasuriya
et al. (1991) used primary health-care workers in Sri
Lanka not only to screen for oral cancer and precancer,
but also to deliver tobacco cessation advice to high-risk
subjects.

However, despite a reduction in tobacco product
consumption in many developed countries, oral cancer
incidence and mortality has not always fallen in these
countries, leading some researchers to hypothesize
that alcohol consumption (Hindle et al., 2000), genetic
factors, and environmental factors such as infective agents
(Scully et al., 2005) are increasing in relative importance.

Chemopreventive clinical trials aim to prevent the
potentially malignant lesions or attempt to prevent malig-
nant transformation or aim to cause regression of lesions
in high-risk patient groups (Zaridze et al., 1993; Mathew
et al., 1995).
Oral Cancer Awareness by the General Public
and Health Professionals

Many studies have reported variable, and frequently sub-
optimal, levels of knowledge of oral cancer, risk factors,
and diagnosis among both the public and health-care
professionals. Although it is among the ten most common
cancers worldwide, OSCC is rarely mentioned in the
popular press, and public awareness is dismal (Canto
et al., 1998). Significant numbers of the public are unaware
of risk factors or even that OSCC exists, sometimes even
after high-profile public education campaigns (Papas et al.,
2004; Stahl et al., 2004). The reported trend among health-
care professionals is, unsurprisingly, that the knowledge
and confidence of appropriate practice is related to edu-
cation and experience, being greater in specialists than
general dental practitioners, who in turn tend to be better
informed than general medical practitioners and other
health-care professionals (Reed et al., 2005; Sohn et al.,
2005; Kujan et al., 2006).

From the perspective of improving the prognosis,
there are two major stumbling blocks for a preventive
approach. First, although many groups have attempted
to educate both public and professionals about the
signs and symptoms of OSCC, there is no robust evidence
that these campaigns have produced a significant long-
term change in the knowledge, attitudes, or behaviors of
all the targeted groups or shortened delays in diagnosis
(McLeod et al., 2005). Second, the probability of being
diagnosed with advanced disease does not relate well
to recorded delays, since variations in disease stage at
presentation may also reflect underlying differences
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in the speed of progression of the lesion, and symptom-
atology does not always correlate with tumor stage (Scott
et al., 2005).
Diagnostic Delays

Delays in diagnosis may occur as a result of patient delay
in presentation or professional delay in referral to an
appropriate specialist center, or both (Onizawa et al.,
2003; Llewellyn et al., 2004).
Oral Cancer Screening Programs

Oral cancer fulfills many of the criteria proposed by
Wilson and Junger (1968) for a disease to be suitable for
screening (Speight et al., 1993), but there are many logis-
tical hurdles and costs to be overcome in order to assess
the feasibility of screening and to implement a program.
As a consequence, most of the research has reported on
process measures such as diagnostic test performance
(Moles et al., 2002; Downer et al., 2004) or uptake or
compliance with the screening (Speight et al., 2006).
Where outcomes have been reported, they have mainly
been proxy outcomes such as absolute survival. Survival
is an unreliable outcome for this purpose because it
is subject to the effects of both lead-time bias and
length bias.

A Cochrane systematic review (Kujan et al., 2003)
found only one cluster-randomized controlled clinical
trial using population-based mortality as the primary
outcome measure (Sankaranarayanan et al., 2005). This
trial, based in Kerala, India, randomized nearly 200 000
people to 13 clusters to either receive periodic screen-
ing (seven clusters) in the form of a visual examination
at 3-year intervals or no screening (six clusters). The
results indicate no appreciable difference in OSCC mor-
tality between the screened (21.2/100 000 person-years)
and nonscreened groups (21.3/100 000 person-years).

In the absence of reliable data on effectiveness, it is
difficult to justify the expense of setting up large-scale
randomized controlled trials in either developed or devel-
oping countries. In an attempt to provide such data,
Speight et al. (2006) undertook a computer simulation
modeling exercise of the cost-effectiveness of oral cancer
screening in primary care in the UK, based on data from
primary research, systematic reviews, published health
service costs, and – for model parameters where no robust
data were available – expert opinion. The model indicated
that opportunistic screening of high-risk individuals
might be cost-effective in either general dental practice
(because dentists performed relatively well in screening)
or general medical practice (because of a greater through-
put of at-risk patients). However, there was considerable
uncertainty in some of the model parameters used.
Opportunities and Barriers to Progress

The randomized controlled trial in Kerala is still in pro-
gress. Since it is the only trial to examine the impact of
population-based screening for OSCC with mortality as
the primary outcome, the long-term results are eagerly
awaited. The transferability of the results to other coun-
tries or health-care settings will be a source of debate.

See also: Cancer Mortality; Cancer Survival.
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Introduction

Despite great improvements in the oral health of popula-
tions in several countries, global problems still persist.
This is particularly so among the underprivileged groups
in both developing and developed countries. Oral disease
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conditions such as dental caries, periodontal disease, tooth
loss, oral cavity cancers, HIV/AIDS-related oral disease,
and oro-dental trauma are major public health problems
worldwide. Poor oral health may have a profound effect on
general health. The experience of pain, and problems
with eating, chewing, smiling, and communication due to
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missing, discolored, or damaged teeth have a major impact
on people’s daily lives and well-being. Furthermore, oral
diseases restrict activities in school, at work, and at home
causing millions of school and work hours to be lost each
year the world over.

The objectives of the present article are to outline the
oral disease burden globally and to highlight the influence
of major sociobehavioral risk factors related to oral health.
Sources of information are the World Health Organiza-
tion (WHO) Global Oral Health Data Bank (Petersen,
2003; WHO, 2004), including scientific reports from pop-
ulation studies carried out in various countries. For the
majority of countries, WHO standardized criteria for
clinical registration of oral disease conditions are that
applied and calibration trials be conducted accordingly
for the control of quality of data and assessment of inter-
examiner variability (WHO, 1997). The data stored in the
data bank are updated regularly.
The Burden of Dental Disease

Dental caries (tooth decay) and periodontal disease (gum
disease) have historically been considered themost impor-
tant global oral health burdens. Dental caries is still a major
health problem in most industrialized countries as the
disease affects 60% to 90% of school-aged children and
The designations employed and the presentation of material on this map do
world health organization concerning the legal status of any country, territory, c

or boundaries. Dashed lines represent approximate borde

Figure 1 Dental caries levels (DMFT) of 12-year-olds worldwide. Pe

improvement of oral health in the 21st century – the approach of theW
Epidemiology 31(Suppl 1): 3–24; WHO (2004) Global Oral Health Data
the vast majority of adults (Petersen, 2003; WHO, 2004).
At present, the distribution and severity of dental caries
vary in different parts of the world and within the same
region or country. Figure 1 illustrates the dental caries
experience levels (severity) in permanent teeth as
measured in 12-year-olds by the Decayed, Missing and
Filled Teeth index (DMFT). The disease level in children
is relatively high in the Americas (DMFT¼ 3.0) and in the
European Region (DMFT¼ 2.6), whereas it is less com-
mon or less severe in the African region (DMFT¼ 1.7)
(Petersen, 2003;WHO, 2004). Figure 2 illustrates the time
trends in dental caries experience of 12-year-old children
in developing and developed countries. In most develop-
ing countries, dental caries levels were low until recent
years. Now, however, dental caries prevalence rates and
dental caries experience tend to increase. This is due
particularly to the growing consumption of sugars and to
inadequate exposures to fluorides. In contrast, a caries
decline has been observed in most industrialized countries
over the past 20 years or so. This pattern was the result of a
number of public health measures, including effective use
of fluorides, coupled with changing living conditions,
healthier lifestyles, and improved self-care practices.

Worldwide, dental caries prevalence is high amongadults
as the disease affects nearly 100% of the population in the
majority of countries. Figure 3 outlines the dental caries
levels among 35- to 44-year-olds, as measured by the mean
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DMFT index (Petersen, 2003; WHO, 2004). Most indus-
trialized countries and some countries of Latin America
show high DMFT values (i.e., 14 teeth or more), while den-
tal caries experience levels aremuch lower in the developing
countries of Africa and Asia. In several industrialized
countries older people often have had their teeth extracted
early in life because of pain or discomfort, leading to
reduced quality of life. The proportion of adults with no
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natural teeth (edentulous) aged 65 years or more is still high
in some countries (Table 1); meanwhile, in many industria-
lized countries there has been a positive trend of reduction
in tooth loss among older adults in recent years (Chen et al.,
1997) (Figure 4), in parallel with increased seeking of pre-
ventive oral care services (Petersen et al., 2004).

In developing countries, oral health services are mostly
offered from regional or central hospitals in urban centers,
and little if any importance is given to preventive or
restorative dental care. Many countries of Africa, Asia,
and Latin America have a shortage of oral health person-
nel and generally the capacity of the systems is limited to
pain relief or emergency care. In Africa, the dentist to
Table 1 Prevalence of edentulousness (%) of elderly

reported for selected countries throughout the world

WHO region/country
Percent
edentulous

Age group
(years)

Africa
Madagascar 25 65–74

The Americas

Canada 58 65þ
USA 26 65–69

Eastern Mediterranean

Egypt 7 65þ
Lebanon 35 65–75
Saudi Arabia 31–46 65þ
Europe

Albania 69 65þ
Austria 15 65–74
Bosnia and

Herzegovina

78 65þ

Bulgaria 53 65þ
Denmark 27 65–74

Finland 41 65þ
Hungary 27 65–74

Iceland 72 65þ
Italy 13 65–74

Lithuania 14 65–74

Poland 25 65–74

Romania 26 65–74
Slovakia 44 65–74

Slovenia 16 65þ
United Kingdom 46 65þ
South-East Asia

India 19 65–74

Indonesia 24 65þ
Sri Lanka 37 65–74
Thailand 16 65þ
Western Pacific

Cambodia 13 65–74

China 11 65–74
Malaysia 57 65þ
Singapore 21 65þ

Reproduced from Petersen PE (2003) The World Oral Health

Report 2003: Continuous improvement of oral health in the 21st
century – the approach of the WHO Global Oral Health

Programme. Community Dentistry and Oral Epidemiology 31

(Supplement 1): 3–24; and WHO (2004) Global Oral Health Data

Bank. Geneva: WHO.
population ratio is approximately 1:150 000, against about
1:2000 in most industrialized countries. In children and
adults suffering from severe tooth decay, teeth are often
left untreated or are extracted to relieve pain or discom-
fort. In the future, tooth loss and impaired oral function
are therefore expected to increase as a public health
problem in many developing countries.

Tooth loss in adult life may also be attributable to poor
periodontal health. Severe periodontitis, which may result
in tooth loss, is found in 5% to 20% of most adult popula-
tions worldwide. Figure 5 illustrates the prevalence of
symptoms of disease among 35- to 44-year-olds by
WHO region (Petersen, 2003; WHO, 2004; Petersen and
Ogawa, 2005), using the so-called Community Periodontal
Index (Score 0¼ individuals with healthy periodontal con-
ditions; Score 1¼ individuals with bleeding from gums;
Score 2¼ individuals with bleeding gums and calculus;
Score 3¼ individuals with shallow periodontal pockets
(4–5mm); Score 4¼ individuals with deep periodontal
pockets (6mm or more)). Symptoms of periodontal disease
are highly prevalent among adults within all regions; fur-
thermore, from a global perspective, most children and
adolescents have signs of gingivitis (gum disease) (WHO,
2004). Aggressive periodontitis, a severe periodontal con-
dition affecting individuals during puberty and that may
lead to premature tooth loss, affects about 2% of youth
(Albander, 1997).
Oral Cancer

Oral cavity cancer is more common in developing than
developed countrie s ( Figure 6 an d Figu re 7 ) (Stewar t
and Kleihues, 2003; WHO, 2004).The prevalence of oral
cavity cancer is particularly high among men, the eighth
most common cancer worldwide. In South-Central Asia,
cancer of the oral cavity ranks among the three most
common types of cancer. In India, the age-standardized
incidence rate of oral cancer is 12.6 per 100 000 popula-
tion. It is noteworthy that sharp increases in the incidence
rates of oral cancers have been reported for several
countries and regions such as Denmark, France, Germany,
Scotland, and Central and Eastern Europe, and, to a lesser
extent, Australia, Japan, New Zealand, and the United
States (Stewart and Kleihues, 2003; WHO, 2004), due to
high consumption of tobacco and alcohol.
Oral Health in HIV/AIDS

A number of studies have demonstrated the negative
impact on oral health of HIV infection (Coogan et al.,
2005). Approximately 40% to 50%ofHIV-positive persons
have oral fungal, bacterial, or viral infections often occur-
ring early in the course of the disease. Oral lesions strongly
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associated with HIV infection are pseudo-membranous
oral candidiasis, oral hairy leukoplakia, HIV gingivitis and
periodontitis, Kaposi sarcoma, and non-Hodgkin’s lym-
phoma. Dry mouth as a result of decreased salivary flow
rate may not only increase the risk of dental caries but
negatively impact quality of life because of difficulty in
chewing, swallowing, and tasting food. The need for oral
health care in terms of immediate care and referral, treat-
ment of manifest oral disease, prevention, and health pro-
motion is particularly high among the under-served,
disadvantaged population groups of developing countries,
including HIV-infected people (Coogan et al., 2005).
Noma – Cancrum Oris

Noma, a debilitating oro-facial gangrene, is an important
disease burden in many developing countries, particularly
in Africa and Asia (Figure 8) (Petersen, 2003). Noma
primarily begins as a localized gingival ulceration and
spreads rapidly through the oro-facial tissues, establishing
itself with a blackened necrotic center (Enwonwu, 1995).
About 70% to 90% of cases are fatal in the absence of care.
Fresh noma is seen predominantly in the age group
1–4 years, although late stages of the disease occur in
adolescents and adults. Poverty is the key risk condition
for development of noma; the environment inducing noma
is characterized by severe malnutrition and growth retar-
dation, unsafe drinking water, deplorable sanitary prac-
tices, residential proximity to unkempt animals, and a high
prevalence of infectious diseases such as measles, malaria,
diarrhea, pneumonia, tuberculosis, and HIV/AIDS.
Oro-Dental Trauma

In contrast to dental caries and periodontal disease, reli-
able data on the frequency and severity of oro-dental
trauma are still lacking in most countries, particularly in
developing countries (Andreasen and Andreasen, 2002).
Some countries in Latin America report dental trauma in
about 15% of schoolchildren, while prevalence rates of
5% to 12% are found in children aged 6 to 12 years in the
Middle East. Furthermore, studies from certain industria-
lized countries have revealed that the prevalence of dental
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traumatic injuries is on the increase, ranging from 16% to
40% among 6-year-old children and from 4% to 33%
among 12- to 14-year-old children (Andreasen and
Andreasen, 2002). A significant proportion of dental
trauma relates to sports, unsafe playgrounds or schools,
road accidents, and violence.
Dental Erosion

Dental erosion is the progressive, irreversible loss of
dental hard tissue which is chemically etched away from
the tooth surface by extrinsic and/or intrinsic acids. Den-
tal erosion appears to be a growing problem in several
countries, affecting 8% to 13% of adults (ten Cate and
Imfeld, 1996), and increasing levels are thought to be due
to higher consumption of acidic beverages (i.e., soft drinks,
fruit juices). Worldwide, there is a need for more system-
atic population-based studies on the prevalence of dental
erosion using a standard index of measurement.
Developmental Disorders

Congenital diseases of the enamel or dentine of teeth,
problems related to the number, size, and shape of
teeth, and craniofacial birth defects such as cleft lip
and/or palate (CL/P) are most important. The incidence
of CL/P varies tremendously worldwide. Native Ameri-
cans in North America show the highest incidence rates at
3.74 per 1000 live births, whereas a fairly uniform inci-
dence of 1:600 to 1:700 live births are reported among
Europeans (WHO, 2002). The incidence rates appear
high among Asians (0.82–4.04 per 1000 live births), inter-
mediate in Caucasians (0.9–2.69 per 1000 live births), and
low in Africans (0.18–1.67 per 1000 live births). The causes
of CL/P are complex, involving multiple genetic and
environmental risk factors. Risk factors such as folic acid
deficiency, maternal smoking, and maternal age have par-
ticularly been implicated in the formation of clefts (WHO,
2002).

Malocclusion is not a disease but rather a set of dental
deviations that in some cases can influence quality of life.
Estimates of different traits of malocclusion are available
from a number of countries, primarily in Northern Europe
and North America. For example, prevalence rates of
dento-facial anomalies in Northern Europe and North
America are reported at about 10%, according to the
Dental Aesthetic Index (Chen et al., 1997). Other con-
ditions that may lead to special health-care needs
include Down syndrome, cerebral palsy, learning and
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developmental disabilities, and genetic and hereditary
disorders with oro-facial defects.

There is no consistent evidence of time trends in
development disorders, nor is there consistent variation
by socioeconomic status, but these aspects have not been
adequately studied (WHO, 2002). In addition, there are
many parts of the world in which there is little or no
information available on the frequency of developmental
disorders, in particular, parts of Africa, Central Asia, Latin
America, the Middle East, and Eastern Europe.
Fluorosis of Teeth

Dental fluorosis develops during formation of teeth when
children are young. Drinking water with more than
1.5 ppm (parts per million) of fluoride can give rise to
enamel defects and discoloration of teeth leading to
endemic fluorosis in the population. These may differ in
intensity from mild to severe. For example, in East Africa,
in the Great Rift Valley area, and in some parts of India
and north Thailand, the groundwater has very high levels
of fluoride. In such areas, dental fluorosis may be found in
the majority of people (WHO, 1994). Fluorosis of teeth
can also occur in individuals in developed countries due
to widespread use of certain forms of fluorides for pre-
vention of dental caries, although the degree of fluorosis is
mostly very mild when compared with endemic fluorosis.
The Economic Impact of Oral Disease

Traditional treatment of oral disease is extremely costly,
the fourth most expensive disease to treat in most indus-
trialized countries. In industrialized countries, the burden
of oral disease has been tackled through establishment of
advanced oral health systems which primarily offer cura-
tive services to patients. Most systems are based on
demand for care and oral health care is provided by
private dental practitioners to patients, with or without
third-party payment schemes. Some countries, including
those of Scandinavia and the United Kingdom, have
organized public health services, particularly providing
oral health care to children and disadvantaged population
groups. Traditional curative dental care is a significant
economic burden on many industrialized countries where
5% to 10% of public health expenditure relates to oral
health (U.S. Department of Health, 1998; Widström and
Eaton, 2004). Over the past years, savings in dental expen-
ditures have been noted for industrialized countries which
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have invested in preventive oral care and where positive
trends are observed in terms of reduction in the preva-
lence of oral disease.

In most developing countries, investment in oral health
care is low. In these countries, resources are primarily
allocated to emergency oral care and pain relief; if treat-
ment were available, the costs of dental caries in children
alone would exceed the total health-care budget for chil-
dren (Petersen, 2003).
Oral Disease Burdens and Risk Factors

The current global and regional patterns of oral disease
largely reflect distinct risk profiles across countries, related
to living conditions, lifestyles, and the implementation of
preventive oral health systems.The significant role of socio-
behavioral and environmental factors in oral disease and
health is shown in a large number of epidemiological
surveys (Chen et al., 1997). Socioepidemiological studies
have been carried out particularly in relation to dental
diseases; for developed and increasingly for developing
countries these studies observe that the burden of disease,
poor quality of life, and the need for care are highest
amongst the poor or disadvantaged population groups.
The sociobehavioral risk factors in dental caries are found
to play significant roles worldwide for both children and
adults (Petersen, 2005). Some countries report tooth loss to
be higher in women than in men as women more often seek
dental care (Chen et al., 1997).

A core group of modifiable risk factors is common to
many chronic diseases and injuries. The four most pro-
minent noncommunicable diseases – cardiovascular dis-
eases, diabetes, cancer, and chronic obstructive pulmonary
diseases – share common risk factors with oral diseases,
preventable risk factors that are related to lifestyles. For
example, dietary habits are significant to the development
of chronic diseases and influence the development of dental
caries. Oral cavity bacteria are involved in progression of
dental diseases such as dental caries and periodontal disease.
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Most important, excessive amounts and frequent consump-
tion of sugars aremajor causes of dental caries and the risk of
caries is high if population exposure to fluorides is inappro-
priate. In addition, tobacco use has been estimated to
account for over 90% of cancers in the oral cavity, and is
associated with aggravated periodontal breakdown, poorer
standards of oral hygiene, and thus premature tooth loss
(Petersen, 2003). The oral cancer risk increases when
tobacco is used in combination with alcohol or areca nut.
In Asia, incidence rates of oral cancer are high and relate
directly to smoking, use of smokeless tobacco, and alcohol
consumption.

The strong correlation between several oral diseases and
noncommunicable chronic diseases is primarily a result of
the common risk factors. Many general disease conditions
also have oral manifestations that increase the risk of oral
disease, which, in turn, is a risk factor for a number of
general health conditions. Severe periodontal disease, for
example, is associated with diabetes mellitus and has been
considered the sixth complication of diabetes (Petersen and
Ogawa, 2005).
Conclusion

Given the extent of the problem, oral diseases are major
public health problems in all regions of the world. Their
impact on individuals and communities as a result of pain
and suffering, impairment of function, and reduced qual-
ity of life, is considerable. Globally, the greatest burden of
oral diseases is on the disadvantaged and poor population
groups. The current pattern of oral disease reflects dis-
tinct risk profiles across countries related to living condi-
tions, lifestyles, and environmental factors, and the
implementation of preventive oral health systems. Global
strengthening of public health programs through imple-
mentation of integrated oral disease prevention measures
and health promotion is urgently needed, and use of
common risk factors approaches should incorporate oral
health within national health programs.
See also: Dental Epidemiology; Dentists; HIV/AIDS; Oral

Cancer.
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What Are Organohalogens?

It is axiomatic that human activities change the quality
of the environment on a global scale, which can adversely
affect life on earth. A prototypical example of such envi-
ronmental damage and harmful biological effects is
that caused by persistent human-made chemicals, partic-
ularly organohalogen compounds. Organohalogens are
organic compounds that contain chlorine, bromine, fluo-
rine atoms, and the molecules are named chlorinated,
brominated, and fluorinated compounds, respectively
(Figu res 1, 2 an d 3 ). D ue to their extreme per sistenc e in
the environment, bioaccumulative nature, and long-term
health effects in humans, some of these organohalogen
compounds such as polychlorinated biphenyls (PCBs, an
industrially versatile compound), insecticides such as
DDTs, HCHs (BHC), chlordane (CHLs), and industrial
byproducts such as chlorinated/brominated dioxins/
dibenzofurans are well-known global environmental
contaminants. Although the use of these synthetic chemi-
cals was banned or severely restricted in most developed
countries more than three decades ago, they are still
found in every component of the global ecosystem and
pose a threat to life on earth. Following the ban on the
production and usage, residue levels of organohalogens
declined, in some cases at a slower rate. Nevertheless,
new organohalogens continue to be discovered in the
environment. Perfluorinated compounds (PFCs) and
polybrominated diphenyl ethers (PBDEs) are widely
used in a variety of industrial and consumer products
that are considered emerging persistent global environ-
mental pollutants. The historical background of the
organohalogens, their physicochemical properties, envi-
ronmental contamination, human exposure, and effects
on human health are described in this article with particu-
lar focus on chlorinated, brominated, and fluorinated
compounds.
Classes of Organohalogens and
Background Information

Chlorinated hydrocarbons were synthesized as early
as 1830. Polychlorinated biphenyls (PCBs) were first
synthesized in the early 1880s by Schmidt and Schultz
(1881) and their commercial production began in 1929.
Commercial PCB formulations were sold under a variety
of trade names; for example, in the United States and
Great Britain Aroclor was the most common trade name
for PCBs. PCB mixtures were named according to their
chlorine content. For instance, Aroclor 1254 contains 54%
chlorine by weight, and Aroclor 1260 contains 60%. The
PCB mixture formulations were different depending on
the country of origin and were produced in Germany
(Clofen), France (Phenoclor and Pyralene), Japan
(Kanechlor), Italy (Fenclor), Russia (Sovol), and Czecho-
slovakia (Delor). PCB mixtures were produced for a
variety of uses such as fluids in electrical transformers,
capacitors, heat transfer fluids, hydraulic fluids, lubricating
and cutting oils, and as additives in plastics, paints, copying
paper, printing inks, adhesives, and sealants. Agricultural
insecticide, DDT, was first synthesized before the turn
of the 20th century by Zeilder in 1874. Its insecticidal
value was discovered, and it was put to field use in the
1940s. Subsequently, this chlorine-containing insecticide
replaced compounds with arsenic, lead, and copper, which
were in use as insecticides. Application of DDTcontributed
to rapid reduction of malaria and other insect-borne dis-
eases such as typhoid fever and cholera, and an astonishing
associated increase in agricultural productivity in many
regions of the world. The great success in the application
of DDT during, and in the years following, the Second
World War earned Paul Müller a Nobel Prize in Medicine.
The other organochlorines, HCHs and CHLs, were intro-
duced in 1945 and these insecticides also contributed to
human welfare as agricultural and domestic pest control
agents. Owing to persistent, bioaccumulative, toxic proper-
ties and long-term health effects, organochlorine com-
pounds were banned or severely restricted in the early
1970s in several developed countries (Loganathan and
Kannan, 1994). Following this initial restrictive action,
persistent, bioaccumulative, and toxic chemicals (PBTs)
were the subject of a concerted regional, national, and
international effort to limit the production, use, and con-
trol the disposal of materials no longer in use.

The next class of organohalogens of concern is bromi-
nated compounds, including polybrominated diphenyl
ethers (PBDEs) and polybrominated dibenzo-p-dixions/
furans (PBDDs/PBDFs). PBDEs constitute an important
group of flame retardants. PBDEs are added to consumer
products so the products will not catch fire or will burn
more slowly if exposed to flame or heat. PBDEs are added



Compound

Persistent organochlorine compounds

Molecular wt. Chemical structure

Clm

Cl ClC

H

C

Cl

Cl

188 ~ 498PCBs

DDT
(p, p� - DDT)

355

291HCHs

410Chlordane

~ 322PCDDs

PCDFs ~ 310

Cl

ClHCl

Cl

Cl

Cl Cl

ClCl

Cl

8

9

9 1
2

3

46

7

8

O

1 2

2

3

46

7

O

O

Cl Cl

Cl

ClCl

Cln
m + n = 1 ~ 10

Figure 1 Chemical structures of persistent organochlorine

compounds. PCBs, polychlorinated biphenyls; DDT,
1,1,1-trichloro-2,2-bis[p-chlorophenyl]-ethane; HCHs,

hexachlorcyclohexanes; PCDDs, polychlorinated

dibenzodioxins; PCDFs, polychlorinated dibenzofurans.

Organohalogen Pollutants and Human Health 687
to plastics, upholstery, fabrics, and foams and in common
products such as computers, television sets, mobile phones,
furniture, and carpet pads. Nearly 90% of electrical and
electronic appliances contain PBDEs, which are added as
flame retardants that afford upto 15 times greater escape
time in case of a fire. PBDDs/PBDFs are relatively less
toxic than chlorinated dioxins and are formed during heat-
ing or incineration of polybrominated biphenyls (PBBs) and
PBDEs. Low levels of PBDDs/PBDFs detected in environ-
mental samples suggest relatively lower exposure to biota
(fish) and humans to these compounds.

In contrast to PCBs, PBDEs are currently being pro-
duced and used in household materials. PBDEs are
primarily indoor pollutants. PBDEs leach into the envi-
ronment when household wastes decompose in landfills or
are incompletely incinerated. Human health concerns
stem from the fact that PBDEs are persistent, bioaccumu-
lative, and structurally similar to PCBs (Figure 2). PBDE
concentrations are rapidly increasing in the global envi-
ronment and in human blood, breast milk, liver, etc.
Although these chemicals are ubiquitous in the envi-
ronment and bioaccumulate in wildlife and humans,
little is known about their potential toxic properties
(Kodavanti, 2005).

Perfluorinated compounds are another group of organic
compounds in the persistent organohalogen family. PFCs
are used in a variety of specialized consumer and industrial
products (Senthil Kumar, 2005). PFCs are used in
metal-plating baths, surfactants, cleaning products, rust
inhibitors, fire-fighting applications, starting materials
for polymers, herbicide and insecticide formulations, cos-
metics, shampoos, pharmaceuticals, water and oil repel-
lent coatings for fabrics and paper, greases and lubricants,
paints, polishes, upholstery, textiles, carpets, soil/stain-
resistance coatings, mining and oil well surfactants, acid
mist suppressants, electronic etching baths, alkaline clea-
ners, floor polishes, photographic film, and denture cleaners
and adhesives. PFCs are also used in paper protection,
including food contact applications (plates, food containers,
bags, andwraps) and non-food-contact applications (folding
cartons, masking papers; Kannan et al., 2004).

The chemical stability and nondegradable nature of
PFCs, coupled with their widespread use, has led to
global environmental contamination and accumulation
of PFCs in aquatic and terrestrial organisms, including
humans. Perfluorooctane sulfonate (PFOS, Figure 3) and
perfluorooctanoic acid (PFOA, Figure 3) have been rou-
tinely detected in environmental matrices, wildlife, and
human tissues (Kannan et al., 2004). Detectable amounts of
PFOS were also found in human blood samples obtained
from individuals residing in a number of countries. These
findings have raised concerns about environmental con-
tamination by perfluorinated compounds and their possible
impacts on ecosystems and on human health. Although
perfluorinated chemicals are ubiquitous in the global envi-
ronment and bioaccumulate in wildlife and humans, their
toxic properties are still under investigation.
Chlorinated Compounds

Physicochemical Properties

Human-made organochlorine compounds possess unique
properties that render them highly persistent in the global
environment, causing chronic toxicity to wildlife and
humans. PCBs are colorless to light yellow, have no
smell, and are tasteless oily liquids or solids. Some PCBs
are volatile and may exist as a vapor in air. The
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physicochemical properties of PCBs vary widely and
depend on the number and positions of chlorine atoms
in the biphenyl rings. PCBs resist both acids and alkalis
and have thermal stability. This has made them useful in a
wide variety of industrial applications including dielectric
fluids in transformers and capacitors, heat transfer fluids,
and lubricants. Generally, PCBs are relatively insoluble
in water and the solubility decreases with increased chlo-
rination. PCBs are readily soluble in nonpolar organic
solvents and biological lipids. When PCBs are burned
at high temperatures, the products of combustion inclu-
de polychlorinated dibenzofuran (PCDFs) and polych-
lorinated dibenzo-p-dioxins (PCDDs), which are more
hazardous than PCBs itself. DDT compounds, HCH iso-
mers, and chlordane compounds have properties similar to
certain higher-chlorinated and lower-chlorinated PCBs,
respectively. The physical and chemical stability of the
organochlorines contributes to their persistence in the
environment and is responsible for the environmental
and health problems caused by these compounds.
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Environmental Contamination and
Human Exposure

PCBs entered the air, water, and soil during the manufac-
ture and use in a variety of applications. PCB wastes are
placed in landfills. PCBs also entered the environment
from accidental spills and leaks during the transport of
PCB-containing materials. Once in the environment,
PCBs do not readily break down and therefore remain
there for a very long period of time. PCBs can easily cycle
between air, water, and soil. For example, PCBs can enter
the air by evaporation from both water and soil. In air,
PCBs can be carried long distances and have been found
in snow and seawater in areas far away from where PCBs
were released into the environment, such as the Arctic and
Antarctic environments. This has resulted in extended
contamination and distribution over the global environ-
ment, as evidenced by their detection in remote envi-
ronmental media and biota such as the Arctic and the
Antarctic atmosphere, hydrosphere, and biosphere. Because
of their persistent and lipophilic properties, PCBs bioac-
cumulated in various lower trophic organisms (plankton),
bivalve mollusks, fish, reptiles, marine mammals, birds,
and terrestrial mammals. In concurrence with these find-
ings, these compounds have been detected in fish and
other food products. The primary route of human expo-
sure of PCBs and chlorinated pesticides was through con-
sumption of contaminated foods such as dairy products,
meat, and freshwater fish. Unexpectedly high levels of
these compounds were found in human adipose tissues,
blood, and milk (Loganathan et al., 1993). Chlorinated
pesticides such as DDT compounds, HCB, HCHs, and
chlordane compounds also possess similar properties to
certain PCBs; these compounds also contaminated the
global environment and biota. Organochlorine pesticides
also showed a similar pattern of bioaccumulation and
biomagnification in the food chain and levels in humans
to that observed for PCBs.
Effects on Human Health

The available biomedical data and laboratory animal stud-
ies provide strong evidence of the toxic health effects of
PCBs and chlorinated pesticides. Information on health
effects of PCBs is available from studies of people exposed
accidentally, by consumption of contaminated rice oil in
Japan in the year 1968 (outbreak of Yusho) and Taiwan in
the year 1979 (the Yu-Cheng incident), by consumption of
contaminated fish and meat products and via general envi-
ronmental exposures. Major symptoms of Yusho disease
consisted of acneform eruptions, pigmentation of the
skin, nails, and conjunctiva, increased discharge from the
eyes, and numbness of the limbs (Yusho Support Center,
2007). Health effects that have been associated with
exposure to PCBs in humans and/or animals include
liver, thyroid, dermal, and ocular changes, immunological
alterations, neurodevelopmental changes, reduced birth
weight, reproductive toxicity, and cancer. PCB exposures
have been associated with low birth weight and learning
and behavioral deficits in children of womenwho consumed
PCB-contaminated fish from Lake Michigan. Further,
coplanar PCBs (chlorine substitutions in para and meta
positions in the biphenyl molecule) cause dioxin-like toxic-
ity via AhR-mediated toxicity, leading to the development
of cancer. However, non-dioxin-like PCBs seem to exert
neurotoxicity through their effects on thyroid hormones
and intracellular signaling processes (Kodavanti andTilson,
1997). Serious environmental and health problems, espe-
cially in birds, were attributed to DDT and its metabolites
(DDE, DDD). In addition, 4,40-DDE, which is a major
metabolite of 4,40-DDT, has been linked to eggshell thin-
ning and diminished reproductive success in a variety of
bird species, including peregrines, hawks, gulls, eagles,
terns, cormorants, and many other species. In addition,
abnormalities in male sexual development in humans have
been associated with the exposure of estrogenic chemicals
such asDDT. It is known that 4,40-DDEdoes not bind to the
estrogen receptor but inhibits androgen binding to the
androgen receptor, resulting in inhibition of androgen-
induced transcriptional activity and an androgenic effect
in mammals.
Brominated Compounds

Physicochemical Properties

Similar to PCBs and other chlorinated pesticides, poly-
brominated diphenyl ethers (PBDEs) are synthetic che-
micals that do not occur in nature. PBDEs comprise two
phenyl rings linked by oxygen (thus the designation as
ether; Figure 2). PBDEs are structurally similar to PCBs
(Figure 2) and are quite resistant to physical, chemical,
and biological degradation. Also, PBDEs cause adverse
effects similar to PCBs on nervous, immune, and endo-
crine systems and influence metabolism of chemicals
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endogenous to the body as well as the metabolism of
foreign chemicals. Compared to chlorine atoms, bromine
atoms are in general lost more easily from the molecule
(more reactive), rendering PBDEs susceptible to various
types of degradation and metabolism more readily than
PCBs.
Environmental Contamination and
Human Exposure

PBDE residues have been detected in indoor air, house
dust, and foods. PBDE exposure to humans may be possi-
ble via multiple sources (air, water, food, and dust). PBDEs
are found in higher levels in house dusts in the United
States than Europe. The contents of vacuum cleaner bags
were used to assess household dust exposure to PBDEs in
a total of 20 U.S. and German homes. This study found
that PBDE-47, PBDE-99, and PBDE-209 were present in
the highest concentrations and that the U.S. samples were
approximately 50 times higher than samples from Ger-
many. High concentrations of PBDEs are also found in
sewage sludge, with levels in the United States running
10–100 times higher than those in Europe. Over half
of the sewage sludge produced annually in the United
States is applied to land as fertilizer (US Environmental
Protection Agency, 1999). Thus, application of sewage
sludge may represent a source of exposure to humans
and wildlife, through direct contact or uptake by plants.
For example, a recent survey of U.S. foods showed PBDEs
in infant soy formula and beef, suggesting that plants as
well as animals can be contaminated with PBDEs.

Significant levels of PBDEs may be found in outdoor
air, even at rural locations. PBDE levels were about half
those of PCBs in early spring. It is currently well estab-
lished that there may be significant levels of PBDEs in
indoor air and dust. PBDE concentrations in indoor films
were 15–20 times higher than in outdoor films. Levels in
the U.S. dust were 50 times higher than those in Germany.

Levels of PBDEs in human tissues, specifically blood,
milk, and fat, have increased exponentially since the 1970s
in several countries, including the United States, Canada,
and Sweden (Schecter et al., 2005). Currently, the dou-
bling time for PBDE levels in the human body is esti-
mated to be 3–5 years. In recent years in Sweden, breast
milk levels are decreasing, presumably as a result of a
decrease in the use of PBDE-containing products. The
European Union has decreased PBDE use by two-thirds
in recent years. Levels of PBDEs among individuals in
North America, as measured in blood, breast milk, or
adipose tissue, are 10–70 times higher than in Europe or
Japan (Shechter et al., 2005). High levels of PBDEs in
North America were attributed to the maximum use of
penta BDE mixture (>90%) when compared to the rest
of the world. Like other lipophilic compounds, PBDEs
readily cross the placenta into the fetus. This provides the
opportunity for PBDEs to interfere with developmental
processes, producing developmental effects.
Effects on Human Health

There have been no epidemiological studies on the health
effects of environmental exposure to PBDEs. Although
there are studies in animals documenting adverse eff-
ects, there are not adequate data on administered doses
that do not produce overt toxicity. In addition, extrapola-
tion of a dose in a rodent (rat or mouse) to a comparable
dose (or exposure) in humans requires either extensive
pharmacokinetic data in both rodents and humans, or a
series of assumptions. Currently, there is not sufficient
information to extrapolate effect data from rodents to
humans. Reliance on a series of assumptions obviously
introduces substantial uncertainty and probably inaccu-
racy. One approach that may be useful to circumvent the
difficulties associated with rodent-to-human extrapola-
tion is to compare current observed levels of PBDEs in
humans to the levels of PCBs that are known to produce
adverse effects in humans. One of the most sensitive
(perhaps the most sensitive) endpoints for adverse PCB
effects is developmental neurotoxicity. It appears that this
may be the case for PBDEs as well, based on the current
available data on structural similarities and adverse effects
seen in in vitro as well as in in vivo in animal models. In
addition, the mechanisms of action for PBDE and PCB
neurotoxicity may be the same, because the limited data
available suggest that PCBs and PBDEs are approxi-
mately equipotent on neuronal intracellular signaling.

A study in the Netherlands collected breast milk
shortly after birth from 209 mothers who intended to
breastfeed their newborns. The study also included 209
mothers who did not intend to breastfeed. The neuropsy-
chological function of the children was tested beginning
in infancy, with periodic assessment up to 9 years of age.
Deficits associated with PCB exposure were observed in
both breastfed and nonbreastfed infants on a number of
cognitive and other behavioral functions (Vreugdenhil
et al., 2004). PCB levels in breast milk were based on the
four most prevalent congeners, representing about 60% of
the total PCBs. The median concentration was 414 ng/g
lipid, with a range of 158–969 ng/g. Dividing by 0.6 results
in a median of 690 ng/g and a range of 263–1615 ng/g.
A similar study in Germany, with equivalent breast milk
PCB levels, also documented adverse effects on cognition
associated with increased PCB exposure (Winneke et al.,
1998).

Milk concentrations of PBDEs in the United States are
currently well below the levels reported in the Dutch and
German PCB studies. The median PBDE concentration
in the Texas study was 34 ng/g lipid, with a range of
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6–419 ng/g (Schecter et al., 2003). In other studies, the
median for breast milk levels was 58 ng/g, with a range of
9.5–1078 ng/g. The median value in breast milk is approx-
imately ten times higher for PCBs than for current con-
centrations of PBDEs; however, the concentration ranges
overlap. The current doubling time for levels of PBDEs in
milk in North America is as short as 2.6 years. Assuming
that the current exponential increase continues, doubling
times will continue to decrease. In this case, levels that are
known to produce developmental neurotoxicity would be
reached in less than 10 years. It is also important to
remember that a no-effect level for PCBs has not been
determined. Therefore, it is not known whether current
concentrations of PBDEs in the environment are produ-
cing adverse effects, assuming that PBDEs have effects at
approximately the same concentrations as PCBs. In addi-
tion, it is likely that the effects of PCBs and PBDEs are
additive, at least for neurotoxicity. Therefore, the levels of
PBDEs currently in the environment may well be pro-
ducing adverse effects.

Although the U.S. Government has not banned penta
or octaBDE, they have been voluntarily withdrawn by
manufacturers. This withdrawal should result in at least
a retardation of the doubling time. Since the vast majority
of the PBDEs currently in use are the decaBDE mixture,
it is expected that its metabolic products will make up an
increasingly important fraction of the PBDE concentra-
tions in the human body, if production does not cease.
Based on current information, it is not possible to estimate
how quickly decaBDE and its products would increase.
Fluorinated Compounds

Physicochemical Properties

Perfluorinated compounds are emerging new environ-
mental pollutants. Most fluorinated organohalogens pos-
sess amphiphilic (ionic and neutral) properties. Owing to
their thermodynamically strong covalent C–F bonds,
these compounds were initially considered nonmetaboliz-
able and nontoxic. In many cases, a given perfluorinated
compound may readily convert to one or more additional
perfluorinated compounds. For example, because of the
reactivity of its sulfonyl group, perfluorooctane sulfonate –
which is used in fire-fighting foams, herbicides, insecti-
cides, paints, lubricants, and carpeting – readily converts
to perfluorooctanoic acid, potassium perfluorooctane sul-
fonate, and perfluorooctane sulfonamide. To further com-
plicate the situation, many perfluorinated compounds
easily isomerize. Because the physicochemical and bio-
chemical properties such as vapor pressure, water solubil-
ity, lipophilicity, metabolic degradability, particle affinity,
etc., of organohalogen compounds differ from isomer to
isomer, the environmental distribution, persistence, and
toxicity of various perfluorinated isomers will vary signif-
icantly. Isomer-specific analysis is therefore needed to
address the environmental risk posed by these compounds.
Perfluorinated compounds are water-soluble in the several
parts per million range. PFCs with unique surface modifi-
cation properties readily bind to surfaces including blood
globulins.
Environmental Contamination and
Human Exposure

Although perfluorinated compounds have been produced
and used in a wide variety of industrial and consumer
products for more than five decades, these compounds
have recently been recognized as a group of environmen-
tal pollutants about which little is known. Because of their
unique properties, PFCs are environmentally persistent
and have been detected in ice, water, sediment, sewage
sludge, etc., and in aquatic organisms, terrestrial and
marine animals, and humans. Organofluorine compounds
were first found in human blood in the 1960s. PFCs have
been detected in human blood samples throughout the
world (reviewed by Houde et al., 2006). However, the
major routes of PFOS exposure in humans are not fully
understood. Among other possibilities, consumer pro-
ducts such as nonstick cookware and popcorn bags may
be a source of exposure in addition to food products such
as fish. A recent study of human blood samples from
around the world found the highest levels of PFOS in
the United States and Poland, intermediate levels in
Korea, Belgium, Malaysia, Brazil, Italy, and Colombia,
and the lowest in India (Kannan et al., 2004).
Effects on Human Health

There have been no epidemiological studies on the health
effects of environmental exposure to PFCs. There were
few reports in animals indicating adverse health effects
associated with exposure to PFCs. In PFOS production
employees in Decatur, Alabama, and Antwerp, Belgium,
serum hepatic enzymes, cholesterol, or lipoproteins were
not altered when serum PFOS levels were less than 6 ppm.
However, when PFOS levels were noted to be more than
6 ppm in the year 1995 (0.0–12.83) and in 1997 (0.1–9.93)
(Olsen et al., 1999), evidence of peroxisome proliferating
effect in individuals exceeding 6 ppm serum concentra-
tions was noticed. Another study showed that the PFOS
concentrates in liver and serum causing hypolipidemia at
cumulative dosages. In humans, PFOA and PFDA can
alter expression or secretion of a differentiated gene
product (IgM). At high exposure levels, both chemicals
increased solubilization of proteins from lymphoblastic
cell lines. Another PFOA-related modulation in hepatic
responses is obesity. The cross-sectional study in
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occupationally PFOA-exposed humans showed 10%
increase in mean estradiol levels.

Humans exhibit a weak response to the peroxisome
proliferating PFCs, which is in part due to a relatively
low level of peroxisome proliferator-activated receptor
(PPAR) alpha expression in human liver. PFOA induced
apoptosis in human HepG2 cells with the involvement of
reactive oxygen species (ROS), mitochondria, and cas-
pase-9 in PFPA-induced apoptosis. In addition, PFOA
was reported to have modulated hepatic responses to
obesity and alcohol consumption among the production
workers.
1940 1960 1980
Year

2000 2020

Figure 4 Schematic representation of global environmental
contamination trends of organohalogen compounds.
Summary and Conclusions

Increasing levels of chlorinated, brominated, and fluori-
nated persistent organic compounds in the environmental
media (air, water, soil, sediment) and in human tissues
including adipose tissue, breast milk, and placenta con-
tinue to be a cause of human health and ecological con-
cern. For persistent organic pollutants (POPs), especially
PCBs and dioxins, consumption of contaminated fish and
other food materials has been the main route of exposure
to humans. The exposure pathway for these chlorinated
organic compounds in humans is mainly from the outdoor
environment and biota. However, for the emerging envi-
ronmental pollutants such as brominated (PBDEs) and
perfluorinated compounds (PFCs), the human exposure
pathway is predominantly from indoor contamination.
Given the widespread use of PBDEs in household items,
indoor contamination may be a significant source of
human exposure. Similarly, perfluorinated compounds
are used in a variety of consumer products and exposures
from the indoor environment and consumption of PFC-
contaminated foodstuffs may contribute to exposures. The
human exposures and health effects by these organohalo-
gens will continue for a long period of time, even after a
ban on their production, as has been evidenced for
organochlorines.

A schematic representation of time perspectives of
environmental contamination and exposure to humans is
shown in Figure 4. Chlorinated compounds such as PCBs
and pesticides very rapidly contaminated the environment
and biota during the periods of their use for agricultural
and public health purposes. The contamination levels
declined after the ban or severe restrictions placed on
the production and use of these compounds in most
developed countries. However, developing countries still
continue to use these inexpensive chemicals for agricul-
tural pest control and to control insects that spread
malaria, typhoid, dengue fever, etc. Thus, developing
countries form the point source for continued global
contamination with the organochlorine compounds.
Therefore, future chronic toxic effects in humans and
wildlife by organochlorine compounds cannot be ruled
out. In contrast, brominated and fluorinated compounds
are being produced in large quantities and used globally
by both developed and developing countries. These com-
pounds are heavily used in indoor appliances and materi-
als. Human exposure pathways for PBDEs and PFCs are
direct and intimate. Considerable data have been amassed
on the presence of PBDEs and PFCs in indoor environ-
mental media (air, water, dust, lint, clothing, food packag-
ing materials, etc.) and human tissues (blood, breast milk,
liver, fetus, etc.). Based on PBDE and PFC use, their
recalcitrant property, bioaccumulation, and biomagnifica-
tion potential, it can be predicted that the environmental
contamination, and human exposure and health effects
by these compounds will continue to increase for several
decades in both developed and developing countries
(Figure 4). These factors need consideration in the effort
to minimize exposure to humans from indoor pollution,
and dietary exposure to protect human health from possi-
ble long-term health effects caused by the organohalogen
compounds.
Acknowledgments

Authors thank Drs. Ramabhadran and John R. Fowle, III
of USEPA, Research Triangle Park, NC and K Kannan of
Wadsworth Center, Albany, NY for their excellent com-
ments on an earlier version of this chapter. The contents
of this article has been reviewed by the National Health
and Environmental Effects Research Laboratory of the
US Environmental Protection Agency, and approved for



publication. Approval does not signify that the contents
necessarily reflect the views and policies of the Agency
nor does mention of trade names or commercial products
constitute endorsement or recommendation for use.

See also: Agricultural Health and Safety; Environmental

Health: Overview; Hazardous Wastes; Indoor Air Pollution/

Developing Countries; Pesticides; Water Pollution:

Emerging Contaminants Associated With Drinking Water.

Citations

Houde M, Martin JW, Letcher RJ, Solomon KR, and Muir DCG
(2006) Biological monitoring of perfluoroalkyl substances:
A review. Environmental Sciences and Technology 40:
3463–3473.

Kannan K, Corsolini S, Falandysz J, et al. (2004)
Perfluorooctanesulfonate and related fluorochemicals in human
blood from several countries. Environmental Sciences and
Technology 38: 4489–4495.

Kodavanti P (2005) Neurotoxicity of persistent organic pollutants:
Possible mode(s) of action and further considerations. Dose
Response 3: 273–305.

Kodavanti PR and Tilson HA (1997) Structure-activity relationships of
potentially neurotoxic PCB congeners in the rat. Neurotoxicology 18:
425–442.

Loganathan BG and Kannan K (1994) Global organochlorine
contamination: An overview. AMBIO 23: 187–191.

Loganathan BG, Tanabe S, Hidaka Y, Kawano M, Hidaka H, and
Tatsukawa R (1993) Temporal trends of persistent
organochlorine residues in human adipose tissue from Japan,
1928–1985. Environmental Pollution 81: 31–39.

Olsen GW, Burris JM, Mandel JH, and Zobel LR (1999) Serum
perfluorooctane sulfonate and hepatic and lipid clinical chemistry
tests in fluorochemical production employees. Journal of
Occupational and Environmental Medicine 41: 799–806.
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In 2005, the United Nations Development Programme
Report stated that ‘‘the HIV/AIDS pandemic has inflicted
the single greatest reversal in human development.’’ The
infants, children, and adolescents who have been orphaned
as a consequence of this epidemic are an important aspect
of this reality. Their full development as human beings has
been and is being jeopardized. A greater commitment of
human, material, and financial resources is urgently
needed to address the health and well-being of this popu-
lation of children.
The Global HIV/AIDS Pandemic and
Orphaned and Vulnerable Children

Patterns of illness, human rights abuses, and orphanhood
that characterize the global HIV/AIDS pandemic are not
forged by chance. Rather, poverty and economic inequi-
ties, the absence of educational opportunities, exploitative
child labor, and pervasive violations of women’s and chil-
dren’s rights produce the patterns of human suffering that
are the subject of this article. A multitude of problems
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challenge children who are orphaned as a consequence
of HIV/AIDS. While the problem of AIDS and orphans
is most acutely experienced in sub-Saharan Africa,
analysis of the patterns of suffering and their sources
there may yield insights critical for devising effective
public health strategies to alleviate both local and global
suffering caused by the HIV/AIDS pandemic in other
countries.

As of 2006, an estimated 39.5million people are living
with HIV, approximately 4.3million are newly infected,
and 2.9million died in 2006 (see Figure 1). While HIV
prevalence has leveled off in some countries, it is increas-
ing at rates that far surpass initial predictions in others;
thus, the overall number of people living with HIV is
increasing. The pandemic has generated increased mor-
bidity and a precipitous fall in life expectancy and birth
rates, which has significant ramifications for child, com-
munity, and country development.

On average, almost one in three pregnant women
receiving care at antenatal clinics in southern Africa is
HIV infected. Young women aged 15–24 are two to six
times more likely to be infected than men of the same age.
In spite of the advances in treatment access, only 20% of
people with advanced disease (1.3million) are receiving
needed antiretroviral treatment. Best estimates state that
the median lifespan of HIV-infected women is 9 years.
Maternal death has profound implications for infants,
children, and adolescents; infants and young children in
particular are at increased risk of dying.

Problems such as war, famine, and infectious disease
outbreaks have produced large numbers of orphaned
children. However, orphanhood is becoming a chronic
Adult prevalence %
15.0 – 34.0%

5.0 – <15.0%
1.0 – <5.0%
0.5 – <1.0%
0.1 – <0.5%

<0.1%

Figure 1 HIV prevalence worldwide. Reproduced from UNAIDS (200

org/en/HIV_data/2006GlobalReport/default.asp (accessed January 2
condition of childhood with ramifications for adulthood
because of the magnitude, morbidity, and mortality of the
HIV/AIDS epidemic. Nowhere is this chronic condition
more apparent than in sub-Saharan Africa, home to 24 of
the 25 countries with the highest HIV prevalence rates
globally.
Prevalence of Orphaned and Vulnerable
Children

A commonly used definition of ‘orphan’ is a child whose
parents died before the child reached the age of 15. How-
ever, there are problems with this definition. Adolescents
beyond 15 years of age have needs and require adult sup-
port. A definition of child orphans that used the language
of the United Nations Convention on the Rights of the
Child, which defines a child as anyone 18 years of age or
less, would include this vulnerable population of 15- to
18-year-olds. There are cultural nuances in the use of the
term ‘child orphan.’ For example, in some African coun-
tries, an orphan is a destitute child, regardless of whether
he or she has a mother or father or both who have died.
Finally, there is the issue of who is counted as a child
orphan. Some agencies and studies only count orphans as
children who have lost their mothers (i.e., maternal
orphans), not their fathers (i.e., paternal orphans). How-
ever, some researchers would argue that maternal orphans
become virtual double orphans (i.e., those who have lost
both parents) because some fathers in this situation, while
not dead, are not present and actively contributing to the
care of the children.
6) 2006 Report on the Global AIDS Epidemic. http://www.unaids.

008), with permission from UNAIDS.

http://www.unaids.org/en/HIV_data/2006GlobalReport/default.asp
http://www.unaids.org/en/HIV_data/2006GlobalReport/default.asp
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In spite of these shortcomings, the above definition is
the most commonly used. Without HIV/AIDS, the num-
ber of double orphans would have declined from
1990–2010. Instead, it will triple. As of 2003, an estimated
15million children under 18 years of age have been
orphaned by HIV/AIDS worldwide, and 12million of
these live in sub-Saharan Africa (see Figure 2). In com-
parison, there are 320 000 orphans in the United States.
Overall, 9% of children in sub-Saharan Africa have lost
at least one parent to AIDS; however, in Zambia and
Swaziland, 25% and 35% of children, respectively, have
lost at least one parent. Orphanhood due to HIV/AIDS is
accounting for a greater proportion of all orphans world-
wide. In 2001, 32% of all orphans in sub-Saharan Africa
lost their parents to HIV; this has increased to 50%.
In 11 countries in sub-Saharan Africa, 75% of parental
deaths are due to AIDS. Another disconcerting phenom-
enon is the estimated ten-year or longer time lag between
peak HIV prevalence and peak orphanhood. Thus, even
when HIV rates stabilize or decline, the numbers of
orphans will continue to rise for at least a decade.

In four countries outside sub-Saharan Africa, orphan
prevalence is greater than 10%: Haiti, Afghanistan, Lao
People’s Democratic Republic, and Democratic People’s
Republic of Korea. However, unreliable or nonexistent
data from these and other countries prevents accurate
estimates of the number of orphans due to AIDS.
15–19%

10–14%

5–9%

Figure 2 34million children orphaned due to all causes in

sub-Saharan Africa. Reproduced from UNICEF (2003) Africa’s

Orphaned Generations. www.unicef.org (accessed January
2008), with permission from UNICEF.
Surveys suggest that overall approximately 15% of
orphans are 0–4 years old, 35% are 5–9 years old, and
50% are 10–14 years old (see Figure 3). Each one of these
age groups faces unique risks to their health andwell-being.
Double orphans are more at risk than single orphans. And
HIV-infected children who are orphaned suffer the double
burden of being afflicted with the same illness that claimed
the life of one or both of their parents.

Although there are many problems with current mod-
els of measuring the scope of orphan prevalence, it is
known that the relationship between HIV prevalence,
orphan prevalence, and effects on family, community,
and societal structures will change as the pandemic pro-
gresses. If rates of infection continue at their current pace,
the prediction is that there will be 20 million orphans due
to AIDS in Africa by 2010 (see Figures 4 and 5). The
number of double orphans is expected to account for half
of these. According to UNICEF, in light of current trends,
the countries that will have the highest proportion of
child orphans will be Lesotho, Swaziland, Botswana, and
Zimbabwe, and greater than 80% of these children will be
orphaned as a consequence of AIDS.
Vulnerabilities of Orphaned Children

One of the first vulnerabilities that children face is
whether they will be cared for, and by whom (e.g., other
adults or children). A study of families in Zimbabwe found
that important factors in the decision to care for orphans
were social relatedness and financial capacity. Caregivers
were more open to fostering children if the child was a
relative (75%) rather than a friend’s child (50%) or a
stranger’s child (25%). Data from UNICEF demonstrate
that the majority of AIDS orphans (90%) are being cared
for by extended families (e.g., grandparents, aunts, uncles).
Currently in sub-Saharan Africa, 1 in 5 households with
children care for at least one orphan.

Another issue is the quality of care, both material and
psychological, that child orphans receive.

In addition to not being the healthiest option for
children, placement in orphanages is not culturally appro-
priate or financially feasible in many countries (in some
countries, orphanages do not exist). For example,
Zimbabwe has 800 000 orphans, and less than 4000 are
housed in 45 residential centers. But the reality is that
many families, especially those headed by grandparents
who are no longer economically active, are financially
destitute. Household out-of-pocket spending is the largest
single component of HIV/AIDS expenditure in Africa,
greater than the amount of money contributed by govern-
ments and nongovernmental organizations.

AIDS is causing a deepening of poverty that affects all
children, regardless of age. Child orphans are more likely
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to live in large, female-headed households with little
income. In some householdswith at least oneHIV-positive
person, the income is half of similarly sized households in
which HIV is not present. Some HIV-affected households
spend up to four times more money on health care and use
30% of their income on funerals, while food consumption
decreases as much as 40%. For infants, this poses a grave
risk for malnutrition and accompanying acute morbidity
and mortality. Recent studies have shown that children
under 5 years of age living with an HIV-positive mother
have higher mortality rates one year prior to and one year
after the death of the mother, even after controlling
for potential perinatal transmission. For households with
orphans, there is an increased ‘dependency ratio’; in other
words, fewer people are economically active in the face of
a greater number of household members.

Children possess unique psychological and emotional
needs. With the loss of biological parents comes a disrup-
tion in the parent–child relationship. And even though a
family may take in a child, he or she may be forever
viewed as an outsider and less valued than the other
members of the family. Some children may have family
members who help them through their bereavement. But
it is also quite possible that family members are so con-
sumed with finding food, clothing, and shelter that they
do not have sufficient time to help children or adolescents
who may be struggling emotionally. Adolescent orphans
demonstrate heightened anxiety and higher rates of
depression and anger than their non-orphaned counter-
parts. For some children, their bereavement is increased
because they have been separated from their siblings. In
addition, children face stigma and discrimination because
they are assumed to be infected. Younger children in
particular, who may not understand the disease pro-
cess, suffer the loss of friendships, and are at risk of
physical, verbal, and psychological abuse. Stigma, in
many contexts, perpetuates the epidemic and results in
more affected children.

http://www.unicef.org/publications/index_22212.html
http://www.unaids.org/en/HIV_data/2006GlobalReport/default.asp
http://www.unaids.org/en/HIV_data/2006GlobalReport/default.asp
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Rapid disintegration of their family can leave children
at a loss regarding how to function in the world. In Africa
in particular, a child’s social, spiritual, and moral develop-
ment and ultimate place in society are determined in
large part by the family and kin. Disintegration of families
results in disintegration of social capital (social relation-
ships that facilitate community action for the mutual
benefit of members) within communities.

For older children, the risk of death is much less than
infants, but the risk of not receiving a formal education is
quite high. In some cases, the teachers are ill or caring for
ill relatives and thus are unable to teach; this affects all
children, orphaned or not. Or the family caring for the
orphaned child cannot afford to send that child to school.
In the case of adolescents, they may be required to care for
relatives and siblings or find work to support the family,
and thus must forego education. Currently only 64% of
children in Africa and 83% in Asia are enrolled in primary
schooling. Given current trends of increasing numbers of
orphans, it is likely that fewer children will attend school.
For those who are able to attend school, the challenges
do not abate. A study of five countries in sub-Saharan
Africa found that childrenwho had lost one or both parents
were significantly less likely to be in the appropriate grade
for their age. Knowing what a critical role early child
development and literacy play as social determinants of
health, lack of schooling will result in worsening overall
health for these children and adolescents.

A child less than 18 years old heads approximately 1%
of households. However, orphans living alone or in
youth-headed households are becoming more common.
A study in Zimbabwe found 5% of caregivers were in
their teens. In some cases, they may still have contact and
receive support from relatives, but in other cases, the
opposite is true, and youth feel isolated, marginalized,
and rejected. Adolescents are sometimes expected to
assume the role of parents, but without the requisite rights
given to adults. In the face of inaccessible, overburdened,
underdeveloped judicial systems that do not recognize
child rights, they are at risk of losing their inheritance
and property. Adolescent orphans initiate sex earlier than
non-orphans, thereby putting themselves at risk for preg-
nancy and sexually transmitted diseases.

Given the dire economic situation that many families
face, children are expected to start working, many times in
unjust, dignity-impugning labor. An International Labor
Organization (ILO) study in Tanzania found that 70% of
self-employed children, 60% of child domestic workers,
and 55% of child sex trade workers lost parents to AIDS.
A study in Zambia revealed that the average age of chil-
dren engaged in sex work was 15 years. Three-quarters
of these young people had lost one or both parents to
HIV/AIDS. They said they engaged in prostitution
because they and their families needed money. There
are no clear estimates on the number of children living
on the street as a consequence of being orphaned. How-
ever, one study in Zambia demonstrated that 58% were
due to loss of parents. Children become the victims of
popular myths regarding HIV prevention (e.g., that an
HIV-positive man can cure himself by having sexual
intercourse with a young virgin) and face sexual exploita-
tion, with its concomitant risks of pregnancy and sexually
transmitted diseases, including HIV.
A Public Health Response Informed
by Human Rights Principles

As the UNAIDS Director Dr. Piot points out, the excep-
tional nature of AIDS requires an exceptional response
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and that includes responding to the rights of infants,
children, and adolescents. Unfortunately, there is a lack
of public discourse on how this pandemic has negatively
affected the lives of millions of children.

The United Nations Convention on the Rights of the
Child (UNCRC) provides a cogent blueprint for how to
establish national policies that are formulated with the
best interests of the child in mind, that protect against
discrimination, and that strive to promote a child’s right
to survival. One critical principle in the UNCRC is
the responsibility of individual governments and the
international community to provide assistance to parents,
guardians, and communities as needed. An analysis of
reported funding for the 17 most affected countries in
sub-Saharan Africa in 2003 found that $200–300million
was earmarked for orphans and vulnerable children due
to the HIV/AIDS pandemic. In the case of U.S. funding,
the President’s Emergency Plan for AIDS Relief (PEP-
FAR) contributes 3% of its total budget (approximately
$50million) to orphans and vulnerable children programs
in its 15 focus countries, with approximately half to four
of the focus countries (Ethiopia, Mozambique, Uganda,
and Zambia). While these efforts are laudable, they are
not directed at the countries with the highest prevalence
of child orphans due to AIDS. Given the tremendous
financial burdens faced by countries most severely hit by
HIV/AIDS, increased funding and coordinated support
from the international community is absolutely essential.
Monitoring is also critical so that obstacles preventing
appropriate distribution to communities are overcome.

In spite of the pressing physical, mental, social, moral,
and spiritual issues facing children as a consequence of
AIDS, their overall care in this pandemic is woefully
neglected. An initial attempt to begin to address these
issues occurred at the 2001 United Nations General
Assembly Special Session (UNGASS), when heads of
state made a Declaration of Commitment to address the
needs of orphans due to HIV/AIDS. However, in 2003,
only 6 of 46 (13%) sub-Saharan African countries had a
national policy on orphans and vulnerable children in
place (another 20% were in the process of formulating a
national policy); less than one-third of poverty reduction
strategy papers and national HIV/AIDS plans mention
the issue of children affected by AIDS; and only Cameroon
had proposed any child-focused initiatives. Currently, less
than 10% of children orphaned as a consequence of AIDS
are receiving support services, mostly in the form of
material, rather than psychological, support.

In March 2004, UNAIDS and collaborating organiza-
tions devised a blueprint for care, Framework for the Protec-
tion, Care, and Support of Orphans and Vulnerable Children

Living with HIV and AIDS, which focuses on five areas:
strengthening the capacity of families to protect and
care for orphans and vulnerable children by prolonging
the lives of parents and providing economic, psychosocial,
and other support; mobilizing and supporting commu-
nity-based responses to provide immediate and long-
term support to vulnerable households; ensuring access
for orphans and vulnerable children to essential services,
including health care, education, and birth registration;
ensuring that governments protect the most vulnerable
children through improved policy and legislation and by
channeling resources to communities; and raising aware-
ness at all levels through advocacy and social mobilization
to create a supportive environment for children affected
by HIV/AIDS.

Strategies to assist children need to be directed upstream
and downstream. The global AIDS pandemic is undermin-
ing the medical, economic, and social structures of many
societies. Health systems in general are overburdened and
underfinanced to care for patients with HIV/AIDS. Money
that is directed to these patients is diverted from other life-
saving child health programs like immunizations and treat-
ment for pneumonia and diarrheal infections. A basic tenet
of the UNCRC is that children have a right to the highest
attainable standard of health; governments are obligated to
work to decrease infant and child mortality and to provide
appropriate pre- and postnatal care to women. Knowing
that the proportion of child deaths due to HIV infection is
rising, and that a child’s risk of death increases dramatically
if the mother dies, it is incumbent upon governments to act
accordingly. Women have the right to appropriate treat-
ment to increase their longevity and quality of life.
A secondary benefit is that healthywomenwill have healthy
children.

Children have a right to a standard of living adequate for
their physical, mental, spiritual, moral, and social develop-
ment. Implicit here is the right to water, sanitation, housing,
a safe home, and other basic needs. Once again, govern-
ments have a responsibility to provide for families if the
families cannot make ends meet to fulfill this right. The
extensive kinship network that is caring for orphaned chil-
dren in Africa is to be applauded for its demonstration of
true community involvement. They have put into practice
the adage, ‘‘It takes a village to raise a child.’’ Nonetheless,
these networks are fragile and at risk of collapsing under the
burgeoning weight of having more children to provide for
without the requisite support from adult wage earners and
the government. Also, for cultural reasons and issues of
stigma, these networks are not universally present. In
response to this, successful community-based orphan vis-
iting programs have been in place as early as 1996 in
sub-Saharan Africa. Community members are trained in
HIV/AIDS, stigma, discrimination, and child health and
development needs and thenmake regular visits to children
orphaned by AIDS, whether they are living with a family or
in a local group home. For the fewcountries that have them,
there is an urgent need to close national orphanages and
divert the funds into such community-based centers and
families caring for orphans.
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For women and men who are infected or have active
disease, in addition to provision of medications, a holistic
approach that addresses the needs of the entire family is
warranted, for example, increasing funding to make all
households food-secure, to provide adequate shelter, and
to make education affordable and accessible to all chil-
dren. The penchant for ‘targeted’ interventions and nar-
row funding streams risks thwarting this approach. Also,
giving only children food results in resentment and the
unwanted effect of people wanting to declare relatedness
to an HIV-infected person so that they receive assistance.
Training people (e.g., psychologists, social workers, church
and tribal leaders, as culturally appropriate) who can help
facilitate discussion among family members about what it
means to live with a chronic and ultimately fatal illness and
can help families plan for future events (e.g., the loss of one
or both parents) can improve the mental health of the
household. Having people who are specially trained to
work with children will address their unique needs based
on their level of development.

The right to education contributes to a child’s holistic
development. A school setting may be the place where
most children receive necessary health education, includ-
ing education about pregnancy and sexually transmitted
disease prevention, which is vitally important in the era of
AIDS. A study in Zimbabwe found that the most impor-
tant resource requested was educational subsidies. Free,
universally available, and accessible primary schooling
needs to be present in all countries. If not, and if children
and adolescents are forced to work, ultimately, commu-
nity and country development will flag considerably.

The national orphan policy of Botswana is successfully
based on the UNCRC. The Kgaitsadi Society in Gabarone
is an example of a community organization designed to care
for and educate AIDS orphans. Begun in 2002, it addresses
children’s basic material needs and provides primary
schooling using a flexible model of basic education. The
Society also provides support for children caring for other
family members and for those who are working.

The parents of many older children and adolescents
have died before being able to pass on skills such as farming
and animal husbandry. Therefore, job skills training and life
skills training for these children are critically needed to
increase their options for meaningful, non-exploitative
Table 1 Funding needed for children affected by HIV/AIDS. Rep

Epidemic.http://www.unaids.org/en/HIV_data/2006GlobalReport/def

Orphan-support activities (US$ million) 2006

Education 193

Health care and support 145

Familyhome support 971
Community support 14

Organization costs 246

Total 3043
employment and to secure their livelihoods as adults.
A joint effort of the World Food Programme and the Food
and Agriculture Organization is the Junior Farmer Field
and Life Schools. To date, 34 schools benefiting close to
1000 young people ages 12–18 have been set up in Kenya,
Mozambique, Namibia, Zambia, Tanzania, Swaziland, and
Zimbabwe. The schools teach traditional and modern agri-
cultural methods, as well as HIV/AIDS awareness and
prevention, gender sensitivity, sexual health, nutritional
education, and business skills. The schools provide psycho-
logical and social support, which helps young people
develop their self-esteem and confidence.

It is important to remember that there are other groups
of vulnerable children, among them those who live with
one or both HIV-infected parents (who will most likely be
orphans in the near or distant future), those living in
households that have taken in orphans, and those who
are discriminated against because of the HIV status of
their parents or themselves. Taking a child-centric, non-
discriminatory approach is required. Orphan status alone
may not be the most important marker of vulnerability.
Also, focusing only on orphan status may produce resent-
ment, heighten stigma, and is unfair. A broad range of
policies and programs need to be designed to assist all
orphans (from all causes), children orphaned by AIDS,
and other vulnerable children.

Funding can come from the international community
and nongovernmental organizations (see Table 1). Also,
individual governments should redirect the money they
put toward debt relief into these vital services. Govern-
ments need to create and/or improve policies and legis-
lation to protect, support, and strengthen children,
families, and communities. Government-sponsored public
service announcements and school-based programs can
raise awareness and eliminate stigma. And social services
need long-term funding commitments from governments
and the international community to ensure access. Com-
munities must be involved in the discussion, invention,
and implementation of programs for their children.
A focus on the futures of children growing up during
this pandemic will prevent a generation of ill, malnour-
ished, illiterate, exploited, poor youth at risk of early
death. The response requires exceptional dedication,
leadership, and resources.
roduced from UNAIDS (2006) 2006 Report on the Global AIDS

ault.asp (accessed January 2008), with permission from UNAIDS
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Air pollution presents a difficult worldwide public health
challenge because it is so widespread and is emitted by so
many different types of sources. This pollution includes
both gaseous and particle pollutants. These pollutants can
originate as primary pollutants (those exhausted directly
into the air by pollution sources) or as secondary pollutants
(those formed in the atmosphere, largely from the primary
pollutants). The primary pollutants include particulate
matter (PM), which includes carbonaceous black soot,
and gaseous pollutants, which include: sulfur oxides (such
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as sulfur dioxide, SO2), nitrogen oxides (such as nitric
oxide, NO, and nitrogen dioxide, NO2), and carbon oxides
(such as carbon monoxide, CO, and carbon dioxide, CO2).
Secondary air pollutants include gaseous ozone (a major
component of photochemical smog) formed from nitrogen
oxides and hydrocarbons, and particulate sulfate (e.g., sul-
furic acid) and nitrate (e.g., ammonium nitrate) aerosols
created in the atmosphere from sulfur and nitrogen oxide
gases, respectively. Combustion and secondary particles
are usually very small, too small to see individually with
the human eye, and are usually less than 1micrometer (mm)
in diameter. By comparison, a human hair is roughly 70mm
in diameter. Such tiny particles are especially of health
concern because they tend to be more enriched in toxic
compounds, and because they can also penetrate deeper
into the lung than the larger PM generated by natural
processes (such as windblown soil particles).

Although outdoor air pollution first caught the world’s
attention as a health threat because of major pollution
disasters, such as the London Smog episode in 1950 that
resulted in thousands of excess deaths (Ministry of Health
of Great Britain, 1954), indoor air pollution has also now
been increasingly recognized as also providing air pollu-
tion exposure risks, especially in the developing world.
The most striking example of this fact is the recent World
Health Organization (WHO) report citing indoor air
pollution from biofuels used for heating and cooking as
one of the largest environmental health risks facing the
Table 1 Typical sources of air pollution grouped by origin

Common air pollutants Typical sources

Group I: predominantly outdoor
pollutants

Sulfur oxides (gases and particles) Fuel combustion, smelte
Ozone Photochemical reactions

Pollens Trees and other plants

Group II: both outdoor and indoor
pollutants

Suspended particulate matter (PM) Fuel combustion, conden

Nitrogen oxides (gases and particles) Fuel combustion, tobacc

Volatile organic compounds (VOCs) Outdoors: petrochemica
vapors, combustion, a

insulation, furnishings,

Carbon monoxide Fuel combustion, tobacc

Carbon dioxide Fossil fuel combustion
Lead Industrial emissions, auto

Pesticides Agricultural and home ap

Group III: Predominantly indoor
pollutants

Radon Building materials (concr

Asbestos, mineral, synthetic fibers Fire-retardant, acoustic,

Ammonia Metabolic activity, cleani
Mercury Fungicides in paints, ther

Biological contaminants Infections, dust mites, an

Environmental tobacco smoke (ETS) Cigarette and cigar smok

Adapted fromWHO (1982) Estimating Human Exposure to Air Pollutan
Geneva: WHO.
world, with about 1.5 million deaths annually attributed to
the combustion particles created by indoor fires or stoves
(WHO, 2002).

This article discusses each of the major outdoor air
pollutants, how these air pollutants are dispersed in the
environment, and what human health effects have been
associated with either short-term or long-term expo-
sures to these air pollutants. Since indoor air pollution is
discussed in another article in this encyclopedia, the focus
of the article is on outdoor air pollution, and primarily
human-derived anthropogenic emissions of this air pollu-
tion (e.g., from fossil fuel combustion), rather than those
from natural causes (e.g., pollens).
Sources of Air Pollution

Air pollutants are emitted and formed both outdoors and
indoors, resulting in personal pollutant exposures that can
greatly exceed levelsmeasured by routine airmeasurements
made at central-site ambient outdoor air monitoring sta-
tions. Pollutants can be usefully categorized into three clas-
ses: (1) pollutants primarily emitted into the outdoor
environment, (2) pollutants primarily emitted into the in-
door environment, and, (3) pollutants emitted into both out-
door and indoor environments, as summarized in Table 1.
The primarily outdoor air pollutants, and their typical
sources, are discussed in greater detail in this article.
rs
in the atmosphere

sation of gases, and resuspension

o smoke

l solvents, evaporated fuels, biogenics. Indoors: fuel and paint
dhesives, cosmetics, solvents, particleboard (formaldehyde),

tobacco smoke

o smoke

s (i.e., from leaded gas), leaded paint wear

plications of herbicides, insecticides, fungicides, etc.

ete, stone), ground water

thermal, or electrical insulation

ng products
mometer breakage, ritual use

imal dander, allergens

ing

ts, Global Environmental Monitoring System (GEMS), Pub. No. 69.
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Sulfur Oxides

Sulfur oxides are present in the ambient air primarily as
primary gaseous SO2 or secondary particulate sulfate
(SO4

2�). SO2 is formed when fossil fuels containing sulfur
(mainly coal or oil) are burned, and by metal smelting and
other industrial processes. The highest monitored con-
centrations of SO2 are usually recorded in the vicinity of
large industrial facilities lacking modern emission con-
trols, such as older coal-fired power plants. In the United
States, fuel combustion accounts for most of the total SO2

emissions (U.S. EPA, 2000a). Over 65% of SO2 released to
the air in the United States comes from electric utilities,
primarily from units that burn coal. Other sources of SO2

are industrial facilities that derive their products from raw
materials like metallic ore, coal, and crude oil, or that
burn coal or oil to produce process heat. Examples
include petroleum refineries, cement manufacturing,
and metal processing facilities. Also, locomotives, large
ships docked at deep ports (which often burn especially
polluting ‘bunker’ fuel), and some non-road diesel equip-
ment still burn high sulfur fuel and release SO2 emissions
to the air in large quantities. Natural sources of SO2

include releases from volcanoes, biological decay, and
forest fires.

SO2 is also a major source of secondary PM air pollu-
tion. Once emitted into the air, SO2 can dissolve in water
vapor to form acidic aerosols (by heterogeneous forma-
tion), and can also interact with other gases and particles
in the air to form sulfates and other PM products via
homogeneous formation. These sulfate particles can be
harmful to humans and to their environment, including via
acid rain. Secondary fine particle sulfates formed in the
atmosphere from SO2 unfortunately also have a typical
diameter roughly equal to that of the optimum visible
wavelength of sunlight (0.5mm), so they can also cause
significant visibility impairment via the scattering of light,
most noticeably as a milky white haze during afternoons in
the summer months. In addition, their small size allows these
sulfates to be transported over long distances, far from the
point of original SO2 emission. Thus, air pollution problems
resulting from sulfur oxide emissions are not limited to the
localities where these pollutants are first emitted.
Air conditioning5
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Figure 1 Ozone oxidant levels outside vs. inside a hospital

building, and for rooms with vs. without air conditioning.

Reproduced from Thompson CR; Hensel EG, and Katz G (1973)
Outdoor-indoor levels of six air pollutants, Journal of the Air

Pollution and Control Association 23:881–886, with permission

from the Journal of the Air Pollution and Control Association.
Ozone

Ozone (O3) is a secondary gas that is not usually emitted
directly into the air, but is instead created in the atmo-
sphere by a chemical reaction between oxides of nitrogen
(NOx) and volatile organic compounds (VOCs) in the pres-
ence of sunlight. Ozone has the same chemical structure
whether it occurs miles above the earth or at ground level
and can be deemed ‘good’ or ‘bad,’ depending on its
location in the atmosphere. ‘Good’ ozone forms naturally
in the stratosphere, approximately 20miles above the
Earth’s surface, forming a protective layer around the
globe that absorbs the sun’s most harmful ultraviolet
rays. At the surface, however, the presence of ozone is
largely not natural, and can result in adverse human
health effects when breathed.

Motor vehicle exhaust, industrial emissions, gasoline
vapors, and chemical solvents, as well as some natural
sources (such as vegetative matter), emit VOCs into the
atmosphere, which can then react with NOx via a com-
plex series of atmospheric reactions to form O3 in the
presence of warmth and sunlight. Many urban areas
therefore have high levels of ozone during the warmer
months (with more hours of sunlight), but even rural areas
are also exposed to increased summertime ozone levels
because winds can carry ozone (and the precursor pollu-
tants that form it) hundreds of miles away from their
original source locale. As a result, O3 is usually a summer-
time air pollutant, with concentrations commonly peak-
ing in the late afternoon, as shown in Figure 1. As also
shown in Figure 1, levels of ozone diminish indoors, as it
is primarily formed outdoors, and upon entering a build-
ing quickly reacts with the interior walls and furnishings
and is removed from the air, especially when air condi-
tioning is present in the building.
Particulate Matter

Particulate matter (PM) represents a broad class of chem-
ically and physically diverse aerosols composed of solid
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particles or liquid droplets suspended in the air. Such
aerosols can be characterized by their size, formation
mechanism, origin, chemical composition, atmospheric
behavior, and method of measurement. PM air pollution
can be viewed in two major components: primary PM, or
soot, emitted directly into the atmosphere by pollution
sources such as industry, electric power plants, diesel
buses, and automobiles, and secondary PM, formed in
the atmosphere from primary gaseous pollutants, such as
sulfur dioxide and nitrogen oxide gases. The concentra-
tion of particles in the air varies across space and time and
is related to the source of the particles and the pollutant
transformations that occur in the atmosphere. In many
parts of the developing world, cooking and heating are
done by using wood, crop waste, or dried animal dung as
fuel (e.g., see Smith et al., 2004), causing even greater
exposures to PM, both outdoors and indoors.

PM air pollution is commonly characterized as parti-
cles that fit the following general size fractions:

. PM10 (defined as all particles equal to and less than 10
micrometers (mm) in aerodynamic diameter). Particles
larger than this are not generally able to be breathed
past the trachea, and are caught in the nose and throat,
not depositing in the lung.

. PM10–2.5, also known as coarse fraction particles (defined
as those particles with an aerodynamic diameter greater
than 2.5mm, but equal to or less than a 10mm in diame-
ter).

. PM2.5, also known as fine fraction particles (generally
defined as those particles with an aerodynamic diame-
ter of 2.5 mm or less), can be breathed into the deepest
recess of the lung.

. Ultrafine particles, generally defined as those less than
0.1 mm in diameter. Some scientists have hypothesized
that ultrafine particles, because of their small size and
large surface area to mass ratio, may be especially toxic.

Fine and coarse particles differ in terms of the emis-
sion sources, formation processes, chemical composition,
atmospheric residence times, transport distances, and
other parameters. Fine particles are directly emitted
from combustion sources, and are also formed secondarily
from gaseous precursors such as sulfur dioxide, nitrogen
oxides, or organic compounds. During the summer
months, these secondary particles often dominate the
PM2.5 mass. Such fine particles are commonly composed
of sulfate, nitrate, chloride, and ammonium compounds,
organic and elemental carbon, and metals. Combustion of
coal, oil, diesel, gasoline, and wood, as well as industrial
process sources (such as smelters and steel mills), can
produce emissions that contribute to ambient fine
particle concentrations. Fine particles can remain in
the atmosphere for days to weeks and travel through the
atmosphere hundreds to thousands of kilometers,
whereas most coarse particles typically deposit to the
Earth within minutes to hours and within tens of
kilometers from the emission source.

Coarse particles are typically mechanically generated
outdoors by crushing or grinding operations, but atmo-
spheric concentrations are often dominated by dusts and
crustal material resuspended by traffic on paved or
unpaved roads. Other outdoor sources of coarse particles
include those from construction, farming, and mining
activities.
Nitrogen Oxides

Nitrogen oxide (NOx) pollution is formed whenever fuel
is combusted at high temperatures by a ‘fixing’ of the
nitrogen in the combustion chamber’s dilution air into
NOx. Many of the nitrogen oxides are colorless and odor-
less. However, one commonNOx, nitrogen dioxide (NO2),
along with particles in the air, can often be seen as a
reddish-brown layer in the air over urban areas. NOx is
one of the main ingredients involved in the formation of
ground-level ozone, which can trigger serious respiratory
problems. It also reacts to form nitrate particles and acidic
aerosols, contributing to the formation of acid rain. Partic-
ulate nitrates resulting from NOx contribute to fine atmo-
spheric particles that can cause visibility impairment. NOx

gases also contribute to the global warming problem.
The major outdoor sources of NOx are primarily emis-

sions from transportation (virtually all of which are from
motor vehicles) and fuel combustion. In the United States,
transportation emissions account for over half of all NOx

emissions. The other half of U.S. outdoor NOx emissions
is largely a result of fuel combustion emissions, which are
roughly evenly split between electric utilities (at 22%)
and all other industrial, commercial, and residential com-
bustion (at 20%) (U.S. EPA, 2000b). Natural processes can
also form NOx, including volcanoes, oceans, biological
decay, and lightning strikes. Indoor sources of NOx

include kerosene heaters, unvented gas stoves and heaters,
and cigarette smoking.
Volatile Organic Compounds

Volatile organic compounds (VOCs) are organic chemi-
cals that readily produce vapors at ambient temperatures,
and are therefore emitted as gases from certain solids
or liquids. All organic compounds contain carbon, and
organic chemicals are the basic chemicals found in all
living things. Many organic compounds in our air today
do not occur naturally but are instead man-made, formed
during industrial processes or combustion. VOCs include
a variety of chemicals, some of which may have short- and
long-term adverse health effects. Sources of VOCs
include gasoline, industrial chemicals such as benzene,
solvents such as toluene and xylene, and perchloroethy-
lene (principal dry cleaning solvent). VOCs are also
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released from burning fuel, such as gasoline, wood, coal,
natural gas, and from solvents, paints, glues, and other
products used at home or work. Many VOCs are also
classified by the U.S. EPA as ‘air toxics.’ Toxic air pollu-
tants are defined as those pollutants that cause or may
cause cancer or other serious health effects, such as repro-
ductive effects or birth defects. In the United States,
industrial processes (at 47%) and vehicle emissions (at
44%) are the dominant sources of outdoor VOCs (U.S.
EPA, 2000b).
Carbon Monoxide

Carbon monoxide, or CO, is a colorless, odorless gas
formed when carbon in fuel is not completely combusted.
CO is toxic to humans because it very effectively com-
petes with oxygen in the blood for binding sites with the
heme portion of blood cells, reducing the ability of the
blood to carry oxygen to various parts of the body, includ-
ing the heart and brain. When breathed at acutely high
levels, CO can be fatal, and indoor exposures to fire
pollution and emissions from faulty appliances indoors
causes thousands of deaths per year in the United States
(Kleinman, 2000).

CO is a component of motor vehicle exhaust, which
contributes most of the emission of outdoor CO. In the
United States, a total of about 56% of all outdoor CO
emissions nationwide result from on-road vehicles (U.S.
EPA, 2000b). Off-road engines and vehicles (such as con-
struction equipment and boats) contribute another 22%
of all CO emissions nationwide, or nearly one-third of all
vehicular emissions of CO. Thus, higher levels of CO
generally occur in areas with heavy traffic congestion,
such as near entrances to tunnels. In cities, nearly all
CO emissions may come from motor vehicle exhaust.
Other outdoor sources of CO emissions include industrial
processes (such as metals processing and chemical
manufacturing), residential wood burning, and natural
sources such as forest fires. Woodstoves, gas stoves, ciga-
rette smoke, and unvented gas and kerosene space heaters
are sources of CO indoors. The highest levels of CO in the
outside air typically occur during the colder months of
the year, when, as is discussed in the next section, atmo-
spheric inversion conditions are more frequent, thus lead-
ing to higher localized pollution levels.
Carbon Dioxide

Carbon dioxide (CO2) is emitted as a result of fossil fuel
combustion (e.g., burning of coal, oil, and natural gas). At
high concentrations, CO2 can also have direct human
health effects and can cause burns, frostbite, and blindness
if an area is exposed to it in solid or liquid form. If inhaled,
it can be toxic in high concentrations, causing an increase
in breathing rate, unconsciousness, and death. But its
greatest importance is as a component of the Earth’s atmo-
sphere. CO2 is only a minor constituent of natural air
(about 0.03%), but the increased use of fossil fuels is
increasing the amount of carbon dioxide in the atmo-
sphere. This is a problem because CO2 is a principal
‘greenhouse effect’ gas. The greenhouse effect is the heat-
ing of the Earth due to the presence of gases in the
atmosphere that cause an effect similar to that produced
by the glass panes of a greenhouse: shorter-wavelength
solar radiation from the sun passes through Earth’s atmo-
sphere, but when part of the energy absorbed by the Earth
is then reradiated back to the atmosphere as long-wave
infra-red radiation, the greenhouse gases capture the long-
wave infrared light, causing the lower atmosphere towarm.
This ‘greenhouse gas’ process is a natural one that has
been happening on Earth for millions of years but is now
being greatly increased by human emissions of greenhouse
gases such as CO2.
Lead

The major sources of atmospheric lead (Pb) emissions
have historically been motor vehicles (such as cars and
trucks) and industrial sources. However, leaded gasoline
was phased out of use in the United States during the mid-
1970s through mid 1980s, and in Europe during the 1990s.
Since the phase-out of leaded gasoline in the United
States, metals processing has become the major source of
lead emissions to the outdoor air, representing some 52%
of all emissions in the United States, with all industrial
processes accounting for some 74% of Pb emissions (U.S.
EPA, 2000b). Virtually all remaining transportation emis-
sions of Pb in the United States are now by off-road
vehicles. Other stationary sources of lead include waste
incinerators and disposal (accounting for some 16% of the
total), utilities, and lead-acid battery manufacturers (U.S.
EPA, 2000b). In certain countries of the developing world,
lead has yet to be phased out of all gasoline, so automotive
emissions remain a significant concern in those countries.
Progress continues on controlling lead in the environ-
ment, however, and, as of the end of 2005, the sub-Saharan
nations of Africa phased out use of leaded gasoline in
automobiles (Washington Post , 2006).
Air Pollution Dispersion in the
Atmosphere

Air pollutants emitted into an indoor or outdoor environ-
ment will spread out and disperse throughout the envi-
ronment into which they are released. Since the human
species learned to use fire for warmth and cooking, the
atmosphere has been relied upon to carry away the pollu-
tion caused by these human activities. However, since the
start of the Industrial Revolution in the last part of the
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eighteenth century, the capacity of our environment to
dilute and carry away these pollutants has been put under
greater and greater strain, to the point where the pollu-
tion from any one city, state, or nation is of growing health
concern to others.
Plume centerlines
Modeling the Dispersion of Air Pollution

The rate andway inwhich contaminants disperse are major
determinants as to who will be most affected by the pollu-
tants and for how long. Historically, a commonly heard
phrase concerning air pollution was: ‘‘The solution to pol-
lution is dilution.’’ This philosophy is mathematically
embodied by the ‘box model’ of air pollution, which is:

�ðmg=m3Þ ¼ Q =WLH ½1�

where
Figure 2 Dispersion distribution of point source pollution

exhaust in the horizontal and vertical direction during downwind

transport (Godish, 2003).
�¼ the average concentration of the air pollutant in
the box (mg/m3);
Q¼ the pollutant emission rate into the box (mg/sec);
W¼ the width of the box into which the pollution is
being emitted (meters, m);
L¼ the length of the box into which the pollution is
being emitted (m); and,
H¼ the height of the box into which the pollution is
being emitted (m).

This model assumes, of course, that the pollution iswell
mixed in the box being considered. For the case of a city as
the ‘box,’ the Q is all the pollution emitted by the city in a
given time period (e.g., tons per hour), the ‘box’ width is
the width of the urban area, and the ‘box’ height, H, is the
height to which the pollution is mixed (which is the height
of the mixing layer in the atmosphere, commonly about
1 kilometer high). The value for a city’s ‘box’ L is depen-
dent upon the wind speed, u, with the greater the wind
speed increasing L and decreasing the average concentra-
tion, w, of the air pollutant in question. Simply put, this box
model says that the more pollution emitted (Q), the higher
the pollution concentration in the air, for a given dilution
box size, and, conversely, the bigger the dilution box (i.e.,
the larger theW, L, or H), the lower the pollution concen-
tration in the air resulting from a given Q emission rate.

This very simple box model is actually the basis for all
air pollution models, but with many refinements. These
modeling refinements often include the use of many small
boxes for one urban area and the addition of wind trajec-
tories (allowing the wind directions to change over time as
the pollution travels). Another important refinement to
dispersion models of individual sources is that the pollu-
tion disperses, not into a well-mixed ‘box’ of air, but
instead it spreads in a distribution called the ‘normal’ or
‘Gaussian’ distribution such that the highest concentra-
tion is directly downwind, as shown in Figure 2. The
bell-shaped normal distribution of the pollutants in the
vertical and horizontal directions, as shown in Figure 2,
is not constant over time, but increases when the amount
of turbulence in the air increases. Generally, more tur-
bulence (and wider bell-shaped distributions of the
plume) occurs on sunny days versus cloudy days or at
night (both of which have far less solar heating-induced
turbulence).
Atmospheric Effects on the Dispersion of
Air Pollution

Other factors that can affect the dispersion of air pollu-
tants in the atmosphere include topographical (terrain)
influences and the presence (or lack) of atmospheric
inversions, which inhibit the spread of pollution by pla-
cing a ‘lid’ on the vertical extent of mixing (i.e., the height
of the mixing ‘box’). During intense inversions, the air
above is warmer than the air below it, thus inhibiting any
upward motion of the colder air, which tends to then sink
back down and stay below the lid. One extreme example
of these two influences is shown in Figure 3, in which the
pollution is released in a valley that has an inversion lid
holding the pollution down.

Figure 3 displays exactly the situation that occurred in
some of the most famous air pollution disasters in history
when pollution captured in valleys built up to lethal
levels. One of these was in the Meuse Valley, Belgium
during December 1–5, 1930, when high levels of sulfur
oxide pollution were associated with more than 60 excess
deaths in a matter of days. Another was in the Donora
Valley in Pennsylvania, in which there were thousands of
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excess illnesses and 20 excess deaths during October
26–31, 1948. Such episodes tend to occur in the fall and
wintertime of the year, when the surface cooling at night is
Figure 3 Effects of terrain and an atmospheric inversion ‘lid’

above a valley to restrict the dispersion of air pollution out of the

valley, preventing dilution of the pollution (Godish, 2003).

Figure 4 Gobi Dust Storm of April 2001, shown originating on April 6
Pacific and the U.S. in map (right). U.S. EPA, 2003.
more conducive to setting up the adverse atmospheric
inversion conditions.

Today, as the pollution emitted by mankind increases,
the long-range transport of pollution is a larger and larger
problem. This transport of pollution was recently made
very apparent by a dust storm in the Gobi Desert that
caused so much particle air pollution that it was easily
tracked half-way around the globe. As shown in Figure 4,
the dust storm occurred in Asia at the start of June 2001
and ended up reaching the east coast of the United States
by the latter part of that same month.

Figure 5 shows the increases in silicon, an element that
is highly enriched in soil, that occurred at a site in the
middle of New York City and at a site in Sterling
Forest, New York, just west and upwind of the city during
the Gobi Desert dust episode of 2001. This episode
was very discernable because of its magnitude and
uniqueness in elemental character, but it makes clear
that, in general, pollution emitted in one part of the
, 2001in a NASA Satellite photo (left), and as it traveled across the
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globe can have large impacts in many other places far
downwind of its origin.
Human Health Effects of Ambient Air
Pollution

Entry of Air Pollutants into the Body

The respiratory tract is the primary entry portal for
airborne contaminants. It comprises three zones: (1) the
upper respiratory tract (including the nose and throat
airways), (2) the bronchiole airways of the upper lung,
through which air is breathed, and (3) the alveolar region,
where oxygen exchange between the lung and the circu-
latory system (bloodstream) occurs across a very thin
layer of cells between the air in the lung and the blood
in the bloodstream. Where and to what extent a particular
air pollutant affects the lung is dependent upon whether it
is a gas or a particle, as well as its water solubility or (in the
case of particles) its composition and size.

Particles that are inhaled and then not exhaled are
deposited in the lung. Larger particles tend to be depos-
ited in the upper respiratory tract or the bronchiole air-
ways. Particles larger than approximately 10 mm in
diameter get caught by the nose and throat such that
they do not get into the lung, but are instead swallowed
or sneezed out of the body. For comparison, a human hair
is approximately 70 mm in diameter. Particles less than
10 mm in diameter but more than about 2.5 mm in diame-
ter are largely deposited in the upper airways of the lung,
where the insoluble particles are rapidly cleared out of the
lung by the tiny hair-like cilia that line these airways,
being carried up the lining of the lung to the throat,
where they are swallowed and cleared from the body by
the digestive tract. The fine particles (those less than
approximately 2.5 mm in diameter) more readily reach
the deepest recesses of the lung, where they can be depos-
ited in the sensitive alveolar region, and are also not as
rapidly cleared as from the upper airways and therefore
can cause significant damage.

The extent to which gaseous air pollutants reach deep
into the lung is defined largely by the solubility of the gas.
Sulfur dioxide, for example is highly soluble inwater, and so
it is readily absorbed by the mucous lining of the nose,
throat, and upper airways and does not usually reach the
alveoli in the deepest parts of the lung. In contrast, less
water-soluble gases, such as NO2, are not as readily
absorbed in the upper airways and are more likely to
reach the alveoli and have the potential to do damage there.

In recent years, interactions of particles and gases have
been found to modify the toxicities of each other. For
example, if SO2 is present along with particles, it can be
absorbed onto and react with the surface of the particle,
convert into sulfur oxides such as sulfuric acid (H2SO4

2–)
or ammonium bisulfate (NH3HSO4), and thereby bypass
the defenses of the lung and reach the deepest parts of the
lung. Conversely, the addition of sulfur oxides to a particle
can cause that particle to become more acidic, thereby
increasing the solubility of the metals in the particle such
that, upon impaction on the lung, these metals can be
more bio-available, thereby getting into the body before it
can be cleared. In the case of transition metals (such as
vanadium and iron), for example, this can cause these
metals to cause greater oxidative stress in the body than
they would without the co-presence of sulfur oxides on
the particle (e.g., see Costa and Dreher, 1997).
Air Pollutant Health Effects

Background

The earliest convincing evidence that very serious health
consequences can result from exposures to air pollution
comes from historical pollution episodes, notably the
Meuse Valley and the Donora disasters discussed previ-
ously, and the London fog episodes of the 1950s and 1960s.
A landmark event in the recognition of the disastrous
impacts of air pollution on health occurred on December
1–5, 1952 in London. Trapped coal smoke in the River
Thames valley accumulated as a result of a stationary
high-pressure cell accompanied by wind speeds near
zero. Approximately 4000 excess deaths occurred in Lon-
don that week, and excess deaths continued for weeks
afterward, thus indicating that there were both immediate
and delayed effects.

More recently, there were regional air pollution epi-
sodes of particulate matter from massive forest fires in
Southeast Asia and Mexico in the 1990s, shutting down
businesses, schools, and airports. As recently as 1998,
schools in Tehran, Iran were shut down because automo-
bile exhaust made O3 air pollution levels rise to six times
above acceptable levels, causing some residents to wear
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masks when venturing outdoors. Thus, pollution episodes
can still occur today, especially in rapidly developing
nations.

Epidemiological studies of the health effects of
present-day air pollution

Although subsequent studies linking more routine levels
of air pollution and adverse health outcomes are not as
obvious, recent epidemiological studies have found statis-
tically significant associations between multiple individ-
ual pollutants and a wide range of significant adverse
and preventable health effects at present-day pollutant
levels in the United States, and sometimes even in areas
with pollution levels below current air pollution stan-
dards. The acute adverse health effects of air pollution
have been shown to include reduced lung function,
inflammation in the lung, increased numbers of asthma
attacks, excess respiratory and cardiac hospital admis-
sions, and even premature death. The documentation of
the adverse effects of chronic exposure to air pollution is
not as extensive as for acute effects, but it has been
reported to cause the induction of respiratory diseases
such as bronchitis and asthma, as well as to cause prema-
ture mortality.

As a result of a growing body of epidemiological and
toxicological studies, the air pollution association with
adverse health effects seen in past episodes has been
confirmed and better understood to also occur at much
lower present-day air pollution levels. Indeed, in the early
days of air pollution epidemiology and regulation, it
was believed that there was a ‘threshold’ level of pollution
below which no effects would be found, but as levels
in the ambient air have declined, scientists have yet to
find a level of air pollution below which no adverse effects
are found. This indicates that increases in air pollution
can be expected to proportionally increase the risk of
adverse health effects of air pollution among exposed
populations.

Particulate matter (PM) and ozone (O3) are among the
key air pollutants that have been revealed by research to
adversely affect human health. As discussed next, the
health effects that have been associated with exposure to
ambient PM and ozone include a range of morbidity
(illness) and mortality (death) effects from both acute
and chronic exposure.

Health effects of acute PM air pollution exposures

Acute (short-term) increases in air pollution have been
found to be associated with increases in the number of
daily asthma attacks, hospital admissions, and mortality. In
particular, it has been found that PM air pollution is
associated with increased risk of respiratory hospital
admissions (relative risk (RR) >1.0) in New York City
and Buffalo, New York, and Toronto, Ontario, as well as
with mortality in cities such as Chicago, Illinois, and
Los Angeles, California (see, e.g., Thurston et al., 1992).
These results have been confirmed by other researchers
considering locales elsewhere in the United States, and in
other cities throughout the world (e.g., see Schwartz, 1997;
U.S. EPA, 2004).

In addition to lung damage, recent epidemiological
and toxicological studies of PM air pollution have
shown adverse effects on the heart, including an increased
risk of heart attacks. For example, when PM stresses the
lung (e.g., by inducing edema), it places extra burden on
the heart, which can induce fatal complications for per-
sons with cardiac problems. Indeed, Peters et al. (2001)
found that elevated concentrations of fine particles in the
air could elevate the risk of myocardial infarctions (MIs)
within a few hours, and extending 1 day after PM expo-
sure. These researchers found that a 48% increase in the
risk of MI was associated with an increase of 25 mg/m3

PM2.5 during a 2-h period before the onset of MI, and
a 69% increase in risk to be related to an increase of
20 mg/m3 PM2.5 in the 24-h average 1 day before the MI
onset (Peters et al., 2001).

Studies from individual cities around the United States
and the world have also indicated increased risk of death
(RR >1.0) on high PM pollution days in other nations, as
well (e.g., see Schwartz, 1997). Epidemiologic research
conducted on U.S. residents has also indicated that acute
exposure to PM air pollution is associated with increased
risk of mortality. A recent nationwide time-series statisti-
cal analysis of mortality and PM10 air pollution in 90 cities
across the United States indicates that, for each increase
of 10 mg/m3 in daily PM10 air pollution concentration,
there is an associated increase of approximately 0.3%
in the daily risk of death (Health Effects Institute, 2003).
Although a 0.3% change in the daily death risk may seem
small, it is important to realize that such added risks
apply to the entire population, and accumulate day after
day, week after week, and month after month, until they
account for thousands of needless daily deaths from air
pollution in the United States each year. Whereas most
past studies investigate the acute effects of the PMmass on
human health effects, newer studies are starting to evalu-
ate the mortality impacts of PM by source-specific com-
ponents (e.g., see Thurston et al., 2005), raising the prospect
that we may someday be able to differentiate the relative
roles of various pollution sources in the human health
effects of PM air pollution.

Effects of long-term exposure to PM

In addition to the acute health effects associated with
daily PM pollution, long-term exposure to fine particles
is also associated with increased lifetime risk of death, and
has been estimated to take years from the life expectancy
of people living in the most polluted cities, relative to
those living in cleaner cities. The first studies to show this
association were cross-sectional studies that compared
metropolitan area death rates in high- and low-PM cities,
after adjusting for potentially confounding factors in the
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populations, such as age, sex, and race (e.g., Ozkaynak and
Thurston, 1987). These results have since been confirmed
by cohort studies that followed large groups of individuals
in various cities over time that are able to control for
potential confounding factors on an individual level. For
example, in the Six-Cities Study (which was a key basis for
the setting of the original PM2.5 annual standard in 1997),
Dockery et al. (1993) analyzed survival probabilities among
8111 adults living in six cities in the central and eastern
portions of the United States during the 1970s and 1980s.
The cities were Portage, Wisconsin (P); Topeka, Kansas
(T); a section of St. Louis, Missouri (L); Steubenville, Ohio
(S); Watertown, Massachusetts (M); and Kingston-Harri-
man, Tennessee (K). Air quality was averaged over the
period of study in order to study long-term (chronic)
effects. It was found that the long-term risk of death,
relative to the cleanest city, increased with fine particle
exposure, even after correcting for potentially confound-
ing factors such as age, sex, race, smoking, and so forth.

More recently, a study published in the Journal of the

American Medical Association shows that long-term expo-
sure to combustion-related fine particulate air pollution is
an important environmental risk factor for cardiopulmo-
nary and lung cancer mortality (see Figure 6). Indeed,
this study indicates that the increase in risk of lung cancer
from long-term exposure to PM2.5 in a city such as
New York was of roughly the same size as the increase
in lung cancer risk of a non-smoker who breathes passive
smoke while living with a smoker, or about a 20% increase
in lung cancer risk (see Pope et al., 2002).
Respiratory health effects of O3

Ozone can irritate the human respiratory system, causing
exposed people to cough, feel an irritation in the throat,
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and/or experience an uncomfortable sensation in the
chest area. Ozone has also been shown to reduce the lung’s
ability to inhale and exhale, thereby making it more
difficult for people to breathe as deeply and vigorously
as they normally would (e.g., see Bates, 1995). Research
shows that ozone can also acutely aggravate asthma, and
new evidence suggests that it may cause more children to
get asthma. When ozone levels are high, people with
asthma have more attacks that require a doctor’s attention
or the use of additional medication. One reason this
happens is that ozone makes people more sensitive to
allergens, which are the most common triggers for asthma
attacks. Ozone can inflame and damage cells that line
the air passages of the human lung, and O3 has been
compared by some to ‘‘getting a sunburn on your lungs.’’
Ozone may also aggravate chronic lung diseases, such as
emphysema and bronchitis, and can reduce the immune
system’s ability to fight off bacterial infections in the
respiratory system. The nature, sources, and health
effects of O3 air pollution have been comprehensively
summarized in the U.S. EPA’s ozone criteria document
(U.S. EPA, 2006).
Health effects of acute O3 exposures
Among the important acute adverse effects associated
with ozone exposure to asthmatics is the triggering of
asthma attacks. The effects of ozone air pollution on
children with asthma have been demonstrated in my
own research following a group of children at an asthma
summer camp located in Connecticut. This study of a
group of about 55 moderate to severely asthmatic children
showed that these children experienced statistically sig-
nificant reductions in lung function, increases in asthma
symptoms, and increases in the use of unscheduled
µg/m3
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asthma medications as ozone pollution levels rose. As
shown in Figure 7, the risk of a child having an asthma
attack was found to be approximately 40% higher on
the highest ozone days than on an average study day
(Thurston et al., 1997). Consistent with other research in
this area, there is no indication in this plot of a threshold
concentration below which children with asthma are safe
from the effects of ozone increases.

These asthma camp results have more recently been
confirmed by a larger study published in the Journal of the
American Medical Association. Gent et al. (2003) presented a
cohort study of asthmatic children from the New Haven,
Connecticut area, including 130 children who used
maintenance medications for asthma and 141 children
who did not. The more severe asthmatics were identified
as those using maintenance medication. For these severe
asthmatics, the study found that the level of O3 exposure
was significantly associated with worsening of symptoms
and an increase in the use of rescue medication. Each 50
parts per billion (ppb) increase in 1-h average O3 was
associated with an increased likelihood of wheezing (by
35%) and chest tightness (by 47%). The findings indicate
that asthmatic children are particularly vulnerable to
ozone, even at pollution levels below the then existing
U.S. EPA air quality standards.

Acute ozone exposure has also been shown to have
adverse effects on athletic performance. Epidemiological
evidence compiled more than three decades ago sug-
gested that the percentage of high school track team
members failing to improve performance increased with
increasing oxidant concentrations the hour before a race
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Figure 7 The number of asthma attacks among children at

an ‘Asthma Camp’ in Connecticut increase as the ozone levels
rise. Reproduced from Thurston GD, Lippmann M, Scott MB,

Fine JM (1997) Summertime haze air pollution and children with

asthma. American Journal of Respiratory and Critical Care

Medicine 155(2): 654–660. Official Journal of the American
Thoracic Society ã American Thoracic Society.
(Wayne et al., 1967). Controlled exposure studies confirm
this association. For example, Schlegle and Adams (1986)
exposed 10 young male adult endurance athletes to 120,
180, and 240 ppb O3 while they exercised for 60 minutes.
Although all 10 completed the protocol for filtered (clean)
air exposure, 1, 5, and 7 of them could not complete it for
the 120, 180, and 240 ppb O3 exposures, respectively,
indicating that higher O3 concentrations made exercising
more difficult.

Epidemiological evidence has accumulated over
recent years indicating a role of O3 in daily hospital
admissions. Time-series studies conducted in the United
States have shown increased risk of hospital admissions
(RR >1.0) at higher O3 levels, even after accounting for
the effects of PM (Schwartz, 1997). This work has now
been expanded to consider 36 cities across the United
States, finding that, during the warm season of the year,
the 2-day cumulative effect of a 5-ppb increase in O3 was
an estimated 0.3% increase in the riskof chronic obstructive
pulmonary disease admissions, and a 0.4% increase in the
risk of pneumonia admissions (Medina-Ramon et al., 2006).

Epidemiological evidence has also accumulated over
recent years indicating a role by O3 in daily human
mortality. Time-series studies conducted in cities around
the world have shown increased mortality (RR >1.0) at
higher ozone concentrations, even after accounting for
the mortality effects of PM (Thurston and Ito, 2001).
More recently, several new multicity analyses have con-
firmed the ozone–mortality relationship. These include
meta-analyses of multiple past ozone studies that show
consistent associations between ozone and increases in
mortality (Bell et al., 2004; Ito et al., 2005; Levy et al

2005). In one recent new analysis of some 95 U.S. cities
over two decades published in the Journal of the American

Medical Association, Bell et al. (2004) showed that, even after
controlling for PM and weather, an increase of 10 ppb in
daily ozone pollution was associated with approximately a
0.5% increase in daily risk of death. As discussed earlier,
this percentage increase in daily admissions, though small,
affects a huge portion of the population and accumulates
day after day to the point that it accounts for thousands of
deaths each year in the United States.
Health effects of long-term ozone exposure

Ozone may also cause permanent lung damage. Repeated
short-term ozone damage to children’s developing lungs
may lead to reduced lung function in adulthood (e.g., see
Kunzli et al, 1997). In adults, ozone exposure may acceler-
ate the natural decline in lung function that occurs as part
of the normal aging process (e.g., see Detels, et al., 1987).
One important new investigation, the California Chil-
dren’s Health Study, suggests that long-term ozone expo-
sure can increase the chances that children will develop
asthma disease.
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The O3–morbidity associations indicated by the epi-
demiological studies just presented are also supported
by a large body of data from controlled human exposure
studies that have demonstrated pathways by which ozone
can damage the human body when breathed. Clinical
studies have demonstrated decreases in lung function,
increased frequencies of respiratory symptoms, heightened
airway hyper-responsiveness, and cellular and biochemical
evidence of lung inflammation in healthy exercising adults.
For example, controlled exposure studies have found that
prolonged controlled exposures of exercising men to levels
of ozone common in present-day United States (only
80 ppb) resulted in significant decrements in lung func-
tion, induction of respiratory symptoms, increases in non-
specific airway reactivity, and cellular and biochemical
changes in the lung (e.g., see Devlin et al., 1991).
Potential Human Health Effects of Air
Pollution-Related Climate Change

The global nature of air pollution dispersion raises the
issue of the potential impacts on global climate change of
human emissions of carbon dioxide (CO2) and other
greenhouse gases such as methane (CH3). These gases
are natural constituents of the atmosphere, and they are
necessary for the maintenance of the Earth’s climate in
that they prevent the planet from being much colder than
it presently is. However, since the dawn of the industrial
age, mankind has begun to steadily increase the release of
massive amounts of these greenhouse gas pollutants
through the combustion of fossil fuels, which had previ-
ously safely stored the carbon far below the Earth’s sur-
face in layers of sediments from eons ago. The release of
this pollution has not only local consequences in terms of
the potential human health effects from the particulate
and gaseous pollutants that result, but also has the global
potential to both raise the average global temperature and
change the North–South temperature gradient of temper-
ature, thereby causing disruptions in the weather patterns
around the globe. These changes may also cause an
increase in the worldwide sea level of the oceans, poten-
tially causing the flooding of islands and low-lying shor-
elines around the globe. These changes, while to-date
within the range of past climate variations, can nonethe-
less cause needless major disruptions in the economies
and shorelines of countries around the world. Further-
more, they will also have the potential for major changes
in global public health, because the occurrence of heat-
related illness and infectious disease would also be likely
to increase by rising global temperatures. Since many
measures to address this potential problem will probably
involve a reduction in the combustion of fossil fuels, and
since a reduction of their emissions will also reduce the
release of the health-related air pollutants (such as PM
and O3), there will be local air pollution-related public
health benefits that will accrue to cities, states, and nations
that take measures to control climate change by reducing
fossil fuel combustion (Cifuentes et al., 2001; Thurston, 2007).
See also: Bioaerosols; Carcinogens, Environmental;

Environmental Protection Laws; Human Exposure Sci-

ence; Lead Hazards and Poisoning; Pesticides; Risk

Assessment, Environmental/Occupational.
Citations
Bates DV (1995) Ozone: A review of recent experimental, clinical, and
epidemiological evidence, with notes on causation, Part 1, Part 2.
Canadian Respiratory Journal 2(1): 25–31, 161–171.

Bell ML, McDermott A, Zeger SL, Samet JM, and Dominici F (2004)
Ozone and short-term mortality in 95 US urban communities,
1987–2000. Journal of the American Medical Association 292(19):
2372–2378.

Cifuentes L, Borja-Aburto VH, Gouveia N, Thurston G, and Davis DL
(2001) Climate change. Hidden health benefits of greenhouse gas
mitigation. Science 293(5533): 1257–1259.

Costa DL and Dreher KL (1997) Bioavailable transition metals in
particulate matter mediate cardiopulmonary injury in healthy and
compromised animal models. Environmental Health Perspectives
105S(Suppl 5): 1053–1060.

Detels R, Tashkin DP, Sayre JW, et al. (1987) The UCLA population
studies of chronic obstructive respiratory disease. 9. Lung function
changes associated with chronic exposure to photochemical
oxidants; a cohort study among never-smokers. Chest 92(4):
594–603.

Devlin RB, McDonnell WF, Mann R, et al. (1991) Exposure of humans to
ambient levels of ozone for 6.6 hours causes cellular and biochemical
changes in the lung. American Journal of Respiratory Cell and
Molecular Biology 4(1): 72–81.

Dockery DW, Pope CA III, Xu X, et al. (1993) An association between air
pollution and mortality in six U.S. cities. New England Journal of
Medicine 329: 1753–1759.

Gent JF, Triche EW, Holford TR, et al. (2003) The association of low level
ozone and fine particles with respiratory symptoms in children with
asthma. Journal of the American Medical Association 290:
1859–1867.

Godish T (2003) Air Quality. 4th edn. Boca Raton, FL: CRC Press.
Health Effects Institute (2003) Revised Analyses of Time-Series Studies

of Air Pollution and Health. Special Report. Boston, MA: Health
Effects Institute.

Ito K, De Leon SF, and Lippmann M (2005) Associations between ozone
and daily mortality: analysis and meta-analysis. Epidemiology 16(4):
446–457.

Kleinman MT (2000) Carbon monoxide. In: Lippmann M (ed.)
Environmental Toxicants: Human Exposures and their Health Effects.
Hoboken, NJ: Wiley.

Kunzli N, Lurmann F, Segal M, Ngo L, Balmes J, and Tager IB (1997)
Association between lifetime ambient ozone exposure and
pulmonary function in college freshmen–results of a pilot study.
Environmental Research 72(1): 8–23.

Lall R and Thurston G (2006) Identifying and quantifying transported vs.
local sources of New York City PM2.5 fine particulate matter air
pollution. Atmospheric Environment 40: S333–S346.

Levy JI, Chemerynski SM, and Sarnat JA (2005) Ozone exposure and
mortality: an empiric Bayes metaregression analysis. Epidemiology
16(4): 458–468.

Medina-Ramon M, Zanobetti A, and Schwartz J (2006) The effect of
ozone and PM10 on hospital admissions for pneumonia and chronic
obstructive pulmonary disease: A national multicity study. American
Journal of Epidemiology 163(6): 579–588.



Ministry of Health of Great Brita in (1954) Report on Public
Health and Medicine. Subjects : Mortality and Morbi dity During the
London Fog of Dec ember 1952. London: Her Majesty’s Stat ionary
Office.

Ozkaynak H and Thurston GD (1987) Associations between 1980 U.S.
mortality rates and alternative measures of airborne particle
concentration. Risk Analysis 7(4): 449–461.

Peters A, Dockery DW, Muller JE, and Mittleman MA (2001) Increased
particulate air pollution and the triggering of myocardial infarc tion.
Circulation 103(23) : 2810–2815.

Pope CA III, Burnett RT, Thun MJ, et al. (2002) Lung cancer,
cardiopulmonar y mortality and long-term exposure to fine particula te
air pollutio n. Journal of the American Medical Association 287(9):
1132–1141.

Schelegle ES and Adams WC (1986) Reduced exercise
time in competitive simulations cons equent to low level ozo ne
exposure. Medicine and Science in Sports and Ex ercise 18(4):
408–414.

Schwartz J (1997) Health effects of air pollution from traffic: ozone
and particula te matter. In: Fletcher T and McMichael AJ (eds .)
Health at the Crossroads: Tran sport Policy and Urban Health.
New Yor k: John Wiley and Sons Ltd.

Smith KR, Mehta S, and Maeus ezahl-Feuz M (2004) Indoor smoke from
household solid fuels. In: Ezzati M, Rodgers AD, Lopez AD, and
Murray CJL (eds .) Comparative Quantification of He alth Ris ks: Global
and Regional Burden of Disease due to Selected Major Risk Facto rs
Volume 2, pp. 1435–1493. Geneva, Switzerlan d: World Health
Organization.

Thompson CR, Hensel EG, and Katz G (1973) Outdoor-indoor levels of
six air pollutants. Journal of the Air Pollution and Control Association
23: 881–8 86.

Thurston GD (2007) Air Pollution, Health Effect, Climate Change, and
You. (Editorial) Thorax 62(9): 748–749.

Thurston GD, Ito K, Kinney PL, and Lippmann M (1992) A mul ti-year
study of air pollution and respiratory hospit al admissions in three
New Yor k Stat e metropolit an areas: res ults for 1988 and 1989
summers. Journal of Exposure Analysis and Enviro nmental
Epidemiology 2(4): 429–450.

Thurston GD, Lippman n M, Scott MB, and Fine JM (199 7)
Summertime haze air pollution and children with asthma.
American Journal of Respiratory and Critical Care Medicine 155(2):
654–660.

Thurston GD and Ito K (2001) Epid emiological studies of acute ozo ne
exposures and morta lity. Journal of Ex posure Analys is and
Environmental Epide miology 11(4): 286–294.

Thurston G, Ito K, Mar T, et al. (2005) Workgro up report: Workshop on
source apportionment of particulate matte r health effects –
Intercomparison of results and implica tions. Enviro nmental Health
Perspectives 113(12): 1768– 1774.

U.S. EPA (2000a) SO2 – How Sulfur Dioxid e Affect s the Way We Live &
Breathe . Washingt on, D.C: U.S. EPA, Office of Air Quality Planning &
Standards.

U.S. EPA (200 0b) Na tional Air Quality and Emissions Tren ds Report .
Washington, D.C: U.S. EPA, Office of Air Quality Planning &
Standards. EPA 454/R-00– 003.

U.S. EPA (200 3) Na tional Air Quality and Emissio ns Trends Report, 2003
Special Studies Edition: Impact of April 2001 Asia n Dust Event on
Particulate Matter Concentrations in the United States . Washingt on,
D.C: U.S. EPA , Office of Air Quality Planning & Standards . EPA454/
R-03–005.

U.S. EPA (200 4) Air Quality Criteria for Particulate Matter (Final) .
Washington, D.C: U.S. EPA, Office of Research and Development.
EPA/600/P-99/00 2aF.

U.S. EPA (200 6) Air Quality Criteria for Ozone and Related
Photochemical Oxida nts (Final). Washin gton, D.C: U.S. EPA. EPA/
600/R-05/004a F-cF.

Washington Post (2006) Era of Leaded Gas Comes to an End in Most
of Africa: Gains in Air Quality, Health Expected. Jan uary 1, 2006;
p. A14.

Wayne WS, Wehrle PF, and Carroll RE (1967) Oxidan t air pol lution and
athletic performance. Journal of the American Medical Association
199(12): 901–904.

WHO (1982) Estimating Human Exposur es to Air Pollutants . Offset Pub.
No. 69. Geneva, Swit zerland: World He alth Organization.

WHO (200 2) World Health Report: Com paring Risks . Geneva,
Switzerland: World Health Organization.

Further Reading

McDonnell WF, K ehr l HR, A bdul-S alaam S, et al. (1991) Respira t ory
re sponse of hum ans exp osed t o low levels of ozone fo r 6.6 h ours.
Archives of Environmental He alth 46(3): 145–150.

Relevant Websites

http://cfpub.e pa.gov/airnow/index.cf m?action=where.worl d – AirNow,
International Air Quality around the World.

http://www.l ungusa.org/ – The Ame rican Lung Associ ation.
http://www.hea ltheffects.org/ – The Health Effects Institute.
http://www.i pcc.ch/ – Intergovernment al Panel of Climate Change.
http://www.me d.nyu.edu/environmenta l/outreach/topics .html – New

York University School of Medicine, Departm ent of Envir onmental
Medicine, Envir onmental Topic List.

http://www.e pa.gov/ – United States Environmental Protectio n Agency.
http://www.who .int/healthinfo/bodproj ect/en/index.ht ml – World He alth

Organization, Burden of Disease Project.

712 Outdoor Air Pollution: Sources, Atmospheric Transport, and Human Health Effects
Ovarian Cancer
R J Edmondson, Queen Elizabeth Hospital, Tyne and Wear, UK
A R Todd, Northern Centre for Cancer Treatment, Newcastle General Hospital, Newcastle upon Tyne, UK

ã 2008 Elsevier Inc. All rights reserved.
The term ovarian cancer is used to describe a range of
tumors arising from the ovary. Many of these tumors arise
from very different cell types and are biologically distinct.
The commonest, and the most lethal, are the epithelial
tumors, and this article will focus predominantly on
these types of tumors. For a review of the other common
types of ovarian tumor, the reader is referred to Sanusi
et al. (2002).
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Epidemiology

A consistent finding from the many epidemiological stud-
ies carried out is that the number of lifetime ovulations is
associated with a risk of developing ovarian cancer. Fac-
tors that reduce ovulation, including pregnancy, breast-
feeding, and use of the combined oral contraceptive pill,
appear to confer a degree of protection. For instance, a
single full-term pregnancy reduces the subsequent risk of
developing ovarian cancer by half (relative risk 0.47)
(Whittemore et al., 1992). Although an early menarche
and a late menopause may increase the number of ovula-
tions, in fact many cycles at the beginning and end of
menstrual life are nonovulatory, and this is borne out by
the lack of evidence to support the hypothesis that early
menarche and late menopause are associated with epithe-
lial ovarian cancer (Edmondson and Monaghan, 2001).

Use of hormone replacement therapy appears to confer
a small risk of developing ovarian cancer, although many
of the trials to date have shown only marginal results.
Other factors that may be protective include previous
hysterectomy and previous sterilization.

The effect of infertility and of treatment for infertility
on the subsequent risk of developing ovarian cancer has
been widely debated. While true infertility may confer an
increased risk, the use of infertility treatments has little or
no effect on the subsequent risk of developing ovarian
cancer.

Although the majority of ovarian cancers are sporadic,
it is clear that some are related to a family history of
either breast or ovarian cancer. It is now apparent that
most of these familial cancers are related to germ line
mutations of the breast cancer genes BRCA1 or BRCA2

(Venkitaraman, 2002). Other genes implicated in familial
ovarian cancer include MLH1 and MSH2, often referred
to as the hereditary nonpolyposis colon cancer (HNPCC)
phenotype. It is presumed that familial cancers share the
same risk factors as sporadic cancers, but there is little
evidence to support this.
Biology and Etiology

The biology of ovarian cancer remains poorly understood.
This is partly because the disease is often diagnosed late
in its progression, so that study of early invasive disease is
difficult. Equally, the ovaries are not easily accessible, and
study of early invasive or preinvasive lesions is impossible.

It is now believed that epithelial ovarian cancers arise
from the ovarian surface epithelium (OSE), a single layer
of poorly committed cells that lies in continuity with the
peritoneum. The processes underlying malignant trans-
formation are not completely understood, but great
advances have been made in the last 10 years following
the development of techniques to culture OSE cells in the
laboratory. It is now clear that the first step toward malig-
nant transformation is an increasing commitment toward
an epithelial phenotype by these cells. This appears to
occur more in crypts and inclusion cysts within the ovary,
and it is now suggested that most ovarian cancers arise in
these areas, although to date no definite premalignant
lesions have been identified (Auersperg et al., 2001).

This ability of the OSE cell to undergo a differentia-
tion process toward a more epithelial phenotype may
explain why epithelial ovarian cancers can display a
range of morphological types including serous, mucinous,
endometrioid, and clear-cell morphologies, although it is
not clear why different tumors develop along these dif-
ferent pathways. It is interesting to note that ovarian
cancer appears to be unique among tumors in having a
differentiation process as the first part of the carcinoge-
netic process.

Ovarian cancer commonly spreads by the transcelomic
route: Metastases are usually seen in the omentum and on
the peritoneum, including the peritoneal covering of the
bowel. Lymphatic spread is seen in some cases, classically
to the pelvic lymph nodes but also to the common iliac
and para-aortic nodes.

Hematogenous spread is uncommon but can involve
the liver and spleen as well as distant organs.

Ovarian cancer is often associated with ascites and
pleural effusions; these often contain malignant cells.
Diagnosis and Treatment Pathway

Ovarian cancer is notorious for its late presentation. It has
been called ‘the silent killer’ because the majority of
women with ovarian cancer present very late, that is,
they already have disseminated disease by the time they
are first seen by a doctor. Diagnosis is often delayed
because of the wide variety of symptoms experienced by
these patients. Ovarian cancer can present as a result of
symptoms or may be detected by screening.
Symptomatic Presentation

The range of symptoms associated with ovarian cancer is
wide and nonspecific. Symptoms may be related to the
presence of a pelvic mass, such as urinary frequency, pain,
and constipation; or to other intra-abdominal disease
including disease on or invading the bowel, such as rectal
bleeding or altered bowel habit; or to the presence of
ascites, leading to abdominal distension; or to general
symptoms related to cancer, such as nausea, vomiting,
anorexia, and cachexia. Although it is important for all
physicians to have a high index of suspicion, given that the
variety of nonspecific symptoms is so great, it is not
surprising that diagnosis is often delayed and patients
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are often referred to general surgical teams and other
specialists before referral to a gynecologist.

Pelvic examination is useful in identifying the presence
of pelvic masses, but it does not provide information about
the nature of such a mass, so imaging is required for further
evaluation. Transvaginal ultrasound remains the most use-
ful modality because it is cheap, well-tolerated, and pro-
vides useful information about the contents and nature of a
pelvic mass or the presence of free fluid in the pelvis.
Transvaginal ultrasound is often combined with transab-
dominal ultrasound to identify intra-abdominal metastases.
Other imaging modalities include computerized tomogra-
phy (CT) scan and magnetic resonance imaging (MRI), but
overall these confer little advantage over ultrasound.

Since its identification in 1983 (Bast et al., 1983), serum
levels of CA 125 have been used widely in the diagnosis
and monitoring of ovarian cancer. CA 125 is a protein
produced by mesodermally derived tissues and for this
reason is relatively nonspecific; CA 125 levels can also be
raised in nonmalignant ascites and cardiac failure, as well
as pregnancy and benign conditions including endometri-
osis and fibroids. Furthermore, some ovarian cancers,
particularly early-stage and mucinous tumors, do not
produce CA 125.

Nevertheless, CA 125 remains the most useful tumor
marker for ovarian cancer, and the test is commonly
performed alongside carcinoembryonic antigen (CEA),
levels of which help to differentiate ovarian tumors from
colorectal malignancies.

There is increasing evidence that patients treated by
specialist gynecological oncologists have a better progno-
sis than patients who undergo surgery by general gyne-
cologists or general surgeons ( Junor et al., 1999). For this
reason, there is much interest in devising mechanisms for
improving preoperative diagnosis in order that patients
who have ovarian cancer are referred to specialist gyne-
cological oncologists prior to surgery. Using a combina-
tion of the patient’s menopausal status, the results of
ultrasound, and the CA 125 level, an algorithm has been
devised (the ‘risk of malignancy’ index) that can predict
the presence of invasive ovarian cancer ( Jacobs et al.,
1996). Such algorithms have been adopted by many cen-
ters in the United Kingdom, with a reasonable degree of
success (Kirwan et al., 2002).
Screening

The concept of screening for ovarian cancer has attracted
much interest, given that the disease tends to present
clinically at such a late stage, when it has a very high
fatality. Unfortunately, our knowledge of the natural his-
tory of the disease is limited, and there is no evidence to
support the presence of a latent or premalignant phase of
the disease. Both of these factors limit the ability to
develop an effective screening program.
Efforts have nevertheless been made to develop a suit-
able screening test. Those that have attracted the most
attention are transvaginal ultrasound and serum CA 125.
In isolation, these tests tend to have low specificity, which
would lead to large numbers of women without cancer
being investigated with surgery. This has led to the devel-
opment of a multimodal approach in which patients are
initially screened with a CA 125 test and only subjected to
ultrasound when the CA 125 measurement is abnormal.
Pilot studies of this approach have been encouraging, and
a large multicenter trial is currently under way in the
United Kingdom to assess whether screening can be effec-
tive in reducing mortality from this disease.

Despite the lack of evidence to support the use of these
tests in a mass screening program, they have tended to be
offered to women who are thought to be at high risk of
developing ovarian cancer, because of a strong family his-
tory. In this context, both CA 125 measurement and trans-
vaginal ultrasound are often offered, on an annual basis.
Primary Management

Surgery

The primary treatment for epithelial ovarian cancer has
traditionally been surgical. It is based on the principle of
cytoreductive or debulking surgery. At the time of sur-
gery, disease is often disseminated throughout the perito-
neal cavity. This makes it impossible to perform a
complete removal of the tumor with a clear margin of
normal tissue, often considered to be the gold standard for
surgical oncology. Several studies have demonstrated that
patients’ overall prognosis is improved if most of the
disease is removed at surgery compared with patients in
whom it is impossible to remove disease. This has led to
the concept of optimal surgery, often defined as residual
disease less than 1–2 cm in greatest diameter.

More recently, the concept of cytoreductive surgery
has been questioned: Is the altered outcome following
cytoreductive surgery merely a reflection of the biology
of the disease? That is, do patients who have had optimal
cytoreductive surgery do better than patients who are
suboptimally debulked, not because their disease has
been removed but simply because their disease can be
removed?

This question has not yet been fully answered, but
there are interesting data emerging regarding the concept
of ultraradical surgery. If one accepts the argument that
outcome following surgery is principally related to the
biology of the disease, then more aggressive surgery and
removal of more disease should have no effect on overall
outcome (Bristow and Berek, 2006). However, data from
Eisenkop et al. (2003) have demonstrated that an ultrarad-
ical approach, that is, removing the maximal amount of
disease possible, thereby achieving optimal debulking
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rates of up to 96%, is associated with a 5-year survival rate
as high as 49%. It is important to note that these data are
not from randomized studies, but then it is unlikely that a
randomized study could or will ever be carried out to
address this question.

Surgical intervention has also been used as an ‘interval’
procedure, that is, part way through a course of chemo-
therapy. Evidence from randomized studies suggests that
for patients who are suboptimally debulked at initial sur-
gery and respond to chemotherapy, there is a prognostic
benefit from undergoing interval surgery followed by
further chemotherapy (van der Burg et al., 1995).

Laparoscopy has gained in popularity in the manage-
ment of ovarian cancer, principally as a diagnostic tool,
but also for prophylactic surgery in women at high risk of
developing ovarian cancer as a result of a genetic
predisposition.
Chemotherapy

While surgery is the primary treatment modality for
ovarian cancer, chemotherapy is used in two settings in
the initial management of this disease: first as adjuvant
treatment following surgery, and second as neoadjuvant or
primary treatment in those patients for whom surgery is
inadvisable because of significant comorbidity or exten-
sively disseminated disease.

The most effective form of chemotherapy is based on
platinum drugs. It was first used in the 1970s in the
combination of cisplatin, cyclophosphamide, and Adria-
mycin (CAP). After a number of trials questioned whether
this three-drug combination was necessary, the ICON-2
trial confirmed that single-agent carboplatin was indeed
as effective as the combination, and caused significantly
less toxicity (ICON, 1998). In the 1990s, the addition of
paclitaxel to the regimen was found to improve efficacy
still further in the GOG-111 and OV-010 trials (McGuire
et al., 1996; Piccart et al., 2000). These trials both used the
combination of cisplatin with paclitaxel, but a number of
later trials comparing this regimen with carboplatin/pac-
litaxel have found the two to be equivalent in efficacy,
with the carboplatin regimen producing significantly less
toxicity. It is important to note that two other studies
looking at the addition of paclitaxel to platinum-based
regimens, ICON-3 and GOG-132, did not show a survival
advantage from the addition of paclitaxel (ICON, 2002;
Muggia, 2000). One reason proposed to explain this is the
extent of crossover to taxane-based regimens in the con-
trol groups of these studies. Another possible explanation
is that paclitaxel may reduce the response to the platinum
agent if given at the same time. Indeed, in the GOG-132
trial, patients treated with the combination regimen expe-
rienced a myeloprotective effect compared to those trea-
ted with single-agent cisplatin. It is suggested that this
may be because paclitaxel was attenuating the effects of
the platinum.

Proponents of this theory suggest that the optimal
regimen may be sequential treatment with a platinum
agent and a taxane rather than simultaneous treatment
with the two drugs (Moss and Kaye, 2002). As well as
comparing the efficacy of alternative platinum drugs,
the use of alternative taxanes has been studied. The
SCOTROC trial compared paclitaxel/carboplatin with
docetaxel/carboplatin and found that the docetaxel regi-
men had a similar efficacy to paclitaxel/carboplatin with
less severe neurotoxicity. However there was more neu-
tropenia in this group (Vasey et al., 2004). In addition,
there are ongoing and recently closed trials of new com-
binations of agents such as the five-arm ICON-5 trial,
which looked at gemcitabine, liposomal doxorubicin, and
topotecan in various combinations and sequences, com-
pared to standard carboplatin and paclitaxel.

The trials mentioned above have all looked at patients
with advanced ovarian cancer. The ICON-1 and
ACTION trials looked at the effect of adjuvant chemo-
therapy in high-risk early-stage ovarian cancer and found
a survival advantage for adjuvant treatment in these
patients also (ICON, 2003; Trimbos et al., 2003).

In an effort to try to improve the outcome in patients
with ovarian cancer, intraperitoneal chemotherapy and
maintenance chemotherapy have also been investigated.
Intraperitoneal chemotherapy has been extensively stud-
ied in the past. Three large randomized trials have found a
survival benefit in women treated with intraperitoneal
chemotherapy compared with those treated with intrave-
nous chemotherapy. However, it is associated with high
levels of gastrointestinal and systemic toxicity. A GOG
Phase II study is due to begin in 2007 to investigate
whether less toxic regimens can be given with the same
efficacy (Ozols, 2006). The use of maintenance chemo-
therapy has also been investigated, with extended cycles
of induction chemotherapy and prolonged administration
of a single chemotherapeutic agent, but no improvement
in survival has been found (Ozols, 2006).

The current standard regimen following debulking
surgery is therefore paclitaxel and carboplatin, given
intravenously every 3 weeks for a total of six cycles.
Combination chemotherapy is generally offered to
patients with FIGO Stage Ic disease or worse.

Chemotherapy would usually be discussed with those
patients with Stage Ia or Ib disease with poor prognostic
features, in the form of single-agent platinum treatment.
The CA 125 level is measured at the start of each cycle of
chemotherapy. If this falls towithin normal levels within the
first three cycles, there is an improved prognosis. If, at the
end of six cycles, the CA 125 has fallen but not completely
normalized, consideration may be given to treating with a
further two cycles of chemotherapy, although there is no
published evidence showing that this is of benefit.
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Neoadjuvant chemotherapy is currently used in
patients who are not fit to undergo surgery, or in patients
with extensive disease, to try to downstage the disease
so that optimal debulking surgery can be performed.
A recent study of neoadjuvant chemotherapy found a
higher tumor resection rate and a survival advantage
in women who were treated with chemotherapy in the
first instance (Kuhn et al., 2001). The use of neoadjuvant
chemotherapy is therefore currently being investigated
in a randomized UK study (CHORUS) in which patients
who are healthy enough and suitable for either chemo-
therapy or surgery are randomized to primary treatment
with one of these modalities. Those receiving primary
surgery subsequently receive adjuvant chemotherapy,
while those receiving primary chemotherapy (usually
with carboplatin and paclitaxel) undergo interval debulk-
ing surgery midway through their chemotherapy course.
Management of Relapse

Over 75% of women with ovarian cancer have advanced
disease when they are first diagnosed. While the disease is
very chemosensitive and the majority of patients achieve
complete remission following surgery and chemotherapy,
cancer will recur in most patients (Ozols, 2006). For this
reason, following completion of chemotherapy, patients
are routinely followed up on a regular basis with physical
examination and recording of their CA 125 level. In
patients with recurrent ovarian cancer, the aim of treat-
ment is palliation of symptoms rather than cure. There is
debate about whether measuring CA 125 levels is of any
value in the asymptomatic patient. Currently the OVO5
study is investigating this by double-blinded estimation of
CA 125 levels. At present, if a patient is symptomatic and/
or shows a rapidly rising CA 125, relapse is confirmed by
CT scan. The initiation of second-line treatment would
usually be on the development of symptoms. However,
the response to treatment is affected by tumor bulk and
the performance status of the patient, and it may be that
by waiting for symptoms to develop, tumor bulk has
increased and performance decreased such that response
is adversely affected. Equally, starting treatment too soon
may cause significant toxicity in a patient who had previ-
ously been asymptomatic.

The choice of second-line agent depends largely on
the woman’s response to her original chemotherapy, the
length of time since it was completed, and the toxicities
experienced, as well as her current performance status
and preference. Treatment for relapsed disease may con-
tinue intermittently for months or even years, and the
effect that the treatment will have on quality of life is
therefore even more important and must be carefully
considered.
Patients who relapse more than 6 months after their
initial platinum regimen are said to be platinum-sensitive
and should be rechallenged with carboplatin with or
without paclitaxel. The ICON-4 trial showed an
improved 2-year survival after further treatment with
the combination regimen compared with carboplatin
alone (ICON/AGO, 2003), but toxicity is greater with
the combination, and in the palliative setting this needs to
be borne in mind. In patients who are platinum-resistant
(relapse less than 6 months after their original platinum
regimen) or platinum-refractory (had no response to
the original platinum regimen), there is no standard
second-line treatment. A number of treatments are
known to have activity (Moss and Kaye, 2002). Liposomal
doxorubicin and topotecan have been recommended by
NICE for second-line treatment in this group of patients.
Tamoxifen may also be considered (Williams and Simera,
2001). Paclitaxel should be considered if it was not
used in the initial regimen prior to relapse. Other agents
with activity include gemcitabine and oral etoposide.
The response to second-line agents is poor – of the
order of 15–20%. Therefore, patients should also be con-
sidered for entry into Phase I and II trials of investiga-
tional agents.

Although the treatment of relapsed ovarian cancer is
essentially with chemotherapy, both surgery and radio-
therapy do have a role to play. Surgery is used for the
excision of bulky disease or for the removal of lesions
causing specific symptoms. In addition, in the patient
with a long disease-free interval, further debulking sur-
gery may be an option. Ovarian cancers are generally not
radiosensitive, and therefore radiotherapy is only indi-
cated for the treatment of specific symptoms such as
vaginal bleeding or pain.
Palliation

Given that 75% of women with ovarian cancer will die of
their disease, it is important to recognize that most
patients will require palliative input at some point in
their care. In addition to pain, one of the most common
problems encountered is bowel dysfunction, with symp-
toms such as nausea and vomiting, but in many cases it
may develop into bowel obstruction.

Intermittent, partial obstruction can often be managed
conservatively, and treatment centers on control of
nausea and vomiting and promotion of bowel motility
using antiemetics such as metoclopramide. Conservative
management of complete obstruction utilizes antispasmo-
dics and antisecretory drugs such as hyoscine butylbro-
mide and octreotide, respectively. Surgery is generally
reserved for those patients who have a discrete level of
obstruction in whom a defunctioning or bypass operation



Ovarian Cancer 717
can be performed. It is important to note that such defunc-
tioning surgerydoes not increase longevity but merely acts
as a palliative procedure and is associated with a high
perioperative morbidity and mortality. Nevertheless,
some patients will benefit from this, allowing them to be
discharged from hospital and managed at home.
Prevention

Combined oral contraception has been shown to be pro-
tective against the development of ovarian cancer, and it
has therefore attracted attention as a possible preventative
treatment. Unfortunately, because of the increased risk of
breast cancer in users of combined oral contraception, it
cannot be recommended even for the population at great-
est risk, namely those patients with mutations in the BRCA
genes.

Similarly, prophylactic surgery is often considered for
these high-risk patients. Salpingo-oophorectomy can be
performed laparoscopically, as a day case, with minimal
morbidity. The subsequent risk of developing ovarian
cancer is hugely reduced, and, if performed before the
menopause, removal of the ovaries and fallopian tubes
(salpingo-oophorectomy) has been shown to reduce the
risk of developing breast cancer. There is still great con-
troversy regarding the timing of surgery, particularly
because surgery will render the woman menopausal and
the use of HRT in this group is controversial (Griffiths
et al., 2005).
Summary and Conclusions

Epithelial ovarian cancer remains a significant health prob-
lem with incidence and mortality rates that have barely
changed over the last 40 years, partly due to the late presen-
tation of the disease. Nevertheless, some progress has been
made, not least in the area of chemotherapy. The increase in
number of active drugs has allowed patients to live longer
with their disease, although ultimately the majority of
patients will still succumb to the cancer.

Challenges for the future lie in developing our ability
to predict chemosensitivity to the different agents avail-
able and therefore to be able to individualize therapies for
patients. Longer-term strategies are to detect the disease
earlier and ultimately, of course, to prevent the develop-
ment of the cancer in the first place.
See also: Cancer Mortality; Cancer Screening; Cancer

Survival; Gynaecological Morbidity; United Kingdom,
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Cancer of the pancreas is relatively uncommon but, because
it is rapidly fatal, it is a major source of cancer mortality. In
2002, it was estimated that over 227 000 individuals would
have died of pancreatic cancer worldwide (Parkin et al.,
2005). Pancreatic cancer is the eighth leading cause of can-
cer death in the world and the fourth leading cause of
cancer deaths in the United States (Table 1). In the United
States and in Europe, the overall 5-year survival rate for
this cancer is less than 5%. Survival is higher among
patients diagnosed with localized tumors (5-year survival
rate is under 20%) (Figure 1), but, unfortunately, very few
cancers are still localized at diagnosis. Symptoms for pan-
creatic cancer, such as abdominal pain, are nonspecific, and
when they develop the cancer is usually advanced. The
location of the pancreas, lack of specific symptoms, and
lack of biomarkers for early detection all contribute to the
high mortality rates. Survival rates have only improved
slightlyover the past decade because of the lackof significant
medical advancement in the treatment for pancreatic cancer.
Pathology

Classification

The large majority of pancreatic cancers are adenocarci-
noma that develop in the exocrine pancreas and are thought
to originate in ductal cells, although the exact cell of origin
is still unknown (Bardeesy and DePinho, 2002). Islet cell
tumors of the endocrine pancreas and other pancreatic
tumors account for less than 15% of pancreatic cancers.
Other rare types of pancreatic cancers include sarcomas
and lymphomas. Pancreatic tumors can arise anywhere in
the pancreas but are more often found in the head of
the pancreas (70–80% of tumors) than in the body or tail.

In most epidemiologic studies, pancreatic cancer is
used synonymously with exocrine pancreatic cancer, as
endocrine cancers are not usually included in the analyses
or represent only a small fraction of the total cases.
Diagnosis

Pancreatic cancer is particularly challenging to diagnose
for several reasons: there is no screening test for early
detection, symptoms are nonspecific or absent until late
in the progression of the disease, and the pancreas is
difficult to access. Weight loss, abdominal pain, and jaun-
dice, common first symptoms of this cancer, are often a
consequence of the tumor interfering with nearby organs,
especially the bile duct, liver, and stomach. Other signs of
pancreatic cancer include late-onset diabetes, changes in
bowl habits, vomiting, and acute pancreatitis (Germanos
et al., 2006).

Technological advances have greatly improved the
diagnosis and staging of pancreatic cancer; these include
contrast-enhanced computed tomography (CT), endo-
scopic ultrasonography (EUS), magnetic resonance imaging
(MRI), and endoscopic retrograde cholangiopancreat-
ography (ERCP). These diagnostic modalities can identify
smaller tumors and provide staging data necessary to
determine whether tumors can be surgically removed.
However, despite improvements, challenges remain; accu-
racy of tumor and nodal staging varies by imaging modal-
ity, and failure to detect small liver metastases and
peritoneal dissemination remains problematic across all
imaging modalities (Germanos et al., 2006). The use of
EUS-guided fine needle aspiration (FNA) allows for his-
tologic diagnosis of primary tumors, lymph node, and
distant metastases.

In many countries in which these expensive instru-
ments are not widely available, histopathological confir-
mation of pancreatic cancer remains low and varies
dramatically by country, even within developed countries
(mean of 34% in the UK compared to mean of 78% in
the United States) (Parkin et al., 2002). Consequently, the
criteria for confirmation of pancreatic cancer cases in
epidemiologic studies often do not include pathology
reports and can contribute to misclassification of disease
outcome.
1
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Table 1 Top five leading cancer types contributing to U.S.

cancer mortality, 2006

Estimated number
of deaths

Percentage of
all cancers

Lung and bronchus 162460 29%

Colon and rectum 55170 10%

Breast 40 970 7%
Pancreas 32300 6%

Prostate 27350 5%

2 Pancreatic Cancer
Treatment

Surgical removal of pancreatic tumors is the only treat-
ment option that can improve survival rate. Unfortu-
nately, only a small number of patients diagnosed with
localized disease are eligible for surgery (less than 10%
of all cases in the United States (Ries et al., 2006)). The
5-year survival rate is approximately 20% among those
who undergo this procedure but, despite the slightly
better prognosis, most of these patients die within
7 years of surgery (Germanos et al., 2006). Adjuvant ther-
apy in combination with surgery is considered standard
care; chemoradiotherapy after surgical resection has been
shown to prolong survival by a few months (Germanos
et al., 2006), but it is mostly used for palliative care.
Chemoradiotherapy has no survival benefits among can-
cer patients who do not undergo surgery, but it is
often used for palliative care.
0

20

40

0

Age (years)

Black mortality Black incidence

White mortality White incidence

25 30 35 40 45 50 55 60 65 70 75 80 85

Figure 2 Age-specific incidence and mortality rates for

pancreatic cancer in the United States, by race, 2000–03.
Descriptive Epidemiology

Pancreatic cancer almost never occurs prior to the third
decade of life, but after the age of 35 years, incidence rates
increase exponentially and peak in the seventh and eighth
decades (Figure 2). Throughout the world, men have
higher incidence and mortality rates than women (8.5 per
100 000 in men vs. 5.0 in women in developed countries;
2.4 inmenvs. 1.6 inwomen in developing countries in 1990).
In the United States, Blacks have higher incidence and
mortality rates than Whites (10.2 per 100 000 in Blacks vs.
6.6 in Whites, for age-adjusted incidence rates, 1996–2000;
Figure 2) (Ries et al., 2003).

Global variations in incidence and mortality rates
for pancreatic cancer are large, but perhaps not as strik-
ing as those observed for other cancers. Reported pancre-
atic cancer rates are lower in developing countries, with
the exception of central and temperate South America,
where high mortality rates are also noted. In Europe, the
highest mortality rates are observed in Hungary,
the Czech Republic, and Austria, and the lowest rates
are found in Latvia and Albania (Bray et al., 2002). In the
United States, mortality rates are highest in the Northeast
and around the Mississippi River. Part of the global and
regional variation in mortality rates is likely to be due to
detection capabilities and completeness of case ascertain-
ment (e.g., percentage of autopsied deaths), but differ-
ences in smoking prevalence are also responsible. In
addition to smoking, other modifiable risk factors are
likely to account for some of the unexplained differences
observed within developed countries.

In most developed countries, pancreatic cancer mor-
tality rates in men decreased slightly between 1980 and
2000, but remained fairly stable in women. The decreased
rates have been predominantly driven by the decline in
cigarette smoking prevalence; for example, in the United
States, the drop in pancreatic cancer rates in men mir-
rored the significant decline in smoking prevalence (50%
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to 25% male current smokers between 1965 and 2000).
Mortality rates in both sexes have increased over the past
four decades in a number of countries in which rates had
been low in the mid-1950s, such as Japan, Spain, Italy,
Bulgaria, Poland, and Yugoslavia. In Japanese men
( Japan), age-standardized mortality rates increased from
1.4 per 100 000 to 12.5 per 100 000 between 1950 and 1995
(Lin et al., 1998).
Risk Factors

Tobacco

Cigarette smoking is the most consistent risk factor
for pancreatic cancer and is estimated to account for
approximately 25% of all pancreatic cancer cases. Over
40 studies have reported positive associations for cigarette
smoking and pancreatic cancer. Current smokers have a
two- to threefold higher risk of pancreatic cancer than
nonsmokers. In contrast, former smokers have little excess
pancreatic cancer risk. Dose–response relationships have
been observed for dose and duration of smoking, but the
increase is not as dramatic as for lung cancer. Two studies
observed stronger dose–response relationships when
smoking was calculated over the last 15 years (compared
to lifetime smoking) (Howe et al., 1991; Fuchs et al., 1996).
Excess risk from smoking cigarettes disappears within a
decade of smoking cessation.

Few studies have examined noncigarette tobacco
smoke in relation to pancreatic cancer. Current smokers
only of cigars may have a modest increase in pancreatic
cancer risk compared to never-smokers (relative risk
1.2–1.6) and inhalation may be critical (RR 2.7, 95%
confidence interval (CI) 1.5–4.8 for cigar smokers who
inhale vs. never-smokers) (Shapiro et al., 2000). In contrast
to cigar smoking, few studies have observed a higher
risk of pancreatic cancer for smokers who only smoke
pipes. In a recent case-control study of noncigarette
smokers, smokeless tobacco use was associated with a
substantial increase in risk of pancreatic cancer (RR 3.5,
95% CI 1.1–10.6 for those using >2.5 ounces/week vs.
never-users) (Alguacil and Silverman, 2004).

The exact mechanisms underlying the causal association
between tobacco smoke and pancreatic cancer are unclear.
Tobacco-specific nitrosamines, such as 4-(methylnitros-
amino)-1-(3-pyridyl)-1-butanone (commonly referred to
as NNK), are the most likely tobacco constituents
involved in pancreatic carcinogenesis in humans (Hecht,
2003). Nitrosamines are potent pancreatic carcinogens
in animal models, and levels of NNK in samples of
human pancreatic juice are significantly higher in smo-
kers than nonsmokers (Prokopczyk et al., 2002). Fur-
thermore, as NNK levels are approximately 15 times
higher in smokeless tobacco than in mainstream smoke,
the strong positive association for smokeless tobacco is
consistent with a role for NNK in pancreatic carcino-
genesis. However, given that smoking cessation results
in a relatively rapid return to the incidence rates experi-
enced by never-smokers, it is likely that smoking acts
at later stages in carcinogenesis (e.g., promotion of ini-
tiated cells). Therefore, tobacco smoke may be involved
in carcinogenesis through its pro-inflammatory response
(e.g., oxidative damage from free radicals), or through
other mechanisms that promote cell proliferation and
angiogenesis.
Hereditary Pancreatic Cancer

It has been estimated that approximately 5% of pancre-
atic cases are due to hereditary factors (Lynch et al., 1996).
An inherited component to pancreatic cancer has been
suggested by a number of observational studies; indivi-
duals with a close relative with pancreatic cancer have
a three- to fivefold higher risk of pancreatic cancer. In a
large prospective study of family pancreatic cancer (FPC)
kindred, defined as at least two family members with
pancreatic cancer, members of those families with at
least one first-degree relative with pancreatic cancer had
a ninefold greater risk of developing pancreatic cancer
(standardized incidence ratio, SIR 9.0, 95% CI 4.5–16.1)
than the SEER population (Klein et al., 2004). In contrast,
family members genetically unrelated to a patient with
pancreatic cancer had a SIR of 2.4 (95% CI 0.06–13.5)
compared to the general population (Klein et al., 2004),
suggesting that genetic factors are much stronger than
environmental factors shared by these families.

Major genes responsible for FPC have yet to be
identified. In the United States, the Pancreatic Cancer
Genetic Epidemiology (PACGENE) Consortium has
been formed to investigate susceptibility genes in these
families, and a similar consortium exists in Europe
(EUROPAC). A recent segregation analysis among 287
pedigrees provided the first formal evidence for a rare
major gene in the etiology of pancreatic cancer (Klein
et al., 2002), although the ‘gene’ could be a collection of
susceptibility genes, which may include known cancer
genes. Excess incidence of pancreatic cancer has been
observed in a number of rare inherited cancer syndromes,
including Peutz-Jeghers, hereditary breast-ovarian cancer
(HBOC), familial atypical multiple mole melanoma syn-
drome (FAMMM), hereditary pancreatitis, hereditary
non-polyposis colorectal carcinoma (HNPCC), Fanconi
anemia, and cystic fibrosis. Germ-line mutations in the
tumor suppressor genes involved in these hereditary can-
cer syndromes may also play a role in FPC, but the extent
of this is unclear. BRCA2 mutations appear to contribute
to FPC; different mutations in BRCA2 have been
reported in 12–19% of patients with FPC (Murphy
et al., 2002; Hahn et al., 2003).
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Medical Conditions

Chronic pancreatitis

The most common cause of chronic pancreatitis is alco-
holism, but other causes include biliary tract disease, and
hereditary and tropical pancreatitis. Establishing the role
of chronic pancreatitis in pancreatic cancer has been
difficult because chronic pancreatitis is a rare condition
in the general population, and large cohorts of pancreati-
tis patients are necessary to obtain sufficient pancreatic
cancer cases to examine the relation between the two
diseases. In addition, these studies have been plagued by
misclassification of disease, as pancreatic cancer can
sometimes be initially mistaken for pancreatitis, and the
distinction between acute and chronic pancreatitis can be
difficult. Cohort studies of chronic pancreatitis patients
have found extremely high rates of pancreatic cancer:
patients with this condition are 16 times more likely
to develop pancreatic cancer than those without it. The
excess risk remained high after removing patients
who developed cancer within the first 5 years after
diagnosis of chronic pancreatitis (SIR ¼ 14, 95% CI
8–23) (Lowenfels et al., 1933).

In contrast, other studies using national records of
patients with pancreatitis and linking them to incident
pancreatic cancer cases (using cancer registries) reported
high relative risks in the first 4 years of follow-up but
weaker associations with longer follow-up periods, thus
suggesting that the association may not be causal. In one
study, however, the risk of pancreatic cancer in patients
with chronic pancreatitis was still high (RR 4.6, 95% CI
2.6–7.5) compared with the general population, for years 5
through 9 following the diagnosis of pancreatitis (Karlson
et al., 1997). This observation is consistent with chronic
pancreatitis playing a role in the progression of pancreatic
cancer. It has been proposed that the prolonged inflam-
mation observed in chronic pancreatitis patients is what
initiates or aids the progression of a pancreatic tumor
(Lowenfels et al., 1999). Smoking may also exacerbate the
association between pancreatitis and pancreatic cancer
(Talamini et al., 1999).

The hereditary form of pancreatitis develops at a very
early age (usually under 21 years of age). It is found in
multiple family members, and is present in the absence
of alcohol use. A multicenter study of hereditary pancrea-
titis reported eight cases of pancreatic cancer with an
estimated risk ratio of 53 (95% CI 23–105) (Lowenfels
et al., 1997). Very high rates of pancreatic cancer have also
been reported among patients with tropical pancreatitis,
another rare form of pancreatitis that is not associated with
alcohol use (SIR 100, 95% CI 37–218, compared to the
general population) (Chari et al., 1994). The association
between hereditary and tropical pancreatitis and pancreatic
cancer may be stronger than among typical cases of pan-
creatitis, because these conditions develop at younger ages.
Because of various limitations in studies that have exam-
ined pancreatitis and pancreatic cancer, including small
numbers of pancreatic cancer cases and inability to control
for smoking, it is difficult to establish the exact strength of
the underlying association. However, based on the existing
data, including the studies on hereditary and tropical pan-
creatitis, there is sufficient evidence to suggest that chronic
pancreatitis is causally related to pancreatic cancer. Given
the rarity of this condition in the general population
(�0.04%), less than 1% of pancreatic cancers are likely to
be attributable to chronic pancreatitis.
Cholecystectomy and cholelithiasis

A large number of studies have examined the association
between gallbladder disease and gallbladder removal and
pancreatic cancer, but findings have been inconsistent. As
nonspecific gastrointestinal symptoms resulting from an
underlying pancreatic cancer can lead to the diagnosis of
cholelithiasis and even to cholecystectomy prior to a
pancreatic cancer diagnosis, studies that do not remove
individuals with a recent diagnosis of gallbladder disease
(<1 year) may be biased. Overall, a number of studies
have reported an elevated risk of pancreatic cancer
among individuals with a history of gallbladder disease
(cholelithiasis) or with a history of gallbladder removal
(cholecystectomy). In one study, a 70% increase in risk
remained after allowing 20 or more years between chole-
cystectomy and tumor diagnosis (Silverman et al., 1999). In
contrast, a number of other studies did not observe an
association between cholelithiasis or cholecystectomy and
pancreatic cancer risk, or in some studies the association
was no longer positive after removing those who had
cholelithiasis or cholecystectomy less than a year before
interview or diagnosis of pancreatic cancer.

Most studies examining cholecystectomy or cholelithi-
asis did not control for obesity, which is a known risk
factor for gallbladder disease; consequently, it is possible
that previous positive associations were confounded by
obesity. Given the lack in consistency across studies, it is
unlikely that gallbladder disease or cholecystectomy play
an important role in pancreatic carcinogenesis. However,
a modest increase in risk (�20%) for cholecystectomy
cannot be completely ruled out.
Diabetes mellitus

Adult-onset diabetes, or type 2 diabetes, has been consis-
tently associated with an elevated risk of pancreatic cancer
in observational studies. Nonetheless, there has been sub-
stantial controversy over the role of type 2 diabetes and in
determining whether it is a cause or simply a consequence
of pancreatic cancer. Reverse causation could not be ruled
out as an explanation for positive findings from earlier
case-control studies, because diabetes is often a manifes-
tation of pancreatic cancer. To understand better the role
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of diabetes, a number of observational studies collected
information on duration of diabetes. In 1995, a meta-
analysis estimated that individuals with at least 5 years’
duration of diabetes had a twofold higher risk of pancre-
atic cancer than those without diabetes (95%CI 1.2 to 3.2)
(Everhart and Wright, 1995). In an updated meta-analysis
based on a larger number of studies, the association
between chronic diabetes (5 or more years) and pancreatic
cancer was slightly weaker than the earlier meta-analysis,
but still statistically significant (RR 1.5, 95% CI 1.3–1.8,
compared to nondiabetics) (Huxley et al., 2005). In this
meta-analysis, results from 28 cohort studies were slightly
weaker than those obtained from 22 case-control studies
(Huxley et al., 2005).

Additional evidence for the role of diabetes comes from
studies examining the relation between prediagnostic glu-
cose levels and pancreatic cancer. To date, elevated postload
or fasting glucose levels have been associated with a higher
risk of pancreatic cancer in four cohort studies with 10 to
25 years of follow-up (Gapstur et al., 2000; Batty et al., 2004;
Jee et al., 2005; Stolzenberg-Solomon et al., 2005). In these
studies, relative risks for biochemically defined diabetes
ranged between 1.7 and 4, and dose–response relationships
were observed with increasing levels of glucose. In one
study, the association between glucose levels (across nondi-
abetic ranges) and pancreatic cancer was stronger among
caseswhose blood had been collected 10 or moreyears prior
to cancer diagnosis (Stolzenberg-Solomon, 2005). Taken
together, the current data strongly support a causal role
for type 2 diabetes in the etiology of pancreatic cancer.
History of Allergies

A number of observational studies have examined the rela-
tion between allergies and pancreatic cancer, usually along
with other exposures. In a recent meta-analysis of 14 stud-
ies, pancreatic cancer riskwas lower among individualswith
a history of any allergy than those without allergies (pooled
RR 0.82, 95% CI 0.68–0.99) (Gandini et al., 2005). The
associationwas stronger among thosewith respiratory aller-
gies excluding asthma (RR 0.63, 95%CI 0.52–0.76), or those
with dermal allergies (RR 0.66, 95% CI 0.49–0.89), but no
association was found for asthma, which is not always
related to atopy (RR 1.01, 95% CI 0.77–1.31) (Gandini
et al., 2005). A recent prospective study observed similar
findings; a history of hayfever alone was associated with a
lower risk of pancreatic cancer (RR 0.85, 95%CI 0.77–0.95;
373 pancreatic cancer cases), but no association was
observed for a history of asthma alone (RR 1.02, 95%
CI 0.85–1.23) (Turner et al., 2005). The biological mechan-
isms for this association are not known, but it has been
proposed that the enhanced immune surveillance (height-
ened Th2 response) among individuals with allergies can
decrease carcinogenesis; for example, a Th2 response
stimulates production of anti-inflammatory cytokines,
such as interleukin-4, that have been shown to have anti-
carcinogenic properties (Turner et al., 2006).

Given that having allergies is not a modifiable risk
factor, it is not directly obvious how this information
might be used to prevent pancreatic cancer. However,
understanding the underlying biological mechanisms
could provide some important clues into pancreatic car-
cinogenesis and may present opportunities for the devel-
opment of new agents for chemoprevention or treatment
of this fatal malignancy.
Obesity

A number of early studies did not report any association
between body mass index and pancreatic cancer. However,
because weight loss is a common symptom of pancreatic
cancer, it is possible that earlier studies did not obtain the
patient’s weight several years prior to diagnosis. Further-
more, most of the earlier studies had low participation rates
and relied heavily on next-of-kin (often called ‘proxies’) to
obtain exposure data, such that measurement errors were
likely to have occurred. Over the past 5 years, a large
number of cohort studies (which are less prone to bias)
have reported positive associations between obesity and
pancreatic cancer. These data are difficult to refute, but
because the evidence is very recent, a number of recent
reviews on pancreatic cancer have failed tomention obesity
as a potential risk factor. To date, at least 10 prospective
cohort studieswith a total of over 15 000 cases have reported
an elevated risk of pancreatic cancer for obese individuals
(BMI � 30 kg/m2), compared to individuals of healthy
weight (BMI <25), with relative risks typically between
1.5 and 2.0. Although a few prospective studies failed to
detect an association with BMI, most of these did not
include a category of exclusively obese individuals. In one
study in which BMI was not associated with risk, a statisti-
cally significant 46% increase in risk was observed among
individuals who had gained 12 or more kg as adults, com-
pared to those who gained 2–5 kg. Elevated risks of pancre-
atic cancer have also been reported for overweight men and
women in four recent case-control studies in which only
direct interviews were used (i.e., the patient provided the
responses, not a relative or friend).

A meta-analysis of 14 studies on obesity and pancreatic
cancer risk estimated a 19% increase in risk among obese
individuals compared to those with a normal body weight
(RR 1.19, 95%CI 1.10–1.29, for BMI 30 kg/m2 vs. 22 kg/m2)
(Berrington de Gonzalez et al., 2003). However, the results
from this meta-analysis include all studies, regardless of
study design, and therefore the overall effect is almost
certainly underestimated. The relative risk estimates were
higher when the authors excluded case-control studies
with proxy data or those studies that had not adjusted
for smoking in their analyses.
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Obesity results in metabolic abnormalities, including
hyperinsulinemia, insulin resistance, and impaired glu-
cose tolerance, which can contribute to the development
of diabetes. In vitro studies show that insulin promotes
growth of hamster, rat, and numerous human pancreatic
cell lines. Studies suggest that islet cell turnover, asso-
ciated with insulin resistance, may play an important role
in pancreatic carcinogenesis. Stimulation of islet cell pro-
liferation enhances pancreatic ductal carcinogenesis in
hamsters, and the destruction of islet cells by streptozo-
tocin or alloxan inhibits cancer induction. In a recent
study, hamster pancreatic cancer was inhibited by the
drug metformin, which normalized insulin levels and the
rate of islet cell turnover (Schneider et al., 2001). In a
recent prospective study of Finnish male smokers, men
with the highest levels of prediagnostic insulin had a
twofold increase in risk of pancreatic cancer compared
to men with the lowest levels (insulin was measured 5 or
more years prior to cancer diagnosis; 95% CI 1.03–3.93)
(Stolzenberg-Solomon et al., 2005).

Given the strength of the evidence, obesity is now an
accepted risk factor for pancreatic cancer; however, the
magnitude of the effect (�20% increase in risk for every
5 kg/m2 increment in BMI) is not as strong as for other
obesity-related cancers.
Physical Activity

Data on physical activity and pancreatic cancer are less
consistent than for obesity. Hypothetically, because exer-
cise is known to improve glucose tolerance, even in the
absence of weight loss, this factor could be an important
modifiable risk factor for pancreatic cancer. To date, five
studies have reported a lower risk of pancreatic cancer
with higher physical activity but an equal number of
studies have reported no association. In one study, regular
moderate exercise (vs. sedentary) was associated with
greater than 50% reduction in risk of pancreatic cancer
in both men and women (Michaud et al., 2001). The
association was strongest among individuals who were
obese (RR 0.59, 95% CI 0.37–0.94, for moderate/heavy
exercise vs. sedentary), but was not apparent among those
who were not overweight. Because lean individuals are
less likely to have metabolic abnormalities, they may not
benefit from exercise in the same way as overweight
individuals. More studies are needed to elucidate the
role of physical activity on pancreatic cancer.
Aspirin and Other Anti-Inflammatory Drugs

Data from experimental studies suggest that nonste-
roidal anti-inflammatory drugs (NSAIDs) inhibit pan-
creatic cancer. Furthermore, aspirin and other NSAIDs
have been shown to decrease the risk of a number of
gastrointestinal cancers, including colorectal, stomach,
and esophagus. Inconsistent results have been found in
studies examining the use of aspirin and other NSAIDs
and pancreatic cancer. The IowaWomen’s Health Study is
the only study to date that reported a strong inverse
association between aspirin use and the risk of pancreatic
cancer (RR 0.40, 95% CI 0.20–0.82, for use six or more
times per week compared with no use) (Anderson et al.,
2002a), but no information was available on duration of
use. Despite a recent study reporting an increase in risk of
pancreatic cancer among women taking five or more
aspirin per week for more than 10 years (relative risk
1.78, 95% CI 1.18 to 2.60) (Schernhammer et al., 2004),
several other studies have not reported any association
with aspirin or NSAID use, even for long-term use of
aspirin (RR 0.96, 95% CI 0.69–1.33, for 20 or more years
of use compared with nonusers ( Jacobs et al., 2004)).
Overall, aspirin and other NSAIDs do not appear to
play a substantial role in pancreatic cancer.
Dietary Factors

Numerous case-control studies have examined the relation
between diet and the risk of pancreatic cancer. For many
dietary factors, results have been mixed. Inconsistencies
in these findings may be due to a number of inherent
problems with these studies, which include use of next-
of-kin (proxies) to obtain dietary information, recall bias
(when patients remember their past exposures, including
diet, differently than healthy controls because of their
disease status), low response rates among cases because of
high fatality rates, and poor dietary assessment tools. For
alcohol and coffee specifically, findings may be biased in
population-based case-control studies because heavy alco-
hol and coffee drinkers may have lower participation rates
than nondrinkers. Alternatively, findings may be biased in
hospital-based case-control studies because alcohol and
coffee may be related to the health conditions afflicting
controls that are included for study. Therefore, it is impor-
tant to look at prospective cohort studies when examining
dietary factors in relation to pancreatic cancer risk, as
dietary intakes are measured prior to disease diagnosis.
Coffee

At least 13 prospective cohort studies have examined the
relation between coffee intake and pancreatic cancer risk;
with three exceptions, results from these studies have
been null. The International Agency for Research on
Cancer (IARC) concluded, based on the existing litera-
ture in 1991, that there was little evidence to support a
causal relation between coffee and risk of pancreatic
cancer (IARC, 1991). The majority of cohort studies
conducted since 1991 have been consistent with IARC’s
conclusion of no association (World Cancer Research
Fund, 1997).
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Alcohol
Ten prospective studies have examined the influence of
alcohol intake in nonalcoholic populations. Four studies
reported an increase in pancreatic cancer with alcohol
intake, but the remaining studies observed no associations
between alcohol and pancreatic cancer. Given that smok-
ing and alcohol are highly correlated, some of the elevated
risks observed may have been due to residual confounding
by smoking. However, it is also possible that heavy alcohol
drinking does increase the risk of pancreatic cancer
(Silverman, 2001); this observation may be mediated
through chronic pancreatitis (which is often caused by
excessive alcohol consumption). Overall, and given addi-
tional data from case-control studies (summarized in the
World Cancer Research Fund report (World Cancer
Research Fund, 1997)), it appears unlikely that moderate
alcohol consumption plays a major role in pancreatic cancer.

Fruit and vegetables
In 1997, a panel of experts concluded that consumption of
fruit and vegetables was ‘probably’ associated with a lower
risk of pancreatic cancer; this decision was largely based
on case-control data, because few prospective studies had
been published at that time (World Cancer Research
Fund, 1997). Prospective studies, however, have not con-
firmed these studies; to date, no association has been
observed in five prospective studies. It is likely, therefore,
that findings from case-control studies were biased by
differential recall of dietary intake or other selection
factors, and that overall, consumption of fruit and vege-
tables is not associated with pancreatic cancer. It remains
possible, nevertheless, that certain types of fruit and
vegetables, or selected nutrients high in fruit and vegeta-
bles, do play a role in pancreatic cancer. For example,
cruciferous vegetable consumption (e.g., broccoli, cauli-
flower, brussels sprouts, cabbage) may decrease the risk of
pancreatic cancer (RR 0.70, 95% CI 0.43–1.13, for three
or more servings per week compared with less than one
serving per week (Larsson et al., 2006b); RR 0.5, 95% CI
0.4–0.8, for the highest compared with lowest quartile of
cruciferous vegetable intake (Silverman et al., 1998)). Cru-
ciferous vegetables contain a large variety of compounds
with potential anticarcinogenic properties. Another
example is folate, which is found in a variety of fruit and
vegetables.

Folate

There is substantial evidence to suggest that folate plays a
role in colon and breast carcinogenesis; it is involved in
DNA repair and synthesis as well as DNA methylation
and may thus play a role in a number of cancers. Three
prospective cohort studies have reported similar findings
for folate. A high dietary intake of folate (i.e., not includ-
ing supplements) was associated with a 48% lower risk of
pancreatic cancer in a Finnish cohort study of smokers
(RR 0.52, 95% CI 0.31–0.87) (Stolzenberg-Solomon et al.,
2001), and in the same cohort, pre-diagnostic serum folate
levels were inversely associated with pancreatic cancer
(RR 0.45, 95% CI 0.26–0.88, for high vs. low serum folate
levels) (Stolzenberg-Solomon et al., 1999). In a Swedish
prospective study, a strong association was reported for
dietary folate intake (RR 0.25, 95%CI 0.11–0.59, for� 350
vs. <200 mg of folate per day) (Larsson et al., 2006a).
Finally, in a combined analysis of two U.S. cohorts, folate
intake from diet alone was associated with a lower risk
of pancreatic cancer (RR 0.66, 95% CI 0.42–1.03, for
the highest vs. lowest quintile of folate intake), but the
reduction in risk was not statistically significant (Skinner
et al., 2004).

In contrast, folate from supplements (typically from
multivitamins) has shown different results. Supplemen-
tal folate was associated with an elevated risk of pancre-
atic cancer in the study of Finnish smokers (RR 1.56,
95% CI 0.90–2.70, for reported users vs. nonusers)
(Stolzenberg-Solomon et al., 2001). In the other cohorts,
folic acid from supplements was not associated with risk
(Skinner et al., 2004; Larsson et al., 2006a).

Findings from these studies suggest that dietary folate
may play a role in pancreatic cancer, but it is unclear why
folate supplements are not providing similar benefits to
those seen with food sources of folate. It has been suggested
that folate from supplements may promote the progression
of pancreatic cancer in individuals with existing cancer,
perhaps from higher exposure levels from supplements (as
they are more bioavailable) (Larsson et al., 2006a), or alter-
natively, that some component ofmultivitamin supplements
(the main source of supplemental folate) is counterbalan-
cing the beneficial effect of folate (Skinner et al., 2004).
Therefore, even though data from these large cohort studies
suggest that folate intake may be inversely associated with
pancreatic cancer risk, folic acid supplement use should
not be recommended as a chemopreventive agent for
this cancer.

Meat and fat

Numerous case-control and cohort studies have exam-
ined the relation between meat and/or fat intake and
pancreatic cancer. Overall, however, findings from these
studies have been inconsistent. Studies with positive find-
ings for meat intake are not consistent either, because
some report an increase in risk with high beef intake,
while others report an increase with high pork intake.

Processed meats are of particular interest, since they
contain nitrites, which can be converted to nitrosamines
in the stomach, and nitrosamines have been shown to
exert carcinogenic properties. In a case-control study
conducted in China, consumption of smoked and cured
foods increased the risk of pancreatic cancer ( Ji et al.,
1995). Recently, a large cohort study reported a positive
association between processed meat intake and the risk of
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pancreatic cancer (RR 1.65, 95% CI 1.35–2.07, for the
highest vs. lowest quintile of intake) (Nothlings et al.,
2005), but two other cohort studies did not observe an
increase in pancreatic cancer risk with higher intakes of
processed meats (Stolzenberg-Solomon et al., 2002;
Michaud et al., 2003).

Cooking meat at high temperatures can result in the
formation of carcinogenic heterocyclic amines and/or
polycyclic aromatic hydrocarbons (PAH) (Sinha et al.,
1998). Grilling or barbecuing and frying of meat can
produce high levels of carcinogens while other methods
of preparation, such as broiling or baking, do not form
significant levels of these compounds (Sinha et al., 1998).
In a case-control study, a high intake of grilled or barbe-
cued red meat was associated with an elevated risk of
pancreatic cancer (RR 2.2, 95% CI 1.4–3.4, for the top
quintile compared to the bottom two quintiles) (Anderson
et al., 2002b). Detailed questions on cooking practices,
which are needed to estimate exposure to dietary hetero-
cyclic amines, have not been available in most epidemio-
logic studies to date. Future studies with more of these
data are necessary to elucidate the role of dietary hetero-
cyclic amines in relation to pancreatic cancer.

Carbohydrate and sugar

A number of studies have examined the relation between
carbohydrate intake and the risk of pancreatic cancer. In a
large pooled case-control study of 802 cases and 1669
controls from five different countries (SEARCH), a higher
risk of pancreatic cancer was observed among individuals
consuming a high carbohydrate diet (for top to bottom
quintile comparison: RR 2.57, 95% CI 1.64–4.03, after
controlling for lifetime cigarette consumption) (Howe
et al., 1992). Sugar added to drinks and food, refined
sugar, and regular soda consumption have all been asso-
ciated with the risk of pancreatic cancer.

In a recent cohort study of U.S. women, carbohydrate
intake was not associated with pancreatic cancer risk, but
an increase in risk was observed with higher intakes of
fructose and sucrose and with glycemic load (Michaud
et al., 2002). The association with sugar intake was stronger
among women who were either overweight or sedentary,
two physiological states that are associated with greater
insulin resistance. Furthermore, women with both high
BMI (� 25 kg/m2) and low physical activity had a statis-
tically significant relative risk of 2.63 for pancreatic cancer
when comparing high with low glycemic load intake, but
no associations were observed for glycemic load and pan-
creatic cancer risk among women who had a low BMI
(<25 kg/m2) or were physically active.

Although a number of studies suggest carbohydrate
intake and/or refined sugars play a role in pancreatic
cancer, a number of other studies have found no relation
between carbohydrate or sugar and pancreatic cancer risk,
thus suggesting that the relationship between diet and
pancreatic cancer is complex and likely to depend on a
number of factors.
Occupational Exposures

A variety of different occupations have been studied in
relation to pancreatic cancer (Anderson et al., 1996), but
few findings have been consistent across studies. I discuss
the relation between pesticides and pancreatic cancer
briefly, as it has received substantial attention and it
remains controversial.

Pesticides

A study published in 1992 reported a sevenfold increase
in risk of pancreatic cancer among workers who had been
exposed to p,p0-dichlorodiphenyltrichloroethane (DDT)
for a mean of 47months (Garabrant et al., 1992). Although
this study raised concerns regarding a possible effect of
pesticide exposure, a large number of studies examining
the relation between various pesticides and pancreatic
cancer among workers with high pesticide exposures
have been largely inconsistent. One problem with these
studies is that the exact exposure is difficult to quantify
and measurement error in establishing exposure level is
likely to be large. In a recent case-control study, pan-
creatic cancer cases had elevated serum levels of DDT
compared to controls, but the association was no longer
apparent after controlling for serum levels of PCBs
(Hoppin et al., 2000). Although it is difficult to rule out an
effect of pesticide exposure on pancreatic cancer, pesticides
are unlikely to account for a large proportion of pancreatic
cancer cases, as elevated exposures are only experienced by
a small percentage of the overall population.
Conclusion

Pancreatic cancer is a devastating disease. No effective
treatment exists for the majority of patients who do not
have localized disease, and 50% of all patients die within
six months of diagnosis. There is currently no population
screening for this cancer. Because early onset of the dis-
ease is largely asymptomatic, there are few opportunities
to diagnose this cancer at early stages. The etiology of
pancreatic cancer is poorly understood, and few opportu-
nities for prevention are currently available. Cessation of
cigarette smoking is the only widely accepted behavioral
change that can reduce the risk of pancreatic cancer. In
recent years, accumulating data have suggested that long-
standing type 2 diabetes and obesity increase the risk of
pancreatic cancer. As a result of the absence of early
detection, the difficulty of the diagnostic challenge, the
paucity of treatment options, poor survival, and a lack of
understanding of its etiology, pancreatic cancer is a major
public health challenge. The tobacco epidemic in
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developing countries and the worldwide obesity epidemic
will only increase the public health burden of this disease
in the near future.

See also: Alcohol Consumption: Overview of Internation-

al Trends; Diabetes Mellitus, Epidemiology; Obesity/

Overweight: Health Consequences of; Obesity/Over-

weight: Prevention and Weight Management; Preventing

Uptake of Smoking; Smoking, The Burden of Mortality of;

Tobacco - Harm Minimisation; Tobacco, Integrated

Control of.
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Introduction

Parkinson’s disease (PD) is one of the more common
chronic neurological diseases of old age. It is a prototypi-
cal disease in the sense that the understanding of its
pathophysiology and treatment development have advan-
ced hand-in-hand at a very impressive rate during the past
50 years, following a long dormant period since its first
descri ption by James Parkinson in 1817 ( Parkin son, 1817;
Korczyn, 1995 ). However, the new developmen ts have not
solved the main problems of the causation of the disease
and how the disease process can be slowed.

Clinical Features

PD is considered to be primarily a disease of the ‘extra-
pyramidal’ motor system. It has an insidious onset, slowly
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progressing to eventual severe disability. The cardinal
motor symptoms include tremor at rest, poverty or slow-
ness of movement, rigidity, and loss of postural reflexes.
None of these four primary manifestations is specific to
PD, and therefore the clinical diagnosis can only be ten-
tative. The slow evolution and the lack of other features
(e.g., pyramidal, sensory, or marked autonomic distur-
bances) support the diagnosis, although some vegetative
symptoms and particularly constipation are common even
ear ly durin g diseas e developm ent ( Korcz yn, 1989 , 1990).
The clinical diagnosis is also supported by a positive
response to levodopa.

Several other brain diseases mimic PD. The assump-
tion that vascular brain disease can result in similar man-
ifestations was favored several years ago, leading to the
clinical designation of ‘arteriosclerotic parkinsonism.’
This nosologic entity has been disfavored but has recently
re-emerged. Historically, the encephalitis pandemic of the
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1920s resulted in a multitude of cases with postencepha-
litic parkinsonism. Nine decades after the disappearance
of new cases of lethargic encephalitis, parkinsonism is
rarely a consequence of encephalitis (Nisipeanu and
Korczyn, 2002).

Other disorders with extrapyramidal features resem-
bling PD include progressive supranuclear palsy, multiple
system atrophy (previously known as olivopontocerebel-
lar atrophy and Shy-Drager syndrome) and corticobasal
ganglionic degeneration, all of which can frequently be
suspected by the existence of specific clinical features.
However, several reports indicate that the accuracy of
the clinical diagnosis is limited and that as many as
one-quarter or one-third of patients who were clinically
diagnosed as having PD will be found at autopsy to have
alternative diagnoses (Koller, 1992).

Even after exclusion of all these other nosologic enti-
ties, the question remains as to whether PD is a single
disease (Korczyn, 1999). One of the main streams of
recent advances during the past decade has been the
identification of genetic mutations that are clinically
indistinguishable from PD. In some cases, mutation car-
riers have no known affected family members, and these
are designated as sporadic PD unless genetic tests have
been performed. For most sporadic cases, environmental
causes are sought but account for only a minority of cases.
Thus PD is heterogeneous also in its pathogenesis
(genetic vs. nongenetic), and therefore it is not really a
single disease.

In addition to the motor abnormalities, patients with
PD frequently have affective and cognitive disturbances.
Depression is common in PD and in many patients pre-
dates the extrapyramidal features (Cummings, 1992;
Treves et al., 1995). The nature of the association of the
motor and affective features is still unclear, but for reasons
discussed below it is quite likely that depression should be
regarded as one of the features of PD rather than just one
of its complications.

Dementia also commonly occurs in PD patients; prev-
alence data suggest that at least 50% of PD cases will
eventually develop significant cognitive impairment
(Aarsland et al., 1996; Korczyn, 2001). This too seems to
be an integral part of the spectrum of clinical manifesta-
tions of PD, as discussed below.
Neuropathology and Neurochemistry

The pathological hallmark of PD was considered to con-
sist of intracellular eosinophilic inclusions called Lewy
bodies. These occur inside neurons in the substantia nigra,
presumably in dopamine (DA)-containing cells. Lewy
bodies probably accumulate in neurons undergoing
degeneration. The number of DA neurons in the substan-
tia nigra progressively diminishes in PD. It is important to
note that only DA neurons in the substantia nigra whose
axons are destined to go to the putamen (less so to the
caudate) in the nigrostriatal tract are affected, while other
dopaminergic tracts are spared, with progressive loss of
DA in the striatum. Clinical symptoms first appear when
DA content in the striatum is reduced by about 70%. This
may imply that a long preclinical stage, of 20 years or
more, predates the appearance of motor symptoms.

Other neurotransmitter systems are also affected in PD.
These include norepinephrine (NE) loss in the cell bodies
of the locus coeruleus, serotonin (5-hydroxytryptamine,
5-HT) loss in the raphe nuclei, and cholinergic cell loss
in the nucleus basalis of Meynert. These deficiencies
probably contribute to the affective and cognitive changes
in PD but may also contribute to motor dysfunction.
However, it is clear that most motor disturbances
are primarily related to DA deficits, because replacement
of endogenous DA can dramatically alleviate the motor
disability.

Until recently, it was impossible to demonstrate the DA
deficiencies during life. However, this was changed by the
use of positron emission tomography (PET) and single
photon emission tomography (SPECT). Using radioactive
tracer techniques, it can be demonstrated that DA marker
accumulation is reduced in the corpus striatum in PD,
presumably because of the loss of DA terminals that
normally take up these markers. PET and SPECT corre-
late with the side of the clinical abnormalities in unilateral
parkinsonism, and may be sensitive enough to detect the
progression of the disease (Bhatt et al., 1991).

While the complete chemical composition of Lewy
bodies is not yet known, they definitely contain parkin,
ubiquitin, and synuclein. Antibodies against these sub-
stances, particularly anti-synuclein antibodies, will stain
all Lewy bodies in the substantia nigra and frequently
additional ones in the brain stem, olfactory bulb, and in
the cortex. Anti-synuclein staining in the substantia nigra
relates to motor dysfunction. Braak et al. (2004) have
suggested a sequential progression of the pathology in
PD, starting in the dorsal motor nucleus of the vagus
and the olfactory bulb, than appearing in other brainstem
nuclei and the substantia nigra, and only at a late stage in
the cerebral cortex. Interestingly, staining in neurites is
also seen. These Lewy neurites (Braak et al., 1996) may
suggest axonal dysfunction as an important part of the
pathophysiology of PD.
Pathophysiology

The pathophysiology of PD is still rather clouded. The
dopaminergic denervation of the basal ganglia (and par-
ticularly the striatum) is obviously central in the move-
ment abnormalities. ‘Motor loops’ involving the basal
ganglia, subthalamic nucleus, thalamus, and cortex have
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been described (Bergman et al., 1990). However, their
function is poorly understood. How the loss of dopamine
causes tremor at rest, enhanced tone both at rest and
during action, and bradykinesia or hypokinesia still
needs to be fully explained. The pathophysiology of the
fourth cardinal feature of PD, loss of postural reflexes, is
even less clear. Some gains were made through the use of
kinematic studies, such as of arm trajectories. These quan-
tify the defects and demonstrate some unexpected find-
ings (e.g., regarding the importance of visual feedback),
explaining how the ‘motor loops’ incorporate sensory
information (Flash et al., 1991).

The nigrostriatal pathway activates, in the corpus stri-
atum, dopaminergic receptors. Five subtypes have been
identified and, while the most important seem to be of
the D2 type, the role of D1 receptors in normal brain
activity is unclear, and therefore the functional correlate
of activation of these receptors is not established. In
particular, it is not clear whether activation of D1 recep-
tors is important for the elicitation of dyskinesias or other
motor complications occurring commonly in advanced
stages of the disease in patients who are treated by
levodopa.
Pathogenesis of PD

There is no consensus on the pathogenesis of the disease.
The fact that only a selected population of neurons die
off may suggest the involvement of a toxin affecting
these cells. Drugs are known that can selectively damage
catecholaminergic neurons – for example, 6-hydroxydo-
pamine (6-OHDA). This substance is uptaken by the
DA transporters, and it is concentrated in DA cells and
causes their degeneration. Because 6-OHDA does not
cross the blood–brain barrier (BBB), it cannot account
for human PD. (However, it is an important experimen-
tal tool in the study of PD and drug development.)
But another chemical, MPTP, has been identified as caus-
ing in humans a disorder quite similar to PD in many
characteristics. The mechanisms of MPTP toxicity have
been explored in depth and, although there is no doubt
that this chemical only accounts for very few cases of
PD, the possible existence of MPTP-like chemicals has
been explored.

Epidemiological and toxicological studies have incon-
sistently suggested an environmental toxin (Stevenson
et al., 1989). The possibility of endogenous production of
a substance similar to MPTP in its mechanism of action is
still debated (Tanner and Langston, 1990).

The substantia nigra and globus pallidum are rich in
iron; the iron concentration increases with age and par-
ticularly in PD. This may suggest involvement of this
metal in neurotoxicity, perhaps through a process of
lipid peroxidation.
Genetics

About 10% of patients with PD report first-degree rela-
tives with the same disorder. Although they constitute only
a small portion, these cases are important in many ways.
During the past two decades, several genes have been
identified that account for monogenic forms. In addition
to being able to help in genetic counseling, these genes
have been very important in understanding the mecha-
nism underlying the neurodegenerative processes in PD.
For example, the first gene to be described, a-synuclein,
could have either point mutation or overexpression (dupli-
cation or triplication). The protein synuclein was found to
be a major component of the Lewy bodies. It is likely that
this protein, once mutated or overexpressed, will be more
likely to bemisfolded, thus evading the usualmechanisms of
intracellular protein metabolism. In attempt to be removed
from the cell, it is directed into the Lewy bodies. Another
gene that was found to be associated with PD is parkin,
coding for an enzyme responsible for intracellular degrada-
tion of proteins (such as a-synuclein). Another gene,
PINK1, codes for a mitochondrial enzyme (mitochondrial
dysfunction has long been thought to be a cause of PD). The
most common genetic abnormality underlying PD is
the LRRK2 gene, which may account for 1–2% of PD
cases and in some ethnic groups much more frequently.
The genetic heterogeneity associated with PD is helpful
in discovering mechanisms of neurodegeneration. But even
more surprising is the finding of pathologic heterogeneity:
Patients carrying the parkin mutations usually do not have
Lewy bodies, while in families with LRRK2 mutations,
some members may contain Lewy bodies in nigral neurons
while others do not. These observations shatter the view
that PD is a Lewy body disease, as if patients without Lewy
bodies must have a ‘different disease’ to explain their par-
kinsonism. Several other mutations have been described
(Table 1) (Polymeropoulos et al., 1997; Gasser et al., 1998;
Kitada et al., 1998; Kruger et al., 1998; Leroy et al., 1998;
Bonifati et al., 2002; Hicks et al., 2002; Singleton et al., 2003;
Pankratz et al., 2003; Paisan-Ruiz et al., 2004; Valente et al.,
2004; Zimprich et al., 2004; Ramirez et al., 2006).
Treatment of PD

The basic treatment of PD is by replacement of the
deficient DA using levodopa. Levodopa is absorbed from
the gastrointestinal tract and transported through the
blood–brain barrier by active amino acid transport
mechanisms. In the brain, as well as in the periphery,
levodopa is metabolized to DA by an enzyme, 1-amino
acid decarboxylase. This enzyme can be blocked by the
substances benserazide and carbidopa. Employing either
of these inhibitors can prevent the peripheral conversion
of levodopa to DA, thus diverting larger amounts of



Table 1 Genetic mutations causing parkinsonism

Gene Inheritance Onset Map position Gene

PARK1 Dominant 40–50 4q21 a-synuclein
PARK2 Recessive 20–40 6q25 Parkin

PARK3 Dominant 60–70 2p13 ?

PARK4 Dominant 30–40 4q21 a-synuclein triplication and duplications

PARK5 Dominant 40–60 4p14 Ubiquitin C-terminal Hydrolase L1
PARK6 Recessive 30–40 1p35–37 PINK1

PARK7 Recessive 30–40 1p38 DJ-1

PARK8 Dominant 50–70 12cen LRRK2

PARK9 Recessive 30–40 1q36 ATP13A2
PARK10 Dominant (?) 50–60 1p32 ?

PARK11 Dominant (?) 60–70 2q34 ?
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levodopa to the brain, where it is taken up by dopaminer-
gic terminals to be used in dopamine synthesis. Most
patients today are treated by a combination of levodopa
and one of those enzyme inhibitors. By preventing the
peripheral conversion to DA, undesirable side effects such
as orthostatic hypotension and nausea are minimized.

A second enzyme involved in levodopa metabolism is
catechol O-methyltransferase (COMT). The inactivation
of DA after its release into the synaptic cleft involves both
reuptake by DA terminals and metabolism. COMT inhi-
bitors, tolcapone and entacapone, are used clinically
together with levodopa because they prevent peripheral
metabolism of levodopa. By prolonging the half-life of
levodopa, they minimize fluctuation of serum concentra-
tion which may cause subsequent adverse events. The
reuptake is performed by specialized DA transporter
molecules in the membrane. Inhibitors of this transporter,
as well as those of COMT, may prolong the action of DA.

Levodopa replacement is extremely effective in
controlling much of the disability in PD. It is most effica-
cious against rigidity and hypokinesia, but tremor also
responds. However, postural instability does not respond
well to dopaminergic therapy.

Because the progressive loss of DA neurons continues
despite levodopa treatment, patients become less and less
mobile as time elapses since the last dose was ingested,
manifesting as end-of-dose hypokinesia. Therefore
patients gradually require higher doses of the drug.
These increments may cause significant problems, particu-
larly peak-dose dyskinesias. Basically, these reactions are to
be expected becausewhen brainDA concentrations are very
high, the patient is in a state opposite to the baseline DA
deficiency.

Treating patients who reach this stage can be done by
dividing the daily dose into several smaller administrations.
While initially three dailydoses of levodopa are sufficient to
control symptoms, as the disease advances six or more doses
may be required. In normal subjects, levodopa will never
produce dyskinesias. Presumably this is because terminals
of the nigrostriatal pathways in the corpus striatum take up
any excessive DA and either store or degrade it to inactive
metabolites. This buffering mechanism will necessarily
fail in PD because of the progressive loss of DA neurons
and terminals (Karstaedt and Pincus, 1992). The loss of
this buffering capacity may be responsible also for the
eventual and most problematic complication of therapy,
the so-called ‘on-off ’ phenomenon. Patients fluctuate
from being normal in their function, or even dyskinetic
as a manifestation of excessive DA stimulation (‘on’), to
severe parkinsonian hypokinesia and rigidity (‘off ’). As
the disease advances, these fluctuations come on unexpect-
edly (‘random on-off ’). Once buffering capacity is lost,
pharmacokinetic factors (e.g., levodopa serum concentra-
tion) determine the clinical response state (Korczyn, 1973).
Motor fluctuations could be due to erratic absorption
of levodopa from the gastrointestinal tract (possibly related
partly to competition by amino acids derived from dietary
proteins), distribution factors, or transportation across
the blood–brain barrier. Attempts to reduce such fluctua-
tions, which are of some benefit, include a low-protein
diet (Karstaedt and Pincus, 1992), gastric administra-
tion of levodopa at a constant rate or by duodenal
infusion (Antonini et al., 2007; Samanta and Hauser, 2007),
controlled-release levodopa preparations, and adminis-
tration of direct-acting dopamine agonists (DAA) (Rascol
et al., 2000), either orally or, in advanced stages, as water-
soluble DAA (e.g., rotigotine, lisuride, and apomorphine)
(Parkinson Study Group, 2003; Pahwa et al., 2006; Korczyn,
2007; Poewe et al., 2007).

The revolutionary introduction of levodopa into the
therapeutics of PD was so dramatic that its impact is
unlikely to be superseded by another drug any time
soon. However, as is discussed above, this treatment does
not solve all the problems. One critical question relates to
the time at which levodopa therapy should be initiated.
The basic aim of levodopa therapy is to replace endoge-
nous DA. It is thus a symptomatic therapy that, however,
also masks to some extent the relentless progression of
neuronal cell loss. However, it is still unclear whether
levodopa treatment itself accelerates or retards this loss.
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There are suggestions that levodopa reduces the oxi-
dative stress that results from excessive burden on the
remaining neurons. Alternatively, it is possible that the
pharmacological concentrations of extrinsic levodopa will
contribute to the formation of toxic free radicals inside
neurons. Therefore, diverging views exist on whether
levodopa should be started immediately upon diagnosing
PD, or delayed as much as possible, with the aid of other
types of therapy (Rascol et al., 2002).

Monoamine oxidase (MAO), the enzyme that metabo-
lizes several catecholamines and indolamines, exists in
two forms. MAO-A metabolizes not only dopamine but
also NE and 5-HT, whereas MAO-B does not metabolize
either NE or 5-HT. Selective inhibitors of MAO-B, and
particularly selegiline (deprenyl) and rasagiline, are effec-
tive against MPTP toxicity. In PD patients, selegiline and
rasagiline provide symptomatic benefit (Olanow and
Calne, 1992). This may be related to an ampfetamine-
like action in releasing DA from terminals or, more likely,
by preventing DA reuptake. Interestingly, it has been
shown that newly diagnosed PD patients can be main-
tained on MAO-B inhibitors alone for a long period
(Landau, 1990; Olanow and Calne, 1992), although the
significance of this observation is still unclear (Bonucelli
and Del Dotto, 2006).

Monotherapy with selegiline or rasagiline is not effi-
cacious in more advanced cases. At present, many patients
are being treated with selegiline or rasagiline in addition
to levodopa. The usefulness of this combination in re-
tarding the progression of the disease has not been con-
vincingly demonstrated, although rasagiline is useful in
moderating the motor fluctuations in advanced stages of
PD (Bonucelli and Del Dotto, 2006).

Direct-acting dopamine agonists (DAA) are important
in the treatment of PD. These include apomorphine,
bromocriptine, pergolide, cabergoline, and lisuride, as
well as newer agents such as rotigotine, ropinirole, and
pramipexole. Theoretically, the use of such agents could
be advantageous. In initial stages, they relieve the exces-
sive burden on remaining DA neurons without being
subject to metabolism into toxic free radicals inside DA
neurons, as has been hypothesized for levodopa. In later
stages, it is easier to maintain constant levels at receptor
sites because these drugs do not depend on active trans-
port in the gut and through the BBB. Particularly cabergo-
line, which has a very long biological half-life, may be
advantageous in PD patients who develop motor fluctua-
tions or off symptoms at night (Inzelberg et al., 1995).
Similar benefit may occur if percutaneous administration
of DA agonists is applied, such as rotigotine and lisuride.

However, DAA have significant drawbacks and side
effects. Their potency is lower than that of levodopa.
Therefore they can be used as monotherapy in the initial
stages of the disease but will have to be supplanted by
levodopa in subsequent years. Ergoline derivatives are
not very specific and interact with several subtypes of
DA receptors as well as with 5-HT and other receptors.
D1 stimulation may contribute to the occurrence of
dyskinesias, while 5-HT and D4 stimulation may be
conductive to hallucinations and other psychiatric mani-
festations. Ropinirole and pramipexole, two synthetic
nonergoline compounds, are specific to DA (particularly
D2 type) receptors and were therefore expected to be
advantageous. Unfortunately, this does not seem to be the
case, and the frequency of these psychiatric adverse events
is identical. In addition, DA agonists act also at the periph-
ery, and this may contribute to significant side effects such
as orthostatic hypotension and nausea and leg edema
(Rascol et al., 2007). A behavioral syndrome consisting of
gambling, uncontrolled shopping or eating, and hyper-
sexuality has been reported and may be rather severe
(Weintraub et al., 2006). These behavioral effects were
termed dopamine dysregulation syndrome and are proba-
bly related to the effect of dopamine agonists on D3 and
D4 receptors, since in animals quetiapine, a dopamine
agonist that activates these receptors selectively, has been
shown to induce stereotypic ‘compulsive’ behavior. Also,
recently cardiotoxic effects were described for two agents,
cabergoline and pergolide, leading to the withdrawal of
pergolide from the market (Roth, 2007).

Surgical interventions of PD are also available. These
include ablative and transplanting approaches. Targets for
functional stereotactic neurosurgical lesions that reduce
tremor are the ventrolateral thalamus and the posteroven-
tral pallidum. Within the last decade, accumulating evi-
dence has proved that subthalamic stimulation is very
effective in the treatment of PD, reducing both the parkin-
sonian symptoms and dyskinesias, and allowing reduction
of drug dosage (Sailer et al., 2007). Whether subthalamic
stimulation should be initiated at an early stage of the
disease is still an open question. There has been extensive
interest in transplanting DA tissue into the caudate or
putamen in PD. Originally, autologous tissue was used,
but the benefits, if any, were offset by the significant
complications (Windner and Rechcronal, 1993). This
approach was discarded. In newer experiments, dopami-
nergic transplants were used in which the tissue was
removed from aborted fetal midbrains. The use of stem
cells is presently being explored (Sontag et al., 2005). It is
difficult to assess the success of this approach, because
frequently the patients who have been recruited had a
poor prognosis to start with and also because this inter-
vention is associated with a high placebo factor (Korczyn,
1993). However, the main question may not necessarily be
whether neurons are generated, survive, and produce and
release dopamine, but whether the release of dopamine
can be properly regulated, since otherwise on-off dyski-
nesias will result.
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Cognitive Changes in PD

The prevalence of frank dementia in PD is far greater than
that in the general population. PD dementia may be pre-
ceded by mild memory loss, transient confusional episodes,
vivid dreams, or hallucinosis. Clinically, the dementia of
PDdiffers from that of Alzheimer disease (AD). PDpatients
rarely develop dysfunctions of the isocortical association
areas, such as dysphasia or agnosia, and may resemble a
‘frontal’ type of dementia, with dysexecutive symptoms.
But while the differentiation between cortical and sub-
cortical dementia is of some theoretical interest, individual
PD patients may develop a clinical AD-like picture.

Cell loss in PD is not limited to DA neurons. The
degeneration of cholinergic neurons in the nucleus basalis
of Meynert, as well as 5-HT, NE, and somatostatin defi-
ciencies are well-documented, and glutamatergic defi-
ciency may also exist. These deficiencies are similar to
those observed in AD and therefore suggest similarities in
pathogenesis and treatment, as well as a clinical overlap.

During the past decade, it has become obvious that
Lewy bodies are not limited to the substantia nigra in PD,
but may occur in a widespread distribution, extending to
the cortex. Diffuse Lewy body disease is a pathological
entity whose clinical correlates have been tentatively
defined (McKeith et al., 2005). Patients commonly have
cognitive decline and parkinsonian features, and either
one may dominate the picture. Therefore, it seems that
Lewy body disease can first manifest itself as parkinson-
ism (if the lesions primarily affect the substantia nigra) or
cognitive decline (if predominantly the cortex is affected).
There seems to be a continuum in this respect, and the
question is whether factors can be identified that are
responsible for which region is more affected.

The main risk factors for dementia in PD include older
age and severity of motor symptoms (Giladi et al., 2000).

Treatment of the cognitive changes of PD is unsatisfac-
tory. The cholinergic defect suggests that drugs with anti-
muscarinic action may be detrimental, and these include
not only specific antiparkinsonian agents such as benz-
hexol or trihexyphenidyl but also antidepressants such as
amitriptyline. Contrariwise, cholinomimetic agents such
as rivastigmine, widely used in AD, may be of significant
value in dementia associated with PD (Giladi et al., 2003;
Emre et al., 2004). Treatment of hallucinations and delu-
sions similarly poses difficult problems because the use of
D2 blockers may well result in motor exacerbation. Cloza-
pine, a specific D4 blocker, has been suggested as an
efficacious treatment of this condition (Rabey et al., 1995).
Depression in PD

Exactly how frequently depression occurs in PD is a
question that is difficult to answer. There is quite a
spectrum of figures in the literature, which diverge
depending on (1) the criteria used to diagnose depression,
(2) possible inclusion or exclusion of demented patients or
those with parkinsonism due to causes other than PD (e.g.,
vascular etiology and progressive supranuclear palsy), and
(3) the severity of the neurological impairment. In addi-
tion, referral bias to specialized centers probably results in
excessive numbers of depressed patients in these centers.
However, and regardless of these factors, it is safe to
conclude that depression is rather common in PD.
Because depression is potentially treatable, this conclu-
sion is of significant importance.

Several tests are available for diagnosing depression.
These include neuropsychological evaluations, self-reports,
projection tests, and others. However, while all these tests
have important roles in research, none is superior to the
clinical assessment by a competent clinician. Nor is such
a test likely to ever be developed, because the mani-
festations of PD are so varied. The clinical evaluation of
the affective state of PD patients may be difficult because
the motionless face, the slowness of movement, and the
bradyphrenia that may create an erroneous impression of
depression even if this is absent. The distinction from
depressive motor retardation is also important (Treves
et al., 1995).

Decision about the therapeutic approaches should be
based not solely, perhaps not even primarily, on an objec-
tive measure but rather on the context and repercussions
of the affective state of the patient.

Based on the above, every patient with PD must be
assessed for possible depressive symptomatology, and
adequate consideration should be given to the therapeutic
implications. The therapeutic consideration regarding
depression in PD may differ from those for major depres-
sion. In the latter situation, massive treatment with 5-HT
reuptake inhibitors or tricyclic antidepressants is recom-
mended, with the expected benefits occurring only sev-
eral weeks later. However, in the parkinsonian patient
who is depressed, less aggressive therapy is usually suffi-
cient, and high doses may in fact cause intolerable side
effects.

The present knowledge of therapeutic options for par-
kinsonian depression is limited because of the scarcity of
drug evaluations in this condition, let alone of comparative
studies of different agents. Tricyclic antidepressants
(TCAs) have marked antimuscarinic effects. These are
potentially advantageous for the PD patient because they
reduce the motor symptoms, particularly the tremor.
Another feature of TCAs is their anxiolytic action, and
of course this is helpful in those patients manifesting
anxiety symptomatology. A third relevant feature is the
soporific effect of TCAs, which is of significant value in
those patients suffering from insomnia (although some
patients respond to TCAs with increased alertness and
restlessness).
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The antimuscarinic action of TCAs, already alluded to,
may unfortunately lead to disorientation and confusion.
This is particularly true when patients with more limited
cognitive reserves are being treated (i.e., those with incip-
ient or actual dementia), when relatively high doses are
prescribed, or when employed together with antiparkin-
sonian drugs with antimuscarinic actions.

Selective 5-HT reuptake blockers include clomipra-
mine, fluvoxamine, fluoxetine, and citalopram. Fluoxetine
and fluvoxamine lack antimuscarinic actions and thus
may be particularly useful in those patients for whom
the use of anticholinergic drugs is contraindicated.
Although these newer drugs do have specific actions, it
remains to be demonstrated that this is of practical
significance.

The use of nonselective monoamine oxidase inhibitors
(MAOIs) is of course well-established for the treatment of
depression; although they have a bad reputation regarding
safety, they continue to be used. Ever since it was realized
that DA deficiency is responsible for PD, attempts were
made to treat it by MAOIs, but the response is limited. It
is probably true that MAOIs can successfully be used in
PD patients who are depressed, with expected mild ben-
efits also in the motor function.

The use of electroconvulsive therapy is reserved to
patients with severe depression. Previous reluctance to
use this treatment in the elderly seems to have been
excessive, but there is only anecdotal information on its
use in PD. Some case reports suggested improvement in
both affective and motor symptomatology.

Meager data exist suggesting an independent antide-
pressant action of levodopa. Bromocriptine is also reputed
to have some antidepressant activity, although, again, this
largely depends on nonsystematic observations. However,
newer dopamine agonists drugs used in the treatment of
PD have mood-elevating actions.

See also: New Technologies: Ethics of Stem Cell

Research.
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Introduction

Empowerment is a term widely applied today in many
domains of our lives. As such, it has been the focus
of scholarship in various academic disciplines includ-
ing psychology, sociology, education, economics, and
community/organizational development. In recent years,
the concept of empowerment has been the subject of great
interest in the health-care context, especially given the
many power imbalances that exist in medicine. While
physicians have traditionally held considerable power –
both over the patient in the consultation room and over
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other health-care workers in health-care facilities – recent
trends toward centralized decision making and cost-
containment have disrupted the traditional, physician-
based power structures, leading to a situation in which
they too now seek power.

Given both the traditional and modern power imbal-
ances, for a health-care system to function correctly, both
clinicians and patients need to be empowered and, more
importantly, need to interact in an environment of mutual
respect and partnership. This implies that health-care
providers maintain sufficient power to fulfill their pro-
fessional obligations to multiple constituencies, including
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the patients and communities they serve. With this power
comes responsibility, as providers must share this knowl-
edge while maintaining patient autonomy. Likewise,
patients, their advocates/support networks, and families
need power to realize their preferences and health-related
needs and to fulfill their responsibilities both within and
transcending the traditional doctor/patient dyad.
Empowerment Principles in Health-Care
Literature

A recent review of the English language medical litera-
ture between 1980 and 2005, summarized in Figure 1,
found a range of applications of empowerment principles
in health care (Loukanova and Bridges, 2008). First, fol-
lowing more general social and political empowerment
movements, 26% of all English language articles in the
medical literature on empowerment have focused on
issues of social empowerment, which relate to issues
such as discrimination and health disparities. Second,
research concerning nurse empowerment has been a
major topic in health care, accounting for 16% of the
literature. This body of work focuses on expanding
nursing education, developing leadership and manage-
ment skills, and fostering greater professional autonomy
and job satisfaction. It also relates to the imbalances in
professional power in the health-care workplace. Third,
studies concerning the empowerment of organizations
accounted for 10% of the literature. These papers have
addressed issues such as improving staff performance,
Nurse
16%

Social
26%

Patient
44%

Organization 
10%

Physician
   4%

Figure 1 Focus on empowerment in medical literature
(1980–2005). Proportion of empowerment articles published

between 1980 and 2005 focusing on specific populations or

entities. Adapted from Loukanova S and Bridges J (2008)

Empowerment in medicine: An analysis of publication trends
1980–2005. Central European Journal of Medicine 3(1): 105–110.
organizational culture, and the overall quality of the orga-
nization. Interestingly, there was very little research
concerning the empowerment of physicians (only 4% of
the literature). These articles focused on physicians’ need
for power to fulfill and manage their professional respon-
sibilities to achieve outcomes of improved work efficiency,
patient satisfaction, and physician self-governance.

The most prominent topic in the literature on empow-
erment in health focused on patient empowerment,
accounting for 44%, and while we touch briefly on other
types of empowerment in this article, we focus primarily
on issues related to patient empowerment. The promotion
of patient empowerment is dependent upon changing
both patients and the health-care system. While patient
empowerment can be established by introducing more
choice for patients it also requires a system that is more
patient centered to facilitate such choice.
Empowerment as an Idea

At the core of the concept of empowerment is the idea of
physical or legal power. The word power comes from the
Latin word potere, which means ‘to be able’ or to have the
ability to choose. The verb empower means ‘to give
authority or power to; to authorize or give strength and
confidence to.’ In terms of its general use, Webster’s
dictionary defines power from a different perspective,
citing the ‘ability to act or produce an effect.’ The concept
of empowerment, however one defines it, seems to tran-
scend its dictionary definition, representing a complex
concept with a long and illustrious history. From an eco-
nomic perspective, the roots of empowerment can be
found during the Industrial Revolution in the late eigh-
teenth century. The concentration of wealth in the own-
ership class was thrown into sharp relief by the effects of
rapid industrialization and its effect on the class system.
Empowerment evolved from the notion of increasing
worker motivation and improving managerial leadership
to the processes of giving subordinates greater resources
and discretion today. Empowerment in the workplace is
underpinned by Kanter’s structural theory of organiza-
tional behavior (1993), which states that the empower-
ment of staff is important to overall work effectiveness and
job satisfaction.

In the twentieth century, empowerment became asso-
ciated with the struggle of those who held the least power
in society. This was especially true for minority groups,
who were discriminated against on the basis of their
religion, gender, or race, perhaps best illustrated by the
Civil Rights movement in the United States. Since the
1970s, empowerment has also served as the basis for
defending community interests and promoting the mutual
participation relationship between doctors and patients in
the context of the consumer movement. And today,
empowerment has a broader meaning, which focuses on
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types of self-realization and mobilizing the self-help
efforts of people, rather than simply providing them
with social welfare.
Empowerment in Medicine and Health

For most in medicine the thought of power is often
focused on issues of control and domination. Focusing
only on these aspects of power, however, limits our under-
standing of empowerment as it relates to any application
in society. That said, the modern interpretation of power
is extremely varied, and has to be considered in light of its
use in technology, physics, mathematics, statistics, reli-
gion, politics, feminism, civil rights, psychology, disability,
and even medicine. Taking this into account, the power
element of empowerment has the potential for extremely
broad interpretations, and as such could be applied to
a broad range of stakeholders in health care. Early
empowerment movements in health focused on services
for and attitudes toward people with disabilities and men-
tal illness, incorporating both community action and
national/state legislation aimed at preventing discrimina-
tion. In more recent years, empowerment has hit the
mainstream – being the focus of national attention and
debate for a broader patient population.

Zimmerman (1990, 1995) and Rappaport (1984, 1987)
are two of the leading researchers in the development of
empowerment theory in health care. Zimmerman (1990)
conceptualized empowerment at three different levels:
(1) psychological empowerment is empowerment at the
individual level of analysis; (2) organizational empower-
ment represents improved effectiveness resulting from
organizations successfully competing for resources, net-
working with other organizations, or expanding their
influence; and (3) empowerment, at the community
level, refers to individuals working together in an
organized fashion to improve their lives collectively and
create links among community organizations and agencies
that help maintain quality of life. Zimmerman (1995)
expanded on his theory by distinguishing between pro-
cesses and outcomes. Empowering processes refer to how
people, organizations, and communities become empow-
ered, whereas empowered outcomes refer to the conse-
quences of those processes. He argues that empowerment
can take many different forms and is dependent on the
context for which it is being defined.

Rappaport (1984) takes a more pragmatic app-
roach, noting that empowerment is easier to define in
its absence – that is, through the eyes of the unempow-
ered. Rappaport argues that it is simpler to identify the
powerless, and significantly more difficult to define
empowerment positively. He argues that the empower-
ment concept provides a useful, general guide for devel-
oping preventive interventions in which the participants
feel they have an important stake. He also argues that
empowerment should be adopted as a guiding principle
for community psychology (Rappaport, 1987).

Despite the challenges in defining empowerment in
positive terms, it does have a tremendously positive con-
notation, belonging to a class of similar positive constructs
that have emerged in the past 20 years (e.g., patient acti-
vation, self-efficacy, shared decision making, patient
autonomy). Empowerment has been employed univer-
sally in the medical literature as a positive construct
independent of the area of its application. Interest in
empowerment in medicine now transcends its initial
application in the psychology literature (Rappaport,
1984) to includes issues of organizational and clinical
management (Loukanova et al., 2007). Empowerment
has become an important concept in understanding
individual-, organization-, and community-level develop-
ment in health care, although a widely accepted definition
of empowerment still remains elusive (Gibson, 1991).
Patient Empowerment

Medicine’s tradition of physician paternalism, in which
physicians control much of the information and decision
making, is currently giving way to one in which patients
play a significant role in medical decision making in
particular and their own health care in general. Concur-
rent with this trend have been continued calls for medi-
cine to embrace patient-centered care and to better
inform the patient, pay more attention to patient-
reported outcomes including patient preferences, and to
focus more on patient satisfaction. In both academic and
policy circles there has also be a great deal of interest in
patient empowerment, which can be considered an
umbrella term, encapsulating a vast array of processes
and outcomes.

Exact definitions of patient empowerment vary,
depending on the disciplinary backgrounds of scholars
as well the target populations of interest. In the context
of nursing practice and education, Gibson defines
empowerment ‘‘as a social process of recognizing, pro-
moting and enhancing people’s abilities to meet their own
personal needs, solve their own problems and mobilize
the necessary resources to feel in control of their own
lives’’ (1991: 359). In their research with people with
mental illness, Linhorst et al. define patient empowerment
as ‘‘having decision-making power, a range of options
from which to choose, and access to information’’ (2002:
472). According to Chamberlin (1997: 43), the key ele-
ments of empowerment in mental health are ‘‘access to
information, ability to make choices, assertiveness and
self-esteem.’’ In relation to health information, empower-
ment means that patients are able to take control of their
own health care and to make informed decisions. In par-
allel literature, the term activated patient has also been
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used to refer to patients who actively participate in their
health care through knowledge of disease and treatment
options and acquisition of skills to manage their health
status (Hibbard et al., 2004).
Types of Patient Empowerment

The patient empowerment literature has focused on society
in various ways, with subliteratures centered around indi-
viduals, families, or communities. Articles on individual
patient empowerment focus on the relationship between
the individual who receives medical attention and the
health-care system, while articles on family empowerment
take a broader perspective of care, involving other
caregivers such as parents or spouses. Community empow-
erment encompasses a group of people living in the same
locality, sharing a common disease, sharing ethnic or cul-
tural characteristics, and taking action to improve their lives
and to achieve greater equality of power (Figure 2).
Models of Empowerment

Existing conceptual models in the literature involve issues
such as community empowerment (Menon, 2002),
nursing empowerment (Gibson et al., 1991), or family
empowerment. Population or disease-specific models
have been published in the area of mental illness, brain
Communities
43%

Families
13%

Individual
patients

44%

Figure 2 Focus of patient empowerment articles (1980–2005)

Of the published articles in the medical literature focusing

on patient empowerment, 44% focused on individual patients,
43% on communities, and 14% on families. Adapted from

Loukanova S, Molnar R, and Bridges J (2007) Promoting patient

empowerment in the health care system: Highlighting the need

for patient-centered drug policy. Expert Review of
PharmacoEconomics and Outcomes Research 7(3): 281–289.
damage (Man et al., 2003), trauma patients (Fallot et al.,
2002), and diabetes (Anderson et al., 2000). In a recent
review of the literature, Loukanova et al. (2007) presented
a conceptual model of empowerment for application to a
general patient population. Here, empowerment is under-
stood as a continually evolving process based on antece-
dents, or the necessary elements that allow patients to
start the empowerment process; processes that emphasize
the interaction between patients and the health-care sys-
tem; and outcomes for the individual patient. This model
tries to identify what is common about the patient
empowerment process across different patient groups. It
is presented (Figure 3) as a cycle, based on the type of
relationships between the elements and the concept of a
continuum with which this process is characterized.

Antecedents to empowerment include knowledge,
health literacy, patient initiative, and advocacy and
access to services. Important processes of empowerment
are information sharing, doctor-patient communication,
choice, and shared decision making. Finally, patient
empowerment aims not only to improve health outcomes,
but to generate patient-centered care that will affect
patient satisfaction, self-efficacy, and adherence.
Measuring Empowerment

There are a number of instruments presented in the liter-
ature that attempt to measure patient empowerment,
but they often focus on specific populations or diseases,
Antecedents

ProcessesOutcomes

Empowerment

Figure 3 Empowerment as a self-perpetuating system. Patient

empowerment is a system that involves important antecedents,
processes, and outcomes. Adapted from Loukanova S,

Molnar R, and Bridges J (2007) Promoting patient empowerment

in the health care system: Highlighting the need for

patient-centered drug policy. Expert Review of
PharmacoEconomics and Outcomes Research 7(3): 281–289.
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rather than the general population. Examples include the
Family Empowerment Questionnaire (Man et al., 2003);
the consumer-constructed scale in mental health services
(Rogers et al., 1997); Diabetes Empowerment Scale
(Anderson et al., 2000); Patient Activation Measurement
(Hibbard et al., 2004), and the Therapeutic Alliance Scale
(Kim et al., 2001) (Table 1). More research is needed
to define in general the characteristics of the empower-
ment process that can serve as a basis for the development
of a measure of patient empowerment in the general
population.
A Holistic Model of Empowerment

Parallel to this recent rise in empowerment, a number
of health-care systems have sought to become more
patient-oriented. In the United States, a backlash against
managed care and the growing number of uninsured and
underinsured individuals with limited access to health
care has in part precipitated calls for a more consumer-
directed health-care system. In Europe, where there has
been a long history of paternalism extending to medicine
and where central agencies ration health care, there has
also been an attempt to involve patients in medical deci-
sion making and introduce treatment options.

In this section, we present a holistic model of empow-
erment that focuses on both patient and provider (or
system) aspects of empowerment. In this model, patient
empowerment is understood as a joint process whereby
patients and providers work in partnership to enhance
patients’ involvement in their health and health care.
This more complex system of empowerment brings
together separate literatures on patient and provider
empowerment, offering a more comprehensive account
of empowerment. More importantly, the model highlights
the role that the health-care system plays in patient
empowerment. In this regard, patient empowerment is
affected by all stakeholders of the health-care system
including the state in its regulatory, financing, and pur-
chaser role(s), and the profit and nonprofit sectors in
financing, purchaser, and organizing roles. This model
(Figure 4) also highlights some of the outcomes related
to the fostering and promotion of empowerment for
patients and providers.
Processes of Empowerment in Health Care

With all that has been written about empowerment in
health care, little attention has been paid to how empow-
erment influences or impacts the provision of care. Based
on a review of the literature, there are four overlapping
themes in the literature that can be considered key pro-
cesses involved in the empowerment of the patient,
namely: (1) information sharing, (2) doctor-patient com-
munication, (3) shared decision making, and (4) patient
self-care.
(1) Information sharing

One of the principal processes of empowerment is informa-
tion sharing, whether it is among patients, between the
patient and physician, or with patients communicating
with some external agency/advocate. Traditionally, infor-
mation sharing efforts related to empowerment were based
on grassroots and community programs, however, this has
been affected dramatically by national public health cam-
paigns (especially those using mass media), direct-to-
consumer advertising, and by email and the Internet.
While such broad-brush mechanisms prove to be a cost-
effective method for information sharing, small-scale inter-
ventions and advocacy continue to play an important role in
empowerment. Furthermore, mass media approaches to
information sharing lack intimacy, partnership, and fol-
low-up support that are synonymouswith grassroots efforts.

For many, the easy availability of information has
played an important role in transforming the doctor-
patient relationship, while for others, it is a disruptive,
potentially unempowering force. This bipolar view of
information is best exemplified by the heated debate
over direct-to-consumer advertising for pharmaceuticals
(Gilbody et al., 2005), but it applies to any number of
public health efforts that aim at changing patient behav-
ior. It is certain that with better patient information comes
patient responsibility, a responsibility that can be disrup-
tive for many, leading some to classify information sharing
as an antecedent to empowerment, rather than an activity
of empowerment. Patient empowerment requires that
patients are not just recipients of information – from only
industry, providers, and government stakeholders commu-
nicating with the patient – but agents who can generate and
process information. For true patient empowerment,
patients need to inform the health-care system about
their own situation – both in terms of their health and
what they would like out of health care. For example, new
technologies, such as home-based monitoring devices, aim
to facilitate this empowering process Patients are able
to possess real-time knowledge about their (chronic) con-
ditions, which can then facilitate more balanced communi-
cation between them and their physicians.

Patients can also possess valuable information in other
ways. Self-help groups offer a supportive mechanism for
which individuals with similar needs or experiences can
be both student and teacher. Also, disease-specific patient
associations serve as a valuable meeting place for patients
to share information. In the United States, Medicare and
Medicaid programs have a specific objective of nforming
patients about their health-care opportunities – specifically
aimed at promoting quality and price transparency.



Table 1 Examples of validated measures of patient empowerment

Scale (Author) Purpose Validating study Domains and items Applications

The Diabetes
Empowerment Scale

(DES)

(Anderson et al., 2000)

and
Short form of the DES

(the DES-SF)

(Anderson et al.,

2003)

A measure of diabetes-related,
psychosocial self-efficacy.

(DES) Patients with type 1 and type
2 diabetes (n¼375)

(DES-SF) Patients with type 1 and

type 2 diabetes (n¼229)

28-item DES with 3 subscales, derived from that
behavior change model: Managing the

psychosocial aspects of diabetes with 9 items;

assessing dissatisfaction and readiness to

change with 9 items; setting and achieving
diabetes goals with 10 items.

DES-SF is 8-item short form of the DES.

Shiu et al., 2005;

Via et al., 1999;

Glasgow et al., 2005

The Patient Activation

Measure (PAM)

(Hibbard et al., 2004)
and

Short Form of the

Patient Activation

Measure

Patient knowledge, skill, and

confidence for self-management.

A telephone survey of 1515 randomly

selected adults in the United States,

aged 45 years and older. A 48%
response rate was achieved.

22-item measure that assesses patient knowledge,

skill, and confidence for self-management. Stage

1 – believing the patient has an active role; stage
2 – having the confidence and knowledge to take

action; stage 3 – taking action. The measure was

developed using Rasch analyses and is an interval

level, Guttman-like measure.

(Hibbard et al., 2005)

The short form of PAM is 13-item measure.

(Hibbard et al., 2005)

Consumer-constructed

scale to measure
empowerment

(Rogers et al., 1997)

Empowerment of consumers in

mental health services

271 users of mental health services,

members of 6 self-help programs in
6 states.

28-item questionnaire with 5 subscales measuring

self-efficacy, self-esteem, power–powerlessness,
community activism, righteous anger, and

optimism-control over the future.

Hansson et al., 2005;

Wowra et al., 1999;
Corrigan et al., 1999;

Geller et al., 1998

Patient empowerment

scale (PES) in
hospital

environments

catering to older
people

Identifying hospital environments

that place patients at risk of
becoming dependent, or which

facilitate increasing

independence.

Older hospitalized people (n¼102)

from the elderly rehabilitation, acute
surgery, and acute medicine

40 questions in a questionnaire with 2 types of

items: 20 items coded E are empowering and
20 items coding D are disempowering acts.

Faulkner et al., 2006;

Hage et al., 2005

(Faulkner, 2001)

Family Empowerment

Questionnaire in
brain injury

Empowerment among families with

a member who has had a
traumatic brain injury

Explorative factor analysis of

responses of 211 families that
included a brain damaged member

52-item Family Empowerment Questionnaire with 4

factors: skill, knowledge, support, and aspiration.

Man, 1999;

(Man, 1998) Man et al., 2003

Empowerment

questionnaire for
people with brain

damage

Empowerment of people with brain

damage

112 people with brain damage A 42-item questionnaire with 4 interpretable factors:

support (13 items), skill (14 items), aspiration
(9 items), and knowledge (6 items).

Man et al., 2003

(Man, 2001) Man et al., 2004
Treatment-related

empowerment scale

(TES) (Webb et al.,

2001)

Patients’ degree of control over the

selection and use of drug therapy.

Anonymous survey of 43 patients with

advanced HIV infection

10-item TES was specifically constructed to

address components of communication,

treatment choice, decision making, and

satisfaction.

Horne et al., 2004
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The patient Patient
empowerment

Health system

1. Health literacy
2. Knowledge
    and skills
3. Patient initiative
    and advocacy

Antecedents

The processes of
empowerment

1. Information
    sharing
2. Doctor-patient
    communication
3. Shared decision
    making
4. Patient self-care

Antecedents

1. Technology and
    innovation
2. Competition
3. Clinician initiative
    and leadership

Barriers

1. Inertia in work
    practices
2. Legal constraints
3. Financing by third-
    party payers

Outcomes
1. Increased respect
    for patients
2. Increased
    adherence
3. Cost savings

1. Ability to pay
2. Physical and
    emotional
    limitations
3. Environment

Barriers

1. Improvements in
    health status
2. Increased
    satisfaction
3. Self-efficacy

Outcomes

Figure 4 Patient empowerment as a partnership between patient and health system.
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(2) Doctor–patient communication

Focusing on the patient and the doctor, there has been an
increasing emphasis on the transformation of the brief
patient-doctor encounter into a lasting relationship with
the mutual participation of both the patient and physician
as the foremost goal. The active involvement of the
patient is argued as a means by which problems inherent
in health care (including information asymmetry between
patient and physician and uncertainty) can be solved
through honest and reasonable disclosure. As we move
into an era of chronic illness, there is a growing need for
better communication between doctor and patient. This
interaction is impeded by time and resource constraints,
language and cultural barriers, and by the notion (held by
some patients and providers) that doctor knows best.
While this latter notion has been reinforced by the pro-
fessionalization of medicine over the past 100 years and
the subsequent belief in informational asymmetries, it is
also grounded in more ancient archetypes including tribal
and religious convictions of the absolute power of the
healer/redeemer (i.e., he or she who can give life also
has the power to take it away).

Doctor-patient communication can serve both clinical
and human needs. By necessity, such communication can
be used to understand symptoms and patient histories, but
more recently communication is used to understand the
patient’s needs and to discuss the optimal treatment
path – including introducing the patient to any self-
care tasks that they must undertake. On the human side,
doctor-patient communication builds rapport and trust,
an environment of empathy, and leads to more satisfaction
for all parties involved (although a mismatch of patient
and physician communication styles might not lead to
rewarding communication). Thus, doctor-patient com-
munication is not only vital to informed choice, but
it leads to both positive health and nonhealth outcomes
for the patient (Pignone et al., 2005).

(3) Shared decision making
Given the level of complexity of decision making in
modern medicine and the differences between different
patients (whether they be caused by variation in disease
staging, genetics, lifestyles, or preferences), a shared
decision-making framework is becoming increasingly
necessary in medicine and a vital step in the empower-
ment of patients. Here we use shared decision making
as an umbrella term to cover the principle of joint,
doctor-patient decision making (in the literal sense) and
policies, programs, and decision aides that facilitate a
thoughtful discussion of health-care options between
physician and patient. Given that involvement of the
patients in decision making not only has important con-
sequences for their own care (and how he or she
feels about it), but also impacts the effectiveness of public
health efforts in screening, treatment, disease-control
programs, and (potentially) medical costs, a number of
agencies now promote active, shared decision making.
Surprisingly, there are many who believe that individual
patients do not want to be involved in the decision-
making process – often sighting ignorance, fear, or cul-
tural barriers. Others believe that if prompted and assisted
by an external advocate, these potentially unwilling
patients can quickly learn and adopt shared decision
making. To encourage such patients to speak up in the
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medical decision-making process, a number of agencies
(both in the profit and not-for-profit sector) offer infor-
mation about treatment options and decision aides in
a range of conditions. A leader in this area is the
Ottawa Health Research Institute which has developed
numerous ‘patient decision aids’ to help patients and their
health practitioners make tough health-care decisions
(O’Connor et al., 1999). These decision tools prepare
patients to discuss their health care with physicians by
informing them about the options and possible conse-
quences, creating realistic expectations, or providing bal-
anced examples of others’ experiences with decision
making. Many patient groups now promote shared
decision making, often using virtual support groups and
storyboards/blogs to share patient experiences. These
mechanisms foster doctor–patient communication by
enlightening the patient to the various care paths and out-
comes that other patients in their shoes have experienced.

(4) Patient self-care

One of the elements that best defines an empowered
patient is patient self-care or self-management. Again,
this encompasses a range of activities from patients tria-
ging themselves to administering end-of-life pain man-
agement. It may involve preventative or behavioral
change, or thorough self-management of medication for
chronic diseases. Patient self-care may not necessarily
place the patient in the driver’s seat, but it does make
them an important and valued member of the health-care
team (as opposed to a passive player who is cared for or
operated on). For some, this degree of patient involve-
ment is unusual and infeasible given the lack of knowl-
edge about health care, however, for the vast majority of
cases, the patient is the initiator of care (e.g., ‘something is
wrong and I have to see the doctor’). Also, for chronic
illnesses and other health-care issues that require care
over long periods of time or across multiple providers,
the patient often becomes the one constant in the health-
care treatment equation. Movements toward patient self-
care came to the forefront in areas such as mental health
and care for people with disabilities, moving patients
from institutional to community care and independent
living. As lengths of stay have dropped, particularly in
the United States after the adoption of prospective pay-
ments, additional care is provided in the patient’s own
home (assisted by home health-care services), requiring
increased patient self-care. In Europe and Japan, patient
self-care is also being promoted in care for the elderly to
avoid the prohibitive costs of institutionalized aged care.

Patient self-care promotes personal initiative and
responsibility for one’s health, and helps patients make
therapeutic choices that are more relevant to their own
circumstances and preferences. This said, the ultimate
goal of patient care is not just to improve the quality of
life, but to increase the effectiveness of care. Existing
patient self-management programs are often well moni-
tored and supported by the health-care system, which
needs to provide the necessary information, skills, and
techniques for patients to be competent in the provision
of their self-care. Traditional programs target consumers
at risk of declining health or costly medical services
through the application of evidence-based care, self-care
support, multidisciplinary care coordination, and commu-
nity collaboration. Self-care is a key to effectiveness and
efficiency in the care of chronic disease, like diabetes,
asthma, and mental diseases, which can be delivered
directly by health-care providers, by specialized disease
management organizations, or even by patients and
patients’ groups.
Patients’ Role in Empowerment

As seen in Figure 4, the processes of empowerment are
affected by both the patient and health-care system.
Focusing first on the patient, a number of antecedents
and barriers have been identified that support/limit
patients’ involvement in the empowerment process. A
number of patient outcomes of empowerment have also
been identified in the literature.

Patient antecedents

From the patient’s perspective, there are several antece-
dents to empowerment, including health literacy, knowl-
edge and skills, and patient initiative and advocacy.
Patients must have a degree of health literacy to be active
participants in health-care delivery and decision making.
Health literacy affects the ability of the patient to com-
prehend health-care providers and to understand the
diagnosis, treatment, and expected outcomes. Patients
also need a basic knowledge of health and health care,
and the necessary cognitive skills and time to participate
when necessary. The final key to patient empowerment is
patient initiative: the ability and motivation to become
involved in decision making or to marshal the necessary
advocacy resources to precipitate change.

Patient barriers

There are also several barriers that patients face in the
road to empowerment, including ability to pay, physical
and emotional limitations, and environment. Inability to
pay for, or a lack of access to, health-care services is a key
destabilizing force in the empowerment process. Patients
may be further limited by their mental and health status
and by the social environment in which they are situated.
Addressing the barriers to empowerment at the individual
level can be arguably more complicated, since these bar-
riers concern attitudes and values, which are also often
related to the social environment. For example, indivi-
duals have different attitudes regarding their willingness
to participate in the medical decision-making process.
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One possible barrier to patient empowerment is that, a
priori, patients might feel burdened by the process of
decision making for the treatment of their health pro-
blems and may prefer to delegate all the decisions to
their physician, although such decisions might not fit
their needs, preferences, and values. Environment, or
what is often referred to in the health systems literature
as ‘place,’ also can act as a barrier to becoming empow-
ered. For example, patients in rural or poor, inner-city
areas may not only face access barriers to health care, but
also have decreased access to education and advocacy
groups. Access to both information and services is com-
plicated, and hence often neglected, for people with
disabilities.

Patient outcomes

A range of outcomes of empowerment have been noted in
the literature including improvements in health status,
increased satisfaction, and self-efficacy. Empowerment
has been studied in a number of clinical areas leading to
a solid literature linking patient empowerment to better
health outcomes, such as for chronic conditions, asthma,
and diabetes. Empowerment leads to patient satisfaction
given that an empowered patient will have more say in
their health care and (more importantly) be aware of the
complexities involved in determining the optimal treat-
ment. Some longitudinal studies have also demonstrated
the impact of education or self-management training on
self-efficacy, which is among the most important out-
comes of empowerment. Self-care in particular is an
important way in which the patient, instead of the physi-
cian, takes control over his or her health, lifestyle changes,
and care-seeking behavior, understanding when medical
attention is necessary.
The Health-Care System and Patient
Empowerment

It is unclear if, left to their own devices, the providers who
run health systems would aim to promote or restrict
patient empowerment. While all health-care systems
strive for the good of their constituents, it has been recog-
nized that paternalism has dominated the practice of
medicine (i.e., physicians ‘care for’ patients rather than
provide clients a service). While a number of health
systems have attempted to promote consumer rights
and patient-centered medicine, these are potentially a
reaction to external pressures from patient groups call-
ing for patients’ rights, as well as financial pressures
from increased health-care consumerism, health tourism,
and competition between providers. Again antecedents
and barriers that support/limit the health-care system’s
role in patient empowerment have been identified in the
literature, as well as potential outcomes of patient
empowerment on the health-care system.
Health system antecedents
Regardless of how paternalistic or patient-centered
health-care systems may set out to be, there are a number
of antecedents that promote an atmosphere of patient
empowerment within the health-care system: technology
and innovation, competition, and clinician initiative and
leadership. Arguably, technological change has done more
to empower patients in the past 30 years than any other
factor. Not only do we have new treatments, and even
cures, for many diseases, but through innovation patients
now need to spend less time in the hospital, have better
access to information (especially through the Internet),
and play an increased role in their own care. Competition
drives innovation, whether it is promoted by way of pro-
fessional, academic, or financial motives. By attempting to
reach a larger customer base, physicians, hospitals,
insurers, and industry have to provide products and ser-
vices that patients deem beneficial. Finally, through the
leadership of clinicians (especially nurses, social workers,
and a limited number of physicians), health-care systems
are changing to become more patient friendly. For exam-
ple, the Institute of Medicine has been a major promoter
of patient-centered care in the United States, and, at the
micro and meso levels, physicians, nurses, and other
health-care professionals have, and will continue to
play, an important role in the empowerment of patients.
While patient-centered care is not new, some of the
interest in patient-centered care, especially in the United
States, can be seen as a backlash to the ‘financial-centered
care’ approaches of managed care or reaction against
health-care rationing in countries with national health
systems with finite resources.

Health system barriers

From a social justice perspective, health care is widely
considered as a special good. Health care is also a complex
good in that there is a great deal of uncertainty surround-
ing it. Limited resources for health care and substantial
variations in care quality have led to government involve-
ment in the financing and delivery of health care to ration
and redistribute health care equitably. Rationing is often
based on egalitarian principles, so that most people can
afford health care as a means to function in society, or as
a right. However, this perspective is often manifested as a
form of paternalism instead of a respect for individual
patient values and preferences. The historical develop-
ment behind public provision, regulation, and financing of
health care has often resulted in systems that impose
barriers for patient empowerment in the health-care sys-
tem such as inertia in work practices (especially in gov-
ernment bureaucracy), legal constraints, and financing by
third-party payers.

Health care in any country is delivered (and in certain
cases, financed) by a nexus of autonomous and semiau-
tonomous agencies, spanning a range a professional and
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even cultural barriers, and thus pervaded by inertia. This
is complicated by the traditional approach to medicine
predominantly based on expert opinion and clinical judg-
ment; thus care practices established over time have
strongly influenced regulations, the role of professional
societies, and governing agencies. Such an entrenchment
of institutions/work practices – understood here as the
customary ways, working rules, and legal regulations that
shape and pattern behavior – in turn provides a context
that explains the political and legal constraints to empow-
erment. For example, health reforms in many countries
have encountered resistance to changes in medicine – a
type of stickiness or path dependence – resulting in
incremental reforms dominating the landscape of health
policy making. Reliance on third-party payers or insurers
can similarly inhibit empowerment as manifested by the
development and spread of managed care financing
approaches that insulate patients from decisions about
health-care purchases. These three types of barriers may
impede patient empowerment and perpetuate the current
paternalist culture in medicine.

In the name of cost efficiency, choices aremade on behalf
of the patient. Choices available to the patient are purposely
restricted both in terms of the range of providers available
and the level of health care that can be consumed. The
development of health technology assessment agencies
aimed at promoting cost effectiveness, efficiency, and
value of health care similarly have the potential to perpetu-
ate medical paternalism and ignore the values of the patient
through technically oriented evaluations and assessments,
especially if they are restricted to the financial need of
payers. In recognition, there is currently a movement to
make these systems of evaluation more patient-centered,
by explicitly assessing patient satisfaction with care and
patients’ involvement in care, eliciting patient preferences
about care and desired health outcomes to support shared
and informed decision making, so that a dialogue is opened
up between the health-care system and patients, expanding
patient choice and patient involvement.

Health system outcomes

The benefits of patient empowerment are not limited to
the patient, but can affect health-care providers and the
health-care system in positive ways, especially through
increased respect for patients, increased adherence, and
cost savings. As mentioned earlier, the active involvement
of the patient has important consequences not just at the
micro level (the patient’s own health) but at the macro
level as well in terms of successful public health efforts to
improve health and achieve cost savings from effective
programs. A major outcome of patient empowerment in
the health system will relate to how patients are viewed. If
patients are perceived as co-equals with health-care pro-
viders, then they will be treated in a manner that respects
their unique needs, individual priorities, and personal
well-being. Recognizing the individuality of every patient
may lead to greater support from patients in their treat-
ment plan – a mutually agreed to regimen. This may
represent an ideal model of care given the high prevalence
of poor treatment adherence, limiting ability to achieve
therapeutic goals as well as the efficient use of resources.
Cost savings can be generated from a decrease in the
duplication and misuse of services, a reduction in hospi-
talization rates in favor of outpatient services, and an
increase in the use of efficacious and acceptable medical
regimens.
Conclusions

While many of the processes supporting patient empow-
erment have been occurring through patient advocacy,
facilitated though professional encouragement by some
key clinicians, the path to widespread patient empower-
ment will require significant health system reforms. These
system reforms need to institutionalize empowerment
concepts, approaches, and processes, as well as to correct
power imbalances in the system. Such reforms will need
to challenge existing power structures, especially the
dominance of the physician. Further, such reforms will
challenge existing systems of health-care financing,
particularly the paternalistic national, social solidarity
systems that emerged over the twentieth century. Health-
care reformswill also be needed to transfer a greater degree
of control to patients over their own health care. These
include giving insured individuals greater choice in select-
ing treatments, level of premium payments, and user-fees.
An example worth noting in this regard is Switzerland,
which is regarded as a model of consumer-driven health
care (CDHC). Switzerland reformed what was essentially a
mosaic of 26 unique health-care systems into one health-
care system through the Health Insurance Law, which
took effect in 1996. From voluntary coverage, the reform
made compulsory the purchase of health insurance cover-
age by households and redefined solidarity in the context
of calculated premiums and premium subsidies. From risk-
related premiums prior to 1996, premiums are community-
rated while subsidies of health insurance premiums are
means-tested.

Another example can be found in the Netherlands,
which replaced its system of compulsory health funds
and private health-care insurance with a single statutory
regime anchored in individual choice and responsibility
beginning in 2006. Under the new system, every resident
has the choice of insurer and policy, including a replace-
ment scheme in the form of a health savings account for
conscientious objectors (i.e., people who are opposed to
insurance in principle). Like Switzerland, individuals in
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the Netherlands are free to choose the level of out-of-
pocket costs that they are willing and/or able to bear.

In the United States, there has been considerable dis-
cussion in recent years about the potential empowering
effects of consumer-directed health care (CDHC) – a type
of health insurance that combines high deductibles (expen-
ditures, set at some predetermined level, that a patient or
family has to pay out of pocket before the insurer will
contribute to costs) and, in certain situations, a savings
account option. So, the majority of patients are essentially
paying out of pocket, because most annual expenditures,
barring any catastrophic events, do not exceed the deduct-
ible level. With regard to the savings option, similar to a
health savings account (HSA), insurance providers offer
incentives not to spend the money, including rollover and
the ability to ‘cash in’ the savings. A limited number of
other countries have explored consumer-directed, health-
financing options; Singapore is a notable example, as it is
the first country to institutionalize HSAs. While there has
been a great deal of rhetoric concerning the potential
empowering nature of CDHC and HSAs, there is a lack
of strong evidence as to the mechanism by which they do
contribute, if any, to patient empowerment. In the United
States, CDHC is often justified on the basis of cost savings
(especially to the employer) and as a mechanism to cover
uninsured persons whomight not be able to afford the high
cost of ‘first dollar’ (high deductible) health insurance. This
said, these financing mechanisms have a great deal of
potential to increase patient empowerment.

As health-care systems move in the right direction of
involving patients as key stakeholders, there is hope that
the patient will no longer be seen as a mere recipient of
care. And, as health-care systems seek to become more
responsive to the needs and preferences of patients,
patients will become even more educated and involved
in their own health care – in terms of better communica-
tion with their physician, being more selective of their
insurer or provider, and being even more vocal in the
health-care policy arena. The process of patient empow-
erment is changing the symbiotic roles of patients and
providers in the health-care system, as is the responsive-
ness of the health-care system so as to create a partnership
with the patient.

See also: Head Trauma; Health Literacy; Media Coverage

and Public Health; Public and Consumer Participation in

Policy and Research; Risk Communication.
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Classification of Childhood Cancers most heterogeneous subgroups are each split into
Table 1 The 12 main diagnostic groups of the International
Classification of Childhood Cancer, Third Edition

I Leukemias, myeloproliferative diseases, and

myelodysplastic diseases
II Lymphomas and reticuloendothelial neoplasms

IIIa CNS and miscellaneous intracranial and intraspinal

neoplasms

IV Neuroblastoma and other peripheral nervous cell tumors
V Retinoblastoma

VI Renal tumors

VII Hepatic tumors

VIII Malignant bone tumors
IX Soft tissue and other extraosseous sarcomas

Xa Germ cell tumors, trophoblastic tumors, and neoplasms of

gonads

XI Other malignant epithelial neoplasms and malignant
melanomas

XII Other and unspecified malignant neoplasms

aThese groups include certain nonmalignant intracranial and

intraspinal tumours.
Cancer incidence data for people of all ages are usually
presented according to the International Classification

of Diseases (ICD). In the current, tenth revision of
ICD, cancers other than leukemias, lymphomas, Kaposi
sarcoma, cutaneous melanoma, and mesothelioma are
classified solely by primary site. For the remaining can-
cers in adults, the great majority of which are carcinomas,
this is reasonably satisfactory. Childhood cancers, how-
ever, are histologically much more diverse and include
several distinctive types that arise in embryonal precursor
cells and are exceedingly rare in later life. It has long
been recognized that childhood cancers are more appro-
priately classified according to morphology as well as
site. Standard classifications have been devised with
groups defined according to their codes in successive
editions of the International Classification of Diseases for

Oncology (ICD-O). The most recent is the International

Classification of Childhood Cancer, Third edition (ICCC-3).
It was designed to agree with current international stan-
dards, notably the WHO Classification of Tumours, to
include all morphology codes in the Third Edition of
ICD-O and to provide continuity with previous classifi-
cations. ICCC-3 contains 12 main diagnostic groups
(Table 1). These are split into 47 subgroups, and the
between two and 11 divisions. The nomenclature of
many diagnostic categories is new to ICCC-3, but the
contents of the main groups and most of the subgroups
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are very similar to those in its predecessors. The final
level of classification, into divisions, is new and makes
it possible to combine divisions across higher-level
categories so that, for example, total incidence for
leukemias and lymphomas of specific cell types can be
derived. ICCC-3 includes all neoplasms of malignant
behavior. Nonmalignant intracranial and intraspinal
tumors are also included since there is relatively little
difference in presenting symptoms, treatment, prognosis,
and late effects between malignant and nonmalignant
tumors compared with those of other sites. Cancer regis-
tries are increasingly collecting data on nonmalignant
central nervous system (CNS) tumors and including
them in routine statistics. This is especially important
Table 2 Childhood cancer (per 1 000 000) in selected population

rates by 5-year age group and age-standardized rates (ASR) using w

Boys

Population Years Source 0–4 5–9

Colombia, Cali 1982–91 1 136.9 128

Costa Rica 1984–92 1 187.9 157

Uruguay 1988–92 1 149.1 112
USA, SEER: White 1983–92 1 215.6 126

Black 1983–92 1 140.9 100

China, Hong Kong 1980–89 1 181.8 136
India, Bombay (Mumbai) 1980–92 1 104.4 84

Israel: Jews 1980–89 1 172.5 109

non-Jews 1980–89 1 178.0 104

Japan 1980–92 1 187.6 91
Thailand 1983–93 1 100.5 67

Nordic countries 1988–97 2 230.5 131

British Isles 1988–97 2 189.7 110

Eastern Europe 1988–97 2 191.0 125
Southern Europe 1988–97 2 209.2 133

Western Europe 1988–97 2 197.0 121

Australia 1982–91 1 215.4 116

Data from 1, Parkin DM, Kramárová E, Draper GJ, et al. (eds.) (
Lyon: IARC; 2, Stiller CA, Marcos-Gragera R, Ardanaz E, et al. (2

Europe, 1988–1997. Report from the Automated Childhood Cance

1952–1960.

Table 3 Childhood cancer in selected populations in Africa. Annu
(ASR) using weights of World Standard Population and ratio of numb

Rates pe

Population Years 0–4

Algeria, 4 registries 1993–98 96.7
Tunisia, 3 registries 1993–97 120.2

Nigeria, Ibadan 1993–99 144.1

Uganda, Kyadondo County 1993–97 166.0

Zimbabwe, Harare: African 1990–97 114.4

From Parkin DM, Ferlay J, Hamdi-Chérif M, et al. (eds.) (2003) Cance
for childhood tumors because the single most frequent
childhood CNS tumor, pilocytic astrocytoma, was down-
graded to nonmalignant behavior in ICD-O-3.
Incidence

Tables 2 and 3 show esti mated age-sp ecific and age-
standardized incidence rates during the 1980s and 1990s
for cancer among boys and girls aged under 15 years
in populations from different regions of the world. The
age-standardized incidence of all cancers combined
is typically between 70 and 160 per million children per
year, corresponding to a risk of 1 in 1000 to 1 in 400 that
s in the Americas, Asia, Europe, and Oceania. Annual incidence

eights of World Standard Population, for boys and girls

Girls

10–14 ASR 0–4 5–9 10–14 ASR

.6 123.7 133.1 144.9 101.9 87.3 114.3

.5 98.8 152.5 154.9 98.6 96.2 119.7

.7 105.9 124.8 143.2 87.8 108.9 115.4

.1 126.1 160.7 192.7 95.7 116.6 139.3

.3 101.3 116.3 158.0 91.3 99.6 119.6

.4 126.5 151.1 142.8 87.0 97.4 111.6

.6 81.2 91.3 72.5 57.0 57.5 62.4

.4 123.6 137.9 152.6 106.2 117.5 127.4

.0 103.2 132.4 105.6 64.9 92.8 88.7

.6 85.7 127.0 156.9 71.6 73.2 105.1

.3 65.5 79.6 96.3 47.5 51.3 67.5

.9 130.1 169.6 213.0 106.1 115.8 150.3

.1 110.5 141.0 165.0 91.9 93.7 120.7

.6 124.5 150.5 160.4 105.7 119.0 130.8

.9 125.8 160.7 188.0 94.7 111.0 135.6

.4 110.5 147.5 175.0 93.2 89.1 123.7

.6 120.8 156.1 178.1 94.9 98.3 128.1

1998) International Incidence of Childhood Cancer: Volume 2.
006) Geographical patterns of childhood cancer incidence in

r Information System project. European Journal of Cancer 42:

al incidence rates by five-year age group, age-standardized rate
ers of cases in males and females (M/F)

r million

5–9 10–14 ASR M/F

105.2 97.7 99.7 1.5
73.3 70.0 90.5 1.1

87.1 100.7 113.1 1.7

203.0 151.5 173.9 1.5

102.1 117.3 111.3 1.3

r in Africa: Epidemiology and Prevention. Lyon: IARC Press.
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a child will be affected during the first 15 years of life.
Incidence tends to be relatively low in less developed
countries of Asia, perhaps reflecting not only lower
risk but also underdiagnosis and underascertainment.
Table 4 Estimated total number of new cases of cancer
diagnosed in children aged 0–14 years in 2002, by world region.

Nonmelanoma skin cancer and nonmalignant CNS neoplasms

are excluded

Africa Eastern 15869

Middle 4227

Northern 6081

Southern 1481
Western 6179

Americas Caribbean 1290

Central 6336
South 13290

Northern 9474

Asia Eastern 25903

South-Eastern 15966
South Central 31 443

Western 7638

Europe Eastern 5582

Northern 2178
Southern 2992

Western 3952

Oceania Australia & New Zealand 711
Melanesia, Micronesia, Polynesia 238

Total 160830

From Ferlay J, Bray F, Pisani P, and Parkin DM (2004) GLOBO-

CAN 2002: Cancer Incidence Mortality and Prevalence World-
wide. Lyon: IARC Press.

Childhood cancer incidence in the

  0

20

40

60

80

100

120

140

160

Costa Rica  UruguayColombia

A
S

R
 p

er
 m

ill
io

n

US

Figure 1 Age-standardized incidence rates (ASR) for childhood can

United States (SEER registries). Data from Parkin DM, Kramárová E, D
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The results for Africa are probably also affected by under-
registration, but in some sub-Saharan countries this
is offset by very high risk for a few types of cancer,
resulting in total rates that are comparable with those
in Europe and the Americas. Table 4 shows estimates
of the total numbers of cases of childhood cancer diag-
nosed in each world region in 2002. Worldwide, there
were an estimated 161 000 new cases, one-half of which
were in Asia.

Incidence is usually highest in the first 5 years of life,
falls to a minimum around age 9–10 years, and rises again
thereafter. Boys are affected more often than girls. There
tends to be a larger proportion of boys among cases in
developing countries, maybe as a consequence of selective
underregistration of girls. The male excess is greatest
for lymphomas and less marked for leukemia, CNS
tumors, neuroblastoma, and soft-tissue sarcomas. Retino-
blastoma and renal tumors occur with similar frequency
among boys and girls. Girls have a higher incidence
than boys for melanoma and certain germ cell tumors
and carcinomas.

While total incidence varies only moderately between
world regions, there is more marked variation for diag-
nostic groups and subgroups. Figures 1–4 show the con-
tribution of the 12 main diagnostic groups in the same
popu lations as those in Table s 2 and 3 . Because ICCC-3
was introduced very recently, the data are grouped
according to the previous ICCC (Kramárová and Stiller,
1996 ), which was defined in ter ms of ICD-O-2. As men -
tioned above, the diagnostic groups are comparable
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between the two classifications although the termi-
nology has changed. Figure 5 shows incidence among
Hispanic (Latino) and non-Hispanic children in selected
areas covering more than 80% of the United States
during 1999–2003; these data are grouped according
to ICCC-3.

Among children in the Americas, Europe, and the indus-
trialized countries of East Asia andOceania, leukemias form
the largest diagnostic group, with an age-standardized rate
(ASR) of 40–50 per million and often accounting for
about one-third of all childhood cancers. The highest
rates have been recorded among the Hispanic populations
of the United States and Costa Rica, and in Hong Kong.
Leukemia has somewhat lower incidence elsewhere in Asia,
in North Africa, and among black children in the United
States, but is still the largest diagnostic group. In much of
sub-Saharan Africa, incidence is yet lower and leukemias
are outnumbered by some other diagnostic groups. These
variations reflect the more pronounced variations in acute
lymphoblastic leukemia (ALL), which comprises around
80% of childhood leukemia in the most affluent popula-
tions, 60–70% in many developing countries of Asia
and among U.S. Blacks, and seldom more than 50% in
sub-Saharan Africa. The highest incidence occurs around
the ages of 2–4 years, and much of the variation in total
incidence is accounted for by the size of this early childhood
peak. Incidence of ALL in Eastern Europe used to be
substantially lower than in the West, but it has increased
over recent decades and the early peak has become corre-
spondingly more pronounced (Steliarova-Foucher et al.,
2004). In contrast, the deficit of ALL among black children
in the United States compared with Whites is most marked
in early childhood, and the peak is even more attenuated in
those countries with the lowest total rates (Parkin et al.,
1998). Most other cases of childhood leukemia are acute
myeloid leukemia (AML), whose incidence shows little
international variation.

Lymphomas have an ASR of 10–20 per million and
account for around 10% of childhood cancers in the
industrialized countries of North America, Europe, East
Asia, and Oceania; the incidence and relative frequency
are somewhat higher in the South of Europe than else-
where in the continent. In much of Latin America, South
and West Asia, and North Africa, lymphomas represent
15–25%; in parts of the Middle East and North Africa,
they slightly outnumber leukemias. The highest incidence
is found in much of tropical Africa, where lymphomas can
have an ASR of 30–60 per million children and account
for 30–40% of all childhood cancers. Lymphomas also
account for more than one-third of all childhood cancers
in Papua New Guinea, though incidence cannot be
reliably estimated (Parkin et al., 1998). In the past, Burkitt
lymphoma was the most common type of childhood
cancer in these regions of high lymphoma incidence,
though in some places it has been overtaken by Kaposi
sarcoma; there are also substantial numbers of cases of
other types of non-Hodgkin lymphomas (NHL), but
Hodgkin lymphoma is relatively rare. Almost everywhere
else in the world, NHL (including Burkitt lymphoma)
accounts for most cases of childhood lymphoma, but
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Hodgkin lymphoma is also relatively frequent. How-
ever, Hodgkin lymphoma is more common than NHL
among children of Eastern Europe and some Hispanic
populations in the Americas, and it is rare in East Asia.
In developing countries, the incidence of Hodgkin lym-
phoma rises gently through childhood, sometimes even
reaching a peak at age 5–9 years, whereas in more affluent
countries the incidence is low until the onset of adoles-
cence and then rises much more steeply.

Brain and spinal tumors are second in frequency
only to leukemias in industrialized countries, where they
account for 20–25% of all childhood cancers. Rates are
higher in countries where there is more systematic regis-
tration of nonmalignant tumors, which can account
for 13–18% of all CNS neoplasms. Recorded incidence
is lower in less developed countries, at least in part
because of underdiagnosis. The most frequent subtypes
are astrocytomas and other gliomas, embryonal tumors
including medulloblastomas and primitive neuroectoder-
mal tumors, and ependymomas.

Neuroblastoma has an ASR of 10–13 per million
in most industrialized countries and accounts for 6–9%
of childhood cancer. Incidence is lower in developing
countries, probably because of underdiagnosis, but
consistently very low rates in tropical Africa suggest that
there the risk may also be lower (Parkin et al., 2003).
Neuroblastoma is predominantly a disease of very young
children, and is the most common cancer in the first
year of life. Especially high incidence rates have been
recorded in Japan, where until recently there was
mass screening of infants for neuroblastoma, but this has
now ceased. The effect of this practice on population
incidence and mortality rates is discussed below in the
section titled ‘Screening.’

Retinoblastoma usually has an ASR of 3–5 per million,
but rates as high as 20 per million have been recorded
in some developing countries. The international variation
is largely accounted for by unilateral cases, whereas bilat-
eral retinoblastoma has relatively constant incidence.

Malignant renal tumors are mostly nephroblastoma
(Wilms tumor). This tumor was formerly believed to have
constant incidence worldwide, but it is now clear that inci-
dence varies considerably with ethnicity, being highest
(9–12 per million) among black populations and lowest
(often under 5 per million) among those of Asian origin.

Malignant hepatic tumors are less frequent. The two
main types are hepatoblastoma, which occurs predomi-
nantly in infancy, and hepatocellular carcinoma (HCC),
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seen mainly in older children. Hepatoblastoma has fairly
constant incidence worldwide, whereas HCC tends to be
more common among children in East Asia, Melanesia,
and sub-Saharan Africa, where it also has higher inci-
dence among adults.

The incidence of malignant bone tumors increases
with age during childhood. The two main types are osteo-
sarcoma, with fairly constant incidence worldwide, and
the Ewing sarcoma family of tumors, which are notably
rare in black and East Asian populations.

The highest incidence of soft tissue sarcomas in child-
hood is found in parts of East and Central Africa with
high levels of human herpesvirus 8 (HHV8) infection,
where most cases are Kaposi sarcoma. Incidence rose
dramatically in these countries with the worsening of
the AIDS epidemic, exceeding 50 per million children
in Kampala, Uganda (Parkin et al., 2003). In other parts of
the world, incidence of childhood soft tissue sarcomas
rarely exceeds 6 per million and rhabdomyosarcoma is
the most frequent type.

Germ-cell tumors usually constitute less than 4% of
all childhood cancers. The most frequent primary sites
are gonadal and intracranial. The incidence is highest in
East Asia.

Carcinomas and melanomas account for well under
5% of all childhood cancer. The most common site
for carcinomas is the thyroid, but the incidence seldom
exceeds 1.5 per million. The exception is the dramatically
raised rates seen in areas of Belarus, Russia, and Ukraine
that were most contaminated with radioactive iodine
from Chernobyl. In North Africa, carcinoma of the naso-
pharynx is more frequent among children than thyroid
carcinoma, and incidence of up to 3 per million has been
recorded. The incidence of melanoma among children is
highest in Australia, which also has very high incidence
among adults.

The spectacular, and probably temporary, increases
in the incidence of Kaposi sarcoma in some sub-Saharan
African countries and of thyroid carcinoma in part of
Eastern Europe have already been mentioned. Otherwise,
changes over time in the recorded incidence of childhood
cancer have been relatively small, though statistically
significant in large data sets. Incidence rose at a rate of
1.0% per annum between the 1970s and 1990s in Europe
(Steliarova-Foucher et al., 2004), and at 0.6% per annum
between 1975 and 2003 in the United States. Some of
the increase, at least for certain diagnostic groups, is
undoubtedly artifactual. In particular, part of the increase
in childhood CNS tumors can probably be attributed
to the introduction and diffusion of more sensitive meth-
ods of diagnosis, at least where the increases have been
most pronounced for low-grade tumors that can have
a long natural history. Increases in the incidence of
neuroblastoma among infants are likely to be due in part
to increased detection rates for asymptomatic tumors,
which can regress spontaneously. The effect of popula-
tion screening on incidence rates is discussed in the
section on screening below. Changes in incidence result-
ing from changing exposure to known exogenous risk
factors are discussed in the sections titled ‘Etiology’
and ‘Prevention’ below. Improved ascertainment by can-
cer registries probably also accounts for some of the
increases in incidence. The observed trends have not,
however, been uniform across diagnostic groups, nor for
children of all ages within diagnostic groups. Therefore,
it seems likely that changes in incidence also to some
extent reflect changes in risk. Some well-known patterns
of variation in childhood cancer occurrence between
populations are widely accepted as real, and there seems
to be no reason why real temporal variations should
not also exist.
Etiology

The causes of the great majority of cases of child-
hood cancer are unknown, especially in industrialized
countries. Known risk factors may be broadly grouped as
(a) genetic, (b) environmental or exogenous, and (c) other
factors that could be genetic or environmental in origin.

In 1991, it was estimated that 3% of childhood cancer
in the British population was associated with known
genetic disease. Among mendelian disorders, the largest
contributions were from heritable retinoblastoma, neuro-
fibromatosis type 1 (NF1), and tuberous sclerosis. Re-
tinoblastoma is the classic example of a genetically
determined cancer (Lohmann and Gallie, 2004). It arises
in the retina when there are two mutations of the RB1
tumor suppressor gene. In nonheritable cases both muta-
tions are postzygotic, but in heritable cases the first muta-
tion is prezygotic, either as a new germ cell mutation
or inherited from a carrier parent. Heritable retinoblas-
toma is autosomal dominant with about 90% penetrance,
hence the offspring of survivors have a 45% chance
of developing the disease.

Children with NF1 have a relative risk for CNS
tumors and soft tissue sarcomas of around 40; there is a
4–5% risk of developing optic nerve glioma, the most
frequent CNS tumor in children with NF1. Children
with tuberous sclerosis have a 5–15% risk of developing
a CNS tumor. The estimate of 3% as the heritable frac-
tion of childhood cancer did not include Li-Fraumeni
syndrome, which is defined by specific patterns of familial
aggregation of cancers and is usually caused by germline
mutations of the tumor suppressor gene TP53 (Varley,
2003). Germline mutations of TP53 are present in most
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children with adrenocortical carcinoma and perhaps
10% of cases of childhood rhabdomyosarcoma and 3%
of childhood osteosarcoma, suggesting that they could
account for about 0.6% of all childhood cancer. Numer-
ous other hereditary syndromes predispose to various
childhood cancers (Garber and Offit, 2005), but the
numbers of attributable cases are relatively small. Overall,
the risk of childhood cancer for siblings of children with
cancer is double that in the general population. Virtually
all of the excess can be accounted for by known hereditary
syndromes.

A wide range of constitutional chromosomal abnorm-
alities together account for about 1% of all childhood
cancers (Stiller, 2005). The largest contribution is from
the excess of leukemia in children with Down syndrome.

Countless environmental exposures have been sug-
gested as risk factors for childhood cancer, but for most
of them the evidence is inconclusive or they can only
account for a minute proportion of the total incidence.
One of the very few firmly established risk factors
is ionizing radiation. The raised risk of cancer among
children irradiated in utero was discovered in the 1950s,
but obstetric irradiation accounts for hardly any cases of
childhood cancer today, since its almost total replacement
by ultrasound. X-ray treatment for benign childhood con-
ditions including tinea capitis has long been known to
be carcinogenic (Ron, 2003). This practice is also obsolete
and virtually no current cases of childhood cancer can
be attributed to it. Radiotherapy for cancer can give rise
to subsequent malignancies but most of these occur after
childhood. The explosion at the Chernobyl nuclear plant
in 1986 resulted in large numbers of thyroid cancers
among children in areas most heavily contaminated by
fallout, especially radioactive iodine, but there is little
evidence of an excess in less heavily exposed regions.
Excesses of childhood leukemia in the vicinity of cer-
tain nuclear reprocessing plants seem most likely to
be attributable to factors other than radiation (Laurier
et al., 2002). There is no general excess of cancer among
children living near to nuclear power stations (Laurier
et al., 2002). Given the known carcinogenicity of ionizing
radiation, it is plausible that some childhood cancers
are attributable to naturally occurring radon and gamma
rays, but risk estimates vary considerably and these expo-
sures can only account for small numbers of cases (Laurier
et al., 2001).

Ultraviolet radiation from sunlight is a proven risk
factor for malignant melanoma in adults, and is presumably
also responsible for some childhood cases. Epidemiological
studies have consistently found a raised risk of leukemia
among children with the highest exposure to electromag-
netic fields (EMF) from electric power cables, though the
reasons for this remain controversial. Fewer than 5% of
children are exposed to levels of EMF that have been
associated with the raised risk, and EMF therefore could
only account for a very small fraction of childhood leuke-
mia (Kheifets et al., 2006). There is no consistent evidence
that EMF exposure is associated with childhood CNS
tumors or that residential proximity to radio frequency
transmitters is a risk factor for childhood cancer.

A few specific infections are involved in the etiology
of certain childhood cancers. Numerically, the most
important are Burkitt lymphoma, Hodgkin lymphoma,
nasopharyngeal carcinoma, HCC, and Kaposi sarcoma.
Epstein-Barr virus (EBV) is implicated in virtually all
cases of Burkitt lymphoma occurring in the tropical regions
of high incidence, with endemic malaria as a cofactor
whose precise role is not yet clear. Around 70% of child-
hood Hodgkin lymphoma and almost all cases of naso-
pharyngeal carcinoma can also be attributed to EBV. Most
cases of HCC are attributable to hepatitis B infection,
especially in regions where hepatitis B is most pre-
valent; the reduction in incidence following immuniza-
tion against hepatitis B is discussed in the section titled
‘Prevention’ below. Kaposi sarcoma is attributable to
HHV8. In regions of sub-Saharan Africa most severely
affected by the AIDS epidemic, immunosuppression
consequent to infection by HIV makes uncontrollable
HHV8 infection more likely, resulting in increased inci-
dence of Kaposi sarcoma. Controversy persists over the
possible role of SV40 as an etiological agent for various
cancers, of which NHL, CNS tumors and osteosarcoma
are the most frequent among children. Epidemiological
studies of large populations exposed to SV40 from con-
taminated polio vaccine have failed to show that it is a
risk factor for these cancers.

A wealth of epidemiological evidence indicates that
infection is sometimes involved in the etiology of child-
hood leukemia (McNally and Eden, 2004). Two hypoth-
eses have been extensively investigated. Kinlen suggested
that some childhood leukemia is a rare response to a
specific but, as yet, unidentified infection and that higher
incidence would be expected when groups of suscep-
tible and infected people are brought together. This is
supported by a series of studies that have found raised
incidence of childhood leukemia in communities that
experienced an unusually high degree of population
mixing, often though not always as a result of migra-
tion (Kinlen, 2004). According to Greaves’s hypothesis,
heightened immune response to delayed exposure to
infection acts as a promoter of common ALL, the most
frequent subtype in industrialized countries, in children
who were born with a premalignant clone if their immune
system is underdeveloped (Greaves, 2006). Epidemio-
logical evidence supporting this hypothesis includes
findings of reduced risk associated with breast feeding
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and with daycare attendance in very early childhood
(Buffler et al., 2005). It should be emphasized that these
two hypotheses are not mutually exclusive (McNally and
Eden, 2004; Greaves, 2006).

Children who were given certain cytotoxic drugs for
a first cancer have an increased risk of developing a second
primary but, as with those induced by radiotherapy, the
subsequent malignancies can only account for a tiny pro-
portion of all childhood cancers. Diethylstilboestrol is an
established transplacental carcinogen, causing clear cell
adenocarcinoma of the vagina or cervix in offspring of
some women whose mothers took it during the index
pregnancy, but since this practice was discontinued in the
1970s it should not be responsible for any newly diagnosed
childhood cancers. There was considerable public concern
in the 1990s over the possibility that infants given intra-
muscular vitamin K to prevent hemorrhagic disease were
at increased risk of leukemia and other cancers, but ana-
lyses of data from several large studies have found little
evidence to support this hypothesis.

Case reports have raised the possibility of an excess
of cancer in children born following assisted reproduc-
tive technology (ART), but follow-up studies of cohorts
of children born after ART have not as yet found a
significantly increased risk (Raimondi et al., 2005). As the
number of children born after ART continues to increase,
further studies are required since the overall picture
of no difference in risk could conceal an increase (or
decrease) associated with specific types of ART or causes
of infertility.

A very large number of other environmental exposures
have been proposed as risk factors for childhood cancer
in general or for specific types. Such exposures could
be experienced by the father preconceptionally, by the
mother during pregnancy, or by the child, and could be
dietary, domestic or, in the case of a parent, occupational.
The most comprehensive review, covering all types of
childhood cancer, remains that published by Little in
1999 (Little, 1999). More recent reviews have been
devoted to particular diagnostic groups, notably leukemia
and CNS tumors. The evidence on any specific agent is
typically from a small number of studies, sometimes with
limited consistency (Linet et al., 2005). A few associations
have been found relatively consistently, and this may
make them more credible. For example, benzene has
been associated with childhood leukemia in several stud-
ies, either as a parental occupational exposure or through
residence in localities believed to have an above average
concentration, and these associations are given added
plausibility by the established status of benzene as a risk
factor for AML in adults (Buffler et al., 2005; Linet et al.,
2005). There is little epidemiological evidence that air
pollution from motor vehicle traffic increases the risk
of childhood cancer, but methodological limitations of
many studies and limited consistency between them
mean that a small effect cannot be ruled out.

Most studies of domestic or occupational exposures
depend on self-reported data that are subject to recall
bias and for which there is little opportunity for indepen-
dent validation. The evidence for many associations
with occupational exposures, in particular, is rather lim-
ited. Relatively consistent associations have been found
between paternal occupations related to motor vehicles,
in chemical or petroleum industries, or occupations
involving exposure to paints, and occurrence of leukemia
or CNS tumors in their offspring. A consistent link has
been found across several studies between Ewing sarcoma
and parental occupation in farming, but it remains unclear
whether this is attributable to exposure to agricultural
chemicals, infectious diseases of farm animals, or some
other factor.

The hypothesis that N-nitroso compounds play a part
in the etiology of childhood brain tumors was formulated
over 20 years ago and has been investigated in numerous
epidemiological studies. The most consistent associations
have been found with maternal consumption of cured
meats during the index pregnancy, whereas the evidence
in relation to other sources of N-nitroso compounds is
weaker (Linet et al., 2005).

Various physical characteristics that could be markers
of underlying genetic or exogenous risk factors have
been associated with certain childhood cancers. Children
with birth weight above 4 kg have an increased risk of
ALL and perhaps also of AML, and those with very
low birth weight have a raised risk of hepatoblastoma.
The risk of cancer in children who are twins is about
80–85% of that for singleton births. In the largest,
population-based study of congenital anomalies and
childhood cancer, 4.4% of children with solid tumors
had an anomaly compared with 2.6% of those with leuke-
mia or lymphoma. Some associations between specific
anomalies and cancers could indicate a common underly-
ing environmental cause, while others could have arisen
from as yet unidentified genetic disorders.
Clustering and Clusters

A tendency for greater numbers of cases than expected
to occur in small geographical areas, often within a lim-
ited time period, has been observed for several types of
childhood cancer, notably leukemia, CNS tumors, and
sarcomas, indicating an etiological role for environmental
factors, especially infections (McNally and Eden, 2004).
The comparative rarity of childhood cancer makes such
aggregations peculiarly conspicuous, and they can give
rise to considerable public concern. Public health specia-
lists will be called upon to determine whether the
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incidence is in fact surprisingly high and what further
investigation should be done (Bellec et al., 2005). The
post hoc nature of any investigation, often combined with
a small absolute number of cases, means that it is unlikely
that an etiological agent will be identified, but this needs
to be balanced against public demand for action.
Prevention

Because so little is definitely known about the etiology
of most childhood cancers, there is correspondingly little
scope for prevention. One proven population interven-
tion is immunization against hepatitis B in areas where
it is endemic. This has been demonstrated to reduce
the incidence of HCC among children, though a much
larger benefit should be seen among adults.

Childhood sunburn and residence in sunny locations
are risk factors for melanoma. While it is predominantly a
disease of adults, the high incidence among children
in Australia suggests that sun exposure is also a risk factor
for childhood melanoma. Education in sun protection
can result in reduced exposure, which should in turn
lead to reduced risk of melanoma.

An example of a targeted intervention is in children
who have been confirmed by genetic testing as carrying a
mutation of the RET proto-oncogene that gives rise
to multiple endocrine neoplasia type 2 (MEN2) and
familial medullary thyroid carcinoma (see the section
titled ‘Screening’), where early total thyroidectomy can
prevent the occurrence of medullary carcinoma.

Prenatal genetic diagnosis is now possible for a
wide range of heritable syndromes, including several
that predispose to childhood cancer (Offit et al., 2006).
For adult survivors of many hereditary cancers, assisted
reproduction with preimplantation genetic diagnosis
allows the selection of embryos that do not carry the
relevant gene, though some ethical, regulatory, and medi-
colegal issues remain unresolved (Offit et al., 2006).
Screening

Neuroblastoma is the only childhood cancer with rela-
tively low survival for which mass screening is technically
feasible, by biochemical examination of urine samples.
While late-stage neuroblastoma diagnosed after the first
birthday remains one of the most difficult childhood
cancers to treat successfully, it is also well known that
many neuroblastomas arising in infancy can regress spon-
taneously. Screening was offered nationally in Japan
from the mid-1980s, and studies of mortality and inci-
dence among screened and unscreened populations
were conducted in several countries of Europe and
North America. The largest controlled studies, and also
population data from Japan, invariably showed that
screening generated very large increases in incidence,
due to overdiagnosis, with no appreciable reduction
in mortality. Moreover, the German screening study
showed that silent tumors, which would resolve sponta-
neously without diagnosis in the absence of screening,
are not confined to infancy but can exist in substantial
numbers in at least the second year of life. Mass screening
for neuroblastoma is no longer carried out anywhere.
Even in its absence, large international variations in
the incidence of neuroblastoma among infants indicate
considerable overdiagnosis by other means, especially
when ultrasound is used in routine health checks.

Targeted screening of certain groups of children at
high risk of cancer can be effective. Early detection
of retinoblastoma by regular ophthalmic examinations
of children with a family history of the disease substan-
tially increases the probability of saving eyes and vision.
Molecular testing for RB1 mutations can obviate the
need for clinical examinations of family members who
are shown not to be carriers, sparing them the risks of
general anesthesia and also substantially reducing costs.
Screening for various childhood tumors is now recom-
mended in certain other predisposition syndromes, but
only when there is a clear benefit from early detection
(Tischkowitz and Rosser, 2004). Usually this should occur
only after genetic diagnosis of the syndrome in question
(Tischkowitz andRosser, 2004). This is especially important
in the case of overgrowth syndromes which can have
similar phenotypes, since some, including Beckwith-
Wiedemann syndrome, carry an increased risk of Wilms
tumor and other cancers, whereas others, such as Sotos
syndrome, very likely do not. Predictive genetic testing
itself is only indicated when it would influence medical
care; while it is now recommended for example, in MEN2
(where a positive result would lead to prophylactic thy-
roidectomy; see the section titled ‘Prevention’), in other
syndromes such as Li-Fraumeni syndrome it is of no obvi-
ous benefit and is therefore difficult to justify (Tischkowitz
and Rosser, 2004).
Survival

Some of the most remarkable advances in cancer treatment
have been in pediatric oncology. Consequently, there have
been dramatic increases in survival rates from childhood
cancer. In many industrialized countries, 5-year survival,
which had been under 30% in the 1960s, exceeded 70%
by the 1990s (Table 5). Concurrently, increasing propor-
tions of children were treated by members of national or
regional groups of pediatric oncologists and entered in



Table 5 Five-year survival of children with cancer in selected populations

Population Years of diagnosis Five-year survival (%) Source

Cuba 1988–89 48 Boschmonar MG, Alvarez YG, Garcia AM, et al., (2000)
Childhood cancer survival in Cuba. European Journal of

Edpidemiology 16: 763–767

USA, SEER 1995–2001 79 Jemal A, Siegel R, Ward E, et al., (2006) Cancer statistics, 2006.

CA: a Cancer Journal for Clinicians 55: 10–30
India, Bangalore 1982–89 37 Nandakumar A, Anantha N, Appaji L, et al., (1996) Descriptive

epidemiology of childhood cancers in Bangalore India. Cancer

Causes & Control: CCC 7: 405–410

Japan 1993–96 73 Tsukuma H, Ajiki W, Ioka A, et al., (2006) Survival of cancer
patients diagnosed between 1993 and 1996: A collaborative

study of population-based cancer registries in Japan.

Japanese Journal of Clinical Oncology 36: 602–607
British Isles 1988–97 71 Sankila R, Martos Jiménez MC, Miljus D, et al., (2006)

Geographical comparison of cancer survival in European

children (1988–1997): Report from the Automated Childhood

Cancer Information System project. European Journal of
Cancer 42: 1972–1980

Nordic countries 77

Eastern Europe 62

Southern Europe 72
Western Europe 75

Table 6 Estimated total number of deaths from cancer

among children aged 0–14 years in 2002, by world region.

Nonmelanoma skin cancer and nonmalignant CNS neoplasms
are excluded

Africa Eastern 10 545

Middle 2906
Northern 3932

Southern 940

Western 3917

Americas Caribbean 610
Central 2680

South 6092

Northern 1671
Asia Eastern 15 076
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multicenter clinical trials. Several studies have shown
higher survival for children treated at specialist centers or
according to standardized protocols, though the extent to
which these developments are responsible for improved
survival remains controversial. Population-based results
are seldom available for developing countries, but it is
clear that survival is markedly lower. Factors associated
with poor outcome include delayed diagnosis, suboptimal
supportive care, and abandonment of treatment. Encourag-
ing results have been achieved by links with pediatric
oncology groups in more affluent countries and the devel-
opment of less resource-intensive regimens.
South-Eastern 10 415

South Central 18 759

Western 4560
Europe Eastern 2552

Northern 520

Southern 730

Western 810
Oceania Australia & New Zealand 153

Melanesia, Micronesia, Polynesia 149

Total 87 017

From Ferlay J, Bray F, Pisani P, and Parkin DM (2004) GLOBO-
CAN 2002: Cancer Incidence Mortality and Prevalence World-

wide. Lyon: IARC Press.
Mortality

Population mortality from cancer in childhood is deter-
mined by incidence and survival rates. Data are available
for many countries, but vary considerably in accuracy
and completeness. Table 6 shows estimated numbers of
deaths from cancer in childhood by world region. More
than half of the total occurred in Asia, one-quarter
in Africa, more than 10% in Central and South America
and the Caribbean, and fewer than 10% in Europe
and North America. Despite large increases in survival,
cancers remain the second most frequent cause of death
at age 1–14 years, after accidents and violence, in de-
veloped countries, since mortality from many other
important causes has also declined. In developing
countries, however, infectious diseases account for a
higher proportion of deaths.
Long-Term Survivors

The improved prognosis for childhood cancer has led to
a large and continuing increase in the numbers of long-
term survivors, including substantial numbers of adults.
Already, more than 1 in 1000 adults aged under 25 years in
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the most affluent countries are survivors of childhood
cancer. As the numbers and average age of these survivors
increase, it is of growing importance to study many
aspects of their health and quality of life so that they
may receive appropriate follow-up and health care.
Although subsequent mortality among 5-year survivors
has been decreasing, they still have a 10% risk of death
during the next 10 years from tumor recurrence or
late effects of treatment. On average, the probability of
developing a second malignancy within 25 years after
diagnosis of a first cancer in childhood is around 4%
( Jenkinson et al., 2004), though the risk varies according
to the type of first cancer and the treatment given for it.
Survivors of heritable retinoblastoma have a particularly
high risk of developing subsequent cancers, especially
osteosarcoma, soft tissue sarcoma, malignant melanoma,
and carcinomas of the lung and bladder. Long-term survi-
vors of childhood cancer are also at increased risk of many
other conditions, both physical (Oeffinger et al., 2006) and
psychological. Guidelines on long-term follow-up are now
tailored to specific childhood cancers and treatments
(Landier et al., 2004; Skinner et al., 2006). Because survivors
are already more vulnerable to many health problems, it is
especially important that they avoid smoking, excessive
alcohol intake, and other behaviors detrimental to health
(Hudson and Findlay, 2006).

Some survivors are subfertile as a result of treatment for
their cancer; fertility can be preserved artificially for some
of those who were diagnosed after puberty but many
technical, scientific, and ethical legal issues remain unre-
solved (Brougham andWallace, 2005). Offspring of female
survivors, especially those who underwent abdominal
radiotherapy, have increased risks of prematurity, low
birthweight, and small size for gestational age. With the
exception of offspring of survivors who have a known
predisposition syndrome, children of survivors do not
appear to be at increased risk of cancer, chromosomal
abnormalities, or other genetic disease or congenital
anomalies.
Future Developments

The most marked trends in incidence of childhood cancer
will probably occur in less developed countries. Inci-
dence of Kaposi’s sarcoma in areas with high levels of
HHV8 are expected to rise and fall with levels of child-
hood HIV infection. Incidence rates of many other can-
cers may increase as populations become more affluent,
in part because of greater availability of facilities for
diagnosis and treatment. HCC should decline in areas of
hitherto moderately high incidence if there is high uptake
of vaccination against hepatitis B. If climate change widens
the geographical range of holoendemic malaria, this could
well be accompanied by an increase in Burkitt lymphoma.
Survival from childhood cancer is expected to increase
with continuing improvement in efficacy of treatment
and, in resource-poor countries, with greater provision
of specialist personnel and facilities for pediatric oncol-
ogy. Increases in survival rates over past decades, as well
as those anticipated for the future, will inevitably lead
to an increase in the numbers of adult long-term survivors
of childhood cancer and in their average age. Even though
most survivors are healthy and lead normal lives, they
will continue to require surveillance and treatment for a
wide range of health problems.

See also: Brain Tumours; Cancer Epidemiology; Cancer

Mortality; Cancer Screening; Cancer Survival; Disease

Classification; HIV/AIDS; Infertility; Leukemia; Liver Can-

cer; Lymphomas.
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Background

In 1978, in Alma Ata, the universal slogan ‘Health for All’
by the year 2000 was coined. At the same time, the famous
Alma Ata Declaration was overwhelmingly approved,
putting people and communities at the center of health
planning and health-care strategies, as well as emphasiz-
ing the role of community participation, appropriate
technology and intersectoral coordination. The Declara-
tion was endorsed by most of the governments of the
world and symbolized a significant paradigm shift in the
global understanding of Health and Health Care (WHO,
UNICEF, 1978).

Twenty-five years later, after much policy rhetoric,
some concerted but mostly ad-hoc action, quite a bit of
misplaced euphoria, distortions brought about by the
growing role of the market economy as it has affected
health care, and a fair dose of governmental and interna-
tional health agencies’ amnesia, this Declaration remains
unfulfilled and mostly forgotten, as the world comes to
terms with the new economic forces of globalization,
liberalization, and privatization that have made Health
for All a receding dream.

The People’s Health Assembly in Savar, Bangladesh, in
December 2000, and the People’s Health Movement that
evolved from it are both a civil society effort to counter
this global laissez-faire and to challenge health policy
makers around the world with a Peoples Health Cam-
paign for Health for All-Now! (Narayan, 2000).
The first People’s Health Assembly

The first People’s Health Assembly brought together 1450
people from 92 countries and resulted in an unusual 5-day
event in which grassroots people shared their concerns
about the unfulfilled Health for All challenge. The
Assembly’s program included a variety of interactive dia-
logue opportunities for all health professionals and acti-
vists who gathered for this significant event. These
included:

. a rally for Health for All Now!;

. meetings inwhich the testimonies on the health situation
frommany parts of the world and the struggles of people
were shared and commented upon by multidisciplinary
resource groups (People’s Health Movement, 2002);
. parallel workshops to discuss a range of health and
health-related challenges;

. cultural programs to symbolize the multicultural and
multiethnic diversity of the people of the world;

. exhibitions and video/film shows;

. an abundance of dialogue, in small and large groups,
using formal and informal opportunities.

This People’s Health Assembly was preceded by a long
series of preassembly events all over the world. The most
exceptional of these was the mobilization in India. For
nearly 9 months preceding the assembly, there were grass-
roots local and regional initiatives of people’s health
enquiries and audits, sensitization including health songs
and popular theater, subdistrict- and district-level semi-
nars, policy dialogues and translations of national consen-
sus documents on health into regional languages, as well
as campaigns to challenge medical professionals and the
health system to become more Health-for-All-oriented.
Finally, over 2000 delegates traveled to Kolkata (Cal-
cutta), mostly riding on five converging people’s health
trains. Here, they brought their ideas and felt needs first
elaborated in 17 state and 250 district conventions. In
Kolkata, after 2 days of conferences, parallel workshops,
exhibitions, two public rallies for health and a myriad of
cultural programs, the Assembly endorsed the Indian
People’s Health Charter. Approximately 300 delegates
from this assembly then traveled to Bangladesh, mostly
by bus, to attend the Global Assembly. Similar prepara-
tory initiatives, though less intense, took place in Bangla-
desh, Nepal, Sri Lanka, Cambodia, Philippines, Japan, and
other parts of the world, including Latin America, Eur-
ope, Africa, and Australia.
The People’s Charter for Health

As a result of a full year’s mobilization and 5 days of very
intense and interactive work in Savar, a Global People’s
Health Charter emerged, which was endorsed by all par-
ticipants (People’s Health Assembly, 2000a). This charter
has now become:

. an expression of the movement’s common concerns;

. a vision for a better and healthier world;

. a call for more radical action;

. a tool for advocacy for people’s health;

. a worldwide rallying manifesto for global health move-
ments, as well as for networking and coalition building.
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The significance of this Global People’s Health
Charter is multiple:

. It endorses health as a social, economic and political
issue and as a fundamental human right.

. It identifies inequality, poverty, exploitation, violence,
and injustice as the roots of preventable ill health.

. It underlines the imperative that Health for All means
challenging powerful economic interests, opposing
globalization as the current iniquitous development
model; it thus drastically changes our political and
economic priorities.

. It brings in a new perspective and the voices from the
poor and the marginalized (the rarely heard) encour-
aging people to develop their own local solutions.

. It encourages people to hold accountable their own local
authorities, national governments, international organi-
zations and national and transnational corporations.

The vision and the principles of the charter, more than
any other document preceding it, extricates health from
the myopic biomedical-techno-managerialist approach it
has seen in the last two decades – with its vertical, selec-
tive magic-bullets-approach to health – and centers it
squarely in the more comprehensive context of today’s
global socioeconomic-political-cultural-environmental
realities. However, the most significant gain of the Peo-
ple’s Health Assembly 1 and the charter is that for the first
time since Alma Ata, a Health For All plan of action
unambiguously endorses a call for action that tackles the
broader determinants of health, which include:

. the violations of people’s right to health;

. the economic, social and political determinants of
health;

. the environmental determinants of health;

. war, violence, conflict, and natural disasters as the cause
of preventable mortality and ill health;

. the lack of a people-centered health sector reform with
poor people participating in fostering a healthier world.

In a nutshell, the People’s Health Movement started
promoting a wide range of approaches and initiatives
which combated the ill effects of the triple assault by the
forces of globalization, liberalization, and privatization on
health, health systems, and health care. In more detail, the
PHM initiatives still today call for:

. combating the negative impacts of globalization as a
worldwide economic and political ideology and process;

. significantly reforming the international financial insti-
tutions and the WTO to make them more responsive
to poverty alleviation and the Health for All-Now!
movement;

. writing off of the foreign debt of the least developed
countries and the use of its equivalent for poverty
reduction, health, and education activities;
. greater checks on and restraints of the freewheeling
powers of transnational corporations, especially phar-
maceutical companies (and mechanisms to ensure their
compliance);

. greater and more equitable household food security;

. caps on the runaway international financial transfers;

. unconditional support of the emancipation of women
and the respect of their full rights;

. putting health higher in the development agenda of
governments;

. promoting the health (and other) rights of displaced
and minority people;

. halting the process of privatization of public health
facilities and working toward greater controls of the
already installed private health sector;

. more equitable, just, and empowered people’s partici-
pation in and greater influence on health and develop-
ment matters;

. a greater focus on poverty alleviation in national and
international development plans;

. greater and unconditional access of the poor to health
services and treatment regardless of their ability to pay;

. strengthening public institutions, political parties, and
trade unions involved, as the movement is, in the strug-
gle of the poor;

. challenging restricted and dogmatic fundamentalist
views of the development process;

. exerting greater vigilance and activism in matters of
water and air pollution, the dumping of toxics, the
disposal of water, climate changes and CO2 emissions,
soil erosion, and other attacks on the environment;

. protecting biodiversity and opposing biopiracy and the
indiscriminate use of genetically modified seeds;

. holding violators of environmental crimes accountable;

. systematically applying environmental and health
assessments and people-centered environmental audits
of development projects;

. opposing war in all its forms, as well as the misdirected
anti-terrorist-focused thrust of many global policies;

. categorically opposing the Israeli occupation of Palesti-
nian territory (having, among other, a sizeable negative
impact on the health of the Palestinian people);

. the democratization of the UN bodies and especially of
the Security Council;

. becoming more actively involved in actions addressing
the silent epidemic of violence against women;

. more prompt responses and preparedness and rehabili-
tation measures in cases of natural disasters; recogniz-
ing the politics of aid;

. making a renewed call for more democratic primary
health care that is given the resources needed and
holding governments accountable in this task;

. vehemently opposing the commoditization and priva-
tization of health care (and the sale of public health
facilities);
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. promoting independent national drug policies centered
around essential, generic medicines;

. calling for the transformation of WHO, supporting and
actively working with its new Commission on the
Social Determinants of Health and making sure
WHO remains accountable to civil society;

. assuring that WHO stays staunchly independent from
corporate interests;

. sustaining and promoting the defense of effective
patient’s rights;

. expanding and incorporating traditional medicine into
people’s health care;

. working for changes in the training and retaining of
health personnel to assure they cover the great issues of
our time as depicted in the People’s Charter for Health;

. defending and fostering public health-oriented (and
not-for-profit) health research worldwide;

. building strong people’s organizations and a global
movement working on health issues;

. more proactively and effectively countering of the
media that are at the service of the globalization
process;

. empowering people leading to their greater control of
the resources needed for the health services they need
and obtain;

. creating the bases for a better analysis and better con-
certed actions by its members through greater involve-
ment of them in the PHM’s website and list-server;

. fostering a global solidarity network that can actively
support fellow members when facing disasters, emer-
gencies, or acute repressive situations.

This comprehensive view of actions for health was
probably the most significant contribution of the People’s
Health Assembly 1 (PHA1) and the evolving People’s
Health Movement as early as in the year 2000 (Schuftan,
2002). PHA1 was not without criticism. A critical analysis
of it was analyzed by the leadership and taken into account
in the preparation of PHA2 (Werner and Sanders, 2000).
Significant Gains Made by the People’s
Health Movement

The ongoing and growing mobilization process at local
and global levels, and PHA1 as the historic first gathering
that launched the movement are noteworthy. For the first
time in decades, health and non-health networks have
come together to work on global solidarity issues
in health. These networks include the International Peo-
ple’s Health Council (IPHC), Health Action Interna-
tional (HAI), Consumers International (CI), the Asian
Community Health Action Network (ACHAN), the
Third World Network (TWN), the Women’s Global Net-
work for Reproductive Rights (WGNRR), Gonoshasthya
Kendra (GK), and the Dag Hammarskjold Foundation
(DHF). From 2003 on, new networks such as the Global
Equity Gauge Alliance (GEGA) and the Social Forum
Network are further strengthening the Movement.

At the country level, in some regions, this coalescence
is also under way. In India, for instance, the national
collective includes the science movements, the women’s
movements, the alliance of people’s movements, environ-
mental groups, the health networks and associations, some
research and policy networks, and even some trade
unions.

Another significant development has been the evolving
solidarity that PHM has found for its various collective
documents at the global level (People’s Health Assembly,
2000b, c). These have included themes such as:

. health in the era of globalization: From victims to
protagonists;

. the political economy of the assault on health;

. equity and inequity today: some contributing social
factors;

. the medicalization of health care and the challenge of
Health for All;

. the environmental crisis: Threats to health and ways
forward;

. communication as if people mattered: Adapting health
promotion and social action to the global imbalances of
the twenty-first century.

Taken together, these documents represented an
unprecedented, emerging, global consensus. At the coun-
try level, consensus documents that support public edu-
cation and public policy advocacy have been produced. In
India, for instance, five short booklets, translated into most
Indian languages, are available on the following five
themes:

. what globalization means to people’s health;

. whatever happened to Health for All by the year 2000;

. making life worth living by meeting the basic needs of
all;

. a world where we matter: Focus on the health-care
issues of women, children, street kids, the disabled,
and the aged;

. confronting the commercialization of health care.

These booklets have been published by 18 national net-
works that form the national coordinating committee in
India, an unprecedented consensus, the first of its kind in
five decades.

The People’s Health Assembly 2 (PHA2) followed in
July 2005 in Cuenca, Ecuador where 1492 participants
from 80 countries attended (Latham, 2006). PHA2 dealt
with issues concerning health in nine distinct but comple-
mentary tracks. The tracks covered nine streams of issues
such as equity and people’s health care, intercultural
encounters on health, trade and health, health and the
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environment, gender, women, and health sector reform,
training and communicating for health, the right to health
for all in an inclusive society, health in the people’s hands,
and People’s Health Movement affairs.

Again, it was an unusual international health meeting
expressing and symbolizing an alternative health and
development culture of dialogue and celebration. PHA2
was preceded by holding of the first session of the Inter-
national People’s Health University in which 52 young
people were trained as PHM activists. This is an effort to
bring young people into the leadership of the movement.
The first forum of researchers for people’s health was also
held.

Another significant gain has been the translation of the
People’s Charter for Health into over 40 languages world-
wide. These include Arabic, Bangla, Chinese, Danish,
English, Farsi, Finnish, Flemish, French, German,
Greek, Hindi, Indonesian, Italian, Japanese, Kannada,
Malayalam, Ndebele, Nepalese, Tagalo, Portuguese, Rus-
sian, Shona, Sinhala, Spanish, Swahili, Swedish, Tamil,
Urdu, Ukrainian, Vietnamese, and translation is now in
progress in Tongan, Lithuanian, Norwegian, Welsh, Thai,
Cambodian, Pastun, Dhari, Korean, and Creole. An audio
tape in English with Braille titles is also available. All
these have been translated by volunteers, committed to
the People’s Health Movement. PHA2 produced a new
document called ‘The Cuenca Declaration,’ which reiter-
ated and updated the principle enshrined in the charter.
This declaration has already been translated into five
languages. (People’s Health Movement, 2006).

Audiovisual aids including videos for public education,
exhibitions, slides, and other forms of communication are
now also available. The BBC Life Series video on ‘The
Health Protesters’ is a good example based on PHA1.

The movement itself has evolved a communications
strategy, which importantly includes its website, the e-list
server group for exchange and discussion, a series of news
briefs (nine since January 2001), and a host of press
releases on a wide variety of themes and on special events
and crises on an as-needed basis.

Presentations of the People’s Health Charter and the
Cuenca Declaration take place repeatedly in national,
regional, and international forums, which have included
the World Health Organization (WHO), the Global
Forum for Health Research (GFHR Forum 5 and 6), the
World Health Assembly, and the International Confer-
ence on Health Promotion.

The development of a standing relationship between
the PHM and WHO is particularly promising. In April
2001, the very effective and assertive in-house lobbying by
PHM resulted in the formation of the WHOCivil Society
Initiative announced at the World Health Assembly, in
May 2001. In May 2002, WHO invited PHM to present
the People’s Charter for Health in the World Heath
Assembly. In May 2003, over 80 PHM delegates from 30
countries attended theWHA,made statements on primary
health care, TRIPS, and other issues and were invited to
meet the then director general designate, who welcomed a
greater dialogue with PHM members at all levels. The
Assembly was preceded by a PHMGenevameeting for the
25th anniversary of the Alma Ata Declaration, which was
attended by some WHO staff, including the PAHO
Regional Director. In 2004, PHM was instrumental in
WHO’s creation of the Commission on the Social Deter-
minants of Health. One PHM member is a Commissioner
in it and several PHMmembers actively participate in the
nine knowledge networks that the CSDH appointed.
These are all small, but incremental movements toward a
critical collaboration of PHM with WHO.

In many countries of the world, emerging country-
level PHM circles are organizing public meetings and
campaigns that include taking health to the streets as a
rights issue. Discussions on the charter by professional
associations and public health schools, articles, and edi-
torials in medical/health journals are also beginning to
increase. In 2006, PHM launched a Global Right to
Health Care Campaign, which is in an advanced organi-
zational phase in over a dozen countries.

Policy dialogues and action research circles on WHO/
WHA, poverty and AIDS, women’s access to heath, the
disabled, health research, disaster response, access to essen-
tial drugs, macroeconomics and health, public–private part-
nerships, and food and nutrition security issues are at
different stages of work and progress. For instance, a Peo-
ple’s Charter on HIV/AIDS, developed through several
meetings at the country level, was launched in 2005 at the
International AIDS conference in Bangkok.

Starting in February 2006, PHM is undergoing
restructuring to decentralize its decision making more
given the growth of the movement. The Global Secretar-
iat is moving from Bangalore to Cairo, a small coordinat-
ing committee is being created to assist the Global
Secretariat and a steering group, representing the world’s
regions and thematic circles of PHM is being restruc-
tured. Several future sessions of the People’s Health
University are in different planning stages.

In short, every day the list of follow-up actions at
various levels increases.
Conclusion

To conclude, the People’s Health Movement has been a
rather unprecedented development in the journey toward
the Health for All goal. The movement:

. now encompasses a multiregional, multicultural, and
multidisciplinary mobilization effort;

. is bringing together the largest ever gathering of acti-
vists and professionals, civil society representatives, and
the people’s representatives themselves;



. is working on global issues to raise awareness, as well as
the level of concrete actions;

. is involved in solidarity with the health struggles of
people, especially the poor and the marginalized,
affected by the current global economic and geograph-
ical order.

Recognizing that we need to carry out a continuous,
sustained, and collective effort, the People’s Health
Movement process, through the People’s Health Charter
and the Cuenca Declaration, reminds us that a long road
lies ahead in the campaign for Health for All-Now!

See also: Alma Ata and Primary Health Care: An Evolving

Story; Social Determinants of Health, the United Nations

Commission of.
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Introduction Iceland in 1972, and Sweden in 1973. Finland established
It is well established that events during pregnancy and
childbirth influence the health and development of the
newborn baby. In recent years, we have come to realize
that events occurring in pregnancy and early childhood
may also affect health into adult life. Even events occur-
ring before pregnancy and intergenerationally can affect
reproduction. Population-based studies of these relation-
ships are called perinatal epidemiology, which has
evolved into a major subspecialty of epidemiology. Events
or exposures may affect both mother and child; those
affecting the mother are labeled maternal, while the
term perinatal refers to the child.

Perinatal surveillance has been established through a
system of medical registration of births in a number of
countries. In Norway, medical registration of births was
established in 1967. The main reason was the thalido-
mide catastrophe in Europe some years earlier. The
other Nordic countries followed suit: Denmark in 1968,
its registry somewhat later, in 1987. The registries have
served several other purposes than monitoring the fre-
quency and type of congenital malformations. The data,
which contain civic and medical information on the child,
parents, and family, have been extensively used for peri-
natal research, of which several examples will be given. In
Norway, mother, father, and child are identified by unique
individual registration numbers. This facilitates linkage of
successive births to the same mother with the same father
or different fathers and linkage across generations. The
medical birth registries can also be linked to other health-
related registries, for example the cancer registries.

Traditionally, perinatal epidemiologists have focused
on exposures and outcomes that occur in the perinatal
period, which for research purposes covers the period
from conception through birth and the first part of life.
For perinatal surveillance and statistical comparisons of
mortality and morbidity between regions and countries, a
more specific definition is used.
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Definitions and Definitional Pitfalls

According to Webster’s New World Medical Dictionary, the
perinatal period ‘‘starts at the 20th to 28th week of gesta-
tion and ends 1 to 4weeks after birth.’’ By international
convention, strict limits are defined in the tenth revision of
the International Statistical Classification of Diseases and

Related Health Problems (ICD-10), stating that the perinatal
period commences at 22 completed weeks (154 days) of
gestation (the time when birth weight is normally 500 g),
and ends 7 completed days after birth. The lower limit is
arbitrarily chosen to represent the time when a fetus is po-
tentially viable; before this time a terminated pregnancy
would be labeled miscarriage or abortion, after this time
it is a birth. However, the ICD-10 definition of birth does
not take gestational age into account; it only distinguishes
between live birth and fetal death (deadborn fetus).

The ICD-10 definition is not as straightforward as it
looks at first glance. Gestational age is variously defined.
According to ICD-10, it should be based on the date of the
first day of the last normal menstrual period, or on the best
clinical estimate if this date is not available (or uncertain).
With the advent of second-trimester ultrasound dating,
sonographic biometry has increasingly replacedmenstrual
dates in countries where ultrasound is an integral part of
prenatal care. Seven completed days has three logical
interpretations: 168 h from the hour of birth, the date of
birth plus 6 completed days and the date of birth plus 7
completed days, which are all in use. Since the incidence of
early neonatal death tapers off toward a minimum during
the first week after birth, these different definitions do not
seriously affect international comparisons.

In many countries, civil notification of stillbirth starts at
28 completed gestational weeks, which precludes the enu-
meration of stillbirths between 22 and 28weeks. Interna-
tional perinatal comparisons are therefore most often
restricted to births beyond 28weeks. To avoid enigmatic
definitions of gestational length, age is in some instances
replaced by birthweight of 1000 g or more. The different
limits for compulsory notification of stillbirths entails
another source of error in comparisons, since births
shortly past the time limit tend to be underreported.
In a concerted European comparison of perinatal mortal-
ity, it was found that adjustment for different cut-off
points for birthweight and gestational age would reduce
the differences in perinatal mortality by between 14% and
40% in the different countries and regions (Graafmans
et al., 2001).
Perinatal Mortality

Perinatal mortality is defined as the number of fetal
deaths past 22 (or 28) completed weeks of pregnancy
plus the number of deaths among live-born children up
to 7 completed days of life, per 1000 total births (live
births and stillbirths). A joint interagency expert meeting
on global indicators of sexual and reproductive health
organized by WHO, UNICEF, and UNFPA in 2000
recommended perinatal mortality rate (PNMR) to be
one of 17 chosen indicators. To avoid the problem of
determining gestational age, the expert group advised
that for comparative purposes 500 g and 1000 g should
replace the time limits (World Health Organization,
2001). It goes without saying that PNMR will be higher
when the 22-week limit or 500-g limit is used, because of
the added number of stillbirths between 22 and 27weeks.
Figure 1 shows perinatal death rates in Norway in four
time periods by gestational age. There has been substan-
tial improvement in survival of extremely preterm births
since 1967; in 1997–2004 there were 48% perinatal deaths
among those born between 22 and 27weeks, compared to
91% in 1967–76 (Skjærven, 2006). Norway was chosen for
the example because there is compulsory notification
of all births (stillbirths and live births) from 16weeks
onwards, which ensures nearly complete coverage. The
remarkably enhanced survival over a span of 40 years is
largely ascribed to better neonatal intensive care, which is
of course related to those born alive. During the same
period, the stillbirth rate in Norway past 28weeks fell
from 11.2 in 1967 to 2.9 per 1000 births in 2004. It is
difficult to sort out the causes, but better overall maternal
health status is thought to play an important part.

Using PNMR for global monitoring pinpoints the
wide gap in reproductive health between rich and poor
countries. Perinatal death is more common than maternal
death, by a factor of about 100. Local registration will
serve as an impetus to perinatal audit, which in turn may
induce measures for improvement. Figure 2 shows peri-
natal mortality in the WHO regions of the world over a
span of 18 years and Figure 3 gross country estimates
in the year 2000. With a PNMR of 62 per 1000 births,
Africa at present ranks higher than the Nordic coun-
tries did more than 100 years ago. However, a local
population-based study in rural Northern Tanzania
came up with an optimistically lower figure, 27 per 1000
births, for which no scientific explanation was found
(Hinderaker et al., 2003). In developing countries, the
ratio of stillbirths to first-week deaths is approximately
50/50. In Europe, stillbirths have the higher share, while
in Northern America it is lower, the PNMR in both
regions being around 10 per 1000 births (Table 1). In all
likelihood, these latter differences are caused by registra-
tion shortfalls.
Causes of Perinatal Death

To monitor perinatal mortality over time and make com-
parisons between countries and regions, one needs to
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know the causes of death. This implies a classification
system that is clearly defined and fit for the purpose of
introducing corrective measures. Various systems have
been presented, with different emphasis on maternal and
fetal or newborn conditions and complications. To deter-
mine the cause of death in a stillborn fetus as a rule
requires an autopsy; this in practice is an exception rather
than a standard procedure.

Table 2 is an example of causes of perinatal death
in districts of rural Tanzania in 1995–96, grouped according
to a classification system developed by the International
Collaborative Effort (ICE) on Birth Weight, Plurality,
Perinatal and Infant Mortality (Cole et al., 1989). The data
derive from a prospective population-based study. Of the
deaths recorded, 46%were stillbirths. Some of the neonates
died more than 1week after birth. Infection-related deaths
dominated. Malaria was diagnosed in 20 out of 53 cases
(Hinderaker et al., 2003).

Besides the direct cause of death, a number of other
factors have been shown to influence the incidence of
perinatal mortality. Gestational age and birth weight are
obvious. Maternal age, parity, and a number of maternal
conditions and diseases such as diabetes, the antiphospho-
lipid syndrome, preeclampsia, and smoking are risk factors
to varying degrees. In multiple pregnancies, the second in
a set of twins carries the higher risk. More boys than girls
die in the perinatal period. Isoimmunization due to blood
group incompatibility has largely been eliminated fol-
lowing the introduction of anti-rhesus-gammaglobulin,
but is still a risk factor. Intrapartum events (breech and
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Table 1 Global estimates of stillbirths, early neonatal deaths

and perinatal mortality by WHO region in 2000

Region PNM rate Still birth rate ENMR

Africa 62 32 31

Asia 50 27 24

Europe 13 8 4

Latin America 21 10 12
North America 7 3 4

Oceania 42 23 19

From World Health Organization (2006) Neonatal and Perinatal

Mortality. Country, Regional and Global Estimates. Geneva:
World Health Organization.

Table 2 Causes of death in 136 cases of perinatal death in

rural Tanzania, 1995–96

All cases Avoidable

Total 136 34

Infections 53 19

Asphyxia-related conditions 32 9

Immaturity-related conditions 20 1
Other causes/unclassifiable 16 2

Congenital conditions 9 0

External causes of death 2 0
Sudden death 1 0

Specific conditions 1 1

No information 2 2

Adapted from Hinderaker SG, Olsen BE, Bergsjø PB, et al. (2003)
Avoidable stillbirths and neonatal deaths in rural Tanzania. Inter-

national Journal of Obstetrics and Gynecology 110: 616–623.

Table 3 Selected neonatal conditions and interventions in

Norway 2004. Numbers and proportions per 1000 births. The

total number of births was 58 041

Condition Number Proportion per 1000

Respiratory distress

syndrome

563 9.7

Intracranial hemorrhage 134 2.3
Fractured limbs 234 4.0

Facial paresis 35 0.6

Brachial plexus injury 136 2.3
Hip joint dysplasia, treated 572 9.9

Conjunctivitis, treated 442 7.6

Systemic antibiotics

treatment

1363 23.5

Hyperbilirubinemia, treated 5431 93.6
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transverse fetal presentation, mode of delivery, maternal
hemorrhage) may threaten the baby’s life. In rich countries
with decreasing PNMRs, congenital conditions take an
increasing share of perinatal deaths.
Perinatal Morbidity

Perinatal epidemiologists also study diseases, injuries, and
genetic aberrations diagnosed in utero, at birth, or in the
early neonatal period, and their short- or long-term con-
sequences. They can be classified in much the same way as
the causes of death in Table 2. The Medical Birth Regis-
try of Norway routinely reports incidence rates of a num-
ber of specified neonatal conditions, shown in Table 3.
The most common of these conditions was treated neona-
tal hyperbilirubinemia (or jaundice), which occurred in
almost 10% of the newborns. Treatment for the majority
of these was phototherapy. Systemic antibiotic treatment
was given to 2.4%, while hip joint dysplasia and respira-
tory distress syndrome were diagnosed each in about 1%
of the newborns (Skjærven, 2006).



Table 5 Age, parity, and preterm birth

Maternal age and preterm birth
Proportion of preterm
births (%)

Para 0 Age<20 years 7.4

Age 20–24 5.3

Age 25–29 5.4

Age 30–34 6.5
Age 35þ 8.9

All ages 5.8

Para 1þ Age<20 years 9.0
Age 20–24 4.8

Age 25–29 4.0

Age 30–34 4.5

Age 35þ 6.1
All ages 4.6

Based on data from Skjærven R (2006) Forekomst av og over-

levelse blant ekstremt premature barn. In: Fødsler i Norge

2003–2004. Årsrapport/Annual Report. Bergen, Norway:
Medisinsk fødselsregister/Medical Birth Registry of Norway,

pp. 199–205 (n=1680994).

Perinatal Epidemiology 49
Perinatal Audit

Perinatal audit is defined as ‘‘the systematic, critical anal-
ysis of the quality of perinatal care, including the pro-
cedures used for diagnosis and treatment, the use of
resources and the resultant outcome and quality of life
for women and their babies’’ (Dunn and McIlwaine, 1996).
Peer review is another label. The definition covers a variety
of quality assessment activities, with the implicit under-
standing that audit feedback should lead to changes to
improve services. In this context, audit should be a formal
procedure, with a multidisciplinary panel consisting of
professionals of high standing, chosen among people of
the same ranks and positions as those who cared for the
cases to be audited, but preferably with no links to their
departments. We have previously given a more detailed
account of our experiences of perinatal audit through
20 years (Bergsjø et al., 2003) and will only give a few
examples in this brief outline.

Audits of perinatal deaths have been used to advantage
in both developing and developed countries. An example
of the former is given in Table 2, which provides the
added information that one of four cases was considered
to be possibly avoidable. In a similar exercise covering ten
European countries or regions, a multinational and mul-
tidisciplinary panel decided that between 35% and 54%
of selected cases of perinatal death were potentially
avoidable (Table 4). The cases had been selected among
groups in which care and treatment were most likely to
have a significant impact on the outcome, and the figures
therefore only indicate relative differences in standards
between countries and regions (Richardus et al., 2003).
If all of the perinatal deaths within each birth population
had been reviewed, the proportion of potentially avoid-
able cases would have been considerably lower.
Table 4 Summary results of audit of selected types of perinatal d

Country

Unavoidable

Number %

Belgium 92 48.9
Denmark 127 48.8

England 100 46.5

Finland 111 68.1
Greece 51 48.6

The Netherlands 81 51.6

Norway 84 60.4

Scotland 42 49.4
Spain 57 55.9

Sweden 83 64.3

Total 828 53.7

Most countries are represented by regions (provinces).
Adapted from the EuroNatal study, Richardus JH, Graafmans WC, V

perinatal mortality and suboptimal care between 10 European regions

of Obstetrics and Gynaecology 110: 97–105.
Perinatal Risk Factors

Birth registries serve as important surveillance systems
allowing description of relevant factors associated with
pregnancies and childbirth. For example, the frequencies
of interventions such as cesarean section and adverse
outcome of birth such as perinatal death. The associations
between maternal age and parity and preterm birth are
shown in Table 5. With the exception of teenaged
mothers, the incidence of preterm birth is consistently
lower among those who have given birth previously.

Another example is the association between the length
of maternal education and preterm birth in different time
eaths in some Western European countries and regions

Potentially avoidable Total graded

Number % Number

96 51.1 188
133 51.2 260

115 53.5 215

52 31.9 163
54 51.4 105

76 48.4 157

55 39.6 139

43 50,6 85
45 44.1 102

46 35.7 129

715 46.3 1543

erloove-Vanhorick SP, and Mackenbach JP (2003) Differences in

: Results of an international audit. BJOG: An International Journal



Table 6 Frequency of preterm birth (%) by level of maternal

education in three periods in Norway

Maternal education

1967–76 1977–86 1987–98

% RR % RR % RR

Low 5.9 1.40 5.6 1.47 6.6 1.43

Medium 4.8 1.20 4.6 1.21 5.4 1.17
High 4.0 1.00 3.8 1.00 4.6 1.00

Unknown 6.8 1.70 6.7 1.76 7.0 1.52

Total 5.1 4.7 5.4

Based on data from Skjærven R (2006) Forekomst av og over-
levelse blant ekstremt premature barn. Fødsler i Norge

2003–2004. Årsrapport/Annual Report, pp. 199–205. Bergen,

Norway: Medisinsk fødselsregister/Medical Birth Registry of
Norway (n¼ 1 680994).

Table 7 Percentage preterm births by sex of the fetus and by

previous pregnancy outcomes

Sex and previous outcomes Preterm birth (%)

Sex of fetus Male 6.5

Female 5.4

Previous preterm birth Yes 11.4
No 5.2

Previous fetal death Yes 8.1

No 5.6

Based on data from Skjærven R (2006) Forekomst av og over-
levelse blant ekstremt premature barn. In: Fødsler i Norge

2003–2004. Årsrapport/Annual Report. Bergen, Norway: Medi-

sinsk fødselsregister/Medical Birth Registry of Norway,
pp. 199–205, 1967–98 (n¼ 1 680994).

Table 8 Time trends of preterm births of less than 37

completed weeks’ gestational age (%) in Norway, 1967–98

Time periods

Gestational age (weeks) 1967–76 1977–86 1987–98

16–27 0.5 0.5 0.6

28–32 0.8 0.7 0.8

33–36 3.8 3.6 4.0
Total <37 5.1 4.8 5.4

Total number of births

<37 completed weeks

390021 467752 623221

Based on data from Skjærven R (2006) Forekomst av og over-
levelse blant ekstremt premature barn. In: Fødsler i Norge

2003–2004. Årsrapport/Annual Report. Bergen, Norway: Medi-

sinsk fødselsregister/Medical Birth Registry of Norway,
pp. 199–205, 1967–98 (n¼1 680994).
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periods, as shown in Table 6. Mothers with a low educa-
tion level had increased risk of preterm birth in all three
time periods, 1967–76, 1977–86, and 1987–98.

Table 7 shows the association between the risk of
preterm birth by sex of the fetus, previous preterm birth,
and previous fetal death. It can be seen that male fetuses
have 20% increased risk of being born preterm (6.5% vs.
5.4%). A previous preterm birth increases the incidence
from 5.2% to 11.4% (RR¼ 2.19) and a previous fetal
death increases the risk from 5.6 to 8.1 (RR¼ 1.45).

Time trends of preterm births of less than 37 completed
weeks’ gestational age in Norway 1967–98 are shown in
Table 8. It appears that little change in the frequency has
occurred over this time period, in spite of considerable
changes in habits of living (diet and smoking), in vitro
fertilization, ultrasound dating of pregnancies, and a
more interventional obstetric practice. Perinatal survival
has improved considerably for these tiny babies, as shown
in Figure 1. The causation of preterm birth is mainly
unknown, although a significant part of the causation
is linked to genes from both parents. The genetic and
environmental components of the causation call for inno-
vative research in order for decision makers to develop
effective preventive strategies.
Analytical Studies

In searching for risk factors, two major approaches are
employed within perinatal epidemiology. The individuals
may be defined according to a specific outcome variable,
for example preterm birth. Risk factors can be related to
this outcome by the case–control approach. Is the risk
factor more prevalent among the cases than among the
controls? Control cases can be matched to the cases for
one or more variables, such as age and parity. Alterna-
tively, the total cohort can be used for the comparisons, in
which case it is called a case–cohort study. The other ap-
proach involves identification of individuals according to
the presence of the risk factor under study and following
the individuals over time and recording the outcome(s)
in question. This is called a prospective, or cohort, study.
Recently, huge cohorts of pregnancies have been estab-
lished allowing cohort analyses, or so-called nested
case–control studies, which mean case–control studies
within the cohort material.

During the 1960s, diethylstilbestrol (DES) was widely
used to prevent abortion or preterm birth (on scanty
evidence, later shown to be invalid). An investigation
that started in Boston in 1971 (Herbst et al., 1977) is a
classical example of a case–control study in perinatal
epidemiology. Three physicians at the Vincent Memorial
Hospital reported a striking association between maternal
use of DES during the first trimester of pregnancy and the
development 15–20 years later of vaginal cancer in daugh-
ters born of these mothers. Seven young women were
diagnosed with this cancer that was rarely seen in young
women. Because of this clustering of cases (seven within
4 years), it was decided to conduct a case–control study
comparing these seven cases plus an additional one from
another hospital and their families with an appropriate
comparison group (controls) in order to identify factors
that might explain the appearance of the cancers. Four



Table 9 Exposure to diethylstilbestrol (DES) among mothers

of eight young women with cancer of the vagina, compared to 32

matched controls

Cancer vaginalis

þ �
DES þ 7 0

� 1 32
Total 8 32

Based on data from Herbst AL, Ulfelder H, and Poskanzer D

(1971) Adenocarcinomas of the vagina association of maternal

stilbestrol therapy with tumor appearance in young women. New
England Journal of Medicine 284: 878–881.

Table 10 The cumulative tendency to repeat preterm birth

(< 37weeks)

Previous births Subsequent births preterm birth

First Second No % RR

N 461052 3.9 1.0

P 29278 16.3 4.18

N N 155417 4.1 1.0
N P 7081 14.8 3.61

P N 9912 9.2 2.24

P P 1960 32.3 7.88

Based on the first 7-year period of the Medical Birth Registry of
Norway, 1967–1973 (a total of 464 067 births). Skjærven R (2006)

Forekomst av og overlevelse blant ekstremt premature barn.

In: Fødsler i Norge 2003–2004. Årsrapport/Annual Report.
Bergen, Norway: Medisinsk fødselsregister/Medical Birth

Registry of Norway, pp. 199–205. P, gestational age <37weeks;

N, gestational age �37weeks.

Table 11 Preterm birth (<37 weeks) by parental gestational

age at birth

Mother Father
Total number
of births

Outcome preterm
births (%)

N N 83191 6.5

P N 3310 9.1

N P 4441 7.1

P P 204 11.3
Total 91 146

P, preterm; N, not preterm.
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matched controls were selected among young women who
did not have vaginal cancer (matched for age and place of
birth). Thus the study consisted of eight cases and 32
controls. As shown in Table 9, seven of the eight
women with vaginal cancer had mothers who had been
exposed to DES in their pregnancies compared to none of
the 32 controls. No other differences between cases and
controls were found. This was such a strong observation
that causality was suspected. Thus a previously unknown
cause of a disease was disclosed.

Most studies that use data from the medical birth regis-
tries use a cohort design where both exposure and out-
come variables are collected from the registry. A recent
example concerns fetal and infant survival following pre-
eclampsia. The study showed that fetal and infant survival
in preeclamptic pregnancies have improved over the past
35 years in Norway. However, the selective risk of neonatal
death following a preeclamptic pregnancy has not changed
over time (Basso et al., 2006).

Some researchers combine data from a medical birth
registry with data from other registries. Fosså et al. linked
data from the patient registry of the Norwegian Radium
Hospital and from the Norwegian Cancer Registry with
data from the Birth Registry of Norway. They examined
the parenthood in successive births after adult cancer.
Female cancer survivors delivered more preterm births
and low-birth-weight infants than women in a matching
noncancer population. Male cancer survivors, on the
other hand, did not differ from noncancer fathers in the
outcome of successive births (Fosså et al., 2005).
Recurrence Risk

Sibling studies became possible because the Norwegian
Medical Birth Registry employs the unique individual
identification system, whereby it is possible to link suc-
cessive births to the same mothers. Bakketeig (1977) pre-
sented the first data showing the strong tendency to
repeat low birth weight, preterm birth, and small for
gestational age (SGA) birth. Table 10 shows the relative
prediction of adverse outcomes among second births
based on the outcome of the mothers’ first birth. For
example, the prediction of low birth weight (LBW) is
5.6 times as strong if the elder sibling was also LBW as
opposed to having appropriate birth weight. The risk of
preterm birth was 4.0 times higher if the mother’s first
birth was also a preterm delivery, compared to a nonpre-
term birth. A similar risk was shown for a SGA second
birth where the first birth was also SGA compared to not
being SGA. This tendency to repeat was later confirmed
in much larger data sets (Bakketeig et al., 1979). Mothers
somehow appeared to be programmed to produce births
of a certain gestational age and size. If they departed from
this pattern the offspring was at a greater risk of perinatal
death (Bakketeig and Hoffman, 1983).

The tendency to report birth outcomes was found to be
cumulative. As shown in Table 10, two preterm births
increased the risk of a subsequent preterm birth nearly
eightfold compared to the two first births not being
preterm.

The risk of preterm birth is dependent on whether the
mother or the father, or both parents, were born preterm,
as shown in Table 11.

Skjærven et al. (1988) examined whether the birth
weight and perinatal mortality of second birth were
conditional on the weight of the first birth. They showed
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that a woman’s successive offspring tend to have similar
birth weights. Mean birth weights among second births
differ by as much as 1000 g depending on the weight of
the first birth. Also, the survival of the second baby at
a given weight is strongly affected by its weight relative
to the first baby’s weight. A baby may be average size
compared to the population norm, but small compared
to its elder siblings. Such a baby has increased mortality
that goes with being relatively small. For example, an
infant weighing 3250 g is relatively large if the mother’s
previous baby weighed 2250 g, but relatively small if
the previous birth weighed 4250 g. In the first case,
the perinatal mortality risk of the 3250-g baby is 2.2 per
1000 while in the second case the baby with the same
weight has perinatal mortality of 9.0 per 1000 (or four
times higher).

Focusing on mothers with two births Vatten and
Skjærven (2003) showed that women who changed part-
ners between their pregnancies had an increased risk of
preterm birth, birth with low birth weight, and increased
risk of infant mortality, compared with women with the
same partner in their pregnancies.

Mjelve et al. (1999) studied mothers’ two first singleton
births. They showed that siblings’ gestational ages were
significantly correlated (r¼ 0.26) and that the risk of having
a preterm birth was nearly ten times higher amongmothers
whose firstborn had been delivered before 32weeks’ gesta-
tion compared to mothers whose first birth had been at
40weeks’ gestation. They also found that the perinatal
mortality in preterm second births was significantly higher
among mothers whose first infant was born at term com-
pared with mothers whose first born child was delivered at
32–37weeks. They concluded that since perinatal mortality
among preterm births is dependent on gestational age in the
mother’s previous birth, a common threshold of 37weeks’
gestation for defining preterm birth as a risk factor for
perinatal death may not be appropriate for all births.
Generational Studies

Skjærven et al. (1997) focused on whether a baby’s survival
is related to its mother’s birth weight. They linked births
during 1981–94 to data on all mothers born from 1967
onwards, thereby forming 105 014 mother–offspring units.
The mother’s birth weight was strongly associated with
the weight of her baby. Mortality among small babies was
much higher where the mothers were born large. For
example, babies weighing between 2500 and 3000 g had
a threefold higher perinatal mortality if their mothers’
birth weight was 4000 g or higher, compared to those
whose mothers had been small at birth (between 2500
and 3000 g).

Magnus et al. (1993) examined the correlation of gesta-
tional age and birth weight across generations. Based on
linkage of 1967–69 births and 1986–89 births, they
obtained 11 072 pairs of mother–firstborn offspring.
A low correlation coefficient (0.086) was found for gesta-
tional age across generations, whereas the correlation
between maternal and offspring birth weight was 0.242.
Mothers with birth weight below 2500 g had a signifi-
cantly increased risk (OR¼ 3.03, 95% CI 1.79–5.11) of
having a low weight baby compared with mothers with
birth weight above 4000 g. On the other hand, if the
mother was born before 37weeks’ gestation, the risk of
having a preterm birth was not significantly increased
(OR¼ 1.48, 95% CI 0.96–2.21) compared with mothers
born at term. The authors concluded that in contrast to
birth weight, variation in human gestational age does not
appear to be influenced by genetic factors to any large
degree.
Record Linkage to Registries Outside
Medical Birth Registries

In a study focusing on preeclampsia and subsequent
breast cancer Vatten et al. (2002) showed that women
with preeclampsia and/or hypertension in their first
pregnancy had a 19% (95 CI, 9%–29%) lower risk of
breast cancer compared to other parous women. This
was based on data from the Medical Birth Registry of
Norway linked to the Cancer Registry of Norway. The
results indicate that pathophysiology surrounding pre-
eclampsia and gestational hypertension plays a role in
breast cancer etiology.
Maternal and Child Cohorts

Large cohorts of pregnancies have been established for
research purposes in Denmark and Norway. Pregnant
women have been included from early on in their preg-
nancies. Information has been collected as well as
biological material (blood, urine) from the women and
partly from their partners (Norway). These cohorts are
important additional sources for further studies on mater-
nal and child health. To exemplify, one can establish
case–control (or case–cohort) studies within the cohort
on its scientific strength. We may want to test a specific
hypothesis on causation of a certain type of cancer. Each
of these cohorts contains a variety of information on, for
example, lifestyle of the mother when the patient was a
fetus or baby, in addition to biological material collected
during pregnancy, which would allow for testing of a
specific hypothesis on causation.

See also: Infant Mortality/Neonatal Disease; Maternal

Mortality and Morbidity.
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Definition of Peripheral Arterial
Disease (PAD)

Peripheral arterial disease (PAD) is defined ranging from
the broad to the specific. For many, PAD defines a wide
variety of disorders that obstruct the blood supply to the
arteries of the noncoronary circulation. However, PAD is
also used solely to describe obstructive disease in the
arteries to the legs. Here, we define PAD by the latter
definition. Other terms have been used to describe this
disorder including peripheral vascular disease, peripheral
arterial occlusive disease, arteriosclerosis obliterans, and
lower extremity arterial disease.
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Clinical Presentation and Natural History
of the Disease

Peripheral arterial disease remains asymptomatic for long
periods of time and only presents clinically when it is
relatively advanced. The cardinal symptom of PAD is inter-
mittent claudication (IC), a cramping leg pain, which is
brought on by ambulation/exercise and relieved by rest.
Some patients develop ‘atypical’ leg pain, which presents
with lower extremity discomfort on exertion but does not
consistently resolve with rest. More severe forms of the
disease include critical limb ischemia (CLI), characterized
by persistent rest pain becoming worse when the legs are
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elevated, for example, in bed at night. In more severe cases,
patients develop gangrene and ulceration and may undergo
leg amputation or other surgical intervention. Acute limb
ischemia denotes a sudden decrease or worsening of limb
perfusion causing a potential threat to limb viability.

The prognosis of patients with PAD is characterized by
an increased risk of cardiovascular disease affecting other
arterial beds such as coronary heart disease and stroke.
Progression of local disease in the legs is less common
(Figure 1). In fact, patients with IC in most cases either
improve or stabilize. Less frequently, worsening of claudi-
cation may require surgical intervention and finally
amputation. For example, after 5 years’ follow-up of the
Edinburgh Artery Study, out of 116 identified claudicants
at baseline, only 29% still had symptoms of claudication,
8% had surgical revascularization or amputation, and
1% had developed leg ulcers (Leng et al., 2006). In
contrast, amputation rates are much higher (10–40%)
once symptoms of CLI (rest pain, tissue loss) commence.
Asymptomatic disease has also been shown to progress
slowly over time with approximately 11% of asymptom-
atic individuals showing significant progression of disease
over 5 years (Aboyans et al., 2006).
Prevalence and Incidence of PAD

PAD is a relatively common disease that affects many
adults worldwide. For example, approximately 8million
out of 300 million people suffer from PAD in the United
States (Hirsch, 2001). Overall, the estimated prevalence of
the disease is highly dependent on the age of the popula-
tion and the criteria used to define the disease. For exam-
ple, it was estimated that 12–20% of Americans age 65
and older have PAD yet only about 25% of PAD patients
undergo treatment (Becker et al., 2002).
Intermittent Claudication

Most epidemiological studies use IC as a symptomatic
marker of PAD, which is usually assessed via the World
Health Organization (WHO) IC questionnaire. The esti-
mated prevalence is small in men and women under
55 years but increases rapidly in those aged 55 and
above. Overall the prevalence of claudication ranges
between 0.4–14.4% (Dormandy and Rutherford, 2000).
Figure 2 shows a calculated mean prevalence by age
weighted by study sample size as reported by the Trans-
Atlantic Inter-Society Consensus (TASC) Working
Group on the management of peripheral arterial disease.
The incidence of PAD follows a similar trend. In the
Framingham Heart Study, the age-specific annual inci-
dence of intermittent claudication for ages 30 to 44 years
was 6 per 10 000 men and 3 per 10 000 women; this
incidence increased to 61 per 10 000 men and 54 per
10 000 women ages 65 to 74 years (Kannel et al., 1970).
Sex differences are most apparent in middle-aged
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populations with men showing a higher prevalence or
incidence of disease whereas in older populations sex
differences are minimal in keeping with an equilibration
in the frequency of cardiovascular disease between men
and women at older ages. Ethnic differences in the preva-
lence of PAD also exist, with a higher prevalence/
incidence in the United States of PAD in subjects with
black ethnicity. Some studies suggest that the prevalence
of PAD in persons of Hispanic origin is similar to or
slightly higher than that in whites (Criqui et al., 2005).
Asymptomatic Disease

For every individual with IC there are another 3 with
asymptomatic disease causing a 50% or greater stenosis of
the arteries supplying the legs (Hiatt et al., 1995). There-
fore, the prevalence of asymptomatic disease is higher
than that estimated on the basis of IC symptoms alone
and ranges between 3–10%, increasing to 15–20% in
populations older than 70 years of age. Asymptomatic
disease may be assessed by noninvasive modalities. The
most commonly used test is the ankle brachial index
(ABI), which is the ratio of the ankle to the brachial
systolic blood pressure (Figure 3). An ABI less than
unity (or less than 0.9 in practice) at rest is highly sugges-
tive of significant arterial obstruction in the legs. Other
noninvasive tests include pulse palpation, flow velocity
determination, and duplex ultrasound. In the San Diego
Study, Criqui et al. (1985) used a battery of three different
diagnostic tests (ABI, pulse wave analysis, and pulse exam-
ination) along with the WHO questionnaire in 613 men
and women. The estimated prevalence of PAD was
12%, which was considerably greater than that estimated
by the claudication questionnaire alone (2.2%). In a high-
risk population (aged >70 years or 50–69 years with a
cardiovascular risk factor) the prevalence of asymptomatic
disease was found to be 29% (Hirch et al., 2001).
Critical Limb Ischemia

CLI is rare, affecting between 0.05–0.24% of the general
population (Dormandy and Rutherford, 2000). In 1995
there were approximately 20 000 people with CLI in the
UK, thus an annual incidence of approximately 400 per
million per year (Vascular Surgical Society of Great
Britain and Ireland, 1995). In other Western countries,
the incidence of CLI has been estimated to be between
500–1000 per million per year. These estimates have been
based on the number of amputations performed and the
assumption that 25% of people with CLI require
amputation.
Risk Factors for PAD

The underlying cause of PAD is, in the vast majority of
cases, atherosclerotic disease. Thus, risk factors for PAD
are those associated with atherosclerotic disease and are
similar to those of coronary heart disease and stroke.
Figure 4 shows the range of relative risks for PAD as
estimated by epidemiological studies for some important
factors including cigarette smoking, diabetes, dyslipide-
mia, and hypertension.



Left-arm
systolic pressure

Right-arm
systolic pressure

Left-ankle
systolic pressure

Right-ankle
systolic pressure

PT

DP

PT

DP

Interpretation of ABI

>1.30 Non-compressible

0.91–1.30 Normal

0.41–0.90 Mild-to-moderate peripheral
arterial disease

0.00–0.40 Severe peripheral arterial
disease

Right ABI
Higher right-ankle pressure

Higher arm pressure

Left ABI
Higher left-ankle pressure

Higher arm pressure

Figure 3 Measurement of the ankle brachial index (ABI). Reprinted with permission from Hiatt WR (2001) Medical treatment of

peripheral arterial disease and claudication. New England Journal of Medicine 344: 1608–1621.

0.5 1 2
Relative risk

C-reactive protein

Hypercholesterolemia

Hypertension

Diabetes

Smoking

3 4 5

Figure 4 Risk of developing lower extremity PAD. The
range for each risk factor is estimated from epidemiological

studies. The relative risks are estimated for current vs.

ex-smokers and nonsmokers, presence vs. absence of

diabetes and hypertension, and top vs. bottom quartile of
C-reactive protein. The estimate for hypercholesterolemia

is based on a 10% risk for each 10mg per dL rise in total

cholesterol. Reprinted with permission from Norgren L et al.
(2007) Inter-Society Consensus for the Management of

Peripheral Arterial Disease (TASC II). Journal of Vascular Surgery

45: S5–S67.

56 Peripheral Arterial Disease
Smoking

Most risk factors for PAD are almost identical to those
associated with coronary heart disease. However, some,
such as smoking, would appear to be particularly important
in the development of peripheral atherosclerosis. Overall,
the prevalence of symptomatic PAD is increased 2.6-fold
in current smokers (Willigendael et al., 2005). In addition,
the risk ratio in smokers compared to nonsmokers for PAD
has been shown to be approximately double that for coro-
nary heart disease. Smoking has also been associated with
progression of PAD. Patients with IC who continued to
smoke have been shown to more often develop CLI and to
have higher amputation rates than those patients with IC
who quit smoking.
Diabetes

People with diabetes have an approximately two- to four-
fold increase in prevalence of PAD compared to nondia-
betics (Luscher et al., 2003). The duration and severity of
diabetes would appear to correlate with the incidence
and extent of PAD. Increased rates of absent pedal
pulses, femoral bruits, and decreased ABI in people with
diabetes have also been shown. Moreover, patients with
diabetes are more likely to develop severe symptomatic
forms of the disease, such as rest pain or ulceration as
well as IC, and have more aggressive progression of PAD.
Patients with IC and diabetes have been shown to have a
35% risk of sudden ischemia and a 21% risk of major
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amputation compared to claudicants without diabetes
who had 19% risk of sudden ischemia and 3% risk of
major amputation. In addition, amputation or gangrene
was 10 times more frequent in PAD subjects with dia-
betes than in those without diabetes (Dormandy and
Rutherford, 2000).
Hypercholesterolemia

The effect of blood lipids on PAD is less well established.
In fact, elevated cholesterol levels seem to be associated
somewhat less with PAD than with coronary heart disease.
A protective effect of increased high-density lipoprotein
(HDL) cholesterol has been observed in several studies.
An association between increased triglycerides and PAD
has been reported by many but the strength of this asso-
ciation is reduced by multivariate analysis and the effect
of triglycerides on PAD remains unclear. In the Physicians
Health Study, low-density lipoprotein (LDL) cholesterol,
HDL cholesterol, triglycerides, and ratio of total HDL
cholesterol were compared as predictors of PAD; the ratio
of total HDL cholesterol was found to have the greatest
independent effect (Ridker et al., 2001).
Hypertension

High blood pressure is likely to be a risk factor for
PAD but may not be as strong as others such as smok-
ing. Approximately 50–92% of claudicants have hyper-
tension and subjects with elevated blood pressure have
a 2.5- to 4-fold increased risk of developing IC pros-
pectively (Makin et al., 2001). However, the relation
between high blood pressure and PAD is not consistent
between studies.
Other Risk Factors

Other major cardiovascular risk factors such as obesity
and physical inactivity are less well established in periph-
eral atherosclerosis. Few studies have examined the rela-
tionship between obesity, mainly measured by the body
mass index (BMI); incident PAD and the overall evidence
for an association was weak. The role of physical activity
as an etiological factor is particularly difficult to evaluate
in PAD because symptomatic disease often results in
reduced physical activity. A relatively weak association
between a physically active lifestyle and a reduced risk of
developing PAD has been observed.

A series of novel risk factors have been proposed over
the past few years as potential risk factors for cardio-
vascular disease. Although most studies have focused
on coronary heart disease some evidence exists for
PAD. Among these newly proposed markers of athero-
sclerosis, C-reactive protein (CRP), a marker of activated
inflammation, has received considerable attention. How-
ever, the clinical utility of CRP for cardiovascular disease
prediction is currently open to question. For example, the
Edinburgh Artery Study reported a 40% increased risk of
PAD for people with CRP levels in the top third of the
distribution but a small added value of CRP over and
above that of traditional cardiovascular risk factors
(Tzoulaki et al., 2007). Other factors such as fibrinogen
and D-dimer have been associated with the presence and
development of the disease but again the evidence to date
would suggest that measuring these plasma markers in
patients in primary care is not justified.
PAD and Presence of Other
Cardiovascular Diseases

Patients suffering from PAD face an increased risk of
other cardiovascular events, which is equal to or greater
than that of patients with clinical coronary arterial dis-
ease. This may be at least partly due to concomitant
coronary and cerebrovascular disease in these patients.
Among patients with IC, 40–60% have coexisting coro-
nary disease and 26–50% have coexisting cerebrovascular
disease. The reported coprevalence is highly dependent
on the sensitivity of the diagnostic tools used to define
atherosclerotic disease, whether PAD, coronary heart dis-
ease, or stroke. More sensitive diagnostic techniques cor-
relate with higher coprevalence of diseases. Also, among
subjects with asymptomatic PAD (ABI< 0.9), the per-
centage of coexisting cardiovascular disease is higher
than those without PAD and ranges between 56–71%.
Finally, ABI has been shown to correlate well with mea-
sures of arterial disease in other vascular beds such as
carotid intima media thickness and coronary artery cal-
cium levels.
PAD and Prediction of Cardiovascular Morbidity
and Mortality

Patients with PAD have been shown to have an increased
risk of angina, heart failure, fatal and nonfatal myocardial
infarction (MI), fatal and nonfatal stroke, and cardiovas-
cular disease; all cause mortality as reported by large-
scale epidemiological studies (Figure 1). Patients with
IC have an approximately threefold increase in cardiovas-
cular mortality risk (Leng et al., 2006). Also, claudicants
have 2.5 times higher all-cause mortality rates than non-
claudicants. Asymptomatic PAD defined by an ABI< 0.9
is associated with future MI and stroke with risk ratios
ranging between 1.1–2.7 and 1.1–2.0, respectively. Also a
twofold risk for cardiovascular mortality has been
observed in those with ABI< 0.9 (Heald et al., 2006).
Lower cut-off points for the ABI (ABI< 0.8) have been
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associated with greater cardiovascular risks. PAD is also a
powerful predictor of all-cause mortality: subjects with
asymptomatic PAD have a 1.6 relative risk of death com-
pared to healthy individuals. Mortality and morbidity
risks are incrementally higher in patients with asymptom-
atic, symptomatic, and severe PAD. Patients with CLI
have a 20% mortality rate within one year (Figure 1).
The 30-day mortality of those experiencing acute limb
ischemia is approximately 15%.
Conclusions

PAD is a common problem in the community causing
considerable morbidity and is an indication of an
increased risk of major cardiovascular events and mortal-
ity. The increased aging of the population and improved
survival of atherosclerotic patients following myocardial
infarction and stroke would suggest that the burden of
PAD will persist for the foreseeable future and will be a
major consideration for the public health challenge of
reducing cardiovascular disease.

See also: Cardiovascular Disease: Overview and Trends;

Coronary Heart Disease; Heart Failure; Genetic Factors

of Cardiovascular Diseases; Cardiac Rehabilitation;

Cardiovascular Disease Prevention.
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Introduction

Pesticides differ from anyother chemical substance because
they are deliberately spread in the environment with the
aim of controlling undesired living species. To this aim, they
are necessarily biologically active and therefore character-
ized by various degrees of toxicity. Since their toxicity is
not always specific to the target organisms, the use of these
compounds may pose risks to human health, the survival of
nontarget species, and the environment.

On the other hand, pesticides are necessary for agri-
culture, animal breeding, and public health. It has been
estimated that without the use of pesticides, up to 50% of
the agricultural products, mainly in tropical countries,
would be lost. Pesticides are also indispensable tools in
public health, mainly for the control of vector-borne
diseases and noxious insects. Finally, pesticides have sev-
eral other uses, including protection of plants and pro-
ducts from biological degradation and amateur uses
during leisure time, gardening, for pet care, indoor use,
etc. It is therefore clear that the use of pesticides is
unavoidable in several domains, but it is necessarily asso-
ciated with some risk to human health and the environ-
ment, requiring assessment to decide on the acceptability
of their use on the basis of a risk–benefit analysis.

It is worth underlining that pesticides have been used
since the beginning of human history: Various methods for
pest control were described by the classical writers. They
were used for religious purposes, folk customs, and magic,
as well as for controlling plant disease and animal pests.
Although the efficacy of these methodsmay be questioned,
the principles of seed treatment, fumigation, tree banding,
and the use of preparations to control pests appears to have
been widely used (Smith et al., 1975). At the beginning, the
first molecules used as pesticideswere of natural origin, for
example extracted from flowers or other plants, or mined
(arsenic, mercury, oil derivatives, etc.).

The first pesticide to be synthesized was 1,1,1-trichloro-
2,2-bis[4-chlorophenil]ethane (DDT) in 1874, although it
was not used until 1939, when Muller and co-workers dis-
covered its insecticidal properties (IPCS, 1978). In the fol-
lowing years, DDTwas used both in public health, mainly
against the malaria vector anopheles mosquito, and, since
1946, in agriculture for protection of cotton, deciduous
fruits, cereals, and potatoes. The use of DDTwas important
in the struggle against vector-borne diseases, contributing
to the complete eradication of malaria in several regions
of the world, and in crop protection, and opened the era
of chemical pesticides. However, since the beginning of
the 1960s, the bioaccumulation potential of DDT, together
with the risk of effects to human and animal health and
the environment have been demonstrated, which led to the
restriction of its use in many countries. Nowadays DDT
use is authorized only in limited and selected situations,
only for public health purposes, such as indoor residual
application or bed net treatment in tropical countries,
within antimalaria activities (WHO, 2003). At the end of
the 1960s and the beginning of the 1970s, organophosphorus
compounds (OP) largely replaced DDT. These compounds
immediately showed very good insecticidal activity, accom-
panied by low or absent potential for accumulation in
biological organisms and in the environment; however,
their introduction into the market caused a rapid growth
of cases of acute poisoning and fatalities, attributable to
the high toxicity of these compounds. For these reasons,
research pointed to the development of molecules that
were more specific for their targets, with lower toxic
potential for humans and nontarget species; consequen-
tly other acetylcholinesterase inhibitors, such as the
carbamate insecticides, were introduced on the market.
Meanwhile, OP compounds that were more easily degrad-
able by biological enzymes and, in particular, carboxyles-
terase, were developed. Since carboxylesterase is found in
mammalian tissues, but poorly represented in insects,
these OP compounds show good insecticidal activity and
low toxicity to mammals. However, their toxicity for
untargeted nonmammalian species such as bees remained
unchanged. In 1978, a compound similar to natural pyre-
thrum, fenvalerate, was synthesized and introduced on
the market. Later, other pyrethroids were developed;
there are currently roughly 40 available on the market.
These compounds are now largely used around the world,
both in agriculture and in public health programs such as
elimination of insects in aircraft flying from countries in
which vector-borne diseases are endemic and indoor
residual application in tropical countries for malaria pre-
vention (WHO, 2003). The history of the development of
insecticides, similar to the history of the development
of other pesticides, such as fungicides and herbicides,
clearly shows that the research has always been oriented
at two major, complementary objectives: Efficacy in pest
control and reduction of human and environmental risk.
This task is not so easily achieved. Therefore, risk assess-
ment of pesticide use is a fundamental component of pest
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management strategies, and regulations of pesticide pro-
duction and use have been implemented over time, with
the ban or restriction of use of the most dangerous
and toxic compounds. At present, together with pharma-
cological substances, pesticides are the group of chemicals
characterized by the largest and most comprehensive
amount of toxicological (and, for pesticides, ecotoxico-
logical) information. Based on this information, risk assess-
ment and management can be undertaken either before
a compound is introduced on the market (premarketing
phase) or after its introduction (postmarketing phase),
or both.
Classification of Pesticides

In most countries, pesticides are classified according to
their acute mammalian toxicity, as suggested by WHO
(WHO, 2006) (Table 1). The classification refers to the
technical compounds and for each active ingredient it
may vary according to the formulation. Different criteria
are used when neither the oral nor the dermal is the most
Table 1 Classification of pesticides according to hazarda

Rat LD50 (mg kg�1 body w

Oral

Class Solids L

Ia Extremely hazardous �5 �
Ib Highly hazardous 5–50 2
II Moderately hazardous 50–500 2

III Slightly hazardous >500 >

aThe terms solids and liquids refer to the physical state of products a

Table 2 Classification of selected pesticides according to chem

Chemical group Principa

Carbamates (herbicides and insecticides) Aldicarb

oxam
Coumarin derivatives (rodenticides) Brodiafa

coum

Dithiocarbamates (fungicides) Ferbam

Inorganic compounds (herbicides and insecticides) Arsenic
Organochlorinated compounds, aliphatic and aromatic

(herbicides and insecticides)

Chlorda

metox

Organophosphorous compounds (herbicides and

insecticides)

Acepha

fench
mevin

Phenoxy herbicides 2,4-D, 2

Quaternary ammonium compounds (herbicides) Diquat,

Synthetic pyrethroids (insecticides and acaricides), etc. Cyaloth
tefluth
relevant route of absorption (e.g., fumigants). This classi-
fication is useful for identifying pesticides posing a hazard
of acute poisoning, still a major problem in developing
countries. However, if the active ingredient produces irre-
versible damage (such as terata or tumors), is volatile,
causes markedly cumulative effects, or is found after direct
observations to be particularly hazardous or significantly
allergenic to man, then adjustments are made by placing
the compound in a class indicating a higher hazard.

Pesticides can also be classified according to their
chemical structure (Table 2) or according to the target
pest, as reported in Table 3. Application of pesticides
against individual pests implies the use of equipment and
work practices and therefore different kinds of exposure.
Characteristics and Trends of Human
Exposure to Pesticides

Since they are deliberately spread in the environment,
pesticides and their residues are nowadays ubiquitous
environmental contaminants, and most of the human
eight)

Dermal

iquids Solids Liquids

20 �10 �40
0–200 10–100 40–400
00–2000 100–1000 400–4000
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population can be exposed, even outside the workplace.
Worker exposure to pesticides can take place either in the
production and packaging of these compounds or during
their use in agriculture and public health in indoor or
outdoor applications. Sources and patterns of exposure
vary significantly among different population subgroups.
In particular, the skin is the main route of exposure for
agricultural workers, while in industrial workers the main
route of exposure is generally the respiratory tract. The
general population is mainly exposed through the inges-
tion of low amounts of complex pesticide mixtures pres-
ent as residues in food commodities, even though, in some
cases, a significant intake of specific compounds can take
place, for example in case of ingestion of heavily con-
taminated food. Environmental exposure may take place
due to proximity to pesticide treatments, indoor applica-
tion, and the presence of pesticides in materials such as
leather objects and wooden furniture. In these cases, the
main route of absorption is the respiratory tract, but also
significant skin absorption, mainly in children, may take
place. Of course, the levels of exposure measured in work-
ers are usually some orders of magnitude higher than
those observed in the general population, even though
the characteristics of the exposure significantly vary
among different worker subgroups. In particular, exposure
of industrial pesticide workers is similar to any other
occupational exposure in the chemical industry: it takes
place in confined spaces, its levels are usually constant
over time, it can be better controlled, and a relatively
small number of well-identified compounds is usually
involved. On the other hand, agricultural workers are
usually exposed to a large number of compounds, in
some cases not fully known and identified, exposure is
intermittent, related to application modalities and sche-
dules, and exposure levels are extremely variable,
depending on weather conditions, type of application,
and work practice (Maroni et al., 2000). Greenhouse activ-
ities are associated with levels of exposure much more
similar to other confined environments. During formula-
tion of commercial products, i.e., mixing one or more
active ingredients at the appropriate concentration with
other formulants, exposure has characteristics that are
intermediate between industrial production and pesticide
use in agriculture. In common with industrial production,
exposure takes place in confined environments and it is
continuous over time but, similarly to agriculture, it
involves a large number of compounds, it typically occurs
in small productive units, it is organized in campaigns, and
therefore workers experience short-term exposure to sev-
eral pesticides. In public health and agriculture, the use of a
large variety of compounds is usually the rule, although in
some specific applications, such as cotton defoliation or
malaria control programmes, a single product may be
present. Among agricultural workers, professional applica-
tors can be considered as a group that is particularly at
risk, because they are exposed to a high number of different
pesticides, but their exposure is more prolonged rather
than intermittent over short periods of time (hours or
days), as in the case of other agricultural workers.
Pesticide Exposure Monitoring

Determination of the extent of exposure either as the
amount of compound potentially able to come into con-
tact with the human body and then be absorbed (environ-
mental monitoring) or as the dose that actually has been
absorbed in the organism (biological monitoring) is a
fundamental component in risk assessment activities.

Unfortunately, both environmental and biological
monitoring are substantially limited in their use in pesti-
cide exposure in agriculture for several reasons.

Environmental monitoring stemming from agricul-
tural activities taking place outdoors and exposure levels
varying greatly over time, make it very difficult to collect
representative measures. It is worth mentioning that, since
the main route of pesticide absorption in agricultural
workers is the skin, the most reliable environmental mon-
itoring techniques designed to measure the amount of
airborne chemical substances are not useful: the more
complicated, less reliable, and expensive approach of
measuring dermal exposure is necessary. For pesticide
workers submitted to industrial exposure, the environ-
mental monitoring approach is similar to the approach
used for any other chemical substance.

It is evident that biological monitoring is potentially
the most adequate tool for monitoring the pesticide expo-
sure of agricultural workers. Unfortunately, biological
monitoring also has several limitations, such as exposure
levels varying over time, which complicates choosing the
appropriate sampling time, and the representativeness of
the results and consequently whether they can be extra-
polated, the lack of biological exposure limits and even
reference values for most of the compounds used, and the
poor knowledge of the toxicokinetics of most pesticides in
humans.

Since measuring the levels of exposure of agricultural
workers is a very complicated task that is unfeasible in
many situations, the use of mathematical models and
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other estimation methods is being proposed to obtain
surrogates for exposure data aimed at risk assessment
activities.
Toxic Effects of Pesticides

Acute Poisonings

Acute pesticide poisoning can derive from intentional,
occupational, or accidental exposure to pesticides, but
worldwide figures of pesticide poisonings are not avail-
able. Pesticides are estimated to be responsible for less
than 4% of deaths from all types of accidental poisoning,
as based on reports from poison control centers. In a study
conducted in Central American countries from 1992 to
2000, an apparent increase in pesticide poisoning cases
from 6.3 to 19.5 per 100 000 population was observed,
together with an increased mortality rate from 0.3 to 2.1
per 100 000. This apparent increase in the number of cases
in recent years may reflect increased use but also avail-
ability of better statistics (PAHO, 2002). Attempts to
quantify the extent of pesticide poisoning frequently do
not separate occupational, accidental, and intentional poi-
soning and also fail to define, at least qualitatively, the
severity of poisoning. However, available data indicate
that suicide attempt is by far the most frequent cause of
pesticide poisoning, at least in developing countries where
it represents 44–91% and 26–60% of acute pesticide
poisonings in South-East Asia and in Central America,
respectively (Besbelli, 2001; PAHO, 2002). Suicide
attempts usually, but not exclusively, involve organophos-
phorus compounds (Besbelli, 2001). Severity of poisoning
varies from country to country, and mortality rates due
to poisoning of from less than 1% to 24% or more have
been observed. This variability is in part linked to the
different percentage of suicide attempts. The majority of
unintentional pesticide poisonings are occupational,
although cases occur in the general population due to
improper use or storage of pesticides intended for ama-
teur uses or in-house pest control ( Jeyaratnam, 1990).
Occupational poisonings account for 5–32% of the cases
in South-East Asia and roughly 36% in Central American
countries (Besbelli, 2001; PAHO, 2002).
Chronic and Long-Term Pesticide Effects

Long-term exposures occur in farmers, professional pesti-
cide users, and, to a much lesser extent, in the general
population via residues in food and water and by environ-
mental exposure due to indoor and outdoor use for pest
control. The identification of subjects who might have
been occupationally or nonoccupationally chronically
exposed to pesticides is relatively easy; however, the iden-
tification of the source of exposure is difficult, particular-
ly in agriculture, and the toxicological evidence and
quantitative information of exposure is seldom available.
Moreover, extrapolation from current data to assess past
exposures as well as the risk associated with a given pesti-
cide is difficult since active ingredients and application
practices differ and change with time. This is particularly
true in the general population where data on exposure and
biological monitoring are scanty if not absent.

Carcinogenicity

Carcinogenicity potential for pesticides is evaluated in
experimental animals before the registration of the com-
pound and its marketing. However, this applies to mole-
cules that have been introduced or evaluated in the last
30–35 years. The results of these studies are generally not
published in the open literature because they are propri-
etary data of the manufacturers and are only available
to the regulatory bodies. Cancer risk assessment for pes-
ticides for regulatory purposes is based on evidence from
cancer studies generally conducted in the rat and the
mouse, although a recent revision showed that carcinoge-
nicity studies in mice do not necessarily provide informa-
tion adequate to raise conclusions on carcinogenic risk
to humans (Doe et al., 2006). Evidence from in vitro and
in vivo genotoxicity studies is also taken into account.
However, since the carcinogenic effect is expected to
occur decades after the exposure, evaluations of the carci-
nogenic potential have also been conducted on the basis of
epidemiological data. In this respect, a number of pesti-
cides have been evaluated, especially by the International
Agency for Research on Cancer (IARC). The criteria
used by the IARC for choosing the compounds to be
evaluated include evidence of human exposure, some
experimental evidence of carcinogenicity, and/or some
evidence or suspicion of a risk to humans. The results
obtained so far by IARC include approximately 60 pesti-
cide active ingredients, most of which are no longer in
common use. Among those still in some use, ethylene
dibromide was classified as 2A (the agent is probably
carcinogenic to humans), and its use is highly restricted;
amitrole and dichlorvos were classified as 2B (the agent
is possibly carcinogenic to humans). The classification of
dichlorvos has been criticized, and recently the Scientific
Panel on Plant Health, Plant Protection Products and
their Residues of the European Food Safety Authority
considered the carcinogenic potential of dichlorvos in
animals not relevant to humans, on the basis of mechanistic
considerations (EFSA, 2006).

The epidemiology of cancer in agricultural workers is
a very complex issue. Although a Medline search done
with the terms pesticides, cancer, and epidemiology
yielded a total of 665 publications, the actual results of
epidemiological studies have been inconsistent, and a
clear picture of the epidemiology of cancer in relation
to agricultural exposure has yet to emerge. Potential
carcinogenic threats in agriculture can be attributable to
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different types of substances and risk factors. In fact,
farmers may come in contact with a variety of sub-
stances, including pesticides, solvents, oils and fuels,
dusts, paints, welding fumes, zoonotic viruses, microbes,
and fungi (Alavanja et al., 2005; Alexander et al., 2005).
However, the results of epidemiological studies suggest
that farmers had consistent deficits for cancers of the
colon, rectum, liver, nose, and bladder, while excessive
rates of malignancy include Hodgkin’s disease, leukemia,
non-Hodgkin’s lymphoma, multiple myeloma, and can-
cers of the lip, stomach, prostate, skin (nonmelanotic),
brain, and connective tissues. The etiologic factors that
may contribute to these inconsistent excesses in the agri-
cultural environment have not been identified.

A recent, large, prospective cohort study of private
applicators, commercial applicators, and spouses of far-
mer applicators conducted in Iowa and North Carolina,
the Agricultural Health Study, showed a low overall can-
cer incidence rate, probably as a result of low overall
smoking prevalence and other lifestyle factors. These
data are in agreement with the body of the published
literature, which suggests that agricultural workers, as a
general rule, are healthier than the general population,
with an overall death rate and a total cancer mortality less
than expected, but with a higher incidence of certain
specific neoplasms: leukemia, myeloma, non-Hodgkin’s
lymphoma, and lip, stomach, skin, brain, and prostate
cancers (Alavanja et al., 2005; Alexander et al., 2005). Based
on these data, one might conclude that there is not,
at present, convincing evidence that repeated exposure
to pesticides causes cancer in humans, but some areas of
concern deserve further investigation.

Effects on Children

Children (especially in the first 6–12months after birth)
are considered by some to be at higher risk of toxic effects
from pesticide exposure as their metabolic processes are
immature, and they are less able to detoxify chemicals. In
some instances, however, metabolic immaturity may be
beneficial, because the metabolic pathways that activate
their toxic metabolites are not yet developed. Available
data suggest that the possible increased susceptibility is
evident at high doses, whereas young animals do not
appear to be more susceptible to low doses causing no
toxic effects in adults.
Long-Term Neurological Effects

Pesticide exposure has been implicated as the cause of
several neurological disorders including diseases of the
central nervous system (parkinsonism), neurobehavioral
changes, diseases of the peripheral nervous system, and
suicide.

Among the studies where parkinsonism and pesticide
exposures were considered, there were 31 case–control
studies (Li et al., 2005). These included studies with
different criteria for definition of parkinsonism such as
nonspecific signs, or cardinal signs of Parkinson’s, or car-
dinal signs and positive reaction to L-DOPA, or, in addi-
tion to the latter, also progressivity of disease. In addition,
the assessments of exposure to pesticides varied greatly in
these studies. In fact, 20% of the studies only considered
pesticides as a single variable, 22% identified the pestici-
dal class, 25% considered duration and frequency of pes-
ticide exposure, and 33% took into account both the
pesticidal class and the duration/frequency of exposure.
The general conclusion from these studies is that there is
a very weak, if any, relationship between pesticide expo-
sure and Parkinson’s disease.

In 38 studies of chronic OP pesticide exposures,
behavioral and neurological endpoints were measured and
assessed (Kamel and Hoppin, 2004). Also in these studies,
assessment of exposure was very crude and included the
identification of past poisoning (22%), work as a pesticide
applicator (55%), cumulative exposure (15%), and AChE
measurements (8%). Toxicological endpoints in 18 stud-
ies included behavioral symptoms, affect, cognitive and
psychomotor functions; in six studies neurological end-
points included vibration sensitivity, balance, tremor, and
nerve function; and in 14 studies both groups of endpoints
were used. Most of the studies identified one or more
endpoints to be significantly affected by exposure. How-
ever, the results were inconsistent, reported changes
were usually mild, and a clear syndrome could not
be identified. Sometimes changes were reported to be
reversible, sometimes irreversible, because the features
were observed a long time after cessation of exposure.
The significance of these changes, if real, remains unclear.
In addition, electrophysiological results were usually
examined together on a group basis and correlation with
clinical data was almost always missing (Colosio et al.,
2003; Lotti and Moretto, 2005).

Dermatitis

The most common clinical form of pesticide-related skin
diseases is contact dermatitis, either allergic or irritant.
Many compounds have been reported to cause either
the allergic form, the irritant form, or both (Moretto,
2002). Sometimes, the irritant effect might be due to
co-formulants rather than to the active ingredient. Less
commonly occurring diseases are erythema multiforme,
ashy dermatosis, acne, porphyria cutanea, and hair and
nail disorders (Spiewak, 2001).
Strategies for Prevention of Pesticide
Risks

Premarketing Phase

The premarketing phase concerns all the activities that
can be carried out before a product is introduced on the
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market and authorized for use. In developed countries,
strict requirements must be satisfied before authorization,
and the cost of satisfying these requirements is very high
and borne by the manufacturers. In developing countries,
considerable amounts of pesticides are imported from
industrialized countries, but effective premarketing legis-
lation is not always in place. This lack of proper legislation
and adequate control infrastructures to enforce legislation
in developing countries often leads to the use of the most
hazardous and inexpensive compounds and to poor con-
trol of adverse effects to humans and the environment.

A key element in this phase is the toxicology and
ecotoxicology testing of the product, addressed at prepar-
ing a toxicological and ecotoxicological profile of the
substance to be marketed. A predefined set of toxicity
tests is required and carried out, generally with minor
differences, by all industrialized countries. It includes
information on acute toxicity (oral, inhalation, dermal),
skin and eye irritation, skin sensitization, short-term tox-
icity, mutagenicity, long-term toxicity, carcinogenicity,
and effects on reproduction. Specific effects, i.e., neuro-
toxicity or immunotoxicity, are studied only if suggested
by the body of data collected on the substance or based on
its chemical and physical properties. Based on the toxico-
logical data collected, and on the intended use of the
compound, a risk assessment is carried out that leads to
the establishment of exposure limits such as the Accept-
able Daily Intake (ADI; estimated maximum amount of an
agent, expressed on a body mass basis, to which an indi-
vidual in a (sub)population may be exposed daily over its
lifetime without appreciable health risk), the Acute Ref-
erence Dose (ARfD) (the following definition of the ARfD
was adopted by the 2002 JMPR (FAO/WHO, 2003): The
ARfD of a chemical is an estimate of the amount of a sub-
stance in food and/or drinking-water, normally expressed
on a body-weight basis, that can be ingested in a period of
24 h or less, without appreciable health risk to the consumer,
on the basis of all the known facts at the time of the evalua-
tion), and the Acceptable Operator Exposure Level
(AOEL) (according to the European Union Directive 97/
57/EC (establishing Annex VI to Directive 91/414/EEC),
the AOEL is defined as ‘. . . the maximum amount of active
substance to which the operator may be exposed without
any adverse health effects. The AOEL is expressed as milli-
grams of the chemical per kilogram body weight of the
operator’). The uses of the compounds should be compati-
ble with such exposure limits in order to allow the registra-
tion and authorization for use of the pesticide. As a
consequence, it is very important to develop suitable meth-
ods for exposure estimation. The evaluation of pesticide
operator exposure, for example, is an integral part of risk
assessment, for both regulatory assessment purposes and
postregistration surveillance of pesticide use. Risk is
assessed through estimation of operator exposure using
generic exposure databases and taking into account the
intended uses and comparing this estimate with the
AOEL. If the AOEL is exceeded, authorization might not
be granted for the compound.

The manufacturer may participate in the preventive
process by producing safer formulations (for example,
granules or soluble packages), by withdrawal of the most
toxic compounds from the market, and by the preparation
of easily understandable guidance to the adequate use of
the product.
Postmarketing Phase

Once a pesticide is placed on the market, workers, the
general population, and the environment are monitored
as part of surveillance activities. For the general popula-
tion, monitoring pesticides and their residues in food and
drinks is the most relevant activity carried out in the
postmarketing phase. This can estimate the potential for
pesticide exposure in the general population and, based
on the results, specific commodities may be banned.
A general overview of the results produced by the
residue-monitoring systems indicates that, at least in the
countries where monitoring activities are carried out on a
routine basis, the proportion of samples (food items)
found to be irregular is generally rather low and decreases
over time. For example in the EU, from the 5–6% fre-
quency of detection of irregular samples typically
observed in the mid-1990s, the current frequency of
detection has decreased to 2–3% and in some countries
to 1%. Two main reasons can cause a sample to be defined
as irregular: A sample contains a permitted pesticide
residue but in a concentration exceeding the respective
maximum residue limit (MRL), or a food item contains
the residue of a pesticide that is not authorized for use on
that crop. Data collected in industrialized and developed
countries show, with a few exceptions, that pesticide con-
tamination in food commodities is acceptably controlled
by food safety activities, and therefore it might be con-
cluded that the risk for consumers’ health is adequately
considered in these countries. On the other hand, concern
remains for the chemical contamination of food in devel-
oping countries and in some countries in transition, where
local systems for pesticide prevention in food are in some
cases weak or absent.

Another source of exposure for the general population
is surfaces such as floors and other touchable surfaces; this
is particularly true for toddlers when they play on the
floor and have frequent hand-to-mouth and object-to-
mouth activity. A number of studies have examined the
residential exposure to pesticides. Most of these studies
have been conducted in the United States and, to a lesser
extent, in Europe. In many instances, external exposure
was accompanied by measurements of urinary metabo-
lites of pesticides. Sources of intake are considered to
be both from the environment and from food and water
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containing pesticide residues, and it was rarely possible
to clearly distinguish the different sources. Certain con-
ditions have been shown to cause increased exposure of
residents to pesticides. These include indoor use of pesti-
cides, contamination of the boots and clothing of agricul-
tural workers, and hand-to-mouth behavior in children.
However, in general, the urinary levels of pesticides or
their metabolites in residents was lower, sometimes signif-
icantly lower, than those found in workers (Bouvier et al.,
2005). Most risk assessments are based on surrogate data
and conservative assumptions. In the absence of measured
exposure data or representative data on analogous sub-
stances, exposure is estimated using modeling approaches
(EPA, 1997, 2000, 2001a, 2001b).

The epidemiological surveillance of acute pesticide
poisonings is another fundamental tool in postmarketing
prevention and provides the basis for setting priorities and
defining the need for further actions, including with-
drawal from the market or restriction of uses of the com-
pounds showing unacceptable risks for humans or for the
environment.

Postmarketing prevention in the workplace is made
by exposure assessment and health surveillance, which
includes medical surveillance and biological monitoring.
Health surveillance includes the pre-employment (or
preplacement) medical examination, before the subject
is placed in a job involving pesticide handling; the peri-
odical medical examination, related to the specific expo-
sure and work conditions; and the medical consultation or
examination when a worker returns to his or her work-
place after a significant absence for disease. Basically, the
pre-employment medical examination is carried out in
order to determine the physical ability of a worker to do
the job for which he or she is recruited, to identify any
medical condition that can be worsened by pesticide
exposure, and to set up a baseline for comparison in any
further evaluation. At the periodical medical examination,
the main objectives are:

. to detect, as early as possible, any specific adverse
health effect that might be attributable to the occupa-
tional exposures taken into account;

. to detect any significant change in the health status that
may compromise the ability to continue the assigned
job, further deteriorate the worker’s health if continued,
and reveal any increased susceptibility for work-related
exposure conditions.

It must be remembered that particularly in developing
countries, where pesticides pose the highest levels of risk
to human beings, animals, and the living environment, the
foundation of risk prevention is information, training, and
education. These activities should be preferably carried
out in the agricultural settings but, unfortunately, at
present health-care structures in agriculture are lacking
both in the developing and the developed world.
See also: Environmental and Occupational Epidemiology;

Occupational Health: Overview; Water Pollution:

Emerging Contaminants Associated With Drinking Water.
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Introduction chronic, inadvertent exposure to extremely low levels of
Human exposure to pharmaceuticals other than through
actual therapeutic, lifestyle, or recreational usage can
occur by two primary but very distinct routes. These two
exposure routes have totally different consequences and
pose completely different challenges with regard to their
control or reduction. The first route is unintended, unex-
pected exposure through the consumption of water and
foods contaminated by pharmaceutical residues that have
entered the environment as a result of their intended use,
such as by excretion and bathing or upon disposal, and that
then become ‘recycled.’ This route can theoretically lead to
complex mixtures of pharmaceuticals (as well as other
chemical stressors that are part of the ambient environment).
The second route involves both the unintended and pur-
poseful human exposure to leftover, unused drugs being
stored aswastes but that then becomediverted from eventual
disposal. This route is known to result in acute, high-level
exposures, generally to single drug entities at a time, and is
responsible for significant human morbidity and mortality.

While the risks associated with exposure to environ-
mental pharmaceutical residues are probably most signifi-
cant with regard to ecological exposure (especially in
the aquatic environment – see Figure 1), the public’s



Figure 1 Environmental Life Cycle of Pharmaceuticals. The realm relevant to human exposure (as opposed to ecological exposure) is delineated by the shaded background.
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68 Pharmaceuticals as Environmental Pollutants: The Ramifications for Human Exposure
concern is understandably more focused on human expo-
sure. Most of the published literature, however, addresses
the occurrence of pharmaceuticals in sewage effluent
and natural waters, information not of immediate use
for assessing human exposure, where consumption of
tap water (or bottled water) is the key concern. Other
exposures can result, however, from consumption of
foods contaminated with residues whose origins are from
their discharge to the environment. For a number of
reasons, the concentrations of pharmaceuticals when
they persist in tap water can be orders of magnitude
lower than in the aquatic environment. Such low concen-
trations (parts per trillion/billion (ppt/ppb) and lower)
pose major challenges even for advanced chemical analy-
sis. For this reason, sparse data are available on the occur-
rence of pharmaceuticals in point-of-use (POU) drinking
waters – that is, tap water dispensed for end use from
plumbing fixtures.

Although advances in analytical chemistry have made
possible the detection of many drug residues in the
environment at individual concentrations of roughly
1 ng/L, these analytical tools are still insufficient for
comprehensively identifying and rigorously quantifying
the entire universe of pharmaceuticals that might exist in
drinking waters or as unintended residues in foods –
residues that the consumer should have no reason to
expect. Even more difficult is trace-level determination
of the unknown numbers of bioactive transformation or
degradation products pre-existing from drug usage (e.g.,
bioactive metabolites) or newly created in drinking water;
disinfection byproducts from drugs themselves are one
example of the latter. The trace residues of pharmaceu-
ticals that remain after treatment of sewage, for example,
are usually further removed during later treatment to
create finished potable water. The concentrations in
drinking water, therefore, can be one or more orders of
magnitude lower yet than in source waters. These con-
centrations challenge the most advanced detection meth-
ods currently used by environmental chemists. The
analytical wherewithal to implement routine monitoring
of drinking waters simply does not yet exist. The little that
is known of the occurrence of pharmaceuticals in drinking
water represents an unknown portion of the overall expo-
sure picture. Knowledge of unintentional food residues
that are derived from the ambient environment is practi-
cally nonexistent. A databank on drug occurrence in
drinking waters simply does not exist. A first step toward
establishing such a database is shown in Table 1 (‘Envi-
ronmental pharmaceutical residues leading to human
exposure via ingestion’).

It is not currently possible to directly assess human
exposure to environmental residues of pharmaceuticals
by measuring biomarkers of exposure (as done in biomo-
nitoring programs; see the excellent general discussion on
biomonitoring provided by Paustenbach and Galbraith,
2006) because such markers would be present at concen-
trations far below those that are detectable and impossible
to distinguish from natural background and variation. For
the time being, gross estimates of exposure can only be
derived indirectly from empirical environmental occur-
rence data.
Defining ‘Drinking Water’

For this discussion, it is important to develop a common
understanding of what is meant by ‘drinking water.’ The
published research literature is often confusing because it
uses this term interchangeably when referring to ‘source
waters’ (an example being ‘terminal reservoirs’ that serve
as drinking water sources), finished or polished dis-
tributed water (as it leaves water treatment facilities),
and POU water. With regard to human exposure, however,
it is really only the latter that is pertinent. Most monitor-
ing data purported to apply to ‘drinking water’ actually
derive from source waters, which commonly undergo
further treatment prior to potable use, rather than from
POU drinking water. These important distinctions are
often not made clear in the literature. POU concentration
data are extremely limited worldwide, with even fewer
data available for the United States. Note, however, that
special cases must be acknowledged, in which drinking
water can be contaminated with abnormally high levels,
such as with well water that might be subjected to only
nominal treatment before drinking (for example, depth
filtration) and that has been contaminated by leaching
from septic systems or abandoned landfills.
Assessing Risk Resulting from Exposure

The knowledge required for assessing whatever risks
might exist for ecological exposure to trace levels of
pharmaceuticals is more extensive than for assessing
risks posed to humans. Although the first paper to address
the issue of human exposure was published nearly a
decade ago (Christensen, 1998), only a few risk assess-
ments have been published with regard to drinking water
exposure, and these rather rudimentary studies have been
based on extrapolations from the comparatively high
doses required for therapeutic effects or ‘safe’ therapeutic
doses such as acceptable daily intakes (ADIs), which are
orders of magnitude higher than the levels that could
possibly impart less obvious, perhaps subtle, nonthera-
peutic effects (e.g., diminution in learning or behavioral
alterations); these studies also could not cover all ADIs or
even representative ADIs that span all mechanisms of
action (since many of these mechanisms are unknown).
These initial studies include those of Jones et al. (2004,
2005), Schulman et al. (2002), Schwab et al. (2005), and



Table 1 Environmental pharmaceutical residues leading to human exposure via ingestion

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

103–90–2 Acetaminophen

(paracetamol)

O
HO

CH3

H
N

RDW 6/7 8.3–211 Drinking water

wells

Hérault watershed,

S. France

Rabiet et al., 2006

RDW C-GAC-Cl2 9/12 15 avg

(120max)

12 samples at

each of 6

locations over

3weeks

235ML/day for

850 000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 2/12 0.3 (avg)

50–78–2 Acetylsalicylic

acid

O

O CH3

OH

O

RDW 2/7 0.3–1.4 Drinking water

wells

Hérault watershed,

S. France

Rabiet et al., 2006

FDW >50 Versteegh et al., 2003

18559–94–9 Albuterol

(salbutamol)

HO

HO

OH CH3H
N CH3

CH3

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

29122–68–7 Atenolol

H3C N
H

OH

O
O

NH2CH3

RDW 6.0 Mean Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

134523–00–5 Atorvastatin

N
H

N
O

H3C CH3

OH OH OH

O

F

RDW <0.25 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

214217–88–6

(Ca-salt,

acid form)

p-hydroxy Atorvastatin RDW <0.50 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.50

41859–67–0 Bezafibrate

Cl

O

H
N

O

O

OH

CH3

CH3

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

FDW 0/10 ND (<3–90) 10 Canadian cities Tauber, 2003

FDW 1/30 > LOQ

(¼25)
<LOQ-27 (max) Germany Ternes, 2001a

FDW 27 Germany Stumpf et al., 1996
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

11056–06–7 Bleomycin RDW 5–13 mean¼ 8.7 radioimmunoassay Aherne et al., 1990

58–08–2 Caffeine

N

N

N

N
H3C

CH3

CH3

O

O

RDW 250 Max Stackelberg et al., 2004

FDW 119 Max

RDW 43 two S Korean cities Kim et al., 2007

FDW C-UF-GAC <10–48

FDW 12/20 2.6–83 (25 mean) 20 US drinking

water plants

Snyder et al., 2007

FDW 0/10 ND (<5–60) 10 Canadian cities Tauber, 2003

RDW C-GAC-Cl2 5/12 126 avg (190 max) 12 samples at

each of 6

locations over

3weeks

235ML/day for

850 000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 0 15 avg

298–46–4 Carbamazepine

H2N

N

O

RDW 0.5–2.0 Over 5-month

period

Windsor, Ontario Hua et al., 2006

FDW C-S-F 0.5–2.0

FDW C-S-F-O ND-0.3

RDW 400 Max Stackelberg et al., 2004

FDW 258 Max

RDW 5.8 Mean Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.50

RDW 4.8 two S Korean cities Kim et al., 2007

FDW C-UF-GAC 5.3–7.5

FDW 3/10 6.5–24 10 Canadian cities Tauber, 2003

FDW 1/12 > LOQ

(¼10)
<LOQ-30 (max) Germany Ternes, 2001a

FDW bank filtration,

flocculation,

disinfection,

acidification,

3/3 up to 20 ng/L Germany Hummel et al., 2006

RDW 46 Paris area Bruchet et al., 2005

FDW SF-AC 4 Paris area Bruchet et al., 2005
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FDW SF-AC-O 2 Paris area Bruchet et al., 2005

RDW 2/7 13.0–43.2 Drinking water

wells

Hérault watershed,

S. France

Rabiet et al., 2006

FDW 11/20 1.1–5.7 (2.8 mean) 20 US drinking

water plants

Snyder et al., 2007

RDW C-GAC-Cl2 11/12 191 avg (600 max) 12 samples at

each of 6

locations over

3 weeks

235ML/day for 850

000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 12/12 29 avg (140 max)

FDW 23 Versteegh et al., 2003

125–28–0 10,11-dihydroxy-10,11-dihydro-carbamazepine FDW bank filtration,

flocculation,

disinfection,

acidification,

3/3 up to 13 ng/L A primary

metabolite of

carbamazepine

Germany Hummel et al., 2006

73384–59–5 Ceftriaxone FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

57–62–5 Chlorotetracycline

CI HO

OH

OO O
OH

OHOH

N

NH2

CH3

CH3

CH3H

FDW 0/10 ND (<50–150) 10 Canadian cities Tauber, 2003

637–07–0 Clofibrate

CH3

CH3

CH3

O

O

O

Cl

RDW C-S-F 2/13 580 Mean of +;

260–900 Range of

+; 90 Mean of all

None detected

during wet

months

San Diego Loraine and Pettigrove,

2006

FDW ND San Diego Loraine and Pettigrove,

2006
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

882–09–7 Clofibric acid

OCl

O

OH

CH3H3C

RDW C-S-F 1/13 630 mean det. 50

mean of all

None detected

during wet

months

San Diego Loraine and Pettigrove,

2006

FDW ND

FDW 12/14 <1.0–170 mean of

total ¼14
14 different Berlin

treatment works

Heberer et al., 2001

RDW various ND-7300 Groundwater

wells used

by treatment

works

Berlin Heberer et al., 2001

FDW 2/3 ND-3.2–5.3 3 Italian cities Zuccato et al., 2000

FDW 0/10 ND (<3–90) 10 Canadian cities Tauber, 2003

FDW 16/30 >

LOQ (¼1)
<LOQ-70 (max) Germany Ternes, 2001a

FDW 70 Germany Stumpf et al., 1996

FDW 270 Germany Heberer et al., 1997

FDW 32 Versteegh et al., 2003

50–18–0 Cyclophosphamide

OO

Cl

Cl

NH

P N

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

FDW 0/10 ND (<5–60) 10 Canadian cities Tauber, 2003

67035–22–7 Dehydronifedipine RDW C-GAC-Cl2 3/12 1 avg 12 samples at

each of 6

locations over

3weeks

235ML/day for

850 000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 2/12 0.6 avg

FDW 4 Max Stackelberg et al., 2004

117–96–4 Diatriazote (diatriazoic acid)

H3C

O O

O OH

N
H

N
H

I

I I

CH3

FDW 5/10 > LOQ

(¼10)
21–85 Germany Ternes, 2001a

FDW SF-AC-O 32 Paris area Bruchet et al., 2005

439–14–5 Diazepam

Cl

H3C

N

N

O

RDW <0.25 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

FDW 0/20 ND 20 US drinking

water plants

Snyder et al., 2007

FDW 1/3 ND-19.3–23.5 3 Italian cities Zuccato et al., 2000

FDW 10 UK Waggot 1981
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15307–86–5 Diclofenac

HO

O

H
N

Cl

Cl

RDW <0.25 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

FDW 0/20 ND 20 US drinking

water plants

Snyder et al., 2007

RDW various ND-380 Groundwater

wells used

by treatment

works

Berlin Heberer et al., 2001

FDW 0/10 ND (<3–90) 10 Canadian cities Tauber, 2003

FDW 8/30 > LOQ

(¼1)
<LOQ-6 (max) Germany Ternes, 2001a

FDW 6 Germany Stumpf et al., 1996

RDW 6/7 1.4–2.5 Drinking water

wells

Hierault watershed,

S. France

Rabiet et al., 2006

57–41–0 Dilantin (Phenytoin)

O

O
HN

NH

RDW 6.2 mean Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O 1.3 mean

FDW 1.2 Nevada Trenholm et al., 2006

FDW 1.1 Georgia

FDW 14/20 1.6–13 (6.1 mean) 20 US drinking

water plants

Snyder et al., 2007

564–25–0 Doxycycline FDW 0/10 ND (<50–150) 10 Canadian cities Tauber, 2003

75847–73–3 Enalapril

N
H

N

O

OH

OOOH3C
CH3

RDW <0.25 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

114–07–8 Erythromycin FDW 1/20 1.3 20 US drinking

water plants

Snyder et al., 2007

RDW C-GAC-Cl2 2/12 40 max 12 samples at

each of 6

locations over

3weeks

235ML/day for

850 000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 0/12 ND (<10)

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

Erythromycin-

H20

RDW C-GAC-Cl2 7/12 10 max 12 samples at

each of 6

locations over

3weeks

235ML/day for 850

000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 0/12 ND (<10)

57–91–0 17a-estradiol

HO

H H

H

CH3
OH

FDW 0.30–0.30 mean 0.30 LOD¼ 0.10 3 drinking water

sites in

Southern

Germany

Kuch and

Ballschmiter, 2001
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

50–28–2 17b-estradiol

HO

H

H

H

OH
CH3

FDW 0/20 ND 20 US drinking

water plants

Snyder et al., 2007

FDW 0.20–2.1 mean 0.3 LOD¼0.10 3 drinking water

sites in

Southern

Germany

Kuch and Ballschmiter,

2001

53–16–7 Estrone

HO

H

H

H

OH
CH3

FDW 2/20 1.1–2.3 (1.7 mean) 20 US drinking

water plants

Snyder et al., 2007

FDW 0.2–0.6 mean 0.4 LOD¼0.05 3 drinking water

sites in

Southern

Germany

Kuch and Ballschmiter,

2001

57–63–6 17a-ethynylestradiol

HH

H

HO

CH3

OH CH

FDW 0.15–0.50 mean 0.35 LOD¼0.05 3 drinking water

sites in

Southern

Germany

Kuch and Ballschmiter,

2001

FDW 0/20 ND 20 US drinking

water plants

Snyder et al., 2007

FDW 2/2 <5, <1–4 12 samples in

2 years

SE England Aherne and Briggs, 1989

49562–28–9 Fenofibrate

Cl

CH3

CH3
CH3H3C

RDW various ND-45 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001

42017–89–0 Fenofibric acid

Cl

O

O

O

H3C CH3

HO

FDW 1/30 > LOQ

(¼5)
<LOQ-42 (max) Germany Ternes, 2001a
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31879–05–7 Fenoprofen

H3C
OH

O

O

FDW 0/10 ND (<3–90) 10 Canadian cities Tauber, 2003

54910–89–3 Fluoxetine

F

F

F

O

NH

CH3

RDW <0.50 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.50

FDW 0/20 ND 20 US drinking

water plants

Snyder et al., 2007

RDW C-GAC-Cl2 0/12 ND (<14) 12 samples at

each of 6

locations over

3weeks

235ML/day for

850 000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 0/12 ND (<14)

FDW 0/10 ND (<5–60) 10 Canadian cities Tauber, 2003

56161–73–0 Norfluoxetine

F
F

F

OH2N

RDW <0.50 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.50

FDW 0/10 ND (<5–60) 10 Canadian cities Tauber, 2003

54–31–9 Furosemide

H2N

O

O

O

O

OH

NHS

Cl

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

7440–54–2 Gadolinium

Gd

RDW 7/7 1.1–3.0 Drinking water

wells

Hérault watershed,

S. France

Rabiet et al., 2006

25812–30–0 Gemfibrozil

H3C

CH3

CH3

CH3

O

O

OH

RDW 0.84 Mean Vanderford and Snyder,

2006FDW <0.25

RDW various ND-340 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001

FDW 15/20 1.3–6.5 (3.9 mean) 20 US drinking

water plants

Snyder et al., 2007

FDW 1/10 ND (<3–90)-70 10 Canadian cities Tauber, 2003

FDW ND Nevada Trenholm et al., 2006

FDW 2.4 Georgia
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

490–79–9 Gentisic acid

O

HO

HO

OH

RDW various ND-540 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001

15687–27–1 Ibuprofen

O

HO

H3C

CH3

CH3

RDW 2/15 5850 Mean of þ San Diego Loraine and Pettigrove,

2006FDW 930 Mean of þ;
510–1350 range of

þ; 120 Mean of all

RDW 15 2 S Korean cities Kim et al., 2007

FDW C-UF-GAC 18–23

RDW 1/1 8.5–17.5 (summer-

winter)

Seasonal trends

study; samples

collected in

August and

March

drinking water

plant in Turku,

Finland (32 km

downstream

from an STP at

Aura, Finland)

Vieno et al., 2005

FDW C-GAC 1/1 <1.0–8.5 (summer-

winter)

RDW various ND-200 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

FDW 0/10 ND (<3–90) 10 Canadian cities Tauber, 2003

FDW 3/30 > LOQ

(¼1)
<LOQ-3 (max) Germany Ternes, 2001a

FDW 3 Germany Stumpf et al., 1996

RDW 3/7 0.2–0.6 Drinking water

wells

Hérault watershed,

S. France

Rabiet et al., 2006

FDW ND Nevada Trenholm et al., 2006

FDW 2.7 Georgia

FDW 13/20 1–32 (7.9 mean) 20 US drinking

water plants

Snyder et al., 2007

81576–55–8 Ibuprofen methyl ester RDW 9,220 San Diego Loraine and Pettigrove,

2006FDW 1/15 4,950 330 Mean of all

53–86–1 Indomethacin

H3C

CH3

O O

O

Cl

N

OH

FDW 0/10 ND (<3–90) 10 Canadian cities Tauber, 2003
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78649–41–9 Iomeprol

I

I I

OH
OH

OH

OH

O

O

HO

O

N

H
N

NH

CH3

FDW SF-AC-O 11 Paris area Bruchet et al., 2005

60166–93–0

62883–00–5

Iopamidol

OH OH

O

II

I

H
N

N
H

OH

OHO

O

OH

H3C

HN

FDW 4/10 > LOQ

(¼10)
<LOQ-79 (max) Germany Ternes, 2001a

FDW SF-AC-O 60 Paris area Bruchet et al., 2005

73334–07–3 Iopromide

H3C
O

O

O

OH

OH

OH

OH

O
N
H

NH

N
CH3

I

I

I

RDW 0–143 2 S Korean cities Kim et al., 2007

FDW C-UF-GAC 0–177

FDW 1/10 > LOQ

(¼10)
<LOQ-86 (max) Germany Ternes, 2001a

FDW SF-AC-O <4 Paris area Bruchet et al., 2005

FDW 13/20 1.1–31 (8.5 mean) 20 US drinking

water plants

Snyder et al., 2007

FDW ND Nevada Trenholm et al., 2006

FDW 4.6 Georgia

2276–90–6 Iothalamic acid

H3C CH3

O

O

O
I

I I

OH

N
H

H
N

FDW SF-AC-O ND Paris area Bruchet et al., 2005

28179–44–4 Ioxitalamic acid

H3C

O

O

I I

I

N
H

H
N

O OH

OH

FDW SF-AC-O 12 Paris area Bruchet et al., 2005
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

22071–15–4 Ketoprofen

O CH3

OH

O

RDW various ND-30 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001

FDW 0/10 ND (<3–90) 10 Canadian cities Tauber, 2003

RDW 1/1 11.5–7.0 (summer-

winter)

Seasonal trends

study; samples

collected in

August and

March

drinking water

plant in Turku,

Finland (32 km

downstream

from an STP at

Aura, Finland)

Vieno et al., 2005

FDW C-GAC <5.0-<8.0 (summer-

winter)

RDW 3/7 0.31–3.0 Drinking water

wells

Hérault watershed,

S. France

Rabiet et al., 2006

154–21–2 Lincomycin

CH3

OH

OH

HO

HO

O

O S

H

HNN

H
H3C

CH3CH3

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

RDW C-GAC-Cl2 2/12 10–50 max 12 samples at

each of 6

locations over

3weeks

235ML/day for

8 500 000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 0/12 ND (<10)

57–53–4 Meprobamate

H2N O

O O

O

CH3

CH3

NH2

FDW 15/20 1.6–13 (6.1 mean) 20 US drinking

water plants

Snyder et al., 2007

RDW 18 Mean Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O 5.9 Mean

FDW 6.5 Nevada Trenholm et al., 2006

FDW 8.0 Georgia

22204–53–1 Naproxen

H3C
O

OH

CH3

O

RDW 65 Mean Boyd et al., 2003

FDW ND

RDW 1/1 7.5–7.5 (summer-

winter)

Seasonal trends

study; samples

collected in

August and

March

drinking water

plant in Turku,

Finland (32 km

downstream

from an STP at

Aura, Finland)

Vieno et al., 2005

FDW C-GAC 1/1 <5.0-<5.0 (summer-

winter)

RDW 0.54 Mean Vanderford and Snyder,

2006FDW Cl2-O <0.50

RDW ND San Diego Loraine and Pettigrove,

2006

RDW 3/7 0.1–0.2 Drinking water

wells

Hérault watershed,

S. France

Rabiet et al., 2006

FDW 1/20 8 20 US drinking

water plants

Snyder et al., 2007

68–22–4 Noresthisterone

O

HH

HH

CHOH
CH3

FDW 2/2 <2, <10 12 samples in

2 years

SE England Aherne and Briggs, 1989
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70458–96–7 Norfloxacin

HN N N

CH3

O

O OH

F

FDW 0/10 ND (<10–150) 10 Canadian cities Tauber, 2003

303–81–1 Novobiocin FDW 0/10 ND (<10–150) 10 Canadian cities Tauber, 2003

82419–36–1 Ofloxacin

H3C CH3
N

N N

O

O
F

O

OH

FDW 0/10 ND (<10–150) 10 Canadian cities Tauber, 2003

3922–90–5 Oleadomycin FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

14698–29–4 Oxolinic acid FDW 0/10 ND (<10–150) 10 Canadian cities Tauber, 2003

79–57–2 Oxytetracycline FDW 0/10 ND (<50–150) 10 Canadian cities Tauber, 2003

6493–05–6 Pentoxifylline FDW 0/20 ND 20 US drinking

water plants

Snyder et al., 2007

FDW 0/10 ND (<5–60) 10 Canadian cities Tauber, 2003

60–80–0 Phenazone (Antipyrine)

O CH3

CH3

N
N

RDW various ND-1250 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001

FDW 1/12 > LOQ

(¼10)
<LOQ-50 (max) Germany Ternes, 2001a

RDW 3950 Groundwater from

bank filtration

Berlin Reddersen et al., 2002

FDW aeration,

filtration

400 Groundwater from

bank filtration

Berlin Reddersen et al., 2002

FDW 250 Germany Zuhlke et al., 2004

51940–44–4 Pipemidic acid FDW 0/10 ND (<10–150) 10 Canadian cities Tauber, 2003

125–33–7 Primidone (2-Deoxypheno-barbital)

HN

N
H

O

O

CH3

RDW various ND-690 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001

FDW bank filtration,

flocculation,

disinfection,

acidification,

3/3 up to 16 ng/L Germany Hummel et al., 2006
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

57–83–0 Progesterone

H

H

H

CH3

H3C

CH3

O

O

FDW 2/20 1.1–1.1 (1.1 mean) 20 US drinking

water plants

Snyder et al., 2007

479–92–5 Propyphenazone (Isopropyl-antipyrine)

N

N
CH3

H3C

CH3

CH3
O

RDW various ND-1465 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001

RDW aeration,

filtration

1230 Groundwater from

bank filtration

Berlin Reddersen et al., 2002

FDW aeration,

filtration

120 Groundwater from

bank filtration

Berlin Reddersen et al., 2002

FDW 80 Germany Zuhlke et al., 2004

66357–35–5 Ranitidine

H3C

CH3

CH3

N
N NH

N+

H
O

O

O−

S

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

106266–06–2 Risperidone

F

O

O

N

N

N

N

CH3

RDW <0.25 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

80214–83–1 Roxithromycin FDW 0/10 ND (<10–150) 10 Canadian cities Tauber, 2003

RDW ND Efficiently

removed by

bank filtration

and recharge

Paris area Bruchet et al., 2005

69–72–7 Salicylic acid

OH

OH

O

RDW various ND-1250 Groundwater

wells used by

treatment

works

Berlin Heberer et al., 2001
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79902–63–9 Simvastatin

O

O

O

O OH

H
CH3

CH3
H3C

H3C

H3C

RDW <1.0 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <1.0

12009–77–6

(Na salt)

Simvastatin hydroxy acid RDW <0.25 Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

8025–81–8 Spiramycin FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

144–80–9 Sulfacetamine (Sulfacetamide)

H2N

N
H

CH3

S

OO
O

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

57–67–0 Sulfaguanidine

S
N

H2N

NH2

NH2

OO

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

144–83–2 Sulfapyridine

S

O N

H2N N
H

O

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

68–35–9 Sulfadiazine

OO

S

H2N

H
N N

N

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

723–46–6 Sulfamethoxazole

H2N H2N

O

H
N

N

S

O

O

RDW 22 Mean Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

BMW none 2/8 13 and 80 Italian commercial

water

Perret et al., 2006

RDW 9 Paris area Bruchet et al., 2005

FDW SF-AC 2 Paris area Bruchet et al., 2005

FDW SF-AC-O <1 Paris area Bruchet et al., 2005

FDW 14 Versteegh et al., 2003

FDW 1/20 20 20 US drinking

water plants

Snyder et al., 2007

RDW C-GAC-Cl2 10/12 60 max 12 samples at

each of 6

locations over

3 weeks

235 ML/day for

850 000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 0/12 ND (<10)

72–14–0 Sulfathiazole

N

NHH2N S

O

O

S

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

127–79–7 Sulfamerazine

S

O O N

N CH3N
H

H2N

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

729–99–7 Sulfamoxole

O

O

O

S
H

CH3

CH3

H2N N

N

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

144–82–1 Sulfamethizole

H3C

N N

N

NH2

HS

S
OO

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

BMW none 1/8 9 Italian commercial

water

Perret et al., 2006

8
2

P
h
a
rm

a
c
e
u
tic

a
ls

a
s
E
n
v
iro

n
m
e
n
ta
l
P
o
llu

ta
n
ts
:
T
h
e
R
a
m
ific

a
tio

n
s
fo
r
H
u
m
a
n
E
x
p
o
s
u
re



127–71–9 Sulfabenzamide

H2N

H
N

S
O OO

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

80–32–0 Sulfachloropyridazine

Cl

N

N
H

O

O

SH2N

N

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

57–68–1 Sulfamethazine

H2N
H
N

O

O

S

N

N CH3

CH3

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

80–35–3 Sulfamethoxy-pyridazine

N

N
H

O

O

O CH3SH2N

N

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

651–06–9 Sulfameter

N

H2N

N

N

H

S
O

CH3

O

O

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

59–40–5 Sulfaquinoxaline

NH2NN

N

H
S

O

O

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

122–11–2 Sulfadimethoxine

H2N

NH

N

N
H3C CH3

S
OO

O O

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

BMW none 1/8 11 Italian commercial

water

Perret et al., 2006

RDW C-GAC-Cl2 1/12 10 max 12 samples at

each of 6

locations over

3 weeks

235 ML/day for

850 000 pop.

Stackelberg et al., 2007

FDW C-GAC-Cl2 0/12 ND (<10)

526–08–9 Sulfaphenazole

H2N N N
N

H
S

O

O

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

127–69–5 Sulfisoxazole

NH2

N

N OO O

H

CH3

H3C

S

FDW 0/10 ND (<5–75) 10 Canadian cities Tauber, 2003

60–54–8 Tetracycline

HCH3

CH3

OH

OO
OHOHOH O

HO N

NH2

H3C

FDW 0/10 ND (<50–150) 10 Canadian cities Tauber, 2003

58–22–0 Testosterone

H

H

H

CH3

CH3

OH

O

FDW 0/20 ND 20 US drinking

water plants

Snyder et al., 2007
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108050–54–0 Tilmicosin

CH3

CH3

CH3

H3C

H3C H3C

CH3

CH2

CH2

CH2

CH2

CH2

FDW 0/3 ND 3 Italian cities Zuccato et al., 2000

101–20–2 Triclocarban (Trichlorocarbanilide)

Cl

NH

NH

Cl

Cl

O

RDW 0/3 ND <20 Well water Baltimore County Halden and Paull, 2004

FDW 0/4 ND <3

FDW 0/12 ND<10 12 metropolitan

areas in U.S.

TCC Consortium (2002):

http://www.epa.gov/

chemrtk/pubs/

summaries/tricloca/

c14186rs.pdf

3380–34–5 Triclosan

Cl

Cl Cl

O

OH

RDW 730 Mean of + San Diego Loraine and Pettigrove,

2006

FDW 734 Mean of +; 49

Mean of all

RDW <1.0 Lake Mead, NV Vanderford and Snyder,

2006

FDW Cl2-O <1.0

human

breast

milk

3/5 <20–300 microgram/

kg

Human breast

milk

Sweden Adolfsson-Erici et al.,

2002

FDW 1/20 43 20 US drinking

water plants

Snyder et al., 2007

4640–01–1 Triclosan methyl ester (presumably the authors meant methyl triclosan, or

triclosan methyl ether)

RDW ND San Diego Loraine and Pettigrove,

2006

738–70–5 Trimethoprim

H3C

CH3
CH3

NH2

NH2

FDW 1/20 1.3 20 US drinking

water plants

Snyder et al., 2007

RDW 1.2 Mean Lake Mead, NV Vanderford and Snyder,

2006FDW Cl2-O <0.25

FDW 0/10 ND (<5–60) 10 Canadian cities Tauber, 2003
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Table 1 Continued

CAS-RN Name

Sample

type

Type of

treatment

Occurrence

frequency

Concentration,

ng/L Comments

Sampling

location Reference

1401–69–0 Tylosin

CH3

CH3

CH3

CH3

CH3
CH3

H3C

H3C

H3C

H3CH3C

H3C

FDW 1/3 ND-0.6–1.7 3 Italian cities Zuccato et al., 2000

Miscellaneous Nondetects – ca 40 parent APIs and degradates not detected in either raw water or finished water 12 samples at

each of 6

locations over

3 weeks

235 ML/day for

850000 pop.

Stackelberg et al., 2007

Abbreviations: ND, not detected (<LOD); FDW, finished drinking water; RDW, raw drinking water; BMW, bottled mineral water; AC, activated carbon; GAC, granular activated carbon; C, coagulation; S, sedimentation; F, membrane filtration; UF,

ultrafiltration; O, ozonation; Cl2, chlorination.

Adolfsson-Erici M, Pettersson M, Parkkonen J, and Sturve J (2002) Triclosan, a commonly used bactericide found in human milk and in the aquatic environment in Sweden. Chemosphere 46(9–10): 1485–1489.

Aherne GW and Briggs R (1989) The relevance of the presence of certain synthetic steroids in the aquatic environment. Journal of Pharmacy and Pharmacology 41(10): 735–736.

Aherne GW, Hardcastle A, and Nield AH (1990) Cytotoxic drugs and the aquatic environment: Estimation of bleomycin in river and water samples. Journal of Pharmacy and Pharmacology 42(10): 741–742.

Boyd RG, Reemtsa H, Grimm DA, and Mitra S (2003) Pharmaceuticals and personal care products (PPCPs) in surface and treated waters of Louisiana, USA and Ontario, Canada. Science of the Total Environment 311(1–3): 135–149.

Bruchet A, Hochereau C, Picard C, Decottignies V, Rodrigues JM, and Janex-Habibi ML (2005) Analysis of drugs and personal care products in French source and drinking waters: the analytical challenge and examples of application.Water Science and

Technology 52(8): 53–61.

Halden R and Paull D (2004) Analysis of triclocarban in aquatic samples by liquid chromatography electrospray ionization mass spectrometry. Environmental Science and Technology 38(18): 4849–4855.

Heberer Th, Dünnbier U, Reilich Ch, and Stan H-J (1997) Detection of drugs and drug metabolites in ground water samples of a drinking water treatment plant. Fresenius Environmental Bulletin 6: 438–443.

Heberer T, Fuhrmann B, Schmidt-Baumier K, Tsipi D, Koutsouba V, and Hiskia A (2001) Occurrence of pharmaceutical residues in sewage, river, ground, and drinking water in Greece and

Berlin (Germany). In: Daughton C and Jones-Lepp T (eds.) Pharmaceuticals and Personal Care Products in the Environment: Scientific and Regulatory Issues, ch. 4. Washington, DC: American Chemical Society.

HuaW, Bennett ER, and Letcher RJ (2006) Ozone treatment and the depletion of detectable pharmaceuticals and atrazine herbicide in drinking water sourced from the upper Detroit River, Ontario, Canada.Water Resources Research 40(12):2259–2266.

Hummel D, Löffler D, Fink G, and Ternes TA (2006) Simultaneous determination of psychoactive drugs and their metabolites in aqueous matrices by liquid chromatography mass spectrometry. Environmental Science and Technology 40(23): 7321–7328.

Kim SD, Cho J, Kim IS, Vanderford BJ, and Snyder SA (2007) Occurrence and removal of pharmaceuticals and endocrine disruptors in South Korean surface, drinking, and waste waters. Water Resources Research 41(5): 1013–1031.

Kuch HM, Ballschmiter K Determination of Endocrine-Disrupting Phenolic Compounds and Estrogens in Surface and Drinking Water by HRGC-(NCI)-MS in the Picogram per Liter Range. Environmental Science and Technology, 2001, 35(15):3201–3206.
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We b b et al. (2003) . These approaches use predi cted no-
ef f ect concentra tions deter mined for eac h phar mac eutical
under considera tion. These values are then compared
with measured (or predic ted) environme ntal concentr a-
tions. Using this extrapol ative ap proach, risks for the time
being have generally be en r uled out for human expo sure
via dr inking water.
Scope of Human Exposure

Human exposure to phar maceu ticals from the envi ron-
ment is a compl ex function of several varia bl es, all of
which requir e a better under stand ing; see Table 2 .

Human exposure is but on e par t of the much lar ger
issue of phar maceut icals as environ mental con taminants
(see Figu re 1 for a detail ed per spect ive on the complex
routes by which phar maceut icals travel throug h the
environ ment). Exposur e is an extrem ely complex pro-
cess, on e that yields an ef f ect only when a wide spec-
tr um of processes happe n to be suita bly coordi nated
spatia lly and temp orally so as to per tur b the home osta-
sis mech anisms of an or ganism; this is embodi ed in the
conce pt of the 4Ts: toxi cant, total ity, tolera nce, and
traject ory (see Daughto n (2005) for fur ther discus sion).
With re spect to ‘totality,’ it is imp or tant to rememb er
that environ mental phar maceu tical resi dues are but one
of many c lasses of anthr opogenic and natur ally occu r-
ring stres sor s. But isolating on e stres sor c lass from all
other s in order to asses s risk has long been a necessary
ste p in attempti ng to simplify an other wise overwhelm-
ing ly complex task.
Table 2 Functions determining human exposure

Key function determining exposure Types of data needed

Identities, quantities, and geographic

distribution of APIs

Numbers, types, quantitie

pharmaceuticals

ADME Absorption, distribution (in

human and veterinary d
excretion (together with

Major source of unchanged APIs:

unwanted, leftover drugs

Direct disposal of unwant

the quantities of variou

become diverted
Environmental transport Partitioning of the excrete

reservoirs for recycling

[municipal, wells, and b
Environmental fate Structural transformation

products), those forme

processes (hydrolysis,

add to the scope of the
plethora of products [c

water treatment, such a

water containing aceta

Exposure routes Eventual unintended, une
compartments (via oral

recreational waters)

API, active pharmaceutical ingredient.
Human Exposure: The Major Unanswered
Questions and Major Outcomes

Of all the aspects of assessing the significance of pharma-
ceutical residues in the environment, one aspect has
received far less attention than the other s – human expo-
sure. Little research is currently underway in assessing
human risk, perhaps because it is perceived as minimal at
best. The data gaps and uncertainties that are apparent from
the very limited data regarding human exposure to the
recycling of pharmaceuticals from the environment, and
from exposure via leftover dr ug waste awaiting disposal,
involve some key questions and uncertainties (Ta b l e 3 ).

The needs outli ned und er 2 and 5 in Table 3, espe-
cially those related to low -dose ef f ec ts and ef f ects from
exposure to multiple stressors, are particularly amenable
to addressing through toxicogenomics; see Oberemm et al.

(2005) for an overview.
Successfully addressing the unknowns surrounding

these key, unanswered questions could eventually lead to
some major outcomes, such as those in Table 4.
Human Exposure Routes

There are two primary routes leading to human exposure
of nontherapeutic or recreational drugs: (1) ingestion of
ambient residues by way of their recycling from the envi-
ronment (via drinking water and foods), (2) and ingestion
of leftover drug waste (accidental and purposeful). When
considering these routes, the following factors become
important to understand.
s, and geographic usage patterns of human and veterinary

the body), metabolism, and excretion. Pharmacokinetics of each

rug and how these metabolic processes contribute to drug
bioactive metabolites) from humans and animals

ed, unused pharmaceuticals to sewerage and trash maximizes

s drugs that can gain entry to the environment or that can then

d chemicals to environmental compartments that then serve as

back to humans (including recreational and drinking waters

ottled], sewage sludge, plants, and animal food sources)
, including excreted bioactive metabolites (or radiological decay

d in the environment from degradation or natural transformation

photolysis) (the numbers of transformation products can greatly

se chemicals in the environment, as some pharmaceuticals yield a
arbamazepine is one example], or those formed during waste or

s disinfection byproducts (e.g., quinones from the chlorination of

minophen)

xpected human contact with environmental residues in various
ingestion, inhalation, or dermal contact, such as via potable and



Table 3 Key questions and uncertainties surrounding pharmaceuticals as pollutants

Key question Rationale for research

Knowledge covering the scope of pharmaceutical occurrence in
point-of-use drinking water and in foods is extremely limited.

This includes the numbers of distinct active ingredients (and their
degradates), their frequency of occurrence, distribution across

geographic locales, and their individual or combined

concentrations; even the existing, limited point-of-use

occurrence data (Table 1) had never before been compiled in a
single, publicly accessible database.

Toxicological significance of long-term human exposure

(including generational and cross-generational) to multiple

pharmaceuticals, simultaneously or sequentially, at
concentrations that yield ultimate tissue doses many orders of

magnitude below therapeutic doses.

Knowledge of drugs having the potential to impart effects at

extremely low doses (e.g., nM–pM range and below) is

extremely sparse. Also, the significance of dose-dependent
transitions in mechanisms of toxicity (resulting in multiphasic

dose-response curves) could prove important. Effects at low

concentrations may not be predictable from higher
concentrations. Even if detectable, subtle effects may not be

distinguishable from natural variations in populations; in which

case, one can ask if they are even important. Simultaneous

exposure to multiple drugs, each significantly below its
individual ‘safe’ level, could result in combined action as a result

of additive or interactive effects. The potential for interactions

with other chemical stressors adds yet another layer of

complexity. Exposure to multiple pharmaceutical residues can
occur simultaneously or sequentially, as it can for many other

chemical stressors (many of which have yet to be

characterized) such as algal toxins, pesticides, disinfection
byproducts, a broad spectrum of other regulated and

unregulated inorganics and organics, and radionuclides. These

unknowns challenge the outer envelope of modern toxicology,

even for legacy pollutants (those that still persist long after their
commercial production has ceased and that have been studied

extensively).

Prevalence of cumulative and aggregate exposure. What portion

of the overall exposure to pharmaceuticals derives from
environmental exposure versus therapeutic exposure?

Even though exposure to ambient residues is many orders of

magnitude lower than exposure to therapeutic doses,
individuals are rarely exposed to the vast majority of

pharmaceuticals via intentional therapy.

Subpopulations that could be vulnerable to low-level exposure. For example, during windows of vulnerability including
susceptible life stages such as fetuses, infants, and elderly;

those who are health-compromised; or those with certain

polymorphisms, extraordinary allergies or ‘multiple chemical

sensitivity’ (toxicant-induced loss of tolerance). This is
especially important for subpopulations exposed to drug

residues that they would otherwise never encounter, such as

those drugs that are contraindicated for certain life stages or

medical conditions.
Approaches for prioritizing individual drug entities (or

combinations) with respect to greatest human hazard in order

to better target monitoring efforts.

‘Measure only what needs to be measured.’ This is important

since it is not known if those few pharmaceuticals (among the

thousands in active use) that have been routinely identified to

date during environmental monitoring surveys or research
studies truly represent the ones that are most commonly

present or that pose the greatest hazard.

Portion of pharmaceutical residues in drinking water and foods
that originates from disposal of unwanted medications to the

environment versus the portion emanating from excretion and

bathing.

Data that distinguish between the two sources are needed to
justify (on environmental grounds) adoption of a nationwide

approach for dealing with unwanted medications. The fraction

contributed by disposal might vary (1) among individual drugs

or classes of drugs, (2) between over-the-counter and
prescription drugs, or (3) among packaging types (e.g., bulk

bottles versus blister packs).

Portion of human poisonings resulting from accidental ingestion

and from abuse of diverted drugs that are perpetually stored
(and that could potentially be averted by timely and proper

disposal of unwanted or overprescribed medications), awaiting

disposal, or go unused because of poor patient compliance
(adherence).

Supporting data could point to the need for modified prescribing

and dispensing practices as well as improvements in patient
compliance (all to minimize the need for drug storage and

consequent disposal).

Continued
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Table 3 Continued

Key question Rationale for research

Altering the way in which risk is perceived in order to make it

comport with actual hazard.

This is critical for fostering widespread public acceptance of

water recycling and reuse (see Daughton, 2004).

The significance of antibiotic residues in the environment with
respect to evolution of resistance among human pathogens.

Do trace levels of antimicrobials in the aqueous environment (or
the higher levels in biosolids) exert any selective pressure on

development of resistant bacteria, viruses, or other

microorganisms outside the body, in particular those that can

play roles in human disease?

Table 4 Possible outcomes from filling data gaps

Target issue Outcome

Consumer health and
safety

Improved by reducing the quantities and durations of storage of unused, unwanted, leftover drugs that would
otherwise serve as a source of accidental and purposeful human poisonings.

Morbidity and

mortality

Accidental and purposeful morbidity and mortality from abuse of prescription and over-the-counter drugs

would decline (because fewer drugs are left over and not stored in homes).

Health care expenses Reduced, by implementing improvements in prescribing and dispensing practices as well as by education to
improve patient compliance – all to minimize drug storage, minimize leftovers, and the consequent need for

disposal.

Water recycling/reuse Widespread public acceptance is facilitated. This is critical, as the need for water reuse continues to
escalate.

Risk communication More effective approaches (e.g., by involving social scientists) are developed for effectively communicating

all types of risk to the public. Even if comprehensive occurrence data for drugs in water and foods could be

obtained, in the absence of a sufficient understanding of the toxicological ramifications of such chronic
exposure, our ability to evaluate the risks (if any) and to convey these risks to the public will pose major

challenges (e.g., see Paustenbach and Galbraith, 2006). Indeed, this is the most significant problem facing

the growing implementation of human biomonitoring studies for chemical contaminants (NRC, 2006) –

namely, what do the data mean?
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Critical Aspects of Human Exposure

Exposure to trace residues of drugs from the environment
highlights some of the major challenges facing both envi-
ronmental and human toxicology today. There are many
questions but few answers. These consumer chemicals
epitomize the importance of obtaining a better under-
standing of the significance of a number of aspects sur-
rounding exposure (Table 5).

An overlooked aspect of prioritizing pharmaceuticals
for assessing risk is the toxicological significance of those
pharmaceuticals that have no inherent toxicity of their
own but that can potentiate the toxicity of other stressors.
Such indirect toxicants include inhibitors of efflux pumps
or multidrug transporters, and modulators or disruptors
of P450 and the cellular stress response (Daughton, 2005),
or immunosuppressants that lead to increased rates of
infection.
Ingestion of Trace Residues Present as Trace
Pollutants in the Environment

The first major route of exposure is ingestion of trace
residues that have entered the environment and persist
as contaminants in drinking water or that have been
assimilated into foods. While this route holds the poten-
tial for chronic, simultaneous exposure (cumulative and
aggregate) to very low levels of drugs, its full scope,
extent, and significance is poorly understood, mainly
because of (1) the analytical difficulties in analyzing
polished drinking waters and foods for such low concen-
trations (ng/L and lower) of a wide spectrum of possible
analytes (most of which are relatively polar), and (2) the
toxicology of chronic human exposure to low-level mix-
tures being poorly understood. It is important to note that
part of the scope of this exposure route also includes the
environmental degradates and transformation products, as
well as excreted human and domestic animal metabolites.
Some of these chemicals possess significant biological
activity themselves; some are even the actual therapeutic
entity or are responsible for adverse effects when used
therapeutically. This exacerbates the overall complexity
of the problem, especially since transformation products
are generally not the current targets of environmental
monitoring.
Drinking Water as a Source of Exposure

Table 1 compiles the majority of data published (as of
January 2007) for the occurrence of pharmaceuticals in



Table 5 Critical aspects of human exposure

Key aspect surrounding exposure Rationale for importance

Assessing the significance of cumulative exposure All chemicals sharing the same mode of action. This is possibly
important, for example, with co-exposure to drugs from the

same therapeutic class.

Aggregate exposure: combined-source contributions Multiple exposure routes for the same drug. An example is

exposure to residues of the same drug occurring in municipal
drinking water, bottled water, and in a variety of foods.

Pharmaceuticals eliciting low-dose effects (nM–pM and lower),

and the ramifications of interactive effects from complex

mixtures

Considerations include interactive effects (e.g., synergism and

antagonism), delayed onset effects (e.g., epigenetic), idiopathic

environmental intolerance (e.g., via immune-mediated
hypersensitivity or the phenomenon of multiple chemical

sensitivity, such as toxicant-induced loss of tolerance; Winder,

2002), and dose-dependent transitions in the mechanism of
toxicity. The last refers to shifts in the mechanism (or mode) of

action for a chemical stressor over the continuum of dose. This

phenomenon has numerous causes (comprehensively

summarized by Slikker et al., 2004a, b). Its significance is that the
endpoint of interest at a high dose might mask, obscure, or

prevent a completely different endpoint for a lower dose. This

means that the therapeutic endpoint may be irrelevant with

regard to low doses such as those incurred from the
environment; an exception is for those drugs where the

therapeutic dose exists beyond a toxic dose, such as for some of

the chemotherapeutics and possibly for radiologicals.
Potential significance of ‘paradoxical’ dose response at low

levels

A particularly germane mass of literature has already been

synthesized by Calabrese and coworkers on the historically

controversial dose-response phenomenon known as hormesis

or ‘U’-shaped dose response curves (e.g., see BELLE, 2006).
Sensitive subpopulations Unexpected effects can result from individual susceptibilities such

as those dictated by polymorphisms specific to ethnicity or

gender, or by health status or age. As an example, the

endogenous levels of sex steroids in children have possibly been
overestimated. Children therefore may be more sensitive than

previously believed to exogenous steroid at levels that currently

cannot be detected (Aksglaede et al., 2006); pharmaceuticals
designed specifically for one subpopulation may have effects at

much lower concentrations in other nontarget subpopulations

(e.g., gender- or age-specific pharmaceuticals).

Limitations of models Actual incidental exposure concentrations may deviate
significantly from those predicted by models. For example,

actual concentrations can differ between geographic locales as

a result of differences in variables such as local prescribing

practices or customs, or unusual/substandard water supply or
treatment practices that result in higher-than-usual residues in

treated water (Daughton, 2003a).

Risk communication Developing more effective ways to communicate risk and alter the

way in which risk is perceived (critical with respect to consumer
acceptance of water reuse projects; Daughton, 2004).
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actual drinking water – both ‘raw’ and polished (finished).
‘Raw’ drinking water pertains to the water as it enters a
treatment regime (if any) at a drinking water facility; note
that exposure via drinking water includes not only munic-
ipal drinking water but also private well water, as well as
commercial bottled water (e.g., see Perret et al., 2006).
Necessarily excluded from Table 1 are occurrence data
for ambient-environment waters (for example, the source
waters as they exist in drinking water reservoirs) that
have not yet been drawn into a drinking water treatment
system. The rationale is to include only those data that
are most closely relevant to actual point-of-use human
consumption. It is important to recognize that extremely
few monitoring studies or surveys have ever been
attempted for actual point-of-use waters – that is, those
waters as they are drawn from a household plumbing
fixture. Included in Table 1 are data (when appropriate)
from other countries because the data specific for the
United States are so limited. A substantial amount of
negative occurrence data exist in the literature. While
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these ‘data of absence’ are valuable for drawing conclu-
sions concerning those drugs that are less likely to occur
in drinking water, only a few have been captured in this
compilation. Purposefully omitted from this compilation
are studies resulting from special instances, for example,
where drinking water sources are unusually contaminated
by drug residues. An example is groundwaters highly
contaminated by leachate from defective or abandoned
landfills or manufacturing wastes; these types of data do
not represent the norm with respect to drinking waters.

The available data (as of early 2007) show that the
number of APIs and bioactive metabolites that had been
detected above their quantitation limits in finished drink-
ing waters was roughly 45 (see Table 1). Generally, their
concentrations tend to be less than 1–10 ng/L, some in the
10–100 ng/L range, and a few in the range of hundreds of
ppt (sub-ppb), such as: carbamazepine (258 ng/L max;
Stackelberg et al., 2004), ibuprofen (930 ng/L: 120 ng/L
mean; Loraine and Pettigrove, 2006), ibuprofen methyl
ester (4 950 ng/L: 330 mean; Loraine and Pettigrove,
2006), and triclosan (734 ng/L: 49 ng/L mean; Loraine
and Pettigrove, 2006). Note that in order to get a complete
perspective regarding the relative concentrations of drugs
in the environment, mass concentrations also need to be
converted to molar concentrations, especially for drugs of
wildly disparate molecular weights. Environmental scien-
tists tend to report concentrations on the basis of mass,
whereas pharmacologists and those in the life sciences
often focus in molarity. Probably an even larger number
of instances have been reported where certain drugs could
not be detected above their quantitation limits – data of
absence; only a select few of these data are also shown in
Table 1. Of significance, however, is that even the com-
bined numbers of those originally targeted by analysis
(those above and those below their limits of quantitation)
represent but a small fraction of those hundreds of drugs
that are used most routinely and an even smaller fraction
of the thousands in use commercially. The diversity and
magnitude of the commercial market for human pharma-
ceuticals is provided in a discussion by Daughton (2007);
these figures do not include the very large amounts of
certain drugs (such as antibiotics) used in agriculture.

Worth noting is that of the chemicals listed in Table 1,
the endogenous steroids (e.g., estradiol, estrone, proges-
terone, testosterone) are included because they are also
used in certain pharmaceutical formulations, for example,
hormone replacement therapies. The concentrations of
these steroids in the environment originate from both natu-
ral, endogenous synthesis and from therapeutic administra-
tion (oral and dermal). Furthermore, with the steroid
biosynthesis pathway (with all of its branches and inter-
conversions), the administration of a therapeutic steroid
drug leads to the synthesis of its pathway metabolites –
metabolites that would not have been produced (or would
not have reached their new concentrations) had the drug
not been administered. This further complicates the issue as
to whether sex steroids in the environment result from
‘natural’ processes or from pharmaceutical therapy.

With respect to these empirical occurrence data, it is
critical to recognize that published data on drug occur-
rence can be inherently biased. Bias occurs because new
target-based monitoring studies often use the positive
occurrence data from prior studies as the basis for select-
ing their targets (partly in order to increase the chances of
collecting positive occurrence data). The data for a given
pharmaceutical may also not be representative because of
the probability of very high spatial and temporal fluctua-
tions in sewage effluents. There is a distinct probability
that samples are taken during transiently high or low
concentrations. Discrete samples (e.g., ‘grab’ samples)
will not necessarily represent average concentrations.
But the greater mixing achieved during transit from the
time of uptake until drinking water treatment would
possibly serve to smooth these fluctuations, reducing
their impact on concentration variability.

A particular group of pharmaceuticals with little mon-
itoring data or assessment of potential risks comprises the
low levels of radionuclides used in a growing number of
diagnostic procedures, and the higher levels of certain
radionuclides used in medical treatments. One example
is metastable technetium (Tc-99m). While Tc-99m has a
short half-life (6 h), its progeny, Tc-99, is much longer
lived and can accumulate in receiving waters after excre-
tion. Other radionuclides, used in much larger amounts,
are iodine 131 and samarium 153.

Alternative approaches for assessing drinking water
contamination are possible by using the occurrence of
certain drugs as indicators of the likely presence of
other drugs. One example is the use of occurrence data
for iodinated X-ray contrast media. These diagnostic
pharmaceuticals are used in very high quantities and are
excreted unchanged. They are also among those that are
most refractory to removal by drinking water treatment
technologies (especially processes including oxidation
and sorption by activated carbon). Therefore, if X-ray
contrast media are present in the feed for drinking water
but absent from the treated (polished) water, this could be
an excellent indication that most other pharmaceuticals
should also be absent (e.g., Bruchet et al., 2005).
Highly Conservative Assessments Show
Extremely Low Risks from Incidental Mixture
Exposures

In the inadvertent, incidental exposure of humans to APIs
also known as pharmacons via drinking water and food,
the risks ordinarily deemed as acceptable for doses
needed to achieve therapeutic outcomes do not apply,
because the doses resulting from these surreptitious expo-
sures from the environment are orders of magnitude lower.
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Furthermore, those experiencing incidental exposure
(beyond their control or knowledge) are not necessarily
presuming that they are receiving any benefit. For these
people, the so-called ‘nocebo’ effect might even apply
(Daughton, 2004); see later discussion in section titled
‘Perception of exposure as a confounding factor in asses-
sing risk.’ Consequently, the use of benchmark therapeutic
doses of APIs for assessing the risks of incidental exposure
are not applicable. A more conservative approach is there-
fore required.

One possible conservative approach for roughly esti-
mating the risk associated with incidental ingestion of
environmental residues of APIs recycled back via water
and food would be to calculate the numbers of APIs
that could be ingested on an ongoing lifetime daily
basis without exceeding a predetermined nontherapeutic
acceptable daily intake. Note that the complicating issue
of bioconcentration is not a factor with most pharmaceu-
ticals, as this is a design property purposefully avoided for
most human medications; also note that dermal exposure
to environmentally recycled APIs is probably not an issue
because most APIs have poor dermal transport. The prob-
lem is in defining sufficiently conservative ADIs (espe-
cially if they must be individually determined for each
API). An approach that could be broadly applied across
nearly all APIs would be most useful for providing a rough
but highly conservative assessment of the potential for
human risk due to ongoing exposure to multiple APIs.

Because of a lack of data, it is not possible to assume the
worst-case but highly improbable scenario – namely, syner-
gistic interactions among the APIs. But another conserva-
tive assumption – namely that of dose additivity – can be
easily considered for all of the APIs as representing a very
adverse scenario. By selecting an adverse endpoint such as
genotoxicity, one can estimate the number of APIs to which
continual exposure can be sustained and for which the
lifetime excess cancer risk is limited to the upper bound of
1 in 105 to 106; this is the approach used for assessing risk
from impurities introduced in drug manufacturing or from
the degradates resulting after manufacturing. The threshold
of toxicological concern (TTC) for carcinogens, based on
lifetime exposure, is accepted to be roughly 1mg/day
(except for very highly potent carcinogens, which have
TTCs of about 0.15mg/day) (see Dolan et al., 2005;
McGovern and Jacobson-Kram, 2006; Müller et al., 2006);
it must be noted, however, that this approach assumes a
body weight of 60 kg, and therefore the TTC could be
lower for those who are lighter, such as children. These
levels of exposure are considered ‘virtually safe’ (or to
pose ‘reasonable certainty of no harm’) for carcinogens;
background on the history behind the TTC is provided
by Barlow et al. (2001) and Kroes et al. (2005).

For some perspective on the risk associated with the
1-mg/day TTC, consider one of the best-known naturally
occurring toxicants. Aflatoxin B1, a ubiquitous mycotoxin
naturally occurring especially in grains, is a potent human
carcinogen. The FDA action level in human food is 20 ppb
for total aflatoxins, with the exception of milk, where the
action level is 0.5 ppb 0.5 mg/L) for aflatoxin M1 (an
aflatoxin metabolite); a dosage of 1 mg/day for total afla-
toxins would be reached upon consuming 50 g of grain,
which just meets the FDA action level. Although the
possibility exists that the thresholds could be lower
for other endpoints such as allergenicity or neurologic,
immunologic, endocrine, or developmental toxicity, data
show that these TTCs are probably at least one order of
magnitude higher (Barlow et al., 2001) than for genotoxi-
city. If it were assumed that all APIs act as genotoxicants,
and that the nominal concentration for any given API
present in POU drinking water in the United States
were assumed to be upwards of 10 ng/L (this number
would need to be refined after expansion of the limited
occurrence data; see Table 1), and the water intake per
day were assumed to be 2 L (Webb et al., 2003), then the
number of APIs that could be simultaneously present on a
perpetual basis but remain below the TTC would be 50
(TTC 1000 ng/day � L/10 ng � day/2 L).

With this relatively worst-case scenario, we see that
upwards of 50APIs could be perpetually present in drinking
water at 10 ng/L while maintaining the lifetime excess
cancer risk at less than 10-6. Since only a few APIs have
ever been identified as occurring simultaneously in given
POU drinking waters, and if the assumption is made that
exposure to a multitude of APIs occurs only infrequently
(because of their episodic release to the environment), then
the TTC increases to 120mg/day (for exposures less than
1month;Müller et al., 2006). The number of APIs that could
be safely present at individual concentrations of 10 ng/L
increases to 6000, a number that clearly would never be
reached under any condition. Furthermore, the TTC of
1mg/L is a rough estimate for compounds that are ‘likely
to be carcinogenic.’ Since this does not broadly apply to
APIs (with the exception of some chemotherapeutics), the
more relevant TTC would be 10mg/day for compounds
that are ‘likely to be potent or highly toxic’ or 100mg/day
for those that are ‘not likely to be potent, highly toxic, or
carcinogenic’ (Dolan et al., 2005). This would allow the
acceptable exposure concentrations of APIs or their total
numbers to increase another one to two orders of magni-
tude.Numbers this high would not even be very sensitive to
highly conservative uncertainty factors.

Another factor to consider regarding human exposure
to APIs is that the ADI in a therapeutic setting is neces-
sarily a direct function of the therapeutic dose, which in
turn is a function of potency. Assuming pharmacokinetics
not wildly different (similar excretion of the parent API)
and overall usage rates that were similar, if the amount of
an API entering the environment exceeds that of others, it
also means that its ADI is very possibly higher. Predicted
environmental concentrations (PECs) would therefore



94 Pharmaceuticals as Environmental Pollutants: The Ramifications for Human Exposure
tend to be inversely related to potency. Risk due to
environmental residues would then be considered ‘self-
leveling’ to a certain extent. This contrasts sharply with
industrial chemicals, for example, whose usage rates have
much less connection with potencies.

In general, the finding of low risk to humans posed
by pharmaceutical residues in drinking water is corrobo-
rated by the published literature (Jones et al., 2004, 2005;
Schulman et al., 2002; Schwab et al., 2005; Webb et al.,
2003), albeit limited. This is also the official position of
the Pharmaceutical Research and Manufacturers of
America (PhRMA).

The Other Side of the Exposure Debate

With these points in mind, however, we cannot conclude
that the absence of any evidence for adverse human
effects from extremely low-level exposure to pharmaceu-
ticals eliminates cause for concern. There are simply too
many unknowns facing toxicology today. This is articu-
lated by Grandjean (2005):

Toxicology has failed the purpose of science in society by

striving to reach only the limited goals of solving simpli-

fied riddles and in recognizing, rather than exploring

uncertainty. By ignoring the larger perspectives of chem-

ical causation of disease, it has failed its responsibility to

contribute to the foundation of disease prevention.

Moreover, the possibility for adverse human health
effects at the extremely low levels of ambient drug resi-
dues hinges in part on the meaning of the so-called ‘no-
observed-effect level’ (NOEL), which is the maximum
concentration of a chemical stressor known to produce
an ‘observed’ adverse effect. The key word is ‘observed.’
The endpoint measure for the effect is one that is either
anticipated or subsequently observed during testing. Nec-
essarily, the NOEL can change with the revelation of new
effects never previously observed at concentrations below
the established NOEL. This is especially germane to
effects that are sufficiently subtle that they cannot cur-
rently be anticipated or revealed using current testing
protocols; this is a concern first proposed by Daughton
and Ternes (1999). One example of a phenomenon that
can confound the interpretation of low-level effects is
hormesis. The possibility that hormesis (nonrandom
biological activity below the NOEL) is a widespread phe-
nomenon is becoming clearer with closer re-examination
of classic dose-response studies, where it is seen that a
threshold-like model for dose response may not hold
(Calabrese et al., 2006).

Knowledge Gained from Epidemiology

Another source of potential information for indirectly
assessing human exposure derives from certain previously
conducted epidemiological studies. These studies have
compared populations consuming water derived at least
in part from sewage after varying degrees of treatment.
Those studies designed around water reuse projects are
particularly germane. The studies on water reused for
drinking are few (less than a dozen) and largely conclude
that neither microbiological nor chemical contaminants
have led to any overt, adverse health effects, although the
incidence of certain health problems has been elevated in
some of these studies (DHH\PD, 2001; NRC, 1998).
While no adverse health effects in communities using
reclaimed water have been documented to result from
nonmicrobiological contaminants, it is important to note
that these studies had to use as controls populations
relying on conventional sources of water. This approach
is therefore obviously insensitive to detecting potential
effects resulting from contaminants shared by both types
of water supplies. A recent study, among a number of
others preceding, found no evidence for an association
between partially wastewater-derived drinking water and
breast cancer in a locale with a higher-than-predicted
incidence of breast cancer (Brody et al., 2006).
Complexities of Low-Level Multiple Exposure:
The Potential for Mixture Effects

On the other side of the equation, the evidence pointing
to the possible absence of human health effects during
chronic or repeated exposure to multiple pharmaceuticals
at very low levels is tempered by studies just beginning to
emerge that focus on more subtle endpoints.

Studies examining the potential for effects from simul-
taneous or sequential exposure to low individual concen-
trations of pharmaceuticals are rare, even for nonhuman
targets. Studies designed for revealing human risks have
only just begun, the first being published in 2006 (Pomati
et al., 2006). This study is the first to examine (using
an effects endpoint relevant to humans) the important
issue of mixture effects with regard to pharmaceuticals.
The study used a mixture comprising ‘near’-real-world
concentrations of drugs from disparate therapeutic classes:
atenolol, bezafibrate, carbamazepine, cyclophosphamide,
ciprofloxacin, furosemide, hydrochlorothiazide, ibuprofen,
lincomycin, ofloxacin, ranitidine, albuterol, and sulfa-
methoxazole. The concentration of each drug by itself
was insufficient to impart measurable effects for the end-
point – several aspects of the growth of human embryonic
cells – but the mixture could. Although the concentration
of each component was probably somewhat higher than
what exists in the environment (but still in the ng/L
range, sub-ppb), the actual number of drugs in the mixture
(roughly a dozen) may better represent reality. Note,
however, that it is not knownwhether these concentrations
in cell culture, while reflective of drinking water con-
centrations, would mimic the actual concentrations that
would be available to cells in a human.
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Although exposure to multiple drugs sharing the same
specific target of action is one potential mode by which
simultaneous exposure to ‘ultra-low’ pharmaceutical
doses could potentially impart effects, another that has
received comparatively little attention is via a biochemi-
cal target with extremely broad capacity to interact with a
wide spectrum of chemical stressors. A common biochem-
ical pathway by which large numbers of stressors could act
would provide the means by which additive effects could
easily reinforce each other – a mechanism by which a
receptor pathway could integrate the ordinarily small
individual responses elicited by each of a wide array of
chemicals having disparate mechanisms of therapeutic
action. Such a pathway was recently reported by Li et al.
(2007), who studied oligodendrocyte precursor cells,
from which the myelin-forming oligodendrocytes of the
central nervous system are formed. The oligodendrocytes
respond to small changes in redox conditions, and deter-
mine whether these cells divide or differentiate. The
latter is caused by oxidative stressors. While the authors
used nonpharmaceutical stressors, the work was con-
ducted at low, environmentally relevant concentrations
and has broad implications. Since many drugs are known
to elicit oxidative stress (a few examples being indometh-
acin, tamoxifen, thioridazine, chloroquine, cyclosporine A,
diazepam, fibrates (and clofibric acid), and acetamino-
phen), a plausible mechanism exists by which adverse
effects could theoretically arise – in this case, a developing
central nervous system could be affected.
Ingestion of Waste Medications

The second route to human exposure is intimately related
to the accumulation and storage of unused, unwanted
medications by consumers and other end users, as a pre-
lude to disposal. Leftover drugs constitute household
waste. Many other sources of stockpiled unwanted drugs
also exist and serve as potential sources of acute exposure
for humans; these are presented in a comprehensive flow
chart prepared by Ruhoy and Daughton (2008). Once
medications accumulate unused and unwanted by the
consumer, they become chemical waste and therefore
represent an exposure route outside of their intended
use in medical therapy. That portion of the leftover
drugs that is immediately disposed to sewerage constitu-
tes one of the principal sources for environmental resi-
dues – excretion being the other major source. That
portion of leftover drugs not immediately disposed of,
but rather stored in the household or other locations, as
well as that portion discarded to domestic trash is subject
to diversion (use by those for whom the medications were
not prescribed). Drugs discarded to curbside trash or
municipal landfills can be reclaimed and reused by those
who scavenge for them (e.g., human ‘gleaners’); some land-
fills also practice manual sorting, where the presence of
discarded drugs could be readily revealed. Diversion of
controlled substances is a major concern of the U.S. Drug
Enforcement Administration (DEA) and the White
House Office of National Drug Control Policy (White
House, 2007).

Waste medications serve as a principal source of acute
human exposure, leading to substantial morbidity and
mortality as a result of their purposeful ingestion by
those for whom they were not intended (e.g., recreational
drug users, drug abusers) or as a result of unintentional or
accidental ingestion, for example by infants, toddlers,
children, and the elderly (AAPCC, 2005). The relatively
large problem of acute drug poisonings, some of which
results directly by inappropriate storage of waste pharma-
ceuticals, represents an intersection of the domain of
human health and safety with that of environmental pro-
tection. Measures to protect humans from drug poison-
ings will also serve to protect the environment. Storage of
waste drugs in domiciles (as well as a broad spectrum of
other places; see Ruhoy and Daughton, 2008) is a major
source of drug diversion. The growing prevalence of teen
‘pharming’ is one example of diversion, and scavenging
domestic refuse is another.

Another means that consumers sometimes employ for
dealing with leftover drugs that would otherwise be des-
tined for waste disposal is the practice of reusing drugs by
providing them to another end user. While not always
legal (e.g., for prescription medications) or medically pru-
dent, reuse (also called drug ‘sharing’) is usually accom-
plished by donation to charitable organizations or by
sharing with family and friends. Drug ‘sharing’ probably
does not play a significant widespread role as an added
source of environmental residues, but it does pose sub-
stantial acute risks with regard to human health and safety.
Drug sharing is a practice that continues to grow as a
result of the public’s frustration with not being able to
make use of drugs that one person no longer wants or
needs but that another person does. Both consumers and
physicians sometimes practice it as an alternative to dis-
posal. The practice of self-medication is hazardous itself
and is responsible for a large percentage of hospitaliza-
tions from adverse drug responses (e.g., wrong drug,
wrong dosage). With respect to charitable drug donations,
it is worth noting that the World Health Organization and
other international organizations involved with humani-
tarian relief now discourage the donation of drugs during
relief efforts because of the high prevalence of inappro-
priate, unusable, or expired drugs (Daughton, 2007).
Extremely large quantities of donated drugs accumulate
on site and create large financial burdens (for warehous-
ing and disposal) as well as opportunities for diversion.

Currently, the only aspect of pharmaceuticals (outside
their intended use) known to directly impact human
morbidity and mortality is their substantial contribution
to accidental and purposeful poisonings (AAPCC, 2005).
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One of the factors determining or encouraging inappro-
priate or undesired access to drugs is the prevalence of
improper storage or misguided attempts at disposal,
which are in turn caused by the accumulation of leftover
drugs. Many factors lead to the unnecessary storage of
unwanted pharmaceuticals in domestic residences. Poor
levels of adherence (compliance) by patients to prescribed
medication regimes is one of the major factors leading to
the accumulation and eventual expiration of unused drugs
in the household. Adherence to prescription regimes is an
issue of great importance to health care. Its causes are
many and complex (e.g., see Kenreigh and Wagner, 2005).
A variety of ways to improve compliance, ranging from
simple to technologically sophisticated, currently exist or
are under development.

Once the consumer has accumulated a certain number
of unwanted or unusable medications in the home, the
quandary of disposal is confronted. Conflicting needs and
motivations make disposal of pharmaceuticals a confusing
issue in the United States, where national take-back pro-
grams do not exist. Water treatment facilities increasingly
no longer want drugs unnecessarily discharged via sewers,
while at the same time, poison control centers have long
advised against discarding them to trash and have always
recommended discarding to sewerage (since this is histor-
ically the easiest means available for protecting humans
and pets from accidental and purposeful poisonings).
Drugs discarded to municipal trash/landfills pose not
just potential future environmental exposure risks but
also ongoing risks with regard to reuse by those who
scavenge for them (e.g., human ‘gleaners’ or animal sca-
vengers). Discarding to sewerage, in contrast, is the surest
simple means (currently available) for preventing drug
diversion. With these conflicting issues aside, the U.S.
government, as a first step, issued its first public guidance
for drug disposal in February 2007 (ONDCP, 2007; White
House, 2007):

Unless stated otherwise on the label, proper disposal

methods include intermingling drugs with undesirable

substances ... and depositing them in the garbage or bringing

the drugs to a community pharmaceutical take-back or

solid waste program. Unless otherwise directed, prescrip-

tion drugs should not be flushed down the toilet due to

the risk of contaminating water sources.
Ingestion of Ambient Environmental Residues
Incorporated into Foods

Drinking water is not the only source of human exposure
to ambient environmental residues of drugs. Another
source is food contaminated by uptake of ambient resi-
dues from the environment. These residues are not
expected by the consumer to be present, in contrast to
residues from those drugs approved for use during the
commercial production of food. Ambient residues can be
concentrated in the tissues of aquatic organisms and taken
up by food crops that have been irrigated with reused
water or amended with sewage biosolids. A screening
study targeting 24 pharmaceuticals in the tissues of fish
and clams from an effluent-dominated stream revealed
residues of 13 at levels up to 80 ppb in muscle and liver
(Chambliss et al., 2006). Residues resulting from aquacul-
ture would not be part of this consideration because they
result from the purposeful, approved use of drugs. The
occurrence of nontherapeutic biocides not intended for
ingestion (e.g., triclosan and triclocarban) in human breast
milk (Adolfsson-Erici et al., 2002) points to the possibility
of this route occurring for lactating women exposed to
environmental residues of drugs that they would ordina-
rily not be consuming.

With regard to human exposure, of potential signifi-
cance is that veterinary drugs and human drugs comprise
sets that have little overlap. Human exposure to residues
from veterinary drugs from any inadvertent, unintended
consumption (e.g., via foods) may have less predictable
consequences than exposure to human drugs.

Potential sources for human exposure to ambient resi-
dues include not just drinking water and the well-known
but less publicized routes such as domestic livestock
and fish treated with veterinary drugs, but also the less-
known route of edible plants. Foods can potentially
become contaminated with pharmaceuticals not just
by the recycling of environmental residues originating
from therapeutic use in confined animal feeding opera-
tions (CAFOs) (veterinary drugs such as antibiotics and
estrogenic and androgenic steroids, for both therapeutic
treatment and growth promotion), agriculture (e.g., use
of antibiotics for plant disease control), and aquaculture
(antibiotics for disease prevention and treatment), but
also from uptake of drug residues by food crops grown
on land where sewage biosolids have been applied. When
biosolids from municipal sewage treatment facilities or the
excrement from domestic animals treated with veterinary
medicines are used on arable lands (e.g., as soil amend-
ment or fertilizer), vegetation has the potential to remove
the drug residues that partition to the soil pore water.
These residues can accumulate in shoots and roots. For a
limited number of targeted drugs evaluated under con-
trolled conditions, the residues found to accumulate in
certain plants hold the potential for yielding human
intakes that approach 10% of the ADIs (Boxall et al., 2006).

Aquaculture can release drugs directly to open waters
(from excess medicated feed and from excreta). Aquacul-
ture also experiences off-label and illegal usage of certain
drugs, especially highly toxic antibiotics such as chloram-
phenicol, furazolidone, and nitrofurazone, all of whose use
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is banned in many countries but continues nonetheless.
These released residues can be taken up by wild fin and
shell fish, which can then serve as a direct human expo-
sure route via recreational or subsistence fishing; expo-
sure could be enhanced for those drugs known to
bioconcentrate, for example in fish. For thorough back-
ground on the environmental aspects of concentrated
aquatic animal production (CAAP) and the role of phar-
maceuticals, refer to the materials available from EPA
(2006).

Another exposure route related to foods that
could emerge in the future is inadvertent exposure to
foods genetically engineered to produce proteinaceous
pharmaceuticals – ‘plant-made pharmaceuticals’ (PMPs)
produced by ‘molecular farming’ or ‘biopharming’; see
Elbehri (2005) for an overview. Current transgenic bio-
technology has the potential for using food crop species
(primarily corn, soybeans, rice) for producing hundreds of
distinct proteinaceous therapeutics (especially enzymes,
hormones, vaccines, monoclonal antibodies). PMPs raise
a host of questions regarding risk, primarily centered
around allergenicity and toxicity in the form of direct
endocrine disruption or other mechanisms, should these
crops or genes enter the food supply (such as by cross-
pollination of food crops) or their PMPs be released
directly to the environment. Although drugs based on
peptides and proteins would ordinarily not be expected
to persist in the environment because they can be easily
degraded or denatured, a possible exception is the cyclic
peptides and circular proteins. Natural products of the
former include cyclosporin (an immunosuppressant) and
gramicidin S (an antibiotic); these are distinguished from
the circular proteins in being synthesized by enzymatic
pathways as opposed to being synthesized ribosomally.
Synthetic versions of these chemicals (which cross over
into the domain of self-assembling nanostructures) can be
designedwith broad-ranging biological activities, especially
antimicrobial. The significant aspects of this class of drugs is
that they resist chemical, thermal, and enzymatic alteration
and therefore have the potential to persist in the environ-
ment and participate in later exposure events.
Other Routes for Exposure

There are several less common or unique routes by which
humans can be inadvertently exposed to pharmaceuticals.
These routes hold the potential for acute exposures. More
than 150 drugs are formally recognized as hazardous in
the occupational health-care setting (NIOSH, 2004);
NIOSH plans to add to this list in 2007. In contrast to
human therapeutic use, however, agricultural use poses
concerns with regard to occupational and bystander expo-
sure, especially by way of handling medicated feeds. One
example is the inhalation of pharmaceuticals sorbed to
dust particles generated by the handling of medicated
feeds (Hamscher et al., 2003). Another exposure concern
resulting from the use of medications with domestic
animals is airborne antibiotic-resistant bacteria (Gibbs
et al., 2006); indeed, the genes from antibiotic-resistant
bacteria are becoming to be recognized as pollutants
themselves (Pruden et al., 2006).

Another example involves various ill-conceived pro-
posals to prevent the reuse of drugs destined for disposal
to trash. These proposals all increase the risk of unusual
exposures for the consumer. For example, an often recom-
mended but ill-advised step prior to discard to trash is to
render unwanted medications unsuitable for consumption
by adding reactive chemicals, by heating, or by disassem-
bly of capsules or crushing tablets and mixing with unpal-
atable ‘inerts.’ Such procedures could prove hazardous
themselves because they promote the unnecessary
handling of active ingredients and could lead to dermal
or pulmonary exposure (e.g., by hand contact or inhala-
tion of dusts) or the generation of highly hazardous vapors
(e.g., if denaturing chemicals, such as bleach, or heat are
used). Furthermore, unnecessary handling of individual
medications also increases their risk of falling unnoticed
onto floors or counters from where infants and children
could consume them.

An undocumented exposure route might involve
inhalation of the combustion gases from incinerators
employed for the ultimate destruction of pharmaceuticals
(both licit and illicit) that have been collected or confis-
cated in large quantities (e.g., by local take-back projects
or by law enforcement). Except for incinerators designed
and approved for hazardous wastes, the efficiencies of
other incinerators are not fully understood. Improper or
insufficient incinerator conditions (especially tempera-
ture) or design could lead to the airborne emission of
unaltered parent drug entities or of toxic pyrolysis/oxi-
dation byproducts. A scenario in which airborne exposure
could be substantial is with small incinerators used in
humanitarian relief efforts and for on-site disposal of
confiscated drugs by law enforcement.

A little-recognized potential route of exposure is the
possibility of bodily exchange of drugs between people.
A potential route by which this might occur is from the
secretion of systemic drugs through the skin, from where
they could possibly be transferred directly to another
person by direct contact. As an example that systemic
drugs can be excreted through the skin, consider the
appearance of loratadine on the skin surface 40min
after ingesting a 10-mg oral dose of the antihistamine
(Takáts, 2004).

Finally, there are two routes by which acute dermal
exposure can occur. First, certain medications that can be
absorbed by the dermis are applied to the skin as gels or
creams by use of the fingers or hand; examples are
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testosterone and progesterone, which are dermally
applied in very high concentrations (parts per hundred).
The residuals remaining on the hand are not fully
removed by casual washing and can then be transferred
from the hand to any surface subsequently contacted
(telephones, doors, handles, etc.). These residues can
then be transferred to others. The second route is by
contact with dermal patches that have been disposed
after usage or expiry. This is especially dangerous because
many of these medications tend to be very potent (e.g.,
fentanyl and testosterone).
Perception of Exposure as a Confounding
Factor in Assessing Risk

While no evidence yet exists that trace levels of drugs in
drinking water pose any risk for humans, their mere
presence can create a refractory obstacle to public accep-
tance of, and trust in, recycled wastewater. This important
outcome results from the way risk is perceived, which in
turn is often little influenced by factual weight of evi-
dence. Traces of drugs in drinking water supplies, regard-
less of how low their concentrations might be, are
essentially considered ‘out-of-place’ chemicals, and as
such are sometimes looked upon as ‘chemical weeds’ by
the consumer (Daughton, 2005). The problem with low-
level exposure has more to do with the repercussions from
the way in which risk is perceived rather than overt
toxicological hazard.

At the least, the occurrence of minute quantities of
drugs in drinking water could cause what is known as the
nocebo response (Daughton, 2005) – nocebo deriving
from Latin ‘I will harm.’ The nocebo effect (the opposite
of the placebo effect) is a real, physiologically adverse
outcome caused simply by the suggestion or belief that
something (such as a chemical) is harmful, despite the
absence of any inherent toxicity. The nocebo effect could
play a key role in the manifestation of adverse health
consequences from exposure even to nontoxic trace levels
of contaminants – simply by the power of suggestion and
belief. Public education and a better understanding of
how risk is perceived and how it is best communicated
are particularly important for minimizing the incidence
of the nocebo response (Daughton, 2004).

Particularly germane to the concept of ‘chemical
weeds’ is the way in which the public perceives the tech-
nical concept of a contaminant’s ‘concentration.’ Whereas
scientists readily distinguish the enormous, orders-of-
magnitude differences between ppm, ppb, ppt, and other
measures of concentration, the public often does not
perceive these as measures of quantity, but rather as
variant shorthands for the fact that a chemical is merely
present – all measures of trace contaminants perceived as
being essentially the same with regard to risk. For the
general public, the dose is often not correlated with the
potential for an effect – all doses are essentially equal.
Another confusing aspect of concentration terminology
can derive from the use of the ‘parts-per’ notation, where
the quantity descriptors denote relative amounts that have
opposite relative sizes when used by themselves. For
example, although ‘trillion’ is 1000 times larger than ‘bil-
lion,’ it is only one-thousandth the size of a billion when
used with ‘parts-per.’ This would represent a millionfold
discrepancy from reality for the public. So the lower the
concentration of a toxicant reported using ‘parts-per’
notation, the higher the perceived risk might be, because
the focus is on the quantifiers, and the ‘parts-per’ are
simply ignored. Making things even more complicated is
the fact that numbers larger than 109 do not have the same
meanings worldwide; for example, a trillion in the United
States is 1012 (a thousand billion) but in many other
countries (such as Britain) a trillion is called a billion,
and a trillion for them is a quintillion in the United States.
Even worse, a trillion in Britain can also mean 1018, a
billion billion. This is why the National Institute of Stan-
dards and Technology (NIST) does not condone the
parts-per notation.

One of the ways in which risk is subconsciously framed
or valued during its perception derives from a form of
‘logic’ or valuation explained by what are known as the
‘common laws of magic’. One of these laws is the law
of association, which in turn comprises the sublaws of
similarity and of contact or contagion. The ‘magical law
of contagion’ constitutes one of the sympathetic laws of
magic as introduced over a century ago by anthropologists
(see Nemeroff and Rozin, 1994). Of particular relevance
to drinking water as a source of pharmaceuticals, the law
of contagion holds that once contaminated, always con-
taminated: ‘Things that have once been in contact with
each other continue to act on each other at a distance even
after physical contact has been severed.’ Once objects
come into contact with each other, they will continue to
influence each other, even after separation. The presence
of pharmaceuticals essentially serves as a reminder that
the drinking water or food was at one time in ‘contact’
with human waste. This can lead to rejection by the
consumer of recycled water for drinking (Daughton,
2004).

As an example of the difficulty in communicating risk,
consider the following hypothetical scenario. A city’s
drinking water generally contained about 10 ppt of each
of nine different pharmaceuticals from various therapeu-
tic classes. For those consumers drinking 2 L per day, the
potential for exposure (assuming 100% absorption from
the gut) resulted in doses that were roughly the equivalent
of 0.0002% of the safe therapeutic dose for each drug
(20-ng residue versus 100mg of a normal dose). Even
though such an exposure would be considered safe, the
extenuating factor is that the mere occurrence of the drug
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residues verifies that the water was derived from human
waste and therefore is still ‘tainted.’ Communication of
facts does not necessarily influence perception based on
beliefs and fears.
Antimicrobial Resistance

Of the numerous classes of pharmaceuticals, the two that
have attracted the most attention as environmental pollu-
tants are the sex steroids and antibiotics. Attention has
been focused on the first because of their endocrine
modulating effects on wildlife at extraordinarily low con-
centrations (e.g., 1 ng/L); ethynylestradiol is one example.
The second has attracted concern because of the issue of
selection for antibiotic resistance in human pathogens. In
fact, selection for antibiotic-resistant pathogens is often
highlighted as one of the major drivers for concern over
pharmaceutical residues in the environment. Despite this
concern, there is little evidence that the trace concentra-
tions of antibiotic residues in most environmental settings
is sufficiently high to serve as a selecting force for devel-
opment of resistance; but this is an unresolved issue.
The levels monitored in the dissolved aqueous environ-
ment (ppt to ppb) are orders of magnitude below those
believed necessary to select for antibiotic resistance.
These ambient, trace concentrations of antibiotics are
insufficiently high to select for resistance whether this
were to occur in the environment or in those who ingest
ambient, trace residues from water. The limited data
on the concentrations of certain antibiotics in biosolids,
however, reveal concentrations that can be orders of
magnitude higher than in the aqueous environment
(100s of ppb versus ppt; e.g., see Jones-Lepp and Stevens,
2007; Kinney et al., 2006). At these greatly enhanced con-
centrations, it might be possible to select for resistance
among the bacteria occurring in the biosolids.

The co-occurrence of antibiotic residues with
antibiotic-resistant bacteria in environmental settings
is often interpreted as causal. The tendency has been
to simply note correlations between the occurrence of
trace concentrations of antibiotics and the co-occurrence
of resistant bacteria, leading to erroneous conclusions that
the former leads to the latter. In reality, these resistant
bacteria are partly introduced to the environment by their
shedding from humans and animals (together with
excreted antibiotics) that have been treated with thera-
peutic levels of antibiotics. These bacteria probably devel-
oped resistance during the therapeutic exposures, not
from exposure to trace levels in the environment. Any
correlation of occurrence of trace levels of antibiotics with
the co-occurrence of resistant bacteria most likely results
from the sloughing of resistant bacteria from people and
animals receiving antibiotic therapy and from horizontal
gene transfer after these enteric bacteria are shed to the
environment.
Important to recognize at the same time, however, is
that antibiotic resistance is also a widespread natural
phenomenon due to the ubiquitous production of natural
antibiotics by autochthonous soil bacteria. The phe-
nomenon of multiple antibiotic resistance (spanning all
significant therapeutic antibiotics, whether naturally or
artificially synthesized) and multiple means of resistance
may be widespread in the environment (D’Costa et al.,
2006). It leads to questions of (1) the origin(s) of wide-
spread resistance (whether naturally evolved as a result of
allelopathic defenses or by gene transfer, or both), and
(2) whether the soil domain might serve as a reservoir for
the transfer of naturally acquired resistance to pathogens.
Exposure to an antibiotic of one class can also select for
resistance to those from other classes (multidrug resis-
tance, or MDR) if the mechanism of resistance depends
on processes with little ligand specificity (such as over-
expression of cellular efflux pumps).

It is also important to recognize that development of
transient antibiotic resistance can stem not just from
exposure to antibiotics but also from a wide array of so-
called ‘non-antibiotic’ antibiotics, some of which have no
inherent toxicity of their own (indirect toxicants). Exam-
ples include those pharmaceuticals that induce overex-
pression of the efflux pumps responsible for MDR (these
include many widely used drugs, such as certain selective
serotonin reuptake inhibitors, or SSRIs).

The prevalence of ubiquitous ‘nonculturable’ bacteria
(often resulting from antibiotic therapy) also impedes
determining the prevalence of antibiotic resistance. The
many unknowns presented by the fact that most microbes
are not culturable (and therefore resistance cannot be
determined) is a major complicating factor. These bacte-
ria may serve as a significant but unidentifiable reservoir
of resistance genes for horizontal transfer to human
pathogens. Indeed, recent studies have shown that healthy
people could be the source of many of the antibiotic
resistance genes that have led to the rise of ‘superbugs’
in hospitals. One study has found that more than 90% of
the harmless E. coli in the guts of healthy people are
multidrug resistant (Hall, 2006). Overexpression of
broad-spectrum efflux pumps, plasmid-addiction systems,
and exposure to naturally produced antibiotics may con-
serve resistance in the absence of continued ‘anthropo-
genic’ selective pressure.

Although antibiotic resistance is a major and growing
human health concern, it is probably little connected with
the issue of pharmaceutical residues being released to
the environment as pollutants, but rather related to the
imprudent use of these drugs in medical therapy. As
opposed to the purported development of resistance
among microorganisms exposed to trace levels of antibio-
tics in the environment, the more salient concern with
respect to human exposure is probably the horizontal
transfer of resistance genes to human pathogens. The
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problem is probably more related to environmental ‘pol-
lution’ with resistance genes rather than by antibiotics
themselves.

In contrast to therapeutic antibiotics, the high produc-
tion volume, broad-spectrum biocides might pose a separate
concern. Two of the major high-volume, broad-spectrum
biocides are triclosan and triclocarban. Whether these two
chemicals select for widespread resistance to themselves
(or for cross-resistance to narrow-spectrum antibiotics in
the environment) is very controversial. Another concern
is the possible widespread employment of antivirals, such
as oseltamivir carboxylate, during epidemics (Singer et al.,
2007). Excretion of antivirals resistant to sewage treat-
ment might lead to significantly higher ambient water
concentrations than for antibiotics, which are used by a
much smaller percentage of the populace for everyday
health care. These concentrations could be sufficiently
high as to select for resistant viruses carried by wildlife
and later subject to crossing over to humans. This is an
example of indirect hazard, where the initial exposure (to
a chemical) could lead to future exposure to an infectious
agent. So the significance of an exposure cannot be con-
sidered outside the context of the larger picture.
Proactive Measures to Reduce Exposure
or Hazard Perception

Certain measures can be implemented to begin reducing
or limiting human exposure or to improve public accep-
tance of the fact that because of the ever-improving ability
of chemists to detect lower and lower concentrations,
‘zero’ cannot be economically achieved with respect to
the concentrations of contaminants in water. These mea-
sures include the following.
Multiple Barriers

Given the uncertainties regarding the true magnitude of
potential risk, coupled with the difficulty in communicat-
ing risk, a reasonable strategy may be to implement the
multiple-barrier approach, whose historic usage in the
water treatment industry began with the need to maxi-
mize the removal of microbial pathogens. The multiple-
barrier approach partly involves the use of a series of
approaches to maximize the spatial and temporal separa-
tion between wastewater and drinking water sources –
essentially, to make the loop in water recycling as long
and circuitous as possible.
Reducing Real or Perceived Exposure via
Drinking Water

The consumer can be proactive to further ensure that
drinking water contaminants are minimized, including
ultra-trace levels of whatever pharmaceuticals might still
be present, by use of ‘point-of-use’ treatment systems that
install on individual water fixtures, or with ‘point-of-entry’
systems that treat all the potable water entering a building
regardless of whether it is used as drinking water; systems
using reverse osmosis and activated carbon sorption are
particularly effective. The consumer should also be aware
of alternatives to the disposal of drugs via the toilet.
Scope of Occurrence

Compared with environmental monitoring, significantly
less effort has been invested in determining the extent,
frequency, and distribution of pharmaceutical residues in
finished (POU) drinking waters. More extensive monitor-
ing surveys could be designed and implemented.
Status and Trends Monitoring

Trends data for drugs in drinking water may be the key for
determining monitoring priorities relevant to human
exposure. Once routine methods can be established, risk
assessments might focus on those target analytes found to
be trending upward in occurrence frequencies or in con-
centrations, or the emergence of newly approved APIs.
Likewise, methods for nontarget analysis could spot
newly emerging drugs, triggering risk assessments. If
trends data revealed the occurrence of previously unseen
drugs or increasing concentrations of existing pharmaceu-
ticals in the aquatic environment or in biosolids, then we
would be positioned to take faster action – before these
chemicals and their quantities might prove significant.
Occurrence data could also be used simply to establish
baseline exposure status (‘reference’ ranges) instead of
linking it with risk. Negative concentration trends could
be useful in assessing the effectiveness of waste treatment
or pollution prevention controls. Drinking water occur-
rence data that is representative and reproducible could
also be used by the public to compare the effectiveness of
water treatment among municipalities.
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Li Z, Dong T, Prö schel C, and Noble M (2007) Chemical ly Diverse
Toxicants Converge on Fyn and c-Cbl to Disrupt Precursor Cell
Function. PLoS Biology 5(2): e35.

McGovern T and Jacobson-Kram D (2006) Regulation of Genotoxic and
Carcinogenic Impurities in Drug Substances and Products. TrAC
Trends Anal. Chem. 25(8): 790–795.

Müller L, Mauthe RJ, Riley CM, Andino MM, De Antonis D, Beels C, et al.
(2006) A rationale for determining, testing, and controlling specific
impurities in pharmaceuticals that possess potential for genotoxicity.
Reg. Toxicol. Pharmacol. 44(3): 198–211.

Nemeroff C and Rozin P (1994) The Contagion Concept in Adult
Thinking in the United States: Transmission of Germs and of
Interpersonal Influence. Ethos 22(2): 158–186.

NIOSH. Preventing Occupational Exposure to Antineoplastic and Other
Hazardous Drugs in Health Care Settings, September 2004,
Publication No. 2004–165, National Institute for Occupational Safety
and Health, Centers for Disease Control and Prevention, Atlanta GA.
available: http://www.cdc.gov/niosh/docs/2004-165/#r.

NRC (1998) Issues in potable reuse: The viability of augmenting drinking
water supplies with reclaimed water. Committee to Evaluate the
Viability of Augmenting Potable Water Supplies with Reclaimed
Water, Water Science and Technology Board, Commission on
Geosciences, Environment, and Resources, National Research
Council, National Academy Press report. available: http://www.nap.
edu/books/ 0309064163/html.

Oberemm A, Onyon L, and Gundert-Remy U (2005) How can
toxicogenomics inform risk assessment? Toxicol. Appl. Pharmacol.
207(2, suppl 1): 592–598.

ONDCP. Proper Disposal of Prescription Drugs: Federal Guidelines.
Office of national Drug Control Policy, Washington, DC. February
2007, available: http://www.whitehousedrugpolicy.gov/
publications/pdf/prescrip_disposal.pdf.

Paustenbach D and Galbraith D (2006) Biomonitoring: Is body burden
relevant to public health? Reg. Toxicol. Pharmacol. 44(3): 249–261.

Pomati F, Castiglioni S, Zuccato E, Fanelli R, Vigetti D, Rossetti C, and
Calamari D (2006) Effects of a Complex Mixture of Therapeutic Drugs
at Environmental Levels on Human Embryonic Cells. Environ. Sci.
Technol. 40(7): 2442–2447.

Pruden A, Pei R, Storteboom H, and Carlson KH (2006) Antibiotic
Resistance Genes as Emerging Contaminants: Studies in
Northern Colorado. Environ. Sci. Technol. web release date
15 August 2006.

http://www.epa.gov/nerlesd1/bios/daughton/waterreuse.pdf
http://www.epa.gov/nerlesd1/bios/daughton/waterreuse.pdf
http://www.health.gov.au/internet/wcms/publishing.nsf/Content/health-pubhlth-publicat-document-metadata-env_water.htm/$FILE/env_water.pdf
http://www.health.gov.au/internet/wcms/publishing.nsf/Content/health-pubhlth-publicat-document-metadata-env_water.htm/$FILE/env_water.pdf
http://www.health.gov.au/internet/wcms/publishing.nsf/Content/health-pubhlth-publicat-document-metadata-env_water.htm/$FILE/env_water.pdf
http://www.agbioforum.missouri.edu/v8n1/v8n1a03-elbehri.htm
http://epa.gov/guide/aquaculture/#rule
http://www.medscape.com/viewarticle/514164_print
http://www.medscape.com/viewarticle/514164_print
http://www.cdc.gov/niosh/docs/2004-165/#r
http://www.nap.edu/books/ 0309064163/html
http://www.nap.edu/books/ 0309064163/html
http://www.whitehousedrugpolicy.gov/publications/pdf/prescrip_disposal.pdf
http://www.whitehousedrugpolicy.gov/publications/pdf/prescrip_disposal.pdf
http://www.epa.gov/nerlesd1/bios/daughton/Chap1_Petrovic8Barcelo.pdf
http://www.epa.gov/nerlesd1/bios/daughton/Chap1_Petrovic8Barcelo.pdf


Schulman LJ, Sargent EV, Naumann BD, Faria EC, Dolan DG, and
Wargo JP (2002) A human health risk assessment of
pharmaceuticals in the aquatic environment. Hum. Ecol. Risk
Assess. 8(4): 657–680.

Schwab BW, Hayes EP, Fiori JM, et al. (2005) Human pharmaceuticals
in US surfaces waters: a human health risk assessment. Reg.
Toxicol. Pharmacol. 42: 296–312.

Singer AC, Nunn MA, Gould EA, and Johnson AC (2007) Potential risks
associated with the proposed widespread use of Tamiflu. Environ.
Health. Perspect. 115: 102–106.

Slikker W Jr, Andersen ME, Bogdanffy MS, et al. (2004a) Dose-
dependent transitions in mechanisms of toxicity. Toxicol. Appl.
Pharmacol. 201(3): 203–225.

Slikker W Jr, Andersen ME, Bogdanffy MS, et al. (2004b) Dose-
dependent transitions in mechanisms of toxicity: case studies.
Toxicol. Appl. Pharmacol. 201(3): 226–294.
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Glossary
Confounding Extraneous variables resulting in

outcome effects that obscure or exaggerate the ‘true’

association.

Metabolic equivalent MET value ¼ (caloric need/

kilogram body weight per hour activity)/(caloric need/

kilogram body weight per hour at rest).

Relative risk The ratio of the incidence rate of a

disease among individuals exposed to a specific risk

factor to the incidence rate among unexposed

individuals.
Introduction

Physical activity can be defined as any movement that
substantially increases the amount of calories that an
individual burns in a day. Walking, gardening, washing
the car, dancing, raking, swimming, and jogging are all
types of physical activity. However, as most people know,
not all activities burn the same amount of calories. Activ-
ities that require modest energy expenditure and, there-
fore, burn fewer calories per hour are considered light or
moderate, while those that burn more calories per hour
are considered vigorous or strenuous. Examples of each



Table 1 Examples of light, moderate, and vigorous physical

activity

Light activity Moderate activity Vigorous activity

Walking, <3 mph

Golf, using a cart

Cycling, <6 mph

Pruning, weeding
Dusting or

sweeping

Shuffleboard

Bowling
Boating

Playing catch

Table tennis
Yoga

Tai chi

Coaching

Brisk walking,

3–5 mph

Golf, carrying clubs

Cycling, 6–9 mph
Shoveling light

snow

Scrubbing floors or

vacuuming
Recreational

volleyball

Badminton
Canoeing

Weight training

Baseball

Ballroom dancing
Skiing downhill,

light effort

Recreational

swimming

Race walking

Stair climbing

Cycling, 10 mph

Pushing
lawnmower

Carrying heavy

loads

Jogging or running
Backpacking

Rowing machine

Calisthenics
(pushups,

situps)

Singles tennis

Aerobic or fast
dancing

Karate or judo

Lap swimming
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type are included in Table 1. Individuals can burn the
same amount of calories by engaging in moderate activity
for an extended period of time as they can by engaging in
vigorous activity for a shorter period of time. What has
remained questionable, however, is whether moderate
activity and vigorous activity confer the same health ben-
efits in terms of chronic disease risk, mental health, and
mortality.

In this article, we consider beneficial effects of physical
activity on health. The article begins by reviewing the
evidence that regular physical activity reduces the risk of
a number of specific disease conditions. It considers
methodologic considerations that have been addressed
in determining the relationships between physical activity
and these conditions are causal. The article discusses
guidelines proposed by various organizations regarding
the optimal level of physical activity for overall health.
It considers clinical and public health strategies that can
be used to increase physical activity in the population,
and concludes with a discussion of safety considerations
and ways to minimize the potential risks from physical
activity.
Health Benefits of Physical Activity

The relationship between physical activity and health
outcomes has been examined extensively in a large num-
ber of epidemiologic studies, which are summarized in the
1996 Surgeon General’s report (U.S. Department of
Health and Human Services, 1996). These studies have
shown physical activity to be associated with numerous
health benefits, including reductions in the risk of prema-
ture mortality, cancer, cardiovascular disease, hyperten-
sion, diabetes, and osteoporosis. The weight of evidence
derived from epidemiologic studies, short-term inter-
vention, clinical investigations, and randomized clinical
trials now provides strong evidence that engaging in reg-
ular physical activity is one of the best ways to improve
overall health.

Several methodologic approaches are used to distin-
guish between health benefits that are caused by physical
activity and those that are merely associated with it. While
there was concern in the past that these observed benefits
were due to confounding factors or reverse causation, this
now seems unlikely, given the increasingly sophisticated
design of epidemiologic studies and the growing body of
research using short-term clinical intervention studies
and randomized trials of increased physical activity lead-
ing to significant improvements in high-density lipopro-
tein (HDL) cholesterol, blood pressure, insulin resistance,
and, to a lesser extent, weight loss.

Reverse causation is the idea that because people with
disease are less likely to be active than healthy people are,
physical activity can appear to be more beneficial in
studies than it actually is. However, researchers are now
able to use advanced statistical methods to address con-
founding factors and thus disentangle the effects of phys-
ical activity from the effects of other lifestyle factors. In
addition, researchers now collect detailed data that enable
them to reduce the possibility of reverse causation, such
as excluding people with preexisting disease from their
analyses and then studying the effects of physical activity
only in those who were healthy at baseline. This method,
along with controlling for confounding factors, has
allowed researchers to be more confident in their conclu-
sion that physical activity is one of the best ways to
improve one’s overall health. When these epidemiologic
approaches are further supported by short-term studies
that show improvements in risk factors for chronic disease
in response to increased physical activity, the biologic
response data add to the causal interpretation of epidemi-
ologic findings.
Lower Risk of Cancer

Colon cancer

Colon cancer is the second leading cause of cancer-
related death in the United States. However, the risk of
developing colon cancer can be reduced through a num-
ber of lifestyle factors, with physical activity being one of
the most important. Among both men and women, high
levels of physical activity may lower the risk of colon
cancer by as much as 50% (Colditz et al., 1997). Although
studies have not consistently used a standard measure
of activity or defined exactly what constitutes a ‘high’
level of activity, a dose–response relationship has been
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observed consistently across a variety of study designs and
populations. In addition, this relationship has been
observed across a wide range of weights, which suggests
that the effect of physical activity on colon cancer inci-
dence is independent of the effect of obesity.

Although maintaining a high level of physical activity
throughout life appears to impart the greatest protection
against colon cancer, this does not mean that sedentary
people cannot reap the benefits if they become active.
In a hallmark study by Lee et al., men who were sedentary
at baseline and became active during the study had a
13% lower risk of colon cancer than men who were
sedentary at baseline but remained so (Lee et al., 1991).
In addition, the level of activity needed to reduce colon
cancer risk appears moderate. Data from at least two
prospective studies, conducted by Giovannucci and
Martinez, indicate that both men and women can lower
their risk of colon cancer by simply engaging in moderate
physical activity, such as brisk walking or stair climb-
ing, for 1 h per day (Giovannucci et al., 1995; Martinez
et al., 1997). For participants whose only recreational
activity was walking, there was a dose–response relation-
ship between risk and walking pace: the faster they
walked, the lower their risk was. For each additional
hour of brisk walking per week, risk was reduced by
approximately 10%.

Several mechanisms have been proposed to explain the
link between activity and colon cancer. First, vigorous
physical activity may lessen the amount of time that it
takes stool to pass through the colon, thereby minimizing
contact between the colon wall and any potential carcino-
gens in the stool. Second, physical activity may reduce
circulating levels of insulin, which is a growth factor for
colonic epithelial cells. Finally, additional hypotheses sug-
gest that physical activity may alter prostaglandin levels,
improve immune function, and modify bile acid
metabolism.

Breast cancer

A woman’s risk of breast cancer depends largely on the
amount of estrogen circulating in her body. Because
physical activity is thought to lower cumulative lifetime
exposure to circulating estrogens, researchers have long
speculated that it might lower the risk of breast cancer.
Numerous studies have examined this possibility, and
although not entirely consistent, the majority of studies
support a modest, inverse relationship between physical
activity in adulthood and breast cancer. The IARC con-
cluded that this was a causal link between lack of physical
activity and increased risk of breast cancer (International
Agency for Research on Cancer, 2002). Overall, the reduc-
tion in risk is approximately 20% for women who achieve
the CDC guideline of 30min of physical activity most
days of the week. The strongest reduction in risk of pre-
menopausal breast cancer (a 60% reduction) has been
observed for women who attain this level of activity
(approximately 4 h per week) from menarche through to
their 40s (Bernstein et al., 1994).

Bernstein and Colditz have theorized that physical
activity in early childhood might also affect breast cancer
risk, mainly by delaying the age at which a girl starts
her regular menstrual cycles (called menarche). Physical
activity may delay menarche by interacting with the
adrenaline system to reduce levels of circulating estro-
gens. In addition, girls who are physically active have
less fat tissue, and this may also lead to delayed
menarche. Early age at menarche (younger than
12 years) is an established risk factor for breast cancer
(Hankinson et al., 2004).
Lower Risk of Cardiovascular Disease

Hypertension

Hypertension is a major underlying cause of cardiovascu-
lar complications and mortality in the United States.
Fortunately, though, it can be both prevented and treated
with physical activity. Physical activity causes the blood
vessels to dilate, allowing blood to flow through the
arteries more readily. In addition, it helps remove low-
density lipoproteins from the artery walls, thus widening
them. Finally, activity can help with weight loss, which
can, in turn, lower blood pressure.

Several studies have demonstrated the efficacy of
physical activity in lowering blood pressure, with many
supporting a dose–response relationship such that the risk
of hypertension diminishes with increasing levels of activ-
ity. Perhaps even more important is that several clinical
trials have shown moderate physical activity to be as
beneficial as vigorous physical activity in lowering blood
pressure.
Cholesterol levels
Regular physical activity may influence the amount of
HDL cholesterol in the blood. HDL cholesterol is often
referred to as ‘good cholesterol’ because it keeps low-
density lipoproteins (or ‘bad cholesterol’) from building
up in the arteries and causing atherosclerosis.

A number of studies have shown that active men and
women tend to have higher levels of HDL cholesterol
than their sedentary counterparts. For example, in one
such study, conducted among female recreational run-
ners, Williams found that HDL levels increased steadily
with the number of miles that women ran per week
(Williams, 1996). Similar results have also been reported
for more moderate activity. For example, Parkkari et al.
reported that previously sedentary men were able to
raise their HDL levels by walking during golf games two
to three times a week during a 20-week intervention
(Parkkari et al., 2000).
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Coronary heart disease
Largely by lowering blood pressure and increasing HDL
cholesterol in the blood, physical activity can substantially
lower the risk of coronary heart disease. Many studies
have shown that active people have a substantially lower
risk of coronary heart disease than their sedentary coun-
terparts and that there is a dose–response relationship
between activity level and risk. In a 1990 meta-analysis
by Berlin and Colditz, the pooled relative risk for coro-
nary heart disease in men and women, comparing risk in
the highest level of physical activity to that in the lowest,
was 0.56 among those studies judged to be of high quality
(Berlin and Colditz, 1990).

There are several practical implications from recent
studies on activity and heart disease. First, data suggest
that individuals do not need to train for marathons or
spend hours at a health club in order to lower their risk
of heart disease. In a 1999 study by Manson et al., women
who walked briskly for at least 3 h a week received the
same amount of protection against heart disease as women
who exercised vigorously for at least 1½ h a week (Manson
et al., 1999). Both groups were 30–40% less likely to
develop heart disease than those who were sedentary.
Second, it appears that individuals might be able to get
the same cardiovascular benefits whether they engage in
several short sessions of activity per day (for example,
three 10-min sessions) or in one longer session per day (a
30-min session). Although there are few data to support
this notion directly, the 1996 Surgeon General’s report
notes that it is reasonable to expect the benefits of inter-
mittent activity ‘‘to be similar to those of continuous
activity.’’ Finally, data suggest that it is never too late in
life for people to reap the benefits of a physically active
lifestyle. In the 1999Manson study noted above, sedentary
womenwho became active had a lower risk of heart disease
than sedentary women who remained inactive. The more
active the women became, the lower their risk was.

Stroke

Characterized by the blockage of blood flow to the brain
or bleeding in the brain, stroke is one of the leading causes
of death and permanent disability in the United States.
However, the risk of this condition can be reduced with
regular physical activity, since being active has beneficial
effects on many risk factors for stroke, including obesity,
heart disease, diabetes, hypertension, and high blood
cholesterol.

Although early studies were conducted almost exclu-
sively in men and were not consistent in demonstrating a
link between activity and stroke risk, more recent studies
now suggest that activity lowers the risk of stroke in both
men and women. In addition, these studies have shown
that even moderate-intensity activity, like walking, can
lower risk. For example, in a large prospective cohort
study conducted by Hu et al., women who walked briskly
(at a pace of at least 3 miles/h) for at least 1 h per week
were 30% less likely to have a stroke than sedentary
women were (Hu et al., 2000). Those who walked at even
quicker paces had further reductions in risk.

Lower Risk of Type 2 (Adult-Onset) Diabetes

Type 2 (adult-onset) diabetes is already a major health
problem in the United States, and the situation is only
expected to get worse. With rates of obesity soaring and
physical activity on the decline, the global prevalence of
type 2 diabetes is expected to double over the next
10 years. Increasing the prevalence of physically active
lifestyles, however, could help halt this trend. The rela-
tionship between physical activity and type 2 diabetes has
been studied in great detail, with the large majority of
studies suggesting a modest protective effect of about
30% for regular moderate activity ( Jeon et al., 2007). In
addition, several findings have had particularly practical
implications. For example, it has become clear that
regardless of how much a person weighs, he or she can
reduce the risk of diabetes by becoming physically active.
This is extremely important for overweight people, who
have a greatly increased risk of diabetes and can thus
benefit most from the protection offered by activity. Also
noteworthy is that people who are sedentary can lower
their risk of diabetes by becoming more active. Although a
large increase in activity provides the most protection,
even a very modest increase will offer some protection.
Finally, if it is done for an extended period of time each
week, walking can be as protective against diabetes as
vigorous activity is. In a large prospective cohort study
conducted by Hu et al., women who walked briskly for 3 h
a week reduced their risk of diabetes as much as women
who exercised vigorously for 1½ h a week (Hu et al., 1999).
The more time women spent walking, and the faster they
walked, the less likely they were to develop the disease.
Taken collectively, these findings suggest that, regardless
of people’s current weight or activity level, they can lower
their risk of type 2 diabetes by walking more frequently –
or more quickly.

Several mechanisms have been proposed to explain
this beneficial link between activity and type 2 diabetes.
First, type 2 diabetes occurs when the pancreas does not
produce enough insulin or when the body does not effec-
tively use the insulin that is produced. Physical activity
can improve the body’s response to insulin and thereby
lower the risk of diabetes. Second, overweight people are
more likely to develop adult-onset diabetes than people at
a healthy weight, and activity is an effective means of
weight control and weight reduction.

Lower Risk of Osteoporosis

Osteoporosis occurs when the bones in the body lose so
much mass and become so brittle that they are prone to
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fracture. Physical activity is a well-established means of
protecting against this condition. When a person is physi-
cally active, it places mechanical stress on the bones,
forcing the tissue to absorb calcium and become stronger.
In this way, physical activity directly promotes the build-
ing of bone. However, it also strengthens the bone tissue
indirectly, by stimulating the muscles that surround bone
tissue. As these muscles become larger and stronger, they
place increasing pressure on the bone. This pressure
stimulates the bone tissue to absorb calcium and grow in
strength. Notably, the only bones protected by physical
activity are those that are stressed during the activity. For
example, walking will place stress on the bones of the
spine and hips, but it will have no impact on the wrist.

Numerous studies have shown that being active early
in life can have a long-term effect in preventing osteopo-
rosis. This is because activity during childhood promotes
the accumulation of bone mass – and the more bone that
is accrued early in life, the lower the chance is of devel-
oping osteoporosis later. While this is reassuring for those
who exercised as children, it need not be frightening for
those who did not: Being active in adulthood can also
prevent osteoporosis by slowing the rate of bone loss.

While most studies have shown that weight training
and vigorous activity (like running) are the most effective
activities for preventing osteoporosis and subsequent frac-
tures, recent data suggest that walking might be just
as beneficial. In a large study of women over age 65,
Cummings et al. (1995) found a 30% reduction in the
risk of hip fracture among those who walked for exercise
compared to those who did not. The farther women
walked, the lower their risk was. In the Nurses’ Health
Study population, Feskanich et al. (2002) found that the
risk of hip fracture in postmenopausal women dropped
6% for each hour increase per week of moderate activity.
Overall, hip fracture risk was 55% lower in the most
active women compared to the least. Several small, ran-
domized controlled trials have supported these results,
showing greater bone mass among women who walked
than among women who were sedentary.

Although physical activity has a beneficial effect on
bone for most women, engaging in too much strenuous
activity can lead to dangerously low levels of estrogen and
subsequent bone loss.
Weight Control

Excess body fat is a growing problem in the United States,
with the prevalence of obesity among U.S. adults having
reached 30% by 2002 (National Center for Health Statis-
tics, 2007). This is of major public health concern, given
that obesity is a major cause of mortality in the United
States, contributing to at least 300 000 deaths per year. In
addition, it substantially increases morbidity, impairs
quality of life, and accounts for about 9% of all U.S.
health-care expenditures. Physical activity has long been
proposed as a means to stem the epidemic of obesity, since
it can lead to modest weight loss in overweight and obese
adults and can also help adults to maintain their weight.
The evidence for this was reviewed in a report released
by the National Heart, Lung, and Blood Institute in 1998
(NHLBI, 1998).

In that report, data were reviewed from 12 randomized
controlled trials that examined the link between physical
activity and weight loss, independent of diet. Ten of the
12 trials reported a mean weight loss of 5.3 pounds (or
2.4% of body weight) for active participants, while two
trials reported no weight loss. (The duration of the inter-
ventions ranged from 16weeks to one year.) In addition,
ten of the trials compared the effects of exercise alone
with diet alone, and nine showed greater weight loss
among the diet-alone group than the exercise-only
group. Taken collectively, these data led the report
authors to conclude that physical activity alone (in the
form of aerobic exercise) can result in modest weight loss
among overweight and obese adults, and that these effects
are independent of the effects of caloric reduction
through diet. If increased physical activity is combined
with a reduced calorie diet, the effects on weight loss are
greater than they are for either activity or diet alone.

In addition to its modest effects on weight loss, physi-
cal activity may play a role in weight maintenance.
Although this has not been formally evaluated in rando-
mized controlled trials, data from observational studies
suggest that physical activity is related to less weight gain
over time and less weight gain after smoking cessation in
women. In addition, post hoc analyses of intervention stud-
ies have suggested that physical activity is a predictor of
successful weight loss.
Improvements in Mental Health

According to the World Health Organization (WHO,
2001), mental disorders are one of the top five causes of
lost years of healthy life in the world, and they are
expected to represent an even larger proportion of disease
burden in the future. Although people have long specu-
lated that physical activity might help prevent or even
treat mental disorders, it is only in the past 30 years that
there has been scientific evidence to support this. Data
from prospective studies indicate that physical activity can
prevent the development of mental health problems and
can also improve the mental health of those who report
problems such as depression and anxiety. Currently, there
are few data on the optimal frequency, duration, and
intensity of activity needed to improve or sustain mental
health. However, too strenuous a regimen may have detri-
mental effects, as indicated by the mood disturbances
observed among overtrained competitive athletes.
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Although the release of endorphins is often cited as
the reason that activity improves mental health, there
are a variety of other possibilities. First, physical activity
provides a time-out from the stresses of everyday life,
and this can obviously lead people to feel more relaxed
and less anxious. Second, being active has been shown
to enhance self-efficacy (or confidence in one’s ability
to do things), and this feeling often runs counter to feel-
ings of depression and anxiety. Finally, people are often
active in social settings, such as health clubs or walking
groups, and social interaction is known to promote psy-
chological well-being.
Increased Length of Life

Men and women who participate in regular physical
activity tend to live longer than those who are sedentary,
even if the activity they engage in is only moderate in
intensity. This has been confirmed in a number of large
prospective cohort studies. For example, in a 1993 study
by Paffenbarger et al., men who walked at least 10 miles a
week were 33% less likely to die during the 25-year study
period than those who walked less than 3miles a week
(Paffenbarger et al., 1993). This study also provided critical
evidence that the negative effects of a sedentary lifestyle
are reversible: Men who took up moderate physical activ-
ity, even after being inactive for years, reduced their risk
of dying during the study period by 23%.
Optimal Level of Physical Activity for
Overall Health

To derive the health benefits discussed above, epidemio-
logic evidence shows that individuals should engage in
physical activity on a regular basis. But just how much
activity is needed to derive these benefits? For most health
outcomes, there appears to be a dose–response relation-
ship, with no lower threshold. What this means is that in
terms of health benefits, some activity is better than none,
and until extreme levels are reached, more is generally
better.

Given the mounting evidence that moderate physical
activity confers many of the same health benefits as vig-
orous activity, many leading health organizations have
adjusted their guidelines accordingly. For example, the
Surgeon General now recommends that people expend
at least 150 calories per day (or 1000 calories per week).
An expenditure of this amount can be achieved by walk-
ing briskly for 30min per day or by engaging in more
vigorous activity for a shorter duration (for example,
15min of running at a pace of 10min per mile). Both
the Centers for Disease Control and Prevention and the
American College of Sports Medicine offer similar guide-
lines, advising at least 30min of moderate activity on 5 or
more days per week. While this amount will yield signifi-
cant benefit, further increases in physical activity will
confer additional benefits and can be obtained by increas-
ing the intensity, frequency, or duration of activity.

Despite the feasibility of the Surgeon General’s guide-
lines on physical activity (as compared to previous re-
commendations for more vigorous activity), both adult
and adolescent populations in the United States are
remarkably sedentary. More than 60% of adults do not
meet the Surgeon General’s guidelines as described
above, including 28% who are not physically active
at all. Statistics are equally alarming for adolescents:
About 14% of young people in the U.S. report no recent
physical activity, including that of light to moderate
intensity. Obviously, this is of great public health concern
and warrants immediate attention.
Strategies to Increase Physical Activity

Strategies to increase physical activity aim to alter one or
more of the many factors that influence levels of activity.
Using the ecological model of health behavior, Sallis and
Owen (1999) have categorized these factors as follows:

. intrapersonal factors: factors that occur within the indi-
vidual’s mind or body, including biological, cognitive,
and behavioral factors;

. social environment factors: social and cultural factors
that promote or discourage a given behavior;

. physical environment factors: factors within the natural
environment (such as weather or geography) or con-
structed environment (such as the transportation sys-
tem or infrastructure for recreation) that promote or
discourage a given behavior.

Most intervention research in the area of adult physi-
cal activity has focused on intrapersonal and social envi-
ronmental influences and has taken place within the
health-care setting, worksite, and community. However,
there is now a shifting focus toward interventions and
policies that address the physical environment as well.
Health-Care Settings

Provider-based strategies offer the opportunity for indi-
vidual counseling and education about physical activity.
Although these strategies have been shown to lead to
statistically significant increases in activity, the increases
are often modest and relatively short-lived. In a review
of seven randomized controlled trials, Simons-Morton
et al. (1998) found that physical activity interventions
in health-care settings led to significant increases in
activity in five studies but long-lasting increases (of
more than 6months) in only two. These results may be
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due in part to the many barriers that providers face
when attempting to counsel their patients about activity.
Providers are often pressed for time during their brief
appointments, and many may not believe that physical
activity is an important priority for discussion. In addi-
tion, many lack effective counseling skills. Interventions
that have attempted to improve these skills suggest small
but positive effects on patients, with 7–10% becoming
active on the advice of their providers (U.S. Department
of Health and Human Services, 1996).

Increasingly, Web-based tools for supporting positive
lifestyle changes are making their way into the clinical
setting. While it is currently unclear how effective such
interventions are, an increasing number of studies are
beginning to assess their potential, both in the health-
care setting and beyond.
Worksites

In the past, many individuals engaged in regular physical
activity as part of their jobs. For example, at the turn of the
twentieth century, more than 50% of the U.S. population
was employed in agriculture, one of the most physically
demanding fields of occupation. Today, that figure is less
than 20%, with most Americans now working in jobs that
have few if any physical demands. Although it is very
unlikely that current trends in job sedentariness will be
reversed, worksites are still an important venue in which
to increase physical activity levels, since many adults
spend a large proportion of their waking time in the
workplace.

To date, there is limited evidence on the effectiveness
of worksite strategies to increase physical activity. This is
best summarized by Dishman et al., who, after conducting
a meta-analysis on the topic in 1998, concluded that ‘‘the
typical worksite intervention has yet to demonstrate a
statistically significant increase in physical activity or
fitness. The few studies that have used an exemplary
sample, research design, and outcome measure have also
yielded small or no effects. The generally poor scientific
quality of the literature on this topic precludes the judg-
ment that interventions at worksites cannot increase
physical activity or fitness, but such an increase remains
to be demonstrated by studies using valid research designs
and measures’’ (Dishman et al., 1998).
Community

Community-wide trials to increase physical activity
evolved from the concept that population-based strategies
are needed to achieve meaningful, large-scale change.
However, most of the community trials conducted to date
have attempted to promote physical activity in the same
ways as the provider- and worksite-based interventions
described above: by educating and persuading individuals
rather than by altering environmental factors or setting
policies that would create new social norms around activity.
While the results of these trials have been somewhat
promising in terms of their feasibility and acceptability to
community residents, they have, overall, yielded relatively
modest results in terms of effectiveness.
Environment and Policy

Environmental and policy approaches to increasing phys-
ical activity have the potential to influence large segments
of the population simultaneously and, therefore, can often
be less costly (on a per capita basis) and more enduring
than approaches that focus on convincing people to be
more active. Rather than persuade individuals to change,
environmental and policy approaches aim to make it
easier for individuals to choose and maintain physically
active lifestyles. They do this by changing social norms
(for example, making it more acceptable to commute to
work by bicycle or foot or to exercise during the lunch
hour) or by changing the environment (for example,
improving road and sidewalk conditions for pedestrians
and cyclists or making workplace stairways as safe, well-
lit, and accessible as elevators).

Given the inherent difficulties of evaluating a population-
based approach to behavior change, there is little pub-
lished data on the effectiveness of environmental and
policy approaches to increasing physical activity. In a
1998 review of the topic, Sallis et al. found only seven
published studies, with interventions ranging in complex-
ity from the posting of simple signs encouraging the use of
stairs to the opening of 14 publicly funded recreation
centers in Belfast (Sallis et al., 1998). The reported effec-
tiveness of these interventions ranged with their complex-
ity, but most had methodological flaws that eventually
precluded the authors from reaching firm conclusions
about their efficacy.
Summary of Strategies

Because the factors that influence physical activity range
from the individual to the environment, efforts to shift the
population distribution of activity upward will require
emphasis on all of the intervention points mentioned
above: health-care settings, worksites, communities, and
environment. Although there is limited evidence on the
effectiveness of each intervention point alone, experience
with tobacco tells us that leaving components unattended
will surely result in diminished success. The challenge
before the public health community now is to develop a
comprehensive approach to physical activity that targets
individual and environmental barriers simultaneously.



Table 2 Reduction of chronic disease risk associated with

moderate physical activity

Risk reduction associated with moderate physical activity

Small (relative risk 0.76–0.90)
Moderate (relative risk
0.51–0.75)

Breast cancer Colon cancer

Stroke
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Safety Issues

Although the benefits of physical activity are well estab-
lished, the risks must also be considered. These include
injuries, sudden cardiac events, and, for women, irregular
menstrual cycles. In general, these risks are outweighed
by the vast benefits of physical activity and can generally
be reduced with simple steps.
Diabetes

Osteoporosis

Coronary heart disease
Increased Risk of Injury

The risk of injury depends largely on the type of activity
being done and how often and intensely it is being per-
formed. People who participate in activities that require
repetitive motion often suffer from overuse injuries.
For example, individuals who participate in overhead
sports, like swimming, tennis, and baseball, may suffer
from shoulder problems, whereas runners tend to have
foot, ankle, and knee injuries. The risk of these types of
injuries can be reduced by stretching the muscles suffi-
ciently before and after exercising.

Activity-related injuries can also be caused by roadway
accidents. For example, people whowalk, run, bike, or skate
may injure themselves in a collision with a motor vehicle or
in a fall that results from an uneven road surface.
Increased Risk of Sudden Cardiac Events

Though rare, heavy physical exertion can trigger chest
pain and heart attacks, particularly in people who are
habitually sedentary and who sporadically engage in vig-
orous activity. Those who maintain a regular exercise
program are much less likely to experience sudden car-
diac events and, as noted above, have a much lower risk of
coronary heart disease and stroke. The risk of exercise-
induced cardiac events can be reduced by not undertaking
physical activities that are well beyond one’s normal level
of exertion.
Increased Risk of Irregular Menstrual Cycles

At some point in their lives, most women will experience
an irregular menstrual cycle. Women who are extremely
active, however, may experience such irregularities more
frequently. Several studies have shown that female ath-
letes have increased rates of amenorrhea, a disorder that is
characterized by the absence of menstrual periods for six
or more months in a woman who has not yet gone through
menopause. When a woman misses her menstrual periods
for such an extended period of time, it means that she is
not ovulating and has low levels of circulating estrogen.
This can impair fertility and may lead to a decrease in
bone mass.
Conclusion

Overall, engaging in regular physical activity is one of the
best ways to improve overall health. Although there are
risks associated with activity, they are far outweighed by
the long-term health benefits. Physical activity can pro-
long life, improve quality of life, and lower the risk of
heart disease, stroke, diabetes, colon cancer, breast cancer,
and osteoporosis (Table 2). In addition, it is an important
component of weight management. Given that obesity is a
major contributor to morbidity and mortality in the
United States, the role of physical activity in preventing
and treating this condition cannot be overestimated.

To achievemanyof the health benefits described above,
people need only to engage in moderate-intensity activity,
like brisk walking, for at least 30min on five or more days
per week. What remains a challenge, however, is promot-
ing this level of activity in a population that is predomi-
nantly sedentary. Although the most effective approach to
doing this has yet to be determined, the public health
experience with tobacco points to the need for a multifac-
eted approach that includes strategies aimed at both indi-
vidual behavior change and environmental change.

See also: Diabetes Mellitus Prevention; Obesity/Over-

weight: Prevention and Weight Management; Smoking

Cessation; Tobacco - Harm Minimisation.
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Why Plague Can Be Important in History

A disease can be historically important only for its mor-
tality effects. Thus, it must be a communicable disease
that combines tremendous powers of spread with huge
case-fatality rates (lethality). Sharp and long-run reduc-
tion(s) of populations caused by recurrent epidemic
disease with such properties can cause profound and
comprehensive changes and transformations of basic
structures of societies and civilizations. It can also change
the balance of power and cultural exchange between rav-
aged and unravaged societies and civilizations. Thus, epi-
demic disease can unleash long-run societal changes that
can shape or hasten on the advent of new social formations
(social systems) and mold central lines and directions of
historical developments – in short, make history.
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Bubonic plague is the only disease studied and dis-
cussed in this perspective. The primary pneumonic droplet-
spread mode of plague that may arise from septicemic
bubonic cases (with plague bacteria in the blood stream)
has very low communicability and is of no consequence in
this context. (Clearly, the sudden introduction of many
new serious but less lethal diseases to a region may engen-
der much the same effects, as happened in Mesoamerica
in the wake of the Spanish conquest.)

Nature and Pattern of Spread of
Bubonic Plague

Plague is caused by a bacterium called Yersinia pestis and is
basically a disease of rodents. Areas or regions where
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plague circulates continually in large wild rodent popula-
tions are called ‘plague foci’ (plague reservoirs). Interac-
tion between diseased wild rodents and black rats, Rattus
rattus, also called house rats and ship rats, introduces
plague contagion in the habitation and habitats of human
beings and gives rise to plague epidemics. In plague epi-
demics, contagion is transmitted to human beings by fleas
of the black rat, principally Xenopsylla cheopis. This occurs
when such fleas have been infected by drawing highly
septicemic blood, causing development of a blockage of
the stomach system that forces them to regurgitate back
into the bite wound new feeds together with bits of the
blockage that contain many thousand plague bacteria. In
the large majority of cases, plague contagion introduced
into the bite wound will be drained through a lymphatic
tract to a lymph node, which soon begins to swell and take
form of a bubo. Epidemic occurrence of buboes is a
diagnostic distinguishing feature, a defining feature of
plague that allows certain identification.

Plague is a disease of the warm(er) seasons. This sea-
sonality is a distinguishing feature of plague epidemiol-
ogy, reflecting its epidemiological basis in rats and their
fleas. This feature has two main causes. Temperatures
below 5 �C stop the procreation of fleas and cause a
rapid reduction in the population of rat fleas, in other
words, the means of plague transmission. Furthermore,
temperatures below 10 �C impede or prevent reproduc-
tion of plague bacteria in rats and in the stomach system
of fleas so that fleas do not become infected, or become
only insignificantly infected and do not develop blockage.
These are data based on studies on modern fleas in
tropical countries like India. One should take into account
that animals with high reproduction rates and short life
cycles have a considerable ability to adapt by selection to
various environments and biological niches (biotopes).
This evolutionary perspective is relevant for both (black)
rats and their fleas. The properties of black rats and their
fleas in modern India and in Europe and that of historical
plague epidemics are probably not identical.

As should be expected, during the winter in Southern
Europe, plague’s ability to spread is either strongly
reduced or the epidemic disappears altogether. Disap-
pearance is a regular feature of plague epidemics in
areas with colder winter climates, in mountain areas like
the Alps, and in Europe north of about the 50th parallel
(mid-Germany), and it is a systematic feature in Northern
Europe. In Norway there never has been a case of a winter
epidemic in the 300 years of the pandemic comprising
over 30 waves of epidemics (Benedictow, 2002).

Rat fleas attack human beings and unleash a plague
epidemic when the number of their rat hosts has been so
sharply reduced by a plague epizootic that many do not
find new rat hosts.

Because the black rat has a strong predilection for grain
as food, Xenopsylla cheopis has by evolutionary selection
developed the ability to live on grain debris and farina-
ceous elements. This property is a central factor in the
spread of plague at a distance by trade of grain or farina by
ship or land transport, because when the rats die of plague,
infected fleas can live on for several weeks and attack rats
on arrival.

In recent decades, some alternative but untenable ideas
have been suggested with respect to the microbiological
agent: that historical plague could, for instance, have been
caused by Filoviridae, Ebola disease, or Marburg disease
(Scott and Duncan, 2001) or by some unknown and since
disappeared (and therefore untestable) virus (Cohn, 2002).
The untenability of these alternative theories of the micro-
biological identity of historical plague epidemics is
demonstrably shown by a number of defining features of
bubonic plague that are also exhibited by historical plague
epidemics as an ordinary clinical feature, such as buboes,
inverse correlation between mortality rate and population
density, seasonality (spreads in warm seasons), and latency
periods (delay between introduction of contagion and the
first case or delay between the first and second case and
next case and epidemic developments). It is definitely
demonstrated also by achievements of the new scientific
discipline of paleomicrobiology. In the last decade, scho-
lars of this discipline have published a number of papers
reporting reclamation of DNAofYersinia pestis from dental
pulp taken from skeletal remains in plague graves. Three
of the papers relate to the so-called first pandemic, the
Justinianic pandemic (541–767), in Sens in the Paris
region, Aschheim near Munich, and Vienna, respectively.
Similar paleomicrobiological studies have been performed
with material taken from ten sites of plague graves relating
to the second pandemic, spanning the whole plague period
from the Black Death to Marseilles 1720–22, all French.
Since the development of this new discipline has been
pioneered by French scholars, prominent among them
Drancourt, Raoult, and Signoli, nine studies relate to
southern France and one to Dreux in northern France,
west of Paris. They have also succeeded in determining
which of the three biovars (the main type) of the plague
contagion Yersinia pestis was the (main) agent of the two
historical pandemics, namely, the biovar Orientalis.

This is, thus, a rapidly expanding and very promising
new field of research. It holds out hope as well for resolv-
ing the microbiological identity of the great epidemics
that ravaged the Roman Empire and that here have been
cautiously indicated could have been bubonic plague.

Another rapidly expanding and promising new field of
research is archeological zoo-osteoarcheology. In recent
decades, skeletal remains of the black rat dating back to
the Roman period and the Middle Ages have been iden-
tified in large parts of Europe and all over Europe respec-
tively, and also in the areas of medieval Sweden, Norway,
and Denmark. All assertions to the effect that the black rat
could only live in southernmost parts of Europe and that
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the historical plague epidemics could not therefore have
been bubonic plague can now freely be rejected (and for
other reasons as well).
The Origin and Early History of Plague

Plague seems to have originated in southeastern Africa or
in the western coastal region on the Red Sea of the
Arabian peninsula where there are ancient plague foci.
One should expect that plague would spread out of these
foci first to northern Africa and the Middle East. Probably,
plague is first mentioned in the Bible, in I Samuel 4–6 and
corresponding texts of the Septuagint that relate to events
in the 12th century BC.

Correspondingly, the oldest medical descriptions of
plague are found in case-oriented descriptions in classical
medical writings that traditionally are ascribed to Hippo-
crates, a mythical Greek physician who lived around the
middle of the 5th century BC. However, studies have
shown that these texts were written by several physicians,
some of whom must have lived in the following centuries.
Nonetheless, technically, this opens the possibility that
the much-discussed account by Thucydides of the so-
called ‘‘plague of Athens’’ in 430 BC that raged at the
time of the Peloponnesian War could have been bubonic
plague. This hypothesis is strengthened because Thucy-
dides asserts that the disease came out of Ethiopia, which
in the loose geographical notions of the time could be
taken to mean southeastern Africa in a broader sense and
refer to the ancient plague focus there. However, the
diagnostic description does not really fit with bubonic
plague, and the Greek term translated traditionally by
‘plague’ has the general meaning of ‘epidemic,’ which
could, however, reflect that it was a new disease and
therefore had not acquired a name of its own.

Hellenistic (323–30 BC) medical writings contain a
certain description of a plague epidemic in North Africa
around 300 BC and again repeatedly later. Around the
year 100 AD, the leading Greek physician Aretaeus of
Cappadocia described epidemic plague within his Hippo-
cratic medical frame of reference ‘‘the epidemic buboes in
the groin are caused from the liver; they are very malign.’’
Cappadocia, where he grew up, contained the end of the
plague focus that stretches from the Persian Gulf all the
way into southeastern Asia Minor (Turkey) that here will
be called the Middle Eastern plague focus (see following
discussion). The works of Rufus of Ephesus, a physician
of the first century AD who lived on the western coast of
Asia Minor (Turkey), include a certain description of
plague in Egypt, Libya, and Syria.

Good or certain diagnostic descriptions of plague dis-
ease are much older in the region comprising North Africa,
the Middle East, and the Near East than in China, where
plague is first mentioned in an identifiable way in 610AD,
again in 652AD, and then not again until 1642, or in India,
where it is first mentioned in an identifiable way in the
11th century AD and then no new mention until 1615.
A Catastrophe Waiting to Happen

Today, there are permanent plague foci where plague
circulates continuously in nature among wild rodents in
much the same regions where plague is mentioned in the
Bible and in classical medical writings, namely, in central
Libya and in the eastern parts of the Middle East, where a
plague focus, as mentioned, stretched continuously from
western Persia into northern Iraq, eastern Syria, and
southeastern Asia Minor (Turkey). Undoubtedly, these
plague foci are of long standing. Plague could also be
episodically transported from the old plague foci in
southeastern Africa and western Arabia via caravans
moving all the way to the large Egyptian seaports, espe-
cially Alexandria and Pelusium. Alexandria was the most
vulnerable to contamination transported along the cara-
van route via Ethiopia and Sudan, and Pelusium on the
eastern debouche of the Nile may have been more
exposed to contamination from the Arabic plague focus
along the Red Sea, especially by ship. Thus, plague epi-
demics must have been a catastrophe waiting to happen
for wider areas, dependent on the establishment of inter-
regional economic and political integration and busy
trade lines for wider dissemination.

The Roman conquest of these regions established these
conditions and must have exposed the empire to impor-
tation and spread of plague. Numerous finds of skeletal
remains show that black rats accompanied Roman legions
into those regions where this species was not already
present, all the way to England, to the borders of Germania,
and by trade also into the Germanic and Slavic regions
further to the east. Furthermore, the establishment of a
continuous huge export of grain from Egypt to Ostia, the
seaport of Rome, in order to feed Rome’s poor masses
makes it convenient to assume that it would be highly
likely or even almost inevitable that plague at some time
would be introduced into the Roman capital and the
Italian mainland with the numerous ships regularly arriv-
ing with their cargos of grain.
Did Plague Cause the Fall of the Western
Roman Empire?

Emperor Marcus Aurelius (AD 161–180) sent an army
against the Parthian Empire, which at the time included
Persia and also the area of the plague focus stretching all
the way from the Persian Gulf across eastern parts of the
Middle East and into southeastern Asia Minor. His gen-
erals were victorious, but in 165 the returning army
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brought back a terrible epidemic disease that claimed
many thousands of lives in Rome, spread widely in the
empire, all the way from Persia to the Rhine River and
Gaul, and was recurrent throughout his reign. Presum-
ably, it was the same epidemic disease that struck under
his successor Emperor Commodus, when it was reported
that mortality in Rome often reached 2000 persons a day.
In a population with a normal mortality rate of at least 4%
that was, in addition, regularly visited by more or less
serious epidemic diseases, only epidemics that caused
very severe or disastrous mortality would be taken notice
of. This is especially true in view of the fact that Roman
chroniclers generally took little or only superficial notice
of epidemic disease because this was not considered or
regarded an important subject according to the humanis-
tic ideals of writing in which they were trained. Extraor-
dinarily severe epidemics could be briefly mentioned, but
usually without any additional diagnostic or epidemiolog-
ical information that today would allow certain identifi-
cation of the disease(s).

However, chroniclers noted that new waves of very
severe epidemics swept over the empire under the emper-
ors Valerianus and Gallienus (253–266) and again under
Emperor Diocletianus (284–305), when for the first time
deserted tenements (agri deserti) are mentioned as a prob-
lem, and radical steps were taken to bind the free peasants
to the land and to secure manpower for the legions.
A somewhat unreliable source states that the epidemic
came from Ethiopia, passing through Egypt on its way to
Europe, and spreading all the way to Scotland; another
source provides a very dramatic account of its ravages in
Alexandria, which strengthens the credibility of the indi-
cated geographical origin. Again, this can be seen in light
of the ancient plague focus in southeastern Africa south of
Ethiopia, the term ‘Ethiopia’ probably representing the
diffuse limits of the author’s geographical knowledge of
this part of Africa. It could also refer to an origin of the
plague focus in Western Arabia. One should note that
medieval and early modern Arabic authors time and
again assert that plague originated in Ethiopia, providing,
as stated by Dols (1977), the impression that plague was
recurrent in Ethiopia during the Middle Ages and that it
served initially as the center of transmission from other
parts of Africa to the Mediterranean littoral by trade. One
can only add that there is every reason to believe that this
pattern of spread and recurrence was much older and that
the establishment of the Roman Empire provided the
dynamics that caused much wider spread and more fre-
quent recurrence. Thus, again, the severity and recur-
rence of the epidemic disease and the indication of
geographical origin conform to important criteria for
identification of the epidemics as plague, but cannot be
considered sufficient criteria for certain identification.
The sources do not allow studies of the specific demo-
graphic effects of these epidemics.
For fundamental reasons of the methodology of social
science and historical sociology, analogies cannot be
drawn across the boundaries of historical periods or civi-
lizations from the demographic effects of the much better
known late medieval plague epidemics, because great
differences in societal structures between the Roman
and the late medieval civilizations imply corresponding
differences in the dynamics of spread and rhythm of
recurrence and demographic effects. However, plague
may for the first time have exerted effects of great histori-
cal significance, because these epidemics probably made
at least a significant and quite possibly a substantial con-
tribution to the more or less continuous fall of the
empire’s population from the second century AD. In the
long run, the negative demographic developments under-
mined both the economic basis and the basis of manpower
that were required to defend the borders and the political
structure of the empire against frequent invasions by
various tribes and peoples. Within the prolonged and
comprehensive societal processes operating in the crum-
bling and fall of the western Roman Empire, a realign-
ment and rejuvenation of social and cultural structures
adapted to the new circumstances began to emerge, and
eventually around 500 AD matured into a discernible
societal outline of early medieval Europe, the first phase
of the Middle Ages, the first historical period of a new
European civilization.
The Plague Pandemic of 541–766:
A Turning Point in History?

In the years 541–766 AD, the first plague pandemic iden-
tified with certainty ravaged the Byzantine Empire, the
surviving eastern part of the Roman Empire, including
Asia Minor, much of Northern Africa, the Middle East,
and, in addition, large parts of the other regions surround-
ing the Mediterranean littoral. Ireland and England were
probably ravaged only in 664. Northern Frankland
(France), most parts of Germania, and the Nordic coun-
tries appear to have avoided the scourge altogether.

This series of waves of plague epidemics is usually
called either the ‘Justinianic’ or ‘Justinian’ after Emperor
Justinianus in Constantinople at the time of the arrival of
the first epidemic there in 541/542, or the ‘early medieval
plague.’ Since plague spread far outside Constantinople
or the eastern empire, and since it was not at all confined
to Europe, for which the term ‘medieval’ designates the
first historical period of the new European civilization,
both names are inappropriate. It is also called the ‘first
plague pandemic’ and ‘‘that earlier plague’’ (Russell,
1968), which also is somewhat unfortunate because these
terms will tend to veil the important possibility that the
severe epidemics hitting the Roman Empire were plague.
Here it will be called the plague pandemic of 541–766.
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According to the maps provided by Biraben and Le
Goff (1969), the series of waves of plague epidemics con-
stituting the plague pandemic of 541–766 had several
origins, in the southeastern African plague focus, in the
Middle Eastern plague focus, and quite likely in some
cases also in the Arabic plague focus. The available source
material for many of them is quite poor; thus, our knowl-
edge of some of them is quite unsatisfactory. This means
that the microbiological identity of some of the epidemics
is uncertain and that for many of them the areas or regions
affected are only partly or even episodically known. It also
means that it is certain that not all waves of plague epi-
demics are known. According to the available sources
(Biraben and Le Goff and Dols), the pandemic may
have comprised 15–17 (known) waves of epidemics, in
541–4, 558–61, 570–5, 580–3, 588–92, 599–600, 608 (?),
618, 627–9, 638/9–40, 654, 688–9, 694–7, 699–700 (?),
716–9, 740–50, and 766. In addition, in the period
638–745 there appear to have been some local outbreaks
in Syria and Iraq that in all likelihood were due to infec-
tion from the local plague focus; however, their localized
nature reduces their historical significance.

Importantly, the geographical incidence was noticeably
skewed. Egypt and Syria were ravaged by plague four
times and nine times, respectively, while Mediterranean
Europe and Constantinople with western Asia Minor
were ravaged 12 times and nine times, respectively.
There is no indication that plague ravaged the Arabian
peninsula. Taken together, these facts represent demo-
graphic perspectives with great significance for the under-
standing of the subsequent triumph of Islam (as is
discussed in the following). The skewed incidence must
reflect a much more developed commercial sector com-
prising much larger exchange of goods at longer dis-
tances in Constantinople with western Asia Minor and
in Mediterranean Europe than in Arabia, the Middle East,
and North Africa.

Although the incidence over time appears quite
uneven, which could be due to incomplete information,
it provides the basis for reasonably tenable and meaning-
ful observations. The basic rhythm or structure of recur-
rence appears quite similar to that of the better known
late medieval pandemic, but the average interval of about
14–15 years is considerably longer, which for several rea-
sons is to be expected (as is discussed later). As in the next
pandemic, the first disastrous outbreak appears to have
occasioned most of the population decline; the epidemics
following in the ensuing decades were quite severe, cut-
ting down all tendencies of demographic recuperation
and quite likely causing over time a further slight decline.
Although the following epidemics appear to have had a
more limited territorial spread and smaller overall demo-
graphic effects, the penultimate wave in the 740s was
widespread and obviously caused severe mortality in the
Middle East, in Constantinople, and on the western
coastal regions of Asia Minor, in Greece, and southern
Italy. The fact that new long-run population growth
appears to have commenced in the wake of the last
known epidemic of the pandemic can be seen as support-
ing this general outline.

The end of this pandemic in Europe was probably due
to the Muslim conquest of North Africa and Middle East,
which in 100 years’ time reduced sharply shipping and
commercial exchange between these parts of the world,
and also to the concomitant development of a manorial
subsistence economy in Europe and the corresponding
decline of urban culture, importation of goods, and intra-
regional commercial exchange.
Population Losses 541–766

There is no evidence suitable for direct demographic
study of population losses with respect to either individ-
ual epidemics or the cumulative long-run effects. Chroni-
clers speak in general terms of enormous mortality or give
rounded mortality estimates without providing evidential
basis for their assessments, which therefore take on a
general character of guesstimates (performed by persons
untrained in demographic or statistical studies). The
scholars who dare to approach the question of demo-
graphic effects and discuss the various bits of indirect
evidence suggest that the first explosive wave of epidemics
caused a population decline of one-fourth, one-third, or
one-half, and that the ensuing epidemics of the sixth
century appear to have cut down tendencies of population
growth and caused further net decline, while later epi-
demics appear more or less to have produced a stationary
net effect.

These assessments may be, or quite probably are,
affected by usual views on the demographic effects and
line of development caused by the late medieval plague
epidemics. However, the available data make it reasonable
to assume that the pattern of long-run developments
actually was quite similar to the late medieval pattern.
As for population losses, much will depend on how effec-
tively these waves of plague epidemics were disseminated
in the attacked territories. Is it reasonable to assume that
they succeeded in blanketing countries and regions in the
way that the Black Death and ensuing late medieval epi-
demics can be seen to have done? Undoubtedly, the
dynamics of spread of the late medieval plague epidemics
reflected the (often underrated) level of development of late
medieval society, where capitalistic and proto-industrial
dynamics (since the 12th century) had begun to mold
social structures and stimulate urban developments and
the dynamics of long- and short-distance economic and
social exchange, a process leading to the transition to
early modern society around 1500. At the time of the
pandemic of 541–766, in the countryside where the
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overwhelming majority of the population lived, the eco-
nomic system was characterized, even increasingly char-
acterized, by self-sufficient manorial subsistence
economies and peasant tenancies, which must have served
to weaken the epidemics’ powers of spread. Presumably
therefore, districts and regions in this pandemic were less
prone to be reached by epidemics and to become blan-
keted than in the late medieval period. This can also
explain the longer intervals between epidemics in this
pandemic than in the next. This line of analysis suggest
that the pandemic of 541–766 did not spread quite so
dynamically and cause quite so extremely high mortality
as the late medieval pandemic. Nonetheless, population
losses were undoubtedly very severe; in the seventh cen-
tury, it can legitimately but cautiously be suggested that
net population reduction may have been in the order of
magnitude of 30–40%. Russell (1968) argues for 50–60%,
in other words, more in line with the effects of the late
medieval plague epidemics, which cannot be rejected out
of hand.
Historical Impact of the Plague
Pandemic 541–766

The great impact on history of this pandemic of plague is
greatly underrated, often even completely ignored, both
in general textbooks and in scholarly studies of early
medieval history alike. Politically, severe and lasting
demographic losses caused by recurrent plague epidemics
will translate into long-run and profound historical
change through their strongly negative effects on produc-
tion, taxes, and military manpower. This will weaken
governmental structures and change the balance of power
between ravaged and unravaged or only slightly ravaged
states and regions.

Scholars taking a serious interest in discussing the
historical consequences of the pandemic of 541–766
largely agree on the main perspectives and their great
importance. There are immediate indications of a new
weakness in the Byzantine Empire. Before the arrival of
plague in 541–2, Emperor Justinianus had the great ambi-
tion to re-establish the Roman Empire and reconquer the
lost provinces. He reconquered North Africa from the
Vandals (534) and, in a long campaign in 535–553, Italy,
which of course, was similarly weakened; the same goes
for the conquest of parts of southern Spain. Thus, he may
seem to have made good progress toward realizing this
great ambition. However, in 551, Slavic tribes that had not
been decimated by plague could easily plunder and settle
in the Balkans. Since the Byzantine armies and their
standard of equipment and provisions had to be strongly
reduced, the imperial ambition had to be abandoned after
565, and the dream of re-establishing the Roman Empire
was buried and substituted by a long drawn-out fight
for the survival of the Byzantine Empire itself. Signifi-
cantly, in 568, the Germanic people called Lombards
(‘Longobards’) conquered most of Italy and established
a kingdom, an event that seriously diminished further
Byzantine manpower and tax income. This kingdom and
the way it was defeated some centuries later would also
play an important role in the development of Italian
medieval history.

Another very important consequence of the recurrent
plague epidemics was that the Byzantine forces could not
withstand the Arab Muslim forces as they streamed out of
the Arabian Peninsula in 634 and first conquered Egypt,
Palestine, and Syria. By 640, nine to ten plague epidemics
had ravaged the empire and other regions along the
Mediterranean, while Arabia appears to have escaped
unscathed. Thus, the Arab forces of Islam had their man-
power intact. Also, the ecological circumstances were
favorable for them. It was well known that the desert
Bedouins were rarely affected by plague, so in the face
of serious epidemic developments caliphs would leave the
cities with their central administrative staff and move to
their desert palaces, and Arab commanders would march
their troops out of their garrisons and into the desert
until the epidemic ceased, a measure that was very diffi-
cult or impossible to resort to for their enemies. This
measure served to bolster Arab and Muslim military
strength relative to that of their enemies and contributes
to explain their enormous military success.

The sharp and continued reduction of the populations
in the Middle East and northern Africa in the first
100 years of the pandemic allowed Arab people to stream
into these areas, fill the demographic decompression, and
establish Arab political, cultural, and religious dominance.
This was a great historical event in the profound sense
that it shaped the ethnic composition and the political
history of the Middle East and still, in our own day, is a
fact of the greatest importance for international political
relations and problems.

The demographic decompression and consequent seri-
ous weakening of the Byzantine Empire had very impor-
tant historical effects also on the development of the
burgeoning new European civilization. After the great
migration movements, Germanic peoples who had largely
been spared the waves of plague epidemics dominated
Europe north of the Mediterranean littoral, a develop-
ment that the Byzantine Empire could no longer prevent
by (re-)conquering Gaul and the large Roman parts of
Germania. This served to change the political balance in
Europe from southern European dominance to western
and central European dominance by permitting there
state-building with relatively stronger economic, political,
and military resources. The emergence of a strong Frankish
kingdom on the basis of the development of feudal eco-
nomic, military, and administrative structures laid the
foundations of a new European political system. This
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development found its first great expression in the
personality of Charlemagne, who united large parts of
Western and Central Europe into a large imperial terri-
tory and, in cooperation with the papacy, defeated the
Lombard kingdom in Italy and also resurrected the title of
Roman Emperor, with all its connotations of past gran-
deur and glory. This development also made it possible
to stop the Muslim expansion in Europe and turned
the tide. Charles Martel (714–741) succeeded in driving
invading Muslim forces out of France back into
Spain; Charlemagne managed to cross the Pyrenees and
‘liberate’ the so-called Spanish Mark, a largish swath of
land along the western side of the mountain range from
Tortosa on the Mediterranean along the Ebro River up to
the Bay of Biscay, heralding the long liberation process of
the Spanish reconquista. From now on, the new Europe was
on the offensive.

Thus, the pandemic of 541–766 had wide-ranging and
profound implications for subsequent historical develop-
ments in the Middle East, Asia Minor, and Europe.
The Late Medieval and Early Modern
Plague Pandemic, 1346–c. 1670: Arrival,
Pattern of Spread, and Rhythm of
Recurrence

The next plague pandemic began in 1346. This time it
originated in the plague focus on the northwestern side of
the Caspian Sea. Like the previous pandemic, it started
with an enormous wave of epidemics. In the years 1346–53,
it ravaged Asia Minor, the Caucasian region, and North-
ern Africa and blanketed Europe almost completely, caus-
ing mind-boggling mortality everywhere (as is discussed
in the following). Several centuries later, it acquired the
frightening name of the Black Death (which has nothing to
do with diagnostic manifestations). In the next 320 years,
it was followed by a large but varying number of waves of
epidemics according to region, from probably another 25
in northern Germany to 40 in England, more usually
probably around 30–35 (Benedictow, 2002; Biraben,
1975). Thus, a rhythm of waves of plague epidemics at
an average interval of 8 to 12 or roughly around 10 years
can be identified. This time, much the same pattern of
recurrence is found in the Middle East where, in the
period 1347–1517, Egypt and Syria appear to have been
ravaged by about 19 and 15 plague epidemics, respectively
(Dols, 1977).

This makes for interesting comparisons with the much
more skewed and limited geographic incidence of the
plague epidemics in the previous pandemic, highlighting,
in the first place, a great change that had developed during
the high medieval centuries, namely, a new intensity of
trade across the Mediterranean. This development was
primarilydue to the tremendous vitality of early European
commercial capitalism, which unwittingly also served to
integrate the flow of microbiological agentswithin the new
economic system of the Mediterranean littoral.

Second, in contrast to the previous pandemic, this
pandemic was characterized by an almost universal spread
across Europe and a quite coordinated rhythm of recur-
rence that highlights the almost complete economic inte-
gration of Europe.

In Europe, this plague pandemic acquired new powers
of spread and recurrence from the modernization of
its civilization, and the level of modernization at the
mid-14th century, on the eve of this pandemic, is often
much underrated. The Black Death’s tremendous dynam-
ics of spread in Europe reflected quite developed capital-
istic financial, commercial, and proto-industrial structures
in northern Italy and Flanders and, to some extent, also
elsewhere. Far-flung trade routes were by now sailed by
quite developed ships fit for long-distance trade, like the
galley, the nef, and the cog. Italian galleys from Venice and
Genoa, for instance, sailed directly on Kaffa in the Crimea,
on Constantinople, on Alexandria and Tunis in North
Africa, and in substantial numbers also all the way directly
to Bruges and London in northwestern Europe. There the
Hanseatic merchants of the North German commercial
coastal cities took over and exchanged great amounts of
goods within a complex network linking the commercial
centers of northwestern Europe with the commercial cen-
ters on the Baltic Sea and in Norway, all the way to
Novgorod and Bergen. There was also quite lively inland
trade along a wide network of roads and waterways that
reflected the more general development of local, regional,
and interregional market economies, with numerous rami-
fications into the countryside. This vast commercial net-
work permitted plague to ride triumphantly with ships
over great distances and to penetrate into distant inland
districts and mountain settlements with the unwitting help
of merchants, tradesmen, local peasants selling and buying
goods in local towns and market boroughs, pilgrims, fugi-
tives from plague, and so on.

This exchange of goods and people took place within
the framework of a dynamic urban setting. Around 10% of
Europe’s population were by now living in more or less
autonomous towns and cities that were fairly often quite
intensively, but at least in some way, interconnected. In
the late Middle Ages, the European commercial network
was so wide-ranging, complex, and intensively trafficked
that plague contagion tended to circulate continuously
in Europe.

The larger cities, especially, contained such vast rat
populations that plague continued to circulate among
them, albeit in a slow and episodic fashion, even after they
had been severely decimated and the epidemics had ended.
Because many of the rats would now often be survivors with
particularly good innate immune apparatus and also had
some transient acquired immunity, cases among humans
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stemming from this process would only be episodic
(endemic) and pass largely unnoticed until the ordinary
rat population was reconstituted both physiologically by
interbreeding and numerically, and the preconditions for a
full-scale plague epidemic were re-established. This pro-
cess of reconstitution of rat populations takes about seven
years and is a crucial factor behind the rhythm of recur-
rence in that it creates a minimum interval of about seven
years between large-scale epidemics. This also means that
plague contagion now was continuously present in Europe,
having urban instead of natural zoological reservoirs.

Consequently, there was hardly a year without out-
breaks of plague at least in a few urban centers in Europe
(Biraben, 1975); a recent study of plague in the emerging
new commercial heartland of early modern Europe,
namely the Netherlandish province of Holland, starting
in 1450, shows that there was an outbreak of plague in at
least one town or city, and often in several, almost every year
in the following 200 years (Noordegraaf and Valk, 1988);
in London, cases of plague were identified every year for
long periods at least from the 16th century. This time,
therefore, the plague pandemic, in addition to manifesting
itself in the central form of great waves of epidemics, also
found expression in quite numerous local outbreaks within
the intervals between the epidemic waves and in (almost)
continuous endemic presence in large cities.
The Conquest of Plague

In Europe, the pandemic petered out in the 17th century
(as is discussed in the following), although there were
outbreaks in Northern Europe in 1710–13 and in southern
France in 1720–22 due to special circumstances. However,
plague continued to break out in Russia and the Ottoman
(Turkish) Empire, including the Balkans, until the 19th
century. The waning and disappearance of plague was
caused by deliberate human action, the introduction of
increasingly effective anti-epidemic measures from about
the mid-16th century (Cipolla), a development that about
100 years later led to the ‘conquest of plague.’ This devel-
opment was closely connected with the increasing ratio-
nality of the European mind that is associated with the
emergence of the early modern social formation and the
concepts of modernization and Renaissance. In the late
medieval period, the usual understanding of mortal epi-
demics was that it was God’s punishment for sins, which
prevented or hampered the development of rational
understanding and reality-based effective countermeasures.

The increasing rational ability to combat plague was
contemporaneous with the great increase in economic
activities and exchange of goods associated with the first
phase of the early modern society (the Renaissance),
because both developments sprang from the development
of the early modern social formation. This increase in
exchange of goods manifested itself in a greatly increased
number of outbreaks of plague caused especially by ship
transport between seaport cities and towns. The growing
rational ability to combat plagues manifested itself, in that
plague contagion was increasingly effectively prevented
from spreading to other urban centers and into the coun-
tryside. Plague epidemics became more and more of an
urban phenomenon, because in urban environments plague
could spread through contact between the rat colonies
and was, therefore, impossible to stop by countermeasures
once contagion had been introduced (and, of course, the
connection between rats and plague epidemics was to
remain unknown for a long time). This meant that the
proportion of populations that were infected and died
diminished strongly; long-run population growth started
in the decades around 1500, with most populations reach-
ing their pre-plague level in the period 1560–1620, first
Italy and then France. Thus, this plague pandemic can be
seen to have been formed and to have acquired defining
specific features by its interaction with the specific socie-
tal structures of the late medieval and early modern
periods. From c. 1450–1550, the central period of transi-
tion from the (late) Middle Ages to the early modern
period, this includes the increasingly rational content of
the structure of culture and mentality that produced
greater understanding of the realities of contagion and
epidemiology, permitting contemporaries to commence
an increasingly effective battle against plague and finally,
about 100 years later, to put an end to the plague era.
The Mortality of the Black Death

It has been shown that the lethality (case-fatality) rate
caused by plague was constant from the time such data
begin to appear in the second half of the 15th century
until the last epidemic in 1720–22, and is similar to the
usual lethality rates observed by modern physicians from
the 1890s in developing countries like India, China, and
Madagascar. Thus, the microbiological agent of plague
maintained constant virulence (Benedictow, 1993/1996).

In the last four decades of the 20th century, there were
published quite numerous demographic studies of the
mortality in the Black Death, in fact over 150, relating
to various parts of Europe (there are no such tenable
studies relating to contemporary Muslim countries).
These data have now been collected, discussed, and
synthesized and give the following results for the main
regions: the kingdom of Navarre, 60%; Provence, 60%;
Tuscany and the Piedmont, 50–60%; the county of Savoy,
60%; and England, 62.5%. A few data from Catalonia
and Languedoc and Forais show similar mortality rates
(Benedictow, 2004). The data exhibit surprising consis-
tency and reveal a much higher level of mortality than
assumed previously. They are sufficiently numerous and
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cover sufficiently large parts of Europe to provide quite a
good case for assuming that around 60% of Europe’s
population perished in the Black Death.
The Demographic Effects of Subsequent
Plague Epidemics: The Late Medieval
Population Minimum

For long-term perspectives on the historical impact of this
plague pandemic, information is needed on the demo-
graphic losses caused by subsequent plague epidemics and
the time and demographic status of the late medieval popu-
lation minimum. More generally, population minimum is
placed in the two decades around 1500 or more cau-
tiously in the period 1450–1520. The best data come
from England and Norway. Most British scholars agree
that, on the eve of the Black Death, the English popula-
tion was about 6million and that the population mini-
mum, occurring some time in the first two decades of the
1500s, was 2–2.5million, corresponding to a reduction of
58.3–66.6%. The midpoint of 2.25million indicates a
diminution of 62.5%, corresponding exactly to the esti-
mated loss in the Black Death about 150 years earlier. In
Norway, within its present borders, there were 64 000
peasant holdings and tenancies in operation on the eve of
the Black Death but only 23 000–24 000 around 1520, a
reduction of 64–62.5%, corresponding probably quite
closely to the population loss, which is surprisingly sim-
ilar to the English estimate (the urban population was
quite small, probably about 10%). In Tuscany, the popu-
lation fell from about 300 000 in 1338 to about 100 000 in
1427, and declined by about 10 000 more persons in the
following three decades, which may have corresponded
to a possible small fall in the Tuscan population in the
decade preceding the advent of the Black Death. Thus,
the population had declined by roughly 70% at the time
of the minimum in the period 1460–80, after which
sustained population growth began. With respect to
France, data for the regions Provence, Dauphine, and
Normandy show a decline of 60–70% in the populations
from the pre-plague years to the 1460s or 1470s (Dubois,
1988). The population of Catalonia fell by about 55%
from the level around 1300–1490, when the population
may have grown a little from the late medieval minimum
that may have occurred a few years earlier. The popu-
lation of the Netherlands is said to have declined by
about 50% by c. 1450 compared to its pre-plague level
(Benedictow, 1993/1996). Thus, a pattern emerges where
the mortality in the Black Death generally appears to
correspond quite closely to the late medieval population
minimum some 150 years later (Benedictow, 2004).

This finding makes it clear that the sharp reduction of
European populations characterizing the late Middle
Ages was very much established on the morrow of the
Black Death, and that the net effect of the subsequent
plague epidemics mostly was to cut down tendencies of
demographic recuperation in the intervals between the
waves of plague epidemics or, in the long run, to produce
a slight further diminution of the populations.
Historical Impact of the Pandemic
1346–c. 1670: A Turning Point in History?

By causing dramatic and lasting diminution of popula-
tions all over Europe, this plague pandemic engendered
profound societal change. The motor of great societal
change was the profound alteration in the nexus of eco-
nomic and demographic relations, the great social dynam-
ics springing from the new interrelationship between a
sharply reduced size of population and unchanged ‘size’ of
the available means of production. Suddenly, tenants were
in critically short supply. As the economic meaning of the
new situation became apparent, rents and fines fell pre-
cipitously as landlords and substantial landowners of
every kind had to compete sharply for tenants who under-
stood that they were in great demand: It was better to get
low rents and small fines than nothing. By the early 15th
century, rents in Norway, for instance, had fallen to
20–25% of their pre-plague level.

The rural proletariat of cotters, day laborers, sharecrop-
pers, subtenants, and so on, social classes that on the eve of
the Black Death appear to have constituted around 50% of
the population almost everywhere in Europe, became in
even much shorter supply than tenants. Their numbers
were reduced twice over, namely by the onslaught of plague
like the tenants, but also by social mobility, as they trium-
phantly moved into vacant tenancies, entered the class of
customary tenants holding land directly from their land-
lords, and became the social equals of their former peasant
superiors and employers. As the social classes working for
wages almost disappeared as a source for day laborers, real
wages rose strongly, and, of course, for the same basic
reasons, so did urban wages. In terms of material standard
of living, the late Middle Ages were the ‘golden’ era of rural
and urban wage earners and the peasantry alike.

In short, the kings, the social elites of ecclesiastical and
lay lords and the upper classes of gentry and well-off
peasant classes like franklins and yeomen, saw their
incomes plummet. This is an important background for
the Hundred Years’ War; it lasted so long only because
for these social classes war became an important new
source of income by war taxation, by serving for wages
paid by war taxation, for the spoils of war, and so on. When
the English warriors were forced to return to England in
the mid-15th century, they carried on at home in the same
way as they had done in France in the War of the Roses. In
Spain, the impoverished gentry known as ‘hidalgos’ turned
with new energy against the parts of Spain that remained
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in the hands of the Muslim Moors. Eventually, they suc-
ceeding in completing the reconquista in 1492, which made
the king and queen of Spain so happy that they granted
Christopher Columbus money for an expedition westward
over the Atlantic Ocean to find a new sea route to India.
Instead, he found America, and the Spanish conquistadors
found a new arena for their martial arts. Thus, important
developments in European history, as well as American
history, were driven by the actions of aristocratic warriors
pursuing their interests according to the basic social and
economic realities of their day as shaped by the Black
Death and subsequent plague epidemics.

Importantly, plague hastened the development and
transformation of European medieval society and civiliza-
tion into its (early) modern historical form. By creating a
great deficit of labor, it speeded up economic, technologi-
cal, social, and administrative modernization, which espe-
cially in the capitalist centers in northern Italy and partly
in Flanders found expression in a more secular and urban
culture associated with the Renaissance. From the late
1400s, regions in the Netherlands and England offered
increasing competition, eventually over the course of the
16th century, to take over the economic hegemony in
Europe. It also hastened the breakdown of feudal eco-
nomic structures and mentalities and the rise of a prevail-
ing dynamic capitalist market economy with concomitant
innovative and dynamic attitudes and thought.

Thus arose the seeming paradox and distinguishing
feature that late medieval culture and thought comprised
both obsession with death and salvation, fascination with
economic and social opportunities, and secularization of
economy and art. With respect to the history of religion
and thought, this could be taken as the start of the increas-
ing compartmentalization of religion in the European
mind as a characteristic feature of the modernization
and rationalization of European society and culture, in
which religious notions were retreating into a steadily
more clear-cut spiritual role aimed directly at salvation.
With the Renaissance, these developments gained momen-
tum: Religion’s role in shaping and defending the social
and economic structures of society and explaining
worldly events like good or bad harvests, epidemics and
disease, good luck or bad health, economic or social
misfortune, personal tragedy, and so on retreated under
a slowly growing pressure from the increasing rationality
of the modernizing European mind and the developing
alternative scientific approaches and explanations charac-
teristic of the Renaissance. The Reformation also grew out
of this social background and by interaction strengthened
the dynamics of this societal process.

The improving ability of rational observation permit-
ted a better understanding of how plaguewas disseminated
and the rudimentary development of modern epidemiol-
ogy. It was this development that, as shown by Cipolla
(1976, 1981, and many other works), from the mid-16th
century allowed the Italians to develop efficient anti-
epidemic organizations and health boards in order to
combat plague. This was no longer considered an attempt
to avoid God’s will, but an expression of the responsi-
bilities of governments to protect and help their inhabi-
tants. In the 17th century, the administrative means
developed by the Italians spread over Europe, and plague
disappeared gradually. The Europeans had succeeded in
combating an awesome, gruesome, and invisible enemy
of uncomprehended nature. The greatly increased admin-
istrative capabilities of the early modern political struc-
tures made it possible to set up efficient anti-epidemic
organizations, quarantine systems, and international
reporting of serious epidemics, to proclaim and implement
prohibitions of trade and travel with contaminated areas or
cities, to establish plague hospitals and health boards, and
so on. Thus, the combating of plague gave a strong impetus
to the notion that governments had responsibilities for the
welfare of their peoples. What over time would become
national health systems were born as organizations pri-
marily aimed at protecting populations from invasion of
plague epidemics, combating the spread of plague if the
first line of defense, namely the quarantine organizations,
failed, and providing assistance and succor to the diseased
and their families.

Anti-Jewish sentiments had been strongly on the
increase in the century preceding the Black Death, prob-
ably stimulated by the increasingly hard times for the
great majority of ordinary people, and a consequent
increasing susceptibility to notions of scapegoats. The
Jews had been forced to leave both England and France
in the decades around 1300, and many had settled in
Germany or the Low Countries. The Black Death trig-
gered violent persecutions of Jews over large parts of
Europe, especially in Germany and the Low Countries,
but also in Spain and other places where they had been
permitted to stay. In the intense religious mind of the
medieval period, it was generally thought that severe
epidemics were God’s way of punishing people for their
moral depravity and grave sins. One such grave sin could
be that they allowed people who did not worship Christ or
God in the required way and who, in addition, could be
seen as the descendants of Christ’s murderers to stay
among them. Because Jews in many places also funct-
ioned as pawnbrokers and moneylenders – activities that
were prohibited for Christians by the Catholic Church –
persecution, exiling, and murdering of Jews could also
serve personal economic motives. Many people found it
hard to imagine that the Lord would really punish them so
severely with plague for their sins; they were, after all,
only human beings. They developed instead a theory that
the great mortality was caused by Jews and other ‘enemies
of Christendom,’ who poisoned their wells and other
sources of drinking water. One may wonder how it could
be that the contemporaries did not observe that the
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mortality of the Jews in the Black Death was as great as for
others. Pope Clement VI for one attempted to stop the
persecution of the Jews, but without success.

Surviving Jews fled to Eastern Europe, where they
were allowed to stay by rulers anxious to include in
their populations persons with great skills both in the
financial sphere and as artisans and jewelers. Thus, the
Black Death had two main functions in this context.
Tragically, it transformed the process of exiling and evic-
tion of Jews from countries in Western Europe into a sort
of medieval holocaust with extensive and indiscriminate
murder of Jews; it also hastened the movement of Jews
into Eastern Europe where their descendants were, to a
large extent, annihilated in a new and even far more
violent Holocaust 600 years later.

See also: Social Dimensions of Infectious Diseases.
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Health Planning – What Is It?

Definition of Health Planning, Overall Purpose of
Planning, Relationship to Policy Making

Health planning can be defined as: ‘‘a systematic approach
to attaining explicit objectives for the future through the
efficient and appropriate use of resources, available now
and in the future’’ (Green, 2007: 3).

Many definitions of planning focus on technical aspects
such as setting goals, outlining broad strategies and devel-
oping detailed activities. Health planning, however, also
involves the art of maneuvering between different actors
and processes in the context of the health system to
achieve desired objectives. It is thus also a political process
and one that involves real choices between alternatives,
each with different technical and political advantages and
disadvantages. The need for planning arises from the
shortfall between the available resources and the resources
needed to address the perceived health needs that face
health systems. This highlights the importance of prioriti-
zation as a key feature of health planning.

Health planning can be perceived as a continuation of
health policy-making, i.e., translation of policy outputs
(statements, documents) into implementation strategies
and plans. This ‘operationalization’ of policy outputs can
occur at different levels of a country’s health system (e.g.,
national, regional) and result in different types of plans
(e.g., strategic plan, rolling operational plan). Health plan-
ning and health policy making are both often described as
cycles with clearly defined stages and continuous nature
of the process.

A distinction needs to be made between health planning

and health-care planning. The former recognizes the wider
determinants of health and the need for multisectoral
initiatives while the latter focuses on health services.
This article assumes the first, broader scope.

Planning can be interpreted as an attempt to address
the following questions:

1. Where are we now?
2. Where do we want to be?
3. How are we going to get there?

Different types of planning focus on different aspects
of these questions. For example, strategic planning, which
is often seen as an integral part of health policy making,
is concerned with defining the priority direction for
the development of a sector or a program (the second
question). In contrast with this, operational planning is
more concerned with the technicalities of the process, as
in the third question.

The purpose of planning should not be seen as merely
the production of plans, but also their implementation. As
such it includes monitoring and evaluation, which lead
to the next cycle of the planning process. Planning is
therefore closely linked with both policy making and
management. Health planning is also concerned with
negotiating priorities and strategies between key actors,
which reinforces its links with health policy making.
Historical Roots

Although planning is sometimes described as having
emerged as a discipline in industrialized countries after
World War II (Rodwin, 1984), it can be argued to have
existed earlier. For example, John Snow is often regarded
as the father of modern epidemiology, and there are
certainly elements of health planning in his work; the
Soviet Union introduced 5-year national development
plans in 1928 and India has developed national develop-
ment plans since 1951. Planning is a separate discipline in
virtually every sector including health. Furthermore,
planning is embedded into almost every aspect of the
health system ranging from planning of an individual
patient’s treatment course to planning sector develop-
ment for the next decade.
Health Planning – The Main Features

While the rationale for planning (the need to make
choices about the use of scarce resources) is common to
planning in all sectors, there are some distinctive features
to health planning. Health is a very labor-intensive sector
with the time needed to train a health professional often
being several years. As such long-term human resource
planning is critical for the health sector.

A second feature of health planning is the complex
power relations between the various actors involved in or
influencing decision-making processes. This includes both
external (donors, international agencies) and internal
(health ministry, professional associations, civil society)
stakeholders. Health planning, because of close links with
health policy making, is seen as both a technical and a
political process with different groups of stakeholders
bringing different agendas into the process. Mechanisms
of engagement and the degree of influence of various actors
may vary (for instance, some may impose conditionality,
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whereas others may use advocacy as the main instrument
of influence). Complex interrelationships between differ-
ent groups of stakeholders can have an impact on the
approaches to, and success of, health planning.

A third characteristic of health planning is the tension
between the clinical perspective (focus on individuals)
versus the public health perspective (focus on popula-
tions). Planning within the health system needs to find
an accommodation between both perspectives.
Values in Planning

The technical basis of planning suggests the need for
rationality of approach, efficiency, and the use of evidence
to support decisions. One important issue in health
planning relates to objectivity. While the use of evidence
in the planning process is essential, it is also important to
recognize both that information or evidence may not be
available or reliable and that selection and interpretation
of information can also reflect particular values and judg-
ments. Indeed all parts of the planning process involve
values. Key ones are those related to equity, gender,
human rights, solidarity, and wider choice to patients
and communities. Different stakeholders will, of course,
have different ideological perspectives and values.

Figure 1 provides a conceptual framework for the
planning system showing the relationships of the pro-
cesses, actors, values, and the wider context.

Each factor resulting from the above elements of the
conceptual framework affects the broad approach to
planning, use of evidence in the planning processes, as
well as the other context-specific characteristics of health
planning such as the choice of priorities.

Health planning occurs at different organizational
levels of the health system. Priorities and values may
differ at the national level from those at the local level.
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Figure 1 Conceptual framework of health planning.
Links Between Planning and Other
Decision-Making Processes

For planning to function effectively, it needs to be embed-
ded in all the decision-making processes within the health
sector. Most planning failures can be traced to a lack of
consistency between these different systems. This is
exemplified in Table 1 with illustrative planning ques-
tions across the main components of the health system.

Questions for planning vary, depending on the level of
the health system. For example, national-level policy
makers may be more concerned with the priority areas
for a country’s overall health policy and the availability of
resources including professional staff, while the primary
planning issue for local decision makers would be how to
ensure an adequate response to the policy direction in
terms of service provision.

The need for planning and the type of planning deci-
sions at each level of the health system also depend on the
degree of autonomy and wider decision-making practices
in society. For example, if budgeting is seen as a bottom-
up process the role of the national level will be to respond
to locally identified needs, while if the health system is
highly centralized and hierarchical, the local level is likely
to follow nationally set directives.
Who Should Plan

Health planning should be a shared task at all levels of the
health system. Planning is, however, often seen as the
responsibility of a separate administrative unit. But
planning is wider than this and requires constant interac-
tion between decision makers, managers, and profes-
sionals at all levels. This suggests the need for input into
planning by decision makers at each health system level
with the planning unit performing advisory and facilita-
tory functions and guiding decisions from a technical
th policy
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Table 1 Planning questions across the main components of the health system

Health system component Illustrative planning questions

Health policy making . What are the current priority areas for the national health development policy?
. Are these likely to change in the next 10 years?
. Who should be involved in policy formulation?
. How can the use of evidence in health policies be enhanced to promote equity?

Human resources . How many nurses and doctors do we need now and in the future?
. What should their qualification be now and in the future?
. What are the ways of ensuring an optimal quantity and quality?

Health financing . What resources do we need to cover the population’s health needs now and in the future?
. What is the best way to generate these resources?
. What is the best option to ensure value for money in the health sector?

Service delivery . What approach to service delivery is the most effective and efficient within the given context?
. How may this approach change in the future?
. What is the best way to ensure the quality of services and care?
. What should be the balance between equity and efficiency in providing health services?

Institutional arrangements . What should be the public–private relationships to ensure generation of adequate resources and

availability of affordable high-quality care?
. What type of decentralization is the most appropriate to the given context to ensure proper

response to the health needs?
. What is the best way of assessing performance of health facilities?

Health management
information system

. What information do we need for making informed decisions at each level of the health system?

. How often should this information be collected?

. At what level should the data be processed and analyzed?

Responding to people’s
expectations

. What is the best way to involve communities in determining their health needs?

. What is the best way to conduct health education in the given context?

Acting on the wider

determinants of health

. How can other sectors be encouraged to increase health-promotional activities and minimize

health-damaging activities?
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perspective. The ultimate decisions would be made by
relevant stakeholders such as community leaders,
patients, and health professionals.
The Context of Health Planning

Health planning occurs within the political and socioeco-
nomic context involving complex links between the wider
societal factors and health planning processes. Key con-
textual factors include:

. stage of development of a particular country (for exam-
ple, countries in transition);

. power of different groups directly or indirectly
involved in the decision-making process;

. historical decision-making processes;

. resource framework;

. available planning expertise and skills;

. institutional arrangements for implementing plans.

The context in which planning takes place is ever-
changing. In particular, the health pattern is changing
due to a complex set of factors including demographic
and epidemiological transition and the emergence of new
diseases such as HIV/AIDS or avian flu; public sector
(including health) systems may be reformed; costs are
rising and the expectations of users are growing. These
and other important factors set the complex contextual
environment for health planning.
Planning has moved away from ‘‘. . .intuitive, sponta-
neous, and subjective projection of activity based on past
experience to a much more deliberate, systematic and
objective process of mobilizing information and organiz-
ing resources’’ (Reinke, 1988: 3).
Changing Environment

Objectives for health planning may change as health sys-
tems develop. One can observe emphasis on different
aspects of health and health system at different times.
For example, in the eighteenth and nineteenth centuries,
efforts were directed mainly toward responding to epi-
demics and focusing on wider determinants of health,
building health systems, and developing health (social)
insurance (Hyman, 1982); until the mid-1960s, planning
largely focused on managing growth of the health sector;
in the 1970s and 1980s, planning efforts were concen-
trated on improving access to health services and the
1990s were characterized by health sector reforms. New
issues for national health planning include integration of
global vertical health programs with national health sys-
tems and a return to wider social determinants of health.

Since the late 1970s, health planning has been increas-
ingly influenced by international actors and their priori-
ties and policies. One of the first international health
planning efforts was the set of elements of the Alma Ata
Declaration (Primary Health Care strengthening, Health
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For All by the Year 2000), which prompted development
of PHC in many contexts. More recently, global targets
such as the 3-by-5 initiative (treating three million people
living with HIV/AIDS by 2005), which was launched by
WHO and UNAIDS in 2003, and the adoption of Millen-
nium Development Goals at the UNGeneral Assembly in
2000 have shaped international health; this is also
reflected in the increasing number of international agen-
cies and in particular Global Public Private Partnerships
such as the GAVI Alliance and the Global Fund to Fight
AIDS, TB and Malaria.
Planning for Public–Private Mix and Regulatory
Role of the Government/Public Sector

Marketization of the health system was widely advocated
in the 1990s and this policy encouraged a greater role for
the private sector. The resultant complexity in the public–
private mix suggests the need for changes in the approaches
from what had often been a primary focus on public sector
health services. It suggests the need to develop new plan-
ning tools suitable for inducing appropriate change in the
private sector. While public-sector planning relies heavily
on managerial directives and controls, planning for the
private sector requires use of legislative and regulatory
tools, advocacy, and the use of incentives.
Planning for Decentralization

Decentralization is another example of a changing con-
text. This may be either part of a wider governance policy
or health-sector-specific, and indeed may be part of
health plans themselves.

The approach to planning will depend on the type and
degree of decentralization of the health sector. For exam-
ple, devolution (devolution is the most comprehensive
form of decentralization, which is different from decon-
centration where vertical lines of management control are
retained), is likely to result in wider participation of local
levels and hence bottom-up planning, and greater oppor-
tunities for multisectoral action.

An important aspect of decentralization is the process
and criteria whereby central funds are allocated to lower
levels. Resource allocation formulae based on needs are
being increasingly introduced to replace historical incre-
mental systems of allocation.
Planning Within Emergency and Transitional
Countries

Within rapidly changing environments such as emergen-
cies, planning is likely to concentrate on short-term objec-
tives. One example of short-term planning objectives from
a public health perspective is provision of safe drinking
water to prevent water-borne infections in the wake of a
humanitarian disaster.

Planning within transitional countries where the situa-
tion changes faster than in more stable contexts may be
best done on a rolling or incremental basis.
Technical Issues in Health Planning

In broad terms, approaches to planning can be described
as being on a continuum with two extremes: Top-down
and bottom-up. The top-down approach implies that the
planning process occurs exclusively at the central level
with only final decisions (plans) communicated to the
local levels. The bottom-up approach encompasses the
idea of local levels being closely involved in the planning
process through assessment of health needs, identification
of priorities, and participation in other planning decisions.
Top-down planning is normally found in centralized sys-
tems with strong command and control mechanisms with
bottom-up planning in genuinely decentralized contexts.
The latter provides an opportunity for wider participation
and empowerment of stakeholders in decision-making
processes including planning, which stems from contem-
porary disillusionment with top-down processes of com-
mand and control. Each approach has its strengths and
weaknesses but nowadays there is a preference at the
international level for bottom-up health planning, which
is partly the result of disillusionment with the effective-
ness of top-down processes.

From the perspective of the level of the health system,
health planning can occur at country, sector, program, or
project levels. Health planning can also be described as
strategic or operational. Strategic planning is an integral
part of health policy, is normally broad, long-term, and
associated with central levels of the health system, while
operational planning is short term, more detailed and
particularly relevant to the local levels of health system.

Approaches to health planning also relate to the wider
decision-making styles and can be divided into three
broad categories:

. status quo models, i.e., reproducing previous plans;

. reactive planning, i.e., plan only if it is regarded as neces-
sary – this may include problem-solving approaches;

. rational proactive planning.

Characteristics of these approaches are described
in Table 2. There will inevitably be intermediate
approaches which contain elements from more than one
approach. An example of this is incremental planning,
which can be described as small adjustments to the
status quo in the light of current political circumstances
(Buse et al., 2005).

Forecasting can be an important part of health planning.
From the health planning perspective, forecasting can be



Table 2 Characteristics of main approaches to health planning

Criteria

Approach

Status quo Reactive Rational

Wider context of public sector Likely centralized system with fixed

budgetary framework

Countries in emergencies and transition Likely decentralized with flexible

expenditure framework
Major guiding principles Often input-based, rarely

geographical

Problem and resource-driven Population- and health needs-based

Use of information (evidence) Unlikely Limited to problem-related Likely at all stages

Consistency between different levels of
planning (e.g., strategic, operational)

Only if stable health situation context
and resource framework

Unlikely since most planning efforts focused on
short-term solutions without wider framework

Most likely

Responsiveness to the health needs Unlikely, especially with changing

health status

Only immediate health needs are responded to with

focus being on health project

Most likely with planning focusing around

health rather than health projects
Response to wider values such as equity Only if stable health and

socioeconomic context

Unlikely as these are difficult to consider in the short

term

Most likely

Flexibility to adapt to the changing context

(resource framework, people’s
expectations, etc.)

Unlikely Likely in the short term Likely in the long term

Account of dynamics of resource framework Unlikely, especially in the changing

context

Likely in the short term Likely in the long term

Human resource capacity (skills) needs Technical programing and budgeting
skills

Needs assessment; technical programing and
budgeting

Strategic approach; needs assessment;
technical programing and budgeting

Degree of involvement of key stakeholders Limited to primary decision makers Expanded to include civil society Likely to be widest involvement

Transparency and accountability Often blurred and accountability is

unclear

Yes, if a long-term approach is deployed but

difficult to monitor/supervise in the short term

Likely
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seen as a process of pro jecting any deter minants of
health plann ing suc h as futur e health ser vice deliver y
needs for a par ticul ar po pulation. Example s of forecas ting
can be seen in the mode ls tha t attempt to predict future
health prof essiona l re quirements to respond to the health
needs arising from a pr ojected popu lation growth and/o r
shifts in disease patter ns. It is imp or tant to ensure that
such forecasting takes accou nt of the par ticul ar context of
a health system and do es not apply uncriti cally inter na-
tional blue prints .

It can, however, be dif ficult to dif f erentiate between
evidence-based proj ections/mode ling , which may be par t of
ration al planning, and blue printing , which shares some
characte risti cs with status quo planning. In contrast with
evidence-based pr ojectio ns, an imp licit assum ption within
blue pr inting is that the same mode ls (health plans) can be
re plica ted in dif f erent con texts. In pr actice, however, the
ever-chang ing environme nt provides ju st one example of
the need for cont extualization in health planning.

We consider rati onal planning, which takes accou nt
of poli tical influ ences as optim al, and will focus here on
the pr ocesses related to this. However, any appro ach
inevita bly has downside s an d the rationa l approac h is
no exce ption. Some downside s inc lude the signific ant
human resou rce cap acity re quired , the need for re lia ble
infor mat ion (evidence), and the a bility of key actor s to
believe in re sults of rational appr oaches . It is impor tant
Table 3 Levels and types of planning

PSRPs Poverty Reduction Strategy Papers (PRSPs) (s
country level and represent the broadest typ

intersectoral initiatives and comprise objecti

education, housing, and others. As such, hea

objective of the PRSP. The strategy, being a
Medium-Term Expenditure Framework – sta

identified priorities

SWAps Sector-Wide Approach (SWAp) is an example 

core of a health SWAp is in shared health de
objectives. Other key elements of a SWAp in

donors, an appropriate expenditure framewo

monitoring and evaluation. SWAp is a proce
health policy

Policy/strategy The health policy or strategy is the next level o

used interchangeably. However, the strateg

health ministries often produce a health poli
more detailed strategic approaches to achie

strategies from UK DOH can be found here 

Program/project/

operational
planning

Program and project planning incorporate the

Programs (example of TB program is here h
broader than projects (an example of a wome

and represent vertical initiatives such as MC

implementation plans. As health is a cross-s

sectors, which is not always the practice. Pr
Logframe A logframe, or Logical Framework, approach is

of a health program or project in a concise w

of illustrating the consistency and continuity
activities
also to recogni ze that in practice the distincti on between
dif f erent approac hes is blur re d.
Types of Planning

There is no general consensu s on the ter ms for ty pes
of health planning. Dif f erent per spectives are us ed to
c lassify dif f er ent types of health plann ing. For exam ple,
some c lassificati ons follow the lines of compreh ensive-
progra m-project ( Taylor and Reinke, 1988 ) where com-
prehen sive stand s for broad stra tegic plann ing and the
next ste ps focus on operational planning. Anoth er per-
spect ive dist inguishes types of health plann ing across
main levels of plann ing, e.g., nat ional, regional, and dis-
trict (Green, 2007 ).

Healt h plann ing is a chain of inter re lated proce sses
involving dif f erent levels of planning (country, sector,
progra m, pro ject). Withi n this, the logic of one pr ocess
being translate d into another is evident. This is exemp li-
fied in Table 3 .

Anoth er f eature of dif f erent types and levels of
planning is the time-fram e. The higher the level of
planning the longer the time frame for achieving objec-
tives. For example, Pover ty Reduc tion Strat egy Paper s
and Sector-Wide Approaches may be processes for 5+
year s, while oper ational plann ing is usually done on an
annu al/semi- annual/ quar ter ly basis .
ee World Bank and IMF websites) are normally developed at a
e of planning that focuses on the overall public sector. PRSPs are

ves for all public sectors such as health, economics, agriculture,

lth, although part of the wider societal objective, is not an explicit

t a country level, is normally complemented by government’s
te resource commitments for the next 5–10 years along

of sector-specific planning (see the STI and KIT websites). The

velopment policy with agreed broad health development
clude the leading role of national government in dialogue with

rk, agreed operational procedures and an agreed model for

ss that attempts to coordinate efforts to achieve a shared

f health planning. The terms health policy and strategy are often

y should be seen as a means of achieving the policy. In practice,

cy document, which comprises both broad policy direction and
ving country health goals. Examples of health policies and

http://www.dh.gov.uk/PolicyAndGuidances/en

next level of detail (operational aspects) of health planning.

ttp://www.emro.who.int/stb/egypt/AboutNTP.htm) are normally
n’s health project is here http:/www.health.org/about/index.html)

H or HIV/AIDS with specific objectives and detailed

ectoral issue, health programs should include actions from other

ojects are time-limited specific initiatives within a specific field
a tool often used by donors as a way of mapping out the hierarchy

ay. The distinctive feature of this type of planning is the possibility

of different levels of objectives, namely outcomes, outputs, and

http://www.dh.gov.uk/PolicyAndGuidances/en
http://www.emro.who.int/stb/egypt/AboutNTP.htm
http:/www.health.org/about/index.html
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The Rolling Plan (Figure 2) is another type of plan
that emphasizes the continuous nature of health planning
at the operational level.

One theme from the above is the necessity of a clear
link between strategic and operational aspects of health
planning. We suggest that this is two-way: Operational
planning should develop implementation aspects of
wider strategy and strategic planning and is an opportu-
nity to scale up positive experience from implementation
of operational plans. This is particularly true in the case of
pilot initiatives, where innovative ideas are tested.

New techniques for health planning are being contin-
uously developed, including at the international level.
Marginal budgeting for bottlenecks (MBB) is an example
of a new method developed by UNICEF, WHO, and the
World Bank, which attempts to identify bottlenecks (fac-
tors negatively affecting implementation) and estimate
the marginal cost of eliminating these. As a result of the
close relationship between strategic and operational levels
of health planning, MBB is seen to be a useful tool to help
countries develop their Medium-Term Expenditure Fra-
meworks and align efforts toward more effective and
efficient utilization of available resources. MBBs normally
comprise three components: Identification of barriers
(bottlenecks), costing, and assessment of possible impact
(Knippenberg et al., undated).
Stages of the Planning Process

Planning processes can be illustrated in the form of a spiral.
Green’s planning spiral (Figure 3) is a classical example
of approaching planning from a rational–comprehensive
perspective and illustrating it as a continuous process.

Green’s model includes six stages (situational analysis,
priority setting, option appraisal, programing, implemen-
tation and monitoring, and evaluation). Within the public
health context, these broadly correspond to the following
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five stages of making a decision on the best public health
intervention (Walley et al., 2004):

1. assessing health needs (which corresponds to situa-
tional analysis stage in the Green’s planning spiral);

2. reviewing health services and programs (situational
analysis and priority-setting stage);

3. choosing the best interventions (option appraisal stage);
4. listing the activities and drafting an action plan (pro-

graming stage);
5. implementing and monitoring (implementation and

monitoring and evaluation stages).

The process of health planning usually involves itera-
tion (as exemplified by the spiral) and should not be seen
as linear.
Situational Analysis
A situational analysis answers the question: Where are we
now? The end result of the situational analysis is a map of
the health sector that includes a number of elements:

. the demographic, social, political, economic, and insti-
tutional context of the health system;

. the health needs and the key factors affecting those
health needs;

. the current services provided, their type, ownership,
and level of activity and general performance;

. the resources available to the health sector both in
terms of finance and real resources;

. identification of key stakeholders and actors related to
this issue.
The situational analysis should also look at distribu-
tional issues particularly in terms of equity and should
estimate the future situation in terms of health needs
and resources.
Priority Setting

As indicated earlier, planning is associated with resource
constraints. Not all health needs can be met and society
must prioritize which interventions are essential for the
achievement of desired objectives and which can either be
postponed or skipped. Prioritization occurs at different
levels and there is no technical standard as to the criteria
for assessing and comparing health needs and who should
set priorities. The guiding principles may include values
(equity, gender, rights) as well as organizational motiva-
tion to improve performance such as efficiency. Wider
participation of key actors (community, health profes-
sionals, policy makers) can improve responsiveness to
the actual health needs rather than the needs perceived by
decision makers. Economic appraisal techniques such as
cost per disability-adjusted life year (a health measure
introduced by the World Bank in the World Development
Report 1993 and increasingly used in health planning
afterward) may be used to set priorities based on a crite-
rion of maximum health impact for given resources, but
this can be criticized as being a narrow interpretation of
goals and incorporating various contestable implicit
values. For example, DALYs were recently criticized for
taking into account only age, sex, disability period, and
time with no consideration of the socioeconomic
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circumstances and thus focusing more on efficiency at the
expense of equity (Anand and Hanson, 1998). Stakeholder
analysis, Delphi techniques, multivariable decision-
making matrices, and others are also important in priori-
tization and give greater emphasis to the political nature
of planning.

The end result of priority setting stage should be a set
of objectives. As shown in Figure 4, these are normally
across the hierarchy Goal/Aim! Objectives! Targets/
Milestones, which often corresponds to the LogFrame
approach. The abbreviation SMART is often used as a
checklist to appraise objectives against five criteria (spe-
cific, measurable, attainable, relevant, and timebound).
Option Appraisal

At this stage, different alternatives for achieving the same
objectives are assessed. The criteria for decisions should
include underpinning values within the health system
such as equity, but are often inappropriately driven only
by performance-based judgments such as efficiency and
technical and financial feasibility through techniques such
as economic appraisal. It is helpful to deploy a holistic
approach and include as many relevant criteria for asses-
sing different options as possible to be able to form a
comprehensive understanding of hidden issues such as
cultural acceptability, sustainability of results in the long
term, likely effects on health needs, and/or people’s
expectations. One of the key criteria that should be con-
sidered is feasibility, including acceptability to key stake-
holders. The use of stakeholder analysis at this stage is
often important.
Techniques for option appraisal are similar to the ones
used for priority setting and can be important in technol-
ogy assessment including the development of Essential
Service Packages. Examples of this can be found in the
UK National Institute for Health and Clinical Excellence
and WHO CHOICE initiative.
Programing

This is the stage when the plan – the tangible output of
the health planning process – is produced. The degree of
detail within the plan depends on the level at which the
document is produced. For example, a 10-year national
health plan will have a relatively broad policy direction
with fewer details on organizational requirements. In
contrast, annual operational plans would outline the bud-
get details, staff needs, supply system, and a detailed
description of means of monitoring progress. The plan
usually comprises sections, which mirror the stages of
planning: background or situational analysis, rationale or
priority setting, justification or option appraisal, workplan
with identification of resources needed or programing,
and monitoring and evaluation.

LogFrames have often been used as a tool to map out
the health project in a concise format. Gantt charts pres-
ent activities over a period of time. A number of program-
ing tools are readily available, such as Microsoft Project.
Costing and budgeting, integral components of program-
ing, are often undertaken using spreadsheet templates
designed for a particular program (see examples of
WHO tools: the Cost It software tool and the mother-
baby package costing spreadsheet).
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The end product of this stage is a plan. It is, however,
important to remember that the plan is not the end of the
planning process but represents an intermediate output.
Implementation and monitoring

Appropriate implementation is critical to the success of
planning. Monitoring is the process by which progress is
assessed. In many cases, implementation is the responsi-
bility of implementing agencies, whereas the plan itself
may be produced by planners alone. Where this is the
case, difficulties may arise, including a lack of a compre-
hensive understanding of the objectives and means of
achieving them and inadequate measures to monitor
progress. Monitoring can often be based on existing sup-
port systems such as health management information
systems (HMIS) or, less desirably, may require the estab-
lishment of a vertical system to collect, process, and
analyze the data or even ad hoc surveys. Monitoring should
be seen as a tool to support implementation and to help
identify problems and adjust actions during implementa-
tion rather than as a ‘tick box’ exercise. The indicators and
methods for monitoring should reflect the way of achiev-
ing the objectives and should lead to the next stage:
evaluation.

Techniques used for programing such as Gantt charts
are important for implementation and monitoring. The
end product of this stage of planning is the record of
implementation of a particular initiative and an assess-
ment of progress during implementation.
Evaluation

Evaluation is the process of assessing whether the objec-
tives set have been achieved and the causes for any devia-
tion from this. It may be formative where it takes place
during the implementation phase (allowing the opportu-
nity to learn and adjust, and as such is closely related to
monitoring) or summative. Summative evaluations are
conducted at the end of a plan or project period. Evalua-
tion often involves a combination of managers involved in
the activity to gain access to in-depth understanding and
facilitate learning, and outside experts to encourage
objectivity. Information gained from an evaluation feeds
into the next round of planning and the situational
analysis.

The end result of this stage of the evaluation is a report
on the implemented set of outputs, outcomes, and impact
against its objectives.
Planning for Specific Inputs

The above has described the overarching approach to
strategic and operational planning. Another aspect of the
process relates to planning for specific inputs, which are
briefly considered below.
Human resource planning
As health-care provision is extremely labor-intensive, it is
essential that attention be paid to ensuring the right
numbers of staff are trained, employed, and retained.
Human resource planning is the subdiscipline that deals
with this. Inadequate attention has been paid to human
resource planning in recent years with the result that
many health systems have a mismatch between their ser-
vice plans and the staffing available. This has been further
aggravated recently by international migration. It is essen-
tial that health systems analyze the needs for staff and
develop appropriate policies acting on both the demand
for and supply of staff that align with service plans.
Infrastructure planning

Planning for new buildings and equipment has often been
seen as a key part of planning (indeed often, inappropri-
ately, given more priority than service planning). There
are particular skills required in this aspect of planning in
terms of ensuring that building designs meet user require-
ments and that the recurrent cost implications of new
projects are fully recognized.
Financial planning

We have already referred to the chain of financial alloca-
tions that occur and it is essential that planners align their
plans with this process. Unfortunately, there is often an
organizational mismatch between planning and financial
planning, with different authorities for each. Financial
planning is an integral element of health planning and is
concerned with matching the resources to the existing
plan. It is closely related to, but different from budgeting,
in that it is concerned with broad matching of available
funds with plans rather than specific budgets. Examples of
financial planning at a wider public sector level include
Medium-Term Expenditure Framework (MTEF) and
Public Investment Programme (PIP).
Capacity Required for Health Planning

Planning is not the sole responsibility of health planners.
It should be seen as an integral element in the work of
everyone who works within the health system, facilitated
by specialists. However, the level and type of planning
determines its characteristics, and this in turn affects the
specialist capacity required.

Capacity for health planning does not only comprise a
group of individuals with specific skills and experience.
Besides technical skills in traditional disciplines such as
epidemiology and economics, adequate planning capacity
normally requires skills in other areas such as political
analysis and advocacy. Planning also needs to draw on
other processes within the health system such as the
Health Management Information System.
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Actors Involved in Health Planning

Planning occurs at all levels of the health system, with
different actors involved in developing pieces of a com-
mon jigsaw.

Local-level planners usually develop operational
details of the broad nationally determined policy or strat-
egy. However, at a single level, there are inevitably differ-
ent categories of actors involved in planning. For example,
at the national level the health ministry should work
closely with the education ministry on medical education
issues; within the health system at the district level, the
district hospital manager should work in close conjunc-
tion with the district primary health-care manager on
operational issues, but their actions are also expected to
be concerted with other local health-related issues such as
transport or employment. Civil society, being often out-
side of the formal public sector entities, represents
another group of actors that can be involved in the health
planning.

Mechanisms for engagement

A participatory approach involving key stakeholders is
likely to improve the use of evidence, objectivity, and
integration of planning efforts and to result in wider
ownership of the planning product and prospects for
implementation This suggests two issues related to stake-
holder engagement in the planning process.

First, how can one ensure adequate participation of
decision makers in the planning process? Planning pro-
cesses need to be set up that fully involve key decision
makers as part of their routine activity, which is seen as a
key responsibility with appropriate incentives to reward
time spent in considering the future as well as the imme-
diate management issues.

Second, some groups of stakeholders such as civil
society may not be easy to involve. Even those ostensibly
involved in the planning process may not have the oppor-
tunity to express their views. There are various techni-
ques for participation and empowerment of communities
in the planning process (Rifkin and Pridmore, 2001).
Direct involvement of representatives from these groups
in the planning process via planning boards and work-
shops with appropriate training and support may help to
empower such groups and to consider their views in the
planning process.
Challenges in Planning

Earlier sections raised various challenges facing health
planning, in particular:

. developing a balance between national and decentra-
lized planning;

. responding to increasing international influences;
. achieving an appropriate balance between technical
and political characteristics of health planning;

. forecasting – the balance between projections and
blueprinting;

. scaling up positive experiences;

. harnessing new approaches to planning.
Development of Balance Between National and
Decentralized Planning

A balance is needed between national and local level
planning, and the systems at each level need to be devel-
oped appropriately and consistent with each other. Many
countries, such as former Soviet states, still deploy top-
down approaches as a means of communicating policy
decisions and ensuring consistency of local planning
initiatives with nationally determined agenda. However,
top-down processes of command and control are increas-
ingly seen as ineffective approaches, with health planning
decisions often failing to recognize the local health needs
or failing to be implemented. Deliberate strategies to
develop local planning capacity and to shift national-
level roles to reflect the changing approach to planning.

Responding to increasing international influences
As health systems become more closely affected by the
international context through the globalization of health,
and new financial instruments such as Global Public
Private Partnerships, national planners need to be able
to respond to resultant pressures and complexity (Buse
and Harmer, 2007). For example, the changing complexity
of the aid architecture has led to approaches to donor
support such as SWAps.

Managing the tension between planning

techniques and the politics of planning

Planning uses, as we have seen, various techniques.
Planning involves making difficult choices about use of
resources that will almost inevitably result in some groups
becoming ‘losers’. As such, it is inevitably a political
process and health planners need to be aware of this and
develop ways of managing this tension. Many techniques
(such as cost-effectiveness and the use of DALYs as out-
come measures) appear to be technical and as such politi-
cally neutral, and yet implicit within them are value
judgments. There is a need to achieve a balance between
political, value-driven outputs and technically justified
planning decisions.

Forecasting – finding the right balance between

modeling and blueprinting

Modern technology is increasingly likely to allow the
possibility of developing models for projections in areas
such as epidemiological trends, human resources, and
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resource requirements for health care. However, such
models need to be context-specific and driven by the
local situation.
Scaling up for MDGs

Global influences such as Millennium Development
Goals, WHO’s 3-by-5 HIV/AIDS initiative, UNAIDS
‘road towards universal access’ to HIV prevention and
AIDS treatment care and support by 2010 and others
call for scaling up different interventions in many
countries in order to achieve international targets. This
puts significant pressure on health planning systems at
different levels (subnational, national/country, region) to
align health resources for the achievement of objectives
both at the program level and at the wider health system
level.

This poses an important and difficult planning ques-
tion: What interventions will work on a larger scale as
effectively as they were piloted? Many small-scale initia-
tives at the subnational level may not be appropriate to
the whole country. On the other hand, issues such as social
insurance may only be applicable at the larger scale.
Developing and harnessing new approaches to

health planning

Health planning needs to evolve constantly and is devel-
oping for new techniques. There are significant potential
opportunities becoming available through technology to
collect and analyze data in ways that have the potential to
enhance planning decisions. Geographical mapping and
the linkage of local information to IT-based HMIS sys-
tems such as the application of geographical information
systems for epidemiological surveillance (WHO, 1999) or
establishment of a seasonal climate forecasting system for
operational use by different sectors, including planning
the health services (Thomson et al., 2000) provide exciting
possibilities for understanding health needs and exploring
options to respond to these.
Key Summary

Health planning is a complex process with at least three
distinctive features (health being a labor-intensive sector,
complex relationships between different actors, and the
balance between clinical and public health perspectives).
Planning is the product of values, techniques, and power
relationships between different groups. Health planning is
a continuous process and the production of a plan should
not be seen as the end product of this process.

Approaches to planning will vary depending on
the wider societal principles of decision making. There
are various stages within the health planning cycle, with
inevitable iterations. Presently, health planning faces a
number of challenges and ultimately is an art of maneu-
vering within existing circumstances to achieve the
desired objectives.

See also: Demand and Supply of Human Resources for

Health; Global Health Initiatives and Public Health Policy;

Health Policy: Overview; Public and Consumer Participa-

tion in Policy and Research; Resource Allocation:

International Perspectives on Resource Allocation; The

State in Public Health, The Role of.
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Introduction

The lung is constantly exposed to microorganisms.
A complex system of host defenses is required to prevent
these organisms from gaining access to the lung and for
removing them from the lung. This process, however, may
be breached and pathogenic microorganisms may reach
the alveoli. The combined effects of microorganism mul-
tiplication and host response determine the clinical con-
dition known as pneumonia.

The most useful classification of pneumonia is based
on the origin of the infection because this factor implies a
different etiology, prognosis and treatment. The term
‘community-acquired pneumonia’ (CAP) refers to the
appearance of infection in a nonhospitalized population
with no risk factors for multi-drug-resistant pathogens
whereas the term ‘hospital acquired pneumonia’ (HAP)
or ‘nosocomial pneumonia’ is used when there is no evi-
dence that the infection was present or incubating at the
time of hospital admission. The latter type of pneumonia
is most frequently found in patients receiving mechan-
ical ventilation, hence the term ‘ventilator-associated
pneumonia.’
Community-Acquired Pneumonia

This common condition is generally more prevalent in
nonindustrialized and less developed countries. In adults
the incidence differs among countries, from 1.6 to 11 per
1000 adults. Incidence is higher in the elderly and more
common in men than in women with this difference
increasing with age. In the United States CAP affects
more than 4million adults and accounts for more than
1million hospital admissions per year; moreover, in the
United States pneumonia and influenza are the sixth
leading cause of death and the age-adjusted mortality
attributed to this disease is on the rise. In children pneu-
monia is the leading cause of mortality worldwide.

Several populations are at risk of pneumonia espe-
cially by pneumococcal invasive disease: people 65 years
and older, immunocompromising conditions/medications,
patients with anatomic or functional asplenia, congestive
heart failure, COPD, diabetes mellitus, liver disease, and
alcoholism, and long-term care facility residents. Smoking
is the strongest risk factor for invasive pneumococcal
disease in immunocompetent nonelderly adults.
Clinical Features

Patients with pneumonia usually present a constellation
of symptoms and signs that include cough, dyspnea, spu-
tum production, and pleuritic chest pain, although non-
respiratory symptoms (mainly in elderly patients who
may report fewer symptoms) such as consciousness status
changes or falls may also predominate. Unfortunately,
information obtained from patient history and physical
examination is not sufficient to achieve adequate diagnos-
tic accuracy, and thus diagnosis requires the presence of
an infiltrate on chest X-ray (Metlay et al., 1997; Fine et al.,
1999). The presence of an infiltrate confirms the diagnosis
but cannot predict a specific etiologic agent.
Etiology

Although many pathogens have been associated with
pneumonia, only a small range of key pathogens cause
most cases. The most predominant pathogen observed is
Streptococcus pneumoniae (pneumococcus), which accounts
for about two thirds of all cases of bacteremic pneumonia.
Other agents vary according to the severity of the disease
(Table1) and the epidemiological condition or risk fac-
tors (Table 2). Concurrent infection by multiple micro-
organisms may lead to CAP; for example, influenza A may
be followed by a secondary infection with S. pneumoniae or
Staphylococcus aureus. Chlamydophila pneumoniae may also
be followed by S. pneumoniae (File, 2003).

Recent human infections caused by avian influenza
A (H5N1) in Vietnam, Thailand, Cambodia, China,
Indonesia, Egypt, and Turkey have raised the possibility
of a pandemic in the near future. The severity of H5N1 in
humans distinguishes it from that caused by routine sea-
sonal influenza. Patients with an illness compatible with
influenza and with known exposure to poultry in areas
with previous H5N1 infection should be tested for
this infection. More specific guidance can be found on
the World Health Organization (WHO), Infectious Dis-
eases Society of America (IDSA), and American Thoracic
Society (ATS) websites.
Risk Stratification

The most important issue in the management of a patient
with CAP is the decision concerning the most appropriate
care setting: outpatient, hospitalization on a medical ward,
or admission to an intensive care unit (ICU). Between



Table 1 Most common causative factor in community-acquired pneumonia by patient care setting (frequency)

Outpatients Non-ICU patients ICU patients

Streptococcus pneumoniae Streptococcus pneumoniae Streptococcus pneumoniae
Mycoplasma pneumoniae Mycoplasma pneumoniae Legionella species

Haemophilus influenzae Chlamydophila pneumoniae Haemophilus influenzae

Chlamydophila pneumoniae Haemophilus influenzae Gram-negative bacilli

Respiratory virusesa Legionella species Staphylococcus aureus
Respiratory virusesa

FromMandel LA, Wundernlk RG, Anzueto A, et al. (2007) Infectious Diseases Society of America/American Thoracic Society consensus

guidelines on the management of community-acquired pneumonia in adults. Clinical Infectious Diseases 44: S27–S72. ICU, intensive

care unit.
aInfluenza A and B, adenovirus, respiratory syncytial virus (RSV), parainfluenza.

Table 2 Risk factors related to specific pathogens in community-acquired pneumonia (CAP)

Alcoholism Streptococcus pneumoniae, oral anaerobes, Klebsiella pneumoniae, Acinetobacter species,
Mycobacterium tuberculosis

COPD and/or smoking Haemophilus influenzae, Pseudomonas aeruginosa, Legionella species, S. pneumoniae,

Moraxella cararrhalis, Chlamydophila pneumoniae

Aspiration Enteric gram-negative, anaerobes
Lung abscess CA-MRSA, oral anaerobes, M tuberculosis, atypical mycobacteria

Exposure to bat or bird droppings Histoplasma capsulatum

Exposure to birds Chlamydophila psittaci (if poultry: avian influenza)

Hotel or cruise ship stay in previous
2 weeks

Legionella species

Travel to or residence in South-East

and Eastern Asia

Burkholderia pseudomallei, avian influenza, SARS

Active influenza in the community Influenza, S. pneumoniae, Staphylococcus aureus, H. Influenzae
Structural lung disease

(bronchiectasis)

P. aeuruginosa, S. aureus

Injection drug use S. aureus, anaerobes, S. pneumoniae, M. tuberculosis
Endobronchial obstruction Anaerobes, S. pneumoniae, H. influenzae, S. aureus

HIV infection (early) S. pneumoniae, H. influenzae, M. tuberculosis

HIV infection (late) All of the above, plus Pneumocystis jirovecii, Cryptococcus, Histoplasma, Aspergillus, atypical

mycobacteria (especially Mycobacterium kansasii)

FromMandel LA, Wundernlk RG, Anzueto A, et al. (2007) Infectious Diseases Society of America/American Thoracic Society consensus

guidelines on the management of community-acquired pneumonia in adults. Clinical Infectious Diseases 44: S27–S72. CR-MRSA,

community-associated methicillin-resistant S. aureus.
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30% and 50% of patients who are hospitalized are at low
risk of death and may potentially be managed at home.
The decision regarding hospitalization should be based
on the stability of the clinical condition, the risk of death
and complications, and the presence or absence of other
medical problems and social characteristics. Severity or
prognostic scores should be used to identify patients who
may be candidates for outpatient treatment.

The most widely used prediction score is the ‘pneu-
monia severity index’ (PSI), which stratifies the patients
to five risk categories (Figure 1 and Table 3); the higher
the score, the higher the risk of death (Fine et al., 1997).
Patients in classes I and II have a 30-day mortality risk of
lower than 1% and can be safely treated as outpatients,
while patients in class III have a risk of death of 0.9% to
2.9%. The risk of clinical worsening (although very low) is
highest during the first 24 hours after presentation and
decreases thereafter. It is therefore prudent to place these
patients for a short period in an observation unit in the
emergency department. Lastly, patients in classes IV and
V have a risk of mortality of between 8.9% and 29.2% and
should be hospitalized, considering the presence of severe
CAP markers. An easy-to-use version of the PSI is avail-
able on Internet.

An alternative and simpler score that may be used at
bedside is the ‘CURB 65’ score which assesses five variables
each of which is assigned one point: Confusion; Urea
greater than 7mmol/L; Respiratory rate greater than 30
per minute; low Blood pressure (systolic <90mm Hg or
diastolic �60mm Hg); and age over 65 (Lim et al., 2003).
A patient with 1 point has a risk of death of 1.5% and may
be treated as an outpatient. Patients with a CURB-65
score of 2 or greater are not only at increased risk of
death but also likely to have clinically important



Patient age < 50 
None of the physical examination
features listed in table 3 

Yes

Score < 70  Score > 130 

Risk class I           Risk class V        

Outpatient management

Assess risk score (table 3)
No

Score 71/90 Score 91/130

Risk class II Risk class III Risk class IV 

Consider 24-hour observation
 in emergency unit               

Hospitalization
assess severe CAP features 

Figure 1 Risk stratification according to the pneumonia severity index (PSI).

Table 3 Pneumonia severity index (PSI) (class II/V)

Patient characteristics Score assigned

Demographic factors
. Age (in years)
. Males Age
. Females Age� 10

. Nursing home resident Ageþ 10
Coexisting conditions
. Neoplastic disease þ30þ 20þ10
. Liver disease þ10
. Congestive heart failure þ10
. Cerebrovascular disease
. Kidney disease

Initial physical examination
. Altered mental status þ20
. Respiratory rate �30/min þ20
. Systolic blood pressure �90 þ20
. Temperature <35 or �40 þ15
. Heart rate �125/min þ10
Initial laboratory findings
. PH <7.35 þ30
. BUN >30mg/dL þ20
. Sodium <130 þ20
. Glucose �250mg/dL þ10
. Hematocrit <30 þ10
. PaO2 <60 or O2 saturation <90% þ10
. Pleural effusion þ10

Pneumonia 135
physiologic derangements requiring active intervention
and should usually be considered for hospitalization.
A simplified version (CRB-65, which does not require
BUN levels) has demonstrated a similar ability of predic-
tion and may be appropriate for decision making in pri-
mary care (Espana et al., 2003).

Other considerations such as the presence of hypo-
tension (systolic blood pressure lower than 90), hypox-
emia, exacerbation or active comorbidities, inability to
reliably take oral medications, or social characteristics
that compromise treatment compliance should all be
taken into account when evaluating the need for hospital
admission (Metlay et al., 2003).

On hospitalization of the patient, the next step is
to evaluate the severity of the disease and to consider
the need for admission to the ICU. The presence of septic
shock (vasopressor requirement despite appropriate fluid
resuscitation) or the need for mechanical ventilation
defines severe CAP and these patients should be admitted
directly to the ICU. However, not all patients eventually
admitted to an ICU present such findings at presentation
and delay in the transfer due to delayed respiratory
failure or delayed onset of septic shock is associated
with increased mortality. Thus, other criteria have been
established to predict a worse prognosis with intensive
care requirements. The presence of three or more of
these criteria is accepted as criteria for ICU admission:
respiratory rate �30/min; arterial oxygen pressure to
oxygen inspired fraction rate (PaO2/FiO2) �250; multi-
lobar infiltrates; confusion; uremia (BUN �20mg/dL);
leukopenia (<4000 white blood cells/mm3); thrombo-
cytopenia (<100 000 platelets/mm3); hypothermia; and
hypotension requiring aggressive fluid resuscitation
(Mandel et al., 2007).
Diagnostic Testing

The length of diagnostic testing for specific pathogens
should be based on the following factors: the probability
that such a finding would significantly alter standard
(empirical) management decisions, the severity and care
setting of patients, and suspicion of a specific pathogen on
an epidemiological basis.

Extensive tests for outpatients with suspected bacterial
CAP are optional because of the low probability of treat-
ment failure and good prognosis with recommended



Figure 2 Necrotizing pneumonia on chest CT showing multiple
bilateral nodules and cavitation, lower left lobe consolidation,

and pleural effusion in a patient with methicillin-resistant

Staphylococcus aureus.
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empirical antibiotic treatment. The presence of epidemi-
ological variables that point to a specific pathogen requir-
ing different treatment clearly justifies extensive testing
(Table 2).

Blood cultures have a poor sensitivity (5%–14%) but
should be done in hospitalized patients, especially in
cases of severe CAP, ICU patients, asplenia, liver disease
or alcohol abuse or other causes of immunusuppression,
and in the presence of cavitary infiltrates with the suspi-
cion of methicillin-resistant S. aureus (Figure 2).

A valid expectorated sputum sample for microbiologic
processing requires more than 25 polymorphonuclear
cells and less than 10 epithelial squamous cells per field
and should be obtained whenever possible, especially in
the group of patients mentioned earlier. However, the
collection of pretreatment expectorated sputum should
not delay the initiation of antibiotic administration.
A respiratory sample (endotracheal aspiration or bronch-
oscopically obtained) is always recommended for patients
intubated for severe CAP.

The urinary antigen test for S. pneumoniae and Legionella
pneumophila is a rapid and very useful tool whose main
advantages are simplicity and ability to detect a specific
pathogen with reasonable accuracy even after antibiotic
therapy has been started (File, 2003). For S. pneumoniae,

studies in adults have shown a sensitivity of 50% to 80%
and a specificity of over 90%. For Legionella, all the assays
available detect only L. pneumophila serogroup 1, which
accounts for 80% to 95% of community-acquired cases of
Legionnaire’s disease and has a sensitivity ranging from
70% to 90% and a specificity of nearly 99%.
Treatment

In previously healthy outpatients a macrolide (azitromy-
cin, clarithromycin, or erythromycin) is recommended.
However, the prevalence of drug-resistant S. pneumoniae
worldwide has increased and the risk factors for b-lactam
resistance have been defined: age over 65 or under 5,
b-lactam treatment within the previous 3months, alco-
holism, medical comorbidities, and immunosuppressive
disease or treatment; despite such findings its clinical
relevance remains controversial because the outcomes
of patients with ‘beta-lactam resistance’ (S. pneumoniae)
usually do not result in treatment failures. Additionally,
the rates of S. pneumoniae macrolide resistance have risen
substantially in several parts of the world, contributing
to an increased risk of macrolide treatment failure
(Daneman et al., 2006). It is therefore prudent to treat
these patients with a respiratory fluoroquinolone (levo-
floxacin, gatifloxacin) or b-lactam (amoxicillin 1 g tid or
amoxicillin/clavulanate 2g bid or ceftriaxone) plus a
macrolide in regions with recognized high-resistance
rates. In nonICU inpatients the following treatment
options are recommended: a respiratory fluoroquinolone
or b-lactam plus macrolide. In ICU inpatients the follow-
ing regimen is the minimal treatment recommended:
b-lactam (ceftriaxone, cefotaxime, ampicillin-sulbactam)
plus fluoroquinolone (Mandel et al., 2007).
Prevention

Vaccines against pneumococci and influenza remain the
mainstay for preventing CAP. All persons 50 years and
older, contact with high-risk persons and health-care
workers should receive the influenza vaccine. The pneu-
mococcal polysaccharide vaccine is recommended for
people 65 years and older, the immunocompromised,
and patients with anatomic or functional asplenia and
chronic disease with high-risk morbi-mortality associated
with pneumococcal disease (congestive heart failure,
COPD, diabetes mellitus, liver disease, alcoholism).
Smoking cessation should be a goal for all persons, partic-
ularly those with pneumonia because of the increased
risk of invasive pneumococcal disease in immunocom-
petent nonelderly adults who smoke.
Hospital-Acquired Pneumonia

Hospital-acquired pneumonia (HAP) is defined as pneu-
monia that occurs 48 hours or more after admission,
which was not incubating at the time of admission. Pneu-
monia is the second most common nosocomial infection
and remains the in-hospital acquired infection with
the highest associated mortality. The overall incidence
of HAP varies from 6 to 8.6 per 1000 admissions with
the highest incidence reported in the ICU: from 12%
to 29%, 90% of which occurs during mechanical ventila-
tion and is known as ventilator-associated pneumonia
(VAP). The mortality related to this disease or
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‘attributable mortality’ is reportedly between 33% and
50%. Host characteristics (advanced age and sex female),
underlying diseases (higher-severity disease scores), and
etiology (nonfermenting gram-negative bacilli) are asso-
ciated with a poor prognosis. It is important to note that
inappropriate or delayed antibiotic treatment is associated
with a higher mortality. The presence of HAP increases
hospital stay by an average of 7 to 9 days per patient and
accounts for a large proportion of antibiotics prescribed.

In addition to the definitions established earlier, a
diverse population of patients have been found to have a
spectrum of pathogens causing pneumonia that more clo-
sely resembles HAP, that is, multi-drug-resistant pathogens
(Table 4). Pneumonia in this group of patients is known
as ‘health-care-associated pneumonia’ (HCAP) and the
diagnostic and therapeutic considerations should be the
same as the previously mentioned groups (HAP and VAP)
(Bonten et al., 2005).
Etiology

The time of onset of pneumonia is an important epidemi-
ologic variable and risk factor for specific pathogens and
outcomes in patients with HAP and VAP. Early-onset
pneumonia is defined as that occurring within the
first 4 days of hospitalization. It usually carries the best
prognosis and is more likely to be caused by microorgan-
isms that are already carried by the host (‘community
flora’): S. pneumoniae, Haemophilus influenzae, S. aureus, and
anaerobes. ‘Late-onset’ pneumonia (5 days or more) is
more likely to be caused by multi-drug-resistant patho-
gens and is associated with a poor prognosis: Pseudomona
Table 5 Modified clinical pulmonary infection score (CPIS)

CPIS points 0

Tracheal secretions Rare

Infiltrate on chest X-ray None
Temperature (C�) 36.5–38.4

WBC counts (1000/ml) 4–11

Pa02/FiO2a >240 or ARDS

Abbreviations: ARDS, acute respiratory distress syndrome; WBC, wh
aRatio between arterial pO2 (mmHg) and inspired oxygen fraction.

Table 4 Risk factors for multi-drug-resistant pneumonia

Antimicrobial therapy in the previous 90 days

Current hospitalization for 5 days or more

High frequency of antibiotic resistance in the community or

hospital unit
Hospitalization �2 days in the preceding 90 days

Residence in a nursing home or extended care facility

Home infusion therapy
Chronic dialysis

Family member with multi-drug-resistant pathogen

Immunosuppressive disease and/or therapy
aeruginosa (30%), S. aureus including methicillin-resistant
(25%), Gramnegative enteric bacilli (25%), L. pneumophila
(5%), S. pneumoniae (5%), H. influenzae (5%), Aspergillus
and Candida species (5%), and polymicrobial (30%).
Diagnosis

The clinical features that point to nosocomial pneumonia
include the presence of new and persistent pulmonary
infiltrates, temperature greater than 38.3 �C or less
than 36 �C, white blood cell count greater than
12 000/mm3 or less than 4000/mm3, and purulent secre-
tions. Unfortunately, many hospitalized patients present
such findings for other reasons, especially intubated
patients, thus making diagnosis difficult. The diagnostic
criteria of a radiographic infiltrate and at least one of the
additional criteria previously mentioned have a high sen-
sitivity but low specificity (especially in VAP), while the
presence of a pulmonary infiltrate plus two additional
clinical findings result in a sensitivity of 69% and a
specificity of 75% (Fabregas et al., 1999). Given the poor
accuracy of an isolated clinical finding, a score of clinical
findings (a ‘modified clinical pulmonary infection score’ –
CPIS) can be used for initial decision making. This score
is based on previously mentioned findings and an oxyge-
nation index (Table 5). If the sum is 6 or greater than 6, a
respiratory sample is justified and empirical antibiotic
treatment is begun (Torres et al., 2006).

Blood cultures are obligatory when considering a diag-
nosis of nosocomial pneumonia. Unfortunately, the sensi-
tivity is low (10% to 20%) and the specificity is reduced
in critically ill patients who are at risk from multiple
infectious foci.

The most important challenges in the management
of suspected HAP are to avoid inappropriate or delayed
antibiotic treatment with the higher mortality that this
entails, and, on the other hand, to prevent the emergence
of multi-drug-resistant microorganisms by avoiding indis-
criminate antibiotic prescription. To achieve this double
purpose it is imperative to obtain a lower respiratory
tract sample for Gram stain and culture (to confirm the
diagnosis) and antibiogram (adjusting the antibiotic to the
sensitivity pattern when available) (Bonten et al., 2005).
1 2

Abundant Abundantþpurulent

Diffuse Localized
38.5–38.9 <36–>39

<4–>11 <4–>11þ>500 bands

<240 without ARDS

ite blood cell.
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In patients breathing spontaneously, respiratory secre-
tions can be obtained by expectoration (with the same
considerations as CAP for ‘valid’ sputum). The diagnostic
accuracy of sputum in HAP has yet to be established.
In intubated patients, lower respiratory tract cultures
can be obtained bronchoscopically or nonbronchoscopi-
cally, and can be cultured semiquantitatively or quantita-
tively with different cut-off points for discriminating
‘colonization’ from ‘infection’ according to the method.
Quantitative cultures and more invasive methods increase
the specificity of the diagnosis without deleterious con-
sequences. However, each institution should choose the
technique based on local expertise, experience, and avail-
ability, because, when the diagnostic and therapeutic
approaches are protocol driven and the initial treatment
is adequate, the clinically relevant outcomes and use
of antibiotics are the same with both the invasive
and noninvasive (and quantitative and semiquantitative)
methods. In order to facilitate the diagnostic appro-
ach, a tracheobronchial aspirate with Gram stain and
semiquantitative or quantitative culture (cut-off point to
differentiate colonization from infection: �105 colony
forming units/mL for the quantitative method) (Canadian
Critical Care Trials Group, 2007) should be obtained.
Figure 3 presents a summary of the management of
these patients.
No

Obtain respiratory sample
and calculate modified CPIS 

Low probability CPIS < 6, 
negative Gram stain and 
clinical stability (no organ 
failures) 

Start empiric antibiotic 
treatment according to local 
flora and time of onset of 
pneumonia 

Time of onset ≥ 5 days or
risk factors for multidrug-
resistant microorganisms:
Treatment according to
Table 6

T
r
r
T
T

Figure 3 Summary of the management strategies for a patient with
Therapy

Inappropriate therapy (microorganism not sensitive to the
antibiotic) is a risk factor for excess mortality, and multi-
drug-resistant microorganisms are frequent pathogens
commonly associated with inappropriate therapy. On the
other hand, delay in initiating antibiotic therapy may add
to excess mortality, thus the importance of treating the
most probable etiologic pathogens promptly.

The choice of specific agents should be dictated by
local flora and the pattern of sensitivity. Additionally,
initial empiric therapy is more likely to be appropriate if
the antibiotic selection is based on protocols designed
according to the local patterns of antibiotic resistance.
Table 6 and Table 7 describe general recommendations
according to the time of onset of HAP, although they may
be adapted, as mentioned earlier.
Community-Acquired Pneumonia in
Childhood

Pneumonia is the leading cause of death in children. More
than 2million children under 5 years of age die from
pneumonia each year, accounting for almost one in five
under-5 deaths worldwide. That is, pneumonia kills more
Yes

Do not start empiric 
antibiotic treatment (fulfill 
all criteria) 

ime of onset < 5 days and no
isk factors for multidrug
esistant microorganisms:
reatment according to 
able 7

suspected hospital-acquired pneumonia.



Table 6 Initial antibiotic treatment for hospital-acquired pneumonia (late onset) or risk factors for multi-drug-resistant

microorganisms

Probable microorganisms Combined antibiotic treatment

Pseudomonas aeruginosa Antipseudomonal Cephalosporin

Klebsiella pneumoniae (Ceftazidime or Cefepime) or

Serratia marcescens Imipenem/Meropenem or

Acinetobacter Sp b-Lactam/b lactamase inhibitor
Legionella pneumophila (Piperacillin-tazobactam)

Other non-fermenting Gram-negative bacilli

Staphylococcus aureus (methicillin-resistant)

plus
. Antipseudomonal Fluoroquinolone (ciprofloxacin or levofloxacin) or
. Aminoglycoside (Amikacin-gentamicin)
plus

Vancomycin or Linezolid

From Bonten MC, Chastre J, Craig WA, et al. (2005) Guidelines for the management of adults with hospital-acquired, ventilator-
associated, and health care-associated pneumonia. American Journal of Respiratory and Critical Care Medicine 171: 388–416.

Table 7 Initial antibiotic treatment for hospital-acquired

pneumonia (early onset and no risk factors for multi-drug-

resistant microorganisms)

Probable microorganisms Antibiotic treatment

Streptococcus pneumoniae Ceftriaxone or

Haemophilus influenzae Levofloxacin or

Staphylococcus aureus
(methicillin-sensitive)

Ampicillin Sulbactam

Enteric gram-negative bacilli

(antibiotic sensitive)

From Bonten MC, Chastre J, Craig WA, et al. (2005) Guide-
lines for the management of adults with hospital-acquired,

ventilator-associated, and health care-associated pneumonia.

American Journal of Respiratory and Critical Care Medicine 171:
388–416.
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children than any other illness – more than AIDS, malaria,
and measles combined (UNICEF/WHO, 2007). This fig-
ure does not include deaths due to pneumonia during the
first 4 weeks of life. If these deaths were included in the
overall estimate, pneumonia would account for up to one
third of under-5 deaths each year. In terms of lost healthy
life years (measured as disability-adjusted life years),
acute respiratory infections are the chief cause of global
ill health because of their great impact in young children.

More than 150million episodes of childhood pneumo-
nia occur every year in the developing world, accounting
for more than 95% of all newcases worldwide. Between 11
and 20million children with pneumonia are hospitalized,
and more than 2million die every year. South Asia and
sub-Saharan Africa together bear the burden of more than
half of all childhood pneumonia cases worldwide, and
three quarters of all childhood pneumonia cases occur in
just 15 countries. Only about one half of children with
pneumonia receive appropriate medical care and less
than 20% of children with pneumonia receive antibiotics.

The cost of reducing pneumonia deaths is relatively
low. The lives of approximately 600 000 could be saved
yearly through universal treatment with antibiotics
alone, at a cost of $US600million. South Asia and sub-
Saharan Africa, where 85% of childhood pneumonia
deaths occur, have the lowest treatment cost (UNICEF/
WHO, 2007).
Risk Factors

Several studies have suggested that low birth weight,
malnutrition (underweight), and lack of breastfeeding
are important risk factors for pneumonia morbidity
and mortality (Victoria et al., 1999). In low-birth-weight
infants (weight <2500 grams) a clear pattern of decreased
pneumonia mortality with increased birth weight has
been proved. The risk of mortality by pneumonia is high-
est in the first 24months of life and the pooled relative
risk of mortality has been estimated at 2.9%.

Protein-energy malnutrition is a risk factor for pneu-
monia mortality and a clear dose-response pattern has
been observed with the highest mortality in the popula-
tions with the lowest weight according to weight-for-age
Z score references. Additionally, several studies have
pointed to an association between anthropometric status
and different morbidity outcomes: in underweight children
the relative risk for pneumonia requiring hospitalization
ranges from 1.2% to 3.9% and seems to have a dose-
response trend. As a whole it has been estimated that child
undernutrition contributes to more than half of child deaths
each year, and more than 1million deaths in children aged
0 to 4 years. Some micronutrient deficiency, particularly
zinc, seems to predispose to pneumonia. Zinc intake helps
reduce the incidence of pneumonia, as well as the severity
of the disease and, potentially, death due to pneumonia.
During the acute phase of severe pneumonia, zinc intake
reduces the duration of the disease, the severity of the
disease, and the treatment failure rate.

Breastfeeding protects against acute lower respiratory
infections (ARLI) because of the unique anti-infective



Table 8 Summary of the prevalence of nutritional-related parameters in children as well as relative risk of mortality by ALRI

(including pneumonia) and hypothetical reductions in death by pneumonia on 40% improvement

Low birth
weight
(<2500g)

Underweight (Protein-energy
malnutrition in children aged
< 5 years) No breast-feeding

Pooled prevalence in all developing countries (%) 19 36a 30b

Relative risk of mortality by ALRI and pneumonia: 2.9 2.7
. Pooled
. Z score for age > 0 1
. Z score for age � 1 1.9 to 4.0
. Z score for age � 2 3.3 to 21.5
Hypothetical reductions in mortality by pneumonia

expected on assumption of a 40% improvement (%)

6.5 10.7 3.3

Abbreviation: ALRI, Acute lower respiratory infection.
aWeight for age <-2 z scores.
bNo breast-feeding to 12–15months of age.
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properties of breast milk. Children who are not breast-fed
are 3.6-fold more likely to die from ARLI than are those
who received breast milk, and the risk does not appear to
vary by the age of the infants. Table 8 summarizes the
prevalence of nutritional risk factors, the relative risk of
different outcomes, and the hypothetical effect of their
reduction in developing countries.

The lack of regular hand washing with soap has been
clearly established as a risk factor for respiratory tract
infections in several settings. In developing countries
where pneumonia and diarrhea are leading causes of
death, a community-based program with intervention to
promote regular hand-washing habits in participants
younger than 5 years decreased the incidence of pneumo-
nia by 50% and that of diarrhea by 53% (Luby et al., 2005).

Indoor and outdoor environments are widely contami-
nated by complex mixtures of gases and particles that are
produced by combustion and these pollutant mixtures
increase the incidence of respiratory infections (Smith
et al., 2000). Nearly half of the households worldwide are
thought to cook daily with unprocessed solid fuels, such as
biomass or coal that can release 50 times more pollution
during cooking compared with gas stoves. Indoor air pol-
lution in developing countries has been found to be dra-
matically high. In several studies it has been found that
exposure to different pollutants increases the odds of
clinically relevant acute lower respiratory infection
(ALRI) (including pneumonia) from 2.2% to 6.0%. The
attributable mortality fraction of ALRI /pneumonia due
to air pollution probably represents the largest class of
health impact from air pollution exposure worldwide.

HIV-positivity is a strong risk factor for pneumonia.
Pneumocystis jiroveci (PCP) is the leading cause of pneu-
monia in this population. In some developing countries
PCP causes at least one out of every four deaths among
HIVpositive infants under the age of 1 and about 5%
of pneumonia deaths among children worldwide.
Etiology

The most extensive knowledge on the etiology of CAP in
children is mainly based on serologic studies in developed
countries. Serologic evidence of mixed etiology, either
viral-bacterial or bacterial-bacterial, is common. In inpa-
tient studies, young children and those with severe dis-
ease are over-represented, emphasizing the role of
S. pneumoniae and invasive viruses, such as respiratory
syncytial virus (RSV), parainfluenza 3 virus, and adeno-
virus. In outpatient studies, school-aged children and
those with mild diseases are included, emphasizing the
role of Mycoplasma pneumoniae.

Viruses have been shown to be the causative agents
of pediatric CAP in 26% to 62% of cases. The proportion
of viral etiology alone, as well as viral-pneumococcal
etiology, is highest in young children, decreasing with
age. RSV causes about one third of CAP cases in young
children treated in-hospital. In addition, the influenza
A and B viruses, parainfluenza 1, 2, and 3, adenoviruses,
and rhinoviruses may be causative agents in pediatric
CAP. S. pneumoniae was reported to be the causative
agent in 11% to 37% and 8% to 28% in hospital
and ambulatory settings, respectively. The figures for
other microorganisms are: M. pneumoniae in <5% and
7%–30% (inpatients and outpatients, respectively),
and Chlamydophila species in >10% and 1%–9% (hos-
pital and ambulatory settings, respectively). Table 9
summarizes the etiology of CAP based on studies cover-
ing a period of at least 12months (given the high depen-
dence on epidemiological conditions) with more than
100 patients included and with serological methods for
both viruses and bacteria available.

In developing countries data on pathogen-specific
causes are limited. It is known that S. pneumoniae is
the leading cause of severe pneumonia. In Africa this
microorganism is responsible for over 50% of severe



Table 10 Case-management approach for diagnosis and management of pneumonia according to WHO

Signs Classify as Treatment

Rapid breathinga

Lower chest wall indrawing

Stridor in calm child

Severe pneumonia . Refer urgently to hospital for antibiotic and oxygen treatment if
needed

. Give first dose of appropriate antibiotic

Rapid breathinga Nonsevere pneumonia . Prescribe appropriate antibiotic
. Advise mother on other supportive measures and when to

eturn for a follow-up visit

No rapid breathing Other respiratory illness Advise mother on other supportive measures and when to return if

symptoms persist or worsen

a2 to 12months old: 50 breaths or more per minute; 12months to 5 years old: 40 breaths or more per minute.
Source: WHO/UNICEF: Pneumonia: the forgotten killer of children; http://www.unicef.org/publications/index_35626.html.

Table 9 Pooled data on the etiology of community-acquired pneumonia in children from studies covering a period of at least

12 months, including more than 100 patients, and with serological methods for both viruses and bacteria available in developed

countriesa

Etiology
detected

Viral
infection

Pneumococcal
infection

Mycoplasmal
infection

Chlamydial
infection

Haemophilus
Influenzae

n % n % n % n % n % n %

Hospital studies (n¼906) 559 61 354 39 210 22 18 2 32 3.5 Not reported

Ambulatory studies (n¼705) 384 54 182 25 112 15.8 99 14 42 5 15b 3b

aMixed viral-bacterial included.
bBased on two studies (n¼ 537).
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pneumon ia cases, a pr opor tion that may vary in dif f erent
par ts of the wor ld. H. influenzae ty pe b (Hib) is a majo r
cause of pneumon ia and vaccine studies in dif f erent
countr ies have suggested that it may cause around 20%
of severe cases (UNICEF /WH O, 2007). Bacteria also
contri bute to nonsevere cases, but to a lesser extent, and
more cases are pro ba bly of viral origi n. D ata from etiology
studies in dif f erent cou ntries that inc lud e inp atients with
ARLI have re por ted pneumon ia in 40% to 50% of cases.
In these studies vir uses were detected in 32% to 68% of
the cases with the most frequent being RSV (28%–78% of
viral etiology) and adenovir us, parainfluenza and influenza
A and B having variable frequencies. Mixed (bacterial/
viral) etiology has been found in 9% to 40% of cases.
Although the severity and case-fatality in ARLI of viral
origin is classically described as low, in some regions,
such as sub-Saharan Africa and perhaps other tropical
subregions, concomitant multiple vir uses and bacteria
infection observed in malnourished children may explain
the greater clinical severity of ARLI in this group. PCP is a
particularly important cause in young children with AIDS.

Despite these data there is an urgent need to better
under stand the cause of pneumonia in developing countries
where most cases occur. Knowing the pathogens that lead to
pneumonia is critical for guiding treatment policies.
Clinica l Manifes tations

Fever, coug h, incr eased respir atory rate, chest re traction s
on inspecti on, and crackles (cre pitation s) on auscultati on
are c linical signs of pneumon ia in chil dren. If breath ing
sounds are not audi ble, ches t radiog raphy is mand atory
to diagnos e or r ule out pleu ral fluid , atelectas is, or oth er
compl ications of pneu monia (Kor ppi, 2006).

Fever and cough are common in most respiratory syn-
dromes. Tachypnea is an essential feature of bronchiolitis
and is common in both wheezing bronchitis and asthma
exacerbation. Chest indrawings may be present in all respi-
ratory distress syndromes, correlating more with age than
with clinical syndromes.

In developed countries it may be important to differen-
tiate bronchiolitis and wheezing bronchitis from pneumo-
nia. Nonetheless, in developing countries (accounting for
more than 95% of all new cases of pneumonia worldwide)
with limited access to health services, prompt treatment
might require trained community health worker s
to diagnose pneumonia. The WHO has established a sim-
ple algorithm based on counting respiratory rates to diag-
nose and treat pneumonia (Table 10). The respiratory
rates set are 50/min for inf ants < 12 months of age and
40/min for children of 1–5 years of age. This strategy –
named the ‘case-management approach’ – has shown a low
specificity when compared with radiographic evidence in
nonsevere pneumonia. However, it is simple and inexpen-
sive to implement, having been evaluated in nine studies
with a marked reduction in mortality (Sazawal et al., 2003).

Chest radiography is essential in all febrile children with
a decreased general condition, in CAP treated in-hospital as
well as children treated at home, if there is no significant
improvement within 48 hour s after starting antibiotics.

http://www.unicef.org/publications/index_35626.html
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In primary care, the diagnosis of CAP must be achieved
(and the antibiotic treatment started) on the basis of clinical
symptoms and signs alone since radiography does not
improve the outcome in ambulatory children with acute
respiratory infections. On the other hand, the infiltrate pat-
tern does not predict the causative agent or even the main
etiologic classification (bacterial-viral).
Management

The treatment of CAP in children is empirical: the selec-
tion of antimicrobials is based on clinical experience
and knowledge of the etiology of CAP. In clinical practice,
a pathogen-specific treatment is rarely possible; even
rapid tests for respiratory viruses do not rule out bacterial
coinfection. Most children with CAP can be treated at
home. The indications for hospital admission are pre-
sented in Table 11. Oral therapy is sufficient for most
patients (Addo et al., 2004).

The choice of antibiotics should be based on the age
of the patient, clinical presentation, and local resistance
patterns of predominant bacterial pathogens. In all cases
the first antibacterial choice should cover S. pneumoniae.
Amoxicillin is the drug of choice for oral antibacterial
therapy in children up to and including 5 years of age at
a dose of 40 to 50mg/kg per day. In areas with high risk
of pneumococcal penicillin resistance a higher dose of
Table 12 First-line antibacterial treatment of children with comm

Clinical or etiologic factors

Outpatients

Inpatients
. Streptococcus pneumoniae probable

. Haemophilus influenzae, Staphylococcus aureus,or pen-resistant

S. pneumoniae suspected
. Mycoplasma pneumoniae or Chlamydophila pneumoniae suspecte

. Severe or complicated clinical picture

aAmoxicillin if S. pneumoniae is probable: acute onset, fever > 38.5 �

Table 11 Indications for hospital treatment in pediatric

community-acquired pneumonia

. Age <6 months

. Immunocompromised patients

. Toxic appearance

. Respiratory distress and/or oxygen requirement

. Dehydration/significant vomiting

. No response to oral antibacterials

. Noncompliant patients/parents

. Large atelectasis, large infiltration, or significant amount of

pleural fluid
90 to 100mg/kg per day is recommended. Table 12
presents the firstline antibiotics in CAP children.

From a global perspective, because pneumonia kills
more children than any other illness, mostly in developing
countries where health human resources are scarce,
an affordable intervention strategy is necessary to dimin-
ish mortality. The most feasible intervention at this point
is the case-management approach proposed by the WHO
(Table 10). This approach is based on the assumptions
that (1) a high proportion of fatal pneumonia is of bacte-
rial origin, (2) timely antibiotic therapy of these infections
can considerably reduce mortality by pneumonia, (3) a
simple algorithm is sensitive and adequately specific
to identify children with pneumonia requiring antibiotic
therapy (Table 10), and (4) community health workers
can use this algorithm and provide antibiotics to children.
A meta-analysis of nine studies that investigated the
impact of community-based case management of pneu-
monia showed a consistent reduction in mortality: total
mortality was reduced by 27%, 20%, and 24% among
neonates, infants, and children of 0–4 years, respectively.
The mortality by pneumonia among these same three
groups was found to be reduced by 42%, 36%, and
36%, respectively (Sazawal et al., 2003). Community-
based interventions have, therefore, a significant impact
on under-5 mortality and should urgently be incorporated
in primary health care in developing countries.
Prevention

Three vaccines have the potential to significantly reduce
child death by pneumonia. Measles is an acute viral
infection that often causes only a self-limiting illness in
children, but complications that can lead to disability or
death are relatively common, especially in undernour-
ished children. Pneumonia is a serious complication of
measles, and the most common cause of death associated
with this disease. A safe and effective measles vaccine
has been available for use in developed countries for
unity-acquired pneumonia

Age 4 months–4 years Age 5–15 years

Amoxicillin Amoxicillina

Macrolides

Penicillin G or Amoxicillin Penicillin G or

Amoxicillin
Cefuroxime Cefuroxime

d Penicillin G plus macrolide Penicillin G plus

macrolide
Cefuroxime plus macrolide Cefuroxime plus

macrolide

C, CRP > 60 mg/L, and/or alveolar infiltrate.
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the past 40 years. In 2002 a global effort to expand the use
of the measles vaccine, following a strategic plan of the
WHO and UNICEF, has resulted in the greatest measur-
able reduction in under-5 years child mortality from mea-
sles, with the annual death rate reduced by 48%, from
871 000 deaths in 1999 to 454 000 in 2004.

A new vaccine suitable for infants and toddlers, called
the pneumococcal conjugate vaccine, has been developed
to protect against S. pneumoniae. The 7-valent vaccine
(PCV7) has been approved for use in routine immuniza-
tion of all infants in the United States. Recent results in
a trial including 17 000 children in the Gambia showed
that for children immunized with a 9-valent vaccine
there were 37% fewer cases of pneumonia, 15% fewer
hospitalizations, and a 16% reduction in overall mortality
(Cuttus et al., 2005).

Hib is an important cause of pneumonia and meningi-
tis in developed countries. A trial of Hib vaccination in
the Gambia showed an efficacy of 100% for Hib pneumo-
nia and 95% for prevention of invasive Hib disease;
the global incidence of radiologically confirmed pneumo-
nia was reduced by 21% (Mulholland et al., 1997).

As mentioned earlier, adequate nutrition and exclusive
breast-feeding at least up to 6months of age reduce
the risk of pneumonia and mortality. Zinc intake helps
reduce the incidence of pneumonia and the severity of
the disease. Additional measures include hand washing
with soap and a reduction in indoor pollution.

For prevention of pneumonia in children with HIV
infection the WHO and UNICEF recommend prophy-
laxis with cotrimoxazole for all HIV-positive children, as
well as infants born to HIV-infected mothers.

See also: Respiratory Diseases: Overview; Respiratory

Infections, Acute; Influenza, Historical; Bacterial Infec-

tions: Overview; Streptococcal Diseases; Respiratory

Syncytial Virus.
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What Is Polio? Definitions, Description of
the Disease, and Surveillance

Polio is the abbreviation for the disease poliomyelitis,
caused by poliovirus. It typically causes a mild enteric or
febrile infection, but it can spread systemically and affect
the nervous system. The early twentieth-century techni-
cal term was acute anterior poliomyelitis or paralytic
poliomyelitis, and its diagnosis was clinical without labo-
ratory support. The site of pathology in typical paralytic
poliomyelitis is the anterior horn motor neurons in the
gray (polios) matter of the spinal cord (myelos). When motor
neuron death and local inflammation reaches a threshold,
limb paralysis occurs. In 20–30% of subjects, recovery
from paralysis occurs, but in the majority, paralysis is
permanent, leading to muscle atrophy and joint deformi-
ties. Other infections (such as other enteroviruses or West
Nile virus) may cause limb muscle paralysis known as
acute flaccid paralysis (AFP) syndrome, but only that
caused by polioviruses (antigenic types 1, 2, or 3, one species
of the genus Enterovirus, family Picornaviridae) is polio-
myelitis; hence laboratory confirmation test has become
essential to the diagnosis of polio. Indeed, when paralysis
of a facial nerve occurs due to poliovirus infection, it is still
called poliomyelitis, even though the site of pathology is
not in the spinal cord. Thus, the term poliomyelitis is now
based on etiology rather than symptoms.

Most poliovirus infections are asymptomatic (subclin-
ical). Infection with minor symptoms is termed nonpar-
alytic polio. Only one in 160–200 persons infected with
poliovirus type 1, and one in about 1000 infected with type
2 or 3, develop paralysis. One infection is sufficient for
lifelong immunity, but immunity is type-specific.

Poliovirus attaches to cell surfaces via the poliovirus
receptor (PVR), a membrane protein (CD155) of the
immunoglobulin superfamily. Only polioviruses bind to
PVR, which is expressed mainly on the nasopharyngeal
mucosa, Peyer’s patch M cells of small intestines, and the
anterior horn motor neurons of the spinal cord and
medulla oblongata. These are the main anatomic sites
where polioviruses multiply inside the host. Almost all
cultured human and primate cells express PVR, support
growth of polioviruses and develop cytopathology (CPE),
and have become the standard cells for virus isolation,
detection, and cultivation for clinical and research pur-
poses. The human PVR gene has been introduced into
transgenic mice, and a fibroblastic cell line from them
(L20B cells) has become very useful in primary isolation
of polioviruses from clinical specimens.

Infection with poliovirus was essentially universal until
the advent of vaccination. Polio was first clinically recog-
nized in 1840 and an 1887 Swedish polio epidemic was
described in 1891. No country was able to control or
interrupt polio transmission solely by sanitation, clean
water supply, personal hygiene, or very high living stan-
dards. Although dogma is that transmission was primarily
through contaminated water and food (fecal–oral) there is
compelling evidence to show that direct person-to-person
transmission during ordinary social contact is a critical
factor during outbreaks. Polio is highly contagious and
can be transmitted via the respiratory route by inhalation
of droplets or aerosols containing virus expelled through
saliva or nasal secretions. Polio has now been eliminated
from most of the world through vaccination, and this
article will focus on the development of the polio vaccine
and eradication efforts.
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In developing countries, acute flaccid paralysis (AFP)
in children under 15 years of age is monitored. From
children with AFP, stool samples collected within
2weeks of onset are sent to a poliovirus diagnostic labo-
ratory for virological investigation. Globally laboratories
are networked in three tiers: Global reference centers,
national or regional reference laboratories, and local diag-
nostic laboratories. Poliovirus isolates are typed locally
and submitted to the next higher level for differentiation
as wild or vaccine-derived.

The World Health Organization (WHO) has estab-
lished performance standards for surveillance sensitivity,
stool collection, and virus isolation. Every country has its
own polio elimination certification committee and when 3
consecutive years pass without any wild virus isolation,
that country is certified to have achieved success.
Countries are aggregated by WHO into six regions, and
some regions (the Americas, Western Pacific, and Europe)
have achieved regional elimination. The surveillance,
stool collection, and laboratory standards are satisfactory
in the four currently polio-endemic countries.

The Rise and Fall of Polio in the Twentieth
Century: The Need for a Vaccine

Until the 1930s, polio was predominantly in infants and
young children and called infantile paralysis. In countries
with high birth rates and crowded living, about half of
paralytic cases occurred in infancy and the remaining
mostly before the age of 5. Infants were often infected
during the first few months of life when maternal anti-
body protected them from disease (passive immunity),
while the infection itself induced long-lasting active
immunity. The total incidence of clinical disease was
low and in younger children.

As nations became richer with improved living stan-
dards and housing, many children escaped infection in
early childhood and remained nonimmune. Poliovirus
spread rapidly during summer and fall, particularly
when older, susceptible children aggregated for school
or social activities such as summer camps. During the
1930s–1950s, the age range in Europe and North America
shifted to older children, while the incidence of clinical
polio increased. In older children and young adults, polio-
virus increasingly affects the brain stem, resulting in more
lethal respiratory paralysis or bulbar polio in contrast to
the limb paralysis of spinal polio seen in infants. These
annual outbreaks, suddenly paralyzing or killing healthy
children and adolescents, caused much anxiety. This shift
was originally attributed to improving sanitation, but in
retrospect better housing with less crowding and fluctuat-
ing birth rates may have been more important. As
improved sanitation, hygiene, and water supplies did not
reduce the risk of polio, scientists and opinion leaders

realized that polio could only be prevented by vaccina-
tion. The development of polio vaccines has indeed led to
a tremendous decrement in the incidence of polio, while
providing important lessons about bioethics, the nature of
scientific discourse, and the selection of appropriate vac-
cines for different populations.

Early Poliovirus Research, the
Development of the Inactivated Polio
Virus Vaccine, and the Debate About the
Vaccine

Early Research

Spinal cord extracts were inoculated into monkeys and
the disease was replicated by Landsteiner and Popper in
1908. Through primate experiments the three known
antigenic types (or serotypes) were identified. The infec-
tious agent of polio was found in the feces of infected
children, identifying the gastrointestinal tract as one
major site of infection, and indeed monkeys were infected
by oral feeding and the infectious agent (not as yet iden-
tified as a virus) recovered from feces. Thus the paradigm
of poliovirus fecal–oral transmission in humans arose,
which had important repercussions on future vaccine
development and use. Subsequent early poliovirus vac-
cine attempts (1930s–1950s) were sometimes crude,
sometimes sophisticated, sometimes ethically dubious,
and largely unregulated. In the 1930s, Brodie and Park
as well as Kolmer used monkey spinal cord preparations
to inoculate children without knowing of the three anti-
genic types, nor that the cord myelin would induce aller-
gic encephalomyelitis, and without reliable markers for
complete virus inactivation or attenuation. The results
were disastrous, as no protection was demonstrated and
some children developed polio after inoculation. Poliovirus
vaccine development identified the need for state regula-
tions for quality, safety, and disease surveillance (monitor-
ing and measuring vaccine efficacy and adverse reactions)
as general principles for the current era.

In 1947–48, Isabel Morgan inoculated monkeys with
formalin-inactivated virus from infected monkey neuronal
tissues, which protected them from serotype-specific dis-
ease, providing proof-of-principle evidence for a killed
virus vaccine. In the early 1950s, Hammon and colleagues
showed that injected human serum gamma globulin
protected against polio paralysis, demonstrating that
serum antibodies protect against disease, and vaccination
research was resurrected.

Cell Culture Adaptation of Polioviruses

Enders, Robbins andWeller discovered in 1949 that polio-
viruses could be grown in human and animal cell culture,
for which they received the 1954 Nobel Prize. This led to
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several unsuccessful attempts to create either killed (inac-
tivated) virus vaccine or live (attenuated) virus vaccine,
using cell culture-grown virus stock. The prototype vac-
cines had residual neurovirulence and were unsuitable for
human use. All these early studies lacked stringent labo-
ratory standards or ethical clearance for human use. Rec-
tifying such obvious errors, Jonas Salk and Albert Sabin
succeeded in developing satisfactory inactivated and live
vaccines, respectively, during the late 1950s. These vac-
cines were developed with private agency funding in
North America.

In 1921 Franklin Delano Roosevelt, who became Pres-
ident of the United States in 1932, developed paralytic
polio of both legs at the age of 39. Roosevelt’s law partner
Basil O’Connor formed a National Foundation for Infan-
tile Paralysis (NFIP) in 1938, with Roosevelt as its patron.
Innumerable local chapters were organized, and gave all
sectors of society the opportunity to participate in a
national fight against polio, which was seen as the nation’s
most important challenge in children’s health. Millions of
small contributions were donated to NFIP with the catchy
name of the March of Dimes (a dime being a tenth of a
dollar coin). NFIP thus became the largest private phil-
anthropic institution in the United States and indeed the
world. Funds were liberally distributed nationally for
the treatment and rehabilitation of affected persons,
building treatment facilities in hospitals, purchasing nec-
essary equipment, particularly the expensive iron lungs
(Drinker apparatus, for noninvasive ventilation-assistance
by alternate application of positive and negative air pres-
sure), training of health-care personnel, and for research.
O’Connor believed in the idea of a polio vaccine devel-
oped through science that would be the final answer to
the crippling disease. It turned out he was right and his
detractors, mostly renowned virologists who were experts
in their own field but not necessarily in the ways of the
world, were wrong.

Despite Roosevelt’s death in 1945, contributions to
the NFIP increased as cases of polio also increased. The
NFIP had a Research Committee that guided research,
but its work on a vaccine was slow, and O’Connor estab-
lished an Immunization Committee that focused on vac-
cine development. Jonas Salk and Albert Sabin, among
others, were recipients of NFIP funds for research. How-
ever, only Salk took the direct route of research toward a
vaccine.

Salk’s Success in Creating the Inactivated
Polio Vaccine

Salk, unlike most polio experts, believed that an inacti-
vated virus preparation would be both safe and immuno-
genic. Salk and Thomas Francis had already developed
and proved that killed influenza virus vaccine was safe and
effective. Others discounted this approach as earlier viral

vaccines used live attenuated viruses (smallpox, rabies,
yellow fever). In 1952, Salk showed that formaldehyde-
inactivated polioviruses were highly immunogenic both in
animals and in children. Despite opposition, O’Connor
and NFIP research director Harry Weaver established a
new Vaccine Advisory Committee, which funded Thomas
Francis to conduct a field trial of an inactivated vaccine.
Bulk concentrated vaccine was made in Canada by Con-
naught Laboratories and supplied to U.S. vaccine manu-
facturers who prepared vials of both vaccine and a
placebo. Children were given three doses 1month apart.
The results showed inactivated polio vaccine (IPV) to be
completely safe and highly effective. Vaccine efficacy
correlated well with vaccine potency, and vaccine batches
that induced high frequencies of antibody response
showed 80–90% protection. In April 1955, the result
was publicized and immediately the U.S. Government
licensed IPV for wide usage.

IPVowes its birth to Basil O’Connor, HarryWeaver, and
Thomas Francis in addition to Jonas Salk. They demon-
strated vision, conviction, maneuvering ability, and an
astute understanding of immunology. IPV was truly a peo-
ple’s vaccine, developed by people’s money and Salk was a
public hero, who was (partly consequently) shunned by the
scientific establishment.

Once IPV was licensed, new problems arose. The
NFIP bought up all the vaccine made by various manu-
facturers and gave it free of charge first to the placebo
recipients in the trial, and then to children in the first and
second grades of school, who were the most vulnerable
age group. This upset the medical profession, the U.S.
government, and to a certain extent, the pharmaceutical
industry, as it was akin to socialized medicine, contrary
to the principles of private, free-market enterprise. In
contrast, the Canadian government manufactured, dis-
tributed, and regulated a plentiful, low-cost IPV of high
quality. In the United States, the drug companies pre-
vailed and six of them began marketing their product
directly to doctors. Gradually, the selling price also rose.
Obviously, IPV safety demanded full inactivation of the
virus, which was not the case with a few batches made in
the United States by private manufacturers. Due to faulty
quality and manufacturing controls, a number of U.S.
children developed polio after taking IPV, leading the
U.S. Government to establish vaccine safety testing and
polio surveillance standards, the principles of which are
still used today. While no further mishaps occurred, these
events fueled the schism between IPV supporters and live
vaccine protagonists.

From 1955 to 1961, IPV was used exclusively in the
United States and Canada. The effect on polio incidence
was immediate and remarkable. In the United States, a
90% reduction occurred within 4 years and 99% within
the next 4 years. However, vaccination coverage had not
reached 90% and the greater decline than accounted for
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by vaccination was interpreted as the result of indirect
effect on virus circulation, or the herd effect of vaccina-
tion (Stickle, 1964). Studies in Houston, Texas, showed
vaccine efficacy remaining at 96% through 2 consecutive
years, likely due to the direct protective effect and added
herd effect (Melnick et al., 1961).

In 1962, the live vaccine, developed by Sabin and other
live-vaccine proponents, was licensed in the United States
and it gradually replaced IPV, which was no longer man-
ufactured in the United States from 1965. For children
with immune system defects, IPV was imported from
Canada where IPV continued to be used in some pro-
vinces while others switched to live vaccine. Today the
situation is the reverse, as will be described in the section
titled ‘Use of IPV in countries outside North America:
Demonstration of herd effect.’

Use of IPV in Countries Outside North America:
Demonstration of the Herd Effect

The original IPV trial included parts of Canada and
Finland. Upon release of the trial results, Finland
embarked on a nationwide vaccination program using
IPV made by the Dutch public sector vaccine manufac-
turer and when IPV coverage reached approximately
60% in 1961, disease incidence became zero and poliovi-
rus could no longer be detected in sewage, confirming the
absence of excretion by infected individuals and to
the high degree of a herd protective effect. Many other
European countries introduced IPV during the late 1950s
and brought down the incidence of polio rapidly.

Safety and Efficacy of IPV

While Salk had originally formulated IPV with a mineral
oil adjuvant, which led to high antibody levels after a
single dose, the NFIP found the local inflammatory
response to the adjuvant unacceptable, and it persuaded
Salk to make adjuvant-free vaccine to be given in three
doses. Without adjuvant, IPV was rendered totally safe
from any serious adverse reaction; anaphylaxis, although
theoretically possible, has not been reported, and the
minor local reactions of many injected vaccines are usu-
ally absent.

The efficacy of IPV, as measured by the proportion of
the vaccinated being protected when exposed to infection,
was moderate to high in the original trial, and with
subsequent manufacturing refinements is over 99%. Polio-
virus neutralizing antibody is a reliable surrogate for pro-
tection from disease. After receiving three doses of IPV
at intervals of 4 weeks or more, nearly 100% of children
become antibody-positive and protected. The vast major-
ity of vaccinated children develop antibody titers in
greater than 1:256, whereas with the live vaccine the anti-
body response is quite variable and usually below 1:128.

Basic Properties of the Original IPV

The key to the success of the IPV was the presence of the
capsid protein (D antigen) that acts as the viral ligand that
binds PVR on the host cell. IPV contained approximately
20, 2, and 4 D antigen units of poliovirus types 1, 2, and 3,
respectively, in a liquid form without adjuvant. Residual
traces of formaldehyde acted as a preservative, and inmulti-
dose vials an added alcoholic preservative (2-phenoxy-
ethanol) provided protection against the multiplication of
accidentally introduced organisms. Residual traces of anti-
microbials used in the cell culture were also present.
Aluminum salts and Thiomersal, both of which have been
used for inactivated bacterial and toxoidvaccines, are absent
from IPV.

In some countries, IPV was given as stand-alone vac-
cine, while in others it was presented as a combination
vaccine containing DTP and IPV.

IPV Technology Improvements

Although the United States replaced IPV with oral polio
vaccine (OPV), Dutch scientists continued to improve the
vaccine. After demonstrating that IPV immunogenicity
was due to the D antigen, they established standards for
antibody responses in animal models. In order to improve
vaccine yield, innovative techniques such as growing host
cells on polystyrene beads in fermentation tanks were
developed, so as to increase the total surface area of host
cells and thus virus yield from cell culture. While the
original Salk vaccine possessed about 20, 2, and 4 D
antigen units of poliovirus types 1, 2, and 3, respectively,
they established that the optimum vaccine antigen
potency was 40, 8, and 32 D antigen units, respectively.
This formulation was called enhanced potency IPV
(e-IPVor IPV-E) to distinguish it from the original prod-
uct, and since 1991 all manufacturers have adopted this
formulation. Other advances have included the adoption
of human diploid cells or Vero cells (of vervet monkey
kidney origin) for virus production, so as to avoid the risk
of contaminating viruses in primary monkey kidney cells
that have theoretical potential for inducing tumors.

Safety and Efficacy of New Formulation IPV

Nearly all high-income nations and a few middle-income
nations use IPV, and their experience confirms the effi-
cacy and safety of the product. Only the low-income
countries cannot afford IPV, as it has higher production
costs than OPV and the limited global supply is currently
all purchased by richer nations. Only five companies in
the world make IPV (four in Europe and one in North
America). OPV, on the other hand, is made by many
companies in Asia, Europe, and Latin America.
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IPV is one of the safest vaccines in current use.
Apart from injection site discomfort, no serious adverse
events have been reported to be due to IPV. Although
anaphylaxis is listed as a potential adverse reaction, it
has not been reported (to the author’s knowledge)
anywhere.

IPV induces immune response according to the prime-
boost principle. Therefore, a minimum of two and an
optimum of three doses should be offered for primary
vaccination, followed by one or more booster doses after
long intervals. The presence of even moderate titers of
maternal antibody in the young infant tends to dampen
the antibody response to IPV, reducing the frequency of
responders and the antibody titer. Therefore, wherever
possible, the first dose of IPV should be given at or after
8 weeks (2months) of age. The recommended age for
commencing vaccination with DTP and OPV in develop-
ing countries (under the Expanded Program on Immuni-
zation, EPI, designed by WHO) is 6 weeks. IPV may be
given at 6 weeks, provided two more doses are given to
complete the primary series and a booster dose is given
during the 2nd year of life.

The interval between the first and second doses also
affects the immune response, as a 4-week interval is inferior
to 8weeks. The EPI schedule is to give the second dose of
DTP andOPV 4weeks after the first, namely at 10weeks of
age. IPV may be given in this schedule, but for predictable
immune response three doses must be given and followed
by at least one booster during the 2nd year of life.

The WHO has consistently stated that developing
countries must use OPV. Thus, data on IPV efficacy and
in developing countries is mostly limited to short-term
research studies. All but one such study have shown that
IPV efficacy in developing countries is as good as in
developed countries. This is in contrast to OPV, which
has very large degree of variation in vaccine efficacy,
illustrated by the frequent occurrence of polio in children
in some countries even after taking the recommended
three doses (and more). In contrast, there has not been
even a single report of a child developing polio after
receiving three e-IPV doses.

Countries Using IPV in National Vaccination
Programs

Only a few countries continued to use IPV when OPV
became the vaccine of choice according toWHO. However,
a number of countries have now switched to IPV because of
the rare but continued occurrence of OPV-associated polio.
As of 2006, Andorra, Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Israel, Italy, Luxemburg,Monaco, Portugal,
Netherlands, Norway, New Zealand, Slovakia, Slovenia,
South Korea, Spain, Sweden, Switzerland, UK, and the
United States exclusively use IPV.

In addition, in many countries in Latin America and
Asia, IPV is registered as an alternative to OPV, but used
mainly in the private sector health-care system. In many
countries listed above, IPV is given to children as one
component of a combination vaccine – using DTP as the
base platform, but may contain hepatitis B vaccine, and/or
Haemophilus influenzae type b vaccine. All such combina-
tions use the acellular pertussis (aP) vaccine, whereas
many developing countries continue to use whole cell
killed pertussis (wP) bacterial vaccine. Currently no com-
bination vaccine containing DTwP vaccine is available on
the market, although such a combination vaccine was
available before DTaP vaccine became the accepted one
in most high-income countries.

The Live, Attenuated Oral Polio Vaccine

The Early History of the OPV

During the early vaccine development period of the 1930s
through 1950s, two schools of thought existed, one favor-
ing inactivated virus and the other live, attenuated virus
for vaccine. Both approaches were funded by the NFIP,
including Sabin and Salk. Concerns about insufficient
attenuation of live vaccine were fueled not only by the
early monkey experiments, but also by the experience of
Koprowski, who conducted studies on a live vaccine in re-
lative secrecy for the Lederle company. He administered
prototype vaccines to children (without proper ethical
review) in both the United States and in Ireland, but
residual neurovirulence showed that the attenuation was
incomplete.

After IPV licensure in 1955, the NFIP ended funding
for an attenuated live vaccine. Through other funding,
Sabin completed the attenuation of all three poliovirus
strains in a series of elegant investigations that included
testing for neurovirulence via direct inoculation of candi-
date strains of poliovirus into monkey spinal cord. Of
note, the live attenuated vaccine that was shed in feces
(and possibly respiratory secretions) after vaccination had
the capacity to immunize other people, but also to revert
to a more virulent neurotropic virus.

By the time Sabin had completed his work in 1959–60,
IPV had been adopted in the United States, Canada,
and Europe, removing the opportunity for a large-scale
OPV trial in these regions. Sabin donated his strains to
the Soviet Union where OPV was adopted, with a dra-
matic decline in polio incidence there and in Eastern
Europe. The WHO experts who reviewed OPV were
also supporters of the live virus vaccine strategy and
concluded that the OPV was effective and safe. Based
on this information, the U.S. Government approved the
live vaccine (first in monovalent forms, and then a triva-
lent form) in 1962, and the WHO endorsed it for use
globally. In retrospect, many have criticized this decision
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because the shed virus can establish transmission and
circulation, resulting in virulent virus derived from the
vaccine strain.

Monovalent and Trivalent OPVs: Balancing the
Infection Rates

In July 1961, the American Medical Association (AMA),
perhaps influenced by the strong live vaccine lobby,
passed a resolution that IPV should be replaced in the
United States with the oral live vaccine OPV upon its
licensure. In September, type 1 vaccine (monovalent,
mOPV-1) was licensed, and by 1962, so were types 2 and 3
vaccines (mOPV-2 and mOPV-3).

When 105 virus doses (median cell culture infectious
dose, or CCID50) of any of the monovalent vaccines was
given to children, 80–100% responded with antibody
production, proving effective intestinal infection and pro-
tection against the wild-type infection by the same sero-
type. However, when all three were included in a trivalent
preparation (tOPV), the response was reduced, particu-
larly for types 1 and 3, as type 2 infection was dominant
over the others; type 1 is the least infectious and type 3 is
intermediate. Robertson and colleagues in Canada made a
balanced tOPV inwhich the highest (106) content of type 1,
the lowest (105) of type 2, and intermediate (105.5) content
of type 3 were mixed in one dose, with optimum results,
but not near-100% responses. Type 2 is dominant in
terms of infection frequency and antibody response; type 1
is the least infectious, and type 3 falls between the two.
Thus, the tOPV content is balanced for 10:1:3 ratios of
types 1, 2, and 3. When three doses were given, virtually
all children tested in developed countries responded to all
three virus types. The U.S. government licensed the tOPV
in 1963, although the safety and effects of tOPV had not
yet been established with the same rigor as IPV. Indeed,
many pediatricians practiced a sequential schedule of one
dose of Salk IPV vaccine followed by one or more doses of
the OPV so as to prevent any untoward problem from
OPV. By 1963, polio had already declined by some 99%
in the United States, a fact that did not seem to attract
much attention.

Efficacy of Trivalent OPV: Geographic
Variations

The immune responses induced by vaccines are, in gen-
eral, relatively uniform across various human populations,
with rare exceptions. Hence, it was anticipated that chil-
dren in all populations and countries would respond to
OPV also in a satisfactory manner. That was not the case.
As OPV was introduced in Africa and Asia in the early
1960s, response rates were lower than expected and sev-
eral problems emerged. Potential reasons for this include
low antibody response rates, loss of vaccine viability due

to inadequate refrigeration, and possible interference by
concurrent infection with other enteroviruses.

Inadequate refrigeration affects many vaccines and not
just OPV, and this problem did not explain low antibody
response rates when vaccine was properly shipped and
stored. In addition, research has not shown that concur-
rent infection with other viruses is operant; indeed, no
enterovirus other than poliovirus binds to PVRs, hence
enterovirus interference has no biological plausibility.
Investigations in the author’s laboratory in the late 1960s
and 1970s confirmed very low vaccine efficacy of OPV in
India, particularly against types 1 and 3 polioviruses.
Concurrent or antecedent infection with echo- or cox-
sackie viruses did not affect the frequency of response.
The problem was identified as low frequency of fecal virus
shedding – the tell-tale sign of intestinal infection – of
vaccine virus take. When a dose of tOPV was fed to Indian
children, approximately 60–65% developed type 2 virus
infection with an antibody response; roughly 25–30%
responded to type 3, and 20–25% responded to type 1.
The mean frequency of response to any poliovirus was
37–40% in South India, as against approximately 80% in
the United States, South Africa, or Russia. Each additional
dose improved the response rate according to an arith-
metic proportional increment; thus in the Unites States,
16 of the remaining 20% would respond to the second
dose and 3 of the remaining 4% would respond to a third
dose, adding up to 99% with three doses of OPV. In India,
a second OPV dose would seroconvert roughly 24% after
the second dose and 14% after the third dose, for a total of
78% after three doses, lower than the 80% seroconversion
with one dose in the United States. With five doses, the
responsewould be 92%, lower than that of two doses in the
United States. To achieve 99% response, it would take
(theoretically) nine doses of OPV. This anomaly was first
reported in South India in 1972 and since then vaccine-
failure polio has been found to be widespread in many
developing countries, especially in the tropical and sub-
tropical zones. This striking variation in immune response
to a vaccine was unprecedented and of uncertain reason. It
was clear that the variation was geographical – with vary-
ing response frequencies in different locales – the worst in
heavily populated communities with very poor sanitation
and hygiene.

Perhaps the world’s lowest OPV efficacy is in the
adjacent northern Indian states of Uttar Pradesh and
Bihar. A team of WHO officials determined the per-
dose efficacy of tOPV against type 1 poliovirus as just
9%, with the protective efficacy after three doses only
24% (Grassly et al., 2006). Thus, children fully vaccinated
with the WHO-recommended three OPV doses were
inadequately immunized. Consequently, the majority of
children with polio in recent decades were by definition
fully immunized yet still susceptible, and consequently
innumerable children had suffered paralytic polio that
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could have been prevented with additional OPV doses or
the use of IPV. As an oral vaccine without the need of
injection, it would have been very easy to give five to
seven doses of OPV during infancy, thus protecting at
least the majority of vaccinated children. When serocon-
version rates to three doses of fully potent tOPV are
measured, the problem becomes clear, in that 20–30%
of vaccinated children remain without antibody responses
against types 1 and 3 polioviruses, yet more than 90%
seroconvert to type 2. Thus the problem is the biological
response to the type 1 and 3 components of the vaccine,
not the vaccine’s potency. Unlike IPV where the immune
response is of the prime-boost type, with OPV the vaccine
viruses have to infect the child before an immune
response can occur. Should infection fail to occur, then
no protective antibody will develop and the child remains
susceptible to polio. Each additional dose of OPV infects
some more children, reducing their immunity gap.

In contrast to the experience in India and other devel-
oping countries, nearly all children seroconvert to all
three serotypes of poliovirus in North America, Europe,
Japan, and Australia with three doses of the balanced
tOPV. Thus, the reputation of tOPV in all rich nations
(with low birth rates and good sanitation and hygiene) is
that it is highly efficacious with three doses. There have
not been any cases of polio in children in rich countries if
they have received three doses of OPV.

When poliovirus transmission was interrupted in Brazil
in 1990, the mean number of OPV doses consumed by
under-5 children was nine. In India, only when the mean
number of doses reached or exceeded nine did the trans-
mission of type 2 wild virus cease, later followed by cessa-
tion of type 1 and type 3 transmission in most states.
Recently, it has been shown that there are locations in
India where the per-dose vaccine efficacy is approxi-
mately 10% where wild-type 1 transmission continued,
even after the mean number of OPV doses in under-5
children reached 15. The very low vaccine efficacy of
OPV has been identified as the major reason for the
inability to interrupt poliovirus transmission even in
2007, which is 7 years after the target year for global
eradication.

The reason for this geographic variation in vaccine
efficacy does not appear to be genetic or ethnic, but is
apparently related to gastrointestinal factors associated
with poor environmental sanitation and personal hygiene,
as other theories relating to the cold chain and concurrent
infections have been eliminated.

Attempts to Improve the Vaccine Efficacy
of OPV

Four methods have been tried to improve vaccine efficacy
(VE) of OPV in developing countries. The first was to
increase the virus content of each OPV dose tenfold,

which increases seroconversion rates, but at least three
doses are still required to achieve very high response
frequencies, and the cost of production also rises. By
doubling the type 3 virus content in tOPV, marginally
better response rates were obtained; however, this new-
formulation OPV was unsuccessful in eliminating type 3
poliovirus transmission in parts of India where it con-
tinues to circulate in 2007. Moreover, the safety of
enhanced potency OPV has not been established.

The second method was to simply increase the number
of doses given to each child. Since each dose acts as an
infectious inoculum, those who did not get infected pre-
viously get another chance each time the vaccine is given.
In developing countries, at least five doses must be given
as primary series, requiring at least five contacts between a
health worker and the infant, which fortunately fits within
the schedule for the global EPI. Countries such as Oman
and Taiwan, and the Tamil Nadu state in India, which
adopted this schedule rapidly, controlled polio and even
interrupted wild virus transmission.

The third method has been to give the three doses of
OPV over an 8-week period (4 weeks between doses)
in annual drives, or pulses. Rather than improving vac-
cine efficacy, this method improves the inhibitory herd
effect of OPV on the wild poliovirus transmission in
the community. After the pulse, the speed of wild virus
circulation slows down and for a period of time all chil-
dren enjoy low incidence; by the time this effect wears
down, the next annual pulse is due. The principle here
is that pulse vaccination reduces the size of the suscepti-
ble pool of children by a sharp short vaccination effort.
Unfortunately, this method has not been widely accepted
by any country. A hidden advantage of pulse vaccination
is that the remaining 10months are available for the
health staff to improve the performance of EPI in the
community.

The fourth approach, currently widely practiced in
Asia and Africa, is to give monovalent OPV, which avoids
the intertype interference seen with tOPV. Since type
2 wild virus has been eliminated from circulation globally,
mOPV-1 or mOPV-3 can be used where type 1 or 3 wild
virus is still circulating. The infection rate for a specific type
of mOPV is higher than what would occur for that specific
type when given in tOPV. In its rebirth, mOPV type 1 is
made with 106 CCID50 per dose (the same as in tOPV),
whereas the original had only 105 CCID50, potency. Thus
two improvements are combined in this approach: One,
monovalent vaccine to avoid competition by other types,
and two, enhanced potency to improve infection frequency.

Intertype Interference Between OPV Vaccine
Viruses

As the infection rate of each poliovirus type is lower
when given as tOPV than as mOPV, this phenomenon
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indicates that some form of intertype interference occurs.
The reason for this is not understood. The site of infection
of orally fed OPV polioviruses appears to be at the Peyer’s
patches of ileum, as PVRs are found on the M cells
of Peyer’s patches but not elsewhere in the small intes-
tinal mucosa. Although over 105 virus particles of each
type are fed in a dose of OPV, and there are innumerable
M cells in the ileum, actual take does not occur every
time vaccine is fed, and for unknown reasons type 2 infec-
tion is more common than type 1 or 3. However, when
mOPV type 1 or 2 is given, the take rate improves to
the level of type 2 in tOPV, suggesting some degree of
PVR competition by the three types, with type 2 most
successful. The idea of a balanced tOPV preparation
arose out of this observation: The formula of 10:1:3 was
originally set for the proportions of the three types in
tOPV, but later it was changed to 10:1:6 to improve the
type 3 take rate.

In tropical settings where the take rates are low, there is
yet another curious phenomenon. When children sero-
convert to one type, they are more likely to seroconvert to
another type, than those who did not. This has been
interpreted to suggest that the intertype interference is
weaker than the inhibitory factor(s) already present in the
intestines of tropical children. In other words, if one type
is able to reach the site with PVR, overcoming the barrier
of the inhibitory factor(s), then another type is more likely
to reach that site.

Safety of OPV: Vaccine-Associated
Paralytic Polio

When IPV was introduced in the United States in 1955,
there was concern about incomplete inactivation of virus
particles, which in fact plagued the very early commercial
batches of IPV when it was first licensed. When OPV
was licensed (with the strong recommendation of the
American Medical Association), the general belief was
that it was completely safe as intra-spinal-cord injection
did not cause paralysis in monkeys. However, soon after
OPV licensure, suspicion arose among public health
officials that children were developing paralytic polio
within one polio incubation period, or vaccine-associated
paralytic polio (VAPP). An expert committee examined
all evidence on cases that had occurred within 24months
of the introduction of OPV and concluded that VAPP
cases were temporally associated with OPV administra-
tion, but there was no laboratory test then available to
prove such association to be causal. Today there is ample
laboratory evidence proving that such cases are indeed
caused by one or another of the three OPV viruses.

This problem was further examined by another WHO
expert committee, which came to the conclusions that
OPV does induce polio in a rare child given OPV; the
frequency is geographically nonuniform; VAPP occurs not

only in OPV-vaccinated children but also in children who
directly or indirectly acquired vaccine virus infection
from vaccinated children. Such VAPP in unvaccinated
children is called contact VAPP to distinguish it from
VAPP in vaccinated children. WHO estimates that devel-
oping countries using OPV may have an annual total of
250–500 cases of VAPP.

As OPV contains live infectious viruses, it is no surprise
that they may, albeit rarely, spread to susceptible children
near the vaccinated child. If transmission occurs beyond
that second generation into a state of widespread circula-
tion, the viruses would have regained two characteristics
reduced drastically but not completely during attenuation,
namely neurovirulence and transmissibility. Since OPV is
fed by mouth and infection is in the intestines, the term
enterovirulence is sometimes applied to the infection
efficiency. Vaccine-derived virus that has regained entero-
virulence may cause sporadic or epidemic polio. Such
outbreak-associated viruses are named circulating vac-
cine-derived polioviruses (cVDPV). Episodes of cVDPV-
caused polio outbreaks have occurred in Egypt, Dominican
Republic and Haiti, Madagascar (thrice), Philippines,
China, Indonesia, theUnited States, Nigeria, andMyanmar.
All of them except the one in Egypt have been detected
since 2000, suggesting that such episodes may be antici-
pated at the frequency of at least one per year as long as
OPV is in use anywhere. Declined or declining coverage
with OPV (leaving more susceptible children) seems to set
the stage for its emergence/evolution. Continued use of
OPV at very high coverage is the necessary deterrent
against cVDPV.

Individuals with B cell defects and consequent immu-
nodeficiency are prone to two adverse events with OPV.
They have significantly more risk of VAPP, and some of
them develop chronic infection and may continue fecal
shedding of vaccine-derived poliovirus with increased
neurovirulence over months or years. Such viruses are
called immunodeficiency-associated VDPV (iVDPV).
There has been one instance in which an iVDPV strain
spread to several children, thus acting like cVDPV,
showing that any VDPV is a potential source for trans-
mission, circulation, and consequent polio outbreak.

Genetics of Wild and Vaccine Viruses

When Sabin developed attenuated strains of polioviruses
by laboratory cultivation under selected conditions, only
phenotypic differences were known between wild and
vaccine viruses. Vaccine polioviruses did not grow well
above 39 �C, whereas wild polioviruses grew efficiently at
40 �C. Plaque sizes were larger for wild than vaccine
strains. Wild viruses caused severe inflammation, neuro-
nal death, and paralysis in monkeys inoculated by intra-
spinal cord vaccination, whereas vaccine viruses did not
cause any of them.
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Subsequent knowledge regarding viral genetics has
explained some of these phenotypic differences, sometimes
even identifying the exact genetic changes associated with
the attenuation. A single nucleotide G! A substitution at
position 480 (in the 50 untranslated or noncoding) region
(UTR) is sufficient to render the Sabin type 1 strain neu-
rovirulent in the monkey and in the transgenic mouse
model. Similarly, A! G substitution at position 481, and
U!C substitution at position 472 in 50 UTRare critical for
regaining neurovirulence for Sabin types 2 and 3, respec-
tively. In addition, there are 56 other nucleotide substitu-
tions distinguishing the wild parent and attenuated Sabin
type 1, but only a few of them appear to contribute to the
attenuation phenotype. Among the three types of Sabin
strains, type 1 is the least likely to revert to neurovirulence.
For types 2 and 3 just one additional mutation is also
contributory to attenuation; hence these types tend to
show genetic reversion more often than type 1. Type 3
revertants are commonest in vaccinated VAPP cases,
whereas type 2 revertants aremore common among contact
VAPP cases.

The Global Eradication of Poliomyelitis

The Concept and Definition of Polio Eradication

Human mastery over infectious diseases takes several
forms, such as specific etiologic diagnosis, specific therapy
against the pathogen, and prevention (all at individual
level) as well as control (community level, large or
small), elimination (country or regional level), eradication
or extinction (global level). Eradication is achieving and
maintaining zero infection incidence worldwide by tar-
geted intervention against the pathogen, such that there
should be no risk of infection even in the absence of any
intervention, particularly vaccination. The biologic cri-
teria for eradicable infectious diseases include lack of a
nonhuman reservoir, availability of intervention tactic or
tool to reduce its reproductive rate (mean number of
infections generated from one infected individual) to
below 1 over time and also the availability of diagnostic
tool(s) to monitor progress and certify eradication. To
date, the only precedent for eradication is smallpox
using smallpox vaccination and case-monitoring as inter-
vention tools; there is no precedent for extinction (as
smallpox virus, variola is held in viable form in frozen
state in at least two countries). Currently, another disease
is under eradication efforts – the parasitic disease Guinea
worm ulcer (dracunculiasis) – here its transmission
between the definitive and intermediate hosts is targeted
for interruption such that eradication will also mean
extinction as the life cycle is interrupted.

Eradication requireswide political support, cooperation
of all affected countries, and a willingness to pay for the
costs of eradication efforts by affording agencies. Rightly or

otherwise, these prerequisites were fulfilled for polio,
setting the stage for the goal of the global polio eradication
initiative created during the second half of the 1980s.

History of the Eradication Effort and Its
Progress

A global effort to eradicate poliomyelitis is currently
under way. After the introduction of IPV and OPV, and
the establishment of national vaccination programs dur-
ing the late 1950s and early 1960s, all polio disappeared
in countries using IPV, and polio due to wild (natural)
polioviruses disappeared in some countries using OPV.
Vaccine-induced polio (VAPP) continued to occur at very
low incidence level. By the mid-1980s, some 68 countries
were wild-polio-free, while 125 countries remained
endemic (with periodic outbreaks). In the western hemi-
sphere, wild-type polio outbreaks had been eliminated
or drastically reduced in incidence, due to good national
vaccination programs. In Asia and Africa, polio remained
mostly uncontrolled despite the availability of the vac-
cines and attempts to adhere to the WHO-designed
Expanded Program of Immunisation (EPI) which was
established between 1974 and 1978. The failure to control
polio was a stark reminder of the lack of success of EPI,
but instead of fixing that problem, polio was singled out
for a global onslaught in the 125 polio-endemic countries.
That decision was not made by any special global public
health think tank, but it was arrived at through serendipity.

In 1984, Rotary International (RI) resolved to provide
financial assistance to all developing countries to pur-
chase and give five doses of OPV to all under-5 children.
This commitment started in 1985, so as to enable the
world to achieve an undefined polio-free world by 2005,
the centenary of RI’s establishment. Polio was a highly
visible and evocative problem of children of special con-
cern to the Rotary movement, as many members of RI
were involved in rehabilitation of the disabled in Asian
and African countries.

Assured of financial assistance by RI, the Pan-
American Health Organization (PAHO, the regional
WHO body for the Americas) resolved to eliminate
polio in the Americas by 1990, and established vaccination
and monitoring systems to achieve the same. Where polio
occurred despite high routine vaccination rates in South
and Central America, two annual OPV campaigns for all
under-5 children were conducted, irrespective of prior
vaccination. Clinical and virological surveillance was
also established to monitor progress and finally to certify
elimination in the Americas. While PAHO was on the
road to success, the WHO had to address the reality of
uncontrolled polio in Africa and Asia. WHO designed a
global polio eradication goal and plan of action in 1988,
with a target date of 2000. A global polio eradication
initiative (GPEI) was established by the WHO, with
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participation by the UN, WHO, UNICEF, the U.S. Cen-
ters for Disease Control and Prevention, and RI and a
total direct budget of US$2 billion.

The WHO and CDC provided technical guidance and
also design of interventions including vaccination and
monitoring of progress; WHO, UNICEF, and RI partici-
pated in implementation of action in developing countries
that needed assistance; all partners raised funds from rich-
country governments, bilateral aid agencies, and philan-
thropic organizations. In many developing countries,
the costs of vaccine delivery and other logistical support
(utilizing health system institutions and personnel) were
met by the governments themselves, assisted by the
partners in GPEI.

The Overall Global Polio Eradication Strategy

The following four-item overall strategy was adapted
from PAHO:

1. To reach and maintain consistent high routine vaccina-
tion coverage in infancy and early childhood;

2. To offer supplementary vaccination by large-scale
campaigns;

3. To establish adequate clinical and virologic surveil-
lance to effectively monitor progress and the ultimate
success;

4. To provide local-level, small-scale mop-up vaccination
when stray instances of persistent virus occurred.

While transplanting the PAHO experience to Asia and
Africa, attention was not paid to certain details. GPEI
ignored the strengthening of EPI and the poor vaccine
efficacy of tOPV, and went ahead with the remaining
three elements of the eradication strategy. This approach
was successful in most countries or regions with reason-
ably high routine immunization coverage, but failed
where routine coverage was extremely low, such as in
Nigeria and Uttar Pradesh and Bihar states in India,
where, even in 2007, the task of eradication remains
unfinished. In retrospect, had routine coverage (where
low) been improved through strengthening EPI, these
eradication failures might have been avoided.

The world’s last wild poliovirus type 2 was isolated in
Uttar Pradesh, India, in October 1999, and can now be
considered globally eradicated. As mentioned above, the
vaccine efficacy of tOPV is very high against type 2 wild
virus, which accounts for the success against that type.
This picture shows that adequate vaccine coverage with
tOPV could have interrupted all transmission, if only the
vaccine had satisfactory vaccine efficacy. The delay in
interrupting transmission of types 1 and 3 wild viruses
in India is also in part due to very low vaccine efficacy of
tOPV against these two virus types.

By 2000, the Western-Pacific–East-Asia and European
regions were also declared polio eliminated (in addition to

the Americas), leaving only Southeast Asia, Eastern
Mediterranean, and African regions with some endemic
polio (types 1 and 3). In total, 119 of the original 125
polio-endemic countries had achieved elimination status,
with just six remaining endemic for polio, namely, India,
Pakistan, and Afghanistan in Asia and Egypt, Nigeria, and
Niger in Africa. By 2005, Egypt and Niger eliminated
polio, leaving just four countries with some loci or the
other with wild virus transmission. As of 2007, types 1 and
3 continue to be endemic in these four countries.

The Risk of Importation of Polioviruses from
Endemic to Polio Free Countries

Although only Nigeria, India, Pakistan, and Afghanistan
continue to be endemic for polio types 1 and 3, the wild
poliovirus type 1 has traveled to territories that had
earlier eliminated them. Such importation has occurred
in neighboring countries (e.g., from India to Nepal,
Bangladesh and Myanmar; from Nigeria to Niger, Chad,
Sudan, Ethiopia, and Somalia) and also to distant conti-
nents (e.g., from India to Angola, Namibia, and Central
African Republic of Congo; from Nigeria to Yemen and
Saudi Arabia, and from the latter to Indonesia; from
Pakistan to Australia). Some countries had only sporadic
cases after importation, while others had widespread out-
breaks. Thanks to the high-quality surveillance system,
these importations were quickly identified and quelled
with supplementary OPV (tOPV or mOPV-1). Where
the outbreaks were large (e.g., in Yemen, Indonesia,
and Bangladesh), OPV campaigns in under-5 children,
covering the entire country, had to be conducted on
average seven times in order to dislodge the virus. The
current target of the GPEI is to interrupt transmission
of wild viruses in these four countries in 2008. Since
2005, Saudi Arabia insists on proof of recent polio
vaccination for Hajj pilgrims, especially from currently
or recently polio-affected countries. From 2007–08, wild
poliovirus will be counted a globally notifiable infection,
in order to minimize the probability of intercountry
transmission.

The Posteradication Global Scenario:
How It Will Be Defined and the Potential
Role of IPV

As mentioned earlier, the working definition of eradica-
tion is zero incidence of infection pertaining only to the
wild polioviruses. As long as live virus vaccine (OPV) is
used, VAPP, cVDPV, and iVDPV may continue to occur;
hence, true eradication has been redefined as zero inci-
dence of infection with wild and vaccine polioviruses.
This requires discontinuing the use of OPV, but stopping
is also not without risk. Most cVDPV outbreaks have
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occurred where the coverage of OPV, especially in multi-
ple doses per child, had declined. Abrupt stoppage will
result in a period of time when vaccine-shedding children
and unvaccinated children (new birth cohorts) would
overlap and if vaccine virus gets into the latter group,
potentially cVDPVs will develop.

The current plan of the GPEI is to stockpile large
amounts of mOPVs, so that any cVDPV outbreak could
be immediately doused. On the other hand, many experts
believe that reintroduction of OPV into the community
after it had been withdrawn is too risky and perhaps even
unethical for that reason. They have proposed a transition
into using IPV in the EPI system, to achieve high (over
80%) coverage in infants, and then and then only to
withdraw OPV.

The prospects of introducing IPV on a large, even
global, level may be improving, as there is renewed interest
in IPV in many countries. Earlier in this article, the
countries using exclusively IPVwere listed.With increasing
demand, newer vaccine manufacturers are gearing up
for increasing production and supply. After resisting regis-
tering (licensing) of IPV in India for five decades (for
reasons elaborated earlier), the national regulatory author-
ity in India has licensed it as of June 2006, signaling a change
in perception regarding the two vaccines. Virtually all
of Europe has begun using IPV and has stopped the entry
of OPV in their territories. The IPV has been licensed in
several Asian and a few Latin American countries and is
gaining popularity in the private sector health-care system.
IPV seems to be the vaccine of the future.

Discontinuation of Polio Immunization
After Eradication

By definition, eradication is qualified by the absence of
any further need of intervention, as the pathogen does not
exist in human communities or the environment. Thus
the world discontinued smallpox vaccination once it was
eradicated and thus certified in 1978. Indeed, the eco-
nomic benefit of not vaccinating against the disease is one
major incentive for the investment of the cost of eradica-
tion. For polio, the savings have been calculated at
$1 billion per annum if the world stopped all polio immu-
nization. Since the GPEI journey began, the world has
changed in some ways due to terrorism. There are some
issues that worry world experts in this regard.

Obviously, immunization (using IPV) has to be con-
tinued until all risk from cVDPV is gone, a few to several
years after discontinuing OPV. Most likely, IPV will be
used as a combination vaccine with DPT, Hib, and HBV.

Within the overall cost of a national immunization pro-
gram, the additional cost of IPV in such combination form
will be so small that it will not be as attractive a saving for
a country. In view of the lurking fear of the use of wild
poliovirus as a weapon of bioterrorism, the self-perceived
vulnerable countries are unlikely to stop IPV. Even if all
stocks of wild and vaccine strains of polioviruses are
destroyed (extinction, an unlikely event), polioviruses
can be synthesized in the laboratory because its genome
is small and its sequence is known. Therefore the threat of
deliberate introduction will remain real in the current
world scenario of confrontational politics between various
incompatible ideologies and military approaches to
resolve them. If one is forced to predict, the likelihood is
that all rich nations will continue to opt for IPV while
some low-income countries may discontinue it.

By describing the history and science behind the his-
toric events surrounding the development of polio vac-
cines, we hope that these lessons can be applied to the
challenges of the future.

See also: Poliomyelitis, Historical.
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The Disease

Poliomyelitis (polio) is a highly infectious disease caused
by a virus. Although polio paralysis is the most visible sign
of polio infection, fewer than 1% of polio infections ever
result in paralysis. Poliovirus can spread widely before
cases of paralysis are seen. As most people infected with
poliovirus have no signs of illness, they are never aware of
having been infected. After initial infection with poliovi-
rus, the virus is shed intermittently in feces for several
weeks. During that time, polio can spread rapidly through
the community.

The virus enters the body through the mouth and
multiplies in the intestine. Initial symptoms are fever,
fatigue, headache, vomiting, stiffness in the neck, and
pain in the limbs. Once established in the intestines,
poliovirus can enter the bloodstream and invade the cen-
tral nervous system and can cause severe paralysis in a
matter of hours. As it multiplies, the virus destroys nerve
cells (motor neurons) which activate muscles. These
nerve cells cannot be regenerated, and the affected mus-
cles no longer function. The muscles of the legs are
affected more often than the arm muscles. The limb
becomes floppy and lifeless – a condition known as
acute flaccid paralysis (AFP). More extensive paralysis,
involving the arms, legs and muscles of the thorax and
abdomen, can result in quadriplegia. In the most severe
cases (bulbar polio), poliovirus attacks the motor neurons
of the brainstem – reducing breathing capacity and caus-
ing difficulty in swallowing and speaking. Without respi-
ratory support, bulbar polio can result in death.

Poliomyelitis, once called a childhood disease, can
strike at any age but affects mainly children under three,
although the average age of infection has moved to higher
ages in the postvaccination era. One in 200 infections
leads to irreversible paralysis (usually of the legs).
Among those paralyzed, 5–10% die when their breathing
muscles become affected.
Figure 1 Egyptian stele, eighteenth dynasty (580–1350 BC):

priest with foot in equinus position, typical for poliomyelitis. Ny

Carlsberg Glyptothek, Copenhagen.
The First Large Epidemics

Discussion of the history of poliomyelitis is traditionally
introduced with the often-reproduced illustration of the
Egyptian stele from the eighteenth dynasty (580–1350
BC) which is now exhibited at the Ny Carlsberg Glyp-
tothek in Copenhagen. This stele shows a young priest
with the foot in equinus position as is typical for polio-
myelitis (Figure 1).

Poliomyelitis viruses probably have been prevalent as
infectious agents of humans from the time that humans
gathered together in villages and groups large and dense
enough to facilitate the person-to-person spread of infec-
tious agents. Paralytic disease, however, was not recognized
to be a significant problem until late in the nineteenth
century, when epidemics began to appear in Northern
Europe. In 1840Heine provided one of the first descriptions
of the clinical disease as we now know it (Heine, 1840).

A revealing study in the 1950s showed an inverse
relationship between infant mortality rates and the inci-
dence of paralytic poliomyelitis; places with high infant
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mortality rates (Egypt, Algeria, and Mexico, for example)
had minimal rates of poliomyelitis, while places with low
infant mortality rates (Sweden, Australia, the United
States, for example) had a high incidence of poliomyelitis
(Payne, 1955). Widespread infections (of many kinds) in
infancy resulted in high mortality but also in immunity
for the survivors; the sanitary regimes of the West pre-
served far more infants but left them more vulnerable to
poliomyelitis infections later in life.

The disease poliomyelitis – also called polio or infan-
tile paralysis – became a reality in the lives of Europeans
and North Americans in the late nineteenth century,
beginning with isolated outbreaks in rural towns in
Norway, Sweden, France, and the New England states.

The first city experiencing an epidemic was Stockholm,
the Swedish capital, where 44 cases were reported in 1887.
In 1905 Sweden reported over 1000 cases of poliomyelitis,
and in 1907 New York experienced its first polio epi-
demic. Its epidemic appearance in the late nineteenth
century, we now believe, was an unintended byproduct
of improved sanitation in ‘advanced’ countries of North
America and Europe, where children were raised in rela-
tively ‘germ-free’ surroundings and thus only contracted
the poliomyelitis virus after infancy, when they might
have been more susceptible to serious symptoms. By the
twentieth century greater numbers of older children and
even young adults were involved.

The epidemic of 1905 in Scandinavia reached the
staggering figure of 1031 cases. It was by far the largest
one that had occurred up to that time anywhere in the
world. In 1907 Ivar Wickman recognized the seasonal
occurrence of the disease in Sweden in the late summer
and early fall with a dramatic peak of about 370 cases in
August, and emphasized the large percentage of abortive
and nonparalytic cases and their relevance for the spread
of infection by direct contact from person to person
(Wickman, 1907). Before Wickman, the thesis of polio-
virus infection by direct contact had been highly
controversial.

Only 3 years later the discovery of poliovirus was
announ ced in 1908, in Vienna , by Lands teiner and Popper
(1908). With the discovery of the etiological agent came
the possibility of isolating the virus for diagnostic pur-
poses and measuring immune reactions resulting from
infection, with the hope of immunization as well.

In the summer of 1916 a major epidemic of poliomy-
elitis occurred in the United States. Between June and
October of 1916 New York suffered 8900 cases and 2400
deaths. Most of the victims in New York City were young
children. The 1916 epidemic initiated a period of 40 years
when American obsession with poliomyelitis made it the
shock disease of the century, the one around which fear
gathered and against which a new scale of private philan-
thropy was mobilized in the search for remedies or pre-
ventive vaccines.
This outbreak generated widespread consternation;
draconian measures, triggered by assumed etiologies of
poliomyelitis, were initiated to protect children. In these
attempts at enforcement of isolation and quarantine mea-
sures, Italian immigrants became the first scapegoats,
although no cases had been noticed among immigrants
and no records of epidemics in Italy were available.
A complete exodus of children of the well-to-do from
the city New York was the result. Cats and dogs suspected
of being carriers of the disease were brought to the police
by small poor boys for a bonus, to be destroyed at a rate of
300 to 400 animals a day. All this and much more was part
of a collective hysteria engendered by the epidemic.

It may be called the world’s first major poliomyelitis
epidemic, and it came at a time when Western medical
science had made strong, and widely accepted, claims of
mastery of disease. The epidemic spread despite those
efforts. Medicine’s relative powerlessness in the face of
the 1916 epidemic was therefore particularly disturbing,
and the reactions (medical, political, and popular) of
Americans revealed important social and intellectual pre-
judices and tensions.

The American city governments and their public
health officials reacted to the epidemic in ways that
reflected their beliefs in ‘dirt’ and ‘germs’ as a cause, and
the housefly as an agent of transmission.

During the years 1909–15 the maximum annual rate of
reported cases in the United States had never exceeded
7.9 per 100 000 population, but in 1916, within the epi-
demic area, it suddenly leapt to an all-time high of 28.5.
Hardly had the epidemic begun when orders were given
that all premises housing a case of poliomyelitis should be
placarded and the family quarantined; the windows were
to be screened, the bed linen disinfected, nurses were to
change their clothing immediately after tending any
patient, and even household pets were not allowed in
any patient’s room, as they, too, were considered suspect.
Besides all these restrictions, on July 14 a new order went
out, one that caused much adverse public comment. This
was the decision to restrict travel, limiting movement out
of the epidemic area and requiring the issuance of so-
called ‘health certificates,’ which amounted to travelers’
identification cards. All children under 16 years of age
were placed in the restricted category and were not per-
mitted to leave New York City from July 18 until October
3, 1916, unless a certificate was produced indicating that
the premises they occupied were free from poliomyelitis.

Perhaps most important to the public was the general
ineffectiveness of the therapies offered for poliomyelitis.
What actually was learned from this most extensive epi-
demic? For one thing the various quarantine restrictions
enforced at the time were proved to be ineffective and
subsequently shown to be not worth enforcing. The idea
that domestic animals had anything to do directly with
the spread of poliomyelitis to man was disproved and
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finally laid to rest. The truth of the matter was that the
infection was simply too widespread, too hidden for any
such measures to be effective.

The summary of the final Public Health Service’s
report was (Lavinder et al., 1918):

1. That poliomyelitis is, in nature, exclusively a human
infection, transmitted from person to person without
the necessary intervention of a lower animal or insect
host.

2. That the infection is far more prevalent than is appar-
ent from the incidence of clinically recognized cases,
since a large majority of persons infected became ‘car-
riers’ without clinical manifestations.

3. That the most important actors in disseminating the
infection are the unrecognized carriers and perhaps
mild abortive cases ordinarily escaping recognition.

4. That an epidemic of one to three recognized cases per
1000, or even fewer, immunized the general population
to such an extent that the epidemic declines spontane-
ously, due to the exhaustion or thinning out of infect-
able material.
Polio, a Major Public Health Problem in
the Western World

Most Americans of the period between 1945 and 1955
regarded poliomyelitis as the epidemic of the time. The
1916 epidemic began a period of over 40 years when
poliomyelitis was never far from the center of American
concerns about disease. The peak of the U.S. epidemic
occurred in 1952: almost 57 000 cases, more than 21 000
paralytic. Similar epidemic trends were occurring all over
the Western world. Panicking people started to avoid
public places, especially in the summer, when outbreaks
occurred more often.

In 1921, Franklin D. Roosevelt, a former assistant sec-
retary of the Navy and vice-president candidate for the
Democratic Party, contracted polio and was left paralyzed
in the legs when he was 39 years old. In 1927, Roosevelt
founded the Georgia Warm Springs Foundation for the
treatment of those with polio. Five years later, he was
elected president. In 1938, he helped create the National
Foundation for Infantile Paralysis. The foundation used
Hollywood celebrities to promote fund drives. The polio
crusade ‘March of Dimes’ started in 1928.With the money
flowing, the National Foundation began spending –
setting up programs to assist those already affected by
polio and funding research to vanquish the disease.

A relatively new social phenomenon – a privately
funded philanthropic pressure group – generated some
of the popular pictures of the epidemic of poliomyelitis.
The National Foundation for Infantile Paralysis played
important roles in both the (social) awareness of the
epidemic in public opinion and in the direction of the
research mustered against it.

Prior to the 1930s, polio cases occurred mainly in
young children, except in small isolated communities
where older children, adolescents, and even adults were
only sometimes affected. Beginning in the 1930s, however,
an epidemiological shift was observed as polio was
striking many more older children and adolescents, first
in Scandinavia and the United States, and then elsewhere
in Europe.

In the 1950s the phenomenon ‘provocation poliomy-
elitis’ was identified: poliomyelitis following muscle
injury, physical exertion, or prophylactic intramuscular
inoculations concomitant with poliovirus infection. Risk
of provocation was much reduced by giving DPT vacci-
nations (diphtheria, pertussis, and tetanus) in winter when
circulation of poliovirus was minimal.

Doctors were helpless in caring for severely paralyzed
patients, those who suffered from difficulties in breathing,
until the 1920s. Then a discovery was made that hardly
could be called curative but which revolutionized the
treatment of this most serious form of the disease: the
so-called ‘Drinker respirator’ (Drinker, 1929) (Figure 2).
This life-saving apparatus was put to immediate use for
patients who were unfortunate enough to be incapaci-
tated because of difficulties resulting from paralysis of
the muscles necessary for breathing, such as the inter-
costals and the diaphragm. Another and much more seri-
ous kind of respiratory difficulty often is the result of
what is known as the bulbar form of the disease, in which
there are lesions in that part of the brain (the bulb) that is
adjacent to and leads into the spinal cord. Damage in this
area is apt to involve the nervous centers that govern
respiration, swallowing, and coughing. Patients with pro-
blems in these functions have a particularly poor progno-
sis. The Drinker respirator consisted of a rigid cylinder
into which a patient could be placed, and at short regular
intervals negative and positive pressure could be applied
within the apparatus. It was promptly dubbed the ‘iron
lung,’ a name which immediately caught on with all of its
gruesome implications.

Other countries, faced with similar problems in
handling patients with respiratory complications, devel-
oped similar approaches. In 1952, Copenhagen was struck
by a severe epidemic of poliomyelitis that included a large
number of cases of bulbar polio resulting in respiratory
paralysis. During the period from August to December,
about 3000 patients with polio were admitted mainly to
one infectious disease hospital, the Blegdam Hospital, and
of these, about 1250 had some type of paralysis. Some 345
patients had bulbar polio affecting the respiratory and
swallowing muscles. For several weeks, 30 to 50 patients
with bulbar symptoms were admitted daily and 6 to 12
of these were desperately ill. The epidemic resulted in
enormous challenges. The hospital lacked ventilators. The



Figure 2 A ward with polio victims in so-called ‘iron lungs,’ the Drinker respirators. Courtesy of March of Dimes; Birth Defects
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stunningly innovative solution was to use manual positive
pressure administered by repeated manual squeezing of a
rubber bag attached to a tracheostomy tube. It was imme-
diately apparent that support of respiration by bag venti-
lation required the assistance of what were described as
‘well-trained personnel all around the clock.’ The ‘well-
trained personnel’ were 200 medical students per day
who, following a roster, ventilated 40 to 70 patients 24 h
a day for several weeks. They were risking their lives. The
device served as a life-saving measure for many of the
more than 1000 paralytic cases during the extensive epi-
demic in Denmark in 1952 (Lassen, 1956).
Vaccines against Polio: Salk and Sabin

Today, the word ‘polio’ is linked to a vaccine to be taken,
not to a disease to be feared. The history of the poliomy-
elitis vaccines, as we now know it, is very much the history
of two eminent scientists Jonas Salk (1914–95) and Albert
Sabin (1906–93), both from Russian-Jewish immigrant
families in the United States and both chemists.

In 1931 Sir Macfarlane Burnet and Dame Jean
MacNamara identified several types of poliovirus, known
as types 1, 2, and 3 (Burnet and MacNamara, 1931). Impli-
cations of this finding were the need to include all three
antigens in any effective vaccine. In 1948 Thomas Weller
and Frederick Robbins (Enders, 1949) succeeded in grow-
ing poliovirus in live cells, which laid the foundation for
the development of any vaccines against polio. Six years
later they received the Nobel Prize for their work.

Before the introduction of vaccines, William McDowal
Hammon and colleagues provided the first evidence that
antibodies to poliovirus could prevent the disease in
humans (Hammon et al., 1952). Passive immunization
was a major breakthrough in prevention of the disease.
In 1953 Jonas Salk injected an inactivated vaccine (IPV)
into over 100 children, and in the following year the
vaccine was given to 400 000 children in an elaborate
field trial involving 1.8 million children. The effort was
successful, but a slightly different vaccine was finally
licensed (Francis et al., 1957).

Factors that contributed mightily to the efforts to
immunize against poliomyelitis were the advances in tis-
sue culture made possible in part by the availability of
antibiotics, the separation of the poliovirus family into its
three respective types, and of course the discovery by
1952 that viremia occurs with regularity in the early
stages of poliovirus infection, indicating that even low
levels of antibody were sufficient to protect. Salk had
chosen the right moment to conduct his immunization
studies, considering the technical improvements since the
early 1940s and the financial support that was now avail-
able. It is not accurate to call him the discoverer of the
formalinized poliovirus vaccine, however, since a similar
approach had been used by Brodie in 1935 (Brodie and
Park, 1935); it is more correct to say that Salk perfected its
use for mass immunization in man and cleared the way for
its wholesale adoption.

More than 1 800 000 children throughout the length
and breadth of the land had participated in the great
‘experiment’ in 1954, and all were anxious and eager
about the results. More than 200 000 children were vacci-
nated without serious accidents, and the protective rate
had proved to be more than 50%. In the United States,
from April 12 to May 7, approximately 4 million doses of
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poliomyelitis vaccine manufactured by five different com-
mercial laboratories were administered to children with-
out anything untoward happening. The decline in attack
rates for naturally acquired paralytic cases had been from
two to more than five times greater among vaccinated
children than among unvaccinated in the same age
group. But the triumphant announcement made on April
12, 1955 was followed by a serious setback: certain lots of
vaccine (produced by Cutter Laboratories of Berkeley,
California) had contained live poliovirus. A total of 204
vaccine-associated cases occurred. Of these, 79 were
among vaccinated children, 105 among family contacts
of vaccinated children, and 20 among community con-
tacts. Approximately three-fourths of the cases were par-
alytic. There were 11 deaths, making a case fatality rate of
5%. During a brief period, the confidence of the nation
was sadly shaken. Cutter produced the smallest amount of
vaccine of any of the manufacturers, and the products of
the other companies proved to be safe. One important
outcome of the so-called ‘Cutter incident’ was the crea-
tion of the surveillance unit at the Centers for Disease
Control (CDC). Manufacture and safety testing of the
Salk vaccine were tightened but at the cost of reduced
antigenicity. In the 1980s a purified and more antigenetic
IPV was produced that required two doses instead of
three to produce lasting immunity. Innovations by French
and Dutch researchers led to markedly reduced cost
of production of this highly purified and potent vaccine
(Wezel, 1984). It could be combined with diphtheria-
pertussis-tetanus (DPT) vaccine.

Once the painful episode of the Cutter incident had
subsided, the triumph of the Salk-type vaccine became
even more manifest. In the United States the incidence
of paralytic poliomyelitis fell from 13.9 per 100 000 in
1954 to 0.5 in 1961. Not only was the incidence reduced
but also the epidemiological picture was altered so that
outbreaks appeared largely in localized, urban, unvacci-
nated groups. The spectacular decline in incidence that
had taken place first in the United States, Canada, and
Denmark spread to many parts of the world by 1960. In
Sweden, which was once a country with a most evil repu-
tation regarding poliomyelitis, the disease virtually ceased
to exist in 1962 as a result of the use of the inactivated
vaccine. In developing countries, however, logistical pro-
blems of adequate distribution and administration have
remained almost insurmountable for the use of the Salk-
type vaccine. Until about the early 1980s IPV continued
to be made the way Salk had prescribed.

In the 1950s A. B. Sabin produced an oral polio vaccine
(OPV), which has since been used extensively throughout
the world (Sabin, 1955). The principle of a live attenuated
virus vaccine was not new. Such vaccines had been used in
the veterinary field for some time, and in man a live virus
vaccine had been in effect for the prevention of smallpox
for 150 years and of yellow fever for nearly 20 years. Of
great importance was Sabin’s discovery by quantitative
studies than the central nervous system of lower primates
(rhesus and cynomolgus monkeys) was more susceptible to
polioviruses than that of higher primates (chimpanzees) –
and by epidemiologic analogy, man. The reverse was true
for the alimentary tract, particularly in rhesus monkeys;
the susceptible human intestinal tract was readily infected
by doses of virus that were ineffective in monkeys. So the
major task was to find or produce a strain of each type with
the least neurotropism but which would multiply exten-
sively in the human alimentary tract.

The widespread acceptance of the Salk vaccine made it
very difficult for Sabin to conduct large trials of his own
vaccine in the United States. He therefore chose the
unusual strategy of collaborating with Soviet investigators
to immunize millions of children in Eastern Europe with
his live attenuated oral poliovirus vaccine. After several
years, Yale University’s Dorothy Horstmann was sent with
a group from the World Health Organization (WHO) to
review the results of these studies, and she returned with a
favorable report.

By 1958–59 a total of 20 field trials using oral vaccines
(given to more than 115million people) had been con-
ducted in no fewer than 15 countries. In 1962 all three of
the attenuated poliovirus strains were licensed and
released for manufacture in the United States.

A new and rather disconcerting discovery was reported
at the 1960 conference on live virus vaccines. This was the
demonstration of a hitherto unrecognized contaminating
virus in the tissue-culture substrate that was being used
for production of live virus vaccines. The virus, named
SV-40 (Simian Virus-40), induced malignant tumors when
injected into hamsters. Here was a new cause for alarm.
Not only did the problem exist with respect to live virus
vaccines, but it was discovered that the level of formalin
being used for the manufacture of Salk-type vaccine was
insufficient to inactivate SV-40 virus. Once the presence
of the contaminating virus was recognized, proper mea-
sures were taken to ensure its exclusion from the vaccine.
From epidemiological studies it seems highly unlikely
that SV-40 is carcinogenic or otherwise pathogenic for
humans. However, the experience with SV-40 has clearly
demonstrated one of the problems associated with the use
of primary cell cultures to produce vaccines and biologics
for use in humans.

Meanwhile, during the period of 1960–61, the idea of
an oral vaccine for poliomyelitis was receiving remarkable
and increasing support. By the end of 1960, Sabin OPV,
given to more than 115million people in Russia and
Eastern Europe, had almost completely eliminated polio
there. Gradually, opinion swung toward the routine use of
the OPV instead of IPV, although Scandinavia and the
Netherlands continued to use IPV. By August 1962 the
estimated use of oral vaccine in the United States had
reached more than 21million doses for type I, 7million



Figure 3 Last indigenous case of polio that occurred in the
Americas (Peru); September 1991.
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for type II, and 14million for type III. The expectation
had been that this product would be spared the tragedy
which had beset the Salk-type vaccine when it was first
launched (the Cutter incident). But not so, for gradually
evidence came to light that there had been a number of
cases of poliomyelitis which had followed within 30 days
of immunization with live attenuated virus. The cases
were largely in adults, and the majority was associated
with the type III strain. This slight risk was far greater for
adults than for children. In contrast to insufficient inacti-
vation of certain lots of polio vaccines in the time of the
Cutter incident, the risk of vaccine-associated paralytic
polio (VAPP) was inherent to the live attenuated vaccine.

Polio was previously thought to have been of very low
incidence in developing countries. However, in the 1970s
lameness surveys demonstrated that polio is widespread
in many developing countries, leading to the introduction
of routine immunization with OPV in almost all national
immunization programs.

After 1962 the Sabin-type vaccine became the vaccine
of choice in the United States. In the era of a strongly
reduced risk of naturally acquired polio infection as a
result of widespread effective vaccination programs, the
risk of VAPP (estimated to be 2 per 1 000 000 primo-
vaccinations) became unacceptable. After 1980, almost
every case of polio in the United States (about a dozen
per year) would be attributed to the Sabin vaccine. Finally
in 1996 the United States reversed its stand and went back
to IPV. Wild poliovirus, the cause of so much misery in
the past, had been effectively eliminated.

Countries such as the Netherlands and the
Scandinavian states have relied completely on IPV
throughout the years in their successful fight against polio.
In the pre-vaccination era, poliomyelitis was endemic in the
Netherlands. Major epidemics were reported with some-
times more than 2000 cases (1956), representing an inci-
dence of as high as 20.3 cases per 100 000 population.
Routine immunization against poliomyelitis was started in
1957. In a catch-up program IPV was offered to all birth
cohorts from 1945 onward. Even after licensing in the
United States of the much cheaper OPV in 1960, the vac-
cine choice of IPV was not changed. As elsewhere, the
incidence of poliomyelitis declined sharply. In the 1960s
and early 1970s localized outbreaks still occurred in com-
munities that rejected vaccination for religious reasons. In
1978 and in 1992–93 a large outbreak occurred in the same
community that was highly susceptible to wild poliovirus.
The mean age of the patients had risen to 18 years, as
adolescents and adults had never been in contact with the
virus. No cases occurred outside the socio-geographically
closely knit network of the concerned religious groups who
objected to vaccination; those outside this group that were
susceptible appeared to be protected by herd-immunity,
resulting from the years of consistently high vaccination
coverage in the general population. The epidemic virus
spread from the Netherlands to similar minority groups in
Canada (1978 and 1992–93) and the United States (1978).
These events prove that imported poliovirus still constitutes
a threat wherever immunity against polio at a local and
regional level is low.
Recent History: Eradication and
Post-Polio Syndrome

Increased knowledge and awareness about the disease in
the 1960s and 1970s had shown that polio was no longer a
rich man’s disease but that millions of children all over the
world were suffering from polio. Bad surveillance prac-
tices in poor and population-dense countries permitted
only estimations of the number of cases. Most likely more
than 300 000 cases occurred yearly.

At the 1984 International Symposium on Poliomyelitis
Control, it was concluded that, whereas global eradication
of poliomyelitis was probably technically feasible, a real-
istic goal for the near future should be the control of
paralytic disease, with eradication in certain countries or
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regions. In spite of the difficulties that were anticipated,
the Pan-American Health Organization in 1985 began a
major campaign to eradicate poliovirus from the Western
Hemisphere. Support from the countries of the region
has been remarkably strong, and various organizations
have contributed resources. The last indigenous case of
polio occurred in the Americas (Peru) in September 1991
(Figure 3).

Four years later, in 1988, the World Health Assembly
(WHA), the annual meeting of the ministers of health of
all member states of the World Health Organization,
voted to launch a global goal to eradicate polio. As a
result of the Global Polio Eradication Initiative – the
largest public health effort to date – at the end of 2007
indigenous polio has been eliminated from all but four
countries of the world, the lowest-ever number. By then,
only Nigeria, India, Pakistan, and Afghanistan were still
polio-endemic. Approximately 90% of the polio cases
were found in just three countries: Nigeria, India, and
Pakistan. In 1988, the year the Global Polio Eradication
Initiative was launched; more than 125 countries were
endemic. Type 2 wild poliovirus has not been isolated
since October 1999.

The global eradication policy is based on four points:

. Routine immunizations to ensure high infant coverage
in the first year of life. Regions in which eradica-
tion has been achieved must continue high levels of
immunization to prevent the reestablishment of polio-
virus circulation after import.
Wild virus type 1
Wild virus type 3
Wild virus type 1 & 3

Endemic countries
Case or outbreak following importation (0−6 month
Case or outbreak following importation (0−12 mont

Figure 4 Wild poliovirus case map. WHO October 10, 2006–Octob
. Mass immunization campaigns. During ‘mass immuni-
zation days’, routine immunization is supplemented by
the provision of at least two further doses of oral
vaccine to all children under 5 years old.

. Continuous surveillance of all cases of acute flaccid
paralysis regardless of the underlying cause. A global
network of 150 WHO-accredited laboratories aims
to identify polioviruses in stool samples of all these
patients, and characterizes all poliovirus isolates by
antigenic and molecular methods according to standard
protocols.

. Mopping up campaigns are used in countries where
the final pockets of poliovirus transmission have been
identified. These campaigns involve door-to-door
immunization in high-risk districts where the virus
is still thought to be circulating. These activities are
concentrated particularly where access to health care
is difficult and there is high population density and
mobility, poor sanitation, and low routine immuniza-
tion coverage.

The polio eradication goal has had to face many unex-
pected challenges. Most striking was the situation in the
Northern Nigeria state of Kano, a largely Muslim area,
where local politicians halted the immunization programs
by claiming that the oral polio vaccine was purposely
tainted to cause infertility and AIDS. Not only did new
polio cases rise dramatically in Nigeria in 2004, but the
disease spread to countries which had been listed as polio
free (Figure 4).
s)
hs)

Data in WHO HQ as of 9 October 2007
© WHO 2007. All rights reserved

er 9, 2007.
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Now polio-free nations are phasing out the Sabin live
attenuated virus vaccine in favor of the Salk inactivated,
killed virus vaccine, noting that the continued use of
OPV for routine immunization could compromise the
goal of eradicating all paralytic disease because of circu-
lating polio vaccine-derived viruses. These feral vaccine
viruses have caused epidemics in countries were vaccina-
tion levels had lowered to less than 50%. Prolonged
infection of vaccine viruses in immuno-compromised
persons can result in an accumulation of mutations in
the viral genome that restores neurovirulence and the
ability of these viruses to spread. The first epidemic
caused by a circulating vaccine-derived poliovirus was
detected in the Dominicon Republic and Haiti in 2000.
Since then, other epidemics have been described at a
frequency of about one per year, all in countries where
vaccination coverage was lower than 50% (Kew, 2002).

TheWHO global polio eradication initiative is close to
success. Much has been achieved. Millions of children
have been prevented from getting a severe disease. In
the past, patients died and many were handicapped for
the rest of their lives, which severely limited their chances
Figure 5 The strength of the victims: optimistic faces despite
polio.
in later life. In the euphoria about the success of the
eradication activities, the polio survivors should not be
forgotten; for many of them the polio history is not over
once global eradication is achieved. Following years of
surgery, rehabilitation, and exercise, polio survivors came
to regard their condition as stable. They saw polio as a
static disease, unlikely to return or to worsen with age.
But this comforting assumption was challenged in the
1980s, as polio survivors began to experience health pro-
blems eerily reminiscent of their earlier ordeal. In the past
two decades, researchers have studied this post-polio
syndrome at some length. Most believe that the fatigue
and muscle weakness experienced by so many polio sur-
vivors are due to wear and tear on existing nerve cells.
Although no conclusive diagnostic test yet exists for
post-polio syndrome, the percentage of polio survivors
suffering from progressive muscle weakness and extreme
fatigue is estimated to be as high as 50%. Moreover,
those who endured the severest cases of polio and made
the greatest functional recovery are the most likely to
be affected.

After the successful eradication of smallpox, the world
can hope to start soon writing the history book on a life-
threatening disease: poliomyelitis (Figure 5). Although
we are not yet at that point, we have never been so
close. We hope that everybody in the world takes the
responsibility to finish the job.

See also: Enteroviruses; Immunization; Poliomyelitis;

Vaccines, Historical.
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Introduction

Politics – defined classically as who gets what, when and
how by Lasswell (1936) – affects the origins, formulation,
and implementation of public policy in the health sector
(Reich, 1995). Politics dictates, for example, who is entitled
to services, which are the priority areas, who will provide
services, whowill be subsidized, and how the budget ought
to be allocated and spent (Gonzalez-Rossetti and Munar,
2003). Because vested interests are usually affected by
reforms (for example, health-care workers unions) and
beneficiaries are dispersed and unorganized (for example,
the poor and sick), there are inherent political difficulties
associated with the definition and negotiation of the costs
and benefits of reforms. Further, the implementation of
reforms is often associated with new administrations or
political crises, while reforms can also affect the stability of
political administrations.

In spite of its acknowledged importance, there is
also broad agreement that politics and political issues
are rarely analyzed and frequently ignored at all stages
of the policy identification, development, and implemen-
tation process in the health sector, particularly in the
interactions between international donor agencies, recip-
ient developing country governments, and their domestic
political context (Buse et al., 2006). There is ample docu-
mentation that politics frequently trumps evidence as a
driver of policy priorities and reforms (e.g., Gilson et al.,
2003) and there are calls for both prospective and retro-
spective analyses of the politics of public health policy
to improve the probability of policy implementation and
impact and to understand more fully the political envir-
onments in which reforms operate (Walt and Gilson, 1994;
Reich, 1995).

This article will review the major theoretical treat-
ments of politics in the health sector in developing
countries and provide examples of common issues that
have emerged in the study of the politics of public health
policy reform. The article does not purport to cover
all of the many ways that politics affects public health
policies and, in particular, omits the social medicine liter-
ature that centers on the role that politics and political
regimes play as a determinant of health status. Although
there is clearly overlap, the focus is rather on the analysis
of politics of public health policy making and imple-
mentation in developing countries and how these ana-
lyses have been used to improve the feasibility and
durability of pro-public health policies. The article pre-
sents an overview of the theoretical approaches to under-
standing the political dimensions of public health policy
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making, before setting out a number of common features of
health sector politics. This discussion provides the back-
drop to a discussion of approaches to managing the politics
of sector reform.
Major Theoretical Treatments

There are three major literatures that comprise the
bulk of theoretical frameworks and models used in the
analysis of political aspects of public health policy.
A first approach builds on the political science literature.
A second literature relates to the politics of health reforms
in developed countries. A final group of work deals with
policy reform in developing countries mainly focused on
structural adjustment reforms implemented in the 1980s
and 1990s. Drawing on all three sources, Reich defines
three models of policy change, reflected in most of the
literature since its publication in 1995.

The political will or technocratic model assumes that
decisions by political leaders or a reform champion are
necessary and sufficient for policy change and that these
leaders are rational actors maximizing the public interest
(Alesina, 1992). Reform can occur from outside the polit-
ical system – for example, via an international agency
project – when will is sufficiently strong. While this
model has shown its limitations when applied to the
realities of the policy process in most contexts (IDB,
2006), it is a policy-making model that is frequently
referenced in the public health literature as the mecha-
nism via which to effect change in the sector (see Table 1
for two prominent examples). The enduring appeal of
this myth, which has not been directly addressed in the
literature, may reflect the common finding that cham-
pions are necessary (although not sufficient) for priorities
to land on the agenda and reach implementation.

The political factions or partisan or pluralist model
assumes that politicians seek to serve the desires of
different groups, including interest groups, bureaucratic
agencies, and political parties. This model encompasses
the interest group approach to policy-making, with its
emphasis on the political competition of groups and
ideas (Kingdon, 1984), as well as the bureaucratic politics
approach, with its emphasis on how government organi-
zations and employees seek to protect and promote their
own narrow sectarian interests. Reform occurs when
Table 1 Examples of the political will model used in the literature

‘‘Broad reforms in the health sector are possible when there is suffic

designed and implemented by capable planners and managers.’’

World Bank (1993) World Development Report 1993: Investing in Hea
‘‘With political will and financial support, most countries could meet

Costello and Osrin arguing for a global fund for maternal, neonatal an

Global Fund for maternal, neonatal, and child survival. Lancet 366:
incentives and benefits to preferred constituencies are
sufficiently large.

A variant on the model was developed by González-
Rossetti (2005) building on the neoinstitutional school of
thought from the discipline of political science; her
approach goes beyond interest groups to analyze the
formal and informal rules of the game that govern
the interaction of social actors and the role of mediation
played by the state in the reform process, positing that
these factors determine the feasibility of reform (North,
1990). Rules of the game governing the status quo in a
developing country’s health system may include, for
example, clientilistic hiring practices in public health
facilities or extensive discretionary spending on health
by entities other than the Ministry of Health.

The political survival model assumes public officials
seek to protect their individual interests to maintain or
expand their existing control over resources. The model
reflects the principles of the public choice school, arguing
that politicians operate opportunistically to maximize
their own power, reflected in pre-election spending
sprees, for example. Reform occurs when personal bene-
fits are sufficient to overcome personal costs.

Reich concludes that the models co-exist in most
countries’ reform processes, are not exhaustive, and have
advantages and disadvantages as tools to generate insights
on policy-making. Recent work by Spiller and Tommasi
(2003) outside the health sector helps to understand
the more nuanced, process-focused view of policy making
and policy outcomes that is evolving in the literature. The
policy-making process itself encompasses the entire pro-
cess of negotiation, approval, and implementation in
which different political actors and institutions interact
in formal (i.e., parliaments) and informal (i.e., back rooms)
settings. The behavior of the political actors and institu-
tions depend on the preferences and incentives faced by
each, the expectations each have of the others’ behavior
and the rules of the game governing their interactions.
These processes, like policies themselves, are complex.
There are multiple actors, with differing attributes, time
horizons, and incentives, interacting in different contexts,
under different rules.

There are other theories, particularly used in policy
analysis, which provide insights into understanding of
politics in the health sector. These include the stagist
model of the policy making, Kingdon’s streams approach
ient political will and when changes to the health sector are

lth. New York: Oxford University Press.
the Millennium Development Goals.’’

d child survival; Costello A and Osrin D (2005) The case for a new

603–605.
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to understanding agenda setting (Kingdon, 1984), the
street-level bureaucrat model concerning implementation
(Lipsky, 1980), a number of variants of models that focus
their analysis of the role of networks in modern policy
making, as well as the so-called punctuated equilibrium
model, which explains why periods of policy stability are
periodically beset by reform.

In relation to the stagist model, analysts have studied
the different stages of the policy-making process, used
mainly retrospectively to assess health policy reforms.
Gonzalez-Rossetti (2005) focuses on six reform moments:
Problem definition, policy formulation, policy legislation,
policy regulation, policy implementation, and policy
consolidation. Nelson sets out sequential policy tasks:
Getting on the agenda, reaching agreement with the
executive, winning legislative approval, and implementa-
tion (Nelson, 1999). In reality, policy may not be linear as
implied, and the stages may overlap and never proceed
from one to the next, but the stages model helps to
unravel the complexity of the politics of different phases
of the life course of a given policy reform.

Still others have zeroed in on one stage of policy-
making, for example, agenda-setting. The focus of
Shiffman’s work on generating political will for safe moth-
erhood in Indonesia, Honduras, and other countries,
which identified a series of international and domestic
factors determining the priority of safe motherhood issues
(Shiffman, 2007). International factors determining
agenda setting included the promotion of global norms
and the provision of financial and technical resources
to support adoption and implementation of those norms
in-country. Domestic factors included the extent of
cohesion among advocacy groups, the existence of politi-
cal champions, the availability of data necessary to estab-
lish the problem, the occurrence of a focusing event, the
availability of feasible and affordable policy solutions,
the stage of the electoral cycle, and the priority given
to competing health priorities.

The politics of the implementation phase have
received considerable attention, often drawing on Lipsky’s
insights into the considerable discretion and influence
enjoyed by front-line providers of services (the street-
level bureaucrats) to shape policy in relation to their
values, interests and/or working routines (Lipsky, 1980).
For example, in examining the influence of nurses
and clinic coordinators on the implementation of South
Africa’s free health-care policy, Walt and Gilson (2004)
focused on understanding frontline staff experiences, pay-
ing particular attention to the personal and professional
consequences of the policy, the factors that influenced
their responses to the policy, and what they perceived
as the barriers to effective implementation. Results
revealed that nurses were asked to implement a policy
about which they had not been consulted, and whose
consequences for their routines were largely ignored.
These features of the policy process as well as nurses’
values, including their perceptions of deserving or
undeserving patients, had significant implications for
the manner in which the free health-care policy was
implemented in practice.

As the number and types of actors involved in health
sector decision making has multiplied (for reasons
explored in the Interest groups section), greater attention
has been paid to network analysis as a tool for describing
systems of interactions and interconnectedness between
groups of actors. In particular, they seek to understand the
extent to which variations in the number and type of
participants, features of their interactions (formal and
informal), the openness of the network, and relationships
to other networks account for specific policy outcomes.
Lee and Goodman, for example, examined a small group
of internationally networked policy elites that effectively
propagated the worldwide health-care financing reforms
of the 1980s and 1990s (Lee and Goodman, 2002). Saba-
tier has focused on competition among advocacy coali-
tions (whose membership comprises government officials
and non-state actors that shared policy goals) to dominate
policy subsystems (e.g., AIDS policy). And while most
would acknowledge that the role of government remains
central to policy making, network analysis attempts to
make sense of how the increasingly complex and mutually
dependent relationships of politicians and bureaucrats
with non-state actors influence policy decisions.

Baumgartner and Jones’ (1991) punctuated equilib-
rium theory attempts to explain why policy making is
characterized by periods of stability with minimal or
incremental policy change, disrupted by bursts of rapid
transformation – drawing attention not only to competi-
tion between networks but also between policy images
and the policy venues. The policy image is the way in
which a given problem and solutions are conceptualized.
One image may prevail over a long period of time, but
may be challenged at particular moments as new under-
standings of the problem and alternatives emerge. The
policy venue is the set of actors or institutions that make
decisions concerning a particular set of issues. These
actors may hold monopoly power but will eventually
face competition as new actors with alternative policy
images come to the fore. When a particular policy venue
and image hold sway over an extended period of time,
the policy process will be stable and incremental.
When new actors and images emerge, rapid bursts of
change are possible.

Given the place of ideas, evidence and argument
in policy making – a process described by some as an
exercise in persuasion – it is not surprising that politics
plays a role in attempting to shape understandings, values,
and beliefs, giving rise to the use of discourse analysis
in public health policy. Connelly and Macleod (2003),
for example, argue that the media in South Africa has



166 Politics, and Public Health Policy Reform
constructed the HIV/AIDS problem in military terms,
thus making the solution more amenable to conventional
national responses, and at the same time reinforcing
gender stereotypes.
Approaches to Understanding the Politics of the
Health Sector

While there have been many calls for greater attention
to the analysis of the political dimensions of health sector
reform, there has been very little guidance on how best
to do so. Primary data sources for most analyses rely
on in-depth interviews and document review to draw
up stakeholder maps and assess power and position or
to design actor management strategies (for example,
Thomas and Gilson, 2004). The case study approach,
often using a tracer policy or set of policies, is most
common and has well-known constraints associated
with such comparative methods (Reich, 1995). Alternative
approaches are identified by Reich (1995), but to date
have not been implemented. Although few in number,
there have been some useful linked comparative case
studies, for example on the politics of family planning
policy (Lee et al., 1998) or of aid coordination and policy-
making more generally (Walt et al., 1999).
Common Issues Identified in Political
Analyses in the Health Sector

The major theoretical treatment section adopts elements
of the theoretical frameworks described above to illustrate
and organize some of the common themes identified in
the literature as characteristic of health politics in devel-
oping countries.
Context and Institutions

The nature of the sector itself creates political challenges;
Nelson (1999) refers to these as ‘‘the special politics
of social service reforms.’’ Gonzalez and Munar have
highlighted the particular problems of policy reform in
the health sector where the state is the central provider
and where a main role of the state is as an employer
(Gonzalez and Munar, 2003). This direct employment
and provision role has led to clientelistic practices –
provision of jobs, wages, subsidies, and benefits to provider
groups and other discretionary practices in exchange
for political or other support – and has played a historical
role in creating political stability for fragile governments.
The common content of reforms – merit-based selection
and reward of employees, public–private mix based
on best price and supply, standard and transparent
criteria to determine entitlements to public goods and
services, transparent budget allocation criteria – directly
undermine the stability that may be associated with the
status quo created by the clientelistic model. The political
cost–benefit of the reform is thus affected and conditions
the extent that decision makers pursue them in any seri-
ous way. Despite resistance, new public management
reforms have been adopted in some countries.

There is also the common observation that there is
not a single dominant technical consensus model guiding
health reforms, as opposed to macroeconomic reforms
(Nelson, 1999). This lack of consensus can itself exacer-
bate the political difficulty of moving reforms forward,
since there are few precedents, solid evidence of impact
is scarce, and choices are often difficult to explain to the
public at large.

Another particular feature of the health sector has
to do with the ‘‘crucial role of motivations and capacities
of individual service providers in the quality of outputs’’
(Nelson, 1999). The principal–agent dilemma – that
interests of the principal (payer) and the agent (providers)
may not be aligned – is particularly acute in the sector.
A payer – a Ministry of Health – may be most concerned
to maximize health for funds invested, while a provider
may wish to maximize her own income. It is thus particu-
larly difficult to mobilize providers behind reforms. In
a study of public hospital reforms, for example, Over
and Watanabe (2003) find that hospital staff and the
professional unions that represent them fear potential
job losses due to reforms of almost any type.

The institutional and more general governance setting
can also be critical in how political events play out around
a given policy. A social security reform in Mexico
(1994–2000) analyzed by Gonzalez-Rossetti (2005)
found that, given the country’s strong presidentialist sys-
tem, the executive branch had a great deal of autonomy
in policy making, so set the agenda and moved quickly
through problem identification and policy design. Pro-
blems came later in implementation after the closed policy
development process; unions resisted and implementation
failed.

In India, the persistent gap between promised pro-
poor policies such as the National Rural Health Mission
(an initiative to deliver primary care to the poor intended
to increase the national health budget by 1% of GDP) and
budget allocation and execution is attributed in part to
the practices of the Indian civil service, where frequent
rotation among ministries is common, driven by political
party affiliation, and expertise in a particular area, such as
health, is infrequent, leading to poor follow-up and little
ownership.
Interest Groups

Governments often consult external groups to see
what they think about issues and to obtain information.
In turn, groups attempt to influence ministers and civil
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servants. If governments make policies that are strongly
disliked by the public or particular groups, they know
that these may well be resisted with the result that their
policies may not be implemented. In most countries, there
are a growing number of groups outside government,
referred to as interest or pressure groups, which want
to influence government thinking on policy or the provi-
sion of services in a direction favorable to their point
of view, social group, or material position. They use a
range of tactics to get their voices heard, including build-
ing relationships with those in power, mobilizing the
media, setting up formal discussions, or providing the
political opposition with criticisms of government policy.
Although the existence of interest groups indicates
that political power is not the monopoly of any one
group, it is clear that some interest groups are far more
influential than others. In the health field, the medical
profession is still the most significant interest group
outside government in most countries.

Design trade-offs made as concessions to political
interest groups affect the ability of policies to achieve
their originally stated objectives. For example, a common
contribution and financial risk pool across a new social
health insurance scheme and any existing private insurers
in South Africa was lost during negotiations, thus
compromising the equity-improvement objective of
the planned reform (McIntyre et al., 2003). Dung (1996)
analyzed actor perceptions during four stages of policy
development in Vietnam (policy formulation, approval,
implementation, and impact) and shows how the technical
objectives of efficiency, equity, and quality within a policy
on private sector health provision decrease in perceived
value over the policy-making process as more political
interest groups – public sector providers – become
involved in setting policy.

Related to the above, the opposition of providers’
unions and associations is a political issue in health reform
worldwide. The ample literature on the role of political
ideologies (socialism versus capitalism) on health status
is front and center in the analysis of politics since it is
so frequently cited as a characteristic of the positions
of certain stakeholders in the health sector. Medical
worker unions or provider associations (Dung, 1996)
frequently take the position that neoliberal and privatiz-
ing reforms, regardless of their supposed or actual impact
on the health systems’ objectives, are likely to threaten
public health worker jobs and compromise access by the
poor, while reformers (usually technocrats) attempt to
document how reforms will increase access for the poor
or improve efficiency.

An evaluation of a pilot of hospital autonomy/
purchaser–provider split/contracting out in Panama
found very positive outcomes for both patients and hospi-
tal performance indicators in the intervention hospital
versus two control hospitals, but attributed lack of further
uptake of the model to ‘‘an environment dominated by
interest groups’’ (Bitran, 2005). Resistance related to job
security issues was observed from both medical and non-
medical staff in the nonreforming Ministry and social
security hospitals.

Three further groups merit some attention in the
politics of health reform in low- and middle-income
countries. First, financial donors and providers of techni-
cal cooperation can and have influenced health policy,
by privileging some ideas and activities over others in
their funding decisions and by providing tacit support
to some individuals and programs at the expense of others.
Second, a range of industries, most prominently the phar-
maceutical industry, play active roles supporting and
resisting policy affecting their interests. Notwithstanding
the comments that follow on the limited role of civil
society in health policy processes, which arises in part
from the institutional context in which many operate as
well as from limited capacity, it is apparent that across
a range of health policy issues (from essential medicines
to breast milk substitutes to tobacco control), civil society
organizations have set agendas and influenced policy for-
mulation and implementation. The success of domestic
nongovernment organizations can be linked on one
hand to international cause groups as well as links they
have to decision makers through the various networks
in which they participate.
Limited Public Participation in Policy Reform

Unlike the literature on developed countries, which
shows that strong and sustained public sentiment can
affect agenda-setting, interest group leverage over gov-
ernment officials and policy makers’ formulation of policy
( Jacobs, 1994), little attention has been paid to the role
of public perceptions in shaping politician behaviors
with respect to health reform in developing countries.
This is perhaps due to the still limited role of and atten-
tion paid by civil society in developing countries to
the details of health policy, the limited availability of
detailed information on the sources and uses of pub-
lic spending for health, and the near-total absence of
detailed opinion polling on health issues in developing
countries. Even where opinion polling is becoming more
routine, as in Latin America via the Latinobarometro

surveys, the health data are not detailed and little used
to influence policy.
Timing

Unlike economic and fiscal stabilization reforms, so
called stroke-of-the-pen reforms in health sector take
time, giving opportunity for opposition to be mobilized
(Nelson, 1999). Further, there are political windows
of opportunity where reform is feasible – at the beginning
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of political mandates, when a policy maker has a strong
and narrow political coalition and when benefits outweigh
costs for a government or a politician. These moments
are critical, but can have an impact on the durability of a
reform during implementation.
Reform Champions

Nelson synthesizes insights and commonly recommended
strategies made in the 1990s to improve the feasibility
of reform in the literature (Nelson, 1999). Only limited
and relatively uncontroversial reforms can be realized
by a single champion (the political will model above).
Leadership vacuums similarly have led to lack of success
in reform (Glassman et al., 1999).

Since major reforms are usually controversial both
inside and outside of government, internal change teams
can be useful to generate consensus amongst official
groups and conduct outreach to stakeholders. Gonzalez-
Rossetti’s analysis of Colombia credits the technocratic
change team, led by a charismatic and exceptionally
able minister, with passing a comprehensive health insur-
ance scheme whose implementation has been more or less
sustained over the past decade (Gonzalez-Rossetti, 2000).
Creating Political Feasibility

The main purpose of many of the analyses is to prospec-
tively analyze political barriers necessary to reform suc-
cess. Reich followed his earlier work with an applied
political analysis tool called PolicyMaker, which focused
mainly on how to prospectively design and implement a
policy so as to maximize its chances of approval and
implementation (Reich and Cooper, 1996). The tool facil-
itates the definition of the policy, the analysis of the costs
and benefits facing stakeholders and institutions (party,
parliament, bureaucracy, civil society, etc.), the influence
and commitment of these stakeholders to the reform, the
impact of these positions on the feasibility of the reform
under consideration, and the design of political strategies
to deal with opposition. The method has been applied
prospectively in the Dominican Republic (Glassman et al.,
1999) and elsewhere.

Assessment of political feasibility requires stakeholder
analysis – stakeholders in this case are the political actors,
or players, affected by or affecting a given policy. Players
can be organizations or individuals, but should be
weighted differently according to their power resources.
Players in health reform politics usually include:

. Public sector organizations such as ministries of health,
ministries of finance, social security institutes, regulatory
agencies, teaching hospitals, national laboratories, public
universities, and others;
. Public sector individuals such as ministers permanent
secretaries (PS), heads of programs, hospital directors,
state and local government leaders, and legislative lea-
ders;

. Private sector institutions such as private providers,
pharmacies, wholesalers, drugs manufacturers and
their associations, insurance companies, and private
universities;

. Labor organizations such as medical worker unions,
community health agent groups, civil service unions,
as well as professional associations;

. Civil society organizations such as nongovernmental
foundations, faith-based or other philanthropic groups,
and sometimes watchdog groups focused on particular
health issues;

. Media organizations such as television, print, and the
Internet.

There are usually a large number of unmobilized,
potentially supportive players in the political environ-
ment that can be involved in reforms to outweigh oppo-
nents. In the case of the Dominican Republic (Glassman
et al., 1999), for example, nurses’ unions, private health
management organizations, business associations, nongov-
ernmental associations, churches, and universities, had
only limited voice in public debates on health policy.
Those groups and individuals that stand to benefit most
can also be organized, as would be the case for example,
of hospital directors if hospital autonomy is the reform
under consideration. Reformers can tap these potential
sources of support. Thomas and Gilson (2004) review the
development of a health insurance policy in South Africa
(1994–99) and also make recommendations in this regard.
Involving friends in planning can help to better sequence
actions and political strategies.

Leadership can also be prepared better. Technocratic
reform models frequently fail if the reform champion
is not also a skilled politician backed by powerful consti-
tuents and defined rules of the game. The Dominican
Republic analysis by Glassman et al. (1999) found that in
spite of millions of dollars of investment in the technical
preparation of reforms, there was no bureaucratic or leg-
islative process agreed or in place that would allow for the
legal adoption of the new proposals. Leadership capacity
is also deeply affected by the system of government, the
credibility of government, political timing and the politi-
cal effects of the technical content of reforms.

Closely linked to mobilizing support networks and
building capacity is the acquisition of financial and
media resources to move agendas ahead. These resources
practically speaking constitute the power to move
reforms. Frequently, developing country reforms receive
funding to carry out small-scale studies and other techni-
cal assistance, but have no recourse to the soft monies
that allow for the polling, policy option appraisal,
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convening, communications, media, and materials posi-
tioning that is so much a part of reforms in developed
countries. The United States-based Kaiser Family Foun-
dation, for example, uses many of these policy influence
tools to neutrally set out facts, respond to myths perpe-
tuated in the media, and give voice to unorganized ben-
eficiaries through opinion polls. Such strategies and
institutions might be built in developing countries with
good results for pro-poor reforms.

Framing the reform and the perceptions of the reform
must be a major piece of any controversial policy change,
as the discourse theory points out. Reforms require
new ideas and language that can change the political
discourse. In Mexico, for example, where public expendi-
ture had been regressively distributed, the Minister
reframed a reform that would reallocate funds from
wealthy to poor areas from a health issue to a poverty
issue, which had more resonance within the Executive and
the Legislature (Frenk et al., 2006).
Conclusion

Politics is a reality for health policy makers, a reality
which is too often ignored by public health advocates
and researchers alike. The limited literature on the poli-
tics of the health sector points to the attenuation of
much reform due to the specific constellation of interests
and distribution of costs and benefits, with the former
often concentrated and falling on well-organized interest
groups while the latter are distributed widely across
the poor and largely unorganized potential beneficiaries.
Despite the gloomy prospective for pro-poor, evidence-
informed health sector reform, success is possible, if more
attention is paid to managing the politics of the process.

See also: Agenda Setting in Public Health Policy; Interest

Groups and Civil Society, in Public Health Policy; The

State in Public Health, The Role of.
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Introduction

Aging, of both the general population of a country and
specifically of its labor force, affects the economic growth
rate and socioeconomic welfare and health status of both
developed and developing countries. This is because the
total economic productivity of a country is determined by
three factors (Li and Mérette, 2005) contributing to total
economic production (as measured by gross domestic
product [GDP]): (1) natural resources and capital input,
(2) human resources or labor input, and (3) the techno-
logical base (total factor productivity) of the economy.
This latter quantity might be empirically represented,
for example, by the set of patents held by citizens of
a country. The rate of generation of new technology
(Manton et al., 2007) is a function of the level of scientific
investment in research (especially in scientific manpower)
and its productivity, and the efficacy of that investment
will be affected by gains from prior research and redun-
dancy in research. The latter affects the variety of new
products produced and the emergence of new markets.

The primary issue we review in the following sections
is the interaction of the three growth factors – capital,
labor, and technology – in determining the rate of eco-
nomic growth in the four ‘BRIC’ countries of Brazil,
Russia, India, and China, which are hypothesized to
grow more rapidly than other highly developed countries
(e.g., the United States, Japan) and therefore dominate the
global economy by 2050. Though technology affects the
availability and productivity of capital inputs our review
focuses more on human factors as they are modified by
health-care inputs, technical training, and advances in
biomedical research, which are all significantly altering
the traditional relation of age to the level and duration of
labor force productivity. We suggest that a currently
undervalued, future avenue for national economic growth
would be modifications of both aging and chronic disease
processes by biomedical research and health-care system
innovations. Indeed, this may require a reevaluation of
human capital inputs into economic growth – especially
of elderly persons.

Dramatic long-term changes in human productivity
due to improved public health and nutrition were sug-
gested by the work of Fogel and Costa on technophysio-
logical evolution. With recent rapid improvements in
public health, and health-care systems and technology,
we argue that changes in human capital at later ages
may accelerate in countries where large investments in
the health of the elderly are now under way (e.g., Japan,
United States, Western Europe [EU]). We feel the failure
to aggressively address these issues in the BRIC countries
could lead to a failure of the BRIC hypothesis (see section
titled ‘The BRIC hypothesis about the role of developing
countries in the global economy’). The necessity for con-
sidering the need for further biomedical research and
improvements in the health care of older populations is
driven both by population aging and the need for increas-
ing years of educational and technical training for workers
in modern technologically driven economies (e.g., Bell,
1974; Toossi, 2005).

What are interesting in the proposed analyses are
changes in the relative balance of the three growth factors
(labor, capital, technology) in determining the rate of
economic growth in developed and developing countries.
Specifically, some countries have recently grown rapidly
because of the ready availability of natural resources, such
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as in Brazil and Russia, and some due to the availability of
large amounts of inexpensive labor, such as in India and
China. What are novel are views about the effects of tech-
nology on labor inputs at advanced ages (Murphy and
Topel, 2006; Manton et al., 2007). In many models projec-
tions of economic growth are heavily dependent on the
number of workers within an employable age range under
extant conditions of health and occupation mix (e.g., ages
15–59). Increasingly, in developed countries, the effects of
workers (labor inputs) on economic growth will need to
be adjusted for qualitative factors affecting individual
productivity at specific ages, such as training levels and
age-related changes in population health and physical and
cognitive function. Modern public health and health-care
technology, at the least, can significantly extend the upper
bound of the age range of the available labor force for
many developed, and possibly in the future, developing
countries. For example, in Britain there is consideration of
raising the normal retirement age to 69 by 2050. In Japan
it is argued that with an increase in the normal retirement
age to 73.2 years having been proposed, retraining pro-
grams could target persons in their early 60s.

Thus it is now not sufficient in evaluating labor inputs
to simply count the number of workers within a fixed age
range, but to examine the level of health and training that
dictate the productivity potential of each worker over a
possibly widening age range where the mean age of the
trained labor force is increasing. Some of this may be
technological innovation described by total factor pro-
ductivity but some will be reflected directly in intrinsic
changes in the nature of human capital through inter-
actions with environmental mechanisms like techno-
physiological evolution (Fogel, 2004).

This evaluation necessarily requires examining the
effects of investment in biomedical research and health-
care innovations on labor productivity (Manton et al.,
2007). Fogel and Costa (1997) have suggested that longer-
term improvements in nutrition, health, and even en-
hancement of cognitive problem-solving skills due to
techno-physiological evolution (Manton et al., 2006a,
2007) require a multidimensional quality ‘scale’ to weight
each worker according to his or her productivity poten-
tial(s). Recent data suggest such effects on individual
productivity due to health improvements at later ages
have been growing at more rapid rates in the last
25 years in the United States and possibly other developed
countries (Robine et al., 2003; Manton et al., 2006b).

These changes in the conceptualization of labor pro-
ductivity will have effects on many health care and socio-
economic factors as well as on projections of the future
rates of overall economic growth – and possibly of the
stability of social and political infrastructures due to
the resolution of social and medical problems inherent
in the growth of older populations and workforces (Hall
and Jones, 2007). To accomplish this, health-care and
socioeconomic factors can be linked by the concepts
of human capital at late ages and active life expectancy
(Manton et al., 2006a, b) in models of the effects of research
investment on economic growth (Murphy and Topel, 2006;
Hall and Jones, 2007). That is, the economic consequences
of population aging are modulated both by the average level
of health status and functioning (physical andmental)main-
tained at specific older ages, as it affects labor force partici-
pation rates, individual productivity, and labor force growth
and size. These effects also reflect the existing level of
wealth in a society because, as disposable income for indi-
viduals increases, the value of an increment in health, and
the relative level of expenditures on health care appropriate
to achieve it, increases (Murphy and Topel, 2006). If func-
tional status can be maintained to later ages then the ability
to deal with population and labor force aging is enhanced
because of the greater human capital and productivity
maintained at older ages, and the level of long-term care
(LTC) and other labor-intensive health services required to
support chronically disabled elderly persons is reduced
because of the growing effectiveness of medical care to
reduce age-related functional impairments (Manton et al.,
2007).

This suggests that increased investment (expenditures)
in health care and biomedical research, despite arguments
made in the United States and other countries, is often
more than offset by increased human capital. That is,
growth in health-care investment can be economically
stimulating, with the degree of stimulation a function of
the existing level of health and economic development,
which leads to a growing economic value for each incre-
ment in health status (e.g., person-years lived, see Murphy
and Topel, 2006). Thus, the better the average health
status that is maintained at later ages in a particular
country, and the greater its level of economic develop-
ment, the greater the future share of GDP that should be
invested in health care and research because of higher
labor productivity and economic value resulting from the
investment in human capital (Hall and Jones, 2007). This
occurs because, as disposable income grows, the elasticity
of health-care expenditures tends to be preserved while
the elasticity for other consumer products decreases
(Fogel, 2004). One of the factors we evaluate is the degree
to which certain developing countries (i.e., BRIC), with
their rapidly growing economies, may or may not be
planning to systematically exploit health-care investment
(including the areas of biomedical research and innova-
tion) as a strategy to preserve growth momentum when
their populations reach critical levels of population and
labor force aging in the future.

In studying the effects of population and labor force
aging as modulated by improvements of health among the
elderly, one also has to be aware of the impact of these
factors on the global economic competitiveness between
countries at different levels of technological and economic
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development, degree of population aging, and of the effects
of selective (at different skill levels) migration. We evaluate
the implications of population and labor force aging for
Brazil, Russia, India, and China and – to expand the range
of conditions studied – include several additional former
Soviet states and Asian countries currently experiencing
population aging and rapid economic expansion. These
countries are then compared with developed countries
with generally more stable economic and social conditions
( Japan, the United States, EU) for their current and future
positions in the global economic order.
Country Reviews

China

China is currently the country with the largest population
in the world at 1.3 billion persons and the most rapidly
growing economy. The Chinese GDP is expected to
increase about 10% in 2007 (CIA Factbook, 2007) though
GDP growth is eventually expected to taper to a more
sustainable 5–6% in 10–15 years. Furthermore, although
the nominal GDP of China currently appears relatively
small compared to a number of other countries’ adjust-
ments for purchasing power rank, equivalence suggests
that its economy ($7.3 trillion) is already the second larg-
est in the world (Table 1) (Duga and Studt, 2005). Indeed,
recent CIA Factbook (2007) estimates suggest that in 2007
the Chinese economy ($10.2 trillion) was 78% of that of
the United States (�$13.1 trillion).

A factor crucial to sustained socioeconomic develop-
ment in China was the decision in 1979 to raise the
average socioeconomic status of the Chinese population
by reducing the fertility rate. Fertility rates were already
falling (Hesketh et al., 2005) when the so-called one
child–one family policy was initiated in 1979. From the
1950s to the 1970s the Chinese fertility rate declined
from 5.9 to 2.9 (2.1 is considered the replacement level).
The introduction of the new fertility policy – which, for
Table 1 Changes in the top seven economies over time, ranked

2005
2004 Adjusted for
purchasing power rank

Rank Country GDP Country GDP

1 US 11.7 US 11.2

2 Japan 4.4 China 7.3

3 Germany 2.0 Japan 3.7

4 China 1.7 India 3.3
5 Britain 1.7 Germany 2.4

6 France 1.5 France 2.0

7 Italy 1.2 Britain 1.8

Reproduced from Duga J and Studt T (2005) The state of global R
Purushothaman R (2003) Dreaming with BRICs: The path to 2050.

Economics Website. http://www2.goldmansachs.com/insight/resear
example, limited births to one per couple in government
worker and urban families but allowed two births for
families in rural areas – further reduced the fertility rate
from 2.9 to 1.7 (lower than the current fertility rate in the
United States). The fertility rate was also below replace-
ment levels for long-term population growth, which was
to reduce the rate of growth of China’s population so that
it was only 1.27 billion by the year 2000 (Congressional
Budget Office [CBO], 2005) (Figure 2).

What is a surprise is that the Chinese population, due
to this fertility policy, is currently one of the fastest aging
populations in Asia. Asian countries are generally aging
rapidly, with Japan having already reached a very high
degree of population aging, and whose old age depen-
dency rates are projected to surpass the United States in
the next 30–50 years (CBO, 2005). This is caused not only
by the rapid decline in the Chinese fertility rate but also
by major improvements in mortality, for example, life
expectancy increased over 20 years from 1950 to 1975
(CBO, 2005) (Figure 1). Currently, Chinese life expec-
tancy is estimated to be 72.9 years (CIA Factbook, 2007).

What is also surprising is that Chinese fertility is
tracking a similar temporal path to that experienced in
Japan but with a 22–27-year lag. Japanese fertility rates
dropped by half from 1947 to 1957 (Kuroda, 1987). In
China, a similar decline in fertility (50%) occurred
roughly 22 years later. As a consequence, the age distribu-
tion of the Chinese labor force (i.e., the population aged
15–59) will continue to improve between 2005 and 2015
and then will start to decay toward 2050 when 31.1% of
the Chinese population is projected to be over age 60 (see
Figure 1).

With the erosion of the ‘demographic’ dividend begin-
ning around 2015 the era of exceptional Chinese eco-
nomic growth that began in the 1970s will end so that
‘‘the next decade may be China’s last chance to join the
ranks of developed countries’’ (Kwan, 2006: 3). Such pro-
blems will be exaggerated by limitations on natural
resources and environmental quality in China – especially
by total GDP ($ trillion)

2020 2050

Country GDP Country GDP

US 16.4 China 44.5

China 7.1 US 35.2

Japan 5.2 India 27.0

Germany 2.5 Japan 6.7
Britain 2.3 Brazil 6.1

India 2.1 Russia 5.8

France 1.9 Britain 3.8

&D. Global R&D Report. http://www.rmag.com.; Wilson D and
Global Economics Paper No. 99. Goldman Sachs (GS) Global

ch/reports/99.pdf (last accessed December 2007).

http://www.rmag.com
http://www2.goldmansachs.com/insight/research/reports/99.pdf
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growing limitations on energy resources, increasing
environmental damage, and the increased health-care
demands of an aging labor force and elderly and oldest-
old population.

In 1982 the proportion of the Chinese population aged
65 and over was 5%. In 2005 the elderly population made
up 7.5% of the total. In 2025 the proportion of elderly
persons is projected to be 15%. Though lower than the
current 20% elderly population in Japan today, which is
projected to grow to 36% by 2050, there is the additional
problem that 70% of Chinese elderly are still dependent
on their offspring and family resources for health and
LTC due to the current limitations of the pension and
health-care systems in China. Only government officials
and workers in large companies are adequately covered by
pensions in China. This is referred as the ‘4:2:1’ problem,
that is, that rapidly growing numbers of couples will be
responsible for one child and four grandparents. The
problem is particularly acute in rural areas where younger
persons have tended to migrate from those areas to the
growing labor markets in coastal urban areas. There is
concern, however, about the effects of liberalizing the
current fertility policy for fear that the Chinese popula-
tion will significantly exceed the government’s population
goal of 1.4 billion persons by 2010 and thereby compro-
mise the current rapid economic growth rate.

One aspect of this growth that is unclear in China is in
the trajectory of change in human capital in older workers.
Two ways to increase human capital in an aging labor
force involve making improvements in health and func-
tioning at later ages, and increasing work skills by addi-
tional training. In terms of the technologically trained
labor force, China, with 820 605 researchers, has a tech-
nical workforce second only in size to the United States
(1.3 million researchers) (Duga and Studt, 2005).

China has illustrated their advantage over most devel-
oping countries in scientific training and research in
producing almost 140 000 international patents from
2004 to 2006 (1 per 9285 persons) – still low compared
to 595 000 in the United States (1 per 504 persons) over
the same period. South Korea, despite its much smaller
population size (�49million persons) has produced over
250 000 patents over those same 3 years (1 per 196 per-
sons). By far the greatest producer (both relative to popu-
lation and absolutely) of international patents is Japan
with over a million (1 039 000) patents produced from
2004 to 2006 (1 per 122 persons) despite its relatively
small (compared to China and India) declining and
aging population. Thus, it could be argued that modest
labor force aging, in part due to later ages at entry to
the labor force (Toossi, 2005), may not be strongly detri-
mental to economic growth in highly developed, tech-
nologically advanced countries with advanced medical
care systems. For example, policy makers in Japan appear
less concerned about a decline from the population of
127million persons in 2006 to roughly 110–100million
persons by 2050 than about maintaining the motivation of
workers to be highly trained and to continue past, strong
work ethics.

Technical innovation in advanced developed countries
is thus clearly not a simple function of labor force or
population size and raises questions about the nature of
the continuance of rapid economic growth in China and
India. It suggests, however, that the maintenance of the

http://esa.cw.org/unppi
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economic dominance of the United States, Japan, and the
EU would have to come from much larger investments in
scientific and biomedical research, growing investment
in public health care, and improvements in each of their
health-care systems. This would support rapid product
obsolescence and short product half-lives and make it
more difficult for China and India to make the necessary
capital and research investments to support such rapidly
evolving markets (Tolley et al., 2007). Indeed, it suggests
that the United States, Japan, and the EU will rapidly have
to make a transition to a postindustrial society (Bell,
1974), in which services and manual labor become rela-
tively less important while scientific and professional
manpower increases absolutely, and relatively, in value.

To achieve this the proportion of GDP invested in
research in advanced economies will have to increase
significantly from the 2–4% observed today. Specifically,
in such economies the proportion of the economy dedi-
cated to industries with intensive research needs (e.g.,
drugs and electronics) will increase as will the research
needs for necessary technological advances of more
mature industries (e.g., energy production and transpor-
tation). For pharmaceutical companies it is not uncom-
mon to dedicate 12–18% of their revenues to research; for
electronics and software the research investment might be
5–15% of company revenues (Duga and Studt, 2006).
Thus, as such technology-intensive industries increase as
a proportion of a country’s economy, one might easily see
in the future the share of GDP dedicated to research
increase in some countries to a range of 6–12%. This is
easier to do in the mature economies in Japan and the
United States, where the current proportion of economic
output dedicated to maintain basic services and personal
consumption is already much smaller than in China
and India.

The problem for the United States is one of politics
and policy: while research investment will grow in Asia
(e.g., to 34.9% of the global research investment in 2005),
it will decline 2% in the United States (from 32.7 to
31.9%) in the next 2 years. The EU, although it has not
yet achieved its goal, intends to increase its share of GDP
spent on research and development (R&D) to 3% – a
higher rate than the United States, but in Europe’s larger
overall economy (Duga and Studt, 2006).

China, in 2006, overtook Japan as having the second
largest national expenditure on R&D ($136.3 billion vs.
$127.8 billion). The rate of increase in R&D expenditures
in China has averaged 17% per annum over the last
12 years – and 20% per annum in the last 5 years. This
has tripled the share of GDP spent on research in China
since 1995. This is 62% of the proportion of GDP spent
on R&D in the United States in 2007 (1.6% vs. 2.6%)
though the Chinese economy, according to a recent esti-
mate, is growing almost four times (11.1%) as rapidly as
the United States (Duga and Studt, 2006). The global
share of R&D is increasing in China from 12.7% in 2005
to 14.8% in 2007 while the U.S. global share is declining.
As suggested by differences in estimates of the purchasing
power adjusted GDP (i.e., nearly $10 trillion for China in
2007 estimated in the CIA Factbook), it is possible that
current international estimates of research spending in
China are also too low. It is likely that the globalization
of research will further increase that rate of growth as
61% of corporate survey responders (Duga and Studt,
2006) propose to invest in research facilities in China
(62% would be doing so due to inexpensive labor; 40%
due to Chinese government support of research).

Another fundamental issue is changes in the health of
elderly and oldest-old individuals in China. It is difficult to
get nationally representative health statistics for rural
areas of China (Saito et al., 2003). The health-care system,
along with economic activity, is strongest in large coastal
cities. In rural, interior areas a heavy reliance is still placed
on traditional medicine and the family, especially for the
elderly. These demographic and human capital conditions
raise questions about China’s economic future despite the
recent large increases in GDP and financial reserves.

A critical problem then is how China will respond to
demands for health care in the large and growing rural,
elderly populations. Existing data suggest that elderly
persons in China remain generally physically active
(Saito et al., 2003). Life expectancy has been increasing
but will the Chinese health-care system be able to
respond to the growing LTC demands of its increasing
elderly and oldest-old population while meeting the
human capital and natural resource demands for its tran-
sition to a highly industrialized and technological state?
A possible solution may be the recent interest in China in
having it also dominate agricultural production as it has
dominated certain types of manufacturing through its
large human capital base. However, for this to occur, it
will be even more crucial for China to deal with public
health, human capital, and ecological issues in its interior
rural areas that have experienced a major loss of younger
workers (�100million) to coastal metropolitan areas.

It is thus a time of decision for those directing and
controlling the Chinese economy. China’s current, huge
foreign capital reserves (�$1.2 trillion) could be used to
help capitalize a pension system for the 70% of the
population (primarily rural) remaining uncovered, to
modernize its health-care system for elderly and oldest-
old persons, and to expand its biomedical research base to
help deal with the aging of its population and labor force.
Specifically, the ability to ameliorate the consequences of
chronic diseases like diabetes and cardiovascular disease
at later ages could be promoted through public health
measures and improvement in the health-care system, as
has been done in the United States, Japan, and the EU.
This could extend the working life span, particularly in
the aging, rural population. The need for this is promoted
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by the recent, rapid emergence of chronic disease and
disability in Asian populations – including China.

Alternatively, fiscal resources could continue to be
used primarily to fund nonhuman capital economic
expansion, for example, payment of rapidly increasing
external energy prices (e.g., oil from Russia) or investment
in alternative energy technologies (e.g., technical con-
tracts with Russia for 75 new nuclear reactors). The
choice between investment in human versus physical
capital is complex, but one that has to be made soon for
rapid Chinese economic growth to be sustained and to
eventually make a transition to a postindustrial society
(Bell, 1974).
India

India is the second of the currently emerging Asian eco-
nomic giants. In contrast to China it has not instituted a
nationwide fertility policy to restrict population growth.
Its current fertility rate is about 3.4 compared to 1.7 in
China. Thus the Indian population will continue to grow
while the current Chinese rate of growth will, in the
relatively near future, lead to slowing population growth
(eventually even declines) and a shift to a much older
population age distribution. India is thus projected to
surpass China as the world’s most populous country by
2030 when they both reach 1.5 billion persons. Further-
more, because of the lack of a specific fertility policy there
will be relatively more persons in economically produc-
tive ages in India than in China. Nonetheless, in large
urban areas in India fertility rates have declined signifi-
cantly. These declines are most evident in economically
advantaged and highly educated families in large urban
areas in the industrial south. Fertility rates remain high in
rural areas in the north. This fertility gradient may also
reflect the positive effects on individual productivity of
smaller family size and improved child health and educa-
tion (Fogel, 2004).

As a consequence, in India, like China, there will be
considerable geographic heterogeneity within the coun-
try in the degree of population aging and economic
growth – heterogeneity complicated because the areas
with rapid population growth areas have populations
that are relatively less well educated and trained. Thus,
for the large Indian labor force to have the global eco-
nomic impact projected for it by many analysts, consider-
able additional investment must be made in human
capital. For example, only recently has the Indian govern-
ment placed a strong emphasis on compulsory education
for persons under 14 and to double Indian educational
spending to 3% of GDP.

Lacking natural resources, full literacy, and with a
large proportion of the population experiencing basic
public health issues, for example, water and air quality
(Rajan, 2006), there is a concern about whether recent,
highly optimistic economic growth projections are realis-
tic. A crucial factor in this regard is the proportion of the
labor force that is highly trained. The indices for this are
unclear in India. In 2004–06 India produced less than
3000 international patents, compared with 140 000 for
China. In terms of numbers of researchers, India is also
far behind China. With a population of a similar size,
India only has roughly 130 000 researchers and 110 000
research technicians. Its global share of 4% of research is
only 27% that of China, which is 14.8%. In India the
government is taking the lead in funding science with
75% of research investment coming from government
sources. One recent advantage for India is that like
China, it is currently a major target of global research
outsourcing because of inexpensive labor, especially in
information technology (Duga and Studt, 2005).

Like China, a major concern for India is the lack of an
effective government infrastructure for administering
pensions, education, and public health. Most economic
development is occurring in select major metropolitan
areas. The potential for future social and political insta-
bility in India due to labor force and population aging is
greater than in China.
The Russian Federation

The Russian Federation is extremely rich in natural
resources. Indeed, the primary basis for the Russian
Federation’s recent economic growth has been its large
petrochemical reserves, their extraction and exportation,
and recent increases in the price of oil and gas. Exports of
oil and gas, particularly to Europe (and, in the future,
possibly to China and India), have led to a very positive
balance of payments which the current Russian govern-
ment has used to build up their so-called economic stabi-
lization fund. This fund, currently in its accumulation
phase and given stability in oil pricing, is projected to
become between 40–50% of its GDP by 2030 and could
begin to approach the fiscal reserves accumulated by
China due to influxes of ‘energy’ payments from Europe
and, later, possibly China and India. Paradoxically, the
burden of energy costs in China may be supported by
cash influxes from the United States (there was a $232
billion balance of payment deficit with China in 2007).

Among the former Soviet states, the Russian Federa-
tion is the primary beneficiary of the oil and gas boom
(World Bank, Moscow Office, 2006). A recent comparison
of the Ukrainian and Russian economies, for example,
showed their fundamental differences. While the Russian
economy has been based on extractive industries, the
Ukrainian (the second largest former Soviet state) econ-
omy was more heavily based on manufacturing and,
indeed, showed immediately after the Soviet Union’s
breakup initially) greater productivity increases than
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Russia. Only recently has Russian industrial productivity
begun to increase faster than in the Ukraine.

Given the magnitude of natural resources in the
Russian Federation it is surprising that the standard of
living, and health status, of the majority of the Russian
population has improved only slowly – if at all. Indeed,
World Bank projections suggest that if life expectancy
and health-care issues are not addressed in the next 20 to
30 years it could suppress, by 30%, the future growth of
Russia’s GDP. It would appear that without intervention, a
similar fate might afflict future Chinese economic growth.

This demographic labor force problem appears to be
unrelated to literacy, which is almost 100% in the Russian
Federation. The Russian Federation’s extremely strong
technology training base was, until the breakup of the
Soviet Union, primarily directed toward defense and mil-
itary issues. Only recently has the Russian government
decided to direct significantly more resources in research,
which are economically valuable for the private sector
(e.g., nanotechnology in areas such as biomedicine).

To illustrate, Russia received roughly 60 000 interna-
tional patents from 2004–06, which places it 7th in the
world (1 per 2333 persons) (Duga and Studt, 2005): invest-
ment in R&D is exploding in the post-Soviet era due to
changes in the direction of government research funding.
By emphasizing research, these statistics may understate
Russia’s ability to grow economically in that much of the
former Soviet Union’s investment in technology resided
in its scientific human capital. There are 487 710 resear-
chers and 330 614 technicians in a Russian population of
143million people. This is behind only China and the
United States in terms of absolute numbers, and exceeds
even the United States on a population-adjusted basis.
This is bolstered, for example, by Russian President
Putin’s recent call to put to use whatever oil and gas
revenues are necessary for Russia to rapidly dominate
global nanotechnology for the future; these funding levels
are even greater than for nuclear power.

Given the high level of technical training in the
Russian population the demographic problems can be
seen to reside not in training but in adverse changes in
Table 2 Age-specific active life expectancy (ALE) and total life e

At age 20

Country/region LE A

Male Russia 41.9 36
Western Europe 54.5 50

Female Russia 54.2 40

Western Europe 60.2 53

Female–male Russia 12.3 3
gap (year) Western Europe 5.7 3

Reproduced from Andreev EM, Mckee M, and Shkolnikov VM (2003)

on the health divide in Europe. Bulletin of the World Health Organizat
the health and life expectancy of the Russian population,
especially for males. The Russian population is aging and
declining in size, with very low birth rates and poor
health. The net effect of these factors can be seen by the
estimates of life expectancy and active/healthy life expec-
tancy in Table 2.

At age 20 the difference in survival between Russian
and Western European males is large – 13.7 years
(13.1 years for females) for active/healthy life expectancy
and 12.6 years for total life expectancy. In one sense a low
life expectancy limits the economic consequences of pop-
ulation aging by limiting the size of the elderly popula-
tion. The adverse effects emerge in labor force aging by
reducing the average number of work years for a popula-
tion spending much of its early life in technical training.

This is put in a broader perspective in Figure 2, in
which mortality rates are plotted as a function of GDP per
capita: as is clear, the Russian Federation has the highest
male mortality rate of any former Eastern European/
Soviet state despite having close to the highest per capita
GDP (in 2003). Its mortality rate is near the levels of select
African nations, including several with much lower per
capita GDPs (e.g., Lesotho, Swaziland, Namibia).

The causes of this poor health are currently not well
known but, for males, smoking and alcohol consumption
are leading candidates. In addition tuberculosis (particu-
larly new, nonpulmonary types) is emerging in Russia and
Eastern Europe, and HIV/AIDS (due to drug use) is
growing rapidly. Indeed, the mortality rate of Russian
males aged 15 to 60 significantly exceeds that of Turkey,
Brazil, and even the Kyrgyz Republic – one of the least
developed central Asian republics.

An examination of recent GDP growth in Baltic and
Eastern European countries shows very rapid growth
rates (6–10%) in 2006 (CIA Factbook, 2007). This sug-
gests that the former Soviet economic system that broke
up from 1989 to 1991 has reorganized on different prin-
ciples and is attempting to regroup after the large declines
in productivity that occurred immediately after the Soviet
collapse. This rebound appears, in part, to be due to a
redirection of production to commercial activities away
xpectancy (LE) estimates for Russia and Western Europe

At age 40 At age 65

LE LE ALE LE ALE

.7 22.4 17.3 11.4 6.7

.4 31.2 27.6 15.0 12.5

.6 31.1 18.5 15.2 5.8

.7 36.0 30.3 18.1 14.0

.9 8.7 1.2 3.9 �0.9

.3 4.8 2.7 3.1 1.5

Health expectancy in the Russian Federation: A new perspective

ion 81: 778–788.



Table 3 Probability of dying (2005) between age 15 and
60 years (%)

Country Male Female

Russian Federation 47.0 17.3

Japan 9.2 4.5
France 12.8 5.8

USA 13.7 8.1

Germany 11.0 5.7

United Kingdom 10.1 6.2
Denmark 11.6 7.0

Mexico 16.2 9.4

Poland 20.8 7.9

Turkey 18.1 11.2
Brazil 22.5 11.8

Kyrgyz Republic 31.1 16.5

Reproduced from World Health Organization (WHO) (2007) Core

health indicators, WHO statistical information system.
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from the prior focus on military uses. The reorganization
is occurring most often in countries with low or negative
population growth and raises the question of what levels
of growth can be sustained as a new economic system
emerges in Eastern Europe (Table 3).
Brazil

Brazil is demographically quite different from the Russian
Federation. First, one natural resource it apparently does
not have is extensive proven petrochemical and energy
reserves except possibly for the development of ethanol
and biofuels. Many of Brazil’s resources are agricultural
and extractive (e.g., mining).

Second, its population is rapidly growing (currently
about 190million persons) in contrast to Russia. The
groups that are most economically deprived are, sur-
prisingly, the expanding, working-age population. The
elderly, in contrast to India, China, and Russia, are rela-
tively well provided for by Brazil’s current Social Security
and pension systems. Additionally, the health and mortal-
ity of the elderly population has recently substantially
improved. As in the three other countries of BRIC, there
is considerable geographic heterogeneity in thewell-being
of the population, with health being considerably better in
urban areas (Camarano, 2002).

As a generator of technological innovation Brazil is
currently only a modest agent, producing only about
12 000 international patents between 2004 and 2006. As
in India, much of the scientific research in Brazil is cur-
rently funded by the national government (�60%). Brazil
also currently has only a modest research workforce with
58 000 researchers and 23 000 technicians. A recent find-
ing, however, involves increased research investment in
information technologies (Duga and Studt, 2006). One of
Brazil’s primary advantages is its ability to maintain an
efficient and stable government infrastructure.
The BRIC Hypothesis about the Role
of Developing Countries in the
Global Economy

The population dynamics of India and China, and the
natural resource bases of Brazil and Russia, have led to the
development of the BRIC hypothesis regarding country-
specific rates of growth in the global economy up to theyear
2050. This hypothesis, promulgated in a Goldman-Sachs
report in 2003 (DataMonitor, 2007), has since been elabo-
rated on by other agencies including the World Bank.

The basis of the hypothesis is that the set of countries
dominating the global economywill change dramatically by
2050, primarily due to the economic emergence of Brazil,

http://www.worldbank.org.ru/
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Russia, India, and China. India and China will dominate
globally because of their large human capital base and by
heavily investing government resources in research. Indeed,
their recent growth has reduced the global numbers of
persons living in extreme poverty by 300million (a reduc-
tion of 225million in China alone) with much of the
remaining, severely impoverished global population living
in Africa. Although their human capital bases are much
smaller than in China and India – and the quality of health
in Russia is particularly suspect as a possible drag on eco-
nomic growth – Russia and Brazil would have large natural
resource bases. In the BRIC hypothesis, Europe and Japan
(and later theUnited States) would lose their position in the
global economy; their economies would continue to slowly
increase by trading within that global economy whose
growth would be stimulated by the BRIC countries. The
projected increase for India, without a strong natural
resource base, would be largely due to labor force demo-
graphics. Japan, in contrast, would be adversely affected
by demographics in this model, with population declines
starting in 2005 and 36% or more of its population over age
65 by 2050.

These changes in the global economy are projected
by models of capital accumulation, productivity growth,
and demographic transition, which are used to predict
GDP growth (based on labor force growth, capital stock,
technical progress, and changes in banking and trade).
The effects of the projected changes in the global economy
are presented in Table 1.

One intriguing country for comparison is the United
States, which, in contrast to Japan, has a slowly growing
population due to fertility near replacement levels and
considerable in-migration. In addition, its existing labor
force is highly technically trained and human capital at
late ages, especially of those highly educated, is now being
better preserved for economic roles (Manton et al., 2007).
This is particularly important in that to develop a tech-
nologically advanced labor force, more persons aged
16–24 are remaining in school (Toossi, 2005, 2006). In
addition, the capital base of the U.S. and Japanese econo-
mies are currently more technologically advanced leading
to fewer ecological problems and a greater capacity to
respond to energy resource problems – especially if China
now has the expense of expanding its military presence in
developing countries to maintain its access to external
natural resources and energy. For China and India to
advance as envisioned in the BRIC hypothesis consider-
able outsourcing of scientific research by the United
States and EU will be necessary.

Factors probably not given adequate weight in the
BRIC hypothesis are labor force training, environmental
concerns, and population health issues, particularly at
older ages. An extensive health-care infrastructure for
the aging population does not exist in either China or
India. Both China and India have growing ecological
problems, particularly surrounding the availability of
clean water. Finally, the existing physical infrastructure
in both China and India needs considerable updating,
especially in terms of energy sources and their ecological
impact. Higher global prices for oil and gas would seem
likely to reduce their growth rates in the near future.
An additional issue is that while individual countries in
Europe have medium to small economies, the size of the
entire European economic system dominates even that of
the United States. Thus, GDP growth for the EU could be
much greater than projected on a country-by-country
basis, particularly in terms of the growing impact and
rate of technological innovation in future economic
growth.
Pension, Health-Care, and Public Health
Systems

One of the factors affecting economic growth also appar-
ently not well described in the BRIC hypothesis is the
effect of population aging on pension systems and on
providing health care to the elderly – particularly inno-
vative health care to promote healthy aging, raise normal
retirement age, and to help moderate pension demands.
Table 4 gives United Nations (UN) statistics on Asian
population aging, which illustrates population aging
dynamics. The BRIC countries accounted for 41.5% of
the world’s older population in 2000. The percent
increase from 2000 to 2050 in China, India, and Indonesia
far exceeds future increases in Japan. Additionally, the
elderly population is itself aging with increases in the
number of persons over age 80.

These population aging dynamics will have implications
for specific health problems. For example, Brookmeyer et al.
(2007) have recently projected rapid growth in the elderly
population of those affected by Alzheimer’s disease. It is of
interest that much of this growth is in Asian countries
with large numbers of new cases emerging in China. Of
possibly greater consequence is that Asian populations
may have genetic predispositions to certain chronic dis-
eases. Perhaps the greatest consequence is the rise of the
prevalence of diabetes mellitus (type 2) in India, due both
to dietary changes and genetic factors.

A broad prospective for this is provided in Table 5,
which characterizes the speed of aging in north and cen-
tral Asia. (In the rapid-aging group are Russia and four
other Soviet Republics; predominantly Islamic republics
show slower aging.) Table 6 shows the implicit pension
debt (IPD) for selected countries, that is, the benefit pro-
mises a pension system makes to workers. IPD has grown
rapidly with the proliferation of publicly managed, defined
benefit pension plans during the twentieth century.

The IPD is large even in certain developing countries,
such as Kyrgyzstan (Kyrgyz Republic) and the Philippines,



Table 4 Population (millions) aged 60 and over

1950 2000 2050

Population
aged 60þ

Population
aged 60þ

Increase %
between 1950
& 2005

Percentage of
total
population

Population
aged 60þ

Increase %
between 2005
& 2050

Percentage of
total
population

World 205 606 195 10 1964 224 21.1

Asia-Pacific 104 351 237 9.4 1238 253 23.3
China 42 129 210 10.1 437 239 29.9

India 20 77 282 7.6 324 322 20.6

Indonesia 5 16 226 7.6 70 331 22.3
Japan 6 30 359 23.2 46 57 42.3

Reproduced from United Nations Population Division (2002) World Population Aging 1950–2050. Population Division, Department of

Economic and Social Affairs (DESA), United Nations.

Table 5 Speed of aging of 60þ population

Slow Moderate Rapid

East and North-East Asia
Democratic People’s

Republic of Korea

Mongolia

China

Republic of Korea

Hong Kong, China

Macao, China
South-East Asia
Cambodia Malaysia Thailand

Lao People’s
Democratic

Republic

Myanmar
Indonesia

Viet Nam

Singapore

Timor-Leste Brunei Darussalam

Philippines
South and South-West Asia
Afghanistan India Sri Lanka

Maldives Islamic Republic of Iran Cyprus

Bhutan Turkey
Nepal Israel

Pakistan Bahrain

Iraq

Bangladesh
North and Central Asia
Turkmenistan Tajikistan Kazakhstan

Kyrgyzstan Azerbaijan
Uzbekistan Georgia

Russian Federation

Armenia

Pacific
Solomon

Islands

New Caledonia

French Polynesia

Papua New

Guinea

Fiji

Vanuatu

Samoa

Developed countries
Australia

New Zealand

Japan

Reproduced from United Nations (2007) World Population
Prospects: The 2006 Revision.

Table 6 Growing implicit pension debt (IDP) a as a percentage

of GDP

Implicit pension debt in selected countries

Australia 115 Japan 162 Philippines 107

Brazil

China

187

94

Kazakhstan

Kyrgyzstan

88

185

Republic of

Korea

33

Turkey 72

Reproduced fromWang, Xu D,Wang Z, and Zhai F (2000) Implicit

pension debt, transition cost, options and impact of China’s

pension reform: A computable general equilibrium analysis.

World Bank Working Paper No. 2555; Holzmann R, Palacios R,
and Zviniene A (2004) Implicit pension debt: Issues, measure-

ment and scope in international perspective. World Bank Social

Protection Discussion Paper No. 0403.
aIPD is measured by adding the present value of benefits that

have to be paid to current pensioners plus the present value of
pension rights that current workers have already earned and

would have to be paid if the system were terminated today.
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where the population is still young (seeTable 6). A similar
pattern can be expected for other countries in the region
as most countries have pay-as-you-go systems. The IPD
becomes larger as the population ages. Rapid aging in Asia,
as well as the dominance of publicly funded pension
schemes, adds additional IPD burden with implications
for future budget constraints. Pension liabilities can be
overcome by one of three strategies: (1) reduce benefits
or increase taxes, (2) increase total factor productivity, and
(3) raise retirement ages (Li and Mérette, 2005). Perhaps
the most attractive options are the latter two, because they
have benefits for human capital and the labor force. How-
ever, to carry out the latter two will require major reform
of the LTC and health-care systems, which is particularly
difficult in countries like India and China with their
greater geographic and socioeconomic diversity.
Conclusion

This article examines possible changes in the global eco-
nomic system due to the breakup of the Soviet economic
system and the emergence of neweconomic powers, which
are due to changes in the economic systems of several,
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large developing countries which have facilitated interna-
tional trade so that they could more fully take advantage of
their large, low-wage labor forces (e.g., India and China).
Though several groups have forecast that the BRIC
countries could begin to dominate the global economic
order in the next 45 years, several factors may not have
been adequately accounted for in those projections.

First, there is the effect of population aging that may
turn the benefits of large labor forces, such as in China
and India, into a growing liability beginning in 2010
and continuing to 2025. This problem will be enhanced
by the current lack of adequate pension, social security,
and health-care systems for the elderly in China, India,
and Russia.

Second, the effects of population aging are amplified
by limitations of health systems and public health issues.
Specifically, the current populations in China and India
are so large that the ability to support those populations
when they become elderly is currently in question.
In both China and India, only a select, well-educated,
and highly trained portion of their populations, mostly
living in large urban centers, is participating fully in the
benefits of rapid economic growth. The total population
in both China and India is quite heterogeneous with rural,
less-educated populations growing more rapidly, imply-
ing that a lopsided internal economic development pro-
cess exists in those countries, which could contribute to
future social, economic, and political instability.

In the United States, and especially Japan, despite
much smaller populations there has been more rapid
technological development due to greater past investment
in scientific research. It is currently unclear if China and
India will have sufficiently rapid technological develop-
ment to modernize their infrastructure quickly enough to
deal with both the effects of rising energy costs and the
emerging effects of labor force aging. In this view it is
crucial to see how human capital at late ages may be
increased by improved investment in health-care services
and biomedical research.

Third, the economic models used to project the growth
of the BRIC countries may not have adequately reflected
the growth-retarding effects of a number of ecological
factors – particularly the availability of adequate clean
water sources.

Fourth, the models appear not to explicitly reflect
future energy technology, particularly the use of nuclear
fuels. The natural reserves of nuclear fuels have an
entirely different geographic distribution, and set of eco-
nomic implications, than petrochemicals (e.g., Australia,
Canada, and Kazakhstan currently have the largest known
reserves of uranium).

Fifth, the model seems not to acknowledge the possible
effects of economic restructuring of both Western and
Eastern Europe, which could form the future dominant
economic system.
Sixth, a new stage of economic development may
emerge in Europe, Japan, and the United States that is
stimulated by past accumulated investments in research
and will lead to new economic structures in which invest-
ment in research as a portion of GDP is several-fold
higher than today (Manton et al., 2007) to produce a
broader and faster rate of technological innovations.

As a consequence it appears that for the BRIC hypoth-
esis to be true, there is a relatively narrow temporal
window for China and India to dominate the global eco-
nomic order due to the inevitable consequences of popu-
lation aging, increases in health service demands, energy
costs, and ecological factors on their future rates of eco-
nomic growth. In both countries more resources would
have to be directed into the health care for elderly persons
to enhance human capital. In Russia, the scale of the
population health problems is quantitatively much smal-
ler, but is currently qualitatively more serious – both for
overall population health and future economic growth.

See also: Active Life Expectancy; Aging, Physical Activity

and Health; Circulatory Diseases and Aging; Long Term

Care for Aging Populations; Nutrition and the Elderly.
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Dynamics of Population Growth

In the last half-century, population growth has proceeded
at a rate unprecedented in the history of the planet. The
human population took hundreds of thousands of years to
grow to 2.5 billion people in 1950. Then, within the time
span of just 50 years, the world’s population more than
doubled to exceed six billion people. Most of this growth
has occurred in developing countries where advances
in public health have contributed to lower mortality
at all ages. Until recently, death rates fell faster than
birthrates, resulting in rapid population growth.

While growth rates have fallen from their all-time high,
human numbers are still increasing. The world population
is growing by about 1.2% a year, down from a peak of
roughly 2% in the late 1960s. However, even at this lower
growth rate, the world’s population still experiences a net
increase of about 76million people each year; many more
than the 50million or so added annually in the 1950s when
the term population explosion first gained currency.
Population Projections

World population could reach anywhere between 7.7 billion
and 10.6 billion by the mid-21st century, based on the 2004
United Nations (UN) projections, depending mostly on
future birthrates (UN, 2007). A population projection is a
conditional forecast based on assumptions about current
and future fertility, mortality, and migration. Figure 1
shows the UN’s high, medium, and low projections for



40

World population trends and projections: 1950–2300

35

30

25

20

15

10

5

0

Year

19
50

20
00

20
50

21
00

21
50

22
00

22
50

23
00

B
ill

io
ns

 o
f p

eo
pl

e

High projection
Medium projection
Low projection

Figure 1 Population projections (high, medium and low to

2300). The United Nations high, medium, and low population

projections are based on assumptions about current and
future fertility, mortality, and migration. Data from United

Nations Population Division (2004) World Population to 2300.

New York, United Nations Population Division.

182 Population Growth
2300. The variances between these three projections stem
from differences in projected fertility; that is, the average
number of children a woman has in the study population.
In the high projection, global fertility averages around
2.6 children per woman. In the medium, it averages about
2.1 children per woman. The lowest fertility projection
assumes an average of about 1.6 children per woman.
Most users of these projections tend to cite the medium
projection as the most likely. It is important, however, to be
aware of the low and high projections as a kind of outer
bounds of demographic possibility.

Recent UN projections are lower than most previous
projections for the same period, reflecting earlier-than-
expected declines in family size in some countries. Yet
even under the UN’s slow-growth scenario, the popula-
tion would continue to grow for at least four more
decades, to about 7.8 billion people, before declining
gradually. Under the UN’s high-growth scenario, the
world population would exceed 35 billion late in the
23rd century and continue growing rapidly. The long-
term medium projection suggests that the population
would peak just above 9.1 billion around 2075, then drift
downward to around 8.5 billion before growing again late
in the 23rd century.

However, there is no certainty in projecting future
population trends. All population projections are based
on fairly rigid assumptions and therefore cannot provide
completely reliable guides to the world’s demographic
future.
The Demographic Transition

The transformation of a population that is characterized
by high birth and death rates to one in which people tend
to live longer lives and raise smaller families is called
the demographic transition. This transition typically shifts
population age structure from one dominated by children
and young adults up to age 29 to one dominated by
middle-aged and older adults age 40 and above. About
one-third of the world’s countries, including most of
Europe, Russia, Japan, and the United States, have effec-
tively completed this transition. These 65 or so countries
contain half of the world’s population.

In Figu re 2(a) and 2(b) , two popu lation pyram ids
geometrically display age structures: The proportion of
people per age group, relative to the population as a
whole. Afghanistan is an example of a country in the
early phase of the demographic transition. Such countries
typically have age structures composed predominantly of
young adults and children (commonly called a youth
bulge). As countries advance into the late phase of tran-
sition, as shown by the population age structure of South
Korea, the proportion of children begins to decrease,
but a youth bulge persists for a decade or two, moving
upward into the older age cohorts.
Fertility Rates

Improvements in the education of girls and the overall
status of women, together with increased access to
contraceptive methods, have played important roles in
advancing the demographic transition and reducing the
global average fertility rate from 4.9 children in the
first half of the 1960s. Nevertheless, the world’s average
fertility rate is currently 2.7 children, considerably higher
than the level of fertility that would ultimately stabilize
the growth of most populations (UN, 2005). This level,
called replacement fertility, represents the number of
children a couple needs to have in order to replace
themselves in the population. The values for replace-
ment fertility are surprisingly diverse and vary by
country, reflecting mostly differential rates of survival
of children to their own reproductive ages. Replace-
ment fertility rates range today from a low of 2.04 for
Réunion Island to a high of 3.35 in Swaziland (Engelman
and Reahy, 2006).

In nearly all developing countries, the average number
of childbirths per woman has decreased in recent decades.
While a number of factors have contributed to this
revolution in childbearing, improved access to modern
contraceptive methods has played a key role, in most of
sub-Saharan Africa, in many countries of the Middle
East, and in parts of South Asia. Growing at rates of
2.5–3.5% annually, these countries could double in size
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Figure 2 Population age structures: Afghanistan (a) and South Korea (b). Afghanistan is in the early phase of the demographic

transition, with a large youth bulge. South Korea, which is in the late phase of transition, has a decreasing proportion of youth. Data from
United Nations Population Division (2005)World Population Prospects: The 2004 Revision. New York: United Nations Population Division.
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in 20 to 30 years. Almost all industrialized countries now
have an average family size of fewer than two children and
are growing relatively slowly, or even declining in popu-
lation. In some eastern and southern European countries,
women have an average of 1.2 or 1.3 children. These
nations comprise less than 5% of the world’s population,
however, and thus have little influence on overall global
trends (Figure 3).
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Figure 3 Map of world fertility rates. In the early 1970s, women in almost every developing country were estimated to have, on
average, more than four children during their lives. In the three decades that followed, a revolution in childbearing spread across the

world. Yet progress along the demographic transition has been uneven and lags in several regions. Data fromUnited Nations Population

Division (2005) World Population Prospects: The 2004 Revision. New York: United Nations Population Division.
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Population Aging

Due to low fertility rates in some developed countries,
concerns are emerging about population aging and the
possibility of population decline. Population aging is
defined as a rising average age within a population and
is an inevitable result of longer life expectancies and
lower birthrates. In many societies, population aging
is a positive social and environmental development,
but its potential persistence to extreme average ages is
worrisome to governments concerned with the funding of
social security programs and general economic growth.
However, like population growth itself, population aging
cannot continue indefinitely and will eventually end, even
in stabilized populations.

Population decline is occurring in some industrialized
countries. European population growth, which fueled
immigration to the Americas for three centuries, has
ended and begun to reverse course, despite significant
streams of migration from developing countries. If low
fertility rates persist, the populations of Germany, Italy,
Russia, and Spain could shrink by 5–10% by 2025-an aver-
age reduction of 0.5% per year. In East Asia, the popula-
tions of Japan, China, and South Korea are likely to peak
and begin a gradual decline in size before the middle of
the 21st century. However, major declines outside Europe
and East Asia are unlikely for decades.
Factors That Influence Population Growth

Contraceptive Prevalence

Demographers attribute much of the recent decline in
global fertility to improved access to and use of family
planning information and methods. More than half of
all married women in developing countries now use
family planning, compared to 10% in the 1960s. Across
the developing world, use of modern methods of contra-
ception ranges from less than 8% of married women in
Western and Central Africa to 65% in South America.
The highest contraceptive prevalence rate in the world is
in Northern Europe, where 75% of married women are
currently using a modern method of family planning
(Figure 4) (UN, 2004).

Despite these gains in availability, contraceptive ser-
vices are still difficult to obtain, unaffordable, or of poor
quality in many countries. Approximately 201million
married women worldwide who would prefer to delay or
avoid having another child are not using modern methods
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of contraception (Alan Guttmaches Institute and UNFPA,
2003). Unmet need is highest in sub-Saharan Africa, where
46% of women at risk of unintended pregnancy are not
using any contraceptive, presumably reflecting lack of
access or other barriers. Meanwhile, in developing
countries, the number of women in their childbearing
years is increasing by about 22million women a year. For
fertility rates to continue their global decline, family
planning services will have to expand rapidly to keep up
with both population growth and rising demand.
Mortality from HIV/AIDS and Other Infectious
Diseases

Like no other disease, AIDS debilitates and kills
people in their most productive years. Ninety percent
of HIV-associated fatalities occur among people of
working age, who leave behind large numbers of
orphans – currently 11million in sub-Saharan Africa
alone – with few means of supporting themselves.
A projected 10–18% of the working-age population will
be lost in the next 5 years in nine central and southern
African countries, primarily due to AIDS-related ill-
nesses (Cincotta et al., 2003).

High rates of AIDS mortality lead to a bottle-shaped
population age structure, with very high proportions
of young people and many fewer older adults. As birth
rates remain high while people of reproductive age die
from AIDS-related causes, the share of young dependants
to each working-age adult rises dramatically. Without
significant advances in HIV prevention or in access to
life-saving drugs in poor countries, AIDS-related mortal-
ity rates could increase significantly. UN population pro-
jections suggest that some countries will experience lower
population growth rates from AIDS, but high fertility
rates mean that population size in these countries is likely
to still increase significantly (Figure 5).

Population growth also threatens global health through
increased vulnerability to other infectious diseases. A
growing population size living in and moving to and
from densely populated areas creates expanded oppor-
tunities for disease to spread and intensify. At the coun-
try and community levels, governments often lack the
resources to improve sanitation and public health services
at the same rate that populations are increasing. At the
household level, evidence from demographic surveys
suggests that children born after several siblings tend to
receive fewer immunizations and less medical attention
than children born earlier or in smaller families (Rutstein,
2005). The cumulative effect of all these influences is a
greater risk of disease with higher birthrates and rapid
population growth.
Gender Equity

When women are able to determine the size of their
families, fertility rates are generally lower than in settings
where women’s status is poor. In particular, there is a
strong correlation between female school enrollment
rates and fertility trends. In most countries, girls who are
educated, especially those who attend secondary school,
are more likely to delay marriage and childbearing.
Women with some secondary education commonly have
between two and four fewer children than those who
have never been to school (Conly, 1998).

Early childbearing often limits educational and employ-
ment opportunities for women. When women have an
education, their children tend to be healthier; in India,
a baby born to a woman who has attended primary
school is twice as likely to survive as one born to a
mother with no education. By delaying marriage and
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childbearing, educating girls also helps lengthen the span
between generations and slow the momentum driving
future population growth.
Migration

The movement of people from one country to another –
emigration in the case of those who leave their native
country and immigration to describe the increase in a
country’s foreign-born population – continues to increase
in both scale and frequency. International migration has
doubled in the past 25 years, with about 200million
people – 3% of the world’s population – today living in
a country different from the one in which they were born.
Approximately 60% of international migrants have cho-
sen to live in developed countries, but migration within
developing countries remains significant. Asia has three
times as many international migrants as any other region
of the developing world.

Although there are many reasons for increases in
migration, the dramatic population growth of the past
few decades has been a primary impetus. This has led,
with a 15- to 20-year time lag, to the rapid growth of the
world’s labor force, especially among the young adults
who make up the age group most likely to migrate. Tens
of millions of people are added to the labor force each
year, and the search for decent jobs is the leading reason
people migrate. In addition deteriorating environmental
conditions related to population growth – water and
food shortages, for example, or human-induced climate
change – can also spur large movements of population
across international borders. Lower rates of population
growth can help ease the pressures to migrate and
improve the underlying conditions that force many peo-
ple to seek a better life elsewhere.
Government Policies

Throughout history, government regulations on fertility –
either by promoting or restricting childbirth – have directly
affected population dynamics. Authoritarian regimes have
pursued pro-natalist policies to increase the size of a popu-
lation for militaristic, nationalist, and/or economic reasons.
A few countries, including the world’s most populous –
China and India – have placed direct and indirect regu-
lations on their citizens’ fertility as a means of reducing
population growth.

All state regulation of fertility, whether pro-natalist or
intended to slow population growth, has been strongly
criticized by human rights advocates. The importance of
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individual freedom of choice concerning fertility and
reproductive health was outlined and agreed upon by 19
countries in 1994 at the International Conference on
Population and Development.

Worldwide, more than one-fifth of all pregnancies
are terminated annually. The prevalence of abortion is
one indication of the high level of unintended pregnancy
worldwide. Political disagreements over the highly con-
tentious issue of abortion have in recent years hampered
the funding of population and reproductive health pro-
grams in both the United States and in many developing
countries.

As in the case of abortion, government policy related
to international migration cannot really be called popula-
tion policy, since in no cases is it expressly designed to
remedy perceived deficiencies in national population
trends. Nonetheless, government policies on migration
and the process itself do influence the pace and distribu-
tion of population change, and it remains possible that
some countries with especially low fertility may design
future migration policies specifically to slow either the
aging or the decline of their populations, or both.
Impacts of Population Growth

Health

High fertility rates can have an adverse effect on the
health of women and children, especially in developing
countries that lack a health infrastructure. Every year, an
estimated 529 000 women die in pregnancy or childbirth
(WHO, 2004), and for every woman who dies as many as
30 others suffer chronic illness or disability (Ashford
2002). Moreover, every year more than 46million
women resort to an induced abortion; 18million do so
in unsafe circumstances. Each year, approximately 68 000
women die from unsafe abortions and tens of thousands
more suffer serious complications leading to chronic
infection, pain and infertility (WHO, 2005).

Pregnancy-related deaths overall account for one-
quarter to one-half of deaths to women of childbear-
ing age. For both physiological and social reasons, preg-
nancy is the leading cause of death for young women aged
15–19 worldwide, with complications of childbirth and
unsafe abortion being the major factors (WHO, 2004).
Furthermore, each year 3.3million babies are stillborn,
more than 4million die within 28 days of birth, and
another 6.6million children die before age 5 (UN, 2005).

The timing of births has an impact on child health.
When a pregnant woman has not had time to fully recover
from a previous birth, the new baby is often born under-
weight or premature, develops too slowly, and has an
increased risk of dying in infancy or contracting infec-
tious diseases during childhood (Rustein, 2005). Research
shows that children born less than 2 years after the
previous birth are about 2.5 times as likely to die before
age 5 than children who are born 3–5 years apart (Setty-
Venugopal and Upadhyay, 2002).

Chronic hunger, which affects an estimated 852million
undernourished people worldwide, is another critical
health issue that is directly linked to population growth.
The number of chronically hungry people in developing
countries increased by nearly 4million per year in the
latter part of the 1990s. Globally, the number of food
emergencies each year has doubled over the past
two decades, totaling more than 30 per year. Africa has
the highest number and proportion of countries facing
food emergencies. The average number of food emer-
gencies in Africa has almost tripled since the 1980s, and
one-third of the population of sub-Saharan Africa is
undernourished. A 1996 study by the Food and Agricul-
ture Organization estimated that Africa’s food supply
would need to quadruple by 2050 just to meet people’s
basic caloric needs under even the lowest, and most opti-
mistic, population growth projections (Food and Agricul-
ture Organization, 2004).
Poverty

Improving reproductive health care, including family
planning, can have economic benefits. The expanded pro-
vision of family planning services was responsible for as
much as a 43% reduction in fertility between 1965 and
1990 in developing countries; falling fertility rates, in turn,
have been associated with an average 8% decrease in the
incidence of poverty in low-income countries. Countries
with poverty rates above 10% have fertility rates that are
double those in richer countries (Leete and Schoch, 2003).

Lowering fertility rates through access to family
planning information and contraceptive supplies has both
macro- and microeconomic benefits. Just as national gov-
ernments are able to spend more per capita on social
welfare when population growth slows, parents can invest
more in health and education costs for each child if they
have fewer children. Couples who have smaller families
are often able to have women work outside the home and
to save more of their income, thus increasing the national
labor supply, investment, and growth.

Economists credit declining fertility over the past four
decades as one contributor to sustained economic growth
among the East Asian Tiger countries, which include
South Korea, Taiwan, Thailand, Singapore, Indonesia,
Malaysia, and Hong Kong. Research indicates that shifts
to smaller family size and slower rates of population
growth in the region helped create an educated work-
force, expand the pool of household and government
savings, raise wages, and dramatically increase invest-
ments in manufacturing technology (Williamson and
Higgins, 1997; Williamson, 2001). A shift to smaller
families produced three important demographic changes:
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Slower growth in the number of school-age children, a
lower ratio of dependants to working-age adults (depen-
dency ratio), and a reduced rate of labor force growth.
As fertility declined, household and government invest-
ments per child increased sharply, as did household
savings, while governments reduced public expenditures.
Domestic savings rose to displace foreign funds as the
leading source of private sector investment and countries
that had been major foreign aid recipients emerged to
become a significant part of industrialized countries’
export market. Although this model of fertility decline
and economic growth has not yet been replicated in
other regions of the world, the East Asian experience
demonstrates how important a smaller average family
size can be to economic development.
Natural Resources

Greater numbers of people and higher per capita resource
consumption worldwide are multiplying humanity’s im-
pacts on the environment and natural resources. While
population is hardly the only force applying pressure
to the environment, the challenges of sustainability and
conservation become harder to address as the number
of people continues to increase. Currently, more than
1.3 billion people live in areas that conservationists con-
sider the richest in nonhuman species and the most
threatened by human activities. While these areas com-
prise about 12% of the planet’s land surface, they hold
nearly 20% of its human population. The population in
these biodiversity hotspots is growing at a collective rate
of 1.8% annually, compared to the world population’s
annual growth rate of 1.3% (Engelman, 2004). Human
pressure on renewable freshwater, cropland, forests, fish-
eries, and the atmosphere is unprecedented and continu-
ally increasing.

Changes in ecosystems (natural systems of living things
interacting with the nonliving environment) can greatly
impact human prosperity, security, and public health.
Food supply, fresh water, clean air, and a stable climate
all depend upon healthy ecosystems. Human-induced
or human-accelerated disturbances to ecosystems can
increase the risk of acquiring infectious diseases, either
directly or through the impact made to biodiversity.
For example, air and water pollution are linked to
increases in asthma and other respiratory problems, as
well as cancer and heart disease. The emergence of
Lyme disease in the United States is thought to be asso-
ciated with habitat loss and diminished biodiversity. Many
experts believe that climate change is also contributing
to a rise of infectious disease worldwide, as warmer tem-
peratures bring pathogens to new geographical areas
(Epstein et al., 2003).

Currently, more than 745million people face water
stress or scarcity (Engelman, 2004). Much of the fresh
water now used in water-scarce regions originates from
aquifers that are not being refreshed by the natural water
cycle. In most of the countries where water shortage is
severe and worsening, high rates of population growth
exacerbate the declining availability of renewable fresh
water. Cultivated land is at similar levels of critical scar-
city in many countries. Despite the Green Revolution and
other technological advances, agriculture experts con-
tinue to debate how long crop yields will keep up with
population growth. The food that feeds future generations
will be grown mostly on today’s cropland, which must
remain fertile to keep food production secure. Easing
world hunger would be even more difficult if population
growth resembles demographers’ higher projections.

Likewise, future declines in the per capita availability
of forests, especially in developing countries, are likely to
pose major challenges for both conservation and for the
provision of food, fuel, and shelter necessary for human
well-being. Based on the United Nations’ medium popu-
lation projection and current deforestation trends, by 2025
the number of people living in forest-scarce countries
could swell to 3.2 billion in 54 countries (Engelman,
2004). Most of the world’s original forests have been lost
to the expansion of human activities.

In 2002, per capita emissions of CO2 continued a 3-
year upward climb that appeared unaffected by the global
economic jolt from the September 2001 terrorist attacks
on the United States. In the 1999–2002 period, population
growth and increasing per capita fossil-fuel consump-
tion joined forces on an equal basis to boost global CO2

emissions rapidly. With about 4.7% of the world’s popu-
lation, the United States accounted for almost 23% of all
emissions from fossil-fuel combustion and cement manu-
facture, by far the largest CO2 contributor among nations.
(China, with more than four times the U.S. population, is
number two.) Emissions remained grossly inequitable,
with one-fifth of the world’s population accounting for
62% of all emissions in 2002, while another — and much
poorer — fifth accounted for 2%. Population growth
and the corresponding increase in global CO2 emissions
are of crucial importance to scientists and policy makers
concerned with the potential effects of global climate
change.
Conflict and Security

During the last three decades of the twentieth century, the
demographic transition was correlated with continuous
declines in the vulnerability of countries to civil conflicts,
including ethnic wars, insurgencies, and terrorism. Progress
through the demographic transition gives countries a more
mature and less volatile age structure, slower workforce
growth, and a more slowly growing school-age population.
It reduces urban growth and gives countries additional
time to expand infrastructure, meet the demand for public
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services, and conserve dwindling natural resources. Coun-
tries in the early and middle phases of demographic transi-
tion have cumulatively been significantly more vulnerable
to civil conflict than late-transition countries.

The likelihood of civil conflict steadily decreased for
high-risk countries as they experienced overall declines in
birth and death rates. From the 1970s to the 1990s, a
decline in a country’s annual birth rate of ten births per
1000 people corresponded to a decrease of approximately
10% in the likelihood of an outbreak of civil conflict.

The demographic factors most closely associated with
the likelihood of a new outbreak of civil conflict during
the 1990s were a high proportion of young adults ages
15–29 years and a rapid rate of urban population growth.
When coupled with a large youth bulge, countries with a
very low availability of cropland and/or renewable fresh
water, plus a rapid rate of urban population growth, had a
roughly 40% probability of experiencing an outbreak of
civil conflict in the 1990s. Migration and differential rates
of population growth among ethnic groups competing for
political and economic power have also played important
roles in political destabilization.

Over the past 40 years, the demographic transition has
been progressing impressively in nearly all of the world’s
regions. Most of the world’s countries are moving toward a
distinctive range of population structures that make civil
conflict less likely. Yet this progress through the demo-
graphic transition is not universal. Continuing declines in
birth rates and increases in life expectancy in the poorest
and worst-governed countries will be required.
Conclusion

In summary, the world is demographically complex,
diverse, and divided in ways that have no precedent in
human history. No one can say with confidence how
problematic this diversity is or how humanity’s demo-
graphic future will unfold. However, it is certain that
given the linkages between world population growth and
disease and mortality, environmental resources, gender
equity, and civil conflict, demography will play a major
role in the future of global public health.
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Definition

Population-based mental health services are services that
have been intentionally designed to meet the collective
mental health needs of all members of a defined commu-
nity. Services begin with carefully collected information
about the mental health status of all community members.
From this assessment, a plan is constructed that describes
the mental health services that are needed in the commu-
nity, who will provide these services, and who will receive
them. When there are competing needs for services, deci-
sions to provide some services and not others are based on
the relative urgency of community members’ needs and
the anticipated outcomes of the services. Once the plan is
constructed, mental health services are implemented and
include individual, group, or community-wide services, as
well as services that are both preventive and remedial,
depending on the nature and extent of the risk and dis-
orders present in the community. Finally, the impact
of the services and the changing face of the community’s
mental health needs are monitored in an ongoing fashion,
so that the mental health services plan can be refined
to best meet the community’s collective needs. This
Assess ! Plan ! Intervene ! Evaluate cycle defines
the essential purpose of population-based models of men-
tal health services to ensure that decisions made about a
community’s mental health services are intentional and
informed by data, and that to the maximum extent possi-
ble, existing resources are stretched to meet the collective
mental health needs of a community.

In the United States, population-based mental health
services are viewed as a promising alternative to



Table 1 Four purposes of population-based models for

children’s mental health

1. Treating social, emotional, or behavioral disorders of children

2. Providing protective supports to ameliorate the risk for

children who are very likely to develop disorders in the future

3. Promoting psychological wellness and developmental
competence

4. Promoting effective community caretaking practices that are

necessary for healthy psychological development of children
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traditional referral-based services for children. In
referral-based services, individual children are identified
as likely candidates for mental health services by one or
more adults and are referred for a comprehensive socio-
emotional assessment to identify the nature and extent of
their mental health needs. Individual service plans are
then developed and specify the services that can and
should be provided to the child, and the treatment goals
that should guide the services. When services are
provided using this referral-based delivery model, multi-
ple epidemiological studies have described a profound
discrepancy between the need for and availability of men-
tal health services for children and adolescents in the
United States. First, while 20% of children demonstrate
a diagnosable psychiatric disorder using the criteria of the
American Psychiatric Association’s (2000) Fourth Edition,

Text Revision of the Diagnostic and Statistical Manual of

Mental Disorders (DSM-IVTR), only 5–7% of children
are actually receiving mental health services (Doll, 1996;
Strein et al., 2003). Second, referral-based models gener-
ally restrict mental health services to children who
already demonstrate diagnosable psychiatric disorders, a
practice that delays intervention until symptoms are pro-
nounced and severe, although mental health services have
greater impact when they are delivered in the earlier stages
of development of a disorder. Third, referral-based models
concentrate mental health services on older children whose
pathology has more fully developed, but numerous studies
have shown that mental health services have more impact
when they are delivered to younger children. Fourth,
referral-based service models focus a community’s mental
health resources on reducing pathology, but there is
increasing evidence that the promotion of psychological
wellness is just as important as the treatment of pathology,
and that mental health service systems must attend simul-
taneously to pathology and wellness.

The ultimate intent of population-based mental health
services is to leverage existing resources so that more chil-
dren receive mental health services earlier and with more
impact. Population-based services could be integrated most
easily into community organizations that already serve all
children (e.g., schools, churches, athletics, recreation cen-
ters, juvenile justice, and social services) and that share
responsibility for children’s mental health services (Doll,
1996; Strein et al., 2003). Further, in most U.S. communities,
there is convincing evidence that the services provided by
the multiple agencies and providers responsible for chil-
dren’s mental health duplicate and compete with one
another and that children could be better served by a
carefully coordinated system of mental health care such as
that provided by population-based assessment (Adelman
and Taylor, 2006).

Limitations to population-based services have also
been identified. In practice, the model has only been
implemented on a small scale and within communities
that are already population-focused (e.g., schools, mili-
tary bases, or public health systems.) Transitioning to a
population-based model would represent a wholesale
reorganization for community mental health systems
and may not be practical given current health insurance
funding mechanisms that reimburse clinics and private
practitioners for treatment of identified disorders. Ironi-
cally, systems that are best poised to transition into
population-based service delivery models in the United
States are public agencies such as schools that were
not traditionally vested with responsibility for children’s
mental health.
Population-based Approaches to
Children’s Mental Health

Planning for population-based services for children begins
with an understanding of the nature of developmental
competence and psychopathology, as derived from the
rich developmental research describing children’s social,
emotional, cognitive, and personal growth. Given what is
known about children’s developmental competence in
general, information is then gathered to describe the men-
tal health needs of all children in a particular community.
Based on that data-based portrait, resources with the
potential to address these needs are identified. Collabora-
tive partnerships that extend throughout the community
can create infrastructures that integrate related interven-
tions into comprehensive systems of care and that disman-
tle programmatic silos – narrowly construed interventions
that address a single risk factor or disturbance without
regard for children’s other risks or needs. Given the iden-
tified mental health needs and resources, a plan is con-
structed that prioritizes the needs of the community’s
children and allocates mental health resources to inter-
ventions that are frequently needed and those that will
have high impact on the children’s psychological wellness.
Table 1 describes four primary purposes that guide these
interventions. Periodic reassessment of children’s mental
health needs allows community mental health providers to
evaluate progress and update the mental health plan.
Interventions that emerge out of this problem-solving
cycle do not need to focus solely on children. They can
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also focus on the families, community groups, or agencies.
Indeed, when population-based assessments suggest that
large numbers of children are faltering, stronger caretak-
ing systems are needed for children in the community.
Research on Developmental Competence
and Psychopathology

Throughout most of the twentieth century, the principles
and practices of children’s mental health services proceeded
independently of the research on typical and atypical child
development. In the past two decades, two previously dis-
tinct disciplines have merged – research on child develop-
ment has increasingly examined the interventions that
are necessary to shift developmental trajectories toward
success, while research on children’s psychopathology has
increasingly recognized the impact of natural caretaking
systems on the expression of mental illness. Where the
two disciplines intersect, important contributions have
been made to the design of children’s mental health
services, including: (1) examinations of the socioecological
predictors of mental health and psychiatric disturbance
in children and adolescents (with implications for the
interruption of children’s developmental trajectory into
psychopathology); and (2) descriptions of developmental
differences in the nature and prevalence of psychiatric dis-
orders (with implications for necessary shifts in the nature
of mental health services at different age points).

One of the most impressive findings has been the degree
to which children’s developmental competence and mental
health is predicated on characteristics of the caretaking
communities and families rather than the children them-
selves (Coie et al., 1993; Masten and Coatsworth, 1998). In
particular, children’s exposure to poverty, family violence,
parental mental illness, or community violence significantly
increases their chances of developing debilitating mental
illnesses. Consequently, reducing the prevalence of these
deleterious factors in children’s communities has the poten-
tial to significantly reduce the need for children’s mental
health services, and community-wide efforts to address
demographic threats to children’s well-being must be
incorporated into any population-based mental health ser-
vice plan. Conversely, many protective factors that allow
children to flourish despite adversity are also characteristics
of their communities and families: Close bonds with alter-
native adults, friendships with peers, connections with pro-
social organizations, and effective schools. The implication
for a community’s mental health program is that some
services that ameliorate children’s risk for psychopathology
may lie outside the traditional boundaries of mental
health services.

Mental health service plans must also be informed by
the relatively recent information about the prevalence of
mental illness in children and adolescents (Doll, 1996;
Strein et al., 2003). Two important bodies of research
are relevant here. First, epidemiological studies con-
ducted in the United States in the 1980s and 1990s col-
lected representative community samples of children and
screened them for the major psychiatric disorders. Results
demonstrated that anxiety disorders are surprisingly
prevalent in children and adolescents, with one out of
every five children meeting the DSM-IV criteria for one
or more anxiety disorders. Prior to the studies, children’s
mental health services had seriously underestimated the
presence of anxiety disorders in this population and
relative few services were provided for it. Other high-
frequency psychiatric disorders of childhood and adoles-
cence included disruptive behavior disorders (attention
deficit hyperactivity disorder; conduct disorder; opposi-
tional defiant disorder) and mood disorders (depression,
bipolar disorder). In other cases, the epidemiological
studies demonstrated that there were striking develop-
mental differences in the prevalence of particular disor-
ders. For example, the incidence of attention deficit
hyperactivity disorder is more prevalent in preadoles-
cent children, while the incidence of adolescent conduct
disorders is at least twice that of preadolescent children
and mood disorders are three to four times more pre-
valent in adolescents. Prevalence and incidence data in
other countries may not replicate these figures from the
United States because different diagnostic criteria may
be used, and even within the United States demo-
graphic factors can alter the prevalence of disorders
while differing sociocultural contexts can shift diagnostic
practices. Thus community-based assessments need to be
conducted prior to creating a population-based mental
health service plan. Moreover, decisions about which
mental health services are most needed by a community
cannot be made by prevalence figures alone. Commu-
nities must also balance the severity and impact of any
disorder, the likely impact of intervention services, and
the need for wellness-promoting as well as disorder
treatment services.

A second important source of information about the
prevalence of children’s DSM-IV disorders in the United
States is the National Comorbidity Survey Replication
(Kessler et al., 2005). Through this nationwide epidemio-
logical study, 9282 comprehensive clinical interviews
were conducted to estimate the prevalence, severity,
and comorbidity of DSM-IV disorders in participants
aged 18 and older. Its findings have important implica-
tions for children. In particular, the study established
that the average age of onset for most disorders is in
the first two decades of life, and that the mean age of
onset for anxiety disorders and impulse control disorders
is around 11 years of age. Typically, efforts to secure
treatment lagged 6–8 years after the onset of signifi-
cant symptoms, suggesting that disorders may begin in
childhood but often are not treated until early
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adulthood. Six out of ten cases that were identified
through the survey were classified as severe or moder-
ately severe and in immediate need of services. Combined
with the earlier epidemiological studies assessing child-
hood prevalence, the National Comorbidity Survey
Replication provides evidence of a profound discrep-
ancy between the need for and availability of mental health
services for children in the United States. Population-
based mental health services will need innovative strate-
gies and cooperation frommultiple agencies and providers
in order to bridge this gap.
Assessment of the Collective Mental
Health Status of Children in the
Community

While research has provided some hints about the nature
and prevalence of mental health needs that are likely to
exist for any single community, the specific array of service
needs can shift and change. For example, community
needs might change given major drops in adult employ-
ment, concentrations of poverty, geographic isolation that
limits access to community support programs, or location
adjacent to abusable substances or drug transportation
routes. Consequently, the strongest population-based
mental health services are predicated on data-based por-
traits gathered to describe children’s mental health needs
in the immediate community. Data can include existing
community data such as records of school behavior or
youth crime or vandalism, particularly when monitoring
systems have been put in place to collect these data metic-
ulously and accurately.

Alternatively, using epidemiological survey protocols,
children can be deliberately screened for evidence of
mental health or psychopathology. In smaller commu-
nities, every child might be screened, but larger commu-
nities could use systematic sampling strategies to derive
reliable estimates of the nature and extent of mental health
needs. Epidemiological research has established standards
for selecting community samples, screening for all
instances of a disorder, confirming diagnoses against pro-
fessional standards, identifying variables related to
instances of the disorder, and using data to identify pre-
dictive and causal relations underlying useful intervention
strategies (Short and Strein, 2008). Many epidemiological
studies use multistage procedures inwhich the entire child
population of a community is first screened to identify any
evidence of a disorder.Measures used in this initial screen-
ing stage must minimize the number of false-negative
identifications so that all children with legitimate need
for services will be identified. In subsequent stages, more
time-intensive measures are administered to children
selected in the first stage and yield more comprehensive
descriptions of their needs and strengths. Within research
protocols, strict adherence to sound epidemiological
methods are possible with sufficient funding. In practice,
a pragmatic alternative is to carefully train key informants
such as teachers or childcare workers in the primary
symptoms of high-frequency disorders, and use these
informants as a Stage 1 screening resource to refer chil-
dren into a second time-intensive stage of screening.

Other assessments could be predicated on the devel-
opmental risk research, assessing the chronic stressors that
place children at risk for limited personal and social
success (Coie et al., 1993; Walker and Shinn, 2002). Com-
munity demographic data describing poverty, educational
attainment, employment, rates of divorce, incidence of
child abuse, or family health can be analyzed to provide
useful estimates of the numbers of children growing up
with three or more of these risk factors. Risk-based assess-
ments can instead be based on functional risk or evidence
of early symptoms of disorder that may not satisfy the
diagnostic criteria for a DSM-IV disorder. Records of
school discipline or suspension, truancy, status offenses,
or youth vandalism can be used as evidence of emerging
behavioral disorders that could impair children’s life suc-
cess. Early identification using functional risk data makes
it possible to address adjustment problems when they are
first evidenced and, in some cases, to waylay eventual
disorders. Many of the same developmental studies that
described demographic risk factors also identified protec-
tive factors that predict future life success in vulnerable
children and that could become themechanisms underlying
preventive interventions. Consequently, population-based
assessment could also describe assets in a community’s
children such as school success and achievement levels,
and youth participation in community service activities
and mentoring organizations.

Pragmatic assessment strategies that are used for
population-wide assessment may be very different from
traditional diagnostic assessment measures. Population-
wide assessments must be brief to administer and effi-
cient to code and analyze, so that the task of creating the
data-based portrait of children’s mental health needs does
not overtax the community resources. The strategies must
have strong reliability and validity, so that they are highly
accurate in describing the mental health of a community’s
children. Examples of strong measures for population-
based assessments can be found in Table 2. Data might
be aggregated across all children in a community, aggre-
gated across subgroups of children (e.g., by age, gender, or
risk factors), or used to identify specific children at high
risk (Short and Strein, 2008). Patterns and trends in those
data can suggest particular sources of risk, describe the
nature of mental health interventions that are required, or
make the case for additional interventions from within or
outside the community. Effective community assessments
will identify children who would have slipped through the
cracks in traditional referral-based services, identify the



Table 2 Finding effective population-based assessment

measures

. Check the website of the Collaborative for Academic, Social,

and Emotional Learning (http://www.casel.org/assessment/

tools.php) for an annotated bibliography of assessment

measures to monitor children’s social and emotional well-
being. CASEL-developed tools can be downloaded from

the site
. A bibliography describing measures of children’s

developmental health that can be used school-wide or district-
wide is available on the website of the Annenberg Institute for

School Reform (http://www.annenberginstitute.org/tools/

index.php)
. The website of the World Health Organization describes the

Global school-based student health survey that measures

behavioral risk factors of adolescents, and has been adopted

by over 40 countries around the world (http://www.who.int/
school_youth_health/assessment)

Table 3 Finding guides for resource mapping

. A packet including instructions and tools for mapping
community resources onto school mental health needs can be

found at the website of the UCLA center for mental health in the

schools (http://smhp.psych.ucla.edu).
. The website of the Collaborative for Academic, Social, and
Emotional Learning (www.casel.org) includes a practice rubric

for implementing and sustaining social emotional learning

interventions in schools.
. Access the World Health Organization’s rapid assessment and
Response Guide (at http://www.who.int/school_youth_health/

assessment) for strategies to improve health-promotion in

schools.
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children earlier than would otherwise be the case, and
guide the planned development of services to match chil-
dren’s needs. Thus, population-based assessments allow
communities to be proactive rather than reactive in
responding to children’ mental health needs.
A Plan for the Community’s Mental
Health Services to Children

The purpose of the population-based service plan is to
create a match between the mental health needs that have
been identified in the community assessment and the
services that are provided to children in the community.
Resource mapping has been proposed as a coordinating
framework for matching resources to the needs (Adelman
and Taylor, 2006). Resource mapping begins by creating a
comprehensive list of the community’s existing mental
health programs and the mental health service providers
who staff these programs, including how they spend their
time, when and where they provide services to children,
and the populations of children that they serve. The next
step compares the community’s existing mental health ser-
vices to current mental health needs of the children. Exam-
ples of resourcemaps to guide this comparison can be found
inTable 3. Gaps exist when mental health needs are iden-
tified and no community services exist to meet those needs;
duplication is identified when multiple services simulta-
neously and repeatedly address the same need.

Once the needed services are identified, mental health
provider roles will be reframed to be highly responsive to
those needs. Mental health needs that are demonstrated
by large numbers of enrolled children (e.g., anxiety symp-
toms) may indicate that community-wide services would
be appropriate. Alternatively, very significant needs may
justify the provision of high-intensity mental health ser-
vices even if these would only be needed by a very few
children. In some cases, mental health service planning
will document the need for new kinds of services that
have not previously been provided. In other cases, com-
munity staff may decide that there are ecological factors
that facilitate problems that could be addressed pre-
ventively. In still other instances, mental health service
planning will incorporate services that have not tradition-
ally been thought of as mental health services at all. In
particular, the emphasis on family and community factors
as causal agents for children’s mental illness raises impor-
tant questions about who is responsible for children’ men-
tal health and how healthy socioemotional development
is promoted. An important component of this reframing
process may be modifying existing policies to allow new
ways for services to be combined and professionals to
interact. In almost every case, the resulting plan will
describe a continuum of mental health services extending
from individual interventions for children with special
needs, much like traditional clinical interventions, to
community-wide interventions that address prevalent
problems and promote developmental competence.
Population-based Mental Health
Intervention

The continuum of mental health services needed by most
communities is likely to look very much like the four-
tiered model of service similar to those of Walker and
Shinn (2002) and Osher et al. (2004) (Figure 1). The
continuum must address the universal mental health
needs of children with community-wide services to pro-
mote psychological wellness and to prevent disturbance.
Developmental resilience research offers important
insights into the kinds of services that promote wellness.
Specifically, children are resilient in the face of adversity
when they have access to close peer friendships, high self-
efficacy, high levels of engagement in productive

http://www.casel.org/assessment/tools.php
http://www.casel.org/assessment/tools.php
http://www.annenberginstitute.org/tools/index.php
http://www.annenberginstitute.org/tools/index.php
http://www.who.int/school_youth_health/assessment
http://www.who.int/school_youth_health/assessment
http://smhp.psych.ucla.edu
http://www.casel.org
http://www.who.int/school_youth_health/assessment
http://www.who.int/school_youth_health/assessment


Infrastructure building activities to anchor
population-based services in the community 

Universal mental health services for
all children in the community

Selected mental health
services for children at risk

Indicated
services for
children with

disorders

Figure 1 Four-tiered model of children’s mental health services.
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activities, access to warm relationships and guidance from
adults, or access to responsive community agencies. Addi-
tional examples of interventions that promote wellness
can be found on the website of the Collaborative for
Academic, Social, and Emotional Learning.

Selected mental health services will also need to be
provided to identified children who are at high functional
risk (i.e., early evidence of adjustment disturbances) or
demographic risk (i.e., evidence of poverty, family vio-
lence, or other characteristics that predict poor out-
comes). These services are more concentrated and more
intense than universal services, address needs that are not
broadly held by all children in a community, and have the
purpose of strengthening competence as well as amelior-
ating risk. Because these interventions interrupt develop-
mental risk trajectories, they have necessarily been
interwoven with prevention services. The essential char-
acteristics of effective prevention programs have been
identified by Nation et al. (2003): They are a comprehen-
sive integration of multiple interventions that are imple-
mented across school, home, and community; they use
varied and interactive teaching methods that actively
engage children in developing specific skills; their dosage
is matched to the problem severity with interventions that
are more intense and of longer duration for more severe
problems; they are theory-driven and evidence-based; and
they promote strong, positive relationships between par-
ents and children, teachers and children, and children and
peers. Numerous examples of preventive interventions
can be found on the website of the UCLA Center for
Mental Health in the Schools.

In every community, a few children will require indi-
cated services, necessary for children whose dysfunction is
pronounced. These should be implementations of manua-
lized interventions that have been subjected to rigorous
research to demonstrate their effectiveness. Rigorous stan-
dards for evidence-based interventions with children assert
that evidence-based interventions have been subjected to at
least two well-designed group studies or a series of well-
conducted single-subject studies (Chambless and Hollon,
1998). Participants in the studies should have been ran-
domly assigned to different intervention groups and
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comparisons should be made between groups of partici-
pants provided with no intervention, competing inter-
ventions, and with the intervention of interest. Finally,
results shou ld dem onstrate that improvements are due to
the intervention, represent an improvement over no inter-
vention at all, and are at least as strong as those p roduced
by comp e t in g i nte r ven t i o ns . Com pe n d iu ms d e scri bi ng
evidence-based inter vention s f or children can be fo und in
Christopher s en and Mor tweet (200 1) and Ka z d i n a n d We i s z
(20 03) .

Adelman and Taylor (2006) ar gue th at infrastr ucture
and planning should be a foundation of the inter vention
continu um. Befor e popu lation- based inter ventions can be
implem ented, giving children and adolescen ts access to
ment al health ser vices in propor tio n to their men tal
health needs, impo r tant systemic changes need to occu r.
Their volume provides a compreh ensive desc ription of
the theory, researc h, and implemen tatio n und er lying
infrastr uctur es for men tal health ser vic es.
Table 4 Finding evaluation resources

The Collaborative for Academic, Social, and Emotional Learning

Implementation Toolkit (available at no cost from www.casel.

org) includes publicly available measures and suggestions for

evaluation practices
Annotated bibliographies describing major evaluation models

can be found on the website of the Evaluation Center at

Western Michigan University (http://www.wmich.edu/evalctr/
checklists/index.html) along with measures and tools for

self-checking an evaluation plan

A technical aid packet on evaluation and accountability can be

downloaded from the website of the UCLA Center for Mental
Health in the Schools (http://smhp.psych.ucla.edu) and

provides a variety of evaluation tools

Table 5 Key questions to answer in an evaluation of

population-based mental health services

1. Were the services effective in reducing the frequency or

severity of children’s psychiatric disorders?

2. Were the services effective in increasing children’s

psychological wellness and developmental competence?
3. What were the unintended positive or negative consequences

of the services?

4. What factors increased or decreased the services’

effectiveness?
5. Were the population-based mental health services

implemented with fidelity?

6. Were the population-basedmental health services acceptable
to children? To families? To mental health service providers?

7. How can the evaluation data be used for refining and

enhancing the community’s mental health services for

children?

Adapted fromNastasi BKandHitchcock J (2008) Evaluatingquality

and effectiveness of population-based services. In: Doll B and

Cummings J (eds.) Transforming School Mental Health Services:

Population-Based Approaches to Promoting the Competency and
Wellness of Children, pp. 245–276. Thousand Oaks, CA: Corwin

Press.
Evaluation of Population-based Services

Evaluati on ser ves two impor tan t pur poses within
popu lation-bas ed ser vice mode ls: (1) To con tinually
upda te info r mation a bou t the ment al health status of
childr en in the com munity, so that the pr ogram of ser vic es
remain s responsive to the need s of children; and (2) to
monit or the impa ct of the popu lation- based ser vices on
childr en’s men tal health. Ideally, ment al health ser vice
provider s hope that the pr ogram will strengthen psycho-
logical well ness and diminish psychopa thology among
childr en in the commu nity. Answering thes e questions is
quite chall enging. Fir st, although it is possible to aggre-
gate individual evaluati on infor mation across mu ltiple
childr en, time and cost con straints make it impossibl e to
conduct compr ehensive individual evaluatio ns of all chil-
dren par ticipati ng in ment al health ser vices . Conse-
quently, ser vice pr ovider s must identif y and tar get key
indica tor s of ch ildren’s well ness from the beginning,
weaving evaluati on into the implemen tation of the
progra m of ser vic es. Second, com munity level ef f ects
may be confou nded with imp or tant psychosoci al events
that occur durin g the period of an evaluati on. For exam-
ple, the loss of a major employer in a sm all r ura l com mu-
nity can unexpectedly double or triple the parental
unempl oymen t rate, and the resultin g f amily stress could
be reflected in higher rates of childhood disturb ance.
Conseq uently, the evaluation plan mu st inc lude quali ta-
tive re cords of imp or tant communi ty events that ser ve as
the con text for ser vices. Third, trends in childr en’s psy-
cholog ical well ness or psychopat hology are likely to
stretch acros s sever al year s, well beyond the timeframe
of a typical project year. Conseq uently, plann ing for and
decision s a bout popu lation- based men tal health ser vic es
must proactively moni tor commu nity indicat or s of men tal
health and psycho logical wellnes s acros s projects .

The mos t us eful evaluatio n will be a for mative evalua-
tion that f eeds con tinuous improvement info r mation back
to the program leader s, even while it is being implemen -
ted. The mos t ef f ective evaluati on is syst ematic with
meth odologically rigorous des igns and not an anecdotal
case study. Ta b l e 4 desc ribes resou rces tha t guide the
developmen t of ef f ective evaluati ons, are availa ble online,
and at very little cost. These re sources reinfo rce the
princi ple tha t good evaluati on re quires common sense
judgmen t as much as rigorous desig n and analysis. Key
consider ations in evaluatio n are desc ribed in Table 5 and
inc lude not only th e deg ree to which the po pulation-
based mental health ser vices wer e ef f ective, bu t also the
degree to which they were compati ble with the need s and
values of the commu nity ( Nasta si and Hitchc ock, 2008 ).
Par ticular ly within popu lation-bas ed mode ls, ser vice

http://www.wmich.edu/evalctr/checklists/index.html
http://www.wmich.edu/evalctr/checklists/index.html
http://smhp.psych.ucla.edu
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providers and program planners will need to be diligent in
monitoring the shared impact of services and decisions
across all children in the community.
Summary

Population-based models for children’s mental health ser-
vices are logical responses to the widespread dissatisfaction
with traditional referral-based models for service delivery.
Based on a public health perspective of mental health, they
operationalize key principles of mental health intervention
that have been demonstrated in empirical research on
developmental competence and childhood psychopathol-
ogy. They are extensions of the familiar Assess! Plan!
Intervene ! Evaluate cycle that has been so useful for
individually planned mental health services. However, the
extension of this cycle to population-based decision making
presents some special challenges. First, many of the
community-wide assessment and intervention services do
not fit neatly into existing service-funding options such as
public or private health insurance. Second, important com-
ponents of the community’s mental health services plan
might rely on nontraditional providers of mental health
services, such as youth mentorship programs, churches,
or neighborhood community centers. Third, designing
and implementing a population-based mental health pro-
gram relies on collaboration across multiple community
agencies – public and private – and it can be difficult for
these agencies to communicate clearly and efficiently.
Fourth, a shift from a traditional mental health model to
population-based serviceswill almost always bemade in the
face of diminishing or at best flat child mental health
resources. As a result, population-based planning typically
requires a reallocation of resources from previous services
to new services, and may create what may be seen as
winners and losers within the community. Clearly, a shift
to population-based mental health services cannot be made
around the edges of traditional services. The strategies
require considerable time up front in order to plan, deliver,
and evaluate the community-wide interventions. At a mini-
mum, this will require that communities thoughtfully and
carefully plan for the nature and amount of mental health
services that they will provide to children.

See also: Adolescents; Child Abuse/Treatment; Child

Witness to Violence; Evidence-Based Public Health

Policy; Mental Health Policy; Mental Health Promotion;

School Health Promotion.
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Introduction

Addressing the public health needs of displaced popula-
tions constitutes one of the greatest humanitarian chal-
lenges of the contemporary world. In this article we
review evidence about the key health issues affecting
displaced populations, the strengths and weaknesses of
public health interventions, and strategies by which pub-
lic health professionals may more effectively engage with
communities and thereby promote more appropriate
responses.

The importance of the problem of displacement has
been recognized for more than half a century. In 1946, the
opening statement of the Annex Constitution of the Inter-
national Refugee Organization adopted by the United
Nations General Assembly affirmed that ‘. . .genuine
refugees and displaced persons constitute an urgent prob-
lem which is international in scope and character.’ (Reso-
lution of the 67th plenary meeting, 15 December, 1946).
In the years since this statement was written, the images of
communities uprooted by natural disasters, civil unrest,
and war have continued to proliferate and have brought
global attention to the needs of displaced people. In spite
of this, in many cases adequate responses to these needs
are often lacking.

Displacement may occur in both developed and devel-
oping countries and may be caused by natural disaster,
civil unrest, or war. In almost all cases, it exacts a heavy toll
on individuals and communities and generates major
social and public health problems. Often, both morbidity
and mortality occur not directly from the primary events
that caused the displacement but from its indirect and
ongoing consequences. Displacement poses challenges
to the individuals and organizations responsible for
both national and global public health responses. The
challenges range from the provision of food, clean water,
sanitation facilities, shelter, and access to professional
health care, to long-term preventive and health-promotion
strategies, ultimately aimed at rebuilding communities and
saving lives.

Despite good intentions, many efforts to provide assis-
tance to displaced communities – particularly in times of
natural disaster – are unsuccessful. Agencies often rush to
provide quick-fix solutions to urgent, yet complex health
and social needs. In many cases, this produces frustration
at and disillusion with relief efforts (Silove and Zwi, 2005).
Common mistakes of relief organizations include a lack of
cultural, religious, and ethnic awareness; inadequate
knowledge about political situations within regions; lim-
ited awareness of what other individuals, groups, or agen-
cies may be providing; lack of consideration regarding
long-term sustainability of public health and aid-based
interventions; and inadequate consideration of the con-
sequences of the departure of a donor agency or the
fading of media attention (see Silove and Zwi, 2005 for
discussion). Although Band Aid solutions to existing
health needs may appear useful in the short term (e.g.,
Thomas and Thomas, 2004), there is invariably a need for
intermediate and long-term public health prevention and
educational strategies that are culturally appropriate, tar-
geted to individual need, and that engage with and enable
displaced communities full access to and participation in
the new communities in which they find themselves.
Definitions of Refugees and Internally
Displaced Persons

One of the difficulties associated with attempts to analyze
the health issues faced by displaced persons is the lack of
precision with which the terms are sometimes used. This
often makes collection and interpretation of data difficult
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and hinders assessment and comparison of programs and
organizational strategies.
Refugees

The most widely accepted definition of refugee – and that
which will be assumed in this article – is that of the
United Nations, contained in the 1951 Convention on
the Status of Refugees and expanded in the 1967 Protocol.
This definition has been accepted by 145 countries and is
the one most commonly used in international law and
employed as a standard by which to compare groups. It
provides a definition of a refugee and the kinds of basic
rights, legal and other assistance refugees should receive.
According to this Convention a refugee is someone who:

Owing to well-founded fear of being persecuted for rea-

sons of race, religion, nationality, membership of a partic-

ular social group or political opinion, is outside the

country of his nationality and is unable or, owing to

such fear, is unwilling to avail himself of the protection

of that country; or who, not having a nationality and being

outside the country of his former habitual residence as a

result of such events, is unable or, owing to such fear, is

unwilling to return to it. (1951 UN Convention on the

Status of Refugees and 1967 Protocol)

The term refugee specifically covers only people who
have fled their homelands and sought sanctuary in other
countries. The key points are:

1. that refugees have to be outside of their countries of
origin;

2. that the reason for flight has to be a well-founded fear
of persecution on the basis of race, religion, nationality,
membership of particular social groups, or political
opinion;

3. that they have to be unwilling or unable to seek pro-
tection within their countries.

The term should not be confused with asylum seeker,
economic migrant, illegal immigrant, or internally dis-
placed people.
Internally Displaced Persons

Internally displaced persons (IDPs) are different from
refugees because rather than fleeing their countries they
remain within their own national borders. The United
Nations High Commission for Refugees (UNHCR)
Guiding Principles on Internally Displaced Persons
defines IDPs as:

Persons or groups of persons who have been forced

or obliged to flee or to leave their homes or places

of habitual residence, in particular as a result of or in

order to avoid the effects of armed conflict, situations

of generalised violence, violations of human rights or
natural or human-made disasters, andwho have not crossed

an internationally recognised State border. (UNHCR

Guiding Principles on Internally Displaced Persons)

IDPs may have been forced to flee their homes for the
same reasons as refugees but unlike the latter have not
crossed internationally recognized borders. While many
IDPs are in similar situations to refugees and face the
same kinds of problems, they are not protected by inter-
national refugee law. Rather, they remain subject to the
sovereignty of their own governments and consequently
may not have access to international aid and services that
can be made available for refugees.
The Nature and Extent of the Problem

While many advances have been made in the way we
collect and interpret statistics about the numbers of dis-
placed people, any statistics about displaced groups should
be interpretedwith a note of caution. Advances, such as the
collection of detailed sociodemographic information, have
also been met with continued obstacles. These include
how displacement is defined, operational issues in collect-
ing data, and of course political interests. This has led to a
widespread recognition that collecting data is a difficult
task and that statistics should be interpreted with caution.
As such, one should not base responses on the rise and/or
fall of the absolute numbers of displaced people, but the
complex social forces behind these statistics, basing dis-
cussions not around ‘how many?’ but ‘why?’
Refugees

The number of refugees reported globally has fluctuated
significantly in the last 10 years. These fluctuations have
been influenced by the occurrence of conflicts globally,
the locations of these conflicts and how they are viewed by
external countries. Absolute numbers are difficult to
determine, in part because of the different definitions
employed in different countries, resulting in different
data sets and criteria for the entry and repatriation of
refugees. For this reason, official statistics must often be
viewed with caution and regarded as providing only crude
estimates of the true rates.

By the end of 2004, the number of refugees
globally was approximately 9.2million. According to the
UNHCR, the main countries of origin were Afghanistan
(2 084 000), Sudan (730 600), Burundi (485 600), Demo-
cratic Republic of Congo (462 200), Somalia (389 300),
Palestinians (under UNmandate only) (350 600), Vietnam
(349 800), Liberia (335 500), Iraq (311 800), and Serbia
and Montenegro (250 600) (UNHCR, 2005).

Interestingly these numbers suggest a net decrease of
approximately 356 000 over the previous 12months,
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continuing a 4-year trend of falling numbers of officially
reported refugees and contributing to an overall 24%
decrease in numbers between January 2001 and January
2005 (UNHCR, 2005). This may be, in part, attributed to
unprecedented levels of voluntary repatriation, including
the repatriation of over 3.5million Afghans from Pakistan
and the Islamic Republic of Iran from 2002 to 2005
(UNHCR, 2005).
Internally Displaced Persons

Accurate estimates of the number of IDPs are even more
difficult to determine with any degree of accuracy. Offi-
cial statistics may not include individuals displaced by
natural disasters (e.g., the 1.2million people left homeless
after the South-Asian tsunami), and there may be political
reasons for underestimating or exaggerating the numbers
displaced by civil conflicts (Table 1).
Causes of Displacement

The causes of displacement, both external and internal, are
diverse and complex. Generally speaking, individuals flee
when the integrity of their persons is threatened and they
move toward countries or regions where they expect con-
ditions to be better. It is useful to distinguish between the
root and proximate causes of displacement. Root causes are
those that initiate a conflict or disaster and displacement,
while proximate causes are immediate factors that trigger
people to move. For the most part, the root causes of the
flight of refugees and IDPs are similar, as are the occur-
rences, circumstances, and experiences before fleeing from
their homes. Common causes for flight or migration include
persecution, violence, civil war, and other forms of armed
conflict. Natural events such as earthquakes, droughts, and
tsunamis and other factors related to industrialization and
development, such as deforestation and pollution, also
Table 1 Numbers of internally displaced people

How many 26million (December 2005)
Where At least 50 countries affected

Regional variations Africa (11.8million)

Americas (4.1million)

Asia (3million)
Europe (2.8million)

Middle East (2.7million)

Countries most affected Sudan (6million IDPs)

Colombia (up to 3.8million)
Uganda (1.2million)

Democratic Republic of Congo

(1.4million)
Iraq (2.8million)

Turkey (up to 1.2million)

Women and children 70–80%

Reproduced from IDMC and Norwegian Refugee Council, 2006.
contribute. Proximate causes include exhaustion or avail-
ability of food supplies, access to shelter, outbreaks of
disease, and attacks by militia groups.
Consequences of Displacement and
Impact on Health

Estimates of Mortality

Mortality rates for displaced people are often compared
with the emergency threshold, which is calculated as
twice the normal mortality rate for the region. There is
some evidence that displacement increases mortality rates
to at least double normal baseline rates in the population
before any displacement activity. The most critical phase
is the emergency phase, which is when mortality is greater
than one death per 10 000 people in a single day (Spiegal
et al., 2002). Mortality rates for critical emergency phases
(6–12 months) and postemergency phases of displacement
are often poorly measured and are often based upon
hospital and burial data and population estimates, all of
which may be inaccurate. Mortality rates are therefore
often likely to be underestimated among displaced popu-
lations. A rapid epidemiological assessment in 2004 of
mortality rates in 137 000 internally displaced people
(IDPs) in South Darfur, Sudan, aimed to inform relief
efforts. The study occurred in three sites in South Dafur
(Kass, Kalma, and Muhajiria). Mortality rates (expressed
as deaths per 10 000 a day) were 3.2 in Kass, 2.0 in Kalma,
and 2.3 in Muhajira. The mortality rates for children
under 5 years of age were 5.9 in Kass, 3.5 in Kalma, and
1.0 in Muhajiria. The study reported that violence was
reported to be responsible for 72% of deaths predomi-
nantly in younger males. However, in camps, diarrheal
disease caused between 25% and 47% of deaths (Grandesso
et al., 2005).

Causes of death and death rates vary between and
within displaced groups. Some evidence suggests that if
displaced populations remain in their new homes for
sustained periods of time their mortality will level out as
health patterns stabilize and health-care needs become
better identified and more satisfactorily addressed. How-
ever, it is also possible that some displaced populations
continue to have higher rates of mortality and poorer
health outcomes as compared with individuals from the
host communities (Hargreaves et al., 2004). Hargreaves
and colleagues, in their study of Mozambican refugees
and their hosts in a rural subdistrict in the northeast of
South Africa, showed that while there were no differences
in infant mortality between children from former
Mozambican refugee households and those from South
African homes (adjusted (for changes in mortality rate
over the study period) rate ratio, 1.02), mortality levels
were higher among former Mozambican refugee children
during the next 4 years (adjusted rate ratio, 1.91). Within



Populations at Special Health Risk: Displaced Populations 201
the Mozambican group, those refugee children residing in
refugee settlements had higher mortality rates than those
residing in more established villages both in the first year
(adjusted rate ratio, 1.50), and next 4 years of life (adjusted
rate ratio, 1.34). These disparities in findings emphasize
the need for continued surveillance and health monitor-
ing to ascertain changes in the health status of displaced
populations over time.
Health Risks

Avariety of factors can make displaced people susceptible
to health risks. For many displaced people, movement
merely means a shift from one poor and vulnerable situa-
tion into another similar one. Because not every forced
flight satisfies the legal criteria defined by international
law, inequities in access to humanitarian relief and pro-
tection for internally displaced people may result. In
addition, inaccurate estimates of the expected duration
of displacement may also lead to delays in the provision of
aid or to its absence altogether.

The vulnerability of displaced persons can be categor-
ized according to specific stages or phases of the process
of displacement: Namely preflight, during flight, and
postflight. While each displaced person’s flight experience
is unique, there are common features between the experi-
ences of different groups (e.g., Thomas and Thomas, 2004;
Grove and Zwi, 2006).

It is important to recognize that the people who are
forced to leave their homes, whether as a result of con-
flicts or natural disasters, are more often than not the
poorest, most marginalized members of society, as a result
of which prior to displacement they invariably had pre-
existing unmet health needs. Many have lived in condi-
tions of poverty with inadequate nutrition and housing
and limited access to education and health services. Pre-
ventive health measures such as vaccination against infec-
tious diseases may have been especially lacking. Their
health status may therefore already have been compro-
mised before the onset of flight. Such factors need to be
taken into account when considering the potential impact
on the health-care services of the country or region of
destination and the design and management of subsequent
health and social interventions. Health and social inter-
ventions should not only aim to address those health
problems that may result from displacement, but should
also consider those health needs that existed prior to
displacement. An assessment of these needs may lead
to a reprioritization of public health interventions or a
refocusing of strategies to assess and address needs.
Preflight Health Issues

The preflight phase refers to the period prior to flight
from homes, communities, and countries. For those fleeing
conditions of conflict, the most common health pro-
blems may be those associated with violence. A study of
unaccompanied asylum-seeking children in the United
Kingdom reported that their preflight experiences often
included the death or persecution of family members,
persecution, forced recruitment, and trafficking (Thomas
et al., 2004).
Health Issues During Flight

People who flee directly before or soon after conflict
situations and natural disasters often leave their homes
on short notice with little time for planning. For many
displaced people, fleeing from the settings in which they
have lived all their lives is itself a difficult, turbulent, and
uncertain process. Grove and Zwi comment:

The journeys of refugees from home to final destination

may include multiple border crossings, arduous land

journeys, and protracted stays in formal or informal

camps. They are typically marked by ongoing fear of

violence and persecution: from militants, from authorities

in the host country, from those who control the camps and

from other refugees. Those charged with protecting such

refugees may abuse their role: United Nations peace-

keepers, NGO workers, and local camp staff may exploit

vulnerabilities, demanding sex, for example, in exchange

for access to basic supplies. (Grove and Zwi, 2006: 1932)

The process of displacement can itself lead to health-
related difficulties, particularly for vulnerable groups such
as the infirm, children, women, and the elderly. Health
risks associated with flight commonly include a lack of
basic necessities required to sustain life or health such as
food, shelter, water, emergency health care, and adequate
sanitary conditions (e.g., Thomas and Thomas, 2004).
Postflight Health Risks

People adversely affected by the displacement process
and those with existing health conditions are most vul-
nerable to difficulties after arrival at their destinations. All
displaced persons need basic housing, food, water, and
sanitation. The extent to which these needs can be met,
let alone specific needs arising out of their particular
experiences or as a result of different cultures or religions,
are determined largely by the nature and capacity of the
receiving state, province, or country. It should also be
noted here that the places that refugees and IDPs flee
to may not be developed in a traditionally westernized
sense and therefore may not be ready or prepared to deal
with a sudden influx of people. Therefore, in these cir-
cumstances, additional complications arise, as discussed in
the section titled ‘Specific health needs of displaced per-
sons.’ This is particularly problematic for IDPs, as they
would not routinely have access to aid and support
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services that may be available in other countries for inter-
national refugees.

In a systematic review of the pre- and postdisplace-
ment factors affecting the mental health of refugees and
displaced peoples, Porter and Haslam (2005) reported
that materially secure conditions, indexed by economic
opportunities and permanent private accommodation, are
associated with good mental health or were moderators of
mental ill health. Psychopathology reflected contextual
factors that could be significantly reduced by generous
material support on the part of governments and agencies
in the new country of residence.
Specific Health Needs of Displaced
Persons

While evidence about specific rates of disease or illness
in displaced peoples remains limited, there is a vast
collective knowledge obtained by health workers and
relief organizations concerning the nature and scope of
the health needs of displaced persons. Several key areas
require consideration, including infectious diseases and
other acute physical illnesses, chronic illnesses, and men-
tal and reproductive health problems.
Infectious Diseases and Other Acute Physical
Illnesses

Infectious disease

Infectious diseases, such as malaria, parasitic infections,
HIV, hepatitis A, B, and C, and tuberculosis, are among
the main causes of disability and death of displaced per-
sons. The public health implications of these conditions
are often difficult to address, both in developed and
developing countries.

Infectious diseases are particularly prevalent among
displaced populations because of the physical conditions
in which they find themselves as a result of the conflict or
other adverse events that precipitated their flight and a
frequent lack of basic health knowledge and education.
Displaced persons living in camps are at particularly high
risk because of a lack of basic health necessities such as
housing and shelter, food, availability of adequate supplies
or quality of water, sanitation and hygiene, immunization
and personnel with experience in acute or preventive
health care or first aid.

A further compounding factor is that these conditions
often occur together or in parallel with one another
and may lead to a heavy disease burden and increased
mortality in particularly vulnerable groups, such as
women, infants, and children. If the duration of conflict
or displacement is prolonged, additional problems may
arise associated with the collapse of social and health-care
structures and deterioration in environmental conditions.
Such conditions place individuals at a much greater risk of
persistent, emerging, and re-emerging infectious diseases,
malnutrition, and war-related injuries, further shaping the
disease profile of poverty.

The environmental conditions that follow natural dis-
asters also increase the risk of infectious diseases in dis-
placed populations. In the acute phase after the event, skin
and respiratory infections and diarrhea are particularly
prevalent, while a month or so later water- and food-
borne diseases tend to appear.
Other acute health risks

In addition to infectious diseases, nutritional deficiencies
are common among displaced populations, especially
deficiencies in iron (causing anemia), vitamin A (ophthal-
mological damage and blindness), vitamin C (scurvy),
niacin or tryptophan deficiency (pellagra), and thiamine
(beriberi). The risk of physical injuries and the effects
of violence, exposure to poisons and envenomation
(such as insect bites), and dental health problems are
also greatly increased.
Chronic Diseases

Refugees experience a wide range of chronic illnesses,
such as hypertension, heart disease, and diabetes, in pro-
portions similar to the rest of the community (Harris and
Telfer, 2001). Nonetheless, these largely preventable and
treatable conditions are often exacerbated by malnutrition
and may be complicated by psychological factors. In cer-
tain settings – for example, among asylum seekers kept in
detention centers – this may be further compounded by
continuing, sometimes prolonged lack of access to pri-
mary health care, which causes additional delays in access
to much-needed treatment.
Mental Health Problems

Displaced people are at high risk of developing mental
health problems during each of the preflight, flight, and
postflight phases of displacement. Research into the men-
tal health of refugees has traditionally focused on the
psychological implications of trauma, and in particular
on posttraumatic stress disorder (PTSD) as a reaction to
violence or torture. In addition to this last condition, the
most common psychological reactions to displacement
are depression (as a reaction to loss), somatization, and
existential dilemmas (where belief patterns have been
challenged) (Thomas and Thomas, 2004). Evidence sug-
gests that although in most cases mental health symptoms
improve over time, in a minority they remain significant
over the long term (Steel et al., 2002). In their study of
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Australian Vietnamese refugees, Steel and colleagues’
(2002) reported that after 5 years, the frequency of mental
illness was the same in those who reported one to two
traumatic events and those who reported no trauma.
Whilst the frequency of mental illness also progressively
decreased over time for those who reported three or
more traumatic events, this group had an increased risk
of mental illness.

Some investigations of culturally specific sequelae
such as social isolation, adjustment, and acculturation
have shown that not all refugees and IDPs present with
symptoms of psychiatric distress immediately on arrival in
their new homes. Instead, psychiatric distress may present
days, weeks, months, or even years after flight. While
researchers have tended to focus on PTSD as the major
mental health problem among displaced populations, evi-
dence now suggests that public health interventions
should focus equally on other common mental disorders
such as depression (Komesaroff and Sundram, 2006). As
discussed in the section titled ‘Public Health Responses,’
it is important that mental health programs take into
account other public health issues such as nutrition,
employment, and education.
Reproductive Health Issues

Reproductive health concerns the effects of social and
sexual relationships and behavior on health. In the last
decade, it has been recognized that conflict and displace-
ment have a major impact on reproductive health needs.
Specific reproductive health issues during situations of
insecurity may include sexual violence, increased fertility
rates and obstetric risk of pregnancies close together,
unsafe abortions, increased spread of sexually transmissi-
ble diseases, including HIV, lack of access to health-care
facilities, and increased sexual risk-taking behaviors.

The key guiding principle of the Interagency Field
Manual on Reproductive Health (1999) states that:

Reproductive health care should be available in all situa-

tions and be based on the needs and expressed demands

of refugees, particularly women, with full respect for

the various religious and ethical values and cultural

backgrounds of the refugees while also conforming

with universally recognised international human rights.

(UNHCR, 1999: 1)

Reproductive health services for displaced populations
must take into account sociocultural, religious, and polit-
ical contexts as well as the diverse and intimate nature of
reproductive beliefs and practices (Bartlett et al., 2004). In
some contexts, this is a long process that can only be
developed with community involvement and consulta-
tion, in which communities themselves develop and
implement processes for change. In general, only limited
data are available concerning the reproductive health of
displaced peoples. Accordingly, this is an area in which
there is a pressing need for more research and collabora-
tion with communities.
Public Health Responses

Governments have an obligation to protect and improve
the health of all their citizens. National and international
responsibilities to protect vulnerable people or groups
from persecution are widely accepted. The need for
health services within national settings to address ‘issues
of access, acceptability, responsiveness and availability of
services to refugees . . .’ is increasingly acknowledged
(Grove and Zwi, 2006). In the case of displaced persons,
collective, intersectoral action involving health profes-
sionals, nongovernmental organizations, governments,
UN agencies, philanthropic funders, and most impor-
tantly the displaced communities themselves, conducted
in a culturally sensitive way, will ensure sustainable and
effective responses to health needs.

The health needs of displaced people are complex,
diverse, and multifaceted and are complicated by severe
constraints on access to basic health services and on
decision making about health, health care, and well
being. It is important that public health interventions
are developed through close communication with the
affected communities themselves in a manner that is
culturally appropriate (including sensitivity to religious
beliefs) and responsive to specific needs. They must also
be based on participatory approaches and genuine com-
munity engagement in order to foster expanding colla-
borations and sustainable programs ultimately under local
control.

Figure 1 summarizes the factors that should be taken
into account in the planning and delivery of public health
services to displaced people. This section reviews some
key concepts in developing public health responses to the
health needs of displaced people.
Relief Followed by Development: Building
Sustainable Solutions

The needs of displaced communities for health-care pro-
grams is not limited to the acute, emergency phases
surrounding displacement. As mentioned in the section
titled ‘Postflight health risks,’ many long-term needs per-
sist after the immediate period of conflict or disaster has
subsided. For example, a recent report of five epidemio-
logical surveys in the Democratic Republic of Congo has
shown that despite the restoration of peace, mortality
rates had either failed to improve at all or had actually
worsened and that access to basic health-care services
remained seriously limited.
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Figure 1 Public health responses to displaced peoples and communities.
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Releasing Community Capacity: Capacity
Building and Participatory Approaches

Programs devised to respond to the health needs of
displaced communities should be sustainable after the
emergency phase has subsided. Because health needs
change over time, public health initiatives also need to
evolve and adapt, subject to available resources. There are
two stages in the formation and development of such
sustainable solutions: Capacity building (perhaps better
regarded as the fostering and development of existing
capacity – or releasing community capacity) and partici-
patory approaches.

Capacity building has been described as, ‘the corner-
stone of reconstruction and development programs’
(Silove and Zwi, 2005). However, building capacity is
dependent upon well-designed participatory approaches,
whereby health professionals and communities share,
learn, and communicate with one another. Komesaroff
and Sundram (2006) state that the needs of communities
during times of disaster vary greatly according to cultural,
economic, and geographical conditions, and the most
effective way to determine these needs is through com-
munity consultation. Collaborative community partner-
ships must underpin public health responses to displaced
groups.

The incorporation of participatory approaches is
recognized as a key element of effective long-term
health-care planning for displaced communities. Dis-
placed populations should be directly involved in the
planning and delivery of services and programs to facili-
tate wide participation and a sense of ownership by those
individuals who will be directly affected by interventions.
The process of engaging communities in discussion and
problem solving about their own health issues may not be
straightforward. However, effective community partici-
pation makes possible the development of programs in
conjunction with existing resources and capacity that are
sensitive to the cultural needs of specific populations.
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Collaborative efforts among health-care agencies, profes-
sionals, and communities also enhance the quality of
decisions, facilitate identification of areas of greatest
need, foster open dialogue about culturally sensitive
issues, contribute to a sense of community ownership
over the process, build trust and rapport between the
community and health professions, and ultimately
improve the long-term sustainability of the interventions.
The long-term benefits of cooperation therefore clearly
justify it over both the short and long terms.

Ongoing Assessment and Responsiveness to
Wide Range of Health Needs

The provision of comprehensive, enduring public health
responses to meet the needs of displaced communities pre-
sents a significant challenge. Enduring programsmust make
provision for ongoing assessments of the needs of dis-
placed communities rather than single episodes of screen-
ing. In addition to the traditional focus on infectious
disease, immunization, and trauma-related mental health
problems, there is an ongoing need for other types of
health-care delivery. Most notably, these include reproduc-
tive health services, injury prevention, and dental health
services. Because communities differ widely and circum-
stances, including the availability of resources, programs
must remain flexible and be able to evolve over time.

Although there are overlaps, there are also major dif-
ferences in the issues facing health-care providers
between developed countries and developing countries.
Nonetheless, in both cases, engaging the community and
establishing links with local services will help to build
platforms for further assessment of need. For example,
Komesaroff and Sundram (2006) discuss the case identifi-
cation of the second wave of psychiatric problems, includ-
ing grief reactions, major depression, substance use
disorders, phobic and anxiety disorder, and trauma
responses, after the South-Asian tsunami. They propose
a multitiered approach using and facilitating local
community-based capacity, which includes community
awareness programs, education of community workers
(such as teachers), and the training of primary health-
care workers and medical staff to oversee treatment.
They also acknowledge that limiting psychiatric morbid-
ity will only occur if initiatives addressing other public
health needs, such as nutrition, education, employment,
and social reconstruction, are undertaken. Long-term
health and social surveillance programs will help monitor
the long-term effects of displacement and the effective-
ness and efficacy of interventions.
Conclusion

The public health problems raised by displacement are
complex and diverse. The exact scale of these problems is
uncertain because of variable definitions and data quality.
However, it is clear that, at the present time, the numbers
of refugees and internally displaced persons are in the
tens of millions. There is conclusive evidence that dis-
placed populations are exposed to greatly increased
health risks and suffer increased death rates. Health pro-
blems vary according to circumstances, including the
causes and duration, of displacements and the preexisting
health status of displaced persons. Infectious diseases,
psychological trauma, physical injuries, nutritional defi-
ciencies, and various chronic conditions and reproductive
health issues are, however, common. Vulnerable popula-
tions, such as those with preexisting health conditions,
women, children, and the elderly, are especially at risk.

Effective responses to these problems may be impeded
because of the difficult physical settings of the displaced
populations, lack of resources, and cultural and political
factors. It is important for health workers to communicate
closely with the members of displaced communities to
identify their needs and to develop programs that are
appropriate to their needs, including cultural and reli-
gious sensitivities. The provision of adequate housing,
sanitation, and nutrition must be linked with educational
and capacity-building strategies. Direct participation of
displaced persons in the development and management of
health-care programs is essential if sustainable, long-term
outcomes are to be achieved.

See also: Ethnic Conflict and Public Health; Extreme

Weather Events and Human Health; Famine;

Humanitarian Responses to Complex Emergencies;

Populations at Special Health Risk: Migrants; Relief

Operations.
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Table 1 Major health concerns for incarcerated populations

Health problems Prevalence

Mental health 40–63%

Suicide and self-harm 20–40%

Women’s health General, varies greatly
Infectious diseases

HIV 1–41%

Hepatitis 20–40%

Tuberculosis 33–60%
Introduction

Prisons are among the most unhealthy environments in
our societies. The levels of illness and health problems
among prison populations tend to be much higher than in
the general population. In prisons people are not only
deprived of their freedom. They are also often exposed
to special health risks, and at the same time their own
capacity to manage these risks is severely constrained.
Ensuring that prisoners have a standard of health care
that is equivalent to that available in the community is a
human rights obligation for states. It also is an integral part
of any strategy for reducing health threats for the wider
society, because any diseases contracted in prison or any
medical conditions developed as a consequence of or made
worse by poor conditions of confinement become issues of
public health when prisoners are released. Of special con-
cern in this context are mental health, suicide and self-
harm, women’s health, and infectious diseases – the last
concern having been chosen as a ‘case’ to be further exam-
ined in this article (see Table 1).

Research on health in prison has been undertaken for the
last 20 years. It has tended to focus on prevalence and risk
behavior in prisons, psychiatric care under conditions of
security, transmission of infectious diseases, and preventive
measures as well as aftercare, treatment, and support. With
few exceptions, research studies have come from the field
of medical sciences or public health. Societal and environ-
mental determinants of health are, however, increasingly
recognized as major factors in keeping people healthy. If
one takes a closer look at the key risk factors that contribute
to poor health conditions in prisons, one finds that many
are rooted in poor prison conditions, overcrowding, and
the socioeconomic background of prison populations. The
majority of studies on tuberculosis in prisons, for example,
highlight overcrowding as a key factor promoting the
spread of the disease, and many studies on HIV in prisons
stress the sentencing policies for drug users and the risk
behavior of prisoners as two of the main obstacles for
successful prevention interventions. This article therefore
focuses on the wider prison and penal policy issues that
play a role in improving prisoners’ health.
Mental Health

Serious personality disorders, drug and alcohol depen-
dence, suicidal and self-harming behavior, and psychotic



Populations at Special Health Risk: Incarcerated 207
or neurotic mental illness are widespread in prisons, with
female prisoners disproportionately affected. The World
Health Organization (WHO) suggests that, on average,
40% of all prisoners suffer from a mental disorder; the
inclusion of substance abusers can raise this rate to 63%.
This high rate of mental health problems is especially
related to the lack of, or poor access to, community
mental health services in many countries. Many people
with mental illness, particularly those who are poor,
homeless, or struggling with substance abuse problems,
cannot obtain mental health treatment in the community
and are swept into the criminal justice system after they
commit a crime. The emphasis on deterrence and punish-
ment rather than treatment and care can leave prison as
the only option for mentally ill people. In many countries,
the surging number of mentally ill men and women
entering the prison system has therefore outrun the avail-
ability of services in prisons.

Mental disorders may also develop during the period
of imprisonment as a consequence of prevailing condi-
tions and, in many countries of the world, because of
torture or other human rights violations. Mentally ill
prisoners can find it difficult if not impossible to comply
with prison rules, and security staff members often do not
distinguish between the prisoner who is disruptive or fails
to obey an order because of illness and a prisoner who
causes problems for other reasons. As a result, mentally ill
prisoners are often neglected, accused of malingering, or
treated as disciplinary problems. They thus end up with
higher than average rates of disciplinary infractions and
can accumulate extensive disciplinary histories, which
makes them more likely than other prisoners to be housed
in especially harsh conditions, such as isolation, that can
push them into acute psychosis.
Suicide and Self-Harm

One important manifestation of the cumulative effects of
imprisonment is the fact that in many countries suicide is
the single most common cause of death in custody,
according to the WHO. The psychological impact of
arrest and incarceration or the day-to-day stresses asso-
ciated with prison life may exceed the coping skills of
vulnerable individuals. Although comparative suicide
rates are difficult to obtain, some research estimates that,
internationally, one in five men in prison and nearly 40%
of women have attempted suicide at some time during
their imprisonment and that prisoners are up to seven
times more likely to commit suicide than people in the
community. In pretrial facilities the suicide rate is ten times
that of the outside community. In addition, for every actual
suicide, there are many more suicide attempts.

A key strategy in reducing the number of prison sui-
cides and other forms of self-harm is integrated and
effective prisoner management. This approach includes
identifying and then paying greater attention to prisoners
identified as at risk, making effective use of observation
cells, and implementing mental health treatment and staff
training. However, many prisons lack formal policies and
procedures to identify and manage suicidal prisoners.
Even if appropriate policies and procedures exist, over-
worked or undertrained prison personnel may miss the
early warning signs of potential suicide attempts. In many
prisons, access to mental health professionals is compli-
cated by the limited internal mental health resources and
few, if any, links to community-based mental health
facilities.
Women’s Health

Most prison systems are designed with male prisoners in
mind, which explains why living conditions for women
prisoners are often not tailored to their specific needs.
The health services provided for women are sometimes
minimal or inferior, and referral to outside facilities is also
often more difficult than for male prisoners. Basic
requirements such as greater access to showers or the
availability of hygiene products are often not provided.
Not all women’s prisons cater adequately for women who
are pregnant or for mothers with newborn babies or
young children. Additionally, many imprisoned women
have experienced physical and sexual abuse and have
lacked previous health care in their communities, two
factors that put them at greater risk for having high-risk
pregnancies and for developing life-threatening illnesses
such as HIV/AIDS, hepatitis C, and cervical cancer.
Moreover, in many prisons throughout the world,
women are victims of sexual abuse by prison staff and
male prisoners and at times during routine medical exam-
inations. Sexual abuse is especially prevalent when a state
fails to provide separate accommodations for women
deprived of their liberty, where female staff outnumber
their male colleagues.
Infectious Diseases

One of the biggest challenges for penitentiary systems
worldwide is the transmission of infectious diseases in
prisons, which has a direct and measurable impact not
only on the prison environment itself but also on the
wider community in which prisons operate. Within the
context of public health research, the issue of disease
transmission in prisons is therefore especially relevant
and is the main focus of this article. The key medical
and policy issues raised by the linked resurgence of com-
municable and sexually transmitted diseases such as HIV/
AIDS, tuberculosis (TB), and hepatitis are representative
for most other health problems in prisons. Infectious
diseases are therefore examined in this article to highlight
policy directions and alliances that can be effective in
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improving the health of prisoners. The same principles
can be applied to a large number of other health problems
in prisons.
Prevalence of Infectious Diseases in
Prisons

The risk of disease transmission in prison settings is well
recognized and documented. Although it is difficult to
estimate the precise number of infections among prison-
ers, imprisonment – and the amount of time spent in
prison – has been identified as a major independent risk
factor for the transmission of infections like HIV/AIDS,
tuberculosis, and hepatitis.

The prevalence of HIV/AIDS in prisons worldwide
varies considerably, as shown in a number of recent stud-
ies (see for example, Canadian HIV/AIDS Legal Net-
work, 2006; Lines and Stoever, 2005; Niveau, 2006).
According to the U.S. Bureau of Justice Statistics, the
prevalence of HIV in state prisons in the United States
is six to ten times higher than in the general community,
and it is estimated that one-quarter of the U.S. population
infected with HIV spends some time each year in prison.
By the end of 2003, 2% of those in state prisons and 1.1%
of those in federal prisons were infected with HIV. The
geographic distribution of cases of HIV/AIDS is, how-
ever, uneven. In areas with low prevalence, such as North
Dakota and Montana, just 0.2% of the total prison popu-
lation is HIV-positive. The highest rates of infection were
found in the Northeastern states, with, for example, 7.6%
prevalence in the state of New York – which represents
more than one-fifth of all HIV-positive prisoners in the
United States.

For Africa, there are few prevalence data available.
However, given what is known about the high-risk behav-
ior of prisoners before their incarceration, the high-risk
profile of the prisoner demographic, and the risk of trans-
mission inside prison, most researchers agree that HIV
prevalence in African prisons is twice that of the preva-
lence among the same age and gender in the general
population. For example, the South African Institute for
Security Studies has reported that 41% of the South
African prisoners are currently living with HIV/AIDS –
an increase by 750% since 1995. Zambia, Cote d’Ivoire,
and Nigeria have also reported high rates of HIV in their
prisons.

In Europe, the prevalence of HIV cases in prison facil-
ities is also an important concern, particularly in Eastern
Europe, where there are high rates of HIV infection among
people who inject drugs while in prison. Various sources
have reported very high rates of HIV among prisoners in
Ukraine, Kazakhstan, Tajikistan, Latvia, Estonia, Belarus,
Moldova, and the Russian Federation. From 1996 to 2003,
HIV prevalence in Russian prisons increased more than
40-fold from under 1 per 1000 prisoners to 42.1 per
1000 prisoners. In Ukraine, between 15 and 30% of pris-
oners tested HIV positive in 2005 (Dolan et al., 2004;
Roshchupkin, 2003). Other countries, such as England,
Belgium, Finland, and Ireland, have successfully targeted
injecting drug users with interventions early in the
epidemic and have HIV prevalence rates among prisoners
of less than 1%.

Hepatitis is another blood-borne viral infection that is
predominantly driven by unsafe drug injection practice
and can also be sexually transmitted. Rates of hepatitis
infection in many prison systems are even higher than are
rates of HIV infection, although the three types of hepa-
titis have different degrees of seriousness. For hepatitis A,
the prevalence of the virus in prisoners seems to be the
same as that in the general population, and although
transmission can occur through close personal contact,
only one epidemic has been reported to date in a prison
in Australia. Published studies of hepatitis B and C in
the prison setting have been summarized by Lines and
Stoever (2005) and Niveau (2006) and include those from
Australia, Taiwan, India, Ireland, Denmark, Scotland,
Greece, Spain, England, Brazil, Ukraine, the United
States, and Canada. The vast majority of these studies
have reported that between 20 and 40% of prisoners are
living with hepatitis. In Ukraine, however, rates of up to
95% were found in early 2005.

Although there are limited international data on the
prevalence of tuberculosis infection in prisons, some
reports estimate that it is around five to ten times the
national average. In some regions of the world, TB is up
to 100 times more common in prisons than in the
community. People incarcerated are at high risk for tuber-
culosis, and case rates are among the highest ever
recorded in any population. Moreover, some prisons
report high levels of multidrug-resistant tuberculosis
(MDR-TB) relative to the general population, which is
an issue of great concern. In some countries, the number
of tuberculosis cases in prisons constitutes a large propor-
tion of the total number of cases.

The U.S. National Commission on Correctional
Healthcare reported that in the United States, released
prisoners constituted 33% of all Americans with TB in
1996. A report of the Centers for Disease Control and
Prevention (CDC) suggests that in 2003, although 0.7% of
the total U.S. population was confined in prisons and jails,
3.2% of all TB cases nationwide occurred among resi-
dents of correctional facilities. For California and New
York, CDC reports that TB rates in prisons are 10 to 15
times greater than in the general populations of those
states. TB in U.S. prisons is concentrated increasingly
among the most disadvantaged populations, particularly
detained immigrants, who are arriving largely from
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countries with a high prevalence of TB, such as Mexico,
the Philippines, and Vietnam.

In Europe, the picture is especially bleak for Russia.
There, at least 60% of all those infected with MDR TB-
are in prison (see, for example, Coninx et al., 2000;
Lafontaine et al., 2004). It is estimated that there will
be about 75 000 new cases annually in the Russian civil-
ian population (for a population of 159million), whereas
in Russian prisons there will be 40 000 new cases, for a
population of 900 000. Thus more than half the number
of new tuberculosis cases will occur in prison. Tubercu-
losis epidemics and cases of interprisoner transmission
have also been described in the last decade in prisons in
France, Italy, Spain, England, and other European
countries (Lines and Stoever, 2005).

Although the prevalence of sexually transmitted infec-
tions (STIs) like chlamydia, gonorrhoea, genital warts,
herpes, Trichomonas vaginalis, and syphilis in prisons
reflects the spread of these infections in the community,
they often remain undiscovered in prisons and can cause
serious health problems. As a substantial number of pris-
oners come from high HIV-prevalence areas, the risk of
transmitting these infections is high, especially because in
many areas of the world medication and treatments
against STIs are not available.

It is important to note the close epidemiological lin-
kages between these diseases, which pose an additional
risk for transmission in prison settings. For example, in
many prison systems high rates of HIV infection are
exacerbated by high rates of hepatitis B and C. The pres-
ence of untreated STIs also increases the risk of HIV
transmission. What is probably of greatest concern for
the transmission of tuberculosis in prisons, however, is
the increasing number of people entering prisonwith HIV.
HIV weakens the immune system, leading to reactivation
of latent TB infection and the rapid progression to disease
in those recently infected with TB. Projections in other
countries have shown, that in the presence of a moderate
HIV/AIDS epidemic, TB may become uncontrollable,
even within the framework of a well-designed TB pro-
gram. A double infection of HIV and TB in a confined
population like a prison is therefore potentially disastrous.
Disease Transmission in Prisons: Risk
Factors and Intervention Opportunities

So why does the prison population seem to be so much
more vulnerable to infection with serious diseases like
HIV/AIDS, TB, and hepatitis than the general popula-
tion? There are a number of risk factors that are typical
for prison settings and that influence the heightened
danger of disease transmission in prisons. Some of these
health risks are related to the socioeconomic background
of the prison population, others to the high-risk behavior
patterns of prisoners, and a third category of risks is
directly related to the prison environment itself.
Composition of the Prison Population

The prison population is different from the general
population for several complex social reasons. Prisoners
are often poor and undereducated and come from mar-
ginalized and disadvantaged social groups, such as
migrants or ethnic minorities. These groups often did
not have access to care in the public health sector
before they came to prison and often had never been
treated appropriately, even for infectious diseases like
HIV, tuberculosis, hepatitis, or STIs. Therefore, many
prisoners already had substantial unmet health needs
before confinement.

The generally poor health status of prisoners is further
exacerbated by the overrepresentation of at-risk popula-
tions in prison. In this context the incarceration of
drug users is of particular concern. A significant propor-
tion of the prison population is made up of people who
have been convicted of offenses directly related to drug
use, drug trafficking, or behaviors brought about by
drug use. Evidence from the United States indicates
that approximately 80% of injecting drug users (IDUs)
have a history of imprisonment. In Europe the propor-
tion is at least 50% (Lines and Stoever, 2005). Despite
the sustained efforts of prison systems to prevent drug
use by prisoners, the reality is that drugs can and do find
their way into prisons. No country has to date been able
to eliminate drug use in prisons. Even though drug
injection is overall less frequent in prison than in the
community, each injection presents a higher risk because
of the use of contaminated equipment and sharing of
syringes.

The treatment of drug addiction during incarcera-
tion is increasingly seen as a crucial part of disease pre-
vention in prison because intravenous drug consumption
is one of the major factors influencing rapid HIV and
hepatitis transmission. The treatment options include
the management of withdrawal on admission (drug
demand reduction) as a gradual detoxification, proceed-
ing to abstinence-oriented treatment or long-term substi-
tution maintenance.

In addition to in-prison programs, the criminal justice
system may refer drug offenders to treatment through a
number of alternatives to imprisonment. This approach is
consistent with more advanced psychosocial and medical
models of addiction. Alternative programs for drug users
can include diversion, stipulating treatment as a condition
of probation or pretrial release, and commissioning spe-
cialized courts that handle cases for nonviolent offences
involving drugs. Well-targeted treatment programs, in
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which public health and criminal justice personnel col-
laborate on the screening, placement, monitoring, and
supervision of the participants, can contribute to a reduc-
tion in re-offending.
Behavior Patterns of Risk Groups

The overrepresentation of high-risk populations in pris-
ons is accompanied by activities and behavior patterns
that favor the transmission of infectious diseases or
increase the vulnerability of prisoners. This is especially
relevant for the transmission of blood-borne diseases, like
HIV/AIDS or hepatitis.

Sexual relations between prisoners are a major but
poorly documented factor of infectious disease transmis-
sion in prisons. Although risk behavior studies within
prisons are likely to underrecord the true amount of
sexual activities, several studies have provided evidence
that significant rates of same-sex activities occur in pris-
ons, despite the fact that sexual activity is illegal in most
prison systems. Sexual contact in prisons is often secretive
and disorganized and is likely to take place without any
protection. It includes also various kinds of nonconsensual
sexual activity, for example, submission based on intimi-
dation or in return for protection or other favors.

Intravenous drug consumption as described previously,
in which injecting equipment is shared, is a very efficient
route of transmission for HIV and hepatitis B/C, much
more so than sexual contact. It is also the main factor
determining levels of infection among prisoners. Often it
is more difficult to smuggle syringes than drugs into penal
institutions, making access to sterile syringes very limited.

Tattooing, scarification procedures, and body piercing
are part of prison culture and prevalent in many countries.
Carried out in unhygienic conditions and with shared
equipment, tattooing poses a high risk of hepatitis
C and, to a lesser extent, HIV transmission. Although
conclusive clinical evidence of disease transmission via
tattooing is not available, several studies link tattooing and
transmission of blood-borne diseases in prisons.

To lessen the harmful consequences of individual
risk behavior, preventive medicine uses so-called
harm-reduction measures to respond to the risks of
unprotected sex and sharing of infected needles or tattoo-
ing equipment. The concept of harm reduction also
includes drug-substitution treatment, which has been
mentioned in the previous section. Harm reduction mea-
sures have rapidly expanded as part of community health
programs in many Western countries in recent years, and
there is now scientifically sound evidence showing that
they can be important preventive health measures.

The introduction of harm-reduction measures in a
prison setting, especially needle exchange programs, is
frequently opposed on the grounds that these measures
may be perceived as supporting illegal activities that have
contributed to many prisoners being incarcerated in the
first place. There is also the fear that they may encourage
nonusers to experiment with injecting drug use or use
needles as weapons, thereby undermining the prison
security system. Given the high risk of disease transmis-
sion by sexual activity and drug use in prison, however,
harm-reduction measures are increasingly applied in
prison systems.

Condom use is internationally accepted as the most
effective method for reducing the risk of HIV transmis-
sion, and prison authorities in many countries have made
condoms available to prisoners in recent years. No prison
system that has adopted a policy of making condoms
available has subsequently reversed the policy, and the
number of systems in which condoms are being made
available has continued to grow.

However, despite the availability of condoms, barriers
to their use exist in many prisons. Homosexual activity is
likely to be highly stigmatized or even illegal in prisons,
which can result in prisoners being reluctant to use safer
sex measures for fear of identifying themselves. Further-
more, condoms, dental dams, and lubricants often are
not available easily or discretely or are not available on a
24-hour basis.

Needle and syringe exchange/distribution programs
have proved to be an effective HIV prevention measure,
ensuring that individuals do not have to share their equip-
ment and so reducing the risk of HIV and hepatitis trans-
mission among people who inject drugs and their sexual
partners (see, for example, Dolan, 2004; Kerr and Jürgens,
2004). As a result, many countries have implemented
these programs within community settings to enable peo-
ple to minimize easily and discretely their risk of con-
tracting or transmitting blood-borne infections. Despite
the success of these programs in the community, only
a small number of countries have extended syringe
exchange programs into prisons. At present, there are
syringe exchange programs in prisons operating in six
countries – Switzerland, Germany, Spain, Moldova,
Kyrgyzstan, and Belarus. The evidence from these
countries demonstrates that such programs do not endan-
ger staff or prisoner safety, do not increase drug consump-
tion or injecting, reduce risk behavior and disease
transmission, and can reduce the number of overdoses.

Bleach programs for prisoners who inject drugs, as a
means of disinfecting injecting equipment before reusing
it, have been adopted by some prison systems, particularly
where access to sterile syringes is not available. Disinfec-
tion can, however, only be seen as a secondary strategy to
syringe exchange programs, and their effectiveness is
largely dependent on the method used. WHO reported
in 2005 that concerns that bleach might be used as a
weapon proved unfounded, and there have been no
such instances in any prison where bleach distribution
has been tried.
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Prison Conditions

In the vast majority of prison systems, health care is
provided by the ministry or government department
responsible for prison administration, not by the minis-
try responsible for health care in the community. Against
the background of underfunded prison systems, this
means that the health needs of the prison population are
often given a low political priority, conflicting with secu-
rity, judicial, or legal requirements. Although conditions
of prison health care and detention vary greatly from
country to country and facility to facility, standards in
most countries are shockingly low. Two factors especially
influence the health status of prisoners: the living condi-
tions themselves, with the overcrowding of facilities being
of special concern, and the access to health care, treat-
ment, and prevention measures in prison.
Prison overcrowding

Factors that increase the possibility of air-borne diseases
like tuberculosis in the prison setting include the practice
of housing prisoners in unhygienic conditions and in
spaces that do not meet the international minimum stan-
dards for size, lighting, and ventilation; providing a poor
diet; and limiting their access to the open air. One of the
key factors contributing to and aggravating the effects
of these poor conditions is prison overcrowding. The
larger the number of people in a confined space and the
poorer the conditions, the easier the diffusion of diseases
transmitted by physical contact and air. Overcrowding
can also trigger subsequent stressors like prison violence,
fighting, bullying, sexual coercion, and rape, thereby
aggravating the transmission of blood-borne infections.
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Figure 1 Prison population rate (per 100000 of the general popula
Overcrowding exists in most prison systems through-
out the world due to a worldwide increase in the prison
population over the last 10 years (see Figure 1; for infor-
mation on prison population rates and growth, see
Walmsley, 2004; World Prison Population List, 2005).
The prison population in the United States alone has
risen from 1.86million to more than 2million since
1999, making it pro rata, and also in actual numbers, by
far the biggest user of prisons in the world. The Bureau of
Justice Statistics reported in 2005 an annual growth of the
prison population in the federal system of 7.4% per year
since 1995. At the end of 2004 the federal prison system
was operating at 40% over capacity.

Throughout Europe in the 1990s, the prison popula-
tion grew by more than 20% in almost all countries
and by at least 40% in one-half of the countries. In mid-
2006, with a prison population rate of 145 per 100 000,
England and Wales had more prisoners per head of
the population than any other European country, apart
from Luxembourg. This rate represented a 15% increase
since 1999. The largest rise in the prison population in
Europe in recent years has been in the Netherlands,
which increased 42%, from 14 000 to 20 000 between
2000 and 2005.

Prison populations are also growing in many other
parts of the world. Notable increases over the same period
include Brazil (70%), Japan (40%), and Mexico (37%).
Prison populations have also risen 64% in countries in
Africa, 79% in the Americas, 88% in Asia, and 69% in
Oceania. Only in a few countries in the world, most
notably Japan and Finland, have incarceration rates
remained broadly stable or even declined in recent
decades.
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ManyWestern countries have decided to respond to the
growing numbers of prisoners and the harmful effects of
prison overcrowding by building new prisons. Practice has
shown, however, that this is not a sustainable solution.
Several European states decided to start extensive programs
of prison building only to find their prison populations
rising in parallel with the increased capacity. More effective
in the medium and long term can be a shift in sentencing
policy, including the wider use of alternatives to prison,
such as mediation, community work, and administrative
and monetary sanctions, especially for young or nonviolent
offenders.

Prison health management

Health services in prison are often underfunded, leading
to restricted access to health care for prisoners. Insuffi-
cient equipment, infrastructure, staffing, and expertise
can affect the full circle of care, including screening and
testing, treatment, transmission control and disease sur-
veillance, as well as prevention measures. Administrative
problems often compound these limitations and include
delays in reporting laboratory results and diagnosis,
lengthy administrative procedures to arrange transfer
and admission to a place of treatment, and poor commu-
nication and record-keeping procedures. Case finding
may be managed independently of treatment, and differ-
ent authorities may use differing procedures. Lack of
standardization may result in interruptions in treatment
or in over- or undertreatment of patients. This is espe-
cially relevant in the case of tuberculosis, where erratic
treatment can provoke drug resistance in patients, leading
to increased mortality.

If diagnosis and treatment for infectious diseases are
not available or inadequate, prisoners may seek their own
solutions. In some countries, access to health care, transfer
to an area with better living conditions, or contact with
visitors can be bought, using a variety of ‘currencies’ –
money, cigarettes, alcohol, drugs, or sex. Prisoners may
also purchase samples, such as sputum, known to give
positive or negative test results from other prisoners, to
enable them to join a special treatment program or to
leave one. The presence of unofficial payment systems is
especially common in situations where prison staff are not
paid regularly or receive very low salaries.

Where prisons are unable to provide prisoners with
access to adequate health services, there is reason to argue
that the prisoners should have access to parallel provision
in the general community, thereby avoiding duplication of
resources and achieving standardized procedures. After
their release, infection control is easier to maintain when
the treatment procedures are not interrupted and the
responsibilities for the treatment of released prisoners
are clear. From a public health point of view, the time
spent in prison provides an exceptional opportunity to
come into contact with a population that is generally
marginalized and hard to reach, especially with regard
to preventive measures.

In some European countries political pressure from
public health professionals has led to a closer relationship
between the prison and public health services. Some
countries have considered the collaboration of civilian
hospital wards and laboratory services to save costs,
streamline treatment procedures, and strengthen disease
surveillance and reporting systems. In other cases, the
services have been completely integrated, as for exam-
ple in Norway (where prison health has been under the
auspices of the Ministry of Health since 1988), France
(since 1994), and Italy (since 2000). Evidence from these
countries indicates that treatment and prevention out-
comes in prisons improve considerably when health min-
istries take an active role and work in close collaboration
with penitentiary systems (International Centre for
Prison Studies, 2004; Nicholson-Crotty, 2004).
Public Health and Human Rights: A Double
Rationale for Intervention

As the previous section has shown, special approaches to
prison health care are required. However, this does not
mean that the final outcome of treatment and prevention
efforts should be different from that in the community.
Governments have the duty and should have the interest
to protect prisoners from health risks according to a
double rationale: human rights and public health. This
section describes how these two lines of argument are set
out, what instruments they employ, and what opportu-
nities they may provide.
Imprisonment and Human Rights

Throughout the second half of the 20th century an inter-
est in prisoners’ rights has developed, and the traditional
concept of a prisoner as a ‘slave of the state’ with no right
but that of life has been increasingly condemned. In 1948
the Universal Declaration of Human Rights provided that
no person should be subjected to torture or to cruel,
inhuman, or degrading treatment. Today international
human rights standards require that prisoners retain all
civil and human rights, except those they are deprived of
as a result of their incarceration. These include the right
to the ‘highest attainable standard of physical and mental
health’ (International Covenant on Economic, Social &
Cultural Rights, Art. 12).

Several international standards address explicitly and
in detail conditions of imprisonment or the rights of
prisoners. The most prominent international prison stan-
dards are the following:
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. Standard minimum rules for the treatment of prison-
ers (UN, 1957), later extended to persons detained
without charge, such as in places other than prisons
(UN, 1977)

. Principles of Medical Ethics relevant to the Role of
Health Personnel, particularly Physicians, in the Pro-
tection of Prisoners and Detainees against Torture and
Other Cruel, Inhuman or Degrading Treatment or
Punishment (UN, 1982)

. Standard Minimum Rules for the Administration of
Juvenile Justice (‘The Beijing Rules,’ UN, 1985)

. Body of principles for the protection of all persons under
any form of detention or imprisonment (UN, 1988)

. Basic principles for the treatment of prisoners (UN,
1990)

. Standard Minimum Rules for Non-custodial Measures
(‘The Tokyo Rules’, UN, 1990)

. European Prison Rules (Council of Europe, 2006).

Many of these rules and regulations are relatively
specific, governing not only the imposition of prison sen-
tences and the release of prisoners but also the actual
regimes to be followed, including health care and disease
prevention measures. The international standards go far
beyond a broad and general recognition of prisoners’
rights, as outlined in international human rights law.
Comprehensive comments on the standards, as well as
guidelines for their implementation in prison manage-
ment practice, have been provided by Penal Reform
International (2001) and Coyle (2002).

Imprisonment and Public Health

Another important consideration supports the implemen-
tation of humane prison conditions and international
human rights standards in prison: the concern for public
health.

Prisons have always been potential reservoirs of infec-
tious diseases, and the risk of spread of tuberculosis
from prison to the community by released prisoners has
been established for a very long time. However, due to
the closed nature of prisons, the health of prisoners did
not come to the attention of the public at large. It was
only in the context of the international mobilization cre-
ated around the HIV/AIDS epidemic in the early 1990s
that the issue of prisoners’ rights to health was given new
visibility. The need to implement effective preventive
measures to stop transmission of epidemics to the com-
munity made prisons a fundamental issue of public health
concern.

In 1993, the WHO issued technical recommendations
for the management and prevention of HIV infection in
prisons to meet these concerns. These recommendations
were the first, and remain the most prominent to date,
international standards focusing specifically on prison
health issues, especially HIV/AIDS, drug use, and tuber-
culosis. These guidelines complement and fine-tune the
international prison standards in many ways, bringing the
issue of health in prison to a new level of regulation.

The most important international prison health stan-
dards are as follows:

. WHO guidelines on HIV infection and AIDS in prison
(1993)

. Joint UN Program on HIV/AIDS (UNAIDS) State-
ment on HIV/AIDS in Prisons (1996)

. International guidelines on HIV/AIDS and Human
Rights (OHCHR/UNAIDS, 1998)

. Recommendation No R(98)7 of the Committee of
Ministers to Member States concerning the Ethical
and Organizational Aspects of Health Care in Prison
(Council of Europe, 1998)

. WHO/ICRC Guidelines for Tuberculosis Control in
Prisons (WHO/ICRC, 1998)

. WHO/Council of Europe: Prison, Drugs and Society –
A Consensus Statement on Principles, Policies and
Practices (2002)

. WHO: The Moscow Declaration: Prison Health as part
of Public Health (2003).

These guidelines do not stand alone but have been
supported and promoted by numerous reports, legal scho-
lars, and medical experts through a number of interna-
tional networks. In 1995, the WHO Regional Office for
Europe established the Health in Prisons Project to create
a forum for countries to share experiences in dealing with
the major challenges of prison health and to disseminate
best practices. Other initiatives with an active role in
prison health promotion are the Pompidou Group of the
Council of Europe, the International Centre for Prison
Studies, the EuropeanNetwork onHIV/AIDS Prevention
in Prisons, and the Canadian HIV/AIDS Legal Network.
Outlook

The common ground for both the human rights and
public health arguments for better prison health is the
principle of equity, whereby access to care and prevention
measures in prison should be equal to that in the commu-
nity. Equity in health means that people’s needs, rather
than their social privileges, guide the distribution of
opportunities for well-being in order to eliminate dispa-
rities in health and in health’s major determinants, which
are systematically associated with membership in less
privileged or especially vulnerable social groups. Within
the human rights discourse, equity is increasingly serving
as an important nonlegal policy term aimed at ensuring
fairness. Its importance is reinforced further by the
focused attention on vulnerable and disadvantaged groups
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in international human rights instruments. Within the
public health discourse, the principle of equity is used as
a basic supposition for the treatment and care of vulnera-
ble groups to the ‘highest attainable standard of health,’
which manifests itself in targeted health programs and
open access to health services.

Problems at the level of prison health care are often
aggravated or even created by societal determinants of
health. To achieve equity in prison health, scholars and
practitioners acknowledge that the focus of health-care
provisions needs to broaden. A purely medical approach
might not be sufficient to tackle the specific health
problems of prisoners. Even more, the concentration of
prison health as a stand-alone concept risks isolating and
thereby marginalizing the problems of the prison
population.

In this context, the article has discussed three key
prison and penal policy measures that can improve prison
health care:

1. The introduction of alternatives to imprisonment,
especially for drug addicts and nonviolent crimes, to
reduce prison overcrowding and improve conditions

2. The full introduction of harm-reduction measures in
prisons, including substitution therapy and needle
exchange, as supported by the World Health
Organization

3. The strengthening of links between public and prison
health services to improve prison health management
and disease control.

Acknowledgment of the contribution of prison health
to health inequalities and an increased attention to wider
health and criminal justice policies influencing these
inequalities will not only effectively tackle both the pro-
blems of prisoners as a group especially vulnerable to
health problems but will also benefit the health of the
public.

See also: Mental Health and Physical Health (Including

HIV/AIDS); Serial and Mass Murderers; Health

Inequalities; Ethics of Health Promotion; Ethics of

Infectious Disease Control; Social Epidemiology;

Tuberculosis Prevention; Agenda Setting in Public

Health Policy; Human Rights, Approach to Public

Health Policy; International Law, and Public Health

Policy; Global Health Initiatives and Public Health

Policy; Illicit Drug Use and the Burden of Disease;

Health and Human Rights: Overview; HIV/AIDS and TB;

Social Dimensions of Infectious Diseases.
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The Health of Indigenous Peoples

It has been estimated tha t there are approximately
300– 500 million Ind igenous peopl es acros s the g lobe,
belong ing to 5000 distinct group s in more th an 70
countr ies on every inh a bited contine nt ( Figure 1 pr o-
vides one estimate of the g lobal dist ribution of Indigenous
popu lations). Ther e has been increas ing inter national
attent ion given to the health and social circum stances of
Indigenous peoples over the last couple of decade s. Ind ig-
enou s issues have be en taken up by inter national bod ies
such as the Un ited Natio ns, the Wor ld Bank, and the
Inter national La bour Or ganizat ion. This focus on Ind ige-
nous peoples is war ran ted con sidering th e extent of health
and social disa dvantage that many Indigenous peoples
exper ience. Never theless, there are on going de bates
a bout how the te r m Indigenous is define d.

Historically, it was those nation states that had formerly
been European colonies that fir st recognized Indige-
nous peoples within their administrative and management
systems. This process began in North America when those
who were descended from the original inhabitants of the
continent, the Native American, Canadian Aboriginal,
Inuit, and Aleut peoples, were recognized as Indigenous.
Western intergovernmental agencies, non-governmental
organizations and academics further applied this way of
thinking about Indigenous peoples beyond the Americas,
with varying degrees of acceptance. In Australia and
New Zealand, for instance, there was little debate about
the existence of Indigenous minorities who had been
dispossessed through colonization and subsequently
incorporated into the political and administrative struc-
tures of a settler-dominated nation state. In Asia, gov-
ernments such as Malaysia, the Philippines, Singapore,
and Taiwan acknowledged some peoples as Indigenous
(Maybury-Lewis, 2002). Similarly, the governments of
Finland, Norway, and Sweden have recognized Indigenous
populations. Elsewhere, however, the acknowledgement
of Indigenous peoples has been more complicated. Prior
to its collapse, the Soviet Union denied the existence of
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Indigenous peoples within its borders. China and India
have sought definitions that would differentiate between
populations they refer to as tribals or minority nationalities
and Indigenous peoples (Bourne, 2003;Coates, 2004).
Ethnicity, Political Circumstance, or
History?

Today, people who describe themselves as Indigenous
(or are described as such by others) are found around
the world in widely varying social, cultural, political,
and geographical contexts. However, there is no single
definition that satisfactorily embraces the full range of
this diversity. Since inclusion or exclusion from any defi-
nition can involve legal, social, and political rights, the
debate is one which has generated considerable passion.
As examples, the Yanomami of the Amazon River basin,
living in a traditional way on traditional lands, would seem
to meet every criterion of Indigenous peoples. This is also
the case for the !Kung of Botswana, who live a mobile
lifestyle in the Kalahari desert. But can the dominant
population of Mongolia, which is also rooted in a mobile,
pastoral lifestyle, also be considered Indigenous? The
present-day descendants of once large and complex socie-
ties, such as the Mayan and Inca peoples of Central and
South America, also identify themselves as Indigenous.
What of those who occupy a position of power, such as the
Kashmiri Pundits and white Afrikaners, both of whom
have presented themselves to international organizations
as Indigenous? What of those Indigenous peoples who no
longer live in discrete remote communities but in large
urban areas where they lead lives that on the surface seem
very different from the traditions of their ancestors?
These questions illustrate the dimensions of this debate.

Equally important – Who decides? How do you bal-
ance the rights of people to represent themselves with the
interests of governments, academics, and international
bodies who are also entangled in this definitional process?
The efforts of organizations such as the United Nations,
the World Bank, and the International Labour Organiza-
tion that have engaged with this problem demonstrate
some of the difficulties in balancing such issues as self-
identification, ascribed ethnicity, cultural characteristics,
intercultural (and political) relationships, geographic
location, and historical change in forming a definition of
Indigenous peoples.

In 1972 a United Nations study developed a working
definition that stated that ‘‘Indigenous communities,
peoples and nations are those which, having a historical
continuity with pre-invasion and pre-colonial societies
that developed on their territories, consider themselves
distinct from other sectors of the societies now prevailing
in those te r ritories, or par ts of them . . .’’ ( cited in Coa tes,
2004: 6).

The International Labour Organization convention in
1989 defined Indigenous peoples as those ‘‘in independent
countries who are regarded as Indigenous on account of
their descent from the populations which inhabited the
country . . . at the time of conquest or colonisation . . .
and who retain some or all of their own social, economic,
cultural and political institutions.’’ The debates about the
definition of Indigenous peoples are not resolved. Never-
theless, it is possible to draw out of these discussions some
of the characteristics that have been ascribed to Indigenous
peoples (acknowledging the unresolved contradictions that
reflect the tensions in thinking). Variously, Indigenous
peoples have been described as people who:

. Lack political power and autonomy. Indigenous
peoples are commonly political minorities in nation states
dominated by settler societies or other ethnic majorities.
Their contemporary political circumstance has been
historically shaped by colonization in which Indigenous
peoples have been dispossessed from their traditional
lands and natural resources and subsequently incor-
porated within the institutional and political structures
of the settler state. The management of Indigenous
peoples by the settler state has often involved the devel-
opment of administrative structures and programs. The
rights of Indigenous peoples and those of the settler
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majority are frequently differentiated. This pattern of
political disempowerment is reflected in other forms
of social and cultural marginalization.

. Have relatively small populations and live in small-
scale societies. While some populations, such as in China,
are small relative to the dominant population, they are not
necessarily small in absolute terms. Some Indigenous
peoples, despite a history of colonization, now constitute
a relative majority of the current population. It is also
worth noting that many Indigenous peoples now live in
urban communities.

. Have social identities that are derived from historical
and lived connections to traditional territories and cul-
tural practices. Notwithstanding, Indigenous identities
are also complexly engaged with the realities of globaliza-
tion and modernity.

. Were historically mobile peoples, whose movement
over ancestral territories reflected their particular cultural
and economic modes of production. However, some
Indigenous peoples were historically tied to particular
settlements which formed the center of their cultural
and social life, and many Indigenous peoples today live
more sedentary settled lives.

. May respond to social trends and cultural change in
a way that is distinct from the dominant society. Some
change may be resisted for a range of complex reasons,
while Indigenous peoples may also embrace some forms
of development.

. Have retained the desire to maintain a distinct iden-
tity and cultural practices in the face of a history of
dispossession and social marginalization.

. Continue to maintain an understanding and sense of
connection to a precolonial past, often passed on through
oral testimony, ceremonies, and cultural activities, all of
which serve to preserve the understanding of history.

. Are actively engaged in the decolonization and rein-
digenization processes – often participating in protests
organized against colonial powers, global influences, envi-
ronmental exploitation and the like – while seeking to
maintain and protect their cultural independence despite
economic pressure to adapt to a national or global
mainstream.
Indigenous Health and Health Status

Measuring Indigenous Health and Indigenous
Concepts of Health

Although there has been an increase in international
attention to the question of Indigenous health, informa-
tion concerning their Indigenous health status is fragmen-
ted and incomplete. The quality of Indigenous health
information varies according to the capacity, and willing-
ness, of various nations to develop information systems
that monitor Indigenous health outcomes. For example,
United States Associated Micronesia, where Indigenous
peoples now constitute a majority of the population, lacks
the capacity to support sophisticated health information
systems (Anderson et al., 2006). Some nations do not
systematically collect health data on Indigenous peoples.
Even for those that do, data quality may be variable. In
Australia, for example, quality mortality data are available
for only 60% of the Indigenous population (Anderson
et al., 2006). Indigenous data quality is shaped by a range
of technical and social factors. Technical factors include
the inclusion of data items on Indigenous status within
administrative data sets and health surveys; definitions of
Indigenous people; and the development of systems for
the collation, analysis, and communication of Indigenous
health information. Social factors include the willingness
of institutions and people involved in the collection and
collation of health information to commit to strategies to
ensure high-quality data on Indigenous health. This may
be particularly an issue in contexts in which Indigenous
people are a relatively invisible minority.

The measurement of Indigenous health status tends to
be framed by biomedically defined measures of health and
illness. This may only partly capture different Indigenous
understanding and conceptions of health. The 1999 Dec-
laration on the Health and Survival of Indigenous Peoples
by the World Health Organization proposed a definition
of Indigenous health in which health

was both a collective and an individual inter-generational

continuum encompassing a holistic perspective incorpor-

ating four distinct shared dimensions of life. These

dimensions are the spiritual, the intellectual, physical,

and emotional. Linking these four fundamental dimen-

sions, health and survival manifests itself on multiple

levels where the past, present, and future co-exist simul-

taneously. (World Health Organization, 2001)

While this definition points to the different dimensions of
Indigenous understandings of health and well-being, it
does not represent the complexity and diversity of all
Indigenous world views. In order to meaningfully under-
stand this, it is important to pay close attention to the
particular cultural expressions of different Indigenous
peoples. For example:

I think that well-being in our house and home and alsowith

our neighbours is when there is peace and happiness –

and also when we love ourselves. It’s like God says to us,

you shouldn’t only want your own well-being, you should

also think of your neighbours. You have to think of your

neighbours, whether they have enough food to eat, or

maybe they’re suffering. It is important to think of them.

You have to share the happiness that you may have with

your brother.

(JuanaTzoyQuinillo, Santa Lucia laReformaMunicipality,

Guatemala; Bristow et al., 2003)
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Indigenous Health Inequalities

Indigenous peoples generally have much poorer health
and social outcomes relative to non-Indigenous bench-
marks. This is illustrated in Table 1, which compares
Indigenous and non-Indigenous outcomes for Australia,
Bihar (India), Canada, The Federated States of
Micronesia (FSM), Mexico, and New Zealand. The
extent of disparity varies between Indigenous peoples,
so generalizations can be problematic. However, Indige-
nous populations generally experience lower life expec-
tancies; higher incidences of chronic diseases such as
diabetes, heart disease, and cancers; higher incidence
of mental health disorders and substance misuse; and a
relatively higher incidence of infectious diseases such
as tuberculosis and rheumatic fever (which are now
Table 1 Indigenous health and social indicators for Australia, Biha

New Zealand. Benchmark values (bracketed)

Indicator Australia Bihar India C

Life expectancy

Male 59.4 (76.6)d n/a (63.2)e 6
Female 64.8 (82.0)d n/a (64.8)e 7

Infant mortality rates

[/1000 live births]

15.0 (5.0)a 183 (58)e 6

Low birth weight [% total

births under 2500 g]

12.9 (6.1)g Not available 5

Unemployment rate [% of

labour force]

20.3 (5.8)k Not available 1

Poverty rate [% of

population]

43.2 (12.9)k 66.0 (40.0)e 4

Benchmark values (unless otherwise stated) are for the same year

population. For Bihar the reference population is the total India popu
population. For the Federated States of Micronesia (FSM) the referen

population is the total Mexico population. For New Zealand the refer
aYear 1990
bYear 1996,
cYears 1996–99
dYears 1996–2000
eYear 2000
fYears 2000–01
gYears 2000–02
hYear 2000; benchmark the total US population 2005
iYear 2001
jYears 2001–02
kYear 2002
lYear 2003
mYear 2005

Data sources: Anderson I, Crengle S, KamakaML, Chen TH, Palafox N

Zealand and the Pacific. Lancet 367: 1775–1785; Alderete E (1999) T

tion; Bourne R (2003) Invisible Lives. Undercounted, Underrepresen
Peoples in the Commonwealth. London: Commonwealth Studies Uni

India: Overview of Socio-economic Situation of the Tribal Commun

United Nations; Pan American Health Organization (2000) Strategic

Peoples. Washington DC: World Health Organization; Pan American H
health in the Americas. (http://www.paho.org/english/ad/ge/home.htm
uncommon among non-Indigenous people in most
wealthy nations).

There are significant differences in life expectancy
for Indigenous populations relative to non-Indigenous
populations. For example, the life expectancy among the
Maya of Guatemala is 17 years shorter than that for non-
Indigenous peoples, while that of the Indigenous peoples
of Mexico is more than 3 years shorter than the rest of the
non-Indigenous population (Feiring, 2003). Disparities
in life expectancies are also found in Australia, New
Zealand, and Greenland. In Greenland, the life expec-
tancy for an Inuit is not only shorter than that for a
member of Danish non-Inuit communities, but also con-
tinues to be shorter than those in such developing
countries as Brazil, China, and Thailand (Bristow et al.,
2003; Stephens et al., 2005).
r, Canada, the Federated States of Micronesia (FSM), Mexico and

anada FSM Mexico New Zealand

8.9 (76.3)l 68.0 (75.0)l 67.6 (72.4)i 66.3 (75.7)c

6.6 (81.8)l 71.0 (80.0)l 71.5 (78.1)i 71.0 (80.8)c

.4 (5.5)e 21.0 (7.0)l 54.0 (29.0)b 8.6 (4.0)i

.3 (6.0)e Not available n/a (8.3)b 7.9 (6.1)j

9.1 (7.4)f 22 (5.1)h n/a (3.6)b 9.1 (3.4)m

0.0 (15.0)f 26.7 (11.3)e 80.0 (17.9)b Not available

(s). For Australia the reference population is the total Australian

lation. For Canada the reference population is the total Canadian
ce population is the total US population. For Mexico the reference

ence population is the total non-Maori, non-Pacific population.

, and Jackson-Pulver L (2006) Indigenous Health in Australia New

he Health of Indigenous People. Geneva: World Health Organiza-

ted and Underneath: The Socio-economic Plight of Indigenous
t; Food and Agriculture Organization of the United Nations (2000)

ities and Livelihoods in Madhya Pradesh and Bihar. New York:

Framework and 1999–2002 Action Plan: Health of the Indigenous

ealth Organization (2006) Gender Equity and Indigenous Women’s
, accessed 27 February 2006); Statistics Canada (2006) Aboriginal

http://www.paho.org/english/ad/ge/home.htm
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Indigenous health disparities are also reflected in differ-
ences in infant mortality rates. This is clear with respect
to Australia, Bihar, and the Federated States of Micronesia,
where the Indigenous infant mortality rate for each is three
or more times that of non-Indigenous (see Table 1).
The infant mortality rate among Indigenous peoples of
Mexico is almost double that of non-Indigenous peoples
(Pan American Health Organization, 2006).

The different patterns of mortality that are found in
Indigenous populations have consequences in terms of the
demographic structures of Indigenous populations, which
have a relatively higher proportion of children and young
adults compared with non-Indigenous populations.
Thirty-three percent of Native Americans and nearly
50% of Indigenous peoples in Peru are younger than
15 years of age (Pan American Heath Organization, 2006).

The greater alienation and social-related stressors
typically encountered by Indigenous peoples are also man-
ifest in other health outcomes. For instance, 31% of First
Nations people in Canada report some form of disability
linked to high accident rates, poor housing, substance
abuse, or chronic disease. Alaskan Natives report uninten-
tional injury death rates more than three times the national
average (Beavon and Cook, 2003). The suicide rate among
Indigenous Hawaiians is more than 150% greater than that
of non-Indigenous Hawaiians (Anderson et al., 2006).
Indigenous Health in a Historical and
Social Context

There have been historical changes in the patterns of
Indigenous health that arguably reflect the changing cir-
cumstance of colonial histories. From the beginnings of
the European colonization of the Americas in the 1500s to
the late 1900s, the absolute numbers of Indigenous popu-
lations declined precipitously. A range of factors were
responsible, including the combined effects of infectious
disease (such as smallpox, measles, typhoid fever, tuber-
culosis, and influenza), economic devastation, frontier
violence, forced relocation, and political and social mar-
ginalization. Notwithstanding the differences in these
histories, there are significant commonalities in the health
and social impacts of colonization with respect to Indige-
nous peoples such as Native Americans, the Indigenous
peoples of Central and South America and the Caribbean,
Australian Aborigines, native Hawaiians, the Saami of
Norway, the Maori of New Zealand, and others (Kunitz,
1994; Coates, 2004).

During the twentieth century, Indigenous patterns of
disease and illness began to reflect social changes such
as urbanization and increasing exposure to commodity-
based lifestyles and their harms. This has been parti-
cularly evident with the rising incidence of chronic
conditions such as end-stage renal disease, type 2 diabetes,
and ischemic heart disease. At the same time, historical
health problems associatedwith the consumption of drugs,
such as alcohol and tobacco, have been overlain with the
impact of other substances, and especially injecting drugs
that are associated with blood-borne viruses such as
HIV/AIDs and hepatitis B and C (Kunitz, 1994).

Disparities between Indigenous and non-Indigenous
populations persist despite general improvements in
health and standards of living among the latter. In fact,
recent studies in the Russian Federation indicate that the
socioeconomic and health status among the Indigenous
peoples of the extreme northeast has deteriorated in
recent years (World Health Organization, 2001). There
is also some evidence that Indigenous health has
improved over the last century (in places such as in
Australia, New Zealand, the United States, and Canada)
despite continuing disparities.
Explanatory Frameworks for Indigenous
Health Disparities

A number of explanatory frameworks have been used to
account for disparities in Indigenous health, including
racial difference, acculturation and risk behaviors, socio-
economic disadvantage, and the social processes asso-
ciated with colonization.
Racial Differences

Racial difference, which assumes that Indigenous peoples
have an underlying biological predisposition to poorer
health status, is no longer a well-accepted basis for Indig-
enous disadvantage. Race theory proposed that Indige-
nous peoples were biologically predisposed to poorer
health on the basis of their evolutionary poor fit within
contemporary society. Race itself is generally now seen as
a social construct emerging from colonial discourses
rather than a valid scientific idea. However, the disrepute
of race theory does not rule out a role of genetic factors in
increasing the propensity to particular diseases in partic-
ular populations.
Health Behaviors

Other commentators have emphasized the development
of risk behaviors (such as sedentary lifestyles, high-energy
diets, smoking, and alcohol use) that have been associated
with the adoption of Western lifestyles. This, it has been
argued, is particularly pertinent for the development of
chronic diseases such as diabetes or ischemic heart disease
through behaviors associated with obesity, diet, and lack
of physical activity. On a slightly different tack, it has
also been argued that the process of cultural change
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(acculturation) has generated social stressors for Indige-
nous peoples that have also contributed to the develop-
ment of a broad spectrum of illnesses.
Socioeconomic Disadvantage

Socioeconomic disadvantage is commonly seen to be a
pertinent factor in shaping Indigenous health outcomes.
The increased prevalence of poverty experienced by
Indigenous peoples often involves more than marginal
poverty – poor housing, low educational achievement,
unemployment, and inadequate incomes – extending to
profound poverty in which basic sustenance levels of food
and shelter are compromised. There are also second- and
third-order implications of socioeconomic disadvantage.
For instance, in the area of employment Indigenous
peoples’ greater reliance on the informal labor market
renders them more vulnerable to many work-related
health hazards, while also excluding them from union
and insurance benefits. Relatively poorer access to educa-
tion compounds vulnerability in terms of both employ-
ment and poverty.

The morbidity and mortality profiles of Indigenous
populations reflect those of themost underprivileged socio-
economic strata within the various nations. For example, in
Peru the rate of poverty among Indigenous populations is
150% that of non-Indigenous populations. Ninety-one per-
cent of Indigenous people in Guatemala lived in extreme
poverty in 1989, compared to 45% of non-Indigenous.
In Ecuador, 76% of Indigenous children live in poverty.
Further, the tangible impact of such poverty is reflected in
the figures found in Honduras where an estimated 95% of
Indigenous children under the age of 14 are malnourished
(Feiring, 2003). This is far from being only an American
phenomenon, as shown by the fact that over half of the
Tribal children in the Indian state of Bihar experience
malnutrition (World Health Organization, 2001).
Historical Processes of Colonization

Others have argued that Indigenous health outcomes have
been shaped by historical processes of colonization. Colo-
nization has impacted Indigenous health through a com-
plex, multilayered process of social change. This includes
the alienation of Indigenous peoples from their traditional
resources through the dispossession of Indigenous
peoples from traditional lands and the disruption of tra-
ditional lifestyles by the complex interplay of wars, fron-
tier violence, environmental change, and population
migration. Indigenous peoples have also been socially,
economically, and politically marginalized within the
developing settler society and its administrative and social
systems. For instance, in Central and South America,
many Indigenous communities lack access to clean
water, adequate sewerage systems, electricity, and paved
roads. There are many barriers to health-care access for
Indigenous peoples, including remoteness, poverty, and
cultural and linguistic differences. For example, one
Indigenous woman of the Occopecca Community in
Peru recounts:

After walking very slowly for about two hours with my

husband, I arrived at the health centre. I was in pain and

very frightened about using the service for the first time,

but as other women told me it was more safe for me and

the baby, my husband and I decided to go there to deliver

my baby. On arriving, the doctor, nurse and another man

told me, ‘only you can go inside, your husband will wait

outside,’ and told me to take off my clothes and to put on a

very short robe that left my intimacy almost uncovered.

I felt bad and humiliated and couldn’t understand

what they were talking about, as they were speaking

Spanish and I only know a few words of that language.

They forced me to lie down. . . I am frightened of the

health staff and how they treat you. They make you lie

down and don’t hold you and leave you alone suffering

with your pain.

After that we were asked to pay a penalty because

I didn’t go to my complete postnatal check ups. But we

don’t have money, and that is why they haven’t given me

my child’s birth certificate. No, I prefer to avoid all this

humiliation and suffering and will stay at home with my

family next time. (Bristow et al., 2003)
Strategies for Improving Health

There are a diverse number of perspectives about which
strategies are most appropriate for responding to Indige-
nous health inequalities. Many advocates argue for ongo-
ing political attention on issues of Indigenous rights and
broader social and economic disadvantage. In this context,
issues such as land reform, the political recognition of
Indigenous peoples, and support for the retention of Indig-
enous languages and culture are seen to be part of a broad
set of strategies to improve Indigenous health and social
outcomes. Others argue for strategies less explicitly
framed by Indigenous rights, but advocating action that
addresses the determinants of Indigenous health (such as
poverty, educational reform, and programs to improve
housing quality) as well as strategies to improve access to
health care. These approaches are not mutually exclusive
and are commonly brought together through public policy
in Indigenous affairs. More specifically, it has been advo-
cated that Indigenous health policy should link:

. Health system development and financing

. Capacity building for human resources

. Community participation

. Health care, health promotion, and disease prevention
programs development and delivery
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. Comprehensive integration of Western and traditional
health systems

. National health information, monitoring and evalua-
tion systems.

As an example of this, the goal of the Pan American
Health Organization’s Plan of Action 1999–2002 was to
promote the health and well-being of Indigenous peoples
by assisting countries in ensuring equity in health and
access to basic health services within the context of health
sector reform (Pan American Health Organization, 2000).
The work to develop those needed systems or models will
be directed to three interrelated lines of action:

. Strategic planning and alliances: To support countries
in the formulation and operationalization of integrated
public policies and strategies for the development of
health and social systems that provide Indigenous
peoples with equitable access.

. Intercultural frameworks and models of care: To sup-
port countries in designing and implementing frame-
works and models of care that specifically addresses
Indigenous peoples’ barriers to equity in health and
access to health services.

. Information to detect and monitor inequalities: To
improve information collection, analysis, and dissemi-
nation on the health and social conditions of Indige-
nous peoples.

The diversity of Indigenous peoples is a critical issue
that needs to be addressed in the development of policy
and strategy. This is a challenge for the PAHO plan of
action, which needs to take account of the fact that there
are more than 400 different Indigenous groups within the
Americas. Further to this ethnic, linguistic, and cultural
heterogeneity, Indigenous peoples live in a range of differ-
ent demographic contexts from remote to rural to urban.

The lack of national data on ethnicity and the scarcity
of comprehensive research on health risk and disparities
in many countries are serious obstacles to the establish-
ment of regional and global plans of action on the health
of Indigenous people. Health research has been criticized
for its failure to include Indigenous people adequately in
the research process. To be comprehensive, it should
involve Indigenous people and incorporate their view-
point. Lack of data also prevents countries from framing
effective and meaningful policy in areas relating to the
health of Indigenous people, a serious issue for countries
where Indigenous people either represent a high propor-
tion of the population or have a strong separate ethnic
identity.

Many Indigenous groups have emphasized autonomy
and self-determination and have given priority to develop-
ing an Indigenous health workforce that has both profes-
sional and cultural competence. They have also promoted
the adoption of Indigenous health perspectives, including
spirituality, in conventional health services. Traditional
healing has been suggested as a further strategy though
generally as part of comprehensive primary health care
and in collaboration with health professionals.

In Canada, the adoption of the 1989 Health Transfer
Policy promoted the transfer of on-reserve health services
from the federal government to First Nations. In Australia,
Aboriginal community-controlled health services first
appeared in the 1970s because of community mobilization
around issues of racism and poor access to health care.

In a number of contexts, primary health care has been
a fundamental plank to the Indigenous health strategy.
The devolution of service management has been one of
the policy debates that have framed health policy in a
number of places such as Canada, Australia, and New
Zealand. Different models of Indigenous management
of services have emerged. This policy debate has also,
to varying degrees, been framed in response to local
Indigenous political movements that have advocated self-
determination and Indigenous rights.
Global Processes and Indigenous Peoples

Many of the circumstances that shape the lives of Indige-
nous peoples and impact their health and social well-
being, have arisen within the context of nation states.
Political disempowerment, social marginalization, and
complex social change have given rise to circumstances
in which Indigenous peoples are among the poorest,
unhealthiest, and most vulnerable groups in these socie-
ties. An example of the abuses of Indigenous people’s
health and rights in Cambodia provides particular insight:

A few years ago a Cambodian mining company began

excavating gold on land belonging to our village. Neither

the company nor the district authorities had asked per-

mission from the village elders. The mines were closely

guarded day and night and we were strictly forbidden

from entering the land on which the mining was taking

place. Prior to the arrival of the miners we had seen little

sickness in our village. Shortly after the mining started,

villagers began to suffer from a range of health problems,

which included diarrhoea, fever, headaches and coughing

and vomiting with blood. The sickness mainly affected

children but a small number of adults also were affected;

25–30 people became ill, of whom 13 eventually died.

We feared that the village spirit had become angry, as

outsiders were mining land, and this has been a taboo for a

long time. Diang Phoeuk, Pao village Elder.

(Bristow et al., 2003)

Indigenous peoples have responded to these experi-
ences in order to enhance their well-being, both in terms
of the broader social and political issues as well as the
more local issues of family relationships, personal values,
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and behaviors. However, these social processes occur in a
globalizing world. Paradoxically, Indigenous peoples who
are often seen to live in small-scale societies in relatively
remote locations may be the most vulnerable in relation
to globalization.

For peoples who have historically been small, decen-
tralized populations, often relying in some way on tradi-
tional forms of economic production, the impact of global
ecological degradation is compounded. Increased green-
house gas emissions, biodiversity loss, deforestation and
water shortage – often the result of encroaching urbani-
zation and economic development – not only force rapid
changes in those lifestyles that are traditionally linked to
the land, but also result in a worsening of such basic public
health necessities as safe drinking water and sanitation. In
some regions, these conditions have often also been asso-
ciated with an increase in diseases such as malaria and
tuberculosis.

The resultant underprivileged socioeconomic stratifi-
cation is further exacerbated by ongoing and increasingly
global processes. These include macroeconomic policies
associated with the liberalization of trade and investment
protocols, international finance institutions, global trade
agreements, and technological innovations. These pro-
cesses may provide some opportunities in contexts
where Indigenous peoples are able to negotiate with
mining interests and other forms of economic develop-
ment. However, in many other circumstances, Indigenous
peoples tend to rely more heavily on the welfare econ-
omy, if such exists, or other more marginal economic
activities. Negotiating the consequences of economic
change is difficult for people who are economically and
politically marginalized.

Some of the benefits of modernity and globalization
(such as health care and public health services) can ame-
liorate its downsides. Yet many of those Indigenous
peoples who live in small, decentralized, and remote
circumstance often are not able to access basic health
services. Where they are geographically accessible, bar-
riers such as poverty, cultural alienation, language, as well
as perceived and actual discrimination impact the capa-
city of Indigenous peoples to access health care on the
basis of need. For instance, in the Americas an estimated
40% of the 100 million persons who are without regular
access to basic health services (because of poverty and a
lack of health insurance) are Indigenous, even though they
only comprise an estimated 20% of the total population.
A number of factors are related to the lack of access to
health services. In addition, differences between Indige-
nous and dominant language and custom can result in a
general disregard for Indigenous peoples and their beliefs,
but this can also be compounded by a lack of mutual
understanding and trust in mainstream services (Pan
American Health Organization, 2000, 2006).
Indigenous Rights in a Global Context

There has been increasing global attention on issues of
Indigenous rights since the SecondWorldWar. In part this
has been a result of a number of anticolonial movements.
Postwar independence movements in India, the political
success of anticolonial movements in Indochina against
the French and in Indonesia against the Dutch are just
a few examples. Indigenous political movements in the
Americas, Australia, and across the Pacific also emerged
over this period of time. Anticolonial political philosophy
has been shaped through the diverse contributions of a
number of intellectuals such as Mahatma Ghandi, Sukarno,
Ho Chi Minh, Franz Fanon, and others (Coates, 2004).

The broader human rights movement has both influ-
enced and in turn been influenced by the thinking on the
rights of colonized peoples. The United Nations’ adoption
of the Universal Declaration of Human Rights in 1948 was
a significant event for human rights in general, providing a
context for the development of Indigenous rights. The
Declaration challenged political and legal systems based
on notions of cultural or ethnic superiority. The Declara-
tion affirmed rights such as the right to equality and
freedom from discrimination; the right to life, liberty,
and personal security; freedom from torture and degrad-
ing treatment; the right to equality before the law; the
rights to a fair trial and to privacy; freedoms of belief and
religion, opinion, peaceful assembly; the rights to partici-
pation in government, to social security, to work, to ade-
quate standards of living and to education. Further to this,
the United Nations also passed a declaration that defined
and outlawed genocide, any attempts to destroy peoples
(Coates, 2004).

The International Labour Organization (ILO) had
started working on Indigenous issues when it operated
within the League of Nations prior to the Second World
War. However, it was not able to draw attention to these
issues because of the prevailingWestern political and social
contexts at this time. Nevertheless, under the aegis of the
League’s successor, the United Nations, the ILO developed
a draft protocol that was presented at a meeting of its
General Congress in Geneva. This was the basis of ILO
Convention 107, which offered directives to governments
responsible for dealing with Indigenous populations (Inter-
national Labour Organization, 1957). The Convention did
not carry legal weight and its emphasis was placed on the
provision of education, training, health, and other forms of
social assistance to those groups of peoples who experi-
enced lower standards of living and their integration into
the nation-state. Issues of tribal autonomy did not, in line
with prevailing political views, receive attention in this
Convention.

A number of Indigenous-led political movements
developed from the decades of the 1960s and 1970s,
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lendin g mom entum to a fur ther shift in inter national
social and political attitude s to Indigenous rights ( Coa tes,
2004 ). Indigenous or ganizat ions were common ly fou nd in
indus trial na tions in the fir st half of the twentieth century,
but their poli tical ef ficacy was lim ited. A general rise in
Indigenous social activi sm from the 1960s fou nd expres-
sion in Indigenous or ganizat ions, political moveme nts, and
activities. These politica l moveme nts vario usly focussed
on civil rights, su ch as in Aus tralia where politica l pressu re
was focused in the 1960s on issues such as achieving voting
right s for Ind igenous Austral ians and the removal of the
race c lauses from the Austral ian constitution , which
occur re d following a ref erendum in 1967. The Indigenous
moveme nts also focused on the recognition of Ind ige-
nous rights, which are seen to flow from the status of
Indigenous peopl es as colonized peopl e who still retain
histori cal rights despite their poli tical disposse ssion.
The recogni tion of Ind igenous land right s in Australia,
Canad a, Norway, and Sweden are examples of this .

Thes e local movements in tur n have raised inter na-
tional awareness on Ind igenous rights. In 1985, the United
Nations ’ Workin g Group on Indigenous Populat ions
began dr afting a dec lara tion on the right s of Indigenous
peoples in 1985. Al though not inten ded to be legally
binding on UN mem ber states, the dec laration iden tifies
a numb er of Indigenous righ ts, inc luding the esta blish-
ment of collective rights. The 45 ar tic les, divided into nine
sectio ns, cover a range of human righ ts and fu ndamental
freedo ms related to Indigenous peoples, inc luding their
right to preser ve and develop their identities and unique
cultural characte ristics, and rights related to education,
employment , health , religion , and language. It fur ther
protec ts the right s of Ind igenous peoples to own land
colle ctively ( Un ited Nations, 1994 ). O n 13 Se ptember
2007 the United Nations Assembly adopted the D ec lara-
tion on the Rights of Indigenous Peoples with an over-
whelm ing majority of 143 votes in f avor, only 4 negative
votes cast (Canad a, Austral ia, New Zealan d, and The
United Stat es) and 11 a bstentions (Inte r national Wor ld
Group for Ind igenous Af f air s, 2007).

While the Un ited N ations’ D ec lar ation on the Rights
of Ind igenous Peoples is often describ ed as the mos t
compreh ensive statem ent of the righ ts of Indigenous
peoples, a numb er of other inter national covenants and
convention s also cont ain relevant pr ovisio ns, albeit indi-
rectly. Amo ng thes e are the 19 51 Convention on the
Prevention and Punishm ent of the Crime of Geno cide,
which contains provisions re lated to causing bod ily or
ment al har m to member s of any group ; the 1966 Inter na-
tional Covenant on Civil and Politic al Righ ts and the 1966
Inter national Covenant on Econ omic, Social and Cultural
Right s, both of which provide for colle ctive rights; the
1989 Inter national La bou r O r ganization Convention 169,
which addresses the specific needs for Ind igenous peopl es’
human rights; th e 1992 Dec laration on the Rights of
Per sons belong ing to National or Ethnic, Reli gious and
Lingui stic Mi norities, which deals w ith states ’ obligatio ns
toward mino rities; the 1993 Vienn a Dec lar ation and
Program me of Action, which addresses the inh erent dig-
nity and unique con tribution of peopl es; and the 1997
Or ganiza tion of Am erican States ’ Dec lar ation on the
Right s of Indigenous People s, which conta ins a provision
for the righ t to self-gover nme nt, Indigenous law, and
cultural heritage ( Wor ld Health Or ganiz ation, 2001 ).

See also: Ethnic Conflict and Public Health.
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Introduction

The realization that the health of men is an area that
requires specific attention has only recently been recog-
nized. Ten years ago, there was very little mention of male
health issues other than perhaps a brief mention of pros-
tate cancer or testicular cancer and, while it was known
that perhaps more men died of coronary heart disease or
accidents in their younger years than women, little else
was seen to be of note. Even those working in the field of
masculinity studies seemed to miss the relevance of health
to men, with their focus on men and violence, men and
sex, men and work, etc.

There is now, however, an appreciation that men are
much more at risk than first thought, with distinct inequal-
ities existing between men and women and between men
from differing cultural and socioeconomic circumstances.
Premature death in men is seen across the disease spectrum
and the way men deal with emotional problems results in
high levels of addiction and suicide. These problems are
compounded by a socialization process that sees men as not
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only revered as risk takers, but also inhibited from using
health services in avoidance of being seen as weak.

Change is happening and across the world as a growing
awareness of men’s health is creating new opportunities for
policy makers, practitioners, academics, and the public rec-
ognize that not only ismen’s health amenable to change, but
there are now examples of good practice to draw on.

These issues are explored within this article. Data from
recent international studies on the state of men’s health
are used to outline the extent of the problems facing men.
This is contextualized within a discussion on the impact of
male socialization and the place of men’s health within the
broader gender mainstreaming debate. This is followed by
an account of activity around the world on what is being
done to target policy and services more effectively.

Men as Part of the Gender Debate

The issue of gender has been a key factor influencing the
development of much of the policy development at the

http://www.who.int/whr/2005/en/
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World Health Organization and in member states through-
out the world. Since the Beijing Platform for Action at the
1995 UN International Conference for Women, main-
streaming gender equality was predominately seen as a
commitment to ensure that women’s as well as men’s
concerns and experiences became incorporated into all
aspects of an organization, from employment issues through
to organizational governance, delivery, and outcomes.

In recent times, it has been recognized that this drive
for equality must also recognize the health issues that
seem to have a more detrimental effect on men, such
that all health policy must really be viewed through a
lens that recognizes both men and women. There are wide
implications for this, and they are being felt at all levels of
policy production and implementation as attempts are
made to disaggregate population-wide initiatives into pol-
icy that is sensitive to the needs of both genders. There is a
benefit, however, as it is recognized that the tendency to
create gender-blind policy has had the effect of serving
neither men nor women effectively.
Definition of Men’s Health

Early attempts to define men’s health tended to focus onto
the biomedical challenges that beset men and did not pay
sufficient attention to the broader social factors that also
create problems for how men live healthy lives. The
current definition offered by the Men’s Health Forum
(England) gives perhaps the best indicator that the issue
of men’s health has to be recognized at the broadest policy
level, including social care policy, education policy, what
is happening in the work environment, what is happening
in transport, what is happening in the prison service, etc.,
as well as at the personal level.

A male health issue is one arising from physiological,

psychological, social or environmental factors which

have a specific impact on boys or men and/or where

particular interventions are required for boys or men in

order to achieve improvements in health and well-being

at either the individual or the population level

(Men’s Health Forum, 2004).

Men’s Health – Causes of Concern

Life Expectancy

When asked, the majority of people will be aware that
men have a shorter lifespan than women; it is such a well-
known fact that it barely gets mentioned. But it is signifi-
cant that of the 193 countries listed by the United Nations
Statistics Division, in 184 of those countries men had a
life expectancy shorter than women, with four countries
having men living longer lives (with men living 2 years
longer than women in Kenya and 1 year longer in the
Maldives, Zimbabwe, and Zambia). The median differ-
ence between men and women is 5 years, but in Russia
there is a 13-year gap.

When the mortality data are further explored, it
seems that men appear to die in greater numbers com-
pared to women across the entire lifespan: From concep-
tion the male embryo is more likely to be spontaneously
aborted, more male children die, more young men die,
and more middle aged men die. Only after the age of
the normal life expectancy of men is there a female excess
of death. As part of a study exploring patterns of mor-
tality in young men and women across 44 countries,
the ratio of male deaths to female deaths was calculated
(see Figure 1): it can be seen that the ratio of male
deaths to female deaths is still higher even in this older
age group.

It can be seen that the highest ratios of death in men
compared to women occurred within the age range 15–24
(median ratio, 2.8) and 25–43 (median ratio, 2.6), with
decreasing ratioswith increasing age.Marked inter-country
variations were foundwithin Estonia and Latvia, which had
over 4.5 times the rate inmen as inwomen in the age groups
15–24 and 25–34; for Egypt, the Netherlands, and Hong
Kong, male deaths are less than twice that of female deaths
in these age groups.
Premature Death

An epidemiological study byWhite and Cash (2004) exam-
ined the extent of premature death in Western European
men and highlighted that a shorter life expectancy in
males was not just a result of the expected causes, such as
accidents and coronary heart disease, but rather that men
were dying sooner from the majority of conditions that
should have affected men and women equally (Table 1).

A more recent epidemiological study (White and
Holmes, 2006) explored mortality patterns across 44
countries for both men and women aged 15–44 years.
Within this study, which utilized data from the World
Health Organization Mortality Database, patterns of mor-
tality within the age band 15–44 years with six main
causes of death were included in the analysis:

. accidents and adverse effects

. suicide and self-inflicted injury

. diseases of the cardiovascular system

. malignant neoplasms

. chronic liver disease and cirrhosis

. homicide and injury purposely inflicted by other persons

Across the majority of countries in the age ranges of
15–24 and 25–34 years, the highest rates of mortality were
as a result of non-disease causes, including accidents,
adverse effects, and suicide, with a three- to fourfold
increase observed in the 35–44 year age group in



Table 1 Comparison of the ratio of total deaths of men compared to that of women across the major disease classification groups,

ages 1–24years, 25–74 years, and 75þ years

1–24 25–74 75+

Mental and behavioral disorders (F00–F99) 4.2 2.8 0.4
External causes of injury and poisoning (V01–Y89) 3.4 3.1 0.7

Symptoms, signs, abnormal findings, ill-defined causes (R00–R99) 2.7 2.5 0.4

Total all causes of death (A00–Y89) 2.4 1.8 0.7

Diseases of the genitourinary system (N00–N99) 2.1 1.4 0.8
Diseases of the nervous system and the sense organs (G00–H95) 1.7 1.3 0.6

Diseases of the digestive system (K00–K93) 1.6 2.0 0.6

Diseases of the blood(-forming organs), immunological disorders (D50–D89) 1.6 1.8 0.6

Diseases of the circulatory system (I00–I99) 1.6 2.1 0.6
Infectious and parasitic diseases (A00–B99) 1.5 2.0 0.6

Diseases of the respiratory system (J00–J99) 1.4 2.0 0.9

Neoplasms (C00–D48) 1.4 1.6 1.0

Congenital malformations and chromosomal abnormalities (Q00–Q99) 1.3 1.1 0.7
Endocrine, nutritional, and metabolic diseases (E00–E90) 1.2 1.3 0.5

Diseases of the musculoskeletal system/connective tissue (M00–M99) 0.7 0.7 0.3

Diseases of the skin and subcutaneous tissue (L00–L99) 0.0 0.9 0.4

Reproduced from White A and Cash K (2003) The state of men’s health in 17 European countries. Brussels: European Men’s Health
Forum.
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disease-related deaths, the suggestion again being that
men’s risky lifestyles contribute to the early loss of life
but also have an impact on the susceptibility of men to
developing life-threatening illness. Homicide was not
seen to be a major cause of death with the majority of
countries (Brazil and, to a lesser extent, the US being
notable exceptions); mortality attributable to homicide
represents a very small proportion of deaths in these age
ranges (see Figure 2).

To understand why men have this higher rate of death,
it is necessary to explore the possible contributory factors
that may make them more vulnerable.
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Men and Their Biophysiology

There are implications for being biologically born a male,
with the American Medical Association recognizing the
following key differences between males and females:

. differences associated with the sex chromosomes

. differences in immune response

. differences in symptoms, type, and onset of cardiovas-
cular disease

. differences in response to toxins

. differences in brain organization

. differences in pain perception (Wizemann and Pardue,
2001).

A bio-physiological difference that was not fully devel-
oped within Wizemann and Pardue’s text was the issue
of obesity, which is becoming a global problem and
has significant gender implications and will be discussed
later.

The full implication of these differences has yet to be
fully worked out, but the differences with regard to
cardiovascular disease certainly create a gender divide,
this being a problem of younger men and older women,
which helps explain why so many more men are at risk of
premature death from this cause. It is not possible, how-
ever, to explain all the other differences based on this
information or even the full extent of the differences in
the number of deaths from these differing causes from
country to country.

It appears that many of the problems that men face can
be traced back to their risky lifestyles, and much of this
relates to the expectations of society regarding how
men should live their lives and how men themselves are
socialized into that role.
Factors Affecting the Health of Men

Impact of Masculinity and Male Socialization

One of the principal factors influencing men’s health is
how boys are prepared for adulthood, which can be
argued is a significant factor of men’s problematic rela-
tionship with their health. From birth boys are treated
differently from girls, if not by their parents then by
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friends, family, school teachers, and others they come in
contact with. They are also influenced by television, films,
books, and the marketing of boys’ and girls’ toys
and clothing. The message is one of ‘big boys don’t cry’
and that boys are expected to be active with risk-taking
behavior not only condoned, but actively encouraged.

In exhibiting or enacting hegemonic ideals with health
behaviors, men reinforce strongly held cultural beliefs
that men are more powerful and less vulnerable than
women; that men’s bodies are structurally more efficient
than and superior to women’s bodies; that asking for help
and caring for one’s health are feminine; and that the most
powerful men among men are those for whom health and
safety are irrelevant (Courtenay, 2000).

Work that has been done with boys and young men
at school to try to understand the pressures as they
grow into manhood highlights that discussing their emo-
tions, feelings, and relationship issues is frowned upon
by boys and construed as being a female-orientated occu-
pation. Being viewed as overly concerned with emo-
tional issues results in peer group sanctions, such as
bullying, name calling, chastising, and physical abuse,
all employed to make boys recognize their wayward
activity. This negative social pressure is also seen to act
against boys and men who wish to lead any form of
alternative lifestyle to the mainstream, with young gay
men especially often experiencing anxiety and depres-
sion. Missing out on this formative time for developing
a vocabulary and introspection about their feelings
(an emotional literacy) may explain why men are thought
to be at a higher risk of emotional difficulties in their
adolescence and adult life, adding to their reluctance to
seek health-care support.
Socioeconomic Factors

A recent report on the inequalities in health across Eur-
ope (Mackenbach, 2005) highlighted that men seem to be
more vulnerable to the effects of worsening socioeco-
nomic factors than women, with life expectancies of
men falling at a faster rate in areas of marked social
change. This is seen most strikingly in the Eastern Euro-
pean countries with Russian men having an average life
expectancy in the fifties and the higher rates of premature
death in men from Estonia, Latvia, and Lithuania, and
Hungary.

The impact of socioeconomic factors impacts all
aspects of health, with men from poorer backgrounds
having worse mental and physical health; even within
prosperous countries the effect can be seen, with life
expectancy in the UK varying up to 15 years between
areas of deprivation and prosperity.

A study of lung cancer in four countries (England and
Wales, Canada, the U.S., and Poland), compared the
smoking habits and chances of both developing and
dying of lung cancer between the countries and on
socioeconomic status ( Jha et al., 2006). They found a
twofold difference between the highest and the lowest
social strata in overall risks of dying among men aged
35–69 years, with over half of all deaths in the lower social
groups in all the countries being directly attributable to
smoking.
Ethnicity

Men from different ethnic groups can be seen to have
their own particular health challenges, with, for instance,
African Caribbean men having a threefold greater chance
of developing prostate cancer and men from South Asia
having a four- to sixfold greater chance of developing
diabetes (U.K. Department of Health, 1999). There are
also issues in relation to racism within countries: for
instance, Royster and colleagues (2006) conducted an epi-
demiologic study that detailed the experiences of African
American men, suggesting that they felt excluded from
mainstream health-care services as a result of their race
and economic status, highlighting the concern that different
cross-sections of society may not be able to derive similar
benefits from the same health-care system. There are addi-
tional burdens that men experience such as the majority of
new migrants and asylum seekers being male, with their
own difficulties in accessing health services within their
new countries.
Men as Risk Takers

The World Health Organization (WHO, 2006) in its 2006
report focused on risk as the key to the prevention of the
majority of noncommunicable diseases and identifies
eight specific factors:

1. tobacco
2. alcohol
3. low fruit and vegetable intake
4. physical inactivity
5. high blood pressure
6. high cholesterol
7. overweight and obesity
8. raised blood sugar.

Tobacco, inappropriate diet, and physical inactivity explain
at least 75–85% of new cases of coronary heart disease.

All of this can be seen as problematic for men, with
men having higher rates of addiction to tobacco and
alcohol and also being diagnosed with high blood pres-
sure and high cholesterol levels. Men are now also less
likely to be engaged in physically demanding work and
their levels of activity are dropping with a correspond-
ing increase in weight (see the section titled ‘Men and
their weight’).
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There is another set of risks that relate to physical risk
taking that can result in violent death, with young men in
particular the most vulnerable. Although it is often
assumed that men are biologically driven to take risks
and behave recklessly, evidence suggests that differences
in the accidental death rates of men andwomen are mainly
explained by social and cultural factors that encourage
boys and men to adopt activities and behaviors that expose
them to greater risks (Robertson, 2007).

Unhealthy environments encountered through work,
with higher levels of occupational injury and death in
men, also contribute to this higher level of risk men
encounter. In the countries of the European Union,
annually there are an estimated 3 947 552 accidents at
work requiring more than 3 days absence as compared to
602 190 for women (Dupré, 2001).

Within the Eastern European countries, many of the
violent deaths are a result of accidental poisoning due to
alcohol, but there are still a substantial number of deaths
that result from homicide, road traffic accidents, and
suicide.
Men’s Usage of Health Services

A further area that has been identified as affecting men’s
health is their use of health services. It is recognized that
men do not access family doctors to the same extent as
women – indeed they are not frequent attenders of the
majority of services that are related to health – pharmacies
are predominately accessed by women, and men are less
likely to have regular dental checks and eye checks, and
are less likely to access health screening.

In part, this can be linked to the lack of formalized
health screening for men and also the fact that for many
men their health remains very static, without the need to
access health services for contraception or prenatal care.
Men’s bodies are also relatively unchanging, with none
of the hormonal or physical changes associated with
monthly menstruation as experienced by women.

The problem with the delay in seeking help results is
in the reduced treatment options available for the physi-
cian and the increased risk of unnecessary disability or
premature death (White and Banks, 2004).
Specific Health Concerns for Men

Men and Cancer

Examination of the incidence rates of cancer and the age-
specific mortality data tend to suggest that men have a
higher risk of developing and prematurely dying of the
cancers that should affect men and women equally (White
and Cash, 2004; White and Holmes, 2006). The reason for
this may be the increased rate of smoking, which leaves
men open to the smoking-related cancers, for instance
cancer of the lips, pharynx, cancer of the stomach,
and cancer of the bladder. Male-type obesity, as seen in
the section titled ‘Men and their weight,’ increases the
risk of the fat-related cancers: cancer of the prostate,
esophagus, etc. There may also be issues relating to
delay in presentation with symptoms, which will reduce
the treatment options.
Men and Their Cardiac Health

A steady and significant reduction in the number of
deaths as a result of coronary heart disease has occurred,
but this still remains the largest cause of male death in
many countries and a significant problem in others. There
are environmental and cultural factors associated with the
development of cardiovascular disease with a north–south
divide in Europe caused by the high-fat, high-red-meat,
high-calorie diet coupled with a reduction in exercise and
an increase in smoking in the north, increasing risk. This
pattern is also seen within the Americas, whose influence
is affecting traditional dietary habits across the world.
Interestingly, Swedish men, who have adopted more of a
Mediterranean diet and way of life, have seen their car-
diac death rate drop significantly, and Finland, which
legislated to reduce fat and calories in the production of
food, has also seen its levels fall.
Men and Their Emotional Health

It has been known for some time that men are less likely to
seek professional help to address and discuss their dep-
ressive symptoms than women, with Möller-Leimkühler
(2002) identifying this problem as being a discrepancy of
need, both in recognizing men’s symptoms as requiring
health advice and also in terms of the possible conse-
quences of seeking help with the fear of loss of status,
loss of control and autonomy, incompetence, dependence,
and potential damage to identity. These are important
points to make clear, as the majority of men who actually
enter psychotherapy are often very willing to engage with
the process. Therefore, it cannot be appropriately stated
that men are unable to benefit from therapy; rather it is
more a problem of getting them integrated into the
services in the first place.

The issue of men being less likely to seek help regard-
ing psychosocial problems is compounded by the possi-
bility that for many men, the way in which their mental
health difficulties emerge are different from those experi-
enced by women. Brownhill and colleagues (2005) suggest
that the current diagnosis of depression is based upon
the female presentation of signs and symptoms and that
for men their presentation is more covert, with men over-
compensating for their loss of control, leading to overwork
or violence or maladjusted behavior, either toward



230 Populations at Special Health Risk: Men
themselves or others. Understanding why this phenomenon
occurs requires an exploration of how men are socialized as
children and ultimately trained to deal with their mental
well-being (White, 2006).
Men and their Weight

The problem of being overweight has tended to be seen as
a female issue; however, although more women than men
are obese, there are more overweight men, with the num-
bers increasing rapidly (White and Pettifer, 2007). It is
now estimated that 75% of British men will be overweight
by 2010.

This rapid increase can be seen to be partially a result
of significant changes in society, such as:

. changes in eating patterns

. increasingly sedentary lifestyle

. decline in manual labor

. reduction in walking

. reduced opportunity for exercise

. alcohol consumption

. long working hours.

The relevance of weight to men is that they tend to
deposit fat intra-abdominally, leading to the apple shape
of men as compared to the pear shape of women whose fat
tends to be deposited in their hips and thighs. This vis-
ceral fat in men is problematic because it is not an inert
substance but has its own endocrine function, with the
creation of fat toxins that can lead to the fat-related
cancers such as prostate, testis, bowel, liver, kidney, esoph-
agus, and stomach. It also leads to a higher risk of devel-
oping hypertension, hyperlipidemia, and diabetes as a
result of the metabolic syndrome. Erectile dysfunction,
increased risk of dementia, and sleep apnea are also seen
as a consequence of excess weight.

It is also compounded by men’s relationship with their
weight and with food. The social pressure on boys is to be
a big man, with the muscular body seen as the ideal. The
effect of this is that normal-sized boys have been found to
see themselves as underweight, as opposed to girls who,
when a normal weight, see themselves as overweight due
to their social conditioning. For instance, in a study of 813
men and women between the ages of 19 and 39, 28–68%
of normal-weight boys felt they were underweight, while
30–67% of normal-weight girls felt they were fat
(McCreary and Sadava, 2001), such that young women
tend to diet to lose weight young, whereas men diet to put
weight on.
Men and their Sexual and Reproductive Health

The male reproductive system has the potential to create
many problems for men throughout their lives. Congeni-
tal defects can affect the development of the penis and
testes, leading to difficulties ranging from the results of
disordered body image to the absence of secondary sexual
development. The size and shape of the penis is a focus of
most young boys’ fears as to whether they are normal, and
although for girls the menarche is a sign of oncoming
womanhood, the first ejaculation is a hidden and often
embarrassing event that is certainly not a topic of
conversation.
Testicular cancer
Though testicular cancer is not very common, it can affect
men at any age, is still the main cause of cancer-related
death in young men, and is an increasingly common
condition in some countries, with the incidence doubling
in the UK over the past 20 years. Thankfully, this cancer
has a very good cure rate. Since the discovery of the
effects of platinum as part of the chemotherapy regimen,
the chance of survival has increased to nearly 95%; how-
ever, this is based on an early diagnosis and there are still
a significant number of men who delay seeking help and
have a much poorer prognosis.
Prostate problems

The prostate is the organ that produces the fluid that
forms the ejaculate and with its location, encircling the
urethra as it emerges from the bladder, is a major source of
health problems for the aging male. With increasing life
expectancy in men, it is now estimated that 43% of men
have a lifetime risk of developing benign prostatic hyper-
plasia and a 9% chance of being diagnosed with prostate
cancer. However, despite this now becoming one of the
most common cancers in men across the developed world,
it is still under-recognized, with many sufferers putting
their symptoms down to increasing age rather than a
treatable condition.
Erectile dysfunction

Erectile dysfunction (ED) (or impotence) was once thought
to be principally of psychogenic origin and while psycho-
sexual problems are still a key factor for many men, current
research has shown that disordered physiology is mainly to
blame. Vascular disease is responsible for 70% of EDs, such
that now ED is almost seen as the sentinel marker for
cardiovascular disease.

Assessing a number of studies Solomon et al. (2003)
found that:

. 15% of men with hypertension had complete ED
(increasing to 20% in men who smoked)

. 39% of men with cardiac disease had complete ED
(increasing to 56% in men who smoked)

. over 60% of men with ED had hypercholesterolemia

. between 39 and 64% of men with heart disease, myo-
cardial infarction, or vascular disease also had ED.
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Male infertility
Infertility, defined as the inability of a couple of prime
reproductive age (16–30 years) either to achieve preg-
nancy or to carry a pregnancy to live birth after 12months
of unprotected sex, is usually seen as a female problem.
However, there is a female-only factor in 40% of infer-
tile couples, a male-only factor in 30% of infertile cou-
ples, and female and male factors in 30% of infertile
couples, such that it has to be seen as a gendered
condition.
Sexually transmitted disease

Though HIV/AIDS can be spread via infected needles and
blood products, it is predominantly transmitted through
sexual contact and the numbers of men infected are increas-
ing, as are the numbers of those infected with syphilis and
gonorrhea. The gendered nature of HIV is recognized by
the WHO and the UN, with women being specifically
identified as being at increased risk of developing the dis-
ease frommen during intercourse, with men’s reluctance to
use condoms and to somemen’s propensity to havemultiple
partners cited as principal factors; however, there are also
significant problems for men as a result of this disease, with
premature death, disability with reduced ability to work,
and social stigma. Greater efforts are needed to engage
specifically with men to improve their sexual health and
also to influence their sexual risk taking.
Men and Violence

The majority of violent acts are carried out by men
against men, with the possibility of men dying as a
result of homicide far higher than for women. From the
analysis of patterns of mortality in the 15–44 age band, the
median death rate showed men’s deaths were over
2.5 times that of women’s deaths, with Brazil having 94.3
male deaths per 100 000 in the 15–24 age bracket as
compared to 6.9 deaths per 100 000 for women (White
and Holmes, 2006).

The World Health Organization Report on Violence
(Krug et al., 2002: p. 98), however, recognizes that women
are at a significant risk from men and list the following
factors that contribute to a man’s likelihood of abusing his
partner:

Individual factors

. young age

. heavy drinking

. depression

. personality disorders

. low academic achievement

. low income

. witnessing or experiencing violence as a child.
Relationship factors

. marital conflict

. marital instability

. male dominance in the family

. economic stress

. poor family functioning.

Community factors

. weak community sanctions against domestic violence

. poverty

. low social capital.

Societal factors

. traditional gender norms

. social norms supportive of violence.

These suggest that a man is himself subject to the influence
of many powerful factors, including depression, personal-
ity disorders, alcohol abuse, poverty, marital conflict – all
recognized as being under-recognized and under-
resourced in terms of providing targeted support for
men. The implication is that better support for men will
have a positive effect on women as well.
Activity in Men’s Health

With the problems men face with their health spanning a
broad range of issues, it is important that the complexity
of the task in getting men’s health improved cannot be
overstated. We are seeing a combination of biological,
social, environmental, and cultural factors affecting how
men are both prepared for managing (or not) their own
health and also the world in which they live. Economic
expectations of men to be the main wage earner, often in
difficult and dangerous circumstances, coupled with a
socially prescribed expectation that the man will not
own up to vulnerabilities makes for a dangerous cocktail
that results in many men suffering disability or premature
death.
Activity Guiding Development of Men’s Health

As already mentioned, the current wave of interest
in men’s health fits with the push by the WHO for
gender mainstreaming, with other cross-national organi-
zations also picking up the challenge. The European
Commission recognizes that there is a need for gender
to be a part of all funded research programs (European
Commission, 2001) and is exploring the implications of
the gender equity policy development on men’s health.
But aside from this high-level policy work, there is a
substantial degree of other international activity currently
ongoing.
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Every year the Inter nat ional Me n’s Healt h Week,
which r uns in the week up to Father’s Day in June, takes
a new focus atte ntion. In 2004, the theme was men and
cancer, in 2005 men and their weight, and in 2006 men
and their emoti onal well-being.

We now have the Inter national Soc iety of Men’s
Health and the Eur opean Me n’s Healt h For um , and at
the 4th Wor ld Congr ess on Men’s Health the Vienna
Dec lara tion on Men’s Healt h was laun ched.

We are now also see ing an increas e in the num ber of
inter national jour nals, with th e Jour nal of Men’s Health and

Gender ser ving mor e of a medical audi ence and th e Inter-
national Jour nal of Men’s Health having more of a social
science focus. The American Jour nal of Men’s Health ,
launc hed in 2007 is another recent signifi cant jour nal.

At a na tional level, there are varying amounts of
activity, with many countrie s now having some for m of
for malized or ganization aimed at developing men ’s health .
Many countrie s now have national or ganiza tions that are
focused on men ’s health issu es, for inst ance the Men’s
Health Network, The Aus tralian Me n’s Health Info r-
mation and Resource Centre, and the Me n’s Health
For um (MHF ) in Eng land, with similar MH Fs now
found in Scotland, Ireland, Wales, the Philippines, and
Hong Kong. Australia, the U.S., and Ireland are all work-
ing on a National Men’s Health Policy, and the Men’s
Health Forum in England has become very influential in
its work, with key policy documents being produced
(for instance, ‘Men and Cancer’ in 2004 and ‘Men and
Emotional Wellbeing’ in 2006 and their major policy docu-
ment ‘Getting It Sorted’) and have coordinated the pro-
duction of a successful series of books for men, published
by Haynes (Banks, 2002).

The new Scottis h Asse mbly have rece ntly fu nded (£4
millio n) a series of pil ot commu nity-based men ’s health
initiat ives with th e inten tion of buildin g on the success of
the Camelon Centre for Men’s Health. This ap pear s to be
the biggest investment yet by a gover nme nt into the
health of men wor ldwide.

Ther e are or ganizations tha t have directed their activ-
ity spe cifically focused on men, inc luding the work of the
Institu tio Promundo, an NGO working from its base in
Brazil, on the social ization of young men in the fie ld of
gender equality, vio lence prevention, and HIV/ AIDS
(Barker, 2005 ).
Conclusion

There has be en a lar ge amoun t of activity re lated to men’s
health over the last 10 year s and it see ms that as awareness
grows this rate of growt h will continue. With the push for
gender equity and gende r main stream ing, there will
increas ing ly be a po litical imper ative to see activity
within the field of men’s health continu e to ena ble some
of th e marked inequali ties that exist between men and
women and between men of dif f er ing social and ethni c
backg rounds to be addressed .

A fu r ther issue is tha t the risks men take with
their health go f ar beyond af f ecting their own per sonal
saf ety; they impac t women, their f amilies, th eir work,
and ultimately the whole f a bric of society. For a publi c
health agenda to be ef f ective, there is a requirem ent
for the problem to be under stood from the man’s
per spective.

If there is not an investm ent in exploring the health
beliefs and behavior of men and boys and the f actor s that
influence their developm ent, then we will cont inue to see
men as f eckless as oppos ed to a victim and progres s will
not be made .
See also: Suicide and Self-Directed Violence; Longevity

in Specific Populations; Occupational Death/Injury Rates;

Risk Assessment, Environmental/Occupational; Diet and

He art D isea se ; O be si ty/ O ve rwei ght: He alth C onse-

quences of; Infertility.
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Table 1 Population groups covered by the term migrant

Voluntary migrants

Labor migrants
Temporary contract workers

Foreign students

Family reunification

Spouses from country of origin
Migrants returning to county of origin (permanent; ‘pendulum

migration’)

Ethnic or religious groups (e.g., ethnic German ‘Aussiedler’ from
former Soviet Union states to Germany; Jews to Israel)

Undocumented (‘irregular’) migrants

Forced migrants

Refugees, asylum seekers
Internally displaced persons (not always counted as refugees/

migrants)

Environmental migrants

Trafficked persons
Definition of Migrants, Demography,
and Types of Migration

Definition of Migrant

Migrants are individuals who move from one country or
place of residence to settle in another. The move can be
either across an international border or within a state, and
it can be temporary or permanent. People migrate for
economic reasons or to join their relatives; others are
refugees, displaced persons, or uprooted people. Volun-
tary migrants are those who have made their own decision
tomigrate; the decision could, however, have been brought
about due to economic or other pressures. Forcedmigrants
are people who have to move because of external factors
such as individual persecution, general conflict, or natural
disasters (Braunschweig and Carballo, 2001; IOM, 2005).
Any such classification remains theoretical, however.
Often, push-and-pull effects are at work simultaneously;
whether the migration is permanent may only be decided
in the future, or the decision may be revised. Table 1
provides an overview of population groups covered by
the term migrant.
For health reporting and epidemiological purposes,
foreign-born persons or holders of foreign passports
are categorized as migrants. This underestimates the
profound heterogeneity of foreign-born populations:
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they may be migrant workers, refugees, asylum seekers, or
students. Their history and legal status, in turn, affects
health determinants and outcomes. The offspring of
immigrants may face similar problems but often do not
appear in routine migration statistics because they are
not foreign-born. Different regulations make comparisons
of the health status of migrants between neighboring
countries difficult.
Number of Migrants Globally and
Sex Distribution

The number of international migrants worldwide has been
increasing steadily over the last decades and is expected to
continue doing so. In 1960, there were 76million interna-
tional migrants globally (IOM, 2005). By 2000, this num-
ber had reached an estimated 175million, meaning that
1 out of every 35 persons in the world was an international
migrant (Table 2). The total number was predicted to rise
up to between 185 and 192 million by early 2005 and to
reach 230million by 2050 (IOM, 2005).

The proportion of women migrants went up from 47%
in 1970 to 49% in 2000, and is higher in developed than in
developing regions (Table 2). It is usually easier for men
than for women to migrate legally: Efforts to recruit labor
frequently focus on employment in construction and
agriculture, which tends to be male-dominated.
Changing Motives for Migration

People have been moving from one place to another,
internally and across borders, throughout human history.
Contemporary movement, however, differs significantly
from that of past times. Continued economic disparities
within nations – between rural and urban areas, regions or
states, and among nations – have always played an
important role in furthering internal and international
Table 2 Numbers of international migrants in the world and byma

migrants, 1970 to 2000

Number of internationa

Major region 1970 1980

World 81.5 99.8

Africa 9.9 14.1
Asiaa 28.1 32.3

Latin America and the Caribbean 5.8 6.1

Northern America 13.0 18.1
Oceania 3.0 3.8

Europeb 18.7 22.2

Former USSR 3.1 3.3

aExcluding Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, T
bExcluding Belarus, Estonia, Latvia, the Republic of Moldova, the Ru
migration. Today’s migration patterns and the environ-
ment in which people migrate are defined by economic
and humanitarian crises. In addition, modern communi-
cation and transportation, as well as the opening up of
borders between countries and regions, have made it
possible for people to travel farther, faster, and more easily
than ever before. Migration has become a global issue,
with all states of the world now functioning as either
points of origin, transit, or destination, and, at times, all
three at once (UNFPA/IMP, 2004; IOM, 2005). In 2000,
the United States was the country with the largest number
of international migrants with 35 million people, equiva-
lent to 20% of world migrant stock. Regionally, Asia
(excluding Armenia, Azerbaijan, Georgia, Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan)
had the largest number: 43.8million, or 25% of world
migrant stock (IOM, 2005).

Traditional countries of immigration such as Australia,
Canada, and the United States continue to be attrac-
tive destinations for international migrant workers.
However, recently there have been significant shifts in
labor migration. In the 1980s, for example, economic
development in Japan and in East and Southeast Asia
offered alternative destinations for migrant workers
from economically less well-off countries in the region
(IOM, 2005). In sub-Saharan Africa, the political liberal-
ization of the Republic of South Africa in the 1990s and
the continued deterioration in the economies of many
neighboring countries led to a marked increase in migrant
flows from the region into that country (Gushulak and
MacPherson, 2004).

Internal migration, although often voluntary or eco-
nomically based, can also be involuntary due to environ-
mental degradation, natural disaster, human rights abuse,
or political upheaval and armed conflict. Currently, 25
million persons in more than 50 countries are internally
displaced due to conflict. While they remain within the
jor region, including proportion of females among the international

l migrants (in millions) Percentage of females

1990 2000 1970 2000

154.0 174.9 47.2 48.6

16.2 16.3 42.7 46.7
41.8 43.8 46.6 43.3

7.0 5.9 46.8 50.2

27.6 40.8 51.1 50.3
4.8 5.8 46.5 50.5

26.3 32.8 48.0 51.0

30.3 29.5 48.0 52.1

ajikistan, Turkmenistan, and Uzbekistan.

ssian Federation, and Ukraine.
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borders of their own country, they are often without
access to basic services such as health care and education,
and beyond the reach of international aid organizations
(UNFPA/IMP, 2004).
Migration: A Challenge to Individuals
and Societies

Migration offers opportunities and is associated with
risks – for individual migrants and their families, for the
societies from which migrants originate, and for the receiv-
ing countries. Many countries are not well prepared and
lack policies needed to make migration a healthy and
socially productive process. This has public health implica-
tions for the people who move, for the families they have
left behind, and for the communities they come in contact
with during transition or in the host countries (Carballo
and Nerukar, 2001).
Migration and Health

Under normal circumstances migration in itself should
not pose a risk to health. However, the conditions sur-
rounding the migration process can increase vulnerabil-
ity for ill health. Some of the health risks are related
to the conditions before departure, to travel conditions,
and to the arrival or transit stage. The reasons why the
movement is taking place – whether the individual can
control them or not (voluntary or forced migration), the
mode of movement, as well as the regulations and level
of acceptance in the receiving country – all play a role
in determining the health of migrants (Braunschweig
and Carballo, 2001; IOM, 2004). These factors are exam-
ined later.
Exposures in Country of Origin

Persons fleeing persecution, leaving areas with high dis-
ease prevalence or limited access to health care, are likely
to have different health profiles from those voluntarily
emigrating from countries where health services are
optimal and disease prevalence is low. A considerable
number of migrants come from developing countries
where infectious diseases such as tuberculosis (TB) and
HIV/AIDS contribute significantly to morbidity. Persons
originating from such a country and migrating to a
developed country have, at the time of arrival, a higher
risk of suffering from these diseases than persons of
the same age in the general population of the coun-
try of destination (Cookson et al., 1998; Carballo and
Nerukar, 2001; Razum and Twardella, 2002; Gushulak
and MacPherson, 2004; IOM, 2004). The problem is
compounded by poor living conditions and the barriers
to accessing preventive and curative health care that
migrants often face (see following section titled ‘Access
to health services’).

Between 1995 and 2000, the incidence of TB cases in
Denmark increased steadily and the proportion of foreign-
born persons among all cases rose from 18% in 1986 to
60% in 1996. Approximately 40% of all TB infections in
England and Wales are occurring in immigrants from
the Indian subcontinent. The incidence of TB in the
Netherlands rose by 45% between 1987 and 1995, with
more than half of the new cases being reported among
immigrants. In Germany and France, migrants are three
to six times more likely to be diagnosed with TB than
nonmigrants. The risk of HIV/AIDS among migrants
in many EU countries reflects the global epidemiologic
pattern of the disease. For example, migrants of African
origin residing in Sweden have a higher HIV/AIDS inci-
dence than Swedish nationals. A similar pattern can be
observed in Germany, where the number of HIV-infected
persons among migrants is rising (Carballo and Nerukar,
2001; Robert Koch-Institut, 2005a, 2005b).

Exposures in the country of origin can also be to the
benefit of migrants. Lifestyle factors such as diet, tobacco,
and alcohol consumption are often more favorable for
health in developing than in developed countries. With
regard to smoking, the proportion of smokers in lower-
income countries might be higher, but the amount con-
sumed per person will often be substantially lower than
in the high-income countries. Besides lung cancer, the
incidence of breast cancer and colon cancer also tends to
be lower. Studies show that migrants ‘take along’ their low
risk for some chronic diseases and keep this advantage for
many years, depending on the adopted lifestyle in the host
country and the lag time of the disease in question. The
risk of diseases, such as stomach cancer and stroke that
are associated with poor hygienic and living conditions
in childhood, tends to be higher, however (Razum and
Twardella, 2002).
Patterns of Mobility (Regular Versus Irregular)

Movement as such can constitute a considerable and imme-
diate health risk if it involves fleeing, forceful displacement,
or illegal crossing of borders. Planned migration, in which
the necessary travel documents have been organized
beforehand and entry requirements are met, will be safer
than a journey taken clandestinely or under duress.
Health risks of irregular migration

In June 2000, an attempt by 54 Chinese would-be immi-
grants to enter the United Kingdom in a sealed truck
designed to carry fruit ended in their death by suffoca-
tion. Thousands of people are taking similar risks on a
daily basis, with many of them losing their lives in the
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process. The death toll at sea among Africans and Albanians
trying to enter Europe through Spain and Italy, respec-
tively, is giving rise to international concern (Carballo and
Nerukar, 2001).

The International Organization for Migration (IOM)
reports that the number of irregular migrants is increas-
ing. Precise figures are not available, but IOM estimates
that one-third to one-half of migrants to developed
countries travel without documents or with false ones,
which is said to constitute an increase of 20% over the
past 10 years (UNFPA/IMP, 2004). Correspondingly,
the number of migrants in an irregular situation (which
includes persons who enter legally but whose legal status
has expired) within a country is difficult to estimate.
Irregular migration does not necessarily involve traffick-
ers; however, trafficking and smuggling of humans have
become major criminal enterprises, often involving
exploitation and abuse. Women and children are more
vulnerable than men (Carballo and Nerukar, 2001;
UNFPA/IMP, 2004).
Healthy Migrant Effect

It has frequently been observed that migrants have a lower
mortality (and occasionally also morbidity) compared to
the majority population of the host country, in spite of
being socioeconomically disadvantaged. This phenomenon
is known as ‘healthy migrant effect.’ Attempts to explain
it have focused on a selection or self-selection of part-
icularly healthy individuals into migration and on the
differentials in risk of chronic diseases (e.g., cardiovascular
disease) between populations. Hence, people migrating
from countries with low mortality from coronary heart
disease (CHD) to countries with high cardiovascular dis-
ease (CVD) mortality, initially experience a mortality
advantage. Examples for such a scenario are the migra-
tion from southern to northern Europe and from Latin
American countries to the United States. Due to the long
lag periods in chronic disease, such mortality advantages
may persist for years or even decades after migration
(see following paragraph). Ultimately, as was shown in
the Nihosan study of Japanese men migrating to Hawaii
and San Francisco, mortality rates converge with those of
the majority population. There is considerable evidence
that initially advantageous cause-specific mortality rates of
immigrants may turn into a mortality disadvantage when
socioeconomic conditions are unfavorable and access to
health care is difficult.
Exposures in Country of Immigration

By migrating to industrialized countries, migrants from
lower-income countries benefit from environmental and
public health measures that prevent the epidemic spread
of infectious diseases, and from better access to biomedi-
cal care that provide a cure for many conditions (Razum
and Twardella, 2002; Razum and Geiger, 2003). Changes
in lifestyle (diet, tobacco, alcohol) can quickly lead to
unfavorable changes in risk factor profiles for cardiovas-
cular disease, lung and colon cancer, and other noncom-
municable diseases. Due to long lag periods, disease and
death rates may show appreciable increases only after
decades of exposure. This potentially positive situation
becomes problematic when public health policies of the
host countries only target the general population but
elude migrants.

Migrants are exposed to an excess risk of contract-
ing infectious diseases even in high-income countries.
For example, many migrant workers travel without their
spouses or partners and might resort to unsafe sexual
practices, thereby risking the contraction of sexually
transmitted diseases (STDs). In Belgium and Sweden,
the number of STD cases among foreign-born men
is higher than that of men born in the two countries
(Carballo and Nerukar, 2001).
Social Class

Social class is a strong determining factor for health.
Migrants, upon the time of arrival, frequently become
part of the lower social stratum of the host country.
They then are exposed to similar risk factors, and face
similar health risks, as the lower social class within the
general population, such as a high smoking prevalence
and poor working as well as housing conditions.

Housing can both determine the health of people, as
well as indicate the quality of life they enjoy and are
allowed to enjoy. Many migrants arrive with little money
and usually have temporary official status that does not
allow them to ‘invest’ in good-quality housing. Often this
is further reinforced by social barriers. Newcomers from
abroad (or rural areas in the case of rural to urban migra-
tion) tend to move to low-income areas of towns and cities
where they are exposed to crowding, substandard housing,
and poor sanitation (WHO, 2003). The situation is more
problematic for seasonal workers.

In an agricultural site in southern Spain, 85% of
the workers were living in crowded temporary struc-
tures. These were situated in close proximity to green-
houses and warehouses where pesticides were used
and stored. In Portugal, more than three-quarters of
migrant shantytowns had no running water, toilet facil-
ities, electricity, or refuse collection (Braunschweig and
Carballo, 2001).

Exposure to poor housing, hazardous working condi-
tions and social disruption is also common among migrant
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workers in various parts of Africa (WHO, 2003). In many
industrialized countries, asylum seekers who formally
lodge application for refugee status are confined in deten-
tion centers. These centers are generally overcrowded,
increasing the risk of spread of infectious diseases.

Between October 2001 and October 2002, 56 cases of
active TB, many with pulmonary involvement, were diag-
nosed among residents of an overcrowded migrants’ shel-
ter in Paris. The outbreak was the result of transmission
that had occurred in France, as became evident from the
clustering of the cases in time and place, the large number
of cases with early-stage disease, and from typing of the
isolates (Valin et al., 2005).

Choosing to live in proximity of persons of the same
ethnic ancestry can, however, also be one of the coping
strategies used by migrants. By living close together,
migrants of similar ethnic background can maximize
social interaction and maintain group norms and values.
Furthermore, a large size and concentration will help
ensure the success of ethnic clubs, churches, language
newspapers, and specialty stores (Balakrishnan and
Maxim, 2005).

Being a migrant can affect the socioeconomic situation
in ways different from those experienced by the host
population. One example is de-skilling, or ‘brain waste,’
which relates to the considerable number of highly skilled
migrants who work as unskilled labor. University graduates
fromAfrica and Latin America often fail to find jobs in their
fields of training after migration to industrialized countries;
doctors or engineers may end up earning a living as cleaners
or taxi drivers. Doctors from the former Eastern Block
countries face difficulties when seeking recognition of
their medical qualifications in western European countries.
In Sweden, the unemployment rate for migrants with a
tertiary level education is twice as high as that of the native-
born population with similar qualifications. De-skilling is
assumed to lead to psychosocial and health problems (see
following section titled ‘Psychosocial problems particular to
migrants’).
Migration and Gender

Women are marginalized in many societies in respect to
education, employment, goods and services, and basic
human rights. By migrating to industrialized countries,
they may improve their opportunities in personal, educa-
tional, and economic terms. However, women with a
migration background have a higher probability of work-
ing in gender-segregated and unregulated sectors of the
economy such as domestic work, entertainment, and sex
industries. They are more exposed to forced labor and to
sexual abuse by employers or by personnel and inhabi-
tants of refugee camps than men or women of the majority
population (UNFPA/IMP, 2004).
Migration can also be stressful and traumatic for women
due to the loss of their established social setting and familiar
surroundings. Their initial lack of education and occupa-
tional experience may limit their social integration in new
settings. Moreover, second-generation immigrant girls and
women may experience substantial pressure from their
parents to conform to traditional values that may not be
compatible with the lifestyle of their peers from the major-
ity population. In the case of forced migration (see section
‘Irregular Migration and Trafficking in Persons’), women
are greatly disadvantaged. In complex emergencies such as
war, the social cohesion characteristic of stable societies is
disrupted and families are dispersed, increasing people’s
vulnerability, especially that of women (Carballo et al.,
1996; IOM, 2005).
Access to Health Services

In many countries, migrants have limited access to
health services in comparison to the majority population.
Health-care-seeking behavior is culturally determined, so
migrants have to overcome cultural as well as language
barriers. People coming from countries or regions of
countries where services may have been lacking will
have developed coping strategies that make them more
fatalistic about disease, more tolerant of pain, and less
likely to seek help when ill (Braunschweig and Carballo,
2001; Carballo and Nerukar, 2001). Language problems
and lack of information regarding the location and struc-
ture of local health services often limit the capacity of
migrants to make optimal use of services. Many migrants
cannot communicate with health providers effectively.
Few countries routinely use interpreters in health-care
facilities or provide multilingual information packs, which
also include visual and audiovisual media (Razum and
Geiger, 2003).

The different cultural understandings of health and
concepts of disease make communication and interaction
with migrants more difficult. Culture influences the inter-
pretation and presentation of symptoms, as well as the
treatment expected. In many cultures, illness is perceived
as coming from ‘outside.’ Health care in industrialized
countries, which is based on a biomedical paradigm, does
not adequately respond to the migrants’ perception. This
can lead tomisdiagnoses, inappropriate treatment, and poor
compliance on the part of the patients (Braunschweig and
Carballo, 2001; Razum and Geiger, 2003).

The legal status of migrants also determines their
level of access to health and social services provided
in the host country. Legal immigrants, permanent resi-
dents, and other long-term migrants often have the same
access to health and social services as the local population.
The access to health services for asylum seekers varies
widely. Most countries provide medical screening to
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asylum seekers upon arrival, followed by limited access
during the processing of their asylum claims. This might
take months or years. Although the reasons for these
restrictive policies vary, they share one underlying aim:
to reduce health and welfare costs (IOM, 2005; Norredam
et al., 2005).
Psychosocial Problems Particular to Migrants

Even under the best of conditions, the process of migration
often entails uprooting, and separation from family and
familiar surroundings, as well as traditional values. Mig-
rants find themselves in new social and cultural situations
in which job and legal security may be minimal. Highly
educated migrants often consider themselves to be over-
qualified for the jobs they hold (see the paragraph about
de-skilling in the preceding section titled ‘Social class’).
For many, social integration is difficult. The loss of
status and social support can lead to dissatisfaction
and depression (Carballo and Nerukar, 2001; Razum and
Geiger, 2003).

Persons fleeing war and victims of trafficking may expe-
rience posttraumatic stress; this may lead to heightened
aggression and health-related problems. Their condition
may be aggravated by overcrowding and poor living condi-
tions in migrant detention centers and by the way they are
treated. Detention is an additional stressor for asylum see-
kers that may worsen psychological symptoms. Often, there
are no mechanisms to identify victims of torture or sexual
abuse in need of specialist care (Braunschweig andCarballo,
2001; Steel and Silove, 2001).

Stigma and discrimination (overt and implicit) can
lead to, or aggravate, psychosocial problems. Whereas
stigma refers to perceiving certain population groups –
for example, because of their ethnic origin – as inferior,
discrimination describes the practical consequences of
stigmatization in everyday life and in health care.
Migrants face stigma and discrimination depending on
their country of origin, their religion, and even more so
when they are living with stigmatized diseases such as
HIV/AIDS.
Working Conditions

Migration for employment is not always safe, and in some
cases is not covered by regulations protecting migrant
workers. Migrants frequently obtain jobs that are tempo-
rary, poorly paid, require low skills, and are therefore
unattractive to local labor forces. Carballo and Nerukar
(2001) report that the number of industrial accidents
and injuries in construction and public works fields is
higher among migrant workers than among citizens
in many western European countries. Work-related risks
are compounded by language barriers, poor communica-
tion, a lack of familiarity with the technology used, and by
different attitudes to work safety. For example, it is not
uncommon that migrant workers are insufficiently pro-
tected against exposure to pesticides and other chemical
products. Long-term exposure to such products has been
linked to depression, neurological disorders, and miscar-
riages (Carballo and Nerukar, 2001). These problems are
compounded where migrant child labor is concerned.
Hispanic children of migrant farm workers make up a
considerable proportion of farm labor in the United
States. These children face even higher risks of injury or
death from accidents than their elders (IOM, 2005).
Irregular Migration and Trafficking in Persons

Irregular migration not only poses the highest risk to
migrant health; it is also a public health concern in regard
to communicable disease control, reproductive health,
occupational and environmental health, and sanitation.
Undocumented migrants often live in crowded, unsanitary
conditions that add to their health risks. When ill, they
may not be able to access health services for fear of being
reported to immigration authorities and being deported.
Providing preventive services for these populations is par-
ticularly challenging (Braunschweig and Carballo, 2001;
WHO, 2003;Gushulak andMacPherson, 2004; IOM, 2005).

Trafficking, according to the UN General Assembly, is
‘‘the recruitment, transportation, transfer, harboring or
receipt of persons, either by the threat or use of abduc-
tion, force, fraud, deception, coercion, or by the giving of
unlawful payments or benefits to achieve the consent of
a person having the control over another person for the
purpose of exploitation’’ (UN General Assembly, 1999: 3).
Health-related issues are among the most severe conse-
quences of trafficking in persons. Trafficked persons often
fall victim to various forms of sexual and physical abuse,
which can have devastating and lasting effects on their
mental, reproductive, and general physical health and
well-being (IOM, 2005). The trafficking of children and
adolescents for economical and sexual exploitation
demands special attention (Tautz et al., 2006).
Migration and Reproductive Health

Changes in social and economic environment, differential
access to health care, changes in sexual behavior and social
status affect reproductive health, especially among women.
Language or cultural barriers can lead to unfavorable health
consequences, for example, during pregnancy. In several EU
countries, migrants have a higher proportion of difficult
pregnancies, and experience more pregnancy-related ill-
nesses and complications, relative to local women (Razum
et al., 1999; Carballo and Nerukar, 2001). In Sweden, for
example, Ethiopian and Somali women have an increased
perinatal morbidity compared to the general population,
while in Denmark ethnic minority and migrant women
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underuse reproductive checkups (Ackerhans, 2003). In
Spain, migrant women from sub-Saharan Africa and Cen-
tral and South America have particularly high rates of
premature births, low birth weight, and complications of
delivery (Carballo and Nerukar, 2001).

Perinatal and neonatal mortality rates are frequently
higher among immigrants than in the host population. In
the UK, perinatal and postnatal mortality rates are higher
among immigrants born in Pakistan and the Caribbean
than in the general population; a similar gradient is visible
among Turkish immigrants in Germany. In Belgium,
Turkish immigrants experience perinatal and infant
mortality rates that are 3.5 times as high as those of
Belgian women (Carballo and Nerukar, 2001; Razum and
Geiger, 2003). Conflicting values, as described in the pre-
vious section titled ‘Migration and gender,’ may limit
access to contraceptives and to strategies for women to
protect themselves against sexually transmitted diseases.
A lack of adequate information on contraception, and on
where to obtain appropriate advice, is common among
immigrant women, in particular among those from the
north and sub-Saharan African countries (Carballo and
Nerukar, 2001).
Migration and Aging

Due to steady increases in migration and the temporal
nature of work migration in many settings, migrant popu-
lations are often young in comparison to the host popula-
tions. Social and health services are often not prepared
for elderly migrants who remain in the host country.
Often, the migrants themselves are unprepared, because
they had always planned to return to their country of
origin. Elderly Turkish work migrants in western Euro-
pean countries, for example, increasingly decide not to
return to Turkey where access to health care is more
restricted, or where they cannot be close to their children
who grew up in the host country and decided to stay there
(Razum et al., 2005).
Effects on Health-Care Systems

International migration poses challenges to health-care
systems in various ways, both in countries of origin and
in host countries of migrants. Developing countries are
losing many of their better-educated nationals to richer
countries (brain drain). For example, up to 75% of
persons emigrating from Africa to the United States,
Canada, or to OECD (Organisation of Economic Co-
operation and Development) countries are assumed to
have completed university-level or equivalent technical
training/tertiary education (Saravia and Miranda, 2004).
This brain drain includes trained health workers, thus
affecting the health-care delivery in countries of origin.
Host countries of migrants, however, have to adapt their
health-care systems to the needs of heterogeneous mino-
rity populations.
Brain Drain in Health Care

Unsatisfactory working conditions, poor remunerations, a
high risk of infection, lack of equipment, and lack of
further education opportunities are some of the reasons
why health-care workers such as physicians, nurses, den-
tists, and pharmacists leave their countries (Bach, 2003;
Diallo, 2004; Saravia and Miranda, 2004; Stilwell et al.,
2004). The proportion of trained health workers that has
migrated from individual developing countries is not usu-
ally known, as the characteristics of emigrants are rarely
recorded. Vacancy levels in the health services can serve
as a proxy indicator for the brain drain. A 1998 survey of
several African countries showed widely varying vacancy
levels for medical personnel in the public health sector.
For example, a 7.6% vacancy level was reported for doc-
tors in Lesotho compared to 72.9% for specialists in
Ghana. Malawi had a vacancy level of 52.9% for nurses.
The impact of migration of health-care workers on such
countries, which generally have few health workers to
start with and whose capacity for reinvestment in educa-
tion is limited, can be devastating. The loss of health-care
professionals almost inevitably leads to inadequate cover-
age and difficulties in meeting some of the population’s
health needs. In addition to having to continue working
under poor conditions, the health professionals who stay
behind also experience higher workloads and additional
stress. This might undermine their motivation to work in
their current settings and lead to further migration (WHO,
2003; Stilwell et al., 2004; UNFPA/IMP, 2004). To mitigate
effects on the source countries, mechanisms have to be
developed so that migration of health workers remains
temporary, contributes to their further education, and
leads to indirect development support through remit-
tances (Bach, 2003; IOM, 2005).
Brain Gain in Health Care

Doctors and nurses in developed countries also complain
of low salaries and poor working conditions in the public
sector. More and more of them are joining the private
sector or leaving their countries for better-paying jobs.
To make up for the loss in manpower, the affected
countries are turning to developing countries, mainly in
Africa and Asia, for personnel. Examples of this brain gain
are as follows: the UK loses about 8000 nurses every year
through emigration to Australia, the United States, Canada,
Ireland, and New Zealand, and recruits 15 000 from over-
seas. Without the sustained increase in overseas nurses
employed, the United Kingdom would not have been able
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to reach its 2004 goal of increasing the nursingworkforce by
20 000. And, as another example, at least 20% of physicians
working in Australia, Canada, and the United States are
supposedly from other countries, with a considerable pro-
portion of them from developing countries (Diallo, 2004;
Saravia and Miranda, 2004; Stilwell et al., 2004). This phe-
nomenon is not restricted to Europe and the United States:
South Africa, which loses almost half of its newly qualified
doctors to Canada, the United Kingdom, and Australia,
attracts health personnel from poorer countries such as
Kenya, Malawi, and Zimbabwe. Eighty percent of the doc-
tors working in South Africa’s rural areas come from these
three countries (Diallo, 2004).
Challenges for Public Health in Countries
of Immigration

Healthy migrants are more likely to be successful in
education and employment, and to actively participate
in society. Investing in migrant health thus aids their
effective integration into communities and makes sense
even when seen solely in economic terms (IOM, 2005).
Successful integration calls for a comprehensive interpre-
tation of migrant health, comprising not only infectious
disease control, but also chronic noncommunicable con-
ditions, mental health concerns, and human rights issues
(Grondin, 2004). Providing appropriate services for a
minority group such as migrants not only promotes under-
standing and cohesion inmixed societies; it can also serve as
a model for making health systems more responsive to the
diverse needs of all clients, irrespective of their nationality
or geographic origin (thus employing ‘diversity manage-
ment’). Unfortunately, many politicians see the challenges
that migrant health poses to health systems in terms of
expenditure rather than investment, and cost rather than
benefit.

Health systems, as well as migrant populations, are
too diverse, and public health needs too contextual,
to offer general advice. There are a number of issues,
however, that are pertinent in many different settings.
These include:

Health information needs. Reliable data on the health
status, behavior, and health resources of migrants need
to be collected, analyzed, and reported in a systematic
way so that public health policy is based on sufficient
information. A relevant practical problem is an appropriate
definition of migration status in health statistics. However,
information regarding such statistics is often restricted – for
example, to nationality or country of birth – thus failing to
identify second-generation immigrants.

Language. Health systems in many countries with
migrant populations still lack interpreter services and
visual aids to lower language barriers in communication.
Seemingly ‘pragmatic’ solutions, such as asking relatives
or menial hospital staff of the same origin to act as trans-
lators, are unacceptable, both in terms of privacy and of
quality of information obtained.

Preventive interventions. Motivating migrants to take up
preventive activities is often difficult. A frequent response
consists of uncoordinated activities by various well-
meaning, and often small, activist groups. Few of the inter-
ventions are evidence-based, and sustainability is doubtful
after funding runs out. Whereas the importance of such
activities should not be denied, networking among the
groups is essential. Until interventions andways of accessing
migrant groups have been evaluated, ‘best practice’ models
should be documented and used.

International collaboration. With respect to best practice
models, public health scientists and practitioners should
also look across national borders to share information and
learn from other countries. Research involving countries of
origin can help to elucidate reasons for differences in risk
between migrants and the majority population, which may
be due to such factors as socioeconomic disadvantages,
cultural background, or genetic polymorphisms.

Traumatized migrants. The vast majority of health pro-
blems experienced by migrants is of the same kind as
those of the majority population and can be treated by
existing health services. An exception is torture victims,
whose condition is often underdiagnosed among refugees
and asylum seekers. Most of them require treatment in
specialized centers.

In summary, today’s decision makers and service pro-
viders worldwide are facedwith the challenge ‘‘to plan and
provide effective and accessible health services for com-
munities with diverse languages, cultural backgrounds,
migration circumstances and socio-economic status’’
(Grondin, 2004).
Conclusion

Migration will continue to increase, affecting literally
all countries and populations worldwide. Given their
minority status and the potential health disadvantages
migrants are facing, public health and other sectors should
be striving for policies to make migration a healthy and
socially productive process. Intervention strategies should
be conceptualized and developed within the framework of
new public health – that is, they should not just consider
migrants as a separate at-risk group, but address them in a
systemic approach through which all population groups
will benefit. The ultimate goal is the provision of adequate
services to all persons, irrespective of their nationality
or cultural background (diversity management). This
requires changes not only in individual attitudes and in
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health systems, but also in immigration and integration
policies. Yet, there is no room for ‘unreflected actionism’ –
interventions should be based on evidence, or at least
follow best practice models, and they should be systemati-
cally evaluated. Research on migrant health should be
based on conceptual models, rather than be driven by the
data available.
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Introduction

Optimal health for individuals and populations, and the
extent to which they need health care, results from the
effects and interactions of many biological, environmental
(both physical and social), and behavioral determinants,
including the provision of appropriate health services.
These determinants vary in their impact from one coun-
try to another and between population subgroups within
these countries so that health status (based on measures of
disease prevalence and incidence, mortality, morbidity,
and life expectancy) is characterized by significant geo-
graphical variation. Most apparent at the international
scale are the differences between less developed and
developed countries.

At the same time, evidence suggests the existence of a
substantial rural–urban health differential within coun-
tries at different points along this development contin-
uum. In general, populations living in rural locations in
most countries are characterized by poorer health status
and the limited availability of, or access to, appropriate
health-care services compared with urban dwellers. Rural
populations generally can therefore be considered to be
relatively ‘at risk’ in terms of their health and life chances.

This rural–urban health differential reflects in part the
impact of specific rural environmental and locational
factors upon health needs and access to health care and,
more importantly, the ways in which broader structural
and socioeconomic determinants of health affect rural
populations (Marmot, 2005). These health determinants
may be conceptualized as comprising ‘upstream’ factors
(education, employment, income, living and working
conditions), ‘midstream’ factors (health behaviors and
psychosocial influences), and ‘downstream’ factors (phys-
iological and biological causes).

This article highlights the differential in health status
between rural and urban areas, outlines the nature of and
interrelationships between factors responsible for this dif-
ferential, and illustrates the problem across countries at
different stages of development.
Defining ‘Rural’

There is no universal agreement over the criteria by
which rural is defined, nor any single, universally accept-
able, all-purpose rural–urban classification (Humphreys,
1998). As a result, definitions of rural vary widely, as does
the resulting proportion of population and land area clas-
sified as ‘rural,’ even between developed countries (see
Table 1).

The concept of rural is complex, multidimensional,
and often vague. Indeed, there is no point along the
human settlement continuum where the urban disappears
and rurality appears. Moreover, ‘rural’ areas across the
world are characterized by considerable internal variabil-
ity based on their diversity of residents, communities,
environments, and accessibility.

Defining ‘rural’ has always been difficult. The effec-
tiveness of such a definition depends on such factors as the
specific purpose for which populations are being defined,
the continual geographical changes resulting from ongo-
ing social, economic, and technological developments,
and the availability of data at a suitable scale to facilitate
the precise delimitation of specifically ‘rural’ character-
istics (Hart et al., 2005). The rural–urban distinction is
most commonly based upon some combination of geo-
graphical criteria (including distance from urban centers,
population size, and population density), social criteria
(including culture, community attitudes, values, and life-
styles), and economic criteria (such as land-use type and
intensity, occupational structures, and labor market con-
text). In contrast to urban agglomerations, therefore, rural
areas are usually characterized by small communities, and
their populations are often widely dispersed and predom-
inantly occupied in primary industries such as agriculture,
fishing, forestry, and mining.

Rural–urban distinctions and the resulting rural–urban
taxonomies are also commonly based on administrative
boundaries that usually have little to do with health. In a
rapidly changing and increasingly globalized society, some
would therefore argue that the rural–urban distinction
based on such delimitations is increasingly irrelevant.
They point out that as a result of the intrusion and func-
tional integration of urban influences within societies and
their economies, the geographical distribution of social,
economic, and environmental problems now tends to
reflect structural processes operating at some broader
national or international scale rather than being attribut-
able to specific rural causes.

The absence of any consistent and comprehensive def-
inition of rural means that direct cross-national compar-
isons of rural–urban ratios and any related rural–urban
health differentials must be undertakenwith some caution.



Table 1 Definitions of rural by country

Country
Criteria used to distinguish
rural from nonrural

Threshold value that classifies
area as rural

% population
classified
as rural

% total area
classified as
rural

Australia Population density and population

levels

Rural areas defined as those other

than Urban Center – approximate

threshold is 1000

12.8% 99%

Canada Population level and population

density; population level and

intensity of commuting to a major

urban center within a labor market
radius

. OECD definition: 50%þ live in a

community with <150 people per

square km

22–38%

depending

on definition

95–99%

. Rural and small town methodology:
areas < 10000 people living outside

the commuting zone of a Census

Metropolitan Area and Census
Agglomeration Area

France Number of jobs and commuting

pattern

Settlements with <2000 24% 82%

Germany Population level of urban centers and
population density of surrounding

areas of urban areas

Regions with a population density of
100 per square km with an urban

center of 100 000þ and regions with a

population density below 150 per

square km without an urban center
of 100 000þ

13.0% 30.3%

Italy Population density (no single definition

though)

100 inhabitants per square km n/a n/a

Kazakhstan Population level and share of

population engaged in agriculture

A village of at least 50 people of

which at least half is engaged in

agricultural production

n/a n/a

Norway No official definition of rural/nonrural.
Has a Standard Classification of

Municipalities based on industry,

population density, and centrality

No official threshold 22.3%
(population

not living in

urban

settlements)

99%

Russian

Federation

Various variables including types of

activities such as crop and livestock

production

n/a 27% n/a

Sweden Population level of settlement All settlements with less than 1000

are rural

35–40% 95%þ

United

Kingdom

. England: Various definitions, based

on settlement size and
socioeconomic variables

. England: All areas outside

settlements with a population
10000þ

20–28% 93%

. Scotland: Population density;

settlement size

. Scotland: All areas outside

settlements with 10 000þ
31% n/a

. Wales: All except a small list of
communities in towns and cities that

were deemed to be entirely nonrural;

population density

. Wales: All areas except those in
towns and cities that were deemed to

be entirely nonrural; 150 people

per square km

32% 82%

. Northern Ireland: n/a . Northern Ireland: n/a n/a n/a
United States Population level of urban center and

commuting pattern; population

density

. Census Bureau Definition: Urban¼ all

located within an urbanized area (UA)

or urban cluster (UC). UA and UC
boundaries encompass densely

settled territory, which consists of at

least 1000per sqm and surrounding

census blocks that have an overall
density of at least 5000per sqm

21% 80–97%

. Official Federal Definition: Rural areas

comprise places with fewer than

2500 residents and open territory

Source: Task Force of the Intersecretariat Working Group on Agriculture Statistics and Rural Indicators (2007) The Wye Group

Handbook, Rural Households’ Livelihood and Well-Being: Statistics on Rural Development and Agriculture Household Income. Geneva:

UNECE, FAO, OECD, World Bank, and Eurostat. http://www.unece.org/stats/rural/ (accessed October 2007).
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Rural in the World

Despite the considerable variation in definitions of rural,
people living in rural locations are currently estimated to
make up 51.3% of the world’s total population, the major-
ity resident in middle- or low-income countries. In 2005,
an estimated 9.4% of all rural people lived in the most
developed countries, such as France, the United States,
Australia, and Japan; 73.8% in developing countries such
as Brazil, Egypt, China, and Thailand; and 16.8% in the
least-developed countries, such as Zambia, Tanzania,
Bangladesh, and Indonesia.

Secular trends since the mid-twentieth century show
that the rural proportion of the global population has
fallen substantially since the 1950s (see Table 2). This
Table 2 World urbanization trends

Region and selected countries 1950 19

World
Rural population (millions) 1787 25

% total population 71.0 6

More developed countries

Rural population (millions) 389 34
% total population 47.9 3

Australia

Rural population (millions) 2.4

% total population 23.8 1
Canada

Rural population (millions) 5.3

% total population 39.1 2
Germany

Rural population (millions) 24.1 2

% total population 35.3 2

Japan
Rural population (millions) 54.4 4

% total population 65.1 4

Norway

Rural population (millions) 1.6
% total population 49.5 3

Russian Federation

Rural population (millions) 57.3 4
% total population 55.8 3

United Kingdom

Rural population (millions) 10.4

% total population 21.0 1
United States

Rural population (millions) 56.5 5

% total population 35.8 2

Less developed countries
Rural population (millions) 1398 22

% total population 81.9 7

Brazil
Rural population (millions) 34.4 4

% total population 63.8 3

China

Rural population (millions) 482.6 76
% total population 87.0 8

India
process of increasing urbanization is a function of both
‘push’ factors (escaping from adverse rural conditions
characterized by population pressure, lack of employment
opportunities, and environmental deterioration) and ‘pull’
factors (generally relating to the greater economic,
social, and cultural opportunities in cities). Currently,
the world’s urban-dwelling population is increasing
at around 1million per week. During this same period,
however, as a consequence of dramatic population growth,
the world’s total rural population has almost doubled
in size to 3.3 billion people, largely in south Asia and
sub-Saharan Africa.

Although the percentage of the population defined as
rural varies enormously between countries, there appears
to be a close association with their stage of economic
75 2000 2005 2015

57 3240 3314 3400

2.8 53.3 51.3 47.1

6 319 313 291
3.1 26.8 25.9 23.6

2.4 2.9 2.9 2.7

4.7 13.1 12.1 10.5

5.6 6.3 6.4 6.5

4.4 20.6 19.9 18.6

1.4 20.5 20.5 19.5

7.3 24.9 24.8 23.7

8.1 44.2 43.7 40.7

3.2 34.8 34.2 31.8

1.2 1.0 1.0 1.0
1.8 23.9 22.6 21.4

4.3 39.0 38.6 37.4
3.1 26.6 27.0 27.4

9.6 6.2 6.1 5.7

7.3 10.6 10.3 9.4

8.0 59.3 57.2 53.3

6.3 20.9 19.2 16.3

11 2921 3001 3108

3.1 59.7 57.1 32.0

1.3 32.6 29.3 24.6

9.3 18.8 15.8 11.8

6.3 818.1 784.0 707.3
2.6 64.2 59.6 50.8

Continued



Table 2 Continued

Region and selected countries 1950 1975 2000 2005 2015

Rural population (millions) 296.6 488.2 738.6 786.4 857.2

% total population 83.0 78.7 72.3 71.3 68.0

Indonesia
Rural population (millions) 69.6 108.4 121.3 115.5 109.1

% total population 87.6 80.7 58.0 51.9 46.3

Iran

Rural population (millions) 12.2 18.0 23.7 22.6 22.4
% total population 72.5 54.3 35.8 30.5 28.1

Kenya

Rural population (millions) 5.7 11.7 24.6 27.1 33.5
% total population 94.4 87.1 80.3 79.3 75.9

Nigeria

Rural population (millions) 28.9 45.1 65.9 68.1 71.0

% total population 88.4 76.6 56.1 51.8 44.1
Thailand

Rural population (millions) 16.3 31.4 42.3 43.4 44.0

% total population 83.5 76.2 68.9 67.7 63.8

South Africa
Rural population (millions) 7.9 13.4 19.6 19.3 17.1

% total population 57.8 51.9 43.1 40.7 35.9

Least-developed countries
Rural population (millions) 200.7 355.8 673.5 759.3 951.6

% total population 92.7 85.1 75.3 73.3 68.4

Bangladesh

Rural population (millions) 40.0 65.9 99.0 106.2 117.9
% total population 95.8 90.1 76.8 74.9 70.1

Eritrea

Rural population (millions) 1.0 1.8 2.9 3.5 4.4

% total population 92.9 86.5 82.2 80.6 75.7
Mali

Rural population (millions) 3.1 5.2 8.4 9.4 11.4

% total population 91.5 83.8 72.1 69.5 63.5

More developed regions: Comprise all regions of Europe plus Northern America, Australia/New Zealand, and Japan.
Less-developed regions: Comprise all regions of Africa, Asia (excluding Japan), Latin America, and the Caribbean plus Melanesia,

Micronesia, and Polynesia.

Least-developed countries: Include 50 countries – Afghanistan, Angola, Bangladesh, Benin, Bhutan, Burkina Faso, Burundi, Cambodia,

Cape Verde, Central African Republic, Chad, Comoros, Democratic Republic of the Congo, Djibouti, Equatorial Guinea, Eritrea,
Ethiopia, Gambia, Guinea, Guinea-Bissau, Haiti, Kiribati, Lao People’s Democratic Republic, Lesotho, Liberia, Madagascar, Malawi,

Maldives, Mali, Mauritania, Mozambique, Myanmar, Nepal, Niger, Rwanda, Samoa, São Tomé and Prı́ncipe, Senegal, Sierra Leone,

Solomon Islands, Somalia, Sudan, Timor-Leste, Togo, Tuvalu, Uganda, United Republic of Tanzania, Vanuatu, Yemen, and Zambia.
These countries are also included in the less developed regions.

Source: United Nations Population Division (2006) World Urbanization Prospects: The 2005 Revision Population Database. http://esa.

un.org/unup/index.asp?panel¼3 (accessed October 2007).
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development. In general, the developing world (outside
Latin America) remains much less urban than the devel-
oped world.

Underpinning these trends in the size and distribution
of urban and rural populations in different regions of the
world are changing patterns of fertility, mortality, and
mobility. New pandemics and manmade disasters in the
case of many of the least-developed countries are further
complicating factors. Beneath these demographic pro-
cesses are complex arrays of social, economic, and envi-
ronmental factors that influence the individual’s exposure
and response to various health-related conditions and
that are played out in different ways in urban and rural
locations.
Rural–Urban Health Differentials

That rural people are at greater risk of adverse health out-
comes than their urban counterparts has long been sup-
ported by demographic and epidemiological data. As a
consequence of their numbers, adverse social, economic,
and environmental conditions, high exposure to biomedical
and other risk factors, and suboptimal access to good-
quality health services, rural populations carry larger
disease burdens than urban populations. Although such
differentials have been consistently reported in both
developed and less-developed countries, the size and
nature of the disparities and their underlying determi-
nants may vary in different rural environments.

http://esa.un.org/unup/index.asp?panel=3
http://esa.un.org/unup/index.asp?panel=3
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Several different measures of health status have been
used to identify and monitor rural–urban health differ-
entials. Mortality rates are the most readily available
measures of health status and heath need, and are often
used to examine population trends and to compare the
health status of different populations. These measures are
particularly useful in countries with relatively high infant
and child mortality rates and lower life expectancies and
in which significant subpopulations, including those in
rural areas, continue to be at higher risk for early mortal-
ity. Although this is more likely to be the case in develop-
ing than developed countries, there are some developed
countries in which subpopulations such as indigenous and
ethnic minorities continue to diverge significantly in life
expectancy from the population at large. These high-risk
groups are often concentrated in rural areas. These situa-
tions notwithstanding, it is true to say that as overall life
expectancy improves, mortality may become a less sensi-
tive measure of differentials between urban and rural
populations.

Because mortality data reflect an ‘after-the-event’ sit-
uation they are less useful measures of the disease bur-
den from chronic conditions that have long latency
periods leading to death or that do not directly lead to
death (for example, mental illness). With the increasing
incidence of chronic disease in both developed and
developing countries, the need to incorporate measures
of nonfatal health outcomes has resulted in the develop-
ment of summary measures of health gaps such as dis-
ability-adjusted life years (DALYs) that combines in one
measure the time lost due to premature mortality and
the time lived with disability. One DALY can be thought
of as one lost year of ‘healthy’ life, and the burden of
disease as a measurement of the gap between current
health status and an ideal situation where everyone lives
into old age free of disease and disability. While compos-
ite measures of this kind do provide a useful basis
for comparing burdens of disease between different
countries and populations they are seldom separately
available for urban and rural populations. They are also
seldom available in developing countries faced with
logistic and resource constraints.

Comparisons of rural–urban differentials between
high-, middle-, and low-income countries are inevitably
complex. Depending on their political, social, and eco-
nomic circumstances, these countries may be dealing with
very different contributions to local burdens of disease.
For example, the dominance of infectious, nutritional, and
perinatal health conditions and new pandemics in less
developed and developing countries contrasts with the
dominance of chronic noncommunicable diseases in
more developed countries. Moreover, different countries
may be addressing these problems at different levels,
with varying degrees of political will and with quite
different social policies and economic resources (Raman
Kutty, 2000). In short, while the trend toward growing
urbanization is unmistakable in all countries, the nature
and extent to which any substantial rural–urban differen-
tial is apparent may reflect the different health risks
associated with stage of economic development as much
as specific geographical differences.

Within any society the relationship between location
and the pattern of health status remains complex because
of the large array of intervening variables. Rural areas are
generally characterized by different demography, lower
income, education, and literacy levels, and poorer access
to health care than metropolitan areas. In Australia, for
example, 33 of the 37 poorest electorates fall within rural
or remote areas, and access to health services remains
problematic because of the long distances and the short-
age of health workers in rural and remote areas. Even in
Wales, a much more compact society, a substantial portion
of the rural–urban mortality differential could be
accounted for simply in terms of socioeconomic depri-
vation. In general, though, health data indicate that
countries at equivalent stages of social and economic
development are more likely to resemble one another in
terms of rural–urban health differentials than countries at
very different points along this continuum.

At the same time it should be noted that, historically,
the current situation of rural health disadvantage has not
always applied. For example, in preindustrial Europe and
even the early decades of the Industrial Revolution in
Europe, the risks of dying from contagious diseases
during periods of epidemics were significantly less in
rural areas than in cities. An equivalent situation per-
tains currently in many of the rapidly growing urban
concentrations in developing countries, where recently
arrived rural in-migrants live in large informal settle-
ments with poor sanitation, overcrowded living condi-
tions, and poor access to basic health and other services.
The dynamics of these changing differentials in health
status between rural and urban populations is illustrated
in the following.
Urban–Rural Mortality Differentials in Brazil

Studies of infant and child mortality trends in the state of
Sao Paulo in Brazil have shown a rapid decline in infant
mortality rate from 100 per 1000 to 40 per 1000 between
1970 and 1998. During this period the greatest decline
occurred in metropolitan Sao Paulo and, interestingly, in
sparsely populated rural areas in the west of the state,
while high mortality rates persisted in other rural areas.
This reduction in mortality, which coincided with a
period of economic downturn, has been ascribed to
investment in water and sanitation infrastructure, a health
clinic-building program, and concerted public health pro-
grams that included immunization, oral rehydration, and
the promotion of breast feeding.
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A more detailed analysis of under-5 mortality differ-
entials by place of residence, wealth, and maternal educa-
tion, however, demonstrated a much more complex
picture. The outer metro fringe of Sao Paolo (the home
to poor and socially disadvantaged rural in-migrants) had
higher under-5 mortality than both metro core and rural
areas in 1980. These city outskirts had limited public
health facilities, infrastructure, or social support systems.
By 1991, under-5 mortality in the outer metro had fallen
below the levels for rural areas but was still significantly
higher than the metro core. When under-5 mortality
differentials were adjusted for household wealth, maternal
education, and environmental conditions, the main deter-
minant appeared to be social and economic disadvantage,
both in the rural and urban areas.
Migration and the Spread of HIV in Rural
South Africa

South Africa is experiencing one of the fastest-growing
HIVepidemics in the world. Thirty percent of all women
attending antenatal clinics in 2005 tested positive for the
HIV virus. Following steady and sustained reductions in
infant mortality, fertility, and improvements in life expec-
tancy between 1970 and 1992, infant and under-5 mortal-
ity rates have almost doubled in the last 10 years and the
gap between rural and urban rates has widened. At the
same time life expectancy has fallen by about 11 years.

Although the trend has affected the black population
as a whole, the rural population has been significantly
affected by the epidemic.

Circular labor migration between country and city is an
established feature of rural community life in South
Africa. This phenomenon is considered to have played an
important part in the spread of the epidemic in rural areas.
The role of migration in the spread of HIV to rural Africa
has conventionally been seen as a function of men becom-
ing infected while they are away from home and infecting
their wives or regular partnerswhen they return. However,
the precise way in which migration contributes to the
spread of HIV and other sexually transmitted diseases
(STDs) in rural areas is complex and not well understood.

A recent study from South Africa showed that the
prevalence of HIV among migrants and their partners
was significantly higher than among nonmigrants and
their partners. The fact that the odds of a migrant man
being infected is 2.4 times the odds of a nonmigrant
man highlights the importance of migration as one expla-
nation of the size and rapidity of spread of the South
African HIV epidemic, particularly in rural areas. More-
over, the study showed that migration is a risk factor not
simply because men return home to infect their partners,
but because their rural female partners are likely to
become infected in the rural areas from outside their
primary relationship.
Rural–Urban Health Differentials in
Developing Countries

The contention that rural health status is worse than that
of urban populations in developing countries is well sup-
ported by differences in rates of infant and child mortality,
generally considered a good proxy for health status in
these countries. Demographic and health surveys con-
ducted between 2001 and 2005 in developing countries
and ranked by the United Nations Human Development
Index show that under-5 child mortality (a composite of
infant and child mortality) is consistently worse in rural
than urban households (see Figure 1).

Interestingly, this was a consistent finding irrespective
of the country’s level of development or the stage it had
reached in the health transition. Consistently worse
rural infant and child mortality rates reflect some/all
of such factors as poor social and environmental condi-
tions, poverty, low levels of education, poor access to
maternal and child health services, medical and public
health care, and a lack of clean water and sanitation.
These factors, characteristic of many rural areas, impact
negatively on the health of rural communities. These
comparisons highlight the clear survival advantage for
urban populations.

It should be noted, too, that in many of the countries
with lower under-5 mortality rates, this reduction has
come, at least in part, as a consequence of the concerted
implementation of child survival strategies and primary
health-care systems in these countries over many years.
Such strategies include growth monitoring, oral rehydra-
tion, breast feeding, immunization, female education,
family spacing, and food supplementation. Limited as
they may be in addressing more complex upstream deter-
minants of disease, such strategies have nonetheless
brought about a dramatic decrease in the incidence of
vaccine-preventable diseases, diarrheal disease, and
protein-energy malnutrition and have had a considerable
impact on infant and child mortality, to which these con-
ditions are major contributors.

Unfortunately, these effects have often occurred with-
out parallel improvements in the structural and social
determinants of health in rural communities. There is
now a growing realization that further reductions in
child mortality and sustainable improvement in the health
status of rural communities will require more complex
interventions and much greater attention to strategies that
address the structural and social factors underpinning
rural health status (Blakely et al., 2005). The recent
emphasis on health disparities in developing countries
is recognition of the fact that rural disadvantage, when
more carefully examined, masks considerable differentials
between subpopulations that carry larger or smaller bur-
dens of disease in these communities. Programs to distin-
guish between populations in upper or lower quintiles
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based on social and economic indices are steps toward
targeting subpopulations at special risk for poor health
outcomes and at decreasing these health disparities and
thereby further reducing mortality. These programs also
recognize the large role played by social and economic
conditions in determining health outcomes in all popula-
tions. In response to persistent health disparities, many
middle- and low-income countries have incorporated
equity goals into their national public health programs.
At a global level, initiatives such as the Global Equity
Gauge have helped to develop and refine research meth-
ods to measure health disparities between different sub-
populations and to address them through policies and
programs that provide safety nets, increase resource allo-
cation, and improve access to health services for popula-
tions at greatest risk.

Focusing attention on broad rural–urban differences,
however, may hide the greater complexity characteristic
of most developing countries. An understanding of these
differentials and their underlying determinants is needed
for more effective responses to health needs at a sub-
regional level. Many developing countries, such as Brazil
and South Africa, for example, are reporting changing
burdens of disease that are less likely to be responsive to
the ‘silver bullet’ interventions of the past 30 years.

The Brazilian case study discussed above demonstrates
that mortality trends among children under 5 over a
25-year period have followed a pathway of improvement
generated largely by the concerted implementation of
standard child survival strategies complemented by envi-
ronmental measures. While overall rural–urban mortality
differentials have persisted during this period, the transi-
tion has masked fluctuations at the more micro level in
the relative contribution to under-5 mortality by urban
and rural subpopulations. It also demonstrates that, in the
future, sustainable improvements in health status and
elimination of health inequity will depend on addressing
structural and intermediate determinants of health, such
as economic and educational disadvantage, poor living
and working conditions, food insecurity, and impaired
access to health services (Sastry, 1997).

In contrast, in South Africa, the quadruple burden of
the HIV/AIDS epidemic, the unfinished agenda of com-
municable and nutritional diseases, chronic noncommu-
nicable diseases, and injury will require approaches
specifically targeted at the health needs of rural commu-
nities. The success of strategies to prevent HIV infection,
ameliorate its course in the already infected, and preempt
its pervasive consequences for rural households requires a
comprehensive understanding of the complex causal
pathways that lead to HIV infection in many sub-Saharan
rural communities (Lurie et al., 2003). The case study
shows how rural health status and household dynamics
and relationships at the micro scale reflect broader
sociopolitical and macroeconomic forces and highlights
the vulnerability of isolated and economically disempow-
ered women in rural areas.
Rural–Urban Health Differentials in
Developed Countries

Rural areas in developed countries are characterized by
considerable diversity in terms of geography, culture, and
economic activity. These significant variations in terms of
population, population growth or decline, industry, socio-
economic factors, community resources, and ethnicity
account for the lack of a clear-cut rural–urban health
differential despite evidence of consistently higher health
risk factors in most rural and remote areas, many of which
increase with remoteness. The pattern of rural–urban
variation in health status in developed countries also dis-
plays strong contrasts evident between geographically
smaller, often more compact, and densely populatedWest-
ern countries such as the United Kingdom and larger,
more expansive, and more sparsely settled countries such
as Canada and Australia.

Rurality or remoteness per se does not guarantee poorer
health. Nonetheless, the role of rural location does appear
to play a role in health disparities in large Western
countries such as Australia, Canada, and the United
States, where rural populations generally score worse on
such general health indicators as mortality, life expec-
tancy at birth and infant mortality, disease incidence,
and hospitalization. In Australia, too, life expectancy var-
ies with geographic location, with lower death rates for
those living in capital cities compared to rural and remote
areas. Rural residents also have more chronic health con-
ditions such as diabetes, are less likely to receive preven-
tative health-care services, and make fewer visits to
health-care services.

In general the primary difference between the health
of rural and urban residents appears to lie in the roles of
specific health problems (such as suicide, most types of
cancer, cardiovascular disease, obesity, and motor vehicle
accidents) in which rural rates are elevated. The most
striking difference between urban and rural in all causes
of death is in trauma, with traffic accidents and suicides
(particularly among men) claiming more lives in
rural areas in Australia, Canada, England, the United
States, and Wales. Rural residents also have higher mor-
tality rates from stomach and lung cancer, chronic
obstructive pulmonary diseases, and various types of
contamination and poisoning that have been linked to
rural industries such as mining, agriculture, forestry, and
fishing. The incidence of end-stage renal disease was also
found to be higher in rural than in urban counties in one
American study.
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Not all studies in developed countries show a rural
disadvantage in health, however. Indeed, some studies in
Canada and the United Kingdom have been less conclu-
sive in identifying rural health disadvantage (Senior et al.,
2000; Pampalon et al., 2006). For example, a Canadian
study from the province of Quebec concluded that health
status varies little between urban and rural residents, with
similar life expectancy (despite higher infant mortality in
rural areas). In other developed-world studies, breast can-
cer, ischemic heart disease, and hip fractures have all been
shown to be lower in rural areas. Additionally, a Scottish
study found a lower prevalence of asthma and some
respiratory symptoms associated with living in a rural
area. Research findings on general physical health
(measured in terms of ‘self-assessed health’ or ‘functional
ability’) vary, however, with some studies reporting higher
urban morbidity and others higher rural morbidity. Simi-
larly, the picture for respiratory problems is diffuse.

Clearly risk does not come solely from rurality. Rather,
health disparities manifest in both rural and urban areas
according to the role of health determinants. In the
United States, for example, residents of inner-city areas
and those living in rural areas experience similar health
burdens, with higher mortality rates, poorer health, and
greater likelihood of living in poverty than suburban
populations. Studies in Scotland and Wales have demon-
strated highest mortality in industrial and low-income
areas in both urban and rural settings where socioeco-
nomic and demographic determinants, rather than rural-
ity itself, are the key influences on health status. Similarly,
a Dutch study found that gender, marital status, and level
of education were more important factors influencing
physical health than urban or rural residence (Verheij,
1996). Likewise, studies of mental health undertaken in
Finland, Sweden, the United States, New Zealand, and
Australia all concluded that there was little evidence that
‘high-prevalence’ disorders were more common in urban
residents once the effects of personal, social, and commu-
nity factors were controlled for ( Judd et al., 2001). Again,
then, other factors, such as poverty, unemployment, socio-
economic status, marital status, gender, and recent ‘life
events’ were more powerful risk factors for mental health
issues than urban/rural residence.

Australian and Canadian research suggests that dimin-
ished access to health services in rural areas contributes to
rural–urban health differentials. Australian studies found
that people living in rural and remote areas have a
decreased chance of surviving cancer, partly due to poorer
access to cancer treatment and support services in rural
areas and to earlier detection, improved treatment, or
both in urban areas. The role of geography is less apparent
in the United Kingdom where, despite poorer access to
services, levels of rural health are no worse than those in
urban areas.
Rural populations in developed countries often contain
subpopulations that are at especially high risk of poor
health outcomes and that make disproportionate contri-
bution to the high burdens of rural ill health. Particularly
important in examining evidence of rural–urban health
differentials in developed countries such as Australia and
Canada is the high concentrations of indigenous popula-
tions in rural and remote areas, for this population group
is known to have significantly worse health status (on all
measures of mortality and morbidity) than that of the
nonindigenous population (Adelson, 2005). Rural indige-
nous and some other ethnic minorities, characterized by
the lowest socioeconomic status, are also particularly at
risk in terms of their limited access to appropriate health
care. This has specific implications for health policies and
programs in these countries.
Explanations for the Health Status of
Rural Areas

Understanding the rural–urban health differentials
noted in preceding sections requires accounting for their
determinants – specifically, whether the nature of risk
factors is the same between urban and rural areas in any
society or whether their significance varies according to
the stage of social and economic development and, if so,
how. What is clear is that in any given geographical
context, multiple determinants influence health outcomes
and not all of them are simply attributable to geographical
location (Dixon and Welch, 2000). For this reason, it
follows that policy and program frameworks are needed
that integrate these determinants and provide a more
systemic basis for intervention at different levels within
these causal pathways.

One such framework has been developed by the World
Health Organization Commission on Social Determinants
of Health (2005) (see Figure 2). This framework distin-
guishes between structural and intermediary determi-
nants that have their main effects through upstream
processes affecting social stratification and differential
exposure to disease, respectively. While social stratif-
ication is determined by social and political forces such
as culture, religion, education, and economic circum-
stances, exposure and increased vulnerability to health-
damaging conditions are more immediately determined
by living and working conditions, availability and quality
of food, supply of water and sanitation, and access to
services. Although health systems have concentrated on
interventions to address differences in exposure and vul-
nerability by providing equitable access to care, this
model highlights the need for health systems to take
responsibility for the promotion of intersectoral action
in order to bring about any real improvement in
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population health status. Such an approach is integral to
the World Health Organization Alma Ata concept of
primary health care.
Interventions to Improve the Health
Status of Rural Populations

As we move along the continuum from less to more devel-
oped countries, health differentials are increasingly more
likely to be effectively tackled through interventions
addressing the social determinants of disease than by
purely technical or biological interventions (Carr, 2004).
In the least-developed countries (such as Bangladesh and
Nigeria), infectious diseases, perinatal conditions, and
nutritional diseases still predominate and are accompa-
nied in most cases by large rural–urban differentials.
These can be quite rapidly improved in the short term
through quite simple and technical interventions addres-
sing downstream biomedical determinants, such as
immunization, oral rehydration, and vitamin A supple-
mentation. In middle-income countries (such as South
Africa and Brazil), populations continue to contend, in
different measures, with mixed burdens of disease that
include the unfinished agenda of infectious disease and
perinatal conditions plus new epidemics of noncommu-
nicable diseases and trauma. Further reduction in these
burdens of disease that continue to be more acutely felt in
rural areas will require interventions that address both
downstream and upstream health determinants. Interven-
tions, for example, to reduce or ameliorate the impact of
developmental disabilities – a growing priority as child
mortality falls – require strategies to reduce biomedical
factors such as perinatal asphyxia while simultaneously
addressing the need for psychosocial stimulation of
young infants to improve intellectual and cognitive out-
comes. In developed countries (such as Australia and
Canada) facing problems of chronic and noncommunic-
able diseases, the case is compelling for interventions that
tackle more upstream social determinants such as primary
prevention strategies to decrease risk factors for coronary
heart disease and interventions to decrease intentional
self-harm in young rural men.

In addressing rural–urban health inequalities, impor-
tant intervention choices will need to be made, including
the number of points or levels of intervention, selection of
target groups, and whether to focus attention more on
disease-specific or upstream interventions. In many
developing countries, district health systems based on
primary health care already accept this combined respon-
sibility for primary, secondary, and tertiary prevention.
For example, attempts in South Africa to address the HIV
epidemic demonstrate the utility of this kind of model in
rural populations and the importance of multileveled
interventions. A target group of special interest in tack-
ling the epidemic has been pregnant women and young
children, for whom primary prevention is now feasible
through a set of strategies during pregnancy, labor, and
infancy, including voluntary counseling and HIV testing,
safe obstetric practices, antiretroviral therapy in preg-
nancy and following delivery, safe and protective sexual
practices, and so on.

In contrast, while factors contributing to rural health
disadvantage in developed countries include geographic
isolation and problems of accessibility to health services,
patterns of risky behaviors among rural people suggest a
‘rural culture’ health determinant. Elevated rates of smok-
ing, lack of physical activity, and higher self-reported
obesity characterize men and women in rural areas com-
pared to nonrural. Recent evidence suggests that the
health-care system makes a relatively small contribution
to these health outcomes compared with a focus on mod-
ifying ‘upstream’ determinants such as income, education,
and occupation disparities, and the impact of local com-
munity culture upon smoking, exercise, and nutrition
behaviors of rural populations.
Prospects for Change in the Health Status
of Rural Areas

Since good health is a key determinant of life chances,
rural residents exhibiting poor health status are likely to
be significantly disadvantaged in their prospects and
opportunities for social and economic well-being. For
less developed and developing countries, in particular,
without necessary economic and social development
and improved health-care services, future prospects for
millions of rural people throughout the world are grim.

The cost to the economies in these countries of avoid-
able burdens of disease is significant. For many predomi-
nantly rural developing countries, even in those with
significant public health programs, the evidence indicates
that attempts to improve the health of populations are
producing mixed outcomes. For example, a study of
immunization in India over the period 1993–99 showed
that immunization achievements were worse in rural than
urban areas, despite evidence showing some improve-
ments in outreach at the national level. In other countries,
intervention measures are not always targeting the level
where the greatest health gains might obtain. In many
countries, the bulk of public spending on health is still
directed toward hospitals in urban areas and specialist
care at the expense of rural primary care facilities.
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A new commitment to identifying and tackling health
disparities globally and the realization that economic
and social conditions are very important determinants
of these disparities are encouraging developments that
could have positive outcomes for the health of rural
populations. These are not easy interventions and will
not produce results as quickly as the more technical
biomedical approaches that have succeeded so dramati-
cally for certain categories of health conditions in the
past. They will require political will and a deep com-
mitment to identifying and targeting populations at
greatest risk for poor health outcomes, including rural
subpopulations, with multileveled programs that address
the many and complex determinants of disease in these
communities.
Conclusion

In spite of difficulties in clearly defining rural commu-
nities and the relative dearth of good-quality data sepa-
rately describing the health status of rural and urban
populations, there appears to be ample evidence to sup-
port the claim that rural people experience health disad-
vantage when compared with their urban counterparts.
This differential in health status is seen in both develop-
ing and developed countries, though the differentials
appear to be wider in developing countries. Given the
fact that rural people represent almost 50% of the world’s
population, there can also be little doubt that programs to
improve the health status of rural populations should be
given greater priority in the global health agenda and
should be given special attention in countries where
these disparities are most evident. It is also clear that
these geographical disparities may not in themselves pro-
vide a very good basis for action. They may mask the fact
that this health disadvantage may be attributable to small
subpopulations such as indigenous or ethnic minorities or
that there are very specific environmental or occupational
risk factors requiring quite specific and targeted program-
matic responses. It may also not reveal without more
detailed analysis that there are complex social and eco-
nomic determinants of these health differentials requiring
quite complex social interventions rather than health-
related programs.

Rural health disadvantage is in the end the expres-
sion of a complex array of underlying risk factors or
determinants that are more prevalent or more promi-
nent in rural areas. These determinants may differ
from one population to another and must be carefully
analyzed and understood to provide a rational basis for
interventions that aim to improve the health status of
rural populations.

See also: Populations at Special Health Risk: Indigenous

Populations; Populations at Special Health Risk: Unem-

ployed: Unemployment and Job Insecurity; Urban Health

in Developing Countries.
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The elderly population is a population with more ‘at-risk’
members because of a variety of age-related changes that
cause older people to have increased needs and decreased
resources to meet those needs. Increased risk for this age
group is related to health change, increasing need for care,
and changing social circumstances. It is the interrelation-
ship among these factors that particularly increases the
risk for the elderly population.
Health Change with Age: Increasing Risk

It is well known that mortality increases with age, with
very high rates at the oldest ages. This age pattern of
mortality reflects the underlying increase in health pro-
blems that occurs with advancing age that makes the
elderly a particularly at-risk group. It is not the likelihood
that death will occur, but the health deterioration that
often precedes death that puts the elderly at risk. Most
elderly persons die of chronic conditions such as cardio-
vascular disease and cancer that may evolve over many
years or decades but become manifest in old age. As one
ages, the likelihood increases that one will become
disabled or lose physical or mental functioning abilities
because of the increase in chronic diseases and conditions.
Conditions particularly linked to aging include Alzhei-
mer’s and Parkinson’s diseases and the loss of vision and
hearing. Changes in cognitive ability and sensory losses
that occur in older age are particular sources of disability.
It is this increasing disease and disability that puts the
elderly at risk. The process of health change for the older
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population proceeds from the onset of disease to disability
to death. Figure 1 indicates the proportions of persons
surviving to given ages without disease, disability, or
mortality. As age increases, the proportion gets smaller.
It is rare to find very old people without disease or
disability, and this puts the older population at risk.

Geriatricians have characterized a syndrome common
among the oldest-old as ‘frailty,’ which is the deterioration
in health that results from the accumulation of diseases
and the accompanying physiological dysregulation that
often occurs in old age. It is recognized as a downward
trajectory in health and ability to perform daily tasks and
take care of oneself. Persons who have multiple health
problems and increasing frailty are particularly at risk for
a variety of poor outcomes, both because of their reduced
physical capacity and their increased need for care.
The elderly who are unable to provide their own care
are the group most at risk.

Because the elderly suffer not only fromdiseases but also
from disabilities, the health care and services they need
differ from those required at other ages. National policies
for provision of care vary widely as to whether services for
home care and independent living are included as well as
for purely medical conditions. This interaction between
health needs and health-care service provision is another
source of risk for the elderly. Researchers have combined
mortality and morbidity to provide estimates of how long
older persons live with severe disability. The proportion of
life lived in old age with severe disability is an indicator of
how long older persons need care for disabilities (Figure 2).
This varies by country and gender and with the age of the
older population.
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Appropriate Health Services: Demand
and Availability

Health-Care Utilization

Health-care utilization is primarily determined by the
need for service (i.e., levels of illness and disability), the
availability of services, and the resources available for
providing and paying for service. In countries with fewer
freely available services, economic status plays a larger
role in determining health-care utilization. Among older
adults, the need for health services is greater and often the
resources available are fewer.Many nations have programs
in place to provide health services to elderly persons,
although these vary dramatically in the generosity of
coverage. Nations such as Thailand, Taiwan, and several
European countries offer freemedical care to older persons.
Some countries offer restricted health services. For exam-
ple, Singapore provides means-tested subsidies. Many
developing nations do not offer health services to the
elderly at all. One of the key differences between older
and younger people is that older people may need custodial
care because of high levels of disability. This type of care is
often not included within the formal health-care system.
The growing importance of severe disability with age and
the lack of services for the disabled put older persons at risk.

Older people have higher per capita health-care needs
for most types of health care than younger people. Increas-
ing older populations worldwide mean that a growing
population of elderly will require more acute and long-
term care services. For many elderly people worldwide,
health needs go unmet because either services are unavail-
able or unaffordable. For some older people, lack of trans-
portation or accompanying persons are additional barriers
to obtaining health services. Health infrastructures in most
developing nations have been focused on maternal and
child health and infectious disease. The rapid aging of
the population and reductions in the role of infectious
conditions suggest a need for a shift in this focus.
Preventive care is an increasingly high priority in many
countries because it is often very cost effective and offers
better long-term health to citizens.
Overuse or Inappropriate Use of Medications

Research has documented the inappropriate use of med-
ication in elderly persons in many settings, including
hospitals, nursing facilities, and the home. Inappropriate
use of medication is an additional source of risk for
older people. Older adults differ physiologically from
younger adults in several ways that impact the effects
of drugs in the system, and these differences, coupled
with older adults’ higher usage of medication, can put
them at risk. Some medications can never safely be used
in older adults, whereas others are recommended for
use at lower doses, for a different duration, or with
different frequency. Common examples of problematic
medications are antihypertensive agents, psychoactive
medications (including anxiolytics and benzodiazepines),
hypoglycemic medications, anticholinergic drugs, and
nonsteroidal anti-inflammatory drugs (NSAIDs). Poorer
health status and the total number of medications pre-
scribed most strongly increase the likelihood of receiving
inappropriate prescriptions.

In many cases, problems occur as a result of interac-
tions between multiple medications or because of redun-
dant prescription of similar drugs by different physicians
intended to treat the same problem. In health-care sys-
tems that offer fragmented treatment, specialists may be
unaware of other medications a patient is taking or may
be unaware of the contraindications of drugs used for
conditions outside the doctor’s area of specialty. Whether
resulting from a failure of patients to fully report their
daily medication use or a failure of medical staff to fully
record the information, the inappropriate use of medica-
tions can result in major safety concerns and is often
preventable. Adverse drug interactions are a considerable
cause of hospitalization and associated financial expendi-
tures. Some researchers note the underutilization of
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pharmacists as drug therapy consultants to prevent this
type of drug interaction from occurring.

Even when medication is appropriately prescribed, it
is common to encounter problems with discrepancies
between labeled dosage and dosage actually used, in the
form of underuse or overuse. Research has also demon-
strated that elderly persons more commonly retain
expired medications in their homes and lack knowledge
about identification and management of adverse drug
reactions.
Institutionalization and Age-Related Services

Though relatively rare in some countries, the risk of
institutionalization and use of residential care is a signifi-
cant concern for many elderly. Several factors influence
the eventual use of residential care facilities, and this
varies tremendously by country (Figure 3). Elderly peo-
ple who have adult children are less likely to become
institutionalized probably because of the alternative of
co-residence. Although marriage often provides built-in
support, married older adults are more likely to be
institutionalized when an elderly spouse is no longer
able to provide mutual care and support. Declines in
functional and cognitive capacity are especially likely to
predict institutionalization, although some losses in func-
tion can be improved by adaptive changes in living
conditions. Increasingly, patients who are admitted to
institutions which provide nursing care are more depen-
dent because medical advances in developed nations
allow individuals to remain in their homes longer before
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institutionalization becomes necessary. This has contrib-
uted to rising costs of nursing home care.

Many governments throughout the world have
attempted to delay or reduce the rates of institutionaliza-
tion by providing home help services. Scandinavian
countries and the United Kingdom have generous public
welfare systems and consequently have the highest prev-
alence of home help services (Figure 4). Unfortunately,
many European countries, including Denmark and the
Netherlands, have had to decrease spending on social
services because of the increasing numbers of older adults
in the population and the rising costs associated with
providing public services.
Elderly: At Risk due to Social
Circumstances

Social Support

Elderly persons are also at risk due to social circumstances.
Social networks may serve as a buffer against decline in
health andwell-being in old age. It is not only the health of
an individual aging person that changes with age. There is
also an increasing likelihood of sickness and mortality of
family members and friends. This is another source of
vulnerability among the elderly. Most women over age
74 in most countries of the world are widows, but most
men of this age aremarried (Figure 5). The loss of a spouse
and a dwindling social network of family and friends
deplete this social buffer. The loss of social relationships
also has an effect on physical and mental health, as well as
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mortality. Social support is a critical component of healthy
aging. Social support includes resources, whether instru-
mental or emotional, provided by others. Emotional sup-
port is defined as interaction leading an individual to
believe that he or she is cared for and loved, esteemed,
and a member of a network of mutual obligations. Emo-
tional support includes expressions of affection and trust.
Instrumental support consists of tangible assistance such
as help with household chores, financial assistance, trans-
portation, and daily activities. Level of perceived support
has been shown to be an important predictor of health
and well-being, surpassing measures of actual support
received. Individuals who feel supported recover more
quickly from illness or surgery, follow medical regimens
more closely, and are at lower risk of depression. Social
support is defined not only by the number of relationships
or the frequency of contact, but also by the quality of
relationships.

As already discussed, elderly individuals who lack
social ties are at greater risk for poor health. Social sup-
port promotes health in many ways; for example, by
encouraging prompt attention to medical needs, by urging
avoidance of unhealthy behaviors such as smoking, and by
improving resistance to disease through reduction of
stress response. The stress process is important in under-
standing how lack of social support affects health and well
being. Individuals who do not anticipate receiving help
from a social network are more likely to experience pro-
longed neuroendocrine response to challenges, which
may have harmful effects on health and immunity.

The type of social support that is effective in promot-
ing health and well-being varies according to individual
needs and situations. The degree to which older adults
experience decreases in social support may vary across
cultures, especially considering differing norms for family
structure and co-residency that affect the number and
quality of relationships, as well as the frequency of contact.
The amount of social support needed may also depend on
the degree to which resources are publicly provided. For
example, in northern European nations, family may more
commonly provide emotional support than instrumental
support because of the very generous assistance the gov-
ernment provides for instrumental services. Cultures may
also differ in the attitudes and beliefs that pertain to
intergenerational support. In some cultures older adults
may be reluctant to receive help from adult children,
whereas in others it is expected. In many developing
African countries the increasing proportion of persons
with AIDS has led to a disruption in the social welfare
for the elderly via the extended family. Urbanization and
modernization of economies place strains on the tradi-
tional extended family system, especially when migration
for work is necessary for economic security.
Economic Status

Economic resources can also serve as a buffer against
some of the risks in old age. Those with few economic
resources are at greater risk for most of the problems of
old age because it is more difficult for them to secure their
health and care needs. The degree of difficulty depends
on the policies in each nation and the likelihood of elderly
depending on familial support. Economic resources in-
clude assets and income, and in some countries children
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are major sources of economic support. In highly indus-
trialized nations, economic support is usually supplied
through retirement pensions, government programs, sav-
ings, investments, and assets. More agricultural nations
rely more heavily on continued work and receipt of finan-
cial assistance from family members. For example, in
Taiwan, Thailand, and the Philippines, earnings of adult
children are the most important source of income for the
elderly.
The adequacy of income and assets is relative. Less
absolute income is required to survive where multigener-
ational living arrangements are common. In such cases
the burden of home ownership is decreased and econo-
mies of scale reduce the cost of living for any one
person. By contrast, in societies that increasingly value
autonomy and privacy, elderly individuals must bear
greater individual financial responsibility. Often govern-
ments define a poverty threshold below which persons
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cannot ‘reasonably’ survive. Poverty thresholds can be
problematic as they are often arbitrary. In the United
States, many elderly are often ‘near poor’ even though
they may not meet the standards for poverty assistance
because they do receive a government pension. Marital
status, gender, education, health, and rural versus urban
residence are important determinants of economic security
in old age, as well as earlier in life. Those who are poor
when they are young are often poor when they are old.
Living Arrangements

In developing countries around the world, it is the norm
for the elderly to live with adult children. However, eco-
nomic changes and Western values have pervaded many
societies, resulting in the gradual replacement of extended
family household structures by increasing expectations of
independence and self-reliance by elders. In much of the
world there is an increasing trend for older persons to live
separately from their children. Changes in social and eco-
nomic conditions are implicated as the cause of the trend.
This can be a source of risk for older persons, especially
those who are sick or disabled, widowed or poor. In
countries such as Germany and the United States, most
women over age 74 live alone (Figure 6).

There is wide variety in the global use of nonfamily
institutions for care of the elderly. Although many so-
cieties offer some form of free or reduced-cost public
housing for older adults, there has been rapid growth
worldwide in the development of for-profit assisted living
residences, retirement communities, nursing homes, and
other old-age homes. Institutionalization is still relatively
rare in most countries, but the number of institutionalized
elderly throughout the world is rising.
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Recent U.S. trends, however, show a declining preva-
lence of nursing home residence and increased return
from nursing homes to community settings. Instead,
more elders are adapting by recruiting paid and unpaid
caregivers. Attempts to improve support and safety in
one’s current home environment are generally preferred
over transfer to institutional settings. Moves into assisted
living or other independent residential facilities are also
an increasingly prevalent alternative.
Lifelong Characteristics of At-Risk Populations

Many of the characteristics that predict risk in old age are
the same as for younger groups. The lifelong challenges of
poverty, minority status, and gender continue to predict
poor outcomes for older adults. Socioeconomic status
(SES) is one of the most important determinants of health.
The life trajectory is linked to one’s education and occu-
pational status. Being of low SES predicts earlier onset and
greater incidence of illness and earlier death. One mecha-
nism is differential exposure to the risk factors for poor
health. These include smoking and drinking, obesity, poor
self-esteem, and financial stress. It has also been hypothe-
sized that low social status and increased psychological
pressures attached to low status may lead to changes in
neuroendocrine pathways that later result in disease.
Social inequalities are persistent, and increasing in some
societies, and perpetuated by the global spread of market-
centered economic structures. The theory of cumulative
advantage and disadvantage has often been applied to
describe how one’s capacity, status, and access to resources
accumulate to provide greater advantages or disadvantages
over time, resulting in greater divergence among aging
individuals.

Individuals with low socioeconomic status have earlier
onset of health problems, greater morbidity, and earlier
death. Lack of social support may partially explain the
poorer health outcomes experienced by groups with lower
SES. There may be differences in the amount of social
support received by low SES groups and the importance
of social support for determining health outcomes for
these groups. Members of higher SES groups report
more frequent contact with family and friends and greater
satisfaction with the help they receive. Members of sup-
port networks tend to share similar socioeconomic status.
In a low SES group, members of the network may lack the
resources to provide assistance to their fellow network
members. Furthermore, the types of problems experi-
enced by low SES elders tend to be chronic and may
result in burdens on support providers. In some countries,
health disparities by race and ethnicity are intertwined
with disparities due to SES, although SES differences in
health are greater than race differences. High-income
black males have a life expectancy that is 2.5 years longer
than their low-income counterparts and have a life
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expectancy that is nearly 3 years longer than white males
in the lowest income category. African-Americans experi-
ence earlier onset of chronic disease and live more years
of life with disabling health problems.

Some research shows that the repeated experiences of
discrimination and perceptions of discrimination result in
physiological stress responses that lead to poor physical
and mental health. Differential access to medical care and
differential quality of care available may play a role in
health disparities among members of different groups.
Systematic differences in the kind and quality of medical
care received have also been observed. Delayed diagnosis
and poor management of chronic disease is common
among minority groups. Although poor and minority
elderly may have many disadvantages, membership of
minority groups may also provide culturally reinforced
social resources.

Gender and marital status are important predictors of
late life health and well-being. These characteristics are
highly related to being an at-risk elder. Women live longer
than men and are therefore more likely to be widowed,
develop chronic illness and cognitive impairment, and
spend the last years of their lives in need of help for
chronic health problems. Women are at greater risk of
poverty in old age, especially in cultures in which women’s
primary work is unpaid domestic labor or in which labor
market norms prevent women from earning high wages.
Because men more often die before their spouse, women
are more likely to take up care-giving duties for their
husbands, and for other family members, that take a toll
on physical and psychological well-being.

Men are also adversely impacted by widowhood, as
they are more likely to be dependent on domestic support
provided by their wives and thus may be at a greater
disadvantage when they have to live alone. This, however,
may change as new generations of men and women divide
domestic duties differently. Social isolation may also be
more stressful for men, and they are typically less embed-
ded into social networks over the life course.
Conclusion

Old age can put anyone at risk; almost everyone experi-
ences changes in health and social networks that under-
lie much of this risk. People at greater risk include
those without family and those without resources, as
well as those who live in countries without social poli-
cies designed to address the special needs of aging
populations.

See also: The Demand for Health Care; Demography of

Aging; Long Term Care, Organisation and Financing; The

Public Health Dimensions of Disability.
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This article focuses on homelessness from a public health
perspective – its prevalence, its relationship to specific
health conditions, and various interventions intended to
ameliorate homelessness and the health problems with
which it is associated. Homelessness has important con-
sequences for public health. First, homelessness contri-
butes to elevated morbidity and mortality by increasing
the risk of acute and chronic health conditions among
homeless persons. In addition, a variety of health and
mental health conditions place individuals at heightened
risk of homelessness. Furthermore, homelessness increas-
es the risk of disease in the nonhomeless population by
contributing to the diffusion of infectious diseases. Final-
ly, homeless persons may place a large burden on the
public health delivery system because of their often high
levels of need for acute care, and their lack of access to
regular sources of routine medical care. Although home-
lessness is widespread in developing countries, where it is
frequently associated with extreme poverty, natural dis-
asters, war, and forced relocation, it is also distressingly
common in the industrialized world including the United
States, Canada, Western Europe, Australia, and Japan. Our
discussion focuses primarily on homelessness in the
United States and other high-income countries since
most of what is known about its occurrence and its asso-
ciation with health derives from research carried out in
these parts of the world.
Defining Homelessness

Sociological research in the United States and the United
Kingdom has traditionally stressed social disaffiliation, or
the attenuation of connections to social structures such as
family, employment, and community as key concepts in
the definition of homelessness. More recent definitions of
homelessness, however, tend to emphasize residential sta-
tus. Such definitions, which are more easily operationa-
lized, have greater utility for social and health services
policy formulation. For example, the following definition
of a homeless person was developed for the McKinney
Homeless Assistance Act of 1987, one of the earliest major
federal initiatives responding to the growing problem of
homelessness in the United States. This definition, which
excludes those who are ‘doubling up’ with housed persons
or living in substandard housing, focuses instead on
so-called ‘literal’ homelessness:
. An individual who lacks a fixed, regular, and adequate
night-time residence; and

. An individual who has a primary night-time residence
that is: a supervised publicly or privately operated
shelter designed to provide temporary living accom-
modations (including welfare hotels, congregate shel-
ter, and transitional housing for the mentally ill); an
institution that provides a temporary residence for
individuals intended to be institutionalized; or a public
or private place not designed for, or ordinarily used as,
regular sleeping accommodations for human beings.

European policy analysts have recently developed a
broader and more complex definition that allows for a
continuum of homelessness ranging in decreasing severity
from ‘rooflessness’ to inadequate housing (Edgar et al.,
2004). These categories (which are further classified into
16 subcategories) are:

. Roofless – Living in a public space or night shelter;

. Houseless – Living in a hostel, institution, or other
temporary accommodation;

. Insecure housing – Living in supportive accommoda-
tion where tenancy is dependent upon accepting social
services; living temporarily with family or friends;

. Inadequate housing – Living in temporary, overcrowded,
or substandard dwelling.
The Prevalence of Homelessness

Despite significant methodological challenges to obtain-
ing precise estimates, it is clear that homelessness is dis-
tressingly common in many high-income countries. In the
United States, for instance, the most reliable estimates
place the number of currently homeless persons between
2.3 and 3.5million, while approximately 7% of adults in
the United States have experienced at least one episode of
literal homelessness at some point during their lifetime.

Other data suggest that the prevalence of homelessness
among specific high-risk populations, primarily persons
with severe mental disorders, is considerably higher. For
instance, a study of all persons with schizophrenia, bipolar
disorder, and major depression treated by the public mental
health system in a large U.S. city found the prevalence of
homelessness to be 15% over one year, which accords well
with estimates in other U.S. urban areas (Folsom et al., 2005).
Other subgroups that have been found to experience high
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rates of homelessness include substance abusers, persons
being discharged from jails and prisons, and young adults
leaving foster care and other child welfare institutions.

Although reliable national prevalence estimates are
difficult to come by, a recent report by a major European
nongovernmental organization placed the total number of
persons homeless over the course of one year at between
2.7 and 3 million in the countries of the European Union.
Although evidence suggests considerable variation in the
prevalence of homelessness among various EU nations,
significant differences between countries in the ways in
which homelessness is defined and enumerated render
precise comparisons impossible (Edgar and Meert,
2005). Nonetheless, analysts believe that the highest cur-
rent rates of homelessness in Western Europe are in
Germany, France, and the United Kingdom, where its
prevalence is between two and six times greater than
rates in neighboring countries (UN-HABITAT, 2000).

While many observers assume that the overall preva-
lence of homelessness in the United States and the EU
nations has increased over the past 25 years, this is diffi-
cult to substantiate; apparent increases may be explained
in part by the greater public attention that has been
focused on the problem. There is also evidence that the
prevalence of homelessness may vary significantly with
cycles of economic activity.
Duration

The subgroup of persons whose homelessness is of long
duration – the so-called ‘chronically homeless’ – tend to
arouse the most public concern. This is in part because
this group is often the most visible and has been shown to
consume an inordinately large share of public health and
social welfare expenditures. Nonetheless, research sug-
gests that most homeless episodes are relatively brief
and episodic, typically following short-term personal or
economic crises, and do not lead to ‘chronic’ or recurrent
homelessness in the vast majority of cases.
Sociodemographic Characteristics of Homeless
Persons

Poverty is perhaps the most common shared characteristic
of homeless persons since, by definition, homeless persons
are typically unable to afford access to housing. Current
U.S. data suggest that homeless men outnumber women
by roughly two to one and that ethnic minority group
members, particularly African-Americans, are overrepre-
sented in the homeless population. Recent immigrants
appear to be overrepresented among the homeless popu-
lation in several European countries, although this does
not appear to be the case in the United States.

During the period of the 1960s and 1970s, the typical
homeless personwas a single, middle-agedmale, frequently
with a long history of low-paid or seasonal employment. In
the United States, this began to change during the early
1980s as more young males and single women joined the
ranks of the homeless. During the 1990s and more recently,
families (typically a single mother with one or more chil-
dren) have become the fastest-growing subgroup of the
homeless population (Burt, 2001). Homelessness among
unaccompanied adolescents and children is also a growing
problem. Such young people, who typically have tenuous
family connections, are an especially vulnerable group
characterized by traumatic life histories and high-risk
sexual, health, and substance abuse behaviors.
Causes of Homelessness

The causes of widespread homelessness reflect a com-
plex interaction between individual and structural fac-
tors. An evolving consensus views the overall prevalence
of homelessness as determined primarily by structural
factors, chief among them being the supply of affordable
housing in a particular time and place. The persons who
then become homeless in this context, according to this
model, are those who are least able to compete for the
limited supply of housing due to personal characteris-
tics, sometimes referred to as individual-level risk fac-
tors. Some observers use the metaphor of ‘musical
chairs’ to describe this process. In this children’s game,
a group of players circles a set of chairs to accompany-
ing music. The number of chairs is one less than the
number of players. When the music stops, the players
scramble for a place to sit, leaving one unfortunate
contestant without a seat.

Epidemiologic research has identified a range of indi-
vidual-level attributes that are associated with an in-
creased likelihood of becoming homeless. These include
psychiatric disorders, substance abuse, other medical con-
ditions, lack of social support, and adverse childhood
experiences. The specific mechanisms through which
these factors may increase the risk of homelessness are
complex, since they frequently overlap with each other
and with other sociodemographic factors that are asso-
ciated with homelessness.

The process of individual homelessness can be under-
stood in a multilevel life course perspective. This per-
spective views homelessness as the end point of a
trajectory in which multiple influences occurring at dif-
ferent points over the life course contribute incrementally
to the risk of a person becoming homeless in an environ-
ment of scarce housing. For example, demographic char-
acteristics may predispose to social disadvantage, adverse
childhood experiences may lead to poor social attach-
ment, inadequate schooling can limit achievement and
employment options, housing markets can curtail afford-
able housing, and the person may experience a traumatic
loss, resulting in homelessness (see Figure 1).
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Homelessness and Health

The complicated and reciprocal interplay between home-
lessness and health is well-documented. While some
health conditions operate as risk factors for subsequent
homelessness, currently homeless individuals are at ele-
vated risk for adverse health conditions (see Table 1).
Health Conditions Are Risk Factors for
Homelessness

Individuals with certain health conditions, including
severe mental illness (such as schizophrenia and other
psychotic disorders), substance abuse/dependence, and
HIV/AIDS, are at higher risk of becoming homeless
than are individuals without these conditions.

Persons with severe mental illness are at high risk of
becoming homeless for a number of reasons related to
their lack of individual resources, inadequate systems of
community supports, and the tendency toward social
exclusion of mentally ill persons and others with stigma-
tizing conditions. The move to deinstitutionalization of
severely mentally ill persons, coupled with ineffective
systems of community care, has left many such individuals
without access to needed treatment, social services, and
supportive housing. Fragmented treatment systems
decrease the availability of continuous care, making it
more likely that mentally ill persons will experience psy-
chiatric crises. Furthermore, persons with severe mental
illness tend to be poor, due in large part to extremely high
rates of unemployment; this places them at a disadvantage
in locating and sustaining permanent housing. Those with
severe mental illness also tend to experience reduced
levels of social support from families and other potential
sources of assistance during times of need. The troubling
persistence of stigma directed toward mentally ill persons
plays a significant role in the reduced opportunities for
social and economic involvement experienced by many
Table 1 Health and related conditions associated with homeless

C
ris

Mental disorder (e.g., psychotic disorders, depression,
posttraumatic stress disorder)

ü

Alcohol and drug abuse/dependence ü
Infectious diseases (e.g., HIV/AIDS, STDs, tuberculosis,

hepatitis C)

ü

Physical and sexual violence ü
Exposure-related and thermoregulatory disorders

(e.g., hyperthermia, frostbite, foot and joint problems)
Respiratory, gastrointestinal, and ear infections

Hypertension and cardiovascular disease

Physical trauma: burns, lacerations, accidents

Asthma
Lung disease and cancer
severely mentally ill persons, particularly in industria-
lized societies.

As with severe mental illness, individuals with sub-
stance abuse problems may also find it difficult to sustain
employment, manage their finances, and maintain hous-
ing. Substance abuse disorders tend to be chronic, relaps-
ing conditions for which effective interventions are
frequently unavailable. Research has also shown that
homelessness is considerably more common among per-
sons with HIV/AIDS than among persons without these
conditions (Culhane et al., 2001). This heightened risk of
homelessness is related to discrimination and the high
costs of housing and medical care. HIV/AIDS is also
more prevalent among persons with substance abuse and
severe mental disorders, further increasing the risk of
homelessness in persons with these multiple conditions.

Individuals with comorbid health conditions, such as
mental illness plus substance abuse or dependence, are
especially vulnerable to becoming homeless. Comorbid
conditions also tend to be more long-lasting and severe
comparedwith conditions that are experienced separately.
Homelessness Is a Risk Factor for Disease

Adults
Exposed to numerous deprivations and adverse environ-
mental influences, such as inadequate nutrition, poor
hygiene, exposure to the elements, and victimization,
homeless adults are at increased risk of developing a
broad range of physical health problems. During periods
of shelter living, homeless persons typically stay in
unclean and overcrowded settings in which infectious dis-
eases are easily transmitted. Furthermore, homeless per-
sons typically live in impoverished communities in which
the prevalence of infectious diseases tends to be high.

Joint problems, respiratory infections, and hyperten-
sion are common in homeless adults. Foot problems, such
as corns, calluses, and immersion foot, are also frequent
ness

onditions that increase
k of homelessness

Conditions that homelessness
may cause or exacerbate

ü

ü
ü

ü
ü

ü
ü
ü
ü
ü
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because of excessive walking and poorly fitting shoes.
During cold months, hypothermia and frostbite have
been frequently reported. High rates of smoking among
homeless adults increase the risk of lung cancer and upper
respiratory infections. Chronic diseases most common
among homeless adults include hypertension and heart
disease, diabetes, chronic obstructive pulmonary disease,
peripheral vascular disease, dental problems, and neuro-
logical disorders.

Homeless individuals are at high risk for contracting
HIV/AIDS and tuberculosis (TB). It is estimated that
both HIV and TB are between three and five times more
prevalent among homeless persons than among housed
persons. Furthermore, HIV is a leading cause of death
among homeless men and women. Specific risk factors for
homeless people for contracting HIV and TB include
length and duration of homelessness, number of homeless
episodes, injection drug use, and sexual risk behaviors
(e.g., sex trading, unprotected sex, multiple partners).
The presence of other established risk factors for HIV/
AIDS such as mental health disorders, childhood physical
and sexual abuse, and partner violence, are also common
among individuals who are homeless. Prevention and
treatment measures may also be difficult among homeless
populations due to lack of access to health-care services
and their unstable life circumstances.

Homelessness is also suspected to be a risk factor
for both exacerbating existing mental health and sub-
stance abuse problems and for the development of
new conditions. An extensive body of research demon-
strates that stressful life events are associated with the
onset of psychiatric disorders. Exposure to traumatic or
otherwise stressful events is common during episodes of
homelessness. These include physical or sexual assault
and physical trauma such as accidents, burns, and lacera-
tions. Furthermore, there is some evidence that the
experience of becoming homeless itself is perceived as a
trauma that can lead to mental health and substance
abuse problems.

Families with children

Homeless families (most frequently consisting of a single
mother with one or more young children) are a growing
segment of the homeless population, particularly in the
United States (Burt, 2001). Health needs among homeless
mothers include the broad sequelae of physical and sexual
violence, which many such individuals report having expe-
rienced during both childhood and adulthood. These
include posttraumatic stress disorder, substance abuse,
depression, and sexually transmitted infections. For home-
less women who are pregnant or parenting a newborn,
there are typically long delays in obtaining prenatal care
and consequent high levels of adverse birth outcomes.

Homeless children are prone to a variety of physical
health conditions, including ear infections, gastrointestinal
problems, asthma, upper respiratory infections, skin
conditions, and poor dentition. These conditions may
be related to stress, poor nutrition, and other environmen-
tal factors endemic to shelter living. Long-term health
consequences of nutritional deprivation, such as delayed
growth or iron-deficiency anemia, are also a risk. Lack of
basic health services may limit access to required pre-
ventive care and vaccination, further increasing the risk
of subsequent health problems. Homeless children are
also at risk of developing mental health conditions,
such as serious behavioral problems, depression, and
anxiety, as a result of exposure to multiple stressors
associated with homelessness and shelter living. Resi-
dential instability can lead to poor academic achieve-
ment by homeless children, who are more frequently
absent and change schools more often than their non-
homeless peers.

Homeless youth

Homeless and runaway adolescents are a group with
particularly complex health needs. Many come from
troubled families where they have experienced early
separations, rejection, and abuse. Frequently such youth
have lived in out-of-home placements, such as foster
homes, residential treatment centers, and juvenile deten-
tion facilities. They therefore tend to lack family and
social supports as well as fundamental educational, social,
and vocational skills required to make an effective transi-
tion to independent living as adults. Homeless youth
engage in numerous risk behaviors such as injection
drug use, unprotected sex, and prostitution, placing
them at extremely high risk for sexually transmitted
infections, including HIV/AIDS. Although solid epide-
miologic data are lacking, mental health problems,
including depression and suicidal behavior, are thought
to be particularly common in this population.

Older adults
Most data indicate that older adults (60 years of age and
over) are underrepresented in the homeless population,
perhaps as a function of the relatively more robust medi-
cal, public welfare, and social service supports typically
available to older people, as well as the greater mortality
risk associated with homelessness. However, it has been
argued that, due to the privations they experience, many
middle-aged homeless persons begin to manifest the types
of chronic health conditions normally associated with old
age. These include cardiovascular disease, cancer, ele-
vated blood pressure, and cholesterol levels. There is
also some recent evidence suggesting that, at least in
several large urban areas in the United States, the propor-
tion of older persons in the homeless population is
increasing, perhaps reflecting the aging of a large cohort
of chronically homeless persons who first became undo-
miciled during the 1980s. This implies that chronic health
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conditions associated with aging may soon become a more
significant problem for health-care providers treating
homeless persons.

Homelessness and Mortality

Given the combination of high rates of disease and trauma,
exposure to the elements, and poor access to health ser-
vices, it is not surprising that homeless persons are at
significantly higher risk of death than their housed coun-
terparts. Although there is considerable variation in excess
mortality between different samples of homeless persons,
the age-adjusted risk of death among homeless persons
appears to be between two and eight times higher than
nonhomeless persons, with greater disparities in death
rates found among younger persons (Hwang, 2000). Lead-
ing causes of death among homeless individuals include
accidents, HIV/AIDS, drug and alcohol overdoses, suicide
and homicide, heart disease, and cancer.

Barriers to Health-Care Services

Despite their high levels of health-care need, homeless
persons face multiple barriers to accessing routine sources
of health, mental health, and substance use services. The
need to meet basic survival needs for food and shelter may
place health services at a low priority for many homeless
persons. Homeless individuals are also typically without
the financial resources, health insurance, or transportation
needed to gain access to regular health-care services.
Some homeless persons may lack insight into their health
and mental health needs, or may be hesitant to seek out
services because of previous negative experiences, such as
rejection or discrimination, in routine health-care set-
tings. Given low access to routine services, homeless
individuals are more likely to seek and receive treatment
in hospital emergency departments, regardless of whether
or not their medical needs are urgent, leading to expen-
sive, fragmented, and often ineffective care. A significant
challenge for health service providers is retaining home-
less persons in treatment for reasons described above.

Promising service delivery models include specialized
programs that integrate components that are intensive,
assertive, supportive, rehabilitative, and long-term. Exam-
ples of such approaches include mobile street outreach
teams, drop-in centers and shelters that provide
integrated and intensive referral services, and supportive
housing programs that integrate services for health, men-
tal health, and substance use needs. These specialized
programs may also provide concrete assistance such as
housing, food, clothing, and showers, along with access to
health-care. Directly observed therapy, a process in which
a health-care provider directly monitors patients’ receipt
and use of anti-tuberculosis medications, has also been
employed successfully to treat outbreaks of TB in home-
less populations (Story et al., 2007).
Preventing Homelessness

Despite growing attention to the problem of widespread
homelessness, there has been relatively little progress
made toward developing systematic approaches to pre-
vent homelessness. Defining and implementing an effec-
tive prevention agenda must be seen as the most
important next step in a comprehensive public health
response to this vexing problem.

We consider homelessness prevention using the frame-
work of high-risk and population prevention proposed by
the epidemiologist Geoffrey Rose (Rose, 1992). High-risk
prevention involves identifying persons known to be at
especially high risk of homelessness by virtue of individ-
ual characteristics or risk factors, and then targeting them
for specific interventions. Population prevention, in con-
trast, promotes prevention strategies aimed at the entire
community. This model is especially relevant to home-
lessness because it draws attention to the need to address
prevention not only by direct intervention among those at
high risk, but also by modifying the overall social context
in which homelessness occurs. Population prevention
strategies are a critical adjunct to high-risk prevention
approaches, since high-risk strategies, if broadly em-
ployed in the absence of population approaches, have
the potential to merely redistribute the risk of homeless-
ness to other segments of society, without reducing its
overall incidence. Making this distinction is especially
important to the prevention of homelessness, given the
causal model described above, which sees homelessness as
the result of a complex interaction between individual-
level and structural factors.
High-Risk Prevention

Preventive interventions for high-risk groups typically
focus on persons with severe mental disorders, substance
abuse problems, and other chronic health conditions.
Considerable attention in the United States has recently
focused on various models of supportive housing as a
prevention strategy for high-risk populations. Although
considerable variation exists between specific approaches
to such housing, supportive housing programs typically
provide permanent housing in the community, generally
administered by a social service organization, in combina-
tion with on-site health and social services. A growing body
of research suggests that such approaches are effective in
maintaining formerly homeless persons in housing over
extended periods of time. Furthermore, evidence suggests
that supportive housing is also cost-effective for chronically
homeless people; the expenses associated with providing
permanent housing and services is typically less than the
public costs of delivering the temporary shelter, emergency
health, and police services that would have been used in
support of homeless individuals without such housing.
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Some controversy exists about whether such accom-
modations ought to be offered to persons with severe
mental disorders and substance abuse problems as an
immediate or a subsequent step in their rehabilitation.
Proponents of the so-called ‘Housing First’ model believe
that even the most severely ill and multiply impaired
individuals can be housed immediately in permanent
housing without requiring treatment or sobriety as a pre-
requisite and that such housing will go a long way to
reducing their risk of subsequent homelessness (Tsemberis
et al., 2004). In contrast, others feel that access to long-term
housing ought to be limited to persons who have demon-
strated their ‘housing readiness’ by having successfully
participated in treatment for these disabilities. There is
no clear evidence at this time that one or the other of these
competing approaches is necessarily superior.

Another promising prevention approach focuses on
efforts to enhance continuity of care for high-risk popula-
tions, particularly following institutional discharge and
during other transitional periods. Research demonstrates
that there is an elevated risk of homelessness in the days
and weeks after people leave psychiatric hospitals, correc-
tional facilities, and other institutions. Particularly for
those with limited resources and few social supports,
these transitions are often associated with discontinuities
in care arrangements and increased risk of housing loss.
Some observers have identified such transitional periods
as critical periods during which a time-limited interven-
tion might effectively reduce the likelihood of homeless-
ness and other adverse outcomes. Such ‘critical time
interventions,’ focused on providing concrete assistance
while enhancing community support, have been devel-
oped and tested with mentally ill persons leaving psychi-
atric treatment settings, with encouraging results
(Herman et al., 2007).
Population-Level Prevention

Although there is to date scant empirical data supporting
specific population-level strategies for the prevention of
homelessness, the available research suggests that such
interventions require a coordinated, multisystem focus on
housing, income, and community development initiatives,
perhaps targeted toward especially impoverished neighbor-
hoods in which the risk of homelessness is greatest.

With respect to housing, recent public policy in the
United States no longer supports the broad development
of government-owned low-cost housing, emphasizing the
leading role of the private market in housing creation and
ownership for the general population. However, given the
eroding supply of decent low-cost housing in many parts
of the United States, there is growing recognition of the
need to increase the supply of housing subsidies in order
to assist low-income individuals and families to purchase
housing in the private market.
In Europe, analysts have begun to focus on the broad
construct of ‘social exclusion’ as a lens through which to
understand the growth of homelessness. In this view,
recent retrenchment by European states in redistributive
activities, particularly in the area of facilitating access to
housing for economically vulnerable groups, has contrib-
uted to homelessness, poverty, and other forms of exclu-
sion among the poor and disadvantaged. This analysis
suggests the need for a ‘rights-based’ approach, in which
governments would be held accountable for ensuring
a sufficient supply of decent, affordable housing as a
fundamental human right. Only through such a universal
approach, it is argued, will it be possible to develop truly
effective comprehensive prevention strategies (Edgar
et al., 2002).
Prevention Challenges

Significant challenges must be overcome before preven-
tion strategies can be broadly implemented. One is the
problem of effective targeting – how to ensure that pre-
vention activities will be directed toward those individuals
who are indeed at high risk of becoming homeless. Most
prevention approaches that have been attempted so far
have not been carefully targeted, making it difficult to
assess their effectiveness or efficiency. Furthermore,
research efforts to date that have employed statistical
methods aiming to identify subgroups of poor individuals
who are most likely to become homeless have not been
especially successful. Even if effective targeting could be
accomplished, intensive interventions directed at specific
high-risk groups may redistribute rather than reduce
homelessness. For instance, a clinical trial may demon-
strate that persons with mental illness who receive an
intervention are more likely to retain housing than those
who do not, but this may not have reduced the overall
amount of homelessness in the population in which the
intervention occurs. Those receiving the intervention
may simply have gained access to resources that were
consequently denied to others.
Conclusion

It is unacceptable that pervasive homelessness should
continue to plague affluent societies across the world.
This phenomenon, and its attendant conditions, is symp-
tomatic of a growing trend toward resource disparities in
the United States and other parts of the industrialized
world. From a public health perspective, it is abundantly
clear that homelessness inordinately affects thosewithmul-
tiple health and social vulnerabilities, and that homelessness
itself contributes to the onset and exacerbation of a variety
of serious health conditions. To eradicate widespread
homelessness will require a sustained commitment by



governments, private organizations, and individuals using a
broad variety of approaches. While effective primary pre-
vention is clearly a desirable long-term goal, immediate
efforts are required to provide temporary and permanent
housing coupledwith a range of interventions to address the
immediate health concerns of this underserved and needy
population.

See also: HIV/AIDS and TB; Human Rights, Approach to

Public Health Policy; Mental Health and Substance

Abuse; Mental Health Policy; Mental Health Resources

and Services.
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Introduction

Research during the recession of the 1930s and from
the 1980s onward has provided strong evidence of an
association between unemployment and various indica-
tors of mental and physical health and causes of death
in industrialized countries. Although poor health has
also been observed among those exposed to job insecu-
rity, much less work has been done in that area. This
may be partly because there is less obvious reason to
believe that job insecurity could affect health (unlike
unemployment it involves no loss of income) and partly
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because large changes in the structure of the labor
markets that have occurred only in the past 25 years
have transformed both the experience of unemployment
and job insecurity.

Major determinants of this labor market restructuring
have been an increase in the service economy, technolog-
ical innovation, globalization, and the major reorganiza-
tion of services traditionally provided by the public sector.
These structural changes have brought about shifts in
labor market experiences. Many developed countries
face persistently high levels of unemployment, and long-
term unemployment has grown rapidly. Unemployment
continues to be a major cause of low income, poverty, and
marginalization, and with increasing length of unemploy-
ment the consequences of severance of social ties with the
work community may be exacerbated. Furthermore, even
in countries where unemployment rates are low, many
workers, who previously thought they had a job for life,
may now feel much less secure, and job insecurity has
become more widespread in many Organization for Eco-
nomic Co-operation and Development (OECD) countries
since the mid 1980s.

In the world of rapidly changing labor market condi-
tions, understanding the effects of unemployment and
job insecurity on health continues to be an important
concern for public health. However, although unemploy-
ment and job insecurity have been shown to have clear
associations with health, the mere documentation of an
association provides little information about the explana-
tions that underlie these relationships. Most of the stud-
ies in this area of research have tried to assess the
contribution of alternative explanations for the observed
associations. Research into the health effects of unem-
ployment and job insecurity contribute to the more
general social epidemiological debate on the health
effects of psychosocial stressors. For more than three
decades job loss has been considered to be one of the
most stressful life-events, coming close behind the high-
est ranking events: the death of close family members
and family breakdown.
Explanatory Framework

The interpretation of the association of unemployment
and job insecurity with health is complicated, and two
broad types of mechanisms may form the basis for an
explanation. These explanations are not exclusive of
each other, but are likely to work in tandem.

1. Causal effects of unemployment and job insecurity: Job
insecurity, becoming jobless, and prolonged redun-
dancy have negative effects on health and increase
the risk of premature death. The causal effects are
mainly assumed to be mediated through increased
psychosocial stress and increased tobacco and alcohol
consumption, as well as loss of income and material
deprivation.

2. Selection: Persons likely to work in insecure jobs, to
become unemployed, or to have difficulty finding
reemployment have preexisting ill health and/or life-
style (e.g., tobacco and alcohol consumption, poor
diet), socioeconomic (e.g., social class, housing tenure),
or other personal characteristics (e.g., age, sex, physical
weakness, psychological characteristics, and early life
experiences) that increase the risk of future ill health
and mortality. These preexisting factors have typically
accumulated over a long period during the life course
of these individuals.

The solid lines in Figure 1 show the pathways through
which the causal effects of unemployment and job insecu-
rity on health may be mediated. One of the main proposed
intervening factors is psychological stress. Increasing
job insecurity is likely to lead to worry about financial
security and changes in work characteristics; actual unem-
ployment may, for example, lead to deterioration of self-
esteem, loss of respect from others, and loss of interpersonal
contacts in the workplace. These in turn may affect health
directly through biological pathways or health-related
behaviors. The direct biological pathway may be through
immune suppression or the functioning of the immune
system in general. Another possible path is through changes
in health behaviors that can be seen as attempts to cope
with the psychosocial stress associated with job insecurity
and job loss.

In the case of job loss – but of course not in the case of
job insecurity – the decline of income and associated
material hardship may also influence health. Such influ-
ences again may be associated with health-related beha-
viors, such as changes in diet, or with adverse changes in
housing conditions and reduced access to medical care.

Selection may account for the association between
unemployment and health in two different ways, which
are depicted in Figure 1 with dotted lines. The most
obvious form of selection is that preexisting ill health
influences job insecurity and chances of unemployment
(sometimes referred to as health-related selection or
direct selection). The other possibility is that certain
personal characteristics, such as mental instability or
drinking problems, or socio-demographic characteristics,
such as low education and social class, increase the likeli-
hood of both job insecurity and unemployment, as well as
increase the risk of ill health and mortality (this pathway
is sometimes referred to as indirect selection).

The relative contribution of the different pathways is
likely to vary according to the context in which job inse-
curity and unemployment are experienced. In particular,
the level of unemployment and the social benefits that the
unemployed receive may modify these health effects.
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Study Designs and Data Sources

Because of the difficulties in unraveling the direction
of causal relationships in aggregate and cross-sectional
studies, we briefly present selected longitudinal studies
that have been used at the individual level for disentangling
the relationship of unemployment and job insecurity with
health.
Longitudinal Follow-Up Studies of Individuals

Several studies have investigated the relationship of
unemployment and job insecurity with health through
observational follow-up studies of individuals. Usually,
in such studies the exposure (unemployment) and possi-
ble confounders (factors that may determine both unem-
ployment and health) have been assessed at the baseline.
The study population is then followed for health out-
comes prospectively. Similar designs have been also used
to study health changes after reemployment. These longi-
tudinal study designs are very common in observational
social epidemiology more generally.

However, strong causal inferences about the harmful
effects of unemployment and job insecurity on health on
the basis of observational follow-up studies are not always
fully warranted because of the inadequate assessment of
selection effects. Although selection based on preexisting
ill health seems of lesser importance in this context, lack
of data on personal characteristics and lifestyle makes
it difficult to control for all possible selection factors.
Factory closure and downsizing studies are able to over-
come some of these problems.
Studies on Workplace Downsizing and Closure

Job insecurity and unemployment are not random events.
However, in certain situations, for example at a time of
very rapid downsizing or closure of workplaces, job inse-
curity and chances of being laid off increase for all
employees, regardless of their individual characteristics.
Such ‘natural experiments’ provide a powerful study
design when random experimental allocation of subjects
to exposure is impossible. A comparison of the ‘naturally’
exposed group to a not exposed reference group closely
resembles a controlled experiment. This means there are
no plausible selection processes involved, and such factors
as poor health or age are not influential in increasing the
risk of job loss. Inferences about causality are strong under
such conditions.

The ideal factory closure study should have data from
a period of secure employment and a control group of
participants who remain employed in a similar factory
throughout the study follow-up period. Obviously, oppor-
tunities to perform such studies are rare, and even when
they do occur the number of workers involved is usually
insufficient to detect effects on relatively rare outcomes.
An added and often difficult-to-quantify problem with
factory closure studies is that rumors of closure may
circulate in the period leading to the closure. Employees
who are best placed to find a new job elsewhere may
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therefore have left the company before it closes, thus
biasing the composition of the remaining labor force.

A good example of a closure study is that of a meat-
processing plant in New Zealand that closed in 1986
(Keefe et al., 2002; see Figure 2). A neighboring plant
remained open until 1994, and the investigators were
able to access hospital discharge and mortality data for
both plants 9 years before and 8 years after the closure.
Although this is by far the largest factory closure study to
date, with nearly 2000 participants in both the study
group and the control group, the number of deaths after
8 years was still relatively small, and none of the differ-
ences were statistically significant. However, those who
were unemployed had an elevated suicide mortality
(hazard ratio 2.15; 95% confidence interval 0.56–8.36).
When combined with hospital admission after closure
for nonfatal self-harm, this outcome was statistically sig-
nificantly higher among those who had worked in the
closed plant.
Unemployment

Mental Health

The effects of unemployment on different domains of
mental health are by now well established. The most
often studied outcomes are various self-reported mea-
sures of common mental disorders. For the effects to
appear, long-term follow-up is not necessary, as the reper-
cussions of unemployment can occur soon after unem-
ployment has started and often before if the redundancy is
preceded by a period of insecurity. Best evidence comes
from factory closure studies and longitudinal studies that
have followed participants into unemployment and/or
reemployment.

A study by Montgomery et al. (1999) of young men in
the 1958 British birth cohort study is a good example (see
Table 1). This study showed that, after adjusting for
several socio-demographic characteristics and for the
preexisting tendency to depression and behavioral malad-
justment, both recent and accumulated unemployment
were associated with symptoms of depression and anxiety
that resulted in medical consultations. Further analyses
showed that these associations were mainly driven by
recent experience of unemployment. This and evidence
from other studies indicate that unemployed persons
adapt to unemployment and mental ill health stabilizes
at an increased level after about 12 to 18months. Further-
more, reemployment has been shown to reverse the
effects of unemployment on mental health.

The mechanisms by which these effects occur are, to
some extent, common sense; that is, deterioration and



Table 1 Hazard ratios (HR) for symptoms of depression and anxiety by recent and accumulated unemployment among young men

in the 1958 British birth cohort (total n¼3241)

Unajusted Adjusted

Model 1a Model 2b Model 3c

Variable HR 95% CI HR 95% CI HR 95% CI

Accumulated unemployment (months)
0 1.00 1.00 1.00

1–12 1.11 0.79–1.57 1.08 0.76–1.52 1.00 0.71–1.42

13–36 1.08 0.68–1.72 1.00 0.62–1.61 0.87 0.53–1.42

37+ 1.87 1.12–3.11 1.63 0.95–2.79 1.05 0.55–2.02
Recent unemployment

No 1.00 1.00 1.00

Yes 2.27 1.47–3.50 2.10 1.34–3.28 2.10 1.21–3.63

aModel 1: unadjusted.
bModel 2: adjusted for social class, education, region, preexisting tendency to depression, and behavioral maladjustment.
cModel 3: same adjustment as Model 2 and both unemployment variables simultaneously.
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worry about one’s financial situation and the loss of self-
esteem and loss of social support networks at work have an
adverse effect on psychological well-being. Studies have
shown that income change and borrowing after unem-
ployment also explain an important part of increased
mental health problems in unemployment. However, mate-
rial explanations do not exclude more psychological expla-
nations; for example, reemployment has been associated
with improvements in mental health, regardless of financial
circumstances.
Physical Morbidity and Mortality by Cause

Follow-up studies that have simultaneously assessed the
effects of unemployment on mental health and physical
health have usually found more consistent and larger
effects on mental health than on physical health. In the
majority of studies physical health has been measured by
self-report of general physical health or symptom lists,
but longitudinal evidence on the incidence of new disease
is patchy. The most consistent evidence of the physical
health effects of unemployment comes from studies of
cause-specific mortality.

The association between unemployment and mortality
has been well established in several longitudinal follow-
up studies of individuals. The sizes of the effects vary
widely, from an excess of 20–30% in England and
Wales, to 60–70% in Denmark, to about 100% in Finland.
These effects are strongest for mortality from suicide as
well as accidents and violence. Considering the well-
established effects of unemployment on mental health,
this relationship seems plausible. The effects for other
broad groups of causes of death are more varied, but
excess mortality is observed at least for lung cancer and
cardiovascular diseases. Only part of these associations
can be explained by measured preexisting selection fac-
tors or mediating factors.

The effects of unemployment also appear to be asso-
ciated more strongly with mortality among younger
rather than older men and women and among those
unemployed for extended periods of time. However,
many of these study designs suffer from not being able
to account for alternative explanations. The New Zealand
factory closure study of meat-processing workers provides
a cautionary finding; in this material an association
between unemployment and suicide could be established
(hazard ratio 2.15; 95% confidence interval 0.56–8.36), but
unemployment was unrelated to other causes of death, as
well as to hospital use for heart disease, cerebrovascular
disease, cancer, and respiratory illness (Keefe et al., 2002).

A similar cautionary note comes from analyses of
the effects of unemployment on mortality at different
levels of the national unemployment rate in Finland (see
Table 2). At a time of low unemployment and strong
demand for labor, those becoming unemployed may be
more selected on the basis of their individual character-
istics that are harmful to health. On the contrary, at a time
of high unemployment, almost anyone can become un-
employed; becoming redundant and/or remaining unem-
ployed can be assumed to be less dependent on individual
characteristics that increase the risk of ill health. Studies
carried out in those circumstances may thus provide the
best clue for the true causal effects of unemployment. The
results to date show that the excess mortality of the
unemployed is lower the higher the unemployment rate:
those experiencing unemployment at low levels of unem-
ployment have 111% excess mortality as compared to a
35% excess at the peak of the recession (Martikainen and



Table 2 Adjusted mortality ratios by employment status among 25- to 59-year-old Finnish men and women

Employment status
Person-years
(3 1000)

Number of
deaths

Mortality ratios
(95% CI)a

Age-adjusted mortality
(3 1000)

Unemployment
rate (%)

Men

Employed in 1987–90 940 2249 1.00 240

Unemployed for the first

time in 1990

24 128 2.11 (1.76–2.53) 603 7.6

Employed in 1987–1991 857 1905 1.00 216

Unemployed for the first

time in 1991

67 263 1.72 (1.51–1.96) 436 15.4

Employed in 1987–92 768 1673 1.00 206
Unemployed for the first

time in 1992

67 206 1.35 (1.16–1.56) 312 22.0

Women
Employed in 1987–90 860 812 1.00 91

Unemployed for the first

time in 1990

19 28 1.61 (1.09–2.36) 154 6.0

Employed in 1987–91 794 792 1.00 93
Unemployed for the first

time in 1991

33 51 1.56 (1.17–2.08) 154 10.0

Employed in 1987–92 721 677 1.00 84

Unemployed for the first
time in 1992

40 49 1.30 (0.97–1.75) 115 15.3

aAdjusted for age, education, occupational class, and marital status.
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Valkonen, 1996). This finding implies that selection may
play a large role in explaining the association between
unemployment and mortality. Similar results have been
observed in Denmark.
Health Behaviors and Biomedical Risk Factors

One of the mechanisms by which unemployment may lead
to deterioration in physical health (and also mental health)
and may increase mortality is through change in health-
related behaviors and consequent changes in biomedical
risk factors. Most longitudinal studies in this field relate the
effects of unemployment to changes in tobacco smoking
and alcohol use. However, the evidence that this causal
pathway is implicated is contradictory, as both beneficial
and adverse changes have been widely reported.

One of the reasons for the lack of a clear association
may be the differential responses to the financial con-
straints of unemployment and changes in time use during
unemployment. Although some unemployed individuals
increase their participation in risky behavior, others may
cut down on drinking and smoking to save money; still
others may increase their level of physical activity as more
time is available. It also appears possible that different
subgroups of the unemployed react differently to changes
in the availability of money and time and that these effects
vary according to the duration of unemployment.

Research evidence that unemployment affects biomed-
ical risk factors is more scarce even than the evidence
on health-related behaviors. Increases in cholesterol
levels, blood pressure, and immune reactions have been
observed. However, most of these studies assess short-
term changes, and it remains uncertain how important
observed changes in the immune system are to the devel-
opment of chronic disease.
Job Insecurity

Aswith unemployment, the strongest support for the causal
precedence of job insecurity in the job insecurity–health
relationship comes from studies of workplace closures and
studies of changes in job security over time. Identifying
those exposed to job insecurity is more difficult than
identifying the unemployed, as no change in job status has
occurred. Two approaches have produced fairly similar
results. One approach presumes that those employed in a
workplace that has been earmarked for closure or down-
sizing are exposed to job insecurity, although certain
groups – for example, those very close to retirement and
those who are confident about finding newwork – may not
feel at risk. The other approach ascertains those at risk
by self-report. As for unemployment, most of the research
to date has been conducted among employees accustomed
to long-term secure employment and not among those
workers for whom job insecurity is part of the psycho-
logical contract, such as those in seasonal employment.
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Mental Health

Most studies that have examined the effects of job insecu-
rity on health have looked at mental ill health as an
outcome and often as the only outcome. Almost every
study has documented consistent adverse effects on all
measures of mental health, although a combined analysis
of the association between job insecurity and mental
health outcomes in 37 study samples has estimated the
effect size to be medium rather than large, with a stan-
dardized effect of approximately 25% (i.e., an increase of
one standard deviation in job insecurity score is associated
with a 25% increase in mental health problems).

One study of change showed that, compared to
employees who reported their jobs as secure at baseline
and follow-up (2.5 years later), poor self-reported mental
health was more prevalent among those who reported
their jobs as secure at baseline but insecure at follow-up
(Ferrie et al., 2002; see Figure 3). Among those who
reported the reverse – that is, their jobs were insecure at
baseline but secure by follow-up – a residual adverse
effect on mental health was observed. However, those
who reported exposure to job insecurity both at baseline
and follow-up (chronic job insecurity) experienced the
greatest prevalence of mental ill health.
Physical Health

As with the findings for unemployment, the body of
evidence supporting an association between job insecurity
and measures of physical health – general self-reported
health measures, diseases, and premature mortality – is
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Figure 3 Change in self-reported job insecurity and depression
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study. Journal of Epidemiology and Community Health 56:

450–454. Reproduced with permission from the BMJ Publishing
Group.
much smaller than that for mental health. Given the self-
appraisal element in self-reported measures of general
physical health, such as self-rated health over the last
year, it is perhaps unsurprising that clear associations
between job insecurity and self-reported physical health
have been observed, although the evidence also shows
that effects are independent of mental health. However,
a meta-analysis of the association in 19 study samples
assessed the standardized effect size of approximately
16% as small.

The Whitehall II study, a longitudinal study of white-
collar civil servants, was able to examine the association
between job insecurity and measures of general physical
health under the conditions of a natural experiment
(Ferrie et al., 1995, 2002). Well after the baseline data
collection, one of the 20 departments participating in the
study was sold to the private sector, a transfer of business
in which the majority of the workforce lost their jobs.
Increases were observed in nearly every measure of self-
reported physical morbidity in both sexes three years prior
to the sale when privatization was just a rumor. Increases
were both relative to control employees in departments
not facing privatization and, crucially, relative to preexist-
ing physical ill health at baseline (see Figure 4).

These results have subsequently been confirmed in
other analyses of data from the Whitehall II study,
which examined job insecurity generated by organiza-
tional change across the British Civil Service. The results
from both these studies confirm results from early, seminal
work in this field among men in a factory manufacturing
car paint and women and men employed in a meat-
processing plant in the United Kingdom.

Job insecurity has been shown to be associated with
adverse changes in most biomedical risk factors that have
been examined, but the effects are mostly nonsignificant.
Although there is an indication that job insecurity is asso-
ciated with an increase in heart disease, there is no evi-
dence yet of an association between job insecurity and
death from diseases or suicide. Job insecurity has also
been shown to be associated with adverse effects on health
outcomes of interest to the organization. For example
there is some evidence of an increase in workplace injuries
and accidents and reasonably good evidence that job inse-
curity is accompanied by an increase in self-certified and
medically certified sickness absence. However, lower rates
of sickness absence as well as sickness presenteeism (the
tendency of people showing up at their work place despite
ill health) among temporary workers and employees facing
imminent threat of job loss have also been demonstrated.

As for unemployment, it has been proposed that the
effect of job insecurity on physical health may be
mediated via changes in health-related behaviors. How-
ever, there is little evidence to support or refute this
hypothesis. Although some studies have found the effect
of job insecurity on health to be partially explained by
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adverse changes in other characteristics of the work envi-
ronment, such as job satisfaction, social support at work,
and job control, much of the association between job
insecurity and ill health remains unexplained and may
be due either to direct effects of stress on the autoimmune
system or unobserved health-related selection.
Implications

At present it is probably premature to evaluate the net
consequences of recent labor market changes on health.
The full impact of these changes brought about by tech-
nological change and deindustrialization has yet to be felt,
and our current understanding of the labor market careers
of individuals is far from perfect. It is premature to
argue that all of the recent changes will have far-reaching
detrimental effects. Although the proportion of ‘atypical’
employment contracts has increased, the financial burden
of unemployment may have increased, and job insecurity
is on the rise, the average length of tenure has not
declined, and part-time and short-term contracts may in
some circumstances be an avenue out of unemployment.

Furthermore, most of the research on the effects of
unemployment has thus far examined only two states:
unemployed vs. employed. Although relevant, evidence
from such studies can not be assumed to apply to situa-
tions in which atypical employment contracts are increas-
ing rapidly. The emerging literature on job insecurity has
broadened this picture. However, other forms of under-
employment, involuntary part-time employment, and
employment at wages below the poverty line are also the
experience of working life for many employees, but less is
known about their impact on health.

Research evidence on the health effects of unemploy-
ment and job insecurity is scarce in developing and newly
industrialized countries, and the evidence gathered here
has unknown relevance to employees in these countries.
However, to the extent that unemployment, different
forms of underemployment, and job insecurity lead to
financial difficulties or worry and the loss of status
and social networks, it is possible that their effects are
more potent in societies where labor rights are more
limited and social safety networks are less developed or
nonexistent.
Summary

A full assessment of the nature of the relationship among
unemployment, job insecurity, and health remains diffi-
cult to achieve. We have demonstrated the problems of
causal inference with observational data in this area of
public health and refer to some but by no means all of the
best research evidence. We have focused our discussion on
longitudinal analyses of change as these studies provide
the best possibility to disentangle the complex web of
causal pathways.

Whatever the explanation for the poor health of the
unemployed, the true public health burden of economic
recession, increasing unemployment, and job insecurity
cannot be accurately estimated from the current research
evidence. However, longitudinal follow-up studies of
unemployment and reemployment have quite convinc-
ingly established their effects on various indicators of
mental health, and a growing body of research on job
insecurity provides similar evidence. Evidence on the
effects of job insecurity and unemployment on physical
health and mortality is more inconclusive; the nature
and size of the effects remain difficult to determine.
Conflicting reviews of scientific evidence on this topic in
the past 20 years are a poignant reminder of this difficulty.
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Introduction

A report in 2004 by the Secretariat of the World Health
Organization summarized threats to women’s health in
three broad categories of vulnerability:

1. Inequities related to gender: Inequities related to gen-
der manifest in many forms. For example, they may
include the consequences of lower familial investment
for female children, such as inadequate nutrition,
poorer access to health care, or reduced educational
and job training opportunities. They include the
impact of experiencing discrimination or living in con-
ditions of low social status, which may affect physical
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and mental health outcomes. Moreover, gender in-
equities may be experienced directly through reduced
control over one’s body, potentially resulting in un-
protected, unwanted, or forced sexual intercourse or
violence.

2. Adolescents’ exposure to risk: Adolescents’ exposure
to risk is a second significant area of women’s vulnera-
bility. Many cultures limit adolescent access to informa-
tion that may be needed to protect a teen’s reproductive
and sexual health. Adolescents also have reduced eco-
nomic resources, which affects their ability to access
quality health care, and they are especially vulnerable
to stigma and violence.
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3. Inequities related to poverty and poor access to health
care: Women’s health is greatly affected by inequities
related to poverty and poor access to health-care ser-
vices. Many women most in need of quality care live in
settings with the least resources, medical personnel,
and facilities. Access to health care is influenced by
distance from services, lack of transport, cost of ser-
vices, and discriminatory treatment of users.

Women live longer than men, but have higher morbid-
ity. In this article, we examine the interrelationships
between women’s living conditions – poverty, poor access
to health care, living in low-resource areas, and disadvan-
tages related to young age as well as gender inequities – on
the distribution of health and illness worldwide. Whether
examining reproductive health outcomes or chronic or
infectious diseases, social and institutional environments
affect the incidence and course of disease in women, their
access to health care, and their morbidity.
The Health of Women

According to estimates from the United Nations, 81% of
the world’s 6.5 billion people live in less developed
regions. Population growth is expected to increase rapidly
in the coming decades, so that by the year 2050, 86% of
the world’s population will be living in developing
regions. The implications for women’s health are pro-
found because health outcomes and health-care access
are overwhelmingly poorer in developing countries.

Women comprise 49.7% of the world’s population, but
70% of the world’s poor. Life expectancy for women
Table 1 Leading causes of mortality and morbidity in women glo

Cause of mortality Rank % total mortalit

Chronic disease 35.2

Ischemic heart disease 1 12.5

Cerebrovascular disease 2 10.9
Chronic obstructive pulmonary disease 4 4.9

Diabetes mellitus 10 2.0

Hypertensive heart disease 12 1.8

Breast cancer 13 1.8
Trachea, bronchus, lung cancers 15 1.3

Infectious disease 20.7

Lower respiratory infections 3 6.9
HIV/AIDS 5 4.8

Diarrheal diseases 7 3.1

Malaria 8 2.4

Tuberculosis 9 2.0
Measles 14 1.4

Reproductive 1.9

Maternal conditions 11 1.9

Other (perinatal conditions) 6 4.0

Source: Data from the 2002 Global Burden of Disease Project Estima
exceeds that of men in all regions of the world. This
discrepancy is greatest in developed nations where
women live an average of 7.4 years longer than men (79.3
vs. 71.9 years). In the least developed nations, where life
expectancy is much lower, women outlive men an average
of 2 years (52.0 vs. 50.1 years). The HIV epidemic has had
an important impact on life expectancy statistics, with life
expectancy for men now exceeding that of women in high-
prevalence countries, such as Kenya, Malawi, Zambia, and
Zimbabwe. This phenomenon will spread to other HIV
high-prevalence nations in the coming years.

A familiar paradox of women’s health is that women
live longer than men, but have poorer health. Disparities
in self-reported general health and physical functioning
arise in early adulthood and persist across the life span.
Table 1 summarizes the leading causes of morbidity and
mortality in women. Chronic conditions, such as heart
and cerebrovascular diseases (CVD), dominate the mor-
tality statistics, whereas infectious diseases, mental health,
and reproductive conditions are leading sources of mor-
bidity in women. When measuring the impact of diseases
using disability-adjusted life-years (DALYs; a measure
that summarizes the total years of healthy life lost to
disability and premature death), the leading burdens for
women include lower respiratory tract infections, HIV/
AIDS, unipolar depressive disorders, and maternal con-
ditions. Infectious diseases account for 22.8% of DALYs
compared with 8% for chronic or noncommunicable dis-
ease. Other conditions, such as unipolar depressive dis-
orders, cataracts, hearing loss, and osteoarthritis, although
not major contributors to mortality statistics, are leading
sources of disability when measured using the years lost to
disability method.
bally

y Cause of morbidity Rank
% total
DALY

Infectious disease 22.8

Lower respiratory tract infections 2 6.0

HIV/AIDS 3 5.7
Diarrheal diseases 6 4.1

Malaria 9 3.2

Measles 11 1.9

Tuberculosis 13 1.8
Chronic disease 8.4

Ischemic heart disease 7 3.4

Cerebrovascular disease 8 3.3
Chronic obstructive pulmonary disease 15 1.7

Mental health (unipolar depression) 4 5.7

Reproductive (maternal conditions) 5 4.7

Other 11.9
Perinatal 1 6.2

Cataracts 10 2.0

Congenital anomalies 12 1.9

Hearing loss (adult onset) 14 1.8

tes, adapted from Mathers (2004).
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The Role of Chronic Diseases

Women’s health, especially in developing nations, has
been predominantly defined as reproductive health, as a
result, the impact of chronic disease has been over-
looked. Chronic disease is an important source of mor-
bidity and mortality among young and old women in
both developed and developing nations.

As seen in Table 1, chronic diseases, such as cardio-
vascular disease, chronic obstructive pulmonary disease,
and diabetes, are important contributors to global sta-
tistics of women’s morbidity and mortality. In fact, data
from 1999 found that, although chronic diseases were
responsible for only one in five deaths in Africa, they
were responsible for more than half of deaths in all other
regions (Brands and Yach, 2002). Chronic disease affects
women’s health across the life span. Raymond and
colleagues looked at nine studies of causes of death
for women in developing nations and found that chro-
nic disease deaths (due to CVD, cancer, or diabetes)
were a significant proportion of deaths among women
15–44 years of age in all nine studies examined (Ray-
mond et al., 2005). In fact, chronic disease accounted for
a larger proportion of deaths than HIV and reproduc-
tion in eight of the nine countries in both young and old
women. Further, the percentage of female deaths due to
chronic disease did not appear to be associated with the
level of development of the nations.
Heart Disease

Cardiovascular disease is an important source of morbid-
ity and mortality for adult women worldwide. In all
regions of the globe except for sub-Saharan Africa the
number of deaths due to cardiovascular disease exceed
those caused by infectious and parasitic diseases. Ische-
mic heart disease is the leading cause of death among
women, accounting for 12.5% of all deaths and consider-
able morbidity. Similarly, hypertension is the cause of
1.8% of deaths. Increases in behaviors associated with
cardiovascular disease, like dietary changes, tobacco use,
obesity, and physical inactivity, lead experts to forecast
significant increases in the rates of cardiovascular disease
by the year 2020 (Husten, 1998; Yusuf et al., 2001) This
increase is expected to be particularly pronounced for
women living in developing nations. Mortality from
ischemic heart disease will increase 29% for women in
developed nations and 120% for women in developing
nations.

Hypertension or elevated blood pressure is a major
modifiable risk factor for cardiovascular disease. One in
four women globally have hypertension, and this per-
centage is anticipated to increase to almost one in three
in the coming decades. The prevalence of hypertension
varies widely, but is common among women in developed
and developing nations. A meta-analysis of published
papers on hypertension that included 33 developing
and 4 developed nations found that, in 41% of popula-
tions studied, women had higher rates of hypertension
than men in their same country and 45% of developing
nations had higher rates of hypertension than U.S.
females (Fuentes et al., 2000) The prevalence of hyper-
tension was higher among urban populations and in
nations with higher gross national products per capita.
Awareness of hypertension diagnosis, access to appropri-
ate treatment, and successful control of blood pressure
varied considerably, but in general, women fared better
than their male counterparts.
Cancer

Cancer is an important source of morbidity and mor-
tality for women worldwide. And, unlike many health
conditions that are important to women’s health, cancer
has higher incidence and mortality rates in developed
nations. The age-standardized incidence rate in devel-
oped nations is 228.0 per 100 000 women compared with
128.8 per 100 000 women in developing nations. Similarly,
the age-standardized mortality rate in developed nations
is 102.5 per 100 000 compared with 83.1 in developing
nations for all cancers. Cancer causes 1 in 20 deaths in
Africa, 1 in 14 deaths in Eastern Mediterranean and South
East Asia, and 1 in 5 deaths in the American region,
Europe, and Western Pacific (Brands and Yach, 2002).

The most prevalent sites for cancer differ in developing
versus developed nations. In developed nations, cancers
of the breast, colon and rectum, and lung have the highest
incidence and mortality rates. In developing nations, breast
cancer is again the most common site for cancer, but
the incidence and mortality rates are significantly lower
than in developed nations. The second two most common
sites in developing nations are the cervix and the stomach.
Breast, colorectal, and lung cancers have well-known asso-
ciations with tobacco use, diet, and physical inactivity.
Although the incidence of cancer has been decreasing
in developed nations, it is anticipated to increase dramati-
cally by 2020. This increase is predominantly attributed
to the adoption of ‘Western’ personal behaviors, such as
tobacco use.

Similarly cervical and stomach cancers are related to
individual behaviors (e.g., sexual activity or diet) and
are also strongly related to access to preventive screening
and treatment. For example, the availability of treatment
for H. pylori significantly reduces the incidence of stomach
cancer. In the case of cervical cancer, for which four of
five new cases are diagnosed in developing nations, access
to screening is essential in the reduction of incidence.
Although systematic screening has dramatically reduced
the incidence of cervical cancer in developed nations,
a study by the World Health Organization found that
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screening had limited impact on cervical cancer incidence
in developing nations. Developing nations are often faced
with the absence of screening programs, inadequate fund-
ing, and lack of quality health-care professionals and facil-
ities. Finally, the incidence of cervical cancer may be
correlated with the degree of women’s control over their
own bodies and fertility. The ability to negotiate the use
of barrier contraceptives and to regulate one’s extent of
sexual activity can have profound effects of the transmis-
sion of human papilloma virus.
Diabetes

Diabetes mellitus is the tenth leading cause of death in
women globally and an important source of morbidity.
Complications of diabetes may manifest as either micro-
vascular (retinopathy, nephropathy, and neuropathy), or
macrovascular (hypertension and hyperlipidemia) end-
points, or both. Although diabetes itself is not a modifiable
risk factor for these complications, improved glycemic
control has been shown to delay the onset and slow the
progression of microvascular complications, such as dia-
betic retinopathy, nephropathy and neuropathy, and possi-
bly reduce the number of cardiovascular events.

The prevalence of diabetes has been increasing in both
developing and developed nations and is expected to dou-
ble in the next 25 years. Estimates are that between 500 000
and 1.5million women die as a result of diabetes each year.
Of these deaths, roughly 75% occurred in women living in
developing nations. Diabetes is also an important contribu-
tor to disability and in 2002 was responsible for almost
4million years lost to disability. Unlike many other health
conditions, the overall attributable burden associated with
disability is greater for women in developed nations.
The Role of Reproductive Health

Reproductive health services are essential needs for women,
most acutely during their childbearing years. However,
in developing and some developed nations, access to health
care is poor or nonexistent. Several gender-related con-
straints interfere with women’s ability to access reproduc-
tive health services in developing countries. Women
are often not free to make decisions about their repro-
ductive health and may not have the freedom to travel to
health facilities or resources to pay for needed services.
Adolescent and unmarried women are often prevented
from receiving reproductive health services by strict beliefs
about sexuality and sexual activity.
Fertility and Fertility Control

Fertility is the total number of births that each woman
would have during her lifetime if she bore children at
current fertility rates. The number of births and age
at first birth have lasting socioeconomic consequences
in the lives of women. High fertility and early childbearing
are associated with reduced earning potential, reduced
educational and job training opportunities, increased like-
lihood of divorce or single parenthood, and a greater risk of
living in poverty. In 2000 the total fertility rate was 2.7
births per woman worldwide. Most births occur in devel-
oping nations. The fertility rate was:

. 1.6 in developed nations

. 3.0 in developing nations

. 5.4 in the least developed nations

. 5.7 in sub-Saharan Africa.

Between 1990 and 2000, fertility decreased dramatically,
in part due to increased contraceptive use. Declines
averaged:

. Overall – 16%

. Largest decline – 26% in the Middle East/North
Africa

. Smallest decline – 10% in sub-Saharan Africa.

Contraceptive use

Worldwide contraceptive prevalence (the percentage of
married women currently using contraception) was
approximately 58% in 1993, with average levels higher
in more developed nations (68–70%) than in developing
nations (55–58%) according to the United Nations and
Population Research Bureau (2005). The prevalence of
contraceptive use was lowest in Africa (20%) with western
Africa being the lowest prevalence region (8%). In con-
trast, eastern Asia had the highest rates of use (83%).
Estimates of contraceptive prevalence in 2000 were 78%
for developed nations, 65% in developing countries, and
32% in least developed nations.

Nine of ten contraceptive users reported using a mod-
ern contraceptive method. Female sterilization, IUD, and
oral contraceptives account for two-thirds of use world-
wide. Female sterilization was the most prevalent method
(almost 33%). When considering only modern methods
of contraception – such as hormonal contraceptives, an
IUD, or female sterilization – the prevalence of contracep-
tive use was 58% in developed and 52% in developing
nations, respectively.

Modern methods account for a larger share of use
in developing nations (90%) than in developed nations
(70%). Traditional methods like withdrawal and the
rhythm methods are used more commonly in developed
nations. These methods account for 26% of total use in
developed regions compared with 8% in less developed
areas. The most common method of contraceptive used
in developed nations was condom, whereas in developing
nations female sterilization was the most common con-
traceptive method reported.
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Globally the demand for contraceptives exceeds access.
Social and religious conventions may interfere with
women’s ability to use contraceptives, often forcing
women into clandestine use of contraceptives or abortion.

Abortion

Approximately 26 million legal and 20 million illegal
abortions were performed worldwide in 1995. This num-
ber correlates with a rate of 35 per 1000 women or
approximately one in four of all pregnancies (Henshaw
et al., 1999). Illegal abortions are of particular concern
because they may be unsafe. Illegal abortions are more
likely to be performed by untrained providers, use haz-
ardous techniques, and/or occur in unsanitary conditions.
AWHO report estimated that 19 million of the abortions
performed each year are unsafe. That is, there is one
unsafe abortion performed for every six live births,
although this varies by region: there is 1 unsafe abortion
for every 3 live births in Latin America, in contrast to 1 for
25 in developed countries. The WHO estimates that
almost all unsafe abortions take place in the developing
world – only 500 000 of 19million unsafe abortions
(2.6%) performed each year are in developed countries.
Nine percent of abortions in developed nations are per-
formed illegally in stark contrast with 54% in developing
nations (Henshaw et al., 1999).

Among the 19million women receiving unsafe abor-
tions each year, approximately 68 000 women die follow-
ing the procedure. Like the distribution of unsafe
abortions, the majority of deaths are in developing
countries. Of the 68 000 women who die each year from
unsafe abortion, only 300 were from developed nations. In
developing countries, one mother dies for every 270
unsafe abortions performed. Unsafe abortion is a signifi-
cant contributor to the total number of maternal deaths in
some nations. Abortion-related mortality was highest in
Latin American and the Caribbean and remained an
important contributor to overall mortality in Eastern
Europe and parts of Africa.

Young women are more likely to receive an unsafe
abortion. Adolescents often wait longer before receiving
an abortion, are less able to locate skilled care, are more
likely to use dangerous methods, and take longer to
receive care for complications.
Pregnancy

Health care during pregnancy and delivery

Worldwide, approximately 72% of women receive some
health care during pregnancy, although the availability
and receipt of antenatal care vary by income and urbani-
zation. In developed nations almost all women – 98% –
receive some antenatal care. In contrast in developing
nations, only two-thirds receive antenatal care. The
region of the world with the lowest levels of reported
antenatal care is in south Asia, where just over half of
women receive antenatal care during pregnancy. In Nepal
and Pakistan only one in four women receive antenatal
care. According to estimates published by AbouZahr and
Wardlaw (2003) for UNICEF, levels of antenatal care
improved considerably between 1990 and 2000. The per-
centage of women receiving antenatal care in developing
countries rose from 53 to 64%, an increase of 21%. The
largest percent increase was observed in Asia (from 45%
to 59% – an increase of 31%).

Although considerable effort has been expended to
improve access to antenatal care, based on the belief
that early detection of particular risk factors will reduce
morbidity or mortality, more recent efforts have shifted
to emphasize quality health care during delivery. Health-
care access during delivery also varies considerably by
region. Data made available by UNICEF show that
between 1995 and 2003 most women in industrialized
nations had a skilled attendant present at delivery (99%),
whereas only 59% in developing nations and 32% in the
least developed nations had a skilled attendant. The per-
centage of women with a skilled attendant increased
significantly between 1990 and 2003 for many develop-
ing nations. The exception was sub-Saharan Africa, which
had only a 3% increase. Moreover, access to some health-
care services does not guarantee access to needed ser-
vices. For example, a recent study of maternal deaths
in Ghanaian hospital found that one-third of women
in need of a cesarean section were able to receive one
(Baiden et al., 2006).
Maternal mortality

It is estimated that more than a half-million women die
each year due to maternal mortality. Of these deaths 99%
occur in developing nations. Sources of maternal mortality
include both direct – deaths due to obstetric complications
(pregnancy, labor, or puerperium), interventions, omissions,
or incorrect treatment – and indirect obstetric deaths –
deaths resulting from previous disease or disease developed
during pregnancy that was aggravated by the pregnancy.

Women living in developed regions of the world have
a 1 in 2800 lifetime risk of maternal death. In contrast,
women in the developing world have a 1 in 61 lifetime
risk of maternal death (Haub, 2005) Maternal deaths vary
by cause globally. Hemorrhage was the leading cause
of maternal death in Africa and Asia, whereas hyperten-
sive disorders represent the highest cause of death in
Latin America and the Caribbean. Maternal mortality
is highest in developing regions. The lifetime risk of
maternal death is:

. 1 in 20 in Africa (1 in 16 in sub-Saharan region)

. 1 in 83 in Oceania (Pacific Islands)

. 1 in 93 in Asia

. 1 in 160 in Latin America and the Caribbean.
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Individual countries with the highest maternal mortality
ratios (maternal deaths per 100 000 live births) are:

. Sierra Leone

. Afghanistan

. Malawi

. Angola

. Niger.

Higher rates of maternal mortality are associated with
urbanization, poverty, and young maternal age. These
factors also affect the distribution of maternal mortality
in developed nations. For example, in the United States
black women have maternal mortality rates three to four
times that of white women.

Multiple studies have found that the majority of mater-
nal deaths in developing nations are avoidable; that is,
those deaths could have been prevented if feasible actions
had been taken. Improvements in the quality of health-
care providers, availability of health-care facilities and
resources, and access to health care could substantially
reduce avoidable maternal mortality. A study of Palesti-
nian women in the West Bank found that access to life-
saving care was often delayed due to mobility and security
concerns (Al-Adili et al., 2006).

Avoidable deaths are not only a problem in developing
nations. A study conducted in the United States found that
40% of maternal deaths in one state were avoidable (Berg
et al., 2005). The causes of avoidable deaths were the same
as those observed in developing nations – substandard
medical care or facilities, inaccessibility of health care,
and iatrogenic illness (e.g., infections or complications).

Worldwide efforts to decrease the rates of maternal
mortality have been underway with little overall improve-
ment, although interventions to reduce maternal mortality
can be successful under certain conditions. A multi-
pronged initiative implemented in Egypt that focused on
provider training and education, community awareness,
and improved health facilities halved the maternal mor-
tality rate between 1992 and 2000 (Campbell et al., 2005).
The Role of Infectious Disease

Infectious disease is the second leading cause of death
among women, killing almost 2.5million women each year
(see Figure 1). One of every five deaths among women is
due to an infectious disease. Infectious diseases are often
associated with poverty. Such factors as poor living condi-
tions, inadequate health care, and lack of sexual auton-
omy put women at increased risk of infection.
Tuberculosis

Approximately one-third of the world’s population is
infected with tuberculosis (TB). TB was responsible for
2% of deaths among women and for 18% of deaths in
women due to infectious disease in 2002. Annually, there
are 2.7million new infections in women and 550 000
deaths. Many studies have shown that twice as many men
as women die from TB each year. However, a prevalence
study conducted in Vietnam found that men and women
were similarly affected by tuberculosis (Thorson et al.,

2004). This finding raises the question whether women
have a similar prevalence of TB as men, but those cases
are undetected or undiagnosed. The debate is ongoing over
when this discrepancy is related to biological or social
factors. The Vietnamese study found that case detection
for both sexes was poor, but was worse among women (39%
for men vs. 12% for women; Thorson et al., 2004). Poor
case detection for women may occur because fewer women
present for treatment, fewer receive testing, and fewer test
positive. A common test for TB, sputum microscopy,
appears to be less sensitive in women. Similarly, among
those diagnosed with TB, there is a longer delay in the
appearance of symptoms in women compared to men
(Long et al., 1999); this difference is believed to be due in
part to differing symptom presentations. Women less often
report certain key symptoms, such as cough or sputum
expectoration, which are associated with faster diagnosis.
Whether reporting is influenced by the presence of less
severe symptoms or an individual reluctance to report
symptoms for fear of the potential stigma is not known
but, regardless, will affect women’s access to treatment and
TB-related morbidity.

TB affects predominantly individuals between the ages
of 15 and 44 years of age, resulting in a significant impact
on the families of TB patients through loss of income
and reduced ability to provide caregiving. Pregnancy
may significantly affect the progression of TB, but it
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is not yet clear whether this is a result of accelerated
progression or an artefact of increased use of health
care. Significant social stigma may accompany a diagnosis
of TB, especially in regions where TB and HIV co-infec-
tion are common. Women are especially vulnerable to
stigma and may delay or refuse to seek medical care as a
result.
Malaria

Malaria is a mosquito-borne disease endemic to many
tropical and subtropical countries. Malaria is the cause
of only 2.4% of deaths in women globally, but is a signifi-
cant source of disability. The WHO Global Burden of
Disease Project has estimated that there were over
200 million incident cases of malaria in women in 2002
and almost 2million years lost to disability.

Pregnancy is a period of increased risk for malaria.
Pregnancy is believed to decrease immunity to one of
the parasites responsible for malarial infection, Plasmo-
dium falciparum. Malaria during pregnancy is associated
with maternal anemia and multiple adverse pregnancy
outcomes, which include low birth weight, preterm deliv-
ery, and intrauterine growth restriction. Preventive mea-
sures, like insecticide-treated bed nets and intermittent
preventive treatment, have proven effective in reducing
malaria, but are not systematically employed due to lack
of knowledge about the interventions, lack of access, or
lack of affordability. The rainy season, early gestational
age, timing of the first prenatal health-care visit, and
young maternal age have all been found to be associated
with a higher prevalence of malarial infection.
Sexually Transmitted Infections

In 2002 there were an estimated 1.1million deaths in
women due to sexually transmitted diseases (STD). The
overwhelming majority of deaths (96%) were due to HIV/
AIDS, but more than 50,000 deaths occurred as a result of
syphilis, chlamydia, gonorrhea, or some other sexually
transmitted infection. Forty percent of HIV-related and
25% of non-HIV STD-related deaths occurred among
women under the age of 30.

HIV/AIDS

HIV is a virus that targets cells of the immune system,
progressively destroying the body’s ability to respond to
infections and certain cancers. The prevalence of HIV
infection in the general population ranges from a low
of 0.2% in the Middle East/North Africa to a high
of 7.2% in sub-Saharan Africa. There are an estimated
17.5million HIV-infected women worldwide:

. 13.5million in sub-Saharan Africa

. 2.0million in Asia
. 580 000 in Latin America

. 490 000 inNorth America/Central andWestern Europe

. 440 000 in Eastern Europe/Central Asia

. 220 000 in Middle East/North Africa

. 140 000 in the Caribbean

. 39 000 in Oceania.

Recent studies of the spread of HIV show variability by
region. The prevalence of HIV in women increased
between 2003 and 2005 in Oceania, North America/
Central America, Western Europe, and Eastern Europe/
Central Asia; decreased slightly (from 7.3 to 7.2%) in sub-
Saharan Africa, and remained constant in the other
regions.

HIV has had a disproportionate impact on the health
and lives of women. Women may be more physiologi-
cally susceptible to HIV infection due to factors such as
genital tract biology, hormonal contraceptive use, and the
presence of sexually transmitted infections. Yet, many
social factors also contribute to this disparity. The major
burden of HIV is among women who are disadvantaged –
those living in impoverished conditions, young women,
and racial and ethnic minorities. In one South African
survey females aged 15–24 years had infection rates
three times that of similar-aged males (15.5 vs. 4.8%;
Pettifor et al., 2005).

Studies of HIV transmission provide stark evidence
of the direct impact of women’s position in society and
its consequences on health. Age and economic differ-
ences between young women and their sexual partners
are directly related to sexual practices, condom use, and
violence. In addition to the direct impact of HIV, women
are more often primary caregivers for HIV/AIDS patients.
As such, they are more likely to spend time and effort in
the caretaking of loved ones, negatively affecting their
own jobs, income, or schooling.

The impact of HIV among women has become evident
through dramatic shifts in the demographic characteristics
of certain nations. For the first time, the life expectancy for
women fell below that of men in four African nations with
high HIV prevalence (Population Division, 2005). Globally,
half of HIV infections are in women. In sub-Saharan Africa
57% of infections are in women.
Other sexually transmitted infections

In 2002 there were an estimated 50 000 deaths and
4.5million years lost to disability due to non-HIV sexually
transmitted infections in women. Syphilis was the leading
cause of death, but chlamydia and gonorrhea were the
largest contributors to disability (see Table 2).

Syphilis, when untreated, can result in pregnancy loss,
complications for newborns, and, in its later stages, muscu-
loskeletal, cardiovascular, and nervous system disorders.
In 1999 there were an estimated 5million new cases of
syphilis worldwide. Over half of new infections occurred



Table 2 Global incidence of chlamydia and gonorrhea

Number of new cases
annually

Chlamydia Gonorrhea

South and Southeast Asia 24million 15million

Sub-Saharan Africa 8million 9million

Latin American and the Caribbean 5million 7million
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in sub-Saharan Africa (1.7million) and South and South-
east Asia (1.9million) with an additional 1.3million infec-
tions in Latin America and the Caribbean. Moreover,
although the overall prevalence of syphilis in Western
Europe is low, the states of the former Soviet Union have
experienced sharp increases in syphilis rates since 1989.

Chlamydia is a sexually transmitted infection caused
by the bacterium, Chlamydia trachomatis, that is a common
cause of pelvic inflammatory disease and cause of infer-
tility. Chlamydia is often a silent infection – as many as
70 to 75% of affected women may be asymptomatic –
highlighting the importance of health-care access to
screening and treatment. The prevalence of chlamydia
varies globally and unlike many other health conditions
is common in developed as well as developing nations.
In 1999 there were an estimated 50million new cases
in women, 3million of which were in the United States
alone. Chlamydia disproportionately affects young women
and disadvantaged women. In the United States, the Cen-
ters for Disease Control and Prevention surveillance data
have shown that chlamydia disproportionately affects both
young (2761.5 per 100 000 among those 15–19 years and
3630.6 for women 20–24 years) and black women (1722.3
cases per 100 000 vs. 226.6 for white women).

Gonorrhea is a sexually transmitted infection caused
by the bacterium called Neisseria gonorrhoeae and is a
common cause of infertility, ectopic pregnancy, chronic
pelvic inflammatory disease, and chronic pelvic pain.
Like chlamydia, gonorrhea is often asymptomatic –
approximately 80% of women report no symptoms.
The prevalence of gonorrhea has been highly variable,
decreasing dramatically in some regions, like the United
States and Western Europe, while increasing in others.
In 1999, there were almost 1million new infections in
women in the United States and over a half-million in
Western Europe.

Screening and treatment are important tools in the
reduction of the prevalence and consequences of syphilis,
chlamydia, and gonorrhea. The diagnosis of syphilis is
simple and inexpensive, yet often unavailable in developing
countries. The diagnosis of chlamydia and gonorrhea
involves costly tests and sophisticated equipment – often
making the identification of these curable infections pro-
hibitive in resource-poor environments.
Other Significant Sources of Morbidity

Female Genital Mutilation

Female genital mutilation (FGM) is the removal of part
or all of the female genitalia. Procedures vary in severity
from removal of the clitoral hood to infibulation, a proce-
dure defined by Amnesty International as ‘clitoridectomy
(where all, or part of, the clitoris is removed), excision
(removal of all, or part of, the labia minora), and cutting of
the labia majora to create raw surfaces, which are then
stitched or held together in order to form a cover over the
vagina when they heal.’ An estimated 100 to 120million
women have undergone FGM, and an additional 2million
are at risk each year. The prevalence of the practice varies
widely. Studies in Nigeria found that approximately half
of women studied had experienced FGM, with the fre-
quency of occurrence positively correlated with age and
negatively correlated with education. The age at which
FGM occurs varies from birth to first pregnancy, but is
most common in childhood – from 4 to 8 years in age.

FGM has both immediate and long-term health con-
sequences. The immediate effects include severe pain,
hemorrhage, infection, injury to surrounding tissue, and
infection from unsanitary surgical instruments. Long-
term impacts may be physical or psychological. Physical
implications may include keloid scar formation, damage
to the urethra, painful sexual intercourse or sexual dys-
function, or complications during childbirth. Psychologi-
cal implications include posttraumatic stress, anxiety, and
depression.

FGM is most commonly thought of as a practice occur-
ring in African nations. However, although FGM does
occur in 28 African nations, it is also a cultural practice in
parts of Asia (among Muslim populations in Indonesia,
Sri Lanka, Malaysia, and India) and the Middle East
(Egypt, Oman, Yemen, and the United Arab Emirates).
Further, although not widespread, there are sporadic
reports of practice of FGM among indigenous groups in
Central and South America. FGM also occurs in developed
nations, but predominantly among immigrant groups.
Mental Health

Many mental health conditions, most notably depression
and anxiety, are more common among women than men
(seeTable 3). The disparity by gender exceeds differences
in biology, and the relationship among poverty, social
position, and these illnesses has been well documented.
Women living in situations of deprivation often lack
access to psychiatric health care and facilities and are
often at increased vulnerability to potential social and
economic consequences related to stigma.

According to the WHO, as many as one-third of all
nations have no formal mental health system. Although



Table 3 Prevalence of major psychiatric illnesses

Number of women
affected

Unipolar depressive disorders 95022852

Panic disorder 19 347738

Posttraumatic stress disorder 16 700201

Obsessive-compulsive disorder 15 825176
Alzheimer and other dementias 14632261

Alcohol/drug use disorders 17623706

Bipolar affective disorder 14 111649

Schizophrenia 12 539281

Source: World Health Organization (2002). Global Burden of Dis-

ease project. Revised global burden of disease estimates.Report

of the WHO. Geneva: World Health Organization.
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mental health-care interventions and treatment regimens
have proven effective in developing countries, they have
not been implemented widely. As few as 10% of affected
individuals living in developing nations may have access
to any psychiatric care.

Global surveillance data on mental health issues are
sparse. The Global Burden of Disease Project of the
World Health Organization has estimated a prevalence of
200million womenwith psychiatric illness in 2002.Table 3
shows an estimated 95million women had unipolar depres-
sive disorder and 19million had panic disorder. Moreover,
almost 17million had posttraumatic stress disorder, a con-
dition that occurs as the result of past traumatic experi-
ences, such as violence or rape. These three conditions
alone are associated with significant disability, accounting
for over 44million years lost to disability.
Violence

Violence is a significant contributor to women’s mortality
and morbidity. In 2002 more than 100 000 women died
as a result of violence and war, and there were almost
1million years lost due to disability following violence.
Violence against women may take many forms. It may be
experienced within an intimate relationship in the form of
physical, emotional, or sexual abuse by a partner or family
member. It may be within a community in the form of
physical or sexual abuse by a neighbor or stranger. Finally,
it may be experienced within a society in the form of
systematic violence against women, as has been documen-
ted during recent violent conflicts in Sudan and Liberia.

Violence in domestic relationships is common in the
developed and developing world. Ramiro examined
severe psychological violence in four developing nations
and found that lifetime prevalence ranged from a low of
10.5% in Egypt to a high of 50.7% in Chile. A meta-
analysis of intimate partner violence in developing
countries found high rates of lifetime experiences of
violence – from 18 to 57% – and high rates of violence
during pregnancy from 4 to 28% (Nasir and Hyder, 2003).
Violence affects women’s health in many ways. There
are the immediate impacts of violence against women,
such as injury and death, as well as long-term conse-
quences. The long-term impact of violence against women
includes unintended pregnancy, maternal death, sexually
transmitted infections, as well as mental health problems
including posttraumatic stress disorder, depression, and
substance abuse.
Conclusion

When women are living without autonomy their health is
at risk. Lack of autonomy may result in increased vulner-
ability to a host of medical concerns – from interpersonal
violence, to unintended pregnancy or sexually transmit-
ted infection, to the inability to receive health care or
medication for curable conditions. Lack of access to
health care or information, lack of control over one’s
body, and economic or social vulnerability when ill all
have the potential to affect women’s health. Although
the economic and medical infrastructure are vastly differ-
ent in developing and developed nations, the conditions
that contribute to women’s vulnerability are universal.
Poverty; social conventions regarding gender roles that
limit women’s access to opportunities, information, and
resources; and the effects of inequities in the home, com-
munity, and society all work in concert to increase vulner-
ability and deleteriously affect women’s health.

See also: Adolescent Health; Maternal Health Services;

MaternalMortality andMorbidity;OvarianCancer; Perinatal

Epidemiology; Trends in Human Fertility; Urban Health in

Developing Countries; Women’s Mental Health.
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Labor Market Terms

Key Terms in the Labor Market Literature

The labor market is the area where labor supply meets
labor demand.

Economically active population refers to persons who
are at or above the minimum age for full-time employment
and below the state retirement age, who are working or
looking for work. A person economically inactive is defined
as a person, at or above the minimum age for full-time
employment and below the state retirement age, who is
neither employed nor looking for work. Economic inactivity
is usually due to long-term illness. It is also used to describe
those doing full-time unpaid domestic work, early retirees,
and a small group of persons who do not want to work.

Demand for labor refers to the number of jobs in an
economy of a given nation. Most demand is for a specific
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skill level. In the 1980s, the demand for both skilled and
unskilled industrial labor decreased sharply in developed
nations as technology advanced. In the 2000s, it is pre-
dicted that the demand for many types of skilled nonman-
ual labor (clerical, secretarial, data processing) will also
decline. However, the demand for unskilled nonindustrial
labor (such as that required in catering, home care, and
private domestic service) will increase.

Employment is a contract between buyers and suppli-
ers of labor (employer and employee). The employer
profits through an employee’s productive activity for the
company, and the employee provides labor in exchange for
monetary payment. Employment includes all individuals
who work at least an hour for a wage, are self-employed, or
unpaid family workers. New challenges in the employ-
ment relationship have arisen from the growing flexibility
and globalization of the employment relation.

Globalization is defined as ‘‘the growing economic
interdependence of countries worldwide through increas-
ing volume and variety of cross-border transactions in
goods and services, free international capital flows, and
more rapid and widespread diffusion of technology’’
by the International Monetary Fund. On the other hand,
The International Forum on Globalization (IFG, 2002: 1)
defines it as ‘‘the present worldwide drive toward a
globalized economic system dominated by supranational
corporate trade and banking institutions that are not
accountable to democratic processes or national govern-
ments’’ (IFG, 2002 p. 1) While notable critical theorists,
such as ImmanuelWallerstein, emphasize that globalization
cannot be understood separately from the historical devel-
opment of the capitalist world system, the different defini-
tions highlight the ensuing debate of the roles and
relationships of government, corporations, and the individ-
ual in maximizing social welfare within the globalization
paradigms. Nonetheless, it is clear that globalization has
economic, political, cultural, and technological aspects
that may be closely intertwined. Given that these aspects
are important to an individual’s quality of life and health,
the social benefits and costs brought upon them by globali-
zation generate strong debates.

The concept of decent work was first introduced by the
International Labour Organization in 1999, defined as
‘‘opportunities for women and men to obtain decent and
productive work in conditions of freedom, equity, security
and human dignity.’’ Decent work reflects the ILO’s con-
verging focus of four strategic objectives: the promotion of
rights at work, employment, social protection, and social
dialogue.

Standard employment usually defines what it means to
be in full-time, year-round, permanent employment with
benefits. However, precarious employment has been used
to signal that new employment forms might reduce social
security and stability for workers. Flexible, contingent,
nonstandard, temporary work contracts do not necessarily
provide an inferior status as far as economic welfare is
concerned. Precarious work forms are located on a con-
tinuum, with the standard of social security provided by a
standard (full-time, year-round, unlimited duration, with
benefits) employment contract at one end and a high
degree of precariousness at the other. Precarious employ-
ment might also be considered a multidimensional con-
struct defined according to dimensions such as temporality,
powerlessness, lack of benefits, and low income.

The term nonstandard work contract is defined as
employment that fails to meet the standards on any dimen-
sion and typically is characterized by reduced job security,
lower compensation, and impaired work conditions. Exam-
ples of nonstandard employment are part-time, seasonal,
home-based, contingent, or informal work.

Contingent employment refers to work with unpredict-
able hours or of limited duration. Work may be unpre-
dictable because jobs are structured to be short-term or
temporary, or because the hours vary in unpredictable
ways. The US Bureau of Labor Statistics has adopted this
definition: short-term or temporary work contracts, unpre-
dictably variable hours, as an ‘‘alternative employment
arrangement,’’ a strategy for increasing the flexibility of
work assignments. These workers are often marginalized
at work; they have less training and promotion opportu-
nities, less predictable and lower incomes, and fewer pen-
sion benefits. In countries like the United States, where
health insurance is primarily derived fromwork, contingent
employees are less likely to have health insurance. In a
variety of ways, contingent work is poorly covered by gov-
ernment regulations over workplace safety and social safety
nets. Nevertheless, someworkers may seek temporary work
to satisfy personal needs for flexibility, or some may choose
it as a transition from unemployment to a standard job.

A sizeable proportion, although one that no doubt
varies from region to region, of economic activity takes
place in an informal economy. Informal economy –
related to contributing family work, slavery, bonded labor,
child labor, and unemployment – includes employment
relations where the economic activity is not reported to
government authorities. Exchange in the informal econ-
omy is either for cash or barter because cash and barter do
not create records that can be tracked by the authorities.
Some activity in the informal economy may be illegal
even if the income or the transactions were reported.
Work in the informal economy poses significant health
risks because working conditions are unregulated and
workers do not receive benefits.

Bonded labor and slavery is a form of forced labor that
is found in different sectors of the informal economy.
Millions of men, women, and children around the world
are forced to lead lives as slaves. Although this exploita-
tion is rarely called slavery, the conditions are similar.
People are sold like objects, forced to work for little or
no pay, and are at the mercy of their employers. According



Table 1 Employment categories in the labor market

Employers
Full-time permanent employment

Precarious/contingent/nonstandard employment

Part-time workers
Temporary workers

Casual/seasonal workers

Daily workers

Informal employment
. Self-employment (small/unregistered)
. Casual day laborers
. Domestic workers
. Home workers and other industrial out-workers
. Undeclared workers
. Part-time or temporary workers without secure contracts/

protection
Child labor

Slavery and bonded labor

Unemployment
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to Anti-slavery International, a slave is someone who is
forced to work through mental or physical threat, owned
or controlled by an ‘employer’, usually through mental or
physical abuse or threatened abuse, dehumanized, treated
as a commodity or bought and sold as property, and/or is
physically constrained or has restrictions placed on his or
her freedom of movement. Examples of slavery include
bonded labor, early and forced marriage, forced labor,
slavery by descent, trafficking, and the worst forms of
child labor.

Child labor is ‘‘the employment of children under the
age determined by law or custom’’ and is most common
in the poorest countries. In many cases, child labor is
accepted as a strategy of diversification of income re-
sources to better manage household income, risk of job
loss, or a failed harvest.

The relations among poverty, illiteracy, and child labor
are reported as vicious circles of an indissoluble connec-
tion. These workers are reportedly exploited by many
countries with high intensive labor, but they have little
control over their daily work. Although the proportion of
informal workers varies from region to region, a sizable
proportion of informal workers may face more health risks
due to their poor working conditions compared to em-
ployee groups.

Employee turnover occurs when workers leave their
positions in organizations. Their reasons for leaving
jobs are a measure of employee morale. The rate of
employee turnover is one measure of the commitment
of employees to organizational goals. Turnover is deter-
mined in part by organizational policy and management
through factors such as salary, benefits, promotions, train-
ing, and work schedules, and in part by personal factors
that are largely beyond employers’ control, for example,
an employee’s desire to relocate. Temporal trends in the
importance workers place on various reasons for leaving
are useful, as they provide indirect evidence of organiza-
tional changes in the workplace.

The definition of early retirement used generally in
government information to older people is retirement
before state pensionable age. Some of those who retire
early actively seek further employment, but many leave
the labor force for good, either through ill health or by
choice. Thus, the social meaning of early retirement and
redundancy are not fixed but dependent on the prevailing
level of unemployment and the financial implications of
the different ways of leaving employment. In response to
changes in public policy, early retirement in most indus-
trialized countries rose considerably during the 1980s and
most of the 1990s. However, recent policy changes are
aimed at stemming this outflow of older workers from the
labor market.

Unemployment is also an important issue in labor
market. The meaning of unemployment varies in each
country over time and for political purposes. Roughly
speaking, unemployment is when a previously employed
worker is laid off or not in gainful employment, even when
they are actively seeking jobs. It often leaves out large
numbers of people who would like to work but are pre-
vented even from looking for work, such as many people
with long-term illness who could work if working condi-
tions were better, and parents who could work if child care
services were adequate (Table 1).
Characteristics of Contemporary Labor
Markets: Globalization, Downsizing, Flexibility,
and Job Insecurity

Globalization and organizational downsizing

After the era of Fordism, characterized by mass produc-
tion and a stable economy, globalization and liberalization
have affected the conventional labor market. Higher effi-
ciency is achieved by a situation that includes unemploy-
ment and nonstandard work arrangements (ILO, 1997).
Conversely, proponents of globalization such as the Inter-
national Monetary Fund (IMF) and the Organization for
Economic Cooperation and Development (OECD) pro-
posed that it contributes to developing countries to
achieve faster economic growth resulting from foreign
direct investment and technology advances (UNCTAD,
2001; Rama, 2003). Amid controversy regarding the role
of globalization, several studies have found that globaliza-
tion puts great emphasis on the efficiency of the world
economy. The change in labor market leads to increas-
ingly unstable employment, organizational downsizing,
which is the widespread restructuring of organizations.
In general, these workplace right-sizing efforts share
one key objective: To reduce the costs of labor. A central
aspect of this trend is downsizing the workforce through
large-scale layoffs. The initial waves of downsizing in the
1970s and 1980s were mostly attributable to a process of
deindustrialization and the transition to a service
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economy; however, since then offshore investment has
increasingly involved nonmanufacturing ventures, and
by the 1990s organizational downsizing involving job
losses had affected workers across all sectors and occupa-
tions (Noer, 1993; Rifkin, 1995; Budros, 1997). Studies
indicate that downsizing is associated with significant
changes in workload and can create uncertainty around
work roles and responsibilities (de Vries and Balzas, 1997;
Greenglass and Burke, 2000; Moore et al., 2004). As a
result, the labor market, in recent decades, has increas-
ingly produced new forms of organization and flexible
types of employment such as contract, part-time, on-call,
and home-based work (Bielenski, 1999). Most flexible
employment is characterized by instability, including a
lack of social protection, low income, and a greater risk
of layoff (Polivka, 1996; Saloniemi et al., 2004b).

Job insecurity
Job insecurity is a key dimension of precarious work.
Workers who labor under nonpermanent employment
contracts and those who lack adequate protection from
dismissal can be negatively affected by the persistent
threat of job loss. Job insecurity is typically defined as a
subjective phenomenon arising from the perceived threat
to employment continuity (Ashford et al., 1989; Hartley
et al., 1991; Bussing, 1999). At its core, job insecurity is an
expression of the discrepancy between the level of secu-
rity a person experiences and the level that he or she
might prefer (Hartley et al., 1991). Because job insecurity
represents a fundamental and involuntary event, it is
considered a classic work stressor with health conse-
quences consistent with demand-control models of job
strain (Sverke et al., 2002). However, the global regulatory
response to ameliorating the rising prevalence of job inse-
curity and its deleterious effects have proceeded in a some-
what piecemeal fashion. Changes in employment have
outpaced the sluggish evolution of labor market legislative,
social, and political mechanisms (Polaski, 2004). Part of this
regulatory failure is reflected in the documented growth in
perceived employment insecurity in OECD countries
(Organization for Economic Cooperation and Develop-
ment, 1997). There are, however, some examples of effec-
tive policy interventions that give reason for optimism.

Flexicurity as a new paradigm in the globalized

labor market
A new paradigm called flexicurity (social dialogue with
flexiblity and security in the job market) was also imple-
mented in the European labor market. In Denmark,
a tripartite approach involving government, business,
and labor aims to combine a flexible labor market with a
program of broad social security (ILO, 2006). Conse-
quently, although employment stability in Denmark is
relatively low (each year, roughly 30% of Denmark’s
workers change jobs), Denmark ranked second in the job
security feelings rankings of the OECD in 2000 out of a
total of 17 countries (OECD, 2001). In Sweden, employers
have opted to directly involve labor in the reorganization
of work. This has resulted in the development of socio-
technical systems wherein job satisfaction and life-long
learning are an integral aspect of the social relations of
production (Gallie, 2003). Moreover, there is evidence
that the presence of laws and regulations that ensure
minimum standards in employment protection and in
social security do not necessarily inhibit economic
growth. In a survey of several countries broadly represen-
tative of three different socioeconomic models – liberal,
social market, and social democratic – Jackson (2000)
concluded that the strong presence of collective bargain-
ing and labor market regulation can work to maintain
a low level of earnings inequality without preventing
job growth or business investment ( Jackson, 2000). Two
countries in particular – the Netherlands and Denmark –
provided striking examples of the ability to combine high
levels of social security with strong economic perfor-
mance (e.g., the average annual rate of growth in per
capita GDP for the period 1990–1998 in these countries
was 2.3% and 2.1%, respectively; this compares with an
average rate of growth of just 1.7% in the United States)
( Jackson, 2000). Wilkinson and Lapido (2002) maintain
that it is the ‘‘highly developed regulatory systems in
these small, highly internationalized economies’’ that
function to protect firms and workers from the shocks of
global markets, and which serve to ‘‘strengthen rather than
weaken their international competitiveness’’ (Wilkinson
and Lapieo, 2002: 184). Hence, despite strong pressures on
equality-generating institutions arising from international
competition, it is not obvious that the liberal/U.S. model
of turbo-charged capitalism represents best practice for
promoting high rates of productivity and growth and high
levels of employment performance. As the OECD (2002)
explains, ‘‘more generous unemployment insurance ben-
efits and higher union density do cause workers to report
greater satisfaction with job security, perhaps because
their families’ income are better protected, should they
lose their jobs’’ (OECD, 2002: 268).
Dimensions of Precarious Employment

Within the past few decades, labor markets around the
world have been undergoing a number of drastic changes,
including technological innovation, rising global compe-
tition, and an industrial shift from manufacturing to ser-
vices. Although the global economy has recovered in the
21st century, it has failed to reduce the unemployment
rate, and created a variety of flexible types of employment
around the world. In East Asia, for example, the average
annual GDP growth rate has continuously been 8.3%
since 1993. However, the unemployment rate has slightly
increased from 3.1% in 2002 to 3.3% in 2003 (Asian
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Development Bank, 2004). Furthermore, those employed
are not always guaranteed decent jobs. A very high per-
centage of informal workers around the world are known
to be employed with very low salaries and no contracts.
The characteristics of the informal labor economies are
mostly known for being typically unstable and lacking in
legal and social protection. The shear size of unemploy-
ment is masked by a lack of information such as duration
of unemployment, ethnic origin, and composition of the
jobless, especially in developing countries. There was
roughly 195.2million unemployed at a global rate of
6.3% in 2006 in the world (ILO, 2007). Over the last
decade, East and South Asia’s unemployment rates have
been maintained at a very low 3.8% and 4.7%, respec-
tively. The unemployment rates in the Middle East and
North America (at 13.2%) were twice as much as the
global average unemployment rate. In African countries
south of the Sahara, the unemployment rate was recorded
at about 10.9% of the economically active population.
South Africa recorded the highest unemployment rate at
30% (ILO, 2004). As a consequence of rural poverty due
to war, conflict, and disasters, two thirds of the population
migrated from rural to urban areas. In addition, structural
adjustment reforms in the 1980s have brought a rapid
influx of rural population to urban areas resulting in
urban slums (WHO, 2007). Constant conflicts and rapid
urbanization in Africa led to increase in unemployment,
especially in youth unemployment (nearly 80% of total
unemployed). An ILO report from 2007 outlined that the
unemployment rate for adolescents was almost three
times greater than those for adults worldwide. According
to a report from the Economic and Social Research Coun-
cil, the unemployment rate of eight OECD countries has
steadily increased from the 1970s to the 1990s, ranging
from 4 to 12%. The unemployment rate among women is
considerably higher than among men, with the largest gaps
in Spain at 12%, 9% in Greece, 6% in Italy, 4% in both
France and the Czech Republic, and no change in theUK in
1999. Overall, the unemployment rate is closely linked to
lower education groups. People with lower education were
three times more likely to be unemployed than those with
higher education. An estimated 500million unemployed
people survives at the extreme poverty level, making less
than US $1 a day (ILO, 2007).

With this background, nonstandard employment in
Europe has been an important job creation strategy to
reducing the unemployment since the 1970s. Nonstandard
employment arrangements regarding fixed-term, tempo-
rary, and part-time work have steadily increased since
1990 (UNECE, 2003). Marmot (1999) reported that the
proportion of European workers in nonstandard employ-
ment increased from 5% in 1970 to 30% in 1990. The
trend toward nonstandard employment is expected to
continue worldwide (Ostry and Spiegel, 2004). According
to the Fourth European Working Conditions Survey
(Parent-Thirion et al., 2007), the percentage of part-timers
among workers has steadily increased in the EU27 from
17% in 2000 to 20% in 2005, while the percentage of
nonpermanent contractors has slightly decreased from
13% in 2000 to 12% in 2005. Meanwhile, the proportion
of the standard contract decreased from 82% in 2000 to
78% in 2005 on average in the EU27. Part-time work is
more common in the services sector (30%), the health
(28%) and, retail sectors (27%), education (24%), and the
wholesale and retail trade (23%). Surveys also show that
nonstandard workers such as part-time (25%) and nonper-
manent workers (23%) are less likely to have an opportu-
nity of training and promotion than full-timers (30%)
(Parent-Thirion et al., 2007). Although female labor partic-
ipation has expanded significantly, more women are mar-
ginalized into jobs with low salaries and easily laid-off
due to gender discrimination and sexual segregation
(OECD, 2002). As a result, the percentage of female
nonstandard workers has continued rising from 40% in
1970 to roughly 55% in 2000. OECD (2002) reported that
an average of 26% of women and 7% of men worked as
part-timers. Employed women are working more as part-
timers: 57% of employed women in the Netherlands,
40% in Australia, Norway, Switzerland, and the United
Kingdom, and approximately 10% in Eastern European
countries, Greece, and Korea. However, women with a
tertiary qualification have more opportunities to get
well-paid jobs compared to less educated women in most
of the OECD countries, except for Japan and Korea.

Most flexible employment is characterized by instabil-
ity, including a lack of social protection, low income, and a
greater risk of layoff (Polivka, 1996; Saloniemi, 2004). In
Europe, characteristics of workers in nonstandard employ-
ment tend to include female gender, young age, and rela-
tively little education (Polivka, 1996; Saloniemi, 2004a).
Although women are increasingly becoming wage earners
(from 36% in 1960 to 48% in 2000), they are overrepre-
sented in nonstandard employment, and are especially
concentrated in skilled manual occupations with unfavor-
able working conditions (Matthews et al., 1998; Bartley,
1999; O’Campo et al., 2004). Women tend to choose non-
standard jobs because of their role as family caregiver.
More than half of fixed-term contract workers in the
European Union (EU) are young (under 30). They are
mostly students who have chosen to work part-time as
they study (Ahn and Mira, 2001; Chaykowski, 2005).
Some young workers with a low level of education
tend to choose unskilled nonstandard work. Overall, the
occupational distribution of nonstandard workers varies
widely from highly skilled jobs to unskilled labor such
as janitorial or cleaning work (Polivka, 1996).

The informal economy comprises two components:
Informal enterprises and informal jobs (ILO, 2005). Infor-
mal enterprises generally include three parts: Microenter-
prises with an employer and some employees, family



Table 2 The unemployment rate between 1993 and 2003

Region 1993 2002 2003

World 5.6 6.3 6.2

Latin America and the Caribbean 2.4 9.0 8.0
East Asia 6.9 3.1 3.3

Southeast Asia 2.4 7.1 6.3

South Asia 3.9 4.8 4.8

Middle East and North Africa 4.8 11.9 12.2
Sub-Saharan Africa 12.1 10.8 10.9

Transition economies 11.0 9.4 9.2

Industrialized economies 6.3 6.8 6.8

ILO (2007) Global Employment Trends Brief January 2006.
Geneva: International Labour Office.
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businesses with unpaid family workers, and own-account
operations. Informal jobs usually mean irregular, unstable,
unprotected jobs that include domestic work with no
regular contract, casual day labor, industrial outwork for
formal and informal firms, unregistered or undeclared
work, and temporary and part-time work. Due to insuffi-
cient worldwide data, the size of the informal economy
was estimated by indirect methods. According to an ILO
survey in 2005, over half of the labor force around the
world was known as informal jobholders. One-third of
total nonagricultural employment is categorized as self-
employment. In developed countries, informal workers
consist of mostly the self-employed, part-timers, and tem-
porary workers, which is approximately 30% in Europe
and 25% in the United States among total employment
in the late 1990s. Self-employment is estimated at less
than 15% of total nonagricultural employment. In devel-
oping countries, the informal economy is one of the
largest sources of employment. It comprises one-half
to three-fourths of nonagriculture employment: 48% in
North Africa, 51% in Latin America, 65% in Asia, and
72% in sub-Saharan Africa (ILO, 2002). Most developing
countries such as Bangladesh, Nepal, Pakistan, and India
reported that over 70% of total employment is related
to non-agricultural informal occupations (ILO, 2005).
Self-employment arrangements comprise as much as 50%
of nonagricultural employment in developing countries.
Similarly to self-employment, 30–40%of informal employ-
ment accounts for informal wage employment, such as
casual day labor and domestic work without a fixed
contract. In the context of accelerated industrialization,
informal employment will continuely expand more in
developing countries (Quinlan et al., 2001). Recent studies
suggest that the informal economy is severely gender-
segregated. Except in North Africa, working women
concentrate more highly in informal employment than
working men. Nearly 60% or more of women workers
are engaged in nonagricultural informal work in the devel-
oping countries. For instance, in sub-Saharan Africa, 84%
of working women are informally employed compared to
63% of workingmen. Contrary to Africa, the proportion of
informal workers in Asia appeared to be almost equivalent
in both genders (ILO, 2002). Women are more likely to
work in the low strata of the informal economy than men
(after Chen et al., 2004). In Peru, 36% of employed women
are more likely to work at unpaid family work, compared
to around 12% of men. On the contrary, a higher percent-
age of men (35%) than women (14%) is involved in wage
work (after Chen et al., 2004). A survey in Ghana (Ghana
Statistical Service, 2000) showed a similar result in line
with previous findings (11% of men and 35% of women
are unpaid family workers). Characteristics of informal
work are generally job insecurity, low salaries, and lack of
fringe benefits. Even when they work for 40 h per week,
they were paid below the minimum wage or often not paid
at all. Workers within the informal job market tend to have
low socioeconomic status or less education. In OECD
countries, temporary workers and part-timers receive an
hourly salary rate that is 50–90% of regular basedworkers.
As a general rule, a few of them receive social fringe
benefits such as pensions, sick leave, and health insurance.
For instance, in the United States, only less than 20% of
informal workers have health insurance and a pension.
Also, self-employed workers are usually ineligible for
unemployment insurance. In developing countries, infor-
mal workers work mostly in semi-skilled or unskilled jobs
(Daza, 2005). The majority of those who have informal
jobs have not received any formal training. Wage earnings
vary greatly, depending on informal sectors or regions.
The specifically self-employed earnings ranged from 1.5
to 5.8 times the minimum wage (Blunch et al., 2001).
In developing countries, a large share of the informal
economy involves outdoor activities such as street vend-
ing, advertising. Workers in the informal economy tend to
move to another job and face seasonal fluctuations in work
or have more than one job. Whether they work at home or
not, these workers are at an increased risk of injuries and
occupation-related diseases. Turnover in the informal sec-
tor is twice what it is in the formal sector. According to
UNICEF research, much of informal employment suffers
from a minimum level of income, which does not cover
minimal expenses, especially female informal workers.
Over 60% of women in developing countries engaged in
the informal economywith lower-status jobs earn less than
men (UNICEF, 2006). Women with small children suffer
more from economic hardship and lack of benefits such as
maternity leave or retirement benefits provided for regular
full-time workers (Tables 2, 3, 4, 5).

The number of child laborers aged 5–17 was estimated
at approximately 218million for the year 2006, excluding
child domestic labor (UNICEF, 2006). The population of
child laborers worldwide is approximately 127million in
the Asian and Pacific region, 48 million in sub-Saharan
Africa, 17.4million in Latin America, and 2.5million in
the Middle East and North Africa (UNICEF, 2006). In
developing countries, the proportion of child labor varied



Table 3 The comparison of nonstandard employment in

European Union, 2000–2005 (employment status, EU average, %)

Employees with: 2000 (EU15) 2005 (EU27)

Unlimited contracts 82 78

Fixed-term contracts 10 12

Temporary agency contracts 2 2

Apprenticeships 2 1
Other 4 7

From Parent-Thirion A, Fernández Macias E, Hurley J, and

Vermeylen G (2007) European Survey on Working Conditions;

Fourth European Working Conditions Survey in 2005. Dublin,
Ireland: European Foundation for the Improvement of Living

and Working Conditions.

Table 4 The percentage of informal employment in

developing countries

Informal employment
(excluding agriculture)
as % of nonagricultural
employment

Informal
employment
(including
agriculture) as % of
total employment

India 83% 93%

Mexico 56% 64%

South Africaa 28% 34%

aInformal Employment in South Africa ¼ employment in informal

enterprises þ domestic work.

Table 5 The percentage of children working as unpaid family

laborers

% of all child
workers

% of all child workers
with health problems

El Salvador 73.7% 75.8%

Bolivia 88.8% 92.2%
Ghana 91.4% 95.4%

Central African 81.1% 74.6%

Republic Peru 89.6% 91.5%

Data from O’Donnell O, Doorslaer EV, and Rosati FC (2002) Child
Labour and Health: Evidence and Research Issues. UCW Work-

ing Paper 1. Geneva: International Labour Organization.
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enormously, ranging from 4% in Timor-Leste, Asia, to
67% in Niger, Africa, and 63% in Togo. In Burkina Faso,
the proportion of child laborers reportedly is 57%, similar
to other African countries such as Sierra Leone, Ghana,
and Chad. Boys were more likely to be in the labor market
than girls in most countries (UNICEF, 2006). According
to the ILO report (ILO, 2006a), over 70% of child laborers
work in agriculture. UNICEF research revealed that
roughly 128 million child labors work in agriculture
worldwide. The child labor in the agriculture sector
far outnumbered (more than ten times) the numbers
in factory work such as carpet-weaving, or garment
manufacturing (Human Rights Watch, 2006). Child
laborers are often exposed to dangerous working environ-
ments such as long working hours as well as physical and
psychological harm. Roughly 50% of child laborers are
reportedly engaged in a hazardous working environment
containing dust, chemicals and pesticides, heat and harsh
weather, intensive labor, and dangerous tools (hoes, trac-
tors, etc.). About 1.2 million girl workers are involved in
sexual abuse and violence because of debt bondage and
slavery (UNICEF, 2007). Many school-aged children are
deprived of the fundamental right to education. Many
working children are subjected to forced or compulsory
recruitment, a form of slavery. Worldwide, more than
one million children are involved in human trafficking
annually for slave labor, prostitution, drug selling, and
sometimes war combat. The worst forms of child labor
are documented by over 20 countries such as Angola,
Burma, Colombia, the Democratic Republic of Congo,
and Uganda. Approximately 20–30million children are
recruited for use in armed conflict. Slavery and bonded
labor are widespread in Asia and Africa, although it is
considered a crime. Sometimes the unemployed are in
such desperate or extreme poverty that they are vulnera-
ble to undesired work. They are likely to fall into servi-
tude or are victimized by fraudulent or deceptive means.
Forced to work in dangerous conditions, these children
are being exploited, tortured, raped, and sometimes mur-
dered. Surveillance systems monitor them so they cannot
escape. Their life is totally constrained to the workplace
(Free The Slaves, 2004). To cite an example, there is the
case of a 7-year-old boy working on a cocoa farm. Among
almost 700 000 cocoa farmers working on cocoa farms in
Cote d’Ivoire are 15 000 slave children. Aly Diabate from
Mali was 11 years old when he was lured in Mali by a slave
trader to go work on an Ivorian farm. Life on the cocoa
farm of Le Gros (or Big Man) was nothing like Aly had
imagined. He and the other workers had to work from 6 am
to about 6:30 pm in the cocoa fields. Since Aly was only
about 4 ft tall, the bags of cocoa beans were taller than he
was. Aly was beaten the most because the farmer accused
him of never working hard enough. The little boy still has
the scars left from the bike chains and cocoa tree branches
that Le Gros used. He and 18 other slave workers had to
stay in their one room that measured 24�20 ft. There was
only a single small hole just big enough to let in some air.
Aly and the others had to urinate in a can, because once
they went into the room, they were not allowed to leave,
with the room locked (Chatterjee et al., 2001).
Employment Status and Health

Unemployment and Health

Research concerning the negative health impact of unem-
ployment is well established. In the competitive labor
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market worldwide, growing unemployment and its related
health issues have receivedmuch research attention. A large
body of evidence has accumulated relating unemployment
to higher risk of mortality rates caused by heart disease and
suicide ( Jin et al., 1995). It also tended to be related to poor
mental health such as depression, anxiety, and insomnia.
According to stress theory, concern about the future of their
job – unemployment or job insecurity – may be the indirect
consequence of job stress caused by physiological changes,
changed health behavior, as well as deteriorated health.
Studies showed that lifestyle factors such as heavy drink,
smoking, and psychoactive drug use are more common in
the jobless, seen especially in young men as a result of more
leisure time or as a coping strategy ( Jin et al., 1995; Khlat
et al., 2004). The social support model explains that unem-
ployment leads to increased social exclusion, economic
exclusion, and social isolation, which in turn can demolish
the social support system. Long-term unemployment of
youth could threaten their overall integration into society
(Kieselbach, 2003). Studies investigating the use of health-
care services for the unemployed showcontradictory results
depending on the health-care system available. In countries
with a comprehensive health-care system like England and
Canada, the unemployed used the health-care system sig-
nificantly more than the general population. On the con-
trary, the access to health care on the part of the
unemployedwas limited by expensive costs of private med-
ical treatment (Harris et al., 1998).

The relationship between unemployment and health
can be explained by two mechanisms: The health of
people who are unemployed can deteriorate or those
with poor health can easily be excluded from the labor
market. Most unemployed people suffer from economic
hardship and this uncertainty in their future could possi-
bly be associated with psychological and physiological
strain. On the contrary, those who have poor health may
be hampered from entering the labor market or have a
high risk of unemployment (reverse selection hypothesis).
An important longitudinal study from Finland found a
positive association between unemployment and mental
disorder and digestive disease. However, it is also true that
unemployment is related to protection from musculoskel-
etal diseases (Heponiemi et al., 2007). In addition, the
incidence of motor vehicle fatalities tends to be lower.
Precarious Employment and Health

In terms of the growing number of nonstandard workers,
there are two contradictory arguments: The first views
increasing nonstandard work as a consequence of the
market principle, namely supply and demand, while the
other argues that nonstandard work arrangements have
brought a great burden of job insecurity to the labor
market. Although nonstandard contracts are one of the
solutions to escape inflexibility in the market, there is also
concern about the quality of jobs and lack of opportunities
for career improvement related to nonstandard jobs
(Booth et al., 2002). Also, much evidence has been accu-
mulated on the unfavorable conditions faced by these
nonstandard workers such as lower salaries, lack of oppor-
tunities for promotion, an insufficient social safety net,
and lower level of job control, compared to standard
workers. Meanwhile, there is still controversy on whether
nonstandard jobs are a kind of dead-end job in the periph-
eral segment of the labor market. A recent study from
Finland suggests that nonstandard work could be a bridge
for moving to a standard position (Saloniemi et al., 2004a).
However, considering the realities of combined nonstan-
dard work conditions without a welfare system, nonstan-
dard jobs could still be a poverty trap worldwide. In the
past few decades, empirical studies have found evidence
that nonstandard work is associated with detrimental
effects on physical health, mental health, self-rated health,
and mortality (Virtanen et al., 2005). A recent study in
Finland found an association between nonstandard work
and mortality regarding drinking- and smoking-related
cancer (Kivimaki et al., 2000). The disadvantageous char-
acteristics of precarious work are generally considered to
be associated with psychosocial problems, including anxi-
ety, depression, suicide, and substance abuse (Friedland
and Price, 2003; Ludermir and Lewis, 2003). A cross-
sectional survey suggested that precarious workers have
an adverse impact on common mental disorders, and this
result remained after controlling for socioeconomic posi-
tion (age, sex, marital status, education, and income)
(Ludermir and Lewis, 2003). A comparative study of 15
EU countries supported the previous finding that fixed-
term and temporary workers are related with a higher risk
of fatigue than standard counterparts (Benavides et al.,
2000). Workplace risk factors for mental health involve
exposure to hazardous material, lack of autonomy, high
job demands, and an effort-reward imbalance (Wilhelm
et al., 2004). According to Siegrist’s hypothesis, those
workers carry great demand, lower control, poor psycho-
social working conditions, and lower wages (Saloniemi
et al., 2004b). In this view point, precarious work is likely
to have a greater impact on physical health than a stan-
dard job. Chronic conditions, especially musculoskeletal
disease, have been studied as an important barrier to
productivity (Burton et al., 2001; Lerner et al., 2005).
Also, socioeconomic health inequality has been widely
studied using self-rated health outcome measures. Self-
rated health describes chronic disease, long-term disabil-
ity (Goldstein et al., 1984). The finding of the employment
inequality in self-rated health may reflect the accumu-
lated disadvantage during their occupational history
(Anitua and Esnaola, 2000). The positive association
with musculoskeletal disorders with nonstandard employ-
ment may represent the cumulative risk and latent peri-
ods of physical factors such as heavy and frequent lifting
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or carrying and extreme forward bending (Devereux et al.,
2002). Findings from South Korea are similar to the pre-
vious study, showing that nonstandard employees were
mostly assigned to extremely repetitive and heavy work,
causing frequent absences for illness, lower productivity,
and higher mental disorder (Kim et al., 2006). Missed work
for illness reasons is used as an essential indicator of
morbidity in occupational medicine in all countries.
A Dutch study (Notenbomer et al., 2006) found that
absence for sickness was related to physical demands, job
autonomy, and education level. These findings laid the
ground for the association between nonstandard work and
absenteeism. However, many empirical studies revealed
that precarious job holders were negatively associated
with job satisfaction and absenteeism (Benavides et al.,
2000; Virtanen et al., 2005). When workers move up from
precarious to permanent jobs, job satisfaction improved
and increased absence due to sickness, compared to non-
standard jobholders. A possible explanation is that the
difference may originate from thresholds of sickness or
from the fear of getting laid off in case of absenteeism.
As outlined by Mackenbach et al. (1996), people with
higher socioeconomic position were likely to perceive
their health conditions as poorer than those with lower
socioeconomic position, presumably due to higher expec-
tations from the good quality of health information and
education (Goldstein et al., 1984; Dunlop et al., 2000).
Contrary to previous findings, some research found no
relation between nonstandard work and poor health,
including depression and psychological distress (Virtanen
et al., 2003b). In addition, a few studies suggested that
nonstandard workers were in better health than standard
workers (Rodriguez, 2002). This discrepancy in findings
could be explained by varying levels of legal and social
protection for workers in societies.
Informal Employment and Health

The empirical research on the relations between informal
economies and occupational health outcomes have been
much hampered because of the lack of available health-
related database and official statistics in informal econo-
mies. Some features of informal employment, including
scattered spatial distribution of small-scale businesses and
domestic work or street vendors make it more difficult to
research. Another technical issue is that the large heteroge-
neity of informal employment could be a deterrent to
reaching the consensus of an acceptable standard definition,
although it is roughly explained in terms of their general
employment characteristics. An accurate definition of
informal employment is required before the current health
condition of affected informal workers can be identified.

Recently, the empirical evidence available reveals that
workers in the informal sector were related with much
higher risks of unfavorable health conditions compared to
those in the formal sector. A Brazilian study shows that
higher annual nonfatal injuries are more common among
women with a medium level of education and unskilled
jobs compared to regular, full-time jobholders (Santana
and Loomis, 2004). In terms of government laws regarding
informal jobs, there are no clear labor regulations to
protect informal workers from work-related hazardous
materials. Although occupational injuries are one of the
most important preventable health problems, the charac-
teristics of the informal economy without proper social
protection cause workers more exposure to occupational
hazardous conditions compared to regular workers who
have a supervisor on the work site. In addition, informal
jobholders seem to withhold reporting injuries or ignore
the condition from lack of training and a fear of layoff
(Quinlan et al., 2001). A recent result from a longitudinal
study showed that an adult representative sample of the
U.S. population moderately approves the expectation that
underemployed workers who hold part-time jobs, have a
low income and little opportunity for skill training are
related to lower levels of psychological well-being (Fried-
land and Price, 2003). In many developing countries,
especially in Africa, informal workers report excessive
exposure to hazardous materials such as dust, fumes,
chemicals, or sunlight without personal protective equip-
ment at the work site. A Zimbabwean study (Loewenson,
1998) found a correlation between informal workers and
excessive risks of musculoskeletal and respiratory dis-
eases. The annual occupational mortality rate and the
rate of workers injured in the workplace were 12.5 persons
per 100 000 workers and 131 persons per 1000 workers,
respectively. One-fifth of the injuries resulted in permanent
disability, but workers’ compensationwas not provided. The
World Health Organization (1997) estimated that approxi-
mately one million occupation diseases in Sub-Saharan
Africa threatened informal workers’ health. Zimbabwean
official statistics of occupational health might underesti-
mate informal workers’ health problems. A recent study
from Tanzania (Rongo, 2004) supported the previous find-
ings that informal workers in small-scale industries were
exposed to various hazardous conditions resulting in a high
level of occupational health problems. In Botswana, data
related with its informal economy are not available.
Roughly 5million of the 5.6million businesses are engaged
in small-business and micro-business activities. Although
this sector has contributed to job creation and provided
regular income, this type of informal work is extremely
precarious and unsafe. Common types of informal econo-
mies are involved in brick making, carpentry, metal work,
and auto repairs. Most workers are exposed to high risks of
fire, welding sparks, fumes, chemicals, and harsh weather,
and work with inadequate equipment and lack of sanitary
facilities. These potentially hazardous factors play a crucial
role in contributing to high risks of physical injuries and
mental disorders for informal workers (Karanja et al., 2003).
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Child Labor and Health

Several epidemiological studies have found child labor to
be associated with increased musculoskeletal disorders,
physical impairment, and psychological distress (Fassa,
2003; Guarcello et al., 2004), but the effect of child labor
on various health problems has not been fully explored
because of a lack of qualified data. The negative impacts
on health vary widely, from occupational-related injuries
to increased vulnerability to biological and toxic agents or
ergonomic risks from use of inadequate tools and equip-
ment. Child laborers are overrepresented in dangerous
informal employment and are especially concentrated in
agriculture with unfavorable working conditions (69%)
(ILO, 2006a). Children in agriculture are subjected to much
worse working conditions than other informal workers.
These children have little control over their employ-
ment, are exposed to pesticides, heat and harsh weather,
and hazardous equipment (Fassa, 2003; UNICEF, 2007).
Increasing evidence has shown that the hazardous con-
ditions of child laborers are the most common cause of
musculoskeletal disorders, cancer, hearing loss, asthma,
and pesticide poisoning (Fassa, 2003; UNICEF, 2007). For
instance, children working at rug looms are subject to dis-
ability from eye damage, lung disease, stunted growth, and
are susceptible to arthritis in the future. In India, children
making silk thread are in danger of injuries from burns and
blisters as they dip their hands into boiling water (Human
Rights Watch, 2006). Children may be more vulnerable
than adults working in similar conditions due to a child’s
physical and mental immaturity (O’Donnell et al., 2002).

Child laborers working in urban areas are often
exposed to intensive labor, drugs, physical and sexual
abuse, and undesired pregnancy (O’Donnell et al., 2002;
Vilma et al., 2005; UNICEF, 2006). They may easily
develop physical or mental health problems arising from
the unfavorable working conditions such as street selling,
rag picking, construction, and prostitution. Kassouf et al.
(2001) suggested that the child laborers who started work
before the age of 10 were strongly associated with poorer
self-rated health than those who have not worked as a
child. These adverse working conditions for child laborers
may be linked to increased health problems during
the course of their lives. Contrary to these results,
Huk-Wieliczuk (2005) suggested that child laborers with
heavy workloads have no association with poor self-rated
health. Further studies show a positive relationship
between child laborers and their health since they are
helping their family or gaining work experience and skills.
A few studies have supported the hypothesis that child
labor may reduce the high risk of health problems (Apple-
ton and Song, 1999; Smith, 1999). These inconsistent
findings from self-rated health on child laborers can be
explained by the time-lag effect on child laborers. For
children under the extreme poverty level, the argument
for positive heath effects of child labor is still plausible.
However, this connection cannot be definitively defined
without further research. Empirical studies show that
child labor is related with illiteracy, poverty, and poorly
trained, low-skilled workers. It is a well-established fact
that a positive relationship exits between lower education
and poor health, such as mental disorders (Patel and
Kleinman, 2003), malnutrition, stunted growth (Ram,
2006), and a lower life expectancy (Fassa, 2003). To
understand the intricate association between child labor
and health in the informal labor market, the research
should be extended to monitor the trend in the effect by
different social contexts over time.
Slavery and Bonded Labor and Health

It is widely believed that children exploited in slavery and
bonded or forced labor systems are exposed to biological
and chemical hazards, leaving them with physical, emo-
tional, and psychosocial trauma. Supporting documents to
further disseminate slavery issues focusing on their health
are limited. Forced child labor may be illustrated as
hidden and inhuman crimes, and it even includes invol-
untary sex trafficking. Child forced into labor suffer from
abusive conditions, including physical and psychological
violence, which are designed to keep them obedient.
A U.S. study suggests a relationship between forced labor
and traumatic conditions regarding physical and psycho-
logical assaults, risk behavior, inadequate or nonexistent
health care, and cultural barriers (Free The Slaves, 2004).
Hyde and Bales (2006) suggested that child laborers
exposed to the dehumanizing violence of slave labor expe-
rience increasingly detrimental results to their health and
their moral background is greatly influenced. Moreover,
the effect reportedly persists and deteriorates their health,
even after their period of slavery is finished. This is sup-
ported by evidence from interviews and observations of
rehabilitating children set free from slavery: Their trau-
matic experience (exploitation, torture, or abuse) was likely
to increase physical problems (stunted growth, malnutri-
tion, burn, bruises, parasites, and HIV) and psychosocial
illness (fear, anxiety, aggressiveness, dissociation, and obses-
sive-compulsive disorder).

Every child the world over should be protected to
enhance their basic necessities such as safety, food, sleep,
hygiene, and medical care. To tackle the problem of
slavery and the worst cases of the illegal economy exploit-
ing children, it is necessary to enforce an effective moni-
toring strategy at both the country and international level.
Downsizing and Health

Research on the occupational health consequences of
organizational downsizing has focused on two major risk
factors: (1) Job insecurity and (2) work intensification and
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disorganization. Both types of study typically collect data
from workers over time, from the announcement of
impending layoffs, to the posttermination phase. The first
type of study investigates downsizing as the major objective
factor that precipitates job insecurity as an occupational
stressor. Findings from these studies are fairly consistent
in demonstrating a link betweenworkplace downsizings and
compromised psychological and physical health outcomes.
In particular, employees facing layoff are at greater risk of
experiencing mental or emotional health problems such as
distress and anxiety, negative physiological changes includ-
ing increases in blood pressure and cholesterol, and
decreases in global self-rated health (Mattiason et al., 1990;
Seigrist, 1991; Amick et al., 1998; Ferrie et al., 1995, 1998a,
1998b; Isaksson et al., 1999; Probst, 2000).

Other studies have focused on the effect of downsizing
on how work is organized and distributed within the orga-
nization. Studies indicate that downsizing is associated
with significant changes inworkload and can create uncer-
tainty around work roles and responsibilities (de Vries and
Balzas, 1997; Greenglass and Burke, 2000; Moore et al.,
2004). Employees subject to work intensification and dis-
organization due to downsizing have been found to be at
increased risk of injury or illness, psychological morbidity
(particularly depression and burnout), and declines in
global self-rated health (Farr, 1996; Fridkin et al., 1996;
de Vries and Balzas, 1997; Brown et al., 2003). In addition,
increases in work-related pressures have been shown to
interfere with work-life balance and to impair social
and familial relationships (Burke and Greenglass, 1999;
Kivimaki et al., 2000; Westman et al., 2001). At the firm
level, downsizing is reportedly associatedwith increases in
the rate and/or duration of sickness absence (Beale and
Nethercott, 1988; Kivimaki, 1997; Kivimaki et al., 2000;
Vahtera et al., 2004), and the frequency of occupational
violence (Snyder, 1994; McCarthy, 1996; Sheehan et al.,
1998). At least one study has found that recent downsizing
is related to an increase in the duration of workers’ com-
pensation claims (Park and Butler, 2001).

Another key aspect of workplace downsizing is unem-
ployment caused by job loss, a factor that is strongly
related to poor health outcomes (Avison, 2001; Pohjola,
2001; Turner, 1995). Studies of displaced workers indicate
that these individuals often have insecure prospects for
reemployment and can experience prolonged periods
of unemployment or underemployment (de Vries and
Balzas, 1997; Ferrie et al., 2001a; Ostry et al., 2001). More-
over, postdisplacement jobs are often inferior in quality
relative to predisplacement employment with respect to
skill use, earnings and benefits, and opportunities for
career development (Feldman, 1995; de Vries and Balzas,
1997; Brand, 2005). Workers who experience late-life job
displacement may be particularly vulnerable to deterior-
ating employment prospects. Studies of workers under-
going involuntary job loss indicate that, relative to their
younger counterparts, older people tend to experience
more prolonged jobless spells and more substantial losses
in earnings, job security, and occupational status (Gallo,
1999). The postdisplacement pattern involving downward
mobility and financial insecurity is particularly pro-
nounced in older women (Gilberto, 1997; Quadagno et al.,
2001). Within some sectors of the economy, organizational
downsizing has given rise to another trend described as
disguised employment. This refers to the circumstance
where an employer treats a worker as an independent
contractor or self-employed person to avoid the responsi-
bilities and costs associated with being an employer (Law
Commission of Canada, 2004). During workplace restruc-
turing, workers who were previously employed under tra-
ditional ongoing employment contracts may be reassigned
to the status of independent contractor, even though they
perform the same duties and functions that they did when
they were employed by the firm (Law Commission of
Canada, 2004). This shift in employment status is fre-
quently associated with reduced earnings and job security,
a lack of access to important statutory benefits and protec-
tions (e.g., employment standards protections, workers’
compensation, the right to collective bargaining), and a
lack of access to employer-sponsored benefits such as
health and disability insurance, and private pensions
(Hipple and Stewart, 1996; Law Commission of Canada,
2004). Moreover, this type of change in employment status
within the same organization may be a unique source of
occupational stress (Gallagher, 2005).
Job Insecurity and Health

Studies of the effects of exposure to job insecurity present
relatively consistent evidence for the adverse impact on
health. Job insecurity is reportedly associated with mental
and emotional health problems such as anxiety and
depression, negative physiological changes including
increases in levels of blood pressure and cholesterol,
and increases in general psychosomatic sequelae such as
sleeplessness, headaches, and declines in self-rated health
(Mattiason et al., 1990; Roskies and Louis-Guerin, 1990;
van Vuuren et al., 1991; Heany et al., 1994; Ferrie et al.,
1995, 1998b). Other studies have documented a link
between job insecurity and impaired social and family
relations (Wilson et al., 1993; Larson et al., 1994; Fox and
Chancey, 1998). At the level of the organization, job
insecurity has been linked to heightened rates of sickness
absence, injury rates, and occupational violence (Beale
and Nethercott, 1988; Snyder, 1994; Vahtera et al., 1998;
Bourdouxhe and Toulouse, 2001; Probst and Brubaker,
2001; Kivimaki et al., 2001; Probst, 2004; Cole et al., 2005).

There is also evidence that the health effects of job
insecurity are cumulative. Longitudinal investigations
have shown that extended periods of job insecurity can
produce an increase in the number of physical and
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psychological symptoms compared to situations where job
insecurity is observed at a single point in time. These
studies have found that chronic job insecurity has a
dose–response relationship with self-reported health and
measures of physical symptoms, and it greatly increases the
risk of minor psychiatric morbidity (Dekker and Schaufeli,
1995; Heany et al., 1994; Domenighetti et al., 1999; Marmot
et al., 2001; Ferrie et al., 2002). There is also evidence of a
strong association between chronic job insecurity and
increases in body mass index (BMI) (Ferrie et al., 2001b).
Moreover, job insecurity appears to have residual effects;
that is, the adverse effects on health are not completely
reversed by removal of the threat and increase with chronic
exposure to the stressor (Ferrie et al., 2002).

A handful of studies have considered the social distri-
bution of job insecurity and its health consequences. This
research indicates that both exposure and vulnerability to
job insecurity as an occupational stressor varies according
to sociodemographic characteristics denoting social posi-
tion, e.g., social and economic class, gender, race, and age.
Lynch et al. (1997) have reported gradients of exposure to
job insecurity according to socioeconomic position. Other
research indicates that employees in blue-collar manual
jobs experience greater strain due to perceived threats of
unemployment compared to employees in nonmanual
jobs (De Witte, 1999; Lynch et al., 1997). Gender differ-
ences in the health effects of job insecurity have also been
reported. In general, these studies indicate that the dele-
terious effects of job insecurity are more pronounced in
men. Ferrie et al. (1998) found that men who experienced
job insecurity exhibited significantly greater increases
in self-reported physical and psychological morbidity
compared to women, though women demonstrated small
adverse changes in health behaviors not observed in men.
According to De Witte (1999), job insecurity is associated
with significant increases in distress in men but not
in women. A study of Taiwanese employees found that
the negative health impact of job insecurity is greater in
men, though among women, the adverse effects were
more pronounced in individuals who held managerial or
professional jobs compared to those in lower employment
grades. The authors suggest that women in senior positions
may be more invested in their work roles than women in
lower occupational positions (Axelrod and Gavin, 1980).
Racial differences in perceived job insecurity have been
reported by Wilson, who describes the greater perceived
levels of insecurity perceived by African-Americans as the
result of objective differences in levels of vulnerability to
dismissal compared to Whites. Some evidence for the
incremental effects of job insecurity arising from older
age has been reported by Vaherta et al. (1998). In their
study of downsized employees, the authors found that indi-
viduals aged 44 or older were at significantly greater risk for
medically certified sick leave relative to their younger
counterparts.
The limited research on the social patterning of job
insecurity and the links to health indicate that further
work in this area is needed. Ferrie et al. (2001b) have
recently called on researchers to develop studies that
systematically address the ‘‘distribution of job insecurity
by social class, age, and gender, and the contribution of
acute and chronic job insecurity to widening socioeco-
nomic inequalities and gender differences in morbidity
and mortality’’ (Ferrie et al., 2001b: 75). Although most
researchers adopt a global view of job insecurity as an
overall concern about the existence of the job in the
future, some have recommended a multidimensional def-
inition of the construct. For instance, Campbell (1997) has
isolated four possible sources of work-based insecurity
including fears regarding job loss, loss of income, unpre-
dictable work schedules, and the lack of employability.
De Witte (1997) has reported several aspects of insecurity
arising from the loss of valued benefits from labor-market
engagement such as contact with social networks, help
with structuring time, and the opportunity to develop
skill sets. Scott (2005) has argued that standard definitions
of job insecurity fail to capture several emerging aspects
of insecurity within contemporary employment relations.
In particular, the exclusive focus on the perceived threat
of job loss obscures the more general and fundamental
pattern of work-based insecurity arising from multiple
threats to the quality of employment. This refers not
only to psychosocial aspects of the work environment
(e.g., the subjective threat of becoming unemployed), but
also to the impact of structural workplace determinants
such as the lack of unionization, low wages, or the absence
of benefits (Cheng et al., 2005). A recent empirical investi-
gation of the impact of exposure to multiple emergent
aspects of insecurity within nominally secure employ-
ment arrangements (i.e., full-time permanent jobs) found
that employees’ health is adversely affected by earnings
and benefits inadequacy, the absence of career advance-
ment opportunities, and the lack of control over work
processes arising from work intensification and substantial
unpaid overtime hours (Wilson, 2002).
Gender, Precarious Work, and Health

Recently, much empirical evidence has suggested that
precarious employment is associated with detrimental
effects on physical and psychological health, self-rated
health, and mortality ( Jin et al., 1995; Campbell, 1997;
Janlert, 1997; Vahtera et al., 1998; Benach et al., 2002;
Huk-Wieliczuk, 2005; Scott, 2005). However, the relation-
ship between women’s health and their working status has
not been fully explored. Due to rapidly changing social
and economic circumstances, the female participation
rate in the labor market is at a historically high level,
68% worldwide, and is expected to continue to increase
in the future (O’Donnell et al., 2002; Santana and Loomis,
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2004). Most female workers are estimated to occupy the
low-income strata of employment status worldwide; more
than 60% of working women are in part-time work in all
OECD countries and in informal employment in the
developing world (Santana et al., 1997). Female workers,
in particular, tend to have secondary labor market or
marginal jobs with more adverse job characteristics than
men (Schwefel, 1986; ILO, 2004). It is widely assumed that
women face structural inequality, job segregation, and
discrimination in most workplaces; they have lower
hourly salaries, spend more time doing housework duties
than formal workers, have less opportunity to train for job
skills, and are easily fired (ILO, 2002, 2004). Clear evi-
dence shows that female informal work is linked with low
socioeconomic status (less educated or low-income
families) (Matthews et al., 1998).

Many studies have examined gender-based patterns of
ill health according to employment status. Brazilian stud-
ies show that positive associations between female infor-
mal workers and a number of psychological symptoms
exist (ILO, 2002; O’Campo et al., 2004). Another study
reveals that, compared to full-time workers, informal
workers such as part-timers, temporary workers, and
home-based workers share several psychosocial symptoms
with women, but not with men (Standing, 1997; Devereux
et al., 2002; ILO, 2002; Ludermir and Lewis, 2005).
A contrasting result was found by De Witte et al. (1999);
job insecurity is related to psychological well-being only
in male workers. Women with mental health problems
may have been prevented from having a formal job; oth-
erwise working women may often quit their decent job at
the onset of mental disorders. Although reasons for gen-
der differences in mental disorders have not been fully
studied, further research should consider the social role
and cultural backgrounds within the labor market. For
instance, female workers may have a lot of stress from
multiple roles, such as taking care of family as well as
performing household chores. These women are also
exposed to discriminatory working environments. Thus,
women working in precarious employment may easily
acquire psychological symptoms arising from restricted
opportunities for training, less job control, and a high risk
of dismissal, as well as the possibility of sexual abuse.
Moreover, the harsh and intensive labor conditions of
informal jobs have been shown to manifest themselves in
musculoskeletal and physical disorders (Santana et al.,
1997; Ludermir and Lewis, 2005). The research on the
relationship between unemployed women and mental
health has been even more hampered since most women
performing unpaid family work can be designated as
housewives rather than as unemployed. Evidence from
empirical studies suggests that female workers outside
the home have an advantage over unpaid family workers,
since they have a protective effect for their psychological
symptoms from social support (De Witte, 1999; Santana,
Loomis, Newman et al., 1997). Contrary to the results,
female paid employees with the burden of family care
may diminish the benefits from employment (De Witte,
1999; Santana and Loomis, 2004; Ferrie et al., 2005). Con-
sidering the vast majority of female informal workers in
both developed and developing countries, more research
should be done on the detrimental health effects and the
mechanism related to adverse working environments of
women.
Interventions

In an effort to combat the negative impact of downsizing
on remaining employees, employers have implemented
different types of organizational interventions. One
major type of intervention is aimed at modifying the
negative consequences of the insecurity arising from work-
place change through improving communication within
the organization. Buono and Bowditch (1989) first noted
that during times of organizational transition, rumors will
often play a major role in determining employee percep-
tions, which can exacerbate employee anxiety. Conse-
quently, interventions that are designed to enhance the
communication of factual information to employees during
workplace restructuring can be critical to attenuating the
negative effects of job insecurity on employees’ physical
and psychological outcomes (Santana and Loomis, 2004;
Ferrie et al., 2005; ILO, 2007). Other forms of organizational
intervention that have proven effective against the adverse
effects of job insecurity involve increasing employee par-
ticipative decision making (Buono and Bowditch, 1989;
Santana and Loomis, 2004). These initiatives allow employ-
ees to regain a sense of control over aspects of the job that
may have otherwise been lost during workplace restructur-
ing. Studies of participatory interventions indicate that
employees who are provided with a greater number of
learning opportunities and higher levels of decision author-
ity experience fewer negative consequences as a function of
job insecurity and other sources of occupational stress
(Appelbaum and Donia, 2001; Schweiger and DeNisi,
1991).

Generally, trends in workplace restructuring that have
resulted in an increasing overlap between paid employees
and the self-employed have prompted organizations such
as the OECD and the ILO to call on countries to scruti-
nize the growth of nominal or disguised self-employment
and devise policies to extend social protections and ben-
efits to this segment of the self-employed (Probst, 2003).
However, the extent to which countries have implemen-
ted labor market regulatory mechanisms involving such
protections varies considerably (Liden and Tewksbury,
1995). For example, some European countries provide
not only full-time but also precarious workers with
equal legal rights such as periods of notice or redundancy
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pay and martial leave, which are likely to improve the
health of precarious workers in those countries.

In conclusion, egalitarian social policy programs
regardless of employment status are prerequisite steps to
improving the health of precarious workers. For instance,
as a successful Dutch case suggested, it is recommended
to provide social investment in early childhood, equal
opportunities for education and training regardless of
employment status, a sound partnership between employ-
ers and employees, and social consensus to invest in the
infrastructure. Finally, to protect employees’ health from
the negative health effects of rapid restructuring and down-
sizing, and to minimize the scale of exploited including
precarious, informal, and slave labor, a successful interna-
tional collaboration must be based on the establishment
agencies with real power to influence government legisla-
tion, monitoring, and proper enforcement.

See also: Agricultural Health and Safety; Ergonomics/

Musculoskeletal Issues; Occupational Health: Overview;

Occupational Safety and Health Protections; Populations at

Special Health Risk: Workers; Stress and (Public) Health.
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Introduction

The significance of smoking by adolescents goes
beyond the specter of introducing yet another genera-
tion to a habit that will kill prematurely around half
of those who continue to indulge in it (Doll et al.,
1994). The prevalence of smoking among young peo-
ple is regularly cited as evidence of the futility of
public health and primary prevention approaches to
the control of major health problems. The argument is
constructed thus: (1) the public health community reg-
ularly states that:

every reputable medical and scientific organization that

has reviewed the evidence has concluded that tobacco

smoking is the leading cause of premature mortality and

avoidable morbidity in developed countries (Tobacco

Advisory Group, n.d.)
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(2) the definitive solution to this situation is to raise a
smoke-free generation, (3) despite all current investments
of time, effort, and resources, the prevalence of smoking
among teenagers remains high or even continues to
increase, and (4) it follows that if public health and its
commitment to primary prevention cannot solve this sin-
gle most important problem, such approaches must be
inherently weak and flawed, and it would be wiser for
the community to rely on biomedical strategies for the
control of noncommunicable diseases.

This argument is a clever and seductive one because,
until quite recently, its first three elements have all been
true, suggesting that the conclusion is a reasonable
one. But the significance of the critique lies in it obliging
those concerned with control of smoking among teenagers
to reconsider their basic premises. A critical review of
public health practice in relation to smoking by teenagers
shows that, while the observational epidemiology of young
people’s smoking has beenwell-described for over 40 years
(Bynner, 1969), the interventions based upon those data
have been naive, misguided, and largely ineffectual. At the
same time, there is now a growing body of evidence that
the best way to reduce the uptake and prevalence of
smoking among young people is to bring about significant
and sustained decreases in the prevalence of smoking
among adults. Furthermore, we also know a great deal
about how, and how not, to achieve that intermediate goal.
The Misguided Past

Three key principles have tended to shape past efforts to
reduce the uptake of smoking among young people. These
relate to intergenerational patterns in smoking, the pur-
ported influences that lead children to try their first
cigarette, and notions about the uniqueness of teenagers
as a target population for health promotion strategies.
This body of received wisdom may also have contributed
to relative neglect of one possibly important opportunity
to reduce the proportion of adolescents who emerge into
adulthood as regular smokers.
Intergenerational Patterns of Smoking

It has long been known that the children of smokers are
themselves much more likely to become smokers (Bynner,
1969). This has been interpreted in two ways, one relating
to access to tobacco products, and the second to exposure
to adult role models of smokers. Apart from occasional
references to the potential toxicity of cigarettes when they
are eaten by infants and young children (Lewander et al.,
1997), and the consequent need of parents who smoke to
store their cigarettes safely, preventive approaches con-
cerning access to tobacco products have dwelt mainly on
purchase of cigarettes outside the home. However, there
are inconsistencies between jurisdictions in regard to the
minimum age necessary to buy or sell cigarettes, and
tobacco vending machines have been allowed to persist
despite abundant evidence of their being inadequately
supervised and a significant source of cigarettes for
some teenagers (Robinson et al., 2006). Most importantly,
however, enforcement of laws regarding sales of tobacco
products to minors has often been minimal, and courts
have appeared reluctant to impose significant fines even
on serial offenders. The absence of licensing systems for
tobacco retailers in at least some jurisdictions means that
temporary or even permanent suspension of the ability to
sell tobacco products has not been available to some
enforcement agencies. In combination with systems of
official warnings followed by often relatively trivial fines
for continued breaches, the regulation of access to tobacco
products by young people outside their homes has fre-
quently lacked real teeth. Aside from isolated examples,
attempts to control sales of cigarettes to minors have had
limited effect on the smoking behavior of young people
(Stead and Lancaster, 2005).

Although ‘‘don’t smoke in front of the children’’ is an
oft-used line in situation comedies, this advice has never
formed the basis of any serious tobacco control activities.
This is only sensible given the abundance of other adult
role models who smoke and the difficulty that parents
who smoke would have in concealing the habit from their
children. The evidence that infants and young children
are particularly sensitive to harmful effects of passive
smoking, available since at least 1974 (Colley et al., 1974;
Harlap and Davies, 1974), has prompted some urging of
adults not to smoke around children, but these campaigns
have been concerned more with the youngsters’ physical
health than with issues of role modeling. Despite some
promising findings, there are too few studies of adequate
quality to know whether direct interventions with families
to discourage the uptake of smoking by children might
represent a useful strategy to reduce the prevalence of
smoking by adolescents (Thomas et al., 2007).

At the end of the day, therefore, the observation that
children of smokers are much more likely to become
smokers themselves has led nowhere in terms of effective
tobacco control interventions.
Influences Leading to the First Cigarette

Many anti-smoking activities directed to young people
have been guided by the finding that a very large propor-
tion of those who have ever tried a cigarette retrospec-
tively ascribe the event in significant part to social
pressure from immediate peers who were present at
the time. This has led to innumerable mass media and
classroom-based campaigns intended to enhance the
capacity of teenagers to resist such pressure through
combinations of enhanced knowledge of the dangers of



Preventing Uptake of Smoking 303
smoking and insight (and even rehearsed practice) related
to the social dynamics of being offered a cigarette. Rigor-
ous evaluations of such strategies have been far from
universal, and all too frequently such evaluations as have
been undertaken have been limited to short-term follow-
up assessments of awareness, knowledge, or attitudes.
Notwithstanding the multiplicity of factors influencing
or associated with recreational drug use in adolescence,
the proof of the pudding in regard to any intervention
directed at tobacco is its effect on smoking habits in the
early- to mid-20s, the age group in which smoking habits
finally stabilize. It is extraordinarily rare to see adequately
large and controlled intervention studies that include
sufficiently complete follow-up over the eight to ten
years that are required to evaluate smoking prevention
initiatives properly. Thus, we do not really know if some
of the very creative mass media and peer-led programs
aimed at the early high school years truly are effective.
The limited high-quality evidence that is available
suggests that they are not (Wiehe et al., 2005; Thomas
and Perera, 2006), and, in any case, the gainsayers look
at the population-wide statistics on adolescent smoking
and are confident in their conclusion that nothing works.
Health Promotion for Adolescents

The final principle that has shaped tobacco control activ-
ities aimed at adolescents is that this group constitutes a
unique, and uniquely difficult, audience. This has con-
tributed directly to a plethora of peer-led programs,
because of a public disinclination of teenagers to accept
any message delivered by adult authority figures, together
with a reasoned cynicism that governments that were
seriously concerned with the threat to health posed by
smoking would take more effective and direct action
against tobacco products. Similarly, the perceived ephem-
erality of what is fashionable among the allegedly most
fashion-conscious sector of the population has fostered
huge investment in developmental work for all types of
anti-tobacco communication directed at teenagers and
has led to creation of materials that inevitably have very
short shelf lives. In working with such a fast-moving
audience, postcampaign evaluation is significantly
devalued because of the rapidity with which ‘everybody’
moves on. The chances that good money is poured in after
bad are significant indeed.
A Neglected Opportunity?

Despite all of the effort that has been expended in trying
to reduce the uptake of smoking by teenagers, there has
been at least one major aspect of the phenomenon that has
been somewhat overlooked. This concerns the fact that, in
developed countries at least, while the great majority of
young people try at least one cigarette, frequently around
the age of 12 or 13 years (or soon after the transition from
primary to secondary school), well over half of them do
not go on to become regular daily smokers. This phenom-
enon is under-researched and inadequately understood.
We do not know whether it represents a failure of acqui-
sition of a smoking habit, or something much closer to the
process of quitting, now completed successfully by many
millions of adult smokers. Probably the population of
noncontinuing smokers at the end of the teens is a combi-
nation of both non-acquirers and quitters, but where the
balance lies and how it might have changed over time
remains mysterious. But, if we are to continue to focus any
tobacco control efforts directly at adolescents themselves,
it might be very sensible to explore these issues further,
work from the premise that most teenagers will try at least
one cigarette, and devise, test, and implement strategies
that will enhance the proportion who do not emerge into
adulthood as daily smokers (Grimshaw and Stanton,
2006). Whether such an effort is necessary at all, however,
is cast into significant doubt by the emerging evidence
that the most effective strategy to deal with smoking by
young people is an indirect one, one that deals primarily
and effectively with smoking by adults.
Emerging Evidence

In the early 1990s, focus groups conducted in Western
Australia in the developmental phase of yet another
adolescent-specific tobacco control campaign turned up
a phenomenon that none of the internationally seasoned
tobacco control activists in that State had encountered
before. Asked what they do, or would do, when offered a
cigarette, some teenagers responded that they would say,
‘‘No thanks, I’ve quit,’’ even though they had never
smoked. This was the first evidence that a decade of
quite generously funded mass media campaigns directed
to adults in Western Australia were beginning to change
social norms in relation to smoking, and that teenagers
were alert to, and had begun to follow, the change. Put
another way, it was suddenly much clearer that social
influences do play an important role in the uptake of
smoking in adolescence, but that the appropriate scale
on which to consider their impact is not the micro dynam-
ics within a young person’s peer group but the macro
dynamics of population-wide attitudes and behavior.

From that first indication over a decade ago, the evi-
dence has grown steadily that the smoking behavior of
adolescents is primarily a reflection of the behaviors of all
of the adults that surround them. Thus, we see reports
from California that the children of parents who quit
smoking are considerably less likely to take up smoking
than are the children of continuing smokers (Farkas et al.,
1999). Furthermore, in California, Massachusetts, and
Australia, the prevalences of smoking among adolescent
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boys and girls are now falling quickly and significantly
(Drug and Alcohol Office WA, 2007; Wakefield and
Chaloupka, 2000). What distinguishes these communities
is their combination of sustained, sophisticated mass me-
dia anti-smoking campaigns directed to adults, increas-
ingly stringent regulatory control of the activities of
tobacco companies and their client commercial entities,
and systematic extension of smoke-free policies to almost
every aspect of extra-domestic life. These changes have
seen all three populations pass the turning point whereby,
among adults, ex-smokers come to outnumber continuing
smokers (National Heart Foundation, 1991; Messer et al.,
2007; Weintraub and Hamilton, 2002), and nonsmokers
(never- and ex-smokers combined) very much form the
healthy majority. All the indications are that when non-
smokers dominate the available role models and the pos-
sibility of living a smoke-free life becomes an everyday
reality, adolescents become smoke-free. If the aim is to
achieve a smoke-free generation of young people, the
challenge is to reduce the prevalence of smoking among
adults as far and as fast as possible.
The Way Forward

The blueprint for effective tobacco control was laid out as
long ago as 1976, with the publication by the International
Union Against Cancer of its Guidelines for Smoking Control
(Gray and Daube, 1976). At the core of this document is
the recommendation that, to havemaximum impact on the
prevalence of smoking, tobacco control campaigns need to
be comprehensive, and should combine legislative, educa-
tion, and cessation activities. This is largely the approach
that has been followed in California, Massachusetts, and
Australia for up to 2 decades, with dramatic impacts on
smoking, first among adults, and, more recently, among
adolescents as well (Wakefield et al., 2003). By contrast,
until mid-2007, when significant smoke-free policies were
introduced, England had followed a strategy based almost
entirely on encouraging and facilitating cessation of smok-
ing, and certainly one that conspicuously lacked the inten-
sive and polished mass media campaigns that have been so
prominent in Australia, California, and Massachusetts.
Coincidentally, the prevalence of smoking among adults
in England remains close to 50% higher, in relative terms,
than in the other three places (Office of National Statistics,
2007), and the turning point of ex-smokers outnumbering
current smokers was reached only in 2002, some 13 years
after the same landmark occurred in Australia. Not sur-
prisingly, therefore, the prevalence of smoking among
British adolescents has only recently shown any evidence
of a downward trend (Hublet et al., 2006).

The primary focus of tobacco control efforts in the
United Kingdom has been to reduce deaths and morbidity
caused by smoking, and it is undeniable that the faster and
more effective way to do this is to convince current
smokers to quit rather than to reduce the overall preva-
lence of smoking via the advent of a new generation that
has never smoked (Peto et al., 1997; Hill, 1999). By con-
trast, changing social norms in relation to smoking
has been an explicit aim of tobacco control policy in
California (California Department of Health Services,
2006). The evidence so far strongly suggests that more
comprehensive approaches not only make much greater
inroads into the prevalence of smoking among adults, and
hence into death and disease caused by smoking, but they
also seem to be the first effective intervention to reduce
the prevalence of smoking among adolescents. The les-
sons seem clear. It is futile to attempt to reduce the uptake
and continuation of smoking among young people by
relying on strategies directed to young people themselves.
The key to that problem appears to be smoking by adults,
but the impact of narrow interventions aimed principally
at encouraging cessation by adult smokers is very modest
at best and probably much more akin to trying to dig a
garden with a one-tined fork. On the other hand, provided
they are systematic, sustained, and adequately funded,
multipronged strategies addressing all of legislation, edu-
cation, and cessation hold great promise of fulfilling the
long-held aim of creating a new generation that is truly
smoke-free.

See also: Smoking Cessation; Tobacco - Harm Mini-

misation; Tobacco, Integrated Control of.
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Introduction

Building on the article by Bryant and Richmond which
outlines the history of primary health care, this article
aims to reflect on some of the successes and failures of its
implementation over the past 30 years, and attempts a
glimpse into the future in terms of some of the key
challenges and opportunities.
The Alma Ata Declaration: Background,
Focus, and Implications

The concept of primary health care (PHC) evolved dur-
ing the 1970s, influenced by and influencing the basic
needs approach to social development. Informed on the
one hand by the disappointments experienced in imple-
menting the basic health services approach, and on the
other by the remarkable progress in improving health in
China, as well as by the achievements of many small,
mostly NGO-inspired, community-based health-care
initiatives in developing countries (Newell, 1975), WHO
and UNICEF elaborated the strategy of primary health
care as the means to achieve Health for All by the Year 2000.

The concept of PHC had strong sociopolitical impli-
cations. It explicitly outlined a strategy that would
respond more equitably, appropriately, and effectively to
basic health-care needs and also address the underlying
social, economic, and political causes of poor health. Cer-
tain principles were to underpin the PHC approach
(PHCA), namely, universal accessibility and coverage on
the basis of need; comprehensive care with the emphasis
on disease prevention and health promotion; community
and individual involvement and self-reliance; intersec-
toral action for health; and appropriate technology and
cost-effectiveness in relation to the available resources.
The concept of social justice strongly informed the con-
cept of PHC.

The implications of the PHCA were recognized, even
at the time of the Alma Ata Declaration (WHO and
UNICEF, 1978), to be far-reaching if the strategy were
to be properly applied: the principles would have to be
translated into changes not merely in the health sector but
also in other social and economic sectors as well as in
community structures and processes.

Some of the changes required would include the
redistribution of existing resources (financial, material,
and human) for health; a reorientation and a broadening
of the skills of health personnel to enable them to respond
to the challenges of implementing PHC and to work in
teams as well as with other sector professionals and com-
munities; and improved design, planning, and management
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of the health system to facilitate greater community
involvement, intersectoral collaboration, and decentraliza-
tion (adapted from Tarimo and Webster, 1994).
A Balance Sheet of PHC Implementation:
Context and Progress

The Policy Context of PHC

In the 30 years since the Alma Ata Declaration there has
been significant progress in global health with an overall
increase in life expectancy. However, rapidly widening
inequalities in health experience between and within
countries – and even reversals in Africa and the former
Soviet Bloc countries – give cause for concern.

These reversals are due to the emergence of new
diseases, especially HIV/AIDS, and the resurgence of
old ones such as TB, malaria, cholera, and dengue, as
well as an alarming rise in the prevalence of noncommu-
nicable diseases and violent trauma – especially among
the poor in developing countries.

This disease pattern, and the widening inequalities
in health experience, are a reflection of demographic
changes together with rapidly widening disparities in
socioeconomic status, structural unemployment, increas-
ing pollution of the environment, social disruption, and
its exploitation by the drug, alcohol, and tobacco trade
(WHO, 1998b). Ultimately, this pattern is a reflection of
growing inequalities in wealth between and within
countries with the income gap between rich and poor
being greater than ever before.

The situation outlined in the preceding paragraphs is a
result of a complex history of uneven economic and social
development extending over centuries, but progressing
much more rapidly over the past 100 years or so, and
more recently of what is termed globalization. The latter,
ushered in by the debt crisis and structural adjustment
programs of the 1970s and 1980s, has been underpinned
by policies that have accelerated economic stratification
and resulted in chronic underfunding of social services,
including the public health infrastructure, especially in
rural or peripheral areas.
The Declining Capacity of Health Systems

The decline in health expenditure since the mid-1980s,
and the steady withdrawal by the state from provision of
public health services, has resulted in diminished capacity
of the health system to respond to the basic health needs
of communities.

Technological innovation and globalization have
greatly improved communications and information in all
countries, and have thus created the potential for
improved interventions in health care. However, the wid-
ening inequities between rich and poor and between
industrialized and developing nations, coupled with the
near-collapse of peripheral health services in many devel-
oping countries, has meant that such advances benefit
only a minority.

Community-level care and programs have also suffered
from a decline in support for community health worker
schemes, occasioned by a complex of factors which
have included observed limitations of such programs
(Lehmann and Sanders, 2007), perceived threats by the
medical establishment to their hegemony, and financial
problems besetting developing country governments and
communities.

With less and less money, ministries of health in devel-
oping countries have resorted to support from bilateral
donors and global health partnerships (GHPs) and initia-
tives (GHIs), which now largely determine the main lines
of action of health programs. This increased reliance on
donor aidwith its priorities is discussed later in this article.

Underfunded government services are, and are per-
ceived to be, deteriorating in quality, with the result that
communities are increasingly losing confidence in them
and often turning to traditional and private practitioners.
In many poor countries declining public sector wages have
spawned corruption which has become institutionalized in
many health facilities (Bassett et al., 1997).
Different Interpretations of PHC

A major fault line over the past period – and something
which was in fact introduced in the Alma Ata document
itself – has been the definition of PHC as both a ‘level of
care’ and an ‘approach.’ These two different meanings
have persisted and perpetuated divergent perceptions
and approaches. Thus, in some industrialized countries
and sectors PHC became synonymous with first-line, or
primary, medical care provided by general doctors, with
the result that PHC has been viewed by many as a
cheap, low-technology option for poor people in devel-
oping countries (Tarimo and Webster, 1994).

Even in countries that embraced PHC as the key
to Health for All (HFA), escalating foreign debt, global
economic recession, and reductions in health and social
sector spending in the 1980s bedeviled its implementa-
tion, leading to the following conclusion: ‘‘It was adopted
several years too late for the political and social move-
ments that could have provided support and served as a
springboard for development’’.

As summarized above, global economic and social con-
text and policies have been inimical to the implementation
of an approach to PHC that emphasizes equity and parti-
cipatory social development. Despite the above differ-
ences in interpretation of the concept of PHC and
the changes in the economic and political climate there
have been significant successes in implementing PHC.
These have, however, been mainly in the development of
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peripheral health services, rather than in the facilitation of
social development through the promotion of an intersec-
toral approach and community participation, which might
lead to improvements in living environments and provi-
sion of job opportunities – a philosophy that was at the
core of the Alma Ata Declaration.

In the following section we consider the progress that
has been made in relation to implementing key aspects of
PHC over the past 3 decades.
Progress in Implementing the Eight Program
Elements of PHC

The Alma Ata Declaration suggested that primary health
care, at the very least, should include a set of eight basic
elements, namely: an adequate supply of safe water and
basic sanitation; the promotion of food supply and proper
nutrition; maternal and child health care, including family
planning; immunization against the major infectious dis-
eases; the prevention and control of locally endemic
diseases and appropriate treatment of common diseases
and injuries; health education; and the provision of essen-
tial drugs. Later, mental health was added as a ninth
element of PHC.

Since the early 1980s there has been considerable
progress in the coverage of populations with these essen-
tial elements of PHC, although the gap between availabil-
ity in the industrialized and least developed countries is
widening as is that between the rich and poor within
countries.

In summary, there has been some progress in improving
access to water supply and sanitation, although great differ-
ences continue to exist between and within countries and
social groups. For example, in high-income areas in cities in
Asia, Latin America, and sub-Saharan Africa, people have
access to several hundred liters of water delivered to their
homes, but slum dwellers and people in rural areas have
access to less than 20 liters a day, and a little less than half
the developing world’s population (2.6 billion) is deprived
of sanitation (UNDP, 2006). A welcome development over
the past period, however, has been the shift in focus from
water quality alone toward a more integrated approach to
environmental improvement.

The nutrition situation in developing countries
remains serious. According to data from the Food and
Agriculture Organization, every day 799million people
in developing countries – about 14% of the world’s
population – go hungry (FAO, 2003). Clearly, progress
in this area demands not only health sector interventions
(e.g., treatment of infectious disease, supplementary feed-
ing, nutrition education) but also effective intersectoral
actions to improve living conditions and household food
security (Mason et al., 2006).

The most spectacular achievements have been in
maternal and child health care and family planning,
although maternal health has received far less attention
than child health, with levels of maternal mortality
and morbidity from largely preventable causes in devel-
oping (particularly the least developed) countries remain-
ing unacceptably high. Maternal mortality is the highest
in Africa where the lifetime risk of maternal death is
1 in 16 compared with 1 in 2800 in rich countries
(WHO, 2005a).

Child health-care provision has increased greatly
over the past 2 decades with the vigorous promotion of
certain selected ‘Child Survival’ technologies: growth
monitoring, oral rehydration therapy (ORT), breastfeed-
ing, and immunization (GOBI). Of these, immunization
has shown the most dramatic improvement, with global
coverage of children under 1 year increasing from 20%
(WHO, 1992, cited in Tarimo and Webster, 1994) in 1980
to 78% by 2005 (WHO, 2006). This impressive progress
notwithstanding, there remain areas for concern. These
include stagnation in immunization coverage since 1990,
with the most difficult-to-reach population being the
group experiencing a disproportionate burden of vac-
cine-preventable disease; the reappearance of diphtheria
in the Newly Independent States as a result of vaccine
shortage and poor program management; and only 57%
coverage of pregnant women with tetanus toxoid vaccine
being attained (WHO, 2006).

Acute respiratory infection (ARI) and diarrheal dis-
eases are the two leading causes of death in children
under 5 years of age globally. Since the early (in the case
of diarrhea) and late 1980s (in the case of ARI) standar-
dized case management guidelines have been developed
with rewarding results: however, particularly in the case of
diarrhea, the impact has been less than anticipated, due to
interrupted and inaccessible supplies of oral rehydration
solution, improper usage, and an unabated high incidence
of diarrhea as a result of minimally improved environ-
mental hygiene and persisting malnutrition (Werner and
Sanders, 1997). Most deaths among under-fives are still
attributable to just a handful of conditions and are avoid-
able through existing interventions, mostly pneumonia
(19% of all deaths), diarrhea (18%), malaria (8%), mea-
sles (4%), HIV/AIDS (3%), and neonatal conditions,
mainly preterm birth, birth asphyxia, and infections
(37%) (WHO, 2005a).

Control of the three most common and serious com-
municable diseases, tuberculosis (TB), HIV/AIDS, and
malaria, has proved elusive. TB exacts an annual toll of
8.8 million new cases and 1.6million deaths worldwide
(Maher et al., 2007); its prevalence has risen sharply over
the past 2 decades as a result of HIV infection, deteriorat-
ing socioeconomic conditions, and poor-quality control
programs, together with the emergence of multidrug-
resistant organisms. Similarly, the HIV epidemic has
spread rapidly to affect an estimated 40million indivi-
duals (UNAIDS, 2006), most of whom live in developing
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countries. In countries hardest hit by HIV, for example,
Botswana, Lesotho, South Africa, and Swaziland, there has
been a dramatic impact on survival with over 10 years in
life expectancy being lost over a short period of time. The
malaria situation remains serious, particularly in sub-
Saharan Africa where it imposes high mortality and mor-
bidity levels and a major economic burden from lost
productivity and escalating treatment costs as antimalarial
drug resistance spreads. Every year, malaria causes
approximately 1million deaths (the majority of which
are infants and children in Africa), and between 350 and
500million people get sick with malaria (The Global
Fund, 2006).

Current strategies for control of these diseases are
multifaceted and remarkably similar. Given these syner-
gies and the magnitude of the dual epidemics of HIV and
TB, global partnerships like The Global Fund to Fight AIDS,
Tuberculosis and Malaria, The Stop TB Partnership, and Roll

Back Malaria were established.
Technologies employed in all three cases have evolved

considerably in the past decade, for example, improved
short-course anti-TB drug regimens, the syndromic
management of sexually transmitted infections (STIs),
increased access to antiretroviral therapy (ART), and geo-
graphic information systems to assist in targeting malaria
vector control. However, sustained success in combating
these diseases is unlikely without well-developed health
systems, improved living and working environments
secured through antipoverty measures and coordination
with health-related economic and social sectors, and
active participation by communities in such control cam-
paigns. Indeed, a recent review has pointed out the lack of
evidence for effectiveness of directly observed therapy –
short course (DOTS) in the absence of a well-functioning
health service and community engagement (Volmink and
Garner, 1997).

The major noncommunicable diseases (NCDs) such
as cardiovascular disease, cancers, diabetes, and mental
illness, together with violence and injuries, contribute
significantly to the burden of disease in developed and,
increasingly, developing countries. The WHO estimates
that currently 60% of all deaths are caused by NCDs.
Reflecting increasing contamination of the food chain
and the environment by chemical, hormonal, and radio-
active pollution, most cancers are on the increase in
both developed and developing countries, an exception
being lung cancer, which is declining among men and
the younger generations in developed countries as a
result of reduced tobacco consumption; the reverse is
generally true for women everywhere, as well as for
developing countries where smoking is on the increase.
Diabetes, too, has become much more common glob-
ally, reflecting inappropriate dietary patterns and exer-
cise habits. Cardiovascular disease is now becoming
more common in developing countries but has declined
dramatically in most developed countries: here smoking
reduction, particularly among men, has been a major
factor.

The high prevalence of mental illness and the increas-
ing incidence of violence and injury reflect marked
changes in living and working environments which are
characterized by rapid, squalid, and stressful urbanization,
structural unemployment, and increasingly visible dispa-
rities within most societies. In recognition of the burden
of mental disorders and their costs in human, social, and
economic terms, the WHO developed a set of recommen-
dations for action, many of which incorporated the prin-
ciples of PHC (WHO, 2001).

The complex epidemiology of noncommunicable dis-
eases reveals starkly the inadequacy of control measures
based on a narrow medical-technical approach which in
the past relied heavily on a combination of medical mea-
sures and individually directed health education. It is
clear that a wide-ranging set of actions, involving a
range of sectors and tied to more fundamental measures,
is necessary for sustainable impact.

Thus it is that the understanding and application of
health education, one of the elements of PHC, has
evolved significantly from a preoccupation with individ-
ual behavior change toward a broader set of activities
termed health promotion, whose scope has been elaborated
at international conferences beginning with Ottawa
(1986), and most recently in Bangkok (2005) and which
incorporates individual as well as social action.

The final program element to consider is essential drugs.
Since 1978, when the Action Program on Essential Drugs
was established, great progress has been made. By 1990,
64 countries had installed operational essential drugs
programs, 28 were developing such programs, and at
least 68 had formulated national drug policies (Tarimo
and Webster, 1994).

By 2002, at least 156 countries in total had adopted
national essential drugs lists and over 100 countries
had national policies in place or under development.
Despite this, however, approximately two billion people
still do not have regular access to essential medicines
(Quick et al., 2002). At the same time the drugs bills for
most countries and their health services remain massive,
and wastage and irrational drug use in public and espe-
cially private sectors remain problems. Despite the intro-
duction of an Essential Medicines List for Children, there
is still a great need for comprehensive national policies
and actions covering procurement and quality control,
distribution, and rational prescribing and dispensing, as
well as consumer education.
Progress in Health Systems Development

Support at the national level for the reorientation of
existing facilities and personnel has been visible in many
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countries where large numbers of workshops on PHC
have been organized for health workers, and organiza-
tional structures developed to facilitate PHC implemen-
tation. Logistic support for health services in terms of
drugs, equipment, vehicles, and communications has fre-
quently been inadequate, often determined by the overall
level of development of the country, except where special
(often donor-provided) resources have been allocated, as
in the case of immunization and diarrheal-disease control
programs (Tarimo and Webster, 1994).

In recognition of the fact that, almost a decade after
Alma Ata, the activities of various programs and institutions
largely continued to be piecemeal and poorly coordinated,
and that health services often remained concentrated in
particular areas, leaving large population groups with little
or no access to health care, the concept of the district health
system (DHS) was born. The DHS has been promoted as
the unit withinwhich the implementation of primary health
care by the health and health-related sectors (public and
private) and communities can be best organized and coor-
dinated. District management structures were envisaged as
a focus for decentralization of political power and resources,
increased democracy, and equity.

Notwithstanding their potential as a mechanism for
decentralized health systems management, Tarimo and
Webster (1994) suggested that despite efforts over the
previous 10 years or more, there were few countries
where district health systems were functioning fully and
effectively. In part this was seen as a result of many
interventions being externally funded and based on ‘blue
print’ models which did not create local ownership of the
district system or a sense of commitment among those
responsible for implementing the changes.

While the recognition at Alma Ata of the importance
of health services research and operational studies has
stimulated skills development, training materials produc-
tion, and even health systems research studies, investment
in and utilization of findings from these activities remain
weak. Often this results from the lack of relevance of this
research and/or the noninvolvement of decision-making
cadres in its planning and conduct and the application of
inappropriate methodologies.

Fiscal austerity, which has been a feature of the global
economic crisis of the past 3 decades, demands greater
value for money. Together with rising unemployment and
changes in the labor market, changes in demographic and
social trends, and rapid technological advances with major
cost implications for health services, it has, over the past
2 decades, driven a process of health sector reform in
industrialized and developing countries. The implications
of this have been felt at the district level.

Although there is no consistently applied, universal
health-care reform package, it essentially includes the
following: the restructuring of national health agencies;
better planning and more efficient implementation
strategies and monitoring systems; the introduction of
user fees for public health services; the establishment of
health insurance schemes; introducing managed com-
petition among service providers; and working with the
private sector through contracting, regulating, and fran-
chising different private providers (Cassels, 1995).

Whereas the above aims appear rational in their con-
ception, the reform process has evolved at different rates
and to different extents in different countries and it is
difficult to generalize about the success of its imple-
mentation. It appears that in many, especially developing,
countries the rhetoric of implementation often masks the
truth that fundamental change has not occurred (Mills,
1998). Piecemeal approaches have sometimes aggravated
inequities (as with user fees in several countries) (Kutzin,
1995), or have led to a deterioration of local health services
as decentralization of responsibility has occurred, mostly
without the accompanying decentralization of resources
and enhancement of local capacity.

Furthermore, the focus on cost-effective and effi-
cient ‘delivery’ of ‘health-care packages’ threatens to
aggravate the neglect of the process of health devel-
opment and reinforce the technicist emphasis seen with
selective PHC.

The emergence in the 2000s of a plethora of GHPs
or GHIs – such as the Global Alliance on Vaccines and
Immunizations (GAVI), the Global Fund to Fight AIDS,
TB andMalaria (GFATM), theWorld Bank Multicountry
AIDS Program (MAP), and the U.S. President’s Emer-
gency Plan for AIDS Relief (PEPFAR) – have reinforced
the selective approach to PHC: under pressure to show
rapid results, they have developed country-wide, disease-
specific funding mechanisms which are vertically im-
plemented and managed. Although there is little evidence
to date on the system-wide effects of the disease-specific
GHIs, there is a concern that these target-driven,
performance-based funding mechanisms may put pres-
sure on countries to ‘‘pursue low-hanging fruit and focus
on more easily reached target populations (Brugha et al.,
2005) and politically high-profile treatment campaigns,
thereby exacerbating inequities and neglecting popula-
tion-wide public health programs.

Although the rationale is compelling for decentraliza-
tion of implementation and management of PHC to a self-
contained geographic area, the DHS is potentially being
misappropriated by those concerned with the technical
aspects of management (e.g., information systems, man-
agement development) rather than with its role in devel-
oping comprehensive services within subdistricts (Tarimo
andWebster, 1994). The DHS was, after all, conceived as a
means to better organize and support integrated and
comprehensive PHC.

In some contexts – particularly in hierarchical and
nonegalitarian societies – there has been strong, and
even violent, opposition to PHC efforts where they have
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been seen to be succeeding, and/or are perceived to be
a subversive and even revolutionary social enterprise
(Heggenhougen, 1984).
Progress with Human Resources for Primary
Health Care

The successful functioning of health systems depends
crucially on adequate numbers and competence of per-
sonnel who account, in most countries, for at least 70% of
recurrent expenditure on health services. Consequently,
not only does human resource development (HRD)
assume a place of priority but is also a primary step in
health systems development.

Since 1978 there has been a considerable expansion in
health human resources, particularly at the ‘auxiliary’ or
‘paramedical’ level in developing countries and, especially
in the immediate post Alma Ata period, in the community
health worker cadre. Despite this, many poor countries,
especially the least developed, have too few health work-
ers to provide universal coverage, and in all countries
there continues to be significant maldistribution of, and
imbalances between, various types of health workers.

Teamwork to implement PHC is on the whole poorly
developed and the motivation and competencies of health
personnel require considerable strengthening, especially
in the nonclinical domains. Also, greater involvement of
traditional practitioners in the health system has been
advocated in some countries: achievements in this regard
have been limited, with the notable exceptions of China
and India where progress largely antedated Alma Ata.

If education and training are to serve the development
of comprehensive and integrated health systems, then the
PHCA, with its clinical and public health components,
needs to permeate much more strongly most health pro-
fessional education. There is, however, in most tertiary
health science educational programs an unfortunate sep-
aration between the clinical health care and public health
components. The latter is often marginalized in the formal
curriculum and, when present, is usually presented in an
abstract and theoretical form. Indeed, the substantial failure
of most tertiary education health science institutions to
adapt their missions and activities to the challenge posed
by HFA has probably been one of the most significant
impediments to the successful implementation of PHC,
and a major reason for the continued dominance of spe-
cialist and hospital-based health care in many countries.

There are also many aspects of the management of
human resources which are critical to the functioning of
the health system and to which insufficient attention has
been given. These include satisfactory remuneration, pos-
itive work environments, and good supportive systems
( Joint Learning Initiative, 2004) so as to specifically
address the retention of skilled health workers in the
context of their migration from low- to high-income
countries, as well as the provision of ongoing support and
supervision of health personnel. Neglect of these has
contributed to demoralization and loss of personnel and
inefficient and low-quality service provision in the public
health sectors of many countries (Bassett et al., 1997).
Summary

While progress in implementing the PHC strategy in
developing countries has been greatest in respect to cer-
tain of its more medically related elements, the narrow
and technicist focus characterizing what has been termed
the selective PHC approach (Walsh and Warren, 1979) has at
best delayed, and at worst undermined, the implementa-
tion of the comprehensive strategy codified at Alma Ata.
The adoption in developing countries of certain selected
interventions – such as ORT and GOBI – created the
centerpiece of UNICEF’s Child Survival Revolution,
which, it was argued, would be the ‘leading edge’ of
PHC ushering in a more comprehensive approach at a
later stage. The relative neglect of the other PHC pro-
gram elements and the shift of emphasis away from equi-
table social and economic development, intersectoral
collaboration, and community participation, as well as
the need to set up sustainable district-level structures,
all suited the prevailing conservative winds of the 1980s
(Rifkin and Walt, 1986). It gave donors and governments
a way of avoiding the fuzzier and more radical challenges
of tackling inequalities and the underlying causes of
ill health.

A key thrust of later health sector reforms is the quest
for technical efficiency. This aims to improve spending on
health by proposing a ‘package’ of public health interven-
tions and a ‘package’ of essential clinical services, the
content of which is determined by what are regarded as
cost-effective interventions. This approach is, in effect, a
more elaborate version of the selective PHC approach,
virtually neglecting intersectoral work and community
involvement.

Proponents of the selective approach point to the im-
pressive increases in immunization coverage, the declines
in infant mortality in many countries, and the successful
eradication of polio from the Americas. However, not-
withstanding these successes, questions have been raised
about the sustainability of mass immunization campaigns
(Hall and Cutts, 1993), the effectiveness of health-facility-
based growth monitoring (Chopra and Sanders, 1997),
and the appropriateness of ORT when promoted as
expensive and often inaccessible sachets or packets and
without a corresponding emphasis on nutrition, water, and
sanitation (Werner and Sanders, 1997). Evaluations at both
national and provincial levels have found that it is only
when core service activities (such as the child survival
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technologies, DOTS, and use of management guidelines for
common diseases) are embedded in a more comprehensive
approach (which includes strengthening health systems,
engaging health-related sectors, and involving local com-
munities) that real and sustainable improvements in the
health status of populations are seen (Gutierrez et al., 1996).
The Revitalization of Primary
Health Care

In advocating primary health care, the Alma Ata Declara-
tion affirms that health is determined mainly by factors
lying outside the medical or public health services.
Countries that have achieved the greatest and most dura-
ble improvements in health are usually those with a
commitment to equitable development that is broad-
based and multisectoral. Good empirical evidence for
this comes, for example, from a set of poor developing
countries – the ‘Good Health at Low Cost’ examples of
Sri Lanka, China, Costa Rica, and Kerala State in India.
These countries demonstrated that investment in the
social sectors, and particularly in women’s education,
health, and welfare, had a significant positive impact on
the health and social indicators of the whole population
(Halstead et al., 1985).

To realize the equity essential for a healthy society,
evidence suggests that a strong, organized demand for
government responsiveness and accountability to social
needs is crucial. Tacit recognition of this important
dynamic informed the Alma Ata call for strong commu-
nity participation. To achieve and sustain the political will
to meet all people’s basic needs, and to regulate the
activities of the private sector, a process that involves
citizen participation is essential. In fact, analysts have
noted that such political commitment was achieved in
Costa Rica through a long history of egalitarian principles
and democracy, in Kerala through agitation by disadvan-
taged political groups, and through social revolution
in China (Halstead et al., 1985). Robust community
involvement is important not only in securing greater
government responsiveness to social needs but also in
providing an active, conscious, and organized population
so critical to the design, implementation, and sustainabil-
ity of comprehensive health systems.

Given that the current global sociopolitical environ-
ment is markedly different from that of the late 1970s and
is not generally supportive of a basic needs approach to
social development, a number of strategies need to be
employed – in different combinations depending on
the particular situation – to revitalize PHC and drive
forward the HFA initiative. Reflecting the dialectical
relationship between strong, organized community demand
and government responsiveness and accountability, these
strategies are complementary and are ‘bottom-up’ (e.g.,
community-based program development) as well as ‘top-
down’ (e.g., policy development and planning).

The PHC approach is based on the understanding that
health improvement results from a reduction in both
the effects of disease (morbidity and mortality) and its
incidence, as well as from a general increase in social well-
being. The effects of disease may be modified by success-
ful treatment and rehabilitation and its incidence may
be reduced by preventive measures. Well-being may be
promoted by improved social environments created by
the harnessing of popular and political will and effective
intersectoral action.

Of particular relevance to the development of com-
prehensive health systems is the clause in the Alma
Ata Declaration stating that PHC ‘‘addresses the main
health problems in the community, providing promo-
tive, preventive, therapeutic and rehabilitative services
accordingly.’’

Comprehensive health systems include, therefore, both
therapeutic and rehabilitative components to address the
effects of health problems, a preventive component to
address the immediate and underlying causative factors
that operate at the level of the individual, and a promotive
component which addresses the more basic causes which
operate usually at the level of society.

For example, using the example of diarrhea in chil-
dren, and starting with a disease focus, oral rehydration
and nutritional support are required immediately, fol-
lowed by a process of nutritional rehabilitation so as to
restore the child to a state of well-being. However, these
interventions need to be complemented with health edu-
cation about the importance of hand washing, food
hygiene, breastfeeding, and immunization. Coupled with
such preventive measures ought to be broader, develop-
mental interventions such as the promotion of improved
child care, household food security, and access to water
and sanitation so as to comprehensively address the root
causes of diarrhea in children.

Strategies for comprehensively tackling such health
problems can be grouped essentially under two, comple-
mentary headings: promoting healthy policies and plans,
and developing comprehensive community-based pro-
grams. Success of these strategies depends on the creation
of a facilitatory environment through such actions as
advocacy, community mobilization, capacity-building,
organizational change, financing, and legislation.
Developing and Promoting Healthy
Policies and Plans

The choice between various policy options must be made
on the basis of an ethical framework or a clear set of values
and principles: these are essentially those enunciated in
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the Alma Ata Declaration with emphasis on equity

in health and participation in decision making about mat-
ters that affect both individual and societal health.

Governments and international organizations have a
responsibility to ensure the conditions and opportunities
to enable present and future generations to exercise these
rights. Public health problems, and therefore necessary
responses, are becoming increasingly global. Conse-
quently, the need for strong global leadership is crucial,
along with a strong advocacy role. An agency, such as the
WHO, should assume this responsibility: it should take
the lead in analyzing and publicizing the negative impact
globalization and neoliberal policies are having on vul-
nerable groups. It should spearhead moves to limit health
hazards aggravated by globalization, including trade in
dangerous substances such as tobacco, alcohol, and narco-
tics, and the arms trade. At the same time, WHO should
demonstrate and promote the benefits of equitable devel-
opment in the realization of HFA – which includes strong
investment in the social sectors. It should vigorously pro-
mote health as a human right and give support to govern-
ments in building their capacities in policy, planning, and
advocacy. At the time of writing this article, WHO is
showing a renewed interest in PHC.

In a similar manner, governments should, in develop-
ing health policies and plans, give serious consideration to
employing a process that engages as partners those sec-
tors, agencies, and social groups critical to the achieve-
ment of better health. The first step is creating awareness
of the need to make health objectives part of the broader
process of socioeconomic development. Since ‘health’ and
‘medicine’ have become virtually synonymous in the
popular consciousness, it is important to convey the
understanding that ill health results from unhealthy living
and working conditions, from the failure of society to
equitably provide health-promoting conditions, and not
merely from a biological organism. It then becomes obvi-
ous that health problems are the result of multisectoral
failure and that their solution cannot lie in health care
alone, but requires comprehensive and intersectoral
actions. Such advocacy needs to be illustrated by a dem-
onstration of health inequities and their social determi-
nants, and needs to be directed in a user-friendly fashion
at all prospective partners, especially underprivileged
communities and their political representatives. The
importance of addressing these factors and understanding
the role of other sectors in health improvement has led to
the appointment by WHO of a Commission on Social Deter-
minants of Health in 2005. Here the media also have an
important role to play.

The policy development process must be as transparent
and inclusive as possible to secure broader understanding
and greater ownership of the policies. Developing
consensus by initiating a dialogue with the public and
enlisting their support can contribute to the continuity
and sustainability of policies for health. The setting of
goals and indicators (for different levels) through a partic-
ipatory process can be valuable in defining policy objec-
tives more specifically, allowing progress to be monitored
by partners and affected communities, and can assist in
popularizing public health issues. Such processes can help
focus partners on the scope and rationale for the policy,
and on their roles in implementation, and become a
rallying point around which civil society can mobilize
and demand accountability.

Following a PHC approach, the formulation and
implementation of health policies thus requires new alli-
ances with different sectors, voluntary organizations, and
public and private bodies. The health sector needs to take
leadership in prioritizing health in other sectors: here the
establishment of functional intersectoral structures is
desirable.

The implementation of policies may require different
actions at different levels. These include laws on financial
and management instruments, and, importantly, on
mechanisms to involve networks within civil society.
Financing should be equity based to ensure that under-
privileged groups are not excluded from health care for
economic reasons. Resources should be allocated accord-
ing to need rather than for services actually delivered.
The monitoring and evaluation of progress in policy
implementation ought to be done in such a way as to
embrace a sense of accountability – with the progress
toward goals being presented to elected bodies or dis-
played in the mass media.
The Development of Comprehensive,
Community-based Programs

The implementation of PHC has too often focused on the
(often facility-based) therapeutic and preventive compo-
nents of comprehensive care, while the promotive aspect,
which focuses on the broader social determinants of
health, is often neglected. This gap urgently needs to be
bridged, as they are clearly indivisible in the process of
health development.

Much experience has been gained internationally
in the development of comprehensive and integrated
programs to combat undernutrition: these experiences
can provide useful lessons for other programs (Mason
et al., 2006).

The principles of comprehensive program develop-
ment apply to all health problems, whether specific com-
municable (e.g, diarrhea) or noncommunicable diseases
(e.g., ischemic heart disease) or health-related problems
(e.g., gender-based violence).

Once the priority health problems in a district have
been identified, the first step in program development is
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to conduct a situation analysis. This should identify the
prevalence and distribution of the problem, its causes, and
potential resources, including community capacities and
strengths, which can be mobilized, and actions that can be
undertaken to address the problem. The more effective
programs have taken this approach, involving health work-
ers, other sectors’ workers, and the community in the three
phases of program development, namely, assessment of the
nature and extent of the problem, analysis of its multilevel
causation, and action to address the linked causes.

Clearly, the specific combination of actions making up
a comprehensive program will vary from situation to
situation. However, there are certain principles that
should inform program design, one of which is the delib-
erate linking of actions that address causative factors
operating at different levels. So, for example, in a nutrition
program any intervention around dietary inadequacy
(immediate level of causation) should also address house-
hold food insecurity (underlying level of causation). Thus,
the choice of food supplement should be based not only
on its nutrient value but also on its availability, cost, and
cultivability and/or purchasability. The careful choice of
an appropriate food supplement should be reinforced as
an educational action in order to positively influence food
habits and feeding practices. Clearly this principle of
linking therapeutic or rehabilitative (feeding), preventive
(nutrition education), and promotive actions (improved
household food security) could and should be applied to
health programs other than nutrition.

In addition, a nutrition program will include a mini-
mum of core health service activities (mostly facility
based) including effective growth monitoring and promo-
tion, the integrated management of childhood illness, the
promotion of breastfeeding, the promotion of energy, and
nutrient-dense weaning diets based on commonly avail-
able local foods.

Similar minimum or core service components can also
be identified for other health programs, for example,
activities in the Safe Motherhood Initiative, the integrated
management of childhood illnesses (IMCI), DOTS, tech-
nical guidelines for the management of common noncom-
municable diseases, and so forth. There is an advantage in
standardizing and replicating these core activities in
health facilities at different levels, thus reinforcing their
practice throughout the health system.
The District Health System, Subdistricts, and
Health Centers

As mentioned earlier, there are at a local level in most
countries a number of health programs, often vertically
organized and centrally administered, with specialized
staff who perform only program-specific functions.
The development of comprehensive programs that are
integrated into a decentralized district service inevitably
requires transformation of both management systems
and health worker practice. Making the transition from
a centralized bureaucratic system to a decentralized,
client-oriented organizational culture calls for a signifi-
cant investment in the reorientation and development
of the existing management systems, structures, and capac-
ityof health personnel. District-level staff must be trained in
order to support decentralized development of comprehen-
sive programs with clear roles, goals, and procedures.

To properly undertake the challenge of health devel-
opment, health personnel need to be able to gather
and use appropriate health information for planning pro-
grams as well as for monitoring and evaluating their
implementation.

Interventions in this field are seen as a very cost-
effective technical and financial investment (World
Bank, 1993). However, there has not been adequate effort
to develop, implement, and use locally relevant health
and management information systems, and there is still
transmission of raw data to the national level without
informing district management. District-level staff there-
fore have to make major decisions based on estimates, and
very often they lack the skills needed to do so. Even when
routinely collected information is available and relevant,
subdistrict and district managers often have difficulty in
getting access to it because of resource constraints, unin-
telligibility of technical jargon, and general lack of
empowerment. As a result, these personnel have only
limited opportunity to learn from new ideas and from
the data concerning their work.

There have been a number of attempts to set up
appropriate information systems which have led to
improvements in data collection, the improved relevance
of information, and improved supervision. However, these
have generally been small-scale projects which have not
been replicated on a larger scale. There needs to be
increased support for taking these small projects to scale
and developing ‘bottom-up’ models of information
systems that are relevant for the service provider, that
support the management decisions of the district man-
ager, and yet feed into the overall information needs of
higher levels.

Where information for planning and program or sys-
tem development or improvement is lacking, health sys-
tems research is an important tool to assist decision
making (Tarimo and Webster, 1994). There is now signifi-
cant experience in using the ‘district problem-solving’
approach, where health personnel identify priority health
system problems and are guided in the development of
research approaches to identify their causes and fashion
appropriate solutions (Varkevisser et al., 1991). Here there
is an important opportunity for academic departments of
public health to develop productive working relationships
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with the health sector and at the same time strengthen the
relevance of their educational efforts.

Some district managers and district-level personnel will
be based at the district center or hospital, but in most
situations the majority will be located in health centers
(HCs) or clinics in subdistricts. HCs are or should be the
focal point within the DHS for comprehensive PHC: they
should provide quality care as well as facilitate the promo-
tion of the community’s health.This implies that, apart from
their clinical skills, the health center team should have the
ability to identify and forge alliances with other health
workers (e.g., general practitioners, traditional healers, com-
munity or village health workers), other sectors, and non-
governmental and community-based organizations and
structures. For this, both subdistrict- and district-level
staff need skills in advocacy, negotiation, and compromise
(WHO, 1997a).

In the 1970s and 1980s an important role was given to
community health workers (CHWs) in the implementa-
tion of PHC. Indeed, many of the ‘model’ PHC initiatives
relied extensively on CHWs for their successful opera-
tion. One of the strongest features of CHWs is that they
are not merely a technical means of extending basic health
care to peripheral communities and households, but
occupy an advocacy and social mobilization role, enrolling
the conscious involvement of communities and other
sectors in health development. As a result of a number
of factors noted earlier, many of these programs have
proved difficult to sustain, and CHW programs have dis-
appeared from many countries or have been significantly
weakened. In the recent past there has been renewed
interest in CHWs and lay health workers, partly in
response to the critical shortage of health-care personnel
and partly as a result of the increasing health-care burden
imposed by the HIV epidemic (Lehmann and Sanders,
2007).

Such HCs and clinics should, ideally, be managed
locally by boards with a majority of local residents.
This would allow them to identify, analyze, and take
action in partnership with their communities on local
public health issues. Such actions could include the for-
mation of patients’ groups on particular health issues (e.g.,
diabetes, hypertension), establishing health education
groups, and working with other sectors such as housing,
education, welfare, and transport to assess the potential
for changing their operations so that they are more likely
to promote health.
Monitoring Equity in Health and Health Care

Equity is core to the policy of Health for All. As noted
earlier, reductions in public health and social services in
many countries are one of the contributing factors leading
to growing inequities in health. To more successfully
advocate for equity in health and health care among
international organizations, governments, donors, and
professional organizations, ministries of health need to
be able to demonstrate any social differentials in access
to health resources or in health outcomes. Their capacity
to routinely monitor equity in health and health care
needs to be strengthened through the use of simple yet
valid approaches, using where possible existing data
sources from all relevant sectors (McCoy et al., 2003).
Human Resource Development for Primary
Health Care

Sufficient numbers and effective performance of health
personnel in all phases of health systems development –
policy development and advocacy, planning, implementa-
tion, management and evaluation – is fundamental to,
almost a prerequisite for, the realization of HFA. In recent
years there has been increased recognition of the impor-
tance of human resources for health (HRH), impelled
primarily by Africa’s health crisis and the inability of
health systems to adequately respond. A large research
and advocacy project, the Joint Learning Initiative ( JLI),
undertaken early in the decade, has resulted in greater
attention to – and resources for – human resource devel-
opment ( Joint Learning Initiative, 2004).

In human resource planning, the dominant approach
of employing ‘norms’ to calculate numbers of health
personnel required needs to be supplanted by one that
considers not only their numbers, but, more important,
the competencies of personnel required to implement
PHC (Green, 1992).

With regard to education and training of health per-
sonnel, the PHCA needs to inform both the curriculum
content and the process and choice of venues of learning.
There is accumulating evidence that problem-oriented
and practice-based approaches result in more relevant
learning, and in the acquisition of problem-solving skills,
both necessary attributes for the successful development
of systems based on the PHCA. If health workers are to
contribute to a health system that enables people to
assume more responsibility for their own health, then
their training must expose them to the practice of com-
prehensive programming at the district level and to the
social issues at the community level.

The above suggestions for education reform apply
equally to all categories of health personnel, as well as
to undergraduate and postgraduate training. It has long
been acknowledged that nurses play a pivotal role in the
PHC team, and constitute the largest category of health
personnel in most countries. Endorsement of such educa-
tional reforms and their fuller elaboration and promotion
by countries’ nursing leadership is critically important
for progress toward HFA (WHO, 1997b).

In most countries, health science educational institu-
tions have not resulted in curriculum reform along the
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lines described above. Although there are indications that
some have embarked or will embark on such a course,
there will probably still be a significant delay before
sufficient ‘new’ graduates are available to work in and
transform the health system. Clearly, if the implementa-
tion of comprehensive PHC is to be achieved during the
next decades, the process of curriculum reform in the
educational institutions needs to be accelerated and
accompanied by a massive program of capacity develop-
ment of personnel already working in the health system. In
short, the current HFA imperative demands the rapid
expansion of continuing education activities, whether
through in-service learning programs conducted on site
within a district, or through postgraduate training pro-
grams offered by academic institutions.

Any PHC-related training should also include person-
nel from other health-related sectors as well as community
members: capacity development for these constituencies
has generally been neglected and has weakened the
growth of both community participation and intersectoral
involvement in health development.

Human resource management problems referred to
earlier cannot be solved within the health sector alone,
but will require more fundamental interventions in the
economy and in the public sector. However, some impor-
tant intrasectoral measures should be promoted; these can
be grouped broadly into incentives and regulations.
Among the possible incentives are: continuing education,
including the possibility of formal certification and quali-
fication for promotion; additional pay and accelerated
promotion as well as allowances for children’s schooling
for serving in remote and underserved areas; and honor-
ary academic appointments carrying both financial and
other privileges. Possible regulations include: limitations
on the licensing of private medical facilities; control over
public sector workers’ involvement in private practice;
and compulsory service in underserved areas for specified
periods after graduation (Tarimo and Webster, 1994).

In implementing a PHC approach, health workers
require a range of skills: they need to be able to work
across disciplines and sectors, to be knowledgeable about
both primary health care and public health, and to have a
strong commitment to community participation. In addi-
tion, the day-to-day management of human resources –
acknowledged to be critically important for the effective
functioning of district health systems – is an area that also
requires considerable investment and should be a priority
training issue.
Conclusions

It is clear that progress toward Health for All has been
uneven. Gains already achieved are under threat from a
complex and accelerating process of globalization and
neoliberal economic policies which are impacting nega-
tively on the livelihoods and health of an increasing
percentage of the world’s population and the large major-
ity in developing countries. Although the global PHC
initiative has been successful in disseminating a number
of effective technologies and programs that have reduced
substantially the impact of certain (mostly infectious)
diseases, its intersectoral focus and social mobilizing
roles – which are the keys to its sustainability – have
been neglected, not only in the discourse but also in
implementation.

Government health ministries need to enthusiastically
enter into partnerships with other sectors, agencies, and
communities to develop intersectoral policies that address
the determinants of inequities and ill health. The policy
development process needs to be inclusive, dynamic, and
transparent, and supported by legislation and financial
commitments.

The time is long overdue for energetically translating
policies into actions. The main actions should center
around the development of well-managed and compre-
hensive programs involving the health sector, other sec-
tors, and communities. The process needs to be structured
into well-functioning district systems, which, in most
countries, must be considerably strengthened, particu-
larly at the household, community, and primary levels.
Here comprehensive health centers and their personnel
should be a focus of effort and investment and the
reinstatement of community health worker schemes
should be seriously considered.

The successful development of decentralized health
systems will require targeted investment in infrastructure,
personnel, and management and information systems.
A key primary step is capacity development of district
personnel through training and guided health systems
research. Such human resource development must be
practice-based and problem-oriented, and must draw
on, and simultaneously reorient, educational institutions
and professional bodies.

Clearly, the implementation and sustenance of com-
prehensive PHC requires inputs and skills that demand
resources, expertise, and experience not sufficiently pres-
ent in the health sector in many countries. Here partner-
ships with NGOs and expertise in various aspects of
community development are crucial. The engagement of
communities in health development needs to be pursued
with much more commitment and focus. The identifica-
tion of well-functioning organs of civil society, whether or
not they are presently active in the health sector, should
be urgently pursued.

In promoting the move from policy to action, the
global health community needs to be much bolder in:
advocating for equity and legislation to facilitate its
achievement; pointing out the dangers to health of glob-
alization and liberalization; and stressing the importance



316 Primary Health Care
of partnerships between the health sector and other sec-
tors to ensure that comprehensive PHC programs are
developed. The WHO must assume greater responsibility
for influencing other multilateral and bilateral agencies
and donors, as well as NGOs and professional bodies,
toward a common vision of PHC, and must argue for a
major investment in health, especially in human resource
development, without which HFA will remain a mere
statement of intent.
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Private clinics and hospitals and privately employed indi-
viduals provide a significant volume of health services in
almost every country in the world. The extent of provision
and the areas of involvement vary across countries; how-
ever, variations in the size of the private health sector
cannot be systematically linked to the equity, quality,
coverage, or other measures of health system performance,
nor to the achievement of health policy goals. Despite
this, private engagement in health provision remains a
highly emotive topic. The reason for this derives in part
from a widespread misunderstanding of private health-
care delivery and the role it plays in health systems. This
article will clarify the key definitions related to private
service provision and summarize current knowledge on
the role that the private sector plays in both high- and low-
income countries. It will also present some of the most
important issues that arise in discussions of private provi-
sion from public health and policy perspectives.

A source of confusion for students of public health is
the often-complex overlap between financing and deliv-
ery of health services. The common perception is that
public payment for health services necessarily implies
public provision of health services. This is not the case,
and misunderstanding of this basic point leads to highly
erroneous conclusions about the health delivery systems
of both low-income and high-income countries. This arti-
cle focuses on private service delivery.

Private service providers are heterogeneous, encom-
passing world-class hospitals, unqualified drug sellers,
and the whole range of providers in between. The role
of the private sector varies by level of care, playing a
limited role in in-patient care in most countries, and
carrying more importance in the distribution and sale of
pharmaceuticals, outpatient care, and informal care in
low-income countries.

Background

Historically, health-care services were private in all coun-
tries until the rise of centralized governments in Europe and
Asia in the eighteenth century. Governments’ first inter-
ventions in health arose primarily to organize epidemic
prevention and public health services, includingmandatory
hospitalization for tuberculosis, plague, leprosy, and other
infectious diseases.With the rise of immunization options in
the late nineteenth and early twentieth centuries, publicly

supported health care expanded to prevention in many
countries. Throughout this period, care and treatment of
noninfectious diseases remained largely private, either for-
profit or provided through religious charities. Government
financing of care and treatment developed in parallel to
the growth in government-supported education, and by
the second half of the twentieth century, government-
sponsored medical care had come to be seen as a central
pillar of national social services.

Even where government financing of care is the stron-
gest, in Western Europe and other high-income countries,
service provision still often remains in the hands of private
hospitals, clinics, and clinicians. Historical development
and the institutional structure of the state appear more
important in setting the public–private mix of care provi-
sion than national values. The social insurance systems of
continental Europe, for example, based on the corporatist
model of government, have established systems with
extensive private provision, while ensuring equity of
access through their funding arrangements (Saltman
et al., 2004).

The Private Sector Today

It is necessary to look at three elements of service delivery
to understand private provision of health-care services
and how it is distinct from public provision: (1) the activ-
ity of providing services; (2) the facility in which provision
takes place; and (3) the employment arrangements for
individuals providing services.

Each of these may be private or public, and without
distinguishing among them, it is difficult and sometimes
meaningless to refer to service provision as public or
private.

The organization of the activity or operation of provid-
ing health care can be public or private, with the distinc-
tion determined by the control of decisions about the
activity, and control of funds generated by the activity.
When clinics or hospitals are publicly owned, key mana-
gerial decisions (e.g., about hiring practices or services
to be offered) are determined by government rules. Left-
over funds generated by their operation belong to the
treasury or public purse. When clinics or hospitals are
privately owned, the organization itself determines the
key decisions about its operation. The organization
(or its owners) has a legal claim to leftover revenue.
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This makes the possession of the rights to leftover income
and the responsibility for debts the clearest factors for
determining to which category the organization belongs.

Much of primary health care, for example, is delivered
by physicians who run their practice as a small business.
They control the key decisions about how to run the
practice. They are responsible for any debts, and are
entitled to any profits.

The facility or premises within which services are
being provided may be public or private. Public clinics
are almost always located in publicly owned buildings.
Private clinics and hospitals often do not own but rather
rent their premises. Sometimes private clinics are located
in publicly owned buildings. This does not make the
business, or operation, any less ‘private,’ since they still
decide how to run their practice, and leftover revenue
remains with the organization or its owners.

The employment arrangements for health profes-
sionals can be either public or private. Most staff working
within private health-care organizations are in private
employment contracts. Most staff working in public facil-
ities are on public employment contracts. These cate-
gories are not airtight, however. In a number of African
countries, health ministries provide publicly employed
health workers as a form of support to mission (nonprofit)
hospitals. Public hospitals in high-income countries often
have staff working under private employment contracts
for the provision of specialized services. Hence, even once
the public or private nature of a health-care organization
has been determined, an examination of the employment
arrangements within the organization may reveal a more
complex picture. Public and private employment arrange-
ments have different implications for incentives and
hence the behavior of individuals working in health-care
organizations.

Nonprofit Versus For-Profit

Another important distinction among private health-care
activities is their organizational form, including their
profit orientation. This distinction is important because
it influences the behavior of the organizations and, in
particular, may influence the degree to which behavior
is likely to be more social versus opportunistic. There is
also some evidence that they differ systematically with
respect to efficiency and productivity, with for-profits
exhibiting higher levels in some studies.

Many private health-care activities are organized as
nonprofit entities. They can be distinguished from other
service providers by the ‘nondistribution constraint’ – that
is, even though they may generate a ‘surplus’ of revenue
over expenditures, they cannot distribute this surplus to
individuals in the form of profits. They can spend it in
other ways, including higher wages or ‘perks’ to their

employees and managers, training/education, research,
community service, and subsidizing less profitable ser-
vices. Nonprofit organizations are also distinct from for-
profits in that they often pursue objectives other than the
financial bottom line. It is important to keep in mind
that only a small portion of nonprofit organizations are
socially oriented. Many membership organizations (e.g.,
cooperatives of milk producers) or lobbying organizations
(e.g., the National Rifle Association) are organized as
nonprofits, but are pursuing the interests of their mem-
bers and/or contributors rather than society at large.

For-profit organizations can be organized as either
small businesses or investor-owned (Deber, 2002). The
majority of private health-care providers are organized
as small businesses (sometime referred to as ‘proprietary’).
Most private clinics and diagnostic labs, for example, are
organized this way. While these organizations are run as a
business, and the proprietor certainly takes home any
profits generated, they do not have to generate a return
on any investment by external shareholders. This difference
is perceived to reduce the focus on the financial bottom
line, allowing professional values and ethics to exert a
greater influence. Hence, typically, policy makers are less
concerned with quality skimping and patient ‘cream-
skimming’ in the case of small health-care businesses.

Hospitals require very large amounts of capital invest-
ment, and therefore private hospitals are usually investor-
owned. External investors are understood to prioritize
return on investment – in either the form of distributed
profits or appreciation of the value of the hospital. The
focus on the hospital as a business often leads to concern
by policy makers and regulators that profit maximization
may reduce health-care quality or that unprofitable
patients will be discouraged or turned away.

Private Health-Care Provision in
High-Income Countries

In both high- and low-income countries, there is extensive
private provision of health-care services. However, private
providers play different roles and operate differently in
the two groups of countries (Saltman et al., 2006). This
section will characterize private provision in high-income
countries. The next section will discuss low-income
countries.

Primary health care is extensively delivered by physi-
cians organized as small businesses in high-income
countries, with the exception of Sweden, Norway, and
Finland (see Table 1). In most of these countries, private
providers play a coordinated role in the national health
system, reflected in the public (or social) funding of the
services. Funding is usually linked to the delivery of a
specific package of services – both curative and preventive
(e.g., immunizations, well-baby checkups). Hence, in the
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countries with predominantly private primary care sys-
tems, part of the package of core public health services is
delivered by private providers. However, in a few cases,
public funding is limited to public providers. As a result,
patients who utilize private services must pay themselves
(e.g., Spain, Portugal).

In high-income countries, a large portion of hospital
service is provided by nonprofit organizations, many of
which emerged from religious charities. Virtually the
entire hospital sectors of Canada and the Netherlands
are organized as a statutory class of nonprofit hospitals.
The majority of hospitals in Belgium (99 of a total of 157)
are nonprofit, as are 30% of hospitals in France. In Germany,
37% of hospital beds are nonprofit. The nonprofit hospital
sector is important in Australia and the United States as
well. For-profit (investor-owned) hospitals are less common,
playing a substantial role in delivery in only Australia, the
United States, Germany, and France.

This private provision takes place within a framework
of extensive public or social funding, as well as extensive
regulation and self-regulation, including accreditation
(see Table 2). The result is that private provision is
well-integrated into the system and performs relatively
well in ensuring equitable access and reasonable levels of
quality. This is not the case in low-income countries.

Private Health-care Provision in
Low-Income Countries

Although there is broad agreement that the private sector
plays an important role in the delivery of health services
in low-income countries, there remains much debate on
how to measure this role, and as a result, there is limited
consolidated evidence. The role of private expenditure for
health care changes relatively systematically, becoming
less important as national income increases (Musgrove
et al., 2002). The same cannot be concluded for private
service provision, which appears to be unrelated to the
level of private financing.

Low-income countries are characterized by ineffective
regulation, small and often fragmented national service
delivery programs, and the near total lack of public
financing transfers to private for-profit providers. As a
result, the role of private health providers varies greatly,
reflecting a combination of historical and political prio-
rities and the spontaneous demand of the population.

Consolidated information on providers is limited, and
national data on private provision must be questioned, both
because they do not include the informal or ‘‘less than fully
qualified’’ providers (Berman, 1998) and because biases in
reporting ignore the impact of dual employment, which can
miss the private clinics of providers with concurrent public
employment and also show providers as active in govern-
ment facilities even if never present (Ensor and Witter,
2000; Hongoro and Kumaranayake, 2000).

As a result of the poor supply of data in low-income
countries, utilization measures and payment data (from
household surveys) are often used as a proxy. Demo-
graphic and health surveys provide an indication of the
high importance of private providers as a source of health
care across all income strata in low-income countries
(Boone and Zhan, 2007), and national health accounts
data offer some insight into the high importance of
out-of-pocket expenditure for health care in the same
countries. Neither data set alone is sufficient to describe
the size, role, or distribution of private providers.

In an attempt to fill this void,Hanson and Berman (1998)
measured clinic numbers and hospital beds in both public
and private sectors across a number of countries. Using
both published and unpublished surveys and government
reports, we have recreated this assessment for 61 countries
(see Tables 3 an d 4). For countries with multiple data
points, we examined changes over time. The trend differs
by region, but in the rapidly growing economies of South
and East Asia we note that for-profit providers and private
hospitals are an increasingly important component of the
health systems. This is supported by changes in health

Table 2 The five most important areas of interaction

between government policy and private health service providers

1. Funding – Many governments use public funding of private

providers to ensure access to services for the population. This

may be implemented through set transfers or through a formal
contract for services

2. Regulation – Certification standards, treatment requirements,

and controls for medicines, procedures, and payment

mechanisms all affect private provision
3. Training – National governments support private provision

through medical education subsidies

4. Self-regulation oversight – Governments act to ensure

minimum standards of quality in provision for professionals
and facilities through oversight of self-regulation, usually

performed by professional and provider associations

5. Accreditation – Review of an organization’s compliance with
established quality standards is undertaken by an external

body

Table 1 Countries with predominantly private provision of

primary health care

Australia Denmark Netherlands

Austria Estonia New Zealand

Belgium France Norwaya

Canada Italy Slovakiab

Czech Republic Israel United Kingdom

aOvretveit J (2003) The Changing Public-Private Mix in Nordic
Healthcare – An Analysis. Goteborg, Sweden: Nordic School of

Public Health.
bSedláková D, Hlavačka S, and Riesberg A (2003) Major reforms

in Slovakia. Euro Observer 6(3).
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financing, illustrating that private out-of-pocket financing
of health care in these same economies, notably China,
India, Indonesia, Bangladesh, Vietnam, and the Philippines,
is both large and increasing.

Tertiary Care

In sub-Saharan Africa, many national health programs
were developed out of hospital and clinic networks created
by European missionaries during the colonial period. As a
result of this legacy, mission facilities are integrated into
national health systems in a number of countries, receiving
core funding from health ministry budgets as well as
subsidized and free medicines, and incorporated into
laboratory, referral, and vertical programs. In some South
Asian countries, particularly Bangladesh, Cambodia, and

Afghanistan, nongovernmental organizations (a special
class of nonprofit organization, usually with a humanitar-
ian or philanthropic focus) have taken on an important role
with government support, extending the reach of national
programs, again with core funding support through long-
standing contracts.

More common are stand-alone for-profit hospitals,
observed in almost all low-income countries and serving
foreigners, wealthy nationals, and, increasingly, ‘‘medical
tourists’’ (Marcelo, 2003). Private hospital numbers are
growing in many countries (Figure 1); in Indonesia, for
example, they grew from 25% of all facilities in 1997 to
more than half of all hospitals today (Thabrany, 2004).World
Health Survey (WHS) data consistently shows evidence that
in all low-income countries, the private sector is more
important in outpatient than in-patient care (WHS, 2002).

Primary Care

Private clinics, pharmacies, consulting rooms, and home
care make up the bulk of private practices in developing
countries, and the majority of patient interactions with the
private sector occur here (WHS, 2002). In China, for
example, 70% of all ambulatory care clinics are private
(Liu et al., 2006). There are conflicting arguments for
when and why this is the case, but broad agreement that
the reasons stem from a combination of accessibility,
responsiveness, perceived quality, and opportunity cost
(Castro-Leal et al., 2000).

Table 4 Private sector importance in high-income countries

Country
Beds
% private

Physicians
% private

Hospitals
% private

Aruba 100%

Australia 30%

Austria 28% 51%

Belgium 40% 63%
Bermuda 0%

Cayman Islands 0%

Cyprus 50%

Denmark 0%
Finland 4% 41%

France 20% 38%

Germany 10%
Greece 25% 18%

Israel 50%

Italy 22%

Netherlands 100% 90%
New Zealand 48% 94% 81%

Norway 0%

Portugal 23% 41%

Puerto Rico 56% 70%
Spain 31%

Sweden 19%

Switzerland 20% 56%
UK 5%

US 95%

Table 3 Private sector importance in low- and middle-

income countries

Country
Beds
% private

Physicians
% private

Hospitals
% private

Albania 0%

Argentina 43%

Armenia 9%
Azerbaijan 0%

Bangladesh 28% 50% 20%

Brazil 70% 68%

Burkina Faso 97%
Cameroon 80%

China 6% 2%

Costa Rica 24%
Czech Republic 9% 74% 32%

Dominican

Republic

38%

Ecuador 23% 26%
Ethiopia 87%

Honduras 62%

Hungary 2%

India 64% 93%
Indonesia <50% 1%

Kazakhstan 2%

Kenya 19%
Latvia 2% 7%

Lithuania 100%

Malawi 0% 39% 0%

Mexico 48%
Moldova 6%

Mozambique 14%

Nigeria 21% 27%

Panama 14%
Peru 49%

Poland 0% 9%

Rwanda 0% 77% 0%
St. Kitts/Nevis 20%

St. Vincent/

Grenadines

22%

Tanzania 7%
Turkey 8% 14% 22%

Uganda 90%

Venezuela 54%
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Where data are available, they indicate that the private
sector is often heavily involved in delivering priority
preventative and curative treatments (e.g., public health
priorities). In rich countries, this is by design and is linked
to policies (e.g., payments, subsidies, regulations); in poor
countries, it is often by default, based on demand and
social concern, and sometimes is linked to nonprofit
delivery. In most poor countries, immunizations are
done by public providers, though some countries (e.g.,
India) give vaccines to private providers to promote
coverage (Peters et al., 2002).

Nonprofits

In a number of African countries, religious missions
formed the backbone of services during colonial times,
and retain a significant role in current care provision.
In these countries, mission facilities are de facto govern-
ment providers, with regular subsidies for salaries and
medicines, and full integration into the national reporting
and referral systems. Aside from these special cases, how-
ever, nonprofits play a small role in overall health systems,
for example, representing less than 2% of services in India
and less than that in China.

Conclusions

The private sector plays a significant role in the delivery
of health care in countries across all income levels (see
(Figure 2). This role is higher for ambulatory care than

for inpatient care, but beyond that, there are not clear
patterns for variation in private sector size by national
income, nor by national political leaning. There is some
limited indication that the private sector is growing in
importance in many places, and attention is increasingly,
and appropriately, being paid to understanding how gov-
ernments can work effectively with private individuals
and institutions in order to promote public health goals.

In most instances, collaboration must be based upon an
improved understanding of the private sector as a multi-
faceted grouping of actors, an acknowledgment of the moti-
vation and capacity embodied by the sector, and the value of
private care provision, as evidenced by health-seeking
behavior of individuals from all wealth strata. Partnerships
between private and public sectors have been developed in
many countries, both rich and poor, to the benefit of both
individual users and the public in general.

Contentious debates about private care provision take
place relatively often in the context of development as-
sistance for low-income countries, and to a lesser degree
in discussions of health system changes in the United
Kingdom and the United States. In most high-income
countries, however, private versus public provision is not
an explosive issue, both sectors having been incorporated
into stable delivery systems with a range of national,
insurance, and private financing sources. Where disputes
over the role of the private sector develop, debate is often
driven by larger political issues of system change (e.g.,
transition economies, health system decentralization) or
reactions of local governments to escalating costs. The
general lack of basic data on the efficiency, quality, and
equity of private delivery arrangements limits the rigor of
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Figure 1 Baseline percent of all hospital beds that are private (late 1990s/early 2000) and percent change from baseline to second
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such debates, and hampers the development of appropriate
policy and program planning. Further data collection and
studies are needed to inform and support strategies that
engage the private sector in the achievement of public
health goals.

See also: Insurance Plans and Programs – An Overview;

NGOs (Non-Governmental Organizations).
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Glossary
Aggressive tumor An abnormal growth or mass of

tissue that has the potential to become malignant

(see metastasis).

Androcline A steady age-related decline in

testosterone levels in men.

Androgen A steroid hormone that stimulates or

controls the development and maintenance of

masculine characteristics.

Androgen deprivation Hormonal therapies used to

reduce the production of androgens, including

castration and drugs that are antiandrogens and

antiadrenal androgens. Used in combination termed

androgen blockade.

Apoptosis One of the main types of programmed

cell death.

Benign prostatic hyperplasia The increase in size

of the prostate in middle-aged and elderly men.

Brachytherapy Involves the placement of about 100

small seeds containing radioactive material directly

into the tumor.

Carotenoid organic pigments Pigments that

naturally occur in plants.
Digital rectal examination The examiner inserts a

gloved, lubricated finger into the rectum to examine

the adjoining prostate.

Dihydrotestosterone A biologically more active

form of the male sex hormone testosterone.

Histologic Refers to thin sections of tissue when

examined under a microscope by a pathologist.

Insulin-like growth factor Polypeptides with high

similarity to insulin.

Lead time The length of time between when a

disease becomes present in a person’s body and its

usual clinical presentation.

Metastasis The transfer of cancer from one organ or

part to another organ or part not directly connected

with it. Only malignant tumor cells have the capacity

to metastasize.

Nonsteroidal anti-inflammatory drugs Drugs

other than steroids that reduce pain, fever, and

inflammation.

Prostatectomy Surgical removal of all (radical) or

part of the prostate gland.

Prostate specific antigen (PSA) A protein

(enzyme) produced by the cells of the prostate gland;

functions to liquefy semen after ejaculation.
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PSA velocity The rate of increase of PSA levels in

the blood.

Randomized controlled trial Scientific procedure

most commonly used in testing medicines or medical

procedures; considered the most reliable form of

scientific evidence.

Sexually transmitted infection Illness caused by

an infectious agent that has a significant probability

of transmission between humans by means of sexual

contact.

Transurethral resection Commonly calle d a TURP,

this is a surgical procedure performed when the tube

(urethra) from the bladder to the penis is blocked

by prostate enlargement.

Tumor An abnormal growth or mass of tissue also

called a neoplasm. A tumor can be either malignant

of benign .

Watchful waiting Also called active surveillance;

refers to observation and regular monitoring without

invasive treatment.

X-linked The X chromosome is larger than the

Y chromosome and has many more genes. X-linked

inherited diseases occur far more frequently in males

because they only have one X chromosome.
Figure 1 (a) The prostate and nearby organs. (b) The inside of
the prostate, urethra, rectum and bladder. Source: http://www.

cancer.gov/cancertopics/wyntk/prostate/allpages#ab3d4f20-

6ab9-4428-9717-067035d2e691.htm.
Introduction

Prostate canc er is the most commonly diagnos ed male
malign ancy in develope d countrie s. With age, the total
prevalence of prostate tumor s reaches very high levels.
Only a f ew percent of these become c linically signifi cant
with the pot ential to kill , and the chall enge describ ed by
Boccon-G ibod (1996) is to disting uish tiger s from pussy
cats; to identif y the mino rity of lethal cancer s from the
majo rity of nonaggressive tumor s. Answer s to this chal-
lenge remain elusive. We do not know what causes lethal
prostat e cancer ; little can be done to pr event it, and, until
it is po ssible to tell th e tiger s from the pussycats, this is not
likely to change.
Anatomy, Physiology, and Pathology

The prostate is a walnut-si zed g land loca ted at the base of
the pelvis beneath the ur inary bladder, sur roundi ng the
urethra ( Figu re 1 ). Its initial developmen t is stimul ated
by testos terone from th e f eta l testes but it re mains incom -
pletely developed unti l puber ty, when it grows to its adul t
size of a bout 20 g arou nd age 20 year s. The prostate devel-
ops 30–5 0 branch ed ducts that are lin ed with g landu lar
e pitheli um and open into the prostatic urethr a. Its func-
tion is to contrib ute up to 30% of the volume of semen
with slig htly alkaline secretions inc luding prostag landi ns,
proteo lytic enzym es, acid phos phatas e, zinc , and citric
acid, which help maintain sper m via bility.

McNe al (1981) fir st iden tified the prostate’s zonal
anato my. The perip heral zone, where 60–7 0% of tumor s
occur, contains a bout 70% of the total volume and is
access ible via digital re ctal examinati on (DRE). The cen-
tral zone, containi ng 25% of the volum e and the ejacula-
tory ducts, is where inflam mator y pro cesses su ch as
prostat itis arise. The transitio nal zone, wher e 25% of
tumor s occur, conta ins only 5% of the volume. The ante-
rior zone is fibrom uscular.

As the hor monal mil ieu cha nges with middle age, the
prostat e grows, a conditi on ter med be nign pr ostatic
hyperp lasia (BP H). Due to the inel asticity of the prostate’s
fibrous outer capsule, increasing pressure is placed on the
prostatic urethra, producing urinary symptoms. Depend-
ing on severity, these problems come to medical attention
and in this context cancer is often diagnosed. BPH was
once considered a risk factor for prostate cancer, but this
view is no longer held; both conditions simply occur
commonly in the aging prostate gland. A small propor-
tion of cancers are found in tissue fragments from

http://www.cancer.gov/cancertopics/wyntk/prostate/allpages#ab3d4f20-6ab9-4428-9717-067035d2e691.htm
http://www.cancer.gov/cancertopics/wyntk/prostate/allpages#ab3d4f20-6ab9-4428-9717-067035d2e691.htm
http://www.cancer.gov/cancertopics/wyntk/prostate/allpages#ab3d4f20-6ab9-4428-9717-067035d2e691.htm
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transurethral resections performed to relieve obstructive
symptoms of BPH.

Virtually all prostatic tumors are adenocarcinomas
arising from the glandular epithelium and most men will
develop them if they live long enough. Although much
research has sought tumor markers that would separate
the tigers from the pussy cats, this is still beyond reach.
A tumor’s potential lethality (aggressiveness) is currently
based on its degree of spread beyond the capsule and
microscopic inspection by a pathologist, who identifies the
two largest tumor foci (primaryand secondary patterns) and
grades each from 1 to 5 according to the histologic features
described by Gleason (Gleason, 1977) (see Figure 2).

Gleason grades for the two foci, which are rarely more
than one grade apart, are added to give a sum from 2 to 10.
Tumors with Gleason sums below 5 are not considered
aggressive. Historically, tumors with Gleason sums 5–7
were considered low risk but tumors with a Gleason score
of 7 have been added to the high-grade aggressive cate-
gory (formerly Gleason scores 8–10). The significance of
Gleason sum 7 tumors remains controversial, especially
with respect to decisions about treatment. Approximately
30% of Gleason sum 7 tumors have a primary focus of
grade 4 and these are considered to be more aggressive
than those having a primary focus of grade 3. Some
clinicians consider that any focus of Gleason grade 4
warrants clinical suspicion.
Prostatic adenocarcinoma
(histological patterns)

1

2

3

4

5

D.F. Gleason, MD.

Figure 2 The Gleason grading system. From Gleason DF

(1977) The Veteran’s Administration Cooperative Urologic
Research Group: Histologic grading and clinical staging of

prostatic carcinoma. In: TannenbaumM (ed.)Urologic Pathology:

The Prostate. Philadelphia: Lea and Febiger.
Diagnosis, Screening, and Treatment

Prostate cancer has no specific symptoms until advanced.
Its size and the presence of any lumps are assessed by
DRE and ultrasound; the diagnosis of cancer is aided by
measurement of the serum levels of prostate specific
antigen (PSA), a protease enzyme contributed by the
prostate to seminal fluid, some of which permeates into
the bloodstream. Originally used clinically to monitor
cancer progression after treatment, PSA is now used for
early detection. High serum PSA levels almost certainly
indicate the presence of malignancy, but its use also leads
to overdiagnosis, that is, the diagnosis of tumors that
would never have progressed to clinically significant
tumors during life, the so-called pussycats.

Suspicious PSA levels are followed upwith ultrasound-
guided needle biopsies to establish a histopathologic diag-
nosis. Prostate tumors are commonly small and multifocal,
and there is an element of chance in whether a tumor can
be adequately identified by biopsy. The number of biop-
sies used to establish a diagnosis has increased over time.
The PSA threshold level used to prompt clinical investi-
gation has also fallen, especially in the United States.

PSA testing for early prostate cancer is already being
performed on an ad hoc or opportunistic basis in many
countries. Randomized clinical trials (RCTs) are being
conducted to test the efficacy of systematic PSA screening
in reducing prostate cancer mortality in the whole popu-
lation (Schroder 1994). Because many controls (men who
were randomly assigned not to have a PSA test) in these
RCTs have in fact received PSA tests as part of their
normal community care, the power of the trials to provide
definitive evidence of efficacy has been reduced, and this
has lengthened the duration of the trials by some years
(Gohagen et al., 1994).

Screening, to be effective, requires a cheap, sensitive,
and specific test, a good understanding of the natural
history to identify a curable early form of the disease,
and good evidence that treatment of this form of disease
reduces mortality by comparison with treatment of dis-
ease diagnosed in the ordinary way at the onset of symp-
toms. Prostate cancer screening by PSA testing currently
fails to satisfy these criteria.

Given the uncertainties that surround its biological
heterogeneity and limited evidence of treatment benefits,
prostate cancer management is complex. Men with
low-grade, localized cancer and a low PSA may opt for
watchful waiting, with regular repeat PSA tests to monitor
changes, termed PSA velocity. Once PSA velocity reaches
a certain point, decisions are made with respect to treat-
ment. Radical treatments for localized disease are surgery
(prostatectomy) or implantation with radioactive seeds to
deliver localized radiation (brachytherapy). Advanced dis-
ease is treated by androgen deprivation/blockade, which
can involve surgical or medical castration, and external
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beam radiation. Principal concerns are side effects, such as
impotence, incontinence, and damage to the rectum and
bladder neck, and the uncertainty posed by the limited
evidence for substantial benefit of treatment.
Variation in Incidence and Mortality

Autopsy studies carried out by Yatani and others (1982)
showed that the prevalence of microscopic, nonaggressive
tumors (historically termed latent cancers) increased with
age, affecting a majority of prostates by age 60 years, but
varied little between populations, any variation in total
incidence being due to differences in levels of invasive
disease. Because of their high prevalence, the detection of
nonaggressive cancers dependsmainly on the intensity with
which theyare sought.The total incidenceof prostate cancer
is, therefore, highly sensitive to the medical-care setting.
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Figure 4 Age-standardized incidence and mortality rates for prosta
widespread use of PSA testing.
Prior to PSA testing, a 30-fold international variation
in prostate cancer incidence was observed, with high rates
in Western countries, particularly the United States, and
low rates in Asia. Although age-standardized incidence
rates differed between countries, trends were stable for
decades prior to PSA testing (see Figure 3). After PSA
testing became widespread in the late 1980s, incidence
more than doubled in some populations. This happened
because nonaggressive tumors were in effect transferred
from the pool of previously undiagnosed disease to tumors
requiring clinical attention. The dramatic increase occurred
earlier and rose higher in the United States than elsewhere.
After peaking in 1992, incidence fell, but it has remained at
a higher level than before. Countries where PSA testing is
not common do not show this huge increase.

Figure 4 shows age-standardized prostate cancer inci-
dence and mortality rates for a selection of countries
centered on 1985 and 1995, before and after PSA testing.
The remarkable features are the huge differences in inci-
dence and minor differences in mortality. PSA testing was
slow to emerge in the UK and is rare in Denmark, and this
is reflected in the rates.

Against a long-term trend of slowly increasing prostate
cancer mortality, some countries have experienced a
small decrease that has sparked debate about the contri-
bution of PSA testing. It is impossible, however, to distin-
guish possible early detection effects from simultaneous
improvements in treating advanced cancers. Mortality has
also fallen in countries without PSA testing and this
argues against the impact of PSA testing on mortality.
Such opportunistic testing is unlikely to have reduced
mortality so quickly unless the lead time (advancement
of diagnosis by the test) were extremely short, which is
improbable. We will have to wait for randomized con-
trolled trials (RCTs) to resolve this question.
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Total prostate cancer survival has improved since the
introduction of PSA testing, due mainly to the diagnosis
of an increased proportion of nonaggressive tumors. Rel-
ative survival estimates at 5 years are virtually 100% for
localized cancer and are around 33% for cancer with
distant metastases.

Prostate cancer shows strong ethnic variation, with
African-Americans, especially those of Jamaican descent,
having the highest reported rates of incidence andmortality
in the United States. It had long been considered that native
Africans were at low prostate cancer risk but recent surveys
suggest that the incidence for thoroughly screened African
populations may be as high as for African-Americans.

Japanese men have historically experienced a low
incidence of prostate cancer, but this changed among
Japanese migrants to the United States. Incidence rates
for first-generation Hawaiian Japanese rose above those
for Japan and the rates for the second generation rose
even further. It is impossible to ascribe this to specific
changes in environment because little is known about the
environmental causes of prostate cancer. The fact that
mortality rates also increased in the migrants argues that
at least some of the change might be due to environmen-
tal factors.
Risk Factors for Prostate Cancer

Apart from age, family history, and race, few risk factors
have been established for prostate cancer, especially for its
lethal forms. It is thus not currently possible to prevent
prostate cancer. Given the amount of research conducted
to identify modifiable risk factors, this is disappointing.
One problem has been the biological heterogeneity of
prostate tumors. Another has been the dominance of
reports in the literature from small case-control studies
that, due to their retrospective design, inherent biases and
poor statistical power have produced inconsistent findings
concerning a large number of possible risk factors.

In the late twentieth century, the first reports began to
appear from large cohort studies. Unfortunately, the pros-
tate cancers in these studies have been diagnosed during
the PSA era, and the majority of tumors are nonaggres-
sive. Without rigorous efforts to identify risk factors for
aggressive cancer and distinguish tigers from pussycats,
progress in our understanding of prostate cancer will
continue to be slow.
Family History and Genetic Factors

Having a first-degree relative with prostate cancer incurs a
twofold to threefold risk and this increases with the number
of relatives affected and earlier age at diagnosis. These
observations are consistent with an inherited genetic pre-
disposition. Analyses of families with multiple cases of
prostate cancer have inferred dominant patterns of inheri-
tance, as well as recessive and X-linked patterns. It is there-
fore considered thatmutations inmore than one genemight
increase susceptibility to prostate cancer. Several loci
have been identified, for example, on chromosomes 1, 17,
20, and X, but reports have been difficult to replicate.
Putative prostate cancer susceptibility genes have also
been reported, for example, ELAC2, RNASEL, and MSR1,
but none has been generally accepted. The BRCA2 gene
associated with increased risk of breast cancer for women
is a possible exception, as male BRCA2 mutation carriers
have increased risk of early-onset prostate cancer.

A region on chromosome 8q found in Icelandic families
has been replicated in two other studies and may contribute
to increased risk for African-Americans (Amundadottir
et al., 2006). The risk associated with this region appears
regardless of severity, so the putative gene is likely to be
associated with early events in carcinogenesis.

The search for prostate cancer genes may have been
thwarted by tumor heterogeneity, since different genes
may be involved in susceptibility to aggressive and non-
aggressive tumors. There is evidence that men with a
family history are more likely to have PSA testing and
this will lead to increased diagnosis of nonaggressive
tumors in families and make the search for susceptibility
genes more difficult.

Association studies have been carried out for common
polymorphisms in candidate genes known to be in pathways
important to prostate development and function. Candi-
dates have been selected from pathways such as steroid
hormone metabolism, DNA repair, insulin, and insulin-
like growth factors (IGFs) and response to infection and
inflammation. For example, much has been published
concerning genetic variants in the androgen receptor,
5 alpha reductase type 2, the vitamin D receptor, IGF-1,
interleukins, toll-like receptors, and a number of cyto-
chrome P450 enzymes. This approach has had a similar
lack of success to the search for susceptibility genes. Seldom
have initial reports generated from small, poorly designed
studies been replicated by studies with greater statistical
power. It is increasingly recognized that genetic association
studies need to be substantially larger than previously
thought. Some very large studies are under way, but
an equivalent emphasis on tumor aggressiveness is also
required if knowledge is to be advanced.
Hormones

Androgens are required for normal growth and function
of the prostate. Testosterone and its active form dihydro-
testosterone (DHT) bind to the androgen receptor and
result in increased transcription and cell division. Some
argue that androgens are permissive factors for prostate
cancer, in that their presence is essential for other carci-
nogenic factors to play their part. Androgen deprivation
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in almost all forms leads to involution of the prostate, a
fall in PSA levels, and apoptosis of prostate cancer and
epithelial cells. Prostate cancer is termed hormone-
dependent because when advanced it is initially respon-
sive to androgens and can be controlled by surgical or
chemical castration. Men with congenital 5-alpha reduc-
tase deficiency cannot convert testosterone to DHT and
do not develop a normal prostate. It is often said that
eunuchs do not develop prostate cancer but the evidence
for this observation is slight.

It has long been reasoned that the hormone dependency
of advanced disease might also influence incidence, the
androgen hypothesis. Many case-control studies tested
this hypothesis, with contradictory results. Early cohort
study analyses supported the androgen hypothesis, because
circulating levels of testosterone were associated with
prostate cancer risk, while those of sex-hormone binding
globulin (SHBG) were protective.

Early analyses failed to take into account tumor het-
erogeneity, combining all cancers as if they were the same,
the majority of those being nonaggressive. Later studies
that have stratified the analysis on Gleason score or tumor
grade have reported that circulating levels of androgens
are associated with increased risk of nonaggressive tumors
but a reduced risk of aggressive tumors. This is consistent
with the known function of androgens in maintaining
prostate cellular differentiation.

Clearly, the relationship between androgens and pros-
tate carcinogenesis is complex. Putting their role in the
genesis of nonaggressive tumors to one side, the question
remains of how and at what stage androgens might lose
their protective influence on cellular differentiation and
promote aberrant proliferation. A pertinent observation is
that prostate cancer increases dramatically with age from
the fifth decade, a time linked with the androcline and
changes in hormonal milieu toward falling androgen and
rising estrogen levels.

There is evidence that IGF-1 and its binding protein,
IGFBP-3, are associated with risk, but findings from
cohort studies are contradictory. A review of early studies
reported a positive association with IGF-1 and a negative
association with IGFBP-3 levels. Larger studies later
found little evidence of association with IGF-1 and
some have found positive associations with IGFBP-3, in
direct contrast with the earlier observations. The latter, if
real, may help explain a link with obesity. IGFBP-3 levels
are reported to decrease with increasing levels of physical
activity and are potentially modifiable.
Sexual Activity

The androgen hypothesis has also influenced research
about sexual behaviors and markers of androgen influ-
ence, for example, age at starting shaving, sexual activity
and marriage, the number of sexual partners including
prostitutes, and the frequency of sexually transmissible
infections (STIs). With the exception of STIs, these
reports have lacked consistency. Some studies also report
risk associated with diminished opportunity for sexual
activity, for example, increased prostate cancer mortality
for Roman Catholic priests, somewhat analogous to breast
cancer in nuns. The case-control literature on these topics
has its usual flaws but additionally lacks a standard
approach to measuring sexual activity.

A large case-control study and a prospective cohort
study using a standard questionnaire on ejaculatory fre-
quency by decade of life reported similar findings, that
men having high ejaculatory frequency, especially in early
adulthood, reduced their risk by about one-third. The
significance of the observation is not clear; hypotheses
range from considerations of prostatic duct hygiene to
more subtle hormonal feedback relationships between
the prostate, testes, and the pituitary gland. The contrast-
ing age-related relationships between androgen levels,
ejaculatory frequency, and prostate cancer incidence
may offer some insight.
Infection and Inflammation

There is general support for the hypothesis that infection
might be causally related to prostate cancer. Self-reports
of STIs are unreliable, however, and few studies have
attempted to measure evidence of infection directly. Fur-
ther, many common STIs in men are asymptomatic or
insufficiently bothersome to come to medical attention
and it is not possible to identify culpable organisms for a
substantial proportion of those that do.

The findings concerning human papilloma virus infec-
tion are essentially null, an earlier positive association
failing to be replicated by later studies. Studies have also
failed to demonstrate any consistent association with her-
pes simplex viruses. There is limited serologic evidence
that syphilis infection is associated with risk. On the other
hand, a protective effect of serum positivity to Chlamydia

trachomatis infection has been reported, consistent across
different serotypes and demonstrating dose–response
relationships. This raises the possibility that some STIs
might be able to increase the prostate’s immune response.

The idea that one consequence of infection, chronic
inflammation, might contribute to prostate carcinogenesis
is gaining ground. Inflammation in prostate specimens is
common and foci of proliferative inflammatory atrophy
(PIA) are commonly observed in the peripheral zone.
Some consider PIA to be a precancerous lesion or a
marker of an intraprostatic environment that is favorable
to cancer development, because it is often found adjacent
to areas of both intraepithelial neoplasia and cancer.
Although not fully consistent, a number of studies have
shown a protective effect of aspirin and nonsteroidal anti-
inflammatory drugs on prostate cancer risk, particularly
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for advanced disease. Further evidence for the possible
causal significance of inflammation arises from reports
that variants in genes involved in the inflammatory
response to infection, for example, the interleukin and
toll-like receptor signaling pathways, are associated with
risk. Intriguingly, some putative susceptibility genes, for
example, MSR1 and RNASEL, have roles in this pathway.
Dietary and Nutritional Factors

A large number of inconsistent dietary associations have
been reported from ecological correlation studies and case-
control studies. The measurement error associated with
dietary assessment coupled with the biases inherent in
case-control studies provides a strong rationale for focusing
attention on reports from well-conducted cohort studies.
Cohort studies (mostly North American) have reported
positive associations with saturated fat and/or meat, dairy
products (calcium), and zinc and negative associations with
tomato-based foods (lycopene), vitamin D, vitamin E, and
selenium, fish (omega-3 fatty acids), soy, isoflavones, and
polyphenols. Cohort study findings are also not fully con-
sistent, possibly because the majority of cancers in these
studies are PSA-detected and advanced tumors are rare.
Although there is a trend toward analysis by tumor grade or
stage, statistical power is usually a limiting factor.

It is clear from cohort studies that fruit and vegetables
are not associated with risk (Key et al., 2004). Although a
protective role for phytoestrogens has been promoted,
there is little evidence that men who consume foods
containing significant amounts are at lower risk. The
evidence regarding cruciferous vegetable consumption is
also poor. No effect of cruciferous vegetables was
observed in either the European Prospective Investigation
of Cancer (EPIC) or the Health Professionals Follow-Up
Study (HPFS). EPIC had no information on tumor stage
but in the HPFS there was evidence of a protective effect
for disease confined to the prostate in men aged less than
65 years (Giovannucci et al., 2003).

Although the data from different studies are not
entirely consistent, tomato-based foods (especially tomato
sauce), and their principal carotenoid, lycopene, may be
protective and, more so, against advanced disease.
Lycopene is concentrated in the prostate and has antioxi-
dant ability twice that of beta-carotene and ten times that
of vitamin E. Associations with other carotenoids are
weaker than for lycopene but are similar in direction.

Micronutrients of interest for chemoprevention have
been identified incidentally from RCTs having other
principal outcomes. The Alpha Tocopherol Beta Caro-
tene (ATBC) trial in male smokers showed an unexpected
deficit in prostate cancer in the alpha tocopherol (vitamin
E) arm but no effect of beta carotene (Albanes et al., 1996).
There is little evidence that vitamin E within the normal
dietary range is protective. Similarly, a trial of selenium
for skin cancer prevention also showed a deficit of pros-
tate cancer. These agents, both of which have antioxidant
properties, are now subject to RCTs. A concern for the
RCTs is the outcome, which is unlikely to be aggressive
cancer but a screen-detected endpoint such as elevated
PSA or microscopic disease. The ATBC trial’s other
unexpected outcome was the increased risk of lung cancer
in the beta carotene arm, a salutary example to those who
would promote the supplementary consumption of
micronutrients in high doses. It is matched by the finding
that men who take high doses of zinc supplements put
themselves at increased risk of prostate cancer.

Meat, particularly red meat, remains under suspicion,
but it has been difficult to separate an effect of meat from
that of fat, for which meat-based foods provide a major
source. Some hold the view that the association with red
meat might be related to carcinogenic by-products of
cooking methods, particularly char grilling. There is little
available evidence, and similar associations have not
been observed with other grilled meats such as chicken
or fish. Fish consumption appears to be protective against
advanced prostate cancer, possibly as a rich source of
marine fatty acids with known anti-inflammatory proper-
ties that might be relevant to prostate cancer prevention.

Cohort studies have yielded mixed results concerning
fat, but those that do report associations have indicated
them more consistently with advanced prostate cancer.
Analyses by type of fat and for specific fatty acids have
produced similarly inconsistent results, the strongest
association being reported with alpha-linolenic acid.
Although the evidence is inconclusive, several hypotheses
have been advanced to explain an association with fat,
including an effect on serum androgen levels and the
possibility that certain types of fatty acids or their meta-
bolites may initiate or promote carcinogenesis.

Dairy foods have been suspected for their fat and cal-
cium content. It has been hypothesized that high calcium
intake, possibly by lowering 1,25(OH)2 vitamin D levels, is
associatedwith poorer differentiation in prostate cancer and
thereby with fatal prostate cancer. Rigorous reviews and
meta analyses have concluded that the risk associated with
dairy foods, if any, is very small.

Vitamin D is also manufactured by the skin when
exposed to sunlight. Vitamin D is known to promote
differentiation and impede proliferation of prostate cells
and its deficiency is, therefore, hypothesized to decrease
risk, but epidemiological studies are inconclusive.

Overweight and obesity are products of imbalance
between energy intake and expenditure by way of physi-
cal activity. The evidence that body size and composition
are associated with the risk of prostate cancer is inconsis-
tent. Some inconsistencies are due to variations in design,
power, and physical measurements, many studies relying
on self-report rather than direct measurement. A compre-
hensive meta-analysis of the associations reported from
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cohort studies concluded that body mass index was
weakly associated with prostate cancer risk (particularly
for advanced tumors). Few studies have examined central
obesity and prostate cancer risk, though there is growing
recognition of its possible importance. One cohort study
that made direct body measurements has shown waist
circumference to be positively associated with the risk of
aggressive disease.

Several prospective cohort studies have found that
obese men are more likely to die from prostate cancer.
Also, among men with prostate cancer, obese men are
more likely to experience biochemical progression (rising
PSA levels). It has been postulated that obesity might
differentially influence the development of disease, reduc-
ing the risk of nonaggressive disease, while increasing the
risk of aggressive disease.

Given the positive associations observed between mea-
sures of obesity and prostate cancer, it would be expected
that physical activity would be protective against prostate
cancer. Reviews have concluded that physical activity
may be inversely associated with prostate cancer risk but
the evidence is inconsistent, the magnitude of the risk
reduction observed is small, and these could be attributed
to the studies’ methodological limitations.
Other Factors

Alcohol

Reviews generally conclude that there is no association
between low to moderate alcohol consumption and pros-
tate cancer, but cannot exclude the possibility of an asso-
ciation with heavy drinking. There is a single case-control
study report of a protective effect of red wine consump-
tion, which, if real, may be related to the antioxidant
properties of red wine pigments such as resveratrol.
Tobacco

Overall, epidemiological studies do not support an asso-
ciation between smoking and the risk of developing pros-
tate cancer. There is evidence, though, that smoking is
associated with increased prostate cancer mortality.
Radiation

The prostate is one of the few organs in which cancer is
not associated with ionizing radiation, even at high doses.
There is weak evidence of a negative association with ultra-
violet light exposure, possibly via vitamin D synthesis.
Occupation

Although a large literature exists on occupational associa-
tions with prostate cancer, very little has been firmly
established. The risks that have been observed may be
the result of uncontrolled confounding with social class.
In the PSA era, the degree of detection bias in occupa-
tional studies has increased further, because men who
believe that they have been exposed to a possible carcin-
ogen tend to seek PSA tests more frequently and are more
likely to have a diagnosis made than colleagues.

Early studies focused on occupational exposures to
cadmium. As the prostate concentrates zinc, it was con-
sidered that cadmium could replace zinc and be pro-
carcinogenic, but follow-up studies of cadmium smelter
and battery production workers failed to confirm early
suggestions of increased risk.

Dioxin, a contaminant of a herbicide used in Vietnam, is
similar to many components of herbicides used in farming.
A review of the linkage between dioxin and prostate cancer
risk by the National Academy of Sciences reported that the
available data on the association between dioxin exposure
and prostate cancer was inconclusive. A number of studies
have looked at the risks associated with farming, particu-
larly related pesticide and herbicide exposures, but most
have been ecologic and have failed to measure exposures at
the individual level or to control for confounders.
Vasectomy

Studies have been inconsistent with respect to possible
risks of prostate cancer following vasectomy. Reviews
have concluded that virtually all studies had been defi-
cient in their handling of bias that could account for the
modest risks observed in the positive studies.
Future Prospects

Prostate cancer has changed irrevocably since the wide-
spread use of the PSA test for early detection. In many
countries, incidence continues to increase, while in others
early detection has yet to begin. Although many men now
diagnosed with prostate cancer would have died with the
disease rather than as a result of it, their diagnosis is just as
meaningful in terms of public health services as would
have been a diagnosis based on symptoms. The man-
made epidemic of prostate cancer will continue to impact
hugely on the use of health services not only with respect
to initial diagnosis and treatment, but also in relation to the
management of the long-term side effects of treatment,
with their enormous potential to diminish quality of life.

There is little prospect of change until advances are
made in the molecular taxonomy of these tumors, so that
the tigers can be discriminated from the pussycats. With-
out such progress, the epidemic of prostate cancer will
continue unabated.

See also: Cancer Screening.
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Epidemiology

Human African trypanosomiasis is caused by two subspe-
cies of the protozoan Trypanosoma brucei: Trypanosoma bru-
cei gambiense (T.b.g.) and Trypanosoma brucei rhodesiense

(T.b.r.). The third subspecies, Trypanosoma brucei brucei,
infects only animals. This disease is vector-borne, trans-
mitted by hematophagous flies belonging to genus Glos-
sina, the tsetse fly.

Infection occurs following the bite of an infected fly. In
the gambiense form, the main reservoir is human, although
some domestic and wild animals can also be hosts and
subsequently act as a reservoir. However, the epidemiologi-
cal impact of the animal–human cycle is poorly understood.

In the rhodesiense form of the disease, the animal–animal
cycle is preponderant, which gives the disease its zoonotic
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character. Human beings become accidentally infected
when they interfere with this cycle.

There are 22 species and subspecies of Glossina, but not
all of them exhibit vectorial capacity. The Glossina palpalis
group is best adapted to T.b.g. These flies are found in
humid, shady areas such as forest galleries, mangrove
groves, river banks, and lake shores. The Glossina morsitans
group is the one incriminated in the transmission of T.b.r.
and is generally found in grassland areas and wooded
savannahs. Beyond this classic vectorial transmission, the
other modes of transmission are mother-to-child vertical
transmission, which has an important impact on local
demography, and mechanical, sexual, and transfusional
transmission, which are considered trivial.

Sleeping sickness only occurs in the sub-Saharan
region of the continent between latitudes 14�N and



332 Protozoan Diseases: African Trypanosomiasis
29� S, where suitable environmental and climatic factors
are found for the survival of the vector.

In 2006, 11 868 newcaseswere reported from the region.
However, the real number of infected people was estimated
at some 50 000 to 70 000. This discrepancy is due to a lack of
surveillance of the people at risk, since the disease and its
transmission mostly occurs in remote rural areas.

Countries affected by T.b.g. are situated in Central and
West Africa, where the great majority of reported cases
(97%) come from.

Countries affected by T.b.r. are situated in East Africa,
representing only 3% of all reported cases. The intensity
of endemicity varies from country to country. In the last
few years, three countries (Democratic Republic of
Congo, Angola, and Sudan) have reported more than
1500 new cases per year, representing 85% of total cases
reported in the continent. Eight countries have reported
50–1500 cases per year and ten less than 50. Fifteen
endemic countries have reported no cases at all.

Since there are not morphological differences between
the three subspecies of Trypanosoma brucei, only biological
markers allow them to be differentiated. Isoenzymatic
characterization has allowed T.b.g. to be classified into
two groups. The widely distributed Group I causes a
chronic disease; Group II, described in Ivory Coast, dis-
plays acute clinical features resembling T.b.r. infections.

Among the T.b.r. there is the Zambezi group, mostly
found in Zambia, Malawi, and Mozambique, which
causes a less acute disease. The Busoga group found in
Tanzania, Kenya, and Uganda is considered as the classic
rhodesiense form.

Trypanosomes have the unique characteristic of regu-
larly changing the glycoproteins of their cellular mem-
brane, the variable surface glycoprotein (VSG). Thus
antibodies against one peptidic epitope cannot recognize
the new antigenic VSG composition, and a new immuno-
logical response from the host occurs. The process pro-
duces a ‘trypanolytic crisis’ from which some parasites
will escape by changing their VSG, and the process starts
again. These trypanolytic crises will cause an important
fall in the parasitemia at more or less regular intervals,
substantially complicating parasitological diagnosis. Dur-
ing the immune response process, a large amount of
antibodies are accumulated, leading to hypergammaglo-
bulinemia, which has important consequences on the
ethiopathogenesis and pathology of the disease.
Pathogenesis and Pathology

The large amount of circulating antibodies are fixed on
the red blood cells facilitating the erythrophagocytosis,
resulting in anemia. It also activates the complement
system and cytokines, provoking increased vascular per-
meability. One of the classical anatomopathological
lesions is a vasculitis with perivascular infiltrate of mono-
nuclear cells and fibrinoid deposits on the walls of the
blood vessels producing obstructions and extravasations
with petechial necrosis. Vasculitis alters the blood–brain
barrier and contributes to the crossing of the parasites
into the central nervous system. Macroscopically, the
brain shows an edema with focal hemorrhages. Micro-
scopically, a demyelinating meningoencephalitis can be
observed.
Clinical Symptoms and Signs

Following the inoculation of the parasite through the bite
of an infected fly, the parasite can be found in the lymph
and blood. This is the hemolymphatic or first stage. Sub-
sequently, the parasite invades the central nervous system;
this is the meningoencephalitic or second stage. To deter-
mine the stage, cerebrospinal fluid must be examined.

Classically, gambiense sleeping sickness is chronic.
Infected people can coexist with the parasite for months,
even years, without any major signs or symptoms and are
able to proceed with their usual activities. They are,
however, carriers and therefore become a source of infec-
tion for tsetse flies. The natural fatal evolution of the
disease can take more than 5 years. The rhodesiense form,
on the other hand is acute, less adapted to its human host,
rapidly produces signs and symptoms, and ends in death
in a few months.

A local inflammatory reactionwith a chancre, a furuncle-
like lesion, can appear at the site of the fly bite; these
are most frequently observed in rhodesiense infections. After
the chancre has resolved, the site remains hyperpigmented.
Subsequently, the trypanosomes spread through the lym-
phatic system and into the bloodstream. The course is
usually 2–3weeks. The invasive period takes another
2–3weeks before the appearance of the first signs and
symptoms of the hemolymphatic stage. Initially, signs
and symptoms are highly unspecific, resembling those of
other prevalent diseases in areas endemic for sleeping sick-
ness. This period is generally recognized as ‘normal’ by
those infected and usually goes untreated or is treated as
a common cold or malaria.

The usually observed signs and symptoms are irregular
fevers, headaches, polyarthralgia, myalgia, asthenia, non-
pruriginous cutaneous eruptions (circular maculas located
on the trunk; trypanids), peripheral edema (‘moon face,’
when facial), anemia, hepatosplenomeglia, pruritus, cardio-
vascular disorders, palpitations, and precordial pain. The
electrocardiogram presents unspecific abnormal conduc-
tion and repolarization. Colapsus occurs mainly in the
rhodesiense form of the disease.

The apparition of mobile, painless, and nonsuppurative
enlarged lymph nodes, classically located in the lower
posterior cervical area, is the most characteristic sign
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(Winterbottom sign). In endemic areas, their presence
should lead to a suspicion of sleeping sickness.

After a variable period ranging between a few months
to more than a year, the meningoencephalitic phase starts
when the trypanosomes invade the central nervous system
following an alteration of the blood–brain barrier. Disor-
ders of consciousness and sleeping patterns, including
disappearance of the normal circadian rhythm of the
sleep–wake cycle, subsequently occurring in short cycles,
showing indiscriminately paradoxical sleep episodes dur-
ing the day and the night. Disorders of tone and mobility,
endocrine disorders (amenorrhea is a frequent com-
plaint), sensory disturbances, and psychiatric disorders
are also observed. Signs and symptoms characteristic of
the hemolymphatic stage coexist with the neurological
ones and, some of them, like loss of weight, anemia,
asthenia, and headaches, are accentuated.
Diagnosis

The most frequent serological test used for screening is
the card agglutination test for trypanosomiasis (CATT).
Since serological methods are not specific enough,
serologically positive cases should be confirmed para-
sitologically by microscopic examination of lymph,
blood, and cerebrospinal fluid (CSF). Lymphatic juice
is obtained by aspiration of enlarged cervical lymph
glands and directly observed under the microscope. In
the gambiense form of the disease, since blood parasite-
mia level is low and fluctuating, simple methods such as
wet blood films or thin and thick stained smears using
not more then 10 ml of blood have little chance of
success in detecting the trypanosome. Thus concentra-
tion methods (using 50–300 ml) such as the microhema-
tocrit centrifugation technique, the quantitative buffy
coat, or the mini anion exchange centrifugation tech-
nique must be used to detect trypanosomes. In CSF, the
double centrifugation or double modified centrifugation
techniques are commonly used.

In the rhodensiense form, high parasitemia is more com-
mon, and simple parasitological methods are often suffi-
cient to detect parasites.

Once parasitological diagnosis has been established,
procedures for stage determination must be implemented
to determine the adequate drug for treatment. Stage
determination is done using white blood cell count and
parasite presence in the CSF. The cutoff number for the
first stage is 5 cells/ml. If over 5 cells/ml or in the presence
of trypanosomes in the CSF, the patient is considered in
the second stage.

Increased immunoglobulin M (IgM) concentration in
CSF, using simplified test procedures, has been proposed
as a marker for the second stage. Studies to evaluate IgM
test sensitivity and feasibility are now ongoing.
Treatment

Appropriate sleeping sickness treatment relates to the stage
of the disease. Only two drugs can cross the blood–brain
barrier, and they must be used for the second stage. Mel-
arsoprol is effective in both forms of infection, and eflor-
nithine is only effective in gambiense infections.

Nifurtimox, which is only registered for Trypanosoma
cruzi infection (American trypanosomiasis), has occa-
sionally been used with uncertain results in African try-
panosomiasis. It is now being evaluated in combination
with eflornithine in the treatment of the second stage of
the disease in consideration of the observed synergism
between the two molecules.

For the first stage, pentamidine is used for gambiense
and suramine for rhodesiense disease. These drugs are easy
to administer, have mild undesirable effects, and provide a
good prognosis. This is why the disease should be diag-
nosed and treated as early as possible.

Pentamidine isethionate is administered by intramus-
cular injections of 4mg per kg of body weight (mg/kg bw)
once daily for 7 consecutive days. It is generally well
tolerated; adverse reactions include local pain and sterile
abscess at injection site, hypotension associated with nau-
sea, vomiting, dizziness occasionally occurs, and collapse
has been seen although rarely. To avoid such undesirable
effects, it is recommended to give sugar prior to adminis-
tration of the drug and keep patients supine for at least 1 h
after each injection. These measures should be sufficient
to resolve side effects. Administration of glucose fluids,
corticoids, or epinephrine can be useful but is rarely
needed. Pentamidine has been reported to alter liver
function and provoke transitory diabetes.

Suramin is administrated intravenously. Due to an occa-
sionally observed hypersensitivity to the drug (1/20 000),
it is recommended to start treatment with a test dose
of 5mg/kg bw of suramin on the first day. In absence of
reaction, treatment will consist of injection of 20mg/kg bw
(up to a maximum of 1 g per injection) each spaced by a
week’s rest. Adverse effects such as fever, urticaria, arthral-
gia, exfoliative dermatitis, and conjunctivitis have been
described. These adverse effects are more frequent with a
concomitant onchocerciasis infection. Suramin has a long
half-life, and some adverse effects are related to its cumu-
lative toxicity. Bone marrow toxicity has occasionally
been observed, with agranulocytosis and thrombocytope-
nia. Suramin also accumulates in the renal tubes and is
therefore not recommended in patients with altered renal
function, which should be evaluated before and monitored
during treatment. Nephrotoxicity is common but reversible
on interruption of treatment.

Melarsoprol is a trivalent organic arsenical drug com-
bined with heavy metal chelator, dimercaptopropanol,
and propylene glycol as a solvent. It is therefore an
extremely toxic drug. Melarsoprol is the last arsenical
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derivate used in humans. It is administered intravenously.
Treatment consists of 1 daily dose of 2.2mg/kg bw for
10 days Before starting treatment, it is recommended to
correct anemia, hypoproteinemia, and cardiovascular dis-
orders, and other parasitological infections should be
treated. The protective role of corticoids in the appear-
ance of side effects during melarsoprol administration is
controversial, but widely used.

There are two types of side effects. Fever, nausea, vomit-
ing, and abdominal pain are immediate and should disap-
pear spontaneously or with the administration of analgesics
or spasmolitics. The appearance of such side effects does
not call for the interruption of treatment. The so-called
‘reactive encephalopathy,’ which occurs in 5–10% of trea-
ted patients, usually takes place 5–7 days after the first dose.
The causes underlying this severe side effect are a matter of
discussion, and no consensus has been reached. There are
two forms of encephalopathy. The first is acute and severe,
starting with a rapid deterioration of consciousness, fever,
convulsions, coma, and death in less than 48 h. It is almost
always fatal. The other type of encephalopathy starts with
abnormal behavior and psychotic reactions and is consid-
ered to have a more favorable outcome.

A sudden peak of fever, the appearance of proteinuria,
hematuria, hiccups, and diarrhea could be warning signs.
The management of reactive arsenical encephalopathy is
uncertain and complicated. Melarsoprol administration
is first interrupted and followed by a high dose of paren-
teral corticoids and anticonvulsants, which contribute
to the reduction of cerebral edema and convulsions.
Any other concomitant treatments are done according to
other observed symptoms.

Other side effects are peripheral neuritis and renal and
hepatic dysfunction. Furthermore, there is a hardening of
the vein walls as a consequence of the irritating effect
of propylene glycol, making the administration of the
last doses of melarsoprol difficult.

Eflornithine is administered by slow intravenous infu-
sion (2 h). The dose is 400mg/kg bwdiluted in sterile water
in four daily doses at 6 h intervals during 14 consecutive
days. In children under 12 years or less than 35 kg, the
dose is 150mg/kg bw (same interval and number of days).

Adverse reactions are related to the cytotoxic activity
of the molecule (inhibition of ornithine decarboxylase
activity). Bone marrow toxicity is the most severe adverse
effect, resulting in anemia, leucopenia, and thrombocyto-
penia. Neurological symptoms like convulsions can be
observed during the first days of treatment. Other adverse
effects are gastrointestinal symptoms such as nausea,
vomiting, and diarrhea. Alopecia and loss of hearing acu-
ity have also been observed. Generally, adverse effects are
reversible following interruption of eflornithine adminis-
tration and at the end of treatment.

Eflornithine is a trypanostatic drug involved in the poly-
amine cycle that blocks parasite growth and reproduction.
Consequently, to be effective, it needs a contribution of the
immunological system; eflornithine thus should be used
carefully in the treatment of immunosuppressed patients.

Eflornithine is substantially less toxic than melarsoprol
and has a similar result in the majority of patients. How-
ever, due to the cumbersome administration and the need
for additional material, it is not widely used by national
control programs. It is generally kept as an alternative
treatment for melarsoprol-refractory cases. In the field,
only nongovernmental organizations involved in sleeping
sickness control programs have the logistics and staff to
implement eflornithine as a first-line treatment of the
second-stage gambiense disease.

Nifurtimox is only registered for the treatment of
American trypanosomiasis, Chagas disease. However in
gambiense infections, a synergetic effect is believed to exist
when combined with eflornithine. Thus, combination
therapy trials have been implemented to decrease dosage
on the one hand and reduce the eflornithine lengthy
treatment schedule on the other, making treatment less
cumbersome, ensuring better availability under field
conditions, and probably preventing future resistance
to the drug. Nifurtimox is given orally at the rate of
15mg/kg bw three times per day for 10 days concurrently
to the administration of eflornithine intravenously at the
rate of 400mg/kg bw in two daily doses for 7 days.
Treatment Follow-Up

Treated patients should be monitored over 2 years with
6-month controls to evaluate effectiveness. At each con-
trol, clinical and biological status is assessed and parasites
are searched in blood, lymph, and CSF. If trypano-
somes are present, relapse is confirmed. However, since
parasites are difficult to find, clinical signs and symptoms
and the elevation of the number of white blood cells in
CSF over time can be considered suitable criteria for a
relapse. Patients are considered cured when after 2 years
of follow-up neither the parasite is present nor does the
CSF show an increase in WBC count.

In some cases, neurological or psychiatric sequelae
have been observed after the patient is considered cured.
In children, it has been shown that ability to learn is
profoundly altered.
Control

In T.b.g. sleeping sickness where human beings are the
main reservoir and the disease is chronic, control aims at
early detection of cases through active case finding. The
advantage is dual: first, it allows identifying and removing
the reservoir, avoiding sources of infection for the vector;
and second, it permits implementation of early stage
treatment, thus avoiding the use of second stage, highly
toxic drugs and complicated treatment procedures.



Vector control in gambiense sleeping sickness is gener-
ally not done except during epidemics to buttress active
and passive surveillance by rapidly reducing transmission
or during the last phases of control targeted to small
pockets of transmission.

In rhodesiense sleeping sickness where wild and domes-
tic animals are the main reservoir, disease control activ-
ities are combined with treatment of animals and vector
control to reduce fly density. Properly equipped health
centers and appropriately trained staff in endemic areas
could be sufficient to diagnose cases, provided the symp-
toms are recognized by the patients and lead them to seek
help spontaneously at health centers.

See also: Helminthic Diseases: Onchocerciasis and

Loiasis; The History of Public Health During Colonialism;

Protozoan Diseases: Chagas Disease; Re-emerging

Diseases: Overview; World Health Organization.
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A Deadly Parasitic Disease

Amebiasis is an infection caused by the protozoan parasite
Entamoeba histolytica. In contrast, nonpathogenic ameba
that infect humans include E. dispar and E. moshkovskii

(both morphologically identical to and easily confused
with E. histolytica), E. coli, E. hartmanni, and Endolimax

nana. Dientamoeba fragilis and E. polecki have been asso-
ciated with diarrhea and E. gingivalis with periodontal
disease. Approximately 50 million illnesses and 100 000
deaths occur annually from amebiasis, making it the
third-leading cause of death due to parasitic disease in
humans. Long-term consequences of amebiasis in chil-
dren may include both malnutrition and lower cognitive
abilities. Currently there is no vaccine to prevent the
childhood morbidity and mortality due to infection with
this protozoan parasite. Although amebiasis is present
worldwide, it is most common in underdeveloped areas,
especially Central and South America, Africa, and Asia.
In the United States and other developed countries, cases
of amebiasis are most likely to occur in immigrants from
and travelers to endemic regions.
Epidemiology

Infection occurs via ingestion of the parasite’s cyst from
fecally contaminated food, water, or hands. This is a com-
mon occurrence among the poor of developing countries
and can afflict populations of the developed world, as the
recent epidemic in Tblissi Georgia due to contaminated
municipal water demonstrates (Barwick et al., 2002). Care-
fully conducted serologic studies in Mexico, where ame-
biasis is endemic, demonstrated antibody to E. histolytica in
8.4% of the population. In the urban slum of Fortaleza,
Brazil, 25% of all people tested carried antibody to
E. histolytica; the prevalence of antiamebic antibodies in
children aged 6–14 years was 40%. A prospective study of
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preschool children in a slum of Dhaka Bangladesh has
demonstrated new E. histolytica infection in 45%, and
E. histolytica-associated diarrhea in 9%, of the children
annually. Not all individuals are equally susceptible to
amebiasis, with certain HLA DR and DQ alleles associated
with resistance to infection and disease (Duggal et al., 2004).
Pathogenesis

The cysts are transported through the digestive tract to
the intestine, where they release their mobile, disease-
producing form, the trophozoite. E. histolytica trophozoites
can live in the large intestine and form new cysts without
causing disease. But they can also invade the lining of the
colon, killing host cells and causing amebic colitis, acute
dysentery, or chronic diarrhea. The trophozoites can be
carried through the blood to other organs, most com-
monly the liver and occasionally the brain, where they
form potentially life-threatening abscesses (see Figure 1).
Important virulence factors include the trophozoite cell
surface galactose and N-acetyl-D-galactosamine (Gal/
GalNAc)-specific lectin that mediates adherence to colo-
nic mucins and host cells, cysteine proteinases that likely
promote invasion by degrading extracellular matrix and
serum components, and amoebapore pore-forming pro-
teins involved in killing of bacteria and host cells.

Infection is normally initiated by the ingestion of
fecally contaminated water or food containing E. histolytica
cysts. The infective cyst form of the parasite survives
passage through the stomach and small intestine. Excysta-
tion occurs in the bowel lumen, where motile and poten-
tially invasive trophozoites are formed. In most infections,
the trophozoites aggregate in the intestinal mucin layer and
form new cysts, resulting in a self-limited and asymptom-
atic infection. In some cases, however, adherence to and
lysis of the colonic epithelium, mediated by the galactose
and N-acetyl-D-galactosamine (Gal/GalNAc)-specific
lectin, initiates invasion of the colon by trophozoites.
Once the intestinal epithelium is invaded, extraintestinal
spread to the peritoneum, liver, and other sites may follow.
Factors controlling invasion, as opposed to encystation,
most likely include parasite ‘quorum sensing’ signaled by
the Gal/GalNAc-specific lectin, interactions of amebae
with the bacterial flora of the intestine, natural immunity,
and innate and acquired immune responses of the host.
Immunity

Acquired immunity to infection and invasion by
E. histolytica is associated with a mucosal IgA antibody
response against the carbohydrate recognition domain
(CRD) of the parasite Gal/GalNAc lectin (Haque et al.,

2001, 2006). The average duration of protection afforded
by anti-CRD IgA is under 2 years. Cell-mediated immu-
nity in protection from invasive amebiasis, but not infec-
tion per se, has also been demonstrated. There is
substantial evidence from in vitro animal model and
most recently human studies revealed an important role
for IFN-g in protection from amebic colitis, acting in part
by activating macrophages to kill the parasite. Invasive
amebiasis rarely occurs in individuals with HIV/AIDS,
even in areas where amebiasis is common, suggesting an
important role also for natural resistance and/or innate
immune responses in protection from infection.
Diagnosis

Historically, diagnosis of amebiasiswas complicatedbecause
several areas of the body can be affected, symptoms may
be similar to other conditions such as inflammatory bowel
diseases, and diagnostic tests were not highly specific.
Before the development of new antigen detection and poly-
merase chain reaction (PCR) tests, diagnosis of amebiasis
was performed by examining a stool sample through a
microscope to determine whether E. histolytica cysts were
present (Figure 2(a)). However, this method often requires
more than one specimen because the number of cysts in the
stool is highly variable. In addition, stool microscopy has
limited sensitivity and specificity. The body’s own immune
system produces macrophages that can look like the ameba.
Moreover, three different amebas – E. histolytica, which
causes amebiasis, and E. dispar and E. moshkovskii, which do
not cause disease – look identical under a microscope
(Diamond and Clark, 1993).

Amebiasis outside the intestine has been even more
difficult to diagnose. Clinical manifestations of extraintest-
inal disease vary widely, and less than 10% of person with
amebic liver abscesses have identifiable E. histolytica in their
stools. Noninvasive diagnostic procedures such as ultra-
sound, computer tomographic (CT) scan, and magnetic
resonance imaging (MRI) can detect liver abscesses but
cannot distinguish between abscesses caused by ameba and
those caused by bacteria, thus hampering proper treatment
of the condition.Until recently, themost accurate diagnostic
test involved examining a sample of the abscess tissue
obtained by needle aspiration (Figure 2(b)), a procedure
that is painful, potentially dangerous, and relatively insensi-
tive, identifying amebic trophozoites only 20% of the time.

A stool antigen diagnostic test using polyclonal anti-
bodies to adhesin of E. histolytica that allows specific
and sensitive diagnosis of E. histolytica infection is manu-
factured by TechLab, Inc. This FDA-approved test is
80–90% sensitive and nearly 100% specific compared
to real-time PCR. The E. histolytica antigen test can be
performed rapidly and cheaply, and can detect infection
before symptoms appear. Early presymptomatic treat-
ment can prevent the development of invasive amebiasis



Figure 1 Process of amebiasis infection. Reproduced from Haque R, Huston CD, Hughes M, et al. (2003) Current concepts:

Amebiasis. New England Journal of Medicine 348: 1565–1573, with permission from New England Journal of Medicine.
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and minimize the spread of infection. Moreover, follow-
up tests can be performed to confirm eradication of
intestinal infection. In addition, immunohistochemical
staining of ameba is useful in a case difficult to diagnose
(Figure 2(c)).
Serologic tests for antiamebic antibodies are also a
very useful tool in diagnosis, with sensitivity of 70–80%
early in disease and approaching 100% sensitivity upon
convalescence. The combined use of serology and stool
antigen detection test offers the best diagnostic approach.



Figure 2 (a) An iodine-stained cyst from stool. E. histolytica cyst is quadrinucleated and two of four nuclei are clearly visible. The size

of cyst is usually 10–15mm in diameter. (b) A trichrome-stained E. histolytica trophozoite in the smear of exudate from skin lesion. The

round nucleus with central karyosome is visible. (c) An immuno-stained trophozoite using E. histolytica-specific sera, which were

detected in the histological sections from a patient with acute suppurative appendicitis. (d) E. histolytica trophozoites in tissue.
Figures 2(b) and (d) are courtesy of the estate of Dr. K. Juniper, Jr. Figure 2(c) is courtesy of Prof. James S. McCarthy, Department of

Infectious Diseases, Royal Brisbane Hospital, Herston Road, Herston, Australia.
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What Are the Symptoms of Amebic
Colitis?

Patients present with several days to weeks of gradual
onset of abdominal pain and tenderness, diarrhea and
occasionally bloody stools (Figure 3(a)). This is different
from bacterial causes of dysentery, where patients usually
only have 1 to 2 days of symptoms. Surprisingly, fever
is present in only the minority of patients with amebic
colitis. Colonic lesions can vary from only mucosal thick-
ening to flask-shaped ulcerations to necrosis of intestinal
wall (Figures 3(b)–3(f )). Unusual manifestations of
amebic colitis include toxic megacolon (0.5% of cases,
usually requiring surgical intervention), ameboma (gran-
ulation tissue in colonic lumen mimicking colonic cancer
in appearance), and a chronic nondysenteric form of
infection that can present as years of waxing and waning
diarrhea, abdominal pain, and weight loss (easily misdiag-
nosed as inflammatory bowel diseases).

A heightened suspicion of amebiasis should be present
if the patient has been in a developing country in the
last year (as a resident or traveler). In a patient with
diarrhea, if blood is present in the stool (grossly bloody
or occult blood positive; Figure 3(a)), then infectious
(Shiga toxin-producing E. coli, Salmonella, Shigella, Campylo-
bacter, and E. histolytica) and noninfectious (inflammatory
bowel disease, diverticulosis, arteriovenous malforma-
tions, cancer) causes should be considered. The diagnosis
of amebic colitis is best made by antigen detection in stool
(not widely available), by colonoscopy and biopsy, and
by detection of antiamebic antibodies in serum (present
in most but not all patients).



Figure 3 (a) An empyema fluid from amebic liver abscess. (b) Several typical ulcers. (c) Typical early amebic ulcers with various sizes

in colon. (d) Ulcer with typical flask-shape appearance caused by E. histolytica infection. (e) and (f) Superficial ulceration with

trophozoites. Figures 3(a)–3(d) are courtesy of the estate of Dr. K. Juniper, Jr.
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How Does a Patient with Amebic Liver
Abscess Present?

The typical patient with an amebic liver abscess in the
United States is an immigrant, usually a Hispanic male,
20–40 years old, who presents with fever, right upper
quadrant pain, leukocytosis, abnormal serum transami-
nases and alkaline phosphatase, and a defect on hepatic
imaging study. Roughly 90% of patients with liver
abscess are males. The abscess is usually single and is in
the right lobe of the liver 80% of the time (Figure 4(d))
(Katzenstein et al., 1982).

Most frequently, patients will present with liver abscess
without concurrent colitis, although a history of dysentery
within the last year can often be obtained. Ameba are
infrequently seen in the stool at the time of diagnosis of



Figure 4 (a) Abdominal radiography of a patient with amebic liver abscess, with marked elevation of the right hemidiaphragm and
air–fluid level in the liver abscess after aspiration. (b) and (c) Ultrasound scan and computed tomography scan of amebic liver abscess,

respectively. (d) Amebic liver abscesses. Figures 4(a), 4(c), and 4(d) are courtesy of the estate of Dr. K. Juniper, Jr.

340 Protozoan Diseases: Amebiasis
liver abscess (Adams and MacLeod, 1977). Liver abscess
can present acutely with fever, right upper abdominal
tenderness, and pain, or subacutely with prominent
weight loss and, less frequent, fever and abdominal pain.
The peripheral white blood cell count is elevated, as is
the alkaline phosphatase level in many patients. Early
evaluation of the hepatobiliary system with ultrasound
or CT is essential to demonstrate the abscess in the liver
(Figure 4). The differential diagnosis of the lesion in the
liver would include pyogenic abscess (less likely if the
gallbladder and ducts appear normal), hepatoma, and
echinococcal cyst. Aspiration of the abscess is occasionally
required to diagnose amebiasis. (Although ameba are
visualized in the pus in only the minority of cases, if the
abscess is pyogenic the responsible bacteria will be seen
and/or cultured.) Antibodies to E. histolytica are present in
the serum of 92–97% of patients upon acute presentation
with amebic liver abscess, and therefore are very useful
diagnostically. Unusual extraintestinal manifestations of
amebiasis include direct extension of the liver abscess
to pleura or pericardium, and brain abscess.

In a patient who presents with right upper quadrant
pain, an ultrasound, CT, or MRI should be performed
to examine the liver and gallbladder. If a space-filling
defect in the liver is observed, the differential diagnosis
includes: (1) amebiasis (most common in adult males
with a history of travel or residence in a developing
country), (2) pyogenic or bacterial abscess (suspect in
women, patients with cholecystitis, the elderly, indivi-
duals with diabetes, and in patients presenting with jaun-
dice), (3) echinococcal cysts (this would be an incidental
finding as echinococcal cysts should not cause pain or
fever, unless secondarily infected), and (4) cancer. Most
patients with amebic liver abscess will have detectable
circulating antigen in serum, as well as serum antiamebic
antibodies.
How Should Amebiasis Be Treated?

Invasive amebiasis should be treated with metronidazole
or tinidazole plus a ‘luminal’ agent such as diloxanide
furoate, paromomycin, or diiodohydroxyquin. Metronida-
zole or tinidazole alone does not eliminate intestinal
colonization in up to 50% of patients with invasive ame-
biasis, leaving patients open to the real possibility of a



Protozoan Diseases: Chagas Disease 341
relapse of invasive infection months later. The majority of
patients defervesce after less than 3 days’ treatment with
metronidazole. Chloroquine, dehydroemetine, and needle
aspiration of the abscess have all been successfully used
for the rare patient not responding to metronidazole.

Metronidazole is concentrated in the ameba probably
via reduction of its nitro group by ferredoxin or flavodoxin-
like electron transport proteins, which maintain a gradient
for the entry of the unchanged drug. Metabolic intermedi-
ates of metronidazole damage DNA and possibly other
macromolecules, and deprive the organism of reducing
equivalents by acting as an electron sink.
Future

Providing safe food and water for all children in devel-
oping countries would be ideal for prevention of the
disease but require massive societal changes and invest-
ments. An effective vaccine is less costly and would
be a desirable and feasible goal. Continued support of
developed countries is essential for the development
of effective vaccines and the control of infectious diseases
in developing countries.

See also: Drinking Water and Sanitation; Foodborne

Illnesses: Overview; Introduction to Parasitic Diseases;

Protozoan Diseases: Cryptosporidiosis, Giardiasis and

Other Intestinal Protozoan Diseases; Waterborne

Diseases.
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Introduction

Linguistic, paleoparasitologic, and artistic information
suggests that the domiciliation of triatome bugs and the
transmission of Trypanosoma cruzi have pre-Columbian
antecedents in the Andean region of South America.
T. cruzi infection has been detected in Peruvian and Chi-
lean mummies (Guhl et al., 1999) of 500 to greater than
4000 years of age. Several words describe the domestic
vector in the languages of the ancestral Andean cultures;
‘vinchuca’ or ‘quechua,’ both mean ‘something that falls.’
The Spanish chronicles of the sixteenth and seventeenth
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centuries referred to the domestic triatome, especially in
Argentina, Bolivia, Chile, and Paraguay. Charles Darwin,
who may have been a victim of Chagas’ disease (CD),
described the domestic vector in his paper on the journey
of the British ship Beagle, while visiting Mendoza, Argentina.
In 1835 Darwin narrated his encounter with the benchugas
(or vinchucas, i.e., Triatoma infestans) as follows:

At night we were attacked (there is no other way to call it)

by Benchugas, a type of Reduvius, which is the large black

bug from the Pampas. It is disgusting to feel that 1-inch-

long soft and wingless insect crawling on one’s own body.
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Before sucking, the insect is quite thin, but afterwards it

gets plump and filled with blood. When we placed it on a

table, and in spite of being surrounded by people, the

insect immediately protrudes its ‘‘sucker’’, makes a charge

against its target and, if allowed, sucks blood in. There is

no pain. It is curious to see the insect’s body during the

sucking act. Its body, as flat as a wafer, takes a globule-like

shape. This is the party in which the benchuga got obliged

to one of the officials. It was then a fat bug for several

months, but within 2 weeks the insect is ready to suck

again.
Chagas’ Disease

American trypanosomiasis was described by Carlos Justi-
niano Riveiro das Chagas (Chagas, 1909) as a human
nosological entity. Twenty years later Salvador Mazza
proved the endemic extension of the disease in Argentina.
CD is a wild animal zoonosis caused by Trypanosoma

(Schizotrypanum) cruzi. The parasite bug is passed on to
domestic animals and humans largely through domesti-
cated triatomine (Rhodnius, Triatoma, and Panstrongylus).

Man’s encroachment on the natural environment led to
major ecological disbalance, triatomine adaptation to
human dwellings, and genetic adaptation and simplifica-
tion of the wild, peri-domestic and domestic cycles.
Determinants of triatomine-man contact and transmission
include intensity of household infestation, triatomine
anthropophily, defecation time, evacuation time, quantity
and form of evacuated parasites, and propensity of bug
feces to cause allergic reactions and pruritus. Vertical,
oral, blood transfusion–induced, organ transplant–induced,
and lab-accident transmission have become more impor-
tant as vector control programs have reduced or eliminated
vectorborne transmission.

Development ofT. cruzi infection as an endemic disease
was a consequence primarily of the adaptation of the insect
vectors to human dwellings. That process was a result of
human activity during the occupancy of new territories
under precarious living conditions and the need to clear
forest areas to produce food during the last 300 years. Spe-
cifically, certain types of substandard, human-dwelling con-
ditions favor triatomine colonization. Other factors are the
triatomine biological characteristics, such as phototropism,
hematophagy, and thigmotaxism. The pathway from the
primitive infection of animals byT. cruzi to human infection
was a result of vectors being chased from their wild eco-
topes to artificial ecotopes having new food sources.

The T. cruzi transmission zones are located in rural,
dry, and tropical climates of the Americas from Mexico
to Argentian and Chile in general, with similar domestic
and peridomestic buildings and landscapes, as shown in
Figure 1.
Etiologic Agent

T. cruzi is a hemoflagellate protozoan parasite that alter-
nates between a vertebrate host and an invertebrate host
during its life cycle. It is classified as follows:

Kingdom: Protista
Subkingdom: Protozoa
Phylum: Sarcomastigophora
Class: Zoomastigophora
Order: Kinetoplastidae
Family: Trypanosomatidae
Genus: Trypanosoma
Subgenus: Schizotrypanum
Species: T. cruzi

T. cruzi has a kinetoplast, a mitochondrial DNA struc-
ture, and a flagellum. The location of the kinetoplast and
flagellum varies among the different developmental
forms: amastigote in the vertebrate host, epimastigote in
the invertebrate host, and trypomastigotes in both the
invertebrate host and vertebrate host, as shown in Figure 2.
Biodiversity in the T. cruzi Species

The study of different antigenic or biological properties in
parasites isolated from different patients provided insight
into the different clinical manifestations and response to
treatment. Isoenzyme analysis was the method of choice for
the first attempt at biochemical characterization of T. cruzi
strains. Three zymodemes (Z1, Z2, and Z3) were identified,
and subsequent studies showed the correlation between
zymodemes Z1 and Z3 with cycles of wild transmission
of T. cruzi and Z2 with domestic transmission of the para-
site. Despite great variability found by isoenzyme analyses
of hundreds of strains and clones of T. cruzi, populations of
the parasite have been characterized as belonging to two
major lineages – lineage 1 and lineage 2 – on the basis of
dimorphism observed in sequences of gene 24 rRNA and of
the nontranscribed spacer of the mini-exon gene. This
region is identified by initiators TC, TC1, and TC2 that
amplify 300 base pair (bp) (T. cruzi lineage 1) or 350 bp
(T. cruzi lineage 2). Lineage 1 was shown to be identical to
zymodeme 2 and lineage 2 corresponded to zymodeme 1.
Most of the TC lineage 2 strains of T. cruzi were isolated in
patients with chronic CD in countries of the Southern
Cone of the American continent. In a group of 67 strains
isolated in the Brazilian states of Amazonas, Paraı́ba, Piauı́,
and Minas Gerais, 91% corresponded to T. cruzi lineage 2,
and 9% to T. cruzi lineage 1. T. cruzi lineage 1 has been
mainly associated with the wild transmission cycle. In
Northern Argentina two specimens of T. infestans were
found to be infected with TC1, 24 specimens with TC2e
and one with TC2d. In one specimen there was a mixed
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Figure 2 Life cycle of Trypanosoma cruzi in the insect after taking a blood meal. The blood with trypomastigotes is concentrated

in the stomach, where they differentiate to epimastigotes; they divide in the duodenum, and differentiate to metacyclic trypomastigotes

in the rectal ampoule of the triatomine. After defecation by the insect on the skin ormucosa,metacyclic trypomastigotes can enter the host.

Figure 1 General countryside of the areas of T. cruzi transmission. (a) A rural house in which the walls are built with mud bricks and the

roof is a combination of wood, straw, and mud; the resting place is under the thick trees; (b) and (c) Peri-domestic area surrounding
houses; (d) A typical house of the tropical area of Rhodnius prolixus infestation. The arrow shows the way of Rhodnius to the house roof.

Structures depicted in (a), (b), and (c) are from the dry zone of Chaco in the North of Argentina; Triatoma infestans is the vector of

Trypanosoma cruzi. Photograph courtesy of Dr. J. R. Coura, Fiocruz, Rio de Janeiro, Brazil.
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TC1þTC2 infection in the fecal sample, although
corresponding culture only showed TC2, thus providing
evidence of the advantages of direct typing of biological
samples. This updated lineage identification of T. cruzi in
field-collected Triatominae showed that T. cruzi lineage
2 strains are predominant in the northern region of
Argentina (Marcel et al., 2006).

In Colombia, Venezuela, and Central American coun-
tries a second trypanosome, Trypanosoma rangeli, infects
humans. It is considered nonpathogenic for humans
and other vertebrate hosts. Previous studies showed a
significant genetic difference between T. rangeli strains
from Colombia, Venezuela, and Honduras, and strains
isolated in the south of Brazil using kDNA probes, DNA
fingerprinting, and isoenzyme and RAPD analyses.
Invertebrate Vectors of T. cruzi

These insects belong to the order Hemiptera, family
Reduviidae, and subfamily Triatominae. They are widely
distributed in tropical and subtropical regions on the
American continent, from south of the United States
down to the northern and central regions of Chile and
Argentina. Sixteen genera and more than 130 species have
been described, as reported by the World Health Organi-
zation (WHO) (2002: i–vi, 1–109). These hematophagous
insects lay up to 200 eggs during their lives (around
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Figure 3 Life cycle of Triatoma infestans.
24 months), and evolve through five nymphal stages
(Nymphs 1, 2, 3, 4, and 5) from egg hatching until reach-
ing the adult stage (Figure 3). Triatomine bugs are obli-
gate blood feeders from birth. Once infected with T. cruzi

from an infected animal or human being, the insect keeps
the T. cruzi in its intestine for life.

For the greater than 100 proven vectors, and poten-
tially vector species, the ecological conditions that influ-
ence the parasite transmission pattern vary widely. Some
vectors are exclusively domiciliated, such as T. infestans
and Triatoma rubrofasciata. The situations of the other
species of triatomae are shown in Table 1.

The most important species of the triatomidae trans-
mitting T. cruzi to human beings are: T. infestans, Triatoma
brasiliensis, Triatoma pseudomaculata, Triatoma sordida, Pan-

strongylus megistus, Triatoma dimidiata, and Rhodnius prolixus.
The geographical distribution of the area of risk transmis-
sion of T. cruzi is shown in Figure 4.
Transmission Routes and Biological Cycle

In endemic zones,T. cruzi ismainly transmitted through the
Triatominae vector. Other frequent transmission routes are
blood transfusions due to the existence of infected donors
who are unaware of their infection status. Congenital trans-
missions take place during gestation although it also can
occur rarely during delivery. In organ transplants,
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Table 1 Situations of other species of triatoma, in relationship to its ecotope

Species captured as much in
wild ecotopes as in human
dwellings

Species captured in
human domiciles, but
predominantly
found in wild ecotopes

Wild species with adults
sporadically found in
domiciles

Exclusively wild
species

Rhodnius prolixus Triatoma rubrovaria Triatoma protracta Alberprosenia sp.

Rhodnius pallescens Triatoma vitticeps Triatoma tibiamaculata Belminus sp.
Panstrongylus megistus Triatoma ecticularia Triatoma malanocephala Bolbodera sp.

Triatoma barberi Panstcongylus lutzi Triatoma circunmaculata Dipetalogaster sp.

Triatoma brasiliensis Rhodnius ecuadoriensis Triatoma pallidipennis Parabelminus sp.

Triatoma dimidiata Rhodnius nasutus Triatoma mazzottii Cavemicola sp.
Triatoma maculata Rhodnius neglectus Triatoma carrioni Hermanlentia sp.

Triatoma longipennis Rhodnius pictipes Triatoma breyeri Mepraia sp.

Triatoma pseudomaculata Triatoma platensis Paratriatoma sp.
Triatoma phylosoma Triatoma guazu

Triatoma sordida Triatoma sanguisuga

Triatoma guasayana Triatoma patagonica

Microtriatoma trimidadensis
Rhodnius robustus

Rhodnius domesticus

Panstrongylus diasi

Panstrongylus geniculatus
Psamolestes coreodes

From Silveira AC (1999) Current situation of the control of vector born Chagas disease transmission in the Americas. In: Atlas of Chagas

Disease Vectors in the Americas, vol. 3, pp. 1161–1181. Rio de Janeiro: Editora Fiocruz.
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Figure 4 Map of geographical distribution of triatomines in the Americas, according to transmission risk. Artwork courtesy of
Dr. A. C. Silveira, 1999.
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transmission occurs when a donor is infected with T. cruzi;

transmission is facilitated by the immunosuppression to
prevent rejection of the transplanted organ. Other nonvec-
torial transmission is accidental transmission, which occurs
when manipulating lab material infected with T. cruzi,
accidents suffered by surgeons or other health workers, as
well as transmission risk of injecting drug users sharing
needles. Oral transmission caused by contaminated food
and drink has been reported in sporadic human micro-
epidemics in Brazil (Shikanai-Yasuda et al., 1991).
Epidemiology

In the Americas, there are approximately 16million
patients with chronic CD. This is a zoonosis that consti-
tutes the fourth largest tropical disease burden only after
malaria, tuberculosis, and schistosomiasis, as reported by
Moncayo (2003).

The vectors of T. cruzi are much more widely spread
than human cases of infection.Triatominae distribution is
not limited to the American continent, where the presence
of vectors, either actual or potential, was delimited between
latitude 40� north and latitude 45� south. Specimens have
been found at altitudes of up to 3000meters above sea level.
Natural human transmission of the disease has been
observed from south of the United States, where several
cases have been reported, down to the province of Chubut,
Argentina. Vectorborne transmission in different areas is
related to insect feeding and defecation habits, insect genet-
ics and population dynamics, and infectivity of parasites.

The limits of the areas where the disease occurs, or
where its transmission is endemic, are determined by or
dependent on natural – primarily economic – variables. In
Carlos Chagas’ own words, ‘‘this sanitary problem offers
practical difficulties, all of economic order. The problem
is linked to development, work, agriculture prosperity,
soil settlement’’ (Chagas, 1909). As a consequence, disease
distribution is often focal, although there can be extensive
geographic areas with risk of transmission in homes, espe-
cially in areas of widespread, low income and limited
social services.

Since the 1950s and 1960s, studies have shown a close
correlation between infestation with triatomine bugs, the
prevalence of T. cruzi infection, and heart disease, which
can be attributed to CD, as described by Rosenbaum and
Cerisola (1961). Additionally, because of increasing migra-
tion, no region is exempt from the occurrence of
local transmission caused by blood transfusion, congenital
transmission, organ transplantation, or by the use of
needles shared by injecting drug users.

Cardiomyopathy secondary to T. cruzi infection is
the most common form of nonischemic cardiomyopathy
worldwide. The most recent figures provided by the WHO
indicate that 40 million persons are exposed to infection,
approximately 200 000 new cases occur per year, 16 million
persons are currently infected, 20 to 30% of infected
individuals will eventually develop cardiomyopathy, and
21 000 persons will die each year from CD.

Transmission of T. cruzi by blood transfusion results in
the presence of trypomastigotes, albeit in low numbers,
in a large number of persons in the chronic stage of CD.
Transmission is possible through transfusion of whole
blood as well as through blood components, such as plate-
lets, leukocytes, frozen plasma, and cryoprecipitates. In
the Southern Cone countries, approximately 6million
persons donate blood every year. According to Schmunis
et al. (1998), in countries participating in the Southern
Cone Initiative, the risk of transmission via donation of
blood products varied from 219 out of 10 000 in Bolivia, 49
out of 10 000 in Peru, and 2–24 out of 10 000 in other
countries. Donor selection and quality assurance in diag-
nostic tests used for screening donors account for varying
numbers of transfusion-associated cases (Cura and
Segura, 1998).

Due to an increase in the number of serologically
screened blood donors and deferral of infected donors,
as well as in the number of homes treated with insecticides
in Argentina, Brazil, Chile, Uruguay, and Paraguay, there
has been a steady decrease in the prevalence of positive
serology for T. cruzi in blood collected in blood banks. In
these countries, there also has been a decline in the
number of infected pregnant women when compared to
historical data. In other endemic countries, the prevalence
of T. cruzi in pregnant women varies from 5 to 40%,
depending on the geographical area. Migrations of per-
sons from rural areas to areas surrounding the cities,
where triatomines are not found, have facilitated detec-
tion of congenital T. cruzi infection because transmission
by vectors can be ruled out. Although presumptive diag-
nosis of congenital infection can be made on clinical and
epidemiological grounds, a case can be confirmed as
congenital only if: (1) the baby is born from a mother
with T. cruzi infection, and (2) either parasites are identi-
fied at birth, or specific antibodies are detected at birth,
and such antibodies persist after 6–10months of life or
otherwise can be shown to originate in the infant and not
the mother (Blanco et al., 2000). When antibodies are
detected in a child born in a nonendemic area of a sero-
negative mother, transfusion-associated transmission must
be ruled out.

In the Southern Cone countries the transmission rate of
congenital T. cruzi infection, that is, the number of congen-
ital cases/mothers infected with T. cruzi, varies widely,
ranging from 1 to 12%. These differences have been dis-
cussed at length and attributed to possible special charac-
teristics of the infecting parasites; differences in the host’s
immunological, genetic, or nutritional status; specific epi-
demiological situations; or the different methodologies
used for detection of congenital cases. PCR (polymerase
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chain reaction) is an efficient tool for diagnosis of infection
in a newborn from a T. cruzi-infected mother, as demon-
strated in Paraguay by Russomando et al. (2005).

In most studies of the last 20 years, congenital infection
in most cases was asymptomatic. However, the Bolivian
report of Torrico et al. (2004) indicates that symptomatic
cases accounted for about 50% of overall congenital cases,
and infected infants have a mortality rate of 6%.
Immunity to T. cruzi

At the beginning of the infection, trypomastigotes depos-
ited on the injured skin or on the mucous membranes
enter macrophages and stimulate a local inflammatory
reaction, the inoculation chagoma and/or Romaña’s sign.
Both the inoculation chagoma and Romaña’s sign are
specific to CD in its acute stage, although they occur in
less than 5%.

Parasites invade macrophages at the site of inoculation,
replicate as amastigotes, transform to trypomastigotes,
and are released into the bloodstream from where they
invade cells in the liver, spleen, lymph nodes, and skeletal
and cardiac muscle (Figure 5). Replication of amastigotes
in the myocardium leads to acute myocarditis with lym-
phocyte-monocyte infiltration, mediated by T CD4þ and
Figure 5 (a) Amastigote nest, in a section of cardiac muscle, surrou

(c) Epimastigotes, from cell-free culture, fixed, and incubated with ser
Photograph courtesy of Dr. M. Postan, CONICET Argentina, and Dr.
CD8þ cells and IL2 and IL4 cytokines. The chronic
inflammatory reaction leads to muscular and neuronal
destruction, and is maintained by the presence of T. cruzi
or T. cruzi fragments. The inflammatory reaction, damage
to the microcirculation, and fibrosis cause chronic myocar-
dial dilation, congestive heart failure arrhythmias, dysper-
istalsis, megaesophagus, and megacolon. Prevalence of
these two last clinical conditions is lower in Argentina
and Uruguay than elsewhere in the Southern Cone, but
neither occurs in infections acquired north of the Amazon.

The presence of two developmental stages of T. cruzi
in mammalian hosts provides two anatomically and anti-
genically distinct targets of immune detection: the trypo-
mastigotes in the bloodstream and the amastigotes in the
cytoplasm of infected cells. Thus, it would be expected that
immune control of T. cruzi might require a combination of
different immune responses effective against these stages,
and experimental data provide strong evidence for this. At a
minimum, the generation of a substantial antibody response,
and the activation of both CD4þ and CD8þ T cell com-
partments are needed to prevent death from an overwhelm-
ing acute parasitemia as demonstrated by Tarleton et al.
(1996). Additionally, these same responses are probably
required to maintain control of T. cruzi during the chronic
phase of the infection. The evidence for the latter comes
from experimental models and natural human infections in
nded by inflammatory infiltrate; (b) Bloodstream trypomastigotes;

a of an infected patient in an indirect immufluorescence reaction.
R. Tarleton, Georgia University.
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which targeted depletions of immune cells, immunosup-
pressive treatments, or infection-induced immunosuppres-
sion result in an exacerbation of a chronic infection.

Three factors are likewise associated with the devel-
opment (or not) of severe disease: (1) parasite burden, (2)
effectiveness of the host immune response in controlling
parasites in specific tissues, and (3) effectiveness of the
host immune response in controlling damage to tissues.
Parasite burden is, in turn, largely dependent on how
effective the host immune response is in killing parasites
or limiting parasite replication. When immune control is
inefficient, parasite load and also inflammation – and
therefore the potential for tissue damage – increase.

In the past, many investigators believed that Chagas’
heart disease was the consequence of an autoimmune
process. However, the results of immunosuppression
on CD are contrary to what would be predicted if
CD were an autoimmune disease; immunosuppression
should reduce the disease severity, but paradoxically,
inflammation increases despite immunosuppression. It is
possible that the effects of induced immunodeficiency
regarding the development of CDmay represent an accel-
erated and intensified version of what happens in the
minority of T. cruzi–infected patients who develop severe
acute CD; when one effector arm of the immune response
is blocked or even suboptimal in efficiency, a compensa-
tory but less effective and therefore potentially more
damaging immune response takes its place.

There are no data that can absolutely rule out autoim-
munity as having a role in disease development and being
a primary cause of pathology. One area of agreement
reached in recent years is that parasite persistence is
required for the damage to occur. Whatever its triggering
mechanism, one goal seems clear: patients will benefit
from a reduced parasite burden. It is clear that this cannot
be achieved by targeting autoimmunity as the problem in
CD. A reduction in parasite burden can be achieved not
only through the discovery and implementation of better
chemotherapeutics, but also with the use of immunologi-
cals, including therapeutic vaccines, to enhance host
immune control of the infection.

Chronic T. cruzi infection results in tissue-specific dam-
age focused primarily in the gut and heart and associated
with the persistence of parasites in these disease sites.
Tissue-specific control of T. cruzi infection is evidenced
by Postan et al. (1983), early in the acute infection stage and
is even more obvious in the chronic stage, with persistence
of parasites most commonly restricted to muscle and, to a
lesser extent, the central nervous system (CNS). It is not at
all clear what factors allow for parasite clearance from
some tissues but not from others. Parasite strain-specific
factors almost certainly contribute. But it is unlikely that
tissue restriction is due solely to differential tropism of
distinct strains as parasites are widely distributed in most
if not all tissues and organs early in the infection, before the
full development of B and Tcell responses. More likely, the
tissue-specific persistence of T. cruzi in the chronic infec-
tion is related to qualitative and quantitative aspects of the
local immune responses in these tissues.

Better knowledge of the immune response to the para-
site will provide a basis for diverse approaches to vaccine
development including: identification of the target mole-
cules as potential vaccine target candidates, a therapeutic
vaccine for T. cruzi, and/or transmission blocking vaccine
for T. cruzi.
Pathophysiology

Organ damage arising during the acute phase is closely
related to high-grade parasitemia and parasite presence in
target organs (i.e., gastrointestinal tract, CNS, and heart).
As the parasitemia abates and the systemic inflammatory
reaction subsides, silent, relentless focal myocarditis
ensues during the indeterminate form of CD. In predis-
posed hosts, encompassing approximately 20–30% of the
infected population, this chronic myocarditis evolves to
cumulative destruction of cardiac fibers and marked
reparative fibrosis.

Apart from the possible ancillary role of neuronal
depopulation and microvascular derangements as mechan-
isms of myocarditis, evidence gathered from physiopatho-
logical studies in animal models and in humans is consistent
with two prevailing hypotheses to explain the pathogenesis
of chronic CD: (1) T. cruzi infection induces immune
responses that are targeted at host tissues and are indepen-
dent from the parasite persistence (the so-called autoim-
mune hypothesis), and (2) parasite persistence at specific
sites in tissues of the infected host results in chronic inflam-
matory reactions (the parasite persistence hypothesis).

The use for diagnostic techniques such as PCR and
monoclonal antibodies provides evidence of the presence
of the parasite (or fragments of it) or of T. cruzi antigens in
human tissues in inflammatory foci with higher concen-
tration of lymphocytes.
Clinical Evolution of CD and Diagnosis

CD has two clinical phases: acute and chronic. The acute
phase is undiagnosed in more than 90% of vectorborne
cases. It can be symptomatic, oligosymptomatic, or asymp-
tomatic. Some of the most frequent symptoms are febrile
syndrome of long duration and lymphadenopathy. Some
typical, though less frequent, symptoms are: Romaña’s
sign (unilateral bipalpebral edema), inoculation chagoma,
hematogenous chagoma, and lipochagoma. Clinically overt,
acute myocarditis or meningoencephalitis develops in
approximately 1% of cases, mainly in children, and about
one-tenth of cases are fatal (Lugones, 2002) (Figure 6).
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Acute Phase

During the acute phase, diagnostic methods for T. cruzi
infection focus on detecting the presence of the parasite
or of specific T. cruzi antibodies. Some parasitological
methods are concentration methods such as capillary
microhematocrit, Strout, and other less sensitive methods,
such as examination of a drop of fresh blood. These are
useful during the acute phase of the infection, when
parasitemia level is high (Figure 7).

Immunodiagnosis consists of serological reactions used
to detect circulating antibodies to T. cruzi, primarily
immunoglobulin G (IgG). IgG becomes detectable about
30 days after infection, and reaches maximum levels in
the third month. Immunoglobulin M (IgM) is generated
earlier, but is not always detectable. The absence of IgM
antibodies against T. cruzi, epimastigote-derived anti-
gens does not exclude infection. ELISA (enzyme-linked
Acute phase 
60 days

Chronic phase–indeterminate 
20 years

40%

60%

Clinical leve
40%

60% 100%

Figure 6 Scheme of clinical evolution of Chagas’ disease. Reproduc
Chagas’ disease in the Argentine Republic. Hospital (Rio J) 60: 55–10

Figure 7 Acute cases of Chagas’ disease in children. (a) 14-year-o
Romaña’s sign.
immunosorbent assay), IFA (indirect immunofluores-
cence), IHA (indirect hemoagglutination), gel particle
agglutination, and – more recently – immunochromato-
graphy tests are used for IgG detection.

Following the acute phase, the great majority of
infected people remain asymptomatic and with no clinical
evidence of structural disease during the so-called inde-
terminate stage of CD. Most patients remain in this stage
of CD for life, but antibodies to T. cruzi and low-grade
parasitemia persist unless they are treated.

Approximately, 10–30% of infected patients after 2 or
more decades of infection develop symptoms and signs of
cardiac and digestive disease (Rosenbaum, 1961). To
determine the presence of Chagas’ heart disease, an elec-
trocardiogram (ECG) should be performed, and when
abnormal, a chest radiograph or echocardiogram should
be performed as well. Cardiac manifestation of CD
clinical form Chronic phase–visceral form
40 years

10%

20%

70%

l
10%

20%

70%

ed from RosenbaumMB and Cerisola JA (1961) Epidemiology of
0.

ld female; (b) 8-month-old male, both with chagoma or
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includes abnormalities of the ventricular conduction sys-
tem, ventricular arrhythmias, sinus node dysfunction, car-
diac enlargement and dysfunction, heart failure, and left
ventricular aneurysm. Of note, there is evidence from
autopsy and biopsy studies indicating that subclinical,
parasite-related myocarditis is present in 30% or more
of subjects in this stage of CD who will never develop
symptomatic disease.
Figure 9 Electrocardiogram of a patient with Grade III chagasic

myocarditis: ventricular extrasystoles, negative T wave in V5
Chronic Phase

The major complications of chronic Chagas’ heart disease
include signs of heart failure (usually with prominent sys-
temic congestion and cardiac enlargement (Figure 8)),
ventricular arrhythmias, and atrioventricular block.
Chest pain – felt by 15–20% of patients – is usually
atypical for myocardial ischemia, but in a subgroup of
chagasic patients it may mimic acute coronary syndrome.
However, epicardial coronary arteries are angiographic-
ally normal.

Typical ECG abnormalities (Figure 9) include right
bundle branch with left anterior fascicular block and
ventricular extrasystoles. Episodes of nonsustained ven-
tricular tachycardia (VT) are present on 24-hour ambula-
tory ECG monitoring in approximately 40% of patients
with wall motion abnormalities, and in 90% of patients
with heart failure (Rassi et al., 1995). Sustained VT can be
induced through programmed ventricular stimulation in a
substantial proportion of patients. Not infrequently, com-
plex ventricular rhythm disturbances coexist with bra-
dyarrhythmias, as described by Chiale et al. (1982), and
when associated with impaired left ventricular function,
constitute a major risk factor for sudden cardiac death.

Striking segmental wall motion abnormalities in both
ventricles occur early in the development of CD. The
Figure 8 Chest X-ray of a Chagas’ disease patient with cardiac

enlargement. Photograph courtesy of Dr. J. R. Coura, Fiocruz,
Brazil.
most characteristic lesion is the apical aneurysm, but it
is the posterior basal dysynergy that best correlates with
the occurrence of malignant ventricular arrhythmia. The
aneurysms are also sources of emboli (Figure 10).

Mortality in patients with cardiac CD is primarily
ascribed to sudden cardiac death, progressive heart fail-
ure, and thromboembolic events. Sudden cardiac death
occurs in 55 to 65% of cases, progressive heart failure in
20 to 25%, and stroke in 10 to 15%. Sudden death is more
and V6, and electrically inactive zones. Photograph courtesty
of Dr. J. R. Coura, Fiocruz, Brazil.

Figure 10 Apical left ventricular slimming in a deceased

Chagas’ patient; grade III aneurysm evidenced by
transillumination.



Figure 11 Surgery of the megacolon in a terminal case of

Chagas’ disease. Photograph courtesy of Dr. Carlos Mercapide,

Hospital A. Zatti, Viedma, Rio Negro, Argentina.
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frequent in young patients. The estimated total annual
mortality caused by CD is 21 000 cases.

The gastrointestinal manifestations are a progressive
enlargement of the esophagus or the colon, caused by
chronic inflammation and destruction of parasympathetic
neurons. The main gastrointestinal symptoms are dyspha-
gia and severe constipation. Esophageal disease can
appear as early as the acute phase of infection in children,
while colonic disease evolves more slowly Figure 11.

Damage to the nervous system and striated muscle in
the chronic stage, although not very clear in regard to its
clinical significance, is expressed through motor cell
loss or degeneration in various muscles, with infiltration
and demyelination areas in the nerves. In the CNS,
circumscribed or necrotizing inflammatory injuries can
be found in the gray matter.

The diagnosis of T. cruzi infection during the chronic
phase is best made by serological tests that detect circulat-
ing IgG antibody. There are useful amplification methods
to establish the presence of parasites such as blood culture
and xenodiagnosis, although the methods are significantly
less sensitive during the chronic phase. The xenodiagnosis
method used for many decades is now practically
restricted to isolation work in the research area.

Assays based on PCR, which detect T. cruzi nucleic
acids, have proved to be useful for verification of the
parasite persistence in the host, and particularly useful
for assessing the effectiveness of antiparasitic treatment.
Antiparasitic Treatment

So far it has been shown that treatment is effective for acute
and congenital infections, reactivated infections in persons
with HIV infection or receiving immunosuppressive ther-
apy, and chronic infections of less than 15 years’ duration.
The effectiveness of treatment during the acute phase
is easily demonstrated by the rapid drop of parasitemia
and the disappearance of symptoms, signs, and circulating
antibodies. Evaluation of the effectiveness of treatment is
difficult in the chronic phase in which the disappearance
of specific antibodies takes years, and this is the only
accepted criterion of cure, as was established by a meeting
of experts of the Pan American Health Organization
(PAHO) (1999).

Several drugs have been tested for activity against
T. cruzi, but only nifurtimox (1972) and benznidazole
(1974), have demonstrated efficacy in human beings.
These agents have been accepted by almost all Latin
American countries’ Ministries of Health as treatment
for T. cruzi infection. The objectives of treatment are to
eliminate the parasite from infected persons, to diminish
the probability of developing the disease, and to prevent
T. cruzi transmission to others from infected persons
(Sosa-Estani et al., 1998).

When trypanocidal treatment is used in patients in the
late chronic phase, antibody titters may require 5 or more
years to show a decline (Viotti et al., 1994). ‘‘Cure’’ rates in
the late chronic phase, as determined by negative serol-
ogy, are between 8 and 70%, and are higher for children
than adults. Other assays that may be able to document
cure sooner than conventional serology include serologi-
cal tests employing recombinant antigen or purified,
mucinlike glycoconjugate from cell-cultured trypomasti-
gotes (De Andrade et al., 1996), xenodiagnosis, and PCR.
Measurement of serum levels of the adhesion molecule
p-selectin assays for interferon-gamma-producing T cells
specific for a T. cruzi lysate group.

Several authors found that the results of treatment were
more encouraging when ECG changes rather than serol-
ogy were the outcome (Viotti et al., 1994; De Andrade et al.,
1996). However, several other authors did not observe
differences between treated and untreated patients.
Based on the hypothesis that Chagas’ cardiomyopathy
may indeed be triggered by persistent parasitic infection,
it seems plausible that trypanocidal therapy may delay,
reduce, or prevent the disease progress. This hypothesis
must be tested by means of randomized clinical trials.

During treatment, patients must be under medical
supervision to monitor for side effects, including cutaneous
reactions, gastrointestinal intolerance, and, less frequently,
central or peripheral neurotoxicity. Laboratory tests rarely
show elevation of transaminases or leukopenia. Side effects
aremore frequently observed in adolescents and adults than
in children and babies. In all cases, side effects disappear
when the dose is diminished or the treatment is suspended.

It is necessary to search for better drugs than the ones
available at this time to find a solution for the 16 million
people infected with T. cruzi. Meanwhile, benznidazole
and nifurtimox continue to be the only currently available
drugs to treat persons with T. cruzi infection.
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Control of T. cruzi Transmission

The main control strategies include surveillance and con-
trol of vectors, improvement of household construction,
serological screening of blood and organ donors, and
detection and treatment of congenitally infected infants.

Work contributed by Latin American researchers estab-
lished the scientific basis for vector control and demon-
strated its effectiveness in interrupting transmission. In
1948, Dias and Pellegrino described the successful use of
the residual insecticide HCH (hexaclorocyclohexane)
when applied to the walls of houses and peri-domestic
structures infested with T. infestans in a rural area of
Brazil. This vector has several attributes that facilitate
its elimination: complete domiciliation in most endemic
areas, and lack of sylvatic populations that could reinfest
houses; low reproductive potential; and little capa-
city for active dispersion. In populations of Argentina
(Segura, 2002), Brazil (Dı́as, 2002), and Venezuela hav-
ing infestation levels higher than 15%, dwelling units
have been treated with insecticides since the 1950s.
More recently, regional control initiatives have extended
vector control activities to other countries (see the sec-
tion ‘Regional initiatives for control of transmission of
T. cruzi ’).

A second approach to vector control is improvement of
houses to eliminate the conditions necessary for coloniza-
tion by triatomine bugs. These measures include plastering
of walls and replacing thatch roofs to destroy potential
hiding places for bugs, and providing the residents of rural
areas with new, well-constructed houses. Such modifica-
tions or replacements were carried out in Venezuela in the
1970s and 1980s with excellent results, as well as in certain
geographical areas in Bolivia and Paraguaywith community
participation. Reinfestation byTriatoma infestans after insec-
ticide spraying has caused elimination efforts in all the
regions to fail repeatedly (Cecere et al., 2006). Although
house improvement and application of insecticide can be
complementary, economic constraints have prevented
more widespread implementation of measures to improve
dwellings.
Regional Initiatives for Control of
Transmission of T. cruzi

Control of CD began to be institutionalized in the 1960s
in the form of national campaigns implemented in Vene-
zuela and several countries in the Southern Cone. In 1991
the Southern Cone Initiative, initiated by the Health
Ministers from Argentina, Bolivia, Brazil, Chile, Paraguay,
and Uruguay, allowed national control activities to be
maintained, expanded, or instituted on a regular basis.
The goal was to eliminate transmission by T. infestans

and prevent transmission by transfusion of blood products
throughout the region. The PAHO/WHO, which played
a key role as technical secretariat of the Initiative, clearly
defined the objectives, monitored the quality of work, and
oversaw shared activities in border areas. After 15 years,
the progress achieved is undeniable. Transmission by
T. infestans has been shown to be interrupted in Chile,
Uruguay, Brazil, and parts of Argentina and Paraguay. In
many areas, it appears that the vector itself has been
eliminated, although this has not been demonstrated
with absolute certainty so far.

Other initiatives followed that of the Southern Cone,
including the Central American countries in 1997, the
Andean countries in 1999, Mexico in 2003, and the
Amazonian region in 2004. The WHO reports have
demonstrated the impact of the programs: decrease in
the case incidence, lower prevalence of infections as
measured by serological screening of populations, and a
decrease in mortality.

Domiciliated species of bugs such as T. infestans and
R. prolixus, especially in areas in which the last one was
introduced, are susceptible to elimination by spraying of
houses and buildings in the peri-domestic areas. Other
species live mainly in natural environments, but have the
capacity to sporadically invade and colonize human
dwellings. Thus, T. brasiliensis, T. pseudomaculata, T. sordida,
T. dimidiata, and P. megistus tend to persist following
application of insecticide to dwellings, and control of
these species requires constant monitoring and periodic
spraying (Dı́as, 2002).

Currently, in the Southern Cone countries, the major
concerns regarding control are sustainability of the
accomplished results and implementation of strong anti-
triatomine actions in countries still infested by T. infestans,
mainly Bolivia, southern Peru, and areas of Argentina.
There is also an urgent need for research on appropriate
techniques of epidemiological surveillance and promot-
ing community involvement in control activities in coor-
dination with the health system.
Control of the other Transmission Routes

Control of blood for transfusion through serological test-
ing of blood donors has not been completely implemented
in endemic countries. Considering the high risk of infec-
tion through this route, it is mandatory that a screening
strategy be uniformly adopted and sustained. Some
countries are increasing efforts to screen pregnant
women to facilitate detection of congenital infections. In
the future, when complete control of vectorial and trans-
fusion-associated transmission is achieved, congenital
transmission will be the only source of new cases. In
some nonendemic countries such as the United States,
which have large numbers of immigrants from endemic
areas, programs to screen blood donors are being
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implemented. An additional challenge for these countries
is to identify and provide proper medical care for infected
persons, including congenitally infected infants.
Needs for the Future

To improve CD control perspectives, we are faced with
numerous challenges: in the short term, to continue
entomologic surveillance, to complete activities to pre-
vent new acute cases, to do research to improve exist-
ing interventions, and to facilitate better diagnosis and
follow-up of clinical cases. Mid- and long-term challenges
include development of a vaccine that prevents the
disease from developing in persons already infected or
lessens the risk of infection, and improvement of the
economic, social, and educational conditions of popula-
tions at risk.

See also: Protozoan Diseases: African Trypanosomiasis;

Protozoan Diseases: Amebiasis; Protozoan Diseases:

Cryptosporidiosis, Giardiasis and Other Intestinal Proto-

zoan Diseases; Protozoan Diseases: Leishmaniasis; Pro-

tozoan Diseases: Malaria Clinical Features, Management,

and Prevention; Protozoan Diseases: Toxoplasmosis.
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Introduction

Diarrhea is a very common illness, especially in the
developing world, and is frequently experienced by tra-
velers. Cryptosporidium, Cyclospora, Isospora, Giardia, amoeba,
and Sarcocystis are pathogenic protozoan parasites that can
cause these gastrointestinal illnesses. Commensal para-
sites are also relatively common in developing countries
and less frequently identified in the developed world.
Worldwide, Giardia is the most common protozoan infec-
tion in the gastrointestinal tract of humans. It was proba-
bly first seen by Anton van Leuwenhoek in the late
seventeenth century. In Tennessee, Giardia cysts have
been identified in human feces from about 600 BC. Cryp-
tosporidium and Giardia have also been reported from
samples 500 to 3000 years old from the Andean regions
in Peru, and from 4300- to 1100-year-old samples from
the coastal regions of Peru. Cryptosporidium became much
more relevant to public health in the early 1980s with the
emergence of the AIDS epidemic. Opportunistic and
emerging parasitic infections also include Isospora, partic-
ularly in HIV and AIDS patients. Cyclospora has been
observed in certain regions of the developing world; how-
ever, globalization of the food supply and increase in
international travel have revealed that parasitic infections
can also cause epidemics in the developed world.

Intestinal Coccidia

Cryptosporidiosis

Gastrointestinal cryptosporidiosis is characterized by
profuse watery diarrhea, which is more severe in children,
the elderly, and individuals with compromised immunity.
Rodrigues Coura J (ed.) (2005) Dinâmica das Doenças Infecciosas e
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Although Cryptosporidium has been identified primarily in
the gastrointestinal tract as a cause of diarrheal illness in
humans, AIDS patients have also been reported with
infections of the gallbladder and the respiratory tract. In
immunocompetent individuals, diarrhea lasts, on average,
15 days; however, oocyst shedding in the feces can con-
tinue for more than 30 days. In immunocompromised
patients, diarrhea is profuse and can last for months.
Interferon gamma seems to play a role in controlling the
infection.

The clinical presentation of cryptosporidiosis has been
variable, and in the past, infection was considered to be
caused by a unique species,Cryptosporidium parvum; this was
later differentiated as genotype I (or human genotype) and
II (or bovine genotype). Genotype I was later renamed
C. hominis, and C. parvum (genotype II) is still considered
the zoonotic group and consists of various genotypes.

Of the 15 species of Cryptosporidium described as infect-
ing reptiles, fish, birds, and mammals, eight can also infect
humans: C. hominis (of humans), C. parvum (of cattle),
C. canis (of dogs), C. felis (of cats), C. meleagridis (of turkeys),
C. muris (of rodents), C. suis (of pigs), and Cryptosporidium

cervine genotype. Most of these are morphologically sim-
ilar (Table 1); therefore, molecular assays are needed to
differentiate between them.

Oocysts are excreted in the feces of an infected indi-
vidual or, in the case of immunocompromised persons, the
sputum. These oocysts are already infectious and can
infect susceptible individuals. When ingested or inhaled,
the oocysts undergo a process of excystation, in which
four sporozoites per oocyst are released. These sporo-
zoites invade the epithelial cells of the gastrointestinal
(preferentially ileum) or respiratory epithelial cells.
Within the host cell, Cryptosporidium undergoes a series
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of asexual multiplication producing meronts: type I
(8 merozoites) and type II (4 merozoites). Asexual multi-
plication can continue, or organisms can differentiate to
the sexual forms of the parasite. The zygote is formed
after the microgametocyte fertilizes the macrogameto-
cyte. The zygote will mature and differentiate to either
Table 1 Differential characteristics of coccidian intestinal parasit

Characteristics Cryptosporidium Cyclospora

Oocyst size (mm) 4–6 8–10

Number of sporocysts 0 2
Sporozoites/sporocyst 4/oocyst 2

Infectious stage Oocyst Oocyst

Sporulation time N/A 7–15days
Autofluorescence No Yes

Treatment of choice Nitazoxanide Trimethoprim/
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thin-walled oocysts (20%), which can continue the rein-
fection in the intestine, or thick-walled oocysts (80%),
which are environmentally resistant, and therefore can
survive in water or foods (Figure 1).

The localization of the Cryptosporidium parasitic vacu-
ole is intracellular but extracytoplasmic. A feeding
es

Isospora Sarcocystis

20� 33mm by 10–19mm 9 by 15mm sporocysts

2 2
4 4

Oocyst Sporocyst and oocyst

Up to 48hrs None
Yes Yes

Trimethoprim/sulfamethoxazole Not indicated

alled oocyst
ted by host

d e

f

idlled oocyst
d) exits host

Type I merontophozoite

Merozoites

Merozoite

Type II meront

Sexual cycle

Asexual cycle

ndifferentiated
gamont

/DPDx/HTML/ImageLibrary/Cryptosporidiosis_il.htm).



356 Protozoan Diseases: Cryptosporidiosis, Giardiasis and Other Intestinal Protozoan Diseases
organelle is located between the parasite and the cyto-
plasmic membrane that allows selective transport of sub-
stances. This unique localization protects the parasite
from the host’s cellular defense mechanisms and enables
resistance to drug therapy. Cryptosporidium has three sal-
vage enzymes for pyrimidines, which make it entirely
dependent on the host. Two of these, uridine kinase-uracil
phosphoribosyltransferase and thymidine kinase, are
unique to C. parvum within the phylum Apicomplexa,
and may account in part for the organism’s resistance to
a broad range of drugs.

Many drugs have been evaluated against Cryptosporid-
ium but only a handful have had some effectiveness. In the
United States, the only FDA-approved drug for treatment
of cryptosporidiosis is nitazoxanide (approved for use in
children). When nitazoxanide (500mg) is given twice
daily for 3 days to children without HIV infection, a
96% clinical recovery is achieved, and 93% of patients
stop shedding Cryptosporidium oocysts. Paromomycin has
also been evaluated with conflicting results, particularly
in AIDS patients. In HIV-infected persons, highly active
antiretroviral treatment (HAART) is the most effective
means of resolving Cryptosporidium infection as it aids in
the replenishment of CD4þ cells. Relapse of the infection
may occur if treatment is discontinued.

C. parvum oocysts measure 4 to 6mm in diameter and
can be identified by examining fecal or sputum samples
using the modified acid-fast stain (Figure 2). Other
antibody-based assays – including direct and indirect
Figure 2 Morphological characteristics of Cryptosporidium parvum

(a) differential interference contrast microscopy (DIC); (d) modified ac
Cyclospora: (b) DIC; (e) AF stain; (h) autofluorescence. Isospora: (c) D
immunofluorescence, and enzyme immunoassays – are
commercially available for use with clinical and environ-
mental samples. Molecular assays are also used for diagno-
sis, genetic fingerprinting, and genotyping.

Although Cryptosporidium has been previously identified
worldwide, the availability of molecular tools in recent
years has enabled the determination of the prevalence of
different species and genotypes in various parts of the
world. Cryptosporidium has been isolated from various spe-
cies of animals other than their natural host. Flies, rotifers,
and free-living nematodes may serve as transport vectors
of viable oocysts. Mussels, clams, and oysters can concen-
trate Cryptosporidium oocysts in their gills and hemolymph
and have been isolated from shellfish worldwide. How-
ever, to date, outbreaks of cryptosporidiosis associated
with consumption of shellfish have not been reported.

In parts of the developing world, where access to clean
water and adequate sanitation are lacking, cryptosporidiosis
is endemic, and young children are most severely affected.
In the United States, investigations of foodborne outbreaks
have implicated consumption of fresh vegetables and
prepared foods (Table 2). Vegetables and produce eaten
raw may be contaminated by irrigation water (containing
Cryptosporidium oocysts) at the farm level, by water used to
keep produce fresh and hydrated at the market level, or
during food preparation at the consumer level. In other
instances, manipulation of foods by food handlers with
cryptosporidiosis or improper hygienic practices has
initiated a foodborne outbreak.
, Cyclospora cayetanensis, and Isospora belli. Cryptosporidium:

id-fast (AF) stain; (g) antibody-based immunofluorescence assay.
IC; (f) AF stain; (i) autofluorescence.
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Waterborne transmission, either by drinking or recrea-
tional water, has proven to be the most frequent mode of
transmission of this parasite. Cryptosporidium oocysts are
highly resistant to chlorine at levels normally used to treat
drinking water or chlorinated recreational water venues.
In the United States, many Cryptosporidium waterborne
outbreaks have been reported (seeTable 2), and in recent
years, swimming pools and other recreational water sites
have been the source of infection. Outbreaks have
occurred in swimming pools that were not properly main-
tained or treated regularly to inactivate potential contami-
nants. Much emphasis has been placed on preventing
parasite transmission by way of tap or drinking water.
The water industry has studied extensively procedures
to adequately remove and inactivate Cryptosporidium

oocysts. Regulations and methods to detect this parasite
in water are available from the U.S. Environmental Pro-
tection Agency (see the section ‘Relevant Websites’).

Transmission may also occur via person-to-person
contact (within households, among children in day care
centers, between sexual partners) or by contact with ani-
mals excreting Cryptosporidium oocysts. Petting zoos have
been implicated in Cryptosporidium outbreaks involving
children who touched farm animals and did not properly
clean their hands afterward.

Cryptosporidiosis can be prevented by maintaining
good hygienic practices, including washing hands after
Table 3 Summary of inactivation procedures of Cryptosporidium

Parasite Compound/treatment

Cryptosporidium1 Chlorine
Monochloramine

Chlorine dioxide

Ozone

Desiccation
Hydrogen peroxide

UV radiation

Heat
Freezing

Cyclospora2 Heat

Freeze

1Fayer R, Speer CA, and Dubey JP (2006) The general biology of Cryp

osis pp. 1–42. Boca Raton, FL: CRC Press.

Table 2 Description of some large food- and waterborne outbrea

Year Location Population infect

1987 Carrolton, GA 12 960

1992 Jackson Co, OR 15 000

1993 Milwaukee, WI 403 000

1995 Minnesota 50
1996 Connecticut/New York 66, 1 death

2003 Maine 287
using toilets and before handling food. Special attention
is needed for children and persons who contact animals.
This is particularly important for food handlers. Hikers
should avoid drinking river or lake water unless it is
boiled, filtered (<2 mm pore diameter), or, though more
difficult, rendered safe by efficient chemical treatment.
Water coagulation/flocculation, sedimentation, filtration,
and disinfection can remove more than 99% of oocysts.
UV, ozone, chlorine, and chlorine dioxide have been
examined for inactivation efficiency in Cryptosporidium

with variable results (Table 3).
Cyclosporiasis

Cyclospora cayetanensis was first reported in patients with
acute diarrhea in 1979. At that time it was considered to
be a coccidian-like or a cyanobacteria-like organism.
In 1992, it was finally fully characterized and classified
within the phylum Apicomplexa and coccidian. Unlike
other coccidian parasites that infect humans, Cyclospora
requires 7 to 15 days to fully sporulate and become infec-
tious. Cyclosporiasis is characterized by persistent diar-
rhea, anorexia, nausea, abdominal pain, flatulence, and in
some instances, fever.

As of today, Cyclospora cayetanensis is the only species
described as infecting humans. Nonhuman primates also
harbor other species of Cyclospora: C. cercopitheci, C. colobi,
and Cyclospora

CT product Result

7200mg.min/lt >99% inactivation
3600mg.min/lt >99% inactivation

1.12mg.min/lt 97% inactivation

4.5mg.min/lt 99% inactivation

Air dry/4 hrs 100% inactivation
288mg/l, 30min 97.9% inactivation

1.0mWs/cm2 2 log reduction

50–55 �C, 5min Noninfectious
�20 �C, 3days Noninfectious

70 �C, 15min No sporulation

�15 �C, 2days No sporulation

tosporidium. In: Fayer R (ed.) Cryptosporidium and Cryptosporidi-

ks of Cryptosporidium

ed Outbreak Comments

Waterborne/drinking Spring/river

Waterborne/drinking Spring/river

Waterborne/drinking Lake

Foodborne Chicken salad
Foodborne Fresh apple cider

Foodborne Fresh apple cider



358 Protozoan Diseases: Cryptosporidiosis, Giardiasis and Other Intestinal Protozoan Diseases
and C. papionis, which are morphologically similar to
C. cayetanensis. These species seem to be also host-species
specific. Molecular analysis of the 18S sRNA gene of
C. cayetanensis and the three other Cyclospora species suggests
that they are molecularly different, and that the genus
Cyclospora is phylogenetically most closely related to the
Eimeria species, although they aremorphologically different.
To date, none of theCyclospora species have been propagated
experimentally using animal models or human volunteers.
Cyclospora oocysts measure 8–10mm in diameter and stain
variably using the modified acid-fast stain. Oocysts stain
best when using a heated safranin stain protocol. Oocysts
can be easily identified using phase contrast microscopy or
by epifluorescence microscopy because the oocysts are
autofluorescent. The last method is the most sensitive diag-
nostic assay in clinical specimens (see Figure 2).
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conta

fo

Sporulated
oocyst

Raspberries

Water

Basil

Sporulated oocysts
enter the food chain

Oocyst sporulation
in the environment

Environmental
contamination

Unsporulate
oocys

SexualUnsporulated
oocyst

Zygote Mero
II

A

5

4

3

2

1

7

i

i
d

d

= Infective stage

= Diagnostic stage

Figure 3 Life cycle of Cyclospora cayetanensis (www.dpd.cdc.gov
Unsporulated oocysts are excreted into the environ-
ment in the feces of infected individuals. After 7 to 15 days
of incubation at 23 oC, the oocysts differentiate, and form
two sporocysts per oocyst. Each of these sporocysts con-
tains two sporozoites (see Figure 2).

Cyclospora infection is acquired when contaminated
food or water containing oocysts are ingested. Oocysts
excyst and sporozoites are released and infect the epithe-
lial cells of the intestinal tract, particularly the terminal
portion of the jejunum and ileum. Sporozoites multiply
asexually producing type I and II meronts. Asexual mul-
tiplication may continue or sexual reproduction may
initiate and produce oocysts that are excreted in the
feces of infected individuals (Figure 3).

Trimethoprim/sulfamethoxazole (adults: 160–800mg
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7 days) is effective for treatment of Cyclospora infection.
Oocyst excretion and symptoms usually resolve 1 to
3 days post treatment. Ciprofloxacin has also been
reported as an alternative treatment in sulfa-sensitive
patients. Recurrence of infection in HIV-infected patients
is more common and may require prolonged therapy.

The factors involved in parasite transmission have not
been determined; however, food- and waterborne trans-
mission seem to be the main routes of transmission. In
areas of endemnicity, Cyclospora presents a marked season-
ality. The specific conditions that favor oocyst survival in
these areas and seasons are unknown. For example, in Peru,
cyclosporiasis is highly prevalent in areas near the Pacific
Ocean coast (desert) during the warm season (December
toMay) when the ambient temperature is high and relative
humidity is low. Cyclosporiasis is associated with owner-
ship of domestic animals, especially birds, guinea pigs, and
rabbits. In Nepal, the high incidence of Cyclospora in
expatriates is consistent during the rainy season from
April to June. In the moderate highlands of Guatemala,
the prevalence of Cyclospora is between May and August
and peaks in June when the seasonal rains are just begin-
ning and the mean temperature is descending from its
yearly high. Prevalence in these regions is high in children
between 1.5 to 9 years old, suggesting that a specific
immune response is developed and adults are less suscep-
tible to this infection. Risk factors include drinking
untreated water, ownership of fowl, and contact with soil.

In the United States, cyclosporiasis has been associated
with consumption of berries, basil, and lettuce imported
from countries where Cyclospora is endemic (Table 4).
Waterborne outbreaks have also been described. In 1990,
staff from a Chicago hospital acquired Cyclospora. The
epidemiological investigation revealed that tap water
was the likely source of contamination. In Nepal, British
soldiers acquired the infection by drinking municipal
water that had acceptable levels of chlorine, indicating
that Cyclospora oocysts are resistant to conventional chem-
ical water treatment. Cyclospora can also be concentrated
by shellfish and could be a potential source of contamina-
tion when these are ingested raw.
Table 4 Description of some large food- and waterborne outbrea

Year Location No. of cases

1990 Chicago, IL 21

1994 Pokhara, Nepal 12
1996 U.S., Canada 1465

1997 U.S., Canada 1012

1997 Washington, DC 341
1998 Ontario, Canada 315

20042 Philadelphia, PA 50

1Crist A, Morningstar C, Chambara R, et al. (2004) Outbreak of cyclosp
Morbidity Mortality Weekly Report 53: 876–878.
Cyclospora oocysts can be inactivated by heating and
freezing temperatures (see Table 3). Appropriate water
treatment and good farm practices may control the dis-
semination of this infection. Irrigation of produce with
contaminated water containing Cyclospora oocysts is more
likely the source of contamination; oocysts are highly
resistant to environmental degradation. The time
required for the oocysts to mature and become infectious
makes person-to-person transmission unlikely.
Isosporiasis

Oocysts measure 20� 33 mm by 10–19 mm. Oocysts stain
well with the modified acid-fast stain. One or two spor-
onts may be observed in each oocyst. Each mature sporont
has four sporozoites. This maturation process occurs in
the environment and takes up to 48 hours (see Table 1).
Isospora oocysts also autofluoresce; therefore this proce-
dure is more sensitive than direct observation or staining
because of the very thin oocyst wall (see Figure 2).

Development occurs in the epithelial cells of the distal
duodenum and proximal jejunum. The asexual and sexual
life cycle stages are similar to those seen in other cocci-
dians. Chronic infections may persist for years. Symptoms
include prolonged diarrhea (soft, foamy, and offensive
smelling), weight loss, abdominal pain, and in some
instances, fever. AIDS patients tend to have a more severe
clinical presentation. AIDS patients not receiving the
antibiotic trimethoprim/sulfamethoxazole (TMP-SMX)
prophylaxis are more likely to present with isosporiasis
and to experience relapses of infection. Extraintestinal
isosporiasis (lymph nodes, liver, and spleen) has also
been reported in AIDS patients.

The treatment of choice is TMP-SMX at 160–800mg
4 times a day for 10 days and then 2 times a day for
3 weeks. Pyrimethamine and sulfadiazine are also effec-
tive, and other combinations of antimicrobials such as
primaquine phosphate and nitrofurantoin or chloroquine
phosphate have been used.

Isospora belli (row proposed to be in the genus Cysto-
isospora) is considered to be only infectious to humans
ks of Cyclospora1

Outbreak Comment

Waterborne/drinking Water tank

Waterborne/drinking Municipal water
Foodborne Raspberries/Guatemala

Foodborne Raspberries/Guatemala

Foodborne Basil
Foodborne Raspberries/Guatemala

Foodborne Snow peas

oriasis associated with snow peas – Pennsylvania, 2004.MMWR
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and no other reservoirs have been identified. Transmis-
sion is waterborne and foodborne. Almost all reported
cases have occurred in developing countries or among
immigrants from or travelers to developing countries.
Isospora is more frequently isolated in immunocompro-
mised individuals. It has been reported in institutionalized
care facilities where patients are housed for prolonged
periods and with poor sanitary conditions. Prevention
can be achieved by improvement in personal hygiene
measures and sanitary conditions to eliminate fecal–oral
transmission.
Sarcocystis

Parasites in the genus Sarcocystis are in the phylum Api-
complexa, class Sporozoea, subclass Coccidia, family Sar-
cocystidae. As such, they are most closely related to
Toxoplasma, but have some affinity to other coccidia such
as Cyclospora, Isospora, and Cryptosporidium. Until recently,
a great deal of confusion existed concerning many very
basic biological aspects of Sarcocystis, including, among
2
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Figure 4 Life cycle of Sarcocystis (www.dpd.cdc.gov/DPDx/HTML
others, the lifestyle, morphology, and natural host
range. Their life cycle differs from most other coccidia
in that they require two separate hosts for completion
(Figure 4); there is an alteration of a sexual generation
in the intestinal mucosa of the flesh-eating final or defini-
tive host (usually a carnivore), with an asexual generation
in the tissues of a prey or intermediate host (usually a
herbivore). The transfer stage from final host to inter-
mediate host is an environmentally hardy oocyst or spo-
rocyst (Figure 5); each sporocyst contains four infective
sporozoites. The sporocyst contains sporozoites that are
infectious when passed and do not require further matu-
ration in the environment. The transmitting stage that is
infective to the final host is the merozoite, which is
contained in cysts in the muscles or other tissues of the
intermediate host (Figure 6).

At least two species, Sarcocystis hominis (or bovihominis)
and Sarcocystis suihominis, use man as the final host, and
sporogonic development occurs in the lamina propria of
the intestinal mucosa. For S. hominis and S. suihominis, the
intermediate hosts are cattle and swine, respectively. For a
id
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Figure 6 Sarcocystis cysts in muscle showing numerous
merozoites and compartmentalization of the cyst.

Figure 5 Morphological characteristics of Sarcocystis in stool preparations: (a) Oocyst of S. hominis with two sporocysts, each with

two or three sporozoites visible, preparation colored with methyl green, differential interference contrast (DIC) microscopy; (b)
Sporocyst of S. hominis with three sporozoites visible, preparation colored with methyl green, DIC microscopy; (c) Oocyst of

Sarcocystis sp. showing UV autofluorescence (the sporocysts are fluorescing). (a) and (b) Courtesy of M. Scaglia, Infectious Diseases

Dept., University Hospital IRCCS, San Matteo, Pavia, Italy.
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yet undetermined number of species, not all of which have
been identified, man serves as an accidental intermediate
host, and asexual reproduction occurs first in the vascular
endothelial cells and then in skeletal or cardiac muscle
fibers. These are collectively referred to as Sarcocystis

‘lindemanni ’ and neither the final host(s) nor the natural
intermediate host(s) is known.

The diagnosis is by finding oocysts or free sporocysts
in the feces. Concentration methods routinely used for
fecal examination aid in finding parasites, which can be
scanty in number. The sporocysts (see Figure 5) are
broadly ovoid and measure about 9 by 15 mm for S. hominis
and a bit smaller for S. suihominis, 10 by 13 mm. The
sporozoites are visible through the thin, colorless, trans-
parent sporocyst wall. Detection of human infection with
cyst stages (merozoites enveloped in a protective wall)
would be through routine histologic examination of mus-
cle biopsy.

The sporogonic stages in the human intestine are gen-
erally reported to be only slightly pathogenic, with mild,
transient fever and diarrhea being reported. Other studies
report more severe acute diarrhea and vomiting with
chills and perspiration lasting up to 24 hours. Experimen-
tal infections in man and other hosts (primates) have
demonstrated that the prepatent period is on the order
of 10 to 15 days for S. suihominis and 18 to 39 days for
S. hominis, and that sporocyst shedding may last from 9 to
30 days, and up to 6months in some cases. In man,
no inflammation or other evidence of pathogenicity has
been ascribed to the cyst stages in muscle. However, obser-
vations on experimental infection in animals indicate that
the early, proliferative stage can result in massive destruc-
tion of the vascular endothelium. Cyst stages in the mus-
cles of intermediate hosts persist for months if not years.

The known prevalence of Sarcocystis in the human
population is spotty; muscle sarcocystosis has been
reported in people in South-East Asia, India, Africa,
Europe, and North and South America, and in some
areas, prevalence rates of 10 to 30% have been observed.
However, intestinal Sarcocystis has only been reported
from portions of South-East Asia. The prevalence of
infection in animals has been poorly documented in
most geographical areas as well. However, in some regions
where specifically looked for, such as southern Germany,
over 99% of examined cattle were found to harbor Sarco-
cystis. Human infection is best prevented by not eating
uncooked meat. Bovine and swine infections are pre-
vented by protecting animal food and water from human
fecal contamination.

Several drugs, including sulfadiazine, tinidazole, and
acetylspiramycin may be effective in treating the intesti-
nal infection, but because Sarcocystis infections in humans
are subclinical or produce mild transient symptoms, spe-
cific therapy is not indicated.
Flagellated Protozoa

Giardia

Giardia intestinalis (also known as G. lamblia) is a flagel-
lated protozoa that inhabits the small intestine of man and
other animals, including monkeys, rodents, dogs, cats,
horses, goats, cattle, birds, reptiles, and fish. Like many
other protozoa, G. intestinalis has a trophozoite and a cyst
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stage. The trophozoite is oblong, pear-, or kidney-shaped,
rounded anteriorly, and pointed posteriorly. The tropho-
zoite is flattened laterally, being convex dorsally and con-
cave ventrally; much of the ventral surface comprises the
sucking disk that the organism uses to attach firmly to
Figure 7 Giardia intestinalis in stool preparations: (a) trophozoite in t

Giardia cysts (and Cryptosporidium oocysts) fluorescing in direct fluo

image and the three small Cryptosporidium oocysts are below. (b) C
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the intestinal mucosa. The trophozoite is microscopic
in size, averaging 10 to 20 mm long by 5 to 15 mm in
breadth; a prominent pair of nuclei on each side of the
organism near the anterior end gives a facelike appearance
(Figu res 7 and 8 ). There are fou r pair s of flagella, one pair
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arising near the anterior and posterior end, respectively,
and two pairs arising near mid-body. Rapid movement of
the flagella allows the trophozoite to move from place to
place. Trophozoites divide by a complicated process of
longitudinal binary fission that results in two daughter
trophozoites (see Figure 8). Transmission from one host
to another is accomplished by viable cysts (see Figure 8).
As trophozoites transit down the colon, they prepare for
encystation by retracting their flagella. The cytoplasm
becomes condensed, and a thin, tough hyaline membrane
(cyst wall) is secreted. The cysts are oval in shape and
measure 8 to 12 mm in length by 7 to 10 mm in breadth.
Mature cysts have four nuclei located at one end of the
cyst. As the cyst matures, internal structures and the suck-
ing disk are doubled. When excystation occurs in a new
host, division results in two identical trophozoites, which
grow flagella and initiate infection.

Diagnosis of infection is typically by microscopic
detection of cysts in freshly collected stool (or tropho-
zoites in diarrheic stools). Organisms can occasionally be
seen in direct exams, but a concentration procedure is
recommended. Because of their distinctive shape, appear-
ance of the nuclei, and other features, the diagnosis can
often be made on wet, unstained samples. However, stain-
ing may enhance detection and confirmation of infection.
In addition to direct or stained specimens, commercial
direct fluorescent antibody (DFA) assays are available
and often used as the gold standard for diagnosis (see
Figure 7). Enzyme-linked immunosorbent assay (ELISA)
formatted tests are commercially available and are
extremely useful for screening large numbers of samples.
Although stool samples are the normally preferred speci-
mens on which diagnosis is based, occasionally, a duodenal
aspirate may be required. In other situations, a ‘string test’
may be used in which the patient is asked to swallow a
Table 5 Description of some large food- and waterborne outbrea

Year Location No. of cases O

1990 Colorado 123 W

1990 Connecticut 27 F

1990 Illinois 75 F
1992 Idaho 15 W

1992 Nevada 80 W

1993 New Jersey 43 W

1994 Indiana 80 W
1994 Tennessee 304 W

1995 New York 1449 W

1996 Illinois 6 F
1997 Oregon 100 W

2000 Colorado 27 W

2000 New York 82 F

2001 Florida 6 W
2004 Tennessee 6 F

2004 Washington 19 W
gelatin capsule containing a string. The string is retrieved
and examined for attached organisms.

Infection with Giardia in an appreciable number of
cases results in irritation of the duodenum with excess
secretion of mucus and dehydration, accompanied by
epigastric pain, flatulence, and chronic diarrhea with
steatorrheic-type stool containing a large amount of
mucus and fat but typically with no blood. It is recognized
that giardiasis can cause stunting and interference with
growth, particularly in children in developing countries
where repeated infections are the norm.

Metronidazole or tinidazole is the recommended drug
of choice for treating giardiasis. Nitazoxanide, furazoli-
done, and paromomycin are alternatives. Paromomycin is
not absorbed from the gastrointestinal tract and is often
used during pregnancy but it is less efficacious than the
other agents.

Transmission of Giardia is by viable cysts that are
swallowed (see Figure 8). Contaminated food and water
are the most common source of exposure (Table 5)
although intimate contact with an infected individual
may represent a common mechanism. Giardiasis is typi-
cally more common in children than in adults, especially
in a crowded setting such as day care centers. However, in
the United States and other developed countries, out-
breaks of giardiasis are also observed in adults. These
are often linked to contaminated food or drink, or are
associated with recreational water venues. High frequen-
cies of infection have been reported among hikers and
campers who drank from remote mountain streams.
These areas were often felt to be not at risk for human
contamination and suggested that the role that beaver and
other infected wild animals could play a role in human
infection. Cats and dogs are also recognized to harbor
Giardia. Despite the morphologic similarity of the
ks of Giardia

utbreak Comments

aterborne; drinking water (surface) Municipal water

oodborne; vegetables Cafeteria

oodborne; salad bar Hospital
aterborne; drinking water (well) Trailer park

aterborne; drinking water (surface) Municipal water

aterborne; recreational water Swim club

aterborne; recreational water Community pool
aterborne; drinking water (surface) Penitentiary

aterborne; drinking water (surface) Municipal water

oodborne; ice cream Fairgrounds
aterborne; drinking water (well) Campground

aterborne; drinking water (surface) Resort

oodborne Bowling alley

aterborne; drinking water (well) Household
oodborne; chicken salad Workplace

aterborne; ice Restaurant
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organisms infecting humans and animals, molecular anal-
ysis has shown distinct clades or assemblages that seem to
suggest some degree of host specificity, with certain
assemblages being more restricted in their host preference
than others. Further differences in virulence between
isolates have also been proposed, but evidence to date
has been inconsistent.

Giardia cysts have a relatively high resistance to rou-
tine water treatment procedures, including chlorination,
which has led to numerous waterborne outbreaks. Surface
water can be widely contaminated, and as a result, giardi-
asis is one of the most common intestinal parasitic infec-
tions, even in the United States. This implies that to
provide potable water, surface water should be treated
by flocculation, sedimentation, filtration, and finally, chlo-
rination. Use of chlorine alone at levels normally used in
municipal treatment facilities does not rapidly inactivate
cysts, especially at lower water temperatures, so other
measures must be in place. Purifying water for use when
camping or traveling overseas can include boiling, filtra-
tion through filters with pore size of less than 1mm, or
treatment with chlorine or iodine preparations (some
recommend iodine preparations to be more effective
than chlorine preparations).

Giardiasis can occur year-round in all settings, tem-
perate as well as tropical. However, there is strong evi-
dence that some seasonality occurs in temperate regions,
such as the United States, with increased incidence in
the summer months, peaking in early fall. Increased
Figure 9 Various intestinal protozoa in stained stool preparations:

preparation; (b) Entamoeba coli cyst in wet preparation colored with

iron hematoxylin stained preparation with multiple nuclei in focal plan

preparation; (e) Endolimax nana in iron hematoxylin-stained preparat
preparation. All images courtesy of T. Orihel, Tulane University.
recreational water activity during summer months has
been postulated to be a reason for this increase in inci-
dence. Giardiasis can also be a common cause of trave-
ler’s diarrhea during or shortly after return from a trip
abroad.
Dientamoeba

Dientamoeba fragilis is a relatively small amoeba-like organ-
ism varying from 3 to 20 mm in diameter. Only a tropho-
zoite stage is recognized in man, which may have one to
four nuclei; with two being the usual number (Figure 9
(a)). The mode of transmission is unknown, but there is
some evidence that much like Histomonas meleagridis of
turkeys, D. fragilis may be carried inside the egg of some
common nematode parasite. The presence of small struc-
tures thought to be D. fragilis has been reported in pin-
worm eggs (Enterobius vermicularis). It has been noted that
D. fragilis and pinworm infection occur together more
frequently than would be expected, and limited evidence
indicates that experimental infection with pinworm eggs
also resulted in infection with D. fragilis.

Dientamoeba fragilis has not been reported to invade
tissues, but there is some evidence its presence may,
on occasion, produce irritation of the intestinal mucosa
with excess secretion of mucus and hypermotility of
the bowel leading to a mucous diarrhea. Standard anti-
amoebic therapy including iodoquinol, paromomycin, or
tetracycline appears to be satisfactory for D. fragilis.
(a) Dientamoeba fragilis trophozoite in iron hematoxylin-stained

iodine showing five nuclei; (c) Entamoeba coli cyst in

e; (d) Entamoeba hartmani cyst in trichrome-stained

ion; (f ) Iodamoeba butschlii cyst in iron hematoxylin-stained
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Nonpathogenic Amoebas

A number of protozoa in the amoeba group infect the
human alimentary canal but are not believed to cause
significant disease and are often referred to as the non-
pathogenic amoebas. These include Entamoeba coli, Ent-

amoeba hartmanii, Entamoeba polecki, Entamoeba gingivalis,

Endolimax nana, and Iodamoeba butschlii. The finding of
one of these organisms in a stool sample is significant
for several reasons; it indicates exposure to fecal con-
tamination with inherent risk of exposure to other
pathogenic organisms. As well, the various stages found
in submitted samples may provide diagnostic challenges
for the microscopist to distinguish between one of
these organisms and Entamoeba histolytica, a tissue-invasive
intestinal protozoa.
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Figure 10 Life cycle of Entamoeba coli.
These organisms share some features of morphology
and life cycle (Figure 10) in common, yet differ in others.
All have a trophozoite stage that exhibits amoeboid (pseu-
dopod) movement, and, with the exception of E. gingivalis,
all form cyst stages in preparation for evacuation into the
environment. Although trophozoites can be observed in
stool preparations (Figure 11), especially in diarrheic
samples, it is the cyst stage that is moderately durable in
the environment and can withstand moderate putrefac-
tion and desiccation. The cyst stage is when trophozoites
transmitted through fecal contamination of food or drink
(and possibly on contaminated objects), reach the mouth,
are swallowed, and initiate infection. No cyst stage has
been identified for E. gingivalis and transmission is pre-
sumed to occur via droplet spray or other exchange of oral
secretions from the mouth of an infected individual to
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Figure 11 Trichrome-stained stool preparation illustrating
trophozoites of Entamoeba hartmani (E.h.) and Iodamoeba

butschlii (I.b.). Courtesy of T. Orihel, Tulane University.
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another during close contact. Although most commonly
detected in the gingiva and tonsillar crypts, E. gingivalis
has also been recovered from vaginal and cervical smears
in women with intrauterine devices.

The mature cyst of E. coli is remarkably variable in size
and measures 10 to 30 mm in diameter, and contains eight
nuc lei ( Figu re 9(b) and 9(c) ). Immature cysts may con-
tain two or four nuclei and can be confused with the
pathogenic E. histolytica. Mature cysts of E. hartmani mea-
sure 5 to 10 mm, contain four nuclei (Figure 9(d)), and can
best be distinguished from E. histolytica by size (E. histolytica
cysts are from 10 to 20 mm, or about twice the size), but
because of similar number of nuclei and inaccurate mea-
surements, the two are often confused. E. poleki, cosmopol-
itan parasites of pigs and monkeys, is rarely diagnosed in
humans, but most closely resembles E. coli, although the
cysts tend to be smaller; measuring 5 to 11 mm in diameter.
E. nana is a relatively small amoeba that typically pro-
duces ovoid cysts measuring 5 to 14 mm in diameter
(Figure 9(e)). They can be confused with cysts of
E. histolytica and E. hartmani because of cyst size and the
presence of four nuclei, but the large, distinct nuclear
karyosome readily distinguish this amoeba from other
species of Entamoeba. I. butschlii is a small- to medium-
sized amoeba that generally is easily distinguished from
other amoebas, especially in the cyst stage. The nucleus
has a large, prominent karyosome in both the trophozoite
and cyst stage; the cyst has only a single nucleus. The cyst
measures 6 to 15 mm in longest diameter and is likely to be
pyriform or ovoid rather than spheroid. However, the
most conspicuous feature of the cyst is the large glycogen
vacuole (Figure 9(f )).
All of these amoebas are cosmopolitan in distribution,
with infections tending to be more common in developing
countries and in communities with poor hygiene and
sanitation. Infection rates of 30 to 50% are common, and
can approach 100%. Animal reservoir hosts are not
thought to play important roles in human infection,
although monkeys and dogs have been found naturally
infected with an amoeba very similar to E. coli. Many
monkeys also harbor an amoeba indistinguishable from
E. nana. I. butschlii is a natural parasite of primates and the
species I. suis of hogs is believed to be the same species.

See also: Drinking Water and Sanitation; Emerging

Diseases: Overview; Foodborne Illnesses: Overview;

Protozoan Diseases: Amebiasis.
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Introduction

The leishmaniases are parasitic diseases caused by flagel-
late protozoa of the genus Leishmania (Kinetoplastida,
Trypanosomatidae), which infect numerous mammalian
species, including humans, and are transmitted through
the infective bite of an insect vector, the phlebotomine
sand fly. In humans, the disease may be visceral (VL),
cutaneous (CL), of localized (LCL) or diffuse (DCL)
type, or mucocutaneous leishmaniasis (MCL). The leish-
maniases are widely distributed around the world. In
numerous countries, increasing risk factors are making
leishmaniasis a major public health problem.
Table 1 Simplified classification of the genus Leishmania,

derived from the phylogenetic analysis based on isoenzymesa,

and showing the main anthropotropic species

Sub-genus Leishmania

L. donovani complex: L. donovani

L. infantum complex: L. infantum (syn. L. chagasi)

L. tropica complex: L. tropica
General Epidemiology of Leishmaniasis

Parasite

Leishmania are dimorphic parasites that present as two
principal morphological stages: the intracellular amasti-
gote, in the cells of the mammalian host mononuclear
phagocyte system, and the flagellated promastigote, in
the intestinal tract of the insect vector.

Since the first Leishmania species was described (Laveran
and Mesnil, 1903), the number of species has increased
steadily, and currently stands around 30. As the different
species are morphologically indistinguishable, other char-
acteristics have been used for their taxonomy. Although
DNA-based methods are increasingly being used, isoen-
zyme electrophoresis remains the gold standard tech-
nique for identification and is the basis for the current
classification (Table 1).
L. killicki complex: L. killicki

L. aethiopica complex: L. aethiopica

L. major complex: L. major
L. mexicana complex: L. mexicana

L. amazonensis

L. enriettii complex: L. enriettii

Sub-genus Viannia
L. braziliensis complex: L. braziliensis

L. peruviana

L. guyanensis complex: L. guyanensis

L. panamensis
L. shawi

L. naiffi complex: L. naiffi

L. lainsoni complex: L. lainsoni

aAdapted from Rioux JA, Lanotte G, Serres E, et al. (1990).

Taxonomy of Leishmania: Use of isoenzymes; Suggestions for a
Vector

Sandflies are psychodid Diptera of the subfamily Phlebo-
tominae. Their life cycle includes two different biological
stages: the free-flying adult and the developmental stages,
which include egg, four larval instars, and pupa, and occur
in damp soil rich in organic material.

The adults are small flying insects about 2–4mm in
length, with a yellowish hairy body. During day, they rest
in dark, sheltered places. They are active at dusk and
during the night. Both sexes feed on plant juices, but
females also need a blood meal before they are able to
lay eggs. It is during this blood meal that Leishmania

parasites are transmitted between the mammalian hosts.
Among the 800 known species of sand flies, about 70,
belonging to the genera Phlebotomus in the Old World and
Lutzomyia in the New World, are proven or suspected
vectors of Leishmania, and a certain level of specificity
exists between Leishmania and sand fly species.
Reservoir

Various species of seven different orders of mammals
are the reservoir hosts responsible for long-term main-
tenance of Leishmania in nature. Depending on the
focus, the reservoir host can be either a wild or a
domestic mammal, or even in particular cases human
beings. In visceral leishmaniasis, these different types of
reservoir host represent different steps on the hypothet-
ical path toward ‘anthropization’ of a ‘wild’ zoonosis
(Garnham, 1965). Rodents, hyraxes, marsupials, and
edentates are common reservoirs of wild zoonotic CL.
Dogs are currently considered as true reservoirs of
L. infantum and L. peruviana, two species that have
peri-domestic or even domestic transmission. Humans
are the commonly recognized reservoir of L. donovani

VL and L. tropica CL.



368 Protozoan Diseases: Leishmaniasis
Life Cycle and Transmission

In nature, Leishmania parasites are alternately hosted by
the insect (flagellated promastigote) and by mammals
(intracellular amastigote stage). Leishmaniasis is normally
transmitted to humans by the inoculation of metacyclic
promastigotes through the sand fly bite. Other routes
remain exceptional. Exchange of syringes is thought to
explain the high prevalence of L. infantum/human immu-
nodeficiency virus (HIV) co-infection in intravenous
drug users in southern Europe (Alvar and Jimenez, 1994).
Geographical Distribution

Leishmaniasis occurs in more than 88 countries, ranging
over the intertropical zones of America and Africa, and
extending into temperate regions of South America,
southern Europe, and Asia. The limits of the disease are
latitudes 45� north and 32� south. The geographical dis-
tribution is governed by those of the mammal or sand fly
host species, their ecology, and their own distribution
area. The leishmaniases are diseases with natural focal-
ity. They include several ‘noso-epidemiological units,’
which can be defined as the conjunction of a particular
Leishmania species circulating in specific natural hosts,
evolving in a natural focus with specific ecological pat-
terns, and having a particular clinical expression (see
Table 2).
Visceral Leishmaniasis

The two viscerotropic species of Leishmania have distinct
life cycles and geographic distribution. The anthroponotic
species L. donovani is restricted to India and East Africa.
The disease is known as ‘kala-azar’ and can be compli-
cated by a chronic CL form called ‘post-kala-azar dermal
leishmaniasis.’ The zoonotic species L. infantum extends
from China to Brazil, and is responsible for infantile VL.
The main historical foci of endemic VL are located in
China, India, Central Asia, East Africa, the Mediterranean
basin, and Brazil.

Old World cutaneous leishmaniasis

The large majority of Old World CL cases are due to the
species L. major or L. tropica and occur mainly in countries
of the Near and Middle East: Afghanistan, Iran, Saudi
Arabia, and Syria. L. major is responsible for zoonotic
CL, of which reservoir hosts are gerbilline rodents, and
vectors are sand flies of the subgenus Phlebotomus, princi-
pally Phlebotomus papatasi and P. duboscqi. This species has a
wide distribution, including west, north, and east Africa,
the Near and Middle East, and Central Asia.

L. tropica is an anthroponotic species with humans
acting as reservoir hosts and the vector being P. (Paraphle-
botomus) sergenti. It occurs in various cities of the Near and
Middle East, but extends also to Morocco, where the dog
is suspected to be a reservoir host in some foci.

Other species have restricted distributions: L. aethiopica
in Ethiopia and Kenya, and L. killicki in Tunisia.

New World tegumentary leishmaniasis

In the NewWorld, L. braziliensis is the species responsible
for MCL. It has a wide distribution, extending from
southern Mexico to northern Argentina. L. amazonensis
has a wide South American distribution, but human cases
of this rodent enzootic species are unusual. Other species
have more restricted distributions: L. guyanensis (north of
the Amazon basin), L. panamensis (Colombia and Central
America), L. mexicana (Mexico and Central America), and
L. peruviana, which is restricted to Andean valleys of Peru.
With the exception of this last species, all American
dermotropic species are responsible for sylvatic zoonoses
occurring within the rain forest.
Disease Burden

An estimated 350 million people in more than 88 countries
on four continents are ‘at risk’ of leishmaniasis. The
annual incidence of new cases, including all clinical
forms, is estimated between 1.5 and 2million (Desjeux,
1999). Differences in morbidity, or even in mortality,
depend on the form of the disease. The clinical expression
of leishmaniasis depends not only on the genetically
determined tropism of the different Leishmania species
(viscero-, dermo-, or mucotropisms) but also on the
immunological status of the infected patient.
Morbidity and Mortality of VL

VL is the most severe form of leishmaniasis, with a high
untreated fatality rate (around 90% in fully developed
disease, though a high proportion of people may become
immunewithout becoming sick). It is found in 47 countries,
and the mean annual incidence is estimated around 500 000
new cases. At the present time, 90% of the VL cases in the
world are in Bangladesh, India, Nepal, Sudan, and Brazil.
The Bihar state of India experienced a dramatic epidemic
with more than 300 000 cases reported between 1977 and
1990, with a mortality rate over 2%. In western Upper Nile
Province in southern Sudan, an outbreak was responsible
for 100 000 deaths from 1989 to 1994, in a population of less
than 1million.

In endemic VL countries, asymptomatic Leishmania

infections are numerous, which do not lead to clinical
outcome except in immunosuppressed individuals.
Morbidity of CL

Whatever the species responsible, localized CL is nor-
mally a self-healing disease with spontaneous cure



Table 2 Main ‘noso-epidemiological units’ of leishmaniases of the Old and New Worlds

‘Noso-epidemiological units’ Parasite species Reservoir hosts Sandfly vector Clinical form Distribution and ecological patterns

Anthroponotic VL L. donovani Humans P. argentipes Kala azar PKDL Rural disease

Zoonotic VL L. infantum Dogs P. (Larroussius) spp. Infantile VL Rural disease

Zoonotic CL L. major Gerbilline rodents P. papatasi, P. duboscqi Localized CL Rural disease of Old World arid and perarid areas

Anthroponotic CL L. tropica Humans P. sergenti Localized CL Urban disease of Near and Middle East
Zoonotic CL L. aethiopica Hyracoı̈ds P. longipes, P. pedifer LCL; DCL Rural disease, Ethiopia

Zoonotic CL L. killicki Unknown Unknown LCL

MCL, or Espundia L. braziliensis Wild mammals Lu. wellcomei; Lu.
intermedia; Lu. gomezi;

Lu. ylephiletor; etc.

CL and MCL Sylvatic zoonosis of New World primary rain forest

New World CL L. guyanensis Sloths, anteaters,

opossums

Lu. umbratilis;

Lu. whitmani

Localized CL Sylvatic zoonosis of New World primary rain forest

New World CL L. panamensis Sloths, monkeys Lu. trapidoi; Lu. gomezi;

Lu. ylephiletor

Localized CL Sylvatic zoonosis of New World primary rain forest

Rodent enzootic leishmaniasis L. amazonensis Echimyd rodents Lu. flaviscutellata LCL; DCL Sylvatic zoonosis of New World primary rain forest

New World CL, or chiclero’s ulcer L. mexicana Rodents Lu. olmeca LCL Sylvatic zoonosis of New World primary rain forest
New World CL L. naiffi Armadillos Lu. ayrozai; Lu. paraensis;

Lu. squamiventris

LCL Sylvatic zoonosis of New World primary rain forest

New World CL L. lainsoni Agouti paca Lu. ubiquitalis Sylvatic zoonosis of New World primary rain forest

New World CL, or Uta L. peruviana dogs Lu. peruensis LCL Arid valleys of western slopes of Peruan Andes
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occurring within between 6months and a few years,
depending on the Leishmania species. Cured lesions are
accompanied by permanent scars. Multiple lesions, or
those located on the face, may be disabling. Some species,
such as L. tropica, are responsible for long-lasting recidi-
vans leishmaniasis.

In patients with a specifically defective cell-mediated
immune response, some species (Table 2) are responsible
for diffuse cutareous leishmaniasis (DCL), a severe form
of the disease characterized by nodular disseminated skin
lesions, subject to relapses and resistant to treatment.
Morbidity of MCL

After a primary cutaneous self-healing lesion, the species
L. braziliensis can cause later secondary involvement of
facial mucosae. This form led to disfiguring and mutilat-
ing facial lesions, greatly affecting life conditions.
Risk Factors

Environmental Risk Factors

Human intrusion into a leishmaniasis natural focus repre-
sents the major risk factor of infection by exposure to sand
fly vectors. For example, in the case of sylvatic zoonotic
New World CL, leisure or work activities in tropical rain
forests expose individuals or groups to infection (see
Table 2). Population movements, such as rural to subur-
ban migration, returnees, and refugees due to civil unrest,
are factors for the spread of leishmaniasis or for dramatic
epidemic outbreaks by exposing thousands of nonim-
mune individuals to infection (Desjeux, 2001). In several
endemic countries, a dramatic increase in the number of
leishmaniasis cases has occurred in the last decade: Brazil,
several countries of the Middle East, North Africa, and
sub-Saharan Africa (Desjeux, 2004).

Immunosuppression as an individual risk factor

Immunosuppression is the major individual risk factor
facilitating the development of disease from infection,
particularly that caused by HIV infection. The spread of
HIV to rural areas where VL is endemic, and the spread
of VL to suburban areas, has resulted in a progressively
increasing overlap between the two diseases, initially in
the Mediterranean basin, and, more recently, in other
historical foci of VL, such as East Africa, India, and Brazil.
In southern Europe, between 1990 and 1998, 1616 cases
were reported, 87% of which occurred in the Mediterra-
nean area: Spain, southern France, Italy, and Portugal
(Desjeux, 1999). In Spain, the prevalence of VL during
HIV infection was around 2% (Alvar, 1994).

A potential health problem is the increase of organ
transplantations in endemic VL countries. So far, according
to a recent literature review (Basset et al., 2005), the number
of reported VL cases related to organ transplantation is
limited to about 50, but this is a gross underestimate and
will increase with multiplication of organ transplantation
programs, principally renal transplants.
Control Strategies

Intervention strategies for prevention or control are ham-
pered by the diversity of the structure of leishmaniasis foci,
with many different reservoir hosts of zoonotic forms and a
multiplicity of sand fly vectors, each with a different pattern
of behavior. In 1990, a WHO Expert Committee described
11 distinct eco-epidemiological entities and defined control
and etoparasiticides strategies for each one (WHO, 1990).
Prevention

The aim of prevention is to avoid host infection (human
or canine) and subsequent disease. It includes means
to prevent intrusion of people into natural zoonotic foci
and protection against infective bites of sand flies. Preven-
tion can be at an individual or collective level. It includes
the use of repellents, pyrethroid-impregnated bed nets,
self-protection insecticides, indoor residual spraying, and
forest clearance around human settlements. For dog pro-
tection, insecticide collars and etoparasiticides have been
available for a few years.
Control

Control programs are intended to interrupt the life cycle
of the parasite, to limit or, ideally, eradicate the disease.
The structure and dynamics of natural foci of leishmania-
sis are so diverse that a standard control program cannot
be defined and control measures must be adapted to local
situations. The strategy depends on the ecology and
behavior of the two main targets, the reservoir hosts and
the vectors, which are not mutually exclusive.

Control measures will be very different depending on
whether the disease is anthroponotic or zoonotic. In the
New World, almost all the leishmaniases are sylvatic, and
control is not usually feasible. Even removal of the forest
itself may not be effective, as various Leishmania species
have proved to be remarkably adaptable to environmental
degradation.

Case detection and treatment are recommended when
the reservoir host is human or dog, while destruction may
be the chosen intervention if the reservoir host is a wild
animal. The reduced efficacy of the current antileishma-
nial drugs and their toxicity limit their use for systematic
treatment of cases. The high level of asymptomatic infec-
tion both in human and canine hosts affects the efficiency
and the feasibility of systematic case detection and treat-
ment programs.

As far as vectors are concerned, control of breeding
sites is limited to the few instances where they are known



(rodent burrows for P. papatasi and P. duboscqi). Antiadult
measures consist of insecticide spraying. Malaria control
programs, based on indoor residual insecticide spraying,
have had a side benefit for leishmaniasis incidence in
several countries where a resurgence of leishmaniasis
was observed after the ending of these campaigns: India,
Italy, Greece, the Middle East, and Peru.

In practice, control programs include several integrated
measures targeted not only at the reservoir host and/or
vector but also at associated environmental changes.
Health education campaigns can considerably improve
the efficiency of control programs. National leishmaniasis
control programs have been developed in various countries
to face endemics or epidemics (India, China, and Brazil
for VL; Central Asian republics of the former USSR and
Tunisia for CL).

In conclusion, the leishmaniases are widely distributed
and are an important public health problem in various
countries. Despite progress in understanding of most facets
of their epidemiology, control of leishmaniasis remains
unsatisfactory. There is much still to be done.

See also: Land Use / Land Change and Health; Re-

emerging Diseases: Overview; Skin Diseases (Non-

Cancerous).
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Clinical Features

The clinical features of malaria are largely dependent
upon host immune status, intercurrent use of antimalarial
drugs, and causative organism. Risk factors for severe
disease include infection with P. falciparum and high para-
site burden, age <2 in a P. falciparum-endemic region, and
inadequate or ineffective chemoprophylaxis in nonimmune
travelers to risk areas. Symptoms of P. falciparum infection
generally manifest within 8 weeks of exposure, while those
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caused by other species may take several months to become
apparent. In long-term residents of endemic areas, malaria
infection may be completely asymptomatic.
Uncomplicated Malaria

Malaria is the most frequent cause of systemic febrile
illness without localizing findings among ill travelers
returning from the developing world. Fever (or a history
of fever) is present in >90% of people who present
to medical attention with malaria following international
travel. Classic history is that of paroxysmal fevers occur-
ring every 24–72 h, punctuated by fever-free intervals,
and accompanied by chills, rigors, and sweats. These
paroxysms reflect the periodicity of the malarial parasite:
synchronous maturation of schizonts and lysis of parasi-
tized erythrocytes leads to synchronous liberation of
pyrogenic cytokines and inflammatory mediators, hence,
the periodicity of fever. P. malariae, which causes ‘quartan’
malaria, has a 72-h life cycle, while P. vivax and ovale
cause ‘tertian’ malaria, with paroxysms occurring every
48 h. P. falciparum, the species that causes the most severe
disease and can lead to death, is associated with more
frequent, daily paroxysms. These patterns can vary
widely, and rarely demonstrate these ‘classic’ periodici-
ties. Factors such as host immune status and intercurrent
use of antimalarial drugs can greatly influence the
presence or absence and periodicity of fever, as well
as other presenting symptoms. Headache, nausea, vomit-
ing, and mild delirium are frequent accompaniments
of febrile paroxysms. While paroxysmal fever is more
commonly reported with malaria, unremitting fever has
also been described. Vague symptoms such as abdominal
discomfort, myalgia, and fatigue antedate the onset of fever
by 1–2 days. In semi-immune adult residents of endemic
areas, low-grade fever may be the only sign to betray
infection; thus, a high index of suspicion is warranted in
any febrile patient with risk exposure. Rash, if present,
should alert the clinician to an alternate diagnosis.

In addition to fever, anemia is a hallmark of malaria
infection, whether uncomplicated or complicated. Hemo-
globin level is often normal at presentation, possibly due
to hemoconcentration, but falls over time. Contributors
to malarial anemia are manifold, but include de facto lysis
of parasitized erythrocytes, increased destruction of non-
parasitized erythrocytes, and generalized bone marrow
suppression in the acute stage of disease, due in part
to reduced iron supply, and reduced marrow vascularity
secondary to parasite sequestration. The anemia of
uncomplicated disease tends to be worse in children,
and in those with protracted infection.

Splenomegaly with thrombocytopenia (due to increased
splenic clearance) are robust clinical predictors of those
with acute malaria. Between 50–90% of patients with
malaria will have nontender splenomegaly within a
few days of symptom onset. Spontaneous, nontraumatic
splenic rupture has been documented in ~20 cases
of acute malaria, though this phenomenon may be under-
reported. Rupture is most likely to occur in the context of
P. vivax infection and in nonimmune adults, as opposed
to in residents of endemic regions where gradual splenic
enlargement occurs over time, following repeated episodes
of malaria. Increased intraabdominal pressure due tovomit-
ing, rigors, or aggressive palpation on clinical exam
are thought to increase the risk of splenic rupture during
acute malaria. In those with chronic splenomegaly second-
ary to multiple attacks of malaria, frank trauma is generally
implicated in splenic rupture. Abdominal pain with
left upper quadrant tenderness, hypotension with orthosta-
sis, left-sided pleural effusion, and signs of intraabdominal
hemorrhage such as periumbilical ecchymoses should
alert the clinician to the possibility of splenic rupture.

Acute malaria is further accompanied by defects in
coagulation, characterized by enhanced intrinsic coagula-
tion cascade activity and fibrinogen turnover, leading to
increased concentration of fibrin degradation products.
Hypoglycemia is a common complication of acute malaria,
and arises in the context of reduced oral intake, increased
catabolism due to fever, reduced hepatic gluconeogenesis
and glycogenolysis, and parasite utilization of glucose as
its major energy source. Cinchona alkaloids used in the
management of malaria can further exacerbate this hypo-
glycemia by stimulating b-islet cell insulin secretion;
therefore, vigilant monitoring is indicated.
Severe and Cerebral Malaria

Key events in the pathogenesis of malaria include (1)
invasion of host erythrocytes by the malarial parasite, (2)
adherence of parasitized erythrocytes to cell surface
molecules expressed in the vasculature of vital organs
(sequestration), and (3) induction of proinflammatory
mediators in response to infection. Severe complications
arise due to each of these mechanisms and the host’s
immune response to them. The similarity of early-stage
malaria to many systemic viral illnesses can lead to diag-
nostic and therapeutic delay, which enables the parasite
burden to increase and the pathogenesis of severe malaria
to ensue. Severe and cerebral malaria are almost univer-
sally caused by P. falciparum, and carry mortality rates
of 10–30%, even in the setting of appropriate parenteral
antimalarial drug therapy. While deaths due to the other
three species infecting humans have been reported, these
cases are extremely rare. However, infection with P. vivax

has been reported to cause severe manifestations such as
acute renal failure (ARF), severe thrombocytopenia,
shock, acute respiratory distress syndrome (ARDS), and
encephalopathy, though these sequelae are much less
likely to occur with P. vivax than with P. falciparum infec-
tion. The clinical features of severe malaria differ between



Table 1 Criteria for severe disease

Criteria for severe Plasmodium falciparum malaria (WHO, 2000)
Asexual forms of Plasmodium falciparum on blood smear or

compatible history

plus
Any one or more of the following features:

. Impaired consciousness or unrousable coma with GCS <10

. Prostration with extreme weakness

. Severe normocytic anemia (hemoglobin <50g/L)

. Acute renal failure with urine output <400ml/24 h and serum

creatinine >265 mmol/L
. Pulmonary edema or acute respiratory distress syndrome
. Hypoglycemia (plasma glucose <2.2 mmol/L)
. Shock with systolic blood pressure <80mmHg
. Spontaneous bleeding/disseminated intravascular

coagulation
. Repeated generalized convulsions (>2 within 24 h)
. Acidemia/acidosis (arterial pH<7.25 or plasma bicarbonates

<15mmol/L or venous lactate >15mmol/L)
. Macroscopic hemoglobinuria not associated with oxidant
drugs and red blood cell enzyme defects

. Jaundice detected clinically or total serum bilirubin >50

mmol/L
. Parasitemia of >5% in nonimmune individuals
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adults and children, with end-organ failure occurring
more commonly in adults, and severe malarial anemia
with cerebral involvement occurring more commonly
in children. Criteria for the diagnosis of severe or compli-
cated malaria are listed in Table 1.

Consistent predictors of intensive care unit mortality
in patients with severe malaria include unrousable coma,
pulmonary edema, shock, and metabolic acidosis, with
those patients who die having the highest day-1 parasite-
mias, lowest Glasgow Coma Scale (GCS) scores, greatest
need for mechanical ventilation, lowest arterial pH, and
highest serum lactate levels. Metabolic acidosis is the
single best independent predictor of adverse outcome
in children and adults with severe malaria.
Nonimmune adults

Adults traveling to P. falciparum-endemic areas, particularly
sub-Saharan Africa, and those residing in regions where
transmission is sporadic (Southeast Asia) are at risk of
severe malaria. In addition to fever, common presenting
signs include jaundice (2/3 patients), hyperparasitemia
(1/2 patients), prostration (1/2 patients), ARF (1/3 patients),
and bleeding diatheses (1/6 patients). Less than 10%of adult
patients with severe malaria will present with severe acido-
sis, coma, seizures, ARDS, or shock, however, those inwhom
diagnosis and appropriate management are delayed are at
increased risk of developing these complications.

Jaundice in severe malaria arises due to dysfunction at
prehepatic, hepatic, and posthepatic levels.Hemolysis, hepa-
tocyte dysfunction (as evidenced by reduced clotting factor
synthesis and gluconeogenesis), and an acalculous chole-
static phenomenon all contribute to hyperbilirubinemia,
the latter of which can persist for weeks. Acute tubular
necrosis secondary to glomerular filtration of hemoglobin
liberated from lysed red cells is the underlying pathogene-
sis of the oliguric ARF seen in severe malaria. ‘Blackwater
fever’ refers to the voiding of cola-colored urine in the
setting of significant intravascular hemolysis due to anti-
malarial drug hapten formation, and while this condition
in and of itself creates a massive hemoglobin load for
the kidney to process, it is rarely accompanied by ARF.
Thrombocytopenia coupled with prolonged prothrombin
(PT) and partial thromboplastin (PTT) at times leads to
stigmata of bleeding, including gastrointestinal hemor-
rhage. Disseminated intravascular coagulation is the most
severe on the spectrum of malaria-related coagulopathies.

Lactic acidosis, while less common than jaundice, ARF,
and severe thrombocytopenia at presentation, is a major
predictor of poor outcome in severe malaria. Hypovole-
mia, anemia, microvascular obstruction due to sequestra-
tion or parasitized erythrocytes, and cytotoxicity of
circulating inflammatory mediators all contribute to met-
abolic acidosis. Serum levels of lactate are occasionally
normal in the setting of metabolic acidosis, supporting
that other acid metabolites play a role in the pathogenesis
of this severe manifestation of malaria.

Pulmonary edema is a feature of severe malaria that
occurs in the absence of reduced left ventricular ejection
fraction, and reflects increased pulmonary vascular per-
meability. Along with pulmonary edema, metabolic aci-
dosis with compensatory respiratory alkalosis, and
malarial anemia both contribute to the development of
ARDS, itself a harbinger of mortality. ARDS is one of the
later complications to occur in the setting of severe,
acute malaria, usually arising on day 4 or 5 after admis-
sion. Anticipation of this complication is prudent.

Cerebral malaria is typified by unrousable coma (GCS
<11 with no localizing pain response) in a patient with
asexual P. falciparum parasitemia. The cerebral malaria that
occurs in adults differs from that occurring in children.
Typical clinical manifestations of cerebral malaria
in adults include: coma (which occurs several days follow-
ing the onset of benign symptomatology), seizures
(20–50%), upper motor neuron lesions (characterized
by increased tone and hyperreflexia), decorticate or
decerebrate posturing, dysconjugate gaze, and retinal
hemorrhages (15%). Pupillary, oculocephalic, and oculo-
vestibular reflexes are generally intact. Coma likely results
from a combination of vasoocclusion due to sequestion,
metabolic acidosis, toxic cytokine milieu, and compromise
of the blood–brain barrier leading to increased cerebral
vascular permeability. Long-term neurological sequelae
occur in only ~5% of adults who survive cerebral malaria.

Semi-immune and nonimmune children

Ninety percent of deaths due to falciparum malaria
occur in African children under the age of 5 years. Unlike
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in adults, severe malaria in children is more likely to
be characterized by severe anemia, hypoglycemia, and
cerebral manifestations including repeated generalized
seizures, and less likely to be accompanied by pulmonary
edema, jaundice, and coagulopathy.

Severe malarial anemia refers to a hemoglobin level
<50 g/L (<5 g/dl) coupled with a parasitemia >10 000
parasites per cubic ml, and arises due to parasite-dependent
lysis of red blood cells, autoimmune hemolysis, and bone
marrow toxicity. Up to 20% of African children under
5 years of age with malaria will fulfill criteria for severe
malarial anemia, and an additional 10% will fulfill criteria
for cerebral malaria, the latter of which carries a mortality
rate of 10–30%. Compared to adults with cerebral malaria,
coma is rapid in onset and resolution in children. Gen-
eralized seizures are both more common and frequent in
children with cerebral malaria versus adults. Children
are also more likely than adults to exhibit focal cranial
nerve and brainstem reflex abnormalities in the context of
cerebral malaria. Furthermore, in children with cerebral
malaria, tone tends to be more flaccid than rigid, which is
more reminiscent of lower motor neuron disease. Retinal
hemorrhages are found in up to one-third of children with
cerebral malaria. Children who have survived cerebral
malaria carry double the risk of long-term neurologic
sequelae of adults. Persistent neurologic abnormalities
include seizure disorder, developmental delay, behavioral
disturbance, hemiparesis, ataxia, aphasia, blindness, and
tone deficits, most likely spasticity.
Malaria in Pregnancy

Malaria in pregnancy can have catastrophic consequences
for both the mother and fetus, and is more likely to take
a severe or complicated course, including pulmonary
edema and severe hypoglycemia, than in nonpregnant
women. Severe and cerebral malaria in pregnancy also
carry higher mortality rates, with up to 50% of pregnant
women with cerebral malaria dying of the disease. Reduced
systemic and placental cell-mediated immunity can lead to
hyperparasitemia with concomitant severe anemia. Placen-
tal sequestration and cytokine activation can further lead to
placental insufficiency, which translates into fetal intrauter-
ine growth restriction, and ultimate low birth weight.
In holo- and hyperendemic areas of malaria transmission,
this risk of low birth weight is confined to the first preg-
nancy, whereas in areas of low or unstable transmission, this
risk applies to multigravid women as well.
Malaria and HIV Co-Infection

Current evidence supports that HIVandmalaria each nega-
tively affect the outcome and course of the other. It has been
suggested that HIV-related immune suppression compro-
mises innate host malaria clearance mechanisms. In regions
where malaria transmission is low or unstable, HIV-positive
adults with malaria are two- to fivefold more likely to have
a complicated or severe course. HIV has also been shown
to impair the response to antimalarial therapy, with higher
rates of treatment failure among those who are co-infected.
Malaria has been shown to upregulate HIV transcription,
with those who are co-infected demonstrating a two- to
sevenfold increase in HIV viral load during acute malaria
infection. Whether this acute rise in viremia is clinically
significant is debatable. However, at least one study in
Uganda has shown a significant decline in CD4 counts in
HIV-positive patients following episodes of malaria.
Management

There are three cardinal questions that must be addressed
for optimal management of malaria:

1. Is the infection caused by P. falciparum?
2. Is the malaria complicated or severe?
3. Is the parasite likely to be drug-resistant?

The answers to these questions will greatly influence
the decisions made in managing these patients.

Is the infection caused by P. falciparum?

Species identification of the infecting organism is critical
to appropriate management. P. falciparum can cause life-
threatening disease in nonimmune adults and children,
and should be considered a medical emergency. The
clinical descent down the slope of severe manifestations
can be rapid; therefore, prompt initiation of therapy is
essential. While the management objectives for P. vivax,
P. malariae, and P. ovale are to cure disease and, in the
case of P. vivax and P. ovale, to prevent relapse, because
P. falciparum can cause fatal disease, its treatment objec-
tives are to cure disease and to prevent death. Thick and
thin Giemsa-stained blood smears allow for species iden-
tification and quantification of parasitemia. Point-of-care
speciation is also available through use of sensitive rapid
dipstick assays, which detect P. falciparum antigens such as
HRP-2. While molecular assays also permit speciation,
as yet, their turnaround times are prohibitive for point-of-
care diagnostics.

Is the malaria complicated or severe?

Severe or cerebral malaria necessitates immediate admin-
istration of combination parenteral antimalarials (Table 2)
and ongoing supportive care. Artemisinin derivatives
are the most potent antimalarials known to man, and
are derived from the leaves of the Artemisia annua plant.
Artemisinin combination therapy (ACT), which pairs an
artemisinin derivative with another antimalarial drug,
is recommended by the WHO for management of all
P. falciparum malaria, whether severe or not, in areas



Table 2 Drugs used in the management of severe malariaa

Chloroquine-sensitive Chloroquine (base) 10mg/kg IV over 8 h, followed by 15mg/kg IV over 24h

Chloroquine-resistant:

With infusion pump

Quinine (base) 5.8 mg/kg loading doseb [quinine dihydrochloride (salt) 7mg/kg] diluted in

10mL/kg isotonic fluid by IV infusion over 30min, followed immediately by a maintenance
dose of quinine (base) 8.3 mg/kg [quinine dihydrochloride (salt) 10mg/kg] diluted in

10mL/kg of isotonic fluid by IV infusion over 4 h, repeated q 8h for up to 72h, or until oral

therapy is tolerated (600mg salt tid). Complete 3–7days of treatmentc

Plus one of

the
followingd

Doxycycline 3.5 mg/kg (max 100mg) IV or PO q

12h� 7days

OR OR
Quinidine (base) 6.2 mg/kg loading doseb [quinidine gluconate (salt) 10mg/kg] by IV infusion

over 1–2h, followed immediately by amaintenance dose of quinidine (base) 0.0125mg/kg

per min [quinidine gluconate (salt) 0.02 mg/kg per min] by infusion pump for up to 72h, or

until oral therapy is tolerated. Then, quinine tablets (600mg salt tid) to complete 3–7days
of treatmentc

Clindamycine 10mg base/kg IV�1, followed by

5mg base/kg IV q 8 h (or 300mg PO q

6h)�5days

Chloroquine-resistant:

Without infusion
pump

Quinine (base) 16.7 mg/kg loading doseb [quinine dihydrochloride (salt) 20mg/kg] diluted in

10mL/kg isotonic fluid by IV infusion over 4 h, followed immediately by a maintenance
dose of quinine (base) 8.3 mg/kg [quinine dihydrochloride (salt) 10mg/kg] diluted in

10mL/kg of isotonic fluid by IV infusion over 4 h, repeated q 8h for up to 72h, or until oral

therapy is tolerated (600mg salt tid). Complete 3–7days of treatmentc

Plus one of

the
followingd

Doxycycline 3.5 mg/kg (max 100mg) IV or PO q

12h� 7days

OR OR
Quinidine (base) 15mg/kg loading doseb [quinidine gluconate (salt) 24mg/kg] in a volume of

250mL normal saline infused over 4 h, followed by a maintenance dose, beginning 8h

after the start of the loading dose, of quinidine (base) 7.5 mg/kg [quinidine gluconate (salt)

12mg/kg] infused over 4 h, q 8 h for up to 72h, or until oral therapy is tolerated. Then,
quinine tablets (600mg salt tid) to complete 3–7days of treatmentc

Clindamycine 10mg base/kg IV�1, followed by

5mg base/kg IV q 8 h (or 300mg PO q

6h)�5days

aRecommendations for regions where ACT is unavailable. For complete ACT dosing schedules, see WHO (2006) Guidelines for the Treatment of Malaria. http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed November 2007).
bLoading dose should not be used if patient received quinine, quinidine, or mefloquine within the preceding 12–24 h. In patients requiring more than 48h of parenteral therapy, reduce the
quinine maintenance dose by one-third to one-half.
cSeven-day therapy is recommended for P. falciparum infections acquired in Southeast Asia. Three-day therapy is recommended for all other regions of acquisition (Africa, Latin America,

etc.).
dDoxycycline or clindamycin should be administered concurrently with or immediately after quinine, quinidine, or artemisinin derivative.
eUse clindamycin over doxycycline in pregnant women and in children <8 years of age.

Reprinted with permission from Suh KN, Kain KC, and Keystone JS (2004) Malaria. Canadian Medical Association Journal 170: 1693–1702. ã 2004 Canadian Medical Association.
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where these drugs are available. However, the lack of
availability of ACT in many Western countries limits
its use predominantly to endemic areas in Africa and
Southeast Asia. The choice of therapy will also therefore
depend on location and local formularies. Table 2 sum-
marizes the current recommendations for therapy of severe
P. falciparum malaria in areas where ACT is unavailable.
Table 3 lists the currently recommended ACT regimens
for P. falciparum malaria. A comprehensive discussion of
ACT dosing schedules and practicalities of administra-
tion can be found in the 2006WHO Guidelines for the

Treatment of Malaria. Oral therapy alone, while indicated
for uncomplicated malaria (Table 4), is inadequate in
the setting of severe disease, or in patients who are
vomiting. Adverse effects and contraindications to cur-
rently used antimalarials are listed in Table 5. Vigilant
patient monitoring in an ICU setting is ideal, with par-
ticular attention paid to vital signs, glycemia (accuchecks
Table 3 Artemisinin combination therapy (ACT) regimens used in

Clinical syndrome Recommended ACT

Uncomplicated P. falciparum malaria First line: Artemether

Artesunatebplus am

Artesunatebplus m
Artesunatebplus su

Alternate: Artesunate

Severe P. falciparum malaria, low

transmission zone or non-endemic area

Artesunate 2.4 mg/kg

of therapy
plus one of

Doxycyline 3.5 mg/k

or

Clindamycinh 10mg
6h)�7days

Severe P. falciparum malaria, high

transmission zone

Artesunate 2.4 mg/kg

of therapy

or
Artemether 3.2mg/k

therapy

plus one of
Doxycyline 3.5 mg/k

or

Clindamycinh 10mg

6h) � 7days

aFixed-dose combination of 20mg artemetherþ120mg lumefantri

pediatric guidelines available in WHO (2006) Guidelines for the Tr
Guidelines2006.pdf (accessed November 2007).
bArtesunate available in 50 or 200mg tablets; standard adult and ped
200mg). When used in combination with doxycycline or clindamycin
cAmodiaquine available in 153mg base tablets; standard adult and p

daily dose 612mg).
dMefloquine available in 250mg base tablets; standard adult and pe

standard dose 1000mg day 2, 500mg day 3).
eFixed-dose combination of 500mg sulfadoxine þ 25mg pyrimetham

day 1 (maximum standard dose 1500/75 mg (3 tabs)�1).
fDoxycycline available in 100mg tablets; standard adult and pediatric

(maximum standard daily dose 200mg divided OD or bid).
q 2–4 h), neurologic status, arterial blood gas, urine out-
put, and parasitemia.

Fluid therapy in the context of severe malaria remains
controversial, and must be assessed on an individual basis.
A balance must be struck between the risk of fluid over-
load, to which adults with severe disease are particularly
vulnerable, and dehydration, which will necessarily
worsen concomitant renal failure. Children with severe
malaria are more likely than adults to be volume-
depleted, and may respond favourably to a fluid bolus.
The hyperventilation and respiratory distress seen in
children with severe malaria is attributable to metabolic
acidosis and severe anemia. Blood transfusion is therefore
indicated in children with hemoglobin<50 g/L (<5 g/dl)
who are from high-transmission zones. A more conserva-
tive threshold for transfusion of hemoglobin, <70 g/L
(<7 g/dl), can be applied to those with severe anemia
who reside in low-transmission zones or are residents of
the management of P. falciparum malaria

regimens

-lumefantrinea

odiaquinec

efloquined

lfadoxine-pyrimethaminee

b plus one of doxycylinef or clindamycing,h

IV on admission, at 12 h, and at 24 h, then OD to complete 7 days

g (maximum 100mg) IV or PO q 12h�7days

base/kg IV� 1, followed by 5mg base/kg IV q 8 h (or 300mg PO q

IV on admission, at 12 h, and at 24 h, then OD to complete 7 days

g IM on admission, then 1.6 mg/kg OD to complete 7 days of

g (maximum 100mg) IV or PO q 12h �7days

base/kg IV� 1, followed by 5mg base/kg IV q 8 h (or 300mg PO q

ne. Standard adult dose is 6 tabs bid� 3days. Weight-based

eatment of Malaria. http://www.who.int/malaria/docs/Treatment

iatric dosage 4mg/kg OD� 3days (maximum standard daily dose
, recommended duration is 7days.

ediatric dosage 10mg base/kg OD�3days (maximum standard

diatric dosage 25mg base/kg divided over 2–3days (maximum

ine. Standard adult and pediatric dosage 25/1.25mg/kg� 1 on

(age >8 years) dosage 2–3.5 mg/kg OD or divided bid � 7days

http://www.who.int/malaria/docs/TreatmentGuidelines2006.pdf
http://www.who.int/malaria/docs/TreatmentGuidelines2006.pdf


Table 4 Drugs used in the management of uncomplicated malaria

Causative
organism Drug Adult dose Pediatric dose

P. falciparuma

Chloroquine-

sensitive

Chloroquine (base) 600mg initially, then

600mg at 24 h, then

300mg at 48 h

10mg/kg initially, followed by 10mg/kg at 24 h, then

5mg/kg at 48 h (total dose 25mg/kg to max of 1.5 g

over 3 days)
Chloroquine- or

mefloquine-

resistant

Atovaquone-

proguanilb
4 tabs OD� 3days 5–8 kg: 2 pedc tabs OD�3days

9–10 kg: 3 ped tabs OD�3days

11–20kg: 1 tab OD� 3days

21–30kg: 2 tabs OD�3days
31–40kg: 3 tabs OD�3days

OR >40 kg: 4 tabs OD�3days

Quinine sulfate (base)
PLUS one of

doxycycline

500mg tid�3–7daysd 7.5 mg/kg (max 500mg) tid� 3–7daysd

or 100mg bid� 7days �8 years: 1.5–2mg/kg (max 100mg) bid� 7days

clindamycin (base) 300mg qid� 5days 5mg/kg (max 300mg) tid� 5days
P. vivax

Chloroquine- and

primaquine-

sensitive

Chloroquine (base) As above As above

plus

primaquine (base) 30mg OD�14days 0.5 mg/kg (max 30mg) OD�14days
Chloroquine-

resistant

Atovaquone-proguanil As above As above

plus

primaquine As above As above
Primaquine-

resistant

Chloroquine (base) As above As above

plus

primaquine As above As above

P. malariae Chloroquine (base) As above As above
P. ovale Chloroquine (base) As above As above

plus

primaquine 15mg OD�14days 0.3 mg/kg (max 15mg) OD�14days

aRecommendations for regions where ACT is unavailable. For complete ACT dosing schedules, see WHO (2006) Guidelines for the

Treatment of Malaria. http://www.who.int/malaria/docs/TreatmentGuidelines2006.pdf (accessed November 2007).
bFixed-dose combination contains 250mg atovaquoneþ100mg proguanil.
cPediatric tablets contain 62.5 mg atovaquone þ 25mg proguanil.
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the developed world who have returned from travel to an
endemic area.

Acute pulmonary edema should be managed as per
standard of care with supplemental oxygen, positive pres-
sure ventilation if available and the patient is hypoxic, and
therapeutic maneuvers that reduce preload on the heart,
including diuresis, venodilation, hemofiltration, and dial-
ysis. In patients with significant coagulopathy, vitamin
K and fresh frozen plasma can be given. Correction of
hypovolemia and anemia are key to ameliorating meta-
bolic acidosis. To date, no other intervention has proven
valuable.

Seizures are a common complication of cerebral
malaria, especially in children. Administration of intrave-
nous benzodiazepines is the mainstay of treatment of
seizures due to cerebral malaria. The WHO currently
recommends against use of phenobarbital in children
with malarial seizures, due to its association with
increased mortality (WHO, 2006). Preemptive adminis-
tration of antiseizure medication is not recommended.
Hyperparasitemia is a major risk factor for death
from severe malaria. Parasitemia should therefore be fol-
lowed every 6–12 h over the first 24–48 h of therapy. In
addition to parenteral antimalarials, exchange transfusion
or aphoresis has been touted as an effective way to reduce
parasite burden, though evidence to support this maneu-
ver is scant and it thus remains controversial. Its use
should probably be limited to situations in which progno-
sis is grave, parasitemia is >30%, or parasitemia is >10%
with accompanying evidence of end-organ dysfunction
including cerebral, pulmonary, or renal manifestations.

The continued high rate of mortality in severe and
cerebral malaria has led to the investigation of a number
of adjuvant therapies for P. falciparum malaria including
corticosteroids, monoclonal antibodies to TNFa, TNFa
inhibitors, heparin, prostacyclin, and desferroxamine.
None of these adjuvant therapies has proven efficacious
in clinical trials, and therefore none is recommended.

In cases of severe malaria, where presentation is that of
a systemic febrile illness with evidence of multisystem

http://www.who.int/malaria/docs/TreatmentGuidelines2006.pdf


Table 5 Mechanism of action, adverse effects, and contraindications to antimalarial drugs

Drug Mechanism of action
Parasite life-cycle
target Adverse effectsa Contraindications

Amodiaquine 4-aminoquinoline, which

interferes with heme

detoxification

Blood

Schizonticide

Agranulocytosis; hepatitis Caution in liver disease

or heavy alcohol use

Artemisinin
derivatives

Sesquiterpene lactones, which
inhibit calcium adenosine

triphosphatase (PfATPase 6)

Blood
Schizonticide

Gametocytocidal

Type I hypersensitivity in
1/3000; ECG abnormalities

First trimester
pregnancy

Atovaquone-

proguanil

Hydroxynaphtho-quinone, which

inhibits parasite cytochrome
oxidase (atovaquone);

Biguanide, which is

metabolized to active
cycloguanide by CYP 450

2C19 and inhibits plasmodial

DHFR (proguanil)

Blood and tissue

Schizonticide
Gametocytocidal

Well-tolerated; cough Pregnancy

Chloroquine 4-aminoquinoline, which
interferes with parasite heme

detoxification

Blood
Schizonticide

Unpleasant taste; pruritus;
keratopathy/retinopathy

with prolonged use

Seizure disorder;
psoriasis

Clindamycin Lincosamide antibiotic, which

inhibits protein synthesis via
the 50S ribosome

Blood

Schizonticide

Diarrhea (20%);

pseudomembranous colitis;
hypersensitivity reaction in

10% (rash, urticaria)

Caution in those with

history of C. difficile
disease and

pseudomembranous

colitis
Doxycyline Tetracycline derivative, which

binds to 30S ribosomal subunit

and inhibits protein synthesis

Blood

Schizonticide

Photosensitivity; erosive

esophagitis

Pregnancy and

lactation; children

under the age of 8

Mefloquine 4-methanolquinoline, which is
related to quinine

Blood
Schizonticide

Neuropsychiatric effects such
as seizure and psychosis in

1/100–1/2000 at treatment

doses

Psychiatric disorder;
seizure disorder;

electrical conduction

delays

Primaquine 8-aminoquinoline, which
possibly induces

mitochondrial dysfunction

Tissue
Schizonticide

Gametocytocidal

Abdominal pain G6PD deficiency;
pregnancy

Quinidine Cinchona alkaloid, which inhibits
parasite heme detoxification

Blood
Schizonticide

QT-interval prolongation;
cardiac arrhythmias;

cinchonism (tinnitus,

high-tone deafness,

headache, nausea,
dysphoria)

Prolonged QT interval;
AV conduction delay;

myasthenia gravis

Quinine Cinchona alkaloid, which inhibits

parasite heme detoxification

Blood

Schizonticide

Gametocytocidal
for P. vivax,

P. ovale, and

P. malariae

Hyperinsulinemic

hypoglycemia; reversible

cinchonism

G6PD deficiency;

tinnitus or optic

neuritis; myasthenia
gravis;

thromobocytopenic

purpura

aAll antimalarial agents are associated with gastrointestinal side effects such as nausea, vomiting, and diarrhea.
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involvement, the concurrent use of parenteral broad-
spectrum antibiotics should be liberal. Intercurrent bacte-
rial infection is common, particularly in children, and
may be overshadowed by the diagnosis of malaria. Thus,
this entity must be anticipated, especially in the setting of
unexplained deterioration despite effective antimalarial
and supportive therapy.

Because P. falciparum infection in pregnancy is
associated with low birth weight, adverse fetal out-
come, severe maternal anemia, and increased risk of
severe sequelae, particularly pulmonary edema and
hypoglycemia, administration of antimalarial therapy
must not be delayed. Prompt initiation of parenteral ther-
apy is indicated in pregnant women with severe malaria.
In later stages of pregnancy, artesunate may be preferred
over quinine due to the latter’s association with recurrent
hypoglycemia.

Pharmacotherapy of uncomplicated malaria is sum-
marized in Table 4. Unless a patient cannot tolerate oral
medication due to vomiting or is believed to have poor
gastrointestinal absorption, therapy of uncomplicated
malaria should be via the oral route. Outside of Africa,



Table 6 Global distribution of drug-resistant malaria

Chloroquine-
resistant
P. falciparum

Multi-drug
resistant
P. falciparum

Chloroquine-
resistant P. vivax

Chloroquine-

resistant P.

falciparum is
found in ALL

malarious areas

EXCEPT in the

Americas north
of the Panama

Canal (Mexico,

Hispaniola,
other Central

American

countries) and

parts of the
Middle East

Multi-drug-

resistant

(chloroquine,
sulfadoxine-

pyrimethamine,

mefloquine)

P. falciparum
is found in

Southeast Asia

along the Thai
borders of

Myanmar

(Burma) and

Cambodia, in
Burma, Vietnam,

and in parts of

the Amazon

basin

Chloroquine-

resistant P. vivax

is found in
Papua New

Guinea, Irian

Jaya, Indonesia,

Myanmar, the
Solomon

Islands, and in

countries of
South America

including

Colombia,

Brazil, Guyana,
and Peru

Table 7 Genetic markers of resistance in selected

antimalarials

Antimalarial
drug Genetic marker of resistance

Atovaquone Point mutation at position 268 of cyt b gene

Chloroquine Mutations in transporters (PfCRT, PfMDR1),

which decrease the concentration of
chloroquine at its site of action

Mefloquine Amplification of Pfmdr gene

Proguanil Triple codon mutation of dhfr gene
Pyrimethamine Mutation in dhfr gene

Sulfadoxine Mutation in Pfdhps gene
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P. vivax is the predominant species causing disease. P. vivax
and P. ovale have a persistent liver phase that is responsible
for clinical relapses. In order to reduce the risk of relapse
following the treatment of symptomatic P. vivax or P. ovale
infection, primaquine may be indicated to provide
‘radical cure.’ Primaquine use is contraindicated in preg-
nancy; therefore, P. vivax and P. ovale infections occurring
during pregnancy should be treated with standard doses
of chloroquine. Relapses can then be prevented by
weekly chemosuppression with chloroquine until after
delivery. Because of primaquine’s oxidant hemolytic
potential, patients should undergo testing for glucose-6-
phosphate dehydrogenase deficiency prior to initiation of
primaquine therapy.

Is the parasite likely to be drug-resistant?

In most areas of the world where malaria is transmitted, it
is caused by drug-resistant parasites (Table 6). Antima-
larial resistance has been described in all species of Plas-
modium infecting humans, except P. ovale. P. falciparum
resistance to most antimalarials, with the exception of
artemisinin derivatives, has been documented. However,
in only a few of these drugs can genetic markers of
resistance be identified (Table 7). Chloroquine resistance
in P. falciparum is widespread, with efficacy confined to
P. falciparum-endemic areas north of the Panama Canal in
Central America and the Caribbean. Mefloquine and
multidrug resistance in P. falciparum is, for the most part,
confined to the Thai–Burmese and Thai–Cambodian
borders, along with parts of Vietnam and eastern Burma.
P. falciparum resistance to quinine monotherapy has been
reported in Southeast Asia, but is of little consequencewhen
quinine is used as a component of combination therapy.

Chloroquine resistance in P. vivax is mainly found in
Papua New Guinea and Papua (Irian Jaya), along with
other countries of Oceania such as Indonesia, East Timor,
and the Solomon Islands. There have also been isolated
reports of chloroquine-resistant P. vivax from the Amazo-
nian regions of Peru, Brazil, and Guyana. Chloroquine
remains an effective antimalarial for most P. vivax

acquired in Southeast Asia (other than in Thailand, Korea,
and Myanmar), subcontinental India, the Middle East, and
Latin America. Only recently has chloroquine resistance in
P. malariae from Indonesia been described (Maguire et al.,
2002). To date, P. ovale remains fully sensitive to the existing
antimalarial pharmacologic armamentarium.

Treatment is considered to have failed if fever and
parasitemia fail to resolve or recur within 14–28 days
of treatment initiation. These failures may arise due to
drug-resistant organisms, malabsorption of the drug
(vomiting or diarrhea), or poor adherence. A full course
of retreatment with an alternate regimen is indicated in
these cases. If fever and parasitemia recur >2 weeks post-
treatment, this likely reflects recrudescence, or reinfec-
tion in an endemic zone.
Prevention

Prevention in Travelers

Malaria is a preventable disease in travelers. A general
approach to the prevention of malaria in travelers involves
an assessment of individual risk, a discussion of mosquito
bite avoidance measures, and the prescription of chemo-
prophylactic agents where appropriate.

Assessment of individual risk

Many factors contribute to an individual’s risk of acquir-
ing malaria when traveling and include, but are not
limited to:

. Geographic destination;

. Type of travel (urban vs. rural);

. Type of accommodations (tents vs. screened rooms);

. Itinerary during travel (trekking, altitude, river or jun-
gle exposure);

. Season of travel (wet vs. dry);



Table 8 Recommended antimalarial agents for

chemoprohylaxis

Region of travel
Recommended chemoprophylactic
agent

Chloroquine-sensitive First line: Chloroquine

Second line: Mefloquine, doxycycline,

atovaquone-proguanil
Chloroquine-resistant First line: Atovaquone-proguanil,
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. Duration of travel (short-term vs. long-term);

. Likelihood of compliance with preventive measures.

All travelers to malarious areas should receive specific
pretravel counseling from a qualified professional who
can provide an educated assessment of the individual
traveler’s risk of acquiring malaria abroad, and who can
address the following two pillars of malaria prevention.
mefloquine, doxycycline

Chloroquine- and

mefloquine-resistant

First line: Atovaquone-proguanil

Second line: Doxycycline
Mosquito bite avoidance

Use of personal protective measures and behaviors to
reduce the likelihood of being bitten by a female anophe-
line mosquito is key to the prevention of malaria. These
measures and behaviors include, but are not limited to:

. Avoidance of outdoor activity after dusk (Anopheles
mosquitos bite from dusk from dawn);

. Use of long-sleeved shirts and long pants when expo-
sure is likely;

. Use of N,N-diethyl-3-methylbenzamide (DEET)-
based mosquite repellants;

. Use of permethrin- or other insecticide-impregnated
bed net.

Aerosol, pump, and gel-based formulations containing
20–50% DEET can be used safely and efficaciously in
adults and children over 2months of age. Picardin is
another commonly used repellant that is safe and effective
in both adults and children, and tends to cause less skin
irritation than DEET. Insecticide-impregnated bed nets
can be used safely by both pregnant women and children.
Permethrin is also available in liquid or spray formula-
tions for impregnation of clothing.
Chemoprophylactic agents

Following a detailed assessment of individual risk of
malaria and counseling around personal protective mea-
sures for bite avoidance, the pretravel encounter can be
directed toward a needs assessment for chemoprophy-
laxis. In order to prescribe an appropriate agent, the travel
medicine practitioner will want to determine:

. If the traveler will be exposed to malaria;

. Which species of Plasmodium predominates in his or her
region of travel;

. If there is likely to be drug-resistant P. falciparum at his
or her destination;

. Whether or not the traveler is likely to adhere to the
prescribed regimen;

. If there are any contraindications to the prescribed
regimen such as pregnancy or likelihood of pregnancy;

. Whether or not the traveler will have ready access to
medical attention during travel.

A detailed past medical history is important to gather
in order to determine if there are contraindications to a
particular class of antimalarials.
Table s 8 and 9 summari ze the antim alarials that are
currently recommended for chemoprophylaxis in trave-
lers to malarious regions. It is important to emphasize to
the traveler that all chemoprophylactic regimens must be
started prior to arrival in the risk area, taken throughout
travel in the risk area, and continued for one to four
weeks post-travel, depending on the regimen. Drugs
such as atovaquone-proguanil that work by preventing
the preerythrocytic development of the parasite (causal
prophylaxis) need only be taken one week post-travel.
Conversely, drugs such as mefloquine, chloroquine, and
doxycycline that work by suppressing blood stage infec-
tion need to be taken for a full four weeks post-travel.

In travelers who will not have timely access to medical
care, standby therapy (self-treatment) can be life-saving.
Self-treatment may also be an appropriate option for
those in whom the chemoprophylactic regimen is subop-
timal due to underlying medical condition. Options for
standby therapy include atovaquone-proguanil, chloro-
quine (in a chloroquine-sensitive region), or quinine
plus doxycycline. Dosing is as outlined in Table 4. It
should be emphasized to travelers that self-treatment in
no way obviates the need for timely medical attention, nor
should it be perceived as an alternative to prophylaxis. In
addition, travelers should be discouraged from purchasing
self-treatment regimens overseas or from switching their
prophylactic regimen while abroad.

Prevention of malaria in the pregnant traveler presents
a challenge due to widespread chloroquine resistance in
P. falciparum, and the lack of chemoprophylactic agents
that can be used safely in all trimesters. Chloroquine can
be safely used during all trimesters of pregnancy, and is
appropriate for prophylaxis against chloroquine-sensitive
P. falciparum. The decision to travel to an area with high
transmission of chloroquine-resistant P. falciparum while
pregnant should not be taken lightly. P. falciparum malaria
can have grave consequences for mother, fetus, and neo-
nate. If transmission is thought to be high and likelihood
of exposure will be great, and travel cannot be deferred,
then mefloquine prophylaxis is a reasonable option.
While there is mounting evidence that atovaquone-
proguanil is likely to be safe in pregnancy, insufficient



Table 9 Dosing schedule for antimalarial chemoprophylactic agents

Drug Adult dose Pediatric dose Duration

Atovaquone-
proguanil

1 adult tab PO OD 5–8 kg: 1=2 peda tab OD Start 1 day before exposure, continue during exposure, and
complete 7 days following exposure9–10 kg: 3=4 ped tab OD

11–20 kg: 1 ped tab OD

21–30 kg: 2 ped tab OD

31–40 kg: 3 ped tab OD
>40 kg: 1 adult tab OD

Chloroquine

(base)

300 mg PO q

weekly

5 mg/kg (max 300 mg)

PO q weekly

Start 1 week before exposure, continue during exposure, and

complete 4 weeks following exposure

Doxycycline 100 mg PO OD <8 yr: not recommended
�8 yr: 1.5 mg/kg (max

100 mg) PO OD

Start 1 day before exposure, continue during exposure, and

complete 4 weeks following exposure

Mefloquine
(base)

250 mg PO q
weekly

<5 kg: 5 mg/kg q week Start 1–3 weeks before exposure, continue during exposure,
and complete 4 weeks following exposure5–9 kg: 1=8 tab q week

10–19 kg: 1=4 tab q week

20–29 kg: 1=2 tab q week

30–45 kg: 3=4 tab q week
>45 kg: 1 tab q week
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data are available to recommend its use as a prophylactic
agent in pregnancy. Doxycycline and primaquine are
contraindicated in pregnancy.
Prevention in Residents of Endemic Areas

Due to the prohibitive costs and infrastructural require-
ments of mass prophylaxis campaigns, insecticide-treated
bed nets and targeted chemoprophylaxis remain the
mainstays of malaria prevention in endemic areas. Chil-
dren less than 5 years of age and pregnant women are
candidates for intermittent preventive therapy (IPT)
or continuous chemoprophylaxis. IPT consists of twice
or thrice pre-emptive therapy during the course of
pregnancy (or infancy) with an agent such as chloroquine
or chloroquine-proguanil. This strategy in pregnancy
reduces the risk of severe malarial anemia, low birth weight,
and severe disease in pregnant women, though these
benefits are largely seen in primigravidae. Insecticide-
treated bed nets have been shown to significantly reduce
the burden of childhood mortality secondary to malaria,
and to reduce the incidence of anemia and malaria in
pregnancy.
Malaria vaccine

Malaria vaccine initiatives have been ongoing for over
30 years now; however, only recently have candidate
malaria vaccines been tested in humans in clinical trials.
To date, investigational vaccines have been designed to
target specific stages of the parasite (notably P. falciparum)
life cycle, including the preerythrocytic/liver stages,
asexual erythrocytic stages, sexual blood stages, and mos-
quito stages. The complexity of the parasite life cycle has
hampered the development of successful candidate vac-
cines, as immunity to one life cycle stage (e.g., liver stage)
confers no protection to other stages (e.g., blood stages).
Natural immunity to P. falciparum is highly strain-specific
and ephemeral, and requires multiple episodes of infection
(boosting) to maintain both humoral and cell-mediated
immunity. That P. falciparum expresses approximately
5300 antigens further hinders vaccine development, as it
is currently unknown which of these antigens are key
players in the genesis of immunity.

One preerythrocytic stage vaccine, RTS,S/AS02, has
shown promise in early clinical trials. This vaccine was
designed to target the malarial circumsporozoite protein,
and the vaccine antigen is comprised of a fusion pro-
tein (RTS) expressed in yeast, which binds to hepatitis
B surface antigen (S) to form RTS,S. When mixed with an
adjuvant, AS02, and given intramuscularly to volunteer
vaccinees, RTS,S induces a high-titer antibody response
to both circumsporozoite protein and hepatitis B surface
antigen. In a randomized controlled trial in the Gambia,
adults given three doses of RTS,S/AS02 were protected
from developing natural P. falciparum malaria (Bojang
et al., 2001). Vaccine efficacy was 71% in the first nine
weeks of the surveillance period, and 34% during the
entire 15-week surveillance period (Bojang et al., 2001).
No protection was afforded by the vaccine in the final six
weeks of surveillance, reiterating that immunity is very
short-lived. In a follow-up study, it was shown that the
protection conferred by RTS,S/AS02 was not strain-
specific (Alloueche et al., 2003). Additional studies are
ongoing in Mozambique. While there are many other
candidate vaccines entering the early stages of clinical
evaluation in humans, RTS,S/AS02 is the first to demon-
strate efficacy in natural P. falciparum infection. These



results are very promising, and a commercially available
vaccine is on the horizon.

See also: Anemia; Antimicrobial Resistance; The History of

Malaria and its Control; Maternal Mortality and Morbidity.
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Introduction

Toxoplasma gondii is a zoonotic protozoan infection with
a reservoir in mammals and birds. Transmission to
humans is through ingestion of tissue cysts in poorly
cooked meat of infested animals or ingestion of oocysts
that are shed in the feces of the definitive host (felines)
and contaminate the environment. Infection in healthy
persons is usually subclinical or causes mild symptoms
such as self-limited enlargement of lymph nodes and
fever.
Infection in pregnant women with T. gondii may be
transmitted to the fetus where it may cause permanent
damage of the fetus including retinochorioditis and hydro-
cephalus. Congenital infection of the fetus in women
infected just before conception is extremely rare and even
during the first few weeks of pregnancy the maternal–fetal
transmission rate is only a few percent (Dunn et al., 1999).
Infection before pregnancy causes immunity against trans-
mission to the fetus. The infection can reactivate after
birth with attacks of retinochorioditis, and if lesions
affect the macula, reduced eyesight. However, acquired
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toxoplasmosis after birth probably contributes more to
the burden of toxoplasmosis than congenital infections
(Gilbert et al., 1999; Gilbert and Stanford, 2000).

In immunocompromised patients, previous T. gondii

infection may reactivate, or the parasites may be transferred
to the host with an organ transplant, causing severe disease.
Strategies for control and prevention of congenital toxo-
plasmosis include primary prevention – systematic prenatal
screening for maternal seroconversion during pregnancy –
and newborn screening to detect toxoplasma-specific
immunoglobulin M (IgM) antibodies at birth. Management
of T. gondii infection in transplant patients depends on
regular screening for parasitemia by assays that employ
the polymerase chain reaction (PCR).

The EUROTOXO project – a European Union-funded
study, performed a systematic review of available data
on prevention and treatment of congenital toxoplas-
mosis (EUROTOXO, 2006). This article focuses on the
results from the EUROTOXO collaboration on congeni-
tal toxoplasmosis.
T. gondii Infections in Humans: Historical
Perspective

The first human case ascribed to infection with T. gondii

was a child with hydrocephalus reported by Janku in 1923
( Janku, 1923). Sabin reported the first case of encephalitis
due toT. gondii (Sabin, 1941), and encephalitis due toT. gondii
in immunocompromised patients was first reported from
patients with Hodgkin’s disease during immunosuppressive
treatment (Flament-Durand et al., 1967). During the 1940s
there was improved understanding of the cause of maternal
infection for congenital toxoplasmosis in newborns, and in
1953, Feldman reported a series of 103 children, 99% of
whom had eye lesions, 63% had intracranial calcifications
and 56% had psychomotor retardation (Feldman, 1953).
This initiated interest in congenital infection among
scientists in Europe (Couvreur, 1955).

In Gothenburg, Sweden, 50% of mothers had had previ-
ous infection with T. gondii and 2 out of 23 260 children had
clinical toxoplasmosis during a 1948–51 study period (Holm-
dahl and Holmdahl, 1955). A study from Austria reported
frequent symptoms in children with congenital toxoplasmo-
sis (Eichenwald, 1957). A French study concluded that treat-
ment prevented transmission from mother to child and
reduced the clinical symptoms in children (Couvreur and
Desmonts, 1962). A later study from France found that the
seroprevalence in pregnant women in Paris was 85%, and
there was a high risk of toxoplasma infection in seronegatives
(Desmonts et al., 1965; Desmonts and Couvreur, 1974).

Following these studies, systematic prenatal screening
programs were introduced in France and Austria in 1975
(Aspöck and Pollak, 1992; Thulliez, 1992). The use of
toxoplasma-specific IgM antibodies for neonatal diagno-
sis was proposed in 1968 (Remington et al., 1968), and
systematic neonatal screening was piloted in New York
(Kimball et al., 1971). The first neonatal screening program
based on detection of IgM antibodies at birth was initiated
in New England (U.S.) in 1988 (Guerina et al., 1994).
Prevalence of T. gondii Infection

The prevalence of toxoplasma infection in Europe has
recently been reviewed by Bénard and Salmi (2006a),
and data from different countries are shown in Table 1.
The prevalence of infection has been decreasing in
Europe over the past 3 to 4 decades (Horion et al.,

1990; Forsgren et al., 1991; Krausse et al., 1993; Logar
et al., 1995; Breugelmans et al., 2004; Welton and Aedes,
2005) (Figure 1). In the United States, data are collected
regularly through the National Health and Nutrition
Examination Study (NHANES) study. NHANES III
1999–2000 found a T. gondii seroprevalence of 15.8% in
the age group 12–49 years. T. gondii seroprevalence was
higher among non-Hispanic black persons than among
non-Hispanic white persons (age-adjusted prevalence
19.2% vs. 12.1%). No statistically significant differences
were found between T. gondii antibody prevalence in
NHANES 1999–2004 and NHANES III (1988–94)
( Jones et al., 2003; McQuillan et al., 2004).

In South America, a study from Brazil found that sero-
prevalence was high in people living in poor socioeconomic
conditions probably due to waterborne transmission (Bahia-
Oliveira et al., 2003). Another study found a seroprevalence
of 73% in slaughterhouse workers and suggested that fresh
meat is a significant source of infection in Brazil (Dias et al.,
2005). A study of children from Guatemala found that
infection with T. gondii often took place before the age of
5 years at which age 43% were seropositive ( Jones et al.,
2005). These data show that in countries where waterborne
infections are prevalent, infection occurs at an early age.

A study from Korea found an immunoglobulin G (IgG)
prevalence in pregnant women of 0.8% (Song et al., 2005),
and a recent study of HIV-positive patients from Taiwan
found a seroprevalence of 10.2% (Hung et al., 2005).
A recent study from India found a seroprevalence of
toxoplasma-specific IgG antibodies of 45% (Singh and
Pandit, 2004), and a study of HIV-infected patients from
Japan found an overall seroprevalence of 44.8%. The
majority of these patients were in the age of 25 to
34 years (Nissapatorn et al., 2004). A study of 327 adult
cat owners in Thailand found a seroprevalence of 6.4%
(Sukthana et al., 2003), and a study from Malaysia found a
high seroprevalence in Malays of 55.7% and people
belonging to the Indian ethnic group of 55.3%, but low
in ethnic Chinese, at 19.4% (Nissapatorn et al., 2003).

A study from Sao Tomé, West Africa, found a preva-
lence of 21.5% in children below 5 years of age (Fan et al.,

2005) and a study from Sudan found a seroprevalence
in pregnant women from Khartoum of 34.1% (Elnahas



Table 1 Seroprevalence of T. gondii-specific IgG antibodies in European pregnant women

Country Period Seroprevalence N % References

Austria 1966–91 167041 43.0 Aspöck, 1992
Belgium 1979–82 2986 53.0 Foulon, 1984

Belgium 1979–86 6549 54.5 Foulon, 1988

Belgium 1966–87 20901 59.4 Horion, 1990

Belgium 1991–91 830 46.9 Luyasu, 1997
Czech Republic 1984–86 3392 37.4 Hejlicek, 1999

Denmark 1990–90 5402 27.4 Lebech, 1993

Denmark 1992–96 89873 27.8 Lebech, 1999

Finland 1988–89 16733 20.3 Lappalainen, 1992
France 1995–95 12928 54.3 Ancelle, 1996

France 1981–83 1074 61.0 Jeannel, 1988

Germany 1990–90 5670 39.3 Beringer, 1992
Greece 1998–2003 5532 29.4 Antoniou, 2004

Germany 1988–88 9983 38.3 Hlobil, 1992

Germany 1986–90 4355 72.8 Krausse, 1993

Germany 1989–90 2104 441.6 Roos, 1993
Hungary 1987–94 17735 63.7 Szenasi, 1997

Ireland 1975–77 10677 113.4 Williams, 1981

Italy 1996–2000 8061 34.4 Ricci, 2003

Norway 1992 –94 35940 10.9 Jenum, 1998
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Figure 1 European incidence studies based on seroconversion. Reproduced from Welton NJ and Ades AE (2005) A model of
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et al., 2003). Of 1828 HIV-positive patients from Bobo-
Dioulasso, Burkina Faso, 25.4% had positive T. gondii

serology (Millogo et al., 2000).
T. gondii Genotypes and Clinical Disease

T. gondii can be divided into three main genotypes (Sibley
and Boothroyd, 1992; Grigg et al., 2001; Khan et al., 2005).
It has been proposed that the different genotypes may
be partly responsible for the different pathogenicity
observed in the infection. In mice one T. gondii parasite
of genotype I is lethal to mice, whereas the lethal
dose of genotype II and III is about a thousand parasites
(Boothroyd and Grigg, 2002). One study has reported an
unusual abundance of type I and recombinant strains in
patients with retinochorioditis (Grigg et al., 2001), and a
recent study from Brazil of eyes with T. gondii lesions from
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necropsies found only type I and III strains and no type II
strains (Vallochi et al., 2005). Recent work, however, sug-
gests a more complicated picture in Brazil with both
pathogenic and nonpathogenic isolates belonging to
genotype I (Ferreira et al., 2006). A study of 86 pregnant
women from France found predominantly genotype II
(Ajzenberg et al., 2002), which confirms previous studies
that also found primarily genotype II (Howe et al., 1997).

Recently, methods have been developed that allow
T. gondii in patients to be at least partially typed using
genotype specific markers (Kong et al., 2003), and this will
be a valuable tool for assessing the geographical distribu-
tion of genotypes as well as the importance of genotype
for pathogenicity. The phylogenic development over time
of the different genotypes suggests that the ‘atypical’ or
‘exotic’ genotypes may be the ancestral types and geno-
type I, II, and III are more recent developments
from the ancestral parasite (Su et al., 2003). A series of
16 cases with symptomatic T. gondii infection were
reported from French Guyana, infected with T. gondii

genotypes that did not belong to genotypes I, II, or III
(Carme et al., 2002). The presently available data suggest
the genotype II dominates in Europe, genotypes I and III
dominate in South America, and all three genotypes can
be found in the United States and Canada (Ajzenberg et al.,
2004; Peyron et al., 2006).
Table 2 Advice on how to avoid infection with T. gondii

Wash hands before handling food

Cook meat to a temperature sufficient to kill toxoplasma

Clean cooking surfaces and utensils after they have contacted
raw meat, poultry, seafood, or unwashed fruits or vegetables

Peel or thoroughly wash fruits and vegetables before eating

Avoid cat feces in soil and changing cat litter (or, if no one else is

available to change the cat litter, use gloves, then wash hands
thoroughly)

Wear gloves and thoroughly wash hands after gardening or

handling soil

Avoid unfiltered surface water for drinking

Reproduced from Leroy V and Hadjichristodoulou C (2006)

Systematic review of risk factors for Toxoplasma gondii infec-

tion in pregnant women. http://eurotoxo.isped.u-bordeaux2.fr/

(accessed January 2008).
Risk Factors for Infection with T. gondii

Epidemiological surveys that examine the risk factors in
infected and noninfected persons remain the most valid
way of assessing the relative importance of different
sources of T. gondii infection in humans (Leroy and
Hadjichristodoulou, 2006). No biological test can distin-
guish infection from oocysts transmitted by felines from
infection with tissue cysts in infected meats (Dubey, 2000;
Hill and Dubey, 2002). Soil contact through gardening
allows contact with infective oocysts deposited by cats.
Oocysts take 1 to 5 days to become infective, but they can
remain infective in soil and probably water for up to
1 year depending on ambient temperature and humidity
(Frenkel et al., 1975).

A prospective, case-control study from Norway in
1992–94 found that eating raw or undercooked meat and
meat products, poor kitchen hygiene, cleaning the cat
litter box, and eating unwashed, raw vegetables or fruits
were associated with a higher risk of T. gondii infection
(Kapperud et al., 1996).

From 1991 to 1994 a prospective risk factor study in
pregnant women infected during pregnancy and controls
was performed in Italy. Eating cured pork or raw meat at
least once a month was associated with a threefold higher
risk of T. gondii infection (odds ratio [OR]: 3.1; 95%
confidence interval [CI]: 1.6–6.0) (Buffolano et al., 1996).
A case-control study from France found the following risk
factors: poor hand hygiene (OR: 9.9; 95% CI: 0.8–125),
consumption of undercooked beef (OR: 5.5; 95% CI:
1.1–27), having a pet cat (OR: 4.5; 95% CI: 1.0–19.9),
frequent consumption of raw vegetables outside the
home (OR: 3.1; 95% CI: 1.2–7.7) and consumption of
undercooked lamb (OR: 3.1; 95% CI: 0.85–14) (Baril
et al., 1999).

A European, multicenter, case-control study in Belgium,
Denmark, Italy, Norway, and Switzerland included 252
cases and 708 controls (Cook et al., 2000). The study showed
that contact with raw or undercooked beef, lamb, or other
sources of meat, as well as with soil, were independent risk
factors for T. gondii seroconversion during pregnancy. In
addition, travel outside of Europe, the United States, and
Canadawas a risk factor for seroconversion. The population
attributable fraction showed that 30 to 63% of seroconver-
sions were due to consumption of undercooked or cured
meat products and 6 to 17%were a result of soil contact, but
ownership of a cat was not a risk factor (Cook et al., 2000).
Information about how to avoid toxoplasmosis in pregnancy
could be a cost-effective approach to preventing congenital
toxoplasmosis (Conyn-van Spaedonck and van Knapen,
1992; Lopez and Dietz, 2000). Based on the knowledge of
these identified risk factors for primary toxoplasmosis,
pregnant women should be appropriately advised by their
obstetricians and primary-care providers on how to lower
the risk of congenital toxoplasmosis by avoiding risk factor
exposure.

Transmission through surface water has been found to
be important in Brazil, and this is probably an important
source of transmission in poor socioeconomic societies in
the tropics and subtropics (Bahia-Oliveiera et al., 2003).

Recommendations to prevent congenital toxoplasma
infection in pregnant women are shown in Table 2 based
on the EUROTOXO review of risk factors (Leroy and
Hadjichristodoulou, 2006).

http://eurotoxo.isped.u-bordeaux2.fr/
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T. gondii Infection in the Pregnant Woman
and Newborn Child

Incidence of Toxoplasma Infection in
Pregnant Women

The burden of congenital toxoplasmosis in Europe has
recently been reviewed (Bénard and Salmi, 2006a). The
lowest incidence of maternal infection was observed in the
northern European countries (from 0.13% in Norway to
0.5% in Sweden), and the highest incidence was repor-
ted from France of 1.5% and 1.6% (Ancelle and Goulet,
1996; Jeannel et al., 1988), 1.4 and 2.6% in Belgium
(Foulon et al., 1984), and 3.5% in Italy (Ricci et al., 2003).
Low levels of toxoplasma-specific IgM antibodies may be
found for several years after acute infection, and the mere
demonstration of low levels of toxoplasma-specific IgM
antibodies is therefore not regarded as a sign by itself of
acute infection with T. gondii (Liesenfeld et al., 1997,
2001a,b; Robert et al., 2001; Gras et al., 2004; Leroy et al.,

2006).
Maternal–Fetal Transmission of T. gondii

The risk of maternal–fetal transmission by trimester of
pregnancy is dependent on gestational age and increases
throughout pregnancy (Desmonts et al., 1965; Dunn et al.,

1999; Gilbert et al., 2001, 2003; Thiébaut et al., 2006c).
Prevalence of Congenital Toxoplasmosis
at Birth

The prevalence of toxoplasmosis at birth varied from 0.7
per 10 000 births in Sweden (Fahnenhjelm et al., 2000;
Evengard et al., 2001) and 2 per 10 000 births in Denmark
(Lebech et al., 1999) to 7 per 10 000 births in the Poznan
region, Poland (Paul et al., 2001).

The risk of pediatric complications varied according to
complication types. The three complications that were
the most frequently reported were retinochorioditis fol-
lowed by intracranial calcifications and hydrocephalus.
The prevalence of intracranial calcifications at birth varied
from 6.3 to 10.6%, and the prevalence of hydrocephalus
from 0 to 1.8%.

In the largest study with long-term follow-up the
observed prevalence of eye lesions was 12.6% during
infancy, increasing to 35% at 12 years (Binquet et al.,

2003). Bilateral, visual impairment was extremely rare
(Binquet et al., 2004).

The European Multicenter Study on Congenital
Toxoplasmosis (EMSCOT) cohort has found that approx-
imately 5% of infected children had neurological
impairment or die due to congenital toxoplasmosis
(Thiébaut et al., 2006c).
European Screening Programs for Congenital
Toxoplasmosis

The national public health programs and recommenda-
tions to prevent toxoplasmosis that have been developed
in Europe involve three kinds of control measures:

1. Prenatal screening to detect as early as possible mater-
nal toxoplasma infections (or suspicion of such infec-
tions) that might indicate a risk for congenital infection
leading to a prenatal treatment.

2. Newborn screening to detect infections as early as
possible to enable early initiation of infected infants.

3. Primary prevention programs to educate pregnant
women on how to avoid infection (no official or na-
tional programs).

The different approaches to surveying congenital
toxoplasmosis in Europe have been recently reviewed
(Bénard and Salmi, 2006b).
Prenatal screening

Austria introduced a mandatory serological screening of
pregnant women for toxoplasmosis in 1975 (Aspöck and
Pollak, 1992; Aspöck, 2000, 2003). Every pregnant woman
is tested for antibodies at the first antenatal clinical atten-
dance. The test is repeated at no greater than 2-month
intervals in the second and third trimester of pregnancy in
seronegative women. In case of a low titer at the first visit,
another test is carried out 3 weeks later and usually
confirms an old infection (Aspöck, 2000). If a primary
T. gondii infection of the pregnant woman is suspected
because of seroconversion or significant rise of IgG titer
(or primary high titer with IgM), prenatal treatment is
carried out as soon as possible with spiramycin before the
16th week of gestation and pyrimethamin plus sulfadiazine
after the 15th week of gestation. This program is subsi-
dized and thus free of charge. Use of financial incentives
guarantees an almost 100% testing of pregnant women, as
a part of the ‘Mutter-Kind-Pass’ (mother-child-passport,
or MKP); between 1975 and 1997, every woman who had
all examinations received a sum of 1090€. However, in
1997, only womenwith a low income received an incentive
(145€), and although the examinations remained free of
charge, about 10% of women went untested. In 2002, a
new regulation was introduced, ‘Kinderbetreuunsgeld,’ in
which a daily sum of 15€ is provided from birth to the
child’s third birthday, provided that all tests of the MKP
have been performed. This measure resulted in an almost
100% participation in the screening program.

In France testing has been mandatory since 1978 and,
since 1985, to screen toxoplasma infection during preg-
nacy. Premarital examinations are conducted to distin-
guish previously infected women from women who
have not been previously infected. When a previously
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nonimmune woman or a woman with an unknown serolog-
ical status becomes pregnant, testing is conducted at her
first prenatal examination during the first trimester and
at six additional examinations conducted monthly dur-
ing her second and third trimesters, then testing is per-
formed on cord blood at delivery. In addition, since 1983
a leaflet describinghygienicmeasures is given alongwith the
laboratory results. The French program is free of charge.

There are no national guidelines on the management
of seroconversions (Binquet et al., 2004), and actual prac-
tice varies from center to center.

In utero diagnosis is performed through amniocentesis
using detection of T. gondii-specific nucleic acid (PCR) on
amniotic fluid and ultrasound examinations of the fetus.
If fetal infection is confirmed, pregnancy termination
is offered. If the pregnancy is continued, treatment is
changed to pyrimethamine and sulfadiazine or sulfadox-
ine with folinic acid. Newborns are tested to ensure early
diagnosis and treatment of asymptomatic congenital toxo-
plasmosis with the goal of preventing later reactivation
and late complications, especially ocular.

In practice, there is great variability between the
specialized centers in France with regard to the indica-
tions for therapeutic abortion and amniocentesis, treat-
ment protocols with pyrimethamine and sulfonamides, as
well as in the frequency of sonographical monitoring
(Binquet et al., 2004). Toxoplasma infection is not notifi-
able in France.

In Slovenia, there are national recommendations to edu-
cate pregnant women about preventing congenital toxo-
plasmosis, using leaflets and information during the first
prenatal visit. Pregnant women are tested at the beginning
of pregnancy and, in case of seronegativity, retested in the
second and third trimesters of pregnancy (at 20–24 and
32–36weeks, respectively) (Logar et al., 2002). Only a single
review addresses the anxiety that systematic screening
induces in pregnant women (Khoshnood et al., 2006).

Neonatal screening
Neonatal screening for congenital toxoplasmosis is per-
formed in New England in the United States, Denmark,
and parts of South America (e.g., parts of Brazil and
Colombia), by analyzing the blood samples obtained on
filter paper with tests for specific IgM antibodies (Guthrie
cards) day 5 postpartum (Guerina et al., 1994; Lebech
et al., 1999; Sørensen et al., 2002; Neto et al., 2004).
However, 15 to 55% of congenitally infected children
do not have detectable toxoplasma-specific IgM antibodies
at birth or early infancy (Decoster et al., 1992; Lebech
et al., 1999; Leroy et al., 2006).

No screening policies

Currently, 21 European countries do not recommend
screening for congenital toxoplasmosis. Eighteen countries
officially recommend a primary prevention program alone,
without any screening. These primary prevention programs
are carried out at the first antenatal visit, instructions
are given on how to avoid eating raw or undercooked
meat, to avoid cross-contamination of other foods with
raw or undercooked meat, and to use cat litter and practice
soil-related hygienic measures. The rationale given by
these countries for not recommending screening is
diverse: unfavorable cost–benefit return, absence of satisfac-
tory treatment (to be discussed later), program not feasible
or too expensive, or incidence of toxoplasmosis infec-
tion too low ( Janitschke 2003; Joynson 2003; Lappalainen
2003; Stray-Pedersen 2003; Bénard and Salmi, 2006b).
Acquired Toxoplasma Infection in the
Immunocompetent Individual

Symptomatic ocular infection with T. gondii is seen in
immunocompetent persons who acquired infection after
birth (Wilder, 1952; Holland, 2003). It was unclear for
many years whether the burden of T. gondii ocular eye
disease in adults was due to reactivation of congenital
infection or to infection acquired after birth (Hogan,
1961). Initially, congenital infections were considered to
be responsible for the majority of ocular disease in adults
(Hogan et al., 1964), but more recent studies have shown
that acquired T. gondii infections in adults are respon-
sible for the majority of ocular T. gondii disease in adults
(Gilbert et al., 1999; Gilbert and Stanford, 2000). A lifetime
risk of 18 cases per 100 000 persons has been found in the
United Kingdom (Gilbert et al., 1995). A study from Fin-
land found an annual incidence of 0.4 cases per 100 000
persons with a cumulative prevalence of T. gondii ocular
disease of 3 per 100 000 (Paivonsalo-Hietanen et al., 2000).

In the United States a study in 1972 found that 0.6% of
the adult population had retinal scars compatible with
previous T. gondii infection (Smith and Ganley, 1972),
and the same prevalence was found in another study
from Alabama 15 years later (Maetz et al., 1987). It is
estimated that approximately 2% of the adult population
in the United States has retinal findings compatible with
T. gondii infections, but the majority do not experience
reduced vision (Holland, 2003).

An outbreak of waterborne T. gondii at Vancouver Island
(British Columbia, Canada) was associated with sympto-
matic retinochoroiditis (Bowie et al., 1997; Burnett et al.,
1998). It is not precisely known how many people were
infected, but 20 patients with retinochorioditis and 51 with
adenopathy were reported. It was estimated that 0.5% of
infected individuals developed retinochorioditis within a
year (Burnett et al., 1998).

Retinal changes due to T. gondii appear to be much
more common in southern Brazil than other parts of the
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world. One study found that 21.3% of persons above
13 years of age had retinochorioditis (Glasner et al., 1992).
A follow-up study of 131 patients over 6 years found that
11 (8.3%) had developed typical T. gondii ocular lesions
and the authors concluded that acquired T. gondii ocular
lesions are common in immunocompetent adults in Brazil
(Silveira et al., 2001).

One report from Sierra Leone found that 43% of
adults with uveitis had T. gondii infections, indicating
that eye disease due to T. gondii may also be common in
Africa (Ronday et al., 1996).

It has been suggested that infection with T. gondii is
associated with bipolar disease (Torrey and Yolken, 2003),
but it is possible that people with bipolar disease place
themselves at risk of infection through behavioral prac-
tices such as improper preparation of food.
Immunocompromised Patients

The majority of T. gondii infections in immunocom-
promised hosts are reactivations of previous infections
(Mele et al., 2002).
HIV-Infected Patients

The high rate of toxoplasma encephalitis in patients with
AIDSwas reported soon after the start of the HIVepidemic
(Luft et al., 1983; Roue et al., 1984; Enzensberger et al., 1985;
Suzuki et al., 1988) and toxoplasma encephalitis was an
important cause of death in HIV-infected patients before
the introduction of highly active antiretroviral therapy
(HAART) in 1996. In the pre-HAART era up to 30%
of T. gondii, seropositive, HIV-infected patients developed
T. gondii encephalitis when the immunosuppression pro-
gressed (McCabe and Remington, 1988), depending on
the prevalence of T. gondii infection in the community.
Trimethoprim-sulfamethoxazole prophylaxis for Pneumo-

cystis jarovecii also reduced the risk of T. gondii encephalitis
in HIV-infected patients (Schurmann et al., 2002).
Cardiac and Kidney Transplants

In one study of patients receiving a cardiac transplant,
prophylaxis for 6weeks with pyrimethamine reduced
infection from 57% (4 out of 7) to 14% (5 out of 37)
(Wreghitt et al., 1992). A review of 257 heart trans-
plants 1985–93 and 33 heart–lung transplants found
that 4.5% (n¼ 13) donors were toxoplasma-positive/
recipient-negative in 4.5% (n¼ 13) of cases; of these 9
were followed up and only one patient seroconverted. All
patients received trimethoprim/sulfamethoxazole prophy-
laxis for P. jarovecii (Orr et al., 1994). A later study clearly
showed the risk of infection in T. gondii-naive recipients
receiving a cardiac transplant from a T. gondii -positive
donor; 78% of recipients seroconverted (14 out of 16).
In contrast, only 10% (6 out of 59) of donor-negative/
recipient-positive cases developed serological evidence of
toxoplasma infection (Gallino et al., 1996). Toxoplasma
infection has also been described after kidney transplants
(Renoult et al., 1997; Aubert et al., 2000; Giordano et al., 2002;
Wulf et al., 2005).
Bone Marrow Transplants (BMT)

An early review of 55 patients with allogeneic BMT
complicated by T. gondii infection found that only
4% survived (Chandrasekar et al., 1997). The European
Group for Blood and Bone Marrow Transplantation
reported on 106 allogeneic, stem-cell transplants of
which 55% of the donors were toxoplasma IgG-positive.
All recipients received prophylaxis with trimethoprim
and sulfamethoxazole for 6months and 15% (16 out
of 106; 95% CI: 8–21%) had at least one T. gondii,

PCR-positive blood sample, and 6% (6 out of 106;
95% CI: 1–10%) experienced clinical disease due to
T. gondii (Martino et al., 2005).
Treatment of T. gondii Infections

Drugs Effective against T. gondii

The effectiveness of sulfonamides was demonstrated in
1942 by Sabin and Warren and confirmed in later studies
(Eyles, 1953). Later, pyrimethamine was found effective
against T. gondii (Eyles and Coleman, 1952) and synergy
between sulfadiazine and pyrimethamine was demon-
strated soon after (Eyles and Coleman, 1953). Spiramycin
was shown to be effective againstT. gondii in 1958 (Beverly,
1958; Garin and Eyles, 1958). These three drugs have
ever since been the main treatment for T. gondii infec-
tions in pregnancy, congenital toxoplasmosis, and ocular
toxoplasmosis. However, in 1976, it was shown that sul-
fadoxine combined with pyrimethamine was also highly
effective against T. gondii (Garin et al., 1976), and some
centers advocate postnatal treatment with sulfadoxine/
pyrimethamine for up to 2 years in infants with conge-
nital toxoplasmosis (Villena et al., 1998). It should be
emphasized that there are no comparative studies of
treatment versus no treatment of T. gondii infections
in pregnant women or newborns. The different drugs
available have recently been reviewed (Daveluy et al.,

2006a, b; Derouin, 2006).
Treatment of T. gondii Eye Disease

Perkins et al. (1956) randomized 164 persons with acute
uveitis to treatment for 4 weeks with pyrimethamine or
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placebo and found a significant improvement of lesions
among the recipients of pyrimethamine. A randomized,
open-labeled clinical trial comparing the recurrence of
retinochorioditis in 61 patients treated by sulfamethoxa-
zole and trimethroprim (cotrimoxazole) every 3 days for
up to 20months (duration of the study) and 63 patients
without treatment, found a significantly lower rate of
recurrence in the treatment group (p ¼ 0.054; 6 out of
61 vs. 15 out of 63) (Silveira et al., 2002). In a prospective
multicenter study of 149 consecutive patients with active
toxoplasmic retinochorioditis who were randomly assigned
to a treatment with pyrimethamine and sulfadiazine, clin-
damycin plus sulfadiazine or cotrimoxazole, found no
difference in resolving of the eye lesion or recurrence
over 2 years follow-up between the treated groups. The
untreated group had only peripheral lesions so the only
valid comparison is between treated groups (Rothova et al.,
1993). A descriptive study with historical controls of the
effect of an additional course of pyrimethamine and sul-
fadiazine compared to historical controls did not report a
reduced rate of recurrence after additional treatment
(Wallon et al., 2001). A study comparing pyrimethamine
and sulfadiazine with pyrimethamine and azithromycin in
adult patients with retinochorioditis found no difference
in the clinical outcome (Bosch-Driessen et al., 2002).
A recent systematic review found a lack of evidence
to support routine antibiotic treatment for acute toxo-
plasmic retinochoroiditis (Stanford et al., 2003). Placebo-
controlled randomized trials of antibiotic treatment in
patients presenting with acute or chronic toxoplasmic
retinochoroiditis arising in any part of the retina are
required (Stanford et al., 2003).

A review of observational studies in the EUROTOXO
collaboration on the effectiveness of postnatal treatment
did not find evidence of a benefit of treatment of infants
with congenital toxoplasmosis. However, without rando-
mized, controlled trials the findings are difficult to inter-
pret (Thiébaut et al., 2006a, b). Observational data from a
cohort of severely infected children found improvement
over time, which was interpreted as an effect of treatment
(McLeod et al., 2006).
Treatment of T. gondii in Pregnant Women and
Newborns with Congenital Toxoplasmosis

Prenatal treatment consists of spiramycin and sulfona-
mides combined with pyrimethamine (Charpiat et al.,

2006a,b,c). The effectiveness of spiramycin is doubtful
(Peyron et al., 2000; Charpiat et al., 2006d). Prenatal treat-
ment has no effect on maternal–fetal transmission of
T. gondii or on clinical manifestations in infants infected
with congenital toxoplasmosis (Gilbert et al., 2001; Gras
et al., 2001; European Multicentre Study on Congenital
Toxoplasmosis, 2003; Gras et al., 2005). These findings
have been confirmed by a recent individual patient data
meta-analaysis of cohort studies from across the world
(Thiébaut et al., 2006c).

Table 3 shows postnatal treatment regimens used in
different European centers. Postnatal treatment of con-
genital toxoplasmosis has recently been reviewed (Petersen
and Schmidt, 2003). There are no randomized, controlled
trials of treatment effect of either pre- or postnatal
treatment.
New Drugs

The most promising new drug for the treatment of
T. gondii is atovaquone, and studies in mice suggest
that it may be partially effective against the tissue cyst
(Huskinson-Mark et al., 1991). Azithromycin has also been
found to have a partial effect on T. gondii tissue cysts
(Derouin et al., 1992; Charpiat et al., 2006e).

Artemisinins have been tested in mice models and one
study demonstrated that these drugs reduced brain cyst
load (Sarciron, 2000). A study in the hamster model of
T. gondii eye infections found no effect of atovaquone
on the eye lesions but a 90% reduction in brain cyst
numbers (Gormley et al., 1998). Other studies of atova-
quone have also reported significant increased survival
and reduction in brain cyst burden (Araujo et al., 1998;
Alves and Vitor, 2005).
Prevention of T. gondii Infection

Infection with T. gondii is in theory preventable by inter-
rupting the route of transmission of tissue cysts through
meat and meat products and preventing infective (sporu-
lated) oocysts in the environment from reaching humans.
In practice, there are few data that show that health
education significantly reduces rates of infection (Gollub
et al., 2006).

In some places where prenatal screening has been
implemented, a decline of congenital toxoplasmosis has
been observed, as reported recently in Belgium, for
instance (Breugelmans et al., 2004). The proportion of
the decline specifically attributable to the program is
unknown because no unscreened group of women exists
for comparison, and there has been an overall decline in
rates of seropositivity throughout Europe. Although
established criteria for screening programs require evi-
dence of effectiveness, no such evidence is available to
support prenatal or neonatal screening.
Conclusion

The burden of T. gondii infection has been decreasing in
Europe over the past 40 years, coinciding with the
increased industrialization in farming.



Table 3 Different protocols for postnatal treatment of congenital toxoplasmosis in European centers

Prenatal treatment

Trimester

1st and 2nd 3rd After positive prenatal diagnosis Postnatal treatment

France
Lyon Spira P-S P-S P-S for 3w,a Spira until > 5 kg,b Fansidar for 12mc

Paris Spira Spira P-S P-S for 12md,e

Marseille Spira Fansidar Fansidar No manifestations: Fansidar for 12mc

Manifestations: Fansidar for 24mc

Grenoble Spira Fansidar Fansidar No manifestations: Fansidar for 12mc

Manifestations: Fansidar for 24mc

Nice Spira P-S P-S P-S for 3 w,d Fansidar for 24mc

Toulouse Spira Spira Fansidar Fansidar/Spira for 12mc

Reims Spira Spira Fansidar Fansidar for 24mf

Austria
Austria P-Sj P-S P-S No manifestations: P-S/Spira for 12md

Manifestations: P-S for 6m, P-S/Spira for 6md

Italy
Naples Spira Spira P-S No manifestations: P-S/Spira for 12md,g,h

Manifestations: P-S for 6m, P-S/Spira for 6md,g,h

Milan Spira Spira P-S P-S for 12m spiramycind

Sweden
Stockholm Nil Nil Nil No manifestations: P-S/Spira for 12md,g,h

Manifestations: P-S for 6m, P-S/Spira for 6md,g,h

Poland
Poznan Nil Nil Nil No manifestations: P-S/Spira for 12mb,d

Manifestations: P-S for 6m, P-S/Spira for 6m b,d

Denmark
Copenhagen Nil Nil Nil P-S for 3md,h,i

P-S, pyrimethamine-sulfonamide; Spira, spiramycin; P-S/spiramycin indicates 4–6 cycles alternating with spiramycin; m, months; all

prenatal treatment was continued until delivery. Folinic acid was prescribed to all infants receiving P-S or Fansidar.
aPyrimethamine (3mg/kg every 3days), sulfadiazine (75mg/kg/day).
bSpiramycin (125mg/kg/day).
cFansidar consists of pyrimethamine (1.25 mg/kg every 10days) and sulfadoxine (25mg/kg every 10days).
dPyrimethamine (1mg/kg/day), sulfadiazine (75–100mg/kg/day).
ePyrimethamine dose reduced to (1mg/kg/3 days) after 3 weeks’ treatment.
fFansidar consists of pyrimethamine (1.25 mg/kg every 15days) and sulfadoxine (25mg/kg every 15days).
gSpiramycin (100mg/kg/day).
hPyrimethamine 2mg/kg/day for 1–3days then reduced to 1mg/kg/day.
iPrednisolone given if intracranial manifestations or active retinochoroiditis.
jP-S given after 15 weeks of gestation, otherwise spiramycin used.

Adapted from Gras L, et al. for the European Multicenter Study on Congenital Toxoplasmosis (2005) Association between prenatal

390 Protozoan Diseases: Toxoplasmosis
The evidence for any effect of pre- and neonatal
screening programs rests on theoretical considerations
and for programs started more than 30 years ago on data
40–50 years ago. With the declining risk in Europe and a
lack of evidence of a treatment effect on maternal–fetal
transmission, clinical disease in newborns, and a lack of
evidence for a long-term reduction in eye disease in
treated infants, there is a need for proper trials document-
ing the effectiveness of screening programs.

The small number of patients in each center, and the
different approaches to diagnosis (screening or no screen-
ing) and treatment makes collaborative studies based on a
common protocol mandatory to provide data that make
rational decisions possible regarding diagnosis, treatment,
and follow-up.

New methods of food production, especially organic
meat where the animals are in contact with the environ-
ment, will increase the risk of T. gondii infection, which
eventually will increase the risk of human infection.

See also: Introduction to Parasitic Diseases; Protozoan

Diseases: African Trypanosomiasis; Protozoan Diseases:

Chagas Disease; Protozoan Diseases: Cryptosporidiosis,

Giardiasis and Other Intestinal Protozoan Diseases;

Protozoan Diseases: Malaria Clinical Features, Manage-

ment, and Prevention.
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Introduction

There aremanyways that health-care providers can be paid.
In India, government physicians are paid a salary and in
Canada physicians are generally paid according to a govern-
ment-regulated fee schedule. In the Netherlands, however,
office-based physicians receive capitated payments formuch
of their revenue. Similar variations are seen in payments to
hospitals, which may be paid using fixed budgets, detailed
fee schedules, or episode-based systems. This article estab-
lishes a conceptual framework for thinking aboutmethods of
provider payment by focusing on payments to primary care
doctors and to acute care hospitals. Both how payments are
made and the market setting can affect the cost, quantity,
and quality of care provided, so how payments affect incen-
tives is also discussed. The section titled ‘Performance-based
payment systems’ discusses recent payment systems that
reward selected performance measures.

The focus of this article is on payments made to provi-
ders by social health insurance, private health insurance,
other health plans, governments, and employers. These pay-
ments are not made by consumers, thus economists call
them supply side payments. Demand side payments (often
called cost sharing) are those made by consumers directly to
providers. Cost sharing is discussed elsewhere in this ency-
clopedia. Clearly provider compensation and incentives are
impacted by both supply and demand side payments, but
this article focuses on supply side payments only.

There are four broad dimensions of provider payment.
The first dimension is the type of information used to
calculate payments. The second is the breadth of provider
payment: Are doctors and hospitals paid narrowly for
their own services, or are they paid broadly for bundles
of related services, such as laboratory tests and other
provider services? The third dimension of payment is
the coarseness of the payment classification system used:
Are there relatively few payment categories or are there
many? The fourth dimension is the generosity of the
payments: Are payments low or high? Each of these
dimensions is discussed in the following sections, includ-
ing how common payment systems use each element and
the incentive properties of each method of payment.
Information Used for Provider Payment

Every provider payment system can be characterized by
the information used to calculate provider payments. This
information can be based on provider characteristics,
patient characteristics, or the characteristics of the ser-
vices provided. Each type of information can be concep-
tualized as forming a triangle, as displayed in Figure 1.
Provider payments can either use information of one type
as represented by the vertexes of the triangle, or payments
can be based on hybrids of two or three types of informa-
tion, as represented by the sides and interior of the
triangle.

At one extreme, point A in Figure 1, payments only
depend on the provider’s own characteristics. For exam-
ple, doctors can be paid a salary regardless of howmany or
which patients they see and regardless of what services
they provide. These salaries may vary by provider char-
acteristics, such as specialty, training, or experience. In
many countries, including India and South Africa, public
sector doctors are paid a salary. Even in the United States,
doctors working for the federal Veterans’ Administration
and doctors in certain staff-model health maintenance
organizations (HMOs) are paid a salary. Similarly, in
many countries, hospitals receive ‘block grants’; block
grants are budgets based on hospital size or type without
explicit regard to the number or type of patients seen or
the services provided. Many public hospitals, including
those in Spain and France, receive fixed annual budgets.
Such hospital payment systems invariably adjust for vari-
ables such as the numbers of beds or population served,
but these are still more correctly thought of as features of
the provider and their market rather than patient or
service characteristics. For a useful discussion of France’s
fixed budget system, see Sauvignet (2005).

Another payment system is represented by point B in
Figure 1, in which payments are based solely on the
health services provided. Fee-based and cost-based pay-
ment systems each pay providers according to the quan-
tity of services given. Payments do not depend on who
provides the services or who receives them. Under a fee
system providers are paid for each service provided and
hence are often called fee-for-service (FFS) payment. Fee
payment systems can either allow the provider or the
payer to set fee levels. Fee schedules set by the payer are
the most common form of reimbursement for doctors;
they are used in Canada, Germany, Norway, and the
United States. Under a cost-based system, providers may
be reimbursed at the end of the year for the cost of inputs
(lab material, supplies, and staff salaries) regardless of how
these inputs are used. In both cases, if providers use more
resources to treat patients, revenues increase.
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A third possibility (point C in Figure 1) is that pro-
vider payments are based exclusively on patient charac-
teristics. A pure capitation system is a payment system
based on patient characteristics. Under capitation, physi-
cians receive a fixed amount of money for each patient
they manage. Thus, a physician’s gross income depends
on the total number of people he or she cares for; the
physician’s income does not depend on the type of pro-
vider administering the service, the type of service being
provided, or the quantity of services provided. Physician
capitation payments were made during the 1990s to
general practitioners in the United Kingdom and are
used today in the Netherlands (Exter et al., 2004). Simi-
larly, hospitals can be paid according to a pure Diagnostic
Related Grouping (DRG) payment system. Under a pure
DRG payment system, a hospital receives a fixed amount
determined solely by the patient’s diagnostic group.
Again, the hospital’s revenue only depends on the
patients’ characteristics, not on the provider or service
characteristics.

Payment systems are not limited to the three cases
corresponding to points A, B, and C; providers can be
compensated according to hybrids of different dimen-
sions. Some systems are based on a hybrid of provider
and service characteristics, corresponding to point
D in Figure 1. The office physician payment system in
Germany currently has features that make it appear this
way. Although doctors receive FFS reimbursement, the
total of all such payments is subject to a cap that varies by
provider specialty. The payment caps work much like a
salary, whereas the fee schedule is based on services
actually provided (Busse and Riesberg, 2004). Alterna-
tively, provider characteristics influence payments when
fee schedules vary with the provider’s training or spe-
cialty. For example, in the United States, a service
provided by a doctor is often paid more highly than the
same service provided by a nurse or other clinician.
A different possibility arises when payment systems
reflect not only what services are provided but also who
receives them; this corresponds to point E in Figure 1, a
payment hybrid of patient and service characteristics. For
example, provider fees schedules may vary by insurance
plan. In the United States, providers receive different
compensation from patients with commercial insurance
than from patients with Medicaid coverage. If the pay-
ment from commercial insurance exceeds the payment
from Medicaid, and if a physician has enough business
from commercially insured patients, then the physician
has a reduced financial incentive to treat Medicaid
patients. Similarly, in Germany, providers receive differ-
ent compensation from patients in public versus private
Sickness Funds. Finally, hybrids corresponding to point
F in Figure 1 are also possible, in which some compensa-
tion is based on both provider and patient characteristics.

Over the past two decades, payment mechanisms that
combine provider, service, and patient characteristics
have been developed. Payment systems combining all
three of these dimensions are represented by point G in
Figure 1. An example is the DRG payment system
adopted in many countries, including the United States.
In 1983, the U.S. Medicare program began using DRGs to
standardize payments and help to control hospital costs.
Although many adjustments were made, DRG payments
are fixed prices per admission, with the payments reflect-
ing patient characteristics (their diagnoses and age),
health services provided (procedure codes), and provider
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characteristics (type of hospital). Australia, Germany, and
several other countries have customized DRGs to their
own needs.
Breadth of the Payment System

Separate from the issue of the information used to deter-
mine the payment system is the issue of how broadly or
narrowly provider services are aggregated (Figure 2).
Under a narrow system, doctors are paid explicitly for
each procedure provided and separate payments are
made for each laboratory test or procedure done by
other providers. A broader payment system might bundle
jointly performed procedures into one fee. A systemmight
broaden even further to include associated fees for labora-
tory services. A still broader system might make payments
to a doctor that include the cost of specialists, forcing the
doctor to internalize the cost of all physician services.

Similar issues of the breadth of the provider payment
system arise with hospital payment. Hospital DRG or per
diem rates can narrowly cover only the room and board
cost, or may include nursing services. Even more broadly,
they may include hospital physician services. In the
United States, certain DRG payments have even been
broadened to include the cost of services provided after
discharge. In some countries hospitals are even given
responsibility for certain kinds of primary care services.
Coarse 

MDs: Fixed fee per office visit 

Uniform salary per MD

Capitation using age/gende

Hospitals: Simple per diem rate 

100 DRGs 

Figure 3 Fineness of provider payment (number of payment catego

Narrow Broad 
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inpatient
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Figure 2 Breadth of provider payment (‘bundling’).
This breadth of payments is often discussed in terms of
‘bundling’ of services. Recent trends in the United States
have been toward increased bundling of payments. Similar
innovations are being tried in many other countries.
Fineness of the Payment System

How many payment categories should be used? Should
there be many gradations in payment (a ‘fine’ system), or
is a simpler (‘coarse’) system appropriate (Figure 3)? In
countries such as Taiwan and Korea, physician fee sche-
dules are fairly coarse, with very few fee categories, while
physician fee schedules in Australia and the United States
are very fine, with many gradations in fee levels. In 2004,
Germany reduced the fineness of its fee system.

Similar issues of coarseness and fineness arise with
DRGs, capitation, and physician salaries. In the United
States and many other countries, the DRG and capitation
systems have become finer and finer, with increased dis-
tinctions made in payments. Coarse or fine gradations in
payments are possible with each payment system.

The optimal fineness of the payment system reflects a
trade-off between the potentially improved fairness and
reduced selection incentives resulting from a fine system
and the challenges of monitoring and administering a fine
system. Coarser systems should in principle be easier to
monitor. If the payer cannot easily distinguish what ser-
vice was actually provided, or the patient characteristics
are not readily observable, then it may not be worthwhile
to make such distinctions for payment.
Generosity of Payments

Not only is the unit of payment important, but so is the
overall generosity or level of payment. Empirical research
Fine

Fees vary by treatment
intensity or duration

Salaries adjusted by
specialty or age

r Capitation using age,
gender, diagnoses

Per diem varies by
patient, department or
service 

800 DRGs 

ries).



398 Provider Payment Methods and Incentives
shows that relative prices as well as their levels matter. If
payment levels to providers are set too low, this reduces
the incentive for quality for almost any payment system.
(This is discussed further in the section titled ‘Incentives.’)
Markets, Provider Competition, and the
Delivery Structure

By defining what services, patients, and providers are
eligible for payment, a provider payment system also
inherently defines the degree of competitiveness in the
market as well as the market boundaries. If the physician
payments restrict which patients or services a doctor will
be reimbursed for treating, this has important implica-
tions for incentives. Similarly, incentives are affected if
some but not all hospitals receive DRG payments.
A careful summary of all of the different ways of organiz-
ing health-care delivery markets lies well beyond the
scope of this article; however, a brief discussion of delivery
structure is important in determining incentives, costs,
and outcomes.
Incentives

The previously discussed dimensions – the type of infor-
mation used, the breadth, the fineness (or courseness), and
the level of payments, as well as the market structure – all
influence the incentives facing providers. Economists
spend a great deal of time studying provider incentives
because they generally believe the empirical evidence
that providers respond to these incentives. This section
describes the incentive effects of different payment sys-
tems commonly used around the world.
Incentives Created by Salaries and Fixed
Budgets

Perhaps the easiest incentives to describe are those of
salaried or fixed payment systems, where only provider
information is used to calculate payments. Because rev-
enues are fixed regardless of the volume of care rendered,
physicians and hospitals have a financial incentive to
inappropriately keep costs and costly effort at levels that
are too low. Fixed revenues can also motivate physicians
and hospitals to preferentially treat low-risk patients, to
try to avoid high-cost patients, to make too many refer-
rals, to minimize the number or intensity of services
provided, and in general to underprovide quality. The
one countervailing force is the possible threat to lose
one’s job, but countries that rely on salaried payments
rarely fire salaried employees. Peer review and payer
monitoring may also be effective at promoting quality.
Payments based solely on provider characteristics do not
tend to reward coordination of care across providers.
Salaried or fixed hospital budget systems rely on provider
altruism to ensure that appropriate and high-quality ser-
vices are provided. However, if providers realize cost
savings from preventive care, these payment systems
may encourage providers to engage in preventive efforts.
Incentives Created by Fee-for-Service

The incentives of fee-based payments are very different
from those of salaried or capitated payments. Newhouse
(2002) carefully summarizes the conventional economists’
and policymakers’ views that FFS payment mechanisms
create poor incentives for controlling cost or quantity.
Fee-for-service rewards physicians with more revenue
for rendering more services, whether these services
improve the health or well-being of the patient. Under
FFS reimbursement, services that have little or no value
to the consumer may be provided merely because they
increase provider net income. Overprovision is likely to
be a problem if the fee for a particular service is more than
the incremental cost of that service to the provider. Carrin
and Hanvoravongchai (2003) mention several instances in
which FFS payment systems caused the overprovision of
services and thus caused a country’s health-care costs to
rise. For example, in 1987, when general practitioners in
Copenhagen began to receive fees for some services, the
provision of those services increased significantly. How-
ever, with fee-for-service, underprovision may occur if
fees are too low relative to costs. For similar reasons,
services not reimbursed through fees, such as preventative
care counseling to the consumer (e.g., trying to change
a patient’s lifestyle or institute a smoking cessation pro-
gram) receive little or no physician effort. Competition
and consumer information also affect incentives of fee-
based payments.
Incentives Created by Pure DRGs
and Capitation

Under pure DRGs, hospitals have a financial incentive to
discharge a patient early since they will not be reimbursed
for the additional costs they incur on behalf of the patient. If
payments are relatively generous, then hospitals may com-
pete to attract more patients. However, hospitals may dis-
courage patients with less generous payments. DRGs also
create incentives to play the system for their own benefit;
providers may ‘upcode,’ or classify patients into a higher
DRG category, in order to receive a higher payment.

Capitation payments give physicians a fixed amount of
money per patient, which creates a financial incentive to
reduce costs per patient. Rather than necessarily manag-
ing care, capitation may instead result in providers
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competing to attract or select low-risk patients, using
referrals, or providing preventative care. Here, how com-
petition is regulated will clearly matter. Capitation cre-
ates an incentive to potentially use low-cost providers,
increase outpatient services, reduce hospital admissions,
and reduce days per admission. In addition, capitation
creates incentives for the recipient of the capitated pay-
ment to increase the use of lower-cost alternative provi-
ders such as nurse practitioners and physician assistants,
rather than physicians.
Incentives Created by Mixed Payment Systems

An alternative to pure DRGs and capitated payments is
the mixed payment system originally developed in Ellis
and McGuire (1986). Under Ellis and McGuire’s payment
system, hospital payments are based on both diagnoses
and the level of services provided. The great attraction of
a mixed payment system is that it can reward services
somewhat, but not as excessively as a FFS payment. Par-
tially using patient-based payments can reward providers
for treating higher-risk patients and overcome provider
incentives to select only the most profitable, easier-to-
treat patients. The Netherlands has implemented a form
of the Ellis and McGuire mixed payment system in that
office-based doctors are paid partially on a fee basis and
partially by capitation (Exter et al., 2004).
Incentives and Fineness

The fineness of the payment system also affects provider
incentives. A finer payment system tends to reduce cost
variation within a payment category. This tends to create
fewer incentives to select low-cost patients. However, with
more classifications, there are greater monitoring pro-
blems and more incentives to play the system for their
own benefit. Providers may upcode patients into a higher
payment category to receive a larger compensation. In the
literature, this is often referred to as ‘DRG creep’ when
referring to hospitals and ‘code inflation’ when referring to
procedure codes. Finer systems will tend to be more
difficult to monitor since more patients will be near the
margin in which upcoding can make a difference.

How coarseness/fineness and breadth/narrowness
affect incentives is particularly apparent when payments
go from physician fee schedules to DRG payments. This
was illustrated in Korea when inpatient physicians
switched from a relatively fine and narrow payment
formula to a coarse and broad system. Until 1997, under
the national health insurance program, a FFS payment
system had been in place for approximately 20 years. The
FFS payment system had led to a high volume of rela-
tively low-intensity health care, characterized by frequent
but short visits and hospital stays. Under the FFS system,
inpatient physicians had financial incentives to choose
treatments with greater profits, and hence extensively
used medical supplies and pharmaceuticals and avoided
hospitalizations. In 1997, in hopes of controlling quantity
and selection, a DRG pilot program was introduced for
voluntarily participating providers. By its third year, the
pilot program covered nine disease categories with 25
DRG codes that depended on the severity of illness and
age of the patient. The program began with disease groups
that had low-expenditure variation, little disagreement
among providers on treatment methods, low degree of
uncertainty about treatment outcomes, high frequency
of use, and lower possibility of DRG creep. Within each of
these DRGs, patients were classified into three groups
based on their length of stay: normal, outlier below a
lower limit, and outlier above an upper limit. The pilot
program succeeded in lowering expenditure on medical
care, reducing length of stay, and reducing the use of anti-
biotics. Early evidence suggests that the program did not
have a negative effect on the quality of care as measured by
complications and reoperations (Kwon, 2003).

The effects of incentives were also demonstrated when
the National Health Insurance was established in Taiwan
in 1995. At this time, Taiwan switched from paying office-
based doctors a salary to paying them according to a FFS
schedule. Under FFS, a relatively coarse system of payment
is used, based on a national fee schedule. The switch from
salary to FFSwas accompanied byan increase in the volume
of serviceswith shortened average visit length. According to
one source, this led to misdiagnosis, improper treatment,
and delays; the government responded by changing the
fee structure so as to try to limit the number of patients
each provider can treat during a given day (Cheng, 2003).

The U.S. Medicare system compensates providers
according to a payment system that is finer (has more
payment categories) than the systems in Korea and
Taiwan. Under the U.S. Medicare system, hospitals
receive a prospectively determined price depending on
the patient’s DRG. In 2006, the U.S. Medicare system had
559 DRGs. As mentioned above, providers have a finan-
cial incentive to select the most profitable patients within
one DRG group. Even with numerous DRGs, Dranove
(1987) discusses the large differences in costs that occur
within one DRG in the U.S. Medicare system. In three
Chicago-area hospitals Dranove (1987) finds that one-
sixth of the DRGs have a standard deviation that exceeds
the mean. Large differences in the cost of treating patients
classified in one DRG encourage hospitals to prefer treat-
ing less costly patients within a DRG. Thus, Dranove
concludes that a finer payment system is needed to
avoid selection. One might worry that a finer U.S. Medi-
care system would create more incentives to upcode
patients. The classic study of this phenomenon in the
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United States by Carter et al. (1990) found that upcoding
or DRG creep accounted for less than one-third of
the change in Medicare’s Case Mix Index between 1986
and 1987.

Australia also uses a fine payment system to fund its
public hospitals; theAustralianNationalDiagnostic Related
Groups has 667 categories (Hilless and Healy, 2001). In
January 2004, Germany implemented a fine DRG system
to compensate hospitals. The German DRGs take the diag-
nosis, severity, patient’s age, and the intervention performed
into account. In 2005, there were 878 DRGs in Germany.
Because the payment systems in Australia andGermany are
relatively fine, on the one hand, there are fewer opportu-
nities for providers to select low-cost patients. On the other,
there are more opportunities for providers to upcode
patients so as to increase payments.
Performance-Based Payment Systems

In recent years there has been a great deal of interest in
payment systems that reward performance. For example,
doctors may receive bonuses based on performance tar-
gets, such as high immunization rates, or low surgical
complication rates. Other payment systems reward provi-
ders according to how well they perform relative to their
peers on various cost or quality measures. In the United
States, this has come to be called ‘pay for performance,’
often abbreviated P4P. P4P payment systems are com-
monly used by HMOs (Rosenthal et al., 2006). P4P sys-
tems calculate payments on patient characteristics, for
broad sets of providers, using potentially fine (not coarse)
distinctions among patient types.

There is mixed evidence on the impact of these
performance-based payment systems. A recent study
by Rosenthal et al. (2005) and a review by Dudley
and Rosenthal (2006) provide up-to-date discussions of
the challenges in the United States because of using P4P.
Large demonstrations that are in progress in the United
States and UKwill also shed light on this new initiative.

There are many forms of P4P systems. Typically, pri-
mary care physicians are grouped into risk pools that
share financial rewards and penalties; the size of the risk
pool will influence a physician’s responsiveness to incen-
tives. Sometimes bonuses are shared among a large pool of
physicians; in other cases, individual physicians are eligi-
ble for incentive payments. The size of the risk pool
affects the intensity of incentives as well as the financial
risk borne by providers.

Performance-based payment attempts to overcome the
problem whereby doctors who provide inadequate care
receive the same compensation as doctors who provide
excellent care. Proponents of these systems argue that
instead of paying doctors according to their characteris-
tics, their patients’ characteristics, or the type of service
they provide, physicians should be paid according to their
performance. Many believe that physicians will respond to
performance incentives by providing higher-quality care.

For some medical conditions, such as diabetes and
asthma, there are easily recognizable quality measures
that gauge provider performance. For example, if bonuses
are allocated to providers who track diabetics’ blood sugar
levels, then doctors will be more likely to have diabetic
patients’ blood sugar monitored. Similarly, asthmatic
patients will receive high-quality treatment if physicians
are given bonuses for prescribing the correct asthma
medication. Performance-based payment can encourage
providers to give high-quality care to patients with these
two conditions.

However, there are challenges to performance-based
payment systems. First, opponents argue that these pro-
grams increase selection. Because physician ratings are
based on claims data, their ratings may not fully reflect a
patient’s risk factors. If so, bonuses create incentives for
doctors to drop risky patients within a payment category.
Many doctors oppose performance-based payment sys-
tems because their payments rely too heavily on their
patients’ risk factors as well as their patients’ actions
(e.g., whether their patients take their prescription or
return for a follow-up appointment). Another concern is
that only a relatively small number of performance mea-
sures are typically used. Incentives that do well on these
measures may not carry over to other actions that are not
measured or rewarded.

One widely cited study examined doctors who were
offered bonuses if they complied with basic public health
guidelines, including guidelines on preventative care. In
2003, California doctors were evaluated according to
levels of breast cancer screening, cervical cancer screen-
ing, and hemoglobin testing. The top-rated doctors split
a bonus pool of $3.4million. Compared to doctors in
Oregon and Washington who were not offered bonuses,
California doctors offered more cervical cancer screening.
Although the quality of care increased in all three areas,
only for cervical cancer screening was the improvement
greater in California than in Oregon and Washington; this
may have been because the financial rewards to quality
were too low or because substantial quality improvements
take time. Physician groups whose performance was ini-
tially the lowest improved the most, whereas physician
groups who had previously achieved the targeted level of
performance improved the least (Rosenthal et al., 2005).

Bokhour et al. (2006) investigated the impact of P4P
systems implemented in Massachusetts. This qualitative
study interviewed 28 practice executives who noted that
physicians viewed quality incentives as more aligned with
their natural tendency to provide good quality of care.
The study revealed that physicians appear to be moti-
vated more by professional standards of quality than
financial incentives.
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P4P measures have also been introduced in other
countries. Since 1990, general practitioners in the United
Kingdom have commonly been paid according to targets.
Initially, narrowly defined P4P target payments remuner-
ated general practitioners if they delivered a minimum
predetermined level of services or care. Kouides et al.
(1998) found that immunization rates rose 5.9% compared
to a control group when PCPs received an additional
10% or 20% payment per shot for each immunization
made over target rates. Ritchie et al. (1992) studied the
effects of a lump sum payment received if a PCP immu-
nized 70% of the eligible preschool population. However,
according to their study, the target payment intervention
did not have a significant impact on immunization rates.
In 2004, the UK introduced a large P4P contract for
family practitioners. This P4P payment system was much
wider, with 146 quality indicators covering clinical care
for 10 chronic diseases, organization of care, and patient
experience. The National Health Service committed
£1.8 billion ($3.2 billion) in additional funds for a three-
year period; the program was intended to increase family
practitioners’ income by up to 25%. After the first year,
the median reported achievement was 83.4% (Doran et al.,
2006).

In Haiti, nongovernment organizations (NGOs) pro-
vide basic health-care services including immunizations
and prenatal care. Historically, these organizations were
fully compensated for all their costs; therefore, they were
not accountable for performance. In 1999, providers
began operating under a performance-based payment
system. Under this new system, a portion of each NGO’s
historical budget was withheld. Physicians could earn
back the amount withheld plus a bonus if they met spe-
cific targets including a targeted 10% increase in child
vaccinations. After the first year, the most striking result
was the increase in immunization coverage in the NGO
service areas. The doctors said that the shift in payment
structure inspired them to question their model of service
delivery; the possibility of earning bonuses sharpened
their focus to achieving goals (Eichler et al., 2001).

In 1998, the Cambodian government began an experi-
ment that provided additional financial incentives for some
health-care workers based on performance. Historically in
Cambodia, government health-care providers received
insufficient and irregular salaries, forcing them to seek
alternative sources of income. Since this insufficient pay-
ment did not depend on performance, health facilities in
Cambodia performed poorly. As detailed by Soeters and
Griffiths (2003), after three years of implementation, when
combined with monitoring, P4P improved use of health
services and decreased total family health expenditure.

Similarly, a new output-based payment system was
implemented in the Kabutare district of Rwanda in 2003.
Before the introduction of the performance initiative, staff
members received a fixed bonus in addition to their
salaries. Under the new payment system, individuals
kept their base salaries but an output-based remuneration
replaced the fixed-bonus system. Meessen et al. (2007)
found that productivity sharply increased between 2001
and 2003; average individual productivity increased by
53% under the new system.

There is evidence that performance payments need to
be carefully designed and meaningful to have an impact.
Hillman et al. (1998) could not reject that small financial
bonuses did not affect compliance with cancer screening
guidelines for a group of Medicaid physicians in Phila-
delphia. The authors attribute the insignificant result to
the lack of awareness of the payments among physicians
and to the difficulty of affecting treatment protocols when
physicians have multiple payers.

At present the evidence is mixed on the effectiveness
of P4P on quality and quantity of care. The theoretical
and empirical research literature has not kept up with
recent innovations, and many innovations are still being
implemented that have not yet been validated or the
incentives modeled. This remains an area promising pos-
sibly dramatic advances and worthy of significant new
research.
Trends for the Future

This article shows that provider payment systems vary in
a number of dimensions, all of which deserve consider-
ation when considering reforms or study. Incentives cre-
ated by provider payment vary according to each of these
dimensions. Market characteristics, including provider
competition, also influence incentives and outcomes in
provider markets.

Other authors have noted recent trends in provider
payment systems. Many countries have moved away
from salary and fixed budget systems, which only reflect
provider characteristics, and toward service- and patient-
based payment systems. Because FFS payments may lead
to the overprovision of services, sophisticated payers are
using capitation or blends of different information so as to
control costs.

Many countries are making their payment formulas
finer, with more gradations of payment categories, and
broader, with payments being made to few providers,
who are in turn asked to manage or monitor other pro-
viders more carefully than an independent payer is able
to. Trends toward P4P, with finely defined categories
of information and broadly inclusive payments, reflect
the latest movement toward patient-based payments.
Whereas the evidence is mixed about whether P4P will
ultimately be widely adopted, the desire to create incen-
tives for cost-effective, high-quality accessible care sug-
gests that elements of this approach will remain part of the
provider payment strategy in the future.
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Definition

Puberty is the phase of life characterized by physical
changes that mark the transition from childhood to adult-
hood. It includes a process involving accelerated growth
and physical maturation of the respective reproductive sys-
tems to allow fertility in boys and girls. The end result is the
constellation of physical features that distinguish males and
females, including secondary sexual characteristics and the
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major differences of size, shape, body composition, and
function in many body structures and systems.

When the processes of puberty fail to follow their usual
time course, fail to occur, or are affected by an altered
environment or physical anomalies, there can be long-
term impacts on the achievement of future adult life and
fertility.

The process of physical changes is generally known as
puberty. In contrast, the slower process of psychosocial,
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emotional, and behavioral changes that occur between
childhood and adulthood, combined with the physical
changes, is generally known as adolescence. There has
been increasing recognition that these broader adolescent
changes are associated with risk behaviors (including
smoking, drug usage, early sexual activity, and eating
disorders), which may become the basis for significant
long-term health problems in adulthood. However, there
is an opportunity to promote and develop healthy habits
and behaviors during adolescence as well. Public health
professionals can play an important role in this respect.
Physiological Changes

Critical changes in the interaction of endocrine functions
of childhood begin as puberty approaches. These changes
include the activation of the hitherto quiescent
hypothalamus–pituitary–gonadal axis resulting in gona-
darche, i.e., the onset of gonadal functions. The increased
production of adrenal androgens giving rise to the pubic
and axillary hair is known as adrenarche.
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Puberty in girls generally follows the sequence of
accelerated growth, breast development, adrenarche,
and menarche and takes an average 4.5 years (range,
1.5–6 years), although this sequence of events is not iden-
tical for all individuals (Figure 1). For 95% of girls,
secondary sexual characteristics appear between the ages
of 8.5 and 13 years. For boys, the sequence is different,
with genital changes, body and facial hair, adrenarche,
voice changes, and accelerated growth occurring in this
order (Figure 1). Pubertal onset occurs in 95% boys
between the age of 9.5 and 13.5 years (Tanner, 1989).

The initial endocrine changes in the hypothalamus–
pituitary–gonadal axis involve an increase in the pulsatile
secretion of luteinizing hormone (LH) from the pituitary
in response to pulsatile nocturnal gonadotropin-releasing
hormone (GnRH) secretion from the hypothalamus. This
nocturnal LH release precedes breast development in girls
and testicular volume changes in boys by several years
(Mitamura et al., 2000) and is sleep-dependent (Boyar
et al., 1974). There is a progressive increase in LH pulse
size as well as a gradual shift to the adult pattern of an LH
pulse occurring every 90min throughout the day and
Peak GV

enital IV 

Pubic hair IV

 IV

hair IV

e

ars)

14 15 16 17 18

esticular volume 12 ml

ession observed in girls and boys. The boxes represent the 25th

e achieved. Adapted from Patton GC and Viner R (2007) Pubertal



404 Puberty
night. In contrast, follicle-stimulating hormone (FSH)
does not have a diurnal pattern with nocturnal release,
but there is a progressive increase in pulse amplitude until
mid-puberty.

The triggers for the changes in the interaction between
the hypothalamus–pituitary–gonadal axis are not well
understood. Importantly, the effects of induction factors
are time-dependent and many factors have only a permis-
sive and not a contributory role. There is some evidence
that leptin may play a role (Garcia-Mayor et al., 1997),
providing the link between reproductive function and
energy balance. A possible role for leptin is supported
by the presence of leptin receptors in the hypothalamus,
especially on the neuropeptide Y (NPY) neurons. Neuro-
peptide Y has a role in regulating brain function, includ-
ing food-intake behaviors (Terasawa et al., 2001), which
ties closely with theories relating to critical weight, body
mass index, or body fat content as necessary prerequisites
for onset of puberty (see the section titled ‘Secular
Trends’). Before puberty, NPY appears to have an inhibi-
tory role on GnRH secretion; this inhibition is thought to
decline during and after puberty. Additionally, as puberty
requires a functional growth hormone (GH) axis for full
gonadal activation and the onset of puberty is associated
with a dramatic increase in linear height growth, the role
of the growth hormone–insulin-like growth factor-1 axis
also appears to be critical. Recently, kisspeptin, a hypo-
thalamic peptide, has been shown to be the key regulator
of pubertal onset. Kisspeptin is also believed to provide
the missing link between integration of nutritional signals
(leptin and ghrelin) and pubertal onset (Seminara, 2006).

For girls, the altered LH pattern provokes a rise in
estrogen production from the ovaries with a subsequent
development of breast buds (Tanner stage 2), which is
usually the first identified physical change of puberty. For
boys, the first change is an increase in testicular volume
(Mitamura et al., 2000).

Maturation of the hypothalamic–pituitary–gonadal
axis results in the achievement of fertility. For girls,
ovulation – the mark of attaining potential fertility –
occurs usually 1–2 years after menarche (i.e., the first
episode of menstrual bleeding). It appears that the later
the age of menarche the longer the delay before 50% of
the cycles are ovulatory, with the interval being 12months
if menarche occurs before age 12 years, 3 years when men-
arche occurred at age 12–12.9 years, and 4.5 years when
menarche was after age 13 years. For boys, fertility is indi-
cated by the production of sperm. While this is often
difficult to detect, examination of an early morning centri-
fuged urine sample for the presence of spermatozoa has
been increasingly shown to be effective. Researchers from
developed countries have found sperm in the urine of
boys at ages 11–12 years, sometimes even before pubarche
(pubic hair development) (Richardson and Short, 1978).
Pubic hair development usually occurs approximately
6months after thelarche (breast development); however,
in one-third of all girls pubic hair may be the first mani-
festation of puberty. This is the marker of adrenarche.

Although there appears to be a temporal relationship
between these two hormonal systems (the hypothalamus–
pituitary–gonadal system and the hypothalamic–pituitary–
adrenal system), with both contributing to the development
of secondary sexual characteristics, there is considerable
evidence to suggest that their control mechanisms are inde-
pendent (Sklar et al., 1980; Counts et al., 1987). Premature
adrenarche (precocious appearance of pubic and axillary
hair before 8 years of age) is not associated with premature
gonadarche. In hypergonadotropic hypogonadism (gonadal
dysgenesis), where there is a failure in gonadal hormone
production, adrenarche still occurs. Similarly, gonadarche
is unaffected in children with adrenal insufficiency.

The adolescent growth spurt happens in girls before
boys (Gordon et al., 2005). For girls, this may be the first
marker of puberty, whereas in boys it invariably occurs
after testicular enlargement. Estrogen has a gender non-
dimorphic effect on growth and is responsible for the
growth spurt in both girls and boys. Local conversion of
androgens to estrogens under the influence of the enzyme
aromatase is crucial for these effects in boys. The growth-
promoting effects of estrogen are largely related to growth
hormone secretion with minor effects on IGF1 pro-
duction. For girls, menarche coincides with a slowing of
the growth velocity to approximately 4 cm/year. Prenatal
growth significantly influences pubertal development as
demonstrated by normal pubertal maturation but smaller
pubertal height and weight gain in babies born small for
gestational age.

The development of peak bone mass occurs during the
teenage years, modulated by sex steroids and growth
hormone. The achievement of optimum bone density
also requires adequate dietary calcium, vitamin D, and
exercise, particularly weight-bearing exercise. Several
studies suggest that 60% of adult bone mass is acquired
during the pubertal growth spurt (Gordon and Laufer,
2005). Peak bone mass is achieved by the age of 16 years in
girls and 18 years in boys.
Secular Trends

The age of onset of puberty varies considerably between
individuals and populations and seems to be influenced by
both genetic and environmental factors. Johann Sebastian
Bach recorded the age of choir boys transitioning from
singing treble to alto in three churches in Leipzig between
the years 1723 and 1750. It averaged around 17 years
(Daw, 1970). Today, the boys of the choir in King’s College
Chapel, Cambridge, United Kingdom, usually break their
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voices at around 13 years (Potts and Short, 1999). For girls,
the onset of menarche is well documented, with records
from 1850 in Scandinavia that show that the average age
of menarche was about 17.5 years. Throughout the West-
ern world, there has been a well-documented fall in age of
first menstruation over the last few centuries and by as
much as 6months in a decade over much of the last
century. The age appears to have reached a plateau at
between 12.5 and 13 years in Europe and theUnited States.
This secular trend has been attributed to improved nutri-
tion and health. Whether environmental factors such as
endocrine disrupters having an estrogenic effect have an
influence remains to be shown. There are indications that
breast development is also occurring earlier in American
girls. This had led to the recommendation of lowering the
age cut-off for the diagnosis of precocious puberty by the
Lawson Wilkins Pediatric Endocrine Society to 6 years in
black and 7 years in white girls (Kaplowitz and Oberfield,
1999). The earlier breast development has, however, not
been associated with a similar trend in the age of menar-
che, indicating that early thelarche is associated with
slower pubertal progression. The critical role of improved
nutrition in the development of a secular trend is exem-
plified by the lack of such a trend in developing countries.
While there are limited data on the pattern of pubertal
development in resource-poor countries, anecdotal
reports indicate later pubertal onset compared to indus-
trialized countries. In a recent population-based prospec-
tive study, Senegalese girls were found to achieve sexual
maturity on average 3 years later than their Western
counterparts (Garnier et al., 2005).

Genetic factors are clearly a major influence as chil-
dren with a family history of early onset of puberty will
also start puberty at an earlier than average age. Also,
black American girls achieve all stages of pubertal devel-
opment 6months earlier than white American girls. Other
factors that appear to have an influence on the onset and
rate of progression of puberty include geographic loca-
tion, exposure to light, general health and nutrition, and
psychological factors. Obesity and residence closer to the
equator, at lower altitudes, and in an urban area are
associated with earlier onset of puberty.

It has been argued that a critical body mass (47.8 kg or
105 pounds) is required to achieve menarche for girls.
Rather than total weight per se, the more crucial measure
is probably body composition and the percentage of body
fat (thought to be approximately 16–23%). Thus, the
moderately overweight (20–30% over normal weight)
girls have earlier menarche, and anorexic girls and intense
exercisers have delayed menarche. Nevertheless, there are
inconsistencies in the data, as it has been reported in a
longitudinal study that there is no change in body fat
composition until after menarche. Support for the theory
that body weight and puberty are linked was provided by
the identification of leptin and its role (Garcia-Mayor
et al., 1997). Studies have demonstrated that leptin levels
increase in puberty and are low in athletes and those with
anorexia, and that they delayed puberty. Additionally,
rodent and monkey experiments demonstrate a role for
leptin in the onset of sexual maturation.

Given the important relationship of nutrition and
pubertal development, it is not surprising that a wide
variety of nutritional disorders are associated with disor-
dered pubertal development. Thus, puberty is usually
delayed in individuals with malnutrition (including
those with eating disorders), chronic infections, malab-
sorption, and anemia.
Variation Within the Normal Range

As there is considerable individual variation in onset and
duration of puberty, there can be concern that the puber-
tal development of a young person may be abnormal,
either delayed or precocious. Often this is not the case,
and the boy or girl simply represents either end of the
normal spectrum.

Delayed puberty can result in a young person being
physically immature and short compared to peers. Since
adolescence is a time when the young person is becoming
more independent, and the establishment of a peer group
is an important step in this process, delayed puberty
can have a negative impact on overall well-being. This
response varies considerably among individuals but boys
in particular may be more concerned by their short stat-
ure than by any delay in the development of their second-
ary sexual characteristics. Early pubertal development
may also have a negative psychosocial impact. These
children appear more physically mature than their level
of intellectual development and are prone to sexual abuse.
Abnormal Pubertal Development

Pubertal development can be precocious or delayed.
Precocious puberty is defined as pubertal onset (stage II
breast development in girls and testicular volume more
than 4ml in boys) before the age of 8 years in girls
and 9.5 years in boys. No underlying cause is identified
in most girls with precocious puberty, in contradistinction
to boys who usually have an identifiable etiology. Preco-
cious puberty may be caused by increased gonadotropin
production (gonadotropin-dependent) or autonomous
gonadal hormone production (gonadotropin-independent).
Gonadotropin-dependent precocious puberty may be
related to a wide variety of intracranial pathologies includ-
ing brain tumors, congenital malformation, and neurologi-
cal insults emphasizing the need for thorough neurological
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evaluation (including neuroimaging). Gonadotropin-
independent precocious puberty is rare in girls and most
commonly related to estrogen-producing ovarian cysts.
This form of puberty is much more common in boys and
caused by increased adrenal or testicular androgen pro-
duction. Besides the significant psychosocial impact, the
most important consequence of precocious puberty is
short stature. While these children are tall compared to
their peers at presentation, their bone age is dispropor-
tionately advanced, resulting in compromised final height.
The most effective treatment for gonadotropin-dependent
precocious puberty is gonadotropin-releasing hormone
(GnRH) analogs. Prolonged stimulation by these analogs
results in the desensitization of the pituitary and reversal
of pubertal changes. These agents are expensive, how-
ever, and should be used only in individuals with pro-
gressive puberty and compromised growth potential.
Medroxyprogesterone acetate and cyproterone acetate
are economical and effective in preventing menarche
but have no effect on final height. They may be used
in girls with intellectual disability and early puberty if
height is not a major issue of concern. Gonadotropin-
independent precocious puberty is treated by agents that
decrease sex hormone production (aromatase inhibitors)
or action (antiandrogens in boys and selective estrogen
receptor modulators in girls).

Delayed puberty is defined by the absence of pubertal
development by the age of 13 years in girls and 14 years in
boys. In addition, inappropriate progress of puberty with
no menarche within 5 years of thelarche indicates delayed
puberty. Delayed puberty may be caused by disorders
of the hypothalamic–pituitary axis (hypogonadotropic
hypogonadism) or of the gonadal functions (primary
gonadal failure or hypergonadotropic hypogonadism).
Hypogonadotropic hypogonadism is most commonly
reversible and related to systemic diseases, nutritional
disorders, and increased physical activity. On rare occa-
sions, it is caused by intracranial tumors, congenital mal-
formations, and neurological insult such as radiotherapy
and surgery. Hypergonadotropic hypogonadism is most
commonly associated with chromosomal disorders (with
Turner’s syndrome in girls being the most common). With
increasing numbers of young people surviving childhood
malignancies, the potentially negative effects of chemo-
therapy and radiotherapy on the gonads, including possi-
ble gonadal failure, need to be remembered. Importantly,
delayed puberty may represent a normal variation of
pubertal development (constitutional delay of puberty
and growth). The condition is particularly common in
boys and associated with delayed skeletal maturation
and paternal history of delayed puberty. Treatment of
delayed puberty should be started at an appropriate age
(13 years in girls and 14 years in boys). Low-dose estro-
gens (10% of adult doses) should be started in girls and
gradually increased over 2 years to adult doses. Progester-
one should be added after the onset of withdrawal bleed-
ing. In boys, parenteral testosterone treatment should be
started at low doses (100mg monthly) and increased to
adult doses (300mg every 3weeks) over 2 years. Boys
with constitutional delay of puberty and growth respond
well to three to six doses of testosterone.

Abnormal adrenal function can result in early adre-
narche (independent of gonadarche) with resultant pubic
and axillary hair, acne, and an increase in growth rate with
advance in skeletal height. The condition is usually non-
progressive and does not require extensive evaluation.
Features of virilization (change in voice, clitoromegaly,
and increased muscularity) should prompt evaluation for
hyperandrogenic conditions such as congenital adrenal
hyperplasia and virilizing adrenal or ovarian tumors.

The psychosocial repercussions of achieving physical
maturation well ahead of the cognitive and psychosocial
development, and thus being out of synchrony with peers,
can have major consequences in increasing health risk
behaviors in these young people.
Disorders of Sexual Development

Although some of the conditions associated with disorders
of sexual development are diagnosed at birth or in early
childhood (for example, girls with ambiguous genitalia at
birth due to congenital adrenal hyperplasia, girls with
descended testes due to the complete androgen insensi-
tivity syndrome, children with ambiguous genitalia at
birth due to mixed gonadal dysgenesis, partial androgen
insensitivity, or true hermaphroditism), some of these
conditions are not diagnosed until pubertal development
is noted to be abnormal. It is estimated that genital
anomalies occur in 1 in 4500 births. Likewise, structural
anomalies of the urogenital tract may have required initial
corrective surgery in the neonatal period, but further
interventions relating to the altered anatomy nevertheless
may be required when the young person passes through
puberty. This is particularly the case for young women
with obstructive genital tract anomalies that may not have
been appreciated until menstruation begins. Delays in
making these diagnoses can have a negative impact on
future fertility.

Virilization at puberty, delayed puberty, or primary
amenorrhea may all be presentations of disorders of
sexual development. Correct identification of the under-
lying cause is important to ensure an optimal long-term
outcome.

The impact of having a disorder of sexual development
also needs careful psychological attention – because issues
of fertility and infertility, being normal or abnormal, that
is being different from one’s peers – are important issues
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for adolescents in terms of their psychosocial develop-
ment (Liao, 2004). Thus, even for those young people in
whom the diagnosis and management of a disorder of
sexual development was commenced in infancy, issues
regarding genital appearance, sexual function, and general
well-being are ideally addressed by a multidisciplinary
team (Warne et al., 2005). A shift in health-care provi-
sion is required in adolescence to ensure that the young
person – rather than the parents on behalf of the child – is
the focus of care.

The issues for teenage boys and girls with disorders of
sexual development are similar. Body image and self-
identity, satisfaction with genital appearance and function,
and prospects of being fertile or infertile are important.
Although there are cultural differences in response to
these issues, increasing evidence across cultures reveals
that disclosure is important for all individuals.
Conclusions

The timing of puberty has changed over time, with a
range of factors influencing its onset and course. Although
the knowledge regarding these processes has improved,
there are still many triggers and influences that are poorly
understood. The end result of a physically mature, fertile
individual is the outcome of a developmental process that
is coupled closely to the cognitive and psychosocial mat-
uration process. When the pubertal processes fail to pro-
gress normally, there are often clear consequences in
terms of failure to achieve full sexual and reproductive
health as well as mental health. Conversely, failure to
achieve psychosocial maturity also has implications for
achieving the physical endpoint of a healthy and success-
ful sexual and reproductive life.

See also: Adolescent Health; Female Reproductive

Physiology/Function; Gynaecological Morbidity; Male

Reproductive Function; Sexual Health.
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The people have the right and duty to participate

individually and collectively in the planning and imple-

mentation of their health care.

(World Health Organization, 1978)
Public Health, Politics, and Science

Understanding public participation in public health first
requires an examination of two different meanings of
public health. One meaning is the status of the health of
the public. This public is very diverse and may be consid-
ered on a local, national, or international scale. While the
English language speaks of the public, a more accurate
representation is of diverse publics.

Concern about public health focuses on public ill
health and inequalities in health among these diverse
populations. Health status differs within and between
populations as a result of complex interactions between
biological, environmental, social, economic, and ‘lifestyle’
factors. Poor living and working conditions impair health
and shorten lives. Health inequalities arise from variations
in these social, economic, and environmental determi-
nants and are acknowledged as a major problem in many
countries, with many reporting increases during the 1980s
and 1990s. Characteristics implicated in health inequalities
have been combined and operationalized by the mne-
monic PROGRESS for Place of residence, Race/ethnicity,
Occupation, Gender, Religion, Education, Socioeconomic
position (SES), and Social capital. Age, disability, and
sexual orientation are also implicated in health inequalities.
These descriptors go some way to identifying those peo-
ple who should participate in the second meaning of
public health.

Another meaning of public health is:

the process of mobilizing and engaging local, state,

national, and international resources to assure the condi-

tions in which people can be healthy. . . .The actions

that should be taken are determined by the nature and

magnitude of the problems affecting the health of the

community. What can be done will be determined

by scientific knowledge and the resources available.

What is done will be determined by the social and politi-

cal situation existing at the particular time and place.

(Detels and Breslow, 2002)

In the first, passive understanding of ‘public health,’
descriptors of populations delineate differences between
diverse publics, which can be politically sensitive. The
second, active understanding of ‘public health’ is an
explicitly political and scientific activity. The aim of this
article is to consider the participation of diverse publics in
the political and scientific aspects of improving public
health.
Interventions For and With the Public

Public health activities aim to design and deliver public
health interventions: sets of actions with a coherent objec-
tive to promote or protect health or prevent ill health in
communities or populations, which may include policy,
regulatory initiatives, single-strategy projects, or multi-
component programs. A systematic review of the effec-
tiveness of health service interventions for reducing
inequalities in health found interventions that improved
the health of groups that are disadvantaged by socioeco-
nomic class, ethnicity, or age; if properly targeted, such
interventions could be expected to reduce health inequal-
ities. Characteristics of successful interventions for redu-
cing health differentials include ensuring interventions
address the expressed or identified needs of the target
population, and involvement of peers in the delivery of
interventions. This requires working with people, not just
for them, in designing and delivering public health inter-
ventions for reducing health inequalities. Health promo-
tion specialists perceive communities as having the
potential to promote health from the bottom up. This
requires people to have increased control over and to
improve their own health. Such empowerment claims to
attribute responsibility to people not for the existence of a
problem, but for finding a solution to it.
Evidence-Informed Public Health

Four types of research evidence inform public health
activities. Type 1 is research that describes risk–disease
relations and identifies the magnitude, severity, and pre-
ventability of public health problems, thereby pointing to
the fact that ‘something should be done.’ Type 2 evidence
identifies the relative effectiveness of specific interven-
tions aimed at addressing a problem, and can help to
determine what should be done. Type 3 evidence is
information on the design and implementation of an
intervention, the contextual circumstances in which the
intervention was implemented, and information on how
the intervention was received, telling us how something
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should be done. Type 4 evidence is for informing change
management strategies for adopting effective and appro-
priate interventions to address public health priorities
that are underpinned evidence about the nature of the
problem (type 1), effectiveness (type 2), and delivery
(type 3). This may be through improving access to
research evidence; skills and resources to seek, appraise,
and apply evidence; evidence-informed guidelines; or
change management interventions. Type 4 evidence tells
us how to transfer knowledge from the research arena to
policy and practice decision making.
Evidence-Informed Participatory Approaches to
Public Health

Evidence-based patient choice brought together evidence-
based medicine and patient-centered medicine, trans-
forming concepts about communication and decision
making on the individual level. The collective equivalent
combines public health and collective involvement in
population-level decisions about the need for intervention
and in developing and evaluating interventions for their
effectiveness and appropriateness; in other words, in gen-
erating and making use of all types of evidence underpin-
ning public health activities. The rest of this article
addresses public perceptions on and participation in all
these activities. It considers who the public are, what they
think of public health activities, how their perspectives can
be elicited and employed for collective decisions about
public health, and whether it makes a difference. There
are implications for public health research, policy making,
and implementation.
Who Is Participating?

Participatory research in rural Africa, a ‘citizen science’
developed for and by citizens facing environmental
threats from industrial development, lay membership of
research ethics committees, opinion polls reporting on
biotechnologies, and patient or public involvement in
designing, conducting, or interpreting randomized con-
trolled trials all share the principle of broad participation
in debates about research and policy. Who these partici-
pants are and how they participate is immensely varied.
Methods for their participation have emerged from the
disability movement, feminism, market research, interna-
tional development (Cornwall, 1996), equal opportunities
policies, and many other arenas.

This article focuses on participation by people whose
primary interest in health care is their own health or
that of their family, peers, or community as past, current,
and potential patients, users of services, and carers; and
people representing these groups through community
organizations, networks, or campaigning and self-help
groups. These people have variously been called patients,
users, consumers, survivors, lay people, and citizens. Each
term is associated with particular discourses, interests and
aversions. For instance, some describe themselves as ‘survi-
vors’ of serious conditions or ‘survivors’ of services per-
ceived as unsupportive or even damaging. Some prefer the
term ‘service users’ to ‘patients,’ while others avoid the term
‘users’ because of connotations with drug use. Deviations in
terminology also result from a long-running conceptual
debate among social scientists about the ideologies inherent
in the terms ‘patient’ and ‘consumer’ and the restrictions
these might impose on analytic frameworks.

Terminology has varied with geography, between dis-
ciplines, and over time. The American term ‘consumer’
suited the commercial insurance-based U.S. health system,
and was adopted more widely in health policy circles
in the mid-1990s to encompass people in sickness and
health even where public funding provides a greater
contribution. In environmental health sciences, a popular
term has been ‘citizens,’ a term to invoke rights and democ-
racy, but this excludes refugees and asylum seekers. More
recently in the health sector, the preferred term has been
‘patients and the public.’More inclusive language is ‘people
who use services’ and ‘public involvement,’ which includes:
people who describe themselves as survivors (not users) of
services, people who face barriers to service access, and
taxpayers. Sociologists refer to ‘lay people’ or ‘lay publics’
to emphasize the diversity of people and groups within the
public and to distinguish them from professional publics.

The terms ‘consumer,’ ‘public,’ ‘citizen,’ and ‘lay people,’
when linked with participation, all have implications for
evidence-informed services. Consumerism implies custo-
mer choice, where information is required to inform that
choice whether the customers are patients, service users,
or their families and carers. Public involvement invokes
accountability and the need for evidence about perfor-
mance to be available for public review. These uses of
evidence invoke a fundamental question about the nature
of the evidence: Who decides what evidence to seek and
how to seek it? The nature of evidence is questioned again
when considering the role of lay publics, their lay knowl-
edge, and their contribution to public health research
(Popay and Williams, 1996). Finally, a discourse about citi-
zens invokes the right to be involved in the generation of
evidence as well as in the planning and review of services.
Patient and public involvement in decisions about their own
care or reviewing services is meaningless if, in an evidence-
informed culture, the evidence is irrelevant to either
patients or the public in general. English semantics pre-
sents further challenges when some terms have different
meanings according to their context. ‘Public’ as an adjective
means ‘openly available,’ and as a noun denotes ‘a group
of people.’ Confusion may arise if ‘public consultation’ is
interpreted as open consultation, rather than consulting
the public.
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This article uses ‘public participation’ as an inclusive
term. It uses the general term ‘people’ and specific terms
such as ‘patient,’ ‘service user,’ ‘carer,’ ‘women,’ ‘children,’
‘residents,’ and ‘community’ when these are more
accurate.

Whatever the terminology, the aim of a participative
approach is to support the participation of those people,
individually or collectively, who are most intimately
affected by any efforts to improve health on a population-
wide basis. Returning to the mnemonic PROGRESS,
this means that public health interventions for people
who, for instance, live in particular areas, with parti-
cular biological or cultural roots, employment (or lack
of it), beliefs and education, should be developed with
some of these same people to address their concerns
and experiences. Those people with the greatest health
needs, whether absolute or relative needs, are the same
people who are more difficult for organizations to serve
appropriately and more difficult to engage in develop-
ing appropriate interventions. Particularly hard-to-reach
groups are those people with limited social connected-
ness. On a population scale, this has often come about
through population movements. Immigrants, refugees,
and asylum seekers are extreme examples of populations
with minimal social capital and socioeconomic status. The
characteristics that maximize their health needs are the
same characteristics that make them hard to reach. In
contrast, in some countries it is the indigenous popula-
tions who suffer health inequalities, for instance, Maori
people in New Zealand, Australian Aborigines, native
Hawaiians, the Saami of Norway, Native Americans,
and the First Nations of Canada. The explanations for
their poor health status can be grouped into four main
propositions: genetic vulnerability, socioeconomic dis-
advantage, resource alienation, and political oppression.
The latter three reasons present particular additional
challenges to their participation in policy and research,
when national organizations and their ways of working
have been designed by and for the dominant immigrant
populations. Similar challenges may be presented where it
is not populations that have been on the move but bound-
aries that have changed, dividing people who share a
common heritage and amalgamating disparate popula-
tions. For this reason, public health, and public participation
in its policy making and research, may be particularly
challenging after the rise and fall of communism in Europe,
and following conflicts and changing national boundaries in
the Middle East during the twentieth century.

Young people are a particular focus for health promo-
tion interventions, partly because they are already experi-
encing health inequalities in terms of accidents and injury,
mental health, and sexual health, and also because their
risk-taking and unhealthy behavior accrues greater health
inequalities in adult life. Their participation is, therefore,
crucially important.
What Is Participation?

There are a plethora of terms to describe participation in
policy and research, sometimes used interchangeably but
carrying different interpretations. In some circles, the
term ‘involvement’ is strongly associated with consumer-
ism, the introduction of market principles into public
services and measurements of client satisfaction and sys-
tems for investigating complaints. In contrast, ‘participa-
tion’ is more likely to be associated with collective
decision making and responsibility in important aspects
of service provision and planning. Yet these concepts are
conflated with the term ‘consumer participation’ when it
is portrayed as being concerned with high standards of
information, access, choice, and redress, all elements of
consumerism and personal decision making.
Theories of Participation

How public involvement develops and how it is viewed by
health professionals and by different sectors of society is
also influenced by who initiates specific encounters, the
professional services or the public.

Service organizations wishing to improve the health of
the public have often embarked on community develop-
ment. This is a broad term applied to civic leaders, acti-
vists, involved citizens, and professionals seeking to
improve various aspects of local communities. Services
seeking their own improvement for the benefit of the
wider public may embark on an exercise in organizational
change, where theories about learning organizations high-
light the importance of inclusion, reflection, and manag-
ing diversity. An alternative theoretical approach is
participatory research, which probably requires the great-
est changes in organizational structures and procedures,
and is claimed to maximize community and lay involve-
ment. Characteristic features of participatory research
include collaboration, mutual education, and acting on
the results developed from research questions that are
relevant to the community.

Lay people take the initiative as part of broader collec-
tive social action, where campaigners and self-help groups
emerge as social movement organizations in response to
health problems to engage in research under their own
initiative.
Degrees of Participation

An early attempt to characterize public participation
initiated largely by metropolitan institutions in developed
countries proposed a ‘ladder of participation,’ with rungs
on the ladder representing increasing degrees of par-
ticipation: from nonparticipation or manipulation and
therapy through the tokenism of informing, consulting,
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and placating and to citizen power through partnership,
delegated power, and citizen control (Arnstein, 1969).
Arnstein described contrasting examples in the United
States of frequent ‘attitude surveys’ in ghetto neighbor-
hoods where residents saw their time being taken up for no
benefit, and residents elsewhere being delegated and
funded to prepare an entire ‘model cities’ plan. A similar
scale has been described drawing on participatory pro-
cesses for research in the developing world (Cornwall,
1996). This acknowledges the tokenism that occurs at
one end of the scale and the co-learning or indepen-
dent collective action at the other. Although these uni-
dimensional scales might provide useful guidance for
developing public involvement, practical difficulties arise
when trying to apply them to categorize reports of past
work. ‘Token’ representatives co-opted for research on
people described by Cornwall may in practice be no less
influential than the cooperation of local people with out-
siders determining priorities for research ‘with’ people,
where responsibility for direction remains out of their
hands. Indeed, Arnstein’s ladder is explicit about the
opportunity for deception, with a midway step labeled
‘placation’ illustrated by an example of:

co-option of hand-picked ‘‘worthies’’ onto committees. It

allows citizens to advise or plan ad infinitum but retains for

power holders the right to judge the legitimacy or feasi-

bility of the advice.

Real engagement with important, complex issues takes
time for thought, discussion, and reflective analysis of
opposing views. A critical review of the literature suggests
that such deliberative participation offers much promise
for achieving the goals of more effective, informed, and
meaningful participation:

As their theoretical underpinnings suggest, [deliberative

approaches] also have the potential to foster a more

engaged, public spirited citizenry and early experiments

with these processes suggest that the public finds these

processes stimulating and informative. Whether delibera-

tive processes lead to improved or even different deci-

sions is not yet known.

(Abelson et al., 2003)
Individual and Collective Participation

Methods also vary in terms of whether they involve indi-
viduals or groups of people. A two-dimensional represen-
tation of models of involvement combines degrees of
involvement (from information to control) and distin-
guishing individual and group involvement. People can
be engaged individually or collectively through organiza-
tions such as support or campaigning groups for specific
health issues, schools and clubs for young people’s health,
and workplaces or unions for adult health.
Forums and Methods for Participation

However a working relationship has been initiated, and
whatever the degree of involvement, there are also many
options for the type of forum for exchanging ideas: small
face-to-face encounters such as one-to-one interviews,
focus groups, committee meetings, or citizen’s juries;
large face-to-face encounters such as town meetings or
consensus conferences; other media such as written sub-
missions or phone-ins; and polls or referenda. These differ
in terms of their size and opportunities for interactive
exchange. Within these forums, methods for engaging in
a working relationship can vary further in the way in
which decisions are made. Methods that support collec-
tive decision making include those for eliciting values
(such as voting, ranking, scoring, visual scales, and Delphi
surveys) and those for aggregating values. For consensus
development methods, attention needs to be paid to
selecting the participants, choosing and preparing back-
ground information, structuring the interaction, and
synthesizing individual judgments (Murphy et al., 1998).
Principles of Participation

Many of these dimensions of participation are apparent in
the results of a consensus development study addressing
the principles and indicators of public participation in
research (Telford et al., 2004). Paraphrased to apply to
public participation in both policy and research, they are
the following:

. The roles of public participants are agreed between
them and those issuing the invitation to participate

. Budgets include appropriate costs for public
participation

. Those issuing the invitation respect the differing skills,
knowledge, and experience of public participants

. Public participants are offered training and personal
support to enable them to be involved in research

. Those issuing the invitation ensure that they have the
necessary skills to involve public participants in the
process

. Public participants are involved in decisions about how
people are both recruited and kept informed about the
progress of projects

. Public participation is described in project reports

. Project results are available to public participants, in
formats and in language they can easily understand.
Participation in Practice

Manyof these principles are confirmed by a surveyof health
bureaucracy consultations (Putland et al., 1997) that found
the following key conditions as enabling an organization to
consult effectively: official endorsement of consultation at
senior levels; staff with expertise, experience, and skills in
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consultative practices; constructive and ongoing relation-
ships with communities; valuing the knowledge and experi-
ence of community members; representative mechanisms
that recognize and respect difference; decentralized and
devolved decision making for greater accessibility, respon-
siveness, and flexibility; simple, clear, and consistent struc-
tures and procedures; stability in functional responsibilities
and continuity of staff; and balanced requirements for
economic efficiency and social justice.
Participation in What?

In a world of participatory democracy, there are opportu-
nities for public participation in: assessing problems, their
magnitude, and priority for action; developing and assessing
solutions; assessing how solutions should be carried out; and
making change happen. Examples can be found for all these
activities, moreover, some examples of participation address
research–action cycles holistically, with public involvement
at every stage. Ultimately, truly participatory problem solv-
ing relies on democratic knowledge, knowledge that has
been accumulated and interpreted with the involvement of
a broad range of people.

Assessing Health Needs

There is a long tradition of public involvement in asses-
sing health service needs, particularly in health promo-
tion. Needs assessment is the process of identifying and
analyzing the priority health problem and the nature of
the target group for the purpose of planning any health
promotion action. Health needs have been assessed in
four different ways, by:

. seeking expert opinion based on research (normative
need);

. drawing inferences about health needs by observing the
use of services (expressed needs);

. comparing services provided in different areas (com-
parative need); and

. listening to what communities say or feel (felt need).

Full public participation in assessing health needs
would have to adopt the last approach to draw on people’s
views and interpretations of their own needs, preferably
with these people being given information, and time to
debate it, about research, use of services, and patterns of
provision. Despite being a key focus for health promotion,
young people’s participation in assessing their own health
needs to inform the development and evaluation of health
promotion interventions is negligible.

Developing and Assessing Solutions

The next step is to develop and evaluate interventions to
address those needs. Despite a long tradition of commu-
nity participation in health promotion, and many young
people being readily reached through schools, the very
setting where their health promotion interventions are
delivered, assessing the effects of health promotion rarely
actively involves young people (Harden and Oliver, 2001).
This reveals how poorly public participation and evidence-
informed public health overlap for young people.

More influential are trade union members, who have a
long history in activism for health promotion, occupa-
tional health, and health services (Bastian, 1998). An
excellent example combined the participatory principles
of health promotion and effectiveness research in a mul-
tisite, randomized, controlled trial of a health education
program for coke oven workers in the U.S. steel industry
that aimed to reduce the risk of occupational lung cancer
(Parkinson et al., 1989). This involved a collaboration
between academic researchers and the industry’s trade
union. The collaboration began eight years before the
development of the intervention and affected its content
and presentations, a publicity campaign, the design and
content of questionnaires and telephone interview sche-
dules, and the hiring and training of laid-off coke workers
who served as telephone interviewers. All levels of the
union were involved in the program.

Public participation began with enthusiasts and their
individual projects. Despite it still not being widespread,
there are already efforts to adopt public participation
more strategically for assessing interventions. The James
Lind Alliance has been established to bring patients
and clinicians together in working partnerships to iden-
tify shared priorities for research to address unanswered
questions about the effects of treatments. There are
three elements to this work: identifying questions impor-
tant to patients and clinicians; assessing whether they
really are ‘uncertainties’ or whether there is already exist-
ing research on them; and, if genuine uncertainty exists,
which of the ‘questions’ should be prioritized. A system-
atic scoping review to inform their work has identified
148 studies eliciting patients’ or the public’s priorities for
outcomes or research priorities, some of which are public
health issues.

Working on an international scale, the WHO Advi-
sory Committee on Health Research has sought ways of
improving the use of research evidence in developing
guidelines. Unfortunately, few detailed methods were
found for public involvement, only principles that are or
could be followed. These included conducting an early
search for evidence using the patient perspective; consult-
ing all relevant stakeholders early in the process, includ-
ing the public; taking into account health benefits, side
effects, and risks; making explicit judgments about which
outcomes are critical, which ones are important but not
critical, and which ones are unimportant and can be
ignored; considering ethical consequences and cultural
diversity when deciding which outcomes are important;
using research on values and preferences to guide the
ranking of outcomes, if necessary, with ranking done by
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people in a specific setting; who can pay due consider-
ation to local values and preferences; and, if evidence is
lacking for an important outcome, acknowledging this,
rather than ignoring the outcome.
Assessing How Solutions Operate

Evidence about whether interventions work is necessary,
but not sufficient, especially for complex public health
interventions. Complex multicomponent interventions
(e.g., directed at communities or regions using a range of
media, delivered in a number of settings) are more likely
to be effective in bringing about population health gains
than ‘single-issue’ initiatives (e.g., directed at individuals
or small groups, using fewer media, delivered in a partic-
ular setting), but are much harder to evaluate. This
requires paying attention to ‘the way in which the
intervention is delivered and the characteristics of a pro-
gram to promote implementation’ as well as its impact.
This approach has been adopted for interventions addres-
sing health inequalities where the characteristics of
successful interventions include systematic and intensive
approaches to delivering effective health care, improve-
ment in access and prompts to encourage the use of
services, strategies employing a combination of interven-
tions, and those involving a multidisciplinary approach.

In the area of peer-delivered health promotion inter-
ventions for young people, well-designed impact evalua-
tions show mixed evidence about impact. Process
evaluations offered explanations and suggested character-
istics of an effective model of peer-delivered health pro-
motion by drawing on people’s views that were more
illuminating by generating evidence of negative views
about peer education and of conflicts between schools
and the idea of young people and adults working in
partnership. Remaining questions, including what consti-
tutes a credible peer (similar ages, backgrounds, or experi-
ences), can only be answered by working with young
people, as well as for them.
Making Change Happen

Once research evidence is available, the next step for
public participation is in planning evidence-informed
public health services. People may be involved in choos-
ing which research findings are most important to act on,
choosing and partaking in particular activities to get
research findings into practice, and evaluating such initia-
tives. Much of this is collective involvement in setting and
monitoring of health-care standards and in the develop-
ment and use of practice guidelines. Public involvement in
audit has been officially endorsed in the United Kingdom
for some time but is still not widespread, and their con-
tributions have, for various reasons, tended to be limited,
with many initiatives comprising little more than service
user satisfaction surveys.
Recommendations for public collaboration or consul-
tation for developing practice guidelines are largely
inferred from studies in related areas. They include better
reporting of values and judgments influencing decisions
and the anticipated consequences of alternate choices.
There is also a need for adaptable templates for use in
guideline development that allow for integration of dif-
ferent values to be developed and used when differences
in values are likely to be critical to a decision.

Successful partnerships for making change happen are
likely to require early and continuing involvement of
people who can speak from the perspectives of health
service users and whether they are well-informed about
technical issues. The challenges of the multidisciplinary
working that is required for developing practice guide-
lines are increased when teams include people not trained
in public health, clinical care, or research. Inherent pro-
fessional hierarchies and mutual ignorance of different
professionals’ skills and ways of working mean that skilled
leadership and adequate time are required to ensure
that everyone involved actively participates in guideline
development. These issues become more important when
patients are involved in guideline development groups:
the asymmetry of information, the perceived status of
health-care professionals, and the technical discussions
involved in guideline development make it difficult for
patients to contribute actively.

Very different from the public health-led efforts of
practice guidelines are community-led initiatives to make
a difference. For example, in a disadvantaged Glasgow
suburb, the community recognized the threat to public
health of children’s accidental injury, invited and co-
produced research, andwere instrumental in service devel-
opments arising from it (Rice et al., 1994). On a national
scale, birthing mothers and campaigning groups have
made use of systematic reviews in obstetrics.

On an individual level, people engaged in their own
personal health decisions may find themselves, perhaps
even unwittingly, in efforts to implement research find-
ings. The longest-standing approach to public participa-
tion in public health is the passive involvement of
individuals faced with public health interventions. Per-
suasive information-giving approaches have been used
with some success in attempts to fully implement immu-
nization programs and to encourage uptake of preventive
health-care services among adult populations.

The gap between research and policy or practice is
not only bridged by starting with the research. A comple-
mentary interactive approach that deserves more atten-
tion is the transfer of policy, practice, and personal
knowledge to shape research, with the aim of creating a
demand for subsequent findings. Thus, logically, public
participation in the previous steps of assessing health
needs and developing and evaluating the impact and
appropriateness of solutions will smooth the way for
making good use of the research findings.
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Research/Service Cycles

The examples above each address public participation at a
particular stage in the research/service cycle: assessing
health needs, developing and evaluating solutions and
how they operate, and making change happen. The
Department of Health in England recently funded an
initiative to ensure high-quality screening services for
babies and their parents in partnership with health profes-
sionals and parents that covered the whole cycle. Research
evidence and experiential knowledge held by professionals
and parents was combined in order to establish longer-term
outcomes of screening, set standards for the service, and
make change happen by developing information and train-
ing for parents and professionals. How the different types
of evidence and experience were combined, using an array
of needs assessment methods, consensus development
exercises, and formative and summative evaluations has
been described for the task of developing evidence-based,
culturally sensitive parent information (Stewart et al., 2005).

Participatory action research is another way of addres-
sing the whole research/service cycle in partnership with
people who are directly involved in either delivering or
being offered an intervention. It has a long, international
history in public health and focuses on research whose
direct purpose is to enable action. Action is achieved
through a reflective cycle, whereby participants collect
and analyze data and then determine what action should
follow. The resultant action is then further researched, and
an iterative reflective cycle perpetuates data collection,
reflection, and action as in a corkscrew action. Participa-
tory action research pays careful attention to power rela-
tionships, advocating for power to be deliberately shared
between the researcher and the researched: blurring
the line between them until the researched become
the researchers. The researched cease to be research ‘sub-
jects’ and become partners in the whole research process,
including selecting the research topic, data collection, and
analysis and deciding what action should happen as a
result of the research findings.

More innovative is the idea of using participatory action
researchmethods tomanageaprogramofmoreconventional
intervention assessment. The NHS Health Technology
Assessment program introduced a policy of public involve-
ment in deciding what research should be commissioned to
assess the costs, effectiveness, and broader impact of health
technologies. Three successive action research cycles span-
ning nine years so far have piloted, refined, and evaluated
public involvement. The result is continually improving
procedures that are having a real influence on the focus of
controlled trials and systematic reviews of health service
interventions; this ultimately influences the evidence
available to inform policy and service planning across the
country and by research users internationally.
Accumulation and Interpretation of Knowledge

Potential influence is greatest where public involvement,
as in the Health Technology Assessment program, is in
generating research knowledge that is generalizable and
widely accessible. In terms of potential output and inter-
national endeavor, even more influence can be expected
through the Cochrane Collaboration. The Cochrane Col-
laboration is an international not-for-profit and indepen-
dent organization, dedicated to making up-to-date,
accurate information about the effects of health care
readily available worldwide. It produces and disseminates
systematic reviews of health-care interventions and pro-
motes the search for evidence in the form of clinical trials
and other studies of interventions. Its Consumer Network
contributes to developing Cochrane systematic reviews of
best evidence in health care and to utilizing this evidence.
Members of the network can be involved in any stage of
preparing a systematic review, from deciding the topic, in
terms of the interventions, populations, and outcomes to
be addressed, to conducting the review and interpreting
the findings.
Does Participation Work?

The success of public involvement in policy and research
can be judged in both political and scientific terms. Polit-
ical support is apparent from widespread public partici-
pation policies at local, national, and international levels.
Evidence of the impact of participation has been collated
by systematic reviews of the international literature. The
first review, addressing the involvement of patients in the
planning and development of health care, found no com-
parative studies. On the basis of 42 observational reports,
the authors concluded that involving patients has con-
tributed to changes in service provision, but the effects of
these changes on quality of care have not been reported
(Crawford et al., 2002). A subsequent review addressing
public involvement in research agenda setting relied on
similarly weak evidence of effects to suggest promising
approaches (Oliver et al., 2004). A more rigorous review,
despite its broad scope spanning public involvement in
developing health-care policy and research, clinical prac-
tice guidelines, and patient information material, found
only five randomized controlled trials. This provided no
strong evidence of the effects of public involvement in
health-care decisions at the population level. Although
generalizable lessons could not be learned from studies
that differed in terms of interventions, aims, outcomes,
and rigor, this review demonstrated that randomized con-
trolled trials are feasible for providing evidence about the
effects of public involvement.
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Making Public Participation in Public
Health Happen

This article began by defining key terms for public par-
ticipation in public health: the nature of public health,
public participation, and their relationship with research.
It then addressed questions about who of many publics is
involved and how, before considering during what aspects
of the public health service/research cycle this participa-
tion might occur. In practice, the reverse is required.
Making public participation happen starts with consider-
ing its purpose and the specific nature and context of the
task that requires their participation, in order to judge
which of the many publics have the most relevant knowl-
edge and experience for that task, and what approaches
would best support their involvement in that task.
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Introduction

The history of public health has been a history of huma-
nity’s battle with disease and premature death. In what is
frequently referred to as the old public health, our early
efforts in disease prevention were directed at providing
access to clean water, safe housing, and more nutritious
and cleaner sources of food, especially meat products. We
were also concerned with matters of personal hygiene
well illustrated by our recent development of body and
hand washing, town sewerage systems, quarantine laws,
and population-based surveillance, screening, disinfec-
tion, and inoculation (Greene, 2001).

For modern industrialized societies, these measures led
to higher rates of perinatal and maternal survival, decreases
in infectious diseases, and increased life expectancy at all
ages (Crimmins, 2004). AfterWorldWar II, diseases of aging
and affluence began to occupy center stage of the public
health agendas in these nations, although the problems of
infectious diseases and poverty-related morbidity and mor-
tality would continue to engage the health resources of
developing countries. These long-standing patterns of mor-
bidity and mortality would also still dog the health and
welfare of marginal social groups in wealthy nations.

However, in the 1980s, helped along by new ideas
about health promotion, public health filled out its vision
of anti-disease public health with a complementary pro-
health vision. Diseases such as circulatory illness (heart
attacks, strokes, deep venous thrombosis, etc.) and cancers
(especiallyof the bowel, skin, breast, or lung) became targets
of new forms of surveillance, screening, and prevention. In
societies where the quality of water, employment, and hous-
ing were excellent, people were found to be overeating,
overworking, and exposing themselves to high-risk sub-
stances such as tobacco, alcohol, asbestos, or UV radiation.
Sedentary lifestyles had reduced fiber and increased fat in
the diet and reduced exercise and fitness levels. Interna-
tional and workplace migration increased social and psy-
chological stress as well as the desire for harmful forms of
release. Suicide, automobile accidents, and drug-related
deaths made sharp inroads into our patterns of morbidity.

All these patterns of lifestyle and illness became targets
of new prevention and harm reduction campaigns that were
and remain part of so many of our recent health promotion
initiatives. The basic principle here is that health, after all, is
our best protection against disease and illness. Nevertheless,
the fundamental point that we continually overlook in our
public health literature is that no public health initiative is
designed to prevent death itself. All public health policy and
practice is designed to maximize the social and health
service conditions that prevent disease and premature
death. Our public health concerns are ‘not,’ nor ever have
been, a thinly veiled pursuit of immortality. Nevertheless,
recognition of the important role that health promotion
approaches might play in matters to do with death, dying,
and loss remains poor. Furthermore, when health promo-
tion texts write about death and loss they frequently employ
death as a threat (see Henley and Donovan, 1999). Finally,
when public health discussion does turn to dying, death, and
loss, these discussions are formulated in terms of direct
service provision – clinical palliative care services or
counselling. Direct service provision is not health promo-
tion. The purpose of this section is to outline the role of
health promotion and community development ideas and
practices in the service of dying, death, and loss.
Demographic and Epidemiological
Background

From a social psychology perspective, the experience of
dying is created by an individual’s expectation that they
will die very soon, usually from a terminal illness. In epide-
miological terms, this means that, in the minds of many
people, the dying experience is not commonly linked to
heart disease, multiple sclerosis, diabetes, or other diseases
that are associated with long-term life-threatening illnesses
with equally long-termmedical interventions and supports.
Rather it is the cancers, and especially advanced metastatic
cancers, motor neuron diseases, and AIDS that are com-
monly associatedwith short life expectancies and a psychol-
ogy of dying in the minds of those from the general public.
This association is strengthened by the fact that these are
also the most common patients seen in hospice and pallia-
tive care services.

In this way, the demographic influences on death and
dying such as social class, occupation, or age function to
predict physical outcomes better than the social psychol-
ogy of dying. Also, the epidemiology of life-threatening
diseases does not, in itself, readily suggest an identity of
a dying person for just anyone with a life-threatening
illness. Dying is an attitude and an expectation associated,
rightly or wrongly, with very short life expectancies –
usually months or a year or two. In industrial countries,
this group usually emerges from the cancers, neurological,
and HIV populations. However, even in psychological
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terms, this is not the whole story about who the dying are
among us (see Kellehear, 2007).

The majority of people in industrial nations who die
every year are over the age of 65. Most of these people
do not die of cancer (a disease that accounts for less
than 23% of all deaths in most developed nations) but of
frailty, a combination of circulatory diseases, organ failure,
dementia, and critical incidents such as falls or opportu-
nistic infections (Hall et al., 2002). Up to one-quarter of
those over 65 will die in a nursing home and 5–8% of all
those in this age group will suffer from dementia (Florey
et al., 2004). By 2050, some 114million people worldwide
will experience dementia (Wimo et al., 2003). Most of
these people will not die under palliative care or even
be viewed by aged care staff as dying people, even though
many of these residents will view themselves as dying or
soon to die (Kayser-Jones, 2002).

Furthermore, at a global population level, the fourth
leading cause of death in the world (and the leading cause
in Africa) is AIDS (Healey, 2003). Along with old diseases
such as tuberculosis, malaria, and a dozen diarrheal dis-
eases, AIDS has now added to the collection of infectious
diseases characterizing the experience of dying for those
in developing countries. Although those people living
with HIV in developed countries may expect reasonable
life expectancies with this disease – upwards of 10 years
with regular use of antiretrovirals (Fleming, 2004: 26) –
such interventions are still inaccessible or unreliable, poor
quality, or interact with other antivirals to be significantly
less promising for people in developed nations.

Despite the diverse epidemiology associatedwith aging
and with AIDS, there is a tragic sociological similarity
between the two illness experiences. Both groups experi-
ence significant burdens of dementia (Alzheimers disease
and HIV-associated dementia (HAD)). Both groups expe-
rience high rates of depression and suicide associated
with multiple losses from work, family, and friends and
identity-related losses, as well as high levels of social
dependency. Both groups experience high levels of stress
from medical symptoms, treatment regimens, psychiatric
illness, and discrimination and stigma.

Finally, both the cancer, neurological, and AIDS dying
in developed countries and the poverty and elderly
dying in all countries lead to significant levels of grief
morbidity associated with losses, especially, but not exclu-
sively, associated with bereavement. To this toll from dying
from life-threatening illness, poverty, and aging, must be
added the burden of grief and loss associated with national
and international disasters as diverse as the bombing of the
WorldTradeCenter complex inNewYorkon September 11,
2001 to the Asian tsunami disaster in 2004. Both clinical
palliative care services and grief counseling services play
important acute-care roles in the aftermath of these events
and experiences for some people, but they are inadequate
as primary health-care responses to death, dying, and loss
more broadly. In other words, they are not health promo-
tion responses.

Clinical services are not designed or adequately staffed
for prevention work or for after-care work. They work
well in delivering specialized medical, nursing, and psy-
chological interventions for advanced, severe, or complex
case scenarios. However, most living with loss or life-
threatening illness occurs outside of institutional settings.

Furthermore, the common problems associated with
aging, dying, and loss – mainly other people’s reactions
and the changeability of one’s own responses to these –
are social. The problems of sexual expression, work, recre-
ation, family dynamics, discrimination, stigma, and social
rejection and the effects of these on the individual – depres-
sion, despair, anger, or anxiety – have at their core the
interpersonal realm of experience. Even the spiritual task
of making sense of the prospect of death and the experience
of loss is made that much more tolerable or sensible with
the assistance of others – spiritual and pastoral helpers but
also friends and family. All these psychological, social, and
spiritual challenges have been a long concern for research-
ers in death and dying and they are all relevant targets of
health promotion and community action programs.
Principles of Health Promotion

The principles for health promotion underline the impor-
tance of adopting a population health approach. This
means acknowledging that maximizing the conditions of
health and well-being among the greatest number will
assist in reducing overall morbidity and extend both the
quantity and quality of life.

For example, to encourage families to inoculate their
children against preventable childhood diseases or to
encourage people to reduce or abandon tobacco smoking
requires a crucial shift in community attitudes and values.
Attitudes to child health and safety need to move from
solely a family concern to a community concern. A healthy
child is a precious and positive family experience, but it is
also an asset rather than an infection hazard for other
families. Attitudes to smoking as an individual right must
shift to include an understanding of how smoke-free envir-
onments contribute to individual and community health
and fitness but also the fact that all communities must
shoulder the burden of individual health-care costs, pas-
sive smoking consequences to others, and losses to work
and family from premature death and disability. Health
promotion programs raise awareness about both the direct
health benefits of inoculation or smoking cessation ‘and’
the additional harms that impact on others.

Another basic principle of health promotion is to
emphasize the importance of prevention and harm reduc-
tion. We should always try to avoid the things that will
harm us. If we cannot avoid them, then we should always



418 Public Health Approaches to Dying, Death and Loss
attempt to reduce the harms they will attract when they
eventually impact. Condom use and needle exchange
programs are good examples of health promotion initia-
tives that promote safe sex and drug use practices with
respect to HIV prevention. Car seat belts and bicycle
helmets are good examples of harm-reduction strategies,
understanding that when accidents become unavoidable
the harms associated with these accidents might be less
likely to be fatal or permanently disabling.

A third basic principle of health promotion is the
participatory nature of the relationships. This means
that health professionals are encouraged to work with
communities rather than working on them. While infor-
mation about health and awareness of hazards are essential
to encourage and maintain health and safety in every
community, this does not mean adopting an authority-
based, didactic approach. The information might usually
come from health professionals, but the means to transmit
that information, the process of raising awareness and over-
coming the barriers to successful community awareness, and
adoption of these ideas must come from the community
itself. Simply telling sex workers in Bangladesh, for example,
to use condoms in their workplace ignores crucial matters
in the gender andworkplace politics of this kind of work in
Bangladesh. The community, in this case sex workers, their
clients, and their employers in Bangladesh, must be equal
partners with health workers in the drive to adopt safe sex
practices if this program is to enjoy any success at all. The
same is true of all health promotion campaigns. The most
patronizing, authoritarian programs inspire both antipathy
and derision from its targets principally because they
frequently display an ignorance of the culture and beha-
viors that underpin unhealthy or unsafe social conduct.
A participatory/partnership approach is essential to the
success of all health promotion programs.

Finally, a community development approach is also an
essential element to health promotion. A community devel-
opment approach requires recognition of three dimensions
of social life. The first dimension is to take an ecological
approach to health. This means that social settings or con-
texts of behavior are important. Although personal attitudes
play an important role in behavior, it is also true that
these attitudes are drawn from, moderated by, and sanc-
tioned by the immediate setting and broader culture.
Therefore, that setting and broader culture are important
levers of change.

The second dimension to community development
requires targeting a broader culture: Changing govern-
ment policy and legislation are important elements for
positive social changes that effect community health and
safety. Health policy priorities, road safety, occupational
health and safety and industrial relations legislation, auto-
mobile and road design, or media advertising programs
are all crucial in altering the broader community con-
text of health. This means that a part of community
development always includes policy development, advo-
cacy, and lobbying.

A third dimension to community development involves
the conceptual recognition that health promotion pro-
grams do not have patients. When people are sick they
come to health services, but when people are well the
healthy ideas must come to them in their usual places of
work and play. Information about health, and awareness
of harms, should find their way into the usual settings of
everyone in the community. Health is everyone’s respon-
sibility. The workplace, school, churches and temples, or
the recreational sites of clubs, theaters, or parks are poten-
tial sources of community support, learning, and resource.
Health-Promoting Palliative Care

The Ottawa Charter for Health Promotion (1986) sum-
marized these principles as (1) building public policies
that support health, (2) creating supportive environments,
(3) strengthening community action, (4) developing per-
sonal skills, and (5) reorienting health services. For mat-
ters to do with death, dying, and loss, these principles
translate to (1) building public policies that support peo-
ple living with life-threatening illness, loss, and those
caring for both; (2) creating supportive environments for
those living with life-threatening illness, loss, and those
caring for both; (3) strengthening community action for
death, dying, loss, and care; (4) developing personal skills
to cope with death, dying, loss, and care; (5) reorienting
health services to enhance this support inmatters to dowith
death, dying, loss, and care and reorienting end-of-life care
services (palliative, aged, bereavement, emergency care,
etc.) toward health promotion.

For palliative care services, health-promoting palliative
care means adopting and adapting death education into an
agenda of health education. If health education is about
identifying areas of community and personal ignorance,
misunderstanding or fear about health and illness and
replacing these problems with information that is clear,
accurate, and helpful, then the same is also true of death,
dying, and loss. Ignorance leads to ignorant responses. Fear
often leads to delayed help-seeking behavior and therefore
delayed support and practical help. Much stigma sur-
rounding AIDS or cancer is based on community myth
or prejudice and leads to inappropriate community and
individual response. The most unhelpful responses toward
bereaved people come from misunderstandings about the
diversity, depth, and length of bereavement experiences in
the community. Both of these experiences, and manymore
besides, are suitable targets of health promotion programs.

There also needs to be a demonstrated evidence of
nonclinical partnerships in palliative care. It is not the
case that clinical palliative care services are ably funded
to provide comprehensive health promotion programs in
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their various constituencies. Partnerships with commu-
nity health services are essential. Alliances with women’s
health, men’s health, indigenous health, gay and lesbian
health, and general community health services are essen-
tial. The problem here is that many of those who work
in public health believe death, dying, and loss to be the
sole province of palliative or bereavement care, without
acknowledging or understanding that many of these ser-
vices are engaged mainly in direct service provision, not
health promotion development. The recent development
of public health ideas in palliative care has meant that
health promotion training is ‘not’ an essential or main part
of palliative care curricula in most nursing, medicine, or
social work degree programs. Alliances with public health
colleagues are crucial to public health reorienting their
professional mission to include death and loss, and to
palliative care services so that these can reorient their
mission toward health promotion.

The principle of creating supportive environments is not
about providing the maximum number of health-care pro-
fessionals to assist people who are living with life-
threatening illness or loss and those caring for both,
although that kind of assistance remains important for the
delivery of quality services. But creating support is more
than creating more professionals. In palliative care settings,
the use of support groups, not simply as places of mutual
support, but also as sites for learning are important. Groups
that operate on adult learning principles support their
members not just psychologically and socially but also
spiritually and physically. These kinds of support groups
are based on the assumption that given the resources and
support to try, most people will be motivated to take an
interest in their own health care.

Living with a life-threatening illness is not simply
about treatments for the disease but should also be about
how to maintain the best possible health during the course
of that illness. This is a continual learning curve. Caring
for someone with a life-threatening illness is a highly
stressful experience in every way: Physically, psychologi-
cally, spiritually, and socially. The services’ response to
life-threatening illness commonly overlooks the informal
carers, yet their health and well-being is inexorably linked
to the person they care for. Many palliative care services
use volunteers to help patients and their families but
creating supportive environments at the workplace or
recreational sites of carers and/or patients requires coop-
eration, interest, and action at those sites. These are rele-
vant targets of community development by palliative and
public health agencies.
Community Action

The need to strengthen community action and develop
personal skills goes beyond the provision of health and
death education to the community through talks by the
local palliative care staff. Many palliative care services
insist that they have long links and working relationships
with the broader community. However, when the details
are examined most of these relationships consist of
(1) drawing their volunteers from the community, (2)
fund-raising in their community, and (3) the provision of
talks to their local community, many of which consist of
raising awareness about the local service. Few of these
relationships qualify as community development except
that raising awareness of the local palliative care service
might be useful to a community.None of these relationships
are partnered/participatory ones.

The basic rationale for community development is
that social environments are altered in positive ways that
enhance the present and future support responses for
health, death, dying, loss, and care in that community.
Furthermore, crucial to the alteration of that environment
are changes to it that are led and driven by the very mem-
bers of that community. Finally, any changes that do clearly
take place in a community and that are led and driven by
that community must be sustainable. In other words, these
alterations to a community must stay in place and continue
to influence even if the local palliative or public health
service disappears from the face of our planet.

Although community development strategies are quite
old, social program approaches in the health and welfare
sectors since the Second World War, the World Health
Organization has taken this program development to new
levels since the 1980s with their development of Health
Cities (Tsouros, 1990, 1995). Healthy Cities are large-
scale, community-wide health promotion programs that
are coordinated or supported by local governments. There
are currently hundreds of cities now participating inWHO
Healthy Cities programs. There is a great deal of variation
to these programs, but essentially they have two unifying
aims: (1) To create healthy physical, social, cultural, and
service environments to enhance health and (2) to encour-
age ordinary citizens to take some leadership for their own
health care.

However, one of the key problems with Healthy Cities
initiatives is the low priority, even absence, given to mat-
ters to do with death, dying, loss, and care. Although there
are exceptions to this disinterest toward death and loss,
most Healthy Cities programs do ignore the health pro-
motion challenges that might target these verities.
Addressing this omission are Compassionate Cities pro-
grams (see Kellehear, 2005).

Compassionate Cities are identical to Healthy Cities in
their practice methodologies, that is, they go about estab-
lishing themselves in the samemanner, but they do not limit
their program targets to health. Instead Compassionate
Cities include the problems of living with life-threatening
illness and loss as well as caring in these contexts. If Healthy
Cities argue that health is a positive concept and a holistic
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idea, and it has a concern for inequalities (Hancock, 1993)
then Compassionate Cities view compassion as an ethical
imperative. Health is truly a positive concept even in the
presence of serious disease, disability, or loss. Compassion,
like health, is a holistic idea, and furthermore, it implies a
concern with the inevitability of death and the universality
of loss (Kellehear, 2005: 44).

Compassion is the ability to share in another person’s
suffering and is the linchpin to social, psychological, and
ethical quality that is fundamental to all quality care and
support. No society is safe or healthy if it cannot take
compassion for granted in its own citizenry and services.
Social support is not an elective quality in care and in
this way compassion is an essential ingredient to all care. It
finds its greatest empathy in the universal experiences of
death and loss for these experiences have no cure, and this
makes compassionate support the central characteristic of
any community development program addressing the prob-
lem of mortality (for an extended discussion of the defini-
tion of compassion see Kellehear, 2005: 41–45).

Although the public health literature is replete with
examples of action strategies that are integral to community
development programs in the service of health promotion,
few people can imagine similar programs for death and
loss. Healthy Cities programs may coordinate antismoking
programs, child safety house programs, or city-wide sport-
ing events for its citizenry such as swimming, running, or
other nonprofessional events. Other programs may involve
schools that raise awareness about control of sugar and fats
in the diet or the value of sun-screen lotions and hats.
Advertising programs may be initiated or supported by
local government or the media about the mental health
value of time well spent with family and friends and the
hazards of overwork. Poster campaigns, needle exchange
programs, or diabetes and blood pressure screening can be
encouraged by pharmacists. Other programs may involve
community members raising awareness of the advantages of
cervical and breast screening for women. Trade unions
and business associations may partner with health services
to prevent workplace bullying, racism, or sexism or develop
social programs that enhance workplace morale, coopera-
tion, and support.

The programs that might be developed by any Com-
passionate Cities approach do not markedly differ in these
respects. Poster campaigns that provide simple messages
for the support of grieving friends, family, or colleagues are
no different from those that promote safe sex messages.
Policies for workplaces and schools that target bullying
or racism can also be developed for death and loss. With
support from local health services, many schools and
workplaces welcome the possibility of an informed, help-
ful, and organized response to death, serious illness, or
bereavement in their settings.

Community forums run by the local Rotary, Lions,
or Apex clubs about poverty alleviation in developing
countries or their own can easily be adopted to raise
awareness about living with cancer or bereavement.
Annual short story competitions or art prizes can encour-
age shared stories or artwork in the community about
death, dying, loss, and care and this can make this com-
monly invisible side of life more public, enhancing both
understanding, empathy and support to present and
future responses. Umbrella organizations for police and
other emergency services, those in palliative care or aged
care, those in funerals, cemetery, or coronial work, and/or
those in disaster management might benefit from their
organizations arranging a talkfest, conference, or social
gathering designed to support each other in these differ-
ent sectors in their difficult work in death and loss. Often
we forget that those who work in end-of-life care also
need support and this is not always best provided by a
direct services response such as supervision or counseling.
Informal learning environments are just as helpful to
professionals as they are for everyone else.
Barriers and Challenges

There are three main barriers to the development of
comprehensive health promotion and community devel-
opment programs and initiatives targeted toward dying,
death, loss, and care.

First, there is a general culture of death avoidance and
ignorance. Although it is tempting to resort to the cliché
description of many of our societies as death-denying, this
is not actually the case. All societies have services and
people who address the problem of death and bereave-
ment directly. That is the purpose of all our end-of-life
care services and a good deal of our religious rites and
services. These have always been integral to our human
response to death. However, death shares that space in our
consciousness with several other difficult and often trau-
matic experiences and topics. Like sexual abuse, mental
illness, or racism, death, dying, and loss are topics that
people know little about. This ignorance leads, or can
lead, to equally ignorant or inappropriate responses that
hinder help, or compound the problem with other pro-
blems of shame, stigma, or social rejection. Just as poorly,
ignorance can lead to no response at all. In matters to do
with help-seeking behavior in cancer, HIV, depression,
or inclinations to suicide, no response can lead to other
tragic consequences. Ignorance is not only unhelpful, it
can kill in its own right.

The above simple insight is an axiomatic idea held to
be true and obvious in all other areas of health and safety,
yet we have been slow to understand how this works in the
area of death and loss. We have been slow to recognize the
mortality and morbidity wrought by grief and other death.
In the literature of public health in psychiatry, drug and
alcohol studies, indigenous studies, or palliative care, we
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have always known that death and loss have serious health
consequences for others affected by these verities.

Palliative care has recently taken up the challenge of
public health approaches to death and loss, especially in
countries such as Australia (see Palliative Care Australia,
2001; see also State Government of Victoria, 2004). How-
ever, palliative care is only one player in end-of-life care.
Bereavement care remains overly committed to a direct
services response, often prioritizing counseling without an
equal interest in community development and normal
grieving. Aged care remains underrecognized as an end-
of-life care service with large parts of its professional
writing and working, as though their main or even sole
brief is in chronic illness and disability. Even in palliative
care, funding constraints, or amalgamations with hospitals
that view their mission in solely direct service terms,
threaten fledgling interest in health promotion. Partner-
ships with public health colleagues that might surmount
these challenges can be difficult to find.

Public health writing and practice demonstrate little
interest in death and loss. Even the World Health Organi-
zation’s programs give scarcely any priority to end-of-life
care matters other than advocating palliative care services,
or drugs such as antiretrovirals, to developing countries
(Kellehear, 2005: 160). Again, these are mainly direct ser-
vice responses. The WHO remains silent on health pro-
motion or community development program development
in matters to do with dying, death, and loss. And while this
silence or disinterest remains entrenched in the public
health community, end-of-life care services struggle with
their attempts at these kinds of program development;
communities struggle with their own attempts to care
without adequate information, education, and support
for dying, death, and loss. And health promotion remains
confined to the well and the ill but not for dying people,
those who are bereaved, or those caring for both.
The Future

While our popular understanding of the psychology
of dying and services for the dying confine themselves
to the field of palliative care, we may permit ourselves
to view the public health challenges of death and loss as
a specialist problem. However, awareness of dying is in fact a
much larger social problem. As modern public health and
medical programs succeed in compressing our morbidity
into fewer years at the end of life, we overlook the fact that
dying and then death will follow this trajectory.

During the time of our physical dying, more and more
people during this experience will be aware that this is
their final time and many of these will have psychological,
social, and spiritual needs that will require addressing.
Many more who will be carers for these people, and who
will survive them, will consequently have important
support and information needs. Although people living
with dementia have serious cognitive problems that
cover many aspects of their former lives and memories,
the fact that they might be dying may not be one of these
(see Haydar et al., 2004). A health promotion strategy that
addresses death, dying, loss, and care for those at the end of
life will be an important task for our public health futures
in industrial societies because the pressures of our future
demography, epidemiology, and social psychology of
aging and dying will demand it.

Furthermore, although it is true that every day more is
done to address the political, economic, and public health
needs of those who live in poverty, much less is done to
address the needs of those who die in these circumstances.
If one confines our public health gaze to HIV/AIDS – the
fourth largest killer in the world today – it must be
recognized that this epidemic is only partly addressed by
direct medical and nursing services. Until a cure is found,
people continue to die every day, often in circumstances
of isolation and shame. In addition, the families who care
for those who die of AIDS are frequently subject to the
same fear, stigma, and shame as visited upon those for
whom they care.

Whether we include the elderly dying of organ failure
in nursing homes, or infectious diseases in poverty, the
social issues surrounding dying, death, loss, and care
deeply impact on the quality of those experiences. Direct
service provision represents a small contribution to this
problem. Health promotion and community development
remain our best hope in tackling the challenge of materi-
alizing and maximizing quality of life at the end of life.
Death and loss remain the greatest challenge for future
public health – and its final frontier.

See also: Hospice and Palliative Care.
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Introduction

Disability is often described by public health as a negative
outcome, a failure to prevent an undesirable state. In this
article, disability is described from a different point of view,
that is, one that asserts the role of public health in promoting
improved health and participation among people with dis-
abilities. Explicit in this assertion is the assumption that
people with disabilities are an integral part of the popula-
tion, and therefore should be included in the public health
mission, science, and programs for any nation.

The strength of public health is that it creates a science
to understand the prevalence and disparities of health
conditions, and public health uses that science base to
inform the development of policies and interventions to
improve the public’s health. Similarly, by understanding
the prevalence of disability, the circumstances of people
with disabilities, and the disparities in health among peo-
ple with andwithout disability, interventions can be devel-
oped to promote the health of people with disabilities.
Moreover, improved health is likely to lead to greater social
participation – work, social roles, and civic involvement –
among people with disabilities across the life span.

Definition of Disability

Disability is a remarkably complex, variable, and dimen-
sional human experience. For that reason, an acceptable
brief definition generally appears inadequate. People
concerned about disability – clinicians, researchers,

people with disabilities, their families, and policy makers –
all seek to create a concise working definition to reflect
their varied interests. Many of these efforts come up short.
There is, in fact, no gold standard definition of disability.

Fujiura and Rutkowski-Kmitta note, ‘‘Disability identifi-
cation is a judgment on the human condition, and its statis-
tical summary represents more than a simple enumeration
of those who are disabled and those who are not’’ (2001: 69).

One can identify at least four approaches to defining
disability:

1. Manyequate a diagnosis with disablement; for example,
onemight assume that a person diagnosedwith cerebral
palsy experiences some level of disability. However,
because of the great variability within cerebral palsy,
knowing a diagnosis does not tell much about function.
Even with the limited utility of equating diagnosis to
disability, many groups of consumers, parents, and
advocates organize themselves around conditions. In
some respects, it is easier to organize around a condi-
tion than to attempt to embrace a concept as broad and
perhaps vague as disability.

2. Disability is often associated with eligibility for educa-
tional and rehabilitation programs, medical care, and
income benefits. Organizations administering these pro-
grams establish eligibility criteria requiring people to
‘prove’ they have a disability. Proving eligibility for one
program does not necessarily establish eligibility for
another. A recent review of federal definitions of disabil-
ity identified over 50 statutory definitions in various
federal programs (Domzal, 1995). Because of the costs
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associated with these programs, eligibility is designed to
limit the number of people deemed disabled.

3. Yet another way to define disability is to characterize
function. A functional approach to defining disability
creates opportunities to understand human experience
in a way that may be more relevant to people with
disabilities as well as those who serve them through
practice, policy, and research.

4. Many disability advocates define disability by the de-
gree of environmental accommodation required by an
individual, thus focusing attention on the environ-
ments in which one lives rather than on a person’s
ability level (Table 1).

Definitions also vary on the purpose – disability defined
to defend civil rights or promote health will be broader
than those for monetary benefits, for example.

Additional conceptual limitations confound efforts to
define disability. Disability may be culturally defined;
less-developed countries often report lower rates of dis-
ability. Also, people may be reluctant to identify them-
selves as a having a disabling condition for any number of
reasons – stigma, guilt, or punishment for past transgres-
sions. For many, disability is treated as a threshold con-
cept, that is, a person may report a limitation, but the
severity of that limitation is not known. Disability surveys
contribute to the creation of less dimensional definitions
of disability by failing to capture severity or duration.

Models of Disability

The earliest health classification focused on causes of
death and was begun in the 1850s in Europe, which
became the International Classification of Diseases (ICD-10).
It was not until the 1950s that the World Health Organi-
zation (WHO) became conservator of classifications and
morbidity was added to mortality as a part of the classi-
fications. In disability, however, classification systems in
the late nineteenth and early twentieth centuries emerged
from early worker’s compensation legislation to deter-
mine reimbursement for temporary or permanent inabil-
ity to return to work. Beginning in the 1930s, efforts
moved from reimbursing people for loss of function to
interests in rehabilitation that allowed people to reach or
regain vocational capacity. The concern for vocational
rehabilitation accelerated after World War II. In the
1960s, efforts to model disability turned toward measur-
ing skills and behaviors, and thus various activities of daily
living – such as eating, dressing, bathing – or ADL scales
emerged (Frey, 1984). Subsequently efforts by Nagi (1965)
and Wood and Badley (1980) under the auspices of the
WHO focused on the multiple elements that define the
lived experience of disability; thus efforts evolved to
understand the relation among disease, function, and
social roles, and later the effects of the environment
(Pope and Tarlov, 1991; Brandt and Pope, 1997).

Table 1 Conceptual approaches to defining disability

Diagnosis equals disability
Conditions like cerebral palsy and spinal cord injury predict some distinctive characteristics and perhaps broad capacity to perform

activities; yet these conditions and others have remarkable variability within the conditions and similarities across conditions.

Someone with spinal cord injury will have increased or decreased ability to perform activities depending on where the injury occurs.

Therefore, knowing a condition tells us something about disability, but that knowledge may be sufficiently incomplete to make useful
decisions. While an attractive idea, diagnoses tells us little about one’s capacity

Disability equals program eligibility
Various educational, rehabilitation, and income transfer programs are available to people with disabilities. Each organization creates

criteria to determine eligibility for services often with the aim of restricting the number of people who are deemed eligible. Program
eligibility may consider activity performance (function) and social disadvantage (unemployment) as well as demonstrating some

potential to benefit from services. The onus of responsibility falls on the person with a disability to prove eligibility in these domains.

Eligibility for one program does not always constitute eligibility for another. Therefore, a person with a disability may spend

considerable time proving eligibility for a variety of programs to respond to their particular needs
Disability equals function
A more contemporary concept of disability is to focus upon one’s function or ability to perform a variety of activities – mobility, seeing,

and hearing, for example. There are a variety of conditions that may contribute to difficulty with mobility – arthritis, spina bifida, and

muscular dystrophy, and a mobility impairment, for example, the use of a wheelchair, creates common experience in function.
Moreover, there may be a ‘threshold’ where a condition, for example, arthritis, becomes disabling because of the impact on function.

This concept focuses on the person and that person’s capacity. It does not consider potential mediators, for example, the impact of

technology to mediate or improve function
Disability equals the lack of fit between the person and the environment
As insight has increased regarding the social dimensions of disability, recognition of the role of the environment – built, attitudinal, and

policy – has strengthened contemporary understanding of disability. For example, if an environment is welcoming to people with

disabilities, if they have equal access to health, and they can get around easily in the environment to participate in school, work, and
recreational opportunities, then the difference between people without disability and those with disability may decrease substantially.

The environment can be a barrier or a facilitator. The better the ‘fit’ between the person and the environment, the greater the social

participation of the individual
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Efforts to construct models of disability mirror changes
in social and public policies as well as changing notions
about how people with disabilities are valued. Distinc-
tions have been made between a medical model and a
social model of disability. At the risk of oversimplification,
the medical model implies that the problem of disability
essentially resides with the person, and the role of provi-
ders is to fix the problem. A social model, on the other
hand, posits that people with disabilities conduct their
lives within a complex social structure characterized by
barriers and opportunities created by systems, resources,
and resilience. This approach suggests that the individual’s
participation in society and quality of life is impacted at
least as much by environment as by the person’s physical or
mental status. Disability may be defined, then, as the fit
between the person and the environment (for more about
medical and social models, see the section ‘Medical/social
models of disability’).

In 1981, the WHO published the International Classifica-
tion of Impairments, Disabilities, and Handicaps (ICIDH)
(WHO, 1981). The underlying concern of this model was
to identify and characterize ‘planes of the experience’ of
disability, recognizing that disability had dimensional char-
acteristics that were defined by function and social roles.
The foundation created by the ICIDHwas followed by two
decades of work resulting in the 2001 publication of the
International Classification of Functioning, Disability and Health

(ICF) (WHO, 2001). The ICF follows in the tradition of the
ICD, addressing function in a systematic way similar to the
ICD’s emphasis on etiology and morbidity. The ICF allows
this scientific grounding for disability and functioning.

The ICF is one volume of the WHO family of classifi-
cation systems, including the ICD-10, and it creates a con-
ceptual framework and a classification system to portray
multidimensional characteristics of the human experience;
it is not limited to disability. In themodel, a health condition
is a disease, disorder, or injury that potentially precipitates
changes in body function and structure, activities, and par-
ticipation. Each of these terms – impairments, activities, and
participation – is carefully defined (Figure 1).

Impairments are changes in the body structure and func-
tion. Body functions include mental functions; sensory
functions and pain; voice and speech functions; functions
of the cardiovascular, hematological, immunological, and
respiratory systems; functions of the digestive, metabolic,
and endocrine systems; genitourinary and reproductive
functions; neuromusculoskeletal and movement-related
functions; and functions of skin and related structures.
Body structure follows this same schema. Activities and
participation include learning and applying knowledge;
general tasks and demands; communication; mobility;
self-care; domestic life; interpersonal interactions and
relationships; major life areas; and community, social,
and civic life.

The ICF also classifies environmental factors, includ-
ing products and technology; natural environment and
human-made changes to the environment; supports and
relationships; attitudes; and services, systems, and poli-
cies. A major contribution of the revised model proposed
by the ICF is the role of the environment – built, social,
and attitudinal – to create barriers and facilitators for
people with disabilities. The importance of the environ-
ment has led some people to define disability as the ‘fit’
between the person and the environment. Personal factors
appear in the taxonomy and include age, gender, and
social status, but these contextual factors are not yet
classified in the ICF framework.

The ICF is not designed as a measurement tool, but as
an organizing system to map human experience. The aim
of the ICF is to create a classification system, not to
replace existing clinical tools. The value of the ICF is
that it captures the multidimensional experience of dis-
ability in its various domains; it creates a common lan-
guage to describe complex experiences. An example may
illustrate the robustness of the model. A person diagnosed
with macular degeneration (a disease) may have changes
in structure of macula that can diminish acuity (function);
acuity can be measured. Vision loss is more than changes
to the structure and function of the eye. It is problematic
because it affects the ability to perform various activities –
reading, driving, shopping, record keeping, and meal
preparation. While these activities are important, the
greater limitation of vision impairment may be the impact
on social participation – getting together with friends,
working, and educational and civic pursuits. The environ-
ment in the ICF model serves as a barrier or facilitator,
and for people with vision loss, the environment may
include signage, print size, light, transit systems, and
access to technology. The environment also includes atti-
tudes and policies. Improvements in signage, lighting, and
print size as well as positive attitudes of medical personnel
and the public do much to ameliorate problems posed in
the environment.

The ICF components can be used to map indivi-
duals, groups, or populations, and the taxonomy also

Health condition
(disorder/disease)

Body structures
and functions

Activities
(activity limitation)

Participation
(participation restriction)

Environmental
factors

Personal
factors

Figure 1 International Classification of Functioning, Disability,

and Health (ICF) Framework. Reproduced from World Health

Organization (2001) International Classification of Functioning,
Disability and Health. Geneva: WHO.

424 The Public Health Dimensions of Disability



distinguishes among the roles of providers and policy
makers. By and large, rehabilitation addresses efforts to
improve the performance of activities – through alterna-
tive strategies (e.g., a closed circuit television) and devel-
opment of new or alternative skills (e.g., Braille). Changes
in public policy may affect the availability of public trans-
portation systems that reduce the necessity of driving, and
changing social values may improve community attitudes
to be more inclusive (see Figure 1).

People with different diagnoses (e.g., spina bifida, spi-
nal cord injury, and cerebral palsy) may have very similar
functional difficulties (e.g., mobility or self-care). Differ-
ences in environments may allow more or less participa-
tion. Environmental changes can create more accessible
businesses, homes, and transportation systems that benefit
all people with mobility limitations regardless of the
underlying diagnosis. Therefore, the ICF creates a lan-
guage that allows one to identify characteristics common
to people with disability as well as those that are distinct
to individuals or particular groups.

Moreover, the ICF taxonomy can be used as a frame-
work to direct interventions, define outcomes, and guide
policy, as well as organize research efforts. For example,
while the clinical interventions in rehabilitation are
aimed at restoring function, the purpose of restored func-
tion is to promote full societal participation. One could
use the ICF to map individual experiences or aggregate
the effects of a rehabilitation program to illustrate the
effectiveness of a rehabilitation intervention. Moreover,
interventions for attention-deficit hyperactivity disorder
(ADHD) may occur in the form of medication, addres-
sing the impairment level. This intervention, hopefully,
improves a child’s functioning as shown by improving his/
her attention.The attention helps improve the child’s ability
to make and keep friends, and improve schoolwork. On the
other hand, intervention could occur in the school room
where a competent teacher is able to help a youngster with
ADHD burn off excess energy during recess so that behav-
ior is more settled and participation improves.

In addition, one can use this framework to describe a
population by identifying dimensions of activities, partici-
pation, and the environment. The outcomes of clinical
interventions and public health are increased participation.
The pathways to accomplish a common goal may differ.

Medical/Social Models of Disability

The traditional model of disability grew, reasonably, out
of a medical perspective (e.g., a medical model). That
perspective focused issues on the person’s problem(s),
assumed medical care; thus presumed changes for the
person would come in the form of adapting to their
environment as best they could. Relevant policies focused
on medical care issues. As Western society has developed

civil rights emphasis over the past 40 years, a second
model has evolved from people with disabling conditions.
It is called the social model and frames issues of disability
in society. In this model the emphasis is on the environ-
mental barriers that impede or prohibit those with physi-
cal impairments from participating fully in society.
Society is marginalizing people with disabling conditions
and social change is needed in the form of changes in
attitudes and adaptations of the physical environment;
policy changes should be driven by human rights.

The ICF model integrates the two perspectives, medi-
cal and social, suggesting that both individual needs and
societal responsibilities are important. This biopsycho-
social model recommends that medical care and social
change are needed, that personal adjustment and envir-
onmental changes are crucial for people with disabling
conditions to participate fully in society (Figure 2).

Disability in Developed and Developing
Nations

While the dimensional qualities of disability may be
largely universal, the perception, rates, civil rights, and
programs for people with disabilities vary remarkably in
developing and developed nations. The United Nations
(UN) Statistical Commission has developed guidelines for
disability statistics to be used by any country (UN, 2001).
The current state of prevalence rates around the world is
chaotic – that is, prevalence varies from extremely low
rates of less than 2% in lower-resource countries to as
high as 20% in countries with high resources. The varia-
tion reflects differences in definitions in surveys or cen-
suses (‘‘Is there anyone in the household who is deaf,
dumb, or blind?’’ versus, ‘‘Are you limited in any way in
any activities due to a disabling condition?’’), and include
the stigma in some countries attached to identifying with
disabilities. Developing countries often indicate that the
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Figure 2 The ‘‘bridged model of disability: Medical and social
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disparities found in higher-resource countries are less
apparent in their own countries because, for example,
almost everyone is poor and unemployment is rampant.
Disparities, however, are often shown in the number of
children with disabilities receiving education services.
From a policy standpoint, however, numerous countries
with relatively few resources have developed strong pol-
icy statements. The white paper ‘‘On an Integrated
National Disability Strategy’’ from South Africa is a
prime example (Office of the Deputy President, 1997).
Resources, however, restrict the opportunity to imple-
ment many policies. In addition, policy assessment is
being completed in numerous countries by a project
under the Center for International Rehabilitation (CIR),
publishing reports that uniformly collect policy informa-
tion on disability rights (CIR, 2003, 2004).

Estimated Population of People with
Disabilities

Given the debate over what constitutes disability, it is no
wonder that there are similar debates about the preva-
lence of disability or estimated populations of people with
disabilities. Several national, population-based surveys
have different estimates of the population of people with
disabilities. While these rates range from about 15–20%
of the population, the differences arise from different case
definitions of disability as well as differences in how
surveys are administered. In the United States, the 2000
Census reports 49.7 million people age 5 and over
(Waldrop and Stern, 2003; in 2003 the National Center
for Health Statistics (NCHS) – a face-to-face survey –
estimated that 34.3million people (12%) were ‘‘limited in
their usual activities due to one or more chronic condi-
tions.’’ In addition, the NCHS survey estimated that
3.8 million (2%) required the help of others with ADLs
such as eating, dressing, and bathing, and 7.7million (4%)
required help with instrumental activities of daily living
(IADLs, e.g., household chores or shopping) (Schiller
et al., 2005). A 2001 analysis of the 1999 Survey on
Income and Program Participation (SIPP) data esti-
mated that 44million people aged 18 and over were
disabled (Centers for Disease Control and Prevention
[CDC], 2001). The Behavioral Risk Factors Surveil-
lance System, a random digit dial telephone survey of
adults age 18 and over, uses two disability questions to
estimate state-level prevalence of disability. Using 2001
and 2003 survey data, states report a mean prevalence of
disability of 19.1%.

McNeil (2001), using 1997 SIPP data from the U.S.
Census, estimates that 19.7% of people aged 5 and over
reported disabilities, representing 52.6million people.
These estimates did not include people in institu-
tions. McNeil estimated that 12.3% of the population

(33.0 million people) had a severe disability, and 3.8%
(10.1 million) needed personal assistance with one or
more ADLs or IADLs. In his study, McNeil used a sum-
mary definition of disability that included nine dimen-
sions, including limitation in performance of ADLs,
IADLs, inability to work, and receipt of federal benefits
based on inability to work. Figure 3 shows prevalence of
disability by age group, and it shows a well-documented
increase in prevalence of disability as people age.

Fedeyko and Lollar (2003) employed the eight ICF
domains to estimate prevalence of disability for people
aged 5 and over using data from the 1994–1995 National
Health Interview (NHIS) Disability Supplement. This
noncategorical strategy reveals that 19.35% of the popu-
lation report one or more life domain limitations, an
estimate remarkably close to McNeil’s study. This analy-
sis illustrates that people are slightly more likely to report
limitations in two or more domains; 45.3% of respondents
reported one limitation; 24.3% reported two, and 30.4%
report three or more. Table 2 illustrates the distribution
of the population employing ICF domains.

In addition to severity and domain, McNeil (2001)
examined the relation between poverty and disability
and poor health and severity of disability. The association
between poverty and poor health as they relate to severity
suggests the importance of understanding the broad social
context of disability (Figures 4 and 5).
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Figure 3 Disability prevalence by age: 1997 (percent with

specified level of disability). Disability was defined as anyone

who: (a) used a wheelchair, cane, crutches, or walker; (b) had
difficulty with one or more functional limitations; (c) had difficulty

with one or more activities of daily living; (d) had one or more

specified conditions; (e) had any other mental or emotional

condition that seriously interfered with everyday activities; (f) had
a condition that limited the ability to work around the house; (g) if

16–67 years of age, had a condition that made it difficult to work

at a job or business; or (h) received federal benefits based on an
inability to work. Reproduced from U.S. Census Bureau, 1996

Survey of Income and Program Participation: August–November

1997. McNeil JM (2001) Americans with Disabilities, Household

Economic Studies, Current Population Reports, P70–73, 1–20.
http://www.census.gov/prod/2001pubs/p7073.pdf.
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Table 2 Prevalence rate of population reporting life domain limitations by ICF chapter and demographic characteristics, 1994–95 NHIS Disability Supplement, Phase I

Chapter 1 2 3 4 5 6 7 8

Sensory
Domestic Interpersonal Total population

Seeing Hearing Total Learning Communicationa Movementb Mobility Self-careb lifec interactionsd (unduplicated)

Total

Percent of population 2.44 4.58 6.44 5.27 2.14 10.20 7.11 1.87 4.55 6.42 19.35

Standard errore 0.04 0.07 0.08 0.08 0.05 0.11 0.08 0.04 0.07 0.09 0.17
N = 202 560

Sex

Male 2.10 5.69 7.22 5.72 2.69 7.99 5.49 1.61 3.49 5.63 18.61

Female 2.77 3.53 5.70 4.85 1.62 12.28 8.65 2.12 5.52 7.18 20.05
Age (years)

5–17 0.51 0.84 1.32 9.36 4.80 0.20 0.40 0.75 4.56 12.05

18–44 1.33 2.09 3.27 3.47 0.71 5.28 2.98 0.61 1.89 5.85 13.27

45–64 3.19 6.56 9.16 4.13 1.26 15.32 10.78 1.93 4.52 7.85 25.55
65+ 9.68 18.75 25.06 9.26 3.60 34.84 30.72 7.91 13.77 10.34 52.18

aAge > = 1.
bAge > = 5.
cAge > = 18.
dAge > = 3.
eAll standard errors are within 30% of the estimate itself as recommended by the NCHS.

Reproduced from Fedeyko HJ and Lollar DJ (eds.) (2003) Classifying disability data: An integrative approach. In: Using Survey Data to Study Disability: Results from the NHIS Survey on
Disabiliby, vol 3, pp. 55–72. Bingley, UK: Emerald Group Publishing Limited, with permission.
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Older People with Disabilities

People who are older report higher rates of disability;
higher rates of chronic conditions associated with aging
contribute to functional decline. The six main conditions
associated with aging – arthritis or rheumatism, back or
spine, heart trouble/hardening of the arteries, lung and
respiratory problems, deafness or hearing problems, men-
tal and emotional problems – account for 23.9 million
people who report functional difficulties (McNeil and
Binette, 2001). Other factors – poverty, lower education
levels, and race and ethnicity – predict higher rates of
disability (McNeil, 2001).

Given the large number of older people who report
disability, there is compelling evidence that the rate of
disability is declining. A variety of studies conducted in

the 1990s report that prevalence of disability declined
1.55% to 0.92% per year (Freedman et al., 2002). Hardy
and her colleagues (2005) argue that for older people
disability is a ‘‘dynamic process’’ in which many elders
transition into and out of independence and disability.
Debates regarding prevalence of disability among older
people are complicated by the increasing number and
longevity of older people. Fries (1980) argues that a
‘‘compression of morbidity’’ may reduce the period that
chronic conditions affect function. Others have suggested
that the trajectory of chronic conditions in a large
population may result in prolonged periods of disable-
ment. Other factors, including increased expectations of
the baby boomer generation, increased use of technology,
and better medical treatments contribute to the mixed
understanding of future trends in aging and disability
(Freedman, 2006).

Working-Aged People with Disabilities

Whilemuch of the research in the 1990s indicated reduced
prevalence of disability among older people, research on
people younger than 65 revealed opposite trends. Lakda-
walla et al. (2004) examined NHIS data from 1984 to
2000 and noted that younger people reported greater
rates of diseases (obesity and diabetes) that lead to disabil-
ity as well as increasing economic incentives to report
disability – even if function has remained unchanged.
Lakdawalla and colleagues hypothesize that increased
rates of obesity contribute to substantial increase in rates
of disability. Obesity increases the likelihood of diabetes
and musculoskeletal problems (primarily back-related),
for example. In addition, improvements in technology
may improve survival among people with severe chronic
illnesses, and finally, the authors note that less-skilled
workers may find economic advantage in seeking disability
insurance, as wages have not kept pace with increases
in disability insurance benefits. In another investigation,
Bhattacharya et al. (2006) found that in addition to
increases in diabetes among the working aged, from the
early 1980s to the mid-1990s, there were increases in the
prevalence of respiratory diseases such as asthma and
chronic bronchitis as well as an increase in congestive
heart failure.

Children with Disabilities

The UN Convention on the Rights of the Child (UN,
1989) includes specific language on the rights of children
with disabilities in Article 23. It mandates that chil-
dren with disabilities should enjoy a full life under con-
ditions to ensure dignity, self-reliance, and participation
in the life of the community. The right to special care and
assistance for the children and their caregivers is included.
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Figure 5 Poverty status by disability status: 1997 (age 25 to
64 years, percent in and out of poverty). Reproduced from U.S.

Census Bureau, 1996 Survey of Income and Program

Participation: August–November 1997.

58.9

26.6

14.5

39.7 39.5

20.8

75.1

22.3

2.6

Severe Not severe No disability

Very good/excellent Good Fair/poor

Figure 4 Perceived health status by disability status: 1997 (age
25 to 64 years, percent with specified health status). Reproduced

from U.S. Census Bureau, 1996 Survey of Income and Program

Participation: August–November 1997.

428 The Public Health Dimensions of Disability



In addition, assistance without cost and access to educa-
tion, training, health care, rehabilitation, and services to
achieve social integration and individual development is
explicitly recommended.

Health Disparities/Disparities in Health
Behaviors

The public health field often equates disability with sick-
ness. The notions of illness and disability, however, are not
points on the same spectrum. They are different concepts.
People with disabilities can be sick, and overall they
report poorer health than people without disabilities.
That said, the aim of public health should be to improve
the health of people with disabilities.

A recent examination of the 2001 and 2003 Behavioral
Risk Factors System (CDC, 2006) provides insight into
differences in prevalence of disability as well as self-
reported health, health disparities, and disparities in
health behaviors among people with and without
disabilities.

In the United States, rates of disability have consider-
able regional and state-to-state variability. The rate of
disability for those aged 18 and over ranges from 11.4%

in Hawaii to 25.8% in West Virginia. The median rate of
the states is 19.1%. Figure 6 shows prevalence of disabil-
ity in the states divided by quartiles. The prevalence of
disability in these states, in all probability, differs because
of differing health behaviors, access to health care, insur-
ance, poverty, and education levels.

However, if one examines self-reported health among
those with disability, a striking pattern occurs. Among those
with disability, the highest percentage of those reporting
fair/poor health occurs in the southeastern states of the
United States. Figure 7 shows prevalence of fair/poor
health among people with disabilities divided into quar-
tiles. While states in the Ohio and Mississippi valleys
(West Virginia, Kentucky, Mississippi) and the far north-
west (Washington, Oregon, and Idaho) tend to report
higher rates of disability, poorer health occurs in the
southeast. Poorer health predicts higher heath-care costs,
greater demands upon caregivers – both paid and family –
and diminished social participation.

The problem of poor health may not reside with access
to health care but rather in health behaviors – smoking,
obesity, and lack of exercise. In the CDC study, the mean
rate of smoking among people with disabilities is 30.5%
compared to 21.7% for those without disabilities. Simi-
larly, people with disabilities are more likely to be obese
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Figure 6 Prevalence of disability among adults 18+, BRFSS 2001 & 2003. Reproduced from Centers for Disease Control and

Prevention (2006) Disability and Health State Chartbook, 2006: Profiles of Health for Adults with Disabilities. Atlanta, GA: Centers for

Disease Control.
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(31.2%) compared to people without disabilities (19.6%),
and people with disabilities are more likely to be physi-
cally inactive (22.4%) compared to those without disabil-
ities (11.9%). These health behaviors may be contributing
to overall poorer health. There are substantial differences
in the rates of smoking, exercise, and obesity between
people with and without disabilities. If health behaviors
can be modified, then there may be greater opportunities
to achieve national health goals.

These patterns of health disparities suggest that people
with disabilities need to be included as a targeted popu-
lation for broad public health interventions in smoking,
obesity, and exercise. However, given the particular con-
siderations of people with disabilities in terms of mobility,
sensory, and cognitive function, interventions may need to
be adapted to respond to those differences.

Health Promotion Interventions for People
with Disabilities

The Rural Institute on Disability at the University of
Montana in the U.S. has been particularly successful in
designing, implementing, and evaluating health interven-
tions of people with mobility and cognitive limitations.

One well-established program, Living Well with a Dis-
ability, is an 8-week curriculum that can be delivered in
the community by a trained facilitator. Living Well has
been replicated in 27 U.S. states; it is based on the inde-
pendent living philosophy that fosters control and deci-
sion making of the consumer. The program emphasizes
goal-setting and goal clarification process and teaches
skills for generating, implementing, and monitoring solu-
tions to problems. Living Well also provides tools for
managing one’s health and making healthy lifestyle
changes, increasing physical activity, developing and
maintaining healthy relationships, improving nutrition,
avoiding depression and frustration, and advocating for
community health to maintain gains (University of Mon-
tana Rural Institute, 2004).

Several evaluations of this program have examined
improved health and reduced utilization of health care
including physician visits, emergency room care, and
hospitalizations. This kind of program is especially well
suited to be delivered through independent living pro-
grams, community-based programs operated for and by
people with disabilities.

For people with intellectual disabilities, the University
of Montana has developed a nutrition program and the
University of South Carolina College of Medicine has

DC

Percent with fair/poor health

Quartile 1: 28.9–33.9

Quartile 2: 34.0–38.1

Quartile 4: 41.9–70.5

Quartile 3: 38.2–41.8
Hawaii

Guam

Puerto Rico

U.S. Virgin Islands
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developed a fitness and nutrition program (Ewing, 1999).
Ewing’s Steps to Your Health addresses nutrition, exercise,
stress management, and obesity, as well as communication
style. This intervention relies upon a facilitator to work
with groups of consumers in the community.

While some health promotion activities are designed
as community-based interventions, others are web-based
and serve a broader national audience. One example is the
National Center on Physical Activity and Disability
(NCPAD). This website provides information on health
promotion, including strategies, resources, and regimens
to promote exercise and fitness. The website is becoming
increasingly interactive with the idea of having consumers
provide details about function and desired outcomes; the
electronic system then generates suggestions based upon
the individual’s profile (see the section ‘Relevant
websites’).

Training

Public health curricula have traditionally dealt with dis-
ability as one of the negative health outcomes to be pre-
vented. While primary prevention of disabling conditions
is an important public health mandate – whether from
injury, chronic illness, developmental disabilities, birth
defects or environmental toxins – primary prevention
efforts will never be completely successful. Individuals
will continue to be born with or acquire conditions that
are disabling. Public health as a field, and therefore, public
health education, should acknowledge and train profes-
sionals to address this large segment of the population.

Public health training is currently increasing coverage
of disability with courses specifically addressing epidemi-
ology of disability, health-care access and disparities,
ethics, emergency responses, and maternal and child
health. Curricular materials are also available and are
growing in their use (OHSU, 2005; BU, 2006). An addi-
tional support to the growing field of disability in public
health in the United States is found in the Disability
Forum of the American Public Health Association
(APHA). This group within APHA provides an on-going
presence for professionals working in disability, and also is
the consultant to APHA disability-related policies of the
organization as well as matters related to members with
disabilities and appropriate accommodations.

Conclusion

In summary, disability is developing as an emphasis in
public health science, policy, programs, and training. The
field of public health has evolved from a primary empha-
sis on mortality through morbidity to the next emerging
area to be addressed.

See also: Health Behavior and Risk Factors; Populations

at Special Health Risk: Displaced Populations; Popula-

tions at Special Health Risk: The Elderly; Populations at

Special Health Risk: Rural Populations.
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Explanation of Terms

Public Health

Public health was defined by Winslow in 1923 as

‘‘the science and art of preventing disease, prolonging life

and promoting physical health and efficiency through

organized community efforts for the sanitation of the envi-

ronment, the control of community infections, the educa-

tion of the individual in principles of personal hygiene, the

organization of medical and nursing services for the early

diagnosis and preventive treatment of disease, and the de-

velopment of social machinery which will ensure to every

individual in the community a standard of living adequate

for the maintenance of health’’ (Winslow, 1923: 1).

The 1988 Institute of Medicine report on the state of the
U.S. public health system defined public health as
‘‘organized community efforts aimed at the prevention
of disease and promotion of health.’’ The report also
described public health as ‘‘what we, as a society, do
collectively to assure the conditions in which people can
be healthy’’ (Institute of Medicine, 1988: 40–41).

Public health is the science of protecting and improv-
ing the health of communities through creation of social
conditions conducive to health, education, the promotion
of healthy lifestyles, and research for disease and injury
prevention. Public health involves the application of
many different disciplines including epidemiology, bio-
statistics, anthropology, medicine, sociology, and public
policy, to name a few.
Public Health Professionals

Broadly speaking, public health professionals are all those
individualswho practice public health principles andmeth-
ods in diverse areas such as program management, policy
development, research, and surveillance. A recent Institute
of Medicine study on educating public health professionals
for the twenty-first century defines a public health profes-
sional as ‘‘a person educated in public health or a related
discipline who is employed to improve health through a
population focus’’ (Institute of Medicine, 2003: 30). The
scope of work of public health professionals is large, and
to some extent, not very strictly defined. Public health
professionals may primarily focus on individual risk factors
of disease and health conditions. Alternately, they may
focus on social, environmental, and economic factors
influencing health, such as income, education, housing,
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and so on. Another angle of addressing public health can be
making the political landscape more committed to improv-
ing health of populations through appropriate policy devel-
opment and advocacy. Finally, public health professionals
can be primarily engaged in research – academic and oper-
ational – to build the evidence base for appropriate inter-
ventions and policies.

Public health professionals form an important part of the
health workforce, together with clinical practitioners and
other health professionals. The field of public health prac-
tice exists inmost countries, although in different forms, and
is developed to varying degrees. In countries such as the
United States, UK, Australia, and Canada, the profession is
well developed and widely recognized. In others, mostly
developing countries of Asia and Africa, the profession is
still struggling to establish an identity separate from and of
equivalent standing as clinical medicine.
Public Health Practice/Service

According to the Public Health Function steering commit-
tee of the Institute of Medicine, the following are com-
monly presented as the 10 essential public health
functions (http://www.health.gov/phfunctions/public.htm):

1. Monitor health status to identify community health
problems.

2. Diagnose and investigate health problems and health
hazards in the community.

3. Inform, educate, andempower people about health issues.
4. Mobilize community partnerships to identify and solve

health problems.
5. Develop policies and plans that support individual and

community health efforts.
6. Enforce laws and regulations that protect health and

ensure safety.
7. Link people to needed personal health services and

assure the provision of health care when otherwise
unavailable.

8. Assure a competent public health and personal health-
care workforce.

9. Evaluate effectiveness, accessibility, and quality of per-
sonal and population-based health services.

10. Research for new insights and innovative solutions to
health problems.

Public health practice involves engagement of multiple
sectors that influence health outcomes, such as education,
legislation, and economics, among others.
Development of Public Health as a
Profession

Development of public health as a profession is closely
linked with the history and development of public health
as a field separate from medical practice. Historically,
health has been dominated by a biomedical model. Early
efforts to control and prevent infectious disease involved
interventions like popular education, fumigation, disin-
fection, and vaccination. Responsibility for disease control
and prevention was that of two groups – the medical
officers (family doctors) and health officers. The doctors
would diagnose the disease, advise patients about cure
and prevention, and inform local health departments
about occurrence of the disease. The health officers pri-
marily included quarantine and sanitary officers who
worked with the health departments and focused on
aspects like sanitation of environments and isolation of
patients. This group in some ways represented the earliest
development of the public health professional cadre.

Legislative and administrative developments in the
nineteenth century contributed to the establishment of
the public health profession. Several public health laws
were enacted, often led not by medical doctors but by
lawyers and public service workers. Several initiatives
related to sanitation and sewage disposal were connected
to developments in engineering, not medicine. The indi-
vidual responsible for establishment of the first sanitary
commission (in the UK) – Edwin Chadwick – was a
lawyer, who also made extensive observations on workers’
health in occupational settings. Demographers began
using legislation on provision of vital statistics like birth
and death rates to inform medicine and health issues.
Early epidemiologists started drawing on geographical
patterns of disease and impact of employment on health.
Thus began the inclusion of nonmedical professional dis-
ciplines in addressing health and disease. Administrative
developments included the establishment of a centralized
department of health in the UK as well as the later estab-
lishment of the public health service in the United States.
These bodies consisted of a number of qualified medical
and scientific experts who started conducting investiga-
tions in communities, bringing back samples and data
to the laboratory for analysis and relating disease to social
and economic factors. Several health-related acts were
passed in the UK, including one that made it possible
to appoint medical officers of health, thereby further
delineating the preventive medicine, or public health
profession.

Other factors that contributed to professionalization of
public health included:

. Setting educational standards for preventive medicine;

. Creating public health journals (which contributed to
establishing a professional identity for subscribers);

. A registration system for health officers.

Disciplines like epidemiology and bacteriology enabled
separation of public health professionals from medical doc-
tors. In fact, the public health group started making certain
demands, such as reporting infectious disease, on the
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medical doctors. This led to certain friction between the
two groups, some of which we see even today.

The last century has seen a definite shift in the com-
position of public health professionals from only physi-
cians to a diverse group with different backgrounds. For
example, today we find many health administrators and
environmental scientists working on public health issues;
perhaps they outnumber physicians working in public
health in certain countries. Public health is also leaning
toward a broader understanding of health determinants
such as behavioral sciences and economic factors.
Positioning Public Health Professionals
in the Overall Health Workforce

Public health professionals try to prevent health problems
from happening or re-occurring through implementing
educational programs, developing policies, administering
services, and conducting research, in contrast to clinical
professionals, such as doctors and nurses, who focus pri-
marily on treating individuals after they become sick or
injured. They have an important role to play in designing
health policy; implementing and evaluating health pro-
grams and health systems, and managing the health work-
force comprising clinicians and paramedical professionals.
They fulfill diverse roles – ranging from demographers
and public health scientists to administrators and health
communicators. Public health professionals serve unique
functions as part of the health workforce and constitute an
integral component of any modern health system.
Education and Training of Public
Health Professionals

Overview of Public Health Education

In the last few decades, increasing demand for profession-
ally trained public health professionals has led to emer-
gence of several academic and other training programs
for individuals aspiring to work in this field. While
countries such as the United States and the UK boast
well-established schools (and even associations of schools)
of public health, developing countries such as Thailand
have also established national schools of public health.
Still others like India have recently launched initiatives
to establish public health academic programs. In addition
to public health programs, which typically admit students
from various backgrounds, several countries also maintain
the traditional residency programs in preventive and
social medicine that are open for admission only to
physicians.

Public health professionals require up-to-date infor-
mation and training to keep up with the dynamic nature
of this field. Further, education and training needs
to be relevant to the context in which these profes-
sionals work. The context includes the health system,
national policy structure, functions, and expected out-
comes. For example, a community health administrator
requires a set of skills and knowledge different from
those required by a health advocate. Also, differences
in distribution and determinants of health and disease
among different population groups determines the types
of skills and training required of the public health
professionals.

Core Competencies of Public Health
Professionals

The U.S. Council on Linkages between academia and
public health practice developed (in 2001) a set of core
competencies for public health professionals. These were
developed as a consensus set through collaborative work
between various professionals and organizations, includ-
ing public comments. The core competencies represent a
set of skills, knowledge, and attitudes necessary for the
broad practice of public health. The competencies are
divided into eight domains. These domains are listed
below with examples of specific skills therein:

1. Analytic Assessment Skills (determines appropriate
uses and limitations of both quantitative and qualitative
data; identifies relevant and appropriate data and infor-
mation sources; makes relevant inferences from quan-
titative and qualitative data).

2. Basic Public Health Sciences Skills (identifies and
applies basic research methods used in public health;
applies the basic public health sciences including
behavioral and social sciences, epidemiology, and pre-
vention of chronic and infectious diseases).

3. CulturalCompetencySkills (utilizes appropriatemethods
for interacting sensitively, effectively, and professionally
with persons from diverse backgrounds; identifies the role
of cultural, social, and behavioral factors in determining
the delivery of public health services; understands the
importance of a diverse public health workforce).

4. Communication Skills (communicates effectively both
in writing and orally or in other ways; advocates for
public health programs and resources; effectively pre-
sents accurate demographic and scientific information
for professional and lay audiences).

5. Community Dimensions of Practice Skills (establishes
and maintains linkages with key stakeholders; accom-
plishes effective community engagements; develops,
implements, and evaluates a community public health
assessment).

6. Financial Planning and Management Skills (manages
programs within budget constraints; develops strate-
gies for determining budget priorities; prepares propo-
sals for funding from external sources).
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7. Leadership and Systems Thinking Skills (creates a cul-
ture of ethical standards within organizations and com-
munities; promotes team and organizational learning).

8. Policy Development/Program Planning Skills (states
policy options and writes clear and concise policy state-
ments; utilizes current techniques in decision analysis
and health planning; translates policy into organizational
plans, structures, and programs).

Although these core competencies were developed
in the United States, a close review indicates that these
general sets of skills are applicable to public health profes-
sionals across countries. Such a listing can guide curricu-
lum and content development of public health education
and training programs for public health professionals.
They can also be used as a framework for hiring and
evaluating staff (Institute of Medicine, 2002).
Structure of Academic Programs/Training

Public health education is provided through both on-the-
campus and distance-based models. It is well established
as a formal academic program in several developed
countries, and is gaining a foothold in parts of the devel-
oping world. On-the-job training for staff employed in pub-
lic health systems is another common modality of public
health teaching.
Formal Academic Programs

Public health degree programs at undergraduate, gradu-
ate, and postgraduate levels are offered in many univer-
sities, in particular, in North America, Europe, Australia,
and New Zealand. The purpose of the undergraduate or
baccalaureate programs is to prepare graduates for entry-
level professional practice in a variety of public health
settings. The purpose of the master’s level graduate pro-
grams is to prepare advanced professionals and managers
for public health. The purpose of doctoral or postgraduate
programs is to conduct research that advances the theo-
retical foundation of public health practice and health-
care delivery. Public health academic programs can be
broadly divided into programs that are professionally
oriented and those that are academically oriented.

Professional degrees generally have a greater orienta-
tion toward practice in public health settings. TheMasters
in Public Health (MPH), Doctor of Public Health (DrPH),
and Masters in Health or Hospital Administration (MHA)
are example of degrees that are geared toward those
who want careers as practitioners of public health in
traditional health departments, managed care organiza-
tions, community-based organizations, hospitals, consult-
ing firms, international agencies, and state and federal
agencies, among others.
Academic degrees are more oriented toward students
wishing to seek a career in academics and research rather
than public health practice. Examples of academic degrees
are the Masters of Science (MS), Doctor of Philosophy
(PhD), and Doctor of Science (ScD) in subjects like immu-
nology, genetics, and biostatistics.

Although it is possible to learn about public health
practice through work experience, many public health posi-
tions require a degree in public health. A formal academic
degree enables public health professionals to gain knowl-
edge of the factors that influence local, national, and global
legislative and social polices; apply broad-based, state-
of-the-art quantitative and qualitative skills needed for
problem solving; develop multidisciplinary and collabora-
tive strategies for solving health-related problems; and
enhance communication skills by working with diverse
populations, and to be positioned for a leadership role in
health promotion and disease prevention (Institute of
Medicine, 2003).
Informal Training

In several countries, formal public health academic training
is not commonly available. Several governments provide in-
service short-term training programs to health sector
employees. These are typically provided by national health
institutes, nongovernmental organizations, and interna-
tional health agencies.
Continuing Public Health Education

Like any other profession, in pubic health as well, con-
tinuing education and training at repeated intervals is very
important for professionals to keep abreast with develop-
ments in the field. This is crucial especially in today’s
world where the public health community is faced with
several new challenges such as chronic disease burden and
health in disaster situations.

Many of the established public health schools offer
opportunities for taking continuing education credits
through on-site and distance-based courses. These meet
the educational needs of working professionals – health
practitioners, educators, scientists – who seek expanded
skills, new credentials, career advancement, and an
enhanced quality of working life.
Areas of Specialization

In addition to the general bachelor’s or master’s level
public health degree, some professionals proceed to spe-
cialize in specific disciplines. These include health policy
and management, epidemiology, biostatistics, behavioral
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science and health education, health communications,
occupational safety and health, environmental health
sciences, international and global health, public health
preparedness, oral health, family health, and research
methodology. This creates a cadre of specialists to work
in specific areas of the public health system.
Careers in Public Health

Public health careers inherently interest individuals who
derive satisfaction fromworking to improve health of popu-
lations. The public health field challenges professionals to
confront complex health issues like chronic disease control,
health system reforms, health financing, and protection
from occupational health hazards, to name a few. Working
in public health can also be enriching due to its multi-
sectoral nature. Professionals in this field come from a
diverse array of backgrounds – educators, economists, law-
yers, doctors, and so on. Leadership opportunities abound
in this field in both national and international organizations.
Public Health Workplaces – Public Sector,
Private Sector, Nongovernmental Agencies

Public health professionals work in both the public and
private sectors. Many public health graduates begin work
in the public sector in local, state, or central health depart-
ments. The jobs available at health departments range
from food safety inspectors to health educators; from
policy analysts to epidemiologists. Other public health
professionals work in university systems as researchers
and teachers. Those interested in working for a nonprofit
organization can find jobs in health advocacy, policy, or
research for international organizations such as the Red
Cross or Medicins Sans Frontiers (Doctors without Bor-
ders), or local non-profit organizations that focus on spe-
cific health issues. Another group of organizations is the
international agencies like the World Health Organiza-
tion, UNAIDS, and UNICEF. These bodies recruit public
health professionals with diverse backgrounds to serve on
international health projects. Public health professionals
are also in demand in the private sector – to work on
clinical research for pharmaceutical companies or as man-
agers and experts for health insurance companies.

Examples of professional paths are as follows:

. Health policy and management: academic/management/
legislative policy adviser;

. Epidemiology: research/state-level or district-level/
pharmaco-epidemiologist;

. Behavioral sciences and health education: mental health
researcher/health educator/behavioral scientist;

. Health communications: communications specialist/
journalist;
. Occupational health: corporate medical director;

. Social health work: nongovernmental agencies, interna-
tional humanitarian bodies.
Other Professionals in Public Health

Public health nursing

The American Public Health Association defines public
health nursing as the practice of promoting and protecting
the health of populations using knowledge from nursing
and social and public health sciences. Public health nurs-
ing is population-focused, community-oriented nursing
practice. The goal of public health nursing is the preven-
tion of disease and disability for all people through the
creation of conditions in which people can be healthy
(Demetrius, 2004). Public health nursing practice is con-
sidered to include the core functions of public health:
assessment, policy development, and assurance activities.
Community health nursing, often used synonymously, is a
synthesis of nursing practice and public health practice,
applied to promoting and preserving the health of popu-
lations. Public health nursing degree programs at various
levels are offered in selected universities globally. Devel-
oping countries that are faced with a shortage of health
workers should aim to explore the potential of utilizing
public health nurses to serve several core public health
activities. There are examples of such initiatives, such as
the auxiliary nurse midwives in South East Asia who
provide basic clinical, health promotion, and health edu-
cation services and support local health centers in moni-
toring population health.

Public health lawyers

Public health law is a form of public health policy that
integrates concepts from law, medicine, health care, and
public health. Public health law typically includes cer-
tain public health interventions of a legal nature. Thus,
implementation of public health law is an essential element
in ensuring population-level health, especially through
governmental entities. It provides public health profes-
sionals with the legal basis for their practice and defines
the scope of their practice. In recent decades, public health
law has developed as a specialization – both for gen-
eral lawyers and public health practitioners. International
legislation such as international health regulations and pub-
lic health treaties call for legal expertise in public health, at
both national and international levels (Gostin, 2000).

Health economists

Scarcity of resources in the public health sector and the
need to prioritize makes economics of health an important
area of work. The aim of health economists is often to
inform decision makers on choices they make to maximize
health benefits to the population. This involves improving
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the level and distribution of population health within the
resources available in an equitable manner. Health econ-
omists are engaged in several areas of public health prac-
tice including evaluation of health programs, study of
health financing, and health systems development.
Emerging Roles of Public Health
Professionals

Emerging Public Health Threats

Re-emerging infectious diseases

Emerging diseases include outbreaks of previously
unknown diseases or known diseases whose incidence
in humans has significantly increased in the past two
decades. Re-emerging diseases are known diseases that
have reappeared after a significant decline in incidence.
Changes in human demographics, behavior, land use, and
so on are contributing to newdisease emergence by chang-
ing transmission dynamics, bringing people into closer and
more frequent contact with pathogens. In addition to the
continual discovery of new human pathogens, old infec-
tious disease enemies are ‘re-emerging.’ Natural genetic
variations, recombinations, and adaptations allow new
strains of known pathogens to appear, pathogens to which
the immune system has not been exposed and is therefore
not primed to recognize (e.g., influenza). Furthermore,
human behavior plays an important role in re-emergence.
Increased and sometimes imprudent use of antimicrobial
drugs and pesticides has led to the development of resis-
tant pathogens, allowing many diseases that were formerly
treatable with drugs to make a comeback (e.g., tuberculo-
sis, malaria, and nosocomial and food-borne infections).

Public health professionals are faced with the chal-
lenge of preventing, identifying, and controlling spread
of these infectious diseases. This involves strengthening
basic and applied research on the diseases, identifying
better control strategies for infections (like tuberculosis,
malaria, and selected zoonoses) that continue to challenge
global health, and maintaining national and international
expertise to respond to future threats by supporting sci-
entific exchange and training.

Chronic diseases and conditions

In 2004 Brownson and Bright aptly described

‘‘the origins of modern public health can be traced back to

infectious disease epidemics of now uncommon diseases

such as cholera, plague, and leprosy. As these diseases were

controlled through a combination of improved sanitation

and hygiene, the discovery of antibiotics, and vaccination

programs, chronic diseases such as heart disease, cancer,

and diabetes became increasingly prevalent over the twen-

tieth century. Today, heart disease, cancer, and stroke are

the three leading causes of death, accounting for almost

two-thirds of all deaths’’ (Brownson and Bright, 2004).
Chronic disease prevention and control of risk factors
requires urgent attention. This subject also throws up
unique challenges for public health professionals who
have traditionally worked on (infectious) disease control.
For example, chronic disease control requires policy
interventions that go beyond the scope of the health
sector and that need cooperation with other sectors
like trade and finance. Control of risk factors like tobacco
use, alcohol consumption, and obesity demand a set of
multisectoral strategies. And conditions like road traffic
injuries require an understanding of broader develop-
ment issues like urban planning and transport systems.
The political commitment and innovative policy develop-
ment required for chronic disease control and preven-
tion add to the complexity of this field (World Health
Organization, 2005).

Health management in disaster situations
Emergencies and disasters affect the health and well-being
of populations – large sections may be displaced or may be
subject to risks of epidemics, infrastructure may be
destroyed or compromised, and huge economic losses may
be incurred. Disasters can be of several types, such as
natural disasters (earthquakes and tornadoes), politically
unstable situations (war, riots), and pandemics or large epi-
demics of infectious diseases. Disasters affect population
health inmultipleways, through injuries anddeath, increase
in endemic diseases and breakout of epidemics, emotional
stress, and breakdown of health service delivery systems, to
name a few.Globalization, increasing world population, and
environmental deterioration make people across several
continents vulnerable to the health impact of disaster situa-
tions. Public health professionals are called on to serve
nationally and internationally in such situations. Therefore,
it becomes crucial to improve the capacity of the interna-
tional public health and humanitarian community in emer-
gencies. Efforts are being made at the international level by
agencies like the World Health Organization in order to
strengthen the public health and the personal and opera-
tional skills required by public health professionals to work
as part of public health response teams in emergency set-
tings. Public health professionals deployed by such agencies
for health activities in disasters are under immense pressure
to work safely and effectively in interagency and national
country teams, so that humanitarian health is delivered in a
predictable manner and that, ultimately, health action in
crises is improved.

Bioterrorism

The potential threat of use of biological and chemical
agents has led to recent calls for public health preparedness
in this area by the international community. The first
to respond to an attack with a toxic substance having
immediate effects are likely to be the police, fire depart-
ments, and emergency medical personnel on or near the
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scene. In contrast, the first to respond to an initially
undetected attack with an infective or toxic agent having
only delayed effects are more likely to be regular health-
care providers, including nurses, physicians, and hospital
accident and emergency personnel, who may be located in
widely separated places.While chemical weapons can place
a great burden on public safety personnel, and biological
weapons on the public health infrastructure, they can both
place an extraordinary burden on the local health-care
delivery system. Public health professionals are likely to
be called on to support activities like assessment of the
risks, managing the risks (introduction of risk reduction
and control measures), monitoring activities, and commu-
nicating the risks. International and national agencies have
begun to identify capacities that need to be developed in a
section of the public health community so that these pro-
fessionals can provide such support, should the need arise.
Health Management

Public health professionals are often called on to serve in
supervisory and management roles. This may involve man-
aging actual implementation of health interventions or
managing public health teamswhich in turn are responsible
for field operations. Not many public health professionals
are traditionally trained in management principles like
human resource management, finances and accounting,
principles of ethicalmanagement, and cultural anddiversity
issues. However, understanding management principles
becomes critical for professionals who are called on to
playdiverse roles, such as chief executive officers of national
health agencies, managed health-care leaders, and health
insurance specialists. Several disease control programs are
funded through international agencies – working on such
projects also requires a solid understanding of management
principles. In fact, emphasis on ‘de-medicalization’ of public
health partly draws from the need to have such a div-
erse range of skills among public health professionals
(Boedigheimer and Gebbie, 2001).
Health Information Technology

Public health informatics, a hitherto practically unknown
field, is defined as the systematic application of information
and computer science and technology to public health
practice, research, and learning. This field includes a
focus on applications of information science and technol-
ogy that promote health of populations; and a focus
on disease prevention and operations largely within a gov-
ernmental context. Medical and health practitioners have
been using computers, networks, and databases for a long
time. However, the concept of public health information
systems is still relatively new in most parts of the world.
Few public health professionals receive formal training in
informatics. They are not fully aware of the nature and
purpose of informatics in health, nor of the potential, if any,
of information technology to improve and even transform
public health practice. Drivers of change forcing public
health professionals to be conversant with the develop-
ment, use, and strategic importance of computerized health
information systems include emerging public health issues,
growth in managed care, and the information technology
revolution. Countries with a well-established public health
infrastructure are beginning to recognize the potential of
this emerging field in public health practice. Public health
professionals of the future will have to familiarize them-
selves with this emerging branch, which can play a key role
in maintaining, updating, and analyzing information
related to the health status of populations, thereby inform-
ing policy development.Mortality andmorbiditydata, vital
statistics systems, and public health surveillance of health
conditions can all benefit through applications of informa-
tion technology. Some examples of applications include
networking for public health officials, use of data analysis
for policy objectives, and national-level health surveys
(O’Caroll et al., 2003).
Achievement of Overall Development Goals

The Millennium Development Goals (MDGs), endorsed
by all United Nations Member States at the 2000 Millen-
nium Summit, provide ambitious targets for reducing pov-
erty. Health is at the core of the MDGs. Three of the eight
Development Goals, eight of the 18 targets, and 18 of the 48
indicators are health related. The MDGs do not provide a
comprehensive list of health targets (e.g., lacking indicators
for reproductive health, reduction in noncommunicable
disease, and HIV treatment). However, they are an impor-
tant milestone in progress toward health for all. Public
health agencies, both national and international, have
incorporated achievement of the health-related targets
along with the overall MDG targets. Public health profes-
sionals will be required to be familiar with the health-
related MDG targets and to engage in health programs
that aim to support attainment of these targets.
Public Health Leadership

Public health professionals are challenged with ensuring
the provision of public health services in an environment
of change that requires adequate preparation in the
discipline of public health and the leadership ability to
mobilize communities. Public health professionals with
leadership skills are required to guide other professionals
forward during times of uncertainty and to ensure that the
public health needs of various and diverse populations are
met. Leadership is the ability to influence a group to move
forward toward a mutually agreed on community goal.
Leaders are focused on moving the public health agenda
forward toward a healthier nation. Public health leader-
ship requires a desire, a commitment, and adequate pub-
lic health preparation and experience to effectively lead.
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Critical leadership skills for public health professionals
include communication; public health practice experi-
ence; understanding of public health values, history, and
methods; cultural competence; negotiation skills; organi-
zational management; and public health emergency deci-
sion-making abilities.
Looking Ahead

Challenges of Globalization

Public health continues to be challenged with change:
increased technology, international integration of eco-
nomic and human resources, and emergence of develop-
ing countries are powerful forces in global markets and
powerful changes in social structures. Globalization in the
world economy in general has led to globalization of
public health efforts, as can be seen through international
public health treaties and international health regulations.
This presents increased opportunities and challenges for
public health practice.
Multi-Sectoral Nature of Public Health Practice

Increasingly, multiple sectors outside the health sector are
being identified as stakeholders in health policy develop-
ment and implementation. This includes not only the
public sector but also agencies from the private sector.
Law, finance, trade, and telecommunications are examples
of sectors within governments with which the health
sectors are required to collaborate on various aspects
of public health. Numerous legislations and regulations
impact health of populations, likewise public health inter-
ventions call for economic and legal interventions for
successful implementation. Thus, the public health pro-
fessionals of tomorrow will be expected to have a wider
understanding of determinants of public health beyond
the health sector. Another challenge will be to work in
close collaboration with multiple sectors, something that
the traditional medical infrastructure, and even the health
system to some extent, has not focused on, yet.
Migration of (Public) Health Professionals

Migration of health workers is an important factor con-
tributing to global shortages in the health-care delivery
systems. Although no specific information is available about
movement of public health professionals, they obviously
constitute a component of this migratory workforce.
In particular, a lack of formal academic programs and a
scarcity of well-remunerated positions lead to themigration
of young professionals interested in training, research, and
practice in public health, from developing countries
to developed countries. Thus, the issue is two-pronged –
public health professionals themselves are in short supply in
certain countries, and they must deal with the lack of other
health-care workers in the delivery systems. Recent global
reports and initiatives have begun addressing this issue
within the overall context of shortage of health workers
due to various factors (World Health Organization, 2006).

See also: Comparative Health Systems; Emergency

Medical Technicians; Nurses.
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General Considerations

The theme of public–private partnerships in public health
and health-care systems has become remarkably promi-
nent since the 1970s. More generally, the contrast between
the role of public and private organizations in providing
health services has become an extremely important part
of discourse and debate internationally. Much of this
discourse proceeds as if the distinction between public
and private organizations, and their respective roles
in health care, were clear and distinct. A broad definition
of public organization is one with a mandate for delivering
public goods. A narrower and more common definition
of public requires that the organization be a governmental
entity. Yet close inspection reveals a great diversity
of definitions of public and private in health care and
a great diversity of approaches to public and private
partnership in public health. Moreover, the definitions of
public and private are constantly evolving and, most inter-
estingly, we see a constant hybridization of the public and
private efforts in health care.

If the definitions of public and private in health care
are so fluid, how and why is the literature on the ideal
public–private mix so strident? The simplest explanation
is that the terms public and private are always defined
relative to each other, and that they refer to real opposing
social movements in specific contexts. Those oppo-
sing movements are rooted in neoliberalism and its resis-
tances, both of which have taken hold all over the world
but always in a unique form, reflecting specific local
political contexts (Leitner et al., 2007). Therefore, one
productive way to understand the meaning of public and
private in health care and its underlying dynamics is to
contextualize health care within various forms of the
neoliberal agenda, which seeks to find market solutions
to health-care problems, and the opposing movement of
resistance, which seeks to preserve if not expand the
public role in health care. While it is most common to
advocate for public–private partnerships, some oppose
this as a dilution of the unique public role in health. Still
others enthusiastically promote privatization as a means
of increasing efficiency and lowering cost of health ser-
vices. The advocates of these opposing perspectives usu-
ally assume their audiences understand the meaning
between public and private. In some cases, public is
taken as synonymous with governmental, and private
is reserved for nongovernmental. Others use private to
denote for-profit organizations, with nongovernmental
not-for-profits falling into a separate category, a third
sector, that is not necessarily public or private. Reich
(2002) notes that some international nongovernmental
organizations, such as Médicins Sans Frontières and
Helen Keller International belong to such a third sector,
or civil society. These organizations are private in that
they are not part of a governmental structure, but are
public in the sense that their purpose is to promote
the common good. He concludes that such nongovern-
mental organizations belong to civil society, a third sector
(Reich, 2002: 3–4).

Reich’s flexible approach to defining the public and
private recognizes the inherently blurry boundaries
between these categories and the pragmatic necessity of
considering a third sector. Another example of a flexible
and pragmatic approach to defining the public and private
was taken in a conference on public–private partnerships
for public health in Africa (Hursh-Cesar et al., 1994). The
conference concluded not only that a typology of the
public and private in public health would necessarily
vary from one country to the next, but also that the
definitions could reflect the interests of those who have
the power to define. Therefore, they believe it is impor-
tant to ask ‘‘who would define the typology – the public
sector or the private providers themselves? Would it clar-
ify ownership and control of services?’’ (Hursh-Cesar et al.,
1994: 18–19).

Another approach to understanding public and private
efforts in health care is to see these as outgrowths of basic
human impulses for individual and collective well-being.
Taking this general perspective, the private sector relies
more on individual interests in preserving well-being and
individual profiting from providing healing services to
paying clients. The collective interest in preserving the
health of a group is the basis for the development of public
health services, meaning those that cannot be consumed
individually but rather that benefit the public as a whole.
The latter would include not only public goods such as
clean water, clean environment, and safe collective food
supplies, but also collective pooling of resources to ensure
against the catastrophic loss associated with illness. Model-
ing private and public health in terms of individual
and collective interests has the virtue of highlighting the
conflicts between those interests. Classic examples of
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conflicts between individual and collective interests, also
known as social dilemmas, include the likelihood that some
individuals will free-ride on public generosity, taking
advantage of collectively shared goods by not contributing
or shirking one’s responsibilities, for example not paying
health premiums or taxes, or overutilizing services or a
scarce public good such as clean water.

It is reasonable to assume that individual interest in
well-being and individual strategies to preserve health
probably existedwell before our records of healing systems.
Yet it is just as reasonable to assume that collective action
for health also has a very long history, because the illness of
any given individual has ramifications for every other
member of the group, most obviously when disease is
contagious. Yet different societies have different traditions
for sharing public goods and, obviously, very different
healing systems have evolved internationally. The modern
health sector has roots in more ancient health and healing
systems, which were themselves a mixture of both privately
and publicly owned entities. Hence, the challenges of
integrating the private and public sectors in health care is
not a new phenomenon at all. Most contemporary healing
systems include both private healers and at least some
system for assuring collective health. Different societies
have struck a different balance between private and public
healing modalities, resulting in different types of complex
health systems. Depending on the political ideology
that has predominated, the health system developed in
different ways in different nations. In certain countries,
the state exercised their authority on the provision of
health care to the people and developed a predominantly
state-controlled service sector. In other countries, in con-
trast, the state has a minor involvement in managing
health systems. In other societies, the political ideology
affecting health care has changed, and the evolution of
health systems has paralleled those broader ideological
shifts.

Public health systems are not restricted to services
provided by the governmental services or infrastructure,
because private providers are inextricably part of public
health systems. Private providers of many different types
are in innumerable ways part of public health-care systems.
In many countries at least, public health systems include
dense networks of private and public providers of many
different types that interact in complex ways on a daily
basis. For example, when HIV-AIDS surfaced, public and
private organizations often developed public–private part-
nerships to provide new services. HIV services, often car-
ried out by private organizations, had to coordinate with
HIV testing and reporting, the latter generally carried out
by public providers and authorities.

No system is just an aggregate of the parts and, likewise,
public health systems should not be seen as a list of services
and functions. Public and private health providers interact
in many ways. The great challenge is for the two sectors to
find better ways to interact, to together become a viable
system so that responses to public health crises, particularly
sudden unanticipated ones, can be coordinated. One gen-
eral model of understanding the ideal public–private mix,
is the reinventing government approach popular in the
United States, Britain, and several other nations. That
model promotes many forms of promoting competition,
including putting out competitive bids open to private
and public providers, but also including many other ways
of promoting competition. However, much of public
health-care services may not benefit from such models,
because public health involves provision of public goods
that cannot be individually consumed, and also involves
very high levels of professional expertise that does not
thrive in competitive markets. Many public health and
health-care organizations have actively been trying to get
different stakeholders to share responsibility, not just turn it
over to the private sector. The later concept is often
referred to as a public–private partnership.
Public–Private Partnerships in
Health Care

A public–private partnership (PPP) includes the follow-
ing fundamental features:

. Includes at least two major partners, one representing a
public entity established to deliver public goods and a
second partner that is a nongovernmental organization,
that intend to collaborate.

. The collaboration should lead to sharing of resources in
improving the delivery of an intended public good.

. Both parties should be able to benefit by the collabora-
tion while being accountable for the decisions made
and outcomes achieved.

A simple partnership is often defined as the sharing
of risks and rewards (included in items two and three
above), while a public–private partnership (PPP) also
needs to include explicit concern for meeting public
needs and public accountability. It is important to note
that some (e.g., Reich, 2002) define PPP as necessarily
including a for-profit entity, while many others use a
less restrictive definition that includes not-for-profits.
Many parties in different capacities can be involved
in the partnerships provided there is agreement on fun-
damental principles. Involvement of nongovernmental
organizations (NGOs) between the partnerships of gov-
ernments and private sector is commonly seen. NGOs can
serve as facilitators of the partnership or as co-partners in
pursuit of the objective of the partnership. The NGOmay
provide resources or expert guidance, as is the case of the
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World Health Organization. The best approach for
public–private partnerships depends on factors such as:

. political ideology of the country or organization;

. organizational structure of the country or organization;

. primary focus (e.g., national, international);

. primary function – curative or preventive;

. modes of financing;

. possible private sector partners (e.g., are there sufficient
private providers in the geographical area?);

. international agreements, e.g., GATS, TRIPS.

The political ideology of the government or the orga-
nization plays a major role in deciding the extent to which
the private sector will be incorporated. Governments that
insist on maintaining major responsibility for health may
limit their partnerships to the outsourcing of nonclinical
minor functions of the health services. A more liberal
political setup would offer private sector to build joint
ventures in hospital development and management.

The organizational structure of a country’s public
health system will spell out the possible mechanisms of
integration of private stakeholders into the existing sys-
tem for providing health services. For example, in a cen-
trally controlled health system, partnerships need to be
built at the center of decision-making if private stake-
holders are to have a significant role in decision-making
as well as in implementation.

Many consider certain international organizations such
as the World Health Organization as more closely resem-
bling public rather than private organizations. International
organizations such as the WHO may negotiate partner-
ships with private partners with an international reach, as
well as with private partners limited to one nation. The
WHO has the competency and resources necessary to
successfully undertake such large-scale partnerships. One
of the best examples of the latter are the global partnerships
developed with pharmaceutical companies producing vac-
cines against preventable infectious diseases. International
organizations can partner with the pharmaceutical industry
to purchase large quantities of vaccines, drugs, or other
supplies. The purpose is to provide and distribute these
products to underserved populations in less developed
countries that cannot afford to buy them at the market
prices. This guarantees a reliable market for the industry,
through public provision of incentives for private research
and development of drugs and vaccines. Such large-scale
partnerships may reduce the cost of vaccines to populations
in poor countries in a relatively short period of time. The
international agency may withdraw its subsidy when the
price of such drugs and vaccines has reached a level afford-
able by the recipient country.

Building public–private partnerships for preventing
disease differs in many ways from more profit-oriented
partnerships. For-profit private sector involvement in
preventive efforts is generally low due to low financial
incentive. However, the private sector involvement in
preventive health efforts often has proven vital for long-
term success. Elimination of vaccine-preventable illness
in childhood in many countries was achieved with part-
nerships with private physicians. These private physicians
collaborated with the public health authorities in report-
ing cases while the state provides free vaccines.

The mode of financing in public health is a key factor
that determines the nature of many public–private part-
nerships. Funding to run public health systems could
come from general national revenue, special taxes for
developing the health sector, nominal user fees, social
security systems, other health insurance systems, or
foreign aid. Fiscal policies of the government or the orga-
nization will determine the extent of involvement of pri-
vate investments and private sector participation in public
enterprise. Policies for restricting private ownership in
public facilities, public oversight of insurance systems,
financial management in public health institutions, and
payments for outsourcing of certain services in public
facilities will all depend on the financing mechanisms.

Approaching the correct private partner is crucial for
the success of any partnership. The private sector partner
should be able to accommodate the common objective of
improving the public good while attaining their own
corporate objectives. For example, a private for-profit
organization’s incentives should not significantly differ
from that of the public organization, or else the private
entity may end up compromising the partnership. It is
important not only to identify the explicit mission of both
organizations, but also the implicit incentives. The private
sector often expresses interest in certain subsectors that
are more attractive to them financially, such as hospital
services. However, it is often difficult to enroll partners
for less attractive fields as preventive programs forcing the
public sector to be more flexible on selection criteria.
Private partners may believe they can turn a profit by
restricting provision of needed services, especially if pub-
lic monitoring is unfeasible or otherwise inadequate.

International trade agreements such as General Agree-
ment of Trade in Services (GATS) currently influence
public–private partnerships. State-operated services are
not considered under the purview of the GATS agree-
ment in that they provide noncompetitive and noncom-
mercial services. The World Trade Organization may
view some public–private partnerships as competitive
and commercial depending on the nature of the arrange-
ments under the partnership. Hence, the general rules of
GATS, Most Favored Nation, National Treatment and
Market Access, may apply to services provided by
public–private partnerships in the health sector. These
clauses are major concerns when deciding the nature of
the partnerships in order to improve the health sector
while safeguarding the national or organizational interest
(Table 1).



Table 1 Examples of public–private partnerships at the national level hospital and preventive services

Hospital services
. Locating a private wing within a public hospital
. Private investment, constructing and leasing to operate a public hospital
. Private management of a public hospital
. Leasing a public hospital for private operation
. Outsourcing nonclinical services: Janitorial, catering, security, transport
. Outsourcing laboratory services
. Outsourcing clinical services that needs specialization and huge financial investments
. Leasing high-tech medical equipment and ambulance services

Preventive services
. Development and operation of health education projects by the private sector, funded by public sector
. Operation of screening programs by private sector, funded by public sector
. Involvement of private physicians and institutions in governmental programs: Childhood immunization, infectious disease reporting

systems, other primary care services
. Health surveys, statistical analysis and clinical research conducted by private-sector experts under contract with government

through research grants
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Examples of Public–Private Mixes

The following are f ew examples of public–pr ivate mixes
from both develope d and less developed countr ies.
Public –Privat e Financi ng and Private Provision
of Ser vices in South Korea

South Korea employs publi c–private financin g of primar-
ily pr ivately provided health care. Altho ugh public ly
financed private provision is common in many oth er
countr ies, the Korean case is a rathe r extrem e exam ple
of private domina tion of provision. Over 90% of medical
institu tions are pr ivate, over 90% of total beds are private,
and over 90 % of spec ialist physi cians are pr ivate. More-
over, the private provision is not strictly regulated and
patien ts have great freedom of choice ( Jeong, 2005 ). The
free- market appro ach there may be re sponsible for dis-
paritie s be tween r ural and urb an regions in acce ss. While
80% of the population lives in r ural re gions, 90% of the
physicians and be ds are in urban areas ( Jeong, 2005 : 135).
Yet, on the dem and side, the Kore an gover nment main-
tains a great deal of con trol over f ee setting, while
financin g is funded throu gh a mix of private and publi c
source s ( Jeong, 2005 ). The gover nme nt public health
system in South Kore a has employed district health info r-
mation system s sinc e the ear ly 1990s to help local autho-
rities plan and manage compreh ensive health-c are
ser vices and to help the central gover nme nt plan ser vic es
national ly ( Dongwoon and Heejin, 2003 ).
Tuber culosis Control in India

In India, the tuberculosis control program has used
public–private partnerships to improve the accessibility
and quality of services to the population in case report-
ing, screening, and providing treatment for diagnosed
patients. As reported by Dewan and colleagues (2006), the
partner ship between the Indian government and private
practitioner s has increased the case notification rate.
Public –Privat e Mix in Can ada

Private health care in Canad a is essen tially anything over
and a bove what the public system will reimbur se. What
the public system will finance is regulated by the Canad a
Health Act. The Canada Health Act ass ures that all eligi-
ble peopl e in the country have access to insured pr e paid
health ser vic es. This is essentially public health insurance .
The Canad a Health Act also ass ures that health-ca re
coverage in the pr ovinc es is:

. Por ta ble: Citizens tha t move from one province or
ter rit ory to another do not lose cover age.

. Univer sal: Al l insured residents of a province or ter ri-
tory mu st be entitled to the insured health ser vic es
provided by the provi ncial or ter rit orial health-ca re
insurance plan.

. Access ible: ‘insu red per sons in a province or ter rito ry
have reasona ble access to insured hosp ital, medical
and sur gi cal-dent al ser vices on unifor m ter ms and con-
diti ons.’ (Over view of the Canad a Heal th Act, Accessi-
bility, Secti on 12: http://www.hc-sc .gc .ca/hcs-sss/medi-
assur/cha-lcs/over view-apercu_e.htm l)

However, som e provinces in Canad a allow doctor s
to practice outside the public system, although many
require that physicians charge the same or less than
what the government would pay for the services under
the publicly insured system. Many provinces are seeing
an increase in health-care providers practicing outside
the provincial system. For example, Quebec has seen
significant growth in private, for-profit clinics. Some pro-
vinces, such as Ontario, have attempted to strengthen the
public system.

Canada spent an estimated $142 billion on health care
in 2005, according to Health Care in Canada 2006, a

http://www.hc-sc.gc.ca/hcs-sss/medi-assur/cha-lcs/overview-apercu_e.html
http://www.hc-sc.gc.ca/hcs-sss/medi-assur/cha-lcs/overview-apercu_e.html
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report released by the Canadian Institute for Health
Information. Of that, just over $98.8 billion was spent by
governments delivering public health care. Approxi-
mately $43.2 billion was spent on private health care.
However, much of the health care is delivered by private
providers while funded by the government. Many of
Canada’s privately run hospitals and clinics are funded
through their provincial government. According to the
former president of the Canadian Medical Association,
75% of health-care services are delivered privately, but
funded publicly.

Frontline practitioners, whether they’re GPs or specialists

by and large are not salaried. They’re small hardware

stores. Same thing with labs and radiology clinics . . .

The situation we are seeing now are more services around

not being funded publicly but people having to pay for

them, or their insurance companies. We have sort of a

passive privatization.

Dr. Alber t Schumacher, 2006 , CBC News Re port

Several of the newer clinics now operate on a for-profit
basis. Some have argued that a trend would damage the
public health-care system. Yet in 2006, the Conservatives
government proposed a mix of public and private health
care, in which an expanded base of private providers would
remain publicly funded and universally accessible. As a
result, Canada has recently seen much debate about the
pros and cons of shifting toward more private health care.
Some argue that more private health would not threaten
the public system, but rather will expand the health-care
choices for those who can afford to pay for care over and
above what is publicly financed. They argue the public
system will be maintained and that more choice does not
mean one system for the rich and one for those who cannot
afford to pay extra.
Public and Private Health Insurance in the
United States

The health care of most United States citizens is financed
through a mix of public and private programs. Themajority
of citizens receive health-care benefits through private
employers. Employment-based health-care coverage arose
largely in the years after World War II, when many
employers began to provide health-care benefits to workers
in response to Federal Government wage controls.

Public funding for health care rose dramatically in 1965,
when Congress established Medicare and Medicaid,
through passage of the Social Security Act. The Medicare
Program covered most persons aged 65 or older. The
Medicaid Program extended federally funded cash assis-
tance programs for the indigent. Medicaid is funded jointly
between the Federal and State governments. Each state
administers somewhat unique Medicaid policies, although
they are constrained by the general guidelines enforced
by the Federal Government. Eligibility has expanded
over the years (Rowland and Garfield, 2000). Congress
established the State Children’s Health Insurance Program
(SCHIP) in 1997 to encourage States to extend Medi-
caid eligibility to a greater number of uninsured children
(U.S. Department of Health and Human Services, 2001;
Centers for Medicare & Medicaid Services, 2002).

Most of the recent proposed solutions to the problem
of rising numbers of the uninsured have focused on
making private insurance more affordable, rather than
merely extending public coverage. Politicians and policy
makers have recently proposed new mixes of public and
private programs and policies, including tax credits for
low-income uninsured and public funding for persons in
very high-risk pools. These proposals generally modify or
supplement, rather than replace, the existing private
employment-based coverage. Payment for many types of
health-care coverage by private employers has decreased.
Employer-sponsored retiree coverage has decreased since
the mid-1990s. The proportion of health-care costs paid
for by private employers is likely to continue to decrease,
and public coverage may not be able to cover the differ-
ence. As a result, the individual health-care consumer
will share more of the burden in the form of increased
co-payments and higher insurance premiums. That is, the
proportion of private individual payments will increase as
private employer-based payments decrease. Increases in
premiums have led many individuals to drop health-care
coverage entirely, contributing to increases in the num-
bers of uninsured.

Public policies emerge to fill in some of the gaps to
private coverage, but then new private coverage policies
emerge as potential solutions to the remaining gaps. For
example, many significant gaps in Medicare coverage
persist. One of the most important remaining gaps in
Medicare is the lack of coverage for long-term care ser-
vices. Thus most Medicare beneficiaries look to supple-
mental coverage from various public and private sources.
Medicare covered 56% of personal health-care costs
for its beneficiaries in 1997. Yet some personal health-
care expenditures are for services not covered by Medi-
care such as long-term care and dental services. Even
when services are paid for in part by the government,
beneficiaries often must pay a portion of the costs. This
co-payment requirement is also a substantial financial
barrier to care for Medicare-covered services. For all
these reasons, beneficiaries often are advised to seek out
supplemental coverage. Beneficiaries with no supplemen-
tal coverage are much more likely to delay care due to
cost compared with other beneficiaries (Shatto, 2001).
Changes in private and public health insurance, and
changes in the relationship between them, are important
for policy makers to understand.
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Privatization of Public Health

Conventional wisdom has been that privatization is car-
ried out when available financial resources are decreased.
This rests on the assumption that decision makers believe
private provision of services is cheaper if not more
efficient, and that decision makers believe the cost or
efficiency factor is more important than other considera-
tions in deciding whether or not to privatize. Evaluation of
the benefits and costs of public health service delivery,
however, involves decisions that go far beyond short-term
costs and benefits. Many public health services are ori-
ented to prevention of disease or to preparedness for
unexpected outbreaks. Such services cannot be evaluated
simply in terms of simple measurements of health out-
comes and costs. Moreover, although it is often touted
as a way of avoiding governmental bureaucracy, the con-
tracting out of public services often produces its own
organizational complications (Sclar, 2000). Additional
managerial time and resources in the form of paperwork,
oversight capacity, and other transaction costs are asso-
ciated with privatization (Keane et al., 2001). This may
explain why Rehfuss (1989) found that any costs savings
due to privatization have generally been in single digit
percentages. Thus there is preliminary evidence that pub-
lic health privatization often does not have the conven-
tionally expected effects on costs or efficiency. Nor is
there good evidence that privatization is carried out as a
response to declining resources. For example, a survey
revealed that privatization of public health services in the
Unites States resulted in increased time devoted to man-
agement and resulted in only modest costs savings, from
the perspective of health department directors (Keane
et al., 2001).
Privatization of Public Health Department
Services in the United States

Within the field of public health in the United States, there
have been efforts to focus local health department (LHDs)
on what has been considered the unique mission of public
health, what the APHA in 1940 called ‘desirable minimal
functions’ (Terris, 1949) and what since 1988 have been
called core functions – assessment, assurance, and policy
making – which have been further articulated into ten
essential public health services. Since the 1970s, there has
been an increasing emphasis in themanagerial literature on
the desirability of more tightly focusing organizations
around their core mission. The core functions of public
health represent an important managerial framework for
defining the unique mission of governmental health
departments (Koplin, 1990;Wall, 1998; Keane, 2005). Judg-
ing from references to the concept in publications aswell as
professional practice (Institute of Medicine, 1988; Baker
et al., 1994), the core functions have become a central
paradigm in the profession of public health. The concept
of core functions directly bears on decisions to discontinue
provision of services. Many believe that a critical issue
confronting public health concerns the extent to which
LHDs should withdraw from the direct provision of ser-
vices, particularly for personal health care, in order to focus
on the core functions (Wall, 1998).

Several decades ago, many LHDs in the United States
began to increase their provision of personal health ser-
vices, because they perceived that low-income popula-
tions did not have adequate access to such services from
other providers (Wall, 1998). While some policy makers
and public health officials believe that LHDs should
focus exclusively on performance of core functions –
assessment, assurance and policy making – and disengage
from direct provision of personal health services, the vast
majority of today’s LHD directors use a more complex
strategy in which they directly provide personal health
services in when they believe the uninsured do not have
adequate access to such services elsewhere.

Unfortunately, there are reasons to suspect that LHDs’
capacity to provide personal health services has been
eroding. Like many health-care providers, LHDs often
have not received adequate funds to cover indigent care,
despite increases in the numbers of uninsured. Many
health-care providers, including LHDs, have become
dependent on Medicaid revenues to enable them to pro-
vide care to the uninsured. Increases in Medicaid man-
aged care, however, may have diverted Medicaid clients
away from LHDs. Medicaid managed care is a privatiza-
tion of the network formation aspects of Medicaid in that
states contract with managed care organizations to pro-
vide care to a segment of the Medicaid population. Public
health-care organizations such as LHDs are less likely
to be included in managed care networks or designated
as primary care providers. For these reasons, increases in
Medicaid-managed care may have diverted Medicaid cli-
ents and revenues away from LHDs, a privatization of
LHD Medicaid revenue. Thus, increased enrollment in
Medicaid-managed care may be associated with a reduc-
tion of the ability of organizations, such as LHDs, to
provide health-care services to the uninsured.

Two general types of privatization of health depart-
ments are occurring in the United States. One form
of privatization occurs when a service once directly per-
formed by an LHD is contracted out to a private provider.
Another, less commonly recognized form of privatization
occurs when an LHD becomes involved with a new
service but contracts out (or otherwise delegates) the
performance of the service from its inception.

By the end of the 1990s, more than one-half of health
departments (57%) were delegating out the direct perfor-
mance of at least one service that was formerly performed
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within the health department (Keane et al., 2001). About
one-half (52%) had contracted out at least one public
health service from the very inception of the service.
Almost three-quarters (73%) of local health departments
had privatized some public health service, whether a
formerly in-house or not formerly in-house service.
Indeed, most health departments have privatized more
than one service, often a combination of services formerly
performed in-house and services contracted out from
their inception. LHDs that had privatized any given cate-
gory of services were more likely to privatize services
from the other service categories (Keane et al., 2001).

A total of 21% of all LHDs had discontinued provision
of some personal health service. Discontinuation was
defined as termination of all service provision by the
LHD with no arrangement made for other providers to
take over these services. Of all LHDs, 15% discontinued
some HIV services, 5% discontinued some maternal and
child health (MCH) services, and 5% discontinued other
personal health services. Discontinuation of MCH ser-
vices was significantly higher among LHDs that lost a
large proportion of Medicaid clients to private providers
(Keane et al., 2003).

A similar trend of privatization had occurred among
public hospitals in the United States. Between 1985 and
1995, the total number of public hospitals declined by
14%. During those years, 165 public hospitals closed,
and 293 public hospitals converted to private ownership,
and 20 more public hospitals converted to private owner-
ship but closed very soon afterward. This privatization of
hospitals raises some of the same concerns associated with
the privatization of public health departments. Even more
so than health departments, public hospitals are often
considered providers of last resort. For those who cannot
receive health-care services elsewhere, public hospitals
have served as a safety net, meaning that they generally
serve the uninsured or underinsured without expectation
of payment (Legnini et al., 1999). Therefore, closure and
conversion of public hospitals may very well be associated
with lower overall access for vulnerable populations,
especially as the numbers of uninsured persons increase.
Problems and Difficulties Encountered in
Mixing Private and Public

Public and private are historically viewed as two distinct
domains despite numerous interconnections in operation.
Thus, the main challenge is in getting these sectors
together in defining a common agenda. This is particu-
larly challenging given the fact that the basic objectives of
each setup, the mandate they have, the organizational
structure, the financing mechanisms, the management
strategies, the nature of the employees, and the anticipa-
tion of outcomes by clients from the two sectors are
different in many ways. Since harmonization of those
different elements in the process of negotiation for a
common agenda is needed in building a fruitful partner-
ship; initial difficulties start from the stage of framing the
policies of both sectors. Thus public–private partnerships
require an attitude of transformation in policy making.

In framing the PPP, it is vital to define the ground rules
of the partnership. Public–private partnership is not hand-
ing over the entire public responsibility to the private
sector. It is rather a means of increasing the efficiency of
the delivery of public goods and improving the sustain-
ability of such services through a mutual arrangement of
responsibilities to each party. Public and private sectors
have their own strengths and weaknesses. Hence, the
rationale is to utilize the optimal capabilities of each
partner to produce a synergistic effect in achieving
the objectives. Although privatization and public–private
partnerships are two different entities, it is a prerequisite to
define and frame the independent identities of the two
sectors while explicitly presenting the extent of interac-
tion of the sectors in achieving the common goal for the
betterment of health of the people. Defining the responsi-
bilities and stakes of both parties at the very beginning will
help tominimizemost of the problems relating to account-
ability, trust, and cooperation of public and other inter-
ested parties in the stage of actual operation.

In laying the policy framework and operational strate-
gies for the partnership, the presence of a strong public
sector is certainly an advantage. At the same time, the
private partner needs to be involved in the decision-making
process. Participatory decision making enables both parties
to counterbalance each other’s interests while harmonizing
the power structure between the two. This provides shared
responsibility for the decisions made and minimizes
accountability issues in the long run. It is vital to assess
the ability of the partners to sustain the commitment in
the initial stages of negotiation. A regulatory process for
public–private partnerships within the broader policies of
the state with arbitration procedures needs to be in place.
All actions in the partnership should ensure transparency
and be accountable to the public. The private sector incen-
tives and stakes in the partnership need to be explicit, as
does the extent of control retained by the public sector.
Legislative enactment of regulatory procedures and gover-
nance structure of the partnership will prevent any shift
toward cessation of responsibilities of the public sector
toward health. Such operational arrangements should alle-
viate most of the common problems encountered in
public–private partnerships.

See also: Canada, Health System of; Comparative Health

Systems; Health System Organization Models (Including

Targets and Goals for Health Systems); NGOs (Non-

Governmental Organizations); Public Health Profes-

sionals; United States, Health System of.



Public/Private Mix in Health Systems 447
Citations
Dewan PK, Lal SS, Lonnorth K, et al. (2006) Improving tuberculosis
control through public-private collaboration in India: Literature
review. British Medical Journal 332: 574–578.

Dongwoon H and Heejin L (2003) District health information systems in
the public sector: Health centres in Korea. Logistics Information
Management 16: 278–285.

Goody B, Mentnech R, and Riley G (2002) Changing nature of public and
private health insurance. Health Care Financing Review 23(3): 1–7.

Hursh-Cesar G, Berman P, Hanson K, Rannan-Eliya R, and Rittmann J
(1994) Private and Nongovernment Providers: Partners for Public
Health in Africa. Conference Report, 1994, Nairobi, Kenya.

Institute of Medicine Committee for the Study for the Future of Public
Health (1988) The Future of Public Health.Washington, DC: National
Academy Press.

Jeong HS (2005) Health care reform and change in public private mix of
financing: A Korean case. Health Policy. 74: 133–145.

Keane C (2005) The effects of managerial beliefs on service privatization
and discontinuation in local health departments. Health Care
Management Review 30(1): 52–61.

Keane C, Marx J, and Ricci E (2001) Perceived outcomes of privatization
in local health departments. Milbank Quarterly 79(1): 115–137.

Keane C, Marx J, and Ricci E (2003) Local health departments’ mission
to the uninsured in the age of managed care: Results of a national
survey. Journal of Public Health Policy 24(2): 130–149.

Legnini MW, Anthony SE, Wicks EK, Meyer JA, and Rybowski
Stepnick LS (1999) Privatization of Public Hospitals. Washington,
DC: Henry J Kaiser Family Foundation.

Rehfuss J (1989) Contracting out in government: A guide to working
with outside contractors to supply public services. San Francisco,
CA: Jossey-Bass Publishers.
Reich MR (2002) Public-Private Partnerships for Public Health.
Cambridge, MA: Harvard University Press.

Rowland D and Garfield R (2000) Health-care for the poor: Medicaid
at 35. Health Care Financing Review 22(1): 23–34.

Schumacher A (2006) Health Care: Private Versus Public. CBC
News Report August 21, 2006.http://www.cbc.ca/news/
background/healthcare/public_vs_private.html (accessed
November 2007).

Sclar ED (2000) You don’t always get what you pay for. The economics
of privatization. Ithaca, NY: Cornell University Press.

Shatto A (2001) The Characteristics and Perceptions of the Medicare
Population. Data from the 1999 Medicare Current Benificiary Survey.
Baltimore, MD: Health Care Financing Administration.

Terris M and Kramer N (1949) Medical care activities of full-time
health departments. American Journal of Public Health 39:
1125–1129.

U.S. Department of Health and Human Services (2001) 2001 HCFA
Statistics HCFA Pub. No. 0(3427).

Wall S (1998) Transformations in public health systems. Health Affairs
17: 65–89.
Relevant Websites
http://www.health-policy-systems.com/content/2/1/5 – Nishtar S,
(2004) Public-private partnerships in health-a global call to action.

http://www.cbc.ca/news/background/healthcare/public_vs_private.
html/ – Public vs. private health care in Canada-FAQs.

http://www.pitt.edu/~super1/lecture/lec16131/index.htm – Public-
private partnerships in health: A Supercourse Lecture.

http://www.cbc.ca/news/background/healthcare/public_vs_private.html
http://www.cbc.ca/news/background/healthcare/public_vs_private.html
http://www.health-policy-systems.com/content/2/1/5
http://www.cbc.ca/news/background/healthcare/public_vs_privat.html
http://www.cbc.ca/news/background/healthcare/public_vs_privat.html
http://www.pitt.edu/~super1/lecture/lec16131/index.htm


Q

Quality Adjusted Life Years
J A Salomon, Harvard School of Public Health, Boston, MA, USA

ã 2008 Elsevier Inc. All rights reserved.
Introduction

Decision makers in public health require information
on an array of health and economic consequences of
alternative interventions. Economic evaluations provide
one type of useful input into decisions, on the costs or
the value for money associated with different courses of
action. Cost-effectiveness analysis refers to a specific type
of economic evaluation that expresses value for money
in terms of an incremental cost-effectiveness ratio. The
numerator of the ratio indicates the net expected costs of
a particular intervention compared to some specified
alternative; the denominator indicates the net expected
change in health from the intervention compared to the
alternative. Quality-adjusted life years, or QALYs, are a
unit of measurement for health outcomes, often used in
the denominator of an incremental cost-effectiveness ratio.
When incremental cost-effectiveness ratios are expressed
as costs per QALY, the analysis is sometime described as
cost-utility analysis, but practice varies; many researchers
maintain the more general label cost-effectiveness analysis

even when QALYs are used as the measure for health
outcomes.

QALYs enable comparisons of diverse types of conse-
quences on a common scale. As the name implies, QALYs
are measures of longevity, in units of years of life, adjusted
for the ‘quality’ of life during those years. By translating
health outcomes into time-based units, each equivalent
to one perfectly healthy year of life, QALYs allow the
combination of information on both survivorship and the
experience of health during the surviving years. Concep-
tualization of the latter component has varied in the
literature, from relatively broad notions that encompass
a wide variety of aspects of overall well-being to rela-
tively narrow notions that pertain more specifically to
elements of health. Despite the diversity of interpreta-
tions, however, the terms quality of life and health-related

quality of life are often used to characterize the nonfatal
part of QALYs.
Historical Overview

Although the term QALY first appeared in the published
literature in 1976, some earlier precedents may be found.
Klarman and colleagues (1968: 50) compared three
options for treating patients with chronic renal disease
in terms of life years gained, with and without adjustments
for ‘‘differential[s] in the quality of life.’’ Fanshel and Bush
(1970) proposed measures of dysfunction-free years in eval-
uation of a tuberculin skin testing program. Torrance and
colleagues (1972) introduced the health day. Finally, the
term quality-adjusted life year was used in two separate
publications in 1976, one by Weinstein and Stason exam-
ining policies for control of hypertension and another by
Zeckhauser and Shepard in a more general exploration of
analytic approaches to evaluating social policies with life-
saving or health implications (Weinstein and Stason, 1976;
Zeckhauser and Shepard, 1976). An article by Weinstein
and Stason appearing in the New England Journal of Medi-

cine in the following year introduced QALYs to a broad
medical and public health audience and is frequently
cited as a major milestone in the development of cost-
effectiveness analysis in health and medicine (Weinstein
and Stason, 1977). In England, a highly influential early
paper applying QALYs to evaluation of coronary artery
bypass grafting was Williams’s 1985 article in the British

Medical Journal (Williams, 1985).
A variety of review articles have been published over

time charting the growth and scope of health-related cost-
effectiveness analyses and cost–benefit analyses (another
type of economic evaluation that translates all conse-
quences into monetary units). A series of early studies
report on cost-effectiveness studies generally, not specifi-
cally distinguishing those studies that evaluate interven-
tions in terms of costs per QALY gained. The trends over
time reported by these reviews nevertheless indicate a
substantial rise in interest in cost-effectiveness over the
last several decades. For example, a 1980 review byWarner
and Hutton identifies around 500 cost-effectiveness and
449
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cost–benefit studies published from 1966 to 1978, with an
increase over this period from less than ten studies per
year to nearly 100 studies and around half of the studies
using cost-effectiveness methods (Warner and Hutton,
1980). An update in 1993 (Elixhauser et al., 1993) identified
nearly 2000 studies published between 1979 and 1990,
almost two-thirds of them cost-effectiveness analyses; a
further update in 1998 (Elixhauser et al., 1998) found 2300
studies published between 1991 and 1996, of these around
80% using cost-effectiveness.

More recently, researchers have developed a registry
of cost-effectiveness studies that report outcomes specifi-
cally in terms of costs per QALY. The researchers leading
the project reviewed the literature from 1976 through
2001 and identified 533 original studies meeting their
inclusion criteria. Consistent with the earlier reviews of
the broader cost-effectiveness literature, a major increase
in the volume of studies on costs per QALY was evident,
with 228 studies over the two decades from 1976 to
1997 followed by 305 studies over the 4-year period
from 1998 through 2001 (Neumann et al., 2005).
conducting cost-utility analysis. In: Spiker B (ed.) Quality of Life

and Pharmaceconomics in Clinical Trials, 2nd edn.,

pp. 1105–1111. Philadelphia: Lippincott Williams & Wilkins;
Drummond MF, Sculpher M, O’Brien B, Stoddart GL, and

Torrance GW (eds.) (2005) Methods for the Economic Evaluation

of Health Care Programmes. Oxford: Oxford University Press.
Key Concepts

The basic notion underlying quality-adjusted life years
is that the total benefits of health interventions may be
summarized in terms of changes in longevity and changes
in health levels, in the shorthand that is often invoked, that
is changes in both ‘quantity’ and ‘quality’ of life. As shown
in Figure 1, adapted from previous publications (Gold
et al., 1996; Torrance et al., 1996; Drummond et al., 2005),
this concept may be illustrated by plotting levels of health
over time under two scenarios, one with and the other
without the intervention. These plots may be understood
as the potential health trajectories followed by an individ-
ual, or the expectation of health over time for a particular
population. We describe the example as if it refers to a
single individual, for ease of exposition. In this example,
without the intervention the individual experiences both
earlier declines in health (traced by the lower curve) and
an earlier death (indicated by the point at which the lower
curve intersects the horizontal axis), compared to a coun-
terfactual scenario in which the intervention is applied
(traced by the upper curve). The total QALYs associated
with each of the alternative scenarios is represented as
the area under the relevant curve, so that the gain in
QALYs through the intervention is equal to the difference
between the two areas. In this example, the gain in QALYs
is divided into two components. Area A represents
improvements in health, or gains in ‘quality’, during the
time that the person is alive under either scenario, while
area B indicates gains in survivorship through the inter-
vention, adjusted for the quality of the added years. It is
worth noting that one implication of this approach that
has been criticized by some on ethical grounds is that
QALY calculations assign lower value to extending life
in those with worse health compared to extending life in
those with better health.

The concept of QALYs has been linked explicitly to
expected utility theory. In a decision analytic framework,
QALYs are used as the unit of account in expected value
calculations for decisions under uncertainty. Expected util-
ity theory dictates that in order for these expected value
calculations to be consistent with preferences over uncer-
tain streams of health outcomes, QALYs should fulfill cer-
tain requirements of utility functions. These requirements
take the form of a set of axioms, formalized by von Neu-
mann and Morgenstern (1944). Although much has been
written about empirical violations of the axioms of
expected utility theory, and various alternatives have been
proposed, expected utility remains the primary point of
reference for most discussions of normative decision theory.

In addition to the requirements that apply to all utility
functions, there are some additional assumptions that
apply to QALYs in particular. The first assumption is
that health experiences over time are separable, or addi-
tively independent. This means that the value attached
to a health state in one period does not depend on the
health states experienced in other periods. As shown in
Figure 2, this assumption allows the overall utility
(expressed in units of QALYs) for a sequence of health
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states to be computed as the sum of the utilities attached
to its constituent ‘episodes’. Practically, this means that
episodes of constant health levels may be valued sepa-
rately and then reaggregated to obtain the overall value
attached to the sequence.

A second assumption in QALYs is that quantity of life
and quality of life are separable for a constant health state.
More formal statements of this assumption are discussed
below, but the basic idea is that valuations of a health state
do not depend on the duration over which the health
state is experienced. A third assumption is that a given
health outcome is valued equally, irrespective of the per-
son who experiences the outcome. Moreover, the value
of one QALY is regarded as equal irrespective of whether
it is gained by vaccinating against measles or averting a
road traffic accident or treating depression. The common
expression of this assumption is the statement that ‘a
QALY is a QALY is a QALY’, and this normative assump-
tion gives QALYs a strongly egalitarian flavor.

Pliskin et al. (1980) introduced a formal axiomatic
foundation for QALYs. In their seminal article they pro-
posed that the use of QALYs for decision making implies
three properties applying to preferences over longevity and
health: Mutual utility independence, constant proportional
tradeoffs of longevity for health and risk neutrality for life
years. These properties are summarized here with simple
numerical examples.

Mutual utility independence requires that preferences
over lotteries on longevity do not depend on fixed health
levels, and conversely that preferences over lotteries
on health levels do not depend on fixed longevity. For
example, the first condition implies that if a person is
indifferent between (i.e., regards as equally attractive) a
certain prospect of 10 years in good health and a lottery
offering equal chances at 5 years in good health or
20 years in good health, then the person should also be
indifferent between a certain prospect of 10 years in poor
health and a lottery offering equal chances at 5 years in
poor health or 20 years in poor health. (The term lottery
here refers simply to an uncertain prospect with multiple
possible outcomes, and with explicit probabilities attached
to each of the possible outcomes. In these simple examples
with equal probabilities of two outcomes, the lottery is
analogous to a flip of a fair coin to determinewhich outcome
prevails.) The converse condition implies that if a person is
indifferent between a certain prospect of 10 years in good
health and a lottery offering equal chances at 10 years in
poor health or 10 years in excellent health, then the person
should also be indifferent between a certain prospect of
5 years in good health and a lottery offering equal chances
at 5 years in poor health or 5 years in excellent health.

The property of constant proportional tradeoffs means
that the fraction of a person’s remaining life that the
person would trade for a given improvement in health
level does not depend on the number of years of life that
remain. In other words, there is a constant ‘exchange rate’
between length of time in a health state and time in
perfect health. For example, constant proportional trade-
offs implies that if a person is indifferent between 20 years
in poor health and 15 years in good health, then the
person should also be indifferent between 16 years in
poor health and 12 years in good health. In both cases,
the person is willing to give up 25% of his or her remain-
ing lifetime to live in good health rather than poor health.

Finally, risk neutrality for life years means that the utility
of a given duration of time spent in some fixed health state
is directly proportional to the duration. In other words,
the utility function for life years is linear.

Taken together, the three properties allow for a rela-
tively simple operationalization of QALY calculations, in
which:

. the overall utility of a sequence of health states may be
expressed as the sum of the utilities of each of the
constituent episodes (allowed by additive independence);

. the utility of an episodemay be expressed as the product
of the utility for the duration of the episode times the
utility for the health level of the episode (allowed by
mutual utility independence);

. the utility for the episode may be further simplified as
the product of the duration times the utility for the
health level of the episode (allowed by risk neutrality
for life years).

Since the original formulation by Pliskin et al., there
have been alternative expressions of the QALY assump-
tions proposed. For example, Bleichrodt et al. (1997)
demonstrated that the three properties proposed in the
original model can be captured in only two assumptions,
offering a somewhat simpler axiomatic basis for QALYs.
Alternatives to QALYs

While QALYs have become the dominant outcome mea-
sure for cost-effectiveness analyses in health andmedicine,
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there has been steady debate in the literature about the
advantages and disadvantages of QALYs, touching on an
array of issues – ethical, conceptual, and practical. A good
list of references for these debates through the mid-1990s
may be found in the volume byGold and colleagues (Gold
et al., 1996). For a flavor of more recent contributions
see Williams (1996), Nord (1999), Tsuchiya (2000), and
Bleichrodt and Pinto (2005).

One of the most widely discussed alternatives to
QALYs is the healthy-years equivalent, or HYE, first
proposed by Mehrez and Gafni (1989). Unlike the
QALY, the HYE assigns utilities to an entire sequence of
health states, rather than to each individual component
of this sequence. This alternative approach relaxes some
of the structure imposed by the assumptions built into
QALYs – discussed in the section titled ‘Key concepts’
above – for example, the assumption that health states are
additively independent across time, or the requirement
of constant proportional tradeoffs. Consider two simple
examples. First, imagine a chronic condition that may
have varying durations. For QALYs, the valuation of a
health state is considered to be independent of duration,
so that knowing the value attached to 1 year lived in
the state enables computation of QALYs for periods of
2 years, or 5 years, or 25 years, through simple multi-
plication. The HYE, on the other hand, allows that the
valuation of a health state may depend on its duration,
and therefore calls for direct valuation of 1-year, 2-year,
5-year, and 25-year periods in the health state, which need
not relate linearly to each other.

As a second example, imagine an individual’s health
experience over time as transitions through a sequence of
health states. The assumption in QALYs is that the total
utility attached to the sequence is the sum of the utilities
of each individual component (characterized by a con-
stant health level over some duration). Thus, to compute
QALYs for the entire stream requires only the estimation
of the duration of each component and the value attached
to the health state that is experienced during each com-
ponent. For the HYE, on the other hand, the value
attached to the entire sequence need not be the simple
sum of the value of the individual components. This
more flexible formulation allows for the possibility that
the value attached to time spent in a health state may be
different depending on the particular experiences that
preceded the state. The disadvantage of this more flexible
approach is that valuation must be undertaken on all rele-
vant sequences of health states, which may be numerous.

Another type of summary measure that has been
regarded as an alternative to QALYs is the disability-
adjusted life year, or DALY. The DALY was first devel-
oped for the primary purpose of quantifying the global
burden of disease. In this context, it was constructed as a
summary measure of population health, specifically, to
be used as an indicator of the relative magnitude of
losses of healthy life associated with different disease
and injury causes. The construction of summary measures
of population health has much in common with the con-
struction of measures of the benefits from health inter-
ventions. Indeed, the developers of the DALY explicitly
intended that the measure could be used as both a unit of
account for the burden of disease, and as a metric for
health benefits in the denominator of cost-effectiveness
ratios (Murray et al., 1994). The major debut of the DALY
in the World Bank’s World Development Report 1993 intro-
duced applications of the measure toward both ends
(World Bank, 1993). More recently, guidelines from the
World Health Organization on conducting ‘generalized
cost-effectiveness analyses’ – with a particular focus on
health policies in developing countries – have included an
explicit recommendation to use DALYs as the measure
of benefit in these analyses (Tan Torres et al., 2003).

The relationship between DALYs and QALYs has been
characterized as follows by developers of the DALY:
‘‘DALYs can be considered as a variant of QALYs which
have been standardized for comparative use’’ (Murray
and Acharya, 1997: 704–705). There are certain key dis-
tinctions between DALYs and QALYs:

. Because DALYs are negative measures that reflect
health losses, the scale used to quantify nonfatal health
outcomes in DALYs is inverted compared to the scale
used in QALYs; that is, numbers near 0 represent rela-
tively good health levels (or small losses) in DALYs,
while numbers near 1 represent relatively poor health
levels (or large losses). The inverted scale means that
interventions that improve health result in DALYs
averted, whereas QALYs are gained.

. Disability weights in DALYs, which are the health
state valuations analogous to the ‘quality’ adjustments
in QALYs, are intended to reflect the degree to which
health is reduced by the presence of different condi-
tions, whereas at least one interpretation of the weights
in QALYs is based on the individual utility derived
from different states.

. The standard formulation of DALYs weights healthy
life lived at different ages according to a variable func-
tion that peaks at young adult ages, while QALYs do not
typically incorporate unequal age weights. (It should be
noted that DALYs may also be computedwith equal age
weights.)

. Formeasuring the burden of disease, years of life lost due
to premature mortality at different ages are computed in
reference to a standard life table, defined by the period
life expectancy at birth for Japanese females at the time
of the original Global Burden of Disease study. For
purposes of cost-effectiveness, this distinction is largely
inconsequential, since the standard life expectancy
essentially cancels out when benefits of interventions
are computed as the change in DALYs. As a simplified
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example, imagine an intervention that defers one death
from age 50 to age 70, and suppose that the normative
target lifespan used as the yardstick for DALYs is 80 years
(irrespective of one’s current age). Then the number of
DALYs averted through intervention is a change from
80�50¼ 30, to 80�70¼ 10, for a net of 20 DALYs
averted, which is the same as the number of QALYs
gained through the intervention. (Note that in the actual
standard life table that is used, as in most life tables, the
target life span, equal to the number of years of remaining
life expectancy at age x plus x, rises slightly with advanc-
ing adult ages rather than remaining constant as per the
simple example here. This will produce a slight discrep-
ancy betweenDALYs averted andQALYs gained, but this
difference is usually negligible.)
Calculating QALYs

The logic underlying QALY calculations is straightfor-
ward. Referring back to Figure 1, the gain in QALYs
attributed to some intervention relative to an explicit
comparator may be understood as the difference between
the areas under the two curves tracing the health trajec-
tory in each alternative intervention scenario. To calcu-
late the area under each curve requires knowledge of
the sequence of health states that are experienced; the
duration of each health state; and the utility of each health
state measured on a meaningful cardinal scale.

There are a range of conceptual and methodological
issues around the calculation of health state utilities or
valuations. Many areas of contention remain. Several
techniques are available for eliciting health state valua-
tions from respondents, including the standard gamble,
time trade-off, person trade-off, and visual analog scale,
and discussion continues about the advantages and dis-
advantages of each of these methods. Empirical studies
have found that the different techniques produce values
that differ systematically, and debates about the relative
merits of the different methods refer to economic theory,
comparisons of psychometric properties of the different
measurement techniques, and ethical issues. Other persis-
tent controversies relating to measurement of health uti-
lities include the treatment of states that are regarded as
worse than being dead; and appropriate ways to account
for patient adaption in the valuation of health outcomes,
in light of observed differences between predicted and
experienced utility. Another area of ongoing discussion
encompasses empirical questions regarding variation in
values across different respondent groups defined by
sociodemographic characteristics or by their relationship
to the condition being assessed (e.g., patients, providers, or
the lay public). One general approach that is widely used
in deriving utility values for QALYs combines information
elicited from patients and the lay public. In short, patients
are asked to describe their health status using a standar-
dized instrument comprising ratings along several key
dimensions of health (for example, mobility, vision, and
cognition). Utility values are then computed for the
resulting multi-dimensional health states by applying
scoring rules that reflect the relative importance of each
dimension, as ascertained from general community
surveys. The variety of issues relating to utility assessment
provides fertile ground for researchers and will likely
continue to inspire debate as theoretical and empirical
work proceeds.

Regarding the other key inputs toQALYs, while straight-
forward in concept, all inputs typically are not fully
observed, so models are usually needed in order to assess
themovement of a typical patient through health states over
time. Borrowing the definition suggested by Kuntz and
Weinstein (2001: 142), a model in this context refers to
‘‘any mathematical structure that represents the health
and economic outcomes of patients or populations under
a variety of scenarios.’’ Much of the modeling work for
economic evaluations relies on Markov models. A Markov
model comprises a set ofmutually exclusive and collectively
exhaustive health states. Each person in the model can
reside in only one health state at any point in time, and all
persons residing in a particular health state are indistin-
guishable from one another. Transitions occur from one
state to another at defined recurring intervals (Markov
cycles) of equal length (such as 1month or 1 year) according
to a set of transition probabilities. These probabilities may
depend on population characteristics such as age, sex, and
chronic disease andmay vary over time. Values are assigned
to each health state to reflect the cost and utility of spending
one Markov cycle in that state. By synthesizing data on
costs, effects, and quality of life, a Markov model enables
comparisons of the outcomes associated with different
clinical strategies. Modeling strategies can accommodate
QALY calculations by simulating disease progression
through discrete states; tracking time spent in each state;
applying utility weights to time lived in each state; and
cumulating life years, accounting for state-specific
weights, to compute QALYs.
See also: Cancer: Global Burden/Trends and Projections;

Decision Analytic Modeling; Global Burden of Disease;

Infectious Disease Modeling; Measurement and Model-

ling of Health-Related Quality of Life.
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Background

Quarantine may be defined as the restraint or segregation
of human beings or other living creatures, who may have
come, either potentially or actually, into contact with
transmissible pathologies, until the moment when it is
considered certain that they no longer constitute a health
risk. The term and the concept of quarantine are pro-
foundly rooted in culture and world health procedures,
and have periodically recalled peak interest in the course
of epidemics. In the past the concept of quarantine was
used to refer to the period of isolation of people alone,
whereas in more recent times it has come to be applied to
animals and things as well (Gensini et al., 2004).

Quarantine has been implemented in many different
ways in the course of Western history, undergoing periods
in which it was highly considered and periods in which it
was relatively neglected. In Europe and North America,
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during the last decades of the twentieth century, quaran-
tine was substantially underrated, given that the spectac-
ular achievements of modern medicine, from effective
vaccines to powerful antibiotics, generated, in the general
public but sometimes in health systems and operators too,
the false impression that the battle against infectious dis-
eases could be considered won. The recent, worldwide
realities of ‘new’ transmissible pathologies, including the
severe acute respiratory syndrome (SARS) and the avian
influenza, have provided evidence of the fact that human
beings are still engaged in a struggle against pathogen
agents. These communicable diseases have determined a
boost in the popularity of quarantine: in the United States,
because of the avian influenza, the Centers for Disease
Control and Prevention has opened many new control
stations at the border points in which there is a higher
influx of people (Mafart and Perret, 2003).

The history of quarantine paradoxically indicates that
people do not learn enough from history itself. Recent
surveys conducted by the Harvard School of Public Health
and the Centers for Disease Control and Prevention
reveal that if avian influenza were to expand through the
United States, the mandatory cooperation of U.S. citizens
would be low, if not very low. Furthermore, in the case of an
epidemiological emergency, the collaboration of the major-
ity of the population in health measures planned by the
government would be limited, largely because the majority
of the interviewed people did not know what quarantine is,
what it is for, and what it exactly entails.

Reviewing quarantine from a historical-didactic per-
spective therefore constitutes a notable formative oppor-
tunity to illustrate an ever-pertinent health measure,
whose general potentialities and limits of application
must be precisely understood not only by health admin-
istrators, medical historians, and technical operators, but
also by the general public.
The Ancient Past

The word ‘quarantine’ was first documented in the
English language, according to the Oxford English Dictio-

nary, in 1663, as ‘‘A period (originally of forty days) during
which persons who might serve to spread a contagious
disease are kept isolated from the rest of the community;
especially a period of detention imposed on travellers or
voyagers before they are allowed to enter a country or
town, and mix with the inhabitants; commonly, the period
during which a ship, capable of carrying contagion, is kept
isolated on its arrival at a port. Also, a period of seclusion
or isolation after exposure to infection from a contagious
disease’’ (Oxford English Dictionary, 2004). After other spe-
cifications, the description of the term concludes as fol-
lows: ‘‘Hence, the fact or practice of isolating or of being
isolated in this way.’’
We bster’s Third New Inte r national Dictionar y (1976 ) pre-
sents two different origins for the etymology of the term,
one deriving from the Italian and th e oth er from the
French. The latter appears restricted to the legal sense
of the word (Coke, On Litt. 32b, 1628: ‘‘If she marry within
the forty days she loseth her quarentine’’) and is con-
sidered a variation of the French term ‘quarantaine’
(Old French), deriving from ‘quarante’ (forty), in turn
from Latin ‘quadraginta’ (quadra- (akin to quattuor, four)
þ-ginta (akin to viginti, twenty)). In its health-medical
meaning, quarantine is considered a modification of the
Italian word ‘quarantena’ (quarantine of ships), from the
Italian ‘quaranta’ (forty), in turn from Latin ‘quadraginta.’

Given that the ultimate origin of both etymologies is
the Latin ‘quadraginta,’ the common denominator of the
word is the temporal indication of a period of 40 days.
This period had already been identified with precision by
the Hippocratic School, which, around the fifth century
B.C., described a number of diseases with specific refer-
ence to their duration. Plague was considered a ‘patholog-
ical paradigm’ for acute illnesses, those that manifested
themselves within 40 days; diseases clinically evident after
40 days could not be acute, and consequently could not be
the dangerous plague. Forty days was therefore consid-
ered in ancient Greek medicine a medical turning point
useful in differentiating different diseases, and 40 days
accordingly became the established length of quarantine
for transmissible diseases (Gensini and Conti, 2004).

The Holy Bible describes health control measures.
The Old Testament (Leviticus 13) suggests isolating
infected people, also indicating the need to burn their
garments. Specifically, the text refers to the plague and
leprosy, thus evidencing how people affected both by
rapidly beginning and developing diseases, such as the
plague, and by slowly evolving ones, such as leprosy,
were to be segregated from healthy people for variable
periods. In the New Testament, too, leprosy is considered
a determinant of social discrimination, capable of being
cured only by means of a divine miracle, and isolation of
sick people continues to be implemented as the most
effective strategy to control the spread of transmissible
diseases (Conti and Gensini, 2007).

‘‘The Holy Bible interestingly describes health control

measures. The Old Testament (Leviticus 13) suggests

isolating infected people, also indicating the need to

burn their garments. Specifically, the text refers to the

plague and leprosy, evidencing how people affected both

by rapidly beginning and developing diseases, such as the

plague, and by slowly evolving ones, such as leprosy, were

to be segregated from healthy people for variable periods

of time. In the New Testament too leprosy is still consid-

ered a determinant of social discrimination, capable of

being cured only by means of a divine miracle, and

isolation of sick people continues to be implemented as
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the most effective strategy to control the spread of trans-

missible diseases.’’ (Conti and Gensini, 2007)

In 549, Justinian, emperor of Byzantium, issued laws
targeted to isolate individuals coming from regions
infested by the epidemics of bubonic plague. A few dec-
ades later the Council of Lyons forbade lepers, or at least
those retained such, from associating with healthy sub-
jects. It is precisely the historical conceptual difficulty in
separating actually healthy from apparently healthy peo-
ple that remains one of the major problems in the opera-
tional implementation of quarantine.
Figure 1 Illustration of the ‘‘Black Death’’ from the Toggenburg

Bible (1411).
Medieval Rules and Regulations

The Middle Ages are conventionally considered the ten
centuries from the end of the fifth century AD to the end
of the fifteenth century AD (1492, the discovery of
America). Historical sources from the sixth to the
fifteenth centuries AD clearly indicate that, from a clini-
cal and epidemiological standpoint, what today is called
the plague, the infectious disease caused by Yersinia pestis

(the Latin ‘pestis’), gave rise to recurrent epidemics
throughout Europe. In the course of the fourteenth cen-
tury, for example, the plague caused the death of more
than 30% of the European population. Towns and villages
tried to defend themselves by isolating recognizably sick
persons, quarantining potentially infectious individuals,
and forbidding the entry into healthy communities of
goods and persons coming from infected environments.
Documentary historical evidence indicates that, in the
seventh century AD, armed guards were stationed
between plague-stricken Provence and the diocese of
Cahors. In the absence of vaccines and drugs, quarantine
was the only effective health measure against the spread of
transmissible diseases (Knowelden, 1979). It has been
calculated that in medieval times, no more than two
consecutive generations (40–50 years) passed before a
new explosion of an epidemic of the plague.

It is in this context, and specificallyduring the fourteenth
century, that, at least in the Western world, the concept of
structured preventive quarantine emerges. As has been said,
in Medieval times the plague continued to represent a
major public health and economic danger, and therefore,
to protect their people and their trade, the great mercantile
potencies issued, in the course of the fourteenth century,
rules and regulations regarding quarantine.

In 1348, during a notorious epidemic of the plague (the
‘‘Black Death’’ described by the Italian writer Giovanni
Boccaccio in his masterpiece Il Decamerone) the Republic
of Venice (Italy) established a system of quarantine
assigning to a council of three the responsibility and
power of detaining individuals and entire ships in the
Venetian lagoon for 40 days (Figure 1).
The Rector of Ragusa (currently Dubrovnik, Croatia),
an outstanding rival sea potency of Venice, enacted in
1377 a decree officially establishing the so-called ‘trentina’
(an Italian word derived from ‘trenta,’ the number thirty),
a period of isolation of 30 days for ships coming from
infected, or even only suspected to be infected, places
(Figure 2). The 30-day period became 40 days for land
travelers. Travelers coming from areas in which the plague
was epidemic or endemic could not be hosted in Ragusa
until they had been segregated in isolation for (approxi-
mately) a month, andwhoever did not observe this edict was
fined. No citizen of Ragusa had permission to reach the
isolation area, apart from selected officials assigned by the
Great Council to the care of the quarantined persons.
Moreover, the chief physician of Ragusa, Jacob of Padua,
advised building a site far from the town for the health
care of suspected or definitely sick people (Frati, 2000).

A few years later Venice established that the quaran-
tine of infected or suspected should occur on the island
of the lagoon where the monastery of Santa Maria of
Nazareth was, and whose health staff came from the
hospital of Saint Lazzaro (Cosmacini, 2001). This mari-
time quarantine station was consequently called ‘‘laza-
retto,’’ and from this, in succeeding centuries, the term
‘lazaretto’ became the defining word for all quarantine
centers in Italy and often also abroad.

Venice and Ragusa may be said to share, at the end of
the Middle Ages, the primacy of drawing up edicts, rules,
and regulations regarding quarantine. Quarantining poli-
cies were of course determined by health necessities, but
also to a notable extent by economic reasons, as is evident
from the naval trading roles of Venice and Ragusa in
Medieval Europe. Not by chance did the attention of the
Venetian and Ragusan rulers to the medical features of the
plague and also to its important economical and social
effects lead to the elaboration of the first official quaran-
tine systems. These rules and regulations became a tem-
plate for many other European countries during the
following centuries.



Figure 2 The Republic of Raguse. Source: http://fr.wikipedia.org/wiki/image:Map-of-Ragusa.jpg.
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The Renaissance Period and the
Sixteenth Century

The European Renaiss ance is conventiona lly considered
to be the period cover ing par t of the fiftee nth century and
the sixteenth. At the be ginning of the sixtee nth century a
maritim e quaran tine center was opene d in the French
por t of Mar seill es. The selective concentrat ion of qua ran-
tine station s in por ts is ty pical of this period , since sea
trade was the f ar more pra cticed for m of mob ile com-
merce and theref ore constit uted the maj or route of con-
tagion between mob ile popu lations.

It is prec isely in the sixtee nth century that a fir st
str uctured no tion of inf ectiousne ss appear s and develops.
Much of the merit for this must be attribut ed to the Italian
physician Girol amo Fracas toro, who iden tified an d des-
cribed the conc e pt of conta gion, throug h the idea that
small par tic les were a ble to transm it diseas e. This new and
relevant medical hypothesis allowed of ficial med icine to
ela borate more precise (even if always local) quarant ine
inter ventions ( Gensini et al ., 2004 ).

It was during the sixteenth century, too, that the quaran-

tine system was expanded by the introduction of bills

of health. These were typologies of cer tification that the

last por t of call of ships was not aff ected by disease.

Consequently, a ‘c lean bill’ ena bled the ship to use a

por t without the need for quarantine. In the Renaissance

period the plague finally diminished in frequency and

vir ulence, at least in wester n Europe, whereas other
diseases, such as cholera and yellow f ever, spread.

Quarantine laws were consequently extended to these

diseases, gradually acquiring, during the sixteenth centu-

ry, additional f eatures as compared with their original

application during the Middle Ages. One of these was

the definition of a social body to war rant the indispens-

a ble isolation framework, inc luding the dispositions

and ef f ective application of the regulations themselves.

Another key f eature was the acquisition, through time, of

the under standing of the basic mechanisms of contagion

(Fidler, 1999 ).
The Seventeenth and the Eighteenth
Centuries

During the fir st half of the seventeenth century more perti-
nent action was adopted with regard to quarantine and
related measures. In Europe, particularly in Venice, health
officials were required by health legislation to visit private
houses during plague epidemics so as to identify infected
individuals and isolate them in pest houses located far from
urban centers. The seventeenth centuryMilanese ‘lazaretto’
became famous when Alessandro Manzoni described it in
his nineteenth century novel I Promessi Sposi, in which the
plague plays an important part.

Still in the first half of the seventeenth century, but this
time on the other side of the Atlantic Ocean, Bostonian
officials issued an ordinance compelling every ship on

http://fr.wikipedia.org/wiki/image:Map-of-Ragusa.jpg
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arrival to remain at anchor in harbor for a certain period
under penalty of a heavy fine. In 1663 a smallpox epi-
demic in the city of New York forced the General Assem-
bly to draw up a law requiring persons coming from
infected, or suspected to be infected, areas to remain
outside the town until health officials decided that they
were no longer a threat to residents.

When the plague reached Russia (1664), sanitary offi-
cials in charge of the quarantining policies in Moscow
strictly forbade travelers from other countries from enter-
ing the Russian capital under penalty of death. A few years
later the English Crown enacted royal decrees aimed at
permanent quarantine. The problem of the time was that,
despite the availability of a number of official acts regard-
ing quarantine, this health measure was regarded with
vexation by the majority of the population and, what was
even worse from the general public and sanitary point of
view, it was often disregarded. This made the passing of
even more stringent regulations necessary. As a result, in
England, in the second half of the seventeenth century,
every London-bound ship had to remain at the mouth of
the Thames for 40 days; sometimes this period was pro-
longed to 80 days (Figure 3). This flexibility as to the
duration of quarantine was in fact the cause of the uncer-
tainty and antagonism with which such measures were
regarded. The absence of a clear and shared definition of
the length of quarantine biased the perception of the
utility and scientific basis of quarantine on the part of
the resident populations of the various countries in
Europe, and even more that of the travelers. Furthermore,
quarantine regulations were sometimes implemented as
Figure 3 A quarantine ship out near sheerness (UK National Mariti
pretexts for repressive measures; the disinfection of cor-
respondence, for example, was used as an excuse for
political espionage (Mafart and Perret, 2003).

At the beginning of the eighteenth century the plague,
cholera, yellow fever, and smallpox were still terrible
transmissible diseases requiring quarantine. The Quaran-
tine Act was passed in England in 1710, which stipulated a
sentence of death for persons not respecting the compul-
sory 40-day quarantine for humans and goods arriving on
the island and suspected or known to have been in contact
with the plague. Similar laws were passed in the United
States, too; a quarantine anchorage off Bedloe’s Island was
issued in 1738 by the City Council of New York to
prevent the diffusion of yellow fever and smallpox. In
1797 Massachusetts passed a public health statute that
established the power of state quarantine. In the last
decade of the eighteenth century the administration of
Philadelphia, Pennsylvania had a ten-acre quarantine sta-
tion built south of the town along the Delaware River
to combat yellow fever, which had continued to be an
extremely serious biological danger for the whole state.
This health and architectural effort documents well the
importance attributed by city politicians and health offi-
cials to quarantine as a preventive and therapeutic inter-
vention. From this period on, an awareness of the need for
an ample standardization of quarantine measures began to
grow in many places, both in Europe and in the United
States. Nonetheless, there was still a long way to go, and it
was only during the nineteenth century that shared rules
and regulations appeared on a large scale, following sci-
entific and political international conferences.
me Museum).
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The Nineteenth Century

The various historical periods were characterized by dis-
eases with different infectious patterns. The plague, for
example, was, in its predominant forms a typically acute, if
not hyper-acute, potentially healable condition; leprosy,
in contrast, was a chronic, non-healable disease. Unfortu-
nately, from a health measure point of view, the common
denominator among such illnesses was that quarantine
policies lacked homogeneity not only across different
nations but also within the same nation (Fidler, 1999).

In the nineteenth century frequent cholera epidemics
finally prompted the necessity for a uniform quarantine
policy. In 1834, France proposed an international meeting
for the evaluation and sharing of supra-national standar-
dizations of quarantine. However, notwithstanding the
high incidence of epidemics of communicable diseases,
it was only in 1851 that the First International Sanitary
Conference was convened in Paris (Maglen, 2003).

As in medieval times, implicit in quarantine policies to
protect health was the perceived need among nations of
protecting home trade. The various priorities and political
views of countries constrained formal agreements. The
way toward common and shared quarantine measures was
accordingly long and tortuous. To face the problem of
political expediency, for example, in 1881 a conference
was called in Washington, DC. In 1885, during another
conference held in Rome, an interesting proposal regard-
ing the inspection of quarantine of ships from India (by
means of the Suez canal) led to an animated debate
between France and Britain, not specifically about health
intervention or medical necessities but essentially about
the question of the dominance of the canal itself.

In the United States, too, quarantine measures were the
focus of political and health debates. Protection against
imported diseases was traditionally considered a specific
state problem rather than a general federal issue.
Although in Europe it was cholera that accelerated the
pace toward a more uniform quarantine system, in the
United States other transmissible diseases – precisely,
yellow fever in the second half of the nineteenth century –
brought about in 1878 the passing of federal quarantine
legislation by Congress. This legislation consisted of a
corpus of laws that opened the way to the involvement
of the federal government in widespread quarantine activ-
ities. Fourteen years later cholera, arriving from abroad,
reached the United States, and the boost of this ‘new’
epidemic led to a revisiting of the corpus of laws previ-
ously established in order to attribute greater authority to
the federal government with specific regard to the defini-
tion and implementation of quarantine requirements. As a
consequence, local quarantine stations were gradually
turned over to the federal government.

In 1893, both in the United States and in Europe, an
agreement was reached regarding the fundamental issue
of the notification of disease. This date is generally con-
sidered a turning point for the effective standardization of
quarantine measures.
The Twentieth Century

From a historical point of view, quarantine has always been
considered an effective public health measure adopted as a
tool for managing infectious pathology outbreaks; in the
course of time the attempt to control a large number of
different transmissible diseases has involved quarantine, as
has been previously illustrated for the plague, cholera, and
yellow fever. In the twentieth century, other major epi-
demics have determined large-scale quarantine, namely
tuberculosis and influenza. In the past the plague was
termed the ‘Black Death’ because of its rapid insurgence,
terrible epicrisis, and fatal conclusion; in the nineteenth
and in the twentieth centuries, the ‘modern’ plague (the
so-called ‘Great White Plague’) was considered tubercu-
losis (TB) (Conti et al., 2004). Use of the first powerful
chemical agents against TB became widespread by the
mid-twentieth century (streptomycin was put on the mar-
ket in 1947). Before that date, for decades only direct and
indirect quarantine measures had been implemented to
contain the spread of the disease. Sanatoria and ‘preven-
toria’ had been established to provide preventive-
therapeutic quarantine and isolation for people affected
by TB. These institutions, on the one hand, represented a
relatively simple instrument to set up to interrupt the
pattern of transmission of this widespread pathology, and,
on the other hand, they were official places where up-to-
date (for the time) health care, if not effective therapy, was
provided for TB patients. In the last 25 years of the nine-
teenth century and in the first 35 years of the following
century, sanatoria spread both in North America and
in Europe, with the specific function of isolating indivi-
duals affected by TB, as recommended by quarantine
practice. In the absence of effective vaccines and drugs,
quarantine, implemented in its broadest aspects, once
again proved to be, in the case of tuberculosis in the course
of the twentieth century, one of the most useful health
interventions for such a widely disseminated disease.

However, from a historical and epidemiological per-
spective, it must also be recognized that quarantine imple-
mentation, in some of its exemplifications during the
nineteenth and twentieth centuries, had unintentional
negative consequences that may be illustrated by referring
to some episodes in the United States (Barbera et al.,
2001). One of these damaging effects was the increased
risk of disease transmission in the quarantined population,
as in the instance of the quarantine issued by the
New York City Port Authority to prevent and contain
the diffusion of cholera. In Indiana, skepticism about gov-
ernment recommendations for the quarantine of smallpox
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led to episodes of urban violence, in particular when
quarantine practice was not clearly explained by the
authorities to the general public. Moreover, in the case of
the quarantine established in San Francisco (1900) because
of a diagnosis of the plague in the Chinese neighborhood,
ethic bias caused notable and exclusive detriment to the
business of the Chinese community. These historical facts
should be carefully borne in mind for their instructive
dimension, since they constitute magisterial lessons that
every contemporary health system should clearly learn.

A great boost in scientific progress dates back to the
first 40 years of the twentieth century, a period in which a
profound, and appropriate, medicalization of quarantine
measures emerged. At the very beginning of the twentieth
century, in 1903, the expression ‘lazaretto’ was replaced by
‘health station’; this was because in Italy and France the
classification of the population as sick, potentially sick, or
(apparently) healthy attained solid medical value. In 1907
an International Office of Public Health was set up, to
which, by 1909, at least 20 nations had joined. From a
nosographical standpoint, in 1926 quarantine practices
were extended to typhus and variola, and in 1928 the
International Office issued additional precise rules of
quarantining for all the different types of travelers. In
effect, by that time, contrary to the past, sea and land
were no longer the only areas of travel, since traveling by
air was becoming more widespread. By the end of the
twentieth century, air movements became the main trans-
mission modalities for large-scale diseases requiring quar-
antine, such as SARS and avian influenza.

With the establishment of the World Health Organiza-
tion (WHO), which replaced the International Office of
Public Health, formal use of the term ‘quarantining dis-
eases’ was replaced by terms indicating, on the one hand,
diseases controlled by international health laws, such as
cholera, plague, and yellow fever, and, on the other, dis-
eases under surveillance, including typhus and polio-
myelitis (Gensini et al., 2004). Nevertheless, even on a
terminological level, quarantine, quarantine practices,
and quarantining diseases have never died. In effect,
although in the course of the twentieth century a number
of U.S. quarantine stations were shut down following the
effective use of vaccines and antibiotics against transmissi-
ble diseases, the essential epistemological and operational
role of quarantine emerged again when SARS and avian
influenza not only led to the restoration and empower-
ment of the existing quarantine stations, but also to the
establishment of new and more modern quarantining cen-
ters across the States (Conti and Gensini, 2007).

In the United States, in the second half of the twentieth
century, quarantine practices became a major commit-
ment of the National Communicable Disease Center
(NCDC, currently the Centers for Disease Control
(CDC) and Prevention). In the 1960s the NCDC was
equipped with dozens of quarantine stations situated at
every seaport and international airport. In the 1970s it
modified its area of intervention from inspection to oper-
ational intervention, management, and regulation.

Still on this question of the reemergence and continued
relevance of quarantine, it must be observed that, in the
course of the twentieth century, many diseases have under-
gone quarantine measures. For example, the fundamental
clinical, epidemiological, and epistemological model of
TB quarantine has not lost its formative impact and opera-
tive functionality. This is so not only because of histo-
rical reasons (in 1913 a government-funded agency, the
Medical Research Council, was established in the United
Kingdom with the purpose of elaborating scientific
research and political solutions to tuberculosis), but also,
and more important from the current perspective, because
TB, a disease that seemed to have almost disappeared
in the Western world in the 1960s and 1970s, has again
emerged significantly in the last few decades.

In 2003 the constitution of a new European body dedi-
cated to surveillance, regulation, and research was pro-
posed, also on account of the organizational and medical
difficulties ensuing from the emergency of a ‘new-onset’
epidemic, the severe acute respiratory syndrome (SARS).
In this context quarantine achieved new popularity, as
evidenced by the Fact Sheets (see Relevant Websites)
issued by the CDC, in which it was explicitly written that
‘‘Quarantine is medically very effective in protecting the
public from disease.’’ This extremely recent and sudden
need for quarantine was prompted, with reference to SARS
(but also to avian influenza), by the lack of a specific
vaccine and targeted drugs, deficiencies that have evi-
denced how, even in the presence of highly technological
medicine and health care, general (but not generic) pre-
ventive interventions are still fundamental. Among these,
public, shared information, capillary health-care surveil-
lance, and quarantining practices are vital. For SARS, the
quarantine length, instead of the traditional time span of
the past, as indicated by the term (it may be remembered
that ‘quaranta’ is the Italian word for 40), has become
10 days, a period tailored on the incubation time of the
pathogen agent of the syndrome. SARS has also repre-
sented a major challenge for health systems because (and
this should be clearly highlighted, since the history of
health has always much to teach humanity) the unexpected
spread of this epidemiological condition has further put
into question the real effectiveness of quarantine measures.

The outbreak of SARS in 2003 clearly showed how
quickly new diseases may spread, thus deeply challenging
community defenses. In the light of the historical lessons
learned from SARS, and from avian influenza too, quar-
antine regulations were recently reviewed, and on 15
June 2007 the revised International Health Regulations
(IHR) became operative. The IHR are a certified set of
procedures and rules aimed at rendering the planet safer
from global health threats. The revised IHR requirements
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include basic elements related to food and environmental
safety and communicable diseases. Crucial for public
health are the key points regarding notification, with the
enhanced openness made necessary by today’s world, and
the establishment of fundamental public health proce-
dures to optimize monitoring and response. These fea-
tures document the modern interest for health measures
connected with quarantine and isolation in their appro-
priate operational context. Instead of the maximum mea-
sures previously implemented with regard to particular
diseases, these revised International Health Regulations
provide recommendations which are context-specific.
This paradigm shift shows how the specific boundaries
of application of health-care practices require continual
reconsideration.

Just like every other health measure, quarantine has
intrinsic limits of implementation of which the scientific
and the general communities must be institutionally and
socially aware. Historically speaking, the legal and ethical
limits of quarantine had alreadyemerged in the 1980s, when
AIDS (acquired immune deficiency syndrome) had broken
out. Quarantine effectiveness varies in accordance with
the initiation and length of limitation on travel between
communities (Musto, 1986). Satisfactory templates for a
precise determination of these limits of quarantine applica-
tion are now available, and they are particularly interesting
from a historical-scientific standpoint because they have
already been applied to past epidemics. For example, to
understand whether rates of travel are affected by informal
quarantine policies, a compartmental model for the geo-
graphical spread of infectious diseases has been applied to
quantitative information deriving from a Canadian histori-
cal record regarding the period of the Spanish influenza
pandemic (1918–19). This same methodological model has
been used to evaluate the impact of observed differences in
travel on the diffusion of epidemics (Sattenspiel and Her-
ring, 2003). The interesting retrospective results deriving
from the application of models such as the one discussed
here, to historical epidemics, need to be prospectively
translated, on the basis of the best scientific evidence cur-
rently available, to address the contemporary and future
effectiveness of human quarantine in simulated scenarios
of epidemics. From a methodological point of view, this is
one of themost appropriate strategies in preparing solutions
to the limits of quarantine.
Conclusions and Perspectives

This article on the historical evolution of quarantine
has presented, by means of documented examples, the
scientific principles relevant to the effectiveness of
quarantine, the logistic, economic, and political barriers
through time to its correct implementation, and the
health impact of local and large-scale quarantine.
Quarantine is one of the oldest and most effective
health measures elaborated by mankind, but it should
not be considered the solution to every epidemiological
problem. As clearly indicated by the AIDS epidemic, it
has various limits with regard to ethical and legal issues, as
well as to epidemiological and organizational problems.

Overall, however, the basic conceptual and operational
background of quarantine still has an epistemological and
applicative value. The evidence-based current epidemiol-
ogy and the evidence-based history of medicine show that
the implementation of correct quarantine procedures is
feasible and effective if tailored to geographical, social,
and health conditions and when collaboration occurs
among those concerned.

The historical persistence of the term ‘quarantine,’
etymologically indicating a 40-day period but now oper-
atively defining variable time interventions for different
communicable diseases, is the best documentation of
the continuing value of this health measure through the
centuries.
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Introduction

Rabies is usually transmitted to humans by dog or bat bites,
and is uniformly fatal. The virus, a single-stranded RNA
Lyssavirus, invades nerves en route to the brain. The bite
site and severity and the inoculum size are determinants
of the infection risk and incubation period. Immediate
wound cleansing and the prompt use of antirabies immu-
noglobulin and rabies vaccine are life-saving. Older vac-
cines are being replaced by safe, effective, and less costly
tissue culture products. New reduced-dose intradermal
administration schedules have made them more affordable
(Wilde et al., 1999). Elimination of canine rabies in uncon-
trolled dog populations represents a major public health
challenge.
Epidemiology

Extent of the Disease and Routes of
Transmission

Rabies is generally transmitted through the bite of an
infected mammal to another mammal. Rabies is believed
to be capable of infecting all mammals. Both historically
and currently, rabies was and is transmitted to humans
primarily by canines, as well as by agriculturally impor-
tant species such as cattle, horses, and sheep. Unless pre-
vented by the measures described below, death inevitably
results when the infection reaches and destroys its target,
the central nervous system.

Rabies, and closely related Lyssaviruses, can be found
throughout the world except in Greenland, Antarctica,
and some isolated islands. Australia, previously consid-
ered rabies-free, harbors a Lyssavirus in fruit- and insect-
eating bats, which causes a fatal rabies-like illness in
humans (Warrilow, 2005) (Figure 1). Regions with large
unsupervised dog populations present the greatest risk,
since canines are the principal route of infection to
humans. Vampire bat rabies in Central and South America
is a hazard to humans and cattle. Worldwide rabies report-
ing is incomplete. The number of annual human deaths is
unknown but is thought to be well over 50 000. Nearly
50% of these deaths are in children. They are less able to
defend themselves against biting animals than adults, and
are more likely to be bitten on high-risk body parts such
as the face, head, and hands (WHO, 2005).

Rabies is responsible for more deaths than polio,
yellow fever, Japanese encephalitis, SARS, or meningo-
coccal meningitis. India alone had an estimated 30 000
annual rabies deaths during past decades. Pakistan esti-
mates over 5000 (Wilde et al., 2005). Rabies is emerging
again in China, which was virtually rabies-free during
the reign of Mao Zedong. Japan, Taiwan, Malaysia,
Singapore, and South Korea eliminated canine rabies
decades ago. No other Asian countries have succeeded
in doing so. Rabies can also be transmitted through the
inhalation of bat secretions (e.g., in people exploring caves
that house bats) and, rarely, through the transplantation of
infected tissues. Rabies has also occurred in people who
have bats in their homes without a history of bites.
New Lyssaviruses are Being Discovered

There may still be undetected bat Lyssaviruses related to
classical rabies virus in many parts of the world. Bats do not
often interact with people, but transmission to humans
and pets has been documented in The Americas, Europe,
and Australia. Indigenous bat Lyssaviruses have now been
identified in the Philippines, Thailand, Siberia, Central
Asia, and Cambodia, as well as in Australia. The United
Kingdom, previously considered rabies-free, recently expe-
rienced a human death from a European bat Lyssavirus.
463



Figure 1 Human rabies deaths (2004). Source: World Health Organization (2004), with permission from Dr Fx Meslin.
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Importance of Animal Vector Control

Dogs, cats, and other mammalian rabies vectors are occa-
sionally transported from rabies-endemic regions to
rabies-free ones. The recent introduction of rabies by
Indonesian fisherman to previously rabies-free Flores
Island resulted in an ongoing rabies outbreak with over
100 human deaths (Figure 2). Recreational hunters in the
1990s in the eastern United States unknowingly trans-
ported rabid raccoons from Florida to a hunting reserve,
which led to a widely reported epidemic of rabies, with
many animal and some human deaths that traveled up
the East Coast of the United States. Thus, in order to
eliminate rabies expansion through animal transport,
animal control measures within countries and at national
boundaries must be maintained.

Canines remain the most important animal vector
for transmission of rabies to humans. We know virtually
all that is needed to eliminate canine rabies, but cultu-
ral, political, and economic barriers have prevented
implementation. Sustained vaccination of over 70% of
the canine population can control rabies. In order to
regularly vaccinate a large canine population, given
their short life spans and rapid reproduction rates, canine
numbers must be made manageable. This can only be
done when societies and governments are motivated to
enforce vaccination regulations and to reduce stray dog
populations (Figure 3). It requires funding, legislation,
and energetic enforcement. The World Health Organiza-
tion (WHO) publishes detailed guidelines for human and
veterinary professionals (WHO, 2005). Hindu and Bud-
dhist countries have religious barriers to some control
measures. These will have to be overcome by developing
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humane means of canine population control and education
toward responsible pet ownership. Some efforts in this
direction are now underway by the WHO, enlightened
animal rights organizations, and governments.

Oral vaccination of foxes with bait containing vaccine
has virtually abolished fox rabies in Europe. Efforts are
being made in North America to apply this to foxes,
skunks, and raccoons. There is as yet no strategy for
controlling rabies in bats and most wildlife.
Clinical Diagnosis of Rabies

Rabies generally presents in one of two forms, ‘furious’
(Figures 4 and 5) or ‘paralytic’ (Figure 6). Diagnosis of
canine and feline rabies is not difficult when it is of the
furious form. Irritability, aggression, increased salivation,
indiscriminate biting, and damaged and inflamed oral
Figure 3 Street scene in Bangkok showing citizen feeding

stray dogs, the main reservoir of rabies in southeast Asia.

Figure 4 A confined furious rabid dog biting indiscriminantly at
the cage.
structures are obvious signs of the disease. The paralytic
form of rabies (approximately 30% in dogs) presents
diagnostic problems. The clinical picture is similar to
other infections such as canine distemper. Euthanasia
and histological examination of the animal’s brain is not
always possible or available, and it is best to start post-
exposure prophylaxis (PEP) immediately in a possibly
exposed human if rabies is suspected. A free interactive
computer program can aid in the clinical diagnosis of
canine ra bies (www.soonak .com).

The ‘furious’ human form is characterized by a pro-
drome manifesting as a feeling of impending doom,
Figure 5 A cat with furous rabies. Such an animal can inflict
incredibly severe wounds to several people when found at a

market. All will become full-blown cellulites within hours.

Figure 6 A dog with paralytic rabies. It looks pitiful and several

persons can become exposed to saliva in attempts to hand-feed
such an animal.

http://www.soonak.com


Figure 7 This anxious looking young man is seen in the OPD
where he presented with fever, headache, some phobic spasms

and aerophobia. He was bitten by a street dog 18 days earlier

and had no treatment. He died within 3 days of encephalitic

rabies.

Figure 8 Patient with furious rabies. Note contracted
muscles in neck due to phobic spasms. She lived for 2 weeks

in the ICUwith cardio-pulmonary support but died of multisystem

failure. PCR of saliva was positive but she never showed

antibodies in her CSF.

Figure 9 A near-terminal patient with furious rabies. He was
fanned and shows facial and neck-muscle spasms.
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pain, or abnormal sensation in or near the bite site
(Hemachudha et al., 2002) (Figure 7). It is seen in 70%
of cases. Other symptoms may be vague, such as anxiety,
fever, headache, muscle aches, or even diarrhea. This is
followed by the neurological phase, consisting of alternat-
ing intervals of agitation, aggression, and coherent calm-
ness. Within a few days, coma ensues with respiratory
failure, leading to rapid demise unless life is prolonged
by intensive cardiopulmonary support. Several cases of
humans surviving this stage have been reported, but they
are the very rare exception, and there are only two long-
term survivors known. Hydrophobic and aerophobic
spasms of the neck and diaphragm may occur intermit-
tently and may not appear together (Figures 8 and 9).
Autonomic dysfunction may start early but usually
becomes prominent in the neurological phase with exces-
sive salivation, fluctuating blood pressure, cardiac arryth-
mia, pupillary dysfunction, and neurogenic pulmonary
edema. Hallucinations and seizures are not usual in
dog-related cases but are frequently seen in bat rabies
(Hemachudha et al., 2002).

One-third of human cases present as the paralytic form
resembling Guillain-Barré syndrome (GBS), due to a
different host response to the infection (not to differences
in the infecting virus). It is difficult to diagnose without
experience and sophisticated laboratory help. Nerve
electrophysiological studies are identical to those seen
with GBS, and thus efforts to identify the virus or its
RNA in sputum, urine, tissues, or cerebrospinal fluid
may be required to confirm the diagnosis. Phobic spasms
can be seen in only half of paralytic cases. Survival time is
shorter in the furious form than in the paralytic form
(mean of 5 versus 11 days). Rabies can also present in
atypical ways, particularly when associated with bat expo-
sure. Rabies must be considered in any patient presenting
with unclear encephalopathy. Use of illicit or ‘recrea-
tional’ drugs, medications, or alcohol may mislead clin-
icians. Rapid deterioration to coma suggests rabies.
Constant rigidity of muscles is the hallmark of tetanus.
Acute hepatic porphyria can be excluded by appropriate
tests. A history of recent animal encounters (which may be
absent in cryptic bat cases), fever, muscular paralysis with
preserved consciousness and intact sensory function,
urinary incontinence, percussion myoedema, inspiratory
spasms, and respiratory failure suggest paralytic rabies
(Hemachudha et al., 2002, 2005; Jackson, 2006).
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Rabies awareness is inadequate in non-endemic coun-
tries. This became evident from recent transplantation-
related cases in Germany and the United States. One case
was diagnosed as drug abuse-related psychosis and the
other as drug intoxication and a possible subarachnoid
hemorrhage. The history that the former person had just
returned from India having experienced a dog bite and
that the latter had been bitten by a bat were not elicited or
were disregarded. They were used as tissue donors for
10 recipients, of which 7 died of rabies. Interestingly, one
of the survivors was a liver transplant recipient who
had been previously vaccinated against rabies and had
an anamnestic rabies-neutralizing antibody response.
Laboratory Diagnosis

The most secure method of diagnosis is by examination of
brain tissue. Antemortem laboratory diagnosis of rabies in
animals is not recommended since distribution of virus in
organs may be variable, and shedding in saliva, urine, and
spinal fluid is intermittent. Postmortem brain examination
needs to demonstrate rabies antigen by direct fluorescent
antibody (DFA) test, immunohistochemistry, or molecular
methods. The DFA test is the gold standard; indeed, there
were no false-negative results in a prospective study of
8987 brain impression smears (Tepsumethanon et al.,
1997). Brain tissue, dried on filter paper, can be kept at
room temperature for many days for rabies virus RNA
detection. These techniques are available in many tertiary
care centers and referral laboratories. To be of clinical
value, results must be rapidly available, sensitive, and
specific, since they will contribute to evidence-based
postexposure prophylaxis decisions for exposed patients.
In contrast to the above-mentioned methods, detection of
classical Negri bodies in histopathological specimens is
neither sensitive nor specific. Knowledge of the genetic
sequences of rabies virus is useful for epidemiological
surveillance and the study of transmission dynamics, as
there are strains of rabies that circulate predominantly in
foxes, bats, and other species.

Rapid antemortem laboratory diagnosis in humans is
important for formulating ethical and rational management
decisions (Hemachudha and Rupprecht, 2004). Reverse
transcription polymerase chain reaction (RT-PCR) and
other diagnostic molecular techniques can be performed,
with results known within a day. Saliva, cerebrospinal
fluid, urine, hair follicles, and tears should be used simul-
taneously owing to the intermittency of virus secretion.
Negative results require repeat testing when there is
a clinical suspicion of rabies. Brain imaging studies such
as computerized tomography (CT) or magnetic reso-
nance imaging (MRI) are most useful in excluding
other diseases. MRI findings are usually localized to the
brainstem, hippocampus, and hypothalamic regions, but
are not sufficiently unique to make a specific diagnosis of
rabies, they may be normal early after onset of clinical
symptoms.

Brain necropsy can be done via the superior orbital
fissure using a kidney or liver biopsy needle. It is invalu-
able when a complete necropsy is impossible.
Postexposure Prophylaxis (PEP)

The principles of postexposure prophylaxis (PEP) are
(1) to cleanse the bite wound and (2) to provide the bite
victim with antibodies to the rabies virus. Antirabies
antibody prevents the virus from infecting cells and pre-
vents death if virus is present before nerve cell invasion
occurs.

PEP requires immediate cleansing of bite wounds with
flowing water and soap and later with antiseptic agents.
Washing with water may decrease the size of the virus
(inoculum), while soap and antiseptic agents may dena-
ture the virus, thus preventing infection. This is followed
by risk evaluation and the administration of a course of
tissue culture vaccine (see Table 1). It takes 7–10 days
for a significant level of vaccine-induced natural antibody
to form. Unfortunately, this may leave sufficient time for
the virus to invade peripheral nerve cells. Once inside
nerve cells, it cannot be reached by antirabies antibody
and can travel through the nerve cell centrally to the
brain. Passive immunity must therefore be provided as
soon as possible after the bite by aggressively injecting
antirabies immunoglobulin (RIG) into and around the
bite wounds to neutralize virus (WHO, 2005). Immuno-
globulin, if injected intramuscularly at a distant site from
the wound, is nearly useless. This was first reported in 1963
and was recently confirmed in our laboratory. A vaccine
series is then started to induce active immunity with host
antibody production. Consultation with an expert is man-
datory when unusual problems are encountered. Various
RIG preparations are available, as discussed below. PEP is
costly and often substandard in many endemic regions of
the world, and thus prevention through vector control is
both more cost-effective (WHO, 2005) and efficacious.

Delay in starting PEP must be avoided at all cost. Rabies
incubation periodsmay be as short as a fewdays or as long as
many years, depending on the site of the bite, host factors,
and size of the inoculum (Hemachudha and Rupprecht,
2004).Table 1 summarizes the approach to rabies-exposed
patients. It is best to initiate PEP unless immediate labora-
tory studies of the responsible animal exclude rabies. If the
animal is observed and later found free of the virus, the
vaccine series can be discontinued. There are no contra-
indications to rabies PEP (WHO, 2005). An infectedwound
can be injected safelywithRIG as longas antibiotics are also
used to treat bacterial infection. A vaccine history in the
responsible dog is not an absolute justification for not



Table 1 Guide for rabies postexposure prophylaxis

Category: Type of contact with a suspected or confirmed rabid
domestic or wild animal, or animal not available for observation Recommended treatment

I Touching or feeding animal, licks over intact skin No treatment if reliable historya

II Nibbling over uncovered skin, minor scratches or abrasions

without bleeding, licks on broken skin

Administer vaccine immediately;b stop treatment if animal

healthy 10days later or if animal examined and found rabies-

free by laboratory tests
III Single or multiple transdermal bites or scratches, contamination

of mucous membranes by saliva (licks)

Administer rabies immunoglobulin and vaccine immediately;c

stop treatment if animal remains healthy for 10days or if animal

is euthanized and found negative for rabies by appropriate

laboratory tests

aA history obtained from a small child may be unreliable.
bIf an apparently healthy dog or cat is from a low rabies risk area and is placed under close observation, it may be justified to delay
specific treatment. This observation period applies only to dogs and cats. Except in the case of threatened or endangered species,

other domestic or wild animals should be euthanized and their tissues examined using appropriate laboratory techniques. Exposure to

rodents, rabbits, and hares seldom, if ever, requires specific antirabies treatment.
cImmunoglobulin is administered into and around the bite sites.

Table 2 Rabies vaccines

. HDCV France, Germany, Canada, India

. PVRV France, India, Columbia, China

. PCEC Germany, India, Japan

. PDEV Switzerland, India

. PHKC China, Russia, central Asian republics

. SMB South America, Vietnam, Cambodia

Boldfaced entries are WHO-recognized products.

Black entries are recognized locally only.

Italic entries are WHO-condemned products.

HDCV, human diploid cell vaccine; PVRV, purified vero cell rabies

vaccine; PCEC, purified chick embryo cell vaccine; PDEV, pur-

ified duck embryo vaccine; SMB, suckling mouse brain vaccine;

Semple, semple sheep brain-derived vaccine.
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providing PEP to a bite victim, unless the vaccination has
been thoroughly documented and more than one annual
dose had been administered.

Table 2 lists current WHO-recognized vaccines,
which are tissue and avian culture products, as well as
some older preparations derived from animal neuronal
tissues, which had the potential to induce autoimmune
neurological syndromes. Additional modern vaccines are
now appearing from India, China, and South America.
WHO has approved four postexposure vaccine schedules
using tissue culture vaccines (WHO, 2005). These are:

1. The ‘gold standard’ Essen Regimen, which consists of
one intramuscular full-dose injection on days 0, 3, 7,
14, and 28 after the exposure;

2. The Zagreb regimen, which consists of two full-dose
intramuscular injections on day 0 and one dose each on
days 7 and 21;

3. The Thai Red Cross Intradermal Regimen, which
consists of two injections of 0.1mL of any WHO-
recognized tissue culture vaccine at two different
lymphatic drainage sites on days 0, 3, 7, and 28; and

4. The Oxford Intradermal Regimen, which consists of one
injection of 0.1mL of any WHO-recognized tissue cul-
ture vaccine at eight different body sites on day 0, at four
sites on day 7, and at one site on days 28 and 90.

Intramuscular injections of vaccine must be adminis-
tered in the deltoid or lateral thigh regions, avoiding fat.
Intradermal vaccines are injected into arms or legs and, in
the case of the Oxford Regimen, into the abdominal and
intrascapular regions. The appearance of a split-skin ‘bub-
ble’ at the injection site demonstrates successful intrader-
mal and not subdermal administration (as in tuberculin
testing). Reduced-dose intradermal PEP (schedules 3
and 4) significantly decrease the cost of vaccination and
are used at rabies control clinics of several developing
countries. Many studies have shown equivalent immuno-
genicity and efficacy (WHO, 2005). WHO-recognized
tissue culture vaccines have excellent safety records.
Adverse reactions with tissue culture vaccines are minor
and equivalent to those seen with Expanded Program for
Immunization (EPI) vaccines such as those against polio,
mumps, and measles. Transient erythema, discomfort, and
itching at injection sites as well as mild regional lymph-
adenopathy are reported with injections. Mild transient
fever, headache, and malaise are also seen. Human diploid
cell rabies vaccine (HDCV) and, very rarely, other tissue
culture vaccines may cause mild serum-sickness-like reac-
tions in individuals who have had a prior rabies series and
are later given frequent boosters. These are not due to the
viral components of the vaccine (Fischbein et al., 1993).

Vaccines alone will protect the vast majority of
exposed patients, but it is not possible to predict which
victim will die if not given passive immunization with
RIG. The provision of passive immunity to protect
severely exposed patients during the first critical days
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can be life-saving. Patients with facial, head, and hand
bites are at the highest risk of death, and they represent
a high-priority group if RIG immunoglobulin is in
short supply (Figure 10). The original unpurified equine
or sheep serum-derived antisera had a deservedly bad
reputation for serum sickness and anaphylaxis. Second-
generation, highly purified equine antirabies immunoglo-
bulins (ERIG) contain whole IgG molecules. They have
an acceptable safety margin, causing only 1–7% serum
sickness reactions, depending on the product and batch.

An effort was then made to reduce the serum sickness
rate by further purification and splitting the antibody
using pepsin digestion. This reduced the serum sickness
rate only slightly. We have, however, become aware of
several cases of treatment failure where split equine or
human IgG products were used. Human rabies immuno-
globulin (HRIG) appears to be as effective as the whole
IgG ERIG and has virtually no adverse reactions. It is,
however, in extremely short supply and is very expensive,
and therefore is not available where it is needed the
most, as in poorer rabies-endemic countries. A new equ-
ine product has been chromatography-purified, pepsin-
digested and heat-inactivated. It is safe, but its efficacy is
controversial. Several new manufacturers of ERIG have
emerged in Thailand, India, South America, and China.
Some products are undergoing WHO preapproval studies
and may appear on the international market in the near
future. In our view, it is unfortunate that most of these are
pepsin-digested split IgG products. Monoclonal rabies
antibody technology has emerged and monoclonal anti-
bodies have been found to be safe and highly effective in
animal experiments, and are now undergoing human
studies. It will take time for such products to become
commercially available. HRIG and ERIG must remain
Figure 10 The hand of an elderly housewife bitten by a street

dog she tried to feed and which escaped. She required two

tendon repairs after wound-care and injection of all wounds with
diluted immunoglobulin.
on the WHO essential drug list until we have a safe,
effective and affordable monoclonal product commer-
cially available (Goudsmit et al., 2006).
Pre-Exposure Vaccination (PREP)

Human and equine rabies immunoglobulins are not avail-
able in many rabies-endemic regions, and PEP is often not
carried out to WHO standards. Pre-exposure prophylaxis
(PREP) is therefore recommended for travelers, workers
in certain occupations who are likely to come in contact
with infected animals, and laboratory workers exposed to
Lyssaviruses. One study fromThailand showed that 9% of
tourists had unanticipated or unwanted canine contact, sug-
gesting that vaccination of tourists to endemic regions should
be more widely considered. Recent studies have demon-
strated that immunity following WHO-recommended tis-
sue culture vaccine injections is very long-lasting. One
study showed that neutralizing antibodies can be detected
as long as two decades after completing a PREP or PEP
series. Booster injections then result in an accelerated
antibody response. WHO recommends one intramuscular
or intradermal booster injection on days 0 and 3 in an
individual who has experienced a possible rabies exposure
after having had a reliable history of PREP or PEP with a
WHO-recognized tissue culture rabies vaccine (WHO,
2005). An alternate method is to administer intradermal
injections of 0.1mL vaccine at four sites (deltoid and
lateral thigh) at one sitting. This saves clinic costs and
travel time but has not yet been WHO-approved. Labora-
tory scientists at high risk of rabies, such as those working
with potentially rabid animals or live virus, are still
advised to have either periodic antibody titer determina-
tions or a booster every 5 years. Some diplomatic missions,
nongovernmental organizations, military, and UN teams
recommend PREP for their staff when transferred to
rabies-endemic countries.

Many countries are failing to control canine rabies.
Since children represent half of rabies deaths (WHO,
2005), this has led to suggestions to include rabies vaccine
as part of the childhood EPI in high-risk regions. Cost–
benefit considerations and priority of funds for other
vaccinations have, however, prevented implementation
(Figure 11).
Management of Human Rabies

Treatment of human rabies was the subject of a Canadian
and U.S. CDC-sponsored conference in Toronto in 2002.
The expert consensus was that only comfort care should
be provided, given the uniformly fatal prognosis ( Jackson
et al., 2003). Intensive curative efforts should be reserved



Figure 11 Dog bite in a child. They are often bitten on the head,

face, and hands and represent almost half of the worldwide
human rabies deaths.
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for a time when promising new technologies become
available. We have as yet no known proven antiviral agents
against Lyssaviruses. However, the survival of a 15-year-
old girl, bitten by a bat who had not received PEP, has
created hope. Treatment consisted of intensive care and
induced deep coma with ketamine and benzodiazepine to
lessen excitotoxicity as well as ribavarine. This patient was
unusual in that she had neutralizing antibodies on admis-
sion in both serum and spinal fluid but no demonstrable
viable virus or viral RNA. Her case was similar to the
other survivor, a 6-year-old (reported in 1972), who had a
bat bite and early antibodies in serum and spinal fluid. He
was treated with supportive care only and made a full
recovery. His virus could not be isolated, either. These
bat-derived agents could have been of less virulence, or
both subjects may have managed to mount an unusually
rapid and aggressive immune response that controlled
their disease. By way of example, we recently treated a
rabies patient who received the coma induction regimen
with ketamine and ribavarine, never developed neutraliz-
ing antibodies, and died of multisystem failure on the
eighth hospital day. Ample virus was identified through-
out his hospital course. Approximately 25% of our dog-
related human patients developed serum-neutralizing
antibodies regardless of the form of rabies. However,
none had neutralizing antibodies in CSF. Similar coma-
induction regimens have been applied to 11 other patients
in the United States, Europe, Asia, and Canada without
success.
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‘Race’ and Health Inequalities: Two
Causal Pathways

In the United States, where data on ‘race’ are routinely
collected, researchers continue to find consistent, persis-
tent, and usually marked disparity in nearly every indica-
tor of wealth and health by race (Smedley et al., 2003).
While there are some counterfactual findings and race-
based health disparities that may be less glaring than in
other countries, the overall pattern is clear. On nearly
every indicator of health, whites in the United States do
best and, conversely, African Americans do worst (Sacher
et al., 2005).

Why is it that such differences in health and disease
persist among races? For well over a century, occasional
debates – or more accurately, parallel arguments – have
continued in scientific literatures and among various pub-
lics. Two arguments predominate: In one argument, racial
differences in health are traced back to the evolutionary
development of racial differences in genetics. This ‘racio-
genetics’ perspective accepts that race is a viable substitute
or shorthand for genetic variation between populations,
and such genetic differences are assumed to be salient
causes of disease as well as other racial differences.

In the more recent counterargument, race-based
health disparities are causally traced to variation in the
‘lived experience’ of those assigned to different racial
categories. Here, lived experience refers to the totality
of everyday conditions that are embedded into the fabric
of social, personal, and institutional relationships. Some of
these experiences are rather subtle personal interactions
that communicate values based on phenotypic appear-
ances, and others still are more deeply and profoundly
personal experiences of racism.

I argue that the raciogenetic explanation is both episte-
mologically flawed and counter to scientific facts because:
(1) genetics accounts for only a small fraction of the variation
in the complex diseases of interest, and, most importantly,
(2) human genetic variation is extremely large within
racial groups and does not easily map onto race as it is
typically defined. Furthermore, in an age characterized by
the celebration of genetic medicine, a compromise posi-
tion in which both causal mechanisms are seen as valid is
likely to have the consequence of overstating the role of
genetics (Goodman et al., 2003; Sankar et al., 2004).

In the following, I first outline the raciogenetic argu-
ment and then the lived experience/racism argument.
I then present reasons why equating race with human
genetic variation is epistemologically and scientifically
flawed. I end with a critique of the compromise position
and a statement of the need to clearly determine what we
mean by race when it is used in public health research and
practice.
The Raciogenetic Perspective

The perspective or worldview that racial differences in
health are due to natural or inborn factors is an old one
that extends back to at least the early nineteenth century.
In the earliest (pre-Darwinian) versions of this worldview,
by virtue of either assumed separate creation or separ-
ate evolutionary histories, whites were believed to be
endowed with natural abilities to resist those diseases
that were characteristic of ‘civilization.’ Frederick Hoffman
(1896), for example, published a wealth of data on race
differences in health in the United States. His influential
treatise suggested that the increased morbidly and mor-
tality of African Americans, especially in the northern U.S.
cities, resulted from their collective, inborn inabilities to
survive the rigors of the contemporary world. Hoffman
predicted their eventual demise.

At the time Hoffman was writing, many physicians felt
that races were differentially susceptible to disease, and
therefore, particular races were more likely to suffer from
particular diseases. So, for example, once sickle cell dis-
ease was identified in African Americans, it was assumed
to be a race-specific disease (Wailoo, 1997; Tapper, 1999).
When Europeans began to present with symptoms of
sickle cell anemia, it was assumed by physicians in the
1920s and 1930s that they must be part ‘negro.’ The
possibility that sickle cell had nothing to do with race,
but much to do with evolution and genetics, was not
considered until the middle of the twentieth century.

In the twenty-first century, the idea that germs obey the
color line or that diseases are specific to one race or the
other has gone out of vogue. But the remnants of geno-racial
determinism persist in current ideas that races are quasi-
scientific units with separate disease susceptibilities. In its
most common formulation, such ideas define race as a
quantifiable risk factor for disease. Indeed, raciogenetics
persists as a dominant explanation for variation not just in
conditions such as sickle cell anemia that are caused by
variation in a single gene, but also for variation in complex
metabolic conditions such as diabetes and heart disease
(Goodman 1997; Sankar et al., 2004). In 2005, for example,
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the U.S. Food and Drug Administration approved the med-
ication BiDil for use in African-Americans, presumably
because it was effective in combating congestive heart fail-
ure in this group for reasons that were thought to be,
for genetic reasons, intrinsic to that group (Temple and
Stockbridge, 2007).

Finally, it is clear that we live in an age of genetics, a
time in which genetics has taken hold as the dominant
explanation for most behaviors and conditions. Certainly,
genetic medicine is big business. And so it follows that
genetics might explain variation in health among races
(Goodman et al., 2003).
The Lived Experience of Racialization
and Racism

In part due to the emergence of social epidemiology in
the later part of the twentieth century (Krieger, 2001), the
impact of dietary habits, stress, work conditions, and other
aspects of daily life on health are clearer to both profes-
sional and various publics. Part of the work in this field has
pointed toward how life-long differences in living condi-
tions might explain the bulk of the variation in health
among races (see for example, Williams et al., 1997). Social
class and racism, for example, are closely intertwined,
and both interact to affect life courses, determining
exposure to, among other things, healthy foods, pollutants,
and experiences of discrimination, and rendering people
differentially vulnerable to exogenous risks (Krieger, 2003).

In some sense, the lived experience hypothesis is so
strong and obvious and fits the data so well that even those
who strongly back genetic explanations acknowledge the
importance of lived experience (Satel, 2002). Yet, for
reasons noted below, the tendency is not to drop a genetic
explanation entirely, but to acknowledge a role for both
lived experience and raciogenetics (Satel, 2002). The pro-
blem with this compromise position is that it says little
about underlying etiology. Ultimately, if one wishes to
address health inequities, the relative importance of these
distinct etiologic pathways must be determined. Given the
ascendancy of genetics in health sciences research, it is
often assumed, even in the absence of empirical evidence,
that somehow genetic factors are more prominent as
determinants of health than those hard-to-measure factors
that derive from lifestyle or social experience.

The debate among the competing causes persists, and
it is both scientific and political in the sense that each
hypothesis points toward a series of actions that have
political and ethical implications. In the following section,
I present a number of reasons why race should not be
used as shorthand for human genetic variation. If race
maps poorly onto genetic variation, then the raciogenetic
explanation is scientifically flawed.
Why ‘Race’ � Human Genetic Variation

Race is a powerful idea and a worldview that was invented
and reified to explain variation in human biology, culture,
and behavior (Smedley, 1999). The underpinnings of this
idea can be traced to classic Greek philosophical notions
of ideal types and Christian ideas about a great chain
of being. However, in the view of most historians of
race and slavery, the idea of biologically based human
races was itself a more recent invention (Smedley, 1999).
With the development of ocean travel and international
migration, human differences were magnified. Colonial
factors, particularly the desire to exploit lands and people,
may have also contributed to the tendency toward value-
laden, racialized thinking. Starting in the eighteenth cen-
tury, natural historians such as Linnaeus began to classify
humans into subspecies or races. These classifications
persist today.

However, we now know that the raciogenetics:

. is antithetical to the idea of evolution;

. does not fit the measurable reality of the structure of
human variation;

. does not translate into a concept that is epidemiologi-
cally repeatable; and

. leads to a series of conflations that inhibit understand-
ing of disease cause, treatment, and prevention.
The Idea of Race versus Evolution

Race, as noted above, is largely a socially constructed idea
about how human genetic variation is structured. It is, in
fact, an idea that should have been cast aside with the
development of evolutionary thinking (Goodman, 1997).
What is perhaps most problematic about the idea of race is
that it is not a process; rather, it is cast as a thing or an end
result of a process. To say that race differences exist
because of race is a tautology. There are in these explana-
tions no explicitly theorized arguments relating to the
processes by which race differences came into being.
Yet we know now from studies of human evolution that
genetic variation arose and is a result of evolution and
history. The idea of race, of stable and unchanging types,
inhibits rather than advances evolutionary studies of the
development of human differences.
The Structure of Human Variation

If the idea of race – dividing humans into some three or
more racial groups – approximated in a useful way the
geographic structure of human variation, then one might
support the notion that race is an imperfect but accept-
able stand-in for human genetic variation. So framed,
the association of place and genetic variation does not
explain everything, but it is a sort of ‘quick and dirty’
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approximation (Satel, 2002). This position may have been
defensible prior to the application of modern genetics to
human evolutionary studies. However, it is not defensible
now for the following reasons.

Human variation is continuous

Allele frequencies tend to vary gradually across human
populations. Definitions of race as a discontinuous cate-
gory, reflecting clear ‘breaks’ in gene frequency, are thus
conceptually flawed: It is impossible to identify where one
race begins and another ends. Skin color, for example,
varies widely by latitude and degree of exposure to ultra-
violet. Since Africa covers such a wide span of latitude, it
is reasonable that African groups exhibit a wide range of
skin colors that overlap tremendously with individuals
from other continents.

Human traits vary independently from each other

Traits tend to vary independently of other traits. Race
categories will therefore vary by the traits used to classify.
A classification based on sickle cell trait might include
equatorial Africans, Greeks, and Turks, while another clas-
sification based on lactase enzyme deficiency might include
eastern and southern Africans with southern Europeans,
Japanese, and Native Americans. There is no possibility
for consistency. As skin color is only correlated with a
few other phenotypic traits such as hair and eye color, it
is true to say that ‘race is only skin deep.’

Within-race-group genetic variation is much
greater than variation among ‘races’

Starting with Lewontin (1972), studies have statistically
apportioned variation in different genetic systems to dif-
ferent levels: among ‘races’ and within ‘races’ and smaller
populations such as the Hopi, the Ainu, and the Irish.
Lewontin collected data on blood group polymorphisms
in different groups and races. He found that blood group
variation between races statistically explains only about
6% of the total variation. These results show that if one is
to adopt a racial paradigm, one must acknowledge that
race will statistically explain only a small proportion of
genetic variation. Moreover, this small variation is better
explained by geographic distance (Templeton, 1998).

Yu et al. (2002) more recently compared a large sequence
of DNA, 25 000 letters or base pairs long, of ten individuals
from each of the threemain ‘races’ typically used inmedical
studies: Asian, European, and African. They counted out
the number of differences between any two individuals
and found that the average number of differences between
any two individuals from Africa was greater than the
average number of differences between an African and a
European or an African and an Asian. These results sup-
port the understanding that there is greater genetic varia-
tion in Africa because of the increased evolutionary
time humans have spent in Africa. Most startling perhaps
is that Europeans and Asians, rather than being genetically
separable, appear more accurately to be subsets of
Africans. We truly are, it seems, all Africans.

Race: An Unrepeatable Explanatory Variable

Race is impossible to define in a stable and universal way
because ‘race as biology’ varies with place and time, and
the socially determined color line is even more dynamic.

Other continuous variables such as head and foot size
are classified into hat sizes and shoe sizes, and these
systems work. A problem with race in practice is that
there is no agreed-upon ‘race scale’ as there are hat and
shoe size scales. Ideas about race are fluid and based on
different phenotypic cues. The salient cues change over
time, place, and circumstance and are subject always to
social and cultural processes.

Race: Conflating Lived Experience and Genetics

Other key methods of classification such as social class
may also differ widely. Although always imperfect, mea-
sures of social class begin to provide a glimpse at the
underlying processes through which social and economic
positions affect lived experience and health. Where race
critically differs is in the breadth of potential interpreta-
tions of the underlying processes. As previously noted,
some individuals view racial differences in disease as due
to genes, while others view race differences as the conse-
quence of the lived experience of race and racism. Obvi-
ously, this confusion has serious implications for theory
and practice. One cannot do predictive science based on a
changing and indefinable cause.

Conflating Human Genetic Variation and Race

Human genetic variation does exist: It is real and measur-
able. But it is also more dynamic than one might assume.
For example, the genetics of Amherst, Massachusetts, in
1606 was very different from 1806 and 2006. And the road
from genetic factors to complex diseases and behaviors is
exceedingly interactive and less than fully determined.
Where we end up – whether a behavior or disease
becomes manifest – is undoubtedly related, though partly
and incompletely, to genetics. But none of this has any-
thing to do with race.

A reasonable compromise position would be to accept
the fact that racial inequalities in health are likely a result of
both causal pathways: genetic and lived experience. In fact,
this is precisely the position advocated by Francis Collins
(2004), the powerfully placed head of the U.S. National
Human Genome Institute. But Sankar and colleagues
(2004) argue that such a position has the real consequence
of overstating the importance of genetics, as well as
continuing to conflate race with human genetic variation.
In their analysis, such a position is likely to divert research
funds from socioeconomic causes of health disparities.



Conclusions

No single reason noted above may be sufficient to throw
race as genetics, or raciogenetics, onto the scrap heap of
surpassed scientific ideas. But considered in combination,
the critical discussion above clearly suggests that it is time
to move beyond raciogenetic thinking in the health
sciences. Such a move not only finally jettisons an out-
dated paradigm, it also provides the space to explore more
fully the complex and critical connections between the
experience of racism and health, and ultimately, the full
range of causes of health inequities.
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Introduction

Although racism appears to be an enduring feature of
societies throughout the world, there is continuing debate
about its origins. Some scholars find evidence of racism
throughout recorded history, while others pinpoint its
genesis in the fifteenth-century Enlightenment. Never-
theless, it is clear that the term racism itself was first
coined in the early twentieth century, emerging as a
critique of race relations in Western societies. Outside
of academic circles the term was not in popular usage
until the mid-twentieth century, with the concepts of
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institutional and internalized racism (discussed later) not
appearing until the 1960s.

Given this history, it is not surprising that the extensive
literature on ethnic/racial (hereafter ethnoracial) dispa-
rities in health produced in recent decades has, with few
exceptions, failed to explicitly identify and study racism
as a driver of these disparities. Although it has been shown
that ethnoracial disparities in health are large and perva-
sive across health outcomes, as well as time and place, and
that social exclusion/disadvantage are fundamental to
such disparities (Nazroo and Williams, 2006), the overt
study of racism as a driver of health inequality only began
in earnest following an article by Krieger et al. (1993).

Since this time, a few hundred studies that overtly
examine the relationship between racism and health have
been published. Drawing in particular on recent scholar-
ship by Paradies (2006a, b), this article begins by reviewing
the conceptualization, operationalization, and characteri-
zation of racism as a determinant of health before exam-
ining the evidence from this small but burgeoning body of
research and concluding with a discussion of limitations
and future directions in the explicit study of racism and
health. It should be noted that this article does not review
the broader literature on ethnoracial disparities in health.
Moreover, the burgeoning field of psychology that exam-
ines stereotyping, bias, and behavior in relation to differ-
ent ethnic groups or races (hereafter ethnorace) is
touched on only briefly.
Conceptualizing Racism

In conceptualizing racism as a determinant of health, it
should first be recognized that racism is only one of several
causes of ethnoracial disparities in health. Genetic, socio-
cultural, and socioeconomic differences between ethnora-
cial groups are also responsible for such disparities. While
the latter two factors are substantial drivers of ethnoracial
health disparities and are themselves strongly influenced by
racism, genetic variation accounts for only a tiny fraction of
health disparities across ethnoracial groups.

To the extent that racism drives health outcomes, it
does so in interaction with other oppressions such as
sexism, ageism, and classism. Oppression is manifested in
societies through the unequal distribution of power among
social groups resulting from attitudes, beliefs, behaviors,
norms, and practices relating to these social groups. The
phenomenon of oppression is also intrinsically linked to
that of privilege. In addition to disadvantaging minority
racial groups in society, racism also results in groups (such
as Whites) being privileged and accruing social power.

Figure 1 is a representation of how privilege/oppression
may act as a determinant of health. The processes shown in
this figure occur across the dimensions of both time (his-
tory) and space (geography) as well as across the life course.
In the structural realm, fundamental features of society,
as encapsulated by the terms culture, ideology, and world-
view, interact with societal institutions and are influenced
by and produce systemic privilege/oppression. Systemic
privilege/oppression can be defined as the production,
control, and access to material, information, and symbolic
resources within a society that serve to increase power
differentials between social groups. Systemic racism,
which has also been referred to as institutional (or institu-
tionalized), structural, cultural, societal, and civilizational
racism, is an example of systemic privilege/oppression. As
shown in Figure 1, systemic oppression acts to differen-
tially construct and constrain the interpersonal realm as
represented by an individual’s social identities (or loca-
tions). As a form of oppression, systemic racism is a strong
determinant of an individual’s place of residence, living
conditions, and socioeconomic position (SEP).

An individual’s social locations then become the basis
on which interpersonal and internalized oppression is
perpetrated. Interpersonal oppression is the interactions
between individuals that serve to increase power differ-
entials between social groups. Using the framework pre-
sented by Jones (2000), internalized oppression can be
defined as the incorporation of attitudes, beliefs, or ideol-
ogies within an individual’s worldview that result in the
unequal distribution of power among social groups. There
are two forms – internalized dominance (i.e., privilege)
and internalized oppression (i.e., oppression). Internalized
dominance is the incorporation of attitudes, beliefs, or
ideologies about the inferiority of other social groups
and/or the superiority of one’s own social group. Con-
versely, internalized oppression is the incorporation of
attitudes, beliefs, or ideologies about the superiority of
other social groups and/or the inferiority of one’s own
social group.

At the level of the individual, a biopsychosocial
approach represents the interaction of interpersonal and
internalized oppression with psychosocial and behavioral
factors as well as biophysical (including genetic) pro-
cesses. Individuals with various social identities who
have disparate exposure to interpersonal and internalized
oppression experience differential health outcomes by
way of the processes shown. These processes also feed
back into the interpersonal and structural realms, such
that these three levels together enact on each other. The
first step toward measuring the effects of racism, as repre-
sented in Figure 1, is to understand how racism can be
operationalized as a determinant of health.
Operationalizing Racism

One of the most persistent difficulties in operationalizing
the health effects of racism is the complexity involved in
attributing a particular event to racism. Racism can be
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subtle, unintentional, unwitting and, in the case of inter-
nalized racism, even unconscious. Subjective experiences
of racism may be caused by other forms of oppression,
while experiences that are objectively racist may be attrib-
uted to other forms of oppression or to an individual’s own
limitations. Moreover, some forms of systemic or inter-
nalized racism are frequently not perceived and may not
be perceivable by those affected.

A more fundamental problem in attributing events to
racism is that even the objective incidence of racism is an
intrinsically relative phenomenon. That is, racism occurs
when there are differential effects (in relation to power)
by ethnorace. As such, any particular event is objectively
racist only when it is clear that a different effect or
outcome would have ensued in a situation that was iden-
tical except for the ethnorace of those involved. With the
exception of carefully designed experimental studies, it is
only possible to hypothetically consider such a counter-
factual event, leaving an unavoidable degree of uncer-
tainty in the attribution of an experience to racism.

Bearing these measurement difficulties in mind, there
are two main approaches to operationalizing racism in
health research: by indirect inference and as a direct
perception or experience (i.e., perceived or self-reported
racism). In the indirect approach to operationalizing
racism, an association between racism and health is
inferred by eliminating other possible explanations in
design or analysis. A study using an indirect approach
may, for example, conclude that Black–White health dif-
ferentials that remain after adjustment for age, gender,
sexuality, and SEP are due to experiences of racism. An
indirect approach to studying racism is, generally, the only
available optionwhen racism is not perceivable or express-
ible by individuals or when racism cannot be readily or
comprehensively measured – as is the case for some forms
of systemic and internalized racism. Nonetheless, espe-
cially for observational studies, there are substantial meth-
odological limitations to indirect approaches due to the
possibility of incomplete coverage and poor measurement
of confounders as well as an inability to investigate possi-
ble interactions between racism and other variables (see,
however, Lauderdale, 2006 for a novel and sophisticated
approach to addressing some of these limitations).

Direct approaches that involve the self-reporting of
internalized, interpersonal, or systemic racism as an expo-
sure, are the most commonly used in health research.
Although the self-reporting of racism (as with any other
attribute) is influenced by a range of psychological and
sociodemographic factors (discussed later), this does not
imply that the racism experienced and/or perceived and
then reported by respondents is imagined, fabricated, or
illusionary. In being measured primarily by way of self-
reporting, racism is in no way unique among measures
examined in public health research. Moreover, concepts
such as self-assessed health status (which are inherently
self-reported) have shown very strong and consistent
associations with mortality and morbidity. Also, it is
clear that along with similar concepts such as stress, self-
reported perceptions/experiences of racism can affect
health regardless of the objectivity of such reporting.
The Perception, Attribution, and
Reporting of Racism

In general, there are three possible factors to consider in
the perception, attribution, and reporting of racism:
(1) overestimation due to system blame, external attribu-
tion, or aspects of identity or social position/context that
may lead to enhanced vigilance, hypersensitivity, etc.;
(2) underestimation due to internalized racism, internal
attribution, or aspects of identity or social position/
context that may preclude recognition or conscious
awareness of racism (or produce skewed notions of fair
treatment); and (3) cognitive/affective and methodologi-
cal factors such as domain priming (i.e., the explicit use of
race terminology) or social desirability bias that can
either increase or decrease the perception, attribution,
and reporting of racism.

In relation to overestimation, there is some evidence
that a heightened sense of ethnoracial identity is asso-
ciated with increased reporting of racism. However, this
may only be the case for members of minority ethnoracial
groups rather than for Whites and may occur only for
ambiguous rather than blatant racist incidents. The rela-
tionship between reporting of racism and ethnoracial
identity is bidirectional with many studies showing that
minority ethnoracial group members who recognize more
racism against their ethnoracial group have strengthened
ethnoracial identification. Furthermore, a stronger iden-
tity may predispose individuals to experiencing (as well as
perceiving and reporting) more racism through the way
they interact with others. Although there has been far less
research conducted on aspects of underestimation, there
is preliminary evidence that internalized racism is asso-
ciated with less perceived racism after adjustment for
ethnoracial identity.

The explicit use of race terminology (rather than ques-
tions on discrimination in general which are later attrib-
uted to ethnorace) appears to increase reports of racism,
perhaps by prompting respondents to assign racial mean-
ing to ambiguous negative events. Another phenomenon
that sheds light on the cognitive factors involved in report-
ing racism is the person–group discrimination discrepancy
(PGDD). The PGDD describes the well-established ten-
dency for individuals to report that their ethnoracial group
is exposed to more racism than they are personally. There
is evidence that the PGDD occurs when respondents
determine the extent of personal discrimination through
comparison with other members of their own ethnoracial
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group while determining the extent of group discrimina-
tion in comparison to other ethnoracial groups. The use of
different standards of comparison (whichmay result in this
‘discrepancy’) raises broader questions about the cognitive
processes involved in reporting racism.

Other research has demonstrated that self-reported
racism is not related to neuroticism, hostility, cynicism,
social desirability, or impression management. Con-
versely, reports of racism have been found to relate
inversely to both self-deception (i.e,. a pervasive lack of
insight) and self-affirmation. Moreover, as noted by Clark
(2004), it is not known to what extent individuals habitu-
ate to experiences of racism and how this affects processes
that may be related to health and well-being. In the
context of such difficulties in operationalizing racism,
the next section considers the ways in which racism can
be characterized as a determinant of health.
Characterizing Racism

To date, the vast majority of research on racism and health
has focused on perceived racism (and, more specifically,
perceived racial discrimination). Figure 2 details the range
of dimensions across which perceived racism has been char-
acterized in health research, including dimensions of expo-
sure to racism as well as possible reactions and responses to
this exposure. As discussed previously, racism can be due to
either oppression or privilege. However, virtually no
research has been conducted in relation to racism as privi-
lege and its association with health. As a result, the charac-
terization of racism in Figure 2 (and as discussed later)
relates only to the oppressive aspects of perceived racism.

The characteristics of racism include its mode, form,
level, expression, and setting as well as its perpetrators
and targets. Racism can take a variety of forms including
legal or illegal, direct or indirect, overt or covert, blatant
or subtle, as well as vicarious by way of other targets of
racism such as family or friends. Racism can also be
unintentional as well as intentional and may occur
through both action and inaction.

Some scholars contend that racism can occur between
individuals of the same ethnorace (intraracially) as well as
between individuals of different ethnoraces (interracially).
However, there is continuing debate in this field as to
whether intraracial racism should be accepted as a form
of racism. Although some argue that members of minority
ethnoracial groups lack the power to be racist, it is well
established that minority group members discriminate
against each other on the basis of racial characteristics
such as skin color, and it is probable that such behavior
affects the social power of those targeted. While very little
research has examined intraracial racism, there is prelimi-
nary evidence of its deleterious effect on health.
Racism can be expressed through stereotypes, preju-
dice, or discrimination – that is, racist beliefs (cognition),
emotions (affect), and behaviors, respectively – in a range
of settings that correspond to the institutions represented
in the structural realm of Figure 1. There is also a range
of possible perpetrators or targets of racism, some of
which are shown in Figure 2. Exposure to racism can
occur at different stages of the life course with varying
frequency at a range of intensities in relation to mental or
physical stress. The duration of exposure to racism can
also vary from fleeting to constant and can occur cumula-
tively across settings or over time.

Reactions/responses to racism may be cognitive, affec-
tive, or behavioral and in active or passive as well as
adaptive or maladaptive forms. Self-blame is a cognitive,
active, maladaptive response that occurs when a racist
experience is given an internal attribution by an individ-
ual (i.e., through self-blame). In contrast, the cognitive,
active, adaptive response of system-blame occurs when a
racist experience is given an attribution external to the
self. Another cognitive, maladaptive, active response to
racism is hypervigilance in which an individual devotes an
extreme amount of cognitive effort to anticipating racism,
attempting to prevent racism, or in determining whether
racism has occurred. This coping response can result in
additional stress above and beyond the direct effects of
racism itself. ‘Denial of racism’ and ‘self-blame’ (active
responses) and ‘resigned acceptance’ (passive response)
are cognitive responses that negate the need to process
experiences of racism at all.

Affective or emotional responses to racism can be
classified as either inner-directed or outer-directed.
Inner-directed, disempowered, affective responses can
be either active (e.g., shame, self-hatred, humiliation,
anxiety, fear, resentment) or passive (e.g., powerlessness,
hopelessness, confusion, depression), while outer-
directed, emotional responses, which are by definition
active, can be either empowered or disempowered.
Empowered responses occur when an individual who
experiences racism projects inferiority onto the perpetra-
tor and feels contempt, amusement, and/or sorrow or
sympathy for them, while disempowered responses
involve emotions such as anger, hatred, annoyance, or
frustration.

Behavioral responses to racism can either be adaptive or
maladaptive andwithin these categories can be problem- or
emotion-focused. As with affective responses, adaptive
behavioral responses can be inner- or outer-directed.
Inner-directed, problem-focused, adaptive responses
include avoiding situations in which racism is likely to
occur as well as strategic decisions not to respond to racism.
Inner-directed, emotion-focused, adaptive responses
include contemplative/relaxing techniques such as praying
and meditation, while outer-directed, adaptive, behavioral
responses include the exclusivelyproblem-focused approach



Characteristics of Racism

Mode: Inter- vs. intraracial
Form: (Il)legal, blatant/subtle, (in)direct (vicarious), (c)overt, (un)intentional, (in)action 
Level: Internalized (dominance and oppression), interpersonal, systemic
Expression: Stereotype, prejudice, discrimination 
Setting : Domestic/familial, academic/educational, employment, media, police/security, 
legal/justice, administrative/political, housing/infrastructure, financial, health, 
goods/services, recreational, public
Perpetrators/Targets: self, family, friends, ethnoracial groups, neighbors, acquaintances, 
employers/ees, peers, pets, property, strangers, officials, practices, policies, laws

Reactions/Responses to Racism 

Cognitive
Active: Adaptive – rejecting dominant ideology, strengthened ethnoracial identity, 
system blame, imagining responses to racism; maladaptive – hypervigilance 
(i.e. attribution anxiety), denial of racism, self-blame
Passive: Maladaptive – adopting dominant ideology, weakened ethnoracial identity, 
resigned acceptance

Affective

Behavioral
Inner-directed adaptive: Problem-focused – passing, avoidance, strategic responses; 
emotion-focused – praying, meditation
Outer-directed adaptive: Problem-focused – verbal, physical, or legal confrontation; 
emotion/problem-focused – establishing and utilizing social networks/safe spaces, writing, 
drawing, singing, or painting about racism
Maladaptive: problem-focused – passing, over/under achievement/striving (e.g. stereotype
threat), retaliatory violence; emotion-focused – alienation from one’s ethnoracial group, risk taking/
self-harming activities   

Inner-directed disempowered: Active – shame, self-hatred, humiliation, anxiety, fear, 
resentment; Passive – powerlessness, hopelessness, confusion, depression
Outer-directed: Empowered – contempt, amusement, sorrow/sympathy; 
disempowered – anger, hatred, annoyance, frustration 

Timing: Intrauterine, infancy, childhood, adolescence, early/middle/late adulthood, elderly
Intensity: Degree of induced mental or physical stress (i.e., cognitive or allostatic load)
Frequency: Acute/chronic, sporadic/regular, weekly, monthly, yearly
Duration: Fleeting, prolonged, constant, cumulative

Exposure to Racism

Figure 2 Characterizing oppressive perceived racism as a determinant of health. Reproduced from Paradies Y (2006a) Defining,
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of confronting the perpetrator(s) as well as establishing
and/or using social networks and expressing/discussing
racist experiences, which can act as either problem- or
emotion-focused approaches, depending on the situation in
question.

Over- and underachievement or striving are maladap-
tive, problem-focused, behavioral responses to racism.
The phenomenon of ‘stereotype threat’ is an example
of underachievement that occurs when a negative stereo-
type about one’s ethnorace causes self-stigmatization
and reduced performance in an activity or situation.
Retaliatory violence after experiencing racism is also an
example of a maladaptive, problem-focused, behavioral
response. Emotion-focused, maladaptive, behavioral re-
sponses include alienation from one’s ethnoracial group
members and risk-taking and/or self-harming activities.

Finally, ‘passing’ is a problem-focused response,
available to some people in some contexts, in which an
individual’s ethnoracial identity is either not deployed, or
is denied to avoid racism. Passing can be either adaptive or
maladaptive with the short-term benefit of avoiding racist
situations but long-term risk of weakening ethnoracial
identity and social isolation from one’s ethnoracial group.
Racism, Health, and Well-Being

Having detailed how the oppressive aspects of perceived
racism have been explicitly studied in public health, we
can now turn to a discussion of findings from this recent
body of research, which focus primarily on perceived
racial discrimination. First, however, let us consider the
smaller body of research that has explicitly examined
racism using indirect methods. This research has focused
primarily on racial discrimination in health care as well as
residential segregation.
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Indirect Studies of Racism

It is undeniable that the most pernicious effects of racism
on health are exerted through institutional mechanisms
that are difficult to measure in standard epidemiological
studies. Residential racial segregation that refers to the
physical separation of ethnoraces in different residential
areas is one example of such an institutionalized mecha-
nism. Historically, the dominant group in many racialized
societies has restricted the areas in which nondominant
groups could reside. In countries like the United States
and South Africa, residential segregation has persisted
long after the legal codes supporting them were repealed.

Research from the United States reveals that residential
segregation is a neglected but enduring legacy of racism
that adversely affects the health of African-Americans in
multiple ways. Residential segregation restricts access to
education and employment opportunities and is a central
mechanism by which racial differences in SEP have been
created and reinforced. Accordingly, all indicators of
SEP are strongly patterned by ethnorace, and ethnoracial
differences in SEP contribute to ethnoracial disparities in
health.

Segregation also results in unhealthy physical and
social environments for minority ethnoracial groups
through either the poor quality or high cost of nutritious
foods, a lack of appropriate recreational facilities, expo-
sure to toxic environmental substances, a high level of
criminal victimization, and more retail outlets for (and
excessive marketing of ) alcohol and tobacco. Medical care
is also of poorer quality in segregated areas, with segrega-
tion contributing to racial disparities in preventive,
screening, diagnostic, treatment, and rehabilitation ser-
vices. Furthermore, the concentrated poverty and cumu-
lative disadvantage of segregated neighborhoods can
result in increased exposure to chronic stressors.

U.S. research indicates that due to residential segrega-
tion, the worst urban residential conditions for Whites are
superior to the average residential conditions for Blacks.
Several empirical studies have also found that highly
segregated areas have higher rates of infant and adult
mortality, as well as certain chronic and infectious
diseases.

In relation to health care specifically, recent research
has demonstrated that despite presenting with the same
clinical indications and being treated at the same health-
care institution with the same health insurance coverage,
members of ethnoracial minorities are less likely to
receive appropriate medical care (e.g., cardiovascular,
renal, and general surgical procedures) than members of
dominant groups such as Whites (see, e.g., Smedley et al.,

2003). Furthermore, research has found that health pro-
viders contribute to this systemic racism by way of clinical
decisions that are influenced by both explicit (Van
Ryn et al., 2006) and implicit (Green et al., 2007) racist
perceptions of minority ethnoracial groups. This is an
emerging area of research and further work is required
to determine what contribution racism makes to ethno-
racial differentials in medical care.
Direct Studies of Racism

A recent review by Paradies (2006b) demonstrated a
strong association between self-reported racism and ill
health after adjustment for a range of confounders. Evi-
dence from longitudinal studies also suggests that self-
reported racism precedes ill health rather than vice versa.
Furthermore, the few dozen studies of racism and health
that have included both black and white populations
demonstrate that self-reported racism accounts for some
of the Black–White disparity in health outcomes.

The most consistent finding in this body of research is
the association between racism and mental (ill) health
such as psychological distress, depression, and anxiety.
Racism also appears to be consistently associated with
maladaptive behaviors such as smoking, alcohol, and sub-
stance misuse. Although racism has been associated with
objectively measured physical health outcomes such as
low birth weight and hypertension, the overall evidence
for an association between self-reported racism and phys-
ical health is more equivocal than the concomitant asso-
ciation with mental health.

There are a number of reasons that could explain why
self-reported racism is more strongly associated with
mental rather than physical health. Because most research
in this area has measured health via self-report, it is
possible that the association between racism and mental
ill health is exaggerated due to biases arising from the self-
reporting of both exposure and outcome (Paradies,
2006b). If not caused by measurement artifice, the rela-
tively weaker association between racism and physical
health may be due to a delayed effect of racism on physi-
cal health that is mediated by mental ill health. However,
we are aware of no longitudinal studies that could shed
light on this possibility as no such studies, to our knowl-
edge, have examined the interactions between mental and
physical health outcomes and self-reported racism.
Future Directions

The relatively stronger association between self-reported
racism and mental health outcomes raises questions about
the mechanisms by which racism affects health. It is
currently unclear what combination of pathopsychologi-
cal effects on the mind and/or direct or indirect (i.e.,
through other body systems) neurophysiological changes
mediate the association between self-reported racism and
ill health . As suggested by Har rell et al . (2003) and Mays
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et al. (2007), studies that employ pharmacological blocks
and functional neuroscience approaches may shed light
on the psychophysiology of racism. Researchers in the
field of stress are now examining biomarkers specific
to body systems (i.e., cardiovascular, neuroendocrine,
immune) with evidence emerging that particular stressors
differentially affect physiological systems. Evidence that
racism is more strongly associated with diastolic, than
systolic, blood pressure is an example of such specificity.
Clearly, further physiological research on racism is
required to uncover the biological processes through
which this phenomenon affects health. Moreover, the
continuing debate on whether racism is a form of stress
or a construct separate from stress (with evidence that
stress both mediates and moderates the relationship
between racism and health), may also be resolved through
such psychophysiological research.

Other than preliminary evidence that a heightened
sense of ethnoracial identity attenuates the adverse effects
of self-reported racism on health, there has been limited
research on moderation/mediation of the relationship
between racism and health. Similarly, other than some
evidence that the active coping is associated with better
health outcomes than passive coping, little is known about
the efficacy of various responses/reactions to racism in
relation to health.

There has also been a scarcity of research on the
health effects of racism across ethnoracial groups, with
most studies focusing only on African-Americans. Even
among studies that do consider racism across ethnoracial
groups, it is common to statistically adjust for ethnorace
rather than undertake stratified analyses. More nuanced
analysis will be required to understand the degree to
which associations between self-reported racism and
health vary across ethnoracial groups. As part of such
research, the privileging aspects of racism for dominant
ethnoracial groups (e.g., Whites) could also be investi-
gated and further examination of intraracial racism may
resolve the continuing conceptual debate centered on this
phenomenon.

Future research in this field of study is also required to
characterize the multiple pathways through which insti-
tutionalized racism affects health. Furthermore, despite
evidence of an association with ill health, limited atten-
tion has been focused on internalized racism. Work is
needed to identify the best approach to assessing this
phenomenon and to determine its impact on population
health.

A significant limitation in this field is that direct
approaches to studying racism have relied too heavily
on single-item and unvalidated measures of self-reported
racism, which are of limited utility (Paradies, 2006b). There
are, however, three instruments that have been commonly
used to assess self-reported racism in this field: the Everyday
Discrimination Scale (Williams et al., 1997), Experiences of
Discrimination scale (Krieger et al., 2005) and the Schedule
of Racist Events (Landrine et al., 2006). Given that
these instruments have been subjected to psychometric
validation and are able to assess different types of oppres-
sion across a range of ethnoracial groups, future research
should (where possible) use these instruments rather
than developing measures de novo.

Only a minority of direct studies of racism have speci-
fied a time frame over which exposure to racism should be
reported by respondents and there is ongoing debate on
the appropriateness of specifying time frames for self-
reported racism. Utsey and Ponterotto (1996) have argued
that an unspecified time frame is appropriate given the
long-lasting nature of racist experiences. However, it is
unclear whether respondents report recent and/or highly
salient/traumatic experiences of racism when responding
to questions without a specified time frame. Also, Blank
et al. (2004) have noted that the inclusion of an explicit
time frame on surveys is necessary to estimate the rate of
exposure and to avoid confounding time-series analyses.
By measuring self-reported racism with and without spe-
cified time frames in the same study, as well as investigat-
ing diary methods that capture events as they occur (Hill
et al., 2004), future research will be able to shed light on
this unresolved issue.

Most research in this emerging field has assessed self-
reported interpersonal racism. As such, further research on
internalized racism, vicarious racism (racism experienced
by family or friends), systemic racism, and setting-specific
racism (e.g., racism in the workplace) is warranted. Psycho-
logical research into the factors affecting perception, attri-
bution, and reporting of racism (including the interplay
between objective and subjective racism) is also required,
especially studies that can uncover the factors affecting
respondents’ retrospective estimate of racism exposure
across a range of settings, contexts, and time frames.

Measuring exposure to racism in its full complexity
requires attention not only to racist incidents over the life
course, but also to the potential intergenerational effects
of racism. Historical trauma is the cumulative psycholog-
ical wounding of an individual and his/her ethnoracial
group due to a history of genocide and oppression. The
importance of assessing this dimension of racism is high-
lighted by recent research on the health effects of histori-
cal and transgenerational trauma in relation to American
Indians and Indigenous Australians, respectively. Assess-
ment instruments with good psychometric properties
have been developed to assess historical trauma and
have found, for example, that some 50% of American
Indians think regularly about these historical losses.
Empirical studies have also linked exposure to historical
trauma to multiple poor health outcomes, emphasizing
the need for further research on this aspect of racism.

The study of racism and health is a newly emerging
area of study in public health. It is clear that conceptual
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clarity and rigorous, theoretically based empirical
research will be required to both unravel the complex
pathways through which racism acts as a determinant of
health and to help address the deleterious effect of racism
on health and well-being.
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Radiation oncology is the discipline of human medicine
focused on generation, conservation, and dissemination of
knowledge concerning etiology, prevention, and treat-
ment of cancer and some benign diseases involving special
expertise in the therapeutic applications of ionizing irra-
diation (Smith and McKenna, 2004). It addresses the
therapeutic uses of ionizing irradiation given either
alone or in combination with other treatment modalities,
such as surgery or chemotherapy. Radiation oncology also
includes investigation of basic principles of tumor biology,
the biologic interaction of irradiation with tissues, normal
or malignant, as well as the physical principles of thera-
peutic irradiation. As a medical profession, radiation
oncology involves patient care, scientific research, and
education of professionals within the discipline.

Radiation therapy is a clinical modality dealing with
the use of ionizing irradiation in the treatment of patients
with cancer and occasionally benign disease (Smith and
McKenna, 2004). Its aim is to deliver a precisely measured
irradiation dose to a defined tumor volume with as mini-
mal damage as possible to surrounding healthy tissue,
thus resulting in tumor eradication, improved quality of
life, and prolonged survival. Indications for radiation ther-
apy include cases in which it can improve either local
control, hence overall survival, or ameliorate symptoms of
the disease.

The aim of therapeutic irradiation can be either cura-
tive or palliative (Price and Sikora, 2005). The aim of
curative radiation therapy is to eradicate the tumor and
cure the patient, in cases in which the patient is willing to
accept a small risk of significant adverse events in return
for the possibility of cure. Palliative radiation therapy has
the aim of either ameliorating the symptoms of the dis-
ease or preventing it to increase the quality of life without
a significant risk of serious adverse events.
Specific issues of radiation oncology are the volume,
techniques, and the dose (Halperin et al., 2004). Although
the appropriate volume to be irradiated needs to be spe-
cified for achieving the desired goal, the appropriate tech-
nique to irradiate a specified volume of tissue must also be
taken into account. There are two techniques: teletherapy,
using either distant-positioned focal source of cobalt-60
machines or linear accelerators as external beam treat-
ment machines, and brachytherapy, with various radioac-
tive isotopes that could be used interstitially, intracavitary,
or intraluminally, or as molds. Although teletherapy
remains the standard technique for the majority of
patients, there is an increasing interest in the use of novel
brachytherapy applications in tumors such as prostate
cancer. Finally, the irradiation dose must be chosen by
taking into account total dose, total number of fractions,
number of fractions per day, irradiation dose per fraction,
and the overall treatment time. Choice of irradiation dose
is therefore a complex issue encompassing treatment goals,
volumes, and techniques, as well as knowledge of radiobi-
ology, such as the dose–response relationship for a partic-
ular tumor type and normal tissue tolerance.

This article provides an introduction into the science
of radiation oncology from the standpoint of clinical
exercise, radiobiology, and medical physics, all represent-
ing specific aspects merged into an important treatment
method that nowadays represents an indispensable part of
treatment of cancer.
Radiobiology

Radiobiology is a branch of science that deals with the
action of ionizing radiation on biological tissues and their
cellular and molecular components (Hall and Giacca,
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2006). The biological effects of radiation result mainly
from damage to the DNA, which is the most critical target
within the cell. Damage to DNA occurs by both direct and
indirect action. In direct action the radiation interacts
directly with the DNA, but about two-thirds of the
biological damage by low-LET radiations (sparsely ioniz-
ing radiations, called low linear energy transfer), such as
X-rays or electrons, is due to indirect action. In indirect
action the radiation interacts with other molecules and
atoms (mainly water, since 80% of a cell is composed of
water) within the cell to produce free radicals that can,
through diffusion in the cell, damage the DNA. The
indirect action can be modified by chemical sensitizers
or radiation protectors. Direct action is the dominant
process in interaction of high-LET particles, such as
neutrons and charged heavy particles, with DNA.

Irradiation of a cell can result in division delay (the cell
is delayed from going through division), apoptosis (the
cell dies before it can divide or after division by fragmen-
tation into smaller bodies that are taken up by neighbor-
ing cells), or reproductive failure (the cell dies when
attempting the first or subsequent mitosis). Radiation
damage to cells can be lethal, sublethal (damage can be
repaired in hours unless additional sublethal damage is
inflicted and eventually leads to lethal damage), or poten-
tially lethal (can be manipulated by repair processes when
cells are allowed to remain in a nondividing state).

Much of our understanding of the mechanisms of the
response of tissues and organs to dose fractionation and
dose rate has come from studies of colony-forming cells in
culture. A cell survival curve describes the relationship
between the surviving fraction of cells, that is, the fraction
of irradiated cells that maintain their reproductive integ-
rity (clonogenic cells), and the absorbed dose. Cell sur-
vival as a function of radiation dose is conventionally
represented graphically by plotting the surviving fraction
on a logarithmic scale on the y-axis against dose on a
linear scale on the x-axis.

The type of radiation influences the shape of the cell
survival curves (Steel, 2002). On the one hand, densely
ionizing radiations exhibit a cell survival curve that is
almost an exponential function of dose, shown by almost
a straight line on the log-linear plot. For sparsely ionizing
radiation, on the other hand, the curves show an initial
slope followed by a curving shoulder region and then
become nearly straight at higher doses. Factors that make
cells less radiosensitive are removal of oxygen to an
hypoxic state, the addition of chemical radical-scavengers,
the use of low dose-rates or multifractionated irradiation,
and cells synchronized in the late-S phase of the cell
cycle. The linear-quadratic model is now most often
used to describe the cell survival curve assuming that
there are two components to cell killing by radiation.
A constant a describes the linear component of cell sensi-
tivity to killing on a semi-log plot of (log) survival versus
(linear) dose, and b describes the increasing sensitivity of
cells to higher radiation doses. The ratio a/b is a measure
of the curvature of the survival curve, and is the dose at
which the linear and quadratic components of cell killing
are equal. The a/b ratio is lower and the curve on a semi-
log plot is more pronounced for homogeneous, slowly
proliferating cell populations, such as in slow-renewing
organ systems like kidney and spinal cord. The a/b ratio
is higher and the survival curve is straighter for heteroge-
neous, rapidly proliferating cell populations, such as the
regenerative target cell populations in oral mucosa and
intestine. One possible contributor to this straightening is
the presence of subpopulations with different sensitivities
as a function of cell-cycle phase. The a/b ratio is gener-
ally in the range 7–20Gy for early reactions in tissues
(10Gy is commonly used) and 0.5–6Gy for late reactions
(3Gy is commonly used).

Various chemical agents may alter the cell response to
ionizing radiation, either reducing or enhancing the cell
response (Hall and Giacca, 2006). Chemical agents that
reduce cell response to radiation are called radioprotectors.
They generally influence the indirect effects of radiation
by scavenging the production of free radicals. Chemical
agents that enhance the cell response to radiation are
called radiosensitizers and they generally promote both
the direct and indirect effects of radiation. Examples
are halogenated pyrimidines that intercalate between
the DNA strands and inhibit repair, hypoxic cell radio-
sensitizers that act like oxygen, and bioreductive agents
that are activated under hypoxic conditions to kill
hypoxic cells.

The presence or absence of molecular oxygen within a
cell influences the biological effect of ionizing radiation.
Only several micromolar units of oxygen are required to
sensitize cells to radiation, and the maximum amount of
sensitization on a dosage basis is about 2.5–3-fold, as
occurs in well-oxygenated normal tissues and in oxic
tumor cells. The sensitization effect is smaller at doses
lower than 1Gy, and when high-LET radiation is used,
for example, neutrons, carbon ions. Cell sensitivity is
increased with high-LET radiation, and the relative bio-
logical effectiveness (RBE) compares the dose of test
radiation to the dose of standard radiation to produce
the same biological effect. The RBE depends largely on
the cell type and the dose per fraction being used.
For therapeutic applications, the RBE in the era of neu-
tron radiotherapy was about 3, and it is also around 3 for
the newer dose-delivery patterns and protocols using
carbon ions.

The time scale involved between the breakage of
chemical bonds and the biological effect may be hours
to years, depending on the type of damage. If cell killing is
the result, it may happen in hours or much later when the
damaged cell attempts to divide. Tissue and organ reac-
tions can appear early or late depending on the renewal
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characteristics of the tissues. If the damage is oncogenic
(cancer induction), then its expression may be delayed for
years. If the damage is a mutation in a germ cell, the
effects may be expressed after one or more generations.

Early reactions in tissues are characterized, for exam-
ple, by inflammation, tissue edema, denudation of epithe-
lia, and hemopoietic depression (Steel, 2002). Late
reactions are characterized, for example, by teleangiecta-
sia of blood vessels, dermal fibrosis, tissue atrophy, ulcer-
ation, and intestinal stenosis.

Acute total body radiation exposure can result in one
of several radiation syndromes, leading to death, depend-
ing on the dose range. The bone marrow syndrome occurs
in the dose range 1Gy < dose < 10Gy, the gastrointesti-
nal (GI) syndrome occurs in the dose range 10Gy < dose
< 100Gy, and the central nervous system (CNS) syn-
drome occurs after doses > 100Gy. Partial body irradia-
tion to doses at the low end of the dose range for the GI
syndrome, of solely the kidneys, lung, or heart, can also
result in late lethal reactions. Chronic irradiation over
several years to accumulated doses of several Gy can
also lead to a chronic radiation syndrome (CRS), char-
acterized by persistent reactions in the hemopoietic,
immune, and digestive systems.

The effects of radiation on tissue as a function of dose
are measured via dose–response curves. Functional end-
points for various tissues are measured on a graded reac-
tion scale or expressed as a proportion of cases in which
reactions are greater than a specified level. Early tissue
reactions can be alleviated by the application of radical
scavengers before irradiation and/or growth factors after
irradiation. These include hemopoietic growth factors in
the case of bone marrow, epithelial growth factors (e.g.,
KGF) for mucosa and epithelium. The mechanism is for
growth factors to accelerate the repopulation and differ-
entiation of precursor cells. The lesser reactions imply
that higher radiation doses can be tolerated, by up to double
the radiation dose in the case of KGF and oral mucosa.
These radioprotective effects may be very useful in accel-
erated radiotherapy in which early reactions are often
more severe than in conventional treatments. Late reac-
tions can also be modified by various vascular-associated
compounds, such as essential fatty acids in skin, and
angiotensin II enzyme inhibitors or receptor blockers in
kidney. These agents at least delay the onset of functional
injury, and may also reduce the incidence. Hence in
principle, this might not only reduce late reactions that
are dose limiting, but also allow the possibility of some
dose escalation, which would increase tumor control rates.

In general, reactions in tissues are greater when the
volume irradiated is increased. This effect is most marked
for very small volumes, and in that case it is due largely to
migration of cells from the edges of the irradiation fields,
which has a greater influence on healing small than large
volumes. For larger irradiated volumes, most common in
radiotherapy, the volume effect is less marked but still
important. For skin, the tolerance of a larger irradiated
region may be reduced although the reaction level may be
little increased. This is because the likelihood of any area
within the irradiated region not healing properly
increases with an increase in the number of such areas
irradiated. Also, the architecture of organ systems has an
influence on the volume effect. Some organ systems
comprise functional tissue subunits arranged in parallel,
such as nephrons in the kidney and alveoli in the lung.
In these cases, parts of the organ can be irradiated and
injured without causing functional defects, because the
other regions can compensate. In contrast, organs or tis-
sues that comprise functional components in a serial
arrangement – for example spinal cord, intestine, and
blood vessels – can be functionally damaged to irreparable
levels by injury in one small region. The presence of
a volume effect is the rationale for new strategies in
radiotherapy to reduce irradiated volumes. These include
dynamic imaging used to reduce irradiated tumor mar-
gins, intensity-modulated radiotherapy used to shape the
irradiated fields more closely around the tumor, and pro-
tons or carbon ions that can be used to provide a sharper
edge to the irradiated volume than is possible using
X-rays, gamma-rays, or electrons.

The aim of radiotherapy is to deliver enough radiation
to the tumor to destroy it without irradiating normal
tissue to a dose that will lead to serious complications
(morbidity) (Hall and Giacca, 2006). The basis of dose-
fractionation practices is rooted in five primary biological
factors called the ‘five Rs’ of radiotherapy: radiosensitivity
(mammalian cells have different radiosensitivities), re-
pair (mammalian cells can repair radiation damage),
redistribution (of cells in the different phases of the cell
cycle), repopulation (cells repopulate while receiving
fractionated doses of radiation), and reoxygenation (of
hypoxic cells during a fractionated course of treatment).

The different radiosensitivities between patients led to
a search for biological or molecular markers that would
allow the tailoring of different doses to patient subgroups
and improve overall outcome (Steel, 2002). The best assay,
that is, with the highest positive predictive value, in this
case 90%, has been the use of the enzyme marker TGF-b
to predict, in a high percentage of lung cancer patients,
the progression of marked radiation-induced fibrosis.
However, none of the assays has proved sufficiently robust
to be able to implement this type of dose-prescription-
variation strategy in regular practice. Hope is now pinned
on the new molecular-based assays.

The biological mechanisms of conventional fraction-
ation treatments are explained as follows. Each daily dose
of 2Gy kills around 50% of tumor cells through repro-
ductive failure and apoptosis. The multiple daily fractions
spare normal tissues through repair of sublethal damage
between dose fractions and repopulation of normal cells.
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The former is of note for late-reacting tissues, and the
latter applies to early-reacting tissues. The sparing of
early reactions also prevents the consequence of an
exacerbation of late reactions. Concurrently, dose frac-
tionation increases tumor damage through redistribution
of tumor cells into more-sensitive cell cycle phases (G2/M)
and allows reoxygenation of hypoxic tumor cells. The
differential (the therapeutic ratio) is increased as much
as possible between the response of tumor and early- and
late-reacting normal tissues, so that small doses per frac-
tion spare late reactions preferentially, and a reasonable
schedule duration allows regeneration of early-reacting
tissues, few consequential late reactions, tumor reoxygen-
ation, and as little tumor cell repopulation as possible.

Current standard fractionation schedules are based
on five daily treatments per week and the total treatment
time of several to many weeks (Steel, 2002; Hall and
Giacca, 2006). This regimen reflects practical aspects of
dose delivery to patients, successful outcomes, and conve-
nience to staff delivering the treatment. Other fraction-
ation schemes are employed in particular cases with the
aim of improving further the therapeutic ratio. The most
common are accelerated fractionation (more than five
daily fractions per week) and hyperfractionation (more
than one fraction per day with a smaller dose per fraction,
<1.8 Gy).

Following irradiation and recovery of normal tissues,
there is some residual injury. For example, skin is gener-
ally more susceptible to mechanical trauma, and bone
marrow may be compromised in stem-cell content and
hence more susceptible to subsequent cytotoxic agents.
This indicates that retreatment using radiation may be
possible, but by using lower doses. There are now many
cases of reasonably successful treatments of recurrences in
patients and many data in experimental animal systems,
including kidney and spinal cord, showing the gradually
increasing tolerance to retreatment at later times after the
first course of irradiation.
Figure 1 X-ray image of a breast representing
three-dimensional anatomical information in two dimensions via

a traditional gray-scale film record. Courtesy of Siemens

Oncology Care Systems, California, USA.
Medical Radiation Physics

Therapeutic medical radiation physicists are scientists
who are involved in the application of radiation in the
clinical environment. Clinicians define the treatment vol-
ume, the surrounding critical structures, and prescribe the
radiation dose and fractionation regime (Halperin et al.,
2004; Smith and McKenna, 2004; Price and Sikora, 2005).
Medical physicists, on the other hand, are responsible for
planning the course of treatment, defining the technique
that will be used to deliver the radiation to the specified
volume, and assuring that the equipment is performing
according to strict quality standards.

In order to assist in localizing disease relative to sur-
rounding radio-sensitive anatomy, radiological tools are
used. Several new emerging technologies in the diagnostic
arena have resulted in a greater utilization of imaging
modalities in the therapeutic environment. In addition
to providing anatomical localization, physiological and
metabolic tools are now also widely available to support
the accurate definition of a treatment volume. Figure 1 is
an X-ray image of a breast that presents three-dimensional
anatomical information in two dimensions via a tradi-
tional gray-scale film record.

Figure 2, however, shows how physiological informa-
tion can also be registered to the same anatomical infor-
mation. This improves accuracy of localization techniques
as a result of advances in radiology, data processing, and
information technology.

The precise localization of a target relative to surface
anatomy has always been the challenge in treatment
planning of radiation fields, and in the reproducible
positioning of a patient on a treatment unit for a course
of fractionated radiotherapy. Most treatment machines
are isocentric, which means that they can be maneu-
vered relative to a known reference point in space. The
treatment volume within a patient is also located relative
to the isocenter, and the radiation delivery is then focused
around the isocenter. Radiation fields are conformed to the
shape of the treatment volume. Wide field margins are
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intuitively known to result in higher morbidity. In some
anatomical sites, for example the brain, immobilization of
the patient is achieved by using external fixation systems,
and reproducible positioning of a cooperative patient is
then reassured. Figure 3 shows a patient immobilized by
using a thermoplastic mask system with a personalized
bite-block. A computed tomography (CT) image of such
a patient is also shown, with the target and surrounding
critical structures shaded. Superimposed are lines repre-
senting the predicted deposition of radiation dose in the
tissue as a result of a treatment delivery.
Figure 2 Physiological information can also be registered to

the same anatomical information, improving accuracy of
localization techniques as a result of advances in radiology, data

processing, and information technology. Courtesy of Siemens

Oncology Care Systems, California, USA.

Figure 3 (a) A patient immobilized via a thermoplastic mask system
patient with the target and surrounding critical structures shaded. Su

radiation dose in the tissue as a result of a treatment delivery. Courte

Philadelphia, USA.
In 1999, the International Commission of Radiation
Units and Measurements published an updated report
that endeavored to establish consistency in the definitions
of radiation therapy targets and in the recording and
reporting of dose delivery. The internal target volume
was defined, in which a margin around a radiotherapy
target could be visualized that accounted for variations
in the treatment volume as a result of involuntary patient
motion. Modern high-speed imaging modalities allow
scanning of patients within a few seconds, so the move-
ment of internal organs relative to surface anatomy can
now be quantitatively measured. As a result, margins
around treatment volumes can be more precisely defined.
Figure 4 indicates the variation in surface and internal
anatomy of a patient’s chest as a result of inspiration and
expiration.

The resultant challenge to tailor daily treatment to
the exact location of the target requires knowledge of
inter- and intra-fraction organ motion. This is a new
technique known as adaptive radiotherapy. Adaptive
radiotherapy involves confirming target positioning
online, and several different techniques have been devel-
oped to assist in this process. An example of this is the
use of radiographic imaging in the treatment position.
Figure 5 shows an isocentric treatment unit equipped
with a radiographic imager. Radio-opaque markers, im-
planted into the patient or onto his or her skin surface, can
then also be used to enhance daily target localization in
these systems.

Another example of adaptive therapy is the use of an
integrated gating system in which the radiation beam is
activated in response to equipment that monitors or con-
trols the breathing pattern.

Blocking, shaping, or conforming radiation beams to
the shape of a target volume is achieved with multileaf
, with a personalized bite-block. (b) A CT image of such a
perimposed are lines representing the predicted deposition of

sy of Medtec, lowa, USA and NOMOS Radiation Oncology,



Figure 4 Variation in surface and internal anatomy of a patient’s chest as a result of inspiration and expiration. Courtesy of

Elekta AB, Sweden.

Figure 5 An isocentric treatment unit equipped with a

radiographic imager. Courtesy of Varian Medical Systems,

California, USA.

488 Radiation Therapy
collimators or customized shielding. Multileaf collimators
are generally embedded into the head of a treatment
machine. Providing a nonuniform beam distribution
within a radiation field is also achievable by varying the
thickness of this collimation inside the radiation field.
This is known as intensity modulated radiotherapy
(IMRT). Deliberate nonuniformity in the radiation dose
delivery, as well as treatment of targets that encompass a
critical structure, are achievable with this type of technol-
ogy. A conformal and intensity-modulated radiation field
are graphically represented in Figure 6.

Treatment planning computers have traditionally been
used with forward-planning approaches. The optimal
radiation field arrangements and beam-modifying devices
are modeled by algorithms, which predict the resultant
radiation transport and deposition into a patient. Monte
Carlo techniques are now being introduced for this pur-
pose, given the availability of computational power.
Monte Carlo techniques model the transport of radiation
through the patient geometry at the particle level, using
physics first principles. Inverse treatment planning meth-
ods have been adopted for sophisticated techniques such
as IMRT, which may involve numerous, complex radia-
tion field sequences. The calculation of the best possible
dose distribution from many IMRT fields also requires
embedded iterative optimization routines. Currently, the
challenge lies in remodeling pretreatment plans online to
the information retrieved from image-guided radiother-
apy techniques. This remodeling would then need to be
translated into a modified delivery at the time of
treatment.

Interstitial, intracavitary, and intraluminal brachyther-
apy is a highly localized treatment modality in which a
physically small radioactive source is delivered directly
into a tumor bed. Implantation of the sources can be
permanent or fractionated by using remote afterloading
systems, which are automated. Figure 7 shows the variety
of applicators and introducers available to this treatment
modality. These devices guide the source placement rela-
tive to the tumor.

Comprehensive quality assurance in the radiation
oncology environment remains a challenge for the team
of health-care professionals involved in managing a
patient. New recommendations and protocols are devel-
oped all the time to ensure safety in treatment delivery.

Dosimetry in radiation medical physics is the measure-
ment of radiation-absorbed dose with reference to an
international, primary standard that is based on water
calorimetry. Most centers participate in international
dosimetry audits, in which external checks of absorbed
dose in the clinic are encouraged. The most common and
accurate method to establish radiation dose in the clinical
environment is by derivation by using the response of a
calibrated air ionization chamber placed into a water
phantom. Improvements in the uncertainty of such mea-
surements are ongoing.

Similarly, all advances in tools for target localization,
treatment planning, and treatment delivery in radiation
oncology require the concurrent development of effective
dosimetry tools to verify equipment performance, confirm
the integrity of information exchange, and assure quality
in service. Figure 8 shows a modern tool for online beam
dosimetry, for instance, capable of wireless transmission of



Figure 6 Graphically represented conformal and intensity-modulated radiation field. Courtesy of Siemens Oncology Care

Systems, California, USA.

Figure 7 The variety of applicators and introducers available to

brachytherapy. Courtesy of Nucletron, Veenendal, the

Netherlands.

Figure 8 A modern tool for online beam dosimetry capable of

wireless transmission of beam data during patient treatment. The
device is inserted into the accessory holder of the treatment

machine and is designed to minimally perturb the radiation beam.

Courtesy of PTW, Freiburg, Germany.
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beam data during patient treatment. The device is inserted
into the accessory holder of the treatment machine and is
designed to minimally perturb the radiation beam.

Radiation medical physicists play a significant role in
the health professional team in clinical radiation oncol-
ogy. Continued professional and curriculum development
is essential in this dynamic environment to ensure the safe
and effective application of radiation to health care.
Clinical Science of Radiation Oncology

Although radiation therapy is frequently given as a single
treatment modality, it is also used in combination with
other treatment modalities. When combined with surgery,
radiation therapy can be given either as preoperative or
postoperative radiation therapy. The potential advantages
of preoperative radiation therapy include eradication of
subclinical or microscopic disease beyond the margins of
the surgical resection, diminished tumor implantation by
decreasing the number of viable cells within the operative
field, sterilization of metastases in lymph nodes inside
and/or outside of the operative field, decrease in the
potential for dissemination of viable clonogenic tumor
cells, and an increase in the possibility of resectability.
The main disadvantage of preoperative radiation therapy
is possible interference with the process of normal healing
of tissues affected by irradiation. The potential advan-
tages of postoperative radiation therapy include elimina-
tion of subclinical disease remaining in the tumor bed, the
possibility to administer higher doses of radiation therapy
for overt disease found in surgical specimens, and the
possibility to tailor the irradiation fields according to
the pathological staging. The delay in initiation of
postoperative radiation therapy until wound healing is
completed is a potential disadvantage of postoperative
radiation therapy. In addition, radiation effects may be
impaired by vascular changes occurring postsurgery in
the operative field.
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Radiation therapy and chemotherapy are combined in
order to improve effects on both local/regional and dis-
tant levels (Halperin et al., 2004; Smith and McKenna,
2004). There are four possibilities that this combination
may explore: spatial cooperation (drugs affect tumor cells
outside the radiation therapy field), independent cell kill
(drugs can independently affect tumor cells within the
radiation therapy field), enhancement (drugs can enhance
effects in radiation therapy field), and protection of nor-
mal tissues (Steel, 2002; Hall and Giacca, 2006). Whereas
the first two mechanisms do not require interaction, the
latter two depend on the interaction of these two treat-
ment modalities. One mechanism does not necessarily
exclude employment of another mechanism; for example,
an active agent can act on a local level as well as affect
micrometastasis outside the radiation therapy field. There
are several generations of agents used in combined radia-
tion therapy and chemotherapy, and clinical research in
this field is one of the most important research areas in
human oncology. Recent years also brought improve-
ments in molecular oncology that ultimately led to the
introduction of targeted therapy. Agents such as those
targeting epidermal growth factor receptor hold promise
of improving locoregional tumor control at least in some
tumor types, such as head and neck, and another class of
agents is targeting tumor microvasculature.

Timing of combined radiation therapy and chemother-
apy can include, first, chemotherapy followed by radiation
therapy given with the main goal of addressing the issue of
micrometastasis control and local or regional tumor
decrease or downstaging, as well as using reduced irradi-
ation fields, thus decreasing the radiation morbidity
(Halperin et al., 2004; Smith and McKenna, 2004; Price
and Sikora, 2005). It can also include, second, adjuvant or
consolidation timing when chemotherapy follows radia-
tion therapy. A third possibility is concurrent radiation
therapy and chemotherapy, aimed mostly at an improve-
ment on a local or regional level. A fourth possibility
involves alternating radiation therapy with chemotherapy
in order to increase therapeutic benefit by decreasing
toxicity, which can occur with any concurrent regimen,
by giving both modalities separated by short periods of
time. In addition to these, many hybrid combinations exist
that explore different mechanisms of the combined treat-
ment approach. Combination radiation therapy and che-
motherapy is nowadays considered the standard of
treatment in many tumor types, especially for locally
advanced, inoperable cases.

A combined treatment modality approach may also
include all treatment methods. Examples of such combina-
tion may include postoperative treatment of breast cancer
or gastric cancer. Frequently, less radical surgery followed
by radiation therapy with or without chemotherapy yields
the same local tumor control at the primary tumor site and
survival as do radical procedures such as is the case in soft
tissue sarcomas or breast cancer. This approach offers organ
preservation and is frequently coupled with an improve-
ment in functioning and quality of life.

In addition to these, hormonotherapy is frequently
used in hormone-sensitive tumors such as those of breast
or prostate. Its use and timing largely depends on initial
and/or postsurgical tumor volumes, hormone receptor
status, and administration of other treatment modalities
(surgery and/or chemotherapy).
Impact of Biology and Technology on
Clinical Science of Radiation Oncology

Themost important contribution of radiobiology to clinical
radiation oncology is in the field of fractionation. Although
conventional fractionation regimen is a debatable term,
altered fractionation regimens (hyperfractionation, acceler-
ated fractionation, hypofractionation) have been employed
in a number of tumor sites with success, improving local
tumor control and overall survival, albeit with occasionally
observed increase in acute adverse events (Steel, 2002;
Halperin et al., 2004; Smith and McKenna, 2004; Price
and Sikora, 2005; Hall and Giacca, 2006). Increasing the
total dose with hyperfractionation, by using a higher
number of smaller fraction sizes, improved survival in
head and neck cancer and lung cancer, among others,
whereas accelerated fractionation, aiming to overcome
accelerated repopulation of tumor clonogens, did so in
lung cancer. Both types of fractionation use at least
partially (e.g., in concomitant boost regimen) two frac-
tions per day. Besides altered fractionation, hypoxia was
addressed adequately in a number of studies, especially
in head and neck cancer and cervix cancers, thus
showing that its existence adversely influences overall
treatment outcome. In addition, special chemical com-
pounds, namely radiosensitizers and radioprotectors,
hold great promise to enable differential radiosensitiza-
tion of tumor cells but not normal cells (sensitizers) or
preferentially protecting normal tissue (protectors) while
not doing so on tumor cells/tissues, respectively. More
clinical research is needed to optimize these approaches,
a quest frequently identified as the ‘Holy Grail’ of
radiation oncology.

The impact that new technology made upon the clini-
cal science of radiation oncology was first observed
through better imaging. With the use of CTand magnetic
resonance imaging (MRI) scans, it was possible to better
visualize tumors and embark on more effective treatment
planning. This was followed by the wider introduction of
positron emission tomography (PET) technology in pre-
treatment diagnosis and staging of cancer, but also in
evaluations of response and follow-up efforts. Finally,
PET-CT is increasingly being used for treatment
planning. Besides imaging, substantial improvement in
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computerized sciences enabled wide introduction of pow-
erful software programs that made treatment planning
system more sophisticated and faster. Radiation oncology
has slowly but definitely moved from 2D to 3D and
recently to 4D treatment planning, by taking into account
not only volume but also temporal (movement in time)
aspects of a tumor tissue in a host. These improvements
enabled more conformal radiation therapy to be per-
formed than ever before. It became possible to precisely
tailor the radiation therapy dose to the tumor and its
immediate vicinity in order to raise the dose to higher
levels, while protecting normal tissues. A number of dose-
escalation studies reconfirmed an important premise of
radiation therapy that increased tumor dose should lead
to an improvement in local tumor control and ulti-
mately overall survival (Halperin et al., 2004; Smith and
McKenna, 2004; Price and Sikora, 2005).

Intensity-modulated radiation therapy is an especially
advanced form of 3D conformal radiation therapy that
incorporates sophisticated compute-controlled radiation
beam delivery and computer-optimized treatment plan-
ning design. This is achieved by varying the beam inten-
sity within each beam portal, as opposed to the uniform
beam intensities used in conventional 3D conformal radi-
ation therapy. Although there is a huge interest in this
technology, clinical experience is still confined to single-
institutional data, and major evidence coming from big
prospective, preferably randomized, studies is lacking.
This technique was mostly used in cancers of the prostate
and head and neck.

In addition to intensity-modulated radiation therapy,
other technological advances such as tomotherapy or a
special device called ‘cyber knife’ are increasingly being
used in the clinic. These tools hold promise for better
therapeutic ratio in various tumor types, an ultimate goal
of radiation therapy.
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Introduction and Definition of
Re-emerging Infections

During the past 50 years remarkable gains have been
achieved with the control of many infectious diseases.
At the same time, new and previously unknown pathogens
have emerged, and some, like HIV, have spread globally
killing millions of individuals, disrupting societies, and
Biology and technology meet through clinical studies,
which are seen as a necessary pathway toward adoption of
a method or a treatment technique, largely based on
existing evidence. Practicing evidence-based oncology is
one of the ‘musts’ in the contemporary setting, since it
represents the conscientious, explicit, and judicious use of
current best evidence in making decisions about the care
of individual patients. The practice of evidence-based
oncology means integrating individual clinical expertise
with the best available external clinical evidence from
systematic research. The major component of this exer-
cise comes through existing meta-analyses and prospec-
tive randomized clinical trials offering strong support pro
or contra one technique, method of delivery, or treatment
regimen. Radiation oncologists are largely involved in the
design and performance of clinical studies, although
much clinical research still needs to be done to identify
and address important questions in radiation oncology.

See also: Brain Tumours; Breast Cancer; Cancer Care,

The Future Organization of; Colorectal Cancer; Esopha-

geal Cancer; Lung Cancer; Testicular Cancer.
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reshaping the demographics of countries and regions.
In addition, infectious diseases previously thought to be
under control have re-emerged in many parts of the
world. For purposes of this discussion, re-emerging infec-
tions are defined as those that have one or more of the
following characteristics: increase in number of cases;
expansion of current foci of infection or appearance in
new geographic areas; appearance of infections in
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populations previously unaffected; and increase in sever-
ity of illness or mortality. This article explores the
mechanisms through which infections re-emerge and the
multiple factors in the world today that facilitate the re-
emergence of infections. Several specific infections are
used as examples to illustrate key points. A discussion of
the characteristics of infections that are most likely to re-
emerge in the future and a framework for preventing re-
emergence of infections, and thereby mitigating their
consequences, concludes the article.
Mechanisms for Re-emergence

Multiple Factors Involved

Infectious diseases are dynamic; unless eradication of a
microbe is achieved, which is rare, the interactions
between microbes and humans undergo constant change
and evolution. Microbes, with their rapid replication time,
have the capacity to adapt to change much more rapidly
than humans. At a fundamental level, infections that
have been controlled re-emerge because: the microbe
has changed, moved, or become more abundant; the host
lacks or loses immunity (or capacity to respond to infec-
tion) or is not treated; or contacts between microbe and
host increase. Although this may sound simple, multiple
factors – biological, socioeconomic, demographic, and
environmental – influence this dynamic relationship.

The convergence model (Figure 1) illustrates the broad
context and interlocking domains of determinants in which
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Physical
environmental
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Microbe
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Figure 1 Convergence model. Reproduced from Smolinski

MS, Hamburg MA, and Lederberg J (eds.) (2003) Microbial

threats to health: Emergence, detection, and response. Institute

of Medicine of the National Academies. Washington, DC: The
National Academies Press.
infections emerge or re-emerge. Although the interactions
between the human host and microbe are at the center of
the process, other factors interact with each other and affect
host, microbe, and their interactions. Disease emergence is
often complex with multiple interacting factors involved.
The model aptly depicts the central area of overlap as a
black box, illustrating gaps in our understanding of many of
the elements and how they interact.

For an infection to be defined as re-emerging, it must be
recognized and characterized. It is important to acknowl-
edge that many infections persist, reappear, and spread
silently. Unless adequate clinical and laboratory facilities
exist to accurately diagnose infections, they may go unde-
tected or be categorized as a viral illness or flu. Microbes
that cause infections that produce clinical signs and symp-
toms (such as fever and cough, fever and diarrhea, fever
and muscle aches) similar to those of many common
infections – such as influenza, tuberculosis (TB), salmo-
nellosis, dengue fever, and malaria – may not be identified,
especially in resource-poor settings where clinical labora-
tory support is absent or limited. Microbes that cause
unusual clinical findings (e.g., vesicular skin eruption in
monkeypox), high mortality (e.g., yellow fever), or pro-
duce large outbreaks (e.g., dengue fever and dengue hem-
orrhagic fever [DHF]) may be more likely to be identified.

Re-emerging infections are caused by all classes of
pathogens (i.e., viruses, bacteria, fungi, helminths, pro-
tozoa) and involve pathogens with different modes of
transmission (e.g., direct person-to-person transmission,
airborne, vectorborne, food- and waterborne) and differ-
ent sources (e.g., another human, animal reservoir, soil and
water). Typically multiple factors will have contributed to
the re-emergence of a specific infection. These may vary
by time or geographic region. Populations and regions
vary in their vulnerability to the re-emergence of infec-
tions and capacity to intervene promptly, so to some extent
re-emergence may be specific to time, place, and popula-
tion. Because of the extensive linkages in the world today
through trade and travel, re-emergence of an infection
may have broader implications and pose greater risk to
distant populations than it might have a few decades ago.
Changes in the Pathogen

The types of changes in a pathogen that can contribute to
the re-emergence of an infection include development of
resistance to antimicrobial agents that were previously
effective, acquisition of new virulence factors or emer-
gence of strains that are more virulent or transmissible,
and emergence and spread of strains against which avail-
able vaccines are ineffective. Examples of each follow.

Resistance, virulence, and transmissibility

Resistance of a microorganism to an antimicrobial drug
refers to the capacity of an organism to survive in the
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presence of that drug in therapeutic concentrations.
Microbes can also be characterized by their resistance to
killing by physicochemical conditions (e.g., heat, cold,
acid, other) that may be relevant for survival in the envi-
ronment, but these attributes are not discussed in this
section. Virulence is a quantitative measure of pathogeni-
city of an organism or its likelihood of producing disease.
Transmissibility refers to the ease of spread of a microbe
from one host to another. These are three separate attributes
that are not necessarily linked. For example, theH5N1 virus,
the influenza strain currently circulating in avian popula-
tions, has shown resistance to the adamantane group of
antiviral drugs. It is highly pathogenic in chickens and
humans (and some feline species) causing high mortality in
those species. In contrast, some infected ducks excrete the
virus without showing symptoms of infection. As of early
2007, it is poorly transmissible from human to human, but
highly transmissible in chicken populations. In general,many
of the viruses that cause the common cold are highly trans-
missible from person to person but cause only mild illness.

Resistance

Increasing resistance of microbes to antimicrobials is occur-
ring globally and involves microbes that cause millions of
human deaths annually, including Staphylococcus aureus,
Streptococcus pneumoniae (the cause of pneumococcal pneu-
monia and meningitis),Mycobacterium tuberculosis (the cause
of TB), malaria parasites, influenza viruses, and human
immunodeficiency syndrome viruses (HIV), among others.

Increasing resistance among some bacteria was ini-
tially localized primarily to tertiary care hospitals (e.g.,
methicillin-resistant S. aureus) but has now moved into the
community and around the world. Increasing resistance is
found among antimicrobials used to treat all types of
infections, including viral, bacterial, fungal, and parasitic
infections. In some instances, alternative agents are avail-
able for treating resistant infections, but alternative drugs
may be more toxic, less effective, unavailable because
of limited supplies, or expensive. High cost alone can
mean many populations will be unable to have access to
effective treatment, rendering infections operationally
untreatable. In addition, resistance of arthropod vectors
(e.g., mosquitoes) to pesticides has complicated the con-
trol of vectorborne infections, like malaria and dengue.

Bacteria can become resistant through mutations or
by acquiring genetic material from related or unrelated
bacterial species through horizontal exchange. Genetic
changes in bacteria can occur in the absence of antimicro-
bials, but the presence of antimicrobials puts selective
pressure on microbial populations. Resistant organisms
may be able to flourish when an antimicrobial agent kills
off other organisms that may compete for resources
and may become the predominant population. Resistance
traits are transferred to the progeny and potentially to
unrelated strains of bacteria. The broad and indiscriminate
use of antimicrobials has contributed to the rising resis-
tance, but even appropriate use of antimicrobial agents
puts pressure on microbial populations. In addition, certain
clones or strains of resistant bacteria may become widely
disseminated. With penicillin-resistant S. pneumoniae, for
example, only 10 clones were shown to be responsible
for 85% of invasive disease by this organism in the United
States in 1998 (Corso et al., 1998). Travel and social
networks may be important in the spread of resistant (or
virulent) clones.

S. aureus resistant to methicillin has expanded in geo-
graphic range, but until recently only five major clones
were responsible for most of the worldwide problem. The
microbe spread initially in defined groups with close
contact – for example, children in child care facilities,
athletes, intravenous drug users, prison inmates, and
military recruits – then the organism disseminated into
the general community. This may have been facilitated by
special virulence factors of the organism that favored its
survival (Furuga et al., 2006).

Resistance as a single factor cannot fully explain the
re-emergence of TB or malaria, for example, but presence
of resistance has contributed to increasing morbidity and
mortality in some populations and makes control more
complicated and costly.

Virulence

A previously uncommon but more virulent strain of
Clostridium difficile, a cause of colitis that can be severe,
has emerged to cause multiple outbreaks with substantial
mortality in hospitals in North America and Europe.
It produces 16–23 times more toxin than other strains of
C. difficile, which may account for its increased virulence.
It is also resistant to fluoroquinolones, and their wide use
may have favored its emergence (McDonald et al., 2005).

An unusual example of a change in virulence has
occurred in the attenuated live poliovirus vaccine. In
rare instances (0.4–3 per million children vaccinated), the
vaccine virus, which replicates in the gastrointestinal tract
of the recipient, reverts to full neurovirulence. Not only
can the vaccine-derived neurovirulent virus cause paraly-
sis in the vaccine recipient, but vaccine-derived virus can
also circulate in populations. Circulation of virulent
vaccine-derived virus, in some instances with associated
outbreaks of paralytic polio, has been documented in
China, Egypt, Haiti, Madagascar, and the Philippines.
Paralytic polio that has re-emerged in areas where circu-
lation of wild poliovirus had ceased in some instances has
been caused by vaccine-associated poliovirus (Kew et al.,
2002). In other areas, wild poliovirus has been reintro-
duced from areas where polio persists in the human popu-
lation. Geographic areas that appear to be at highest risk
for circulation of vaccine-associated poliovirus are those
with low vaccine coverage. Immunodeficient individuals
(especially those with hypogammaglobulinemia) have
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been found to be long-term excreters of vaccine-derived
poliovirus (in feces), one for at least 20 years (MacLennan
et al., 2004). This remains a concern in making decisions
about when it might be possible to stop using oral poliovi-
rus and killed polio virus vaccines.

Strains, serotypes, serogroups, subtypes

Microbes often exist as manydifferent subtypes, serotypes,
serogroups, or strains. This antigenic variation means per-
sons who are immune (by natural infection or immuniza-
tion) to one strain of an organism, may be susceptible to
another. A previously uncommon serogroup of Neisseria
meningitidisW135 (cause of meningococcal meningitis and
sepsis) caused outbreaks among pilgrims to the Hajj in
Saudi Arabia in 2000 and spread internationally. Because
of previous outbreaks of meningococcal infections among
the pilgrims (and subsequently their contacts in their
countries of residence), Saudi Arabia started requiring all
visitors to the Hajj to produce a certificate of vaccination
against meningococcal disease upon entry into the coun-
try. Most visitors received a meningococcal vaccine active
against serogroups A and C, the serogroups responsible for
most epidemics of meningococcal disease in the past.
It was in this context that meningococcal infections re-
emerged in the pilgrims in the spring of 2000, caused by
serogroup W135. About 240 cases were reported in Saudi
Arabia. In all, more than 400 cases in pilgrims and their
contacts were identified in at least 14 different countries.
Analysis of isolates from patients in France and the UK
using multilocus sequence typing, DNA fingerprinting,
and other techniques showed that they were indistinguish-
able from isolates from Saudi Arabia. Pilgrimswho became
infected could carry the W135 meningococcal clone and
transmit infection, even if they did not develop symptoms.
Of note, the vaccine used in the United States was a
quadrivalent vaccine active against serogroups A, C, Y,
andW135. Although the risk of diseasewas low in recipients
of the quadrivalent vaccine, recipients could still become
carriers of the outbreak strain as the vaccine does not
prevent carriage (Dull et al., 2005). Saudi Arabia now
requires pilgrims to the Hajj to have a vaccine active against
W135. During February 2002, an epidemic caused byW135
began in Burkina Faso. By May more than 12 500 cases had
been reported to the World Health Organization (WHO).

Dengue virus, a mosquito-transmitted flavivirus, is wide-
spread in tropical and subtropical regions of the world and is
expanding in geographic range and severity. Four different
serotypes of dengue viruses cause disease in humans:
DEN-1, DEN-2, DEN-3, and DEN-4. Infection with one
dengue serotype is followed by only brief immunity to the
other serotypes. Subsequently, if individuals are infected
with a different dengue serotype, they are at increased risk
(perhaps 100-fold greater) for severe disease, manifested as
dengue hemorrhagic fever or dengue shock syndrome. In
studies from Thailand, no cases of DHF were observed in
patients with primary dengue infection, whereas 1.8–12.5%
of those with a secondary infection developed DHF. The
appearance of a new dengue serotype in a population that
already has previously experienced high rates of infection
with a different serotype may be followed by an outbreak of
DHF. Infections that occurred a decade or more earlier may
remain immunologically relevant and predisposed to severe
illness. It is also becoming clear that dengue viruses vary in
virulence, and introduction of a more virulent strain may
be followed by particularly severe outbreaks.

Abundance

The presence (or absence) and abundance of many organ-
isms is linked to the physicochemical environment,
directly – for example, through temperature, rainfall,
humidity, soil or water characteristics, pH, nutrients, and
so on – or indirectly, for example, through the presence
or abundance of arthropod vectors (e.g., mosquitoes),
intermediate and reservoir hosts (such as rodents),
and vegetation. Coccidioidomycosis, caused by a soil-
associated fungus, is found in arid and semiarid areas
with alkaline soils in regions with hot summers and short,
moist winters. Humans become infected by inhaling air-
borne arthroconidia. Growth of the fungi in soil is linked to
temperature and rainfall. Outbreaks in the southwest
United States have been correlated with the amount of
rainfall over preceding months. The sequence of heavier
than usual rainfall followed by prolonged drought in asso-
ciation with hot and dusty conditions favors dispersal of the
fungus in a form that can be inhaled. But several other
factors have also contributed to increasing cases of coccidi-
oidomycosis in the U.S. southwest (Kirkland and Fierer,
1996). This area is one of the most rapidly growing parts
of the United States; many new residents have moved from
nonendemic areas, and thus lack immunity to the fungus.
The area has become a popular place for retirement
(Figure 2); persons more than 65 years of age have
the highest incidence of infection of any age group. The
HIV-infected population, another vulnerable group, has
also grown in size. Land development, including construc-
tion, increases dust and potential exposures. Off-road vehi-
cle use, which has become more common, also creates dust
that can disperse the fungus. So although coccidioidomyco-
sis is a ‘place’ disease that is influenced by geoclimatic
conditions, the demographic shifts, human activities, and
land development in the area have been important forces
in the increase in cases. This disease would not have
re-emerged if humans had not entered into and altered
this environment.

An infection with a rodent reservoir host, such as han-
tavirus infection, can increase in response to geoclimatic
conditions (Hjelle et al., 2000). The El Nino–Southern
Oscillation (ENSO) has been associated with increased
precipitation in the southwestern part of the United States.
In this instance, the increased rainfall is associated with an
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expansion of the deer mouse population, presumably
because of an expanded food supply for the mice, which
are infected with the virus and excrete it in saliva, urine,
and feces, typically without showing symptoms. Rodent
populations can increase more than 10-fold in a year. More
rodents meanmore virus andmore potential opportunities
for human–rodent excreta contact and human infections.
Changes in the Human Host

Improved sanitation and increase in clinically
apparent hepatitis

As noted above, presence of antibodies because of past
infection with one dengue serotype can predispose to
more severe infection if exposure to a different serotype
occurs. However, many infections are followed by long-
lasting, sometimes lifelong, immunity. When infection
with hepatitis A occurs in young children, infection is
often mild or asymptomatic and often not diagnosed. With
increasing age, severity of infection increases, and the case-
fatality rate may be 2% or higher in persons 65 years and
older. Paradoxically, as availability of clean water and good
sanitary facilities have improved in many countries, out-
breaks of hepatitis A are now occurring, whereas they were
unknown in the past when virtually everyone was infected
and immune by age 5 years. By shifting upward the age
at which individuals are infected, the virus causes acute,
often severe clinical illness. Some countries that did not
previously have visible hepatitis A outbreaks are now seeing
large outbreaks in young adults.
Outbreaks of vaccine-preventable infections

Infections that have been prevented by immunization
programs can re-emerge if immunization programs and
other supports fail. After having been largely controlled
for several decades, diphtheria re-emerged in the Russian
Federation in 1990 and spread to all of the newly indepen-
dent states and Baltic states of the former USSR (Dittmann
et al., 2000) (Figure 3). Between 1990 and 1998, more than
157 000 cases and 5000 deathswere reported by countries of
the former Soviet Union. Diphtheria, an acute bacterial
infection caused by the toxin-producing bacterium Coryne-

bacterium diphtheriae, which spreads from person to person
through close contact, has a case fatality rate of 5–10%.
Infection can be prevented by immunization with diphthe-
ria toxoid; when infection occurs, mortality can be reduced
by treating with diphtheria antitoxin. Universal childhood
immunization was introduced in the 1940s and 1950s;
developing countries also achieved high levels of immuni-
zation after the Expanded Program on Immunization (EPI)
in the 1970s. Even before 1990, serologic studies had shown
a substantial percentage of adults lacked immunity to diph-
theria. Adults in the former Soviet Union who were in the
40–49-year-old age group in the 1990s had the lowest levels
of immunity. They had lived during a time when diphtheria
was largely controlled by immunization, so had not been
exposed to natural infection. Most had never received any
doses of vaccine since childhood, as adult booster doses
were not recommended at that time. Toxigenic strains of
diphtheria fromAfghanistanwere introduced into a refugee
population. Infection spread first to large urban centers and
then along major transportation routes to other cities and
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towns, and finally to rural areas. The spread was facilitated
by the presence of large numbers of displaced persons. The
proportion of cases in persons more than 15 years old was
64–82% in some areas. Relatively few cases occurred in
adults aged 50 years or more, presumably because of past
exposure to diphtheria, which was still occurring when they
were children. The highest incidence and death rates were
in individuals between the ages of 40 and 49 years. At the
outset of the epidemic, the case fatality rate exceeded 20%,
probably due to delayed treatment and lack of diphtheria
antitoxin.

Multiple factors contributed to the massive outbreak
as analyzed by Dittmann and colleagues (2000). Among
those identified were: less intensive immunization, use
of lower potency vaccine, antivaccine campaigns in some
areas, deterioration of the health-care infrastructure,
delay in outbreak control, and lack of adequate supplies
for prevention and treatment inmanyareas. Other countries
were also affected by the outbreak as cases were imported
into several European countries and theUnited States.Most
countries today do not routinely give diphtheria toxoid to
adults; in many countries 30–60% of adults may be suscep-
tible to diphtheria, which is a phenomenon created by the
vaccine era and vaccine policy of giving vaccine primarily
to young children.

Increased risk of infection because of altered

immune response

Tuberculosis

The appearance of and spread of infection with HIV has
had a profound effect on the burden from many other
infectious diseases, most notably TB. The interaction
between HIV/AIDS and TB is bidirectional, with each
making the other worse. Infection with M. tuberculosis

upregulates HIV replication, increases viral load, accel-
erates the decline of CD4 count, leads to more rapid
progression of HIV, and increases the risk of death. The
impact of HIV on TB is to increase the risk of primary
infection, increase risk of rapid progression, increase
likelihood of reactivation in those with latent infection,
and increase the risk of reinfection. About one-third of
humans are infected with M. tuberculosis, though infection
is latent and asymptomatic in the majority. In most indi-
viduals the likelihood that TB infection will progress to
active disease is only 5–10% over a lifetime. In persons
co-infected with HIVand TB the risk of developing active
TB may be as high as 10% per year. In areas where the
incidence of TB was already high, the spread of HIV
infection has led to an increase in incident cases of TB.
Although the spread of HIV infection is not the only
reason for re-emergence of TB in many areas, it is an
important one – and one that has made control of TB
much more difficult.

Data collected during the first half of the twentieth
century on TB mortality showed notable increases in TB
deaths during World War I and World War II, including
in some countries that were not occupied (see Figure 4).
This was an era before specific antituberculosis drugs
were available. Increases in mortality were thought to
relate to poor nutrition (especially limited protein sup-
ply), crowding in dark dwellings, and stress. Of note,
Denmark was not occupied and did not take part in the
armed conflict, yet TB mortality rose starting in 1915
(Figure 4). The rise in TB coincided with a drop in
meat consumption, as meat was exported to England to
support the war. Submarine attacks interrupted exporta-
tion from Denmark in 1917, making meat available for
local consumption – and TB mortality fell (Figure 4).

Even today with good drugs available for the treatment
of TB, social, political, and economic factors can influ-
ence treatment and outcome. TB has been a problem in
disadvantaged populations, including inmates in prisons
and homeless populations. Gustafson and colleagues
(2001) described events in Guinea-Bissau, West Africa,
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where armed conflict, starting in 1998, limited access to
TB treatment. This was followed by an increase in the
mortality rate ratio (MR) (3.21) among those being trea-
ted for TB and was most pronounced among those who
were HIV infected (MR 8.19).
Contacts between Host and Microbe

Many factors can lead to an increase in contact between
host and microbe. The outbreaks of infectious diseases,
such as shigellosis, cholera, and measles in refugee camps
and in other displaced populations, indicate how rapidly
infections can spread when basic supports, such as clean
water, adequate sanitary facilities, and immunization, are
unavailable (Goma Epidemiology Group, 1995).
Hepatitis C

Although a serologic test to identify persons infected with
hepatitis C virus (HCV) was not developed until 1989, the
infection had been described based on its clinical and
epidemiologic features, and by the absence of antibodies
to other common infections, including hepatitis A and
hepatitis B. Before the wide use of tests to screen donated
blood, hepatitis C was the most common blood-borne
infection following blood transfusions. Although hepatitis
C is found worldwide, prevalence varies widely. Seroprev-
alence in Egypt has been reported to be in the range of
20% in blood donors, one of the highest prevalence rates
anywhere in the world. Prevalence varies by age and
geographic region, but is higher in Egypt than in neigh-
boring countries. The HCV subtypes in Egypt are mostly
the same, suggesting epidemic spread throughout the
country. Children have a low prevalence of infection and
people living in desert areas have the lowest prevalence.
Investigators have tried to find plausible explanations for
these observations.

Schistosomiasis, a parasitic infection that requires
snails as an intermediate host, is widespread in the Nile
Delta and Nile Valley. After it was discovered in 1918 that
injections with an antimony salt could kill schistosomal
flukes residing in humans, use of parenteral antischisto-
somal therapy (PAT) became widespread. Because the
drug could be administered only by injection and multi-
ple injections (12–16) were required, mass treatment cam-
paigns were organized to deliver the drug. Sterilization
procedures of reusable injection equipment were likely to
have been omitted in some instances or were inadequate.
When effective oral therapies for schistosomiasis became
available in the 1970s and 1980s, they replaced PAT. Inves-
tigators who have analyzed the prevalence of HCVantibo-
dies by age and geographic region have found a significant
association between exposure index for PAT and HCV
prevalence rates. This suggests that the mass campaigns to
treat schistosomiasis may have effectively spread HCV to a
significant portion of the Egyptian population (Frank et al.,
2000). Although initial infection with hepatitis C may be
mild or asymptomatic, infection becomes persistent in
50–80% of those infected. The burden of disease related
to infection, progression to cirrhosis or development of
hepatocellular carcinoma, comes years or decades after
infection was acquired. Unsafe injection equipment can be
a source of infection in any country, but the prevalence of
infection is less than 2–3% in most countries.

Although safer, more effective treatment for schistoso-
miasis is now available, schistosomiasis has increased in
some communities in Egypt, Senegal, Cote d’Ivoire, and
elsewhere following the building of dams (N’Goran et al.,
1997). Dams can have potential economic and health
benefits, but have also been associated with increases in
vectorborne infections (see the following section).

Malaria

Malaria continues to kill a million or more, mostly young
children in Africa, each year, and saps the strength and



498 Re-emerging Diseases: Overview
productivity of individuals in endemic areas by causing
fatigue, episodic fevers, and anemia. Although in the
overall area of the globe where malaria is endemic the
disease has decreased by half in the last century, demo-
graphic changes have resulted in an increase of 2 billion
people living in areas with malaria risk (Hay et al., 2004).
The intensity of transmission has also increased in some
regions. Some reasons for increase in malaria include
insecticide resistance of the mosquito vector and break-
down in control programs, increase in resistance of
the malaria parasite to the inexpensive, older antimalar-
ial drugs (e.g., chloroquine), and population movements
(both movement of nonimmune populations into malari-
ous areas and also migration of malaria-infected persons
into regions infested with competent malaria vectors and
climatic conditions compatible with malaria transmission).
Co-infection with malaria and HIV also appears to have
adverse consequences, though not of the magnitude noted
with HIV and TB. HIV infection is associated with an
increased risk of parasitemia and clinical malaria in adults
and increased risk of treatment failure. HIV-infected preg-
nant women have more frequent and higher-density
malaria parasitemia than do uninfected women; infants
born to women infected with both malaria and HIV have
a three- to eightfold higher risk of postnatal death than
infants born to mothers with either infection alone.
Malaria in HIV-infected persons also leads to increased
viral load, which returns to baseline with prompt treat-
ment of malaria.

Because malaria is transmitted by a mosquito vector –
environmental factors, including temperature, humidity,
rainfall, and land use – can also influence abundance and
location of mosquito vectors. A study in northwestern
Ethiopia linked an increase in malaria transmission to
intensified maize cultivation. Maize pollen, eaten by mos-
quito larvae, can influence the insect’s size and develop-
ment. In many villages, maize was planted in fields less
than 2meters from houses. The predominant variety
planted, chosen for its high yield, matured late, with
pollen dispersal extending into the peak period of mos-
quito larval development (Kebede et al., 2005).

In the Peruvian Amazon in South America malaria
prevalence increased sharply in the 1990s at a time of
population migration and growth as well as extensive
deforestation. Researchers gathered data from 56 different
study sites that varied by type of vegetation and human
population density. They captured mosquitoes that landed
on human volunteers in the evening hours to assess
whether deforestation was associatedwith increased biting
rate of Anopheles darlingi, the primary vector of falciparum
malaria in that region. They found that human-biting rates
were consistently higher in deforested areas, with the
A. darlingi biting rate more than 278 times higher in defor-
ested areas than in areas that were predominantly forested
(Vittor et al., 2006).
Dams built to provide irrigation for crops can also
provide water for breeding of mosquito vectors. In a
longitudinal study of communities living near dams and
control communities at similar altitude but beyond the
flight range of mosquitoes that might breed in standing
water created by dams, researchers found that malaria was
significantly more common in communities near the dams
(14.0 episodes in 1000 child months vs. 1.9 in control
villages) (Ghebreyesus et al., 1999).

Introduction of a mosquito species that is a more
efficient vector for malaria transmission can also lead to
an increase in transmission. An example of this occurred
when Anopheles gambiae was introduced into Brazil, proba-
bly by way of boats that made mail runs between Dakar,
Senegal and Natal, Brazil. A. gambiae larvae were first
identified in March 1930 and subsequently spread along
the coastal region and 200miles inland into the Jaguaribe
River valley. Although malaria was endemic in this area,
the local mosquitoes were not efficient vectors, so the
human burden from malaria was low. The establishment
of the highly efficient vector, A. gambiae, was followed in
the late 1930s by explosive malaria outbreaks with more
than 100 000 cases and about 20 000 deaths in this
population with low levels of immunity. A massive cam-
paign to eradicate A. gambiae was successful, but the event
illustrated the key role of the type of vector present in
malaria transmission.

Movement through trade

Movement of microbes through travel and trade con-
tinues to lead to outbreaks in unexpected places and
populations. In many instances, transmission cannot be
sustained and the infection dies out. Infections that are
transmitted from person to person can potentially be
carried to any country, as has been observed with HIV.
Influenza, though never absent, re-emerges every year in
temperate climates during the colder months to cause
epidemics. The severity of the epidemics depends on
the extent of change in the virus (genetic drift or shift),
and to some extent on use of vaccine in the population,
and closeness of match between the vaccine virus and
circulating virus. Traveling, infected humans introduce
the virus into new geographic areas, where it can spread
rapidly because it is highly transmissible. The H5N1
avian influenza that has caused massive die-offs in poultry
and other birds, since it was first identified in 1997 in
Hong Kong, can also be carried by migratory birds to new
countries and continents (Rappole et al., 2000). Legal and
illegal movement of poultry and trade involving pet birds
and fighting cocks are other routes of spread.

Dengue and mosquito vectors

Humans are the main reservoir for dengue virus (primates
are not significant in its epidemiology in most areas).
They spread it into new geographic areas by traveling
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while infected (virus in bloodstream) and being bitten by
mosquitoes competent to permit the replication of the
dengue virus to levels in which it can be transmitted via
mosquito saliva when it bites a nonimmune host many
days later (typically a week or two for the extrinsic incu-
bation period). Dengue has increased in geographic reach
and severity and is now present in most tropical and
subtropical areas of the world. Several factors are contri-
buting to its re-emergence, with the increased travel of
humans being an essential but insufficient reason. Much
of global travel is by plane, allowing travelers to reach
anywhere in the world within the incubation period of
dengue fever, typically 4–7 days (full range is 3–14 days).
The most important dengue vector is Aedes aegypti, and it
now infests most tropical and subtropical areas. It thrives
in urban areas and is able to breed in discarded plastic
cups, flowerpots, and used tires and enters homes and
prefers a human host. The greatest volume of population
growth today is occurring in urban areas in low latitude
regions, and in areas infested with a competent vector and
linked to the global community via travel and trade. More
and more urban areas in tropical regions have reached the
population size (estimated to be 150 000 to 1million)
needed to sustain the ongoing circulation of dengue virus.

Of note, presence of a competent vector and a climate
that is warm enough to permit the virus to become infec-
tive in mosquitoes is not sufficient to lead to outbreaks of
dengue fever. The mosquito vector must have access to
the human population. Presence of screens and air condi-
tioning can limit transmission as a study by Reiter and
colleagues (2003) showed, which looked at two urban areas
(Laredo, Texas andNuevo Laredo inMexico) with similar
climate and separated only by the Rio Grande River.
A. aegypti was present in both areas. In a serosurvey, resi-
dents in Mexico were significantly more likely to have
antibodies indicating recent or remote dengue infection
than were residents across the border in Texas. Absence of
air conditioning was significantly associated with dengue
antibodies. Poor housing is also associated with increased
exposure to mosquitoes, and the absence of piped water
can also increase risk of exposure to mosquitoes because
water storage vessels kept in the household can serve as
good breeding sites for mosquitoes.

Mosquitoes are also moved around the world on ships,
airplanes, and other vehicles. In some instances, the
species can become established in a new geographic
area. Aedes albopictus, the Asian tiger mosquito, was intro-
duced into the United States in 1985 in used tires
imported from Asia and within 12 years had spread to at
least 25 states. It has also recently been introduced into
many areas in Latin America. It was the primary vector
responsible for the outbreak of dengue fever that occurred
in Hawaii in 2001–02 and is also competent to transmit
West Nile and other viruses that can cause severe disease
in humans.
Monkeypox

Monkeypox, a viral infection that resembles smallpox,
was first recognized in captive primates in 1958 and first
identified in humans in 1970 in the Democratic Republic of
the Congo. Infections that occurred earlier were probably
diagnosed as smallpox because of similar clinical findings.
Only after smallpox had been eradicated from this area and
surveillance for smallpox-like infections was instituted was
this virus identified. Unlike smallpox, whose only host is the
human, monkeypox is a zoonosis, though human-to-human
spread can occur. It is not as easily transmitted as smallpox
among humans, and transmission is usually not sustained
beyond2–3 generations. Althoughprimates, includingmon-
keys, can be infected, other animals, perhaps squirrels and
other rodents, are thought to be the reservoir hosts for this
virus. The virus is found in tropical rain forest areas of west
and central Africa. Because vaccination with vaccinia virus
gives partial protection against monkeypox, some investiga-
tors have speculated that monkeypox might increase after
the eradication of smallpox and cessation of the vaccination.

No one expected monkeypox to appear in North
America in 2003, though in retrospect public health offi-
cials should not have been surprised. Exotic animals, such
as the Gambian giant rat, imported from Ghana had been
housed by distributors with prairie dogs sold as pets in the
United States. At least 37 human monkeypox infections
were documented in pet dealers and owners and veter-
inarians. Humans became sick after contact with sick
prairie dogs. No humans died; in African outbreaks mor-
tality has ranged from 4–22%, perhaps because of greater
virulence of the virus subtype. There have been no addi-
tional cases since 2003 or any evidence that the virus has
become established in prairie dogs or other animal popu-
lations in the United States.
Characteristics of Infections Likely to
Re-emerge

Infections caused by microbes that have an animal reservoir
(especially wild animal) or are found in the environment
(soil, water, vegetation) are difficult to contain and to keep
under containment with currently available tools. Even if an
effective vaccine is available, as there are for the flaviviral
infections, Japanese encephalitis and yellow fever, elimina-
tion of the agent is not feasible inmost instances. Unless high
levels of immunization are maintained or the vector (or
contact with the vector) can be eliminated, riskof resurgence
will remain. Even with vaccine-preventable diseases that do
not have an animal or environmental reservoir, sustained,
global control has been difficult to attain. Measles, for
which a highly effective vaccine exists, still causes outbreaks,
though endemic circulation has been eliminated in large
areas of theworld. As long as the infection persists anywhere
and people travel, risk of reintroduction will persist.
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The logical conclusion is that infections will continue
to re-emerge in the foreseeable future because elimina-
tion almost never occurs and currently available tools
(such as vaccines, vector control, education and change
in behavior, screening blood and tissues, antimicrobial
drugs, surveillance) are imperfect or incompletely or
inconsistently applied. While efforts to control disease
are taking place, microbes continue to evolve in ways to
favor their continued existence in today’s world. The com-
bination of population size, density, mobility, vulnerability
(e.g., AIDS, aging, immunosuppressed populations), and
location (increasingly in low latitude urban areas often
without good infrastructure) provides the milieu in which
continued episodes of re-emergence are likely.

See also: AIDS, Epidemiology and Surveillance; Antimicro-

bial Resistance; Emerging Diseases: Overview; Factors

Influencing the Emergence of New (and ‘‘Old’’) Diseases;

Lyme Disease; Transmissible Spongiform Encephalopa-

thies; West Nile Disease.
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Introduction

Drug use has developed historically as part of wider
social practices. Drug-related harms, including harms
to health and social order, need to be understood in a
sociocultural context, as do the regulatory frameworks
that have developed to control drug demand, supply,
and use. Contemporary drug policy reflects an uneasy
balance between public health and law enforcement
responses. This dichotomy creates avoidable complications
and unintended consequences for associated regulatory
practices. Balanced approaches to drug control and regula-
tion should consider a number of central issues, including
the role of science and evidence, ethics, public opinion, and
the socioeconomic and political context.

Historical Overview

The Role of Drug Use in Context

The use of naturally occurring psychoactive substances
predates modern history, with evidence of tobacco,
cannabis, alcohol, opium, coca, psilocybin, and peyote
occupying important cultural, spiritual, medicinal, and
economic roles in ancient societies. Historically, the dis-
tribution and use of psychoactive substances was not State
regulated in the manner that is seen today, although in
some countries taxes on psychoactive substances provided
a significant source of government funding which pre-
dated income taxation systems.

Indian opium was imported into the UK as early as
1606 by trade ships chartered by Elizabeth I. In the sev-
enteenth and eighteenth centuries, hemp cropping for
rope and sail manufacture was widespread in the North
American colonies. In many countries, opium, morphine,
and cocaine were used widely in a range of home remedies
and tonics. Since the advent of modern toxicology in the
early nineteenth century, the manufacture of new drugs for
medicinal and other purposes has steadily increased the
available range of psychoactive drugs.

Responses to Drug Use

It is beyond the scope of this article to fully discuss
the antecedents of the regulatory legal approach to the

control of drug supply and use (for a detailed history refer
to Courtwright, 2001; MacCoun and Reuter, 2001;
Davenport-Hines, 2004). Some of the key events and
social changes are overviewed here to illustrate the shift
toward progressively inclusive drug regulation and con-
trol by the State, together with harsher penalties for drug
use, supply, and manufacture.

A number of important socioeconomic and political
developments influenced the development of inter-
national drug control conventions and treaties and related
jurisdictional laws. The Opium Wars of 1839–42 and
1856–80 were the result of clashes involving international
politics, commercial interests, and moral opinion on drugs.
The conflicts followed the persistent supply of opium
to China by the Dutch, Portuguese, English, and British
India despite the 1729 ban on importation and the 1799
prohibition of importation, cultivation, and use.

A key post-industrial revolution theme that developed
as populations became more mobile was a sense of moral
panic about drug use. This legitimized prejudice against
the lower socioeconomic classes and minority immigrant
groups, their drugs of preference, and perceived racial
and cultural difference. In some countries during the
nineteenth century gold rush era, this was first evident
in relation to Chinese immigrants and their use of opium,
culminating in fears about social order and laws banning
opium smoking directed at the Chinese opium dens
(Goode and Ben-Yehuda, 1994).

State concerns about the prevention of drug-related
health harms can be traced in England back to the 1868
Pharmacy Act, involving the first regulation of drugs.
This was prompted by accidental and intentional drug
poisonings and the recreational use of opium and chloral
hydrate by the working classes. Initial concerns around
the need for regulation of the patent medicine industry
via State legislation paved the way for the early founda-
tions of an international drug control system.

The 1912 Hague Opium Convention focused on
reduced production, distribution, and consumption of
opiates; restricted use for legitimate medical purposes;
and domestic legislation to prevent narcotics abuse.
Since then drug control measures have become progres-
sively more inclusive and more punitive (for a description
of development of international conventions on drugs,
see Courtwright, 2001; MacCoun and Reuter, 2001;
Davenport-Hines, 2004).
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Another important development was the rise of the
TemperanceMovement in the UK and United States, lead-
ing to prohibition in those and other countries. Prohibition
became a popular vehicle for social control in the context
of industrial expansion, urbanization, increased population,
immigration, and associated social order problems. Prohi-
bition initially focused on alcohol but later extended to
opium and other drugs, taking a punitive moral stance
toward drug use and users. This laid the foundations for
the medical-disease model of addiction in which drug use
was seen as a marker of individual deficit and lack of agency,
thus requiring the paternalism of both law enforcement and
public health responses (Berridge, 1980).

Although the pursuit of altered consciousness through
drug use has been a constant in human history, the shifting
public and State view on the permissibility of this owes
a debt to the emphasis during the seventeenth and
eighteenth century Enlightenment on reason and ratio-
nality as the underpinnings of the perfect society.

Current Situation: Drug Use and Harms

Drug use practices and the associated harms, both indi-
vidual and social, continue to be shaped by changing
sociocultural, economic, and political norms. Although
it is difficult to find comparable data across nations,
the available estimates show that tobacco and alcohol
use is prevalent in most populations, and accordingly is
responsible for the majority of drug-related mortality and
morbidity compared with illicit drugs.

Worldwide there are an estimated 2 billion people
who consume alcoholic beverages and 1.3 billion peo-
ple who currently smoke cigarettes or use other tobacco
products (Shafey et al., 2003; World Health Organization,
2004). Alcohol-related harms largely occur in developed
countries, but these harms are increasing in some devel-
oping countries as a result of commercial interests establish-
ing alcohol beverage markets. Globally, there are around
76million people with a diagnosable alcohol use disorder.
Alcohol use is estimated to cause ‘‘around 20–30% of
esophageal cancer, liver cancer, cirrhosis of the liver,
homicides, epileptic seizures, and motor vehicle accidents
world wide’’ (World Health Organization, 2004: 1).

Tobacco use is also a major cause of morbidity and
mortality in developed nations, and as with alcohol, it is a
growing problem in developing countries where increasing
affluence is associated with increased use and associated
health harms. There were an estimated 4.9million pre-
mature deaths worldwide in the year 2000 from smoking.
By 2020 the global burden is expected to exceed 9million
deaths annually, with 7million of these occurring in
economically developing countries (Shafey, 2003: 7).

The annual global prevalence of illicit drug use has
been estimated to be 200million people between 15–64

years of age (5% of the world population), with around
25million people (0.6% of the world population) hav-
ing problematic drug use (United Nations Office of
Drugs and Crime, 2006). The most prevalent illicit drug
is cannabis, followed by amfetamine-type stimulants
(amfetamines and ecstasy), cocaine, and opiates. Illicit
drug use has been greatest in developed countries,
although here, too, the pattern has been shifting. The
demand for treatment for problematic amfetamine-type
stimulants use, for example, is highest in Asia, followed by
Oceania, North America, Europe, and Africa (United
Nations Office of Drugs and Crime, 2006: 9).

Contemporary Drug Policy – Public Health
or Law Enforcement?

A key historical development is the dichotomization of
drug use and harms into primarily a public health and
social issue or a law enforcement and criminal justice
issue (largely coinciding with the ‘legal’ and ‘illegal’ clas-
sification of substances). This dichotomy is reflected in
the relative emphasis of regulatory strategies. A particular
jurisdiction’s policy will be determined by the relative
importance placed on the nexus of ‘drugs and crime’
compared with the relationship between drug use and
dependence or addiction.

Prohibitionist policy frameworks for the use of certain
drugs have led to most jurisdictions giving public health
strategies fewer resources and a role subordinate to law
enforcement. Critics have pointed out that the emphasis
on law enforcement has made it difficult for public health
interventions to effectively operate, and that there are
unintended negative consequences of policies that have
stressed law enforcement (Kerr et al., 2005).

Range of Current Legal Responses

There is a general expectation that the State will bear
responsibility for implementing systems of control and
sanction in order to prevent and punish individuals
whose behavior transgresses accepted rules and standards.
Today there is a range of drug use and related behaviors
that are considered criminal offences in law and law
enforcement. These behaviors are subject to a variety of
punitive measures (ranging from community service
to the death penalty) or to civil regulatory actions and
other sanctions (e.g., civil commitment, court-ordered
treatment, and diversion-to-treatment programs, or com-
pulsory drug treatment to avoid loss of social assistance,
welfare benefits, or child custody).

The most common types of criminal offence are for
the use, possession, trafficking, and manufacture of drugs
of dependence. However, supply control and regulatory
measures have in recent times extended to the diversion
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and nonmedical use of prescription pharmaceuticals,
diversion from legitimate commerce of precursor chemi-
cals (e.g., methamfetamine manufacture), the regulation
of alcohol and public smoking, and, most recently, coun-
terfeit drugs and Internet trafficking (see Monitoring

the Future Survey; Makkai and McAllister, 1998;
EUROPHEN, 2004).

A powerful factor motivating public expectations around
the regulation of illicit drugs is the perceived relationship
between drugs and crime. Politically, the regulation of drugs
through legal mechanisms has been made possible through
the characterization of certain drug use (and drug users
by association) as immoral and a threat to social order.
As noted, this developed historically in relation to the
State’s desire to control minority immigrant and other
groups viewed as problematic. However, the enshrinement
of this control in binding international legal frameworks
has positioned drug use as a behavior for which legal
control and sanctioning is viewed as a justified response.
Implicit in this justification is the contested assumption of
a causal link between drug use and crime, and a belief
that drug use can be reduced or even eliminated through
supply reduction means.

There has been a long tradition of research into
possible links between drug use, dependence, and crime,
leading to the development of various theoretical models
(e.g., see Makkai, 2002 for a discussion of models of
enslavement, criminality, escalation, psychopharmacology,
economic compulsive, and systemic violence). However,
although the evidence consistently shows that people who
use illicit drugs have a significantly higher than average
crime rate and are more likely to have been arrested, no
direct causal relationship has been identified (Lipton and
Johnson, 1998; Deitch et al., 2000; Stevens et al., 2003).
Current research into the drugs and crime issue engages
with transdisciplinary assessment of inequalities in environ-
mental factors such as poverty, education, and unemploy-
ment to further an understanding of the relationship.

The Addition of a Range of Public Health
Responses

Broad public health discussion on the relationship
between drugs and dependence or addiction has focused
on the presence or absence of personal responsibility.
There are various disease models under the umbrella of
addiction that view drug users as powerless to address
their addiction. In this context, it is argued that drug
user responsibility is limited, since autonomy or agency
is affected by a pathology or defect leading to addic-
tion (from psychosocial factors to genetic predispositions)
(see Kellehear and Cvetkovski, 2004). Given this lack of
autonomy, it is argued, appropriate regulatory strategies
should be adopted – that is, the relative emphasis of

strategies should be based on public health rather than
law enforcement responses.

However, arguments that minimize responsibility for
drug use owing to addiction can be challenged as they are
based on a small group of problematic drug users and
do not represent the patterns of drug use by most
people. Further, those who support abstinence and pro-
hibition counter the argument about lack of autonomy
due to addiction by insisting that it is the individual’s
responsibility to avoid drugs in the first place.

Within the public health and law enforcement spectrum,
there is a range of intervention strategies that are possible.
Various types of legal and law enforcement strategies
have been applied, such as legalization, supply reduction,
border and domestic interdiction, street saturation polic-
ing, cautioning, and court and police diversion of offen-
ders. In public health, harm reduction and minimization
strategies can take the form of various kinds of demand
reduction – such as primary, secondary, and tertiary pre-
vention plus or minus health promotion – or use human
rights approaches and strategies for drug law reform.

Different jurisdictions vary in their place on the spec-
trum between public health harm reduction and minimi-
zation or law enforcement approaches. The differential
application and operation of strategies such as needle and
syringe programs (NSP), supervised injecting facilities
(SIF), and law enforcement reflect this orientation. Para-
doxically, it is not possible to predict the use of particular
interventions from the prevalence of drug-related harms
or even the available evidence of efficacy. For example,
although NSPs have operated for more than two decades
in Australia and Europe, with widespread acceptance of
evidence demonstrating their effectiveness in preventing
human immunodeficiency virus (HIV) and hepatitis
C virus (HCV) transmission, they are still prohibited
in many American states and have been only recent
additions in parts of Asia and other developing countries
where HIV and HCV are most established. Differential
outcomes are also evident across jurisdictions attempting
to implement SIF trials, and even within certain countries
(e.g., in Australia establishment of a SIF trial in Sydney
and failed attempts in Melbourne and Canberra).

Finally, there are examples of mixed approaches in
which law enforcement innovations are defined by some
as key components of the harm reduction and mini-
mization response (e.g., community policing, drug courts,
court diversion to treatment schemes, decriminalization
of possession, cannabis normalization and nonenforce-
ment policy, drug and driving programs).

Opponents of a primary emphasis on law enforcement
responses have pointed out that international drug control
mechanisms are failing on a number of fronts and produce
unintended consequences. The direct and indirect costs
include a lack of success in reduction of illicit market
supply of heroin, cocaine, methamfetamine, and cannabis;
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the additional negative social impact of law enforcement
approaches; the deemphasis on drug-related harms such
as HCV and HIV/AIDS; the lack of evidence regarding
the efficacy of law enforcement policies and programs in
reducing drug use and associated health and social pro-
blems; and the undermining of the operation of existing
public health interventions – for example, riskier drug
use to avoid police detection and non-uptake of NSP
services (see Kerr et al., 2005; Rhodes et al., 2005). The
important idea that laws, as they are written and enforced,
shape the risk environment for drug users is attracting
growing acceptance (Burris et al., 2004).

Issues for Debate

Drugs use and the harms associatedwith their use, together
with the regulatory frameworks designed to address them,
are closely linked to the socioeconomic and political con-
texts; therefore, consideration of context is important in
addressing contemporary drug use and related harm. Irre-
spective of one’s views on the different approaches, regula-
tion is the foundation of both public health and law
enforcement. The relative emphasis on public health or
law enforcement approaches, although important, should
not detract from the discussion of their broader context.
Issues such as the unequal social, economic, and political
power of competing groups, the State as the site of compe-
tition between different strategies to regulate and protect
citizens from drug use and its harms, the function of science
and the status of evidence, and ethical questions related to
these dimensions must all be considered.

The different jurisdictional outcomes in debates about
supervised injecting facilities (SIFs) provide a good exam-
ple of the crucial role of context. The relative socio-
economic and political power exerted by opposition
groups in some jurisdictions has prevented trials from
going ahead. These groups used a variety of strategies,
from engaging in media debates to lobbying for legisla-
tion. Both those for and against SIFs engaged with the
available scientific evidence, by critiquing and rejecting it
or by interpreting it in ways that supported their positions.
In this context, drug users were marginalized and their
participation in the development of policies that affected
them was directly minimized. Ethical issues, such as how
we are to understand the relationship between drug use
and dependence, individual autonomy, and rights, were
difficult to discuss when debates circulated around the
simple dichotomy of drug users as addicted and lacking
autonomy or as criminal and autonomous.

Even where regulatory interventions such as SIFs
(which are seen as politically progressive by supporters)
have been successfully implemented, there is the possi-
bility that rather than displacing more punitive measures,
such policy shifts may actually incorporate these in

the overall governance of drug users, drug use, and the
associated harms. For example, in relation to SIFs, Fischer
and colleagues (2004) note that ‘‘little attention has been
given to their implications as a substantial shift from
the punitive repression of injection drug use (IDU) to
the government of drug use as a form of regulated risk
consumption and sociospatial ordering under the guises
of public health’’ (p. 357). The unintended end point
may be more punitive targeting of drug users who refuse
to submit to new rules and regulations with harsher
measures than originally in place (e.g., saturation policing
around new SIFs).

The example of SIFs demonstrates how drug use reg-
ulation is influenced by the socioeconomic and political
context and can lead to the entrenchment of a simplistic
public health versus law enforcement dichotomy. Public
debates are influenced by powerful lobby groups. Choices
can be dominated by strategic and technical details or by
simplistic moral and punitive responses. Specific strategic
regulatory responses are important, both public health
and law enforcement responses, but they must be con-
sidered within the wider social, economic, and political
context to achieve a better understanding of their negative
and positive consequences.

Conclusion

The State regulation and control of drugs, legal and
otherwise, shifts according to current sociocultural and
political determinants. At different points in history, most
known psychoactive substances have been freely available
and unregulated. Historically, public health, in addition
to law enforcement, has played a role in the justification
of drug control – from the earliest application of epide-
miologic methods to illustrate the prevalence of drug use
and associated mortality and morbidity in the population
to the regulatory frameworks (legislative and taxation)
governing the manufacture, distribution, and sale of
pharmaceuticals to controls of the licit drugs of highest
consumption, tobacco and alcohol.

Many countries have pragmatic drug control policies
that sit within increasingly strict prohibition regimes
(e.g., cannabis normalization, diamorphine prescription,
supervised drug consumption facilities). However, taking
a long-term view, there is nothing inevitable or per-
manent about prohibitionist drug regulation and control,
nor are public health approaches to the regulation of
drug use and harms stable and guaranteed. Beyond strict
prohibition, drug law reformists currently advocate for a
sophisticated view of drug regulation that encompasses
a range of prohibitory, prescription, and regulatory drug
control regimes. Another important theme gaining mo-
mentum in the debate about drugs and legal issues is
the consideration of the international human rights legal
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framework as a means of achieving a balanced approach
to drug policy through an emphasis on human dignity,
enforceable limits on State actions, remedies for mistreat-
ment, and State public health obligations.

The fluidity of the place of drugs in society poses a
challenge for public health to be flexible and creative in
working for the right balance of harm reduction and law
enforcement approaches to drug use. Achieving this may
require a better understanding of drug use and the related
ethical, health, and legal issues in their sociocultural,
economic, and political context. It may also necessitate
further thinking about disputes regarding the use of
science and evidence, as well as definitions of the
relationship between drug use and dependence and
individual autonomy and rights.

See also: AIDS, Epidemiology and Surveillance;

Controlling Illegal Stimulants: A Regulated Market

Model; Ethics of Health Promotion; Evidence-Based

Public Health Policy; Illicit Drug Trends Globally; Legal

Issues in Public Health; Smoking Cessation; The Ethics

of Public Health Research: Moral Obligations to Com-

munities; Tobacco - Harm Minimisation.
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Background

Relief operations refer to the humanitarian aid or assistance
given to people in distress by individuals, organizations, or
governments with the core purpose of preventing and alle-
viating human suffering.

The principles of humanitarian intervention are impar-
tiality, neutrality, and independence. Impartiality means
no discrimination on the basis of nationality, race, religious
beliefs, class, gender, or political opinions: humanitarian
interventions are guided by needs. Neutrality demands
that humanitarian agencies do not take sides in either
hostilities or ideological controversy. Independence
requires that humanitarian agencies retain their autonomy
of action. These principles, originally drawn up for war
and consolidated in humanitarian law expressed in the
Geneva Convention of 1949, underlie response to con-
flict-related and natural disasters.

Since the early 1990s, there has been both an increase
in the number of disasters and a change in the nature of
emergencies, thus leading to a substantial increase in relief
operations. Natural disasters have grown in number largely
due to increased climate variability. Complex emergencies
(situations of armed conflict) have increased, particularly
since the end of the ColdWar, and are nowcharacterized by
high levels of civilian casualties, deliberate destruction of
livelihoods and welfare systems, collapse of the rule of
law, and large numbers of displaced people. According to
the United Nations High Commission for Refugees
(UNHCR), there were 8.4 million refugees and 23.7 million
internally displaced persons (IDPs) as of December 2005.

Emergencies have changed in nature from predomi-
nantly natural disasters, dominated by flood and drought,
to complex emergencies and technological disasters. The
‘War on Terror’ following events on 11 September 2001
and the subsequent interventions in Afghanistan and Iraq
have created new challenges for the implementation of
relief operations.

The increasing frequency and changing face of emer-
gencies have caused humanitarian expenditures to soar.
Total humanitarian assistance reached an all-time high in
2005 at around US$18 billion – the Asian tsunami alone
mobilized an unprecedented response. In real terms,
humanitarian aid from the Organization for Economic
Co-operation and Development (OECD) Development
Assistance Committee (DAC) members rose by 32% in
2005. (DAC is a forum of major bilateral donors with 23
members, including the Commission of the European
Communities and the United States.) These figures do
not account for charitable donations from individuals or
groups, such as churches, and they do not capture non-
Western assistance such as that provided by Islamic
entities.

The international humanitarian system consists, princi-
pally, of four sets of actors: donor governments, including
the European Commission Humanitarian Office (ECHO),
the United Nations (UN), the International Red Cross and
Red Crescent Movement, and international nongovern-
mental organizations (INGOs). Local NGOs and benefici-
aries have little voice in the system.

A broad division of labor exists within the United
Nations system. The Office for the Coordination of
Humanitarian Assistance (OCHA) is in charge of the pol-
icy and planning framework; World Food Program (WFP)
is responsible for emergency food delivery; the United
Nations High Commission for Refugees (UNHCR) is in
charge of emergency shelter; United Nations Children
Fund (UNICEF) is responsible for nutrition and water
and sanitation; and the Food and Agricultural Organiza-
tion (FAO) is responsible for emergency agriculture, which
if successful should mark the end of the emergency and the
diminution of the role of the WFP.

Ironically, the health sector is the only sector not
delivered directly by the UN. That rests largely with the
International Committee of the Red Cross (ICRC) and
Médecins Sans Frontières (MSF), who arguably are the
only two absolute humanitarian organizations. The World
Health Organization (WHO) is generally involved with
programming and policy, less involved with the manage-
ment of medical delivery, and not at all involved in medi-
cal delivery. Despite this there are three distinct areas in
which the UN delivers what can broadly be described as
medical interventions. These are food security (including
nutrition), shelter, and water and sanitation.

On-the-ground management of relief remains a conten-
tious subject and is closely tied to the issue of coordination.
The United Nations system, through OCHA, is usually
responsible for the coordination of ground-level manage-
ment, increasingly through the ‘Cluster Approach’ in which
agencies are identified to lead coordination in a specific
sector. In placeswhere theUnitedNations is not acceptable,
the ICRC plays the critical coordination role. Most disaster
appeals are underfunded so the humanitarian system usu-
ally has insufficient resources to deliver the appropriate
humanitarian response. As a result, most NGOs agree to
be coordinated through the UN system. When disaster
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appeals are met or exceeded, as in the Asian Tsunami,
the different United Nations agencies and international
NGOs tend to work more independently. Coherent and
effective on-the-ground management relies ultimately on
the honest sharing of information about beneficiary need
and coverage. FAO has provided a model of good practice
for this by chairing information sharing through its
food security assessment unit (FSAU). In general, however,
information sharing for on-the-ground management, and
therefore effective coordination, remains the weakest link
in humanitarian delivery.
Health

Everyone has the right to enjoy the highest attainable
standard of physical and mental health and everyone has
the right to a standard of living adequate for the health
and well-being of themselves and their family, including
food, clothing, housing, medical care, and social services.

Disasters usually generate significant impacts on the
public health and well-being of affected populations.
These impacts can be described as direct (e.g., death,
injury, or psychological trauma) or indirect (e.g., increased
rates of infectious disease, malnutrition, complications of
chronic disease).

The severity of direct and indirect health impacts and
the subsequent need and type of relief operations depend
upon several factors. First, the type of emergencyor disaster
situation: different types of disaster are associated with
differing scales and patterns of mortality and morbidity.
The public health and medical needs of an affected com-
munity will therefore vary according to the type and extent
of disaster. Earthquakes, for example, cause many injuries
requiring medical care, whereas floods cause relatively few.
These again differ significantly from injuries of victims of
armed conflict. In general, public health interventions and
humanitarian assistance are designed to ensure the greatest
health benefits provided to the greatest number of people.

Second, the ability of existing services and resources
of a country to cope greatly determine the level and type
of health humanitarian assistance required. Natural disas-
ters can cause serious damage to health facilities, water
supply, and sewage systems, having a direct impact on
the health of the population dependent on these services.
The earthquake that struck Mexico City in 1985, for
example, resulted in the collapse of 13 hospitals. In just
three of those buildings, 866 people died, 100 of whom
were health personnel. As a result of Hurricane Mitch in
1998, the water supply systems of 23 hospitals in Honduras
were damaged or destroyed, and 123 health centers
were affected.

Existing health services in most developing countries
are already inadequate or unable to cope with current
demands, therefore automatically exacerbating the need
for health humanitarian aid when an emergency strikes.
In complex emergencies, health infrastructure, services,
and the staff themselves can be targeted and destroyed.
In addition, inadequate food supplies, damaged water and
sanitation facilities, lack of shelter, and overcrowding
can have the indirect impact of increasing rates of infec-
tious diseases such as cholera, typhoid, and measles.

Third, the current health status of the population
can affect the severity of direct and indirect health
impacts and the need for humanitarian assistance. Popu-
lations already suffering a lack of health services, food
shortages, and poor water and sanitation facilities will be
inherently weak. These populations are extremely vulnera-
ble to external shocks, and should a disaster occur, injuries
are likely to be more severe, casualties higher, and the need
for humanitarian assistance greater. Chronic development
conditions are the driver for many acute emergencies.

Health humanitarian assistance is delivered largely by
the International Committee of the Red Cross (ICRC) and
Médecins Sans Frontières (MSF). Both ICRC and MSF
have an extensive range of guidelines they use and follow
when implementing relief operations. ICRC, the UN, and
most NGOs accept the Sphere Standards in the delivery of
humanitarian aid, although most individual organizations
have separate implementation instructions. (The Sphere
Standards are themost widely acknowledged international
standards. The Sphere Standards detail minimum stan-
dards for disaster response and have been ratified by the
majority of humanitarian organizations. Over 400 organi-
zations representing 80 countries have participated in
various aspects of the Sphere Project.) The Sphere Project
was launched in 1997 by a group of humanitarian NGOs
and the Red Cross and Red Crescent Movement. Sphere is
based on two core beliefs: first, that all possible steps
should be taken to alleviate human suffering arising from
calamity and conflict, and second, that those affected by
disaster have a right to life with dignity and therefore a
right to assistance. MSF assisted with the establishment of
the technical standards and key indicators of the Sphere

Handbook but prefer to use their own technical standards,
which strongly acknowledge the conditionality of inter-
vention by individual disaster. The Sphere Handbook con-
tains several chapters detailing the minimum standards of
health, food, shelter, and water and sanitation that must be
achieved when delivering humanitarian aid. MSF usually
use Sphere Standards and indicators as a starting point in
collaboration with their own ‘Clinical Guidelines.’

There exists an extensive range of Sphere Standards and
indicators relating to health systems and infrastructure,
control of communicable diseases, and control of noncom-
municable diseases. These standards and indicators can
be achieved most efficiently when the disaster-affected
population is involved in the design, implementation,
and monitoring of health services. Relief operations should
identify and build on existing local capacities if a speedy and
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sustainable recovery from the disaster is to be achieved.
In most disaster situations, women and children are the
main users of health-care services and, therefore, it is
important to seek both men’s and women’s views to ensure
that services are equitable, appropriate, and accessible to
those most in need.
Food

Minimum dietary energy requirements are the amount
of dietary energy per person that is considered adequate
to meet the energy needs for light activity and good
health. This requirement is expressed as kilocalories per
day. On average, a healthy adult requires approximately
2070 kilocalories per day. This varies depending on age,
sex, lifestyle, daily level of activity, height, weight, body
composition, and current medical status.

It is a human right to have adequate food and be free of
hunger. In 2005, the United Nations World Food Program
supplied 73.1million people with food aid. The number
of food emergencies has been rising over the past two
decades, from an average of 15 per year during the 1980s
to more than 30 per year since the turn of the millennium.

States and nonstate actors have responsibilities to fulfill
the right to food. There are many situations in which
these state and military obligations, however, are violated;
for example, the deliberate starvation of populations or the
destruction of their livelihoods as a war strategy. In these
situations, humanitarian actors must aid the populations
affected through providing food assistance via methods
that respect national law while meeting international
human rights obligations.

Natural disasters such as floods, land-slides, or mud-
slides and volcanic eruptions can severely affect food
availability. Standing crops can be completely destroyed,
and seed stores along with family food stocks can be
totally lost. Depending upon the severity of these disas-
ters, a great need for food aid can be generated.

Access to food and the maintenance of adequate nutri-
tional status are critical determinants of people’s survival
in an emergency situation. During the first days after a
disaster, the extent of damage is often unknown, and com-
munications are difficult. As an immediate relief step,
available food should be distributed in sufficient quantity
to ensure survival. No detailed calculations need be made
of the precise vitamin, mineral, or protein content in the
food distributed in the initial phase, but supplies should
be acceptable, palatable, and provide sufficient energy.
During this stage of the emergency it is simply important
to provide a minimum of 6.7 to 8.4 megajoules (1600 to
2000 kcal) per person per day.

As soon as possible after the disaster or emergency
situation has occurred, an initial assessment and analysis
is needed to determine people’s own food and income
sources and identify any threats to these sources.
This needs assessment should identify the quantity and
type of food aid necessary to ensure people are able to
maintain an adequate nutritional status. If food aid is
required, an appropriate general ration must be established.

If there is a failure in the general food pipeline or if
acute food insecurity or malnutrition is already present,
a general food ration can prove insufficient or inappropri-
ate. Moderate malnutrition can be addressed through
improving the general food ration, ensuring food security,
and establishing access to health care, sanitation facilities,
and potable water. Enhancing the general food ration
by ‘targeted supplementary feeding’ is usually the primary
strategy for correction of moderate malnutrition and pre-
vention of severe malnutrition.When rates of malnutrition
are high, targeting the moderately malnourished can be
inefficient and therefore all individuals meeting certain at-
risk criteria (e.g., pregnant women and those aged 6–59
months) become eligible for supplementary feeding. This
is known as blanket supplementary feeding.

Severe malnutrition is corrected through therapeutic
care. This can be delivered as 24-hour in-patient care,
day care, and home-based care. The provision of in-patient
care depends on other standards, such as the provision
of functioning water and sanitation facilities.

At the onset of an emergency, screening (a one-time
rapid assessment) can be used to identify immediate needs
and individuals likely to be most at risk. Nutritional
surveillance should be initiated soon after, if not immedi-
ately (depending on staff and resources available), to
identify the nutritional status of the population and pro-
vide warning of any impending crisis. The World Health
Organization (2006) has developed a series of child
growth standards using a range of measurements to pro-
vide guidelines for identifying the healthy growth of chil-
dren. Mid upper arm circumference (MUAC) and body
mass index (BMI, also referred to as weight for height) are
measurements generally taken from children to assess and
identify levels of malnutrition. MUAC is a measure of
thinness or wasting from the left mid-upper arm. It is
only sensitive in children 1–5 years. A MUAC measure of
more than 135mm is normal, and children with anMUAC
less than 135mm are measured using their weight/height
ratio to see whether they should enter the malnutrition
program. The weight/height ratio is considered the most
reliable indicator in emergencies of the nutritional status
of a child. A MUAC of 110–124 mm illustrates moderate
malnutrition and less than 110mm demonstrates severe
malnutrition. When measuring MUAC, colored bands
are used to help illiterate workers classify children’s
nutritional status. BMI is an index of weight for height
(BMI¼weight (kilograms)/height (meters squared)),
which can identify moderate and acute malnutrition as a
measure of wasting. According to theWHOGlobal Database

on Body Mass Index (WHO, 2006), the normal range is
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18.50–24.99; moderate thinness is 16–16.99; severe
thinness is less than 16; and underweight is 18.5.

Blanket feeding can be used at the start of an emer-
gency, as implementation of a full general food distribu-
tion program takes time. Blanket feeding can also be
initiated when there is a severe food crisis or when a
significant and persistent deterioration in food availability
is expected even when nutritional problems have not yet
arisen. Supplementary feeding is usually necessary in a
food crisis or famine situation in which malnutrition rates
exceed 15%. A therapeutic feeding center (TFC) should
be established when the absolute number suffering severe
malnutrition exceeds 30 patients and the prevalence
of severe malnutrition is above 3%, providing that staff
and other resources are available. When the numbers are
smaller, it is more appropriate to support existing health
structures in the provision of therapeutic feeding care
rather than implementing a new program.

The Sphere Handbook (Sphere Project, 2004) outlines the
standards that food aid should meet, according to various
levels of need and the severity of the situation. It includes
standards and indicators for general nutritional support,
moderate malnutrition, and severe malnutrition. There
are also standards for the correction of micronutrient
deficiencies, but these largely rely on the achievement of
standards in health systems and infrastructure and the
control of communicable diseases.

The decision to distribute large amounts of food aid,
although made at the political level, should be based on
the most accurate information available. If unnecessarily
large quantities of food are brought into an area, recovery
can be hindered. Excess food aid can flood the market,
depressing prices, and as a result render the crops that
were harvestable worthless. This can have serious effects
on livelihoods. Farmers unable to make a profit will have
insufficient funds to purchase the seeds, tools, or livestock
necessary for the next harvest. Thus, more developmental
aid would be necessary in the form of seeds and tools to
restart the local economy and prevent a dependence on
relief from emerging.

Food distribution centers and hospitals treating mal-
nutrition often become quickly overcrowded in times of
humanitarian crisis. People camp near them to ensure that
they have a secure source of food and medical treatment,
especially in rural areas in which villages are sparsely
populated and the nearest food distribution center can
be several miles away. This can cause severe health
impacts as disease is able to spread quickly in over-
crowded areas with already weakened populations. If cou-
pled with poor water and sanitation facilities, the situation
can soon become catastrophic. In 1994, for example,
approximately 1 000 000 Rwandans fled the conflict and
genocide and crossed the border into Zaire, exhausted,
hungry, and scared. The small town of Goma was overrun
with refugees, who were forced to relocate 25miles
from the nearest water source. The average available
water was evaluated at 200mm3 per person per day. The
initial camp was built on a lava bed, making latrine build-
ing almost impossible. Within the first week of arriving,
almost 50 000 refugees died as epidemics of cholera and
Shigella dysenteriae swept through the camps. This devas-
tating cholera outbreak was a result of inadequate clean
water, poor sanitation, a lack of hygiene, the level of
health, and the promiscuity among the refugees.

In 1999, Andre Briend, a French scientist, developed
‘Plumpy’nut,’ a peanut-based food for use in famine relief.
It is a ready-to-use therapeutic food in a foil pouch, which
contains 500 kcal and weighs only 92 g. Plumpy’nut
was first used on a large-scale during 2005 for the crisis
in Darfur (initially feeding 30 000 children), western
Sudan. It has since been used in Ethiopia, Congo, Malawi,
and Niger, and according to aid agencies is cutting malnu-
trition by half.

Plumpy’nut can be administered to meet varying levels
of need, for example, four sachets of Plumpy’nut per person
per day for severe malnutrition and one sachet per per-
son per day with supplementary foods to treat moderate
malnutrition. Once opened, Plumpy’nut has a shelf life of
two years, which is advantageous in locations where refrig-
eration or storage is a problem. Plumpy’nut also allows
parents to care for their own children at home as opposed
to in crowded hospitals. This both frees up much needed
hospital space and returns responsibility and control to the
parents. The major advantage of Plumpy’nut is that unlike
powered milk given to malnourished children, no water or
any preparation is necessary, which is important in areas in
which water supplies may be disrupted, scarce, contami-
nated, or unsafe. Current projects are under development
in Malawi and Niger to begin producing Plumpy’nut
locally, which is essential to reducing costs and building
the capacity and resilience of affected populations.
Shelter

Hypothermia is a decrease in body temperature to 94 �F
or lower. At low temperatures the body’s organs become
less effective and slow down. If body temperature falls
below 86 �F, organs are likely to stop working and death is
probable. Hyperthermia is an increase in body tempera-
ture above 99 �F. When a person’s surroundings are hotter
than his or her body temperature, heat cramps, heat
exhaustion, or heatstroke can occur. Both hypothermia
and hyperthermia are preventable. Key aspects of avoid-
ing hypothermia include maintaining a warm environ-
ment, wearing several layers of clothes, and eating warm
food and fluids. Hyperthermia can be avoided through
wearing light clothes that allow air and moisture to pass
through easily, replacing fluids and salts lost through
sweating, and using air-conditioning or fans.



510 Relief Operations
On 8October 2005, an earthquake hit South Asia, mostly
affecting northern Pakistan. Approximately 73 000 peo-
ple were killed, over 100 000 people were injured, and
3.3million people were homeless and in need of shelter
as hundreds of thousands of buildings collapsed. On
October 13, the snows started to fall as the harshHimalayan
winter set in. The UN declared that 210 000 tents and
2million sleeping bags were needed immediately to stop
people from dying of the cold; 74% of the 250 000 tents
rushed to the earthquake zone in the aftermath of the quake
were unsuitable for the winter conditions. As a result most
NGOs and INGOs spent their time ‘winterizing’ the tents
and providing materials to build sturdier shelters. Further-
more, only a handful of the camps that were established
met the Sphere Standards, and sanitation was becoming
a major problem. Cold-related injuries, such as pneumonia,
soared as temperatures fell and a number of people, mainly
children, died as a result.

Shelter, and most importantly appropriate shelter, is a
crucial element of humanitarian assistance and a critical
determinant for survival in the initial stages of a disaster.
The most basic response to the need for shelter is the
provision of clothing, blankets, and bedding that maintain
health, privacy, and dignity; that is, delivery at a personal
level before the delivery of buildings. Beyond survival,
shelter is necessary to provide security and personal safety,
protection from the climate, and enhanced resistance to ill
health and disease. People also require basic goods and
supplies to meet their personal hygiene needs, to prepare
and eat food, and to provide necessary levels of thermal
comfort. The type of aid required to meet these needs is
determined by the nature and scale of the disaster, the
climatic conditions, local environment, political and secu-
rity conditions, and the ability of the community to cope.

According to the Sphere Standards, the priority is
encouraging affected households to return to the site of
their original dwelling when possible, or if this is not
possible, the affected populations should settle indepen-
dently within a host community or with host families.
When these options are not possible, affected households
should be accommodated in large shelters or temporary
camps, also referred to as ‘transitional settlements’ (the
transitional settlement approach emerged in response to
recent emergencies bringing together postdisaster and
postconflict capacities, such as after the Asian Tsunami
of 2004). The physical planning of these shelters or set-
tlements must use local planning practices when possible
and must be able to provide suitable privacy, safe access to
water, sanitary facilities, health care, and solid-waste dis-
posal. For longer-term shelters, graveyards, schools, places
of worship, meeting points, and recreational areas must be
considered. The design of the shelter and materials used
should be familiar to the affected population when possi-
ble and provide sufficient thermal comfort, fresh air, and
protection from the climate.
The health, water, and sanitation sectors are well sup-
ported by a body of support tools, but other than the
Sphere Standards, none of the few texts available that
provide codes and standards offer information specific
to shelter and housing programs; subsequently, settle-
ment, shelter, and housing programs remain weak in
planning and coordination, both internally and in linking
to other sectors. Recent initiatives to address this lack of
guidance and information, include the following:

. The Shelter Meeting, held biannually in Geneva since
2004. This meeting is the sector forum for postdisaster
and postconflict transitional settlement, shelter, and
reconstruction. The forum enables humanitarian orga-
nizations to discuss, coordinate, review, and agree on
policy, good practice, and technical specifications.

. The Inter-Agency Standing Committee (ISAC) Clus-
ter Initiative is under development by UN bodies,
international organizations, and INGOs. Three of the
nine clusters proposed to coordinate humanitarian
response describe the shelter sector:
. Emergency Shelter, chaired by the United Nations

High Commission for Refugees (UNHCR) (for con-
flict-generated displaced people) and the Interna-
tional Federation of Red Cross and Red Crescent
Societies (for natural disasters);

. Early Recovery, chaired by the United Nations
Development Program (UNDP); and

. CampCoordination and CampManagement, chaired
by UNHCR (for conflict-generated displaced people)
and by the International Organization for Migration
(IOM) (for natural disasters).
Water and Sanitation

A human being on average can survive on 5 l of water per
day. Basic needs, however, go beyond what we need to
drink or ingest through our food for daily survival. It is
estimated that one person requires 15 l per day to main-
tain a basic standard of personal and domestic hygiene
sufficient to maintain health.

Clean water is a basic requirement for life and health.
Sufficient and safe water is necessary to prevent death
from dehydration, reduce the risk of water-related disease,
and provide for consumption, cooking, and personal and
domestic hygienic requirements. Sanitation has proven
equally critical in preventing ill health and is also recog-
nized as a basic human right.

The need for safe water and sanitation becomes ele-
vated in the initial stages of a disaster when people are
more vulnerable as a result of injuries, malnourishment,
and stress, and diseases are able to spread easily through
overcrowding and contaminated water supplies. Preven-
table diseases such as diarrhea kill more people in chronic
emergencies than any other factor, including conflict.
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From 1993 to 2006, 6.5 million people received emer-
gency water and sanitation (WATSAN) aid. The Sphere
Handbook details the minimum requirements for this aid,
which include standards and indicators regarding water
quality, supply, use, and sanitation facilities.

Simply providing sufficient water and sanitation facil-
ities, however, will not ensure optimal use or impact on
public health unless coupled with hygiene promotion.
The affected population must possess the necessary infor-
mation, knowledge, and understanding regarding water-
and sanitation-related diseases. This relies on information
exchange between the aid agency and affected community
in order to identify the key hygiene problems, existing
awareness, and required knowledge to ensure optimal use
of water and sanitation facilities. This information enables
the design, implementation, and monitoring of water and
sanitation aid to have the greatest impact on public health.
The Sphere Standards recognize the importance of
hygiene promotion and incorporate appropriate standards
to ensure that hygiene-promotion messages and activities
address key behaviors and any misconceptions.

Water, sanitation, and hygiene promotion aid must
be designed and implemented in consultation with the
affected populations. This is necessary to ensure that the
key hygiene risks of public health importance are identi-
fied. The involvement of both men and women is also
needed to ensure equitable access to the resources
provided. In most disaster situations, the responsibility
for collecting water falls to women and children. When
using communal water and sanitation facilities, women
and adolescent girls can be vulnerable to sexual violence
or exploitation. An equitable participation of men and
women in planning, decision making, and local manage-
ment will help minimize these risks and ensure that the
affected population has safe and easy access to water and
sanitation facilities.

Initially the delivery of water and sanitation aid was
dominated by the provision of clean water, whereas sani-
tation facilities were often inadequate if not totally absent.
Politicians, decision makers, and donors did not consider
sanitation to be of equal importance to water supply. They
failed to recognize, for example, that while investments in
water quality and quantity could reduce deaths from
diarrhea by 17%, sanitation could reduce these by 36%
and hygiene promotion by 33%. In recent years, however,
research and an expanse of literature and information
available have ensured that the importance of sanitation
has become more internationally recognized:

. In 2002 sanitation was recognized as a basic human
right.

. The Millennium Development Goals (MDGs) (2000)
include a target to halve by 2015 the proportion of
people without sustainable access to safe drinking
water and sanitation.
. The Water Supply and Sanitation Collaborative Coun-
cil (WSSCC) (1990) was established, which has a special
interest in sanitation and hygiene and emphasizes the
need to view water, sanitation, and hygiene as insepara-
ble. (WSSCC exists under a mandate from the United
Nations and is governed by a multistakeholder steering
committee. It focuses exclusively on people around the
world who lack water and sanitation.)

. The internationally used Sphere Handbook (2004) has
a specific chapter detailing standards for water supply,
sanitation, and hygiene promotion.

Sanitation is becoming recognized as an essential ele-
ment of humanitarian assistance that is equally important
as supplying clean water, food, and medical care in ensur-
ing the health of populations. Furthermore, these inter-
national initiatives, together with an increase in research
and publications, have highlighted that water and sanita-
tion must come hand in hand with hygiene promotion to
ensure the optimal use of humanitarian aid.
Funding

Health, food, shelter, water, and sanitation are intricately
linked and dependent upon one another, and they must all
be delivered in a humanitarian emergency to ensure the
survival of the affected population. The successful imple-
mentation of the various sectors of humanitarian aid
depend upon the levels of funding received. The consoli-
dated appeals process (CAP) was established in 1991 and
facilitated by OCHA with the aim to raise funding and
assist organizations in planning, implementing, and moni-
toring their activities in crisis regions. The CAP has since
become the humanitarian sector’s main tool for coordina-
tion, strategic planning, and programming.

On average the CAP has sought US$3.1 billion per
year and received US$2.1 billion per year (68%). Because
100% of the appeals have not been met, several sectors or
appeals have remained underfunded. Table 1 illustrates
the percentage of CAP requests fulfilled per sector.

As Table 1 indicates, there is a tendency for food aid
appeals to be met through the CAP more often than, for
example, water and sanitation, which has almost always
received under half of its appeals. The links between
these sectors are clear, and the repercussions of insufficient
humanitarian aid in onewill detrimentally affect the others.

In response, the Central Emergency Response Fund
(CERF), a United Nations relief fund, was officially
launched in March 2006. The objective of the CERF is
to provide urgent and effective humanitarian aid to
regions threatened by, or experiencing, a humanitarian
crisis. The CERF was adopted in December 2005 and
upgrades the loan mechanism under the 1992 Central
Emergency Revolving Fund from US$50million to



Table 1 Percentage of global CAP requests met per sector for 2003, 2004, and 2005

Sector
Percentage of requests met
(2003)

Percentage of requests met
(2004)

Percentage of requests met
(2005)

Food 91% 79% 73%

Shelter and non-food items 15% 22% 54%

Health 35% 31% 58%

Water and sanitation 32% 33% 58%

Source: Adapted from the Financial Tracking Service (FTS) (2006).
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approximately US$450million. The CERF is adminis-
tered under the Secretary-General for Humanitarian
Affairs and Emergency Relief Coordinator in consultation
with humanitarian agencies. The CERF is not meant to
detract from voluntary contributions to humanitarian pro-
grams, or to replace the consolidated appeals process or
additional funding channels. Rather, it is meant to mitigate
the unevenness and delays of the voluntary contribution
and provide funding to undersupported operations.
Vulnerable Groups

There are a number of vulnerable groups in humanitarian
emergencies that usually require special attention andmust
be considered in all aspects of relief operations. The
disabled, elderly, and children are immediately identifiable
groups that have special needs such as particular dietary
requirements ormedical attention.Other vulnerable groups
can prove more difficult to identify, and their needs and
effects upon emergencies appear less apparent; for example,
people living with HIV/AIDS and internally displaced
persons (IDPs).
HIV/AIDS

In 2003, 3 million people died of HIV/AIDS, and the
pandemic is turning into a large-scale chronic disaster.
Rehabilitating agriculture generally marks the end of
emergency aid and a return to development, but the
advancing HIV/AIDS epidemic has produced ‘new vari-
ant famine’ in which the lack of labor retards that transi-
tion and creates food insecurity.

People living with HIV/AIDS need a nutritious, well-
balanced diet. Poor nutrition can reduce medication effi-
cacy and adherence and can accelerate the progression of
the disease. A recent USAID study found that, compared
to an average adult, people living with HIV/AIDS require
10 to 15% more energy and 50 to 100% more protein per
day. HIV damages the immune system, which reduces
appetite and the body’s ability to absorb nutrients. As a
result, the person becomes malnourished, loses weight,
and is weakened. One possible sign of the onset of clinical
AIDS is a weight loss of about 6–7 kg for an adult. Should
a person already be underweight, this further weight loss
would be extremely damaging.

The spread of HIV/AIDS is also of concern in
complex emergencies. The risk of HIV infection is
exacerbated by the high incidence of sexual violence
and sexual exploitation in conflict situations. Humanitar-
ian interventions must recognize the importance of
providing aid appropriate to, and that protects the rights
of, people living with HIV/AIDS. Consequently, the
Inter-Agency Standing Committee (ISAC; ISAC is a
forum involving key UN and non-UN humanitarian part-
ners) has produced ‘‘Guidelines for HIV/AIDS Interven-
tions in Emergency Settings’’ (revised 2003), which aims
to integrate HIV/AIDS components into all relevant
programming areas.
Internally Displaced Persons

IDPs are people who have been forced from their homes
but have not crossed international borders, as a result of,
or in order to avoid, the effects of armed conflict or
situations of generalized violence. The legal position of
IDPs in terms of existing human rights and humanitarian
law was established in the United Nations ‘‘Guiding
Principles on Internal Displacement’’ (1998). Unlike refu-
gees, whose movement across national borders provides
them with special status in international law with rights
specific to their situation, IDPs have no such entitlement.
Humanitarian assistance is thus limited, in principle, to
supportive actions undertaken with the consent of the
country in question. When governments are unable or
unwilling, however, to provide protection to IDPs,
humanitarian organizations have sought to assist these
groups, grounding their right to provide assistance on
existing provisions of international humanitarian law to
war victims and on human rights treaties.

Identification of IDPs, the different groups of dis-
placed persons, and the varying needs of these groups
are all further issues in the delivery of humanitarian
assistance. IDP groups can mix among resident commu-
nities, gather in camps, disperse throughout a territory, or
be mixed with combatants who divert relief supplies and
create serious security problems. A special category of
IDPs that generates extreme concern to the humanitarian
community is demobilized soldiers, as their displacement



Relief Operations 513
is not only from their homes but also their livelihoods.
Under these circumstances, trauma, mental health, and
psychological health problems often occur. Humanitarian
organizations must address all these issues while uphold-
ing the principles of impartiality, neutrality, and indepen-
dence if humanitarian aid in all sectors is to prove
adequate, appropriate, and effective.
Conclusion

Humanitarian interventions attempt to meet the most
basic needs of the population: food, water, shelter, and
health care. These sectors are all interrelated and the
standards achieved in one influence and can even deter-
mine progress in another. For humanitarian assistance to
prove effective, coordination and collaboration are
needed throughout these sectors.

Despite progress, there are still well-known problem-
atic areas in the delivery of relief operations, especially
over coordination of interventions and connectedness to
development activities once the emergency period has
passed. There remains a lack of attention to preparedness
and predisaster planning in general, and there is limited
attention to indigenous coping strategies. Targeting of
humanitarian assistance, particularly around issues of
gender, remains problematic. It seems that these problems
are somewhat intractable because ultimately no one has
responsibility for the management of humanitarian assis-
tance and since essentially it is seen to be doing good.

See also: Famine; Food Fortification; Health and Human

Rights: Overview; HIV/AIDS; Populations at Special Health

Risk: Displaced Populations; Stress and (Public) Health.
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Religion is one of the most pervasive factors influencing
values, moral experience, and social organization, as well
as concepts of health, illness, dying, and death. Western
academic disciplines, most assuming a separation of reli-
gion from the rest of life, provide disparate lenses that
focus on selected aspects of people’s religious beliefs and
practices. In contrast, South African activist researchers
note that a number of African languages do not distin-
guish the terms religion and health. The Sesotho word
bophelo, for example, includes Western notions of religion
and health and extends to include not only the individual
but also the social body. The alternate term ‘healthworlds’
indicates the reality of ‘complex and increasingly mixed
sets of ideas, signs, linguistic conventions, and cultural
traditions and practices within which people live and by
which they orient themselves’ (Cochrane, 2006: 69). This
reorientation has much to offer in considering the signifi-
cance of linking religion and healing in public health
practice.
Definitional Challenges

The Western concept of religion often lacks direct cog-
nates in other languages, where human religious experi-
ence has emerged out of different histories, cultural
contexts, and world views. Though the Latin etymology
of the term is debated, the more widely accepted root
religare, to bind, reflects the ways in which religious tradi-
tions have bound people and society together in relation
to the sacred. First Roman Catholicism and later Protes-
tant Christianity shaped a definition rooted in Christian
experience that emphasizes a single divinity, a creed, spe-
cific codified beliefs, a scripture or scriptures, a formally
recognized hierarchy of religious specialists (e.g., priests),
prophets, centers of worship, forms of devotion, and
rituals (in which sacrifice, if performed, is done symboli-
cally). The assumption that Christianity represented the
ideal form of religion led to comparisons and assessments
of other so-called deficient or underdeveloped traditions.
Emerging from critical shifts in comparative religious
studies since the 1960s, a conceptual framework charac-
terizing religious traditions as consisting of multiple pos-
sible characteristics in various combinations is illustrated
by Table 1.

Increasingly, Western popular discourse and health
science research have adopted spirituality as an alterna-
tive to religion, a polarization in which religion is viewed
as primarily institutional, creedal, and ritually oriented,
while spirituality is considered to be primarily individual,
personal, and potentially mystical (an equally difficult
term to define). An alternative definition of spirituality
(Table 2), focusing on overlaps between the terms, may
enable more fruitful cross-cultural comparisons for health
research.

Individuals and groups regularly draw on religious
traditions for explanations of suffering or illness. Medical
anthropologists often refer to explanatory frameworks or
models of illness within particular cultural groups. An
explanatory model provides theories of causation, as
well as expectations of duration, course, appropriate hea-
lers, and healing techniques related to an individual or
group’s experience of illness. Classic taxonomies of these
models by Murdock, Young, and Foster have sought to
identify cultural tendencies toward naturalistic, supernat-
ural, personalistic, impersonalistic, externalized, or inter-
nalized explanations of illness and concomitant healing
and health behaviors. The place, role, and aspects of
religious identity and practices in these taxonomies, and
the particular dimensions of explanatory models empha-
sized, rest on cultural assumptions about both religion and
health. Additionally, when seeking to understand the
healthworld of individuals, social institutions, or entire
populations, public health workers must be cognizant of
how their own explanatory models of illness intersect
with others’ models.
Religious Studies’ Approaches to Religion
and Healing

The field of religious studies, itself drawing on multiple
disciplinary orientations, conceptualizes the link between
health and religion – or religious traditions – in two
primary ways. The first focuses on the interpretation, or
exegesis, of primary texts with content related to healing.
The second addresses lived phenomena involving prac-
tices and worldviews with direct and indirect bearing on
the health of individuals and communities.

Any discussion of religion and healing must include
questions of ultimate meaning and various understandings
of the sacred or divine, afterlife or reincarnation, cosmo-
logical explanations of human suffering, and multifaceted
models of what it is to be human. Explanatory models of
illness often identify deeper reasons for suffering (e.g., a
test or punishment from God or other sacred force, an



Table 1 Religious traditions

Religious traditions are: expressions of faith in, and reverence for,
specific conceptions of ultimate reality. They express human

beings’ place in, and relationship to, this ultimate reality.

Ultimate reality may be known as God, Allah, Atman, Nirvana,
Obatala, kamis, Tian, or other names, and is understood and

experienced differently by each of the religious traditions. Each

tradition’s forms of faith and reverence may be expressed and

experienced through:
. Specific sacred stories
. Sacred symbols and object(s)
. Sacred music, art, and dance
. Devotion, including prayer, meditation, pilgrimage, and/or
other versions of spiritual practice

. The study and interpretation of sacred texts

. Sacred ritual

. Observance of sacred law

. Reasoned inquiry, or philosophy

. Holy persons such as saints, prophets, and/or incarnations

of ultimate reality
. Mystical quest, altered states of consciousness, and related

disciplines and bodily based practices
. Specific approaches to self-cultivation as a profound person
. Right action (ethics) and related understandings of
relationship between self, family, group, earth, and cosmos

. Calls to social transformation, liberation, and justice

. Understandings of what happens after death, and related
traditions of dying, death, and memory

. Ongoing relationships with ancestors and/or the dead

. Relationships with spirits

. Healing
All of these forms are passed down, interpreted, and

reinterpreted over time, in different cultural contexts

From Barnes LL (2003) Spirituality and religion in health care.

In: Bigby JA (ed.) Cross-cultural Medicine, pp. 237–268.
Washington, DC: American College of Physicians, American

Society of Internal Medicine.

Table 2 Definition of spirituality

The term spirituality is a way of talking about the inner dimension

of any of the aspects of the different religious traditions. It

refers to the more private, internal, and individualistic aspects

of religious experience. Rather than being separate from
religious traditions, spirituality often refers to the personal

experience of practices taken from specific religious traditions

(e.g., sacred music, art, and dance, prayer, meditation,

mystical quest, altered states of consciousness, and related
disciplines and bodily based practices). Both religious

traditions and spirituality address questions of meaning and

existential issues, as these relate to illness, health, healing,
and death

From Barnes LL (2003) Spirituality and religion in health care.

In: Bigby JA (ed.) Cross-cultural Medicine, p. 245. Washington,

DC: American College of Physicians, American Society of Inter-
nal Medicine.
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opportunity to emulate specific paradigms of suffering),
which may reinforce right or moral health behaviors;
or which may require specific religious actions to redress.
Theological diversity within a tradition may inflect
healthworlds differently; in many parts of Latin America,
liberation theologians promote public health and welfare
by confronting structural violence, while other Christians
turn to faith-healing practices and post-death salvation to
the neglect of structural and public health issues.

Illness itself may be not only a category afflicting an
individual, but also a group, and may include the effects of
structural forms of intergroup violence. Healing interven-
tions may require religious rituals of different kinds.
Rituals intended to effect healing may be formal and
performed by elite specialists, like a priest (Sp. cura, one
who heals) or shaman; they may be home-based, under-
taken by laymen or laywomen. These practices vary
depending on the gender, social class, racial or ethnic
background, immigrant status, or other social variable of
patient identity, their social networks, and the practi-
tioners whose help they seek. Outcomes may be intangi-
ble, sometimes occurring after death. Although physical
cure may stand out as evidence of the power of the
practice, it is far from the only result sought – a core
difference from other kinds of outcome and efficacy cri-
teria. Various scholars and religious reformers have
argued that Islamic ablutions, Hindu purity regulations,
Jewish kosher laws, and other religious practices have
their origins in, or at least may be rationalized as, health
promotion movements, but such explanations do not
address the symbolic meaning these practices now hold
in their practitioners’ daily lives. Moreover, insofar as
various medicine systems intersect deeply with religious
traditions – Tibetan or Ayurvedic medicine being only two
examples – the Cartesian dualism of the very categories
religion and health fails to do justice to the complexity
and interdependence of religious and health worldviews.
Biomedical Approaches

Biomedicine approaches the relationship between religion
and healing from a number of perspectives. The first
involves the religiously informed bioethical dilemmas
that arise in relation to medical decision making, some-
times in relation to religiously based prescriptions or pro-
hibitions of actions or substances. Themost routinely cited
are the rejection of blood transfusions by Jehovah’s Wit-
nesses and of biomedical interventions by practitioners of
Christian Science. In such cases, religion is represented
primarily as an unscientific obstacle to biomedical thera-
pies, and not as a source of healing in its own right.

Some of these bioethical debates are driven by the
impact of technological innovation, rather than ethics
informing the development of technology. Rather than
reflecting the pluralism within religious traditions, bio-
ethics tends to present traditions as having generic and
normative ideals for correct action, rooted in the inter-
pretation of authoritative sources. This focus bypasses
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accounts of the customized, lived ways in which indivi-
duals and communities actually integrate authoritative
rulings (to the extent they are aware of them) with other
factors, when making ethical decisions in particular social
and personal contexts.

Another approach focuses primarily on quantifiable
health outcomes and on the less tangible factor of reli-
gious coping in the face of illness or other forms of
suffering. Although individual biomedical physicians
may craft a host of personalized ways to integrate their
religious lives with their medical practice, biomedicine as
a discipline has resolutely distanced itself from religion,
which has been framed as antithetical to science. Yet not
all researchers have accepted the mutual exclusiveness of
the two domains. Some have applied medical research
models to the impact of religiosity on health, in the
hope that by employing standards of research and evi-
dence most familiar to, and accepted within, biomedical
culture, their colleagues may become less reluctant to
acknowledge and build on links between the domains.

This undertaking has posed the challenge of formulat-
ing an operationalized definition of religiosity that can be
articulated through scales. Many such scales have focused
on religious affiliation or membership, religious partici-
pation or attendance at formal services, private religious
practices (e.g., prayer, meditation, reading sacred litera-
ture), and religious coping in response to difficult circum-
stances. Critics argue that few of these scales truly
represent religious pluralism, reflecting instead the often
Christian orientation of their designers. Such scales are
well suited for the study of some Christian communities,
but fall short when investigating most other religious
traditions. Alternate approaches might, for example,
focus on ritual, the observance of prohibitions and pre-
scriptions, and other dimensions of practice.

Medical literature, professional education, and policy
initiatives have increasingly taken note of cultural and,
occasionally, religious pluralism. Transcultural psychiatry,
for example, represents an attempt to critique biomedical
disease categories and apply medical anthropological
insights into illness experiences that often have religious
or spiritual dimensions. Medical anthropological, ethno-
graphic, and cross-cultural studies regularly include
analysis of religious healing practices. Here, however, socio-
logical, political-economic, or psychological models of reli-
gion tend to prevail, many of them relatively reductionistic.

Biomedical approaches have also examined ways in
which religiosity may serve as a protective factor against
negative health outcomes. Examples include ways in
which religious communities may help individuals inter-
nalize healthy lifestyle choices and provide external sanc-
tions for violating norms. Religious coping strategies and
patterns of mutual economic and social support likewise
receive attention. Some links between various indicators
and specific coping strategies have been suggested, but
variables of social location, types of health problem, as
well as the diversity and changeability over time of reli-
gious orientation limit their predictive value and general-
izability. Critics often challenge the design of such studies
and argue that few clinicians have adequate training to
serve in the capacity of spiritual advisor or counselor,
particularly in the face of growing religious pluralism.

The rise of biomedicine not only in the West, but also
around the world, has led to its routinely being referred to
simply as medicine. Yet this apparent triumph of a single
system belies the historical and contemporary pluralism
of healthworlds and healing practices in these same con-
texts. Few, if any, communities or cultures are homoge-
neous, whether in their religious traditions and practices,
or in their approaches to health, healing, and related
interventions.

In health decision making, multiple rationalities come
into play, whether the outcomes be conceptualized as
hierarchies of resort or patterns of resort. Whether such
practices are characterized as folk, ethnomedical, tradi-
tional or, most recently, as alternative, complementary, or
integrative, they reflect an underlying reality that many
people routinely use multiple healing practices. Indeed,
those who do not are often the exception. Some of these
practices emerge from religious worldviews and tradi-
tions, whether overtly or less directly, although they are
rarely included in the definitions of religiosity discussed
above. Studies of complementary/alternative medicine
(CAM) in the United States wrestle with whether or
not to include practices such as prayer. However, by in-
cluding prayer – whether personal or intercessory – the
numbers of CAM users across demographic categories
rise exponentially.

Increased data revealing significant disparities in dis-
ease burden, access, and outcome between patients, based
on gender, class, race, and ethnicity, have led to initiatives
to train clinicians to become culturally competent, capa-
ble of negotiating across differences in patient under-
standings of illness, health, and intervention. Yet the
requisite skills and frameworks differ from other profes-
sional competencies, particularly insofar as they often
entail addressing otherwise unexamined ignorance, indif-
ference, and biases in relation to cultural and spiritual
aspects of care. Although urban health-care institutions in
the West have begun to recognize obstacles to appropriate
care for religious minority patients who may face discrim-
ination related to religious difference, the ongoing chal-
lenge remains one of not reducing culture or religion to
lists of stereotyped traits.
Public Health Approaches

In the 1990s, WHO governing bodies considered propo-
sals to amend the constitution’s definition of health to
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include spiritual well-being. The field of public health,
though, shares many of the biomedical orientations to
religion and healing. For example, attempts to identify
positive and negative effects of religious practices and
beliefs for the health of communities and larger popula-
tions parallel the biomedical focus on health outcomes.
Epidemiological studies have shown a trend toward exam-
ining proximate risk factors for disease – those factors that
are potentially controllable at the level of individual
behavior – and away from distal or fundamental causes
of disease – such as socioeconomic inequality and stressful
life events – that put certain groups at risk of risks. This
trend has been applied to inquiries into the roles of
religion, health, and healing.
Proximate Variables Analysis

Since the late 1980s, the mechanisms linking religious
commitment and behavior to health outcomes have
come under scrutiny. Public health investigators have
highlighted the effects of religiously driven restrictions
on dietary and sexual behavior, and proscriptions of alco-
hol, tobacco, or drug use. Within this mechanistic frame-
work, religious beliefs and participation are viewed as
potentially promoting positive emotional states and exer-
cise for health maintenance; and religious practices as
potentially reducing stress and providing coping mechan-
isms. Conversely, religious involvement is also sometimes
recognized as encouraging behaviors and lifestyle pat-
terns detrimental to dominant definitions of health. If
individuals violate a religious community’s norms (e.g.,
the resistance to condom distribution or medical abor-
tion), they may be denied that community’s social
resources, or even shunned. Religious organizations may
provide paternalistic forms of care or exploit vulnerable
individuals as well. Some religious worldviews may assign
moral responsibility for a disease to the individual, pre-
vent some from seeking medical care, or increase guilt,
shame, and anxiety in relation to mental illness, thereby
intensifying its burden.

There are significant limitations to the proximate var-
iable analysis approach for health promotion. In particu-
lar, it risks instrumentalizing religious traditions, such that
the multiple goals of religious practice, as well as alternate
notions of efficacy, may be overlooked altogether. Health
promoters and biomedical providers alike may exploit
specific practices or convictions in order to secure agree-
ment or compliance with an intervention, and overlook
the broader ways such practices or orientations fit into,
and serve, the larger community and tradition.
Social-Inequality Analysis

The roots of the early public health movement owe much
to Christian medical missionary work in the developing
world and to European and American social gospel
movements of the late nineteenth and early twentieth
century. Even in the first decade of the twenty-first century,
30–70% of the medical infrastructure in sub-Saharan
Africa remains in the hands of faith-based organiza-
tions (FBOs), the descendants and offshoots of early
medical missions. The challenge now for global health
and development work is to understand the roles these
organizations play in the lives of their communities and
to identify both constructive and critical approaches to
collaboration.

Religious traditions provide their adherents with both
explanatory models ‘of ’ the world (how it is) and vision-
ary models ‘for’ the world (how it ought to be). Orienta-
tions toward ultimate human possibility – whether in this
world/life or a subsequent one – often provide the moti-
vation from which to address issues of social injustice and
inequality. Value orientations toward service, and toward
advocacy for social justice and responsibility, frequently
complement and support a community’s public health. At
the same time, even within a given tradition, religious
orientations may provide a justification for the status
quo and continued inequality as expressions of divine
will or sacred order. The responses of Christian churches
and denominations in the United States to slavery,
women’s suffrage, civil rights, homosexuality, and immi-
gration illustrate ethical and interpretive diversity within
a religious tradition. In other settings, Hindu responses to
caste inequality, Muslim responses to religious minorities,
and Jewish responses to racial minorities within Jewish
communities have been equally diverse.

Discrimination on the basis of religious affiliation is a
significant but often unrecognized aspect of religion and
health. Minority cultural groups confront specific forms
of individual and social suffering, and may be the targets
of various forms of bias that contribute markedly to the
burden of disease, both mental and physical. The experi-
ences of racial, ethnic, linguistic, or religious minorities
often shape the types of interpretation, expression, and
practices of religion to which they turn. Social marginali-
zation and the experience of prejudice likewise affect
access to existing health-care services in every society.
The very structures and forms of care may inadvertently
privilege certain religious communities over others, with
health workers often unaware of the social suffering expe-
rienced by some religious minorities. The rise of Islamo-
phobia in Western societies, for example, illustrates that
religious discrimination can take both direct and indirect
forms and may be present at individual, institutional, and
structural levels.

The shift in development studies from a deficit to an
assets orientation is reflected in a religious health assets
model that has arisen in South Africa in response to the
HIV/AIDS crisis. This model recognizes that religious
communities frequently have multiple ties at the local,
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regional, national, and transnational levels. Their social
capital can enable sustainable public health efforts that
are flexible and responsive to local communities.

Some public health projects operate within faith-based
organizations. Congregations and larger groupings of
FBOs may host health screenings for diabetes or hyper-
tension, maternal and child health programs, community
mental health counseling training, and advocacy initia-
tives for health policy changes. Clergy and other leaders
regularly function as advocates for social and health-
related behavioral change. Religious organizations and
leaders bring considerable experience and insight into
the health of their communities. However, they often
lack the tools of public health economists to assess their
own needs and assets. Public health initiatives likewise
must wrestle with how to address cultural and religious
practices in faith communities that may adversely affect
public health.

Cochrane proposes an analytical table for understand-
ing religious health assets, taking into account both the
direct and indirect, tangible and intangible assets for the
health of a community (Figure 1). From this perspective,
the direct tangible assets for public health – in the form
of medical facilities, personnel, and financial resources,
for instance – are only the tip of the iceberg. Religious
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Figure 1 Religious Health Assets Model. Adapted with permission
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entities may have some unique added value (and deficits)
in more indirect and intangible ways. Public health work
builds on the leading causes of life that often emerge in
religious communities: Agency, connection, coherence or
meaning, intergenerational support, and hope. A more
complicated question involves how to assess the intangi-
ble and indirect health effects of religious activities, orga-
nizations, and informal networks.
Conclusions

Religion and health are multidimensional categories, such
that considering their relationship becomes a daunting
exercise. In order to understand how religion is concep-
tualized in relation to public health, we must consider the
multiple ways in which people express and experience
their faith and reverence. Many of these are also health
practices and shape the strategies people utilize in main-
taining health, diagnosing ‘disease,’ and managing illness.
The religious health assets of communities may also
include intangible capacities of local knowledge and
affective resources to motivate, mobilize, and provide re-
lational ties and support to individuals and communities
in crisis.
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Approaches focusing on health beliefs suffer all too
often from the indirect exporting of a religion-as-beliefs
model and the misrepresentation of both religious tradi-
tions and orientations toward health and related practices.
The proposal to consider healthworlds in which multiple
explanatory models, often including biomedicine, oper-
ate, and in which individual and community religious
resources for health are mobilized, represents an exten-
sion of the meaning-centered model of patient care pro-
posed by medical anthropologists. The challenge remains
to integrate complex, religiously informed healthworlds
with the models and practices of public health in ways that
do justice to both.
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Introduction

The cessation of menstruation is a universal event for
women who live long enough to reach their middle years.
Menopause is the name given to this event, defined retro-
spectively as the last menstrual period. Discussion about
menopause and its treatment raises a number of issues
relevant to public health ethics. These include whether
menopause is a disease, the role of exogenous estrogens
alone or combined with progestogens in the treatment of
menopausal symptoms (known as hormone replacement
therapy, or HRT), and more recently, the role of HRT as
preventative treatment for a range of disorders. In partic-
ular, there has been controversy over the relationship
between HRT and cardiovascular disease in postmeno-
pausal women. Specific ethical issues include the implica-
tions of definingmenopause as a disease and its subsequent
medicalization, the quality of information available for
women to make informed decisions about HRT, the
emphasis on decreasing individual risk factors through
medication, and broader questions of research ethics.
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s and Menopause

Menopause

As women age, there is a decrease in ovarian follicular
activity, with a decline in estradiol and progesterone. This
leads to a rise in follicle stimulating hormone (FSH) and
luteinizing hormone (LH). Initially, women may experi-
ence irregular menstrual cycles with changes in the
amount of blood loss. This menopausal transition is
known as the perimenopause, which starts at a median
age of 45.5–47.5 years in Western women. The average
time to the last menstrual period from the start of the
perimenopause is 4 years. During the perimenopause,
there is increased frequency of anovulatory cycles,
increased menstrual irregularities, and decreased fertility
(O’Con nor and Kovacs, 2003 ).

The symptoms experienced by women as they go
through menopause vary considerably, with significant
cultural and geographic differences in both the nature
and intensity of symptoms. Many women have minimal
symptoms. The classic symptoms of lowered levels of
estrogen are vasomotor instability leading to hot flushes,
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palpitations, and night sweats; and genitourinary symp-
toms such as vaginal dryness and urinary frequency. Other
symptoms that have been described include changes in
general quality of life and psychological well-being asso-
ciated with mood swings, anxiety, depression, memory
and sleep disturbances, decreased energy and changes in
libido, and a range of other symptoms such as muscle and
joint aches, headaches, and sensory disturbances. These
symptoms may last for several years, preceding and after
the last menstrual period.

Following menopause, women have low levels of estra-
diol and progesterone, and declining levels of LH and
FSH. This altered hormonal milieu is an inevitable part of
aging; the relationship between these hormonal changes
and diseases such as osteoporosis and cardiovascular dis-
ease that become more common with increasing age in
women, remains the subject of some controversy.
Culture and Menopause

The symptoms that women experience at menopause and
the meanings that they attach to menopause are pro-
foundly affected by prevailing sociocultural influences
such as attitudes toward aging and older women, and
their status in society. Factors thought to play a role in
women’s experiences of menopause include culturally
influenced behaviors such as diet, smoking, and exercise;
cultural attitudes toward and expectations of menopause,
including the influence of medicalization; meanings
assigned to menopause such as whether it is seen as
normal, deviant, or an illness; previous health, including
reproductive health; mother’s experience of menopause;
relationship with and attitudes of husbands/partners; atti-
tudes toward women and child rearing; social supports;
socioeconomic status; education; career; and religious
beliefs (Melby et al., 2005). Lifestyle choices influenced
by culture, such as smoking and diet, can modify the un-
derlying biology of menopause, with associated changes
in symptomatology.

The reported frequency and importance of symptoms
varies enormously. For example, women in rural India
described loss of vision as their primary symptom of men-
opause (Singh and Arora, 2005), whereas women of low
socioeconomic status in the United States described mood
swings, sleeping and memory problems, and lower energy
levels more frequently than hot flushes, but despite this,
felt positive about menopause (Schnatz et al., 2005). Recent
results from the Study of Women’s Health across the
Nation (SWAN), which is the latest and largest of epide-
miological studies of menopause, following on from the
Massachusetts Women’s Health Study and the Healthy
Women Study, show significant variations between
American women. American Caucasian women reported
significantly more symptoms than other menopausal U.S.
women; African American women had the highest rates
of vaso-motor symptoms; and Chinese American and
Japanese American women reported significantly fewer
symptoms than Caucasians, African Americans, or
Hispanics.

Despite all these variations, research from many loca-
tions shows that the majority of women pass through
menopause with relatively little discomfort (Melby et al.,
2005).
Is Menopause a Disease?

Given the universal nature of menopause as part of
women’s reproductive cycle, there are strong reasons to
consider menopause to be a natural transition, similar to
puberty. There have been various challenges to this view,
however, most famously by Wilson (1966) in his publica-
tion Feminine Forever. Wilson put forward the argument
that the lowered levels of estrogen experienced by post-
menopausal women should be considered a deficiency
disease and treated by administration of exogenous estro-
gen. This argument draws upon a quantitative conception
of disease as a variation from a statistical norm. In this
quantitative approach to disease, population measure-
ments of various physiological parameters such as blood
pressure, blood sugar levels, or hemoglobin are used to
develop descriptive statistics. Cut-off levels for ‘normal’
are then defined, often using two standard deviations
from the mean as the cut-off, with any values lying out-
side of these defined as abnormal. There are various
diseases defined in this way, such as diabetes, hyperten-
sion, and anemia. Wilson argued that, like levels of blood
sugar in diabetes or thyroxine in thyroid disease, post-
menopausal levels of estrogen lie outside the norm and
are therefore a sign of disease. Diseases defined in this way
as deviations from the norm can be cured by treatment
aimed at returning the abnormal parameter to normal.
Wilson proposed that the ‘estrogen deficiency disease’ of
menopause should be cured by treatment with exogenous
estrogens.

This conception of menopause as a statistically defined
deficiency disease has been challenged on the grounds
that physiological parameters should not be interpreted
in isolation as the sole criterion for diagnosing disease.
The context is important in determining whether a par-
ticular measurement is pathological. A low hemoglobin
level, for example, might be due to pregnancy rather than
anemia, or a systolic blood pressure of 90mmHg might be
normal for a 75-year-old but pathological for a 20-year-
old. The postmenopausal state is characterized by lower
estrogen levels than during women’s reproductive years,
but the levels are normal for age, just as pre-pubertal girls
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also have ‘low’ estrogen levels that are normal for their
age. According to this line of reasoning, it is wrong to
declare menopause the start of an estrogen deficiency
disease as hormone levels are normal for age; what is
wrong is expecting a 60-year-old woman to have the
same estrogen levels as a 30-year-old (Rogers, 1999).

Diseases can also be defined qualitatively, according to
the way that physiological events or symptoms are expe-
rienced, with unpleasant states classified as diseases. This
conception of disease can place the individual and her
experiences at the center of the diagnostic process. As
already discussed, however, symptoms attributed to
menopause vary by culture, thus making it difficult to
make a claim for menopause as a disease based upon a
universal set of symptoms. In addition, when symptoms,
events, or practices that are culturally unwelcome are
redefined as diseases, this intertwines the medical with
the moral and can bring under medical control areas of
life that were previously taken for granted. This happened
in nineteenth-century responses to menopause, which was
said to be associated with moral insanity demonstrated by
peevishness and fits of temper or self-absorption and
exacerbated by reading novels, dancing, or going to the
theater. The treatment involved rest and avoiding excite-
ment, effectively excluding women from those activities
which society deemed inappropriate for ‘good’ women.
Cultural norms have changed, but it is possible to see the
pressure to treat menopause with HRT as part of a wider
cultural approach to women, most noted in wealthier
countries, that values them primarily for youthful attri-
butes, which can be potentially sustained by long-term
ingestion of exogenous estrogens (Rogers, 1999).

There are significant implications for public health
and for health-care provision if an inevitable physiologi-
cal change such as menopause is defined as a disease.
These implications range from reinforcing cultural
stereotypes about the attractiveness of youth to creating
expectations about unpleasant symptoms at menopause to
creating demand for medical treatments. Many studies
have found that naturally occurring menopause (as
opposed to menopause caused by premature failure or
removal of the ovaries) appears to have no major impact
on women’s health and behavior and can be self-managed.
Conversely, there appears to be a positive association
between believing menopause to be a problem and then
experiencing those problems (Rogers, 1999).
Making Informed Decisions about
Treatment for Menopause

Whatever view we take about whether or not menopause
should be defined as a disease, a proportion of women
experience significant symptoms which are severe enough
to lead them to seek medical care. The ethical concept
that is relevant in this situation is that of informed con-
sent. There is a need for accurate information so that
women can make informed decisions about treatment.
At a minimum, this information should include:

. the nature of the treatment on offer (what it involves,
time course, evidence about efficacy, etc.)

. the likely benefits

. the potential harms or side effects and

. other options, including no treatment.

This ethical requirement to provide information is
complicated by the current uncertainty surrounding hor-
mone replacement therapy. It is well accepted that treat-
ment with HRT is effective in decreasing the frequency
and severity of vaso-motor symptoms and in relieving
vaginal dryness and urinary symptoms. There is less
agreement about the long-term benefits and safety of
HRT, although most authorities agree that there is an
increased risk of breast cancer associated with use of
HRT (Greiser et al., 2005). Health-care professionals
have an obligation to be familiar with the latest research
evidence so that they are able to provide women with
accurate and relevant information.

There has been considerable interest in the processes
for making decisions about treatment for menopause, in
part because it has been recognized that menopausal
treatment is largely symptomatic, rather than aimed at
preventing long-term disability or disease. This has led to
research into and the creation of decision support aids to
assist women in identifying the values that are important
to them in making a decision about accepting medical
treatment (Fortin et al., 2003).
Hormone Replacement Therapy and
Disease Prevention

One of the major ethical issues raised by menopause
concerns the promotion and use of HRTas a preventative
health-care measure, particularly in relation to osteopo-
rosis and cardiovascular disease. With regard to osteo-
porosis, women lose approximately 30% of their bone
mass in the 20 years following menopause, and have two
to three times the risk of fractures compared with men of
the same age. The association between osteoporosis and
postmenopause led to the widespread promotion of HRT
as a preventative treatment for osteoporosis. This promo-
tion supported the view of menopause as an estrogen-
deficiency disease and the desirability of taking HRT
both to treat the ‘disease’ and to decrease the risk of
fractures. The former benefits the individual patient, but
the latter has the potential to be a significant public health
intervention, given the morbidity and mortality associated
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with fractures in elderly women. Research in this area
indicates that HRT has a consistent and favorable effect
on bone density at all sites, and confers protection against
fractures for the duration of treatment (Wells et al., 2002).
This protection wears off rapidly after HRT use ceases
(Banks et al., 2004). From a public health perspective,
there are many risk factors for osteoporotic fractures
apart from being postmenopausal that are amenable to
physical, dietary, and nonhormonal therapies. In particu-
lar, HRT has no effect on physical fitness, which is
highly associated with falls, the major cause of fractures
(Uusi-Rasi et al., 2005).

In relation to coronary heart disease (CHD), women
prior to menopause have lower rates than men, but after
menopause their rates rise to rates similar to those of
men. This and other observations led to the hypothesis
that estrogen has a protective effect on the cardiovas-
cular system of women. During the 1980s and early
1990s, there were many observational studies suggesting
that there was a substantial reduction in CHD risk in
women who took estrogens. A 1992 meta-analysis
showed that there was one-third less fatal heart disease
in postmenopausal women taking HRT than in women
not taking HRT. Based upon these calculations, it was
argued that taking HRT at a population level would be
an effective intervention, with a net gain in lives
saved. This was deemed so despite increased risk of
death from breast or uterine cancers, because CHD is
more common than those cancers (Barrett-Connor,
2003). These arguments had a significant effect upon
bodies such as the American College of Physicians, the
American College of Obstetrics and Gynecology, and the
American Heart Association, who issued recommenda-
tions that all postmenopausal women should be offered
HRT to prevent heart disease. Offering HRT became an
accepted indicator used in assessing quality of medical
practice, and not offering HRTwas considered unethical
(Barrett-Connor, 2003).

Some commentators at the time argued that the obser-
vational data were potentially biased, as women taking
HRT tended to be white, educated, upper middle class,
and lean, all of which would reduce their risk of CHD
independent of taking HRT. The hypothesis needed to be
tested by a large-scale randomized controlled trial (RCT)
to eliminate potential biases in the observational studies.
There had been one RCT of estrogen in a secondary
prevention trial with participants with known CHD in
the 1960s, with male participants. The estrogen arm of
this trial was stopped early because estrogen-treated men
had an increased rate of thromboembolic events and myo-
cardial infarction (Barrett-Connor, 2003). Twenty-three
years later, the first RCT to evaluate whether estrogen
plus progestin therapy reduced the risk for CHD events
in postmenopausal women with established coronary dis-
ease started. This was the Heart and Estrogen/Progestin
Replacement Study, known as HERS. Barrett-Connor pro-
vides a detailed description of these trials and commentary
on their findings. In summary, HERS found no overall
difference in the primary CHD outcomes between treated
and nontreated groups, and there was excess mortality in
the treated group in the first year of treatment. These
results were unexpected, although consistent with the ear-
lier trial in men and with emerging results from smaller
trials. One of the main criticisms of these trials was that
giving HRT to women with established CHD may be too
late and that estrogen may be more effective for primary
prevention.

The HERS trial was followed shortly after by a large
primary prevention trial called the Women’s Health Ini-
tiative or WHI. The WHI trial compared three preventa-
tive strategies (HRT, diet, and calcium supplements) on
disease outcomes in healthy postmenopausal women.
This was a complex trial with multiple arms, one arm of
which (combined HRT in women with intact uteruses)
was stopped early due to excess breast cancers. Initial
analysis showed that none of the excess risks or benefits
was large (all fewer than 10 events per 10 000 women per
year). Overall, the numbers of breast cancers, cardiovas-
cular events, and pulmonary emboli in the hormone-trea-
ted groups exceeded the fractures prevented and
decreased colonic cancers in those groups. The results of
WHI, first published in the Journal of the American Medical

Association in 2002 (Rossouw et al., 2002), received exten-
sive media coverage, caused widespread confusion and
anxiety among women currently taking HRT, and led to
reported decreases in the numbers of women taking HRT
(Hoffmann et al., 2005).

The debate about the meaning of these results con-
tinues. It has been argued that the WHI used the wrong
estrogen and progestogen, used the wrong-aged women,
had inadequate blinding, and had high rates of dropouts
and that the results lacked generalizability. Klaiber et al.
(2005), for example, in their review focus upon the effects
of cohort age and the use of a combined continuous
regimen of HRT to argue that the design flaws in the
WHI led to adverse conclusions about HRT, and that
further research with different hormonal regimens and
younger women are required (Klaiber et al., 2005).

With our current state of knowledge, HRT is not
recommended as a preventative therapy for osteoporosis
or CHD, as the risks seem to outweigh the benefits.
In addition, there are good public health reasons for
advocating for population health approaches to the treat-
ment of multifactorial diseases such as CHD and osteo-
porosis rather than using individual hormonal treatments.
Finally, treatment with HRT can be expensive, not only
in terms of the direct costs of the pharmaceutical agents,
but also in terms of the associated costs of increased
medical care, largely associated with breast and uterine
diagnostic and treatment interventions. These costs fall
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after the first year of treatment but remain significant
(Ohsfeldt et al., 2004).
Research Ethics and Menopause

Treating menopause is a multimillion dollar business in
Western countries, although profits have fallen following
publicity about the results of the WHI trial. As well as
prescribed medications, many women take complemen-
tary or alternative therapies, also at significant cost. Much
of the research evidence that we have about HRT, in
particular the observational studies that suggested that
HRT had cardio-protective effects, was generated in trials
funded by pharmaceutical companies. In her 2004 critique
of the pharmaceutical industry, Angell warns us ‘to ques-
tion how reliable publications from industry-sponsored
research really are’ (Angell, 2004, p. 113). With respect to
the treatment of symptoms at menopause, the research
agenda has been dominated by pharmaceutical interven-
tions. There was significant lobbying of medical practi-
tioners to promote HRT prior to the results of the HERS
and WHI trials through activities such as continuing
medical education funded by pharmaceutical companies
and visits by pharmaceutical representatives.

Ideally, research agendas should be set in partnership
with those who are affected by symptoms, include a range
of treatment alternatives, and lead to research that provides
practical information for women. At present this has not
been achieved. It is hoped that research projects in progress
will lead to greater clarity about the place of HRT and
other symptom-relief measures for menopausal women.
Conclusion

Menopause, as a universal feature of female aging, pro-
vides a major opportunity for public health interventions
aimed at improving women’s health. Many women
require information and general advice about optimizing
their health at this time, rather than pharmaceutical treat-
ment with uncertain benefits and identifiable risks or
complementary and alternative therapies of little proven
benefit. There are high costs and potential health risks in
adopting a pharmaceutical treatment model for meno-
pause, and the opportunity for effective public health
interventions may be lost. At present we lack sufficient
information for women and their health providers to make
informed decisions about the long-term use of HRT.

See also: Cardiovascular Disease Prevention; Circulatory

Diseases and Aging; Classic Concepts of Disease;

Cultural Epidemiology; Gender in Health and Illness;

Health and Disease, Concepts of; Menopause; Women’s

Mental Health.
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Reproductive Technologies

Assisted human reproductive technologies (ARTs) have
become increasingly common in the mid to late twentieth
century in most developed countries. Technological and
theoretical advances together with pharmaceutical devel-
opments and improved practical techniques taken from
gynecology, genetics, urology, and associated medical
specialties have combined to enable treatment for indivi-
duals or couples experiencing infertility due to a wide
range of causes. The ARTmarket is predicted to grow as
it provides a key solution to public health problems
associated with declining birth rates in many countries,
due both to increasing rates of unexplained infertility
and lower fertility associated with delayed marriage and
reproduction reflecting changes in work and lifestyle pat-
terns. Although originally ARTs were available primarily
in developed countries, as costs have decreased, some of
the less complex technologies are now available in less
technologically developed countries, particularly those with
cultures that highly value biologically related children.
However, ARTs bring with them a number of controversial
ethical issues, including who should be permitted to access
these technologies and for what indications, whether or
not they are considered a regular part of medical care and
hence covered bygovernmental or private insurance, and if
they represent an effective public health strategy.
General Ethical Issues Associated with ARTs

There are a number of religious arguments typically
raised against ARTs. Some Christian traditions claim
that all ARTs are ethically impermissible because they
separate the natural process of procreation from inter-
course within marriage, which is seen as unnatural (for
discussion, see Cahill and McCormick, 1987; Fisher,
1989). ARTs are also viewed as a threat to the concept of
the family and to the dignity of human beings, particularly
inasmuch as technology dominates the origin of the human
being. Thus many of these critics argue both that reproduc-
tion should not be interferedwith (e.g., by using contracep-
tion) and that technology should not be used to intervene
in or to help to achieve reproduction. Other traditions
emphasize the unnaturalness of ARTs. Some Confucian
commentators claim that any nonconjugal reproduction
weakens the blood ties between family members and leads
to moral and social instability (Qiu, 2002). Aside from those
writing from a particular religious perspective, there are
other critics who do not oppose (married heterosexual)
couples making autonomous decisions about reproduction
such as using contraception, but who do not view ARTs or
other unnatural arrangements as morally permissible (e.g.,
Marquis, 1989). Still others consider ARTs in relation to
environmental ethics, arguing that infertile couples should
adopt since the world is already overpopulated and that
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the desire to have a biologically related child is selfish (for a
related argument, see McKibben, 1998). According to this
reasoning, individual desires to have children should give
way to broader concerns about population health and
control.

Further ethical issues are raised by the selection cri-
teria that are used to determine who receives ARTs. In
many countries and clinics, these technologies are only
made available for married heterosexual couples. Access
to ARTs by unmarried (or de facto) couples and lesbian or
single women is much more restricted, the latter being
considered an instance of social rather than medical infer-
tility. There have also been concerns about postmeno-
pausal women using ARTs and donor eggs to conceive,
and many clinics have rules limiting the provision of
ARTs to women over a particular age (typically early to
mid-forties) in part out of concerns for the welfare of the
future child and relatively low success rates (Hope et al.,
1995). Finally, particularly in public health-care systems
where ARTs are freely available, screening criteria such as
age are used to choose the best candidates (those with
most likelihood of success) due to limited resources, nota-
bly donor sperm, or limits are placed on the number of
cycles that can be undergone to attempt to achieve a
pregnancy.

In some jurisdictions (e.g., most states in the United
States), there is no requirement that insurance companies
provide coverage for infertility treatments, which means
that only the most affluent can afford to use ARTs. Where
public funds are directed at research or treatment using
ARTs, there are economic concerns about whether it is
just to use considerable health resources to help a rela-
tively small number of people conceive in what are typi-
cally overstretched public health-care systems. Some
argue that resources might be better utilized for research
into and prevention of the various causes of infertility and
related population-based problems including environ-
mental issues, rather than individualized clinical solutions.
Further, there is considerable disquiet about support for
ARTs in populations where evidence shows they are
unlikely to be successful, for example older women.

Feminist scholars have expressed concerns about ARTs
placing additional psychological, economic, and physi-
cal pressures on women to produce biologically related
children (Sherwin, 1992; Donchin, 1996). They cite the
problematic case of using ARTs to treat primary male
infertility. This requires women to undergo onerous fer-
tility treatments involving hyperstimulation of the ovaries
and a series of surgical procedures despite the women
themselves not being infertile. Further, they argue that
infertility itself is a socially defined and interpreted cate-
gory, rather than a natural disease category (Sherwin,
1992) and one that has been reinforced by a largely
male-dominated medical profession. Most of these com-
mentators do not deny that many women wish to have
biologically related children, but they emphasize that the
social and economic pressures associated with ARTs often
are ignored. Others argue that ARTs have not been suffi-
ciently well assessed, particularly with regard to their
potential long-term negative effects on women’s health,
especially due to the side effects of hyperstimulation
(de Melo-Martin, 1998).
Artificial Insemination

Some of the simpler advanced reproductive technologies
that do not require the involvement of medical profes-
sionals were traditionally adapted from animal husbandry
for use in human reproduction, notably artificial insemi-
nation by donor (AID) or by husband/partner (AIH). The
introduction of semen or concentrated specimens of sper-
matozoa into a woman’s reproductive tract by noncoital
means can be successfully performed with instruments as
simple as a turkey baster (Wikler and Wikler, 1991). AI is
sometimes coupled with use of hormones to stimulate
ovulation at the time of insemination to maximize the
chances of fertilization occurring, although these drugs
are associated with some risks to the women involved.

In recent years, fears about donor health status, risk of
infection (HIV and otherwise), and legal issues (such as
establishing paternity) have caused most AI to be per-
formed in medical clinics under a physician’s supervision.
Hence some critics note that this procedure has become
unduly medicalized. In the past, some doctors avoided
paternity issues by mixing sperm from several donors
including the male partner, but recent advances in genetic
technologies allow paternity testing using DNA and have
resulted in clarification in many jurisdictions of the legal
standing of children born from AI. Legal issues remain in
some places, for instance with custody and adoption of
AID children born to lesbian couples.

Some religious traditions do not consider AID to be
ethically permissible as they hold it to be equivalent to
adultery. Historically there has typically been consider-
able stigma associated with AID, and often information
about the biological father (or even the fact that the child
was produced using AID) was not revealed to children
born using AID. However, in many countries recent
changes in the law or court decisions have established
that children born of AID have the right to information
about their biological fathers once they are 18 years of
age. This change is due in part to long-term psychosocial
studies that have shown that there are considerable ben-
efits to disclosure, as is the case with adopted children
(Blyth, 1998; McWhinnie, 2000; Ethics Committee of
the American Society of Reproductive Medicine, 2004).
Following these changes, the rate of anonymous donation
for AID programs has decreased dramatically in many
countries, apparently because anonymity cannot be guar-
anteed once the child becomes an adult. In contrast, in the
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United States, some clinics have reported increased donor
rates, apparently among those men who would be happy
to have contact with their biologically related children in
the future.
In Vitro Fertilization and Embryo Transfer

The first successful birth using in vitro fertilization and
embryo transfer (IVF-ET) occurred in 1978. The British
scientists involved, Patrick Steptoe and Robert Edwards,
drew on embryological studies done for over 20 years in
mice, rabbits, and other animals. The procedure involved
laparoscopic aspiration of an egg during a woman’s natu-
ral cycle, followed by IVF using ejaculated sperm and
transfer of the dividing embryo in its early stages into
the woman’s uterus, hence creating what became known
as a test tube baby. More generally in IVF-ET, eggs are
harvested and mixed in Petri dishes either with donor
sperm or with sperm from the male partner (if primary
male infertility is not thought to be at issue), typically
using the healthiest sperm to facilitate fertilization. Eggs
may be obtained from the female partner being treated
or donated by another woman (e.g., in cases of prema-
ture ovarian failure, genetic abnormalities, or reduced egg
production due to advanced maternal age). Most women
undergoing IVF-ET also have controlled ovarian hyper-
stimulation prior to aspiration of eggs to increase the
number of eggs that are viable. Early fears that babies
produced through IVF would be abnormal have not been
substantiated. However, in many localities there is inade-
quate tracking of offspring and potential health problems,
including their future reproductive health.

Depending on the clinic, the country, and the putative
cause of infertility in the couple, different numbers of
fertilized embryos are created and transferred. Improved
methods recently have created higher success rates both
in terms of the number of viable embryos that can be
created as well as the likelihood of embryo implantation
following transfer (the latter remains the major techno-
logical barrier to successful pregnancies via IVF). The
result has been numerous cases of multiple gestations;
however, due to the increased risks of low birth rate and
other abnormalities associated with multiple births, selec-
tive reduction (i.e., termination) of one or more of the
fetuses may be offered to the parents, which present
difficult decisions, particularly for those opposed to ter-
mination. Consequently, many clinics have adopted more
conservative approaches to the number of embryos cre-
ated and transferred at any one time, and there are now
laws or professional guidelines in some countries to limit
the number of embryos that can be transferred during any
one IVF cycle.

There are social, ethical, and legal issues associated
with the status and disposition of embryos that are surplus
to the needs of the individuals pursuing IVF. Excess or
supernumerary embryos can be cryopreserved at a very
early stage for later IVF cycles; most clinics allow limited
storage but require destruction of embryos after a set
period of time unless the embryos are donated to other
infertile couples or under certain circumstances donated
for stem cell or fertility research. In all of these cases,
issues arise concerning the moral status of the embryo;
some people who believe that the human embryo has
the moral standing of a child or even adult human being
(i.e., it is a person deserving of protection and respect)
tend to favor donation to other infertile couples. Others
who do not believe that personhood starts in these early
stages are more likely to consider donating embryos for
research or disposing of them.

One of the major ethical issues that has arisen with IVF
relates to how clinics report success rates. Previously,
clinics reported success in terms of pregnancies estab-
lished, whereas clients typically were interested in the
likelihood of taking home a baby and hence had unrealis-
tic expectations. Standards have recently been developed
by professional societies to standardize how this informa-
tion is conveyed to clients, though some would claim that
considerable empty rhetoric still surrounds the IVF
industry and that clients are not always well informed.

IVF-ET can now be combined with preimplantation
genetic diagnosis (PGD) techniques, which permit test-
ing of embryos for genetic diseases and chromosomal
abnormalities to allow selection and transfer only of unaf-
fected embryos. This technique was originally developed
as an alternative to prenatal diagnosis (and possibly ter-
mination for fertile couples with known genetic risks).
However there are debates surrounding what types of
tests using PGD should be offered, for instance whether
embryos should be screened for only severe, early-onset
disease conditions or if later onset conditions or non-
disease conditions should be included (Robertson, 2003).
The combination of PGD and human leukocyte antigen
(HLA) typing (or tissue typing) allows couples to have an
unaffected child who can serve as a donor for an ill sibling
who has a medical condition requiring a hematopoietic
stem cell transplant (preferably from a well-matched
donor). The creation of these so-called savior siblings is
viewed by some as morally well justified, particularly
when the parents were already planning to have addi-
tional children (Fost, 2004).

IVF-ET theoretically also could be used to implant a
cloned embryo. Human embryo clones could be created
by taking an egg from a woman, extracting the nucleus,
and leaving behind only the cytoplasm. The nucleus of a
somatic (body) cell (from another person or the same
woman who donated the original egg) is then extracted
and inserted into the cytoplasm. Under the correct cul-
ture conditions, the entity created will start to divide
normally, behaving like a naturally created embryo (i.e.,
one produced by the union of egg and sperm). The
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resulting embryo would have the same genetic material as
that of the donor of the somatic cell nucleus, instead of its
genome being the usual blend of two parents; thus this
technique could allow potential parents to avoid passing
on certain types of genetic conditions. Most commenta-
tors are opposed to human reproductive cloning, where
the intention is to produce a cloned human embryo to
implant in a woman in order to produce a pregnancy and
eventually a child. As there are concerns about safety and
long-term effects of cloning based on animal models,
reproductive cloning is explicitly legally prohibited in
several countries and is not known to be currently in
clinical use.
Other ARTs

Additional types of ARTs have been developed in the last
20 years. Gametic intrafallopian transfer (GIFT) involves
placement of eggs (which have been removed from the
follicles) together with sperm directly into the oviducts
for fertilization and is used with women with fallopian
tube problems. After its development in the mid-1980s,
this technique became very popular because it did not
require sophisticated IVF culture systems and could be
done in clinics with less ART expertise and without a full
IVF laboratory. It also seemed to produce better results
than IVF, perhaps because fertilization occurs in a natural
environment; greater success rates also are due to the fact
that patients are generally fertile except for blockage of
the fallopian tubes. Zygote intrafallopian transfer (ZIFT)
is a less common technique that involves transfer of the
zygote (a fertilized egg that has not yet divided) into the
oviduct after IVF. The ethical issues associated with
GIFT and ZIFT are similar to those related to IVF-ET,
although these procedures avoid the creation of embryos
that might subsequently not be implanted.

Intracytoplasmic sperm injection (ICSI) is a microma-
nipulation technique in which pregnancy is achieved by
injecting a single spermatozoon directly into the cyto-
plasm of the egg. It is used to enhance fertilization rates
for men who have reduced sperm counts or impaired
sperm motility, with banked sperm (obtained prior to
chemotherapy or radiation), or with sperm obtained
through electroejaculation (e.g., in those with spinal cord
injuries or the newly dead, the latter being ethically and
legally problematic). The technique also can be combined
with those allowing separation of male and female sperm
to avoid birth of children of a particular sex, for example
to avoid sex-linked genetic disease or for sex selection,
which is also ethically controversial. The practice of sex
selection is outlawed in a number of countries because it
is considered to be a morally problematic and discrimina-
tory choice (or potentially because it results in gender
imbalance in the broader population). It remains popular
in cultures where having a child of a particular sex, or
having a balanced family (i.e., some boys and some girls),
is an important social norm.

Although ARTs have progressed rapidly over the past
30–40 years, there are still many limitations to their effec-
tiveness. In addition, the ethical issues presented by ARTs
remain controversial, particularly with regard to their
potential impacts on women and their health, the appro-
priate use of selection criteria to determine who is eligible
for treatment, and the disposition of excess embryos. In
addition, there are specific public health implications that
arise from the development of various ARTs outlined
above. These include whether their use is appropriate in
terms of resource allocation, especially since inability to
reproduce might be viewed by many as less important
than other, life-threatening health problems, and which
selection criteria should be utilized, particularly given low
success rates in some populations. In addition, concern
exists about whether prevention of infertility, includ-
ing identification and elimination of its causes, is being
neglected, especially among certain minority populations,
given the widespread availability of ARTs to the econom-
ically privileged. The dominant view that considers infer-
tility as an individual problem, rather than as one which
is associated with broader population-level social and
medical issues, undoubtedly will continue to influence
research and policy with regard to reproduction; however,
it warrants more active and explicit debate.

See also: Infertility; Reproductive Rights.
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The goals of public health include improving the health
status of populations, augmenting the ability of parents to
raise healthy children, and maximizing the opportunities
for individual self-determination. Abortion and contra-
ception are only two among many interventions that
may contribute to achieving these public health goals.
The ethical considerations that public health practitioners
apply to the provision of abortion and contraception
include respecting the autonomy of individuals, seeking
to minimize harm, acknowledging competing interests,
and appreciating the fairness of providing access to health
services for everyone.

While there is extensive debate concerning the ethics of
abortion and (to a lesser degree) all forms of fertility control,
only those arguments that apply specifically to the field of
public health are considered here. The same ethical princi-
ples underpin public health provision of all forms of fertility
control. Using ethical grounds to distinguish between abor-
tion and contraception suggests that womenwho are not yet
pregnant (and therefore potentially contracepting) have a
different moral status from those who are pregnant (and
therefore potentially considering abortion). This distinction
has become lessmeaningful following thewidespread adop-
tion of postcoital fertility controlmethods such asmenstrual
extraction, pharmaceutical interception of pregnancy prior
to implantation, and the use of contraceptive devices that
interrupt implantation but not conception. The continuum
between contraception and abortion technologies high-
lights the need for public health practitioners to rely on
ethical principles that are applicable to both.
The Autonomy of Women

The most significant ethical considerations of fertility
control center upon the autonomy of individual women
and their authority to make decisions regarding reproduc-
tion, their future, and their health care. Forced sterilization,
surreptitious contraception, and compelled abortion are all
unethical because each denies the autonomy of women.

Family formation, pregnancy, and childbearing have an
enormous impact on women’s life chances. To be able
to influence these events gives women the opportunity
to enhance their own health and well-being. Women
also seek to maximize the opportunities for the health
and development of their children. For women who have
very little opportunity to make decisions about their
circumstances or their sexual relationships (such as
those living with domestic violence, with drug depen-
dency, or on the very margins of their society), fertility
control may provide an opportunity to exercise self-
determination and exert some influence over their future.
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Respect for the autonomy of women requires their con-
sent to all health interventions. In order to make informed
decisions and provide consent, the risks of contraception,
abortion, and childbearing must be understood. The risks
associated with each of these vary according to the health-
care practices and products used and the social and eco-
nomic context that prevails. Providing accurate information
is an ethical and often a legal obligation. In many jurisdic-
tions with a common law tradition, medical practitioners
have a duty of care, and this duty includes providing warn-
ings of the risks of treatment. Valid evidence concerning
risk is required by both practitioner and patient to inform
consent. There is a strong body of scientific evidence
demonstrating the safety of the widely available forms of
contraception as well as the safety of abortion.

Respect for autonomy also underlies the requirement
for privacy. The concepts that a woman has a right to
privacy and that decisions concerning abortion and con-
traception are private matters to be decided by a woman
and her doctor were embodied in Roe v. Wade (1973), a
U.S. Supreme Court decision that established access to
abortion and identified the right to privacy as a facet of
the U.S. Constitution. Privacy legislation adopted by
many members of the Organisation for Economic Co-
operation and Development is derived from the Guide-
lines on the Protection of Privacy and Transborder Flows
of Personal Information (OECD, 1980). These guidelines
assert that people may control disclosure of personal
information and that they have a right of access to the
records kept about them.

The right of patients to expect confidential health care
has been consistently defended by medical practitioners
and public health advocates. Practicing confidentiality
acknowledges the autonomy of patients by respecting
their decisions about who may know their secrets. It also
encourages patients to trust health providers with sensi-
tive information that may be important in providing care.
This has long been recognized as a prerequisite for treating
sexually transmitted diseases and is necessary for the provi-
sion of all sexual health services, including contraception
and abortion. In particular, sexually active teenagers will
forgo sexual health care where they fear that confidentiality
will not be protected (Marks et al., 1983; Zabin et al., 1999;
Thrall et al., 2000).
Minimizing Harm

Another major ethical principle on which provision of
contraception and abortion rests is the minimization of
harm to women. Two questions arise from consideration
of the ethical principle of nonmaleficence (do no harm).
Is giving women decision-making authority over their
reproduction harmful or health-enhancing to women, and
is fertility control harmful or health-enhancing for women?
Is Self-Determination Harmful to Women?

Public health requires attention to a wide range of factors
that contribute to well-being. When contraception and
abortion are accessible, women may choose to raise a
smaller number of healthier children. For women, oppor-
tunities to gain and maintain employment, participate in
public life, and contribute to decision-making forums all
enhance health. Women’s social participation is restricted
by many factors. When child care is entirely the responsi-
bility of mothers and employment conditions conflict with
parental responsibilities, child rearing causes disadvan-
tages for women seeking employment. When women are
faced with discrimination, access to fertility control pro-
vides them with opportunities for self-development.

The ability to determine family size improves women’s
sense of well-being irrespective of the number of children
they bear. The contribution that control over family size
makes to women’s well-being is illustrated by research such
as that conducted by Hardee et al. (2004) in Indonesia.
Is Contraception or Abortion Harmful to
Women?

The very low risk associated with contraception or abor-
tion conducted using safe techniques and the contrasting
higher risks associated with childbirth and unsafe abor-
tion are ethically significant. They indicate that generally
available contraception is a harm minimization strategy
and legally sanctioned abortion is the least harmful preg-
nancy outcome for women.

Consideration of potential harm to women has been
important in framing legislation regulating abortion in
many jurisdictions. Legislation may permit abortion
when the risk to the pregnant woman from abortion is
less than the risk of continuing the pregnancy (all preg-
nancies) or, more restrictively, when there is grave risk to
the life of the pregnant woman if the pregnancy continues
(few pregnancies). While legislation varies in the range of
circumstances in which abortion is sanctioned, the under-
lying ethical principle embodied in these provisions is
that the life of the pregnant woman is important and she
will be permitted to take action that increases her chances
of survival.

Assessment of risk has concerned legislators in regu-
lating abortion in many jurisdictions. A concern that
women may not act in their own best interests when
choosing abortion has led to the substitution of another
decision maker (often a judicial officer or a doctor) in
some jurisdictions. The substitute decision maker is then
called upon to decide whether the risks of abortion are
acceptable in individual cases.

Where only unsafe abortion is available, women who
seek abortion appear to act against their own best interests.
The risk that women are prepared to face can be seen as a
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measure of the adversity that they expect in continuing an
unwanted pregnancy. In societies in which the consequence
of a pregnancy conceived outside marriage may include
withdrawal of family support, social condemnation, or
death for mother or child, women will choose abortion
even when they are aware that the risk is high. Where
women enjoygood health and child rearing outsidemarriage
is possible, risks associated with contraception and abortion
are less acceptable, both to women and to legislators.

Because contraception is widely used and abortion is
very common, it has been possible to collect data con-
cerning the associated risks across diverse populations
(Winikoff et al., 1997). A low frequency of complications
and low rates of contraceptive failure resulting in a preg-
nancy have been established. There is strong evidence
demonstrating that the risk of death, physical injury, mental
injury, or reduction in future fertility is very low following
abortions conducted by trained practitioners using appro-
priate facilities. The risk of death from abortion using
surgical (Kulier et al., 2005b) or medical (Kulier et al.,
2005a) procedures is much lower than the risk
of childbirth or other commonly performed surgical proce-
dures (such as cesarean section). Women have lower mor-
tality rates from all causes following an abortion than
women who have not been pregnant (Gissler et al., 2004).
There is no difference in the rates of mental illness between
women who have had abortions and those who have not
(Broen et al., 2004). There is no association between abortion
Figure 1 Estimated annual incidence of unsafe abortion per 1000 w

Reproduced from the World Health Organization (2004) Unsafe Abor
Unsafe Abortion and Associated Mortality in 2000, 4th edn. Geneva:
and an increased risk of breast cancer (American College of
Obstetrics and Gynecology Committee, 2003). There is
some evidence of slightly increased risk of miscarriage or
premature labor in subsequent pregnancies following either
a miscarriage or an abortion (Henriet and Kaminiski, 2001;
Sun et al., 2003). Both miscarriage and premature labor are
relatively common, and the increase in risk is small in
comparison to the background rate.

There is a significant contrast between the health risk
associated with abortions conducted by appropriately
trained practitioners using sterile techniques and those
conducted in circumstances that do not support safe
methods. These differences have been mapped globally
by the World Health Organization (2004) in a report that
estimates the maternal death rate attributable to unsafe
abortion to be 1:270 (Figure 1). The harm that restrictive
abortion laws cause to women’s health and morbidity are
well documented, and world trends are toward liberal-
izing access to abortion (Cook et al., 1999).
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their own responsibility to constrain their capacity to
impregnate and make ethical decisions about paternity.

Two major areas in which third parties claim rights in
relation to abortion are the rights of the fetus and the rights
of men to fatherhood. All claims that a fetus has rights rest
on the presumption of the moral personhood of the fetus.
If personhood is accorded prior to birth, then a claim to the
protection of that life follows. The moral status of the fetus
is a matter of religious belief for some, and for others the
stage of development or viability of the fetus (its ability to
survive interdependently of its mother) is a marker of
personhood. Many jurisdictions accord rights only to
born individuals, while others allow intervention to sustain
fetal life against a pregnant woman’s wishes and some
outlaw abortion entirely because of the presumption of
fetal personhood. When fetal (or embryonic) personhood
is conceded, exercising rights on behalf of the fetus
remains incompatible with the principles of the autonomy
of, and nonmaleficence toward, the pregnant woman.

The ethical principle of proportionality is relevant in
weighing competing rights claims, including male rights
to paternity. The burden to a woman of continuing a
pregnancy unwillingly is generally considered to far out-
weigh the benefit to the man in becoming a father. Claims
by would-be fathers in a pregnancy that they have caused
have been given very little legal or ethical standing world-
wide. Although cases have been brought in U.S. and
European courts by men seeking to prevent a woman
from having an abortion, these rarely succeed, primarily
because recognition of paternal rights contravenes the
principles of respect for the woman’s autonomy and
informed consent. When the principle of proportionality
is applied, the rights of the pregnant woman prevail.
Justice

Distributive justice is a key ethical principle that applies
to the provision of social goods including public health
services. Health services are an instrumental, rather than
an absolute, good in that they are not good in and of
themselves, but only insofar as they facilitate survival,
human dignity, and full citizenship. The principle of dis-
tributive justice requires that health services be accessible
to individuals according to need and within the context of
resource availability. When there are barriers preventing
access to contraception and abortion, distributive justice is
compromised. Access to health care is often stratified by
race, class, and region. This is also true for access to
abortion and contraception. Many factors compromise
access to fertility control, including material considera-
tions, cost, availability, and religious or national policies.

Access to safe contraceptive and abortion services
requires sufficient regulation of providers and manufac-
turers to ensure safe services. However, a highly regulated
environment can compromise services. In some jurisdic-
tions, regulatory mechanisms retard or restrict the distribu-
tion of contraceptives and medications and devices used for
postcoital contraception and abortion. Currently this restric-
tion exists in some countries in relation to RU486 despite
this drug being included on theWorldHealthOrganization’s
list of essential medicines for developing countries (2005).

Access to contraception and abortion is also compro-
mised when services are under attack, and when service
providers and/or patients are intimidated and stigmatized.
The marginalization of abortion services from mainstream
health provision produces further barriers to access. These
include difficulties in recruiting, training, and sustaining a
skilledworkforce, which compromise the qualityof services.

Stigma associated with abortion and contraception
creates an environment in which normal requirements
for duty of care by medical practitioners can be compro-
mised. For example, where law or practice allows health
workers conscientious exemption, those practitioners who
decline to provide services still have an ethical obligation
to refer the patient for these services elsewhere.
Conclusion

Contraception and abortion are ethical when they result
from informed, voluntary decisions by individual women.
They support the woman’s agency and authority over her
own life. They reflect the principle of bodily autonomy
and maximize women’s opportunities to be healthy. In
situations in which it is possible to provide contraception
and safe abortion, these minimize maternal and infant
deaths and enhance the health and social well-being of
women and children. It is ethical to provide fertility
control services for these reasons.

Self-determination and access to contraception and
safe abortion are not harmful to women. In contrast,
many maternal deaths are caused by unsafe abortion and
childbirth without health care. Access to all forms of
fertility control, including contraception and safe abor-
tion, is contested across the world, with negative conse-
quences for public health.

Although there are competing claims over a pregnancy,
these do not outweigh the ethical value accorded to the
autonomy of women and the benefits that flow from self-
determination.

The ethical principle of justice supports access to
health services for all people. Equitable and confidential
access to contraception and abortion are part of any
comprehensive public health system.

Contraception and abortion are not the only means of
supportingwomen’s self-determination, ability tomaximize
their health potential, or their ability to raise healthy chil-
dren. Education and economic independence are critical in
supporting the well-being of women and their dependents.
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productive Ethics: New Reproductive Technologies;

Reproductive Rights.
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of the individual. Reproductive rights refer to the com-
posite of human rights that protect against the causes of
ill health and promote sexual and reproductive well-
being. An international consensus definition of the term,
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adopted at the 1994 United Nations International Con-
ference on Population and Development (ICPD) in Cairo,
Egypt, states that:

reproductive rights embrace certain human rights that are

already recognized in national laws, international human

rights documents, and other consensus documents. These

rights rest on the recognition of the basic right of all

couples and individuals to decide freely and responsibly

the number, spacing, and timing of their children and to

have the information and means to do so, and the right to

attain the highest standard of sexual and reproductive

health. It also includes their right to make decisions

concerning reproduction free of discrimination, coercion,

and violence, as expressed in human rights documents.

(United Nations, 1994, paragraph 7.3)

While reproductive rights also address the health
needs of men, they are more critical for women. A major
burden of disease in women relates to their reproductive
capacity and the unequal treatment of women because of
their gender.
The Evolution of an International
Consensus

Human rights are defined in domestic laws, national con-
stitutions, and regional and international treaties. Human
rights embody norms that guide clinical care, health policy
making, and wider social interactions. Moreover, human
rights serve as standards that enable individuals to hold
governments and other institutions accountable for viola-
tions of the embodied norms.

Rights in the Service of Health, Welfare, and
Development

Sexuality and reproduction were long governed by reli-
gious and political ideology, enforced through criminal
law. Individual control over these matters was regarded
as threatening to moral values, gender hierarchies, and
family security. Birth control, abortion, and certain forms
of sexual behavior were, and in many countries remain,
defined as crimes against morality (Cook et al., 2003).

Empirical evidence of the dysfunction and harmful
health effects of punitive laws contributed to the adoption
of policies that promoted individuals’ interests in their
own health and welfare. At the 1968 International Con-
ference on Human Rights in Tehran, Iran, reproductive
health became a recognized subject of international
human rights. Governments affirmed that ‘‘[p]arents
have a basic human right to determine freely and respon-
sibly the number and spacing of their children’’ (United
Nations, 1968, paragraph 16). Public health and welfare
interests were recognized as best served by individuals’
free and responsible decision making.
The health and welfare rationale garnered support in
international development debates regarding fertility
reduction. In 1974, the first World Population Conference
in Bucharest, Romania, promoted the reformulated basic
right of ‘‘all couples and individuals . . . to decide the
number and spacing of their children and to have the
information, education and means to do so’’ as an effective
tool to achieve population and development goals (United
Nations, 1974, paragraph 14f ). At the 1984 International
Conference on Population in Mexico City, Mexico, this
language was reaffirmed (United Nations, 1984).
Rights in Respect of the Inherent Dignity
of the Individual

During the United Nations Decade forWomen (1976–85),
a growing international women’s rights movement also
advocated for the right to reproductive decision making.
While adopting the language of Tehran, Bucharest, and
Mexico City, the movement articulated a different ratio-
nale to support the right. In 1975, the World Conference
of the International Women’s Year affirmed that ‘‘[t]he
human body, whether that of woman or man, is inviolable
and respect for it is a fundamental element of human
dignity and freedom’’ (United Nations, 1976, Art. 11).
The right to decide matters related to sexuality and
reproduction derives from this respect for women’s dig-
nity and freedom. The conception of sexual and repro-
ductive health from the perspective of women as equal
and autonomous individuals was reaffirmed at subse-
quent international women’s conferences in Copenhagen,
Denmark (1980) and Nairobi, Kenya (1985) (United
Nations, 1980, 1985).

In 1979, the United Nations General Assembly
adopted the Convention on the Elimination of All Forms of

Discrimination against Women (the Women’s Convention)
(United Nations, 1979). The treaty codified the right to
reproductive decision making as a legally enforceable
right. Prior to the Women’s Convention, recognition of the
right was limited to international conference documents
that bind governments politically but not legally.

Article 16.1 of theWomen’s Convention specifically guar-
antees to women, on the basis of equality with men, the:

same rights to decide freely and responsibly on the num-

ber and spacing of their children and to have access to the

information, education, and means to enable them to

exercise these rights.

In the tradition of the international women’s move-
ment, the right is recognized as an important end in itself.
It serves the sexual and reproductive health needs and
preferences of individual women. It is a human right
premised on the inherent dignity of the individual.

The 1993 United Nations World Conference on
Human Rights in Vienna reflected the transformation of
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women’s interests from the periphery to the center of
human rights discourse. Women’s rights were recognized
as ‘‘an inalienable, integral and indivisible part of univer-
sal human rights’’ (United Nations, 1993, paragraph 18).
The Conference reaffirmed:

on the basis of equality between women and men, a

woman’s right to accessible and adequate health care

and the widest range of family planning services, as well

as equal access to education at all levels.

(United Nations, 1993, paragraph 41)
An International Consensus on
Reproductive Rights

At the 1994 International Conference on Population and
Development in Cairo, Egypt, a human rights perspective
was adopted in the development context. In a paradigm
shift, the ICPD Programme of Action departs from the instru-
mentality of rights in the service of demographically
based targets. It promotes policies that respect women’s
inherent dignity, recognizing individual women’s percep-
tions, needs, and circumstances as the basis for reproduc-
tive decision making. The ICPD Programme of Action

expressly acknowledges that:

[t]he empowerment and autonomy of women and the

improvement of their political, social, economic, and

health status is a highly important end in itself.

(United Nations, 1994, paragraph 4.1)

As defined in the ICPD Programme of Action, reproduc-
tive rights:

rest on the recognition of the basic right of all couples and

individuals to decide freely and responsibly the number,

spacing, and timing of their children and to have the

information and means to do so . . . free of discrimination,

coercion and violence.

(United Nations, 1994, paragraph 7.3)

More broadly, reproductive rights include the ‘‘right to
attain the highest standard of sexual and reproductive
health,’’ defined as:

a state of complete physical, mental and social well-

being . . . in all matters relating to the reproductive system

and to its functions and processes.

(United Nations, 1994, paragraph 7.2)

Reproductive health further encompasses sexual
health and:

a satisfying and safe sex life . . . the purpose of which is the

enhancement of life and personal relations.

(United Nations, 1994, paragraph 7.2)
The promotion of these rights became:

the fundamental basis for government- and community-

supported policies and programmes in the area of repro-

ductive health, including family planning.

(United Nations, 1994, paragraph 7.2)

and the normative standard against which to assess gov-
ernment action.

At the 1995 Fourth World Conference on Women in
Beijing, People’s Republic of China, governments reaf-
firmed their commitment to the ICPD Programme of Action,
and extended the definition of reproductive rights to
recognize that:

[t]he human rights of women include their right to have

control over and decide freely and responsibly on matters

related to their sexuality . . . free of coercion, discrimina-

tion, and violence.

(United Nations, 1995, paragraph 96)

The Beijing Platform for Action further recognizes that:

[i]n most countries, the neglect of women’s reproductive

rights severely limits their opportunities in public and

private life, including opportunities for education and

economic and political empowerment. The ability of

women to control their own fertility forms an important

basis for the enjoyment of other rights.

(United Nations, 1995, paragraph 97)

By 2004, over 90% of governments committed to the
ICPD Programme of Action and the Beijing Platform for Action

had adopted legislation or implemented policies in further-
ance of the consensus objectives (United Nations, 2004).

Since 2000, the United Nations Millennium Develop-
mentGoals (MDGs) have become the primary international
development framework. The MDGs include: poverty
eradication, improvement in education, promotion of gen-
der equality and women’s empowerment, reduction of
child mortality and improving maternal health, and the
combating of HIV/AIDS. In 2006, the United Nations
General Assembly adopted ‘‘universal access to reproduc-
tive health by 2015’’ as an explicit target under the MDG
framework (United Nations, 2006).
The Protection of Reproductive Rights
as Human Rights

Reproductive rights are protected through a composite of
human rights guaranteed in national laws, constitutions,
and regional and international treaties. Their content and
meaning are informed by the ICPD Programme of Action and
Beijing Platform for Action. Article 12(2) of the Constitution
of the Republic of South Africa, for example, guarantees
everyone ‘‘the right to make decisions concerning
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reproduction’’ (Government of South Africa, 1996). Alba-
nia, Benin, and Mali adopted the ICPD Programme of Action

definition of reproductive health into national law
(Republic of Albania, 2002; Mali, 2002; Benin, 2003).

Professional and ministerial guidelines also ensure the
protection of reproductive rights. The International Fed-
eration of Gynecology and Obstetrics, through its Com-
mittee for the Ethical Aspects of Human Reproduction
and Women’s Health, issued ethical guidelines on the
duty of providers to respect women’s rights (FIGO,
2003). The Brazilian Ministry of Health published Guide-

lines for the Prevention and Care of the Consequences of Sexual

Violence Against Women and Adolescents to ensure women’s
access to appropriate legal abortion services when preg-
nancy results from rape (Brazil, 1998).

Reproductive rights may be divided into three broad
categories of rights: (1) rights to reproductive self-
determination, (2) rights to sexual and reproductive health
services, information, and education, and (3) rights to
equality and nondiscrimination.
Rights to Reproductive Self-Determination

Rights to reproductive self-determination recognize women
as autonomous agents with authority to make sexual and
reproductive decisions free from interference, discrimina-
tion, coercion, and violence.

As explained by the Committee on Elimination of
Discrimination against Women (CEDAW), the right of
nondiscrimination obligates governments to:

refrain from obstructing action taken by women in pursuit

of their health goals . . . includ[ing] laws that criminalize

medical procedures only needed by women and that

punish women who undergo those procedures.

(CEDAW, 1999, paragraph 14)

For example, several treaty-monitoring bodies have
called on governments to review criminal laws that
restrict access to abortion. Where evidence discloses that
high rates of maternal deaths are related to restrictive
laws, the Human Rights Committee regards the mainte-
nance of such laws and the lack of access to safe, legal
abortion services as a violation of a woman’s right to life.
The Human Rights Committee held the Peruvian gov-
ernment in violation of multiple rights under the Interna-
tional Covenant on Civil and Political Rights (the
Political Covenant) (United Nations, 1966a), including
freedom from cruel, inhumane, and degrading treatment,
for denying a 17-year-old a legal abortion despite
evidence of danger to her life and health following
the diagnosis of an anencephalic fetus (Karen Llontoy v.

Peru, 2003).
The Protocol on the Rights of Women in Africa, which

supplements the African Charter on Human and Peoples’
Rights (Organization of African Unity, 2003), explicitly
requires governments to take all appropriate measures to:

protect the reproductive rights of women by authorising

medical abortion in cases of sexual assault, rape, incest,

andwhere the continued pregnancy endangers the mental

and physical health of the mother or the life of the mother

or the foetus. (Art. 14(2) (c))

Since the 1990s, abortion law reform has been achieved
in several countries. The Constitutional Court of Colombia
recently liberalized a criminal prohibition to render abor-
tion legal in cases of fetal malformation, rape, and risk to
the life or health of the woman (Republica de Colombia, Corte
Constitucional).

Rights to self-determination address interferences
in decision making by both state and private actors,
including husbands and parents. CEDAW advises that
governments:

should not restrict women’s access to health services . . .

on the grounds that women do not have the authorization

of husbands, partners, parents, or health authorities.

(CEDAW, 1999, paragraph 14)

Under the European Convention for the Protection of Human
Rights and Fundamental Freedoms (Council of Europe, 1950),
a UK law that permits women to terminate their preg-
nancies without spousal authorization was upheld as
protective of women’s right to privacy (Paton v. United

Kingdom, 1980).
The Committee on the Rights of the Child, which

oversees adherence to the Convention on the Rights of
the Child (CRC) (United Nations, 1989) by state parties
to the Convention, encourages governments to ensure
access to health services in a manner consistent with the
evolving capacities of the child, and not according to strict
age limitations. Best practice guidelines issued by the UK
Department of Health, in accordance with the CRC
General Comment on HIV/AIDS and the rights of the
child (CRC, 2003, paragraph 17), emphasize privacy
rights and professional duties of confidentiality in the
provision of adolescent sexual and reproductive health
services (Department of Health, United Kingdom, 2004).

Governments are further obligated to ensure that
women can exercise their rights to reproductive self-
determination free from discrimination, violence, and
coercion. Forced sterilization policies violate women’s
rights to bodily integrity and freedom from torture or
other cruel, inhumane, or degrading treatment. The
Committee on the Elimination of Racial Discrimination
(CERD), which oversees adherence to the Convention on

the Elimination of All Forms of Racial Discrimination (United
Nations, 1965) by state parties to the Convention,
encourages governments to investigate and punish perpe-
trators of coercive sterilization policies and to provide
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compensation for victims. Under a friendly settlement
facilitated by the Inter-American Commission on Human
Rights, the government of Peru recognized responsibility
for violating rights to life, physical integrity, humane treat-
ment, and equality for the forced sterilization of an indig-
enous woman and her subsequent death following a
substandard surgical operation (Maria Mamerita Mestanza

Chávez v. Peru, 2003).
Recognizing that reproductive decision making occurs

within broader constraints of family, community, and
state, women’s effective exercise of rights to reproductive
self-determination depends on their full and equal status
in civil, cultural, economic, political, and social life. The
Women’s Convention obligates governments to take all
appropriate measures to eliminate social and cultural
patterns and practices that perpetuate notions of women’s
inferiority. The Convention on the Rights of the Child requires
governments to take measures to abolish traditional prac-
tices harmful to children’s health, including child and
forced marriage (Art. 24.3). Enacting and implementing
a minimum legal age of marriage at 18, as recommended
by both the CRC and CEDAW, enables young girls to
delay childbirth and to decrease risks associated with
premature pregnancy and childbirth (CRC, 2003, para-
graph 20; CEDAW, 1994, paragraph 36).
Rights to Sexual and Reproductive Health
Services, Information and Education

As elaborated by the Committee on Economic, Social and
Cultural Rights (CESCR), the right to health under the
International Covenant on Economic, Social and Cultural Rights

(United Nations, 1966b), encompasses an entitlement
to the information, education, and means necessary to
realize the highest attainable standard of sexual and
reproductive health. This includes:

access to family planning, pre- and post-natal care, emer-

gency obstetric services and access to information, as well

as to resources necessary to act on that information.

(CESCR, 2000, Paragraph 14)

The right to health obligates governments to ensure
that health facilities, goods, and services related to sexual
and reproductive health are available in sufficient quantity,
accessible to everyone without discrimination, acceptable
(respectful of medical ethics and culturally appropriate),
and of good scientific and medical quality (CESCR, 2000,
Paragraph 12).

Rights to sexual and reproductive health services may
thus require increased expenditure or the redistribution
of public resources to improve efficient access to and
quality of services. Pursuant to the right to life under
the Political Covenant, the Human Rights Committee has
required governments to adopt ‘‘positive measures’’ nec-
essary to preserve life, including the provision of essential
obstetric care to reduce high rates of avoidable maternal
death. Under the country’s constitutional rights to life
and health, the Supreme Court of Venezuela required
the government to reallocate budgets to provide access
to antiretroviral therapy within the public system (Cruz
Bermudez et al. v. Ministerio de Sanidad y Asistencia Social,
1999). The Constitutional Court of South Africa similarly
required the reasonable provision of treatment to preg-
nant women with HIV/AIDS under the constitutional
right to health (Minister of Health v. Treatment Action Cam-

paign, 2002). Rights to health services further encompasses
the right to effective participation in all political pro-
cesses, including the setting of spending priorities and
the evaluation of government budgets, which affect sexual
and reproductive health.

In addition to timely and appropriate health care, the
right to health extends:

to the underlying determinants of health, such as . . .

access to health-related education and information, in-

cluding on sexual and reproductive health.

(CESCR, 2000, Art. 11)

The Women’s Convention explicitly recognizes a right of:

[a]ccess to specific educational information to help to

ensure the health and well-being of families, including

information and advice on family planning. (Art. 10(h))
Rights to Equality and Nondiscrimination

Reproductive rights are guaranteed to everyone without
discrimination on the basis of marginalized status, includ-
ing, for example, poverty, age, sex, race, ethnicity, disabil-
ity, health or marital status, geography, and sexual
orientation. CESCR recognizes that, where services are
not provided on principles of substantive equality, states
are in violation of the right to health (CESCR, 2000,
Art. 12).

Substantive equality requires that governments do not
impose burdens or withhold benefits on the basis of pre-
sumed group characteristics unrelated to an individual’s
health needs. CERD regards targeting for mandatory HIV
testing on the basis of national origin or race as a form of
discrimination.

Substantive equality further requires governments
to recognize and address particular health needs of pop-
ulation subgroups. The CEDAW Committee recog-
nizes that societal factors determinative of health status
vary between women and men and among women them-
selves (CEDAW, 1999, Art. 6). Governments are obli-
gated to address these differences. Under the International
Convention on the Elimination of All Forms of Racial Discrimi-

nation, a woman’s inability to access appropriate repro-
ductive health-care services because of her race, color,



Reproductive Rights 537
descent, national, or ethnic origin violates the right of
nondiscrimination.
Conclusion

Reproductive rights refer to a composite of human rights
guaranteed in national laws, constitutions, and regional
and international treaties that can be applied to protect
against the causes of ill health and promote sexual and
reproductive well-being. These rights may be broadly
divided into three categories: (1) rights to reproductive
self-determination, (2) rights to sexual and reproductive
health services, information, and education, and (3) rights
to equality and nondiscrimination. Rights to reproductive
self-determination recognize women as autonomous
agents with the authority to make sexual and reproductive
decisions free from interference, coercion, and violence.
Reproductive rights also encompass entitlements to the
means necessary, including health facilities, goods, ser-
vices, information, and education, to realize the highest
attainable standards of sexual and reproductive health.
Reproductive rights further guarantee that all couples
and individuals have the right to decide freely on matters
related to their sexual and reproductive health, and the
means to do so, without discrimination and on the basis of
substantive equality. While reproductive rights are instru-
mental to achieving population, health, and development
goals, they are important in themselves. Reproductive
rights, as all human rights, are intended to protect the
inherent dignity of the individual.

See also: Gender Aspects of Sexual and Reproductive

Health; Human Rights, Approach to Public Health Policy;

Sexual and Reproductive Health: Overview; Trends in

Human Fertility.
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Corrêa S and Reichmann R (1994) Population and Reproductive Rights:
Feminist Perspectives from the South. London: Zed Books.

Freedman LP and Isaacs SL (1993) Human rights and reproductive
choice. Studies in Family Planning 24: 18–30.

Ngwena C (2004) Access to legal abortion: developments in Africa from
a reproductive and sexual health rights perspective. South African
Journal of Public Law 19: 328–350.

Petchesky RP and Judd K (1998) Negotiating Reproductive Rights:
Women’s Perspectives Across Countries and Cultures. London: Zed
Books.

Sen G, Germain A, and Chen L (1994) Population Policies
Reconsidered: Health, Empowerment and Rights. Cambridge, MA:
Harvard University Press.

United Nations Millennium Project (2005) Who’s got the power?
Transforming health systems for women and children. Report of the
Task Force on Child Health and Maternal Health. New York: UNDP.

Yamin AE (ed.) (2005) Learning to Dance: Advancing Women’s
Reproductive Health and Well-Being for the Perspectives of Public
Health and Human Rights. Cambridge, MA: Harvard University
Press.

Relevant Websites

http://www.a cpd.ca – Action Canada for Population and Development.
http://www.a stra.org.pl/ – ASTRA Ne twork, Central and Eastern

EuropeanWomens Network for Sexual and Reproductive Health and
Rights.

http://www.a idslaw.ca – Ca nadian HIV/AIDS Legal Network.
http://www.repr oductiverights.o rg – Ce nter for Reproductive Rights.
http://www.daw norg.org/ – Development Alternat ives with Women for a

New Era (DAWN).
http://www.wome nslinkworldwide.org – Women’s Link Worldwide .

538 Reproductive Rights
Resource Allocation: International Perspectives on
Resource Allocation
D K Martin, University of Toronto, Toronto, Ontario, Canada
S R Benatar, University of Cape Town, Cape Town, South Africa

ã 2008 Elsevier Inc. All rights reserved.
Introduction

Resource allocation, or priority setting, is arguably the
most significant and challenging health policy issue of the
twenty-first century. It may be defined as the distribution
of goods and services (e.g., funds, professional time, beds,
drugs, etc.) among competing programs or people (e.g.,
prevention, acute care, clinical programs, groups, indivi-
duals, etc.). No health system, whether public, private, or
mixed, can afford to provide everything that may be
demanded of it. Therefore, resource allocation choices
are inevitable and those choices are complex, difficult,
and morally problematic.

Justice, the primary moral concern of health systems,
requires that the benefits and burdens of health-related
services be distributed according to morally relevant
criteria. Knowing what resource allocation decisions to
make would be quite simple if we could agree on the
criteria to guide allocations. However, examination of
international experience has provided two key observa-
tions: there is no consensus about what allocation deci-
sions should be made, and the politics of ‘rationing’ favors
the evasion of responsibility (Ham and Coulter, 2001).

Traditional disciplinary approaches are only partially
helpful. Philosophical theories of justice such as utilitari-
anism, egalitarianism, and communitarianism lead to dif-
ferent outcomes and there is no agreement about which
theory is correct. Economic approaches such as cost-
effectiveness analysis are helpful, but are practically lim-
ited and emphasize values (e.g., efficiency) about which
there is no consensus. Legal approaches tell us what is
unacceptable (e.g., discrimination), not what is right.



Table 1 The unique place of the paramaceutical industry

The pharmaceutical industry enjoys an almost unique place as
a business. Its marketing and administrative costs amount to

30% of revenue, while research and development costs

amount to only 12% of revenue. Profits, at 19% of revenue,
exceed profits of commercial banks (15.8%) and those of other

industries (0.5–12.1%). Moreover, the tax rate for the

pharmaceutical industry (16.2% for 1993–1996) is much lower

than for major American industries (27.3%). As 60% of global
pharmaceutical industry profits are made in the USA, and

Federal Drug and Administration links to industry are

growing (with funding and staffing conflicts of interest

implications, and with neither the FDA nor the U.S. patent
office taking action against abuses of the patent system) it is
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Different people emphasize different morally relevant
criteria – for example, need, benefit, cost, cost-effectiveness,
equity, equality, rule-of-rescue, and more. These criteria
often conflict and there is no overarching moral theory
that can resolve the conflicts. For example, when should
large benefits to a few people outweigh smaller benefits
to many?

In this article, we examine the current state of knowl-
edge about resource allocation at mega (global), macro
(health system), meso (institutional), and micro (clinical)
levels, and suggest guidance to help decision makers
address these thorny problems.
not surprising that American interests in market-based

individual health care dominate globally, and that public health
is neglected

Source: Relman AS and Angell M (2002) How the drug industry

distorts medicine and politics: America’s other drug problem.

The New Republic 227(25): 27–41.
Mega-Level Resource Allocation: Global

Despite unprecedented growth of the global economy (sev-
enfold in the latter half of the twentieth century) and
impressive progress in knowledge and technology, the
world at the beginning of the twenty-first century is char-
acterized by enormous and widening disparities in wealth
and health. A century ago, the wealthiest 20% of the world’s
population were 9 times richer than the poorest 20%. This
ratio has grown progressively to 30 times by 1960 and to
over 86 times by 2000. Such economic disparities are asso-
ciated with similar wide disparities in health and longevity
that have been described as a form of global apartheid. Life
expectancy is well over 70 years and rising in highly indus-
trialized countries, but below 40 years anddropping in some
African countries – largely due to the HIV/AIDS pan-
demic. Disparities in health and life expectancy are also
observed between rich and poor within rich countries.

In 2002, 88% of the US$3.2 trillion spent on health care
(about 10% of global GDP) was spent on about 16% of the
world’s population (who bear less than 10% of the global
burden of diseases) (Zaracostas, 2006). Per capita expendi-
ture on health now ranges from over $3000 annually in
most advanced modern societies down to less than $15 in
countries containing half the world’s population. For the
poorest 1 billion people in the world, most of the medical
progress made in the last 100 years is almost irrelevant.

Similarly, 90% of annual global expenditure on medi-
cal research (about US$106 billion in 2001) is spent on
those diseases that account for 10% of the global burden
of disease (Global Forum, 2006). These ongoing and seem-
ingly intractable imbalances in expenditure of resources
on health research and health care are augmented by the
degree to which they have been driven increasingly by
commercial interests (Table 1) (Relman and Angell,
2002). For example, of 1393 new chemical entities mar-
keted between 1975 and 1999 only 16 were for tropical
diseases and tuberculosis, even though these latter dis-
eases account for enormous mortality and morbidity
(Troullier et al., 2002).

A few decades ago there was hope that the major infec-
tious diseases affecting the vast majority of humankind
could be eliminated. The World Health Organization’s
(WHO) unprecedented success with smallpox was a
remarkable model. However, the recrudescence of tuber-
culosis and malaria in multiresistant forms, and the appear-
ance of HIV infection and other new infectious diseases
such as SARS, have dashed such hopes and have illustrated
the limitations of a narrowly focused scientific approach
to public health. Communicable diseases continue to be
leading causes of loss of human life and potential, as
illustrated by the threat of the next pandemic of avian
influenza.

The historical, political, and economic factors that sus-
tain poverty and contribute to the ecological niches condu-
cive to the rise and spread of these diseases cannot be
ignored. Moreover, infections have no respect for geo-
graphic boundaries, particularly in an era of extensive and
rapid transportation. The control of infectious diseases is
not merely a problem for individual nations but for the
whole world. In addition, chronic diseases are also becom-
ing more prevalent in developing countries, producing a
double burden of disease. Violence associatedwith the trade
in small arms, illicit drugs, and commercial sex are addi-
tional factors adversely affecting health.

Negligible progress in improving global health has
many sources:

1. The pursuit of economic growth has progressively
superseded all other values.

2. Doing research appears to take precedence over using
knowledge, unless it is commercially profitable.

3. Global health interventions tend to focus narrowly
on ‘vertical programs,’ which constrains the way in
which needy nations can address their own systemic
problems.

4. There is insufficient attention to the social determi-
nants of health.
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5. Action by charitable organizations can only achieve
limited results.

6. There is political reluctance to address the complex
global system forces that underlie poverty and the
many concomitant fatal diseases (Benatar, 2005).

Because we seem to be more interested in economic
growth and in advancing knowledge than in using such
knowledge to improve lives and ameliorate inequities,
unless it is commercially profitable, we encourage and
support the pursuit of scientific progress over social pro-
gress. This mind set has allowed global economic processes
to extract material and human resources from many poor
countries, erode the value of their currencies, and place
their economies at the mercy of global organizations such
as the International Monetary Fund and the World Bank.

Within Western societies, civil and political rights are
generally ranked above socioeconomic rights and civic
duties. The Universal Declaration of Human Rights
defines all rights, including socioeconomic rights, as
inalienable and interdependent. Failure to achieve socio-
economic rights is to a considerable extent the result of
powerful upstream forces that control the global economy
(Benatar, 1998). By emphasizing the rights and freedoms
of capital, or capital owners, reflected in such interna-
tional agreements as the North America Free Trade Alli-
ance (NAFTA) and the World Trade Organization
(WTO), the rights and freedoms of millions of individuals
are sacrificed for the benefit of the wealthy.

Alternatively, the Global Fund, the Bill and Melinda
Gates Foundation, and the generosity of many others pres-
ent an innovative strategy to voluntarily address many
pressing health issues in the developing world. However,
such attitudes result in a linear, vertical approach to health
problems rather than an integrated horizontal approach
to the complex systems within which health is embedded.
Moreover, the limited success in raising the required re-
sources illustrates the lack of meaningful support by
wealthy nations for this ambitious endeavor.

Another example of political rights ranking over socio-
economic ones is that more people die every day from
malnutrition and preventable childhood diseases than they
do from AIDS. Yet, we see concerted efforts to provide
widespread access to antiretroviral drugs with minimal
attention to the provision of food and to the prevention
of avoidable deaths from easily treatable conditions in
children.

Poverty and the sad state of global health can only be
effectively addressed by recognizing that poor health,
poverty, and human rights abuses are related to the struc-
tural forces built into modes of living that favor some over
others. It is essential to modify the upstream forces,
including trade rules, that sustain poverty and disadvan-
tage poor nations.
Arguably, the key resource allocation problem is that
reasonable people will undoubtedly disagree about how to
proceed. Health ‘maximizers’ will wish to intervene to
improve overall aggregate health, often by targeting those
who are in some way already advantaged and ignoring the
worst off, thereby exacerbating inequities. So, for example,
the three health-related Millennium Development Goals
(MDGs) focus on health aggregates (e.g., mortality of chil-
dren). Moreover, as already noted, geopolitical structures
andmonetary incentives favor the maximizers. Health ‘ega-
litarians,’ on the other hand, will wish to intervene on behalf
of the worst off first, which may help ameliorate inequities
but will not maximize global health gains in aggregate. The
problem is this: There is no consensus aboutwhich perspec-
tive is correct and no overarchingmoral principle to resolve
the differences. Consequently, we propose that a framework
for fair deliberation about competing visions regarding
improving global health be applied within institutions of
the international community to, at the veryminimum, bring
into the open the values that lie at the heart of this debate.

A global agenda must extend beyond the rhetoric of
universal human rights to include greater attention to
duties, social justice, and interdependence. While it may
be unrealistic to expect that it is possible to find common-
ality in our approaches to such issues in a highly diverse
world, ethics provide a framework within which such an
agenda could be developed and promoted across borders
and cultures (Benatar et al., 2003).

Ultimately, at the global or mega-level, the paucity of
resources and lack of moral imagination devoted to such
activities belies any serious major commitment to human
well-being at a population level – a vivid indication that
some lives are valued much more than others. Moreover, a
reluctance to engage in fair, open deliberation about
improving global population health suggests reluctance
on the part of the powerful to recognize their interdepen-
dence with the powerless.
Macro-Level Resource Allocation: Health
Systems

At the macro level, politicians, who hold responsibility for
allocating resources in the health sector, seek to avoid
blame for complex and controversial decisions, and dele-
gate the responsibility to bureaucrats and ‘technical’
experts who make recommendations based on the analysis
of scientific evidence and economic evaluations. Con-
sequently, the difficult value conflicts that lie at the
heart of allocation decisions are avoided, and patients
(for whom the system exists) and members of the public
(who fund the system) have very little input into these
difficult decisions.

Several large-scale initiatives to guide resource alloca-
tion in health systems have focused on developing
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information and tools. Two examples are: The WHO’s
Choosing Health Interventions that are Cost-Effective
(CHOICE) project andDiseaseControl Priorities inDevel-
oping Countries (Jamison et al., 2006). The common objec-
tives of these initiatives are to develop and disseminate
information and tools for priority setting that emphasize
and rely upon evidence-based medicine and cost-effective-
ness analysis. However, international experience with this
approach has shown limited acceptance because, within
their health systems, different countries emphasize different
sets of values that go beyond evidence-based medicine
and cost-effectiveness analysis (Martin and Singer, 2000;
Kapiriri et al., 2004).

The greatest driver of skyrocketing costs in health
systems is drug costs (Burns et al., 2003). Technocratic
bodies that make recommendations about drug funding –
for example, the National Institute for Health and Clini-
cal Excellence (UK) or the Canadian Expert Drug
Advisory Committee (Canada) – focus almost exclusively
on information derived from scientific literature and
pharmacoeconomics. Thus, the decisions that generate
the most controversy are avoided. These controversial
decisions include: When should we fund a drug that pro-
vides a small benefit to many people or those that provide a
large benefit to a few? When should we fund expensive
drugs that provide only a small benefit? When should we
fund drugs for children rather than those for seniors?

In addition, macro-level decision makers must allocate
resources to address other vital systemic questions, such
as: Should we build and staff primary care clinics in rural
areas where people cannot access care, or in urban areas
where there are many people? How should we allocate
resources between public health/preventive measures and
care for acute and chronic medical problems?

The key issue at stake for macro-level decision makers
is the sustainability of their health systems. In our current
era of rising costs and limited budgets, those systems that
will be sustainable are those that will have the capacity to
limit spending, and that capacity can only function prop-
erly within an environment where the public determines
that it is acceptable to say ‘No’ – that is, an environment
of fairness.

While individual decision makers in parts of the sys-
tem (e.g., hospitals) have tried to develop a priority-
setting environment that meets the conditions of fairness,
no macro-level leaders have done so for an entire health
system.

Arguably, the main barrier to improving resource allo-
cation practices in health systems is the disjointed nature
of decision making both within and between systems.
Every policy maker in every system, even those with
very different structures, faces the same resource alloca-
tion problems. But, there is no systematic mechanism
for capturing and sharing lessons between contexts.
Leaders in every country are seeking better ways of
making these difficult decisions and would benefit from
the identification of good practices and strategies for
improvement.

‘Accountability for reasonableness’ (see section ‘Meso-
level resource allocation: Institutions’) provides a standard
of fairness toward which health systems may aspire, an
evaluation framework for capturing and sharing lessons
between contexts, and a common language to facilitate
public learning about reasonable limit-setting that con-
nects allocation decisions to broader theoretical issues
involving fundamental democratic deliberative processes.
A way forward would include cultivating an environment
of fair decision making in which limit-setting decisions
will be perceived to be acceptable, developing mech-
anisms for capturing and sharing lessons of good prac-
tice, and developing strategies for improvement between
decision-making contexts.
Meso-Level Resource Allocation: Institutions

Many crucial resource allocation decisions in a health sys-
tem have been ‘downloaded’ by macro-level policy makers
to the so-called meso level, which includes Regional and
District Health Authorities (RHAs, DHAs), private health
insurers, and hospitals – all of which struggle to meet
growing demands, affordably, without compromising deliv-
ery of services (Daniels and Sabin, 1997; Gibson et al., 2005).
Hospitals are a particular focal point of controversy for
allocation decisions, as they account for a large portion of
health-related spending – up to one-third inCanada.More-
over, hospitals everywhere remain stressed from severe
financial constraints, mergers and closures, increasing
demands for beds and operating room time, overcrowded
emergency rooms, and an inadequate supply of resources
for discharged patients.

Recently, several scholars have advocated principles or
criteria that priority-setting decision makers in meso-
level institutions should apply (Cookson and Dolan,
2000; Mooney, 2000). Other studies have described the
criteria that meso-level decision makers actually do apply
(Martin et al., 2000; Kapiriri et al., 2003). The range of
criteria identified in this literature illuminates the com-
peting interests (e.g., clinical vs. budgetary, local vs. sys-
temic, strategic vs. operational) and multiple stakeholder
relationships that must be considered in the meso-level
context. This is consistent with previous findings that
simple technical solutions have only limited influence
on priority setting and are insufficient to guide decision
making (Holm, 2000).

In response to these challenges, Daniels and Sabin
have developed a framework to help meso-level institu-
tions to allocate their limited resources in a way that is
morally defensible. Accountability for reasonableness is a
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conceptual framework for legitimate and fair priority
setting. It is theoretically grounded in justice theories
emphasizing democratic deliberation, and was developed
in the context of real-world allocation processes. It has
emerged as the preferred ethical framework for develop-
ing best priority-setting practices in meso-level institu-
tions (Coulter and Ham, 2000; Daniels and Sabin, 2002).

According to accountability for reasonableness, a fair
allocation process meets four conditions: relevance, pub-
licity, revisions/appeals, and enforcement (Table 2).
Micro-Level Resource Allocation: Bedside

Health-care professionals decide which individuals are
cared for first, which patients receive which diagnostic
tests and which drugs, which patients are admitted to a
hospital bed, and which patients are taken to the operating
theater. In emergencies, triage conventions require that
life-threatening situations be addressed first. But, in non-
emergency situations, the allocation conventions are
unclear and variable.

Critical care studies (Mielke et al., 2000; Cooper et al.,
2005) have shown that ICU admission decisions varied
from clinician to clinician – some prioritized need, others
the potential for benefit; some prioritized the young,
others the elderly. Often, referring physicians who pushed
the hardest and loudest found a bed for their patient. Even
in contexts where admission policies exist, they were
seldom well known.
Table 2 The four conditions of ‘accountability for

reasonableness’

Relevance Relationship for priority-setting decisions must

rest on reasons (evidence and principles) that

‘fair-minded’ people can agree are relevant in
the context. ‘Fair-minded’ people seek to

cooperate according to terms they can justify

to each other – this narrows, though does not

eliminate, the scope of controversy, which is
further narrowed by specifying that reasons

must be relevant to the specific context

Publicity Priority-setting decisions and their rationales
must be publicly accessible – justice requires

openness where people’s well being is

concerned

Revisions/
appeals

There must be a mechanism for challenge,
including the opportunity for revising

decisions in light of considerations that

stakeholders may raise

Enforcement There must be either voluntary or public
regulation of the process to ensure that the

first three conditions are met

Reproduced from Martin D and Singer P (2003) A Strategy to

Improve Priority Setting in Health Care Institutions. Health Care
Analysis. 11(1): 59–68, with kind permission of Springer Science

and Business Media.
A study of elective cardiac surgery revealed that a com-
plex and unstandardized mélange of clinical reasons (e.g.,
pathology and anatomy) and nonclinical reasons (e.g., social
supports, clinician-specific experiences, and remuneration
schemes) were used by surgeons making allocation deci-
sions (Walton et al., 2006). Where standardized Urgency
Rating Scores had been developed to help cardiac surgeons
prioritize patients on waiting lists, the scores were used for
record-keeping purposes only, not for allocation decisions.

At the micro-level, clinicians are thus forced to act as
gatekeepers for the health system – a task for which they
are neither trained nor inclined. They are often aban-
doned by policy makers to struggle with these complex
allocation decisions without support or guidance. Conse-
quently, clinicians often rely on clinical guidelines that
are typically based on the narrow range of values inherent
in evidence-based medicine, and not the entire range of
values relevant to these difficult allocation decisions
(Norheim, 1999). Institutional leaders have an obligation
to support their frontline clinicians with policies that are
legitimately developed and practically applicable.
Conclusions

Health systems are caring institutions that share timeless
and universal aspirations for improving human health and
well-being. The practice of medicine not only involves
individuals, but also their families, whole cultures, soci-
eties, social institutions, and indeed whole populations
globally. In the modern world, the universal humanitarian
and caring goals of medicine, as well as the motives of
health professionals and policy makers, are being eroded
by progressive commercialization of health care, com-
modification of the human body, and judgments about
whose lives are and are not valuable. Trust in physicians
and policy makers has been undermined because their
work is seen to be self-serving and directed by market
and managerial forces rather than directed to meeting the
needs of individuals and whole populations. Among many
different activities needed to promote and preserve pro-
fessionalism and ensure equity in access to health care, is a
more rational, ethical, and publicly accountable process of
allocating resources within and between health systems.
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Public health measures have contributed dramatically to
reducing the death rate and extending life expectancy in
populations. Because of their success, their value is
broadly acknowledged, at least in public discussion.
Nevertheless, claims for the allocation of societal funds
to public health projects are always in competition with
claims for projects of other sorts. Ideally, broad considera-
tions of justice should determine how a society’s funds are
allocated among the important needs for expenditures on
social goods such as public health, education, defense,
safety, transportation, law enforcement, the arts, and clini-
cal medicine. Yet, the issues of justice persist even when
we focus solely on a single domain. Within public health,
we are challenged to decide how limited funding resources
should be sorted out: Which projects should be addressed
first? How much should be allocated to which efforts?
What sorts of considerations should be taken into account
and which factors should be ignored? Should all of the
funds be directed at providing immediate benefits, or
should some resources be allotted to prepare for future
possible public health needs or to public health research?
In times of urgency and need, how should limited supplies
be allocated? Which populations should be rescued when
all cannot be? How should the multitude of competing
claims be prioritized?

In developing an understanding of justice in public
health, focus on disasters and emergencies can be instruc-
tive because the circumstances make the importance of
resource allocation vivid and pressing. Such circumstances
dramatize the need for thinking clearly about justice in
setting public policy and they can teach us how to concep-
tualize public health allocations even when there is no
imminent disaster. This article reviews the leading the-
ories of justice in medicine and then goes on to explain
some principles of justice in public health by focusing on
recent disasters that are familiar to everyone: The alloca-
tion of public health resources after the attack on the
World Trade Center in New York City in September
2001, the flu vaccine shortage in the fall of 2004, and
Hurricane Katrina in September 2005. A careful analysis
of these dramatic examples explains the factors that make
some allocations and policies just and others unjust. When
public health resources are well allocated, the principles
that underlie the decisions are assumed with relatively
little contention. Implicit in this silent agreement are
the presumptions (1) that everyone knows ‘the’ guiding
principle of justice and (2) that ‘the’ principle has the solid
endorsement of a broad majority of the population. Yet, a
comparison of the principles most commonly invoked in
discussions of justice reveals that there is no single princi-
ple that supports all of the relevant policies. No simple
formula can tell us what justice requires in all circum-
stances. Rather, careful investigation and examination of
the situation, and thoughtful reflection on the array of
problems involved and the consequences of choosing one
path or another suggest that justice requires distributions
based on different principles in different contexts.
Prominent Conceptions of Justice

In his lengthy discussion of justice in book 5 of the Nico-

machean Ethics, Aristotle equates justice to the entirety of
interpersonal virtue while also acknowledging its complex-
ity and contextuality. Aristotle defined justice as giving
each his due and treating similarly situated individuals
similarly. Yet, he acknowledged the complexity involved
in determining which features should be taken into account
in deciding that individuals are similarly situated and
which of the generally important factors should be given
priority in a particular situation. According to Aristotle,
factors such as relationship, history, consequences, and
feasibility are all considerations that may determine
which allocation is just in a situation, but justice does
require equality in the treatment of equals.

Although some contemporary philosophers follow Aris-
totle’s insights and recommend an account of justice that
draws on an array of reasons, those who write on issues of
justice and health care appear to prefer a more Platonic
approach and attempt to articulate a singular comprehen-
sive account of justice. Consider the following competing
contemporary accounts of justice that enter discussions of
medicine and public health.
Utilitarianism

Utilitarianism has a long history in ethics, tracing back
to the writings of Jeremy Bentham and John Stuart Mill.
Today utilitarianism appears to be the dominant view of
justice in medical and public health policy. It is the view
that justifies policies that produce the best outcomes.
For example, policies that aim at the maximization of
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quality-adjusted life years (QALYs), disability-adjusted life
years (DALYs), or disability-adjusted life expectations
(DALEs) are all utilitarian.

Utilitarian allocations aim at maximizing an outcome
over a population. A utilitarian conception of justice is
committed to treating people as equals and to deliberately
ignoring relational and relative differences between indi-
viduals. Hence, utilitarians aim at producing the most of
the desired results for the entire population that is to be
governed by the policy. Utilitarians identify an objective
standard for calculating outcomes, and employ that stan-
dard in policy decision. A policy is just on utilitarian
grounds when it is the most likely to produce the greatest
amount of the specified end, that is, it is efficacious. In the
domain of medicine, utilitarians focus on measurements
of health or life span. A cost–benefit analysis of the same
considerations is employed to determine the policy for a
population.
John Rawls

Since 1971, many of the positions on justice espoused by
philosopher John Rawls, first in A Theory of Justice (1971)
and later in Political Liberalism (1993) and other works,
have come to play a significant role in public deliberation
about nonutilitarian criteria for justice in society and the
allocation of medical resources. One Rawlsian concept
that has received especially broad endorsement in the
medical ethics literature is fair equality of opportunity.
The other concept that has been widely adopted is the
difference principle, and people who have embraced some
version of that principle now refer to such views as
prioritarianism. These principles exemplify features of
Rawls’s view of what a liberal political conception of
justice should include.

Rawls’s two principles of justice provide ‘‘guidelines
for how basic [political] institutions are to realize the
values of liberty and equality’’ and assure all citizens
‘‘adequate all-purpose means to make effective use of
their liberties and opportunities,’’ as he writes in Political

Liberalism (Rawls, 1993: 4). Together these principles
specify certain basic rights, liberties, and opportunities
and assign them priority against claims of those who
advocate for the general good or the promotion of perfec-
tionism (i.e., the best possible society).

Rawls (1993: 184) himself does not extend his princi-
ples of justice to health and medical care. In fact, he
specifically maintains that ‘‘variations in physical capaci-
ties and skills, including the effects of illness and accident
on natural abilities’’ are not unfair and they do not give
rise to injustice so long as the principles of justice are
satisfied. Yet, several prominent authors who write about
justice and medicine discuss medical allocations by invok-
ing Rawls’s principles and they extend particular Rawlsian
concepts to medicine.
According to Rawls’s first principle, justice requires a
liberal democratic political regime to assure that its citi-
zens’ basic needs for primary goods are met and that
citizens have the means to make effective use of their
liberties and opportunities. Rawls’s second principle reg-
ulates the basic institutions of a just state so as to assure
citizens fair equality of opportunity. The first principle
has priority over the second in that it requires political
institutions to provide whatever citizens must have in
order to understand and to exercise their rights and
liberties. According to Rawls, his two principles taken
together assure such basic political rights and liberties as
liberty of conscience, freedom of association, freedom of
speech, voting, running for office, freedom of movement,
and free choice of occupation. They also guarantee the
political value of fair equality of opportunity in the face of
inevitable social and economic inequalities. Both princi-
ples, therefore, express a commitment to the equality of
political liberties and opportunities.

In Rawls’s account, the difference principle is the
second condition of the second principle of justice.
Recognizing that economic and social inequalities are an
unavoidable feature of any ongoing social arrangement,
his second principle expresses the limits on unequal dis-
tributions. He holds that equal access to opportunities is a
necessary feature of a just society, and then, so as to
compensate for eventual disparities and to promote per-
sisting equality of opportunity, he calls for corrective
distribution measures through application of the differ-
ence principle. As Rawls (1993: 6) states the principle,
‘‘Social and economic inequalities . . . are to be to the
greatest benefit of the least advantaged members of soci-
ety.’’ In other words, governmental policies that distribute
goods between citizens must be designed to rectify
inequality by first advancing the interests of those who
are otherwise less well off than their fellow citizens.
Norman Daniels and Fair Equality of Opportunity

Norman Daniels has used the Rawlsian concept of fair
equality of opportunity to argue that health care should
be treated as a basic need. He maintains that ‘‘[h]ealth
care is of special moral importance because it helps to
preserve our status as fully functioning citizens’’ (Daniels,
2002: 8). Daniels wants us to count at least some medical
services as primary goods so that they are ‘‘treated as
claims to special needs.’’ From Daniels’s point of view,
therefore, the allocation of health-care resources should
aim at equalizing social opportunity.

Daniels expects his claim to lead to the conclusion that
a just society should provide its members with universal
health care, including public health and preventive mea-
sures. Yet, recognizing that a society will limit the amount
of health care it provides, Daniels proposes ‘‘normal spe-
cies function’’ as the benchmark for deciding which care
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to provide. He holds that health care that will restore or
maintain normal species function should be provided.
Nothing has to be provided, however, for those who are
already within the normal range. Furthermore, Daniels
points to the many social determinants of health inequal-
ities and invokes Rawls’s difference principle to claim that
a just society should provide the most health care to those
who are most disadvantaged with respect to health.
Prioritarianism

Prioritization, which builds on Rawls’s difference princi-
ple, stands in opposition to utilitarian approaches to the
distribution of scarce resources. Whereas utilitarian allo-
cations aim at the maximization of an outcome over a
population and deliberately ignore the relational and rel-
ative differences between individuals, prioritarian alloca-
tions aim at the identification of unwanted inequalities and
then distribute resources so as to compensate for or correct
them. Prioritarian allocations reflect a concern for how
individuals fare in relation to each other and attempt to
advantage those whose position is worse than others’.

Numerous papers in the bioethics literature address the
conflict between prioritarian concerns and utilitarian cost-
effectiveness analysis in the allocation of medical resources.
For instance, Dan Brock (1998, 2002), Frances Kamm (1993,
2002), andDavidWasserman (2002) argue themerits of one
approach over the other in a variety of vexing cases. They
reflect on the difference between policies that will save the
lives of some people or save an arm for some other people.
They are concerned with whether public policies should
provide a greater advantage to some who are already well
off (e.g., save the lives of the able-bodied), or provide a
smaller advantage to some who are worse off (e.g., save the
use of an arm for a group with some other preexisting
disability). These tragic choices discussions aim at discov-
ering a principled basis for making decisions by sometimes
focusing on identifiable individuals, and sometimes not.
They sometimes address trade-offs of future significant
harms against present small harms or more certain immi-
nent harms against more hypothetical distant harms. Typi-
cally, these discussions favor policies that will allocate
resources to immediate needs over future needs and bene-
fits to identifiable individuals over benefits to those who
cannot be currently identified.
Public Health Models that Challenge
Popular Theories of Justice

In light of these competing theories of justice, it is illu-
minating to scrutinize some of the public health policies
that were implemented in the fall of 2001. Consider two
examples.
Medical Emergencies

Triage is the broadly endorsed approach for responding to
medical emergencies. It is the approach that was immedi-
ately adopted by health-care workers on September 11,
2001 for dealing with the medical needs that were expected
once the Twin Towers of the World Trade Center col-
lapsed, and its appropriateness has not been challenged in
any of the subsequent literature. Triage is the public health
model for responding to domesticmedical emergencies that
requires health-care professionals to make judgments about
the likely survival of patients who need medical treatment.
Recognizing that some people have urgent needs (i.e., they
will die or suffer significant harm if not treated very soon)
and that the resources available are scarce (e.g., supplies,
facilities, trained personnel), patients are sorted into three
groups and theyare either treated, put aside, or asked towait
according to their group classification. Those who are not
likely to survive are deprived of treatment so that the
available resources can be used to save the lives of those
who are more likely to live. Those who are likely to die
without treatment but who are likely to live if treated
promptly are treated first. Those who are in need of treat-
ment but who can wait longer without dying are treated
after thosewho are urgently ill. On themorningof 9/11, the
disaster plan that had previously been developed and
practiced was implemented at hospitals in the New York
vicinity. Many beds in intensive care units (ICUs) were
emptied. Elective surgery was canceled. Patients who
could have been sent home were discharged. Collection
activities in blood banks went into high gear, but they
were only accepting type O– donors.

In medical emergencies, health-care professionals delib-
erately disregard the concepts of giving everyone a fair
equal opportunity to receive medical treatment, and they
also pointedly ignore relative differences in economic and
social standing. Instead, they focus exclusively on the medi-
cal factors of urgency of need and the likelihood of survival.
No one presumes to measure whether or not each patient
has previously received a fair or equal share of available
resources, and no one stops to assess who has been more or
less advantaged. No one sorts out the small differences
between individuals that would provide somewhat greater
utility from one allocation rather than another. And no one
criticizes medicine for not attending to those differences
(Rhodes, 2001). (I have argued generally that physicians
have a role-related responsibility to avoid making judg-
ments about patients’ worthiness and that they must treat
all patients similarly based on medical considerations.)
In fact, the long tradition of medical ethics, dating back at
least to the Hippocratic tradition, requires physicians to
provide treatment based on need. Hence the ethics of
medicine appears to require physicians to commit them-
selves to unequal treatment (since need is unequal) and also
to the nonjudgmental regard of each patient’s worthiness.
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Research and Public Health

Biomedical research and public health policies typically
focus on populations. Biomedical research attempts to
disconfirm hypotheses about predicted outcomes and
thereby to develop facts about the response of organisms
with certain common characteristics. With respect to
human-subject research, groups of people are selected
for study because of some relevant biological or environ-
mental similarities. Any knowledge gained from the pro-
cess is useful to the extent that it is applicable to all of
those who share the common condition.

Public health policies are also designed to have an
impact on all, and only, those individuals who are similarly
impacted by a disease or a health-related condition. In
deliberately focusing on one affected group or another,
biomedical research and public health policies typically
provide benefits only to the target group. The goals of
biomedical research and public health are pointedly
directed at everyone in the group that might benefit from
them. By looking back at outcomes, researchers attempt to
develop knowledge about biological or psychological
reactions. By looking toward the future, public health
officials attempt to develop a generalizable approach to
the prevention, reduction, or treatment of biological or
psychological problems. (Although a subject for biomedi-
cal research may disproportionately affect a relatively
disadvantaged population (e.g., the effect of lead paint on
child development), the study findings and the subsequent
public health policies will have implications for all of those
who have been or who may be affected.) As with medical
triage in the emergency setting, biomedical research and
public health have not been criticized for holding to these
agendas.

Because ideas about justice and medicine are typically
discussed singly, in artificially isolated contexts and with a
focus on carefully selected examples, it is hard to notice
when and how their underlying conceptions clash. Yet,
the broad consensus on emergency triage, public health
research, and public health policy provide an occasion to
consider justice across a broad spectrum of medical con-
texts. These examples also challenge the assumption that
a consensus supports a single principle of justice in medi-
cine and public health. As Ronald Green has noted in his
criticism of Daniels, the ‘‘mistake . . . is trying to decide
such matters by reference to a single consideration – and
not necessarily the most important one’’ (Green, 2001).

Consequentialist considerations of efficacy and equal-
ity support well-accepted views on emergency triage.
When the time constraints of an emergency and the
needs for medical resources significantly outstrip the
available resources, responses should be based on efficacy
and treating all with similar medical needs similarly. The
sweeping exclusions of triage represent the goal of avoid-
ing the worst outcome more than the utilitarian aim of
maximizing the greatest utility, particularly when utility
might require fine-grained sorting and ranking. Triage,
therefore, is not entirely compatible with utilitarianism,
nor is it consistent with either fair equality of opportunity
or prioritarianism. These different principles (avoid the
worst outcome, maximize utility, fair equality of opportu-
nity, and prioritarianism) cannot all be appropriate for
guiding the same allocation decisions.

The intuitions supporting the view that priority should
be given to equalizing social opportunities or to providing
the greatest benefit to the least advantaged are under-
mined by the strong sense that nonmedical relative differ-
ences should not come into play in decisions about
emergency responses. This invites questions about the
appropriate framework for policy decisions about public
health needs and setting the research agenda. Emergency
triage allocates resources by taking everyone’s prognosis
and expected outcome into account. Individuals certainly
get unequal lots and no priority is allowed to those who
are more generally worse off.

Similarly, public health research sometimes has no im-
pact on the social participation, health, or longevity of the
entire population. If it turns out that we never have another
disaster similar to what occurred on September 11th, if we
never again experience a catastrophe that creates enormous
amounts of pulverized concrete and incinerated computers
and office furniture, research on their effects may never
promote the social participation or health of anyone. Or, if
the burdens of the interventions that the studies support turn
out to be prohibitively costly (e.g., give up skyscrapers and
computers), they will not be adopted and no one’s fair
equality of opportunity will be advanced. Public health
research involves a quest for information that may or may
not be useful. It also sometimes directs resources to the needs
of the relatively few affected individuals. So, the standards of
promoting fair equality of opportunity or maximizing health
may not quite fit. If fair equality of opportunity was the only
consideration to be taken into account, many other uses of
resources would always have preference over public health
research. Yet, the consensus in favor of such research suggests
that other reasons support its broad endorsement.

Furthermore, while public health policies sometimes
meet the standard of promoting utility, or fair equality of
opportunity, or priority for theworse off, sometimes theydo
not. In sum, broadly endorsed public health policies suggest
that emergency triage, public health research, and public
health policy rely on more than a single principle of justice.
A Lesson from Experience

The incongruity between policy consensus on the one
hand and lauded principles of justice on the other suggests
that there is a mistake in our search for ‘the’ ruling
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principle of justice. It also suggests an alternative for
looking at the problem of justice. When we stop to exam-
ine our own thinking about these issues, we notice that we
actually invoke different reasons to support different
principles and different rankings of considerations in dif-
ferent contexts. That insight suggests that there is no
obvious reason to presume that a single principle defines
justice. With sensitivity to the complexity of human values
and to the different contexts of medical and public health
policies, we can appreciate that a variety of reasons justify
public health resource allocations. Even though such a
contextual approach to determining the just distribution
of resources will sometimes favor one principle and at
other times rely upon another, decisions can express a
widely shared view about the primacy of one consider-
ation over another and reflect reasons that no one can
reasonably reject. In this sense, a contextual view of justice
is not random and not idiosyncratically subjective. Rather,
it expresses deep similarities in human concerns and
shared priorities that relate to our human mortality and
vulnerability.
The Flu Vaccine Shortage and
Hurricane Katrina

Before enumerating a list of principles of justice for guid-
ing public health allocations, consider the flu vaccine
shortage in the fall of 2004 and Hurricane Katrina in the
fall of 2005. In 2004, people recognized that it was impor-
tant to find a better way to allocate the limited supply of flu
vaccine than to allow it to go to those with good connec-
tions, the aggressive, and the lucky. Communities and then
the U.S. Centers for Disease Control promulgated distri-
bution policies that allotted the vaccine to those who were
likely to die or suffer serious harm if they contracted
the disease, and then they implemented schemes to res-
trict distribution accordingly. The supply was therefore
directed to the immunocompromised, the very young,
pregnant women, the elderly, and health-care providers
who would be called upon to treat affected individuals.

These policies were very broadly endorsed and
achieved excellent compliance. The almost total absence
of debate over their implementation was evidence of the
extent of the consensus. Aside from the advocates for
children and the elderly who each argued that their
constituent group should have even more priority over
others in the vaccine target group, the U.S. population
accepted the plans that were implemented.

The principle supporting the flu vaccine allocation
was not utilitarian because utility alone would have dis-
qualified those with only a short remaining life span
because vaccination for the elderly and the immuno-
compromised could be expected to provide a low QALY
payoff. Neither did the policy consider previous injustices
or disadvantages in the allocation so as to give priority to
the least well off, nor did it try to equalize opportunities
in some wider sense. The principle inherent in the vac-
cine distribution policy was avoid the worst outcome, that
is, avoid the most deaths and serious illnesses. The con-
sensus of support and the lack of opposition speaks to how
the importance of one particular goal can be apparent.

Reaction to what happened before, during, and after
Hurricane Katrina illustrates a broad consensus at the
other end of the spectrum. In the case of Katrina, there
was general agreement that the U.S. government had
failed to adequately prepare for the disaster, failed to
warn and protect Gulf Coast residents, failed in its
attempts at rescue and meeting the tremendous needs of
affected communities in the aftermath, and failed in
providing honest and timely communication about the
formaldehyde risk of the trailers later provided to shelter
some of those left homeless. These realizations point us to
further broad agreement on the importance of investment
in disaster preparedness, of meeting the urgent needs of
all citizens, of making leadership appointments based on
qualifications rather than cronyism and politics, of timely
and honest communication. Again, this consensus on
values is not a matter of chance coincidence, it reflects
the central importance of key human concerns.
Justice in Allocations for Public Health

We all are vulnerable to death, pain, illness, and disability,
and we all want to avoid those consequences for ourselves
and our loved ones. We also all have to acknowledge that
there are not enough resources to provide for all of the
public health projects that we would like. Hence, we
recognize the necessity of prioritizing our values and
sacrificing some of what we would like to have so that
we can be more likely to secure those things that are more
important to us. Because the achievement of certain goals
is essential to our enjoying others, because certain hard-
ships are more enduring and painful than others, and
because this is so for almost everyone almost always,
people tend to agree on the primacy of some important
concerns. These features of our shared human nature
make the concordance on some matters of public health
not contingent and coincidental, but a genuine agreement
expressing the human importance of some feature of a
situation. This natural consensus provides us with an
array of principles of justice that are relevant to any
consideration of justice and public health (see Table 1).

Triage may be the appropriate guiding conception of
justice for policies that respond to large-scale emergency
situations. The justification for triage is that it is the policy
most likely to avoid the worst outcome and to save the
greatest number of lives. Reasonable people would want to
survive a disaster and they would want their loved ones to



Table 1 Justifications for public health policies and allocations

Principles of justice Examples of public health policies

Avoid free-riders Mandatory inoculation and quarantine; Safe disposition of corpses
Avoid undue burdens Inoculation exemption; Environmental protection

Avoid worst outcomes Medical triage; Danger alert

Advance the worst off Education; Clean air, clean water, and sewage treatment

Promote efficacy Access to health care; Clean air, clean water, and sewage treatment
Promote equality Access to health care; Disaster relief

Maximin Disaster preparedness; Epidemiological screening and research

Preserve trust Honest and timely disclosure; Qualified leadership

Provide public goods Education; Health research
Provide services of vital importance to

well-being

Provide primary goods (shelter, food, clothing); Dispense safe and effective vaccines
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survive. Foregoing treatment for those who are least likely
to survive so as to provide the best chance of survival to the
most people yields the result that everyone wants most. (In
this analysis I am drawing freely on T.M. Scanlon’s concep-
tion of justice (Scanlon, 1998)). So long as the same criteria
for treatment are applied to everyone, the loved ones of
those from whom treatment is withheld should not com-
plain of injustice. Because hypothetical consent to triage
policies can be legitimately presumed, a triage allocation of
emergency services is not likely to undermine social
stability.

Disaster preparedness requires the allocation of com-
munal resources for research, training, and equipment.
Policies to allocate resources for preparedness and
research are justified because the ability to respond effi-
ciently could crucially depend on preparedness and the
information learned from studies. The goods that can be
had would not be available without the prior contribution
from a common pool. Hence, it is reasonable to provide
some resources for preparedness and research to increase
the chance for a good outcome and to minimize the
chance for the worst outcome (i.e., maximin).

In the face of a credible risk of biological warfare,
mandatory inoculation against a serious contagious disease
is an appropriate policy when a reasonably safe and effec-
tive vaccine is available. Reasonable people would endorse
such required inoculation because it provides protection
from the disease, that is, it provides a public good that
everyone values. Everyone should, therefore, bear a fair
share of the burden of safety. Those who might refuse to
comply would be free-riders, ready to treat others unjustly
by taking advantage of their good will and sense of com-
munal responsibility. Public health measures are similarly
justified by the public good of protection against disease
that they provide and by the anti free-rider principle that
would prohibit unsafe practices. And when it comes to
actually dispensing vaccine in the face of a credible risk,
because the relative differences between individuals may
not be significant enough to be taken into account, a
distribution scheme based on equality, such as a lottery or
first come first serve, may be required.

Furthermore, with respect to public health measures
like vaccination, there may be good reasons for allowing a
few to be exempt. Those who are especially vulnerable to
the inherent dangers of immunization – for example,
those with impaired immune systems – would bear more
than the typical burden of being vaccinated. If everyone
else in the society was inoculated, exempting those few
who would otherwise bear an undue burden, would not
increase the risk for others.

The public health concerns after September 11th and
Hurricane Katrina reflect three slightly different princi-
ples. Clean air, clean water, and sewage treatment are the
kinds of public goods that everyone needs constantly.
Their vital and constant importance to everyone’s well-
being is a justification for policies to provide and protect
them. In many settings, clean air, clean water, and sewage
treatment are also the kinds of benefits that no one can
have unless everyone has them, and making them avail-
able or unavailable at all makes them available or unavail-
able to everyone in the society. In many situations, these
are also services that can be provided with greatest effi-
cacy by providing them for everyone.

Another important consideration is also relevant to the
endorsement of public health interventions that provide for
everyone’s vital and constant needs. Such interventions are
likely to make the greatest difference in health and well-
being for the economically and socially least advantaged.
The well-to-do could leave town for the clean air of the
country or simply purchase gas masks to protect themselves
from air pollution. Theywould also have thewherewithal to
purchase bottled water, to dig private wells, and to install
private sewage systems. The well-to-do would be better off
with the general availability of clean air, clean water, and
sewage treatment. Yet, the underlying interrelation between
poverty and disease and the consequent disparity between
the well-to-do and the poor with respect to health status
and life expectancy (Daniels, 2002; Sheehan, 2002; Smith,
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2002) suggest that the economically and socially disadvan-
tagedwould enjoy an even greater benefit from policies that
made these benefits generally available. Furthermore, the
continuous lack of such basic goods as clean air, cleanwater,
and sewage treatment for some, while others enjoy them as
private resources, could promote social instability. The
difference principle is, therefore, an additional reason for
adopting public healthmeasures to provide these services. It
justifies the same policies that would be supported by the
vital importance of the services and the fact that such
services are most feasibly supplied to all at once (i.e., effi-
cacy). This example, therefore, illustrates how different
principles can be just and converge in support of public
health policies.
Overview

To the extent that policy domains covered by different
principles can be legitimately distinguished, a variety of
appropriate and compelling principles can express the
complex and varied considerations that make different
policies just. The just allocation of medical and public
health resources is and should be governed by a variety of
considerations that reasonable people endorse for their
saliency.

Several principles of justice have a legitimate place in
medical and public health allocation, and the just solution
to practical problems in public health should be guided by
meeting mutually supported and compelling concerns.
The principles of justice include: the anti free-rider prin-
ciple, avoid undue burdens, avoid the worst outcome, the
difference principle, efficacy, equality, maximin, provide
public goods, and the vital and constant importance to
well-being. (I do not claim that this list is a full elaboration
of the relevant considerations for justice in medicine and
public health.) To the extent that the scarcity of resources
makes it impossible to fulfill all of the legitimate claims
for a society’s allocation of resources, some principle(s)
will have to be sacrificed and some projects that are
supported by compelling reasons will have to be scaled
down from an ideal level, delayed, or abandoned. When
these hard choices have to be made, they too should be
made for good reasons that reasonable people would
support. Daniels’s relevance condition appears to capture
this aspect of policy setting (Daniels, 2002: 16). In making
difficult choices about the ranking of projects and prio-
rities and the design of policies, different considerations
will have different levels of importance in different kinds
of situations. There is no obvious reason to presume that
one priority will always trump the others. When the
priority of a principle reflects the endorsement of an
overlapping consensus of reasonable people, the justice
of the policy is clear. When large groups of people rank
the competing considerations differently, a significant
consensus on the principles that are irrelevant may
emerge and that consensus can serve as the basis for just
policy. To the extent that flexibility can be supported by
the available resources, policies should show tolerance for
different priorities.

As a general caution, however, public health policy
makers need to be alert to the kinds of illegitimate consid-
erations that can distort and pervert any policy. Common
psychological tendencies can interfere with judgment. For
example, human psychology inclines people to exaggerate
the impact of a loss and also inclines people to underap-
preciate the value of future goods. Prejudice, stereotyping,
the desire to do something, pressing needs made vivid
by individual cases, lack of insight, and lack of foresight
are other common psychological inclinations that can dis-
tort judgment and lead to unjust public health policies.
Furthermore, politics and personal gain may be motivating
elements, but they do not promote reasonable public health
policy. And then there is greed, which can be camouflaged
under seemingly acceptable justifications.

Our recent experience has also taught us lessons about
communication and trust and their importance in the
design and implementation of just public health policies.
After the fall of the World Trade Center Twin Towers,
public health officials from the Environmental Protection
Agency and government representatives failed to honestly
communicate about the danger and misled the public
about the air quality and the need for protection from
the toxic environment. Today, thousands of people who
worked at the site are ill and dying, at least in part because
of the failures to provide full and honest disclosure
(DePalm, 2006, 2007). Apparently, those who made the
decisions to withhold information and to promulgate false
reports were more concerned with promoting political
ends than with promoting the goal of safety – a truly
central human value. Similarly false and misleading
reports before, during, and after Hurricane Katrina cost
lives and exaggerated the tragedy for many. These inac-
curate and misleading communications undermined trust
in government, in public health pronouncements, and in
public health policy. When people believe that they are
being deceived and that the reasons for policies are per-
sonal or political advantage rather than the public good,
they are less inclined to accept the pronouncements and
cooperate with the policy.

In contrast, the honest communication about the flu
vaccine shortage, the clear communication about justifi-
cation for the policies that governed vaccine distribution,
and the efforts to communicate crucial information about
distribution to the public, all contributed to cooperation
with the policy and the success it achieved in avoiding
deaths and serious illness. These examples highlight the
need for full and honest communication and education
about matters of public health and their importance in
promoting justice.
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Conclusion

In sum, it is difficult to achieve justice in public health
policy because there is neither a single ideal governing
principle nor a simple formula for success. A variety of
considerations can legitimately support good policy. For
public health policies to be just, the description of the
situations they aim to address must be accurate and the
reasons behind them must be the ones that reasonable
people would find most compelling and most appropriate.
Policies must reflect the choices that reasonable people
would make and the priorities that reasonable people find
most pressing.

See also: Corruption and the Consequences for Public

Health; Demand and Supply of Human Resources for

Health; Health Finance, Equity in; Resource Allocation:

International Perspectives on Resource Allocation.
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Introduction
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In developed countries, in spite of all our advanced
modalities of care, respiratory diseases make up one of
the four major causes of mortality and morbidity and
their consequent economic costs. In the developing
world, respiratory infectious diseases, compounded by
the arrival of HIV, are still major killers of young and
old alike.
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The care of patients with respiratory problems fre-
quently occurs in the primary care setting, where it may
constitute up to 25% of the caseload. Within hospitals,
generalist physicians treat many patients with pneumo-
nias and other acute infections. Increasingly, specialist
‘respiratory physicians’ are taking on more of this care
in developed countries, given the trend toward specializa-
tion. Practice varies from country to country, for example,
in regard to respiratory intensive care, which may be
undertaken by respiratory physicians, intensive care spe-
cialists, or anesthesiologists.

The origin of respiratory medicine as a clinical disci-
pline derives from the care of patients with tuberculosis
(TB), a scourge that continues to afflict the human race.
Another strong influence arose from the understanding
of pulmonary gas exchange and mechanics developed
in physiology laboratories. Epidemiology has contribu-
ted knowledge of the respiratory effects of air pollution,
from both tobacco smoke and atmospheric pollution. From
these beginnings, and with the enormous explosion of
medical knowledge in the last 30 years, respiratory medi-
cine has expanded and now includes care for a range of
diseases with multiple causes from allergies to zoonoses.
The Burden of Lung Disease

A number of important national and international pub-
lications in recent years have brought together informa-
tion on lung disease to focus attention on the consequent
morbidity, mortality, and economic costs, and to highlight
areas in need of research and health-care investment
(British Thoracic Society, 2001; European Respiratory
Society/European Lung Foundation, 2003).

The authors of the European Lung White Book (2003)
highlight the forecast that in 2020, of 68.3million deaths
worldwide, 11.9million will be caused by lung diseases.
This contrasts with WHO data for 1990, in which
9.4million deaths occurred due to lung diseases. The
increase in respiratory deaths will be largely accounted for
by chronic obstructive pulmonarydisease (COPD),TB, and
lung cancer, disorders that should be preventable with
active public health interventions.

In Europe, respiratory diseases rank second to cardio-
vascular diseases in terms of incidence, prevalence, mor-
tality, and economic costs. Pneumonia, COPD, and lung
cancer are the big three respiratory killers in Western
and Eastern Europe. Across the individual countries,
there is considerable variation in age-standardized death
rates from respiratory diseases, from a high in Kyrgyzstan
(165 per 100 000) to a low in Austria (30 per 100 000), with
a European average of 65 per 100 000 population. Of the
European Union countries, Ireland (120 per 100 000) and
the UK (105 per 100 000) have death rates considerably in
excess of the EU average (57 per 100 000) and of figures
in many Eastern European countries. Why these discre-
pancies exist is not yet clearly understood.

The annual economic burden of respiratory diseases
in Europe is estimated to be €102 billion at year 2000
prices. This includes lost working days (€48.3b); mortality,
rehabilitation, and education (€20.0b); inpatient hospital
care (€17.8b); outpatient/ambulatory care (€9.1b); and
prescription drugs (€6.7b). When analyzed by diagnostic
category, COPD alone was estimated to cost €38.7 billion.
Tobacco: Public Enemy Number One

Tobacco smoking is directly responsible for the morbidity
and mortality resulting from two of the major killer respi-
ratory diseases, lung cancer and COPD. However, we
must not lose sight of the fact that these are only part of
the total sum of damage due to tobacco.

Data accessible on the WHO website (see the section
‘Relevant websites’) reveals that total annual deaths due to
tobacco worldwide will continue to rise over the next
30 years. In industrialized countries, deaths will rise
from 2.1million in 2000 to 3million in the year 2020,
but the rise in developing countries will be more dra-
matic, from a similar baseline of 2.1million deaths in 2000
to a projected 7million by 2030. This may in part reflect
that tobacco continues to be promoted in the developing
world just as industrialized countries are at last starting
to implement vigorous antismoking legislation in many
public places. Major reductions in respiratory deaths
could be expected from reduction in smoking rates at
all ages.
Respiratory Diseases Unrelated to
Tobacco

Respiratory diseases unrelated to tobacco exhibit consid-
erable geographical variation in national prevalence rates
even within Europe, which is taken as an illustrative
example, using the European Lung White Book data. World-
wide, the variations and disease mix may be even more
widely divergent. Of necessity, each will be discussed here
briefly.
Asthma

This common lifelong airways disease affects both adults
and children worldwide. There are major variations in
prevalence, and in Europe, figures for adult prevalence
vary from 0.28% in Georgia to 10–13% in the UK.
A further concern is that asthma prevalence has doubled
in Western Europe in the last 10 years. The prevalence
in teenage children is particularly high, up to 21%, which
bodes ill for the future. Mortality rates due to asthma
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range from 0.54 per 100 000 in the Netherlands to 8.7 per
100 000 in Portugal, suggesting variations in standards of
care. Strategies are needed to deal with both causes
and best management of asthma, especially since it affects
many young people.
Cystic Fibrosis

This disorder is important, as it is the most common,
lethal inherited disease of Caucasian races. National dis-
ease registries exist in North America and a number of
European countries. Lung disease is one of the major
causes of morbidity and mortality in patients with cystic
fibrosis. The cost of care for those with advanced disease
is considerable and in Europe exceeds €29 000 per
annum. Care is often centered in tertiary centers because
of the sophisticated level of care needed for relatively
small numbers of mainly children and young adults.
Interstitial Lung Diseases

Idiopathic pulmonary fibrosis and connective tissue-related
lung disease are probably the most important in this group
of disorders, based on their prevalence and significant
morbidity and mortality. The category as a whole covers
approximately 200 disorders, many extremely rare, that
have been classed as orphan diseases. (A useful contact for
the latter is the register and study group centered in France –
Group d’Etudes et de Recherche sur les Maladies ‘Orphe-
lines’ Pulmonaires; see the section ‘Relevant websites.’)

Idiopathic pulmonary fibrosis data relating to inci-
dence and prevalence are difficult to obtain, partly because
of problems of nomenclature. The European Lung White

Book quotes prevalence figures from a low of 3–6 per
100 000 in the UK to a high of 16–18 per 100 000 in
Finland.

While corticosteroids were used for many years as the
treatment of first choice for idiopathic pulmonary fibrosis,
results were often unsatisfactory. Bouros and Antoniou
(2005) have recently reviewed current and future pro-
spects for treatment.

A significant subgroup of interstitial lung disease
may relate to organic or inorganic dust exposure, so a
careful occupational history is essential when assessing
such cases. Another important subgroup is made up of
iatrogenic pulmonary disorders, especially those related
to the use of chemotherapeutic agents and radiation ther-
apy in cancer treatment.
Occupational Lung Diseases

There is a major information deficit regarding the true
incidence and prevalence of occupational lung diseases.
This is because the occupational component may go
unnoticed and due to the poorly developed state of official
reporting systems in many countries. The range of mani-
festation is wide and includes acute inhalation injuries,
occupational infections, asthma, chronic obstructive pul-
monary disease (COPD), interstitial lung diseases, lung
cancer, and pleural disease, including mesothelioma.

Mesothelioma is of particular concern in industrialized
countries in which asbestos was widely used from World
War II until the 1970s. Given the approximately 30-year
latency between exposure and mesothelioma develop-
ment, it is expected that mesothelioma deaths will con-
tinue to rise until 2020. In Europe alone, it is estimated
that mesothelioma will kill about 250 000 people between
1995 and 2029.

Asthma is now considered to be the most common
occupational respiratory disease in modern societies
and accounts for 5–15% of asthma in young adults.
A careful and complete occupational history should be
included in the assessment of all adult asthmatic patients.

In the absence of publication of national statistics for
occupational lung diseases, it is difficult to make interna-
tional comparisons. Some voluntary reporting registries
exist and can provide useful insights, for example, the
SWORD project coordinated by the Health and Occupa-
tional Network (THOR) in the UK.
Pneumonia

The respiratory tract is the most common site for bacte-
rial infections, of which the pneumonias are of the most
clinical importance. The incidence of pneumonia is high-
est at the extremes of age, and most deaths occur in
the elderly. Although common worldwide, the prevalence
of pneumonia is higher in nonindustrialized and less-
developed countries.

Perhaps one of the most worrying facts is the
growing prevalence of bacterial antibiotic resistance, in
particular, penicillin-resistant Streptococcus pneumoniae.
Physicians need to be aware of local bacterial resistance
information when choosing antibiotics to treat pneumo-
nia. Vaccination of at-risk populations, such as the
elderly, against S. pneumoniae should be part of public health
strategy.

Nosocomial pneumonias constitute an important
problem for hospital inpatients, especially the immune-
compromised or patients post major surgery. The con-
trol of MRSA (methicillin-resistant Staph. aureus) and
multidrug-resistant enterococci requires not only careful
choice of antibiotic for the individual patient but a com-
bined strategy of general hygiene measures, monitoring
of patients and staff for carriage of organisms, adequate
information systems to track all data, clear prescribing
policies, and active measures to prevent cross-infection.

Viral pneumonias are uncommon outside of epidemic
situations. At the time of writing, there is much concern
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about the risk of a pandemic due to emergent strains of
influenza virus, and much discussion of the measures that
may be undertaken to minimize mortality. Based on pre-
vious experience, if a pandemic occurs, it will carry sig-
nificant mortality worldwide.
Sleep Disordered Breathing

Mortality due to obstructive sleep apnea syndrome
(OSAS) and other sleep-related disorders is not recorded
in routine statistics. Given the known association with
fatal road traffic accidents and that OSAS is a risk factor
for hypertension, cardiovascular disease, and stroke, this
information deficit is significant.

Prevalence figures have been estimated at up to about
5–7% of adult males and rather less in women. The
management of OSAS is now a basic component of respi-
ratory specialist services, and with the rise in obesity in
affluent countries, the prevalence figures and resource
requirements are likely to increase.
Tuberculosis

The recent WHO Report (2005) shows a stable or falling
TB incidence in five of the six WHO regions, the excep-
tion being the African region and particularly countries
with higher HIV prevalence rates. In 2003, the TB inci-
dence rate was estimated to be rising by 1.0% per year
globally. In the same year, there were 8.8million new cases
of TB and 1.7million people died from the disease, of
whom 229 000 were coinfected with HIV.

The WHO is strongly promoting the directly observed
treatment strategy (DOTS) to improve outcomes and
reduce the risk of acquired drug resistance. Tuberculosis
remains a major public health issue worldwide.
Important Advances

The last decade has seen the development and/or the
clinical application of several important advances in the
investigation and treatment of respiratory diseases.
Molecular Biology and Genetics

Molecular genetics has already given us the ability to
identify a range of genetic mutations that can lead
to lung diseases, of which a good example is cystic fibrosis.
Suspected cases can now be screened for a range of
specific mutations. Molecular techniques are also applied
for the identification of extrinsic causes of disease, such as
the use of polymerase chain reaction (PCR) to identify
the presence of M. tuberculosis, Pneumocystis carinii, and
other microorganisms.
Similarly, identification of various mediators of inflam-
mation has been followed by the development of mono-
clonal antibodies directed against specific molecules.
These have applications in a range of chronic inflamma-
tory diseases and tumors. In the respiratory field, these
have proved to be a mixed blessing, and whereas mono-
clonal anti-immunoglobulin E (anti-IgE) treatment is
beneficial in asthma, the use of anti-tumor necrosis factor
(anti-TNF) alpha agents for rheumatoid arthritis has been
associated with increased risk of tuberculosis and the need
for particular vigilance. Molecular biology has also been
applied to the production of surfactant and antiprotease to
be used as replacement treatments. Unfortunately, these
are expensive and only have application for relatively rare
conditions, which makes it difficult to foresee their wide-
spread clinical use.
Imaging Techniques and Treatment Innovations

Imaging techniques have been fundamental to the assess-
ment of lung disease for nearly a century. Plain radio-
graphs have been followed by the use of computed
tomography (CT) scanning, and more recently, magnetic
resonance imaging (MRI) and positron emission tomog-
raphy (PET) scans. These modalities can be used for
various lung diseases but play a critical role in the staging
of lung cancer and selection of patients suitable for sur-
gery. Currently, the use of combined PET/CT is being
evaluated and may offer important advantages for this
purpose.

Another new technique is the use of endoscopic ultra-
sound (EUS) or endobronchial ultrasound (EBUS) to
guide needle biopsy of mediastinal lymph nodes for
staging purposes. As Plat et al. (2006) have shown, this
technique can be regarded as complementary to PET.
Although conventional transbronchial node aspiration
(TBNA) has been used for many years, its application
was not widespread. Gasparini points out (2005) that
only about 25% of bronchoscopists actually use the tech-
nique (Figure 1). Ultrasound-guided biopsy offers much
promise but will require resources for training and equip-
ment as well as collaboration between chest physicians
and gastroenterologists.

Other interventional techniques for palliation of lung
cancer, including stent insertion and cryotherapy, electro-
cautery, and laser ablation of tumors, have been devel-
oped, although use is mostly confined to pulmonary
oncology centers. Spiro (2002) has reviewed these
advances as well as recent developments in chemotherapy
for both small cell and nonsmall cell lung cancer.

Turning from lung cancer to the other large and
important area of COPD and respiratory failure, there
has been increasing use of noninvasive positive pressure
ventilation (NIPPV) for management of acute respiratory
failure, considerably reducing the need for tracheal



Figure 1 A real-time puncture of an enlarged lymph node with

the new EBUS-TBNA scope. The tip of the needle can be seen in

the node. Reproduced with permission from Herth FJF and
Eberhardt R (2005) Imaging: Ultrasound in lung disease. Breathe

2: 137–144.
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intubation and intensive care unit (ICU) care. The use of
NIPPV has led to the development of respiratory high
dependency units (RHDU), and guidelines for the orga-
nization of such developments are summarized in the
European Lung White Book. If NIPPV use is expanded for
patients with chronic stable respiratory failure, it will
add to the complex infrastructural requirements for respi-
ratory home care recently described by the American
Thoracic Society (2005).

Lung transplantation programs continue to expand
slowly. The survival of lung transplant recipients lags
behind that of other organ recipients. Improving our
understanding of posttransplant obliterative bronchiolitis
is the focus for efforts to improve survival.
Keeping Up to Date

Continuing medical education (CME) and continuing
professional development (CPD) are now an essential
part of practice internationally. Specialist reaccreditation
programs may be introduced by national regulatory agen-
cies in the coming years. Respiratory medicine, through
its major scientific societies, is actively pursuing this
quality agenda. Close cooperation between the American
Thoracic Society and the European Respiratory Society
has led to the publication of joint position statements on
various topics, providing Internet-accessible information
for the individual physician. For more general medical
information, the up-to-date website offers a very useful
starting point.

See also: Asbestos; Global Burden of Disease; Influenza;

Lung Diseases, Occupational; Outdoor Air Pollution:

Sources, Atmospheric Transport, and Human Health

Effects; Sleep Disorders; Smoking Cessation; Smoking,

The Burden of Mortality of.
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Introduction

Acute respiratory tract infections are important sources of
morbidity, mortality, and loss of workforce days through-
out the world. Patients at the extremes of age or with
preexisting cardiopulmonary disease or immune suppres-
sion are at particular risk. Despite advances in our under-
standing of microbial pathogens and the development of
new antimicrobial agents, acute respiratory tract infec-
tions continue to place an enormous burden on global
health expenditure. Broadly speaking, acute respiratory
tract infections can be divided into infections that pre-
dominantly affect the upper respiratory tract and the
lower respiratory tract. Anatomically, the vocal cords
serve as the dividing line between these two areas with
the upper respiratory tract (nasopharynx, peri-tonsillar
structures, sinuses, larynx, and epiglottis) being proximal
to the cords and the lower upper respiratory tract (bron-
chial tree and pulmonary parenchyma) being below the
cords. Unlike any of the other vital organs, the lung is
exposed daily to a large amount of pathogens present
in air and is potentially vulnerable to infection and
inflammation. For optimal gas exchange, the respiratory
tract has a vast surface area (150m2), a very thin delicate
epithelium, and extensive blood flow. Inherent in this
structure is an enormous immunological burden. The
11 000–15 000 liters of air inhaled daily contain a myriad
of pathogens, pollutants, and allergens. In the normal lung,
many inhaled microbes are trapped in the mucus layer
coating the nasal epithelium and upper respiratory tract.
Once trapped, they can be transported by ciliary motion to
the pharynx and swallowed. For organisms that evade
mucociliary clearance, further protective innate immune
mechanisms act locally to facilitate clearance of inhaled
pathogens and to modulate inflammatory responses. How-
ever, when these respiratory tract defenses are breeched,
infection can occur, sometimes with devastating conse-
quences for the host.
Acute Upper Respiratory Tract Infections
(URTIs)

Acute upper respiratory tract infections (UTRIs) are pre-
dominantly viral in nature. They represent the most com-
mon respiratory complaint accounting for 9% of all
family practice consultations in the United Kingdom
and are the most common category of infectious disease
in the United States. The majority of URTIs are mild and
self-limiting but a small number give rise to more serious
problems, most notably acute epiglottis (a medical emer-
gency) in children and influenza A in elderly patients
debilitated by other illnesses. Although viruses are the
most common pathogens implicated, the physician must
be alert to the possibility of primary bacterial pathogens
or perhaps bacterial super-infection following an initial
viral illness. High fever, prominent constitutional symp-
toms, or a prolonged illness are important pointers toward
a bacterial etiology necessitating antimicrobial therapy.
Some common URTIs are described in the following
paragraphs.
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Acute Coryza (Common Cold)

The common cold is a symptom complex characterized
by nasal congestion, sneezing, rhinorrhoea, pharyngitis,
and cough. Over 200 different viral agents including cor-
onaviruses, respiratory syncytial viruses, parainfluenza,
and influenza viruses are known to cause coryza although
rhinovirus is the most common etiological agent. Trans-
mission is by hand–nose–hand inoculation or by droplet
spread; the incubation period is typically 48 to 72 hours.
The illness may last for up to 1 week but in up to 25% of
patients, it persists for 2 weeks. Immunity is short-lived
and virus-specific; most adults will suffer between 2 and 4
coryzal illnesses annually. Children tend to have more
frequent colds (6–8 per year) and cigarette smokers also
have more frequent viral URTIs. Physical findings are
generally confined to the upper respiratory tract and
include nasal mucosal edema and pharyngeal erythema.
Therapy is principally supportive and includes bed rest,
paracetamol (0.5–1 g, 4–6 hourly) for systemic symptoms
and fever and nasal decongestants in some cases. The
benefits of vitamin C therapy remain unproven (Douglas
et al., 2004; Sasazuki et al., 2006). Similarly, data supporting
the wide use of the plant extract, echinacea, in coryza are
lacking (Linde et al., 2006). Complications of coryza are
predominantly due to secondary bacterial infections such
as sinusitis (0.5% of cases), otitis media (2% of cases),
bronchitis, and pneumonia.
Acute Pharyngitis

Pharyngitis may occur as part of the common cold or as a
separate illness. Etiological agents include viruses but also
bacteria such as group A beta hemolytic streptococci,
Mycoplasma pneumoniae, and Chlamydiae pneumoniae. The
patient presents with sore throat and there is erythema
of the pharynx often accompanied by tonsillar enlarge-
ment. Epstein-Barr virus often affects the pharynx
in infectious mononucleosis and there may be asso-
ciated lymphadenopathy and splenomegaly. A blood film
demonstrates atypical monocytes with positive hetero-
phile antibody testing. Streptococcal pharyngitis may be
complicated by glomerulonephritis or (rarely) rheumatic
fever. With recent advancements in rapid streptococcal
antigen testing, throat culture can be reserved for patients
in whom symptoms do not improve over time or who do
not respond to antibiotics (Vincent et al., 2004). Antibiotic
treatment with oral penicillin may reduce the duration of
illness and prevent suppurative complications such as
pharyngeal abscess.
Acute Sinusitis

Infection of the sinuses causes nasal congestion, purulent
nasal discharge, maxillary tooth discomfort, hyposmia,
and facial pain or pressure that is worse when bending
forward. A variety of organisms may cause acute sinusitis
including viruses. In adults Haemophilus influenza, Morex-

alla catarrhalis, and Streptococcus pneumonia account for 80%
of acute bacterial sinusitis. Anaerobic bacteria are also
implicated. Acute sinusitis is generally treated with
10–14 days of oral antimicrobial therapy with adjunctive
treatments in the form of nasal decongestants and simple
analgesia. Therapy should be based on knowledge of local
patterns of antibiotic resistance, spectrum of activity
against the most common pathogens (including those
that are resistant to penicillins and macrolides), and phar-
macodynamic potency (Benninger et al., 2006). Complica-
tions of acute sinusitis include facial cellulitis, osteomyelitis,
intracranial abscess formation, meningitis, and cavernous
sinus thrombosis.
Acute Epiglottitis

Acute swelling and inflammation of the epiglottis and
aryepiglottic folds is a life-threatening condition usually
caused by virulent strains of Haemophilus influenza type
B. Death may occur from upper airway occlusion and
asphyxiation. It is most common in children aged
2–3 years but can also occur in adults. The illness usually
starts with fever and sore throat progressing rapidly with
voice changes, drooling, stridor, and respiratory distress.
The presence of stridor, voice muffling, rapid clinical
course, and underlying diabetes mellitus have been
shown to correlate with the need for airway intervention
(Katori and Tsukuda, 2005). Direct visualization of the
epiglottis may reveal an edematous, erythematous epi-
glottis projecting over the back of the tongue. Laryngo-
scopic blade examination should be avoided because of
the risk of precipitating total airway obstruction. A lateral
cervical X-ray may show epiglottic swelling (thumbprint
sign). Blood cultures followed by prompt antibiotic
therapy with ampicillin and chloramphenicol, or a third-
generation cephalosporin and skilled invasive airway
management, are the cornerstones of treatment. Orotra-
cheal or nasal tracheal intubation is usually done under
general anesthesia proceeding to tracheostomy if tracheal
intubation is not possible. The role of corticosteroids
in the management of acute epiglottitis has not been
established.
Croup

Croup (acute laryngotracheobronchitis) is usually caused
by viruses such as respiratory syncytial virus, influenza
A and B, rhinoviruses, adenovirus, and measles. It com-
monly occurs between 3months and 3 years of age with a
peak incidence in the second year of life. Patients usually
present with a barking cough and dyspnea following an
upper respiratory tract infection. Supportive treatment
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with inhalation of steam is widely used despite little
evidence (Scolnik et al., 2006). Systemic corticosteroids
have reduced the severity of croup, dramatically reduced
the need for endotracheal intubation, reduced the need
for hospital admission and subsequent length of hospi-
tal stay, and reduced the duration of illness (Fitzgerald,
2006).
Influenza

Influenza is an acute systemic viral illness characterized
by pyrexia, malaise, myalgia, headache, nasal congestion,
and harsh unproductive cough, which may last for several
days. It is caused by a group of RNA myxoviruses (com-
monly types A and B) that are capable of undergoing
frequent spontaneous changes in their hemagglutinin
and neuraminidase surface antigens referred to as ‘anti-
genic drift’ if associated with minor outbreaks or
‘antigenic shift’ if associated with epidemics or pandemics.
The incubation period is 2 to 4 days and viral spread is
via aerosol or mucosal contact with infected secretions.
Morbidity and mortality are significant, particularly at
extremes of age and in those with underlying cardiorespi-
ratory disease. Viral impairment of mucociliary clearance
and macrophage function promotes secondary bacterial
infection resulting in pneumonia, bronchitis, or otitis
media caused by such organisms as Staphylococcus aureus,
Streptococcus peumoniae, and Haemophilus influenzae. Therapy
is mainly symptomatic with antipyretics, bed rest, and
fluids. Amantadine may ameliorate the symptoms of
influenza A if given within the first 24 to 48 h. It may
also be used prophylactically in high-risk individuals
in epidemics; however, resistance to this agent is emerging
(Bright et al., 2005). Annual vaccination is recommended
for those with underlying cardiopulmonary disease, renal
failure, diabetes, and elderly populations living in nursing
homes.
Acute Lower Respiratory Tract
Infections (LRTIs)

Acute lower respiratory tract infections (LRTIs) can be
divided into those that affect the airways giving rise to
bronchitis and those that give rise to pulmonary paren-
chymal inflammation in the form of pneumonia. As in the
upper respiratory tract, both viral and bacterial pathogens
are implicated. LRTIs can range in severity from a mild
short-lived episode in an otherwise healthy person to a
severe life-threatening illness.
Acute Bronchitis

Acute bronchitis is inflammation of the large conducting
airways. It is one of the most common diagnoses made by
primary care clinicians and emergency department phy-
sicians. Cough with or without purulent sputum in asso-
ciation with URTI symptoms suggest the diagnosis of
acute bronchitis in an otherwise healthy patient. Bronchi-
tis may present in a manner very similar to pneumonia
differing only by the absence of signs of consolidation on
chest examination and absent chest X-ray findings. Respi-
ratory viruses appear to be the most common cause of
acute bronchitis; however, the organism responsible is
rarely identified in clinical practice because viral cultures
and serologic assays are not routinely performed. Influ-
enza A and B, coronavirus, rhinovirus, herpes simplex,
parainfluenza, and respiratory syncytial virus have all
been implicated. Acute bronchitis is a self-limited respi-
ratory disorder, and when the cough persists for more than
3 weeks, other diagnoses must be considered. In the pres-
ence of underlying chronic pulmonary disease the mani-
festations and etiologic agents differ considerably from
those seen in the normal host. Bacterial etiologies
include H. influenzae, pneumococcus, M. pneumoniae, and
B. catarrhalis. B. catarrhalis bronchitis is associated with
impaired host defenses and is commonly seen in cigarette
smokers or those with preexisting cardiopulmonary dis-
ease. Prolonged or high-grade fever is unusual with
uncomplicated bronchial infections. Substernal burning
or discomfort may be present together with wheeze and
rhonci from large airway irritation. Recurrent bouts of
acute bronchitis in children should prompt consideration
of an underlying immune disorder or respiratory disorder
such as cystic fibrosis. Supportive therapy with analgesia,
antipyretics, adequate hydration, and assistance with
expectoration of viscid secretions may be required. Anti-
microbial treatment in acute bronchitis is controversial.
The benefits of such treatment have been marginal in
many studies, perhaps because of the viral nature of
many cases. However, more recent guidelines from the
American College of Chest Physicians suggest that wide-
spread use of antibiotics for the treatment of acute bron-
chitis is not justified, and efforts to curtail their use should
be encouraged (Braman, 2006).
Pneumonia

Pneumonia may be defined as inflammation of the sub-
stance of the lungs and the term generally implies paren-
chymal inflammation caused by infection. Globally it is
estimated that 5million children under the age of 5 years
die from pneumonia each year (95% in developing
countries). There are approximately 4 million cases of
community-acquired pneumonia (CAP) annually in the
United States, 800 000 of which require hospital admis-
sion. Pneumonia is the sixth leading cause of death in the
United States and is the most common cause of death from
infectious diseases. In the United Kingdom, the incidence
is 12 cases per 1000 population per year. About 1 case per



Table 1 Pathogens causing community- and hospital-

acquired (nosocomial) pneumonia

Community-acquired
pneumonia (CAP)

Hospital-acquired
pneumonia

Strep. pneumoniae (60%) Gram negative bacteria (50%)

Haemophilus influenza (10%) Staph. aureus (20%)

Mycoplasma pneumoniae (10%) Strep. pneumoniae (15%)
Viral (10%) Anaerobes and fungi (10%)

Staph. aureus (3%) Others (5%)

Legionella pneumophilia (2%)

Others, e.g., Chlamydia
pneumoniae (5%)
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1000 requires hospital admission with approximately 10%
of these cases requiring intensive care admission. Admis-
sion rates are higher in the elderly (9.62 per 1000 cases).
About 25% of all deaths in the elderly are related to
pneumonia although this is often the terminal illness in
patients with serious concomitant disease. In the outpa-
tient setting, mortality rates for pneumonia remain low, in
the range of less than 1–5%. In patients requiring hospi-
talization, the mortality rate approaches 12% overall, but
increases in specific populations such as those with bac-
teremia and those from nursing home settings. Pneumonia
necessitating intensive care admission has a mortality rate
approaching 40% overall.

Classification of pneumonia

Pneumonia can be classified according to the site affected.
It can be localized, affecting just one lobe or segment
(lobar), or diffuse, affecting lobules and bronchi and
bronchioles (bronchopneumonia). In general terms, lobar
pneumonia is seen in previously healthy people while
bronchopneumonia is more common in the elderly or
those with underlying lung disease. Pneumonia is also
classified according to etiology, for example, bacterial,
viral, fungal, atypical, chemical, radiation, and allergic.

A further classification in widespread clinical use is
based on the original source of infection. CAP is defined
as acute pulmonary parenchymal infection in a person
who has not been hospitalized in the preceding 14 days or
is not a resident in a nursing home or long-term care
facility. Hospital-acquired (nosocomial) pneumonia is
defined as pneumonia occurring 48 hours after hospital
admission. It is estimated to occur in 1% of all patients
admitted to the hospital and carries a mortality rate
approaching 33%. Up to 60% of patients in the intensive
care setting develop pneumonia while being ventilated
and this form of pneumonia is referred to as ventilator-
associated pneumonia (VAP). The spectra of causative
organisms in CAP and nosocomial pneumonia are
shown in Table 1.

Clinical features

Patients with pneumonia may present with a constellation
of symptoms and signs. Fever or hypothermia is present in
about 40–50% of cases. Other symptoms include rigors
(15%), pleuritic pain (30%), and new cough with or
without purulent sputum (80%). Examination may reveal
auscultatory crackles (80%), signs of consolidation (30%),
tachypnea (45–70%), and tachycardia (50%). These symp-
toms and signs may be masked or absent in the elderly.

The initial approach to the patient with pneumonia
should include an assessment of severity and the need for
hospitalization, identification of a likely pathogen, and insti-
tution of empiric antibiotic therapy. Specific clues to the
likely etiology can often be obtained from history and
physical examination and these are summarized inTable 2.
Investigations

Patients with mild pneumonia are usually treated in the
outpatient setting and require less investigations than
those with more severe pneumonia. The main objectives
of investigation in a patient with a clinical diagnosis of
pneumonia are to obtain radiological confirmation of the
diagnosis, to exclude other conditions that mimic pneu-
monia, to obtain a microbiological diagnosis, to assess the
severity of the pneumonia, and to identify the develop-
ment of complications. These investigations should
include the following:

. Chest X-rays confirm the diagnosis by demonstrating
areas of consolidation and may help detect complica-
tions such as lung abscess or parapneumonic effusion.
Examples of chest X-ray changes in pneumonia are
shown in Figure 1.

. Sputum Gram stain and culture may help identify a
causative organism but prior antibiotic therapy and con-
tamination by oropharyngeal flora may limit their use.

. Blood cultures should be performed in all cases of
pneumonia necessitating hospital admission. They are
positive in about 30% of cases of pneumococcal pneu-
monia and in 15% of cases of pneumonia over all.

. Serological testing may allow a retrospective diagnosis
of the infecting organism if a rising titer is found
between acute and convalescent samples. This is most
useful for certain viruses and ‘atypical pneumonia’
organisms such as Mycoplasma pneumoniae.

Severe CAP is considered as pneumonia requiring
intensive care unit (ICU) admission. However, no gener-
ally accepted definition of severe pneumonia is available
and criteria for ICU admission remain undetermined.
Each case must be assessed individually. The British Tho-
racic Society (BTS) criteria for severe pneumonia include
two or more of the following clinical signs and laboratory
data: hypotension (systolic blood pressure < 90mmHg,
diastolic blood pressure < 60mmHg), tachypnea (respi-
ratory rate > 30 breaths/min), and confusion or disorien-
tation. Laboratory indices indicative of more severe
infection include leukopenia or leukocytosis (WCC



Table 2 Pathogens causing pneumonia in specific settings

Clinical clues Likely pathogens

Residence in a nursing home, COPD/CCF (congestive
cardiac failure), recent antibiotic therapy

Enteric Gram-negative bacteria

Age> 65, beta-lactam therapy within 3 months,

alcoholism, immunosuppression, comorbid illness

Drug-resistant Strep. pneumoniae

Bronchiectasis, steroid usage, broad-spectrum
antibiotics for>7 days in past month

P. aeruginosa

Diabetes Pneumococcus, Staph. aureus

Alcoholism Pneumococcus, Klebsiella pneumoniae, S. aureus, Gram negatives

(aspiration), chemical pneumonitis
Chronic obstructive pulmonary disease Pneumococcus, Haemophilus influenza, Moraxella catarrhalis

Postinfluenza Staph. aureus, pneumococcus

Exposure to psitacine birds Chlamydiae psitacii
Intravenous drug abuse S. aureus, anaerobes, TB, PCP

Immunocompromised Pneumocystis, cytomegalovirus, adenovirus, herpes simplex, Legionella,

S. aureus, pneumococcus, opportunistic mycobacteria, tuberculosis

Endobronchial obstruction Anaerobes
Contaminated air conditioning Legionella pneumophilia

Postsplenectomy Pneumococcus, Staph. aureus, Haemophilus influenza

(a) (b)

(c)

Figure 1 Examples of chest X-ray appearances in pneumonia:

(a) right upper lobe pneumonia demonstrating air bronchograms,
(b) left lower lobe pneumonia, (c) right middle lobe pneumonia

demonstrated on PA and lateral chest radiograph.
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< 4000� 109/l or >20 000� 109/l), a raised blood urea
(>7mmol/l), acidosis (pH< 7.35) and hypoxia (PaO2< 8
kPa). Other poor prognosticators include age greater than
65, significant comorbidity (e.g., diabetes, congestive car-
diac failure [CCF], COPD, immunocompromise, malig-
nancy, chronic renal failure, malnutrition, alcoholism, and
cerebrovascular accident). Patients who have been hospi-
talized within the previous year and those with an extra-
pulmonary site of infection are also at risk of poorer
outcomes. Anemic patients (hemoglobin < 9 gm/dl) and
those with evidence of sepsis or organ dysfunction as
manifested by metabolic acidosis or coagulopathy have
less favorable outcomes.

Admission to the ICU is most often because of require-
ment for mechanical ventilation or inotropic support,
either on admission or following failure to improve or
clinical deterioration with conventional therapy. The use
of noninvasive ventilation, particularly in pneumonia
occurring in the COPD population, may support some
patients sufficiently to avoid ICU admission. The American
Thoracic Society (ATS) guidelines for admission to ICU
include either of the following two major criteria: the
need for mechanical ventilation or the presence of septic
shock; or two out of three of the following minor criteria:
multilobar disease, PaO2:FiO2 ratio less than 250, or a
systolic blood pressure less than 90mmHg.
Therapy for pneumonia

Guidelines from the ATS, European Respiratory Society
(ERS), and BTS all recommend empiric treatment for
pneumonia based on likely pathogens. All populations
should be treated for the possibility of atypical infection
with a macrolide alone in the outpatient setting or an
intravenous macrolide in hospitalized patients who have
no risk factors for drug-resistant Strep. pneumoniae (DRSP),
Gram-negatives, or aspiration. Outpatients or non-ICU
inpatients with risk factors should be treated with a beta-
lactam and macrolide combination or a fluoroquinolone
alone. Both regimens are therapeutically equivalent. In out-
patient treatment of the more complicated patient, fluoro-
quinolone monotherapy may be more convenient than the
beta-lactam/macrolide combination. ICU patients should
be treated with beta-lactam and macrolide or quinolone
using two antipseudomonas agents in at-risk patients.
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Conclusion

Acute upper and lower respiratory tract infections are
very common causes of morbidity and mortality world-
wide. In this chapter, we have reviewed the various clini-
cal presentations, diagnostic approaches, likely etiological
agents, and therapeutic considerations for patients who
present with acute respiratory tract infections. With the
emergence of antimicrobial resistance among many respi-
ratory viral and bacterial pathogens, acute infections of
the respiratory tract are likely to continue to pose a
significant global health burden in the future. Judicious
and appropriate use of antibiotics together with research
that improves our understanding of microbial pathogenic-
ity and resistance may help combat such infections and
reduce unfavorable outcomes.

See also: Chronic Obstructive Pulmonary Disease;

Obstructive Sleep Apnea; Respiratory Diseases: Over-

view; Severe Acute Respiratory Syndrome (SARS);

Tuberculosis: Overview.
Citations
Benninger MS, Desrosiers M, and Klossek JM (2006) Management of
acute bacterial rhinosinusitis: Current issues and future perspectives.
International Journal of Clinical Practice 60(2): 190–200.

Braman SS (2006) Chronic cough due to acute bronchitis: ACCP
evidence-based clinical practice guidelines.Chest 129(supplement 1):
95S–103S.

Bright RA, Medina MJ, Xu X, et al. (2005) Incidence of adamantane
resistance among influenza A (H3N2) viruses isolated worldwide from
1994 to 2005: A cause for concern. Lancet 366(9492): 1175–1181.

Douglas RM and Hemila H (2004) Vitamin C for preventing and treating
the common cold. Cochrane Database of Systematic Reviews (4):
CD000980.
Respiratory Syncytial Virus
S Junge, University Children’s Hospital, Zürich, Switzerla
D J Nokes, KEMRI Wellcome Trust Research Programme
E A F Simões, Division of Infectious Diseases, Departmen
Health Sciences Center and The Childrens Hospital, Denv
M W Weber, World Health Organization, Geneva, Switzer

ã 2008 WHO. Published by Elsevier Inc. All rights reserved.

Introduction

Respiratory syncytial virus (RSV) is the most important
cause of acute lower respiratory tract infection in young
children worldwide. Generally, around a quarter of
childhood admissions to hospitals with acute respiratory
Fitzgerald DA (2006) The assessment and management of croup.
Paediatric Respiratory Reviews 7(1): 73–81.

Katori H and Tsukuda M (2005) Acute epiglottitis: Analysis of factors
associated with airway intervention. Journal of Laryngology and
Otology 119(12): 967–972.

Linde K, Barrett B, Wolkart K, Bauer R, and Melchart, D (2006)
Echinacea for preventing and treating the common cold. Cochrane
Database of Systematic Reviews (1): CD000530.

Sasazuki S, Sasaki S, Tsubono Y, Okubo S, Hayashi M, and Tsugane S
(2006) Effect of vitamin C on common cold: Randomized controlled
trial. European Journal of Clinical Nutrition 60: 9–17.

Scolnik D, Coates AL, Stephens D, Da Silva Z, Lavine E, and Schuh S
(2006) Controlled delivery of high vs low humidity vs mist therapy for
croup in emergency departments: A randomized controlled trial.
Journal of the American Medical Association 295(11): 1274–1280.

Vincent MT, Celestin N, and Hussain AN (2004) Pharyngitis. American
Family Physician 69(6): 1465–1470.
Further Reading
American Thoracic Society (2001) Guidelines for the management of
adults with community-acquired pneumonia. American Journal of
Respiratory and Critical Care Medicine 163: 1730–1754.

American Thoracic Society (2005) Guidelines for the management of
adults with hospital-acquired, ventilator-associated, and healthcare-
associated pneumonia. American Journal of Respiratory and Critical
Care Medicine 171: 388–416.

British Thoracic Society Standards of Care Committee (2001) BTS
guidelines for the management of community acquired pneumonia in
adults. Thorax 56(supplement 4): iv1–iv64.

European Respiratory Society Task Force Report (1998) Guidelines for
management of adult community-acquired lower respiratory tract
infections. Euopean Respiratory Journal 11(4): 986–991.

Murray JF and Naidel JA (2005) Murray and Nadel’s Textbook of
Respiratory Medicine e-dition, Part III, Section I Infectious Diseases of
the Lungs, 4th edn. Philadelphia, PA: Saunders.

Niederman MS and Sarosi JA (2005) Respiratory tract infections.
In: George RB and Light RW (eds.) Chest Medicine: Essentials of
Pulmonary and Critical Care Medicine, 5th edn., pp. 352–399.
Philadelphia, PA: Lippincott, Williams & Wilkins.
nd
, Kilifi, Kenya
t of Pediatrics, The University of Colorado at Denver and
er, CO, USA
land

infections are due to RSV. Severe infections are most
common in the first year of life, and RSV causes a char-
acteristic disease entity called bronchiolitis. RSV was
identified first in 1956 in a group of chimpanzees and
accordingly called chimpanzee coryza agent (CCA), but
was later documented to be a mainly human pathogen.
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Because no specific treatment is available, prevention
through vaccine development is a high priority.
The Organism

RSVis amedium-sized envelopedRNAvirus (Figure 1). It
is classified in the family of viruses called Paramyxoviridae,
and in the genus Pneumovirus. Bovine, ovine, and caprine
respiratory syncytial viruses, pneumonia virus of mice, and
turkey rhinotracheitis virus also belong to this genus. The
genome of RSV contains genes for ten main proteins. The
two main surface proteins that are important for the gen-
eration of an immune response are the fusion protein (F
protein, 70 kDa) and the attachment glycoprotein (G pro-
tein, 90 kDa). Two groups of RSV strains have been identi-
fied using monoclonal antibodies, which are called group
A and group B. Theydiffer predominantly in theG protein;
the F protein is well conserved between groups. RSV is a
relatively unstable virus. At 4 �C, only 1% of infectivity
remains after 1week. The virus withstands freezing and
thawing poorly. In culture, RSV grows best in human
diploid cell lines such as Hep-2 or HeLa cells. The charac-
teristic cytopathic effect of RSV in cell cultures is syncytia
formation, from which the virus derives its name. RSV is
predominantly a human virus, although RSV has also been
recovered from chimpanzees, cattle, goats, and sheep.
Nucleocapsid complex
containing RNA genome

Lipid envelope

G

F

Surface glycoproteins

Figure 1 Respiratory syncytial virus. Reproduced from Smyth

RL and Openahaw PJ (2006) Bronchlolitis. Lancet 366: 312–322,

with permission from Elsevier.
Epidemiology

The epidemiology of RSV infection and its associated
disease is determined, as for all infectious diseases, by
factors that influence the rate of transmission of the
virus from host to host, the development of specific
immunity to reinfection within a host, and the association
between infection and disease.

RSV is characterized by recurrent epidemics (Figure 2).
This behavior of the virus in the population clearly sug-
gests that following infection there is a refractory period
(wherein new infection will not occur in a given individ-
ual), leading to a reduction in the susceptible pool, which
thus constrains the continued spread of virus. Subse-
quently, between epidemics, there is a regeneration of the
susceptible population, allowing another epidemic, and so
the cycle continues (Figure 3). Replenishment of the sus-
ceptible population pool adequate to support each epi-
demic cycle results from at least two processes.
Individuals totally susceptible to RSV (i.e., naive) accumu-
late through birth, following the loss of maternally derived
passive protection. In addition, at least some, and probably
most, of those recovered from infection again become
susceptible to reinfection after a period of time. Further-
more, epidemic cycles are probably influenced by the
levels of group (A and B) specific and cross-immunity
which may favor transmission of one group over another
according to recent dominance patterns. In the time series
from Finland shown in Figure 2, the two variants show
regular alternating dominance of two close epidemics of
predominantly Group A, followed by two close epidemics
of Group B, and so on. Data for England show a different
pattern, with cycles of two epidemics of predominantly
Group A, followed by only one of Group B.

Understanding what form of immunity follows infec-
tion and to what extent it wanes, is of considerable impor-
tance to understanding the transmission dynamics and
persistence of RSV in human populations as well as vac-
cine development. The contribution made to transmission
by those experiencing their first infection and those rein-
fected (Figure 3) depends on the relative numbers, the
infectivity (duration and load of shedding), and the dif-
ference in contact patterns of each.

Most reported data for RSV is of disease occurrence,
e.g., hospitalizations (Figure 2), and not of infections
per se. Furthermore, these cases tend to be predominantly
infants and young children, most experiencing their first
infection. Evidence suggests that 60–70% of children will
be infected with RSV in their first epidemic. Hence what
is observed each year is largely hospitalizations of primary
cases in children born since the previous epidemic (and
having lost protective levels of maternal antibody) or who
escaped infection in their first epidemic season. Conse-
quently, observed cases probably represent the tip of an
iceberg of total transmission in the community. Studies of
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Figure 3 Most simple schema (model) of RSV transmission
dynamics. The rate of transmission (incidence) is related to the

size of the pool of susceptible individuals (naive or recovered and

partially susceptible) and to the prevalence of infected individuals

including both primary infections in naive susceptible children
and reinfections of individuals previously recovered. The

prevalence of infected individuals will be dependent upon this

rate of transmission and the rate of recovery (inversely related to
the duration of infection). Individuals recovered from infection will

typically have partial immunity to reinfection, and upon infection

will typically be less infectious, or be infected for shorter duration,

than infected naive susceptible individuals. This partial immunity
may wane through time. Disease will be related to infection

history, that is, whether this is the primary or a reinfection (as well

as other factors such as age or perhaps the strain of virus).

Deaths from each compartment, and a compartment for
newborn with maternal passive protection, are not shown.
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individuals within the community, households, and insti-
tutions show repeated infections to be frequent in a wide
cross-section of ages.

Between epidemics, cases may fade out entirely
(Figure 2). It is unknown how the virus persists at these
times; whether, for example, there is prolonged infection
in a small proportion (e.g., immunocompromised), contin-
uous but subclinical reinfections, or reintroduction from
outside the population.

RSV has been isolated from primates (hence the original
name of chimpanzee coryza virus) and ruminants. However,
transmission is thought to be solely human to human
and there is no evidence of reservoir hosts to account for
persistence in the absence of observed human cases.
Seasonality

Epidemics of RSV show strong seasonality. This entrain-
ment of epidemics to fixed periods of the calendar rather
than irregular times indicates a periodic forcing of epi-
demics. While in general there is on average one epidemic
per year, the pattern may differ, for example in some
Scandinavian and northern European countries (Figure 2).
The reasons for this variation are unclear. In temperate
and Mediterranean climates, outbreaks occur mainly
during the winter months, extending into spring. This
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temperature-dependent pattern appears to be independent
of the rainfall pattern. In areas with tropical or subtropical
climates and seasonal rainfall, RSVoutbreaks are associated
frequently with the rainy season, and not with the colder
season.The peakof RSV transmission is usually 1–2months
after the onset of the rains. Outbreaks are usually sharp in
onset and last between 2 and 5months. In southern Africa,
it has been shown that two populations located within
200 km and with the same climate have RSV epidemics
occurring completely out of phase, and on tropical islands
RSV may be present all year round. It is possible that a link
with climatic patterns arises via its influence on social
behavior. It has been demonstrated for measles, another
member of the paramyxovirus family, that it is the timing
of school opening and closing that triggers epidemics. This
has not been shown for RSV. Furthermore, in The Gambia
measles epidemics occurred out of phase with RSV. There
is some anecdotal evidence of an association between RSV
outbreaks and local festivals.
y-axis. The outbreak was composed of at least four different RSV

strains, three of which belonged to subtype A (indicated as G1–3)

and one to subtype B. Secondary cases (found on the

compounds of index cases) are indicated in small letters.
Geographical Spread

Molecular epidemiological studies and phylogenetic ana-
lyses can assist in understanding global patterns. RSV
appears ubiquitous in human communities. Globally,
RSV epidemics occur as seasonal clusters with starting
months differing from region to region and appearing to
spread out from coastal foci (low altitude, and perhaps an
association with population size as major cities are located
proximate to the coast). It appears, however, that con-
tiguous spread from a point source is not the case, as
genetically very similar strains arise simultaneously in
geographically widely separated locations. Instead, tempo-
ral patterns in epidemic clusters are interpreted as sequen-
tial independent outbreaks arising as conditions for spread
become favorable. The spread of an epidemic composed of
viruses of different strains in The Gambia is shown in
Figure 4. The ability of the virus to spread rapidly globally
within the space of 2–4 years has been well documented, as
in the case for a variant of RSV Group B with a signature
60-nucleotide duplication in the attachment G gene.
Age Distribution

The peak incidence of hospitalized cases of RSV is in the
age group 2–5months, with some variation between epi-
demic years. Serological studies suggest that about half of
all children are infected during the first year of exposure,
and that almost all have been infected after the second
outbreak that they encountered. Studies show that primary
infection tends to be most severe, with the vast majority of
infection resulting in clinical signs and in around 20–40%
of cases involving the lower respiratory tract. Around 1%
of all infants are hospitalized with RSV – irrespective of
whether they reside in industrialized or low-income
countries, which is a tremendous global public health
burden. Subsequent reinfections are progressively less
severe. The relationship between age and severity is prob-
ably the result of development of acquired immunity to
disease but also a function of size of a child’s airways, which
may be more compromised by the inflammation of infec-
tion when smaller (see description of the section titled
‘Immunity and pathogenesis’ below). The relative impor-
tance of the two factors is difficult to tease apart.

The best estimates of the incidence of RSV lower
respiratory tract infections are around 150–240 cases per
1000 child years in infancy, determined from commu-
nity cohort-based studies in developed and developing
countries. Estimates from hospital out-patient or admission
data are in general markedly lower at 10–30 cases per
1000 years in infants, other than for North American native
peoples (who have a higher incidence described). Hospital
data clearly suffer from the inherent bias of underreporting
due to inequality of access to health services.
RSV Infection in Elderly People

Recent work has highlighted an important contribution of
RSV to flu-like disease in adults and the elderly. Out-
breaks have been described in nursing homes, affecting a
high percentage of residents, with complications occur-
ring in up to 15% of the infected persons. Epidemiologi-
cal studies correlating RSV outbreaks with excess deaths
from respiratory infections indicate that RSV might be as
important a cause of increased mortality in elderly people
as influenza.
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Sex Distribution

Boys are more commonly affected by severe disease, on
average two-thirds of hospitalized children are male. This
male preponderance corresponds to the generally higher
incidence of acute respiratory infections of any etiology in
boys. However, in mild disease the distribution between
sexes is equal.
Transmission

RSV is shed in respiratory secretions and transmitted to
other individuals via large droplets (not via aerosol) or by
contamination of materials or surfaces (fomites). The
virus has short-term viability in the environment. Given
this requirement for relatively close contact (compared
with measles or rubella where virus is transmitted in
aerosol form), it is perhaps surprising that RSV spreads
so rapidly through a population, such that the vast major-
ity of children are infected by the end of their second year
of life. Transmission is clearly dependent upon specific
human behavior, and in particular the contact patterns
within schools and within the home will predispose to
transmission. School-age siblings are a major risk factor
for household introduction, and the infection rate is
increased by daycare attendance.

The duration of shedding and the shedding load will
both contribute to the capacity of the infection to spread.
Data suggest that primary infected children tend to spread
for longer period at higher levels of shedding than older
individuals (presumably undergoing reinfections), hence
per capita their contribution to transmission will be greater.

Transmission occurs mainly from older children, who
infect young infants. The incubation period of illness from
RSV has been reported as being between 2 and 8 days,
most commonly between 4 and 6 days.
Risk Factors and Risk Groups

Risk factors

Studies in industrialized countries have reported that risk
factors for hospitalization with acute lower respiratory
tract infections caused by RSV are lack of breastfeeding,
crowding, a low level of maternal education, the presence
of atopy or asthma in the parents, and parental smoking.
From developing countries, one published study from
The Gambia confirmed the role of crowding as a main
risk factor, but most of the other factors found were minor
in their importance and did not appear to lend itself to
public health interventions.

High-risk groups

Children most likely to develop a severe course of illness
are those with underlying medical conditions: Premature
infants, those with congenital heart disease, chronic lung
disease and prematurity, other chronic lung disease, and
those with immunosuppression.
Malnutrition

In developing countries, most of the children hospitalized
with RSV are not visibly malnourished, and several stud-
ies indicate that malnutrition is less of a risk factor for the
development of severe RSV infection than for respiratory
infections of other etiologies.

A summary of transmission and protective character-
istics is made in Table 1.
Immunity and Pathogenesis

Following RSV infection, the human immune system
produces both serum and mucosal IgM, IgA, and IgG
antibodies. Primary RSV infection induces IgM response
in 5–10 days and IgM antibodies usually persist for
1–3months. The maximal response of IgG antibody occurs
within 20–30 days after the onset of symptoms. By 1 year,
RSV-specific IgG levels have declined to low levels. The
serum IgA response occurs several days later than IgM and
IgG responses. During RSV infection, free RSV-specific
IgE and cell-bound IgE are found in nasopharyngeal aspi-
rates. RSV structural proteins are important determinants
of antibody responses. Studies showed that responses to the
F protein of RSV were often cross-reactive with different
RSV strains, whereas antibody responses to the G protein
were subgroup-specific. Primary immune responses against
RSV is relatively ineffective, but after reinfection a signifi-
cant booster effect is noted.

Besides antibody production, immune response to
RSV infection leads to specific cell-mediated changes
such as lymphocyte transformation, cytotoxic T cell
responses, and antibody-dependent cellular cytotoxicity.
Cell-mediated immune responses include both CD4þ and
CD8þTcells and T helper-1 (Th1) and T helper-2 (Th2)
type cell responses. Th-1 cell responses are characterized
by high levels of interferon-gamma production, the typi-
cal response seen in viral infections. In contrast, asthma
and atopy are typically characterized by Th-2 cells pro-
ducing interleukin 4 and interleukin 5. In some studies,
analysis of nasal lavage and peripheral blood samples from
RSV-infected children showed reduced interferon-
gamma: Interleukin 4 ratios in infants with acute wheez-
ing compared to children with signs of upper respiratory
tract infection alone. These data are consistent with
excessive Th-2 and deficient Th-1 immune responses in
RSV bronchiolitis. During the course of RSV infection,
IgE antibodies interact with mast cells with subsequent
release of inflammatory mediators. The interaction
between RSV and the respiratory epithelium also results



Table 1 Factors associated with transmission of and protection against RSV: A summary of findings from studies

Factor Findings and comment

Virus
Source Human. Isolated from ruminants, chimpanzees, but animals not believed to be important for

transmission.

Transmission and viability of

the virus

Transmission by large droplets, small droplets are inactivated quickly.

Maximal stability at 60% humidity, less stable at 30% and 80% humidity.
No infection was detected in volunteers more than 6 ft away from infected infants.

Incubation period On average 5days (range, 2–8days).

Shedding of virus The virus can be shed for prolonged periods. The mean duration of shedding until patients were

virus-negative was the first 7 days of hospitalization with a range of 1–21days.
Immunity
Neonatal: maternal antibody Earlier infection was observed in infants with low maternal antibody levels and the risk of

reinfection was inversely related to the level of neutralizing antibodies in the serum.
Breast milk Neutralizing activity against RSV was measured in milk samples from 17 healthy women whose

infants had an acute infection with RSV and from 27 women with healthy infants. All milk

samples were obtained 2–8 months post partum. Neutralizing activity was detected in 36

samples. No major difference in neutralizing titers was observed between the two groups, and
the titers were low.

Infection and reinfection rates
Infection and reinfection rates Virtually all children had been infected at least once by 24months of age, and about one-half had

experienced two infections. During epidemics, the attack rate for first infection was 98%. The
rate for second infections (75%) was modestly reduced (p< 0.001); the rate for third infections

was 65%. Amelioration of illness in subsequent attacks was reported.

Reinfection by age group 5–9 years of age: 19.7%
10–14 years: 16.9%

15–19 years: 10.1%

adults: 3–6% reinfection per year.

Infection within families An infant’s older sibling appears most likely to introduce the virus into the family. Infection within
families almost approach 50%.

Subtypes
Cross-protection Infection with subgroup A strains of respiratory syncytial virus provided some protection from a

second infection with the homologous, but not the heterologous, subgroup of the virus. In a
different study, primary group A infection elicited antibodies cross-reactive with group B virus.

Circulation Patterns of yearly outbreaks vary between sequential years with (1) strong predominance of group

A strains, (2) relatively equal proportions of group A and B strains, and (3) strong predominance
of group B strains.

Severity of disease
Lower respiratory infections Although lower respiratory tract disease was common, admission rate was maximum among

infants aged 1–3months.
Sex distribution Although amild preponderance for infection of males is described, infection rates for mild infection

are equal.

Risk factors
Crowding Crowding and living in more deprived groups of society were independent risk factors for

infection.

Socioeconomic class

Seasonality
Winter In temperate climates.
Rainy season In most tropical climates with seasonal rain fall.

Fluctuations between early and

late outbreaks

Early outbreaks alternating with late outbreaks in different years in countries with temperate

climate between December and March.
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in the release of a variety of cytokines and chemokines,
thereby mobilizing other cells to the site of disease.

Like many viruses, RSV is able to control and manip-
ulate the host in order to escape its immune response.
Major RSV structural proteins share structural homology
with human proteins. RSV glycoprotein G binds the
human CX3CR1 chemokine receptor, potentially facili-
tating chemotaxis of inflammatory cells. The RSV fusion
protein binds Toll-like receptor 4 (TLR4), upregulates
surface expression of TLR4 on bronchial epithelial
cells, and sensitizes airway epithelial cells to bacterial
endotoxin and other TLR4 ligands. Once RSV has
infected a cell, it rapidly synthesizes nonstructural pro-
teins that cause species-specific resistance to certain
interferons.

Pathological changes in the lungs of children who
have died of RSV bronchiolitis include a peribronchiolar
mononuclear infiltration, necrosis of the epithelium of



Figure 5 Six-week-old twins with bronchiolitis caused by RSV.

Both showmarked lower chest wall indrawing, the twin on the left

is receiving oxygen by nasopharyngeal catheter because of
hypoxemia. Photo by Martin Weber.
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the small airways, plugging of the lumina of the small
airways, and hyperinflation and atelectasis.

The relation between RSV infection and subsequent
episodes of wheezing has been consistently shown in clini-
cal studies. By contrast, uncomplicated common colds and
other common viral infections in early childhood seem to
protect against wheeze. The increased bronchial reactivity
seen in RSV infection may be due to anatomic restrictions
of the neonatal bronchial tree or tissue damage produced by
the infection itself or ongoing inflammation after the symp-
toms of acute disease have resolved. There is no clear
explanation for the association between RSV bronchiolitis
and recurrent wheeze in later life. Lower than normal lung
function prior to RSV infection is a risk factor for the
development of bronchiolitis. RSV bronchiolitis could act
as a marker for a predisposition to airway disease or the
association of RSV infection and allergic sensitization or
atopic illness could be causal, with RSV infection leading to
long-term changes in the lungs.

Other possible immune mechanisms such as imprint-
ing or programing of the immune system at a vulnerable
stage of postnatal development or persistent infection are
subjects of current debate.
Figure 6 A chest radiograph of an infant with bronchiolitis.

Note the features of hyperinflation: A small heart, vertical ribs,
herniation of the lung over the mediastinum, and flattened

diaphragms. There are also some patchy infiltrates of the lung

parenchyma and peribronchial thickening. Courtesy of Martin

Weber.
Clinical Features

The first infection of an infant with RSV is almost always
apparent, but clinical features vary between a runny nose
and severe pneumonia. Children who develop a lower
respiratory illness may do so again in the following years,
but these episodes are generally less severe. The most
common manifestation of RSV acute lower respiratory
tract infection is pneumonia, the ratio between cases of
pneumonia and bronchiolitis ranges between 7:1 and 1:1.
The clinical signs of bronchiolitis are expiratory wheeze
(Figure 5), hyperinflation of the lung (Figure 6), and fine
crepitations on auscultation. Often the signs of both enti-
ties overlap, and pneumonia appears to be a continuum of
bronchiolitis.

The most common signs of RSV infection are cough
(97–100%), rhinitis (56–82%), dyspnea (50–78%), rhon-
chi (59–78%), wheeze (45–76%), and crepitations
(27–72%). Fever is less common in younger children
than in older ones. Clinical assessment of children is dir-
ected mainly at the detection of hypoxemia.

Useful signs indicating possible hypoxemia are inabil-
ity to feed, severe respiratory distress with signs such as
head nodding, and cyanosis. Younger children become
hypoxemic more frequently than older ones. However,
all these signs have limited sensitivity and specificity, so,
where available, a pulse oximeter (which measures blood
oxygen levels) should be used in the assessment of children
with RSV acute respiratory infection. Hypoxemia in RSV
infection is probably due to a low ventilation-perfusion
ratio rather than to shunting through unventilated lung.
Most children admitted to hospital improve sufficiently
within 4–7 days to be discharged, but inflammation in
the lung may persist longer, with abnormalities in gas
exchange and wheezing.
Bacterial Coinfections

Of major clinical importance is the frequency of bacterial
coinfections in children with RSV, as this determines the
need for antibiotic therapy. Most published studies look-
ing at this issue were small and found bacteria only
occasionally. In The Gambia, bacteria were found in
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3.5% of 255 children. All these children had a high tem-
perature on admission. The only large study with a high
bacterial isolation rate was one conducted in Pakistan, in
which bacteria were found in 31% of all cases of RSV
infection. In most studies, Streptococcus pneumoniae was the
most frequently isolated organism, followed by Haemophi-

lus influenzae.
Figure 7 Fluorescence microphotograph of nasal secretions.

The nuclei of epithelial cells obtained by a nasopharyngeal
aspirate are stained red, and RSV antigen on the cell surface is

stained with fluorescence-conjugated-specific antibodies,

resulting in a bright green pattern. Courtesy of Martin Weber.
Diagnosis

The suspicion of RSV infection is high if children present
with bronchiolitis during the RSV season. The diagnosis
can be confirmed by viral culture, the detection of viral
RNA by polymerase chain reaction, or by the detection of
RSVantigen in nasal secretion by immunofluorescence or
antigen detection ELISA (Figure 7). The latter are avail-
able commercially, and can be done by personnel with
limited training. However, as the consequences of a posi-
tive test result are limited, these tests will not be done
routinely in countries with limited resources. In indus-
trialized countries, testing will mostly be done for cohort-
ing of hospitalized patients.
Figure 8 A child receiving oxygen with nasal prongs.
Reproduced from Pocket Book of Hospital Care for Children,

p. 282, with permission from the World Health Organization.
Treatment and Follow-up

Treatment of RSV infection is largely supportive, aimed
at mechanically clearing secretions obstructing the air-
ways and maintaining nutritional and fluid status and
oxygenation. Children who are hypoxemic receive sup-
plemental oxygen. As the main abnormality in the
affected lungs is a mismatch of ventilation and perfusion,
relatively low concentrations of inspired oxygen are usu-
ally sufficient. This can be achieved with nasal prongs
or nasal cannulae and low oxygen flow rates, typically
1 l/min (Figure 8). One important factor is nutritional
support. As children with severe RSV infection have an
increased work of breathing, and might be unable to feed,
they need to be monitored closely. If there is concern
about their ability to suck, the mother should express
breast milk and feed by cup, or by nasogastric tube. If a
nasogastric tube is passed, care has to be taken to clear
nasal secretions to minimize airway obstruction.

Bronchodilators play a limited role in the treatment of
RSV bronchiolitis. They appear to be least useful in
younger children. Some authorities recommend a trial of
bronchodilator therapy and to continue with this treat-
ment if there is clinical improvement after the application.
Steroids do not appear to be useful.

In developing countries, the main concern is the risk of
concomitant bacterial infection, which is still unresolved,
as indicated above (see section ‘Bacterial Coinfections’).
Therefore, in primary care settings, for the classification
of severity, the WHO algorithm for pneumonia is used.
This classifies the disease based on simple signs such as
fast breathing and lower chest wall indrawing. No distinc-
tion is made between the treatment of RSV pneumonia
and bronchiolitis. Children with fast breathing who have
no danger signs and are able to feed receive an oral
antibiotic. Children with lower chest wall indrawing, or
with danger signs are admitted for inpatient treatment
with an injectable antibiotic. Children under 2months of
age who are irritable, unable to feed, or dyspneic, would
fulfil the criteria for neonatal sepsis and accordingly be
treated as inpatients with a combination of the locally
adequate sepsis regimen. Undoubtedly, this approach
will result in considerable overtreatment of children
with a purely viral illness, but so far no safe approach
has been established to enable less-skilled workers to
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distinguish between a purely viral infection and an infec-
tion with a bacterial component.

Follow-up is done according to the severity of disease.
Children not admitted should be seen after 2 days, and the
mother should be told to seek care earlier if the child
becomes sicker or is unable to feed.
Prevention

There is no effective treatment modality, thus making
prevention a higher priority. The antiviral agent ribavirin
has been promoted for severe cases for years, but a meta-
analysis questions its efficacy for the prevention of death
and respiratory deterioration. Intravenous immune glob-
ulin or aerosol-administered immune globulin and RSV
hyperimmune globulin (RSV-IGIV) are not efficacious in
treatment, despite the clear benefit of the latter when a
humanized monoclonal RSV antibody (Palivizumab) is
used in preventing RSV hospitalization in high-risk
groups. The cost of passive prophylaxis and its require-
ment for monthly injections prohibits its use in the gen-
eral population. Albeit, simple hand washing and cleaning
of environmental surfaces have been shown to prevent
both development of ALRI in infants and children and to
prevent nosocomial spread of RSV. In many hospitals,
children with RSV are cohorted or barrier-nursed.
Background for Vaccine Development

The development of a RSV vaccine, then, would appear
to be a worthwhile objective. Attempts at vaccine devel-
opment have been hampered by several major obstacles.
The severest cases of RSV disease are in young infants less
than 6weeks old. Thus, there is a limited window of
opportunity to administer such a vaccine. The immuno-
logic factors that are responsible for protection are not
completely understood. RSV infections themselves do not
prevent subsequent recurrences, although there is gener-
ally a reduction in severity with subsequent infection.
Vaccine development has been slowed by the catastrophic
consequences seen with an older RSV vaccine. Studies of
a formalin-inactivated vaccine observed more severe
lower respiratory illness after exposure to natural infec-
tion during RSV epidemics among RSV-naive vaccinees
compared with controls not receiving the vaccine. This
enhancement of disease on exposure to natural infection
is likely related to an imbalance in the immune response
favoring a Th2 type response to RSV protein when the
formalin-inactivated vaccine was administered to RSV-
naive infants. These infants mounted a humoral response,
but neutralizing antibodies were not produced. It has been
hypothesized that on exposure to wild virus, RSV repli-
cated in the lungs of these infants, eliciting a Th2 response
that was responsible for the enhanced pathology seen in
the lungs of children who died. In animal models, a similar
Th2 predominance has been observed, with subunit vac-
cines preventing the development of such vaccines in the
infant population where they are most needed.
Subunit RSV Vaccines

Several subunit vaccines containing various combinations
of RSV proteins have been developed, but while most
have remained in preclinical trials, a few have been tested
in children and none in infants. An alternative strategy,
given the young age of infants when they become ill, is
maternal immunization. Mothers could receive a subunit
vaccine and protective antibodies will be transferred
transplacentally to their babies, thus providing the neo-
nates with protection during the most vulnerable period.
Unfortunately, development of this vaccine was curtailed
due to the low immunogenicity and difficulties in obtain-
ing large quantities of immunogen. An optimal strategy
may still be live attenuated vaccines that have been modu-
lated to be immunogenic but not produce too many
significant clinical symptoms or lead to viral transmission.
Live Attenuated RSV Vaccines

Current research to develop a pediatric RSV vaccine is
focused on live attenuated strains for intranasal adminis-
tration. These induce both local and systemic immunity
and can be used in infancy. The major problem in this
attenuation process appears to be obtaining the right
balance between immunogenicity (the ability to elicit a
protective immune response) and reactogenicity (side
effects) in order to deliver to young infants. Some strains
have been too attenuated to be protective, others caused
considerable illness in young infants.
Passive Immunoprophylaxis – Immunoglobulins

During the 1980s, passive immunoprophylaxis was stud-
ied as an alternative to the live vaccines, which had failed
to provide acceptable protection against RSV infection.
Early studies in rats, as well as clinical observations of
infants infected with RSV, demonstrated that titers of
RSV antibodies needed to be between 1:200 and 1:400 to
prevent lower respiratory tract infection. Standard immu-
noglobulin preparations did not adequately protect the
lower respiratory tract against RSV infection, seemingly
due to the low titers that could be achieved.
Introduction of Respiratory Syncytial Virus
Immune Globulin

Respiratory syncytial virus immune globulin (RSV-IGIV
(RespiGamTM) contains a sixfold higher concentration of
RSV neutralizing antibodies than does standard
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immunoglobulin preparations. It was developed to pro-
vide passive immunity against RSV in infants who were
born preterm, before the third trimester when maternal
IgG antibodies are typically passed from the mother to
the fetus.

In studies, RSV-IGIV was found to be effective, safe,
and well tolerated, though it also has various limitations.
For example, it is not effective in children with congenital
heart disease or cyanotic heart disease because of blood
hyperviscosity, which can be worsened by the immuno-
globulin. RSV-IVIG, in clinical studies, was responsible
for more hypercyanotic events than albumin. In addition,
administration of RSV-IGIV is time-consuming and
inconvenient, involving 3- to 4-h-long monthly intrave-
nous infusions of large fluid volumes and protein loads.
This can lead to fluid overload in some children and is of
special concern in children, particularly infants, with
chronic cardiopulmonary conditions.
Monoclonal Antibodies

Monoclonal antibodies were investigated in an effort
to avoid the difficulties associated with RSV-IGIV. The
first monoclonal preparations could be administered
intranasally, thereby protecting the portal of entry and
precluding the difficulties associated with parenteral
therapy.

In a study using rhesus monkeys, a mouse monoclonal
IgA antibody against RSV F glycoprotein was administered
as nose drops. The monkeys developed high titers of RSV
neutralizing antibodies, but this result was not repeated in
human phase III clinical trials, and efficacy could not be
proved. Regardless, because the half-life of IgA is short,
dosing schedules would require repeated applications,
reducing the likelihood of compliance.

Likewise, a clinical trial with the intramuscular IgG
humanized monoclonal antibody SB 209763 also failed to
produce favorable results.

The development of a humanized monoclonal antibody
produced by recombinantDNA technology – palivizumab –
was a major advance in protection against RSV. Palivizumab
(Synagis) is a humanized monoclonal antibody (IgG1)
directed to an epitope on theA domain of the F glycoprotein
on the surface of the respiratory syncytial virus. Its mec-
hanism of action is to neutralize and inhibit the fusion
activity of both types A and B clinical RSV isolates on
respiratory epithelial cells. Unlike RSV-IGIV, palivizu-
mab is not derived from human blood and does not require
intravenous administration. Its greater safety and conve-
nience of use are clear advantages to previous methods of
passive immunoprophylaxis. It is administered seasonally
to high-risk individuals by monthly intramuscular (IM)
injections. Studies showed that overall hospitalization
rates for RSV infection were reduced in children that
received palivizumab compared with rates in children
that received placebo. Hospitalization rates were reduced
in children with bronchopulmonary disease. In premature
infants who had received palivizumab, there was a reduc-
tion in subsequent wheezing and asthma 2–4 years later.
Palivizumab was safe in children with hemodynamically
significant congenital heart disease.

So far, the search for a safe and effective vaccine against
RSV has not succeeded, and clinical outcomes in stud-
ies of children treated symptomatically for RSV with
bronchodilators, steroids, and antiviral agents (ribavirin)
have not been improved. Until such a vaccine is discov-
ered and proven, palivizumab remains the only safe, effec-
tive, and convenient treatment to prevent RSV disease in
young children at risk.
Prognosis

Mortality

The mortality of children admitted to hospital with
RSV-ALRI is low in developed countries, and even in
developing countries with a generally higher hospital
mortality, only approximately 1–3% of hospital admis-
sions die, mostly those with an underlying illness, such as
congenital heart disease or bronchopulmonary dysplasia.
However, where oxygen is not routinely available, or
where inpatients are not routinely monitored to detect
complications or the inability to feed, mortality may be
considerably higher. The impact of RSV on mortality in
the community is unknown.
Further Wheezing

There is debate about whether RSV triggers further epi-
sodes of wheezing. Data from The Gambia indicate
that children with severe RSV infection are at higher
risk to be admitted again with respiratory problems over
the next few years, but appear to have no higher risk of
asthma later. A recent study from Europe and Canada
shows that by preventing RSV lower respiratory tract
infection (LRTI) in infancy (using palivizumab) there
was a 50% reduction of subsequent physician-diagnosed
recurrent wheezing in the next 3–4 years. Long-term
follow-up of these future subjects is under way.

See also: Influenza; Pneumonia.
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Introduction

Rheumatic fever (RF) is an inflammatory disease of con-
nective tissues, which primarily affects the heart, major
joints, and brain. It occurs secondary to a poorly adapted
autoimmune response to group A streptococcal (GAS)
pharyngitis and often results in chronic inflammatory
damage of heart valves, i.e., rheumatic heart disease
(RHD). Though RF is a noncommunicable disease, it
occurs secondary to communicable streptococcal infec-
tion, and hence GAS pharyngitis treatment is important
in the management of RF.
Epidemiology

Currently RF and RHD are primarily restricted to develop-
ing countries and some poor, indigenous populations of
developed countries. With the improvement in socioeco-
nomic conditions and access to medical care, the disease
has become rare in developed countries except for few
isolated outbreaks. According to the 2005 World Health
Organization (WHO) report, at least 15.6million people
have RHD, and 0.3million individuals with RHD are added
every year to the existing burden. Two-thirds of them are
from Southeast Asia and the Western Pacific. In developing
countries, 60% of all cardiovascular diseases in children and
young adults stem from RHD (WHO, 1994). Approximately
3million have congestive heart failure (CHF) requiring
repeated hospitalization, and 1million are in need of correc-
tive valvular surgery. RHD accounts for 12–65% of inpatient
admissions among cardiac patients in developing countries.
An estimated 6.6million disability-adjusted life years
(DALYs) are lost every year worldwide, with the range of
27.4 DALYs in the United States to 173.4 DALYs in the
Southeast Asia region, per 100 000 population. The annual
number of deaths from RHD is 332 000 worldwide, with the
mortality rate varying from 0.5 in Denmark to 8.2 in China
per 100 000 population. The disease has long-lasting adverse
effects on lifestyle, employability, productivity, and health-
care costs of young people. Moreover, the burden of manag-
ing RF/RHD puts additional pressure on the health-care
systems and economies of these countries, which otherwise
also face the burden of epidemiological transition, i.e., a shift
of a major cause of disability and death from nutritional and
infectious etiologies to chronic degenerative diseases.

The prevalence of RHD varies widely among various
countries. It is less than 0.5 per 1000 schoolchildren in
developed countries to 5.7 in sub-Saharan Africa, 3.5 in
the indigenous population of Australia, and 2.2 in southeast
Asia (WHO, 2005). The available data of RF incidence are
scarce. They are mainly derived from RF registries and sur-
veys of schoolchildren.The incidence ranges from less than 1
in developed countries to more than 500 in the indigenous
Australian population per 100 000 schoolchildren.

The epidemiological association between GAS pha-
ryngitis and the subsequent development of acute RF is
well established. In symptomatic children in the 5- to



572 Rheumatic Fever and Rheumatic Heart Disease
15-year-old age group, the cause of pharyngitis is viral in
80% and GAS in the remaining 15–20% of cases. The
incidence of GAS infection can vary in different geograph-
ical areas, depending upon season, age group, socioeco-
nomic conditions, environmental factors, and quality of
health care. The true GAS infection in patients with symp-
tomatic pharyngitis has been reported to be 13.5% from
Northern India (Nandi et al., 2001), to 44.7% in Zagreb,
Croatia (Begovac et al., 1993). It is estimated that each child
of the susceptible age group has at least one episode of
pharyngitis every year. The presence of GAS in the upper
respiratory tract does not mean an active infection, because
asymptomatic carriers also exist. These carriers do not show
rising antistreptolysin antibody (ASO) titers and are less
likely to transmit the infection to others. On the other hand,
the individual with true active infection as evidenced by
rising ASO titers is susceptible to RF and also capable of
transmitting the infection in the community. The carrier
rate of GAS in healthy schoolchildren 6–10 years of age has
been reported as high as 50%; similarly the ASO titer over
200 Todd units (significant value) has been reported as
high as 70% in schoolchildren from tropical countries
(WHO, 1988).
Pathogenesis of Rheumatic Fever

The exact mechanism of GAS pharyngitis causing RF is
still unexplained. It may be an exaggerated autoimmune
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Figure 1 Pathogenesis of RF and RHD.
response of the host to GAS pharyngitis. The clinical
manifestation and severity of RF/RHD in an individual
depends on the virulence of the infecting organism, host
susceptibility, and environmental factors (Figure 1).
The Organism (Group A Streptococcus
pyogenes)

Among the GAS, not all strains cause RF; it is believed
that there are only a few virulent strains with rheumato-
genic potential. The specific strains are usually heavily
encapsulated and form large mucoid colonies rich in
M-protein, which enhances the GAS ability to adhere to
tissue and resist phagocytosis. The streptococcal M protein
shares the homology with cardiac myosin and tropomyosin,
connective tissue keratin and laminin, and therefore results
in autoimmune response against the heart, brain, and joints.
Only the 1, 3, 5, 6, 14, 18, 19 and 24 M protein serotypes are
associated with RF. The role of other GAS antigens such as
streptococcal erythrogenic toxin, streptococcal fibronectin
binding protein 1 (sfb1), and streptococcal C5a peptidase
(SCPA) have also been demonstrated in the pathogenesis of
streptococcal infection.
The Host

It is consistently observed that only 0.3–3.0% of indivi-
duals with acute GAS pharyngitis develop RF, because of
different genetically determined autoimmune responses
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and susceptibility to infection. Various genetically deter-
mined risk factors such as major histocompatible antigens,
potential tissue-specific antigens, and antibody and T cell
response to streptococcal infection play an important
role in the pathogenesis of RF/RHD. Various studies
have demonstrated the association of HLA class II alleles
with RF/RHD, although the particular alleles are different
in different populations: For example, HLA-DR4 is more
frequent in Caucasians, HLA-DR2 in African-American
populations, HLA-DR1 and DRw6 in South Africa, HLA-
DQW2 in Asians, and HLA-DR3 in India. Association is
also being described with high concentrations of mannose-
binding lectin and polymorphisms of transforming growth
factor-b1 and immunoglobulin genes. A B cell alloantigen
D8/17 has also been found to be associated with suscepti-
bility of acute RF (Kemeny et al., 1994). According to
observations worldwide, this alloantigen expression is
strongly associated with RF. Further investigations are
needed before the particular alloantigen can be widely
used to identify individuals at risk for RF/RHD.
Environmental Factors

The secular trends of RF/RHD over the years in devel-
oped and developing countries suggest that environmental
factors such as poor living conditions, overcrowding, mal-
nutrition and poor hygiene, and poor health-care access
are the significant determinants of the disease burden
and distribution. Crowded living conditions contribute to
rapid spread and persistence of virulent strains in the
community. Seasonal variations in the incidence of RF are
more pronounced in temperate than in tropical climates.
Clinical Features and Diagnosis of
RF/RHD

The clinical features suggestive of RF were first estab-
lished in 1944 by T. Ducket Jones ( Jones, 1944), and
thereafter updated and modified occasionally to increase
Table 1 2002–2003 WHO criteria for diagnosis of RF/RHD (base

Major manifestations Minor manifestations

Carditis Arthralgia
Polyarthritis Fever

Syndenham’s chorea Raised ESR or CRP

Erythema marginatum Prolonged PR interval in ECG

Subcutaneous nodules

For diagnosis of first episode of RF – two major or one major and tw

antecedent GAS infection.

Chorea and indolent carditis do not require evidence of antecedent G

For diagnosis of RF recurrence (a) in a patient without RHD is as per
two minor manifestations, plus evidence of antecedent GAS infection

For RHD diagnosis, no criterion is required other than the confirmatio

raphy examination.
the specificity for diagnosis of RF (Table 1). Carditis is
the single most important manifestation of the RF and its
presence determines the course of disease, its duration,
and the intensity of prophylaxis. The diagnosis of carditis
is based on clinical examination, i.e., presence of signifi-
cant regurgitant murmur, pericardial rub, or cardiome-
galy with congestive heart failure. In case of recurrence of
RF, a new murmur or a change in the character of a
previously documented murmur, pericardial rub, or an
increase in cardiac size with demonstration of valvular
damage or involvement is required. The physician’s clini-
cal judgment is of prime importance in diagnosis of car-
ditis, and it can be confirmed by echocardiography, if
facilities are available. Echocardiography can provide
early evidence of valve involvement and confirms the
rheumatic or nonrheumatic causes of murmur or valvular
regurgitation. It has the definite advantage of diagnosing
valvulitis in an otherwise clinically normal heart, and
helps in deciding on duration of secondary prophylaxis.
According to a recent study of RHD prevalence in south-
east Asia and sub-Saharan Africa, the comprehensive
echocardiographic screening identified approximately
ten times as many children with RHD as were identified
by the traditional strategy of clinical screening followed
by echocardiographic confirmation (Marijion et al., 2007).
This observation has an important implication for case
findings, delivery of effective primary and secondary pre-
vention, and appropriate planning for scarce health
resource utilization. There is a logistic problem of routine
use of echocardiography in RF diagnosis because of over-
diagnosis of physiologic valvular regurgitation as patho-
logical, the inability to diagnose subclinical carditis in
patients with RF recurrence, and the lack of an echocar-
diography facility, affordability, or expertise at the com-
munity level. As the sizable percentage of children who
have subclinical carditis are at risk for RF recurrence
and progression to RHD, it is not acceptable to leave
them without further management in view of non-
availability of echocardiographic screening. Further
research is needed to define models of echocardiographic
d on Revised Jones Criteria)

Evidence of antecedent gas infection

Positive throat culture or rapid antigen test for GAS
Raised or rising streptococcal antibody titers

Recent scarlet fever

o minor manifestations must be present, along with evidence of

AS infection.

first episode of RF; (b) in a patient with established RHD requires
.

n of chronic valve lesions on the basis of clinical or echocardiog-
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screening that are practical, affordable, and widely appli-
cable in developing countries.

Evidence of antecedent GAS infection is required for
the confirmation of an RF episode (Table 1). Only 11% of
acute RF patients are found to have positive throat swab
culture for GAS, as the rest of patients’ immune systems
eradicate GAS during the latent period between pharyngi-
tis and RF (Dajani, 1991). The commercially available rapid
antigen test for diagnosing GAS pharyngitis has a high
specificity, up to 99%, but sensitivity is only 66% in the
clinical setting, requiring a backup throat swab culture in
patients with negative rapid antigen test (Limbergen et al.,

2006). Both positive throat swab culture and rapid antigen
test do not differentiate between the recent infections lead-
ing to RF and the chronic carrier state of the organism. On
the other hand, the elevated or rising ASO titers are more
informative and reliable for recent GAS infection.
Treatment

Treatment of acute RF includes antibiotics, anti-inflammatory
drugs, and supportive treatment. Benzathine penicillin G,
1.2million units in a single intramuscular injection or oral
penicillin V/erythromycin for 10 days must be given for
GAS infection empirically. Anti-inflammatory drugs
include aspirin for severe arthralgia or arthritis and ster-
oids for significant carditis must be added. Supportive
treatment includes bed rest, anti-heart failure and antipy-
retic drugs. Depending upon type and severity of
the valvular lesion, RHD patients require long-term
treatment for heart failure, atrial fibrillation, thromboem-
bolism, and infective endocarditis as well as RF recur-
rence prophylaxis and interventions such as valvuloplasty
or valve replacement surgery.
Prevention of RF

Primary Prevention

The aim of primary prevention is to prevent the first
attack of RF by identifying and treating all the suspected
or proven streptococcal pharyngitis cases in children aged
3–15 years age. Antibiotic treatment should preferably be
started within 9 days of a sore throat for effective preven-
tion of RF development. In endemic areas, all symp-
tomatic sore throat cases with clinical suspicion of GAS
infection should be treated with antibiotics. Throat swab
culture or rapid antigen test for GAS should be done if
laboratory services are available; however, in the absence
of these services, the antibiotics should not be delayed
or avoided. Table 2 describes the antibiotic treatment
for GAS throat infection. The rheumatic vaccine in the
near future might be a tool for prevention of strepto-
coccal pharyngitis and RFrecurrence. Progress is continu-
ing in development of a vaccine against M serotypes,
streptococcal fibronectin binding protein-1 (sfb1), and
streptococcal C5a peptidase (SCPA). However, there are
practical problems in developing a vaccine such as rapid
and complete change of GAS serotypes in the community,
presence of asymptomatic GAS carriers, ability of strep-
tococci to infect the host after a prior infection by a
different M serotype strain, cross-reactivity of M protein
vaccine with human tissues, and the cost effectiveness of
the vaccine, especially in developing countries with high
prevalence of GAS pharyngitis and carrier rates.
Secondary Prevention

The aim of secondary prevention is to prevent the recur-
rence of RF and further damage of cardiac valves in
proven cases of RF/RHD. The individual who has suf-
fered from a prior RF episode is more prone to have GAS
pharyngitis and RF recurrences. The secondary preven-
tion strategy is more practical and cost-effective than the
primary prevention, especially in developing countries
with limited health resources.Table 2 describes the treat-
ment regimen for secondary prevention. Infective endo-
carditis is another complication with significant morbidity
and mortality in patients with RHD or prosthetic valves.
The routine infective endocarditis prophylaxis prior to
any surgical or dental procedure is recommended in all
patients with RHD.
Community-Based Measures for Prevention
of RF/RHD

Despite the appropriate primary and secondary preven-
tive measures available for decades, the disease could not
be controlled, especially in developing countries, because
of social determinants such as housing, education, and
poverty; health-care determinants such as access to pri-
mary health care, the scarcity of trained health-care
workers, the logistics of drug supply and cost of medical
treatment, and the availability of sophisticated cardiology
and cardiac surgery services. It is important that the pre-
vention and control programs to be started in the commu-
nity should be cost-effective, integrated, and applicable
with limited available health resources. The national pro-
grams should be plannedwith their objectives and approach
adapted to local needs and circumstances, and they should
be implemented through the existing infrastructure of the
health-care and education system. There is also a need for
regular surveillance of acute RF, RHD, and GAS pharyngi-
tis in the community to provide useful information on the
epidemiological trends of the disease.The national program
should constitute the activities related with primary and
secondary prevention, health education, and training of
health-care workers.



Table 2 Antibiotic regimens for primary and secondary prophylaxis of RF/RHD

Antibiotic
Mode of
administration Frequency/duration Comments

Primary prophylaxis (treatment of GAS infection)

Benzathine penicillin Intramuscular Single dose.

1.2 million units (0.6MU if body

weight <27 kg)

Preferable because of single dose, good

compliance. No antibiotic resistance noted.

Treatment of choice
Phenoxyl-methyl

penicillin (penicillin V)

Oral 10-day course.

Children 250mg, adults 500mg

2–3 times daily

Alternative to parenteral penicillin

Amoxicillin Oral 10-day course.
25–50mg/kg/day in three

divided doses

Acceptable alternative to oral penicillin because of
the taste

First-generation
cephalosporins or

erythromycin

Oral 10-day course. Dose varies
according to formulation

Alternative to penicillin-allergic cases

Secondary prophylaxis (long-term treatment in patients with RF or RHD
Benzathine penicillin Intramuscular Single dose every 3–4weeks.a

1.2million units (0.6MU

if weight <30 kg)

Preferable because of good long-term compliance.

No antibiotic resistance noted. Treatment of

choice

Phenoxyl-methyl
penicillin (penicillin V)

Oral Daily dose.a

250mg twice daily
Alternative to parenteral penicillin

Sulfonamides Oral Daily dose.a

1g daily (500mg if body weight
<30 kg)

In cases with penicillin allergy

Erythromycin Oral Daily dose.a

250mg twice daily

In cases with penicillin allergy

Patients with mild or healed carditis: duration is for 10 years after the last attack, or until 25 years age (whichever is longer).
Patients with severe valvular disease or following cardiac surgery: life-long treatment.
aPatients without proven carditis: duration is for 5 years after the last attack, or until 18 years age (whichever is longer).
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Primary Prevention Activities

The primary prevention program is not cost-effective,
particularly in endemic states, because only 10–20% of
symptomatic sore throat is from GAS, one-third of all RF
cases follow mild or almost asymptomatic pharyngitis,
which might be missed, only less than 3% of these GAS
pharyngitis evolve into RF, and approximately 60% of
these RF cases continue to evolve to RHD. Also, because
of limited health resources, the lack of penicillin, and
populations unlikely to seek and adhere to treatment for
sore throat, an alternative cost-effective strategy would be
to intervene with high-risk groups. There is also a need for
adequate microbiology laboratory support at peripheral,
intermediate, and tertiary care levels for GAS infection
identification, M subtyping, and serological investigations.
Secondary Prevention Activities

Secondary prevention is based on finding cases, referral,
registration, active and passive surveillance, follow-up, and
regular secondary prophylaxis of RHD patients. A local
center in endemic areas should be established for referral
and registration of RF/RHD patients, should be ade-
quately equipped for laboratory tests related to RF and
streptococcal pharyngitis, and should have health-care
workers for medical care. The secondary prevention with
penicillin prophylaxis is the most cost-effective strategy.
Attention should be given for strict compliance of long-
term penicillin prophylaxis in RF/RHD patients, as the
defaulters are very frequent because of long-term therapy
for years, painful injection, lack of health awareness
and education, fear of penicillin allergy and anaphyl-
axis, the nonavailability of drugs, and social reasons.
Strengthening diagnostic accuracy and curative services
throughout the region must go hand in hand with preven-
tive measures. Adequate infrastructures such as strepto-
coccal diagnostic labs and echocardiography machines at
the ground level with adequate expertise are essential.
A lack of diagnostic and treatment facilities and the unaf-
fordable cost of medical care add to the huge existing
burden of RHD. The cost of surgery makes this option
impractical for most patients. There is also a gross mis-
match in the supply and demand ratio for cardiac surgery
in developing countries. There are 1222 cardiac surgeries
done per million population in North America, which is
far more than the 25 surgeries in Asia and 18 surgeries in
Africa. It is estimated that only 7% of needy patients
undergo cardiac surgery in Asia, Africa, South America,
and Russia. This is because of the nonavailability of
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infrastructure, expertise, unaffordable cost and the lack of
medical insurance. Even following valve surgery, there is a
need for long-term monitoring for anticoagulation treat-
ment, infective endocarditis, bleeding and thrombotic com-
plications, cost and availability of anti-heart failure and
anticoagulant treatment in the community.
Health Education Activities

Health education activities should address both primary
and secondary prevention. The activities must be organized
by trained doctors, primary health-care workers, and school
teachers and should be directed to the public, teachers,
children, and their parents. Health education activities
should focus on the importance of recognizing and report-
ing sore throats, methods that minimize and avoid the
spread of infection, the benefits of treating sore throats
properly, and the importance of complying with prescribed
treatment regimens. Health education campaigns in schools
and in the community, particularly in rural areas and in
slums and overcrowded parts of urban areas, are effective
methods for communicating health messages and aware-
ness. The involvement of the print and electronic media
(radio, TV, newsletters, posters) is vital for the success of
such programs. Patients’ group meetings are also a potent
means of transmitting and networking health information.
The commitment of the school and school health service to
the health education of children is of tremendous impor-
tance when implementing RF/RHD control programs.
Training of Health-Care Providers

When financial resources are scarce, the available knowl-
edge and human resources should be pooled to achieve
the community’s priority goals. There should be a com-
prehensive and integrated approach among health-care
workers for timely detection and management of strepto-
coccal pharyngitis, RF, and RHD. They should receive
adequate and appropriate training at regular intervals
and should understand their roles and responsibility
in RF/RHD prevention programs. There is a need for
developing effective intercountry, interregional, and glo-
bal networks for concerted global action to enhance
the capacity of developing countries to meet their
health-care needs. The developed, experienced countries
can help in building infrastructure, provide the expertise,
train the local physicians and surgeons, and facilitate the
availability of low-cost heart valves to these countries.
With the advancement in information technology, there
should be more live demonstrations or video conferencing
among experts in the cardiac fieldwith those in developing
countries, to help them to become independent and to
improve the standard and quality of care in the field.

See also: Heart Failure.
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Introduction

The common cold has that name for a reason: It is the
illness that most frequently affects humans around the
world. Rhinovirus is the causal agent for about 50%
of common colds.

Human rhinovirus (HRV) has a special affinity for the
nasal airway mucosa (rhino means nose). Rhinoviruses
can infect ciliated cells in the nasal epithelium but may
also infect other nasal cells. ICAM-1 is the receptor that
most rhinovirus serotypes use to gain entrance into
human cells (Greve et al., 1989). A minority of rhinovirus
serotypes use the LDH receptor and one rhinovirus sero-
type uses sialoprotein. Rhinoviruses belong to the Picor-
navirus family and are closely related to the enteroviruses.
In contrast to enterovirus, however, rhinovirus is killed by
gastric acid and does not cause gastrointestinal infection
in normal individuals. Laboratory detection of infectious
rhinovirus has been performed in human fibroblast mono-
layer cultures for many years. Recently, more sensitive
methods for detection of rhinovirus RNAutilizing reverse
transcription polymerase chain reaction (RT-PCR) tech-
nology have provided new perspectives toward under-
standing the epidemiology of rhinovirus infection, and
the clinical implications continue to be developed.
Environment

Rhinovirus is common throughout the world. Adults usu-
ally contract colds from children living in the same house-
hold. Crowded places such as nursery and day care
centers, schools, and military camps are ideal settings for
high transmission rates of rhinovirus among young adults
and children. Rhinovirus infections occur throughout all
seasons, but the infection rate of rhinovirus colds seems
to vary during the year due to the prevalence of other
more seasonal respiratory viruses. Rhinovirus accounts
for up to 80% of colds during the fall season in temperate
areas of the United States, but occur less frequently dur-
ing the winter and spring months when influenza virus
types A and B, parainfluenza types I–III, respiratory syn-
cytial virus, adenovirus, coronavirus, metapneumovirus
and bocavirus are also present. In tropical areas, the
respiratory virus season coincides with the rainy season
from May through November. Recent new epidemiologic
data of rhinovirus infection determined by RT-PCR sug-
gest that the relative number of rhinovirus infections over
the year is fairly constant. It is interesting to note that
the frequency of rhinovirus infections may not be a result
of the effects of temperature or humidity on rhinovirus
survival in nature, but rather that climate alters human
behavior. One hypothesis suggests that minor climate
changes, such as cooler air or rainy days, will keep people
indoors and thereby increase the risk of rhinovirus
transmission.
Transmission

Most rhinovirus infections are thought to occur when
virus deposited onto the fingertips is introduced to the
conjunctiva or nose (self-inoculation from fomites),
although small particle aerosol transmission is also a
potential inoculation route. The number of rhinovirus
particles required to infect nonimmune individuals is
low; indeed, a tissue culture infectious dose50 less than 10
can cause infection. Rhinovirus deposited in the



Figure 1 Scanning electron microscopy showing intact nasal

epithelial surface with ciliated cells. From a patient with a
common cold (day 2).
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conjunctiva reach the nose by way of the tear duct to cause
infection in the nose. The eye is not infected following
deposit of rhinovirus. Inoculation of rhinovirus into the
oral mucosa does not cause infection of the oral or ton-
sillar mucosa. Saliva may occasionally contain a small
amount of rhinovirus, probably from diluted nasopharyn-
geal secretions, but in general transmission by coughing,
sneezing, kissing, or drinking from the same glass is not
likely to occur in otherwise healthy individuals. On the
other hand, transmission of rhinovirus in nasal mucus
from a person with a cold to a susceptible individual is
likely either by touching shared environmental objects or
by direct hand-to-hand contact (handshakes, holding
hands, or high fives) followed by self-inoculation with a
contaminated finger into the nose or eye. Rhinovirus can
survive on environmental surfaces for at least 4 days.
Adults with colds commonly contaminate environmental
surfaces during normal daily activities. An individual is
most contagious during the first several days of the cold,
when the concentration of rhinovirus in nasal secretions is
highest. Rhinovirus infection may also play an important
role in dispersal of bacteria, such as community-acquired
methicillin-resistant Staphylococcus aureus (MRSA), espe-
cially among children.
Pathogenesis

Rhinovirus has a propensity to affect young children
disproportionately. A recent study demonstrated that
preschool-age children have approximately six rhinovirus
infections per year. These infections are caused by differ-
ent rhinovirus serotypes. Each serotype is thought to
give lifelong immunity, but with at least 100 different
rhinovirus serotypes, it is no wonder that colds are com-
mon. Rhinovirus replicate in the nasal cells for up to
3weeks until the humoral neutralizing antibodies termi-
nate the infection. Following rhinovirus infection, most
individuals develop neutralizing antibodies of 1:16 dilu-
tion or greater, and are resistant to reinfection with
the same serotype. Rhinovirus infection causes lysis of
the infected cells and a decrease in nasal mucociliary
clearance. However, the nasal lining remains intact, as
observed by light and scanning electron microscopy
(Figure 1), because only a limited number of cells are
infected at one time. The symptoms of a rhinovirus infec-
tion are thought to be caused by the host response to the
rhinovirus infection (Hendley, 1998) due to an elabora-
tion of pro-inflammatory mediators and cytokines, and
the influx of a high number of polymorphonuclear cells.

Several inflammatory pathways, including neurologic
reflexes triggered by the infection, have been identified as
playing a role in the pathogenesis of rhinovirus symptoms.
Increased kinin levels are found in nasal secretions during
rhinovirus infection and may be responsible in part for sore
throat symptoms and contribute to rhinorrhea due
to plasma transudation (Proud et al., 1990). Kinins are also
thought to release histamine frommast cells, although most
studies have not demonstrated elevated levels of histamine
in nasal secretions during colds. Inflammatory events that
occur during rhinovirus infection include stimulation of
pain, cough, and sneeze reflexes, vasodilation, transudation
of plasma, and increased glandular output of secretions
from goblet cells and seromucous glands. The parasympa-
thetic tone is increased during the early phase of a cold,
resulting in an increase of secretions from the anterior
serous gland on the nasal mucosa. Several pro-inflamma-
tory mediators are increased (e.g., interleukin (IL)-1, -6
and -8). IL-8 is a chemoattractant for polymorphonuclear
leukocytes (PMNs) and results in an influx of PMNs on
days 1 and 2 during rhinovirus infection. The number of
PMNs increases about 100-fold in nasal secretions and has
been found to correlate well with symptom expression.
Colored nasal discharge (yellow or green) occurs in about
50% of adults and correlates with the increased number of
PMNs, but bacteria have not been shown to increase in the
nasopharynx during uncomplicated colds.
Symptom Expression of a Rhinovirus
Infection

Although the majority of rhinovirus infections occur in
children, our knowledge of the symptomatology is mainly
acquired from adults. Accurate determination of symp-
toms is a challenge in children because symptoms are
reported second-hand by parents trying to interpret
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what their child may feel. Two studies have evaluated the
expression of cold symptoms in children who were
brought to the doctor. A recent study evaluated cold
symptoms in normal school-age children who actively
participated with the parent in recording their symptoms
(Winther, 2002). Cough, nasal congestion, and runny
nose were present in roughly 60% of school-age children
and continued for more than 10 days in uncomplicated
colds. Feverishness was reported in 15% during the early
phase. Rhinovirus was detected in 46% of these reported
colds, and one or more bacterial pathogens were isolated
in 29%. Symptom profiles for rhinovirus illnesses versus
those with bacteria isolated were not different. In adults,
60% of those with colds report sore throat, sneezing, nasal
discharge and obstruction, while cough and malaise
are reported in approximately 40%. Fever is rare in
uncomplicated colds, and feverishness is reported in less
than 10% of adults with colds. Most cold symptoms in
adults have diminished by day 7, with sneezing, conges-
tion, and runny nose reported in less than 20%, whereas
cough is still reported as present in roughly 40%.

Different serotypes of rhinovirus are thought to cause a
similar symptom profile, although the symptom severity
may vary due to the influence of stress and the status
of the immune system and host responsiveness. Experimen-
tal rhinovirus infections with two different rhinovirus ser-
otypes have demonstrated that approximately 20% of
antibody-free adults become infected following rhinovirus
challenge but do not report symptoms. The reason for this is
unknown, but a similar trend has been found in children.
Roughly 30% of children may have a rhinovirus infection
without the signs or symptoms of a cold. This may be
caused by infection without symptom expression, or that
the cold symptoms are not recognized by the parents.
Signs of Rhinovirus Infection

Examination of the nasal cavity in adults with rhinovirus
infection reveals an increase in nasal secretions but is
otherwise unspecific, since abnormal erythema and
swelling of the turbinates is seldom observed. Rhinovirus
infection causes abnormalities in the Eustachian tube and
middle ear. Eustachian tube dysfunction results in inter-
mittent negative middle ear pressure and fluid accumula-
tion. Abnormal middle ear pressure can easily be measured
by tympanometry and is present in 40–75% of rhinovirus
infections in both children and adults. Approximately
40% of young children have changes in middle ear pres-
sure prior to the time when the parent or caretaker
realizes that the child has a cold (Moody et al., 1998).
The causes of abnormal middle ear pressure during
colds are unknown. Rhinovirus infection of the adenoid
in the nasopharynx may result in Eustachian tube
dysfunction, or rhinovirus infection may spread into the
Eustachian tube and middle ear.

Abnormalities of the paranasal sinuses are also very
common during the course of rhinovirus infection, as
evidenced by computed tomographic scanning (CT
scan). Image studies have shown sinusitis during the first
week of illness in up to 75–87% of children and young
adults, suggesting that sinus involvement is an inherent
feature of a cold. It has recently been shown that nose
blowing can generate intranasal pressure sufficient to
propel nasal secretions into the sinus cavity. The majority
of the abnormalities observed by CT scans during colds
are likely due to accumulation of sinus secretions rather
than mucosal swelling. Stagnant secretions in the sinuses
may be due to blockage in the ostiomeatal complex, a
narrow opening from the sinus to the nose, or it may be
due to decreased ciliary clearance in the sinuses.
Clinical Diagnosis

Colds in adults are usually self-diagnosed, as everyone is
familiar with the symptoms of a cold. Adults may com-
monly misdiagnose the involvement of a viral infection
in the sinuses and middle ear as a bacterial complication,
when in fact it is part of the rhinoviral infection.

Differential diagnoses to common colds are allergic
rhinitis and vasomotor rhinitis, both of which will usually
produce more prolonged sneezing attacks than the com-
mon cold. Rhinovirus infection can be distinguished from
classic influenza in adults based on the more acute onset
of malaise and frequently occurring fever present with
influenza. However, milder cases of influenza cannot be
easily distinguished from rhinovirus infection, especially
in children.
Clinical Implications

Following introduction into the nose, rhinovirus can first
be recovered from the adenoid area in the nasopharynx.
Over several days, newly produced rhinovirus is excreted
into the nasal mucus and may be distributed to other areas
of upper respiratory mucosa. Adults seem more prone to
paranasal sinus involvement, whereas young children
seem more prone to otitis media during colds. The para-
nasal sinuses are not fully developed until about age 12,
but other factors may also influence these differences.
Children are not good nose blowers and thus may be
less likely to spread rhinovirus into the sinuses. On the
other hand, children spend more time asleep, and a hori-
zontal position may facilitate the spread of mucus (and
thus rhinovirus) into the middle ear cavity. Rhinovirus has
been demonstrated in fluid obtained from the maxillary
sinus/ear cavity of 40–50% of patients with acute sinusitis
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and otitis media (Pitkaranta et al., 1997, 1998). Multiple
rhinovirus infections may cause hypertrophic adenoids
(lymphatic glands in the posterior oropharynx) in chil-
dren with blockage of the nasal passages, and consecutive
rhinovirus infections in children without a wellness
period in between may create a clinical picture simulating
the chronic sinusitis seen in adults (chronic nasal dis-
charge for more than 6weeks).

It is very difficult to distinguish an acute viral otitis
media or sinusitis from an acute bacterial otitis media or
sinusitis. It is generally accepted that acute bacterial sinus-
itis complicates an estimated 0.5–2.2% of viral colds. The
complication rate of acute bacterial otitis media following
colds is not clear (Hendley, 2002). Suppurative otitis
media, defined as a bulging tympanic membrane with
purulent middle ear fluid or purulent otorrhea from a
perforated tympanic membrane, occurs in only 2–15% of
young children, but mild otitis media may occur in
40–50%. One problem may be that viruses and bacteria
gain entrance to the sinus and ear cavities and are trapped
without causing real mucosal invasion or infection.

In addition to the sinuses and middle ear, rhinovirus
may also spread to the lower airways. Young children
commonly develop bronchiolitis/reactive airway disease
during rhinovirus infections (Heymann et al., 2005).
The mechanism by which rhinovirus infection induces
wheezing is not well understood. Adults with chronic
bronchitis frequently develop exacerbation of their illness
during rhinovirus infections with transient decreased
pulmonary function. Rhinovirus is also an important pre-
cipitant for asthma attacks in both children and adults. The
severity of cold symptoms is not greater in allergic patients
with rhinovirus infection than in normal individuals, but
patients with allergic rhinitis have increased airway
responsiveness to histamine during rhinovirus infections.
Serious Complications of Rhinovirus
Infections

Fatal pneumonia caused by rhinovirus infection has been
reported in immunocompromised patients.
Treatment

At the present time, there is no commercially available
antiviral drug for treatment of rhinovirus infections. Intra-
nasal interferon-a2b topically applied for 2 days has been
shown to decrease viral titers in nasal secretions (Gwaltney,
1992). Nonprescription drug treatments to relieve symp-
toms are available to and often warranted by cold sufferers,
but treatment measures to prevent rhinovirus infections
from further development into viral otitis media, viral
acute sinusitis, or bronchiolitis are not available.
Infants have the highest prevalence per year of
otitis media as a result of frequent colds. Public percep-
tion that bacteria cause colds and that antibiotics are
required for otitis media with colds continues to fuel the
inappropriate overprescription of antibiotics for colds.
Infants with colds also have the disadvantage of being
obligate nose breathers. Cold remedies for infants intro-
duce the potential for enhanced toxicity since metabo-
lism and drug excretion vary by age and safe dosing
levels have not been established in infants. Evacuation
of secretions from the nasal cavity with a bulb suction
device remains the best option at this point in time.
Mild fever may be treated with acetaminophen for
few days.

Symptomatic or supportive therapies are widely used
in older children and multiple treatment choices are
available. Many treatment options are based on a combi-
nation of drugs targeted at several cold symptoms at once.
Parents and caregivers are unrelenting in their search
for cold remedies for their children and often turn to
herbal medicines (e.g., Echinacea herbal derivatives) with
unknown and potentially harmful effects. It is important
for clinicians to obtain detailed information about the
administration of cold remedies from the caregiver when
seeing a child with an upper respiratory tract infection.
Unintentional dosing errors, especially in young children,
can have catastrophic outcomes.

Evidence of symptomatic relief of cold in adults has
been demonstrated with several drugs.
Nasal Sprays

A methacholine nasal spray can reduce the amount of
nasal secretions, which often pour from the nose during
the first few days of a cold (Borum et al., 1981). After 1 or
2 days, when nasal breathing becomes difficult due to
the increased viscosity of the nasal secretions, a nasal
decongestant spray such as oxymethazoline can relieve
congestion. Topical nasal steroid sprays are not recom-
mended for rhinovirus infection; the symptomatic benefit
is limited and viral shedding is actually increased.
Oral Combination Therapies

Oral antihistamines with anticholinergic and sedative
effects (first-generation antihistamines such as chlor-
pheniramine and brompheniramine) and oral sympatho-
mimetics (such as pseudoephedrine hydrochloride and
phenylephrine hydrochloride) have been shown to be
efficacious in adults for reducing nasal congestion, cough,
and sneezing during colds. Codeine and dextromethor-
phan are used to suppress cough, but have not been
shown to be effective in controlled studies with patients
with colds.
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Oral Anti-inflammatory Medications

Aspirin, naproxen, and ibuprofen are effective for reduc-
ing systemic aches, headache, and sore throat. In addition,
naproxen has been shown to diminish cough and ibupro-
fen to reduce sneezing. Oral steroids have not been
shown to be beneficial for symptomatic relief in rhinovi-
rus infection. Anti-inflammatory treatment of rhinovirus
colds increases viral shedding.
Hand Sanitizers

A reduction in the frequency of rhinovirus infections
might be possible through interruption of transmission,
since rhinoviruses must be acquired from another person.
However, the alcohol gels commonly used as hand saniti-
zers to prevent colds were not shown to reduce rhinovirus
infections in a controlled field trial (Sandora et al., 2005).
In laboratory tests, alcohol may reduce titer but does not
eradicate rhinovirus. Careful hand-washing will remove
rhinovirus.
Socioeconomic Impact

Although a single rhinovirus infection is generally mild
and self-limited, the frequency of colds produces morbid-
ity that is a challenge to public health officials. Colds
occur at an estimated rate of one billion per year in
the United States, with about 25million patients seeking
medical care for uncomplicated upper respiratory illness
and 5million for otitis media. Colds account for an esti-
mated 22million missed days of school and 20million
absences from work annually. It is obvious that a better
understanding of the pathogenesis of rhinovirus infections
and more effective treatment modalities would have a
strong impact on public health.

See also: Bacterial Infections: Overview; Enteroviruses;

Influenza; Pneumonia.
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Introduction

The order Rickettsiales of the a-proteobacteria contains
numerous medically important bacteria, including the
pathogens responsible for Rocky Mountain spotted fever
and typhus. Among them are newly emergent pathogens
that cause similar diseases and share many bacterial char-
acteristics. All of the organisms are small, Gram-negative
coccobacilli or bacilli, and most are transmitted to mam-
mals by an arthropod vector. They replicate by binary
fission in eukaryotic cells, either in the cytoplasm or
contained within vesicles, and have a circular genome of
only 1 to 1.6Mb. Interestingly, some bacteria in this order,
such as Ehrlichia and Anaplasma have lost the molecular
machinery to produce lipopolysaccharide (LPS) and
peptidoglycan.
Taxonomy

The classification of bacterial pathogens has traditionally
relied on such characteristics as morphology, epidemiol-
ogy, ecology, and clinical disease manifestations. The
Rickettsiales, however, are notoriously elusive to sur-
veillance, and their associated diseases are difficult to
diagnose. The introduction of gene sequencing greatly
facilitated objective classification, and the order is now
partitioned based on 16S rRNA gene sequence similari-
ties (Figure 1). The order contains two families, Rickett-
siaceae and Anaplasmataceae. Rickettsiaceae contain two
Rickettsia typhi

Rickettsia rickettsii Ehrlichia chaffeensis
Ehrlichia muris

Ehrlichia
ruminantium

Ehrlichia ewingii
Ehrlichia canis

Anaplasma marginale

Anaplasma platys

Anaplasma phagocytophilum

Wolbachia pipientis

Neorickettsia helminthoeca
Neorickettsia risticii Neorickettsia sennetsu

Orientia tsutsugamushi

E.coli

Figure 1 Taxonomic relationships of Rickettsia based on

16S rRNA.
genera, Rickettsia and Orientia, while Anaplasmataceae
comprise four genera, Ehrlichia, Anaplasma, Neorickettsia,
and Wolbachia. Coxiella burnetii had traditionally been clas-
sified among the Rickettsiales, but gene sequencing now
places it in the g-proteobacteria. Even though it is not
phylogenetically related, the ecological, epidemiological,
and clinical similarities warrant its traditional consider-
ation along with the Rickettsiales.
Rickettsiae and Orientia

Rickettsial diseases were described prior to the discovery
of microbial causes of disease, and new rickettsial patho-
gens continue to be recognized. Epidemic typhus influ-
enced the outcome of European wars from the sixteenth
to the nineteenth century, and newly emergent species,
such as R. africae, R. japonica, R. honei, and R. slovaca, are
associated with human disease (Raoult, 1997).

Rickettsial diseases are widely distributed throughout
the world, with human disease being described on every
continent except Antarctica. Rickettsia are segregated into
two groups, the typhus group containing R. prowazekii

and R. typhi, which are the etiologic agents of epidemic
typhus and murine typhus, respectively, and the spotted
fever group characterized by organisms such as R. rickettsii
and R. conorii, the etiologic agents of Rocky Mountain
spotted fever and Mediterranean spotted fever. Numer-
ous other spotted fever group rickettsiae have also been
implicated in human disease (Table 1). Another notable
rickettsial pathogen, Orientia tsutsugamushi (formerly
R. tsutsugamushi), is the etiologic agent of scrub typhus.
This pathogen differs from other Rickettsia, but is similar
to Ehrlichia and Anaplasma, in that it lacks LPS and
peptidoglycan.

Rickettsiae are also of particular importance due to
their potential threat as biological weapons. Rickettsial
diseases possess several important characteristics which
highlight their risk for intentional dissemination. Despite
the fact that natural transmission of rickettsiae occurs by
arthropod exposure, infections resulting from aerosol
exposure have been described with R. prowazekii, R. typhi,
R. rickettsii, and R. conorii. The severe virulence and diffi-
culty of diagnosing human rickettsioses also make them
dangerous as biological weapons. In fact, R. prowazekii has
an established historical significance as a biological threat.



Table 1 Epidemiologic features of diseases caused by Rickettsia and Orientia

Rickettsia
species Disease

Transmission to
humans Maintenance in nature

Geographic
distribution

Typhus group

Rickettsia

prowazekii

Epidemic typhus Mechanical inoculation

of infected louse feces

Horizontal transmission from louse

to human to louse

Worldwide

Mechanical inoculation
of infected flea feces

Horizontal transmission from flying
squirrels to ectoparasites

Eastern United States

Recrudescent

typhus

Reactivation of latent

infection

Latent human infection Worldwide

R. typhi Murine typhus Mechanical inoculation
of infected flea feces

Horizontal transmission from fleas
to rats (worldwide) or opossums

(USA) and fleas

Worldwide

Spotted fever group
R. rickettsii Rocky Mountain

spotted fever

Tick bite Transovarial maintenance in ticks;

less extensive horizontal

transmission from tick to

mammal to tick

North and South

America

R. conorii Mediterranean

spotted fever

Tick bite Transovarial maintenance in ticks Africa, Southern

Europe, Asia

R. sibirica North Asian tick

typhus

Tick bite Transovarial maintenance in ticks;

horizontal transmission from tick
to mammal to tick

Eurasia, Africa

R. africae African tick bite

fever

Tick bite Presumably transovarial in ticks Africa, Caribbean

Islands
R. japonica Japanese spotted

fever

Tick bite Presumably transovarial in ticks Japan

R. honei Flinders Island

spotted fever

Tick bite Transovarial maintenance in ticks Australia, South East

Asia
R. parkeri Maculatum disease Tick bite Transovarial maintenance in ticks North and South

America

R. slovaca Tick-borne

lymphadenopathy

Tick bite Presumably transovarial in ticks Europe

R. australis Queensland tick

typhus

Tick bite Transovarial maintenance in ticks Australia

R. akari Rickettsialpox Mite bite Transovarial maintenance in mites;
horizontal transmission from

mite to mouse to mite

Worldwide

R. felis Flea-borne spotted

fever

Unknown Horizontal transmission from flea

to opossums to flea

Worldwide

Orientia

Orientia

tsutsugamushi

Scrub typhus Mite bite Transovarial maintenance in

trombiculid mites

Asia, northern Australia,

islands of western

Pacific and Indian
oceans
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The former Soviet Union developed typhus as a bio-
logical weapon, and the Japanese government conducted
human and field testing of typhus as a weapon in China
during World War II.
Ecology of Rickettsiae and Epidemiology of
Rickettsial Diseases

Rickettsial diseases occur throughout tropical, subtropi-
cal, and temperate regions. Transmission to humans is not
a requirement for the maintenance of rickettsiae in nature,
as all are maintained in various arthropod vectors and
small animals. As a result, rickettsial diseases are classified
as zoonoses. The global distribution of rickettsial diseases
is dictated by the availability of a small animal host and
the blood-sucking arthropod important for transmission
and maintenance of rickettsiae in nature.

Rats are the primary mammalian reservoir of R. typhi,
the causative agent of murine typhus, and the principal
arthropod vector important for human transmission is the
rat flea (Xenophsylla cheopis). R. prowazekii, the etiologic
agent of epidemic typhus, was long thought to not have
a zoonotic reservoir. Humans are implicated directly in
the classic maintenance cycle of epidemic louse-borne
typhus as lice that acquire the infection from human



Figure 2 Typical appearance of rash observed during

R. rickettsii infection. Courtesy of Mario Galváo.
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blood and subsequently transmit the organisms through
their fecal matter die of the infection. However, investi-
gators have also identified a zoonotic cycle involving
North American flying squirrels and their ectoparasites,
and typhus rickettsiae have been discovered in ticks in
Mexico and Ethiopia. Therefore, alternative zoonotic
cycles may also play a role in the life cycle of typhus
rickettsiae.

Spotted fever group rickettsiae, such as R. rickettsii

and R. conorii, are maintained in nature through transovar-
ial transmission in infected hard ticks or mites and
horizontal arthropod transmission of infection to small
mammals. Similarly, O. tsutsugamushi is maintained in
nature through transovarial transmission in trombiculid
mites which in the larval stage feed on mammals, usually
rodents, and occasionally humans, transmitting the
infection.

Rickettsiae are transmitted to humans from infected
arthropods, and thus the ecologic behavior of the
arthropod host is an important factor in the temporal
and geographic occurrence of rickettsioses (Azad,
1998). Ixodic, or hard ticks, are the vectors for spotted
fever group rickettsiae, with the exception of R. akari,
the etiologic agent of rickettsialpox for which the
vector is a gamasid mite. As a result, most reported
cases of human spotted fever rickettsioses occur in
late spring and summer when human and tick activity
result in exposure. The highest incidence of Rocky
Mountain spotted fever occurs in children aged 5 to
9 years old (Abramson, 1999) and in older persons
40 to 64 years of age.

Lice and fleas are the vectors of R. prowazekii and
R. typhi, respectively. In areas of poverty, usually associated
with poor sanitation and overcrowding, epidemics of
typhus can occur. Latent R. prowazekii infections may
relapse resulting in recrudescent typhus (Brill-Zinsser
disease) years after the primary infection. Such a case of
recrudescent typhus is the index case of a subsequent
epidemic.
Figure 3 Typical appearance of an eschar following infection

with R. conorii.

Clinical Manifestations, Diagnosis, and
Treatment of Rickettsial Diseases

The early symptoms of rickettsial infection are similar to
many other infections, particularly viral syndromes,
making a clinical diagnosis difficult (Walker, 1995).
Diagnosis is further complicated by the fact that tick
bites in spotted fever rickettsioses are only reported
about 60% of the time. Human rickettsioses are charac-
terized by fever, severe headache, myalgias, malaise, and
after several days a macular rash (Figure 2) (Thorner,
1998). Patients infected through the bite of an infected
tick may or may not develop an eschar at the site of tick
feeding, depending mainly on the particular rickettsial
species (Figure 3). The initial diagnosis of rickettsiosis
is generally based on the clinical and epidemiologic
observations. To confirm the diagnosis, serologic assays
are generally used, although antibodies do not appear
until later in the disease course, after empiric treatment
should have been initiated. Immunohistochemical detec-
tion of rickettsiae in rash biopsies is diagnostically useful
after skin lesions appear.

Due to the association of rickettsiae with an arthropod
host, vector control programs and avoidance of ticks or
other arthropods in areas endemic to rickettsial disease
are the most prudent methods available to limit the risk of
infections; however, use of protective clothing and tick
repellants as well as diligent inspection for and removal of
attached ticks also serve to decrease disease transmission.
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Currently there is no approved vaccine, although experi-
mental vaccines have provided protection in laboratory
animals.

Treatment of rickettsioses consists of appropriate
antibiotic therapy. Doxycycline is the antibiotic of
choice and should be administered early in the disease
course as delay in antibiotic therapy has been associated
with increased mortality (Dalton et al., 1995). Chloram-
phenicol is less effective, but may be used if doxycycline
is contraindicated, as in pregnancy. Antibiotic post-
exposure prophylaxis following reported tick bites is
not recommended as the bacteriostatic mechanism of
these antibiotics may only serve to delay onset of
disease.
(b)

(c)

Figure 4 Photomicrographs of Rickettsia and Ehrlichia.

(a) Immunohistochemical localization of R. conorii inside

microvascular endothelium in a murine model of spotted fever
rickettsiosis. Photo courtesy of Michael E. Woods. (b) Morula of

Ehrlichia chaffeensis inside a human monocyte (arrow). Previously

published by Elsevier, reproduced with permission. (c) Morula of
Anaplasma phagocytophilum inside a human granulocyte (arrow).

Reproduced fromDumler JS andWalker DH (2006) Ehrlichiosis and

anaplasmosis. In: Guerrant RL, Walker DH, and Weller PF (eds.)

Tropical Infectious Diseases: Principles, Pathogens, and Practice
vol. 1, pp. 564–573. Philadelphia, PA: Elsevier, with permission.
Pathogenesis and Immunity in Rickettsial
Diseases

Rickettsial diseases include some of the most severe and
potentially life threatening bacterial diseases recognized
today. In human infection, rickettsiae primarily infect the
vascular endothelium, with the exception of R. akari,
which mainly targets monocytes and macrophages. Rick-
ettsia rickettsii also invades smooth muscle cells of the
vasculature. All Rickettsia and Orientia replicate free in
the cytosol of infected cells.

Human rickettsioses begin after introduction of rick-
ettsiae through the bite of an infected tick or mite or after
mechanical inoculation of infected louse or flea feces
through an abrasion in the skin or the conjunctiva.
Inhalational infection has also been described in labora-
tory workers. Following infection, rickettsiae invade the
vascular endothelium, proliferate in the cell cytoplasm,
and spread throughout the circulation (Figure 4a).
Rickettsiae are directly cytopathic for vascular endothe-
lium, and immune-effector responses may also play a
role in vascular injury. Overall, however, the immune
response is beneficial to the host. Disseminated infection
leads to increased vascular permeability and accumula-
tion of fluid in the surrounding interstitial space culmi-
nating in decreased blood volume and hypovolemic
shock. Major vital organs affected are the brain and
lungs, manifesting as meningoencephalitis and intersti-
tial pneumonitis, respectively. Decreases in kidney per-
fusion owing to hypovolemia may also lead to acute
renal failure while vascular leakage into the alveolar
spaces in the lungs impairs gas exchange leading to
hypoxemia.

Based on the intracellular lifestyle of rickettsiae, cellu-
lar immunity is of paramount importance. Ultimately,
cytotoxic T-lymphocytes are critical to clearance of rick-
ettsiae, and the cytokines gamma interferon and tumor
necrosis factor induce intracellular killing in endothelial
cells through the activation of inducible nitric oxide
synthase and subsequent rickettsicidal nitric oxide pro-
duction. Natural killer cells also contribute to immunity
against rickettsiae, primarily through the production of
gamma interferon. Lastly, the humoral immune response,
specifically antibody production against outer membrane
proteins, may prevent reinfection.



586 Rickettsia
Anaplasmataceae

Ehrlichia

Ecology of Ehrlichia and epidemiology of

ehrlichioses

Ehrlichiae are globally distributed pathogens, of impor-
tance in both human and veterinary medicine. Ehrlichia
chaffeensis, the causative agent of human monocytotropic
ehrlichiosis (HME), was discovered in the midwestern
United States in 1986 and subsequently was found to
cause disease also in dogs. It is globally distributed
throughout North and South America, Asia, and Africa.
Most recognized cases are in the south central and south-
eastern United States, corresponding to the distribution of
its main vector, Amblyomma americanum (Lone Star tick).
E. chaffeensis is maintained in the major animal reservoir,
Odocoileus virginianus (white-tailed deer), as a persistent
infection. A second species, E. ewingii, shares the same
vector, animal reservoir, and North American distribu-
tion. Distributions of the ehrlichioses outside of the
United States have not been mapped; our knowledge is
limited to sporadic case reports and surveillance of a few
small communities (Table 2).

Seventy-five percent of HME cases are diagnosed in
males, and most patients are older adults. Infections with
E. ewingii are diagnosed mainly in the immunocompro-
mised and cause a similar, but less severe syndrome than
HME. Both HME and E. ewingii infections occur season-
ally from late spring to early fall. Because they are diffi-
cult to diagnose and the symptoms are sometimes mild,
the exact quantification of cases is elusive. The best efforts
to enumerate infections have resulted from active, pro-
spective surveillance for seroconversion and active infec-
tion (using PCR to detect ehrlichial DNA in blood) of
Table 2 Epidemiologic features of diseases caused by Ehrlichia,

Rickettsia
species Disease Transmission to hum

Ehrlichia

Ehrlichia

chaffeensis

Human

monocytotropic
ehrlichiosis

Tick bite

E. ewingii Ehrlichiosis ewingii Tick bite

E. canis Human

monocytotropic

ehrlichiosis-like

Tick bite

Anaplasma
Anaplasma

phagocytophilum

Human

granulocytotropic

anaplasmosis

Tick bite

Neorickettsia

Neorickettsia

sennetsu

Sennetsu fever Presumably ingestion

raw fish infested wi

ehrlichia-containing
at-risk populations. These studies reveal the annual inci-
dence to be 10 to 100 cases per 100 000 population,
though cases are reported at a much lower rate.

A third pathogen, E. canis, is distributed throughout the
world and is emerging as a possible human pathogen. It
was isolated in South America from asymptomatic indi-
viduals and from patients with suspected HME. Testing
20 patients with suspected HME for E. canis (by PCR)
revealed that 30% were infected (Perez et al., 2006). The
incidence of E. canis infection in humans is unclear, and it
is unknown if its pathogenicity in humans is as severe as
E. chaffeensis. It is transmitted by Rhipicephalus sanguineus

(brown dog tick) and is maintained in dogs as chronic
canine monocytic ehrlichiosis.

Clinical manifestations, diagnosis, and treatment

of ehrlichiosis

Similar to the rickettsioses, the symptoms of HME are
non-specific, making clinical diagnosis difficult. The most
common symptoms are fever, myalgia, malaise, and head-
ache. Nausea, vomiting, cough, confusion, and rash occur
in a minority of patients. Leukocytopenia, thrombocyto-
penia, anemia, and elevated liver transaminases are fre-
quent laboratory findings. Some cases exhibit severe
symptoms such as meningoencephalitis or acute respira-
tory distress syndrome; 2 to 3% of infected individuals
die, usually with multisystem organ failure or a toxic
shocklike syndrome. A history of a tick bite within
3weeks prior to illness aids diagnosis. There is no vaccine
for HME, so prevention revolves around reducing tick
bites.

Diagnosis is confirmed either by a fourfold increase in
antibody titer (useful only retrospectively) or by detection
of E. chaffeensis DNA by PCR. It is also possible to confirm
Anaplasma, and Neorickettsia

ans Maintenance in nature Geographic distributution

Horizontal transmission

from tick to deer
to tick

North and South America,

Asia, and Africa

Horizontal transmission

from tick to deer

to tick

United States and Africa

Horizontal transmission

from tick to dog

to tick

Worldwide

Horizontal transmission

from tick to small

mammals to tick

United States, Europe,

Asia

of

th

flukes

Unknown Western Japan
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diagnosis by immunostaining of a biopsy or an autopsy
sample or by isolating Ehrlichia in culture from a patient
sample. However, neither technique is available outside of
a specialized laboratory. Treatment should not be postponed
for confirmation, but should be started as soon as HME is
suspected. The most effective therapy is doxycycline; rifam-
pin is used to treat pregnant women. E. ewingii diagnosis
usually relies upon cross-reactivity with E. chaffeensis, as
there is no serological test specific for E. ewingii.

Pathogenesis and immunity in ehrlichioses

Ehrlichia species are transmitted to the mammalian host
during tick feeding, being inoculated along with the tick
saliva. Once introduced into the dermis, E. chaffeensis and
E. canis have selective tropisms for monocytes and macro-
phages, while E. ewingii targets neutrophils and occasional
eosinophils. On blood smears, the bacteria can be visua-
lized as morulae, which are microcolonies of Ehrlichia

inside host cell vesicles (see Figure 1). Unlike the Rick-
ettsiales, Ehrlichia do not replicate in the cytoplasm. Fol-
lowing uptake of the bacteria into vesicles, phagocytes
disseminate hematogenously to the major target organs:
liver, lung, spleen, and, for E. chaffeensis, the central ner-
vous system. Ehrlichiae directly compromise the killing
ability of these cells by preventing superoxide radical
production and phagolysosomal fusion.

The immune system is both the target of the bacteria
and the natural cure for the disease; thus, knowledge of its
role in mediating tissue damage and in controlling bacte-
rial replication is essential to understanding the patho-
genesis. Animal models have demonstrated that a gamma
interferon producing CD4+ T lymphocyte response is
necessary for control of ehrlichial infection. Antibodies
and CD8+ cytotoxic T lymphocytes contribute to protec-
tive immunity. Lymph node studies from HME patients
suggest that infected macrophages are highly activated
by E. chaffeensis but do not appropriately induce cytotoxic
T cells (Dierberg and Dumler, 2006). These T cells may
contribute more to pathogenesis than to resolution, possi-
bly by producing a cytokine storm that induces a toxic
shocklike syndrome. Overproduction of TNF-alpha and
IL-10 and weak CD4+ T lymphocyte responses contribute
to illness severity (Ismail et al., 2004).
Anaplasma

Ecology of Anaplasma and epidemiology of

anaplasmosis

Members of the genus Anaplasma infect mainly ruminants
(cud-chewing animals such as cattle, sheep, and goats), but
one species in particular is a significant human pathogen.
Anaplasma phagocytophilum is the causative agent of human
granulocytic anaplasmosis (HGA). HGA has been identi-
fied in Europe and Asia but is most commonly reported in
the United States. A. phagocytophilum is maintained in deer
mice and other animals and is transmitted by Ixodes

scapularis (blacklegged tick) in the eastern United States,
by Ixodes pacificus (western blacklegged tick) in the west-
ern United States, and by Ixodes ricinus in Europe. Follow-
ing the distribution of its vectors, HGA is distributed
throughout the upper Midwest and northeastern states
as well as parts of California. Its incidence peaks in the
late spring to early fall, and seroprevalence has been
reported to be 15 to 36% in endemic areas.
Clinical manifestations, diagnosis, and treatment

of anaplasmosis
The clinical presentation of HGA is similar to HME
except for rarity of central nervous system involvement,
rash, and severe complications. Even with high seroprev-
alence, few patients require hospitalization, suggesting
frequent asymptomatic or undiagnosed infections. Mor-
tality is less than 1% and often due to an opportunistic
super-infection. Diagnosis is confirmed serologically as in
HME, but the tests for HME and HGA are distinct.
Morulae are more frequently detected in peripheral
blood smears in HGA, but are found in neutrophils rather
than in monocytes. HGA responds to the same antibio-
tics as the ehrlichioses, doxycycline or rifampin, which
should be begun early to shorten illness and prevent
complications.
Pathology and immunity in anaplasmosis

The most prominent pathology observed in HGA is liver
injury. The lungs may also be involved, and all cellular
components of blood may decrease in number. Because
organisms are not prominent at sites of tissue damage, an
immune-mediated mechanism has been suggested. A. pha-
gocytophilum parasitizes granulocytes, especially neutro-
phils, in the mammalian host. Bacteremia sufficient to
infect feeding ticks, and thus maintain the pathogen in
nature, is achieved by prolonging the neutrophil life span
past the normal 6 to 12 h. Anaplasmae halt apoptosis,
phagocytosis, and nitric oxide production in the neutrophil,
compromising the innate immune system. T cell numbers
and antibody productionmayalso be suppressed, enhancing
susceptibility to opportunistic fungal, bacterial, and viral
infections. Mouse models have demonstrated that inflam-
mation, specifically the nonspecific innate immune cascade,
contributes to tissue damage, but does not control bacterial
replication (Scorpio et al., 2006).
Neorickettsia

Ecology

Neorickettsiae infect digenetic trematode worms (flukes)
and are maintained transovarially. The fluke vector has a
complex parasitic life cycle that requires development
within one or two intermediate hosts (mollusks and
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sometimes insects or fish) followed by sexual reproduc-
tion within a mammalian host. Because of transovarial
transmission, neorickettsiae only require replication
within trematode worms for maintenance in nature.
However, neorickettsiae are capable of replicating in
mammalian tissues following the ingestion of a trema-
tode-infested host. It is the replication within mammalian
cells that causes the neorickettsial diseases of human and
veterinary importance.

Epidemiology

Three species are recognized as rare, emerging pathogens,
and more species are continuing to emerge. Neorickettsia
helminthoeca infects dogs that ingest uncooked salmon or
trout harboring infected flukes. Following a 14-day incu-
bation period, the infected dog will develop salmon
poisoning disease (SPD), a syndrome marked by fever,
vomiting, diarrhea, dehydration, weakness, swollen lymph
nodes, and thrombocytopenia. Without appropriate treat-
ment (tetracycline or doxycycline), most dogs succumb to
infection. Diagnosis is made by identification of organisms
in a lymph node biopsy. SPD has only been reported along
the Pacific coast of the United States and Canada with
a few reports along the Atlantic coast of Brazil. Another
bacterium, Neorickettsia risticii, infects horses following
ingestion of insects that harbor infected flukes. It causes a
syndrome similar to SPD called Potomac horse fever (PHF)
or equine monocytic ehrlichiosis. The fluke vector Acantha-
trium oregonense is believed to utilize bats as its primary
mammalian host, and N. risticii have been isolated from
bat tissues.

A third organism, Neorickettsia sennetsu, causes sennetsu
fever and is the only known neorickettsia capable of
infecting humans. Unlike SPD and PHF, no fatalities
have been reported from sennetsu fever. The clinical
course is self-limited and similar to infectious mononu-
cleosis, including fever, body aches, headache, and swollen
lymph nodes. The disease has only been reported in
western Japan during late summer and fall and is probably
related to eating uncooked fluke-infested fish. Routine
diagnostics have not been developed, though a few spe-
cialized laboratories are capable of detecting N. sennetsu

DNA in tissue biopsies by PCR. Doxycycline is an effective
treatment.

Pathology and immunity
Very little is known about the pathological consequences
of and immunity to N. sennetsu. Most of the current
knowledge regarding neorickettsiae is derived from stud-
ies of the veterinary pathogens. The mechanisms of exit
from the fluke and entry into themammal are unknown, but
once introduced into the mammal, neorickettsiae infect
macrophages in lymphoid tissues throughout the body.
Lymph node biopsies from SPD cases demonstrate infiltra-
tion of lymphocytes and infected macrophages. Similar
lesions are observed in the spleen and intestinal lymphoid
tissues at necropsy. Animal studies with N. risticii suggest
that development of neutralizing antibodies may be impor-
tant in generating a protective immune response.
Wolbachia

Wolbachiae are endosymbionts of arthropods and filarial
nematodes. In contrast with all other Anaplasmataceae,
these bacteria have not been reported to infect mammals.
Arthropods and filariae, therefore, serve as hosts but not
vectors. With few exceptions, wolbachiae are parasitic to
arthropods, altering their sexual reproductive capacity.
Only as mutualistic symbionts in filariae does their exis-
tence relate to human disease. Many filarial species,
including some that infect humans, depend on wolbachiae
for survival, and the eradication of wolbachiae from these
nematodes leads to worm death at embryonic, larval,
and adult stages. Interestingly, filarial wolbachiae have
lost the genes necessary for cellular invasion and are
passed to successive generations strictly transovarially,
like mitochondria.

Wolbachia have been estimated to infect 20 to 76% of
insects and many nematodes in a worldwide distribution.
Most nematodes known to cause filariasis in humans carry
wolbachiae, including Wuchereria bancrofti, Brugia malayi,
Brugia timori, and Mansonella ozzardi, but not Mansonella

perstans.Wolbachia are also found in Onchocerca volvulus, the
causative agent of onchocerciasis (river blindness), and
Dirofilaria immitis, the canine heartworm. Loa loa, in con-
trast, live independently of bacterial endosymbionts. Dur-
ing filarial invasion of a mammalian host, wolbachiae
contribute to the immunopathology by enhancing neutro-
phil activation. Promising animal studies suggest that
doxycycline directed at the Wolbachia may be an efficient,
novel treatment for filariasis and onchocerciasis.
Coxiella

Coxiella burnetii

Ecology

C. burnetii, the etiologic agent of the zoonosis Q fever, is a
pathogen primarily of sheep, goats, and cattle, but may
also infect other livestock, pets, wild mammals, birds,
reptiles, and humans. C. burnetii has two morphologic
forms, the small cell variant and the large cell variant,
which are distinguishable by electron microscopy. The
large cell variant replicates inside the acidified phagoly-
sosome and is resistant to the low pH and lysosomal
enzymes. The small cell variant can persist in the soil
free of a eukaryotic host. This form is resistant to many
chemical disinfectants, heat, and cold. C. burnetii is passed
among its primary reservoirs (cattle, sheep, and goats) by
bacteria-laden aerosols. It replicates to high titers in the
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placenta and the lactating mammary gland; parturition
and slaughter generate infectious aerosols that may be
inhaled or contaminate soil. Consumption of unpasteur-
ized milk can also cause infection. Because of its high
infectivity (the minimum infective dose is one organism)
and its environmental stability, the Centers for Disease
Control and Prevention has classified C. burnetii as a
category B biological threat agent.
Epidemiology, clinical manifestations, and

diagnosis

Humans with close occupational contact with livestock
and other infected animals, such as workers in the dairy
and meat-processing industries, veterinarians, hunters, and
farmers, are at greatest risk for exposure to C. burnetii.
Human infections usually result from the inhalation of
aerosols generated from birth products, feces, urine, or
milk from infected animals; 60% of infections are asymp-
tomatic. When symptoms do arise, they are usually flulike
and present after an incubation period of 2 to 3weeks as
high fever, myalgia, malaise, and nonproductive cough.
Thirty to fifty percent of symptomatic patients develop
atypical pneumonia, heralded by cough and pleuritic chest
pain. Chest radiographs show nonspecific changes. Q fever
may also manifest as hepatitis. Chronic infections with
Coxiella burnetii also occur.

Q fever infection is diagnosed serologically using com-
mercially available enzyme linked immunosorbent assay
(ELISA) or indirect immunofluorescence assay (IFA) kits.
Diagnosis of acute disease requires IgM titers of greater
than 1:50 and IgG titers greater than 1:200 to phase II
variant C. burnetii; diagnosis of chronic infection requires
an IgG titer equal to or greater than 1:1600 to phase I
variant. C. burnetiimay be isolated in shell-vial culture, but
this technique is rarely used due to a lower sensitivity and
a higher risk to laboratory personnel.

Acute Q fever infections are treated with doxycycline
alone; chronic infections require the addition of hydroxy-
chloroquine. Hydroxychloroquine raises the pH inside
the phagolysosome, increasing the effectiveness of doxy-
cycline. In treated patients, the mortality rate is less than
1%. Some patients, however, do not clear C. burnetii dur-
ing treatment, and viable organisms have been isolated
even after 12months of antibiotic therapy. No vaccine for
Q fever is commercially available in the United States, but
in Australia a vaccine successfully protects people at risk
due to occupational exposure. Prior to vaccination, indi-
viduals must be tested for seropositivity to C. burnetii as
severe adverse reactions occur at the injection site and
systemically in seropositive individuals.
Pathogenesis and immunity

Acute Q fever generally occurs after inhalation of viable
C. burnetii, which first infect alveolar macrophages. The
small cell variant of C. burnetii enters the phagosome of
monocytes and macrophages passively and delays phagoly-
sosomal fusion, apparently to allow the change to the large
cell variant. C. burnetii then replicates inside the phagolyso-
some. Dissemination throughout the body occurs with
C. burnetii infecting monocytes and macrophages with the
formation of granulomas in infected organs.

Chronic Q fever occurs when a substantial bacterial
burden persists apparently owing to host factors. During
chronic infection, C. burnetii undergoes gene reduction
typically involving LPS synthesis genes. Chronic Q
fever infections are normally manifested as infective
endocarditis. Over 90% of patients with C. burnetii infec-
tive endocarditis have underlying cardiac valvular disease
(rheumatic, degenerative, or congenital) or prosthetic
heart valves. In Europe 3 to 5% of endocarditis cases are
caused by C. burnetii. However, in the United States, only
seven cases of endocarditis due to Q fever have been
described. These data suggest that there may be geo-
graphic differences in the pathogenesis of C. burnetii.

Sterilizing immunity to C. burnetii is rare, as organisms
can persist despite immunologic control. Control is
dependent on effective T-lymphocyte responses and
granuloma formation. Granuloma formation is aided by
signaling through Toll-like receptor (TLR) 4, a host cell
receptor known to bind LPS and trigger an inflammatory
cascade. Animals that lack TLR4 have significantly
decreased numbers of granulomas (Honstettre et al., 2004).

See also: Ectoparasites and Arthropod Vectors: Ectopar-

asite Infestations; Emerging Diseases: Overview; Helmin-

thic Diseases: Filariasis; Helminthic Diseases: Foodborne

Trematode Infections; Terrorism.
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Introduction

Risk assessment is an increasingly common tool used to
evaluate or compare hazards to human health and the
natural environment. Since this is a health encyclopedia,
we will not further discuss ecological risk assessment. Risk
assessors estimate the probability that a hazard will affect
health and explore the magnitude of the consequences if it
does. There are two basic kinds of risk assessment: The
kind that presupposes the release or occurrence and tries
to estimate exposure and potency; and the kind (once
called PRA) that adds a preliminary step of the prob-
ability that the stressor will even occur (e.g., fault tree
analysis). This article assumes the former type of risk
assessment. For discussion of the latter, see Kammen
and Hassenzahl (1999). Risk analysis has ancient origins
(Covello and Mumpower, 1985), but as an organized
undertaking may be traced to the London insurance
industry in the sixteenth century (Bernstein, 1998). Over
the past four decades, risk assessment has been identified
as a useful organizing principle and decision tool for a
broad range of management and policy problems.

Controversy surrounding decisions where risk analysis
features prominently can be intense. The stakes and inter-
ests are often high in such cases, and putting weight on
analyses that rely on expert knowledge and judgment can
in some cases heighten conflict. This is especially relevant
when uncertain scientific information must be coupled to
highly controversial assumptions. (Some basic references
expressing support for or antipathy to risk assessment,
respectively, include Arrow et al. (1996) and Ackerman
and Heinzerling (2004)).

In this article, we briefly present the evolution of risk
assessment over the past four decades, describe fundamen-
tal risk assessmentmethods, and summarize how risk assess-
ment is and can be used to inform environmental and public
health decisions. We conclude with current challenges and
controversies associated with risk assessment.
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Risk Assessment in the Federal
Government

Beginning in the late 1960s and increasing with major
health and environmental legislation in the early 1970s,
risk assessment became a standard tool for evaluating
the impacts of physical, biological, and chemical agents.
By the mid-1980s, risk assessment had become a familiar
regulatory tool for major agencies, including the Food
and Drug Administration (FDA), the Environmental Pro-
tection Agency (EPA), and the Occupational Safety and
Health Administration (OSHA). Concern about its
ad hoc origins and diverging evolution in these different
agencies, however, led to a desire to standardize practice
and language.

In 1983, a National Research Council (NRC) panel
completed a review of standard risk assessment practice,
with recommendations for future applications (National
Research Council, 1983), which came to be known as
the Red Book. Figure 1 recreates the best-known figure
from the Red Book, depicting risk assessment as a linear
process, with four steps that have become a standard
regulatory risk assessment paradigm. These steps are:

. hazard identification (the qualitative identification of
which potential threats to health can be caused by
particular physical, biological, or chemical agents);

. exposure assessment (the estimation of human expo-
sures to those agents);
Risk asse

Information on
extrapolation methods

Exposure assessment
emissions characterizationField measurements,

characterization of
populations

Toxicity assessment:
hazard identification and
dose–response assessment

Research needs identified
from risk assessment
process

Laboratory and field
observations

Research

Figure 1 NRC Red Book risk assessment/management paradigm.
characterization by technically trained personnel, who provide quantit

National Research Council (1983) Risk Assessment in the Federal Go

Academy Press.
. dose–response assessment (the estimation of the poten-
cy, the probability of a particular kind of harm per unit
of exposure to the agent or agents);

. risk characterization (a description of the expected
impacts of the agents on health, along with quantitative
and qualitative descriptions of uncertainty).

One of the most significant, but arguably most mis-
understood, recommendations of the Red Book Commit-
tee was its warning that risk managers should not pollute
the risk assessment process by imposing policy precon-
ceptions upon scientific inquiry. The committee was
reacting to concerns that political appointees at EPA
were exerting undue influence on risk assessments for
certain high-profile chemicals. The Red Book therefore
recommended a conceptual separation between assess-
ment and management, with assessors freed up to gener-
ate risk characterizations faithful only to the underlying
science. However, some observers (including some on
the committee) believed further that an organizational
separation between assessment and management was
necessary; most agencies either retained or created such
firewalls between these two functions. More recently,
original Red Book Committee members and others have
lamented the bureaucratic separation of assessment and
management – an excellent collection of essays on this
and related topics can be found in a special issue of Human
and Ecological Risk Assessment ( Johnson and Calabrese, 2003)
marking the 20th anniversary of the publication of the Red
ssment Risk management

Development of
regulatory options

Agency decisions
and actions

Evaluation of public
health, economic,
social, political
consequences of
regulatory options

Risk characterization

This paradigm has been widely interpreted as favoring risk
ative and qualitative risk characterizations to risk managers. From

vernment: Managing the Process. Washington, DC: National
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Book. Some of these commenters (notably Hattis
and Goble, 2003) further question even the wisdom of the
strict conceptual separation, noting that analyses performed
in a vacuum cannot hope to actually help decision makers
discriminate among risk-reducing choices, and recom-
mending that analysts and managers can and should com-
municate better across the firewall.

The major set of Red Book recommendations about the
techniques of risk assessment itself concerned the use of
inference options, the assumptions that assessors make in
order to bridge knowledge gaps and allow the assessment
to proceed despite uncertainty. For example, assessors
commonly assume, in the absence of specific and compel-
ling data to the contrary, that adverse health effects pro-
duced in laboratory animals would occur at comparable
exposures in humans. This default assumption is grounded
in the experience of many previous assessments where it
has been shown to be reasonable and is supported by
substantial biological understanding and theory. It is none-
theless an assumption that, while expedient, may not in
fact be valid in a given case.

The Red Book Committee strongly endorsed the use
of default assumptions, a position reaffirmed in a second
major NRC report, Science and Judgment in Risk Assessment
(National Research Council, 1994). This report urged
EPA to codify its default assumptions and their scientific
bases, and to develop a clear set of guidelines governing
what quantity and quality of evidence will be sufficient
to supplant each default assumption with a specific alter-
native. Science and Judgment also suggested that the Red
Book’s four-stage linear process map was not the only
conceptual framework for risk assessment and developed
a complementary way to look at the process based on six
cross-cutting issues that arise within each of the stages.
This committee gave special emphasis to two of these
themes – uncertainty and interindividual variability in
risk – echoing emphasis that had been made in the con-
temporary academic risk literature.

Later, driven by concerns about disenfranchising
the public from the process, the NRC convened another
panel, whose 1996 report envisioned risk assessment
as a ‘‘mutual and recursive . . . analytic deliberative process
. . . among . . . all interested and affected parties’’ (National
Research Council, 1996: 1–9). Ideally, in this model, the
nature of the risk management decision helps determine
the nature and rigor of the risk assessment, and analysts and
decision makers provide regular feedback to ensure techni-
cally sound and decision-relevant risk characterizations.

Risk assessment practice in most agencies continues to
be a hybrid of methods and is often highly contentious.
Critics from the regulated community complain that risk
assessment assumptions chronically overestimate probabil-
ities and effects on human health and safety, because, they
claim, the default assumptions tend to ascribe non-zero
risks to exposures that are absolutely harmless. In addition
to this potential for qualitative bias, many observers of risk
assessment procedures also argue that at many steps along
the process, assessors introduce a conservative bias to the
quantitative estimation of risk. (Influential writings on the
problem of conservatism in risk assessment includeNichols
and Zeckhauser (1986), Breyer (1993), and Perhac (1996), as
well as two minority reports in Science and Judgment pre-
senting differing views on the subject.) On the other hand,
many scientists and environmental advocates assert that if
anything, the risk regulatory system is biased in favor of
industry and business interests (Montague, 1999). Further,
conservatism in some assumptions (if it exists at all) is not
arbitrary but serves to offset missing effects such as inter-
actions and mixtures and to account for the certainty
that some individuals will be more susceptible to environ-
mental disease than the average laboratory animal or the
average member of an epidemiologic study population
(Finkel, 1989, 1995).

The debate over whether current risk assessment pro-
cedures in fact tend to yield conservative results has both
empirical and ethical dimensions, including the appropri-
ateness of the precautionary principle and the protection
of susceptible populations. The debate has enormous
practical import because the uncertainties are so large;
two risk estimates that differ wildly and that would lead to
vastly different regulatory responses may both be compat-
ible with the underlying science. Covello and Merkhofer
(1993) note that different assumptions can lead to over-
or underestimation of risk estimates by as much as five
orders of magnitude, while Hassenzahl (2005) explores
the policy implications of applying different assump-
tions. The fragility of risk estimates famously led William
Ruckelshaus, the first Administrator of EPA, to state that
‘‘we should remember that risk assessment data can be like
the captured spy: if you torture it long enough, it will tell
you anything you want to know’’ (Ruckelshaus, 1984).
The science of risk assessment has improved greatly in
the past 10–20 years, however, and the range of plausible
estimates has generally narrowed as some very conser-
vative assumptions as well as some implausibly rosy sce-
narios positing zero risk have fallen by the wayside.
Moreover, an increasing number of practitioners and critics
have come to understand that in large part, the range of
plausible answers for risk-assessment questions reflects
the real variation in risk estimates within affected popula-
tions, which no amount of research can reduce. Table 1
summarizes several purposes of quantitative risk assess-
ment, along with some examples of those applications.
Risk Assessment Methods

Basic Risk Calculations

Risk assessment methods tend to focus on computing
the probability that some event or outcome will occur, and



Table 1 Some reasons for performing quantitative risk assessment, along with examples

Purpose Example

Set limits based on either acceptable risk or cost/benefit
assessment

Regulatory review by U.S. Office of Management and
Budget

Evaluate whether best available technology is either too costly or

too risky

EPA Maximum Achievable Control Technology (MACT) rules

Compare risks to each other Putting risks in context for lay people
Set priorities for interventions State and federal risk-ranking projects

Set research priorities Value of information assessment

Evaluate interventions after the fact Clean Air Act Amendments of 1990 studies of criteria air

pollutants
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the associated consequence, over a given period of time
(eqn [1]). Alternatively, risk is calculated as the product of
the exposure to some chemical, physical, or biological agent
and the potencyof that agent (eqn [2]). These two equations
yield risk estimates in similar units: Adverse outcomes per
unit time. For example, one might say that the risk to
workers of losing a finger in a particular industrial setting
is one lost digit in every 10 000 operations (1 in 10 000);
here, operations is a proxy for time. Alternatively, in an
environmental setting, one could calculate the risk of get-
ting cancer from exposure to a pesticide to be one chance in
one million per year of exposure at some fixed concentra-
tion. In the latter case, since cancer has a long latency, risk is
often reported as lifetime risk.

Risk¼ðProbability�ConsequenceÞ=Time ½1�

Risk¼Exposure�Potency ½2�

In order to calculate risks, assessorsmust have reasonably
well-specified estimates of the input parameters: Prob-
abilities, consequences, exposures, and potencies. Unfor-
tunately, there are rarely data or empirically validated
theoretical relationships to allow precise estimates. Thus
assessors must use some combination of existing data, new
data, existing theory, or new theory to estimate para-
meters. For some common risks – such as automobile
accidents per year per 10 000 male drivers aged of 18–25
in a particular city – historical data may be sufficient
to reasonably predict future trends. For less common,
long latency, and very low-dose risks, calculations may
be considerably less certain due to incomplete under-
standing of processes.
Identifying Hazards

The first logical task along the Red Book’s four-step
paradigm for risk assessment is to assess what type of
adverse effect(s) an agent is capable of causing. Hazard
identification organizes the causal evidence, pro and con,
for one or more hazard–effect relationships, so that asses-
sors can narrow down the range of necessary exposure
assessment and dose–response analyses. In occupational
settings, a range of outcomes is often considered: Reduced
lung capacity, lost workdays, or death. In environmental
settings, death is often the focus of calculations, with the
(often hidden) assumption that other adverse outcomes
are either dominated by or will scale with numbers of
deaths. Moreover, in occupational settings, the levels of
concern tend to be higher than for environmental settings
(as are prevailing levels of contaminants, often by a factor
of 1000 or more). These differences arise in part from the
perception that workplace exposures are voluntary, or at
least are well understood by those exposed.

Procedures for evaluating the strength and weight of
evidence in order to identify agents as capable or incapa-
ble of causing a particular effect are most well developed
for cancer hazard identification. Table 2 summarizes the
carcinogen classification system developed by the Inter-
national Agency for Research on Cancer (IARC), a unit of
theWorld Health Organization. IARC applies this system,
using a series of expert panel deliberations, to chemicals,
mixtures, and exposure conditions. The key feature of this
system is the separate evaluation of the strength of evi-
dence (as either sufficient, less than sufficient, limited, or
inadequate) in both animal bioassays and in human epi-
demiologic studies; the confidence that each signal of
carcinogenicity is positive determines the overall evalua-
tion of human cancer potential. The U.S. EPA and the U.S.
National Toxicology Program classify carcinogens using a
very similar system and often (but not always) reach the
same conclusions.

Among the various issues that make carcinogen classifi-
cation controversial, two in particular may interest readers
of this encyclopedia. First, Table 2 should clearly indicate
that IARC considers human data more influential than
animal data. Without positive human data, it is
very unlikely that a substance or agent will be classified as
a known human carcinogen, but with such evidence, no
amount of animal data suggesting lack of carcinogenicity
will sway the classification. Given the ethical constraints
and the practical implausibility of conducting lifetime can-
cer bioassays on humans, it is therefore epidemiology that
drives carcinogen classification. This in turn has a powerful
but often unappreciated influence: It is substantially easier
to detect a statistically significant increase in cancer risk if



Table 2 Summary of the IARC Carcinogen Classification System

Combination of evidence to merit
this classification in

Number of substances
and mixtures in this
category (as of
September 2006)Group Description Humans Animals Examples

1 Carcinogenic to

humans

Sufficienta 99 Asbestos, benzene, solar

radiation, Epstein-Barr

virus, environmental
tobacco smoke

2A Probably carcinogenic

to humans

Limited Sufficient 66 Trichloroethylene, diesel

engine exhaust
2B Possibly carcinogenic

to humans

Limited (or)

inadequate

Less than

sufficient

246 DDT, welding fumes

Sufficient

3 Not classifiable as to
carcinogenicity

(further research

needed)

Inadequate Inadequate or
limitedb

516 Methyl bromide, extremely
low-frequency electric

fields, saccharin

4 Probably not
carcinogenic to

humans

Evidence of
lack of

carcinogenicity

1 Caprolactam

aOr less than sufficient in humans, sufficient in animals, and strong mechanistic evidence in humans.
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an agent happens to cause a rare tumor type as opposed to a
common one. For this reason, many of the known human
carcinogens cause rare tumors, such as angiosarcoma of the
liver (vinyl chloride). It is possible, however, that many
substances classified only as possible or probable actually
are as potent, but increase the incidence of common tumors
(perhaps of the colorectum or prostate) that are harder to
notice above the natural background.

A more recent controversy involves the interpretation
of mechanistic data. Such data can be used either to
upgrade or downgrade a classification. In practice, how-
ever, the latter outcome has predominated. Several
prominent substances have received lower classifications
because of in vitro or other data, suggesting that sufficient
evidence in animals should be discounted as irrelevant
to humans. For example, EPA has concluded that certain
agents (notably unleaded gasoline) cause kidney tumors
in male rats but would not do so in humans because of
a fundamental physiological difference between the two
species. Less often have mechanistic data been used to
successfully argue that despite limited epidemiological
evidence, a substance should be considered a human
carcinogen given a combination of clear carcinogenicity
in animals and evidence showing that humans share the
relevant biochemical pathways. As hazard identification
systems continue to improve, a more balanced treatment
of ancillary data may emerge.
Exposure Assessment

Human exposure occurs when a physical, chemical, or
biological agent reaches a body boundary. Exposure
assessment covers a variety of steps from the introduction
of an agent into the environment to the points within
the body where the agent can have adverse effects. The
three primary avenues of human exposure are ingestion,
inhalation, and dermal absorption. Exposure is a complex
process, that may be governed by a variety of parameters.
For many air- or water-borne contaminants, emissions
cannot be measured directly, but must be estimated,
using a combination of model assumptions and mass-flow
calculations. Once contaminants are in the environment,
their fate (chemical changes) and transport (physical
movement) must be modeled. Finally, exposure assessors
must understand the processes by which the agent crosses
boundaries into the body (lungs, digestive tract, or skin/
membranes) and the fate and transport of the agent within
the body, as well as behavioral factors that affect the
duration and intensity of exposure. For example, the
amount of a volatile solvent contaminating a household
water supply that an individual will inhale while shower-
ing is a function of, among other things, the duration of the
shower and the temperature of the water used.

Dose–response relationships derived from toxicologi-
cal, epidemiological, or other analyses often relate some
measure of dose, such as concentration of an agent in
the amount of food consumed, to observed adverse out-
comes. However, it is important to differentiate the route
of exposure, since different agents will cross body bound-
aries at different rates. A substance that enters the diges-
tive system but is eliminated without ever being absorbed
has, from a cell biologist’s perspective, never actually
entered the body. Thus, exposure assessors differentiate
between intake, which is the amount of the agent ingested
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or inhaled, and uptake, which is the amount of the agent
that crosses a body boundary.

This leads to four different concepts of dose. A poten-
tial dose is the amount of a substance ingested or inhaled
(or, for example, contained in mud that comes in contact
with skin). Somewhere between all and none of a potential
dose may become an applied dose, which is the amount of
an agent available at a body boundary. An applied dose
becomes an internal dose if and when it crosses a barrier
and enters the body. Finally, some fraction of the internal
dose may be metabolized or otherwise eliminated
(or an otherwise-benign substance may be activated by
metabolic enzymes), and so the fraction that actually
contacts the tissue or organ of concern is considered
to be a biologically effective dose. Allometric scaling is
the (well-developed) default approach to assessing the
fate and transport of chemicals in the body, and physio-
logically based pharmacokinetic (PBPK) methods are
often used to model the transfer, metabolism, and elimi-
nation of agents in the body. Clewell et al. (2002) provide a
succinct explanation of allometry and PBPK modeling.

As an example of the potential complexity of exposure
assessment, consider the information needed to estimate
exposure to hydrocarbons in a paint manufacturing
facility:

. atmospheric fate and transport modeling, to under-
stand what concentrations are found at different loca-
tions;

. inhalation rates of workers at different locations and/or
engaged in different activities;

. absorption rate through lungs, skin, and eyes;

. transport and metabolism in blood;

. transfer rates from blood to organs and tissues of con-
cern;

. elimination rate in the body.

Regulatory agencies have developed and published
extensive data sets over the last two decades that describe
the range of exposures to foods, products, workplace
conditions, and other potential sources of risk. Many
of these are cataloged in the EPA Exposure Factors Handbook,
which is updated regularly (EPA, 2006). These demon-
strate substantial inter-individual variability determined
by age, gender, ethnicity, and other demographic vari-
ables. Increasingly, regulatory risk calculations try to
Table 3 Comparison of epidemiology and toxicology along seve

Epidemiology

Human subjects

Uncontrolled, multiple exposures

Arbitrary dose ranges

Genetic variability
Sample size of 100 to 100 000

High and uncertain background, rarely zero
account for this variability, which can be used to identify
potential ‘‘high risk’’ subpopulations.
Dose–Response Assessment

Toxicology and epidemiology are the primary informa-
tion sources for estimating potency, or dose–response
relationships. Each method has distinct advantages and
limitations. Toxicology evaluates the effects of (usually
single) agents under controlled laboratory conditions,
with the goal of identifying safe dose levels or establish-
ing dose–response relationships. Epidemiology identifies
potentially causal correlations between agents and out-
comes in human populations, and, if the exposure infor-
mation is sufficient, can quantify the relationship between
exposure and adverse effect(s).

Ideally, risk assessors use toxicology and epidemiology
in concert to arrive at robust conclusions about potency.
Unfortunately, information from different sources can
be contradictory or inconsistent. For example, toxicolo-
gists might conclude that airborne particulate matter is
only of concern if it contains trace metals or organic
chemicals, while epidemiologists find evidence associat-
ing all particulate matter with increased incidence of lung
disease. This section explores the applications, advan-
tages, and disadvantages of each approach. Table 3 com-
pares toxicology and epidemiology along a number of
dimensions. In the following sections, we describe how
toxicology and epidemiology are used independently to
arrive at potency estimates for various chemicals. It
is important to keep in mind that toxicology and epide-
miology share many commonalities and limitations.
For example, both historical human exposures available
to epidemiologists and laboratory exposures applied by
toxicologists tend to be higher than doses observed in real
settings, with some exceptions in occupational settings.
Even when extensive complementary data are available,
the dose–response relationship often remains unclear. For
example, there are multiple animal data sets at several
dose levels for benzene, as well as data on historical
benzene exposures in a variety of industrial settings. It is
clear that benzene causes certain types of cancer in
humans at high levels. Nonetheless, the risk of human
health effects from benzene at concentrations recorded
ral important dimensions

Toxicology

Typically not human subjects

Controlled, single exposures

Specified dose ranges

Genetic homogeneity
Sample size, 10–100

Low, less uncertain background, can be zero
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in regulated industries remains difficult to quantify
precisely.
Toxicology for risk assessment

Toxicology involves intentional exposure of individuals
(typically animals, rarely but occasionally humans) or
parts of organisms (cells, tissue cultures) to controlled
amounts or concentrations of potentially harmful agents.
As such, toxicology can provide highly specific informa-
tion about the effects of single agents at concentrations
that are determined precisely by the investigators, as
opposed to epidemiology, where generally the exposures
have already occurred and must be estimated retrospec-
tively. Animal testing allows researchers to observe effects
over multiple generations as well as different stages of
disease or injury.

Toxicological studies, however, have several disadvan-
tages. Laboratory exposure levels are typically considerably
higher than those experienced in the general environment,
although they may in some cases not exceed concentrations
actually encountered in theworkplace. Therefore, estimates
associated with lower-dose effects require extrapolation.
Extrapolation can be highly contentious, especially over
the question of thresholds. Figure 2 depicts four possible
examples of extrapolation to a lowdose from a hypothetical
one-exposure animal study.

Additional uncertainties arise from using toxicological
studies. First, while animals serve as proxies for humans,
they are not entirely analogous. Second, dosing frequency
in toxicological studies is likely to differ from those in
exposures of concern. Animal test doses for chronic out-
comes are often artificially regular, using a single expo-
sure route. Third, such tests typically cover only the
healthy adult fraction of the animal’s life, excluding the
first 12 weeks when the animal might be particularly
Response

10–1

Dose

Threshold

Superlinear

Sublinear

Linear

Figure 2 Four possible dose–response extrapolations
associated with a toxicological study.
susceptible and sacrificing the animals several months
before they might otherwise succumb to old age. In effect,
therefore, we test laboratory animals from the time
they are ‘toddlers’ to ‘retirement age,’ and thereby
learn little about the risks to human infants and octogen-
arians. Fourth, while toxicology allows specificity through
controlling parameters other than dose (including, for
example, other chemicals, food, ambient temperature,
feeding times, space allotment, and lighting), this artificial
control omits possible amplifying or offsetting effects
of multiple agent exposures.

Risk assessors use toxicological data (and sometimes
epidemiological data) to calculate risks in two substan-
tially different ways: To derive a dose–response relation-
ship down to a very low dose (typically the goal when
cancer is the endpoint), or to determine a safe dose for
chronic non-cancer endpoints.

An assumed or derived continuous (often linear)
dose–response function can be used to relate exposure
to risk across a range of exposures. This approach is most
often applied to cancer risks associated with chemical
or physical agents and results in probabilistic estimates.
Even in cases where dose–response is not thought to
be linear, a linear approximation is often used for low
dose levels. The assumption of low-dose linearity has a
substantial foundation in both theory and evidence,
although at very low doses, finding statistically significant
evidence supporting linearity can be difficult (Peto et al.,
1991). Crawford and Wilson (1996) observed that low-
dose linearity can be expected for both cancer and non-
cancer endpoints. Likewise, while linear functions strictly
imply some non-zero excess risk even at infinitesimal
dose, in practice EPA does not extrapolate more than
2–5 orders of magnitude below the substantial doses
administered in animal bioassays. In other words, the
true dose–response function may be nonlinear below
environmental levels, but that would be irrelevant to risk
estimation for human health.

Doses are often expressed in terms of mass of agent
per unit of time, normalized to body weight and time,
for example mg/day. Alternatively, continuous airborne
exposure is typically given in terms of concentration in
the air: Respiration rate and body weight can be used to
convert this to mass per unit of time. An example of a
dose–response function is provided in Figure 3. Dose
(exposure) is depicted on the horizontal axis and response
on the vertical axis. Typically, response is in units of
probability, ranging from 0 to 1. Alternatively, response
can be in absolute terms, such as number of affected
individuals or total number of tumors.

Potency, then, is expressed in terms of increased
risk per unit dose. With a linear assumption for the
dose–response function at concentrations of concern,
this allows a simple calculation of risk as lifetime cancer
probability (LCP) (eqn [3]):



Response
(log scale)

10–1

10–6

Dose

Range of
observable data

Figure 3 Simplified linear dose–response relationship. Note

that since all animals have a natural background rate of cancer,

the response (y-axis) is in excess of that background.
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LCPðDoseÞ ¼ q� dose ½3�
where q is empirically derived (for detailed derivation, see
Kammen and Hassenzahl (1999), Cox (1995), or Gratt
(1996)). Since LCP is a unitless probability, q has units
that are the inverse of dose, e.g. (mg/kgBW/day)–1. q may
also be referred to as the unit risk factor.

Converting high-dose animal studies to exposures
associated with human responses of concern (typically
around 1 in 10 000 to 1 in 1 000 000 in environmental
settings and as high as 1 in 100 for occupational settings)
requires several steps. First, animal doses must be
converted to comparable human doses. Second, a
human-health conservative assumption is often made,
for example, an upper 95th percentile response associated
with each dose or an upper 95th percentile response
associated with the set of doses. Third, some theoretical
or practical assumption about the dose–response relation-
ship is made; often this is simplified to linear extrapola-
tion from the smallest dose. Finally, potency is calculated
as the slope of this line, through some background expec-
tation of response (no response, lowest observed response,
or some other value) at zero dose. Once potency is estab-
lished, the estimated LCP associated with any dose can be
easily calculated. Alternatively, a dose associated with
some LCP of concern (e.g., 1 in 10 000) can be calculated
by dividing that LCP by potency.

The second common approach to calculating risk
from toxicological data assumes some threshold dose
level below which adverse effects are not expected. The
U.S. EPA establishes a reference dose (Rf D) for various
chemicals, which is used as a benchmark for regulations
involving the chemical. The RfD is defined as ‘‘an
estimate, with uncertainty spanning perhaps an order of
magnitude, of a daily oral exposure to the human popula-
tion (including sensitive subgroups) that is likely to be
without an appreciable risk of deleterious effects during
a lifetime’’ (Environmental Protection Agency, 2007). In
other regulatory settings, the related idea of safe doses – or
doses at which adverse effects are not expected in humans
– is used, for example, the acceptable daily intake (ADI)
used at the FDA.

The RfD or other safe dose usually begins with some
critical observation, such as the no observed effect level
(NOEL), no observed adverse effect level (NOAEL), low-
est observed effect level (LOEL), or a benchmark dose
associated with a particular probability of response in the
population (Rhomberg, 2004). In order to translate this
animal-based reference point into a human reference
point, several adjustment factors must be introduced,
to account for issues such as statistical certainty and
quality of data, interspecies variation, intraspecies varia-
tion, multigenerational effects, and use of LOEL as
opposed to NOEL. Individual safety factors (EPA calls
these uncertainty factors (UFs), even though they are
meant to adjust the animal NOAEL or LOAEL to a
human dose with a margin of safety and do not specifically
relate to the amount of uncertainty in the adjustment)
typically take the values 1, 3, or 10. A safe dose (RfD, ADI
or other) then, may be calculated as in eqn [4]:

RfD orADI ¼ Experimental Dose=ðUFÞ ½4�
Here, Experimental Dose is the relevant dose from
the empirical study (e.g., NOEL, LOAEL) and
UF ¼ PUF(1. . .n), where UFi are the various uncertainty
factor components. For the EPA, 10�UF� 3000.

Current controversies regarding the NOAEL-plus-
uncertainty-factors approach center on three issues:

. whether the individual safety factors are too large (see,
e.g., Dourson et al., 1996) or too small (see, e.g., Hattis
et al., 1999) to serve their intended purpose of estimat-
ing a dose that provides a reasonable certainty of no
harm;

. whether the NOAEL itself is a safe dose in the test
animals or merely one that does not significantly ele-
vate disease rates above background;

. whether the paradigm itself is valid or whether instead
assessors should strive to estimate continuous
dose–response relationships for non-carcinogens as
they do for carcinogens (see, e.g., Baird et al., 1996).
Epidemiology for risk assessment

Epidemiology studies human populations to evaluate
relationships between exposures and adverse (or benefi-
cial) outcomes. Among the advantages of epidemiology
is that it looks at effects on humans, so assumptions about
relationships among species are not necessary. In addition,
because at times data sets can be very large, effects of
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relatively small doses can sometimes be evaluated. How-
ever, humans vary substantially in susceptibility to disease
and injury, as well as in their behaviors.

Case–control studies and cohort studies are the two
primary types of epidemiology that provide useful inputs
to risk assessors. Case–control studies start with informa-
tion about a group of individuals who have some condi-
tion and compare these to a group of otherwise similar
individuals who do not have the condition. Differences
observed among the two groups, then, particularly those
involving environmental/occupational exposures, suggest
possible causal relationships. Case–control studies are
particularly useful for examining rare effects.

While case–control studies segregate on the basis of
effects, cohort studies differentiate between or among
exposures. Cohort studies compare a group (or cohort)
of individuals who have some common historic exposure
or other suspected risk factor to an otherwise similar
group of individuals who were not exposed to that partic-
ular agent. Among the advantages of cohort studies is that
they can explore a range of possible adverse effects, often
at relatively common exposure levels. However, unless
the cohort is very large, it is difficult to identify rare
diseases. Table 4 summarizes advantages and disadvan-
tages of cohort and case–control studies.

The most common measure used in epidemiology
is the relative risk (RR), which is the ratio of the rate
of a disease in an exposed population to that in the
nonexposed population. Figure 4 (after Chen et al.,

1991) depicts an association between cholesterol and cor-
onary heart disease for a hypothetical cohort of men.
Here, the proposed causal agent (blood cholesterol con-
centration) is subdivided into four exposure levels for a
single endpoint (coronary heart disease).

Exposure information from epidemiological studies
tends to cover ranges or continua of exposure, rather
than the discrete doses found in clinical or toxicological
studies. Most often, this is a binary condition: Exposed
versus not exposed. Unfortunately, this practice, while
typically necessary, limits the ability to make claims
about potency.
Table 4 Advantages and disadvantages or case–control and coh

Case–control study Co

Advantages Disadvantages Ad

Can look at rare and long-latency

outcomes

Exposure must be

reconstructed

Ca

e

Efficiency due to relatively small
sample size

Data may be hard to
validate

Ca
a

Uses existing data Confounding variables Ca

oExplores a range of causes or
exposures

Challenges to selecting
appropriate control Ca

sCannot calculate rates
Uncertainty and Variability in Risk
Assessment

The management of uncertainty and variability has been a
central issue in risk estimation and decision making over
the past decade. A number of sources of uncertainty have
been explored above and a number of frameworks have
been developed to characterize types and sources of
uncertainties. Finkel (1990) separates uncertainty into
parameter uncertainty, model uncertainty, and decision-
rule uncertainty. In this conceptualization, our under-
standing of parameters may be limited by the accuracy
of measurements and by random and nonrandom errors.
Models may be incorrectly conceived, incorrectly speci-
fied, or incorrectly computed. Decision-rule uncertainty
includes questions about the measure used to describe
risk, the statistic or distribution used to characterize
the risk, and the appropriateness of various decision
rules for comparing risks and assessing acceptability of
ort studies

hort study

vantages Disadvantages

n compare a range of

xposures

Requires large samples, especially for

rare diseases

n consider a range of
dverse outcomes

May require long-term commitment
by researchers and subjects

n have complete data

n disease progression

Can be extremely expensive

May find causation, but rarely
n control data quality in

ome cases
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risks. Of particular concern is when a particular decision
preference is conflated with ignorance or irrationality.
For example, person A may prefer an expected value
decision rule, while person B prefers a rule that avoids
worst-case scenarios. If person A expects everyone to
agree that the expected value is the appropriate rule,
then he may interpret person B’s preference as a lack of
knowledge rather than a disagreement about preferences.

Parameter, model, and decision-rule uncertainty are
not always independent and may be synergistic. Some
objections to expected value decision rules arise from
normative, or values-based, disagreement. Other objec-
tions may be based on the inability of models (e.g.,
cost–benefit analysis) to meaningfully differentiate
among options.

Variability is often treated along with uncertainty,
although there are structural and normative reasons to
distinguish between them. Variability is the range of
values that a particular characteristic can take. Salient
types of variability include susceptibility (that is, varia-
bility in the dose–response function from person to per-
son), exposure (for example, consumption of foods or
concentrations of contaminants in similar work sites),
and behavior (for example, driving competence or sexual
activity).

The EPA, FDA, and other agencies have compiled
large databases for some important variables, such as
consumption of a wide range of foods by individuals by
age, gender, ethnicity, and geographic location. Such
data allow much more meaningful estimates of risk than
simple average or worst-case values. With information on
variability, risk can be characterized as a range of out-
comes or the fraction of individuals above or below
some critical number (Hattis and Anderson, 1999). Sus-
ceptibility remains one of the most important and least
well-acknowledged sources of variability in risk. EPA
handles person-to-person differences in susceptibility to
non-cancer health effects by incorporating a safety factor
of 10 in the absence of chemical-specific information
supporting a different factor. A tenfold adjustment may
be insufficient to account for individuals who are particu-
larly sensitive to an exposure, by virtue of genetic factors,
concurrent disease status, nutritional status, or other rea-
sons (Hattis et al., 1999). For cancer, EPA implicitly treats
all humans (except newborns) as equally susceptible, and
therefore fails to adjust appropriately for all individuals
who are more (or less) susceptible than average; the 1994
NAS committee referred to this as the most important
missing default in EPA’s risk assessment procedures.
Innovations

A number of methods have gained a foothold in risk
assessment over the past decade. These include systems
modeling, Monte Carlo analysis, Bayesian analysis, and
cost-effectiveness analysis. None of these is particularly
new, but methodological, computing, and empirical
advances, as well as philosophical preferences, have
allowed them to become common in current risk assess-
ment practice.

Systems modeling describes interactions and depen-
dencies, rather than more simplistic linear relationships.
PBPK models describe how a particular agent enters, is
changed by, and exits a physiological system. For example,
a model of alcohol in the human brain would include flow
of alcohol into the body through the digestive system,
alcohol metabolism by various organs, and elimination
of alcohol through urine. The fate and transport of a
pollutant in an ecosystem can be similarly modeled.
A variety of software packages are available for general
system dynamics modeling, as are a variety of specialized
utilities.

Monte Carlo analysis is a statistical tool used to com-
bine empirical or theoretical distributions through iter-
ated random sampling. For example, consider the risk
model that combines inhalation of a chemical and potency
of that chemical in eqn [5].

Risk ¼ ðinhalation rate� concentration of contaminantÞ
� potency

½5�

An expected risk calculation could be based on the
average values of the three independent variables. How-
ever, we might know more about these variables than just
the means, and each of these could be described as a
distribution. A Monte Carlo analysis would randomly
draw from the three distributions, store the result, and
repeat the process several thousand times. The output
distribution could then be described with standard statis-
tics (e.g., mean, median, mode, deciles, percentiles, vari-
ance). Alternatively, the results can be displayed
graphically as a probability density function or cumula-
tive distribution function.

Bayesian analysis has been available for several centu-
ries as a tool for combining new and existing information.
Bayesian analysis allows one to formally assess the extent
to which new information should change expectations
about risks. For example, the meaningfulness of a positive
test for a rare disease is strongly dependent on specificity
(probability of a negative result being a true negative) and
the sensitivity (probability of a positive result being a true
positive) of that test, and particularly dependent on the
prevalence of the disease in the population, a positive
result on a very reliable (but not perfect) test for a rare
disorder may be more likely to be a false positive than a
true positive, given that most of those tested will not in
fact have the disease. Bayesian analysis combines the
expectation about the disease without the test with the
information learned from the test to arrive at a posterior
or updated expectation about the disease.
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Cost-effectiveness analysis (CEA) has become increas-
ingly salient and controversial, as the U.S. Office of Man-
agement and Budget, the World Health Organization, and
others have increasingly applied it to a range of risk-
related regulations. Common cost-effectiveness metrics
include cost per life saved, cost per year of life saved,
and cost of saving a quality-adjusted life year (QALY)
or disability-adjusted life year (DALY). Critiques of
CEA include both ethical and methodological concerns
(Hassenzahl, 2006).
Conclusion

Risk assessment is a common tool for assessing and man-
aging environmental and public health decisions. This
trend is likely to continue for the foreseeable future,
unresolved and sometimes considerable concerns
about ethical and technical limitations notwithstanding.
Advances, especially in understanding of disease causality
and human variability, may improve our ability to gener-
ate risk estimates more appropriate to individuals and
subpopulations. Controversies about the social appropri-
ateness of risk assessment, and the relative efficacy of
epidemiological, toxicological, and theoretical perspec-
tives on risk, are likely to continue to play an important
role in risk-based decision making.

See also: Human Exposure Science; Occupational

Death/Injury Rates; Occupational Health: Overview.
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Risk communication, an essential function of public
health, involves the effective and accurate exchange of
information about health risks and hazards – often during
a crisis or emergency – that advances risk awareness
and understanding and promotes health-protective beha-
viors among individuals, communities, and institutions.
Although forged through decades of applied experience
in response to infectious disease outbreaks, industrial
accidents, and natural disasters, contemporary public health
risk communication principles and practices build upon
a foundation of behavioral, health, and social sciences
theory and research. Equally important, public health
risk communication is increasingly an integral part of
broad-reaching emergency preparedness activities. In this
role, public health risk communicators (1) facilitate inter-
actions between first responders and other stakeholders,
(2) develop response plans and information dissemination
strategies coordinated across diverse local, regional,
national, and international agencies, (3) construct prepara-
tory and advisory messages that reflect the diverse needs of
potential audiences, and (4) identify the most effective and
viable channels for delivering such messages during an
emergency.More recently, many public health risk commu-
nication principles and practices have been proving instru-
mental to pursuits in noncrisis contexts such as health care
and health promotion, thus broadening their application
considerably.
The Emergence of Public Health Risk
Communication

Throughout the history of public health, effectively com-
municating about health risks with a broad range of
constituents has proven a fundamental and enduring chal-
lenge. John Snow, for example, faced local officials who
were ‘‘reluctant to believe’’ his claim that the epicenter of
the 1854 cholera outbreak in London was the Broad Street
water pump, and he secured their permission to remove
the pump handle only on an experimental basis. Similarly,
communication efforts to contain the spread of HIV in the
United States met strident resistance from health care,
public health, and community constituents.

More recently, unprecedented crises and emergency
events occurring around the world (e.g., the 2004 Indian
Ocean/Asian tsunami) have highlighted public health risk
communication shortcomings that mitigated mobilization
and coordination of public health resources, ‘‘undermined
public trust and compliance, and unnecessarily prolonged
economic, social, and political turmoil’’ (WHO, 2005: 1).
Indeed, as Edward Baker, Assistant U.S. Surgeon General,
observed:

the major public health challenges since 9/11 were not

just clinical, epidemiological, technical issues. The major

challenges were communication. In fact, as we move into

the 21st century, communication may well become the

central science of public health practice.

(qtd. in Galvez et al., 2007)

Contemporary public health risk communication prin-
ciples and practices have emerged over the last 50 years in
response to such challenges; first from natural, industrial,
and environmental disaster management, then as an inte-
gral component of health promotion endeavors targeting
infectious and chronic disease prevention and manage-
ment, and most recently in response to the threat of
terrorism. Although there are distinct literatures detailing
the unique application of risk communication to each of
these public health contexts, several commonalities and
generalizations are evident.
Public Health Risk Communication

Public health risk communication entails the systematic
dissemination of information to diverse audiences (e.g.,
individuals, communities, institutions) facilitating their
informed, independent decision making about the exis-
tence, nature, and/or severity of risks and hazards affect-
ing health, safety, and the environment. Working under
circumstances fraught with uncertainty, confusion, and a
sense of urgency, public health risk communication prac-
titioners must communicate with constituencies in ways
that build, maintain, and/or restore trust and credibility
while also persuading individuals to enact self-protective
behaviors that will minimize adverse health outcomes.

Public health risk communication messages, in other
words, must convey to diverse audiences accurate and
objective knowledge about and understanding of the
health-affecting risk or hazard. To achieve maximum
effectiveness, however, public health risk communication
messages must also reflect local relevance and cultural
competence, engender cooperation, and encourage con-
structive dialogue. Table 1 outlines several important
considerations that should be integrated into public health
risk communication messages for diverse audiences.



Table 1 Cultural differences potentially affecting risk communication efforts

Sensitivity to cultural differences between and within nations and geographic regions maximizes public health risk communication
preparation and response effectiveness. Several aspects of cultural differences that should be considered include:

1. Communication style: Both language usage (e.g., dialectic diversity and vocalization volume) and nonverbal behaviors (e.g., facial

expressions and body gestures) combine to compose communication style. The rules and assumptions that govern communicative

behavior (e.g., conversational turn-taking, interrupting, using anecdotes, humor, or silence, etc.) and dictate communication style
can vary substantially across cultures and even within countries that share the same language

2. Perceptions of conflict: Views on the appropriate degree of assertiveness, disagreement, and conflict during interactions differ

across cultures. While perceived positively in some cultures, such communicative behaviors are viewed as embarrassing and

demeaning in others
3. Decision-making preferences: The roles individuals play in decision making vary widely from culture to culture. Individual initiative is

valued in some cultures, while consensus is the preferred mode in others

4. Attitudes toward disclosure: The appropriateness of sharing candid or personal information in professional contexts is often culturally
specific. Comments or questions that may seem natural in one culture may seem intrusive or objectionable in another

5. Alternative ‘ways of knowing’: The way that people come to ‘know’ things can differ significantly between cultures. Information

derived through intuition and other less tangible ways of knowing is, in some cultures, considered of equal or greater value than

information acquired via cognitive means (e.g., counting or measuring)
6. Socioeconomic factors: Socioeconomic factors will affect virtually all risk communication decisions and choices. How

socioeconomic factors influence key population characteristics (e.g., literacy, media technology ownership) and structural features

(e.g., message production facilities, viable dissemination outlets) within different cultures must be assessed

Adapted from Hyer RN and Covello VT (2005) Effective Media Communication During Public Health Emergencies: A WHO Handbook.
Geneva: World Health Organization.
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The Mass Media and Public Health Risk
Communication

Equally important is recognition of the pivotal role fre-
quently played by the mass media in distributing public
health risk communication messages and, consequently,
their potential influence on subsequent events. This fact is
emphasized by the range of major public health organiza-
tions (e.g., Thesenvitz, 2000; U.S. Department of Health
and Human Services, 2002; World Health Organization,
2005; Agency for Toxic Substance and Disease Registry,
2007; Centers for Disease Control and Prevention, 2007)
that have published extensive guidelines and recommen-
dations for involvement of the media during crises and
emergencies.

The World Health Organization handbook, Effective
Media Communication During Public Health Emergencies

(Hyder and Covello, 2005), offers a particularly compre-
hensive summary organized around a seven-step model.
This model of effective media communication during
public health emergencies is illustrated in Figure 1. As
can be seen, the first four steps of the model detail ongoing
preparatory activities (i.e., needs assessment, strategy
development, response training, and message preparation)
that public health risk communicators should undertake in
anticipation of a potential emergency. The next two steps –
identification of accessible media outlets and execution of
message dissemination plans – are initiated once an emer-
gency event is forthcoming or is rapidly evolving. The
seventh step is evaluation. As illustrated in Figure 1, the
evaluation step involves two feedback loops, indicating
that evaluative activities should occur both as an ongoing
activity during the emergency and, more substantially,
following resolution of the event.
The necessity for public health risk communicators to
evaluate continually the role played by mass media during
an emergency was demonstrated during the 2005 Atlantic
Hurricane Katrina, which devastated coastal areas of
Alabama, Louisiana, and Mississippi. Essentially all stra-
tegic hurricane response planning for the region heavily
involved traditional electronic media (e.g., radio and tele-
vision broadcast stations and cable television systems)
and emerging technologies (e.g., e-mail) as the primary
emergency information dissemination channels. The
magnitude of storm damage and subsequent flood-
ing, however, virtually silenced all of these media, forc-
ing public health risk communicators to seek alternative
channels. Risk communication specialists in the Joint
Information Center at the Centers for Disease Control
and Prevention in Atlanta quickly recognized that the
planned channels for message dissemination were inac-
cessible and turned to alternative mechanisms. Within
days, for example, crucial health protective messages,
printed in Atlanta and trucked to devastated areas, began
reaching many of the most affected victims. Then, in the
ensuing weeks, CDC staff who were deployed just outside
the worst affected areas used the Internet and local facil-
ities to print materials that were circulated among storm
survivors at reentry and evacuation points, food and ice
distribution centers, and door to door.
Risk Perception and Public Health Risk
Communication

A growing interdisciplinary literature informs our under-
standing of how individuals perceive and respond to pub-
lic health risk communication. In particular, research has



Step 2: Development
Develop media communication goals and objectives, a

written media plan, and a partner and stakeholder strategy

Step 4: Preparation
Prepare and pretest response messages with emphasis on

messages tailored for specific target audiences   

Step 5: Identification
Identify available and accessible media outlets that remain

viable during the initial 24–72 h of the emergency  

Step 6: Dissemination
Disseminate clear and timely messages, maintain media

visibility, and target specific audiences as needed   

Step 7: Evaluation
Evaluate extent of message dissemination and
effectiveness and adjust based on feedback   
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Step 1: Assessment
Assess needs of media, constraints on the media, and

internal media relations capacities   

Step 3: Training
Train the media communication team, a public information

officer, and a designated lead spokesperson    

Figure 1 Seven steps to effective media communication in anticipation of and during public health emergencies. Adapted from
Hyer RN and Covello TV (2005) Effective Media Communication During Public Health Emergencies: A WHO Handbook. Geneva:

World Health Organization.
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focused on the cognitive mechanisms through which indi-
viduals are exposed to and attend to information about
risk, how they interpret risk information in relation to
themselves, and whether and how they act upon risk
information to enact self-protective behaviors. Risk per-
ception, defined as the subjective assessment or judgment
of a threat, has emerged as a key concept. Indeed, risk
perception, not the actual risk posed by a threat, seems the
primary factor guiding cognitive, emotional, and behav-
ioral reactions elicited when conditions challenge an
individual’s health and safety. Lay and technical audi-
ences, for instance, often perceive risk estimates quite
differently. Consider a circumstance in which public
health officials innumerate the likelihood of a health risk
as 1 in 1000. Health experts understand this estimate in
terms of relative risk; one person in every 1000 people
is at risk. For the public, however, such estimates are
commonly misinterpreted. Nontechnical audiences, in
particular, tend to personalize health assessments, and
their perceptions of risk often are distorted by an emo-
tional bias emanating from concerns that individuals close
to them are at significant risk.

A range of factors has been identified that mediate risk
perception. Specific characteristics of health or safety
threats, for example, can influence how risks are perceived.
Some of these characteristics, along with attributes shaping
the directionality of perceived risk, are presented inTable 2.
As an illustration, consider a health communication cam-
paign, targeted at parents of asthmatic children, promoting
home environment exposure-management awareness. Artic-
ulating multifaceted approaches involving direct actions
(e.g., using dust-mite-impermeable bedcovers, avoiding



Table 2 Characteristics of health and safety threats affecting risk perception

Threat characteristic Risk perceived to be more acceptable when . . . Risk perceived to be less acceptable when . . .

Beneficialness Probable advantageous effect Dubious advantageous effect
Controllability Under the individual’s control Under the control of others

Dread Equanimous outcome expected Trepidatious outcome expected

Extensiveness Impact is limited Impact is catastrophic

Fairness Equitably distributed Inequitably distributed
Familiarity Well-known Mysterious

Origin From a natural source From a human source

Randomness Progress is predictable Progress is chaotic

Reversibility Effect is reversible Effect is irreversible
Trustworthiness Attributed to a trusted source Attributed to a suspicious source

Victim’s age Affects adults Affects children

Voluntariness Response is voluntary Response is imposed

Adapted from Covello VT, Peters RG, Wojtecki JG, and Hyde RC (2001) Risk communication, the West Nile virus epidemic, and

bioterrorism: Responding to the communication challenges posed by the intentional or unintentional release of a pathogen in an urban

setting. Journal of Urban Health: Bulletin of the New York Academy of Medicine 78: 382–391.
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tobacco smoke, damp-mopping hard surfaces) that par-
ents can control, that they can voluntarily implement, and
that predictably yield beneficial effects (National Insti-
tutes of Health, 2007) should help lower their perceptions
of home environment asthma risks. Similarly, several
social and psychological factors appear to diminish indi-
viduals’ comprehension of scientific or probabilistic infor-
mation about risks to health and safety. For example,
while elevated risk perceptions can sometimes promote
proactive protective behaviors, they can also produce an
unintended consequence: a contradictory effect engen-
dering negative emotional reactions and creating resis-
tance to health-protective recommendations and other
risk-reduction messages.
Theoretical Diversity in Public Health Risk
Communication

Strategies for overcoming social and psychological bar-
riers to effective public health risk communication emerge
from a number of theoretical perspectives. The mental
models approach (Morgan et al., 2002), for example, offers
tools for better understanding how a lay audience’s cogni-
tive beliefs about medical and environmental risks impact
their interpretations of health risk messages and outlines
specific ways in which technical and scientific concepts
can be tailored and focused into understandable risk
communication. Specifically, the mental models approach
involves a five-step method for creating and testing risk
messages. The first step involves creation and analysis
of an ‘expert model,’ which is depicted as an influence
diagram, summarizing scientific evidence and expert
opinion about a health threat. In step two, open-ended
interviews of lay respondents assessing their beliefs about
the health threat are undertaken to determine the external
validity of the expert model. A confirmatory question-
naire, built upon information gleaned in the first two
steps, is administered in step three to a large sample
from the anticipated target audience in order to establish
the population prevalence of health-threat beliefs. In step
four, based on the accumulated results, risk communica-
tion messages designed to enhance awareness of and cor-
rect distorted beliefs about the health threat are developed
and subjected to expert scrutiny. Further refinement
of the health-threat risk communication messages using
various evaluative research methods is the focus of step
five. Growing evidence suggests that the mental models
approach, when properly used, can yield clear and under-
standable messages about health risks.

Concepts from the health belief model ( Janz et al.,
2002) can also inform public health risk communication
practice. Within this framework, people are seen as
engaging in self-protective actions to reduce health risk
exposure if they believe they are vulnerable, believe that
such actions will beneficially reduce their risk suscepti-
bility, and believe that the barriers (or costs) of self-
protective action are exceeded by the perceived benefits.
Protection motivation theory, stages of change models,
and other promising concepts (i.e., mental noise, negative
dominance, and trust determination) have also informed
public health risk communication practice.
Emerging Trends in Public Health Risk
Communication

Advancements in our understanding of factors that can
maximize the effectiveness of public health risk commu-
nication principles and practices continue throughout the
behavioral, health, and social sciences. One emerging
trend in public health risk communication is the develop-
ment and implementation of effective individual-level
risk communication strategies and messages. Although
science-based evidence about the risk factors associated
with chronic diseases and ill health has grown
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substantially, realization of the full benefits of this action-
able knowledge can occur only when effective interven-
tions are identified and when health professionals become
proficient risk communicators. A number of recent sys-
tematic reviews illustrate, in fact, considerable efficacy
of risk communication interventions (e.g., improving
women’s health and outcomes following genetic testing
and counseling) in clinical health practice settings
(Edwards et al., 2000; Rowe et al., 2002; Butow et al., 2003).

What to do about the Internet and other new ‘commu-
nication technologies’ also remains an emerging issue
facing public health risk communicators. Undoubtedly,
the Internet offers a highly efficient channel for rapid
dissemination of health and safety risk information. Effec-
tively integrating the Internet into emergency response
communication plans remains a challenge, however.
Events surrounding the April 16, 2007, tragedy on the
Virginia Polytechnic Institute and State University cam-
pus in the U.S. provide a vivid example. Following an
early morning double-murder shooting in a campus dor-
mitory, university officials relied primarily on e-mails to
disseminate warning and advisory news and information
to the university community. The initial notification,
emailed over 2 h after the attack and several min after
the day’s classes had begun, informed of an ongoing
homicide investigation, urged vigilance and caution, and
directed students and employees to a website for further
updates. Only moments later, the deadliest shooting ram-
page on a U.S. university campus began. In this instance,
the delayed timing of the Internet notification, the transi-
tory nature of the target audience and, consequently,
their limited e-mail access, and the dynamic nature of
the emergency converged, essentially mitigating the
effectiveness of the risk communication effort.

Finally, an emerging focus area where consider-
able progress is evident involves the practice of public
health risk communication during crisis or emergency
events. Crisis and emergency risk communication (CERC;
Reynolds and Seeger, 2005), for example, is a systematic
approach to catastrophe-bound public health risk commu-
nication that is broader and more comprehensive than
traditional models. Foundational to the CERC framework
is recognition that crisis and emergency events, while
unpredictable, typically evolve through unique develop-
mental stages, from pre-crisis to initial event through main-
tenance to resolution and on to evaluation. By projecting
emergency events as developing in an orderly and sequen-
tial progressive manner, CERC promotes strategic anticipa-
tion of the information demands and exigencies of affected
audiences during each catastrophe stage and highlights
the essential preparatory work and event-bound practices
necessary to satisfy anticipated risk communication needs.

See also: Consumerism: Overview; Mass Media Interven-

tions; Media Coverage and Public Health.
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Introduction

Collectively, cardiovascular diseases (CVDs) are the leading
cause of death ofHomo sapiens in the late twentieth and early
twenty-first centuries (World Health Organization, 2002).
While they constitute a diverse group of conditions (see
Table 1), the subgroup related to atherosclerosis is easily
dominant as a cause of death globally, as well as being a
leading cause of morbidity throughout at least the devel-
oped world. The atherosclerotic group includes (1) ische-
mic heart disease (IHD), presenting clinically as angina
pectoris, acute myocardial infarction (AMI), and acute
coronary syndrome (ACS); (2) cerebrovascular disease
(CeVD), presenting clinically as transient ischemic attack
and stroke; (3) abdominal aortic aneurysm (AAA); and
(4) peripheral arterial disease (PAD), presenting clinically
as intermittent claudication and gangrene. In developed
countries, IHD is one of the major causes of heart fail-
ure (Braunwald, 1997) and therefore many cases of heart
failure in such communities are ultimately due to athero-
sclerosis. Because atherosclerotic ‘cardiovascular disease’ is
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so important, in developed countries the phrase cardiovas-
cular disease is understood as referring to the consequences
of atherosclerosis unless it is specifically qualified in some
other way. That usage will be followed here.

With one notable exception, the absence of a relation-
ship between diabetes mellitus and AAA, the risk factors for
atherosclerosis are the same, regardless of the specific ana-
tomical arterial territory affected. That said, it is useful to
divide the risk factors for atherosclerosis into three broad
groups, according to their implications for prevention (see
Table 2). This article provides a brief review of the unmo-
difiable or fixed factors, those not amenable to change,
before considering in greater detail the relationships
between the major modifiable factors and the risk of CVD,
and particularly the evidence that altering the levels of
these factors results in a reduction in that risk. The next
part of the article addresses the group of other modifiable
factors, several of which are important determinants of one
or more of the major modifiable factors, while others have
complex epidemiological relationships with cardiovascular
risk. The known risk factors for atherosclerosis explain at



Table 1 Selected categories of cardiovascular disease

Subgroup Example

Atherosclerotic cardiovascular
disease

Ischemic heart disease,
cerebrovascular disease,

abdominal aortic aneurysm,

peripheral arterial disease

Congenital heart disease Tetralogy of Fallot
Primary cardiomyopathy Hypertrophic obstructive

cardiomyopathy

Secondary cardiomyopathy Alcoholic cardiomyopathy

Primary myocarditis Coxsackie B infection
Autoimmune cardiac disease Rheumatic heart disease

Table 2 Risk factors for atherosclerosis

Fixed unmodifiable
factors

Major modifiable
factors

Other modifiable
factors

Age Smoking Overweight and

obesityMale sex
Blood pressure Diet: Fat, salt, fishEthnicity

Blood cholesterol StressFamily history

Lack of physical
activity

PersonalityClinically evident
cardiovascular

disease Diabetes mellitus

Alcohol

Homocysteine

Oral contraceptive

pill

Hyperuricemia
Hypothyroidism
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least 75% of cases of IHD and offer enormous scope for
preventive interventions, at both individual and whole-of-
population levels (Beaglehole andMagnus, 2002). The arti-
cle therefore concludes with a section addressing a possible
approach to reducing the burden of cardiovascular disease
in a given community, derived from the seminal work of
Geoffrey Rose (Rose, 1981). After more than 50 years of
intensive scholarly enquiry, more will be gained, and more
quickly, by systematically applying what we already know
about how atherosclerotic CVD might be prevented than
by searching for additional modifiable factors (Beaglehole
and Magnus, 2002).
Fixed, Unmodifiable Factors

A large proportion of any individual’s absolute risk of
CVD, his or her chance of suffering a significant clinical
event related to atherosclerosis in the near future, is deter-
mined by a set of factors that he or she cannot change.
Age

The risk of a major cardiovascular event rises with age, in
an accelerating fashion. Of the four principal conditions,
ACS alone has a notable incidence in the working age
group (20–64 years). The median age at which a first-ever
stroke is experienced is usually beyond 70 years, and both
AAA and PAD are conditions of old age, although the
latter may be brought forward by diabetes mellitus.
Male Sex

At any given age, men are at higher risk of CVD than
women. The increase in cardiovascular risk with age is
smooth in males but accelerates around the time of the
menopause in women before slowing once more. In the
working age group, the male excess of AMI is three- to
fourfold (Tunstall-Pedoe, 2003), although this gap nar-
rows considerably in old age. Rates of stroke in males
always exceed those in females, but absolute numbers of
events are more similar because of the greater longevity of
women and the rapid increase in risk with age. AAA is a
rare condition in women, by a factor of about seven. The
male excess of PAD is at least partly due to historical
differences in smoking habits between the sexes.
Ethnicity

The concept of ethnicity combines both biological
(including racial) and cultural aspects which differ both
within and between populations. The MONICA Project,
coordinated by the World Health Organization over a
decade from the early 1980s (Tunstall-Pedoe, 2003), con-
firmed the long-known and obvious international differ-
ences in mortality from CVD and demonstrated that they
reflected major differences in the incidence of cardiovas-
cular events. However, the project was largely confined to
Caucasian populations and had limited representation
from both the United States and the UK where there are
significant non-Caucasian populations living under rela-
tively good economic conditions. Results from multiracial
studies in both these countries show that ethnic differ-
ences in modifiable risk factors explain a significant pro-
portion of the ethnic differences in mortality from CVD.
Family History

Family history has long been associated with an indivi-
dual’s cardiovascular risk. Leaving aside rare conditions
such as familial hypercholesterolemia, this relationship
almost certainly has some genetic basis, but shared envi-
ronment and behavior in early life and persistence of
some of these habits into adulthood are also likely to be
important.
Clinically Evident Cardiovascular Disease

Clinically evident CVD in one major arterial territory is a
strong marker of the risk of a major cardiovascular event
affecting another. Thus, even among survivors of a stroke,
acute coronary events rather than recurrent strokes are
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the leading cause of death, and men with AAA have a
considerably stronger history of AMI than those without
aneurysms ( Jamrozik et al., 2000).
Major Modifiable Factors

Although part of an individual’s risk of CVD is determined
by factors that cannot be changed, attention to the major
modifiable risk factors for CVD can appreciably reduce
the risk of experiencing a major cardiovascular event.

Traditionally smoking, blood pressure, and blood
lipids have dominated thinking about major modifiable
and independent risk factors for CVD, but lack of physical
activity has equal standing with members of this trio.
Some authorities would also include diabetes mellitus in
the set but, while its importance as a determinant of risk is
clear, the evidence that this contribution can be reduced,
even by the best metabolic control of diabetes, is distinctly
limited. Homocysteine, a sulfur-containing amino acid
derived principally from meat, has attracted a lot of atten-
tion as a further modifiable risk factor.

Of the four major modifiable factors, smoking and
physical activity are obviously under the direct control
of the individual, while the other two, blood pressure and
blood lipids, are related to diet and relative body weight
and hence are also largely determined by personal behav-
ior, though less directly. The latter factors are more prox-
imal to events at the vascular endothelium where the
lesions of atherosclerosis are initiated and propagated. In
addition, because blood pressure and blood lipids are
amenable to pharmacological intervention, this has
made it easier to demonstrate, via randomized controlled
trials, that changes in these factors are followed relatively
quickly by changes in the incidence of the clinical end-
points related to atherosclerosis. However, the observa-
tional epidemiology for all four risk factors indicates
clearly that each has a ‘‘continuous and graded relation-
ship’’ (Stamler et al., 1986) with risk of CVD. In turn, this
means that dichotomizing the population into hyper-
tensive versus normotensive, for example, potentially
results in large numbers of individuals ignoring advice
regarding lifestyle and behavior that, if followed, could
materially reduce their risk of CVD.
Table 3 Relationship of major modifiable risk factors to various m

Factor Ischemic heart disease Cerebrovascular disea

Smoking þþþ þþþ
Blood pressure þþþ þþþþ
Cholesterol þþþþ ?

Inactivity þþþ þþ
Diabetes þþþ þþþ

The number of þ signs reflects the strength of positive associatio

demonstrated; ? denotes an uncertain relationship.
The relative importance of the major modifiable
factors differs across the different arterial territories
(Table 3) and to some extent across populations. Smoking
and diabetes are especially significant in the genesis of
PAD, while blood pressure is most closely associated with
the risk of stroke. Like the other factors, lack of physical
activity has some bearing on risk of major clinical events
across each of the arterial territories.
Smoking

There is a strong relationship between smoking and all
manifestations of CVD, and the risk rises with both level
of consumption and duration of smoking. In the case of
IHD, the relative risk for current smokers compared with
never smokers is inversely related to age, such that it
exceeds tenfold in mid-adulthood and falls progressively
into old age. This pattern is consistently apparent but has
not been fully explained. Even so, because background
risk rises steeply with age, the smaller relative risk expe-
rienced by smokers in older age still translates into a
sizeable increase in absolute risk and large numbers of
additional, and avoidable, events.

Although every reputable medical and scientific orga-
nization that has reviewed the evidence agrees that smok-
ing is a major cause of CVD, the biological mechanism
underlying the relationship remains uncertain. Carbon
monoxide, of which there are large amounts in tobacco
smoke, is known to increase the permeability to lipids of
the vascular endothelium, and numerous others of the four
thousand chemicals in tobacco smoke affect physiological
systems that are potentially relevant to the development of
atherosclerosis (Leone, 2007). The same mechanisms are
likely to explain the significant excess risks of IHD in
nonsmokers passively exposed to tobacco smoke.

Importantly, the excess risks of IHD and CeVD asso-
ciated with current smoking decrease rapidly once an
individual gives up the habit, such that the risk returns
almost to that of an otherwise equivalent lifelong non-
smoker within a few years (Doll et al., 2004). Curiously, the
significant increase in risk of AAA related to smok-
ing appears to persist for several decades after quitting
( Jamrozik et al., 2000), although this question has not been
studied anywhere near as extensively. The data on risk of
anifestations of cardiovascular disease

se Abdominal aortic aneurysm Peripheral arterial disease

þþþ þþþþþ
þþ þ
þ �
þþ þþ
� þþþþ

ns; – signs indicate that no association has been consistently
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PAD in ex-smokers are inconsistent, with some reports
suggesting only a limited reduction of risk, but it is widely
accepted that cessation of smoking significantly improves
the prognosis once clinical manifestations of PAD, such as
intermittent claudication, are apparent.
Blood Pressure

The levels of both systolic and diastolic blood pressure
show continuous, graded relationships with cardiovascular
risk (MacMahon et al., 1990). The notion of hypertension
is therefore a clinical short-cut designed to help doctors
identify those at greatest absolute risk of developing CVD.
Recognizing this, the World Health Organization and the
International Society of Hypertension have progressively
lowered the levels of blood pressure used to define the
upper limit of clinical acceptability. The fundamental
point is clear – the lower one’s blood pressure, the lower
the risk of CVD – and messages about determinants of
blood pressure levels such as diet (less salt, more fruit and
vegetables, maintaining weight in the ideal range) and
lifestyle (adequate physical activity, keep any consump-
tion of alcohol within moderate limits) are applicable over
virtually the entire population.
Blood Lipids

Like blood pressure, blood cholesterol shows a continuous
and graded relationship with cardiovascular risk, and
more specifically, coronary risk (Stamler et al., 1986).
Thus, apart from the familial condition, the notion of
hypercholesterolemia is really a matter of clinical conve-
nience. Serum triglycerides are also related to the risk of
both IHD and stroke (Asia Pacific Cohort Studies Collab-
oration, 2004).

Just as there has been debate, from time to time, as to
which measure of blood pressure (systolic, diastolic, or
pulse pressure) carries most predictive significance, so
there has been extensive discussion of which lipid sub-
fraction or the ratios of which subfractions define the risk
of major coronary events most precisely. Aside from the
fact that an individual’s level of low-density lipoprotein
cholesterol (LDL cholesterol) is directly related to his or
her coronary risk, while that of high-density lipoprotein
cholesterol (HDL cholesterol) is inversely related to that
risk, it has required very large studies to demonstrate
statistically significant differences in the prognostic
importance of the various lipid subfractions, suggesting
that the clinical impact of choosing one from another
verges on marginal.

Of greater practical importance are the observations
that the level of HDL cholesterol is increased by physical
activity and consumption of alcohol at moderate levels,
while the level of LDL cholesterol is lower among those
who keep their weight in the ideal range and who eat less
fat, and especially less saturated fat, which is mainly of
animal origin. These data lend themselves to practical
advice from health professionals to individual patients
and to population-wide health promotion activities. Phys-
ical activity and achieving and maintaining weight-for-
height in the recommended range are key messages
because only 20% of blood cholesterol is exogenous in
origin. For most people, higher levels of total and LDL
cholesterol represent intrinsic metabolic responses to
imprudent choices regarding behavior and lifestyle rather
than direct consequences of the amount of fat in their diets.

Where an individual’s level of cholesterol remains a
matter of clinical concern, even after he or she has lost
weight, begun to exercise more, and reduced the amount
of fat consumed, pharmacological treatment can help to
reduce the level of cholesterol and the associated coro-
nary risk. This approach is supported by a series of large
and well-conducted randomized controlled trials.

Interestingly, the same trials that demonstrated the
beneficial effects of statins on coronary risk also consis-
tently showed a reduction in stroke events among those
participants taking one of these drugs as compared with
a placebo (Baigent et al., 2005). Thus, there is Level I
evidence implicating high blood cholesterol as an impor-
tant risk factor for stroke, a relationship that observational
epidemiology has been slow to reveal. It is now evident
that a high level of cholesterol is associated with an
increased risk of occlusive stroke but a decreased risk of
primary intracerebral hemorrhage, relationships that will
have been obscured when all types of stroke are consid-
ered together. As noted in Table 3, the level of blood
cholesterol is only weakly linked to the risk of AAA and
has not consistently been linked to the risk of PAD.
Lack of Physical Activity

In an early and now classic study, Jerry Morris demon-
strated that conductors on double-decker buses in London
had lower rates of coronary events than did the drivers
of the buses, a finding that could not be attributed to
preexisting vascular disease. Despite the possibility that
physical activity was a potential explanation for this dif-
ference, lack of physical activity has been the least inves-
tigated of the major, independent, modifiable risk factors
for CVD. To be fair, collecting data on frequency, inten-
sity, and duration of physical activity at home, work, and
during leisure time is far more difficult than asking about
smoking habits or measuring blood pressure or blood
cholesterol.

Studies of physical activity in other occupational
groups and leisure time physical activity demonstrated
reduced coronary risk in those who undertook physical
activity regularly, leading to a landmark report from the
Surgeon General of the United States, published in 1996
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(National Center for Chronic Disease Prevention and
Health Promotion, 1996).

Recommendations regarding physical activity have
evolved over time as the evidence has accrued. For
many years, people were encouraged to undertake periods
of vigorous activity lasting 20min each at least three times
weekly. This advice was based on studies of competitive
athletes and reflected a pattern of exertion necessary to
cause a progressive increase in maximal uptake of oxygen,
indicating gains in cardiorespiratory fitness. Blair’s group
at the Cooper Institute in Texas was among the first to
demonstrate beneficial effects on cardiovascular health –
lower risks of both IHD and stroke – as well as general
health associated with more moderate levels of regular
physical activity (Blair et al., 2001). Their work has been
particularly influential in reformulating advice about
physical activity such that current recommendations are
for at least 30minutes of moderate physical activity, in
bursts of at least 10minutes each, on most days of the
week. For individuals who choose walking as part of their
response to this advice, the appropriate level of exertion is
usually defined as walking at a pace where the degree of
breathlessness is just sufficient to make it difficult to hold
a normal conversation.

In terms of benefits to cardiovascular and general
health, more is better appears to hold across a wide
range of levels of physical activity, although the
dose–response relationship eventually tends to a plateau.
Paffenbarger’s studies of Harvard alumni demonstrate
clearly that one cannot bank the benefits of physical
activity undertaken early in adult life; initially active
individuals who then become inactive show higher car-
diovascular risk than those who remain persistently active,
while the opposite transition, from inactive to active, is
clearly associated with reductions in risk compared with
that experienced by otherwise similar individuals who
remain sedentary (Paffenbarger et al., 1984).
Diabetes Mellitus

Diabetes is an important risk factor for occlusive cardio-
vascular disease, even if not for AAA. To the extent that
most cases of diabetes are of adult-onset type, and that
this proportion is only likely to increase with the epi-
demic of overweight and obesity now occurring in many
parts of the world, much of the burden of CVD associated
with diabetes is theoretically avoidable through preven-
tion of type 2 diabetes. However, as the UK Prospective
Diabetes Study has demonstrated, once diabetes has
developed, even tight metabolic control of hyperglycemia
does not reduce the incidence of large-vessel cardiovas-
cular disease, that is, of events related to occlusion of the
coronary, major cerebral, and lower limb arteries (UK
Prospective Diabetes Study, 1998). Thus, diabetes once
developed may not be a modifiable risk factor for major
cardiovascular events.
Homocysteine

That individuals with the rare metabolic defect known as
familial hyperhomocystinemia showa vastly elevated inci-
dence of CVD has sparked considerable interest in
whether homocysteine plays any role in the genesis of
atherosclerosis. Indeed, by the mid-1990s there was
already a large body of observational epidemiology impli-
cating homocysteine as a significant independent risk fac-
tor for CVD affecting each of the coronary, cerebral, and
peripheral arterial territories (Boushey et al., 1995). Like
the relationships of CVD with each of smoking, blood
pressure, blood cholesterol, and physical activity, this rela-
tionship appears continuous and graded, with no threshold
level of homocysteine below which there was no associa-
tion evident. Homocysteine is toxic to vascular endothe-
lium and therefore may be responsible for the initial
disruption of endothelial physiology that sets in train the
complex series of events leading to atherosclerosis.

Part of the attraction of homocysteine as a significant
risk factor for CVD lies in the ease with which levels can
be lowered safely and effectively by treatment with folic
acid and B vitamins. Ongoing trials may help to provide a
definitive answer regarding the utility of treatment with
B vitamins for reducing risk of CVD.
Other Modifiable Factors

Numerous other characteristics of individuals have been
associated with an increased risk of CVD. From one per-
spective, once the fixed and major modifiable risk factors
are taken into account, the contributions of many of these
factors are rather modest. From another perspective, many
of these factors cause increases in risk due to changes in
modifiable risk factors; for example, diet affects over-
weight and obesity, which in turn affect blood pressure.
Thus from a population perspective these upstream fac-
tors may provide the best opportunities for prevention.
Overweight and Obesity

Overweight and obesity have only limited independent
contributions to cardiovascular risk, probably because
their principal effects relate to their contributions to
higher levels of blood pressure and blood lipids. Thus
clinical intervention on the two biomedical factors should
always include efforts to achieve and maintain a body
mass index in the range of 20–25 kilograms per meter
(of height) squared. In practical terms, this translates
roughly into maintaining a body weight below height in
centimeters minus 100. Debate continues as to whether
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ranges of recommended weight for height should be mod-
ified for non-European, and especially Asian, populations
(Misra et al., 2005). From a population perspective, the
growing epidemic of excess body weight can be expected
to increase risk of CVD, and controlling this epidemic is a
major public health goal in many countries.
Diet: Salt, Fat, Fish, Fruit, and Vegetables

Dietary salt and fat are also direct upstream factors for
raised blood pressure and blood lipids, and, like over-
weight and obesity, offer obvious targets for intervention.
In this regard, it is often not appreciated that meat that
appears lean to the naked eye still contains a large amount
of saturated fat and that many residents of the developed
world would experience only benefits and no adverse
effects on their health were they to consume less meat.

Vegetarians have lower blood pressure and lower rates
of CVD than omnivores, but which aspect or aspects of
the vegetarian diet confers these benefits has proved dif-
ficult to identify. In part, a higher intake of fruit and
vegetables results in beneficial increases in the potas-
sium:sodium ratio in the diet, with consequent reductions
in blood pressure, but vegetarians also consume more
fiber and frequently follow a more prudent lifestyle.

The observation that Inuit people experienced far less
CVD than one might expect among people whose tradi-
tional diet contained so much fat and so little fruit and
vegetables eventually led to the identification of the signifi-
cance of long-chain poly-unsaturated fatty acids for vascu-
lar health. These omega-3 compounds have a variety of
effects on the vascular endothelium and platelets (as well
as other physiological systems) and are now widely avail-
able over the counter as dietary supplements. Of greater
practical import, however, is the significant body of evi-
dence suggesting that a greater intake of fish would bring
benefits to cardiovascular health (Schmidt et al., 2005).
Stress

In this discussion, a distinction is drawn between stress,
meaning events and factors external to the individual that
may cause some distress, and personality, meaning the
intrinsic characteristics of the individual that may shape
his or her response to such stimuli. People can often cite
anecdotes that suggest that an acute emotional or physical
stress has precipitated a heart attack or stroke. The more
formal scientific literature does demonstrate a relation-
ship between cumulative exposure to life events that
independent observers agree are potentially stressful
and significant illnesses of many kinds, but the association
of major cardiovascular events with single specific
instances such as news of a sudden, unexpected bereave-
ment, is much less clear (Hemingway and Marmot, 1999).
Depression is associated with CVD but the direction of
causation is not well understood and so the implications
for prevention or treatment of CVD are unclear (Bunker
et al., 2003).

There has also been extensive research into the rela-
tionship between occupational position and CVD, in part
stimulated by the well-established social gradient at least
of IHD. The Whitehall studies of British civil servants
have been the leading investigations in the field. They
suggest that limited latitude to control the pace and
pattern of one’s work is associated with greater coronary
risk (Hemingway and Marmot, 1999). However, it is diffi-
cult to assess if such studies have fully accounted for
confounding by more proximal risk factors. Additionally,
a response to these findings probably lies more in the
realm of organizational management than clinical medi-
cine or public health.
Personality

The time-urgent, competitive, easily angered type A per-
sonality enjoyed a long vogue as a potential marker of
cardiovascular risk, especially while white collar occupa-
tional groups continued to experience a high rate of
coronary events. That epidemiological picture has since
undergone a radical change, with people of lower socio-
economic position now being at greater risk of CVD in
many developed countries. The focus on personality as a
cardiovascular risk factor has also faded because of the
difficulties in classifying individuals’ personalities reli-
ably. There is also only limited evidence that personalities
can be changed, although new ways of responding to the
stresses of everyday life can be learned, and the evidence
that attempting to do so results in a meaningful reduction
in cardiovascular events is scant indeed.
Alcohol

Consumption of alcohol shows a J-shaped relationship
with cardiovascular risk, such that lowest rates of events
are observed among individuals who regularly consume
one to two alcoholic drinks (10–20 g of alcohol) daily.
There are somewhat higher risks in complete abstainers,
and progressively increasing risks in those who consume
alcohol at higher levels than those mentioned (McEdluff
and Dobson, 1997), whether on a regular basis or as
binges. Drinking alcohol raises levels of HDL cholesterol
and both acute and regular heavy intake are associated
with higher levels of blood pressure.
Oral Contraceptive Pill and Hormone
Replacement Therapy

Because estrogens are prothrombotic, there are theoreti-
cal reasons for predicting that women taking exogenous
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estrogens in the form either of oral contraceptive pills
(OCPs) or hormone replacement therapy (HRT) would
have an increased risk of occlusive cardiovascular events.
This prediction was certainly fulfilled for first-generation
OCPs, which had relatively high levels of estrogen. It is
likely that modern, lower-dose contraceptive pills carry a
smaller relative risk, and the absolute risk of an acute
coronary event or stroke in a woman taking OCPs has
always been small, because the background risk of such
events in women of reproductive age is very small indeed.

HRTstands to mitigate many of the metabolic changes
consequent on menopause that are likely to increase car-
diovascular risk. Formal proof of the hypothesis that HRT
would also reduce the incidence of major cardiovascular
events is still awaited, because one large trial testing this
prediction was suspended prematurely once it became
clear that women taking HRT also had a significant
increase in the risk of thromboembolic cardiovascular
events and of developing breast cancer (Writing Group
for the Women’s Health Initiative Investigators, 2002).
Subsequent reports have tended to confirm that HRT
increases risk of CVD (Vickers et al., 2007).

Socioeconomic Position

While the incidence of IHD originally showed a positive
relationship with socioeconomic position, that association
has now been reversed so that the least well-off have the
highest rates of CVD in Western developed countries,
although this transition is occurring later in developing
countries. Important variations in the social distributions of
many of the other behavioral risk factors for CVD almost
certainly contribute to this picture and, given the available
evidence, strategies to modify those factors are likely to
reduce social gradients in cardiovascular health much faster
than interventions to reduce disparities in economic
circumstances.

Other Risk Factors

There is a considerable literature on hyperuricemia as a
marker of cardiovascular risk, and it is well recognized
that hypothyroidism is associated with an increased risk of
CVD. There is also reasonable evidence for other putative
risk factors (Marmot and Elliott, 2005).
Multiple Risk Factors

From a population perspective, there is ample evidence
that the combined effects of multiple risk factors contrib-
ute to differences in rates of CVD between countries and
changes in risk factor levels are related to changes in rates
of CVD events (Tunstall-Pedoe, 2003).

While the statistical relationships between risk factors
and the experience of CVD are complex, patients, clinicians
and public health authorities can find thesematters easier to
discuss in terms of summary numbers for relative risk. As a
great oversimplification, each of smoking, hypertension,
and inadequate physical activity doubles an individual’s
risk of a major cardiovascular event, and hypercholesterol-
emia and diabetes increase risk by up to three times, each of
these comparisons being with individuals who do not have
the relevant risk factor. Where more than one risk factor is
present, the effects multiply, such that an inactive smoker
with high blood pressure has approximately eight times
the risk of experiencing a major cardiovascular event com-
pared with a physically active, normotensive nonsmoker.

While this approach facilitates discussion between
patients and their clinicians, it ignores the graded relation-
ships between each of the major modifiable factors and
cardiovascular risk and also omits the individual’s fixed
factors from the consideration. Thus, there has been a
concerted move in recent years to encourage a more all-
encompassing assessment of individual patients and popu-
lation groups, the results of which are usually expressed in
terms of absolute cardiovascular risk. This is the probability
that a given individual will experience a major cardiovascu-
lar event in the next decade, given his or her sex and age and
existing levels of each of at least smoking, blood pressure,
and blood total cholesterol (Smith et al., 2004). Relative risk,
comparing smokers with non-smokers, for example, can be
somewhat misleading; the numerical multiplier might
be large, but if it is applied to a low background risk such
as the incidence of CVD in women in the reproductive
age group, the resulting absolute risk is still modest. By
contrast, aswell as beingmore comprehensive, the approach
based on absolute risk fosters concentration of intervention
efforts on those likely to gain most (Smith et al., 2004).

The presence of multiple risk factors also comes into
play in the concept of the metabolic syndrome. This
refers to a clustering of abdominal obesity, high blood
pressure, abnormalities of lipid profiles, and insulin resis-
tance, but this is an evolving area, with multiple defini-
tions of the syndrome available. Apart from identifying a
possibly sizeable subgroup of the population at particu-
larly high risk of CVD, it is not yet clear what advantages
the label of metabolic syndrome offers for clinical man-
agement of cardiovascular risk over and above attention to
each of the principal elements of the cluster of risk factors.
Practical Steps for Prevention of
Cardiovascular Disease

It has now been over 25 years since Geoffrey Rose first
identified the inherent limitations in the high-risk strategy,
used alone, for improving the health of the population
and suggested that mass strategies aimed at whole
communities had potentially greater impact (Rose,
1981). The goal for public health is therefore to achieve
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population-level reductions in the major modifiable risk
factors by shifting the risk factor distribution to the left
through primary prevention (the population approach) as
well as secondary prevention in individuals at elevated
risk. Much can be achieved through population-level
interventions, such as tobacco control using education,
legislation, and taxation. Nevertheless, the development
and implementation of effective mass strategies for the
prevention of CVD (and noncommunicable diseases more
generally), and specifically strategies that address multi-
ple risk factors, remains a challenging problem. Table 4
lists ten behaviors for which there is a varying degree of
epidemiological evidence of an association with lower
rates of morbidity and mortality, principally from CVD
and common cancers. For some of these, such as not
being a smoker, there is ample evidence that the impru-
dent counterpart has a causal association with ill-health.
For others, such as type of milk consumed, the signifi-
cance may lie in indicating acceptance or nonacceptance
of a broader message about reducing consumption of
saturated fat. Importantly, no involvement of a health
professional is required to assess these behaviors and
many are potentially amenable to mass interventions.
These behaviors are within the grasp of most individuals
with adequate resources and supportive environments. In
addition, once adopted, many can become permanent,
even automatic parts of an individual’s lifestyle. They
become habits that are truly healthy and for which only
very modest ongoing mental effort is required for their
maintenance. For example, it is not a matter of perma-
nently being on a diet, but one of having adopted a pattern
of eating and drinking that is enjoyable but also consistent
with best available medical knowledge and not conducive
to gaining weight.

Several of the behaviors inTable 4 are determinants of
medically defined risk factors such as hypertension or
hypercholesterolemia. A focus on the prudent lifestyle
therefore addresses primary prevention and obviates the
need for screening that is inherent in the high-risk
approach (Rose, 1981). This distinction is in keeping
with Rose’s description of mass strategies as being radical,
in the sense of preventing the development of risk, while
Table 4 Components of a prudent lifestyle

. No smoking

. 30 minutes of moderate physical activity on most days

. Body mass index in the range 20–25kg/m2

. Up to 20g alcohol daily; no binge drinking

. Consumption of meat <4 times weekly

. Two servings of fruit and five of vegetables daily

. No addition of salt during preparation or consumption of food

. Consumption of fish at least twice weekly

. Avoidance of full-fat milk

. Use of margarine rather than butter
high-risk strategies are palliative, because they address
risk that has become established (Rose, 1981).

While the components of a prudent lifestyle may be
largely amenable to individual choice, many are also
strongly affected by cultural norms (such as the Mediter-
ranean diet), legislative controls (for example, on smok-
ing), and environmental factors (for example, promoting
opportunities for physical activity).
Prevalence of a Prudent Lifestyle

As part of the baseline assessment undertaken in the
course of a population-based trial of screening for abdom-
inal aortic aneurysm (AAA), Spencer et al. ascertained the
adherence of 12 203men aged 65–83 years to eight of
the behaviors listed in Table 4 (Spencer et al., 2005). The
resulting lifestyle scores, calculated as the simple sum of
eight dichotomous answers, showed a bell-shaped distri-
bution, indicating that the majority of these individuals
already exhibited some health consciousness. By the same
token, however, the majority also has scope to adopt addi-
tional elements of the prudent lifestyle. Combining these
two interpretations suggests that most individuals have a
base of health-related self-efficacy upon which they could
draw when attempting to make changes to their lifestyle.

Prospective follow-up over 5 years of these men
showed that, among those with no history of major cardio-
vascular events or angina, cumulative all-cause mortality
decreased in an almost linear fashion from 12% among
those with a lifestyle score of 0 to 6% among those with
the maximum prudence score of 8 (see Figure 1) (Spencer
et al., 2005). When the data were divided at the median
lifestyle score of 4, the lower half had a hazard ratio for all-
cause mortality of 1.3 (95% CI, 1.1–1.5) relative to the
upper half. The findings in men with clinically evident
vascular disease were similar. Thus the Prudence Score is
not only simple to calculate, it also has considerable prog-
nostic significance.
Conclusion

Atherosclerotic cardiovascular disease is the leading cause
of death of humans. Our knowledge of factors contribut-
ing to the risk of CVD is both extensive and very detailed.
We now understand that, for many of the important causal
factors, risk rises progressively with the degree of expo-
sure rather than exhibiting some sort of threshold. Thus,
while easy to apply, clinical dichotomies between ‘normal’
and ‘at risk’ are simplistic and misleading. Further, there is
abundant evidence from both observational studies and
randomized trials that reducing levels of major modifiable
factors is quickly followed by decreases in the incidence of
major cardiovascular events. It follows that advice regard-
ing prudent lifestyle and behavior in relation to risk of
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Figure 1 Five-year mortality (%) by Prudence Score in 12 203 men screened for abdominal aortic aneurysm. Reproduced with
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614 Risk Factors
CVD is almost universally relevant and should not be
delivered only to a selected subgroup of the population
bearing a particularly adverse profile of risk factors. The
pressing challenge is to broaden the understanding and
application of this principle among both health profes-
sionals and policy makers; it is to apply better what we
already know to control CVD in population, not to search
for new risk factors.

We have left undone those things which we ought to have

done; and we have done those things which we ought not

to have done; and there is no health in us.

(Church of England, 1992)
See also: Cardiac Rehabilitation; Cardiovascular

Disease: Overview and Trends; Cardiovascular Disease

Prevention; Coronary Heart Disease; Genetic Factors of

Cardiovascular Diseases; Heart Failure; Hypertension;

Peripheral Arterial Disease; Rheumatic Fever and

Rheumatic Heart Disease.
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Global Burden

Road traffic injuries are a growing public health problem,
affecting millions of people worldwide each year. The
Wor ld Re por t on Road Traf fic Inj uries (Peden et al. ,
2004 ) highl ighted that g lobally near ly 1.2 milli on people
die and between 20million and 50million people are
injured or disabled as a result of road traffic injuries
each year, with the majority of deaths occurring in the
Wester n Pacific and South east Asia (see Figure 1 ). In
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2002, road traffic injuries were ranked as the fourth
leading cause of death in adults aged 15–59 years world-
wide, and as the third leading cause of death in males
aged 15–44 year s (Mather s et al. , 2003 ).

Demographic Groups at High Risk

Being male is a strong risk factor for many types of injury,
including road traffic injury. Males account for 73% of all
road traffic deaths worldwide (Pe d e n et al., 2002), with an
overall rate almost three times that for females (males: 27.6
per 100 000 population, females: 10.4 per 100 000 popula-
tion). In low-income countries, there is a consistent pre-
dominance of male deaths over female deaths, with males
comprising between 67% and 99.5% of road traffic deaths
in these countries. About 70% of the disability-adjusted life
years lost globally as a result of road traffic injury occurs
among males. The gender differences are likely to reflect
gender disparities in both exposure to road traffic injury
risks and other risk-taking behaviors.

Age is also a strong risk factor for road traffic injury
and death. High rates of fatalities are noted at both ends of
the age spectrum, with increased rates for both younger
drivers and older drivers. However, increased fatality rates
in young drivers are due to a combination of factors
including inexperience, distraction, and overconfidence,
whereas the high fatality rates in older drivers are due to a
range of factors including increased fragility.



Table 1 Percentage of fatalities by road users in different

countries

Kenya, 1990
(Odero, 2003)

China, 1999
(Wang, 2003)

Australia,
2001 (ATSB,
2003)

Driver 13.5 10 44.7

Occupant/
passenger

36.7 23 23.4

Pedestrian 41.5 26 16.7

Cyclist 8.3 16 2.6

Motorcyclist a 17 12.4

aNot presented in original paper.
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High- Versus Low- andMiddle-IncomeCountries

Although all regions in the world suffer from the epi-
demic of road traffic injuries, the low- and middle-income
countries bear a disproportionate burden of the injuries
and fatalities (Ameratunga et al., 2006). According to
World Health Organization data (Peden et al., 2004),
these regions account for about 85% of traffic deaths
each year. The overall road traffic injury fatality rate in
2002 for low- and middle-income countries was 20.2
deaths per 100 000 population, almost double the rate of
12.6 deaths per 100 000 population found in high-income
countries.

Although in the last decades, the number of road traffic
injuries has continued to rise in the world as a whole, time
series analysis reveals the rates show clear differences in
the pattern of growth between high-income countries and
low-income and middle-income countries. There has
been a steady decline in the fatality rates in high-income
regions in the last three decades such as Australia,
Canada, Germany, the Netherlands, Sweden, the United
Kingdom, and the United States, while fatality rates are
increasing in low- and middle-income regions as a result
of rapid motorization and inadequate infrastructure to
meet such increases. The magnitude of this increase varies
by region, with the highest increase in Asia. Both the
World Health Organization (Peden et al., 2004) and the
World Bank (Kopits and Cropper, 2003) have predicted
that in the next 20 years, without increased efforts, road
traffic deaths will decline on average by almost 30%
in high-income countries and increase by over 80% in
low-income and middle-income countries. A 92% and
147% rise in fatalities is predicted in China and India,
respectively.

Road traffic crashes also disproportionately impact the
poor and vulnerable members of society, particularly
within low- and middle-income countries. This is a
reflection of the increased exposure of vulnerable groups
to hazardous transport, for example as pedestrians, and
as passengers traveling on the outside of vehicles such as
buses and trucks. Such groups also have limited access to
safety items such as seatbelts and helmets and advanced
vehicle design features. Pedestrians, cyclists, motorized
two- and three-wheelers, and passengers in buses, mini-
buses, and trucks account for 90% of the casualties in
low- and middle-income countries because of the greater
variety and intensity of traffic mix and the lack of
separation from other road users, while in high-income
countries drivers of automobiles constitute the majority
of casualties (see Table 1). As motorization increases in
countries such as China, fatalities will increasingly occur
in drivers and passengers.

Children in low- and middle-income countries are
also disproportionately affected by road traffic injuries.
Nantulya and Reich (2002) reported that among children
aged 0–4 and 5–14 years, the number of road traffic
fatalities per 100 000 population in low-income countries
is approximately six times greater than in high-income
countries.
Surveillance Systems

Measuring the burden of road traffic injuries is impor-
tant so that governments may target solutions to groups
at most risk. Well-constructed, validated, and reliable
systems are evident in most high-income countries,
using hospitalization data coded to International Classifi-
cation of Disease (ICD) version 9 or 10. However, such
systems are rare in low- and middle-income countries.
There are well-constructed guidelines for core data col-
lections published by the World Health Organization.

It may not be possible to conduct surveillance reliably
at all hospitals. As a result, some countries have developed
systems whereby data are collected at selected hospitals
(sentinel surveillance). In Thailand, for example, a sur-
veillance system has been set up based on such a system.
Although this system now operates as a national scheme,
it originated as a provincial injury surveillance system
based in five sentinel hospitals (Peden et al., 2004: 54).
There are, however, few such systems in place in low- or
middle-income countries worldwide.

There are other methods for collecting the necessary
data when national or regional health data collection
systems are not in place. Use of injury reports from
police-reported crash data may be used for surveillance,
although such data are generally regarded as less reliable
than hospital data, which are constructed from medical
records by skilled coders. Other methods of surveil-
lance include representative household surveys, used for
example in Vietnam (Le et al., 2003) and Pakistan (Ghaffar
et al., 2004), to document the burden of injury using
stratified random household surveys. In both instances,
these studies have highlighted the tremendous burden
of injury caused by road traffic injury. Topic-specific
surveys may also be carried out to establish prevalence
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of behaviors, for example, motorcycle helmet use sur-
veys, where helmet use is recorded for all riders in a
particular area.
Costs

Road crashes have a significant impact on the world
economy, with global costs of road crashes estimated to
be about $518 billion each year (Peden et al., 2004). The
average annual cost of road crashes has been estimated
to be about 1% of gross national product in developing
countries, 1.5% in countries undergoing economic transi-
tion, and 2% in highly motorized countries ( Jacobs et al.,
2000). Much of the cost of road traffic injury is due to
nonfatal events, with the effects on lost productivity of
nonfatal injury thought to outweigh that resulting from
fatal injury. The true costs to society are likely to be far
greater once indirect costs are factored in.

Although estimates of road-traffic-related injury and
subsequent disability in low- and middle-income coun-
tries are scarce, it is widely recognized that the conse-
quences of road traffic crashes are a significant issue for
such countries, pushing individuals deep into poverty.
Zhou and colleagues (2003) estimated that in China,
injury is the major source of potentially productive years
of life lost, more than any other disease group. Produc-
tivity losses from injury, estimated to have an annual
economic cost equivalent to US$12.5 billion, were found
to outweigh the total productivity of new entrants to the
labor market. Road traffic injuries accounted for 25% of
all injury-related productivity losses, with an excessive
loss of productivity in rural areas, resulting in a significant
and negative impact on economic growth.
Intervention Strategies

Successful programs aimed at reducing road traffic injury
are based on the premise that road traffic crashes are
predictable and therefore preventable. Both crash and
injury rates have significantly declined in the past
20 years in high-income countries due to a combination
Table 2 The Haddon matrix

Prevention of
road traffic crash Human factors Vehicle

Pre-crash Driver experience, fitness to drive,

driver behavior

Vehicle

featu

cont
Crash Use of protective equipment

(helmets, seat belts, child

restraints)

Vehicle

Post-crash Preexisting conditions, emergency
response care, rehabilitation

Entrap
of strategies ensuring safer drivers, safer roads and trans-
port systems, and safer vehicles. This was aided by the
development of the Haddon matrix (see Table 2), a
conceptual model in which the principles of public health
were applied to the problem of traffic safety. This
approach led to substantial advances in the understanding
of the behavioral, road-related, and vehicle-related fac-
tors that affect both the number and severity of road-
traffic-related injuries.

Following on from this, many agencies worldwide,
including both the World Health Organization and the
World Bank, advocate a systems approach to road safety.
This approach addresses the traffic system as a whole
and examines the interactions between road users, the
road infrastructure and transport systems, and vehicles
to identify effective solutions.
Road Users

In high-income countries, legislated interventions that
relate to improving safety in drivers such as blood alcohol
limits for drivers, licensing and registration systems, lower
speeding limits, and mandatory restraint and helmet
laws have been tremendously successful in reducing the
numbers of crashes and hence injuries on the roads. For
legislated interventions to be successful, it is widely
recognized that they need to be vigorously enforced and
accompanied by community-wide social marketing and
education campaigns.
Blood alcohol limits

It has been recognized for many years that drivers who
have consumed alcohol have a far higher crash risk than
those who have not. The relative risk of a crash increases
with increasing blood alcohol level for drivers of cars, and
alcohol also increases the risk of fatal crashes for both
riders of two-wheelers and pedestrians. As a result, many
high-income countries have limited legal blood alcohol
limits for experienced drivers to 0.05mmol/l, with zero
blood alcohol allowed for drivers of commercial pas-
senger vehicles. Decreases in mandated driver blood
factors Environmental factors

maintenance, vehicle

res (electronic stability

rol)

Transport systems, road

engineering, visibility

design for impact protection Fixed objects at roadside,

safety barriers

ment, fire Location, speed of emergency
response, access to trauma

care



Table 3 Recommendations for effective graduated licensing

systems

Licensing phase Component

Learner phase Starting minimum age at least 16 years

Mandated minimum learner period

(6months to 2 years)

Adult supervision mandatory
Mandated minimum hours with

supervising driver (10–120h)

Provisional license

phase

Minimum starting age for unsupervised

driving at least 16.5 years
Passenger restrictions

Night driving restrictions

Mandated minimum provisional license
period

Both learner and

provisional license

phase

Blood alcohol restrictions

Towing limits

Speed limitations
Display of license status plates

Testing regimes as drivers move from
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alcohol limits have been shown to be effective in terms of
reducing death and injuries in a numbers of settings
worldwide (Shults et al., 2001).

Young drivers have an even higher risk of crash
and injury associated with high blood alcohol concentra-
tion than more experienced drivers. Recognition of this
increased risk is reflected in the zero blood alcohol
restrictions for young drivers in some graduated licensing
schemes. Such restrictions are supported by research such
as that published by Shults et al. (2001), demonstrating
reductions in crashes of between 4% and 24% with low
mandated blood alcohol limits for young drivers.

Blood alcohol legislation is generally enforced using
sobriety checkpoints, or road-side random breath testing,
accompanied by widespread social marketing and educa-
tion. Random breath testing has been shown to be one of
the most cost-effective safety interventions known, with a
cost–benefit ratio of 1:19 (Peden et al., 2004).
one phase to another

Removal of discounts that encourage
early licensure

Adapted from Williams AF and Mayhew DR (2004) Graduated

Licensing: A Blueprint for North America. Arlington VA: Insurance

Institute for Highway Safety.
Licensing and registration systems

Implementation of mandatory licensing and registration
systems for drivers and cars is also essential to road safety.
In addition to providing a structure such that numbers
of drivers and vehicles, driver training, and vehicle main-
tenance can be monitored, such systems also provide
a mechanism for issuance of infringement notices and
penalties. Importantly, the revenue accrued can be chan-
neled back into appropriate infrastructure and road safety.

Graduated licensing for novice drivers has also been
successful in reducing road traffic injuries in younger age
groups in high-income countries (Williams and Mayhew,
2004). This licensing structure implemented in many
states in the United States, Canada, Australia, and in
New Zealand aims to reduce exposure of inexperienced
drivers to high-risk driving situations. Limitations of the
systems vary by jurisdiction, but may include extended
learner periods, minimum supervised driving hours dur-
ing the learner period (ranging from 10 to 120 hours) zero
blood alcohol requirements, limited maximum speed, and
passenger and night driving restrictions (Table 3). Such
systems have been shown to be very effective in reducing
the overrepresentation of young drivers in road traffic
crashes.
Speed control
Speed has been identified as one of the key risk factors
contributing to road traffic injuries. Speed affects both the
risk of being involved in a crash and the severity of the
injuries caused. At higher speeds, the driver has less time
to respond to a sudden event, the stopping distance is
increased, and the likelihood of crashing is therefore
increased. Injury severity in a crash rises sharply with
the speed of the vehicle in a collision, reflecting the laws
of physics.
Speeding is very common among drivers, with almost
all motorists, at some stage during their driving career,
exceeding the recommended or posted speed limit. In
some high-income countries such as the United States
and Australia, it is estimated that speed contributes
to about 30% of deaths on the road. The situation is
similar in low- and middle-income countries; for example
Afukaar (2003) reported that speed was identified as the
main contributory factor in 50% of road crashes in Ghana
between 1998 and 2000.

There is a large amount of empirical evidence on the
impact of speed on both the likelihood of crashing and
the severity of injury. For example, Finch et al. (1994)
highlights that an average increase in speed of 1 km/h is
associated with a 3% higher risk of a crash involving an
injury, and a 4–5% increase in fatal crashes, and Kloeden
et al.’s study of crashes (1997) within 60 km/h speed limit
zones showed the risk of involvement in a casualty crash
doubles with each 5-km/h increase in traveling speed
above 60 km/h. As well, increases in mandated speed limits
increase the risk of crashes and subsequent injuries. Follow-
ing the raise in speed limits in 1987 on U.S. rural interstates
from 55 to 65mph, there was a 2- to 3-mph (or 4.8%)
increase in mean traffic speeds and a 21% increase in
fatalities. In 1995, following the second round of raised
speed limits, average interstate speeds and deaths increased
in many U.S. states by 4% and 17%, respectively, indicating
that small increases in the speed limit resulted in a
dramatic increase in road fatalities.
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Speed of traffic is also an issue for pedestrians and
other vulnerable road users. Pedestrians have a high
chance of surviving a car crash at low speeds but the
fatality rate rapidly increases to 100% with increased
speed of vehicle on impact. Reflecting the vulnerability
of pedestrians and other vulnerable road users, many
countries worldwide now have a general urban speed
limit of 50 km/h.

It is generally recognized that setting appropriate
speed limits and enforcing them is important in reducing
speed-related road traffic injuries. Jurisdictional authori-
ties worldwide use various criteria in determining appro-
priate speeds for roads to ensure consistent and credible
speeds. These may include such factors as the width
and quality of the road, traffic and pedestrian volume,
the environment in which the road is located, presence
of traffic signals and pedestrian crossings, and type of
roadside activities.

There are a number of ways that speed can be man-
aged. Interventions such as speed enforcement detection
devices (for example, fixed or mobile speed cameras),
widely implemented in some high-income countries
such as the UK to enforce speed limits and keep average
speeds down, have been shown to be effective tools in the
prevention of crashes and injuries (Pilkington and Kinra,
2005). Traffic calming (the use of physical structures on
roads used to reduce vehicle speeds) is another strategy
used to limit speed of traffic, particularly cost-effective in
both high- and low-income countries if implemented at
the time when roads are first constructed. In-vehicle
speed limiting devices are also used worldwide to manage
speed in heavy vehicles and public transport vehicles.

With the current trend in the production of modern
vehicles with high-speed capacity, effective management
of speed will remain an important issue in both high- and
low-income countries.
Figure 2 Police enforcement of seatbelt legislation in
Guangzhou, China: Professor Mark Stevenson, 2006.
Driver education and training

There are several types of driver education and training,
including school-based road safety education, pre- and
post-license driver training courses taught by professional
instructors, and one-to-one driving instruction with pro-
fessional instructors that is provided during the learner
phase. There has been substantial research evaluating the
benefits of such programs, some of this summarized in
systematic reviews. One review found that school-based
driver education resulted in increased exposure with no
advantage in terms of crash reduction (Roberts et al.,
2001); another found no safety benefits for post-license
driver education (Ker et al., 2003). There is also evidence
that courses that teach advanced driving skills such as
skid handling to novice drivers may in fact increase
crash rates, possibly due to the development of a false
confidence in the driver’s ability.
Overall, there is little research evidence that pre- or
post-license driver education or training has a positive
effect on driver behavior or on crash and injury rates.
However, driving instruction during the learner phase
by professional driving instructors is thought to make a
useful contribution to the development of driving skills.
Given the widespread participation in driver education
and training courses worldwide, continued research on
efficacy of such courses is necessary.
Road safety education

In most high-income countries, road safety is taught
at schools as part of normal curricula from the first
year of school. A number of evaluations of school-based
education programs aimed at primary school children
have shown that it is possible to improve the pedestrian
skills of children and to modify the abilities of parents to
assess accurately the skills of their children in crossing
streets. The key features of these programs are that they
include cross-curricula education, activities that increase
practical road crossing skills and importantly, they advo-
cate that children are assisted by an adult when crossing
a road until the age of 10 years. Educational programs
to improve road user behaviors in teenagers, however,
have shown less success. There have been no compre-
hensive well-controlled evaluations of school-based road
safety education programs aimed at high-school-aged
children that have demonstrated improvements in road
user behaviors. As with driver training, there is a need for
well-controlled evaluations of implemented programs.

Seat belt and motorcycle helmet legislation

Ensuring compliance with legislation such as seat belt and
motorcycle helmet legislations is also a vital aspect of road
safety (Figure 2). There is abundant evidence as to the
effectiveness of both seat belts (Marine et al., 1994) and
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motorcycle helmets (Liu et al., 2004) in terms of preventing
death and injury in the event of a crash. Most high-income
countries worldwide have national seat belt and helmet
legislation, which is generally enforced and compliedwith.
In countries such as Australia and New Zealand, seat belt
use is close to 95% but despite this up to 30% of serious
injury crashes involve an unrestrained person. A notable
exception to consistent national legislation is the United
States, where a combination of political and historical
events has resulted in variable legislation across the states,
with resulting variations in seat belt- and helmet-wearing
rates. However, in general, seat belt-wearing rates are as
high as 90–99% for front seat occupants in high-income
countries, whereas in low- and middle-income countries
the rates are much lower. The pattern is similar for motor-
cycle helmets, with wearing rates around 90% in countries
where helmet legislation is enforced, but less than 20%
where it is not. There is a vibrant road-side market for
motorcycle helmets in many low-income countries, but
many of these helmets have no impact-absorbing materials
(for example, a foam inner liner) and may confer no
benefits to the user in the event of a crash.

There are many challenges to improving seat belt-
and helmet-wearing rates in low- and middle-income
countries. Some of these include ensuring that cars
are fitted with both front and rear seat belts and that
high-quality but affordable helmets are available.

Driver distraction

Factors that cause driver distraction include use of mobile
phones, as well as passengers, music, and use of other
technology such as satellite navigation systems. Passenger
restrictions for novice drivers reflect the increased crash
risk that peer passengers pose for this at-risk driving
group. With respect to mobile phones, laboratory studies
have shown than driving performance is affected by both
hand-held and hands-free mobile phones (McCartt et al.,
2006). Recent population studies have confirmed that use
of hands-free phones confer similar risk of involvement
in injurious crashes as hand-held phones – with roughly
a fourfold increase irrespective of age. While the spe-
cific impact on crashes of in-car communication and
navigation devices including voice activation software is
presently unclear, laboratory studies indicate that the
cognitive load on the driver using such devices has a
significant impact on driving performance.

There is a clear need for further research on the effect
of driver distraction on crash risk. Although results are not
yet available, there are currently a number of naturalistic
driving studies underway worldwide; such studies record
in-car activity and are able to assess the contribution of
various distracting factors to crash risk. These studies will
add to the body of research on driver distraction and aid
the development of effective countermeasures.
Research on driver distraction has largely been confined
to high-income countries, although the increased crash risk
due to driver distraction is likely to be similar in other
settings. However, there has been little research in any
setting examining use of mobile phones on two-wheelers
andmopeds, and given thewidespread and increasing use of
mobile phones and portable music devices, it seems likely
that driver distraction will be a major safety issue in low-
and middle-countries in the future where such forms of
transport are very common.
Fatigue management

Estimates of the proportion of road traffic injuries that are
attributed to fatigue or sleepiness vary, but range from a
few percent to more than one-third of all crashes, depend-
ing on the definition used. Research from New Zealand
has shown that acute sleepiness in drivers is associated
with a significant increased risk of serious injury crashes
(Connor et al., 2002). Fatigue is recognized as a particular
issue in the road freight industry, a work environment for
which there are many challenges, including vast distances,
tight delivery schedules, low, unregulated freight rates,
and penalties for late delivery. Consequently, extended
driving schedules and the need to meet deadlines may
contribute to a variety of factors affecting driving behav-
ior; including fatigue, stress, and the use of stimulants
in order to stay awake.

Interventions used to manage fatigue include social
marketing and community education, as well as use
of legislation mandating the maximum number of per-
mitted driving hours for commercial drivers. Enforcement
of such laws relies on use of log books and in some
cases technology such as cameras to track heavy-vehicle
drivers. In some countries, including Australia, stringent
chain of responsibility legislation has also been passed
ensuring that all parties in the road transport supply
chain have specific obligations under the law to prevent
a breach of transport law including driving hours.
Road and Transport Systems

Building road safety into road engineering, urban design,
and transport planning is vital for reductions in road
traffic injury. With rapid motorization and increased
road building in low- and middle-income countries, this
will become more of an issue in the decades to come.

Improved road engineering has contributed signifi-
cantly to reduced crash and fatality rates in high-income
countries in the past two decades, partly because such
improvements work without dependence on behavioral
change of individuals. Building high-quality, appropri-
ately signposted roads is a major priority for govern-
ments around the world. Implementation of improved
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engineering solutions such as safer roadside barriers such
as guardrails and crash cushions have been shown to be
very effective in reducing both the number and severity of
crashes; however, building and upgrading roads is an
enormous cost for both high- and low-income countries.

Road building in countries undergoing rapid moto-
rization also needs to take account of the needs of
vulnerable road users. It is vital that road safety measures
are taken into account: examining traffic mix and devel-
oping transport systems so that fast-moving traffic is
separated from slow-moving traffic and vulnerable road
users. Where traffic contains a diverse mix of vehicles
moving at very different speeds, there is clearly more
potential for crash and injury. Vulnerable road users
are most at risk and systems in various jurisdictions have
been developed in order to separate out the traffic flow
with some success, such as dedicated motorcycle lanes
in Malaysia (Figure 3). However, careful planning is
essential as badly lit or minimally frequented tunnels
and overpasses for motorcyclists and pedestrians may
also provide opportunities for bandits and robbers. Simi-
larly, findings from countries such as Brazil, Mexico, and
Uganda suggest that where pedestrian overpasses have a
high perceived risk of personal crime, pedestrians will
not use them, choosing instead to walk through the
traffic, resulting in an increased risk of road traffic injury
(Ameratunga et al., 2006).

Consideration of road safety in urban planning and
development of transport policy is also important. For
example, as outlined in the World Health Report (Peden
et al., 2004) investment in safer transport systems is a
crucial component of road safety systems. Mass transit
public transport systems have far lower fatality and injury
rates than personal transport systems, and also bring other
Figure 3 Typical view of exclusive motorcycle lane in Malaysia:
Professor Radin Umar, 2007.
benefits, such as the obvious environmental benefits of
minimizing numbers of private vehicles.

Transport planning includes managing exposure to
risk, as reduction in distance traveled is associated with
reductions in crashes. This may mean encouraging people
to use low-risk forms of transport, priority to higher-
occupancy vehicles such as buses, placing limitations on
motor vehicle use, as well as land planning, which among
other things ensures that transport corridors are short
and well placed and that there are alternatives to private
transport.

Finally, incorporating safety into road planning is
crucial. Having good road design, appropriate speed limits
for the road type and roads engineered for safety contri-
butes to lowcrash and injury rates. For example, high-speed
roads, such as expressways have physical separation of traf-
fic in opposing directions, high-quality surfaces and clear
space on the road side. Having lower speeds set for local
roads and area-wide traffic calming systems such as rumble
strips and speed bumps, traffic redistribution, and changes
to the road environment all contribute to a lower incidence
of crash and serious injury (Bunn et al., 2003). Additionally,
having crash-protective road sides whereby trees, light
poles, and other roadside furniture are minimized further
reduces the likelihood of crash and injury.
Vehicles

Improvements in vehicle design over the past few decades
have been credited with saving thousands of lives (Peden
et al., 2004). Use of cars with advanced safety features
can both prevent crashes from occurring and result in
fewer injuries and deaths once crashes have occurred.
For example, use of electronic stability control results
in a reduction in crashes and interventions such as seat
belts and airbags prevent serious injuries.

Improvements in other car design features have also
had an impact on crash reduction, such as designing
the car front so as to minimize injury to vulnerable road
users such as pedestrians in the event of a crash. Such
car designs may include space under the hood giving
sufficient clearance between the hood and the engine
components below to minimize head impacts; laminated
windscreens; smoother, recessed, and softer bumpers; and
external airbags to minimize other injuries. Modifications
to truck design such as energy-absorbing front, rear,
and side under-run protection also decrease deaths by
preventing under-running of cars under trucks.

Devices to improve visibility such as lights and bright
materials increase visibility of pedestrians and cyclists
(Kwan and Mapstone, 2006) and may result in decreased
injuries. Highmounted brake lights in cars reduce rear end
crashes by between 15% and 50% and are generally now
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incorporated as part of the base model in new vehicles, at
least in high-income countries (Peden et al., 2004).

Use of child restraints is also mainly confined to high-
income countries where the majority of travel occurs
in private cars. Such restraints are very effective in redu-
cing injury to children in the event of a crash, but most
available for infants are dependent on the presence of
working seat belts and bolts. There is a clear need for
work in improving use of child seats in vehicles in low-
and middle-income countries, particularly in countries
such as Vietnam where children often ride on motorcycles
as passengers or as babies in arms.

Even in high-income countries, advanced safety fea-
tures in cars are not always sold as part of the base model,
with manufacturers allowing consumers to opt in for such
packages. In low-income countries, cars are often sold
without even seat belts, and in some cases imported cars
are decommissioned for the market with seat belts and
other safety devices removed before point of sale. As
motor vehicles are on the road for many years after they
are sold, it is important that car manufacturers ensure that
safety features are included as part of the base model
rather than as add-ons.

Many developing countries manufacture locally de-
signed vehicles for example, tuk-tuks (Thailand, Laos,
Cambodia), becaks (Indonesia), and jeepneys (Philippines).
These vehicles generally are used as taxis but are designed
with few concerns for crash performance or road safety. It
may not be possible or reasonable to impose international
safety standards on them due to the local social and eco-
nomic contexts; however, steps should be taken to make
them safer for drivers and other road users.
Translation of Research from
High-Income to Low- and Middle-Income
Settings

The reductions in road traffic fatalities in high-income
countries are attributed largely to the implementation of
a wide range of road safety measures, including seat
belt use, vehicle crash protection, traffic calming inter-
ventions and traffic law enforcement. Many of these
strategies are slowly being implemented into low- and
middle-income countries, but there is much work to be
done to ensure that this process occurs in a timely and
appropriate manner (Ameratunga et al., 2006).

There are many differences between countries world-
wide that influence whether known effective interventions
may be replicated or effectively transferred to other
settings. These include differences in traffic mix and cul-
tural, socioeconomic, and political settings. These may
create substantial difficulties, both philosophically and
administratively, in implementing interventions in
low-income countries. Issuing fines requires an adminis-
trative system to administer and collect the fine, and
individuals may not have postal addresses at which they
receive mail. Corruption of officials may mean fines are
circumvented by bribery. Furthermore, having police and
administrative staff available to administer the lawsmay be
a drain on limited resources, particularly where policing is
overwhelmed with violent crime and other more acute
issues. There is therefore a need for policy makers at the
country level to recognize that the prevention of road
traffic injuries is a high priority and design and evaluate
effective intervention strategies and policies based on
local circumstances.

Furthermore, what may have been proven to be effec-
tive in a high-income setting may not necessarily be
effective in a low-income setting. This means that when
introduced to a low-income setting, policy and inter-
ventions used in high-income settings must be carefully
evaluated and adapted where appropriate.
The Future

Although there have been dramatic improvements in road
safety in high-income countries worldwide, for most of
the world’s population the burden of road traffic injury is
growing rapidly. For those in high-income countries,
reductions in road injury will continue to be made with
safer drivers, better road engineering and transport sys-
tems, and increased vehicle safety. Increases in both in-car
and out-of-car technology will aid this. However, there
will also be a continuing need for governments to manage
road users and ensure development and compliance with
appropriate legislation.

There is however, an urgent need for both surveillance
and high-quality controlled intervention research exam-
ining ways in which proven road safety interventions
and technology can be implemented in low-income coun-
try settings. While there are well-developed systems
for training of specialists in the area in high-income
countries, there is a great need for capacity building in
terms of human resources in low- and middle-income
countries. Training and continued support, both financial
and intellectual, are vital for developing a vital in-country
workforce, including policy makers, jurisdictional autho-
rities, police, and researchers.

Many countries have recognized the need for multi-
sectoral collaboration on road safety. Raising awareness
of the consequences of road traffic injury, incorporation
of road safety into national planning, and collaboration
between key stakeholders in transport, health, and indus-
try worldwide is vital in ensuring that road traffic injuries
are managed appropriately. A global, multisectoral, and
multidisciplinary approach as advocated by the World
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Health Organization (Peden et al., 2004) is urgently needed
to ensure that the epidemic of road traffic injuries world-
wide is slowed.

See also: Injuries, Epidemiology of.
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Introduction

Rubella was first described as a mild exanthematous ill-
ness of childhood early in the nineteenth century by
German physicians, resulting in the name German mea-
sles. In 1941, Sir Norman Gregg, an Australian ophthal-
mologist, recognized that a number of children developed
cataracts after an epidemic of rubella and proposed an
association between maternal rubella infection and the
development of cataracts, deafness, heart disease, and
mental retardation in the infant (Gregg, 1941). In addi-
tion, Gregg is credited with introducing the concept of an
intrauterine viral infection as having teratogenic poten-
tial. In 1962, rubella virus was isolated in cell culture
(Parkman et al., 1962; Weller and Neva, 1962). This was
the same year as the start of a worldwide pandemic that
spread to the United States in 1964–1965 and resulted in
more than 12million cases of rubella. This was the last
rubella epidemic to occur in the United States but it
resulted in thousands of infections in pregnant women,
causing 11 250 fetal deaths and 20 000 infants to be born
with the congenital rubella syndrome. The financial cost
of the epidemic was estimated at $1.5 billion. After the
disastrous consequences of this epidemic, several attenu-
ated rubella vaccines were developed and, in 1969, a
national rubella vaccination program was begun. After
introduction of the rubella vaccine, the incidence of
rubella declined by more than 99% from the prevaccine
era. In October 2004, 35 years after initiation of the vac-
cine program, an international panel of experts convened
by the Centers for Disease Control and Prevention
(CDC) concluded unanimously that rubella was no longer
endemic in the United States (CDC, 2005).
Virology

Rubella virus is classified as a togavirus and is the only
member of the genus Rubivirus. Unlike other togaviruses
that cause eastern and western equine encephalitis and
are classified as arthropod-borne viruses, rubella virus is
known to infect only vertebrate hosts and man is the only
known natural reservoir for rubella virus. Rubella virus is
an enveloped RNA virus with a single antigenic type that
does not cross react with other togaviruses. Rubella virus
can be grown in several common laboratory cell lines.
Sequencing of the approximately 10 000 nucleotide long,
single-stranded rubella genome has been completed.
A variety of experimental animals can be infected
with rubella virus although there are no reliable animal
models of symptomatic rubella infection in humans or for
congenital rubella syndrome.
Clinical Features

In susceptible populations, infection by rubella virus gen-
erally occurs in childhood or young adulthood and
20–50% of infections are subclinical. The incubation
period ranges from 12–23 days. Among patients who
develop symptoms, illness generally consists of nonspe-
cific signs and symptoms including rash, postauricular or
suboccipital lymphadenopathy, arthralgia, conjunctivitis,
and low-grade fever. Rash is the most prominent feature
of the illness and generally begins on the face as a macu-
lopapular exanthem that spreads to coalesce before fading
over several days. Transient arthralgia or arthritis is
common, particularly among rubella-infected women.
Encephalitis occurs at a rate of approximately 1 per 6000
cases. Thrombocytopenia occurs at a rate of approxi-
mately 1 per 3000 cases.

The most significant consequence of rubella infection
occurs among pregnant womenwho are at increased risk of
miscarriage, stillbirth, and fetal anomalies when rubella
infection occurs early in gestation, particularly during the
first trimester. Major anomalies associated with congenital
rubella syndrome include auditory, ophthalmic, cardiac,
and neurologic defects (Table 1). Up to 85% of infants
born to mothers infected during the first 8 weeks of gesta-
tion develop anomalies. The risk of any anomaly decreases
to approximately 50% following infection between the
9th and 12th week of gestation. After the 20th week of
gestation, congenital defects due tomaternal rubella infec-
tion are unusual.
Epidemiology

In the prevaccine era, rubella was endemic in the United
States with epidemics occurring every 6–9 years. Rubella
virus is transmitted through direct contact or exposure to
an aerosol of nasopharyngeal secretions from a patient
with rubella. Mucosal cells of the upper respiratory tract
are the portal of viral entry and the nasopharyngeal lym-
phatic tissue is the site of initial viral replication. Regional
spread and local viral replication account for the posterior



Table 1 Manifestations of congenital rubella syndrome

Auditory
. Sensorineural deafness

Ophthalmic
. Cataracts
. Microphthalmia
. Glaucoma
. Chorioretinitis

Cardiac
. Patent ductus arteriosus
. Peripheral pulmonary artery stenosis
. Atrial septal defect
. Ventricular septal defect

Neurologic
. Microcephaly
. Meningoencephalitis
. Mental retardation

Growth retardation
Bone lesions

Diabetes mellitus

Thyroid abnormalities

Hepatosplenomegaly
Thrombocytopenia purpura

Pneumonitis
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cervical and occipital node enlargement. In the prevac-
cine era, the peak in disease activity occurred in late
winter and early spring. Immunity following rubella
virus infection is generally lifelong although reinfection
has been documented and can result in congenital rubella
syndrome. Rubella virus can be isolated from nasopha-
ryngeal secretions from 7 days before to 14 days after the
rash onset, although the period of maximal transmissibil-
ity begins a few days prior to 7 days after onset of the rash.
Development of the rubella rash 14–23 days after expo-
sure corresponds to the detection of rubella-specific anti-
body and has led to the proposal that the rash is a
consequence of an immune-mediated process. Among
children with congenital rubella, virus can be isolated
from urine up to the first birthday and from the eye of
children with congenital cataracts for several years.
Laboratory Testing

Postnatally acquired rubella can be diagnosed by a four-
fold or greater rise in antibody titer between acute and
convalescent serum specimens. The hemagglutination
inhibition antibody assay was a common screening assay
for immunity to rubella but has been replaced by more
sensitive assays including enzyme immunoassay tests,
latex agglutination assays, and immunofluorescent assays.
Congenital rubella infection can be diagnosed by detec-
tion of rubella-specific immunoglobulin M (IgM) in a
newborn infant. The presence of rising or stable rubella-
specific immunoglobulin G (IgG) over several months will
also confirm congenital rubella infection. Rubella virus
can be isolated from an infected person from throat or
nasal aspirates, blood, urine, or cerebrospinal fluid.Molec-
ular typing of rubella isolates may provide information
regarding source of acquisition.
Vaccine Development

Several vaccine strains were developed using different
cell lines soon after rubella virus was isolated in cell
culture. However, since 1979, RA 27/3 (a strain isolated
from an infected fetus and subsequently passaged in
human diploid fibroblasts) has been the only rubella vac-
cine used in the United States and has been the most
widely used vaccine throughout the world. Advantages
of this strain include greater immunogenicity and a
lower incidence of side effects than occurs with other
vaccines. Nucleotide sequencing of the envelope genes
of RA 27/3 have shown 31 amino acid changes compared
with similar sequences in the wild-type rubella virus.
Subcutaneous administration of RA 27/3 induces IgM
and IgG antibodies as well as a cellular immune response.

Adverse events associated with administration of mea-
sles, mumps, and rubella (MMR) vaccine range from local
reactions to rare systemic reactions. Approximately 5%
of children will experience a temperature greater than
103 �F 7–12 days after MMR vaccination. Transient
lymphadenopathy or rashes may occur. Allergic reactions
at the injection site include urticaria, pruritis, and pur-
pura. Anaphylaxis after vaccination with MMR vaccines
occurs at a rate of less than 1 case per million doses
distributed. Thrombocytopenia following rubella or
measles infection is considerably greater than the risk
after MMR vaccination. Transient arthralgias or arthritis
are rare after administration of RA 27/3 and occur
more often among adult women than among children.
Contraindications to rubella-containing vaccine use
include pregnancy; severe illness; a history of reactions
to vaccine components; a history of thrombocytopenia;
recent administration of immune globulin and immuno-
compromised state due to diseases such as HIV, transplan-
tation, or chemotherapy; or medications such as high-dose
corticosteroids.

The major impetus for implementation of a rubella
immunization program was prevention of the devastating
consequences in women who are infected during the first
24 weeks of gestation. Unborn children constitute the
group most likely to benefit from widespread use of the
rubella vaccine. Initially, vaccination of susceptible women
of childbearing age in the United States was not acceptable
because data were not available on the potential risk of
adverse effects of the vaccine strain on the fetus. An alter-
native approach was to focus the vaccination campaign on
young children, because they represented the group most
likely to spread the virus. Subsequently, additional efforts
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were directed at identification and immunization of sus-
ceptible postpubertal women as well as other groups of
susceptible individuals, including military recruits and
hospital personnel (CDC, 1969, 1978). In contrast, the
United Kingdom initiated a policy of vaccinating 10- to
14-year-old schoolgirls as well as susceptible women of
childbearing age (Hinman et al., 1983; Tobin et al., 1985).
This policy resulted in a reduction in cases of congenital
rubella syndrome in the United Kingdom although rubella
virus continued to circulate among adult males and unvac-
cinated children. After a rubella epidemic in 1986, this
vaccination program was modified to vaccinate all chil-
dren similar to the practice in the United States (Best et al.,
1987; Reef et al., 2000; Vyse, 2002).

In the United States the incidence of reported cases of
rubella fell sharply following initiation of rubella immuni-
zation of young children in 1969 (Figure 1). From the
estimated 2million cases a year in the prevaccine era,
fewer than 1000 cases were reported in 1983. The incidence
of rubella continued to fall during the 1980s and 1990s
although clusters of disease occurred among groups of
susceptible individuals, including people with religious or
philosophic exemption to immunization. Although rubella
had been a disease of childhood, the proportion of remain-
ing cases among people 20 years of age or more increased
to 79% in 1998. Sustained implementation of the rubella
vaccination program resulted in a marked decrease in inci-
dence among all age groups. Since the mid-1990s, most
reported cases of rubella in the United States occurred
among foreign-born young adults (particularly from Latin
America) who were born in countries without routine
rubella immunization programs (Danovaro-Holliday et al.,
2000; Reef et al., 2002). As shown in Figure 1, outbreaks of
rubella usually are followed byan increase in newbornswith
congenital rubella syndrome. Each year from 1992 through
1999, an average of 6 or more cases per year of congenital
rubella syndrome were reported (Reef et al., 2002).
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Figure 1 Reported cases of rubella and congenital rubella syndrom
(2005) Achievements in public health: Elimination of rubella and cong
As of December 2002, more than 90% of children in the
United States had received a first dose of rubella-containing
vaccine by 19–35months of age and more than 90% had
received two doses by school entry. The epidemiology of
rubella following vaccine introduction mimicked the
remarkable success of the measles immunization program
(Meissner, 2004). After 2001, fewer than 25 rubella cases
occurred each year, during a time of careful surveillance.
Four cases of congenital rubella syndrome occurred during
the same time period, and the mothers of three of the
children were born outside the United States. The low
number of cases of rubella and congenital rubella syndrome
and long periods without reported cases justifies the con-
clusion that rubella is no longer endemic within the United
States (CDC, 2005).

The absence of endemic rubella is not equivalent to
the absence of rubella cases. Travelers and immigrants
from areas of the world where rubella is endemic will
continue to spread the virus. If immunization practices
are relaxed, pockets of susceptible persons will accumu-
late and the risk of rubella transmission will return. In
2003, member countries of the Pan American Health
Organization established a goal of eliminating rubella
and congenital rubella syndrome from theWestern Hemi-
sphere by 2010. As of 2004, 43 of the 44 countries and
territories in the Western Hemisphere had initiated rou-
tine rubella vaccination programs that target young chil-
dren combinedwith catch-up mass vaccination campaigns
to reach older children, adolescents, and adults.
Current Status of Rubella Worldwide

The global impact of congenital rubella syndrome is esti-
mated at 100 000 infants per year born with symptomatic
intrauterine rubella infection. However, global efforts to
control rubella have begun. In 2003, 25% of the world
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population lived in a country with a national rubella vacci-
nation program. The efforts for control of rubella through
Latin America, particularly Mexico, as well as the highest
recorded immunization rates in the United States, have
resulted in the lowest incidence of reported rubella in the
history of theUnited States.While rubella remains endemic
on other continents, more than half themember countries of
the World Health Organization include routine rubella
immunization as part of their childhood vaccination series,
raising the exciting possibility of global eradication of
rubella at a future date (Robertson et al., 2003). Until this
time is reached, efforts must include continued surveillance
for rubella and congenital rubella syndrome, rapid response
to outbreaks, and increased international efforts to support
improved global rubella control.

See also: Influenza; Measles; Shigellosis; Streptococcal

Diseases.
Citations
Best JM, Welch JM, Baker DA, and Banatevala JE (1987) Maternal
rubella at St. Thomas’ Hospital in 1978 and 1986: Support for
augmenting the rubella vaccination program. The Lancet 2: 88–90.

Centers for Disease Control and Prevention (CDC) (1969) Prelicensing
statement on rubella virus vaccine: Recommendation of the Public
Health Service Advisory committee on Immunization Practices.
MMWR Morbidity and Mortality Weekly Report 18: 21–22.

CDC (1978) Recommendation of the Immunization Practices Advisory
Committee. MMWR Morbidity and Mortality Weekly Report 27:
451–459.

CDC (2005) Achievements in public health: Elimination of rubella and
congenital rubella syndrome.MMWRMorbidity and Mortality Weekly
Report 54: 279.

Danovaro-Holliday MC, LeBaron CW, Allensworth C, et al. (2000)
A large rubella outbreak with spread from the workplace to the
community. Journal of the American Medical Association 284:
2733–2739.

Gregg NM (1941) Congenital cataract following German measles in the
mother. Transactions of the American Ophthalmological Society 3:
35–46.
Russia and Former USSR, Health
D Balabanova and R Coker, London School of Hygiene

ã 2008 Elsevier Inc. All rights reserved.

The Context of Transition

The fall of communism led to a widespread drive for
national autonomy, with most former Soviet Union
(FSU) countries achieving independence shortly after
1991. This transition period coincided with radical
Hinman AR, Orenstein WA, Bart KL, and Preblud SR (1983) Rational
strategy for rubella vaccination. The Lancet 1: 39–43.

Meissner HC, Strebel PM, and Orenstein WA (2004) Measles vaccines
and the potential for worldwide eradication of measles. Pediatrics
114: 1065–1069.

Parkman PD, Beuscher EL, and Artenstein MS (1962) Recovery of
rubella virus from army recruits. Proceedings of the Society for
Experimental Biology and Medicine 111: 225–230.

Reef SE, Plotkin S, Cordero JF, et al. (2000) Preparing for the elimination
of congenital rubella syndrome (CRS): Summary of a workshop on
CRS elimination in the United States. Clinical Infectious Diseases 31:
85–95.

Reef SE, Frey TK, Theall K, et al. (2002) The changing epidemiology of
rubella in the 1990s. Journal of the American Medical Association
287: 464–472.

Robertson SE, Featherstone DA, Gacic-Dobo M, and Hersh BS (2003)
Rubella and congenital rubella syndrome: global update. Revista
Panamericana de Salud Publica 14: 306–315.

Tobin JO, Sheppard S, Smithells RW, Milton A, Noach N, and Reid D
(1985) Rubella in the United Kingdom, 1970–1983. Review of
Infectious Diseases 7: S47–S52.

Vyse AJ, Gay NJ, White JM, et al. (2002) Evolution of surveillance of
measles, mumps and rubella in England and Wales: Providing the
platform for evidence based vaccination policy. Epidemiologic
Reviews 24: 125–136.

Weller TH and Neva FA (1962) Propagation in tissue culture of
cytopathic agents from patients with rubella-like illness. Proceedings
of the Society for Experimental Biology and Medicine 111: 215–225.
Further Reading
American Academy of Pediatrics (2006) Rubella. In: Pickering LK,
Baker CJ, Long SS, and McMillan JA (eds.) Red Book: 2006
Report of the Committee on Infectious Disease, 27th edn.,
pp. 574–579. Elk Grove Village, IL: American Academy of Pediatrics.

Chantler J, Wolinshky JS, and Tingle A (2001) Rubella virus. In: Knipe
DM and Howley PM (eds.) Field’s Virology, 4th edn., pp. 963–990.
Philadelphia, PA: Lippincott, Williams and Wilkins.

Plotkin SA (2004) Rubella vaccine. In: Plotkin SA and Orenstein WA
(eds.) Vaccines, 4th edn., pp. 409–433. Philadelphia, PA: WB
Saunders.

Reef SE and Cochi SL (2006) The evidence for the elimination of
rubella and congenital rubella syndrome in the United States:
A public health achievement. Clinical Infectious Diseases 43:
S1–S168.
Systems of
and Tropical Medicine, London, UK

political and economic liberalization, accompanied by
expansion of market forces and building new political
relationships with the United States, the European
Union (EU) and its member states, China, and Iran.
Some of the changes that took place reflected a popular
desire to move away from the legacy of the past, while in
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others, external forces played a major role. In some
countries, rejection of communist ideology was combined
with a strengthening of nationalistic sentiment, the former
being identified with Russian dominance. However,
change was more often unplanned, brought about by the
economic collapse arising from the disruption of tradi-
tional production and trading relationships. In some
places, this was exacerbated by civil disorder.

The social consequences of the break-up of the Soviet
Union were significant. In many cases, the collapse of
whole industries that were no longer competitive in the
global economy and disruption of long-standing trading
links led to widespread poverty, unemployment, macro-
economic instability and a decline of the population’s
economic and social resources. In many countries, the
gross national product (GNP) declined by 50%. Almost
everywhere, falling government revenues, spiraling infla-
tion (and devaluation) meant existing public health sys-
tems started to collapse. Nominally, they continued to
operate, by paying wages late and avoiding any invest-
ment in equipment and facilities. This led to an insidious
deterioration in the health-care structures and ineffective
functioning. In places, the collapse was particularly rapid,
notably in social security protection and other public
services. Migration, erosion of social networks and values,
armed conflict, and the rise in high-risk behaviors such as
selling sex, alcoholism, and drug use have contributed to
social disruption and compounded economic insecurity.
International development assistance for health in the
region has been low in relation to health and economic
needs (Suhrcke et al., 2005).

The countries of the FSU vary widely in terms of
historical and cultural background, population homoge-
neity, income levels, and political processes. The Baltic
States, for example, have benefited from relative political
stability and have strategically positioned themselves
toward European integration, becoming full members of
the EU in 2004, and have established reasonably function-
ing market economies with effective social safety nets,
along with reform of their health-care systems. In the
remaining FSU countries, the situation is still one of
transition. The countries of Central Asia and Caucasus
(e.g., Armenia, Azerbaijan, Georgia, Moldova, and
Tajikistan) have experienced significant economic crises,
geopolitical pressures, ethnically motivated conflict, and
political unrest, with large numbers of their populations
being displaced.While countries such as Turkmenistan and
Uzbekistan are still a long way from establishing demo-
cratic institutions and processes and economic reform,
others, such as Kazakhstan and Azerbaijan, have opened
their markets but not their political processes. Indeed,
Uzbekistan and Turkmenistan are becoming increasingly
isolated as a result of undemocratic regimes, repression of
civil society, and controversial national policies (Rechel
and McKee, 2005). Belarus and Ukraine had, until recently,
been relatively isolated, though political and economic
change is now occurring, if only in a somewhat stuttering
manner. The economic development of some countries in
the region such as Russia and Kazakhstan have benefited
from access to natural resources in recent years, most
notably with the escalation of oil prices. Across the region,
however, socioeconomic inequities have grown alarmingly
and access to public resources declined. While income
differentials have grown, and a small hyperaffluent elite
has benefited substantially, large sections of the population
have suffered and become marginalized. The size of vul-
nerable populations has grown, withmigrants, ethnic mino-
rities, the homeless, and people working in the informal
economy being particularly at risk.

Attempts to mount effective policy responses have
been handicapped by the absence of functioning gover-
nance systems. Other than Russia, these transitional states
had only limited experience in law making, good gover-
nance, and effective stewardship, and great effort has had
to be devoted to the drafting of constitutions and devel-
opment of democratic institutions in the early years. In
addition, in Russia, the health-care system was caught up
in a major process of decentralization, with 89 regions
gaining varying degrees of autonomy, including responsi-
bility for the funding and delivery of health care, at the
same time as they struggled to introduce new systems of
health financing.
Health and Demographic Status

The human cost of transition has been enormous. The
region has experienced dramatic changes in its demo-
graphic and health indicators, which compare unfavorably
with the indicators in Western Europe and the countries
in central Europe. In the post-war period, the Soviet
system made considerable progress in establishing univer-
sal health and education systems, implementing universal
immunization programs and eradicating cholera, malaria,
and typhoid based on scaling up basic interventions. As a
result, until the late 1960s, many former Soviet republics
achieved increasingly good health outcomes given their
level of economic development. However, the health-care
and health promotion systemswere less effective in under-
taking more complex programs required to respond to the
changing disease patterns and risk factors associated with
aging, urbanization and industrialization (smoking, alco-
holism), and noncommunicable diseases. As a result, since
the 1960s, life expectancy in most countries of the FSU
did not improve in line with the rises achieved in the West
(McKee, 2001). This epidemiological departure was
driven largely by rising death rates from heart disease,
injuries, and violence. The persistence of the previous
system’s deficiencies were exacerbated by complex
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transition processes and resulted in worsening mortality
and morbidity outcomes.

By 2004, life expectancy at birth was almost 11 years
less in the countries of the FSU than in Western Europe, a
gap tha t is still widening ( Fi gures 1 and 2 ). The region is
one of only two in the world where life expectancy is
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currently declining, with the other being sub-Saharan
Africa (McMichael et al., 2004). Russia in particular has
faced a major crisis in mortality in middle-aged men.
The reasons for this health crisis can be attributed to
lifestyle factors (binge drinking, high levels of smoking,
lack of exercise, and poor nutrition). An alternative expla-
nation is simply that these are expressions and mediators
in the causal pathway, of profound psychosocial ill health
(McKee, 2001). While many of the reasons for this deteri-
oration lie outside the health-care sector, the need for
effective health care that can respond to these challenges
and promote health has never been greater.

The example of infant and maternal mortality illus-
trates how persisting poor outcomes relate to structural
fault lines in the health-care system. While countries of
the Soviet Union had achieved significant progress in
reproductive health outcomes in the post-war period, by
the 1980s, infant and maternal mortality was lagging well
behind Western European levels (WHO, 2006). Despite
universal access to an extensive network of maternity
facilities, maternal care outcomes in Russia have failed
to improve despite excess capacity, large numbers of
specialists, and prolonged preventive hospitalizations in
normal pregnancy (Danishevski et al., 2006b). There are
extremely wide variations in clinical practice (e.g., in the
rates for cesarean section and episiotomy). Some correlate
with socioeconomic characteristics of mothers (rather
than clinically determined need), but others correlate
with equipment availability or health system structures
and processes. Moreover, a culture of overmedicalization
combined with a lack of pragmatic and evidence-based
care has resulted in an interventionist clinical practice
that is both ineffective and inefficient. Although profes-
sional clinical autonomy has been fiercely protected
despite centrally developed guidelines (meaning that out-
moded care models often persist), methods for payment to
providers have frequently resulted in distortions in care
processes that maximize provider income rather than
improve clinical outcomes. For example, maternal care
interventions are often performed to obtain informal pay-
ments and users are hospitalized in order to sustain insti-
tutional bed capacity.

In parallel to excessive mortality and morbidity from
chronic diseases, some communicable diseases are emer-
ging as important public health threats, such as HIV/AIDS
and tuberculosis (including multidrug-resistant tuberculo-
sis) (Figures 3 and 4).
The Pretransition Health-Care Systems
(Before 1991)

The pretransition health-care system in the former Soviet
Union, also known as the Semashko model (Nikolai
Semashko (1874–1949) was a member of the Bolshevik
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Party who became USSR’s People’s Commissar of Public
Health in 1923 and was instrumental in setting up the
Soviet model of health care.), sought to provide universal
access through an extensive network of facilities and was
among the most visible achievements of the USSR. Evi-
dence on system functioning and health outcomes pre-
dating the end of the communist regime is limited, but
there are indications that, at least formally, the health
systems shared considerable uniformity.

Before the Russian Revolution, health care in rural
areas was extremely limited, with some provision by
local government and charitable donations. Living condi-
tions and health in many remote areas remained very
poor. Following the revolution, public health became a
political priority because the poor health of the popula-
tion was seen as endangering the success of the revolution,
with the already high death rates increased further by
epidemics of communicable diseases.

The basic elements of a health-care system in the
USSR began to be put in place in the 1920s. These
reforms accelerated during the late 1940s and 1950s
through the establishment of a network of facilities that
reached out into the most remote settlements, providing
basic coverage to almost the entire population. The
Soviet-style health-care model was replicated throughout
Central and Eastern Europe after the Second World War.
The health-care systems were publicly financed, through
general taxation, with the state owning the facilities and
providing all health services (Table 1). Access to care was
free at the point of use. The formal private sector was
nonexistent. The system was labor-intensive, largely
because it was possible to keep the wages of health profes-
sionals in the health sector low when the state was the
monopoly employer. In Russia, the health-care system
focused in particular on mothers and children and the
control of infectious diseases, reflecting the importance
given to boosting population growth. Infant and maternal
mortality fell rapidly, in part due to the expanded health-
care system but also because of achievements in other
sectors, such as nearly full employment and improved
living conditions, albeit achievements made at a huge
human cost, with those who stood in the way of progress
being sent to the gulag. Inevitably, the quality of care
varied; it was always better in the cities than in villages.
But compared to what had existed before, for most people
it was a considerable improvement.

Health systems were both integrated and vertically
structured, with precisely defined responsibilities for each
level of care. Services were provided through extensive
networks of facilities covering designated catchment
areas. The primary care level consisted of polyclinics (and
subordinate rural ambulatories) typically staffed by district
physicians and several specialists with basic training. Rural
ambulatories and health posts often employed feldshers or
community-based health workers who often served state

http://www.euro.who.int/hfadb
http://www.euro.who.int/hfadb
http://www.euro.who.int/hfadb


Table 1 Semashko model: Key characteristics

Advantages
. Universal entitlement to a comprehensive package
. Publicly financed and delivered health care. No access barriers

for the majority of the population
. Full geographical coverage
. Extensive and integrated network of facilities
. Emphasis on population-oriented prevention, public health

initiatives
. Centralized planning, management and policy making

Disadvantages
. Hidden inequalities (informal payments, preferential treatment

of certain groups)
. Poor quality and responsiveness toward individual needs
. deprioritization and underfunding of the health sector.

Deteriorating infrastructure and underfunded running costs
. Extensive labor and capital inputs but low efficiency
. Hospital-dominated systems, emphasis on curative and

specialist care. Low status of primary care and public health

services
. Limited attention to evidence-based medicine
. Political interference into the health sector funding and delivery

Based on Preker AS and Feachem RGA (1995) Market Mechan-

isms and the Health Sector in Central and Eastern Europe. World
Bank Technical Paper 293. Washington, DC: The World Bank.
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collective farms. Primary care facilities were subordinated
to district-level and regional hospitals for secondary care
and referral institutes for tertiary care. While polyclinic
care was relatively accessible, with free access to local
providers, obtaining treatment at higher-level institutions
may have been dependent on patronage and informal pay-
ments, although data is anecdotal. However, the health-care
system had a strong hospital-based and specialist care ori-
entation, since primary care providers had only basic skills
and equipment and did not function as gatekeepers (indeed
incentives to refer existed).

There were also separate specialist structures, for
example dispensaries, which ran vertical disease control
programs dedicated to sexually transmitted diseases,
mental health, tuberculosis, cancer, etc. These were in
addition to sanitary-epidemiological stations responsible
for pubic health initiatives, licensing of institutions, and
infectious diseases surveillance. These had separate man-
agement structures and information systems. There were
also parallel services for people working in the defense
industries and the military, transport sector, penitentiary
systems, and others.

The system was centrally planned and usually national
or regional levels of state administration were responsible
for management, resource allocation, and regulation.
In Russia, the health system was regulated by a Ministry
of Health and its branches at republican and regional
level, through a centralized system of decrees (in Russia
prikaz) enacted nationally, regulating mainly the structure
of the health system, providing norms for staffing, facil-
ities, and operational procedures such as frequency of
visits and procedures (e.g., prenatal visits, blood tests).
The Ministry of Health prikazes also set treatment stan-
dards, although these were often vague and provided
general guidance rather than specific directions for clini-
cal care and were often based on advice from leading
specialists and traditions rather than upon the emerging
internationally accepted paradigm of evidence-based
medicine.

Health sector financing was determined on a residual
basis (after the needs of other sectors had beenmet) andwas
below that of other industrialized countries, at 4% of GDP
on average in the 1990s compared to the OECD average of
over 6%. Furthermore, resource allocation of inefficient,
based on fixed norms for the number of staff and beds per
population, on a historical basis, and not taking into account
volumes or quality of clinical activity or public health
impact. These regulatory and financing arrangements led
to a continuing overmedicalization of the health system.

Even during the communist era, access to good-quality
care was increasingly inequitable.Members of the Commu-
nist Party elite, as well as sectors with parallel health sys-
tems, such as the military and employees of some state
industries, had privileged access to care and pharmaceuti-
cals that were of much higher quality than the average.
There are indications that access to good-quality care was
dependent on the use of connections or offering gifts. How-
ever, the formal entitlement to service was still in existence
and was (and remains) clearly stated in the constitutions of
most countries. The system could not support interventions
that were becoming increasingly available in the West, in
part because of lack of funds but also because of restrictions
on imports from Western countries that were concerned
about the use of advanced technology for military purposes.

By the late 1980s, the system was struggling to respond
to the needs of the population and was becoming increas-
ingly ineffective, inefficient, and obsolete (European
Observatory on Health Systems and Policies, 2006) After
1991, in many places the system collapsed in the face of
serious financial shortages, triggering a huge increase in
out-of-pocket payments, and reducing coverage of essen-
tial interventions.
Health Care Systems and Reform Since
Independence

Current Status

The subsequent variations across the health-care systems of
countries in the region reflect diverse political and eco-
nomic trajectories. Generally, health-care systems have
experienced difficulties since the 1980s, exacerbated by
their countries’ shift to market economies (McKee et al.,
2002). The political and economic transition as well
as declining government financing and support for reform
has led to dramatic depletion of resources in the health-care
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systems across the region. While health-care spending in
Russia has remained relatively stable, inGeorgia andArme-
nia it was in the range of 1–2% of GDP throughout the
1990s. In particular, public health expenditure experienced
profound declines. With the collapse in public funding,
reliance on out-of-pocket payments by users to access
care and pharmaceuticals has grown. Formal and informal
out-of-pocket payments to obtain good-quality health care
have become increasingly common across the region,
although to different degrees (Lewis, 2002; Falkingham,
2004). For the poor, out-of-pocket expenditures often rep-
resent a barrier to care, thus restricting demand (Balabanova
et al., 2004).With limited investment in infrastructure main-
tenance, this pattern looks set.

Unlike the situation in many other parts of the world,
where reduced access to the health-care system has arisen
following often donor-driven policies to implement user
charges, in the FSU region it is a consequence of dramati-
cally reduced resources, in systems formerly reliant on
extensive growth. Wider policies of economic liberaliza-
tion, the introduction of market mechanisms replacing
traditional state functions, deregulation, and decentrali-
zation have also influenced the architecture of reforms.
Despite official commitment to guarantee universal cov-
erage (with most insurance packages covering virtually
all medical conditions apart from cosmetic surgery and
dentistry), the reality is that profound barriers to access
exist for substantial populations.

Despite changes in funding in recent years, from taxa-
tion to insurance, most health-care facilities continue to
receive budgets allocated according to number of beds
and staff, rather than volume or quality of services
(Danishevski et al., 2006a). Moreover, public health sys-
tems remain heavily dependent on parallel vertical pro-
grams. Medical associations are still not in a position to
act as self-regulatory bodies. In addition, because of an
underdeveloped civil society and low awareness of public
sector entitlements, patients have limited opportunities to
question clinical decisions and cost of care. There has
been some, though variable penetration of the principles
of evidence-based health care that were previously
rejected by the traditional Russian scientific orthodoxy.

Health-care staff-to-population ratios continue to be
high, with wide variation across the region, a paradoxical
position of overcapacity and ineffective function. For
example, in Russia, formally little reduction in maternal
facilities capacity has been observed despite a large
decline in the birth rate (WHO, 2006), although capacity
is not used as intended. The skill mix, especially in urban
settings, remains in favor of training and retaining physi-
cians, rather than midwives, nurses, and auxiliary staff, or
developing new, innovative approaches through training
and employment of nurse practitioners. In contrast, in
rural areas, due to a decline in personnel and skills, in
practice, unsupported staff with narrow skills are often
taking on significant responsibilities (Danishevski et al.,
2006b). Despite high staff capacity, health services con-
tinue to be unresponsive to user needs.
Health System Reform

Over the past 15 years, all countries in the region have
implemented wide-ranging reform programs of health-
care financing and delivery of care models. Some countries
have implemented comprehensive reform programs with
monitoring and evaluation components (e.g., MANAS
in Kyrgyzstan), while others have adopted a piecemeal
approach (Russia, Ukraine). Despite differences between
countries, given the similarities in the pretransition health
systems, most countries have faced similar challenges.
Several major reforms have taken place in the region.

1. The first radical health financing reform was a move
from tax-based to social insurance systems, seeking to
cover the whole population with a comprehensive
package of services. The compulsory social insurance
model (based on the Bismarckian sickness funds sys-
tem) has formally upheld the principle of universal
access to care, while seeking to mobilize resources
given the narrow tax base, to safeguard health-care
funding flows, and promote strategic purchasing.
However, its most explicit objectives were to improve
transparency and accountability of health sector fi-
nancing and its dependence on short-term political
priorities. The shift from central government budgets
to compulsory health insurance has involved varying
degrees of competition and state subsidy, as well as
expansion of out-of-pocket payments (Lewis, 2002).
In most countries, there is a separation of purchasing
and provision, often with health insurance funds acting
as third-party insurers contracting care.

However, the shift to a social insurancemodel requires
complex systems, and this has been hampered by poor
administrative capacity and information systems, and
high transaction costs. It also failed to significantly in-
crease resources for health care, as shown by the example
of Kyrgyzstan and Georgia (Bonilla-Chacin et al., 2005).
Moreover, sustaining funding levels has relied on budget
subsidies. In many cases, an employment-based health
insurance has been incompatible with patterns of infor-
mal employment, rural poverty, and non-cash economies,
and certain vulnerable or marginalized groups have been
consistently excluded. The ability of the governments to
back insurance systems deficits has been limited because
of macroeconomic shocks.

The countries in the Caucasus (Armenia, Georgia,
and Azerbaijan) have implemented microinsurance
schemes for rural, isolated populations – which are
difficult to cover in a formal insurance system – relying
on community management and solidarity. While
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these schemes have provided a vital first-line service,
the scope and quality of care is basic (e.g., excluding
care for common chronic conditions), participation
remains low, and scaling-up is proving a challenge
(Poletti et al., 2007). The schemes also suffer from
generic problems with insurance, such as small risk
pools, lack of cohesive communities, poor administra-
tive capacity, and poor ability to attract subsidies.

2. Changes to delivery of primary care across the region
include development of general practice (family medi-
cine) to replace the former polyclinic-based model.
Reform also included introducing new types of clinical
training and primary care financing, usually capitation-
based. However, despite efforts to shift the health
system orientation toward primary care with a gate-
keeping function, in reality progress has been slow. In
Russia, where efforts to recruit and train generalists has
been considerable, newly trained professionals com-
monly return to practice in polyclinics where they are
not provided with resources or incentives and often
revert to old models of practice, or they face unem-
ployment (Rese et al., 2005). Professional demarcations
persist. For example, in Kyrgyzstan and Georgia, de-
spite physicians receiving training in managing diabe-
tes and other complex chronic diseases prevalent
among the population they serve, in practice all care
continues to be provided by specialists (Hopkinson
et al., 2004).

3. Management training for administrators remains lim-
ited and systems of resource allocation and reporting
inherited from the Semashko model are still in place,
with important implications for the sustainability of
reform models and the introduction of incentives to
engineer change (Danishevski et al., 2006a). Managerial
autonomy is very restricted. Policy making in the
health sector remains heavily influenced by political
power.

4. Efforts to create a private sector or liberalize existing
provision have largely been limited to the pharmaceu-
tical sector and out-patient care in urban settings,
where the ability to pay is greater. The private sector
remains limited in most countries due to deficiencies
in voluntary health insurance such as narrow coverage,
limited capacity, unaffordable premiums, and a lack
of trust.

5. Most countries have sought to decentralize their
health-care systems. Within Russia, there has been a
process of decentralization (Danishevski et al., 2006a),
allowing regional and municipal administrations to
fund and deliver health care while still formally ob-
serving the norms established by the Ministry of
Health. There are also numerous local, often donor-
driven, initiatives. The move to decentralization and
regional autonomy, with the intention of creating more
locally responsive, although less coordinated systems,
led to declining stewardship of the national institu-
tions, such as the Ministries of Health and public
health authorities. Duplication of functions at different
levels of the system has resulted as facilities are
financed and managed by different principals, resulting
on occasion in a lack of coordinated policies and prac-
tice. Linkages between the multiple horizontal and
vertical (disease-specific) services have been further
weakened, with the effect particularly visible in the
area of infectious disease control (HIV and TB), where
concerted action between the specialized facilities and
the general system has been particularly difficult to
achieve.

6. Professional organizations of physicians have been re-
established and have begun to play a role in training,
licensing, and quality control as well as becoming
partners in health sector reform through setting clini-
cal guidelines and advising on contracts of packages of
care. Associations of nurses and other mid-level staff
have been less influential. Patient organizations have
also emerged, but they play a marginal role in national
policy making and mostly provide health information,
education, and small-scale service delivery to particu-
lar constituencies.

Despite ambitious and in many cases donor-financed
reform, in most of the post-Soviet Union, the health sys-
tems retain much of their previous orientation, structures,
and ethos. With some exceptions (rationalization of hospi-
tals in Kyrgyzstan), reforms have done little to address
inefficiencies in the inherited system and improve provider
incentives. Radical reform initiatives are often placed in the
context of old resource allocation patterns, institutions, and
attitudes, such as with the attempts to implement general
practice in Russia, without addressing working conditions
and support at the system level (Rese et al., 2005).

Inmanycountries, however, it is not the planned changes
that have had greatest impact but those that were
unplanned. In particular, many have seen large increases
in informal payments (Lewis, 2002). In some, social safety
nets have been eroded with catastrophic illness bringing
long-term impoverishment for whole families.
Access to Health Care: The User’s Perspective

There is significant evidence that since the transition,
people living in this region have experienced barriers to
effective health care. A study in eight of the former Soviet
countries demonstrated the extent to which the principles
of universal access that underlined the former Soviet
health systems have eroded (Balabanova et al., 2004).
One in five of those who had experienced an episode of
illness that they felt would have justified seeking health
care did not seek it. This percentage was lowest in Belarus,
at 9%, a country where change has been less radical, and
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was highest in Armenia (42%) and Georgia (49%), both
countries that have experienced dramatic economic
declines as well as civil conflict, and where the health-
care systems effectively collapsed during the 1990s. Even
symptoms such as chest and severe abdominal pain would
often be self-treated using either traditional remedies, for
example herbal and alcohol-based remedies, or by direct
purchase of pharmaceuticals. There is little standardized
and comparable data in the CEE/FSU region on the use
of traditional (nonbiomedical) healing systems, and these
usually vary between and within countries. Prior to tran-
sition, these were mainly used to supplement biomedical
treatments and were not perceived to be credible substi-
tutes. However, evidence (as cited above) suggests that
traditional remedies are increasingly chosen as a more
affordable option. Self-medication, both with traditional
remedies and with biomedical drugs, is often a strategy to
bypass the mainstream health services, which tend to be
associated with high access costs.

Informal out-of-pocket payment is frequent. Almost
one-third of people had paid or given a gift at their most
recent consultation. Again, this varied among countries.
In Georgia and Armenia, 65% and 56%, respectively, had
paid out of pocket, while in Belarus and in Russia the
figures were 8% and 19%, respectively. Informal coping
strategies, for example, for urgent hospitalization, such as
use of connections (37%) or offering money to doctors or
nursing staff (29%), were seen as acceptable strategies.
Those who needed care but did not receive it were most
often older, typically over 65, with lower education. This
was a group that was disadvantaged in other ways, with
worries about their financial situation and fewer house-
hold assets. They were also least likely to have family
support networks in place. Those living in cities were
better off, being 20% more likely to obtain care after
taking account of their socioeconomic circumstances.

Access to care varies across many of the countries that
emerged from the USSR. Access to even quite basic care
is highly variable depending on the socioeconomic cir-
cumstances of individuals, public sector resources, reform
programs, and government support.

During the Soviet period, it was impossible to study
socioeconomic inequalities in health status and expendi-
ture. Although such research is now possible, it remains
rare, with the notable exception of Russia. In contrast to
the media attention devoted to political and economic
changes in this region, the impact of the transition on the
health of individuals and families remains poorly recog-
nized. Yet what evidence exists paints an alarming picture.
In a single year, one in every 160 households in Kyrgyzstan
and one in 25 in Ukraine faced catastrophic expenditure
due to health costs (Xu et al., 2003). In Tajikistan and
Turkmenistan, substantial inequalities have been docu-
mented in access to care as services become unaffordable
for the poor (Falkingham, 2004; Rechel and McKee, 2005).
Survey data on health-care use and the expenditure
involved are increasingly available (data from the Russian
Longitudinal Monitoring Survey is available from 12
series of consecutive surveys, the World Bank Living
Standards Measurement Study in Central Asia, etc.).
However, these surveys often exclude the experiences of
the most disadvantaged populations (Hopkinson et al.,
2004). The case of abortion also demonstrates how gaps
in access to care can occur even where overall utilization is
high (Parkhurst et al., 2005). Abortions have been widely
used as a method for contraception in the former Soviet
Union and remain at high levels. Although abortion is legal
and generally accessible, abortion complications account
for approximately 25% of maternal deaths, with two-thirds
of this reportedly resulting from illegal abortions. Certain
groups such as migrants and those without a permanent
address are particularly at risk and may face barriers in
accessing care due to bureaucratic obstacles and informal
pressure to pay. Mothers under 18 remain under the care of
pediatric services, which have poor links to sexually trans-
mitted infections (STI), maternal, and reproductive ser-
vices. Awareness of contraception is high, but in practice it
is often inaccessible, resulting in high rates of abortion.

The understanding of the health systems in the FSU,
the impact of reform, and the ability to draw lessons and
inform future policy direction remain in their infancy. For
no population groups is this more apparent than for the
poorest sections of these changing societies.
Emerging Challenges

Responding to Chronic Disease

The health systems in the region face considerable chal-
lenges. The rising burden of chronic noncommunicable
disease requiring reliable life-sustaining treatment
requires complex and innovative system responses. It is
increasingly demonstrated that adequate financing and
appropriate infrastructure is only the starting precondi-
tion to achieving good service. Integrated care involving
coordination and effective communication between mul-
tidisciplinary teams, at different levels of the health sys-
tem is essential for effective chronic disease management.
Good governance and accountability is crucial to achieve
universal and responsive patient-centered care. Active
involvement of patients and their representatives is also
key to successful chronic disease management. However,
as described above, these needs are at odds with the
Soviet-style top-down management and paternalistic cul-
ture in the FSU, a pattern that persists in many countries.

Although there are well-established models for
chronic disease management internationally, their appli-
cation to the FSU countries appears increasingly prob-
lematic. Patterns of clinical practice that are based on the
labor-intensive model remain in place, and there is a lack
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of investment in appropriate skills, equipment, facilities,
and knowledge to implement more effective chronic care
models. Management of chronic conditions such as dia-
betes, hypertension, epilepsy, or asthma is particularly
poor at the primary care level and most chronic care is
conducted by highly specialized staff with no means of
achieving continuity of care.

Some diseases can illustrate health system failures. For
example, death rates from diabetes have been increasing
markedly in many FSU countries. In Ukraine, verbal
autopsy interviews with relatives of those who had died
prematurely show that despite the maintenance of access
to care, people with diabetes suffered from numerous
problems, with shortages of drugs and equipment and
poor-quality care (Telishevska, 2001). A similar picture
has been described in Kyrgyzstan (Hopkinson et al., 2004).
Chronic-care systems are fragmented, and linkages
between levels of care and different specialists are lacking.
As a result, clinical outcomes have worsened, with admis-
sions of patients with complications or in coma, especially
among those living in rural areas, on the rise.

The reasons for this deterioration in clinical outcomes
are complex. In central Asia and inRussia, despite the com-
prehensive donor-funded programs for training family
physicians, new practitioners have little practical knowl-
edge in managing diabetes and other chronic conditions
(Hopkinson et al., 2004). The Soviet health-care system
was never geared toward managing such conditions at the
primary care level, especially in rural areas. Although
change was being implemented, with a well-designed pro-
gram in the major cities, too often the necessary institu-
tional and sectoral connections had not been made. For
example, investment in training inmanagement of diabetic
complications is not embedded in the system through
reformal channels and availability of necessary equipment
where required. As noted, professional resistance plays a
part along with unsupportive institutional environments.
Linkages between social services and health systems are
weak, complicating the pathways to the treatment and
obtaining the benefits to which users are entitled.

In addition, major problems with access to pharma-
ceuticals after the collapse of the FSU persist. Despite
access to insulin often being funded by donors in a
range of countries, in some places there have been major
bottlenecks in procurement and distribution of drugs
(Hopkinson et al., 2004).
Responding to Communicable Disease

In the 1990s most countries in the region experienced
rising rates of tuberculosis and HIV, and in some countries
re-emergence of malaria, diphtheria, and cholera
(Kyrgyzstan) (WHO, 2006). While most central European
countries have managed to retain control of HIV, Russia,
Belarus, and Ukraine are struggling. Although a decade
ago the countries of the western CIS were relatively
untouched by this infection, the epidemiological trajec-
tory in the region is now the steepest in the world
(European Health For All Database, 2006). It has been
estimated that one million of Russia’s 143million inhabi-
tants may be infected. Highly vulnerable, marginalized
populations have been acquiring HIV in unprecedented
numbers. This is caused by increases in poverty, a drop in
income, and deteriorating social benefits, including hous-
ing, as well as migration, increasing numbers of drug users
and commercial sex workers, limited awareness of risk
factors, and a rise in co-infections (STI, TB).

Public health systems are struggling to respond to HIV
and tuberculosis. Initial responses focused on widespread
population testing, but this was not linked to any strategic
goal. Most individuals diagnosed with HIV were left
without hope. For a few individuals, intermittently avail-
able monotherapy with antiretrovirals was offered. Since
HIV treatment for all has become part of global political
rhetoric (if not reality), determinations of who should
receive treatment, the consequences of drug-resistant
HIV, and the challenge of managing, resourcing, and
coordinating prevention activities as well as treatment
programs is proving a formidable challenge. Generally,
control of communicable diseases is hampered by inade-
quate surveillance and diagnostic systems, limited capac-
ity (infrastructure and skills) in delivering effective public
health interventions, despite the existence of sanitary-
epidemiological stations and vertical subsystems within
the broader health system. This challenge is not helped by
the vertical, disease-specific nature of the HIV-control
health system structures.

After the transition, in most countries, testing and treat-
ment for HIV, TB, and STI is performed in a range of
institutions (regional AIDS centers, narcologydepartments,
dermatology and venereology, prison service, sanitary epi-
demiological stations) as well as in the private sector, with
differing funding and delivery arrangements. While consid-
erable variations exist across the region in terms of control
efforts and epidemiological trajectories, the lack of integra-
tion between, for example, testing and treating, penitentiary
and civilian, and HIV care and TB control systems, means
that integrated, patient-centered care does not exist. This
fragmentation of care, and the inability to trace and retain
people in the health system, and to implement system-wide
interventions involving different sectors such as social ser-
vices, prison health services, police, and education has its
roots in the pretransition public health-care model where
few incentives were built in to ensure improvements in
clinical outcomes.

In the case of tuberculosis, surveillance systems are strug-
gling in the face of underfunding, reliance on obsolete
systems and infrastructure, and a lack of epidemiological
capacity. Cure rates have fallen since the mid-1980s, and
erratic treatment adherence coupled with uncertain
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antituberculosis drug supplies have contributed to the emer-
gence of multidrug-resistant TB. Inadequate linkages
between parallel health systems, for example between civil-
ian and prison institutions, left many patients to fall between
the gaps (Coker et al., 2003). Administrative inertia, com-
bined with high-level skepticism regarding the evidence
base for DOTS (the World Health Organization’s TB con-
trol strategy), cultural resistance to clinical standardization,
and a reluctance to forego radiologically based approaches
to diagnosis, meant that internationally accepted approaches
to control were slow to be embraced. In recent years, Russia,
and to a lesser degree Ukraine and Belarus, have started to
pilot DOTS approaches, but with a heavy dependency upon
external aid. DOTS has not been embedded systemically,
with implementation largely supporting vertical approaches
to disease control that are not integrated into wider health
systems; managerial and financing systems hinder effective
change (for example, because payment systems create per-
verse incentives and do not reward performance). WHO-
advocated models may be unsustainable if donor support
dries up (Atun et al., 2005; Marx et al., 2007).

The lack of intersectoral collaboration is particularly
vital in the failure to support identification and treatment
of marginalized groups, such as prisoners, people without
passport registration, and the homeless (Coker et al., 2003).
In the FSU, HIV/AIDS infection is concentrated among
vulnerable and marginalized groups such as injecting
drug users (IDUs), commercial sex workers, and prison-
ers, who often lack access to basic services. These groups
are often stigmatized and discriminated by health staff,
and their needs are not adequately addressed, causing
poor adherence to treatment and lack of trust in the public
systems. This is a major problem in assessing the scale of
infection, detection of new cases, and treatment. There is
limited collaboration with the civil society in targeting
such groups (Atun et al., 2005), although in some countries
such as Kyrgyzstan, NGOs act as service providers for
marginalized populations (e.g., IDUs).

As in treatment of chronic disease, communicable dis-
ease management such as tuberculosis relies on frequent
and prolonged hospitalizations, mostly aimed at increas-
ing treatment adherence and retaining patients within the
system, sustaining institutional funding (allocated accord-
ing to existing infrastructure and bed occupancy), or to
provide social (rather than medical) care for highly mar-
ginalized populations.
Conclusion

The public health consequences of the break-up of the
Soviet Union have been profound. Since 1990, poverty
levels have grown, income inequalities have widened, and
marginalized populations have become more vulnerable.
In addition, migration, erosion of social networks and
values, armed conflict, and the rise in high-risk behaviors
such as selling sex, alcoholism, and drug use have con-
tributed to social disruption and resulted in deteriorating
health status. The picture, however, has not been the same
across all countries. Countries of the FSU vary widely in
terms of historical and cultural background, population
homogeneity, income levels, and political processes. The
Baltic States, for example, have benefited from relative
political stability, have grown economically, and are now
members of the European Union. At the other extreme,
the countries of Central Asia have experienced significant
economic crises and political instability, with dire public
health consequences. Other countries, most notably
Russia, have achieved political stability and benefited
from its natural resources in recent years, particularly
with oil prices at an all-time high, but have struggled to
reform its public health system. Overall, compared with
Western Europe, health indicators have deteriorated
markedly in the FSU.

The pretransition health-care system of the FSU has
been largely inadequate in terms of the newly emerging
demands made upon it, be they the consequences of alco-
hol consumption and very high death rates among middle-
aged men, the threat of multidrug resistance because
of fractured connections between different elements of
the tuberculosis control service, or a coherent evidence-
based response to the HIVepidemic among IDUs.

Access to care has been challenged by reforms that
have included a shift from a taxation-based system to an
insurance-based system, while budgetary support has
been maintained for rigid, highly verticalized structures.
Patient access to care is less equitable than before the
collapse of the Soviet Union in many countries. The
vertical structures help perpetuate narrow skill sets
among professional health-care workers. The ratio of
doctors per capita in much of the FSU is high, but the
skills they hold are narrowly specialized, meaning that
integrated, multidisciplinary patient-centered care
remains a challenge to deliver.

The health systems of the FSU are, as are the
countries’ political, economic, and cultural contexts, in a
state of transition. For some, this transition will be rela-
tively painless. For others, it will be a painful process,
affecting most acutely people already socially margin-
alized and living in poverty.

See also: Comparative Health Systems; HIV/AIDS and

TB.
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Introduction

First Identification

In 1886 Daniel E. Salmon, a veterinary pathologist at
the U.S. Department of Agriculture, and his coworker
Theobald Smith, published a seminal paper describing
the isolation of a motile Gram-negative bacillus from a
number of cases of swine cholera. The organism was
named Bacillus cholerae-suis. In 1900 the generic name of
salmonella was proposed to honor Salmon’s many
achievements and the organism he first discovered is
now known as Salmonella enterica serovar Cholerae-suis.

The Organism

Salmonellae are Gram-negative rods. They are generally
motile with pertrichious fimbriae, grow on nutrient agar,
do not ferment lactose, and are aero-anaerobes (Threlfall,
2005b). The genus Salmonella is now regarded as compris-
ing two species, Salmonella enterica and Salmonella bongori,
with the type species divided into six subspecies listed as
follows: Salmonella enterica subsp. enterica (subspecies I),
salamae (subspecies II), arizonae (IIIa), diarizonae (IIIb),
houtenae (IV), bongori (V), and indica (VI). Within these
subspecies over 2400 different serovars, as classified by
the Kauffmann and White scheme, have been identified
(Poppoff et al., 2004). Of these, the great majority of ser-
ovars that cause disease in warm-blooded animals
(ca. 99%) fallwithin Salmonella enterica subspecies I (S. enterica
subsp. enterica). For ease of reference in this article, such
serovars will be referred to as, for example, Salmonella
Enteritidis, S. Montevideo, S. Typhimurium, etc. Mem-
bers of the other five subspecies (II–VI) are, in the main,
parasites of cold-blooded animals or are found in the
natural environment. Strains of Salmonella arizonae and
Salmonella diarizonae have been identified in sheep in sev-
eral countries, but infections in humans are relatively rare.

Salmonella organisms are found in both the environ-
ment and in a wide range of animals. The primary hosts of
organisms causing disease in humans are food-producing
animals – poultry, cattle, and swine – and the organisms
are transmitted to humans either by direct contact or
through the medium of infected food. Some serovars are
commonly found in cold-blooded animals – for example,
reptiles and terrapins, and in such cases infection is nor-
mally by direct contact or by contamination of water
supplies.
The Disease

In animals raised for consumption, salmonella infection
can be either symptomatic or asymptomatic. For example,
in cattle, and particularly calves, infection with S. Typhi-
murium can cause serious systemic disease in addition to
severe gastroenteritis, often resulting in death if not trea-
ted. Infection with S. Dublin can cause abortions in cattle;
in infected calves, it causes severe diarrhea whereas in
adult cattle it is responsible for septic abortion associated
with a 70%mortality and prolonged carriage by surviving
animals. Similarly, in poultry S. Pullorum or Gallinarum
can produce severe symptoms characteristic of ‘fowl
typhoid.’ In contrast S. Enteritidis in poultry is for the
most part asymptomatic, as is S. Derby in pigs.

From a clinical perspective salmonellosis in humans
falls into three broad categories: enteric fever, invasive
disease (nontyphoidal), and gastroenteritis.
Enteric Fever

Enteric fever, commonly known as typhoid fever, is nor-
mally regarded as a disease presentation as a consequence
of infection with S. Typhi, which is a host-adapted ser-
ovar; infections are restricted to human beings and to
closely related anthropoids. The symptoms of typhoid
fever in cases of human infection are highly variable
with regard to severity and localized consequence.
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Following ingestion the organisms proceed to the intesti-
nal tract and breach the intestinal wall to reach the lamina
propia, where they may establish a local infection or
disseminate to establish a systemic infection. Typhoid
fever is characterized by prolonged fever, bacterial pres-
ence in the reticulo-endethelial section, and significant
inflammation of the lymphoid organs of the small intes-
tine. A small number of infected individuals may develop
a more severe or complicated disease, including perfora-
tion within the small intestine leading to peritonitis, intes-
tinal hemorrhage, myocarditis, encephalopathy, delirium,
and meningitis. Chronic carriage of the organism also
occurs in some patients, resulting in both relapse and
the development of a long-term carrier state. Clinical
complications have been associated with factors such as
the age of the patient, use of antibiotics, and geographical
location. Enteric fever may also develop following infec-
tions with S. Paratyphi A and S. Paratyphi B. Although
symptoms may be similar to those experienced following
infection with S. Typhi, in general these are less se-
vere than those associated with true typhoid. Never-
theless, paratyphoid fever resulting from infection with
S. Paratyphi A is increasing in incidence in several
countries in South-East Asia and the Indian subcontinent,
and there is considerable concern about the long-term
implications of this development (see the section ‘Typhoid
and paratyphoid fever’).

When the manifestations of systemic disease are
mainly septicemic, as is usually the case with typhoid
and paratyphoid bacilli in humans, the clinical picture is
one of enteric fever with an incubation period of
10–20 days, but with outside limits of 3 and 56 days
depending on the infecting dose. Diarrhea, starting
3–4 days after onset of fever and lasting, on average,
6 days, may occur in 50% of cases of typhoid fever and
is more common in younger, rather than in older, children
or adults; intestinal symptoms, however, may be absent or
insignificant.
Invasive Disease (Nontyphoidal)

Certain other serovars – for example, Blegdam, Bredeney,
Cholerae-suis, Dublin, and Virchow – are also invasive
but tend to cause pyemic infections and to localize in the
viscera, meninges, bones, joints, and serous cavities. In
developed countries many other serovars may also be
invasive in certain circumstances, often related to the
infective dose and the host. For instance, invasive disease
by serovars generally regarded as noninvasive frequently
occurs in immunocompromised patients or in patients
with other underlying diseases. In developing countries
a different picture has emerged, with serovars normally
regarded as noninvasive – for example, Typhimurium,
Wien, and Senftenberg being associated with highly
virulent infections with a high degree of morbidity and
mortality. Such infections have been associated with the
carriage of plasmids that may enhance the invasive poten-
tial of their host organism (see the section ‘Developing
countries’ under ‘Nontyphoidal salmonellas’).
Gastroenteritis

The most common symptoms following infection with the
ubiquitous nontyphoidal serovars found in a number of
animal species are those of an acute but mild to moderate
enteritis with a short incubation period of 12–48 hours,
occasionally as long as 4 days. As with the majority of
gastrointestinal bacterial pathogens, symptoms can be
more severe in vulnerable patient groups such as young
children, the elderly, debilitated, and immunocompro-
mised patients.
Treatment

For enteric fever, including infections with S. Typhi and
S. Paratyphi A and B, treatment with an appropriate anti-
biotic is essential and can be life-saving. As treatment may
commence before the results of antimicrobial sensitivities
are known it is important to be aware of options and
possible problems before beginning treatment (see the
section ‘Antimicrobial drug resistance’). The same stric-
tures apply for invasive infections with nontyphoidal sal-
monellae. Multiple resistance, often including resistance
to ‘critical’ antimicrobials, is becoming increasingly com-
mon for certain serovars and although not considered
important for uncomplicated gastroenteritis, can be very
important should extraintestinal spread occur. For uncom-
plicated gastroenteritis rehydration therapy is considered
appropriate in most cases.
Epidemiology

On a global scale it has been estimated that salmonella is
responsible for an estimated 3 billion human infections
each year. The World Health Organization (WHO) has
estimated that typhoid fever accounts for 22million of
these cases and is responsible for 200 000 deaths annually
(Crump et al., 2004).
Typhoid and Paratyphoid Fever

Typhoid fever is a significant cause of morbidity and
mortality among children and adults in developing
countries. The organism remains endemic in develop-
ing countries in Africa, South and Central America, and
the Indian subcontinent. The disease is also commonly
reported from the Middle East, and some countries in
Southern and Eastern Europe. In contrast, in developed
countries such as the UK or the United States,
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the incidence of S. Typhi is much lower, with the majority
of cases in travelers returning from endemic areas. For
example, in the UK, between 150 and 300 cases occur
each year with at least 70% of cases in patients with a
history of recent foreign travel. Similarly, in the United
States, 293 infections were reported in the 12-month
period from 1 June 1996 to 31 May 1997, of which 81%
were recorded in patients with a history of recent travel to
endemic areas.

The epidemiology of paratyphoid fever is less well
documented than that of typhoid. Nevertheless, the
WHO has estimated that up to 25% of enteric fevers
may be caused by S. Paratyphi A and the disease is
becoming increasingly common in several countries in
South-East Asia, including Vietnam, India, and Nepal.
Nontyphoidal Salmonellas

Data on infections caused by nontyphoidal salmonellas
are difficult to quantify, mainly because of diffferences in
surveillance systems or, indeed, the complete lack of such
systems in many countries.
Developed countries

Within the European Union (EU) studies by the Enter-
net surveillance network have provided data for about
150 000 human infections annually, with approximately
1000 deaths, from figures submitted by the 22 countries
that report into Enter-net. In the United States, it has
been estimated that there are approximately 200 000
infections annually.

For the last two decades the most common serovar in
cases of infectionwith nontyphoidal salmonellas in the EU
has been S. Enteritidis (Saheed et al., 1999). This serovar
has its reservoir in poultry, and from 1987 to 2000 the most
common phage type (PT) within the serovar was PT 4.
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Figure 1 Cases of PT4 and non-PT4 S. Enteritidis in the UK (1982–
From 1987 to 2000 it was estimated that PT 4 was respon-
sible for over 500 000 cases of S. Enteritidis in the United
Kingdom alone (Figure 1). S. Enteritidis PT 4was unusual
in that the organism was transmitted vertically through the
oviduct of infected birds, and many infections in humans
were traced to infected eggs. Outbreaks were compounded
by improper cooking techniques and by the storage at
ambient temperatures of dishes made from raw eggs.
Despite instructions on the cooking and handling of eggs,
the outbreak was only contained by the vaccination of
poultry flocks, namely breeding flocks in 1994, and com-
mercial layers in 1998. Regrettably, since 2000, a consider-
able number of infections caused by non-PT 4 strains have
been increasingly identified in the UK. Awell-documented
series of outbreak investigations and laboratory studies,
supplemented by surveys of eggs on retail sale, have traced
the source of these strains to eggs imported into the
UK from Spain. As a result of various actions, including
educating restauranteurs and also informing appropriate
authorities within Spain, infections with these non-PT 4
strains have shown a marked decline since 2004.

In the United States, similar problems with S. Enter-
itidis have been encountered, traced back to contaminated
egg dishes. In contrast to the United Kingdom, the pre-
dominant PTs were 8 and 13a, although outbreaks of PT 4
not associated with foreign travel have been recognized
since 1993.

Other serovars with an international distribution in
developed countries have included S. Typhimurium
definitive phage type (DT) 104. This organism exhibits
chromosomally mediated multiple resistance (MR) to five
antimicrobials – ampicillin, chloramphenicol, streptomy-
cin, sulfonamides, and tetracyclines (R-type ACSSuT).
MR S. Typhimurium DT 104 of R-type ACSSuT was
first identified in the UK in the early 1980s from gulls
and exotic birds. With the exception of a small outbreak in
Scotland in the mid-1980s there were no isolations from
2
19

94
19

96
19

98
20

00
20

02

Year

cination
eders)

Vaccination
(commercial
layers)

2004).



642 Salmonella
humans until 1989, by which time MR S. Typhimurium
DT 104 had also been isolated from cattle. Over the next
5 years this strain became epidemic in bovine animals
throughout the UK, and also in poultry, particularly
turkeys, and in pigs and sheep. Human infection with
MR S. Typhimurium DT 104 has been associated with
the consumption of chicken, beef, pork sausages, and meat
paste and to a lesser extent with occupational contact with
infected animals. This particular clone has subsequently
caused outbreaks of infection in food animals and humans
in numerous European countries and as far afield as South
Africa, the United Arab Emirates, and the Philippines
(Threlfall, 2000). In 1996 infections with MR DT 104
were recognized in cattle and humans in North America,
both in Canada and in the United States. Of particular
concern has been the resistance of the organism to a wide
range of therapeutic antimicrobials. Furthermore, in some
countries there have been reports of an apparent predi-
lection of the organism to cause serious disease, although
this is not the case in the UK.

In the United States, closely related strains of MR S.

Newport with plasmid-encoded resistance to ceftriaxone
have been associated with numerous infections in both
cattle and humans. This has caused it to become the third
most common serotype causing salmonellosis in man
in the United States from 2000 to 2002. The organism
commonly shows resistance to ACSSuT with additional
resistance to third-generation cephalosporins mediated
by the CMY-2 beta-lactamase gene (see ‘Developed
countries’ under ‘Other salmonella serovars’).

Because of the association of many nontyphoidal sal-
monella serovars with food-production animals, many
outbreaks have been linked to foods of animal origin or
to foods contaminated with animal waste. This, coupled
with the massive importation of foods between countries,
including both developed and developing countries, has
ensured that products contaminated with salmonella
organisms have been widely distributed. An enormous
diversity of vehicles of infection have been identified,
ranging from salad vegetables to spices to coconut, as
well as traditional animal-associated products such as
poultry and poultry products, milk, cheese, and under-
cooked beef and pork. The EU-funded Enter-net surveil-
lance network has identified over 50 such food-borne
salmonella outbreaks since its inception in 1992 (Fisher
and Threlfall, 2005; Cook et al., 2006), and, in many cases,
has been instrumental in the development of intervention
measures that have either contained existing outbreaks or
have resulted in the removal of contaminated products
from the food chain.

A further significant source of salmonellosis in devel-
oped countries is pet reptiles. Many reptiles carry salmo-
nella organisms as part of their normal bacterial flora and,
although the types of salmonella in reptiles are not those
normally associated with large outbreaks, such as those
caused by S. Enteritidis, the reptile-associated types can
cause very serious illness, particularly in vulnerable
patient groups such as young children or the elderly.
There have been many cases of reptile-associated salmo-
nellosis documented worldwide. In the United States in
the 1970s, a large outbreak involving several thousand
people was attributed to turtles; as a result, turtle hatching
was banned in the United States in 1975.
Developing countries

Since 1970, nontyphoidal salmonellas of several different
serovars have caused extensive outbreaks in many devel-
oping countries. The common pattern has been for several
hospitals, often situated many miles apart, to be involved.
The majority of outbreaks have occurred in neonatal and
pediatric wards, but community outbreaks in villages and
small towns have also been reported. The clinical disease
has been severe with enteritis frequently accompanied by
septicemia and, in several outbreaks, a mortality rate of
up to 30% has been reported. Serotypes involved include
S. Typhimurium in the Middle East and the Indian sub-
continent, and S. Wien in southern Europe, North Africa,
and India, although infections caused by other serovars
have been reported, notably S. Senftenberg in India and
S. Johannesburg in South Africa. A common feature of all
strains has been resistance of up to 10 antimicrobial drugs
(see Rowe and Threlfall, 1984; Threlfall, 2005a for exten-
sive discussion of such outbreaks and the features of
strains involved).

A particular feature of outbreaks of infections withMR,
nontyphoidal salmonellas in developing countries has
been the lack of involvement of food animal reservoirs.
Spread has for the most part been by person-to-person
contact and antibiotic resistance has developed as a result
of the use of antibiotics in humanmedicine, particularly in
those countries where there is little control over the use of
antibiotics. The most common presentation has been
severe enteritis and cases of septicemia have also been
reported, with high mortality in many outbreaks.
Identification and Typing

Serotyping

Strains of Salmonella spp. are classified into serovars on the
basis of extensive diversity of the heat-stable lipopolysac-
charide (O) antigens and heat-labile flagellar protein (H)
antigens in accordance with the scheme instituted by
White (1926), and extended and elaborated by Kauffmann
(1972). The resultant Kauffmann and White scheme
(Popoff et al., 2004) is recognized worldwide and remains
the definitive method for the serological identification of
salmonellae.
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Subdivision within Serovars: Phenotypic
Subtyping

A variety of phenotypic methods have been used both
independently and in combination for subdivision within
serovars. Those currently in use include bacteriophage
typing (phage typing) and resistance (antibiogram) typing.

Bacteriophage typing

The underlying principle of phage typing is the host
specificity of bacteriophages and on this basis several
phage-typing schemes have been developed for serovars
of clinical or epidemiological importance. (For extensive
review of the strengths and weaknesses of these schemes,
see White, 1926; Threlfall, 2005a.) The most impor-
tant schemes internationally are those for S. Typhi,
S. Paratyphi A and B, S. Enteritidis, S. Typhimurium,
and S. Virchow.

Salmonella Typhi

The first phage typing scheme was based on the principle
of phage adaptation and was developed for the differenti-
ation of Typhi; in this scheme, progressive adaptations
were made of Vi phage II – specific for Vi (capsular)
antigen of Typhi – which is highly adaptable and shows
a high degree of specificity for the last strain on which it
has been propagated. The extraordinary adaptation of Vi
phage II is due in part to the selection of spontaneously
occurring host-range phage mutants by the bacterium and
in part to a nonmutational phenotypic modification of
phage by the host strain. The method of Vi phage typing
was standardized in 1947 and with further adaptations of
Vi phage II, a further 95 types have been defined and
internationally recognized, bringing the total number of
Vi PTs to 106.
Other Serovars

In contrast to the phage typing scheme for Typhi, phage
typing schemes for other serovars depend on, to a limited
extent, phage adaptability and, for the most part, are based
on patterns of lysis produced by serologically distinct
phages isolated from a variety of sources. More than 70
PTs are now recognized in the Enteritidis scheme, the
value of which was realized on an international scale
following the global pandemic of Enteritidis from the
late 1980s, extending to 2006. This scheme was instru-
mental in identifying the global pandemic PT 4, and more
recently, in detecting and monitoring the emergence of
non-PT 4s associated with eggs from poultry flocks in
several different European countries. A major achieve-
ment has been the standardization of phage typing for
S. Enteritidis throughout Europe and one scheme, that of
Ward and colleagues (1987), is now in use in reference
laboratories for human salmonellosis in 22 European
countries as well as in Australia, Japan, and Canada
(Fisher and Threlfall, 2005).

For S. Typhimurium, almost 300 PTs have now been
recognized and designated using the scheme of Anderson
and colleagues (1977). This scheme is the most com-
monly used worldwide, although local schemes have
been developed for individual countries. The importance
of this scheme is well illustrated by the universal recogni-
tion of the multiple drug-resistant (MDR) epidemic clone
of S. Typhimurium DT 104. However, of note is that PTs
cannot always be regarded as indicative of clonality
because PT conversions may result from the acquisition
of both plasmids and bacteriophages. A further problem
with phage typing is that because of the necessity to
propagate and maintain bacteriophage stocks and to
implement strict quality control procedures, the proce-
dure is best performed by highly trained staff in reference
laboratories and not by workers in individual laboratories
on an ad hoc basis.
Resistance (antibiogram) typing

The pattern of susceptibility/resistance to selected anti-
microbial drugs can be a very useful screen for epide-
miological investigations. Because of mutation and/or
plasmid acquisition such patterns cannot be regarded as
definitive. Nevertheless, patterns such as ACSSuT for
S. Typhimurium DT 104 and for the identification of
Salmonella Genomic Island 1 (SGI-1), and ACSSuTTm
(Tm, trimethoprim) for S. Typhi have become very useful
markers and have been used on a global basis to assist in
the identification of epidemic clones or drug resistance
islands.

Of particular importance in the use of susceptibility/
resistance patterns (R-types) as epidemiological markers,
and also in the international surveillance of antimicrobial
drug resistance in salmonella is the standardization/har-
monization of methodologies coupled with the interpre-
tation of results. For human salmonella isolates within
Europe this has been achieved, in the first instance, by
the harmonization of methods of susceptibility testing in
all reference laboratories with responsibility for human
referrals. Following international agreement on the defi-
nitions of resistance and susceptibility based on various
methodologies, it has been possible to combine and ana-
lyze the antimicrobial drug resistance data originating
from all countries within Europe who participate in the
Enter-net surveillance network.
Subdivision within Serovars: Molecular
Subtyping

A range of molecular biological tools based on character-
ization of the genotype of the organism by analysis of
plasmid and chromosomal DNA have now been
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developed either to supplement the more traditional phe-
notypic methods of typing (serotyping, phage typing,
biotyping) or, in some cases, as methods of discrimination
in their own right (see Threlfall, 2005b; Cook et al., 2006).
Plasmid typing

Many strains of salmonellae carry plasmids differing in
both molecular mass and number. Plasmid typing based
on the numbers and molecular mass of plasmids after
extraction of partially purified plasmid DNA has been
used for differentiation within serovars. Plasmid typing
is therefore restricted to serovars possessing plasmids and
is of limited use in those serovars in which the majority of
isolates contain only one plasmid, or are plasmid-free.
The sensitivity of the plasmid profile typing may be
increased by cleaving plasmid DNA with a limited num-
ber of restriction endonucleases and the resultant plasmid
‘fingerprint’ may be used to discriminate between plas-
mids of similar molecular mass. More recently the char-
acterization of plasmids by identification of specific
replicon areas has added a new dimension to plasmid
typing. This method, developed by Caratollli and collea-
gues (2005), has considerable potential not only for the
identification of plasmid incompatibility groups but also
for investigating the spread of such plasmids, and the
resistance genes encoded thereon, through the food chain.
Identification of chromosomal heterogeneity
Molecular typing methods based on the characterization
of plasmid DNA include plasmid profile typing, plasmid
fingerprinting, and the identification of plasmid-
mediated virulence genes. Chromosomally based methods
have sought to identify small regions of heterogeneity
within the bacterial chromosome. Of the latter the most
commonly used have been ribotyping, insertion sequence
(IS) 200 typing, and pulsed field gel electrophoresis
(PFGE). The latter method permits analysis of the
whole bacterial genome on a single gel and is currently
regarded as the gold standard for the molecular subtyping
of salmonella. This method is used as the basic method of
subtyping of salmonella in the United States, and for
subdivision within PTs in those countries which use
phage typing as the primary method for the discrimina-
tion of epidemiologically important serovars. The method
has become standardized and networks have been devel-
oped – PulseNet in the United States (Swaminathan
et al., 2001) and SalmGene in Europe (Fisher and Threlfall,
2005) – to provide common, harmonized molecular typing
methods, and to facilitate the rapid electronic transfer of the
images captured by them in a digitized format. More
recently the SalmGene database of PFGE types has been
expanded to form the basis of PulseNet Europe, which is
fully compatible with PulseNet USA and other PulseNet
networks, thereby providing an encompassing network for
the molecular subtyping of salmonella worldwide.

With the development of the polymerase chain reac-
tion (PCR), methods based on amplification of specific
DNA sequences to produce characteristic groups of frag-
ments dependent on the origin of the template DNA have
been developed and used, with some success. Such meth-
ods include random amplified polymorphic DNA typing
(RAPD), enterobacterial repetitive intergenic consensus
typing (ERIC-PCR), repetitive extragenic palindromic
element typing (REP-PCR), amplified fragment length
polymorphism fingerprinting (AFLP), and variable num-
ber of tandem repeats (VNTR) fingerprinting. VNTR
fingerprinting is based on the presence and subsequent
identification of units of repeated DNA elements in the
genome. Such elements, known as VNTRs, range from
about 10 to 100 base pairs (bps). VNTR fingerprinting has
been applied to the subtyping of S. Typhi and S. Typhi-
murium. A major drawback of the method is that for
meaningful results VNTRs for typing should be based
on the published genome sequence of a serovar. As only a
limited number of serovar sequences have been published,
the applicability of this method is somewhat limited.
Antimicrobial Drug Resistance

Resistance to key antimicrobials is particularly important
in the treatment of infections caused by S. Typhi and
S. Paratyphi A. The increasing occurrence of multiple
resistance in serovars other than Typhi has also had a
profound effect in the treatment of salmonella septicemia
in infants and young children in developing countries,
where multiple resistant strains have been implicated in
numerous outbreaks in the community and in hospital
pediatric units for the past 30 years.
Salmonella Typhi and Paratyphi A

Salmonella Typhi

An appropriate antibiotic is essential for the treatment of
patients with typhoid fever and should commence as soon
as clinical diagnosis is made. Since the emergence of
plasmid-mediated chloramphenicol resistance in the
typhoid bacillus in the early 1970s, the efficacy of chlor-
amphenicol as a first-line drug has been increasingly
undermined by outbreaks caused by strains with resis-
tance to this antimicrobial in countries as far apart as
Mexico and India. A feature of chloramphenicol-resistant
strains from such outbreaks was that although the strains
belonged to different Vi PTs, resistance to chlorampheni-
col – often in combinationwith resistance to streptomycin,
sulfonamides, and tetracyclines (R-type CSSuT) – was
encoded by a plasmid of the H1 incompatibility group
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(now termed HI1). Since 1989 there have been many
outbreaks caused by Typhi strains resistant to chloram-
phenicol, ampicillin, and trimethoprim, and additional
resistances to streptomycin, sulfonamides, and tetracy-
clines (R-type ACSSuTTm), particularly in the Indian
subcontinent (see Threlfall 2005a, b; Cooke et al., 2006).
The emergence of strains with resistance to trimetho-
prim and ampicillin, in addition to chloramphenicol, has
caused many treatment problems.

Without exception, in all outbreaks studied thus far
involving MR Typhi, the complete spectrum of multiple
resistance has been encoded by plasmids of the HI1
incompatibility (inc) group and it has been suggested,
incorrectly, that this plasmid group is specific for the
typhoid bacillus. Evolutionary diversity within the HI1
group has recently been observed in plasmids from MR
strains of S. Typhi from Vietnam over a 10-year period
during the 1990s.

Since 1989, following the emergence of strains with
resistance to chloramphenicol, ampicillin and trimetho-
prim, ciprofloxacin (CpL) has become the first-line drug
in both developing and developed countries. Regrettably,
strains of S. Typhi with decreased susceptibility to CpL
(minimal inhibitory concentration (MIC): 0.25–1.0 mg/L)
have been increasingly reported. In such strains CpL is
chromosomally encoded. Such strains have caused sub-
stantive outbreaks in several developing countries, nota-
bly Tajikistan and Vietnam, and have also caused
treatment problems in developed countries. Azithromy-
cin, a macrolide antibiotic, has also been evaluated for the
treatment of infections caused by MR typhoid, with
encouraging results.
Salmonella Paratyphi A

Infections caused by S. Paratyphi A may also require
antimicrobial intervention. S. Paratyphi A with decreased
susceptibility to CpL has been reported in India since the
late 1990s. An increase in strains of S. Paratyphi A with
decreased susceptibility to CpL from patients from 10
European countries between 1999 and 2001 has also
been observed and in the UK in 2005 over 80% of isolates
of S. Paratyphi A exhibited decreased susceptibility to
CpL.
Other Salmonella Serovars

Developed countries

In developed countries salmonella infections are primar-
ily zoonotic in origin. When resistance is present, it has
often been acquired prior to transmission of the organism
through the food chain to humans. The most important
serovars in the UK and Europe are Enteritidis and Typhi-
murium and, in the United States, Typhimurium, Enter-
itidis, and more recently, Newport. For all these serovars
the main method of spread is through the food chain. In
most cases the clinical presentation is that of mild to
moderate enteritis. The disease is usually self-limiting
and antimicrobial therapy is seldom required.

Since 1991 there has been an epidemic in cattle and
humans in England and Wales of MR strains of S. Typhi-
murium DT 104 of R-type ACSSuT (see the previous
section ‘Developed countries’ under ‘Nontyphoidal
salmonellas’).

In MR DT 104 of R-type ACSSuT, resistances
are contained in a 16-kilobase (kb) region of the 43-kb
SGI-1, made up of integrons containing (respectively) the
ASu (blaCARB-2 and sul1) and SSp (aadA2) genes (Sp,
spectinomycin), with intervening plasmid-derived genes
coding for resistance to chloramphenicol/florphenicol
(florR) and tetracyclines (tetG). Although chromosomally
encoded in recent years, SGI-1 has been identified in
several different salmonella serovars, including S. Agona,
S. Albany, and S. Paratyphi B variant Java, which is indic-
ative of phage-mediated transfer of resistance, or transfer
by an as yet unidentified method. Such strains have
caused infections in humans and cattle and there is spec-
ulation of a connection with ornamental fish originating
in the Far East.

In the United States, multiple resistance has been
reported in serovars Saintpaul, Heidelberg, and Newport,
in addition to S. Typhimurium DT 104. More recently,
MDR S. Newport with plasmid-encoded resistance to
ceftriaxone has caused numerous infections in both cattle
and humans in North America (Threlfall, 2005a). This
organism commonly shows resistance to ACSSuT, with
additional resistance to third-generation cephalosporins
mediated by the CMY-2 beta-lactamase gene. Similarly
there have been increasing reports of resistance to
extended-spectrum beta-lactamases in salmonella from
humans and food animals in numerous countries world-
wide. For example CTX-M-9, -15, and -17 to -18 enzymes
have recently been reported in six different serovars
isolated from humans in the UK, and CTX-M-like
enzymes have been reported in S. Virchow in Spain and
in S. Anatum in Taiwan. In Taiwan a particularly alarming
development has been the emergence of a highly virulent
strain of S. Cholerae-suis with high-level resistance to Cp
andwith plasmid-mediated resistance to ceftriaxone. As far
as is known, the strain has not spread and no further
infections with this highly drug-resistant organism have
been detected.

Developing countries

An additional feature of strains on nontyphoidal salmo-
nellas in developing countries has been the possession of
plasmid-mediated MDR, often with resistance to seven
or more antimicrobials, mediated by a plasmid of the FI
incompatibility group. In addition to coding for multiple
resistance, this plasmid also codes for production of the
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hydroxamate siderophore aerobactin, a known virulence
factor for some enteric and urinary tract pathogens.
These plasmids, first identified in a strain of S. Typhi-
murium DT 208 that caused numerous epidemics in
many Middle Eastern countries in the 1970s, have sub-
sequently been identified in a strain of S. Wien respon-
sible for a massive epidemic that began in Algiers in
1969 but spread rapidly thereafter through pediatric and
nursery populations in many countries throughout
North Africa, Western Europe, the Middle East, and
eventually the Indian subcontinent over the next
10 years. A retrospective molecular study of this group
of plasmids has demonstrated that the plasmids have
evolved through sequential acquisition of integrons car-
rying different arrays of antibiotic resistance genes.
Although not clinically proven, the epidemiological evi-
dence strongly suggests that possession of this class of
plasmid has contributed to the virulence and epidemic-
ity of such strains.
Virulence Aspects of Salmonella

Salmonella virulence is a highly complex phenomenon,
and has been the subject of many investigations. Some
serovars such as Typhi, Pullorum, Gallinarum, Dublin,
Cholerae-suis, and Enteritidis are highly host-specific,
with their reservoirs of infection being anthropoids
(Typhi), poultry (Pullorum, Gallinarum, Enteritidis),
swine (Cholerae-suis), and cattle (Dublin). Some of these
serovars – for instance, Typhi, Gallinarum, and Pullorum –
cause disease for the most part only in their natural
reservoir. Others, such as Cholerae-suis and Dublin, cause
disease in their food animal reservoir but when infections
occur outside of their normal reservoir (e.g., in humans),
the symptoms can be very severe, often resulting in septi-
cemia with subsequent mortality. Other host-adapted
serovars (e.g., Enteritidis) cause little overt disease in their
natural reservoir but when transmitted to humans can be
a major cause of salmonellosis. Still other serovars (e.g.,
Typhimurium) have a wide host range and cause disease
both in their food animal reservoir (e.g., cattle) and in
humans.
Salmonella Pathogenicity Islands

Many of the major components required by S. enterica to
cause infections are chromosomally encoded. The regions
responsible for the virulence functions are termed salmo-
nella pathogenicity islands (SPI); 14 such islands have
now been identified, termed SPI-1–SPI-14. The size, dis-
tribution, and virulence functions of these SPIs have been
extensively reviewed by Morgan (2006). It is noteworthy
that not all serovars possess all the islands, and that differ-
ential pathogenicity in different hosts may be related to
the presence or absence of such islands.
Salmonella enterica Virulence Plasmids

In addition to possessing pathogenicity islands certain
serovars of subspecies I harbor serovar-specific plasmids
ranging from 40–90 kb, which poses a gene cluster pro-
moting virulence in mice. This gene cluster, termed the
salmonella plasmid virulence (spv) cluster has been iden-
tified in the epidemiologically important serovars Enter-
itidis, Typhimurium, Dublin, and Gallinarum. The
biology of the spv cluster (Tezcan-Merdol et al., 2006)
indicates involvement in serum resistance and invasion,
but not in the initial phase of the disease in human
salmonellosis.
Control

Control of salmonella disease can be exerted at three
levels – the individual, the community (the herd), and
the environment. Such control may be exerted by vacci-
nation, by eradication and/or withdrawal of an infected
product, and by general hygiene and cooking practices.
Factors exacerbating the emergence and spread of par-
ticular strains, such as the indiscriminate use of antibio-
tics, may also be important, and the control of antibiotics,
particularly in animal husbandry, has been highlighted as
an important factor in combating the emergence of strains
with resistance to key antibiotics.
Vaccination

Individuals may be vaccinated and, for the control of
typhoid, a range of vaccines are available for Salmonella
Typhi. The oral, live attenuated Ty21a vaccine (marketed
as Vivotif) remains in use in many countries, particularly
in the Indian subcontinent. Possibly the most current is the
polysaccharide capsular Vi vaccine (Typhim), but assess-
ment of the relative efficacy of the different vaccines is
difficult. Several field trials are currently in progress, both
in developing and developed countries, with potentially
promising results reported for a Vi-conjugate vaccine.

In the control of S. Enteritidis in poultry in the UK, the
development and use of vaccines for breeders and layers
has been extremely effective, and the use of such vaccines
is currently being assessed for use in other countries,
particularly within the EU.
Eradication and Withdrawal

In many outbreaks control has been exerted either by
eradication of the reservoir of infection (e.g., infected
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poultry flocks) or withdrawal of the contaminated food
products. There are many examples of the latter method
of control, one of the most recent being the withdrawal of
contaminated confectionary products worldwide follow-
ing contamination with S. Montevideo. In such instances
the existence of an international rapid response network
has proved invaluable (see Fisher and Threlfall, 2005 for
other examples of product withdrawal at an international
level).
General Hygiene and Cooking Practices

The importance of a clean and safe water supply cannot
be overestimated. Contaminated water remains a major
reservoir of salmonella organisms in developing countries,
and many outbreaks of typhoid and paratyphoid have
been linked to sewage contamination. Similarly, in devel-
oped countries contaminated salad vegetables have been
linked to many outbreaks in recent years, with contami-
nation resulting from the use of untreated water for irri-
gation. Cooking practices and kitchen hygiene are also of
major importance, as has been exemplified on an interna-
tional scale in relation to the use of raw or lightly cooked
eggs for both domestic and institutional catering. It is
vitally important to thoroughly cook food whenever pos-
sible, to wash ‘ready-to-eat’ foods despite any instructions
or implications (e.g., ‘already washed’) to the contrary, and
to adopt basic hygiene measures such as hand washing
after contact with pets, exotic or otherwise. Awareness of
the potential hazards on the part of food producers and
the general public can play a large part in reducing the
burden of infection imposed by salmonella, a common
and potentially lethal pathogen.
See also: Enteroviruses; Rubella; Shigellosis; Strepto-

coccal Diseases.
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Health Care and the Scandinavian
Welfare States

The three Scandinavian countries – Denmark, Sweden,
and Norway – are commonly perceived as quite similar
when viewed in a broad international perspective. This
similarity relates to their historical background, geo-
graphic location, culture, economy, and social structure.
Another central characteristic, however, is these countries’
approach to social welfare, in which the central govern-
ment plays a dominant role in the formation of welfare
policies and the public sector is involved extensively in
the implementation of such policies. Many observers
therefore refer to a Scandinavian model of the welfare
state (e.g., Erikson et al., 1987; Pierson, 1991; Ervik and
Kuhnle, 1996; Esping-Andersen, 1999). Although there
are many specific attributes in each individual country,
the characteristics of the Scandinavian welfare state
model that they share are a broad scope of social policies,
universal social benefits, free or subsidized services, a high
proportion of GNP devoted to health and social expendi-
tures, an emphasis on full employment and gender equal-
ity, and equal income distribution (e.g., Kautto et al., 2001).
Scandinavian health-care systems are intrinsically related
to the development of the welfare state, building on the
same principles of universalism and equity. Central fea-
tures have traditionally been an egalitarian ideology pro-
moting equal access to health services, low proportion of
cost sharing and a high proportion of tax-based financing
to realize these principles, public ownership of hospitals,
relatively equal access and a high physician–patient ratio,
and decentralized responsibility for health-care services
(Kristiansen and Pedersen, 2000).
Defining Characteristics of the
Scandinavian Health-Care Systems

Traditionally, the political culture of the Scandinavian
countries has been based on broadly social democratic
policies, with health systems built on the principles of
universality and equity: all inhabitants have the same
access to health services, whatever their social status or
geographic location. This strong emphasis on equity has
been combined with a tradition of decentralization in
which there is regional democratic control of the county
and municipal health-care institutions. The municipali-
ties play an important role in providing primary health
services (except in Denmark) and various prevention,
rehabilitation and health-promotion activities for their
inhabitants. This decentralized approach distinguishes
the Scandinavian countries from the more centralized
tax-based system in the United Kingdom.

The Scandinavian countries belong to the family of
integrated single-payer hospital systems. Scandinavian
health-care systems are tax-funded health systems with
no premium-based financing. Because there is only a
minor connection between individual health risks and
costs, which are limited to out-of pocket payments, volun-
tary health insurance has traditionally not played a major
role, except as supplementary coverage for services that
are not fully covered by the public system, such as eye-
glasses and dental care for adults in Denmark. Hospitals
are predominantly publicly owned (state or county) and
have traditionally been financed through global budget
schemes.

Another distinguishing feature of Scandinavian health-
care systems is their governments’ traditional tendency to
oppose the expansion of private health-care services. The
common understanding has been that health care should
be under the control of democratically elected bodies and
not subject to commercial market forces. The tradition of
voluntary or nonprofit health care in the Scandinavian
countries since World War II has been weak, and ‘private’
is therefore usually equated with ‘for profit’ (�vretveit,
2003). A few specialty hospitals are owned by patient
organizations, but they are strongly integrated into the
public planning system. Fewer than 5% of hospital beds
are located in private for-profit hospitals in Scandinavia.

Patients’ rights have been important in the health-care
policy debate in Scandinavia, and all three countries have
extensive legislation relating to patients’ rights. Another
common feature is the introduction of patient choice of
hospital in the past decade. In addition, all three countries
have introduced waiting time (or treatment) guarantees
to address persistent issues of long waiting times. The
Danish waiting time guarantee provides access to foreign
or private treatment facilities if the expected waiting
time at public hospitals exceeds one month (less for life-
threatening diseases).

Yet, there are also important differences in the health-
care structures of the respective countries. Far from being
uniform, the Scandinavian model is constantly evolving
through incremental and more radical change processes.
One quite striking difference is related to the organization
of health-care services: whereas all three Scandinavian
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countries have relatively decentralized systems, there are
important variations in the number of local authorities
and the political and/or administrative level of policy-
making. After the Norwegian hospital reform of 2002, the
responsibility for primary and specialist health care is
divided between the municipalities and the five new
health regions, with no role left for the counties. In
2007, Denmark underwent a similar reform that moved
responsibility for hospital and primary care services from
the counties to five new and larger regions. Sweden is
considering some type of structural reform, but has so far
maintained county-level health-care institutions.

Another intra-Scandinavian variation relates to the
financing of specialized health services. Whereas Norway
since 1997 has used activity-based financing with a rela-
tively high share of diagnosis-related group (DRG) com-
pensation, the other two countries employ combination
models predominantly based on frame budgeting and a
smaller degree of DRG/activity-based funding. Sweden
also stands out from the other Scandinavian countries
because of its willingness to experiment with purchaser-
provider models in the health-care sector. In Sweden and
Denmark the municipalities typically are relatively
autonomous in terms of taxation authority, implying that
the correspondence between the local population’s finan-
cial contributions and the services offered is higher in
those countries.
Governance and Formal Responsibility
for the Provision of Health Services

Governance takes place at the municipality and regional
level, but within nationally set rules and guidelines
Table 1 Governance and formal responsibilities

Denmark

Formal legislative frame State

Surveillance, guidelines, and general
performance targets

State; negotiated
agreements betw

state and decentr

authorities

Hospital care delivery Regions (5) with
democratically ele

boards

Primary care delivery Regions: General

agreements with p
owned general an

specialist practice

Public health delivery; prevention and health

promotion (general); prevention and health
promotion (maternity and infants);

rehabilitation outside hospital system

State and municipal

Dental health care Public until the age
subsidized for age
(see Table 1). There are institutionalized forums for
negotiation between decentralized authorities and the
state. In Denmark this negotiation takes place annually
as part of the budget negotiations for the municipalities
and regions. The Associations of Municipalities and
Regions enter into agreements on behalf of their mem-
bers, although they do not have legally binding means of
sanctioning the agreements. The state may sanction
agreements by withholding block grants or by legislative
intervention. However, in most cases the decentralized
institutions follow the agreements. The agreements spe-
cify the economic frame, the average taxation rate at the
decentralized level, and details of organizational initia-
tives and programs.

Similar although less institutionalized mechanisms for
coordination of policies between the central and the
decentralized authorities exist in Sweden, although the
Swedish counties have a relatively large degree of auton-
omy, which has resulted in different organizational and
managerial models across the country. Several Swedish
counties have experimented with purchaser-provider
splits in different forms.

The Norwegian health regions have a semi-indepen-
dent status, but the national government can influence
them in several important ways. First, the state appoints
the members of the regional health management boards.
Second, the state can influence the articles of association,
steering documents (contracts), and decisions adopted by
the regional health management boards. The health min-
istry has attempted to separate a formal steering dialogue
from the more informal arenas of discussion ( Johnsen,
2006). Third, the state finances most hospital activities,
and there is a formal assessment and monitoring system –
with reports on finances and activities submitted to the
Sweden Norway

State State

een

alized

State State; negotiated contracts
with regional health

enterprises

cted
Counties (18) with
democratically

elected councils

Health regions (5) with
democratically elected

boards

rivately
d

s

Counties: Public

health centers with
salaried general

practitioners

Municipalities: General

agreements with
privately owned general

and specialist practices

ities State and

municipalities

State and municipalities

of 18;
18þ

Public until the age of
20; subsidized for

age 20þ
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ministry. On the one hand, hospitals are part of a com-
mand-and-control system hierarchy because the state
owns them and can mandate policy. On the other hand,
the hospitals have gained more autonomy since health-
care professionals replaced county politicians, and the
hospital structure today more closely resembles a corpo-
ration than a public administration body. Norwegian
regions have the formal autonomy to differ in terms of
management models, but so far have chosen very similar
models ( Johnsen, 2006).
Ownership

Ownership of hospitals is predominantly public (see
Table 2). Until recently most hospitals were owned by
the county/region in all three Scandinavian countries.
However, the Norwegian reform in 2002 moved owner-
ship to the state level, and the Danish reform of 2007
replaced the counties with five regions that took over the
ownership of hospitals. A few specialty hospitals in the
three countries are owned by patient organizations and
operated on a nonprofit basis.

All three countries have considered organizational
forms in the gray zone between public and private man-
agement. Sweden has gone furthest in privatizing a major
hospital in Stockholm, whereas Denmark and Norway
have experimented with various types of public enter-
prises that have larger degrees of financial and managerial
freedom than regular public hospitals. The Norwegian
health reform of 2002 formally placed ownership at the
state level, but established an enterprise model with five
regional authorities and a higher degree of autonomy for
hospital managers.

The picture is even more diverse when looking at
general and specialist physician practices. Denmark and
Norway have a long tradition of private practice, whereas
Sweden relies on public health centers staffed by munici-
pally employed health professionals. The status of private
practitioners in Denmark and Norway should be seen in
the context of the health-care system in those countries.
Entry into practice is strongly regulated, and both general
practitioners (GPs) and specialists are included in the
public planning of services. GPs generally play an im-
portant role as gatekeepers to the Scandinavian health
Table 2 Ownership of treatment facilities in Scandinavia

Denmark Sweden

Hospitals Regions Counties

Primary care and

practicing
specialists

Private Municipalities

Dentistry Mostly private (publicly

employed school dentists)

Private and p
systems. Private practitioners also predominantly receive
their income through public funding based on centrally
negotiated fees. Thus, in terms of planning, fees, and
incomes, private practitioners are very integrated into
the public system.
Financing and Payment Schemes

All three countries predominantly rely on public
financing of health services (see Table 3). Because of
adherence to the overall principles of equity and universal
coverage, there is limited user payment for selected ser-
vices. National taxation is the primary source of funding
in Denmark and Norway, whereas Sweden is more decen-
tralized in terms of financing. National funding is redis-
tributed to decentralized authorities in the form of block
grants calculated on ‘objective criteria,’ such as population
size and composition and activity-based funding. Norway
has been most willing to experiment with activity-based
financing, whereas some Swedish counties have experi-
mented with purchaser-provider splits starting in the
1990s.
Availability and Utilization of Traditional
Healing Services and Remedies

Complementary and alternative medicine are widely
available, but mostly outside the formal health system.
There are no indigenous types of medical treatment, but
many types of alternative medicine including acupunc-
ture, Ayurveda, and ‘new age’ healing methods have been
introduced.

As these services are largely outside the formal health
systems, there are few official statistics on the utilization
or the size of the market. However, a 2005 Danish national
health survey reported that within the past year 22.5% of
the Danish population used alternative treatment and
45.2% of all Danes have used alternative treatment at
some point in their lives.

Some elements of traditional medicine, such as acu-
puncture, are now being offered in public health organi-
zations on an experimental basis. The Danish government
Norway

State-owned public enterprises

Private

ublic Three-quarters of all dentists work in the private sector;

no regulation of dental fees in the private sector



Table 3 Financing and payment schemes

Denmark Sweden Norway

Hospitals National tax redistributed to regions as
block grants and some activity-based

funding (80%); cofinancing from

municipalities (20% of expenses).

Most counties have experimented
with limited internal activity-based

funding and negotiated performance

‘contracts’

County taxation and national tax
redistributed as block grants. Some

counties have experimented with

purchaser/provider split through

contracting

National tax redistributed
as block grants,

earmarked funding, and

activity-based payment

Primary care and
practicing

specialists

Regional payments based on general
agreement on fees and working

conditions between doctors

association and association of
regions

County payments based on general
agreement on fees and working

conditions between doctors

association and association of
regions

Municipal payments based
on general agreements

on fees and working

conditions
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has established a research center for alternative medicine
to collect evidence for such treatments (Videns-Og For-
skningscenter for Alternativ Behandling; VIFAB). A similar
center exists in Norway (Nationalt Forskningssenter innen
Komplementær og Alternativ Medicin (NAFKAM)). Sev-
eral patient organizations in Denmark (e.g., for cancer, and
rheumatic diseases) offer advice and referral to alternative
treatment options.

Users normally pay direct out-of-pocket payments for
services outside the health-care system. There is limited
control of the quality and effectiveness of these services
because they are outside the system.
Reform Trends

As part of the broader reconsideration of the welfare state,
the Danish and Norwegian health-care systems are cur-
rently in the midst of substantial structural reform and
Sweden is considering such reforms. The region is thus
participating in the wave of health-care reforms underway
in most Western industrialized countries. This call for
reforms has been spurred by several factors. Most impor-
tant has been the increasing financial burden placed on
governments combined with a desire to improve the
resource allocation of health services. This development
has been paralleled by new public management (NPM)
reforms, which emphasize the need to rethink how the
public sector organizes and manages itself. In addition, the
introduction of new medical technology and therapies,
combined with patient and citizen concerns over the
access to and quality of health care, have given rise to
new demands within health services. Furthermore, health
economists have expressed considerable concern about
the inefficiency of health services in several Scandinavian
countries, given the paucity of evidence of significant
improvement in health outcomes despite increasing
health spending (e.g., Flood, 2000; Scott, 2001).

In the planned market models of Northern Europe, the
challenge has been to generate a degree of autonomous
management within the system of public hospitals while at
the same time securing uniform access and quality levels
across the different treatment facilities. Principal elements
in proposed reforms include (1) increased competition
between health-care providers combined with the use of
incentive-based contracts and (2) a greater degree of patient
influence both through increased freedom to choose among
different providers and guarantees of receiving elective
treatments within certain time limits. Efforts to reorganize
the incentive structure for providers have been accompa-
nied by a growing body of regulatory measures.

The most recent National Health Service reforms in the
United Kingdom promised a ‘third way’ between the old
command-and-control model and the competitive contract-
ing model: by dismantling the internal market, the goal is to
shift the emphasis from competition and choice to an empha-
sis on cooperation. In the Scandinavian countries, the chal-
lenges related to cost increases and the insufficient ability of
hospitals to absorb patient inflows have led to the introduc-
tion of quasi-market mechanisms, such as waiting list guar-
antees, patients’ rights to free choice of hospitals, and
activity-based funding schemes combined with other
NPM-inspired reforms, as well as increased focus on patient
pathways, integrated care, and prevention and health promo-
tion coordinated among different public authorities.
Performance

The performance of the Scandinavian health-care model
has been the subject of debate (see Table 4). Proponents
of the Scandinavian welfare model feel strongly that it has
been a great success, referring to it as the ‘most advanced’



Table 4 Health care outcomes and expenditures

Denmark Norway Sweden

Population size 5 427 000 4 640 000 9 048 000
Life expectancy (men 2005) 75.6 77.7 78.4

Life expectancy (women 2005) 80.2 82.5 82.8

HC expenditures/GDP 2004 8.9 9.7 9.1

Infant mortality: deaths/1000 persons 0–1 years (men) 5.1 3.3 2.5
Infant mortality: deaths/1000 persons 0–1 years (women) 3.6 2.8 2.3

Main causes of death In all countries, the mortality rate is higher for men than

women. Among causes of deaths, cardiovascular diseases

and cancer account for the majority of deaths in all age
groups – except for children – for both men and women

Source: Nordic Statistical Yearbook 2006.
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and ‘most developed’ stage of the welfare state. Certainly,
it is the most comprehensive welfare state in terms of
government effort put into welfare provision (Kuhnle,
2000). At the core of the model lie the principles of
universalism and broad public participation in various
areas of economic and social life, which are intended to
promote an equality of the highest of standards rather
than an equality of minimal needs. Criticisms have
included long waiting lists, excessive bureaucracy, a lack
of responsiveness to more fundamental issues about
public sector monopsony and/or monopoly in service
provision, and a resulting low-quality level. Although
the welfare state is highly valued in the Scandinavian
countries, observers outside the region sometimes find
the Scandinavian approach to be too static in character,
with a strong governmental role that deprives the citi-
zenry of important individual freedoms. Other observers
praise the egalitarian nature and a degree of security
found in the Scandinavian welfare states, but argue that
it creates a monotonous uniformity in which the spirit of
creativeness and personal initiative has been lost (Erikson
et al., 1987).

With the era of strong social democratic dominance of
Scandinavian politics seemingly coming to an end and
being replaced by the increasing success of the political
right, there is a growing awareness inside the Scandina-
vian countries that there may be other possible welfare
providers than the state. This major ideological shift
acknowledges that state monopoly of welfare provision
may not be optimal, that maximum state-organized wel-
fare is not necessarily an expression of the most progres-
sive welfare policy, that voluntary organizations offer
other qualities in welfare provision, that market competi-
tion can stimulate both better and more efficient health
service delivery, and that the tradition of government-run
welfare can undermine individual initiative and threaten
economic prosperity (Kuhnle, 2000). The challenge for
the Scandinavian health systems will be to integrate such
insights while at the same time maintaining the benefits
achieved in the public welfare system.
See also: Southeastern Europe, Health Systems of;

United Kingdom, Health System of; Western Europe,

Health Systems of.
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Public Health and School

From a public health perspective, the promotion of posi-
tive health-related behaviors among children is critical to
children’s health and well-being. A substantial proportion
of adult morbidity and mortality is due to behavioral
patterns established during childhood and adolescence,
so public health interventions in these critical periods
may yield lifelong benefits.

As almost all young people attend school through-
out their childhood and adolescence, schools may provide
an ideal setting for enhancing students’ health-related
behaviors, health, and subjective well-being. Furthermore,
school is the workplace for teachers, and their behavior
and subjective well-being are of importance for the quality
of their job and their motivation to get involved in tasks
with health objectives. Health promotion in school can
thus be seen to have three major objectives. First, promot-
ing health and well-being among all representatives of
the school community may be regarded as an important
objective in itself. Second, by improving health and well-
being, the intention is also to develop a good learning
environment conducive to efficient teaching. The idea is
that students who are satisfied with school and perceive
themselves to have good health and a good quality of life
will have a greater interest in, and potential to concentrate
on, learning tasks in school. Similarly, teachers experien-
cing high job satisfaction and perceiving themselves to
have good health and a good quality of life will have
more energy to fulfill their teaching tasks in the best
possible way. The third objective of health promotion
in school addresses improving student skills in caring
for their own, as well as others’, present and future physi-
cal, psychological, and social health.
Pettersen IJ (2004) From bookkeeping to strategic tools? A discussion
of the reforms in the Nordic hospital sector. Management
Accounting Research 15: 319–335.
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in Health Care: Strategies and Outcomes. London: McGraw-Hill
Education.

Vallgårda S, Krasnik A, and Vrangbæk K (2001) Health Care Systems in
Transition: Denmark. Copenhagen, Denmark: European
Observatory on Health Care Systems.

Vrangbaek K (2006) Toward a typology for decentralization and
re-centralization. In: Saltman RB, Bankauskaite V and Vrangbæk K
(eds.) Decentralization in Health Care: Strategies and Outcomes.
London: McGraw-Hill Education.
Schools, however, do have competing priorities. For
many, achieving academic success, and maintaining the
commitment and discipline of students, is more important
than meeting health-related objectives. Indeed, individual
schools and the education sector as a whole have not always
reacted positively to the perceived ‘exploitation’ by the
health sector in the pursuit of health-related behavioral
change and the well-being of students. To achieve progress
in advancing both educational and health goals, greater
attention needs to be given to a more holistic approach
rather than the mere teaching of individual life skills.
A more efficient and relevant approach may be to focus
on those characteristics of the school environment that may
have an impact on both academic achievement and school
commitment, as well as an impact on health-related beha-
viors and subjective well-being.

Thus, the ultimate outcome of increased subjective
well-being and behaviors conducive to health may be
of relevance and interest to the educational aims of
both general educators and health educators. Educa-
tors have an interest in health-compromising behaviors,
as they tend to cluster with problem behaviors and
alienation from school. Moreover, subjective well-being
may be seen as an important prerequisite for learning and
academic achievement in school. At the same time, aca-
demic coping may bolster adolescents’ self-esteem, which
again may contribute to subjective well-being.

School Health Promotion

On the grounds presented above, school health programs
aim at pursuing development of both health and learning
among students. WHO aims in its Global School Health
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Initiative to promote the health of students, school staff,
families, and other members of the community through
schools. The initiative’s objective is to increase the number
of ‘health-promoting schools,’ which are schools con-
stantly strengthening their capacity as healthy settings for
living, learning, and working. Regional networks of health-
promoting schools have been set up in Europe, Australia,
the Western Pacific, and Latin America. These networks
have identified certain strands of activities and approaches
to meet the overall aims of a health-promoting school. The
European Network of Health Promoting Schools has been
in operation since 1992 and today involves over 40 countries
in Europe. In its early phase, the network identified guide-
lines covering six areas that a health-promoting school
should aspire toward:

1. school health policies – this is a written document
stating the aims the school is striving toward within its
health-promoting effort;

2. physical environment of the school – this should be
safe and health-promoting;

3. the social environment of the school – this should en-
sure a well-functioning and inclusive psychosocial cli-
mate for students and staff;

4. school/community relationships – these should ensure
close collaboration between the school and the local
community to make the best of the competencies and
resources available;

5. the development of personal health skills – emphasis
should be given for students to develop essential life
skills to help them take care of their own as well as
others’ physical, social, and mental health;

6. school health services – this should be a crucial partner
in the development of a health-promoting school.

In brief, these guidelines encourage schools that aspire
to become health-promoting schools to develop programs
that promote health, to extend their teaching beyond
health knowledge and skills, to take account of the school
social and physical environment, and to develop links
with the community.

At later stages in the European Network, the promo-
tion of staff health and well-being and the inclusion of
health promotion in initial and ongoing teacher training
have been highlighted. The overall principles follow
WHO’s Ottawa Charter from 1985 through to the Jakarta
declaration in 1997 including the principles of democracy,
equity, and empowerment. The latter principle has been
given particular emphasis as student involvement and
development of students’ action competence are included
as core elements in the development of personal health
skills.

Similarly, and building on WHO’s Global School
Health Initiative, the U.S. Centers for Disease Control
and Prevention (CDC) has identified eight core compo-
nents in its Comprehensive School Health Program:
1. health education – a planned, sequential curriculum
that addresses the physical, mental, emotional, and
social dimensions of health;

2. physical education – a planned, sequential curriculum
that provides learning experiences in a variety of activ-
ity areas that all students enjoy and can pursue
throughout their lives;

3. health services – services provided by health profes-
sionals and available to students to appraise, protect,
and promote health, including counseling and educa-
tional opportunities;

4. nutrition services – access to a variety of nutritious and
appealing meals that accommodate the health and
nutrition needs of all students;

5. counseling and psychological services – services
provided by professionals to improve students’ mental,
emotional, and social health;

6. healthy school environment – the physical and aesthet-
ic surroundings and the psychosocial climate and cul-
ture of the school that affect the well-being of students
and staff;

7. health promotion for staff – opportunities for the staff
to improve their health status through health assess-
ments, health education, and health-related fitness
activities;

8. family/community involvement – an integrated
school, parent, and community approach for enhancing
the health and well-being of students.

Both the WHO Europe and the CDC sets of principles
and components for school health lean toward the combi-
nation of two major intervention strategies: (1) classroom
education as an efficient vehicle for health education
directed at developing personal health skills and influen-
cing behavior and health, and (2) a supportive school
environment that facilitates children’s and adolescents’
ability to cope with developmental tasks in a way that
health-enhancing behaviors and well-being may be pro-
moted. Inclusion of the second strategy is frequently con-
sidered essential to the definition of a ‘health-promoting
school’ approach, or a ‘whole-school’ approach, as
opposed to a set of health promotion activities without a
unifying overall strategy. (The latter is sometimes referred
to as ‘health education.’) The health-promoting school
approach constituted school health policies and a joint
effort by all staff and students across grades and class-
rooms. Emphasis is given to ‘bottom-up’ processes.
A health-promoting school program requires that all the
school stakeholders participate in identifying needs and
engage in developing activities for change. Activities
should be a result of negotiated decisions between staff
and students and based on their goals and priorities for
change. Some activities will take place in a specific class-
room, whereas others will take place across classes and
grades to create a whole-school experience around a
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project. If a school chooses to address change in an area
where an existing evaluated approach exists, for example
in a prepackaged design, this may be a preferred approach
since it relies on materials and strategies already proven
effective. But in a whole-school approach, this may be
only one of many strategies chosen to fulfill overall aims
for a health-promoting school initiative.
Relevance of a Whole-School Approach

The reason why a whole-school approach is found to
be important is that a supportive school environment
may be considered a resource for the development of
health-enhancing behaviors, health, and subjective well-
being, while a nonsupportive school environment may
constitute a risk. Within this perspective of resource/
risk, students’ satisfaction with school constitutes a key
element, as previous research findings suggest a close
association between students’ alienation from school and
health-compromising behaviors.

Subjective well-being among students may be consid-
ered a relevant prerequisite for learning in the sense that
it allows full concentration on the curricular tasks rather
than on coping with distress. Promoting students’ satisfac-
tion with school and their global well-being is a common
goal for both educators and health promoters. For both
of these groups, students’ satisfaction with school and
global well-being are important goals in themselves. On
the other hand, educators must also aim at enhancing
students’ academic performance. Karasek and Theorell
(1990) strongly assert that employers should regard
job satisfaction as an important outcome in itself, and
not only of interest as a means of increasing productivity.
Such a statement is in line with how health promoters
evaluate satisfaction with school.

Research into adult work environments has identified
predictors of both job performance and job satisfaction,
and has found that high autonomy and control, adequate
demands, and high-level support from colleagues and
management are key predictors (Karasek and Theorell,
1990). School may be considered students’ work environ-
ment. In this way, concepts from research on adults’ work
environments may be relevant to models used to under-
stand how students’ perceptions of school environments
relate to their health behaviors and subjective well-being.

Positive experiences in the school environment may
constitute a resource for academic achievement, satisfac-
tion with school, and global subjective well-being among
students (Samdal et al., 1998, 1999). Negative perceptions
seem to represent a risk to these positive experiences, and
appear to contribute instead to the development of
health-compromising behaviors. In either case, the under-
lying mechanisms can be understood as related to
meeting, or failing to meet, basic human needs and goals
such as autonomy, social support, and coping with chal-
lenges (Ryan and Deci, 2001).

Studies have found that student autonomy is the most
important facet of students’ psychosocial school environ-
ment (Samdal et al., 1998). Furthermore, it is the most
important predictor of the dimension of students’ satisfac-
tion with school, which is found to be the key associate of
students’ academic achievement (Samdal et al., 1999). This
finding corresponds to the results from research into the
demand/control model in the adult work environment
that indicate that employees can cope with high demands
as long as they are given influence on and control in their
work practices. In situations of high autonomy (and ade-
quate demands), workers are also less likely to experience
strain and depression, and thus higher levels of well-being
are anticipated (Karasek and Theorell, 1990).

High-level support from fellow students has been
found to be the facet of the school environment most
strongly related to the subjective well-being of students.
This finding corresponds well to research on social
relationships, indicating that they may have a direct effect
on subjective well-being (Ryan and Deci, 2001). Children
and adolescents are in a developmental stage in which
relationships with friends become increasingly important.
School may therefore provide an important framework for
these social relations through the function of providing a
daily meeting place.

The focus on promoting positive development and
experiences as opposed to preventing negative effect of
stressful experiences represents in many ways a shift from
the traditional public health focus on preventing disease to
the new public health focus of promoting health and well-
being. This shift is illustrated in Figure 1. The gray area
represents gravity of present research and traditional focus
in public health, whereas the white area suggests topics for
future research and focus in new public health.

The traditional public health approach in school
has been to identify resources in the psychosocial school
environment that could prevent negative outcomes
such as health-compromising behaviors, stress, subjective
complaints, and mental health problems. Following the
one-dimensional view of distress/well-being, the perspec-
tive has been that positive experiences in school may pre-
vent stress perceptions and thus reduce negative outcomes
and increase positive states. However, when considering
recent research findings indicating that there might be
different processes leading to negative affect states, new
conceptual models are needed to understand the develop-
ment of positive states as indicated by the white area in
Figure 1. In this regard, the fulfillment of developmental
goals seems relevant. Processes and activities that stimulate
the intrinsically rewarding properties of agency (auton-
omy) and affiliation (social support) may be of particular
interest. In this context, processes and activities taking
place in the school setting may be highly relevant.
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In the new public health approach, there is still a need
to prevent development of health-compromising behaviors
such as smoking and to develop health-promoting beha-
viors such as physical activity and healthy eating. Thus,
health promotion in school is both about creating a sup-
portive environment for development and learning, and
about the traditional health education approach covered
in subjects addressing the cross-curricular topic of health
(e.g., physical education, home economics, biology, social
science, and religion). With the aim of integrating health
promotion into school policy, an important criterion will
be to ensure that a systematic approach is taken by the
whole school, thus avoiding health promotion in school
that is solely dependent upon the individual teacher’s prio-
rities for classroom activities. Part of the health-promotion
activities should address long-term and general approaches
used year after year, whereas other parts will have to deal
with specific issues and problems arising throughout
the year.
Effectiveness of the Whole-School
Approach and Single-Behavior/Topic
Approaches

The whole-school approach is difficult to evaluate since
a large number of complex components must be consid-
ered and all target groups must be included. Some
evaluation studies do, however, show promising results
indicating that a whole-school approach can positively
impact staff development and the social climate of school
and in some cases also positively influence health beha-
viors like healthy eating and physical activity (Lister-
Sharp et al., 1999; Stewart-Brown, 2006).

Most interventions addressing improvement of health-
promoting behaviors are also found to be more promising
when they include a whole-school approach rather
than solely a health education classroom approach (Lister-
Sharp et al., 1999). This applies to school-based mental
health interventions (Wells, 2001; Licence, 2004) as well as
physical activity and healthy eating programs. Physical
activity interventions that include changes to the environ-
ment as well as organized recess activities seem more effi-
cient than those that mostly use a curriculum approach
through physical education (Sallis et al., 2003; Jago and
Baranowski, 2004). Similarly, access to and availability of
fruit and vegetables in the school setting is found to be of
higher importance than changing attitudes in influencing
eating behaviors (Blanchette and Brug, 2005).

Since little systematic evidence about the effectiveness
of health-promoting, whole-school approaches on chang-
ing any single behavior exists, program evaluation
becomes highly important for the developing field. Thus
far, theory-driven programs have proven most successful.
Many leading scholars therefore recommend that new
programs be built on strong theoretical foundations.

Another important aspect to consider in evaluation
of school health promotion programs is which parameters
are the best measures of effectiveness. Thus far, health
behaviors, health perceptions, and subjective well-being
have been used as measurement of program effectiveness.
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However, the 1- to 3-year timelines of program imple-
mentation are short-term and may make relevant behav-
ioral changes difficult to capture. Even more challenging
are assessments of changes in school environments in the
whole-school approach. Such complex, large-scale changes
may take 6–8 years to achieve and identify (Green and
Kreuter, 1999). Thus, two critical aspects must be consid-
ered. First, in short-term health promotion programs,
changes in intermediate factors anticipated to influence
health behaviors, health, and subjective well-being should
be included as measures of effectiveness. Second, imple-
mentation time for school health programs should be
extended. This, of course, also requires taking the long
view when crafting the length of the funding scheme used
to support the changes. Whole-school health promotion
programs should be followed for at least 5–10 years, in
order to identify and assess in adequate and rigorous
ways the impact of the school environment changes on
health behavior, health, and subjective well-being among
students and staff.
Developing and Implementing School
Health Promotion Programs

Successful implementation of a school health promotion
program requires systematic planning and full engage-
ment of target groups in order to inspire commitment,
focus, and preparation to complete required tasks. Below
follows an outline of the core elements of successful devel-
opment and implementation of a school health promotion
program.
The Development and Implementation Process

According to Fullan (1991, p. 65), implementation can be
defined as ‘‘the processes of putting into practice an idea,
a program, or a set of activities and structures, new to
the people attempting or expected to change.’’ Implemen-
tation focuses on what happens in practice, and is
concerned with the extent and nature of actual change,
as well as the factors and processes that influence how
and which changes are achieved (Fullan, 1991).

Four stages of implementation of programs have been
identified (Green and Kreuter, 1999). The first stage
addresses the motivation and role of the school leadership.
As the leader of the school, the principal needs to make
sure that the program is relevant to the school’s overall
goals. Unless the principal and the rest of the school
administration are convinced that the program is worth-
while, time and resources will be wasted and the program is
unlikely to be fully or successfully implemented. In order
to secure leadership motivation, schools should apply to
participate, state their commitment to a minimum of
3 years for the implementation process, and describe how
the project will be integrated in their school activities.
A coordinator for the project should also be identified.

The second stage in the implementation process relates
to formalization and institutionalization of the program.
This means including the program in the school’s policy
plan (or develop a policy or action plan if the school does
not already have one), allocating time on the class and
teacher schedules, and providing adequate resources and
flexibility in the organization to facilitate necessary
changes. Before formalization can take place, it is the
responsibility of the principal to motivate and facilitate
teachers’ participation in the program. Formalization of
the initiative through allocation of time and resources
demonstrates the school leadership’s motivation and pri-
ority and thus represents an important motivational factor
for teachers’ commitment to the implementation of the
initiative (Donaldson, 2001). Formalization becomes a way
to set social norms among teachers.

In the health-promoting school approach, core ele-
ments of implementation are based on what the school
aims to change or achieve. Identification of goals for
change may be facilitated by use of a systematic planning
tool suited to analyze both existing realities and develop-
mental needs. The Precede-Proceed model developed
by Green and Kreuter (1999) is such a tool. It focuses on
the importance of identifying overall aims (what is to
be achieved, and why this is important) before identifying
actions that can meet the aims (how to achieve the aims). It
is very important to allow adequate time for the planning
phase to ensure that all needs are assessed and prioritized
and to engage all participants. Survey tools and focus
groups of students and staff may be useful in the needs
assessment process. In addition, the identification of
national forces and trends relevant to the local setting as
well as national and international data on students’ health
behaviors, health perceptions, and school satisfaction may
constitute an important framework for identifying target
areas. An example of such a data source is the European
and North American Study of Health Behavior in School-
Aged Children. A school may choose to address a problem
or situation in a topic area where an effective program
already exists. Use of a program with demonstrated effi-
cacy may thus save valuable time and resources.

When the first and second steps of implementation
have been achieved, this sets the stage for the third step-
change in teachers’ behavior and practice. These changes
depend on the teachers’ motivation for and understanding
of the initiative. The teachers will be the key implemen-
ters of the initiative for the students. Therefore their
priority, conviction, and competence are vital to the initi-
ative’s success.

The fourth and final stage involves change in student
behavior, competencies, and experiences. Students’
change depends very much on how school administrators
and teachers organize school and class activities.
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Moreover, much is gained when students are invited and
trained to participate and claim a stake in school change.

All four stages involve a combination of bottom-up
and top-down processes. The first two stages are very
much top-down-driven by school leadership. However,
initiatives are most successful when teachers and students
are engaged as active participants in decision making.
The third and fourth stages are more ‘bottom-up’ pro-
cesses: Action is required from the key target groups. The
point is that both bottom-up and top-down processes
are necessary for success in the whole-school approach.

Although the four stages of change are presented as
sequential phases, they are often parallel or cyclic in
practice. The school leadership must continue setting
priorities and advocating the initiative’s values if teachers
are to sustain their commitment. Further, formalization
needs to be given high focus as new strategies are devel-
oped and need to be integrated in the school organization.
Finally, teacher and student behavior need continuous
stimulation and facilitation in order to sustain changes
over time. A case example presenting how one school
worked its way through the four phases is provided in
the following discussion.

Case example
The case is set in a secondary school situated in a suburb
of a major city in Norway. The school has three classes
at each grade level. Forty percent of the students are
immigrants. In this example, concrete actions were under-
taken by the school according to four phases of develop-
ment and implementation described in this article.

In the first phase, leadership motivation, the school’s
leadership identified a ‘whole-school health promotion
initiative’ as a way to achieve change. They anticipated
that this approach would allow them to build on their
established competencies, to collaborate with partners,
and to use policy plans to achieve changes in practice.
Further, a whole-school approach to health promotion
also fits well with the school’s vision for its work:

This school is to be an active school where everyone is

responsible for developing a good environment for

learning and contributing to a high level of competence,

and should also be a place where the students experience

safety, satisfaction, and belonging.

The vision thus emphasizes both learning and the
development of a supportive environment. Here exists a
balance between these two priorities. On this foundation,
school leaders decided to move the project forward by
inviting the teaching staff to consider it and to brainstorm
about how it might be implemented.

In the second phase, emphasis was given to anchoring
health promotion aims and activities within the school’s
policy plan. Health promotion was included as one of
three strands of development in the school’s policy plan
and ‘regular practice.’ The two other strands of develop-
ment were ‘cultural elements’ and ‘academic improve-
ment.’ The regular practice of the school includes social
staff events, special activities for graduates, increased stu-
dent involvement through the student council structure,
and training in the use of information technology for the
first-year students.

In identifying aims and relevant activities, the school
used Green and Kreuter’s (1999) Precede-Proceed model.
In line with the model, they asked themselves the follow-
ing questions: (1) What are our current challenges? (2)
What do we want to achieve? (3) Which actions do we
need to take? and (4) How can we implement our actions?

In order to answer question (1), the school asked its
university partner to conduct a survey to explore student
and staff satisfaction with school as well as their health
and health behaviors.

In response to question (2), the leadership invited
students and the staff to prioritize areas identified in the
survey. In this way, four areas or projects were named:
(1) to improve the physical and psychosocial school envi-
ronment, (2) to establish a cafeteria, (3) to reduce smok-
ing, and (4) to increase physical activity levels.

In response to question (3), the school wanted to build
on research that identified how physical surroundings
influence behavior and well-being. Therefore, improve-
ments in the school’s physical environment meant paint-
ing walls and decorating with art and flowers inside
and outside. The aim was to improve the aesthetics and
thereby enhance well-being and decrease vandalism. The
school succeeded in its approach.

The establishment of a cafeteria served two purposes.
First, the aim was to provide options for students who
did not pack their lunch (which is the common approach
among Norwegian schoolchildren). The cafeteria made it
possible for students to buy and eat healthier foods. Sec-
ondly, the cafeteria aimed to create a safe and pleasant
meeting place for the students.

The aim of smoking cessation was addressed by intro-
duction of a prepackaged program of proven efficacy.

Finally, to address the challenge of students’ physical
activity, the school provided time and opportunities for
student recess and after-school activities. Toward these
ends, the school set aside additional staff hours to organize
and supervise activities.

In response to question (4), behavior change among
teachers was explored. This constituted phase three of the
development and implementation process. Throughout
the planning process, staff had been asked to identify
visions and priorities. School leaders helped keep discus-
sions focused and provided motivational cues for the
whole-school health promotion approach. Two out of
four of the school’s chosen foci did not involve teaching
resources or teacher involvement. However, the two that
did involve teachers were appropriately planned and
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prepared to engage their skills and attention. Before the
school implemented the antismoking program, all tea-
chers participated in a training program to review the
program’s core principles and design. Also, teachers
were actively engaged in planning and organization of
physical activities in collaboration with a student group.
Further, the time teachers spent in these activities was
officially counted as ‘teaching hours.’

In the final phase, four years after initiation of
the project, the school commissioned another survey to
identify changes in student behavior. The survey showed
that vandalism had stopped, more students ate lunch during
the school day, smoking rates decreased, and students were
more physically active. Moreover, the school observed a
substantial decrease in sick leave among the staff.

Throughout the whole project, management played a
key role in keeping the process focused. The school had
identified a group in charge of the project’s development
and activities. This group consisted of teachers, a parent, a
representative from the police, and the school health
nurse. School management and the project group chose
to focus initially on actions that required only small
changes in daily practice. Only after a couple of years
into the process were more substantive changes intro-
duced, for example, an hour set aside for free activities
in the middle of the school day. For that change, the staff
was asked to facilitate and supervise the hour in collabo-
ration with student representatives.

The school worked extensively with other partners,
particularly with the school nurse and the police. These
partnerships were well-established prior to the project,
but were strengthened through thework of the project. Man-
agement’s prioritization of the project provided important
frameworks and incentives for its implementation and
facilitated access to time and resources. Mutual planning
time involving the whole staff was used to develop a
platform for the project. An important part of the compe-
tence building and development of a mutual base was
established through international visits to schools within
the European Network of Health Promoting Schools. In
this way, participants learned how others organized health
promotion policies and practices.

Finally, the school leadershipwaswell-trained in devel-
oping policy documents. Thus, they were quickly able to
develop concrete objectives and actions. The policy docu-
ment guided the practice of the school and was perceived
as a text that united and inspired the staff. The deliberate
use of the policy document to initiate and guide the
school’s activities was crucial to its successful change.
Evaluation and Sustainability

The cyclical nature of the relationship between stages is
evident in considerations of sustainability. Ongoing eval-
uation is required. The school must ensure its aims stay in
focus. Evaluation is integral to building knowledge about
what works. Thus, schools may gain much through colla-
borations with colleges and universities in terms
of assessing and documenting efficacy.

Research suggests that collaborative school cultures and
formalized implementation influence sustainability (Fullan,
1991). Green and Kreuter (1999) highlight the importance
of continuous support and feedback. School leadership
plays a significant role in this regard. In most implementa-
tion processes, resources and training are typically provided
only in the initial phases. However, teachers’ commitment
and skill building over time require allocation of resources
for ongoing training.
Principals as Facilitators of Implementation

School leadership, and in particular the principal, have a key
role in the implementation and sustainability of school
health promotion. The principal is central to creating the
organizational conditions, capacity, and readiness required
for successful implementation of an initiative. The capacity-
building aspect relates to time and resource allocation,
competence development, and administrative structures
and strategies designed to empower and involve teachers
and students. The readiness-building aspect involves moti-
vating and advocating a value basis for the initiative by
linking it to the articulated overall aims of the school.

In their role as facilitators of interventions and innova-
tions, school principals frequently concentrate on mana-
gerial and organizational aspects such as allocation of
resources and time for the intervention. Research indicates
that in order for school principals to be successful agents of
intervention they also need to give emphasis to the lead-
ership role. Leadership, however, does not replace man-
agement, but should be a facilitator of it (Daft, 1999).
Leadership requires an awareness of a sustained long-
term aim for the implementation, through building
and maintaining a supportive organizational culture,
establishing commitment to the goals and values of
the program, and developing direction for the school
in its work. Daft (1999) suggests three core elements in
principals’ roles as they implement programs: to provide
direction, to secure alignment, and to enable students and
staff. Each of the elements includes leadership and man-
agement strategies, as presented next.

To provide direction

Implementation of programs involves the introduction of
something new and thus requires change. Leadership
means helping to direct that change by articulating a clear
vision, setting priorities and developmental goals, and
charting a plan to achieve these visions and goals. Leader-
ship is supported bymanagerial approaches used to identify
concrete, step-by-step actions, to allocate resources, and to
schedule the program into the daily life of the school.
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To secure alignment

Closely related to providing direction is the act of aligning
the people involved in the program. In order for teachers
to be willing to spend time and energy on the program,
they need to be convinced of its utility. In the leadership
role, the principal must communicate the vision and
the values of the program to gain alignment and commit-
ment. A crucial element in the alignment process is
to build and nurture collaboration among the teachers.
Supporting the leadership strategies, managerial actions
integrate the program into the school’s written policy plan
and thus make it a shared strategy that all teachers are
committed to use. Formalization is also advanced
by monitoring the extent to which teachers follow the
school plan. Careful alignment around values and ques-
tions of relevance can influence teachers’ conviction of
the program’s utility and thus decrease tensions they may
experience as change occurs.

To enable

Finally, successful implementation also requires that the
principal ensures that the teachers have the tools and
training to use the program. In the leadership capacity,
the principal needs to be available as a discussion partner
for the teachers during implementation. The leader probes
and listens to teachers to identify their needs and to give
them feedback. In the management role, the allocation of
resources and time for teacher training and program imple-
mentation (including teachers’ planning time) is crucial.
Teacher training is critical to successful program imple-
mentation. In a new health promotion initiative, teacher
training needs a broader focus than in a prepackaged
program. In either case, the aim of collaboration between
teachers, school leadership, and students is vital.

Leadership and management strategies are also im-
portant to secure the sustainability of the program.
A long-term perspective on the three core elements of a
principal’s role is important. Experience over time helps
teachers identify any impact of the initiative on their daily
teaching life and thus the program’s utility. The princi-
pal’s ongoing attention to how the program advances the
school’s goals enhances sustainability. This attention helps
teachers cope with changes and urges professional devel-
opment. Further, the principal’s management strategies
maintain the new program’s position in the overall school
policy plan and thus allow for rational allocation of
resources, particularly in the realm of ongoing teacher
training and staff development.
Conclusions

In summary, effective school-health promotion should
be based on systematic identification of what the school
wants to achieve through the initiative. Often, it is wise
and efficient to use an evaluated program of demonstrated
efficacy. In other instances, a school may have to develop a
unique program based on a comprehensive local needs
analysis and assessment of resources. Activities should
be built on existing theory and evidence of impact when
available. It is also important in the whole-school
approach to secure commitment of both students and
staff. Activities and approaches should be planned to
incorporate necessary changes in the physical and social
environment of a school in addition to more traditional
health education approaches aiming at improving stu-
dents’ individual skills and attitudes. The school health
service and other relevant collaborators should also be
involved to ensure use of all available competencies and
resources. School leadership has a crucial role to play in
facilitating both development and implementation of the
school health-promotion program. Moreover, evaluation
of processes and outcomes is critical. Systematic develop-
ment, implementation, and evaluation are required to
advance deeper knowledge of what constitutes an effec-
tive school health-promotion program.
See also: Adolescent Health; Child Obesity and Health.
Citations
Blanchette L and Brug J (2005) Determinant of fruit and vegetable
consumption among 6–12-year-old children and effective
interventions to increase consumption. Journal of Human Nutrition
and Dietetics 18: 431–443.

Daft RL (1999) Leadership: Theory and Practice. Fort Worth, TX: Dryden
Press.

Donaldson GA (2001) Cultivating Leadership in Schools: Connecting
People, Purpose, and Practice. New York: Teachers College Press.

Fullan MG (1991) The New Meaning of Educational Change. London:
Cassell.

Green LW and Kreuter M (1999) Health Promotion Planning: An
Educational and Ecological Approach. Mountain View, CA: Mayfield
Publishing Company.

Jago R and Baranowski T (2004) Non-curricular approaches for
increasing physicalactivity in youth: A review. Preventive Medicine
39: 157–163.

Karasek R and Theorell T (1990) Healthy Work: Stress, Productivity,
and the Reconstruction of Working Life. New York: Basic Books.

Licence K (2004) Promoting and protecting the health of children
and young people. Child: Care, Health and Development 30(6):
623–635.

Lister-Sharp D, Chapman S, Stewart-Brown S, and Sowden A (1999)
Health promoting schools and health promotion in schools: Two
systematic reviews. Health Technology Assessment 3(22): 1–207.

Ryan RM and Deci EL (2000) Self-determination theory and the
facilitation of intrinsic motivation, social development and well-being.
American Psychologist 55(1): 68–78.

Sallis JF, McKenzie TL, Conway TL, et al. (2003) Environmental
interventions for eating and physical activity: A randomised
controlled trial in middle school. American Journal on Preventive
Medicine 24: 209–217.

Samdal O, Nutbeam D, Wold B, and Kannas L (1998) Achieving health
and educational goals through schools: A study of the importance of
school climate and students’ satisfaction with school. Health
Education Research 13(3): 383–397.



Samdal O, Wold B, and Bronis M (1999) The relationship between
students’ perceptions of the school environment, their satisfaction
with school and perceived academic achievement: An international
study. School Effectiveness and School Improvement 10(3):
296–320.

Stewart-Brown S (2006) What is the evidence on school health
promotion improving health or preventing disease and, specifically,
what is the effectiveness of the health promoting schools approach?
Report of the Health Evidence Network. Copenhagen, Denmark:
WHO Regional Office for Europe. http://www.euro.who.int/
document/e88185.pdf (accessed October 2007).

Wells J, Barlow J, and Stewart-Brown S (2003) A systematic review of
universal approaches to mental health promotion in schools. Health
Education Journal 103(4): 197–220.

Further Reading

Blum RW, McNeely C, and Rinehart RM (2002) Improving the Odds: The
Untapped Power of Schools to Improve the Health of Teens.
Minneapolis, MN: Center for Adolescent Health and Development,
University of Minnesota.

Currie C, Roberts C, Morgan A, et al. (eds.) (2004) Young People’s
Health in Context. Results from the 2001/2002 Survey in the Health

Behavior in School-Aged Children Study. Copenhagen, Denmark:
World Health Organization.

Clift S and Jensen BB (2006) The Health Promoting School: International
Advances in Theory, Evaluation and Practice. Copenhagen: Danish
University of Education Press.

Fullan MG (1992) Successful school improvement. Toronto, Canada:
OISE Press.

Tones K and Green J (2004) Health Promotion: Planning and Strategies.
London: Sage Publications.

WHO (1986) Ottawa Charter for Health Promotion: First International
Conference on Health Promotion, Ottawa, Ontario, Canada,
November 17–21.

Relevant Websites

www.hbsc.org – Health Behaviour in School-Aged Children, a World
Health Organization Collaborative Cross-National Study.

www.cdc.gov/HealthyYouth/CSHP – National Center for Chronic
Disease Prevention and Health Promotion, Healthy Youth!
Coordinated School Health Program.

www.who.int/school_youth_health/en/.
www.who.int/school_youth_health/gshi – World Health Organization,

School and Youth Health, Global School Health Initiative.

Schools of Public Health 661
Schools of Public Health
D Evans, University of the West of England, Bristol, UK

ã 2008 Elsevier Inc. All rights reserved.
Introduction

This article is concerned with the history of schools of
public health. It asks, ‘What are schools of public health
and what do we know about them? Are we able to assess
their contributions to improving the health of populations?
What strengths and limitations have they demonstrated?’

Broadly speaking, there are two views on the history of
schools of public health. The more positive perspective
sees schools of public health as key mechanisms underpin-
ning progress in public health, providing the research
evidence base and teaching practitioners. Advocates
might point to the innovative work of Wade Hampton
Frost in developing the science of epidemiology at the
Johns Hopkins School of Hygiene and Public Health in
the 1920s or Austin Bradford Hill’s seminal work with
Richard Doll at the London School of Hygiene and Tropi-
cal Medicine on the link between smoking and lung cancer
in the 1950s. With regard to teaching, Balinska (2000), for
example, has argued the contribution of the National Insti-
tute of Hygiene, Poland, in training public health personnel
for the Polish health service which had previously lacked
a public health infrastructure. Thus, research and teaching
undertaken in schools of public health have arguably made
fundamental contributions to improvements in the health
of populations over the past 150 years.

The alternative, more pessimistic perspective is that
schools of public health have not fulfilled their potential
to contribute to improving the health of populations. This
view emphasizes the tensions between biomedical and
social models of public health. It argues that since the
early twentieth century schools of public health have been
dominated by a narrow medical model and a focus on
laboratory and other forms of scientific research rather
than on the learning needs of public health practitioners
and on wider social and political action addressing the
determinants of health. Moreover, in global terms, schools
of public health can be seen as yet another example of the
top-down imposition of inappropriate health policy mod-
els from the rich developed countries to poorer develop-
ing countries.

There may well be elements of truth in both these
perspectives; as evidence of the impact of schools of
public health is scarce, it is difficult to come to a firm
conclusion between them. Moreover, as with all aspects of
evaluating complex systems, it is difficult to determine
the specific contribution of schools of public health com-
pared with other aspects of public health – national



Table 1 Typology of schools of public health

Common functions
1. Conducts public health research

2. Provides postgraduate training in public health research and

practice

Diverse organizational structures
1. Department of public health in a medical university

2. Department of public health in a medical school within a

university

3. Department of public health in another school (e.g., social
sciences) within a university

4. Public health program across multiple schools in a university

5. School of public health attached to a ministry of health
6. National school of public health as a program designated by a

ministry of health across schools within a university

7. School of public health as a stand-alone research institute

8. School of public health within a university
Diverse nomenclature

1. Named as school of public health

2. Variously named institutions self-defining as schools of

public health
Diverse accreditation/review practices

1. Accreditation by independent body (e.g., CEPH in U.S.)

2. School of public health peer review (e.g., ASPHER in Europe)

3. Other (e.g., wider national university accreditation/review)

ASPHER, Association of Schools of Public Health in the Europe-

an Region; CEPH, Council on Education for Public Health.

Sources: de Leeuw E (1995) European schools of public health in

state of flux. The Lancet 345: 1158–1160; de Leeuw E (1999) The
(de) medicalization of public health training. Internet Journal

of Public Health Education 1: B28–B43; Fee E (2003) The

education of public health professionals in the 20th century. In:
Gebbie K (ed.) Who Will Keep the Public Healthy? Educating

Public Health Professionals for the 21st Century. Washington,

DC: National Academies Press.
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macroeconomic policy, primary health care, state public
health services, nongovernmental organizations, interna-
tional cooperation, and so on. If no definitive answer can
be given, this article will at least seek to lay out the
questions and explore the issues.

Many aspects of the history of public health are beset
with definitional issues, but fewmore so than the history of
schools of public health. What, in fact, is a ‘school of public
health’? There is no universally agreed definition. In the U.
S., there is now a generally recognized model. Schools of
public health are those institutions that have met the
explicit criteria for membership of the Association of
Schools of Public Health. But there is no agreement on
these criteria in the rest of the world. There are, for exam-
ple, much more open criteria for membership of the Asso-
ciation of Schools of Public Health in the European
Region. Thus, in Europe there is much greater diversity
of participating institutions, including a number which
may conduct public health research or offer postgraduate
training in public health, but do not formally label them-
selves schools of public health. Some schools of public
health are not even academic institutions but are opera-
tional public health service units attached to ministries of
health.Table 1 summarizes the common functions as well
as the extent of diversity of schools of public health.

As the table indicates, there is great diversity in the
type of institutions labeled as schools of public health and
there are a great many other institutions not so labeled
that carry out many of the same public health teaching
and research functions. The historian seeking to make
sense of the history of schools of public health must accept
this complex reality and the blurred boundaries between
these diverse institutions. Moreover, schools of public
health are located within very different national
public health systems and local socioeconomic, cultural,
and political contexts. Generalizations about schools of
public health must therefore be made with some caution.
Historiography of Schools of Public Health

The history of schools of public health has been of
continuing interest to a select group of public health
historians, although never central to historical writing on
the history of public health more generally. Within the
English language literature, the most common approach
to writing about schools of public health is celebratory
accounts of the histories of specific institutions, usually in
the U.S. More critical histories are relatively rare, and the
most prolific historian in this area is Fee, who has written
the history of one of the first U.S. schools of public health,
the Johns Hopkins School of Hygiene and Public Health
(Fee, 1987), and more general histories of schools of
public health in the United States (Fee, 2003). In the UK,
Wilkinson and Hardy (2001) have written the history of
the London School of Hygiene and Tropical Medicine.
Fee and Acheson (1991) edited a collection of papers on
the history of education in public health in Britain and the
U.S. There have been no general accounts of the history of
schools of public health in Europe or globally.

Wider accounts of the history of public health in the
nineteenth and twentieth centuries only briefly mention
the development of schools of public health. The recent
collection on The History of Public Health and the Modern

State (Porter, 1994), for example, includes no references to
schools of public health in the index and only occasional
mention in the text. The history of schools of public
health must often be pieced together by infrequent
references in other histories, for example, from the
histories of Western philanthropy in the developing
world, and of the Rockefeller Foundation in particular
(Farley, 2004). The special issue of Studies in History and

Philosophy of Biological and Biomedical Sciences on the Rock-
efeller Foundation and public health introduced by Löwy
and Zylberman (2000) contains a number of relevant
articles. The history of schools of public health in Asia,
Africa, and Latin America has been largely neglected with
no specific histories of schools of public health in these
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regions in the English language literature (though there
has been much relevant and related work on the history of
social medicine in Latin America (Porter, 2006)).
Prehistory of Schools of Public Health

The public health movement emerged in nineteenth-
century Europe and the U.S. as a response to the social
and health problems of industrialization and urbanization,
not least epidemic diseases such as cholera. In France major
educational reforms included the creation of a newmedical
academy in Paris with a department of hygiene. Leading
French hygienists such as Villerme used epidemiological
methods to demonstrate that the causes of ill health were
primarily social. Virchow in Germany similarly demon-
strated the social determinants of disease although he
advocated a more progressive political program to address
the issues. Villerme, Virchow, and many other continental
European public health activists were doctors, but in Brit-
ain the first wave of public health activity was led by a
broader multidisciplinary group of social reformers. Chad-
wick and other early British public health activists saw
sanitary science, not medicine, as holding the solution to
public health issues, and academic institutions and training
played little part in the early British public health move-
ment. During the course of the nineteenth century, medi-
cine became increasingly dominant within British public
health with the appointment of medical officers of health at
a local and national level, and the establishment of the
diploma in public health as a medical qualification to
practice public health. But as British medical training was
mainly located outside universities, so too was public
health training.

In the late nineteenth century, a series of revolutionary
scientific discoveries in Germany and France established
the new sciences of bacteriology and microbiology. Koch
and his associates in Germany identified the causative
organisms for anthrax, tuberculosis, cholera, and a host
of other infectious diseases while Pasteur and his fol-
lowers developed vaccines for anthrax and rabies among
other infectious diseases. New research institutes sprang
up, most notably the Pasteur Institute (1888) in Paris (to
be followed by a network of Pasteur institutes across the
world), Koch’s Institute in Berlin (1891), the Lister Insti-
tute (1891) in London, and the Rockefeller Institute for
Medical Research (1901) in New York. Although not
labeled schools of public health, these medically orientated
research institutes focused attention on infectious diseases
as the major public health issue of the day. Thus, the
success of their research contributed to the increasing
dominance of medicine within the public health field.
Professors of hygiene and public health were appointed
in many European universities, often in medical schools,
but not usually in distinct schools of public health.
The growth of academic public health first in Europe
and then more widely was part of a wider public health
movement and the evolution of what we today might
call a public health system. Thus there was concurrently
an incremental growth in public health legislation, the
appointment and extended responsibilities of state pub-
lic health officers, and the emergence of academic
public health journals, national associations, and interna-
tional conferences.
The Rockefeller Foundation and Schools
of Public Health

Any history of schools of public health must address the
central role played by the Rockefeller Foundation in the
development and dissemination of the concept in the
twentieth century. The Rockefeller Foundation was estab-
lished in 1913 by the oil magnate and philanthropist John
D. Rockefeller with an original endowment of $35million
increased to almost $183 million by 1927. Its public health
work followed on from the hookworm eradication-
campaign in the American South, conducted by the Rock-
efeller Sanitary Commission of 1909, and broader
Rockefeller support for education and medical research.
The Rockefeller-commissioned Flexner reports on medi-
cal education in the United States and Canada (1910) and
Europe (1912) led to major reforms of medical education
and further Rockefeller support for the development of
medical schools.

The success of the anti-hookworm campaign in the
American South led to two interconnected strands of
Rockefeller public health activity. The first strand,
initiated by Wickliffe Rose, organizer of the Rockefeller
Sanitary Commission, identified the need to develop the
professions of public health and to establish new institu-
tions to train these practitioners. Rose worked with
Flexner of the Rockefeller General Education Board and
organized a meeting in October 1914 bringing together a
group of 20 public health representatives and Rockefeller
trustees. Rose’s vision was of a central scientific school
linked to simpler education-focused schools of public
health in each U.S. state. Flexner excluded the most influ-
ential nonmedical public health educators, William
Sedgwick from the Massachusetts Institute of Technology
and Edwin Seligman from Columbia University. William
Henry Welch, professor of pathology at Johns Hopkins
University, then re-drafted Rose’s plan into one for an
‘institute of hygiene’ with a much stronger biomedical
and laboratory science emphasis and without Rose’s pro-
posal for a network of state schools.

The Welch plan was adopted and the first U.S. school
of public health following this model was endowed by
the Rockefeller Foundation at Johns Hopkins in 1916,
opening its doors to students in 1918. The Rockefeller
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Foundation subsequently funded further North Ameri-
can schools of public health at Harvard (1922), Toronto
(1924), and Michigan (1940). The Harvard school is
particularly noteworthy as it replaced a Harvard-MIT
School for Health Officers which had preceded the
Johns Hopkins School and gave the same attention to
sanitary engineering as to medicine. Other U.S. univ-
ersities, notably Yale and Columbia, continued with a
broader philosophy of public health, but increasingly
Johns Hopkins was the model for other U.S. schools of
public health.

The second strand arising out of the anti-hookworm
campaign in the American South was the internationali-
zation of the Rockefeller public health work. In 1913 the
Rockefeller Foundation established the International
Health Commission (later the International Health
Board) with Rose as director to extend the hookworm
campaign internationally. The International Health
Board became increasingly involved in wider interna-
tional public health activity. One central aspect of this
was the support of schools of public health outside the
U.S. on the Johns Hopkins model with a strong emphasis
on biomedical and laboratory science and on adminis-
trative and organizational methods. In 1913 Rose visited
London and met with hookworm experts at the London
School of Tropical Diseases, amongst other public health
figures. The International Health Board was particularly
interested in developing collaboration in British-controlled
territories. Following the disruption of the FirstWorldWar,
renewed contacts in 1919 led to Rockefeller Foundation
support for an expanded London School of Hygiene and
Tropical Medicine. Rockefeller Foundation funding was
granted in 1922 and eventually totaled $2 million. The
new school’s charter was agreed in 1924 and it officially
opened in 1929.

From Britain the Rockefeller Foundation went on
to establish similar institutions in Prague, Warsaw,
Copenhagen, Budapest, Belgrade, Zagreb, Calcutta (now
Kolcata), Manila, São Paulo, and Tokyo. Between 1913
and 1950 the Rockefeller Foundation spent $25 million
building, equipping, and supporting a total of 22 public
health schools and institutions in 17 countries. In com-
parison, the Rockefeller Foundation spent $60 million
during this period on disease control programs out of a
total expenditure on public health and medicine of $335
million (Shaplen, 1964).

This creation of an international network of schools
of public health was part of a wider Rockefeller Founda-
tion strategy of developing the science of public health.
A key part of this strategy was to develop an internation-
ally minded body of public health experts. Thus, these
schools displayed not only the Rockefeller Foundation’s
philosophy of the science of public health modeled on
Johns Hopkins, but also its objective to develop local
public health experts. Löwy and Zylberman (2000)
report how the direction of the São Paulo School of
Hygiene was first entrusted to an American expert
from 1919 to 1921, but then transferred to a Brazilian
doctor who had been educated at Johns Hopkins and was
an enthusiastic supporter of American methods. This
development of local expertise was supported by the
Rockefeller Foundation’s fellowship program which
enabled promising young public health officers, doctors,
and scientists to come to the U.S., and learn the science
of public health, and then return home to implement and
diffuse this science.

All the Rockefeller-funded schools of public health
provided the basic training required in laboratory-based
disciplines such as bacteriology. They also taught the
administrative methods used in the wider Rockefeller
approach to public health: collection and analysis of
data, and the organization of health services at local and
national levels. This model of public health training was
part of a wider strategy to foster the development of state
public health services on a Rockefeller Foundation model,
linked to ‘scientific’ programs of disease control. More-
over, the Rockefeller Foundation sought to transfer
responsibility for schools of public health as rapidly as
possible, preferring to fund buildings and equipment and
leave recurring costs to national or local authorities
(Löwy and Zylberman, 2000).

During the interwar years, the Rockefeller Founda-
tion worked closely with the League of Nations Health
Organization on the promotion of international public
health, but remained the better resourced and more inf-
luential body in shaping the development of schools of
public health. After the Second World War, the United
Nations and its subsidiary bodies, in particular the
World Health Organization, increasingly took responsi-
bility for such international public health work. The
Rockefeller Foundation shifted its resources to different
priorities including education, agriculture, and develop-
ment, and the International Health Board was abolished
in 1951.
Social Medicine

The concept of social medicine was another important
influence on education for public health in the interwar
period. Its origins lay in the concerns of progressive nine-
teenth-century doctors that medicine must be concerned
with the social determinants of health and have a political
role in creating just and healthy societies. Most famously,
Virchow’s report on the 1848 outbreak of typhus fever in
Upper Silesia identified the solution to the outbreak not
in medical terms but as ‘education, liberty and prosperity.’
In the U.S. the most notable initiative, led by Winternitz,
dean of the medical school at Yale, was the creation of the
Institute of Human Relations to integrate medicine into



Table 2 Number and dates of earliest establishments for

schools of public health by WHO region

Region
Number of
schools (2006)

Dates of earliest
establishments

Africa 50 Nigeria 1951

Americas 112 USA 1915

Mexico 1922
Brazil 1925

South East Asia 12 India 1915

Europe 81 Poland 1926

Hungary 1927
UK 1929

Eastern Mediterranean 8 Egypt 1950

Western Pacific 112 China 1925
Philippines 1928

Australia 1930

Total 375 –

Note: Numbers and dates given here may be different from those
given in the text due to different definitions of schools of public

health.

Sources: Farley J (2004) To Cast Out Disease: A History of the

International Health Division of the Rockefeller Foundation
(1913–1951). Oxford: Oxford University Press; World Health

Organization (1985) World Directory of Schools of Public Health

and Postgraduate Training Programmes in Public Health, 3rd
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research on health inequalities; but this ultimately foun-
dered partly due to students opting for ‘high tech’ rather
than social medicine. In the UK social medicine was
rooted in the work of social investigators and pressure
groups concerned about the health gap between rich and
poor in the economic depression of the 1930s. John Ryle
was appointed the first UK professor of social medicine at
Oxford in 1942; UK social medicine, however, was
increasingly concerned with clinical epidemiology and
medical statistics rather than the socioeconomic determi-
nants of health, and increasingly alienated from the prac-
tice of public health. Most UK universities modified their
departments of public health slightly, but without funda-
mentally changing their approach. In continental Europe,
René Sand was appointed professor of social medicine at
Brussels University in 1945, and like others in social
medicine he wanted to integrate medicine’s social role
into the training of doctors. Sand’s influence, however,
was probably greatest in the 1920s and 1930s when he
played a critical role in the promotion of the new disci-
pline, especially in Latin America where he worked for
the International Health Board (see the section on Latin
America later in the article).
edn. Geneva: World Health Organization; World Health Organi-
zation (2006) Working Together for Health: The World Health

Report 2006. Geneva: World Health Organization.

Postwar Expansion of Schools of
Public Health

TheWorld Health Orgaization (WHO) was established as
the international health agency of the United Nations on
7 April 1948. Among its early priorities was support to
national governments with the education and training of
doctors, nurses, and other health professionals, including
public health practitioners. This support took a number
of forms including the provision of WHO teaching staff
to local education institutions. Between 1952 and 1957,
86 WHO visiting professors were appointed to 42 schools
in 20 subjects (World Health Organization, 1958). Of
these appointments, 31 were in preventive medicine,
public health, epidemiology, and statistics. The functions
of the WHO visiting professors included the reorga-
nization of departments within the schools, the teaching
of students, and the inauguration of research projects,
but their paramount duty was to train local staff so that
at least one person would be capable of taking over
when WHO assistance ended. WHO sometimes assisted
well-established institutions, for example, seven WHO
staff were provided to enable the All India Institute of
Hygiene and Public Health in Calcutta to establish a
diploma course in public health. This led to the Institute
becoming a recognized international training center in
public health.

According to the WHO, the number of schools of
public health increased from 100 institutions in 42
countries in 1965 to 121 institutions in 44 countries in
1972, to 216 institutions in 54 countries by 1985 and
to 375 institutions by 2006. Table 2 illustrates the
distribution of schools across WHO regions in 2006 and
the countries with the earliest school establishments for
each region.
North America

There were two distinct phases of public health education
in the United States: 1914 to the mid-1930s when schools
of public health were mainly established and funded by
the great philanthropies, and the period of federal and
state funding from the mid-1930s to the present (Fee,
2003). The latter commenced with the New Deal and
Social Security Act of 1935 which provided federal grants
to states for public health, required states to establish
minimum qualifications for health personnel, and recom-
mended at least 1 year of graduate education at an
approved school of public health. In 1936 the American
Public Health Association (APHA) reported that 10
schools offered degrees or certificates; by 1939, 45 institu-
tions were offering 18 different degrees, certificates, and
diplomas in public health.

In 1941 representatives from Columbia, Harvard,
Johns Hopkins, Michigan, North Carolina, Toronto, and
Yale met to organize the Association of Schools of Public
Health (ASPH). At the end of the Second World War,
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the Committee on Professional Education of the
American Public Health Association took over the job of
monitoring the standards of public health education. The
first standards for accreditation were undemanding, but
these became more rigorous over time. At the same time
there were continuing changes in the curriculum, in par-
ticular the impact of social medicine led to greater inclu-
sion of the social and economic context for public health.
Since 1974 the ASPH transferred responsibility for
accreditation to the independent Council on Education
for Public Health. The number of accredited schools
of public health continued to increase, most recently
from 24 in 1999 to 38 in 2007. This is still a minority of
the estimated 300 plus institutions offering some type
of graduate degree in public health in the United States.

State funding first provided as part of the New Deal
increased in the 1950s. The 1957 Hill-Rhodes Act res-
ulted in over $30 billion in support to health professions’
schools, including public health. Over the second half of
the twentieth century there was increased funding for
biomedical research; in particular, National Institutes of
Health grants which were seen as a politically acceptable
way to fund medical schools, and for which schools of
public health also had to compete. The federal research
funding streams were increasingly important to schools
of public health as the philanthropic foundations lost
much of their enthusiasm for funding public health edu-
cation in the postwar period. A few schools, especially
Johns Hopkins and Harvard, grew large and prosperous,
but the majority struggled. Within the schools, laboratory
sciences generally thrived, whereas public health practice
and teaching suffered, and the number of students fell.
Since the 1950s the Pan American Health Organization
also moved away from sending foreign students to study in
the U.S., further reducing student numbers and schools’
income. Since the 1960s some schools of public health lost
their independent status and were absorbed into other
parts of their universities.

Schools of public health were affected as were other
parts of academia by the swings in the wider U.S. politi-
cal climate, from the increasing political conservatism of
the 1950s, to new growth in the 1960s, and then further
cuts or threats of cuts in the 1970s and 1980s. In the late
1980s the Institute of Medicine (IOM) published a land-
mark report on The Future of Public Health (Institute of
Medicine, 1988). Although the focus was on public
health practice, the report made a number of recom-
mendations for schools of public health; for example,
education programs should be more integrated with
state agencies and more targeted on the needs of pra-
ctitioners. The years since the IOM report have seen
continued expansion by schools of public health, yet
fundamental tensions remain. A number of commentators
have identified the continuing tensions between medicine
and public health, and Fee (2003) has highlighted the
continuing divide between schools of public health
(mainly research institutes with scientists and researchers
with PhDs) and state public health departments (lacking in
skills and qualifications).
Europe

There is no published history of schools of public health
in Europe comparable to Fee’s work on the United States,
so the history must be pieced together from a number of
sources. The starting point must be an understanding of
the impact of the wider history of Europe, in particular,
the Second World War, postwar devastation, reconstruc-
tion, and the advent of the Cold War.

The increasing wealth of western European states and
the prevailing ‘welfare state’ approach has supported
investment in public health systems including schools of
public health. Western European schools of public health
have been historically diverse with some departments of
public health within schools of medicine, some attached as
training arms of state ministries of health, and some more
akin to the U.S. model of an independent school of public
health within a university. Since the 1970s a number of
new schools of public health have been established,
including the Nordic School of Public Health serving
the Scandinavian countries. In the UK postgraduate train-
ing in public health, which had been commonly restricted
to doctors, has been opened to nonmedical students since
the mid-1990s.

Soviet-dominated Eastern Europe experienced much
more stagnant economies and relatively under-resourced
public health systems. Here the predominant model has
been separate departments of social hygiene and public
health within a university of medicine, although some
schools of public health were attached to ministries of
health. The fall of the Iron Curtain in 1989 and the
implosion of the Soviet state and its satellites led to
widespread economic and social dislocation, and to dis-
ruptions to public health systems in the post-Soviet
world. The resulting grave deterioration in public health
led to increasing Western intervention to renew the
public health infrastructure in Eastern Europe and the
former Soviet Union. This included twinning arrange-
ments between Western and Eastern European schools
of public health.

With increasing European integration, there has been
increasing pan-European cooperation on public health
training. The Association of Schools of Public Health in
the European Region (ASPHER) was founded in 1966;
the number of schools of public health has continued to
increase with both the foundation of new schools and the
transition of other institutions into independent schools of
public health. By 1999 ASPHER had 72 members,
although these are only a small part of the 500 public
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health training initiatives identified in the European
Union by that time. Most recently, there have been devel-
opments toward a common European Master of Public
Health degree.
The Developing World

Public health in the developing world was strongly shaped
by the legacy of colonialism and colonial health systems,
and continuing poverty, inequality, and conflict in the
postwar world. A key turning point was the 1978 Alma
Ata Declaration on Primary Health Care which stressed
the need for community-based, affordable, and accessible
health care for all. Alma Ata pushed the issue of public
health in the developing world up the global agenda, and
thus shaped the context for a continuing growth in the
number of schools of public health.
Latin America

The development of schools of public health in Latin
America has been closely associated with U.S. domination
of the region, and the role of U.S. interests including the
Rockefeller Foundation. Rockefeller Foundation support
for schools of public health in Latin America was closely
bound up with wider Rockefeller activities such as its
hookworm eradication campaigns in Latin America
between 1918 and 1940.

Ten schools of public health opened in eight Latin
America countries between 1922 and 1976 (World Health
Organization, 1985). The first opened in Mexico City in
1922 funded by the Department of Health in Mexico City.
This was followed by the school of public health in São
Paulo established in 1925with support from the Rockefeller
Foundation. Therewas then a substantial gap before schools
of public health opened inChile in 1944, Venezuela in 1958,
Argentina in 1960, Peru in 1963, Colombia in 1964, and
Cuba in 1976.

Just before and during the SecondWorldWar, American
influence was strengthened by an increased number of
fellowships and grants offered by U.S. government agencies,
private philanthropies, and universities (Cueto, 1995).
Cueto reports that these institutions offered so many
fellowships that Latin Americans could ‘shop around’
to determine which fellowships would suit them best,
while many in the U.S. considered that the supply of good
candidates from Latin America was being exhausted. Thus,
the ties of Latin American public health organizations with
U.S. institutionswas evident. Notably, theNational Institute
for Public Health, Mexico, is the only non-U.S. member of
ASPH. Increasingly, however, schools of public health in
the region are developing their own links. The Associacion
Latino-America de Escuelas de Salud, established in 1974,
increased to 25 members in 1999 and to 58 in 2007.
The influence of European social medicine, and the
workof Sand in particular, influencedLatin American social
medicine from the 1920s and 1930s into the postwar years.
Departments of social medicine developed in Lima, Peru,
Rio de Janeiro in Brazil, and at the University of Chile
where Salvador Allende, future president of Chile, devel-
oped a Marxist approach which profoundly influenced the
subsequent development of Latin American social medi-
cine. Following the Second World War, Latin American
social medicine became increasingly distinct from academic
public health in its emphasis on political and social transfor-
mation, as opposed to the public health emphasis on disease
control, sanitation, nutrition, and other factors often more
narrowly aimed at improving labor force productivity.
South East Asia and the Western Pacific

The development of schools of public health in the South
East Asian and the Western Pacific regions is closely
linked with the history of colonialism and the emergence
of the post-colonial world after the Second World War.
The Rockefeller Foundation was very involved in public
health work in China since the 1910s and instrumental in
setting up the Peking Union Medical College in 1917, and
its department of public health in 1921. The first diploma
in public health course in Peking was in 1929, although
there was no formal school of public health until 1952.
After the Communist victory in 1949, six medical uni-
versities established schools of public health on the Soviet
model. By 1979 there were 14 schools of public health in
China. In British-controlled India there were early
schools of public health in Bombay (1915) and Calcutta
(1921). By 1979 India had the largest number of schools of
public health in Asia with 35 in total. By contrast, Japan
and Pakistan each have only one school of public health,
founded in 1939 and 1949, respectively. In 1985 there
were 80 schools of public health in Asia and the Pacific,
a relatively small number for a region containing almost a
third of the world’s population. The Asia-Pacific Aca-
demic Consortium for Public Health was launched in
1984 with five members, and grew to 25 members in
1999, and to 55 members in 20 countries in 2007.
Africa and the Eastern Mediterranean

As in Asia, the development of schools of public health in
Africa and the Arab world is embedded in the history of
colonialism and post-colonialism. Prior to the Second
WorldWar the training of public health personnel in Africa
was commonly limited to addressing those tropical diseases
of concern to colonial administrations. No schools of public
health were established in Africa and the Arab world until
after the Second World War. The first opened in Egypt in
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1950 and in Nigeria in 1951. According to theWHO, Egypt
has opened the most schools of public health in these
regions with nine established between 1950 and 1973,
followed by Nigeria with six between 1951 and 1967. Six
other schools were established in other African countries
beginning with Uganda (1967), Tanzania (1974), Benin
(1977), Sudan (1977), Ghana (1980), and Ethiopia (1982).
The public health indices of Africa are among the worst in
the world, and Africa’s public health infrastructure is lim-
ited by its complex history of colonialism, conflict, mal-
administration, and, most recently, structural adjustment
programs imposed by the World Bank and the Interna-
tional Monetary Fund. Many countries still lack public
health infrastructure, in particular training in public health.
To address these needs the Rockefeller Foundation in the
1990s supported an innovative Public Health Schools
Without Walls project. There is no African association of
schools of public health.
Conclusion

Inevitably, this history of schools of public health is part-
ial and selective, dependent on where historians have
researched and written. We know a great deal about some
aspects of this history, particularly relating to schools of
public health in theUnited States wheremost of the histori-
cal work has been done.We know far less about the histories
of schools of public health in the developingworld. The role
of the Rockefeller Foundation in the period 1913–45 has
been extensively studied; we knowmuch less of the postwar
role of the WHO and other international organizations in
the postwar history of schools of public health.

We can make some general points with confidence.
Despite some fluctuations over time, there has been a
long-term worldwide increase in the number of schools
of public health and other institutions offering postgrad-
uate public health training. Although there are an increas-
ing number of schools of public health in the developing
world, their number and resources have never been pro-
portionate to the large populations and higher levels of
health need found there. The poorer developing world
continues to struggle with a lack of sufficient public health
professionals, particularly given the continued ‘brain
drain’ of such professionals to the developed world.

There remains great diversity in schools of public
health structures, resources, functions, and relationships
to wider local public health systems. Even the interna-
tional network of Rockefeller-funded schools, which were
intended to follow the Johns Hopkins model, in time
developed into quite diverse institutions. Indeed, there is
no universal definition or set of criteria for defining
exactly what counts as a school of public health.

Several fundamental tensions have run through the
history of schools of public health. Foremost among these
has been a tension between medical and multidisciplinary
conceptions of public health. The work of the Rockefeller
Foundation since 1914 can be seen as part of a process of
medicalization of public health. Such medicalization was
challenged by the new public health in the 1970s, the
emergence of the Alma Ata approach to primary health
care, and new disciplines such as health promotion. Some
such as White (1991) have argued the need to ‘heal the
schism’ between medicine and public health, whilst others
have seen the multidisciplinary challenge to the medical
model as essential if public health is to adequately address
the political nature of public health action. The latter
perspective is linked to a critique of laboratory or epide-
miological studies which masked immense socioeconomic
and gender inequalities. Such concerns were particularly
exposed in tensions between Rockefeller-model schools of
public health and the emerging field of social medicine in
Latin America since the 1930s.

A second and related tension reflects concerns most
fully articulated by Fee in the American context regard-
ing the gap between the research orientation of schools
of public health and the training needs of service-oriented
public health practitioners. Fee argues that U.S. schools
of public health have become mainly research institutes
where students learn the art of preparing grant proposals
and writing scientific articles while local public health
departments are staffed by people with little public
health training. It is difficult to assess how widespread this
gap may be globally, although it clearly applies to some
degree in some other developed countries such as the UK.

The most fundamental question about the extent to
which schools of public health have contributed to improv-
ing the health of populations is of course the most difficult
to answer. Advocates will point to the many scientific and
epidemiological discoveries that have been made by
researchers in schools of public health, the education of
generations of public health practitioners, and the number
of public health leaderswho have emerged from the schools.
Critics will point to academic disassociation from the
political activism and community engagement that are
central to seriously addressing critical public health issues.

Ultimately, the assessment of the contribution of schools
of public health cannot be separated from the assessment of
wider public health systems – the interconnected networks
of international organizations, government ministries, pro-
fessional bodies, and local departments of public health
services. Where public health systems have broken down,
as in Eastern Europe and the former Soviet Union in the
1990s, the health of the population has suffered. Where
economic development and social justice have gone hand
in hand with the development of public health systems, as
in much of Western Europe in the postwar era, the health
of the population has significantly improved. Schools of
public health have only ever been a small part of the
complex chain of causality for the health of populations.
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Public Health, Linköping University, Linköping, Sweden.

http://www.sp h.emory.edu/PHIL /PHILhistory.php – Public Health
InfoLinks: History of Public Health, Rollins School of Public Health,
Emory University, Atlanta, GA, USA.

http://www.who .int/en – World Health Organization, Geneva,
Switzerland.

Second Hand Smoke 669
Second Hand Smoke
S M McGhee and A J Hedley, University of Hong Kong, Hong Kong, China

ã 2008 Elsevier Inc. All rights reserved.
Definition and Composition

Secondhand smoke (SHS) is a mixture of the smoke ema-
nating from the lighted tip of a cigarette (sidestream
smoke) and that exhaled by the smoker (mainstream
smoke). It is also referred to by the tobacco industry’s
preferred term, environmental tobacco smoke (ETS). The
International Agency for Research on Cancer has defined
those who are exposed to SHS from others’ smoking as
passive smokers, highlighting the nonvoluntary nature of
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the exposure. SHS is a complex mixture of over 4000
chemicals, most of them formed during the combustion
process, and includes nicotine as well as carcinogens and
toxins. From biomarker data it is clear that nonsmokers
absorb these chemicals in sufficient quantities to be mea-
surable. The actual composition of SHS varies depending
on what is being smoked and the smoking pattern of those
producing the smoke, but most, typically around 90%, of
SHS is composed of sidestream smoke. Both sidestream
and mainstream smoke contain many of the same contami-
nants but sidestream smoke emissions of many of the
known carcinogens and toxins are considerably higher
than the mainstream emissions due to lower combustion
temperatures in a smoldering cigarette. In previously secret
research conducted by the tobacco industry it was shown
that the sidestream component of SHS is about four times
more toxic by weight than mainstream smoke. SHS con-
tains particulate matter and a single smoker can push the
indoor levels of particulates way beyond the levels accept-
able for outdoor air pollution in most countries.
Biology

Since SHS contains known carcinogens, it would be
expected that exposure of, for example, lung tissue to
SHS would lead to the development of tumors and we
do find an association between SHS exposure and lung
cancers. There is also strong evidence that SHS is
involved in the development of cardiovascular disease
in passive smokers through impacts on the blood and
circulatory system. Exposure to SHS has been shown to
activate blood platelets and damage the cells that line
the walls of blood vessels. This increases the risk of a
blood clot forming within the blood vessel. Within
30minutes of breathing SHS, there is impairment of the
normal dilation response of blood vessels to an increased
demand for blood flow, although partial recovery may
occur after the long-term cessation of exposure in healthy
individuals. A number of studies have shown associations
between exposure to SHS and stiffness of blood vessels,
lower blood serum levels of high-density lipoproteins and
antioxidants, and higher levels of inflammatory markers.
All of these effects are similar and in some cases, not
very different in magnitude, to the kind of effects seen
in active smokers and are physiologically related to the
development of heart disease.
Measuring Exposure

Biomarkers

The ability to quantify the level of exposure to SHS in
an objective fashion is important in establishing the asso-
ciation of exposure with health effects. This has led to
the use of a number of biomarkers of exposure based on
tobacco products and their metabolites. When using
biomarkers, it must be kept in mind that their concentra-
tions are the end product of a process of absorption,
distribution, storage, metabolism, and excretion whose
mechanisms we do not always fully understand.

One biomarker that is commonly used for the
measurement of exposure to SHS is cotinine, a metabolite
of nicotine that is relatively stable with a longer half-life.
Cotinine levels can be measured in serum, saliva, urine,
and hair; the measured cotinine levels of nonsmokers who
are exposed to SHS are usually 2 to 3 times lower
than those of active smokers. In one large, multicenter
study on health impacts of exposure to SHS, Vineis and
others (2005) found that while self-reported exposure
was associated with cotinine levels and with the risk of
respiratory disease and lung cancer, the presence of
detectable cotinine in blood plasma was not associated
with the health impacts. This highlights one of the main
limitations of biomarkers, that they reflect relatively
recent exposure to SHS while disease pathogenesis is
often a longer process happening over months or years
of exposure. However, other studies have shown relation-
ships between cotinine levels and respiratory symptoms
and Whincup and colleagues (2004) found an association
between serum cotinine levels at the start of follow-up
and coronary heart disease 20 years later.

Environmental Monitoring of SHS Levels

Several constituents of SHS can be measured in air includ-
ing nicotine, particulates, carbon monoxide, and other
chemicals. The levels of these pollutants in the air of specific
venues, when combinedwith information on frequency and
duration of visits to those venues, allows estimation of an
individual’s overall exposure to SHS. Concentrations of
tobacco-derived pollutants in indoor workplaces where
smoking is allowed can equal or exceed the levels in
homes of smokers, and the highest workplace levels have
been found in bars and smoking sections of aeroplanes. The
California Environmental Protection Agency (EPA) has
estimated that indoor levels of particulates in entertainment
venues such as casinos can range from less than 15mg/m3 in
venues where smoking is prohibited to 350mg/m3 in those
in which smoking is allowed. Inside a closed vehicle, levels
of over 1000mg/m3 have been recorded.

Self-Reported Exposure to SHS

Because of the limitations of biomarkers as indicators
of longer-term exposure, self-reports of exposure are
used in many studies on health impacts of SHS, some-
times supplemented by measurement of biomarkers. The
principal difficulty in self-reporting is in estimating the
dose of SHS that an individual is exposed to. This has
usually been estimated for indoor exposure by asking
about the number of smokers nearby, the number of
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cigarettes consumed, and the number of hours of expo-
sure. However, this neglects issues such as the size of the
room and does not cover outdoor exposure such as at a
bus stop. Many of the studies on health impact are based
on reports of having a smoking spouse or, for children,
whether the parents smoke or used to smoke. This impre-
cision hinders quantification of impacts and reduces
the statistical power of epidemiological studies. Another
source of error that may lead to underestimates of health
impacts is that even those who consider themselves
not exposed to SHS are often found to have measurable
levels of biomarkers, which demonstrates how difficult
it can be to avoid exposure to SHS.
Epidemiology

Prevalence of Exposure

Although the magnitude of the risks for many of the
chronic and fatal diseases associated with passive smoking
are relatively small compared with those for active smok-
ing, the potential exposure of nonsmokers is large. Such
exposure can take place in the home, workplaces, leisure
venues such as restaurants, bars, and bowling alleys, and
public places such as shopping malls, streets, and bus stops,
or anywhere that smoking is allowed. Even smokers are
exposed to the SHS from other smokers and some recent
studies have indicated an impact of SHS over and above
that from active smoking.

The third National Health and Nutrition Examination
Survey (NHANES) in the United States found that 88%
of nonsmokers in 1988 had detectable serum cotinine levels
indicating exposure to SHS. Among nonsmoking workers,
the highest mean levels of cotinine were found in waiters
(0.47 ng/mL) and the lowest in farmers and nursery work-
ers (0.06 ng/mL) (Wortley et al., 2002). Since then, many
states have made vast improvements in reducing exposure
of nonsmokers. California, for example, is one of the leaders
in smoke-free legislation and the proportion of workers
there reporting smoke-free workplaces increased from
35% in 1990 to 93% in 1999 (Gilpin et al., 2002). Over
the same period, the proportion of nonsmoking indoor
workers in the state who were exposed to SHS decreased
from 29% to 16% and the proportions of adults and those
under 18 years with smoke-free homes rose from 38% to
74% and 82%, respectively. In Europe, exposure of non-
smokers to SHS at home or work declined from 41%
to 24% over about 9 years from the early 1990s ( Janson
et al., 2006). However, in other countries, smoke-free legis-
lation has been slower and exposure of nonsmokers con-
tinues. For example, in Latin America in 2000 to 2002,
airborne nicotine was discovered in over 90% of the public
places surveyed (Navas-Acien et al., 2004). In many
countries around 50% of children are exposed to SHS
in their homes.
Current Evidence on the Health Impact of SHS

Cancers

In 2002, the International Agency for Research on Cancer
(IARC) reviewed more than 50 studies of passive smoking
and lung cancer and concluded that the excess risk of
lung cancer from exposure to a spouse’s smoking was
20% for women and 30% for men. In Britain, with a
population of around 58million people, this would
amount to several hundred extra lung cancer deaths per
year. Daily exposure to SHS for many hours during child-
hood was found by Vineis and colleagues (2005) to be
associated with an excess risk of lung cancer in adulthood
of 263%. The Californian EPA has carefully reviewed
available evidence up to 2005 in an attempt to determine
which health impacts can be causally associated with SHS
exposure. They concluded that, as well as lung cancer,
exposure to SHS is causally associated with nasal cancer
and with breast cancer in younger, premenopausal
women. They found evidence suggestive of a causal
impact on cervical and nasopharyngeal cancer in adults
and brain cancer and lymphoma in children.
Heart Disease and Stroke

The chemicals in SHS have an immediate impact on
body tissues and give rise to damage that can culminate
in heart disease and stroke. In the UK, the excess risk of
coronary heart disease (CHD) among nonsmoking men
was 45% to 57% over 20 years, according to their cotinine
levels at baseline (Whincup et al., 2004). Barnoya and
Glantz (2005) point out that the excess risk of CHD in
passive smokers (30%) appears high when compared with
the excess risk of CHD in smokers (78%) and may be due
to sensitivity of body tissues to the chemicals in tobacco
smoke such that even a small concentration can effect a
fairly large response. It is widely accepted that SHS
exposure is causally related to heart disease mortality,
acute and chronic CHD morbidity, and altered vascular
properties of the circulatory system.

In contrast to the evidence for an impact of SHS
on CHD, the evidence for an impact on stroke is mixed.
For example, the UK study mentioned above did not
find an association with stroke but other studies have
done so. In a retrospective case-control study using a
population-based stroke register in New Zealand, expo-
sure to secondhand smoke was associated with an excess
risk of stroke of 74% (Bonita et al., 1999). In another case-
control study of hospital patients with acute ischemic
stroke and neighborhood controls in Australia, there was
an excess risk of stroke of 103% for exposure from a spouse
with a dose–response relationship according to the number
of cigarettes smoked by the spouse (You et al., 1999).
In a 16-year follow-up of 27 698 never-smoking subjects
aged 30 to 85 years in the Kaiser Permanente Medical
Care Program in the United States, there was an age- and
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sex-adjusted excess risk of ischemic stroke of 51% for more
than 20 hours exposure to SHS per week at home but
no effect for workplace exposure (Iribarren et al., 2004).
Finally, in a case-control study of deaths in Hong Kong,
exposure to SHS at home was implicated in fatal stroke
with an excess risk of dying from stroke of up to 108%
for those with two or more smokers at home (McGhee et al.,
2005). Thus, the evidence on stroke appears to be mount-
ing, leading the California EPA to conclude that the evi-
dence at present is suggestive of a causal impact of SHS on
risk of stroke in adults.
Other Adult Conditions

There are substantial data on self-reported respiratory
symptoms associated with workplace exposure to SHS
and in places where smoke-free workplace policies have
been implemented surveys have shown reductions in
symptoms. The current evidence supports a causal rela-
tionship with asthma, both induction and exacerbation,
and with eye and nasal irritation, and it is suggestive of a
causal relationship with chronic respiratory symptoms
and exacerbation of cystic fibrosis. SHS exposure may
also impact on fertility and menstrual disorders.
Childhood Conditions

In children, it is accepted that there is a causal relationship
between exposure to SHS and a variety of respiratory
disorders such as asthma, acute lower respiratory infections
such as bronchitis and pneumonia, chronic respiratory
symptoms, and middle ear infections. Both active and
passive smoking by the mother during pregnancy as well
as exposure of the baby to SHS after birth may have an
impact on the child’s lung function. There is also evidence
of a causal relationship between SHS exposure and low-
birthweight babies, pre-term delivery, and sudden infant
death syndrome (SIDS), while there is suggestive evidence
of a causal link with spontaneous abortion, decreased pul-
monary function, and allergic sensitization in newborns, as
well as developmental disorders in children, leading to
impaired cognition and behavioral problems.
Costs

In the face of mounting evidence of health effects and the
possibility of legislative measures to reduce exposure,
there have been attempts to assess the costs of passive
smoking to communities in both summary health impacts
and dollar costs. One of the most important impacts is on
mortality. In the United States, it has been estimated that
SHS causes between 35 000 and 62 000 deaths a year from
cardiovascular disease, compared with an estimate of
around 143 000 from active smoking, and about 3000
deaths due to lung cancer compared with 85 000 for active
smoking (U.S. Department of Health and Human Ser-
vices, 2004). In the UK, Jamrozik (2005) estimated that
passive smoking at work causes over 600 deaths per year
while passive smoking at home accounts for almost 11 000
deaths per year, most of these in people over 65 years old.
The Society of Actuaries carried out a partial costing of
the economic impacts of SHS in the United States using
available data and concluded that the annual costs of
excess medical care, mortality, and morbidity were over
US$10 billion (Behan et al., 2005). In Hong Kong, the cost
of health-related impacts of passive smoking was esti-
mated to be around a quarter of the equivalent costs of
active smoking (McGhee et al., 2006).
Smoke-Free Policies

The World Health Organization Framework Convention
on Tobacco Control (FCTC) has as its objective

‘to protect present and future generations from the devas-

tating health, social, environmental and economic conse-

quences of tobacco consumption and exposure to tobacco

smoke.’

Among its guiding principles is the statement that

‘effective legislative, executive, administrative or other

measures should be contemplated at the appropriate gov-

ernmental level to protect all persons from exposure to

tobacco smoke.’

With the support of the FCTC, the move toward
smoke-free policies around the world has gathered
pace. Several countries now have smoke-free workplaces,
including restaurants and bars. Initial findings on impacts
of these policies are encouraging with reduced exposures
to SHS among staff, customers, and other visitors.
A smoke-free policy temporarily enacted in Helena,
Montana, in the United States was associated with an
immediate downturn in hospital admission rates for
acute myocardial infarction (Sargent et al., 2004).
After the law was repealed 6months later, the admission
rates rose again. Further data on the impact of smoke-
free legislation on outcomes, such as acute admissions
to hospitals, should become available as smoke-free
legislation is enacted in more places.

Even outdoors, a dense plume of tobacco smoke poses a
potential hazard to those who cannot avoid it. Hence parks,
beaches, the entrances to smoke-free buildings, and trans-
port interchanges are being considered in various jurisdic-
tions for designation as smoke-free areas. Another incentive
toward such restrictions is the littering of areas in which
smoking is permitted by dropped cigarette butts, which is
apparently increasing as smokers are forced out of build-
ings. In some countries, smoking inside a car is being
considered as a road safety issue and smoking inside the
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home as potential child abuse. Thus, smoke-free policies
are increasingly seen as important public health measures
by a variety of agencies.

In health policy terms, passive smoking is often seen
as a more serious problem than active smoking because
of the harm done to lifelong nonsmokers, to children in
their most vulnerable years, and to a large proportion of
the population due to the ubiquitous presence of smokers
in many countries. The effects of passive smoking have
long been denied by the tobacco industry. However,
the overall weight of evidence indicates that exposure
to secondhand smoke is a major and wholly preventable
public health hazard.
See also: Cancer Epidemiology; Indoor Air Pollution/

Developing Countries; Occupational Health: Overview;

Resource Allocation: Justice and Resource Allocation in

Public Health; Smoking, The Burden of Mortality of.
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Introduction

Epilepsy is a common and often debilitating neurological
disorder among persons of all ages and socioeconomic
backgrounds. Epilepsy is unique inasmuch as its full
impact on the affected individual extends beyond seizures,
the primary symptom of epilepsy, to include associated
cognitive, behavioral, affect, interpersonal, cultural, and
societal aspects. While current medical therapies success-
fully eliminate seizures in up to two-thirds of patients,
a substantial proportion of persons with epilepsy have
inadequate seizure control and a disproportionate psycho-
social burden. This article provides an overview of the
epidemiology of epilepsy, how it is diagnosed and treated,
the psychosocial aspects associated with epilepsy, and chal-
lenges for improving the health and well-being of persons
with epilepsy in developing countries.
Epidemiology of Epilepsy

Epilepsy is one of the most common neurological disor-
ders and has been recognized since antiquity. An esti-
mated 2 to 4million people in the United States have
epilepsy, including 1 of 50 children, 1 of 100 adults, and
1million women of childbearing age (Hauser and Hes-
dorffer, 1990; Devinsky and Yerby, 1994). In addition,
200 000 new cases are diagnosed every year. In 2000, the
annual cost of epilepsy in the United States was reported
as $12.5 billion (Begley et al., 2000). Worldwide, approxi-
mately 50million persons have epilepsy, the majority of
whom cannot afford or do not have access to appropriate
medical therapy.

Epilepsy can develop at any age, though a dispropor-
tionate number of cases begin in the young and elderly.
Because the prevalence of epilepsy among the elderly is
steadily increasing in many countries as their population
ages, it has been predicted that within a few decades more
than half of the patients in developed countries who
develop epilepsy will be over the age of 65. Contributing
factors to the onset of epilepsy in this age group are
Alzheimer’s disease and other degenerative conditions of
the central nervous system, cerebrovascular disease, brain
tumors, head injuries, and alcohol or drug abuse.

Epilepsy is not benign and is associated with an
increased risk of mortality. Causes of death among per-
sons with epilepsy include accidental deaths (for example,
drowning), sudden and unexplained death in epilepsy,
status epilepticus (a condition of repeated seizures with-
out recovery), underlying brain disease (such as brain
tumors), and suicide. People with uncontrolled seizures
are also at increased risk for injuries, such as bone frac-
tures and burns.
Diagnosis and Medical Management

A seizure is a sudden change in behavior that may or may
not be apparent to others. Not all sudden changes in behav-
ior are seizures, and not all seizures are epileptic seizures.
Whereas epileptic seizures result when the electrical activ-
ities of neuronal networks in the brain suddenly become
hypersynchronized, non-epileptic seizures resemble epi-
leptic seizures but actually reflect the response of an other-
wise normal brain to a systemic physiological change, the
behavioral manifestations of a psychiatric disorder, or other
neurological conditions besides epilepsy. Consequently,
while all patients with epilepsy have seizures, the converse
may not be true. Themost common causes of non-epileptic
seizures are syncope (fainting); transient global amnesia
(a condition characterized by prolonged loss of recent
memory); metabolic disorders, including hyponatremia,
hypoglycemia, and hypocalcemia; movement disorders,
generally referred to as paroxysmal dyskinesias; sleep dis-
orders; panic attacks; and psychogenic seizures, which are
usually attributed to stressful psychological conflicts or



Table 2 Classification of seizure types

I. Partial seizures

A. Simple partial seizures
B. Complex partial seizures

1. Simple partial seizures at onset, followed by
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major emotional trauma, such as sexual or physical abuse in
childhood, a death, or divorce (Table 1). Of these condi-
tions, non-epileptic seizures resulting from syncope and
psychogenic causes are perhaps the most difficult to differ-
entiate from epileptic seizures.

The purpose of the initial medical evaluation of a
patient who has had his or her first seizure is to exclude
other conditions that cause non-epileptic seizures and to
determine if there is an underlying brain lesion, as assessed
by computed tomography (CT) or magnetic resonance
imaging (MRI). Initial laboratory studies include glucose,
calcium, and magnesium levels, hematology, renal func-
tion tests, and toxicology screens. Electroencephalograms
(EEGs) are helpful to support a diagnosis of epilepsy and
to help classify a patient’s epileptic seizure type as
generalized or partial, as discussed below. However, initial
EEGs may be normal in over half of patients with epilepsy.

Epilepsy is operationally defined as the tendency for a
person to have recurrent epileptic seizures. The causes of
epilepsy vary according to the age at onset of epilepsy,
and include congenital brain malformations, inborn errors
of metabolism, brain trauma, brain tumors, stroke, intra-
cranial infection, vascular malformations, and cerebral
degeneration. However, up to half of patients with epi-
lepsy do not have an identifiable underlying cause when
evaluated with currently available diagnostic tests.

Epilepsy is usually diagnosed after a patient has had
two or more epileptic seizures. The goals of therapy are to
treat the underlying cause, if known and if remediable to
treatment, and to completely suppress further seizures
from occurring without causing troublesome side effects
from the therapy. Antiepileptic drugs (AEDs) are the
primary form of seizure-suppression therapy, and must
be taken on a daily basis. Initial treatment achieves seizure
freedom in up to 70% of patients, but prognosis for
seizure control in the other 30% of patients is less favor-
able. These patients usually require numerous trials of
AEDs, either as monotherapy or combination therapy,
often require higher AED dosages, and typically must
endure daily side effects. Such patients are said to have
medically intractable epilepsy and may be candidates for
adjunctive nonpharmacological treatments, including
Table 1 Commonly occurring nonepileptic seizures

Breath-holding attacks (infants and children)

Cerebrovascular disease

Migraine and head pains

Movement disorders
Nonepileptic myoclonus

Psychiatric disorders

Sleep disorders

Syncope (fainting)
Toxic-metabolic or infectious states

Adapted from Brodie MJ, Schachter SC, and Kwan P (2005) Fast

Facts–Epilepsy, 3rd edn. Oxford, UK: Health Press.
vagus nerve stimulation, brain surgery, special diets, stress
reduction techniques, or investigational drugs or brain
stimulation devices. Patients with medically intractable
seizures require frequent visits to health-care profes-
sionals and periodic reassessment with EEGs and MRI
scans, particularly if there is progressive worsening of the
patient’s neurological examination or cognitive function,
or an increase in seizure frequency or severity. For all
these reasons, the human and financial costs associated
with medically intractable epilepsy are much greater than
when epilepsy readily comes under control with initial
therapy or goes into remission.

Physicians usually select an AED according to the
patient’s seizure type, which in turn is based on the
description of the seizure as obtained from the patient
and/or eyewitnesses. Other considerations for selecting
an AED are the pharmacokinetic profile of the drug, the
patient’s age and comorbid medical and psychiatric con-
ditions, whether the patient is a woman of childbearing
potential, the potential for adverse effects and drug–drug
interactions, and cost. With the exception of medical emer-
gencies, therapy is usually initiated with a low dose and
increased slowly until seizures are completely controlled, or
until bothersome side effects occur that persist, at which
time the dose is lowered to minimize side effects.

The two main seizure types are generalized and partial
seizures, as shown in Table 2. Generalized seizures affect
both sides of the brain simultaneously when the seizure
begins and are usually not associated with identifiable
brain pathology. Absence seizures, myoclonic seizures,
and generalized tonic-clonic seizures are among the sub-
types of generalized seizures.

. Absence seizures cause the sudden onset of staring with
impaired consciousness. They typically begin in child-
hood, last between 5 to 10 s, and may occur dozens if
impairment of consciousness

2. With impairment of consciousness at onset
C. Partial seizures evolving to secondarily generalized

seizures

II. Generalized seizures
A. Absence seizures

B. Myoclonic seizures

C. Clonic seizures

D. Tonic seizures
E. Tonic-clonic seizures

F. Atonic seizures

Adapted from Commission on classification and terminology

of the International League Against Epilepsy (1981) Proposal for
revised clinical classification of epileptic seizures. Epilepsia 22:

489–501.
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not hundreds of times a day, particularly in association
with boredom and hyperventilation. Up to 90% of
patients undergo a spontaneous remission of their
epilepsy before reaching adulthood.

. Myoclonic seizures consist of sudden, brief, shock-like
contractions affecting the arms, legs, face, or trunk,
often occurring in the early morning.

. Generalized tonic-clonic seizures (also called grand
mal seizures or convulsions) may begin with a loud
noise or scream. The arms and legs then stiffen (tonic
phase), the patient falls to the ground, and the patient’s
lips and skin appears dusky (cyanotic). After 60 to 90 s,
the arms and legs start to jerk (convulse), eventually in
unison, for an additional 1 to 2min (clonic phase).
Bloody, frothy sputum may be seen coming from the
mouth. After the clonic phase ends, the patient appears
to be in a deep sleep, and then wakes up gradually over
minutes to hours, often sleepy, confused and complain-
ing of a severe, throbbing headache.

At their onset, partial seizures affect a restricted area of
cortex (the outer layer of the brain) and usually suggest
the presence of an underlying brain lesion, whether or not
apparent on CT or MRI scans. Symptoms that patients
with partial seizures experience when the seizure begins
may not be apparent to others and are called simple
partial seizures – ‘simple’ meaning that consciousness is
not impaired. Patients may refer to these symptoms as
auras or warnings, and they may include nausea, fear,
jerking of one side of the body, or a metallic taste. Many
other symptoms may occur with simple partial seizures as
well. Other patients do not have a conscious warning at
the start of their partial seizures and abruptly lose con-
sciousness. This type of partial seizure is called a complex
partial seizure – ‘complex’ meaning that consciousness is
impaired. Complex partial seizures (known in the past as
temporal lobe seizures and psychomotor seizures) are
the most common type of seizure experienced by adults
with epilepsy. During complex partial seizures, patients
typically appear awake but do not meaningfully interact
with people or objects around them and do not respond
normally to instructions or questions. They appear to stare
and either remain still or demonstrate repetitive nonpur-
poseful behaviors (called automatisms), such as chewing,
lip smacking, repeating words or phrases, aimless walking
or running, or undressing. If patients are forcibly restrained
or redirected during complex partial seizures, they may
become aggressive. Complex partial seizures typically
last less than 3 min and may be immediately preceded
by a simple partial seizure or followed by a tonic-clonic
seizure. After complex partial seizures, patients may
appear confused or somnolent, and may complain of
a headache. Because their consciousness is impaired,
patients have no memory of what happened during
complex partial seizures.
Besides identifying the type(s) of seizure a patient has,
clinicians determine whether a patient has an identifiable
epilepsy syndrome, which is defined by specific seizure
types, age of epilepsy onset, family history, response to
particular AEDs, and prognosis.

The number and availability of pharmacological (AED)
and nonpharmacological treatment options for patients
with epilepsy have steadily increased over the past 10 to
20 years, as briefly described below. Successful use of
AEDs requires detailed knowledge of their pharmacody-
namic and pharmacokinetic properties, an understanding
of the pertinent published safety and efficacy studies, and
individualized therapy to a particular patient. Recently
published guidelines from the American Academy of
Neurology and the American Epilepsy Society for the
use of the newer AEDs in the treatment of new-onset
and medically refractory seizures are based on published
studies of efficacy, tolerability, and safety in adults and
children (French et al., 2004a, 2004b). However, there
are numerous clinical situations requiring an AED treat-
ment decision for which there are few if any relevant
clinical studies. In such circumstances, expert opinion
can provide some direction to the clinician. The most
recent compilation of expert opinion was based on data
obtained in 2004 from 48 American epilepsy specialists
covering all of the newer AEDs except for pregabalin
(Karceski et al., 2005).

To be effective, AEDs must enter the brain; conse-
quently, AEDs often cause dose-related side effects that
are due to brain dysfunction, such as sleepiness, trouble
with balance, or double vision. Side effects are a major
cause of medication intolerance and noncompliance,
particularly within the first 6months of therapy.

If a trial of the first AED is unsuccessful either because
seizures are not controlled or side effects are bothersome,
then a second AED, also appropriate for the patient’s
seizure type(s), is prescribed. The second AED is usually
titrated to a tolerable and effective dosage before the first
AED is tapered and stopped, unless the first AED caused
a side effect requiring immediate discontinuation. While
it is preferable to maintain a patient on a single AED
rather than AED combinations because of enhanced com-
pliance, lower medications costs, and generally fewer
complications, some patients have better seizure control
on combinations of AEDs than on individual drugs.

The selection of AEDs for women of childbearing
potential is particularly important because all AEDs can
potentially cause birth defects, especially when taken in
combination. The overall risk of birth defects in the off-
spring of women with epilepsy who take an AED is
approximately twice the expected rate, and risks are
higher with combination therapy. The most frequently
occurring birth defects are neural tube defects, cleft lip
and palate, heart defects, and reduced brain size. Physi-
cians often recommend that women on AEDs take
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between 0.4 and 4mg/day of folic acid for a prolonged
period before conceiving to reduce the risk of birth
defects, but the health benefits of this practice to the
fetus have not been proven in this population.

Currently available AEDs suppress the occurrence of
seizures, but there is no evidence that they cure epilepsy
or prevent the onset of seizures in patients at high risk,
such as those who suffer a serious brain injury. Therefore,
patient adherence to the AED dosing schedule on a daily
basis is crucial for maintaining seizure control. Failure to
take medications as prescribed can lead to an increase in
seizures and/or medication side effects. Causes of non-
compliance include memory lapses, complicated AED
regimens, denial of illness, and fixed incomes. Patients
must be educated about the importance of regularly
taking seizure medication.

Primary care physicians or emergency room physi-
cians often make the initial diagnosis of epilepsy and
begin therapy. Patients are often referred to neurologists
for further diagnostic evaluation and additional therapeu-
tic trials if seizures do not respond to initial therapy, or to
assess the feasibility of withdrawing AEDs if they have
been seizure-free for 2 or more years. Epileptologists are
neurologists who specialize in epilepsy, and are usually
located at centers that have access to investigational treat-
ments and sophisticated surgical procedures for the evalu-
ation and treatment of medically intractable epilepsy. The
psychosocial consequences of epilepsy, described later, may
require the involvement of other specialists, such as psy-
chiatrists, psychologists, neuropsychologists, social workers,
and vocational counselors.
Antiepileptic Drugs

Antiepileptic drugs vary based on their mechanisms of
action on brain neurons, the seizure type(s) they effectively
control, pharmacokinetic properties, side effect profile,
teratogenicity, and propensity for drug–drug interactions.

Carbamazepine (CBZ) blocks voltage-dependent sodium
channels on neuronal membranes, thereby preventing
neurons from firing as rapidly as needed to sustain a
seizure. CBZ is used for partial seizures and generalized
tonic-clonic seizures, and should be initiated at 100 to
200mg daily and increased by 100 to 200mg every 3 to
14 days as needed for seizure control, typically over a
period of 1 to 2months. Common side effects are double
vision, headache, dizziness, and nausea and vomiting,
which can be lessened by use of a controlled-release
formulation. Other possible side effects include mild or
serious rashes and reversible decreases in white blood
cells. Potentially fatal effects on bone marrow or liver
are fortunately very rare. CBZ can cause birth defects,
including spina bifida. One of the difficulties in admin-
istering CBZ arises from its effects on increasing the
metabolism of other drugs; hence, drug–drug interactions
are common.

Ethosuximide (ESM) works by reducing calcium cur-
rents in neurons of the thalamus, a deep nuclear structure
in the brain. ESM is a first-line treatment for patients with
absence seizures. The usual starting dose is 250 to 500mg
daily, with 250-mg dose increments over 2 to 3weeks as
needed for seizure control. Side effects are infrequent and
include hiccups, nausea and vomiting, abdominal pain,
lack of appetite, headache, dizziness, drowsiness, and
unsteadiness. Allergic rashes occur infrequently.

Felbamate (FBM) has several mechanisms of action
and is effective against partial seizures as well as gener-
alized seizures that occur with a particularly severe epi-
lepsy syndrome in children called the Lennox-Gastaut
syndrome. As with other AEDs, dosing is advanced slowly
to minimize side effects, which include insomnia, head-
ache, nausea and vomiting, loss of appetite, sleepiness,
weight loss, and dizziness. FBM is associated with an
elevated risk of potentially fatal bone marrow suppression
and hepatitis. While routine monitoring of liver and blood
counts is recommended, the results do not predict poten-
tially fatal toxicity. Consequently, FBM is now primarily
used in patients with Lennox-Gastaut syndrome, and only
when the benefits of treatment are judged to outweigh the
risks. FBM can affect other drugs by increasing their
metabolism in the liver.

Gabapentin (GBP) binds to voltage-gated calcium
channels on neurons, inhibiting the flow of calcium ions,
and is effective against partial seizures. The usual starting
dose is 300mg daily, which is increased by 300mg every
3 days as needed for seizure control to the maximum
tolerated dose. Typical side effects are drowsiness, dizzi-
ness, weight gain, fluid retention, and trouble with bal-
ance. GBP has no known effects on other drugs. Because
GBP is excreted by the kidneys, dosage requirements for
patients with kidney dysfunction are less.

Lamotrigine (LTG), like CBZ, blocks voltage-dependent
sodium channels on neuronal membranes and is effec-
tive against partial seizures and generalized tonic-clonic
seizures. Dosing is initiated at 25 to 50mg daily, and
increased slowly to reduce the likelihood of rash, espe-
cially in patients who also are taking valproate. Common
side effects are rash, headache, nausea and vomiting,
insomnia, dizziness, double vision, trouble with balance,
and tremor. Severe, potentially life-threatening, skin
reactions occur in up to 1 in 1000 adults and 1 in 100
children. Recent data from a pregnancy registry suggest
an increased risk to babies of isolated cleft lip or palate
when LTG is taken during the first trimester of pregnancy.

Levetiracetam (LEV) affects the currents of two inhibi-
tory neurotransmitters in the brain – GABA and glycine –
althoughwhether these actions account for themechanism
of action of LEV is unclear. It is effective against partial
and generalized seizures, including myoclonic and absence
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seizures. The starting dosage is 500 to 1000mg daily, which
is increased by 1000mg every 2weeks as tolerated and
needed for seizure control. Patientswith kidneydysfunction
require lower dosages. Side effects include somnolence,
headache, lack of appetite, nervousness, and, less frequently,
agitation, aggression, anxiety, or depression. LEV has no
effects on other drugs.

Oxcarbazepine (OXC) works similarly to CBZ and
LTG on neuronal membranes. It is quickly metabolized
in the body to an active metabolite. OXC is used to treat
partial seizures and generalized tonic-clonic seizures.
Dosage is started at 150 to 600mg daily in adults and
increased every 1 to 2weeks as tolerated and as needed to
control seizures. Side effects include drowsiness, dizzi-
ness, headache, double vision, nausea and vomiting, trou-
ble with balance, and rash.

Phenobarbital (PB) amplifies the inhibitory effect of
GABA on brain neurons and is used for partial seizures,
generalized tonic-clonic seizures, and myoclonic seizures.
PB is the least expensive AED, but is generally viewed as a
second-line drug because many patients experience side
effects, such as sleepiness, depression, and agitation. An
intravenous form of PB is useful for seizure emergencies.
Adult dosages range from 60 to 240mg/day. PB has been
associated with birth defects and drug–drug interactions.

Phenytoin (PHT) blocks voltage-dependent neuronal
sodium channels and is used for partial seizures and
generalized tonic-clonic seizures. An intravenous formula-
tion is useful for seizure emergencies. Typical dose-related
side effects are rash, trouble with balance, slurred speech,
and sleepiness. Long-term use may cause swelling of the
gums (gingival hyperplasia), hair growth, acne, thinning of
the bones, and peripheral nerve dysfunction. Very serious
side effects, such as hepatitis, bone marrow suppression,
swelling of the lymph nodes, and a potentially fatal rash,
are very rare. On the other hand, drug–drug interactions are
common. Phenytoin has been associated with birth defects.

Pregabalin (PGB) works in a similar manner as GBP,
and is effective for the treatment of partial seizures. The
starting dose is 150mg/day, with subsequent titration
every week to an effective and tolerable maintenance
dose. Common side effects are dizziness, sleepiness, head-
ache, trouble with balance, weight gain, and peripheral
fluid retention. PGB has no known effects on other drugs.
Because PGB is excreted by the kidneys, target dosages
for patients with kidney dysfunction are lower than in
patients with normal kidney function.

Primidone (PRM) is converted by the liver to PB and
another active compound. PRM is used for partial sei-
zures and generalized tonic-clonic seizures, but it is con-
sidered a second-line treatment because of sedating side
effects and reduced sex drive. The initial dose is usually
125mg at bedtime, with 125mg increments every 3 to
5 days as needed for seizure control and as tolerated. PRM
causes drug–drug interactions.
Sodium valproate (VPA) has several mechanisms of
action, and is effective for all seizure types. The initial
dosage is 500 to 1000mg/day, with subsequent titration
as needed and tolerated. Tremor is a dose-related side
effect; weight gain and hair thinning may also occur.
Rarely, serious effects on platelet counts, the pancreas,
and the liver may be seen. VPA has been associated with
birth defects, especially neural tube defects. VPA inhibits
the metabolism of a number of drugs, including PHT, PB,
the primary metabolite of CBZ, and LTG; therefore,
drug–drug interactions are common.

Tiagabine (TGB) augments the effects of the inhibi-
tory neurotransmitter GABA and is used to treat partial
seizures. Treatment commences with 4 to 8mg daily, and
the dosage is increased weekly or more slowly by 4 to
8mg as needed for control of seizures and as tolerated.
Side effects are related to daily dose and rate of titration,
and include dizziness, fatigue, muscle weakness, ner-
vousness, tremor, impaired concentration, lethargy, and
depression. Drug–drug interactions may occur, and
required doses are reduced in patients with significant
liver dysfunction.

Topiramate (TPM) has several mechanisms of action
and is used for partial seizures, generalized tonic-clonic
seizures, and myoclonic seizures. Treatment is initiated at
25 to 50mg/day and increased by 25 to 50mg every 1 to
2weeks as needed for seizure control and as tolerated.
Side effects include a language disorder characterized by
word-finding difficulty, slowing of cognition, trouble with
balance, dizziness, fatigue, numbness and tingling, reduced
appetite, and weight loss. Rare side effects include kidney
stones, decreased sweating, and acute angle closure glau-
coma. Drug interactions may occur, especially with hor-
monal contraceptives, PHT, and CBZ.

Zonisamide (ZNS) has several mechanisms of action
and is used for partial seizures and generalized seizures.
The starting dose is 100mg daily for adult patients, which
is usually increased every 2weeks as needed and toler-
ated. Typical side effects are lack of appetite, dizziness,
trouble with balance, fatigue, sleepiness, and confusion.
Rare side effects include kidney stones and decreased
sweating. Drug interactions may occur.
Nonpharmacological Therapies

Several nonpharmacological therapies are available for
selected patients whose seizures do not satisfactorily
respond to AEDs. These include brain surgery, vagus
nerve stimulation, dietary approaches, such as the keto-
genic diet and the modified Atkins diet, and a variety of
stress-reduction techniques. Ongoing treatment with
AEDs is generally maintained. Among the nonpharmaco-
logical therapies, brain surgery offers the greatest poten-
tial for complete seizure control, especially when seizure
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onset can be localized with sophisticated EEG testing to
the inner part of the temporal lobe and when the under-
lying pathology is determined by brain imaging studies to
be a condition known as mesial temporal sclerosis. With
the exception of stress-reduction techniques, nonpharma-
cological therapies generally require extensive and
expensive evaluations and are primarily offered at com-
prehensive epilepsy centers.
Psychosocial Aspects of Epilepsy

Patients with epilepsy often experience an unsatisfactory
quality of life because of a variety of epilepsy-related
psychosocial factors, such as stigma and psychiatric
comorbidity.

Stigma adversely affects patients with epilepsy, espe-
cially those with difficult-to-control seizures, and partic-
ularly in developing, resource-poor countries. Perceived
and enacted stigma impact on nearly all everyday activ-
ities of persons with epilepsy, such as attending school,
driving, working, enjoying recreational activities, estab-
lishing social relationships, and obtaining insurance. Even
patients who are seizure-free and well informed about
their disorder may experience unemployment and under-
employment, driving restrictions, difficulty obtaining life
and health insurance, and social stigmatization.

Psychiatric comorbidity is common in patients with
epilepsy. The most frequent associated psychiatric condi-
tion is depression, occurring in 10–20% of patients with
controlled seizures and up to 60% of patients with medi-
cally intractable epilepsy. Depression is underdiagnosed
and undertreated in patients with epilepsy, in part
because of the largely unjustified concern that all antide-
pressant drugs could exacerbate seizures. Undertreatment
is a major problem, because suicide is a frequent cause of
death in patients with epilepsy, occurring up to 10 times
more frequently than in the general population.

Up to 25% of patients with epilepsy have anxiety, most
commonly in the form of a generalized anxiety disorder.
The severity of anxiety may not correlate with seizure
frequency. Ironically, severe anxiety may develop after a
patient with epilepsy becomes seizure-free. Apart from
having an anxiety disorder, living with fear is common
among people with epilepsy and is often reported as ‘the
worst thing about having epilepsy’ (Fisher et al., 2000a,
2000b). Specific fears include dying from a seizure, public
embarrassment, losing employment, and being involved
in an automobile accident.
Reducing the Global Burden of Epilepsy

The recognition that epilepsy is a multifaceted disorder
consisting of seizures, underlying brain dysfunction, and
numerous psychosocial complications has prompted
major efforts around the world to identify and overcome
the barriers to optimum quality of life for persons with
epilepsy.

Public health initiatives have sought to improve edu-
cation about epilepsy among health-care practitioners,
ministers, teachers, rescue personnel, and the general
public. For example, epilepsy-related initiatives of the
United States Centers for Disease Control and Prevention
have focused on improving care; enhancing communica-
tion and combating stigma; self-management, disease sur-
veillance and prevention research; increasing public
awareness and knowledge; and strengthening partnerships
with other organizations such as the Epilepsy Foundation
(Schachter, 2001). Reducing stigma is the primary objec-
tive of Out of the Shadows, a global campaign of the
International League Against Epilepsy, the World Health
Organization, and the International Bureau for Epilepsy,
but this effort can be particularly challenging among
cultures that continue to view epilepsy as the result of
supernatural forces, as was more pervasive centuries ago.

In addition to education, public health agencies are
attempting to improve access to appropriate medical
care for the millions of patients with epilepsy worldwide
who currently have no access to treatment or cannot
afford appropriate medications.
See also: Specific Mental Health Disorders: Depressive

and Anxiety Disorders.
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Introduction

With the advent of the Industrial Revolution, there arose
an increased incidence of urban violence, especially in the
home and work place. Capturing the attention of analysts
for more than 130 years, among these violent events are
serial killing and mass murder. As more instances of both
events were officially recorded and analyzed throughout
the first half of the twentieth century, our understand-
ing of the complex dynamics involved have become
somewhat crystallized. By the 1960s and 1970s, more
informed explanations of serial killing and mass murder
were under development by government analysts and
others interested in understanding the nature of multi-
cide. By the 1980s, the scholarly literature that stands as
a benchmark for comparison had been developed. Some
of this information is derived from scholarly research
efforts conducted, for example, in Australia, Great Britain,
Germany, and the United States. In addition, the FBI
Supplementary Homicide Reports (SHR) provide an
incidence-based compilation of homicide victim and
offender age, race, sex, weapon, victim/offender relation-
ship, and circumstance that is useful to create profiles and
typologies of serial and mass killings. These data establish
new, important insights into the modus operandi of each type.

According to the FBI’s Crime Classification Manual,
there are six kinds of murders, namely single, double,
triple, mass, spree, and serial. The multiple homicide
concept includes two of these six classifications: Mass
murder and serial murder. Because of their import, these
phenomena are addressed in the research efforts of many
analysts, including the classic article authored by James
Alan Fox and Jack Levin (1998). These analysts provide an
important operational distinction, stating

. . .we define (multiple homicide) narrowly as the murder of

at least four victims. More than just arbitrary, this mini-

mum body count, – as opposed to a two- or three-victim

threshold (because it) . . . helps to distinguish multiple

killing from homicide generally. . . . Multiple homicide
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includes cases in which victims are slain at once (mass),

over a short period of time (spree), or over an extended

period of time (serial) (Fox and Levin, 1998: 408)

Although a great deal of attention has been directed
toward multiple-homicide events that occurred during
the latter portion of the twentieth century, data pertaining
to mass murder and serial killing for the years prior to the
mid-1960s are also known to exist. In a recently published
research report, it is clearly demonstrated that data for at
least 909mass murders (using the four fatal victims within
a 24-h period requirement) took place during the period
1900–99 within the United States alone. Many of these
events (n¼ 260) occurred between 1900 and 1975. The
analyst’s discovery of important historical data challenge
the common wisdom (Duwe, 2004), and he calls attention
to the socially constructed myth of the dramatic increase
in the number of mass murders since 1965. This may not
be a valid claim, according to Duwe, who wrote:

Despite the widespread belief in this claim . . . hard data

have not been presented to substantiate the alleged mass

murder increase. In fact, existing research has not even

examined mass murder before 1965. Instead it has focused

on cases that have occurred during the last several

decades (Duwe, 2004: 730)

The geographic distribution of serial killers is world-
wide, although countries such as Australia, Germany, and
Great Britain rarely record serial and mass killing events
on a consistent basis. It is estimated that 80% of all known
serial murderers identified during the twentieth century
resided on the North American continent. Most of these
were from the United States. Canada documents less than
two and a half mass murder events annually; the United
State records almost 26mass murder events per year.

It has also been reported that during this same
100-year period, 1900–99, there were 1246 serial killers
officially documented worldwide, of whom 236 were in
the United States. Of the estimated 18 361 victims world-
wide, a total of 3313 were thought to have been murdered
in the United States. In Australia, 5% of all homicide
events involve multiple victims but, on average, only one
multiple homicide is recorded annually. In the 9-year
period that includes 1989–97, there were 13 such mass-
murder incidents reported in Australia, resulting in 94
deaths. None were recorded during the subsequent
2 years that the Australian report covers.

During the period 1920–40, Germany reported a dozen
cases of serial killing in which over 20 victims were
claimed for each case. Given that this kind of high serial
murderer activity was not documented prior to or since
that extended time period leads to some speculation as to
whether the cause of this high number of deaths may be
attributed to political reactionaries in that country. From
1970 to the mid-1980s, 39 such cases were documented.
Historically, in England and Wales few such cases of
homicide are documented; even fewer cases of serial kill-
ing occur. For the period 1940–85, only 12 cases were
recorded in England, with a victim count that ranges
from four to 26. For the 46-year period, these 12 cases
accounted for a known total of 107murders with prosti-
tutes accounting for the largest group of victims (n¼ 24).

The conventional wisdom regarding the dramatic
increase in social violence, such as mass murder and serial
killing, is perpetrated bymedia attention that is focused on
violence-prone psychopaths and sociopaths. Portrayed as
representing an historically new crime wave that began in
the 1960s, this view is currently being challenged. Placing
these data within an appropriate social and historical
context provides some important new insights, indicating
that within the United States, at least, the incidence of
multiple killings was at least as prevalent during the 1920s
and 1930s as they have been since 1965. On the other hand,
at least a portion of the rather large number of missing
persons, including children, who cannot be accounted for
on a yearly basis, may also be represented among those
who have fallen victim to an unknown serial killer.

The need to continue inquiry of such phenomena is
also important, extending well beyond the public interest
and fascination and the health-care professionals’ need to
know. The knowledge is currently being extended, for
example, on the stationary serial killer category, a killer
who is far removed from the violence and death of the
streets and private residences perpetrated by the nomadic
or territorial serial killers. The rarest of serial murderers,
the stationary killer, works in arenas of public trust, such
as hospitals and nursing homes. As important insights of
serial murder committed by medical personnel are un-
covered, new institutional policies are put into practice as
safeguard measures. Medical murders, committed by phy-
sicians, nurses and their aids, hospital orderlies, and den-
tists, have been characterized as based on the underlying
motives, mercy killings, and, in some instances, the per-
petrator is known as the hero type. Having created a life-
threatening situation, the hero then attempts to save
the patient. But these kinds of multiple homicides also
include the motive of profit (such as life insurance claims)
and the sexual motive (such as overdosing a patient in a
dental chair and then engaging in sexual molestation).
Still other workplace killings perpetrated by employees
take place in motels and apartments.

Violent forms of behavior that lead to serial killing and
mass murder receive an appropriate recognition as con-
stituting a major social problem. Witness the April 16,
2007, rampage on the campus of Virginia Polytechnic
Institute and State University located in Blacksburg, Vir-
ginia. This event resulted in the shooting deaths of 33
individuals, 32 of whom were students and professors; the
perpetrator was victim number 33. Despite its tragic
nature, the Virginia Tech carnage no longer represents
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an unusual event. Indeed, there are many such violent
events noted worldwide, including the Columbine High
School shootings; Jonestown, Guyana; Waco, Texas and
the Branch Davidian religious sect; the Oklahoma City
bombing of the Alfred P. Murrah Federal Building; the
1982 South Korean Uireyeong massacre of 57 victims; the
August 1991 Strathfield Plaza shopping centre shooting
deaths of seven people; the April 1996, Port Arthur,
Tasmania (Australia), shooting death of 35 victims; a
suspected intentional Egypt Air crash in which 200
individuals lost their lives; and the events of September
11, 2001, which led to the demise of thousands at the
World Trade Center and many more victims who died
in the plane crashes at the U.S. Pentagon and in a
Pennsylvania farm field. Despite the significance of each
particular occurrence, however, perhaps only the events
of September 11, 2001, will stand out in history because of
the subsequent course of action taken by the U.S. govern-
ment in national and international affairs.

Questions that are posed in the immediate aftermath of
such tragedy tend to be directed not only toward the
characteristics of the perpetrator, the sociocultural envi-
ronment that surrounds the event, and those officials who
are in positions of authority, but also discovery of what can
be done to prevent the occurrence of such events in the
future. Since the 1960s, there has been earnest, albeit less
than coordinated, scholarly and public health-oriented
efforts to do so.

The conceptualization of mass murder varies consid-
erably in terms of numbers as well as the more elusive
psychological intention (intent) of the killer. Katherine
Ramsland, in Inside the Minds of Mass Murderers: Why

They Kill, suggests that the definitions of mass murder
range considerably among analysts of this problem,
explaining that mass murder is used by some to include:

. . . all multicides, such as serial killings and any other

occasion inwhich someone kills more than a single person.

Some sources indicate that there must be at least three

victims to classify an incident as mass murder. A few set

the number at three plus at least two wounded, and others

settle on a minimum of four victims

(Ramsland, 2006: xi)

However, it may be best to conceptualize the mass
murderer differently from both the serial killer and the
spree killer (who engages in prolonged killing over time
and space), who may or may not hold similar motives and
intentions as the mass murderer. According to the Crime

Classification Manual (Douglas et al., 1992) provided by the
Federal Bureau of Investigation, one who kills four or
more individuals in close succession in a single location
or in closely related locations is designated a mass
murderer.

Serial killings, on the other hand, may not be recog-
nized for what they are, and this may be true for a variety
of reasons that we explore below. In the following sections,
we attempt to offer a summary of the important academic
and government research findings and insights that have
been reported over the past 50 years. In so doing, we
attempt to describe why serial killings and mass murder
represent important areas of inquiry both historically and
within the contemporary social and biological sciences.
We do so while also acknowledging that because of the
horrible nature of the acts committed by serial and mass
murderers and the low probability that such acts may be
predictable, the individuals who perpetrate such violent
acts may also defy exact classification. Still, the sociopsy-
chological and psychiatric exploration of the minds of
serial killers and mass murderers provides an opportunity
to recognize the unique character of each individual.
Although each instance of mass murder may differ from
serial killing and spree killing, mass murder shares some
common characteristics with each of the others.
Serial Murderers

We serial killers are your sons, we are your husbands, we

are everywhere. And there will be more of your children

dead tomorrow (Bundy, n.d.)

Over the course of the past several hundred years,
serial killers have been labeled as angel makers, angels
of death, black widows, baby farming (of the Victorian
era), bad seeds, and blue beards. It is now well known that
serial killers are different from those individuals who are
responsible for most homicides. Serial killers are gener-
ally young and engage in a childhood pattern of violence
that is directed toward animals and other humans, includ-
ing the young sibling or playmate as well as the older
adult parent, teacher, relative, and authority figure.
Although there exists only a modicum of documented
evidence that some serial killers actually begin to kill for
the first time while still under the age of 10 years, there is
overwhelming evidence that most serial killers begin to
kill when they are quite young. Approximately 26% com-
mit their first murder while still in their teens; 44% began
to kill when in their twenties; another 24% are in their
thirties; and approximately 4% are in their forties. In light
of these data, the following also is germane to this assess-
ment. Common characteristics of serial killers identified
in a highly regarded work by Holmes and DeBurger
(1988) indicate:

The serial murderer is between the ages of 25 and 35,

usually white male who kill white females, the serial

murder occurs in areas of high transience and population

change, involves people of similar status, and usually

involves the killing of a total stranger

(Holmes and DeBurger, 1988: 23–24)
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Contrary to conventional wisdom, serial murders fre-
quently involve more than one killer. Thus, another note-
worthy datum is that approximately 13% of serial killings
committed within the United States involve multiple kill-
ers. Of this total, fully 56% involve two killers, especially
two females, with the remaining 44% involving groups
that vary in size from three killers to cults with many
members involved in the killing. A variety of pairings are
involved among multiple killers, but the most usual
grouping involves all females ranging in size from two to
a large number of females, as characterized by the so-
called angel makers of Nagyrev, Hungary, during and for
several years after WWI, and the angels of death medical
murders committed during the 1980s by female personnel
employed in the Lainz General Hospital in Vienna,
Austria.

Serial murder is a type of multiple homicide, and the
contemporary notion related to serial murder is that this
event involves stranger-to-stranger crime.

Many victims killed by strangers, including serial kill-
ers, exist on the fringe of society. These include pro-
stitutes, drug addicts, homeless people, and teenage
runaways. This is consistent with other findings. As
reported in a case study of John Wayne Gacy, one of the
most prolific serial killers of young males during the
1970s, the characteristics targeted by the serial killer
include strangers, prostitutes, runaways, elderly people,
and homosexuals, in sum, people who hold little commu-
nity status or attachment.
Serial Killers, Historical Perspective

Although many people perceive the serial killer to be a
relatively new contemporary form of deviant behavior,
the history of serial murder can be traced to ancient
Rome where the first recorded case of serial murder is
attributed, not to the male with whom this phenomenon is
generally associated, but to Locusta, a female who poi-
soned her victims. Locusta was executed for her crimes in
Rome in 69AD. Throughout the Middle Ages, examples
of both male and female serial killers are noted, including
cases involving the bizarre, perverted sex and magic
rituals and other sadistic behavior in which the lives of
perhaps 100 children were taken by the wealthy French
baron Giulles de Rais (the original bluebeard killer). The
baron, who was identified as exhibiting an unhealthy
appetite for young children, was executed in 1440, as
were several servants who were dispatched to procure
the unwitting young for the baron’s sadistic pleasure.

During the Middle Ages and up to the latter portion of
the past millennium, poison appears to have been the
killers’ method of choice. Other similar infamous exam-
ples are found over a several-hundred-year period, of
which a number of female serial killers are known to
have poisoned more than 600 people. Some children
were murdered and then fed to the killers’ starving family
members.

Torture and killing for pleasure seems to have been the
forte of one Erzebet Bathory born in 1560 in Hungary.
Of noble heritage, her family members included the
King of Poland, a prime minister, governor of a provi-
dence, judges, and church bishops and cardinals. Although
married early in life, this serial killer began her method of
torture and inflicted pain during her late teenage years,
casting upon the even younger servants and later village
peasants. Tried in court in the year 1611 for an alleged
80murders, it is estimated that Erzebet may have tortured
to death 300–650 victims.

The examples are more bountiful as the Industrial
Revolution took effect. The time dimension appears to
be important in that over an extended period of time the
profile if not the motives of serial killers seems to have
changed. While during the Middle Ages aristocrats
preyed upon the peasant class to satisfy what is now
described as depravity, during the period of the Industrial
Revolution members of an expanding middle class killed
street prostitutes and homeless children as well as house-
hold employees. In contemporary society, this group of
individuals appears to be from the blue collar working and
lower middle classes.
Serial Murder: An Emerging Concept

The concept serial murder/killing had a less than distin-
guished history until multiple homicide was defined to
stand in contrast to homicide in general. It seems apparent
that many deaths that could be attributed to serial mur-
derers were not officially documented as such. Outside of
the Church recording of births, marriages, and deaths, the
recording procedures of the Middle Ages were not well
orchestrated. Such organization was to remain undevel-
oped for many more years until the direction of the
so-called moral statisticians was established in the early
1800s. One general area of interest for these moralistic but
scientifically oriented individuals was crime, of which
murder serves as one important example. As the process
of recording important events such as murder became
an official government act, more specific information
regarding episodes involving suspected serial killings
began to emerge.

Although there is a paucity of official data pertaining
to historical serial killing, in the contemporary experience
the opposite effect is found. That is, once identified either
by modus operandi or by name, serial killers gain consider-
able public attention. In the United States alone, more
than 50 individuals are known to have taken the lives of
five to more than 100 victims between the early 1900s to
the end of the century. In contrast, in the period 1960
to the late 1990s Australia recorded only nine serial
killers. In England, during the 1940–85 period, a total of
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12 such cases were recorded. Whether based on fact or
myth, another interesting datum is based on the belief that
each year 5000 or more individuals become victims of
serial killers. Others estimate the number of the victims in
the United States alone is between 3500 and 6000 victims
annually.

Many serial killers are eventually identified and con-
victed of their crimes; in other instances infamous serial
killers have not been identified and their legacy has grown
to hold the status of urban legend. Classic examples
include the Jack the Ripper killings in several districts of
London, England, that occurred during the year 1888 and
the Axeman of New Orleans who is thought to have been
operating in that city during the 1918–19 period, as well as
the self-proclaimed Zodiac killer who stalked victims in
the northern California area during the 1970s and 1980s.

The historical list of serial murderers includes the
familiar and not so familiar. The first known American
serial murderer can be traced to the 1880s when Herman
Webster Mudgett killed 27 women. At that time and for
the next 100 years, the phenomenon of multiple murders
attributed to one individual was referred to as lust murder
and, although the term serial murder was first coined
either in the mid-1960s or in 1982, the media confused
serial murder with mass murder, using the latter term
until the end of the 1980s.

Many of the most famous serial killers in the United
States (e.g., William Bonner, aka Billy the Kid and Doc
Holiday) have also been the most prolific, but the scope of
their criminality became lost in time as their names and
actions merged to become part of the legend of settling
the U.S. western frontier. The history of many of these so-
called western and urban legend killers is chronicled by
Newton (2000) in The Encyclopedia of Serial Killers. It is also
noteworthy that contrary to popular belief, the majority of
serial killers were or are not homosexual but, of those who
were, many can be counted among the most prolific serial
killers. And these serial killers receive much attention
primarily because of the sexual nature of the homicide.

The early portion of the modern era produced few
documented instances of serial killing, but these became
highly profile events given the notoriety accorded by the
media, especially in the United States. Terms such as blue
beards, black widows, strangle psycho, viciously depraved,
mad butcher, backpacker serial killer, lonely hearts killer,
torso killer, cannibalistic pedophile, the gorilla killer, and
homicidal burglar were used to describe both the known
and unknown serial killer of this period.

During the 1920s, two serial killers of note emerged,
namely Earle Leonard Nelson and Carl Panzram, while
the decades of the 1930s and 1940s produced Albert Fish,
Jack Bird (who confessed to a dozen murders), and Wil-
liam Heirens. But this was to change beginning with the
1950s and lasting through the final half of the twentieth
century. During this period, many more serial killers were
identified, including Austria’s international murderer Jack
Underberger. This change also appears to cast focus on
the United States where the largest proportion of serial
killers is located.

For the period 1800 to 1986, it is reported that of the
serial killers identified, approximately 14% were female.
Recent analysis of the sudden infant death syndrome
phenomenon also reveals that many cases of SIDS may
serve as a cover for serial murder of infants committed by
the mother either because of the insurance profit motive
or because of some unusual urge or compulsion.
Defining Serial Murder

The FBI’s Crime Classification Manual (Douglas et al., 1992)
provides a concise albeit controversial definition of serial
murder as ‘‘Three or more separate events in three or more
separate locations with an emotional cooling-off period
between homicides.’’ However, the history of the evolving
definition of this phenomenon is itself interesting. Indeed,
several definitions of serial murder have been advanced.
Among these are the fact that the events we now refer
to as serial murders were once identified as stranger mur-
ders; this phenomenonwas also referred to as chain murder,
mass murder and, later, multicide. Introduced into the
literature in 1972, the term multicide characterized an
individual with a psychopathological personality who com-
mitted a number of murders over a period of time.

It is not without reason that the conceptual under-
standing of serial murder is less than unanimous. Some
analysts even debate whether serial murder and spree
killings should be subsumed under the mass murder con-
cept given that all of these terms are examples of multiple
homicide. Establishing the four victim minimum for the
multiple homicide category can contribute an important
distinction for murder. What is useful to this assessment is
that once the concept came under scrutiny there was
enough interest to initiate a rapid change in definition
or meaning. Today most analysts agree that three victims
killed in rapid succession and linked to a single killer or
killers constitute serial murder. Others also argue that the
time lapse between the first and last murder must be more
than 30 days to qualify as serial murder.

The aforementioned refinement in definition continued
until 1985, at which time Steven Egger offeredwhatmay be
the most comprehensive definition of serial murder:

A serial murder occurs when one or more individuals

(males in most known cases) commit a second and or

subsequent murder; is relationshipless (no prior relation-

ship between victim and attacker); is at a different time

and has no apparent connection to the initial murder; and

is usually committed in a different geographical location.

Further, the motive is not for material gain and is believed

to be for the murderer’s desire to have power over his



Serial and Mass Murderers 685
victims. Victims may have symbolic value and are per-

ceived to be prestigeless and in most instances unable to

defend themselves or alert others to their plight, or are

perceived as powerless given their situation in time, place

or status within their immediate surrounding (such as

vagrants, prostitutes, migrant workers, homosexuals,

missing children, and single and often elderly women)

(Egger, 1990: 4)

To this list of potential victims we can add single
women who are out alone, college students, and hospital
patients.

Finally, Michael Newton suggests that the best
description of serial murder may be that promoted by
the U.S. National Institute of Justice which, in 1988,
defined the term as:

A series of two or more murders, committed as separate

events, usually, but not always, by one offender acting

alone. The crimes may occur over a period of time rang-

ing from hours to years. Quite often the motive is psy-

chological, and the offender’s behavior and the physical

evidence observed at the crime scenes will reflect sadistic

overtones (Newton, 2000: 205)

In an interesting psychological assessment of what was
fast becoming known as a growing social menace, Norris
wrote:

The serial murderer murders in an episodic frenzy that

can strike without warning. He often preys on the most

vulnerable victims in his area and then moves on, leaving

the police to find the missing persons and search for traces

of the scant clues left behind. Because his killing is not a

passion of themoment but a compelling urge that has been

growing within him sometimes for years, he has complete-

ly amalgamated this practice into his lifestyle. It is as

though he lives to kill, surviving from one murder event

to the next, stringing out his existence by connecting the

deaths of the victims. Without this string of murders, he

feels he will fall apart, that he will disintegrate psycholog-

ically. The remainder of his life is devoted to maintaining

the mask of normalcy and sanity (Norris, 1988: 19)
Sexual Predation

Of the limited number of research case studies that have
been conducted, it is generally the sexual homicide type
that receives the most attention. Most serial killers
become sexually involved with their victims; two-thirds
of the serial killers are sexually motivated. The essence
of this characterization is captured, for example, in
Australia’s classic type of serial murder:

There are one or more separate homicide events which

occur over a period of time (hours, days, weeks, or even

years). There is a cooling-off period between episodes.
These crimes are predatory. The offender frequently

stalks his victims. The motive is clearly psychological.

The offender’s behaviour and the crime scene evidence

typically indicate sexual and sadistic features, and may

involve torture and mutilation of the victim

(Mouzos, 2000: 93)

Analysts of multiple murder pose that while the moti-
vation and patterns of serial killers differ a great deal, the
most prominent form of serial killing is the power-hungry
sadist (see the section titled ‘Of types and motives’ below),
who seeks strangers to gratify their sexual fantasies. But
the victims of serial murderers also represent more than
objects of sexual attraction. Serial killers view their dead
victims as aesthetically pleasing and a source of compan-
ionship. The perpetrator may also engage in one or more
of the following: animal torture, anthropophagy (eating
the victim’s flesh or slicing portions of the body), copro-
philia (the offender receives sexual gratification from
touching or eating urine or excrement), fetishism (sexual
gratification by substituting objects for a partner), geron-
tophilia (seeking out elderly people of the opposite sex for
sexual gratification), mixoscophia (achieving sexual plea-
sure through observing others engage in sex acts), necro-
fetishism (viewing of dead bodies), necrophilia (sexual
intercourse with a corpse), pedophilia (sexual intercourse
with children), and pederasty (anal intercourse with chil-
dren). In addition, serial murderers are known to use
photographs or recordings, use pornography, and engage
in acts involving rape, torture, sadomasochism, voyeurism,
and lust murder or sadistic brutality, including the muti-
lation of body parts, especially the genitalia.
Of Types and Motives

Three types of serial killers are the nomadic, territorial,
and stationary. Nomadic killers frequently move from city
to city and state to state, thereby making it difficult for
officials to identify them. The most common are the
territorial killers who stalk most if not all their victims
within certain areas. The rarest form of serial killing is
related to employees who operate within the professional
workplace settings such as hospitals or rest homes as well
as residential locations such as apartments and motels.

Public exposure of serial killings is cause for officials to
generate numerous explanations, many of which may hold
little relevance to reality. But serious efforts to classify
types of serial killers led to an early development of four
distinctive types: (1) the visionary (responds to voices or
visions of God or others that demand certain people be
destroyed); (2) the mission-oriented (engages in a mission
to destroy evil people (such as prostitutes) because they
debase society); (3) the power/control-oriented (killer
derives satisfaction from having the power to determine
the fate of the victim, including sexual arousal); and (4) the
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hedonistic. The hedonistic serial killer category is a
composite of two subtypes. Subtype one, the hedonist,
is oriented toward pleasure and/or thrill seeking and is
rewarded with the sense of pleasure or well-being
achieved through committing criminal acts. Subtype two,
the lust killer, is sexually aroused, achieving emotional
gratification during commission of the homicidal act.
Described as a sociopath whose ultimate goals include
power and sexual satisfaction, the lust killer seeks to sexu-
ally ravage the victim and may even derive more pleasure
through symbolic or actual postmortem mating.

The lust murderer subtype is a useful tool for further
understanding the personalities of serial killers, many of
whom can be further categorized into two types, namely
the organized serial killer and the disorganized serial
killer. Each is essentially asocial, but the organized sub-
type is socially competent. The organized killer is
completely indifferent to social interests and the welfare
of society in general. Violence-prone, this emotion is
thought to be caused by marital stress, loss of employ-
ment, and heavy use of alcohol. With an irresponsible
attitude and self-centered in nature, the organized serial
killer dislikes people but does not avoid them. Rather, the
lust murderer manipulates people to achieve his goals.

The disorganized lust murderer avoids social contact,
experiences difficulty in establishing interpersonal rela-
tionships, and, as a consequence, feels rejected. Typically
a loner, the disorganized serial killer is more likely to
grow up in an environment devoid of love and affection,
and is more likely to have been abused and/or rejected by
a parent.

Such typologies offer important insights essential to
establishing a foundation upon which to build theory.
However, the serial killer almost defies definitive classifi-
cation. To illustrate, a particularly interesting quote
attributed to a former London police officer Dennis
Andrew Nilsen follows:

I did it all for me. Purely selfish. I worshipped the art and

the act of death, over and over. It’s as simple as that.

Afterwards it was all sexual confusion, symbolism, honor-

ing the ‘fallen.’ I was honoring myself. I hated the decay

and the dissection. There was no sadistic pleasure in the

killing. I killed them as I would like to be killed myself,

enjoying the extremity of the death act itself. If I did it to

myself I could only experience it once. If I did it to others,

I could experience the death act over and over again

(Newton, 2000: iv)
On Theory and Speculation

We know that serial murderers are different from the
conventional murderer. At the end of the twentieth cen-
tury, it also became clear that serial killers do not differ so
much with respect to psychiatric disorders than that
found among the general population. What appears to
be a contradiction is not. Rather, the issue is that there
appear to be many types of serial murderers. Thus, given
the current status of knowledge, it may not be possible at
this time to create the definitive profile of the serial
murderer.

Analysis of some cases has shown that physiological
problems may need to be addressed, but, in general,
what little evidence or information pertaining to serial
killers was available prior to the latter portion of the
twentieth century was drawn from clinical single-case
studies. Such studies consisted of courtroom testimony
and clinical interviews. Although informative, this kind
of knowledge claim tends to skew our understanding
of the multiple/serial murderer in that the information
is intended to represent a typology of what can be
considered the most atypical cases. In general, then,
psychological theories pertaining to serial killers do not
rest on evidence that psychiatric disorders are more
prevalent among these individuals than among the nor-
mal population; at least this seems to be the case in
the United States. For European nations such as Great
Britain, serial murderers are found to be mentally dis-
turbed. It may be useful to understand the hypothesis
that whatever differences exist among serial killers and
mass murderers, most normal people are capable most of
the time of controlling or channeling their aggressive
impulses outward toward objects other than humans
and animals.

Although initially based on a sample size of one, psy-
chological modeling of the warning signs of future vio-
lence include the identification of what is commonly
referred to as the triad of warning signs. These warning
signs, including arson, cruelty to animals, and persistent
adolescent bed-wetting (unueresis), have been demon-
strated to be valid indicators of severe mental and emo-
tional problems.

Consistent with these findings, an even more limited
study conducted by the Federal Bureau of Investigation
involving 36 sexually motivated killers reported that 43%
had been sexually abused during childhood, and an even
larger proportion (73%) experienced sexually stressful
events in their lives, and 72% engaged in childhood
fetishisms. More than two-thirds of this same group expe-
rienced the homicidal triad of classic warning signs
including childhood bed-wetting, slightly more than
one-half (56%) set fires during their childhood, and
one-third tortured animals, while more than one-half
expressed cruelty toward other children. Other behavioral
commonalities identified include 71% engaging in
chronic lying, and 38% admitting to assaulting adults.

Many of these actions first occurred during childhood,
with a large proportion of the individuals continuing to
engage in these behaviors well into adolescence.
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Still more common characteristics identified in the
international research literature include growing up in a
dysfunctional household, a history of poverty and unem-
ployment, a pattern of heavy drinking, a preoccupation
with fantasy and murder, and learning to associate vio-
lence with pleasure. Whether or not these common char-
acteristics eventually result in a serial killer emerging
depends on whether these individuals are influenced by
higher than normal instigation to aggression and lower
than normal inhibitions against aggression characteristic
of the psychopath and sociopath.

During the final decades of the century, quantitative
research provided the opportunity to develop profiles and
typologies of the perpetrators of multiple homicides, espe-
cially serial killers. As theoretical explanations of the 1960s
first began to lay a foundation for the work of the 1980
and 1990s, general sociocultural theories have been
applied to explain serial murder, including the subcultural
theory and the more recent application of the routine
activity theory.

Given the popularity of research on serial murder,
especially in the United States, perhaps it is not surprising
that many events and individuals have been described, in
retrospect, as representative of the serial killing phenom-
enon. These efforts include depiction of soldiers killing
during wartime, organized criminal hit-men, Nazi
Germany prison camp guards, terrorists, satanic cult
killers, and common hoodlums. Attempts to apply many
models and theories to serial killers result in a growing
psychological literature that depicts these predators as
primary psychopaths, secondary psychopaths, overcon-
trolled and undercontrolled, paranoid schizophrenic,
and pathologic sexual sadists with histories of childhood
physical and mental abuse. Recent findings indicate that
perhaps 10% of male serial killers may be paranoid
schizophrenic, while biological findings suggest brain
damage to the prefrontal cortex region may be useful
to explain some cases. Serial murderers also have been
portrayed as experiencing emotions such as frustration
and anger, much of which is thought to have accumula-
ted from childhood on. Even application of the classic
frustration–aggression hypothesis suggests what the needs
of the killer may be. In extreme cases, to show that serial
murderers are indeed different, tentative diagnoses such as
delusional psychotic, paranoid schizophrenic, and multiple
personality disorder are made.

In general, however, there does not appear to be much
evidence that serial murderers are more disturbed or
defective, nor have they experienced more traumatic
childhood life events than the general population. Where
such differences are detected, these appear to be unique to
the individual. Under such circumstances, it is difficult if
not impossible to create a general theory at this time.

Therefore, it may be necessary to begin to construct
more abstract models that include multifactor cultural
and social structural elements. Some sociological research
has been undertaken, but, similar to the efforts in psychol-
ogy, these have relied on application of extant theories
such as the subcultural, subculture of violence, routine
activity, and social control theories. None of these projects
provides results indicative of strong explanatory power.
Thus, we may have to accept the premise made within the
context of recent research conducted by James DeFronzo
et al.:

The findings suggest that as the scientific study of serial

homicide progresses, cultural and social-structural vari-

ables should be incorporated along with psychiatric and

biomedical factors in efforts to account for and reduce

this form of homicide (DeFronzo et al., 2007: 12)
Mass Murder

Mass Murder Defined

Mass murder is defined to occur when at least three or
four murders are committed at approximately the same
time and within the same spatial area. The central idea is
that a mass murder takes place within a brief period of
time, often within a few hours. Additionally, mass murder
is confined to a singular location such as a school or place
of employment, thus differentiating mass murder from
single and multiple murders that occur across time and
space.

Although the exact number of mass murders may
never become known, our understanding of this problem
should be placed within an historical and social context.
During most of the twentieth century, mass murder
involved the reporting of death under a number of differ-
ent categories, including shootings, murder, attempted
murder, bombs and bombing, fires, plots, the use of air-
craft, and arson (even this category is suspect because of
the problem of differentiating mass murder from the
notion of arson for profit). In a ground-breaking study,
from 1900 to 1975 a total of 260mass murders involving at
least four victims were reported in the New York Times.
From 1976 to 1999, using a U.S. government SHR data
base as well as the New York Times, a total of 649mass
murders committed in the United States were identified
by this same analyst.

The term mass murder was apparently used for the
first time in 1982 by the New York Times to classify the
killing of three to four (depending on the definition
employed) or more individuals and the wounding of
others in one location at approximately the same time.
Although events in which large numbers of individuals are
killed capture the attention of the news media, the modal
form of mass murder involves familicide in which the
head of household, usually the male, kills the wife and
children within their residence. Aside from familicide,
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another important statistic is that the mass murderer
targets individuals who are known such as current or
ex-in-laws and workplace coworkers and supervisors.

Media reports illustrate the passionate community
reactions to mass killings in eliciting a call for new legis-
lation and enhanced police protection as well as a dearth
of editorials in which various forms of community action
are suggested. Fox and Levin (1998) discuss the effect of
such social constructions of reality as these relate to
public concern over the killings. Mass killings tend not
to generate high levels of public fear and anxiety in the
aftermath of the event because once the killing event is
over no further threat from the offender exists. That is, the
mass killing event produces a reaction that is focused on a
past event.
Types of Mass Murder

In general, one or two individuals are involved in commit-
ting mass murder, but a group, corporation, or state gov-
ernment also can be involved in this type of activity. Such
instances of mass murder may be motivated by ideological
and/or political concerns (terrorism) or anger such as in
workplace shootings. In addition, religion-based killings
are common as are school shootings; the categories are
not mutually exclusive. A mass murder event may have
political and religious overtones, yet result in the death of
students at school, as exemplified by the 2004 school
shooting deaths recorded in Beslan, Russia.
Terrorism

The terrorist acts on September 11, 2001, were responsi-
ble for the loss of more than 3000 lives at several locations
within a few hours of each other. In this example, a
terrorist group is alleged to be linked to a state (or states)
that foster the use of threat and intimidation for establish-
ing the ideological foundation upon which agents of
mass murder function. Similarly, the mass murder of
191 people on a train in Madrid, Spain, in 2004 and
52 people in the underground/subway and a bus in Lon-
don, England, in 2005 are linked to a group with expres-
sed ideological goals.
Religio-Political

Group actions that result in mass murder include the
involvement of cults such as the 1969Tate-Labianca kill-
ings in California perpetrated by followers of Charles
Manson. Similarly, the combined 1978mass suicide and
mass murder of the members of the Peoples Temple led
by Jim Jones in Jonestown, Guyana, serve as another
example.

One particularly interesting example of religio-politi-
cal mass murder is the 1995Tokyo, Japan, subway poison
gas attack that killed 12 people. The group accused of
committing the offense sought religious freedom within
the political structure. When this status was denied, the
group retaliation was in the form of a mass murder event.
Akin to the Japanese attack is the mass murder of 100
Christians in Ambon, Indonesia, in 1999. The Indonesian
example was religious in orientation, yet was also an act of
revenge for the arson of Muslim homes perpetrated by
Christians.
Workplace and School

Perhaps the best-known form of mass murder is work-
place and school killings, which is sometimes known as
going postal, referring to mass murder committed within
the context of a U.S. postal service facility. The six deaths
that occurred in Goleta, California, in 2006, the 14 deaths
in Edmond, Oklahoma, in 1986, and the 2003 attack that
resulted in the murder of office workers in Meridian,
Mississippi, involved a disgruntled employee, who, upon
returning to the job site, murdered workplace colleagues.

School shootings draw the greatest amount of attention
from the public and the media. As a result, school shoot-
ings as a category of mass murder are perhaps the most
recognized form of mass murder. School shootings do
result in death even though these are rare events. Exam-
ples of this event include the 1996 Dunblane, Scotland,
mass murder of school children ages 5–6, the school girls
(the male students were dismissed) in attendance at an
Amish schoolhouse located in Lancaster, Pennsylvania,
that occurred in 2006, and the Erfurt, Germany, teenagers
who died during a 2002 attack.
Family Killings

Another form of mass murder is familicide or the murder
of one’s family. Available data indicate an adult male
household member is most likely to be the perpetrator of
familicide, taking the lives of the female spouse and those
of the children. It is also common for the killer to die upon
the conclusion of the mass murder, either at his/her own
hand or through the intervention of the police. Two
examples of this form of mass murder are the 2006 killing
familicide that occurred in Indianapolis, Indiana, and the
murder of six family members in Salzgitter, Germany, in
2000. Also, in 2001 a member of the Nepalese Royal Fam-
ily killed several members of his family. In all three cases,
the murderer was an adult male family member.

Typically mass murder victims are known to the per-
petrator. Although random victims die during the event,
most mass murders involve fathers killing members of
their family, disgruntled or fired employees killing their
coworkers, students killing fellow students, and cult lea-
ders ordering the killing of cult members. Major excep-
tions that stand outside the norm are mass murder
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committed as symbolic statements. Examples include the
terrorist attacks on the World Trade Towers and the
Pentagon, the Manson cult family killings, and indiscrim-
inate shootings in McDonald’s restaurants. The terrorist
attacks on the World Trade Towers and the Pentagon
were targets because they symbolically represented what
Al Qaeda believed were wrong with the world. Similarly,
in the Manson family’s system of beliefs, members of the
establishment were considered pigs, and their deaths
were needed to initiate the group’s apocalyptic goal of
helter-skelter. Last, McDonald’s restaurants are often
considered symbolic of American culture, including
ideals of the normality of American life. A killing event
in a McDonald’s can be seen as an attack on some or all
aspects of the perceived ideals of American culture.

Most mass murderers do not survive; few leave behind
any testimony such as notes or diaries to shed light on
their motives. What is known about the motivations of
mass murderers suggests that they hold clear conceptions
of power, revenge, hatred, anger, terror, fear, loyalty, and
greed. Some mass murders are committed to covering up
another crime such as robbery.

The targets of mass murder tend to be planned. More-
over, the more planning involved and the more revenge-
motivated the mass murder tends to be, the less likely
that mental illness can be considered a causal factor.
In the latter instance, those deemed to be lacking in
motive are designated penamoks or those who run amok
(i.e., a crazed killer).

Noted analysts Fox and Levin (1998: 438–441) devel-
oped three clusters of social psychological conditions
thought to influence mass murderers:

1. Predisposers: Long-term and stable preconditions that
become incorporated into the personality of the killer
such as frustration and externalization of blame;

2. Precipitants: Short-term and acute trigger catalysts
such as sudden loss or threat of loss of employment
and unwanted separation from loved ones;

3. Facilitators: Or conditions that increase the likelihood
of a violent outburst but are not necessary to produce
that response such as isolation from sources of emo-
tional support.

These social psychological conditions are not mutually
exclusive and thus would have a synergistic affect. If the
general motive is revenge; the accumulation of predispo-
sers, precipitants, and facilitators enhance the likelihood a
mass murder event will occur. For example, if an individ-
ual has an existing predisposition to externalize blame for
the loss of a job, he or she would not act on that unless
they were fired or laid off. Being laid off would be a
precipitant potentially opening the door to an act of
mass killing. If that person lacked the support structures
to aid in the control of the predisposition, the potential of
a mass killing event is heightened.
Theoretical Explanations

Perhaps the most common motive attributed to mass
murderers is that of problems that emerge within the
home and work setting. In such cases, the application of
strain theory suggests that as the perpetrator perceives his
or her stress level increasing, they engage in rebellious or
innovative actions as adaptations to cope with the real or
perceived strain. Closely aligned with the strain argument
for mass murder is anomie, a condition that reflects an
individual’s world view regarding his or her social stabil-
ity and social solidarity with others. Anomie is relevant to
the current discussion because it refers to the real and/or
perceived sense of normlessness an individual experi-
ences. Mass murderers who endure such feelings may
transgress normative behavior given the belief they no
longer are bound to the parameters of expected behavior.

Related to an actor’s real or perceived relationship with
others is the notion of control theory. One such theoreti-
cal statement, developed by Travis Hirschi, poses that the
strength of one’s bonds with family and others is critical to
understanding why individuals chose not to engage in
devious acts. The elements of such bonds to which one
has greater or lesser strength are attachment, commit-
ment, involvement, and belief. The greater the strength
of the bonds one has to conforming groups the less likely
he or she will act to disrupt those bonds. However, as the
strength of the bonds lessens, the relationship one has to
conforming others also diminishes, resulting in the loss of
control over the individual’s behavior.

Yet another attempt that holds some explanatory power
is the integration of multiple theoretical themes. Drawing
from features of anomie and integrating these with social
control theory, one explanation tendered is that feelings of
normlessness associated with anomie lead to the lessening
of the established bonds an actor experiences within the
context of conforming community groups. As the bonds
continue to dissolve, the perception of normlessness inten-
sifies, leading in turn to actions that reflect the absence of
commitment to the prevailing community norms.
Conclusion

Throughout the first half of the twentieth century, a slow
but steady increase in the number of serial killer cases
was officially recorded each year in the United States
and a noted worldwide increase was documented as
well. Beginning in the 1960s and then throughout the
remainder of the twentieth century, a dramatic worldwide
increase in the number of serial killers and mass kill-
ing was officially recorded; this increase was again espe-
cially noteworthy in the United States. Similarly, it
has been noted that the rate of mass murder has grown
exponentially throughout the final half of the twentieth
century and well into the twenty-first century.
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As an example of a major public health problem, public
knowledge of multiple murder in the form of serial killing
and mass murder has been enhanced during the past
several decades because of the increasing interest of scho-
lars and public health practitioners. And as this public
health issue gained increasing notoriety, the public health
focus on the survivors of the event demonstrates the
political ramifications that arise from such events. The
need to assist the living and the need for a rapid commu-
nity response is cause for some analysts to quickly cate-
gorize the perpetrator as having run amok, thereby
suggesting there may not be a way to prepare for a similar
future circumstance.

In another social policy-related area, law enforcement
may eventually identify and apprehend serial killers, but
many are thought to operate undetected for several years.
Some analysts attribute this problem to the lack of coor-
dination among law enforcement agencies. In addressing
this issue, it is again noteworthy that either an inability or
unwillingness of law enforcement agencies to share infor-
mation may explain in part why some serial killers move
about freely unencumbered by the intense scrutiny this
serious social problem requires.

The availability of handguns offers a partial explana-
tion for why 68% of all murders, including conventional
murders, are committed with firearms. Because this
represents a social policy issue, however, it is important
to critically evaluate any proposal to increase community
efforts to monitor the purchase of guns. It is the firearm
and more specifically the handgun that is used in more
than two-thirds of recorded homicides, but the methods of
choice used by serial killers vary. Few serial killers use
firearms to kill; most opt instead for strangulation and
stabbing.

Nevertheless, in terms of prevention, the public’s per-
ception is important. Many decades ago, a method of
choice among suicide victims was a particularly lethal
form of oven gas that was, at the time, readily available
to the English public. However, once the government
intervened to ban the sale of this type of gas, the rate of
suicide decreased by a considerable measure. The signifi-
cance of this historical lesson is clear. Although the effort
of governments worldwide to enact more stringent gun-
control strategies may cause considerable political strain,
the interdiction role of world governments in controlling
the sale of firearms may hold some appeal on behalf of the
public good.
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Background

The worldwide panic and chaos that resulted from the
outbreak of severe acute respiratory syndrome (SARS) in
February 2003, caused by a novel coronavirus (SARS-
CoV), was unprecedented for the twenty-first century
(Tsang et al., 2003). SARS rapidly spread via Hong Kong
to the rest of Asia, North America, and Europe within a
few months, affecting 8437 patients with a mortality rate
of 9.6%. In May 2005, SARS was declared ‘eradicated’ by
the World Health Organization (WHO), thus becoming
the second human disease, after smallpox, to receive this
label. Coronaviruses isolated from civet cats and other
game animals in China have remarkable sequence homol-
ogy with SARS-CoV, suggesting a zoonotic origin.
Clinical Pathology

There are three nondistinct theoretical phases of SARS,
namely viral replication, inflammatory pneumonitis, and
pulmonary fibrosis. Shedding of SARS-CoV, as evaluated
by reverse-transcriptase (RT)-PCR, peaks at 6 to 11 and
9 to 14 days after onset of fever for nasopharyngeal aspi-
rates and feces, respectively.

Autopsy studies on SARS lungs only reveal nonspecific
features including diffuse alveolar damage, secondary
bacterial pneumonia, and giant cell and macrophage infil-
tration of alveoli and lung interstitium (Nicholls et al.,
2003). The presence of subpleural fibro-granulation pro-
liferation in small airways and air spaces is similar to
bronchiolitis obliterans with organizing pneumonia, a
steroid-responsive immune-mediated pneumonitis. Four
out of 8 SARS patients had pulmonary thromboemboli,
which is otherwise an unusual condition among Asians.
Clinical Features

SARS-CoVappears to spread mainly by droplet transmis-
sion, although fomites and feces are also possible modes
for human transmission. Airborne transmission might
have contributed to an outbreak in Amoy Gardens, a
residential complex in Hong Kong, where hundreds of
people were infected.

The mean incubation period of SARS is 6.4 days (2 to
10 days), and the clinical features are summarized in
Table 1. The key feature is the occurrence of rapidly
progressive pneumonia, sometimes with dramatic over-
night progression from a mild to bilateral pneumonia
and then acute respiratory distress syndrome. The occur-
rence of upper respiratory tract symptoms is unusual.
Patients with diarrhea could potentially be highly infec-
tious. Physical signs are scarce in the first few days
but become more prominent as patients develop extensive
lung consolidation. Although SARS is predominantly a
respiratory illness, extrapulmonary manifestations are not
infrequently encountered (Table 2).

At fever onset, 80% of SARS patients have airspace
consolidation, especially peripheral and lower zone in
distribution, on their chest radiographs (Ooi et al., 2003;
Tsang et al., 2004). Generally, rapid deterioration of ground-
glass consolidation occurs in the first 3 days, peaking
between 8 and 10 days after onset of fever to become
multilobar and bilateral (Figure 1). Pneumomediastinum
and pneumothoraces, often spontaneous but also occur-
ring with assisted ventilation, can complicate extensive
disease (Figure 2).
Diagnosis

The current WHO diagnosis of SARS entails demonstra-
tion of clinical features (fever ≧38 �C, respiratory symp-
toms, radiographic pneumonia, and autopsy results of
consistent pathology in otherwise unexplained illness) and
the presence of virological proof of SARS-CoV infection
(i.e., positive RT-PCR for presence of SARS-CoV RNA,
seroconversion with significant antibody rise in paired sera,
or virus isolation). Practically, prerequisites for the diagno-
sis of SARS include the presence of an epidemiological
linkage, rapidly progressive pneumonia resistant to stan-
dard treatment, clinical features, andvirological evidence of
SARS-CoV infection. An epidemiological link, defined as a
history of contact with a SARS patient or visiting a hospital
with nosocomial SARS outbreak, in the 10 days preceding
disease onset, is useful even for patients in areas with out-
breaks. Virtually all patients deteriorate despite potent anti-
biotic therapy (Tsang et al., 2003), and most have
lymphopenia and raised transaminase levels.
Treatment

The treatment for SARS, administered amid the crisis
situations in 2003, is largely anecdotal and without back-
ing from controlled trial data.



Table 2 Clinical and laboratory manifestations of SARS

. Pulmonary

Pulmonary fibrosis

Traction bronchiectasis
Pneumomediastinum and pneumothorax

Thrombosis of vessels
. Cardiac complications

Diastolic dysfunction
Sudden death

Marantic cardiac valvular vegetations

Pulmonary thromboembolism
. Hematological

Thrombocytopenia

Lymphopenia
. Neurological

Depression and anxiety

Large artery ischemic stroke
. Miscellaneous

Diarrhea
Rhabdomyolysis

Avascular necrosis of femur

Liver function disruption

Tsang KW, Ooi GC, and Ho PL (2004) Diagnosis and pharma-
cotherapy of severe acute respiratory syndrome: What have

we learnt? European Respiratory Journal 24(6):1025–1032;

Booth CM, Matukas LM, Tomlinson GA, et al. (2003) Clinical

features and short-term outcomes of 144 patients with SARS
in the greater Toronto area. Journal of the American Medical

Association 289: 2801–2809.

Table 1 Symptoms of severe acute respiratory syndrome

Symptoms (%) Signs

Early
Fever (100%) Nil

Chills (73–100%)

Headache (30–70%)

Myalgia (20–60%)
Malaise (70%)

Later

Dry and unproductive cough

(57–100%)

Crackles and bronchial

breath sound
Dyspnea (60–80%)

Diarrhea (20–70%)

Symptoms of respiratory
failure (78%)

‘Less usual’

Rhinorrhea or sneezing

(probably <5%)
Sore throat (23–30%)

Sputum production (10–29%)
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Pharmacotherapy of SARS

Theoretically, none of the manifestations of SARS would
occur if an efficacious antiviral agent is given at disease
onset. However, agents of proven efficacy are not avail-
able despite prolific suggestions. Apart from administering
empirical antibiotic therapy for severe community-
acquired pneumonia, controlled clinical trials should be
conducted to evaluate the efficacyof potential antiviral and
immunomodulating agents. Clinical experience is only
available on a few agents used in the 2003 outbreak,
namely ribavirin, ritonavir/lopinavir, interferons, corticos-
teroids, immunoglobulin, and convalescence serum.

Historically, and before SARS was even defined by the
WHO, patients were treated with a broad-spectrum anti-
viral agent, namely ribavirin, and corticosteroid. About
60% of patients dropped their hemoglobin by 2 g/dl
after treatment with ribavirin (1.2 g tid) for two weeks,
and higher doses were associated with elevated liver
transaminase levels and bradycardia (Booth et al., 2003).
The rapid recovery of the first few Hong Kong patients
had led to the adoption of the above as standard anti-
SARS regimen in Hong Kong and elsewhere in 2003.
Ribavirin is now considered to be ineffective. The efficacy
of other possible anti-SARS-CoV agents such as antipro-
teases like Kaletra (ritonavir 400 mg and lopinavir 100 mg
for 14 days), in combination with ribavirin as initial treat-
ment, was associated with reduction in mortality (2.3% vs.
15.6%) and intubation rate (0% vs. 11%) when compared
with historical controls (Chu et al., 2004). It appears,
therefore, that ritonavir/lopinavir could be considered
for early treatment of SARS patients, preferably in a
controlled clinical trial setting. Adverse reactions are
not infrequent and include severe pancreatitis, diarrhea,
abdominal pain, asthenia, headache, nausea, insomnia,
and skin rash.

Interferon b-1b, a-n1, and a-n3 and human leukocyte
interferon a exhibit complete inhibition of cytopathic
effects of SARS-CoV in vitro. SARS patients treated
with corticosteroids and interferon alfacon-1 had less
ICU admission, mechanical ventilation, and death than
their counterparts (Loutfy et al., 2003).

SARS-CoV is an enveloped RNA virus that contains
several structural proteins. Currently, different vaccines
such as whole killed vaccine, adenovirus vector vaccine,
and recombinant spike protein vaccine are being tested
among laboratory animals, but none are ready for large-
scale clinical trials.
Immunomodulating Agents

Administration of corticosteroids to deteriorating SARS
patients was associated with significant and sometimes
dramatic radiographic and clinical recovery (Figure 1).
Despite skepticism, immunomodulating drugs could be
considered as rescue therapy. Patients who had pulse
steroid therapy (e.g., methylprednisolone 250 to 500mg
daily for 3 to 5 days) did not have higher cumulative
steroid dosage or side effects, but had less oxygen require-
ment and better radiographic outcome, than their



Figure 1 Chest X-ray of a 29-year-old woman with SARS showing (a) bibasilar ground-glass pulmonary consolidation at bottom of

both lungs, (b) rapid deterioration of consolidation to affect most of the lungs after 2 days, and (c) significant resolution of the pneumonic

changes 1 day after administration of one course of methylprednisolone.
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counterparts (Ho et al., 2003). Although a retrospective
analysis showed a higher 30-day mortality among patients
who had pulse methylprednisolone, this could be due to
the higher likelihood of using such therapy in more severe
SARS cases. Corticosteroids are effective anti-inflammatory
agents that significantly reduce interleukin-8, monocyte
chemoattractant protein-1, and IFN-g inducible protein-
10 levels in SARS (Wong et al., 2004). The use of high-
dose steroids was associated with sepsis, particularly
ventilator-associated pneumonia, and even systemic fun-
gal infection. Approximately 15% of SARS patients had
MRI-proven avascular necrosis (AVN) of the hips and
knees (Griffith et al., 2005), which could be steroid-induced,
but this incidence seems much higher than that among
recipients of organ transplants despite similar steroid
dosages.

Intravenous gammaglobulin (IVIg) may downregulate
cytokine expression in SARS. However, ill patients who
received IVIg developed pulmonary embolism and large
artery ischemic stroke despite prophylactic low-molecular-
weight heparin. Treatment with pentaglobin, a com-
mercially available IgM-enriched IVIg with theoretical
enhanced immunomodulating effect, was associated with
improved oxygenation and radiographic scores.



Figure 2 Radiography of a 52-year-old man on 12days after onset of severe acute respiratory syndome showing (a) chest X-ray
features of pneumo-mediastinum (solid arrows) and surgical emphysema (dotted arrows), and (b) computed tomography features of

pneumo-mediastinum (arrows) and bilateral ground-glass opacities.
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Miscellaneous Agents

Convalescence serum was administered to 19 Hong Kong
SARS patients in 2003, and recipients had a shorter hos-
pital stay and lower mortality than their counterparts (Soo
et al., 2004). The possible transmission of SARS-CoV (and
other pathogens), theoretical disadvantages of its proin-
flammatory actions, and its current unavailability make
this mode of potential therapy unacceptable. Numerous
other agents have been proposed to be potentially effica-
cious for SARS, by virtue of their in vitro or merely
theoretical activities against SARS-CoV. These include
glycyrrhizin (licorice extract), synthetic RNA duplexes
targeting both SARS-CoV genomes, nelfinavir, amino-
peptidase N inhibitor, niclosamide, rhinovirus 3C pro-
inhibitor analogs, anti-tumor necrosis factor-a, heparin
and antiplatelet agents, sodium nitroprusside, and mono-
clonal antibody against S1 protein (Tsang et al., 2004).
Noninvasive Positive Pressure Ventilation
(NIPPV)

About 20% of SARS patients developed acute respiratory
distress syndrome requiring invasive mechanical ventila-
tion, which was associated with nosocomial spread of
SARS. However, NIPPV usage among Hong Kong SARS
patients was found to be effective in oxygenation and
preventive for intubation, with no evidence of nosocomial
spread of SARS (Cheung et al., 2004).
Prognosis

The average hospitalization duration was 21 days for most
of the Hong Kong patients in 2003, with a 21-day mortal-
ity of 3.6 to 10%. The final case fatality ratio was 17% for
both Hong Kong and Canada, due to a much higher
mortality among those with poorer prognosis. Poor prog-
nostic factors predictive of ICU admission or death include
advanced age, chronic hepatitis B treated with lamivudine,
diabetes mellitus or other comorbid conditions, high serum
lactate dehydrogenase and high neutrophil count, and low
CD4 and CD8 lymphocyte counts. Rehabilitating SARS
patients exhibit high incidence of mood- and stress-related
disorders. Recurrence of SARS among survivors has not
been reported.
Infection Control

Themost important control for SARS is to ensure nomore
outbreaks within the hospitals as well as the community.
Details on such measures would be beyond the scope of
this article. Very briefly, patients should be isolated
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promptly to ensure no more spread of SARS-CoV to other
fellow patients and staff. Isolated nursing could be
achieved in dedicated single rooms or on open wards, as
long as these are closely supervised and maintained. An air
exchange rate of 12 times per hour and a temperature of
20 �C appeared desirable, as the wearing of personal pro-
tective equipment (PPE) by staff could be too warm at
times. Personal protective equipment should be provided
to trained staff including the use of full-body gowns and
high-specification masks (such as N95 masks). All staff are
required to follow strict and stepwise ‘gowning’ and
‘degowning’ procedures. Strict personal hygiene and com-
mon sense are important. Diluted bleach is used towipe all
work surfaces and the floor every hour or after any poten-
tial contamination. As nebulizer therapy was alleged to be
the cause of a major hospital outbreak in Hong Kong, this
mode of therapy is forbidden for patients with suspected or
probable SARS in Hong Kong.

See also: Quarantine Through History.
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disproportionate attention; other elements were relatively
neglected. The concept of reproductive health has evolved
to offer a comprehensive and integrated approach to
health needs related to sexuality and reproduction.

Another shortcoming in health serviceswas in themind-
set with which services were provided. Women were often
considered as means in the process of reproduction, and
as targets in the process of fertility control. Services were
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not provided to women as ends in themselves. Women
benefited from the process, but were not at its center.
They were objects, and not subjects.

The needs of women in reproduction have been tradi-
tionally addressed within the concept of maternal and
child health. The needs of women were submerged in
their needs as mothers. Maternal and child health programs
and services have played, and continue to play, an impor-
tant role in promotive, preventive, and curative health care
of mothers and children. Maternal and child health ser-
vices, however, tended to focus on a healthy child as
the desired outcome. While mothers care very much for
this desired outcome because of the investment they make
in the process of reproduction, this focus resulted in less
emphasis being put on caring about the health risks towhich
mothers are liable during pregnancy and childbirth, and on
putting in place the essential obstetric services and facilities
to deal with them. As a result, the tragedy of maternal
mortality in developing countries has reached dimensions
that can no longer be ignored.

Despite all their benefits to the quality of life of
women, family planning programs have left women with
some genuine concerns as well as unmet needs. Women
have more at stake in fertility control than do men. Con-
traceptives are meant to be used by women to empower
themselves by maximizing their choices. Family planning,
however, has sometimes been used to control rather than
to empower women. The family planning movement has
been largely demographically driven. Some governments
were so short-sighted as not to see that, when women are
given a real choice, and the information and means to
implement their choice, they will make the most rational
decisions for themselves, for their families and commu-
nities, and ultimately for the world at large.
Sexual and Reproductive Health:
Concepts and Dimensions

Reproductive Health

The concept of reproductive health was endorsed at the
United Nations International Conference on Population
and Development (ICPD), held in Cairo in 1994 (UN,
1994). At ICPD, representatives of 179 countries reached
a consensus that responding to the needs of individuals
is the way to address the aggregate problem of rapid
population growth; population policies should address
social development beyond family planning, with particu-
lar emphasis on advancement of the status and empower-
ment of women; and family planning should be provided
in the context of comprehensive reproductive health care.
Moreover, ICPD set the goal that all countries should
strive to make accessible, through the primary health-
care system, reproductive health to all individuals of
appropriate ages as soon as possible and no later than the
year 2015. Realizing that laws differ among countries, the
ICPD emphasized that methods to be used are those that
are not against the law in the country.

Definition of reproductive health

The following definition was adopted in the Programme
of Action of the ICPD, and at the Fourth World Confer-
ence on Women, also sponsored by the United Nations,
in Beijing in 1995. The full definition reads:

Reproductive health is a state of complete physical, men-

tal and social well-being and not merely the absence

of disease or infirmity, in all matters relating to the

reproductive system and to its functions and processes.

Reproductive health therefore implies that people are

able to have a satisfying and safe sex life and that they

have the capability to reproduce and the freedom to

decide if, when and how often to do so. Implicit in this

last condition are the right of men and women to be

informed and to have access to safe, effective, affordable

and acceptable methods of family planning of their

choice, as well as other methods of their choice for regu-

lation of fertility which are not against the law, and the

right of access to appropriate health-care services that

will enable women to go safely through pregnancy and

childbirth and provide couples with the best chance of

having a healthy infant. In line with the above definition of

reproductive health, reproductive health care is defined

as the constellation of methods, techniques and services

that contribute to reproductive health and well-being by

preventing and solving reproductive health problems. It

also includes sexual health, the purpose of which is the

enhancement of life and personal relations, and not merely

counselling and care related to reproduction and sexually

transmitted diseases. (UN, 1994: 30, paragraph 7.2)
Sexual Health

In the evolution of our species, the temporal relationship
between sex and reproduction has been severed. This
dissociation of the act of sex from reproduction appears
to be a purposeful act of nature aimed at strengthening
the pair bond. Sex has been elevated from an act of
reproductive instinct to an expression of love and a con-
firmation of human bonding. With the worldwide trend
for the adoption of a small family norm, reproduction has
been receding further into the background.

As with reproductive health, sexual health should be
defined in light of the positive definition of health as a
state of complete physical, mental, and social well-being
and not merely the absence of disease or infirmity.

Sexual health is a state of physical, emotional, mental

and social well-being in relation to sexuality: it is not

merely the absence of disease, dysfunction or infirmity.

Sexual health requires a positive and respectful approach
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to sexuality and sexual relationships, as well as the possi-

bility of pleasurable and safe sexual experiences, free

of coercion, discrimination and violence. For sexual

health to be attained and maintained, the sexual rights

of all persons must be respected, protected and fulfilled.

(Glasier et al., 2006: 1596)
The Human Rights Dimension

The Declaration and Platform for Action adopted by 187
UNMember States in the 1995 Fourth World Conference
on Women makes explicit that

[t]he human rights of women include their right to have

control over and decide freely and responsibly on matters

related to their sexuality, including sexual and reproductive

health, free of coercion, discrimination and violence. Equal

relationships between women and men in matters of

sexual relations and reproduction, including full respect

for the integrity of the person, require mutual respect,

consent and shared responsibility for sexual behavior and

its consequences. (UN, 1995: 39, paragraph 96)

Application of human rights law, until recently, has been
gender blind. For too long, it focused on the public arena of
men and neglected the private sphere of women. Sexual and
reproductive rights embrace certain human rights that are
already recognized in national laws, international human
rights documents, and other consensus documents. Human
rights in relation to sexuality and reproduction impose on
the Member States the obligation to respect, protect, and
implement sexual and reproductive rights.
The Development Dimension

Sexual and reproductive health is not only a public health
and a human rights issue. It is a development concern.
It should be noted that the concept of reproductive health
was adopted in a conference on population and develop-
ment, the ICPD. This was also highlighted in the 2005
Millennium Project report to the UN Secretary-General
titled Investing in Development: A Practical Plan to Achieve the

Millennium Development Goals. The report calls for sexual
and reproductive health issues to be included in national,
regional, and international poverty-reduction strategies,
and states that sexual and reproductive health is essential
for reaching development goals.
The Burden of Sexual and Reproductive
Ill-Health

Global Situation of Sexual and Reproductive
Health

This article, rather than dealing with a discussion regarding
the different components of sexual and reproductive health,
provides a summary overview based on data presented
in the World Health Organization (WHO) Reproduc-
tive Health Strategy to accelerate progress toward the
attainment of international development goals and targets
(WHO Dept. of Reproductive Health and Research, 2004),
together with more recently available data. It highlights not
only the magnitude of the problems, but also the glaring
inequities in sexual and reproductive health in the world.
Pregnancy, Childbirth, and Health of Newborns

Each year, some 8million of the estimated 210million
women who become pregnant, suffer life-threatening com-
plications related to pregnancy, many experiencing long-
term morbidities and disabilities. In 2005, an estimated
535 900 women died during pregnancy and childbirth
from largely preventable causes (Hill et al., 2007). Globally,
the maternal mortality ratio has not changed substantially
over the past decade. Regional inequities are extreme,
with 99% of these maternal deaths occurring in develop-
ing countries. At the national level, estimated maternal
mortality ratios range from below 10 deaths per 100 000
live births in most developed countries to as high as 2000
deaths per 100 000 live births in some developing countries.

In the developing world, a third of all pregnant women
receive no health care during pregnancy, 60% of deliv-
eries take place outside health facilities, and only about
60% of all deliveries are attended by trained staff (Glasier
et al., 2006).

Over 130million babies are born every year, and more
than 10million infants die before their fifth birthday, and
almost 8million before their first (WHO Dept. of Making
Pregnancy Safer, 2006). More than half of the infant
deaths occur in the first 4 weeks after birth. Of these
neonatal deaths, 98% occur in developing regions. It is
estimated that in developing regions, the risk of death in
the neonatal period is more than six times that of devel-
oping countries; in the least-developed countries, it is
more than eight times higher. Most deaths in the neonatal
period occur in the first few days after birth. Additionally,
an estimated 3.3million infants are stillborn. Many of
these deaths are related to the poor health of the woman
and inadequate care during pregnancy, childbirth, and the
postpartum period. Furthermore, a mother’s death can
seriously compromise the survival of her children.
Family Planning

Contraceptive use has substantially increased in many
developing countries and in some is approaching that
practiced in developed countries. Yet, surveys indicate
that in developing countries and countries in transition,
more than 120million couples have an unmet need for
safe and effective contraception despite their expressed
desire to avoid or to space future pregnancies. Between
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9 and 39% of married women (including women in union)
have this unmet need for family planning. Data suggest
that unmarried, sexually active adolescents and adults also
face this unmet need. About 80million women every year
have unintended or unwanted pregnancies, some of which
occur through contraceptive failure, as no contraceptive
method is 100% effective.
Unsafe Abortion

Some 42million unintended pregnancies are terminated
each year, an estimated 20million of which are unsafe;
two-thirds of all unsafe abortions occur among women
aged between 15 and 30 years (WHO, 2007). Unsafe abor-
tions kill an estimated 65 000 to 70 000 women every year,
representing 13% of all pregnancy-related deaths. In
addition, they are associated with considerable morbidity;
for instance, more than 3million suffer from the effects of
reproductive tract infection, and almost 1.7 million will
develop secondary infertility.
Sexually Transmitted Infections, including HIV
and Reproductive Tract Infections

An estimated 340million new cases of sexually transmit-
ted bacterial infections, most of which are treatable, occur
annually. Many are untreated because they are difficult to
diagnose and because competent, affordable services are
lacking. Among other consequences, they can be a leading
cause for infertility in women. If cases of mostly incurable
viral infections are added, the yearly number of sexually
transmitted infections acquired may well exceed 1 billion
(Glasier et al., 2006).

Sexually transmitted human papillomavirus infection is
closely linkedwith cancer of the cervix, which is the second
most common cancer in women worldwide, with about
500 000 new cases and 250 000 deaths each year (WHO
Dept. of Making Pregnancy Safer, 2006). Almost 80% of
cases occur in low-income countries, where programs for
screening and treatment are seriously deficient or lacking.

The 2007 AIDS epidemic update estimates that of
the 30.8million adults living with AIDS, 50% are women
(UNAIDS, 2007). In sub-Saharan Africa, about 61% are
women. In 2007, it is estimated that 2.5million people were
newly infected, including 420 000 children under age 15.

Additionally, reproductive tract infections, such as bac-
terial vaginosis and genital candidiasis, which are not sexu-
ally transmitted, are known to be widespread, although the
prevalence and consequences of these infections are not
well documented.

Together, these aspects of sexual and reproductive ill
health (maternal and perinatal mortality and morbidity,
cancers, sexually transmitted infections, and HIV/AIDS)
account for nearly 20% of the global burden of ill health
for women and some 14% for men (WHO Dept. of
Reproductive Health and Research, 2004). These statistics
do not capture the full burden of ill health, however.
Gender-based violence, and gynecological conditions
such as severe menstrual problems, urinary and fecal
incontinence due to obstetric fistulae, uterine prolapse,
pregnancy loss, and sexual dysfunction – all of which have
major social, emotional, and physical consequences – are
currently not estimated, or underestimated, in global
burden of disease estimates.
The Unfair Burden on Women

Men have their own sexual and reproductive health needs
relating to sexuality, protection against sexually transmitted
infections, infertility prevention and management, and fer-
tility regulation. Protection against prostate hypertrophy
and prostate cancer is another concern. These needs must
bemet. But the burden of sexual and reproductive ill health,
for biological and social reasons, falls largely on women.

Maternity is a unique privilege and a unique health
burden for women. In some other aspects of sexual and
reproductive health, where the responsibility is shared
between men and women, the burden, for both bio-
logical and social reasons, falls heavily on women. This
applies to the burden of sexually transmitted infections,
fertility regulation, infertility, and perinatal mortality and
morbidity.

For a mix of biological and social reasons, the burden
of sexually transmitted infections falls disproportionately
on women. Women are more likely to be infected, are less
likely to seek care, are more difficult to diagnose, are at
greater risk for severe disease sequelae, and are more
subject to social discrimination. The most widely used
effective method available for protection against sexually
transmitted infections, the male condom, is controlled by
men. Although a female condom is available, a simple
and effective vaginal microbicide that a woman can use
without the need or necessity of her partner’s coopera-
tion does not yet exist. The past few years have wit-
nessed a major infusion of funding for this field, but it is
difficult to predict when an effective, safe, acceptable,
and affordable vaginal microbicide will be available to
women.

The modern revolution in contraceptive technology
provided women with reliable methods of birth control,
which they can use independently of cooperation of their
partners. This independence was at a price. Women had to
assume the inconveniences and risks involved. The role
and responsibility of the male partner receded as contra-
ception has come to be considered a woman’s business.
Not only do women have an undue burden of responsi-
bility in fertility regulation, but the effective methods that
women have available for use are those associated with
potential health hazards.



Sexual and Reproductive Health: Overview 699
Responsibility for infertility is commonly shared by
the couple. The burden of infertility, however, for
biological and social reasons, is unequally shared. The
infertility investigation of the female partner is much
more elaborate and is associated with more inconve-
nience and risk. The burden of treatment also falls
mostly on the female partner. Even for male infertility,
the promise of successful management is now shifting to
assisted conception technologies, where the female
assumes the major burden. The psychological and social
burden of infertility in most societies is much heavier on
the woman. A woman’s status is often identified with her
fertility, and failure to have children can be seen as a
social disgrace or a cause for divorce. The suffering of
the infertile woman can be very real.

Perinatal (fetal and early neonatal) morbidity and mor-
tality should be recognized as part of the disease burden
on women. Health statistics classify perinatal mortality as
a categoryon its own, a condition that affects bothmales and
females. Perinatal mortality andmorbidity are outcomes of
pregnancy and delivery by women. Women make major
investments of themselves in pregnancy and childbirth.
The unfavorable perinatal outcome of a pregnancy can
be a frustration or an additional burden on the woman for
the care of an unhealthy infant and child.
Sexual and Reproductive Health Indicators

For the comprehensive sexual and reproductive health
approach, there is a need for a new set of indicators.
A WHO interagency meeting proposed the following
short list of 17 indicators, and WHO provided guidelines
for their generation, interpretation, and analysis for global
monitoring (WHO Dept. of Reproductive Health and
Research, 2006a):

. Total fertility rate (TFR): total number of children a
woman would have by the end of her reproductive
period if she experienced the currently prevailing
age-specific rates throughout her childbearing life.

. Contraceptive prevalence (CP): percentage of women
of reproductive age (15–49 years) who are using (or
whose partner is using) a contraceptive method at a
particular point in time.

. Maternal mortality ratio (MMR): the number of ma-
ternal deaths per 100 000 live births.

. Percentage of women attended, at least once during
pregnancy, by skilled health personnel (excluding trained
or untrained traditional birth attendants) for reasons
related to pregnancy.

. Percentage of births attended by skilled health person-
nel (excluding trained or untrained traditional birth
attendants).

. Number of facilities with functioning, basic, essential
obstetric care per 500 000 population.
. Number of facilities with functioning, comprehensive,
essential obstetric care per 500 000 population.

. Perinatal mortality rate: Number of perinatal deaths
per 1000 total births.

. Percentage of live births of low birth weight (less than
2500 g).

. Positive syphilis serology prevalence in pregnant
women attending for antenatal care: percentage of
pregnant women, 15 to 24 years old, attending antena-
tal clinics, whose blood has been screened for syphilis,
with positive serology for syphilis.

. Prevalence of anemia inwomen: percentage of women of
reproductive age (15–49 years old) screened for hemo-
globin levels who are anemic (with levels below 110 g/dl
for pregnant women, and below 120 g/dl for nonpreg-
nant women).

. Percentage of obstetric and gynecological admissions
owing to abortion: percentage of all cases admitted to
service delivery points, providing inpatient obstetric
and gynecological services, which are due to abortion
(spontaneous and induced, but excluding planned ter-
mination of pregnancy).

. Reported prevalence of women with female genital
mutilation (FGM): percentage of women interviewed
in a community survey, reporting themselves to have
undergone FGM.

. Prevalence of infertility in women: percentage of women
of reproductive age (15–49 years old) at risk of pregnancy
(not pregnant, sexually active, noncontracepting, and
nonlactating) who report trying for a pregnancy for two
years or more (this indicator measures infertility whether
it is caused by a male or female factor).

. Reported incidence of urethritis in men: percentage of
men aged 15 to 49 years interviewed in a community sur-
vey reporting episodes of urethritis in the last 12months.

. HIV prevalence in pregnant women: percentage of preg-
nant women aged 15 to 24 years, attending antenatal
clinics, whose blood has been tested for HIV, who are
sero-positive for HIV.

. Knowledge of HIV-related prevention practices: per-
centage of all respondents who correctly identify all
three major ways of preventing the sexual transmission
of HIV and who reject three major misconceptions
about HIV transmission or prevention.

In selecting these indicators, the WHO took into con-
sideration that a good indicator must be ethical, useful at
the national and international levels, scientifically robust,
representative, understandable, and accessible.
Inequity in Sexual and Reproductive Health

Measurement of overall population coverage rates can
mask inequities. Unless a special effort is made, scaling
up of services is likely to favor better-off groups. Managers
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pressed to increase overall population coverage rates
quickly may focus on reaching people who can most easily
be covered, rather than the poor and disadvantaged.

Inequalities in health are a fact of life. Inequalities in
health become inequitable when they are unfair. They are
unfair when they stem from factors that society can do
something about, such as differential availability and access
to health-care services and differential exposure to risk fac-
tors. Health equity means the provision of equal health
services for all thosewith equivalent needs, and the provision
of more or enhanced services to those with greater needs.
Determinants of Sexual and Reproductive
Health

Sexual and reproductive health, and health in general, is
promoted or undermined by the individual’s lifestyle
behavior. It is partly predetermined by the social and
economic conditions in the community in which people
are born and in which they live. It can be improved by
the availability and accessibility of health-care services.
The relative importance of these determinants varies
from country to country, and their relevance varies in
the different components of sexual and reproductive
health. The important point about these determinants is
that health system interventions alone are not enough to
improve sexual and reproductive health. Interventions
beyond the health system are needed.
Behavioral Determinants

Health is a human right. But health cannot be granted.
Health should be pursued. In fact, health is more in the
hands of the individual than in the hands of the physician.
This cannot be truer than in sexual and reproductive health,
where unsafe sex is one of the most important global risk
factors to health, andwhere sexual and reproductive behav-
ior has such far-reaching consequences for health. But for
individuals to pursue their health, they need to be equipped
with the information, and they need to be empowered to act
on that information. Also, it can be the behavior of others
that impacts adversely on their health. Culture plays an
important role as a behavioral determinant.

Adolescents are often denied sex education when their
evolving capacities are ready for it and they need it. When
this education is not available from school or from home,
adolescents get the information, or more commonly mis-
information, from their peers.

Powerlessness of women is a serious health hazard.
Empowerment of women has a two-way relationship to
sexual and reproductive health. A majority of women and
girls in the world today still live under conditions that
limit educational attainment, restrict economic participa-
tion, and fail to guarantee them equal rights and freedoms
as compared to men. Yet, the empowerment of women
through education and employment opportunities is
known to be among the most powerful determinants of
their sexual and reproductive health. And one of the most
effective ways of empowering women is to recognize and
enforce their human right of control over their own sexual
and reproductive life, enabling them to protect them-
selves against infection and disease, as well as against
unwanted pregnancies.

In the case of sexual and reproductive health, it may
not be the woman’s behavior but the behavior of others
that matters more. There is evidence that in many develop-
ing countries women get sexually transmitted infections,
including HIV, from their husbands who have multiple
sexual partners, and not through their own behavior.
Women can be victimized by violence, including intimate
partner violence and sexual violence and abuse. Men can
play a positive or negative role in women’s sexual and
reproductive health. Shared responsibility and mutual
respect between women and men in matters related to
sexual and reproductive behavior are essential to improving
women’s sexual and reproductive health. Another case in
point is the damage inflicted by female genital mutilation
on a young girl, who does not have a choice.
Economic and Social Determinants

In poor societies, women are the poorest of the poor. Femi-
nization of poverty is real. Pregnant women and children
are the first to suffer under poor economic conditions.

Economic growth is important for improving health,
but is not enough on its own. It has to be properly managed,
fully exploited, and equitably distributed. Some developing
countries have been more successful than others in translat-
ing economic growth into health gains. Sexual and reproduc-
tive health is a major concern for women. Where women are
not in the position to make or to influence policy decisions,
sexual and reproductive health may fall between the cracks.

Social norms also matter in sexual and reproductive
health. Women’s sexual and reproductive health is not
simply determined by their sex, but also and more impor-
tantly by their gender. Biological characteristics identify
the sex of an individual as male or female. Gender, on
the other hand, is a social construct. Gender is what it
means in a particular society to be male or female. Gender
attributes include codes of behavior considered appropri-
ate to each gender and a division of labor between the two
genders. Imposed codes of behavior are often embedded
in the law and historically have been claimed to provide a
justification for discrimination against women. Gender
division of labor does not only segregate tasks. It also
often assigns different values to these tasks. This differen-
tial value of tasks often works against the equality between
men and women, underestimating the value of women’s
contribution and hence the value of women.
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Barriers to improving women’s sexual and reproductive
health are thus often rooted in economic, social, cultural,
legal, and related conditions that transcend health-care
considerations.
Health System Determinants

Healthy behavior and good socioeconomic conditions
are not enough to ensure sexual and reproductive health.
There is a need for health services. Nowhere is this more
apparent than in the area of maternal health. Where no
health intervention is done to avert maternal death, natu-
ral mortality is around 1000–1500 per 100 000 births,
an estimate based on historical studies and data from
contemporary religious groups who do not intervene in
childbirth (WHO, 2005). Life-threatening complications
of pregnancy and childbirth are not always predictable or
preventable.

Sexual and reproductive health services are still defi-
cient for a majority of the world’s population. Where they
are available, there can be an imbalance. imbalance between
urban and rural services; between curative and preventive
care; between building infrastructure and health manpower
development and training; and between roles of different
health professionals. In addition, services may be of poor
quality, or may not be accessible. Services, even in resource-
poor settings, may be underused if they are not culturally
acceptable.

Affordability is another important determinant. Con-
sumer spending as measured by out-of-pocket expendi-
ture represents a large, if not the largest, share of resources
spent on sexual and reproductive health in developing
countries, raising concern about the accessibility of ser-
vices by those who cannot afford to pay. This concern
applies to health services in general, with the increasing
adoption of schemes for health sector reform. Sexual and
reproductive health is particularly vulnerable where
women are the poorest of the poor.

Enough information and tools are available to improve
sexual and reproductive health. But there is always room
and need for more research. The frontiers of science
are continuously expanding and should be exploited to
develop new and improved cost-effective interventions
that can be implemented in resource-poor settings. Topics
considered taboos before are now opening up for legiti-
mate scientific inquiry. These include sexual behavior
among adolescents and adults, commercial sex, unsafe
abortion, female genital mutilation, and intimate partner
violence against women. There is also a need for research
to improve the effectiveness and expand the capacity of
health systems. But research should not be used as an
excuse for inaction. To ensure that the outcome of the
research can be applied and scaled up, the research com-
munity is called upon to walk the extra mile, to ensure that
research is responsive to the real needs of people and that
it is communicated to where the action is, and to where it
can have an impact.
The Sexual and Reproductive Health
Package

The Five Core Aspects of Sexual and
Reproductive Health

The global WHO Reproductive Health Strategy (WHO
Dept. of Reproductive Health and Research, 2004) defines
the following five core aspects: improving antenatal, peri-
natal, postpartum, and newborn care; providing high-
quality services for family planning, including infertility
services; eliminating unsafe abortion; combating sexually
transmitted infections, including HIV, reproductive tract
infections, cervical cancer, and other gynecological mor-
bidities; and promoting sexual health.
Sexual and Reproductive Health: An Integrated
Package

The different needs in sexual and reproductive health
are not isolated from each other. They are simultaneous
or consecutive related needs. People cannot be healthy
if they have one element of the sexual and reproduc-
tive health package but are missing the others. More-
over, improvements in one element can result in
potential improvements in other elements. Similarly, lack
of improvement in one element can hinder progress in
other elements.

Pelvic infection is a major cause for infertility world-
wide. The resultant infertility is also the most difficult to
treat. The magnitude of the problem of infertility will not
be ameliorated except by a reduction of sexually trans-
mitted infections, by safer births that avoid postpartum
infection, and by decreasing the need for and the resort to
unsafe abortion practices.

Infant and child survival, growth, and development
cannot be improved without good maternity care. Proper
planning of births, including adequate child spacing, is a
basic ingredient of any child survival package. Unless
adequately controlled, sexually transmitted infections,
and in particular HIV infection, can impede further prog-
ress in child survival.
Family Planning

Family planning is a basic component of the sexual
and reproductive health package. Fertility by choice, not
by chance, is a basic requirement for women’s health.
A woman who does not have the means to regulate
and control her fertility cannot be considered in a ‘state
of complete physical, mental and social well-being,’ the
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definition of health (shown previously) in the WHO
constitution. She cannot have the joy of a pregnancy
that is wanted, avoid the distress of a pregnancy that is
unwanted, plan her life, pursue her education, undertake
a productive career, and plan her births to take place
at optimal times for childbearing, ensuring more safety
for herself and better chances for her child’s survival
and healthy growth and development. A woman with an
unwanted pregnancy cannot be considered in good health,
even if the pregnancy is not going to impair her physical
health, and even if she delivers the unwanted child alive
and with no physical disability.

Fertility regulation is a major element in any safe
motherhood strategy. It reduces the number of unwanted
pregnancies, with a resultant decrease in the total expo-
sure to the risk as well as a decrease in the number of
unsafe abortions. Proper planning of births can also
decrease the number of high-risk pregnancies.

Family planning improves the quality of life not only
for women, but also for the family as a whole and particu-
larly for children. The quality of child care – including
play and stimulation as well as health and education –
inevitably rises as parents are able to invest more of their
time, energy, and money in bringing up a smaller number
of children.

In the sexual and reproductive health approach, family
planning services are not ‘demographic posts.’ Women are
not ‘targets’ for contraception, for which policymakers
and administrators set ‘quota’ for services to accomplish.
As the ICPD Programme of Action states, ‘‘Family plann-
ing programmes work best when they are part of or linked
to broader reproductive health programmes that address
closely related health needs’’ (UN, 1994: 33).
Integration of Sexual and Reproductive Health
Services

Related sexual and reproductive health interventions often
come to be delivered over time as separate and discrete
activities, rather than as a comprehensive response to peo-
ple’s needs at different stages of their lives. For example,
family planning clinics often function independently of
those catering to other aspects of maternal and child health.
A woman attending a clinic session for child immunization
may not, at the same time, be able to obtain care for her own
health needs; she will be asked to come back on a different
day, or even to go to a different health facility.

The approach to integration should be pragmatic. Dif-
ferent situations in countries should be judged in their own
context. There is much room for broadening the primary
health-care package to include sexual and reproductive
health interventions beyond the traditional maternal and
child health approach. There is also a potential for expand-
ing the range of services offered in community-based and
clinic-based family planning services to include other
selected specific interventions in sexual and reproductive
health care. Specific elements in the strategy for preven-
tion and control of sexually transmitted infections can be
incorporated in maternal and child health (including pre-
natal care) and family planning services. The guiding
principle is that no opportunity should be missed, where
a capacity exists, for meeting all sexual and reproductive
health needs.

The need for comprehensive sexual and reproductive
health care should not translate into an all-or-none situa-
tion. Providing people with some elements of the service
is better than providing no services. Services could be
built up as resources become available and according to
level of need and demand. Nor should integration result
in dilution of available resources. Rather, it should result
in more effective use of resources.
Implementation of the Sexual and Reproductive
Health Package

Components in the sexual and reproductive health pack-
age pose different challenges in implementation (Fathalla,
2002).

One part of the package includes traditional services
with which we already have experience. These include
maternal and child health services and family planning.
The challenge will be how to expand the coverage and
improve the quality of the services.

In other parts of the package, we are challenged to
meet sensitive and emerging needs. These include the
pandemics of sexually transmitted infections and HIV,
the tragedy of unsafe abortion, and gender-based violence
and sexual abuse in all its offensive forms. The challenge
here is how to approach these sensitive and socially divi-
sive issues, how to overcome deep-rooted traditions and
social barriers, and how to influence human behavior.

In another part of the package, we are challenged to
serve new customers. Among the new customers we need
to reach and serve are adolescents, men, and the growing
number of displaced persons and refugees. Services,
including information and education, need to be tailored
to serve the needs of these new customers. The biggest-
ever generation of young people between 15 and 24 years
is rapidly expanding in many countries and their special
needs have to be met. The long-neglected sexual and
reproductive health needs of refugees are now being
increasingly recognized.

Another part of the package includes services needed
that are less affordable. These include treatment of HIV-
positive pregnant women to prevent transmission of the
infection to the fetus and newborn; infertility management;
and detection and management of reproductive cancers.
The challenge is to develop and test new, cost-effective
interventions that can be implemented in resource-poor
settings.
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The appropriate balance in the sexual and reproduc-
tive health package can only be designed and developed at
the national level. Each country needs to identify pro-
blems, set priorities, and formulate its own strategies in
light of its needs and capacities.
Special Considerations of Sexual and
Reproductive Health Care

Sexual and reproductive health care is a part of general
health care. There are, however, different considerations
and challenges. Sexual and reproductive health-care pro-
viders deal with mostly healthy people. They often have
to consider the interests of more than one ‘client’ at the
same time. They deal mostly with women. And they have
to deal and interact with society. These special considera-
tions have ethical, legal, and human rights implications.
Dealing with Healthy People

Sexual and reproductive health-care providers respond to
needs of healthy subjects, related to their physiological,
sexual, and reproductive functions (including the
prevention of unwanted pregnancy and the prevention
of sexually transmitted infections). Sexual and reproduc-
tive health care is more health-oriented than disease-
oriented. Promotive and preventive health care are
major components of sexual and reproductive health care.

Dealing with healthy people implies a change in the
provider–patient relationship, from a giver–recipient rela-
tionship to a more participatory type of health care.
Counseling is the description for a good part of sexual
and reproductive health care. There is no other field of
medicine in which participation of the patients in health-
care decisions is that necessary. The general ethical prin-
ciples of respect and autonomy dictate that patients are
required to give their informed consent to the treatment
proposed by the health-care provider, freely and without
undue pressure or inducement. In the case of sexual and
reproductive health care, clients have to make informed
choices and decisions.

The risk/benefit ratio is different when a drug or
device is used for a healthy subject, to prevent a condition
that may or may not happen, from what it is when a drug
or device is used by a person suffering from a disease that
in itself carries a risk. The risk/benefit ratio is also differ-
ent from another aspect. Often, very large numbers of
people are involved, so that rare, adverse effects assume
more importance. Safety and efficacy of drugs and devices
are regulated by government agencies, and are subject to
laws of product liability. Sexual and reproductive health
products, and particularly contraceptives, are recognized
as different from products developed and marketed to
treat patients who have disease conditions.

In dealing with healthy people, the temptation to
overmedicate for normal life events would be resented,
but in sexual and reproductive health care of women,
and particularly in maternity care, it has often been
accepted, sometimes without valid scientific evidence,
by the health profession. A WHO report cites four such
interventions as particularly subject to overuse: cesarean
section, routine episiotomy, routine early amniotomy,
and abuse of oxytocin (WHO, 2005).
Dealing with More than One Client

Different from other health professionals, sexual and repro-
ductive health-care providers often deal with, or have to
consider, more than one client at the same time. This other
party to a management decision could be a woman’s male
partner, or her fetus. The interests of the different parties
may coincide and may diverge, or even conflict. The ethical
principles of beneficence and nonmaleficence, to do good
and to do no harm, pose a challenge when, for example, the
interest of the mother conflicts with the interest of the fetus.
Dealing Mostly with Women

Providers of sexual and reproductive health care deal
mostly with women, who in many societies are still sub-
ordinated and undervalued. Apart from respecting women
and treating them as equals, providers must also be sensi-
tive to their concerns and perceptions. Respect for women
should be shown in providing them with confidentiality,
privacy, and access to all information they need to make
well-informed decisions about their health. Health-care
professionals in developing countries know that even
though the majority of women in many parts of the
world are illiterate this does not mean that they are not
fully capable of making sound decisions. Poor people have
a very narrow safety margin for error in making decisions
about their lives and, consciously or subconsciously, they
know that. Women, literate or illiterate, rich or poor, given
the information and the right to choose and decide, will
make the right decisions for themselves and their families.

Lack of respect for confidentiality for women seeking
sexual and reproductive health care can deter them from
seeking advice and treatment and thereby adversely affect
their health and well-being. Women will be less willing,
for the reason of unreliable confidentiality, to seek health
care for diseases of the genital tract, for contraception, or
for incomplete abortion, and in cases where they have
suffered sexual or physical violence.

Women have been excluded from historical sources of
moral authority, and are still underrepresented in learned
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professions of medicine and law, and in legislative assem-
blies. The voices of women, and their perspectives, often
have not been taken into consideration in laws, policies,
and regulations governing sexual and reproductive health
care for women.
Dealing with Society

No society, no culture, no religion, and no legal code has
been neutral about sexual and reproductive life. No other
health profession has to deal with such emotionally
charged health issues as sexuality and abortion. As new
health technologies develop, for example, in the area of
infertility management, new issues arise for which society
may not be well prepared. Enforcing perceived interests
of the society may violate women’s sexual and reproduc-
tive health rights.
International Commitment to Sexual and
Reproductive Health

Sexual and Reproductive Health and the
Millennium Development Goals (MDGs)

TheMillenniumDevelopmentGoals (MDGs), which grew
out of the UnitedNationsMillenniumDeclaration adopted
by 189 Member States in 2000, provide the new interna-
tional framework for measuring progress toward sustaining
development and eliminating poverty (UN Millennium
Project, 2005). Although there was no specific goal about
sexual and reproductive health, out of the eight MDGs,
three – improve maternal health, reduce child mortality,
and combat HIV/AIDS, malaria, and other diseases – are
directly related to sexual and reproductive health. Specific
targets under these goals are to reduce by three-quarters,
between 1990 and 2015, the maternal mortality ratio; to
reduce by two-thirds, between 1990 and 2015, the under-
five mortality rate; and to have halted by 2015, and begun to
reverse, the spread of HIV/AIDS. Moreover, at the 2005
World Summit review of the MDGs at the United Nations,
world leaders committed themselves to ‘‘achieving univer-
sal access to reproductive health by 2015, as set out at the
ICPD, integrating this goal in strategies to attain the inter-
nationally agreed development goals, including those
contained in the Millennium Declaration’’ (UN, 2005: 16).
WHO Reproductive Health Strategy to
Accelerate Progress Toward the Attainment
of MDGs

A reproductive health strategy to accelerate progress
toward the attainment of MDGs was adopted by the 57th
World Health Assembly in May 2004. The guiding pri-
nciples for the strategy are the internationally agreed
instruments and global consensus declarations on human
rights (WHO Dept. of Reproductive Health and Research,
2004).

The strategy recognizes that each country needs to
identify problems, set priorities, and formulate its own
strategies for accelerated action through consultative pro-
cesses involving all stakeholders. Five overarching activ-
ities are identified: strengthening health systems capacity;
improving information for priority setting; mobilizing
political will; creating supportive legislative and regulatory
frameworks; and strengthening monitoring, evaluation, and
accountability. A framework for implementing the WHO
Reproductive Health Strategy was also developed (WHO
Dept. of Reproductive Health and Research, 2006b).
Conclusion

A global overview of sexual and reproductive health pro-
vides reasons for public health, development, and human
rights concern. Improving the situation, alleviating the
burden, and addressing the glaring inequity have been on
the international and national agendas for many years now.
Although progress has been made, it has been uneven, and
major parts of the world still fall short of desired goals. The
know-how is available. Cost-effective interventions are
affordable. A sustained collaborative effort supported by
political commitment, together with mobilization and
rational allocation of resources, can bring about a brighter
future for sexual and reproductive health.
See also: Female Reproductive Physiology/Function;

Gynaecological Morbidity; Maternal Mortality and

Morbidity; Reproductive Rights; Trends in Human

Fertility.
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Introduction

Defining the Area of Sexual Health

Sexual health is often seen in terms of the prevention of
adverse outcomes of sexual behavior, such as unplanned
pregnancy and sexually transmitted infections (STIs).
The definition of sexual health formulated by the World
Health Organization as a guide for those working in this
public health field, however, incorporates more positive
and pleasurable aspects of sexual health, so broadening
the public health remit to include the enhancement of life
and personal relations, and not merely counseling and
care related to reproduction and STIs:

Sexual health is a state of physical, emotional, and social

well-being in relation to sexuality; it is not merely the

absence of disease, dysfunction or infirmity. Sexual health

requires a positive and respectful approach to sexuality and
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sexual relationships, as well as the possibility of having

pleasurable and safe sexual experiences, free of coercion,

discrimination and violence. For sexual health to be

attained and maintained, the sexual rights of all persons

must be respected, protected and fulfilled. (WHO, 2006)

The past decade has seen growing attention in the
international policy arena to sexual rights, and new stan-
dards have been formulated for the creation and mainte-
nance of a sexually healthy society, invoking values of
respect and choice (Miller and Vance, 2004).
Barriers to the Achievement of Sexual Health

Sexual health presents particular challenges to public
health. The human behaviors involved are not only for
the most part personal and private, but are often stigma-
tized and discriminated against. As a result, those who
practice them are often hidden or difficult to reach. This
has consequences for sexual health status at a number of
levels. Men andwomen may feel unable to talk about safer
sex; they may feel disinclined to seek help; politicians may
be unwilling to support provision of services for some
populations; and service providers may feel unable to
reach people in need of help, or may have negative atti-
tudes toward them.
The Public Health Burden

Efforts to improve sexual health are vital to the achieve-
ment of the Millennium Development Goals on gender
equality, maternal health, and HIV/AIDS. Sexual ill-
health contributes significantly to the global burden of
disease (Ezzati et al., 2003). The impact of the HIV epi-
demic is well documented. By the end of 2007, more than
30million people worldwide were living with HIV,
15million of whom were women, and 2.5 million, children
(UNAIDS andWHO, 2007). HIV/AIDS is responsible for
6% of the global burden of disease. In developing
countries, STIs and their complications are among the
top five diseases for which adults seek care and are a major
cause of infertility.

Sexual and reproductive ill health accounts for one-
third of the global burden of disease among women of
reproductive age and one-fifth of the burden of disease
among the population overall (Ezzati et al., 2003). Unin-
tended pregnancy often leads to unsafe abortion, which in
turn may lead to other health consequences, such as
reproductive tract infections, pelvic pain, and infertility.

The burden of sexual ill health due to STIs varies
markedly between populations, since transmission pat-
terns relate to both patterns of sexual behavior and access
to treatment. Congenital syphilis, for example, is rare
in Western countries but is a major cause of infant mor-
tality and morbidity in resource-poor countries lacking
effective screening and treatment programs. Similarly, the
advent of highly active anti-retroviral therapy (HAART)
has considerably increased survival rates for HIV in
developed countries, while prognoses in poor settings
where HAART is unavailable are still poor.

Sexual health problems also include sexual dysfunc-
tion, sexual violence, and discrimination on the basis of
sexual orientation. Global estimates of lifetime prevalence
of sexual violence by an intimate partner range from
10–50%. Population-based estimates of the prevalence
of sexual dysfunction vary greatly. In developed countries,
the range is from 1 in 12 to 1 in 3 of the adult population
(Laumann et al., 1999) and a pan-European study of
women (Graziottin, 2007) also showed large differences
between countries. The variation stems largely from dif-
ferences in defining and measuring the problem. Persis-
tent lack of interest in or desire for sex is classified as a
disorder of sexual function both by ICD-10 (WHO, 1992)
and the DSM-IV-TR (American Psychiatric Association,
2000). Yet sexual interest varies across age, gender, cul-
tural context, and sexual orientation, and attempts to
define ‘abnormal’ must be made with caution.

The concept of ‘psychosexual dysfunction,’ which first
appeared in the third edition of the DSM (DSM-III)
(American Psychiatric Association, 1980), was based on
a biomedical model of sex involving physical processes
such as lubrication and orgasm, and stages of desire,
arousal, and orgasm. Subsequent revisions of the DSM
have reflected advances in thinking about the nature
of sexual difficulties, in particular, the concern to avoid
labeling temporary alterations in sexual performance as
‘sexual dysfunction’ and to broaden the diagnostic criteria
to include duration of, and distress caused by, the prob-
lem, and the extent to which it reflects the relationship
context (Balon et al., 2007). Increasing use of sildenafil
citrate (Viagra) has helped many people, but there is
growing recognition that pharmacological solutions are
likely to prove effective only if psychosocial issues are
also dealt with, and if medical treatment and sex therapy
are combined.
Risk Behaviors

Trends and Patterns

An understanding of trends and patterns in sexual behav-
ior is essential to the design of public health interventions
to improve sexual health status. Marked shifts in sexual
behavior have occurred in the past half century. These
include demographic changes in the age structures of
populations, in the timing of marriage, and in the scale
of mobility and migration between and within countries.
The increase in intra- and international travel, particu-
larly, has played its part in increasing possibilities for the
transmission of STIs, including HIV. The HIV epidemic
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has significantly influenced the context in which sexual
behavior occurs, providing the impetus for public discus-
sion of sexual matters, research on the subject, and inno-
vation in interventions designed to improve sexual health.

Policy and legislation governing health-care systems and
public health strategies have also brought about changes.
The advent of reliable contraception has increasingly freed
sexual expression from its reproductive consequences.
Access to family planning services has increased, and few
areas have been unaffected by efforts to prevent HIV trans-
mission. Attitudes toward sexual behavior have altered in
many countries (Wellings et al., 2006). Global communica-
tions, including the Internet, have had a bearing on social
norms, transportingWestern sexual images to more conser-
vative societies, particularly those in which advances in
information technology have been rapid.

Given these trends, surveys of sexual behavior show
perhaps less change over time than might have been
supposed. Considerable public health interest surrounds
onset of sexual activity, since early sexual intercourse is
more likely to be nonconsensual, to be regretted, to be
unprotected against unplanned pregnancy and infection,
and to be associated with larger lifetime numbers of
sexual partners. Trends toward early and premarital sex
are less marked than is sometimes assumed. In countries
in which first intercourse still occurs predominantly
within marriage, the trend toward later marriage has
been accompanied by a trend toward later sex among
young women. In industrialized countries, sexual activity
before age 15 has become more common in recent dec-
ades but the prevalence is low. The trend toward later
marriage has led to an increase in the prevalence of
premarital sex in some, but not all, countries.

Multiple sexual partnerships increase the risk of STIs
and HIV. The majority of people report only one sexual
partner in the past year. The prevalence of multiple
partnerships varies regionally but is notably higher in
industrialized countries. However, rates of condom use
are lower in countries with lower sexual health status, and
this is likely to be attributable to factors relating to access
and service provision.
Risk Factors and Risk Groups

Sexual ill health affects all age groups and sections of
society, but some groups are more vulnerable than others.
Young people, minority ethnic groups, and those affected
by poverty and social exclusion are disproportionately
affected. Globally, young, sexually active people are at
highest risk of unplanned pregnancy and STIs. Preventive
efforts also focus on men who have sex with men, a
particularly high-risk group for HIV and other STIs.

Mean partner numbers are higher among male and
female sex workers. (In addition to the formal trading of
sex for money, sex may be exchanged for gifts or favors
within personal relationships, and hence the term ‘trans-
actional sex’ is sometimes preferred.) However, the pri-
mary risk for STIs among commercial sex workers is
unprotected sex with high-risk regular partners. In
countries with wide gender differences between men and
women in the prevalence of premarital sex, young men are
more likely to report sex with sex workers. Clients of sex
workers are important bridging groups in the transmission
of STIs and HIV to wider sexual networks.

A focus on behaviors in addition to groups is needed in
a public health context, since risk behaviors are not nec-
essarily limited to the traditional high-risk groups. Many
men who have sex with men, for example, have also had
sex with women and, except in the West, are unlikely to
identify as ‘gay.’ An individual’s risk depends also on his or
her partner’s risk. Monogamous women in many parts of
the world may be more susceptible to sexually transmit-
ted infection on account of their partner’s risk behavior,
yet may be unable to negotiate condom use (Clark, 2004).
Similarly, simply identifying the ‘multi-partnered’ will
not help target men and women at greatest risk. Increas-
ingly, high rates of concurrent partnerships are thought
to contribute substantially to the global HIV epidemic
(Kretzschmar and Morris, 1996). Concurrent sexual part-
nerships (those that overlap in time) allow more rapid
spread of STIs, including HIV, than the same rate of new
sequential partnerships.
Social and Environmental Factors

Social and environmental factors are powerful influences
shaping sexual behavior and its consequences for sexual
health. Poverty, deprivation, and unemployment, for
example, contribute markedly to sexual ill health. Eco-
nomic adversity limits the power of men and women to
take control over their health; unemployment may drive
men and women to sell sex or travel greater distances to
work. Being away from home is associated in both devel-
oped and developing countries with concurrent partner-
ships, disruption of existing partnerships, and an increase
in risk behaviors (Figure 1).

There are striking differences between men and
women in sexual behavior, and these are most pronounced
in the less industrialized countries (Wellings et al., 2006).
Men report more premarital sex and multiple partner-
ships than women in all but the more industrialized
countries. The sexual ‘double standard,’ whereby restraint
is expected of women while excesses are tolerated for
men, compounds the problems for both men and
women. Reporting bias doubtless accounts for some of
these differences, but in some areas, for example, in
Africa, the difference can be largely explained by the
age structure and patterns of age mixing, that is, older
men having sex with younger women. Women may be
disadvantaged in protecting their sexual health when their
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partner is senior to them in age and/or superior in status,
and when they are beholden to a man for favors, goods, or
money in return for sex.

Possibly the most powerful influences on human sexu-
ality are the social norms governing its expression. Morals,
taboos, laws, and religious beliefs employed by societies
the world over circumscribe and radically determine the
sexual behavior of their citizens. Such strictures may have
been instituted to protect well-being and rights, yet they
may also hinder attempts by both men and women to
protect their sexual health, and they strongly influence
the selection of acceptable public health messages. In
some countries, such as Brazil, condoms are available
to young people in schools; in others, such as parts of
Indonesia, possession is a criminal offence.

Nowhere are social norms more strongly felt than in
the area of homosexual activity. In some parts of the
world, sex between men can be celebrated in public
parades of pride; in others, it carries the death penalty.
Whether sexual orientation is innate is an issue that is
hotly contested in scientific circles, but more important
from a public health perspective is the issue of sexual
identity, a term used to refer to the way in which an
individual sees him- or herself and is seen by others.
Where cultures stigmatize homosexual behavior and rela-
tionships, men and women may be wary of assuming an
openly gay identity. Behaviors that are discriminated
against may be driven underground, thwarting public
health initiatives to protect sexual health. Homophobic
attitudes may have a negative impact on mental health,
including a higher incidence of depression and suicide. In
its extreme form, homophobia can lead to violence; stud-
ies have shown that 80% of gay men and lesbians had
experienced verbal or physical harassment on the basis of
their orientation.
Effective Public Health Strategies

Interventions Aimed at Individual
Behavior Change

Men and women have sex for different reasons and in
different ways in different settings. This diversity needs to
be respected in a range of approaches tailored to specific
populations and to particular groups and individuals
within them. The repertoire of public health approaches
is broad and includes health promotion, social marketing,
media advocacy, health service provision, legislative activ-
ities, and community empowerment.

Approaches based on voluntary individual behavior
change continue to be a central plank of public health
policy. Interventions, however, focusing on provision of
information alone have been shown to be less effective
than those including the development of skills relating to
condom use and negotiation of safer sex that use multiple
deliverymethods, and take account of the social context and
the need for sustainability (Rotheram-Borus et al., 2000).

Mass media campaigns can be effective in bringing
sexual health issues to the attention of the broad mass of
the public, in increasing knowledge, and in influencing
social norms, but they are less effective in increasing self-
efficacy and personal skills (Bertrand et al., 2006).

To be successful, individual-based interventions also
need to be targeted, in the workplace, for example, and in
school settings. The evidence is that curriculum-based sex
education does not increase risky sexual behavior as is
sometimes feared, but instead is likely to increase the
practice of safer sex and delay, rather than hasten, the
onset of sexual activity (Santelli et al., 2007).

Risk-reduction messages need to take account of the
diversity of sexual behavior and the need for people to
be able to act on them. Options in public health may
include advice to abstain from sex, to have sex with only
one partner, or to practice safer sex. Considerable debate
takes place over the relative merits of each of these.
Research has shown that a significant proportion of
young women and men first have sex before they are
ready, and so efforts to help young people optimize the
timing of first intercourse, and to resist unwanted sex, are
justified. Yet abstinence may not be an option where first
sexual relations may be forced, where the sexual abuse of
adolescents is common, and where financial circum-
stances force young people to sell sex. A WHO study
has shown that over 30% of women who first had sex
before the age of 15 years described having been forced
to do so (Garcia-Moreno et al., 2005). Similarly, advice to
an individual to be monogamous may not reliably safe-
guard sexual health where men and women are put at
risk by their partners’ risk behavior. In Uganda, married
women constitute the population group among whom
HIV transmission is increasing most rapidly. Married
women find it more difficult than single women to nego-
tiate safer sex, and fewer use condoms for family planning.

Interventions also need to address the social norms
influencing sexual health. Efforts on the part of profes-
sional educators and the medical profession need to
be supported by those working at the grassroots level.
Community-level interventions have been effective in
mobilizing local groups in support of preventive strate-
gies. Information gained through social networks is more
salient, and more likely to lead to behavior change, than
that conveyed by more impersonal agencies (McIntyre,
2005). The prompt response from gay communities to the
prevention of HIV/AIDS in Western countries in the
early 1980s owed much to the preexistence of infrastruc-
tures in the nongovernmental sector and to the visibility
and mobilization of gay men. Preventive programs using
naturally occurring social networks have been used to
reduce levels of risky behavior among gay men in Russia
and to increase contraceptive use among married women
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in Bangladesh and condom use among sex workers in
India; and have proved more effective in changing
norms than more orthodox approaches using conven-
tional health care and field workers.

Sexual behavior is subject to extensive legislation, and
this also has implications for sexual health. In general,
laws protect the young and those vulnerable to coercion
and exploitation, but they may also impede safer sex
practices. Where sexual practices are illegal, they are
more likely to be engaged in in a furtive or clandestine
manner, and people may have fewer opportunities to
protect themselves. For example, condom use is uncom-
mon among sex workers in India, where commercial sex is
heavily socially proscribed, but is near-universal among
those in Kampala and Mexico, where public health agen-
cies have been able to adopt a more open approach.
Intervention at the Level of the Social Context

Patterns of risk behavior vary between cultures and
regions, as do patterns of sexual health status, yet often
there is no obvious association between the two. The
link between sexual behavior and rates of STIs/HIV
and unplanned pregnancy is not always seen. It has been
difficult to explain differences in patterns of HIV trans-
mission in Africa and in the West, for example, by refer-
ence to differences in sexual behavior, and evaluation
studies have not always shown a link between behavior
change and health outcomes. The prevalence of multiple
partnerships is comparatively high in the richer countries
of the West, yet it is the poorer countries of the world
that have higher rates of STIs and HIV (Wellings et al.,
2006). The impact of poor sexual and reproductive health
falls hardest on the most disadvantaged groups, and dis-
proportionately affects women in low-income countries
(Figure 2).

This has led to pleas for a public health focus on the
broader determinants of sexual health such as poverty,
mobility, and gender. Interventions need to be pitched
not only at the individual level but also at the level of
the social context within which sex occurs. Individual-
level intervention may have less chance of success in
settings in which people have less control over their
lives. In particular, individual-level interventions may
have less chance of success where sex is tied to livelihoods,
duty, and survival, and individual agency is more limited.
In wealthier countries, personal choice is greater, yet
power inequalities persist.

Addressing the broader social influences on sexual
behavior, however, presents considerable challenges for
public health. Structural factors like poverty, unemploy-
ment, and gender are hard to modify, and social and
political norms are slow to shift. Yet efforts are being
made to address macro-level forces such as gender and
poverty in innovative approaches linking health with
development, for example, by empowering sex workers
to avoid sex work through business and information tech-
nology training. In South Africa, a current sexual rights
advocacy campaign is focused on achieving a more com-
prehensive perspective of sexual health and rights into
prevention work, involving working with nongovernmen-
tal and community-based organizations to address HIV/
AIDS, violence against women, and adolescent sexual
health in an integrated manner.

Tackling determinants of sexual health, such as pov-
erty, requires coordination and collaboration across health
and social sectors and agencies. Partnerships need to be
forged between public health personnel and, for example,
economists, politicians, industry, the judiciary, and non-
governmental organizations. Improvements in sexual
health are generally achieved as a result of a combination
of preventive policies and strategies mounted by different
agencies, with strong partnerships between the media,
government, nongovernmental organizations, sex workers,
the AIDS community, and international and local public
health agencies, endorsed at the highest political level.

The need for preventive approaches that are multilevel
and multipartnered, that have strong support from gov-
ernment, and that promote messages carefully tailored to
the local context is demonstrated in many of the success
stories in public health: the successes of Thailand and
Uganda in reducing HIV rates, for example, and of the
United States in reducing teenage pregnancy rates. The
100% condom-use program in Thailand, which achieved
increasing rates of condom use and reduced STI and HIV
rates and sex work activity, incorporated a variety of
components, such as free condom provision; mass media
campaigns and workplace programs; regular check-ups
for STIs and encouragement of testing and treatment
among sex workers; extensive contact tracing; and legal
action against brothel owners not implementing the
program (Nelson et al., 1996). Coordination between
national and local governments, public health officials,
and brothel owners was a strong characteristic of the
program and the approach was pragmatic, involving tacit
acceptance of sex work.

By the same token, Uganda’s past success in reducing
HIV prevalence and improving reproductive health status
compared with neighboring countries has been attributed
to the careful tailoring of messages to cultural context; the
successful assimilation of scientific knowledge about
modes of transmission; restoration of stability following
the end of the Ugandan civil war in 1986; and two decades
of strong policy support (Parkhurst, 2002). Uganda was
the first African nation to establish a national AIDS pro-
gram, and the response to the epidemic went beyond the
individual-level factors, incorporating mobilization of
local groups; collaborative partnerships with religious
groups and community activists; and commitment to tack-
ling the problem at the highest political level.
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Rates of teenage pregnancy in the United States fell by
30% during the 1990s. Some studies have suggested that
the decline resulted from increased uptake of abstinence
and increased use of reliable methods of contraception.
But other studies also provide evidence that the explana-
tion may lie in changes in economic factors, notably the
welfare reforms introduced by the Clinton administration.
A number of factors influence adolescents’ motivation to
prevent pregnancy, and no one approach satisfactorily
accounts for the decline that has occurred so far.
Conclusion

Sexuality is an essential part of human nature, and its
expression needs to be affirmed rather than denied, if
public health messages are to be heeded. No general
public health approach will work everywhere and, by
the same token, no single-component intervention is
likely to work anywhere. The evidence is that the inter-
ventions that work best are complex, multilevel, multi-
partner behavioral interventions that take account of the
social context in mounting individual-level programs;
attempt to modify social norms to facilitate uptake and
support maintenance of behavior change; and tackle the
structural factors contributing to risky sexual behavior.
Public health strategies limited to voluntary individual
behavior change are unlikely to achieve such radical
change without sociostructural changes. The mix of com-
ponents in national programs needs to be tailored to the
local context. The emphasis must be not merely on which
approaches work, but on why and how they do so in
particular social contexts.
See also: Abortion; Family Planning/Contraception; Vio-

lence Against Women.
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Introduction

Sexually transmitted infections (STIs) are those condi-
tions that are primarily spread through person-to-person
sexual contact. They are of profound importance in terms
of the immediate suffering caused to affected individuals,
but also in terms of the public health impact and overall
cost to humanity. Their magnitude is immense and under-
appreciated in policy-making circles. Even in areas where
STIs are considered ‘under control’ they tend to persist in
risk groups stratified by poverty, inequality, and general
access to health and preventive services.

In general, experts distinguish between curable STIs
caused by bacteria or protozoa (such as syphilis, gonor-
rhea, chlamydia, and trichomoniasis), and chronic STIs
caused by viruses (such as genital herpes and human
papillomavirus infection), which are treatable but not
curable in the classic sense. Epidemiologically, the various
STIs inhabit different sorts of infection networks that
overlap to greater or lesser degree, but are slightly differ-
ent from one another. Research investigators, clinicians,
and public health officials now increasingly prefer the
term STIs over the previously accepted and widely used
term sexually transmitted diseases (STDs), since many
STIs are asymptomatic and do not cause overt symptoms
in the infected individual. The term STI captures the
notion that persons may be infected, and therefore may
represent a transmission risk to others, without suffering
from a ‘disease’ in the classic sense.

By and large, Western, developed nations have devel-
oped and implemented STI surveillance and control pro-
grams to deal with community-level spread of infection,
and these have been successful to greater or lesser degree
depending on the particular STI and aspects of the social,

cultural, and political environment in which they occur.
Above all, STIs are malleable and adaptable to changing
social norms of sexual contact and sexually associated
behaviors.

Human immunodeficiency virus (HIV) is transmitted
predominantly as an STI, but also is characterized by
other routes of transmission such as bloodborne exposure
or through breastfeeding. Two types of HIV are distin-
guished, HIV-1, which has a worldwide distribution and is
responsible for the great majority of HIV infections, and
HIV-2, which is geographically linked to West African
origins. Recent research continues to emphasize the ways
in which genital ulcer and mucosal inflammatory diseases
facilitate and reinforce HIV transmission and acquisition
across populations at risk (Fleming and Wasserheit, 1999).
For this reason, many experts see STI prevention and
control as an important part of a comprehensive HIV
prevention strategy.

History and Epidemiology of STIs

Formerly called venereal diseases (after Venus, the goddess
of love), STIs have afflicted human populations for centu-
ries. Ancient Greek medical texts accurately described the
clinical manifestations of gonorrhea (literally, ‘flowing
seed’) and recognized a sexual route of transmission.
Sixteenth-century Europe was ravaged by the Great Pox,
later determined to be syphilis, and now widely believed
to have been acquired from New World populations and
transmitted across the Atlantic shortly after European
contact. Military campaigns are intimately associated
with STIs, often linked to young male soldiers acquiring
infections through engagement with prostitution. Modern
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STI control strategies developed following World War I,
as public health took a greater interest in community
health preservation and the prevention of person-to-
person spread. In the United States, this effort was most
effectively spearheaded by Surgeon General Thomas
Parran, whose monograph, Shadow on the Land (1937),
helped establish surveillance systems for STIs and formal
partner notification programs in local public health jur-
isdictions. Other countries also implemented surveillance
and control programs for STIs, focusing on those condi-
tions for which primary curative therapy could be imple-
mented and distributed more widely. Bacterial STIs such
as syphilis, gonorrhea, and chlamydia were added to the
roster of reportable diseases, both to ensure that infected
individuals receive appropriate therapy, and also to ensure
that their sex partners are appropriately identified and
treated as well.

Surveillance of STIs across time and space is a major
public health responsibility. Tracking of STIs occurs
through a combination of active and passive surveillance,
and is most effectively implemented in developed countries
with strong governmentally based public health structures in
place. Nevertheless, STI incidence and prevalence remain
incompletely tracked under current surveillance systems. In
the United States, for example, chlamydia is the most com-
monly reported infectious condition, with nearly 1million
cases reported annually (Centers for Disease Control and
Prevention [CDC], 2006a). However, this figure is a gross
underestimate of the true burden of infection due to the
asymptomatic nature of the disease, incomplete screening,
and underreporting. A recent study estimated the incidence
of STIs in the United States at approximately 18.9million
cases annually (Weinstock et al., 2004). Globally, the situation
is much bleaker. Focusing solely on curable STIs (syphilis,
gonorrhea, chlamydia, and trichomoniasis), the World
Health Organization (WHO) estimated an incidence of
340million infections occurring annually among men
and women 15–49 years of age (WHO, 2001).

In general, viral STIs other than HIV are not report-
able conditions in most jurisdictions, and surveillance for
these infections is undertaken through population-based
serologic testing. Viral STIs tend to be chronic, long-
standing infections as they are not curable in the classic
sense with antibiotic treatment. In the United States
alone, prevalence estimates for genital tract infection
with herpes simplex virus type 2 (HSV-2) and human
papillomavirus (HPV) range from 11 to 33% of the sexu-
ally active population. Based on these figures, experts
believe the true burden of viral STIs worldwide may
exceed several hundred million persons. Evidence is also
increasingly mounting that HSV-2 is a powerful cofactor
for HIV transmission (Freeman et al., 2006), and studies
are underway to determine the extent to which treatment
of STIs (including genital herpes) serves to reduce sexual
transmission of HIV.

Unfortunately, surveillance for STIs other than HIV in
many developing countries is rudimentary, so the true
prevalence of STIs in most areas of the world is unknown.

Transmission Dynamics of STIs

A great conceptual leap forward in thinking about STIs
was the development of the transmission dynamics model,
first promoted in a series of articles in the late 1980s by
Roy Anderson and Robert May (May and Anderson, 1987;
Anderson and May, 1988). Building on prior work by
Hethcote, Yorke, and other early modeling pioneers, the
transmission dynamics model states that the reproductive
rate of infection within a population (Ro) is a function of
three parameters: the efficiency of transmission of the
infectious organism during sexual contact (b), the rate of
sex partner change among members of the population (c),
and the duration of infectiousness (D). At equilibrium,
Ro ¼ 1, meaning that each case of infection generates one
new case of infection and infection rates overall do not
change. When the rate of infection is increasing within a
population, then Ro > 1 (more people are entering the
infected pool of individuals than are leaving it). Con-
versely, when infection rates are receding within a popu-
lation, then Ro < 1 and more people are leaving the
pool of infected individuals than are entering the pool
(presumably through early detection, effective treatment,
reducing risk behaviors, etc.).

The transmission dynamics model clarified two basic
tenets which are essential to the public health approach to
STIs: (1) reducing STI rates is achieved by implementing
program interventions to reduce b, c, and D of the model
components; and (2) when interventions are implemented,
the infection will contract toward hard-to-reach popula-
tions, which are relatively resistant to the effects of the
intervention and which serve to perpetuate and sustain
infection within the community at large. These hard-to-
reach populations are termed core groups, and the emer-
gence of core group theory is specifically linked to the
conceptual model that Anderson and May first formulated.

Public health structures focus primarily on minimizing
b and D from the transmission dynamics model. In gen-
eral, b is a measure of how efficiently STI pathogens are
transmitted from an infected person to a susceptible part-
ner within sexual partnerships. Using condoms correctly
and consistently for all sexual contacts is a way of redu-
cing the likelihood of transmission of STI pathogens
during sexual partnerships, and thus serves to reduce b
at the population level when this behavior is adopted
widely throughout the population. Similarly, use of vacci-
nation to prevent HPV acquisition effectively reduces b
by decreasing the partner’s susceptibility to infection. D is
reduced through early screening to detect indolent or
asymptomatic infection, and provision of effective
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medication to cure or treat these infections. The screen-
ing of reproductive-age women to detect and treat chla-
mydial infection serves to reduce D when implemented
broadly. Also, public awareness campaigns encouraging
individuals to get tested for STI generally work to detect,
and presumably treat, ongoing infections and reduce D by
limiting these individuals’ ability to transmit infection to
others. Tackling parameter c has been quite a different
issue. The transmission dynamics model suggests that
reducing the rate of partner change (later refined by
Anderson and May to the effective mean rate of partner
change) should lead to reduced spread of STI pathogens
by limiting the number of susceptible individuals who
are potentially exposed through sexual contact. However,
public health officials have generally shied away from
promoting what amounts to social engineering in the
realm of sexual behavior and decision making, and have
tended to avoid overt recommendations to reduce the
rate at which persons acquire new partners.

The concept of core groups, facilitated by STI net-
works, helps explain how infections can persist within
subsets of the population even as effective disease control
and prevention strategies are implemented widely within
a community. Aggressive screening, detection, and treat-
ment of infection during an epidemic serves to drive the
fewer remaining cases into harder-to-access populations,
often marginal to mainstream society and with limited
access to social service organizations. Core groups are
subsegments of the general population for whom Ro > 1,
that is, who generate more than one case of infection for
each infected individual. Such persons may sustain sexual
partnerships with high rates of transmission of infectious
agents (elevated b), high rates of partner change (elevated c),
and long durations of infectiousness (elevated D), thereby
serving at the population level to keep Ro at equilibrium,

even as the infection recedes throughout lower-risk seg-
ments of the community. Research in this area has also
begun to clarify the nature of overlapping social and sexual
networks, and the role of social networks in the spread of
STI pathogens. Network studies of STI patients argue for
the inclusion of social (nonsexual) network members in
disease control investigations and outbreak interventions,
presumably because these individuals are more likely to be
engaged in similar sexual risk behaviors as the STI index
case, even though they are not direct sexual contacts.

Classification of STI Pathogens

More than 30 sexually transmitted pathogens have been
described, although the majority of STIs are caused by
just a few different agents. New pathogens (e.g., Myco-

plasma genitalium) continue to be identified or confirmed
as sexually transmitted organisms, based on advances in
laboratory testing methodologies. A useful classificatory
scheme is to distinguish between curable STIs, generally
caused by bacteria or protozoa and which can be treated
with antimicrobial therapy, and chronic STIs caused by
viruses, which are often treatable but not curable in a
classic sense. Some of the most important STIs are
included in Table 1. Asymptomatic carriage is common,
and infected individuals may or may not experience
the full range of symptoms listed. Moreover, the data in
Table 1 are incomplete inasmuch as a variety of other
pathogens can be sexually transmitted.

Complete discussion of all STI pathogens is beyond
the scope of this article. Presented here is basic back-
ground information, common clinical manifestations, and
long-term complications associated with the most com-
mon STIs: four bacterial infections (syphilis, gonorrhea,

Table 1 The major curable and chronic sexually transmitted infections

Curable STIs

Condition Pathogen Examples of signs/symptoms

Syphilis Treponema pallidum Genital ulcers, skin rash, neurological damage, cardiovascular damage
Gonorrhea Neisseria gonorrhoeae Urethritis, cervicitis, pharyngitis, proctitis, epididymitis, pelvic

inflammatory disease, disseminated infection

Chlamydia Chlamydia trachomatis Urethritis, cervicitis, proctitis, epididymitis, pelvic inflammatory
disease, lymphogranuloma venereum

Trichomoniasis Trichomonas vaginalis Vaginitis, urethritis

Chancroid Haemophilus ducreyi Genital ulcers, lymphadenitis

Chronic STIs

Condition Pathogen Examples of signs/symptoms

Genital herpes Herpes simplex virus (HSV) type 1

and type 2

Genital ulcers, neonatal herpes infection, aseptic meningitis,

encephalitis
HPV infection Human papillomavirus (HPV) Anogenital warts, intraepithelial neoplasia and carcinoma

HIV infection Human immunodeficiency virus (HIV)

type 1 and type 2

Acquired immunodeficiency syndrome (AIDS)
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chlamydia, chancroid), two viral infections (genital herpes
and HPV infection), and one parasitic infection (tricho-
moniasis). The reader is referred to a more comprehen-
sive textbook source for additional information on these
agents, and other STI pathogens not discussed here.

Syphilis

Syphilis is a bacterial infection caused by Treponema palli-

dum. It is one of the most studied STIs, particularly
because of its rich historical background. Most experts
agree that syphilis was unknown in Europe until the late
fifteenth century, when it suddenly appeared as a major
scourge affecting the European population. Syphilis is
classified as a genital ulcer disease, and in its primary
phases causes the development of painless ulcerations in
the genital tract. The infection then progresses to a sec-
ondary phase, which results in cutaneous eruptions typi-
cally described as a rash but which can be very aggressive
pustules or poxlike lesions. Untreated, the disease devel-
ops a latent state and can remain inactive for many years.
However, a substantial proportion (25–35%) of those with
latent infection may progress to develop long-term com-
plications affecting the central nervous, cardiovascular, or
other body organ systems. In the preantibiotic era, neuro-
logical syphilis was a major cause of long-term disability
and early death. Upon invading the central nervous sys-
tem, the organism affects the dorsal columns of the spinal
cord leading to difficulties in walking and balance (tabes
dorsalis), and also causes premature difficulties with men-
tation and cognition through the development of general
paresis (also known as dementia paralytica). Syphilis can
also be transmitted transplacentally from infected mother
to fetus (congenital syphilis). Up to 50% of pregnancies in
women with early syphilis may end in stillbirth; those
infants born with syphilis suffer developmental abnorm-
alities affecting the bones, teeth, brain, and other organ
systems.

The Columbian theory of syphilis transmission holds
that T. pallidum infections were prevalent in New World
populations but generally absent from Europe prior to
Columbus’s voyage in the late fifteenth century. These
New World treponemal infections may have been non-
venereal dermatoses that afflicted native populations of
North, Central, and South America and the Caribbean,
and substantial paleopathological and historical evidence
backs up the assertion that syphilis, or some variant
thereof, was present in the New World for centuries
prior to European contact. Upon arriving in the New
World, Europeans quickly acquired venereal forms of
syphilis and brought the infection back to Europe, where
population-level herd immunity was absent. The infec-
tion spread quickly and virulently through European
communities, often following lines of battle and the adv-
ancing armies of warring nations. A common clinical

presentation was the development of aggressive, large,
poxlike lesions affecting the face and body. These lesions
were larger and different in character from other pox-
causing diseases of the day, leading to the ascription of the
term Great Pox to describe early pustular forms of sec-
ondary syphilis in the late fifteenth and early sixteenth
centuries. Artistic renditions of persons with syphilitic
lesions appear in woodcuttings and paintings starting at
about this time, and are virtually unknown prior to this
period. The current name by which we know this disease
was ultimately taken from a poem by the early sixteenth-
century Italian poet Fracastoro, in which the protagonist
named Syphilis offended the god Apollo and was afflicted
with the disease as punishment.

Over the years, several treatments have been proposed
for syphilis, including the use of heavy metals such as
arsenic (salvarsan), or intentional infection of patients with
malaria-causing organisms (championed by the Austrian
physician Julius Wagner-Jauregg, who won the 1927 Nobel
Prize in Physiology or Medicine for this work). All of
these treatments were generally ineffective and were asso-
ciated with long-term toxicities of their own. Syphilis
treatment was revolutionized in the 1940s with the dis-
covery and clinical use of penicillin. To this day, penicillin
remains the drug of choice for treating syphilis.

In the United States, the history of syphilis is inextri-
cably tied to the notorious Tuskegee Syphilis experi-
ment, a natural history study of syphilis conducted by
the U.S. Public Health Service from the mid-1930s to
the mid-1960s. This was a nontreatment study of poor,
rural, African-American men in Tuskegee, Alabama,
ostensibly to monitor the long-term effects of untreated
syphilis in a time when the treatments carried substantial
side effects and toxicities of their own. Men who parti-
cipated in the study were told they had ‘bad blood’ and
were monitored serologically over an extended time
period. Treatment was withheld from the study partici-
pants long after the curative effects of penicillin were
well recognized. Today, reference to the Tuskegee study
resonates strongly as a touchstone for governmental
deception, abuse of power, and disenfranchisement of
minority populations at the hands of a powerful medi-
cal/public health apparatus.

Today, syphilis continues to exert a major toll on
human populations. Many developing populations con-
tinue to suffer from syphilis due to lack of surveillance
systems, screening laboratory tests and infrastructure, and
required treatment medication. The persistence of con-
genital syphilis is particularly unfortunate, inasmuch as
serotesting and treatment of infected women during preg-
nancy could significantly reduce or eliminate this condi-
tion. In recent years, increasing rates of syphilis have been
seen among men who have sex with men (MSM), and
syphilis is increasingly implicated as a cofactor in sexual
transmission of HIV among high-risk communities.
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Gonorrhea

Gonorrhea is caused by infection with the bacterium
Neisseria gonorrhoeae, a spherical-shaped organism (coccus)
with Gram-negative staining characteristics. The bacte-
rium is often referred to as the gonococcus, and the
organisms appear in nature as paired sets of bacteria
attached side-by-side, or diplococci. It is an ancient dis-
ease, with references to its clinical manifestations appear-
ing in early texts from Greek, Roman, and biblical times.
Among males, uncomplicated gonococcal infection often
causes copious amounts of thick green or yellow urethral
discharge, coupled with intense burning on urination
(dysuria). This finding may have given rise to its name,
which is derived from Greek roots (‘flow of seed’). In fact,
the flowing material is a mixture of bacteria and pus, with
the body’s immune system producing large amounts of
infection-fighting white corpuscles (leukocytes) to com-
bat the offending bacterial agent. Among females, gonor-
rhea typically infects the uterine cervix, rather than the
urethra, and symptoms of uncomplicated infection are
generally milder. Most women do not experience urinary
symptoms; some may notice a mild vaginal discharge, and
many are asymptomatic altogether.

Unfortunately, untreated gonococcal infection can
cause serious and significant complications. In males, the
bacteria can ascend the urethral passage and establish
infection in the epididymis and testicles (epididymitis and
epididymo-orchitis). In females, gonorrhea can cause
infection of the Bartholin’s and Skene’s glands near the
vaginal introitus, leading to painful local abscess formation.
Gonococcal infection (along with chlamydia) is also one of
the most important causes of pelvic inflammatory dis-
ease (PID), characterized by upper genital tract infection
of the uterus (endometritis), Fallopian tubes (salpingitis),
and the abdominal-pelvic lining (peritonitis). Classically,
gonococcal PID leads to irritation around the area of the
liver in the right upper quadrant of the abdomen (peri-
hepatitis or Fitz-Hugh-Curtis syndrome) and the devel-
opment of adhesions in this area. The brisk inflammatory
response triggered by gonococcal infection also causes
scarring of other infected structures, particularly the Fal-
lopian tubes, leading to tubal-factor infertility, ectopic
pregnancy, and tubo-ovarian abscess as a result. Chronic
pelvic pain is also a consequence of peritoneal scarring
and adhesions. In both males and females, disseminated
gonococcal infection (DGI) occurs when the bacterium
gains access to the bloodstream and causes severe sys-
temic disease, typically causing small-joint arthritis and
the development of pustules on the skin surface (arthritis-
dermatitis syndrome). Infection of the heart valves (endo-
carditis) has also been described. Gonococcal infection is
also an important cause of eye infection in the newborn.
Neonatal conjunctivitis (also known as ophthalmia neo-
natorum) due to untreated maternal gonorrhea manifests

as a purulent discharge from the conjunctival tissues
developing within a few days after delivery, and can lead
to blindness in the neonate if left untreated.

Antibiotic resistance has become, and continues to be,
a major problem in treating gonorrhea. Over time, the
organism has acquired resistance (both plasmid-mediated
and chromosomally mediated) to many antibiotic clas-
ses, including penicillins, tetracyclines, and more recently
fluoroquinolone antibiotics. Currently, quinolone-resistant
Neisseria gonorrhoeae (QRNG) is a significant public health
concern in developed as well as developing countries;
rates of QRNG are high in Asian and Pacific Island
settings, and are increasing across North America and
Western Europe, further limiting the effective antibiotic
armamentarium for treating these infections (CDC, 2006b).
In general, cephalosporin antibiotics are considered the
drugs of choice for treating gonorrhea. Coinfection with
chlamydia is common, so antichlamydial therapy is also
often prescribed for patients with gonorrhea.

Chlamydia

Chlamydia is caused by infection with Chlamydia tracho-

matis, an obligate intracellular pathogen that affects the
mucus membrane tissues of the genital tract in males
and females. In developing countries, the organism is
also responsible for causing trachoma, a devastating ocu-
lar infection leading to corneal scarring and blindness;
however, the chlamydial serovars (bacterial subspecies)
that cause trachoma are different from those that cause
genital tract infection. In many ways, sexually transmit-
ted chlamydial infection behaves much like gonorrhea in
terms of the body sites affected (male urethra and
female cervix) as well as the long-term complications
it causes (PID leading to tubal scarring and infertility).
Chlamydia is a relatively newly recognized pathogen,
coming to public health consciousness in the late twen-
tieth century with the advent of effective laboratory
testing procedures to detect its presence. In general,
genital tract chlamydial infections tend to be less aggres-
sive and less pyogenic than gonococcal infections, inas-
much as the inflammatory response is not as brisk and
symptoms are generally milder. However, chlamydia is
much more widely distributed than gonorrhea in devel-
oped countries and the numbers of infected individuals are
much higher, such that chlamydia has become the single
most important cause of tubal-factor infertility in devel-
oped countries. Implementation of widespread screening
programs for chlamydia among reproductive-age women in
developed nations is an important component of infertility
prevention strategies. The true prevalence of genital tract
chlamydial infection in developing countries is unknown,
due to a lack of effective surveillance systems and labora-
tory testing strategies.
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Many males and females with genital tract chlamydial
infections are asymptomatic. Some males develop symp-
toms of urethritis, including burning on urination (dys-
uria) and a mucoid or sticky urethral discharge. Clinically,
this condition looks much like gonococcal urethritis,
although in general the discharge is less purulent and
less aggressive, and microbiologic staining of the dis-
charge material fails to reveal the classic Gram-negative
diplococci of gonorrhea (hence the term NGU or non-
gonococcal urethritis to describe cases of chlamydial
infection among symptomatic males). Females with cervi-
cal chlamydial infection are generally detected through
screening, as symptoms are subtle (mild vaginal discharge
or mild cervical bleeding) and may not be perceived by
the infected individual. Infection of the newborn may
occur when a child is born to a mother with untreated
genital tract chlamydia. Neonatal chlamydia manifests as
conjunctival infection (ophthalmia neonatorum) occurring
within 1–2weeks, or pneumonia that may not become
clinically evident for several weeks after delivery.

Antibiotic treatment for chlamydia is achieved through
the use of macrolide, tetracycline, or fluoroquinolone
antibiotics. Single-dose treatment with azithromycin, a
macrolide agent, is preferred by many clinicians for ease
of treatment and likelihood of medication compliance. At
the present time, antibiotic resistance is less of a concern
for chlamydia than for gonorrhea, andwidespread system-
atic resistance has not yet occurred. Infection rates remain
high inNorth America and other developed nations despite
aggressive screening of reproductive-age women.

Chancroid

Chancroid is an infectious disease caused by the bacte-
rium Haemophilius ducreyi. Individuals with acute infection
develop lesions that resemble the ‘chancre’ of primary
syphilis, hence the name chancroid. In fact, chancroid
is markedly different from syphilis, causing the develop-
ment of deep genital ulcerations that frequently are com-
plicated by infection of the inguinal lymph nodes with
subsequent nodal suppuration.

Transmission of chancroid is exclusively by way of
sexual contact, with the development of clinical symptoms
occurring approximately 3–10 days after exposure. Infected
individuals generally develop painful ulcerations in the gen-
ital tract, associated with swelling or pain in the inguinal
region due to infection of regional lymph nodes. Chancroid
ulcers typically have ragged, irregular edges with under-
mined borders (soft chancre), and the ulcer base is gener-
ally necrotic and purulent. The ulcers may mimic those of
syphilis, but they typically lack the firm, indurated border
that is characteristic of syphilitic lesions (hard chancre).
Infected inguinal lymph nodes (buboes) may ultimately
rupture as a consequence of ongoing infection, and pus can
often be expressed from ruptured nodes on direct palpation.

Chancroid is more common in developing-country
settings, or among individuals with a recent travel history
to endemic areas. Studies have documented higher rates
of infection in marginalized populations such as commer-
cial sex workers and their clients. Uncircumcized men
have also been shown to have a higher risk of acquisition
of chancroid than circumcized men, presumably because
the foreskin serves as a bacterial reservoir that can harbor
infectious bacteria after exposure. Localized urban out-
breaks in developed countries are often linked to illicit
drug use or commercial sex work. Chancroid and other
genital ulcers have been shown to be important cofactors
that facilitate HIV acquisition and transmission in devel-
oping countries.

Diagnosing chancroid can be difficult. The causative
organism (H. ducreyi) is a small, facultative, anaerobic
coccobacillus that requires hemin (X-factor) for growth,
and clinical samples often grow poorly in culture even
using selective media. DNA amplification methods to
detect chancroid, while promising, are not yet clinically
available. Therefore, a high index of clinical suspicion for
chancroid is required to ensure that appropriate antibi-
otic therapy is rendered in a timely fashion to persons
who may be infected. A number of antibiotic agents are
effective against chancroid, including members of the
macrolide, cephalosporin, and fluoroquinolone classes.
Buboes may require drainage by aspiration if large or
painful, and extended treatment courses may be required
to ensure complete bubo resolution. Higher rates of
treatment failure have been reported among uncircum-
cized men, and close clinical follow-up is required to
ensure treatment adequacy, particularly among HIV-
infected individuals.

Genital Herpes

Genital herpes is caused by herpes simplex virus (HSV).
The virus is classically divided into two viral types (type 1
and type 2), which can be distinguished molecularly, and
which historically have been held to infect different parts
of the body. HSV-1 commonly causes infection of the
mouth, lips, and oral mucous membranes (orolabial her-
pes), while HSV-2 commonly causes infection of the
penis, scrotum, labia, vulva, vagina, and other genital
tract structures (genital herpes). Serologic and virologic
testing demonstrates a significant degree of overlap with
regard to herpes types and body sites infected: some
orolabial infections are caused by HSV-2, and increasing
numbers of genital tract infections are caused by HSV-1.
Type-specific serologic tests for HSVare now available in
many developed-country settings and are being increas-
ingly used to identify individuals with HSV infection. By
and large, HSV-2 infections are generally held to be sex-
ually transmitted, and serologic studies of HSV-2 infection
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confirm high rates of infection in general population
samples. Recent studies estimate overall age-adjusted
seroprevalence of HSV-2 in the United States at 17.0%
of the general population (Xu et al., 2006).

Clinical manifestations of genital herpes can range
from aggressive, painful blisters and ulcerations (clinical
infection), to subtle but perceivable irritations, rashes,
fissures, and other manifestations (subclinical infection),
to a complete absence of identifiable clinical symptoms
(asymptomatic infection). The virus is believed to enter
the body through microabrasions that occur during sexual
contact. Clinical symptoms, which occur in up to 20% of
persons with genital tract HSV-2 infection, may develop
within a few days of exposure and include painful genital
lesions (blisters, ulcerations, rashes), local edema, and
systemic symptoms such as fever, malaise, and fatigue.
The virus is neurotropic and ascends local nerve roots,
establishing latency in the dorsal root ganglion of the
spinal column; infection is lifelong and is not curable in
the classic sense. Viral reactivation is common, and causes
local recurrence of genital lesions, usually in a unilateral
(dermatomal) distribution.

Subclinical infection and asymptomatic infection are
actually more common than classic clinical infection.
Many individuals experience recurrent rashes, irrita-
tions, fissures, or other genital tract lesions which they
do not recognize or perceive as herpes, but which can
later be so identified through laboratory testing. Infants
born to infected mothers are at risk for developing
neonatal herpes, a devastating condition affecting the
newborn that is associated with serious, long-term, neu-
rological consequences. Pregnant women with active
genital-tract herpes lesions at the time of labor are
delivered abdominally by cesarean section to prevent
or limit neonatal exposure to herpes virus in the birth
canal. Research studies have identified the highest risk of
neonatal herpes among infants whose mothers acquire pri-
mary genital tract herpes infection during pregnancy
(Brown et al., 2003).

Untreated clinical infection ultimately resolves over
several days or weeks. Early treatment with oral acyclovir
(or related medications such as famciclovir or valacyclo-
vir) significantly reduces the duration of clinical lesions
and reduces viral shedding in primary infection as well as
in outbreaks of recurrent infection. Management of recur-
rent genital herpes infections includes patient education
to identify and recognize clinical symptoms, coupled with
antiviral treatment to reduce or prevent morbidity. Epi-
sodic treatment of recurrences involves use of antiviral
medication at the time lesions begin to develop, or as soon
thereafter as possible, so as to limit the duration of the
clinical recurrence. Suppressive treatment involves daily
use of antiviral medication to prevent the onset of recur-
rent clinical lesions, and is generally recommended for
persons with frequent or traumatic recurrences. Some

studies suggest that antiviral medications may be beneficial
for preventing sexual transmission of HSV within sero-
discordant partnerships. Recent data suggest a strong link
between genital-tract herpes infection and the spread of
HIV in areas of high HIV prevalence such as sub-Saharan
Africa (Freeman et al., 2006). Research studies are under-
way to determine whether herpes treatment reduces the
likelihood of HIV acquisition in high-prevalence settings.

Human Papillomavirus (HPV) Infection

More than 80 different viral types of human papillomavi-
rus (HPV) have been identified, and more than 20 of these
have been found to infect the human genital tract. HPV
has long been recognized as the cause of external warts in
the anogenital area, and aggregations of warts are com-
monly referred to as condylomata acuminata. These man-
ifestations are typically caused by HPV types 6 and 11,
although other HPV types can also cause anogenital
warts. Warts are generally treated with local therapies
designed to eliminate the wart itself, rather than the
viral infection. After treatment, wart recurrence rates are
high because the virus remains viable within dermal and
subdermal tissues.

Other HPV types are oncogenic and have been closely
linked to development of cancer of the cervix, vulva,
vagina, and anus. These ‘high-risk’ HPV types include
16 and 18, and to a lesser extent several others (e.g., 31, 33,
35, 45, 56), and are implicated as the cause of most cervical
and anal cancers. For this reason, aggressive screening for
high-risk HPV cervical infection has been advocated
among reproductive-age women in developed countries
for early detection and treatment of HPV-related dyspla-
sias and neoplasias, in an effort to prevent cervical cancer
morbidity and death. (In practice, this generally takes
the form of routine cervical screening for dysplasia by
Papanicolaou (Pap) smear, followed by reflex HPV testing
of Pap smear specimens only if dysplastic or suspicious
cells are identified.) By and large, the wart-causing HPV
types 6 and 11 are not oncogenic, and individuals with
external genital warts caused by HPV are not necessarily
at risk for the development of cervical or other genital
tract neoplasia. However, coinfection with other high-risk
HPV types can occur, so individuals with anogenital warts
should be counseled to follow routine screening guide-
lines for cervical cancer prevention. Two preventive vac-
cines against HPV have been recently developed and are
being introduced for clinical use. One is a quadrivalent
vaccine targeting cancer-causing HPV types 16 and 18 as
well as wart-causing HPV types 6 and 11, while the other
is a bivalent vaccine targeting HPV types 16 and 18 alone.
Widespread use of the vaccine among adolescent and
young adult females may help prevent further spread of
HPV and the development of HPV-associated diseases
(Bosch et al., 2006).
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Trichomoniasis

Trichomoniasis, also known as trichomonal infection, is a
clinical condition caused by infection with the parasite
Trichomonas vaginalis. It is commonly diagnosed in women,
in whom it typically causes a profuse, malodorous vaginal
discharge with vaginal inflammation. Male infection also
occurs but is much more likely to be asymptomatic.
Trichomonal infection is the most common curable STI
worldwide, accounting for more than half of the estimated
340million bacterial or parasitic infections occurring
annually (WHO, 2001). Trichomoniasis has been linked
to premature rupture of membranes in pregnancy and
preterm delivery, and has been identified in epidemiolog-
ical studies as a cofactor in HIV transmission.

The causative agent, T. vaginalis, is a flagellated anaer-
obic protozoan that is transmitted during sexual contact.
Up to 50% of infected women are initially asymptomatic,
although many of these will proceed to develop clinical
symptoms within several months of infection. Because
the organism can survive for months or years in epi-
thelial crypts and periglandular areas, subclinical infec-
tion may occur and diagnosis may be delayed. Most
commonly, women develop a frothy gray or yellow-
green vaginal discharge, associated with vaginal itching
(pruritus) indicative of a brisk vaginal inflammatory
response. Some women classically develop small petechial
hemorrhages on the cervix, which may be visible on
inspection during a pelvic examination (‘strawberry
cervix’), although this occurs in a minority of cases. In-
fection in males is most commonly asymptomatic,
although symptomatic urethritis may occur in a minority
of cases.

Most cases of trichomonal vaginitis are diagnosed by
direct visualization of the parasitic organisms on a micro-
scopic examination of vaginal secretions. Unfortunately,
this method of diagnosis is relatively insensitive (40–70%)
and is dependent on the technique of specimen collec-
tion as well as the experience of the microscopist. Dia-
gnostic accuracy can be increased by incubating vaginal
secretions in commercially available culture media,
although these tests are not widely available in many
clinical sites. Diagnosis in resource-poor settings is
generally based on syndromic presentation and clinical
history.

Metronidazole or tinidazole are the treatments of
choice for trichomonal infection. Asymptomatic male
partners must also be treated to prevent reinfection of
treated females. Drug resistance, although unusual,
should be suspected in cases of trichomoniasis that do
not respond to standard antimicrobial therapy. Individuals
should be counseled not to drink alcohol while taking
these medications, because they can cause a disulfiram-
type reaction (flushing, shortness of breath, and severe
nausea and vomiting).

Consequences of STIs

Sexually transmitted infections have immediate as well as
long-term consequences. Many STIs cause pain, discom-
fort, and immediate suffering to infected individuals.
Genital herpes causes painful, recurrent ulcerations in
the genital tract. Early treatment with antiviral medica-
tion can reduce the intensity and duration of the lesions,
but is not curative of the infection. Trichomonal infection
often causes an uncomfortable, malodorous vaginal dis-
charge in women, and is known to cause urethral irritation
and inflammation in some men as well. Gonorrhea in men
classically causes intense burning on urination and copi-
ous amounts of urethral discharge, and both syphilis and
chancroid cause ulcerations in the genital tract along with
other associated symptoms. The immediate pain and
suffering of STIs is an important public health conse-
quence, for these symptoms often trigger a health-seeking
response among affected individuals in need of care for
their medical condition.

In addition to causing substantial physical discomfort,
STIs are often stigmatizing conditions in society, and
commonly lead to feelings of shame, guilt, or regret
among infected individuals. Substantial research is under-
way to clarify the extent to which stigma and shame help
structure the STI experience at the level of the individual.
For example, persons at risk for STI may be reluctant to
seek care if they believe their privacy or confidentiality
could be compromised through the care-seeking process.
As a result, lack of early detection and of early treatment
can further facilitate the transmission of infection by
prolonging the duration of infectiousness. Chronic infec-
tions, such as genital herpes, may be more stigmatizing
than curable infections, although limited data are avail-
able to address the magnitude of these effects.

From a public health standpoint, the long-term medi-
cal and economic consequences of STIs are profound,
particularly with regard to reproductive tract infections
in women. STIs are the most important preventable cause
of human infertility: in industrialized countries, untreated
chlamydial and gonococcal infections are a major cause
of PID, resulting in infertility from Fallopian tube scar-
ring, as well as other complications such as ectopic (tubal)
pregnancy, tubo-ovarian abscess, and chronic pelvic pain.
Untreated STIs among pregnant women are a major cause
of spontaneous abortion, stillbirth, premature labor, and
low birth weight, and can lead to serious infections in the
newborn including neonatal herpes, congenital syphilis,
and ophthalmia neonatorum. STIs are important facil-
itators of HIV transmission as well. Studies in developed
and developing countries demonstrate that STIs, parti-
cularly those causing genital ulcerations, enhance the
likelihood of HIV acquisition among HIV-negative indi-
viduals (Fleming and Wasserheit, 1999) and also promote
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genital-tract shedding of HIV among persons who are
already HIV-infected. Moreover, STIs have oncogenic
potential: oncogenic strains of HPVare widely recognized
as the most important cause of anogenital cancers, partic-
ularly cancer of the cervix in women. And hepatitis B,
which like HIV may be transmitted through sexual con-
tact as well as through bloodborne routes, is a major cause
of liver cancer worldwide. Finally, from an economic
perspective, research suggests that STIs other than HIV
account for up to 5% of the total discounted healthy life-
years lost in sub-Saharan Africa. STIs consistently rank
among the top disease categories for which adults seek
health care in developing countries, and remain among
the top causes of disease, death, and healthy life lost
among women of childbearing age.

STI Control and Prevention

The public health approach to STIs is based on the twin
tenets of control and prevention. Control is the term used
to describe the implementation of basic programmatic
strategies at the national level to detect infections and
limit their spread throughout the wider population. Pre-
vention speaks to the systematic application of public
health principles to inhibit the primary acquisition of
STIs, and to limit further spread of infection in the
event that primary acquisition does occur. Often, control
and prevention go hand in hand. For example, treatment
of an incident bacterial STI such as gonorrhea serves a
control function by eliminating the infection within the
affected individual, and also serves a prevention function
by eliminating the opportunity for the individual to
spread the infection to others in the future.

In general, three different levels of prevention for STIs
can be distinguished (Table 2). Primary prevention is
the implementation of programmatic activities to prevent
direct exposure to an STI pathogen. Educational pro-
grams promoting safer sex and correct and consistent
condom use, or programs promoting delay of first sexual
contact among teenagers, are examples of primary STI
prevention programs. (Vaccination against STI pathogens

such as HPV constitutes another example of primary
prevention.) Secondary prevention is the implementation
of strategies to prevent the onset of disease in those who
have been exposed and may be infected with an STI
pathogen. Provision of empiric antibiotic therapy to sex
partners of persons with a bacterial STI such as syphilis is
an example of secondary STI prevention. Tertiary pre-
vention is the effort to limit morbidity and restore health
to those who are infected. This is the most basic form of
STI control, and is really a form of harm-reduction inas-
much as treatment is designed to prevent further tissue
damage or long-term complications from an ongoing
clinical condition. Clinical care for symptomatic curable
STIs is an example of tertiary prevention. (Some argue
that STI treatment also serves a primary prevention func-
tion by reducing the number of infected individuals
within the community, thereby reducing the risk for
others as well.)

Partner Notification and Referral

Identifying, tracking down, and providing treatment to the
‘source case’ of the infection, as well as to secondary cases
who may also have been infected by the index case, is
another aspect of STI control. In developed countries, this
process is typically implemented through systems of part-
ner notification and referral for medical treatment. Two
types of partner notification have been described. The
first form, patient referral, occurs when an STI patient is
instructed to notify his or her own partners that they have
been exposed to an STI, and that they should seek medical
care for testing and treatment. The second form, provider
referral, occurs when a health-care provider or health
agency member interviews an STI patient to elicit the
names and contact information of recent sex partners, and
then notifies these partners of their STI exposure and need
for testing and treatment. Unfortunately, these methods of
partner notification are inadequate and incomplete. Indivi-
duals with an STI are often unwilling or unable to identify
their sex partners or release contact information to a health
department investigator when asked. Some individuals do
not wish to notify sex partners who they believe infected
them in the first place. And STI network studies suggest
that infections occur among social as well as sexual network
members, such that only following direct chains of sexual
contact inevitably misses some cases of STI occurring in
social (but not sexual) networks of interaction with infected
individuals.

Recently, advocates of expedited partner therapy
(EPT) have demonstrated enhanced outcomes in partner
notification and referral through the provision of antimi-
crobial therapy to partners outside of the usual channels
of notification and referral (Golden et al., 2005). These
sorts of novel strategies for partner treatment often obvi-
ate the need for a physical examination of the partner,

Table 2 Levels of prevention for STI

Level of
prevention Example

Primary

prevention

Educational programs promoting consistent

and correct condom use

Secondary
prevention

Empiric antibiotic therapy provided to
persons who are exposed to bacterial STI,

but who do not yet show signs of infection

Tertiary

prevention

Treatment of incident STI to decrease

suffering and prevent complications
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since treatment is offered outside of clinical care settings.
In some cases, EPT can be achieved through patient-
delivered mechanisms, whereby persons with an STI are
given extra doses of medication to give to their partners.
In other settings, pharmacy-delivered mechanisms have
been used, whereby partners are referred to local phar-
macies who then give antimicrobial treatment. Advocates
point to increased numbers of partners treated by way of
EPT strategies compared with traditional partner notifi-
cation and referral patterns, and also to decreased rates
of reinfection or persistent infection of the initial STI
patient, presumably due to effective treatment of sex part-
ners through EPTwho otherwise would remain untreated
and infectious.

Passive and active surveillance systems are also impor-
tant aspects of STI control and prevention programs in
developed and some developing countries. Passive sur-
veillance occurs when health authorities track and take
note of case reports of disease that are submitted by
treating clinicians and laboratory-testing facilities. These
case reports form the basis of STI intervention planning,
for they direct health authorities to areas of ongoing
concern or changing epidemiologic patterns. Active sur-
veillance implies the intentional use of screening or
directed testing among large sections or subsections of
the population, with the intent of finding asymptomatic or
subclinical infection that might otherwise remain unde-
tected without aggressive outreach. The implementation
of chlamydia screening among women of reproductive age
is an example of an active surveillance system. Both
methods are important components of comprehensive
STI control and prevention strategies.

The Future of STIs

New developments in STI research and programmatic
activities hold promise for reducing the public health
burden of these infections. The use of field-based test
strips for diagnosing syphilis is one such development.
Historically, syphilis has been diagnosed using standard
serologic tests, which require a certain amount of labora-
tory processing that is often unavailable in resource-poor
settings. Blood samples must be collected and centrifuged
to separate blood cells from serum, and then testing is
performed on these serum samples. Recently, several
manufacturers have developed field-based, immunochro-
matographic, syphilis test strips that can be used with
whole blood samples, thereby obviating the need for addi-
tional specimen processing in the laboratory. A number of
these test strips have been evaluated by the WHO and
other health authorities to determine sensitivity, specific-
ity, and performance characteristics. Production and dis-
tribution of the test strips at low cost will advance syphilis
detection and may serve to facilitate early treatment,

particularly among pregnant women for prevention of
congenital syphilis infection.

Additional research is needed in the realm of STI
treatment, particularly with regard to effective, single-
dose, oral therapies. Such treatments, if available at low
cost, could be distributed widely to populations at risk
in developing- and developed-country settings alike to
reduce STI-associated suffering. Unfortunately, few
such agents are currently available which meet these
criteria. Single-dose azithromycin has activity against
chlamydia (and at higher doses, gonorrhea) but recent
studies have demonstrated high levels of resistance to
azithromycin among syphilis strains in North America
and Europe, and have cast a shadow on the utility of
this agent for oral treatment of syphilis. Fluoroquino-
lone antibiotics, once a mainstay of treatment for gonor-
rhea, are now limited in their utility by antimicrobial
resistance to quinolone antibiotics. STI control and preven-
tion will depend to a great degree on the availability of
field-based treatments that can be administered easily and
safely by public health personnel in a variety of clinical and
nonclinical settings.

Finally, the use of social and sexual network para-
digms will continue to advance STI prevention goals by
shedding light on the ways in which sex partners are
selectedwithin and outside of networks of social interaction.
Degrees of network embeddedness, overlap, and separation
affect STI riskof networkmembers, and additional research
in these areas is warranted. Network analyses provide
insight with regard to the dynamic nature of human sexual
behavior, and the relationship between sexual behavior and
STI risk. As public health incorporates network methods
into standard STI control activities, enhanced case finding
and disease prevention goals are advanced.

Conclusion

STIs are widely distributed across human societies and
are a significant cause of suffering worldwide. A variety of
microbial agents can be sexually transmitted, including
bacteria, viruses, and parasites. Bacterial and parasitic
STIs are curable with antibiotic therapy, and viral STIs
can now be effectively treated with appropriate antiviral
agents. STIs represent an important public health prob-
lem because of their propensity to spread asymptomati-
cally across sectors of the population and because of their
substantial impact on reproductive and neonatal health.
Surveillance and testing of populations at risk are essen-
tial elements of STI control and prevention in developed
and developing countries alike. Further research is needed
in STI biology, epidemiology, and prevention to identify
more effective tools to prevent the spread of STI patho-
gens and reduce the burden of these pathogens on human
populations.
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Sexual violence is endemic. More than one in five women
report a lifetime experience of sexual assault from an
intimate partner, while up to one-third of girls report
their first sexual experience was forced ( Jewkes et al.,
2002a). It is both a profound public health problem and
human rights violation, while the short- and long-term
consequences of it limit the potential of victims/survivors
to achieve an optimum standard of health and well-being.
Sexual violence violates multiple fundamental human
rights, including the right to life, equality, liberty, security
of persons, the right to be free from all forms of discrimi-
nation, and the right not to be subjected to torture or
other cruel, inhuman, or degrading treatment or punish-
ment. Despite this, it is one of the least researched of all
forms of gender-based violence.
Sexual Violence: Definition

The World Report on Violence and Health defines sexual
violence against women as:

any sexual act, attempt to obtain a sexual act, unwanted

sexual comments or advances, or acts to traffic, or other-

wise directed against, women’s sexuality, using coercion
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(i.e., psychological intimidation, physical force, or threats

of harm), by any person regardless of relationship to the

victim, in any setting, including but not limited to home

and work. (Jewkes et al., 2002a: 14a)

It can include a range of acts, including rape in mar-
riage and dating relationships; rape by strangers; rape as a
weapon of war; sexual harassment (including demands of
sex for jobs or school grades); sexual abuse of the mentally
ill or impaired; sexual abuse of children; forced marriage
or cohabitation, including marriage of children; sexual
torture; and forced prostitution and trafficking in
women for sexual exploitation. It also includes forced
abortion; denial of the right to use contraception or pro-
tect self from disease; and acts of violence against women’s
sexuality such as female genital cutting and social virgin-
ity inspection. Sexual violence is predominantly experi-
enced by women and girls, although it can be directed
against men and boys.
Prevalence of Sexual Violence

Sexual Assault

Research on sexual violence is critical in highlighting the
extent of the problem, and strengthening public health
services and prevention programs. In no country has there
been a study of the prevalence of perpetration of sexual
assault of intimate partners and other women or girls in a
randomly selected sample of men from the community.
There are therefore many unanswered questions about
patterns of perpetration; however, research from North
American and South Africa seems to suggest that men
who rape are very likely to do so first during their teen-
age years and that repeat perpetration is very common
(White and Smith, 2004). In all countries, only a very
small proportion of men who are sexually violent are
ever punished by law. The extent to which convicted sex
offenders resemble the total population of sexual violent
men is not known.

Globally, there has been more research conducted with
women documenting their experience as victims/survi-
vors, and most of the data available describe the preva-
lence of this. Differences in measures, definitions, and
social meanings as well as underreporting limit data accu-
racy. Sexual violence is particularly stigmatized. In some
settings victims are ostracized, abandoned, and even
killed, and very commonly lesser manifestations of stigma
limit disclosure and help-seeking. These include shame,
blame, denial, fear of the consequences, fear of retribu-
tion, and a sense of inevitability that disclosure will not be
helpful. It is estimated that at most one in ten sexual
assaults are reported to the police and in many settings
the proportion is much lower. Despite these limitations,
available evidence provides valuable insights into the
epidemiology of sexual violence.
A global insight into the prevalence of sexual violence
across the early and middle years of the life span is
provided by the World Health Organization’s (WHO)
Multi-Country Study on Women’s Health and Domestic
Violence against Women (Garcia Moreno et al., 2005). In
the study, randomly selected samples of women aged
16–49 years from ten different countries, often from
rural and urban areas, were interviewed to create a data
set of more than 24 000 women. The prevalence findings
are summarized in Table 1.

Sexual violence in childhood, involving inappropriate
acts of exposure, or touching, of genitalia, as well as
penetration, is very common. It is experienced by both
girls (most commonly) and boys, but globally very much
less is known about the prevalence, consequences, and
context of abuse of boys than girls. Much of it occurs in
homes, where male family members are often perpetra-
tors, but children are also often sexually abused by
respected older people in the community. The WHO
study found a prevalence of child sexual abuse of between
1 and 20%.

In many countries, schools are also places where girls
are at considerable risk. In developing countries, school-
age girls may be forced by poverty into transactional
sexual relationships with teachers or other older men in
order to raise the money for school fees. Educational
institutions are also settings in which sexual harassment
and rape by teachers or fellow pupils occurs. In South
Africa, the 1998 Demographic and Health Survey in-
cluded questions about experience of rape before the
age of 15 years and found that school teachers were the
largest group of child rape perpetrators, responsible
for 32% of the disclosed child rapes ( Jewkes et al.,
2002b). Research in Africa describes high levels of apathy
among officials about this, with a lack of information
among pupils and parents and a reluctance to believe
girls who make allegations. Teachers are generally unwill-
ing to report colleagues’ sexual misconduct and often see
the behavior of boys as a normal part of growing up.

Research has increasingly shown that girls’ first sexual
intercourse is often forced, and the younger the age
at which this occurs, the greater the likelihood of it
being forced (Table 1). Forced first sex is also particularly
common in settings where women’s sexuality is more
constrained and where sexual dominance by men is
more strongly culturally sanctioned. The highest preva-
lence of first forced sex found in the WHO study, for
example, was 30% in Bangladesh.

Intimate partner violence, usually defined as violence
perpetrated by a current or ex-husband or boyfriend,
encompasses both physically and sexually violent acts,
which are usually located within a relationship that is
characterized by a range of controlling and emotionally
abusive dynamics. The prevalence of sexual intimate
partner violence varies between settings and has been



Table 1 Prevalence of sexual coercion against women and children across the life cycle

Sexual abuse in
childhood before
age
15 (best estimate)a Forced first sex

Sexual violence b an intimate
partner

Nonpartner sexual
violence since age
15

Site N % N % N Ev % Current % N %

Bangladesh, city 1602 7.4 1369 24.1 1373 37 20.2 1603 7.6

Bangladesh, province 1527 1.0 1326 29.9 1329 49 24.2 1527 0.5
Brazil, city 1172 11.6 1051 2.8 940 10 2.8 1172 6.8

Brazil, province 1473 8.7 1234 4.3 1188 14 5.6 1472 4.6

Ethiopia, province 3014 7.0 2238 16.6 2261 58 44.4 3016 0.3

Japan, city 1361 13.8 1116 0.4 1276 6 1.3 1368 3.5
Namibia, city 1492 21.3 1357 6.0 1367 16 9.1 1498 6.4

Peru, city 1414 19.5 1103 7.3 1086 22 7.1 1414 10.3

Peru, province 1837 18.1 1560 23.6 1534 46 22.9 1837 11.3

Samoa 1640 1.8 1317 8.1 1204 19 11.5 1640 10.6
Serbia and Montenegro, city 1453 4.2 1310 0.7 1189 6 1.1 1453 3.9

Thailand, city 1534 8.9 1051 3.6 1048 29 17.1 1534 6.1

Thailand, province 1280 4.9 1029 5.3 1024 28 15.6 1280 2.6
United Republic of Tanzania, city 1816 12.2 1557 14.3 1442 23 12.8 1816 11.5

United Republic of Tanzania, province 1443 9.5 1287 16.6 1256 30 18.3 1443 9.4

From Garcia-Moreno C, Jansen HEF, Ellsberg M, Heise L, and Watts CH (2005) WHO Multi-country Study on Women’s Health a d Domestic Violence Against Women: Initial Results on

Prevalence, Health Outcomes and Women’s Responses. Geneva: World Health Organization.
aIn those sites where anonymous reporting was not linked to the individual questionnaire, the best estimate is the highest prevale ce given by either of the two methods of data collection

used in the multicountry study, i.e., face-to-face and anonymous report.
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found to be as high as 44% (Table 1). In most settings,
women are more at risk of being forced into unwanted
sexual acts by an intimate partner than any other type of
perpetrator.

Rape and attempted rape by acquaintances or strangers
occurs in all settings with a prevalence of victimization as
high as 12% (Table 1). Usually there is one perpetrator,
but in some settings rape by more than one man com-
monly occurs and may even be ritualistic. A study from
South Africa, where one-third of rapes reported to the
police involve more than one perpetrator, found that
14% of young men disclosed in interviews having parti-
cipated in group rape of a woman (Jewkes et al., 2006).
Throughout history, rape has been used as a weapon of
war. In recent years, for example, between 23 200 to 45 600
Kosovar Albanian women are believed to have been raped
in the 1998–99 conflict with Serbia, and very high rates of
gang rape have been reported in the Democratic Republic
of Congo, often resulting in genital fistulae.
Sexual Trafficking

The Report of the Special Rapporteur on the Human Rights

Aspects of the Victims of Trafficking in Persons, Especially

Women and Children (Huda, 2006), defines trafficking in
persons as:

the recruitment, transportation, transfer, harbouring or

receipt of persons, by means of the threat or use of force

or other forms of coercion, of abduction, of fraud, of

deception, of the abuse of power or of a position of

vulnerability or of the giving or receiving of payments

or benefits to achieve the consent of a person having

control over another person, for the purpose of exploita-

tion. Exploitation shall include, at a minimum, the ex-

ploitation of the prostitution of others or other forms of

sexual exploitation, forced labour or services, slavery or

practices similar to slavery, servitude or the removal of

organs.

Evidence suggests that each year hundreds of
thousands of women and girls throughout the world are
bought and sold into prostitution and slavery. It is pur-
portedly one of the fastest growing organized crimes.

Trafficked women and children are often trapped in
slave-like conditions, with identification papers removed.
In many cases, they may be led to believe that they have
accepted domestic or waitressing work but they are taken
to brothels, their passports confiscated, and they may be
beaten, locked up and promised freedom only after earn-
ing their purchase price, travel and visa costs through sex
work. This lucrative business has large profits and rela-
tively few risks and has led to global networks of traffick-
ers, often with mafia-style operations.
Harmful Traditional Practices

In many countries, there are traditional practices that
are harmful to women and children, such as early and
forced marriage, the offering of girls to temples to live a
life of servitude often including prostitution, and giving
girls to fetish shrines to serve as domestic and sexual
slaves. Female genital cutting, which encompasses the
removal of part, or all, of the external female genital tissue
is estimated to effect 130 million girls worldwide and
can lead to serious health problems. There has, however,
been a shift in public opinion to traditional harmful
practices, with an increasing recognition that they are
violations of young girls’ rights and integrity, which
must be stopped.
Sexual Violence Against Men

Men and boys are recognized as potential victims of
sexual assault, but globally there has been little research
on the frequency with which this occurs and the contexts.
It is recognized that both men and women may coerce
young men and boys into sex, but those forcing older men
are invariably male. There is some evidence that the
meaning of acts of coercion of men may vary according
to whether the perpetrator is a man or a woman, but
coercion of young men into sex by women needs to be
better understood and more widely recognized as a prob-
lem (Marston, 2005).

Circumstances in which coercion of men and boys
occurs include child sexual abuse, forced sexual initiation,
sexual harassment and coerced sex in schools, sexual
harassment in families and from close relatives, and sexual
violence experienced in police cells, prisons, during crime
and during war. Rape of male prostitutes is also a well
recognized and common problem ( Jewkes et al., 2002a). In
some settings forced heterosexual initiation of boys is dis-
closed in surveys nearly as frequently as that of girls, with
up to one-third of boys reporting this. However, generally
the prevalence of coercion of boys and men is much lower
than that reported of women ( Jewkes et al., 2002a). Sexual
assault of men is also subject to underreporting, and this is
particularly influenced by social expectations that normal
men are heterosexual and always open to sex with women,
and fears that rape by a man can make a man gay.
Understanding Perpetration of
Sexual Assault

Sexual violence is a subcategory of gender-based violence;
in other words, it is inherently rooted in the lower power
that women have in a society compared to men. Within
societies there is a range of social expectations, behavioral
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norms, and values that stem from this, which vary between
settings. They often include expectations that women and
girls will be under the control of men; that men have sex
as a right within marriage; that women should not have
sexual desires or a right to sexual pleasure; that sexually
aroused men cannot control themselves; and that women
and girls are responsible for ensuring that they do not
arouse inappropriate sexual desires in men. A nexus of
power and control lies at the heart of explanations of why
men rape. Rape is an act through which men communi-
cate to their victim about their powerfulness, as well as
one through which they may communicate with them-
selves, through the experience of power in the act of
rape. Thus rape may be an act of punishment and an
expression of holding power over a victim, and it can
also be an act through which perpetrators affirm to them-
selves a sense of power that they may not feel in other
respects in their lives.

Globally, the base of research on risk factors for sexual
assault perpetration has been narrow, and the great majority
of what is known comes from North American and South
Africa. Nonetheless, many of the findings from these set-
tings point to considerable commonality in underlying
factors. In North America, a multifactorial model known
as the ConfluenceModel (Malamuth et al., 1991) was devel-
oped to explain the interconnections among factors asso-
ciatedwith sexual assault; it has been particularly influential
in the field. The model has two paths through which factors
are believed to operate to influence sexual assault perpetra-
tion and each has been empirically shown to independently
predict perpetration, but also to work synergistically such
that men who score highly on both paths are more likely to
be sexually coercive.

The first path has been dubbed hostilemasculinity and at
the heart of this path are feelings of insecurity and defen-
siveness in relationships toward women, with sex being an
act of power and dominance rather than love. Sexually
violent men have been shown to bemore likely to be hostile
toward women, to perceive women as hostile to them, to
mistrust women’s affective expression, and thus be more
likely to interpret assertiveness inwomen’s interactionswith
them as hostility (Malamuth et al., 1991; Abbey et al., 2004a).
The factors associated with or indicators of hostile mascu-
linity are a high level of acceptance of interpersonal vio-
lence, relative isolation fromwomen, and perceptions of sex
as an act between adversaries. Sexually violent men, espe-
cially men who coerce sex more than once, are more likely
to lack empathy for their victims, lack remorse (both fea-
tures of psychopathy), and consider victims to be responsi-
ble for rape (Abbey et al., 2004a).

The second path is the sexual promiscuity/impersonal
sex path. At the heart of this are ideas of sex as a game to
be won or for physical gratification, and not for emotional
closeness or intimacy. This path builds on the observation
that men are more likely to rape if they have experienced
a range of trauma in childhood and this is seen to influ-
ence their later sexual practices and preferences. The
experience of trauma in childhood is postulated to reduce
the ability of men to form loving and nurturing attach-
ments, and thus results in an orientation to impersonal
sexual relationships rather than sex in the context of
emotional bonding and short-term sex-seeking strategies.
Malamuth et al. (1991) originally emphasized experience
of childhood sexual abuse and witnessing violence
between parents in childhood, but other authors have
found an association with a wider range of experience of
abuse (Knight and Sims-Knight, 2003; Jewkes et al., 2006).
Experience of trauma in childhood increases the likeli-
hood of engagement in delinquent behavior, and rape is
often perpetrated in the context of peer-related acts of
delinquency. Sexually violent men are more likely to have
more sexual partners than other men. Malamuth et al.
(1991) argue that men who develop a relatively high
emphasis on sexuality, particularly with sexual conquest,
as a source of peer status and self-esteem, may use various
means, including coercion to induce girls into sexual acts.
In this regard, peer pressure to have sex may also encour-
age some men to force sex ( Jewkes et al., 2006).

A number of rape researchers have argued that some
important factors are missing from the Confluence Model.
Alcohol plays a role in a high proportion of rapes (Abbey
et al., 2004b). It is a situational factor (Abbey et al., 2004b) but
may have a more complex role. Sexual assaults are very
frequently associated with alcohol consumption. Alcohol
has psychopharmacological effects of reducing inhibitions
(like some drugs, notably cocaine), clouding judgment and
enabling a greater focus on the short-term benefits of forced
sex. It may also act as a cultural time-out for antisocial
behavior. Thus men are more likely to act violently when
drunk because they do not feel they will be held account-
able for their behavior (Abbey et al., 2004b). Some forms of
group sexual violence are associated with alcohol drinking
and here drinking alcohol forms part of the group bonding
with collectively reduced inhibitions and individual judg-
ment ceded to that of the group.

The Confluence Model provides an understanding of
factors associated with rape perpetration that overwhelm-
ingly emphasizes individual characteristics. Research from
outside the discipline of psychology suggests that there
are several social factors that are important. Social and
economic status is one such factor, but unfortunately
information on the association of these with rape per-
petration is limited. Some researchers (e.g., Bourgois,
1995) have argued that in the face of poverty and
unemployment, men lack paths through which they may
demonstrate success and may rape in an effort to reclaim,
however transiently, a sense of powerfulness. Others have
observed that in some research men who rape have come
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from relatively more privileged backgrounds and were
relatively more powerful than the women they raped
(Duvvury et al., 2002; Jewkes et al., 2006). In these circum-
stances, their acts are better explained as stemming from
an exaggerated sense of sexual entitlement. These expla-
nations are not necessarily contradictory, because sexual
assault occurs in a range of different contexts and may at
different times have different roots.

A unifying idea between them is the location of sexual
violence within a framework of ideas about manhood,
which is developed and sustained not just at an individual,
but also at a community or societal level. Socially con-
structed ideas about manhood are used by individual men
in their self-evaluations of success and in development
of their expectations and ideas about the appropriateness
of particular approaches to and patterns of behavior.
In South Africa, researchers have demonstrated a clus-
ter of closely correlated male behaviors, including sexual
and physical violence against women, having many sex-
ual partners, transactional sex, and alcohol abuse, which
link sexual conquest, risk taking, and violence with rape
( Jewkes et al., 2006). These are dimensions of a particular
model of masculinity, which has been shown to change in
response to an intervention that builds gender equity and
ideas of sexual and social responsibility.

One of the community or societal level influences on
sexual violence is the extent to which it is perceived to be
an act that is socially stigmatized and liable to be pun-
ished. This is very closely linked to the status of women.
Rape is one of the few acts of violence where the victims
(usually women or girls) are very likely to be blamed
equally or more severely than the perpetrator. This
reflects the social position of women. In settings with
greater gender equity, social understandings of sexual
violence are more unequivocal, raping is stigmatized,
and sanctions for perpetration are perceived as likely
and feared. At an individual level, women and children
are more likely to be victims of sexual violence if they are
of lower social status overall, as well as with respect to
men who rape. Men often perceive that they are less likely
to face consequences if their victim is of lower social
status or in some way socially devalued (for example a
mentally ill person or a sex worker). Rape by a nonpartner
is often opportunistic and women and girls of lower
socioeconomic status are more often in situations of vul-
nerability, for example walking on open land because they
lack the resources to use transport or living somewhere
that can be more easily broken into.
Health Consequences of Sexual Assault

Sexual violence has a range of health consequences, both
short-term and long-term. The most important immedi-
ate consequences are usually symptoms of psychological
distress, experienced as shock, fear, and feelings of help-
lessness; hyperarousal caused by concerns for personal
safety, and high levels of anxiety. This may be accompa-
nied or followed by depression and, if prolonged, may
develop into posttraumatic stress disorder (PTSD). Rape
survivors not infrequently attempt suicide. In the longer
term, especially where there has been repeated violations
and where it has occurred in childhood, substance abuse is
more common in sexual violence survivors. The psycho-
logical impact also includes fundamental changes in vic-
tims’/survivors’ perception of self, which impacts on
other areas of their lives, notably their relationships with
men. Many victims/survivors struggle to have sexual
relationships with men. As a group they are more likely
to engage in sexual risk taking including starting sexual
relationships earlier, having more partners, older part-
ners, transactional sex and more unsafe sex. They are
also more likely to have violent partners.

There are many important physical consequences of
sexual violence. Pregnancy may occur in the absence of
contraception and is particularly stressful if termination is
not an option. Sexually transmitted infections may be
acquired and, if untreated, can result in infertility, pelvic
pain, and pelvic inflammatory disease. In high-prevalence
settings, the transmission of HIV during sexual assault is a
major concern for victims/survivors. Genital and other
injuries may also occur in the course of sexual violence.
Very violent rape, particularly gang rape, has been asso-
ciated with very severe injuries including the develop-
ment of genital fistulae and, if the woman is pregnant,
pregnancy loss. The injuries associated with rape are at
times fatal, these are known as rape homicides. In South
Africa, rape is suspected in 16% of female homicides.
Ethics of Research on Sexual Violence

All studies face the challenge of ensuring that the research
is of high quality, benefits are maximized, and the poten-
tial for doing harm through the research is kept to a
minimum. The very sensitive nature of sexual violence
poses a unique set of challenges and a range of ethical and
safety issues need to be considered and addressed prior to
embarking on such research. In addition to the established
codes of practice related to ethics in research, a number of
specific issues need to be considered. The sensitive nature
of the research makes it particularly important that every
effort is made to ensure that benefits outweigh the possi-
bility of harm, and for this reason it is important that the
benefits and use of research on sexual violence are defined
and assessed before research is commenced. The research
must be methodologically sound and in every respect
built on current experience and best practice. This is
particularly important with respect to the approaches to
data collection and questionnaire design. Where data are
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gathered from survivors of sexual violence, a provision
should be made to make psychological support available
to those disclosing violence. Research team members may
experience vicarious trauma and they must be carefully
selected and receive relevant and sufficient training and
ongoing support. Both the research participants and the
team may have their safety endangered by conducting
research on sexual violence. Particular consideration
needs to be given to ensuring confidentiality of the
research, as well as of individuals included in studies.

Involving children in sexual violence research is
important if we are to adequately understand their
needs. However, special care and thought is needed
beforehand; experts on research with children need to
be consulted to ensure that methods used are appropriate
and that all possible risks have been considered. Parents or
care givers need to be consulted about the research and
there may be mandatory reporting requirements that
need to be followed if abuse is disclosed.

Research with men as perpetrators also entails a par-
ticular set of considerations. When conducted well,
research on rape presents opportunities for men to con-
front the meaning of acts of sexual violence and this
can play a constructive role in helping them to face up
to what they have done and ultimately change their
self-evaluation. However, there is a risk with less rigorous
research of collusion with perpetrators of violence, which
potentially could reinforce rape-supportive attitudes, or
even encourage repeated acts of violence. Researchers
may find the imperative of remaining neutral and deta-
ched very challenging in the face of accounts of perpetra-
tion of assault. Studies of rape perpetration need to be
conducted in a manner that ensures that there is a balance
between protecting the confidentiality of research parti-
cipants while not suppressing information that could
impact on the safety of others.

The World Health Organization has published ethics
guidelines for research on domestic violence, with traf-
ficked women and for research on sexual violence in emer-
gencies. These documents are particularly useful resources
for researchers planning work on sexual violence.
Responding to Sexual Assault in the
Health Sector

Victims/survivors of sexual assault have a set of health
needs that health services have to be in a position to
address. Psychological support is of great importance
and victims/survivors need to start to feel safe, regain a
sense of control, and to recognize the psychological symp-
toms that they experience for what they are and to know
that very often they are self-limiting. Women of reproduc-
tive age may require emergency contraception or termi-
nation of pregnancy. All victims/survivors need treatment
for possible sexually transmitted diseases, and in all but
the lowest prevalence settings prophylaxis against HIV is
also needed. Injuries sustained may require treatment and
in many countries there is an established procedure for
examinations and documentation of injuries for legal pur-
poses. This is often accompanied by the collection of
forensic evidence. Mental health services are needed to
help victims/survivors who have longer-term mental
health needs.

In most countries, health services for victims/survi-
vors have been relatively neglected. Studies describing
post-rape health services around the world highlighted
important gaps in many countries (Christofides et al.,
2005). These include inequitable service provision, as
many of the countries have first-rate services in a small
number of centers, with trained sensitive staff, good
community participation, clinical protocols, psychologi-
cal support, and good follow-up after the initial contact.
There is a very substantial gap in most countries
between the best and the normal (or worst) facilities
and a need for great improvement to the majority of
services. In many countries, basic clinical care after rape
is deficient in important respects, particularly psycho-
logical support is often not provided and treatment for
sexually transmitted diseases is often inadequate. There
is considerable variation between countries and within
countries as to whether sexual violence patients are seen
by designated service providers or generalist staff. The
latter group are commonly almost completely unpre-
pared for caring for sexual assault victims/survivors,
because undergraduate medical and nursing courses
generally devote very little, if any, time to teaching
about gender and gender-based violence. Generalist
staff may see rape victims/survivors infrequently, making
it less likely that they would make special efforts to learn
more about their care unless they were particularly
motivated for other reasons. The attitudes of staff toward
sexual assault victims/survivors have a very important
impact on the quality of care provided (Christofides
et al., 2005). Staff often hold the same judgmental atti-
tudes toward victims/survivors that are prevalent in the
general population, and this poses a barrier to providing
good care. Facilities for caring for victims/survivors after
rape are often deficient in important respects, and the
best services have a dedicated suite with washing facil-
ities and a private waiting area.

In an attempt to improve the health sector response to
sexual violence internationally, the World Health Orga-
nization has produced guidelines for medicolegal care for
victims of sexual violence (World Health Organization,
2004). These are a valuable tool that can be used to
improve health services by providing health-care provi-
ders with the knowledge and skills necessary to under-
stand the needs and concerns of victims of sexual
violence, provide quality health services, and carry out
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accurate and ethical collection of forensic evidence.
These can most effectively be used within a framework
of a national health sector policy on sexual violence.
Preventing Sexual Violence

Primary prevention of sexual violence is a substantially
neglected area, but one that needs to be prioritized.
There is a considerable need for research, particularly to
understand perpetration, and to develop and evaluate
approaches to prevent this. Prevention needs to be
addressed both through individual-level interventions and
community- or society-level interventions that seek to
change social norms and the acceptability of sexual vio-
lence. There are two individual-level interventions that
have been rigorously evaluated and shown to reduce per-
petration. The first is the Safe Dates Programme (Foshee
et al., 2004), which was developed to address sexual and
physical violence occurring in dating relationships. It was
shown to be effective in a North Carolina school popula-
tion in reducing sexual and physical violence in dating
relationships 4 years after the intervention. The Stepping
Stones Programme ( Jewkes et al., 2002c) is a gender trans-
formative HIV prevention programme that seeks to change
risk taking and antisocial models of masculinity and
through doing this promote sexual health as well as build-
ing gender equity. It has been shown to be effective in rural
South African youth with an effect measured 2 years after
intervention. These interventions show that it is indeed
possible to change men’s violent behavior. They require
further study, adaptation, and testing in other settings.
Many other interventions are used, and these need to be
subjected to the same level of evaluation in order to create
a knowledge base for evidence-based rape prevention.

Social norms related to the status of women and the
acceptability of rape are also important. In this regard,
general interventions to improve the status of women
would be expected to impact on sexual violence. Legislation
is needed to provide an appropriate legal framework for
defining and responding to sexual violence, policy is needed
in government departments, and governments need to show
a political commitment to efforts to eradicate sexual vio-
lence. The responsiveness of police to victims when they
report sexual assault, as well as health and other services,
sends a powerful message about the way in which a society
views the crime. This in turnwill have an impact on general
acceptability, and through this its prevalence. A key part of a
comprehensive public health response to sexual violence
necessarily involves ensuring that a society learns to speak
with one voice in showing no tolerance for sexual violence.

See also: Child Abuse/Treatment; Populations at Special

Health Risk: Women; Women’s Mental Health; Violence

Against Women.
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Introduction

Shigellosis, an infectious disease of immense public heath
significance, is characterized by the frequent passage of
loose stools mixed with visible blood and mucus and
accompanied by fever, abdominal cramps, and tenesmus.
This disease is an important cause of morbidity and mor-
tality, particularly in children younger than 5 years of age
in developing countries. Globally, at least 165million
cases of shigellosis occur and 1 million people die of it
each year (von Seidlein et al., 2006). The causative agent
is Shigella spp., consisting of four serogroups, S. sonnei,
S. boydii, S. flexneri, and S. dysenteriae. This article pro-
vides concise information about the epidemiology, clini-
cal features including complications, bacteriology, and
antimicrobial susceptibility pattern of Shigella spp., case
management, and prevention and control of the disease,
including current status of vaccine development.
Epidemiology

Shigellosis can occur in sporadic, epidemic, and pandemic
forms. The transmission of the disease takes place person
to person and through food and water. Human volunteer
studies have shown that the minimum infective dose for
shigellosis may be as low as 10–100 organisms. Since the
infectious dose is small, the disease is highly contagious.
The disease is more rampant in situations where there is
overcrowding with poor sanitation and personal hygiene,
as, for example, in developing countries and refugee
camps and after floods, earthquakes, and tsunamis in
which large populations are displaced. Shigella is one of
the three most commonly identified pathogens in out-
breaks due to recreational water exposure (the others
being Giardia lamblia and Cryptosporidium), presumably
due to fecal contamination by children. The disease has
a short incubation period of 1–4 days, which is usually
followed by acute symptoms. Communicability lasts for as
long as the organism is excreted in the stool, sometimes up
to 4weeks. Secondary attack rates are high among house-
hold contacts (maybe up to 40%). S. sonnei occurs mostly
in developed countries whereas S. flexneri is seen in
endemic form in many developing countries. S. dysenteriae
type 1 is often multidrug-resistant.

S. dysenteriae type 1 causes large epidemics and has the
capacity for pandemic spread. For example, in 1969–70 an
epidemic of shigellosis caused by S. dysenteriae type 1
occurred in Central American countries (Mata et al.,
1970) and rapidly spread to different areas of Africa and
parts of Asia. The pandemic then involved Bangladesh
during 1972–78, southern India (Vellore) during 1972–73,
Sri Lanka in 1976, Maldives in 1982, eastern India
(Pal, 1984) in 1984, and Andaman and Nicobar Islands
(Bhattacharya et al., 1988) in 1985. Each region experi-
enced a severe shigellosis epidemic caused by multidrug-
resistant S. dysenteriae type 1.
Clinical Features

Although S. dysenteriae type 1 causes the most severe
dysentery, shigellosis can occur as asymptomatic infection
to mild diarrhea wherein the patient passes a few loose
stools daily and generally recovers within a week. At
times, this pathogen can cause life-threatening dysentery,
in which the patient frequently (50–100 times daily)
passes loose stools mixed with frank blood and mucus
and accompanied by high fever, severe abdominal cramps,
and tenesmus (incomplete sense of defecation with severe
rectal pain). Children suffering from shigellosis often
vomit and may have convulsions. Anorexia is particularly
conspicuous. The differential diagnosis of shigellosis
includes inflammatory colitis caused by other bacterial
or protozoal colitis, namely, Campylobacter jejuni, Salmonella
enteritidis, Clostridium difficile, Yersinia enterocolitica, entero-
hemorrhagic Escherichia coli, enteroinvasive E. coli, and the
protozoan parasite Entamoeba histolitica. In the absence of
a cure or anti-infective therapy, it is necessary to con-
sider noninfectious conditions like ulcerative colitis and
Crohn’s disease. AIDS patients may develop chronic
carriage of Shigella.
Complications

Most cases of shigellosis recover rapidly with appro-
priate antibiotic therapy. However, shigellosis caused by
S. dysenteriae type 1 sometimes develops one or more
complications. The complications (Bhattacharya et al., 1988)
may be classified as intestinal or extraintestinal. The intesti-
nal complications include rectal prolapse, paralytic ileus,
and toxic megacolon (sometimes due to injudicious use of
anticholinergic drugs or morphine or codeine), intestinal
perforation, intestinal hemorrhage, and protein-losing
enteropathy. Extraintestinal complications are pneumonia;
1
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meningitis; vaginitis; keratoconjunctivitis; arthralgia; arthri-
tis; skin rashes (‘rose spots’); peripheral neuritis; leukemoid
reaction (white blood cell count >50 000mm�3); and
hemolytic uremic syndrome (HUS), which is characterized
by a triad of hemolytic anemia, thrombocytopenia, and
acute renal failure. Hypoglycemia, sometimeswith seizures
and electrolyte abnormalities, may occur. High levels of
Shiga-family toxins expressed primarily by this organism
cause HUS. It usually develops at the end of the first week
of illness, when dysentery is already resolving.
Bacteriology and Pathogenesis

Each of the serogroups of the Shigella spp. has several
serotypes, that is, S. dysenteriae type 1–12, S. sonnei phase
II and I, S. boydii type 1–18, and S. flexneri type 1–6.
However, most of the shigellosis cases are caused by
S. sonnei, S. flexneri type 2a, and S. dysenteriae type 1.

Gram-negative, facultative nonmotile bacilli, shigellae
are ingested orally and can easily pass the gastric acid
barrier since they can survive in low pH because of a
genetically regulated property. Then they attach to the
epithelial cells of the colon and express their pathogenic-
ity through their ability to invade intestinal cells.
A smooth lipoprotein cell wall antigen and Shiga toxin
cause invasiveness and have cytotoxic, neurotoxic, and
enterotoxic activities, the last of which results in watery
diarrhea, which may be the early manifestation of the
disease. Although the organisms invade and multiply in
the colonic epithelial cells and cause ulcerations and
produce bloody diarrhea (‘biphasic manifestation’), they
rarely enter into the bloodstream. Edema is caused by
inflammation of the muscularis mucosae and submucosa.
Histological studies of rectal mucosa have found that
changes are more severe in S. dysenteriae type 1 infection
than in other Shigella spp. (Anand et al., 1986).

Presence of 140mDa plasmid, ipaH, sen and ial genes
and the ability to bind Congo Red and production of
keratoconjunctivitis in eyes of guinea pig serves as viru-
lence markers of Shigella strains.
Antimicrobial Susceptibility Pattern

S. dysenteriae type 1 strains are notorious for developing
drug resistance to a large number of antibiotics. Anti-
biotics that were once highly effective became useless
after being used for some time. For example, in the
1940s, when sulfonamides were introduced, they were
highly effective against shigellosis but soon became inef-
fective. Similarly, drug resistance occurred to tetracy-
cline, chloramphenicol, ampicillin, and cotrimoxazole
(trimethoprim-sulfamethoxazole). In the 1984 epidemic
in eastern India, the S. dysenteriae type 1 strains were
multidrug-resistant and sensitive to only nalidixic acid
(Bose et al., 1984). Clinicians in Calcutta found excellent
results with the use of nalidixic acid for the treatment of
multidrug-resistant shigellosis cases. Similar reports were
also available from Andaman and Nicobar Islands (India).
However, nalidixic acid-resistant S. dysenteriae type 1 was
reported from Tripura, an eastern Indian state, in 1988.
Although in the late 1980s, fluoroquinolones (Bennish
et al., 1990; Bhattacharya et al., 1991; norfloxacin, ciproflox-
acin, and ofloxacin) were very effective against shigellosis,
they were soon found to be less effective, and the causative
agent of these outbreaks in Bangladesh and India (Siliguri,
Diamond Harbour, Kolkata, Aizwal) was S. dysenteriae type
1 strains resistant to these drugs (Bhattacharya et al., 2003;
Sur et al., 2003). In fact, the clinicians had only azithromycin
and ceftriaxone as available effective drugs for the treat-
ment of such cases. The disadvantages of ceftriaxone are
that it is relatively costly and must be administered by
parenteral route. In Bangladesh, pivmicillinum was found
to be effective against shigellosis. In general, S. dysenteriae
type 1 is frequently resistant to common and inexpensive
antibiotics and sensitive only to more-expensive or paren-
teral agents throughout its range.
Mechanism of Antibiotic Resistance

Transmission of resistance takes place by clonal spread,
especially of S. dysenteriae type 1, and also by horizontal
transfer through plasmids, transposon-mediated conju-
gation, and mutations in the chromosome. Multidrug-
resistant genes in the integrons of the organism and its
epidemic nature make shigellosis a very difficult public
health problem to tackle. In Australia and Ireland, where
trimethoprim-sulfamethoxazole, streptomycin, and spec-
tinomycin were extensively used for treatment of shigel-
losis, S. sonnei strains soon showed class 2 integrons with a
gene cassette array analogous to that found in transposon
Tn7, namely, dfrA1, sat1, and aadA1, which conferred
resistance to these drugs. Tetracycline resistance of
Shigella has been found to be due to both clonal spread
and horizontal gene transfer. Quinolone resistance is due
to chromosomal mutation.
Clonal Spread of Multidrug-Resistant
S. dysenteriae Type 1 May Result in Epidemics

Several outbreaks of multidrug-resistant S. dysenteriae

type 1 in eastern India (2002), Mizoram (2003; Niyogi
et al., 2004), and Bangladesh and sporadic cases admitted
to the Infectious Diseases Hospital and B. C. Roy Chil-
dren’s Hospital in Kolkata have shown genetic similarity
in antimicrobial resistance pattern, pulsed field gel elec-
trophoresis, and plasmid DNA. From the 2002 epidemic,
the new clone of the strain caused sporadic cases in
Kolkata, followed by an epidemic in Mizoram. Further,
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it has been observed that these strains are not similar to
those of the preceding outbreak (1988; Pazhani et al.,
2004).
Case Management

Many studies have convincingly demonstrated that
appropriate antibiotic therapy shortens the duration of
diarrhea, improves clinical signs and symptoms, and has-
tens recovery. Oral antibiotics are preferred. The choice
of antibiotic depends on the drug resistance pattern of
circulating shigellae strains in the locality. Antibiotic
resistance may change quickly, and therefore periodic
evaluation of drug sensitivity pattern is of paramount
importance for successful therapy of patients. Any antibi-
otic used successfully for some time becomes ineffective
for the treatment of shigellosis, and this is particularly
true for S. dysenteriae type 1. This pandemic strain is
notorious for developing multidrug resistance and often
poses great therapeutic challenges. Currently, these
strains in some parts of the world have even developed
resistance to newer fluoroquinolones such as norfloxacin
and ciprofloxacin. However, the strains are still sensitive
to ceftriaxone and other third-generation cephalosporins.
Oral rehydration therapy may be particularly useful
if the disease is accompanied by dehydration and also
improves patients’ general sense of well-being. The use
of antimotility agents such as atropine with diphenoxylate
(Lomotil) and loperamide is strongly discouraged because
they may delay excretion of organisms and thus facilitate
further invasion of the colonic epithelium. Nutritional
support during the illness and after recovery deserves
special attention. Although anorexia in the early stages
of the disease prevents adequate intake of food, appetite
improves within a few days with appropriate antibiotic
therapy. Mortality rates of up to 10% have been reported
for hospitalized patients, and should renal failure develop
as a consequence of HUS development, renal dialysis may
be required. Children under 5 years of age with bloody
diarrhea are presumed to be suffering from shigellosis and
for all such children treatment with an appropriate anti-
biotic is recommended.
Prevention and Control

Prevention and control strategies should mainly be
focused on supply of safe drinking water, provision of
proper and adequate sanitation facilities, and mainte-
nance of good personal hygiene. Emphasis should be
given to hand washing (Sircar et al., 1987), especially
before eating, before feeding children, before cooking,
and after ablution. As mentioned above, the infectious
dose of this organism is among the lowest known
(10–100 organisms), and so scrupulous attention to
hygiene and disinfection is warranted. Because the disease
spreads through food, water, and person-to-person con-
tact, special protective hygienic measures should be
adopted, especially in places where there is a chance of
widespread dissemination of the organism, as in epidemic
situations.
Vaccine Development

Vaccination for infectious diseases is an attractive disease-
prevention strategy. However, vaccine development for
shigellosis poses a veritable challenge in that shigellosis
is caused by at least three different strains (having multi-
ple serotypes), and thus at least a trivalent vaccine would
be most suitable. Immunity to Shigella is serotype-specific.
Presently several vaccines are under trial, including a
parenteral conjugate vaccine consisting of S. sonnei detox-
ified lipopolysaccharide linked to a Pseudomonas aeruginosa
carrier protein (O-rEPA) which is in Phase III trial. In the
United States and Bangladesh, Phase I and II trials have
been conducted of a live attenuated S. flexneri 2a strain, SC
602. Another live attenuated vaccine with S. flexneri 2a
strain CVD 1207 and S. dysenteriae type I strain CVD 1253
has proved to be safe and immunogenic. A Shigella-
proteosome vaccine consisting of Shigella lipopolysac-
charide noncovalently linked to micelles from the outer
membrane protein of Group B Neisseria meningitides has
been demonstrated for nasal administration.
See also: Bacterial Infections: Overview; Intestinal

Infections: Overview; Social Dimensions of Infectious

Diseases; Waterborne Diseases.
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Definition and Background

Sick building syndrome (SBS) encompasses a spectrum of
varied symptoms, including mucus membrane (eyes, nose,
throat) or skin irritation, and general symptoms such as
headache, nausea, fatigue, and generalized malaise. There
is no single accepted definition of SBS symptoms, and
these symptoms may be common in the general popula-
tion. SBS is diagnosed when the symptoms occur in close
temporal association with spending time in a particular
nonindustrial building. The term SBS can be confusing,
because it is the individual occupants who are ill, not the
building. First coined in the 1970s, the term SBS is gen-
erally reserved for situations in which a substantial pro-
portion (usually about 20% or more) of occupants in a
building are symptomatic. The most prominent cases
have occurred in office buildings, where large numbers
of individuals may be affected, but SBS has been reported
in smaller workplaces, schools, public buildings, hospitals,
recreational facilities, and homes. Affected individuals
typically report that symptoms progressively increase
while in the building, subside shortly after leaving the
building, and do not occur when away from the building.

Most case reports and studies of SBS have come from
industrialized nations in Europe and North America,
but SBS is believed to be a worldwide problem. In 1984,
the World Health Organization (WHO) estimated that
excessive building-related complaints may occur in as
many as 30% of new and remodeled buildings worldwide
(WHO, 1984). Among a random sample of U.S. office
workers, Kriess (1989) reported that 20% had air-
quality-related complaints about their workplaces.
Given that, on average, people in industrialized nations
spend greater than 90% of their time indoors, the quality
of indoor environments may significantly impact health
and well-being. In a recent review, Mendell et al. (2002)
estimated that absence and lost productivity due to
nonspecific building-related symptoms costs U.S. industry
$20–$70 billion per year.

SBS is distinct from forms of building-related disease
or illness that can be linked to specific agents, such as
infectious disease agents or toxic chemical exposures. By
definition, SBS is a diagnosis of exclusion, in which
known, specific causal factors have been ruled out. In
other words, SBS is diagnosed when reported symptoms
appear to be clearly related to a building, but no specific
disease or etiological agent can be identified. Thus, SBS
can be a particularly challenging problem for the affected
individuals, building managers, medical clinicians, public
health professionals, and indoor environment specialists.
Investigations of the indoor environment may identify
one or more factors that have been associated with
SBS, but causal relationships between specific factors
and SBS in a particular building are, by definition, diffi-
cult to establish. Many cases of SBS have been linked to
poor building maintenance practices, including lack of
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maintenance of a building’s mechanical ventilation sys-
tems or a building’s structural integrity. However, even
after extensive evaluation of occupant complaints and the
indoor environment, investigations seldom yield satisfy-
ing conclusions about likely etiology. Fortunately, case
reports and some studies provide evidence that symptoms
of SBS can be improved by interventions such as mitiga-
tion of air contaminant sources and improved ventilation.

SBS is a complex, multifactorial condition that has
generated much speculation and theory about potential
causes. Numerous case studies of complaint buildings and
a few epidemiological studies have supported roles for a
number of specific causative agents, including chemical
and biological air contaminants, physical factors, ventila-
tion, and psychosocial factors. Mendell reviewed and
summarized the results of 32 studies conducted between
1984 and 1992 that examined 37 factors potentially
related to office worker symptoms (Mendell, 1993). He
described several factors associated with ‘consistent’
higher symptom reports such as air conditioning, job
stress/dissatisfaction, and allergies/asthma. Low ventila-
tion rate, carpets, occupant density, video display
terminals, and female gender had ‘mostly consistent’
associations with increased symptoms. The following
discussion will provide an overview of the present
understanding of SBS, while contrasting it with specific
building-related illnesses and diseases. As with any diag-
nosis of exclusion, it is prudent to rule out known,
preventable causes of serious building-related illness or
disease before ascribing the problem to SBS.
Role of Air Contaminants

Air contaminants are the category of potential environ-
mental causes of SBS that have received the most atten-
tion and study. The focus on air contaminants arose
from the prominence of respiratory and mucus membrane
irritation symptoms in many outbreaks of SBS. Common
complaints about air quality, including perceived ‘stuffi-
ness’ and odors, often accompany reported symptoms. Air
contaminants linked to SBS have included a range of
synthetic chemical compounds and biological products.
Chemical Substances

Awide range of chemical substances can be identified and
measured in indoor air in nonindustrial settings. Indoor
sources of volatile organic compounds (VOCs) include
building materials, furniture, paints, carpeting, environ-
mental tobacco smoke, cleaning products, office supplies,
personal care products, and many others. Many case
reports of SBS have described new or newly remodeled
buildings in which building materials and interior items
were implicated as sources of VOCs. For example, in some
cases SBS irritation symptoms have been attributed to
formaldehyde that is slowly released into the air from
urea-formaldehyde adhesives used in engineered wood
products such as laminated wood and fiberboard found
in construction materials and furniture.

In industrialized countries, the levels of many chemical
air contaminants are greater indoors than outdoors
(Wallace, 1989). These include a number that are regu-
lated by the U.S. Environmental Protection Agency (EPA)
and other environmental regulatory agencies as toxic air
pollutants outdoors. Nonetheless, the concentrations of
these and other indoor air contaminants are generally well
below standards that have been set to protect workers in
industry, such as the U.S. Occupational Safety and Health
Administration Permissible Exposure Limits or the
American Conference of Governmental Industrial Hygie-
nist’s Threshold Limit Values.

Causal associations between these relatively low levels
of VOCs and the acute symptomatic complaints of SBS
have been difficult to firmly establish. Controlled expo-
sure studies have demonstrated that VOCs can cause
mucous membrane irritation at relatively high concentra-
tions, providing some biological plausibility to reports of
associations with symptoms such as eye, nose, and throat
irritation. Studies that have attempted to assess pure irri-
tation, mediated by the trigeminal nerve, can be subject to
potential confounding by odor perception, mediated by
the olfactory nerve. Many VOCs have estimated odor
thresholds that can be orders of magnitude lower than
their irritation thresholds. These threshold concentrations
can vary greatly with different VOCs and among indivi-
duals, further complicating SBS studies. Even when levels
of individual contaminants in indoor air are relatively low,
mixtures of contaminants may interact, perhaps synergis-
tically, to produce effects that are difficult to predict. Air
contaminants may also interact with other factors such as
preexisting allergy or asthma, physical factors like humid-
ity, and psychological factors that may influence percep-
tion and interpretation of odors and irritation.

Inorganic chemical air contaminants that can affect
health of building occupants are primarily related to
combustion sources. If not properly vented and main-
tained, furnaces, heaters, and stoves can produce poten-
tially dangerous levels of carbon monoxide and nitrogen
oxides, which at lower levels of exposure may also pro-
duce some of the nonspecific (headache, fatigue, nausea)
and irritation symptoms sometimes associated with SBS.
These pollutants may also enter buildings from outside
sources such as attached garages or exhaust stacks that are
located in close proximity to ventilation air intakes.
Biological Agents

In many case reports and some epidemiological studies,
SBS has been associated with poor maintenance of
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building structures and systems, creating conditions that
permit the growth and accumulation of fungi and bacteria.
Specific problems linked to SBS have included interior
moisture and dampness resulting from water intrusion
into buildings through exterior leaks and plumbing mal-
functions. Ventilation systems that cool and/or humidify
air may create moisture conditions that support microbial
growth and then distribute its products throughout build-
ings. A recent Institute of Medicine (2004) review con-
cluded that upper respiratory symptoms are associated
with mold and other exposures in damp environments.
Many case reports and limited epidemiology have linked
exposure to mold with the nonspecific symptoms of SBS
(fatigue, malaise, memory problems), but the Institute of
Medicine (IOM) concluded that these associations are not
established. Mold spores are recognized as allergens that
can cause specific building-related illness such as allergic
rhinitis and asthma exacerbation in sensitive individuals.
Fungal spores and other bioaerosols have also been iden-
tified as causative agents in hypersensitivity pneumonitis
and humidifier fever, two serious building-related dis-
eases. These relatively rare and usually sporadic condi-
tions have sometimes been reported in buildings where
other occupants have reported SBS, leading to the suspi-
cion that common etiologic agents are involved. Oppor-
tunistic fungal infections such as aspergillosis are rare and
known to occur only in susceptible immunocompromised
individuals. Distinct from SBS, outbreaks of Legionella

pneumonia in buildings have been associated with growth
of the bacteria in ventilation cooling towers and other
aerosolized water sources.

Much speculation surrounds the pathophysiological
mechanisms by which noninfectious microbes may cause
SBS. Fungal spores may theoretically cause nonallergic,
mucus membrane irritation. It has been suggested that the
VOCs produced by microbial metabolic activity may
cause symptoms, but levels of microbial VOCs in indoor
air are typically lower than background indoor VOC
levels, except in the most heavily contaminated buildings.
Several species of fungi that may grow indoors under
damp conditions can produce nonvolatile compounds
that have potent toxic effects in animals and humans.
Whether these mycotoxins at levels that may be present
in indoor air can cause health effects, including specific
building-related illness or SBS, has not been established.
Endotoxin, a component of the cell walls ofGram-negative
bacteria, is a potent inflammatory stimulus, and endotoxin
levels in building dust have been associated with SBS.
Ventilation

Air contaminant levels in buildings are determined by
rates of dilution and removal, as well as rates of contami-
nant generation. In most modern office buildings, the
conditioned air that is delivered to building spaces serves
to dilute air contaminants generated from sources
indoors. When equipped with air filters, such as dust
filters, these systems can also remove some contaminants
from the air. Poor design, maintenance, or operation of
these systems can lead to higher levels of contaminants
that may be associated with SBS. As noted above, the
mechanical ventilation system can itself be a source of
microbial growth and other contaminants. In some studies
of buildings not recognized as having indoor air quality
problems, such as the Danish Town Hall Study (Skov
et al., 1997) of 14 buildings, building-related symptoms
were more common in mechanically ventilated buildings
compared to buildings with natural ventilation systems.

The appropriate level of fresh air intake required for
adequate dilution ventilation depends on the rate of gen-
eration of contaminants, which can vary greatly depend-
ing on the sources present in individual buildings. The
American Society of Heating, Refrigeration, and Air-
Conditioning Engineers (ASHRAE) has set a voluntary
standard for outdoor air of 20 cubic feet per minute (cfm)
per occupant. Some studies have shown increased symp-
toms associated with ventilation rates below this level, and
improvement in occupant symptoms when ventilation
rates were increased. The first recognized cases of SBS
occurred in the 1970s, in an era of ‘tight buildings’ when
the ASHRAE standard had been lowered to 5 cfm per
occupant to reduce consumption of energy required to
condition outdoor air. Seppanen and Fisk (2004) have
recently summarized knowledge of the effects of ventila-
tion on health and symptoms.
Physical Environmental Factors

Several physical factors have been associated with SBS,
most prominently temperature, relative humidity, and
lighting.
Temperature

In modern office buildings and other structures, ventila-
tion systems play a role in controlling air quality factors
such as temperature and humidity, in addition to air
contaminant levels. Elevated temperatures have been
associated with SBS in workplaces. Dissatisfaction with
temperature and relative humidity were among the most
prevalent symptoms reported in the investigations of SBS
at two large EPA buildings in Washington, D.C. (U.S. EPA,
1989). Increased temperature was associated with mucus
membrane irritation and general symptoms in the Danish
Town Hall Study (Skov et al., 1997).
Humidity

Humidity may affect perceived air quality in several ways.
Along with temperature, relative humidity is an
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important factor in thermal comfort. ASHRAE standard
55-2004 for thermal comfort sets a range of combinations
of temperatures and humidity, with temperatures ranging
from 20 to 28 �C and relative humidity ranging from
30–60%. Low humidity has been reported in association
with complaints about dryness and irritation of the skin,
eyes, nose, and throat. High relative humidity has been
reported in association with perceived ‘stuffiness’ and
poor air quality. Other studies have shown no association
between SBS symptoms and humidity levels. Excessive
relative humidity can also contribute indirectly to SBS by
increasing the moisture available for microbial growth on
interior surfaces and ventilation system components.
Lighting

Lighting conditions can affect occupant comfort and may
contribute to some SBS symptoms. Poor lighting can cause
eye strain and fatigue. Common lighting problems can
include inadequate illumination, excessive illumination,
and glare. Whether poor lighting can explain SBS symp-
toms that are not directly related to the eyes is not clear.
Personal Risk Factors

The observation that SBS typically affects a minority of
individuals in a building has led to speculation that indi-
vidual susceptibility factors may play an important role in
the etiology of SBS.
Gender

Investigators have consistently identified female gender
as a powerful risk factor in studies of SBS. Gender differ-
ences that might explain the high ratio of females to males
affected by SBS might include differences in exposure to
one or more causal factors, susceptibility, job satisfaction,
or tendency to observe or report symptoms. In a study of
14 German office buildings, Brasche et al. (2001) found
that women were more likely to report SBS regardless of
working conditions, job characteristics, or building-
related factors.
Atopy

A number of case reports of SBS have described cases of
specific building-related illnesses, such as allergy and
asthma, among a larger number of cases of nonspecific
SBS symptoms. Results from some controlled exposure
experiments of chemical irritants have suggested that
atopic individuals are more susceptible to irritant expo-
sure. Reported triggers of asthma include irritants and
odors, suggesting that asthmatics may be more sensitive
to indoor air contaminants. However, it is not known to
what extent allergy and asthma may be an effect modifier,
an outcome, or a confounder in associations between
building conditions and SBS symptoms.
Psychosocial Factors

Some studies of work environments have identified psy-
chosocial stressors, job dissatisfaction, and work orga-
nization factors associated with SBS. At the time of
investigation, SBS often occurs in a contentious working
environment in which worker reports of building-related
symptoms may be a cause or an outcome of job stress and
dissatisfaction, and no prospective studies are available to
establish the temporal relationship between measures of
stress and symptoms. Studies of buildings not known to
have indoor air problems have also demonstrated correla-
tions between measures of stress and work organization
factors and symptoms (Mendell, 1993).
Conclusion

In summary, SBS is a complex, multifactorial environmen-
tal health condition that is diagnosed when building occu-
pants report subjective symptoms that are attributed to
being inside a particular building. As defined here, SBS is
diagnosed when other known causes of potentially serious
building-related illness have been ruled out. A number
of indoor environmental factors (air contaminants, bio-
aerosols, ventilation, temperature, humidity, lighting, etc.)
and individual risk factors (gender, work stress, job dissatis-
faction, etc.) have been linked to cases of SBS in specific
buildings, but lack of consistency in findings precludes
generalization. SBS is likely to result from a complex inter-
action of a number of environmental and psychosocial
factors.
See also: Bioaerosols; Indoor Air Pollution/Developing

Countries; Outdoor Air Pollution: Sources, Atmospheric

Transport, and Human Health Effects.
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Anemia Fewer red blood cells than normal.
Corpora cavernosa The two parallel columns of

vascular tissue in the penis that become engorged

with blood during an erection.

Endothelium The layer of flat cells that line blood

vessels.

Globin The protein chain of hemoglobin.

Hematopoietic stem cell The precursor cell that

matures to form red blood cells, white blood cells,

and platelets.

Heme Iron and protoporphyrin, which is the

oxygen-carrying, color-furnishing component of

hemoglobin.

Hemoglobin The oxygen-carrying molecule

composed of four subunits. Each subunit is made up

of a protoporphyrin molecule with an iron molecule

and a globin chain.

Hemolytic anemia An anemia caused by increased

destruction of red blood cells.

HLA (human leukocyte antigens) Cell-surface

glycoproteins that are the principal determinant of

tissue type and transplant compatibility.

Hyposthenuria Secretion of urine of low specific

gravity due to the inability of the kidney to

concentrate the urine.

Medulla, kidney Thedistal portion of the kidneywhere

exchange of sodium, water, and hydrogen occur.

Meningitis Infection of the tissues lining the brain or

spinal cord.

Osteomyelitis Infection of bone.

Pneumonia Infection of the lung.

Protoporphyrin The molecule that, with iron, forms

the oxygen-carrying and color-forming character of

hemoglobin, myoglobin, and other oxygen transport

molecules.
Pyelonephritis Infection of the kidney.

Septicemia Infection of the bloodstream.

Solute The substance dissolved in a solution.

Synovium The cells lining the elbow, knee, and

other joints.

Vasoocclusion Obstruction of blood vessels by

sickle cells.
Introduction

The sickling disorders are a group of inherited diseases of
the hemoglobin (Hb) molecule within the erythrocyte/red
blood cell (RBC) and comprise a substantial global public
health issue. This group of diseases is found in high
frequency in sub-Saharan Africa, the Mediterranean
countries, the Middle East, and India but is also widely
distributed throughout Europe and the United States, as
well as Central and South America. A reduced oxygen
tension allows the Hb S molecule to polymerize, causing
distortion of the RBC into the characteristic half-moon
shape. Sickled cells cause intermittent obstruction of
the blood vessels (vasoocclusion) leading to ischemia
(reduced blood flow) and infarction (tissue death) as
well as anemia and other morbid complications.
Hemoglobin

Inside each RBC are millions of molecules of Hb. Four
globin protein chains and four iron-binding protoporphy-
rin (heme) molecules make up each Hb molecule. The
globin chains stabilize and solubilize the heme and facili-
tate oxygen uptake in the lungs and release in the tissues.
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There are three types of normal hemoglobin, each
made up of a different combination of the four normal
globin chains (a, b, g, and d globins). Ordinarily, 96% of
the normal adult hemoglobin composition is Hb A (two a
and two b chains). Of the remaining hemoglobin, 3% is
Hb A2 (two a and two d globins) and 1% is Hb F or fetal
hemoglobin (two a and two g globins). The typical com-
positions of Hbs in normal and disease states are given in
Table 1. Fetal hemoglobin is the primary type for the
infant while in the uterus, as it is better able to take up
oxygen from the relatively low levels present in the pla-
centa. As a child ages, beta chain production gradually
replaces gamma chains so that Hb A replaces Hb F by
6 months of age. At this time, the clinical features of a beta
chain abnormality like Hb S become evident; signs of the
disease such as hemolytic anemia are detectable, and
symptoms of the disease may begin.
Genetics

There are two alpha chain genes located on chromosome
16, while single beta, gamma, and delta chain genes are on
chromosome 11. Therefore, each chromosome in a pair
controls half the total globin chain production. Each glo-
bin chain gene guides the RBC to make a specific globin
chain; the globin chains match with a heme and then
assemble into a complete Hb molecule. Hemoglobin dis-
orders are of two main types: structural and synthetic.
Structural hemoglobinopathies are due to a change in the
amino acid sequence of either alpha or beta globin
because of an alteration in the DNA sequence of the
corresponding globin gene. Some of these genetic defects
in the Hb molecule cause serious disease by causing
anemia or by interfering with the oxygenation function
of the molecule. On the other hand, many of these abnor-
mal hemoglobins do not affect the way that Hb works and
cause no symptoms at all. Synthesis defects are caused by
a genetic change in the factors that control normal globin
chain production, so that either alpha or beta globin is
underproduced. This type of hemoglobinopathy produces
a group of disorders known as the thalassemia syndromes;
as in those with sickle cell trait, thalassemia is believed to
provide partial protection from malaria and occurs in high
Table 1 Hemoglobin composition in various conditions

Hb A Hb A2

Normal adult 96% 3%

Sickle cell trait (Hb AS) 58% 3%

Sickle cell anemia – 3%

Hemoglobinopathy SC – 3%
Sickle bO thalassemia – 5%

Sickle b+ thalassemia 10–30% 5%

Adapted from Serjeant GR and Serjeant BE (2001) Sickle Cell Diseas

cell disease. In: Brodwin MG, Tellez F, and Brodwin SK (eds.) Medic
Athens, GA: Elliott and Fitzpatrick.
prevalence in the Mediterranean area, the Middle East,
and southeast Asia. More than 175 mutations producing
beta thalassemia have been described. Alpha thalassemia
is most often due to a deletion of one or more of the two
alpha globin alleles on chromosome 16, but over 20 addi-
tional genetic defects producing alpha thalassemia have
been described.

Nearly 700 hemoglobins that differ in structure or
function from the normal molecule, Hb A, have been
discovered. Basic information on these variants has been
collected by Hardison et al. (1998). Sickle hemoglobin is
due to a mutation in codon 6 of the beta globin gene,
wherein an adenine to thymine substitution results in the
substitution of valine for glutamic acid in the beta globin
chain. This substitution allows the Hb S molecules to bind
to one another when deoxygenated. Considerable scien-
tific evidence indicates that the Hb S gene arose in several
regions of Africa, the Mediterranean area, and some
southeast Asian countries as partial protection against
falciparum malaria.

Recent work has shown that some degree of the clinical
heterogeneity is related to modifying genes that influ-
ence, positively or negatively, the clinical complications
through modulation of Hb F expression, bilirubin catabo-
lism, stroke, and iron loading, for example. The search for
additional factors that contribute to the variability of
disease expression depends upon demonstration of a
cause-and-effect relationship, and the results of such
studies are eagerly awaited.
The Sickle Cell Diseases

There are three common forms of sickle cell disease.
Table 1 summarizes the hemoglobin composition in nor-
mals, in the common forms of sickle cell disease, and in
the carrier state, sickle cell trait. Table 2 provides a
typical picture of the blood counts in these conditions.

Sickle cell anemia (SCA) is the homozygous state,
where the individual inherits the beta S gene from both
parents, so that only Hb S is made. Hemoglobinopathy SC
results from the inheritance of the gene for beta S from
one parent and the gene for beta C from the other parent,
so that both Hb S and C are produced in approximately
Hb F Hb S Hb C

<2% – –

<2% 38% –

2–15% 80–95% –

1–2% 48% 48%
5–20% 70–85% –

5–20% 50–70% –

e. New York: Oxford University Press; Johnson CS (2002) Sickle

al, Psychosocial and Vocational Aspects of Disability, 2nd edn.



Table 2 Examples of typical blood counts in various situations

Condition Hb AA or AS Hb SS Hb SC Hb SbO thal Hb Sb+ thal

Hemoglobin (g/dl) 13–15 7–9 11–14 8–10 9–12
RBC volume (fl) 90�8 90�8 85� 9 68� 6 72� 7

Reticulocyte count (%) 1.0 12.0 2.0 8.0 5.0

Adapted from Serjeant GR and Serjeant BE (2001) Sickle Cell Disease. New York: Oxford University Press; Johnson CS (2002) Sickle

cell disease. In: Brodwin MG, Tellez F, and Brodwin SK (eds.) Medical, Psychosocial and Vocational Aspects of Disability, 2nd edn.
Athens, GA: Elliott and Fitzpatrick.

10 Sickle-Cell Disease
equal amounts. The sickle thalassemias result from the
inheritance of one gene for beta S and one for beta thalasse-
mia. Consequently, the hemoglobin composition varieswith
the severity of the beta thalassemia gene defect, from zero
production to near normal production (Table 1). Other
hemoglobins may be co-inherited with Hb S but are less
frequent; disease results when the second hemoglobin parti-
cipates in the polymerization process. Hbs F and A inhibit
polymerization and have an overall beneficial effect.

Pathophysiology: Sickle Cells, Anemia, and
Obstruction of Blood Flow

On deoxygenation, the presence of valine (Hb S) instead
of glutamic acid allows adjacent Hb molecules to bind
to each other. As additional binding occurs, polymeriza-
tion of the Hb S molecules produces tubular fibers
that distort the cell into the characteristic sickled shape.
When the cell is reoxygenated, the Hb S fibers melt,
and the cell returns to the biconcave (round) shape. Hb
S polymerization occurs when the oxygen tension within
the RBC is lowered but is accentuated when RBCs are
exposed to acidosis (low pH), high temperature (fever),
and increased osmolality (dehydration).

After several cycles of sickling and unsickling, the RBC
becomes permanently damaged. A progressive loss of
potassium (K+) and water results in a population of sickle
RBCs of varying density. The denser RBCs increase the
blood viscosity, with a reciprocal diminution in blood flow
and increasing risk of vasoocclusion. These dense sickle
RBCs are more rigid than the normal RBCs and are
destroyed easily, shortening their life span to 15 days,
rather than the normal 120 days. Bone marrow production
of RBCs increases to keep up with the rate of destruction.
Even at maximum output, the marrow is unable to manu-
facture enough cells to maintain a normal Hb level and
chronic hemolytic anemia results. When RBCs are
destroyed, the components of Hb are catabolized. The
protoporphyrin in heme is broken down into bilirubin,
which the liver excretes into the gallbladder as bile.

Vascular occlusion by sickle RBCs occurs at the post-
capillary venule, leading to ischemia from lack of oxygen
beyond the obstruction to blood flow, cell death (necrosis)
in the poorly perfused area, and, ultimately, healing by
fibrosis (scar tissue). Vasoocclusion is responsible for the
signs and symptoms of this disease. The size of the
obstructed vascular area and the amount and duration of
the ischemia determine the degree of pain or organ dam-
age. Although vascular occlusion can affect anyof the body
organs, certain vascular beds are particularly susceptible;
these include the bone marrow, spleen, lung, kidney, and
bones. Vasoocclusion in the sickling disorders is the result
of a complex interaction involving the sickle RBC, the
endothelial cells lining the blood vessels, leukocytes, and
platelets, along with coagulation factors and other plasma
proteins. Sickle RBC adherence to endothelium is the sine
qua non of this interaction and is mediated by a number of
cell surface receptors on the RBC and on the endothelial
cell. Plasma proteins have a significant role as bridging
molecules mediating adhesion pathways between RBCs
and endothelial cells (Chiang and Frenette, 2005).
A summary of these interactions is presented in Table 3.
Sickle Cell Anemia (SCA)

The most common form of sickle cell disease is SCA.
Hemolytic anemia is present by the age of 6months,
although vascular occlusion symptoms may not appear
until later. The anemia in SCA tends to be severe
(Table 2). Much useful information on the clinical course
of this disease has been the result of reports from the
Cooperative Study of Sickle Cell Disease in the United
States (Platt et al., 1991, 1994). Recurrent vasoocclusion
leads to ischemic destruction of the spleen, which predis-
poses the patient to severe infections. Until recently,
bacterial infections were the most common cause of
death in children. Now, prophylactic treatment with anti-
biotics as reported by Gaston et al. (1986) has nearly
eradicated this problem. Children with sickle cell anemia
frequently have delayed growth and a delay in the onset of
puberty. Delayed growth and sexual maturation appear to
be related to nutritional factors, although the exact mech-
anism is still not clear.

There is wide variation in disease manifestations and
severity (Platt et al., 1991). The long-term effects of recur-
rent vascular occlusion, ischemia, infarction, and fibrosis
may cause one or more types of chronic organ damage,
and the management of organ complications may become
a major issue. The most common causes of death in these
individuals are infections, stroke, lung disease, and chronic
renal failure. The median survival determined by the



Table 3 Elements of the adhesion process participating in

vasoocclusion

RBC/WBC
receptor

Plasma protein
ligand

Endothelial cell
receptor

Unidentified P-selectin

a4b1 Integrin VCAM-1

a4b1 Integrin WBC CD 11b
a4b1 Integrin Fibronectin Subendothelial matrix

ICAM-4 avb3 Integrin
Phosphatidyl

serine

vWF avb3 Integrin

CD 36 Thrombospondin avb3 Integrin
BCAM/Lu Matrix laminin

Monocyte
CD 11b

VCAM-1

VCAM-1, vascular cell adhesion molecule-1; CD, cluster desig-

nation; ICAM-4, interstitial cell adhesion molecule; vWF, vonWill-

ebrand factor; BCAM, B-cell adhesion molecule; Lu, Lutheran
blood group antigen.
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Cooperative Study of Sickle Cell Disease is 42 years for
males and 48 years for females (Platt et al., 1994), and
appears to be improving in developed countries as the
result of advanced technology and modern medical treat-
ment. A low Hb F level, an elevated white blood cell
(WBC) count, and severe anemia are predictors of pre-
mature mortality and reflect an underlying inflammatory
state indicative of severe disease. Currently, hematopoie-
tic stem cell transplantation is the only curative therapy
for this disease. Its application is limited due to a lack of
human leukocyte antigen-matched siblings without dis-
ease. However, over 175 transplants have been done with
an overall survival over 90% and cure of the disease in
over 80%. Additional trials of low-intensity preparative
regimens or using unrelated donors are underway,
attempting to find a way to expand the potential recipient
population. Gene therapy remains an achievable goal, and
much progress has been made in recent years. Investiga-
tors in the United States and in France are just beginning
human trials of gene therapy (Bank et al., 2005).
Hemoglobinopathy SC

In hemoglobinopathy SC, Hb S and Hb C each make up
half the hemoglobin composition (Table 1). Hemoglobin-
opathy SC is less common than SCA. By the time an
infant is 6months old, hemolytic anemia will be evident;
however, vasoocclusive symptoms are often delayed until
early adulthood. The anemia is less severe than that of
SCA (Table 2). Crises and infections are less frequent
than in SCA, although occasional patients have severe
disease (Platt et al., 1991). Bone disease (aseptic necrosis)
and retinal vessel involvement (sickle retinopathy) are
more common than in SCA, whereas other types of
organ damage are less common. The median survival of
60 years for males and 68 years for females is only slightly
less than that in the U.S. African-American population
(Platt et al., 1994).
Sickle Thalassemias

Sickle thalassemia results from the inheritance of one beta
S gene and a thalassemia defect on the other beta gene. In
S beta thalassemia (bO), the thalassemic globin gene pro-
duces no protein so that the only beta globin comes from
the Hb S chromosome. In Sb+ thalassemia, the thalasse-
mic beta globin (b+) produces variable (low to near nor-
mal) amounts of protein, so that there is some Hb A
present. The S-thalassemias are considerably less com-
mon than SCA or Hb SC in most populations. SbO thal-
assemia is similar to sickle cell anemia in its hematology,
disease onset, course, and prognosis. Sb+ thalassemia has
minimal to moderate anemia, and its onset, course, and
prognosis are similar to that of hemoglobinopathy SC
(Platt et al., 1991).
Sickle Cell Trait

There is no disease associated with sickle cell trait. Those
individuals with sickle cell trait have received one gene
for beta S from one parent and one for beta A from the
other parent. Although the RBCs of these individuals do
not normally sickle in vivo, they can be induced to do so in
the laboratory under extreme deoxygenation. Therefore,
the RBC survival is normal, and there is no anemia. These
individuals do not have the symptoms and signs of vasooc-
clusion, such as acute pain, frequent infections, or chronic
organ damage, with two exceptions. Damage to the kidney
may lead to hyposthenuria (inability to concentrate the
urine), and splenic infarctions have been described in
some. These two examples of end-organ damage are
related to extreme environmental stress. Hyposthenuria
is related to the high concentration of solute in the
medulla of the kidney, which accentuates the sickling
process locally and can damage the kidney concentrating
mechanism. Splenic infarct is usually reported in persons
exposed to high altitude, where exercise, hypoxia, dehy-
dration, and acidosis may accentuate Hb S polymerization,
leading to splenic infarct.
Specific Complications of Sickle Cell
Disease

Sickle cell crises, chronic hemolytic anemia, recurrent
infections, acute and chronic organ damage, lower
extremity ulceration, bone disease, and chronic nervous
system damage are complications of sickle cell disease.
Persons with sickle cell anemia are affected by these
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complications more often and with greater severity than
those with either hemoglobinopathy SC or the sickle
thalassemias. Within each genotype of the sickling dis-
eases, there is a wide variation in the frequency of acute
painful episodes, with a minority of patients having fre-
quent episodes and the majority of patients having fewer
(Platt et al., 1991).
Sickle Cell Crises

There are four types of sickle cell crises (Diggs, 1965).
These are vasoocclusive, aplastic, splenic sequestration,
and hyperhemolytic. The most common is the vasoocclu-
sive (‘painful’) crisis. Vasoocclusive crisis has sudden
onset, usually lasts 5 to 6 days, and may be localized in
one area of the body or generalized. Recent evidence
suggests that the pain is caused by bone marrow ischemia,
which explains why there are so few changes detectable by
physical examination and standard laboratory testing. For
those severely affected by frequent episodes of pain, treat-
ment with hydroxyurea has been recently shown by the
Multi-Institutional Study of Hydroxyurea (Charache
et al., 1995) to reduce the frequency of both pain events
and acute chest syndrome by 45–50%. The suggestion
that hydroxyurea reduces vasoocclusion has led to trials of
this drug in young children to determine whether this
drug will reduce the frequency or severity of end-organ
damage (Ware et al., 2004).

Worsening anemia characterizes the three other kinds
of crises. In the aplastic crisis, there is a temporary sup-
pression of the RBC precursor cells in the marrow, usually
by a viral infection. Splenic sequestration crisis is char-
acterized by a bacterial infection that causes the spleen
to enlarge rapidly, trapping RBCs and preventing them
from re-entering the bloodstream. Hyperhemolytic crisis
occurs due to infections, certain drugs, or toxins, and
results in an acute increase in RBC destruction. In these
types of crises, hemoglobin levels fall faster than the bone
marrow can manufacture red blood cells, and the anemia
becomes life-threatening. Aplastic, splenic sequestration,
and hyperhemolytic crises are common only in SCA.
Hemolytic Anemia

Anemia is more severe in sickle cell anemia than in the
other forms of the disease because in SCA, the RBCs are
destroyed more rapidly (Table 2). Due to the need for
increased RBC production, the bone marrow space
enlarges to accommodate the increase in RBC produc-
tion; consequently, the bones become remodeled and may
produce bony deformities. The rapid RBC destruction
produces large amounts of bilirubin from the protopor-
phyrin molecule in the heme; bilirubin breakdown pro-
ducts accumulate in the gall bladder, leading to stone
formation as patients age. Anemia increases the workload
of the heart in order to deliver adequate amounts of
oxygen to the tissues. The increased workload on the
heart causes easy fatigability and a decreased tolerance
for physical activity.
Recurrent Infections

A major cause of morbidity and mortality in sickle cell
disease, especially in children, has been bacterial infec-
tion. The frequency of these infections is several times
that of the normal population. Although the exact reasons
for this increased susceptibility to infection is poorly
understood, one factor is the loss of splenic function
caused by sickle cells. Septicemia, meningitis, osteomyeli-
tis, pneumonia, and pyelonephritis are all more common
in the sickle syndromes.
Kidney Disease

Hyposthenuria is nearly universal in the sickling diseases.
Thus, replacement of urinary losses requires continuous
intake of fluids in order to prevent RBC dehydration and
its exacerbation of the sickling phenomenon. Ischemic
damage leads to progressive renal failure and, eventually,
the need for dialysis. Proteinuria is an important precur-
sor manifestation of renal insufficiency, and its successful
treatment appears to prolong the time to dialysis. Pyelo-
nephritis is common in all forms of sickle cell disease.
Acute and Chronic Lung Disease

Acute pulmonary complications are second only to acute
pain as a cause for hospitalization and are a predictor for
early mortality. Despite aggressive diagnostic techniques,
the exact etiology of most episodes is not elucidated, so
that the term ‘acute chest syndrome’ is applied, acknowl-
edging the inability to provide an exact diagnosis. Infec-
tion, especially viral illness, is common in childhood,
while obstruction of pulmonary blood vessels by sickled
cells, resulting in pulmonary infarction or fat or bone
marrow embolization, seem more frequent in adults
(Vichinsky et al., 1997, 2000). The most recent data on
etiology are provided in Table 4. Although the signs and
symptoms are similar to those of pneumonia, the clinical
course in these patients is prolonged, suggesting a more
complex pathophysiology involving vasoocclusion. Pro-
gressive pulmonary involvement can lead to respiratory
insufficiency, for which exchange transfusion has been
extremely beneficial, along with aggressive pulmonary
support. Frequent pulmonary insults result in scarring of
the lungs, which impairs gas exchange. Pulmonary insuf-
ficiency and pulmonary hypertension can occur. The
reduced pulmonary function tends to exacerbate the sick-
ling process because of low oxygen levels in the blood
(Powars et al., 1988).



Table 4 Identified causes of the acute chest syndrome

1. Infectious
a. Atypical bacterial

1. Chlamydia pneumoniae (7.2%)

2. Mycoplasma pneumoniae (6.6%)
3. Mycoplasma hominis (1.0%)

b. Bacterial

1. Staphylococcus aureus, coagulase-positive (1.8%)

2. Streptococcus pneumoniae (1.6%)
3. Haemophilus influenzae (0.7%)

c. Viral

1. Respiratory syncytial virus (3.9%)

2. Parvovirus B19 (1.5%)
3. Rhinovirus (1.2%)

2. Directly related to sickling:

a. Pulmonary vasoocclusion (16.1%)
b. Fat embolism from bone marrow ischemia/infarction

(8.8%)

c. Hypoventilation secondary to rib/sternal bone infarction or

to narcotic administration
3. Other:

a. Thromboembolism

b. Other common pulmonary diseases, i.e., aspiration,

trauma, asthma, etc.

The frequencies of specific diagnoses are listed as described in

Vichinsky EP, Neumayr LD, Earles AN, et al. (2000) Causes and

outcomes of the acute chest syndrome in sickle cell disease:

National acute chest syndrome study. New England Journal of
Medicine 342: 1855–1865.
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Eye Disease

Sickle cell retinopathy results from infarction of the retina
and stimulation of new blood vessel growth into the vitre-
ous cavity, similar to the neovascularization that occurs in
diabetes mellitus. These abnormal vessels bleed or cause
retinal detachment, resulting in loss of vision.
Leg Ulceration

Leg ulcers are common in those with sickle cell anemia,
but less common in Hb SC and the sickle thalassemias.
The etiology is felt to be poor blood flow coupled with
venous insufficiency. A male preponderance has been
reported in Africa and the United States, which is poorly
understood (Serjeant et al., 2005).
Acute and Chronic Bone Disease

Acute arthritis may occur due to infarcts in the synovium,
as well as bone infarcts. Since infarcted bone is an excel-
lent culture medium for supporting bacterial growth,
osteomyelitis (infection of a bone) or pyoarthrosis (infec-
tion of a joint) is a common complication of sickle cell
disease. Vasoocclusion of the bones and joints may lead to
osteonecrosis in the shoulders, hips, and vertebrae; the
resultant collapse of the involved bone leads to degenera-
tive arthritis, often requiring joint replacement.
Chronic Heart Disease

As a result of the anemia, cardiomegaly, left ventricular
hypertrophy, and systolic flow murmurs are typical. The
cardiac output is higher than normal, as related to the
degree of anemia. It is unclear whether there is any direct
cardiac dysfunction in this disease.

Pulmonary arterial hypertension has been recognized
in 30–40% of adult patients with Hb SS and to a lesser
degree in childhood and in the other sickle cell diseases.
This complication is related to the hemolytic anemia,
possibly through consumption of nitric oxide, a potent
vasodilator, and is responsible for early mortality in those
affected (Gladwin et al., 2004).
Central Nervous System Damage

Cerebral infarction is most common in childhood with a
frequency of 10–13% at age 10 and a second peak in early
adulthood. Detection of increased blood flow in the circle
of Willis by transcranial Doppler ultrasonography identi-
fies arterial narrowing and allows for prophylactic trans-
fusion therapy with a significant reduction in both
primary and secondary stroke prevention, as reported by
Adams and colleagues (1998). Intracranial hemorrhage
occurs in young adults with a high immediate mortality.
In addition, there is increasing recognition of ‘silent
stroke’ affecting executive functions (decision making,
educational attainment, etc.) in these patients.
Liver Disease

Transfusion therapy in used more frequently for the acute
and chronic complications of sickling. Consequently,
transfusion-transmitted hepatitis B and C are common
manifestations in this disease. Iron overload with hepatic
cirrhosis occurs unless chelation therapy is effective. Iron
accumulation in the heart muscle may produce left ven-
tricular dysfunction. Sequestration of RBCs in the liver
can cause severe anemia, as in splenic sequestration,
accompanied by severe hepatic dysfunction.
Pregnancy

Current pregnancy outcomes are substantially improved
over pre-1 975 data ( Hassell, 2005 ); mat er nal mor tality,
f eta l mor tality, and miscar riage rates in developed
countries are considerably lower than in older studies.
A decreased uteroplacental blood flow correlates with
low birth weight, but uteroplacental blood flow is not
improved following transfusion and reduction of sickle
cells, suggesting a vascular cause for the abnormal flow.
Multiple studies now demonstrate that the degree of
anemia does not correlate with fetal outcome. Impor-
tantly, a randomized trial of prophylactic transfusion



14 Sickle-Cell Disease
during pregnancy failed to show any benefit in obstetric
complications nor an improvement in fetal birth weight or
reduction in intrauterine growth retardation rates (Koshy
et al., 1988). There was a reduction in the number of acute
painful events but not in the complications of sickle cell
disease (e.g., acute chest syndrome).
Priapism

Priapism is a persistent, unwanted erection lasting more
than 30min. The mechanism is sickling and sludging of
blood in the corpora cavernosa, with failure of detumes-
cence. It typically occurs during sleep, when relative noc-
turnal acidosis and dehydration favor RBC sickling. From
30–45% of males report instances of priapism, either stut-
tering or prolonged. A single episode is more common in
childhood. Impotence is common after prolonged episodes.
Summary

The sickling disorders have multisystem effects that
require ongoing surveillance for detection of evolving
end-organ dysfunction and institution of appropriate ther-
apy. Despite recent advances in diagnosis and therapy, these
diseases continue to consume considerable health-care
resources and have a generally poor quality of life and
premature mortality. Transfusion and hydroxyurea are
the mainstays of current treatment; additional therapies
are in development and await demonstration of efficacy
in the clinic. Stem cell transplantation is available to a few,
but gene therapy remains the hope for the future.
See also: Anemia; Hepatitis, Viral; Kidney Diseases.
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http://globin.cse.psu.edu/globin/html/huisman/variants – Huisman
THJ, Carver MFH, and Efremov GD (1996) A Syllabus of Human
Hemoglobin Variants. Augusta, GA: Sickle Cell Anemia Foundation.
Searchable online version.

http://www.nlm.nih.gov/medlineplus/sicklecellanemia.html – Medline
Plus, Sickle Cell Anemia. This website at the U.S. National Library of
Medicine provides information on definitions, diagnosis, treatment,
health care policy, and research related to sickle cell disease with
links to other disorders. Information is available in Spanish and in
Portuguese.

www.mssm.edu/labs/frenette/microcirc.shtml – Mount Sinai Medical
Center, Frenette Laboratory, Sickle Cell Vaso-Occlusion in a

Multistep Process. This video has two segments on the
mechanisms of RBC adhesion to vascular endothelium. The first
segment is from a sickle cell mouse treated with IVIG 1mg/kg. The
second segment is from a sickle cell mouse treated with IVIG
400mg/kg. Both segments were filmed after TNF-alpha
administration. Additional videos on this process are accessible
through the website.

http://www.nhlbi.nih.gov/health/prof/blood/sickle/index.htm – National
Heart, Lung, and Blood Institute. This website provides access to the
monograph The Management of Sickle Cell Disease, published by
the National Institutes of Health.

http://sickle.bwh.harvard.edu/menu_sickle.html – Sickle
Cell Disease. This website contains information on sickle cell disease
pathophysiology and management and includes
population descriptions of patients outside the United States.

http://www.scinfo.org/ – Sickle Cell Information Center. This website is
managed by the Georgia Comprehensive Sickle Cell Center at Grady
Health System in Atlanta, Georgia and contains information on
patient and professional education, news, research updates, and
worldwide sickle cell resources.
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Introduction

Noncancerous skin diseases encompass a wide variety of
infectious, inflammatory, and autoimmune diseases. Skin is
not only unique in being the largest organ in the body, but
also the only organ visible to the patient and physician.
Hence the disorders of the skin, though sometimes cos-
metic, can have psychological implications for the patient.
Being a visible organ, the skin and its diseases are amenable
to topical therapies that can provide immediate satisfaction
to the patient. Since skin type greatly varies across con-
tinents, the most common diseases on one continent can be
a rarity on another. For example, skin cancer patients form
a vast majority of outpatient visits in North America and
Australia but are rarely seen in Asian countries. Due to the
wide variety of observable diseases, this article focuses on
the most common dermatological diseases encountered
during outpatient visits all over the world.
Acne

The most common type of cutaneous disorder in the world
is acne vulgaris. Acne has a high prevalence in adolescents –
nearly 85% – and mildly affects adults. The pathophysiol-
ogy of acne is increased androgen secretion, colonization by
Propioniobacterium acnes, and increased sebum production.
Other forms of acne are caused by cosmetics, oils, greases,
creams, anddyes. Acne has also been associatedwith various
hormonal states such as pregnancy, adolescence, and even
disorders such as polycystic ovary syndrome and SAHA
(seborrhea, acne, hirsutism, and androgenetic alopecia) syn-
drome. Various drugs such as barbiturates, bromides, corti-
costeroids, and certain vitamins such as B2, B6, and B12 can
cause acne.

The clinical spectrum of acne ranges from open and
closed comedones, papules, pustules, and sometimes cys-
tic acne. It usually affects the face, neck, chest, upper back,
and upper arms. Severe acne and certain variants of acne
such as acne fulminas and acne conglobata can be painful,
distressing, and very difficult to treat. Severe acne can also
heal with extensive acne scarring. Acne scarring can have
a significant psychological impact on the patient and can
be a source of social embarrassment, anxiety, and shame in
the patient’s life.

Mild to moderate acne is treated with topical applica-
tions of benzyl peroxide, retinoids, and antibiotics. For
more severe acne, long courses of antibiotics and retinoids
are warranted. Acne scarring can be treated with some-
times expensive surgical interventions such as dermabra-
sion, microdermabrasion, fillers, and even lasers. Along
with the treatment of acne it is crucial to address the
social concerns of the patient and treat any associated
psychological issues (Figure 1).



Figure 1 Acne. From http://missinglink.ucsf.edu/lm/

DermatologyGlossary/img/Dermatology%20Glossary/Glossary

%20Clinical%20Images/Acne_Vulgaris-B.jpg.

Figure 2 Psoriasis. From http://en.wikipedia.org/wiki/Image:
Psoriasis_on_back.jpg.
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Psoriasis

Psoriasis is an inflammatory disorder that affects
0.6%–4.8% of the population worldwide. Psoriasis is an
organ-specific autoimmune disorder and is the most prev-
alent immune-mediated disease in adults. A genetic com-
ponent increases the susceptibility to psoriasis and the
exact etiopathogenesis of psoriasis still needs to be eluci-
dated. Psoriasis is known to be exacerbated by stress and
physical injury and can form new lesions at sites of injury,
which is known as Koebner’s phenomenon.

It is commonly characterized by erythematous papules
and plaques often topped with a silver scale. The classic
involvement is elbows, knees, palms, and soles of the feet.
The erythema and scaling attributed to psoriasis are the
result of hyperproliferation and atypical differentiation of
the epidermal layer, along with inflammation of cell infil-
trates and various vascular malformations. It is commonly
characterized by erythematous papules and plaques that
produce a silver scale.

There are many oral and topical treatments for
psoriasis. Inexpensive treatments such as hydration and
emollients help keep the skin soft and moist while mini-
mizing the itch and tenderness; petroleum jelly and thick
creams are among these treatments. Other treatments
include glucocorticoids, which focus on anti-inflamma-
tion, antiproliferation, and suppressing the immune
response (Figure 2).
Eczema

Eczema (atopic dermatitis) is a chronic inflammatory skin
disease. Eczema is caused by genetics and sometimes has
allergic features. Chromosomal studies show that eczema is
inherited from a maternal gene located on chromosome 11.
Eczema affects 8–25% of the population worldwide.
This disease occurs in all races and geographic locales;
although a higher incidence of eczema is found in urban
populations.

The immunological mechanisms of eczema are not
completely understood and no marker for the disease
has been discovered. Eczema is characterized by reduced
cell-mediated immunity, abnormal antibody-dependent
cellular cytotoxicity, and high concentrations of serum
IgE. People with eczema are far more prone to psoriasis
and other diseases that affect the skin barrier. People with
eczema are likely to get bacterial or viral infections due to
the weak skin barrier.

In young children, eczema can appear as acute skin
lesions and pruritic erythematous zones with papules.
Scaling on the face, scalp, extremities, or trunk have
been commonly seen. Treatments of eczema include

http://missinglink.ucsf.edu/lm/DermatologyGlossary/img/Dermatology%20Glossary/GlossaryClinicalImages/Acne_Vulgaris-B.jpg.
http://missinglink.ucsf.edu/lm/DermatologyGlossary/img/Dermatology%20Glossary/GlossaryClinicalImages/Acne_Vulgaris-B.jpg.
http://missinglink.ucsf.edu/lm/DermatologyGlossary/img/Dermatology%20Glossary/GlossaryClinicalImages/Acne_Vulgaris-B.jpg.
http://en.wikipedia.org/wiki/Image:Psoriasis_on_back.jpg.
http://en.wikipedia.org/wiki/Image:Psoriasis_on_back.jpg.


Skin Diseases (Non-Cancerous) 17
immune regulation via corticosteroids, UV light therapy,
and cyclosporine given orally. Other therapies attack
exacerbating factors such as itch and tenderness by the
use of emollients and creams. Minimal contact with dust
and upholstery reduces exposure to dust mites, reducing
the severity of eczema (Figure 3).
Keloids

The word keloid means tumor-like in Greek. The keloid
is a benign fibrous growth that presents itself in scar tissue
as a result of altered wound healing. In the keloid, extra-
cellular matrix and dermal fibroblasts are overproduced
with a high mitotic rate. Exactly how keloids form is not
known. Keloids have a high occurrence rate in Blacks and
dark-skinned individuals with skin trauma.

Keloids are characterized by excessive scar tissue and
some patients complain of sharp, shooting pains. Keloids
commonly appear on the ears, neck, jaw, chest, shoulders,
and upper back. They are commonly mistaken for hyper-
trophic scars.

Prevention is the best treatment for patients with a
predisposition to keloidal formation. Excision is another
common treatment, along with intralesional corticoster-
oids or cryosurgery. In many cases, combination therapies
are used. The recurrence of keloidal growth is common
after treatment (Figure 4).
Rosacea

Rosacea is an acne-like disorder that occurs in middle-
aged or older adults. Rosacea is characterized by vascular
dilation of the central face. Rosacea is a chronic disease
that occurs in patients with fair skin and light hair and eye
color. The cause of rosacea is unknown.
Figure 3 Eczema. From http://upload.wikimedia.org/
wikipedia/en/8/80/Eczema-arms.jpg.
Currently, there are no specific diagnostic tests to
detect rosacea in patients. Some features are seen in
most rosacea patients, including flushing (transient ery-
thema), nontransient erythema, papules, pustules, and
telangiectasia. Some common symptoms of rosacea are
burning or stinging, plaque, dryness, and edema.

For treatment of rosacea, control is the primary goal.
Topical antibiotics or benzoyl peroxide are the initial
treatments to relieve the inflammatory lesions. For popu-
lar or pustular lesions, the following can be applied:
metronidazole, azelaic acid, sodium sulfacetamide, and
acaricides. For persistent symptoms, tretinoin cream and
oral antibiotics are commonly used (Figure 5).
Alopecia Areata

Alopecia areata is a nonscarring inflammatory disorder
affecting hair follicles, causing patchy or complete hair
loss. The etiology is autoimmune and can be associated
with other autoimmune disorders such as vitiligo and
thyroiditis. It can affect men, women, and children alike.
Though it is noninfectious and noncontagious, its loca-
tion, chronic nature, and difficulty in treatment can have
psychological implications for the patient.

Alopecia areata can cause patchy hair loss on the scalp
or beard or involve the entire scalp (alopecia totalis)
or also the entire body (alopecia universalis). The charac-
teristic presentation of alopecia areata patches is bald
patches that are surrounded by broken off hairs, giving
the appearance of exclamation points.
Figure 4 Keloids. From http://upload.wikimedia.org/wikipedia/
en/2/27/Keloid-01.jpg.
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Figure 6 Alopecia areata. From http://upload.wikimedia.org/

wikipedia/en/3/38/Allopecia_areata.JPG.

Figure 5 Rosacea. From Wolff K, Johnson RA, Surrmond D

(n.d.) Fitzgerald’s Color Atlas and Synopsis of Clinical

Dermatology, 5th edn. McGraw Hill’s Access Medicine. http://

accessmedicine.com (accessed February 2008).
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Many patients with alopecia areata can go into sponta-
neous remission without treatment. Those who require
treatment are given topical steroids such as clobetasol and
fluocinonide. Moderate success has been achieved with
injectable steroids. Topical irritants such as coal tar and
anthralin do not have the side effects seen with steroids.
Immunomodulators such as cyclosporine have also shown
some success in the treatment of recalcitrant alopecia
areata. Along with the treatment, it is important to
address the significant anxiety and stress the patient may
experience (Figure 6).
Vitiligo

Vitiligo is an acquired disorder of depigmentation of great
cosmetic significance. The prevalence of this diseases
ranges from 0.1 to 4% in some populations. Generally,
patients with darker skin type face great stigmatization
due to this disease.

Though the disease is noninfectious, noncontagious
and has mostly cosmetic concerns, patients are greatly
concerned about the disease because of social attitudes
toward the disease. In developing countries, it is quite
commonly mistaken to be leprosy, which can be devastat-
ing for the affected patient. Because of the autoimmune
nature of the disease, it can be associated with other
autoimmune disorders such as hyperthyroidism, perni-
cious anemia, and alopecia areata. The symptoms of the
disease are the presence of depigmented (loss of color)
patches over parts of the body. The patches can remain
localized or may spread to become generalized. Patients
do not have itching or pain associated with the patches.

Though there is no universally accepted definitive
treatment for vitiligo, various modalities have been tried.
Topical applications of corticosteroids, immunomodula-
tors, and topical psoralen have been used. When larger
areas of the body are involved, systemic corticosteroids,
narrow-band UVB, and psoralen with UVA have shown
moderate responses. Surgical treatments include split skin
grafting, suction blister grafting, and use of newer lasers.
When patients have extensive vitiligo, physicians depig-
ment the remainder of the normal pigment skin using
20% hydroquinone creams to minimize the contrast
between pigmented and depigmented skin. Research is
ongoing in the field of vitiligo, but importantly, a com-
plete understanding of the benign, noncontagious nature
of the disease and adequate support from groups can help
patients be in terms with the disease (Figure 7).
Warts

Also called verrucae, cutaneous warts occur when human
papillomavirus (HPV) infects epithelial tissue of the skin
and mucous membranes. Cutaneous warts commonly
occur in children and young adults. Warts can occur
singularly or in groups, forming a hyperkeratotic layer
to shield itself. HPV infection occurs by skin-to-skin
contact. Spontaneous remission of cutaneous warts is
common and is seen in up to two-thirds of patients.

Current therapies for cutaneous nongenital warts
include debridement accompanied by freezing with liquid
nitrogen, treatment with salicylic acid, bichloracetic acid,
or cantharidin. Flat warts are treated with cryotherapy,
5-fluorouracil, or tretinoin. While filiform warts are
generally treated with a snip excision, imiquimod is a

http://upload.wikimedia.org/wikipedia/en/3/38/Allopecia_areata.JPG.
http://upload.wikimedia.org/wikipedia/en/3/38/Allopecia_areata.JPG.
http://accessmedicine.com
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Figure 7 Vitiligo. From http://upload.wikimedia.org/wikipedia/

commons/6/64/Vitiligo03.jpg.

Figure 8 Warts. From http://www.askdrsears.com/images/

wartplantar.jpg.
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common topical treatment for anogenital warts, working
through local cytokine induction. It has been shown that a
combination therapy of gentian violet and liquid nitrogen
can be used as a less invasive treatment (Figure 8).
Figure 9 Urticaria. From http://upload.wikimedia.org/

wikipedia/en/5/5d/Urticaria_2.jpg.
Urticaria

Urticaria, commonly known as hives, is a common disor-
der described as a lesion that is intensely pruritic, circum-
scribed, raised, erythematous plaque, often with central
pallor. These lesions then typically will disappear over a
few hours without leaving residual marks on the skin.

Urticaria is divided into acute or chronic forms
depending on the duration of the disease. Urticaria of
less than 6weeks duration is called acute, whereas urti-
caria lasting more than 6weeks is chronic. It is caused
by histamine release in the skin, which can be an allergic
or nonallergic phenomenon. Physical urticaria can be
caused by heat, cold, vibration, pressure, etc. Various
drugs such as sulfonylureas, aspirin, and penicillin can
cause urticaria.

The most challenging but most rewarding task in man-
agement of urticaria is to identify the source of the lesions.
If the trigger is removed, urticarial lesions will subside.
For symptomatic relief, antihistamines such as cetirizine
and loratadine are given and can also be used prophylac-
tically. For severe outbreaks, a short course of high doses
of corticosteroids can be given (Figure 9).
Pediculosis

The head louse is an adaptable creature that has been able
to survive in the advanced societies of the Western world.
Children are most commonly affected. Interaction with
playmates, cross-transfer from articles of clothing on adja-
cent hooks in school cloak rooms, and shared combs,
headphones, towels, and beds are important modes of
disease spread. Hair length is not a factor.

The head louse is a gray-white, active insect, 3–4mm
in length. The female is a little longer than the male. Both

http://upload.wikimedia.org/wikipedia/commons/6/64/Vitiligo03.jpg.
http://upload.wikimedia.org/wikipedia/commons/6/64/Vitiligo03.jpg.
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Figure 10 Head lice. From http://upload.wikimedia.org/

wikipedia/commons/3/32/Pediculus_humanus_var_capitis.jpg.
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sexes are equipped with mouth parts adapted to sucking
blood and legs adapted to grasping hairs. The life span of
the female is approximately 1month, during which time
she lays 7–10 eggs each day, cementing them firmly to the
base of a host hair. The eggs, commonly called nits, are
oval lidded capsules that hatch in 8 days, releasing
nymphs that require another 8 days to mature. After
hatching, egg cases become white and more visible. Adults
feed voraciously both on the scalp and adjacent areas of
the face and neck.

Most lice infestations are asymptomatic; some children
can harbor a surprisingly large colony of head lice. Itching
of the scalp, neck, and ears may occur as an allergic
reaction to lice saliva. Persistent or recurrent pyoderma
about the neck and ears should always alert the examiner.
Cervical and nuchal lymph nodes are often enlarged, and
febrile episodes associated with secondary staphylococcal
infection may occur.

Inspection using a fine-toothed nit comb is more
efficient and effective for detecting lice and nits than a
visual examination. Treatments include topical insecti-
cides, such as permethrin, pyrethrin, and malathion. Addi-
tional treatments are wet combing and oral therapies
(Figure 10).
Figure 11 Leprosy. From http://upload.wikimedia.org/
wikipedia/commons/thumb/e/e2/Leprosy_thigh_demarcated_

cutaneous_lesions.jpg/800px-Leprosy_thigh_demarcated_

cutaneous_lesions.jpg.
Leprosy

Hansen’s disease, also known as leprosy, is one of the oldest
infections known to mankind and is still prevalent in the
Indian subcontinent, Asia, and South America. Though
primarily a disease of the developing countries, the signif-
icant disability associated with it makes it a disease of
international importance. Leprosy has been divided into
a spectrum based on its immunologic status. Patients with
good immune responses may have tuberculoid leprosy and
patients at the other spectrum are lepromatous and can
harbor millions of bacilli in their nasal secretions.

It is caused by Mycobacterium leprae, which has an affin-
ity to peripheral nerves, nasal mucosa and other cooler
areas of the body. Its slow involvement of these structures
is responsible for the sensory loss associated with the
disease. The clinical characteristics are hypopigmented
patches over the body or face associated with loss of
sensation and adjacent nerve involvement. Progress
toward the lepromatous spectrum can lead to formations
of papules and nodules on the skin along with slow
involvement of most of the organ systems.

The treatment consists of paucibacillary treatment for
6months or multibacillary treatment for 1 year. The drugs
used for treatment are dapsone, clofazimine, and rifampin,
which are stored in multidrug packs and distributed freely
for continual use. The greatest stigma associated with the
disease are the hand and limb deformities that occur due to
constant trauma to the peripheries (Figure 11).
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Introduction

Sleep is a function of the brain. As such, sleep develops,
matures, and declines in consonance with other functions
of the brain. Sleep is a universal phenomenon exhibited
by most vertebrates. The ultimate physiological function
of sleep remains enigmatic and unknown despite exten-
sive research of this ubiquitous brain activity. Sleep inter-
venes in functions of growth, regeneration, and memory.
In the new classification of sleep disorders, more than 80
clinical sleep disorders are codified.

Experiments have shown that sleep deprivation causes
an increasing constellation of brain alterations leading
to death in lower mammals if prolonged sufficiently.
Severely sleep-deprived individuals have a strong ten-
dency to fall asleep and appear slow when performing
mental or motor tasks. Their motor responses are delayed,
with increasing apathy, reduced motivation, decreased
concentration, and poor memory as unavoidable micro-
sleeps break the continuity of consciousness. Most indivi-
duals require between 6 and 8 h of sleep at night. In
Mediterranean countries, the daytime siesta allows sub-
traction of an equivalent amount of time from nocturnal
asleep.

Sleep is a preprogrammed function of the brain modu-
lated by the circadian rhythm. In the adult individual,
nocturnal sleep progresses in stages and cycles. In the first
half of the night the four stages of nonREM sleep predomi-
nate, whereas in the second half, REM (rapid eye move-
ment) sleep or dream sleep is more prevalent. The fetus
spendsmuch of its time inREMsleep and the infant shows a
great abundance of REM sleep. By 2 years of age, sleep has
become consolidated to the nocturnal period with approxi-
mately 25% of the total time asleep in REM sleep. In old
age, total sleep requirements continue to be 6–8 h every
24 hours, but deep stages of non-REM sleep decline while
REM sleep remains at 20–25% of total sleep.
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psoriasis-like disease produced in Tie2 transgenic mice. American
Journal of Pathology 166(3): 843–855.
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The nocturnal evolution of sleep stages can be
recorded with polysomnography, a technique central to
the sleep laboratory that combines recording of brain
waves, eye movements, electrocardiography, electromyog-
raphy, respiratory motions, and saturation of oxygen.
Videotaping of the individual asleep is an integral part
of polysomnography.

Sleep is important in medicine because it influences
quality of life, while its disorders provoke family pathol-
ogy, disturb work routines, alter social activities, reduce
quality of life, and affect the health of the individual.
Sleep disorders are prevalent and pervasive. Excessive
daytime somnolence may lead to motor vehicle accidents,
poor academic performance, reduced work productivity,
and social decline. Sleep disorders medicine counts with
diagnostic tools centered in the sleep laboratory to diag-
nose sleep disorders, and sleep specialists can procure
comprehensive management of most sleep afflictions.

Sleep research focuses in brain mechanisms and the
consequences of sleep-related alterations. Over the years,
landmarks in sleep research have included the discovery
of changes in brain waves during sleep, the discovery of
the sleep cycles and of REM sleep, the localization
of REM mechanisms to the brainstem, and the discovery
of hypocretin (also called orexin), a neurotransmitter
necessary for alertness produced by the hypothalamus.

History

Sleep was often assumed to be a passive response to
reduced cerebral stimulation during mental and cerebral
inactivity. Berger’s demonstration of changes in the elec-
troencephalogram (EEG) during sleep provided the first
definite evidence that the brain is not passive during sleep.
In the twentieth century, studies of encephalitis lethar-
gica, hypothalamic and thalamic stimulation, and the



Table 1 International Classification of Sleep Disorders

1. Insomnia
2. Sleep-related breathing disorders

3. Hypersomnias of central origin not due to a circadian rhythm

sleep disorder, sleep-related breathing disorder, or other

cause of disturbed nocturnal sleep
4. Circadian rhythm sleep disorders

5. Parasomnias

6. Sleep-related movement disorders

7. Isolated symptoms, apparently normal variants, and
unresolved issues

8. Other sleep disorders
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reticular activating system of the brain provided major
advances in the understanding of the neuroanatomical
substrate of sleep and wakefulness. The discoveries of
rapid eyemovement (REM) sleep, the association of dream-
ing with REM sleep, and the periodic cycles of REM and
non-REM sleep throughout the night led to a new view of
sleep as an active process with distinctive neurophysio-
logical substrates underlying the two major sleep states,
non-REM and REM sleep.

Physicians have known for centuries that sleep distur-
bance is often a sign of disease, but the recognition that
primary sleep disorders are common, serious, and often
treatable occurred mainly in the second half of the twenti-
eth century. The first sleep clinics devoted specifically to
diagnosis and treatment of a broad range of sleep disorders
appeared in the 1970s. Also, in the United States, the Asso-
ciation of Sleep Disorders Centers, organized in 1975,
provided a focus for development of the field of sleep
disorders medicine. Subsequent major events included the
publication of specialized journals. As the breadth of the
field expanded, it became apparent that a nosology devoted
to sleep disorders was required. The Association of Sleep
Disorders Centers published the first classification of sleep
disorders in 1979. A more comprehensive classification
published by the American Sleep Disorders Association in
1990 as the International Classification of Sleep Disorders
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was revised in 2000, and updated in 2005 by the American
Academy of Sleep Medicine (Table 1). By the end of 2006,
3445 professionals were diplomates of the American Board
of Sleep Medicine (Figure 1). The first board exam on
sleep given by the American Board of Medical Specialties
took place in November 2007.
The Sleep Center

Patients with sleep disorders are evaluated by sleep spe-
cialists in sleep centers and tested in the sleep laboratory
with polysomnography, a technique that records sleep
parameters such as brain waves, eye movements, muscle
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Figure 2 Continuous positive airway pressure (CPAP)

application at night reverses in most cases the symptoms of
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tone, and breathing patterns. Sleep laboratory testing with
nocturnal and daytime polysomnography is an indispens-
able procedure for the evaluation of patients with sleep-
disordered breathing, pathological excessive daytime
sleepiness, and complex motor disorders. Titration of
positive airway pressure apparatuses can only be done in
conjunction with polysomnography. Polysomnography
involves at a minimum a full night stay in the sleep
laboratory attended by properly trained technicians.

Laboratories accredited by the American Academy of
Sleep Medicine use digital equipment and computer-
assisted scoring techniques. Some night tests will be fol-
lowed by daytime nap tests, also known as multiple sleep
latency test (MSLT), or maintenance of wakefulness test
(MWT). Patients report to the laboratoryat 8.00 or 9.00 p.m.
and are discharged the following morning at 8.00 a.m. or at
3.00–5.00 p.m. if a daytime test has been recorded. Scoring is
usually done by a trained technician and the interpretation
is carried out by the physician.

Actigraphy is a technique used to record body motion.
Periods of quiescence during the 24-h period are associated
with sleep, whereas periods of motion are associated with
wakefulness.
sleep apnea. An air compressor delivers air at a specified pressure

through a flexible hose to the mask. Oxygen and a humidifier

may be added. Reproduced from Culebras A (1996) Clinical

Handbook of Sleep Disorders. Boston: Butterworth-Heinemann,
with permission from Butterworth-Heinemann.
Major Sleep Disorders

Sleep Apnea

Sleep apnea, also known as sleep-disordered breathing, is
a very common disorder and the major sleep-related risk
factor for cerebrovascular disease. Sleep apnea syndrome
affects 2% of women and 4% of men (Young et al., 1993).
It appears more frequently past the age of 45 years and is
more common in obese individuals. Loud disruptive snor-
ing is a marker of sleep apnea and in itself a source of
disease (Partinen et al., 1985). Frequent symptoms are
lapses in respiration, restless sleep, excessive daytime
somnolence, and depression. In addition, sleep apnea
can increase the risk of stroke and myocardial infarction
(Yaggi et al., 2005). Epidemiological studies have shown a
dose–response relationship between the severity of sleep
apnea and the odds ratio for development of systemic
hypertension (Nieto et al., 2000). Sleep apnea is diagnosed
with polysomnography in the sleep laboratory. Treatment
with noninvasive positive airway ventilation is generally
successful (Figure 2). For mild forms of sleep apnea, the
application of mandibular advancement devices can be
beneficial. Surgery removing excessive tissues in the oro-
pharynx may be considered for individuals who cannot
tolerate noninvasive equipment or who have obvious
obstruction to airflow in the oropharynx by redundant
tissue growth. There is proof that successful correction of
sleep apnea with noninvasive positive airway pressure
ventilation lowers mean blood pressure (Becker et al.,
2003). Excessive daytime somnolence generally improves
with successful treatment of sleep apnea.
Narcolepsy

Narcolepsy is characterized by excessive sleepiness. Asso-
ciated manifestations are cataplexy, sleep paralysis, and
hallucinatory dreams at sleep onset (hypnagogic halluci-
nations). Men and women are equally affected. Onset is
typically in the second or third decade of life, although
childhood onset may occur and some patients are not
diagnosed until middle age. Changes in sleep schedule,
psychological stress, head trauma, or infections sometimes
appear to precipitate symptoms.

Excessive sleepiness in narcolepsy is associated with
repeated naps or lapses into sleep. Sleep tends to occur in
boring or monotonous situations and may be temporarily
forestalled by physical activity and mental stimulation.
Patients often report episodes of amnesia with automatic
behavior during which they may carry out complex non-
sensical activities such as mixing inappropriate foods,
writing incomprehensible sentences, or driving to the
wrong destination. Accidents due to sleepiness and auto-
matic behavior may occur while driving or operating
dangerous equipment.

Cataplexy, a unique feature of narcolepsy, is character-
ized by sudden loss of muscle tone usually provoked by
strong emotion, particularly laughter lasting a few min-
utes. Consciousness is preserved and memory is intact.
Respiratory and oculomotor muscles are not affected. In
some patients, episodes of cataplexy may occur almost
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continuously, a condition referred to as status cataplecti-
cus. Cataplexy rarely precedes the onset of excessive
sleepiness but may develop simultaneously with sleepi-
ness or with a delay of 1–30 years.

Hypnagogic hallucinations are vivid perceptual experi-
ences that occur at sleep onset, often associated with fear
or dread. Sleep paralysis is a transient, generalized inabil-
ity to move or to speak during the transition between sleep
and wakefulness. The experiences are often frightening.
Disrupted nocturnal sleep with frequent awakenings is
common in patients with narcolepsy. Many patients report
that narcolepsy seriously affects interpersonal, marital,
work, and social relationships.

A large segment of patients with otherwise typical
features of narcolepsy do not have cataplexy, a condition
referred to as monosymptomatic narcolepsy. In rare cases,
narcolepsy is the consequence of brain tumors, stroke,
multiple sclerosis, and other neurological disorders that
damage the hypothalamus.

Patients with narcolepsy have excessive REM sleep
both during the night and day, along with vivid dream-
ing. Discovery of the involvement of the hypothalamic
hypocretin-releasing system in narcolepsy has improved
the understanding of the ultimate etiology of the disorder.
Hypocretin is a brain neurotransmitter that enhances
alertness (Baumann et al., 2005). Various injuries to the
hypothalamic hypocretin-secreting cell group, from sur-
gical injury to head trauma to immunologic aggression
would explain narcolepsy and its gradations of severity
(Mignot et al., 2002). The diagnosis of narcolepsy is made
clinically and confirmed with sleep laboratory tests that
show excessive presence of REM sleep in daytime record-
ings. Treatment is symptomatic with a variety of agents
that enhance daytime alertness, reduce REM sleep, or
improve the continuity of sleep at night.
Insomnia

Insomnia is characterized by repeated difficulty with
sleep initiation, duration, consolidation or quality despite
adequate time and opportunity to sleep. Insomnia should
incorporate daytime impairment as a result of faulty
sleep. Primary insomnia includes psychophysiological
insomnia, idiopathic insomnia, and paradoxical insomnia
or sleep state misperception. Psychophysiological insom-
nia is one of the most common forms of insomnia. It
develops as a result of chronic, somatized tension anxiety
and negative conditioning to sleep. The individual with
psychophysiological insomnia has focused attention on
the inability to sleep, which is perceived to be the only
source of distress. Other emotional or mental concerns are
minimized. The search for contributing factors such as
stress, caffeine ingestion, and poor sleep hygiene is gener-
ally fruitful. Not uncommonly there is a triggering factor
such as divorce or the death of a relative followed by
perpetuating factors at the core of which is the negative
conditioning to sleep.

Patients respond initially to hypnotic medications but
long-term results are more favorable with cognitive
behavioral modification and similar techniques imparted
by psychologists. These methods include sleep restriction
consolidation, sleep hygiene education, relaxation ther-
apy, stimulus control therapy, and correction of distorted
perception of sleep. Sleep laboratory tests are only excep-
tionally of value in the diagnosis of insomnia.
Restless Legs

The diagnosis of restless legs syndrome (RLS) is based on
the clinical history. Essential criteria are an urge to move
the legs usually accompanied or caused by uncomfortable
or unpleasant sensations in the legs, onset or exacerbation
with rest, relief with movement, and evening or night
presentation. Supportive clinical features of the diagnosis
of RLS are family history, favorable response to dopami-
nergic therapy, and periodic limb movements (PLMs).
These are repetitive limb movements that occur mostly
in sleep in up to 80% of the patients. PLMs can appear in
other disorders, particularly in the normal elderly popu-
lation. The diagnosis of RLS can be supported by the
sleep laboratory evaluation when periodic limb move-
ments appear, as it does in most nocturnal tracings of
patients with RLS. The diagnosis is confirmed with the
favorable response to dopaminergic drugs.
Parasomnias

Parasomnias are undesirable physical events or experi-
ences occurring at sleep onset, within sleep or during
arousal from sleep. Common parasomnias are somnambu-
lism or sleepwalking (SW) and sleep terrors. Patients
exhibiting these disorders tend to have more than one
parasomnia because of a shared pathogenic substrate, a
strong familial predisposition and precipitating factors in
common that include sleep deprivation, insufficient sleep
syndrome, and sleep apnea. Parasomnias generally appear
in the developmental age, although some start also later in
life, posing problems of differential diagnosis with organic
neurological or psychiatric disorders.

Sleep walking consists of a series of complex behaviors
initiated during an arousal from slow-wave sleep that may
culminate in walking behavior, coupled with an altered
state of consciousness and impaired judgment. Episodes
tend to occur during the first third of the night and may
occur several times per night. Additional infrequent
behaviors are eating, performing sexual intercourse, uri-
nating, or most dramatically climbing out a window and
injuring oneself or others (homicidal behavior). Sleep
walking is frequent in childhood (17%), peaking by age
12 with no gender difference. Adult sleep walkers (4%



Table 2 Principles of sleep hygiene

DO
Go to bed at the same time every day

Get up at the same time every day

Sleep sufficiently to be satisfied with sleep
Use the bed only for sleep or sex

Exercise regularly but not before going to bed or late in the

evening

Adhere to a regular meal schedule
Read or listen to soft music before turning the lights out

Use a twin bed if your bedmate is a restless sleeper

Eliminate or attenuate physical disturbances (i.e., noise, light,

heat, cold). Use ear plugs and eye shades if necessary
DON’T

Eat, drink or smoke in bed

Watch television in the bedroom
Drink caffeine-containing beverages past 12 noon

Use alcohol as a hypnotic. Excessive alcohol may cause

rebound insomnia when the hypnotic effects dissipate

while asleep
Nap irregularly or frequently during the day

Nap in the evenings
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prevalence) are most often men. Co-occurrence of enure-
sis and sleep terrors is high in relatives of patients with
sleep walking.

Sleep terrors consist of abrupt arousals from deep
sleep accompanied by a cry or scream with autonomic
nervous system activation and behavioral manifestations
of intense fear. Characteristics are confusion, retrograde
amnesia, occurrence during the first part of the night, and
precipitation by spontaneous or other disorder-related
sleep deprivation.

Nightmares or anxiety dreams are frightening events
with dream content that awaken the individual from REM
sleep. Following awakening, the subject is oriented to the
environment with clear sensorium. Dream content usu-
ally involves an experience of immediate and credible
threat to survival, security, or self-esteem. Dream anxiety
attacks occur in REM sleep. There is good recall for the
disturbing dream and no displacement from the bed;
injuries are quite rare.

REM sleep behavior disorder is a REM sleep para-
somnia characterized by violent behaviors driven by a
dream (Scheck et al., 1987). Patients are most often men
who punch, kick, thrash about, get out of bed, move
furniture, and perform other complex movements while
in REM sleep. Not uncommonly, injuries are inflicted to
the bed mate or patient. REM sleep behavior disorder has
been associated with Parkinson disease (Comella et al.,
1998) and other neurodegenerative disorders. Treatment
with medications is generally satisfactory.
Circadian Dysrhythmias

Sleep is optimal in both quality and quantity only when it
occurs during a proper time-frame in a 24-h day cycle
governed by the circadian rhythm. Similarly, wakefulness
is optimal at certain hours during the 24-h period. The
timing of sleep and wake is a complex function of both
circadian and homeostatic processes. Attempts at falling
asleep or staying awake at physiologically inappropriate
times will result in sleep–wake disturbance. This is the
consequence of misalignment of the intrinsic sleep–wake
propensity of a person and the 24-h physical and social
environment. The intrinsic rhythm may be abnormally
shifted relative to the environmental time-cues (delayed
or advanced sleep phase disorder), become disrupted
(irregular sleep–wake disorder), or have different period-
icity (free-running type). The physical environment may
change faster than the adaptation ability of the intrinsic
sleep–wake rhythm (jet lag), or an individual may choose
to disregard the intrinsic rhythm and voluntarily choose
to stay awake at an inappropriate time (shift-work disor-
der). All these disturbances fall within the category of the
circadian dysrhythmias, a group of intrinsic or acquired
disorders of sleep and wakefulness.
Social Implications

Sleep–wake disorders decrease the quality of life and
disrupt social activities. In addition there is a risk of
medicolegal troubles (Mahowald et al., 2005). Academic
decline is a distinct risk in sleepy subjects. Many indivi-
duals have no respect for sleep compliance or ignore the
basic rules of sleepy hygiene. Sleep deprivation results
when sleep hygiene is violated. The basic principles of
sleep hygiene are listed in Table 2.

Individuals with excessive daytime somnolence and a
tendency to fall asleep driving should not drive until the
problem has been solved or brought under control. Situa-
tions that increase drowsiness and risk of accidents are
driving at night, driving alone, or along monotonous
stretches of road. If sleepy, the driver should stop the car
and take a brief nap. All other measures are of no useful
relief.

Past the age of 45 years, individuals tolerate poorly
circadian rhythm violations and work shift schedules. Con-
sideration should be given to eliminate shift work past this
age. Jet lag is best alleviated by adopting immediately the
sleep–wake schedule of the destination with the aid of a
short-duration hypnotic, if necessary.
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Poxviruses and Orthopoxviruses (General
Characteristics)

For the last two centuries, poxviruses and poxvirus-
associated diseases have figured prominently in the incep-
tion of disease prevention and elimination strategies,
many of which have since proven pivotal in the successful
practice of public health. Poxviruses were also at the
center of many of the twentieth century’s groundbreaking
discoveries in the fields of virology and immunology. As
early as 1913, Edna Steinhart and colleagues provided the
first demonstration that a virus, the poxvirus Vaccinia

virus, could be viably maintained (cultured) in tissue
explants, in this case, rabbit corneas. Two years later,
these investigators, again, were first in demonstrating the
principle of virus neutralization, illustrating that exposure
to convalescent serum could ablate subsequent infectivity
of Vaccinia virus. Later, in 1938, a milestone in diagnostic
virology was achieved when Ectromelia virus, a poxvirus
pathogen of certain strains of inbred mice, became the
first animal virus to be visualized using electron micros-
copy. These discoveries, of course, follow long after
Edward Jenner’s famous experiments in 1796. Jenner’s
experiments provided scientific justification for the prac-
tice of inoculation, whereby ‘cowpox’ (most likely Vaccinia
virus) was scarified into the dermis as a preventive mea-
sure against virulent smallpox disease, thus laying the
foundation for the field of immunization science.

Poxviruses have held the long-standing attention of the
scientific community for a multitude of reasons. The
family of poxviruses is genetically diverse and its mem-
bers are capable of causing infections in a wide array of
vertebrate and invertebrate taxa. There are 11 genera of
viruses in the family Poxviridae, but only eight (subfamily
Chordopoxvirinae) contain viruses capable of replication
in vertebrate hosts (Figure 1). Among these, the genus
Orthopoxvirus, which includes Variola virus, Cowpox virus,

Monkeypox virus, and Vaccinia virus, holds the greatest
importance to human health (Table 1). Variola virus, the
causative agent of smallpox, is alone among the
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orthopoxviruses as a pathogen solely of humans. The
remaining are zoonotic, which is to say transmissible
from vertebrate animals to humans, and in some cases,
the reverse.

The distinctive features of poxviruses include their
size, shape, nucleic acid composition, and method of
cellular invasion and replication. Poxvirus virions are
large (approximately 350� 270 nm for Vaccinia virus),
complex, and either ovoid or bricklike in shape as viewed
by scanning or transmission electron microscopy. Their
genomes – which at approximately 100–300 kilobase pair
are large relative to most other viruses – consist of non-
segmented double-stranded DNA molecules, a single lin-
ear molecule per virion. In addition, and unlike most
other DNA viruses, poxviruses replicate in the cytoplasm
of host cells. These latter features render poxviruses
attractive as tools for recombinant gene expression in
mammalian cells and for heterologous antigen delivery
(i.e., vaccine development for non-poxvirus-associated
infections such as HIV and malaria).

Orthopoxviruses also produce a characteristic patho-
physiologic response upon infection of most animal spe-
cies. The predominant feature of orthopoxvirus infections
is the development of a characteristic disseminated vesic-
ular-pustular rash (commonly associated with systemic
disease) or focal lesion(s) at the site of virus introduction
to the dermis (Figure 2). In humans, poxvirus infections
are generally accompanied or preceded by pronounced
fever, and in some cases, infections can result in the
development of painful lesions on the nasal, oral, and
respiratory mucosa, or can lead to ocular damage through
irreversible scarring of the cornea. Variola virus, Monkeypox

virus, Cowpox virus, and Vaccinia virus, the orthopoxviruses
with most relevance to human health, are covered in
greater detail in the sections that follow.
Smallpox

Clinical and Epidemiologic Features

Smallpox is considered one of the great epidemic disease
scourges of human history. Frequently lethal, highly
transmissible, and capable of leaving survivors with life-
long disfigurement, smallpox was greatly feared and its
arrival in communities was cause for considerable alarm.
Several distinct clinical forms of smallpox were recog-
nized prior to eradication of the disease. These ranged in
severity from relatively mild (‘modified-type,’ seen in
previously vaccinated individuals) to very severe with
high likelihood of fatal outcome (‘flat-type’ and ‘hemor-
rhagic-type,’ seen in those with predisposing immuno-
compromising conditions). The majority of infections
resulted in a characteristic presentation referred to as
‘ordinary-type’ smallpox – it is this form that is generally
thought of today in association with the disease.

‘Ordinary-type’ smallpox was characterized by a rapid
onset of symptoms including fever, malaise, headache, and
backache (‘prodrome’ phase) followed after 2 to 4 days by
the appearance of a distinctive rash. The rash evolved
slowly over the course of 2 to 3weeks, typically beginning
with macular lesions on the mucosal surfaces of the mouth
and pharynx, appearing next on the face, forearms, and
lower extremities, and finally the trunk (centrifugal dis-
tribution). The evolution of rash assumed a characteristic
progression beginning with macules (spots) followed by
papules (raised bumps), then vesicles (blisters), pustules
(firm, pearlescent, lesions, deep-seated in the skin), and
finally crusts (leathery scabs). In contrast to chickenpox,
the disease most confused with smallpox at the earliest
stages (caused by varicella zoster virus infection), small-
pox lesions commonly occurred on the palms and soles
and could be found at the same stage of evolution on



Table 1 Orthopoxviruses capable of causing disease in humans

Virus Disease Category of disease Natural host Sources for human infection
Geographic
distribution

Variola virus Smallpox Human diseasea Humans Humans (respiratory

droplets); rarely,

environmental

contamination (scabs,
lesion secretions)

Worldwide prior to

eradication

Monkeypox

virus

Monkeypox Zoonosis Unknown; broad

host range

Humans (respiratory

droplets); infected animals

(lesion secretions,
excretions, bites,

scratches)

West and central Africa

Cowpox
virus

Cowpox Zoonosis Small rodents;
broad host

range

Infected cats and rodents
(lesion secretions); rarely

infected cows

Britain, Europe,
Eurasia

Vaccinia

virus

Vacciniab

buffalopox

Zoonosis and

anthropozoonosis

Unknown; natural

infections in
rodents, dairy

cows, buffalo

Smallpox vaccine, infected

dairy cattle and buffalo
(lesion secretions)

Brazil, Indian

sub-continent,
countries

administering

smallpox

vaccinations

aThere is no known non-human animal host for the virus that causes smallpox.
bInoculation with live vaccinia virus is used to prevent smallpox; naturally occurring infections with Vaccinia virus occur in Brazil.

Figure 2 A. Child with smallpox, caused by infection with Variola virus. (Dr. Stan Foster, 1975) B. Human infection with Monkeypox
virus in 4 year-old female in Liberia. (CDC 1971) C. Vaccinia-like virus infection in a dairy worker in Brazil (Dr. Giliane Trindade, 2005,

Laboratorio de Virus, ICB, UFMG, Brazil) D. Cowpox lesions with ulcerated nodules on upper lip and left lower eyelid. (reproduced from:

Wolfs TFW, Wagenaar JA, Neisters HGM, Osterhaus ADME. Rat-to-human transmission of cowpox infection. Emerg Infect Dis 2002

Dec. 8. Available from: URL: http://www.cdc.gov/ncidod/EID/vol8no12/02-0089.htm)
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affected parts of the body. Transmission of Variola virus

between humans occurred principally through respira-
tory droplets, which were observed to be highly concen-
trated with virus, especially during early rash development
when mucosal surfaces of the mouth and pharynx become
colonized. Smallpox scabs were also demonstrated to
harbor small amounts of infectious virus, and patients
were considered competent to transmit infection until
all scabs had disengaged. There are currently no drug
therapies for treatment of smallpox that do not harbor an
associated risk of toxicity. One compound that has shown
pronounced in vitro activity against orthopoxviruses,

http://www.who.int/whosis/whostat2007_10highlights.pdf
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however, is cidofovir (VISTIDE; a nucleotide analogue of
cytosine). Because of the severity of illness and potential
lasting complications of smallpox (namely, scarring), cido-
fovir has been proposed as an investigational therapy for
treatment in emergency situations despite the fact that
its use at therapeutic doses has been associated with sig-
nificant nephrotoxicity. This is an active area of ongoing
research.

Fatality rates associated with ‘ordinary-type’ smallpox
ranged from 10 to 62%, depending on various factors
including virus genotype, availability of supportive health
care, vaccination status, and so on. Other clinical types of
smallpox were associated with predictably worse out-
comes; ‘flat-type’ and ‘hemorrhagic-type’ smallpox, both
of which were rare, were characteristically associated with
rapid progression of an atypical rash, and subsequent
death likely from sepsis syndrome or shock. These man-
ifestations were nearly always fatal. Certain genotypes of
Variola virus were historically associated with less severe
clinical presentations, and concomitant decreased fatality
rates. These strains are often referred to as variola minor –
in contrast to variola major, reserved to describe strains
associated with virulent smallpox. However, the historical
descriptions that led to these characterizations were
derived from globally dispersed epidemics, making it
difficult to sort out precisely which epidemics of ‘variola
minor’ were due to circulation of presumably less virulent
strains, and which relatively mild epidemics might have
been due to other mitigating factors such as the nutri-
tional or immunologic status of the affected population.
A virologically distinctive ‘variola minor,’ known as Alas-
trim minor, was characterized in Brazil. This genotype
was associated with case-fatality rates of less than 1%.

Regardless of strain, Variola virus is capable of efficient
human-to-human transmission. Secondary attack rates of
Figure 3 A child receiving a smallpox vaccination in Mali, West Afr

intensified eradication campaign (CDC, Stafford Smith 1968).
36 to 88% and 2 to 47% for unvaccinated and smallpox-
vaccinated persons, respectively, led in some parts of the
world to sustained endemic presence of disease, as was
experienced in Asia Minor, whereas in other parts of
the world, smallpox appeared and disappeared, often
sweeping through communities as unbridled and cata-
strophic outbreaks, as happened when fully virulent Vari-
ola virus from Europe was introduced to the NewWorld in
the fifteenth century.
Eradication

The history of smallpox and its impact on human society
are not discussed here in detail. It is important, however,
to emphasize the influence that the endeavor of small-
pox eradication has had on public health practice, part-
icularly in the areas of surveillance and cluster survey
methodologies.

The first successful proposal for eradication was put
before the World Health Assembly in 1958 by a delegate
from the (former) Soviet Union. The proposal received
near universal endorsement, but the extensive funds
needed to support the personnel needs and logistical
demands of mass vaccination, particularly in the underde-
veloped countries where smallpox was endemic, were not
dedicated in the regular budget of the World Health
Assembly until 1966. The intensified campaign to eradicate
smallpox began in January of the following year (Figure 3).

Though the inception of the intensified campaign had
been delayed until difficult issues surrounding program
costs, donor support, and vaccine sourcing could be
resolved, the interval between program approval and
launch of the intensified campaign was not wasted. Several
major steps toward eradication were achieved during this
time. Techniques for mass production of freeze-dried
ica (CDC 1967), and posters created to support the
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vaccine were standardized, resulting in increased availabil-
ity of high-quality vaccine; the jet injector was adopted for
use in mass vaccination campaigns, in the hopes of increas-
ing the efficiency of large-scale vaccine administration (the
jet injector was, however, ultimately rejected in favor of the
bifurcated needle); and, in several countries, including
India, ambitious, but fundamentally under-resourced, pop-
ulation-wide vaccination campaigns were instituted.

In India, where smallpox was considered endemic, an
initial program target of 80% vaccination coverage across
the population was recommended in order to interrupt
smallpox transmission. But in 1964 this target was revised
upward to 100% by the World Health Assembly’s expert
committee on smallpox, based on observations of con-
tinuing transmission in regions of India that had purport-
edly achieved the target goal of 80%. Whether the failure
to halt transmission in seemingly highly vaccinated popu-
lations was truly a function of insufficient coverage, or
whether there might be a more proximal explanation (for
example, having to do with varying degrees of efficiency
of locally implemented vaccination programs), was the
subject of active debate. Indeed, close analysis of vaccina-
tion records in India revealed a collection of failed vacci-
nations, multiple vaccinations administered to individual
persons, and some apparent misrepresentations, indicat-
ing that 80% coverage had not, in fact, been achieved in
many regions. This observation underscored what many
believed to be the almost insurmountable difficulties
faced by health authorities seeking to accomplish compre-
hensive vaccination programs without adequate supervi-
sion and resources. It also supported doubts held by many
decision makers that mass vaccination alone was going to
be a feasible strategy to effect smallpox eradication – thus
opening the door to consideration of alternative strategies.

One such strategy, often dubbed ‘containment and
control,’ became a critical component of eradication suc-
cess. As part of the Intensified Program (begun in 1967),
the Director General of the World Health Assembly
advocated systematic enhancements to surveillance, case
investigations, and active disease containment approaches
(principally vaccination), as a means to curtail ongoing
foci of transmission. This approach was originally spear-
headed by Alexander Langmuir of the United States
Centers for Disease Control, along with colleagues, and
had been successfully employed to combat other infec-
tious disease threats in the United States, and in North
Africa. In many respects this concept was historically
grounded in nineteenth-century smallpox control efforts
in Leicester, England, where mass vaccination programs
for smallpox had met with stiff resistance from commu-
nity leaders. Against such a backdrop, active case identifi-
cation and quarantine of persons exposed to smallpox
became the mainstays of disease control.

Several further innovations to public health practice
were developed and instituted during the intensified
campaign for smallpox eradication. Some were developed
principally because of need and later became standard
features of epidemiologic science and public health prac-
tice. As an example, the need to efficiently monitor virus
transmission potential (i.e., vaccination coverage) within
communities of different sizes and compositions led to the
development of rapid, standardized survey methodolo-
gies. Henderson and colleagues adapted a streamlined
method for attribute sampling, outlined in 1965 by Ser-
fling and Sherman, to facilitate rapid community-based
smallpox vaccine coverage surveys in West Africa. This
adapted method then served as a precursor to many of the
systematic cluster sampling methodologies that are now
common practice, such as the familiar EPI (Expanded
Program of Immunization) survey.
Smallpox Post-Eradication

In May 1980, 31 months after the last naturally occurring
case of smallpox was reported in Somalia in 1977, eradi-
cation was formally declared by the World Health Assem-
bly. Although the disease no longer exists, stocks of Variola
virus are still held in two locations sanctioned by the
World Health Organization (WHO) and international
member states – the Centers for Disease Control and
Prevention in the United States, and the Russian State
Research Center for Virology and Biotechnology in
Siberia. The WHO actively monitors research activities
involving Variola virus at both secured locations; no other
institutions are known to be in possession of the virus.
Some concern has been registered regarding the potential
existence of additional unsecured stocks of the virus –
although such stocks have never been documented. It is,
however, conceivable that Variola virus could be used as an
agent for bioterrorism given the absence of contemporary
smallpox prevention programs and declining rates of pop-
ulation-level vaccine-derived immunity to the virus.

Because an intentional release of Variola virus could
lead to widespread disease and massive civil disturbance,
early detection of potential cases of smallpox is recog-
nized as vital. Early detection can be facilitated through
enhanced surveillance and reliable application of clinical
and laboratory diagnostic algorithms (Figure 4). Few
physicians and health-care providers practicing today
have had significant, practical experience in recognizing
and diagnosing smallpox. Clinical algorithms for smallpox
diagnosis are generally based on the distinctive features
of ordinary-type disease, which, as described earlier,
include a febrile prodrome, a slowly evolving vesicular
pustular rash, and multiple of what are considered to be
major (e.g., prodromal symptoms including fever, well
circumscribed deep-seated lesions, lesions in the same
state of development on any one part of the body) and
minor (e.g., lesions on the palms and soles, ‘toxic’ appear-
ance, lesions initially on oral mucosa) clinical symptoms.



Figure 4 This poster depicts a diagnostic algorithm to assist physicians in discriminating between smallpox and chickenpox (varicella), based on observed clinical criteria. (from: CDC,

http://www.bt.cdc.gov/agent/smallpox/diagnosis/evalposter.asp).

S
m
a
llp

o
x

3
1

http://www.who.int/whosis/whostat2007_10highlights.pdf


32 Smallpox
The obvious drawback to this approach is that, while it
may achieve a high degree of specificity for normal man-
ifestations of Variola virus infection, it may be insensitive
with respect to detection of the more rare manifestations
of infection (flat-type or hemorrhagic). This trade-off
presupposes both that clinical and epidemiologic patterns
of smallpox ensuing from a deliberate release will mirror
what was observed during past naturally occurring epi-
demics, and that early identification of the presumed
normal and predominant manifestation of illness will be
sufficient to trigger a rapid and appropriate response.

The inclusion of clinical and epidemiologic criteria in
using decision algorithms to specify situations in which
laboratory testing for Variola virus should proceed is also
vital, in order to avoid adverse outcomes stemming from
unnecessary testing. For example, a patient with vesicu-
lar-pustular rash confined to the trunk, who did not expe-
rience a febrile prodrome, and who has had recent contact
with a child with chickenpox, would not be a good candi-
date to undergo laboratory testing to rule out smallpox.
Testing clinical specimens from patients with a low index
of suspicion for smallpox would have the effect of
decreasing the overall positive predictive value (PPV) of
Variola virus diagnostic assays, thus increasing the risk
of a false-positive result and consequent unnecessary
use of public health resources. The range of laboratory
tests currently available for Variola virus diagnostics
broadly encompasses nucleic acid- and protein-based
assays, immunologic tests, and particle imaging. Testing
can be requested through the WHO; multiple nations
have developed testing capacity through their respective
national public health laboratories. It is possible in many
laboratories to definitively identify Variola virus DNA in a
clinical specimen within several hours of specimen arrival
in the laboratory.

Mobilization of significant public health resources
would be anticipated following detection of a genuine
smallpox-associated event. Active surveillance for cases,
contact identification and monitoring, patient isolation,
enhanced infection control, and quarantine procedures
would likely all have to be enacted in a relatively short
period of time. In addition, any event triggering concern
for the spread of smallpox would necessitate institution of
policies and procedures for vaccination, and release of
vaccine from national stockpiles. Regardless of whether
the decision will be made to pursue mass vaccination or
contain-and-control strategies (this will depend on the
nature of the triggering event), monitoring of vaccination
success (‘take’) and adverse event rates will be required.
Screening of potential vaccinees for contraindications
to vaccination, such as atopic dermatitis and immune-
compromising conditions, can significantly reduce the
rate of adverse events following vaccination. Admini-
stration of vaccinia immune globulin (VIG) has been
demonstrated to be effective in treating many serious
complications arising from smallpox vaccination, includ-
ing eczema vaccinatum, progressive vaccinia, severe
generalized vaccinia, and possibly ocular vaccinia. But
difficult choices may have to be made when individuals
with known high-risk exposure to smallpox are found to
have a contraindication to vaccination (see Vaccinia virus

section below), or they refuse to be vaccinated. In these
instances the potential risks associated with vaccination,
and the shortcomings of compulsory quarantine, will have
to be carefully weighed against the probability that the
individual’s exposure will have resulted in a new infec-
tion. ‘Next generation’ vaccines with enhanced safety
profiles are currently in clinical trials in the United States.

Epidemiologic modeling based on imagined smallpox
release scenarios has, in recent years, served to assist the
public health community in attempting to weigh the
results and consequences of varied response strategies
involving vaccination and quarantine. Simulation models
of smallpox epidemics have, in general, reinforced the
idea that a rapid, well-coordinated public health response
will be required to halt an outbreak. But particular recom-
mendations emerging from modeling efforts have tended
to vary in line with the modeling approach (e.g., stochas-
tic, socio-spatial, deterministic), and the assumptions
and uncertainties inherent in each. No single advocated
approach to epidemic control has emerged from epidemi-
ologic modeling studies, but a wealth of hypothetical
strategic decisions and outcomes have been catalogued,
which may ultimately be useful if a smallpox event
unfolds.
Monkeypox

In 1958 in Copenhagen, Denmark, two successive out-
breaks of a smallpox-like illness in captive primates led
to the identification of a novel orthopoxvirus, dubbed
Monkeypox virus. The name monkeypox is, however, most
likely a misnomer. Although the natural reservoir of
Monkeypox virus has not been definitively identified,
decades of observation and research point to the idea
that the animal reservoir of this virus is probably a rodent
and primates are merely incidental hosts. But, without
the benefit of this acquired knowledge, Monkeypox virus

was thought to be a naturally occurring virus of non-
human primates in the years directly following its initial
description. The discovery of asymptomatic viral infec-
tions in cynomologous monkeys (suggestive of virus
tolerance) and the repeated occurrence of monkeypox
outbreaks at primate facilities in the Netherlands and
the United States reinforced this view.

The era during which monkeypox was discovered
marked a period of increased use of primates for labora-
tory investigation. Many of the animals involved in the
monkeypox outbreaks had been brought to Europe and
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the United States for purposes of polio vaccine develop-
ment, having been captured in the wild in heavily forested
areas of West Africa and subsequently processed through
export facilities in South-East Asia. Because of this indirect
route of transfer which involved intermediate hold-
ing facilities, a correct determination of the origin of the
virus(es) as African was not made for several years. And it
was not until 1964, when a large outbreak occurred at
the Rotterdam Zoo, that it became apparent that the Mon-

keypox virus was capable of causing disease in animals other
than primates. (The ability of Monkeypox virus to cause
disease in a broad array of mammalian taxa has been subse-
quently confirmed; see the paragraphs on the outbreak in
the United States later in this section.) No humans were
reported to have become infected due to contact with ill or
asymptomatic primates during this time.

Human infections with Monkeypox virus were not
observed until 1970, during the intensification of the
smallpox eradication campaigns. Heightened surveillance
for smallpox-like illnesses in areas declared free of small-
pox led to the first identification of human monkeypox
disease in northern Democratic Republic of the Congo
(DRC, former Zaire); additional cases were subsequently
identified in Liberia and Sierra Leone. The initial case in
DRC occurred in a 9-month-old child who had a clinical
illness consistent with smallpox. There had not been a
significant outbreak of smallpox in the region for 2 years
and the virus isolated from this patient had biologic char-
acteristics consistent with Monkeypox virus – the virus
isolated decades previously from captive primates – rather
than Variola virus. Other cases continued to be observed,
mainly, though not exclusively, in children living in West
and Central Africa who had not been vaccinated for small-
pox. Studies conducted at the time indicated that smallpox
vaccination could provide up to 85% protection against
Monkeypox virus infection.

The clinical description of human monkeypox, derived
from examination of patients from DRC, suggested an
illness highly similar to ordinary-type or modified small-
pox, albeit with a potentially lower case-fatality propor-
tion (though overall case-fatality proportions reported for
the two diseases at this time period in DRC were largely
comparable at 9.6% and 9.0% for smallpox and monkey-
pox, respectively). Without the benefit of laboratory test-
ing, monkeypox and ordinary smallpox are considered
clinically indistinguishable. Both are known to be asso-
ciated with a febrile prodrome, a centrifugal rash distri-
bution (including palms and soles), and characteristic
deep-seated pustular lesions. When investigators per-
formed a thorough accounting of symptoms present dur-
ing illness, however, a feature unique to monkeypox
became apparent – the presence of pronounced lymph-
adenopathy, which has been observed to occur early dur-
ing infection in 70 to 80% of non-smallpox-vaccinated
persons infected with Monkeypox virus.
Investigators observed another, less pronounced, dif-
ference between smallpox and monkeypox, which was the
apparent lack of efficiency with which Monkeypox virus

passed from one person to another, relative to Variola virus.
Secondary attack rates for monkeypox among non-
smallpox-vaccinated household contacts were observed
in DRC to be on the order of 10%, whereas, for smallpox,
secondary attack rates of 25 to 40% were common within
the same population. Epidemiologic modeling studies
performed in the 1980s suggested that, given the low
inter-human transmission potential, Monkeypox virus was
unlikely to be a self-sustaining pathogen in human com-
munities, especially against the backdrop of a highly
smallpox-vaccinated population. Instead, a pattern of
sporadic disease incidence and abbreviated outbreaks
(rather than sustained epidemics) was predicted, with
each instance touched off by virus introduced from a
primary zoonotic (sylvan) source.

And, indeed, this seems largely to have been the case
during the two decades following the discovery of mon-
keypox as a human illness; sporadic cases and outbreaks
were reported infrequently, and all occurred within the
confines of areas predicted to be endemic for the virus
(Figure 5). However, since the mid-1990s, sizable out-
breaks of monkeypox have been recorded in DRC, (more
than 500 cases reported in total) and in the past 6 years,
human infections have been newly reported in three
countries that had never before reported cases: the
Republic of the Congo, situated within the predicted
endemic range of the virus; and Sudan and the United
States, both outside the predicted endemic area.

Evidence of Monkeypox virus circulation in sylvan ani-
mals has also emerged from Ghana, a country that has had
no reports of human disease. This evidence originated as a
consequence of the outbreak of human monkeypox in the
United States. Monkeypox virus entered the United States
in 2003 in a consignment of exotic animals (mainly
rodents) intended for sale as pets. The virus was transmit-
ted from African rodents in the consignment to a num-
ber of susceptible non-African species with which they
were co-housed; chief among these were prairie dogs.
Forty-seven confirmed and probable human Monkeypox

virus infections were documented during the outbreak,
each stemming from direct or indirect contact with
Monkeypox-virus-infected prairie dogs. The public health
investigation ensuing from the U.S. outbreak led to iden-
tification of Ghana as the country of origin of a consign-
ment of monkeypox-infected rodents imported to the
United States.

Attributing an epidemiologic basis for the observation
of monkeypox in Sudan is more difficult, as the cases may
have arisen either from virus importation from neighbor-
ing DRC or as a consequence of ecologic range expansion
of the virus into neighboring territory. However, if we
assume that the natural endemic range of the virus is



Figure 5 This map depicts the predicted distribution of human monkeypox based on ecological niche modeling. Darker shades
indicate areas with greater probability of being suitability for monkeypox. Green dots show points of known human monkeypox

occurrence from 1970–2003. (reproduced from: Levine RS, et al. (2007) Ecological Niche and Geographic Distribution of Human

Monkeypox in Africa. PLoS ONE 2(1): e176. doi:10.1371/journal.pone.0000176).
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constrained by the ecologic requirements of the animal
host, range expansion for this virus is not apt to increase
without a concomitant expansion of the ecology suitable
for its sylvan host. Alternatively, the geographic bound-
aries of monkeypox could increase through increasing
efficiency of inter-human spread – for example, longer
chains of uninterrupted person-to-person transmission,
combined with travel. Given the discontinuation of small-
pox vaccination, the likelihood of this latter outcome is
inevitably increased, due principally to increasing densities
of susceptible human hosts. Nosocomial spread of mon-
keypox in hospitals has also been observed in Africa, raising
the specter of iatrogenic disease amplification, highlight-
ing the need for enhanced infection control practices
reminiscent of those used during the smallpox era.

Substained efforts will be needed to fully comprehend
the impact of smallpox eradication and the discontin-
uation of vaccination programs on the emergence of
Monkeypox virus including the inception of active surveil-
lance programs, ready access to laboratory diagnostics
in endemic areas, and increased understanding of the
principal risk factors for primary zoonotic and person-
to-person transmission of the virus. The U.S. outbreak
revealed that several taxa of African rodent are capable
of propagating Monkeypox virus and spreading it to other
animals (e.g., giant Gambian rats, African dormice, rope
squirrels). These, as well as primates and possibly other
species, could be sources for primary introduction of
Monkeypox virus to humans. Preventing such introductions
into human communities and controlling any opportu-
nities for person-to-person spread (including nosocomial)
will be important, immediate, public health goals to
prevent the emergence of this virus as a significant
pathogen of humans.
Cowpox

Cowpox is another zoonotic disease resulting from infec-
tion with a rodent-associated orthopoxvirus. However, the
virological characteristics of Cowpox virus(es), their geo-
graphic range, and the nature of the illness they cause in
humans are very distinct from those of Monkeypox virus.

Recognition of human and animal cowpox predates
Edward Jenner’s smallpox inoculation experiments, and
though his writings name ‘‘cowpox virus’’ as the agent
used to prevent smallpox, it has been hypothesized that
a now extinct (or exceedingly rare) orthopoxvirus of
horses resembling Vaccinia virus may have been the virus
used in his experiments.

The application of modern genetic analyses –
particularly genome-level analyses – to the study of



Figure 6 Cowpox virus infection in a domestic cat. (reproduced
from: Foster AP (2004) Feline Medicine and Therapeutics 3rd ed

In: Chandler FA, Gaskill CJ, Gaskill RM (eds.) The skin. Blackwell

Publishing, Oxford, pp. 73–123.
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Cowpox virus phylogeny has revealed that, rather than
consisting of a single unified lineage, cowpox viruses
actually represent a broad array of genetically distinct
entities. These viruses have been found throughout the
United Kingdom (excluding Ireland), Europe, and west-
ern Eurasia, and have been traditionally grouped together
as a single species because of similar biological properties
(e.g., particle morphology by electron microscopy, pock
growth characteristics on chorioallantoic [egg] mem-
brane, formation of cytoplasmic inclusions in host cells),
epidemiologic features, and geographic range.

Though not yet definitively identified for every cow-
pox virus variant, the natural reservoir hosts for cowpox
in Britain and Eurasia have been identified as bank voles
and wood mice, and great gerbils, respectively. The ecol-
ogy of Cowpox virus in Britain has been extensively studied
by Bennett and colleagues, who have demonstrated that
while wood mice may perpetuate local virus transmission
cycles, this species cannot do so indefinitely without the
presence of bank voles – which are more competent virus
hosts. They further theorize that the absence of bank voles
from Ireland provides an explanation for why cowpox
virus is not found on the island. Rodent association
accounts for two notable facets of cowpox disease epide-
miology in Britain. The first is the marked seasonality of
human cases in Britain, which occur mainly during the
months from July to October when sylvan rodents are
expected to be most active and in greatest number, and
second is the frequent infection of domestic cats. Cats are
efficient predators of small rodents and they have proven
to be susceptible to severe (though rarely fatal) cowpox-
associated illness, characterized for dermal eruptions and
sometimes pneumonia (Figure 6). Domestic cats have
also been implicated as transmission hosts to humans,
typically their owners but also veterinary workers (infre-
quently). Other companion animals (e.g., dogs, pet rats)
have occasionally been suspected of transmitting the virus
to humans, and numerous exotic animal species in zoos
(including elephants and cheetahs) have been affected
during sporadic outbreaks at zoologic parks, but zoo-
keepers have not yet been reported to have developed
illness as a consequence. Cowpox virus infection in bovids is
now quite rare.

Human infections with Cowpox virus remain localized
to the skin in otherwise healthy people. Infections gener-
ally manifest as large (0.5–2 cm in diameter), painful,
ulcerative skin lesions, on the hands or sometimes the
face. The virus enters through an existing or concurrent
break in the skin and the lesion evolves slowly over the
course of several weeks, terminating in a characteristic
eschar. Dermal scarring is common, and corneal deficits
may persist for months following ocular infections. Typi-
cally, persons who are infected with cowpox virus experi-
ence systemic symptoms at the time the lesion becomes
apparent; these include fever, malaise, headache, and
sometimes vomiting.

Because human cowpox infections are lesion-
producing and usually affect persons living in rural set-
tings where cats, cattle, and sheep are all common, other
zoonotic infections are often considered in the diagnosis,
for example, anthrax and parapoxvirus infections. Herpes
virus infection may also be considered if patients are
evaluated early during illness when the lesion character-
istics associated with the two agents are similar. Definitive
determination of human Cowpox virus infections therefore
relies on laboratory diagnostic testing. Virus culture,
electron microscopy, PCR, and immunohistochemical
analysis of clinically derived specimens are all useful
diagnostic techniques for assessing suspected Cowpox

virus infections.
The risk factor profile for severe outcomes from Cow-

pox virus infection is similar to that for Vaccinia virus (i.e.,
contraindications for smallpox vaccination). Atopic der-
matitis (eczema), immune compromise, and extended use
of topical or systemic steroids are risk factors for serious
outcomes including disseminated Cowpox virus infection,
which in rare cases may result in death. Person-to-person
transmission of Cowpox virus has not been documented,
even in the context of disseminated infection.

It remains unclear whether there is any protective
effect of smallpox vaccination against Cowpox virus
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infection, but this effect, if it exists, would likely be
nominal at best. The public health focus surrounding
Cowpox virus infections remains to increase awareness
among rural health-care providers and veterinarians, as
well as to promote appropriate diagnostic testing and case
reporting. The development of effective drug therapies
would support these endeavors by encouraging health-
care-seeking behaviors in persons who think they might
be infected.
Vaccinia-like Viruses and Buffalopox

As described earlier, Vaccinia virus forms the basis of current
and past smallpox vaccines. Smallpox vaccine (live Vaccinia
virus) is administered by scarification (scratching) into the
superficial epidermis using specialized bifurcated needles.
Lyophilized virus is stable, dried, and can be reconstituted
for use on demand – for example, in an emergency situa-
tion, or for routine vaccination of first-responders or labo-
ratory workers whomanipulate live orthopoxviruses during
the course of their work. Typically, inoculation results in
the development of a single lesion at the site of vaccine
introduction, which evolves over the course of several
weeks. Vaccinees are considered competent to transmit
the virus until their vaccination scab has separated.

Although several new candidate smallpox vaccines are
under development, the various vaccine formulations cur-
rently stockpiled or in (limited) use across the globe are
based on non-attenuated Vaccinia virus and are associated
with similar risk profiles for adverse events. Persons with
active or dormant atopic dermatitis are actively discour-
aged from receiving smallpox vaccine due to risk of a
severe life-threatening complication, eczema vaccinatum.
Ocular infections from inadvertent auto-inoculation of
the virus (vaccinia keratitis), generalized vaccinia, myo-
pericarditis, progressive vaccinia, post-vaccinal encepha-
litis, fetal vaccinia, and secondary transmission to social
contacts are all potential adverse events associated with
smallpox vaccine. During the era of eradication, the rate
of severe adverse events in the United States was esti-
mated at 142–523/100 000 vaccinees, far higher than that
associated with any contemporary vaccine currently in
widespread use. For this reason, modern-day vaccination
programs have faced significant challenges in situations
where public perception of the risk of smallpox-related
bioterrorism is small. However, complications of vaccina-
tions can be avoided by careful screening of potential
vaccinees for contraindications to vaccination and by
educating vaccinees about how to prevent transmission
to social contacts and family members.

Though it has been propagated and maintained by
humans for over two centuries, the biologic origins of
Vaccinia virus are obscure; its natural host is unknown,
and at various times has been speculated to be horses,
rodents, or bovid species. As with cowpox and monkeypox
viruses, Vaccinia virus is capable of infecting a broad range
of mammalian taxa, including humans. But vaccinia is
unique as an agent of anthropozoonosis (disease com-
monly transmissible from man to animal). During the
era of smallpox, transmission of Vaccinia virus from
recently vaccinated dairy workers to cows – and subse-
quently from cows to other milkers – occurred seemingly
wherever there was dairy production. These outbreaks
were at times substantial, affecting hundreds of animals
and scores of dairy workers, with considerable negative
impact on production. Vaccinia virus infection in cows
typically manifested itself as ulcerating mastitis with con-
spicuous weeping lesions on the teat. In the absence of
appropriate hygienic precautions, virus was easily spread
via the process of milking (in non-mechanized dairies),
spreading throughout the herd and workforce in repeated
cycles of human-to-animal-to-human, or sometimes
direct animal-to-animal, transmission.

The cessation of routine smallpox vaccinations and
the advent of mechanized dairy production led to precip-
itous declines in anthropozoonotic outbreaks of vaccinia.
However, two probable foci of Vaccinia virus transmis-
sion persist in southern Brazil and the Indian subconti-
nent. The epidemiologic features of the outbreaks differ
between the two areas, but outbreaks in both regions have
been attributed to orthopoxviruses genetically and are
virologically undistinguishable from Vaccinia virus.

In Brazil, genetically diverse vaccinia viruses have
been isolated from humans, cows, and rodents in affected
areas. Outbreaks occur seasonally ( June–September) on
small, traditional (non-mechanized) dairy farms, and
rodents are hypothesized to serve as interim reservoirs,
although this has not been definitively demonstrated.
Considerable human and animal morbidity is associated
with seasonal illness and medical and veterinary public
health efforts are currently underway to educate at-risk
populations about how to prevent transmission (through
enhanced hygienic practices) or mitigate the effects of
virus introduction on small family farms.

The vaccinia-associated disease that occurs on the
Indian subcontinent is knowas buffalopox andwas reported
most recently in Pakistan in 2005. Reports of buffalopox
emerged as early as 1934 from India, with subsequent
descriptions of disease from Italy, Indonesia, Pakistan,
Egypt, and the former Soviet Union. These outbreaks
involved water buffalo or dairy cows and were described
either as zoonotic (virus transmission occurred from
animals to humans) or veterinary (restricted to animals).
Little is known about the current epidemiologic pattern or
geographic distribution of buffalopox, but the recent human
infections reported from Pakistan occurred among hospi-
talized patients, suggesting a novel transmission pattern.

Additional research is needed to determine whether
these foci in Brazil and India represent ongoing
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circulation of vaccine strain viruses (in the absence of
additional spillover from human society) or natural circu-
lation of vaccine progenitor strains. Given their broad host
range, potential for long-term persistence in varied ecolo-
gies, and medical and veterinary significance, Vaccinia

viruses remain a public health concern, and steps should
be taken to better understand their continued circulation in
nature as well as to develop means to mitigate negative
impacts of infection.
Concluding Remarks

Eradication of smallpox was a crowning achievement of
public health during the latter half of the twentieth cen-
tury. This success rested on a foundation of scientific
ingenuity, dedicated effort, and purposeful international
cooperation. Because there was no animal reservoir or
other persistent environmental source for Variola virus,
extirpation of smallpox could be achieved by interruption
of virus transmission among humans. Other orthopox-
viruses that cause human illness –Monkeypox virus, Cowpox

virus, and Vaccinia virus – are transmissible from animals
to humans. It is conceivable that one or more of these
viruses may be able to exploit the ecologic (immunologic)
niche left vacant by eradication of Variola virus and cessa-
tion of smallpox vaccination. The capacity for these
agents to emerge as increasingly significant pathogens of
humans remains an ongoing public health concern.
See also: Infectious Disease Modeling; Re-emerging

Diseases: Overview; Social Dimensions of Infectious

Diseases; Vaccines, Historical.
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Introduction

Smoking is a global epidemic. Approximately half of all
smokers will die of a smoking-related disease and 50% of
these will die in middle age losing, on average, 22 years of
life. If people stop smoking before the onset of smoking-
related illnesses they can regain a number of years lost to
smoking, but stopping smoking at any time can result in
health gains, reduced chance of premature death, and a
reduction in the severity of disability caused by smoking.
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Furthermore, smoking cessation is one of the most cost-
effective interventions available to health-care systems
(Godfr ey et al ., 2005 ).

Most smokers want to quit and many try each year.
However, most will attempt to quit on their own, and
although overall many succeed, unaided quitting is asso-
ciated with the lowest chance of long-term success. Not
every smoker will require help in stopping, but all should
be encouraged to quit and at least offered evidence-based
treatments.
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There is a plethora of smoking cessation treatments
available to smokers, yet not all of these are efficacious.
New effective treatments are being developed all the
time. This means that it will become increasingly chal-
lenging for the health-care professional to stay up to
date with what works best for whom. This article consid-
ers the various challenges facing the smoking cessation
practitioner.
Harm from Tobacco Use

Smoking is one of the major public health issues of all
time. By 2020 tobacco smoking will have killed more
people than the number that died during the First and
Second World Wars added together, and will kill more
people than HIV/AIDS, other chemical dependencies,
and road traffic accidents added together. In addition to
the harm to public health, tobacco growing exacts huge
social and environmental costs around the world. For
example, vast tracts of forest have been destroyed to
make way for tobacco plantations and farmers have been
lured away from growing food, which in turn contributes
to worldwide poverty. Tobacco users themselves spend a
significant amount of their income on tobacco, sometimes
prioritizing its purchase over more important needs, such
as food and clothing for children.

Tobacco is manufactured, produced, and used in sev-
eral forms. Smoking cigarettes is the principal method of
tobacco use worldwide. Loose dried tobacco is also
smoked as roll-your-own cigarettes and in pipes. Cigars
make up a small proportion of tobacco products smoked.
Tobacco is also produced in loose form for chewing and it
is powdered for sniffing (e.g., snuff) and packed into small
pouches for use in the mouth (e.g., Swedish snus). Not all
tobacco types carry the same degree of risk, but it is
inhaled smoke that is responsible for the majority of
deaths, disease, and disability associated with tobacco
use. For example, smoking directly increases the risk
of cardiovascular disease (CVD), a number of cancers
(including cancer of the lung, esophagus, and cervix),
chronic obstructive pulmonary disease (COPD), and
age-related macular degeneration. Smoking while preg-
nant increases the risk of miscarriage, placental abnorm-
alities (placental abruption and placenta previa), and
early-for-term births. There is a greater chance of low-
birth-weight babies and increased risk of sudden infant
death syndrome. As well, children exposed in utero have a
higher risk of later developing respiratory illnesses, mid-
dle ear infections, and are more likely to have learning
and behavioral difficulties. Some evidence suggests that
children of mothers who smoked during pregnancy are
predisposed to take up smoking themselves.

Smoking exacerbates and worsens the prognosis of
manyother illnesses, such as asthma anddiabetes. Exposure
to the smoke from other people’s cigarettes, that is, second-
hand smoke (SHS) is also associated with an increased risk
of illnesses such as lung cancer and CVD in nonsmokers.

This article therefore focuses on how to help people
stop smoking. Many of the principles presented in this
article, while specifically directed at cigarette smokers,
can be applied to assist users of other tobacco products
(and other nicotine delivery mechanisms) as well, and end
their dependency on those products.
Nicotine Dependency

Despite knowing some of the many health risks of smok-
ing, many people are unable to stop. This is primarily
because of the highly addictive nature of nicotine in
tobacco. However, it was not until the 1970s that there
was support for the notion that nicotinewas a dependence-
producing drug. Before this time most scientific bodies
viewed smoking as merely a habit. The tobacco industry
has also successfully promoted smoking as a lifestyle
choice, a behavior no riskier than many other choices
people make on a daily basis. The belief that people
could just stop if they wanted to lingers, even among
many health professionals.
Getting Hooked on Nicotine

When people first try smoking a cigarette they are not
dependent and therefore are free to choose to not repeat
the experience. Unfortunately, most experimentation with
smoking occurs when people are still children or in early
adolescence. While many young people find the experi-
ence distasteful and subsequently avoid smoking again,
too many young people are swayed by powerful influ-
ences on their behavior such as smoking being perceived
as the norm in their family, peer group and culture,
cigarette advertising, easy access to tobacco, poorly devel-
oped social skills, and poor emotional control. For many
children smoking is just one of a repertoire of behaviors
they have learned and that they will adopt without
question.

To understand how people become addicted to nico-
tine, it is necessary to understand how nicotine affects
humans. Nicotine is inhaled with tobacco smoking into
the lungs where it is rapidly absorbed into the circulation.
It reaches the brain within seconds where it binds to and
subsequently activates nicotinic acetylcholine receptors
(nAChRs). These are located in many parts of the central
nervous system, but those located on the dopamine neu-
rons in the ventral tegmental area appear to be most
important in nicotine dependence. Activation of nAChRs
leads to an increase in dopamine in the nucleus accumbens
that in turn ‘rewards’ behavior. It is this speed of nicotine
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delivery and action and the quick and frequent repetition
of the behavior that allows smoking and the psychoactive
‘hit’ to become undeniably associated. An increase in
dopamine is associated with most dependency-causing
drugs and behaviors (e.g., gambling).
The Transition from Experimenting to
Occasional to Regular Smoking

The first 100 cigarettes might be smoked irregularly in
response to some trigger, for instance, during a social con-
text wherein the smoker wants to elevate their mood, or
conversely in reaction to some depressing trigger, such as
boredom or an upsetting argument with a peer or parent.
Some cigarettes will be smoked merely because others are
smoking and it is offered. Each time the triggering emotion
or situation – and the context in which the smoking
occurred, including the people and environment – will
become strongly associated with the ‘rewarding’ effects of
smoking. The experimenter learns moreways inwhich they
can use smoking, for example, to relieve stress, to induce a
sense of relaxation, or to abate nervous tension during
awkward social moments.

Nicotine has a relatively short half-life. Thus, to re-
experience the ‘hit’ smokers must have another dose of
nicotine after a relatively short period of time. The
speed with which a person graduates from occasional
smoking to regular daily smoking depends on age at
initiation, the social restrictions that might be placed
on young people smoking, access to tobacco, and preval-
ence of triggers. The less restrictions the faster the transi-
tion to daily smoking can be. Only about 5% of smokers
do so on a casual basis and do not go on to become daily
smokers.

Daily smoking initiates physical changes in the brain
chemistry and eventually structure that explains nicotine
dependency. Neuroadaptation in the brain establishes a
greater expression of nAChRs on the cell membrane.
Ceasing intake of nicotine subsequently results in the
emergence of withdrawal symptoms, the severity of
which has some relationship to the level of dependency.

Doses must be repeated frequently throughout the day
to maintain the desired pharmacological state and avoid
withdrawal symptoms. A common pattern of smoking
emerges, given no restrictions on where people can
smoke, whereby a smoke is had soon after waking, fol-
lowed by a second and third cigarette over the next
1–2 hours. These few cigarettes help reestablish a partic-
ular blood nicotine level to which the smoker has become
accustomed. Regular cigarettes throughout the day help
to maintain this level. Additional ‘situational’ cigarettes
are still smoked for a surge of stimulation or in reaction to
the many triggers that have now been established. Each
repetition reinforces the association, resulting in the
contextual factors themselves sensory cues such as taste,
smell, and stimulation of the respiratory tract becoming
triggers to smoke.

Nicotine dependency is compounded by the potential
psychoactive effects of some of the 4000 chemicals used
during the tobacco manufacturing process (Hoffmann
et al., 2001). Some of these chemicals, and products of
combustion, may cause dependency in and of themselves.
Thus, the term tobacco dependency has been promoted as
a more appropriate replacement for the term nicotine
dependency.
Criteria for Drug Dependence

One of the first definitions of nicotine dependence was
that of the World Health Organization (WHO) in 1964.
The focus was primarily on compulsive use of the drug as
opposed to the dependence-producing properties of nic-
otine. In 1977, the Royal College of Physicians (RCP)
published their report that described tobacco smoking as
a drug dependence and in 1980, the American Psychiatric
Association (APA) recognized that smoking met most of
the criteria for drug dependence and thus tobacco depen-
dence was included in the Diagnostic and Statistical Manual

of Mental Disorders (DSM-III). In 1988, the U.S. Surgeon
General issued a report titled Nicotine Addiction, which
concluded that tobacco is addictive, nicotine is the sub-
stance in tobacco that is responsible for this, and that the
psychopharmacology of nicotine is similar to other major
drugs of addiction such as heroin and cocaine.
Measuring Dependence

The APA diagnosis of nicotine dependence requires three
or more of the listed criteria to be present at any time in a
12-month period: tolerance; withdrawal; often takes in
larger amounts or over longer period of time than intended;
has persistent desire or unsuccessful efforts to cut down or
control use; spends great deal of time in activities necessary
to obtain the substance, use the substance, or recover from
its effects; given up important social, occupational, or rec-
reational activities or reduced due to substance use; con-
tinues to use despite knowledge of persistent physical or
psychological problems caused by or exacerbated by the
substance. Existence of these can be checked within the
context of assessing a person’s smoking history.

Measuring the magnitude of dependency can help
identify those smokers who would benefit from extra
assistance to quit. One of the most frequently used tools
for assessment of nicotine dependence is the Fagerstrom
Test for Nicotine Dependence (FTND). Two items out of
the six in the questionnaire (time to first cigarette in the
morning and cigarette consumption) account for most of
the variance predicting outcome of smoking cessation
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treatment. Smokers seeking treatment for helping them to
stop usually have slightly higher scores.

Cigarette consumption is often used on its own to
measure dependency, but it does not always correlate
well with the degree of dependence because of titration.
This is a smoking method used to maximize nicotine
dosage per cigarette. For example, the smoker can take
deeper puffs, block the vent holes on the cigarette, increase
puff frequency, and smoke more of each cigarette. Titra-
tion is particularly common among lower socioeconomic
smokers and in countries with widespread, smoke-free
environment laws restricting places where people can
smoke. To save money, smokers often switch to loose
tobacco that is sometimes cheaper per gram of tobacco
than tailor-made cigarettes. Loose tobacco can be hand-
rolled in to slimmer cigarettes and rolled in slow-burning
paper to prevent wastage. Tailor-mades can be smoked a
half at a time and butts can be saved for their scraps of
leftover tobacco. These behaviors make it difficult to
determine the number of cigarettes per day. Further,
these behaviors allow the smoker to reduce their overall
number of cigarettes per day without reducing their blood
nicotine level at all. By smoking efficiently, smokers can
cut down to about 5–6 cigarettes a day while maintaining
the same blood nicotine level normally obtained by smok-
ing a pack of 20.

Biochemical tests provide the most accurate measure
of the amount of nicotine consumed. The concentration of
nicotine or cotinine, a nicotine metabolite, can be
measured in blood, urine, and saliva. Cotinine has a longer
half-life allowing for detection of nicotine exposure over a
number of days. There are simple saliva test kits that can
provide a semiquantitative measurement of cotinine in
saliva or urine within a few minutes. The fastest and
least intrusive tool is a carbon monoxide monitor that
measures the concentration of carbon monoxide in the
smoker’s expired breath.
Nicotine Withdrawal Syndrome

For many smokers, it is the withdrawal symptoms that
make quitting one of the hardest behavioral changes they
will ever attempt to make. Nicotine withdrawal symptoms
vary in severity and in how long they will go on for, and
may be in part responsible (urges to smoke and depressed
mood in particular) for the majority of relapses, which
occur within the first month after a quit attempt.

The withdrawal syndrome (also listed in DSM-IV)
emerges as blood nicotine levels drop. Reduced levels of
nicotine in the brain set off a domino effect of reduced
levels of acetylcholine and other neurotransmitters, such
as dopamine and serotonin resulting in increasing levels of
irritability, depressed mood, anxiety, poor concentration,
restlessness, and sleep disturbance. Other systems within
the body are also affected resulting in decreased heart rate,
constipation, and mouth ulcers. Increased appetite com-
bined with decreased metabolic rate often leads to weight
gain that is a commonly cited cause of relapse to smoking.

Smokers may report urges to smoke for many weeks
after stopping. These are often precipitated by smoking
cues that trigger changes in neurotransmitter levels in
anticipation of an influx in nicotine. The association
between the cues and smoking will gradually be extin-
guished each time the new ex-smoker is exposed to those
cues and maintains their abstinence.
A Public Health Approach to Smoking
Cessation

The 3Ts Model (Figure 1) provides a conceptual
framework for understanding smoking cessation (West
and Sohal, 2006). Even though smoking is largely an
individual behavior and the decision to stop is made at
the individual level, smokers can be encouraged to quit
smoking in a number of ways.
Public Health Programs

Smoking cessation is likely to be more effective if deliv-
ered as an integral component of a multifaceted country
or population-level tobacco control program. While
focused on reducing uptake of smoking and reducing
consumption and smoking prevalence, many tobacco con-
trol program strategies can prompt smokers to think about
quitting.

At a global level, the WHO has established the Frame-
work Convention forTobaccoControl (FCTC). This is the
first framework established to address a public health epi-
demic. Signatories to the FCTC are required to implement
a minimum set of policies designed to slow the spread of
the epidemic. These include measures that ban tobacco
advertising and sponsorship, protect nonsmokers from sec-
ondhand smoke, eliminate smuggling of tobacco products,
cigarette packet warning labels, tobacco tax increases, and
product regulation (for more information about the FCTC,
see the section titled ‘Relevant Websites’).

Access to smoking cessation support and effective
pharmacotherapies can also be enhanced at a population
level. For example, in New Zealand the government funds
a national, free quitline telephone counseling service and
provides heavily subsidized nicotine replacement patches
or gum. In the UK, the government subsidizes all smoking
cessation medications with proven efficacy.

It is much easier to stay smoke free in an environment
that restricts smoking and encourages and rewards
healthy lifestyles. These public health actions create ten-
sion for individual smokers who find it less socially
acceptable to smoke.
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Figure 1 The 3Ts conceptual framework model for understanding smoking cessation. Based on West R and Sohal T (2006)

‘Catastrophic’ pathways to smoking cessation: Findings from a national survey. British Medical Journal 332: 458–460.
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The Role of Health Promotion in Prompting
Quitting

At the community level, health promotion strategies and
interventions can add to the pressure to quit and provide
information about how to access support. ‘Quit and Win’
competitions are one example of a community-level
intervention that directly engages smokers and prompts
them to make a quit attempt. Cessation programs can be
promoted at the community level – for example, in the
workplace to employees – or through schools to parents
and teachers.
How Primary Health Care Can Promote and
Support Quitting

Most smokers visit their family doctor at least once a year.
Brief opportunistic advice to stop smoking, given by a
doctor, consists of delivering advice during a routine
consultation. Regardless of whether a smoker is seeking
help regarding quitting, brief advice can significantly
contribute to increasing quitting in the population, result-
ing in up to a 2.5% increase in long-term abstinence rates
(Lancaster, 2004). Translating this effect size into the
number needed to treat to get one long-term quitter
equates to the provision of brief advice to 40 smokers.
This is a cost-effective method that can be delivered
opportunistically to large numbers of smokers. Most phy-
sicians believe that they have an important role to play,
but many do not provide assistance, not even simple
advice to their patients who smoke. The evidence for
the effectiveness of brief advice delivered by other
health-care professions is less robust, however, given the
small amount of time that it takes to deliver, this should
not dissuade any health-care professional from asking
about smoking and then advising to stop. There are a
number of memory aids to assist health-care professionals
in helping their clients who smoke; the most widely
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known is the ‘5 As’ listed subsequently (USDHHS, 2000).
More recently various groups have tried to shorten this to
make it even easier to remember, for example, ‘AAR’ (Ask,
Advise, and Refer) is advocated by the American Dental
Hygienists’ Association, and ‘ABC’ (Ask, give Brief advice
to quit, and provide or refer for Cessation support to those
who want to quit), is used in the New Zealand smoking
cessation guidelines.
The 5 As

1. ASK – The smoking status of every adult should be
identified and prominently documented in their medi-
cal record.

2. ASSESS – Determine nicotine dependency and moti-
vation to quit.

3. ADVISE – At nearly every encounter, provide brief
cessation messages that are clear, strong, and person-
alized; supportive; and nonconfrontational.

4. ASSIST – Provide assistance to quit by offering self-
help materials, assisting with setting a quit date and
developing a quit plan; providing practical counseling
and support; exploring barriers to successful cessation
and strategizing solutions; referring to organized ces-
sation support (e.g., free phone quitlines); and encour-
aging use of an effective pharmacotherapy.

5. ARRANGE – Arrange follow-up (in person or by
phone).

Triggers to quit

The risks of smoking are generally known to many smo-
kers in countries with good public health policies. In those
countries health is likely to be the number one reason for
quitting. This is not the case in developing countries
where the health risks of smoking are not publicized.
The benefits of quitting smoking are numerous (e.g., see
section titled ‘Relevant Websites’). Smokers who stop
reduce their risk of premature death as well as risk of
morbidity from a wide range of smoking-related diseases.
Other reasons include the cost of smoking, concern about
exposing others, particularly children, to secondary
smoke, wanting to set a good example for others, fitness,
and longevity. The majority of smokers say they would
like to give up.
Smoking Cessation Treatments:
Overview

The majority of smokers decide to quit unaided, that is,
without seeking external support from any formally deliv-
ered behavioral or pharmacotherapy. The most common
method is stopping abruptly, often referred to as cold
turkey. Some smokers may try to cut down first. Many
smokers have inherent behavioral change skills or can quit
using self-help resources. These three methods are dis-
cussed first.

As soon as a smoker seeks external support with their
quitting they are likely to receive some form of behavioral
support, which can be delivered briefly (e.g., taking no
more than 5min) or more intensively during weekly
classes.

Smoking cessation is twice as likely to be achieved if
the behavioral support is complemented with an effective
pharmacotherapy, such as nicotine replacement therapy
(NRT). (The range of effective pharmacotherapies is
briefly outlined in the following section titled ‘Pharma-
cotherapies with Proven Efficacy.’) However, many smo-
kers may initially try products and treatments that can be
obtained at their local pharmacy or natural therapy shop,
or from local providers of ‘natural’ therapies. The range of
unproven ‘alternative’ therapies is immense. The most
popular ones used by smokers for smoking cessation are
outlined here.
Self-Help Approaches to Quitting

‘Cold turkey’ (abrupt cessation without assistance)

The majority of smokers who decide to quit try to just
stop, either by setting a quit day or impulsively stopping in
reaction to some trigger. Approximately 3% of smokers
who try quitting this way will achieve long-term absti-
nence (Raw et al., 1998).

Cutting down
Many smokers reduce their tobacco consumption as an
alternative to quitting altogether, believing that by doing
so they will reduce the risks to their health. Unfortunately,
cutting down without quitting altogether may not result
in health gain.

Cutting down is often used as a preparatory step to
stopping smoking. Health-care professionals often sup-
port a reduction in consumption, especially if their
patients are resistant to stopping or find it difficult to
stop completely. There is evidence to suggest that cutting
down prior to quitting can increase self-efficacy and
prompt a quit attempt.

One of the major problems with this approach is that
smokers tend to compensate for a lower quantity of cigar-
ettes by smoking their remaining cigarettes more inten-
sively. Therefore simply halving cigarette consumption
does not imply a reduction in nicotine or exposure to
the harmful components of cigarette smoke. There is
also an argument that reducing cigarette consumption
makes the remaining cigarettes more rewarding and
therefore harder to give up completely.

Self-help resources
There are many books, CDs, videos, and websites
designed to assist people to quit smoking. Self-help
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materials provide a very modest increase in long-term
cessation rates over and above no help at all. Unfortu-
nately, it may not be easy for smokers to identify resources
that provide legitimate and helpful information.
Behavioral Interventions

Behavioral interventions include any cessation assistance
delivered by health professionals that imparts knowledge
about smoking and quitting, provides support, and teaches
skills and strategies for changing behavior.

Treatment choice can vary depending on practitioners’
and smokers’ beliefs about smoking. For instance, psycho-
analysts might tend to focus on the psychological reasons
for smoking, particularly looking for someunderlying unre-
solved issue. They would be interested in the circumstances
surrounding the uptake of smoking and what, if any, dis-
tresses the person may have been experiencing at the time.
Proponents of the biopsychosocial model try to combine
treatment modalities that address the biological (physical
nicotine dependency), the psychological (cognitive behav-
ioral therapy), and the social (looking at and trying to
change the environmental triggers to smoke).

One aspect that is often overlooked is a spiritual com-
ponent. Some religions, such as the Mormon Church and
Seventh Day Adventists, have long been providers of
smoking cessation programs. Faith, prayer, and the use of
traditional medicinal practices would thus be included in
the mix of treatment provided.

Some approaches focus on motivation and use educa-
tional principles. Unfortunately, practitioners who mini-
mize the strength of physical dependency on nicotine do
not understand the usefulness of pharmacotherapies that
effectively treat this aspect of addictive tobacco use.
While cognitive behavioral and supportive approaches
on their own do increase quitting success rates, combina-
tion with pharmacotherapy results in a doubling of the
quit rates.

Motivational interviewing, a style of counseling, and
the stages-of-change model are so commonly used in
smoking cessation they are almost seen to be the way to
stop smoking. These are briefly described here.

Motivational interviewing

Motivational interviewing is a client-centered directive
method for enhancing intrinsic motivation to change
smoking behavior by exploring and resolving ambiva-
lence. Health professionals using motivational interview-
ing usually demonstrate the principles of expressing
empathy, supporting self-efficacy, rolling with resistance,
and developing discrepancy for the client (for more on
motivational interviewing, see section titled ‘Relevant
Websites’). Motivation interacts with dependence and
can guide the level of treatment that can be provided.
Measurement of the degree of motivation can be useful in
knowing whether to offer treatment. However, once a
smoker has decided to embark on a quit attempt the
degree of motivation has little bearing on the outcome
of the quit attempt.
The transtheoretical stages-of-change model
The stages-of-change model has been extensively applied
to smoking cessation theory and the development of inter-
ventions. Prochaska and DiClemente’s transtheoretical
model of change proposes that smokers belong to one of
six stages of change: precontemplation (not ready to quit),
contemplation (ambivalent about smoking), preparation
(is actively planning to quit), action (enacts their quit plan),
maintenance (abstains from smoking and actively avoids
relapse), and relapse (has smoked one or more cigarettes
and then returns to one of the above stages) (Prochaska and
DiClemente, 1983).

The model has been criticized for drawing arbitrary
lines delineating stages. It assumes that people have to
move through each of the stages before moving to the
next; however, they could move from the stage of pre-
contemplation to action within a day. The model also
ignores other important factors that influence human
motivation such as plans, beliefs, wants, and urges. Perhaps
more importantly there is no evidence that smoking ces-
sation interventions that are based on this model are more
effective than standard interventions.

New theories will evolve and be promoted in response
to the need to find more effective smoking cessation
interventions and interventions that work for all smokers,
not just a select group. One such theory is the PRIME
(Plans, Responses, Impulses/Inhibitions, Motives, and
Evaluations) theory of motivation (see the section titled
‘Relevant websites’). PRIME incorporates insights from
several established theories of behavior and seeks to
account for the broader range of factors influencing
addictive behaviors. In direct contrast to the stages-of-
change model, West (2006) argues that human motivation
is highly responsive to the immediate situation. Thus,
health professionals should attempt to trigger a desire to
quit in every smoker, not just those deemed to be ‘ready.’
Quitlines

Quitlines provide brief cessation support by way of the
telephone. Telephone support lines can be provided to a
large number of smokers over a large geographical area.
Innovative programs are being developed that deliver
tailored cessation assistance via mobile phone text and
video messaging, and interactive Internet programs. The
greatest evidence for effectiveness of quitlines is with
proactive telephone counseling, which typically involves
the quitline counselors calling the client on a predefined
schedule, as opposed to reactive telephone counseling that
relies on the client making the calls (Stead et al., 2006).
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Face-to-face behavioral therapy

There is reasonable evidence that face-to-face cessation
support is effective, regardless of the type of provider or
the type of therapy they use (USDHHS, 2000). Face-to-face
behavioral therapies can also be delivered to groups. This is
usually more intensive and therefore more costly than
cessation support delivered by way of telephone or within
the context of a visit to the doctor. There is some evidence
that suggests efficacy increaseswith intensity, for example, a
residential program will have higher end-of-program quit
rates than less intensive interventions. Other research sug-
gests that no greater benefit is gained past eight sessions.

The body of evidence for matching smokers to specific
effective treatments is small, and generally smokers
should be free to choose the treatment best suited to
their individual needs. The one exception to this is that
more dependent smokers typically benefit from higher-
dose pharmacotherapy.

Social support

Having adequate levels of support is an important factor
when stopping smoking. This may be provided by a
smoking cessation specialist, other people who are stop-
ping smoking at the same time, or family and friends.
Partners of smokers also have an influence. Having a
partner that smokes and living with other smokers can
make it harder to succeed at quitting.
Pharmacotherapies with Proven Efficacy

Nicotine replacement therapy

Nicotine replacement therapy has been used to help
smokers stop for over 20 years. It is safe and effective
and the most widely used and available proven treatment
(Silagy et al., 2004). All nicotine products provide less
nicotine than the average smoker obtains from smoking.
In addition, time-to-peak plasma concentration is much
longer. The primary mechanism of action of NRT is to
reduce the severity of withdrawal symptoms associated
with smoking cessation. Although it does not completely
alleviate withdrawal, NRTattenuates symptoms making a
quit attempt more bearable so the smoker is more likely to
succeed. There are now six NRT products available and
more are in development.

The transdermal nicotine patch delivers a continuous
controlled dose of nicotine by way of the skin. Adherence
to treatment is generally good as the patch is easy to use, is
a once-daily application, and is associated with few side
effects. Usual treatment is to start with the strongest patch
on cessation of smoking, then switch to the medium and
finally the lowest strength patch over a course of 8–12
weeks.

The oral nicotine replacement products (gum, sublin-
gual tablet, and lozenge) deliver nicotine by way of the
oral mucosa. They allow both regular nicotine dosing and
a reactive dosing to control urges to smoke and other
withdrawal symptoms. More dependent smokers (e.g.,
those who smoke within 30min of waking) should be
advised to use the higher dose products (e.g., 4-mg gum
and 4-mg lozenge). Many of the oral products may taste
unpleasant to smokers initially, but they can be reassured
that they will come to tolerate the taste after a short time
of regular use. The sublingual tablets have the advantage
of being discrete and no chewing or sucking is required.

The nicotine inhaler consists of a small plastic tube
inside which is fitted a small cartridge containing nicotine.
Air is sucked through the cartridge and nicotine vapor is
deposited on the oral mucosa. Despite its name nicotine
does not reach the lungs and it has the same pharmacoki-
netics as the other oral products. Some smokers prefer this
product because it offers a greater degree of behavioral
replacement.

Nicotine nasal spray is the fastest-acting of the NRTs.
It delivers a dose of nicotine in a liquid spray to the nasal
mucosa where it is absorbed, and peak plasma nicotine
concentrations are reached in approximately 10min. This
product is the most aversive of all the NRTs and is the
least popular product. However, it may assist some, espe-
cially highly dependent smokers. Local side effects (e.g.,
sore throat or runny nose) usually pass within the first few
days.

Although it is generally recommended that smokers
use NRT products for up to 12 weeks, some smokers go
on to use them long term. The potential long-term use of
a product seems to be related to its speed of nicotine
delivery, but the abuse liability of NRT is generally low
and smokers can be reassured that most do not require its
use for more than the recommended treatment period. In
any case long-term NRT use is many times safer than
smoking and unlikely to carry any long-term risks.

Many smokers may have tried NRT in the past but
have not managed to stop smoking. One possible reason
for previous failure is that the smoker had unrealistic
expectations of how NRT works (it is not like smoking,
and will only make stopping smoking more bearable), did
not use it correctly, or did not use it for long enough.
Providing clear information on correct usage will aid
adherence to treatment and increase chances of absti-
nence. Finally, these products are safe for the majority of
smokers. It is extremely unlikely that smokers will over-
dose. Similarly, NRT may be used in situations in which
smokers are not able to smoke, during which time many
smokers will experience withdrawal symptoms (i.e., wors-
ening of mood and cognitive performance).
Combining products

NRT products are sometimes used in combination. For
instance, different delivery mechanisms can be used
together, such as the patch, which delivers a steady slow
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release of nicotine in to the system and gum, which would
allow the ex-smoker to attend to cravings as they occur.

Trials examining the effectiveness of combining
NRT products compared to single use have shown mixed
results; however, overall there is a moderate advantage in
using a combination of products over single-product use.
Safety concerns with combining products are unfounded,
and it is very unlikely that a smoker would overdose on
nicotine as a result of combining NRT products.

Bupropion (Zyban)

Bupropion, an atypical antidepressant, was the first non-
nicotine treatment specifically licensed for smoking ces-
sation. The precise mechanism of action for aiding
smoking cessation is not well understood, but it is thought
to act by way of its ability to inhibit the neuronal reuptake
of dopamine and norepinephrine (noradrenaline), both
important in nicotine dependence and withdrawal. It
may also have some action as a noncompetitive inhibitor
of the nicotinic acetylcholine receptor, and perhaps by
way of its effect on serotonin reuptake.

Bupropion is a safe treatment when used correctly,
however, it cannot be used for as many people as there
are contraindications to be checked before prescribing it.
How bupropion interacts with other drugs also needs to
be considered. The most common side effects of bupro-
pion are insomnia and dry mouth. The medication also
has a small 1 in 1000 risk of seizure, which is similar to
some other antidepressants.

Nortriptyline

Nortriptyline is the only other antidepressant that has
demonstrated efficacy in improving smoking cessation
outcome (Hughes et al., 2007). It is a tricyclic antidepres-
sant that inhibits the reuptake of norepinephrine (nor-
adrenaline) and serotonin, and it is thought that it aids
cessation by way of its noradrenergic mechanism thereby
reducing the severity of withdrawal symptoms. An advan-
tage of nortriptyline is that it is an inexpensive medica-
tion. However there are cautions that need to be applied
when using this medication, for example, there are risks in
using it for people with CVD. Contraindications need to
be checked before prescribing.

Nortriptyline has a number of common side effects, for
example, dry mouth, light-headedness, shakiness, and
blurred vision. Urinary retention, constipation, sexual
difficulties, and seizure risk are also reported.

Given that other effective medications for smoking
cessation are readily available, nortriptyline is currently
regarded as a second-line therapy by some smoking ces-
sation guidelines.

Varenicline

Varenicline (Champix, Chantix) was developed specifically
for smoking cessation. It is a partial nicotine acetylcholine
receptor (nAChR) agonist and is highly selective for the
alpha-4 beta-2 receptor. This agonist effect leads to dopa-
mine release, but less than that seen with nicotine. It also
possesses antagonist properties as it competes with nicotine
for the same receptor site.

Its mode of action in aiding smoking cessation is pri-
marily by reducing the severity of tobacco withdrawal
symptoms (via its agonist effects) but it also reduces the
rewarding properties of nicotine (via its antagonistic
effects). The latter effect may be beneficial in extinguish-
ing smoking behavior for the week it is used prior to
quitting and helping to protect against complete relapse
if a smoker lapses.

The most common side effect associated with this
medication is nausea and this appears to be dose depen-
dent. The titration period prior to quitting helps limit the
occurrence of nausea. Sleep disturbance and constipation
have been more frequently reported in controlled trials by
those receiving varenicline compared to placebo. How-
ever, it should be noted that these symptoms are also
withdrawal symptoms and are likely to occur more fre-
quently in the varenicline group because these people are
more likely to be abstinent. Most of the symptoms are
reported as mild and dissipate within a few weeks.
Clonidine

Clonidine is an antihypertensive and has been used for
prevention of recurrent migraine and also to treat opioid
and alcohol dependence. It is an alpha-2 adrenoceptor
agonist and reduces sympathetic activity by decreasing
norepinephrine (noradrenaline) release. Although effi-
cacy is comparable with that of NRT and bupropion,
clonidine has undesirable side effects, such as postural
hypotension, dizziness, and dry mouth. It is not routinely
used as a smoking cessation aid.
Non-nicotine Therapies without Proven Efficacy

A number of medications have been investigated as possi-
ble smoking cessation aids but evidence of effectiveness
has not been found. These include other antidepressants
such as doxepin and imipramine, and selective serotonin
reuptake inhibitors (SSRIs). Some monoamine oxidase
inhibitors (MAOIs) show promise, but currently there is
no evidence to support their use in smoking cessation.
Anxiolytic drugs are not effective. There is no strong
evidence for the use of the opioid antagonists naloxone
and naltrexone, used in the treatment of other chemical
dependencies, nor has mecamylamine, a nicotine antago-
nist, demonstrated any efficacy.

There are numerous other cessation treatments available
worldwide. Many are herbal remedies, based upon the use
of plant, animal, or mineral products. There are devices such
as small cigarette packets incorporating a computerized
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reduction program, filters, paints, and powders that promise
an aversive reaction if taken with smoking. There are pills
and potions that promise to stop cravings.

Most of the studies of these ‘alternative’ therapies are
methodologically poor by today’s standard (Table 1). For
example, definitions of abstinence are not provided,
self-reports are not biochemically validated, studies lack
adequate control groups, sample sizes are small, and
follow-ups are not blind. In addition, it is difficult to blind
the subjects and usually no attempt is made to minimize
bias due to demand characteristics and expectations.
Cytisine

Cytisine, an alkaloid from the plant Cytisus laburnum

(golden rain), is a nicotine analogue that acts as a partial
nicotinic acetylcholine receptor agonist. It has a high
affinity for the alpha-4 beta-2 receptor subtype, which is
thought to be the main receptor that mediates the central
effects of nicotine. Cytisine was introduced in several
Eastern European countries as a smoking cessation
Table 1 Measurement of cessation outcome

The measurement of smoking cessation outcome is important,
not only for clinical trials but also for evaluating clinical

practice. The criteria by which outcome is measured are

important. When appraising smoking cessation results, the

duration of abstinence, the abstinence measure, and whether
abstinence is biochemically validated need to be considered

Duration of abstinence: In general, the longer the period of

follow-up, the more likely this is to reflect permanent cessation

and the health benefits associated with this. Most expert
groups suggest a minimum of 6 months from the target quit

date (i.e., the day set for the quit date). All smokers who set a

quit date should be included in the analysis regardless of
whether they actually quit on this day or not

The definition of abstinence:

Self-reported smoking status – The simplest way to assess

abstinence rates is to ask smokers if they have smoked or not
(self-report). While many will be honest, some will misreport

their smoking status. Misreports of smoking status can vary

and may depend on the population treated (e.g., pregnant

women who smoke are more likely to misreport smoking
status)

Validated smoking status – To limit misreporting smoking status,

it should be verified. This can be done in a number of ways, for

example, measuring expired carbon monoxide (CO) and
measurement of cotinine, a nicotine metabolite, in saliva, urine,

or blood

Point-prevalence versus continuous abstinence rates – Point-
prevalence abstinence is defined as not smoking at the point of

follow-up. This is often given for a 7-day period before the

follow-up point. Continuous abstinence is defined as not

smoking over the entire follow-up period (usually from the quit
date). These two abstinence measures are often quite

different, and sometimes a significant result can be detected

with one but not the other

Adapted from SRNT Subcommittee on Biochemical Verification
(2002) Biochemical verification of tobacco use and cessation.

Nicotine and Tobacco Research 4(2): 149–159.
medication in the late 1960s. Evidence suggests that cyti-
sine might be useful for smoking cessation.

Glucose
It has been proposed that glucose might alleviate the urge
to smoke by satisfying the need for carbohydrates and
satiating appetite. It has also been investigated for its
potential effect on withdrawal relief by way of a complex
pathway involving serotonin, tryptophan, and insulin. On
the available evidence, it is unlikely to be an effective
smoking cessation agent when used on its own.

St. John’s Wort

St. John’s Wort (Hypericum perforatum L., SJW) extracts are
known to have antidepressant properties and have been
used for many years to treat mild to moderate depression,
anxiety, and sleep disorders. The link between smoking
and depression has been long recognized. There is a
higher prevalence of smoking among people who have a
history, or current diagnosis, of depression; smokers who
are depressed find it more difficult to quit; some smokers
become depressed when they stop smoking; and postces-
sation depression is related to relapse. To date studies
have examined the use of SJW at doses up to 600 mg
per day and there is no evidence that treatment helps
smokers stop.

Acupuncture

There are two main acupuncture treatments for smoking
cessation. The first involves needles inserted at points on
the ear (e.g., lung and hunger auricular points) or on the
face. Secondly, needles may be inserted into points in the
ear and secured in place for 1–3 weeks. These can then be
pressed whenever there is an urge to smoke. Small beads
or seeds can be taped in place instead of needles. This is
known as acupressure. Another variation of acupuncture
uses low-level laser. Although there is no sensation on the
skin, laser acupuncture is said to stimulate traditional
acupuncture points in a similar way as other techniques.
Current evidence does not show any benefit of acupunc-
ture compared with sham (placebo) acupuncture in help-
ing smokers to stop. Neither has acupuncture’s effect on
withdrawal symptoms been proven.

Hypnosis
Hypnosis is one of the most widely advertised and best-
known alternative treatments for smokers. It has been
used by smokers for many years, and is said to work by
placing the smoker in a heightened level of attention
during which suggestions regarding the risks of smoking,
the benefits of quitting, and the determination and com-
mitment to stop can be imparted. The current body
of evidence shows no benefit in smokers receiving
hypnotherapy compared to those receiving a control
intervention.
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Rapid smoking

Rapid smoking is an aversive treatment that links smoking
with an unpleasant stimulus to reduce its desirability.
Smoking cigarettes rapidly produces swift increases in
plasma nicotine levels leading to a degree of ‘nicotine
overdose’ and unpleasant symptoms such as nausea. In
addition there are also irritant sensory effects of the
tobacco smoke on the oral mucus membranes, throat,
and airways. Although systematic reviews suggest some
benefit of rapid smoking, the quality of the methodology
used in some of the studies, which were state of the art at
the time, do not measure up to current standards. The
review concluded that rapid smoking cannot be consid-
ered a proven method, but there are sufficient indications
of promise to warrant further evaluation.
Future Challenges for Smoking Cessation

Harm Reduction

Public health programs should consider how to reduce
harm from smoking for smokers who remain unable to
stop smoking or stop relapsing, without compromising
smoking cessation, which remains the primary goal.
Who to Treat

Tobacco control resources are usually limited and strate-
gies have to be prioritized for funding. Resources for
smoking cessation come either out of the tobacco control
(public health) budget, or out of primary (personal)
health-care budgets, both of which are hotly contested
and subject to political will. We suggest the following
groups of smokers should be considered a priority for
cessation assistance:

. Pregnant women – immediate health gain to baby, less
pregnancy complications, and improved health for the
woman.

. Parents of young children – parental smoking is
increasingly linked with uptake of regular smoking
among children and young people. Helping parents to
quit decreases children’s exposure to secondhand
smoke also.

. People suffering from smoking-related illnesses are
typically harder to treat, but they have high motivation
and stand to benefit immediately from quitting, improv-
ing their prognosis.
Smoking Cessation Interventions in
Special Populations

Efficacy can be improved bydesigning cessation approaches
for different cultural groups, including groups that have
their own subculture, such as youth. The following section
discusses the unique needs of some groups of smokers. To
be relevant and attractive, cessation approaches andmateri-
als should address the unique needs and experiences of the
groups. For example, pregnant women have a need to quit
smoking as quickly as possible even if only for the relatively
short term of the pregnancy. Religious and ethnic groups
may have culturally specific beliefs and protocols that can
be used to strengthen the delivery of cessationmessages and
techniques.
Pregnant and Breastfeeding Women

The ideal may be to get women to stop smoking for the
long term but most women who stop smoking for preg-
nancy return to smoking after the birth of their child or
when they stop breastfeeding. Because of the immediate
and significant health gain to the baby and the reduction
in risk for the pregnancy, all pregnant women who smoke
should receive clear and consistent messages to stop
smoking all together as early in the pregnancy as possible.
Advice should be followed up with the offer of cessation
assistance or referral to a cessation provider.

Many pregnant women quit smoking within weeks of
finding out that they are pregnant. Those women that
continue to smoke throughout their pregnancy are typi-
cally more nicotine dependent and may need assistance.
Because of the urgency to reduce the baby’s exposure to
the toxins from tobacco smoke, intensive behavioral sup-
port programs and even intermittent delivery forms of
NRT should be considered.

Interventions that employ the stages-of-change model
or motivational interviewing have not demonstrated
efficacy. Furthermore, it seems that to be effective, inter-
ventions need to be delivered by people whose sole
purpose is to help people stop smoking, as opposed to
being an additional task of an already busy health-care
professional.

Cessation approaches that promote a reduction in cig-
arette consumption as a forerunner to total abstinence
are only useful when the pregnant woman is unable
to quit using preferred methods and she is a heavy
smoker. Any health gain to the baby from cutting down
from 12 to 9 cigarettes, for example, is likely to be offset
by titration.
Smoking Cessation in Secondary Care

Smoking is directly responsible for many hospital admis-
sions and subsequent medical procedures and surgical
operations. Being admitted to hospital brings people into
direct contact with health-care professionals who, in
theory, are in a good position to advise on giving up
smoking and offer help to those who want it. For the
smoker the admission might provide a teachable moment
in which the consequences of smoking are directly
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relevant. In addition, hospitalization brings the smoker
into an environment that is, increasingly, smoke free,
with few smoking cues, and for some there will be less
desire to smoke when feeling ill.
Preoperative smoking cessation

Smoking is an important risk factor for perioperative
complications and so smokers have an increased risk of
cardiopulmonary complications as well as being more
likely to have poor wound and bone healing, as well as a
greater chance of being transferred to other hospital
departments and a longer length of hospital stay.

The preoperative period is an opportunity to encour-
age smoking cessation, not just for the immediate periop-
erative period but for the long term as well. The available
evidence confirms that interventions aimed at assisting
smokers to stop prior to surgery are effective. However,
the timing of cessation appears to be important in deter-
mining the presence of postoperative complications.
Stopping at least 8 weeks prior to hospitalization appears
to be an optimum time period.

There is currently a lack of evidence for the efficacy of
preoperative smoking cessation interventions on long-term
abstinence. There is no reason to suggest that smoking
cessation interventions that are effective in the general pop-
ulation would not be effective in this group. However, a
number of factors may need to be considered: (1) those
smokerswith a smoking-relateddiseasemay bemore depen-
dent smokers and find it more difficult to quit; and (2) some
of the smokers that do manage to stop preoperatively may
have only committed to abstain for a short period of time.
Inpatients
Smoking cessation interventions have been tested in this
setting and in some hospitals have been implemented as
routine practice. To be effective, smoking cessation inter-
ventions (i.e., interventions aimed at helping smokers to
stop as opposed to brief advice to stop) delivered within
secondary care need to be more than a single one-off
intervention delivered by a health-care professional with
many other responsibilities. Furthermore, they need to
include a number of follow-up contacts for at least a
month postdischarge.

When looking at the effect of smoking cessation
between smokers with different diagnoses, those with
CVD seem to achieve better outcomes than those
with respiratory illness. The evidence for this is weak,
but it can be argued that smoking cessation for respiratory
patients might be harder because of comorbidities that are
more common in this group (e.g., depression, which is also
a negative prognostic factor for smoking cessation) and
the more chronic onset of the disease compared to the
sudden onset of a myocardial infarction.
Pharmacotherapies should be provided as part of any
inpatient smoking cessation intervention. Concerns have
been raised regarding NRT use in smokers with CVD,
mainly because of the known adverse effects of nicotine
on the cardiovascular system (CVS). However, nicotine is
not the only constituent of tobacco smoke that affects the
CVS. Carbon monoxide, for example, contributes to a
hypercoagulable state and alone has been shown to reduce
exercise performance in patients with coronary artery dis-
ease. The evidence to date, along with expert opinion,
suggests that any risks associated with NRT are small.
NRT can be used safely in smokers with stable CVD. For
those with unstable CVD who cannot stop smoking with-
outmedicationNRTcan be considered. It is recommended
that a risk/benefit assessment be undertaken when pre-
scribing NRT to these smokers. Such assessment will
very likely point to a recommendation to use NRT.

Programs targeting parents of children who are admit-
ted for bronchial, asthma, meningitis, pneumonia, glue
ear, and the myriad of other smoking-related illnesses
that affect children, generally have not been found to be
effective in reducing exposures to SHS or increasing quit
rates among parents.

Mental health service users

Smoking prevalence is typically higher in people with
mental health illness. Tobacco companies have actively
targeted marginalized groups such as this, and smoking is
well imbedded into the culture of many mental health
institutions. Nevertheless, it cannot be overlooked that
people with mental health illness suffer smoking-related
disease and many do want to stop smoking. There are a
number of factors that may make cessation more difficult
in the group including higher levels of nicotine depen-
dence and lower levels of social support.

It has been hypothesised that one of the reasons that
people with mental health illness are more likely to smoke
is that smoking may attenuate some psychiatric symptoms.
However, stopping smoking does not lead to deterioration
in mental health and indeed there may be improvement.
There are limited data showing the effectiveness of smok-
ing cessation treatment programs for smokers with mental
health illness. The U.S. smoking cessation guidelines rec-
ommend that these people be offered those treatments
that are of proven effectiveness in the general population.

Finally, a practical point, stopping smokingmay alter the
plasma concentrations of a number of psychiatric medica-
tions. Components of tobacco smoke are known to induce
the liver enzyme cytochrome P450 1A2 that is responsible
for the metabolism of a number of medications. Stopping
smoking causes a slowing of metabolism of these medica-
tions and subsequently blood levels may rise. Clozapine is a
drug in particular that requires monitoring following smok-
ing cessation.
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Indigenous People

There are over 320million indigenous people living in
over 70 countries and many of them have two to three
times higher smoking prevalence than the colonizing
population. Indigenous peoples’ beliefs about and experi-
ence with tobacco have not been the same. For example,
varieties of the tobacco plant, indigenous throughout
South and North America were used in different traditio-
nal ways by the indigenous peoples throughout those
lands. Tobacco control goals promoting smoke-free envir-
onments, for instance, are in conflict with indigenous
peoples’ goals to return to traditional tobacco use practices.
The Maori of New Zealand, however, were a smoke-free
people prior to colonization. Their history with tobacco
has been devastating, resulting in Maori women having
the highest rates of lung cancer in the world for women
and at least 40% of Maori women smoking during preg-
nancy. Maori goals are not to merely control tobacco,
but to ban it altogether from New Zealand. This desire
conflictswith the ruling government’s softer tobacco control
stance.

Effective promotion and delivery of effective cessation
interventions to indigenous peoples are best done by the
indigenous communities themselves. Indigenous peoples
need to be supported to develop their capacity to respond
in culturally appropriate ways to their usually dispropor-
tionately higher rates of morbidity and mortality due to
tobacco use. Two by-Maori, for-Maori smoking cessation
programs in New Zealand provide examples of culturally
appropriate interventions. One smoking cessation pro-
gram took smokers to stay on a marae (a traditional
meeting place) for 7 days. The residential program fol-
lowed traditional protocols, used traditional healing
practices, and many activities that would be recognized
as contemporary behavioral modification techniques.
Another program used NRT and motivational interview-
ing but was delivered by Maori in a way consistent with
Maori values and beliefs (Ministry of Health, 2003). For
instance, nicotine dependency is understood and treated
using a bio-psycho-social-spiritual (Te Whare Tapa Wha)
framework that supports the use of pharmacotherapy
(bio), education and skills development and motivational
interviewing (psycho), content being delivered to smokers
and their families (social), while respecting and practicing
traditional protocols relating to (spiritual) practices, such
as performing karakia (prayer) (Glover, 2005).

Cessation interventions designed by indigenous people
can use appropriate language and culturally meaningful
imagery and stories. Respecting indigenous peoples’ goals
for self-determination and recognizing that they need to
identify culturally appropriate strategies to reduce ciga-
rette smoking is important if indigenous environments are
to become smoke free.
Young People

There is good evidence that many adolescent smokers
inhale cigarette smoke and show signs of nicotine depen-
dence near the beginning of their smoking experience.
Furthermore it is incorrect to think that young smokers
do not want to quit. Almost half would like to stop smok-
ing and two-thirds have tried to stop unsuccessfully.

Cessation interventions for young people need to be
designed to be age-appropriate and culturally appropriate
to increase the likelihood of the materials being relevant.
An example of an effective peer-led program is the Florida
Truth Campaign. (For more information about the
Florida Truth campaign, see the section titled Relevant
Websites).

There are limited data to support the efficacy and safety
of NRT use in smokers under 18 years of age. Those data
that are available show that there are no major safety con-
cerns and these young smokers do want to use NRT. Fur-
thermore there is emerging evidence for the delivery of
cessation support and NRT to adolescent smokers. This
suggests that it is important to make cessation services,
including the provision of NRT, accessible and acceptable
to adolescent smokers, especially as this group tends not to
use conventional health services.
Relapse Prevention

Improvements in smoking cessation treatments have led to a
general increase in abstinence rates, although these are
rarely above 20–30% at one year. Given the current relapse
rates following short-term smoking cessation, interventions
aimed at helping people to remain abstinent over the long
term are extremely important. Typically relapse prevention
(RP) programs help recent ex-smokers to recognize high-
risk situations and smoking triggers and teach behavioral
modification and other skills, such as refusal skills to help
them resolve the temptation. Other programs have used cue
exposure techniques, aversive smoking, exercise, extending
the duration of the treatment period, and ongoing pharma-
cological treatment. However, little evidence for the effec-
tiveness of relapse prevention programs has been found
(Hajek et al., 2005). Much of the evidence was constrained
by a number of factors including inadequate samples size,
testing of brief interventions, and focusing mainly on the
traditional skills-based approach.
Smoking Cessation Training

As there is evidence that training family doctors to deliver
brief advice can make a measurable difference in practice,
tobacco dependence and its treatment should be included
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in the training of all health-care professionals. Furthermore,
keeping up to date with the latest evidence of effectiveness
and new smoking cessation treatments needs to be offered
as part of continued professional development.
Conclusion

Smoking cessation has an important place in any tobacco
control strategy. Most smokers wish to stop smoking, but
they are often confronted by an array of treatments, many
of which are not effective. Health-care professionals have
a crucial role to play in triggering their patients who
smoke to quit and in assisting them to select effective
treatments. Unfortunately, health-care professionals are
not immune to common misconceptions or misunder-
standings of tobacco dependence and its treatment.

Evidence-based smoking cessation treatments are very
cost-effective and have the potential to improve the
quality of life and increase longevity of many smokers.
Health-care professionals need to implement systems that
ensure that advice to stop smoking is delivered to all
smokers, whether they wish to stop or not. For smokers
who do wish to stop smoking, assistance should be
provided so that they have the best chance of stopping
for the long term. Smoking cessation that combines multi-
session counseling with pharmacotherapy (e.g., NRT,
bupropion, and varenicline) typically produces the best
outcomes.

The treatment of tobacco dependence is an evolving
field. To provide the best care for their patients who
smoke, health-care professionals need to receive training
to enable them to do this. If the global public health
community is to make inroads into lowering smoking
prevalence then tobacco control, which must include
tobacco dependence and its treatment, need to be seen
as important components of both undergraduate and
postgraduate education.
See also: Controlling Illegal Stimulants: A Regulated

Market Model; Illicit Drug Use and the Burden of Disease;
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Tobacco Smoking as a Global Health
Risk Factor

Tobacco is cultivated in many regions of the world and can
be legally purchased in all countries. The dried leaves of
the plant Nicotiana tabacum are used for smoking, chewing,
or snuff. Smoking has been one of the most extensively
studied human health risks with detailed epidemiologi-
cal research dating back to the 1930s (seeTable 1 in Doll,
1986 for a summary of early studies). This research has
helped establish tobacco smoking as causally associated
with substantially increased risk of premature mortality
from several medical causes (Doll et al., 2004; Peto et al.,
1992; Thun et al., 2000; U.S. Department of Health and
Human Services, 1989, 2004; Zaridze and Peto, 1986).
Added to the evidence from developed nations are a
number of recent studies from developing countries such
as China and India (Gajalakshmi et al., 2003; Liu et al.,
1998). The focus on the developing world is important
because smoking has increased in most developing
countries over the last quarter of the twentieth century,
with an estimated 930 million of the world’s estimated
1.1 billion smokers currently living in the developing
world ( Jha et al., 2002; World Health Organization
[WHO], 1997). Estimating the number of deaths caused
by smoking in a consistent and comparable manner helps
strengthen the scientific evidence for developing and
evaluating national and global tobacco control because
they demonstrate the total health effects of this exposure,
and the total public health benefits of tobacco control.
This article presents comparable estimates for number
of deaths caused by smoking in the major regions of
the world. A number of completed and ongoing studies
have focused on national, and more recently subnational,
estimates.
Quantifying the Health Effects of Smoking

Measuring Exposure to Accumulated Smoking
Hazards

The accumulated hazards of smoking depend on factors
such as the age at which smoking began or stopped,
duration of smoking, number of cigarettes smoked per
day, whether the smoked tobacco product was in the
form of cigarettes or in other forms such as cigars (bidis),
cigarette characteristics, and smoking behavior such as
degree of inhalation (Peto, 1986). Many of these factors
vary over time because of changes in the socioeconomic
determinants of smoking including income, tobacco con-
trol programs such as taxation and antiadvertising laws,
and cultural norms. Therefore, current smoking preva-
lence or tobacco consumption alone would be insufficient
indicators of the accumulated hazards of smoking, even if
detailed data were available in all countries. This is
important in low- and middle-income countries, where
smoking has increased over the past few decades, as well
as in those high-income nations where smoking has
declined ( Jha et al., 2002; WHO, 1997).

To measure the accumulated hazard of smoking, Peto
et al. (1992) used the smoking impact ratio (SIR) method.
This method was adapted to the specific epidemiologic
conditions of developing countries in the Comparative
Risk Assessment (CRA) project (Ezzati and Lopez,
2003a, 2003b, 2004). The method uses lung cancer mortal-
ity data, which are available or can be estimated using
validated methods in most populations, as an indirect
indicator of the accumulated hazards of smoking.
A background-adjusted SIR is defined as population lung
cancer mortality in excess of that for never-smokers, rela-
tive to excess lung cancer mortality for a known reference
group of smokers, adjusted to account for differences in
never-smoker lung cancer mortality rates across popula-
tions (Ezzati and Lopez, 2003b):

SIR ¼ CLC � NLC

S�LC � N �LC
� N �LC

NLC

CLC Age-sex specific lung cancer mortality rate for 2001
for each country, from the Global Burden of Disease
(GBD) database.

NLC Age-sex specific lung cancer mortality rate of never-
smokers in the same country.

SLC* and NLC* Age-sex specific lung cancer mortality rates
for smokers and never-smokers in a reference
population.

The SIR is calculated by age and sex. The age groups
used in the analyses of the CRAproject were 30–44, 45–59,
60–69, 70–79, and 80þ. No deaths before age 30 were
attributed to smoking because there are fewcardiovascular
deaths before 30 and relative risks (RRs) are unstable.
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Conceptually, by using excess lung cancer mortality as
the indicator of the accumulated hazards of smoking in
both the study and reference populations, the SIR con-
verts the smokers in the study population – who may have
different smoking histories – into equivalent smokers in
the reference population in which hazards for other dis-
eases (e.g., different cardiovascular diseases) have been
measured (Peto et al., 1992).

We used the American Cancer Society Cancer Pre-
vention Study II (CPS-II) as the reference population
(SLC* and NLC* ). CPS-II is one of the few studies of smoking
and cause-specific mortality that captures the full effects
of the smoking epidemic, because it was conducted among
people who had been lifelong smokers. Most of the
CPS-II current smokers were lifelong cigarette smokers
with a mean consumption of about 20 cigarettes per day
(Peto et al., 1992). The SIR was calculated for each age
group and sex and for individual countries, and then aver-
aged (population-weighted) in different world regions. The
regions used for this analysis were the World Bank regions;
the list of countries in each region is provided elsewhere
(Lopez et al., 2006). Data on lung cancer mortality by county
(CLC) were from the GBD databases for the year 2001, with
methods and sources described in detail elsewhere (Lopez
et al., 2006).

In applying the method to developing countries, we
accounted for the important role of coal – a common fuel
used in parts of the developing world – as a determinant
of lung cancer among never-smokers. For those popula-
tions who use coal in poorly vented stoves (e.g., China and
parts of South East Asia), never-smoker lung cancer mor-
tality rates (NLC) were estimated based on data on lung
cancer mortality among Chinese nonsmokers and preva-
lence of coal use in poorly vented stoves. The remaining
risk factors for lung cancer mortality (ambient air pollu-
tion, occupational hazards, indoor air pollution from
radon or biomass smoke, etc.) in various combinations
affect a subset of the population of each country. There-
fore the net impact of these risks on the relative levels of
lung cancer among never-smokers in different countries is
uncertain.

Estimating Tobacco-Attributable Mortality

For each age, sex, and disease, the fraction of deaths
attributable to smoking was estimated using the standard
population attributable fraction (PAF) relationship with
prevalence, P, set to the SIR for each age-sex group and
RR, from Table 1.

PAF ¼ PðRR� 1Þ
PðRR� 1Þ þ 1

PAFs were applied to regional disease-specific mortality
statistics from theGBDdatabases to estimate cause-specific
deaths attributable to smoking in 14 epidemiological sub-
regions of the world.
Relative Risks (RRs) for Cause-Specific
Mortality

We used data from the CPS-II to estimate the hazards
(RRs) for mortality from different diseases caused by
smoking, including adjustment for important covariates
(see Table 1). The CPS-II is a prospective study of
mortality in 1.2 million Americans aged 30 and older
who completed a questionnaire on tobacco and alcohol
use, diet, and other multiple risk factors in 1982, with the
latest published follow-up for 1998. A complete descrip-
tion of the CPS-II study design is detailed elsewhere
(Burns et al., 1997; Garfinkel, 1985; Thun et al., 2000). In
1992, when the first six-year (1982–88) results were
obtained, mortality follow-up was virtually complete for
the first two years, and about 98–99% complete for the
next four (Peto et al., 1992). Analyses of smoking hazards
in CPS-II were based on the first six years of follow-up
(1982–88) to maximize the number of deaths available for
analysis, especially in never-smokers, while minimizing
misclassification of exposure due to cessation of smoking
during follow-up (Burns et al., 1997; Thun et al., 2000). The
analyses for stomach and colorectal cancers were based
on the 1998 follow-up to increase the number of deaths
(Chao et al., 2001, 2002). This may have resulted in an
underestimation of hazard if some baseline current smo-
kers quit smoking during follow-up. The RRs for mortal-
ity from different diseases among the CPS-II current
smokers, relative to never-smokers, are shown in Table 1.
Mortality Attributable to Smoking

In the year 2001, an estimated 4.8 million deaths in the
world were attributable to tobacco smoking (Table 2),
accounting for 9% of all worldwide deaths. Seventy
percent of these deaths were in low- and middle-income
countries. Three-quarters (76%) of the 4.8million tobacco-
attributable deaths were among men (81% in low- and
middle-income and 64% in high-income countries).

A total of 1.6 million tobacco-attributable deaths were
from cardiovascular diseases, accounting for 10% of all
global cardiovascular deaths, and 1.5 million were from
cancers (20% of all cancer deaths) (Figure 1). Respiratory
diseases accounted for 1.4 million deaths, of which
75% were from chronic obstructive pulmonary disease
(COPD); the remaining 270 000 deaths were from
selected other medical causes affected by smoking.

Among low- and middle-income countries, deaths
attributable to smoking were largest in East Asia and the
Pacific and in South Asia, two regions with large popula-
tions. Europe and Central Asia also had large mortality
attributable to smoking. Population is smaller in the low-
and middle-income countries of Europe and Central Asia
but this region had high PAF and high background



Table 1 Relative risk (RR) of mortality from different diseases for CPS-II current smokers relative to never-smokers a

Disease or disease cluster (ICD-9 code)a Covariates adjusted forb Age (years) Male Female

Cancers
Trachea, bronchus, and lung cancer (162) Occupational exposure to asbestos 30þ 21.3 12.5

Upper aerodigestive cancer (140–150) Alcohol consumption 30þ 8.1 6.0

Stomach cancer (151) Family history of stomach cancer, intake of high-fiber grain foods, and aspirin
use frequency and duration

30þ 2.2 1.5

Liver cancer (155) Alcohol consumption 30þ 2.3 1.5

Pancreas cancer (157) Alcohol consumption and aspirin use 30þ 2.2 2.2

Cervix uteri cancer (180) Alcohol consumption, aspirin use, age at menarche, number of live births, oral
contraceptive use, and menopausal status

30þ N/A 1.5

Bladder cancer (188) Alcohol consumption, aspirin use, and history of kidney stones 30þ 3.0 2.4

Myeloid leukemia (205)c 30þ 1.9 1.3

Kidney and other urinary cancers (223)d Alcohol consumption and aspirin use 30þ 2.5 1.5
Colorectal cancer (153–154)e Family history of colorectal cancer, intake of high-fiber grain foods, alcohol

consumption, aspirin use frequency and duration, body mass index (BMI),

and exercise

30þ 1.3 1.4

Cardiovascular diseases
Ischemic heart disease (IHD) (410–414) Alcohol use, aspirin use, BMI, exercise, dietary fat consumption, and

hypertension and diabetes at the baselinef
30–44 5.51 2.26

45–59 3.04 3.78

60–69 1.88 2.53
70–79 1.44 1.68

80þ 1.05 1.38

Cerebrovascular disease (430–438) Alcohol use, aspirin use, BMI, exercise, dietary fat consumption, and

hypertension and diabetes at the baselineg
30–44 No estimates

(insufficient
events)

No estimates

(insufficient
events)

45–59 3.12 4.61

60–69 1.87 2.81

70–79 1.39 1.95
80þ 1.05 0.94g

Hypertensive diseaseh (401–405) Alcohol use, aspirin use, BMI, exercise, dietary fat consumption, and

hypertension and diabetes at the baselinef
30þ

Other cardiovascular diseases (390–398,

415–429, 440–459)

Alcohol use, aspirin use, BMI, exercise, dietary fat consumption, and

hypertension and diabetes at the baselinef
30þ 2.15 2.00

Respiratory diseases

Chronic obstructive pulmonary disease (COPD)
(490–492, 496)

9.97 10.25

Other respiratory diseases (460–466, 480–487,

381–382)

30–44 2.43 2.18

45–59 2.43 2.18

60–69 1.84 2.12
70–79 1.70 1.70

80þ 1.38 1.31

Other medical causes

Continued
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Table 1 Continued

Disease or disease cluster (ICD-9 code)a Covariates adjusted forb Age (years) Male Female

Selected other medical causes (see Table 1 in
Ezzati and Lopez (2004) for list of diseases)

30–44 2.02 1.84
45–59 2.02 1.84

60–69 1.6 1.8

70–79 1.5 1.5

80þ 1.27 1.22

aICD-9, International Classification of Disease, 9th rev.
bRRs were estimated from Cox proportional hazard models, with never-smokers as the reference group (RR¼1.0 for never-smokers). See sources for 95% CIs. All RRs for cancers and

cardiovascular diseases were adjusted for age, race, education, marital status, blue-collar employment in most recent or current job, weekly consumption of vegetables and citrus fruit, and
vitamin (A, C, and E) use (Thun et al., 2000; Chao et al., 2001, 2002). Additional covariates adjusted for are given in column 2. RRs for respiratory diseases and selected other medical

causes were initially adjusted for age only, and subsequently reduced by a constant correction factor to account for potential confounding (Ezzati and Lopez, 2004).
cThe RR for myeloid leukemia (ICD-9: 205) was applied to all leukemia (ICD-9: 204–208) because the GBD database provides estimates of mortality for all leukemia. In regions where

detailed cause of death data exist (established market economies), myeloid leukemia was between 40–55% of all leukemia.
dIn the GBD database, kidney and other urinary cancers are a part of the residual category ‘other cancers,’ which also includes cancers of multiple other sites. For this reason, no estimates

were made for these cancers using the WHO cancer mortality database.
eEvidence on a causal association between smoking and colorectal cancer was classified as suggestive in the 2004 report of the U.S. Surgeon General (USDHHS, 2004). Therefore,

colorectal cancer was not included in the main estimates.
fAt the baseline, the prevalence of hypertension among never-smokers, current smokers, and former smokers was 28%, 26%, and 33% for men, respectively, and 32%, 24%, and 27% for
women, respectively; the prevalence of diabetes mellitus among never-smokers, current smokers, and former smokers was 5%, 5%, and 6% for men, respectively, and 5%, 4%, and 4%

for women, respectively.
gSet to 1.0 as no benefits from smoking are expected.
hEvidence of a causal association between smoking and hypertensive disease has been consistently observed in epidemiological studies (Doll et al., 1994). These findings are also

supported by physiological evidence (e.g., on increased blood pressure as a result of smoking; Narkiewicz et al., 1998), also summarized in the 2001 Report of the Surgeon General

(USDHHS, 2001). The 2004 Report of the Surgeon General excluded hypertensive disease among the endpoints considered for smoking-attributable mortality (USDHHS, 2004). To be
consistent with the 2004 Report of the Surgeon General, we have excluded this outcome.

Data from Peto et al., 1992; Chao et al., 2001, 2002; Ezzati and Lopez, 2004; Ezzati et al., 2005a, 2005b).
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mortality from diseases affected by smoking, especially
cardiovascular diseases; in this region 16% of all deaths
(25% of all male deaths and 5% of all female deaths) were
attributable to smoking. Proportional effects of smoking
were smallest in sub-Saharan Africa, with a combined
male-female PAF of 1%.

The contributions of different diseases to smoking-
attributable mortality also varied by region (see Figure 1),
with cancers having a particularly important role in
high-income countries, cardiovascular diseases in Europe
and Central Asia and South Asia, and respiratory diseases
in East Asia and the Pacific and in South Asia. This
variation is because the absolute effects of smoking on a
disease depend on smoking level, as well as on back-
ground mortality from that disease, which is itself caused
by other risk factors.
Table 2 Mortality attributable to smoking, in thousands of

deathsa

Male Female Total

Low- and middle-

income countries

2730 (11%) 610 (3%) 3340 (7%)

High-income

countries

929 (23%) 533 (14%) 1462 (19%)

World 3659 (12%) 1143 (4%) 4802 (9%)

600 400 200 0

East Asia and Pacific

Europe and Central Asia

Latin American and
Caribbean

Middle East and North
Africa

South Asia

Sub-Saharan Africa

High-income

Deaths attr

Female

Figure 1 Mortality attributable to smoking by region. For all geograp

a single group at the top of the graph. The geographical regions ther
Sources of Uncertainty

Despite major improvements in the data sources required
for global estimates of smoking-caused mortality (e.g.,
mortality registration and adjustment of RRs for con-
founding), there still remains uncertainty about levels of
smoking-attributable mortality, especially in developing
countries with sparse data. The sources of uncertainty
include:

. Uncertainty in the parameters used in calculating
smoking impact ratio (SIR) and population attributable
fraction (PAF)

. Lung cancer mortality in each country based on its
mortality reporting system (CLC)

. Lung cancer mortality among never-smokers as a result
of exposure to other risk factors such as occupational
exposures and indoor air pollution from sources other
than coal (NLC)

. Statistical uncertainty (as a result of random error) in
lung cancer mortality in CPS-II smokers and never-
smokers (SLC and NLC) and in CPS-II RRs in Table 1.

The effects of these sources on the estimated attribut-
able mortality have been quantified in previous analyses
(Ezzati and Lopez, 2004; Ezzati et al., 2005a, 2005b).

The above quantifiable sources do not include a num-
ber of other sources of uncertainty. First, using lung
600 800 1000400200

ibutable to smoking (thousands)

Cancers

Cardiovascular diseases

Respiratory diseases

Selected other medical conditions

Male

hical regions, high-income countries are excluded and shown as

efore refer to low- and middle-income countries only.
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cancer as the marker for accumulated smoking hazard for
other diseases can introduce additional uncertainty
because the role of factors such as lag in disease causation
can vary across diseases, and across cigarette types or
other tobacco products (e.g., cigars), as discussed in detail
elsewhere (Ezzati and Lopez, 2004; Ezzati et al., 2005a,
2005b). Second, there is uncertainty in WHO mortality
estimates to which the estimated population attributable
fractions are applied. Uncertainty in GBD mortality data
is expected to be larger in developing countries where
vital registration is absent or incomplete (Mathers et al.,
2006). Third, extrapolation of hazards from the CPS-II to
other populations is a source of uncertainty. The implica-
tions of these other sources of uncertainty are also dis-
cussed in detail elsewhere (Ezzati and Lopez, 2004; Ezzati
et al., 2005a, 2005b).
Conclusions

The large number of deaths attributable to smoking illus-
trate that smoking is one of the most important avoidable
risk factors for mortality worldwide, and responsible for
more than 4% of the global burden of disease. More than
one-half of smoking-attributable deaths occurred among
men in low- and middle-income regions, mirroring the
rise in smoking in much of the developing world over the
past few decades (WHO, 1997). Accumulated hazards of
smoking in developing countries, coupledwith the shifting
demographic and disease patterns, suggest that mortality
as a consequence of smoking will continue to rise for the
foreseeable future, and hence the avoidable disease burden
will be even larger. Effective interventions and policies
that reduce smoking among males, and prevent increases
among females in the developing world (e.g., enforcing the
Framework Convention for Tobacco Control) can curb
and eventually reverse this increase. The estimates of
regional and global mortality presented here provide a
baseline for evaluating the implementation of tobacco
control interventions and policies. Such an evaluation
would however be helped with periodic monitoring of
smoking using valid, consistent, and comparable instru-
ments in different countries, including data by age and sex.
See also: Comparative Risk Assessment; Global Burden

of Disease; Illicit Drug Use and the Burden of Disease.
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Glossary
Complexity theory Used to analyze the behavior of

complex, adaptive, dynamic systems; suggests that

as complex systems dissipate energy, they

spontaneously create order (self-organize) and

follow predictable paths of development.

Critical realism A position in philosophy that

maintains the existence of an objectively knowable,

mind-independent reality, while acknowledging the

roles of perception and cognition in apprehending

reality.

Ecology The study of the dynamic relationships of

living organisms with each other and the total

environment in which they live.

Ecosystem A community of plants, animals, and

microorganisms that are linked by energy and

nutrient flows and that interact with each other and

with the physical environment.

Ecosystem health A healthy ecosystem is dynamic

and sustainable, able to maintain its organization and

autonomy over time while being resilient to stress.

The ecosystem health approach strives to merge

ecological and sociocultural values; it recognizes that

both the biological integrity of ecosystems and the

role of human culture are part of a healthy

ecosystem.

Sustainability framework From an ecosystem

health perspective, sustainability is the ability of

humans to endure on Earth by maximizing human

health within the context of ecosystem health. Thus,

biological, ecological, and socioeconomic systems

are maintained with quality and integrity over time.
‘Transdisciplinarity’ Analysis of an issue that goes

beyond or transcends the boundaries of existing

fields of knowledge to more fully understand the

interrelated complexity inherent in human existence

in the natural world.
Introduction: Ecosystem Health

Ecological thinking provides a way to understand the
environment and the place of humans and human health
within a given environment. The ecosystem approach
uses ecological thinking to explore the interconnections
between the health of environments and human health
with the aim of finding ways of optimizing both. This
perspective defines health as a key criterion of human
sustainability. An ecosystem health approach also addresses
the effects of global change on both ecosystem sustainabil-
ity and human health. Initially, researchers viewed the
health of ecosystems as a precondition of human health.
More recently, investigators have focused on how environ-
mental, social, and economic factors interrelate to influence
ecosystem and human health.
Historical Perspectives of Human
and Ecosystem Health

The link between public health and the broad environment
within which people live is an enduring subject of inquiry.
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Hippocrates (ca. 400 BC) first examined the relationship
between the climate and biophysical features of a region,
cultural values, the occupations, and the distinctive health
profile of its human inhabitants. He observed:

Whoever wishes to investigate medicine properly, should

proceed thus: in the first place to consider the seasons of

the year . . . then the winds . . . the quality of the waters. In

the same manner, when one comes into a city to which he

is a stranger, he ought to consider its situation, how it lies

to the winds and the rising of the sun . . .

From these things he must proceed to investigate

everything else. For if one knows all these things well . . .

he cannot miss knowing . . . either the diseases peculiar to

the place, or the particular nature of common diseases, so

that he will be in no doubt as to the treatment of the

diseases. (Lloyd, 1978: 148)

Hippocrates also suggested that health examinations
consider the cultural mores of the inhabitants of a partic-
ular region. We can therefore suggest a second Hippo-
cratic oath: health professionals need to examine the
complex relationships between the elements of the total
environment of the patient (individual or population) to
evaluate health. Health was an important metaconcept
in the ancient world and it still has the advantage of
being widely used in public discourse to describe the
well-being of individuals, families, and communities.
Health is therefore a concept that is easily understood
in nonscientific circles when extended to systems at
different levels, ranging from human organs, to society
as a whole, and even the planet Earth itself.

In Europe, the importance of the built environment
as a factor affecting human health was made abundantly
clear during the Industrial Revolution (1780–1850). The
impact of rapid industrialization with its attendant air
and water pollution was noted by physicians and social
observers as a major challenge to public health. In what
has become known as the Sanitation Movement, pioneers
in public health policy and practice, such as Edwin
Chadwick in 1842, pointed out the direct relationship
between poverty, the degradation of urban environments,
and the decline in public health. Chadwick’s solution was
to enable people to once again access fresh air, clean
water, and sunlight. In addition, a task of the Sanitation
Movement was to clean up the urban environment and
return organic ‘matter,’ such as sewage, back to the
countryside to contribute to ‘nature’s balance.’

Even before there was a clear understanding of the
existence of disease-causing microorganisms such as
bacteria and viruses, mid-nineteenth-century physicians
like John Snow considered water polluted by human
sewage to be a primary cause of cholera and other infec-
tious diseases. Occupational health and medicine, as a
discipline, emerged from the early recognition that some
workplaces are implicated in worker sickness and death
associated with toxic substances used in agricultural or
industrial processes. The famous example of ‘phossy
jaw,’ painful inflammation of the face and jaw caused by
excessive exposure to white phosphorous by workers in
match factories, dramatically highlighted the connections
between the work environment and human health. (White
phosphorous-based bombs continue to be used in modern
warfare affecting thousands of noncombatants).
Evolution and Ecology as Revolutionary
Ways of Knowing

The culturally acquired tendency to see the environment
as something ‘out there’ and human culture as comfort-
ably isolated from ecological reality is a manifestation
of fundamentally dualist thought identified and analyzed
by Western philosophers. Western ideas about the envi-
ronment also have their origins in religious beliefs that see
humans as somehow special and separate from the rest of
creation. This hubris has been supported by scientism and
technocentrism promoting the idea that humans do not
need ecology to be sustainable and that human ingenuity
and invention can always substitute for the ‘services’
provided by ecosystems. For example, while humans can
produce potable water from seawater at great expense in
capital and energy, no substitute for the hydrological
cycle has yet been forthcoming from science.

The application of ecological thinking revolutionizes
the way Western societies and Western science concep-
tualize humans and the environment. Under the twin
influence of the sciences of evolution (the longitudinal
study of change in life forms by way of the process of
natural selection) and ecology (the study of the spatial
interconnections between living and nonliving compo-
nents of the biosphere), other forms of scientific knowl-
edge have engaged with the ancient but foundational
understanding that ‘all things are interconnected’; an
understanding that underpins the worldviews of many
indigenous peoples. The older Newtonian mechanistic
paradigm of simple cause and effect leading to predictable
outcomes in all areas of science, including biomedical
science, was challenged by eco-evolutionary approaches
to the understanding of issues connected to life and living
systems. The shift from a mechanistic to an organic process
philosophy has been facilitated by the global reach of human
impact on the biosphere and the emergence of diseases (e.g.,
mad cow disease) that defy analysis in terms of traditional,
reductionist science. The influence of culture – particularly
a globalized, industrial, and technological one – on ecosys-
tems and, in turn, human health, is now a prominent area of
inquiry in the health and social sciences. The incorporation
of culture and ecology promotes new biomedical
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understandings of personal and public health that are
multilayered, dynamic, and complex.
The New Environmental Health

Aldo Leopold, the twentieth-century American envi-
ronmental philosopher, was one of the first to see the
importance of the health of ecosystems to the health of
humans. In the posthumously published A Sand County

Almanac (1949), he drew attention to the problem of
‘land sickness’ and how such sickness can contribute to
economic and cultural collapse of human agricultural
systems. Leopold even spoke of the need for a new science
of land health, lamenting that in the American West
there was ‘‘as yet, no sense of shame in the proprietorship
of a sick landscape’’ (Leopold, 1949: 158).

It was not until the early 1960s, with publications from
environ mental health pione er s suc h as Rachael Car son’s
Silent Spring (19 62 ) and Mu r ray Bookc hin’s Our Synthetic
Enviro nment (1962 ) tha t c lear connecti ons were made
between the threat posed by toxic chemicals, ecosystem
health, and human health. Carson’s work fostered a
sense of shame about the possibility that humans could,
with toxic pesticides such as DDT, literally render a
spring without birds. Carson argued that full knowledge
of the cumulative impacts of organic pollutants was
needed if humans were to fulfill their ‘obligation to
endure’ on this planet. This statement marks one of the
earliest observations about what is now referred to as
sustainability. With knowledge of the cumulative impacts
of persistent pollutants and the idea of bioaccumulation
through food chains or pyramids, new ideas about the
relationship between ecosystem health and human
health began to emerge. Carson argued that ecological
relationships do not only operate outside of the human
body. The ‘ecology of the world’ also operates within the
body where ‘minute causes produce mighty effects.’ In
many non-Western worldviews, this interdependency of
macrocosm (the whole of existence) and microcosm (the
human body) is a well-developed system of thought.

Carson’s new environmental health had to deal with
the fact that hazards new to life and evolutionary pro-
cesses, such as synthetic pesticides, had been introduced
by human agency. Critically, the full effects of these
pesticides might not be known until some time in the
future. The impact of the bioaccumulation of toxins
through the food chain has proven to be even more
pervasive than Carson ever envisaged. The indigenous
people of Greenland and the Inuit of northern Canada
have the highest concentrations of the toxic element
mercury in their bodies, yet they are the humans most
distant from the industrial sources of this element. The
bodies of beluga and killer whales, also at the top of the
food chain in the Arctic and sub-Arctic regions of the
Northern Hemisphere, have such high levels of persistent
pollutants that their dead bodies are declared toxic waste
under the U.S. Environmental Protection Agency (EPA)
standards.

Carson’s pioneering work established three important
concepts for examining the relationship between ecosys-
tem and human health:

. Minute causes can produce mighty effects;

. Immediate causes can produce effects in the future;

. Immediate causes can produce spatially distant effects
(Carson, 1962).

Support for the ecological study of interconnections
also emerged from complexity theory in the late twentieth
and early twenty-first centuries. One of the foundations
of complexity theory lies in the laws of thermodynamics.
The first law states that the energy of the universe is
constant, and the second law states that any system (open
or closed) left to itself will tend spontaneously to a state of
maximum possible disorder (entropy) – that is, the state
of thermal equilibrium. The operation of both laws makes
it seem highly improbable that anything as interesting
as life and living systems could ever have emerged.

However, although complexity theory has given some
emphasis to the chaotic, unpredictable elements of life,
it promotes the idea that patterns of order can flow
from seemingly chaotic or random events (perturbations).
The idea, that as complex systems dissipate energy they
spontaneously create order and complexity, has been
used to help explain emergent complexity domains as
diverse as life, ecosystems, the weather, and stock market
fluctuations. A fundamental insight is that new forms
of complexity are achieved and maintained over time
through the spontaneous self-organization of dynamic
systems. Some of the key features of complex systems
and complexity are:

. Order arises from fluctuations or perturbations within a
system.

. The interaction of local and global levels of complex
systems determines their properties.

. Local interaction can produce global order, and global
order can affect local behavior.

. Interactive causal relationships exist within and be-
tween entities and are at their richest at the tipping
point between order and disorder.

. Complex adaptive systems can form patterns and fol-
low predictable paths of development.

. The identification of attractors or states to which a
system finally settles, is one clue as to why certain
patterns (order) and not others are created.

. Complex systems can self-organize and evolve toward
states of increased complexity. They are able to do this
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only if there is a pathway to a suitable sink for the waste
(entropy) produced to be dissipated (Higginbotham
et al., 2001).

Complexity theory suggests a resolution of the appar-
ent contradiction of the laws of thermodynamics and life.
Building the complexity and diversity of life challenges
entropy at the local level; however, entropy will always
increase globally while a gradient for material flows is
available for waste assimilation. The availability of waste
sinks is crucial for the health of systems from local to
global levels. The old saying, ‘Don’t foul your own nest’
is based on this thermodynamic insight at a local level.
Relatively new concerns about the limits of the atmo-
sphere as a waste sink for the carbon dioxide produced
by burning fossil fuels express it at a global level. It
is wor th not ing that Bar ry Commone r’s ( 1971 ) f amous
second (‘Everything must go somewhere’) and fourth
(‘There is no such thing as a free lunch’) laws of ecology
simply restate the first and second laws of thermody-
namics. Recognition that there are limits to growth at
micro and macro levels of the continuum of life requires
that we have detailed understanding of complex systems
and the way they operate as either healthy or unhealthy
dissipative structures. The laws of thermodynamics and
ecology act in such a way that the ‘ecology of the world,’
as Carson expressed it, is reflected and reproduced in all
other ecologies whether large or small scale.
‘Transdisciplinarity’

Understanding the interrelationships explained by ecol-
ogy and complexity makes it possible to go beyond tradi-
tional discipline-based insight to understand emergent
issues such as public health problems. New transdisciplin-
ary frameworks that can create novel conceptualizations
are needed to provide a systemic account of how the
world actually works at all levels from the micro to
the macro. As an antidote to reductionism (the study of
a phenomenon by reducing it to its constituent parts),
transdisciplinary thinking acknowledges the interrelated
complexity of the real world, thereby producing novel
integrative sciences such as ecosystem health. Indeed, it
can be argued that the commitment to transdisciplinary
ways of thinking about health issues is the distinctive mark
of an ecosystem approach to health.

The need for transdisciplinary insight is no better
illustrated than with the issue of global warming. The
increase of greenhouse gases in the atmosphere is not
simply a technological problem; it is connected to social
and cultural values such as the belief that quality of life
is tied to increasing levels of material affluence. More-
over, as climate changes, so too does the potential for
disease and health. To fully understand global warming,
or climate change, a full range of disciplines, including
the biophysical, biomedical, sociological, psychological,
and the political need to be engaged.

The influence of widespread industrialization on the
sustainability of ecosystem health and, in turn, human
health, is now a major concern of the ecosystem health
approach to understanding human–nature relationships.
Human health, as a manifestation of social justice and
equity, can also be seen as a major indicator of social
sustainability. The humanities and social sciences play a
key role in the full transdisciplinary understanding of
the complexity of human health. While human subjectiv-
ity is deliberately minimized in the traditional scientific
method, it is a vital component of transdisciplinary meth-
ods applied to the resolution of human problems tied
to ecosystem health. Human subjectivity, cultural knowl-
edge, and participation in the various explanations of
issues, and direct involvement in actions to remedy health
problems, are an integral part of acknowledging the full
complexity of health issues.

Inquiry that explores the social determinants of health
helps overcome the limitations of the dominant biomedi-
cal and biophysical approaches to the study of environ-
ment and health. In addition, the convergence of the
biophysical, eco-environmental, and social sciences into
new transdisciplinary sciences becomes possible because
the focus of research is on common public health issues
and problems. Public health is the outcome of a broad
ar ran gemen t of forc es oper ating at mu ltiple levels.
Gunde r son and Hollin g ( 2002 ) see lif e as a transf or mative
process or ‘panarchy,’ whereby nested systems are linked
together in adaptive cycles of growth, accumulation,
restructuring, and renewal. Public health practitioners
can apply these understandings of complex adaptive sys-
tems to strengthen the resilience and hence sustainability
of the system as a whole.
Ecosystem Health and Eco-Health
Approaches

As is befitting a transdisciplinary, evolutionary, and
ecosystem approach to health, there are many niches
where different theoretical emphases emerge. Hippocrates
suggested such niches can range from specific biophysical
influences on health to the totality of human cultural
influences on those very biophysical systems. Many levels
of analysis are open to ecological investigations of human
health: from eco-psychology to critical anthropology and
political ecology. The various schools of ecosystem health
and eco-health differ in the choice and level of their
commitment to transdisciplinarity as outlined in the
approaches discussed in the following sections.
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Ecosystem Health as Biophysical Health

A biophysical approach applies metrics of human health
to develop ecological assessments, monitoring, audits,
and indicators of the health of specific ecosystems such
as rivers and their catchments. An ‘objective’ report
card style of assessment is followed using the pressure-
state-response model of state-of-the-environment report-
ing. Despite this model stressing the overwhelming impact
of human pressure acting as an ecosystem stress agent,
there is a tendency to isolate and separately measure
that which is easy to measure in the ecosystem (water
quality, erosion rates, biodiversity loss). Thus the bio-
physical approach minimizes or overlooks the active
role of human agency, in particular, the causal pressures
of modernization and industrial development. The impli-
cation of such an approach is that if the biophysical
parameters of a healthy ecosystem are in place, then
the health of human beings in the ecosystem should be
optimally supported.

In other areas where the interaction between bio-
physical parameters and human health has highlighted
important health outcomes, new transdisciplinary fields
of inquiry have emerged. Medical geology, for example,
examines the public health impacts of geologic materials
and geologic processes with an aim to prevent diseases
linked to toxic and harmful elements and compounds
(Bunnell, 2004). However, even here, medical geology
must examine the full circumstances whereby humans
come into contact with toxic substances; these may
include mining and other economic activities, as well as
government and nongovernment organization policies
implicated in the exposure. Foreign aid to build thousands
of tube wells in Bangladesh, for example, has been the
indirect cause of thousands of people being exposed to
naturally occurring arsenic in the groundwater through
drinking water taken from those wells.
Ecosystem Health as Healthy Ecosystems

Early approaches in ecosystem health focused on the
health of ecosystems as a foundation or precondition
for human health. Indicators of biophysical health were
then developed to help diagnose health and ill health in
ecosystems, much as if ecosystems were living bodies or
patients being examined by a physician. In many respects,
‘health’ was being used as a metaphor that was easily
understood by people from different academic disciplines
and laypeople. Following Aldo Leopold and his con-
cept of land sickness, pioneer researchers such as David
Rapport developed concepts such as ‘ecosystem distress
syndrome’ (Rapport and Whitford, 1999) as a diagnostic
tool. Ecosystem distress syndrome implies that human
disturbance of ecosystems creates situations in which
ecosystems do not ‘bounce back’ to former (healthy) con-
figurations, even when factors that stress the system are
removed. Such systems are stressed to the point where
they lack resilience and they then reconfigure to less
productive and simpler states (a different ecosystem).

A key theme of the ecosystem health approach is that
upstream intervention in degrading processes requires
that the human activities and values that are the primary
cause of degradation be directly addressed. In other
words, a humans-in-the-ecosystem approach sees human
activity as the primary cause of ecosystem distress syn-
drome. To prevent situations of irreparable damage,
humans need to regulate their own activity and values
so that they complement ecosystem integrity, rather than
try heroic, expensive, and often futile efforts to repair
unhealthy ecosystems. Hence, the healthy ecosystem
approach emphasizes the human agents in the ecosystem.

The systematic application of a ‘humans in’ approach
to ecosystem health challenges traditional medical appro-
aches to disease. Rather than focusing on a cure that might
involve heroic intervention at open-ended expense, the
ecosystem health approach is anticipatory and preven-
tive. John Howard (2005) has highlighted the different
approaches to human health care and disease:

. Traditional doctor–patient model. In this model, the patient
visits doctor, doctor diagnoses the disease, and treats
the disease. The disease is understood as something
that affects many different people, for which there is
standard treatment. For example, patient complains of
shortness of breath, doctor diagnoses asthma and pre-
scribes medications to ease symptoms.

. Patient-centered model. This model builds on the tradi-
tional one: doctor also considers the patient’s individual
experience of a particular disease ‘illness’ and the illness
or experience of disease will depend on the context of
the patient such as family and community. For example,
patient diagnosed with asthma, extra role for doctor to
determine the unique illness experience of that patient
(e.g., bricklayer, smoker, 60-years-old, wealthy or poor).

. Ecosystem health model. This model considers, in addi-
tion, intersection of the patient with the environment
(physical, economic, social, and political). For example,
patient complains of shortness of breath, health-care
provider needs to also consider why so many people
now require asthma therapy, what the health-care system
can do about it. (Key questions: What caused the patient
to have this problem? What can the physician or society
do to prevent the problem developing in other people?)

The ecosystem health model looks at health from as
‘‘broad a perspective as possible’’ (Howard, 2005: 11).
Health and disease are understood to result from complex
interactions and involve not only traditional aspects of
physical, mental, occupational, and nutritional health,
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but also social, political, economic, and physical environ-
ments, because they all influence the health of the patient.
Under an ecosystem health paradigm, healthy ecosystems
must display the complete integration of biophysical
and cultural dimensions.
Global Influences on Ecosystem Health

The study of health takes on a global perspective as the
emphasis shifts from the analysis of change in distinct
regional ecosystems, to consideration of the worldwide
interconnection of cultural, environmental, and technolog-
ical elements. Global-scale change and its impacts
on human health are vibrant new research themes. Conser-
vation medicine, for example, is one of the integrative
transdisciplinary sciences that address interactions among
human-induced changes in the total environment and
the emergence of pathogens within human, animal, and
plant communities. Emergent diseases that are ‘‘zoonotic’’
or ‘‘are suspected of having originated relatively recently as
pathogens in wild populations inhabiting natural ecosys-
tems (e.g., influenza, HIV/AIDS, severe respiratory syn-
drome)’’ are an expression of development pressures and
require an ‘‘integrated biomedical and bioecological research
agenda’’ (Wilcox, 2005: 130). Such transdisciplinarity is
achieved through the integration of ideas from eco-
logy, biology, epidemiology, veterinary medicine, human
medicine, and public health. Humans are seen as central
elements of the global system and its subsystems, nested
hierarchically within the larger biosphere.
Ecosystem Health as Eco-Health

The term eco-health has been used to highlight the social
dimensions of the transdisciplinary arrangement of ele-
ments that promote or diminish health. Such highlighting
was thought necessary because of the perceived biophy-
sical origins of early accounts of ecosystem health. As
such, there is an emphasis on the potential of policy and
management to improve the health of human populations
and also to address the complex interactions between
environmental, sociocultural, and economic factors. An
eco-health approach to human health

builds on the ecosystem health model by recognising that

human health and well-being are intimately tied not only

to the health of ecosystems that sustain human life, but

also to complex interactions between environmental-

sociocultural and economic factors.

(De Plaen and Kilelu, 2004: 9)

By emphasizing the social and cultural end of the trans-
disciplinary spectrum, those who use the term eco-health
engage the social sciences’ attention to justice and equity
issues. Involving people themselves in action to achieve
better health is fundamental to the eco-health approach.
Ecosystem Health as Human Ecology
and Ecological Anthropology

The humans-in-the-system approach to ecosystem health
has prompted debate about the role that human factors
(ethics, culture, politics, policy, economies) play in deter-
mining the foundations of system health. As global con-
nectedness, human population numbers, urbanization,
and industrialization increase, the role of humans in the
total ecosystem becomes critically important. It might
even be argued that as humans increasingly live within
environments of their own design and construction, the
ecology that must be studied is a human one. Proponents
of ‘human ecology’ argue for the incorporation of socio-
logical and anthropological insights to highlight the direct
and indirect effects on health of ‘‘unhealthy trajectories
of development, anthropogenic ecosystem change, and
related social inequities’’ (Parkes et al., 2003: 671). In a
similar vein, ecological anthropology investigates social
inequality and demonstrates how small- and large-scale
political economies shape environmental outcomes and
interpretations (Kottak, 1999).
Health Psychology and Conservation
Psychology

A new transdisciplinary synthesis of health psychology
and conservation psychology has emerged to foster peo-
ple’s engagement in the construction and mainten-
ance of ecosystem health. This new field in psychology
explores self–place relationships, environmental per-
ception, experiential issues, and caring, nurturing, and
environmentally sensitive behaviors (see Saunders and
Myers, 2006). It is important when examining complex
adaptive systems, and the adaptive management techniques
needed to achieve sustainability, that attention is paid to
understanding the meanings that emerge from people’s
experience of their localities (Bott et al., 2003). Sense of
place and place attachment (Horwitz et al., 2001) are pow-
erful concepts that connect human and environmental
health. For example, ‘solastalgia’ (Albrecht, 2005) describes
the melancholia or lack of solace in one’s home environ-
ment caused by the effects of negative environmental
change such as mining and drought. Human action and
reaction to environmental change cannot be understood
without consideration of concepts derived from the psy-
chological end of the transdisciplinary ecosystem health
spectrum.
Ecosystem Health and Critical Realism

Arguably, the study of ecosystem health must integrate
analysis of the health of a constructed and managed
ecosystem with public health approaches. However, as
Hippocrates, the Sanitation Movement pioneers, and
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Rachael Carson observed, it is precisely the disconnec-
tion between foundational ecosystem services (clean air,
potable water, arable soil, symbiotic relationships with
biodiversity, nature’s surplus) that creates health problems
in human-constructed environments in the first place.
The eco-health approach is guided by the philosophy of
critical realism. Critical realism asserts that total system
health is based on the reciprocity principle: Ecosystems
influence human health, humans influence ecosystem
health. Sustainability is achieved through reciprocal rela-
tionships, whereby complexity and resilience in the human
element is not achieved at the expense of complexity
and resilience in the ecosystem element. By embracing
the concept of ‘‘non-deterministic coevolution’’ (Carolan,
2005: 5), critical realism avoids both environmental and
cultural determinism.
Ecosystem Health and Participatory
Public Health

A community-based and participatory model of investi-
gation is required to evaluate the role of human actors in
the construction (or destruction) of their own ecosystems
and their eco-health. A participatory model of public
health defines humans as agents who participate in their
own health outcomes as well as actively participating in
the restoration of damaged (unhealthy) ecosystems. This
includes those who research eco-health problems as well
as those who are being researched. The political inequal-
ities that may obstruct the outcomes of participatory
models of action also need to be considered and addressed
by practitioners, policy makers, and researchers.
Conclusions

Humans are initiating global-scale changes that pro-
foundly affect the biosphere, including climate change
and ozone depletion. This trend has been accompanied
by the emergence of transdisciplinary accounts of these
challenges to total systems of health. The foundations of
an ecosystem approach to health lie in the biophysical
sciences and ecology. However, increasingly, the social
sciences and humanities are required to explain how
the disintegration or maintenance of interconnections
between humans and the environment is fundamental to
explaining public health problems. We have highlighted
the diversity of approaches to ecosystem health, including
biophysical, healthy ecosystem, conservation medicine,
eco-health, human ecology and ecological anthropology,
health psychology, and conservation psychology. We also
have discussed key concepts and methods of the ecosys-
tem approach including complex systems, critical realism,
transdisciplinarity, and participatory methods. While by
no means fully united, ecosystem health (eco-health)
represents an emergent sustainability framework that
can integrate many aspects of public health research and
practice in the twenty-first century.
See also: Community Health Insurance in Developing

Countries; Cultural Epidemiology; Race, Human Varia-
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Rationale and Goal

Broad progress in global health since WorldWar II has not
been evenly distributed across populations. Indeed, recent
breakthroughs in medical technology and gains in indica-
tors such as global average life expectancy have been
accompanied by widening health gaps between social
groups, between and within countries. Health differences
among population groups that could be avoided or reme-
died, and that are unfair, are called health inequities (WHO
Equity Team, 2004). Epidemiological research shows that
the bulk of the global burden of disease and the greatest
portion of health inequities arise from the social condi-
tions in which people live and work – referred to as the
social determinants of health (SDH).

The Commission on Social Determinants of Health
(CSDH) was created by the World Health Organization
(WHO) to promote greater health equity. It aims to do so
by catalyzing policy and institutional change to address
the SDH within countries and among institutions working
in global health, including WHO itself. The Commission
was created by WHO Director-General Lee Jong-wook
and is chaired by epidemiologist Sir Michael Marmot. It
was launched in March 2005 and will submit its final
report in May 2008.
Historical Background

The Commission builds on a historical tradition. Public
health scientists have long observed that social conditions
decisively influence health. The sanitary campaigns of the
nineteenth century and the work of the founders of mod-
ern public health reflected awareness of the relationship
between people’s social position, their living conditions,
and their health outcomes. Rudolf Virchow (1985 [1848])
asked, ‘‘Do we not always find the diseases of the populace
traceable to defects in society?’’ During the twentieth
century, traditions of social medicine developed in several
global regions, notably Latin America, linking health pro-
gress to processes of community self-empowerment and
movements for political and social change (Tajer, 2003).

During recent decades, international health agendas
have tended to oscillate between (1) an understanding
of health as a social phenomenon, requiring intersec-
toral policy action and often linked to social justice agen-
das, and (2) approaches relying on narrowly defined,
technology-based medical and public health interventions.
WHO’s 1948 Constitution clearly acknowledges the impact
of social conditions on health, and the need for collabora-
tion with sectors such as agriculture, education, housing,
and social welfare to achieve health gains. During the 1950s
and 1960s, however, WHO and other global health actors
emphasized technology-driven, vertical campaigns target-
ing specific diseases, with little regard for social contexts
(Brown et al., 2006).
Alma-Ata and Health for All

A social model of health was revived by the 1978 Declara-
tion of the Alma-Ata Conference on Primary Health Care
and the ensuing Health for All movement. The Alma-Ata
Declaration laid out a vision of equitable health improve-
ment based on ‘‘development in the spirit of social justice’’
(WHO andUNICEF, 1978). Primary health care as defined
at Alma-Ata included the creation of healthy living and
working conditions through intersectoral programs.

Many governments embraced the principle of inter-
sectoral action on SDH under the banner of Health for
All. However, the market-liberalizing economic models
that gained global ascendancy during the 1980s created
obstacles to policy action on social determinants. In the
health sector, these approaches mandated market-oriented
reforms that emphasized efficiency over equity as a sys-
tem goal and often reduced disadvantaged social groups’
access to health-care services (Hofrichter, 2003; Homedes
and Ugalde, 2005). On the level of macroeconomic policy,
the structural adjustment programs adopted by many
developing countries under the guidance of interna-
tional financial institutions mandated sharp reductions
in governments’ social sector spending, constraining pol-
icy makers’ capacity to address key SDH (Werner and
Sanders, 1997).
Renewing the Health Equity Agenda in the
Twenty-First Century

During the late 1990s and the first years of the twenty-
first century, evidence accumulated that existing health
policies had failed to reduce inequities, and momentum
for new, equity-focused approaches grew, at first pri-
marily in wealthy countries. The CSDH builds on this
momentum and aims to ensure that developing countries
also benefit. The creation of the CSDH can be seen as part
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of a broader effort to revive WHO’s constitutional com-
mitment to health equity and to rekindle the energy of
Health for All. The architect of the Commission was
WHO Director-General Lee Jong-wook. Lee saw signifi-
cance in the fact that the Commission would submit its
final report in 2008, the 30th anniversary of the Alma-Ata
conference and 60 years after the adoption of the WHO
constitution. Taking leadership of WHO in January 2007,
Margaret Chan, Lee’s successor as director-general, is
incorporating the CSDH in an effort to refocus global
health work on primary health care.
The Social Production of Health Inequities

Many social factors influence people’s health, but not all
determinants are equally important. The CSDH has cho-
sen to focus primarily on factors that contribute to creat-
ing and maintaining health inequities. Under the broad
category of health determinants, the CSDH distinguishes
between the determinants of health inequities (structural
determinants) and intermediary determinants of health.
Structural and Intermediary Determinants

Structural determinants are those that produce stratifica-
tion within society. Structural determinants are rooted in
key socioeconomic and political institutions. Structural
factors establish a set of socioeconomic positions within
hierarchies of power, prestige, and access to resources.
The most important structural stratifiers include income,
social class, education, occupation, gender, and race or
ethnicity. The fundamental mechanisms that produce and
maintain (but that can also reduce or mitigate) this strati-
fication include governance; the education system; labor
market structures; and redistributive welfare state policies
or their absence (Navarro et al., 2006). The structural
mechanisms that shape social hierarchies and assign indi-
viduals to differential social positions according to the
key stratifiers are the root cause of inequities in health
(Diderichsen et al., 2001).

In shaping individual health status and outcomes, the
underlying social determinants of health (SDH) inequi-
ties operate through a set of intermediary determinants of
health. The main categories of intermediary determinants
of health are material circumstances, psychosocial cir-
cumstances, behavioral and/or biological factors, and the
health system itself as a social determinant. Material
circumstances include factors such as housing and neigh-
borhood quality, consumption potential (i.e., the financial
means to buy healthy food, warm clothing, etc.), and the
physical work environment. Psychosocial circumstances
include psychosocial stressors arising from living circum-
stances and relationships, along with social support and
coping styles. Behavioral and biological factors include
nutrition, physical activity, and tobacco and alcohol con-
sumption, which are distributed differently among differ-
ent social groups.

Figure 1 illustrates the social production of health
inequities. Reading from left to right, the figure shows
how the configuration of key economic, social, and cul-
tural institutions, including the labor market and the
education system, gives rise in each society to a hierarchi-
cally ordered set of socioeconomic positions that people
can occupy. Groups are stratified according to the eco-
nomic status, power, and prestige they enjoy, for which we
use social class, income levels, education, occupation sta-
tus, gender, race or ethnicity, and other factors as proxy
indicators. The structural mechanisms of social stratifica-
tion shape health through more specific, intermediary
determinants (blue column in Figure 1). Based on their
respective social status, individuals experience differences
in exposure and vulnerability to health-compromising
conditions. The diagram also highlights the feedback
effects through which illness may affect individual social
position.
The Health System as a Determinant

The CSDH model departs from many previous appro-
aches by conceptualizing the health system itself as a
social determinant of health. The role of the health system
becomes particularly relevant through the issue of access
to health services. Different social groups (for example,
higher and lower income groups, women, and men) have
different opportunities to access health services. Health
systems can be more or less enabling and responsive in
creating conditions that facilitate access for vulnerable
and excluded groups. The health system also plays an
important role in mediating the differential consequences
of illness in people’s lives. The social, economic, and other
consequences of specific forms of illness and injury vary
significantly, depending on the social position of the per-
son who falls sick. To the extent that the health system
incorporates mechanisms to mitigate these differential
consequences, or fails to do so, the system itself operates
as a determinant of health.
Health Gaps and Gradients

In all societies for which data are obtainable, health fol-
lows a clear social gradient. It is not simply that the rich
live longer, healthier lives than the poor do. Rather, life
expectancy, incidence rates of major diseases, and virtu-
ally all other significant measures of population health
precisely mirror the steps of the social ladder (Marmot
and Wilkinson, 2006). When people are ranked on a
socioeconomic scale (by income quintile, for example),
each group exhibits better health than does the group
below it and poorer health than the group above.
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A crucial question then arises about how the objective
of public policies on health equity should be formulated.
Three broad approaches to reducing health inequities
can be identified, based on (1) targeted programs whose
objective is simply to improve health among disadvantaged
populations, without reference to what is happening
with other groups; (2) closing health gaps between
worse-off and better-off groups; and (3) addressing the
social health gradient across the whole population, that
is, improving health for all groups, but with the fastest
gains in the lower portions of the social spectrum. The
CSDH maintains that a consistent equity-based approach
to SDH must ultimately lead to a gradients focus. How-
ever, strategies based on tackling health disadvantage,
health gaps, and gradients are not mutually exclusive.
They can complement and build on each other (Graham
and Kelly, 2004).
CSDH Structure and Ways of Working

The CSDH seeks to distinguish itself from some other
commissions whose activity was limited to desk research
and the production of a report. CSDH results should
include demonstrable progress in catalyzing policy and
institutional change, as well as the publication of high-
quality reports and research.

The main components of the CSDH include the 20
commissioners, evidence-gathering Knowledge Networks,
partner countries, and civil society organizations. The
Commission also works in close partnership with a number
of global institutions, most prominently WHO. The com-
missioners are 20 people chosen for being innovators in
science, public health, policy making, and action for social
change. The group includes leading health experts but also
economists such as Nobel laureate Amartya Sen and polit-
ical leaders, including Ricardo Lagos, former President of
Chile, and Pascoal Mocumbe, former Prime Minister of
Mozambique.
Knowledge Networks

The bulk of the Commission’s scientific work is under-
taken by nine Knowledge Networks. Their mandate is
to go beyond describing the problem of health inequi-
ties to identify effective policies to reduce them. Each
Knowledge Network includes scientists, policy makers,
civil society representatives, and practitioners from
developing and developed countries who work together
to compile knowledge on interventions to overcome the
social barriers to health. Networks have between 10 and
20 members.

The Knowledge Networks are structured by themes:

. Early child development

. Employment conditions

. Globalization

. Health systems
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. Measurement and evidence

. Priority public health conditions

. Social exclusion

. Urban settings

. Women and gender equity.

Each network generates knowledge products that sup-
port the Commission’s policy dialogue with countries and
that feed into CSDH publications and reports.
Action in Countries

The CSDH learns from policy innovations in countries
and provides a platform for disseminating solutions. The
CSDH will collaborate with countries in a variety of ways.
These include creating awareness and understanding of
SDH among political leaders and stakeholders, capacity-
building and implementing specific interventions, and
helping countries adopt comprehensive health and devel-
opment policies oriented toward the SDH. To be fully
effective, social determinant policies require action across
a range of sectors, such as finance, labor, education, and
transportation, as well as health. The CSDH describes this
as a whole-government approach to tackling health
inequities through action on determinants.

While working with all interested countries, the
CSDH is building intensive partnerships with a particular
group of countries committed to comprehensive, cross-
governmental action on social determinants. Examples of
action in countries include the following:

. Brazil: Brazil has created its own National Commission
on Social Determinants of Health, linked to the CSDH.
The Brazilian Commission seeks to (1) improve the qual-
ity of sociodemographic data collected in the country in
order to facilitate the monitoring of health inequities,
(2) include the SDH and the consequences of inequity
in the training of health professionals, (3) mobilize civil
society to safeguard equity as a principle and ensure
its implementation in public policies, (4) create inter-
sectoral fora to debate and establish ways of tackling
social determinants, including short-, medium-, and
long-term policies, and (5) finance research and support
the training of researchers in the area of SDH.

. Canada: In partnership with the CSDH, Canada has
undertaken a review of experiences in intersectoral
action to identify success factors, barriers, best prac-
tices, and unresolved issues and to develop
recommendations. Canada is systematizing knowledge
about tackling social determinants using an intersec-
toral approach in the development and implementation
of social policies.

. Mozambique: The CSDH is working in a multisectoral
process with Mozambique’s ministries of labor, public
housing, planning, and education, among others, to
develop a national work plan on SDH.
Civil Society Engagement

The political sustainability of social determinants policies
at the national level depends on the support of civil
society and communities. The CSDH has asked networks
of civil society organizations to develop strategies for civil
society collaboration with the Commission in all global
regions. These strategies are being shaped through con-
sultative processes involving a broad spectrum of civil
society and grassroots groups. They will help ensure that
the CSDH agenda reflects communities’ needs and knowl-
edge and that informed social demand supports the policy
change process in countries (Solar and Irwin, 2006).
Public Policy Approaches on Social
Determinants

The CSDH has identified key directions for public policy
on social determinants. Three of the most important are
tackling both structural and intermediary determinants,
mobilizing multiple sectors, and ensuring social partici-
pation and empowerment.

Arguably the single most significant lesson of the
Commission’s analysis is that government action to
reduce health inequities must not be limited to interme-
diary determinants but must include policies crafted to
tackle underlying structural determinants. Because they
engage the core institutions that distribute power and
resources within society, policies on the structural deter-
minants of health inequities must be designed with careful
attention to contextual specificities, which should be rig-
orously characterized using methodologies developed by
social and political science. Analyses of context must
include global as well as national dimensions.

Tackling the structural determinants of health inequi-
ties requires intersectoral policy making because struc-
tural determinants can be addressed only by policies
extending beyond the health sector. The CSDH aims to
(1) identify successful examples of intersectoral action on
SDH in jurisdictions with different levels of resources
and administrative capacity and (2) characterize in detail
the political and management mechanisms that have
enabled effective intersectoral programs to function
sustainably.

Participation of civil society and affected communities
in the design and implementation of policies to address
social determinants is essential to success. Genuinely
empowering social participation provides both ethical legit-
imacy and a sustainable base to take the social determi-
nants agenda forward after the Commission has completed
its work. With the help of its civil society partners, the
CSDH is identifying positive examples of social participa-
tion in policy-making processes, while also diagnosing and
analyzing the barriers that often prevent participation.
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Tackling the social determinants of health inequities
requires enlarging the definition of health policy. Health
equity policies do not come from the health sector alone.
The health sector must support other sectors, such as
transport and labor, to incorporate health equity as a
goal and monitor the health equity impact of policies
and programs. This approach also changes the health
sector itself. A health system responsive to the determi-
nants of health equity moves beyond traditional health
promotion interventions targeted at individual risk fac-
tors. Equity in access to services becomes a key system
priority, with implications for financing and budgeting;
program design, monitoring, and evaluation; and other
aspects of health system performance.
CSDH Legacy and Future Agenda for
Action

The CSDH signals a renewal of WHO’s constitutional
commitment to health equity. At the national level, it
fosters comprehensive, cross-governmental action on social
determinants. After 3 years, the Commission aims to leave
the following legacy: (1) Social determinants will be
incorporated into national health policy processes in a
growing number of countries, particularly in the develop-
ing world; (2) the opportunities for health policy action
on social determinants, and the costs of not acting, will
be more broadly known and understood; (3) scientific
knowledge on pathways between social factors and health
equity will be consolidated, knowledge gaps clarified, and
appropriate directions for ongoing research identified;
and (4) social determinants and health equity will be
incorporated as priorities in WHO’s General Programme of
Work 2007–2015, the long-range planning document that
sets the organization’s strategic directions.

Beyond May 2008, the agenda for action on social
determinants will be taken forward by other actors. The
Commission’s ultimate impact will depend on its success in
engaging, during its lifetime, those constituencies that can
sustain future action on social determinants. National gov-
ernments are the main agents with responsibility for health
equity. Accordingly, the Commission has sought to broker
connections among health policy makers in countries pur-
suing action on social determinants. It has created plat-
forms for knowledge sharing and collaboration among
countries. But because governments and their priorities
shift with the pressures of electoral politics, a social deter-
minants perspective must be anchored in international
institutions that serve as stable partners and trusted sources
of policy guidance to countries over time. That is why the
CSDH has also worked to promote change in WHO itself.

Political action on health equity will not occur without
the pressure of organized social demand. The CSDH
engagement with civil society reflects an effort to grapple
with this challenge. The commitment to involve civil
society organizations as active partners distinguishes the
CSDH from many previous United Nations and WHO
processes. Yet the extent to which the Commission is
actually able to inform and empower civil society consti-
tuencies to drive action on social determinants remains to
be seen. The extent to which the findings and recommen-
dations of the CSDH are taken up by civil society and
community organizations in their advocacy will be an
important indicator of the Commission’s success and a
predictor of its long-term relevance.
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Social Issues in Infectious Disease
Control

Public health efforts directed at the control of infectious
diseases need to take into account a wide range of social
factors that explain emergence, determine transmission,
affect control efforts and therapy, and facilitate preventive
measures. Such social factors range from behavior of
individuals as it influences transmission dynamics to
large-scale economic and political forces as they shape
the epidemiology of infectious disease and the opportu-
nities for control.

Over the past 30 years, infectious diseases and their
control have been the subject of research in various social
science subdisciplines includingmedical sociology, medical
anthropology, health economics, health policy research,
health psychology, demography, social and cultural epide-
miology, and medical geography. At the World Health
Organization, the Special Programme for Research and
Training in Tropical Diseases (TDR) has supported social
science research on tropical diseases since 1979. In the
international scientific literature, a considerable sublitera-
ture on social sciences in infectious diseases and their
control has emerged, including various chapters in text-
books of tropical medicine (Rosenfield et al., 1990; Kendall
and Zielinski, 1999;Walton et al., 2005), significant bodies of
evidence in health economics, health policy research, and,
within medical anthropology, a (medical) anthropology of
infectious diseases (Inhorn and Brown, 1990, 1997). This
article focuses on the social issues in the core public health
functions of infectious disease control.

Infectious disease control can be defined as the ‘‘reduc-
tion of disease incidence, prevalence, morbidity or mortal-
ity [of an infectious disease] to a locally acceptable level as
a result of deliberate efforts’’ (Dowdle, 1998). Immediate
measures of epidemic disease control include the identifi-
cation and subsequent reduction of infectious agents, the
interruption of routes of transmission, and the identification
of populations at risk. The core public health concerns
of infectious disease control are (1) to reduce and limit
the incidence of the disease (primary prevention); (2) to
treat, cure, and shorten the duration of the disease (second-
ary prevention); and (3) to limit and reduce disabilities
resulting from infectious disease (tertiary prevention). Pri-
mary prevention includes measures as diverse as immuni-
zation, sanitation, environmental management, and the
maintenance of an adequate nutritional status. Secondary
prevention includes disease detection at the community
level and curative treatment. Tertiary prevention includes
measures such as psychosocial care, orthopedic devices, or
the prevention of secondary, opportunistic infections (Kim-
Farley, 2002).



70 Social Dimensions of Infectious Diseases
The core concerns for public health action on infec-
tious diseases harbor a great number of social issues
ranging from behavioral and cultural to economic and
political dimensions of infectious diseases and their con-
trol. For the purpose of this review, such dimensions are
grouped into (1) the emergence context and social deter-
minants, (2) the social forces that affect individual and
population risk and vulnerability, (3) transmission dynam-
ics, and (4) public health alert and control.
Emergence and Social Determinants of
Infectious Diseases

As early as 1848, German physician Rudolf Virchow,
while investigating a typhus epidemic in Upper Silesia
on behalf of the Prussian government, blamed not the
infectious agent but poverty, hunger, lack of education,
and political oppression as the root causes of the epi-
demic. His insights into the social determinants of infec-
tious disease led him to state, in November of that same
year, that ‘‘medicine is a social science, and politics noth-
ing else than medicine at large’’ (Virchow, 1848: 125).

Today, some 150 years later, contrary to hopes spawned
at the dawn of the antibiotic era, infectious diseases have
been neither eliminated nor eradicated. In spite of sig-
nificant progress in the development of health technolo-
gies, infectious diseases remain a major contributor to the
global disease burden and mortality, disproportionately
affecting poor and disadvantaged populations thus ob-
structing social and economic development in resource-
poor countries.

Various anthropogenic factors commonly held respon-
sible for the emergence of infectious disease include man-
made ecological change, human demographics/behavior,
international travel and commerce, technology and indus-
try, microbial adaptation, and change and breakdown in
public health measures (Morse, 1995).

Ecological change is amajor driver of disease emergence.
Manyemergent viruses, for example, are arboviruseswhich,
with a few exceptions, are zoonotic in origin. The zoonotic
origin of many of the newly emerging infectious diseases
has led to the hypothesis that environmental change plays a
strong role in the emergence of new infectious diseases.
Environmental change can alter the ecology of an estab-
lished host–vector relationship and dissemination patterns,
and provide new opportunities for microbes to adapt. Envi-
ronmental factors are to a large extent man-made and
include environmental consequences of war and natural
disasters.

The transmission cycles of vector-borne diseases are
particularly affected by human activities. Deforestation
has been related to the emergence of arboviral diseases
among humans and to the resurgence of parasitic diseases
such as malaria. Environmental change resulting from
human intervention always has larger-scale economic
and political roots. Human incursions into the Amazonian
rainforest by nonindigenous populations is the result of
economic forces that facilitate mass migration and small-
scale logging.

Antimicrobial resistance is a problem increasingly
associated with the resurgence of infectious diseases.
Proximate patient factors commonly held responsible
for the spread of antimicrobial resistance include inap-
propriate prescribing, extensive and indiscriminate use of
antibiotics, and noncompliance with biomedical regimens.
Critical medical-anthropological studies have suggested
that these proximate patient factors need to be seen in
the broader context of social and economic realities in
which patient behavior evolves and medicine use occurs
(Farmer, 2000).

In a rapidly globalizing world, infectious diseases, and
the epidemics they bring about, are no longer isolated
local events and there is an increasing need for trans-
disciplinary analyses of the impact of global changes on
the emergence of infectious diseases. New insights sug-
gest that infectious diseases emerge within the context of
interacting molecular, biological, ecological, societal, cul-
tural, and political factors and that disease emergence and
re-emergence, therefore, cannot be understood in isola-
tion from the combined analysis of biological, ecological,
social, cultural, political, economic, and epidemiological
factors (Wilson et al., 1994).

In light of the evolving understanding of the impact of
the social context on health in general, and infectious
diseases in particular, the World Health Organization, in
2005, established a Commission on the Social Determi-
nants of Health to support countries and global health
partners to address social determinants of ill health,
including infectious diseases, focusing on factors such as
unemployment, unsafe workplaces, urban slums, globali-
zation, and lack of access to health systems. The Com-
mission’s report is expected to be published in 2008.
Risk and Vulnerability

Traditional infectious disease epidemiology has focused,
to a large extent, on measurable biological and behavioral
risk factors at the level of the individual. Within the
perspective of ‘risk factor epidemiology,’ epidemiologists
focus their analytical work on proximate, individual-level
risk factors. Social scientists, on the other hand, have a
particular interest in elucidating the social context of risk
and vulnerability to infectious diseases.

Proximate behavioral risk factors that shape infection,
occurrence, and severity of the disease include individual
and group behavior related, for example, to hygiene and
sanitation, sexual behavior, food consumption, or move-
ment (including travel, migration, and displacement).
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Social scientists emphasize the ‘cultural logic’ under-
pinning individual behavior and argue that behavioral
patterns, and, consequently, exposure to, and distribution
of infectious disease risk, are the expression of larger-scale
forces such as poverty, social inequalities, armed conflict,
and other forms of social, economic, and political forces.
To social scientists, basic notions such as ‘risk group,’
‘patient compliance,’ and ‘community’ do not adequately
grasp the complex social, cultural, and economic reality of
populations. Consequently, in the social science literature,
the social construct of vulnerability has widely replaced
the epidemiological construct of ‘risk,’ providing a theo-
retical background for practical interventions that try to
take into account how specific social contexts influence
individual identity-constructions, while avoiding the risk
of group discrimination.

Vulnerability to infectious disease results from seve-
ral major overlapping factors, including socioeconomic,
biological, and environmental factors. Macro-level social
processes such as globalization and trade liberalization,
unplanned rapid urbanization, widespread poverty, and
inequalities lead to vulnerability of population subgroups.
Transmission Dynamics

Interrupting routes of transmission and identifying sus-
ceptible populations, an important core objective of pub-
lic health, necessitates good research skills to explore the
social context of transmission. The investigations can
elucidate behavioral pathways in disease transmission as
they relate to daily routines of individuals and community
groups with respect, for example, to vectors.

Most infectious diseases have transmission patterns in
which human behavior plays a critical role. The social
analysis of human factors in direct contact transmission,
for example, reveals how individual and group behavior is
shaped by the larger social, cultural, and economic con-
text. For example, recently, to investigate the epidemiol-
ogy of sexually transmitted diseases, epidemiologists,
informed by the social sciences, have looked at sexual
networks.

Illness behavior and cognition related to infectious
diseases are socially and culturally constructed. This con-
struction process can be greatly elucidated through social
research (e.g., Nichter, 1991). Once humans are infected,
their culture-specific illness terminologies, knowledge, and
illness behaviors determine how they interpret, deal, and
cope with the disease. Awareness may depend on sign and
symptom recognition, perceived risk, and perceived per-
sonal vulnerability. The lack of awareness and perceived
risk are particularly important determinants of patient
behavior relative to apparent or asymptomatic infections.

Transmission dynamics are to a large extent shaped by
social, economic, and political forces. Poverty leading to
poor living conditions, lack of water, hygiene and sanita-
tion, and access to health care are major driving forces of
infectious diseases. Increasing evidence suggests that the
poverty context in which infectious diseases emerge and
persist is exacerbated by social inequalities both within
societies and between countries (Farmer, 1999).
Public Health Alert and Response

Emergence of an infectious disease to the level of a public
health problem necessitates awareness, public health alert,
and response. Popular knowledge, beliefs, and risk per-
ception of disease, its etiology, transmission, and vect-
ors may have a determining effect on whether individual
patients, their social surroundings and communities, alert
public health authorities of a disease outbreak and
whether they collaborate with public health authorities
in efforts to interrupt transmission.

Recognition of an epidemic process generates a whole
set of questions relating to the social and professional
perception of disease events and their respective amplifi-
cation by public institutions such as the media. The pro-
cess of recognition relates to the question of whether a
disease is in fact identified as a deviation from the norm
by the population concerned, whether or not it is per-
ceived as a threat (Sommerfield, 1994).

Timely outbreak investigations, appropriate surveil-
lance systems, and effective reporting of infectious dis-
eases are important elements of national, regional, and
global epidemiological intelligence. Epidemiological out-
break investigations can greatly benefit from social science
methodologies. For example, social network analysis has
been shown to be useful in investigating infectious disease
epidemics. Standard field epidemiological methods are
increasingly being complemented by rapid assessment
procedures, including rapid ethnographic assessments.

Outbreak management, particularly of highly infec-
tious diseases such as plague, Ebola, or SARS, can be
seriously affected by public reactions including fear,
rumors, panic, flight from the epicenter, and so on. These
are, to a large extent, affected by the public’s assessment of
the crisis management of health authorities. Outbreak
management with measures such as quarantining in the
case of SARS or culling of chicken to control Avian influ-
enza are particularly prone to adverse or noncompliant
public reactions. Such measures must be guided by exist-
ing outbreak alert and response principles and respect the
sociocultural context of the disease-affected area, in full
respect of international ethical standards, human rights
considerations, and national and local laws.

Control program measures related to infectious dis-
ease surveillance, including community screening and
active case finding at the community level, may result in
rumors and even resistance among populations. Cultural
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factors, including knowledge of the disease and transmis-
sion, and attitudes toward the diseased, affect the detec-
tion and reporting of suspected cases. Community-based
systems can greatly improve the quality of surveillance in
resource-poor settings (Ndiaye et al., 2003). Access bar-
riers may be reinforced by social inequalities, including
socioeconomic, geographical, ethnic, or gender-based
barriers to accessing health care.

Social processes determine the public understanding
of risk as well as the willingness and capacity of response.
Surveillance may not be economically viable and disease
reporting may not have sufficient political backup. Eradi-
cation campaigns can be undermined by political inter-
ests. Public reactions to epidemic events can include
panic, fear, and flight from the epicenter of the epidemic.
Reports by the media can catalyze popular reactions to
epidemic events and attitudes toward control measures.
Media studies, although rare, are important to the under-
standing of popular reactions to infectious diseases.

The effective translation of results from social science
research into infectious disease control measures, health
program design, and health policy remains a central con-
cern of, and challenge to social scientists. Changing indi-
vidual and group behavior, knowledge, and attitudes, and
affecting the psychosocial impact of infectious diseases,
necessitates nuanced interventions grounded in social
research evidence. Such interventions need to address
the meaning that individuals attach to specific behaviors,
reduce stigma and other forms of discrimination, empower
vulnerable populations, improve their environment and
living conditions, and enhance community support.

Preventive measures need to be technically feasible,
economically viable, and socially acceptable. The success
of preventive measures and behavior change programs
necessitates a willingness, on the side of disease-affected
populations and individuals, to effectively and sustainably
change risk behavior.

Control efforts with respect to infectious diseases need
to target a great variety of issues, ranging from affecting
sexual behavior and its social patterns (HIV/AIDS, sexually
transmitted diseases), bed net use (malaria), and adherence
to therapy (tuberculosis) to the appropriate use of pharma-
ceuticals for treatment and chemoprophylaxis. Public
health efforts for the prevention of infectious diseases are
often pursued through health education measures and
social marketing.

Information, education, and communication (IEC)
measures for infectious diseases need to be sensitive to
the local cultural (including linguistic) and social context.
Often, such IEC measures, if focused exclusively on
the provision of knowledge and raising awareness about
the disease, its mode of transmission, prevention, and treat-
ment, are not followed by appropriate behavior change.
Effective behavior change is more likely to occur
when control measures are based on what people are
most concerned about, that is, perceived severity of the
disease and perceived personal vulnerability to attract the
disease. Formative social research prior to designing IEC
materials is an important step. Social mobilization and
communication efforts are increasingly common in com-
munity-based infectious disease control efforts. A rela-
tively new approach is the communication for behavioral
impact (COMBI) methodology (Parks and Lloyd, 2003).

Agency, the ability to change behaviors in the context
of constraining social, economic, and political forces, is a
notion brought forward by social scientists to describe the
social context of people limiting their freedom and ability
to change behavior. Increasing evidence suggests that
successful behavior change programs must go beyond
individual change models to address the causal factors
underlying individual agency in specific situations and
should include skill development, political efficacy, and
lifestyle change.

Accessibility to medical technologies such as pharma-
ceuticals, diagnostics, and vaccines is a critical dimension
of infectious disease control measures. The identification
of social processes and health systems dynamics constrain-
ing access of population subgroups to health technologies
is an important formative step prior to setting up a control
program. Knowledge, based on in-depth social research, is
needed to improve public health efforts to enhance access.
Insights into social structures will facilitate the setup of
community-based delivery mechanisms, including but not
limited to village health workers, health volunteers, and
school-based or civil-society-based programs.

‘Top-down’ approaches to infectious disease control
through vertical programs are particularly prone to detri-
mental popular reactions. Community participation and
ownership, for example, through community-directed
treatment (ComDT), schemes are increasingly seen as
alternatives to top-down approaches, particularly to com-
bat infectious diseases such as onchocerciasis, whose pre-
vention relies on the annual mass-drug administration of
one drug (Ivermectin).

On some occasions, health technologies such as vac-
cines face popular re-interpretations and may, in the
worst case, be fully or partially rejected by the target
population. Community attitudes toward control pro-
grams may also be shaped by unrealistic or unfulfilled
popular expectations. Structural and environmental inter-
ventions need to complement behavior change interven-
tions targeted at individuals.

Access to health technologies and the improvement of
treatment necessitates health systems research groun-
ded in good social science research. Social research is
also needed to understand the dynamics of infectious
disease-related policy formulation as well as policy
change. Health economics research is useful to elucidate
costs of control programs, including monetary and trans-
action costs.

The development and full-scale employment of new
health technologies generate a number of ethical issues
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and have legal and social implications as public awareness,
acceptability, and adherence are prerequisites for the
effectiveness and utility of these technologies.

As infectious diseases disproportionately affect
‘neglected’ populations, they also raise human rights
issues. Individuals have rights to control their own health
and access appropriate information, prevention, and ther-
apy. Governments, on the other hand, face internationally
established human rights obligations providing conditions
conducive to population health, at both national and
international levels. Social scientists, in cross-disciplinary
collaboration with human rights experts, can play a cru-
cial role in analyzing the structural context of human
rights violations, giving rise to vulnerability to infectious
diseases and related health-care needs of excluded groups.
Such cross-disciplinary research will produce policy
recommendations to enhance social justice and equity in
infectious disease programs and policies.
Conclusion

Traditionally, in public health circles, social sciences were
often seen as facilitators of public health interventions
rather than as a framework for the fundamental under-
standing of the social determinants of disease processes
and public health approaches grounded, in theory and
method, in the social sciences. This assumption has been
largely overcome by the production of increased scientific
evidence and the emergence of various social science
subdisciplines specialized in health. Contemporary social
science research on infectious diseases employs innovative
qualitative research methods such as focused ethnographic
assessments, rapid assessment procedures, stakeholder
analyses, community diagnosis, a series of quantitative
research methodologies, and mixed method approaches.
These continue to be highly relevant for elucidating the
interface between health services, control programs, and
community dynamics and the larger social, economic, and
policy context. Health economics and health policy
research are relevant to define program design and to
understand the resource allocation and policy context of
infectious disease programs in resource-limited settings.
Innovative approaches to research such as ecosystem-to-
health research, gender analysis, cultural epidemiology,
and other cross- and trans-disciplinary approaches will
further advance the social sciences of infectious diseases
in the future.

Over the past 30 years, the health social sciences have
greatly contributed to elucidating the site-specific social
contexts of vulnerability and related control challenges.
Besides generating substantial scientific analyses, such
research has contributed to the design of public health
interventions and their implementation. Research on
the social context of infectious disease is now widely
considered a prerequisite for the understanding and suc-
cessful control of infectious diseases.

The social production of infectious diseases has been a
persistent theme in public health since Rudolf Virchow,
one of the founding figures of social medicine, as early as
1848, reported on the typhus epidemic in Upper Silesia.
Virchow emphasized the forces that lead to the social
production of the disease and cause its control to depend
on structural changes rather than medical technology
(Taylor and Rieger, 1985).

Today, over 150 years later, infectious diseases persist
and re-emerge due to a wide range of social factors,
including political, economic, cultural, and gender-related
forces, of local, national, and transnational nature. They
are intrinsically ‘eco-bio-social’ events shaped by social,
biological, and ecological factors and their interactions.
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Glossary
Discrimination The processes by which certain

individuals or groups are placed at a systematic

social and/or economic disadvantage on the basis of

race, gender, or other characteristics.

Income inequality The degree of heterogeneity in

income within a defined population, separate from

the level of income in that population.

Levels of social organization The varying units of

population at which the determinants of disease can

be conceptualized, measured, and analyzed (e.g.,

individual, neighborhood, community, society).
Lifecourse approach An analytical perspective that

views disease etiology as being shaped throughout

an individual’s lifetime rather than solely during

adulthood; this includes the possibility of early life

factors shaping adult health either independently or

in conjunction with adult factors.

Risk factor epidemiology The paradigm of

contemporary epidemiology in which determinants of

disease and death are understood primarily as

individual-level (rather than population-level)

parameters.

Social networks The connections between

individuals in a population that may influence health,
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for better (e.g., in providing psychological and/or

material support) or worse (e.g., in facilitating

communication of infectious agents and/or negative

behaviors).

Socioeconomic position The economic and social

situation of individuals or populations, commonly

operationalized using the concepts of socioeconomic

status or social class.
Introduction

Social epidemiology is the branch of epidemiology
concerned with understanding how social and economic
characteristics influence states of health in populations.
Recently there has been a resurgence in interest among
epidemiologists about the roles that social and economic
factors play in determining health, leading to the recent
publication of several volumes reviewing major develop-
ments in social epidemiology. This interest is by no means
new: The study of socioeconomic conditions and health
was a principal concern when epidemiology emerged as a
formal discipline in Europe during the nineteenth cen-
tury, and has remained at the forefront of thinking about
population health in various quarters of the discipline
since that time.

The renewed interest in social epidemiology has led to
major advances in our understanding of the associations
between social and economic inequalities and adverse
health outcomes. There are consistent and compelling
data from the United States and Europe indicating that
individuals in the lowest income groups have mortality
rates at least two to three times greater than those in the
highest. Associations between social inequality and health
have been demonstrated in prospective studies from a
range of settings, and a number of distinct mechanisms
have been postulated to explain the observed associations.
As a result, many contemporary epidemiologists have
come to recognize social inequalities, and socioeconomic
position in particular, as among the most pervasive and
persistent factors in determining morbidity and mortality.
Though less definitive, there is also evidence to suggest
that individuals with less social support suffer from
greater morbidity and mortality than individuals with
better developed social networks.

Along with these advances, the study of social factors
and health has presented important challenges to epide-
miology as a discipline. The conceptual and methodolog-
ical approaches that characterize modern epidemiology
are ideal for investigating causes of disease among indivi-
duals within populations. But this risk factor approach
may be less well suited to research into social and
economic factors – especially for understanding how fac-
tors operating at different levels of social organization
influence the health of populations, or how dynamic
temporal processes impact upon health across the life-
course. Social epidemiologists are among the leaders
in addressing these conceptual and methodological chal-
lenges, suggesting that social epidemiology has an impor-
tant place in the future of the discipline.
History of Social and Economic
Determinants Within Epidemiology

Although the term social epidemiology was coined only
in 1950, observations of the association between the health
of populations and their social and economic conditions
can be traced back to the earliest examples of what we
would today consider epidemiological thinking. As the
discipline emerged formally in the nineteenth century,
social factors were prominent in epidemiology’s view of
the determinants of population health. A brief overview of
the history of social epidemiology demonstrates that
although social issues ebbed from the forefront of epide-
miological thinking during much of the twentieth century,
their current popularity among epidemiologists is actu-
ally a rebirth of sorts.
Origins of Social Epidemiology

Early forerunners of epidemiology presented ideas that
today resonate strongly with social epidemiologists, as the
integrated nature of human health, lifestyle, and position
within the social order lay close to the core of Western
medical thinking through the late Renaissance. For exam-
ple, during the late seventeenth century, Bernardino
Ramazzini examined the links between particular occupa-
tions and specific health disorders. In addition to its
seminal place in occupational epidemiology, his De Morbis

Artificum (1700) may be considered among the earliest
works on the link between occupational status, social
position, and health.

Societal factors were prominently featured as determi-
nants of health when epidemiology emerged as a formal
discipline in Europe during the nineteenth century. In
France, Louis Rene Villerme’s study of mortality in Paris
(1826) described the patterns of poverty and mortality
across the city’s wards; his finding of a continuous relation-
ship between poverty and mortality – with poorer neigh-
borhoods having worse health than wealthier ones across
all levels of wealth – is the first evidence of the graded
relationship that has since been widely documented
(Kreiger, 2001). In England, William Farr analyzed the
association between mortality and density of urban hous-
ing using statistical evidence; he ventured beyond basic
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descriptions to explore the mechanisms that may link
poverty and health and how these may be intervened upon.

Social epidemiology traces a separate strand of its
history to the origins of sociology in the late nineteenth
century. The earliest sociologists made important contri-
butions to thinking about how population-level charac-
teristics could influence individual health outcomes.
In Suicide (1897), Emile Durkheim investigated the
social etiology of suicide with particular emphasis on
the properties of societies that may operate independently
of the characteristics of individuals within them (phenom-
ena that he termed social facts), a topic that has received
renewed interest among epidemiologists in recent years.

With the identification of infectious agents as the nec-
essary causes of specific diseases beginning in the late
nineteenth century, the focus of much of epidemiology
began to shift away from societal factors. However, a
number of landmark studies from this period demon-
strated how socioeconomic conditions continued to act
as critical determinants of population health. In their
study of cotton mill workers in South Carolina during
1916–1918, Sydenstricker et al. (1918) developed insights
into the role of family income in affecting risk of pellagra,
and related this to nutrient intake rather than to the
presence of an infectious agent. In their work on disease
within birth cohorts, Kermack and McKendrick (1934)
hypothesized the importance of early life experiences,
including social class, in explaining patterns of morbidity
and mortality in adulthood. The role of societal factors
in mental health was a focus within sociology and
related disciplines during this period, as Farris and
Dunham’s ecological studies of Chicago neighborhoods
(1939) demonstrated that rates of hospitalization for cer-
tain mental illnesses appeared to increase with proxi-
mity to urban centers, leading to the hypothesis that
social disorganization gives rise to increased risk of
schizophrenia.
Socioeconomic Factors During the Modern
Risk Factor Era

From the 1950s onward, the changing health profile of
industrialized nations spurred a shift in the focus of main-
stream epidemiology from infectious to chronic diseases.
Social and economic conditions continued to receive
attention during this time. The first departments of social
medicine were established in Britain after World War II,
as Jeremy Morris, Richard Doll, and others had begun to
investigate the unequal distribution of chronic disease
across social classes. It was during this period that the
British 1946 National Survey of Health and Development,
its sample stratified by social class, gave rise to a birth
cohort that today continues to generate important insights
into the perinatal and childhood determinants of adult
health.
Although epidemiology was focused largely on the
developed world during this time, important findings
about the impact of social and economic conditions on
health emerged from the developing world. In South
Africa, Sidney Kark and his colleagues documented the
social and economic structures that facilitated the spread
of disease through impoverished populations. His Social
Pathology of Syphilis (Kark, 1949) attributed the spread of
sexually transmitted infections to migration patterns cre-
ated by structural economic conditions, foreshadowing
the devastating spread of the HIV/AIDS pandemic in
recent times. Mervyn Susser, who was mentored by
Kark, went on to join anthropologist William Watson in
writing Sociology in Medicine (Susser et al., 1962). This book
drew examples from both the developing and developed
worlds in investigating how the social, cultural, and eco-
nomic features of populations combine to influence pat-
terns in their health. Today, Kark and Susser are powerful
influences on public health research in southern Africa,
especially in the field of HIV/AIDS.

By the 1960s, the dramatic improvements in material
conditions in the industrialized world, along with the
establishment of national health-care systems across
much of Europe, led many to believe that socioeconomic
factors would become less critical in determining popula-
tion health. As a result, epidemiologists, particularly in
the United States, turned their attention to the role of
specific behavioral and environmental factors in causing
particular diseases; the archetypal work of this period was
the identification of smoking as a cause of (or a risk factor
for) lung cancer. Refinements over the last 50 years in
epidemiological methods for the study of chronic diseases
have propagated a focus on the role played by individual-
level risk factors – environmental exposures, behaviors,
genotypes – in disease etiology. The predominance of this
risk factor approach saw less and less attention given to
the study of social and economic factors in much of
American epidemiology. This regression reached a low
point during the 1980s, with one prominent epidemiology
textbook commenting that socioeconomic position is
‘‘causally related to few if any diseases but is a correlate
of many causes’’ (Rothman, 1986: 90).

Although social factors were generally not in the main-
stream of epidemiology in the United States, the rise of the
risk factor paradigm was nonetheless accompanied by sev-
eral notable developments in the study of social and eco-
nomic factors. Another South African and former student of
Kark’s, John Cassel, posited that the physiological and psy-
chological stresses of modern society induced generalized
vulnerability to disease. His seminal article, ‘The contribu-
tion of the social environment to host resistance’ (Cassel,
1976), did much to stimulate the modern body of work on
the psychosocial mechanisms through which social and
economic factors may influence health. Cassel’s work,
along with that of Leo Reeder, Leonard Syme, and others,
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blended perspectives from the social sciences with tradi-
tional epidemiology, producing work that would become
the basis of the contemporary field of social epidemiology
in the United States.
Recent Advances in Social Epidemiology

After a dormant period, there has been renewed interest
in the influence of social and economic factors on health
among epidemiologists in the United States during the
last decade. This rejuvenation was sparked largely by
research from Britain, where social epidemiology had
remained at the forefront of public health thinking. The
work of Jeremy Morris, Geoffrey Rose, and, later, Michael
Marmot was crucial in demonstrating that, despite mas-
sive improvements during the second half of the twentieth
century in standards of living and population health in the
developed world, the social inequalities in health that had
preoccupied the earliest epidemiologists a century before
were still very much present.

During this recent, rapid expansion in epidemiological
research on social inequalities and health, findings for the
major associations linking specific socioeconomic factors
with increased morbidity and mortality have been refined,
and new areas of inquiry have emerged. The conceptuali-
zation and measurement of social and economic factors
has evolved considerably, and in some instances, research-
ers have moved beyond documenting general associations
toward developing testable hypotheses regarding the
pathways involved. Given these far-reaching advances, a
complete review of the breadth of social epidemiology is
well beyond the scope of this article. Instead, we focus on
three overlapping forms of social inequality that are at the
heart of contemporary social epidemiology: Socioeco-
nomic position, social networks, and discrimination; we
include a discussion of the mechanisms that have been
put forward by epidemiologists to explain these well-
established associations.
Socioeconomic Position

The relationship between poverty and disease has been the
primary focus of most contemporary social epidemiology,
with considerable attention devoted to more detailed
descriptions of and preliminary explanations for an associ-
ation that has been noted for centuries. The general rela-
tionship is simple: There is a large body of literature
that demonstrates that individuals who are of a higher
socioeconomic position are generally healthier than indi-
viduals of a lower socioeconomic position. For example,
Sorlie et al.’s (1995) analysis of the National Longitudinal
Mortality Study, conducted in the United States between
1979 and 1989, showed that after adjusting for the effects of
age, race, and education, the risk of death among men in
the lowest income category was approximately three times
that of men in the highest income category (Figure 1)
(the effect was slightly less among women).

Hundreds of studies have shown similar differences in
morbidity and mortality according to absolute socioeco-
nomic position across a range of different populations; by
all historical accounts, this association has remained con-
stant for at least several centuries, despite dramatic
improvements in both population health and material
wealth. This overwhelming consistency and persistence
has led some researchers to comment that the association
between socioeconomic position and health is the most
reliable finding in all of epidemiology.

One important feature of the association between socio-
economic position and health is that it follows a clear
monotonic curve. Rather than exhibiting a threshold effect,
in which lower socioeconomic position is associated with
poorer health only below a certain level of poverty, almost
all of the available evidence indicates that lower socioeco-
nomic position is associated with poorer health across all
levels of socioeconomic position. This graded association
has important implications for possible explanations of the
link between socioeconomic position and health. While
absolute material conditions may readily explain differ-
ences in health between the poorest and wealthiest mem-
bers of a population, the factors that lead to the differences
in health between the highest and second-highest socio-
economic strata are thought to be more complex.

Related to socioeconomic position, the link between
occupational category and health is of particular interest
in social epidemiology. Growing evidence suggests that
systematic health differences exist between occupational
groups, even among occupations with similar material
working conditions and physical exposures, with workers
of higher position generally enjoying better health.
Important insights into the relationship between employ-
ment and health come from the Whitehall studies of
British civil servants led by Michael Marmot and others.
The original Whitehall study (Marmot et al., 1984)
demonstrated that the lowest grade of civil servants had
approximately three times the risk of death compared to
the highest grade (Figure 2).

This gradient was also apparent for cause-specific
mortality andwas explained only in part by traditional risk
factors such as smoking, blood pressure, and plasma cho-
lesterol. The second Whitehall study has suggested that
occupational factors such as low job control are substan-
tial predictors of the increased risk of coronary heart
disease, stronger predictors, in fact, than many traditional
coronary risk factors. The Whitehall studies are unique in
that marked gradations in health are apparent within a
relatively homogeneous population of office workers, sug-
gesting that occupational and socioeconomic factors may
impact health even within groups that are not exposed to
material poverty.
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Measurement of socioeconomic position and

health outcomes

A wide array of measures of socioeconomic position has
been employed by sociologists and epidemiologists,
and underlying this are a number of different ways to
conceptualize socioeconomic stratification. Among the
many different approaches that have been used, a loose
distinction can be drawn between approaches based
on social class and those based on socioeconomic status.
The social class approach generally sees individuals as
operating in different formal roles within a structured
society, and these roles are reflected by well-defined
class measures that tend to be categorical in nature and
focus on the relation to means of economic production.
To measure social class, preexisting occupational cate-
gories are commonly used, ranging from simple distinc-
tion between manual and nonmanual employment to
complex class measures developed to facilitate interna-
tional comparisons. Measurements based on socioeco-
nomic status seek to incorporate several different
dimensions of an individual’s position within society; the
most common measures focus on individual income
(representing economic status), education (representing
social status), and occupation (representing work prestige)
as indicators of socioeconomic position. These three
domains overlap substantially, and in many instances,
one measure is used as a proxy for a broader construct
of socioeconomic status.

In addition to variations in the conceptualization of
socioeconomic position, the measures employed by epi-
demiologists are often adapted to the particular contexts
of a given study population, with different measures con-
sidered more or less appropriate in specific settings. One
important example of this is the measurement of the assets
of an individual or household, including resources owned
(such as a television or refrigerator) or accessed (such as
bank accounts). Households’ assets may be summarized to
form an asset index that provides a robust measure of
wealth that is commonly used in developing country
settings and for cross-country research (for instance, in
Demographic and Health Surveys). The range of con-
structs and measurements used may also result from
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researchers’ use of data collected for another purpose,
limiting the ability to develop the most appropriate mea-
surements of the construct of interest. Further, the diver-
sity of measurements reflects the increasing complexity of
the constructs themselves; as social and economic posi-
tioning in contemporary societies grows more intricate
and dynamic, researchers develop new measures to adapt
to this complexity. Ultimately, measures of socioeconomic
position strike a balance between the data that are avail-
able, the most appropriate measures for the population
under study, and investigators’ underlying conceptualiza-
tion of socioeconomic position.

A diverse set of health outcomes has been associated
with socioeconomic position. Mortality is the most com-
monly used outcome; all-cause mortality is a robust indi-
cator of health that is unlikely to be subject to some of
the biases that may threaten the validity of epidemio-
logic studies. In addition, the association between socio-
economic position and cause-specific mortality and
morbidity has been studied in detail for almost every
class of disease. In some instances, the association has
been extended to measures of subclinical disease, most
notably for psychiatric and cardiovascular outcomes.
Socioeconomic position has also been shown to be linked
to negative health outcomes during pregnancy and
infancy, as well as among the elderly, and the associations
have also been documented using measures of physical
disability and self-reported health.

It is important to note that there are variations in the
association between socioeconomic position and particu-
lar health outcomes, including a handful of situations
where particular diseases may appear more common
among individuals of higher socioeconomic position. But
despite these variations, the vast majority of the evidence
points to parallel gradients of multiple measures of socio-
economic position and a range of adverse health out-
comes. The strength and consistency of the overall
association across this diversity of measures provides
important evidence for the veracity of the overall effect.
Income inequality

Awidely debated insight from the study of socioeconomic
stratification and health is the possible role of the distri-
bution of wealth within a population as a determinant of
that population’s health. Several researchers have used
data from ecological studies (in which nations, counties,
or other population groupings are the unit of analysis)
to suggest that societies with less equitable distributions
of wealth tend to be of poorer health, independent of
the absolute wealth of the population, which is itself
strongly linked to the health of populations. Richard
Wilkinson’s studies of the correlation between income
inequality within industrialized nations and mortality
rates (Wilkinson, 1996) are perhaps the most widely
known example of this approach. Other researchers have
investigated the association of income inequality and
health in different settings and using different units of
population with mixed results. The most compelling sup-
port for the association between income inequality and
health comes from analyses of income distribution and
mortality among states and counties and cities within the
Unites States (Figure 3).

As with socioeconomic status in general, a number of
measures have been used to gauge income inequality. The
most common include the Gini coefficient (a unitless
measure of the degree of income inequality in the popu-
lation) and the Robin Hood Index (the proportion
of all income that must be moved from the wealthiest
households to the poorest in order to achieve perfect
income equality); generally, these measures of income
are highly correlated and do not generate substantially
different results.

Part of the association between income inequality and
health outcomes is accounted for by absolute income:
Levels of absolute poverty are typically greater in socie-
ties with greater imbalances in income distribution. How-
ever, several studies have suggested that the association
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between income inequality and health persists after
adjustment for individual-level income. It is important
to note that, compared to the effects of socioeconomic
position on health status, the impact of income inequality
appears to be relatively small. Nonetheless, the study of
income inequality and health is an important avenue of
inquiry within social epidemiology, including research
into social capital and the psychosocial impacts of socio-
economic conditions on health.

Explanations for the General Association

One of the principal challenges encountered by epide-
miologists studying social and economic inequalities over
the past 20 years has been to explain the observed links
between socioeconomic inequalities, and socioeconomic
position in particular, and health. Which pathways may
account for the general association is much debated. Here
we review the possibility of spurious relationships and
then discuss three of the most prominent explanations.

In the first place, the observed associations may not be
causal in nature. For example, some third variable or
variables may confound the associations documented
between various social inequalities and health. It is
unclear, however, which factors could account for these
associations across the range of exposure measures, health
outcomes, geographic settings, and historical periods in
which they have been demonstrated. Moreover, in most
studies that adjust for numerous confounding variables,
these associations persist. Another possible alternative
explanation is that the observed associations are driven
by social selection rather than causation: Morbidity leads
to reduced socioeconomic position, rather than the other
way around. While this may be particularly relevant for
chronic illnesses or those with sustained subclinical forms,
this explanation is rendered implausible by numerous
prospective studies that examine social and/or economic
conditions prior to the onset of disease (or death).
Although it is important to recognize the potential for
alternative explanations in evaluating the results of every
study, neither confounding nor reverse causation appears
capable of explaining the body of evidence linking socio-
economic position and health.

One common explanation for the association is that the
increased frequency of particular individual-level risk
factors in settings of low socioeconomic position, most
notably behaviors and environmental exposures, leads to
increased risk of disease and death. High-risk behaviors –
such as smoking, poor diet, reduced physical activity, and
increased alcohol consumption – frequently appear more
common among poorer individuals. Indeed, in many set-
tings, the pervasiveness of these lifestyle factors may lead
to them being considered normative. Similarly, in many
cases poorer communities are more commonly exposed to
environmental agents involved in the etiology of particu-
lar diseases. But while high-risk behaviors and environ-
mental exposures are important determinants of health,
and are often strongly correlated with socioeconomic
position, it seems unlikely that individual behaviors can
adequately explain the observed associations between
social inequalities and health. Empirically, the associa-
tions between social inequalities and health typically
persist even after accounting for an array of individual-
level behavioral risk factors, a finding that is seen most
clearly in the Whitehall studies (discussed in the section
titled ‘Socioeconomic position’). An explanatory approach
focused solely on individual behavior neglects the
impact of social contexts on individual health and does
account for the role that economic conditions may play
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in creating the material circumstances that shape individ-
ual action.

Looking beyond such explanations, several researchers
have suggested that socioeconomic inequalities give rise
to increased psychosocial stress, which induces increased
physiological responses, which then contribute to poorer
health. This line of thinking emphasizes the relative posi-
tion of individuals within socioeconomic hierarchies as
distinct from their absolute wealth or poverty. The epide-
miological data supporting this mechanism is drawn from
the ecological studies of income inequality and individ-
ual-level studies of relative socioeconomic position (such
as the Whitehall studies) discussed in the section titled
‘Socioeconomic position,’ both of which suggest that loca-
tion within a socioeconomic hierarchy makes an impor-
tant contribution to health status. Based on this evidence,
Wilkinson (1996) and others have hypothesized that per-
ceptions of relative inequality increase psychosocial
stress, which may affect physical health via various neu-
roendocrinal mechanisms (sometimes referred to as allo-
static load); individuals positioned lower in the hierarchy
suffer greater psychosocial stress, leading to increased
morbidity and mortality. This theory is supported by
studies of nonhuman primates, suggesting that even
when material and lifestyle factors are controlled in an
experimental setting, individuals positioned lower in the
hierarchy experience worse health. Although it represents
an important avenue for future exploration, it is still
unclear whether the etiological mechanisms related to
psychosocial stress are important mediators of the effect
of social inequalities.

A third set of approaches to explaining the observed
association between socioeconomic inequalities and health
emphasizes absolute socioeconomic position, and how this
relates to the material conditions of individuals and popu-
lations. At the individual level, higher socioeconomic posi-
tion (for instance, greater individual income) is important
in reducing diverse risks associatedwith numerous adverse
health outcomes. For example, increased socioeconomic
position affords access to healthy diets, improved health
care (including preventive health care, such as screening
programs), better working conditions, and leisure time that
may be used for exercise or relaxation. In addition to the
individualistic effects of socioeconomic position on health,
there are also contextual benefits associated with higher
socioeconomic position that operate at the community- or
population-level, such as improved public services and
reduced community crime. The mechanisms that may be
included here are diverse, from psychosocial elements,
such as quality of residential life, to more traditional expo-
sures, such as environmental toxins.

In understanding how absolute socioeconomic posi-
tion and related material conditions may affect health,
Link and Phelan (1995) have introduced the concept of
socioeconomic status as a fundamental cause of adverse
health outcomes. Citing the durability of the association
of socioeconomic position and health through time
despite radical changes in the health of populations and
the major causes of disease, this explanation suggests that
socioeconomic position embodies an array of material and
social resources that could be employed in a range of
manners and settings to avoid risks of morbidity and
mortality. Despite changing health threats and the emer-
gence of new health technologies, individuals of greater
socioeconomic status are consistently better positioned to
avoid risk factors for disease – both in terms of behaviors
and environmental exposures – and receive better health
care once disease occurs. The fundamental cause concept
cuts across disease categories and may encompass a
diverse range of potential pathways, including the behav-
ioral and psychosocial explanations discussed above.
Social Connections

The way in which social connections and support systems
affect health is a major avenue of inquiry within social
epidemiology. The findings here are more varied, and
perhaps more subtle, than in the case of socioeco-
nomic position (where the general association is well-
established); the precise nature of the association depends
heavily on the social connections measured, the societal
contexts of the populations studied, and the health out-
comes involved. And while many social epidemiologists
have focused on the positive impacts that increased social
connections may confer on health status, the associations
here appear to be far more complex than that.

A series of prospective studies conducted in the last
25 years have provided strong evidence that better devel-
oped social networks are associated with reduced all-
cause mortality. Perhaps the best known of these is the
Alameda County study of Berkman and Syme (1979).
Between 1965 and 1974, individuals with reduced social
integration (based on marital status, community group
membership, and contacts with family and friends) were
two to three times more likely to die than individuals with
increased social integration; this association persisted
after adjustment for various self-reported high-risk health
behaviors. In a second landmark survey, House (1982)
used composite measures of social relationships to show
that individuals with reduced social ties when interviewed
in the late 1960s were about twice as likely to die over the
next 12 years, compared to individuals with increased
social ties. Adjustment for biological health measures at
baseline, including blood pressure, cholesterol, electro-
cardiogram results, and lung function, did not dispel this
association. Similar results have been found in a number
of other prospective studies from Europe, the United
States, and Japan, despite the markedly different popula-
tions, background mortality rates, and causes of death
across these studies (Figures 4 and 5).
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In addition, more recent studies have shown that a
paucity of social connections is associated with increased
mortality from a range of specific causes, most notably
cardiovascular disease and stroke. To quantify social net-
works and connections, a wide range of measures have
been employed; some approaches have proved to be more
broadly applicable than others. Given the highly context-
specific nature of social ties, it is unlikely that any one set
of measures can be employed universally across all
research settings.
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Although this evidence is highly suggestive of positive
health benefits for social connectedness, several important
questions of interpretation remain. In many instances, it is
unclear whether the presence of strong social networks
acts to prevent the onset of disease or to improve survival
after onset. Typically the association appears to be stron-
ger in men than in women and to vary according to urban
or rural location. Moreover, exactly which aspects of
social networks might confer health benefits is much
debated. Psychosocial support, possibly conferring a
reduction in the impact of stressful life events, has been
the most widely discussed mechanism. Other potential
pathways through which social networks lead to improved
health status may include enhanced social influence and
agency to prevent or treat illness, increased social stimu-
lation and interaction, and/or increased access to material
assistance in times of need.

Related to the research at the individual level into the
positive impacts of social networks on health is a diverse
body of work on how the collective social characteristics
of a population (rather than the social characteristics of
individuals within the population) impact on health.
These group properties are sometimes referred to as
social capital: ‘‘the ability to secure benefits through
membership in networks and other social structures’’
(Portes, 1998: 8). While the term social capital is deployed
in varying ways (and is by no means limited to public
health), in the last few years, research findings have
emerged that demonstrate a connection between
the degree of social integration or cohesion that charac-
terizes communities and the health of those communities.
Kawachi and colleagues (1997) demonstrated that age-
adjusted mortality rates among U.S. states were strongly
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correlated with measures of membership in voluntary
civic groups, with perceptions of reciprocity in the com-
munity, and with perceptions of trust. The inverse rela-
tionship between mortality and perceptions of social
trust – measured by the percentage of individuals sur-
veyed who agreed that ‘‘most people would try to take
advantage of you if they got the chance’’ – is among the
most striking findings (Figure 6).

Several studies have found that various measures related
to the concept of social capital appear inversely related to
income inequality, suggesting that decreased social capital
may represent a pathway through which the unequal dis-
tribution of income influences health. However, it remains
unclear whether group-level associations between social
capital and population health are mediated by individual-
level social connections.

As discussed here, social epidemiologists have focused
primarily on the protective effects that social networks
may have on health. However, it is important to note that
social networks can have significant negative impacts on
health, such as when networks promote exposure to infec-
tious agents or high-risk behaviors (or both). Much of our
understanding of the way in which social networks may
have detrimental effects on the health of populations
comes from the mathematical modeling of the spread of
disease within populations. Social epidemiology and
mathematical modeling have started to converge only
recently; the confluence of these approaches to social
networks and health, coupling the direct measurement
of networks and individuals’ positions within them along
with the modeling of disease transmission within popula-
tions holds promise for the future.
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Discrimination

The body of epidemiological research into the health
disparities between different racial or ethnic groups has
grown considerably in the past decade, providing power-
ful evidence that mortality rates within the United States
are higher among African-Americans and other minority
groups, relative to the general population. In one of the
best-known analyses of race and health, McCord and
Freeman (1990) showed that age-standardized death
rates in Harlem (a predominantly African-American
community in New York City) were more than twice
that of Whites living in the United States. This finding
was confirmed by the National Longitudinal Mortality
Survey, which showed that mortality rates among African-
Americans were appreciably higher than among Whites,
despite statistical adjustment for employment, income,
education, marital status, and household size; the differ-
ences are particularly pronounced among younger age
groups. In addition to findings for mortality differences,
similar associations have been demonstrated for a number
of adverse health outcomes, including hypertension and
cardiovascular disease as well as infant mortality and low
birth weight. As in the case of the association between
ethnicity and mortality, these disease-specific associations
typically persist after adjustment for multiple indicators
of socioeconomic position.

While differences in morbidity and mortality among
ethnic groups are widely acknowledged, the explanations
for these differences are far more contentious. Some
researchers have argued that ethnic differences in health
are due to genetic predispositions, but there is little
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evidence for this in any but a handful of conditions. Others
have pointed to shortcomings in epidemiological methods,
suggesting that much of the observed association between
race and health may result from the mismeasurement
of, and subsequent inadequate statistical adjustment for,
the effect of socioeconomic status on health. While this
explanation may be plausible in some instances, the ubiq-
uity of ethnic differences in health within socioeconomic
strata as well as across time and place point to an indepen-
dent association.

In explaining these differences in morbidity and mor-
tality, Sherman James (1987), Nancy Krieger (1999) and
others have taken a broader view of racial differences in
health and posited ethnic discrimination (i.e., racism),
rather than ethnicity itself, as the principal factor respon-
sible for the observed associations between race and
health. In this light, socioeconomic differentials may be
part of the pathway through which racial discrimination
affects health, rather than a confounder to be adjusted for
in analysis.

Systematic discrimination and historical inequalities
could act in several ways. Reduced access to and quality
of health care are commonly cited explanations for the
association between minority status and increased mor-
bidity and mortality, particularly in the United States.
Other mechanisms may include the increased stress and
psychosocial burden associated with discrimination, as
well as the reduced access to material resources among
most minority groups. As epidemiological research into
ethnic disparities in health expands, it is clear that the
general association between racial categories and adverse
health outcomes can provide only indirect evidence of the
effects of racial discrimination. Further refinements in
the conceptualization and measurement of discrimination
are required to promote our understanding of the associ-
ation between ethnicity and health.
Emerging Concepts Within Social
Epidemiology

The recent advances within social epidemiology have
been paralleled by a more general series of commentaries
on epidemiological approaches under the risk factor par-
adigm. These critiques have focused primarily on the
perceived preoccupation of contemporary epidemiology
with how individual-level factors shape health and the
subsequent difficulties epidemiologists face in research-
ing determinants of health that are not easily reduced
to individual-level terms (Schwartz et al., 1999). Although
these commentaries refer to epidemiology as a discipline,
they are especially relevant to, and have been motivated in
part by, the study of social and economic inequalities.
Here we focus on two particular areas of critique and
the advances which have emerged from them: Levels of
social organization and the diachronic processes shaping
individual and population health.
Levels of Social Organization

Several commentaries have suggested that contemporary
epidemiology is focused too much on etiologic factors
that operate among individuals and too little on other,
potentially relevant levels of social or biological organiza-
tion. With respect to social epidemiology, this criticism
challenges the focus on social and economic variables
that are conceptualized and measured at the individual
level (e.g., individual income or education). While impor-
tant, this focus fails to account for the possibility that social
inequalities operating at other levels of organization –
such as the neighborhood, society, or even globally –
may be of relevance in shaping health, separate from
their individual-level counterparts. Different levels of
social organization are often implicit within social epide-
miological research, but most studies fail to specify the
level(s) that are involved in conceptualizing and analyzing
social inequalities. For instance, measures of average com-
munity income (e.g., income per capita) may be employed
in some studies as a proxy for individual-level incomes
within communities; in this case, a group-level variable
is being used to capture an individual-level construct. Yet
in other instances, the same measure of community in-
comemay be intended to reflect aspects of the wealth of the
community – such as infrastructure development – that are
distinct from (but may be related to) the individual-level
measure of income. Other concepts in social epidemiology,
such as social capital or income inequality, are inherently
features of groups. In recognizing the different levels of
social organization that are involved in their hypotheses
and measurements, social epidemiologists are beginning
to develop a framework for thinking about how social and
economic characteristics of individuals, communities, and/
or societies may each contribute to health in unique ways;
this line of thinking provides a more complex – and more
fertile – conceptual approach than analyses focused exclu-
sively at the individual level.

The ability to think across levels of social organi-
zation greatly expands epidemiologists’ potential for
understanding the determinants of individual and popu-
lation health. For example, the course and outcome of
schizophrenia varies markedly between developed and
developing countries, with the disease appearing more
benign (on average) in developing country settings. If
the factors impacting the outcome of schizophrenia are
viewed solely as the characteristics of individuals, this fact
appears counterintuitive, as modern treatments with
demonstrated efficacy are much more widely available
in the developed world. In explaining this difference,
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epidemiologists have turned to the possibility that social
and economic processes may help lead to improved
schizophrenia outcomes in developing-country settings.

Considering the causes of disease operating across
different levels of organization raises the possibility that
groups may have features, beyond the aggregated charac-
teristics of individuals within them, that can shape health
outcomes, a phenomenon frequently referred to as emer-
gent group properties. The ability to conceptualize social
and economic factors as group properties that cannot be
understood solely as individual-level variables represents
an important vehicle for social epidemiologists. In a sem-
inal paper, Sampson (1997) and colleagues demonstrated
that the social features of Chicago neighborhoods helped
to explain levels of violent crime, independent of the
characteristics of the individuals living within them. In a
similar vein, a growing number of epidemiological studies
are investigating how the characteristics of particular
social environments influence health outcomes indepen-
dent of the characteristics of individuals living in those
locations. Diez Roux (2001) demonstrated that the socio-
economic environment of neighborhoods was associated
with substantially increased risk of both coronary heart
disease and coronary events, even after statistical adjust-
ment for individual-level socioeconomic status, smoking,
blood pressure, and cholesterol levels. In the Alameda
County study, Yen and Kaplan (1999) defined local social
environments using area measures of socioeconomic
status, the presence of commercial stores, and the condi-
tion of housing and the physical environment. They
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to health of individual income, psychosocial environment, or material c
demonstrated that all-cause mortality and self-reported
health status were associated with each of these para-
meters independently of individual-level risk factors.
These and other studies have helped to show that
communities or neighborhoods frequently encapsulate a
range of structural properties that may influence health;
however, researchers are only beginning to shed light on
how this is so, and approaches to understand these asso-
ciations between social areas and health are at the cutting
edge of social epidemiology.

Perhaps the most compelling evidence for the deter-
mination of health and disease at different levels of social
organization comes from the global view of morbidity
and mortality. As presented above, the bulk of epidemio-
logic research into socioeconomic position and health
has focused within populations, and particularly within
industrialized nations. While this approach has gener-
ated important insights, social epidemiology has largely
ignored the global inequities that clearly demonstrate the
effects of poverty on health (Figure 7).

As these inequalities in global health gain increasing
political and economic attention, the need to better
understand – and begin to address – them presents a cen-
tral challenge to epidemiology. For social epidemiologists,
this means moving beyond the simple characterization of
individual-level exposure and outcome variables, toward
incorporating varying units of social organization into
research to understand the social and economic proper-
ties of communities, nations, and continents that help to
determine morbidity and mortality.
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Diachronic Processes

In parallel with the difficulties in recognizing various levels
of social organization, epidemiology as a discipline has
been challenged to understand how processes operating
through time – historical and individual – shape the disease
experience of populations and individuals. With respect to
social epidemiology, this critique challenges the dominant
focus on social and economic factors, which are treated as
static phenomena that are temporally proximate to disease,
with researchers viewing social inequalities during adult-
hood as being of primary concern in understanding the
causes of adult disease and death. There has been relatively
little attention paid until recently to how social and eco-
nomic forces at play earlier in life may shape later risk of
morbidity and mortality.

In addressing this critique, epidemiologists are focusing
increasingly on the potential impact of socioeconomic
conditions in early-life on disease during adulthood.
Cohorts in Britain and the United States have demon-
strated links between social class at different stages of the
lifecourse and adult mortality, as well as with a number of
markers for cardiovascular disease. In some instances,
these associations persist after accounting for adult socio-
economic position, though given the clear links between
childhood and adult socioeconomic position, the appro-
priateness of traditional statistical adjustment for adult
socioeconomic circumstances remains unclear. Debate as
to how these effects may operate is considerable. Several
researchers have suggested that insults during critical
periods in early life initiate physiological processes culmi-
nating in later morbidity. Others have hypothesized that
early life experiences help to shape adult circumstances,
but do not have an independent impact on health out-
comes. Bridging these views, Davey Smith and others have
proposed a lifecourse approach, in which disadvantage in
early life sets in motion a cascade of subsequent experi-
ences that accumulate over time to produce disease in
adulthood. To date, evidence exists to support each of
these hypotheses. To discriminate between them, new
conceptual and analytical approaches will be required.

Although social epidemiology is gradually rediscover-
ing the importance of diachronic perspectives, psychiatric
epidemiologists have made important advances in under-
standing the determinants of health operating over
the lifecourse. For instance, there is a growing body of
evidence to show that developmental antecedents in early
childhood are strongly associated with a range of
subsequent psychiatric symptoms. By developing testable
hypotheses of the mechanisms that may mediate such
associations, Sheppard Kellam (1997), Jane Costello, and
others have advanced our understanding of how social
contexts in early life shape later behaviors. In doing so,
this body of research presents a useful model for social
epidemiologists to explore how social contexts through-
out the lifecourse may impact a range of health outcomes.
Conclusion

A diverse body of epidemiologic evidence leaves little
doubt that economic and social inequalities are strong
and consistent determinants of morbidity and mortality.
Recent advances have improved our understanding of the
pathways through which these parameters affect health
and refined how these inequalities are conceptualized and
measured. As the full implications of the notion that
human beings and their health states are constituted in
both biological and social terms become more widely
acknowledged within epidemiology, social epidemiology
is likely to become an increasingly integral aspect of the
broader discipline. The perspectives that social epidemi-
ology brings to the study of the determinants of individual
and population health are likely to continue to shape both
the way in which epidemiology conceptualizes the causes
of disease and how epidemiologists respond in practice to
public health concerns.
See also: Cultural Epidemiology; Epidemiology, Historical;

Health Inequalities; Mental Health Aetiology: Social Deter-

minants.
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de Médicine, au nom de la Commission de statistique, sur une série
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Recognition of the social origins of illness dates back
hundreds if not thousands of years (Antonovsky, 1967).
The literature on the relationship between poverty and
ill health began with the inauguration of regular censuses
of populations almost two centuries ago (Starfield, 1975).
That social factors have an influence on an otherwise
biological phenomenon is a fact. Why is it so?
Systematic study of this subject began in earnest well
over 100 years ago. Originally, studies focused primarily
on the impact of social factors on the most disadvantaged
segment of the population: the poor. Most of the early
explorations of societal influences focused on the role
of the environment (Etches et al., 2006), consistent with
the focus of early observations of noxious elements in
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the environment and the potential provided by censuses to
detect geographical pockets of disadvantaged. Observers
also recognized that working conditions compromised the
health of the working class. However, by the end of the
nineteenth century, recognition of germs as the cause
of infections in the population raised the possibility of
controlling illness with medical rather than environmental
or social means. By the 1920s, poverty as an antecedent of
disease had ceased to be a focus of attention as concern
shifted to the biological and technological aspects of
health and health services. Attention to poverty as a
correlate of disease greatly diminished in first half of
the twentieth century literature. Social conscience was
briefly reborn in the 1960s; since then, increasing avail-
ability of data and international interest in the health
of nations has solidified concern about social origins of
illness and their relationship to people’s health (Starfield,
1984). It is quite evident that, even now, virtually every
common health condition in childhood (with the excep-
tion of myopia, allergies, and some cancers) is more com-
mon in poor children than in nonpoor children.

Most research on the social and societal roots of health
and illness continues to be descriptive rather than ana-
lytic. Many studies have attempted to examine the role
of a few characteristics � both those of individuals
and those of the society in which individuals live � that
might explain why poverty is highly associated with ill
health, but the studies are hampered by two realities:
an inadequate conceptualization of pathways to inform
development of research design and the fact that extreme
social disadvantage entails extreme disadvantage in virtu-
ally every characteristic that might be related to ill health.
Thus, it is difficult if not impossible to ascertain the
relative importance of various influences on health,
when they all are so highly interrelated and, therefore,
co-occur. Moreover, eliminating poverty alone will not
eliminate the adverse impact of social disadvantage
on health because other aspects of social position and
other societal features also influence the distribution of
health in populations (Pruss-Ustun et al., 2004).

It is only relatively recently that research has turned
to the concept of the social gradient, wherein health is
progressively worse the greater the social disadvantage
and progressively better the greater the social advantage.
A major stimulant to this reorientation of the issue
of social origins of disease was the series of studies by
Marmot and colleagues of civil servants in the United
Kingdom. These studies conclusively documented a
striking gradient in health in adults, even among white-
collar employees (Marmot et al., 1987, 1991).

The situation with regard to children has followed
the adult pattern: first attention to the very socially
disadvantaged and subsequently to social gradients. The
impact of social conditions on child health was explicitly
recognized at least by the middle of the nineteenth
century, when Engels documented the higher death
rates from smallpox, measles, scarlet fever, and whooping
cough among the working class as compared to upper
class children. He even linked the likelihood of childhood
falls, drowning, and burns to inadequate child care in
families where both mother and father had to work,
thus laying the groundwork for study of mechanisms by
which social disadvantage produces poorer health (Engels,
1845). But as with adults, the biologically oriented tech-
nological imperative has been commanding the greatest
attention ever since the end of the 1800s, with brief
interruptions as noted for adults.

Despite the tremendous scientific advances underlying
medical care in the last half of the twentieth century,
which were associated with greatly improved health indi-
cators, there are still large differences in health across
different social groups of children. The literature is exten-
sive in attempting to relate this gap to various individual,
community, and societal characteristics (IOM, 2004).
Only recently has it been noticed that even industrialized
countries differ considerably in the health of their chil-
dren, and that these differences can be explained by
historical and societal differences in attitudes toward the
health and welfare of children.
What is Known About the Existence and
Nature of Social Gradients in Children

Research on social gradients, if designed well, has the
potential to help understand the mechanisms by which
social disadvantage operates to compromise health. In
contrast to studies concerning the poor, who suffer vir-
tually every increase in risk and decrease in resilience,
studies of social gradients promise to provide more
nuance in the search for explanations of health dis-
advantage as a result of differences in various influences
on health.

One of the early studies on social gradients in child-
hood (Wise et al., 1985) found a progressive increase
in mortality with decrease in family income in 10- to
14-year-olds and, to a lesser degree, in 15- to 19-year-
olds. Studies have consistently found social gradients
in infancy, in England (West, 1988) and in England
and Wales (Pattenden et al., 1999). Dutton (1985) found
differences in the results of clinical examinations in
African-American children of ages 6months to 11 years
living in one city (Washington, DC). There were social
class differences for all three clinical conditions: Hearing
loss, ear disease, and vision problems, but there was
no gradient because the relationships were U-shaped,
with higher prevalence in the lowest and highest income
groups. A history of past illnesses of these types had
the highest relationship to abnormal clinical findings,
even higher than that of family income. Ostberg (1992)
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reported increasingly clear social class gradients in like-
lihood of death in Swedish children as age group
increased from 1–4 years to 5–9 years, to 10–14 years,
and to 15–19 years. A series of studies by Patrick West
and colleagues in Scotland led to the conclusion
that there was no social class gradient in mortality in
adolescence, which they attributed to the ‘‘homogenizing
effects of experiences in school, with peers, and pervasive
youth culture’’ (West, 1988; West et al., 1990). As mortality
in adolescence is predominantly associated with injuries,
his conclusions are largely influenced by environmental
and social situations that predispose to injury. Williams
and colleagues (1997) reported that although there were
no social gradients for overall rates of medically attended
injuries in Scotland, there were marked differences in
where the injuries occurred and the activity associated
with the injury. Faelker and colleagues (2000), reporting
on data from the Kingston area of Canada, found strong
gradients in injuries of certain types (but not of other
types). Others have shown gradients in injury mortality
among 10- to 14-year-olds and to a lesser degree
among 15- to 19-year-olds: Avery and colleagues (1990)
in England and Wales, and Carey and colleagues (1993) in
Australia (New South Wales).

Studies concerning outcomes other than those related
to injuries have been relatively consistent in showing
social class gradients for:

. Height in Dutch children of ages 5, 7, 11, 14 (Jansen
and Hazebroek-Kampschreur, 1997), which were
reported to be similar to findings of an earlier study
in the Netherlands and in the UK;

. Ratio of weight to height, with more obesity in the
lower classes (Jansen and Hazebroek-Kampschreur,
1997), reported to be consistent with studies in France
and Stockholm;

. Greater persistence of height deficits in children of low
birth weight among lower class children in Britain
(Teranishi et al., 2001);

. Psychosocial difficulties (but not mental health status,
accident rates, or blood pressure) in youth of
ages 13–15 in England (DoH, 1999);

. Activity limitation and long-standing illness in children
of ages 10–16 in Britain (Cooper et al., 1998);

. Depression and obesity (but not asthma or sexually
transmitted diseases) in U.S. teens (Goodman, 1999);

. Self-reported illness (by parental report) in U.S. ado-
lescents (Call and Nonnemaker, 1999);

. Self-rated physical and psychological health (although
not reaching statistical significance) in 16-year-old
Australians (Siahpush and Singh, 2000);

. Chronic conditions (and less or insignificantly so,
short stature, and incidence of moderate to severe
symptoms) in children of ages 2–17 in five Nordic
countries (Halldorsson et al., 2000);
. All-cause mortality in U.S. children of ages 0–19 from
1968 to 1992 (DiLiberti, 2000).

More recent studies (published from 2001 through
2006), from a wide variety of countries (Canada,
Denmark, New Zealand, Nordic, the United States,
UK/Britain, and several European countries), have
continued to provide evidence of the existence of social
gradients in health. All four studies that addressed injuries
are consistent in showing gradients (although varying
by type of injury and locale of the study) (Chen et al.,
2002; Laflamme and Engstrom, 2002; West and Sweeting,
2004; Emerson et al., 2006).

All seven studies that examined the prevalence of
chronic conditions (most but not all by proxy reports of
parents) confirmed the social gradient in health, although
not always for every condition (Case et al., 2002; Heaney
et al., 2002; Saxena et al., 2002; Starfield et al., 2002a;
Due et al., 2003; West and Sweeting, 2004; Emerson et al.
2006). Two studies that used vital statistics (infant
mortality, low birth weight, under-5 mortality, cause
specific mortality) confirmed the existence of social gra-
dients (Martens and Derksen, 2002; Blakely et al., 2003).
All five studies using only self-reported overall health
found gradients, but not always statistically significant
ones, across successively disadvantaged children (Chen
et al., 2002; Starfield et al., 2002a, 2002b; Newacheck et al.,
2003; West and Sweeting, 2004; Ravens-Sieberer et al.,
2005; Emerson et al., 2006). The only measure of health
that has not revealed a pattern of social gradients is
reported acute symptoms; at least two studies (Due et al.,
2003; West and Sweeting, 2004) failed to find any
relationships.

Newer studies are increasingly using conceptualiza-
tions of ill health that were not used in the past. Develop-
ment of multidomain health status instruments that tap
a wide range of self-reported aspects of health are making
it possible to capture a broad view of health and its
relationships with social position and other characteris-
tics. One instrument (KIDSCREEN) was recently vali-
dated in several European countries. It elicits information
from children of ages 8–18, usually in school, in ten
domains (physical well-being, psychological well-being,
moods and emotions, self-perceptions, autonomy, parent
relations and home life, social support and peers, school
environment, social acceptance and bullying, and finan-
cial resources) (Ravens-Sieberer et al., 2005). Its full
potential has yet to be realized, and it is possible that it
could be used to develop profiles of health to characterize
children according to their pattern of health experiences.
A prototype of such an effort is the CHIP (Child Health
and Illness Profile). Developed in the United States as
a suite of instruments (for self-administration by adoles-
cents, self-administration by children, self-administration
by parents, as well as interviewer-administered versions),
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it provides separate domain and subdomain scores as
well as profiles of individuals and, by aggregation, to
distinct groups of individuals (Riley et al., 1998a, 1998b).

Using theCHIP, the relationship between social position
(a composite of parental education and job status)
and health (divided into six domains) was explored by
means of questionnaires self-administered by parents for
children under age 12 and separately by children of
ages 6–10 and 11–17. Additional information was available
for 14 subdomains (from parent reports for the younger
children and from self-reports by adolescents). Table 1
presents the domains and subdomains. Data were obtained
in schools from children and by self-administration at
home from parents in several rural and urban areas of the
United States.

The results confirmed the presence of gradients across
three social class groups, but the pattern of significance
of the differences varied by domain, generally being less
or absent for the domains and subdomains involving
symptoms and risky behaviors, and strong for domains
and subdomains involving overall satisfaction with
health, physical activity, family involvement, and major
acute illnesses, as well as long-term conditions. Thirteen
profiles of health were constructed by trichotomizing
scores on each of the domains (Table 2). Social class
gradients in the profiles were present for the adolescents,
for the parent reports of the children, and for the chil-
dren themselves. Most noteworthy was a consistent gradi-
ent such that there were progressively more children in
Table 1 Child Health and Illness Profile, Child Edition (CHIP-CE)

Satisfaction: Perceived level of health and well-being (parent, 11 item

1. Satisfaction with health: Overall perceptions of and beliefs abou

2. Self-esteem: General self-concept
Comfort: Specific physical and emotional sensations/feelings that int

1. Physical comfort: Positive and negative somatic feelings and sy

2. Emotional comfort: Positive and negative emotional feelings and
3. Restricted activity: Restrictions in age-appropriate activities and

Resilience: States and behaviors potentially associated with positive

1. Family involvement: Level of activities with family and perceived

2. Social problem-solving: Active approaches to solving an interpe
3. Physical activity: Level of involvement in activities related to fitn

Risk avoidance: States and behaviors that decrease the likelihood of

1. Individual risk avoidance: Activities that threaten individual healt

2. Threats to achievement: Behaviors that typically disrupt social d
Achievement: Expectations for role performance in school and with p

1. Academic performance: School performance and involvement

2. Peer relations: Development of relationships with peer group
Disorders: Diagnostic conditions, injuries, and impairments (Parent, 4

1. Acute minor disorders: E.g., colds, tonsillitis, sprains, etc.

2. Acute major disorders: E.g., pneumonia, broken bones, hepatiti

3. Recurrent disorders: E.g., ear infections, asthma, allergies, etc.
4. Long-term medical disorders: E.g., arthritis, diabetes, epilepsy,

5. Long-term surgical disorders: E.g., scoliosis, vision problems, h

6. Psychosocial disorders: E.g., speech problem, eating problem,

aThe CHIP-CE Child Form allows scoring of domain only, but n

Comprehensive Parent Form.
the poor profile type with lower social position and
progressively more children in the good–excellent pro-
file type with higher social position (Starfield et al.,
2002a, 2002b).

The pattern of social gradients was the same both for the
younger children and the adolescents, but they were clearer
and more likely to be statistically significant for the adoles-
cents, suggesting that the manifestations of social disadvan-
tage increase as children are exposed to it longer. This
interpretation is supported by the results of a substudy of
10- to 11-year-olds, which showed stronger gradients in the
various domains than was the case for younger children
responding to the same questionnaire (Starfield et al.,
2002b). Stronger gradients in health at older childhood
ages was also found by Ostberg (1992), who reported
increasingly clear gradients in likelihood of death of
Swedish children as age group increased from 1–4 years to
5–9 years, to 10–14 years, and to 15–19 years. Thus, it is
likely that the effects of social disadvantage accumulate
over time.

The utility of the information obtained by the profile
method was provided by a subsequent study that exam-
ined the ability of the information on health status to
predict subsequent use of health services. The child
reports of health were even better predictors of the num-
ber of doctor visits in the subsequent year than was
the case for parent reports (Forrest et al., 2004). Fortu-
nately, the recent development and growth of the health
outcomes strategy, directed in part at assessing the quality,
domain and subdomain descriptions
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Table 2 Criteria for defining profile types

Profile Type Criteria

A Excellent
health

Excellent health on three or four
domains, with no domains of

poor health

B Good health At least average health on all

domains, with excellent health on
no more than two domains

C Dissatisfied Poor health only on satisfaction

D Discomfort Poor health only on discomfort

E Low resilience Poor health only on resilience
F High risks Poor health only on risks

G Dissatisfied/

high
discomfort

Poor health on satisfaction and

discomfort

H Dissatisfied/

low

resilience

Poor health on satisfaction and

resilience

I Dissatisfied/

high risks

Poor health on satisfaction and

risks

J Discomfort/low

resilience

Poor health on discomfort and

resilience
K Discomfort/

high risks

Poor health on discomfort and risks

L Low resilience/
high risks

Poor health on resilience and risks

M Worst health Poor health on three or four

domains

From Starfield B, Riley AW, Witt WP, and Robertson J (2002a)
Social class gradients in health during adolescence. Journal of

Epidemiology and Community Health 56(5): 354–361.
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adequacy, and equity of health throughout the world
(as represented, for children, by the multicountry collab-
orative KIDSCREEN instrument) could be an important
development, at least with regard to country comparisons
of social gradients in childhood.

The potential for wider use of profiles of health is
large. As the review of prior studies shows, gradients
vary with the measure of health, with age, and with
place. Abnormalities in one or more aspects of health
provide no information on the total burden of ill health
suffered by individuals, and particularly on the burden
suffered by individuals in particular social groups. Profiles
of health, in contrast, combine information on various
aspects of health into a single measure that characterizes
individuals and groups according to their total morbidity
burden, a useful characterization for monitoring the
impact of health services over time, for making needed
changes, and for evaluating the effectiveness and equity of
these changes over time and across regions and countries.
The Relative Impact of Prior Child Health
and Social Class on Subsequent Health

The existence of social gradients in child health has a
large impact on the well-being and resilience of children
themselves. They play a major role in influencing
the opportunity for children in different social groups to
achieve their inherent potential, both during child-
hood and subsequently in adulthood. Is it the long-term
effects of poor health in childhood that account for the
accumulation over time of subsequent poor health, or is
the tracking of poor health a result of the persistence
of low social class status over time? Although large-scale
longitudinal studies addressing these issues are uncom-
mon (with the exception of the British national birth
cohorts), the recent literature is increasingly focusing
on these two phenomena.

An early review (Starfield and Pless, 1980) of the
extent of persistence of physical health problems (exclud-
ing those that are, by nature, persistent, e.g., congenital
abnormalities) concluded that, although illness in child-
hood certainly does not invariably predict poor health
in adulthood, people who have an illness in childhood
are much more likely to have recurrences of that illness
or other illnesses later on. The evidence derives from a
variety of types of studies: Studies of the natural history
of specific acute illnesses, studies of use of health services
over time, studies of overall physical functioning, and
evidence of the relationship between physical and emo-
tional health. The review did not consider, however,
whether the constancy of illness over time was related
to social disadvantage associated with ill health in groups
of children.

In Britain, studies using longitudinal data (Holland
et al., 2000) showed that children of different heights dur-
ing childhood have different subsequent experiences.
Children who are tall for their age have less exposure to
a variety of environmental hazards if they are males
with fathers in manual occupations or females with fathers
in nonmanual occupations. Chronic disease in childhood
was also associated with subsequent greater hazard expo-
sure in males with fathers in manual occupations, but
females with chronic disease were less exposed to health
hazards if they had fathers in nonmanual occupations. The
authors interpreted these findings as evidence that

exposure to health-damaging environments during adult-

hood may accumulate on top of health disadvantage

during childhood and that this process of life-course

accumulation of disadvantage may vary by gender and

childhood social class.

(Holland et al., 2000: 1285)

In the United States, Blackwell and colleagues (2001)
used the U.S. Health and Retirement Survey (HRS)
to relate adult health to people’s recall of childhood
health experiences. They showed that self-reported poor
childhood health was associated with increased morbidity
in later life. Their findings also indicated that both
poor childhood health and current social disadvantage
(in adulthood) were independently associated with poor
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health. In this study, social position was represented by
a continuous scale for purposes of regression analysis,
so that the relationship between specific characteristics
of social classes could not be estimated.

In their review of life-course development of unequal
health, Power and Kuh (2006) found evidence of com-
pounding effects of antecedent ill health and current
(adult) social disadvantage. That is, early ill health
and social disadvantage are both important, and the ill
effects of adult low social position are made even more
serious by ill health in childhood.

For cardiovascular heart disease (the major cause of
death in industrialized countries), early childhood social
disadvantage is a highly influential risk, and the effect
is cumulative: The longer the social disadvantage, the
higher the risk. This increase in risk for heart disease
is greater than that for self-reported poor physical or
mental health. Moreover, the nature of the increased risk
is different for males than for females, at least partly
because a large part of the effect of early social disadvan-
tage is its risk for later social disadvantage; females
are more likely to stay lower class than are males
(Singh-Manoux et al., 2004). Thus, the importance of
social gradients in childhood is not only of importance
for children but is of more generalizable importance
to the health of societies.

There is also evidence for possible pathways that
include the impact of prior ill health. For example,
adverse effects of prior ill health may operate through
effects on maternal ill health and poor nutrition. More-
over, the relationship between poor maternal health
on newborn birth weight is intergenerational (Hackman
et al., 1983; Klebanoff et al., 1991; Starfield et al., 1991), and
the risks are even greater for poor women (Starfield et al.,
1991). As low-birth-weight infants are at much greater
risk of poor health, it is clear that intergenerational disad-
vantage creates a vicious circle in which poor health leads
to poor health of offspring, leading to poor health in the
next generation.

A variety of analyses have indicated that specific
patterns of ill health in adulthood are associated with
specific patterns of ill health early in childhood. Early
influences are of two types: Those related to growth
and development and those related to infections early in
life. Problems with growth and development, as mani-
fested by intrauterine growth retardation (Starfield et al.,
1982) and nutritional short stature in childhood (Case
and Paxson, 2006), are associated with higher likelihood
of coronary artery disease later in life (Galobardes et al.,
2004). Those related to infections and their sequelae,
such as from poor access to adequate health services
(Starfield, 1985), are often subsequently manifested in
chronic respiratory disease, rheumatic heart disease, gas-
tric cancer, hemorrhagic stroke, and hypertension. Inter-
actions of a variety of socioeconomic characteristics and
other social determinants have been found for almost
all common diseases, with the exception of many types
of cancer (Galobardes et al., 2004; Lynch and Davey
Smith, 2005). The fact that these associations are not
invariable indicates that there are likely to be many
other intervening influences, including those that are
specifically related to social class as well as a myriad
of other social and environmental exposures. Although
some of these influences have been described, the path-
ways through which they operate and interact have
not been explored yet.

Characteristic of the growing literature on the influ-
ences of prior ill health on subsequent health is the
difficulty in sorting out pathways through which early
disadvantage (in the form of both health gradients and
social gradients) predisposes to later ill health and the
relative influence of each. Although it is clear that
there are both biological and social mechanisms that
are intermediate in the pathway between early health
and subsequent health, how they interact and how they
are influenced by social position is very poorly under-
stood. Most of the literature on life-course influences
has not been designed to examine these influences across
the social gradient, focusing instead on comparing life-
course experiences of the poor versus the nonpoor.

Interactions among influences play a major role in
pathways to ill health. It is even likely that pathways
differ in different areas and across the social gradient.
For example, insulin resistance (which is associated with
subsequent diabetes) in children is inversely related to
family income in Denmark, but directly related to family
income in Estonia and Portugal. The influence on insulin
resistance of parental education (which is related to phys-
ical fitness in Denmark but not in Estonia or Portugal)
shows the same association: negative in Denmark but
positive in Estonia and Portugal. Furthermore, findings
for adults are similar to those for children in Denmark,
southern Europe, and the United States, but different
from children in eastern Europe (Lawlor et al., 2005).
Similarly, low birth weight and the nature of infant diets
interact to influence the likelihood of subsequent heart
disease. Low birth weight followed by subsequent rapid
growth confers increased risk for obesity, a risk factor for
heart disease. The complexity of the pathway – and the
likelihood that it contains interactions leading to different
types and magnitudes of effects – is indicated by a recent
review showing that larger size in infancy is associated
with increased risk of insulin-dependent diabetes, but
associated with reduced likelihood of ischemic heart
disease in men, but not in women. There were consider-
able gaps in the evidence, and relationships with many
other highly prevalent diseases have not been studied
(Fisher et al., 2006).

Across developing and middle-income countries, soci-
etal influences on under-5 mortality differ by income
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quintile. For the richest quintile, the higher the country
wealth (gross national product), the lower the under-5
mortality. In contrast, infant mortality in the poorest
quintile is lower when public spending on health is higher,
when skilled attendants are present at delivery, and by
immunization coverage (Houweling et al., 2005). Pathway
effects differ in different countries; socioeconomic
inequalities in mortality are larger in northern Europe
than in southern Europe, possibly due to a varying socio-
economic gradient in risks for ischemic heart disease
(Kunst et al., 1998). Neighborhood poverty rates and hous-
ing inadequacy increase the rate of very preterm births in
African-American households, whereas the fraction of
female-headed households is influential for Hispanics,
and a low fraction of people employed in professional
occupations is influential for white populations, at least
in the United States (Reagan and Salisberry, 2005; Barros
et al., 2006). Thus, there are marked differences, including
different interactions in different social strata, within the
pathways to aspects of ill health, depending on the context
(Lawlor et al., 2005).

All of these findings on the extent of influences of early
exposures on later health are consistent with a more
general applicability of pleiotropism, etiologic heteroge-
neity, and penetrance, which were originally used to
explain genetic influences on health. The likelihood
that a risk factor will result in disease (penetrance) in
the presence of different degrees of social disadvantage
depends on a constellation of other factors, both in indi-
viduals and in populations. Any given health problem
may result from different combinations of risk factors in
different individuals and different populations (etio-
logic heterogeneity). Any given combination of risk fac-
tors may result in different health outcomes in different
individuals and different populations (pleiotropism).
Understanding why social gradients exist and why they
may differ at different times and in different places
requires a recognition of these phenomena, and attempt-
ing to reduce social gradients requires exploration of
the impact of a variety of individual, social, and societal
factors in each different population.

What can be said of the possibility that further research
can shed light on the relative mutability of these effects
and the possibility for interventions to reduce their
impact? If there are no magic bullets (Power and Kuh,
2006), what might be the range of artillery? Answering
these questions requires consideration of pathways to ill
health in different populations.
What Are the Pathways by Which Social
Gradients Influence Health?

The pathways by which different degrees of social dis-
advantage operate to compromise health are poorly
understood, although theories abound. A systematic
national effort took place in the United Kingdom in the
early 1980s (Black, 1980), which categorized the hypoth-
eses into those related to deprivation of conditions of
living necessary to maintain health, including (but not
necessarily limited to) adequate food, housing, clothing,
neighborhood security, and safety (including quality of
the physical environment), and access to high-quality
medical care.

Recognition of the existence of a problem is a necessary
first step, but it is not sufficient to solve it. Hierarchies of
social position have always been a feature of human soci-
ety, but hierarchies are not invariably associated with
marked differences in people’s opportunities to lead ful-
filling lives. As health is a major facilitator of a good life, it
is a matter of social justice to find ways to reduce the
adverse effects on health of social hierarchies.

Attempts to elucidate pathways of influence have, so
far, been elusive and limited to conceptual schemata
that outline the major components in the pathways to ill
health. Most of the evidence comes from studies in which
populations are divided into poor and nonpoor. A com-
mittee of the Institute of Medicine, National Academy
of Sciences (United States) devised a kaleidoscopic
model specifically for children (IOM, 2004). The diagram
(Figure 1) recognizes health as a trajectory over time, with
health a product of the interaction of biological character-
istics, the physical environment, behavioral characteris-
tics, and the social environment, all operating in a services
and policy context. In the publication presenting this
conceptualization, the relationships between these types
of characteristics and contexts and child health are dis-
cussed one by one, mainly in order to set the stage for
development of information systems that would capture
data to design appropriate policies and programs to over-
come vulnerabilities and promote resiliencies.

Van de Mheen et al. (1998) examined the relative influ-
ence of early childhood social class (based on father’s
occupation) on adult health behaviors and self-perceived
health (Figure 2). The pathway to health starts with early
social and material deprivation (financial, educational,
environmental) predisposing to poor health very early
in life (as in fetal malnutrition), inadequate physical activ-
ity, and adverse behaviors, which, in turn, predispose
to immunologic and physiologic deficits, continuing inad-
equate physical activity, and adverse behaviors, which, in
turn (in addition to the direct effects of childhood social
and material deprivation), predispose to poor health and
premature mortality. Their study included only informa-
tion on early childhood social class and adult behaviors and
reported health status, so that the childhood behaviors can
only be presumed. Given this limitation (as well as other
methodologic limitations), their data showed that approxi-
mately 10% of the differences in adult health are indepen-
dently attributable to early childhood social class.
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Lynch and Kaplan (2000) devised a similar life-course
diagram to depict the influence of socioeconomic position
at various stages in life. At the very earliest stages of life,
socioeconomic position operates by influencing intrauter-
ine conditions leading to low birth weight and growth
retardation, which in turn predispose to atherosclerosis
(and thus cardiovascular disease and reduced function)
later in life. During childhood, socioeconomic position
operates primarily through educational and environmen-
tal conditions to influence behaviors such as smoking,
poor diet, and inadequate physical activity, predisposing
to later development of atherosclerosis and cardiovascular
disease. In adulthood, socioeconomic position operates
through working conditions and income to influence
job-related stress predisposing to cardiovascular disease.
In later life, income and assets are influenced by
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socioeconomic position and, with the contribution of
inadequate medical care, to reduced function. This for-
mulation depicts the likely influence of poor health, com-
pounded over time by failures to address the adverse
effects of prior poor health in childhood, but only low
birth weight and growth retardation and not the accumu-
lation of ill health over childhood are recognized.

Power and Kuh (2006) formulated a scheme depicting
the impact of childhood social position as starting with
parental background, leading to infant health, with
subsequent trajectories of educational, social, behavioral,
and physical and mental health status, all of which are
interrelated and combine to influence health, both
directly and indirectly (through later material and social
circumstances).

The scheme devised by Diderichsen and colleagues
(2001) is broader because it includes societal character-
istics as major determinants of pathways to health. Start-
ing with the social context and political characteristics of
society, they postulated five general pathways, two of
which are inherent in the society and three of which are
mutable, depending on the nature of particular policies.
The policy characteristics are those that increase social
stratification (such as tax policies), those that decrease
vulnerability (or increase resilience), and those that pre-
vent adverse consequences (such as regulations that
improve safety). These policy characteristics, along with
social and cultural characteristics, influence social posi-
tion, specific exposures, and occurrence of disease or
injury, which, in turn, create social consequences on
health (such as inability to work).

Although research on children’s health (except
for infant mortality) has neglected the influence of the
political context, the study by Zambon and colleagues
(2006) is an exception. This study used the World Health
Organization’s Health Behaviours in School-age Children
survey (HBSC) to examine the relationship between the
political nature of governments (those whose policies are
more redistributive (i.e., conservative welfare regimes and
social democratic regimes) and those that are not, i.e.,
laissez-faire (liberal) regimes). The extent of social gradi-
ents in self-reported health of teens was less in the former
countries than in the latter countries.
Individual Health and Population Health

Most of these diagrams of influence on health (as well as
other common diagrams, e.g., Blum, 1981; Starfield, 1984;
Evans and Stoddart, 1990;Wilson andCleary 1995;Marmot
1999) view health as an individual characteristic and influ-
ences on health as characteristics pertinent to individuals.
That is, they do not represent the likelihood that specific
pathways produce different levels and types of health dis-
advantages in ‘groups’ in the population. Because pathways
may differ by social position (consistent with the findings
described earlier in this article of the different influences of
age, gender, and place on specific health characteristics), it
is important to think about their influence on population
subgroups as well as on individuals.

Newer conceptualizations of influences on health are
addressing influences on populations and on population
subgroups (Etches et al., 2006). From the point of view of
social gradients in populations, it is the population
perspective that is useful. For example, a particular influ-
ence, e.g., a rare genetic abnormality, on the health of an
individual may be very strong, but if it is rare in the popula-
tion, it will not contribute to social gradients. In contrast, an
influence on health that is common in the population, or in
certain subgroups of the population, may contribute consid-
erably to social gradients, even if it causes only a small
increase in risk in disadvantaged individuals. For example,
ethnic fragmentation, skilled delivery attendance, immuni-
zation coverage, and public spending on health contribute
more heavily to under-5 mortality among the socially disad-
vantaged than among the socially advantaged (Houweling
et al., 2005) because they are more common among the
disadvantaged. Similarly, the relationship between income
inequalities and cardiovascular risk factors differs for differ-
ent socioeconomic strata, being stronger in people with
lower incomes (Diez-Roux et al., 2000).

The (U.S.) National Committee on Vital and Health
Statistics (2002) devised a model for understanding influ-
ences on population health. It divides health into three parts:
Rates of disease, functional status, and well-being. Commu-
nity attributes contribute directly to the health of popula-
tions. These community characteristics include demographic
composition (e.g., age and sex distribution), the built environ-
ment, the social environment, economic characteristics, pop-
ulation health programs, collective lifestyle practices, and
health services structures. These community characteristics
operate in a context that consists of the natural environment,
cultural characteristics, and the political context, all of which
are situated in place and time.Figure 3 specifies the different
aspects of each of these attributes. As is apparent, the form of
the diagram precludes specifying possible pathways and
interactions among the attributes and individual aspects of
the attributes.

In order to capture the likely major mechanisms that
influence social position and, ultimately, health, Starfield
(2007) found it necessary to use two diagrams, one repre-
senting pathways to the health of individuals and
one representing influences on the health of populations
(Figures 4 and 5).

These diagrams differ from others in several respects.

1. They explicitly represent the likelihood of interactions
among influences.

2. They reflect the likelihood that different pathways
depend on the measure of health (particularly whether
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the measure reflects incidence or whether it reflects
severity as manifested by persistence, or resulting in
disability or death).

3. The population health diagram includes the distribu-
tion of disease as well as overall (average) health, and
it gives greater importance to societal influences, i.e.,
political and policy characteristics.

These featuresmake it possible to distinguish influences
on the health of individuals (with relative risks and odds
ratios depending on different risk factors) from influences
on the health of populations and various subgroups (with
consideration of the relative frequency of problems and
attributable risk). Thus, conceptualizations directed at
explaining inequalities in health among individuals and
analyzing relative risks of different types of exposures
will be different from conceptualizations that are directed
at exploring inequities in health across population groups
distinguished by social, economic, and geographic charac-
teristics. The utility of the population diagram will be
based primarily on knowledge of the relative frequency as
well as the strength of the various types of influences on
health. For example, the same policy has different effects
on health of different racial and ethnic groups in theUnited
States, a result of different frequencies of exposure to
various interacting influences (Lipscomb et al., 2006).
These diagrams are evidence-based in the sense that
they derive from existing studies (mostly on poor vs.
nonpoor populations rather than on social gradients)
that examine each type of influence on at least one
aspect of health. In contrast to all other conceptual
schemes, these diagrams explicitly recognize that there
are many aspects to health, reflecting the reality that the
influence of any one type of influence, including social
gradients, differs according to the measure of health. In
particular, influences differ according to whether the
measure of health reflects the occurrence of illness, its
persistence over time, its progression to disability, and its
case-fatality, i.e., the likelihood of death resulting from it.
For example, environmental conditions are most likely
to influence the occurrence of illness and its persistence,
whereas medical care interventions are more likely to
influence the rate of progression of illness and death
resulting from the illness. In contrast to many other
pathway diagrams, the likelihood of bidirectional and
multiple interactions of various types of influences at
various levels of effect is explicit. The political and
global context is clearly identified in the case of influ-
ences on population health and its distribution. In these
diagrams, social position is represented differently in the
individual and population diagrams. As social gradients
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is a population characteristic, reflecting the distribution
of a characteristic in the population, it appears in the
diagram for population health as wealth (level and dis-
tribution). It is influenced by a variety of social and
economic policies, most notably tax policies, with regard
to how regressive or progressive they are. A major chal-
lenge for the future is to understand how the relative
influence of the various characteristics (including socie-
tal as well as individual characteristics) in the pathway
differ across the social gradient.
The Role of Policy

The role of policy in maintaining or reducing social
gradients in health is controversial. Based upon observa-
tions in some countries that income inequality is asso-
ciated with worse health, including infant mortality and,
especially, rates of homicide and suicide, some have sug-
gested that reduction or elimination of income inequality
within societies is indicated (Wilkinson and Pickett,
2006). But the observation that this association is not
present everywhere, and is not found for many measures
of health, suggests that it is, at best, only a partial expla-
nation. Moreover, there have been no studies that exam-
ined the association between income inequality in an area
and social gradients in child health; all existing studies
have examined only average levels of health in the area or
country. Starfield and Birn (2007) explored the possible
role of other social policies in influencing the distribution
of health in populations. Their analysis concluded that
policies that merely redistribute income in the form of
money would do little unless services were expanded
where they were needed. Moreover, social policies that
were universal (rather than targeted toward social
deprived populations) were more likely to achieve better
health for all (Starfield and Birn, 2007).

In view of the extraordinary complexity of influences
on health and on distribution of health in populations,
the challenge to develop either a research strategy or a
policy strategy to reduce or eliminate social gradients
in health is daunting. Fortunately, there are clues as to
approaches that would reduce social gradients in health.
The fact that pathways to inequity are so variable, often
varying by population group, also argues for universality
of social programs rather than targeted ones, as the targets
would have to be different for every social and demo-
graphic group.

As noted above, different aspects of health should be
responsive to different influences. Phelan and colleagues
showed that there are fewer social gradients for mortality
from diseases for which knowledge about preventability
and treatment effectiveness exists (Phelan et al., 2004),
suggesting that health services, which are generally
more available and responsive to individuals of higher
social class, play a role in maintaining social class
differences. Therefore, health problems that can be pre-
vented or effectively treated by health services interven-
tions are prime (although not sole) targets for health
policy. In Finland, social class gradients in deaths from
conditions amenable to medical care are greater (at least
up to the early 1990s) than those from deaths from other
causes, thus indicating a considerable role of inadequate
health services in maintaining social gradients in health
(Poikolainen and Eskola, 1995). In the last half of the
twentieth century, major advances in health services tech-
nology have been responsible for large gains in health
almost everywhere in the world, although not to the
same degree everywhere (Mackenbach, 2005). Gary and
Brancati (2005) showed that higher rates of death from
diabetes in lower socioeconomic groups are not a result of
differences in incidence, thus suggesting a lack of access to
health services that could have reduced progression of the
illness. Similarly, Maty et al. (2005) found that social
position does not predict incidence of diabetes after
controlling for overweight and obesity, again suggesting
the possibility that poorer access to effective health ser-
vices early in life is at least partly responsible for poorer
prognosis in disadvantaged social groups.
The Role of Health Services in Reducing
Social Gradients

Recent studies provide evidence that countries with health
services that are better oriented around primary care (as
distinguished from specialty health services) have reduced
social class differences in health. For example, in Canada,
social class disparities in rates of death from causes amenable
to health services have been greatly reduced in the 25 years
since the institution of its universal health insurance and
orientation to primary care services ( James et al., 2007).
Disparities in health are much greater in the United States
(which lacks universal financial access to health services and
is more oriented to specialty services than to primary care
services). A comparison of the prevalence of self-reported
major health problems showed that social gradients are less
in England (with its universal health system and high pri-
mary care orientation) than in the United States for those
health problems (diabetes, stroke, lung disease) amenable to
health services, particularly primary care services (analyses
based on Banks et al., 2006). A summary of existing literature
showed that well-organized primary health care reduces
disparities in health, particularly for children (Starfield
et al., 2005). For example, in the United States, socially
deprived areas well endowed with primary care physicians
have 17% lower postneonatal mortality rates, compared
with the population mean for those areas, whereas postneo-
natal mortality rates are 7%higher if primary care resources
are poor. The findings are even more striking for levels of
self-reported health. The adverse effect of income inequality
(reflecting social disadvantage) on all-cause mortality and



Social Gradients and Child Health 99
mortality associatedwith heart disease and cancer is consid-
erably diminished where primary care resources are ade-
quate. In the United States, the supply of primary care
physicians has a larger positive impact on low birth weight
and infant mortality in areas with high social inequality than
it does in areas with less social inequality. Other studies in
the United States had similar findings: Reduced social and
racial inequity in health where primary care services are
higher (Starfield et al., 2005). Studies in the United Kingdom
concerning coronary disease mortality and diabetes rein-
force this conclusion (see studies cited in Starfield et al.,
2005: 471). Studies inMexico and in Costa Rica also support
the conclusion that primary care reforms reduce social gra-
dients in health with the effect being especially strong in
infancy and childhood (as cited in Starfield et al., 2005:
471–473). These findings are confirmed by international
comparative studies that show that countries with health
systems oriented toward primary care have less marked
social gradients than countries with less adequate primary
care infrastructures in their health systems (van Doorslaer
et al., 2004).

The role played by health services, and especially pri-
mary health-care services, in reducing social gradients in
health provides a good example of the importance
of universal approaches to social welfare. Countries in
which policies are based on guaranteed services to the
whole population achieve better health than countries that
use solutions based on market mechanisms that provide
services on demand, with a social safety net to rescue
individuals and population groups without power or
ability to make demands and purchase services ( Jones
et al., 2006).
Future Directions

Future research on social gradients can build on prior
research to design more informed and more useful
studies by:

1. Pre-specifying the likely relative magnitude of various
influences and types of influences, based on existing
studies, and testing their impact on different social
groups in the population.

2. Starting with children. Because of their younger age,
children have been subjected to fewer influences than
have adults, so that finding the most important influ-
ences should be easier than is the case in adults.

3. Including a variety of types of influences that prior
evidence suggests are important. As primary health-
care services have repeatedly been shown to influence
at least those aspects of health known to be amenable
to health services, it does not make sense to exclude
quality of primary care received by people in studies of
influences on social gradients.
4. Including health outcomes that represent more than
one type, i.e., measures of incidence, prevalence, sever-
ity, and case fatality, as well as profiles of health.

5.. Examining evidence according to the relative likeli-
hood of the risk leading to a problem (predictive value
in different populations as well as the extent to which
the risk has a large influence in populations (attribut-
able risk in different populations).

6. Stratifying populations into major subpopulations, in-
cluding a variety of competing hypotheses, and testing
for interactions as well as main effects of influences.

7.. Examining strength of relationships; where relation-
ships are weak or variable across individuals or popu-
lations, considering the possibility that other
(unmeasured) characteristics are involved.

8. Using longitudinal study designs to test long-term as
well as short-term influences.

9. Carefully considering the most appropriate measure of
social position. Although the extent to which different
types of measures, e.g., income, occupation, education,
accumulated wealth, have different associations with
health is beyond the scope of this article, each has a
different pattern of relationship in the pathway to ill
health.

Armed with existing and new knowledge, policy makers
can make more informed decisions about approaches to
reducing and, ultimately eliminating social gradients,
which compromise the health of children and the adults
they will become and that, ultimately, will influence the
success of a society in achieving a better life for all.
See also: Child Obesity and Health; Infant Mortality/

Neonatal Disease; Social Determinants of Health, the

United Nations Commission of; Social Dimensions of

Infectious Diseases; Social Science Contributions to

Public Health: Overview.
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ublic Health: Overview

both public health and social science emerged in the latter
part of the nineteenth century along with a recognition of
the needs of the poor and marginalized groups and
the association between living conditions and health.
However, it was not until the mid-twentieth century that
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professionally trained social scientists became actively
involved in public health programs, and by the 1980s accre-
dited schools of public health in the United States were
required to provide formal training in the social and
behavioral sciences. The most important challenges for
improving health in the twenty-first century involve social,
cultural, and behavioral change. Our knowledge about how
social and behavioral factors affect health has grown enor-
mously, but achieving the individual and societal changes
needed to reach public health goals is no easy task. Political
and economic barriers deeply rooted in the social order
constrain what is practically feasible. Nevertheless, new
emerging approaches to structural change offer possibilities
for surmounting these obstacles and producing higher
levels of global community health.

Table 1 highlights important milestones in the history
of social science contributions to public health. In the
nineteenth century, social theorists in Europe called
attention to the unequal distribution of infectious disease
among the poor and working classes, citing unhealthy
living conditions of crowded urban slums, inadequate
diet, and physically taxing labor as contributing to the
poor health of the disadvantaged. Many important figures
contributed to a broad discourse that framed public health
issues as socially produced, some with an overt political
Table 1 Important milestones in the history of social sciences in

Period Event

Greco-Roman

and Islamic

Organized efforts to protect the health of

vulnerable populations

Nineteenth
century

European social theorists define medicine/
public health as ‘social science’

Nineteenth

century

Snow and Farr in Britain, Panus in Denmark, and

others
Late nineteenth

century

Sanitary movement

1948 WHO defines ‘health’ to include mental and

social well-being
1950s Anthropological and sociological research on

community health

1955 Medical Sociology Section of the American
Sociological Association established

1958 Publication of the health belief model

1964 U.S. Surgeon General’s Report on Smoking and

Health

1978 Health Psychology Section of American

Psychological Association established
1978 Alma Ata Conference on Primary Health Care

1980s Behavioral and Social Science Council of the

U.S. Association of Schools of Public Health
established

1986 Ottawa Charter for Health Promotion

2005 Bangkok Charter for Health Promotion
agenda such as Marx and Engels, others with a more
epidemiological approach such as Snow, Panum, and
Farr, some as activist physicians such as Villermé
and Guérin, and still others with a more sociological
orientation such as Virchow and Durkheim ( Janes et al.,
1986). Often referred to as nineteenth-century ‘social
medicine,’ the contributions of this period are significant
for establishing the idea that public health is a social
science, and that social structures and change generate
population-level health effects. Moreover, social reform
to improve health is also rooted in the early work of
advocates such as Virchow and Chadwick. The late nine-
teenth century saw the rise of the Sanitary Movement,
with organized efforts to improve standards of hygiene,
living, and working conditions. However, the turn of the
century ushered in the bacteriological era, and attention
shifted to the discovery and control of biological patho-
gens in the early decades of the twentieth century.

The growth of social and behavioral science applica-
tions in public health was strengthened by the redefinition
of health in 1948 by the newly formed World Health
Organization (WHO) as ‘‘a state of complete physical,
mental and social well-being, and not merely the absence
of disease or infirmity.’’ Since that time, WHO and other
national and international organizations have affirmed the
public health

Significance

Emergence of social welfare values in society; use of

preventive practices for both physical and mental health

Social determinants identified as fundamental causes of health
and illness: political advocacy for social reform

Use of social science methods for epidemiological

investigation
Organized efforts to improve lifestyle, living, and working

conditions of urban poor within industrializing nations

Set stage for addressing psychosocial factors in health and

illness
Recognition of cultural factors as barriers to public health

interventions; first planned culture change projects to

improve health; and conceptualization of the sick-role

Medical sociology attains subdisciplinary status

Launched the health behavior change paradigm for public

health intervention
Beginning of movement to reduce health behavior risks to

public health

The field of health behavior research and intervention is

professionally recognized
Set long-term global agenda to develop comprehensive,

community-based approaches to promote basic health

Formalization of social and behavioral sciences as integral

component of public health training programs

Identified fundamental social prerequisites for ensuring health

and well being
Reaffirmed social prerequisites and highlighted role of

economic development in health promotion
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importance of psychosocial well-being as an integral com-
ponent of health. This expanded conceptualization of
health required the expertise of many disciplines to for-
mulate policies and design programs to improve health
conditions around the globe. The scope of health promo-
tion again expanded in 1986 with the adoption of the
Ottawa Charter for Health Promotion, which identified
fundamental prerequisites for a healthy society, including
peace, shelter, education, food, income, a stable ecosys-
tem, sustainable resources, social justice, and equity. This
broad agenda set the stage for an even broader role for
social science in public health. The need for comprehen-
sive, multisector approaches to global health promotion
was reaffirmed and further outlined in 2005 through the
Bangkok Charter for Health Promotion.

Many observers have noted that the AIDS epidemic
that became global in the 1980s had a significant impact
on the position of social and behavioral research in public
health: It was the first modern pandemic that could not be
controlled primarily through environmental and techno-
logical means such as sanitation and vaccines. Controlling
the spread of HIV required changing social norms and
values, as well as individual behavior, and social scientists
rose to the challenge in large numbers (Benoist and
Desclaux, 1995). Anthropologists, sociologists, psycholo-
gists, and other social scientists have made important
contributions to understanding HIV risk behavior and to
designing interventions to promote safer sex and reduce
transmission from intravenous drug use. Important con-
ceptual and methodologic advances have accompanied
this expanded role.
The 1950s: Seminal Developments

The post-World War II era ushered in a period of tre-
mendous growth and development for the social and
behavioral sciences in public health. There were two
main thrusts of this groundbreaking era, one focused on
health modernization in developing countries, the other
focused on population-based screening for medical con-
ditions. It was an era of great optimism about the potential
for social engineering of health development and the
application of social science methods to understanding
and improving the health of populations (Paul, 1956).

In the international arena, anthropologists in the 1930s
and 1940s began working on projects aimed at improving
the health and diet of traditional populations (Firth, 1934;
Richards, 1939; Malinowski, 1945). Diet and nutrition were
an important focus of these activities, exemplified by the
hiring of Ruth Benedict, Margaret Mead, and others by
the U.S. National Research Council’s Committee on Food
Habits. Beginning in 1950, a number of anthropologistswere
appointed to key positions with international health org-
anizations, including Cora DuBois at the World Health
Organization, EdwardWellin at the Rockefeller Foundation,
Benjamin Paul at the Harvard School of Public Health, and
George Foster and others at the Institute for Inter-American
Affairs, forerunner of the U.S. Agency for International
Development. As Coreil writes:

The appointment of anthropologists to institutional posts

paralleled the rapid expansion of public health programs

worldwide as modern medicine was introduced on a large

scale in many areas. The primary role of anthropologists was

seen as that of identifying significant cultural barriers to the

acceptance of new public health programs.

(Coreil, 1990: 5)

Many of the important development projects of
this era are described in the classic volume edited by
Benjamin Paul, Health, Culture and Community (1955).
These studies defined culture as a barrier to desirable
health practice, and introduced the role of social scientist
as a culture broker whose expertise could be applied to
facilitate directed change. In particular, the focus was on
diffusion of health technology to solve problems of
‘underdevelopment’ by overcoming resistance to change
grounded in traditional values, institutions, and practices.
The conceptualization of culture as a barrier to good
health became firmly rooted in social science thinking
throughout the latter half of the twentieth century, and
it persists to the current day in various reformula-
tions such as ‘cultural awareness’ and ‘cultural diversity.’
However, critics also have challenged this perspective as
reflecting ethnocentric and neocolonial ideas of progress
through culture change.

Concurrent to the above developments, the 1950s
brought forward within industrialized countries such as
the United States focused attention to mobilizing large
numbers of people to take part in various public health
campaigns. Here again, officials encountered resistance to
citizen participation and turned to social science expertise
for solutions. In this case, social psychologists took the
lead in developing approaches to analyzing the problem
and formulating interventions based on emergent models
of individual behavior change. The seminal framework
that emerged was the health belief model. Drawing upon
cognitive and behavioral theories of human behavior, the
model conceptualized health practices as motivated by
value expectancies, or subjective assessments of the per-
sonal benefits of particular outcomes and the expectations
that certain actions will achieve desired goals ( Janz et al.,
2002). Developed in the context of a campaign to screen
the adult U.S. population for tuberculosis through volun-
tary chest X-rays offered in mobile clinics, the model was
advanced to help explain why participation remained low,
despite the availability of free and convenient screening
opportunities. The model posits that the decision to take
action to protect one’s health is determined by four fac-
tors: (1) whether people consider themselves susceptible
to the condition; (2) whether the condition is perceived
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as having serious personal consequences; (3) whether a
specific action is expected to reduce the risk of getting
the condition or the consequences of it; and (4) whether
the perceived benefits of the action outweigh the sub-
jective costs or barriers to taking action. This rational
cost–benefit model dominated health behavior change
programs for several decades, with various elaborations
and modifications over time, and set the stage for the
development of other cognitive-behavioral models of
health practice. Various behavior change models based
on principles of motivation and learning theory were
elaborated in subsequent decades and came to occupy a
central position in health promotion interventions.
Maturation of the Field

Social science contributions to public health were bol-
stered significantly by the development of more sophisti-
cated conceptual models and methods of research and
data analysis, including both quantitative and qualitative
techniques. The maturation of the field is reflected in the
scope and influence of scholarly articles published in
the multidisciplinary journal Social Science and Medicine,

which first appeared in 1966 and currently boasts a large
international readership and a high impact rating among
scientific journals. In the 1980s, significant developments
occurred through the involvement of social scientists in
international health activities related to child survival
programs, HIV/AIDS, and tropical diseases. These activ-
ities were promoted and funded through intergovernmen-
tal agencies such as UNICEF, WHO, and TDR (the
UNDP/World Bank/WHO Program for Research and
Training in Tropical Diseases), as well as through bilateral
development agencies such as USAID, CIDA, and their
European counterparts. Established in 1975, TDR has
played an especially important role in advancing social
science research on tropical diseases through programs
that train scientists in developing countries and that sup-
port research focused on sociocultural factors and health.
A noteworthy strength of its programs has been the pro-
motion of gender-focused research.
Shift from Infectious to Chronic Disease

Over the course of the twentieth century, the public
health enterprise underwent significant transformation
as a result of a radical shift in the focus from infectious
diseases to chronic conditions as the major challenges to
population health in industrialized societies. Tied to
demographic, environmental, and social change, this
transformation, also known as the ‘epidemiologic transi-
tion,’ required profound alterations in how public health
problems were addressed. Chronic conditions such as
heart disease, cancer, diabetes, mental illness, and health
problems of older persons replaced tuberculosis,
pneumonia, childhood diarrhea, and other infections as
the leading causes of morbidity and mortality in industrial
countries (although TB, malaria, and later AIDS remained
major killers in developing countries). As chronic diseases
and disability became the focus of public health interven-
tions, the role of social and behavioral factors became
increasingly important for disease prevention and control.
Multilevel models that emphasized the social and politi-
cal environment reemerged to replace the traditional
medical model grounded in the germ theory of disease
as well as the traditional public health model emphasizing
host–agent–environment interactions. Anthropology, soci-
ology, political science, demography, gerontology, and
other social sciences made important contributions to
this reframing of public health. With their focus on broad
social processes and macro-level determinants, the social
sciences helped to redefine the public health agenda as one
integrally concerned with policy, economics, social organi-
zation, and cultural dynamics across diverse institutions.
This shift built upon advances in the professional develop-
ment of these disciplines, theoretical and methodologic
contributions, and political advocacy on the part of diverse
communities.
Professional Development of the Field

At the close of the twentieth century, important con-
ferences and publications marked the maturation of the
field and recognition of the significance of ‘higher-level’
analysis of the social and cultural aspects of health. In
1998 the U.S. Centers for Disease Control and Prevention
(CDC), in collaboration with the American Psychological
Association and other professional social science organi-
zations, sponsored a multidisciplinary conference, ‘‘Public
Health in the Twenty-First Century: Behavioral and
Social Science Contributions.’’ Two years later, the
National Institutes of Health organized an agenda-setting
conference called ‘‘Towards Higher Levels of Analysis:
Progress and Promise in Research on Social and Cultural
Dimensions of Health’’ (Schneiderman et al., 2001).
A recurrent theme in these meetings was the recognition
that, despite impressive advances in understanding the
biological and genetic bases for disease, ‘‘knowledge
about biological and genetic markers is important but
limited in predicting who gets sick, who seeks treatment
for health problems, and who recovers from illness. The
social sciences contribute to filling these gaps in our
understanding of health’’ (NIH, 2001: 1). These con-
ferences marked a critical juncture in the development
of the field, that is, the accumulation of knowledge about
the complex interplay of macro- and micro-level influ-
ences on health, as well as new technologies for putting
into practice strategies for influencing the impact of those
factors. That same year appeared an integrative textbook
for the field, Social and Behavioral Foundations of Public
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Health (Coreil et al., 2001). Outside the United States,
similar events and publications marked this important
turning point in the field, such as the volume published
by the French Association for Medical Anthropology
Applied to Development and Health (AMADES), Systémes
et politiques de santé: de la santé publique à l’anthropologie

(Hours, 2001b), the creation of the WHO Commission
on Social Determinants of Health (2005), and the 2007
conference ‘‘Social, Cultural and Economic Determinants
of Health’’ held in Portugal.
Disciplines

Health education

In the United States, and to a much lesser extent in
Europe and elsewhere, health education has become one
of the most organized and professionalized of the social
sciences within public health. It is the only field that has
its own credentialing system for Certified Health Educa-
tion Specialists and has an association specifically for
professionals working in public health, the Society for
Public Health Education. The Health Education Section
of the American Public Health Association represents the
interests of many social and behavioral scientists working
in this field. Most U.S. schools of public health offer
graduate degree programs in health education, with a
focus on health promotion and health behavior change
in their curricula. In line with these foci, health education
research and training draw heavily on theories and models
of individual behavior change from health psychology.
Community-based approaches to health promotion that
apply principles of community development and partici-
pation have also gained prominence.

Medical anthropology

The field of medical anthropology emerged in the
1960s, with roots in physical anthropology and human
evolution, the study of primitive medicine, cross-cultural
psychiatry, and the involvement of anthropologists in
international health. The Society for Medical Anthropol-
ogy, organized in 1967, became a section of the American
Anthropological Association in 1972, and today constit-
utes the largest group within that organization. In con-
trast, the medical sociology and health psychology
sections of their parent organizations have never consti-
tuted more than a small percentage of overall member-
ship. The involvement of medical anthropologists in
public health has grown steadily over the past 40 years,
with the growth of interdisciplinary fields such as social
and cultural epidemiology, maternal and child health,
international health, environmental health, reproductive
health, and health education. Although the number of U.S.
medical anthropologists working in domestic public
health settings has always outnumbered those working
internationally, their contributions to the latter arena have
been more prominent because of its cross-cultural orienta-
tion. In contrast, medical anthropologydepartmentswith an
international health focus have occupied prominent posi-
tions in European schools of public health, including pro-
grams in the Netherlands, the United Kingdom, Italy,
France, and Germany (Saillant and Genest, 2007). In addi-
tion, a number of strong medical anthropology programs
have been developed within European departments of
anthropology, such as those at the University of Amsterdam
and Heidelberg University, which provide graduate-level
training for many developing-country students.

Medical sociology

The Medical Sociology Section of the American Socio-
logical Association was established in 1959. Since that
time, sociologists have made important contributions to
public health research and practice in a variety of areas.
Most notably, sociological research on the social determi-
nants of health, health inequalities, access to care, the
organization of services, health policy, and family health
have dominated sociological studies of population-based
health. In particular, sociology and demography have
played a major role in shaping the field of social epidemi-
ology. Using the methods of survey research and statistical
analysis, researchers have identified significant variation
in health status and conditions for groups defined
by sociodemographic variables, including age, gender,
race, class, ethnicity, occupation, education, marital status,
and religion. Increasingly sophisticated techniques for
analyzing large data sets such as vital statistics, population
surveys, and health service indicators have provided use-
ful information for identifying populations at risk, for
measuring unmet need for services, for planning health
programs, and for formulating health policy. In another
line of activity, sociologists have made important contri-
butions to understanding the social construction of health
problems, that is, how social processes shape how and why
societies come to define certain conditions and trends as
public health problems. Examples of this include the
framing of teen pregnancy as a social problem, public
reactions to the AIDS epidemic, and concern with the
growing prevalence of obesity in wealthy societies.

Health psychology

In 1977 George Engel published a seminal article titled
‘‘The Need for a New Medical Model,’’ in which he
advocated for a multidisciplinary biopsychosocial model
of health that incorporates psychological and social
dimensions of well-being. This signaled the emergence
of health psychology as a subdiscipline; the following year,
the Health Psychology section of the American Psycho-
logical Association was established. Like other social and
behavioral sciences, the field of health psychology devel-
oped partly in response to the rise of chronic disease and
to the role of personal health habits in the etiology and
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management of conditions such as cancer, heart disease,
and diabetes. In addition, new models for understanding
the complexity of contextual factors in the illness process
enlarged the scope of analysis and intervention. The
biopsychosocial model emphasizes the interplay of
biological, psychological, and social factors in illness,
and gives importance to multiple determinants and
macro-level processes (Taylor, 2006). For example, stress
and social support have been increasingly recognized as
contributing factors in health. This broad view is compat-
ible with the ecological perspective of public health.

Important contributions from health psychology
include the study of health behaviors such as smoking
and exercise; research on stress, social support, and
immune function; interventions for addictions; the rela-
tionship between mental illness and physical illness; and
practical approaches to the management of chronic ill-
ness. Some particular areas of note include studies of
Type A behavior, hostility, and heart disease; health pro-
motion strategies such as smoking cessation and weight
management; methods for enhancing sexual health such
as safer sex practices to reduce sexually transmitted infec-
tions; and psychosocial factors in the progression of cancer.
As noted previously, social psychological models of health
behavior change have dominated the public health field of
health promotion and education.
Demography

The field of demography has affinity with public health
because public health’s core discipline, epidemiology,
draws heavily on demographic concepts and methods. Both
demography and epidemiology are based on population-
based approaches that utilize quantitative indicators
such as fertility and mortality rates, changes in popula-
tion and disease trends over time, statistical modeling of
large data sets, and use of secondary data. Key epidemi-
ologic concepts such as morbidity and mortality rates,
incidence and prevalence, and trends over time draw
heavily on demographic methods. Another example of the
interface of the two disciplines is research on the epi-
demiologic transition, a process that begins with declines
inmortality, particularly from reductions in infant and child
deaths due to infectious diseases, followed by lower fertility
rates and increased longevity and life expectancy. Demo-
graphic principles are also closely related to the study of
gerontology. As people live longer in both industrial and
developing countries, the study of aging and health pro-
blems of the elderly has gained increasing importance
in public health.
Gerontology

Founded in 1945, theGerontological Society of America is
the oldest of the professional social science associations in
theUnited States reviewed for this article. It represents the
multidisciplinary field of aging studies, which includes
biomedical research and clinical practice, as well as social
science, policy, and public health interests. The impor-
tance of aging issues for public health was reflected in the
formation of the Gerontological Health Section of the
American Public Health Association in 1978. As the popu-
lations of industrial societies have progressively aged over
the past fewdecades, the need to provide for the health and
social needs of older adults has produced many challenges.
The needs for long-term care, chronic disease and disabil-
ity services, and decision making related to end-of-life
issues have grown in importance. In particular, as the
large cohort of baby boomers who were born in the post-
World War II years reaches old age, nations will continue
to be challenged in providing for the well-being of an
aging population. Ethical issues related to health-care
costs, access to expensive life-prolonging technologies,
quality of life, and the right to die continue to be debated.
The field of gerontological health offers a variety of per-
spectives on these issues and will increasingly occupy a
central role in the public health arena.
Political science

Because public health by definition is concerned with
issues in the arena of social action, political science offers
important perspectives on policy analysis, health legisla-
tion and regulation, the influence of commercial interests
on health care, and the relationship between the political
system of a society and its public health agenda. In a
different approach, much has been written on the health
systems of communist countries such as Cuba and China,
and the public health consequences of the breakup of the
former Soviet Union. Analyses of policy cycles and pro-
cesses offer insights on how political bodies influence the
outcome of legislative efforts and social movements. The
manipulation of public health issues in the cause of politi-
cal agendas, such as impacting national election outcomes,
provides fertile ground for study. A good example of a
political science approach is provided in Turshen’s (1989)
book The Politics of Public Health, which takes a critical
perspective on health care in capitalist societies. In fact,
social scientists from various backgrounds including
anthropology and sociology have adopted critical stances
on public health issues, applying political economic ana-
lyses to problems such as reproductive health, HIV/AIDS,
health disparities, and the plethora of health problems
affecting the poor and disenfranchised.

Another area of health research based on perspectives
from political science focuses on the notion of community
engagement and the concept of social capital. Stimulated
by the work of Robert Putnam (2000), researchers have
investigated the relationship between civic participation
in voluntary associations and the overall health status of
populations, as measured by indicators such as morbidity
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and mortality and the prevalence of chronic diseases. This
line of research has shown a positive relationship between
civic involvement and population health, offering new
avenues for community health promotion.

History

Historical studies offer yet another social science
approach to understanding the relationship between soci-
ety and health. Important insights have been gained
through the study of health conditions in social and polit-
ical context through time. Analysis of societal responses to
major public health threats in the past and of the con-
sequences of different approaches at critical periods in
history offers lessons for current and future planning. For
example, Barnes’s (1995) account of competing social
constructions of tuberculosis in nineteenth-century
France illuminates the political forces behind societal
response to disease. Another example is found in Rushing’s
(1995) analysis of societal reactions to major epidemics
over the centuries, such as the bubonic plague of the
Middle Ages, cholera epidemics in the nineteenth century,
and the AIDS epidemic of the late twentieth century.
Using evidence from both historical accounts and the
well-chronicled recent epidemic, he finds parallels in col-
lective behavior and social response to severe, large-scale
threats. Finally, we have much to learn from the contrast-
ing ways that societies have dealt with the needs of their
most vulnerable groups throughout history.
Conceptual Frameworks

A number of social and behavioral science conceptual
frameworks offer tools for understanding the complex eti-
ology of health problems in today’s world, and translate into
different approaches to problem amelioration. These can be
grouped into four broad categories: social ecology, health
promotion, interpretive studies, and critical perspectives.
Social Ecology

The social ecology model is rooted in the traditional
public health model of host–agent–environment, devel-
oped to study the relationship between human popula-
tions (host), disease pathogens (agent), and the physical
setting in which people live and work (environment). For
instance, the transmission of waterborne illnesses can be
studied in terms of the relationship between the environ-
mental reservoir (water source), the introduction of an
agent (microorganisms), and host (human) exposure to the
water source. The latter model can be contrasted with the
traditional biomedical model, which assumes that illness
can be explained by the presence of pathogens in the body
(germ theory of disease) and abnormal physiological
processes or biochemical imbalances. The biomedical
model accords only a minor role to psychological and
social processes, and views mental and social phenomena
as largely independent of biological processes (mind–
body dualism). The social ecological model expands the
traditional public health model to incorporate aspects of
the social environment as fundamental contributors to
health problems. It is similar to the biopsychosocial
model of illness in that it emphasizes the role of extraso-
matic factors, but it differs in its incorporation of social
structural and political factors such as health policy,
income inequality, racism, and access to care. For this
reason, the social ecology model has been more central
to public health practice, while the biopsychosocial model
has been applied more often to individual health and illness
behavior, such as the doctor–patient relationship, and com-
pliance with medical treatment (Ramalingaswami, 1986).

A number of formulations of the social ecology model
have been developed. They all have in common the
notion of multilevel systems of mutual influence and
interaction, moving from the individual level through
linkages to larger social networks, including the family,
community, social institutions, the state, and global sys-
tems. Key concepts include system integration, change,
and adaptation over time (Richard et al., 1996). One for-
mulation of the model that has gained prominence is that
developed by McLeroy and colleagues for application to
health promotion (McLeroy et al., 1988). This model is
organized around five hierarchical levels of influence:
(1) intrapersonal factors; (2) interpersonal processes and
primary groups; (3) institutional factors; (4) community
factors; and (5) public policy. It has been widely applied to
the study of diverse health topics, including physical
activity, drug use, adolescent pregnancy, infant feeding,
cancer, and heart disease.
Health Promotion

As noted previously, social psychological models have
figured prominently in approaches to health promotion.
These models seek to identify determinants and pathways
of influence for health-related behaviors such as diet and
exercise, smoking, safe sex practices, contraceptive use,
and screening behavior. Most important among these
were the theory of reasoned action, later modified as the
theory of planned behavior (Ajzen, 2002), social learning
theory/social cognitive theory (Bandura, 2001), and the
transtheoretical model based on the stages of change
construct (Prochaska et al., 1992). What the various
models have in common is the focus on individual behav-
ior change to improve health through the adoption of
health-enhancing practices such as smoking cessation,
contraceptive use, and mammography screening. A key
construct that emerged through various applications and
elaborations of these models is the notion of self-efficacy,
the degree to which an individual feels competent to
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perform a health practice. Originally proposed as part of
social learning theory (Bandura, 1977), the construct
proved to be a strong predictor of behavior that required
sustained lifestyle change. Thus this notion was
incorporated into the expanded health belief model, the
theory of planned behavior (recast as ‘perceived behav-
ioral capability’), and the transtheoretical model.
Interpretive Studies

Several strands of theoretical development across disci-
plines can be subsumed under the interpretive studies
rubric. In anthropology, it includes cognitive approaches
to illness such as Kleinman’s explanatory model framework
(Kleinman, 1978) and cultural consensus analysis (Romney
et al., 1986). Related sociological perspectives include social
constructionism (Berger and Luckmann, 1967) and sym-
bolic interactionism (Blumer, 1969). In psychology, relevant
examples include cognitive models of illness such as
Levanthal’s parallel process model (Brissette et al., 2003),
the notion of illness representations, and attribution theory
for explaining beliefs about illness causation. The common
denominator of these approaches is a focus on subjective,
perceptual, and cognitive dimensions of illness. It is
assumed that meanings are neither ‘correct’ nor fixed but
are constructed or negotiated through cognitive, social, and
cultural filtering. Anthropological distinctions between the
concepts of emic and etic and illness and disease are rele-
vant here. ‘Emic’ refers to the insider’s view (e.g., the
patient’s subjective experience of illness) and ‘etic’ to the
objective view of outsiders (e.g., the health-care provider’s
and biomedical understanding). Similarly, ‘illness’ desig-
nates the individual’s subjective experience of feeling sick,
including the psychosocial aspects, while ‘disease’ refers to
the physiological pathology of the episode.
Critical Perspectives

Critical perspectives are those that challenge the domi-
nant paradigms of public health practice and argue for
alternative approaches to improving the health of popula-
tions. They can be grouped into at least two general
categories, those that fault the political economic organi-
zation of health systems, and those influenced by post-
modern thinking about the role of the state and regulatory
practices in producing healthy citizens. The first school
of critical theory has historical roots in Marxist theory,
critiques of capitalism, and the emergence of the
medical–industrial complex. This tradition traces the
causes of health inequalities to broad social structural
arrangements, such as global systems of trade and neo-
colonial domination of less developed countries by eco-
nomic power elites. Likewise, health disparities are
attributed to the deleterious effects of the market econ-
omy on health issues. Examples include critiques of the
disproportionate distribution of the global burden of
disease across different regions of the world. Ethical cri-
tiques about unequal availability of life-saving drugs
would also fit into this category. An example within the
United States would be the explanation of health inequal-
ities across racial and ethnic groups in terms of economic
structures, racism, and discrimination. Feminist perspec-
tives on the health status of women would also fall within
this genre.

The second category of critical perspectives emerged
more recently within the poststructuralist theoretical par-
adigm that analyzes social problems from a constructivist
perspective, giving primacy to how we frame health-
related issues, and how this leads to various control stra-
tegies. For example, in modern industrial societies the
state has assumed an increasingly larger role in health
surveillance and monitoring, constantly urging the popu-
lace to adopt healthy lifestyles and conform to the
regimes of a healthy citizenship (Petersen and Lupton,
1996) in the pursuit of ‘‘perfect health’’ (Hours, 2001a,
2001b). Threats to public health are constructed as ema-
nating from the unhealthy ‘other,’ such as immigrant
groups, and ‘risks’ are seen as ubiquitous and constant, so
citizens must remain continually vigilant. The latter tradi-
tion includes critiques of the ‘risk factor’ approach to public
health thinking as a misguided oversimplification of pro-
blems that produces a false sense of security and control.

Critical theorists have been particularly critical of eco-
logical models for accepting as a given the social environ-
mental context of health and the unequal distribution of
resources across groups. In an attempt to integrate critical
and ecological perspectives, some theorists have developed
synthetic models that incorporate aspects of both tradi-
tions. For example, the ecosocial model (Krieger, 1994)
attempts to link a social production of disease perspective
with the multilevel framework of social ecology. It focuses
on patterns of inequalities in health across the ecological
levels of biological processes, the individual, family sys-
tems, community, populations, society, and global systems.
It also incorporates the notion of embodiment, that is, how
social inequalities are expressed through biological pro-
cesses. Others have advocated for the development of sim-
ilar synthetic models, along the lines of a ‘‘critical
ecological perspective’’ (Leatherman, 2005).
Key Concepts

Knowledge and attitudes

In terms of sheer volume, the bulk of social science
research and practice has centered on cognitive factors
related to health and illness. There are a number of
reasons for this. First, the most accessible, simplest, and
least costly variables to measure are cognitive; percep-
tions, attributions, attitudes, and knowledge can be stud-
ied through survey and interview techniques. Second,
until recently, the prevailing paradigm for social research
assumed that the most important obstacles to program
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success resided in the minds and dispositions of the target
audience. Hence, the goal was to uncover faulty under-
standings so that correct information could be provided,
thereby leading to more enlightened behavior. Third,
psychological theories have strongly influenced research
in this field, and anthropological approaches have also
emphasized cultural beliefs as central. The combination
of these influences has created a huge body of literature
on cognitive factors in health. Some of the key concepts
have been previously touched upon, such as basic health
beliefs and attitudes, explanatory models of illness, and
illness representations. Related concepts that have received
particular attention include locus of control (e.g., internal
vs. external to the individual), self-efficacy (perceived abil-
ity to successfully execute), expectancies (anticipated out-
comes), and intentions (anticipated action). However,
along with the volume of research on cognitive factors
has come the recognition that beliefs often do not lead to
behavior, and that it is necessary to study behavior itself
and its varied influences.

Health behavior

The dominance of health behavior models for health
promotion has contributed quite a few concepts and
methods for the tool kit of the behavioral scientist. To
begin with, considerable attention has been accorded to
the development of reliable and valid measures of specific
health behaviors, such as use of alcohol, tobacco, and
drugs, injury prevention practices, food consumption,
physical activity and sexual behavior. Likewise, precision
has been introduced for measuring frequency, intensity,
salience, and other dimensions. Health behavior has also
been conceptualized according to different stages, such as
initiation, maintenance, and relapse, as well as positive
versus negative behavior concepts such as adoption or
acceptance versus cessation or refusal. The field of health
behavior research has incorporated principles and tech-
niques of testing and measurement to a notable degree,
and it is common for researchers to use standardized
instruments, structured scales, quantitative indices, and
similar tools. In addition, many analyses use secondary
data sources such as the U.S. National Behavioral Risk
Factor Surveillance Survey conducted annually by the
CDC, as well as numerous specialized periodic surveys
sponsored by the National Center for Health Statistics.
The reliance on specific indicators has come to be
described as the ‘risk factor approach’ to health behavior.
Even when study designs include higher-level influences,
such as social structural and cultural variables, the focus is
on ‘predicting’ specific health behaviors by showing a
statistical association with structural risk factors. This
orientation is favored among researchers from a social
psychological and health education background. In con-
trast, anthropological and sociological research accords
greater attention to understanding the sociocultural con-
text in and of itself.
Culture

Despite claiming culture as its central concept, medical
anthropology has developed few specialized cultural con-
cepts for studying health. There is a pervasive resistance
to systematizing anthropological approaches either theo-
retically or methodologically; instead, researchers tend to
approach their topics purely descriptively and without
preconceived notions of defined variables. While the
research is usually guided by an explicit theoretical ori-
entation, such as ‘constructivist,’ ‘symbolic,’ or ‘interpre-
tive,’ it is rare to find standardized measures or
operational constructs used in the traditional sense of
quantitative social science. Many would argue that it is
precisely these characteristics of anthropological studies
that serve as their greatest strength, and that qualitative,
narrative research should ideally remain purely descrip-
tive. On the other hand, the lack of systematization makes
it difficult for other health scientists to ‘grasp’ what
anthropological studies are about, and has limited the
influence of anthropology in public health. Nevertheless,
a few key concepts have gained attention and practical
utility. The distinction between disease and illness
remains relevant, with ‘disease’ referring to the physiolog-
ical pathology associated with a biomedically defined
diagnosis and ‘illness’ describing the complex biopsy-
chosocial experience of feeling sick or unwell. Related
concepts include the emic (illness) and etic (disease)
distinction previously described. Explanatory models of
illness focus on emic perceptions of the causes, conse-
quences, and appropriate treatment for specific illness
episodes. Cultural models of illness refer to shared under-
standings, or shared explanatory models, for locally
recognized illness categories.

Methodological development in studying cultural di-
mensions of illness includes two quantitative approaches
with strong epidemiologic orientations. The first is cultural
consensus analysis, a technique for measuring the degree to
which a set of cultural beliefs are shared within a social
group (Weller and Baer, 2002). A related concept is cultural
consonance, or the extent to which an individual, in his or
her own behavior and lifestyle, conforms to the shared
cultural model. The second quantitative approach, referred
to as cultural epidemiology (Weiss, 2001), follows a system-
atic methodology for the comparative study of explanatory
models across social groups. It integrates quantitative and
qualitative data in describing operationally defined illness
experience, meaning, and behavior.

Social environment

A large body of literature has accumulated related to
social environmental factors and health, including the
effects of social stress, social support, social networks,
and social capital. Beginning in the 1970s, researchers
took a serious interest in the health effects of stress, and
over the decades the weight of evidence has shown con-
clusively that stress affects not only chronic disease but
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almost every health condition imaginable. Early studies of
stress investigated the impact of major life events such as
bereavement, divorce, and job loss on morbidity and mor-
tality (Lazuras and Folkman, 1984). Subsequent studies
expanded this line of inquiry to include ‘daily hassles,’
job-related stress, and other more day-to-day kinds of
stress, developing various instruments to measure the
varieties of stress. Concomitantly, researchers also began
to investigate the health-protective benefits of social sup-
port and social networks (Berkman et al., 2000). Often
studies of social support investigated its mitigating effects
on the impact of stress, developing alternative hypotheses
about whether social support operated as an independent,
mediating, or moderating variable. The literature on
social support identifies at least four major types of
support – emotional, instrumental, informational, and
appraisal. Other related concepts include direct and indi-
rect support, and formal and informal support. Studies
have attempted to identify the variable impact of different
kinds of support on particular health outcomes.

A related line of research focuses on the concept of
social networks, the connections people have through
relationships with others, and develops various measures
of social integration and isolation, including network
structure (size, density, and dispersion of linkages), and
the relational content of support such as sources, types of
demands, conflicts, role expectations, and social regula-
tion of behavior. An important milestone study in this
genre came out of the previously mentioned Alameda
County Study, which documented prospectively the sig-
nificant positive impact of social connectedness (Berkman
and Syme, 1979; House et al., 1982). Similar findings have
been documented in other studies in the United States
and Europe. More complex research designs have further
documented the differential impact that social support
has on subgroups in the population, such as comparing
men and women, and rural and urban dwellers. As the
health effects of social support became well-established,
researchers shifted their attention to better understanding
the biopsychosocial processes that mediate the association
with health.

In recent years, social epidemiologic studies have
focused on the concepts of social capital and collective
efficacy as explanatory variables in population-level
health. Growing out of a renewed interest in the influence
of neighborhoods on health conditions, researchers have
investigated how shared norms, mutual trust, and recip-
rocal obligations (social capital) influence diverse health
outcomes, including crime and mortality rates (Kawachi
and Berkman, 2003). ‘Collective efficacy’ refers to a
group’s perceived ability to successfully take action for
the benefit of the common good (e.g., crime prevention).
Studies have associated collective efficacy with lower
rates of violence, for example (Sampson, 2003). However,
the ability to achieve common goals is also dependent
on the wider political environment, or institutional
capacity through linkages among organizations within
and outside the focal community.
Methodologic Approaches

The social and behavioral sciences have made significant
contributions to public health through important metho-
dologic advances in our ability to study and predict com-
plex health processes and outcomes. Advances in both
quantitative and qualitative techniques offer more power-
ful tools for studying the multifactorial and multilevel
determinants of health. Although traditionally public
health has favored statistical approaches to data analysis,
qualitative methods including ethnographic and narrative
techniques have gained prominence, and mixed method
designs are increasingly recognized as offering the most
robust research strategies. In addition, participatory
methods that involve members of the target community
in research design and implementation have expanded in
community-based health research. Multimethod rapid
assessment procedures emerged in the 1980s (Scrimshaw
and Hurtado, 1987) as a way to combine the strengths of
social science methods with the pragmatic needs of pro-
gram planners.

Epidemiologic methods for designing population
surveys and analyzing large data sets have grown more
sophisticated over the decades. Techniques for multi-
variate analysis have been refined along with new meth-
ods of multilevel modeling, which enable the application
of complex ecological designs. Advances in the design of
cross-sectional surveys, sampling strategies, measurement
of, and refinement of techniques for assessing the relia-
bility and validity of data-collection instruments have
figured importantly. On the qualitative side, techniques
for studying cognitive, emotional, and subjective phenom-
ena have experienced rapid development in recent dec-
ades, with numerous methodologic resources published to
guide researchers and train students. In particular, the use
of in-depth interviews, focus group discussions, parti-
cipant observation, and textual analysis have become
increasingly popular. Examples of participatory methods
include the use of community advisory boards, coalition-
building among stakeholder groups, training lay persons
as research assistants, and building in continual feedback
and involvement of constituents.
Intervention Strategies

Community-based health promotion

Social scientists have played an important role in the
development of interventions based on community devel-
opment and empowerment models of social change.
Community-based approaches date back to themid-twentieth
century with the involvement of anthropologists and
sociologists in projects aimed at modernization of
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traditional communities in both developing and indus-
trializing countries. Many of these projects included
health and nutrition improvement goals as it became
obvious that widespread urbanization, industrialization,
and Westernization often entailed undesirable health-
related consequences. Deleterious lifestyles and diet
often replaced more salubrious traditional systems;
thus, the goal of the early interventions was to introduce
modern medical practices such as water boiling, immu-
nization, and antibiotic treatment without disrupting
desirable traditional practices such as breast-feeding
and locally grown food systems. The community devel-
opment model received a significant boost through the
Alma Ata Declaration of 1978 (WHO and UNICEF,
1978), which advocated for basic health services at the
community level, with heavy reliance on local resources
and participation. Anthropologists and indigenous social
scientists joined multidisciplinary teams to help imple-
ment community health programs throughout the world
in the latter part of the twentieth century.

Although the community development model evolved
primarily in the context of rural populations, it has
been successfully adapted to urban settings as well. Wide-
spread urbanization throughout the world, along with
dramatic population shifts to cities, have created new
communities of need. Beginning with the community
empowerment movement of the 1960s, local citizens
have been increasingly integrated in health promotion
programs. Community-based interventions have ad-
dressed diverse public health issues such as infant mor-
tality, homelessness, cardiovascular disease, HIV/AIDS,
teen pregnancy, and mental health. Particular attention
has been given to community-based interventions to
reduce coronary heart disease, such as the North Karelia
Project of Finland and the Almeda County Study of
California. Key principles of community development
approaches include community control and ownership,
community empowerment, multisectoral activities, and
meaningful participation by affected groups. Because of the
complexity of the process and the attendant political issues
arising from diverse stakeholder interests, there are many
challenges to successful implementation of community-
based interventions. To help plan such comprehensive
programs and anticipate challenges, organized models for
community intervention have been developed to guide the
process, such as the Planned Approach to Community
Health (PATCH) developed by the U.S. Centers for Disease
Control and Prevention and the PRECEDE/PROCEED
model for intervention design and evaluation.

Policy and advocacy

One of the least developed traditions of social science
applications in public health has been the policy and
advocacy arena. Historically, the field has been preoccu-
pied with less political aims, such as modifying the deliv-
ery of health services, mobilizing communities, and
changing individual behavior. That is not to say that
policy- and advocacy-oriented research and practice
have been missing altogether (e.g., Justice, 1986; Gray
and O’Leary, 2000; Whiteford and Manderson, 2000).
While it is commonplace for researchers to address the
‘policy implications’ of their findings, designing projects
with primary emphasis on the policy process itself is less
common. However, researchers are increasingly adopting
policy-focused agendas and designing advocacy-oriented
interventions that utilize the tools of political action, and
are building community coalitions and multisectoral part-
nerships, lobbying for legislative and regulatory initia-
tives, and related work (Couto, 1998; Foster-Fishman
et al., 2001). Prominent scholars such as anthropologist-
physician Paul Farmer (1999) have taken vocal leadership
and advocacy positions that challenge the status quo and
call for new solutions to global health inequalities. Social
scientists are developing new theoretical models and
methods for this action arena (McLeroy et al., 1994), and
training of public health students is increasingly incorpor-
ating competencies related to this approach. In recent
years, social scientists working in the field of bioethics
have also been actively engaged in addressing critical
concerns in public health, calling attention to cultural
and structural factors underlying ethical practices in clin-
ical and biomedical research settings throughout the
world (Marshall and Koenig, 2004).
Social marketing

The newest approach to health promotion that has gained
increasing acceptance is social marketing, which applies
the technologies of commercial marketing to the study,
planning, implementation, and evaluation of programs
aimed at influencing target audiences to adopt healthy
behaviors and take positive social action (Andreasen, 1995).
Social marketing programs use the four ‘P’s’ of marketing –
product, price, place, and promotion – to encourage adop-
tion of socially beneficial behavior. Grounded in consumer
research, the approach relies heavily on in-depth under-
standing of the target audience and its perceived needs and
goals to design appropriate strategies for intervention.
Finally, audience segmentation and identification of priority
groups is a key component of strategy design (Grier and
Bryant, 2005). The application of social marketing in public
health first emerged in the international arena in the
1970s as new methods for encouraging the use of contra-
ception were sought. It gained in popularity during the
child survival program era of international health activity
in the 1980s, particularly through the promotion of oral
rehydration therapy. By the 1990s it had surfaced in domes-
tic programs of industrial countries, particularly the United
States and Scotland, and has grown steadily as a strategy
for promoting a variety of health-enhancing practices such
as breast-feeding, healthy diets, physical activity, and safer
sex practices.
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Primary, Secondary, and Tertiary
Prevention

One of the ways in which public health is often contrasted
with clinical medicine is the degree to which it focuses on
prevention of disease and disability, while medical prac-
tice emphasizes the treatment of health problems after
they occur. It is commonplace in public health to further
distinguish among primary, secondary, and tertiary pre-
vention. In primary prevention, the focus is on activities
that forestall the development of pathological conditions.
For example, preventing the onset of heart disease
through healthy lifestyle behavior fall into this category.
Secondary prevention, on the other hand, refers to detec-
tion of disease or its precursors at an early stage in order
to take ameliorative action that can thwart full development
or enable measures to keep the problem in check. Regular
screening for detectable conditions such as hypertension,
breast and colorectal cancer, diabetes, and sexually trans-
mitted infections fall into this category. Finally, tertiary
prevention includes interventions at later stages of disease
to prevent secondary complications, sustain optimal dis-
ease management, and ensure the best quality of life.
Treatment for hypertension, diabetes, depression, osteo-
porosis, lymphedema, and other chronic conditions illus-
trate the third category of prevention. Social and
behavioral factors figure importantly in all three types
of prevention; however, over the decades, interest has
grown particularly in their potential contribution to pri-
mary prevention. Health economists have demonstrated
that it is far more cost-effective to prevent conditions
before they develop than to provide long-term care for
chronic conditions. The cost factor is particularly salient
as more people live to advanced age and governments are
mandated to ensure the provision of care. There is also the
desire for people to live healthy, productive lives for as
long as possible.

Of all the public health disciplines, the social and behav-
ioral sciences can make unique contributions to primary
prevention. Influencing lifestyle patterns and the social
context in which people live is fundamental to prevention
of the major health conditions facing society today. It also
poses one of the greatest challenges, because the force of
macro-level influences on individual behavior is tremen-
dous. One need only consider the facts of the contemporary
way of life, such as sedentary daily routines, people spend-
ing many hours of the day in front of computers, increasing
reliance on processed and ‘fast’ food, and the tendency
toward workaholism, lack of sleep and chronic stress, to
appreciate the obstacles facing such programs. It is a basic
tenet of intervention that it is far easier to modify the more
proximate determinants of health, such as individual food
choices, than it is to alter the intermediate and distal forces
that affect those choices. Changing the organization of
society and the core components of culture poses enormous
challenge, yet there is growing recognition that only
through alteration of the fundamental causes of disease
(e.g., inadequate income and access to health care, unem-
ployment, racial and gender discrimination, lack of social
support, stressful work settings, failure to provide edu-
cational opportunities) can true primary prevention be
realized (Link and Phelan, 1995).
Future Directions

In the decades ahead, further developments will undoubt-
edly unfold in the theoretical, methodologic, and practical
applications of social science within public health. These
will expand not only in the areas outlined above, but will
take new directions as well. One area of expected growth is
critical analysis of public health as a terrain for social policy
and action. Similar to the distinction often made between
sociology of medicine and sociology in medicine, social
scientists will augment their traditional positionality within
public health to adopt more outsider gazes that analyze the
diverse practices of public health, with the goal of high-
lighting the consequences of taken-for-granted approaches
and perspectives. In addition to elaborating the cultural
context of populations served, anthropologists will turn
their attention to the organizational culture of public
health, illuminating the consequences of collective identi-
ties, value orientations, epistemologic assumptions, and the
social construction of problems, causality, and modes of
intervention. Another thrust will likely expand critical
perspectives linking issues of social justice, ethics, and
health disparities. Social scientists will move beyond mea-
surement, description, and analysis of health inequalities to
advocate agendas for directed change utilizing social the-
ory and methods. These actions will be directed at local,
national, and global levels, drawing upon strategies honed
in other practice domains as well as producing innovative
approaches. The inherent tension in negotiating a balanced
interface between insider and outsider perspectives will
hopefully produce a rich body of work that further
enhances social science contributions to public health.
See also: Active Life Expectancy; Aging, Physical Activity

and Health; Anthropological Perspectives on the Health

Transition; Cultural Epidemiology; Ethics of Health

Promotion; Health Promotion; Long Term Care for

Aging Populations.
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The professional medicine of the West was known by
several names until the early 1980s. The various sobri-
quets distinguished this medicine on the basis of an
assumed rationality, scientism, modernity, and efficacy.
These names included ‘Western medicine,’ ‘scientific
medicine,’ ‘cosmopolitan medicine,’ ‘allopathic medicine,’
‘modern medicine,’ and simply ‘medicine.’ The terms also
asserted implicitly that there was an absence of cultural
influence(s) on the theory and practice of this form of
professional medicine. It was regularly contrasted with the
medical traditions of other cultures, whether popular or
professional. These others were labeled ‘ethnomedicines.’
Ethnomedicines were themselves evaluated in terms of
Western medicine and, usually, found lacking, suggesting
that others’ medicines were cultural in origin, but that of
the West originated outside culture, and was ‘scientific’
(Hahn and Gaines, 1985); others practiced medicines that
were based on ‘belief,’ while in the West, practice was
based on ‘knowledge’ (Good, 1994). Research in the late
1970s and early 1980s from the perspective of interpretive
social science, specifically interpretive medical anthro-
pology, has challenged these assertions. The result has
been the reconceptualization of medicine as ‘biomedi-
cine,’ so labeled and defined as the professional ethno-
medicine of the West (Gaines, 1979, 1992a; Gaines and
Hahn, 1982; Hahn and Gaines, 1985). The designation
emphasized the biological essentialism and reductionism
of this form of medicine and distinguished it from other
professional (ethno)medicines (Gaines and Hahn, 1982;
Hahn and Gaines, 1985).

Any current consideration of the social and cultural
construction of biomedical knowledge suggests that know-
ledge in medicine comes less from ‘discovery’ of natural
realities of the body or of illness and more from creative
constructions (Foucault, 1975). That is, biomedical reali-
ties, including the focal reality, biology (Gaines, 1982a,
2006), are built rather than discovered. The constructive
practices have been shown to be not entirely rational
processes (Stein, 1990). That is, biomedicine is itself a
cultural construction, as is the case of other medicines,
whether professional or popular.

Early studies of what we now call biomedicine were
conducted in the 1950s and 1960s largely within sociology
(e.g., Erving Goffman, Robert K. Merton, and Anselm
Strauss). That work did not examine the social and
cultural nature of biomedical knowledge; rather, the
central sociological concerns were the nature and devel-
opment of the profession and of professional status. Also
of concern were medical social roles, socialization into the
profession, and the impact of institutional ideology (Starr,
1982). The lack of a comparative basis inhibited sociology
from recognizing the cultural principles that inform the
theory and practice of biomedicine.

Central figures in the critique (from within) of bio-
medicine and psychiatry highlighted its limitations, espe-
cially its overly biological focus. There was also an
emerging recognition of the limited cross-cultural appli-
cability of its theory and practice (Engle, 1977, 1980;
Kleinman, 1980, 1988a, 1988b).

Other studies had begun to consider professional med-
icines of other societies as more than folkmedicines, such as
the Asian professional medicines in India, China, and Japan
(Kleinman et al., 1975; Leslie, 1976; Kleinman, 1980; Lock,
1980). Biomedicine came under comparative scrutiny in
anthropology when symbolic perspectives, developed in
the study of religion and psychological anthropology
largely under the influence of Clifford Geertz, were incor-
porated intomedical anthropology. The first such studies of
‘biomedicine’ gave it that name and applied interpretive
lenses that revealed the culturally constructed nature of
theory and practice (Gaines, 1979; Gaines and Hahn,
1982; Hahn and Gaines, 1985).

Studies of various specialties began to appear in this
new vein of research, labeled ‘the anthropology of bio-
medicine’ (Hahn and Gaines, 1985) that, along with
emerging scholarship in feminist studies, problematized
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biomedical knowledge and practice (Ehrenreich and
English, 1973). This led to the discernment of the cultural
nature of, for example, the origins of ‘standards’ of normal
weight, height, coloring, intelligence, age, gender, or
reproductive processes (Gaines, 1982, 2005; Wright and
Treacher, 1982; Martin, 1990; Davis-Floyd and Sargent,
1996; Gould, 1996; Berg and Mol, 1998; Rapp, 1999).

A ‘sociocultural system’ such as biomedicine is a com-
plex cultural and historical construction (Foucault, 1975)
that is unfinished and is always in the making with a
consistent yet dynamic set of beliefs, rules, and practices,
many of which are shared with the external lay society
in which they are found (Gaines, 1992a). Three central
features of biomedicine as a sociocultural system have
been distinguished: It is a distinctive domain of both
knowledge and practice; it exhibits a division of labor
with sanctionable rules of and for action; and it employs
a variety of discursive means through which it produces
and alters itself (Hahn and Gaines, 1985).
The Distinctive Domain of Biomedicine

Biomedicine exhibits both specialized beliefs and knowl-
edge as well as beliefs and knowledge shared with the
wider society; that is to say, not all of its knowledge
derives from a rational, scientific enterprise. However, it
should be noted that science and biomedical sciences
themselves are now viewed as cultural processes that are
not independent of their respective cultural contexts
(Latour and Woolgar, 1979; Gilman, 1985; Harding,
1993; Feldman, 1995; Berg and Mol, 1998; Biagioli, 1999;
Brodwin, 2000; Duster, 2003). Biomedicine exhibits dis-
tinctive research and clinical practices not to be found in
lay society. Some of its beliefs and knowledge (about
biology, the body, psychology, social difference) are
shared with other sciences and/or are based on other
sciences. Biomedicine, however, often applies this knowl-
edge in manners at variance with the conceptualizations
of those sciences (Waxler, 1979; Gilman, 1985; Harding,
1993; Young, 1995; Gould, 1996; Black, 1998).
Internal Hierarchies

Biomedicine exhibits an internal hierarchy of its special-
ties. The criteria of stratification are several and include
extent or degree of somatic intervention, the difficulties of
training in the specialty, the social identity (i.e., gender,
ethnicity, age) of patients, and the severity and complexity
of conditions encountered in the work of the specialty.
Social identity in biomedicine is, as in the wider society, a
basis for discrimination in training and in practice. In
practice, differences in treatment appear that are influ-
enced by ethnicity and gender and appear in patient
services, clinical work, and research, as well as in medical
education (Scully, 1980; Morantz-Sanchez, 1985; Hinze,
1999; Sarver et al., 2003). Thus, in the west, surgery, has
more prestige and financial rewards than does pediatrics,
and analytic psychiatry, whose therapeutic modality is
talk, has less cachet than biological psychiatry, which
intervenes biologically. Women, the elderly, and children
are considered lower status and so the practitioners
attending to them also have less prestige and command
lower rates of remuneration ( Johnson, 1985; Hinze, 1999).
Discursive Practices

Avariety of discursive practices are found in biomedicine
that are both embodied (in-person communication) and/
or disembodied (forms of media). That is, communication
appears in a variety of forms such as lectures, symposia,
talks, and conversations that are embodied, as well as
disembodied forms such as examinations, slides, tapes/
DVDs, drawings, photographs, texts (both modern and
historical), imaging, virtual bodies, and broadcast sounds
and images. These discursive practices are ever-changing,
suggesting new understandings about content, given that
one must consider the medium to be at least part of the
message (Gaines, 1991, 1992a). New modes of informa-
tion gathering, for example, the newer imaging techniques
(computerized tomography (CT), ultrasound, and posi-
tron emission tomography (PET) scans), clearly demon-
strate the constructed nature of the subjects (Dumit,
2004). The nature and meaning of imaged subjects are
contested and malleable. Often represented as reflected
nature, the images are heavily interpreted representations
that are made to serve a variety of purposes including the
constructions of personhood and disease (Rapp, 1999;
Brodwin, 2000; Mitchell, 2001; Dumit, 2004).
Biology as Culture

The focal subject of biomedicine is the human body.
Biomedicine construes the body as a natural object and
its pathologies as natural processes. As such, biomedicine
assumes its view of the body, its processes and pathologies,
are universal. However, this body differs from the body as
found in other professional medicines in the East (Leslie,
1976; Lock, 1980; Leslie and Young, 1992) and in the
West (e.g., England, France, Germany) (Gaines, 1982,
1991, 1992a; Lifton, 1986; Barkan, 1992; Payer, 1996).
Differences include the location of illness, the aging of
the body, the influence of emotion, and its physiology.

Within U.S. biomedicine, while a universal human
biology is asserted, exceptions to that universality simul-
taneously are claimed, for example, ‘racial’ and gender
‘differences’ in course, outcome, and pharmacology. Bio-
medicine thereby gives authority to the various invidious
and discriminatory distinctions made by the wider society
(e.g., ‘racial,’ gender, and age distinctions). By means of its
embodied and disembodied discursive practices, U.S.
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biomedicine creates ‘figures of speech’ (Gaines, 2006): the
body discursively construed in a culturally specific ‘racial’
manner that is a central part of its ‘local biology’ (Gaines,
1992a, 2005, 2006). Thus, ‘race’ exists in U.S. biomedicine
but not in other cultures’ professional medicines, where
such conceptualizations do not influence professional
medical practice. The new ‘racial medicine’ in the United
States, ironically heralded as an advanced and more per-
sonal medicine, is an example of culture in the medical
mind rather than of ‘progress’ (Gaines, 2006); rather than
an advance, the new ‘racial medicine’ recalls constructions
of difference from the nineteenth- and early twentieth-
century eugenics (Black 2003; Duster 2003). Historically,
groups were perceived as so biologically distinct that
some did not need (or deserve) anesthesia in surgery
(Pernick, 1985), while others did not deserve even to
live (Lifton, 1986; Barkan, 1992; Black 2003).

So, too, biomedicine constructs the female body as
deviant, as an inferior variant of the male (Laqueur,
1990; Fausto-Sterling, 1992, 2000) and sees it often as
inherently disabled (Vertinsky, 1990; Wendell, 1996) and
in need of control by biomedicine (Scully, 1980; Gaines,
1992b; Sherwin, 1992). The ‘naturalness’ of these ‘obser-
vations’ clearly reflects cultural constructions rather than
discoveries in nature (Martin, 1987; Lock and Gordon,
1988; Haraway, 1991).

Authority and Hope

Biomedicine’s methods of research and its reporting of
research in highly optimistic terms constitutes the ‘dis-
course of hope’ (DelVecchio Good, 1991) on which much
of its authority is based. The influences of pharmaceut-
ical companies (Lancet, 2002; Whitehouse, 2008), notions
of human biology and the social categories invoked
(e.g., ‘races’), the gendered ideology and praxis, and the
specific local biology invoked collectively demonstrate
the social and cultural construction of biomedical knowl-
edge. But so, too, does the construction of Nature in
biomedicine (and science) (Keller, 1992).
The Natural

The domain of ‘Nature’ is believed to exist outside of
the domain of culture and to be discovered by medical
scientific research and clinical practice (Gordon, 1988).
Biomedicine asserts that the objects of its gaze and prac-
tice, disease and people, are empirical, natural elements.
Disease elements are classified in medical and psychiatric
nosologies. Less formal, though nonetheless real, are the
systems of social classification to be found in professional
medical theory and practice in the United States. Ameri-
can medical theory and practice combines these two sys-
tems into a single discourse of the biology of pathology
and its location. These form its geography of disease
(Gilman, 1985; Farmer, 1999). Biomedicine locates disease
in people rather than in the noxious social circumstances in
which they live (Farmer, 1999). For example, psychiatry
asserts that approximately 50% of women will experience
a depressive episode in their lifetime. In the biological
perspective, persons with a first-degree relative with
depression are at increased risk for the disorder. Psychiatry
sees this as an indication of a genetic component for the
illness, and as indicating the genetic vulnerability of women.
However, this model uses an implicit static temporal per-
spective. That is, if one considers a population over multiple
generations, it would be impossible to find individuals who
did not have a first-degree relative with depression, since
more than half of the population at any given time is female.
And, if one adds the proportion of males with depression,
the notion of genetic vulnerability of those with relatives
who have experienced depressive illness, as distinct from
others, in fact, has little explanatory power.

Popular biases also appear in psychiatry. It is notewor-
thy that depression and schizophrenia, the two most bio-
logized of psychiatric disorders, appear not to be universal
(Waxler, 1979; Devereux, 1980; Kleinman and Good,
1985; Gaines and Farmer, 1986). In other cultures, one
may find a complete absence of the disorders or, as in the
case of schizophrenia, one finds that it is not chronic as
is characteristic in the United States (Waxler, 1979;
Devereux, 1980; Kleinman, 1988b). What is assumed to
be a natural disorder with specific symptoms and course
appears to be local, rather than a natural/biological uni-
versal. Another example is that of posttraumatic stress
disorder (PTSD), a disorder that is based on a specific
cultural psychology in which the mind is capable of
keeping secrets from itself; that is, it depends upon the
idea of an unconscious mind (Young, 1995). This unique
psychology is expressed through a unique notion of the
self (viz., Hallowell, 1967; Geertz, 1983) that has been
shown to underlie U.S. psychiatric classifications (Gaines,
1982, 1992b). This self-concept is far from universal, thus
making problematic the illness formulations predicated
upon it in psychiatry or psychosomatic medicine.

In looking cross-culturally to affirm Western ideas of
affliction, epidemiological studies extract symptoms from
their meaningful context and from experience. Symptoms
so discerned confirm to Western observers that a specific
disorder exists. However, disorders found in other cul-
tures outside of the West, such as semen loss in Ayurvedic
medicine, can be found in the West using the same meth-
odology, demonstrating the logical fallacy of this
approach (Obeyesekere, 1985; Kleinman, 1988b).
Many Biomedicines

The cultural construction of biomedical knowledge is also
reflected in the variety of biomedicines found around the
world. Rather than exhibiting a single understanding of
biology and pathology, there are found a host of local
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biologies and their respective illnesses. Biomedicine is
‘indigenized’ when it moves from culture to culture and
thus becomes plural (Kleinman, 1995). The biomedicine
of Germany, for example, focuses on the heart and reflects
its historical romantic tradition. The result is massive
prescribing for heart ailments (cardiac insufficiency), the
level of which is not found in other biomedicines (Payer,
1996; Vos, 2008). The French focus much less on the heart
and more on general malaises related to emotion, with
many pathological forms that are unique to them (Gaines,
1991). In France, polypharmacy is the rule whereas U.S.
medicine seeks to use a single ‘magic bullet,’ a fast-acting
medicament whose side-effects are often ignored. Such
agents also are used to save time because ‘time is money’
in the Anglo-American tradition. However, in other med-
ical traditions, such as France, Japan, and Africa, time is
not an issue, and does not influence treatment choice or
methods (Lock, 1980; Gaines, 1992a, 1992b; Payer, 1996).

In biomedicines outside of the United States, we also
find that specialties are not the same and/or that they may
have distinct activities grouped within them. Psychiatry
in Great Britain is not as common a specialty as in the
United States. There, it is largely for the treatment of the
aged afflicted with forms of dementia (hence, it is usually
called ‘old age psychiatry’). Proportionately, Great Britain
has one-tenth the number of psychiatrists per capita as
does the United States, a percentage that reflects its very
different niche in the local medical and social worlds. In
France, rēanimation-anesthesiology is a medical specialty.
However, it does not exist in the United States. The U.S.
specialty of internal medicine was borrowed fromGerman
medicine. The borrowing of specialties and their logic and
institutions is common. However, such borrowings always
show the indigenization of biomedicine in the newcontext.

In research as in clinical practice, there are wide dif-
ferences to be found in the practice of biomedicine. In
AIDS research, we find striking differences in research
methodologies in France and in the United States. Fur-
ther, results are interpreted differently in the two
countries, leading to varying conclusions based on the
same data (Feldman, 1995), as is common in imaging
technologies that tend to substitute medical interpreta-
tions for patient subjectivities (Mitchell, 2001).
Making Difference in U.S. Biomedicine

Pharmaceuticals aimed at specific groups are a trend in
part fostered by drug companies and in part reflections of
the (re)racialization of medicine in the United States. Old
medicines may be repackaged and thus receive new
patents if they have new uses or are combined with other
medicines, also out of patent. For example, BiDil is now
FDA-approved for cardiac failure, allegedly specifically
for people classified as African-Americans. The research
on this drug, a combination of two older drugs, had failed
to demonstrate efficacy in ethnically mixed trials until a
completely African-American sample was developed.
Those who received the drug did markedly better than
those who did not, suggesting to researchers that the drug
was efficacious. The study actually showed that African-
Americans who are treated for their cardiac conditions do
much better than those who are not. The research did not
demonstrate efficacy for the drug specifically for African-
Americans, but the results were so interpreted by the
medical community. Such would indicate a biogenetic
basis for efficacy, a basis that cannot be demonstrated
because of the fact that no two African-Americans have
the same ancestry; for people in this social category have
greatly varying ancestry inWest Africa, Western Europe, or
Native America (Gaines, 2005, 2006).

Noxious Influences

An area of great moment in contemporary biomedicine
relates to pharmaceutical practices. Among many con-
cerns is that of conflict of interest. Physician researchers
may be influenced by the lure of status, financial reward,
or the threat of reprisals by ‘pharma’ for negative evalua-
tions of agents in clinical or other trials. The avoidance of
such influence is a difficult and continuing problem for
physicians and indicates a domain of social influence on
biomedicine.

Related to pharma issues is the ‘discourse of hope’ in
biomedicine (DelVecchio Good, 1998). In this discursive
practice, we find that futile efforts or limited success
in research are often presented in hopeful terms. Also
present is a change of ethics in research, from an individ-
ual-based ethic of ‘do no harm’ to a communitarian ethic.
This shift occurs when physicians claim that medications
or other course of treatment may cause pain or discomfort
and may not help the patient before them, but the treat-
ment may, nonetheless, ‘help other patients in the future.’
This rationale appears most often in clinical studies where
an agent thought to be efficacious is given to one group
while a placebo is given to another. The outcome depends
on differences in mortality and morbidity in the two
groups. That is to say, one group is allowed to develop
morbid conditions or worse while the other improves
(if the trial is a success). However, this type of research
is seen as unethical in several developed countries, where
it is never ethical to allow patients to sicken and die under
the medical gaze. Even so, the blinded clinical trial is still
accepted gold standard in the United States, despite the
lack of bioethical universality.
Limitations of Biomedicine

The focus of biomedicine is, as its name implies, biology.
In its cultural context, this becomes the biology of the
individual. Such a clinical focus then leaves out the social
locations and contexts of disease and illness (Farmer,
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1999). Such a focus often blames the victims of socially
induced ill health and absolves those guilty of establishing
the contexts that promote poverty and ill health (Farmer,
2003). In terms of biomedical ethics, the dominant society
in the United States (and biomedicine) tends toward a
rights-based, individual ethic that reflects its Protestant
value system (i.e., Northern European Protestantism)
(Gaines, 1982; Post, 1995). However, such an ethic is in
conflict or absent from the majority of the world’s cul-
tures. Hence, much of the practice of U.S. biomedicine is
inconsistent with the beliefs and values of other cultures.
This inconsistency is problematic in a world increasingly
tied together through immigration and cross-cultural
labor movements. As examples, we note that in some
cultures, the aged are more valuable than the young and,
hence, should be saved first; in others, brain death is not
defined as death ( Japan) as it is in the United States; and
informed consent is difficult, even unethical, to procure in
contexts other than that of the autonomous individual of
the dominant (Northern) European culture of the West
(Kilner, 1984; Gaines, 1998; Lock, 2001).

The knowledge of nature and biology in biomedicine,
which are its focus of action, are culturally constructed,
as is its social organization. As such, one must exercise
caution when either is applied in circumstances or spheres
outside of infectious conditions, in which biomedicine
has shown great efficacy. The professional and popular
ethnomedicines of other cultures also have much to offer
for the alleviation of suffering in the world, including
forms of suffering unknown to biomedicine, as do their
nosologies and diagnostic and treatment methods. Bio-
medicine may be considered one of a number of profes-
sional ethnomedicines and, as such, both its limitations
and advantages must be recognized.
See also: Health Literacy.
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Alcohol As used in this article, ethanol

(C2H5OH), also called ethyl alcohol. Also any

beverage that contains more than 1% ethanol by

weight.
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Drug As used in this article, any substance that

changes behavior and/or consciousness when

ingested.

Sociocultural Associated with the order of society

and of the associated system of patterns of belief and

behavior (i.e., culture).
The use of alcohol and drugs is an ancient and wide-
spread custom among human beings throughout the world.
Although some such usage is commonplace, specific beliefs
and practices varymarkedly from one population to another,
and significant changes have occurred over time within
many societies (Blum et al., 1974). Far from being aberrant
or isolated acts, alcohol and drug use are often highly valued
and integrated with other aspects of the culture. This often
involves important linkages between such use and religion,
economics, diet, health beliefs and practices, social organi-
zation, literature and the arts, or other features of daily life,
as well as with exceptional concerns. At the same time, it is
important to acknowledge that alcohol and other drugs can
be harmful to the user or others. They can be toxic, can
greatly increase the risk of accidents, and can even cause
physiological damage to various organs and social, psycho-
logical, and other disruptions. Dependence (often called
addiction) is uncommon but is a major interference with a
user’s social obligations and expectations, which partly
explains why abuse has been the subject of scientific study
more than moderate use, which is much more common. In
view of humankind’s long ambivalence, a wide range of such
sociocultural influences, in combination with the biophysio-
logical impacts that alcohol and drugs have on the human
organism, and a variety of psychological causes and effects,
are all important for understanding the association between
such usages and public health.
Alcohol/Drug Use in Evolutionary
Perspective

There has been little systematic attention paid to alcohol
or drug use by non-human animals, although Siegel (1989)
reviewed the literature and described intoxication among
various birds, fish, insects, mammals, and reptiles. Altered
behavior after the ingestion of diverse substances was so
commonplace that he characterized the quest for intoxi-
cation as a primary motivational force, the fourth drive
(on a par with hunger, thirst, and sex).

As far as origins of alcohol/drug use are concerned,
there is little in the way of empirical evidence, although
myths, folktales, and popular beliefs abound, usually with
respect to whatever substance is most favored locally.
Given the present state of archaeological technology,
there is little opportunity to know with confidence
many details about alcohol/drug use by prehominid or
ancient human beings. Speculation tends to emphasize
either accidental discovery or imitation based on the
observations of animals’ reactions to naturally occurring
substances.

In other instances, supernatural beings were said to have
given alcohol or drugs to humankind. Dionysus was both
the god and origin of wine for ancient Greeks; Bacchus was
his counterpart for Romans. Similarly, Egyptians suppo-
sedly learned about beer (which they called liquid bread)
from the godOsiris; in theAmericas, Aztecs claimed to have
got pulque from Mayahuel, a goddess with forty breasts.

Although alcohol/drug use are widespread phenom-
ena in human cultures, they have not evolved in any
discernible sequence overall, nor do they evidence similar
or even analogous patterns over time in most parts of
the world.

The earliest archaeological evidence of both beer and
wine appears in the Near East about 7000 years ago. Beer
rapidly diffused as a staple food, whereas wine was long a
luxury product, although its popularity also spread both
east and west. Drinking and drunkenness were both much
appreciated, until Islam spread through much of the same
area after 700 AD, and most interpreted Koranic injunc-
tions as prohibiting the use of alcohol.

It remains a mystery why most of North America and
the islands of the Pacific did not have alcoholic beverages
until the arrival of Europeans. When such drinks were
introduced, some peoples rejected them and others
embraced them. The homebrewed beers of sub-Saharan
Africa and what is now Latin America have tended to
persist in both alimentary and ritual roles, even while
industrial beers are gaining.

Distillation was probably invented by Arabs in North
Africa and diffused to Western alchemists a couple of
centuries before it became popular around 1200 AD.
Opium, smoked or eaten, was highly esteemed as a tran-
quilizer throughout much of Asia, and derivatives of it
served as such and as analgesics throughout Europe and
North America in the nineteenth century. Heroin was
originally hailed as a cure for opium addiction in much
the same manner that cocaine was initially embraced as
both mentally and physically therapeutic. Heroin and
cocaine in various forms have enjoyed popularity in
recent decades and are the basis of a vast international
trade, much of which is illicit. Although caffeine is the
active ingredient in coffee, tea, and chocolate, each of
these beverages has its distinct history. Coffee spread
from eastern Africa and the Near East, and, in the early
years, was often suspected of eroding the moral values of
those who drank it. Various governments banned it and
closed coffeehouses as supposed hotbeds of immorality,
sedition, and even revolution. But such prohibitions
tended to be short-lived, and coffee is now extremely
popular, with or without food, and is rarely even
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considered to be a drug. Although tea originated in Asia, it
spread rapidly over the British Empire and is now a
popular staple, similarly no longer viewed as a drug.
Chocolate, having originated in pre-Columbian Mexico,
underwent a similar dispersion linked with a similar tra-
jectory from popularity to suspicion and on to acceptance
as benign. Tobacco contains nicotine and other psychoac-
tive substances; it similarly spread rapidly (from the
Caribbean) to circle the globe in a few years, sometimes
embraced and sometimes reviled, whether smoked, sniffed,
or chewed. Recent health concerns have diminished its
use in the developed world, although its popularity is still
increasing in many poorer regions. Also during the past
century, ether drinking has been replaced by solvent
sniffing, and a variety of synthesized drugs now offer
central nervous system (CNS) stimulation, relief from
pain, or escape to bored or harried urbanites throughout
the world system.
Alcohol/Drug Use among Humankind
Today

There is so much variation among the substances that are
used by human beings even now that it is not easy to
provide just an illustrative sampling. More importantly,
the social and cultural meanings, patterns of usage, values,
and associated attitudes are yet more varied in ways that
are important but rarely recognized. One convenient way
of ordering such data is geographically, with a brief survey
of influential drugs and outstanding uses as encountered in
major world areas. This is not an arbitrary convention
inasmuch as the natural environment comprises a complex
interrelated system of soil, flora, fauna, climate, and other
factors that can be viewed as the context for all human
behaviors. With respect to alcohol, for example, the sugar
content of plants affects their aptness for fermentation, and
a shortage of fuel may preclude distillation. Themolecular
composition of a leaf or vine may harbor psychoactive
potential, but it is moot unless ingested.

Biologists and ethnopharmacologists do not yet know
why the Western Hemisphere is home to many times
more psychoactive plants than the Eastern. Neither do
historians or anthropologists understand how people
came to use such plants, a tantalizing mystery in part
because so many require elaborate processing and are
highly toxic at various stages in their preparation.

Part of the ecological richness of what is now Latin
America is a wealth of plants that have psychoactive
properties and that have been used by native peoples in
various ways. Coca grows throughout the area but is most
potent at about 2000m elevation in the Andes. The Incas
and their descendants traded it far and wide; farmers still
chronically chew it to relieve hunger, thirst, and cold, and
shamans use it for divination, diagnosis, and other ritual
purposes. Simple processing of it yields an addictive paste,
and more sophisticated refinement yields powdered
cocaine hydrochloride, which is widely used worldwide.
Nowadays, it tends to be sniffed by wealthy users who find
small quantities exciting but not interfering with the
rest of their lives. The same drug tends to be taken by
injection by a small group of poor and compulsive users
who must often resort to crime or prostitution to feed
their dependency.

Forested lowland areas of Latin America yield many
snuffs, cactus fruits, and mushrooms that are still used by
native peoples for myriad purposes. One of the most
famous is ayahuasca, long a medication and inducer of
visions that would be helpful to the community; it has
recently become popular among outsiderswho are seeking
shortcuts to divine revelation or direct contact with what
they interpret as primal forces of nature. Peyote, rich in
LSD, was and is a sacrament to Huichol Indians in Mexico
and to members of the Native American Church in North
America. When chewed, it induces visual hallucinations
that a believer interprets as directives for proper living,
and it has diffused little beyond that religious context.

Snuffs and drinks made from a variety of plants are
common throughout Latin America, but usually their
magical powers are monopolized by a few specialists
who provide services to the community. Drug-induced
visions often allow practitioners to learn about enemies,
the dead, or others, and have been reported in consider-
able detail. Ethnobotany and ethnopharmacology have
become big business, and traditional native knowledge is
being actively sought by international pharmaceutical
companies. Drug tourism has recently become a small
source of income in some regions, as is the quest for
shamanic and ecstatic experiences.

The islands of the Pacific generally lacked alcoholic
beverages before the arrival of Europeans. Kava is a mild
stimulant that was often mistaken for a fermented drink.
Traditionally, it played an important ceremonial role in
maintaining social hierarchy, but has gradually become
secularized and popular. Its recent combination with alco-
hol often results in aggression, in contrast with its tranqui-
lizing and sociable effects in traditional use. Although some
populations in Oceania have not accepted alcohol, others
have been transformed by it, especially as young men who
lack meaningful social roles drink heavily and act out in
boisterous ways. Similar problems often occur among
aboriginal Australians, who are stereotyped as chronic
drunkards although their average per capita consumption
is lower than that of white Australians. The traditional
native drug, pituri, is little used nowadays, but the sniffing
of gasoline and other volatile substances is highly visible
among the poorest of the aboriginal population.

Different drugs have long been favored in various parts
of Asia. In the southeast, betel is still habitually chewed,
even though many consider it unsightly. Opium derived
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from poppies is often smoked, eaten or sold to outsiders as
a major commodity in trade. Those who become depen-
dent in opium-producing regions tend to be the aged, for
whom it serves as self-medication; despite easy availabil-
ity, growers and traders rarely use it.

In northern Asia, the fly agaric mushroom is so
esteemed as a hallucinogen that men drink urine to get
a second-hand or prolonged dose of the active agent.
China’s many nationalities use alcohol in many different
ways, often significantly embedded in social rituals, and
the Russians’ love of vodka is increasingly cited as a major
cause of short life expectancy.

Across most of Europe, alcohol is widely known and
enjoyed, although in very different ways. Cultures in the
southern band of countries in Europe are often called
‘wine cultures’; wine is common as an adjunct to meals,
and average per capita alcohol consumption is exception-
ally high. A middle band of so-called ‘beer cultures’ tend
to favor beers and ales, whereas ‘spirits cultures’ line the
north, with infrequent but heavy drinking of distillates.
Recent decades have seen a remarkable trend toward
homogeneity, with almost every country drinking less of
its traditionally dominant beverage and more of others.

Throughout much of Africa, native beers are common-
place, often as the primary beverage and nutritionally
important in the diet. The base varies, with barley, millet,
honey, dates, maize, and palm nuts the most common. Apart
from their value as food and refreshments, such beers have
traditionally played important roles in gifting, purifying,
signaling friendship, hospitality, or other symbolizing.
Factory-made beer is gaining popularity in recent years,
althoughmanyof the traditional uses continue. Drug use for
psychoactive effects is relatively rare in most of Africa. In
the sub-Saharan region, tobacco is commonly used as a
relaxant but it lacks the special religious, judicial, and
other symbolism that alcohol has. In the north, tea and
coffee tend to be important as adjuncts to food and as
hospitality, but few other drugs have much importance.
Sociocultural Influences in Alcohol/
Drug Use

Anthropologists often define culture as the system of
patterns of belief and behavior that shape the worldview
of a given population, and society as the array of statuses
and role relationships that describe the composition and
organization of a population. By eliding the concepts, it is
both convenient and revealing to attend to a variety of
factors, social and cultural or sociocultural, that are
important to human beings in their quotidian lives but
that are rarely identified or measured in other terms or by
other methods.

The conceptual linkage of ‘alcohol and drugs’ is also a
fairly recent convention and one that has not yet gained
general acceptance. In broad terms, it stands for a huge
variety of substances that are psychoactive or mind alter-
ing when ingested. By changing the internal chemistry of
the body, especially the transmission of messages across
nerve cells in the brain, alcohol and drugs have various
effects that are regulated in large part by their composi-
tion and dosage.

However, we have already seen that alcohol/drug use
is far more complex than would be implied by the direct
action of a chemical agent upon a host body; an enormous
third class of variables is often referred to simply as the
environment. For those reasons, alcohol/drug use is often
characterized as a biopsychosocial phenomenon that can-
not be understood unless all those several and diverse
types of variables are taken into consideration.

In the simplest terms, there is no single meaning, use,
or function that is assigned to alcohol or any drug in a
universal manner. On the contrary, they are often evalu-
ated in diametrically contrasting ways such that, for exam-
ple, sometimes they are viewed as sacred and sometimes
as sacrilegious, alternatively healthful and harmful, ins-
piring or repugnant, relaxing or stimulating, liberating or
enslaving, and so forth. Because the scope of sociocultural
influences on alcohol/drug use is so large, the following
discussion is divided into sections that focus on patterns of
use, associated attitudes, a variety of problems that are
said to be linked with them, some benefits, and notes on
prevention and treatment of problems.
Patterns of Alcohol/Drug Use

One need not seek out isolated or exotic populations in
order to find significant differences in terms of alcohol/drug
use. Within the United States, there are some Protestant
groups for whom avoidance of coffee, tea, and alcohol
are issues of faith, whereas others use wine in a key sacra-
mental ritual. Switzerland and The Netherlands have
become venues for drug tourism because their emphasis
on harm-avoidance as crucial in public health policy is
associated with more liberal treatment of drug selling and
drug taking. So-called ‘wet cultures’ in southern Europe
have relatively high rates of per capita alcohol consump-
tion based on frequent drinking of small quantities,
whereas so-called ‘dry countries’ in northern Europe
have relatively low rates of consumption based on infre-
quent drinking but in large quantities.

Chinese and Arab attitudes about alcohol are of special
interest because both groups long praised drinking and
drunkenness as not only permissible and enjoyable, but
even as desirable and commendable. Songs, poetry, paint-
ings, and inscriptions on a variety of fine objects attest
to these positive values in ancient times. Religious and
political changes in both cultural systems have resulted
in more negative views of alcohol, including episodic
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prohibition under various emperors of China and lasting
prohibition under Shariah, the Islamic legal code
enforced in some countries.

In the various areas where prohibition for secular rea-
sons has been attempted, it has rarely endured long in the
face of widespread criminality, corruption, and disregard
for the law. Informal social controls often carry more
weight than laws, however, so we often find that young
people are not allowed to drink; females, if they drink, are
often discouraged from having as much as males, and those
in critical or liminal statuses (such as menstruation, initia-
tion, pregnancy, devotion, to name a few) may find them-
selves hedged about with specific restrictions.

Cannabis nicely illustrates both cultural differences
and rapid changes in drug use and associated symbols.
There are communities in India where high-caste Hindus
indulge in cannabis tea while low-caste members of the
same village drink a locally made liqueur. Each group
speaks lavishly about the benefits of its drink, and each
deplores the other’s. Closer to home, cannabis was long
viewed in the United States as an unfortunate weakness of
a few jazz musicians, blacks, or Hispanics, but not a threat
to the white middle class. That abruptly changed when
reefer madness was publicized as turning innocent young
people into murderous or rapacious monsters after smok-
ing a single cigarette. At the same time that laborers in
Jamaica and Costa Rica were heavily smoking cannabis as
an energizer, and finding that they could do more work,
earn more, buy better houses, and educate their children,
students there and elsewhere were finding relaxation and
indifference in smaller doses of the same drug. Popular
resentment against disproportionate punishment for can-
nabis use and in favor of the medical relief that it appears
to provide for AIDS, glaucoma, chemotherapy, and other
ills has resulted in a few states’ recently opposing the
federal ban on that drug in the United States.

Demography is far removed from pharmacology in
anyone’s view of the world, and yet it is a sociocultural
influence that was crucial in shaping one form of drug use.
Middle-aged men from several Levantine countries thor-
oughly enjoyed daily sessions in which they chewed qat
leaves and quietly talked with male friends, but had to
forgo such use when they went to work in Britain. When
the expatriate colony there grew large enough to warrant
it, an enterprising merchant was quick to fly in fresh qat so
that stylized daily use could be resumed.

The imagery of opium as luxurious in oriental settings,
nefarious when used to recruit Western women as sex
slaves, inspiring for bohemian artists, analgesic in the
hands of a physician, or addicting when offered by a
pusher on the street all relate to the same substance and
reflect changing ideological emphases and contexts.

Smoking tobacco was a concrete way of symbolizing
the links between human beings and both natural and
supernatural forces for many tribes of North American
Indians. Cigarettes were thought feminine at the start of
the twentieth century and masculine after World War I.
Health warnings and the assertion of nonsmokers’ rights
have resulted in rapid reduction of smoking in many areas
that are economically and politically dominant, while
there has been a similarly abrupt rise in smoking in
developing regions.

Modern technology and the global economy have
facilitated the spread of alcohol and drugs, to the point
where some would say that there is now a multisocietal
and transcultural pattern. To the extent that such a pat-
tern is meaningful, it could probably be described as
consisting of name-branded beers, relatively expensive
wines, and Scotch whisky as drinks that signal wealth
and associated power or prestige. Industrially produced
drugs tend to have a similar cachet, although cocaine,
heroin, cannabis, and their derivatives have a truly global
market, despite stringent legal and other restrictions. Such
drugs are often used excessively by addicts for whom drug
use has become a preoccupation that overwhelms con-
cerns for health, family, or other workaday relationships.
Although such usage is too often misinterpreted as typical
and causes a variety of lamentable problems, it is rare in
epidemiological terms.

In fact, there are few societies in which drugs are used
more often than weekly, and fewer in which usage is
casual and dissociated from connotations of the sacred
or powerful. Tobacco, coffee, tea, and chocolate are rare
exceptions to that generalization, although each of them
also has its own kind of symbolic importance in various
social and cultural contexts.
Special Attitudes about Alcohol/Drug Use

Alcohol and drug use are behaviors that are often the
focus of considerable affect and emotion, whether in
favor or in opposition. Different populations show a
broad range of affect and emotion, from frequent and
ostentatious use and praise to prohibition and vehement
condemnation of the substances, their use, and the out-
comes of such use. Popular attitudes are often signifi-
cantly different with respect to different substances, or
they may differ for different categories of users or differ-
ent contexts and purposes of use. It is commonplace that
popular attitudes differ from official attitudes as
expressed by authorities and as codified in laws and reg-
ulations, which tend to be more restrictive although not
always diligently enforced.

Many observers have remarked on the frequency with
which such attitudes reflect a profound ambivalence,
combining recognition of the inherent risk that excessive
use may result in problems affecting not only the user but
also others with appreciation of various short-term bene-
fits that accrue to those who use such substances in
moderate or sensible ways.
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The crucial role of sociocultural influences on such
use and special attitudes about use is evident in the fact
that both use and attitudes have often varied significantly
with respect to the same substance from time to time,
often reversing within just a few years. A dramatic illus-
tration is the United States, where the 1960s saw wide-
spread alcohol/drug use as part of a movement toward
greater independence and freedom from responsibility for
individuals. In subsequent decades, an extreme negative
connotation has been given to drugs, so strong that the
very word is often interpreted as implying harm, risk, and
illegality. Corporations that used to offer proudly a wide
range of preventive or curative ‘drugs’ now deal in ‘phar-
maceuticals,’ and some who favor abstinence from alcohol
are quick to insist that it be treated like ‘other drugs.’ Such
negative emotional loading is commonplace, regardless of
legality or popularity of use. A fad for zero-tolerance has
resulted in schools’ disciplining students for sharing
candies, individuals’ having their vital medications taken
from them, and so forth.
Problems Associated with Alcohol/Drug Use

A large part of what is written about alcohol/drug use in
recent years has a distinctly negative bias, presuming that
all use is abuse, so that vague but alarming statements are
made about rapidly accelerating consumption around the
world. Linked with consumption are a host of problems,
some physical, others psychological, and still others
social, that often affect nonusers as well as users. Such
problems are quite variable, ranging from liver cirrhosis to
absence from school or work, from spouse abuse to depen-
dence or addiction, and from illegal trafficking to personal
embarrassment. Those who have a primary concern with
public health or law enforcement tend to emphasize dif-
ferent problems within their areas of responsibility, and
the data are generally poor. Nevertheless, a closer look at
their own numbers shows that fewer than 1 in 10 of those
who admit to habitually using either drugs or alcohol
experience any such problems in association with such
use (Walton, 2002).

In most societies, about 90% of those who use alcohol
do so without suffering any of the so-called alcohol-
related problems that tend to be the focus of concern in
public safety and health. It is generally estimated that
roughly the same proportions hold among drug users.
It is also common that those 10% of users who suffer
various problems are responsible for at least 80% of overall
consumption.With fewexceptions, therefore, it can be said
that alcohol/drug use is most often unproblematic except
in the case of exceptionally heavy or excessive use, which
is often referred to as abuse. Nevertheless, the reality and
importance of alcohol/drug use and of related problems is
such a preoccupation that it warrants our paying attention
to at least five broad areas: economic, political, legal,
health, and social welfare.

Economic

At the beginning of the twenty-first century, alcohol and
drugs must be recognized as together comprising one of
the major businesses in many parts of the world in terms
of foreign currency although rarely in terms of employ-
ment. Statistics are lacking because most of the commerce
is surreptitious and untaxed. Where governments actively
try to control drug traffic, the direct costs are enormous
and indirect costs are also substantial, including an illicit
network of distribution, intense competition at every
level of the market, and high costs to consumers, some
of whom must rely on criminal activity to support their
use of drugs.

Where alcohol/drugs are legal, they tend to provide at
least some income from taxation; users are spared the
extra burden of criminality for their habits, and the gen-
eral crime rate tends to be lower. Where they are posi-
tively approved, few economic costs are evident.

In many frontier areas, alcohol was often used as a
crucial commodity in trade. It combined high value in
small volume and was produced by a technology that
native people did not readily master. As such, it served
as a tool of colonialism and even today is still used as part
of wages in some developing regions. Growers, refiners,
and major traffickers rarely use such products enough to
become dependent on them, but it is not unusual to find
that those who do the most lowly work in such a network
receive partial payment in drugs and often become
dependent.

Legality is not the only consideration, however; spouses
or companions often complain that too much is spent on
alcohol/drugs, leaving too little in the budget for other
needs. In extreme cases, this can result in spouse or child
abuse or neglect, although wealthy users can often spend
huge amounts without suffering financially.

Compulsive use of alcohol/drugs can interfere with an
individual’s ability to take part in the labor market, as it
does with other social relationships. In general, alcohol/
drug use tends to occur in inverse proportion to income,
education, and status, and the testimony of the heaviest
users suggests that it is at least as often a symptom as it is a
cause of their poverty. A quest for excitement, good feel-
ings, or respites from daily tedium or frustrations has
prompted many of those who could least afford it to
turn to alcohol/drugs.

Political

As with any behavior, the degree of social acceptance,
indifference, or rejection of alcohol/drug use is important
in determining who does it, where, when, how, and with
what consequences. Correlatively, alcohol/drug use is
often cited as an important characteristic of particular
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individuals or categories of people, explaining or justify-
ing their treatment by others in the society.

The significant profit margin that is involved in alcohol/
drug traffic generates considerable wealth and correlatively,
power and politics are involved even – or especially – in
instances where the traffic is illegal. The problem of politi-
cal influences associated with alcohol/drug use is aggra-
vated where national boundaries are crossed and differing
laws, policies, and groups of officials must be dealt with.

Where official policies fit well with popular beliefs and
practices, alcohol/drug use tend to be unremarkable,
often integrated with workaday activities and the pace of
life. Where they are discrepant, alcohol/drug use can be a
focus of social and cultural strains, defiance of the law,
dissatisfaction, and prejudicial treatment of users.

One important political aspect of alcohol/drug use is
the fiscal implications for the state. At various times, as
much as 20% of Russia’s income was derived from dis-
tilled spirits; more than half the retail price of beverage
alcohol is taxed in several jurisdictions. A state monopoly
can give money and power to the state; private enterprise
in such commerce can bring significant pressures to bear
on officials and legislators.

Even the predominant sociocultural view of morality
is intertwined with politics and policies. Where drinkers
and drug users are thought to be weak-willed, dissolute,
frivolous, or irresponsible, they are often imprisoned or
otherwise punished and rarely helped by public institu-
tions. Where they are thought to suffer from a disease, a
more philanthropic pattern of harm reduction, treatment,
rehabilitation, or social support is often offered.

A striking contrast can be seen between the United
States and The Netherlands. In the United States, sentenc-
ing for possession of certain drugs has resulted in the
imprisonment of millions of individuals, with minorities
disproportionately represented, even though studies consis-
tently show those minority populations to be less involved
in alcohol/drug use. An explicit emphasis on harm
reduction rather than punishment in The Netherlands is
reflected in the availability of cannabis in public tea shops,
police permissiveness where drug users congregate at
certain parks, and publicly sponsored needle exchange,
drugs, and treatment for those who want them.

Just as some types of alcohol/drugs tend to be asso-
ciated with disreputable persons and groups, others are
thought to symbolize or demonstrate modernity, sophisti-
cation, wealth, or prestige. Those who have paid close
attention to alcohol/drug policies cross-culturally and
internationally are in broad agreement that scientific
knowledge usually plays a smaller role than emotional
appeals when it comes to shaping government policies.
A costly U.S. war on drugs during recent decades has
been declared effective by those who point to burgeon-
ing prison populations and called ineffective by those
who point to cheaper and more abundant drugs. Most
activities of the war on drugs have been devoted to
attempts at diminishing supply rather than reducing
demand.

Legal

The majority of alcohol and drug use throughout the
world is quite legal and by no means disapproved from
the point of view of neighbors or public authorities. This
is not to say that it has been ignored by the law.

A major part of the earliest known legal code (Hammur-
abi’s) was devoted to beer and wine; the primary concern
was not with restricting use but rather with protecting users
from unscrupulous dealers. Because of its great popularity,
alcohol has often been heavily taxed, with accompanying
regulations to facilitate the monitoring of production and
distribution.

Prohibition for secular purposes has been tried episod-
ically in various areas, generally with mixed results.
Sweden tried it for a time, switched to rationing, and
settled on a system that combined state monopoly of
production and distribution, which has subsequently
been liberalized (at the behest of the European Union).
Denmark banned beer for some years while allowing easy
access to distilled spirits; the situation was reversed for
another period of years, and now all alcohol beverages
are readily available. Parts of Canada, Mexico, Finland,
Honduras, and few other countries have briefly banned
alcohol, but no such prohibition has lasted long. Smaller
jurisdictions (states, provinces, counties, towns, reserves of
Indians or native peoples, etc.) frequently ban sales but
also frequently find it difficult to keep people from bring-
ing in alcohol from outside, or producing it clandestinely.

Cycles of strong temperance ideology with associated
restrictions have occurred with some regularity through-
out the history of the United States, often in association
with a bundle of attitudes favoring exercise, fresh air,
wholesome foods, and clean living in general.

Many of the substances that are now not only legal but
viewed as innocuous were viewed with suspicion earlier.
For example, coffee and chocolate were often described in
terms very similar to those that opponents now use for
cannabis, and both sale and consumption of these items
were outlawed in many jurisdictions.

A noteworthy example of rapid sociocultural change is
the recent combination of popular concern and legal sanc-
tions against driving while under the influence of alcohol.
Within living memory, many countries have enacted laws
that specify a certain blood-alcohol concentration as prima
facie evidence of drunkenness and what used to be rou-
tinely treated as a joke has become a major offense.

The law is not color-blind, and some see racism in the
fact that U.S. sanctions against possessing or selling crack
(preferred by blacks) are ten times as severe as those for
powdered cocaine (mostly used by whites). Many families
and communities are deeply affected by alcohol/drug use,
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enforcement of laws against it, and by economic and other
anomalies that are associated with alcohol and drugs.

Health

As with many of the other classes of problems, the most
widely discussed negative outcomes for health are gener-
ally associated with frequent, heavy, and long-term use
rather than with light or moderate use. Alcohol is a good
example, about which many physicians approve two or
three drinks a day, but warn against more than five or six
within a few hours.

For many years, education about alcohol focused on
major damage caused to various organ systems that was
found only late in the careers of the heaviest drinkers,
such as peripheral neuropathy, liver cirrhosis, or pancrea-
titis. Little recognition was given to the fact that fully 90%
of those who drink never encountered any health problem
as a result.

Ample publicity given to the link between tobacco use
and cancer in recent decades has prompted nonsmokers to
clamor for increasing smoke-free venues, to the point
where a few entire cities have banned smoking in public
places. Despite widespread health warnings, often man-
dated on each package, consumption is increasing among
some populations so rapidly that it makes up for decreases
among others.

Intravenous drugs are blamed, as is unprotected sex,
for much of the rapid spread of hepatitis and HIV/AIDS
in many parts of the world. The sharing of needles and
other paraphernalia, together with frequent exchanges of
sex for drugs, justify such concerns, especially among
addicts who often spend considerable time together in
crowded and unsanitary conditions.

The monstrous generation of crack babies that were
predicted in the 1990s did not materialize, nor did that of
fetal alcohol syndrome a decade earlier; evidently only
long-term chronic use by the mother is harmful to the
fetus. However, both the expense and the distractions of
addiction often interfere with the complex sociocultural
expectations of mothering in a broad sense, so that poor
nutrition, lack of cleanliness, and associated health pro-
blems are common among addicts and their families.

For wealthy cosmopolitan individuals, misuse of pre-
scription drugs, anxiolitics, and analgesics is a dangerous
trend that is rapidly increasing. A rash of other synthesized
drugs can be injurious if used in inappropriate combi-
nations or by naive users. Examples are the so-called
date-rape drug that has become a common adjunct to
seduction and the drug Ecstasy (MMDA), which causes
harmful hyperthermia and dehydration among young
people at rave parties. The popular interest in sports
is reflected in a preoccupation with steroids and other
performance-enhancing drugs, even though their use is
limited to a small segment of the population. The well-
publicized epidemic of methamfetamine use is unusual for
being more rural than urban and for having flourished
especially in the midwestern United States, where other
drugs have generally been less popular. Cheap and easy to
produce, it is a stimulant and produces tolerance, which
may bemistaken for instant addiction. Alarmist fears about
meth-babies are reminiscent of similar fears about crack-
babies a generation earlier.

Social Welfare

Sociocultural attitudes and values play a major role in
shaping the nature and extent of problems that people
associate with alcohol/drug use and with the public good.
Negative labeling that brands a user as degenerate, irre-
sponsible, or criminal carries stigma that sometimes dis-
credits that person as undeserving of help from others. By
contrast, identification of the compulsive user as suffering
from an illness tends to be associated with a more sup-
portive strategy of harm reduction.

In many urban or cosmopolitan areas, excessive alcohol/
drug users constitute an underclass, marginal in economic,
political, and other terms. Such marginality is sometimes
a cause and sometimes an effect of alcohol/drug use,
especially among minority populations who may simulta-
neously be suffering from cultural deprivation, ethnic
prejudice, or related pressures in a society dominated by
others with alien ways of thinking and acting.

Well-intentioned but misguided policies sometimes
predominate in attempts to foster social welfare. One
example is the presumption that using alcohol predisposes
a person to use various drugs (the gateway or stepping-
stone hypothesis), commonly cited as a threat to prevent
young people from drinking, but with little evidence to
support it.
Benefits Associated with Alcohol/Drug Use

There are many different kinds of benefits that people
enjoy from alcohol/drug use, just as there are many dif-
ferent kinds of harm. Not all individuals experience the
same benefits, just as not all suffer similar harms. Medici-
nal or therapeutic use to control or relieve symptoms is an
important part of overall use; evidence is also rapidly
accumulating about a number of long-term health bene-
fits of moderate drinking, and the social and psychological
benefits are so well known as to receive little scientific
attention.

Many such benefits and harms have clear bases in phys-
icochemical effects, but often they are also strongly influ-
enced by sociocultural factors. For example, hallucinogens
produce visual and other sensory stimuli that are exciting
and inspiring for some who are artistically inclined. Drug-
induced hallucinations often provide clues to the diagnosis
of illness or to foretelling the future, but only among those
who are culturally attuned to having such revelatoryexperi-
ences and know how to interpret the cues.
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Similarly, depressants and soporifics provide relaxa-
tion, which can be a boon for those for whom it is other-
wise difficult to achieve. By contrast, stimulants can be
useful to foster action and social interaction.

The symbolism of alcohol in terms of sociability and
hospitality makes it sometimes an important part of busi-
ness or a convenient way of signaling acceptance or
approbation. Its widespread use as an adjunct to celebra-
tion lends special weight to certain events, and is linked to
public demonstrations of approval. In general, those set-
tings in which alcohol/drug use is a communal activity or
a ceremonial one that has positive meaning for members
of the group tend to be highly approved and rewarded in
various sociocultural ways.
Prevention and Treatment of Alcohol/Drug
Problems

Our historical and cross-cultural perspective has already
shown that the very idea that certain problems are asso-
ciated with alcohol/drug use is shaped by sociocultural
influences and not merely by the effects that substances
have on people. Different and changing views about what
constitutes a problem, how alcohol/drug use relates to
problems, and how such linkage can be broken are all
important with respect to prevention and treatment.

Social and cultural variables have significance even
at the level of identification and diagnosis of illnesses
and disabilities.

In recent decades, WHO (the World Health Organiza-
tion) has become increasingly aware of differences in the
etiology, symptoms, meanings, and attitudes toward psy-
chological states and syndromes. Successive efforts at spe-
cifying observable and objective diagnostic criteria and
terminology, especially with reference to alcohol/drug
use and abuse, have repeatedly and progressively been
demonstrated to be widelymisunderstood andmisapplied,
even by professional practitioners who had received
advanced training at European or North American institu-
tions andwho appear to be skilled in the English language.
This should not have surprised theWHO inasmuch as it is
a quintessential demonstration of the important impact
that sociocultural influences have on alcohol/drug use,
not only as it is practiced by peoples throughout the
world but even as it is conceived by scientists.

Despite such large and important differences, there
is increasing recognition of the abundant evidence that
patterns of use tend to be more important than simple
quantity and frequency of consumption, which have been
the most common measures of use. This accounts for the
fact that groups with the highest per capita annual con-
sumption of alcohol (based on frequent moderate inges-
tion) have fewer problems than groups with much lower
consumption (based on episodic excessive drinking).
Risky or harmful levels of use are increasingly targeted
for change by those concerned with public health. This
involves gradual modification of policies that have em-
phasized reducing overall consumption (interdiction, taxa-
tion, labeling, restrictions of sales, and advertising, etc.) and
development of approaches that focus on heavy users.
Twelve-step or mutual help groups have enjoyed remark-
able success in aiding those who independently choose to
stop or lessen alcohol/drug use. Awide range of treatments,
ranging from behavior modification to cue recognition and
simple counseling have all been found helpful for certain
abusers, and growing recognition that occasional relapse is
normal rather than a signal of failure has helped even more
clients to achieve sobriety. Occasional examples of cultur-
ally specific prevention and treatment have been successful.
Sweat bath and Sun Dance for Native Americans or vows
for Hispanic Catholics are examples, and receptiveness to
the interests and attitudes of clients is important, although
superficial gestures of supposed cultural appropriateness
are not so important as was once believed.

It is crucial to keep in mind that few societies have ever
been wholly free of alcohol/drug use and that the re-
duction of harm is a more realistic goal than universal
abstinence.

See also: Alcohol, The Burden of Disease of; Alcohol

Consumption: Overview of International Trends; The

Alcohol Industry; Alcohol—Socio-Economic Impacts (In-

cluding Externalities); Alcohol—Treatment; Controlling Ille-

gal Stimulants: A Regulated Market Model; Illicit Drug

Trends Globally; Illicit Drug Use and the Burden of Disease;

Second Hand Smoke; Smoking, The Burden of Mortality

of; Smoking Cessation; Tobacco - Harm Minimisation; The

Tobacco Industry; Tobacco, Integrated Control of.
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Introduction

South Asia, as per theWorld Bank’s regional classification,
consists of eight countries – Afghanistan, Bangladesh,
Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka.
Three of the countries in the region – India, Pakistan, and
Bangladesh – are ranked among the ten most populous
countries in the world. All the countries in the region
except Sri Lanka have higher than replacement fertility
rates. The replacement rate is equal is to 2.1 births per
woman (Table 1 ). The popu lation age 65 year s and above
constitutes only 5% of the total population in South Asia,
compared to 15.2% in high-income countries. South Asia is
home to nearly half of the world’s poor. The poverty inci-
dence (less than $1-a-day income) is estimated to be 30% in
Bangladesh and India, 24% in Nepal, and 20% in Pakistan.
The region has the secondworst health outcomes, next only
to sub-Saharan Africa. The region accounts for one-third of
the world’s maternal deaths. However, the region also
includes countries (e.g., Sri Lanka) and subnational areas
in some countries (e.g., Kerala in India) that have health
outcomes comparable to those in developed countries.

Health Status of the Population

The average life expectancy at birth in South Asia is
63 years and ranges from 62 years in Nepal to 74 years in
Sri Lan ka ( Table 2 ), lower than the aver age of 70 year s
in East Asia. Between 1960 and 2004, age 5 and under
mortality rates per 1000 live births declined from 266 to
92 in the region, although the gains were not uniform
across countr ies ( Figure 1). Little improvement has been
seen in the child survival status in Afghanistan since 1990.
Peele S and Grant M (eds.) (1999) Alcohol and Pleasure: A Health
Perspective. Philadelphia, PA: Brunner/Mazell.

Pittman DJ and White HR (eds.) (1991) Society, Culture and Drinking
Patterns Reexamined. New Brunswick, NJ: Rutgers Center of
Alcohol Studies.

Rudgley R (1993) Essential Substances: A Cultural History of Intoxicants
in Society. New York: Kodansha America.

Tracy SW and Acker CJ (eds.) (2004) Altering American
Consciousness: The History of Alcohol and Drug Use in the United
States, 1800–2000. Amherst, MA: University of Massachusetts
Press.
Though the maternal mortality per 100 000 births has
been estimated to have declined from 870 in 1990 to 500
in 2000, the rate is still unacceptably high and is 25 times
higher than that in the developed world. The lifetime risk
of dying during pregnancy for a woman in South Asia is
1 in 43, compared to 1 in 30 000 in Sweden. However, the
regional average hides considerable intercountry varia-
tions that range from as low as 92 in Sri Lanka to 540 in
India and 1900 in Afghanist an ( Table 2 ). The lif etime
risk of dying during pregnancy in Afghanistan is one in
six – one of the highest in the world. South Asia has the
unfortunate distinction of having the lowest proportion of
births attended by skilled health-care personnel, increas-
ing from only 30% in the 1990s to 36% in 2004.

Rampant iron and other micronutrient deficiencies,
combined with overall undernutrition, especially among
the poor, is not only keeping children at an educational
learning disadvantage from an early age: it is also leading
to intergenerational transmission of poverty and other
disabilities. Widespread undernutrition among women,
including high rates of iron deficiency anemia, is of partic-
ular concern, especially among poor women. Almost 47%
of the disability-adjusted life years (DALYs) lost in the
region are accounted for by communicable, maternal,
perinatal, and nutritional conditions. Infectious and para-
sitic diseases contribute to 23% of the DALYs lost, fol-
lowed by neonatal (10%) and respiratory infections (9%).
Communicable diseases contribute to the maximum
years of life lost in all the countries in the region, except
Sri Lanka. The brunt of communicable diseases is mainly
borne by children, women, and marginalized sections of
the population.

Infections such as tuberculosis (TB) continue to be the
leading cause of death among young adults. Three of the



Table 1 Selected economic and demographic indicators for South Asian countries

Country

GDP per
capita (PPP)
Current (US$)

Total
population
(in 1000s)

Population
density
(people per
sq km)

Annual
population
growth (%)

Total fertility
rate (births
per woman)

Population
ages 0–14
(% of total)

Population ages
65 and above
(% of total)

Afghanistan 1310 29863 .. .. .. ..

Bangladesh 1870 139215 1069 1.88 2.99 35.9 3.6
Bhutan 3921 896 19 2.53 4.18 38.9 4.5

India 3139 1079721 363 1.43 2.88 32.5 5.2

Maldives 7675 321 1071 2.47 4.11 41.3 3.5

Nepal 1490 26591 186 2.0 3.54 39.5 3.6
Pakistan 2225 152061 197 2.41 4.31 38.9 3.8

Sri Lanka 4390 19419 300 0.86 1.94 24.5 7.1

High
income

32003 921529 30 0.61 1.66 17.7 15.2

Middle

income

6757 3017801 45 0.87 2.11 25.4 7.2

Low
income

2297 2343021 80 1.82 3.69 36.8 4.3

Source: World Bank (2006) World Development Indicators 2006. Washington, DC: World Bank.

Table 2 Health status in South Asia

Indicators Bangladesh Afghanistan Bhutan India Nepal Pakistan
Sri
Lanka Maldives

Life expectancy at birth, males (years) 62 42 62 61 61 62 68 66

Life expectancy at birth, female (years) 63 42 65 63 61 63 75 68
Healthy life expectancy (HALE) at birth,

males (years)

55.3 35.3 52.9 53.3 52.5 54.2 59.2 59

Healthy life expectancy (HALE) at birth,
females (years)

53.3 35.8 52.9 53.6 51.1 52.3 64 56.6

Probability of dying (per 1000

population) between 15 and 60 years

(adult mortality rate), males

251 509 255 275 297 222 232 186

Maternal mortality ratio (per 100 000

live births)

380 1,900 420 540 740 500 92 110

Source: World Health Organization (2007) Statistical Information System Geneva, Switzerland: World Health Organization.

0

50

100

150

200

250

300

350

400

1960 1970 1980 1990 1995 2000 2004
Year

U
n

d
er

 5
 m

o
rt

al
it

y 
ra

te

Afghanistan Bangladesh Bhutan India
Maldives Nepal Pakistan Sri Lanka

Figure 1 Trends in under-5 mortality rate in South Asian countries, 1960–2004. From http://www.childinfo.org.

South Asia, Health Systems of 129

http://www.childinfo.org


130 South Asia, Health Systems of
10 countries with the largest number of TB patients are in
South Asia, with Afghanistan having the highest preva-
lence andmortality rate of 661 cases and 92 deaths, respec-
tively, per 100 000 population. India carries the world’s
greatest burden of TB cases. Though some improvement
has been made in TB control, the situation is likely to be
complicated by the spreading HIV epidemic. Over
2million people are estimated to be coinfected with both
HIV and TB as well as the emergence of drug-resistant
strains in the region. In addition, a significant proportion of
the regional population continues to live in malaria-prone
areas with significant morbidity and mortality.

While South Asia is still grappling with control of
traditional infectious diseases, it is being confronted with
new emerging infectious diseases; the most obvious is
HIV/AIDS. Over 5million people in South Asia are liv-
ing with HIV. Over 90% of those infected are living in
India. Although the rate in the population at large is still
low (0.9%), in absolute numbers due to its large popula-
tion, India has one of the largest HIV-positive populations
in theworld, second only to SouthAfrica. Other countries in
the region, such as Bangladesh, Pakistan, and Nepal, have a
low prevalence among the general population, but have
significantly higher rates among subpopulations that are
engaging in high-risk behaviors, such as injecting drugs
with contaminated needles and high-risk sex behavior.

While the challenge of communicable diseases con-
tinues, the burden of noncommunicable diseases has also
started to increase (40% of the DALYs lost), followed
by injuries (12% of the DALYs lost) (Table 3). Other
than Sri Lanka, all the other countries are in different
stages of epidemiological transition of diseases, that is,
from communicable to noncommunicable. Many of the
noncommunicable diseases affect young and middle-aged
populations, which adversely affects workforce productiv-
ity. Cardiovascular diseases, diabetes mellitus, and chronic
Table 3 Disease and disability burden of population in South As

Indicator Bangladesh Afghanista

Age-standardized mortality rate for

noncommunicable diseases (per

100 000 population)

761.6 1268.7

Age-standardized mortality rate for

cardiovascular diseases (per

100000 population)

428.2 705.7

Age-standardized mortality rate for
cancer (per 100 000 population)

110.7 152.7

Age-standardized mortality rate for

injuries (per 100 000 population)

101.3 134.1

Years of life lost to communicable

diseases (%)

60.1 76.3

Years of life lost to noncommunicable

diseases (%)

27.9 17.9

Years of life lost to injuries (%) 12.1 5.8

Source: World Health Organization (2007) Statistical Information Syst
obstructive pulmonary diseases have already reached epi-
demic proportions in India. Moreover, the burden of inju-
ries is increasing in the region, especially those due to road
accidents in the working-age population.

However, with better uptake of preventive services
(e.g., immunization, clean water and sanitation, better
nutrition, maternal services, etc.), the communicable dis-
eases are relatively more concentrated among the poor,
while the noncommunicable diseases are rising across all
the socioeconomic groups, contrary to the commonly
held view that noncommunicable diseases are diseases of
the rich. A number of risk factors including tobacco and
alcohol consumption are much higher in the poorest
population in South Asia. This is leading to a double
burden of communicable and noncommunicable diseases
among the poor, which has the potential to accentuate
the inequities in health outcomes. Though the con-
sumption of ‘manufactured’ cigarettes – a major form of
tobacco consumption in developed countries – is rela-
tively low in South Asia (only 3–4% of world comsump-
tion compared to South Asia’s share of 23% of the global
population), tobacco consumption is highly prevalent
in South Asia and takes many other forms and as hand-
rolled cigarettes (bidis), chewing tobacco inside a betal
leaf, etc. Smoking prevalence varies from 18% in Nepal
to 26% in India.
Status of Underlying Determinants of
Health

Water Supply and Sanitation

Access to clean drinking water and improved sanitation
still remains suboptimal in South Asia. However, this
access varies across countries, with Afghanistan having
the lowest access to improved water sources (13%) and
ia

n Bhutan India Nepal Pakistan
Sri
Lanka Maldives

770.9 749.8 795.9 743.3 711.1 863.9

441.5 428.4 436 424.9 314.3 484

111.7 108.7 118.2 106.5 117.6 122.9

112.3 116.7 107.9 98.7 81.6 70

64.8 58.3 64.3 70.1 18.6 55.4

24.9 29.1 24.7 21.5 61 35.7

10.3 12.6 11 8.4 20.4 8.9

em. Geneva, Switzerland: WHO.
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sanitation (8%). Ninety percent of the population in
Pakistan has access to improved water supply, and 91%
of the population in Sri Lanka has access to improved
sanitation. Rural areas in general have poorer access to
both clean drinking water and improved sanitation.
Education

South Asian health systems continue to be challenged by
massive educational deprivation, with 56%of women in the
region being illiterate in 2004. Female education and liter-
acy have many secondary health-enhancing effects both on
health systems and health outcomes. With the exception of
Sri Lanka (89%) andMaldives (96%), all other countries in
South Asia have less than 50% female literacy rates, with
the lowest rates observed in Afghanistan (13%), followed by
Nepal (35%), Pakistan (36%), and India (48%). Both the
primary school enrollment and school completion rates
continue to show widespread gender disparities at the
expense of female students.
Health Systems in South Asia

Organization of Health Systems

All countries in the region have a national ministry of
health. However, the health systems are decentralized in
line with the overall public administration decentraliza-
tion (e.g., Bangladesh and India). Decentralization has,
however, led to overlapping roles and responsibility across
different administrative levels. Primary health-care
approaches have been adopted to deliver personal cura-
tive and individual preventive health services such as
family planning services, maternal health services, and
childhood immunization services. Certain vertical health
programs sponsored by central health agencies are
embedded within the overall context of an integrated
primary health-care system.
Infrastructure and Human Resources

Most of the countries have a relatively well-developed
hierarchical network of health facilities. The lower-level
health facilities are often not fully functional or reliable as
the resources are quite thinly spread, and the population
served by the most peripheral health facility vis-à-vis
available staff is relatively high. For example, in India
the most peripheral health facilities (subcenter) are
staffed by a single female paramedical health worker
who serves a population of 5000. The situation is com-
pounded by a high level of vacancies. In almost all the
countries in South Asia, household outreach either
through community or government health workers sta-
tioned at the lowest-level health facilities is common, and
the effectiveness of these services varies across countries.
Almost all the countries have tried community mobiliza-
tion using community health workers.

Although in aggregate, the availability of health
manpower in South Asia is relatively better than that in
sub-Saharan Africa, again, it varies greatly across
countries. The number of physicians per 1000 population
varies from just 0.2 in Afghanistan to 0.9 in Maldives.
Similarly, the number of nurses per 1000 population varies
from 0.14 in Bangladesh to just more than one in Maldives
and Sri Lanka. The number of hospital beds per 10 000
population ranges from just 1.5 inNepal to 29 in Sri Lanka.
Health Expenditures

Compared to double-digit expenditures on health as a
percent of gross domestic product (GDP) in high-income
countries, the percent of GDP spent on health varied from
2.4% in Pakistan to 6.2% in Maldives (Figure 2). In 2005,
the total public health spending as a percent of general
government expenditures was less than 10% in most
countries except in Maldives (13.8%). Among the three
largest countries, it varied from 2.6% in Pakistan to 3.9%
in India to 5.8% in Bangladesh (Table 4). Even in abso-
lute terms, the per capita expenditures on health in South
Asia were suboptimal. With the exception of Maldives, all
other countries in South Asia had per capita expenditures
on health less than $31 (U.S.), which is one one-hundredth
of what is spent in a high-income country. Afghanistan,
Bangladesh, Bhutan, and Nepal relied heavily (>10% of
total health expenditures) on external sources.

Health systems in South Asia are dominated by private
sector financing. Except in Bhutan and Maldives, private
expenditures on health exceed public expenditures: in
India they are almost three times the public expenditures,
and more than twice those in Bangladesh and Nepal
(see Table 4). The proportion of private health expendi-
ture to the total health expenditure in this region sur-
passes the proportion of private health expenditures in
most countries of the world, including the United States.

In most of the South Asian countries, more than 90%
of the total private expenditures on health come from out-
of-pocket expenditures, with the exception of Bhutan and
Maldives. Private prepaid plans as a percent of private
expenditure on health are almost negligible. Not surpris-
ingly, catastrophic expenditures on health care are one of
the major reasons for impoverishment in the region.

The private sector is a major provider of health ser-
vices, for example, personal curative services, which
include services for treatment of diarrhea and childhood
pneumonia, malaria, TB, and so on. In most of the South
Asian countries, the private sector is very diverse, largely
unregulated, and works in an uncoordinated manner in
comparison to the public sector. The private sector has
made curative services more accessible to the population
but has been blamed for many adverse outcomes such as



Table 4 Health expenditures in South Asia

Countries/
Regions

External resources
for health (% of total
expenditure on
health)

Health
expenditure
per capita
(current US$)

Health
expenditure,
private (% of
GDP)

Health
expenditure,
public (% of
GDP)

Health
expenditure,
total (% of
GDP)

Out-of-pocket health
expenditure (% of
private expenditure on
health)

Afghanistan 45.6 11.0 3.9 2.6 6.5 76.5

Bangladesh 12.4 14.0 2.3 1.1 3.4 85.8
Bhutan 18.6 10.0 0.5 2.6 3.1 100.0

India 1.6 27.0 3.6 1.2 4.8 97.0

Maldives 0.4 136.0 0.7 5.5 6.2 100.0
Nepal 10.0 12.0 3.8 1.5 5.3 92.2

Pakistan 2.5 13.0 1.7 0.7 2.4 98.0

Sri Lanka 2.3 31.0 1.9 1.6 3.5 88.9

Higher
Income

0.0 3509.0 4.6 6.8 11.3 36.7

Middle

income

0.5 116.3 3.0 3.0 6.0 77.5

Low
income

4.4 29.6 3.3 1.3 4.6 95.1

Source: World Bank (2006) World Development Indicators 2006. Washington, DC: World Bank.
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the development of drug resistance against TB and
malaria. The private sector also does not participate in
the diseases surveillance network, causing a major bottle-
neck in dealing with early detection of epidemics.
Use and Access to Health Services

The overall use of health services as measured by use of
skilled delivery care and access of care for childhood
f ever remain s rather low as shown in ( Table s 5 and 6 ).
Less than 10% of all births take place in health facilities
in Bangladesh and Nepal. Similarly, health care was
sought for only 18% and 25% of children with fever in
Bangladesh and Nepal, respectively.

In addition to lower overall use of services, there are
significant disparities in access to health services as
measured by the use of different health services such as
childhood immunization, antenatal care and skilled deliv-
ery care in different population quintiles based on house-
hold wealth (Table 5). Within countries, the presence of a
skilled attendant at delivery is the most inequitably
distributed indicator (Table 6).

Another characteristic feature of use of health services
in South Asia is the relatively higher use of private health



Table 5 Inequities in access to health services

Quintiles

Lowest Second Middle Fourth Highest Pop. Average

% of children age 12–23months

who have received BCG, measles, and DPT vaccination

Nepal (2001) 54.2 62.4 64.5 74.7 81.6 65.6

India (1998) 24.2 32.6 42.9 50.3 65.0 54.8
Bangladesh (2000) 50.3 55.0 60.8 68.1 74.9 60.4

% of women with a recent

birth who had 3þ ANC visits to a medically trained person
Nepal (2001) 13.3 18.0 29.3 35.7 62.4 29.1

India (1998) 31.5 43.4 52.9 65.3 83.6 70.1

Bangladesh (2000) 4.7 6.9 10.6 18.8 50.2 16.4

% of births assisted by a medically trained person
Nepal (2001) 3.6 4.9 9.9 14.3 45.1 12.9

India (1998) 43.4 39.6 55.2 68.3 88.0 73.3

Bangladesh (2000) 19.4 21.4 27.8 39.5 69.8 33.4

Source: World Bank (2007) Analysis of Demographic and Health Surveys, Washington, DC: World Bank. http://www.measuredhs.com.

Table 6 Inequities in access to health care vis-à-vis public and private sector

Quintiles

Lowest Second Middle Fourth Highest Pop. Average

Delivery attendance

Bangladesh (2004) % of births at a public facility 1.8 2.5 4.6 8.4 16.7 6.1

% of births at a private facility 0.2 0.7 0.9 3.5 13.6 3.2

% of births at home 97.6 96.7 93.3 87.4 67.9 89.9
India (1999) % of births at a public facility 7.4 11.6 17.8 25.0 23.6 16.3

% of births at a private facility 3.5 6.6 13.6 24.7 50.8 17.4

% of births at home 88.3 81.1 67.9 50.0 25.3 65.8
Nepal (2001) % of births at a public facility 1.9 2.3 4.3 7.2 27.4 7.0

% of births at a private facility 0.1 0.3 0.3 0.4 5.3 1.0

% of births at home 95.4 94.8 92.7 88.8 61.9 88.9

Treatment of childhood fever
Bangladesh (2004) % seen medically if ill 8.9 12.4 17.4 21.2 39.1 18.0

% seen in public facility if ill 2.4 3.2 5.5 6.2 7.3 4.6

% seen in private facility if ill 6.5 9.2 11.8 15.0 31.8 13.4

India (1999) % seen medically if ill 40.5 46.9 55.1 55.7 56.8 50.2
% seen in public facility if ill 8.1 10.9 10.5 10.6 8.8 9.8

% seen in private facility if ill 31.5 34.8 42.7 43.6 46.6 39.1

Nepal (2001) % seen medically if ill 18.8 22.5 27.8 28.0 32.7 25.0
% seen in public facility if ill 17.1 20.4 20.7 23.2 17.7 19.8

% seen in private facility if ill 1.7 2.0 7.1 4.9 14.6 5.2

Source: World Bank (2007) Analysis of Demographic and Health Surveys, Washington, DC: World Bank. http://www.measuredhs.com.
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facilities among those who chose to seek care. For example,
in India, almost half of all institutional deliveries takes
place in private health facilities (17.4% in private versus
16.3% in public, see Table 6). In general, though a rela-
tively higher proportion of people in the wealthier popu-
lation quintiles use the private facilities, the use remains
substantial even in the lower socio-economic quintile
of the population. For example, in India and Bangladesh,
the reported use of private health facilities for treatment
for childhood fever was almost five and three times,
respectively, that of public health facilities (Table 6).
Health Systems Performance

The World Health Report published by the World Health
Organization in 2000 compared the relative performance
of various health systems worldwide, based on key
functions of the health systems (e.g., oversight, investment
and training, provision, financing) and objectives of the
health systems (e.g., responsiveness and fairness). All the
South Asian countries except Sri Lanka and Bangladesh
(ranked 76 and 88, respectively) were ranked in the bot-
tom half of 184 countries included in the analysis (India,

http://www.measuredhs.com
http://www.measuredhs.com
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112; Pakistan, 122; Bhutan, 124; Maldives, 147; Nepal,
150). Childhood immunization is an important service
delivered by public health systems in the region, for
which data are available over the past decade. Figure 3
shows the trends in measles immunization among 1-year-
old children in South Asian countries. Afghanistan, India,
and Pakistan consistently have been the bottom perfor-
mers throughout the last decade. South Asia still has a
long way to go to meet health-related Millennium Devel-
opment Goals (MDGs) (Figure 3).
Issues and Challenges Facing South
Asia’s Health Systems

Institutional and Governance Issues

Although more financial investments are needed in
almost all the South Asian countries to improve coverage
and quality of services, improved governance of public
health institutions can lead to further efficiency gains and
effectiveness, even at current investment levels. The gen-
eral malaise of rampant absenteeism in public health
facilities, indulgence of public health workers in private
practice during official duty hours and/or after duty
hours (moonlighting), and use of public facilities to fur-
ther private practice continue to undermine governments’
efforts to increase access of critical health services, espe-
cially to disadvantaged sections of the population. Hence,
the governance issues should be a greater priority and
addressed urgently to ensure greater discipline among
the health workforce and to increase their accountability
to the end users.

Unlike banking and finance sectors, in which focused
reforms can yield quick results, governance of health and
education sectors is harder to improve because of the
geographically dispersed nature of the services, large
workforce, various layers of hierarchies, political nexus
of lower officials with local politicians, and lack of a
10

20

30

40

50

60

70

80

90

100

1990 1991 1992 1993 1994 1995 1996 1
Y

P
er

 c
en

t

A
In
P

Figure 3 Children 1-year-old immunized against measles, %. Adapt

unsd/mdg/
management group distinct from the technical one. The
lack of a separate managerial body for public health is a
major constraint in improving governance of the health
sector in South Asian countries. It is therefore paramount
to change the service rules and regulations to create a
separate management team for the health department, in
which technical staff could opt for managerial work (with
thorough management training) through lateral entry at
various stages of their careers.

The governments in the region appear to be over-
whelmed by the dual task of both financing and providing
services. They should ‘steer’ and delegate the responsibil-
ity of ‘rowing’ to either the private sector or lower tiers
of government, using appropriate performance-based
incentive systems based on health outcomes and
effective monitoring and evaluation systems to ensure
performance-based contracts are achieved. Innovative
public-private partnerships and public-public partner-
ships would increase the effectiveness of public expendi-
tures on public health.

Delegation of Service Delivery

Currently health services are too dispersed to be moni-
tored effectively from a central remote point, espe-
cially when managerial abilities in health departments
remain in question. Delegation of service delivery to
local governments is critical for improving accountability
and responsiveness of health services. Health workers
potentially would be more accountable to the needs of
the public if they had greater access to local politicians
who could in turn exert more pressure on the local func-
tionaries of health departments. Concerted efforts are
needed to improve the managerial and leadership capac-
ity at the central and other levels of health services, and
local governments need to take greater responsibility
for providing stewardship to the public health service
provision.
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Separation of Preventive and Curative Health

In this region, the work of preventive public health is
organized under two departments: the public health engi-
neering department and the health department. The pub-
lic health engineering department, contrary to what the
name suggests, mostly supplies drinking water. The muni-
cipalities and other local bodies are engaged in sewer and
solid waste management. Most of the other preventive
public health work is done by the health departments. In
almost all cases, there is no clear separation of preventive
and curative health functions in these departments. The
health workers have a tendency to gravitate toward dis-
pensing more curative health services, due to incentives
provided by curative care seekers in the form of unregu-
lated yet widely prevalent out-of-pocket payments (pri-
vate practice). Curative care is clearly a ‘private’ good and
generally of an urgent nature, which compels the care
seeker to pay for the services.

Preventive health services, in contrast, are generally a
‘public’ good and less likely to lead to private practice or
out-of-pocket payments. Thus, the preventive public
health functions are undermined by a permissive environ-
ment of rampant, unregulated private practice. Preventive
public health services get less scrutiny at the local level
because of the largely ‘public good’ nature of the work.
Also, the significance of preventive public health in
largely illiterate, rural areas remains unclear.
Regulation of the Private Health Sector

The failure of the public health sector to provide quality,
reliable, and predictable services has compelled the popu-
lations of South Asian countries to seek care from the
private health sector mainly using out-of-pocket pay-
ments. Over the years, this sector has become the domi-
nant provider of health services in the region, unlike any
other part of the world, even surpassing the most market-
oriented countries. To cater to such a wide range of
population groups with varying abilities to pay out-of-
pocket, a highly heterogeneous private health sector has
emerged in these countries ranging from the most infor-
mal, unqualified private practitioners to highly sophisti-
cated modern health-care workers at a level of quality
equivalent to that in developed countries.

The lower end of the spectrum of the private health
sector includes over-the-counter dispensation of drugs by
pharmacists without prescriptions for common symptom-
atic illnesses, untrained or minimally trained health work-
ers, or traditional healers indulging in unchecked use of
allopathic drugs. Another distinctive feature of the private
health sector in South Asia is the blurred distinction
between the public and private health sectors themselves.
Depending on the level of governance and managerial
effectiveness, public health workers indulge in private
practice during official working hours using public health
facilities. Demand for out-of-pocket unregulated pay-
ments by public health workers providing curative ser-
vices, especially involving invasive procedures or
inpatient care, has created greater barriers for the poor
to access public health care in the region.

The largely unregulated mushrooming of the private
health sector has led to a number of challenges. Questions
abound concerning the quality of care and the repercus-
sions of care provided by the ‘informal’ sector. Also, as
stated previously, there is much concern over the emer-
gence of various public health risks, such as drug resis-
tance due to rampant over-the-counter dispensation of
medicines without prescriptions and irresponsible use of
medicines. This has led to a call for government regula-
tion of the private health sector, which remains challeng-
ing given the weak capabilities of the governments.
Hence, solutions for private health sector regulation
should also be explored in quasi-government or nongov-
ernment institutional frameworks. Accreditation, peer
reviews by private health sector associations under the
overall stewardship of national, provincial, and autono-
mous districts are some of the methods that could be
explored.
Use of Traditional or Indigenous Systems
of Medicine

South Asian countries are also characterized by the use of
formal indigenous systems of medicine, which strengthen
primary health-care systems; the most important of
these include Ayurveda, Siddha, Unani, and homeopathy.
In India, there are more than 120 undergraduate colleges,
mostly in the public sector, training more than 4000
doctors each year in the Ayurveda system. The practi-
tioners of traditional systems of medicine make up an
important part of the private health sector in South Asia.
Due to the lack of clear recognition and commitment by
the government, and distrust among health workers
trained in traditional medicine and in the allopathic sys-
tem, the potential of traditional medicine systems to
strengthen primary health care, especially in rural areas,
has not been fully exploited. However, experimentation
with using traditional medical practitioners in several
primary health-care settings in South and East Asia has
demonstrated that they are much more willing to work in
these settings in rural areas – and thus are able to act as
a link between the local population and the health
systems – than the allopathic practitioners, who seek
higher specialization and prefer urban locations. Training
of traditional medical practitioners in basic concepts of
primary health care and integrating them with the pri-
mary health-care system in the country can improve
primary health-care delivery.
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Improving the Public Health Sector

The problems of improving the efficiency and effective-
ness of the public health sector are too deep-rooted for
any quick-fix solutions. Institutional and governance
reforms are essential. One of the most critical tasks is to
build a strong core of managers and groom future public
health leaders. Supervision, incentive structures, and
motivational aspects need to be carefully addressed to
ensure greater accountability and responsiveness from
the health functionaries. Critical gaps relating to human
resources and infrastructure also need to be addressed.
Because there is a vibrant and strong private health sector,
the governments should explore options for private pro-
vision through public financing. The unbundling of pre-
ventive and curative services and contracting out of
services through competitive processes to competent pri-
vate health sector groups could achieve efficiency and
effectiveness.

Because South Asia’s health systems are characterized
by unregulated out-of-pocket expenditures, there is grow-
ing evidence that catastrophic illnesses are leading to debt
traps and further impoverishment. There is certainly a
need for the creation of ‘sickness funds,’ especially for
the poor, which could be managed by local governments
or autonomous bodies who could then negotiate with local
providers for services. Other steps to introduce ‘risk
pooling,’ including social and health insurance, are also
critical. Other challenges include preparing these health
systems for eminent and ongoing epidemiological transi-
tion from communicable to noncommunicable diseases.
Conclusion

South Asia has made impressive gains in health outcomes
in the past few decades. However, the public health sys-
tems have not kept pace with the demand, leading
to unregulated growth of the private health sector. The
public health systems are plaguedwith fundamental weak-
nesses coupled with a low level of investments. Without
improving the institutional and governance framework of
the health systems in the region, the effectiveness of fur-
ther investments will remain questionable. Alternative
options may include private provision of services with
public financing. In the absence of controls to enable the
poor access to needed health care, the gap between the
rich and poor in access to overall health care is going to
expand unless the public health sector starts delivering
better services to and thus better outcomes for the poor.
These differentials in access to health care can lead to
resentment and social disorder. Poor health will be a
barrier to higher labor productivity. As epidemiological
transition grows, noncommunicable diseases costly to treat
will be catastrophic to many households in the region.
The governments in South Asia should introduce risk
pooling to mitigate these catastrophic health expenditures.
In all, the South Asia health systems need greater attention
by genuine, concerted efforts from their governments.
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Introduction to Southeast Europe

Geography

Southeast Europe (SEE) includes the following countries:
Albania, Bosnia and Herzegovina, Bulgaria, Croatia,
Macedonia (officially recognized as Former Yugoslav
Republic of Macedonia), Moldova, Romania, Serbia and
Montenegro, Slovenia, and Kosovo which was a province of
Serbia under UN administation until 17 February, 2008.
Slovenia, which was part of the former Yugoslavia, joined
the European Union (EU) in May 2004 and therefore is
not included in this article.
Population and Demographic Trends

In most SEE countries, the collection of information on
population is a clearly defined and standardized procedure.
Nevertheless, there are several problems in gathering pop-
ulation data for some countries, due to a high level of
internal migration and the presence of internally dis-
placed persons resulting from a 10-year war in the region
(Bardehle et al., 2003). Table 1 presents the population
estimates for SEE countries in 2004.

In the past decade, the SEE countries have experienced
low rates of population growth, except Albania, which
continues to exhibit one of the highest growth rates in
Europe (European Observatory on Health Care Systems,
2002a; Council of Europe Development Bank, 2005). In
particular, the situation is alarming in Bulgaria, Moldova,
and Romania, which have experienced consistently nega-
tive population growth rates in the past 10 years (Council
of Europe Development Bank, 2005). The decrease in
fertility rates and the increase in longevity have resulted
in aging of the population inmost SEE countries. Thus, the
percentage of individuals 65 years and over was 16% of
the total population in Bulgaria and Croatia in 2004, the
European countries with the highest share of the older
age group (Council of Europe Development Bank, 2005).
Economy

In 1991, after the collapse of communist regimes, SEE
countries experienced political turmoil, civil conflicts, and
a long-lasting period of socioeconomic transition (Rechel
and McKee, 2003). The crisis SEE countries are experien-
cing reflects socioeconomic upheavals succeeding the
disintegration of the socialist economy and penetration of
market-oriented mechanisms (Tulchinsky and Varavikova,
1996). In 2004, GDP per capita (in $US) based on purchas-
ing power parity in SEE countries varied from $2119
(in Moldova) to $11 568 (in Croatia), with a remarkable
gap between this region and the EU average of $27 491
(Table 2) (Council of Europe Development Bank, 2005).

However, one of the features common to all countries
in the region is the rapid growth experienced in recent
years. Thus, the annual real GDP growth in SEE has been
above 4% since 2001, reflecting a faster growth, on aver-
age, than the new EU member states of Central Eastern
Europe and the Baltic States (Council of Europe Devel-
opment Bank, 2005). Furthermore, monetary performance
across the region has seen significant improvements in the
past few years. In 2004, the average regional inflation rate
decreased to approximately 5% from about 25% in 2001
(Council of Europe Development Bank, 2005). Neverthe-
less, the SEE countries need to increase their reforming
efforts and achieve consistent growth rates in order to
attain GDP levels and living standards of the more
advanced European economies.
Health Indicators in SEE Countries

The health crisis seen in many post Soviet countries is
strongly affecting the SEE region, with high infant and
maternal mortality rates and other indicators of poor
health status (Tulchinsky and Varavikova, 1996; Roshi
and Burazeri, 2002; Rechel and Mckee, 2003). Further-
more, adult mortality rates have increased in most SEE
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countr ies in paralle l with the disr uption of the social
secur ity and health -care syst ems. This raises the need
for trained health prof essionals in the mode r n cont ext,
which was not pre pa red by the Soviet health-ca re patter n
(Tulchinsky and Varavikova, 2000 ).

Lif e expecta ncy at bir th is the mos t common ly used
indica tor of popu lation health ( Rechel and Mckee, 2003 ).
In both sexes, lif e expect ancy in SEE countr ies is signi fi-
cantly lower than the EU average ( Table 3 ). Amo ng
males, the gap in lif e expect ancy at bir th between SEE
countr ies and the EU increased from 5.5 year s in 1989 to
7 year s in 1999 . Withi n SEE countrie s, Alban ia has the
highest lif e expecta ncy at bir th for both sexes, possibly
becaus e of the Me diter ranean diet rich in fresh fr uits,
vegeta bles, and olive oil, which has been su ggeste d as an
impor tant f actor in kee pin g rates of coronar y hear t dis-
ease low and hence imp roving overall lif e expectancy
(Gjonca and Bobak , 1997; Gjonca et al., 1997 ). Lif e expec-
tancy is lowest in Mol dova, par ticula r ly in males (at only
63.99 year s in 2000).

The most common causes of overall deat h in all SEE
countr ies are cardiovascular dis eases – esp ecially amo ng
Table 2 GDP per capita (in US$) based on purchasing power

parity for SEE countries in 2004

Country
GDP per capita
(in US$)

Albania 4937

Bosnia-Herzegovina 5504

Bulgaria 8500
Croatia 11 568

Macedonia 7237

Moldova 2119
Romania 7641

Serbia and Montenegro 4858

EU-15 average (except Denmark,

Sweden, and UK)

27 491

Source: International Monetary Fund. World Economic Outlook

Database. April 2005. Available at http://www.imf.org/external/

pubs/ft/weo/2005/01/data/index.htm (accessed November, 2007).

Table 1 Mid-year population estimates for SEE countries in

2004

Country Population

Albania 3 127 264
Bosnia-Herzegovina 3 909 000

Bulgaria 7 781 161

Croatia 4 439 400
Macedonia 2 030 000

Moldova 3 603 940

Romania 21 673 328

Serbia and Montenegro (including Kosovo) 10 510 000

Source: World Health Organization. Health for All Database.

Copenh agen, 2 006. Avai la bl e a t h tt p: // ww w. im f.or g/ ex t ern al/

pu bs/ ft /woo /20 05/ 01/ da t a/i ndex.ht m (accessed No vem ber , 20 06) .
men ( Mar mot and Bobak, 2000; McKee and Shkolnikov,
2001; Rechel and Mckee, 2003 ), followed by canc er
(Hristova and D imova, 1997; Jedrych owski et al., 1997;
Bray et al., 2000; Situ m et al., 2001; Rechel and
Mckee, 2003 ), and then exter nal cause s of death ( Hor ton,
1999; Mar mot an d Bobak, 2000; McKee and Oreskovic,
2002; Mujkic et al., 2002; Rechel and Mckee, 2003 ), or
diseas es of the respir atory or digestive syst em ( Mar mot
and Bobak , 2000; Rechel and Mckee, 2003 ). As shown in
Table 4 , in both sexes, stand ardized death rates of circula-
tory system diseas es are considera bly higher than the
EU average.

Inf ant mor tality and mater nal mor tal ity are par ticu-
lar ly high in Romania and Mol dova ( Table 5 ) (UNICEF,
2000 ), countrie s which also have the highest registered
rates of sexually trans mitted inf ections (STI s; syphilis and
gonor rh ea). O n the other hand, rates of HIV inf ection are
consider ed to be low in all SEE countrie s, not withstand-
ing the ri sk of a fu ture e pidemic ( Rechel an d Mckee,
2003 ). Thus, several und er lying f actor s might fuel the
Country Year Males Females

Albania 2000 72.03 78.04

Bosnia-Herzegovina 2001 69.30 74.09
Bulgaria 2000 68.48 75.09

Croatia 2000 69.12 76.68

Macedonia 2000 71.18 75.74
Moldova 2000 63.99 71.45

Romania 2000 67.81 74.82

Serbia & Montenegro 2000 70.30 75.18

EU-15 average 1998 74.96 81.30

a) Wor ld Healt h Or ganization. Health for All Data ba se . C openhage n,

2002; b) Bardehle D, Zaletel-Kragelj L, Burazeri G, and Donev D

(eds.) (2003). Stability Pact – Public Health Collaboration in South

Eastern Europe: Minimum Health Indicator Set for SEE Countries.
Final Report. Bielefeld: Institute of Public Health North-Rhine-

Westphalia Germany.

Table 4 Standardized death rates (all ages per 100 000) of

circulatory system diseases for SEE countries in 2000

Country Males Females

Albania 656,42 420.89
Bosnia-Herzegovina – –

Bulgaria 876.73 620.19

Croatia 679.95 494.64

Macedonia 656.97 518.91
Moldova 1001.02 730.72

Romania 771.89 580.86

Serbia and Montenegro 608.84 535.18

EU-15 average 309.12 197.56

Source: Bardehle D, Zaletel-Kragelj L, Burazeri G, and Donev D

(eds.) (2003). Stability Pact – Public Health Collaboration in

South Eastern Europe: Minimum Health Indicator Set for SEE

Countries. Final Report. Bielefeld: Institute of Public Health
North-Rhine-Westphalia Germany.

http://www.imf.org/external/pubs/ft/weo/2005/01/data/index.htm
http://www.imf.org/external/pubs/ft/weo/2005/01/data/index.htm
http://www.imf.org/external/pubs/ft/woo/2005/01/data/index.htm
http://www.imf.org/external/pubs/ft/woo/2005/01/data/index.htm


Table 5 Infant mortality and maternal mortality for SEE

countries in 2000

Country

Infant mortality
(per 1000
live births)

Maternal
mortality
(per 100000
live births)

Albania 11.62 22.29
Bosnia-Herzegovina 11.70 10.00

Bulgaria 13.31 17.64

Croatia 7.41 6.86

Macedonia 11.81 13.65
Moldova 18.44 27.07

Romania 18.63 31.98

Serbia and Montenegro 12.80 8.40
EU-15 average 5.07 (in 1998) 5.74 (in 2000)

Sources: Bardehle D, Zaletel-Kragelj L, Burazeri G, and Donev D

(eds.) (2003). Stability Pact – Public Health Collaboration in South

Eastern Europe: Minimum Health Indicator Set for SEE
Countries. Final Report. Bielefeld: Institute of Public Health

North-Rhine-Westphalia Germany.
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epidemic by fostering an environment that makes people
prone to a high level of risk-taking behaviors. Such fac-
tors include high mobility, unemployment, poverty, gen-
der inequality, and human trafficking, the latter being
particularly prevalent in Albania and Moldova. Commer-
cial sex work has increased tremendously in the past
15 years in Albania, Macedonia, and Moldova, although
it is considered illegal in all SEE countries (with the
exception of Bulgaria) (Rechel and Mckee, 2003).
Lifestyle Factors

Although there are no established national surveillance
systems to asses the major risk factors for chronic diseases,
rates of conventional risk factors are thought to be high in
all SEE countries (Rechel and Mckee, 2003). The impact
of these factors is aggravated by the lack of preventive
health services in most SEE countries. All countries in
the region display similar patterns of lifestyle and behav-
ioral factors, with very high rates of smoking, excessive
alcohol consumption, unhealthy diet (with the exception
of Albania), lack of physical activity, increasing rates of
illicit drug use, and unsafe sexual behavior.
Tobacco

After 1990, the prevalence of smoking increased rapidly
in all SEE countries, accounting for a significant propor-
tion of cardiovascular deaths, particularly in middle-aged
men (Marmot and Bobak, 2000; Rechel and Mckee, 2003).
Furthermore, standardized death rates for lung cancer
among men in Albania, Bosnia-Herzegovina, and Croatia
are thought to be higher than in the European Union
(International Agency for Research on Cancer, 2001;
Rechel and Mckee, 2003). The worst is yet to come
given the exceptionally high prevalence rate of smoking
in males (Rechel and Mckee, 2003; Ministry of Health of
the Republic of Albania, 2004). According to a survey
conducted in 1999–2000 in a nationally representative
sample aged 15 years and over in Albania, 60% of males
and 18% of females reported they were regular smokers
(Ministry of Health of the Republic of Albania, 2004). The
overall prevalence rate of smoking (39%) maybe the
second highest rate among EU members and applicants
(Ministry of Health of the Republic of Albania, 2004).
Furthermore, smoking has been blamed for the deaths of
one in five Albanian males under 70 years (Ministry of
Health of the Republic of Albania, 2004).
Alcohol

Events in the Soviet Union in the 1980s led to questioning
the conventional wisdom in the West about the cardiopro-
tective effect of alcohol consumption (Chenet et al., 1996).
In Moldova, as in other former Soviet countries, there are
reports of a close temporal and geographical association
between trends in death from CVD and from causes tradi-
tionally associatedwith alcohol consumption (Chenet et al.,
1998). In these countries, a significant increase in sudden
cardiac death (death within 1 h of onset of symptoms) was
noted at weekends (when binge drinking is said to prevail),
most marked among young and early middle-aged men
(Chenet et al., 1998). Hence, the pattern of drinking, and
not only the total amount of alcohol consumed, may have
an important impact on the occurrence of sudden cardiac
events. A recent systematic review concluded that the
association between binge drinking and CVD death
meets the standard criteria for causality (Britton and
McKee, 2000). While there are no data on binge drinking
for Albania, the evidence of an increase in the alcohol-
related external causes of death points to an increase in
binging mainly among young to middle-aged men (Insti-
tute of Statistics of Albania, 2001). Similarities with the
Russian drinking style suggest that it is worthwhile asses-
sing the association between binging and fatal cardiac
events. Nevertheless, the acute effects of alcohol consump-
tion are less obvious in the other SEE countries. It must be
noted that accurate information on the actual consumption
of alcohol is difficult to obtain in all SEE countries because
of high levels of unrecorded production and consumption.
Yet, available data suggest a clear increase in levels of
alcohol consumption in most SEE countries, particularly
among men (Rechel and Mckee, 2003).
Drugs

After 1990, an increase in the use of illicit drugs was
reported in all SEE countries (Rechel and Mckee, 2003).
The prevalence of drug use is especially high in young
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people residing in the capital cities. Demand for treat-
ment of heroin addiction is increasing in all countries,
but it remains insufficiently met by medical services
(Ministry of Health of the Republic of Albania, 2001).
Injecting drug use is associated with an increase in hepa-
titis C infection, which indicates a risk for a future HIV
epidemic in SEE countries.
Nutrition

Healthy eating involves food and nutrition policies, food
safety, and micronutrient intake. With the exception of
Albania, which has somehow preserved traditional foods
of the Mediterranean prototype (in particular, fruits and
vegetables) (Gjonca and Bobak, 1997; Gjonca et al., 1997),
in most of SEE countries there is an increase in processed
westernized foods, high in salt and saturated fats. This
nutritional pattern has increased the risk of hypertension
and stroke, particularly in Bulgaria and Romania (Dolea
et al., 2002; Georgieva et al., 2002). In addition, there is
serious concern for the increase in obesity and diabetes
rates caused by high calorie intake and low consumption
of fresh fruits and vegetables. On the other hand, in
Albania, Macedonia, and Kosovo, there is evidence of
undernutrition and malnutrition among children and
pregnant women (Ministry of Health of the Republic of
Albania, 2004). The high prevalence of micronutrient
deficiency disorders contributes to high infant and mater-
nal mortality. Deficiencies of iodine, iron (in pregnant
women), and vitamin A are considered as major public
health problems in these countries (Rechel and Mckee,
2003). Besides micronutrient deficiency, household food
insecurity, and improper feeding practices and dietary
behavior contribute to malnutrition in both children and
women, particularly so in rural areas (Rechel and Mckee,
2003). The nutritional status of children is linked to the
economic and social status of their parents, and the situa-
tion reported in most countries of the region is likely to
reflect growing social inequalities. Children of poorer
families or those living in institutions are more likely to
show signs of undernutrition (Rechel and Mckee, 2003).
Furthermore, one of the factors that contributes to the
poor nutritional status of children is the low level and
the short duration of breastfeeding (Ministry of Health of
the Republic of Albania, 2004).
Physical Activity

Data on physical activity in SEE region are scarce. The
available evidence, nevertheless, suggests low levels of
leisure time exercise, in all age groups (Ministry of Health
of Bulgaria, 2001; WHO/European Commission, 2001;
Rechel and Mckee, 2003). The health gains of mode-
rate physical activity are enormous and therefore recent
guidelines recommend that all individuals who are not
actively employed should engage in at least 30min of
moderately intense exercise every day. This standard
is particularly relevant for SEE countries, which are
characterized by high levels of unemployment.
Sexual Behavior

SEE today is still a low-HIV-prevalence region, but major
concerns exist that since the 1990s there has been an
uncontrollable increase in the risk-taking behaviors cou-
pled with spontaneous massive internal and external
migration, and a lack of information about the causes
and prevention of HIV/AIDS (Rechel and Mckee, 2003).
The proportion of heterosexual transmission is increasing
in most SEE countries, particularly in Albania where it
accounts for 70% of the overall reported HIV cases,
(Ministry of Health of the Republic of Albania, 2004).
A considerable number of HIV/AIDS cases are among
Roma population where risk-taking behaviors are very
high according to several surveys conducted in the past
few years (Velik-Stefanovska, 2000; Novotny, 2002). The
spread of STIs such as syphilis and gonorrhea has raised
serious concern, partly because it increases the risk of
HIV infection. In principle, all countries have mandatory
reporting requirements, but in practice official statistics
are considered to be unreliable, in particular because of
the growth of private and typically nonreporting physi-
cians (Rechel and Mckee, 2003). Therefore, official fig-
ures on the prevalence of STIs in SEE countries should be
interpreted with caution.
Health-Care Reforms in SEE

Until 1990, with the exception of Yugoslavia, the health
systems in SEE region were based on Semashko’s
approach, a centralized system with free-of-charge gov-
ernmental provision of services. Such a system assured
universal coverage to virtually everyone, even to those
living in the most remote areas. Prior to 1990, the
financing of health care in SEE countries followed the
same model as in other socialist countries, with the reve-
nue for health care generated mainly by state resources
and minimal out-of-pocket payments limited to purchas-
ing of pharmaceuticals. Health expenditure was deter-
mined through a political bargaining process in which
the health sector competed with other sectors of the
economy (Preker et al., 2002). On the other hand, the
health-care system in Yugoslavia was highly decentralized
following the principle of local management of health ser-
vices, in line with the self-management concept that guided
the functioning of economic and social sector, including
health care (World Bank, 2004; Dzakula et al., 2005). Not-
withstanding the advantages of this self-managed health
system, the main weak points of the Yugoslavian system as
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compared to the other SEE countries were the fragmenta-
tion and duplication of services, excessive staffing and infra-
structure, interregional differences leading to inequities in
the amount and quality of care (World Bank, 2004; Donev
et al., 2005; Dzakula et al., 2005).

In the early 1990s, changes in the socioeconomic sys-
tem coupled with large-scale ethnic conflicts and civil
turmoil resulted in a collapse of health care in most SEE
countries. Particularly, in Bosnia-Herzegovina, Croatia,
and Kosovo, public health services suffered an almost
complete breakdown, leading to an increased number of
avoidable deaths. In addition, the difficult transition
toward market-oriented economies led to a substantial
decrease in health-care financial resources, which was
reflected in an outdated health-care infrastructure and
equipment as well as underpaid health-care personnel
(Rechel et al., 2004).

Following the political and socioeconomic changes in
early 1990s, notwithstanding some differences, all SEE
countries embarked in similar health-care reforms that,
with the exception of former Yugoslavian countries, aimed
at shifting away from the centralized command and control
state model to a decentralized contracted social health
insurance system. The ultimate goal of the governments is
to offer high quality health-care services by identifying
extrabudgetary resources of revenue while maintaining a
comprehensive benefits package and financial risk protec-
tion against the cost of illness (Preker et al., 2002). On the
other hand, in countries of former Yugoslavia, the reform is
based on the centralization of decision making, control, and
funding of health-care services, and decentralization of the
management of local human resources and facilities (World
Bank, 2004; Donev et al., 2005; Dzakula et al., 2005).

The health reforms in SEE countries are focusing on
the following:

1. The change in the role of Ministries of Health from
administrative and managerial bodies into policy-
making, standard-setting, and quality-assurance insti-
tutions;

2. Diversification of revenue base by introducing other
sources of funding than general taxation, such as social
health-insurance premiums and out-of-pocket pay-
ments and centralization of all sources of financing in
a single pooling and purchasing institution (i.e., Health
Insurance Institutes);

3. Shifting toward primary health care and health promo-
tion by strengthening public health and primary
health-care networks and reinforcing the gatekeeping
role of primary care doctors;

4. Decentralization of management to local governments
and local health authorities;

5. Privatization of health care.

These objectives are stated in the current health
reform agendas in all the SEE countries.
Health-Care Financing

Health care in SEE countries is financed through a combi-
nation of general taxes, payroll taxes in the form of ear-
marked contributions for health care, out-of-pocket
payments classified as formal user charges, private-care pay-
ments and informal (under the table) payments, and inter-
national aid (Preker et al., 2002). Social health insurance is
the main contributor to the total health-care expenditure in
Bosnia-Herzegovina (where it contributes to 80% of total
spending), Croatia (80%), Romania (78%), and Serbia and
Montenegro (94% of general government expenditure on
health) (European Observatory on Health Care Systems,
2000b, 2002; Preker et al., 2002; World Bank, 2004; Donev
et al., 2005; Dzakula et al., 2005). General taxation remains the
main source of financing health care in Albania (where
health insurance accounts for only 11% of total spending
in health care) and in Bulgaria (13%) (European Observa-
tory on Health Care Systems, 2002a, 2003). Moldova is the
only SEE country that funds its health-care services only
through general and regional taxation and out-of-pocket
payments. Although reforms for the establishment of Health
Insurance Institute are under way in Moldova, its contribu-
tion toward health revenue collection, so far, has been insig-
nificant (European Observatory on Health Care Systems,
2002c;World Bank, 2003b). Financing of health care through
health insurance schemes was introduced in 2004, but
the process of implementation, so far, has been very slow
(European Observatory on Health Care Systems, 2002c;
World Bank, 2003b).

Health insurance premiums were introduced through-
out the 1990s in all SEE countries (except Moldova) and
were to be paid by the economically active population.
They are deducted at the source and are set at varying
levels of net wages across the region. For example, in
Albania and Romania these premiums are set at 3.4% and
14% of net wages, respectively, and are equally divided
between employees and employers for those employed in
the formal sector, whereas for the self-employed the pre-
miums are set at 4–7% and 7%, respectively (Preker et al.,
2002). On the other hand, Croatia and Bosnia-Herzegovina
are the only two SEE countries that have the highest health
insurance premiums (18% and 16%, respectively) (Euro-
pean Observatory on Health Care Systems, 2002b; World
Bank, 2004).

In all SEE countries, the economically inactive popu-
lation and those engaged in compulsory military service
are exempted from heath insurance contributions and are
covered by transfers from government revenues to the
Health Insurance Institutes.

Across the region, health insurance uptake varies con-
siderably between and within countries. Data from the
Living Standards Measurement Survey 2002 in Albania
revealed that only 39% of the total population had a
health insurance license, whereas in Bulgaria this



Table 6 Public expenditure on health care as percentage of
GDP in SEE countries in 2000

Country
Public expenditure on
health care (% of GDP)

Albania 1.91
Bosnia-Herzegovina –

Bulgaria 3.70

Croatia 8.20

Macedonia 4.50
Moldova 3.00

Romania 4.1

EU-15 average 8.65

Source: World Health Organization. Health for All Database.
Copenhagen, 2002.
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figure is 70% (European Observatory on Health Care
Systems, 2003; World Bank, 2003a). On the other hand,
there are remarkable differences within the countries.
For example, in Albania people living in urban areas
are more likely to have a health insurance license than
those living in rural areas (63% vs. 17%, respectively)
(World Bank, 2003a).

Out-of-pocket sources of health-care financing come
from formal cost sharing, informal payments, and pay-
ments to private providers. Co-payments have been intro-
duced in all SEE countries in an attempt to increase
revenue for health and contain costs in the health sector.
However, formal user charges are minimal and mostly
apply to drugs on the essential drug list, certain labora-
tory and diagnostic procedures, and to those insured
individuals who bypass the primary health-care system.
Formal user charges applied at health facility level are
retained at 50% by health facilities, with the remainder
transferred to the Ministry of Health or Health Insurance
Institute for use elsewhere in the health system in
Albania and Bosnia-Herzegovina, respectively (European
Observatory on Health Care Systems, 2002a, 2002b). Co-
payments in Croatia contribute to 0.8% of total spending
on health. They were introduced to mitigate excessive
utilization of services, but under the current pricing struc-
ture, co-payments on basic health services are left open-
ended, thus presenting a particularly heavy financial
burden, especially among beneficiaries with chronic dis-
eases. On the other hand, the broad-based exemptions
have effectively reduced the net contributions from
those who are able to pay and therefore have undermined
the principles of progressivity in contribution according
to ability to pay (World Bank, 2004).

Several studies conducted recently show that informal
payments (defined as unofficial payments made to health-
care providers for services that are supposed to be
provided free of charge to the patients) are common
throughout the health systems in SEE countries. Accord-
ing to a study conducted in 2002 in Zagreb, the Croatian
capital city, 44% of users of health services reported
that they made some forms of informal payments (cash,
presents to the doctors, etc.) (World Bank, 2004).
A qualitative study carried out in Albania in 2004 revealed
that informal payments were particularly pronounced in
secondary care where they account for up to 25% of all
expenditure on hospital care, whereas in outpatient care
they comprise 11% of all expenditure (Partners for
Health Reform Plus, 2004). A survey conducted in 1999
in Sofia, the Bulgarian capital city, found that 54% of
users of health services made informal payments for
state/public health services (European Observatory on
Health Care Systems, 2003).

SEE countries have received international financial
assistance in the health sector from a range of donors
including United Nations agencies, the World Bank, the
EU, as well as several bilateral donors.

Launched on the initiative of the European Union in
June 1999, the Stability Pact for SEE supports regional
cooperation through working tables focusing on democ-
ratization and human rights (Working Table I: democra-
tisation and human rights; Working Table II: economic
reconstruction, development, and cooperation; Working
Table III: security issues) (Rechel and McKee, 2003).
Health is addressed as part of the Initiative for Social
Cohesion (Working Table II). The expert subgroup for
health, under the lead of WHO and Council of Europe,
coordinates external resource mobilization and provision
of technical assistance to SEE governments with regard
to priority setting, reduction in health inequalities, and
modernization of legislative and regulatory frameworks
(Rechel and McKee, 2003; Bozicevic and Oreskovic, 2004).

External financial contributions to the health sector
represent only a small part of total public and private
health financing; yet they play a vital role in capacity
building and pushing forward health reforms across the
region (Rechel and McKee, 2003).
Health-Care Expenditure and
Affordability of Services

In 2000, SEE governments spent from 1.9% to 8.2% of
their GDPs for health care. With the exception of Croatia,
public spending on health care in SEE region is not only
low when compared to the EU countries in the region,
but also when compared to the spending prior to 1990.
Table 6 presents public expenditure on health care as
percentage of GDP for SEE countries in 2000.

According to estimates from the World Bank, private
expenditure on health (defined as formal user charges, pay-
ments to private providers, and informal payments) appears
to have risen sharply in recent years as public expenditure
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has fallen. Thus, in 2002, the governmental expenditure in
Albania, Bosnia-Herzegovina, Bulgaria, and Moldova com-
prised only 39%, 50%, 53%, and 58%, respectively, of
total health-care expenditure. On the contrary, Croatia,
Macedonia, and Romania financed approximately 80%
of their total health budget from their public spending
(International Labour Office, 2005).

Across the region, the share of health-care spending
was 60% higher among poor families compared with rich
families. In Albania, Living Standard Measurement Sur-
vey 2002 data revealed that health-care spending repre-
sented about 80% of the average per capita consumption
of a poor family as opposed to 50% paid by the rich.
Therefore, poor households are more likely to experience
catastrophic health-care expenditure (World Bank, 2003a).
The results of a household budget survey conducted in
2001 in Croatia suggested that direct household spending
on health-care accounts for about 1.2% of the GDP in this
country. When the groups under survey were divided by
their social welfare status, it became evident that the pen-
sioners and the disabled were suffering the highest out-of-
pocket expenditure, which amounted to 3.5% of their total
household expenditure as opposed to only 2.24% for the
highest income quintile group (World Bank, 2004).

Although international donors have spent large sums
of money in the SEE region, almost none of postemer-
gency resources went to the health-care sector, which
remains a low priority for donors. Only a small fraction
of the international financial aid was dedicated to the
health sector, which in some countries accounted for
well below 1% of total external assistance (Rechel and
Schwalbe, 2004) (Table 7).
Health-Care Organization

The health-care system in SEE countries is predominantly
publicly owned. The Ministries of Health in these
countries own and administer most of health-care services.
Table 7 External funding for health for SEE countries in 1997

and 2001 (in US$)

Country 1997 2001

Albania 37 757064 3122000

Bosnia-Herzegovina 120 991210 4067000

Bulgaria 30 985432 8033000
Croatia 22 265354 4446000

Macedonia 34 115676 2035000

Moldova 16 120119 4276000
Romania 225 152370 22437000

Serbia and Montenegro 34 976528 8600000

Source: World Health Organization. Evidence and Information for

Policy (EIP). Copenhagen, 2002.
Public Health Services

The Ministries of Health are the central authorities in
public health responsible for setting organizational and
functional standards developing and financing national
public health programs (such as health promotion and
health education, immunization, reproductive health and
family planning, screening programs, tuberculosis control,
and control and prevention of HIV and other sexually
transmitted infection), collecting data, and reporting on
the populations’ health status (European Observatory on
Health Care Systems, 2000, 2002a, 2002b, 2002c, 2003).
The district level public health directorates are responsi-
ble for covering public health in their districts and are
financed by the Ministries of Health. However, public
health services are still inadequate in most of SEE
countries notwithstanding the increasing need (Rechel
and McKee, 2003). The narrow view of public health as
merely hygiene and epidemiological services still prevails
in public health services in many countries across the
region. However, attempts are under way to shift toward
modern public health policies in line with the recommen-
dations of WHO and other international agencies (Rechel
and McKee, 2003).
Primary Health Care

Strengthening primary health care and the role of family
physicians is a common goal all SEE countries are striving
for. During the past 10 years, the Ministries of Health
have issued several policy papers that place primary
health care at the foundation of the reformed health
system (European Observatory on Health Care Systems,
2000, 2002a, 2002b, 2002c, 2003; Rechel and McKee,
2003). As part of these reforms, substantial changes in
the organization and financing of primary health care
have occurred. Thus, the role of general practitioners as
gatekeepers of the health system is being reinforced and
contracts between health insurance institutes and general
practices have been introduced. General practitioners are
found predominantly in the public sector in all SEE
countries. Primary health care is provided by health
posts and health centers in rural areas, and health centers
and polyclinics in urban areas.

Table 8 presents the number of primary health-care
units (per 100 000 population) in SEE countries in 1999
(these units include all health-care facilities providing
outpatient care that are staffed with at least one health
professional – a physician or a nurse).

Access to secondary care currently requires referral
by general practitioners in all SEE countries, but the
referral system is frequently bypassed and the frequency
of primary health-care consultations has decreased. Thus,
Albania, Bosnia-Herzegovina, and Macedonia report the
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lowest values of primary health-care utilization with
outpatients contacts per person set at 1.6, 2.7, and 3.0
respectively, compared to an EU average of 6.2.
Hospital Care

Secondary and tertiary care is mainly offered in public
hospitals. In recent years, the number of hospitals and
hospital beds has decreased in most SEE countries,
mainly because of inadequate funding from state budgets.
Health financing reforms have introduced contracts
between hospitals and health insurance funds in order to
ensure a higher efficiency of service delivery. Table 9
presents the number of hospital beds (per 100 000 popu-
lation) in SEE countries in 2000. With the current
number of hospital beds, Albania and Bosnia-Herzegovina
have one of the lowest rates of hospital beds in Europe
(half the average of EU countries and less than half the
average of Central and Eastern European countries).

In general, bed occupancy rates in SEE countries are
comparable with the EU countries. A survey conducted
in Romania in 1998 indicated, however, that the number
Table 9 Number of hospital beds per 100000 population in

SEE countries in 2000

Country
Number of hospital beds
(per 100 000 population)

Albania 326.33

Bosnia-Herzegovina 323.55

Bulgaria 741.13

Croatia 615.22
Macedonia 505.74

Moldova 759.19

Romania 743.55

EU-15 average 617.71

Sources: World Health Organization. Health for All Database.

Copenhagen, 2002; Bardehle D, Zaletel-Kragelj L, Burazeri G,

and Donev D (eds.) (2003). Stability Pact – Public Health Collab-

oration in South Eastern Europe: Minimum Health Indicator Set
for SEE Countries. Final Report. Bielefeld: Institute of Public

Health North-Rhine-Westphalia Germany.

Table 8 Number of primary health care units per 100 000

population in SEE countries in 1999

Country
Primary health care units
(per 100 000 population)

Albania 63.82

Bosnia-Herzegovina 31.84

Bulgaria 43.20
Croatia 65.92

Macedonia 54.68

Moldova 11.09
Romania 5.49

Source: World Health Organization. Health for All Database.

Copenhagen, 2002.
of hospital admissions was higher than in most of the
other European countries, supporting the hypothesis
that patients are directly admitted to the hospital with-
out proper referral by the primary health-care system
(European Observatory on Health Care Systems, 2000).
Health-Care Personnel

The number of physicians, general practitioners, and
dentists has only slightly changed in most SEE countries
from 1990 to 2003, being far below the EU average in most
of these countries (Bardehle et al., 2003). In particular, the
number of general practitioners is quite low across the
region (with exception of Macedonia, which, compared
with the other countries in the region, has invested
in human resources operating in primary health care).
Both the overall number of physicians and the number
of general practitioners are the lowest in Albania and
Bosnia-Herzegovina, where the need for health-care ser-
vices and qualified health personnel is continuously
increas ing. Table s 10 and 11 present the numb er of
physicians and the number of general practitioners per
100 000 population in SEE countries in 2000.
Training Deficit

After 1990, a major challenge for the health workforce in
SEE countries has been the shift from a disease-centered
model, with emphasis on disease treatment, toward a
health-centered model that emphasizes disease preven-
tion and promotion of a healthy lifestyle (Rechel and
McKee, 2003; Burazeri et al., 2005). From this point of
view, there is actually lack of well-trained public health
specialists capable of managing the health problems SEE
Table 10 Number of physicians per 100 000 population in

SEE countries in 2000

Country
Number of physicians
(per 100 000 population)

Albania 139.89

Bosnia-Herzegovina 143.23
Bulgaria 336.91

Croatia 238.26

Macedonia 219.85

Moldova 317.98
Romania 188.87

EU-15 average 348.89

Sources: World Health Organization. Health for All Database.
Copenhagen, 2002; Bardehle D, Zaletel-Kragelj L, Burazeri G,

and Donev D (eds.) (2003). Stability Pact – Public Health Collab-

oration in South Eastern Europe: Minimum Health Indicator Set

for SEE Countries. Final Report. Bielefeld: Institute of Public
Health North-Rhine-Westphalia Germany.



Table 11 Number of general practitioners per 100 000

population in SEE countries in 2000

Country
Number of general practitioners
(per 100 000 population)

Albania 50.00

Bosnia-Herzegovina 24.56

Bulgaria 66.72
Croatia 70.53

Macedonia 91.30

Moldova 59.03

Romania –
EU-15 average 101.66

Sources: a) World Health Organization. Health for All Database.

Copenhagen, 2002; b) Bardehle D, Zaletel-Kragelj L, Burazeri G,
and Donev D (eds.) (2003). Stability Pact – Public Health Collab-

oration in South Eastern Europe: Minimum Health Indicator Set

for SEE Countries. Final Report. Bielefeld: Institute of Public

Health North-Rhine-Westphalia Germany.
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countries are facing (Laaser, 2002; Burazeri et al., 2005).
Traditionally focused on sanitary engineering, most pub-
lic health specialists in SEE countries lack the capability
to solve the emergent multifactorial public health crisis
(Tulchinsky and Varavikova, 2000; Burazeri et al., 2005).
Therefore, this training deficit of at least one generation
of public health specialists has to be resolved by many
teaching institutions (departments of public health, insti-
tutes of public health and, more recently, schools of public
health) in SEE countries in the years to come in order to
retrain the public health work force in line with a new task
profile of a Western societal type (Laaser, 2002).

However, a new public health training approach has
emerged in SEE countries in the past few years. Since
2000, a collaborative network (Public Health Collabora-
tion in South Eastern Europe, a Project of the Stability
Pact; Public Health Collaboration in South Eastern Europe,
2007) has the aim of developing a common set of teaching
materials and a common database for public health in the
region (Kovacic andLaaser, 2001). Furthermore, aminimum
indicator set for health monitoring in the region has been
developed and practiced in postgraduate teaching programs
(Bardehle, 2000; Bardehle et al., 2003). Several training pro-
grams with exchange of lecturers and students have been
successfully undertaken in various countries of the region
(Public Health Collaboration in South Eastern Europe,
2007). The regional coordinating center of this project is
the Andrija Stampar School of Public Health, Medical
University, Zagreb, Croatia, whereas the international
coordinating center is the Faculty of Health Sciences,
University of Bielefeld, Germany. Participation in this
regional network has been rather helpful for the establish-
ment of Schools of Public Health in Albania, Bulgaria, and
Serbia, as well as development of the teaching curricula of
the Master of Public Health Programs in most countries
of the region.
Furthermore, in order to enhance and strengthen the
capacity building and development of human resources in
SEE, attempts are under way to establish a regional asso-
ciation in public health that would have a synergistic
effect and would positively interact with the other
regional initiatives already in place.
Conclusion

Following the political changes of 1990 and the region’s
orientation toward a market economy, the financing of
health-care systems in SEE countries has undergone sig-
nificant reforms. Nonetheless, health-care reforms in this
region have been less firmly addressed compared with
other socioeconomic reforms.

Despite several indisputable successes, these have been
slow in pace and inefficient in ensuring adequate revenue
for health care, in giving appropriate financial incentives
to providers and offering qualitative health-care services
to consumers. This situation has resulted in widespread
informal payments, especially in the big cities across the
region. Furthermore, the allocation of funds in some
countries (such as Albania or Kosovo), especially in pri-
mary health care, seems to be inefficient, with consider-
able amounts of money allocated to rural health centers
and posts with questionable productivity. Also, decentral-
ization efforts that have focused on transferring control
over budget allocations from central to local governments
have caused severe fragmentation of funds in some coun-
tries of the region. A long-term solution should focus on
increasing revenue, trying to channel (as much as possi-
ble) the informal payments into the public purse, and
consolidating the funding in one agency, responsible for
purchasing all health services on behalf of the citizens.
See also: Health System Organization Models (Including

Targets and Goals for Health Systems); Russia and

Former USSR, Health Systems of.
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Introduction

Reviews of the prevalence of child and adolescent psychi-
atric disorders indicate that about one in five children and
adolescents suffer from such disorders (Table 1) some
examples of which are provided inTable 2 (World Health
Or ganiza tion, 2005b ; Pate l et al., 2008 ). This estimate
appear s to be applica ble to both gender s, a range of ages
within ch ildhood and adolesc ence, all social c lasses, and
both high-, low-, and middle- income countrie s. In this
ar tic le, we have con fined our selves to psychiat ric diso r-
der s in the nar row sen se of the ter m. We have not
addr essed intel lectual or lear ning disa bili ties.
Etiology

Whether a mental disorder develops in an individual and
arises depends on the interplay between risk and protec-
tive factors. Risk factors are factors that increase the
probability of developing a mental disorder, while protec-
tive factors moderate the effects of exposure to risk in the
presence of one or more risk factors. For example, a
person may have a strong family history of depression
and thus be genetically predisposed to suffer from depres-
sion. Loss of a parent in adolescence may serve as another
risk factor, which may then precipitate a major depressive
episode. However, if such a person has strong connections
with other family members, school, and community, such
a depressive episode may be averted. In this case, the
adolescent may experience a normal grieving process,
which does not significantly adversely affect academic
progress, relationships with peers, and physiological con-
comitants such as appetite disturbance and fatigue. This
exemplifies the complex interaction of risk and protective
factors at different ecological levels (Table 3) (World
Health Organization, 2005b).
Public Health Significance

It is important to recognize that these disorders do not
represent minor and transient responses to the normal
challenges faced by children and adolescents. If this were
the case, child and adolescent mental disorders would
have limited public health significance. On the contrary,
they are associated with a great degree of impairment and
burden, longitudinal course into adulthood, long-term
economic implications, associations with risk behavior,
and stigma, each of which will be addressed below.
Impairment and Burden

The term impairment refers to interference with psycho-
logical or physical functions in one or more of the follow-
ing domains: Interpersonal relationships, academic/work
performance, social and leisure activities, and the ability
to enjoy and obtain satisfaction from life. By definition,
impairment always accompanies the presence of a psychi-
atric disorder, as impairment is a necessary condition for
existence of a psychiatric disorder according to the diag-
nostic systems in common use. Indeed, if impairment is
not included in the diagnostic criteria, the prevalence of
child and adolescent psychiatric disorders in the general
population would be two or three times the generally
accepted prevalence. However, the extent of impairment
varies according to diagnosis, with phobias being the least
likely to be associatedwith impairment, followed by anxiety



Table 1 Selected studies of the prevalence of child and

adolescent psychiatric disorders in children and adolescents

Setting
Age range
(years)

Prevalence
(%)

Australia 18–24 27.0

Brazil 7–14 12.7

Canada, Ontario 4–16 18.1
Ethiopia 1–15 17.7

Germany 12–15 20.7

India 1–16 12.8

Hawaii 13–19 26.0
Japan 1–16 15.0

Netherlands 13–18 8.4

Spain 8, 11, 15 21.7
Switzerland 1–15 22.5

United Kingdom 13–15 29.4

United States
. High-risk Native Americans,

Northern Plain reservation
14–16 29.4

. North Carolina 13 12.7

14 9.7

15 14.2
16 12.7

. Service users in five sectors of

care, San Diego, CA

12–15 57.4

Data from Patel V, Flisher AJ, Nikapota A, and Malhotra S (2008)
Promoting child and adolescent mental health in low and middle

income countries. Journal of Child Psychology and Psychiatry;

World Health Organization (2005b) Child and Adolescent Mental
Health Policies and Plans: Mental Health Policy and Service

Guidance Package.Geneva: World Health Organization and cita-

tions therein.
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disorders and finally major depressive disorder and exter-
nalizing disorders such as conduct disorder and attention
deficit hyperactivity disorder. Furthermore, the extent of
impairment is correlated with factors, independent of the
nature of the psychiatric disorder. These include the extent
of comorbidity, either a long or short duration of psycho-
pathology, psychosocial adversity (in generalized anxiety
disorder), and mothers’ ratings of the extent of conduct
features (in children with conduct disorder).

Angold et al. (1998) reported that there is a positive
association between impairment and parental perceived
burden of care, although the direction of the causality has
yet to be elucidated. The perceived burden of care was
predicted by the child or adolescent’s total symptom
score, the child or adolescent’s level of impairment, the
presence of externalizing disorders (as opposed to inter-
nalizing disorders), and the existence of preexisting men-
tal health problems on the part of the parent.

A further aspect of burden is the burden imposed by
the disability suffered by the child or adolescent with
a psychiatric disorder. This can be quantified by the
disability-adjusted life years (DALYs) that are lost, which
includes loss due to both mortality and disability, for
each disorder. We do not have estimates of the DALYs
lost due to child and adolescent psychiatric disorders in
childhood and adolescence specifically. However, among
15–44-year-olds, we know that five of the ten leading
causes of DALYs lost are psychiatric disorders (unipolar
depressive disorders, alcohol use disorders, self-inflicted
injuries, schizophrenia, and bipolar mood disorder) (Murray
and Lopez, 1996). Furthermore, there is an important
mental health or behavioral contribution to the etiology
of a further three of the ten leading causes DALYs lost
(HIV/AIDS, road-traffic accidents, and violence). It is
probable that similar findings are applicable to child-
hood and adolescence. Such data have contributed to an
increased appreciation of the public health importance of
psychiatric disorders.
Longitudinal Course of Mental Disorders in
Childhood and Adolescence

There are two types of studies that address the longitudi-
nal course of child and adolescent psychiatric disorders.
First, there are studies that look back, by documenting the
proportions of people with disorders in adulthood that
had an age of onset in childhood or adolescence. The most
sophisticated of these studies was conducted by Kessler
et al. (2005). They reported that 75% of all adults with
psychiatric disorder had an age of onset of 24 years or less,
50% had an age of onset of 14 years or less, and 25% had
an age of onset of 7 years or less. For anxiety disorders, the
corresponding ages were 21, 11, and 6 years or less.

Second, there are studies that look forward. There is
good evidence of continuity of disorders that manifest
themselves in childhood or adolescence into adulthood.
In major depressive disorder, for example, depressed ado-
lescents are at two to seven times increased odds of being
depressed as adults. Furthermore, about one-third of chil-
dren or adolescents with a major depressive disorder will
later develop bipolar disorder, and this is more likely
if there is a family history of bipolar disorder, psy-
chotic symptoms, or a manic response to antidepressants.
Attention deficit hyperactivity disorder has three possible
outcomes in adulthood, each of which occurs in about
one-third of children with the disorder: (1) Develop-
mental delay, in which over the course of time the individ-
ual no longer manifests impairing symptoms; (2) continual
display, in which impairment related to ADHD persists
into adulthood, although there are insufficient signs and
symptoms for the diagnosis to be conferred; and (3) devel-
opmental decay, in which the diagnosis remains applicable
in adulthood, often accompanied by other psychopathol-
ogy such as substance abuse and personality disorder.
Autistic disorder almost always is associated with lifelong
impairment. However, there is considerable variation in
outcome, with about 15% achieving independence in
adulthood and a further 15–20% being able to function
independently with periodic support.



Table 2 Examples of some common and/or important child and adolescent mental disorders

Attention deficit hyperactivity
disorder (ADHD)

A persistent pattern of inattention and/or hyperactivity-impulsivity that is more frequent and severe
than typically observed in children at a comparable level of development

Autistic disorder The essential features are onset before the age of three; qualitative impairment in social

interaction; qualitative impairment of verbal and nonverbal communication; and disturbed
motor behavior or activities as manifest, for example, by stereotyped body movements

Conduct disorder Repetitive and persistent pattern of behavior, lasting at least 12months, in which the basic rights

of others and major age-appropriate societal norms or rules are violated

Delirium Transient and usually reversible mental disturbance that has fluctuating symptoms that usually
develop over hours or days. Clinical features include the following: fluctuating awareness and

attention; disturbed sleep–wake cycle; restlessness, irritability, anxiety, emotional lability OR

decreased psychomotor activity; disorientation; disorganized thinking; memory impairment;

and hallucinations and other perceptual disturbances
Generalized anxiety disorder The essential feature of this disorder is excessive or unrealistic anxiety or worry, for example about

achieving and about future events such as wars or world catastrophes

Major depressive disorder Amajor depressivedisorder is present if there is an onset of either depressed or irritablemood or loss
of interest in former pleasurable activities lasting for a period of at least 2weeks, accompanied by

several of the following: increased or decreased appetite; insomnia or hypersomnia; increased or

decreased motor activity; difficulty concentrating with fall-off in school work; feelings of

worthlessness or guilt; fatigue or loss of energy; and suicidal thoughts or behavior
Obsessive-compulsive disorder In this disorder, there is the presence of obsessions or compulsions or both, which are recognized

as excessive or unreasonable

Panic disorder There are recurrent panic attacks in which intense fear is accompanied by acute somatic

symptoms of anxiety
Posttraumatic stress disorder

(PTSD)

This disorder is present if there are recurrent, distressing, and intrusive images or flashbacks of the

traumatic experience; marked avoidance of particular people, places, or other reminders of the

experience; and symptoms of anxiety or increased sympathetic arousal as manifest, for
example, by difficulty sleeping, poor concentration, exaggerated startle response, and

restlessness. Depression, anxiety, and conduct disorder may accompany PTSD, or be an

alternative outcome to traumatic experiences

Schizophrenia In schizophrenia one finds delusions, hallucinations, disorganized speech, catatonic behavior, and
negative symptoms

Separation anxiety disorder There is excessive and persistent anxiety (lasting for at least 4weeks) about separation from those

to whom the child is attached
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In conclusion, there is evidence from retrospective and
prospective studies of considerable continuity of psychi-
atric disorders from childhood to adulthood. This clearly
provides support for increased resources to be allocated to
child and adolescent psychiatric services, although evi-
dence is currently sparse that early intervention will
result in improved long-term prospects.
Long-Term Economic Implications of Child and
Adolescent Mental Disorders

Given the continuity of psychiatric disorders from child-
hood or adolescence into adulthood, one would expect
that there would also be economic implications of child
and adolescent psychiatric disorders that would persist
into adulthood. Such economic costs can be direct or
indirect. The former are generally easier to evaluate and
reflect pharmaceutical costs, primary health-care costs,
emergency department visits, and outpatient and inpatient
care. The latter are generally more difficult to evaluate and
reflect the caregiver costs, unemployment, decreased pro-
ductivity, and increased demand on the education, social
services, and criminal justice systems. Existing data on the
long-term economic implications of child and adolescent
psychiatric disorders are scanty and confined to the direct
costs of a subset of disorders in the US and the UK (Romeo
et al., 2005). However, the existing data confirm that the
long-term costs associated with child and adolescent psy-
chiatric disorders are large. For example, the treatment
costs for youth with ADHD are approximately double
those for youth without ADHD; the cumulative costs of
public services utilized through to adulthood by indivi-
duals with antisocial behavior in childhood were ten
times higher than for those with no antisocial behaviors
by the age of 28 years, and the annualized cost in adulthood
for those who suffered from both depression and conduct
disorder was more than double that of the groupwith major
depression alone (Romeo et al., 2005).

It can be seen that the potential economic impact of
successfully implementing proven prevention and early
intervention strategies for children with disruptive behav-
ior disorders is enormous (World Health Organization,
2005b). The characteristically recurring nature of the
mood disorders and the strong evidence for their conti-
nuity into adult life would seem to suggest an equally
compelling argument for early intervention and even



Table 3 Selected risk and protective factors for mental health of children and adolescents

Domain Risk factors Protective factors

Biological Exposure to toxins (e.g., tobacco and alcohol) in
pregnancy

Age-appropriate physical development
Good physical health

Genetic predisposition Good intellectual functioning

Head trauma

Hypoxia at birth and other birth complications
HIV infection

Malnutrition

Other illnesses

Psychological Learning disorders Ability to learn from experiences
Maladaptive personality traits Good self-esteem

Sexual, physical, and emotional abuse and neglect High level of problem-solving ability

Difficult temperament Social skills
Social

a) Family Inconsistent care giving Family attachment

Family conflict Opportunities for positive involvement in family

Poor family discipline Rewards for involvement in family
Poor family management

Death of a family member

b) School Academic failure Opportunities for involvement in school life

Failure of schools to provide an appropriate
environment to support attendance and learning

Inadequate/inappropriate provision of education

Positive reinforcement from academic achievement
Identity with a school or need for educational

attainment

c) Community Lack of community efficacy Connectedness to community
Community disorganization Opportunities for constructive use of leisure

Discrimination and marginalization Positive cultural experiences

Exposure to violence Positive role models

Lack of a sense of place Rewards for community involvement
Transitions (e.g., urbanization) Connection with community organizations including

religious organizations

From World Health Organization (2005b) Child and Adolescent Mental Health Policies and Plans: Mental Health Policy and Service

Guidance Package. Geneva: World Health Organization.
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prevention in an effort to divert children from a possible
trajectory of lifelong difficulties associated with substan-
tial individual and societal costs.
Associations with Risk Behavior

There is robust international evidence that there is
covariation between risk behaviors such as violent behav-
ior, sexual behavior, suicidal behavior, dangerous road-
related behavior, and use of tobacco, alcohol, and other
drugs (Flisher et al., 2000). Furthermore, this cluster of risk
behaviors appears to share common correlates, for exam-
ple psychiatric disorder (Flisher et al., 2000). This has been
established both for the cluster as a whole and individual
components of the cluster. What is not clear is the direc-
tion of the causal relationship. Thus, the psychiatric disor-
der could cause the risk behavior or the risk behavior could
cause the psychiatric disorder or they could both be caused
by other factors. It is probable that the nature of the rela-
tionship varies according to the particular risk behaviors
and psychiatric disorders in question. However, whatever
the nature of the relationship, there are clear implications
for public health. Specifically, preventive, promotive, or
treatment interventions that address either risk behavior
or psychiatric disorders would benefit from addressing the
other aspect.
Stigma

The term stigma is derived from a Greek word and refers
to a mark that denotes a shameful quality in the individual
thus marked. It is a complex phenomenon that is modified
by the culture and contexts in which it occurs. There are
five interrelated processes that combine to create stigma:
(1) people identify and label human characteristics, and
differences that are regarded as relevant and consequen-
tial are determined; (2) stereotyping takes place in that
the labeled person is associated with undesirable charac-
teristics; (3) there is separation of the stigmatized group
(them) from those who are stigmatizing (us); (4) the stig-
matized group experiences discrimination and loss of sta-
tus; and (5) the stigmatizing group exercises power. The
association of mental illness with irrational, dangerous, and
unpredictable behavior and the misconception that mental
illness is not a true illness has resulted in those with psy-
chiatric disorders being subject to stigmatization.



Table 4 Examples of child and adolescent mental health

promotion interventions

Domain Interventions

Strengthening

individuals

Develop self-efficacy (the perception that

one can achieve desired goals through

one’s own action)

Encourage self-determination
Enhance life skills of adolescents

Foster belief in the future

Improve the quality of parent–infant

relationship
Nurture a clear and positive identity

Promote competencies in the social,

emotional, cognitive, behavioral, and
moral domains

Recognize positive behavior

Strengthening

communities

Develop facilities and structures to enable

constructive and healthy use of leisure
time of children and adolescents

Establish prosocial norms

Improve social connectedness of schools

and neighborhoods
Promote bonding (emotional attachment

and commitment) with family, peer group,

school, community, and culture
Provide opportunities for prosocial

involvement with family, peers, and adults

Removing

barriers to
good mental

health

Develop and implement economic policies

that reduce poverty
Develop and implement legislation that

protects the human rights of children and

adolescents, for example around

trafficking and sexual and physical abuse
Improve access to good-quality education
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Psychiatric patients and their families are doubly
challenged: They are faced with the struggle caused by
their impairment and they are confronted with chronic
stress caused by the stigma that is associated with psychiat-
ric disorders. As a result of these challenges, they are
deprived of the opportunities such as good schooling and
wide social networks, which in turn adversely affect self-
esteem, and hence academic performance and economic
well-being. Children and adolescents are particularly vul-
nerable to stigma for four main reasons (World Health
Organization, 2005b):

. They are less likely to be able to advocate on their own
behalf;

. Immature cognitive development results in children and
adolescents being more likely to think dichotomously
about opposites such as good and bad, and thus more
likely to temper negative with other, less negative or
positive, responses, and hence accept negative labels;

. The stigma suffered by children and adolescents may
also affect the parents, which in turn could affect the
quality of parenting that they are able to offer;

. There is limited understanding of child and adolescent
psychiatric disorders, which implies that symptoms that
are attributable to a psychiatric disorder may be attrib-
uted to other causes, such as passive aggression in the case
of depression or overt oppositionality in the case of
attention deficit hyperactivity disorder; and their psychi-
atric disorders may persist into adulthood, which implies
that any effects of stigma may persist for equally long.
and health services

Funk M, Gale E, Grigg M, Minoletti A, and Yasamay MT (2005)

Mental health promotion: An important component of a national
mental health policy. In: Herman H, Saxena S, andMoodie R (eds.)

PromotionMental Health: Concepts, Emerging Evidence, Practice,

pp. 216–225. Geneva, Switzerland: World Health Organization.
Interventions for Child and Adolescent
Mental Disorders

Mental Health Promotion

The aim of mental health promotion is to enhance posi-
tive mental health, which can be defined as the:

. . . capacity to achieve and maintain optimal psychologi-

cal functioning and well-being. It is directly related to the

level reached and competence reached and competence

achieved in psychological and social functioning . . .

Child and adolescent mental health includes a sense of

identity and self-worth; sound family and peer relation-

ships; an ability to be productive and to learn; and a

capacity to use developmental challenges and cultural

resources to maximize development (Department of

Health, Republic of South Africa, 2003: 4).

The focus is on enhancing protective factors through
goals such as strengthening individuals, strengthening
communities, and removing barriers to good mental
health (Table 4) (Funk et al., 2005). What is the relevance
of mental health promotion for child and adolescent
mental disorders? The relevance is that mental health
promotion interventions arguably also contribute to
reducing the prevalence of child and adolescent mental
disorders. However, the empirical justification for this
statement is currently somewhat flimsy, partly because
of the methodological challenges of demonstrating out-
comes of upstream interventions (such as those men-
tioned above) on downstream outcomes such as specific
disorders in specific individuals (Patel et al., 2008).
Mental Disorder Prevention

In contrast to mental heath promotion, mental disorder
prevention aims to reduce the prevalence of specific dis-
orders, by focusing on risk factors. There are a number of
interventions for specific disorders that have been shown
to be effective, at least for populations in high-income
countries. Examples of disorders and interventions that
have been shown to be effective include (Durlak and
Wells, 1997; World Health Organization, 2004):
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. Alcohol misuse: School-based individual-level education
and skills training combined with a mass media cam-
paign, parent education and organization program, train-
ing community leaders and local policy changes;

. Anxiety: Teaching skills to manage anxiety symptoms
more effectively;

. Conduct disorder: Child or adolescent behavior manage-
ment, social skills for child or adolescent, multimodal
school programs, and prenatal or early childhood
programs;

. Depression: Improving cognitive and problem-solving
skills, group interventions that focus on cognitive style
and problem solving;

. Pathological eating behavior: Increasing self-esteem
and improving general eating habits and behavior;

. Schizophrenia: Low-dose neuroleptic medication and
cognitive behavior therapy;

. Suicide: School-based intervention with school suicide
policy, teacher consultation and training, education to
parents, stress management and life skills curriculum,
and a crisis team.
Treatment

It is important to develop a comprehensive treatment plan
for each child or adolescent and the family, which requires
psychiatric services. This plan should:

. address each problem or disorder that was identified in
the assessment;

. aim to modify all modifiable etiological factors in the
biological, psychological, and social domains;

. involve both the family and the child or adolescent in
treatment;

. include all contributory settings, especially the school;

. make use of the unique contributions of all appropriate
members of the clinical team.

There is a rapidly expanding evidence base on the
efficacy and effectiveness of interventions for child and
adolescent mental disorders. Specifically, there is good
evidence of the effectiveness of certain antidepressant
and antipsychotic agents and of psychotherapy (especially
behavioral and cognitive behavioral treatments for anxi-
ety and mood disorders) (Evans et al., 2005).
The Current Response

We have argued above that the public health significance
of child and adolescent mental disorders is enormous, and
that there is evidence that preventive and treatment inter-
ventions (at least) can be effective. In light of these con-
siderations, the response on the part of the health and
other systems has been insufficient to meaningfully
address the gap between the need for interventions and
the available services. Only 7% of countries worldwide
had a clearly articulated, stand-alone child and adolescent
mental health policy (World Health Organization, 2005a).
However, a larger proportion of countries have child
and adolescent mental health content integrated into
other policies, and/or have child and adolescent mental
health programs. The proportions of counties with any
child and adolescent mental health policy or programs are
lowest in the Africa region, where 33% have the former
(generally integrated into policy documents from other
sectors such as child protection, social welfare, education,
or human rights), while 6% have the latter (World Health
Organization, 2005a). The corresponding figures for
Europe are 96% and 67%. It is ironic that those countries
with the largest proportion of children and adolescents
are least likely to have a child and adolescent mental
health policy. Other selected key aspects of the current
situation include:

. There are no countries that have a data information
system for child and adolescent mental health service
outcomes at the national level.

. In the vast majority of countries outside of North
America and Europe, systems for the care of children
and adolescents with mental disorders do not exist, and
when they do exist they are based in hospitals or custo-
dial settings with minimal or no community-based
services.

. Even when services are present, there are consider-
able barriers to accessing it, such as stigma, lack of trans-
portation, inability to pay for services, inability of the
service providers to communicate effectively in the ser-
vice users’ home language, and lack of public knowledge
about mental disorders in children and adolescents.

. In countries in all economic categories, these services are
generally paid for by temporary and vulnerable sources
of funding such as the service user (or their family),
nongovernmental organizations and international grants,
as opposed to more stable government funding.
The Way Forward

The first step in responding to the scenario is to develop a
child and adolescent mental health policy with an asso-
ciated plan. TheWHO has published a guideline on how to
develop a child and adolescent mental health policy and
plan (World Health Organization, 2005b), which provides a
step-by-step approach that can be used by policy makers
and planners. The steps for developing a policy are as
follows: gather information anddata for policydevelopment;
gather evidence for effective strategies; undertake consulta-
tion and negotiation; exchange with other countries; set
out the vision, values, principles and objectives of the
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policy; determine the areas for action; and identify the roles
and responsibilities of the various stakeholders. The steps
for developing a plan are as follows: determine the strategies
and time frames; set indicators and targets; determine the
manor activities; and determine the costs, available
resources and the budget. The plan should be backed up
by sufficient resources and political will to ensure wide-
spread implementation.

It is not appropriate to specify in detail the outcomes of
the process of developing policies and plans for a country,
province, region, or district. Indeed, as is obvious from the
steps that have just been listed, this would contradict the
letter and spirit of the guidelines. However, a broad con-
sensus has emerged in recent years as to the key standards
that should characterize a child and adolescent mental
health service, whether in a high-, middle-, or low-
income country, which are summarized in Table 5.
Conclusion

Far from being minor or transient variations in response
to childhood adversity, or a medicalization of society’s
intolerance of challenging childhood behaviors or inade-
quate parenting, it has become increasingly apparent that
Table 5 Key standards for child and adolescent mental

health service planning and provision

Core features of child and adolescent mental health services
. Include child and adolescent mental health in primary health

care practices
. Provide a continuum of services
. Balance promotion, prevention, treatment, and rehabilitation
. Prioritize children and adolescent most at risk

Evidence and service planning
. Assess levels of service provision and need regularly
. Use this information to plan and commission appropriate

services
. Involve parents/families and communities in service planning

Range of services, staffing, and facilities
. Offer early intervention and mental health promotion in all
facilities

. Coordinate and integrate services across health, education,

social care, youth justice, and voluntary sector agencies
. Use a multidisciplinary team approach
. Train, supervise, and support all staff to provide a full range of

interventions
. Ensure that care is developmentally appropriate
. Keep children’s mental health-care facilities separate from
adults

. Offer services as near to home as possible and in

child-centered settings, such as schools, youth clubs,
the media, and the family

Adapted from Dawes A, Lund C, Kafaar Z, Brandt R, and Flisher

AJ (2004) Norms for South African Child and Adolescent Mental

Health Services (CAMHS) Report for the Directorate: Mental
Health and Substance Abuse National Department of Health

(Tender number DOH 48/2003–2004) Cape Town: Human

Sciences Research Council and University of Cape Town.
mental disorders presenting for the first time in childhood
and adolescence represent serious conditions associated
with markedly impaired functioning and significantly
lower quality of life, for both the child or adolescent and
their families. Even child or adolescent disorders tradi-
tionally viewed as mild, such as the anxiety disorders, are
increasingly being construed as possible precursors of
more serious and enduring mental health problems. In a
substantial proportion of cases, psychiatric diagnosis in
childhood or adolescence foreshadows psychiatric diag-
nosis in adulthood. An alternative view would suggest that
child and adolescent psychiatric disorders provide us with
a tantalizing window of opportunity for changing this
gloomy trajectory. The exciting challenge for child mental
health services is the prevention and early detection of
these disorders; the implementation of evidence-based
interventions with both short- and long-term clinical
and cost effectiveness; and the development of mental
health systems that ensure equitable access to such inter-
ventions. We are in the earliest stages of meeting this
challenge and exploiting this opportunity.
See also: Adolescent Health; Child Abuse/Treatment;

Mental Health and Substance Abuse; Mental Health

Policy; Mental Illness, Historical Views of; School Health

Promotion; Social Gradients and Child Health; Specific

Mental Health Disorders: Eating Disorders; Specific

Mental Health Disorders: Mental Disorders Associated

With Aging; Specific Mental Health Disorders: Trauma

and Mental Disorders.
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Introduction

Following the development of standardized diagnostic
systems in the early 1980s (e.g., Research Diagnostic
Criteria of Spitzer and colleagues and the DSM-III of
the American Psychiatric Association) and their incor-
poration into large-scale epidemiological studies, there
has beenwidespread acceptance of the dimensional nature
of the common anxiety and depressive disorders. Such
dimensional concepts can be readily incorporated into
large-scale population-health and health service develop-
ment plans. Importantly, they place an emphasis on detec-
tion and active management of the very common mild and
moderately severe cases. In this environment, the center
of clinical management is shifted from specialist care set-
tings (for more severe, prolonged, treatment-resistant,
comorbid and medically complicated) to primary care.

These broad concepts of depression and anxiety have
predictive value for key outcomes such as response to
available treatments, disability, and premature death. They
incorporate the key symptom domains (e.g., affective, cog-
nitive, sleep–wake cycle, somatic, behavioral, and self-
harm) and they can also be readily incorporated into
public and professional education campaigns as well as
everyday clinical practice. For example, simple checklists
can be widely circulated through e-health, media, print,
and health-care distribution systems (see Figure 1 for an
example from the SPHERE-program in Australia).

Clinical debate as to the best ways to describe the rela-
tionship between different anxious and depressive pheno-
types (e.g., mixed anxiety and depression, generalized
anxiety and its relationship to dysthymia (symptoms of
depression), and major depression), and between different
depressive dimensions (e.g., major versus minor depres-
sion and unipolar versus bipolar spectrum disorders) will
continue until more discrete pathophysiological pathways
are identified. The development of future international
diagnostic systems (e.g., DSM-V) has signaled this neces-
sary move from over reliance on imprecise cross-sectional
phenotypes to diagnostic categories based on putative
causal paths.

A great deal of academic effort has been expended in
epidemiological and clinical studies that seek to differen-
tiate anxiety from depressive disorders or subtype the
multiple and complex presentations of these conditions.
These efforts have reflected traditional but simplistic
belief systems about causality (e.g., psychosocial vs. bio-
logical) or the relevance of subtyping to the selection
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of specific medical or psychological therapies (e.g., only
certain subtypes of depression benefit from one or other
antidepressant medication; only psychological therapies
should be provided to persons with anxiety disorders).
In the absence of discrete biological or psychosocial
markers of illness risk, illness onset, diagnostic subtypes,
predictors of response to specific treatments, or illness
course, we continue to work with broad syndromal con-
cepts rather than valid or discrete diagnostic categories.
Consequently, anxiety and depressive syndromes typi-
cally co-occur when studied either cross-sectionally or
longitudinally, and generic terms such as common mental
disorders are used.

Another important development in the clinical theo-
rizing about common mental disorders has been the
development of clinical staging models. Within this para-
digm there is clear recognition that those at risk (Stage
0: as a result of exposure to relevant biological or psycho-
social risks) or those with earlier and less severe manifes-
tations of illness (Stage I: subthreshold symptoms with
disability; and II: first clear episode with disability) are
How do you know if someone has depression?

Behaviors

Feelings

Are you depressed?

If you answered ‘Yes’ to question 1 and/or 2 and 
of the above symptoms, you probably have a dep

For more than TWO WEEKS have you:

1. Felt sad, down or miserable most of the tim

2. Lost interest or pleasure in most of your us

If you answered ‘Yes’ to either of these questions

Stopped going out
Not getting things done at work

Relying on alcohol and sedatives
Stopped doing things you enjoy
Unable to concentrate

Overwhelmed Guilty
Indecisive

Disappointed
Miserable
Sad

Unhappy,
depressed

Irritable
Frustrated
No confidence

Withdrawn from close family
and friends

Figure 1 Sphere checklist. Reproduced from Hickie I and Scott L (

Solutions, with permission.
very common and likely to respond well to a range of
information, e-health, and brief clinical interventions.
These all have the potential advantages of being able to
be delivered to large numbers of persons at relatively low
cost either directly or with the assistance of a wide range
of community agencies. They are particularly relevant to
application in primary health care, education, and work-
place settings. Specialized health-care workforces are
more likely to be engaged preferentially in the provision
of care to persons with more severe illnesses, those who
have failed to respond to simpler clinical interventions,
or those with major physical health, substance misuse, or
other social complications of their conditions.
Burden of Depressive and Anxiety
Disorders

Anxiety and depressive disorders are among the most
common health conditions. At least one in ten persons
will report symptoms and associated reduction in work or
Physical

Thoughts

ticked 3 or more
ressive illness.

e?

ual activities?

, complete the symptom checklist below.

“I’m a failure.”
“It’s all my fault.”
“Nothing good ever happens to me.”

“I’m worthless.”
“Life is not worth living.”

Tired all the time
Sick and run down

Headaches and muscle pains
Churning gut
Can’t sleep
Poor appetite/weight loss

Yes No

2007) Understanding Depression. Sydney: Educational Health



Depression and anxiety usually overlap

Depression Anxiety

Are you anxious?

If you answered ‘Yes’ to question 1 and/or 2 and ticked 3 or more of
the above symptoms, complete the checklist on the opposite page.

If you answered ‘Yes’ to either of these questions, complete the symptom checklist below.

For more than TWO WEEKS have you:
Yes No

1. Felt anxious, tense or nervous most of the time?

2. Felt fearful or worried all of the time?

Avoid the supermarket or cinema “I’m going to have heart attack and die.”
“I won’t have anything interesting to say.”
“I can’t control my worry.”
“I have a serious illness that the
doctors can’t detect.”

“What if germs are on my hands
and I get sick.”

Constantly check your pulse

Confused Panicky Blushing
Trembling
Heart racing

Nausea

Sweating
Shaking
Pounding heart
Short of breath
Dizzy

Numbness,
tingling

Terrified
On edge
Scared

Anxious
Tense all the time

Constantly
nervous

Use alcohol and sedatives to
calm down

Avoid eye contact

Do different things to cope, like
having someone with you, or carrying
the phone around

Behaviors

Fatigue
Nervous

Can’t sleep
Can’t cope

Tense

Panic attacks
Afraid of going out alone
Worrying all the time
Pounding heart

Thoughts

PhysicalFeelings

Overwhelmed
Poor concentration

Avoid friends and family
Loss of pleasure

Low mood

Figure 1 Continued
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social function in any 12-month period. When combined
with co-occurring harmful use of alcohol or other sub-
stances (which is particularly important for men), the
estimates increase to one in five adults in any 12-month
period, as shown in Table 1. As depression is com-
mon right across the lifespan, lifetime risk for depression
may be as high as 30% for men and 40% for women.

There is no doubt that one of the most important
drivers to public, professional, and health policy attention
to the importance of depression and anxiety has been the
improved measures of health-related disability used in
association with the global burden of disease studies. For
the first time, the real impact of these common conditions
could be directly compared with that of other health
problems. To the surprise of many, the overwhelming
contribution of unipolar major depression demanded
attention.

In 2000, depression was the leading cause of disability
as measured by years lived with disability (YLDs) and the
fourth leading contributor to the global burden of disease
(DALYs – disability-adjusted life years, which is the sum
of years of potential life lost due to premature mortality
and the years of productive life lost due to disability). By
the year 2020, depression is projected to become the



Table 1 Twelve-month prevalence and severity of DSM-IV and WMH-CIDI disorders in 9282 respondents*

Severity

Total Serious Moderate Mild

Anxiety disorders

Panic disorder 2.7(0.2) 44.8(3.2) 29.5(2.7) 25.7(2.5)

Agoraphobia without panic 0.8(0.1) 40.6(7.2) 30.7(6.4) 28.7(8.4)

Specific phobia 8.7(0.4) 21.9(2.0) 30.0(2.0) 48.1(2.1)
Social phobia 6.8(0.3) 29.9(2.0) 38.8(2.5) 31.3(2.4)

Generalized anxiety disorder 3.1(0.2) 32.3(2.9) 44.6(4.0) 23.1(2.9)

Posttraumatic stress disordera 3.5(0.3) 36.6(3.5) 33.1(2.2) 30.2(3.4)
Obsessive-compulsive disorderb 1.0(0.3) 50.6(12.4) 34.8(14.1) 14.6(5.7)

Separation anxiety disorderc 0.9(0.2) 43.3(9.2) 24.8(7.5) 31.9(12.2)

Any anxiety disorderd 18.1(0.7) 22.8(1.5) 33.7(1.4) 43.5(2.1)

Mood disorders
Major depressive disorder 6.7(0.3) 30.4(1.7) 50.1(2.1) 19.5(2.1)

Dysthymia 1.5(0.1) 49.7(3.9) 32.1(4.0) 18.2(3.4)

Bipolar I and II disorders 2.6(0.2) 82.9(3.2) 17.1(3.2) 0(0)

Any mood disorder 9.5(0.4) 45.0(1.9) 40.0(1.7) 15.0(1.6)
Impulse control disorders

Oppositional defiant disorderc 1.0(0.2) 49.6(8.0) 40.3(8.7) 10.1(4.8)

Conduct disorderc 1.0(0.2) 40.5(11.1) 31.6(7.5) 28.0(9.1)
Attention-deficit/hyperactivity disorderc 4.1(0.3) 41.3(4.3) 35.2(3.5) 23.5(4.5)

Intermittent explosive disorder 2.6(0.2) 23.8(3.3) 74.4(3.5) 1.7(0.9)

Any impulse control disorderc,e 8.9(0.5) 32.9(2.9) 52.4(3.0) 14.7(2.3)

Substance disorders
Alcohol abusea 3.1(0.3) 28.9(2.6) 39.7(3.7) 31.5(3.3)

Alcohol dependencea 1.3(0.2) 34.3(4.5) 65.7(4.5) 0(0)

Drug abusea 1.4(0.1) 36.6(5.0) 30.4(5.8) 33.0(6.8)

Drug dependencea 0.4(0.1) 56.5(8.2) 43.5(8.2) 0(0)
Any substance disordera 3.8(0.3) 29.6(2.8) 37.1(3.5) 33.4(3.2)

Any disorder

Anyd 26.2(0.8) 22.3(1.3) 37.3(1.3) 40.4(1.6)

1 disorderd 14.4(0.6) 9.6(1.3) 31.2(1.9) 59.2(2.3)
2 disordersd 5.8(0.3) 25.5(2.1) 46.4(2.6) 28.2(2.0)

�3 disordersd 6.0(0.3) 49.9(2.3) 43.1(2.1) 7.0(1.3)

WMH+CIDI, World Health Organization World Mental Health Survey Initiative version of the Composite International Diagnostic

Interview.
Reproduced from Kessler RC, Chiu WT, Demler O, and Walters EE (2005) Prevalence, severity and comorbidity of 12-month DSM-IV

disorders in the National Comorbidity Survey Replication. Archives of General Psychiatry 62: 617–627, with permission.

*Values are expressed as percentage (standard error). Percentages in the three severity columns are repeated as proportions of all

cases and sum to 100% across each row.
aAssessed in the part 2 sample (n¼5692).
bAssessed in a random one third of the part 2 sample (n¼ 1808).
cAssessed in the part 2 sample among respondents in the age range 18 to 44 years (n¼3199).
dEstimated in the part 2 sample. No adjustment is made for the fact that 1 or more disorders in the category were not assessed for all
part 2 respondents.
eThe estimated prevalence of any impulse control disorder is larger than the sum of the individual disorders because the prevalence of

intermittent explosive disorder, the only impulse control disorder that was assessed in the total sample, is reported herein for the total

sample rather than for the subsample of respondents among whom the other impulse control disorders were assessed (part
2 respondents in the age range 18–44 years). The estimated prevalence of any impulse control disorder, in comparison, is estimated

in the latter subsample. Intermittent explosive disorder had a considerably higher estimated prevalence in this subsample than in the

total sample.
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second highest cause of DALYs calculated for all ages and
both sexes. Today, depression is already the second cause
of DALYs in the age category 15–44 years for both sexes
combined.

Not only is depression the major cause of health-
related disability internationally, but its contribution is
only likely to increase in both developing and developed
nations (see Mathers and Loncar, 2006; The Lancet Series
on Global Mental Health, 2008). Given the lack of popu-
lation-based campaigns to reduce this impact and the
increasing recognition of the contribution of early-onset
anxiety and depressive disorders to other health condi-
tions (e.g., vascular disease) and other key risk factors
(e.g., tobacco, alcohol, substance misuse, overweight),
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international and national health bodies have increasingly
moved to develop more appropriate responses (Lancet
series on Global Mental Health, 2007).

A more critical discourse has developed with regards
to the accuracy of these health burden predictions. Typi-
cally, the attention of the international health community
has been focused on those more traditional physical health
areas (e.g., infectious diseases, cardiovascular diseases, and
cancer) that make large contributions to premature death
rather than ongoing disability. The largely hidden disabil-
ity associated with common forms of anxiety and depres-
sion is often more evident to those with a wider
community focus on education, training, employment,
welfare, housing, and legal services than those who work
within general health or specialist mental health-care
Table 2 Ten leading causes of DALYs, by income group, 2030 (b

Income group Rank Disea

World 1 HIV/A

2 Unipo
3 Ische

4 Road

5 Perina

6 Cereb
7 COPD

8 Lowe

9 Heari

10 Catar
High-income countries 1 Unipo

2 Ische

3 Alzhe

4 Alcoh
5 Diabe

6 Cereb

7 Heari
8 Trach

9 Osteo

10 COPD

Middle-income countries 1 HIV/A
2 Unipo

3 Cereb

4 Ische

5 COPD
6 Road

7 Violen

8 Vision
9 Heari

10 Diabe

Low-income countries 1 HIV/A

2 Perina
3 Unipo

4 Road

5 Ische

6 Lowe
7 Diarrh

8 Cereb

9 Catar
10 Malar

Reproduced from Mathers CD and Loncar D (2006) Projections of g

Medicine 3: 2011–2030, with permission.
settings. The specific ways in which mental health leads
to poor physical health outcomes has been significantly
underestimated (Lancet Series on Global Mental Health,
2007) ( Tables 2 and 3 ).

A basic risk relationship exists between increasing
severity and duration of anxious and depressive symptoms
and a range of adverse outcomes, including impairment of
daily functions, premature death, increased rates of mis-
use of alcohol, tobacco, and other drugs, and poor physical
health (notably increased rates of cardiovascular disease).
The significance of these common conditions has been a
surprise to many national and international health policy
bodies. However, this is the predictable impact from dis-
orders that commence in adolescence or early adult life,
are associated with significant decrements in daily
aseline scenario)

se or injury Percent total DALYs

IDS 12.1

lar depressive disorders 5.7
mic heart disease 4.7

traffic accidents 4.2

tal conditions 4.0

rovascular disease 3.9
3.1

r respiratory infections 3.0

ng loss, adult onset 2.5

acts 2.5
lar depressive disorders 9.8

mic heart disease 5.9

imer and other dementias 5.8

ol use disorders 4.7
tes mellitus 4.5

rovascular disease 4.5

ng loss, adult onset 4.1
ea, bronchus, lung cancers 3.0

arthritis 2.9

2.5

IDS 9.8
lar depressive disorders 6.7

rovascular disease 6.0

mic heart disease 4.7

4.7
traffic accidents 4.0

ce 2.9

disorders, age-related 2.9
ng loss, adult onset 2.9

tes mellitus 2.6

IDS 14.6

tal conditions 5.8
lar depressive disorders 4.7

traffic accidents 4.6

mic heart disease 4.5

r respiratory infections 4.4
eal diseases 2.8

rovascular disease 2.8

acts 2.8
ia 2.5

lobal mortality and burden of disease from 2002 to 2030. PLoS
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function (particularly reductions in education, training,
and employment), persist or frequently recur, go largely
untreated, lead to secondary medical morbidity and
harmful use of alcohol and other substances, and do not
result typically in major decrements in life expectancy.
That is, a pattern of chronic ill health and disability is
established just at that point in the life cycle where com-
munities expect to receive the greatest returns on previ-
ous investments in childhood health and education.
Figure 2 demonstrates that the per capita incident non-
fatal burden attributable to mental health (primarily
depression and anxiety) is far greater in early adulthood
than at any other age. Depressive disorders also com-
monly accompany other medical conditions, particularly
in aging populations. When depression does co-occur
with other common medical conditions, the degree of
resultant disability is higher than for any other combina-
tion of health conditions. This is illustrated in Figure 3,
Table 3 The leading causes of disability worldwide, 1990

(As measured by years of life lived with a disability, YLD)

All causes
1. Unipolar major depression

2. Iron-deficiency anemia

3. Falls

4. Alcohol use
5. Chronic obstructive pulmonary disease

6. Bipolar disorder

7. Congenital anomalies
8. Osteoarthritis

9. Schizophrenia

10. Obsessive-compulsive disorders

Reproduced from Lopez AD and Murray CJL (1998) The global burd
permission.
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those with depression and another chronic condition had
much lower mean health scores when compared with
people who had only a chronic condition. These patterns
were consistent even after adjusting for other sociodemo-
graphic variables.
Risk Factors

Each of the major risk factor domains (genes, family
environment, and individual-specific environment) influ-
ence depressive and anxiety disorders in a distinct man-
ner. There is also a complex interaction between these
risk factors that is still to be unraveled. What is absolutely
clear is that social determinants affect mental health
throughout life. People who are at the lower end of the
socioeconomic ladder experience twice the risk of serious
illness and premature death as those near the top. This
Total YLDs (millions) Percent of total
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effect is not limited to lower-income countries but rather
is consistent across the spectrum of society. Specifically,
the most disadvantaged groups in any community experi-
ence greater incidence of depression, drug use, anxiety,
hostility, and feelings of hopelessness, which all rebound
on physical health.

Our understanding of the specific nature of both the
biological and social risk factors to anxiety and depres-
sion have advanced significantly in recent years. At this
time, we have moved well beyond the simplistic nature
vs nurture debates of previous decades. On the basis of
extensive twin and other genetically informative popu-
lation and family studies, it is clear that at least 30% of
the population-based risk to depressive disorders in
adults can be attributed to additive genetic factors. Of
the 70% of risk that is not readily attributed to genetic
factors, most (up to 60%) is due to current (or unique)
environmental factors rather than childhood (about
10%) experiences.

For those anxiety and depressive disorders that are
present in early adult life, it appears that many of the
genetic influences are shared in common and that overt
differences in clinical presentation may be attributed to
differential exposure to other environmental risk factors
(e.g., personal trauma, dysfunctional parenting styles, or
other interpersonal factors). Importantly, it is now clear
that the pattern of genetic and environmental risk factors
varies across the life span, with new genetic and environ-
mental factors (particularly related to vascular disease and
neurodegenerative disorders) beginning to emerge in
later life.

Perhaps the most significant development in our
understanding emerged with the publication of longitudi-
nal studies demonstrating the additional risks that occur
when an individual has both specific polymorphisms of
genes of biological relevance to anxiety and depression
(e.g., selective serotonin transporter) and exposure to spe-
cific childhood (e.g., maltreatment) or adult (e.g., recent
interpersonal stressors) environmental factors (Caspi and
Moffitt, 2006). These specific gene–environment interac-
tions have long been postulated but not previously docu-
mented. They allow us to move beyond simplistic genetic
or environmental models of adult mental health problems
to focus on the actual pathways that may be relevant. Inher-
ent in these emergingmodels is the complex dance between
genetic substrates and the timing and extent of relevant
environmental exposures, as shown in Figure 4 (see discus-
sion in Caspi and Moffit, 2006). This more detailed knowl-
edge may assist us in designing more targeted preventative
and early intervention strategies. Certainly it has already
led to a much more active reconsideration of the roles
of specific environmental risk factors and the ways in
which such risks may help us (in combination with other
new neuroscience technologies such as structural and func-
tional brain imaging) to better understand the biological
mechanisms underpinning common anxiety and depres-
sive disorders.
Age of Onset of Anxiety and Depression

For the common forms of anxiety and depression, the
typical age of onset is the teenage or early adult years.
Seventy-five percent of the common conditions commence
before the age of 25 years. While various forms of anxiety
are common in childhood, many are closely associated
with perturbations in family and kin environments and
do not necessarily persist into adulthood. Temperamen-
tal characteristics, such as social inhibition or social
anxiety, which are the precursors of adult disorders, are
often evident in early childhood and the preadolescent
period. These temperamental characteristics appear to
have their own genetic (e.g., polymorphism of the sero-
tonin transporter gene) and/or other neurobiological
determinants (e.g., heightened amygdala response to
fearful stimuli).

The phenotypes associated with the onset of the more
classical mood disorders begin to emerge in the adoles-
cent era. There has been some debate about the variation

http://www.who.int/whosis/whostat2007_10highlights.pdf
http://www.who.int/whosis/whostat2007_10highlights.pdf
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in symptom patterns in younger persons with an emphasis
on features such as increased somatic features of anxiety,
irritability, inattention, brief and unstable mood varia-
tions, disturbed sleep–wake cycle, and persistent fatigue
states. The disorders are also least likely to be identified
or treated by health professionals during this period.
Consequently, the age for first active treatment is often
at least a decade after onset of the clinical manifestations
of the disorder. By that time, the condition is likely to
have become chronic or recurrent and to be associated
with significant alcohol or other substance misuse, tobacco
use, or other markers of social disability (reduced educa-
tional achievement, reduced employment, and dysfunc-
tional interpersonal relationships).

While many subtyping models of depressive disorders
have been developed by clinicians, largely on the basis of
cross-sectional phenotypic studies and short-term treat-
ment trials, a system that simply differentiates early-onset
(typically before 25 years of age) from late-onset cases
(typically after 60 years) appears to have closer links
with basic patterns of pathophysiology. It is also likely to
be of greater utility in terms of increasing public aware-
ness of relevant risk factors and the value of pursuing
different preventive strategies or treatment regimens at
different ages.

For early-onset depressive disorders, the emphasis will
inevitably continue to be on development of universal
prevention programs in childhood and the early adoles-
cent period. When combined with early identification
and treatment of major anxiety disorders in childhood
and the early school years as well as identification and
active management of significant anxiety and depressive
disorders during the secondary school period, there is an
opportunity for major reductions in lifetime burden esti-
mates. Given the emerging evidence of the adverse effects
of untreated depression on critical brain regions such as
the hippocampus and the positive effects of some treat-
ments on brain growth factors (e.g., antidepressant and
second-generation antipsychotics that increase levels of
brain-derived neurotrophic factor), we will increasingly
see an emphasis on not just ‘symptom reduction’ and
social recovery but also brain protection for those with
early-onset disorders. Figure 5 shows the level of hippo-
campal reduction in association with early- and late-onset
depression.

For those with late-onset depressive disorders, it is now
evident that different genetic, vascular, and other medical
and environmental risk factors play major roles. Typically,
the onset rate of new anxiety and depressive disorders
declines with increasing age. Onsets in this age range are
typically due less to changing psychosocial circumstances
than the onset of physical illness, brain changes, and/or
social isolation or decreased participation due to ill
health. Neuroimaging and neurocognitive research indi-
cate that the patterns of brain change demand not only
traditional antidepressant therapies but an increased
emphasis on improved vascular and general medical
health. Importantly, new opportunities for prevention
arise in this age range. The clearest relates to improved
vascular health, but this may well be complemented by a
variety of other behavioral (increased exercise), dietary,
and supplement (increased folate, B group vitamins, anti-
oxidants and omega-3 fatty acids), employment, and
socialization strategies.
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Recent Neurobiological Models of Depression

For the last 50 years, our neurobiological theories of
depressive disorders have rested largely on circumstantial
evidence of altered serotonin, norepinephrine, or dopa-
mine neurotransmission. These functional monoamine
models assume structural integrity within relevant frontal,
subcortical, and temporal lobe nuclei and their connecting
white matter tracts. However, there has always been an
uneasy fit between this pharmacological model and the
delay in clinical response, lack of difference in clinical
outcomes associated with different neuropharmacological
entities, benefits of medications that do not act principally
on the monoamine systems, and evidence of progressive
structural brain changes in persons with both unipolar and
bipolar depressive disorders.

In the last 25 years, structural and functional brain
imaging techniques have clearly demonstrated that sub-
stantive regional brain alterations occur in both early- and
late-onset major depressive disorders, as well as bipolar
disorder. These regional brain changes are likely to reflect
various alterations to the neural microcircuitry, including
neuronal, glial cell, and synaptic components. In addition
to regional changes affecting cortical and subcortical
nuclei, disruption of white matter tracts and reduction
in size of the frontal lobes, subcortical nuclei, and the
hippocampus have all been detected and linked with key
phenotypic features such as psychomotor change, cogni-
tive impairment, and poorer illness outcomes.
Given the epidemiological linkages of mid-life depres-
sion with late-life cognitive impairment and dementia,
there is now a need to reconsider the underlying nature
of this association. Previously, it was assumed that such
associations were unlikely to be causal but more likely to
reflect shared risk factors, such as small vessel cerebrovas-
cular disease or other late-life neurodegenerative pro-
cesses. However, the clear demonstration of reduced
hippocampal size and the likely association between
such reductions and duration of untreated illness suggests
that structural brain changes in depression may create a
unique neurobiological vulnerability to later-life demen-
tia syndromes.

Consistent with these findings in human studies, rele-
vant neurobiological correlates of depression have
emerged in animal models. Some of the most interesting
include impaired hippocampal neurogenesis, impaired
synaptogenesis, and altered glial cell structure and func-
tion. The therapeutic effect of antidepressant medicines in
rat models appears to be dependent on restoration of
normal patterns of neurogenesis in the hippocampus.
Additionally, small changes in absolute cell numbers are
associated with major changes in critical neurocircuit
functioning.
Evidenced-Based Interventions

Community and health development programs for under-
resourced communities with poor physical health status
often ignore the importance of common mental health
conditions, despite the direct and large contributions of
poor mental health to lack of sustainable change in health
and economic indicators. In contrast, these communities
often place high worth on programs that promote such
concepts as emotional and social well-being, reduction in
premature death due to suicide, injury, and accidents, as
well as increased achievements in education, employ-
ment, and social participation as a result of promotion of
better mental health alongside active identification and
management of common mental health problems.
Delivery of Evidence-Based Treatments through
Collaborative Care Models

As a consequence of the prevalence of anxiety and
depression, the lack of investment in mental health care
historically, negative community attitudes, and the pat-
terns of organization of health systems established in the
nineteenth and early twentieth centuries, even in the best-
resourced health systems, only a minority of those
affected receive any care, let alone evidence-based treat-
ments (see The Lancet Series on Global Mental Health,
2008). Future health service planning needs urgently to
look at new methods of service delivery (e.g., e-health
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informational and clinical services – web examples of
beyondblue, blue pages, moodgym, reachout central;
reliance on educational and primary care-based work-
forces and promotion of collaborative care models) if we
are ever to make substantial progress.

Two of the most important considerations here relate
to the maintenance of choice in access to preferred treat-
ments as well as the promotion of continuous improve-
ment in the quality of services provided. Community
surveys continue to highlight strong consumer prefer-
ences for increased access to nonpharmacological treat-
ments, self-care strategies, detailed information about
treatment options and self-monitoring tools. The emphasis
on preference for psychological treatments is not limited to
developed countries. The planning for delivery of adequate
nonpharmacological strategies in developing countries
has not been sufficiently addressed. Another major con-
sideration is the continued emphasis in many primary
care treatment settings on the short-term use of inexpen-
sive sedatives and hypnotics rather than engagement in
active antidepressant therapy. Negative community atti-
tudes toward the use of antidepressant medicines persist
and are reinforced by media and some professional
stereotypes that overemphasize side effects, capacity for
dependence, and links with self-harm or violence to
others.

Of perhaps greater importance than the long-standing
debate on the relative merits of pharmacological as com-
pared with other modes of treatment has been the neg-
lect of the issues of ensuring adequate adherence to any
evidence-based therapy to achieve full remission and pre-
vent recurrence. While such issues have been highlighted
within clinical trial environments, they require significant
restructuring of health-care systems (with greater use of
information technologies, recall systems, and active mon-
itoring tools) and greater emphasis on engaging consu-
mers and carers in long-term rather than short-term
treatment plans.

There is now no doubt that collaborative (or stepped)
care models of clinical service, as shown in Table 4,
deliver on the twin objectives of active engagement
and continuous quality improvement. Sadly, even in
well-resourced countries many professional groups and
third-party insurance systems continue to promote more
limited fee-for-service or other disjointed service models.
In some national and private insurance systems, health
care for mental disorders may be actively excluded or
care severely restricted. The next major challenge for
improved care for mental disorders such as anxiety and
depression will be active recognition by health-care sys-
tems that when poorly managed these conditions are
chronic, disabling, and costly to treat. In contrast, when
actively managed with the appropriate and ongoing mix
of psychological and medical care, costs are minimized
and good health and economic outcomes are achieved.
Impact of Increased Treatments on
Suicide Rates

One of the most important arguments for increasing
access to treatments for those with anxiety and depressive
disorders is to reduce premature death due to suicide,
accident, and other injuries and other medical complica-
tions such as coronary heart disease. The most impressive
evidence for the benefit to be derived by increased treat-
ment of mild and moderately severe depressive disorders
in recent years has been the associated decline in suicide
rates in proportion to the increase in access to care, as
demonstrated in Figure 6. While this interpretation has
been debated, sufficient evidence has accumulated across
a large number of countries and treatment settings to
support this interpretation (policy references). Of concern
have been the recent reports that decreased provision of
treatments to young persons in the United States and
Europe (after regulatory bodies issued specific warnings
about the potential dangers associated with antidepres-
sant therapy) has now been associated with an upward
spike in deaths due to suicide. International suicide pre-
vention research has typically focused on other large
community, demographic, and social factors (including
reducing access to lethal means), while placing less
emphasis on those clinical care factors that have a strong
evidence base. These more recent studies suggest that
particularly in well-resourced and socially stable
countries, greater emphasis should now be placed on
improved access to evidence-based care.
Matching Pathophysiological Models to
Clinical Practice

The most recent large clinical effectiveness trials –
Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) – provide even more reason to challenge the
existing pharmacological dogma. What is most impressive
in these studies is the marked effect of prolonged duration
of pharmacological treatment. Independent of the specific
characteristics of the treatment provided, fewer than 30%
responded in the first 12 weeks of SSRI treatment, while
another 20–30% responded in the next 14weeks, and a
further 12–20% responded in the last phase, as shown in
Figure 7. This prolonged time course of additional clini-
cal benefits is consistent with the view that full recovery
depends on fundamental changes in underlying cellular
or circuit elements.

To date, we do not have evidence from clinical studies
that clinical recovery is linked directly to increases in
hippocampal or other regional brain volumes or specific
markers of neurogenesis or synaptogenesis. In the interim,
the clear indication is that acute treatments may need to
be prolonged to achieve maximal neurobiological bene-
fits. Additional considerations include more active



Table 4 Clinical staging model framework for psychotic and severe mood disorders

Stage Definition
Target populations and referral
sources Potential interventions

0 Increased risk of psychotic or

severe mood disorder

No symptoms currently

. First-degree teenage relatives of

probands (subjects/patients under

study/concern)

. Improved mental health literacy

. Family education, drug education

. Brief cognitive skills training

1a Mild or non-specific symptoms
(including neurocognitive deficits)

of psychosis or severe mood

disorder. Mild functional change

or decline

. Screening of teenage populations . Formal mental health literacy

. Referral by: primary care physicians;

school counsellors

. Family psychoeducation,

formal CBT
. Active substance misuse reduction

1b Ultra high risk: moderate but

subthreshold symptoms,

with moderate neurocognitive
changes and functional

decline to caseness (GAF, <70)

. Referral by: educational agencies;

primary care physicians; emergency

departments; welfare agencies

. Family psychoeducation, formal

CBT
. Active substance misuse reduction
. Omega-3 fatty acids
. Atypical antipsychotic agents
. Antidepressant agents or mood

stabilizers
2 First episode of psychotic or severe

mood disorder

. Referral by: primary care physicians;

emergency departments; welfare

agencies; specialist care agencies;

drug and alcohol services

. Family psychoeducation, formal

CBT

Full threshold disorder with moderate to

severe symptoms, neurocognitive
deficits and functional decline (GAF,

30–50)

. Active substance misuse reduction

. Atypical antipsychotic agents

. Antidepressant agents or mood

stabilizers
. Vocational rehabilitation

3a Incomplete remission from first episode

of care. Patient’s management could

be linked or fast-tracked to Stage 4

. Primary and specialist care services . As for Stage 2, but with additional

emphasis on medical and

psychosocial strategies to achieve

full remission
3b Recurrence or relapse of psychotic or

mood disorder, which stabilizes with

treatment at a GAF level, or with

residual symptoms or neurocognition
below the best level achieved after

remission from the first episode

. Primary and specialist care services . As for Stage 3a, but with additional

emphasis on relapse prevention

and strategies to detect early

warning signs

3c Multiple relapses, provided worsening
in clinical extent and impact of illness

is objectively present

. Specialist care services . As for Stage 3b, but with emphasis
on long-term stabilization

4 Severe, persistent or unremitting illness,

as judged by symptoms,
neurocognition, and disability criteria

Patient’s management could be

fast-tracked to this stage at first

presentation, based on specific
clinical and functional criteria (from

Stage 2), or because of failure to

respond to treatment (from Stage 3a)

. Specialized care services . As for Stage 3c, but with emphasis

on clozapine, other tertiary
treatments, and social participation

despite ongoing disability

Reproduced from McGorry PD, Hickie IB, Yung AR, et al. (2006) Clinical staging of psychiatric disorders: A heuristic framework
for choosing earlier, safer and more effective interventions. Australian and New Zealand Journal of Psychiatry 40: 616–622, with

permission.
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consideration of proposed neuroprotective compounds.
These include not only the traditional psychopharmaco-
logical agents such as lithium carbonate, but also the
second-generation antipsychotics that have been shown
both to increase brain-derived neurotrophic factor
(BDNF) as well as reduce brain changes during the
early phases of psychotic disorders. Other potential aug-
mentation or treatment strategies include folic acid, anti-
oxidants, statins, and omega-3 fatty acids.
Primary and Indicated Preventative
Interventions

Some of the key social risk factors (e.g., dysfunctional
parenting; physical, sexual, or emotional abuse) to adult
anxiety or depression are clearly operative in early life
and, hence, it is a key period for consideration of relevant
primary preventative health programs. Of greatest interest
from a broad population health perspective are those
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broad social, community, and family-based approaches
that promote both good physical and mental health in
pregnancy and throughout the early years. Prenatal iden-
tification of cases of anxiety and depression, which can lead
not only to immediate treatment of the mother, but also
to active engagement of the partner and extended family
with consequent increased practical and emotional support
Table 5 A consumer and carer agenda for people whose lives ha

A. Within health-care services
. Development of more responsive primary and specialist care secto
. Education of health-care professionals to ensure that they do not co
. Development of improved information resources for people provide
. Provision of more information about services and treatments availa
. Advocacy for improved access to non-pharmacological forms of ca
. Advocacy for better professions-based responses to the maldistrib
. Support for the development of accessible self-help, mutual suppo
. Promotion of the key roles of carers, particularly to primary care pr
. Promotion of a broader model of recovery from illness than that as
. Development of novel measures of service quality and mechanisms
. Development of measures of consumer- and carer-based concept

health-care services research

B. Broader community priorities
. Reduction of stigma through increasing community awareness and

anxiety
. Workplace and schools-based education programs
. Development of depression-prevention programs, particularly for y
. Development of education resources for the wider community conc

how to go about accessing appropriate care and
. Initiating response to formal barriers, such as exclusion from life an

Reproduced from McNair BG, Highet NJ, Hickie IB, and Davenport

been affected by depression. Medical Journal of Australia 176: s69–s

Table 6 Most frequently identified medical and mental disorders

Major health probl

All medical and mental disorders For all Australians

Cancer 32% (413)
Heart disease and other vascular risks 26% (339)

Alcohol or other substance misuse 10% (128)

Diabetes 8% (108)

Infectious diseases (including HIV/AIDS) 6% (78)
Asthma 5% (58)

Mental health (not specified) 3% (33)

Depression 2% (31)

Anxiety/stress/pressure 2% (31)
Dementia/Alzheimer’s disease 0.7% (9)

Arthritis 0.7% (9)

Gambling 0.3% (5)
Eating disorders 0.3% (4)

Accident/injury 0.2% (3)

Suicide 0.1% (1)

Schizophrenia/psychosis 0.1% (1)
Other 3% (41)

Total 100% (1292)

Reproduced from Highet NJ, Hickie IB, and Davenport TA (2002) M

Medical Journal of Australia 176: s63–s68, with permission.
*Each participant had the opportunity to provide more than one resp

Australia at present? Are there any other major health problems in Au
following the birth, has obvious appeal (see beyondblue, the
National Depression Initiative and beyondblue postnatal
depression, Beyondblue Schools Research Initiative, 2007).
For similar reasons, increased detection and treatment of
postnatal depression has been extensively promoted.

Most population health planning (including most
health service systems) has made little provision for
ve been affected by depression and related disorders

rs

ntribute to the stigmatization of people with depression or anxiety

d with treatments

ble
re at low cost to consumers

ution of specialist services

rt, and other non-professional care agencies

ofessionals
sociated with the medical notion of ‘remission of symptoms’

for collecting such data routinely within health-care services and

s of clinical recovery that can be incorporated in treatment and

the promotion of the experiences of people with depression or

oung people

erning common symptoms of depression or anxiety, as well as

d income protection insurance

TA (2002) Exploring the perspectives of people whose lives have

76.

by 900 Australian adults

ems* (% [n])

For younger Australians For older Australians

3% (23) 21% (222)
0 30% (326)

55% (411) 1% (12)

2% (17) 8% (88)

8% (58) 0.5% (5)
7% (49) 0.3% (3)

4% (33) 2% (19)

7% (52) 1% (10)

3% (21) 1% (6)
0 11% (117)

0 11% (112)

0 0
3% (21) 0.1% (1)

3% (20) 0.1% (1)

0.5% (4) 0

0.5% (4) 0
4% (26) 13% (141)

100% (739) 100% (1063)

onitoring awareness of and attitudes to depression in Australia.

onse (ie. What do you consider to be the major health problem in

stralia?).



Achievement of individual objectives within beyondblue‘s objectives hierarchy

Objective 7: a society that understands and responds to the personal and social impact of depression,
and works actively to prevent it and improve the quality of life of everyone affected by it

Objective 6: increased capacity of the broader Australian community to prevent and respond effective to depression

Objective 1.5:
decrease in

levels of stigma and
discrimination

associated
with depression

Objective 1.4:
increased

understanding of
experiences of people

whose lives have
been affected by

depression

Objective 1.3:
increase in

awareness of the
prevalence,
symptoms,
causes, of

causes, treatments
and prognosis of

depression

Objective 2.3:
genuine

participation by
consumers and

carers in
depression-related

initiatives

Objective 3.3:
systemic

change in the health
sector and beyond
(e.g., in families,

schools, workplaces
and communities)

that support
prevention and early
intervention efforts

Objective 1.2:
increase in

the quantity and
quality of

information available
about depression

through media
and educational

sources

Objective 2.2:
improved consumer
and carer networks

Objective 3.2:
increase in

the number and
range of effective
prevention and

early intervention
initiatives for
depression

Objective 4.2:
improvements in

systems of care and
service initiatives that

promote
participation by

primary care
prectitioners in
preventing and

treating depression

Objective 5.2:
increase in

targeted research
activities aimed at

furthering knowledge
about depression

Objective 1.1: key
initiatives in place

Priority area 1:
community

awareness and
destigmatization

Priority area 2:
consumer and

carer
participation

Priority area 3:
prevention and

early
intervention

Priority area 4:
primary care

Priority area 5:
targeted research

Objective 2.1: key
initiatives in place

Objective 3.1: key
initiatives in place

Objective 4.1: key
initiatives in place

Objective 5.1: key
initiatives in place

Objective 2.4:
genuine

acknowledgment of
issues faced by
consumers and

carers

Objective 3.4:
increase in the

proportion of people
with depression who

seek professional
help early

Objective 3.5:
reduction in

risk factors and
promotion of

protective factors

Objective 4.3:
increase in
community

education and
treatment roles of

primary care
practitioners

Objective 5.3:
increase in

knowledge about
depression,

particularly the
evidence base for

community
education,

prevention and
treartment

Objective fully achieved Objective partially achieved Objective not yet achieved

Figure 8 Achievement of individual objectives within beyondblue’s objectives hierarchy. Reproduced from Pirkis J, Hickie I, Young L,

et al. (2005) An evaluation of beyond blue: Australia’s National Depression Initiative. The International Journal of Mental Health
Promotion 7: 35–53 with permission.
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early intervention and indicated prevention particularly
for these adolescent and early adulthood cases of depres-
sion and anxiety. The challenge of youth mental health
is now recognized internationally. Traditional health
systems tend to focus on child health needs (infectious
diseases, nutrition, immunization, management of devel-
opmental difficulties) and then the needs of adults in mid
and later life (musculoskeletal, cardio- and cerebrovascu-
lar, cancer, dementia, and diabetes). Such traditional pat-
terns of organization of services are therefore weakest
at that period of life when the need for early and effective
intervention for anxiety and depressive disorders is
greatest.

In higher-income countries, there has been some rec-
ognition of the importance of the adolescent-onset
period. This has led to the development of universal
primary intervention programs aimed to promote men-
tal health awareness, reduce social, interpersonal, and
other known risk factors (including alcohol and other
substance misuse and bullying), teach specific cognitive
and behavioral skills, and/or enhance other community
supports (see Gatehouse Project, 2007; beyondblue
Schools Research Initiative, 2007). These have been
delivered mainly through school-based settings and
more recent projects have attempted to integrate such
initiatives into the ongoing early high school curriculum
and related school environment. The longer-term value
of such programs is not yet evident, but this remains a
critical arena for development.

Other clinically based early intervention and indicated
prevention programs are now under development inter-
nationally (see Headspace, 2008; Headstrong, n.d.). Such
programs promote not only new pathways to care for
young persons but also earlier engagement through
e-health and other primary care health and education
systems, provision of effective multidisciplinary care
early in the course of illness, long-term professional
and self-care packages, reduction of secondary alcohol and
other drug use, and return to education, training, and
employment as key outcome variables. The effective-
ness of e-health-based interventions has been well
demonstrated and offers real hope of providing low-cost
and accessible interventions to young persons (particu-
larly young men) who do not readily engage with clinical
services.
Improving Public Understanding of Anxiety
and Depressive Disorders

The lack of provision of effective treatments to persons
with anxiety and depression is perceived by health pro-
fessionals internationally as the major challenge for future
health policy and service development. Quite often, how-
ever, surveys of those who experience these disorders, and
their families and care providers, prioritize the reduction in
the consequences of lack of accurate information and overt
stigma, as shown in Table 5. These negative effects take
many forms and extend well beyond the expression of
negative personal attitudes to include restrictions of access
to health care as well as significant barriers to full participa-
tion in employment, education and training, insurance, and
other financial systems.

A wide variety of factors have been identified that
contribute to these adverse experiences for persons who
have these common mental disorders. Some are largely
historical and relate to the basic lack of knowledge about
the physiological correlates and adverse health and eco-
nomic consequences of living with untreated forms of
anxiety and depression. Others relate to the low priority
individuals give to the relative importance of mental
health as distinct from physical health problems, as
shown in Table 6.

These views have underpinned the development of
measures of mental health literacy (see Jorm et al., 2006)
and supported the implementation of specific regional
(see Hickie, 2004), national (Beyondblue, the National
Depression Initiative (2008)) and local interventions to
increase community awareness, promote positive views of
help-seeking, and reinforce accurate knowledge of the
benefits of professional or self-care interventions. It has
been possible, at least in some better-resourced countries,
to develop a comprehensive and integrated approach to
increased public awareness, consumer and care provider
participation, removal of societal barriers and primary
health-care reform (see Figure 8). An important part of
this movement has been the systematic study of the atti-
tudes and knowledge of different health-care profes-
sionals. Consumers of care often report that the most
negative attitudes they encounter are expressed by gen-
eral health and other specialist mental health providers.
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Public Health Significance

Eating disorders comprise a related group of mental dis-
orders characterized by disturbance in dietary patterns,
body image, and/or efforts to control weight. Taken
together, anorexia nervosa and bulimia nervosa have the
highest mortality rate (tied with substance use disorders)
of any mental illness (Harris and Barraclough, 1998).
Given that these disorders most frequently have their
onset in adolescence, this high mortality rate is particu-
larly striking. Premature death in individuals with these
disorders is attributable both to suicide – there is a suicide
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rate of 23 times expected in these disorders (Harris and
Barraclough, 1997) – and to medical complications from
low weight, poor nutrition, and purging behaviors.

Although eating disorders are considered mental ill-
nesses, their associated behaviors – including restrictive-
pattern eating, binge-pattern eating, and purging and
other behaviors meant to neutralize the effects of over-
eating or to control weight – commonly result in malnu-
trition, obesity, and a wide variety of complications that
affect nearly every organ system. Individuals with an
eating disorder may induce vomiting or misuse laxatives,
enemas, diuretics, or stimulants to lose weight. Others
restrict eating or exercise compulsively. Those with
comorbid insulin-dependent diabetes mellitus have been
known to underdose insulin with the intent to lose weight.
This is particularly dangerous because it can lead to
diabetic ketoacidosis. Chronic purging may cause erosion
of dental and gastrointestinal dysfunction (Becker et al.,
1999). Metabolic disturbances, such as hypokalemia, may
result from chronic vomiting or chronic laxative or
diuretic misuse and can contribute to potentially fatal
cardiac arrhythmia and renal disease.
Classification

The Diagnostic and Statistical Manual for Mental Disorders

(DSM)-IV (APA, 1994) consists of three diagnostic cate-
gories of eating disorders: Anorexia nervosa (AN), bulimia
nervosa (BN), and eating disorder not otherwise speci-
fied (EDNOS). The criteria for AN include refusal to
maintain adequate body weight (e.g., 85% expected),
fear of weight gain, disturbance in how weight/shape are
experienced, and amenorrhea. Criteria for BN include
objective binge eating and inappropriate compensatory
behaviors at least twice weekly for 3months, plus extreme
importance of weight/shape to self-evaluation. If a patient
meets criteria for both AN and BN, the diagnosis of
AN supersedes the diagnosis of BN. It should be noted,
however, that diagnostic criteria, especially 85% expected
body weight in AN, are not absolute, and should not be
used alone as thresholds for clinical care, especially in
children, according to APA (2006) and NICE practice
guidelines (Wilson and Shafran, 2005).

EDNOS is the category reserved for eating disorders
of clinical severity that do not meet diagnostic criteria for
either AN or BN. Although nominally a residual category,
EDNOS is the most common eating disorder diagnosis
made in most outpatient settings other than those attract-
ing highly specialized referrals (Fairburn and Bohn, 2005).
Accumulating evidence suggests that EDNOS and AN or
BN are indistinguishable on severity of psychopathology
and related impairment.

Within EDNOS, binge eating disorder (BED) was pro-
posed as a disorder requiring further study inDSM-IV, and
uncertainty remains as to whether it constitutes a separate
clinical category (see Wilfley et al., 2003). BED is charac-
terized by recurrent episodes of binge eating without the
compensatory behaviors in BN or other extreme methods
of weight control. Night eating syndrome (NES), charac-
terized by wakeful nighttime eating, is a unique combina-
tion of eating disorder, sleep disorder, and mood disorder.
Various diagnostic criteria for NES have been proposed,
and the disorder warrants further research.
Prevalence and Cultural Issues

The majority of individuals with an eating disorder in the
United States do not access formal health care for their
illness (Hudson et al., 2007). One major reason for this is
that up to half of cases presenting in primary care settings
are unrecognized by clinicians (Becker et al., 1999).
A reluctance to relinquish symptoms that characterize AN
and BN, the frequent absence of clinical signs in BN, BED,
and EDNOS, and clinician referral patterns (Becker et al.,
2003)may contribute to this suboptimal access to care. Even
individuals who do access treatment have an unacceptably
high rate of continued symptoms (Keel andMitchell, 1997).

The reported prevalence of eating disorders may under-
estimate true prevalence, as both self-report and interview-
based ascertainment may miss cases if an individual is
unwilling to disclose his or her symptoms. Moreover, dif-
ferential access to care may contribute to prolonged dura-
tion of illness and elevated prevalence in some populations.
Point prevalence of eating disorders inWestern Europe and
the United States is estimated at 0.3% for anorexia nervosa
and 1% for bulimia nervosa in young women. Point preva-
lence of BED is at least 1% among all adults (Hoek and van
Hoeken, 2003). The incidence of BN appears to have
increased over the last half of the twentieth century and
data support that incidence of BED may have increased
over this time period as well (Hoek and van Hoeken, 2003;
Hudson et al., 2007). Fewer data on subsyndromal and
atypical eating disorders are available, but lifetime preva-
lence of AN together with anorexia-like syndromes is esti-
mated at over 3% and of BN together with bulimia-like
syndromes is estimated at 8% (CDC, 2006). Moreover, data
from the 2005 Youth Behavioral Risk Survey (YRBS)
reported by theCenters forDiseaseControl andPrevention
(CDC, 2006) provide some insight as to how commonplace
extreme weight-control behaviors are. Female students in
the United States who participated in YRBS indicated that
within the past month, 6.2% had engaged in self-induced
vomiting or laxative abuse to controlweight, 8.1% admitted
to using diet pills or other products, and 17% fasted for a
period of 24 h or more (CDC, 2006).

Female gender is a well-established fixed marker for
AN and BN, with at least 90% of cases occurring among
females (APA, 1994; Jacobi, 2005). BED is also significantly
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more prevalent among females, although the gender ratio
is not as high (APA, 1994; Jacobi, 2005; Hudson et al., 2007).

Comparison of prevalence estimates of eating disorders
across cultures suggests that BNmay emerge exclusively in
social environments characterized by exposure to so-called
Western ideals. In contrast, AN has been reported across
diverse social contexts, although the rationale for food
refusal is tied to the local cultural context (Keel and
Klump, 2003). For example, phenomenological variation
in AN between Western and Asian populations is striking
(e.g., an absence of fat phobia in the latter; Lee, 2001).
Finally, population data have strongly suggested that accul-
turation, immigration, andmodernization contribute to the
vulnerability for an eating disorder (Becker et al., 2004).

Within the United States, data vary concerning the
relative prevalence of eating disorders among Whites
and Blacks. Whereas some large studies suggest they are
less common among Blacks, other data suggest that rates
of eating disorder symptoms may be quite similar across
the major U.S. ethnic groups. In fact, rates of eating dis-
orders may be even greater among Native Americans,
Blacks, and Latinos when compared with non-Latino
Whites (Crago et al., 1996; Fitzgibbon et al., 1998; Becker
and Fay, 2006; Caldwell et al., 2006).
Etiology

Eating disorders have complex, multifactorial etiology,
involving the interaction of genes and environment. More
than 30 variables have been reported as putative risk factors
for the development of eating disorders (Jacobi et al., 2004),
including biological, psychological, and sociocultural fac-
tors. A taxonomy of risk factor typology and identification
methods has been proposed, taking into account timing of
risk relative to outcome, study design, and specificity,
among other factors (Jacobi et al., 2004). Psycho-develop-
mental risk factors that are common across eating disorders
include elevated weight and shape concerns and dieting,
early childhood eating and gastrointestinal problems, nega-
tive self-evaluation, sexual abuse and other adverse experi-
ences, and general psychiatric morbidity. Factors specific to
AN include perfectionism and obsessive-compulsive syn-
dromes. Factors specific to BN include childhood obesity
and early onset of puberty. In terms of sociocultural factors,
there is strong evidence that social transition (e.g., transi-
tional migration, urbanization, modernization), Western
media exposure, and certain peer influences contribute to
risk for eating disorders (Becker et al., 2004). Research on
biological contributions has focused on genetic factors and
neurobiological disturbances (e.g., altered serotonin). Fam-
ily and twin studies support a strong genetic diathesis to
eating disorders, with heritability estimates ranging from 58
to 76% for AN (an estimate similar to that of schizophrenia
and higher than most other mental disorders), and 30–83%
for BN. Molecular genetic studies have yet to identify well-
replicated susceptibility loci, a challenge made more
difficult by nosological issues and lack of reliable, valid
phenotypes. Vulnerability for the development of an eating
disorder may also be related to disturbance in serotonergic
activity. As such disturbance seems to persist following
recovery, it remains unclear, however, whether such distur-
bance is a long-term consequence of an eating disorder,
rather than a premorbid trait.
Assessment

Multidimensional assessment of eating disorders includes
diagnostic interview,medical, nutritional, and family assess-
ments, and self-report questionnaires. Diagnostic interviews
can establish past and current eating disorder symptomatol-
ogy, mental status including suicidality and self-harm, psy-
chiatric comorbidities, including substance abuse, mood,
and anxiety disorders, as well as personality disorders.
A review should include the patient’s height and weight
history, restrictive eating patterns, binge eating, purging
and compensatory behaviors, and exercise habits. Assess-
ment of body image is essential, although body image dis-
turbance may manifest in different ways across patients.
Another important aspect to assess is patient’s motiva-
tional status, given its influence on course, outcome, and
treatment planning. Self-report questionnaires, helpful for
ascertaining symptom patterns and progress in treatment,
include measures of eating behaviors, dieting, and related
beliefs and behaviors, andmultidimensional aspects of body
image disturbance. Assessment of medical status via full
physical examination is strongly recommended,with partic-
ular attention to vital signs, physical status, cardiovascular
and peripheral vascular function, and dermatological
manifestations (APA Workgroup, 2006). Ongoing medical
evaluation of changes in weight, cardiovascular indications,
and electrolytes may be warranted. Dietary intake and defi-
ciencies may be assessed through self-monitoring (i.e., food
records) or interview. While self-monitoring is itself
a therapeutic technique, the accuracyof self-reported intake
has been challenged, and adherence can be a problem.
Family assessment may be important, especially among
adolescent patients or patients livingwith significant others.
Family assessment is an opportunity to gather information
about family dynamics, especially regarding the topics
of food and weight, and also provide psychoeducation to
family and significant others.
Course and Outcome

Peak incidence of AN and BN is in adolescence, whereas
the onset of BED is typically in late adolescence to the
early twenties (APA, 1994). However, clinical experience
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suggests that eating disorders are becoming common in
prepubertal children and middle-aged adults. Patients
with eating disorders are often quite conflicted about
giving up their symptoms. While most say that they
want to be free from disordered eating, many are fearful
of gaining weight or finding alternate coping strategies to
deal with stress or anxiety. As such, many are reluctant to
seek treatment. Patients with AN often come to medical
attention more quickly by virtue of low body weight and/
or change in eating and exercise patterns that are often
noticed by friends and family. Individuals may protest
when clinicians suggest that there is reason for concern;
patients will often avoid being weighed or will wear layers
of clothing to appear heavier. They may also drink exces-
sive water or carry weights on their bodies to fool provi-
ders into thinking that their weight is normal. Similarly,
patients struggling with BED may come to attention fairly
quickly, particularly if they are overweight. Individuals
with BN can be more difficult to detect, as they tend to
stay within a relatively normal weight range. In addition,
patients struggling with BN are often very reluctant to
volunteer their symptoms due to shame. However, when
savvy providers identify them, patients with BED and BN
are far more likely to accept treatment than are patients
diagnosed with AN. This is likely due to the fact that
symptoms of binging and purging can be very distressing.
Similarly, many individuals are motivated to lose weight
for both cosmetic reasons and to avoid long-term health
consequences. Those engaged in extreme dietary restric-
tion, on the other hand, tend to take pride in their beha-
viors and are reluctant to change.

Even with treatment, the natural course of AN tends to
be chronic, with symptoms relapsing and remitting several
times over the years. However, some patients are able to
sustain full recovery after a single episode of illness, some-
timeswithout seeking any formal treatment. Early recovery
tends to be more tenuous, with relapse more common in
the first 2 years following treatment (Fichter et al., 2006).
Relapses tend to be associated with periods of increased
psychosocial stress and body image disturbance. Those who
recover may continue to experience symptoms. While they
may be able to maintain a healthy weight, some continue to
observe very rigid behaviors around nutrition and exercise.
Others begin binge eating and purging, and some may
transition to full-fledged BN (Keel et al., 2005). However,
remission rates do improve with time. Poor outcome is
strongly associated with chronicity and severity of the
eating disorder and mortality also increases over time.

Patients with BN may also have a chronic course, with
periods of improvement followed by relapse. Transition to
AN is rare, but many continue to engage in binge eating,
purging, or compulsive exercise. Again, relapse is common
in early remission, but rates of remission increase over time.
Often, the frequency of symptoms decreases to a point
where diagnostic criteria are no longer met. In a recent
long-term follow-up study, 70% of patients no longer met
DSM-IV criteria for an eating disorder 12 years after inpa-
tient treatment for BN, 13%met criteria for EDNOS, 10%
met criteria for BN, 5% met criteria for AN, and 2% died
(Fichter and Quadflieg, 2004). Authors found that the pres-
ence of psychiatric comorbidity was the best predictor of
outcome in this population.

Lifetime comorbidity with another psychiatric disor-
der is very common among individuals with an eating
disorder, reported as 56% in AN, 95% in BN, and 79%
in BED (Husdon et al., 2007).
Treatment

Multidisciplinary team treatment of eating disorders is
the standard of care, with coordination among medical,
nutritional, and psychiatric treatments. Services range
from intensive inpatient programs to residential, partial
hospital, day treatment, and varying levels of outpatient
care, which may entail general medical treatment, nutri-
tional counseling, individual, group, and family psycho-
therapy. Level of care should be determined according to
a patient’s overall physical status, including body mass
index and medical stability, as well as psychological symp-
toms and social circumstances. Hospital-level care is nec-
essary in the context of serious medical complications or
seriously impaired psychological function and may also be
necessary when there is rapid or persistent decline in
intake or weight, inadequate response to lower levels of
care, or when psychosocial factors or comorbid illness
interfere with effective outpatient management.

Across the eating disorders, psychotherapeutic inter-
ventions are the most effective and recommended first-
line treatment. Psychopharmacologic treatment can be
useful in augmenting psychotherapy for BN and BED
but there is inadequate empirical support to recommend
specific pharmacologic treatment for the primary symp-
toms of either AN or EDNOS. In the United States, only
one pharmacologic agent has FDA approval for treatment
of an eating disorder – fluoxetine for BN – and use of all
other agents is considered off-label. The heightened risk
for electrocardiographic QT prolongation among indivi-
duals with AN and BN requires that clinicians carefully
consider risk of QT prolongation prior to initiating cer-
tain psychotropic agents in this patient population.

For adult patients with AN, few psychotherapies have
been evaluated in randomized control trials and none
have demonstrated effectiveness. In contrast to treatment
for adults, however, treatment for adolescents with AN has
shown promise, and family therapies with this population
are recommended (Wilson and Shafran, 2005). Patients
may benefit from interventions targeting comorbid anxiety,
depression, and obsessive-compulsive symptoms, and psy-
chotherapeutic interventions should comprise the main
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thrust of the treatment plan. Symptoms of depression and
anxiety are exacerbated by the malnutrition that often
accompanies eating disorders. Furthermore, individuals
with low body weight are more susceptible to troublesome
medication side effects (APAWorkgroup, 2006), and many
patients are reluctant to take medications that could
potentially cause weight gain. Typically, slow, monitored,
and actively managed weight gain is the most helpful
intervention for these individuals. Clinicians should
avoid introducing psychotropic agents known to suppress
appetite. There are preliminary data to suggest that atypi-
cal antipsychotics (risperidone and olanzapine) may have
some benefits in ameliorating symptoms of anorexia
nervosa.

Cognitive-behavioral therapy (CBT) is the best-
established of several empirically supported treatments for
BN; numerous randomized controlled trials have shown
reliably good outcome, low relapse rates, and superiority
to treatment with antidepressants alone. CBT, described in
a manual by Fairburn et al. (1993), is delineated inTable 1.
Interpersonal therapy is also an effective treatment for BN.
CBT and interpersonal psychotherapy (IPT) have been
tested in both individual and group formats in randomized
controlled trials and have empirical support (Wilson and
Shafran, 2005). Fluoxetine at doses up to 60mg per day
is FDA-approved for the treatment of BN and is the
best established pharmacologic agent for treatment of BN
(Fluoxetine Bulimia Nervosa Collaborative Study Group,
1992). Combination therapy with both fluoxetine and CBT
does seem to providemodest additional benefit (Walsh et al.,
1997). Topiramate, an antiepilepticmedication, has demon-
strated efficacy in reduction of symptoms of BN (Nickel
et al., 2005). Other classes of agents have shown efficacy (e.g.,
some tricyclic antidepressants and some monoamine oxi-
dase inhibitors) but utility is limited by unacceptable side
effects.Moreover, bupropion is relatively contraindicated in
this population due to increased incidence of seizures in
patients who actively binged and purged while taking this
medication. CBT – both individual and group – is also the
best-established treatment for BED. Topiramate has also
Table 1 Treatment components of cognitive-behavior

therapy

Stage 1 . Psychoeducation on cognitive-behavioral model
of eating disorders, body weight regulation,

consequences of dieting, binge eating, and

purging
. Establish self-monitoring and weekly weighing
. Establish regular pattern of eating and use of

alternative behaviors to reduce binge eating and

purging
Stage 2 . Reduce/eliminate dieting

. Problem-solving skills

. Cognitive restructuring, especially of weight and

shape concerns
Stage 3 . Relapse prevention
been shown effective in the treatment of BED (McElroy
et al., 2007) and several pharmacologic agents show promise,
although further studies are necessary to establish clear
treatment recommendations.
Conclusion

Eating disorders typically have onset in adolescence and
young adulthood and are most prevalent among females.
Although effective treatments have been developed,
access to care for an eating disorder is unacceptably low
and eating disorders often follow a chronic course. In
addition, they can result in serious medical complications
and are associated with high mortality compared with
other mental illnesses. Optimal treatment is multidisci-
plinary and includes medical stability and nutritional
counseling in addition to psychotherapeutic and psycho-
pharmacologic interventions.
See also: Child Obesity and Health; Children, Media and

Health; Specific Mental Health Disorders: Child and

Adolescent Mental Disorders.
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Dementia

Dementia is strongly associatedwith increasing age. It is very
rare among individuals below the age of 65 years, while the
prevalence is more than 50% among individuals above age
90 (Table 1). Dementia is a syndrome characterized by a
decline in memory and other intellectual functions (i.e.,
orientation, visuospatial abilities, executive functions, lan-
guage, and thinking), often accompanied by changes in per-
sonality and emotions. The disturbance is a decline from a
previous higher level and gives rise to difficulties in everyday
life. Around 70 disorders have been associatedwith a demen-
tia syndrome, the most common being Alzheimer disease
(AD) and vascular dementia (VaD). A combination of these
disorders (mixed dementia) may be most common. Other
psychiatric disorders, such as depression, anxiety, and psy-
chosis, are very common among demented individuals.

Early criteria for dementia were based on the presence
of memory dysfunction and disorientation for time and
place. The modern concept of dementia emphasizes that
dementia is a global decline that affects intellectual func-
tions beyond memory. The most often used definitions of
dementia in scientific studies are those released by the
American Psychiatric Association; the Diagnostic and Statis-
tical Manual of Mental Disorders, 3rd revised version (DSM-
III-R; American Psychiatric Association, 1987), and the
fourth version (DSM-IV; American Psychiatric Associa-
tion, 1994), and the classification by the World Health



Table 1 Prevalence of dementia by age

Age %

70 2.5
75 5

80 10

85 30

90 40
95 55
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Organization, International Classification of Diseases (ICD),
10th version (ICD-10; World Health Organization, 1992).
DSM-III-R is most commonly used in epidemiological
studies since its criteria were current when several large
population studies started in the late 1980s and early 1990s.
Both DSM and ICD criteria regard memory disturbance as
mandatory for a diagnosis, but also require the presence of
other disturbances of cognitive functions. ICD-10 also
requires changes in personality. These diagnostic systems
have been questioned because they are based on the symp-
toms of Alzheimer’s disease (AD), where memory distur-
bance occurs early. Dementia disorders with more
circumscribed symptoms, focal signs or an atypical course
may therefore not be classified as dementia, e.g., some
vascular dementias or frontal lobe dementia. The concept
vascular cognitive impairment was introduced to capture
the more complex pattern seen in individuals with intel-
lectual disturbances related to cerebrovascular diseases.
Alzheimer’s Disease

AD is characterized by an insidious onset with slowly
progressive impairments in intellectual functions, typically
presenting with memory problems, and changes in person-
ality and emotions. Individuals developing AD, and to some
extent VaD, show very mild symptoms regarding memory,
executive functions, language, and personality decades
before the disease can be diagnosed. These symptoms
probably reflect incipient brain pathology. However, at
this stage there is a large overlap with normal aging. This
dimensional rather than categorical character makes pro-
dromal symptoms of dementia difficult to distinguish from
normal aging. The concept of mild cognitive impairment
(MCI) was introduced during the early 1990s to capture
individuals with prodromal AD. The concept of MCI is
uncertain and the prevalence figures vary widely. Besides
objective measures of intellectual dysfunction, it also often
requires self-reported problems with memory, which
means that a large group of elderly persons with intellec-
tual dysfunction will not be classified as MCI. MCI is often
divided into three groups based on the symptom pattern,
amnestic MCI (only memory impairment), multiple
domains slightly impaired, and single non-memory domain
impairment. It is reported that 15–20% of patients with
MCI develop dementia each year. Other names for this
state are age-associated memory impairment (AAMI) and
cognitive impairment not dementia (CIND).

The neuropathology of AD includes extensive neuro-
nal loss and deposition of extracellular senile plaques (SP)
and intracellular neurofibrillary tangles (NFT) in the
hippocampus and the frontal and temporal cortex, while
the motor cortex is spared. The b-amyloid protein is one
of the main components of the SP and is also diffusely
deposited in the brains of AD patients. Amyloid deposi-
tion is often regarded to be central in the pathogenesis of
AD, starting a cascade that results in neuronal destruction
(the amyloid cascade hypothesis). NFTs are intracyto-
plasmatic changes, composed of paired helical filaments
(PHF), which are proteinaceous filaments twisted around
each other in a helical manner. PHFs contain an abnor-
mally hyperphosphorylated form of tau protein. However,
extensive brain deposition of b-amyloid and NFTs is
often found in normal aging, and in several other brain
disorders. Other changes in patients with AD include
synaptic loss in the hippocampus and in several cortical
regions, and disturbances in the cholinergic, serotonergic,
noradrenergic, dopaminergic, glutaminergic, and neuro-
peptic neurotransmitter systems. Current symptomatic
treatment for AD with acetylcholine esterase inhibitors
aims to prevent the breakdown of acetylcholine. Lesions in
the cerebral microvessels, e.g., amyloid angiopathy and
degeneration of the endothelium, are also found in brains
of AD patients. Histopathology is often stated to be the
gold standard for a diagnosis of AD. Neuropathological
criteria for AD are mainly based on age-dependent limits
of the amount of SP in the neocortex, although some
criteria are based on the pattern of NFT changes. The
typical brain changes seen in AD are also found in high
proportions of normal elderly, especially among the very
old. Several population-based studies report that only
about half of individuals who fulfil neuropathological cri-
teria for AD are demented during life. This would mean
that all people with AD in their brains do not develop
dementia.
Vascular Dementia

VaD is caused by cerebrovascular disorders. Until the
1960s, old age (senile) dementia was considered a result
of chronic ischemia secondary to atherosclerosis of cere-
bral arteries or hardening of the arteries. In 1974, the term
multi-infarct dementia was introduced, emphasizing the
importance of multiple small or large infarcts, often
related to stroke. Other causes of VaD include subcortical
white matter lesions (WMLs) and other cerebrovascular
diseases.

In epidemiological studies, where brain imaging (CTor
MRI) is most often not performed, the diagnosis of VaD is
most frequently on history or symptoms of stroke in con-
nection with dementia onset. Stroke-associated dementia
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is related to small or large brain infarcts. Most cerebral
infarcts are caused by thromboembolism from extracranial
arteries and the heart. Although this often gives rise to
typical focal symptoms (hemiparesis, aphasia), the infarcts
are often too small individually to produce a major clinical
incident, which means that the diagnosis cannot be made
without brain imaging. Therefore, VaD is often underdiag-
nosed in traditional epidemiological studies. The typical
clinical picture is sudden onset, stepwise deterioration,
fluctuating course, history of stroke or transitory ischemic
attacks, and focal neurological symptoms and signs.
However, VaD may also have a gradual onset with a slowly
progressive course and without focal signs or infarcts on
brain imaging, which makes it difficult to differentiate from
AD. The cognitive impairment may have a large variability
depending on the site of the lesions, and memory may be
relatively preserved.

The importance of subcortical white-matter lesions
(WMLs) as a cause of dementia became clear after the
advent of brain imaging (CT and MRI) in the 1980s. The
neuropathology includes diffuse ischemic demyelination,
moderate loss of axons, and incomplete infarctions in
subcortical structures of both hemispheres, as well as
hyalinization or fibrosis of the small penetrating arteries
and arterioles in the white matter. The main hypothesis
regarding its pathogenesis is that longstanding hyper-
tension causes lipohyalinosis and narrowing of the
lumen of the small perforating arteries and arterioles
that nourish the deep WM. The dementia associated
with WMLs is probably caused by subcortical–cortical
or corticocortical disconnection. WMLs have been asso-
ciated with a spectrum of clinical pictures. The dementia
is supposed to have an insidious onset and a slowly pro-
gressive course, which makes it difficult to distinguish
from AD. The typical clinical picture includes mild mem-
ory problems, psychomotor retardation, urinary incon-
tinence, gait dysfunction, apathy, loss of drive, and
emotional blunting. The main risk factors for WMLs are
high age and vascular diseases, especially hypertension.
WMLs are also common in normal aging and related
to mild cognitive symptoms and gait disturbances in
otherwise normal elderly.

The main diagnostic problem in dementia is to distin-
guish AD from VaD. Depending on the criteria used, the
proportion of demented individuals diagnosed as AD or
VaD may differ considerably. AD may sometimes have a
course suggestive of VaD, and VaD may have a course
suggestive of AD. AD may be underdiagnosed in persons
with cerebral infarcts as neither clinical nor pathological
evidence of cerebrovascular disease means that it caused
the dementia. However, AD may also be overdiagnosed as
many infarctions are clinically silent and infarcts in cases
of typical AD may be dismissed as being irrelevant.
The common coincidence of AD and VaD is becoming
increasingly recognized and may even be the most
common form of dementia. This state is often called
mixed dementia, in which neither disease alone may be
sufficient to cause dementia, but together they may. It was
recently reported that concomitant cerebrovascular dis-
eases increase the possibility that individuals with AD
pathology will express a dementia syndrome. Pure forms
of VaD are probably rare.
Frequency of Dementia

The prevalence of dementia increases with age, from
approximately 3% at age 70 to 52% at age 95 (Table 1).
The figures are uncertain in the very high ages because the
number of persons examined in these ages generally has
been low. There is an on-going debate whether the preva-
lence reaches a plateau after the age of 90. Regarding
types of dementia, most population studies report that
50–70% of demented individuals have AD and 20–30%
VaD, and that the prevalence of AD increases steeply with
increasing age, while the prevalence of VaD increases less
steeply. One reason may be that silent asymptomatic
infarcts become more common with increasing age. In
most studies, the prevalence of AD is higher in males
than in females among younger old people, and higher
among women than among men in the very old. Regarding
geographical distribution, the prevalence of dementia is
strikingly similar in most parts of the world (although
prevalence may be lower in Africa), but there are differ-
ences concerning the type of dementia. The prevalence of
AD is generally higher inWestern European countries and
North America, and lower in Asia and Eastern Europe,
while the opposite pattern is found for vascular dementia.
One explanation for the variation may be that the preva-
lence and incidence of cerebrovascular disorders differ
between countries. More recent prevalence studies from
Asia suggest a more similar distribution of AD and VaD to
European and North American studies. This may be due
to changing diagnostic customs or changes in mortality
and morbidity related to cerebrovascular disease.

Also, the incidence of dementia shows an increase with
age, although there is a hypothesis that the incidence
may decline after the age of 95 years. The relationship
between dementia and increasing age has resulted in a
debate on whether dementia is an extreme variant of
normal aging or different causes of dementia become
more common with increasing age.
Risk and Protective Factors

Most studies on risk and protective factors have been pub-
lished with regard to AD (Table 2). Higher age is the most
consistent risk factor. Other factors are family history of
dementia, Down syndrome, the apoEe4 allele, head trauma,
female sex after the age of 80, and vascular risk factors and
disorders. Protective factors include higher educational



Table 2 Risk factors for dementia

Moderate to strong evidence
. Age
. ApoE e4
. Familial aggregation
. High blood pressure
. Diabetes mellitus
. Antihypertensive drugs (protective)
. Low education
. Leisure-time activity (protective)
. Female sex (after age 85)
. Down syndrome

Some evidence
. Head trauma
. High cholesterol
. Overweight
. Red wine (protective)
. Antiinflammatory drugs (protective)
. Statins (protective)
. Hormone replacement therapy (protective)
. Dietary antioxidants (protective)

Specific Mental Health Disorders: Mental Disorders Associated with Aging 177
level, use of moderate amounts of red wine, physical exer-
cise, higher leisure time activity, intellectual activities, and
larger brain reserve. In observational studies, the use of
antihypertensive drugs, anti-inflammatory drugs, statins,
estrogens, and dietary antioxidants are reported to decrease
risk of dementia andAD. This has not yet been confirmed in
placebo-controlled studies. The risk factors suggested for
VaD are similar to those in stroke, including advanced age,
male sex, hypertension, diabetes mellitus, smoking, and
cardiac diseases. VaD is reported to be more common in
Finland, the former Soviet Union, and Asian countries than
in Western Europe and the United States. Risk factors for
dementia in individuals with stroke are similar to those in
AD, suggesting that mixed dementia may be common in
these cases.

The majority of patients with AD have no obvious
family history and are classified as sporadic AD, but
there are also rare genetic forms. In these families, the
symptoms have an early onset (40–60 years of age). How-
ever, sporadic AD is also consistently associated with a
family history of dementia. Genetic studies in families
with autosomal dominant inheritance for AD, accounting
for less than 1% of all AD cases, show that mutations on
the genes encoding amyloid precursor protein (APP) on
chromosome 21, presenilin-1 on chromosome 14, and
presenilin-2 on chromosome 1 segregate with AD. These
mutations may elevate the levels of b-amyloid aggregates
in the brain. Individuals with Down syndrome (DS)
exhibit severe AD neuropathology by age 40. The domi-
nant chromosomal aberration in DS is a trisomy of the
long arm of chromosome 21, the site of the APP gene.
Alzheimer pathology in DS is probably caused by an
overexpression of this gene.

One susceptibility genetic factor, the apolipoprotein E
(apoE), has consistently been associated with both familial
and sporadic AD. There are three allelic isoforms of the
APOE genotype (e4, e3, e2). The e4 is associated with
increased risk for AD and the e2 with decreased risk. The
association is also confirmed in population-based studies,
although it is weaker than in more selected samples and is
reduced in the oldest-old. ApoE is a constituent of plasma
lipoproteins and is essential in the redistribution of lipids
between cells by mediating the uptake of lipoproteins by
specific receptors. The apoE e4 acts as an independent
and specific susceptibility gene for AD and several
hypotheses exist for its pathogenic role. Presence or
absence of the apoE e4 has been shown to modify the
impact of other risk factors, and is also a risk factor for
vascular diseases.

AD has recently been associated with vascular risk
factors, such as hypertension, coronary heart disease,
atrial fibrillation, diabetes mellitus, hypercholesterolemia,
and generalized atherosclerosis. Vascular diseases may
exacerbate the AD process, or similar mechanisms may
be involved in the pathogenesis of both disorders. Those
studies reporting an association between hypertension
and AD have generally measured blood pressure at least
5–10 years before dementia onset, while studies with
shorter follow-ups and cross-sectional studies generally
report associations between dementia and low blood pres-
sure. In line with this, it has been reported that blood
pressure decreases in the years preceding AD onset and
continues to decline during the course of AD. The rela-
tionship between declining blood pressure and AD may
have several explanations. One possibility is that the
declining blood pressure is secondary to the brain lesions
seen in AD. Several of the brain regions affected early in
AD are regulators of blood pressure. The decline in blood
pressure may thus be a very early clinical sign of AD,
perhaps even before the cognitive symptoms. Studies
showing associations with AD have furthermore generally
been based on standardized blood pressure measure-
ments, while studies based on self-report generally do
not find associations with AD. One reason for the latter
may be that those reporting hypertension may often be on
treatment, and a number of epidemiological studies sug-
gest that use of antihypertensive agents decreases the
incidence of AD.
Consequences of Dementia

AD is a chronic disorder. During the course of the disease,
the patients’ functions in daily living inevitably deterio-
rate. Dementia is the most important cause of dependency
in older adults. The burden of care falls mainly on the
family, although AD and dementia are also the most
important cause of institutionalization in the elderly.
Informal family care is particularly important in those
parts of the world where health and welfare services and
long-term care are less well developed. The caregiver
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strain is often immense, and related to an increased risk of
depression and other mental disorders. In most countries,
both in the developed and in the developing world, spe-
cialists are few, and primary health care and other services
are ill prepared to meet the needs of families for long-
term support and care. In 2003, the cost of dementia
worldwide was estimated to be almost US $160 billion
based on a worldwide prevalence of almost 30million
demented persons. Ninety-two percent of this cost was
found in advanced economies, where only about 40% of
the demented were found. Due to changing demo-
graphics, with a substantial increase in the number of
people aged 80 and above, especially in the developing
world, the number of people with dementia will increase
substantially, to over 130million, during the next 40 years.
Most of this increase will be in the developing world
(Table 3).

Dementia disorders are the most important predictors
of mortality in old age. This is true both for AD and VaD,
and VaD has a higher mortality rate than AD. Mortality is
also associated with severity of dementia and with cogni-
tive function in nondemented elderly. Although the rela-
tive risk of death in dementia is reduced in advanced age,
the influence of dementia on survival at high ages is
substantial because of its high prevalence. At age 85,
population-attributable risk (PAR) for death in AD and
VaD was 31% in men and 50% in women.
Depression

A depressive syndrome includes symptoms of depressed
mood, tearfulness, diminished pleasure or interest, exces-
sive guilt feelings, low self-esteem, and feelings of worth-
lessness, hopelessness, pessimism, emotional flatness, poor
appetite and weight loss, low energy, or increased fatigue,
sleep problems, poor concentration, difficulty making
decisions, intellectual problems, withdrawal, psychomotor
retardation, reduced talkativeness or agitation, and sui-
cidal ideations.

Elderly people may be predisposed to depression due
to age-related structural and biochemical changes, such as
Table 3 Number of people with dementia in different parts of

the world (millions)

2005 2050

Europe 10 19
Asia 18 81

Africa 2 10

North America 4 10

Latin America 3 13
Total 37 133

Based on UN World Population Prospects and a dementia prev-

alence of 5% age 65–80 and 20% above age 80.
underactivity of serotonergic transmission, hypersecre-
tion of cortisol, and low levels of testosterone. This notion
is supported by a worldwide report of high suicide rates in
the elderly. Furthermore, several risk factors for depres-
sion such as bereavement and other psychological losses,
loneliness, loss of earlier status in society, vascular and
other somatic diseases, and institutionalization become
more common with increasing age. With regard to vascu-
lar disease, it has been suggested that cerebrovascular
diseases, such as stroke and ischemic WMLs are es-
pecially important in the etiology of depression in old
age. This has led to the concept of vascular depression.
However, depression is also a risk factor for myocardial
infarction and stroke, and related to worse outcome in
these disorders. The association between vascular disease
and depression is therefore complicated. On the other
hand, some age-related factors may decrease the preva-
lence of depression in old age. Life stressors might be
better tolerated in old age because they are expected, and
the wisdom seen in elderly people may also be protective.
Old age may also have a positive dimension, with freedom
of time, less stressors of work, and less competition.
Frequency of Depression

Most cross-sectional studies report prevalence figures of
around 10% for depression, which makes depression an
even more common disorder than dementia after age 65.
Depression is thus a common cause of disability in the
elderly and reduces life satisfaction. Several cross-sectional
studies suggest that the prevalence of depressive disorders
decreases after age 65. Studies on representative samples
that treat the group above age 65 as one entity are, however,
heavily weighted towards the age strata 65–75, and the
group above age 75 is therefore concealed in these types
of studies. Several studies report that depression may have
its highest prevalence the 10 years before retirement age
(65 years) and its lowest prevalence between age 65 and
75 years, with an increase again after age 75.

Several methodological and confounding factorsmayact
either to increase or decrease the prevalence of depression
with age (Table 4). First, there is an overlap in symptoms of
physical disorders and normal aging and depression (e.g.,
loss of appetite, tiredness, sleep disturbances), which may
lead to overdiagnosis of depression. On the other hand, if
depressive symptoms are thought to be due to physical
disorders or normal aging by the elderly themselves and
by their relatives and physicians, the rate of depression may
be underestimated. Second, several population studies
exclude individuals in institutions, where the prevalence
of depressive disorders is high. This has its strongest influ-
ence on the prevalence among the oldest old where institu-
tionalization rate is high. Third,most criteria for depression,
for example, DSM-IVexcludes organic causes of depression
such as dementia. As described above, the prevalence of



Table 4 Factors that might influence the prevalence of

depression and other mental disorders with age

Concomitant physical disorders

Exclusion of institutionalized individuals

Dementia
Manifestation of psychiatric disorders may be different in old age

Criteria for psychiatric disorders are based on younger patient

samples

Selective mortality
Birth cohort effects

Misconceptions about normal aging

Differential refusal rates
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dementia increases dramatically with age. This means that
with increasing age, a large proportion of the total popula-
tion will be removed from the population at risk for depres-
sion, giving lower total prevalence of depression in higher
ages. Furthermore, even if the demented are not excluded,
persons with dementia may underreport these symptoms
due to memory problems. Fourth, depression may have
other manifestations in the elderly, i.e., other symptom
patterns than those in current criteria. This might under-
estimate the prevalence of depression in the oldest age
groups. Instead, depressive symptoms are reported to be
more common than the clinical diagnosis, and, in general,
the prevalence of depressive symptoms increases with age.
However, the symptoms of depression are most often simi-
lar in the old and the young. Fifth, the mortality rate is
increased in individuals with depression, also in old age.
Thus, even if the risk for depression increases with age, the
increased mortality may lead to a decreasing prevalence.
Sixth, during the twentieth century, a higher prevalence of
depression has been reported in later-born generations.
Therefore, even if the prevalence is unaffected by age, the
cohort effect may give a lower prevalence in the elderly.
Seventh, individualswith depressionmay bemore reluctant
to participate in studies. If this differential refusal rate is
more accentuated in the elderly, it might lead to a lower
prevalence of depression in the elderly.
Risk Factors for Depression

Female sex is the most consistent risk factor for depres-
sion. The female preponderance is most accentuated in
middle life, and the sex difference is supposed to diminish
with increasing age. However, depression is generally
reported to be more common in women also among the
elderly. There are few studies on other risk factors for
depression in old age and most are based on retrospec-
tive information from cross-sectional data. It is therefore
difficult to differentiate between risk factors and conse-
quences of depression. Declining physical health, insti-
tutionalization and several medical drugs have been
associated with depression. Several physical disorders
are related to depression in the elderly including
cardiovascular diseases, hypothyroidism, cancer, vitamin
deficiencies, Cushing syndrome, anemia, infections, and
lung diseases. Other reported risk factors include previous
psychiatric history, family history of depression, bereave-
ment, other life events, personality factors (e.g., locus of
control, neuroticism), social factors (social deprivation,
loneliness, social support deficits), low education, smok-
ing, and impairments in activities of daily living.

Even if the frequency of depression increases with age,
this does not necessarily mean that age as such is a risk
factor, as several other proposed risk factors, such as
physical disorders, social deprivation, and bereavement,
also increase with age. When these other factors are
controlled for, age as such may not be an independent
risk factor for depression.

Structural brain changes in depression of old age have
been reported by several investigators. Theses changes
include ventricular enlargement and changes in the cau-
date nuclei and the putamen. Ischemic white matter
lesions and infarcts have also been associated with depres-
sion in the elderly. Most studies are, however, hospital-
based and may be influenced by selection biases.
Depression and Dementia

High rates of depression have been reported in patients
with dementia, with a prevalence of 10–20%. Depressive
disorders are generally more common in mild or early
dementia. Depression in dementia may be a psychological
reaction to the disease, or result from biochemical or
structural brain changes. However, a lack of association
between dementia and depression has been noted in com-
munity studies. Depression may worsen the dementia
syndrome and is important to recognize as it is potentially
treatable. It has also been suggested that previous depres-
sion may be a risk factor for dementia. Furthermore,
several studies report that individuals with manifest
depression show cognitive decline. This decline is gener-
ally of mild degree and not overt dementia.
Consequences of Depression

Among the consequences of depression are social depri-
vation, loneliness, poor quality of life, increased use of
health- and home-care services, increased risk for physi-
cal disorders (e.g., stroke, myocardial infarction, cancer),
cognitive decline, impairments in activities of daily living,
suicide, and an increased nonsuicidal mortality (Table 5).
Studies on attempted and completed suicides in old age
have reported a stronger association with depression, with
less alcoholism and fewer personality disorders, than in
younger age groups. Furthermore, suicidal attempts in the
elderly are often characterized by a greater degree of
lethal intent. The depressed elderly have a several-fold



Table 5 Consequences of depression

Social deprivation and loneliness
Poor quality of life

Impairments in activities of daily living

Increased use of health and home care services

Increased risk for physical disorders
Stroke

Myocardial infarction

Cancer

Cognitive decline
Suicide

Increased nonsuicidal mortality
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increased risk of dying. The causal relationship between
depression and the increased risk of dying is not clear.

Untreated depression has consistently been reported to
have a poor outcome in the elderly, although it is not clear
whether the depressed elderly have worse outcome than
younger depressives. Several studies have addressed the
question of whether it is possible to identify those with a
poor outcome. The findings so far are contradictory.

Despite the high prescription of psychotropic drugs in
the elderly, only a minority of those with depression receive
specific treatment for their disorder. Most epidemiological
studies report that only around 15–20% of individuals
diagnosed with depression receive antidepressant therapy.
Instead, a high prescription of benzodiazepines in depres-
sion has been reported by several investigators. Many
elderly may use sedatives for sleep disturbances and anxio-
lytics for the anxiety accompanying depression, where anti-
depressants should have been the proper therapy. During
recent years, new antidepressants, which are better toler-
ated by the elderly, have been introduced. At the same time,
the prescription of antidepressants has increased in the
community. It remains to be elucidated whether these
changes have led to a higher treatment rate of depression
in the elderly.
Anxiety Disorders

Anxiety disorders include generalized anxiety disorder
(GAD), agoraphobia, panic anxiety disorder, obsessive-
compulsive disorder (OCD), social phobias, and simple
phobias. Studies concerned especially with the epidemiol-
ogy of anxiety disorders in the elderly are few. The
approximate prevalence figures are for social phobia 1%,
simple phobia 4%, OCD 0.1–0.8%, panic disorder 0.1%,
and generalized anxiety disorder 4%, while the prevalence
of agoraphobia varies widely between studies (1.5–8%).
For overall anxiety disorder, figures vary widely depend-
ing on criteria used, from 3 to 15%. The prevalence of
anxiety disorders is reported to decline with age, also after
age 65, with the exception of generalized anxiety disorder,
which seem to remain stable with age or even increase
(if nonhierarchical diagnoses are made; see below in this
section). However, these disorders may occur as primary
disorders for the first time in old age. The lower rate of
anxiety disorders in the elderly is contradicted by the high
consumption of anxiolytic drugs in the elderly. This sug-
gests that anxiety may be an important and underrated
problem in this age group. As discussed in relation to
depression, the apparent decrease in frequency of anxiety
disorders with age may be influenced by birth cohort
effects, anxiety-related mortality, cognitive impairment,
the exclusion of institutionalized individuals, criteria
based on younger andmiddle-aged persons, anxiety symp-
toms believed to be caused by physical disorders, and
differential refusal to participate in the studies. Another
factor may be that the elderly have a different clinical
presentation, with less somatic and autonomic symptoms,
fewer symptoms, and less avoidance. The requirement that
there should be a constriction of normal activities, inter-
ference with social or role functioning, and that the indi-
vidual himself should find the symptoms excessive or
unreasonable might also differ by age. Furthermore, anxi-
ety may present differently in the elderly, for example as
agitation, irritability, talkativeness, and tension. In most
studies, the prevalence of anxiety disorders is higher in
women than in men, also among the elderly, but the
differences seem to diminish with increasing age.

One important aspect when evaluating frequency of
anxiety disorders is whether a hierarchical approach to
diagnosis has been made (as in DSM-III and IV and
ICD-10 criteria). In such a hierarchy, most anxiety dis-
orders cannot be diagnosed in the presence of concurrent
depressive illness. However, anxiety disorders and depres-
sion often occur together, also among the elderly, with a
reported comorbidity of 75–90%. This has an immense
influence on the frequency of anxiety disorders in the
population. If comorbidity between depression and anxi-
ety is higher in the elderly, this might explain some of the
decrease in frequency of anxiety disorders with age. In
fact, the frequency of GAD decreases with age when
hierarchical diagnosis is made and increases without a
hierarchical system. Another possibility is that individuals
with anxiety disorders have an increased risk to develop a
depressive disorder, thus shifting their diagnosis from
anxiety to depression with increasing age. However,
there also seems to be a shift in the opposite direction
with increasing age. In the discussion about new criteria, it
has been suggested that depression and generalized anxi-
ety should be lumped together as one category. Finally,
thresholds for making diagnostic cases seem to be espe-
cially important in relation to frequency of anxiety
disorders.

Among the consequences of anxiety disorders are an
increased mortality rate, increased risk for ischemic heart
disease and stroke, and an increased suicide risk. Anxiety
disorders seem to be especially common in mild dementia.
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Psychosis

The term paraphrenia was previously used to describe
psychotic syndromes in the elderly, Currently used terms
are late-onset schizophrenia or late-life psychosis, encom-
passing delusions and visual and auditory hallucinations
arising in late life. Compared to early-onset psychosis, late-
onset cases have better preserved personality, less affective
blunting, less formal thought disorder, more insight and
less excess of focal structural brain abnormalities and cog-
nitive dysfunction compared to age-matched controls. The
prevalence of psychotic symptoms is high among the
demented elderly, ranging from 45 to 50%, while psychotic
symptoms and disorders such as schizophrenia are sup-
posed to be rare in the nondemented elderly. Population
studies in nondemented elderly are generally based only on
self-report and give prevalence figures for psychotic symp-
toms from 2 to 3% in populations above the age of 65 years.
According to currently used criteria, psychotic disorders
are even less common, with reported prevalence ranging
from 0 to 5%. There are several methodological factors
that might explain the low prevalence of psychotic symp-
toms and syndromes in elderly populations. First, there
might be underreporting because the elderly are reluctant
to report psychotic symptoms. Recent studies have
reported that up to 10% of nondemented elderly above
age 85 have psychotic symptoms if information from other
sources than self-report (especially close informants) is
used in the assessments. Second, individuals with psychotic
symptoms are likely to refuse participation in population
studies more often than other elderly. Thirdly, as for other
psychiatric disorders, diagnostic criteria are developed in
young or middle-aged patient samples.

Factors related to late-life psychosis include female
sex, previous schizoid and paranoid personality traits,
being divorced, living alone, lower education, poor social
network and isolation, low social functioning, sensory
impairments, especially deafness, and more dependence
on community care. Psychosis and psychotic symptoms in
elderly populations have been associated with a variety of
psychiatric and somatic disorders, such as depression,
hypothyroidism, cancer, cerebral tumors, epilepsy, and
cerebrovascular disease. Furthermore, many drugs, such
as anticholinergics, antiparkinsons, psychostimulants, ster-
oids, and beta-blockers can produce psychotic symptoms
in the elderly. Other causes are alcohol and benzodiaze-
pine withdrawal. Studies on the relationship between
psychotic symptoms and structural brain changes in the
elderly report disparate results. Some studies report a
higher ventricle-to-brain ratio, larger third ventricle vol-
ume, and volume reductions of the left temporal lobe or
superior temporal gyrus. Also, ischemic white matter
lesions have been reported in late-onset schizophrenia.
Basal ganglia calcifications have also been reported in
elderly individuals with psychotic symptoms.
Among the consequences of psychotic symptoms are
impairment and disability in daily life, dependence on
community care, and cognitive dysfunction. Individuals
with late-onset schizophrenia perform significantly worse
than age-matched controls on a variety of cognitive tests,
although the difference is not as accentuated as for youn-
ger age groups. Psychotic symptoms, like most other
psychiatric conditions in the elderly, are related to an
increased mortality independent of physical disorders.
Psychotic symptoms may also be a prodrome of dementia.
In Lewy body dementia, early visual hallucinations are
even part of the criteria. However, psychotic symptoms
frequently accompany dementia disorders and are
regarded to be more common late in the course of the
disease. The cumulative incidence of hallucinations and
delusions for patients with probable Alzheimer’s disease is
reported to be more than 50% at 4 years.
Alcohol and Drug Abuse

Few epidemiological studies have examined frequency and
risk factors for alcohol problems in old age. There is a
general decline in alcohol consumption with increasing
age, and alcohol problems or abuse are generally believed
to be less common among the elderly than in younger
populations. One reason may be that alcohol abuse is
related to premature mortality. Another reason may be
that instruments and diagnostic criteria are developed
from younger age groups, and may not be valid at older
ages. Birth cohort effects may also influence the results.
In epidemiological studies, self-report probably under-
estimates alcohol problems, due to neglect or early
memory problems.

The prevalence of alcohol problems is generally higher
in men than in women. Physical and psychiatric disorders,
especially dementia and depression, are more common
among elderly alcoholics than among other elderly.
Increasing age also makes individuals more sensitive to
the effect of alcohol to the body. It has been discussed
whether late-life alcohol abuse presents differently than
alcohol abuse in younger ages, for example, by cognitive
dysfunction, falls, self-neglect, incontinence, andmalnutri-
tion. Late-onset alcohol abusemay start in connectionwith
bereavement, but may also be an early manifestation of a
dementia disorder. Elderly early-onset alcohol abusers are
a group who survived into old age, despite the increased
mortality in alcohol abusers. Alcohol abuse in the elderly
often co-exists with abuse of psychotropic drugs, leading to
interactions. There are indications that elderly alcohol
abusers who abstain from alcohol may improve in activities
of daily living, suggesting a benefit of abstinence.

Multiple medications, drug interactions, and age-
related pharmacokinetic and pharmacodynamic changes
in the elderly affect drug response and increase the risk
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for adverse effects, such as delirium and falls. The elderly
have a high rate of psychotropic drug use, with figures
ranging from 45 to 50% among octogenarians, with lower
figures among younger elderly. The highest rates apply to
anxiolytic sedatives, mainly benzodiazepines. Women
generally have higher rates than men. The extent to
which the high use of benzodiazepines reflects drug
abuse needs to be elucidated.
See also: Parkinson’s Disease; Elder Abuse; Populations

at Special Health Risk: The Elderly; Nutrition and the

Elderly; Long Term Care for Aging Populations; Circula-

tory Diseases and Aging.
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Personality Disorders

by long-standing emotional problems and difficulties
in relationships with others. Emotional problems may
include feelings of anxiety, sadness, and obsessive thoughts
that are seen in people with neuroses. However, emotional
states among people with PD tend to show greater short-
term variation. Some people with PD experience major
fluctuations in mood and feelings of emptiness, despair,
and suicidal thoughts. Difficulties in relationships with
others include weariness of others, a desire to avoid
other people, disregard for others’ welfare, feeling depen-
dent on others, and fears of rejection by other people.

The diagnosis of personality disorder is controversial
and critics have argued that it is simply a means of
la beling socially unacce pta ble behavior ( Lewis and



Table 1 Systems used to classify personality disorder

DSM IV American
Psychiatric
Association (1994)

ICD-10
(World Health
Organization,
1992) Clusters

Paranoid Paranoid Cluster A

Schizoid Schizoid Odd, eccentric,
avoid company of

others,

emotionally

detached,
suspicious,

oversensitive

Schizotypal

Borderline Emotionally
unstable

. Impulsive

Cluster B

Narcissistic

Dramatic,

flamboyant,

short-tempered,

impulsive,
fluctuations in

mood, difficulties

Histrionic . Borderline

Antisocial Histrionic
Dissocial
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Appleby, 1988). Like ‘normal’ personality, personality dis-
orders are long lasting and traditional treatments used to
manage mental disorders are less effective in reducing
mental distress among people with PD. Indeed some
people who have been labeled as having a personality
disorder complain that they are given this diagnosis as a
result of their not responding to treatment for other
mental disorders. This concern is supported by surveys
of healthcare professionals which have shown that some
use the term to refer to people they feel are untreatable.
The term has also been used pejoratively to refer to
people who are seen as attention-seeking, annoying, and
less deserving of care (Lewis and Appleby, 1988). Such
views have been challenged by research findings that have
demonstrated that many personality-related problems
diminish over time (Zanarini et al., 2003) and that psycho-
logical treatments can improve the mental health and
social functioning of people with these problems.
coping with crisis

Anxious Avoidant Cluster C
Dependent Dependent Worrier, fearful,

indecisive,

self-conscious,
helpless,

perfectionist

Obsessive-

compulsive

Anankastic

Source: American Psychiatric Association and World Health

Organization (1992) The ICD-10 classification of Mental and
Behavioural Disorers: Criteria for Research. Geneva, Switzerland:

World Health Organization. American Psychiatric Association

(1994) Diagnostic and Statistical Manual of Mental Disorders,

4th edn. Washington, DC: American Psychiatric Association.
Classification

Population-based studies indicate that there are aspects
of personality called traits that can be reliably measured
and are generally stable over time (McGlashan et al.,
2005). The most enduring of these traits are extraver-
sion/introversion (the tendency to like or to shun the
company of others) and neuroticism (the tendency to
worry). However, such characteristics are normally
distributed in the population and there are numerous
other traits that make a dimensional approach to describ-
ing personality in clinical contexts unsatisfactory. As a
result, formal systems for classifying personality disor-
der use operationalized definitions based on clusters of
traits associated with different personality types and
dichotomize these as being either present or absent
according to whether a cut-off point of causing signifi-
cant personal distress or social problems has been
reached.

Types of personality disorder used in the two main
systems of classification are illustrated inTable 1. Factor
analysis of personality traits in community samples sug-
gest that these distinct categories of PD are artificial
constructs and a looser system of three broad bands
of PD are preferred by some. This system combines
personality disorders into three clusters: cluster A
(characterized by social distance and eccentricity); clus-
ter B (characterized by flamboyance and emotional
instability), and cluster C (characterized by anxiety and
a tendency to worry).

An alternative approach to the diagnosis of personality
disorder has been suggested by Tyrer and Johnson (1996),
based on severity of PD. Abnormal traits that do not cause
enduring personal distress are labeled personality diffi-
culty, significant problems associated with disturbance in
only one cluster are referred to as simple personality
disorder, those with disturbance in more than one cluster
as having ‘diffuse PD’, and those with diffuse PD where
there is severe disruption, both to the individual and to
others, have severe PD.

It seems likely that the current system of classification
will be subject to further change, but it does at least have
the merit of providing diagnostic labels which relate to
patterns of behavior that are familiar to clinicians
and have provided a basis for research into the etiology
and management of PD.
Prevalence and Outcome

Cross-sectional surveys conducted in Europe and North
America indicate that between 5 and 10% of the population
have a PD (Coid et al., 2006). The prevalence of PD
in resource-poor nations is unknown. Within Western
nations, the prevalence of personality disorder tends to
be higher in inner-city areas where levels as high as 15%
have been reported. Most forms of PD are more prevalent
among men, especially antisocial PD, which is five times
more common in men than in women. Emotional and
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interpersonal problems associated with PD mean that the
prevalence of personality disorder is generally higher in
health-care settings than in the general population.
Approximately 15% of people treated by family practi-
tioners and 40% of people treated by mental health
services have a PD. Levels of PD are also higher among
people in contact with criminal justice services – it is
estimated that as many as 80% of people in prison have
PD (Singleton et al., 1998).

There have been few long-term follow-up studies of
people with PD, but available evidence suggests that
psychological and behavioral manifestations of cluster B
personality disorders such as impulsivity tend to become
less frequent over time (Zanarini et al., 2003). In contrast,
personality traits such as suspiciousness, eccentricity, and
rigidity that are encountered most frequently among peo-
ple with cluster A and cluster C PD seem less likely to
diminish with advancing age (Seivewright et al., 2002).
Public Health Consequences of
Personality Disorder

Much of the research conducted to date has focused on
the relationship between personality disorder and mental
health-related problems such as depression, suicide, and
substance misuse. However, people with PD also have
higher rates of physical health problems and premature
mortality. The standardized mortality rate for people
with PD is estimated to be 184 (95% CI ¼ 140–236).
People with PD have higher rates of death from infections
and neoplasms as well and suicide and other forms of
violent death (Harris and Barraclough, 1998). Levels
of social problems such as unemployment are higher,
and it is estimated that over one-fifth of homeless people
have a PD.

The relationship between PD and other mental dis-
orders is complex, not least because similar problems are
experienced by people with mental and personality disor-
der. For instance, features of cluster A PD have much in
common with the prodromal symptoms of schizophrenia
and paranoid psychosis, and emotional distress experi-
enced by people with cluster C PD has features that are
also seen in those with anxiety neurosis and obsessive-
compulsive disorder. Nonetheless, people with personal-
ity disorder and especially borderline PD have rates of
depression and other mental disorders which are far
higher than that among the general population (Zanarini
et al., 1998).

Data from psychological autopsy studies indicate that
as many as 40% of people who commit suicide have
evidence of PD. The relationship between personality
disorder and suicide is particularly strong among those
with cluster B PDs such as antisocial and borderline
PD among whom impulsivity and levels of affective
disturbance are high. Rates of substance misuse are also
high among people with PD, especially cluster B PD. This
association may be attributable to the difficulties that such
people have in coping with intense emotions, for which
alcohol and other drugs may provide some temporary
relief. However, such drugs may cause disinhibition and
this in combination with personality traits such as impul-
siveness further increases the risk of suicidal behavior or
violence toward others.

Given that impulsivity and disregard for others are the
hallmarks of antisocial personality disorder (ASPD), it is
not surprising that levels of offending are increased
among people with ASPD. It is estimated that, in Britain,
one-quarter of violent incidents that result in injury are
committed by people with ASPD (Coid et al., 2006); in
contrast, hazardous drinking is implicated in over half of
all such incidents. One of the traits apparent in some
people with ASPD is psychopathy, which is characterized
by shallow emotions, a lack of empathy or sense of guilt,
and a history of lying, deceit, and criminality. This cluster
of personality traits is less prevalent than ASPD, but its
association with subsequent violence is far stronger.
Attempts to define people who have PD and pose high
risks to the public have been made, but past behavior
rather than the presence or absence of certain personality
traits provides a better guide to the likelihood of future
violence in community settings.
Etiology of Personality Disorder

Knowledge of factors that give rise to PD is only partial,
but evidence from twin studies suggests that both consti-
tutional and environmental factors are more important.
The hereditability of personality disorder is estimated to
be 0.6, with narcissistic and anankastic personality disor-
der having the highest hereditability (Torgersen et al.,
2000). Efforts to identify genetic markers for personality
disorders have not generated consistent findings, but asso-
ciations between impulsivity and genes responsible for
variations in serotonin receptors have been reported.

High levels of cluster A PD in relatives of people with
schizophrenia have led to the suggestion that these may be
part of a spectrum of disorders characterized by emotional
distance from others, unusual behaviors, and odd beliefs.

More is known about the etiology of borderline
PD than that of other groups. As many as two-thirds
of people with borderline PD report childhood physical
or sexual abuse, and other forms of childhood adversity
such as parental mental illness and separation from parents
are more frequent than among the general population
(Bandelow et al., 2005). These strong associations have led
to the view that borderline PDmay be the result of deficits
in a person’s sense of self resulting from disorganized
parental relationships. While such risk factors appear to
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be important in the etiology of personality disorders, they
are neither necessary nor sufficient to result in PD.
Intervention

Primary Prevention

Strong links between environmental factors and the
development of PD suggest that primary prevention of
PD may be possible (Coid, 2003). Such strategies could
include whole-population initiatives aimed at improving
the family and educational environment of all children or
specific interventions aimed at families where children
show early indicators of interpersonal problems such as
conduct disorder. Few such programs have been evalu-
ated, but emerging evidence suggests that if interventions
are delivered early in life they may be effective. For
instance, Raine and colleagues (2003) evaluated the
impact of a 2-year enrichment program for 3-year-old
children on the island of Mauritius. The program com-
bined educational and nutritional interventions with a
program of structured physical activity and was delivered
over a 2-year period. The team were able to follow up 75
(90%) of 83 children who completed the program and 288
(81%) of 355 matched controls, demonstrating lower
levels of personality-related problems and criminal behav-
ior 20 years later. The generalizability of such findings to
resource-rich settings have not been explored, but they
support the notion that improving the early-childhood
environment can impact on adult personality status.
Table 2 Key features of services for people with PD

Relatively long-term (delivered for over 1 year)
Have consistent boundaries that are made clear to patients at the

start of treatment

Help people address social problems
Actively involve the patient in all aspects of treatment

Place an emphasis of interpersonal functioning

Manage expectations so that these are not unrealistic

Anticipate crises and agree on plans to help people manage
these when they occur
Service Provision

Compared to services for people with mental illness, the
development of services for people with PD has been
slow. A variety of reasons have been suggested for this. It
has been argued that uncertainty about the validity of
diagnoses has made it difficult to develop an evidence
base for services. Others have pointed to the impact that
interpersonal problems associated with PD have on the
relationship between therapists and patients. Personality
traits such as impulsivity, excessive dependence on others
and disregard for others certainly present challenges to
health-care professionals working with people with PD.
People with PD may also project painful emotions onto
health-care workers, especially doctors and others whose
position of power and authority may mirror difficult or
abusive relationships people experienced at the hands of
other authority figures during childhood.

Research among service users who have been given a
diagnosis of PD has shown that many feel dissatisfied with
the quality of care they receive. In a survey of service
users with PD in Britain, a greater proportion believed
that they had been harmed, rather than helped by local
mental health services (Ramon, 2001).
Despite these problems, specialist services for people
with personality disorder have been developed. While the
structure and organization of such services varies, there is
a good deal of consensus about key features of services for
people with PD, which are listed in Table 2.
Specific Treatments

A variety of psychosocial interventions have been devel-
oped for people with PD, but only a limited number of
experimental evaluations have been conducted. Most of
the randomized evaluations of interventions for people
with personality disorder that have been conducted have
focused on people with borderline PD. A systematic
review of such studies by Binks and colleagues (2006),
concluded that studies have been ‘‘too few and too small
to allow any definitive statement to be made about their
effectiveness.’’

Some of the earliest studies explored the effectiveness
of therapeutic communities. Therapeutic communities
aim to facilitate group learning and peer support and
place an emphasis on self-efficacy and responsibility.
Democratic therapeutic communities do this by flattening
the traditional hierarchy that exists between patients and
treatment staff and encouraging people to become
actively involved in their treatment by involving them in
the running of the community. Observational studies
comparing the outcome of people with PD who are trea-
ted in residential therapeutic communities suggest they
are less likely to self-harm and have lower levels of
subsequent service utilization that those who are not.

Dialectical behavior therapy is a form of psychother-
apy specifically developed for people with borderline PD
(Linehan, 1993). It incorporates elements of cognitive
therapy and skills training and places specific emphasis
on helping patients identify and overcome obstacles to
change. Randomized trials of dialectic behavior therapy
have demonstrated improved mental health and reduced
self-harming behavior among women with borderline PD,
including those with comorbid substance misuse.

In recent years, modified forms of psychoanalytical
and cognitive therapy have been demonstrated to improve
mental health and social function of people with
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borderline, avoidant, and other personality disorders. In
contrast, very little is known about what, if anything, can
be done to reduce the likelihood of offending among
people with antisocial personality disorder.

Pharmacological interventions have only a limited role
in the management of PD. Exceptions to this are low-dose
antipsychotic medication that may benefit people with schi-
zotypal personality disorder, and reduce the psychotic-
like symptoms that can emerge among people with
borderline PD at times of crisis. Antidepressant medica-
tion may be of value in treating mood disturbance among
people with PD, but response to treatment is generally
less marked than among those with depression in the
absence of PD. Long-term use of medication in people
with cluster B and C PD is not indicated and patients may
instead need help in coming off tranquilizers and antide-
pressants that were started at times of crisis and do not
provide long-term benefit.

For patients to benefit from any intervention, they
need to be sufficiently motivated to use it. Many people
with PD are ambivalent about receiving interventions and
a substantial proportion may not want to try to change.
Under these circumstances, it has been suggested that a
better approach to helping people with PD is to focus on
modifying their social circumstances to create a better fit
between the person’s personality and their environment.
Exploratory studies examining the impact of such inter-
ventions suggest they can improve patient satisfaction and
social functioning (Tyrer et al., 2003). Assessment and
support with tackling social problems is an important
part of the management of all people with PD.
Conclusion

In summary, personality disorders are important condi-
tions that have negative consequences for the individual
and society. While there is only partial understanding of
their etiology and debate continues about the most appro-
priate system for their classification, poor health and
social outcomes experienced by people with personality
disorder highlight their public health importance. Inter-
personal problems inherent in personality disorder mean
that providing services for people with these conditions is
not straightforward. However, clear links with childhood
adversity provide a basis for the development of primary
prevention strategies and an evidence base is beginning to
emerge that suggests that many forms of personality dis-
order may be amenable to psychosocial intervention.
See also: Illicit Drug Use and the Burden of Disease;

Mental Health and Substance Abuse; Specific Mental

Health Disorders: Child and Adolescent Mental Disor-

ders; Suicide and Self-Directed Violence.
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Terminology

Psychiatry has always paid great attention to the use of
certain terms to denote or describe a particular mental
illness or behavior in an attempt to destigmatize anddemys-
tify the suffering of people affected by a mental illness.
Terms such as madness and insanity, which denoted a
mental disorder with severe disturbance of behavior, have
fortunately become unusable now. The term psychosis
became the officially acceptable term to denote these
disorders, qualified by schizophrenic or manic, for example,
to identify the individual diagnostic entity. They are
also known as severe mental disorders (SMDs) and low-
prevalence disorders (LPDs). More recently, the term psy-
chosis has been replaced by the term disorder preceded by
the qualifying term (e.g., schizophrenic disorder). The term
psychosis has now come to denote a cluster of symptoms
rather than a distinct diagnostic entity. The adjective
schizophrenic or manic is now used to describe the disorder
and not the person suffering from the disorder. We use the
term psychotic disorders here to denote a group of mental
disorders characterized by a particular set of symptoms,
severity of disablement, treatment needs, and public health
importance.
History

Psychotic disorders are not new maladies of the emerging
modernworld. They have been described in ancient texts of
various civilizations across the world, some dating back as
far as the third millennium BC. It is surprising, in a way, to
note the similarities in descriptions of the disorders in the
ancient and modern texts. The description ‘‘. . . one who is
gluttonous, filthy, walks naked, . . . lost his memory and
moves about in an uneasy manner. . .’’ in the Ayur Veda
written in 3500 BC compares with the symptoms described
in modern classification systems of psychiatric disorders.
A more precise clinical description of psychotic disorders
was given by Haslam in 1809 followed by Morel in 1860. It
was toward the end of the nineteenth century and early
years of the twentieth century that description of what is
currently called schizophrenia and its differentiation from
what we now knowas bipolar disorder were described. Emil
Kraepelin of Germany in 1896 and later Eugen Bleuler of
Switzerland were accredited with this ground-breaking
clinical work. Delineation and description of psychotic dis-
orders underwent many changes during the twentieth cen-
tury, with major work emerging from the Anglo-American
and European schools of thought. It is interesting to note
that the clinical classification system currently adopted
worldwide, the Diagnostic and Statistical Manual of Mental

Disorders (DSM) and the International Classification of Diseases
(ICD), are not far-removed from the seminal works of
Krepelin and Bleuer.
Psychotic Disorders

Psychotic disorders are those disorders of mental function
and behavior that are severe in nature and cause severe
disruption to the individual’s functioning capacity and
requires active and often long-term medical and psycho-
social treatment. They are differentiated from the non-
psychotic or minor mental disorders by the nature of
symptoms, morbidity, etiology, treatment, course, and out-
come. It is important to note that the so-calledminormental
disorders can sometimes cause suffering and disruption
to life activities to a level comparable to that caused by
psychotic disorders.

Schizophrenia, mood disorders, and paranoid disorder
are the commonest forms of psychotic disorders. A fourth
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group of disorders that have some of the features of the
other three but are different in some aspects (etiology,
duration, course and outcome, cultural influences) are
together classified as ‘Other psychotic disorders’. This
discussion does not include psychotic disorders caused
by known medical conditions such as brain damage
or psychotropic substances and some culture-specific
syndromes. It focuses on schizophrenia and mood disor-
ders that are the most common and disabling of psychotic
disorders.
Table 2 Primary and secondary schizophrenia

Table 1 Common psychotic disorders

Disorders in which psychosis is a
defining feature

Disorders in which
psychosis is an
associated feature

1. Schizophrenia 1. Mania

2. Substance-induced

psychosis

2. Depression

3. Cognitive disorders

3. Schizophreniform disorder
4. Schizoaffective disorder

5. Delusional disorder

6. Brief psychotic disorder
7. Shared psychotic disorder

8. Psychotic disorder due to a

general medical condition
Symptoms of Psychotic Disorders

The symptoms of a psychotic disorder are manifest in the
patient’s emotions, perception, thinking, speech, and
behavior. Disturbed emotion manifests in the form of
excess sadness or happiness. In mood disorders, the
patient’s thinking and behavior match the mood they are
experiencing (e.g., the patient feels worthless, becomes
dull and inactive when depressed, is overactive, and
indulges in excess spending and social misadventures
when manic). Disordered perception takes the form of
hallucinations where the person has sensations in the
absence of any relevant stimulus and may respond to
them as if they were true (e.g., hears voices of people
talking to him or her when alone). Thinking disturbance
in the form of delusions, which are fixed beliefs, are held
even in the presence of definite evidence to the contrary
(e.g., a belief that aliens are attacking him or her or that he
or she is God). Patients may become mute or their speech
rambling and difficult to follow. Their behavior often
contravenes the normal behavior expected of the person
and can be bizarre or harmful (violent, dirty, and dishev-
eled appearance, silly behavior). Occasionally patients
exhibit catatonia, where they may assume peculiar postur-
ing with limbs held rigid for long periods of time. Distur-
bances in sleep, appetite, and sexual activity are common
symptoms. There can be a severe reduction in the patient’s
interpersonal interactions, emotional life, motivation, and
interest in life activities, a drop in academic and work
capacity and the ability to take care of oneself. These
symptoms are known as negative symptoms. Patients also
experience disturbed attention, concentration, memory,
and ability to plan and execute day-to-day tasks. Death
by suicide occurs in 10–15% of those with psychotic
disorders. Patients with psychosis are at a higher risk to
commit violent or homicidal crime (Eronen et al., 1996).
Idiopathic/primary Secondary

1. Schizophrenia 1. Substance-induced

psychotic disorders2. Schizophreniform disorder
3. Schizoaffective disorder 2. Psychotic disorders due to a

general medical condition4. Delusional disorder

5. Brief psychotic disorder

6. Shared psychotic disorder
7. Bipolar disorders
Diagnosis

Diagnosis of a psychotic disorder is made mainly through
clinical interview with the affected person and observation
by a mental health professional with the affected person.
Collateral and corroborative information about the person
and his or her behavior is sought from relatives, friends, and
medical records. Laboratory investigations such as screen-
ing for the use of drugs such as amfetamines, blood tests,
and neurological investigations such as a CT scan are
ordered to identify any medical disorder causing the
sympto ms of a psychot ic disorder ( Tables 1 and 2 ).

Diagnosis of schizophrenia is made when a combina-
tion of symptoms such as hallucinations, delusions, behav-
ior changes, and negative symptoms predominate. The
predominant symptom of a mood disorder is an excess
of emotion of depression (depressive disorder) or happi-
ness (manic disorder). Bipolar disorder refers to the con-
dition where both depression and mania occur in the same
person at the same time or different points in time.
Patients are diagnosed with paranoid disorder when they
have only a delusion (e.g., of being persecuted or having a
serious disease) but rarely other symptoms.
Epidemiology

The majority of epidemiological studies have produced
prevalence estimates in the range of 1.4–4.6/1000 for
schizophrenia and 4–5/1000 for bipolar disorder, while
it is much higher at 2–5% for major depression. The
life-time morbid risk for schizophrenia and bipolar disor-
der is estimated at 1% and 10–20% for major depression.
The annual incidence ranges from 0.017 to 0.054% for
schizophrenia and from 0.003 to 0.01% for bipolar
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disorder. These estimates are unlikely to reflect the true
extent of variation that exists in different populations.
Causes

Extensive research has been conducted to identify the
causes of the two major psychoses: schizophrenia and
mood disorders. Several factors have been put forward
to explain their cause. The disorders are probably multi-
factorial in origin, involving genetic, biological, and
environmental factors.

Genes seem to play a rather important role in the
causation of schizophrenia. The risk of developing the
disorder increases tenfold if a parent or sibling is affected
and 40- to 50-fold when an identical twin has the illness
(Figure 1). Current molecular genetic research has iden-
tified several gene loci related to schizophrenia and bipo-
lar disorder but has not yet established a strong and
consistent link to the illness. Psychologically stressful
experiences throughout life and use of psychotropic sub-
stances are also related to the development of psychotic
disorders. It is currently being hypothesized that people
who develop schizophrenia have a disorder in the devel-
opment of their brains from the period before birth
and/or during the early years of life. These defects
could be caused by genetic or environmental factors.
Vulnerability is a concept that has helped explain why
some individuals and not others develop psychotic dis-
orders, given the same background and environment. This
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Figure 1 Risk of developing schizophrenia.
vulnerability could be in the form of a family history of
illness or a neurodevelopmental defect. Life stresses or
use of psychotropic substances can precipitate an episode
of psychosis in a vulnerable individual. It should be noted,
however, that a majority of individuals apparently develop
psychotic disorders without any identifiable preexisting
or precipitating cause.

Abnormalities in the activity of certain areas of the brain
such as the temporal and frontal lobes of the cerebrum and
changes in neurochemistry have been identified in people
with psychosis (Figure 2 an d 3). For example, increased
activity of dopamine, a neurotransmitter that is involved in
conducting signals between nerve cells, is implicated as the
fundamental defect in schizophrenia. Nothing has yet been
concluded about how brain defects are related to the mani-
festation of and recovery from psychotic disorders.
Treatment and Outcome

A combination of medications and psychological and social
interventions provide the best chances of recovery for peo-
ple with psychotic disorders (Table 3). Antipsychotic
medications such as clozapine and mood stabilizers such
as lithium are used (Table 4). Electroconvulsive therapy
(ECT) is indicated for a small percentage of severely ill
patients, especially those with depression. Psychological
interventions include cognitive behavior therapy, social
skills training, mental health education, drug abstinence
programs, stress management, training in independent
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living skills, and educational and vocational rehabilitation.
Social intervention focuses on reducing stigma and sup-
porting patients’ reintegration into the mainstream com-
munity. It includes public health education programs,
empowerment of patients and their caregivers, protection
of rights and citizenship, ensuring equal opportunities,
encouraging economic independence, social participation,
and legal protection. Active and collaborative engagement
of the patient, the family, and other caregivers in the treat-
ment process is the recommended practice. Given the social
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relevance and magnitude of mental illness, an active and
informed involvement of the legislature, judiciary, andmass
media is essential for better outcomes, quality of life, and
social reintegration of patients suffering from psychotic
disorders.

The course of psychotic disorders varies between indi-
viduals. Generally, approximately one-third of patients
recover fully after the first episode of illness. A majority
experience a course marked by relapses (reemergence of
frank symptoms of the disorder) interspersed with periods
of varying degrees of recovery or a continuous illness
(Figure 4).
Public Health and Psychotic Disorders

There is a common perception that psychotic disorders
are not of as much public health importance as more
Table 3 Factors affecting prognosis of schizophrenia

No. Good prognosis Poor prognosis

1. Acute onset Insidious onset
2. Short duration Long duration

3. Past psychiatric history

absent

Past psychiatric history

present

4. Affective features present Affective features absent
5. Clouded sensorium Sensorium clear

6. Obsessive features absent Obsessive features present

7. Good premorbid
functioning

Poor premorbid functioning

8. Family history of

schizophrenia absent

Family history of

schizophrenia present

9. Currently married Never married
10. No soft neurological signs Soft signs present

11. No structural brain

abnormalities

Structural brain

abnormalities present

Table 4 Commonly prescribed antipsychotic medications

First-generation or typical antipsychotics

(dopamine receptor antagonists)

Low-potency agents

Chlorpromazine
Thioridazine

Moderate-potency

agents

Loxapine
Trifluoperazine

High-potency

agents

Fluphenazine
Thiothixene

Haloperidol

Pimozide
Second-generation (atypical

antipsychotics)

Clozapine

Risperidone

Olanzepine

Quetiapine
Ziprasidone

Aripiprazole

Sulpiride
prevalent and physically obvious disorders such as
infectious diseases, heart disease, and cancer. During
the last century, clinical knowledge and the practice of psy-
chiatry and allied disciplines have advanced enormously.
Worldwide research has shown that some of the psychotic
disorders are no longer so-called low-prevalence disorders.
We now know that the disabilities suffered by persons with
psychotic disorders are equivalent to those caused by seri-
ous medical disorders. The very nature of psychotic dis-
orders, with yet unclear etiology, chronicity with onset
often in young age, and lack of a definitive cure tend to
create a cumulative public health burden. The widespread
lack of public knowledge andmisinformation (Table 5), the
stigma and marginalization faced by people suffering from
these disorders, inadequate and inappropriate mental
health, and long-term care services place more constraints
in the effective management of these disorders. This leads
to a substantial unattended public health burden that is
often borne by the sufferer and the community.
Morbidity and Mortality

Mortality rates are used as global measures of a popula-
tion’s health status and as indicators for public health
efforts and medical treatments. Psychotic disorders often
have a fatal outcome. The average life expectancy of
patients with schizophrenia is 20% less than that of the
community they live in. Approximately 10–20% of peo-
ple with psychotic disorder die by suicide, while 20–55%
make medically serious attempts at suicide. These rates
are at least 20 times more than those recorded for the
general population.

People with a psychotic disorder suffer from many
medical disorders at rates higher than other people.
Comorbid medical illnesses have been detected in up to
40% of patients with schizophrenia in the community.
The rate is higher among those in a hospital setting.
Obesity, type 2 diabetes mellitus, abnormalities in lipid
Single episode followed by
full remission 

Single episode followed by
partial remission

Episodic with no inter-episode
residual symptoms

Episodic with inter-episode
residual symptoms

Continuous illness

Figure 4 Patterns of the course of schizophrenia.



Table 5 Myths and misconceptions about schizophrenia

Myths Facts

Schizophrenia is a curse Schizophrenia is a medical
illness

Schizophrenia must be treated

by sorcerers and faith

healers

Schizophrenia must be treated

by qualified medical

professionals with
medications

Schizophrenia must be treated

in places of worship

Practice of religion can have a

calming influence on

patients and families and
religious leaders can often

be very effective

counselors. However,
antipsychotic medicines are

required to control

symptoms

Schizophrenia is split
personality, like Dr. Jekyll

and Mr. Hyde

Schizophrenia is not split
personality. Jekyll and Hyde

is the description of a

dissociative state

Patients with schizophrenia
are dangerous and should

be confined to the house,

hospitals, or jails

Most patients with
schizophrenia prefer to be

left alone and do not harm

others unless severely
provoked

Patients with schizophrenia

are useless and

unproductive and a burden
on the family

With proper medical

treatment, rehabilitation,

and a supportive
environment, many patients

have been able to hold jobs

and take care of their homes

and families
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metabolism, coronary heart disease, hypertension, emphy-
sema, tuberculosis, and cancer occur at higher rates in
people with psychotic disorders than the general popula-
tion. While some of the metabolic abnormalities are asso-
ciated with treatment with antipsychotic drugs,
individuals with schizophrenia are, by nature, said to
have a greater tendency to develop these disorders even
in the absence of any drug treatment. These medical dis-
orders add to the burden of disease borne by these patients
and further reduce their ability to function normally and
their quality of life.
Disability and Burden Caused by Psychotic
Disorders

The term ‘disabled’ commonly brings up the picture of a
person with impairment in physical function such as
vision or mobility. Many fail to recognize that people
with mental disorders can suffer disabilities qualitatively
and quantitatively similar to those caused by a physical
illness. According to the United Nations Standard Rules
on the Equalization of Opportunities for Persons with
Disabilities, the term disability ‘‘summarizes a great
number of different functional limitations occurring in
any population in any country of the world. People
may be disabled by physical, intellectual or sensory
impairment, medical conditions or mental illness.’’ The
International Classification of Functioning (ICF) devel-
oped by the World Health Organization describes and
classifies various forms of disability independent of the
cause. Psychotic disorders such as schizophrenia have
been recognized the world over as conditions that cause
major disabilities in several spheres of a person’s function-
ing: self-care, independent living, social activity and social
role function, educational and occupational skills, and
cognitive capacity.

Psychotic disorders contribute to the overall disease
burden, which is generally underestimated. In a major
study conducted by theWorld Bank and theWorld Health
Organization, it was reported that no less than 25% of the
total burden of disease in the established market econo-
mies was attributable to neuropsychiatric conditions.
Measured as a proportion of disability-adjusted life-
years (DALY) lost, which is an estimate of healthy years
of life lost due to an illness, schizophrenia, bipolar disor-
der, and major depression together accounted for 10.8%
of the total burden of disease in the world. This means
that these three disorders together inflict on most com-
munities losses that are comparable to those caused by
cancer (15%) and higher than the losses resulting from
ischemic heart disease (9%). The study projected depres-
sion to rank as the number one cause of disability by the
year 2020.
Cost of Psychosis

Psychotic disorders impose considerable cost to the
patient, family, and society. Direct costs include cost of
mental health services, medicines, and support costs. Indi-
rect costs include loss of productivity of the patients and
their carers and the cost of pain and suffering of patient
and family. The average costs of psychoses are high even
when estimated conservatively. The total cost of schizo-
phrenia alone in the United States in 1990 was estimated
at $32.5 billion, followed by affective (mood) disorders at
$30.4 billion. Despite the worldwide policy of closing
costly-to-run psychiatric hospitals, the cost of psychosis
appears to be rising each year. This is worsened by the
increasing cost of the new generation of antipsychotic
medications that are recommended in place of low-
cost medications, with no clearly demonstrated advantages
in terms of effectiveness or safety. The cost of psychosis is
also borne by the community with varying degrees of
willingness and consequence. Absence of welfare support
programs and poor public health care in developing
countries place the entire cost of patient care on families,
resulting in their poverty, marginalization, and downward
social drift.
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Smit et al. (2006) drew attention to some of these issues
related to the burden of disease attributable to psychotic
disorders and drew up priorities in managing this burden.
At the population level, new patients caused a substantial
part of the costs. This was a strong argument for strength-
ening the role of preventive psychiatry in public health,
with the aim of reducing incidence, thus avoiding future
costs. In particular, reducing the incidence of highly prev-
alent disorders such as major depression, associated with
substantial disability and important economic ramifica-
tions, should be a public health priority. Smit et al. noted
further that the bulk of the costs resulted from production
losses; this made employers pertinent stakeholders in
mental health promotion. Therefore, thought should be
given to the question of how to involve them more
actively in health promotion. Adoption of the above-
mentioned strategies would need to be supported by
more prevention trials and cost-effectiveness studies on
the specific disorders. With the costs of mental disorders
comparable to those resulting from physical illnesses,
there is a need to reconsider how budgets are allocated
for research and development in mental illnesses vis-a-vis
physical illnesses.
Stigma of Psychosis

Stigma is a social phenomenon that places people in a
particular social or health status at a disadvantage. WHO
defined stigma as a mark of shame, disgrace, or disap-
proval, which results in an individual being shunned or
rejected by others. A diagnostic label such as schizophre-
nia or mania is often feared and rejected by those who
receive it. The need to use psychotropic prescription
medications that are often viewed as addicting play a
role in creating the stigma. Behavioral deviations in per-
sonal hygiene, social skills and communication, homeless-
ness, and unemployment contribute to the stigma faced by
people with psychotic disorders. The imbalance in the
focus of mass media on disabilities resulting from mental
disorders often reinforces stigma.

Stigma has the potential to worsen the course of psy-
chotic disorders. It interferes with the willingness of many
people to seek help, which results in a treatment delay, in
turn leading to a more severe first manifestation of the
illness. It can reduce life opportunities, limit social con-
tacts, reduce self-esteem, and overall reduce quality of
life. The central messages of many antistigma campaigns
are often positively loaded with statements that mental
illnesses are frequent, affect everyone, are treatable, and
have a good prognosis if treated. They do not focus on the
severe forms of psychosis that the public are often aware
of and worried about. The question arises of whether the
antistigma campaigns should also cater to psychotic dis-
orders with poorer prognoses and severe disability. Such
an approach would bring a more balanced view of mental
disorders and an understanding of patients’ suffering. The
International Classification of Functioning developed by
WHO emphasizes the positive aspects of functioning of
people with a health condition such as psychosis. It also
turns the focus to the role of environmental factors (com-
munity, policies, disability-friendly services) that act as
facilitators or barriers to patients’ efforts to live as con-
tributing members of the mainstream society. This holis-
tic approach would help the public understand and
support people disabled by psychosis so they can attain
an optimal level of functioning and improve the quality of
their lives.
Inequity of Health Care

There are critical gaps between those who need mental
health services and those who receive the services and
between optimally effective treatment for psychotic dis-
orders and what many individuals receive in actual prac-
tice. Access is a serious problem for people with psychosis.
In the U.S., less than 40% of people with severe mental
disorders such as schizophrenia received any mental
health treatment and a mere 15% received minimally
adequate mental health services in a given year. Only
10% of people with bipolar disorder had a consultation
with a mental health specialist. Nearly half of people with
depression remain untreated. Even those who reach med-
ical services are often not adequately treated in the pri-
mary care setting, and there is evidence to suggest that the
outcome is worse if treated by the primary physician than
when treated by a mental health professional. Given the
high rates of morbidity and mortality associated with
psychotic disorders, this state of affairs is a major public
health concern.

One of the major barriers to narrowing the gap in care
is fragmentation of care. This is especially problematic
with an illness such as schizophrenia that necessitates a
multisystemic interdisciplinary approach. Psychiatrists,
nurses, vocational specialists, to name just a few, are
integral members of a treatment team. Many services do
not have such a team. Finding mental health specialists
with the requisite skills and experience to treat psychotic
disorders may be lacking, especially in rural areas.

If the gaps in services are as wide in developed
countries as reported, it is bound to be worse in economi-
cally disadvantaged communities where the national bud-
getary expenditure on health is grossly inadequate to
meet even the minimal needs of people with severe men-
tal disorders. A large percentage of people with psychotic
disorders living in developing countries remain untreated
for life. Concerns about cost of care, lack of welfare
support, medical insurance, cultural models of illness,
unawareness, and stigma are among the foremost reasons
why people do not seek or receive mental health care in
developing countries.
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Inequity in mental health care for people with psy-
chotic disorders is influenced by economic status, gender,
race, age, education, and geographic distance from ser-
vices. Women, older persons, ethnic minorities, the eco-
nomically disadvantaged, and rural populations more
often fail to reach treatment and receive less than ade-
quate services. High-prevalence preventable and commu-
nicable diseases with definite outcomes take precedence
in receiving funding and other support. Parity between
coverage for mental health and other health areas is an
affordable and effective objective to seek.
Deinstitutionalization and Service Reforms

In the second part of the twentieth century, the develop-
ment of mental health services in Western Europe was
characterized by a dramatic conceptual and structural
change: Deinstitutionalization. The focus of care shifted
from inpatient care by closing down large and costly
mental hospitals to outpatient community care of people
with psychotic disorders and other severe mental ill-
nesses. This resulted from several factors, including eco-
nomic (cost-saving) and social factors (the right of people
with severe mental disorders such as psychosis to live in
the community). The emergence of effective psychotropic
drugs in the 1950s, starting with chlorpromazine, was a
further decisive factor contributing to the success of the
deinstitutionalization programs.

The deinstitutionalization process led to the develop-
ment of alternative community mental health services;
integration of mental health with other health services; and
generic, social, and community services such as accom-
modation and employment. There was a suspicion that
deinstitutionalization might have gone too far. The increase
in coercive activities such as compulsory psychiatric treat-
ment, the number of suicides, the increasing number
of forensic beds, acute admissions, and bed occupancy
indicated a general trend toward reinstitutionalization.
On the whole, the European experience made it obvious
that a fundamental change in the principles and the organi-
zation of mental health care was possible across national
borders. At the same time, differences in current mental
health-care systems revealed that shared global develop-
ments do not necessarily result in comparable patterns of
service provision. Reports on mental health-care reforms
in several countries suggested that against the background
of existing health-care structures as well as economic,
social, political, and cultural characteristics, each country
has to find its own way in order to accomplish the aims
of deinstitutionalization and reintegration of the severely
mentally ill into the community. A key task that lies ahead
for both mental health service practitioners and researchers
is to make sure that progress in mental health services is
not lost within the increasing financial crisis of health-
care systems.
Consumer and Family Self-Help Movement

The public health importance of self-help groups is in
influencing attitudes, health behavior, caring for others,
and promoting policy discussion. The emergence of the
self-help and support movement initiated by consumers
and families has helped to shape the direction and com-
plexion of mental health programs dealing with schizo-
phrenia, depression, and bipolar disorder. Although the
origins and philosophy of these organizations differ, they
have promoted common and important goals in patient
care, protection of rights, and equity of service. Their
participation in research and administrative committees
has positively influenced the way research or treatment
programs are implemented. The consumer and carer
forums work toward reducing stigma and discrimination
in policies and practices. They focus on recovery and
social reintegration and draw attention to the special
needs of people with psychotic disorders. The self-help
movement has helped bring proper recognition of the
individual and the legal rights of people with mental
disorders, protecting them from exploitation and social
degradation. In addition, families are no longer seen as
causing disorders such as schizophrenia or as hindrances to
treatment, but rather as valued participating members in
the overall therapeutic environment. Organizations such
as Rethink (formerly National Schizophrenia Fellowship),
the National Alliance of the Mentally Ill (NAMI), Schizo-
phrenics Anonymous, the Depression and Bipolar Support
Alliance, and various websites provide information, sup-
port, and links to other services for consumers and
their families.
Prevention of Psychotic Disorders

Primary prevention of psychotic disorders with undeter-
mined etiology has yet to evolve. Secondary and tertiary
prevention of the disorders in the form of intervention
during the early phases of the illness and reduction of
relapses and deterioration, respectively, are possible. Sev-
eral studies, particularly in Canada and Australia, have
developed guidelines to detect psychotic disorders during
the early phases in young people before the frank illness
manifests. Although this has raised controversy in terms of
labeling people with a mental disorder when they have no
frank symptoms of psychosis, evidence has now accrued to
show that a full attack of the disorder can be preempted by
early intervention methods.

Relapse prevention and minimizing deterioration are
the goals of tertiary prevention of psychotic disorders.
Mental health education of patients and their caregivers
to improve their understanding of the illness and the need
for treatment, ensuring adherence to treatment recom-
mendations, education on recognizing early signs of a
relapse and proactive management of relapse, assertive
follow-up and treatment in the community, minimizing
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hospitalization, and active multidisciplinary rehabilitation
inputs are some of the measures geared toward successful
tertiary prevention.
Reducing the Burden of Psychotic Disorders

There are certain principles fundamental to the fulfillment
of public health aims for people with psychotic disorders:
identifying and providing appropriate help to those disabled
by the disorders, gearing services to provide comprehensive
and varied programs for short-term and long-term care,
integrating services manned by professional and trained
service providers, and globally reorienting public health
policies and programs toward mental illness and in particu-
lar psychotic disorders. Care for patients with psychotic
disorders could be improved by using common sense and
readily available inexpensive, low-tech, evidence-based
practices that reduce relapses and facilitate and maintain
recovery. Since public health systems all over the world are
invariably faced with resource constraints, establishing
priorities, harvesting all resources available within the com-
munity rather than depending on public funding alone, and
establishing some system of rationing is called for to pro-
duce maximum benefit to most people.

First and foremost, measures promoting the well-being
of patients with psychotic disorders in the community are
awareness, illness education, and reduction of stigma. This
is necessary not only at the level of the individual and
caregiver, but also at the level of the community. It is
important to determine low treatment rates, even in people
who have access to primary care medical services, evidence
of the need for appropriate skills to identify and treat
psychotic disorders in medical professionals in primary
care. This can be addressed through training during under-
graduate and postgraduate medical education and profes-
sional development programs aimed at practicing general
practitioners and mental health professionals.

Efficient use of mental health professionals is required
so that expert psychiatric care is provided to patients with
psychosis. Such professionals are in chronic shortage all
over the world, but the situation is worse in developing
countries. The general practitioner plays a very crucial
role in the pathway to recovery for people with psychotic
disorders. While they may not be fully equipped to deal
with the problem themselves, adequate support and a
shared-care model with mental health professionals
could help provide appropriate skilled care. Traditional
healers are a common source of medical care in develop-
ing societies, especially in rural areas. It is recommended
that an active liaison with the healers that includes
educating them in identifying patients and referring
them to appropriate medical care without prejudice to
either system of medical practice be established. Such an
approach respects the role of the traditional healer in
the community while ensuring evidence-based care for
people with psychotic disorders.
The public health burden of psychosis is lessened
when the disorders are better treated at low cost, relapses
are prevented, and patients live in the community and
actively engage in life, fulfilling their family and social
roles. Intervention programs that start with early detec-
tion and initiation of medical treatment that accompany
on-going rehabilitation that focuses on bringing the patient
back into mainstream community life are required. The
programs need to be geared to the needs of the individual
and have relevance to the community and culture. Such
programs should provide support for people with psychosis
for learning living skills, education, employment, accom-
modation, and economic independence. Disability support
payments, while appropriate to the most disabled, can work
as disincentives to engage in productive life and thus
increase the burden on society. Public health services
alone cannot cater to the diverse needs of people with
psychotic disorders. Nongovernmental organizations are
now playing an increasingly crucial role in long-term
care. Encouraging the role of NGOs in mental health
care is an optimal way of utilizing the community’s social
capital.

The economic cost is probably the most crucial factor
that determines the kind of political and policy decisions
made that influence care provided for psychotic disorders.
The amount of thought, effort, and resource allocation
will be determined by howmuch will be gained by dealing
with the problem as a public health issue. Decision makers
need to be convinced that treatment of psychotic disor-
ders would lead not only to better public health in gen-
eral, but also contribute to the economy. There is now
clear evidence that providing proper medical care and
adequate support for community living cuts the cost of
care, and patients brought back into mainstream and
gainfully employed contribute to the economy. The
increasing importance given to mental health in public
health planning in some countries is based on this evi-
dence. This change needs to be continued with the active
participation of all stake holders.
See also: Measurement of Psychiatric and Psychological

Disorders and Outcomes in Populations; Mental Health

Epidemiology (Psychiatric Epidemiology); Mental Health

Policy; Women’s Mental Health.
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In recent decades, much attention has been given to the
impact of psychological trauma on mental health. Trauma
is distinguished from major stresses such as marital sepa-
ration, financial hardship, and work problems in that it
involves a fundamental threat to the life or integrity of
individuals or those close to them. The category of post-
traumatic stress disorder (PTSD) has tended to dominate
the field since its introduction in 1980 into the American
Psychiatric Association classification system’s third edi-
tion of the Diagnostic and Statistical Manual. The present
article provides an overview of PTSD and its causes, out-
comes, and treatment. We will also examine other psy-
chological outcomes of trauma, consider psychological
responses to gross human-instigated abuses, and explore
issues relevant to a public health response to mass disasters.
Posttraumatic Stress Disorder

Diagnosing PTSD

Four major criteria are applied to diagnose PTSD (DSM-
IV; APA, 1994). Criterion A requires exposure to an envi-
ronmental event that threatens the safety or integrity of the
self or someone else. TheDiagnostic and Statistical Manual
of Mental Disorders, 4th Edition. (DSM-IV) requires that,
in addition to the environmental threat, the person responds
in a subjective manner with feelings of fear, horror, and/or
helplessness. The B criterion involves reliving the
traumatic experience in the form of flashbacks or night-
mares. The memories are vivid, intrude unbidden into
consciousness, and can manifest in multiple sensory mod-
alities. In extreme situations, the survivor may dissociate,
that is feel and act as if he or she is detached from the
immediate environment and is actually reliving the trau-
matic experience in the present, albeit in a fragmented and
chaotic manner. The re-experiencing phenomena are
widely regarded as being the defining features of PTSD,
setting the disorder apart from other anxiety and stress-
related conditions. In contrast, the remaining two domains
of PTSD, avoidance and numbing (Criterion C), and
arousal (Criterion D), have features in common with other
anxiety disorders, in that they broadly represent defensive
responses to extreme fear. Criterion C includes avoidance
of thoughts, activities, or places that remind the survivor of
the initial trauma. These situations trigger re-experiencing
symptoms. Someone who was robbed at a bank not only
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avoids the specific site where the hold-up occurred, but
through conditioning, cues are generalized to include all
banks or reminders, for example, advertising on television.
In addition, survivors may feel numb in their emotional
responses, so that family and friends describe them as
being uncharacteristically remote, unresponsive, and
unfeeling. Survivors may become socially isolated, prefer-
ring their own company to normal interpersonal interac-
tions. The final symptom domain (Criterion D) of PTSD
involves psychophysiologic arousal. Symptoms include a
rapid heart rate (tachycardia), palpitations, sweating, shak-
iness, and other somatic experiences. Survivors experience
marked startle reactions, insomnia, poor concentration, and
difficulties with memory. They can be irritable and are
quickly moved to angry outbursts, a response pattern that
causes difficulties in family and social interactions.

To make a diagnosis of PTSD, a sufficient number of
symptoms from each domain must be present for at least
1month and the disorder must cause clinically significant
distress or impairment in functioning. In its severe form,
PTSD can lead to major dysfunction in areas of work,
family, and social relationships (Table 1).
Triggers and Course of PTSD

A wide range of traumas can lead to PTSD, including
accidents, assault, natural disasters, exposure to warfare
and other forms of conflict, as well as gross abuses such as
rape, child sexual abuse, torture, and other forms of
human-instigated violence. The course of PTSD is some-
what variable. Distress in the acute phase after trauma is
common. Persons who have severe PTSD symptoms at
Table 1 Symptoms of PTSD

Re-experiencing symptoms: One or more must be present for

diagnosis
. Intrusive memories (including images, thoughts, or

perceptions)
. Nightmares
. Flashbacks
. Psychological or physiological distress upon exposure to
reminders of traumatic event

Avoidance/numbing symptoms: Three or more must be present

for diagnosis
. Avoidance of reminders of the trauma (e.g. people, places,
situations)

. Decreased interest in activities

. Feeling detached from others

. Emotional numbing

. Difficulty remembering part of the trauma

. Sense of not having a future

Hyperarousal symptoms: Two or more must be present for
diagnosis

. Difficulty sleeping or disturbed sleep

. Increased startle response

. Irritability

. Difficulty concentrating

. Hypervigilance
this stage together with marked dissociative symptoms
qualify for a diagnosis of acute stress disorder (APA,
1994). Nevertheless, in most trauma-affected popula-
tions, only a minority go on to develop chronic PTSD.
The percentage varies according to the type, severity, and
repetitiveness of the trauma. Women and those with a
past psychiatric history or with previous exposure to
trauma are more vulnerable. Populations exposed to
ongoing stresses or danger, for example, people living in
dangerous or unsettled refugee camps, tend to experience
persistently high rates of PTSD. Nevertheless, following
the accidental traumas of everyday life (injuries, motor
vehicle accidents, and the like), only a minority of survi-
vors tend to develop chronic PTSD, in the range of
10–15% (McNally et al., 2003). At a population level,
the National Comorbidity Study (NCS) conducted in
the United States indicated that while 60.7% of men and
51.2% of women are exposed to trauma at some time
during their lives, only 8.2% of men and 20.4% of
women develop PTSD (Kessler et al., 1995). Survivors of
extreme human-instigated trauma such as rape, torture,
and exposure to other gross human rights violations tend
to have higher rates of PTSD, ranging from 20 to 40%
(e.g., Basoglu et al., 1994; de Jong et al., 2001). Hence,
except for the most severe forms of trauma, most survivors
show high levels of resilience in the posttraumatic phase,
recovering from acute feelings of distress.

Predicting those at risk of PTSD based on acute post-
traumatic symptoms remains problematic. Emerging evi-
dence indicates that a small group of survivors with very
high levels of distress, particularly manifested as repeti-
tive intrusions and heightened arousal, are at great risk of
experiencing persisting PTSD (Silove, 2007). The prob-
lem remains, however, that another subgroup with inter-
mediate levels of acute symptoms progresses to become
full cases of PTSD at a later time. Hence, from a public
health perspective, current methods do not allow accurate
identification of the whole group at risk of future PTSD,
for example, among injury survivors admitted to hospital.
Nevertheless, from a service perspective, there is suffi-
cient evidence to warrant identifying the highly symp-
tomatic group in the early posttraumatic phase and to
offer them evidence-based interventions that have been
shown to prevent the later development of chronic PTSD
(McNally et al., 2003).
Causes of PTSD

Although there is ample evidence that PTSD is triggered
by life-threatening events, the underlying pathogenesis
of the disorder remains unclear. At a biological level,
several factors have been implicated, including abnorm-
alities in stress hormone responses mediated via the
hypothalamo-pituitary-adrenal axis. Some brain imaging
studies have shown that PTSD sufferers have a reduced
hippocampal volume, which may be relevant since that
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brain center is pivotal in contextualizing trauma mem-
ories (e.g., Bremner et al., 1997). The amygdala and medial
prefrontal cortex have also been implicated, since these
centers mediate the learned fear response, mobilizing
pathways that activate flight and fight reactions. The pre-
vailing neural network theory of PTSD suggests that
there is inadequate regulation of the medial prefrontal
cortex of amygdala-generated fear responses, thereby
allowing environmental triggers to maintain fear reactions
(Rauch et al., 2006). Cognitive theories of PTSD suggest
that faulty thought processes or attributions lead to per-
sistence of the learned fear response (Ehlers and Clark,
2000). In other words, expecting catastrophic outcomes
perpetuates the PTSD reaction. An evolutionary perspec-
tive (Silove, 1998) suggests that the re-experiencing of
trauma memories ensures that survivors mobilize defen-
sive responses if exposed to further environmental cues
signaling the return of the danger. In some survivors,
medial prefrontal mechanisms fail to exert adequate
control on this amygdala-mediated normative survival
response so that memory rehearsal continues unchecked.
Treatment of PTSD

In Western countries, although many different types of
therapy are offered, research has identified two specific
domains of treatment (psychotherapy and pharmacother-
apy) that are effective for PTSD. All interventions need to
be guided by some key principles. These include sensitive
engagement with patients in a therapeutic relationship
that allays anxiety, promotes trust and dignity, and creates
a setting of safety and security. Providing information
about the disorder and its causes, and where appropriate,
educating the family about the approach to treating the
condition are vital. General lifestyle interventions are
important, including attention to ongoing stresses, work,
family life, leisure activities, and legal and compensation
issues where relevant. The specific form of psychotherapy
that has most scientific support is cognitive behavioral
therapy. The therapy should be provided by trained pro-
fessionals. In brief, the key interventions include anxi-
ety reduction (relaxation exercises, attention to panic
symptoms, for example, by using slow breathing exer-
cises), cognitive restructuring (challenging negative
thoughts that perpetuate high levels of anxiety), and
exposure therapy where the survivor is guided system-
atically in imagination through the trauma experience
over a number of sessions. Pharmacotherapy involves the
use of the newer antidepressants that enhance the action
of serotonin and/or norepinephrine. Typical medications
include sertraline, paroxetine, and mirtazapine. In some
settings, the older tricyclic antidepressants are used,
but close supervision is needed because of potential
toxic effects. Other medications such as mood stabilizers,
antipsychotics, and sedatives are used, but there is
insufficient evidence to recommend these treatments as
first-line interventions. All medications can cause side
effects and have risks, for example in overdose. The indis-
criminate, long-term use of the benzodiazepine tranquil-
izer class of drugs such as diazepam should be avoided
because of dependency, the risk that the dose will be
escalated, and withdrawal effects.
Other Psychiatric Disorders Arising
from Trauma

PTSD occurs in conjunction with other psychological
disorders in over 70% of cases (Kessler et al., 1995).
A review of studies has shown that depression is the
second most common psychological disorder in survivors
of disasters followed by other forms of anxiety (Norris
et al., 2002). Other disorders also are common. After the
Oklahoma City bombing, 34% of survivors experienced
PTSD, 22% depression, 7% panic disorder, 4% gen-
eralized anxiety disorder, 9% alcohol use disorder, and
2% drug use disorder; overall, 30% of people had a
psychiatric disorder other than PTSD (North et al.,
1999). The rates for most of these disorders exceed those
in the general population (Brown et al., 2000), indicating
that trauma is a significant contributor to the onset of
these problems. Traumatic or complicated grief is another
response that has only received attention more recently.
There is a risk that it will be confused with PTSD since
both groups experience intrusive memories. Those with
grief, however, have vivid memories of the deceased or
missing person, which, although distressing, do not gen-
erate a sense of threat in the survivor.
Psychological Responses to Extreme
Abuse and Persecution

Survivors of severe abuse such as torture, sexual abuse,
and related forms of intentional human violence manifest
a range of psychological reactions that are not fully
incorporated into the criteria for PTSD. In the past,
these reactions were identified according to the cause, for
example, the torture or concentration camp syndromes.
More recently, more general terms used include complex
PTSDor disorders of extreme stress not otherwise specified
(referred to but not fully adopted by DSM-IV) and
enduring personality change after catastrophic events
(EPCACE), a category included for the first time in the
International Classification of Diseases Edition 10 (ICD-10).
In all these formulations, anger, mistrust, and hostility are
prominent, in recognition that these reactions are closely
tied to feelings of having one’s rights and dignity violated
(Silove, 1996). Other features observed include guilt and
shame, a tendency to somatic complaints, extreme forms of
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dissociation, feelings of pervasive isolation and alienation,
and unrelenting hopelessness. There are similarities
between these descriptions and the criteria for diagnosing
borderline personality disorder, a condition linked to early
childhood abuse. Further scientific evidence is needed,
however, to confirm the specific features (beyond PTSD)
that characterize the essential features of these more com-
plex reactions to intentional human abuse.

The following case description illustrates complex
PTSD.

An elderly Cambodian refugee who had lived in
Australia for 20 years was referred to a trauma treatment
service. His family described him as withdrawn, uncom-
municative, lost in his own world, irritable and angry at
times, and unable to enjoy any aspect of his life. These
characteristics had been present for many years but he
had become noticeably more depressed and hopeless in
recent times. He was interviewed with an interpreter but
even so remained monosyllabic through the first few
sessions. He did reveal sufficient information to allow
PTSD symptoms to be identified and an additional diag-
nosis of major depression to be made and he was pre-
scribed antidepressants at low dose. He regarded his
problem as arising from his karma and he was skeptical
that any treatment could work. Over the next 2months, he
appeared to become more trusting of the therapeutic
environment. He revealed that during the Pol Pot times
(the Khmer Rouge autogenocide of 1975–79), he and his
family were subjected to slave labor. He was beaten and
tortured on several occasions because he was a member of
the professional elite prior to the revolution. On one
occasion, he was forced to torture his brother who was
accused of being a traitor. He became enraged when he
thought of the injustices he had suffered but also felt
guilt-stricken and ashamed because of his actions. Psy-
chotherapy focused on dealing with his PTSD symptoms
using cognitive-behavioral methods and in addition exp-
loring cautiously and gradually his sense of guilt and shame.
He came to realize that he was in a situation of forced
choices, that is, he had no control over his actions during
his period of captivity. His depression and PTSD symptoms
improved and he becamemore actively engaged in pursuing
his Buddhist faith by attending the temple. Improvements
overall were modest, however, and the family reported that
he never returned fully to his old self preceding the trauma.
Mass Impacts of Trauma

A large proportion of the world’s population has been
exposed to trauma, particularly taking into account popu-
lations experiencing mass violence such as warfare, perse-
cution, and displacement; societies exposed to terrorist
attacks; and regions that experience natural disasters such
as tsunamis, earthquakes, floods, fires, and hurricanes.
Limited resources and professional skills in low- and
middle-income countries make it impossible for all survi-
vors to obtain high-quality psychological care. Individual
or small group psychological debriefing, where survivors
are encouraged to explore their reactions to trauma in the
immediate aftermath of disasters, is neither feasible nor
effective and can be damaging to those with high levels of
arousal. The majority of survivors have the capacity to
recover spontaneously and the speed and extent to which
that occurs depends largely on the effectiveness of the
emergency humanitarian response and the subsequent
reconstruction process. The ADAPT model (Adaptation
& Development After Persecution and Trauma) (Silove
and Steel, 2006) identifies five major psychosocial dom-
ains that are threatened by disasters and that, if repaired
effectively, support posttraumatic recovery at an individ-
ual and population level. These domains or pillars include
safety and security; bonds and networks; systems of jus-
tice; roles and identities; and institutions and practices
that support a sense of meaning and coherence, including
culture, religion, and political participation. It is argued
that where the aid and reconstruction process assists in
rebuilding these psychosocial pillars, survivor populations
have a greater capacity to mobilize their own resources to
hasten recovery. Conversely, in settings of effective social
recovery there should be lower rates of persisting trau-
matic stress reactions over time. For example, Vietnamese
refugees resettled as permanent residents in conditions of
security in Australia over 11 years were shown to have low
prevalence rates of PTSD, depression, and anxiety (Steel
et al., 2002). On arrival in Australia, the Vietnamese were
given secure residency status, access to education and
work opportunities, and support to sponsor families to
join them. They have been free to maintain their culture
and to pursue their religious practices. In contrast, other
displaced populations exposed to similar traumas in their
home countries who continue to live under conditions of
insecurity, for example, with temporary protection visas,
continue to manifest high levels of PTSD and related
mood disturbances (Steel et al., 2006).

It seems likely that aid programs that effectively repair
the psychosocial pillars identified by the ADAPT model
will achieve the optimal outcomes in terms of population
recovery from traumatic stress. From a mental health
perspective, this means that the focus moves away
from direct psychological debriefing of individual survi-
vors toward what is now referred to as a program of
community-wide psychological first aid. The aim is to
alleviate acute distress by fostering a calm, safe, and
supportive environment, to connect people with family,
communities, and support agencies, and to promote self-
efficacy, hope, and empowerment in those affected by the
trauma. This can be achieved by helping individuals and
families to meet their basic needs (food and water, shelter,
health care), providing accurate information and practical
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assistance, helping families to reassemble or stay together,
ensuring that people are dealt with in a dignified and
nondiscriminating way, giving survivors an active role in
planning and implementing the recovery process, and
targeting emotional and psychiatric support more accu-
rately to those in special need.

The United Nations Inter-Agency Standing Committee
(2007) has developed guidelines to assist humanitarian
agencies in planning and implementing psychosocial aid
programs in the aftermath of mass trauma. Guidelines are
presented in the form of a matrix of action, providing
suggested responses for each stage of a disaster. Action
sheets offer a step-by-step description of key initiatives.
Also listed are available resources, examples of programs
from previous emergency situations, and suggestions for
interorganizational coordination. Major topic areas include
mental health and psychosocial assessments, orientation
and training of aid workers, and protecting individuals
under threat.

Whereas a population-wide approach is pivotal to an
effective mental health response to disasters, a minority of
survivors will need direct mental health services because
their level of distress is so severe that it prevents them or
their families from coping with the demands of the post-
traumatic environment. Communities readily identify
these persons by their behavioral disturbances (Silove
et al., 2004). That heterogeneous group includes people
with severe and disabling posttraumatic reactions and
others with preexisting mental and neuropsychiatric dis-
orders such as psychosis and epilepsy. If well designed and
implemented, community-based emergency mental health
clinics can provide critical care to these patients and their
families. In developing countries, these clinics can be the
forerunner of and shape future service development as
the society enters the post-disaster development phase.
Conclusions

Exposure to psychological trauma is extensive around
the globe. Most persons and their communities recover
from the initial distress that such experiences cause, but
a minority continue to suffer a range of psychological
problems including PTSD. There is no one intervention
that addresses all the needs of survivors and their commu-
nities. In settings of mass trauma, particularly in countries
with low resources, the emphasis should be on rebuild-
ing the social pillars that assist survivor communities to
reestablish their lives and hence achieve psychological
equilibrium. Early psychological debriefing for all sur-
vivors is neither necessary nor feasible in settings of
large-scale disasters. Nevertheless, there will always be a
minority of survivors who manifest severe and disab-
ling traumatic stress reactions and it is vital that they and
others with severe psychiatric disorders are identified and
provided with best practice interventions to limit chronic
disability. Evidence is accruing that cognitive-behavioral
therapy adapted to culture and context is the treatment of
choice for individuals with established PTSD. All inter-
ventions, whether focused on the individual or on whole
populations, need to address the challenges of being a
survivor struggling to overcome the impact of trauma.
Practitioners need to create a context of trust, respect,
and safety, encouraging survivors to play an active role in
their own recovery.
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Introduction

Spinal injury can have a devastating impact on an indi-
vidual and have far-reaching consequences for future
health-care and socioeconomic requirements. It is both
an acute and a long-term condition that requires not only
initial treatment and rehabilitation but also continuing
care provision and support for those affected.

Preventative measures may help to reduce the burden
of spinal injuries on society, and in some instances there
may be a role for legislative procedures to lessen the
frequency and severity of the disease.
Nature of Injury

The term spinal injury encompasses many different dis-
eases. To fully understand the differences, it is useful
to have a basic understanding of the anatomy of the
spinal column. It is made up of 33 vertebrae – 7 cervical,
12 thoracic (dorsal), 5 lumbar, 5 sacral, and 4 coccygeal
(Figure 1). Structure and mobility is maintained by lon-
gitudinal muscles and spinal ligaments.
The spinal cord carries impulses to and from the brain
via all parts of the body excluding the front of the head
and face. At each vertebral level, nerve fibers project from
the spinal cord between the vertebrae to skin, muscle, and
organs (Figure 2).

Injury may range from minor soft tissue injuries to the
supporting ligaments and muscles to complete transection
of the spinal column, leading to loss of communication
between the brain and those parts of the body innervated
by the cord below the level of the injury. In a similar
fashion, one must also consider the level of any cord injury,
as all areas below the level of injury may be affected.
Epidemiology

Defining the prevalence and incidence of spinal injury is
complicated by a number of factors. First, as noted previ-
ously, the definition of spinal injury varies from minor soft
tissue injury to complete cord injury. Second, published
data differ from study group to study group, with many
studies looking at preselected populations, such as
patients attending trauma centers or those already being
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Figure 1 Regions of the spinal column.

Figure 2 Anatomy of the spinal column.
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screened for potential spinal injury. Third, despite the
presence of national registries – for example, the National
Spinal Cord Injury Database (NSCI) in the USA and the
Trauma Audit Research Network Database (TARN) in
the UK, there is a lack of large population-based databases
with the ability to identify all trauma presentations in a
denominator population.

Previous reports have estimated the worldwide inci-
dence of spinal cord injury as between 15 and 40 cases per
million population ( Jackson et al., 2004). In the United
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States, four times as many men as women sustain spinal
cord injury, with a mean age of 33 at presentation ( Jackson
et al., 2004). Data from the United Kingdom reflect a
similar, though less marked, sex bias with 65% of cases
of all spinal injury being seen in men and the presence of
spinal injury in the polytrauma patient being greatest in
the under-35-year age group (O. Amin, unpublished data).

Spinal cord injury is associated with an increase in
mortality for a number of reasons. The mechanism and
forces involved in spinal cord injury frequently mean that
other major organs are similarly injured. There is a clear
relationship between the probability of survival and both
the severity and number of injuries in the multiply injured
patient. In addition, the direct effects of the injury itself
may be fatal. The diaphragm, which is essential for normal
breathing, is innervated by the third, fourth, and fifth
cervical nerve roots. Injury above these levels is frequently
fatal. For those that do survive the initial trauma, there
remains a high mortality rate. The 1-year case fatality rate
for patients who are admitted to hospital with spinal cord
injury is 13% with 11% of all patients dying during the
initial hospitalization. When pre-hospital death rates are
considered, this rises to 46% (Kraus et al., 1975).

Nervous tissue has very little capability of healing or
regeneration. Unlike many other forms of trauma, disabil-
ity from spinal cord injury is usually permanent. As
advances in care and rehabilitation progress, both in the
developed and the developing world, the prevalence of
spinal injury is set to rise.
Etiology

By far the biggest common single cause of spinal injury is
motor vehicle collisions (MVC). The NSCID demon-
strates a total of 45.6% of spinal cord injuries occurring
due to this mechanism ( Jackson et al., 2004). Other studies
have demonstrated a relative risk of spinal cord injury
of 1.91 (95% CI 1.73–2.10) for MVC versus all other
mechanisms of trauma. This pattern is reflected also
in children – 49.8% of all spinal injuries in those aged
16 or under are due to MVC (Martin et al., 2004).

In the developed world, there is an increasing trend for
recreational causes of spinal injury, most notably through
the use of all-terrain vehicles and in contact sports or in
extreme sports activities. In the developing world, indus-
trial injuries and violence remain common causes of
injury to the spinal column.
Burden

There are three key areas that spinal injury places a
burden upon, namely physical health, emotional and
social well-being, and economic stability. These may
be considered not only in terms of the needs of the
individual but also in terms of the impact upon society
as a whole.
Physical Health

The impact on health of spinal injury may be devastating,
and chronic health problems may occur with any injury,
from minor soft tissue injury through to complete spinal
cord injury. Soft tissue injury to the neck following an
MVC and its associated symptoms of headache, muscle
pain, dizziness, and paresthesia to the hands and arms
is referred to by the term ‘whiplash-associated disorder’
or WAD. Although the injuries themselves may be minor
and expected to heal quickly, there is an increasing ten-
dency for this to lead to more chronic problems. There
is no clear pathological mechanism for this phenomenon,
and it is thought by many to be influenced by cultural and
psychological factors. Despite this, as many as 50% of
patients with WAD report persistent symptoms at
3months and 25% of patients still have symptoms
2 years after the initial injury (Gargan, 1994; Ferrari,
1999; Melody, 2003).

The majority of spinal cord injury (approximately
55%, rising to 60% in children) occurs at the cervical
level due to the excessive mobility that may take place
here. Of all spinal cord injuries, 45% are complete – in
other words, causing total loss of function and sensation at
some level below the injury (Sekhon, 2001).

Probably the most serious associated physical effect
from high (i.e., cervical) spinal cord injuries is loss of
respiratory function. This may be partial or complete,
and may require permanent respiratory support using
a ventilator. This will necessitate the presence of an
artificial airway, which is usually created by a procedure
known as tracheostomy. However, normal speech cannot
take place once a tracheostomy is fashioned (although
adjuncts do exist which can provided for some degree of
communication); there is also an increased risk of infec-
tion at both the tracheostomy site and in the lungs
themselves.

Complete paralysis of the lower limbs is common in
cord injury. As a result, locomotion may be dependent on
artificial aids such as wheelchairs. These may need to be
motorized, especially when the patient has impairment
affecting the upper limbs also. Limitation of movement
caused by paralysis leads to other specific complications:
pressure sores are more likely to develop, and there is an
increased risk of deep venous thrombosis forming in the
legs. Where chest muscles are impaired, the ability to
clear respiratory secretions is reduced, leading to an
increased risk of developing pneumonia.

Disorders of defecation and micturition will occur
with nearly all cord injuries. Long-term urinary catheter-
ization may be employed to overcome the latter but may



204 Spinal Injury
lead to an increased risk of infection, which may give rise
to local or systemic illness. This may be overcome by
intermittent self-catheterization. Incomplete voiding
may lead to stasis of urine and subsequent complications
of renal impairment and calculus formation. Fecal voiding
may prove difficult due to loss of control over the rectal
and anal musculature (Table 1).

Other problems also frequently seen include impo-
tence (although libido and fertility may be preserved),
osteoporosis secondary to immobility, chronic pain syn-
dromes, and autonomic dysreflexia – a ‘resetting’ of some
of the body’s homeostatic mechanisms, which may lead to
abnormal cardiovascular response to injury. As with all
permanent symptoms, these may progress to impact
future psychological adaptation to spinal injury.
Table 2 Quality of life assessment tools

Measurement tool Modality

American Spinal Injury Association:

Motor and Sensory Score (ASIA)

Neurological status

Functional Independence

Measure (FIM)

Activities of daily living

Spinal Cord Independence Measure

(SCIM)

Physical function

Quadriplegic Index of Function Physical function
Emotional and Social Well-Being

The impact of spinal injury on an individual may be devas-
tating. It is a diseasewith a high prevalence in the young and
frequently active andmay lead to a lifetime of disability and
dependence. As such there are major implications for those
injured, their families, and their care-givers.

Psychological difficulties are well recognized in patients
with spinal injuries. Both depressive symptoms and major
depressive disorders are commonly reported. In some
studies, the rate of major depressive disorder is as high
as 37.5%. Up to 76.6% of patients may exhibit some
depressive symptoms. Other psychological problems,
such as post-traumatic stress disorder (PTSD), have also
been reported – most notably in those with a violent
mechanism of injury or who have witnessed others die
in the same incident in which the injury was sustained
(Bombardier, 2004).

Return to employment is one important goal in rehabil-
itation after any major illness or disease. At 1 year post-
injury, only 22% of patients report themselves as employed,
compared to 58.6% pre-injury. A greater likelihood of
return to work is seen in patients who are Caucasian, who
are younger age at time of injury, who have had more years
of education, andwho experienced a less severe injury. The
percentage of patientswith spinal cord injury who do return
to work increases with time from the injury but does not
return to pre-injury levels until 5 years after the injury
occurred (Krause, 1999).
Table 1 Physical complications of spinal cord injury

Premature death

Respiratory failure

Urinary and fecal incontinence
Impotence

Thromboembolic disease

Osteoporosis

Pressure sores
Autonomic dysreflexia
Quality of life (QOL) is defined by the World Health
Organization as ‘individuals’ perception of their position in
life in the context of the culture and value systems in which
they live, and in relation to their goals, expectations, stan-
dards and concerns.’ The use of various tools to assess QOL
in spinal injury has been studied extensively, but there
remains disagreement on how best this is measured. One
must also distinguish between physical and psychological
function, handicap, health-related quality of life, commu-
nity reintegration, and subjective quality of life (Table 2).

One might expect that the higher the level of the
injury, and thus the greater the disability, the lower the
subjective quality of life. However, this does not appear to
be borne out by published evidence. Instead, quality of
life issues are affected far more by environmental and
social issues both before and after the time of the injury.
Predictors of better reported quality of life include higher
level of education, younger age at time of injury (although
QOL improves with time from injury), and Caucasian
ethnicity (Whiteneck, 2004). It can be seen that these
are the same factors that predict return to work, and
both of these findings may reflect societal attitudes as a
whole rather than specific advantages in patients with
spinal cord injury. Indeed it has been demonstrated that
economic and psychosocial factors also have an impact on
lif e expecta ncy following spinal injury (Kraus e, 1999 ).

The impact of spinal cord injury on caregivers should
also be considered. Whereas persons with paraplegia may
be able to live a relatively independent lifestyle, those
with quadriplegia, particularly those with high cervical
injuries, may require extensive nursing and social care.
This in turn places a burden not only on resources, but
also on the psychological and social well-being of the
caregiver, who in many cases may be a relative with a
previously independent life.
Scale (QIF)

General Health Questionnaire

(GHQ 28)

Psychological function

Community Handicap Assessment

and Reporting Technique (CHART)

Community

reintegration

Medical Outcomes Study 36-Item

Short-Form Health Survey (SF-36)

Health-related quality

of life
Quality of Well-Being Scale (QWB) Health-related quality

of life

Life Satisfactions Index Subjective quality of life
Life Satisfaction Questionnaire Subjective quality of life
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Economic Stability

It may be supposed that minor injury to the spinal column,
for example, WAD, places little burden on an economy.
However, the impact is extensive – in the United Kingdom
alone, an estimated £3 billion (US$5.26 billion) are lost
per annum due to this syndrome, principally through
insurance claims and loss of earnings.

When one considers cord injury, several other factors
come into play, from permanent loss of earnings, to the
cost of health care, rehabilitation, and social support.
Precise calculations of the cost will vary depending on a
number of individual and institutional factors – the pre-
cise needs of any particular patient and the ability of an
economy to support these needs. For example, in the
developing world, the direct provision of long-term social
care may not be met by central funding and therefore may
not occur at all.

In an analysis of the economic costs of spinal cord
injury, Berkowitz et al. (1998) calculated that the annual
direct cost to the United States per annum was $9.73
billion. This figure incorporates medical costs and
home/transport modifications as well as provision of per-
sonal care. Indirect costs, such as those incurred by loss of
productivity, are thought to be around $2.6 billion per
annum in the United States.

This picture can be expected to change over the next
10–20 years (Lasfargues et al., 1995). Improvement in
delivery of immediate medical care has increased the
number of patients surviving major trauma. The long-
term survival of patients with spinal cord injury is con-
tinuing to improve due to advances in medical aftercare.
Engineers and designers continue to develop better,
though more expensive aids to allow integration into
society and improve mobility, such as improved manual
and electric wheelchairs and nerve stimulators to allow
performance of basic functions. In the developing world,
health-care systems are improving, leaving increasing
demands on social care for survivors.
Implications

The implications for the public health physician in con-
sidering spinal injury reflect the rarity but severity of
the disease. Although not a major cause of morbidity or
mortality, spinal injury places a large burden on health-
care economies. Measures to reduce this burden should
focus on prevention, where there are numerous avenues
that can be explored, and the role of the public health
physician is paramount.

Given that by far the largest single mechanism of
injury to the spinal column is motor vehicle collision,
the primary focus on prevention should focus on road
safety measures. There is a clear relationship between
speed of impact and severity of injury, which may be
reduced by traffic-calming measures, such as reduced
speed limits in built-up areas, speed bumps, safety cam-
eras, and improvements in road design. An active role
from those with an interest in road safety has led to an
improvement in car design to allow less force to be trans-
mitted to the vehicle occupants at the time of impact.

Implementation of safety measures may require legis-
lative procedures. Whereas in the United Kingdom, much
of Europe, and most of the United States it is compulsory
to wear seatbelts in a car, such regulation does not extend
across much of the developing world. However, even
before the requirement becomes widespread, simple edu-
cational programs may be developed to help change
behavioral patterns of those at risk.

Early aggressive management of those suffering spinal
cord injury can help to preserve some neurological
function that may otherwise be lost. Early surgical stabili-
zation of injuries has been shown to reduce the hospital
length of stay.

Many of the physical complications listed previously
can be prevented by appropriate prophylactic treatment
or early intervention. Care systems dedicated to the man-
agement of spinal cord injury can reduce the incidence of
complications such as pneumonia and pressure sores.
Simple, inexpensive measures to reduce complications
can be used in some circumstances. While specially
designed beds and mattresses may reduce the severity
and likelihood of pressure sores developing, measures
such as careful skin care and regular repositioning are
invaluable and easily implemented in poorer economies.

Rehabilitation of patients with spinal injuries can be
expensive both in the short term and over a number of
years. For this reason, it is recommended that while it is an
essential component of health and welfare provision, the
most effective way of reducing costs is through preventa-
tive measures. Knowledge of quality of life and functional
outcomes, along with the involvement of user groups, can
help to focus care on key areas and develop appropriate
means of support for those at risk of poor reintegration
and psychological difficulties.

Independent living can be seen as the goal for the major-
ity of persons with spinal cord injury. Pursuit of the
tools necessary to facilitate independent existence is an
important role for those involved in public health.
An independent lifestyle can be achieved through initial
investment and outlay, with a reduction in recurrent care
costs.

In developing economies, the importance of preventa-
tive health care is even greater. This applies across all
areas, from primary through to secondary and tertiary
prevention. Reduction in the prevalence of disease and
complications will help to reduce the high costs seen with
rehabilitation, long-term care, and loss of earnings. Edu-
cation of decision makers and those at risk of injury can
help to promote these preventative approaches.
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Conclusions

Spinal injury is a rare but devastating disease. Its effect
can be measured from social, health-care, and economic
perspectives. Effective preventative measures are the key
to reduction of this burden, especially in developing
economies. Return to independence after spinal cord
injury should be seen as the goal for care providers and
planners alike, with the resultant reduction in the burden
it may otherwise place.
See also: Injuries, Epidemiology of; Occupational Injuries

and Work Place Violence; Respiratory Diseases: Over-

view; Road Traffic Injuries; Sports Injuries; Young People

and Violence.
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While participation in sport is a universal goal, sports
injury is generally not regarded as a priority area interna-
tionally within the area of injury prevention and control,
because such injuries rarely lead to death. However, at
least in developed countries, when the total burden of
injury has been quantified, sports injury has been shown
to be a significant contributor to and one of the major
causes of injury-related morbidity. There is also a sub-
stantial economic burden associated with sports injuries
for both individuals and society with respect to the
duration and nature of treatment, the amount of sport
and/or working time lost, permanent damage or disabil-
ity, reduced quality of life, and other monetary costs. It has
been reported that approximately one-third of all sport
and active recreation injuries affect activities of daily
living and/or have adverse effects on participation or
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performance in subsequent activity (Finch and Cassell,
2006). Sports injuries, therefore, have the potential to
significantly contribute to future ill health through their
longer-term consequences of nonparticipation in physical
activity and increased risk of chronic musculoskeletal
conditions, including osteoarthritis.
Epidemiology of Sports Injury

Although sports injury has been identified as a priority
area by some local and national government agencies,
there is limited information on the incidence of sports
injury at the broad community level in most countries.
This is because there are few comprehensive national or
even local routine data collection systems in place to
monitor sports injuries. The main sources of routinely
collected population-based sports injury data are general
health statistics collections, such as those relating to hos-
pital admissions, emergency department presentations,
and coronial records. These data are usually only available
in developed countries and there is no population-based
information available for developing countries. However,
this information represents only the tip of the iceberg
with respect to the true burden of sports injuries as fewer
than 30% of all sports injuries receive treatment at a hospi-
tal setting. For example, in Australia it has been estimated
that for every sports injury requiring hospital admission, 10
cases are treated at hospital emergency departments, 12 are
treated by general practitioners, 41 are treated by other
medical or allied health professionals, and 145 receive no
treatment (Cassell et al., 2003). Additionally, it is difficult to
describe the rate of sports injury relative to other injuries, as
many population-based surveillance systems that are used
to report injury hospitalizations and deaths do not have
sufficient codes to clearly identify sports injury cases.

However, some international statistics that are available
emphasize the burden associated with sports injury. Studies
in theUnited States have estimated that 4.3million nonfatal
sport and recreational injuries are treated in hospital
emergency departments each year, comprising 16% of all
unintentional injury-related emergency department visits
(Centers for Disease Control and Prevention, 2002) and
that the rate of unintentional sports and recreational injuries
is 332.5 persons per 100 000 population (Conn et al., 2006).
Over a 12-month period, there were 45 452 sport/leisure-
related hospitalizations across Australia, accounting for
0.7% of all hospitalizations and corresponding to an injury
incidence of 231.4 hospitalizations per 100 000 population
(Flood and Harrison, 2004). The vast majority of sport- and
recreation-related hospitalizations occur in males (73.9%)
and the greatest number of hospitalized injuries are sus-
tained by those aged 0–14 years. InGermany, 3.1%of adults
sustain a sports injury each year, ranking sports injuries as
the second most common type of injury after domestic
accidents, with nearly two-thirds of these sports injuries
resulting in time taken off work (Schneider et al., 2006).
A survey conducted with children and adolescents in
Switzerland reported a much higher injury rate, with
28.2% of girls and 35.9% of boys reporting one or more
sports injuries per year, with 2.1% of girls and 6.5% of
boys reporting at least one hsopitalization due to a sports
injury (Michaud et al., 2001). Other studies have investi-
gated the costs of injury, and sports injury ranks highly
compared with other types of injury. In one study, most
injuries were associated with participation in sport and
leisure activities (40.2%), followed by work (11%) and tra-
nsportation (10.8%) (Watson and Ozanne-Smith, 1998).
Another study reported that in 1998–99, the total cost of
sports injuries in one Australian state was AU$92 million
(Potter Forbes and Aisbett, 2003). This was comprised of
AU$40 million for direct costs and AU$52 million for
mortality and morbidity costs (Potter Forbes and Aisbett,
2003). Sports injury ranked only seventh in terms of life-
time cost, but third in terms of direct cost (AU$40 million)
after falls (AU$333 million) and road traffic accidents
(AU$62 million). Interestingly, when considering the risk
of sports injury from an occupational perspective, an
English study found that the risk of injury in professional
football (soccer) is around 1000 times greater than the risk
observed in other industrial occupations, such as construc-
tion and mining (Hawkins and Fuller, 1999). These inter-
national statistics reemphasize the burden associated with
sports injury.

In developing countries, although sports are a common
pastime, the extent of sports injury is not known. Devel-
oping countries often have a unique range of challenges
relating to sports injury prevention, such as a lack of
available safety equipment (such as helmets and basic
items such as shoes), poor playing equipment and surfaces
(such as playing on grounds that have dangerous items
such as glass) and few coaches with appropriate training,
qualifications and understanding of sports injury preven-
tion. For developing nations with limited resources, the
focus has often been on other injury concerns, such as
road trauma, violence, and drowning. It has also been
difficult to determine the true extent of the sports injury
problem across the globe as injury surveillance systems
have often adopted differing definitions of ‘sport’ and
‘injury.’ While some studies have incorporated informal
active recreation, physical activity, and leisure and play
activities, others have examined only more formal, com-
petitive sport. With respect to the definition of injury, a
major limitation in the sports injury literature is that there
is no common operational definition of injury, and it has
varied according to the source of the injury data and the
purpose of the injury surveillance. When comparing the
results reported in sports injury studies (e.g., injury inci-
dence rates), it is therefore important to consider how
the definition of injury used in each study has affected the
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results obtained. A significant recent advance has been
the development and publication of consensus definitions
of injury in particular sports, including cricket (Orchard
et al., 2005) and football (soccer) (Fuller et al., 2006), and of
particular injury types, such as concussion (McCrory
et al., 2005). Another data limitation for the general area
is that exposure-adjusted sports injury rates have not been
widely reported internationally, and this has hampered
efforts at fully describing the sports injury problem.
Table 1 Intrinsic and extrinsic risk factors for sports injury

Intrinsic risk factors Extrinsic risk factors

Age Type of sport
Gender Level of play

Previous injury Position played

Physical fitness

Body composition

Exposure within the sport (match

and training)
Muscle strength Preseason training

Joint range of motion Size of area of play

Balance Time of day when participating
Nutritional status Weather conditions

Limb dominance Playing surface

Athletic technique Rules of play

Knowledge of the rules Sports officials/umpires
Skill level Opposition players

Motivation Coaches

Risk taking Sports equipment

Coping skills Protective equipment
Footwear
Categories of Sports Injuries

Sports injury can occur to almost any structure or tissue of
the body, particularly bone, cartilage, tendon, ligament,
muscle, and brain. Two broad categories of sports injury
have been reported in the literature according to the nature
of the event(s) leading to their occurrence. Acute injuries
occur suddenly and are associated with a single, macro-
traumatic event. The inciting event, or mechanism of the
injury, is usually clearly identified as being the application
of some external force with resultant tissue disruption.
Examples of acute injuries are fractures and ligament
sprains as the result of collisions or tackling in sport,
awkward landings, or falls. The second category is often
referred to as ‘overuse’ injury, with terms such as ‘gradual
onset,’ ‘chronic,’ ‘idiopathic,’ and ‘repetitive microtrauma’
sometimes used. These injuries develop gradually and are
associated with repetitive microtrauma of the musculoskel-
etal system, in which a number of repetitive forces, each
lower than the critical limit of selected tissues, produce a
combined fatigue effect over time and reduce the tolerance
of the affected structures to load. The event causing the
injury is not as apparent as is the case in acute injuries, and
the damage to the tissues is more a result of mechanical
degradation than of acute disruption. Examples of overuse
injuries are stress fractures and tendonitis, which can be
associatedwith factors such as excessive training or running
repeatedly on very hard surfaces.

Different sports generally have diverse injury profiles
because of the unique playing and movement demands.
Therefore, the nature of injury, as well as the body site
affected, can differ substantially across sports. In contact
sports such as rugby football, the majority of injuries are
caused by tackles (collisions) with other players, resulting
in contusions, dislocations, lacerations, and inflammation
to the head, trunk, and upper and lower limbs. For sports
characterized by sudden changes of movement, including
hockey and basketball, there are a substantial number of
lower limb sprains and strains. In contrast, for noncontact
sports, such as tennis or running, a large burden can be
associated with overuse injuries, including rotator cuff
tendonitis, epicondylitis, and shin splints. The injuries
sustained by different players within a given sport can
also vary widely according to the position that they play
and the phase of play. For example, the injuries sustained
by a baseball pitcher (e.g., an overuse injury to the elbow)
are quite different from the injuries sustained by a batter
(e.g., a fractured finger caused by being hit by the ball).

As described earlier, the data available regarding sports
injuries differ according to the methods by which they
have been collected and reported. A consistent finding
across those studies that have used hospital admissions
data is that the sports injury most often admitted to
hospital is a fracture to the upper or lower limb, with
head and spine injuries also being treated frequently in
this setting. With respect to emergency department pre-
sentations, the majority of injuries are sprains and strains
of the upper and lower limbs, as well as fractures. Cuts,
lacerations, bruises, and hematomas are injuries treated
frequently in emergency departments. Similarly, the inju-
ries most frequently presenting to general practitioners
are sprains, strains, bruises, and hematomas. It is likely
that the majority of overuse injuries sustained in sports are
treated by allied health professionals, such as physiothera-
pists and chiropractors; however population-based data
are scant in this area, with the majority of studies being
limited to participants of specific sporting groups.
Sports Injury Risk Factors

Risk factors for sports injury can be divided into two main
categories (Table 1): intrinsic (internal, personal) and
extrinsic (external, environmental; van Mechelen et al.,
1992; Meeuwisse, 1994). Intrinsic and extrinsic injury
risk factors can also be classified as being modifiable or
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nonmodifiable (Bahr and Holme, 2003). While nonmodi-
fiable factors such as age, gender, and injury history may
be important, it is imperative that the primary focus be on
those factors that are potentially modifiable through
interventions in physical training or behavior, including
flexibility, strength, and training volume (Bahr and
Holme, 2003). It is important to note that the cause
of sports injury is multifactorial, and injury results from
the interaction of a number of risk factors and events
(Meeuwisse, 1994). Injuries are often attributable, not to
the presence of a single extrinsic or intrinsic risk factor,
but to combinations of these risk factors.

The four most consistently identified risk factors for
injury across a range of sports, to date, are gender, age,
previous injury, and exposure. Males have been identified
as having a rate of injury two to three times greater than
that of females. This may reflect a difference in the sports
chosen by males and females, with males participating
more frequently in higher-risk activities, including con-
tact sports like football. Males may also adopt more
aggressive behavior, placing them at a higher risk of injury.
With respect to age, generally those in the 15–49 age
group have a much higher rate of injury, followed by
children younger than 15 years (Finch and Cassell,
2006). As with the difference in injury rates according to
gender, the reason that young people may be at increased
risk could be the types of activities in which they par-
ticipate, as well as the physical differences between adults
on one hand and children and adolescents on the other.
Previous injury may contribute to high injury risk due
to increased susceptibility of the tissues of the body due
to incomplete rehabilitation or inadequate preparation.
Finally, inappropriate exposure to a sport (too much
or too little) is detrimental to the tissues of the body
through overuse or inadequate preparation for sports
participation.

The majority of research that has investigated poten-
tial risk factors for sports injury to date has focused on
specific sports, particular subgroups of participants, cer-
tain playing positions, and/or particular injury diagnoses.
In addition, many studies have included only elite-level
participants. However, on a frequency basis, most injuries
occur to community-level participants as they account for
the vast majority of all participants. Nevertheless, the elite
or professional sports studies have provided valuable
information that can be used to inform the development
of injury prevention efforts and establish the priority areas
for continued investigation.

Most of the information about sports injury available
relates to adult participants, and often injury prevention
strategies, programs, and recommendations that are
designed for adults are simply extrapolated to adolescents
and children. However, it must be recognized that
children are not just small adults, and it is essential that
continued actions specifically recognize the risk factors
for sports injury to young participants so that appropriate
injury prevention strategies can be developed.
Sports Most Commonly Associated
with Injury

In general, participation in team ball sports, such as hockey,
football (soccer, rugby league, rugby union, Australian
football, American football), basketball, handball, baseball,
softball, cricket, and netball is associated with an increased
risk of injury in comparison with individual sporting
activities. The risk tends to be substantially higher for
the contact sports. However, there are exceptions to this,
with activities including horse riding, motorsports,
cycling, waterskiing, and downhill skiing being associated
with an increased rate of injury.
Sports Injury Prevention

Although it has been acknowledged that most sports inju-
ries could be prevented or controlled, traditionally the
main focus of the health and funding sectors has been on
the diagnosis, treatment, and rehabilitation of sports injury,
rather than on prevention. To ensure the maximal safety of
sports participants, it is necessary to focus on the preven-
tion of sports injuries, with the development of successful
sports injury prevention strategies that rest on a solid
evidence base. Several conceptual frameworks relating to
sports injury prevention have been proposed. The most
recent is the six-stage Translating Research into Injury
Prevention Practice conceptual framework, which provides
the theoretical underpinning for all sports injury preven-
tion research (Finch, 2006). It advocates a multidisciplinary
approach to sports injury prevention, including contribu-
tions from those working in epidemiology, biomechanics,
sports medicine, sports science, health promotion, and
behavioral psychology, as well as sports delivery and the
participants themselves. Another recent framework is
focused on sports safety promotion (Timpka et al., 2006)
and the authors suggest that programs require that the
perspective of the sports injury problem is made broader
than just focusing on the individual participant. They
advocate for the involvement of sports federations that
are responsible for socially defined sports communities, as
well as governments that represent geographically defined
civic communities (Timpka et al., 2006). One of the earlier
conceptual frameworks of sports injury prevention was a
four-stage approach, that described the stages as being to
describe the extent of the injury problem, establish the
etiology and mechanisms of injuries, introduce preventive
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measures, and assess their effectiveness (van Mechelen
et al., 1992).

Sports injury interventions have tended to focus on three
main approaches: implementing education and behavior
change programs, introducing regulatory/mandatory activ-
ities, and modifying the environment and equipment used
(MacKay et al., 2004). Regarding injury prevention in
cycling, for example, the equipment was modified through
the introduction of helmets, which were designed to protect
the head from injury in a collision. Educational advertising
campaigns, designed to change the attitude of cyclists and
increase the uptake of helmets, were delivered to the broad
population as well as targeted at specific groups, such as
schoolchildren. In addition, in some countries, legislation
makes bicycle helmets mandatory and imposes a fine for
lack of compliance. This combination of injury prevention
strategies has been highly successful in countries including
Australia, with a significant reduction in the rate of head
injury to cyclists.

Other injury prevention strategies that are commonly
adopted in sport are the use of personal protective equip-
ment, such as helmets, faceguards, mouthguards, and
padding. Taping and bracing has reduced the rate of
ankle sprains in activities such as basketball. Preparticipa-
tion screening has become a commonly used method for
identifying characteristics of the musculoskeletal system
that may predispose an athlete to injury or for identify-
ing incomplete recovery from a previous injury. It is
then possible to identify those participants who would
benefit from an intervention designed to reduce the risk
of injury. More recently, studies have reported a reduction
in injury rates as a result of training interventions, includ-
ing strength, balance, and technique, which are usually
aimed at reducing the effects of potential intrinsic risk
factors. For example, balance training has been identified
as a successful strategy to reduce injuries, particularly
knee cruciate ligament injuries in sports such as handball.
Consideration of the environment in which a sport is
played has led to guidelines for many sports regarding
the condition of the playing surface, for example, ensuring
that the surface is even, without any potential slipping or
tripping hazards. These risk management strategies are
essential for the prevention of many sports injuries.
Changes to rules, such as the modification of tackling
rules for junior participants in football, have also been
implemented. In addition, changes to sporting equipment
can reduce the risk of injury; for example, the introduc-
tion of breakaway bases has significantly reduced the rate
of injury in baseball and softball.

While injury prevention strategies such as these are
commonplace in many sports, it is important to note
that few strategies have been subject to a high-quality
formal evaluation. This is particularly evident in inter-
ventions designed for young people, with many interven-
tions designed for adults simply translated to use with
children. The majority of sports injury prevention strate-
gies appear to be based on the collective experience
of people who are knowledgeable in the chosen acti-
vity. Hence, providing evidence for the effectiveness of
injury prevention strategies has been identified as a prior-
ity area for continued research (Finch, 2006; MacKay
et al., 2004).
See also: Injuries, Epidemiology of; Populations at

Special Health Risk: Men; Populations at Special Health

Risk: Women.
Citations
Bahr R and Holme I (2003) Risk factors for sports injuries:
A methodological approach. British Journal of Sports Medicine 37(5):
384–392.

Cassell EP, Finch CF, and Stathakis VZ (2003) Epidemiology of
medically treated sport and active recreation injuries in the Latrobe
Valley, Victoria, Australia. British Journal of Sports Medicine 37(5):
405–409.

Centers for Disease Control and Prevention (2002) Nonfatal sports-
and recreation-related injuries treated in emergency
departments: United States, July 2000–June 2001. Journal of
the American Medical Association 288(16): 1977–1979.

Conn JM, Annest JL, Bossarte RM, and Gilchrist J (2006) Non-fatal
sports and recreational violent injuries among children and
teenagers, United States, 2001–2003. Journal of Science &
Medicine in Sport 9(6): 479–489.

Finch C (2006) A new framework for research leading to
sports injury prevention. Journal of Science & Medicine in Sport
9(1–2): 3–9.

Finch C and Cassell E (2006) The public health impact of injury during
sport and active recreation. Journal of Science & Medicine in Sport
9(6): 490–497.

Flood L and Harrison JE (2004) Hospitalised Sports Injury, Australia
2002–03. Adelaide, Australia: Australian Institute of Health and
Welfare.

Fuller CW, Ekstrand J, Junge A, et al. (2006) Consensus statement
on injury definitions and data collection procedures in studies of
football (soccer) injuries. British Journal of Sports Medicine 40(3):
193–201.

Hawkins RD and Fuller CW (1999) A prospective epidemiological study
of injuries in four English professional football clubs. British Journal of
Sports Medicine 33(3): 196–203.

MacKay M, Scanlan A, Olsen L, et al. (2004) Looking for the evidence:
A systematic review of prevention strategies addressing sport and
recreational injury among children and youth. Journal of Science &
Medicine in Sport 7(1): 58–73.

McCrory P, Johnston K, Meeuwisse W, et al. (2005) Summary and
agreement statement of the 2nd International Conference on
Concussion in Sport, Prague 2004. British Journal of Sports
Medicine 39(4): 196–204.

Meeuwisse WH (1994) Assessing causation in sport
injury: A multifactorial model. Clinical Journal of Sport Medicine 4:
166–170.

Michaud PA, Renaud A, and Narring F (2001) Sports activities related to
injuries? A survey among 9–19 year olds in Switzerland. Injury
Prevention 7(1): 41–45.

Orchard J, Newman D, Stretch R, Frost W, Mansingh A, and Leipus A
(2005) Methods for injury surveillance in international cricket. Journal
of Science & Medicine in Sport 8(1): 1–14.

Potter Forbes M and Aisbett C (2003) Injury Costs! A Valuation of the
Burden of Injury in New South Wales 1998–1999. Sydney, Australia:
NSW Injury Risk Management Research Centre.

Schneider S, Seither B, Tonges S, Schmitt H, and Zimmermann-Stenzel
M (2006) Sports injuries: Population based representative data on



incidence, diagnosis, sequelae, and high risk groups. British Journal
of Sports Medicine 40(4): 334–339.

Timpka T, Ekstrand J, and Svanstrom L (2006) From sports injury
prevention to safety promotion in sports. Sports Medicine 36(9):
733–745.

van Mechelen W, Hlobil H, and Kemper HC (1992) Incidence, severity,
aetiology and prevention of sports injuries: A review of concepts.
Sports Medicine 14(2): 82–99.

Watson WI and Ozanne-Smith J (1998) The Cost of Injury to
Victoria. Melbourne, Australia: Monash University Accident Research
Centre.

Further Reading

Bird S, Black N, and Newton P (1997) Sports Injuries: Causes,
Diagnosis, Treatment and Prevention. Cheltenham, UK: Stanley
Thornes.

Caine DJ, Caine CG, and Lindner KJ (eds.) (1996) Epidemiology of
Sports Injuries. Champaign, IL: Human Kinetics.

Caine DJ and Mafulli N (eds.) (2005) Special Issue: Epidemiology of
Pediatric Sports Injuries: Individual Sports. Medicine and Sport
Science 48: .

Mafulli N and Caine DJ (eds.) (2005) Special Issue: Epidemiology of
Pediatric Sports Injuries: Team Sports. Medicine and Sport Science
49: .

McClure R, Stevenson M, and McEvoy S (eds.) (2004) The Scientific
Basis of Injury Prevention and Control. Melbourne, Australia: IP
Communications.

Peterson L and Renström P (2001) Sports Injuries: Their Prevention and
Treatment, 3rd edn. London: Martin Dunitz.

Renström PAFH (ed.) (1993) Encyclopaedia of Sports Medicine, Vol IV:
Sports Injuries: Basic Principles of Prevention and Care. Oxford, UK:
Blackwell Scientific Publications.

Relevant Websites

http://www.a cc.co.nz – Accid ent Compensat ion Corporation.
http://www.sp ortsmed.org – Ame rican Orthopaed ic Society for Sp orts

Medicine.
http://www.i njuryupdate.com.au – Injuryupda te.com.
http://www.nlm.n ih.gov/medlineplus/sp ortsinjuries.html – MedlineP lus

Sports Injuries.
http://www.sma rtplay.com.au – Smartplay.
http://www.sma .org.au – Sports Medicine Australia.
http://www.sp ortsinjuryclinic.net – Virtual Sports Inj ury Clinic.

The State in Public Health, Role of
A Alvarez-Rosete, Health Policy Researcher, London, UK

ã 2008 Elsevier Inc. All rights reserved.

This article explains the roles of state and its executive
branch, the government, in public health policy. In con-
temporary complex societies, the state holds the political
authority over the population of a given territory, and its
diverse roles and functions (including policymaking) are
executed by the government. This entry describes how
both roles have been evolving since the second half of the
twentieth century.

Such evolution can be divided into three broad stages:
the 1950s and 1960s; the 1970s and 1980s; and the 1990s to
the present. Simultaneously, transformations have occurred
in the following three dimensions. First, the responsibilityof
the state for ensuring public health has evolved. This has
been accompanied by debate about the nature of the state’s
responsibility in providing for public health. Second, the
way inwhich governments have intervened in public health
has also changed. Governments have now at their disposal
new tools for influencing the lifestyles of citizens and orga-
nizations and for gathering information for promoting pub-
lic health. Third, the process of making public health
policies and the number and identity of actors and the
arenas for policymaking have evolved. In thismore complex
scenario, governments are developing new approaches to
the governance of public health and adopting new strategies
for improving public health policymaking.

The Evolution of the State’s Responsibility
over Public Health

Despite the intensification of state involvement in promot-
ing public health in these last decades, public authorities
since ancient civilizations such as the Incas, the Etruscans,
and the Romans have been concerned with public health.
In the Italian city-states of the middle ages, public infra-
structures for providing safe water and sanitation (such as
cisterns and sewers), cleaning streets, and fighting diseases
and epidemics were developed and managed by public
boards of health (Beaglehole and Bonita, 2004).

Gradually since the Middle Ages, first in Western
Europe, states have become the preferred institutional
configuration to collectively organize political societies.
The nation-state replaced other political entities such as
tribes, feudal societies, or city-states, monopolizing the
legitimate use of physical force over a group of people,
who shared a common identity as a nation, within a given
territory. The state organizes through a number of insti-
tutions, including legislative assemblies, the executive or
government, the judiciary, the civil bureaucracy, the
police, and the armed forces.

The origins of the idea of state responsibility for the
health and well-being of citizens can be traced back to the
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eighteenth century, but the idea was not translated into
legislation and other central government interventions
until the nineteenth century. The consequences of the
industrial revolution forced states to intervene and regu-
late the working conditions in factories. This, however,
was not without debate on whether the state had the right
and duty to intervene in order to correct the shortcomings
of capitalist development. In Britain, the first national
health law was the British Public Health Act of 1848
(Beaglehole and Bonita, 2004) and a general board of health
was set up. Public health actions were still, however, frag-
mented and usually undertaken by local authorities and
religious organizations.

In the interwar years of the twentieth century, more
comprehensive systems of health and health care devel-
oped across the world. Totalitarian regimes, such as the
communists in the Soviet Union between the 1920s and
the 1950s, or the Nazis in Germany in the 1930s, were
very active in promoting public health, implementing
programs such as promoting exercise among the popula-
tion (especially among children and young people), com-
bating smoking, and preventing infectious diseases.

The epitome of the state assuming responsibility for
the welfare of the population was the establishment of
national health systems following the end of the Second
World War. These systems were funded by taxation and
free at the point of use and were accompanied by com-
prehensive education, social care, and unemployment
programs. William Beverage’s report Social Insurance and
Allied Services in the United Kingdom (UK), published in
1942, is usually cited as the first systematization of such
reform programs which came to be known as the welfare
state. The British National Health Service (NHS) was
subsequently created in 1948. However, the welfare state
prioritized health care over public health. The welfare
state marked the triumph of the ‘clinical care model,’
which emphasizes health care provided to individuals by
specialized physicians in hospitals.

Following independence in the 1950s and 1960s, a num-
ber of newly independent former colonies in the developing
world adopted socialist and Marxist ideologies. These
ideologies advocated total state control over the economy
through the use of public enterprises and huge bureau-
cracies. Soviet and Chinese socialism provided examples
for many other countries. The state took full responsibility
for public health and health care, even if this was limited in
its delivery in practice.

In 1970s and 1980s, in the midst of a profound interna-
tional economic crisis, the welfare state and, more widely,
the idea of state responsibility for people’s welfare, was
challenged. In the First World, a series of welfare reforms
aimed to limit the exponential growth of the welfare state
were introduced. For many, these reforms represented a
‘retrenchment’ (affecting less important areas of the wel-
fare state such as employment policies or social care, not

core services such as health and education), rather than
a full ‘dismantling’ of the welfare state. In communist
countries, the financial crisis also led to the cutting of
public health and other welfare programs, with a resulting
dramatic worsening of the health of the population as
reflected in different health indicators.

The economic crisis fuelled criticisms of the role of the
state by a resurgent neoliberal ideology in the form of two
connected arguments. The first argument challenged the
notion that the government should be principally respon-
sible for public service financing and provision and
emphasized instead the role and duty of individuals to
provide for themselves rather than to rely on the state.
Governments, it was argued, should intervene less in social
and economic affairs. For the neoliberal ideology, public
health interventions are regarded as ‘nanny statist,’ and as
‘unnecessary intrusions into people’s lives’ ( Jochelson,
2006).

The second argument was that even if one accepted
that government had a role to play, governments increas-
ingly appeared to lack the capacity to intervene effectively
and to deal with increasingly complex public matters.
In the 1970s, the thesis of the ‘ungovernable state’ (also
referred to as ‘overload’) grew from both neoliberal and
neo-Marxist positions. For the overload thesis, the con-
tinuous growth of the state since the 1940s, increasing
public expectations of what the state could deliver, and
the demands of pressure groups had led to a situation of
‘ungovernability’ and financial crisis (Richards and Smith,
2002). Added to these domestic pressures, globalization
and supranational integration (e.g., the European Union
(EU)) challenged the way national states performed tradi-
tional functions. For example, as decision-making power
was being increasingly transferred to the EU, many policies
were not decided at the national level, although it was the
responsibilityof themember states to fully implement them.

Public health was affected by these wider changes.
Overall, the economic and public sector reforms intro-
duced during the 1970s and 1980s had a negative impact
on public health by increasing poverty and inequality
rates. Public sector reforms tended to target those policy
areas, such as public health and social care, which
were not supported by strong public constituencies and
therefore were unlikely to have big political costs for the
politicians responsible for the reforms.

Since the 1990s, a more pronounced role for the state
in public health has again been advocated. Governments
had articulated their commitment to public health in the
1978 Alma-Ata Declaration. The need for government
action on public health was put forward by the worldwide
People’s Health Movement in their 2000 People’s Charter
for Health and the 2004 Mumbai Declaration. As a rela-
tive measure of the salience of public health and the
responsibility of the state for promoting it, public spend-
ing on public health and disease prevention has been
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increasing over the last two decades in many countries
(Allin et al., 2004).

In contemporary political thinking, those claiming
that the state has (at least some) responsibility for pro-
moting and protecting public health have suggested sev-
eral images of the government as ‘catalyst,’ ‘enabler,’
‘steward,’ and so forth. The ‘catalyst’ and ‘enabler’ cate-
gories are based on the idea that the role of the state is to
help people to help themselves, that is, to enable indivi-
duals to make their own choices about their lifestyles
rather than for the state to impose forms of behavior.

However, for others, the categorizations of the state as
‘enabler’ or ‘persuader’ still place too much emphasis on
individual responsibility for public health. ‘Stewardship’
has been suggested as a better term to justify the state’s
intervention in public health (Saltman and Ferroussier-
Davis, 2000; Jochelson, 2006). ‘Stewardship implies gov-
ernment has a responsibility for protecting national health,
and to serving in the public interest and for the public
good’ (Jochelson, 2006: 1153). This renewed emphasis on
the responsibility of the state does not, however, imply a
traditional role for citizens as passive recipients of public
services. In this new narrative, individuals have responsi-
bility to play an active role in relation to public health.
Stewardship does not necessarily imply that the state
should be the provider of public health, but that the
state should be responsible for ensuring that public inter-
ventions are funded, delivered, and effective.

All these images recognize that public health is a
‘public good’ (Bobak et al., 2004; Buse et al., 2005). Public
goods benefit the entire population whether or not each
individual has actively sought them, has explicitly paid a
price for the cost of them, or even agrees with them being
provided. For example, someone may be opposed to poli-
cies which ban smoking in public places, but he or she
receives the benefit of cleaner air if such policies are imple-
mented. In that sense, just as transport infrastructures,
defense policy, and other public goods are nonexcludable,
so is public health – ‘if provided to one, it is available to all’
(Hughes, 2003: 78; Buse et al., 2005). Even if the market
could provide public health interventions, they are socially
desirable so there are benefits to the whole society by some
government involvement. For example, vaccination brings
benefits for the entire population, despite the fact that it
could be made available only to those who can afford to pay
(Hughes, 2003: 78).

Government and Its Tools for Promoting
Public Health

The government is the state institution operating at the
national level which embodies the formal authority of the
state. In any political regime (i.e., democratic, authoritar-
ian, totalitarian), in any state configuration (i.e., unitary,

federal, parliamentary monarchy, presidential, etc.), at the
federal/national level, there is a government which sub-
stantiates the formal exercise of power. Although there
can be a legislative branch formed by two bodies (e.g.,
two houses, a senate and a congress), there can only be
one national government. In non-democratic regimes, the
power of government is even more pronounced.

The core functions of government are to make and
implement policy. To carry out these functions, the gov-
ernment employs the resources of the state – principally,
the civil service.

Governments have at their disposal various forms of
organizations to develop and implement policy and to
deliver services. These instruments include public corpora-
tions, private sector contractors, and public-private partner-
ships (Hood, 2006). In public health policy, these tools have
evolved in response to the changing policy environment
and the dominant ideology prevailing at any one time.

Another way of understanding the instruments avail-
able to government is by classifying them according to the
objectives they seek. Thus, they can be broadly classified
as tools for gathering information and tools for modifying
the behavior of citizens and organizations (Hood, 2006).
These instruments have been changing as a result of
information-age technology, especially detecting tools
for gathering information, to the extent that governments
have now at their disposal new tools to obtain useful
information for promoting public health, including the
use of indicators, systematic screening of populations,
cross-national data, surveys, and so forth.

In the 1950s, the paradigm for administering the state
was the ‘bureaucratic’ model, which has been described
by Max Weber as bearing the characteristics of centrali-
zation, formality, and hierarchy, supported by a politically
neutral civil service. In the postwar bureaucratic state,
public policies were formulated within central govern-
ment and developed by the civil service. Ministries and
departments were responsible for policy areas such as edu-
cation, defense, foreign policy, and health, and ‘joined-up,’
cross-departmental work was rare.

Public health policy was placed under the remit of the
ministries of health, which were established across the
world in the 1950s (with the exception of some pioneering
examples which came earlier (e.g., UK in 1919 or Costa
Rica in 1927). State bureaucracies were responsible for
the direct provision of health and health-care services.
Responsibility for many public health programs was trans-
ferred to public corporations at the national or local level.

Banning alcohol consumption, taxing smoking, or
subsidizing sanitation programs were typical behavior-
modifying tools employed by governments to promote
public health. Tools for identifying population health
needs or risks, however, were little developed.

Such a strong role for central executives and central
bureaucracies in the financing and provision of services
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also characterized public administration in the colonies
and, following independence, in the new countries
(Hughes, 2003), and was even more marked in totalitarian
and authoritarian regimes. In Botswana, for example, after
independence in 1966, the government implemented a
program of groundwater drilling and water network con-
struction and provided incentives to rural households to
build latrines by subsidizing them (Oxfam, 2006).

Under the influence of the neoliberal ideology, during
the 1970s and 1980s, countries across the world embarked
upon ambitious reforms of their public sector and the
administrative structures of the state. Despite their differ-
ences, these reforms, which have been labeled as ‘new
public management’ (NPM), reflected the neoliberal prin-
ciples of a minimal state, a preference for market-based
solutions rather than direct public sector provision, and
the belief that the capacity of governments to intervene
effectively is very limited. NPM advocated a new role for
governments: ‘to steer rather than row’ and to oversee
market competition.

For NPM advocates (among which the World Bank
and the International Monetary Fund stood out), enabling
private providers to compete in a marketplace was a more
efficient way of providing services than direct public pro-
vision. The introduction of market mechanisms became a
fashionable solution in the 1980s across the world. Many
developed and developing countries such as the UK, New
Zealand, South Africa, Chile, Thailand, and India adopted
the NPM principles, undertaking major privatization
reforms of their public sectors (Hughes, 2003).

As a result, NPM reforms across the world led to the
cutting of public health programs, as happened with fed-
eral funding for public health in the United States and the
decision by the UK Conservative Government to reduce
the funding for the Health Education Authority for
England (Beaglehole and Bonita, 2004). Many countries
also introduced separate agencies to promote public health,
thus leading to institutional fragmentation (Beaglehole and
Bonita, 2004). Despite these reforms, many countries put in
place national public health policies and strategies to pro-
mote collaborative work, especially between national and
local governments and agencies, but institutional barriers
made this aim very difficult to achieve.

As quality, equity, competition, and efficiency need to
be guaranteed in the public sector, the state had to regu-
late the behavior of providers and the performance of
markets. The most common regulatory mechanism has
been establishing independent bodies at arm’s length from
government – known as ‘quangos,’ nondepartmental pub-
lic bodies, independent agencies, and so forth.

The NPM advocated practices such as the use of goals
and targets for measuring performance and monitoring
progress of public services. In 1980, the United States
established quantifiable objectives to improve the health
of the nation, reduce health risks, and improve services
and protection (Allin et al., 2004). In 1985, the World

Health Organization (WHO) introduced regional targets,
called the Health for All programe (Allin et al., 2004;
Beaglehole and Bonita, 2004). Despite the fact that these
targets reflected the narrow purpose of achieving improved
efficiency and efficacy, they dramatically improved the
detecting tools for governments and paved the way for
better monitoring and evaluation.

Today, governments make use of many forms of orga-
nizations to provide services. Together with direct provi-
sion by public corporations and contracting out to private
sector providers, public-private partnerships are being
deployed in public health to promote, for example, anti-
smoking initiatives, road safety, and alcohol misuse edu-
cation campaigns or to undertake community renewal
interventions. Partners typically include private sector
or voluntary not-for-profit organizations, independent
public agencies, governmental bodies such as ministerial
departments, local authorities, universities, schools, and
civil society groups, for example.

From the point of view of the tools used either to
modify lifestyles or to gather information, both traditional
and new policy instruments are being used. Traditional
policy instruments for modifying behavior such as taxa-
tion, regulation, and government-led campaigns continue
to prove effective. Taxation of alcohol or tobacco leads to
a reduction in consumption and, therefore, to positive
effects on health outcomes and, particularly in the case
of alcohol, to better public safety (e.g., fewer motor vehi-
cle fatalities, fewer homicides, less domestic violence and
child abuse) ( Jochelson, 2006). Examples of effective reg-
ulation to restrict the consumption of alcohol and tobacco
include tougher licensing laws for pubs’ opening hours or
the banning of smoking in public places and of tobacco
advertising ( Jochelson, 2006). The ‘total sanitation cam-
paign’ in India (Oxfam, 2006) and the ‘free school meals’
campaign in Sri Lanka (Oxfam, 2006) are examples of
public health campaigns directly led by government
which have met with variable success.

At the same time, governments throughout the world
are exploring the use of new tools for influencing
the lifestyles of citizens and organizations. Such tools
include voluntary codes of conduct, financial incentives,
benchmarking, performance league tables, the coproduc-
tion of policies and initiatives, and so on. For example, in
Spain, voluntary codes of conduct have been adopted by
the food industry, which has agreed to refrain from the
aggressive advertising of ‘fast food’ to children, reduce
fat and sugar levels through the food manufacturing
process, and improve the information provided on food
packaging.

As a result of information-age technology, governments
can use new tools through which to gather useful informa-
tion for promoting public health, including the use
of indicators, systematic screening of populations, cross-
national data, surveys, etc. The WHO provides a great
deal of epidemiological and statistical information which
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is freely available online, including systems for manag-
ing information about disease outbreaks. With the support
of the WHO and other international organizations such
as the Organization for Economic Co-operation and
Development (OECD) and the EU, countries are making
efforts to standardize public health information data
collection.

The Process of Making Public
Health Policy

The process of making public health policies since the
1950s has been evolving as well. The actors participating
in the policy process, the venues or arenas where policies
are formulated and implemented, and the way ideas enter
the process and influence actors are now different from
those of the mid-twentieth century (Richards and Smith,
2002; Buse et al., 2005). Today, governments do not seem
to have the same level of autonomy and capacity to shape
the policymaking process that they once enjoyed.

In the 1950s and 1960s, the process of formulating
public health usually took place at the national govern-
ment level and was led by politicians and senior civil
servants within central executives and central bureaucra-
cies. The civil service held the monopoly for policy advice
to politicians and decision makers, thereby limiting the
pluralism of ideas and policy solutions. At that time, only
the medical profession, usually organized through formal
corporatist bodies (such as medical councils or colleges),
and powerful economic interests (such as the tobacco,
food, and pharmaceutical industries) enjoyed any signifi-
cant degree of leverage over the policymaking process.

Political parties, although crucially important in mobi-
lizing people and channeling the selection and recruit-
ment of political leaders and cadres, have always had a
secondary role in formulating public policy (Buse et al.,
2005). Parties do generate alternatives while in opposition
or in the running up to an election, but once in office, it is
the government which takes the lead in formulating and
implementing policy.

The executive and the legislative branches were the
arenas for public health policymaking. In unitary states,
where hierarchical subordination exists between national
central governments and lower units of government at the
regional or local levels, public health laws were passed by
the national executives and legislative branches and the
lower levels of government were in charge of implement-
ing them. In federal systems, where political power is
shared by federal and subnational governments and leg-
islatures, the latter have always had a major responsibility
for formulating and implementing public health policies
(Buse et al., 2005).

Policy implementation, despite requiring participation
from local authorities and ‘street-level bureaucrats’ (i.e.,
implementers), was understood as a top-down process

directed by central government. Implementation failure
would simply be seen as a problem of compliance by the
lower administrative levels.

During the 1970s and 1980s, the emergence of a strong
international public health movement allowed new actors
to enter the public health policy process at both the inter-
national and national levels (Reich, 2002). International
organizations such as the World Bank competed with the
WHO to promote international health. Especially in
developing countries, international donors and individual
experts have been advising governments on public health.
As NPM reforms were rolled out, the newly created exec-
utive agencies, local and national bodies, and independent
providers of public services became new actors in formu-
lating, but especially implementing, public health policies.

In the early twenty-first century, due to NPM reforms
and to wider socioeconomic and political trends (globaliza-
tion, processes of regional economic integration, etc.), the
public health policy process is even more complex than
ever. The trend of new actors entering the process has
intensified. For example, in the health sector, the number
of patient associations and health consumer groups has been
growing in countries across the world, although their lever-
age over the policy process is still a matter of discussion.

The media is a powerful actor, capable of shaping the
public agenda. For example, in 2002–03, themedia coverage
in the UK of the potential risk of autism associated with
receiving the combined measles, mumps, and rubella
(MMR) vaccination exemplifies how influential the media
can be in bringing an issue to the forefront (Buse et al., 2005).
Although in this particular example the government man-
aged to resist the pressure to change its childhood immuni-
zation policy, on many occasions, high political costs incline
governments to follow the flow of public opinion.

Not only have new participants now entered the pol-
icymaking process to develop public health policy, but
the way old and new actors interact has been changing as
well. Formal and informal contacts and relationships
between state and nonstate actors, either from inside
or outside government, take the form of ‘networks.’ The
concept of policy networks reflect the existence of groups
of people (politicians, civil servants, academics, interest
groups, etc.) with common interests in the policy area
to which the network is dedicated, who share common
values over policy problems and solutions and who
are keen to exchange resources (information, authority,
legitimacy, nodality, etc.) to pursue common goals. For
many scholars, policy networks are the quintessence of
contemporary government.

Processes of regional economic integration and inter-
governmental organizations across the world have brought
about new arenas for policymaking (Reich, 2002). The EU
has been developing a strong interest in public health.
Treaties, such as the Maastricht Treaty of 1992 or the
1999Treaty of Amsterdam envisage an important role for
the EuropeanCommunity in contributing to the attainment
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of a high level of health protection for its citizens, therefore
providing the EU with new competencies in public health.
The Commonwealth, an association of 53 independent
states, promotes cooperation between members on public
health issues such as combating HIV/AIDS or promoting
maternity and child health.

Another change to the venue of policymaking is a grow-
ing trend in countries across the world to devolve power to
lower levels of government (Reich, 2002). Devolved admin-
istrations have been assuming more functions and roles to
develop public health policy. Devolution in Scotland, for
example, opened up a window of opportunity to develop
more radical smoking control policies than in the rest of the
UK. Groups advocating the banning of smoking in public
places were able to influence policy through the Scottish
Parliamentary procedures after devolution, whereas they
had been unsuccessful in attempts to exert the same lever-
age at the UK policy process level (Cairney, 2007).

As a result of the increasing number of actors and arenas
for policymaking and the effect of the information-age
technology, ideas and policy solutions now flowmore freely.
Consequently the transfer of public health ideas and solu-
tions across the world is more intense than ever before.

The multiplication of actors and arenas for policymak-
ing also affects the process of implementing public health
policies. Most of the time, policies are not implemented as
originally intended by decision-makers, because many
actors at the front line have some discretion to introduce
changes, or various institutional factors impede or put
obstacles in their path. This transformation of the policy
process has been affecting both nondemocratic and dem-
ocratic political regimes across the world. In democratic
states, political power is exercised by the people, usually
through systems of representation which require free
elections. This implies that, at least formally, different
economic, social, and political groups and individuals
have the possibility to influence the policy process. In
nondemocratic regimes, political power is concentrated
upon a single individual or a group (such as a single
political party or the military). The policy process is
monopolized by a very limited number of actors, pre-
dominantly from within the regime. Intense popular
mobilization makes it easy for a country to launch and
implement public health programs successfully, as illu-
strated by the case of the quarantine policy for people
with HIV infection, implemented by the Cuban commu-
nist regime between 1986 and 1993, which involved
mass testing and the isolation of the infected in sanator-
iums. Despite the fact that nondemocratic regimes have
more capacity and autonomy to steer the policy process,
globalization and wider socioeconomic and political
trends shape their health policy agendas as well. Cuba’s
health achievements with respect to nutrition and child
survival, for example, are currently under threat from
several causes, including the United States trade embargo,
the collapse of the Soviet Union, and the effect of natural

disasters (Beaglehole and Bonita, 2004). Other nondemo-
cratic regimes have been forced to take on board demands
for radical reforms imposed by external actors such as the
World Bank and the International Monetary Fund.

How Can Governments Tackle Public
Health Issues Today?

At the beginning of the twenty-first century, as a result of
wider economic, political, social, technological, and cul-
tural changes, public health problems appear to be now
more difficult to tackle than before. The public policy
literature coined the term ‘wicked problems’ to refer to
complex, contested issues of interest to multiple policy
actors which therefore require addressing them from dif-
ferent policy domains and deploying a multi-agency strat-
egy (Blackman et al., 2006).

Public health issues are usually ‘contested’ issues.
Their nature is subject to competing definitions, in other
words, they are ‘political’ issues in their very nature. For
example, policies to ban smoking in public places usually
encounter the fierce opposition of the hospitality sector
and the tobacco industry, which claim that such measures
would affect their business negatively.

The term ‘wicked issues’ is also useful to understand
how public health policy usually deals with cross-cutting
issues, which transcend a single policy domain and fall
under the responsibility of different authorities and state
structures. For example, social, economic, and cultural
factors constitute the major determinants of (ill) health,
and this implies that ‘the policy response to improve health
needs to be interdisciplinary and multisectoral’ (Bobak
et al., 2004: 135). Also, global public health problems tran-
scend state borders. In consequence, public health inter-
ventions require interagency collaboration and complex
coordination between local, regional, national, and supra-
national levels of government.

Given the complexity of current public health issues,
the pressures modern governments have to face ‘from
above, from within, from below’ (Reich, 2002) as reflected
in the increasingly complex policymaking process, and
given that public health policy is inherently a political
process, governments around the world have been trying
new approaches to public health policymaking.

The Public Governance paradigm, it is argued, can
provide a more fruitful approach for tackling wicked
health issues than the traditional administration approach
or new public management (NPM). For Bovaird and
Löffler (2003), the public governance paradigm incorpo-
rates the NPM concerns for measuring results in terms of
outputs and achieving efficiency and value for money, but
stresses the distinctive nature of the public sector and the
centrality of political processes. In the public sector, it is
not all about how good policies are (in terms of efficiency,
value for money, technical viability, outputs, etc.) but also
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how policies have been made. The processes by which
different stakeholders interact are also seen to have a
major importance in themselves. Ensuring that the public
policy process is inclusive and democratic, that decision
makers are accountable, and that equity and fairness
informs policymaking as much as efficiency and value
for money are key issues for public governance theorists.

International organizations have been attracted by
the governance agenda. The 1999Manila Declaration
on Governance defined ‘good governance’ as a ‘system
that is transparent, accountable, just, fair, democratic,
participatory and responsive to people’s needs.’ The EU
White Paper on governance proposed the following five
principles of good governance: ‘openness, participation,
accountability, effectiveness, and coherence.’ The UK
Labour Government’s program for modernizing govern-
ment incorporates many of the public governance concerns.
The 1999 Cabinet Office White Paper,Modernising Govern-

ment, and the subsequent documents and initiatives that
followed, in particular the 1999 Cabinet Office report
Professional Policy Making for the Twenty-first Century, sug-
gested a model of ‘modern’ policymaking based upon
nine ‘core competencies’: forward looking; outward look-
ing; innovative, and creative; evidence-based; inclusive;
joined up; uses evaluation; employs reviews; learns lessons
(see http://www.policyhub.gov.uk).

As a result, there is now a growing concern among
governments with using good evidence, developing cross-
cutting work among stakeholder organizations, opening up
mechanisms for public participation, avoiding implementa-
tion failures, and using evaluations in policymaking.

Evidence-Based

When making public policy, especially when facing com-
plicated problems, policymakers need to review the evi-
dence of what works and how it works best. This includes
an assessment of what impact different proposals will have
on various situations. Research also helps identify and
clarify the policy problems which require action.

Research should be conducted throughout the entire
policy process, not only during the policy formulation and
design stage, at which policymakers define what problems
require action and search for how to solve them. Pilots are
useful tools for testing whether a policy will work as
planned. Process evaluations, conducted while the policy
is being implemented, can help to quickly identify un-
foreseen obstacles and recommend immediate action.

To tackle wicked public health issues, it is especially
important to improve the quality of health data. Health
reporting is a crucial tool for identifying population needs
and risks (Allin et al., 2004). The WHO has been promot-
ing consistent approaches to collecting and analyzing
noncommunicable disease risk factors to enable countries
to set up compatible surveillance systems (WHO, 2002).

Although many governmental departments conduct
research in-house, most of the time evidence comes from
a variety of sources, ranging from different public organiza-
tions and private stakeholders to national and international
groups. Researchers and policymakers need to evaluate the
quality of the evidence they gather. This requires develop-
ing the analytical capacity of governments. To achieve this,
governments have been setting up analytical units across
departments and sharing information among local, national,
and international organizations.

Cross-Cutting Work

Public health policy requires cross-sectoral interventions
in areas such as housing, transport, education, and, of
course, health care. To address this, governments are
creating horizontal structures such as task forces, cross-
departmental bodies, and central–local partnerships to
overcome institutional obstacles in order to better tackle
cross-cutting issues.

In the UK, the Cabinet Office Social Exclusion Task
Force, previously the Social Exclusion Unit, coordinates
policy against social exclusion. Recognizing that health is
often linked to other forms of exclusion, much of the task
force work on critical health issues such as teenage preg-
nancy and health inequalities has sought to promote
multi-agency, cross-departmental work.

The Public Health Agency of Canada has the same
remit of providing leadership and promoting collabora-
tion with provinces and territories on public health. The
agency coordinates the efforts of federal and provincial
governments, academia, and nongovernmental organiza-
tions to prevent chronic diseases; identify, prevent, and
reduce public health risks; and respond to health crises.

At the same time, national governments also need to
coordinate efforts with local authorities and other govern-
ments at the international level. Sweden provides a good
example of how to promote synergies between the
national and local levels of government in public health
(Beaglehole and Bonita, 2004). Another example of good
practice is the Australian National Public Health Partner-
ship, set up in 1996 to coordinate public health initiatives
between all levels of government in Australia (Allin et al.,
2004). For Beaglehole and Bonita, ‘an ideal approach
would combine strong and progressive national guide-
lines, appropriate legislation and inter-sectoral support,
with local initiatives and responsibilities’ (Beaglehole and
Bonita, 2004: 215–216).

Inclusive Policymaking

Citizens are no longer passive users of public services.
They are increasingly aware of their rights to express their
own views and needs, participate in the design of services,
choose services according to their interests, and demand
accountability over the quality of services. Policies should
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be developed in consultation with stakeholders who have
a particular interest in them.

Democratic governance, especially at the local level, is
crucial for health development. Best practice relevant for
public health policy can be found in Uganda and in the
Indian state of Kerala. The Ugandan Participatory Poverty
Assessment Project brought together government and civil
society groups in developing a comprehensive health plan
(Oxfam, 2006). The 1996–2001Kerala People’s Campaign
for Decentralized Planning encouraged local democratic
participation in producing projects according to the health
needs of the people (Elamon et al., 2004).

Implementation

Good policy design has to consider whether the policy is
workable, sufficient resources are at the disposal of imple-
menters, and the timing is right, as well as how the success
or failure of the policy is going to be measured. Consult-
ing those with responsibility for implementing the policy
during its design and development increases the chances
of getting the policy content right and, therefore, making
the policy successful.

Evaluation

Policymakers are increasingly acknowledging the useful-
ness of conducting evaluations of past public health inter-
ventions to inform policymaking. Traditionally, evaluation
was considered to be the last and least important stage of
the policy process to the extent that it was not considered
part of it at all. Evaluation, however, is a key element,
comprising early assessments, pilots, informal ‘feedback
loops,’ and formal and systematic reviews of past or
ongoing policies. This implies that provisions for evalua-
tion need to be included at early stages of the policy
process, ideally during policy formulation and design.

Australia provides an example of good practice of the
use of economic evaluations of public health interven-
tions, although, according to Allin et al. (2004), their out-
comes are not systematically used for decision making.

Conclusion

Since the 1950s, both the responsibility of the state over
public health and the way government has intervened
in public health have been changing, and the policymaking
process has become increasingly complex. Presently, most
states retain an important role in promoting public health.
The foreseeable future is that, facing continuous pressures
‘from above, from within, from below,’ the state and its
executive branch will need to continue searching for tools
for governing public health effectively and to develop new
approaches for improving public health policymaking.

See also: Agenda Setting in Public Health Policy; Alma

Ata and Primary Health Care: An Evolving Story;

Evidence-Based Public Health Policy; Global Health

Initiatives and Public Health Policy; Interest Groups and

Civil Society, in Public Health Policy; Media Coverage

and Public Health; NGOs (Non-Governmental Organiza-

tions); Peoples Health Movement; Planning, for Public

Health Policy.
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Introduction toward what this concept should encompass. As a result,
Stigma is a pervasive social force that has powerful con-
sequences for those who are stigmatized and for society
itself. Stigma acts to decrease life opportunities among
those that it affects by reducing social contacts, housing
options, and employment opportunities. Further, stigma
causes affected individuals to underutilize health care in
order to avoid becoming stigmatized. As a result, larger
society is adversely affected. Society becomes burdened
by the costs of those who neglect adequate treatment and
whose illness conditions worsen due to fear of stigma.
Further, society suffers from the spread of infectious dis-
eases (such as AIDS) that remain untreated due to the
threat of stigma. Finally, society is adversely impacted by
the loss of productive citizens and a further loss of funda-
mental human rights by the stigmatized.

Instead of being confined to a strict definition, stigma
has been understood primarily through the ideas of sev-
eral leading theorists. These ideas have ranged from con-
ceptions that focus on individuals to those that examine
society to explain how stigma works. The concept of
stigma has included internal psychological processes
within the person, interpersonal social processes between
individuals and groups, and large-scale processes on the
level of culture and politics.

Stigma is closely associated with concepts such as dis-
crimination and racism. However, some important distinc-
tions exist. While stigma has traditionally been applied to
either behavioral or physical deviance, discrimination has
been applied much more generally to social characteristics
such as race, gender, and socioeconomic status. Further,
while stigma has typically been applied to individual traits,
discrimination usually has been applied to group charac-
teristics. Lastly, discrimination has tended to focus respon-
sibility on those doing the discriminating. Stigma, in
contrast, has focused more attention on the stigmatized
person him- or herself. Researchers are currently examin-
ing the limits of each concept both theoretically and
empirically to determine how these closely related
processes complement or contradict one another.
Definitions of Stigma

Because thinking regarding this concept has changed over
time, definitions of stigma have also been adapted as
theorists and researchers have modified their views
although most definitions of stigma share common fea-
tures, particular definitions of stigma may emphasize one
or more dimensions as central. Further, because stigma
has been studied from various disciplinary perspectives
(e.g., sociology, psychology, or anthropology), a particular
theory may also emphasize the theoretical orientation or
the discipline of that particular investigator.

Sociologist Irving Goffman’s book written in 1963,
Notes on the Management of a Spoiled Identity, is widely
viewed as the first essential social and behavioral science
formulation of stigma. Goffman defines stigma as ‘‘an
attribute that is deeply discrediting’’ and proposes that
the stigmatized person is reduced ‘‘from a whole and usual
person to a tainted, discounted one’’ (Goffman, 1963: 3).
While Goffman’s definition implies that stigma takes
place because of some characteristic that an individual
possesses, he also emphasizes the importance of how
others interpret the stigma by describing stigma as ‘‘a
special kind of relationship between an attribute and a
stereotype’’ (Goffman, 1963: 4). Here an attribute could
be a physical blemish or functional impairment, or a
psychological trait. From Goffman’s perspective, stigma
occurs when a person is characterized by society (i.e., the
meanings that others attach to the stigmatized attribute)
in a way that differs from the characteristics that person
actually possesses.

The next definition of stigma, proposed by social psy-
chologists ( Jones et al., 1984), uses the term mark to
describe how society identifies a deviant condition that
initiates the stigmatizing process. The mark, which is seen
as central to who the person is, then discredits the stig-
matized person by defining the person as flawed, spoiled,
contaminated, or undesirable (e.g., similar to the process
of branding a slave in ancient times). This perspective
emphasizes how the mark and its associated negative
meanings engulf how the person is seen by other members
of society and accordingly emphasizes stigma as being
located within the person who is stigmatized.

Similarly, a definition of stigma proposed by another
group of social psychologists (Crocker et al., 1998) defines
stigma as taking place when an objective characteristic of
the individual leads to a negatively valued social identity.
For example, someone who walks with a limp may be
discredited by the term cripple. However, this perspective
also emphasizes that the negative attribute is interpreted
within the social context of the stigmatized individual.
These authors thus incorporate the social context in
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defining whether and how a stigmatized attribute devalues
an individual. That is to say, a person with epilepsy may
be discredited by having uncontrollable seizures that
powerfully alter behavior or because within a certain
cultural context, the seizures are attributable to supernat-
ural factors.

A separate psychological perspective approaches
stigma from the viewpoint of evolutionary psychology
(Kurzban and Leary, 2001). Evolutionary psychology
is based on the principle of natural selection, which is
defined as a process by which the organisms best adapted
to their environment tend to survive and transmit their
genetic characteristics to succeeding generations. Accord-
ing to this view, natural selection favors the survival of
those species who adapt to or overcome obstacles posed to
them over time by evolution. To aid in this adaptation,
distinct information-processing structures exist within the
mind to solve specific problems encountered in the social
domain. These cognitive structures motivate the individ-
ual to avoid interactions with certain categories of people
that would lessen that individual’s likelihood of eventual
survival. The first category resulting from these cognitive
structures is that of a poor social exchange partner: indi-
viduals are avoided who may cheat in a social exchange
and who provide little in terms of social benefit. The
second category is that of outgroup exploitation: Indivi-
duals are excluded from gaining the benefits of group
membership and instead are targeted for exploitation as
an inferior group. The third category consists of parasite
avoidance: Individuals who are viewed as likely to carry
contagious diseases are avoided. Stigma results from the
categorization of people into these groups by adaptive
cognitive mechanisms: By classifying people into such
categories, the stigmatizing individual thus increases his
or her probability of survival.

In addition to the aforementioned conceptualizations,
one sociological framework has focused on how a combi-
nation of societal forces result in stigmatized individuals
being excluded from everyday life (Link and Phelan,
2001). Rather than emphasizing one or two primary com-
ponents to define stigma, Link and Phelan view stigma as
a broader concept that connects together six interrelated
components. The first component, labeling, consists of
when people distinguish a human difference as important
and give it a label. An example might be after an individ-
ual hears voices and talks to him- or herself, he or she is
then labeled as having mental illness. The second compo-
nent, stereotyping, takes place when beliefs of a cultural
group connect labeled individuals to negative character-
istics. For example, people with mental illness might be
seen as being very dangerous. The third component, cog-
nitive separation, takes place when labeled persons are
seen as so different from normal people that a complete
separation of us (normals) from them (deviants) is
achieved. The fourth component, emotional reactions,
includes the emotional responses to stigma felt by both
stigmatizers (e.g., fear) and the people who are stigmatized
(e.g., shame). The fifth component, status loss and dis-
crimination, results when labeled individuals feel them-
selves to be less valued than other members of society and
are treated unfairly (i.e., discriminated against) by others.
Link and Phelan describe discrimination as primarily
occurring either when one person treats another person
unfairly or when practices of larger institutions or laws
disadvantage stigmatized groups. Lastly is the idea that
the entire stigma process depends on one group posses-
sing the power (either social, economic, or political) to
actually make these stigma components harmful to those
who are stigmatized. That is, the group who stigmatizes
must be higher in status than the group who is stigmatized
in order for the negative effects of stigma to occur.

From these multiple definitions, we can thus trace how
stigma has evolved from a conceptualization involving a
stigmatizing attribute and cognitive stereotyping pro-
cesses to a more complex formulation incorporating evo-
lutionary forces, social factors, and political processes.
The manifold domains of stigma continue to be refined
as researchers further identify the empirical processes by
which stigma works.
Categorical Versus Dimensional
Definitions of Stigma

As definitions of stigma have incorporated a wider array
of processes, there has been a shift in defining stigma
according to dimensions as opposed to categories (or
typologies; see Table 1). Two stigma frameworks empha-
size categories of stigma, or classifications of the different
manifestations that stigma may take (Goffman, 1963;
Kurzban and Leary, 2001). Like the evolutionary frame-
work described earlier, Goffman (1963) separates stigma
into three types. The first type, physical deformities, indi-
cates abominations of the body. The second, blemishes of
character, includes characteristics (e.g., having served a jail
sentence) that impugn the person’s moral integrity. The
last category, tribal stigma of race, nation, and religion,
encompasses stigmas that can be inherited and equally
affect all family members. Using this classification, a par-
ticular stigma (e.g., attached to being an alcoholic) could
be categorized as belonging to one of these three types
(e.g., a blemish of character).

Later definitions emphasize dimensions of stigma –
attributes or components of stigma that could apply singly
or in combination in a matter of degree to any given
stigma. The stigma framework proposed by Jones et al.
(1984) is particularly known for its proposed six dimen-
sions of stigma. The first dimension, concealability, indi-
cates how detectable the stigmatized characteristic is to
others. The second, course, describes whether the



Table 1 Categories and dimensions of stigma

Source Typologies of stigma Dimensions of stigma

Goffman, 1963 1. Physical deformities 1. Visibility
2. Blemishes of character a. Discreditable

3. Tribal stigma of race/nation/religion b. Discredited

2. Obtrusiveness

Jones et al., 1984 None 1. Concealability
2. Course

3. Disruptiveness

4. Aesthetics

5. Origin
6. Peril

Kurzban and Leary, 2001 1. Poor social exchange partner None

2. Outgroup exploitation
3. Parasite avoidance

Link and Phelan 2001 None 1. Distinguishing and labeling differences

2. Associating differences with negative attributes

3. Separating ‘us’ from ‘them’
4. Emotional responses

5. Status loss and discrimination

a. Individual discrimination

b. Structural discrimination
c. Status loss

d. Internalized processes

6. The dependence of stigma on power
Corrigan et al. (2004) 1. Structural discrimination

a. Intentional

b. Unintentional
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stigmatizing condition is reversible over time. The third
dimension, disruptiveness, indicates the extent to which a
stigmatizing trait strains interpersonal interactions. The
dimension of aesthetics reflects concerns about the extent
to which a stigmatizing characteristic elicits an instinctive
reaction of disgust. The fifth, origin, refers to how the
condition came into being, with an emphasis on how
perceived responsibility for the condition greatly influ-
ences others’ reactions. The last dimension, peril, refers to
feelings of danger that the stigmatized trait induces in
others. Other theories of stigma that identify dimensional
aspects similarly organize stigma into characteristics that
vary in degree rather than assigning them into fixed
categories. For example, utilizing Link and Phelan’s
(2001) dimensional definition, a person encountering a
stigmatizing event (e.g., being hospitalized in a psychiatric
unit) may undergo labeling more or less strongly, may
encounter negative stereotyping and separation of us from
them that is more or less complete, etc. A stigma may vary
on these dimensions in accordance with the nature of the
stigma, the individual’s particular circumstance, and the
sociocultural context. Although stigma dimensions can
hypothetically function independently, in reality they
are often intertwined and exert influence upon one
another. For example, utilizing Jones et al.’s framework,
stigmas that are genetic in nature (origin) may tend to be
relatively inflexible to future change (course).
How a stigma varies on different dimensions can be
seen to give rise to the stigma classification systems. For
example, Goffman’s typologies of physical deformities
and blemishes of character are likely to differ in con-
cealability (a stigma dimension). These differences in
concealability (i.e., blemishes of character tend to be
concealable while physical deformities are not) may in
great part determine why these two types of stigmas are
viewed as categorically different. One advantage to defi-
nitions of stigma that emphasize its dimensional aspects is
that they provide a more nuanced view of what the salient
aspects of stigma consist of. Further, considering the
dimensions of stigma provides a set of attributes that
may illustrate how that stigma affects the individual.
Models of How Stigma is Experienced
by the Individual

We next describe the most prominent models of how
stigma is seen to affect the individual. Reviewing such
models is essential to conceptualizing how stigma works.
Like the definitions of stigma, models of how stigma
exerts its negative effects on individuals have developed
from processes that primarily focus on individuals to
models that incorporate the larger social and political
context. Further, although many of these models focus
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on mental illness stigma specifically, they can be used to
illustrate how the stigma process works more generally.
Goffman’s Model of Stigma

Goffman (1963) describes stigma as a process where the
person is socialized into a new stigmatized identity. This
process begins with a stigmatized person learning socie-
ty’s view of the stigma and what it might be like to have a
particular stigma. The person then adopts a stigmatized
role by gradually identifying with the stigmatized status.
For example, a person with mental illness (whose stigma is
viewed as not being visible) thus passes from a normal
status when diagnosed with mental illness to the status of
a person who is potentially discreditable (if others find out
about the illness). If others discover the person’s condi-
tion, he or she will pass onto a discredited status. In this
view, stigma occurs as the person assumes a new identity
that is socially constructed.
Social Psychological Models of Stigma

Following Goffman, Jones et al. (1984) utilize a social
psychological perspective to examine the role of the indi-
vidual in response to stigma. Jones et al. conceptualize
stigma as mainly working through cognitive processes of
assigning individuals into categories. Stigma takes place
when the mark (the stigmatizing attribute) links the identi-
fied person to undesirable characteristics (i.e., stereotypes).
The negative meanings conveyed by these stereotypes then
lead to discrediting of the stigmatized individual. Disrup-
tion in the community member’s emotions, cognitions, and
behaviors then occurs when interacting with the stigma-
tized person.

From another social psychological perspective, Crocker
et al. (1998) expanded stigma to include how people main-
tain their self-esteem through cognitive coping strategies.
They also incorporate how social identities are constructed
through cognitive processes and how the social context is
A
Collective

representations

B
Situational
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C
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characteristics

D
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appraisals

Figure 1 An identity-threat model of stigma. Reprinted with permiss
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instrumental in shaping one’s identity. A key addition of this
formulation is that both stigmatizers and the stigmatized
individual may internalize a negative stereotype that in turn
has harmful effects. For example, among stigmatizers, nega-
tive stereotyping of stigmatized groups occurs automati-
cally and often outside of the stigmatizer’s awareness. An
example of internalized stigma that occurs among stigma-
tized individuals is that of stereotype threat. Individuals
labeledwith stigma encounter situationswhen specific neg-
ative stereotypes about a group are known by the stigma-
tized individual. The threat provided by this stereotype to a
person’s self-esteem then negatively impacts the indivi-
dual’s performance in that situation. For example, a female
student who is asked to take a math test (and is aware of the
stereotype that females tend to perform more poorly than
males on tests of arithmetic ability) will tend to perform
worse on the test than a male student due to this threat
to self-esteem.

At the heart of Crocker et al.’s formulation is that
stigma threatens the stigmatized individual’s self-worth.
Stigmatized individuals then select among several possi-
ble cognitive coping strategies to avoid threats to self-
esteem. For example, the female student in the above
situation may psychologically disengage her self-esteem
from her ability to do math. Stigma thus may impact the
individual by working through psychological well-being
(including life satisfaction, self-esteem, and depression)
and school achievement.

From another social psychological perspective, Major
and O’Brien (2005; Figure 1) organize stigma within an
identity threat model that integrates how people assess
and cope with stigma-related stress. When an individual
possesses a devalued social identity, he or she encounters
situations that threaten one’s identity. In such situations,
the individual first appraises environmental threats to his
or her well-being. Appraisal is influenced by three factors:
(1) immediate situational cues (how much a situation
conveys the risk of being devalued); (2) collective repre-
sentations (knowledge of cultural stereotypes that shape a
E
Nonvolitional
responses

F
Volitional
responses

G
Outcomes

ion from the Annual Review of Psychology, Volume 56ã 2005 by
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situation’s meaning), and (3) personal characteristics of
the individual (e.g., how sensitive that individual might
be to stigma). Identity threat occurs when an individual
appraises the stigma present in the situation as being
harmful to one’s social identity and as surpassing one’s
ability to cope with this stress. An individual may then
respond to this stigma-induced stress in two ways:
(1) through an involuntary stress response (e.g., anxiety)
and (2) a voluntary coping response. Voluntary coping
responses consist of cognitive strategies that reduce threat
to the self in reaction to stressful events. For example, a
stigmatized individual may attribute a negative outcome
(e.g., not getting a job promotion) to discrimination (e.g.,
racial hiring preferences) rather than to one’s own efforts
or abilities at work. Stress due to identity threat then
affects individuals through impacts on self-esteem, aca-
demic achievement, and health.

Other social psychologists have added emotional and
behavioral aspects of stigma to its cognitive aspects. The
cognitive, affective, and behavioral components of stigma
are represented as stereotypes, prejudice, and discrimina-
tion. Stereotypes are cognitive representations that describe
individuals as having characteristics that are inaccurate or
exaggerated. An example might be people with mental
illness being seen as unable to care for themselves. Prejudice
in turn refers to a negative emotional reaction toward a
stigmatized person. For example, a personmight feel fearful
toward someone who has mental illness. Discrimination
Stigmatizing co

Negative action b

Perceived legi
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Group identif

High Low

Righteous
anger Indifferen

Contingencies
of self-worth

Figure 2 A path diagram explains the personal response to stigma

Matters: Living a Moral Life Amidst Uncertainty and Danger. New Yor
then refers to negative behaviors enacted toward a stig-
matized person. An example might be an employer not
hiring someone with mental illness. These three compo-
nents are seen as causally related to one another. Endorse-
ment of negative stereotypes may thus lead to prejudice
and subsequent discrimination. The perceived controlla-
bility of the stigmatized person’s condition is central to
this process. For example, if others view the stigma to be
controllable, this will greatly influence how they will feel
about (e.g., anger) and then behave toward (e.g., seek to
punish) the stigmatized person.

Watson and River (2005) present a model of personal
response to mental illness stigma that parallels the stereo-
typing – prejudice – discrimination model. The first step
of self-stigma takes place when stigmatized individuals
are aware of the negative images about their group (self-
stereotyping). The second step occurs when stigmatized
individuals agree with and apply the stereotype to the
self. This leads to negative emotional reactions such as
low self-esteem (self-prejudice). The final step results
in behavioral responses by the individual (such as not
pursuing work) which limits life opportunities (self-
discrimination).

Watson and River further propose a two-part model
to explain the personal response of individuals to stigma
(Figure 2). An individual first appraises whether an
instance of stigma encountered in a specific situation is
legitimate or illegitimate. Appraisal is determined through
ndition
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by the self. Reproduced from Kleinman A (2006) What Really

k: Oxford University Press.
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collective representations (which consist of cultural stereo-
types and perceived social statuses), which are activated by
cognitive primes (information emerging from the situation).
After appraisal occurs, whether an individual highly iden-
tifies with the broader stigmatized group will determine
personal reactions. For example, an individual who per-
ceives stigma based on nationality as illegitimate and who
closely identifies as a person from a particular national
group will respond with righteous anger and an increase
in self-esteem.
Sociological Models of Stigma

In comparison, models based on sociological theory have
used labeling theory to describe stigma. This concept,
based on symbolic interactionism, proposes that the
meaning and value of interpersonal actions are socially
constructed. That is, the meaning of deviant behavior is
continuously interpreted by how that behavior is described
by language and symbols. Social responses to behaviors are
shaped by shared cultural descriptions of what the behavior
means. For example, a person who hears voices and talks
aloud to himself is commonly described as someone who
has mental illness, and that his behavior is erratic and
unpredictable. The potential dangerousness of such a per-
son is symbolized by how psychiatric patients are locked
away and secluded during inpatient treatment. How a per-
son comes to view oneself then arises from perceptions of
how others view and respond to him or her. When these
self-conceptions become fixed, individuals become socia-
lized into a specific role. These roles are accompanied with
behaviors that the individual then is expected to fulfill.

Scheff (1966; Figure 3(a)) proposed a labeling theory
where deviant labels lead to changed perceptions and
social opportunities for an individual. Mental illness
stereotypes (i.e., identifying what is considered crazy)
are learned as part of socialization and engaging in every-
day life. When deviant behaviors repeatedly violate social
rules, this may be perceived by others as a sign of mental
illness, or a characteristic of the person. Once labeled as
mental illness, a patient role may emerge as a master
status that dominates other statuses due to its highly
discrediting nature. Responses from others (such as rejec-
tion from social networks) then limit the person to the
role of someone who is mentally ill and block attempts to
return to normal social roles. Individuals labeledwith men-
tal illness may further conform to their altered roles, which
results in future symptomatic behavior. Scheff proposed
that labeling was one of the most important factors in
continued psychiatric symptoms.

Link et al. (1989; Figure 3(b)) proposed a Modified
Labeling Theory that stated that mental illness labeling
and stigma placed people at risk for negative outcomes
that may worsen already existing mental disorders. Link
et al. proposed that all members of a society internalize
notions of what it means to be labeled with mental illness.
They emphasized two components of these internalized
conceptions. These components consist of the degree that
all members of society believe that people with mental
illness will be devalued (i.e., lose status) and discriminated
against (e.g., be denied life opportunities such as employ-
ment). Labeling occurs through contact with treatment.
At this point, beliefs about how the community will treat a
person with mental illness now become personally rele-
vant. Labeled individuals may then respond to perceived
future rejection in one of three ways: (1) secrecy or con-
cealing one’s treatment history, (2) withdrawal or restrict-
ing social contact to people who accept one’s condition,
and (3) education or changing others’ views to ward off
negative attitudes. Negative consequences may result
from the individual’s response to stigma. For example,
while a response such as withdrawal may protect patients
from some harmful aspects of stigma, it may also limit life
chances by reducing opportunities for social contact.
These negative impacts on self-esteem, social contacts,
and employment opportunities are then seen to increase
vulnerability to future episodes of mental disorders.
Models of Stigma That Utilize Perspectives
from Society

Another model describes mental illness from the perspec-
tive of society that includes an analysis of economic,
political, and historical factors (Corrigan et al., 2004;
Figure 4). Such a framework is important in understand-
ing how stigma may be generated by larger forces in
society. Corrigan et al. describe two types of structural
discrimination. The first, intentional institutional discrim-
ination, occurs when policies of institutions intentionally
restrict the rights of people with mental illness. Here the
decision-makinggroupof an institution intentionally imple-
ments policies to reduce a particular group’s opportunities.
For example, government legislatures may craft laws that
restrict people with mental illness from voting. The second
type of structural discrimination takes place when policies
limit the rights of peoplewithmental illness in unintentional
ways. For example, insurance companies within the United
States do not insure mental illness at the same level as
physical illnesses because they judge that it would be too
expensive. This decision is not specifically intended to dis-
criminate against people with mental illness. However, such
a decision results in fewer financial resources being devoted
to treating people with mental disorders. What is key in
both types of structural discrimination is that people
with mental illness are negatively affected by discrimina-
tory policies that take place on broader levels of society.

One other perspective, proposed in regards to HIV/
AIDS, identifies stigma in a broader framework of power
and as central to reproducing means of social control
within a society (Parker and Aggleton, 2003). These
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authors draw from philosophers and sociologists who
propose that forms of social control are embedded in
each society’s formalized way of knowing and perceiving
the world. Because these means of social control are seen
as natural and accepted, the ability of stigmatized indivi-
duals and groups to resist marginalization is limited.
These authors argue that stigma is utilized by identifiable
actors within social groups who use such social control to
legitimate their dominant positions in society.

One final anthropological perspective proposes that
stigma is embedded in what is most at stake for sufferers
and their social world (Yang et al., 2007; Figure 5). What
matters most in a local world is determined by the interac-
tion of cultural meanings, social experience, and subjectiv-
ity (inner emotions and sense of self ). Thus, people within
particular social worlds find certain things to greatly matter,
such as status, money, life chances, health, good fortune, a
job, or relationships. Stigma is felt most powerfully by
people in their social contexts by threatening the life
domains that matter most to them. For example, in Chinese
cultural groups, the effects of stigma are not limited to the
individual but are felt most acutely on the family’s ability to
continue the family lineage. Since both the stigmatized and
stigmatizers struggle with the daily activities that make
social life matter, understanding what is most valued
enables us to understand how stigma shapes the behaviors
of both groups. This perspective also enables us to identify
the family, health and social service providers, and even the
stigmatized persons as potential sources of stigma.
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Summarizing the Models of Stigma

In tracing through the above models, we can observe the
different mechanisms by which stigma has been seen to
affect individuals and groups. Although these models
emphasize different components as key to the stigma
process (e.g., one highlights the effect of internalized
stereotypes, while another emphasizes societal processes),
these models can be seen to complement rather than
contradict one another. These models also provide valu-
able perspectives by which to intervene with the negative
effects of stigma.
How Stigma Affects Health and Recovery
from Illness

Stigma not only negatively impacts a person’s social sta-
tus, but it also detrimentally affects both psychological
and physical health. The above models illustrate possible
mechanisms by which stigma causes its negative effects.
A great deal of research has also demonstrated the harm-
ful effects of stigma on health and recovery, especially
among the stigmatized conditions of mental illness and
HIV/AIDS.

Both mental illness and HIV/AIDS have been identi-
fied by public attitude surveys across cultures as being
among the most stigmatized of conditions. The label of
mental illness evokes a great deal of negative and fearful
reactions. In public attitude surveys, the label of mental
illness is commonly linked to adjectives such as dependent
and helpless, on the one hand, and dangerous, different,
and unpredictable, on the other. AIDS-related stigma
differs from mental illness but also is quite negative.
Because the primary routes of transmission for HIV –
sexual intercourse and sharing of infected needles – are
perceived as voluntary behaviors, people infected with
HIV are seen to be responsible for their condition. A
great amount of stigma is also attached to HIV/AIDS
because: (1) it is perceived as contagious, (2) its course is
seen to be unalterable, and (3) the illness is apparent to
others in its advanced stages. What the two conditions
have in common is that the stereotype of dangerousness
appears to underlie much of the public’s willingness to
reject these stigmatized individuals.

These negative stereotypes toward people with mental
illness and HIV/AIDS have several harmful effects. First
of all, stigma acts as a critical barrier to effective treatment
for persons with mental illness and HIV/AIDS. Among
mental illnesses, stigma causes two negative effects in
regards to treatment: (1) many people with mental illness
never pursue treatment or (2) others begin but fail to
adhere to prescribed treatment. For example, in a repre-
sentative national study conducted in the U.S., less than
40% of respondents with mental illness in the past year
received ongoing treatment (Kessler et al., 2001). Similarly,
fears of AIDS stigma may prevent people at risk for HIV
from being tested and seeking assistance for reducing risk
of contracting the illness. For example, in China over 90%
of the estimated 1 million people who are HIV-positive
have not yet been tested for HIV because of the intense
fear of stigma ( Jing, 2006).

The negative stereotypes associated with mental illness
and HIV/AIDS also lead to the devaluation and rejection
of people with these conditions. On the individual level,
such stigmatized persons face direct discrimination. In
one survey of community outpatients with mental illness
in the U.S., 42% of respondents reported having been
shunned at least sometimes when others learned of their
psychiatric treatment (Dickerson et al., 2002). Similarly,
people with AIDS have reported suffering from individ-
ual discrimination such as being fired from their jobs,
evicted from their homes, and denied services. A second
form of devaluation occurs through structural discrimina-
tion when institutional practices lead to unequal oppor-
tunities for stigmatized groups. One prominent example
for those with mental illness includes unequal treatment
by health insurers toward psychiatric as opposed to phys-
ical illnesses. A third form of devaluation takes place
through stigmatized individuals themselves, once they
have adopted the belief that they will be discriminated
against after receiving a stigmatizing label. Once stigma
becomes internalized, the patient’s manner of coping with
stigma (e.g., through withdrawal or secrecy) can result in
negative outcomes.

As a result of these processes, stigma has been linked
with many negative outcomes for both people with mental
illness and HIV/AIDS. The negative psychological effects
of stigma among people with mental illness include low
self-esteem, depressive symptoms, and less psychological
integration with the community. Other harmful effects
include constricted social networks, avoidance of non-
family members, and noncompliance with treatment pro-
grams. Similarly, people with AIDS have been reported to
suffer from social isolation, self-blame, increased psycho-
logical distress, and self-destructive behaviors. Stigma also
limits life opportunities of members of both groups through
income loss, increased time of unemployment, and limited
access to housing and medical care. The evidence thus
overwhelmingly indicates that stigma denies people from
both of these stigmatized groups access to important
means of recovery. The stigma process also initiates stres-
sors such as rejection and discrimination that make rehabil-
itation from these chronic illnesses even more difficult
to achieve.
Intervening with Stigma: Anti-Stigma
Campaigns

Because of stigma’s numerous negative effects, interven-
ing with stigma has become a critically important area of
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research. Further, stigma interventions benefit society by
promoting stigmatized individuals’ opportunities for
recovery and enabling them to become productive citi-
zens. The above models of how stigma works have greatly
shaped existing interventions to reduce stigma. Because of
the prominent place that negative stereotypes have in the
formation of stigma, many anti-stigma campaigns have
sought to decrease stigma by changing public attitudes
toward stigmatized groups.

In recent years, there have been several anti-stigma
campaigns as well as public and private research to reduce
stigma. The European Federation of Associations of
Families of People with Mental Illness’s (EUFAMI) anti-
stigma campaign, Zerostigma, began in October 2005,
seeking to replace fear with facts about mental illness.
Zerostigma works with various health-care organizations,
volunteers, and media across Europe to increase knowl-
edge about stigma for those who suffer from mental
illness. One of EUFAMI’s major contributions to anti-
stigma is directing the government’s money to be used
more efficiently. Another way EUFAMI helps reduce
stigma is by evaluating and promoting new research.

Changing Minds is another anti-stigma campaign
funded by the United Kingdom Royal College of Psychia-
trists. Launched in 1998, this program targets community
members ranging from health-care professionals to the
general public. They use print and video media to relay
an anti-stigma message to others. Another anti-stigma
campaign is taking place in over 20 countries with the
World Psychiatric Association’s Open the Doors campaign
in 1996. This program specifically targets the stigma asso-
ciated with schizophrenia. Further, novel interventions
have been developed to address the perspectives of specific
community groups, including medical professionals, jour-
nalists, school children, law enforcement officials, employ-
ers and church leaders. Regarding HIV/AIDS, the Ford
Foundation funded the HIV/AIDS Anti-Stigma Initiative
by involving community-based organizations in the U.S.
to increase awareness and to decrease stigma. This cam-
paign also produces research for those who are stigmatized
and for the disease itself.

It should be noted, however, that most public educa-
tion campaigns have occurred in Western countries (such
as Germany and the United Kingdom). Also, the positive
effects on public conceptions of mental illness due to such
programs have been described as modest in impact. Much
research has yet to be done to determine what the content
of programs should be to most effectively reduce stigma
and what form such programs should take to maximize
positive attitude change among the general community
(Thornicroft, 2006).

The above campaigns and clinical research on stigma
intervention have used one of three common approaches:
protest, education, and contact.
Protest

By means of protest, a person or a group objects to
negative ideas, images, and attitudes about a stigmatized
group. Protesting is an active way to reduce offensive and
demeaning representations of stigmatized groups in the
media. By decreasing stigmatizing images in the media,
protesters believe they can reduce stereotypes and stig-
matization. For example, a group called Stigma Busters
responds to negative media portrayals of people with
mental illness in the United States by using actions rang-
ing from letters of concern to protests such as boycotting.
While such actions can lessen certain stigmatizing images
and behavior, it does not change the public’s stigmatizing
attitudes. In fact, protest merely suppresses the targeted
negative ideas. Research has shown that when people are
forced to suppress negative stereotypes, they become
more sensitized to such stereotypes. This in turn may
lead to unwanted thoughts about the initial stigmatized
group. Additionally, those who suppress stigmatizing ideas
and attitudes learn less accurate information about the
stigmatized group during educational programs (Corrigan
and Penn, 1999).
Education

Education seeks to challenge inaccurate ideas with factual
information through the media (such as public announce-
ments, lectures, books, andmovies). For example, one form
of education might be to expose the public to productive
works of people with mental illness. Education is not only
useful for the general public, but also for those who are
stigmatized. Education gives people who are stigmatized
alternate strategies to cope with feelings of difference and
shame. Education yields positive results in improving con-
ceptions toward people with mental illness. For example,
one study demonstrated that after education, participants
showed more willingness to believe that people with psy-
chiatric problems benefit from medical treatment and
psychotherapy (Corrigan and Penn, 1999). Another
study, conducted in rural Pakistan, showed that educating
children through a school-based intervention program
improved attitudes toward people with mental illness not
just among the children but also positively changed the
attitudes of the people who they came into contact
with (their parents, friends, and neighbors; see Figure 6;
Rahman et al., 1998).

The Elimination of Barriers Initiative (EBI), developed
by The Center for Mental Health Services, is a large-scale
campaign based in the United States that educates the
public about inaccurate stereotypes of mental illness. This
campaign combats stigma through town meetings, radio,
television, and printed announcements, and has reached
approximately 150million people. While EBI is an
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Figure 6 In-depth examination of an educational anti-stigma intervention.
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example of broad-based intervention based on education,
it is uncertain whether those who hold stigmatizing views
(rather than those who are already aware of and affected
by the stigma) were actually exposed to the message and
had their views influenced by it.
Contact

The final strategy of contact is accomplished by having
personal contact with someone from the stigmatized
group. For example, while many people with mental ill-
ness work and live among us, they are stigmatized as being
unable to work and function normally. Contact gives those
who stigmatize an opportunity to engage in a mutual and
informal conversation with members of a stigmatized
group. These conversations in conjunction with education
have led to decreases in stereotyping and stigma among
potential stigmatizers. Contact increases acceptance and
positive attitudes by exposing community members to
people of stigmatized groups who are functioning nor-
mally. One study found greater improvements in attitudes
after intervention through contact when compared with
education alone (Corrigan et al., 2002). It appears that
collaborative interaction with a stigmatized person who
moderately disconfirms a preexisting stereotype is the
most effective form of personal contact.

While each of the three interventions has its specific
purpose, these strategies can also be combined. For exam-
ple, education about a stigmatized group is often combined
with the strategies of protest or contact. While contact
yields the best results among the three strategies, it is
unknown whether stigma is truly decreased or merely
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suppressed. It is also unclear whether education has an
enduring impact on stigma andwhether factual information
alone is sufficient to bring about change in attitudes. Fur-
ther, it is not certain whether increasing positive attitudes
toward stigmatized persons actually decreases discrimina-
tory behavior toward such individuals. Lastly, stigma’s most
harmful effects vary by culture, and stigma intervention
should be targeted toward areas that most severely limit a
group’s integration into society. In sum, many areas remain
unexplored in regards to stigma intervention, and diminish-
ing the impact of stigma may ultimately depend equally
upon policy-makers crafting legislation that combats struc-
tural discrimination and more easily allows stigmatized
persons to integrate into society. Advancing the study of
stigma will better enable researchers and other public
health experts to identify those areas most in need of
government intervention, to reduce the suffering of stigma-
tized individuals, and to decrease the burden in the societies
to which they belong.
See also: Health-Related Stigma and Discrimination;

Mental Illness, Historical Views of; Racism and Health;

Social Dimensions of Infectious Diseases.
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Streptococci: A Persistent Health Hazard

Early in 1994, in Gloucestershire, England, several people
were struck down in a short period of time by what was
labeled by the media as ‘flesh-eating disease.’ The causa-
tive bacteria were called ‘killer bacteria’ or ‘flesh-eating
bacteria,’ and the whole world was shocked to read about
this ‘new’ threat. In fact, these bacteria were neither a new
phenomenon nor an emerging pathogen. The infections,
known medically as necrotizing fasciitis, were caused by
group A Streptococcus pyogenes, a bacteria that had been
identified many decades before. Streptococci can cause a
wide spectrum of diseases in humans and animals and
have continued to be a puzzle for clinicians, scientists,
and public health personnel. Although bacteria from the
streptococcal genus can infect a variety of animals,
humans are the primary reservoir for the majority of
species that cause serious disease in humans. The patho-
genesis of streptococcal disease is so perplexing that the
infections caused by these organisms have never been
completely understood.

The strategies used by streptococci to outwit their host
are quite ingenious. They evade host immune defense by
appearing in hundreds of different serotypes; they bind
and exploit host proteins for their own advantage and to
establish themselves in the host; they trigger their own
internalization by host cells so that they can persist and
evade the action of antibiotics; they express surface pro-
teins with similarity to host protein, again to evade
immune defense, which leads to autoimmune reactions;
some of them are real artists in developing antibiotic
resistance; they are capable of transferring their genetic
material horizontally to other serotypes and species,
making epidemiological analysis very difficult; and this
list of perplexing properties is far from complete. Strep-
tococci therefore remain a major health hazard and a
challenge for scientists and clinicians.
Classification of Streptococci

Streptococci are spherical organisms that grow in chains
because of incomplete separation after division of the cells
(Figure 1). They were first described in 1874 by Billroth,
who used the term ‘streptococcus’ (from two Greek
words: streptos ¼ chain, kokhos ¼ berry). In the beginning,
streptococci were classified according to the disease they
caused; however, thanks to advances in diagnostics, and
with the availability of modern molecular techniques,
many changes have been made in the taxonomy of the
Streptococcus genus in the last decade. Historically, a useful
identifying characteristic of streptococci has been the
reaction they show on blood agar, caused by the lysis of
erythrocytes by enzymes released by the streptococcus – a
phenomenon known as hemolysis. Based on this charac-
teristic, streptococci were classified into b-hemolytic and
non-b-hemolytic groups. In 1934, streptococci were fur-
ther classified based on the presence of group-specific
polysaccharides on the bacterial surface. In this sero-
grouping, mostly b-hemolytic streptococci were consid-
ered. Thirteen different serological groups have so far
been identified, out of which groups A, B, C, and G,
S. pneumoniae, and viridans group streptococci are most
important with regards to human health. The main focus
of this article is on the diseases caused by different strep-
tococci. The classification of streptococci capable of caus-
ing disease in humans and animals is depicted in Table 1.
Diseases Caused by Streptococci

The diseases caused by streptococci have remained a
serious health problem for centuries. Because of the
large number of pathogenic species (Table 1) in the
Streptococcus genus, the spectrum of diseases is also highly
diverse, ranging from self-limiting manifestations to
life-threatening diseases. Although most of the disease
manifestations have been described for b-hemolytic
streptococci, the non-b-hemolytic group has been gaining
importance as causative organism for a large number of
human diseases. Streptococcus pyogenes (group A streptococ-
cus, GAS), which is an exclusively human pathogenic
organism, is no doubt the most important in terms of
human health. This article deals with the diseases caused
by important species of streptococci with a major empha-
sis on group A streptococcal diseases.
Streptococcus pyogenes (Group A
Streptococci)

Group A streptococci are the major cause of streptococcal
infections in human beings. The organisms colonize oral
mucosa and skin and cause a wide spectrum of pyogenic
infections, such as tonsillitis, pharyngitis, scarlet fever,
and skin inflammation. More serious are the invasive
streptococcal infections that, although they have been
observed for centuries, have resurged all over the world
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since 1980. In addition to the high mortality associated
with streptococcal invasive diseases, the sequelae of strep-
tococcal infections are also considered a major public
health problem and a big research challenge. Rheumatic
fever and subsequent rheumatic heart disease are post-
streptococcal infection complications that involve inflam-
mation of and damage to heart valves, requiring their
replacement. About 15million children between the ages
of 5 and 15 suffer from rheumatic heart disease, and
approximately 1million new cases are registered every
year. Another complication of streptococcal infection is
glomerulonephritis, an inflammation of the kidneys,
Figure 1 Electron micrograph of streptococci invading a

human cell. Photo: Dr. Manfred Rohde, HZI Braunschweig,

Germany.

Table 1 Classification of pathogenic streptococcal species

Pathogenic streptococci

Beta-hemolytic streptococci Non-beta-hemolytic

S. pyogenes S. pneumoniae
S. agalactiae S. suis

S. dysgalactiae subsp. dysgalactiae Bovis Group

S. dysgalactiae subsp. equisimilis S. bovis

S. equi subs. equi S. equinus
S. equi subs. zooepidemicus S. gallolyticus

S. canis

S. anginosus Group

S. constellatus subsp. pharyngis
S. porcinus

S. iniae

S. phocae and S. didelpis
which very often leads to kidney failure. Figure 2 illus-
trates the spectrum of the diseases caused by group
A streptococci.
Course of Group A Streptococcal Infections

Infection with GAS begins with contact, either in the oral
cavity or to a skin wound. This is followed by adherence
and colonization of bacteria in the oral mucosa or at the
fibrin clots of the wound. The further progression of
the disease from these sites depends on the ability of the
isolates to avoid phagocytosis by immune cells. The form
of the disease that develops is determined by the invasive
capabilities of the isolates and the genetic susceptibility of
the host. Three to six months after the primary infection,
postinfection complications such as rheumatic fever or
glomerulonephritis are induced in predisposed indivi-
duals. The course of group A streptococcal infections is
illustrated in Figure 3.

To adhere to and invade host cells as well as to evade
host immune defenses, group A streptococci express a
number of virulence factors. Besides adhesins and inva-
sins, M proteins are the major virulence factors. M protein
is a major surface protein of streptococci, which enables
the organism to resist phagocytosis. A group of proteins
called complement is usually involved in the recogni-
tion of and response to bacterial invaders. Inhibition of
complement activation is a common mechanism by which
M protein protects streptococci from phagocytosis, with
different types of M protein binding differentially to
fibrinogen and the complement-regulating factors C4BP
and factor H. Binding of these molecules leads to inhibi-
tion of both the classic and alternate complement path-
ways. Because of variation in the N-terminal region,
M protein exists as approximately 100 different serotypes.
With a few exceptions, one strain expresses only one type
streptococci

Viridans streptococci
Mutans Group

S. mutans Salivarius Group

S. sobrinus S. salivarius

S. ratti S. infantarius
S. cricettus S. vistibularis

Anginosus Group Sanguinus

S. anginosus S. gordonii

S. constellatus S. sanguis
S. intermedius S. parasanguis

Mitis Group

S. oralis
S. mitis

S. cristatus

S. infantis
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Figure 2 The spectrum of diseases caused by group A streptococci.
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Figure 3 Schematic representation of the course of group
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of M protein. Anti-M protein antibodies provide type-
specific protection against infection in animal models.
Because of these properties, M protein has been regarded
as a choice protective antigen. M protein therefore has
been a focus of interest for the last two decades. These
studies have led to elucidation of the structure and func-
tion of M protein. The complete sequence of various
M serotypes is known, and B and T cell epitopes (protein
sequences that can be defensively recognized by the
human immune system) have been identified. The struc-
tural features of M protein include repetitive sequences
and a conserved anchor. The four repeat blocks of
M protein, A, B, C, and D, differ from each other in
their size and sequence. A comparative sequence analysis
between M protein and different human proteins showed
a significant homology with myosin and tropomyosin,
which are proteins found in the human heart. These
similarities can have immunological consequences,
although the exact role of M protein in the induction of
rheumatic heart disease has not yet been elucidated.

The adherence of streptococci to host cells is an essen-
tial step for the initiation of an infection. This interaction
occurs between adhesins on the bacterial surface and the
specific receptor in the host cells. In the case of group
A streptococci, the adherence mechanism is interesting in
the sense that the adherence does not take place directly
between adhesins and host cell receptors, but is mediated
through the host protein fibronectin. Fibronectin is a
high-molecular-weight glycoprotein, which is present in
soluble form in plasma and other body fluids, and in



Figure 4 Group A streptococcal necrotizing fasciitis of the leg
(photo: Dr. Currie, Royal Darwin Hospital, Australia).
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insoluble form in the extracellular matrix. It is a multi-
functional protein and plays an important role in the
interactions of cells with the extracellular matrix. Because
of its ability to bind to both host cells and streptococci, it
is considered as an essential bridging molecule in strepto-
coccal adherence.

Binding of fibronectin by streptococci was found to be
via a surface protein that was designated SfbI protein. The
sequence analysis shows that the fibronectin-binding
domain of SfbI consists of 37 amino acids, which occurs
as repetitive domain. Other functional epitopes, such as
signal sequence, membrane anchor, and so forth, are simi-
lar to many other Gram-positive surface proteins. SfbI
protein plays an important role in pathogenesis and is
capable of competitively inhibiting the binding of strep-
tococci to fibronectin and their adherence to human
epithelial cells. Anti-SfbI antibodies can also block fibro-
nectin binding to streptococci and can react with many
different group A streptococcal strains. The presence of
the SfbI gene correlates very well with the fibronectin-
binding capacity and the epithelial cell adherence of
streptococci. SfbI protein also has an additional binding
domain for fibronectin, which is structurally different
from the fibronectin binding repeats. This binding
domain, designated ‘spacer domain,’ consists of 30 amino
acids. Fibronectin contains three domains that interact
differently with the binding domains on SfbI. The repeat
region has a high affinity for the 30-kDa N-terminal
fibronectin fragment, and a low affinity for the 120-kDa
C-terminal fragment. The spacer region binds with high
affinity to the 45-kDa fibronectin fragment, which is
located between the 30-kDa and 120-kDa fragments.

Group A streptococci are traditionally considered to
be extracellular pathogens because they can colonize dif-
ferent tissues to cause extracellular infections. However,
group A streptococci can also cause invasive infections, so
it is thought that they might also act as intracellular
pathogens. These properties have now been described
for a large number of group A streptococcal isolates.
The invasion of streptococci is correlated to the source
of the isolate. Isolates from throat and skin infections are
not only very invasive but are also capable of surviving
intracellularly. It is thought that this is a way in which
group A streptococci avoid the action of antibiotics and
are able to persist in the host and cause recurrent infec-
tions. A number of invasive streptococcal isolates show a
strong SfbI-mediated fibronectin binding. SfbI therefore
plays a role not only in the adherence but also in the
invasion of streptococci. Latex beads coated with purified
SfbI proteins are rapidly internalized by epithelial cells,
indicating that SfbI per se is sufficient to trigger invasion.
In this process, the fibronectin-binding spacer domain
plays a decisive role. This happens through a cooperative
binding of both binding domains of SfbI protein to fibro-
nectin. The binding of the 30-kDa fibronectin domain to
the repeat region of SfbI protein activates binding of the
45-kDa domain to the spacer region. This activation is a
prerequisite for the invasion of streptococci into eukary-
otic cells.
Life-Threatening S. pyogenes Infections

In addition to milder infections such as pharyngitis, group
A streptococci are capable of causing life-threatening
infections such as necrotizing fasciitis, septicemia, and
streptococcal toxic shock syndrome. The progression of
these diseases is extremely fast. Necrotizing fasciitis is a
deep infection of the subcutaneous tissue that leads to the
destruction of fascia, which are sheets of tissue lying
under the skin (Figure 4). After the initial indication of
infection, the disease develops at a very high speed. At this
point of time in general a systemic infection also occurs,
which leads to multiple organ failure and death. Even with
aggressive therapy, the mortality rate is about 50%.
Cellulitis and myositis can also be caused by invasive
streptococci. These infections can lead to a serious com-
plication, streptococcal toxic shock syndrome, often
found in young adults. Typical symptoms of this syn-
drome are extreme pain, high fever, and finally septic
shock. The secreted components of streptococci, such as
erythrogenic toxins, and superantigens, which influence
the immune cells to secrete large amounts of the pro-
inflammatory molecules IL-1a/b, IL-8, and TNFa, are
mainly involved in the development of toxic shock. In
invasive infection, as well as in postinfection streptococcal
sequelae, it is likely that host genetic susceptibility plays
an important role.

Sequelae of S. pyogenes infections

Rheumatic fever and glomerulonephritis are important
sequelae of group A streptococcal infections. Although
the exact mechanisms of rheumatic fever are not yet
elucidated, it is assumed that this disease results from an
abnormal immune response to an untreated or not fully
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treated streptococcal pharyngitis, which leads to the gen-
eration of autoimmune antibodies that cross-react with
host tissue. The most common manifestation of rheumatic
fever is arthritis, which occurs in around 75% of patients
and mostly affects adolescents and adults. Other manifes-
tations include chorea, a condition mainly affecting chil-
dren and characterized by emotional disturbances,
uncoordinated movements, and muscle weakness, and
carditis, with rheumatic heart disease developing in
around 30% of rheumatic fever patients. Rheumatic
fever and rheumatic heart disease are observed in all
parts of the world, with the global incidence estimated
to be 1.3 cases per 1000 people, although the incidence
rate varies greatly between countries and different popu-
lation groups. For example, in Sudan and China, the rates
are estimated to be 100 and 150 per 100 000 respectively,
while in developed countries the rate has dropped dra-
matically since the 1950s to <1.0 per 100 000, although
spontaneous outbreaks of rheumatic fever still do occur.
Approximately half of all children with heart disease
suffer from rheumatic fever and rheumatic heart disease,
making them the most common cause of acquired heart
disease in children. A unique epidemiological observation
is the high incidence of rheumatic heart disease in the
aboriginal population in Australia and the Maoris in New
Zealand, which at an estimated 9.6 per 1000 is much
higher than the incidence in the nonindigenous popula-
tions. The reasons for this are not yet known, but it seems
that environmental factors and genetic susceptibility
might be responsible.

The relationship between group A streptococci and
rheumatic fever has been established for many decades,
but the exact pathogenesis, despite intensive studies,
remains unknown. Host factors, bacterial factors, and an
abnormal immune response may all contribute toward
induction of rheumatic fever. Family predisposition has
been a topic of discussion for a long time. Although
controversial, there is some evidence that genetic predis-
position plays an important role. Individuals with rheu-
matic fever and their family members express certain
antigens on the surface of their immune cells, known as
HLA. A correlation between rheumatic fever and HLA
has often been reported where the HLA-DR locus is
involved. Some B-cell antigens have also been implicated
in rheumatic fever. Monoclonal antibodies that were
raised in mice against B-cells from rheumatic fever
patients react with B-cells of 100% of the patients, but
only with 10% of the control group. The proportion of
the population that is predisposed to rheumatic fever is
not yet known. Putative genetic markers such as the B-cell
antigen D8/17 are generally found less frequently in
controls compared to rheumatic fever patients and rela-
tives of those patients, further implicating the role of
genetics in susceptibility; however, there is variation
depending on the study size and the geographical region.
In a heterogeneous population, outbreaks of pharyngitis
result in rheumatic fever in approximately 3% of cases.
The incidence rate of rheumatic fever following sporadic
group A streptococcal pharyngitis is generally much
lower than in the outbreaks.

In contrast to host factors, the involvement of bacterial
factors in the induction of rheumatic fever is less contro-
versial. The concept of rheumatogenicity, that only some
definite strains are capable of causing rheumatic fever, has
existed for many decades. Many studies have shown the
association of certain M types, such as 1, 3, 5, 6, 14, 18, 19,
24, 27, and 29, with rheumatic fever. The involvement of
M protein was underlined by the fact that the strains
associated with rheumatic fever express definite epitopes,
induce a strong M protein-specific immune response, and
show homologies between M epitopes and host proteins.
The strains associated with rheumatic fever have a thick
capsule and generally do not express opacity factor. In
spite of these studies, the role of M serotypes remains a
matter of some controversy. In many endemic areas with
high incidence of rheumatic fever, the strains are either
nontypable or express M types that are traditionally asso-
ciated with skin infections. In the last few years, there
has been a growing belief that rheumatogenicity is
strain-specific rather than M type-specific. Group A
streptococci are very efficient in transferring their genetic
material horizontally, so that theoretically every strain can
be associatedwith rheumatic fever. BesidesMprotein, other
streptococcal components have been associated with
rheumatic fever including capsule, cell wall-associated
carbohydrates, and cell membrane. These components
show cross-reactivity with host proteins such as cardiac
myosin, heart valve glycoproteins, and sarcolemmal mem-
brane. It has also been demonstrated that certain serotypes
are able to bind and aggregate collagen, which is an impor-
tant component of the extracellular matrix. This may lead
to the production of anticollagen antibodies, leading to an
autoimmune response and subsequent rheumatic fever. The
role of collagen in rheumatic fever is supported by the fact
that the serum samples from patients with acute rheumatic
fever or chronic rheumatic heart disease show substantially
high titers of anticollagen antibodies.

In addition to other host and bacterial factors, an
abnormal immune response plays an important role in
the induction of rheumatic fever. Immunological cross-
reactivity between certain streptococcal antigens and the
host tissue leads to damage of the heart, joints, and brain.
Such cross-reactive antibodies are often found in the sera
of rheumatic fever patients. Although humoral immunity
is presumed to be an important component of the immune
response in rheumatic fever, there is increasing evidence
that the primary damage is caused by cellular immunity.
Cellular infiltrates from the heart tissue of rheumatic
fever patients show a predominance of T lymphocytes,
and very often macrophages are found in the myocardial
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lesions. Both of these cell types are components of cellular
immunity. Moreover, in rheumatic fever, many markers
are observed that activate inflammation via the cellular
immune system. Increased numbers of circulating CD4þ
lymphocytes and increases in the levels of cytokines such
as IL-1 and IL-2, IFNg, TNF-a, and their receptors are
observed in rheumatic fever. Most probably, the normal
mechanism for suppressing inappropriate cellular immu-
nity is not functioning in rheumatic fever patients. This
leads to an uncontrolled activation and tissue damage.
The induction of rheumatic fever and rheumatic heart
disease is illustrated as a simple schematic diagram in
Figure 5.

Other immune mechanisms have also been implicated
in the pathogenesis of rheumatic fever. Some streptococ-
cal antigens, such as exotoxins, act as superantigens,
molecules that are able to directly bind to the MHC
class II receptors on antigen-presenting cells and to the
receptors on T cells. Cross-linking of these receptors by
the superantigen leads to T-cell activation and subsequent
release of inflammatory factors that can influence the
disease pathogenesis. It is also possible that some copatho-
gens, such as coxsackie virus, may act together with the
streptococci to cause rheumatic fever.

Glomerulonephritis is another sequelae of streptococ-
cal infection, which has a much lower incidence than
Rheumatogenic
factors (certain

M-protein)

Molecular mimicry
with host proteins

Abnormal immune
response

Autoimmune
response

Aggregation of
collagen

Collagen binding
factors

Streptococcal
primary infection

Rheumatic
heart disease

Rheumatic
fever

Inflammation
of tissue

Figure 5 Schematic diagram of the induction of rheumatic
fever and rheumatic heart disease.
rheumatic fever. Although for glomerulonephritis the
exact mechanisms are not known, as is the case with
rheumatic fever it is clear that some definite streptococcal
strains are nephritogenic and, as in rheumatic fever, it is
likely that genetic predisposition plays a role in develop-
ing the disease. One hypothesis is that the nephritogenic
streptococci express pathogenicity factors that have high
affinity for kidney cells and accumulate in the glomeruli,
leading to the formation of immune complexes. Alternate
hypotheses include the involvement of inappropriate cel-
lular immune responses and complement responses, or
the proliferation and apoptosis of glomerular cells. It is
possible that the pathogenesis occurs as a result of a
combination of these factors.

Therapy, prophylaxis, and other control strategies

Penicillin has been the usual treatment for different strep-
tococcal infections since the 1940s. It is not only used to
treat streptococcal pharyngitis but also to prevent recur-
rent episodes of acute rheumatic fever. This secondary
prophylaxis generally involves intramuscular administra-
tion of penicillin every 3–4weeks. Alternatively a daily
oral dose of penicillin, sulfa drugs, or erythromycin can be
taken, but this is thought to be a less effective method of
prevention. In spite of the fact that group A streptococci
have not yet developed resistance to penicillin, this ther-
apy has not been successful in controlling streptococcal
infection and the sequelae. Development of a vaccine
against group A streptococci is urgently needed and is a
major challenge in streptococcal research. In the last few
years, many potential vaccine candidates have been iden-
tified. Because of the protective action of anti-M protein
antibodies, many groups have tried to develop M protein-
based vaccines. These efforts have not been very success-
ful because of two basic problems. First, M protein itself,
or at least a part of it, can induce the negative sequelae
because it possesses cross-reactive epitope for certain host
proteins, and second, M protein occurs in a large number
of serotypes, and the protection generated is generally
M serotype-specific. Some progress has been made to
solve these problems. Vaccine prototypes containing
C-repeat peptides, which are highly conserved between
M types, have shown protection in mouse models.
Multivalent M protein vaccines consisting of peptides
from the variable regions of multiple M serotypes, with-
out the human cross-reactive epitopes linked to sequelae,
have also yielded promising results. M protein-based
vaccine prototypes are currently undergoing clinical trials
but are still in the optimization phase.

An alternative strategy for the development of strepto-
coccal vaccine is the use of streptococcal adhesins as
candidates. SfbI protein, the major adhesin of group
A streptococci, is capable of inducing a protective im-
mune response against different streptococcal strains in a
mouse lethality model. The fibronectin-binding domains
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of SfbI proteins represent important protective antigens.
There are many other advantages of SfbI protein-based
vaccines: (1) SfbI protein is expressed by more than 70%
of the clinical isolates belonging to different serotypes
from different geographical areas, so the narrow specific-
ity of an M protein-based vaccine is avoided, (2) the
fibronectin-binding domains of SfbI protein are highly con-
served, (3) antibodies against SfbI protein do not show any
cross-reactivity with human tissue, and (4) SfbI protein acts
as a strong mucosal adjuvant. Therefore, SfbI protein seems
to be a promising vaccine candidate that should soon go to
phase I trials. Beside M protein and SfbI protein, other
vaccine prototypes based on FBP54 protein and C5a pepti-
dase are also in a development phase.
Streptococcus agalactiae (Group B
Streptococci)

Group B streptococci (GBS), with the sole species Strep-
tococcus agalactiae, were for the first time described in
1887, when they were isolated from a case of bovine
mastitis. Until 1937, they were not regarded as human
pathogens, but were then identified as a cause of sepsis in
the newborn. In the last couple of decades, they have
become a serious health problem and a major cause of
bacterial meningitis in newborns, leading to invasive dis-
ease in approximately 1 out of every 1000 live births. The
infection of newborns with GBS not only is characterized
by high mortality rates, but a large percent of survivors
also suffer from subsequent neuronal damage. GBS occur
as symptomless flora of the genital tract in up to 25% of
adult women, and infection of the newborn generally
occurs during delivery, when the newborn become
exposed to the bacteria in the birth canal. GBS infection
of the mother is also involved in preterm rupture of the
amniotic membrane leading to premature labor. It is also
possible for the organism to spread from the vagina into
the amniotic fluid during pregnancy, where aspiration of
contaminated fluid by the fetus can lead to invasive
disease, or even intrauterine death. Because of the re-
duced number of alveolar macrophages and incomplete
immunity in the newborn, group B streptococci can easily
colonize the lungs. From here, they invade the blood and
form a systemic infection. The precise mechanisms of
how GBS reach the circulation from the lung are not yet
known. Infection of the newborn is divided into two
different types depending on the length of time between
birth and development of disease. In early onset disease,
the symptoms appear between 24–72 h after birth. The
mortality in these cases is 89% for sepsis, and 62% for
meningitis. Early onset disease is also characterized by
a high rate of neurological damage in the survivors. In
late-onset disease, the symptoms can appear many weeks
after birth, and meningitis is the major manifestation.
At 10–20%, mortality is much lower than with early
onset disease; however, morbidity is high, with survivors
suffering from neurological sequelae such as blindness and
deafness. GBS has also emerged as an important pathogen
among nonpregnant adults, in particular the elderly and
patients with chronic underlying disease, with clinical man-
ifestations including bacteremia, pneumonia, and skin or
soft-tissue infection. However, the incidence of these cases
is not as high as in newborns.
Prevention of Group B Streptococcal (GBS)
Disease

Based on the structure of its polysaccharide capsule, GBS
are divided into nine different serotypes, of which sero-
types Ia, Ib, II, and III are most commonly involved in
disease. Approximately 40% of isolates from invasive dis-
eases are Ia type, and 27% are type III. The major prob-
lem with GBS infections is the fast and dramatic
progression of the disease, which cannot be sufficiently
treated with antibiotics. As many women of childbearing
age have been colonized with GBS in the vaginal area,
every pregnant woman should be tested for this organism
before delivery. In the case of positive results, the woman
is normally treated with antibiotics to reduce the risk of
transferring the bacteria to the newborn during delivery.
Because of increasing resistance of bacteria to these anti-
biotics and the risk of allergic reaction to the mother and
the newborn, it is desirable to develop an alternative to
antibiotic therapy. Clinical studies have shown that infants
whose mothers have a high titer of anti-GBS antibodies
are rarely infected. Therefore, vaccinating women of
childbearing age to passively protect the newborn seems
to be a promising strategy.

A GBS vaccine able to induce specific antibodies both
in the serum and at mucosal surfaces would provide two
levels of protection to the neonate. First, transfer of mater-
nal antibodies toward GBS across the placenta would
provide passive immunity to GBS, and second, prevention
of colonization in the reproductive tract would protect the
neonate from infection in utero or during childbirth.
Because the capsule of the GBS is an important virulence
factor, efforts have been made to use it as a vaccine can-
didate. These efforts were unsuccessful because of the
antigenic variation and the low immunogenicity of capsu-
lar polysaccharides. The interest has therefore shifted
toward the use of a surface protein as a vaccine candidate.
Major surface proteins of GBS are a and b antigen of the
C protein complex. Of the two proteins, a is potentially
more useful as a vaccine component, being present in
approximately 50% of all GBS isolates, compared to
only 10% for b. More recently, another surface protein,
Rib, has been identified. Rib is expressed on almost all
serotype III strains of GBS; therefore, most strains of GBS
not expressing a express Rib. In fact �90% of all GBS
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strains responsible for invasive disease express either Rib
or a, making a combination of these proteins potentially
useful for a broad-specificity GBS vaccine. Sip, a surface
protein with an unknown function, is also of interest
because it is expressed by GBS of all serotypes, and there-
foremight also provide broad protection. In animal models
these proteins have been shown to induce a protective
immune response, making them promising vaccine candi-
dates. However, in spite of the urgent need for a GBS
vaccine, development is still in an early phase.
Diseases Caused by Group C and
Group G Streptococci

Group C and group G streptococci belong to heteroge-
neous streptococcal species that include nonpathogenic
commensals as well as serious disease-causing bacteria.
Group C streptococci can be divided into two morpho-
logical groups, the large and the small colony variants.
The small colony variants, which include Streptococcus

milleri group, form the normal flora in the mouth cavity
and gastrointestinal and urinary tracts of human beings,
but are also capable of causing serious infections. The
large colony variants, which include species like Strepto-

coccus equi and Streptococcus dysgalactiae, are traditionally
considered to be animal pathogens, although they can
cause bacteremia, cellulitis, peritonitis, septic arthritis,
pneumonia, and endocarditis in human beings. Although
the incidence rate of human infection by group C
streptococci is much lower than those by group A and
group B streptococci, the mortality of approximately 25%
is very high. Group G streptococci were also initially not
considered as human pathogens and were regarded as
normal flora of human skin, throat, and gastrointestinal
tract. However, in the last few years the incidence of life-
threatening human infections by group G streptococci has
substantially increased.

As with group A streptococci, adherence and invasion
play an important role in the pathogenesis of group C and
group G streptococci. They, too, are capable of binding
to many host proteins. Fibronectin-binding proteins
and M-like proteins, as well as different enzymes and
toxins, are the major pathogenicity factors. The precise
pathogenic mechanisms of these organisms have not yet
been fully understood.

Group C and group G streptococci have recently been
associated with acute rheumatic fever. The aboriginal
population of Australia, where streptococcal pharyngitis
is extremely rare, shows the highest incidence worldwide
of rheumatic heart disease. The antibodies isolated from
this population against group C and group G streptococci
show a strong cross-reactivity to cardiac myosin. This
association between group C and G streptococci and
rheumatic fever might explain the large number of
rheumatic fever cases without a known history of group
A streptococcal infections. If the studies in other endemic
areas also confirm the involvement of group C and group
G streptococci in rheumatic fever, it would then be essen-
tial to test for their presence in the throat cultures and to
treat accordingly.
Streptococcus pneumoniae

Another important species of genus Streptococcus is
S. pneumoniae (the ‘pneumococcus’). These organisms are
exclusively human pathogens and form part of the normal
nasopharyngeal flora in 10% of adults and about 40% of
healthy children. Carriage does not always lead to invasive
disease, but it can lead to infection of others, which is
proportional to the frequency and intimacy of contact
between people. In most cases carriage is asymptomatic,
and after a period of weeks the pneumococcus is cleared
by the host immune system. However, under certain con-
ditions, the bacteria move from the nasopharynx to other
sites in the body, leading to disease. The pneumococcus is
able to cause several diseases ranging from serious, life-
threatening conditions such as bacteremia, pneumonia,
and meningitis to less severe diseases such as sinusitis
and otitis media that, although not usually associated
with high mortality, are nevertheless a major drain on
the public health system of developed countries. In the
United States alone, 7million cases of otitis media and
more than half a million cases of pneumonia are regis-
tered every year, with about 5–10%mortality. Worldwide,
more than 20million cases of pneumonia with about
1million deaths are registered every year.
Pneumococcal Virulence Factors

Pneumococci are divided into 90 different serotypes
depending on the composition of the polysaccharide cap-
sule that coats the bacteria, and serotype distribution is dif-
ferent in different geographical areas. The pneumococcal
capsule is an antiphagocytic factor and plays an important
role in pathogenesis, with unencapsulated strains having
severely reduced virulence in animal models. Other path-
ogenicity factors include neuraminidases, pneumolysin,
autolysins, pneumococcal surface antigen A, and the fam-
ily of choline-binding proteins that bind to choline resi-
dues found on the pneumococcal surface. Pneumolysin, a
cytotoxic protein, is present in the cytoplasm and is
secreted after the action of autolysins. Its main mode of
action is as a cytotoxin, binding to host cell membranes,
where it forms transmembrane pores and leads to cell
lysis, damaging the bronchial epithelium and directly
inhibiting phagocytosis by immune cells. However, it
also has other roles in virulence; it can directly activate
complement, and at sublytic concentrations it can
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stimulate cells of the immune system to produce cyto-
kines, leading to inflammation.

The proteins that are anchored on the pneumococcal
surface through a choline-mediated mechanism also play
a role in pathogenesis. Nine such proteins have so far been
identified, including pneumococcal surface protein
A (PspA) and secretory IgA binding protein (SpsA).
PspA is a strongly immunogenic protein that specifically
binds human lactoferrin, and has the ability to inhibit
complement. PspA has been shown to be a protective
antigen in animal models, and is broadly cross-reactive,
with antibodies against one PspA type able to protect
against pneumococci with different PspA types. SpsA is
a multifunctional protein that is reported to act as an
adhesin in the nasopharynx via its ability to bind human
secretory IgA. It is also able to bind the complement
regulatory factor H, and this may help the pneumococcus
to avoid being killed by complement. SpsA has a con-
served functional domain for binding to secretory IgA and
secretory component, and is expressed by all clinically
relevant strains, making it a promising vaccine candidate.

Besides proteins with a membrane anchor mechanism,
pneumococci express and secrete proteins without such
an anchor. One of these proteins is Eno, an a-enolase of
pneumococci, which is an important enzyme of glycolytic
pathway. After secretion, Eno is capable of reassociating to
the bacterial surface. An important property of Eno is its
binding to plasmin and plasminogen, which might allow
the bacteria to invade into the tissues by the degradation
of the extracellular matrix. This is the first example of a
metabolic enzyme that also acts as a possible pathogenic-
ity factor.
Treatment and Prevention of Pneumococcal
Disease

The high mortality rate of the S. pneumoniae infection has
remained constant in the last 30 years, despite the avail-
ability of antibiotics. One of the reasons is the dramatic
spread of penicillin-resistant pneumococci in the last few
years. The increase in antibiotic resistance in countries
like Spain and South Africa, where 60% of the isolates
are resistant, is a matter of serious concern. The rise in
penicillin resistance has led to increased use of other
antimicrobial drugs, but many pneumococci are now
developing resistance to these as well, and are therefore
multiply resistant. In some parts of the world, up to 89%
of penicillin-resistant isolates are also resistant to other
antimicrobials. Molecular fingerprinting techniques have
shown diversity among resistant strains from around the
world, but has also shown that many multiply resistant
strains belong to recognizable clonal groups such as one
that was initially isolated in Spain, known as the Spanish
serotype 23F clone. Isolates of the Spanish clone have
been recovered in many countries throughout Europe,
Southeast Asia, the United States, and South Africa. To
stop the further spread of resistant pneumococci, it is
essential to understand the molecular events leading to
the development of resistance and to identify the factors
that allow the fast spread of these strains.

Another problem in the control of S. pneumoniae infec-
tion is the suboptimal efficacy of the current vaccines,
which are mainly based on capsular polysaccharides.
A polysaccharide vaccine has been in use for many
years, based on 23 polysaccharide types that are present
in 90% of the isolates from Europe and the United States.
However, polysaccharide is not an effective immunogen,
and it stimulates a poor immune response in children, the
elderly, and immunocompromised patients such as those
with HIV. Thus the protection provided by the polysac-
charide vaccine is lowest in those groups that are at high-
est risk of pneumococcal infection. Certain population
groups such as Native Americans also demonstrate a
reduced rate of protection following vaccination with
pneumococcal polysaccharides. The immunogenicity of
the capsule antigens can be increased by their conjugation
with immunogenic proteins, and recently a conjugate
vaccine has been released that is based on the seven
most prevalent serotypes. This should provide better pro-
tection in children; however, because the number of cap-
sular serotypes included in the vaccine is limited, there is
a chance that serotypes that are not currently associated
with high levels of disease might become more involved in
pneumococcal disease. The ideal pneumococcal vaccine
would be based on an antigen that is common among
serotypes, so proteins such as PspA and SpsA, whose
functional groups are highly conserved, are promising
candidates for use as conjugate vaccine prototypes.
Viridans Group Streptococci (Oral
Streptococci)

The viridans group of streptococci are also known as the
oral streptococci because they are frequently found in the
oral cavity. This group can itself be subdivided into smal-
ler groups such as the mutans group and the mitis group
(Table 1). They are generally nonhemolytic and form a
part of the normal oral flora of humans, although they can
be found in other sites of the body. Oral streptococci
generally live in microbial communities called biofilms
that are attached to the mucosa and tooth surface, forming
plaque. Living in biofilms protects them from the anti-
bacterial properties of saliva, and helps them to anchor to
surfaces of the mouth and avoid being washed away dur-
ing swallowing. Viridans group streptococci are usually
not considered to be pathogenic, but during dental pro-
cedures and under certain other conditions it is possible
for them to invade host tissues and cause systemic disease
such as bacteremia. Thus the term ‘opportunistic
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pathogen’ is perhaps more accurate to describe them.
They are able to cause serious disease in immunocompro-
mised people and newborns, and they are a leading cause
of dental disease.
Diseases Caused by Oral Streptococci

Dental diseases

Oral streptococci cause dental disease (caries) by dissol-
ving the tooth enamel, exposing the underlying layers and
pulp of the tooth. Although it has been known for over a
century that plaque bacteria use dietary carbohydrates to
generate the acid that weakens tooth enamel, the identifi-
cation of the responsible organisms is still controversial. Of
all the species of bacteria found in dental plaque, only the
mutans streptococci have been shown to be associatedwith
dental caries. Increased levels of mutans streptococci are
considered as strong predictors of current or future decay.
Although mutans streptococci are generally accepted as
being of prime importance, there have been indications
that other oral streptococci might also contribute to dental
caries. Besides dental caries, periodontal diseases, which
affect the gums and bone supporting the tooth, are also
caused by microbes, especially oral streptococci. Some
members of the anginosus group, such as Streptococcus con-
stellatus, have been associated with periodontitis.

Abscesses

Many oral streptococci gain access to the pulp of the tooth
and the region around the root and multiply within the
confined space to produce an abscess. A wide range of
species can be isolated from dental abscesses; among the
most common are streptococci of the anginosus group.
There has been increasing evidence that these strepto-
cocci are also involved in other abscesses. The peritonsillar
as well as deep-neck abscesses are serious infections capa-
ble of causing life-threatening complications. Further,
empyema thoracis as well as lung and brain abscesses are
associated with high mortality. In a prospective study, the
streptococci of anginosus group were identified as the
cause of liver abscesses. In this abscess, the infection was
monobacterial, whereas in other abscesses mixed infec-
tions were involved. The striking capability of the angino-
sus group to cause abscesses has been the target of
investigation. It seems that polymorphonuclear leukocytes
(PMNs) are unable to kill the bacteria completely, adding
to the ability of these bacteria to persist in the host and
cause purulent infection. The exact mechanisms behind
this resistance to phagocytosis are unclear, but some spe-
cies of the anginosus group have been found to produce a
toxin that may lyse PMNs. In addition, the anginosus group
of bacteria produce a spectrum of degrading enzymes that
allow them to multiply in locations where they must obtain
nutrients by breakdown of the host tissues. However, the
exactmechanisms of abscess formation aswell as expression
of virulence traits in response to the environment are still
not fully understood.
Systemic infections

Bacteremia and sepsis

Oral streptococci gain access to the circulation frequently.
More than half of the blood culture isolates obtained after
dental procedures are oral streptococci. Any procedure
associated with breach of soft tissues results in high
frequency of detectable bacteremia by oral streptococci.
There is strong evidence for an oral source for dis-
seminated infections. Fingerprinting techniques have
demonstrated a correlation between oral isolates and
isolates from blood-infected prostatic devices and heart
valve lesions. The ability of oral streptococci to contribute
to systemic disease is observed most dramatically in
patients with neutropenia. In these patients, oral strepto-
coccal bacteremia is frequently associated with the devel-
opment of septic shock and death. Although S. oralis and
S.mitis are predominant in these patients, the involvement
of other oral streptococci, especially from the anginosis
group, cannot be ignored. Therefore oral streptococci
must be considered to be clinically significant systemic
pathogens capable of producing shock and death after
gaining access to the blood. Furthermore, these micro-
organisms are occasionally associated with community-
acquired pneumonia and childhood meningitis.
Infective endocarditis

The most widely recognized systemic consequence of oral
streptococcal bacteremia is infective endocarditis, an
infection of the heart valves and surrounding structures.
Approximately half of all cases are attributed to oral
streptococci. Infective endocarditis is characterized by
septic platelet-rich vegetations on injured heart valves.
Unsuccessful intervention may result in obstruction of
infected valves, dissemination of septic thrombi to other
organs, and death. Among the oral streptococci, the mitis
group is predominant in this disease. The streptococci
move through the blood to selectively attach to and colo-
nize injured heart valves. On the valves, the virulence of
these streptococci may again change, reflecting a unique
pattern of gene expression in vivo. It has been shown that
numerous streptococcal genes are expressed on the heart
valves in animal experimental endocarditis, which are not
expressed in vitro. Approaches in molecular biology may
reveal a variety of previously unknown characteristics.
Although the exact mechanism used by oral streptococci
to cause infective endocarditis is not clear, there are
indications that virulence in infective endocarditis may
require expression of adhesins for injured valve tissue,
mediators of growth, promotion of thrombus, a niche
protected by immune clearance, and resistance to platelet
microbial protein.
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Summary

Streptococcal infections remain a serious health problem
worldwide. Since antibiotics alone have not been able to
control these infections, the development of an effective
vaccine and other control strategies will be the focus of
future research. A prerequisite is the precise understand-
ing of the pathogenesis of streptococcal infections. An
important starting point is the understanding of the path-
ogenesis of rheumatic fever, the mechanisms of the asso-
ciation of group C and group G streptococci in rheumatic
heart disease, and the process by which pneumococci
convert themselves from harmless commensals to highly
virulent pathogens. These results can contribute toward
development of a suitable streptococcal vaccine and an
improved pneumococcal vaccine. In the last few years,
alternative therapeutic strategies that target the critical
infection mechanisms have been gaining interest. To con-
trol streptococcal infections, it also will be essential to
study genetic susceptibility and identify the genetic mar-
kers of patients. The sequencing of the human and strep-
tococcal genomes will make it easier to identify the genes
involved in pathogenesis and susceptibility and to study
their regulation. A bottleneck will be the lack of suitable
animal models. The use of susceptible mouse strains may
solve the problem of invasive infections models, but the
development of a model for rheumatic heart disease
remains a challenge. For this, transgenic and knockout
mice may be helpful. In spite of great expectations,
many more research efforts will be required to develop
effective vaccines and alternative control strategies and to
bring them into the clinical phases.
Stress and (Public) Health
U Lundberg, Stockholm University, Stockholm, Sweden
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The Concept of Stress

In daily life, the concept of ‘stress’ is frequently usedwithout
a precise definition. However, a common meaning of stress
is a condition characterized by, for example, a high work
pace, complex problem solving, time pressures, or conflicts
between different demands, that is, a condition in which one
feels that the demands exceed what one can manage.

In scientific research, the concept of ‘stress’ is not only
used both as a stimulus and as a response but also as an
interaction between the individual and the environment.
Responses to stress involve psychological, behavioral, and
See also: Rheumatic Fever and Rheumatic Heart

Disease.
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bodily components. Stress responses can be induced not
only by psychological and psychosocial factors but also
by physical (noise, heat, cold, vibration) and biological
conditions (exhaustion, infections). Human and animal
responses to stress have developed during evolution and
contributed to adaptation to various environmental con-
ditions. In animals, the evolutionary principles are still
very important. In humans today, however, evolution is
not supposed to determine life or death; humans try to
protect individuals with major handicaps or chronic dis-
eases in order to give all individuals a chance to spread
their genes. It has taken millions of years for the present
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physiological stress systems to evolve. From a human his-
torical perspective, it is obvious that past environmental
conditions quite different from the present ones have
formed these response patterns. During the last ten thou-
sand years, human living conditions have undergone
dramatic changes, which have accelerated in speed in the
recent centuries. The increase in the world population,
migration, farming, and technological developments are
just a few examples of this. From an evolutionary perspec-
tive, this is a very short period in which evolution provides
no significant influence on the functioning of human bodily
systems. Considering that relatively small adjustments of
the human body and biological functions through natural
selection or mutations would take thousands of years, from
a biological perspective, human beings today are very much
the same as they were a hundred thousand years ago.

In order to describe under which conditions stress
responses may arise, a number of models have been pro-
posed. All of these models have received empirical sup-
port in terms of relations to biological markers of stress,
for example, stress hormone secretion, but also in terms of
prediction of stress-related health outcomes, such as car-
diovascular disorders.

According to one model, psychological stress is caused
by an imbalance between perceived environmental
demands and the individual’s perceived resources to
cope with these demands. This means that individual
differences in coping abilities and in their interpretation
of the situation will determine their stress responses.
Based on these appraisal models of stress, not only over-
stimulation in terms of, for example, a heavy workload or
time pressure, but also lack of stimulation can induce imbal-
ance and stress. Understimulation may occur when indivi-
duals are unable to use their education, skills, abilities,
resources, and experiences. Examples of individuals who
may be suffering from this kind of stress are those who are
unemployed, retired, on sick-leave, and those who have
simple, repetitive, and monotonous work tasks.

Another model of stress, the Cognitive Activation The-
ory of Stress (CATS), has also been influential. According
to the CATS model, stress is defined as ‘a negative
expectancy outcome.’ Stress will occur in a threatening
or demanding situation when individuals expect that their
actions are not likely to eliminate the threat or help in
coping with situational demands. In other words, if one
believes that any action will lead to failure, ‘hopelessness’
would be experienced whereas if one expects that there is
no causal relation between one’s actions and outcome,
feelings of ‘helplessness’ would be experienced. In so
doing, stress will be reduced only when actions and
threats are linked by an individual’s expectancy of a posi-
tive response outcome, that is, successful coping.

A third and very well-known model of stress is the
Demand-Control Model, which has been used frequently
during the last three decades to describe stress in the work
environment. According to this model, high demands
combined with lack of influence and control will cause
high job strain. High demands combined with a high level
of control and influence, however, would contribute to an
active and stimulating work situation. Lack of social sup-
port has been added as a third factor contributing to stress.
Social support involves instrumental and emotional help
and appreciation from colleagues and managers. The
Demand-Control Model was initially developed to iden-
tify stress in industrial work and has been found very
useful to predict elevated health risks among workers. In
some modern work situations, characterized by informa-
tion handling and informal work conditions, work stress is
likely to be induced in a more complex way. In such jobs,
the worker has to define the work tasks and set qualitative
and quantitative limits for work performance.

Siegrist (2002) developed a more recent occupational
stress model, which is known as the Effort-Reward Imbal-
ance (ERI) model. This model is relevant for identifying
stress in the modern work environment. According to this
model, the employee has formed a contract with the
employer, in which both parties have certain expectations.
The employee is expected to carry out a specific work
task, and the employer is expected to compensate the
employee by some kind of reward. The reward is usually
monetary but it could also involve career opportunities,
appreciation by colleagues and managers, and occupa-
tional status. Stress is inducedwhen this contract is broken
and the employee’s effort is not adequately rewarded.
Characteristics of the employee can also contribute to
additional health risks. For example, overcommitted indi-
viduals will put increasing effort into their work in order
to make sure that they fulfill all possible expectations than
those who are not overly committed.
Health Problems in Modern Society

In the beginning of the twentieth century, infectious dis-
eases such as pneumonia, diphtheria, and epidemics were
common reasons for death. However, in the industrialized
countries today, there has been a shift in the causes of
death to diseases with a more complex background, such
as cardiovascular disorders and cancer. Myocardial infarc-
tions, stroke, and other cardiovascular diseases cause the
death of almost 50% of the population, and various forms
of cancer cause the death of about a third of the popula-
tion. In less developed countries, such as in several
countries in Africa, infectious diseases such as acquired
immunodeficiency syndrome (AIDS), malaria, diphtheria,
and pneumonia are still common causes of death. In these
countries, women as well as their infants are also at risk of
dying during childbirth.

However, the major health problems affecting the
working population in the industrialized countries today
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are nonfatal disorders with a complex and multifactorial
etiology, where stress seems to play an important role.
Although these disorders cause absenteeism from work,
illness, and an enormous economic societal burden, they
may not necessarily increase mortality. For instance,
women generally report more health problems than
men, but women usually live longer.

In Europe, America, Australia, and in many countries
in Asia, musculoskeletal disorders, such as neck, shoulder,
and back pain, and various mental illnesses, such as
chronic fatigue, burnout syndromes, depression, memory
impairment, and sleeping problems, are dominating
health problems. In addition, behavioral disorders such as
drug addictions (alcohol, narcotics) and eating disorders
(obesity, bulimia, anorexia) are important public health
problems. Among other frequently reported health pro-
blems are headaches, gastrointestinal disorders (e.g., irri-
table bowel syndrome), infections, and type 2 diabetes.
Socioeconomic Status and Health

A typical feature of these disorders is that social, psycho-
logical, and behavioral factors interact with exposure to
different physical and social environments (Sapolsky,
1998). Considerable health differentials can be found
between as well as within countries since health is closely
linked to social position, education, income, and income
distribution. The mechanisms behind these relationships
have been investigated and discussed extensively, but are
not yet fully understood (Marmot, 2004).

The association between socioeconomic status (SES)
and health exists in all parts of the world (Östlin, 2004).
Individuals with higher education, income, and occupa-
tional status are almost always healthier and living longer
than individuals with lower education, income, and occu-
pational status. In economically poor countries, lack of
medical care, inadequate nutrition, polluted water, sub-
standard housing, and poor sanitary conditions are impor-
tant explanations for these health differentials, but in
affluent societies other factors linked to SES, such as
relative deprivation, life style behaviors (smoking, alcohol,
unhealthy food, lack of exercise, violence, etc.), work con-
ditions, and access to social networks are likely to be more
important (Adler et al., 1999). Indeed, understanding the
developmental pathways of these various stress-related
factors in various communities worldwide could lead to a
better understanding of the link between SES and health.

In a recent review summarizing findings on social
position and the physiological mediators of the SES–
health relationship in different species, Sapolsky (2005)
concluded that stress-induced health problems related to
social position depend on the stability of the social hier-
archy. In relatively stable social hierarchies such as among
humans, rats, and mice, where subordinates are exposed to
social stressors and low availability of social support, low
social rank gives rise to a particular psychophysiological
profile. An association based on a reverse causal order is
unlikely. Based on his review, psychophysiological profiles
of single animals do not predict their subsequent ranks in
social groups. In social groups where dominance has to be
repeatedly and physically defended (e.g., among male
chimpanzees), high social status is associated with ele-
vated physiological arousal and increased risk for adverse
health.

Since humans may belong to a number of different
hierarchies, social position or rank is more difficult to
determine than in animals. For example, an individual in
a low-status job or with a low level of education may be a
top player in the local football team or receive a lot of
prestige as a musician or as a performing artist. In addi-
tion, early-experienced SES has been linked to health
over time. Parents’ SES seems to influence their children’s
health status during childhood as well as adulthood. Thus,
describing the physiological mechanisms linking SES to
health can be expected to be more complex in humans
than in animals. Measures of social position, income,
education, and rank in social hierarchies may also differ.
Nevertheless, the SES–health associations are very con-
sistent in humans (Marmot, 2004).
Bodily Responses to Stress

Mental stress causes bodily reactions. By signals from the
cortex, other centra in the brain, such as thalamus, hypo-
thalamus, and hippocampus, are influenced and, in turn,
send signals via nerves, hormones, and/or the immune
system to other centra and, eventually, to all parts of the
body. These bodily responses include the cardiovascular,
the immune, and the gastrointestinal systems, the muscles,
sleep, and healing processes, to name only a few. Via
feedback mechanisms, the brain is informed about these
bodily responses and thus regulates various systems in
order to keep, for example, an adequate heart rate or
blood pressure. However, under certain conditions, such
as under chronic stress, these regulatory mechanisms might
fail and initiate vicious circle processes through which inad-
equate or exaggerated responses will contribute to negative
health outcomes. For example, an increase in heart rate due
to stress may enhance the individual’s perception of stress
and thus induce an additional increase in heart rate, as well
as other biological changes. Two neuroendocrine systems
are of particular importance in coping with stressful condi-
tions: the sympathetic adrenal medullary system (SAM) and
the hypothalamic pituitary adrenocortical (HPA) axis.

The SAM system is activated by sympathetic nerve
stimulation from the hypothalamus. It stimulates the adre-
nal medulla to secrete the two catecholamines epinephrine
and norepinephrine into the blood stream. Elevated
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epinephrine levels in the blood will increase heart rate,
cause vasodilation of the arteries in the muscles and the
brain, and stimulate lipolysis, that is, the release of energy in
terms of glucose and lipids into the blood. Norepinephrine
is also a transmitter substance in the sympathetic nervous
system. During activation of this system, norepinephrine
will be released into the blood from sympathetic nerve
endings. It is important to mention that it also has an
important role in controlling blood pressure homeostasis
by vasoconstriction of the blood vessels. During stress, vaso-
constriction of the blood vessels will cause a redistribution
of blood from the gastrointestinal system and the skin to the
muscles and the brain, as well as contribute to an increased
supply of energy and oxygen to the cells. Thiswill happen in
less than a minute after stress exposure, and this energy
mobilization will increase the individual’s possibilities to
survive by fight and flight in a threatening situation. Both,
epinephrine and norepinephrine can be measured in blood
and in urine.

The HPA axis is also activated by signals from the
cortex. By means of the hypothalamus and hippocampal
formation, the pituitary is affected by hormonal signals
(corticotropin releasing factor, CRF) and responds by
increasing the secretion of ACTH (adrenocorticotropin
hormone). Through the blood stream, ACTH will stimu-
late the adrenal cortex to secrete cortisol. It takes about
30min after exposure to a stressful situation for the cortisol
level to reach its peak. Cortisol affects the metabolism in
the cells and has an important role in controlling the
immune system (antiinflammatory effects). Moreover, this
system prepares the organism for sustained stress exposure.
Cortisol can be measured in blood, urine, and saliva.

In an acute stress situation, for example, in response to
a sudden physical threat, the elevated levels of stress
hormones will start a series of bodily responses. There is
an increase in heart rate and blood pressure and a rapid
release of energy from the liver in terms of glucose and
lipids into the blood stream, metabolic activity is attenu-
ated (decreased salivary production and gastrointestinal
activity), reproductive activity is reduced (decreased
secretion of sex hormones), and some of the immune
functions are activated during an acute stress response.
In addition, pain sensitivity is reduced, pupils are dilated,
concentration will narrow in on the immediate threat
(tunnel vision), and certain memory systems will be
strengthened. As a result, more energy to the muscles
and the brain will increase physical and mental capacity.
Reduced pain sensitivity will make the individual capable
to continue to fight or run, even in the case of tissue
damage, and increased coagulation will reduce bleeding.
By remembering under which circumstances the threat
appeared, the individual will also have a better chance
to avoid similar threats in the future. In conclusion, this
well-orchestrated series of actions in various systems will
increase the individual’s mental and physical resources
to cope with an acute physical threat, but it is less ade-
quate or may even be harmful during mentally induced
stress. In addition, the responses to chronic or long-term
stress may be quite different, and sometimes even the
opposite series of actions can occur. Chronic stress may
cause increased pain sensitivity and impaired immune
and memory functions. During chronic stress, activity in
the HPA axis is particularly important.
Stress as a Health-Promoting or
Health-Damaging Factor

In modern society, exposure to mental and psychosocial
stress is probably more common than exposure to physical
threats. Under conditions of psychological stress, an
increase in heart rate, blood pressure, and blood lipid
levels may be more harmful than protective. For example,
it has been reported that psychological strain contributes
to cardiovascular disorders. In addition, psychosocial
stress conditions in terms of economic difficulties, rela-
tional problems, unemployment or threat of unemploy-
ment, unsatisfactory working conditions, to name a few,
are usually more long-lasting than physical threats or
demands. In response to physically exhausting work, it is
possible to take a break in order to rest and recover,
whereas psychosocial problems exist steadily over time
and may influence the individual continuously. Today,
just as psychological stress exposure is more common than
physical threats, individuals are more likely to experience
long-term or chronic stress induced by psychosocial
conditions rather than by physical demands or threats.

In ancient times, it is likely that acute threats to
survival, induced by confrontations with dangerous ani-
mals, human enemies, hunting, extreme weather condi-
tions, and so forth, were the dominating sources of stress.
Between these acute stress episodes and moments with
sufficient access to food, it is possible that individuals had
more time to sleep, rest, and recover. Lack of artificial
light also made it necessary to be inactive or sleep during
a large part of the day. Although human beings are rather
resistant and can survive under long-term stressful con-
ditions, there is likely to be an upper limit for each
individual beyond which stress-related symptoms start
to appear. For long-term health and survival, an adequate
balance is necessary between energy mobilization and rest
and recovery. As pointed out by Sapolsky (1998), animals
living in their natural habitats, such as zebras on the
savannah, are unlikely to develop stress-related disorders.
He explains that animals do not spend time on rumination
after a stressful event by thinking about what could have
happened if they had not escaped from a lion or another
predator. Animals are also less likely to anticipate and
become stressed by possible future threats. As a conse-
quence, after an acute stressful event, animals will unwind
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rapidly and change from catabolic (energy mobilization)
to anabolic processes, such as eating, digesting, healing,
mating, and sleeping.

In order to describe when stress responses are health
protective versus health damaging, McEwen (1998) and
others have proposed the Allostatic Load Model. Allo-
stasis refers to bodily responses necessary for adjustment,
protection, and survival. An adequate economic and
healthy response to acute stress exposure means a rapid
activation of the allostatic systems in order to cope with
the stressor and, at the end of the stress exposure, a rapid
return to baseline in order to be able to rest and recover.
According to the Allostatic Load Model, health problems
may be caused by too frequent activation of the allostatic
systems or by an inability to shut off these responses. Also
an inadequate (blunted) response, due to dysregulation or
exhaustion of a system, may cause health problems
because an inability to mobilize resources by one system
may cause compensatory overactivation of other systems.

Sympathetic arousal is considered to reflect an active
‘defense reaction’ (fight-or-flight), whereas activation of
the HPA axis is representing a ‘defeat reaction.’ In species
living in relatively stable social hierarchies, subordination
has been linked to activation of the HPA axis (secretion of
cortisol or hydrocortisone in primates and corticosterone
in rodents) (Sapolsky, 2005). It has been suggested that the
HPA axis is influenced by social position even in humans,
where the SAM system is involved, too (Cohen et al., 2006).
Such findings, however, are not consistent (Kristenson
et al., 2004).

In conclusion, the physiological stress systems have
evolved due to their protective role in human and animal
development. These systems are also necessary for survival
today, but as indicated above, the threats and demands of
modern society can be quite different from conditions
that faced our ancestors. The mobilization of energy
induced by the bodily responses to stress will enhance
resources for ‘fight or flight,’ but is less adequate in situa-
tions requiring mental problem solving or an ability to deal
with conflicting information, to name only a few.
Stress-Related Disorders

Sympathetic activation involves elevated blood pressure
and heart rate, and increased cholesterol levels. Sustained
sympathetic activation is considered to contribute to cor-
onary heart disease. Dysregulation or hyperactivity of the
HPA axis contributes to a number of health problems,
such as coronary heart disease, type 2 diabetes, reduced
immune function, and memory impairment.

An association between stress and coronary heart dis-
ease has been demonstrated in a number of studies. In the
1970s, men characterized by the stress-related type
A behavioral pattern, that is, time urgency, impatience,
hostility, and competitiveness, were found to be at signifi-
cantly greater risk of developing a myocardial infarction
compared to their more relaxed type B counterparts,
independent of other physical risk factors such as hyper-
tension, blood lipid levels, cigarette smoking, and diabe-
tes. Type A individuals have also been found to respond to
stress with more elevated stress hormones and cardiovas-
cular responses. Work stress as measured by the Demand-
Control Model or the Effort-Reward Imbalance Model
has also been linked to cardiovascular illness in prospec-
tive studies (Siegrist, 2002).

The mechanisms linking psychosocial stress and
behavior to cardiovascular disorders, such as myocardial
infarction, have been investigated extensively. The follow-
ing series of events has been suggested:

1. Psychosocial stress will cause an increase in blood
pressure and heart rate, as well as a release of energy
in terms of glucose and free fatty acids into the blood
stream.

2. Frequent or chronic elevation of the blood pressure
will contribute to structural changes in the arteries, for
example in the coronaries supplying blood to the heart
itself (myocardium).

3. High blood pressure will lead to thicker and stiffer walls
of the blood vessels and a smaller diameter (lumen) will
reduce the blood flow, which will, due to higher vascu-
lar resistance, increase the blood pressure even more.

4. A high heart rate and elevated blood pressure may
cause damage to the inner walls (endothelium) of the
blood vessels, particularly where a vessel branches off.

5. Fatty acids will be built into the walls at these places on
the blood vessels and form foam cells in the intima
(atherosclerosis).

6. The high level of blood lipids during stress will
enhance the atherosclerotic process.

7. A narrowing of the coronary arteries due to thicker
walls and atherosclerosis will reduce the blood to the
myocardium. The individual will feel pain (angina)
when exposed to physical and mental effort requiring
more energy and oxygen to the heart.

8. Blood clotting (coagulation) increases during stress
and will in combination with atherosclerosis further
increase the risk of a myocardial infarction, that is, a
complete obstruction of the blood flow to parts of the
heart muscle.

9. Furthermore, atherosclerotic arteries have been found
to respond paradoxically to stressful demands by vaso-
constriction rather than by vasodilation (Harris and
Matthews, 2004).

Behavioral factors influenced by stress, such as
unhealthy food habits (fast food, lack of vegetables and
fruit), sedentary behavior, cigarette smoking, and alcohol
abuse, will contribute to cardiovascular risk and to the
metabolic syndrome (see below).
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Early stress exposure and responsivity to stress may
determine the function of the stress systems later in life as
illustrated in animal studies (Adler et al., 1999). It has also
been found that elevated blood pressure reactivity at the
age of 20 may predict increased risk of hypertension
20 years later.

High cortisol levels cause an accumulation of fat in the
central parts of the body, due to the high density of cortisol
receptors on the fat cells. In addition, cortisol contributes
to a decrease in the secretion of anabolic hormones, such
as sex and growth hormones, which reduces muscle mass
in men and contributes to fat distribution from hips and
buttocks to the abdominal region (visceral fat) in women.
This visceral fat is rich in energy, and free fatty acids are
readily released into the blood. In heavy physical work this
resource supports the muscles with energy, but in response
to psychosocial stress the same release of lipids into the
blood increases the atherosclerotic process. Patients
suffering from Cushing’s syndrome, a condition caused
by very high cortisol levels, demonstrate all these effects
in a dramatic way. However, similar but less extreme
effects can be seen in individuals exposed to long-term
stress. By reducing cortisol levels, some of these processes
can be reversed. It has also been suggested that cortisol
mediates the effect of the intra-uterine environment on
adult circulatory disease, but the evidence is contradictory.

Overactivity of the HPA axis causes insulin resistance
and thus contributes to type 2 diabetes. The body
responds with increased insulin secretion, which may
not be enough to compensate for this effect. Conse-
quently, the cells’ uptake of glucose from the blood will
be reduced and they will lack energy. The combination of
high blood pressure, high lipid levels, and abdominal fat is
commonly referred to as the metabolic syndrome
(Grundy et al., 2005), which is linked to cardiovascular
disease as well as to type 2 diabetes. Life style factors such
as cigarette smoking, a high-fat diet, and sedentary beha-
viors are also associated with this syndrome.

An additional consequence of long-term stress and
chronic overactivity of the HPA axis is impairment of
the immune system, with increased risk of infections and
delayed healing processes. Cohen (2005) has performed a
series of controlled experiments in order to demonstrate
how susceptibility to the common cold increases with the
amount of chronic psychosocial stress in a dose–response
fashion, and that this association is mediated by impaired
immune functions. It has also been shown that chronic
stress and depression contribute to a more rapid deterio-
ration of the immune system of HIV patients, reducing
the time before AIDS develops. Social support seems to
have the opposite effect. It not only increases the time
before AIDS develops but also reduces the risk of viral
infection irrespective of stress level (Cohen, 2005).

Cortisol serves as a reliable marker of HPA activity in
humans. Measurements from saliva, in particular, have
several advantages as they reflect plasma levels and con-
tain free (active) cortisol where the concentration is unre-
lated to saliva flow. Another benefit is that samples can be
stored at room temperature for up to three weeks. Saliva
samples are also easy to collect without interfering with
the participants’ normal environment or causing any pain
or discomfort. The cortisol-awakening response and the
difference between morning and evening levels seem to
be of particular importance. Chronic stress and depression
have been found to be associated with a flatter diurnal
curve, attenuated responses to stress, and elevated base-
line levels. High SES and psychological well-being seem
to reduce HPA activity (Ryff et al., 2004), but the results
are inconsistent. Specific conditions such as burnout syn-
dromes and posttraumatic stress disorders have been
found to be associated with suppressed cortisol levels.

The role of stress in gastrointestinal disorders such as
irritable bowel syndrome and ulcers has been discussed
for a long time. When a bacterium, Helicobacter pylori, was
found to be responsible for the development of stomach
ulcers, the role of stress in this disorder was questioned.
However, most do not develop ulcers despite the fact that
they have this bacterium, and some individuals develop
ulcers without Helicobacter pylori. According to Sapolsky
(1998), the gastrointestinal system (saliva production,
stomach function, and intestinal activity) is not prepared
to digest food after a period of stress because the mucous
membrane in the stomach is thinner. The release of
hydrochloric acid in response to food intake is therefore
likely to damage the inner walls of the stomach and give
the helicobacter a chance to invade the stomach wall.

Memory impairment (episodic memory) is also caused
by high cortisol levels due to a breakdown of the dendrite
connections between the neurons of the hippocampal
formation in the brain. By reducing cortisol levels, these
connections are reestablished and memory functions can
be restored.

Despite considerable improvements of the physical
work environment such as less heavy lifting and better
ergonomic conditions, musculoskeletal disorders (MSD)
remain a major health problem and constitute one of the
most important reasons for long-term sick leave from
work. In addition, neck, shoulder, and back pain are com-
mon not only in heavy physical work but also in jobs
requiring very little physical strength but which may be
psychologically stressful, such as work at a computer and
light assembly work. This indicates that other factors,
such as mental and psychosocial stress, are likely to play
an important role in these disorders, a notion that is
supported by epidemiological studies showing that work
stress may predict MSD. In order to explain how long-
term but low muscular activity may develop into muscu-
lar pain problems, a number of different models have been
proposed (Lundberg and Melin, 2002). One of these mod-
els, the Cinderella Hypothesis, is based on an orderly
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recruitment of motor units in the trapezius muscle, cov-
ering the neck, shoulders and upper part of the back, in
response to increased muscular force. At low levels of
force, motor units with low thresholds are activated first
and remain activated until complete relaxation of the
muscle. Under long-term and low levels of muscle activ-
ity, these motor units may become exhausted and various
degenerative processes may start that eventually lead to
pain conditions. Recently, it has been demonstrated that
mental stress may activate the same motor units as physi-
cal demands and, consequently, it may keep these low-
threshold motor units active even in the absence of
biomechanical work. As mental and psychosocial stress
can be long-lasting, this may be an important factor for
the development of muscle pain in psychologically stress-
ful but physically light work. Additional reasons for the
development of muscle pain due to psychological stress
are the lack of time for healing of damaged muscle fibers
that are constantly active and the lack of adequate signals
of fatigue when very little muscular capacity is used.
Under such conditions, the individual may continue to
work until a chronic pain syndrome develops, without any
awareness of motor unit exhaustion.

Muscle pain associated with psychological factors at
the workplace can be explained by a blocking of pauses in
muscle activity unrelated to the actual biomechanical
work being performed. This will reduce restitution and
contribute to sustained activity in low-threshold motor
units. This is consistent with data showing that women
unable to relax during breaks at work, and women with
few ‘EMG-gaps,’ were more likely to develop pain syn-
dromes (trapezius myalgia) during their first year in a new
job involving repetitive tasks than their counterparts in
the workplace (Veiersted et al., 1993).

Additional explanatory models for stress-induced
muscle pain are based on the following:

. the effects of stress-induced hyperventilation on blood
pH-levels (alkalosis) leading to muscle tension and
increased sensitivity to stress hormones;

. the interaction between nerves and stretching of blood
vessels in the muscle, contributing to the secretion of
substances increasing pain sensitivity;

. stress-induced dysfunction of the muscle spindles reg-
ulating muscle force and coordination of movements,
which may start a vicious circle of successively
increased muscle tension and an accumulation of
pain-inducing substances.

Because the responses to stress are part of a dynamic
process, single measures showing high or low levels of
stress hormones are usually not sufficient to identify
health risks. Chronic stress seems to change the regula-
tion of various physiological processes rather than
causing high or low activity in specific systems. This
could happen due to excessive and/or long-term stress
hormone secretion, combined with high or low regulation
of receptor sensitivity.

Whereas some disorders, such as hypertension, athero-
sclerosis, hyperlipidemia, and diabetes, can be diagnosed
reliably by medical examinations and laboratory tests, a
large number of disorders, termed as subjective health
complaints or medically unexplained symptoms, cannot
be objectively confirmed. Muscular pains, stomach dis-
comfort, headaches, and various psychological problems
(depression, chronic fatigue, burnout syndrome, sleep
problems) can only be measured by self-reports. Similarly,
in medical examinations of these disorders, the physician
has to make the diagnosis on the basis of the patient’s
subjective reports. These disorders usually have a multi-
factorial etiology and represent the most common reasons
for absence due to sickness from work. Stress is assumed
to play an important role in the development of subjective
health complaints.
Gender Differences in Stress-Related
Health

Women generally report more health problems, seek more
medical care, and use more medication than men. Yet
women usually live longer, which may seem like a health
paradox. It is important to mention that gender differences
in longevity vary between countries. The most pro-
nounced gender difference, of about 13 years, is seen in
Russia. In other European countries and in North Amer-
ica, the corresponding gender differences vary between
four and eight years. In poor countries, where women are
at great risk of dying during childbirth, there are smaller or
no gender differences in longevity, and in some countries,
men may even live longer than women. The ‘health para-
dox’ in most countries may be due to other reasons than
the nonfatal health problems affecting people in daily life.

In industrialized countries in Europe and North
America, men’s shorter life span is due to a number of
factors, such as life style, work conditions, risk behaviors,
and biological factors, many of which are stress-related.
Women usually eat healthier food, exercise more, and less
often drink excessive amounts of alcohol. Cigarette smok-
ing has, until recently, been more common among men
than among women, and continues to be the case in many
countries. However, in Europe and North America smok-
ing has decreased among men and increased (or remained
common) among women, which is reflected in an increas-
ing incidence of death from lung cancer among women.
On the other hand, men are still dying from lung cancer
and cardiovascular disorders due to decades of cigarette
smoking. With regard to work conditions, men are more
often exposed to hazardous conditions at the job whereas
fatal accidents at work are rather unusual among women.
In addition, men more often expose themselves to various
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risks and neglect to use protective means or follow proper
safety instructions for dangerous equipment, not only at
work but also in traffic. As a consequence, men die more
often than women due to accidents, particularly in car and
motorcycle accidents. Men also commit suicide more
often than women, although suicide attempts are more
common among women. Compared with men, women
also seem to be more attentive to minor symptoms. Com-
bined with seeking medical care and the more frequent
use of medication, this may protect women from more
serious diseases. However, another important explanation
for why men die earlier than women is gender differences
in age when cardiovascular diseases appear. Although
women die of myocardial infarctions, strokes, or other
cardiovascular disorders about as often as do men, they
seem to be somewhat protected before menopause. Spe-
cifically, before the age of 50, myocardial infarctions are
3–4 times more common among men than women. After
menopause, when women’s estrogen production ceases,
their risk of cardiovascular diseases increases and, conse-
quently, they often contract and die due to cardiovascular
diseases when they are older than do men.

With regard to gender differences in nonfatal health
problems, a number of factors are likely to contribute,
such as biological factors, violence, and work conditions.
From a stress perspective, gender differences in type of
job and work tasks, as well as in total workload, may be of
importance for health. Women and men often have differ-
ent types of jobs and even when they have the same job
they often do different tasks. For example, as physicians,
women are often working within emotionally demanding
specialties, such as geriatrics and psychiatry, where
patients remain for long periods of time because they
recover slowly or not at all, whereas men work within
surgery and cardiology, where treatment usually is more
efficient and rapid and the long-term emotional load
therefore is likely to be less pronounced.

Women more often than men are performing repetitive
tasks, which are associated with lack of unwinding after
work and with health problems such as upper extremity
disorders. As lack of rest and recovery seems to be an
important health risk, these findings seem relevant for gen-
der differences in health. Occupations dominated by
women are also often characterized by low control and
lack of autonomy, which according to the Demand-Control
Model are likely to induce job strain and health problems.

With regard to total workload, unpaid work from
household duties and child care may in some cases con-
tribute to work overload and lack of opportunities for rest
and recovery, a situation which is more common for
women than for men. Despite women’s equal participation
in the paid work force, women still carry the primary
responsibility for child care and other unpaid duties at
home. Consequently, the total workload (sum of paid and
unpaid work) of full-time-employed women is greater
than that of men, particularly in families with children.
Women’s employment per se is generally associated with
positive health consequences, but there may be a limit at
which the combined load from paid and unpaid work
responsibilities becomes a health problem. For example,
in a recent study comparing paid and unpaid workload in
matched groups of full-time-employed men andwomen, it
was found thatmore women thanmen had a total workload
exceeding 80 hours per week and that women reported
more conflicts between paid and unpaid work. Also in
these matched groups, women reported significantly
more symptoms than men. In recent years, the prevalence
of stress-related health problems has increased dramati-
cally in many industrialized countries and the gender
differences have become even more pronounced.

In order to compare stress and work conditions in men
and women, several studies have been performed on full-
time-employed and highly educated women and men
matched for age, occupation, education, and number of
children (Lundberg, 2002). Measurements of stress levels
during and after work show that there are no pronounced
gender differences during work. However, men generally
unwind rapidly at the end of the work day, whereas
women’s physiological stress levels remain high for
hours after work. Both women and men report a peak
total workload between 35 and 40 years of age. As would
be expected, the number of children at home was found to
be of considerable importance for the total workload in
terms of hours per week. In families with no children at
home, the total workload was about the same, that is, a
little more than 60 hours per week. However, in families
with three or more children, women’s total workload was
almost 90 hours and men’s total workload was about 70
hours. The conflict between demands increased and the
control over household work decreased with an increase
in number of children at home.

In families with small children at home, the number of
extra hours in paid work (overtime) has been associated
with elevated epinephrine levels during weekends in
women but not in men. Moreover, women who regularly
workmore than 50 hours per weekwere found to have twice
as high cortisol levels in the morning during the weekend
compared with women working fewer hours. In a study of
600 000 male and 400 000 female workers it was found that
overtime at work (10 hours or more per week) was asso-
ciated with elevated risk of myocardial infarction during a
one year follow-up for women but not for men. However, in
a study of telework among women and men, it was found
that men had significantly higher epinephrine levels than
women in the evening after working from the home but not
when working at the office, indicating that men continued
to work in the evening when working from the home.

The influence of mental stress on women’s muscular
tension seems to be enhanced in repetitive physical work.
Jobs combining mental and physical demands, for exam-
ple, data entry and assembly work, which are often held
by women, may in turn form a particular risk for the
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development of neck and shoulder disorders. Although
biomechanical factors and mental stress seem to contrib-
ute to muscle tension in both men and women, lack of
influence over the work–rest balance, repetitive work
tasks, and unpaid work responsibilities may contribute to
keep women’s stress levels and muscle tension elevated off
the job as well. Furthermore, women generally report
more sleeping problems than men. As sleep is the most
important form of rest, where many important anabolic
processes are activated, lack of sleep may contribute to the
allostatic load in women.

Research indicates that the stress of employed women
is determined by an interaction between conditions at
work and conditions at home, whereas men respond
more selectively to the specific stress situations at work.
Men’s stress levels seem to be determined by their actual
stress exposure at work, which means that they are better
able to relax compared with women when they come
home in the evening and during weekends. The most
stress-inducing factors may consist of the anticipation of
future commitments and events. This is consistent with
the fact that stress from paid and unpaid work interacts
more for women than for men and that women’s occu-
pational stress may not always be seen in terms of ele-
vated physiological stress levels at work, but may just as
well be reflected in elevated physiological arousal at
home. Indeed, total workload, role conflicts, responsibil-
ities, and family issues influence women’s life and stress
responses in a complex way.

In conclusion, the different roles occupied by men and
women are likely to have negative as well as positive
health consequences. Work overload and role conflicts
are assumed to add to the ‘wear and tear’ of the organism
according to the Allostatic Load Model. However, occu-
pying different roles may also increase social and eco-
nomic status and serve as a buffer against stress-related ill
health. Yet, one role may also ‘spill over’ into other roles.
Therefore, public health efforts to improve health gaps
between men and women need to incorporate both family
and work life.
Positive Health

There are considerable individual differences in sensitiv-
ity to stress exposure. Although an overwhelming amount
of research has been focused on psychosocial factors con-
tributing to ill health, some studies have been performed
in order to investigate factors contributing to good health
and protection against stress. Social support and high
social status are examples of factors known to protect
against stress-related disorders.

Ryff et al. (2004) have identified six factors contributing
to ‘positive health’ or ‘psychological well-being’: self-accep-
tance, positive relations with others, autonomy, environ-
mental mastery, personal growth, and purpose in life.
These factors are measured by the Ryff Psychological
Well-Being Scale. High scores on this scale are associated
with physical and mental health, longevity, and a buffer
against stressful life events. Asmentioned above, psycholog-
ical well-being has also been linked to biological markers.

Sense of coherence (SOC) is another concept used to
describe factors contributing to good health. Concep-
tually, it includes perceptions of the environment as struc-
tured, predictable, and understandable. A well-known
instrumentmeasuring dimensions ofmanageability, mean-
ingfulness, and comprehensibility has been developed for
measuring SOC. In recent studies, it has been shown that
women with high SOC have lower systolic blood pressure,
better lipid profiles, and lower allostatic load.
Conclusions

Stress is a major health problem in most industrialized
countries today. Part of the population seems to suffer
from stress induced by work overload, time pressures, and
too much responsibility, whereas another part of the pop-
ulation is suffering from stress induced by unemployment,
economic problems, and understimulation. Whatever the
underlying cause, stress influences various bodily func-
tions that are at times health protective and at others
health damaging. Short-term stress exposure is usually
not a health risk, whereas long-term stress exposure,
even on a low level, may contribute to symptoms by
influencing various bodily organs and functions. Stress
may also influence health indirectly by various risk beha-
viors such as unhealthy food habits, lack of physical exer-
cise, cigarette smoking, drug abuse, accidents, and suicide.

By definition, stress means activation of physiological
systems and mobilization of energy, that is, a catabolic
response, which in the long run has to be balanced by
anabolic processes. The human body is rather robust and
may be activated rather frequently, intensely, and for long
periods of time without health problems. However, sooner
or later, these processes have to be replaced by anabolic
processes, such as digestion, healing, rest, and reproduc-
tion. The long-term balance between catabolic and ana-
bolic processes becomes critical for health. Research
indicates that women and individuals in low-status posi-
tions are at particular risk of stress-related disorders.
Today, it is possible that lack of relaxation is an even
more important health problem than the absolute level
of mental and physical stress exposure.
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restore health in the population. The World Health Orga-
nization (WHO) World Health Report 2000 emphasizes
that health systems concerned with bettering health must
address issues of goodness and equity, in addition to indi-
vidual physical and mental well-being. Goodness relates to
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how well the system responds to people’s expectations
(responsiveness), and equity refers to fairness of the systems.
Health systems have to provide financial protection against
the cost of ill health. A good health system is measured
according to its attainment and performance. Attainment
measures what health systems achieve with respect to: good
health, responsiveness, and fair financial contribution. Per-
formance compares attainments with what health systems
should be able to accomplish, that is, attaining the best
achievable results with the resources available.

Health systems cannot be held responsible for socio-
economic differences in the population that influence
health disparities. However, they can be accountable for
excess deaths and illness resulting from diseases that are
preventable and/or curable. Governments carry the ulti-
mate responsibility for the performance of national health
systems. Governmental stewardship (protecting the pub-
lic interest) drives the responsibility for the health of
the population and thus the quality and efficiency of the
health systems.

An analysis of health systemperformance in sub-Saharan
Africa necessarily involves evaluating efficiency and quality
of the provision of care. The roles of providers and health-
caremanagers are an important component of performance.
Dually important is the ability of consumers to access the
health system, and their overall engagement with the sys-
tem. Countries in sub-Saharan Africa seldom evaluate
health systems performance, hence their inability to detect
inequalities and other problems.Without performance eval-
uation, populations who experience economic, social, and
political marginalization will continue to be unattended.
Composition of Health Systems in
Sub-Saharan Africa

The wide diversity of health-care arrangements in the-
region involves both biomedical and traditional health
systems.
Table 1 Selected low-income countries with more than 50%

private health-care expenditures as a percentage of total health

expenditures, Africa 2004

% Government spending % Private

Gambia 27.1 72.9
Guinea 13.2 86.8

Guinea-Bissau 27.3 72.7

Togo 20.7 79.3
Uganda 32.7 67.3

Tanzania 43.6 56.4

Kenya 42.7 57.3

Ghana 42.2 57.8

Reproduced from World Health Organization (2007) Core health

indicators, the latest data from multiple WHO sources. http://

www.who.int/whosis/database/core/core_select_process.cfm

(last accessed September 2007).
Biomedical System

In sub-Saharan Africa health systems operate within a
complex and changing environment. There are many insti-
tutions involved in health care beyond the ministries of
health (MOH). These are made up of national and interna-
tional institutions, each with their own responsibilities. In
addition to governmental contribution, private for-profit
and not-for-profit or nongovernmental organizations
(NGOs) including faith-based organizations are also
involved in the provision and financing of health-care ser-
vices. In many low-resource countries of sub-Saharan
Africa, where the public sector has failed to meet the
demand for health care of the populations, NGOs and the
private sector have stepped in to provide essential services.
Table 1 shows examples of low-income countries in the
region by level of health-care expenditures as a percentage
of total health. Additionally, changes in financing and mar-
kets in these countries have affected private sector develop-
ment. Despite investments in health systems, many
countries are falling short of their performance potential,
augmenting burden of disease experienced by poor and
vulnerable populations. Health ministries have largely
focused on managing the public sector. However, given
the current growing private sector contribution, there is a
need for governments to use the resources of the private and
NGO sectors to actualize optimal health system perfor-
mance. The breakdown between public, private, and
NGO health-care sectors varies throughout sub-Saharan
Africa. In some countries, two-thirds of health-care services
are provided by the public sector, and one-third is a combi-
nation of private and NGO sectors (e.g., in Cote d’Ivoire,
Ghana, Guinea, Kenya, Madagascar). In other countries,
private and NGO contribution in service delivery surpass
that of the public sector (e.g., in Tanzania, Malawi, Uganda,
and others). Of all countries in the region, South Africa has
seen the largest increase of private health-care sector pro-
vision (excluding contributions from NGOs). In the repub-
lic of Tanzania, for example, half of all private hospitals and
3% of health centers are privately operated (Castro-Leal
et al., 2000).

The gap left from the private and public health cover-
age is often filled by the voluntary sector. These NGOs
carry out the roles of social service providers in an effort to
provide support to poor and vulnerable populations.
NGOs are managed separately from the public sector,
although they may receive government funding. Similar
to other health professions, NGOs are primarily moti-
vated by humanitarian concern. There are several types
of NGOs operating within the health sector of sub-
Saharan Africa: religious organizations, international and
local NGOs, professional associations, and many others
registered as not-for-profit organizations. They remain

http://www.who.int/whosis/database/core/core_select_process.cfm
http://www.who.int/whosis/database/core/core_select_process.cfm
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major providers of services in areas that lack access to
public health services. Benefiting from their separation
from government bureaucracy, NGOs have a greater abil-
ity to innovate and react quickly to changing needs.

In a 1994 policy paper, Gilson et al. identified four
primary health-care sector functions of NGOs:

1. Service provision: NGOs provide health-care ser-
vices similar to those provided by government or private
companies. NGOs typically serve a different population
that may be underserved in these other sectors. In
Zimbabwe and Tanzania, 80–90% of church hospitals are
in rural areas without other providers (Gilson et al., 1994).
This high percentage of charitable organizations providing
services in rural areas is very common even today in many
other countries in the region. NGOs also work in urban
slums and with other marginalized populations.

2. Social welfare activities: NGOs recognize the link
between social status and health, and work to provide
essential services to underserved groups. In this group
we can include NGOs that are involved in caring for the
disabled, children, or youth, such as the international
social welfare organizations Save the Children Fund and
CARE.

3. Support activities: NGOs may support government
health-care activities such as supplying low-cost drugs,
training the health-careworkforce, and other activities that
lead to better functioning of the health-care system. In
general, African church organizations train their own
health-care workers with variable degrees of government
oversight. In Tanzania, for example, the government sets
the standards and certifies the qualifications of health-care
workers graduating from church schools. In Uganda the
drugs for the NGO sector are centrally purchased by the
Joint Medical Stores, operated by the Catholic and Prot-
estant boards.

4. Research and advocacy: NGOs have the ability to
influence overall policy regarding health systems. They
make a significant contribution to policy changes by effec-
tively lobbying for the provision of free antiretroviral
therapy in sub-Saharan Africa. Health-care programs
run by NGOs can become models for larger public sector
services. If the small scale of NGOs limits their replica-
tion potential on the national level, they may still garner
community support to influence health-care structure.
Many NGOs have a research arm in addition to a service
arm, which they use to examine health interventions.

Perception of quality of services provided by NGOs
tends to be higher than that of the state. A study in
Tanzania found that 45% of participants preferred to use
an NGO facility because of availability of drugs and ser-
vices (Mujinja et al., 1993). However, another Tanzanian
study found negative quality indicators in NGO health
worker performance (Gilson, 1992). However, the case of
Tanzania seems not to be the norm in sub-Saharan Africa.
Better perceived quality in the NGO sector may itself
lead to higher utilization, thereby increasing efficiency of
service provision. Conversely, if services are viewed as
being of low quality, utilization and efficiency may be
below that of government services.

In sub-Saharan Africa the NGO health-care sector has
been plagued by management issues, resulting in ineffi-
ciencies. NGOs have the ability to integrate closely into a
community and address specific needs. This asset may
also hinder the NGOs’ abilities to translate their work
onto a national level and secure funds to larger resource
areas. Relations between NGOs and national health-care
systems are not always symbiotic or communicative.
Umbrella organizations seek to improve coordination
between these groups, and facilitate dialogue that involves
community members as well. In Ghana, NGOs register
their facility and medical staff with appropriate govern-
mental agencies. Health information systems are coordi-
nated and data are collected by the umbrella organization,
Christian Association of Ghana (CHAG). Other countries
in the region have similar structures. The Malawi church
organizations’ members of the Christian Association of
Malawi provide health-care benefit from purchasing
drugs from the Government Central Medical Store at
subsidized prices.
Traditional Healing System

The biomedical system seems to predominate in sub-
Saharan Africa. However, the region has significant
cultural healing traditions that cannot be overlooked.
Traditional healing systems refer to health practices that
incorporate plants, roots, animal- and mineral-based
therapies, spiritual therapies, and rituals, used individu-
ally or in combination to diagnose, prevent, and treat
diseases. According to the WHO, in Africa up to 80% of
the population uses traditional medicine for primary
health care (WHO, 2003). In many instances both the
biomedical and the traditional healing systems are used
for management of the same episode of disease. Evidence
from Ghana, Mali, Nigeria, and Zambia shows that 60%
of children with high fever resulting from malaria use as a
first line of treatment some form of traditional medicines
at home before using conventional treatment (WHO,
2003). Scientific evidence related to the efficacy of the
traditional healing systems is for the most part deficient.
Results of the use of traditional healing systems can vary
from no effect to negative or even a dangerous effect.

Research is needed to ascertain the efficacy of most
practices and medicinal plants widely used to treat the
leading diseases that cause death and disability. One
such disease is HIV/AIDS. It is estimated that in South
Africa 75% of people living with HIV/AIDS use tradi-
tional medicines (WHO, 2003). A study by Babb et al.



Table 2 The 10 leading causes of death in sub-Saharan

Africa, 2001

Percentage of total deaths

1. HIV/AIDS 19.0

2. Malaria 10.1

3. Lower respiratory

infections

10.0

4. Diarrheal diseases 6.6

5. Perinatal conditions 5.3

6. Measles 4.1
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(2004) showed that in a workplace clinic in South Africa
in which an antiretroviral (ART) program had been
recently launched, the majority of the clients were also
using traditional medicine. These traditional medicines
were given primarily by traditional healers and herbalists,
and about 21% of the users obtained products from
their own yards and fields. The potential for drug inter-
action in this case is unknown, but users were for the
most part satisfied with the results, and had no side effects
to report.
7. Cerebrovascular disease 3.3
8. Ischemic heart disease 3.2

9. Tuberculosis 2.9

10. Road traffic accidents 1.8

Source: Mather CD, Lopex AD, and Murray CJL (2006) The

burden of disease and mortality by condition: Data, methods,

and results for 2001. In: Lopez AD, Mathers CD, Ezzati M,

Jamison DT, and Murray CJL (eds.) Global Burden of Disease
and Risk Factors, pp. 45–234. Washington, DC: World Bank.

Table 3 The 10 leading causes of burden of disease in sub-

Saharan Africa, 2001

Percentage of total DALYs

1. HIV/AIDS 16.5

2. Malaria 10.3

3. Lower respiratory

infections

8.8

4. Diarrheal diseases 6.4

5. Perinatal conditions 5.8

6. Measles 3.9
7. Tuberculosis 2.3

8. Road traffic accidents 1.8

9. Pertussis 1.8

10. Protein-energy malnutrition 1.5

Source: Mather CD, Lopex AD, and Murray CJL (2006) The

burden of disease and mortality by condition: Data, methods,

and results for 2001. In: Lopez AD, Mathers CD, Ezzati M,

Jamison DT, and Murray CJL (eds.) Global Burden of Disease
and Risk Factors, pp. 45–234. Washington, DC: World Bank.
Access to Health-Care Systems

Throughout sub-Saharan Africa, health care operated on
a three-tiered system, moving from basic primary care
facilities to district and secondary health facilities, and
finally to tertiary specialty hospitals. Resources are gen-
erally concentrated at the tertiary level, where treatments
are most costly. Allocation of resources to the tertiary
level results in inequities, as the poor are less likely to
seek hospital care. As Castro-Leal et al. (2000) noted,
about one-quarter of budgets are dedicated to primary
care services. Some of the most burdensome diseases in
these countries – acute respiratory illness, diarrhea, and
malaria – are all cared for in these chronically under-
funded primary care sectors (Table 2). While some of
these diseases are largely preventable and treatable, they
are often not adequately addressed by the health system,
resulting in high associated morbidity and mortality
(Table 3). In Madagascar, research estimated that 90%
of illness could be prevented by strengthening the
primary care sector.

As a result of inadequate primary care services, the
poor are more inclined to self-treat than the rich, even in
the case of serious illness. A study in Chad (Leonard,
2005) found that treatment of malaria outside of the
health-care system is widespread, resulting in increased
incidence and prolonged morbidity from the disease.
Additionally, the cost to the government for visits to a
clinic is normally less costly than visits to a hospital or
referral center. Government’s response has been to subsi-
dize curative services to the poor. However, Castro-Leal
found that the poorest quintile’s care was subsidized less
than the richest quintile. Reallocating subsidies and
spending to primary care to reach the poor is a step in
the right direction. However, research supports that bud-
get adjustments must be met with changes in utilization
by poor households (Castro-Leal et al., 2000).

There are a myriad of factors that contribute to the
underuse of health services. Income has a significant effect
on the demand for health care. As governments implement
cost recovery schemes by increasing user fees, the poor use
services less. Tomeet the demand of the poor in the public
sector, wealthier patrons should be served in the private
sector. Issues of market instability often prevent this more
equitable shift from occurring. Castro-Leal and colleagues
(2000) found evidence in Madagascar and Ghana that
there are differences in the quality of care delivered at
different facilities, based on budget allocations. This
disadvantage is transferred to the poor that visit the
lower-funded facilities. Rural isolation leads to reduced
health-care access for vulnerable populations throughout
Africa. Castro-Leal et al. (2000) also found that in South
Africa the poorest 20% of the population must travel an
average of over 2 hours to reach medical attention, while
the richest 20% travel an average of 34minutes. A study in
Ghana found that halving the distance to public health
facilities increased utilization by 96% (Lavy andGermain,
1994). Gertler and van derGaag (1990) found that the poor
in Cote d’Ivoire were more sensitive to changes in the
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distance traveled to a health facility than the rich. Socially
marginalized groups within the poor are further disadvan-
taged when it comes to health care. If a household has
limited resources to treat sick members, a hierarchy of
needs may result in women and children forgoing treat-
ment. Together, this evidence suggests the need for appro-
priately located services that reduce travel time and target
specific vulnerable populations. Continuity of services
within the health-care sector can be emphasized through
training of providers at the hospital level to work in the
primary care sector. For the long term, strategies should
target increasing private sector services, so that govern-
mental subsidies can be directed at the poor populations
who need primary care services.

Epidemiological information and cost–benefit analy-
sis help countries emphasize essential services aimed at
the diseases that account for the large and avoidable
health burdens. This approach has led many countries,
including South Africa, to focus on primary care ser-
vices, as well as HIV/AIDS, malaria, tuberculosis, and
childhood illness care.

In the past decade, South Africa has developed a com-
prehensive primary health-care information system, based
on an essential data set used to monitor the performance of
the health system (Shaw, 2005). The large scale of health
programs within the country (pertaining to HIV/AIDS,
tuberculosis, women’s health, and immunization) necessi-
tates collection of large amounts of data. However, man-
agers’ primary concerns are with the functioning of
programs rather than with the collection of information.
Gathering and reporting data for different projects is often
duplicative, as managers must juggle multiple collection
instruments. Local managers are often disconnected from
the vision for usage of data collected on the facility of
community level. These uncoordinated collection tools
resulted in poor quality of data. In a 2005 article, Vincent
Shaw describes how South Africa therefore moved to
implement an essential data set as a main component of
the District Health Information System (DHIS). DHIS
began reviewing data collected on a facility level in 1994,
when the new South African government began emphasiz-
ing primary health care and required an increasingly
decentralized management structure and greater access
to health information. Health workers evaluated local
services and compiled a comprehensive list of 75 indica-
tors and data elements that would accurately monitor
necessary services. These essential indicators provided
management with an integrated system to monitor all pro-
grams, and review information needs over time. South
Africa applied to concept of a hierarchy of information
needs to allow each level within the health services to
develop their own data set within a larger system-wide
framework. This framework has been highly effective
for disseminating useful information on the local and
national level.
The Primary Health Care (PHC) system in Nigeria
(Chukwuani et al., 2006) was instituted in 1978 as a compo-
nent of the country’s national development plan. Health
status indicators are poor in Nigeria: the United Nations
Development Program (UNDP) human development
index for 2006 ranks it as 159th out of 177 countries. Poor
health conditions combinedwith an inefficient health deliv-
ery system result in failed efforts for disease abatement. The
health-care system has continuously struggled against eco-
nomic crisis, creating dependence on international donor
support. These donors tend to focus on a vertical model of
disease control, as opposed to emphasizing broader preven-
tion and program sustainability efforts. Despite recent
recognition of the need for improvement and support of
the PHC system, many countries lack the funds, vision, or
infrastructure to move forward. Acknowledging the con-
nection between health and economic development, the
Nigerian government launched a comprehensive reform
program of the PHC. Primary health services were decen-
tralized to local government areas until 1991, structured
around one comprehensive health center serving as refer-
ral center for four PHCs, each in turn serving as a referral
center for five PHC clinics. In 1991 this structure was
changed to include a health post in each village, a health
clinic for groups of villages, and a comprehensive health
center or hospital for each local government area. The PHC
in Nigeria includes components of health education, agri-
culture and nutrition, sanitation, safe water supply, child-
hood immunization, control of locally endemic disease,
essential drug provision, injury treatment, and mental and
oral health.

Traditionally, health sector reform performance is
measured through the health status of the population,
satisfaction of users, and the degree to which citizens are
protected from financial risks or ill health. Nigeria lacks a
coherent health information system, so data on overall
population health are scarce. Chukwuani et al. (2006) eval-
uated the reformed PHC sector through analysis of citizen
satisfaction and access in southeastern Nigeria, finding a
lack of operational efficiency. Facilities were found to be
poorly maintained and did not have enough skilled health
workers. Many health centers operate without a budget
or management. Stewardship was found to be lacking,
as few facility stakeholders knew of health policies or
recordkeeping procedures. Surveys of community mem-
bers analyzed service-seeking behavior. Private and gen-
eral hospitals were most frequently patronized, while the
PHC sector was least frequently visited. Nigeria has little
regulation of private health-care providers, even though
manyof them provide PHC services. There appears to be a
common perception of reduced quality of services from
local or primary health-care centers. Quality is often
linked to outcomes of care and therefore biased against
primary or preventative health services. Policy research by
Lewis et al. (2004) found that short wait times and drug
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access in private facilities are valued highly in comparison
to community health settings. However, many Nigerian
households cannot afford private care, creating an inequity
of services. Malaria was recorded as the most important
reason for a hospital visit. Lack of access to drugs, trans-
portation, and ability to pay for health services pose sig-
nificant barriers to citizens seeking health-care services.
Quality of facilities is determined by the availability of
skilled workers and managers. Nigeria falls short in this
important determinant, as adequately trained personnel
are lacking in rural areas. In resource-poor settings, orga-
nization of the PHC levels should be in accordance with
the services that they have the capacity to provide. Health
systems should, to the best of their ability, use their infor-
mation systems as an effective tool to evaluate health
equity and design appropriate interventions.

Governments have responded to the inadequacy of
primary care services by decentralizing their health sys-
tems. This has involved modification of structure and at
times differential resource allocation.
Financing Health-Care Systems

According to the WHO (2000), approaches used for the
financing of health services can have an impact on how
fairly the burden of prepayment is distributed. Spreading
the risk and subsidizing the poor should be one of the
goals. One approach is pooling, whereby collected reven-
ues are transferred to purchasing organizations. The other
approach is direct government subsidy. These two appro-
aches are practiced to some extent in most countries in
sub-Saharan Africa. The main purpose of pooling is to
share the financial risk of health-care interventions. (For
more information on the equity and efficiency of pooling
in health-care financing, see Smith and Witter, 2004).

Research in sub-Saharan Africa has demonstrated the
failure of health systems to support the needs of the signi-
ficant, impoverished populations of the region (Castro-
Leal et al., 2000). Some of this failure is due to inadequate
governmental spending to develop appropriate health-
care systems and inefficient and ill-directed use of
funds. The Castro-Leal et al. study analyzing the poor’s
benefit from the health-care systems in Cote d’Ivoire,
Ghana, Guinea, Kenya, Madagascar, South Africa, and
Tanzania found that public spending designed to benefit
the poor often benefits the better off. Poor households
access services differently than wealthier households
based on availability, cost, and perceived quality. Poorer
households are less likely to report illness than wealthier
households, perhaps due to lack of education of accep-
tance of the burden of illness. Perception of illness may
differ according to spiritual beliefs and cultural norms as
well. Wealthier groups tend to rely on public care, despite
more ability to pay for services in the private sector.
Evidence from South Africa defies this trend, with richer
groups seeking private care. Private care is also an impor-
tant resource for poor populations in Ghana, South
Africa, and Tanzania. A review of the primary care private
sector in South Africa found that while costs and satisfac-
tion were similar to that of the public sector, public health
impact was substantially reduced (Palmer et al., 2003). The
poorest populations were left without coverage. This
research suggests encouraging governments to provide
funding and oversight to private organizations in their
outreach to the poorest populations.

Poor funding, management, and infrastructure are the
most significant contributors to the inefficiency of the
PHC systems in sub-Saharan Africa. The budgeting sys-
tem is limited by lack of information on the most pressing
needs and associated costs. The survey by Chukwuani et al.
(2006) in Nigeria found that only 4.2% of the population
couldmake significant contributions financing their health
care. This creates significant challenges for resourcemobi-
lization to move the health system toward sustainability
and away from donor dependency. This study also noted
that communities were willing to pay more for better
quality services, and were not opposed to paying user
fees or health insurance fees. Sub-Saharan African primary
health-care systems could be strengthened through the
implementation of standard operating procedures, cost
determination studies, incentives for health-care workers,
and working to improve community perception.

Lack of accessible health care in rural or resource-poor
settings leads to the nonlicensed sale of medications by
drug vendors. In Chad, this has led to a phenomenon of
self-medication for serious conditions such as malaria.
Inability to pay for a physician consultation drives people
to self-diagnose and seek alternative sources of treatment.
Research in Chad demonstrated that self-medication is
effective only in reducing symptoms and is rarely curative
(Leonard, 2005). Thus people live in states of chronic
disease, reducing ability to work and carry out daily life
tasks. Rural drug vendors provide the only source of
treatment in many regions and are a necessary and
relied-upon part of the health system. Many countries,
such as Ethiopia and Nigeria, have chosen to educate and
train these vendors in the sale of drugs.

The application of user fees for health care has been the
subject of considerable debate among researchers and
policy makers. Some argue that user fees will encourage
use as people place additional value on health care and see
quality improve through increased funding (Ellis, 1987;
World Bank, 2004). Others argue that user fees will further
obstruct health care from poor households in sub-Saharan
Africa, resulting in decreased utilization (Creese, 1997;
Nyonator and Kutzin, 1999; Gilson and McIntyre, 2005).
Research from Ghana demonstrated a significant drop in
use of health services following an increase in user fees. In
Kenya, numbers of male visitors to sexual health clinics
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dropped by 40% after the introduction of user fees for
public health services. User fees are cost-sharing initia-
tives, designed to boost revenue to the health-care system.
These fees can be instituted through governmental direc-
tives, or through a community-driven process. A study in
Uganda that specifically evaluated community-initiated,
cost-sharing schemes found that utilization increased in
remote areas (Kipp et al., 2001). These programs directed
user fees to the suppliers of services in an effort to give
incentives to underpaid health workers. This article points
to the relative effectiveness of community-based ‘bottom-
up’ rather than government-regulated ‘top-down’ cost
recovery schemes. It also demonstrates the importance of
local people being empowered to decide how the financing
of schemes should operate and what staff incentive
payments should be.

Kenya implemented user fees in 1991 following a
steady rise in the demand for health care. After govern-
ment implementation across the health-care sector, atten-
dance dropped by 50% (Mwabu et al., 1995). The
government then suspended the user fees because it saw
no improvement in quality or increase in revenue from
the implementation. Attendance rose by 41%, and people
moved back to government hospitals from the private
sector. Pervasive budget constraints drove Kenya to
reexamine user fees once again, although in this case the
government chose to implement the fees in a phased
manner. The public acceptance of user fees was much
greater after this phased system, in which households
had time to adapt to the higher fees. Inequalities in service
allocation still existed in the phased system, demonstrat-
ing that the poor must be exempted from user fees for
health care.

Out-of-pocket expenditures for health can be consid-
ered the most regressive way to pay for health care. In
sub-Saharan Africa this is a common practice, even among
the poorest segments of the population. One way to assess
whether health systems are fairly financed is to look at the
share of out-of-pocket expenses in total spending. Reve-
nue collection therefore has an impact on the equity of
health systems.
Conclusion

Strengthening health systems should be a priority in sub-
Saharan Africa. Failing to do so will continue to result in
very large numbers of preventable deaths and disabilities
in the region. The poor are without doubt the most
affected by the poor performance of health systems by
experiencing the refusal of those systems to provide basic
health-care services.
See also: North Africa and Middle East, Health Systems

of; South Asia, Health Systems of; World Bank; World

Health Organization.
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Definition

Sudden cardiac arrest (SCA) is a substantial public health
problem that is challenging to investigate, prevent, and
treat in part because there are no universally accepted
criteria to readily classify the condition. The fundamental
elements of the definition are comprised of (1) an unex-
pected event, (2) characterized by cardiovascular collapse,
and (3) due to an underlying cardiac cause. Translation
of these conceptual tenets to clinical circumstances can be
problematic. For example, one consensus definition
defines SCA as ‘natural death due to cardiac causes,
heralded by abrupt loss of consciousness within one
hour of the onset of acute symptoms; pre-existing heart
disease may have been known to be present, but the time
and mode of death are unexpected’ (Priori et al., 2002;
Myerburg and Castellanos, 1997).
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Even this well-reasoned definition has important
limitations. Not all SCA is fatal and in fact hundreds of
thousands of persons receive attempted resuscitation in
North America and Europe each year (Rea et al., 2004a;
Atwood et al., 2005). Though survival is modest, resuscita-
tion has a measurable public health impact as tens of
thousands of persons survive each year (Rea et al., 2003a,
2004; Atwood et al., 2005). The exact mode of the event
may not be readily determined. Most patients do not
receive medical monitoring during the event or an autopsy
afterward. Symptoms such as dyspnea prior to collapse in
an individual with both heart and lung disease may
obscure the primary etiology. Moreover, many deaths
potentially attributable to SCA are not witnessed so that
symptoms and diagnostics are not available to help deter-
mine etiology. The lack of a witness can also make appli-
cation of a discrete, time-based requisite such as 1 h often
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infeasible. (Whether 1 h has specific clinical or research
importance is not certain.) As a consequence, supplemen-
tal information may be used to assess the etiology and time
course. For example, death certificates that code cause
of death as heart disease and location of death as occurring
outside the hospital can be used as an alternative approach
(Fox et al., 2005). However, death certificates alone tend
to overclassify death due to heart disease (Narang et al.,
1994; Iribarren et al., 1998; Lloyd-Jones et al., 1998; Chugh
et al., 2004). Although the out-of-hospital location provides
a surrogate for an unexpected event, some heart disease
deaths outside the hospital are expected and/or grad-
ual (Narang et al., 1994). Conversely, SCA also occurs in
hospital, though the relative magnitude of in-hospital SCA
is unclear (Peberdy et al., 2003).

Taken together, a universal and readily applied defini-
tion of SCA is not available. The choice of an SCA
definition will be influenced by the aims of particular
investigation or clinical program and the availability of
resources to derive the SCA population of interest. Given
the consequent heterogeneity of SCA definitions, one
must appreciate the strengths and limitations of a partic-
ular definition when considering studies of SCA inci-
dence and outcome.
Epidemiology

Attributable Mortality

Even with the limitations of the definition, SCA appears
to be one of the most common causes of death worldwide.
More deaths are attributed to SCA in Western, industria-
lized societies than other diseases such as stroke, lung
cancer, breast cancer, or AIDS. Given the limitations
inherent in the definition, estimates of the total mortality
attributed to SCA vary from 5% to 15%, or one-quarter
to one-half of heart disease death (Zheng et al., 2001;
Chugh et al., 2004; Siscovick and Podrid, 2007). Applied
to the US population for example, out-of-hospital SCA
would account for between 150 000 and 450 000 deaths
annually. The population burden of SCA in developing
societies is not well investigated, although attributable
mortality appears to be less but perhaps increasing. The
lower attributable mortality is likely due to a number of
factors including the younger populations and the greater
competing causes of mortality in these countries.
Incidence

Incidence is the number of SCA events per population
per year and similarly reflects the particular definition
used to determine SCA. For example, incidence of SCA
was 162 per 100 000 residents in the US using death
certificate ascertainment (Zheng et al., 2001). In contrast,
the incidence of SCA receiving attempted resuscitation
was 54 per 100 000 person-years in the United States and
37 per 100 000 person-years in Europe (Rea et al., 2004a;
Atwood et al., 2005). A third approach incorporating death
certificate, clinical information, and emergency medical
services information in an attempt to both accurately and
comprehensively identify SCA produced an overall
SCA incidence estimate of 190 per 100 000 person-years
among persons age 50–79 in a large U.S. health mainte-
nance organization (Rea et al., 2004b). Based on published
reports from the World Health Organization, incidence of
heart disease death varies greatly; for example, the age-
adjusted mortality rate from CHD is sevenfold greater in
Russia than in Japan (Rosamond et al., 2007). Such varia-
tion in total heart disease mortality likely translates to
substantial variation in SCA incidence across countries.

Importantly, the incidence of SCA appears to be declining
over time in many developed nations (Goldberg, 1989; de
Vreede-Swagemakers et al., 1997; Kuisma et al., 1999; Herlitz
et al., 2000; Zheng et al., 2001; Rea et al., 2004b). The absolute
rate of decline is not clear, but multiple studies evaluating
different populations and using distinct methodologies have
consistently indicated a temporal decline in SCA incidence.
The pattern to some extent mirrors the overall decline in
total mortality due to heart disease (Figure 1) (Fox et al.,
2004). The reasons for the decline are not completely under-
stood but likely reflect better health behaviors and clinical
treatments aimed at both primary and secondary prevention
of coronary heart disease. Conversely, the incidence of total
heart disease mortality in the developing portions of the
world appears to be increasing; such that the incidence of
SCA worldwide may be expected to increase (Leeder et al.,
2004; Yach et al., 2004; Zipes, 2005).
Pathophysiology and Risk Factors

The pathophysiology that manifests as SCA is complex
and not fully explained. More than 90% of persons who
suffer SCA have evidence of structural heart disease,
approximately 80% have coronary artery disease with or
without cardiomyopathy, another 10–15% have nonis-
chemic cardiomyopathy such as dilated or hypertrophic
cardiomyopathy, with the remaining 5–10% having no
evidence of structural disease (Huikuri et al., 2001). The
prevalent pathophysiology can depend on geography or
clinical population; for example Southeast Asia Sudden
Unexpected Death Syndrome is a condition where appar-
ently healthy young and middle-aged men unexpectedly
die, typically at night, without an identifiable cause. In
most cases, however, structural heart disease provides the
substrate for an arrhythmic focus that in some instances
requires an additional trigger such as acute coronary
ischemia, electrolyte abnormality, stimulant exposure, or
physical exertion. For example, scarred myocardium from
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prior infarction can cause reentry circuits that result in
autonomous, abnormal conduction in the ventricle. Most
commonly in SCA, a ventricular tachyarrhythmia is pro-
duced, which typically presents clinically as ventricular
fibrillation (Figure 2) (Weiss et al., 2000).

Ventricular fibrillation is characterized electrically by
chaotic but measurable electrical activity (Callaway and
Menegazzi, 2005). The underlying electrical basis for
ventricular fibrillation is not yet completely defined. Pro-
cesses that may contribute include (1) reentrant mechan-
ismswhereby anatomically specific mother rotors produce
scroll waves, (2) nonreentrant mechanisms such as rapid
triggered activity or automaticity, or (3) a combination of
reentrant and nonreentrant mechanisms (Chen et al., 2005;
Thomas et al., 2005; Nash et al., 2006). Both chronic local
cardiac tissue heterogeneity (in diseasedmyocardium) and
dynamic factors (cellular membrane voltage and calcium
ion cycling between sarcoplasmic reticulum and cyto-
plasm) may promote fibrillation (Weiss et al., 2005). Over
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Figure 2 Electrocardiogram of ventricular fibrillation. Adapted from
Ventricular fibrillation: How do we stop the waves from breaking? Cir
minutes, the electrical organization of the ventricular
fibrillation signal deteriorates into asystole (Callaway
and Menegazzi, 2005).
Risk Factors for SCA

Our understanding of why some individuals experience
SCA but other clinically comparable persons do not is
incomplete and constitutes a major public health chal-
lenge. Collectively, risk factors consist of both chronic or
persistent and acute or transient factors. Since underlying
coronary heart disease is common in SCA, most research
indicates that traditional chronic risk factors for coronary
artery disease such as older age, African American race,
hypertension, diabetes, dyslipidemia, and smoking are
also risk factors for SCA (Kannel and Schatzkin, 1985;
Gillum, 1989; Cupples et al., 1992; Becker et al., 1993;
Kannel et al., 1998; Albert et al., 2003; Goldenberg et al.,
2003; Rea et al., 2004b). Decreased left ventricular
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function, regardless of ischemic or nonischemic etiology,
is one of the strongest predictors of SCA such that those
with ejection fraction less than 30% have a risk that is
five- to tenfold greater than the age-matched population
(Myerburg and Castellanos, 2005).

Other risk (or protective) factors appear to be more
specific for SCA rather than coronary heart disease. Male
sex appears to be a particularly strong risk factor, with
men at two- to threefold higher risk of SCA than women.
A greater prevalence of coronary artery disease does not
explain this sex-specific risk difference. Based on the
results of family studies, genetic differences also contrib-
ute to SCA risk (Friedlander et al., 1998; Jouven et al.,
1999). Several autosomal conditions that increase SCA
risk have been identified and mapped to particular chro-
mosomes. Persons with one of these rare, monogenetic
traits have a functional abnormality in ion channels that
predispose to ventricular tachyarrhythmia (Shah et al.,
2005). More common genetic variation, with population
prevalence typically greater than 5% and hence with
potential to influence public health, may also influence
SCA risk; though whether and how such an understanding
is to be incorporated into clinical use for risk stratification
and prevention is not yet clear (Arking et al., 2004, 2006;
Sotoodehnia et al., 2006).

Health behaviors also affect SCA risk. The relationship
between exercise and SCA is complex and may reflect the
balance of sympathetic and parasympathetic tone. Overall
regular exercise substantially lowers SCA risk, though
risk is transiently elevated during and immediately follow-
ing the period of exercise (Siscovick et al., 1984; Lemaitre
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et al., 1999; Albert et al., 2000). Moderate alcohol consump-
tion is associated with a lower risk of SCA compared to
nondrinkers, while heavy consumption has been
associated with increased risk (Siscovick et al., 1986;
Wannamethee and Shaper, 1992; Albert et al., 1999).
A diet that includes fatty fish such as salmon once or
twice per week and is rich in n-3 polyunsaturated fatty
acids (PUFA) has been associated with a lower risk of
SCA. Molecular evidence suggests that n-3 PUFA modu-
late sodium and calcium ion channels in cardiac myocytes
to stabilize action potentials (Leaf et al., 2003). In some
studies, acute psychological stress has been linked to an
increase in SCA risk (Leor et al., 1996; Hemingway et al.,
2001; Whang et al., 2005). Finally, in some circumstances,
medications can increase risk. Particular antiarrhythmics,
high-dose (compared to low-dose) thiazide diuretics, and
antipsychotic medications have been associated with ele-
vated SCA risk (Siscovick et al., 1994; Pratt and Moye,
1995; Hennessy et al., 2002).
Prevention

Population-Attributable Risk

A strategy to efficiently decrease the public health burden
of SCA requires an understanding of SCA risk factors,
their distribution in the population, approaches to iden-
tify individuals at risk, and therapies to reduce risk
(Figure 3) (Rea et al., 2004b). Our current understanding
is not sensitive and/or specific enough to accurately
identify those who will (or will not) suffer SCA. As a
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consequence, efforts directed at prevention in particular
high-risk clinical groups will not capture the majority of
persons who suffer SCA. Though such focused strategies
can improve public health, the approach will not address
the largest portion of the SCA burden. Moreover, the
prevention modality for one clinical group may not be
appropriate for another, necessitating that prevention
strategies be tailored to the individual risk profile.
Prevention

Since most SCA events occur in individuals with under-
lying structural heart disease, most often coronary artery
disease and/or cardiomyopathy, identification and treat-
ment of conditions causing coronary artery disease and/or
congestive heart failure provide a cornerstone for SCA
prevention. Lifestyle choices that include regular exer-
cise, weight control, a low-saturated-fat and cholesterol
diet, abstinence from tobacco, and limited alcohol con-
sumption are recommended regardless of SCA risk profile
and hence should be incorporated as part of broad-based,
population efforts to reduce SCA. Evidence-based and
consensus guidelines direct screening and treatment of
clinical conditions such as hypertension, diabetes, and
dyslipidemia associated with coronary heart disease
(Smith et al., 2006; Mosca et al., 2007). For those with
clinically established coronary heart disease, additional
pharmacologic treatments including antiplatelet therapy,
lipid-lowering treatment, and beta blockers are often
indicated to lower the risk of SCA. Coronary revasculari-
zation in selected persons can also reduce SCA risk.
Finally, persons with ischemic or nonischemic cardiomy-
opathy, characterized by decreased left ventricular func-
tion, experience an especially high risk of SCA. Risk of
total mortality including death from SCA can be reduced
in this clinical group with pharmacologic therapies
including angiotensin converting enzyme inhibitors, beta
blockers, angiotensin receptor blockers, and aldosterone
inhibitors (Hunt et al., 2005). Taken together, a multiface-
ted approach suited to the individual that addresses health
behaviors, medication treatment, and coronary revascu-
larization can lower risk of coronary heart disease and
congestive heart failure and in turn lower risk of SCA.

Some prevention measures are associated with specific
SCA risk reduction. In several epidemiological studies,
diets rich in n-3 PUFA have been associated with a lower
risk of SCA but not other fatal heart disease (Siscovick
et al., 1995; Albert et al., 1998; Siscovick et al., 2003). The
observational relationship was strengthened by the results
of a large randomized trial of postmyocardial infarction
patients, demonstrating a reduction in SCA for persons
treated with n-3 PUFA versus placebo. However, other
randomized trials in especially high-risk patients have not
demonstrated a benefit of n-3 PUFA supplementation
(Mozaffarian, 2007).
The implantable cardioverter defibrillator (ICD) is a
device that monitors the heart rhythm continuously and
provides a shock typically designed to terminate a sus-
tained ventricular tachyarrhythmia. Clinical indications
for ICD placement have expanded as a result of findings
from randomized clinical trials, supporting its use in sec-
ondary and primary prevention of SCA (Goldberger and
Lampert, 2006). Typically in these trials, ICD therapy was
compared to treatment with antiarrhythmic medication
such as beta-blockers or amiodarone. In the secondary
prevention setting (persons successfully resuscitated fol-
lowing ventricular fibrillation SCA), ICD reduces the risk
of SCA by 50% and risk of death by 25%. Randomized
trials also support amortality benefit of the ICD in primary
prevention among specific clinical groups characterized
by ischemic or nonischemic cardiomyopathy with de-
creased systolic left ventricular function. Although these
indications continue to evolve, frequently mentioned indi-
cations for ICD among heart failure patients includes New
York Heart Association class II and III heart failure with
ejection fraction less than 35%, and postmyocardial
infarction with ejection fraction less than 30%. In these
clinical groups, the ICD reduces mortality by 25–50%,
with most of the mortality reduction due to a decrease in
SCA. Placement of ICDs is also currently recommended
in consensus guidelines for relatively rare conditions such
as hypertrophic cardiomyopathy right ventricular dyspla-
sia, long QT syndrome, and Brugada syndrome; such
recommendations are supported by some case-series data
since these conditions are too uncommon to make large
prospective trials feasible (Begley et al., 2003; Corrado et al.,
2003; Maron et al., 2003). The lack of definitive evidence
can produce controversies regarding precise indications.

Over the past two decades, ICD indications have
broadened initially from patients with inducible arrhyth-
mias in electrophysiology studies, to SCA survivors, to
postmyocardial infarction patients with heart failure, to
patients with ischemic or nonischemic systolic heart fail-
ure. The expanding indications have produced an expo-
nential increase in ICD placement (Figure 4). The
increasing use of this relatively expensive therapy yields
questions of cost and cost-effectiveness. Some but not all
studies suggest ICDs meet traditional cost-effectiveness
benchmarks; such evaluations are typically sensitive to
the clinical group’s risk of SCA and the cost of the ICD
(Lynd and O’Brien, 2003). However, cost may make ICD
placement impractical in some areas of the globe where
other health conditions have public health priority or
economic resources are more limited.

Ongoing investigation and clinical improvements may
limit complications and enhance the effectiveness of the
ICD. For example, complications associated with ICDs
include device infection (2%), lead fracture (3%), dis-
lodgement (1%), and bleeding (1%) and can cause sub-
stantial morbidity and rarely even death (Kron et al., 2001).
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Some ICDs are now equipped with biventricular pacing to
synchronize right and left ventricular contraction, which
may improve cardiac function, ameliorate symptoms, and
potentially improve the cardiac outcomes (Bristow et al.,
2004; Goldberger and Lampert, 2006). Thus the ICD has
an established and yet evolving role in SCA prevention,
though current ICD indications may account for only
about one-quarter to one-third of the population suffering
SCA (Stecker et al., 2006). Improved approaches for SCA
risk stratification could better allocate ICD distribution as
well as other SCA prevention therapies.
Challenges of Risk Stratification

A number of clinical tests have been proposed to help
identif y ind ividuals at high risk for SCA ( Jose phson
and Wellens, 2004). Electrocardiogram findings that cor-
relate with increased risk of SCD include increased
QRS width, left bundle branch block, left ventricular
hypertrophy, Twave alternans, and QT dispersion. Signal
averaged electrocardiograms use special techniques to
further improve prediction. Interventional electrophysi-
ology studies may also provide additional risk stratifica-
tion in clinical subsets. Many of these measures, recorded
as part of ICD trials, have been used to derive SCA
prediction models and require prospective validation
(Bailey et al., 2007). These measures may improve speci-
ficity within an already high-risk population but may
have a much more limited role in the larger, lower-risk
general population. Thus ongoing efforts are needed to
refine SCA risk prediction in order to better allocate
interventional and intensive therapies among high-risk
groups and to identify novel risk predictors among the
general population to better target limited resources and
treatments among those who might otherwise not be
considered at-risk.
Resuscitation

Epidemiology

Despite progress with prevention, hundreds of thousands
of persons suffer SCA each year in North America and
Europe and receive attempted resuscitation (Rea et al.,
2004a; Atwood et al., 2005). In one study in the out-of-
hospital setting, for example, approximately one-third of
persons suffered heart disease death without an organized
emergency response aimed at resuscitation, another third
received an emergency response but without attempted
resuscitation given that death had progressed, making a
resuscitation attempt futile, and the final third received an
emergency response and attempted resuscitation by emer-
gency medical services (EMS) (Rea et al., 2003b). Taken
together, the incidence of out-of-hospital SCA with
attempted resuscitation has been estimated between 38
per 100 000 in Europe and 51 per 100 000 in the United
States. The incidence of in-hospital SCA with attempted
resuscitation is uncertain but these events also appear to
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have an important public health impact, while the fre-
quency of resuscitation efforts in developing countries has
not been defined (Peberdy et al., 2003).

The outcome of resuscitation is poor. In many commu-
nities, only 5% of treated SCA victims are successfully
resuscitated and survive to return home (Rea et al., 2004a;
Atwood et al., 2005). Importantly, however, survival of
treated SCA varies substantially across communities.
For example, survival to hospital discharge following ven-
tricular fibrillation SCA approaches 40% in some commu-
nities with organized EMS and hospital care, far exceeding
survival following ventricular fibrillation SCA in most set-
tings (Cobb et al., 1999; White et al., 2005; Rea et al., 2006).
These findings indicate that improvement in resuscitation
care across communities could have public health implica-
tions and potentially translate to thousands of additional
lives saved each year. Importantly, long-term prognosis of
persons surviving SCA to be discharged from hospital
appears to be improving over time, with evidence indicat-
ing median survival following hospital discharge of at least
7 years, nearly twice the expected survival compared to
survivors from two decades earlier (Rea et al., 2003a).
Most persons who survive appear to enjoy satisfactory
functional status and quality of life (Rea and Paredes, 2004).
Links in the Chain of Survival

Hence, efforts to improve SCA survival are necessary.
Investigation and evaluation have established at least
some of the important prognostic determinants of SCA
and provide the basis for efforts to improve outcomes
following SCA. The health service determinants have
been collectively termed the links in the chain of survival
and include early activation of emergency response, early
cardiopulmonary resuscitation (CPR), early defibrillation
(electrical shock), and timely advancedmedical care (AHA,
2005). For example, observational studies have consistently
demonstrated that the chance of survival decreases as the
interval from collapse to defibrillation increases for ven-
tricular fibrillation SCA (Valenzuela et al., 1997). The Pub-
lic Access Defibrillation randomized trial rigorously
confirmed this time-to-shock – survival relationship and
highlighted one strategy – public access defibrillation – to
improve survival by evaluating the effects of equipping
laypersons with automated external defibrillators (AEDs).
The AED is a device typically the size of a laptop computer
that enables accurate cardiac rhythm assessment and
appropriate shock by persons not trained in rhythm inter-
pretation, and hence may be widely disseminated to enable
the potential for early defibrillation (Rho and Page, 2007).
In the Public Access Defibrillation Trial, SCA survival was
doubled in select public locations where laypersons were
equipped with AEDs as well as CPR training compared to
locations where laypersons were trained in CPR but not
equipped with AEDs (Hallstrom et al., 2004). Although
layperson defibrillation appears promising, this strategy is
challenged by the reality thatmost SCAoccurs in the home
so that large public health impacts of this approach will
require far greater dissemination of AEDs and their accom-
panying training requirements and support resources (Cul-
ley et al., 2004). Novel approaches that deliver defibrillation
earlier after collapse also have promise. Such programs
enlist and equip nontraditional medical responders such
as police, security officers, or flight attendants with lifesav-
ing skills including AEDs (Page et al., 2000; Valenzuela et al.,
2000; White et al., 2005).

Cardiopulmonary resuscitation, or CPR, consists of a
series of chest compressions often alternating with venti-
lations (AHA, 2005). These rescuer actions provide some
measure of oxygenated blood circulation to vital organs
(the brain and heart) until native circulation can be
restored. Observational studies generally indicate that
early CPR provided by laypersons prior to arrival of
EMS can improve the relative chances of survival, espe-
cially as the interval from collapse to EMS arrival increases
(Cobb et al., 1999; AHA, 2005; Gilmore et al., 2006). In most
SCA events, however, the victim does not receive layper-
son CPR. Ongoing approaches may address this gap by
increasing layperson CPR training, simplifying CPR tech-
niques, and enhancing emergency dispatcher programs to
assist CPR. Additional research aims to identify (1) the
ideal composition of CPR with regard to CPR duration,
the ratio of chest compressions and ventilations, as well as
the depth and rate of chest compression and volume of
ventilations; (2) whether mechanical devices can improve
CPR and affect survival; and (3) the best interface between
CPR and other components of resuscitation such as defi-
brillation (AHA, 2005a, 2005b).

Advanced therapies also potentially have an important
role in improving survival following SCA. Specifically,
based on the results of randomized trials, active induction
and maintenance of hypothermia following restoration of
native circulation improves survival following ventricular
fibrillation SCA (Bernard et al., 2002; Hypothermia After
Cardiac Arrest Study Group, 2002). Hypothermia mod-
erates reperfusion processes that occur when critically
ischemic tissues receive oxygen. Pathologic reperfusion
produces oxidative radicals that damage cells, a process
that seems especially relevant to the brain (Ambrosio and
Tritto, 1999; Becker, 2004). The timing, extent, duration,
modality, and ease of implementation are all potentially
important aspects of hypothermia therapy that may influ-
ence its effectiveness and in turn continue to require on-
going investigation. Additional advanced therapy also may
improve outcome following SCA. For example, timely
coronary artery revascularization may be appropriate in
select SCA patients (Spaulding et al., 1997). Additional
ongoing research tries to understand if treatments aimed
at sepsis syndromes might be relevant for patients early on
following resuscitation (Laurent et al., 2005).
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These health service measures likely only account for
a portion of the variability in outcome, indicating that
other characteristics influence the likelihood of survival
(Hallstrom et al., 1996). Evidence indicates that patient
characteristics such as underlying chronic health condi-
tions influence the likelihood of resuscitation (Hallstrom
et al., 1996; Carew et al., 2007). This relationship suggests
that individual characteristics influence the pathophysiol-
ogy of SCA and in turn may guide the choice of specific
resuscitation treatments. In some studies, higher levels of
socioeconomic status are associated with a greater chance
of survival (Hallstrom et al., 1993; Clarke et al., 2005).
Whether socioeconomic status is simply a surrogate for
health status or identifies disparity in health delivery is
not clear, but again provides one area to address and
potentially improve resuscitation. Ultimately, amore com-
plete understanding of the pathophysiology and prognos-
tic determinants of SCA provides the best opportunity to
achieve successful outcomes. With such knowledge, resus-
citation care may be refined to best match treatment to
the individual patient. Taken together, ongoing efforts to
improve our understanding of SCA coupled with better
and more complete dissemination and implementation of
effective treatments will hopefully enable public health
gains in resuscitation of SCA.
Challenges of SCA Research

Research to improve prevention and outcome of SCA is
imperative if we are to reduce the burden of SCA. However,
SCA research, especially resuscitation research, can present
particular challenges not typical of most medical research.
Because SCA is unexpected, the victim is unconscious, and
delays of even a few moments can adversely affect the
chances of resuscitation, normal research procedures
whereby potential study participants provide informed con-
sent are not possible. In an effort to address this set of
challenges, the federal government in the United States,
for example, has developed regulations to guide researchers
and oversight groups so that such research can proceed.
However, the regulations have in some circumstances pro-
duced confusion among different stakeholders and in turn
may have paradoxically hindered scientific progress (Nichol
et al., 2006; Miros, 2007). Ongoing efforts hope to clarify the
regulations so that future research may move forward while
assuring the safety and protection of human subjects.
Conclusions

Sudden cardiac arrest is a substantial public health chal-
lenge. Successful advances targeting prevention in some
Western societies may be countered as the prevalence of
heart disease increases in other parts of the world. Efforts
focused at prevention, diagnosis, and treatment of coro-
nary artery disease and congestive heart failure remain a
cornerstone of SCA preventive therapy. Refinement of
established SCA risk factors as well as identification of
novel predictors that are specific to SCA risk are an
important public health priority. Improvements in resus-
citation also offer a meaningful opportunity to reduce
mortality from SCA. Public health gains through better
resuscitation will require more complete implementation
of established health service tenets (i.e., layperson CPR
and hypothermia) as well as improvements in our under-
standing that enable innovative treatments. When com-
bined, advances in prevention and resuscitation of SCA
are a complementary and effective approach to reduce
mortality from SCA and in turn improve public health.
See also: Cardiovascular Disease: Overview and Trends;

Cardiovascular Disease Prevention; Coronary Heart

Disease; Genetic Factors of Cardiovascular Diseases;

Heart Failure.
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According to the World Health Organization estimates, in
the year 2000, suicide (815 000 victims) accounted for
almost half of the violence-related deaths worldwide,
followed by homicide and war-related fatalities (520 000
and 310 000 victims, respectively). In some countries, the
suicide rates have increased by 60% over the last 45 years,
and worldwide suicide is among three leading causes of
death among adolescents and young adults aged 15–34.
With a global rate of 14.5 per 100 000 population, suicide
is a major public health problem. In addition to the pre-
mature loss of life resulting from a death by suicide and
the physical and emotional trauma of suicide attempters,
suicide has a serious impact on people who had known the
deceased and on society as a whole.

Definition of Suicide

Originally, the word suicide, founded on Latin ‘sui’ (of
oneself) and ‘caedes’ (killing), was coined by Sir Thomas
Browne, a philosopher and a physician, and first appeared
in his Religio Medici published in 1643. As the conceptual-
ization of suicide has changed over time, a wide range of
definitions from a variety of disciplines has been pro-
posed. D urkheim (1897) , a sociol ogist, suggeste d th at
suicide constitutes all cases of death directly or indirectly
resulting from a positive or negative act of a person who is
aware of the consequences of the behavior. Usually there
are four elements in the definition of suicide: A suicide
has taken place if death occurs, it must be of one’s own
doing, the agency of suicide can be active or passive, and it
implies intentionally ending one’s own life. A World
Health Organization Working Group recently proposed
the definition of suicide as ‘‘an act with a fatal outcome
which the deceased, knowing or expecting a potentially
fatal outcome, has initiated and carried out with the
pur pose of bringing a bout wanted cha nges’’ ( De Leo
et al., 2004 : 33).

Although the distinction between suicide and attemp-
ted suicide seems obvious based upon the outcome of
behavior, i.e., a lethal versus nonlethal outcome, not all
Zipes DP, Camm AJ, Borggrefe M, et al. (2006) ACC/AHA/ESC 2006
guidelines for management of patients with ventricular arrhythmias
and the prevention of sudden cardiac death. Circulation 114(10):
e385–e484.
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individuals who die by suicide have intended to die, and
not all attempts are failed suicides. The result of such
behaviors usually depends on the person’s degree of
ambivalence (‘I want to die, help me to live’), knowledge
of lethality of the chosen method and its availability,
preparation, and coincidental factors (e.g., rescue). Also,
intentions other than wanting to die are frequently
involved, including a cry for help, interpersonal commu-
nication, or attention seeking. To underscore the fact that
many seemingly suicidal behaviors are not directly asso-
ciated with the intent to die, several terms have been
proposed in the literature, including parasuicide, self-
injury, and (deliberate) self-harm. As a result of confusion
related to the problems in ascertaining the intent behind
completed suicides and suicide attempts, the terms fatal
suicidal behavior and nonfatal suicidal behavior, consid-
ering the physical outcome of the act, have been proposed
(De Leo et al., 2004 ).

Suicidal ideation encompasses phenomena ranging
from passive suicidal ideation (e.g., death thoughts and
wishes: Life is not worth living or life is a burden) to active
suicidal ideation and planning, which might lead to actual
suicidal behavior.

Self-mutilation, i.e., direct and deliberate destruction
or alteration of body tissue (e.g. skin cutting or burning,
head banging, hair pulling) is a relatively common form of
self-directed violence; however, its defining feature is a
lack of any conscious suicidal intent. Instead, such beha-
viors might aim at reducing distress and anxiety, commu-
nicating anger and self-abhorrence, or coping with
dissociation and traumatic memories, and there is general
consensus that self-mutilation should not be included in
the category of suicidal behaviors.

Epidemiology of Suicidal Behavior

Suicide

Although there is scarcity of data regarding the preva-
lence of suicide in some parts of the world (including
many nations in Africa, Asia, and the Western Pacific),
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the available epidemiological data show that suicide rates,
although quite stable nationally from year to year, differ
considerably among countries. Many Eastern European
countries report the highest suicide rates in the world,
including Lithuania (38.6 per 100 000 in 2005), Belarus
(35.1 per 100 000 in 2003), the Russian Federation (34.3
per 100 000 in 2004), and Latvia (24.5 per 100 000
in 2005). High rates have also been reported in other
European countries (e.g., 28.1 per 100 000 in Slovenia in
2003, 22.4 per 100 000 in Hungary in 2005, and 20.3 per
100 000 in Finland in 2004), and some Asian countries,
including Japan (25.5 per 100 000 in 2003) and the Repub-
lic of Korea (25.2 per 100 000 in 2004).

Low suicide rates are found mainly in South American,
African, and some Mediterranean countries, for example
5.6 per 100 000 in Italy in 2004, 5.3 in Spain in 2004, and
4.0 per 100 000 in Brazil in 2000. Other countries in Eur-
ope, North America, Asia, and the Pacific report moder-
ate suicide rates ranging from 8.1 per 100 000 in England
and Wales in 2005, 10.4 per 100 000 in Australia in 2004
and 10.8 per 100 000 in 2003 in the United States, and 15.9
per 100 000 in Poland in 2004.

The prevalence of suicide differs by age and gender.
Suicide rates tend to increase with age, with the global
suicide rate among those aged 75 and over (especially for
males) being approximately three times higher than the rate
among youth under 25 years of age. Between 1970 and 2000,
an increase in suicide in young adults aged 19–24 and a
decline in suicide rates among the elderly has been
observed in a number of countries, especially in the
Anglo-Saxon nations, including Australia, Canada, New
Zealand, and the United States. Contrary to this, in most
Southern European, Latin American, and some Asian
countries, suicide rates in old age have presented with less
favorable trends and have significantly increased over the
last 30 years.

In all nations of the world (except for China) suicide
rates are higher in men than in women and, on average,
there are three male suicides for every female suicide.
The gender ratio of suicide tends to increase with age,
up to approximately 12:1 among those over the age of 85.
In China, in 2003, the female suicide rates were almost
equal to male rates in the urban areas (11.0 per 100 000 vs.
10.9 per 100 000) but exceeded the male rates in rural
areas (i.e., 17.4 per 100 000 vs. 15.1 per 100 000).
Attempted Suicide and Suicide Ideation

Fatal and nonfatal suicidal behaviors exhibit opposite
tendencies with respect to age: While suicide rates peak
in the elderly in most nations, attempted suicide decreases
with advancing age virtually everywhere. In the elderly,
estimated ratios between attempts and completions vary
from 4:1 to 2:1, but in the young they can reach the level of
100–200:1. In contrast to the sex difference in completed
suicides, generally there is a higher rate of attempted
suicide in women than in men. An international study of
nonfatal suicidal behavior in Europe, based upon data on
hospital admissions, showed that the attempted suicide
rates vary considerably between countries for both gender
groups (Schmidtke et al., 2004). For example, the rates
of nonfatal suicidal behavior among males ranged from
46 per 100 000 in Spain to 327 per 100 000 in Finland, and
from 72 per 100 000 in Spain to 542 per 100 000 in France
for females.

Studies based upon the general population indicate
that the actual numbers of people engaging in nonfatal
suicidal behavior might be even higher, as only a majority
of individuals attempting suicide suffer from physical
injuries serious enough to seek medical assistance and
thus be admitted to hospital. International studies show
that between 3% and 5% of individuals in the general
population have made a suicide attempt at some time in
their life with the ratio of female to male attempters
between two and three to one (Weissman et al., 1999).
Suicidal ideation is more frequent than attempted or
completed suicide and international data indicate that
approximately 10–18% of individuals in the general pop-
ulation have ever thought about suicide (Weissman et al.,
1999), with the rates declining with increasing age.
Suicide Risk Factors

Suicidal behavior results from complex interactions
between a wide range of risk and protective factors
encompassing the entire life span of an individual. Char-
acteristics increasing the likelihood of an individual
becoming suicidal can be divided into distal and proximal
risk factors. The distal risk factors (e.g., psychopathology,
genetic and neurochemical factors) are necessary but not
sufficient for suicide, and although they form the founda-
tions for suicidal behavior, they may not obviously occur
immediately prior to suicide. On the other hand, the
proximal risk factors (e.g., negative life events, availability
of lethal means) can be considered as triggers or precipi-
tants of suicidal behavior; however, they are neither suffi-
cient nor necessary for suicide to occur. It is the combined
action between distal and proximal risk factors that might
result in suicidal behavior.

While estimating suicide risk in an individual, one has
to be wary of the ecological fallacy, or a logical error in the
interpretation of statistical data, in which conclusions
about individuals are based upon aggregate statistics
collected for the group to which those individuals belong.
For example, based upon epidemiological data, it might
be incorrectly assumed that a male, a widowed, or an
elderly person automatically is at increased risk of suicide.
It may also be wrongly assumed, based upon data indicat-
ing that the majority of individuals who die by suicide
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suffer from a mental illness, that all persons who engage in
suicidal behavior are mentally ill (one of the common
myths about suicide) (Table 1).
Demographic Factors

Demographic factors, including gender, age, race, and
ethnicity, provide a general indication of those groups in
the general population that are at the highest risk of suicide.
As indicated in almost all countries, the risk of suicide is
Table 1 Common risk factors for suicide
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among young indigenousmales than among their nonindig-
enous counterparts (Hunter andMilroy 2006). For example,
in Queensland, where a very accurate Suicide Register is in
operation, the global rate of indigenous people is 24.6 per
100 000, which is almost twice as high as the general popu-
lation rate of 15.0 per 100 000 in 2002–2004. The elevated
suicide rates are particularly marked in the younger age
groups: In 25- to 34-year-old males (108.0 per 100 000), the
suicide rate was almost three times that of the Queensland
rate (39.3 per 100 000).
Psychopathology and Psychiatric
Hospitalization

A diagnosis of a mental disorder, especially affective dis-
orders, substance-related disorders, and schizophrenia, is
one of the strongest risk factors for suicide, with psychiat-
ric comorbidity (e.g., depressive disorder and substance
abuse) increasing the risk even further. Studies indicate
that between 88% and 99% of suicides (for general popu-
lation subjects and psychiatric inpatient populations,
respectively) have a diagnosis of one psychiatric disorder.
However, only a relatively small proportion of individuals
with major psychopathology take their own lives, and thus
psychiatric disorders alone are not sufficient predictors of
suicide; other factors, including the quality and availability
of mental health services and effective treatment, and the
individual’s social support and hopefulness, play a very
important role. Periods of psychiatric hospitalization tend
to increase the risk of suicide, and after discharge, suicide
risk is significantly increased within the first weeks and
remains elevated for up to 6months.

Although persons with practically any mental illness
engage in suicidal behaviors more often than individuals
in the general population, the diagnoses most frequently
related to suicidal behaviors include mood disorders
(including major depression and bipolar disorder), schizo-
phrenia and other psychotic disorders, substance-related
disorders, personality disorders (especially borderline and
antisocial personality disorder), anxiety/somatoform dis-
orders (including posttraumatic stress disorder), and
adjustment disorder.

Increased risk of suicidal behavior is related to
both depression as a mental disorder and depressive
symptoms occurring in the course of other psychiatric
illnesses (e. g., schizophrenia, substance abuse, personality
disorders) and severe and chronic medical conditions
(e.g., cancer, HIV/AIDS). Among patients with affective
disorders, suicide risk is higher among inpatients hospi-
talized following suicidal ideation or attempt, and lower
in inpatients admitted for an affective disorder or in
depressed outpatients.

There are limited data on suicide risk in people with a
diagnosis of bipolar disorder; however, it seems that there is
no substantial difference between suicide risk in unipolar
and bipolar major affective disorders. Both are related to
elevated risk for fatal and nonfatal suicidal behaviors and
between 25 and 50% of people with a diagnosis of bipolar
disorder attempt suicide, with up to 20% of individuals in
this group dying by suicide. People suffering from bipolar
disorder are also at increased risk of premature mortality
related to cardiovascular disease and compromised health
during the manic phase (e.g., sleep deprivation, malnutri-
tion, and substance abuse).

Between 10 and 15% of patients with a diagnosis of
schizophrenia die by suicide, between 18 and 55% make a
suicide attempt in their lifetime, and 60–80% experience
lingering suicidal thoughts. Individuals with a diagnosis of
schizophrenia seem to be at a particularly high risk of
suicide in the first 10 years of illness onset, and psychiatric
comorbidity (e.g., schizophrenia and depressive disorder
or substance abuse) increases the risk of suicide. Patients
with schizophrenia are also at extremely high risk of
inpatient suicide.

Approximately 2–4% of individuals with an alcohol
use disorder die by suicide, and comorbid psychiatric
conditions (especially depression and anxiety disorders)
significantly increase the risk. The evidence for the asso-
ciation between alcohol abuse and nonfatal suicidal
behavior is less consistent, although studies indicate that
up to 30% of individuals who attempt suicide cited alco-
hol addiction as the reason for their attempt. Also, abuse
of other substances is related to high incidence of nonfatal
and fatal suicidal behavior, although the clinical picture in
such cases is often complicated by polysubstance (drug/
alcohol) abuse. An increased suicide rate was found in
narcotic and opioid addicts, with up to 7% of cocaine
abusers and up to 35% of heroin users dying by suicide.
Previous Suicidal Behavior and Suicidal
Ideation

A history of a suicide attempt is a major risk factor for
both repeated nonfatal suicidal behavior and suicide.
Almost one in four suicide attempters makes another
nonlethal attempt within 1 year, with the highest risk
observed during the first 3–6months after the initial
attempt. Approximately 1% of attempters kill themselves
within 1 year after the attempt, and 3–5% (some studies
report even higher numbers: up to 13%) over the
5–10 years after the initial attempt (Owens et al., 2002).

Although suicide ideation in the general population is
a quite frequent phenomenon, it might lead to a detailed
suicide plan resulting in self-harming behavior and sui-
cide. A general population study in the United States
showed that suicide ideators with a plan are more likely
to attempt suicide than those without a plan, i.e., impul-
sive suicide attempters (Borges et al., 2006). However, the
absence of a suicide plan does not mean the absence of
suicide risk; almost half of attempts reported in the study
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were unplanned – the suicidal behavior occurred without
a plan conceived prior to the situation that triggered the
suicidal behavior.

The acts of self-mutilation characterized by lack of
conscious suicidal intent are usually distinguished from
suicidal behaviors; however, individuals who self-mutilate,
particularly patients with a diagnosis of borderline person-
ality disorder, might be at increased risk of suicide. Also,
individuals with a history of an aborted suicide attempt
(i.e., an event without physical injury inwhich an individual
has suicide intent but changes his or her mind before
making the attempt) might be at increased risk of actual
suicidal behavior. A study on the prevalence of suicidal
behavior among psychiatric inpatients showed that there
were almost twice as many suicides among patients with
aborted attempts as among patients without aborted
attempts (Barber et al., 1998).
Family History of Psychopathology and
Suicidal Behavior

Different lines of evidence point to the possibility of
familial or genetic determinants of suicidal behavior.
Clinical and follow-up studies show that individuals
with a diagnosis of a mental disorder (especially depres-
sion) and a history of suicidal behavior and affective
disorder among the first- and second-degree relatives
have increased risk of engaging in suicidal behavior them-
selves. These data are supported by results of twin and
adoption studies showing the statistically significant
higher incidence of suicide and psychiatric disorder in
monozygotic pairs than among dizygotic twins, and
among biological relatives of suicides than among the
adoptive parents.

Several explanations concerning the familial vulnerabil-
ity to suicide have been offered. Genetic factors related
to suicide may mostly represent a genetic predisposition
to psychiatric illness, including affective disorders, schizo-
phrenia, and alcoholism, as well as deficits in impulse
control. In addition, the mechanism of social modeling
may play an important role: The family member(s) who
dies by suicide may serve as a role model(s), pointing to
suicide as the best and acceptable solution to life problems.
Physical Illness

Between 30 and 40% of people who die by suicide have a
diagnosis of a medical illness, and the number escalates
to almost 90% among the elderly victims of suicide.
There is documented evidence that cancer, chronic pulmo-
nary disease, ischemic heart disease, neurological diseases
(e.g., epilepsy, multiple sclerosis, Huntington’s chorea, and
stroke), andHIV/AIDS are associatedwith elevated suicide
risk. Also rheumatoid arthritis, diabetes (especially juvenile
diabetes), and neoplasms of the cervix and prostate may be
related to increased suicide risk.

Medical disorders are associated with suicide in
various ways: Some medical disorders may be caused by
self-injury or substance abuse stemming from preexisting
mental disorders, and a medical disorder and treatment
(e.g., medication) may affect brain functioning, leading
to personality disorders and mood disturbances. Disfig-
urement or disability caused by medical illness may
result in mood dysregulation, and stigmatized diagnoses
may contribute to social isolation and withdrawal.
Also, chronic physical pain is a recognized risk factor for
suicidal ideation and behavior.
Life Events and Coping Potential

Individuals who attempt or commit suicide experience
more stressors and negative life events than individuals in
the general population (especially in the month prior to
suicide). Among the life stressors most often found in
histories of suicidal individuals are relationship problems,
family discord, mental and physical health problems, loss
of a significant other, bereavement, imprisonment, and
work problems (Kõlves et al., 2006). There is a positive
correlation between an individual’s history of childhood
sexual and/or physical abuse and suicidality, and adult
traumas (e.g., rape, torture, military combat) may be related
to elevated suicide risk.

Life stresses can be important proximal risk factors
triggering suicidal ideation and behavior; however, only
a minority of individuals faced with life adversities and
negative life events become suicidal. Such events must be
placed within the context of life-long coping patterns,
personality structure, availability of social support and
willingness to ask for help, and other distal risk factors,
including psychopathology.
Marital Status and Sexual Orientation

There is a strong association between marital status and
suicide: Divorced, widowed, and separated persons have
the highest suicide rates, while married people have lower
suicide rates than never married individuals. Marriage and
responsibilities for bringing up children may serve as a
protective factor against suicide by reducing social isola-
tion, providing emotional and social stability, and enhanc-
ing social integration. Males, especially in the first few
months after marital loss or separation, seem to be partic-
ularly vulnerable and at increased risk for suicide.

Although completed suicide rates do not appear to
be increased among homosexual men and women, there
is a greater lifetime prevalence of nonfatal suicidal behav-
ior in these populations, especially among homosexual
adolescents and young adults. The factors that may exac-
erbate the risk of suicidality in these populations include
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limited sources of support, stress in interpersonal rela-
tions, discrimination, abuse of drugs and alcohol, and
anxiety about HIV/AIDS.
Socioeconomic and Cultural Factors

Sociological studies have consistently found a correlation
between low socioeconomic status and suicide rates,
although there are some high-status occupations with
increased suicide risk, e.g., dentists, physicians, and veter-
inarians (Stack, 2000a). Unemployment is often considered
as a major risk factor for suicide, especially among men.
Studies at both aggregated and individual level indicate that
unemployment is directly correlated with suicidality,
although the nature of the relationship between those two
phenomena has not been fully explained. For example,
job loss (and related loss of income and status) or inability
to find work over an extended period of time might act as a
proximal triggering factor for suicide. Personal vulnerabil-
ities (including psychopathology) might mediate between
the unemployment status and suicidality in amore complex
and two-directional way (Stack, 2000).

Religion is an important factor impacting on the preva-
lence of suicidal behavior. Lower suicide rates have been
reported in countries where major religious beliefs include
sanctions against suicide, for example countries that are
predominantlyMuslim or Roman Catholic. At the individ-
ual level, religiosity might protect against suicide through
the content of religious beliefs (e.g., after-life sanctions
against killing oneself); however, its positive correlation
with levels of social integration and social support through
church attendance and networks with others who share the
same beliefs seems to have a stronger impact (Stack, 2000).

The impact of cultural factors on suicide rates can
effectively be illustrated by studies on migrants. Such
studies have been carried out predominantly in countries
with a significant influx of migrants, including the United
States, Australia, and Canada. In these countries, suicide
rates among diverse migrant groups tend to reflect the
rates of their countries of origin; however, a trend of
convergence toward the rates of the host country has
been observed over time in the United States, the UK,
Australia, and Scandinavia. It has also been suggested that
the migrant status could increase the risk of suicide in
vulnerable individuals (especially those with preexisting
psychopathology, people who were forced to leave the
country of origin or experienced a downgrading in social
status as a result of the move) due to acculturation stress,
social isolation, and language barriers (Stack, 2000).
Neurobiology

Research in the area of neurobiologyof suicidal behavior has
repeatedly shown that suicide attempters and completers
have decreased levels of 5-hydroxyindoleacetic acid
(a metabolite of serotonin) in the cerebrospinal fluid when
compared to depressed subjects and nonclinical controls.
Decreased serotonergic function has also been reported in
studies using the fenfluramine challenge and observing a
decreased prolactin response. The relationship between the
hypoactivity of the serotonergic system and suicidality
seems to be mediated by lethality of attempts, aggression,
and impulsivity ( Joiner et al., 2005).

Suicidal individuals show neuroanatomical abnormal-
ities in the ventromedial prefrontal cortex, which may
correlate with the neurochemical deficits found in this
population, and individuals who made a highly lethal
suicidal attempt show decreased prefrontal cortex func-
tioning. Although the results are still inconclusive, it has
been suggested that abnormalities in other neurotransmit-
ter systems (i.e., dopaminergic and noradrenergic sys-
tems) and hyperactivity of other brain systems, such as
the hypothalamic–pituitary–adrenal axis, may be involved
in suicidal behavior, and there is also a suggested relation-
ship between low levels of cholesterol and suicidality,
although the mechanism of the association remains
unclear ( Joiner et al., 2005).
Psychological Factors

Psychological characteristics or vulnerabilities of indivi-
duals might exacerbate the impact of other risk factors
(including psychopathology, negative life events, social
factors) and thus increase the risk of suicide. Hopelessness
(i.e., a state of negative expectancies concerning oneself
and one’s future) is one of the strongest predictors for
suicidal ideation and behavior, stronger even than depres-
sion itself. Studies have established that hopelessness may
predict as many as 91–94% of suicides in both outpatient
and inpatient populations (Beck et al., 1990). Other psy-
chological and cognitive risk factors for suicide include
aggression and impulsivity, lack of reasons for living,
cognitive rigidity (i.e., dichotomous or all-or-nothing
thinking), poor problem-solving capabilities, and perfec-
tionism ( Joiner et al., 2005). Also, the experience of psy-
chological suffering and pain (or psychache) is a strong
correlate of elevated suicide risk.
Social Networks

Isolation and lack of social support have been related to
many aspects of psychopathology, including ineffective
coping with stress and life crises. Suicidal individuals
are often described as isolated and alienated from their
families and communities, and bereft of emotional and
instrumental social support and other resources. This
may be due to adverse life circumstances or individuals’
inability to maintain satisfactory interpersonal networks.
Loneliness may lead to depression and emotional distress
or increase their severity, as well as exacerbate the effects
of negative stressors. Moreover, isolated and lonely
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individuals are at higher risk of death when they engage in
suicidal behaviors, as the chances of lifesaving interven-
tion by others are severely reduced or nonexistent.
Access to Means of Suicide

Almost all methods used by individuals engaging in suicidal
behaviorsmay lead to death or serious injuries; however, the
statistical probability of death as a result of a suicide attempt
varies between methods. The choice of means of suicide
depends on several factors, including availability of the
method, the individual’s familiarity with the method, the
intent and motivation behind the behavior, the degree of
ambivalence, and cultural factors (e.g., gender socialization,
symbolic meanings of suicide methods).

The choice of more lethal suicide method by males as
compared to females might in part explain the differences
in suicide rates among genders. Older individuals (usually
characterized by a higher intent to die) tend to choose more
lethal methods than their younger counterparts. Also, there
are international differences regarding suicide methods
used most frequently. For example, in the United States
guns are used in approximately two-thirds of all suicides,
while hanging is the most frequent method in all other
Western nations. In a number of developing countries,
pesticide poisoning is the most common cause of suicide
mortality; in many areas of China and South East Asia,
suicide by pesticide ingestion accounts for 60% of all sui-
cides (Gunnell and Eddleston, 2003).
Protective Factors

Sufficiently strong protective factors can outweigh the
impact of risk factors and reduce the risk of suicide.
Although this area of study is still in its infancy, several
protective factors have been identified. These include fam-
ily and nonfamily social support, significant and stable
relationships (including marriage), children under the age
of 18 living at home, physical health, hopefulness, reasons
for living, problem-solving and coping skills, cognitive
flexibility, plans for the future, constructive use of leisure
time, the propensity to seek treatment and maintain it
when needed, religiosity, culture and ethnicity, employ-
ment, and restricted access to lethal means of suicide.
Prevention of Suicide, Treatment,
and Postvention

Suicide is a complex, multidetermined behavior and it
would be unrealistic to expect that any single preventive
effort could reduce an individual’s risk of suicide and
the overall suicide mortality rates. In general, the pre-
ventive efforts that have been initiated in a number of
multidisciplinary settings operate to target risk factors for
suicide and to strengthen the protective factors.

Traditionally, there are three levels of prevention with
regard to suicide: Universal, selective, and indicated pre-
vention. Universal prevention refers to activities targeted
at the general population, including health promotion
and education, which may improve the overall emotional
and social well-being of individuals, and may target sui-
cide risk factors. Selective prevention refers to interven-
tions aimed at populations identified as being at risk
of suicide, while indicated strategies address specific
high-risk individuals showing early signs of suicidality.
A wide variety of suicide prevention approaches have
been developed across the three domains: Treatment
of mental disorders and pharmacotherapy, behavioral
and relationship approaches, community-based efforts
(including suicide prevention centers and school-based
interventions), societal approaches including restricting
access to suicide means and improved media reporting of
suicide, as well as interventions for people bereaved by
suicide (i.e., suicide survivors). In 1996, the United
Nations issued a document stressing the importance of
a guiding policy on suicide prevention: ‘Prevention of
suicide: Guidelines for the formulation and implementa-
tion of national strategies.’ Subsequently, in 1999, the
WHO launched a worldwide initiative for the prevention
of suicide (SUPRE Project).

In some countries, such as Australia, New Zealand,
Finland, Norway, Sweden, England, and the United
States, comprehensive national suicide prevention strate-
gies have been implemented over the last two decades.
Such strategies usually aim at improving detection and
treatment of mental disorders (particularly depression)
and substance abuse and enhancing access to mental
health services. Their goals also include reducing access
to lethal means of suicide, improving responsible report-
ing of suicide in the media, enhancing support for those
bereaved by suicide, educating the general public and
health-care professionals, and setting up school-based
suicide prevention initiatives. Although some components
of the strategies may be effective in reducing the risk of
suicide, to date there is no evidence for an overall positive
impact of the national strategies (with the possible excep-
tion of Finland) on countries’ rates in the 5 years following
their implementation (De Leo and Evans, 2004).

International studies looking at the effectiveness of a
range of suicide prevention approaches indicate that
restricting access to lethal methods and educational pro-
grams for physicians that improve their skills in recogni-
tion and treatment of depression reduce suicide rates.
More data and more studies are needed to evaluate the
effectiveness of other types of interventions, including
screening programs, media reporting guidelines, and pub-
lic education campaigns.

A wide variety of psychosocial treatments for suicidal
individuals or patients who have attempted suicide have
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been developed, including a dialectic and cognitive behav-
ioral approach, a psychodynamic model, problem-solving
therapy, multimodal interventions, family interventions,
inpatient treatment, and pharmacotherapy (e.g., antide-
pressants). Unfortunately, despite a large number of stud-
ies looking at the effectiveness of such interventions, to
date there is only limited evidence regarding recom-
mended treatments for patients at risk of suicidal behavior
and its repetition (Hawton et al., 2004). Brief psychological
interventions (including problem-solving therapy) and
dialectic behavioral therapy for women with a diagnosis
of borderline personality disorder seem to be effective
treatment options. There is also limited evidence support-
ing the effectiveness of follow-up and active out-reach (e.
g., by home visits or telephone contact) with patients with
a history of a suicide attempt who do not attend therapy
appointments. Despite many studies, the role of antide-
pressants in reducing the risk of suicide remains unclear.

Suicide prevention initiatives also include postvention
aimed at survivors of suicide, or family members, friends,
and other individuals who knew the person who died by
suicide and were affected by the death. Although not
everyone who experiences loss by suicide requires
specialized psychological help, for some it might lead to
a serious crisis calling for professional psychotherapy or
support from others who have experienced a similar loss.
The majority of national suicide prevention strategies aim
at enhancing the support available for those bereaved by
suicide, and in many Western countries (such as the
United States, Western Europe, and Australia) numerous
self-help, support, and therapy groups for suicide survi-
vors have been developed.
Conclusions

Although much progress has been made in the field of
suicide research and prevention over the decades, many
unanswered questions remain on what is really effective in
preventing suicide at both the individual and societal
levels. Among the greatest challenges is collection of
epidemiological data regarding the suicide-related mor-
bidity and mortality around the world and encouraging
research in many countries outside the Western (mostly
English-speaking) environment. Also, multidisciplinary
studies looking at risk and protective factors in suicidal
behaviors will allow for further insights into the dynamics
of suicidality and should enhance development of innova-
tive and effective prevention strategies.
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Historical Development

In civil society, police and security systems are alert to
abnormal incidents that may cause hazards in commu-
nities, nations, and perhaps the world. The information
discovered and assembled by this system is transmitted to
an authority responsible for setting up measures to elimi-
nate the cause of hazard. The human body provides
immunological surveillance, the body’s defenses that rec-
ognize foreign materials or malignant cells; thus surveil-
lance information helps the body’s immunological
mechanism destroy such foreign materials or cells.

In the early twentieth century, information gathering
on infectious diseases and other hazards to humans was
developed in parallel with the development of microbio-
logical technology and epidemiology. The data thus col-
lected were analyzed and the results were distributed to
systems and individuals responsible for control actions.
Epidemiological surveillance was the beginning of a new
era of infectious disease control. In recent years, surveil-
lance activities have been expanded from infectious dis-
eases to chronic diseases and automobile accidents and
other injuries; in addition, long-term data collection such
as vital statistics and surveillance of health-related social
or economic activities have been surveyed systematically.
In this article, we discuss surveillance systems and activ-
ities on which public health control action is based.

Around the mid-twentieth century when infectious dis-
eases were a major problem and menace to public health,
two medical experts attempted to set up surveillance as an
essential component of public health practice. Alexander
Langmuir, from the Centers for Disease Control and Pre-
vention (CDC), developed systematic surveillance
mechanisms for infectious diseases and associated control
programs. In 1963, he outlined surveillance as: (1) system-
atic and active collection of pertinent data of target disease
(s); (2) assessment and practical report of these data; and (3)
the timely dispatch of such reports to individuals responsi-
ble for formulation of action plans. It is important to note
that surveillancewould not be useful unless data are known
and acted upon by individuals responsible for initiating
action plans. A surveillance system, in principle, does not
include the control measures within its system. A surveil-
lance system is better if it is independent from the control
system, because experience has shown that on some
occasions, disease prevalence was artificially modified by
individuals who were responsible for control measures and
sought to gain seemingly better results than what was
actually occurring. In the 1960s, Karel Raska, Communica-
ble Disease Division at the World Health Organization
(WHO) headquarters, further expanded the system’s defi-
nition, including epidemiological research in surveillance
activities. He promoted a surveillance study, for example
by strengthening smallpox surveillance and approving
special research funds to the newly intensified eradication
program in 1967; malaria surveillance was intensifiedwhen
the effectiveness of malaria control was demonstrated with
investigation of malaria prevalence rates in patients using
or not using mosquito nets.

In the area of public health practice, we may need to
rethink the boundary of surveillance systems. It may be
wise not to expand it to a broad investigation or epidemi-
ological research, which certainly interests many re-
searchers or health officers but does not lead to practical
public health action to reduce immediate hazard or risk.
Thus, the surveillance tool as a public health actionmay be
further refined and solidified.

The latest challenge in surveillance has been in terror-
ism, exemplified when a terrorist group attacked facilities
in the United States, Spain, and England in recent years.
Anthrax was also used as a bioweapon in the United
States. Surveillance against bioterrorism with smallpox
virus, Bacillus anthracis, and other agents is now being
developed in the West.



Figure 1 Community-based surveillance needs to be

understood by the community. A surveillance information officer

is explaining the disease and why it should be reported.
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Surveillance Methods

Target Disease

The target diseases for surveillance are key to defining the
sensitivity, specificity, effectiveness, and efficiency of the
systems used. Fever and rash diseases such as measles and
chickenpox or neurologic diseases such as poliomyelitis or
meningococcal meningitis may be discovered or sus-
pected readily by surveillance and allied workers: Such
reportable diseases require clinical and laboratory confir-
mation by experienced workers. Certain principles under-
lie identification of target diseases.

Usually surveillance systems aim at a particular disease
or only a limited number of diseases. Those who work for
surveillance should have clear ideas of clinical pictures,
mode of transmission and its infectivity. Further, it is
advisable to know probable frequency or prevalence of
such diseases and if possible, the inhabitants attitudes’ to
the diseases. It is important to note that some populations
may feel it is necessary to conceal the patient’s presence in
the family. On the other hand, populations may be pleased
to collaborate with surveillance, willingly reporting the
target diseases. Sometimes, the target disease can be
reported to surveillance workers only as symptoms, such
as jaundice (for hepatitis B), acute flaccid paralysis (polio-
myelitis), and confirmation can be made after reporting.
The Surveillance System

The surveillance system usually is set up as a distinct
section or organization within the national or regional
health service system and has an independent function
as described in the previous section. The method or
function may consist of the two main functions discussed
in the next sections.
Community-Based Surveillance

The main reporters are villagers or town inhabitants or
health workers in a dispensary or private clinic contacting
or seeing the patients with the target diseases. It is impor-
tant that there be a public relations campaign through
radio, television, the press, etc. to encourage reporting the
disease to the nearest health center or some designated
office, which will transmit the report to the supervisory
level, as shown in Figure 1.
Hospital-Based Surveillance

The main reporters in this system are hospital physicians
who diagnose the diseases. This system functions in par-
allel with community-based surveillance, but is also
important in finding rare diseases or diseases that are
difficult to identify by the public because of their rare
occurrence and/or because the clinical manifestation is
difficult to recognize. The advantage of this system is that
if hospitals are fully cooperative, surveillance coverage is
good. The hospital may need to assign a physician to take
responsibility for such reporting. Needless to say, the
hospital administration should be fully informed and
understand the importance of such surveillance.

Nosocomial or hospital-induced, infection is a special
surveillance target within hospitals to be handled by a
special hospital committee. The hospital administration
should be aware of the occurrence of nosocomial infec-
tions and work to develop its control.
Passive or Active Surveillance

Both community- and hospital-based surveillance systems
are in principle passive. If the health service controlling
the surveillance report urgently needs a special report, it
can organize active surveillance in which special teams are
formed to make house-to-house or hospital-to-hospital
visits to determine the occurrence of the disease either
through direct communication with community members
or hospital personnel and seeing the patients or examining
the hospital records or the patients on location.
Special Surveillance

Effective surveillance requires innovative ideas to aug-
ment its sensitivity.
Rewards

Surveillance efficacy often depends on the public’s inter-
est in reporting the disease. Reward is, in certain circum-
stances, a useful method for a health service to express the
importance of reporting to the public. For example, a
reward system was utilized to encourage reporting in
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many countries such as India and Somalia during the
smallpox eradication program (1967–80). In 1978, when
a probable world last case was discovered in Africa, WHO
encouraged people or medical personnel throughout the
world to report (Figure 2). The announcement was
followed by many smallpox reports from West Africa,
Indonesia, even Heathrow and Kennedy airports. All
such reports were investigated by the WHO team with
negative results.
Nil Report

Surveillance certainly receives positive reports of the
target diseases, but often it is also important to receive
nil reports indicating positive assurance that the disease
did not occur during a particular time period such as a
week. In other words, regular nil reports indicate that
sensitive surveillance is continuing. The nil report is
useful to see the situation of specifically suspected areas
Figure 2 WHO’s poster in mid-1978, publishing the reward of

US$1000 for finding a case of smallpox.
of occurrence such as influenza that may become pan-
demic or a dangerous pathogen requiring immediate
action for public health measures in high-risk areas.
Measures to Handle Incomplete Surveillance
Reports

Incomplete surveillance reports include mistaken reports
due to the incompetence of technical personnel, active
concealment of disease occurrence, or the combination of
these two causes. Although these look like anecdotal
episodes or events during surveillance, they often consid-
erably influence the success or failure of control mea-
sures, which require high-quality surveillance data.

Particularly if such incomplete surveillance reports
are made intentionally by health authorities, the results
may become disastrous. Examples include the smallpox
epidemic in the Horn of Africa during the last phase of
the global smallpox eradication program in 1976–77, and
the early phase of epidemics of severe acute respiratory
syndrome (SARS) in East Asia, which subsequently
formed a pandemic on other continents. How should
such incomplete surveillance reports be treated? No stan-
dard remedy has been found so far. There have been trial
and error attempts such as practical dialogue, develop-
ment of collaborative research, political pressure and
recommendation from a higher authority, and emphasis
on moral obligation. Experience has shown that such
incomplete surveillance reports from health services in
the area or nation concerned often cause disastrous
results that end in failing to control the epidemics thus
incorrectly reported.
Laboratory Diagnosis and Surveillance
System

Surveillance requires the collaboration of laboratories to
confirm the diagnosis if initial reports are based on clini-
cal diagnosis alone. Laboratory diagnostic measures may
not be needed in some instances. For example, if there is a
large number of cases with similar clinical manifestations,
laboratory testing of only cases that are representative of
the outbreaks may be satisfactory, provided that missing
the correct diagnosis of other cases does not pose signifi-
cant risk in developing control measures. This may be
applicable to determining containment of outbreaks with
vaccination in the case of measles outbreaks, a hepatitis
A outbreak, etc.

The interval between the time the specimen is taken
and the time when laboratory results are available to the
surveillance office should be carefully determined,
depending on the type of specimen testing such as serol-
ogy, isolation, and specific tests such as strain differentia-
tion. The reliability of the testing technique should always
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be assured with periodic assessment of the laboratory
technique and testing the suitability of reagents by a
reference laboratory.

For surveillance of specific diseases such as poliomy-
elitis, measles, or influenza, international reference
laboratories have been designated by WHO. In addition,
national reference laboratories can be set up for collabo-
ration by the individual government as the need arises.
Figure 3 shows the special collection kits that were used
for safe and easy handling of specimens during the WHO
smallpox eradication program (1967–80). Some nations
that do not have the appropriate laboratory facilities
may be assisted by nearby reference laboratories, often
through an arrangement with WHO. Safe measures for
transportation of infectious specimens and infectious sub-
stance label are shown in Figure 4.
Collation of Surveillance Data by Time,
Place, and Person

Surveillance data collected and confirmed for its accuracy
may be sorted by three major elements throughout the
process at peripheral and central levels.
Figure 4 Example of packaging of an infectious substance.

Note infectious substance label on the box.

Figure 3 Surveillance of specific diseases: Container used for

smallpox specimen. Transportation of dangerous pathogens or

specimens requires special double container to ensure safety.
Time

Specimen collection date and patient dates reflecting
information such as date of occurrence, course of clinical
picture, etc. are necessary. Standard tabulation includes
case serial number and deaths by week number 1 to 51 or
52. Monthly or daily records are also used, but weekly
records are convenient, since the WHOWeekly Epidemi-
ological Record (WER) and the US CDC Morbidity and
MortalityWeekly Report (MMWR), etc. useweek number
for easy reference. Usually, the date of occurrence of the
disease is the important date. The date of receipt of the
report at health services is recorded to indicate the efficacy
of the reporting system in some geographical areas.
Place

It is important to record the geographical areas where
cases occurred or were discovered. Usually the place
where the case occurred is important because there is
the risk of spread. The movement of patients before the
onset of the disease and during the course of the disease is
also important to estimate the source of infection as well
as the potential spread of the disease. In today’s rapidly
developing travel, the movements of patients are very
rapid and distant, suggesting rapid transmission of the
pathogen across the continents, as seen in the SARS
pandemic in 2002–03.

Person

In addition to the information mentioned above, impor-
tant patient information includes gender, age, occupation,
and the patient’s movement and activities during the
incubation period and the estimated time and place in
relation to the exposure to the patient of the infectious
source, whether human, animal objects, or other sources.

This information is sorted and collated to form a
report that will be sent to the system or individuals who
plan and initiate control measures. Additionally, the infor-
mation is further analyzed with simple statistical methods
or elaborated mathematical methods (Figure 5). Figure 6
shows co-relation between HIV prevalence and malaria
mortality. These are discussed elsewhere. It is important
to stress that simple raw data from sensitive surveillance
are very useful for planners to initiate strategy formation.
Salient Surveillance Experiences: How It
Works

International Sentinel Surveillance

Sentinel-based surveillance may help to improve weak-
nesses by monitoring an area’s situation more closely and
directly. For example, global surveillance on certain dis-
eases may have certain weaknesses because adequate
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information is not available from areas because of political
unrest, disinterest, poorly developed infrastructure, etc.
The Agency for Cooperation in International Health
(ACIH), a Japanese nongovernmental organization, has
developed a voluntary sentinel surveillance system for
selected target diseases, covering South America, Africa,
and Asia. Its aim is to add more disease information and
thus contribute to global epidemiological surveillance
headed by WHO. The AGSnet (Alumni for Global
Surveillance network) was organized in 1998. It consists
of selected experts and managers who participated in
several infectious-disease courses that were sponsored
by the Japan International Cooperation Agency (JICA)
and organized by ACIH. As of May 2006, the group
consisted of 59 sentinel sites in 32 countries (Figure 7).
Sentinels are divided into three categories: Hospitals
and clinics, laboratories, and blood transfusion centers.
Feedback from ACIH consists of selected epidemic
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information in the media and WHO and various surveil-
lance articles published by medical journals. Despite a
limited geographical coverage, the system seems to sup-
plement disease information being obtained by global
surveillance, as described in Table 1. The system has
found unreported infectious diseases of international
importance, including cholera, plague, and influenza.
The surveillance data on prevalence of hepatitis B and
C, HIV, and syphilis in blood donors from blood transfu-
sion centers is unique, not usually available in the global
surveillance network. It should be noted, however, that
such a network in no way replaces or negates the need for
strong national surveillance and alert and response
mechanisms.
Collaborating se

Figure 7 Distribution of collaborating sentinels in AGSnet surveillan

Table 1 Number of outbreak episodes reported by surveillance

January to December 2002

WHOWERa WHO OVL ProM

Cholera 116 (58 countries) 22 (19 countries) 51 (28

Measles 1 (1 country) 2 (2 countries) 11 (8

Influenza 69 (43 countries) 1 (1 country) 1 (1 c
Plague 1 (1 country) 3 (3 countries) 9 (7 c

Dengue fever 0 0 40 (25

aWeekly Epidemiological Record.
bProMed is an Internet-based reporting system to provide up-to-date
members.
cIncluding the suspected cases.
Smallpox Eradication and Its Surveillance
System

The intensified smallpox eradication program was initiated
in 1967 and succeeded in identifying the last chain of
natural transmission in 1977 and the continuing program
certified that the world was free of smallpox in 1980.

The first task of the program was to provide effective
reporting of cases from the village/town level through the
district to the national level and then the WHO regional
level and finally to WHO HQ level.

In practice, the surveillance was divided into two
areas: Smallpox-endemic countries (30 countries) and
smallpox-free countries (or smallpox-imported countries).
ntinels

ce network.

systems of WHO, ProMED, and AGSnet during the period from

edb AGSnet Sentinelsc No. of same information

countries) 15 (6 countries) 3

countries) 23 (8 countries) 0

ountry) 15 (7 countries) 1
ountries) 1 (1 country) 0

countries) 21 (4 countries) 3

news on disease outbreaks around the world, more than 20000
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The former had a less effective system with significant
problems of unreported cases and the latter had accurate
reports; both operated following the International Health
Regulation, which makes smallpox reporting obligatory,
where smallpox occurrence in a smallpox-free nation
should be regarded as a national emergency for immediate
report and containment measurers. In both groups, also, the
global program insisted that national health services and
WHO should have the report weekly, including nil reports
from endemic nations.

The measures to keep this principle workable specifi-
cally in the smallpox-endemic group are listed hereafter.

1. Smallpox has no subclinical infection and its clinical
manifestation is distinct. This increased the sensitivity
of surveillance greatly. The picture cards, termed small-
pox recognition cards, were invented by the Indonesian
Figure 9 Clinical manifestation is typical for smallpox. Hence, usual

confirm the freedom of case.

Figure 8 Active search for smallpox case. Surveillance officer
showing smallpox recognition card to villagers in South Asia.

Smallpox was known to villagers because of its typical clinical

picture. Hence, this method is effective as far as villagers want to

collaborate.
surveillance program as shown in Figure 8. Villagers
immediately understood what disease was being
searched for and that it had to be reported to the surveil-
lance agent. Themethodwas used in the entire smallpox
eradication program.

2. This clear clinical manifestation did not require labo-
ratory diagnosis procedures when the disease was
known to be endemic (Figure 9). Only when the disease
became rare was laboratory confirmation needed. This
greatly simplified the surveillance procedures.

3. As mentioned earlier, rewards were offered to the
public who reported suspected smallpox and when it
was confirmed by laboratory diagnosis.

4. In India, despite their intensive national vaccina-
tion program with the target of 100% coverage of
the entire population for more than 5 years, transmis-
sion continued (Figure 10). Then the prime minister
instructed all the health center staff (more than
200 health centers) to stop work for 1 week once a
month and go to the villages to actively search for
smallpox cases, and if found, immediately vaccinate
the population of only the village where the case was
found. This special campaign, termed the autumn cam-
paign, started in September 1973 and the final case
occurred in May, 1975. The evidence showed how
surveillance combined with focused containment was
effective. Since then (as of June 2006), there has been
no smallpox case in India for a population of one
billion.

During the 2-year certification period, every sur-
veillance method was employed to search for hidden
foci in the previously smallpox-endemic countries and
their adjacent countries, with special house-to-house
visit surveillance. Two years were determined to be the
necessary period of such surveillance, based on the fact
report does not need laboratory confirmation. It is only needed to
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that it was known that 9months had been the longest
period between a false date of a last case and a true date
of a last case in Africa. For safety, the 9months were
doubled to roughly 2 years.

In sum, the effectiveness of smallpox surveillance was
proved by the fact that since the last case’s date of onset
(October 26, 1977) in Somalia, there has been no occur-
rence of smallpox to date (as of 2006) except for the
laboratory-infected case in the United Kingdom in 1978.
Surveillance of Influenza Pandemics

As of June 2006, when this article was written, the world
was close to a new influenza pandemic since the world ex-
perienced the last major pandemics in 1918, 1957, and
1968. This new threat is characteristic, with possible
devastating effects on the world’s population with its
severe pathogenicity to humans, perhaps comparable to
the 1918 pandemic.

Furthermore, in view of an increased world population
(two billion in 1918, six billion in 2006) as well as the
increased speed and frequency of travel, once a pandemic
occurs, the virus will spread rapidly throughout the world,
possibly reaching all continents in less than 3months. To
prepare for such a pandemic virus, continuous global
surveillance of influenza should be the key. WHO issued
a series of recommended strategic actions for responding
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Figure 10 Number of smallpox cases reported by year for India. A

were not reported to the program. Thus, containment was more effe
1973 and 1974. The transmission was interrupted in 1975.

Table 2 Current phase of alert in the WHO Global Influenza Prep

Interpandemic phase Low ri

New virus in animals, no human cases Higher
Pandemic alert, new virus causes human cases No or

Eviden

Eviden

Pandemic Efficie

From http://www.who.int/csr/disease/avian-influenza/phase/en/inde
to the influenza pandemic threat and, based on these, each
national authority has been preparing the National Influ-
enza Pandemic Plans, as illustrated in Table 2.

Recognizing the event

Epidemiological signals, such as an increase in the num-
ber of persons with unexplained respiratory illness with
high mortality in an area over a short period of time, are
likely to be the most sensitive and reliable indicators of a
suspected pandemic event. Surveillance should focus on
hospitals and communities with occurrences of respira-
tory infections and pneumonia. This may also be related
to epidemics in poultry or bird populations, as will be
discussed in the next section. Following detection of a
cluster of suspected cases, an investigation should be
started to characterize patients by person, place, and
time and investigate the source or reservoir. Laboratory
testing of samples to identify the causative agent should
ideally be completed within 48 h following detection of
the cluster.

Surveillance of animal influenza

WHO issued theWHOManual on Animal Influenza Diagno-

sis and Surveillance in collaboration with the World Orga-
nization for Animal Health (OIE: Office International des
Epizooties). The aims of surveillance in lower animals
such as pigs and birds are intended to complement the
human surveillance network, to understand the ecology of
1971

tive case search with
ediate containment 

1970 1972 1973 1974 1975 1976 1977 1978 1979

ctive search discovered some 200 000 cases, which otherwise

ctive. The campaign resulted in a sharp incidence increase in

aredness Plan as of November 2007 (number 3 as circled)

sk of human cases 1

risk of human cases 2
very limited human-to-human transmission ´

ce of increased human-to-human transmission 4

ce of significant human-to-human transmission 5

nt and sustained human-to-human transmission 6

x.htm. (accessed November 2007).

http://www.who.int/csr/disease/avian-influenza/phase/en/index.htm
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influenza viruses that are relevant to human and animal
health, and to determine the molecular basis of host range
transmission and spread in new hosts.

Notification to national health authorities

Local health authorities should respond with a high level
of suspicion and notify national health authorities as soon
as preliminary information suggests that the cluster of
cases is either unusual or different.

Reporting to WHO

Under the 2005 International Health Regulations, the
national health authority should notify WHO within
24 h of detection of an epidemiological/virological signal
suggestive of sustained human-to-human transmission of
a new influenza virus. The national authority is requested
to provide WHO with all relevant information, including
the clinical, epidemiological, and laboratory data and the
actions undertaken to contain the outbreak. Following the
initial notification, the national authority should continue
to report to WHO in a timely manner.

As of 4 July 2006, WHO had reported 229 cases includ-
ing 131 deaths throughout the world since 2003. While the
risk assessment with surveillance will continue (assuming
the human pandemic has not yet occurred), it is essential
for the world research efforts to concentrate on the geo-
graphical areas of risk where the favorable mutation of the
virus is likely to occur, regardless of national boundaries.
This tentatively includes East Asia, known to have a large
concentration of the world avian population. Multi- and
bilateral organizations are anticipated to join such efforts,
which may lead to swift preventive vaccine production.
Polio Eradication Surveillance

WHO global eradication of poliomyelitis was launched in
1988 with the target year of 2000, but in 2005, 2000 cases
were reported in 16 nations in Africa and South Asia.
Intensive surveillance and mass vaccination of children
under 5 years are continuing.
Acute Flaccid Paralysis Surveillance

All acute flaccid paralysis (AFP) cases under 15 years of
age should be reported immediately and investigated
within 48 h. Because the causes of flaccid paralysis include
not only poliomyelitis but also other diseases such as
Guillain-Barré syndrome and transverse myelitis, AFP
surveillance takes human power, time, effort, and skill to
sort out true poliomyelitis cases. In China and elsewhere,
hospital-based surveillance was useful for searching for
patients by checking the medical records in the hospitals.
To cover the problem nationwide, investigation was
needed for all medical institutes, including large hospitals
in urban areas and dispensaries in rural areas. In Africa’s
rural areas, where health facilities are sparse, community-
based surveillance is conducted to detect polio cases. It is
useful to have support from community leaders, such as
senior members of the community and faith healers.
Laboratory surveillance

For confirmation, two stool specimens should be collected
24–48 h apart and within 14 days of the onset of paralysis;
viral isolation is performed in a laboratory. As poliovirus
is excreted in feces during the acute period of illness, it is
desirable to take samples at the early stage (less than
14 days from the onset of paralysis). The temperature
should be carefully controlled during transportation of
specimens (2–10 �C with refrigeration). The results of
laboratory diagnosis should be reported to the proper
clinical/public health facilities without delay so that
necessary action can be taken.
Surveillance performance

AFP surveillance requires the following criteria: (1) one
case per 100 000 children under 15 years of age (in 2006,
WHO augmented this one AFP case to two cases because
the recent intensified surveillance has resulted in two to
three AFP cases when the surveillance was intensified due
to reduced number of polio cases); (2) two adequate speci-
mens collected from at least 60% of detected AFP cases;
and (3) all specimens processed in a WHO-accredited
laboratory. Currently, it is anticipated that this surveil-
lance system will continue in the foreseeable future until
WHO recommends discontinuing it.
Measles and Rubella Surveillance

Measles is the most transmissible viral disease. Until the
vaccine was introduced in 1963, practically every child got
measles. The primary purpose of measles surveillance is
to detect, in a timely manner, all areas in which measles
virus is circulating, but not necessarily detect every case.
This requires the notification mainly of health units and
timely case investigation of all suspected measles infec-
tions. Laboratory investigation for anti-measles IgM anti-
bodies of suspected measles cases is important to confirm
or exclude measles virus infection. A single serum speci-
men collected within 28 days of rash onset is used for the
diagnosis. In previously vaccinated persons, there may be
a small increased risk of not detecting an IgM response to
measles when specimens are collected more than 2weeks
after rash onset due to the increased rate of IgM decay.
There is some increased sensitivity if the sample is taken
on or after day 3 of rash onset (though taking the sample
at first contact is recommended).

Measles surveillance may need to be community-
based in areas where health units are nonexistent. It may
be necessary to establish a system and procedures for



284 Surveillance of Disease: Overview
collecting and testing blood samples from cases of acute
fever and rash (AFR). Some other diseases whose main
symptoms include fever or rash, such as rubella and
parvovirus B19 infection, exist. In the surveillance of
AFR, these patients are also reported and blood speci-
mens are taken.
Surveillance of Ebola Virus Hemorrhagic Fever

Since the 1976 discovery of the disease in Central Africa,
the disease has been the focus of national and interna-
tional surveillance because its spread has increased
through recent frequent travel in Africa as well as inter-
continental travel. Ebola is often characterized by the
sudden onset of fever, intense weakness, muscle pain,
headache, and sore throat. This is often followed by
vomiting, diarrhea, rash, impaired kidney and liver func-
tion, and in some cases, both internal and external bleed-
ing. Specialized laboratory tests on blood specimens
detect specific antigens and/or genes of the virus. Anti-
bodies to the virus can be detected, and the virus can be
isolated in cell culture. For patient management, support-
ive care is to be given. No specific treatment or vaccine is
yet available.

Surveillance is aimed at early detection of cases in
order to avoid possible spread of the disease. Suspected
cases should be isolated and strict barrier nursing techni-
ques implemented. Contact tracing and follow-up of
people who may have been exposed to Ebola through
close contact is essential. All hospital personnel should
be briefed on the nature of the disease and its routes
of transmission. Communities affected by Ebola should
make efforts to ensure that the population is well infor-
med, both about the disease itself and about necessary
30% 13%

38%

36%

37%

23% 7% 5%

0% 10% 20% 30% 4

Worldwide

High-income countries

Upper-middle-income
countries

Lower-middle-income
countries

Low-income countries

Cardiovascular diseases
Cancer
Chronic respiratory diseases
Diabetes
Other chronic diseases
Injuries
Communicable diseases, maternal and p

1%
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outbreak containment measures, including burial of the
deceased. People who have died fromEbola should be pro-
mptly and safely buried. As the primary mode of person-
to-person transmission is contact with contaminated
blood, secretions, or body fluids, any person who has had
close physical contact with patients should be kept under
strict surveillance. Ebola surveillance is a typical model
that surveillance and containment are highly interrelated.
Surveillance of Noncommunicable Diseases

Public health surveillance has been extended not only
to areas of communicable diseases but also surveillance
of noncommunicable diseases. Although deaths caused by
communicable diseases account for half of the total deaths
in low-income countries, the proportion of deaths by
chronic diseases has been significant, changing and
increasing as the world economy changes (Figure 11).
A few examples of how surveillance has elucidated analy-
sis of the status and risk of specific noncommunicable
diseases are given in the next sections.
Surveillance on risk factors for noncommunicable

diseases

WHO developed the stepwise approach to surveillance of
noncommunicable disease risk factors, termed STEPS
(STEPwise approach to chronic disease risk factor sur-
veillance), as part of a global surveillance strategy, aiming
to monitor emerging patterns and trends worldwide and
contain and reduce noncommunicable diseases. The
STEPS approach is based on the concept that non-
communicable disease surveillance systems need to be
simple, focusing on a minimum number of risk factors
that predict disease, before placing too much emphasis
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on costly disease registries that are difficult to sustain
over the long term, especially in low- and middle-income
countries. STEPS is a sequential process, starting with
the gathering of information on key risk factors by the use
of questionnaires (sociodemographic features, tobacco
use, alcohol consumption, physical inactivity, and fruit
and vegetable intake); then, taking simple physical mea-
surements (height, weight, waist circumference, and
blood pressure); and lastly, collecting blood samples for
biochemical assessment (measurement of lipid and
glucose levels).
Epidemiological surveillance research on stroke

and cardiovascular diseases
In Hisayama Town (population 7000), Japan, three cohort
studies were conducted targeting residents aged 40 years
or over in 1961, 1974, and 1988 after screening examina-
tions. The cohort populations have been undergoing lon-
gitudinal observations by repeated health examinations
(follow-up rate, 99%). When the subjects died, autopsy
examinations were performed (mean autopsy rate, >80%).
First, it aimed to study the prevalence of stroke and its
risk factors, but later the study was expanded, targeting
stroke, cardiovascular diseases, cancer, senile dementia, dia-
betes, and lifestyle-related diseases. The fourth study has
been started, adding themolecular epidemiological study to
find the genomic risk factors. The results have been
reflected in national policy formation on the prevention.

Cancer registries

Cancer registries are part of the surveillance system.
Population-based registries provide information on inci-
dence cases and incidence trends, whereas hospital-based
registries provide information regarding diagnosis, stage
distribution, treatment methods, and survival. For example,
in Japan, cancer occurrence is monitored through popula-
tion-based and hospital-based cancer registries by the Japa-
nese Association of Cancer Registries in collaboration with
34 prefectural governments, supported and maintained by
the Research Center for Cancer Prevention and Screening,
National Cancer Center. Hospitals and clinics are encour-
aged to report the occurrence to the prefectural govern-
ment, which summarizes and analyzes their reports.
Surveillance of Accidents and Self-Inflicted
Injuries

Injuries constitute a major public health problem. Accord-
ing to WHO data for 2000, an estimated 5million people
die each year as a result of some form of injury, comprising
almost 9% of all deaths worldwide. Road traffic and self-
inflicted injuries are the leading causes. The costs of injury
mortality and morbidity are immense in terms of lost
economic opportunity, demands on national health bud-
gets, and personal suffering. Nevertheless, few countries
have surveillance systems that generate reliable informa-
tion on the nature and frequency of injuries. Aiming to
collect better information and, in turn, to develop effective
prevention programs, the WHO, in collaboration with
the U.S. CDC, produced manuals on how to set up
surveillance systems for collecting, coding, and processing
data. In active surveillance, injury cases are sought out and
investigated; injured persons are interviewed and followed
up. For example, active surveillance of child abuse cases
would involve identifying and locating cases through a
variety of sources, such as police reports, social agencies,
and educational authorities. It might involve seeking out
the abused children, their parents, and/or the appropriate
authorities, conducting interviews and follow-up. In pas-
sive surveillance, relevant information is collected in the
course of doing other routine tasks. For example, doctors
are routinely required to fill out death certificates for legal
purposes, but it is possible to extract information entered
on those certificates to obtain data on deaths from injuries.
Forms filled out bydoctors or nurses for medical insurance
purposes can also be used for surveillance purposes. Other
potential sources of data on fatal injuries include autopsy/
pathology reports and police reports, and on severe non-
fatal injuries, trauma registries, and ambulance or emer-
gency medical technician records. In Japan, the statistics
on fatal and nonfatal injuries, including accidents and
suicide, are available based on police reports, the Popula-
tion Survey Report, and death certificates. In addition to a
hospital-based surveillance system, community-based
surveys may provide a complement to capture further
reports on injury events and deaths in the community.
Those treated outside the formal health sector or those
with minor injuries that do not necessarily require hospital
attention might be missed by a hospital-based surveillance
system, so that community-based surveys are one way of
obtaining injury events within a community. Surveillance
on this type of health hazards will become an important
surveillance function in today’s world, depending upon
the level and extent of the health hazard in individual
nations (Figure 12).
Global Surveillance Network

International surveillance on epidemic diseases or
diseases of international importance has been carried
out by different organizations under WHO’s Global
Outbreak Alert and Response Network (GOARN)
(Figure 13).

The office covering GOARN is situated in WHO
headquarters in Geneva and every week through the
electronic network dispatches assorted surveillance data
to all nations and individual institutions for their review
and necessary action (Figure 14).
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In 2005, WHO and the member states renewed the
International Health Regulations whose purpose is ‘‘to
ensure the maximum protection of people against the
international spread, while minimizing interference with
world travel and trade.’’ The diagram of the surveillance
system is shown in Figure 15.

This purpose certainly requires a well-organized sur-
veillance network, as shown in Figure 14. The diseases that
the system would handle are shown in Figure 15. In 2006,
the World Health Assembly (WHA) further amended the
International Health Regulations (IHR) to strengthen sur-
veillance on the possible avian influenza pandemic.

The performance of international surveillance has been
significantly affected by the unprecedented technology
development in the last and this century. For example,
electronics technology has prompted the real-time

http://whqlibdoc.who.int/publications/924156220x.pdf


Figure 14 WHO epidemic and pandemic alert and response. From World Health Organization (2006) Disease Outbreak News.

http://www.who.int/csr/don/en (accessed October 2007).
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reporting andmolecular biology has led to the discovery of
the pathogen source in distant or unthinkable circum-
stances such as the spread of polio virus or SARS virus
cases. On the other hand, a rapid increase in the global
population (4 billion at the end of the nineteenth century,
6 billion at the end of the twentieth century) and increas-
ing frequency of travel by air, sea, and land accelerates
disease transmission. The situation is further worsening by
expanding inequality. Of 6 billion people in the world,
1.5 billion (15%) live at a level of poverty of $1–2 per day
(Table 3). Thus, in sub-Saharan Africa, for example,
extreme poverty and the prevalence of severe diseases
cause a vicious cycle and pose a threat to neighboring
geographical regions. The situation makes conducting
surveillance ineffective and complicated, coupled with
the inadequacy of health services under the strain of lim-
ited resources and in some areas of political unrest. In
these circumstances, the importance of global collabora-
tion to strengthen area-wide surveillance was increasingly
recognized in the late twentieth century and early in this
century.

The surveillance system mentioned above requires the
collaboration by all WHO member states. WHO Assem-
bly, as necessary, reviews and makes recommendations on
how the member states and experts concerned contribute
to the effective performance of international surveillance
in different geographical regions. It is important to note
that the surveillance activities in areas of extreme poverty
require substantial cooperation from rich nations. Such
cooperation contributes in turn to the development of
effective global surveillance.
Ethical and Legal Aspects of Surveillance

Surveillance activities often involve surveillance workers
handling communities, people, and institutions in terms of
health hazard investigation, collection of technical as well
as originally private information, and publication of the
collected information. It is important that the purpose of
surveillance should be known or fully explained as needed
to the community or individuals so that surveillance teams
can obtain needed information with good cooperation on
the part of the community or individuals. When it is
planned, surveillance should ensure that individuals’ and
agencies’ right to privacywill not be violated. In some cases,
however, this is not simple, because the right to privacy and
the right to know scientific information conflict.

http://www.who.int/csr/don/en


Table 3 World Bank estimates of absolute poverty, 1990

and 2001

$1.08/day $2.15/day

Number of poor: 1 million 1990 2001 1990 2001

East Asia 472 284 1116 868

South Asia 462 428 958 1059

Latin America 49 50 125 128
East Europe and Central Asia 2 18 58 94

Middle East and North Africa 6 7 51 70

Sub-Saharan Africa 227 314 382 514
World 1218 1101 2690 2733

Extreme poverty – people who can spend only one or two dollars

per day for their survival are increasing in Middle East and certain

areas of Asia and Africa. They are very numerous in South Asia
and sub-Saharan Africa. Any health measures are a luxury. From

The World Bank Group (2004) Millennium Development Goals.

http://www.developmentgoals.org/Poverty.htm#povertylevel

(accessed October 2007).

Events detected by national surveillance system

A case of the following diseases
is unusual or unexpected and
may have serious public health
impact, and thus shall be
notifieda,b.
 − Smallpox
− Poliomyelitis due to wild-type
− Human influenza caused by
   a new subtype 
− Severe acute respiratory
   syndrome (SARS)  

Any event of potential
international public health
concern, including those of
unknown causes or sources
and those involving other
events or diseases than those
listed in the box on the left and
the box on the right shall lead
to utilization of the algorithm 

An event involving the following
diseases shall always lead to utilization
of the algorithm, because they have
demonstrated the ability to cause
serious public health impact and to
spread rapidly internationally:b
− Cholera
− Pneumonic plague
− Yellow fever
− Viral hemorrhagic fevers (Ebola,
   Lassa, Marburg) 
− West Nile fever
− Other diseases that are of
 special national or regional concern,
 e.g. dengue fever, Rift Valley
   fever, and meningococcal disease 

Is the public health impact of the 
event serious?

Is the event unusual or unexpected?

Yes No

OR OR

Stage A will be repeatedly checked by higher level,
at least two times and then report

Event shall be notified to WHO under the international health regulations 

Stage A

Figure 15 Notification system of events that may constitute a public health emergency of international concern, as of 23 May 2006.
aAs per WHO case definitions. bThe disease list shall be used only for the purposes of these Regulations. From World Health

Organization (2005) Third Report of Committee A–Fifty-Eighth World Health Assembly, 23 May 2005 (modified). http://www.who.int/gb/
ebwha/pdf-files/WHA58/A58_55-en.pdf
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See also: Ethics of Health Promotion; Ethics of Infectious

Disease Control; The Ethics of Public Health Research:

Moral Obligations to Communities; Health Inequalities;

Resource Allocation: International Perspectives on

Resource Allocation.
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http://www.polioeradication.org/– Global Polio Eradication Initiative.
http://www.who.int/csr/en/– World Health Organization, Epidemic and

Pandemic Alert and Response.

http://www.who.int/csr/ihr/en/– World Health Organization,
International Health Regulation (2005).

http://www.who.int/wer/en/– World Health Organization, Weekly
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Historical Background and Recent
Epidemiology

Syphilis (Treponema pallidum) is one of the most intriguing
human pathogens. First described as the Great Pox, its true
historical origins are unclear. The emergence of syphilis
in Europe coincided with the return of Columbus’s
crew from the New World in 1493; Dr. Ruy Diaz de Isla
(Barcelona) claimed to have treated Vicente Pinon, master
of the Niña (Oriel, 1994). Its appearance in Europe has also
been ascribed to the spread of the infection from the tropics,
the severity of the disease being attributed to its introduc-
tion to a nonimmune population. Nevertheless, what is
clear is that a major pathological entity appeared in late
fifteenth-century Europe, spreading quickly throughout
the Continent, and then on to India (1498) and China
(1505). The spread of infection was influenced by a combi-
nation of factors including socioeconomic change, conflict,
and migration. Syphilis affected the whole of society and
had far-reaching consequences. The response to the infec-
tion – blame, shame, stigma, and intolerance – reflects
the attitude of society to sexually transmitted diseases
over the subsequent centuries, and anticipates the reaction
to the emergence ofHIVat the end of the twentieth century.
The element of blame in the epidemic of this new virulent
disease is clear in the names it was given; terms such as the
‘Italian,’ ‘Spanish,’ and ‘Polish’ disease were coined by
neighboring and rival countries, as well as more generic
terms such as the ‘Great Pox’ and ‘lues venereum’ (venereal
disease). However, it was the word ‘syphilis,’ derived from
the name of a shepherd who suffered from the condition in
Girolamo Fracastoro’s poem Syphilis Sive Morbus Gallicus, or
Syphilis and the French Disease (1530), that came to be used
universally. The effect of syphilis on society was profound
and has been documented by artists, writers, and historians
over the subsequent centuries (Morton, 1990).

From the late Renaissance to the present day, knowl-
edge of the infection has developed in line with advances
in anatomy, physiology, microbiology, pharmacology,
and epidemiology. The association between syphilis and
cardiovascular disease was first described by Lascis
(1654–1720), and neurosyphilis and congenital syphilis
by Fournier (1832–1914). In the absence of diagnostic
methods at that time, the noted Scottish scientist and
surgeon John Hunter (1728–93) believed that syphilis
and gonorrhoea were the same disease, and it was not
until 1838 that Philippe Ricord’s study of 2500 human
inoculations showed that syphilis and gonorrhoea in
fact had separate etiologies. Ricord also categorized the
natural history of syphilitic infection into primary, second-
ary, and tertiary syphilis, the classification that is still used
today. Given the huge diversity of presenting symptoms
seen at the tertiary stage, there was a temptation to attri-
bute any subsequent illness suffered by a patient to syphilis
after an attack of the infection, which led SirWilliamOsler
(1849–1919), considered the ‘Father ofModernMedicine,’
to observe that ‘he who knows syphilis knows medicine.’

As with many areas of venereology, knowledge of syph-
ilis has been guided by advances in diagnostic techniques.
In 1906, Wasserman (1866–1925) created a serological test
for T. pallidum which allowed a more precise understanding
of the burden of disease and the associated clinical mani-
festations. At the beginning of the twentieth century 20%
of the European urban population had syphilis, and in the
UK a Royal Commission was set up in 1916 to evaluate
the threat to public health posed by syphilis and gonor-
rhoea. Although the UK National Health Service was not
created until 1947, the Royal Commission concluded that
only state intervention could effectively address the prob-
lem. A network of specialist clinics was created that offered
confidential diagnosis, treatment, andmanagement, includ-
ing partner notification. Motivation for this public health
measure came as much from the high morbidity associated
with venereal disease experienced by the armed forces
in World War I as from a concern for the nation’s sexual
health and the high number of hospitalized patients
suffering from the long-term consequences of syphilitic
infection.
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Diagnoses of syphilis fluctuated throughout the twen-
tieth century, influenced by social change, conflict, chang-
ing sexual behavior, and developments in health care. In
industrialized countries the antibiotic era effectively
eliminated syphilitic complications but did not eradicate
infection (Figure 1). Industrialized countries experienced
a postwar syphilis epidemic which peaked in the mid-
1970s, with prevalence and incidence falling in the face of
the behavioral change initiated in the late 1980s by the
emerging HIV pandemic. However, since the late 1980s,
Western and Eastern Europe have experienced distinctly
different syphilis epidemics (Figures 2 and 3). After the
collapse of the Soviet Union in 1991, substantial rises were
seen in the incidence of syphilis among men and women
in the newly independent states. Incidence of infection
quickly increased from around 5/100 000 in 1990 to as
much as 170/100 000 in 1996, a rate 34 times higher than
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those seen in Western Europe. The reasons for this
increase were rooted in the collapse of the state-run
health-care system together with the profound social and
economic changes that occurred in these countries. In
Western Europe by contrast, syphilis incidence remained
relatively stable through the 1990s, but since the end of the
decade there has been a dramatic change in incidence.
Outbreaks of infectious syphilis have been seen in major
cities in Europe, North America, and Australia, which
are mainly focused on men who have sex with men
(MSM), with a high proportion of cases coinfected with
HIV. The epidemiology of syphilis has been influenced
by developments in the HIV epidemic and behavioral
change in MSM. The availability of effective antiretro-
viral therapy in 1996 was associatedwith behavioral change
among HIV-positive MSM and an increase in HIV preva-
lence. The availability of Viagra (sildenafil citrate) may also
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have increased sexual activity in HIV-positive MSM.
There has also been an increase in traditional ‘sexual mar-
ketplaces’ such as saunas and cruising grounds, together
with a rapid growth in Internet chat rooms, increasing the
opportunity for rapid and easy access to new sexual part-
ners. The effect has been to join previously isolated sexual
networks, increasing the effective size of the sexual net-
work and reducing the time taken for the epidemic to
evolve (Simms et al., 2005). Alongside the syphilis epidemic
among MSM, an outbreak in heterosexuals has developed
that has been associated with factors including travel to
high-prevalence countries, commercial sex work, and illicit
drug use. In the UK, the number of cases associated with
Eastern Europe has been small, and the proportion of
heterosexual cases acquired abroad is similar to that seen
in the mid-1990s when incidence was low.

It has been suggested that fluctuations in syphilis epi-
demics reflect factors such as sexual behavior and avail-
ability of clinical services and treatment, but fluctuations
are also governed by interactions between the infection
and the host immune system. Syphilis stimulates imper-
fect immunity and mathematical models have shown that
the dynamics of syphilis infection have many of the
features of the ‘susceptible–infected–recovered’ model of
microparasitic infections (Anderson et al., 1992; Grenfell
et al., 2001). Essentially, a cyclical pattern of infection
emerges over time: epidemics disappear as the number
of susceptible individuals falls, and the reproductive rate
(R0) falls below 1; the number of individuals in the at-risk
group then accumulates, R0 increases, and a new epidemic
emerges (Grenfell et al., 2001). This pattern has been seen
in the United States on a number of occasions over the
past 50 years. The 8-to-11-year cycle seen in the repeat
epidemics of primary and secondary syphilis reflects the
natural dynamics of the relationship between the infec-
tion and the human population (Grassly et al., 2005).

Syphilis is a global infection and the majority of cases
are now to be found in the developing world reflecting lack
of provision and access to health care, health-seeking
behavior, and the global population distribution (Table 1)
(WHO, 2006a). The highest prevalences are in sub-Saharan
Africa and South and South-East Asia, the lowest in Aus-
tralia and New Zealand. Although these estimates illustrate
the global importance of syphilis, they are biased due to
the quality and quantity of the available surveillance data as
many countries do not have national surveillance systems.
Many prevalence studies have been undertaken within
clinical or occupational groups and the detected preva-
lences vary considerably among settings, locations, and
countries. The seroprevalence of maternal syphilis pro-
vides an indication of the prevalence of syphilis within
the population, and the WHO has estimated the sero-
prevalences of maternal syphilis to be: 3.9% in the Amer-
icas; 1.98% in Africa; 1.5% in Europe; 1.47% in South-East
Asia; 1.11% in the Eastern Mediterranean; and 0.7% in the
Western Pacific (Stoner et al., 2005).
Diagnosis

The presence of T. pallidum may be detected in lesions
or infected lymph nodes in early syphilis using dark field
microscopy. Direct fluorescent antibody and nucleic acid
amplification tests can be used to detect the presence
of T. pallidum in oral samples as well as lesions but
could be contaminated with commensal treponemes. The

http://www.essti.org
http://www.essti.org


Table 1 Estimated new cases of syphilis among adults (millions): 1995 and 1999

Region

1995 1999

Male Female Total Male Female Total

North America 0.07 0.07 0.14 0.054 0.053 0.107

Western Europe 0.10 0.10 0.20 0.069 0.066 0.136

North Africa & Middle East 0.28 0.33 0.62 0.167 0.197 0.364
Eastern Europe & Central Asia 0.05 0.05 0.10 0.053 0.052 0.105

Sub-Saharan Africa 1.56 1.97 3.53 1.683 2.144 3.828

South & South-East Asia 2.66 3.13 5.79 1.851 2.187 4.038

East Asia & Pacific 0.26 0.30 0.56 0.112 0.132 0.244
Australia & New Zealand 0.01 0.01 0.01 0.004 0.004 0.008

Latin America & Caribbean 0.56 0.70 1.26 1.294 1.634 2.928

Total 5.55 6.67 12.22 5.29 6.47 11.76

From World Health Organization (2001) Global prevalence and incidence of selected curable socially transmitted infections. http://www.

int/hiv/pub/sti/who_hiv_aids_2001.02.pdf (accessed November 2001).
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laboratory diagnosis of secondary, latent, and tertiary
syphilis is based on serological tests. It is a complex subject
and has been the focus of many reviews (Lewis and Young,
2006; Singh and Romanowski, 1999). Essentially diagnosis
is based on a combination of non-treponemal and trepo-
nemal tests. Non-treponemal tests, such as the rapid
plasma regain or venereal disease research laboratories
(VDRL) test, are used for screening, with positive results
confirmed using a treponemal test, such as the T. pallidum
hemagglutination assay (TPHA). Access to laboratory ser-
vices can be very limitedwithin the resource-poor countries
where most cases of infectious syphilis are seen and many
cases are diagnosed clinically and managed syndromically.
Point-of-care tests are nowcommercially available and have
been evaluated by the WHO (Peeling, 2006). These simple
‘desk-top’ tests use whole blood, involve no equipment, can
be stored at room temperature, and require minimal train-
ing. Although these tests cannot distinguish between active
infection and past exposure, their value lies in allowing
antenatal screening to be undertaken in resource-poor set-
tings, and improving the control of syphilis in adults.
Treatment

Therapy aims to achieve a treponemicidal level of anti-
biotics. The therapeutic options available depend on the
stage of infection, whether there is neurological involve-
ment, and whether the patient is pregnant or infected
with HIV. First-line therapy is long-acting penicillin,
such as benzathine penicillin G. A level of greater than
0.018mg/L is treponemicidal whereas a maximal elimina-
tion effect is achieved at 0.36mg/L (Idsoe et al., 1972).
Experience from case studies, expert opinion, and the
natural history of syphilis (which has a division time of
30 to 33 hours) all indicate that the course of treatment
should be once a day for at least 7 days. Treponemes may
persist despite effective treatment and may have a role in
reactivating the infection in immunosuppressed patients.
A longer duration of therapy may be required in the
treatment of late syphilis if the organism is dividing more
slowly. Similarly, in early syphilis, infection may persist
after apparent successful treatment, so 10 days treatment is
given in early syphilis and 17 days in late syphilis or where
neurological involvement is seen (BASHH, 2006).

Tetracyclines, such as doxycycline and erythromycin,
have been used in the treatment of syphilis. Erythromycin
does not penetrate the cerebral spinal fluid or placental
barrier well, and resistance to erythromycin has been
reported in T. pallidum. The use of 100mg once or twice
daily for 14 days has been shown to be effective in the
treatment of infectious syphilis but failures have been
reported in the treatment of latent syphilis.

Azithromycin as a single oral dose has good efficacy
against other STIs including Chlamydia trachomatis and
chancroid. Azithromycin therapy is more convenient to
administer than intramuscular benzathine penicillin and
might improve syphilis control by allowing treatment
to be given in nonclinic and outreach settings. The evi-
dence base for the use of azithromycin in the treatment
of syphilis remains poor. Animal studies show good effi-
cacy activity against T. pallidum and uncontrolled studies
of longer courses of azithromycin appear to show efficacy
in early disease. However, poor transplacental and
cerebrospinal fluid penetration are likely to limit the
usefulness of azithromycin in pregnancy and late syphilis,
respectively, and, to date, only small randomized studies
suggest it is efficacious in early syphilis. Macrolides
(including azithromycin) remain fourth-line agents
for syphilis after penicillin, tetracyclines (such as doxy-
cycline), and cephalosporins (such as ceftriaxone).
Transmission and Clinical Presentation

Syphilis is transmitted through sexual intercourse
but infection can also be transmitted vertically resulting
in congenital syphilis, and occasionally by blood

http://www.int/hiv/pub/sti/who_hiv_aids_2001.02.pdf
http://www.int/hiv/pub/sti/who_hiv_aids_2001.02.pdf
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transfusion and nonsexual contact, such as kissing. The
clinical presentation of syphilis is divided into three
stages: primary, secondary, and tertiary. Primary syphilis
is characterized by painless papules that develop at the
site of inoculation between 9 and 90 days after infection.
These quickly ulcerate but heal spontaneously within
6weeks. Other symptoms, such as localized lymphade-
nopathy, may also occur. Secondary syphilis, a systemic
disease resulting from the dissemination of treponemes
through the body, can occur either at the same time as
primary syphilis or within 6months. The clinical mani-
festations of this stage include generalized lymphadenop-
athy, rash with lesions on the palms of the hands and soles
of the feet, fever, mouth ulcers, localized hair loss, con-
dylomata lata (a wartlike growth), and meningitis. Symp-
toms of infection resolve spontaneously after a period of
3 to 12weeks. If the patient is pregnant, the fetus can
be infected in utero through transplacental passage.

In latent syphilis T. pallidum is still present in the
spleen and lymph nodes and may invade the bloodstream,
leading to cases of congenital syphilis and transfusion-
associated infection. Latent syphilis is divided into ‘early’
(duration of less than 2 years) and ‘late’ (duration of
2 years or more). Patients with late latent syphilis are
immune to reinfection. However, if left untreated,
the noninfectious tertiary stage will develop in a third of
those infected. The clinical presentation of tertiary syph-
ilis can be wide-ranging and complex, involving invasion
of the internal organs, gummatous, and cardiovascular
and neurological involvement. Gummas, or destructive
lesions, can occur on the skin and are likely to be a result
of a host-delayed hypersensitivity response. Gummatous
syphilis can involve the organs or their supporting struc-
tures and may result in infiltrative or destructive lesions.
In turn this can lead to granulomatous lesions or ulcers,
including the perforation and collapse of structures
such as the palate and nasal septum. Gumma of the
tongue may be prone to leucoplakia leading to malignant
change. Late neurosyphilis can cause meningovascular
syphilis leading to stroke syndromes, parenchymal
involvement leading to general paresis, and tabes dorsalis.
Cardiovascular syphilis involves the aortic arch and
can lead to angina from coronary ostitis, and aortic
aneurysms.

The clinical presentation of syphilis can be further
complicated by the presence of additional pathologies. For
example, syphilitic ulcers can develop into necrotizing
fasciitis in the presence of a mixed flora of aerobic
and anaerobic bacteria including Group A beta-hemolytic
Streptococcus and Staphylococcus aureus. This condition, also
known as phagedena, has largely disappeared as a result of
developments in clinical care and personal hygiene.

An intriguing feature of the natural history of syphilis
is that some patients develop severe, destructive compli-
cations of the disease whereas others do not. Three
major studies have sought to investigate this phenomenon
within human populations. The Oslo study conducted
by Boeck between 1890 and 1910, with further investiga-
tions by Bruusgaard and Gjestland (1929 and 1955), was a
prospective study of the progression of untreated primary
and secondary syphilis in 1978 patients (Bruusgaard,
1929; Gjestland, 1955). In 1932, a study of the natural
history of syphilis was undertaken at the Tuskegee
Institute, Tuskegee, Alabama (Rockwell et al., 1964).The
study, which involved 412 black men with untreated latent
syphilis and 204 uninfected matched controls, was
concerned with the assessment of the toxicity of arsenicals
and the development of late syphilis. Unfortunately,
informed consent was not obtained from the patients
and antibiotic therapy was withheld after it became avail-
able. On 16 May 1997 the president of the United States
apologized to the survivors and their relatives. The Roahn
study, conducted between 1917 and 1941 at Yale Univer-
sity, included around 4000 patients and was exclusively
confined to observations at autopsy (Roahn, 1947).
Although each study used a different methodology, their
findings were remarkably similar. Between 15 and 40%
of untreated cases develop tertiary syphilis and excess
mortality was associated with syphilis infection. More
than 60% of untreated patients did not develop late
anatomical complications, and for about 20% of the
untreated patients syphilis was the cause of death.
Interaction with HIV

Recent outbreaks of syphilis within industrialized
countries have shown a high proportion of coinfection
between syphilis and HIV, and many countries that
have mature heterosexual HIV epidemics also have high
rates of coinfection between HIV and syphilis. Like
other ulcerative STIs, syphilis promotes the transmission
of HIV and both infections can simulate and interact
with each other. Studies have indicated that primary and
secondary syphilis can increase HIV viral load and lead
to a fall in CD4þ T-cell count in HIV-positive patients.
Observations from other studies suggest that syphilis
may be more severe and may progress more rapidly to
neurological and gummatous syphilis in HIV-positive
patients, but these findings have not been supported by
larger studies. The clinical presentations of syphilis and
HIV can also mimic each other. For example, syphilitic
chancres can be mistaken for chronic mucocutaneous
anogenital herpes in AIDS, while HIV-infected patients
may have neurological abnormalities similar to neuro-
syphilis. HIV infection can lead to larger or more numer-
ous chancres and progress quickly to ulcerating secondary
syphilis.

Although serological tests for syphilis generally
perform the same way in HIV-positive patients as they
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do in immunocompetent patients, unpredictable results
are sometimes found; for example, a delayed positive
serological test may be seen in secondary syphilis.
Congenital Syphilis – ‘The sins of
the father are visited on the children’
(Ibsen, Ghosts)

WHO estimates that maternal syphilis is responsible
for between 713 600 and 1 575 000 cases of congenital
syphilis worldwide, as well as stillbirths or abortions,
and low-birth-weight or premature babies (Stoner et al.,
2005). Infant mortality can be in excess of 10%. The
incidence of congenital syphilis is related to the prevalence
of infectious syphilis within the population. Cases of con-
genital syphilis are costly to health-care systems in high-,
middle-, and low-income countries, and, given the low cost
of testing, antenatal screening (ANS) is cost-effective even
at a prevalence of 0.07%. Congenital syphilis can be pre-
vented through ANS and the treatment structures required
for this intervention already exist in many countries. How-
ever, although this process is conceptually simple, it relies
on the existence and maintenance of well-structured
care pathways. In low-income countries case detection
and management through ANS, although difficult due to
operational constraints, can result in avoidable perinatal
morbidity.

Three of the Millennium Development Goals adopted
by the members of the United Nations are related to
maternal and child health. These are reducing child
mortality, improving maternal health, and combating
HIV/AIDS, malaria, and other diseases. The WHO aims
to reduce maternal morbidity, fetal loss, and neonatal
mortality and morbidity due to syphilis and is starting a
global effort to eliminate congenital syphilis. The stan-
dard for the prevention of mother-to-child transmission
of syphilis is as follows.

All pregnant women should be screened for syphilis at

the first antenatal visit within the first trimester and again

in late pregnancy. At delivery, women who do not have

test results should be tested/re-tested. Women testing

positive should be treated and informed of the impor-

tance of being tested for HIV infection. Their partners

should also be treated and plans should be made to treat

their infants at birth. (WHO, 2006b)

By 2009, the WHO seeks to reduce congenital syphilis
incidence by 90% in four countries, and eliminate con-
genital syphilis from Europe by 2015. Essentially the
elimination strategy consists of three steps, universal
access to professional antenatal care, access to care early
in pregnancy, and on-site testing and treatment. However,
there are a number of obstacles to the presentation
and detection of infection in pregnant women, including:
the detection of infection in reproductive age women,
the availability and ease of access to ANS, access to
accurate rapid testing facilities, the availability of appro-
priate treatment, screening in third trimester and at
delivery, and sufficient staffing and continuity in staffing.
These problems cut across health-care systems and
vary among countries. For example, in Atlanta, Georgia
(USA), such problems include: limited access to antenatal
care, limited access to testing and treatment facilities,
high levels of treatment failure, and high levels of rein-
fection (Warner et al., 2001). In contrast, in sub-Saharan
Africa, obstacles include: high cost of treatment and
testing, inadequate political backing, social/cultural resis-
tance, and insufficient qualified staff (Gloyd et al., 2001).
The high priority given to the role of antenatal care in
the prevention of vertical transmission of HIV provides
a focus for the prevention of congenital syphilis. Health
services need to concentrate on how ANS can be under-
taken more efficiently, and which other clinical settings
should be used for screening. However, it should also
be remembered that although the incidence of congenital
syphilis can be reduced by the consolidation of existing
interventions, elimination relies on parallel strategies
for syphilis prevention and control within the adult
population.

Although the vast majority of congenital syphilis cases
are seen in developing countries, congenital syphilis
also occurs in affluent nations. The evolving European
syphilis epidemic has resulted in an increased incidence
of infectious (primary, secondary, and early latent) syphilis
in reproductive age women and congenital syphilis.

In the UK, the emergence of infectious syphilis in
the late 1990s was characterized by a series of outbreaks
and foci (Simms et al., 2005). Although the main feature
of the epidemic is the rapid increase in cases seen among
men who have sex with men, cases reported among het-
erosexual men and women are also increasing.

The WHO suggests that incidence of congenital syph-
ilis, perinatal and neonatal mortality due to congenital
syphilis, and stillbirth rate could be used as outcome
measures with which to assess the impact of screening
for congenital syphilis. However, measuring congenital
syphilis incidence is difficult despite the comprehensive
surveillance data sets available within developed nations
such as the UK. Diagnoses are recorded in statistical
returns from sexually transmitted disease clinics, but
these are likely to be incomplete as cases will also be
managed in pediatrics and obstetrics and gynecology.
A nationally coordinated study that investigated maternal
and congenital infection diagnosed by pediatricians and
sexual health consultants was carried out between 1994
and 1997, a time when new diagnoses among women
were at a much lower level (Hurtig et al., 1998). Nine
presumptive and eight possible cases were reported but
none were confirmed.
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In recent years about six congenital cases per annum
have been reported by sexually transmitted disease (STD)
clinics. If it is assumed that this represents 30 to 50%
of actual cases, then approximately 10 to 20 cases would
be expected annually. Reports of two cases of congenital
syphilis have been published. In both cases infection
was acquired in the third trimester, both were connected
with commercial sex work and drug users, and one
had not attended antenatal care. Current UK manage-
ment guidelines suggest that all pregnant women should
be tested in the first trimester; for those patients in
whom infection is identified, testing in the third trimester
is also recommended. However, the identification and
management of infection in women who are at high
risk of infection and yet are marginalized in society is a
challenging prospect as these women are unlikely to come
into contact with health-care services until delivery.
Intervention

In 1497 residents of Edinburgh, Scotland, who were
infected with syphilis were banished to the island of
Inchkeith on pain of branding. Such extreme attempts at
infection control were once common and indicate
how syphilis has challenged established public health
strategies for individual-, partnership-, and population-
based interventions. The correct, consistent use of con-
doms should prevent the transmission of infection during
sexual intercourse. The use of both male and female
condoms has been shown to reduce the transmission of
syphilis in men and women and is an essential part of STI
control programs (Holmes et al., 2004). Other individual-
based interventions, such as male circumcision and the
use of microbicide preparations, do not reduce the trans-
mission of syphilis.

Partnership-based interventions seek to interrupt trans-
mission between sexual partners, either by reducing the
risk of transmission or by preventing reinfection. In cases
of syphilis, partnership-based interventions are centered
around partner notification and antenatal screening (see
the section, Congenital Syphilis). Partner notification seeks
to interrupt the onward transmission of infection and
prevent reinfection. Sufficient partners have to be treated
to interrupt transmission within the population. A variety
of methods is used including patient referral (patient in-
forms partner/s), provider referral (health professional
informs partner/s), and conditional referral (health-care
professional informs partner/s after an agreed period)
(Low et al., 2004). From a public health perspective partner
notification is a difficult intervention to undertake success-
fully, particularly if the majority of sexual contacts are
anonymous, as has been the case in the recent syphilis
outbreaks within industrialized countries. And from the
patient’s viewpoint, the stigma, blame, physical violence,
and relationship breakdown that may accompany this
intervention can make partner notification very difficult.

The Vancouver mass treatment intervention was a
population-based intervention that aimed to eliminate a
long-running outbreak of syphilis in Vancouver, British
Columbia (Canada), in early 2000 (Reckart et al., 2003).
Following several years of very low reported rates of infec-
tious syphilis (less than 0.5 per 100 000 population), there
was a marked increase in the number of reported cases from
mid-1997 onward centered on a geographically localized
outbreak in Vancouver’s disadvantaged downtown eastside
area (Patrick et al., 2002). Rates of infection had reached 126
per 100 000 in 1999, and, of the 277 reported cases, 65%
were among people who had contact with a potential source
of their infection from the local area. The outbreak was
spread mainly through heterosexual contact, with 42% of
patients associated with the sex industry (18% of whom
were sex workers and 24% clients) (Patrick et al., 2002).
Only 6% of cases were in MSM. A combination of indi-
vidual- and partnership-based interventions including
condom distribution, partner notification, and public edu-
cation had failed to control the outbreak, so a targeted mass
treatment initiative was implemented in January 2000. The
strategy was adopted because of the geographical concen-
tration of the population at risk and the availability of a
single-dose oral treatment, 1.8 g azithromycin (Hook et al.,
1999). Sexworkers, their clients, andpeople reporting recent
(unprotected) casual sexual contact, were recruited. Treat-
ment doses and information were given to participants to
pass on to other sexual and social contacts (termed ‘second-
ary carry’). The intervention reached 2981 (8.1%) residents
aged 15 to 49 years in the downtown eastside area and 1055
of the estimated 1300 to 2600 commercial sex workers in
Vancouver. There was a significant fall in the mean number
of reported syphilis cases from February to July 2000
(monthly mean 6.7 compared with 10.2 pre-intervention),
but by September 2000 rates had returned to pre-interven-
tion levels, and by 2001 the rate of reporting was higher than
in 1999. Two previous, smaller mass treatment interventions
in North America also showed successful results after
6 months of follow-up (Hibbs and Gunn, 1991; Jaffe et al.,
1979). However, such short-term decreases in syphilis inci-
dence may not be sustainable, and may even have negative
consequences on post-intervention syphilis incidence rates.
The lack of a sustained effect is likely due to the failure to
reach and treat high enough proportions of themarginalized
and inaccessible sections of the target population (Reckart
et al., 2003). Effectively, targeted mass treatment may have
increased the pool of susceptible, high-risk individuals who
are subsequently exposed to infectious syphilis by those who
were not reached by the intervention. Treatment failure
may also have reduced the impact of the intervention
(CDC, 2004; Stapleton et al., 1985).

Nevertheless, the Vancouver study is an example of
the use of community and peer outreach as a means of
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accessing marginalized, ‘hard to reach’ groups at high risk
of syphilis infection. Experience from this intervention is
not applicable to developing countries, particularly in sub-
Saharan Africa, where high HIVand STI incidence rates in
the core group of sex workers, coupled with lack of access
to appropriate health care and STI diagnostic facilities,
may in some contexts justify administration of rounds of
mass treatment for STIs at regular intervals, so-called
periodic presumptive treatment. Such an approach was
implemented in a South African mining community,
where a directly observed 1g dose of azithromycin
was given every month to sex workers attending a mobile
clinic. This resulted in significant declines in the preva-
lence of C. trachomatis, Neisseria gonorrhoeae, and clinically
observed genital ulcer disease in sex workers. Decreased
rates of symptomatic STIswere also observed in the client-
group of miners in the intervention area (Steen et al., 2000).

Syndromic management remains the main intervention
recommended by the WHO for the prevention of STIs
in resource-poor settings where diagnostic facilities are
not available. This individual-based intervention involves
health-care workers matching clinical signs and symptoms
against predefined flow charts that detail clinical presen-
tation and associated interventions, such as partner notifi-
cation and condom distribution, and appropriate medical
intervention including therapy. Prospective studies have
suggested that syndromic management can be effective in
the control of syphilis (Pettifor et al., 2000).

The recent syphilis outbreaks in industrialized countries
have challenged traditional public health approaches to
syphilis control as a substantial number of cases were
unable or unwilling to name their sexual contacts. Innova-
tive approaches including targeted peer outreach among
social networks combined with noninvasive sampling tech-
niques, such as saliva testing, have been used to aid case
detection and increase treatment of infected individuals.
In particular, local multisector intervention initiatives
that specifically target those at high risk of acquiring or
transmitting syphilis have proved to be a valuable addition
to national control efforts (Simms et al., 2005).
Conclusion

The WHO describes syphilis as ‘the classic example of
a STI that can be successfully controlled by public
health measures due to the availability of a highly sensi-
tive diagnostic test and a highly effective and affordable
treatment’ (WHO, 2006a). Although this is true, syphilis
remains a worldwide public health problem in 2008,
and the persistence of this preventable disease reflects a
failure of syphilis control programs, as well as a lack of
political will. Social and behavioral studies are vital to
our understanding of syphilis epidemiology and the pub-
lic health response to these epidemics. In particular,
the effectiveness of intervention strategies that target
those at high risk of acquiring or transmitting syphilis,
including group- and peer-based programs, needs to
be evaluated, optimized, and extended.
See also: AIDS, Epidemiology and Surveillance; Chla-

mydia (Trachoma and Sexually Transmitted Infections);

Yaws, Pinta, and Endemic Syphilis.
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Introduction to Evidence-Based Public
Health

Public health decision making can concern questions
regarding what programs might work; the impact of illness
or disease; the causes of disease and health outcomes;
barriers to better health; and views people have regarding
health, illness, treatments or interventions, and govern-
ment priorities. Thus, a wide range of evidence is required
involving a wide range of methods and processes.

Systematic reviews are now being applied more fre-
quently to questions of intervention effectiveness. The
development of methods to assess interventions is closely
related to the emergence of evidence-based practice
(EBP). EBP has evolved as a process in which ‘best avail-
able’ research evidence is incorporated into practice to
inform decision making. More recently there has been a
focus on studying the process of implementation, estab-
lishing what works (or does not), for whom, and why.

Interest in evidence-based public health is prompted
by several factors. As with other groups within the health
sector and beyond, there has been an increasing public
and political expectation to demonstrate outcomes and to
prioritize the use of available resources. One of the
options available is to synthesize previous research to
identify what programs provide the most likely way for-
ward. Thus, as a field of endeavor, researchers engage
in the critical appraisal, synthesis, exchange, and transla-
tion of knowledge acquired through research investments
to provide access to relevant, easily usable, and high-
quality public health evidence for consumers, practitioners,
researchers, and policymakers.
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Systematic Reviews and Their
Contribution to Evidence-Based Public
Health

Over the past 20 years the generation of information has
increased markedly, fueled by information technology
advances. This has stimulated the need to develop efficient
methods to review, synthesize, and summarize the inter-
ventions undertaken in a particular area. In public health,
topics range from specific interventions (for instance, a
review of school-based driver education) or a broader
range of interventions addressing specific problems (such
as the social exclusion associated with unintended teenage
pregnancy).

A systematic review is defined as ‘‘a review of the
evidence on a clearly formulated question that uses sys-
tematic and explicit methods to identify, select, and criti-
cally appraise relevant primary research, and to extract
and analyze data from the studies that are included in the
review’’ (NHS Centre for Reviews and Dissemination,
2001). This type of review provides a comprehensive sum-
mary of rigorous studies conducted to address a question
of interest. This synthesis is important as single studies,
which can generate a large amount of publicity, can be
misleading. Systematic reviews are therefore a powerful
tool in supporting both policy and practice. They differ
from a traditional or narrative review that describes and
appraises previous work, but tends to be less comprehen-
sive and transparent in identifying included studies and
thus is more prone to bias. They also differ from meta-
analyses, which are simply a statistical combination of
results from a number of studies. Where the process for
identifying studies included in a meta-analysis is not
systematic, meta-analysis may not be considered as a sys-
tematic review. Some systematic reviews may, however,
include a meta-analysis in their results section.

Systematic review methods can be applied across
research questions and methods. The majority of published
systematic reviews have sought to address an intervention-
related question: Does the intervention work (effective-
ness)? More recent studies have addressed these questions
as well: how and why the intervention works (or not), how
acceptable the intervention is, whether there are any unan-
ticipated harms associated with it, and what its costs are
in relation to its effectiveness. Systematic reviews of com-
plex health promotion and public health interventions can
be extremely challenging methodologically ( Jackson et al.,
2005). A systematic review is therefore ideally conducted
by a team, in which some members bring knowledge about
the topic and others bring skills in the methodology. Users,
or stakeholders, increasingly play a role in identifying
salient questions, advising on scope, and sometimes parti-
cipating in other ways in the review process.

The majority of the methodological work regarding the
effectiveness of interventions has been undertaken on
questions for which the randomized controlled trial
(RCT) is considered the strongest possible study design
to minimize bias. In these contexts, good RCTs are more
likely to provide answers about effectiveness than studies
of lower quality (e.g., uncontrolled studies). However,
depending on the question the review seeks to answer,
the full spectrum of study designs related to public health
questions may be included. Systematic reviews of effec-
tiveness have included a range of other study designs,
where appropriate, such as quasi-randomized trials, con-
trolled before-and-after studies, and interrupted time-
series studies. For questions of harm, well-conducted
cohort or case-control studies may be recommended and
included in meta-analyses of observational studies (Egger
et al., 1998). It is also becoming more common to see
qualitative studies included in systematic reviews of effec-
tiveness that seek to understand people’s experiences
(Evans and Fitzgerald, 2002) or views (Harden et al., 2004).

Research findings are often only a small part of the
policy debate. Other influences include judgment, re-
sources, values and policy context, habits and traditions,
lobbyists and pressure groups, pragmatics and contingen-
cies, and experience and expertise (Davies, 2005). How-
ever, rigorously conducted research and high-quality
systematic reviews may increase the impact of research
evidence on decision making (Petticrew and Roberts,
2006). This impact can be further enhanced by an under-
standing of the broad processes that link research, knowl-
edge synthesis, translation and distribution of knowledge,
and evaluation of public health impacts. By enhancing the
capacity for evidence-based practice through its summary
of existing knowledge and identification of opportunities
for innovation/further research, systematic reviews enable
practitioners to respond to the increasing pressure to
use evidence to justify their approach and to contribute
to the evidence base (Petticrew and Roberts, 2006).
Conducting Systematic Reviews of Public
Health Interventions

This section is based on the Guidelines for Conducting

Reviews of Health Promotion and Public Health Interventions

developed by the Cochrane Health Promotion and Public
Health Field in Victoria, Australia, with the involvement
of 16 experienced international public health methodol-
ogists and practitioners.
Planning the Review

It may be useful to establish an advisory group to assist
with framing the question, determining the scope of the
review, and ensuring that the end product meets the needs
of users. Defining the scope of the review requires the
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authors to consider the practical application of the review
in question. They must make pragmatic decisions about
time and resources available to carry out the review. At
this point, they must decide which populations and inter-
ventions of interest to review and which outcomes to use
to determine intervention effectiveness. The relevance of
an outcome for decision making can vary according to
one’s point of view as a consumer, practitioner, policy-
maker, researcher, or member of the public.
Study Designs to Include

The review question will determine the types of study
designs to be included. For example, a question about
effectiveness is best answered by systematic reviews fol-
lowed by RCTs, whereas a question about the acceptabil-
ity of day care for families living in disadvantaged areas is
more likely to benefit from a range of qualitative research
methods (Petticrew and Roberts, 2006). A broad test
search (often referred to as a scoping search) will assist
in the identification of study designs used to address the
question of interest in a particular topic area. The deci-
sions about which type(s) of study designs to include will
influence subsequent phases of the review, particularly
searching the literature, quality assessment, and analysis
(especially for meta-analyses). Although RCTs may be
the ‘gold standard’ for questions of effectiveness, they
may not always be appropriate for your question.
Searching the Public Health Literature

Searching for literature on public health interventions is
difficult. Studies are often poorly indexed by medical
databases, and the terminology used in studies may differ
across journals and contexts. Research on interventions
may be published in a range of multidisciplinary sources
( Jackson et al., 2005; Petticrew and Roberts, 2006). Many
studies of public health interventions are never published
in peer-review journals and are referred to as ‘gray litera-
ture,’ which may appear as reports to government agen-
cies, books, or chapters in books. As part of the scope of a
review, it is important to consider the pros and cons of
including these types of studies before devising an appro-
priate search strategy.
Quality Assessment

Quality assessment of studies to be included in systematic
reviews refers to assessing the degree to which the study is
free from methodological biases (including selection bias,
response bias, and observer bias). If studies of varying
levels of quality are summarized together to estimate an
effect size, the results of the review may be biased.
Authors need to be explicit about the approach used to
assess quality and draw conclusions about the strength of
evidence. A range of tools have been developed and are
appropriate for use in systematic reviews of public health
interventions (Petticrew and Roberts, 2006). Currently,
there is no single validated checklist to use for all types
of qualitative studies. Where possible, authors using
checklists should report on their usefulness to advance
research methodologies.
Theoretical Framework

Although it is not known whether theoretical frameworks
have an impact on the effectiveness of interventions, many
interventions are based either explicitly or implicitly on a
theory about what works. At the systematic review level,
capturing, synthesizing, and interpreting information
about the theoretical bases of included studies may pro-
vide the decision maker with insight into how the pro-
gram designer thinks the intervention brings about
change. This may be useful information when considering
how applicable the intervention is to a particular context
or population. When reporting systematic review results,
it may be useful to tabulate the theoretical perspectives
used in each intervention.
Integrity of Intervention

The integrity (or fidelity) of the intervention is the degree
to which the intervention is implemented as planned.
Dane and Schneider (1998) describe six aspects of integ-
rity/fidelity: adherence (whether components were deliv-
ered as prescribed), exposure (the number and length of
sessions within a program), quality of delivery (related
to staff involved in program delivery), participant res-
ponsiveness (including participation and enthusiasm),
program differentiation (ensuring that participants only
received planned interventions), and heterogeneity in
public health reviews (the differences in included
studies including populations, contexts, and outcomes
measured).
Integrating Qualitative and Quantitative Studies

Combining a synthesis of qualitative studies with a syn-
thesis of quantitative data from research trials can provide
greater insights into developing, evaluating, and imple-
menting interventions (Oliver et al., 2005). When the
synthesis of trials includes a meta-analysis, the method
allows the integration of quantitative estimates of benefit
and harm with qualitative understanding from people’s
lives. The insights gained from the synthesis of qualitative
studies allows exploration of statistical heterogeneity in
ways that it would be difficult to imagine in advance
(Thomas et al., 2004).
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Ethics and Inequalities

Systematic review methods for addressing health-care
inequalities are in their infancy, and as a result, with
some admirable exceptions (Kristjansson et al., 2007) few
systematic reviews currently include this type of informa-
tion. This is primarily because information on equity tends
to be underreported in primary studies. Where possible, it
may be useful to use PROGRESS (place of residence,
race/ethnicity, occupation, gender, religion, education,
socioeconomic position [SES] and social capital) to assess
issues of equity. It is also important to consider the ethical
implications of every decision made throughout the
review process. Ethical issues may arise during many
stages of the review, including when making these deci-
sions: the topic of the review, who is involved throughout
it, and which interventions and outcomes to include.
Sustainability

Users of reviews are often interested in knowing whether
the health benefits (e.g., reductions in specific diseases or
improvements in health) from an intervention are going to
be sustained beyond the life of the intervention.

Shediac-Rizkallah and Bone (1998) present a useful
framework for addressing sustainability. It defines key
aspects of program sustainability as (1) maintenance of
health benefits from the program, (2) institutionalization
of a program within an organization, and (3) capacity
building in the community. Key factors influencing sus-
tainability are those in the broader environment, those
within the organizational setting, and project design and
implementation factors.
Context

The context (e.g., political, organizational, social, or eco-
nomic) in which an intervention is conducted can affect
its subsequent success or failure. It is therefore often
difficult to make generalizations about whether an inter-
vention included in a review may work in other contexts
(Roberts et al., 2006). Often this contextual information is
not included in primary studies, and the review author
may need to contact the original researchers to obtain it.
Systematic reviews of public health interventions should
highlight what context-specific information was included
in the studies and identify further information required,
such as features of the host organization, staff, and health-
care system and characteristics of the target population
(e.g., socioeconomic, cultural, literacy levels, place of res-
idence) (Hawe et al., 2004).
Applicability

External validity is the extent to which the findings
of a study or a systematic review are relevant to other
populations and contexts. Sometimes referred to as gen-
eralizability, it allows decision makers to consider how
the findings of a systematic review might be adopted or
adapted for effective practice or policy within their
setting (Wang et al., 2006).
Infrastructure and Activity to Support
Systematic Reviews of Public Health
Interventions

Both the development and implementation of systematic
reviews need to be supported by appropriate infrastruc-
ture. This section of the study describes programs/activ-
ities being undertaken to support review production and
knowledge translation and exchange. It may include an
acknowledgment of the work being conducted by the
following groups:

. Cochrane Collaboration, established in 1993, is an
international organization with the aim of preparing
and maintaining systematic reviews of the effects of
health interventions and making this information avail-
able to all practitioners, policymakers, and consumers.
The Cochrane Health Promotion and Public Health
Field, an organization of the Cochrane Collaboration,
was established in 1996 and has been funded by the
Victorian Health Promotion Foundation since 2000.
The Collaboration and its entities have contributed to
the development of methods for conducting reviews
and the translation of findings of systematic reviews
into policy and practice.

. The Canadian Institutes of Health Research (CIHR),
established in 2000, is the government of Canada’s health
research funding agency. Knowledge translation is
the cornerstone of CIHRs mandate and involves the
exchange, synthesis, and application of knowledge to
accelerate use of the best available evidence in the inter-
est of improving the health of Canadians. Within CIHR,
the Institute of Population and Public Health actively
contributed to the establishment of the National Colla-
borating Centres for Public Health (NCCs), a Public
Health Agency Canada initiative to make public health
research more accessible for practice and policy deci-
sions.

. Health-evidence.ca is a website that forms part of a
randomized controlled trial to test the effectiveness of
three knowledge translation strategies: website, tar-
geted evidence messages, and a knowledge broker.
The trial is funded by several sources including the
Canadian Institutes of Health Research. Although there
is a significant investment in knowledge translation
strategies, very little is known about which strategies
are most likely to result in the use of evidence to inform
decision making. This project seeks to inform this
debate.
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. National Institute for Health and Clinical Excel-
lence in the UK is an independent organization respon-
sible for providing national guidance on promoting
good health and preventing and treating ill health.
It makes recommendations on interventions to promote
a healthy lifestyle or reduce the risk of developing a
disease or condition. This guidance may focus on a
topic (such as smoking), particular population (such as
young people), or a particular setting (such as the work-
place).

. U.S. Guide to Community Preventive Services sum-
marizes what is known about the effectiveness, econom-
ic efficiency, and feasibility of interventions to promote
community health and prevent disease. Established in
1996, the Task Force on Community Preventive Ser-
vices, a nongovernmental body whose work is sup-
ported by the U.S. Centers for Disease Control and
Prevention, makes recommendations for the use of
public health interventions based on evidence gathered
in systematic reviews of published studies conducted by
the review teams of the Community Guide.
See also: Evidence-Based Public Health Policy; Public

and Consumer Participation in Policy and Research.
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Definition and Overview

We have defined terrorism as ‘‘politically motivated
violence or the threat of violence, especially against
civilians, with the intent to instill fear’’ (Levy and
Sidel, 2007). (Bioterrorism is defined as the use of, or
threat to use, biological weapons for this purpose.) Ter-
rorism is intended to have psychological effects that
go beyond the immediate victims to intimidate a wider
population, such as a rival ethnic or religious group, a
national government or political party, or an entire coun-
try (Hoffman, 1998). It is often intended to establish
power were there is none or to consolidate power where
there is little. While many nations, including the United
States, differentiate terrorism from war – especially a war
formally declared by a nation, we perceive little difference
between terrorism and a war directed largely against
civilian populations.

The term terrorism is ‘‘generally applied to one’s ene-
mies and opponents, or to those with whom one disagrees
and would otherwise prefer to ignore’’ (Hoffman, 1998).
The use of the term terrorism, therefore, depends on one’s
point of view. The term terrorism implies a moral judg-
ment; if one group can attach the term to its opponent,
then it may have persuaded others to adopt its moral
perspective ( Jenkins, 1980). In civil wars, revolutions,
and other conflicts, those considered terrorists by one
side are often considered freedom fighters by the other.
In these situations, groups that have been relatively pow-
erless, in contrast to very powerful foes, have often uti-
lized terrorist tactics, believing that these tactics represent
their own effective weapon against superior force. An
analysis of 109 definitions of the term terrorism revealed
that the most frequent definitional elements were the
words violence, force, political, and fear (Schmidt et al.,
1998). Because of ambiguity in the use of the term, some
organizations avoid its use in formal communication.
Terrorism can be construed as encompassing the use
by countries of weapons designed to cause casualties
among civilian populations. Examples of such terrorism
include the bombing of Guernica, Spain, by Nazi forces in
1937 and during World War II, the bombing of Warsaw,
Rotterdam, London, Coventry, and other cities by Germany;
the bombing of Dresden, Hamburg, and other cities by the
Allies; the bombing of Tokyo and other Japanese cities by
the United States; and the detonation of nuclear weapons
at Hiroshima and Nagasaki by the United States. There is
controversy about whether these ‘acts of war’ should be
considered terrorism (Geiger, 1997).

U.S. law defines terrorism as ‘‘premeditated, politically
motivated violence perpetrated against noncombatant tar-
gets by subnational groups or clandestine agents’’
(U.S. Code, 22, }2656f(d)). Based on this definition, the
National Counterterrorism Center reported that during
2006, 14 352 terrorist attacks occurred worldwide and
resulted in 20 573 deaths (13 340 in Iraq), with an addi-
tional 36 214 people wounded. Nearly 300 incidents
resulted in ten or more deaths, 90% of which were in
the Near East and South Asia. Armed attacks and bomb-
ings led to 77% of the fatalities during 2006 (National
Counterterrorism Center, 2006).

The bombings of the World Trade Center in 1993,
the Alfred P. Murrah Federal Building in Oklahoma
City in 1995, and U.S. military and diplomatic facilities
abroad in the late 1990s awakened Americans to the
reality of terrorism directed at U.S. targets at home and
abroad. Americans’ concerns about terrorism on U.S. soil
were tragically confirmed by the September 11, 2001,
attacks on the World Trade Center and the Pentagon,
followed soon afterward by letters contaminated with
anthrax spores that were mailed to two U.S. senators and
several news-media organizations.

In recent decades, terrorist incidents have occurred in
many countries worldwide: the killing of nine Israeli
303
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athletes by Palestinian terrorists at the Olympics in
Munich in 1972; the use of explosives on airplanes, such
as the bombing of an Air India 747 over the Atlantic in
1985, which killed all 329 people on board; numerous
attacks on embassies, with kidnapping and killing of dip-
lomats; and thousands of attacks on civilians in many
countries. Among major terrorist attacks since 2002 have
been the detonation of bombs on a train in Madrid in
2004, which killed 191 people and injured 1700, and on
local public transport in London in 2005, which killed 56
people, including four perpetrators, and injured 700 peo-
ple; the occupation of a theater in Moscow in 2002 by
Chechen guerillas, in which 170 people were killed,
including 41 of the guerillas – deaths that were mainly
caused by fentanyl and halothane used in gaseous form by
the police in a rescue attempt; and the seizure of a public
school in Beslan in southern Russia in 2004 by a Chechen
group, which led to the death of 332 people, mostly
students, teachers, and parents.

Terrorist events have highlighted the important roles
of public health professionals and their agencies and
organizations in responding to these events and helping
prepare for and prevent future terrorist attacks. The
involvement in this response, not only of public health
professionals but also of others throughout society, has
underscored the fact that public health is what we, as a
society, do collectively to ensure the conditions in which
people can be healthy.
Roots of Terrorism

There are many different roots of terrorism, including
historical and political; economic and social; and philo-
sophical, ideological, and religious roots (Easley and
Allen, 2007).

Political factors have influenced the development of
terrorism over many centuries in many parts of the world.
Terrorism has been defined as ‘‘simply the contemporary
name given to, and the modern permutation of, warfare
deliberately waged against civilians with the purpose of
destroying their will to support either leaders or policies
that the agents of such violence find objectionable’’ (Carr,
2002). Using this definition, several historical and con-
temporary figures have been classified as terrorists, rang-
ing from the Roman emperor Augustus and King Louis XIV
of France to former U.S. President Richard Nixon and
former Secretary of State Henry Kissinger (Carr, 2002).
Terrorism may be viewed as a pragmatic political strategy
of the weak who lack political or military power.

Poverty is an important contributing cause to terror-
ism. It has been described as a powder keg that can
explode with debilitating and negative consequences.
Through the news media, many people in less-developed
countries who live in poverty and despair continually
perceive the affluence and waste of many Western
countries. There are gross economic disparities in the
world; for example, the richest one-fifth of the world’s
population owns about 85% of the world’s wealth, while
the poorest one-fifth owns about 1%. One-third of the
extremely poor people in the world subsist on less than a
dollar per day.

Various manifestations of religious fundamentalism
have influenced the development of terrorism, although
the religious bases for these manifestations have not gen-
erally supported or condoned terrorist acts. In addition,
the concepts of honor and shame, which are critical to
understanding certain cultures, play a role in the devel-
opment of terrorism; perceived humiliation may lead
some people to engage in terrorist acts.

Psychological traits of terrorists may play a role. Ter-
rorists have been described as action-oriented, aggressive,
and stimulus-hungry. They are likely to have experienced
psychological damage during childhood that has led to a
self-concept in which the good aspects of their personal-
ities are idealized, whereas the bad aspects are projected
onto others. Some of these people may have come from
fragmented families and may find in terrorist groups their
first experiences of belonging and identity. The absolutist
ideology of terrorist groups becomes the intellectual jus-
tification for their morality (Post, 1998).
Terrorist Weapons

Small Arms, Explosives, and Incendiaries

The categories of weapons that have been most frequently
used in terrorist acts have been small arms, explosives, and
incendiaries. Small arms kill an estimated 500 000 people
worldwide each year and injure and traumatize many
more. However, the percentage of small-arms deaths
worldwide that are thought to be terrorist acts is very
small. Terrorist organizations appear to stockpile small
arms to support many activities, ranging from robberies
and kidnappings to armed conflict. Small arms are the
primary tools of terrorists. A review of 400 recorded
terrorist incidents from 1997 to 2001 demonstrated that
small arms were clearly used in 30% of them and proba-
bly used in kidnappings and abductions that amounted to
another 10% of these incidents.

Explosives and incendiaries are frequently used by
terrorists worldwide. Between 1980 and 1990, there were
12 216 bombings in the United States, causing 1782 inju-
ries, 241 deaths, and almost US$140million in property
damage. Between 1990 and 1994, there were 8567 bomb-
ings and nearly 2000 additional bombing attempts in the
United States. Most of these explosions – 53% of the
explosions in 1990 – involved pipe bombs; pipe bombs
are charged with a low-velocity filler, such as black pow-
der, and packed with fragments that extend fragmentary
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and thermal injuries. An analysis of 400 documented
terrorist incidents between 1997 and 2001 demonstrated
that more than 250 of them involved bombs, explosives, or
incendiaries. The impact of bombs goes well beyond mor-
tality and morbidity, given that the main objective is to
create psychological terror and subsequent chaos and panic.
Chemical Weapons

A chemical weapon is ‘‘any chemical which, through its
chemical effect on living processes, may cause death,
temporary loss of performance, or permanent injury to
people and animals,’’ (Chemical Weapons Convention,
1993). Explosives and incendiary weapons also use che-
micals, but the destructive force of these weapons depends
on blast and heat that chemicals can produce; chemical
weapons, by definition, depend on the direct toxic effects
of chemicals. Although the first International World Peace
Conference in The Hague in 1899 forbade the use of
chemical weapons, these weapons were extensively devel-
oped and used during World War I, with 110 tons of toxic
chemicals disseminated, affecting 1.3million people and
causing 90 000 deaths. Chemical weapons used during
World War I included chlorine, phosgene, and mustard
gas (dichloroethylsulfide), the last of which was delivered
by artillery shells. Because mustard gas is heavier than air,
it settles in low-lying areas, and because of its persistence,
it remains active for days.

In 1925, the Geneva Protocol outlawed the use of
chemical weapons, but most nations viewed it as a ‘no
first use treaty.’ During subsequent years many new
chemical weapons were developed. In the 1920s and
1930s in Afghanistan, Morocco, and Ethiopia, colonial
powers used mustard bombs against native populations.
During World War II, the Germans developed and man-
ufactured the lethal nerve agents tabun, sarin, and soman
but did not field these gases militarily. (The Nazis used
other gases in the concentration-camp gas chambers: car-
bon monoxide, pesticides, prussic acid, and hydrogen
cyanide.) The Allies also developed and stockpiled chem-
ical weapons; the explosion of 100 tons of mustard gas,
resulting from the German bombing of a U.S. ship in the
harbor of Bari, Italy, caused the deaths of more than 600
military personnel and many civilians. Since World War II,
chemical weapons have been used in several parts of the
world. In the 1980s, Iraq, in its war against Iran, used
mustard gas and the nerve agent tabun and possibly the
nerve agent sarin. Later the Iraqi government used hydro-
gen cyanide against its own Kurdish population. By the
end of the Cold War, the Soviet Union had accumulated
40 metric tons of chemical weapons, and the United States
had stockpiled 29 metric tons. In addition to the huge
known stockpiles not yet destroyed in the United States
and Russia, stockpiles remain in several other countries,
such as India and Libya.
TheConvention on the Prohibition of theDevelopment,
Production, Stockpiling, andUse of ChemicalWeapons and
on Their Destruction (the Chemical Weapons Convention,
or CWC)was opened for signature in 1993 and entered into
force in 1997. TheCWC is the first disarmament agreement
negotiatedwithin amultilateral framework that provides for
the elimination of an entire category of weapons of mass
destruction. The CWC prohibits all development, produc-
tion, acquisition, stockpiling, transfer, and use of chemical
weapons and requires each state party to destroy its chemi-
cal weapons and chemical weapons production facilities,
as well as any chemical weapons it may have abandoned
in the territory of another state party. The verification
provisions of the CWC affect not only the military sector
but also the civilian chemical industry worldwide through
certain restrictions and obligations regarding the produc-
tion, processing, and consumption of chemicals that are
considered relevant to the objectives of the Convention.
TheOrganization for the Prohibition of ChemicalWeapons
in The Hague is responsible for the implementation of the
CWC. As of 2007, 182 states were parties to the CWC.

Chemical weapons include nerve agents, such as sarin
and tabun; vesicants or blistering agents, such as mustard
gas; blood agents, such as hydrogen cyanide and arsine;
choking agents and lung- or pulmonary-damaging agents,
such as chlorine and phosgene; incapacitating agents, such
as fentanyls; riot-control or tear agents, such as chloropic-
rin; and vomiting agents, such as adamsite. Sarin was used
in attacks in Japan in 1994 and 1995 by the Aum Shinrikyō
sect, in which 19 people were killed and more than 5000
others were adversely affected.
Biological Weapons

Biological weapons are living organisms – usually
microorganisms – or their toxic products, used intentionally
to cause illness or death in humans, animals, or plants. They
are produced or used with the goal of causing illness or
death in humans, limiting food supplies or agricultural
resources, and evoking fear in populations.

Use of biological weapons dates at least to the sixth
century BCE, when Persia, Greece, and Rome used dis-
eased corpses to try to contaminate sources of drinking
water. In CE 1346, Mongols besieging the Crimean sea-
port of Kaffa placed cadavers on hurling machines and
threw them into Kaffa. In 1710, Russian troops used
cadavers of plague victims to start an epidemic among
enemy Swedes. During the French and Indian War, in the
mid-1700s, British commander Sir Jeffrey Amherst sent
smallpox-infected blankets to Native Americans. During
the U.S. Civil War, dead animals were left in wells and
ponds to deny fresh water to retreating troops.

During World War I, Germany is alleged to have
used the equine disease glanders against the cavalries of
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eastern European countries. In the 1930s, Japanese troops
dropped rice and wheat mixed with plague-carrying
fleas from planes, resulting in plague in areas of China
that had been previously free of it. During World War II,
Japanese laboratories conducted extensive experiments
on prisoners of war, testing a wide variety of organisms
for possible use as biological weapons, including organ-
isms that cause anthrax, plague, gas gangrene, encephali-
tis, typhus, typhoid, hemorrhagic fever, cholera, smallpox,
and tularemia. Also during World War II, prisoners in
German concentration camps were infected during tests
of biological weapons. Great Britain and the United
States, fearing the Germans would use biological weapons
in World War II, developed their own. Gruinard Island,
off the coast of Scotland, was contaminated in 1942 by a
test use of anthrax spores by the United Kingdom and the
United States; the island remained uninhabitable for dec-
ades. The United States developed anthrax spores, botu-
linum toxin, and other agents as biological weapons but
did not use them.

AfterWorldWar II, development of biological weapons
continued, and these weapons were extensively tested. In
the 1950s and 1960s, for example, the University of Utah
conducted secret, large-scale field tests of biological weap-
ons, including tularemia, Rocky Mountain spotted fever,
plague, and Q fever, at the U.S. Army Dugway Proving
Ground inwestern Utah. In 1950, U.S. Navy ships released
as simulants (materials believed to be nonpathogenic that
mimic the spread of biological weapons) large quantities of
bacteria in the San Francisco Bay Area to test the effi-
ciency of their dispersal. Some analysts attributed
subsequent infections and deaths to one of these organ-
isms. During the 1950s and 1960s, the United States con-
ducted 239 top-secret, open-air disseminations of
simulants, involving such areas as the New York City
subways and Washington National Airport. The U.S. mili-
tary developed a large infrastructure of laboratories, test
facilities, and production plants related to biological weap-
ons. By the end of the 1960s, the United States had stock-
piles of at least ten different biological and toxin weapons.
In 1979, the accidental release of anthrax spores near
Sverdlovsk in the Soviet Union resulted in at least
77 cases of inhalation anthrax and at least 66 deaths. In
1984 in a community in central Oregon, 751 people were
identified with Salmonella typhimurium gastroenteritis that
was related to working or eating at ten restaurants in the
area. The outbreak was eventually traced to members of
a religious commune in the area who had deliberately
contaminated restaurant salad bars in the area.

In 1969, the Nixon administration – with the concur-
rence of the Defense Department, which declared that
biological weapons lacked military usefulness – uncondi-
tionally renounced U.S. development, production, stockpil-
ing, and use of biological weapons and announced that the
United States would unilaterally dismantle its biological
weapons program. In 1972, the Soviet Union, which had
urged a more comprehensive treaty, including restrictions
on chemical weapons, ended its opposition to a separate
biological weapons treaty. The United States, the Soviet
Union, and other nations negotiated the Convention on the
Prohibition of the Development, Prevention and Stock-
piling of Bacteriological (Biological) and Toxin Weapons
and on Their Destruction (the Biological Weapons Con-
vention, or BWC). The BWC prohibits – except for ‘‘pro-
phylactic, protective and other peaceful purposes’’ – the
development or acquisition of biological agents or toxins,
as well as weapons carrying them and means of their
production, stockpiling, transfer, or delivery. The U.S.
Senate ratified the BWC in 1975, the same year it ratified
the Geneva Protocol of 1925. As of 2007, there were 158
parties to the BWC.

Invoking the specter of possible new biological weap-
ons and unproven allegations of aggressive biological
weapons programs in other countries, the Reagan admin-
istration initiated intensive efforts to conduct ‘defensive
research,’ permitted under the BWC. The budget for the
U.S. Army Biological Defense Research Program, which
sponsors programs in a wide variety of academic, com-
mercial, and government laboratories, increased dramati-
cally during the 1980s. Much of this research is medical in
nature, including the development of immunizations and
of treatments against organisms that might be used as
biological weapons.

While research and development of new biological
weapons are outlawed by the BWC, it is possible that it
will still occur. Defectors from the Soviet Union and
Russia report that these nations developed new biological
weapons. In addition, some people wonder whether the
defensive research on biological weapons performed by
the United States and other countries is permitted under
the provisions of the BWC. Novel dangers lie in new
genetic technologies, which permit development of
genetically altered organisms not known in nature. Stable,
tailor-made organisms used as biological weapons could
travel long distances and still be infectious, rapidly infil-
trate a population, cause debilitating effects very quickly,
and resist antibiotic treatment.

The Centers for Disease Control and Prevention
(CDC) has identified three categories of diseases and the
biological agents that cause them, prioritized according
to their likelihood of bioterrorist use and the severity of
the diseases they produce. According to the CDC, cate-
gory A (high-priority) agents include ‘‘organisms that pose
a risk to national security because they can be easily
disseminated or transmitted from person to person;
cause high mortality; and have the potential for major
public health impacts; might cause public panic and
social disruption; and require special action for public
health preparedness.’’ These agents cause the diseases
anthrax, botulism, plague, smallpox, tularemia, and viral
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hemorrhagic fevers such as Ebola, Marburg, Lassa, and
Machupo fever. Category B (second-highest priority)
agents include ‘‘those that are moderately easy to dissemi-
nate; cause moderate morbidity and low mortality and
require specific enhancements of CDC’s diagnostic capac-
ity and enhanced disease surveillance.’’ Category B agents
cause such diseases as brucellosis, psittacosis, Q fever,
typhus fever, and viral encephalitis, and include water
safety threats, such as Vibrio cholerae and Cryptosporidium

parvum. Category C (third-highest priority) agents include
‘‘emerging pathogens that could be engineered for mass
dissemination in the future because of availability, ease of
production and dissemination, and potential for high mor-
bidity and mortality and major health impact.’’
Nuclear Weapons

Nuclear weapons represent the most serious terrorist
threat. There is great concern that nuclear weapons
might be acquired and used by terrorist groups or that
these groups may be able to build nuclear weapons from
fissile materials acquired from existing nuclear weapons
states. A nuclear weapon suddenly releases vast amounts
of energy by splitting the nucleus of atoms (fission) and/or
by fusing the nuclei of pairs of atoms (fusion). Even a
crude nuclear weapon may have the potential explosive
force 1000 times higher than the most powerful conven-
tional explosive. Nuclear weapons were used twice, at
the end of World War II, when they were detonated over
Hiroshima and Nagasaki, causing 200 000 immediate
deaths and many more deaths later from cancer and
other chronic diseases. There are approximately 27 000
nuclear weapons thought to be possessed by nine nations:
the United States, Russia, France, China, the United
Kingdom, Israel, India, Pakistan, and possibly North
Korea. Most of these are strategic weapons, which are
capable of intercontinental delivery. Others are tactical
weapons with ranges less than 310miles (500 km). The
United States is thought to possess approximately 10 000
nuclear weapons, 5200 of which are strategic; Russia is
thought to possess 16 000 nuclear weapons, 3500 of which
are strategic. Open-air testing of nuclear weapons has led
to environmental contamination, with increased rates of
leukemia and other cancers among populations who were
downwind of these tests. Production of nuclear weapons
has led to major environmental contamination, such as in
the area around Chelyabinsk, Russia, which has been
heavily contaminated with radioactive materials from
the nuclear-weapons production facility in that area.

There is no comprehensive treaty that bans the use or
mandates the destruction of nuclear weapons but rather a
series of overlapping, incomplete treaties, which includes
the Comprehensive Nuclear Test Ban Treaty, which was
open for signature in 1996 and has not entered into force;
the Treaty on the Non-Proliferation of Nuclear Weapons
(the Non-Proliferation Treaty), which was opened for
signature in 1968 and entered into force in 1970; the
Anti-Ballistic Missile Treaty between the United States
and Soviet Union, from which the United States has
withdrawn; and the Strategic Arms Reduction Treaties
Process.

The threat of nuclear terrorism is related largely to
the existence of nuclear weapons and weapons-usable
material available to states and nonstate groups that may
be willing to use them for their own political agendas. To
address the threat of nuclear terrorism, there is a need to
develop a comprehensive primary prevention approach
that includes (a) concerted international safeguarding of
nuclear weapons and their constituent materials that are
already dispersed throughout the world in nuclear power
facilities and nuclear weapon stockpiles; (b) utilizing and
strengthening of existing treaties aimed at curbing pro-
liferation and promoting nuclear disarmament; and
(c) moving beyond current treaty obligations to develop
even stronger global agreements to drastically reduce and
ultimately eliminate materials in weapons that could have
catastrophic consequences for humankind.
Radiological Weapons (‘Dirty Bombs’)

Radiological weapons disperse radioactive materials with a
conventional device rather than with a nuclear explosion.
DuringWorldWar II, the United States initiated a research
program to determine the feasibility of dispersing radioac-
tive material with the use of conventional weapons. More
recently, Iraq has acknowledged to the United Nations that
it explored the use of radiological weapons against Iran. Iraq
reportedly tested a radiological bomb meant to weaken
enemy forces by inducing radiation sickness but abandoned
this type of weapon because radiation levels created were
not sufficiently high. Although radiological weapons, if
used, would not likely kill large numbers of people, they
would likely cause vast disruption, even after areas con-
taminated with radioactivity had been decontaminated.
Antipersonnel Land Mines

Antipersonnel land mines are explosives and are consid-
ered by many to be weapons of indiscriminate mass
destruction, one person at a time. An estimated 80million
land mines have been strewn in at least 78 countries, and
an estimated 180million land mines are stockpiled by
about 54 countries. It is estimated that each year, antiper-
sonnel land mines kill between 15 000 and 20 000 people,
primarily civilians. Land mines also render large areas of
land uninhabitable. The people who are most likely to
encounter land mines are rural poor people, including
peasants tilling fields or foraging for food and wood, and
children herding livestock. In 1997, the Convention on the
Prohibition of the Use, Stockpiling, Production, and
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Transfer of Anti-Personnel Landmines and on Their
Destruction (the Mine-Ban Treaty) was opened for sig-
nature. As of 2007, 157 nations had signed or accessioned
the Mine-Ban Treaty, including all nations in the Western
hemisphere, except the United States and Cuba, and all
nations in the North Atlantic Treaty Organization, except
the United States and Turkey. Other nations that have not
signed the treaty included Russia, most of the former
Soviet Republics, most nations in the Middle East, and
many Asian nations, including China, India, and Pakistan.
As a result of the treaty, there is less use of antipersonnel
mines, a dramatic decrease in production, an almost com-
plete halt in trade of land mines, rapid destruction of
mines that have been stockpiled, fewer mine victims in
critically affected countries, and more land de-mined –
although an enormous amount of expensive and danger-
ous de-mining remains to be done.
Current Challenges and Opportunities

Strengthening Public Health Programs
and Services

Public health programs and services need to be strength-
ened so that public health problems can be addressed
appropriately. Since September 11, 2001, billions of dol-
lars have been spent by federal, state, and local govern-
ments in the United States on emergency preparedness
and response capabilities for potential terrorist attacks.
While some of this huge allocation of money was used
to improve public health capabilities, work to prepare for
low-probability events has actually diverted much atten-
tion and many resources from widespread existent public
health problems, such as smoking-related diseases, alco-
holism and other forms of substance abuse, domestic and
community violence, diabetes, and environmental pro-
blems. A recently published book, Are We Ready? Public

Health Since 9/11, details how public health workers
responded effectively to the September 11 attacks and
the anthrax outbreak that followed soon afterwards and
also explores how needed reforms to the United States
public health system have been undermined since then.
Ensuring Emergency Preparedness

Public health workers need to support measures to ensure
emergency preparedness, not only for potential terrorist
attacks, but also for chemical emergencies, radiation
emergencies, natural disasters, severe weather events,
and large outbreaks of disease.
Addressing Underlying Causes of Terrorism

Public health workers can contribute to addressing the
underlying causes of terrorism and promoting a greater
understanding of these issues. Public health workers
should promote programs and other activities that sup-
port better understanding and tolerance among people of
different backgrounds and nations, and work to ensure
that basic human needs are met and human rights are
protected. The ‘global war on terror’ initiated by the
United States and its invasion of Iraq may have actually
increased the threat of terrorism (Mazzetti, 2006).
Controlling Weapons of Mass Destruction

Public health workers can engage in many activities to
broaden the understanding of the general public and
policy makers concerning weapons of mass destruction.
They can, for example, enable others to recognize the
overwhelming catastrophes that would occur if nuclear
weapons were ever used. Public health workers can also
do much to promote existing international treaties and
conventions to control weapons of mass destruction and
work toward the ultimate elimination of nuclear, chemi-
cal, and biological weapons.

See also: Arms Control Measures; Disasters and

Emergency Planning; Ethnic Conflict and Public Health;

Torture and Public Health; Weapons of Mass Destruction.
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Testicular tumors are germ cell tumors (GCT) in most
cases (95% of the cases). All these tumors have a common
origin and are usually grouped by the generic name ‘testic-
ular cancer (TC).’ TC is a relatively rare cancer, but in
young men it is the most frequent solid tumor. Its incidence
has been increasing in almost all industrialized countries
(Huyghe et al., 2003). As a consequence, research is aimed
to identify risk factors and underlying conditions involved
in the dramatic increase of TC incidence. Age, ethnicity,
country of origin, cohort of birth, and family history are
clearly associatedwith TC incidence. Although evidence is
not fully consistent, environmental factors may play a role
in the development of this disease (Fenner-Crisp, 2000;
Fisher, 2004). TC is characterized by an important
improvement in survival and has become a model of a
curable cancer, even for patients with advanced disease
(Aareleid et al., 1998; Germa-Lluch et al., 2002). However,
a group of poor prognosis patients still persists, in
which new therapeutic protocols are currently investigated
(Hendry, et al., 2002). For the majority of patients, with the
availability of effective treatment, attention has been
turned to reduction of treatment morbidity ( Joly et al.,
2002; Huyghe et al., 2004). TC is often diagnosed several
months after the onset of the first symptom, and thereafter,
measures for promotion of early diagnosis are investigated
(Post and Belis, 1980; Moul et al., 1990). In this article,
I summarize these various aspects of TC pathology.
Histology

Histologically, two groups of TC must be distinguished
(Mostofi and Sesterhenn, 1985; Mostofi et al., 1994):

. germ cell tumors (GCT), which account for 94% to 97%
of cases, arise from intratubular neoplasia (Figure 1)
and are divided into the seminoma and the nonsemino-
matous germ-cell tumors (NSGCT) (Table 1)

. rare tumors that arise from nongerminal elements
(Leydig cells, Sertoli cells, etc.).

In this article, I focus on GCT that represent the main
public health concern.
Seminoma

Seminoma is the most common GCT type (accounting
for 30–50% of GCT). At presentation, the testis is
enlarged without loss of normal shape. On macroscopic
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Table 1 World Health Organization classification of testis
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specimen examination, the tumor is usually solitary with
distinct borders. It is pink-white, smooth, and usually
homogeneous. Microscopically, seminoma cells are uni-
form and have clear cytoplasm and well-defined cell bor-
ders. Age at presentation is generally several years older
than for NSGCT tumors (30–40 vs. 20–35). Three sub-
types have been described: typical (85% of the cases),
anaplastic (5% to 10%), and spermatocytic (2% to 10%).
Initially, the anaplastic variety was thought to carry a worse
prognosis than the typical variety; however, currently this
difference is debated.

Spermatocytic seminoma usually presents later in the
patient’s life. Its prognosis is excellent and cases of metas-
tasis are extremely rare.
Nonseminomatous Germ Cell Tumors

Embryonal carcinoma is an aggressive tumor that tends to
metastasize early. Embryonal carcinoma is often asso-
ciated with other cell types in the metastatic sites. Pure
embryonal carcinoma represents 3–6% of GCT.

Choriocarcinoma is another aggressive tumor with a
high potential to metastasize (lungs). Even a small intrates-
ticular lesion may present with evidence of advanced dis-
tant metastases. Pure choriocarcinoma is extremely rare
(1%ofGCT), and it is often a component of amixed tumor.

Teratoma contains more than one germ cell layer in
various stages of maturation and differentiation. Mature
elements seem like benign structures derived from normal
ectoderm, endoderm, and mesoderm; however, in adults,
mature teratoma must be considered as malignant because
it has the ability to dedifferentiate into more aggressive
forms. Immature teratoma consists of undifferentiated
primitive tissues from each of the three germ cell layers.
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Yolk sac tumor is the most common testis tumor of
infants and children. In adults, it occurs almost exclusively
in combination with other histological types.

Tumors of more than one histological type are consid-
ered a separate entity and are also known as mixed GCT;
they make up approximately 60% of all GCTs. Compo-
nents of embryonal carcinoma and seminoma are very
common in mixed GCT.
Incidence

Approximately 500 000 newcases were reportedworldwide
in 2002. Wide geographical discrepancies exist between
the countries: the rates in developed countries are about
six times higher than those in developing countries
(Huyghe et al., 2003). The present age-standardized
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Figure 2 Incidence and mortality rates in Europe per 100000 (data
incidence rate ranges from less than 1/100 000 in Asia and
Africa to up to 10/100 000 in Switzerland and Denmark
(Table 1) (Purdue et al., 2005).
Trends in Incidence

Since the Second World War, TC incidence has been
increasing in nearly all industrialized countries, especially
in Europe, Northern America, and Oceania (Adami et al.,
1994; Moller et al., 1995; McGlynn et al., 2003; Richiardi
et al., 2004). The worldwide incidence rate of testicular
cancer has doubled over the last 50 years. In Europe,
strong differences exist between countries (Figure 2)
and a gradient in the increase has been observed, the
highest rate in Europe is centered in Denmark and
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Germany, and decreases progressively in a centrifugal
way (Huyghe et al., 2006). Recent data may indicate a
trend to stabilization in the incidence rate in Denmark,
Switzerland, and the United States (Levi et al., 1990;
Pharris-Ciurej et al., 1999; Moller, 2001).
Birth Cohort Effect

A clear birth cohort effect (that is, the incidence rate
varies with the cohort of birth) has been identified in
TC (Bergstrom et al., 1996; Zheng et al., 1996). In Europe,
during the last century, the risk of testicular cancer has
been increasing regularly with successive birth cohorts; an
interruption occurred in this rise in countries such as
those in Scandinavia during the Second World War,
followed by a new increase after the War (Moller, 1989;
Bergstrom et al., 1996). These epidemiological findings
have been interpreted to support the hypotheses that
TC may be secondary to an early exposure (maybe as
early as embryonic or fetal life) to etiologic factors and
that these factors may be present in the environment.
Age

Testicular cancer occurs typically in young adults
(20 to 35 years), and it is the most frequent malignancy
in this age group in several countries. So far the risk of
developing TC is predominant in young age groups
(15–35 years) (Moller et al., 1995). Overall, the highest
incidence is noted in young adult males, making these
neoplasms the most common solid tumors of men age 20
to 34 years and the second most common of men age 35 to
40 years. Seminoma is rare before age 10 and after age 60;
peak incidence occurs at 35 years. Embryonal carcinoma
occurs predominantly between 25 and 35 years, chorio-
carcinoma more often between 20 and 30 years. Pure
yolk sac tumors and teratoma are predominant lesions of
childhood but frequently appear in combination with
other elements in adulthood.
Racial Factors

The incidence of TC is highest in Europeans and
European-derived populations, with age-standardized
rates of between 2 to 10 per 100 000 World Standard
Population (IARC, 2002; Purdue et al., 2005). In non-
European populations the incidence rates are usually
below 2 per 100 000. The Maori population of New
Zealand is an exception, with an incidence rate of 7 per
100 000 (Wilkinson et al., 1992). Several examples of vari-
ation in incidence among ethnic groups come from multi-
ethnic countries: The incidence of TC in American Blacks
is approximately one-third that in American Whites (but
10 times that in African Blacks) (McGlynn et al., 2005).
In Israel, Jewish people have at least an eight-fold higher
incidence than the non-Jewish people (Parkin and
Iscovich, 1997). In Hawaii, the incidence in the Filipino
and Japanese population is one-tenth that in the white
population.
Occupation and Sociodemographic
Characteristics

The level of evidence of a link between sociodemographic
data and TC incidence rate is low even if higher incidence
rates have been noted in the upper and middle socioeco-
nomic classes (Swerdlow et al., 1991).

Significant relationship with the occurrence of TC
has been found in men exposed to various environmental
or occupational conditions, such as leather tanners,
airframe repairers, policemen, gas and petroleum workers,
carpet and textile workers, paper, plastic, and metal
workers, and pesticide-exposed farmers. However, no def-
inite conclusion can be ascertained, due to the long list
of potential causative agents. Regarding the link between
occupation of parents and the occurrence of TC in chil-
dren, TC has been found to be associated with paternal
occupations (metalworkers, food and beverage service
workers, painter and printing workers, food product
workers, wood processors). Interestingly, no relationship
was shown with maternal occupations (Pearce et al., 1987;
Swerdlow et al., 1991; Van den Eeden et al., 1991; Moller,
1997; Pollan et al., 2001).
Diet

The number of studies examining diet and TC risk is still
limited. Intake of milk, dairy products, and cheese has
been found to be associated with TC risk by several
authors. Cheese and dairy products contain a high level
of fat, calcium, and proteins, and they also contain large
amounts of the female hormones estrogen and progester-
one. The impact of calcium or meat consumption is still
debated. Other potential dietary TC risk factors are high
saturated, animal, and high total fat intakes and increased
intake of baked products (that include milk, sugar, and
eggs). The critical periods could be prenatal and perinatal
periods, but childhood and adolescence are also pointed
out. Relatively late exposures have also been suspected: an
association between a high fat consumption 1 year before
diagnosis in one study and high dairy product intake two
years before diagnosis in another study were associated
with an increased risk of TC (Davies et al., 1990, 1996;
Bonner et al., 2002).
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Laterality

Testicular cancer appears to be slightly more common in
the right testis than in the left, similar to the slightly
greater incidence of right-sided cryptorchidism. Approxi-
mately 2 to 3% of testicular tumors are bilateral, occur-
ring either simultaneously or successively (Sokal et al.,
1980). Similar, rather than different, histology in the
two testes predominates with bilateral tumors. A history
of cryptorchidism (unilateral or bilateral) in nearly half
these men is consistent with observations that bilateral
dysgenesis occurs frequently in unilateral maldescent.
Long-term surveillance of patients with a history of
cryptorchidism or previous orchiectomy for GCT is
mandatory.
Risk Factors

Cryptorchidism

About 7 to 12% of patients with TC have a prior history of
cryptorchidism (the absence of one or both testes from
the scrotum) (Schottenfeld et al., 1980; Boyle and Zaridze,
1993). The exact incidence of cryptorchidism is unknown
because of difficulties in defining cryptorchidism. Scorer
and Farrington estimated that approximately 4.3% of neo-
nates, 0.8% of infants and children, and 0.7% of adults older
than 18 years harbor a truly cryptorchid testis (Scorer, 1979).
In patients with cryptorchidism, there is an estimated
2 to 32-fold increased risk of TC (Schottenfeld et al., 1980;
Herrinton et al., 2003). Between 5% and 10% of patients
with a history of cryptorchidism develop malignancy in
the controlateral (normally descended) gonad (Berthelsen
et al., 1982). The basis for the relationship between cryptor-
chidism and testicular cancer remains unclear; it is hypo-
thesized that both are different manifestations of a common
condition that may result from genetic, lifestyle, and/or
environmental factors. Orchiopexy that consists of descend-
ing surgically an undescended testis in scrotal position is
mandatory in order to preserve fertility (for this purpose,
it must be realized early in childhood, preferably before
3 years of age) and to facilitate clinical surveillance of
these patients; however, there is no clear evidence that
orchiopexy prevents TC (Strader et al., 1988; Jonesl et al.,
1991; Cortes et al., 2001; Herrinton et al., 2003; Pettersson
et al., 2007).
Hormones

Changes in the testosterone–estrogen balance may con-
tribute to the development of testicular tumor.

Several prenatal risk factors for germ cell cancer
may be related with estrogenic disturbances (Moller
and Skakkebaek, 1997; Wanderasl et al., 1998; Richiardi
et al., 2003):
. Low birth weight due to intrauterine growth retardation

. Low parity of mother

. Children born preterm

. High maternal age of the first-born boy.

Relative risk for testicular tumor in the sons of diethyl-
stilbestrol-treated mothers ranges from 2.8 to 5.3%
(Schottenfeld et al., 1980).
Genetic Factors

Although a relatively higher incidence of testicular tumors
has been reported in twins, brothers, and family members,
genetic causative factors have not been clearly identified.
Standardized incidence ratios for testicular cancer are 3.8
and 7.6 when a father and a brother have testicular cancer,
respectively (Hemminki and Chen, 2006). However, the
high familial risk may be the product of heritable causes
or it may also result from shared environmental conditions.
Nicholson and Harland (1995) reported that one-third of
all testis cancer patients are genetically predisposed to
disease, probably a homozygous (recessive) inheritance
of a single predisposing gene. Certain genetic conditions
are frequently observed in TC (alteration of the sex chro-
mosome isochromosome of 12(i12p), intersex conditions)
(Peltomaki, 1991; Peltomaki et al., 1992; Lothe et al., 1995;
Bianchi et al., 2002; Smiraglia et al., 2002).
Etiology and Pathogenesis

Experimental and clinical evidence supports the impor-
tance of congenital factors in the etiology of GCTs. Exis-
tence of a birth cohort effect and data on migrants in
Sweden, which show that the relative risk of developing
testicular cancer is 0.34 in Finnish migrants to Sweden
compared with the Swedish male population, strengthens
the hypothesis of a pre- and postnatal environmental
exposure (Hemminki et al., 2002; Ekbom et al., 2003).
The temporal decline of male fertility in humans and wild-
life is paralleled by an increase in endocrine-dependent
pathologies in the male, such as hypospadias, male infer-
tility, cryptorchidism, and testicular cancer, collectively
called Skakkebaek testicular dysgenesis (Skakkebaek et al.,
1998, 2001). The ‘estrogen hypothesis’ has been put
forward as a possible explanation for these trends. The
hypothesis is that in utero, the primordial germ cell may
be altered by environmental factors, mainly manufactured
substances with estrogen-like action (xenooestrogens)
resulting in disturbed differentiation (Skakkebaek, 2002).
In vitro studies suggest that some heavy metals also have
an estrogen-like action (Chan et al., 1983; Ragan and Mast,
1990). The estrogen-like action seems not to be the only
mechanism of action of endocrine disruptors. Some endo-
crine disruptors are anti-androgenic, such as phthalates
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(Fisher, 2004). Even if a large body of animal experiments
supports the endocrine disruption hypothesis, fewer data
are available from human studies (Virtanen et al., 2005;
Bay et al., 2006; Frederiksen et al., 2007).
Diagnostic Delay

Patients who present with advanced disease (stage III) gen-
erally have a much poorer prognosis than do those with
disease confined to the testis or those with regional nodal
involvement only. Diagnostic delay, which is defined as the
time elapsing from the onset of tumor symptom to the
diagnosis of the tumor, has a prognostic value (Huyghe
et al., 2007). Diagnostic delay up to six months is not uncom-
mon and seems to be related to survival. It may be correlated
to patient factors such as ignorance, denial, and fear, as well
as physician factors such as misdiagnosis. As almost half of
patients continue to present with metastatic disease, the
need clearly exists for population education through cam-
paigns of information on TC symptoms and natural history
and programs such as those advocating testicular self-
examination (TSE). Only through widespread public health
techniques will the knowledge of testicular tumors be pro-
mulgated so that diagnosis can occur earlier. Persistent
physician-related delay of treatment pleads for continuing
education and awareness campaigns. TSE is recommended
by the American Medical Association, the American Uro-
logical Association, and the American Cancer Society as a
regularmonthly practice, arguing thatTSE is the best wayof
detecting early TC, especially in men at high risk of devel-
oping TC. On the contrary, the United States Preventive
Services Task Force and the National Cancer Institute con-
sider that TC screening by TSE would not result in an
appreciable decrease in mortality but would lead to numer-
ous unnecessary diagnostic procedures. Although TSE is
inexpensive and relatively easy to teach, its acceptance by
young males and regular practice remains low in the United
States and Europe (Sheley et al., 1991; Singer et al., 1993;
Brenner et al., 2003).
Signs and Symptoms

The usual presentation is a lump, painless swelling, or
hardness of the testis (60%). Description of an enlarge-
ment by patients with a previously small atrophic testis
is not uncommon. In approximately 10% of patients,
acute pain is the presenting symptom and in 30%,
patients may complain of sensation of fullness or heavi-
ness in the inguinal region or scrotum. In a minority of
patients (10%), infertility may be the presenting com-
plaint (Raman et al., 2005). On rare occasions (5–10%),
patients continue to present with manifestations due to
metastases such as a neck mass (supraclavicular lymph
node metastasis); respiratory symptoms, such as cough
or dyspnea (pulmonary metastasis); gastrointestinal dis-
turbances, such as anorexia, nausea, vomiting, or haem-
orrhage (retro duodenal metastasis); lumbar back pain
(bulky retroperitoneal disease involving the psoas muscle
or nerve roots); bone pain (skeletal metastasis); central
and peripheral nervous system manifestations (cerebral,
spinal cord, or peripheral root involvement); or unilateral
or bilateral lower-extremity swelling (iliac or caval venous
obstruction or thrombosis). Finally, gynecomastia due to
endocrine manifestation of these neoplasms is seen in a
majority of Leydig cell tumors and about 5% of patients
with testicular GCTs (Gabrilove and Furukawa, 1984;
Mellor and McCutchan, 1989).
Physical Examination

Any firm, hard, or fixed area within the substance of the
tunica albuginea should be considered suspicious until
proved otherwise. In general, seminoma tends to expand
within the testis as a painless, rubbery enlargement.
Embryonal carcinoma may produce an irregular, rather
than discrete, mass, although this distinction is not always
easily appreciated.

Testicular tumors tend to remain ovoid (egg-shaped),
being limited by the tough investing tunica albuginea. In
10 to 15% of patients, spread to the epididymis or cord
may occur. A hydrocele may be present and increase the
difficulty of appreciation of a testicular neoplasm. Ultra-
sonography of the scrotum is a rapid, reliable technique to
exclude hydrocele or epididymitis and should be used if
there is any suspicion of testicular tumor.
Natural History

All GCT in adults should be regarded as malignant. The
only GCT that may be considered as benign is infantile
teratoma. Generally, NSGCT are considered as more
aggressive than seminoma, and at the time of diagnosis,
approximately half of patients with NSGCT present with
disseminated disease. Moreover, the growth rate of
NSGCT tends to be high. Doubling times range from 10
to 30 days. A total of 85% of patients dying from NSGCT
do so within 2 years and the majority of the remainder
within 3 years (Aass et al., 1990; Price et al., 1990).

Seminoma has a slower course: approximately 75% of
seminomas are confined to the testis at the time of clinical
presentation, which represents a smaller percentage than
that among patients with NSGCT. Because of this indolent
course, seminoma may recur from 2 to 10 years after
apparently successful initial management, and a long fol-
low-up is mandatory (Borge et al., 1988; Chung et al., 2002).



Table 2 Testicular cancer staging system of the American Joint Committee on Cancer and the International Union Against Cancer

Primary tumor (T)

pTX: Primary tumor cannot be assessed (if no radical orchiectomy has been performed, TX is used)
pT0: No evidence of primary tumor (e.g., histologic scar in the testis)

pTis: Intratubular germ cell neoplasia (carcinoma in situ)

pT1: Tumor limited to the testis or epididymis and no vascular/lymphatic invasion

pT2: Tumor limited to the testis or epididymis with vascular/lymphatic invasion or tumor extended through the tunica albuginea with
involvement of tunica vaginalis

pT3: Tumor invades the spermatic cord with or without vascular/lymphatic invasion

pT4: Tumor invades the scrotum with or without vascular/lymphatic invasion

Regional lymph nodes (N)

NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis

N1: Lymph node mass 2 cm or less in greatest dimension or multiple lymph node masses, none more than 2 cm in greatest dimension

N2: Lymph node mass more than 2 cm but not more than 5 cm in greatest dimension or multiple lymph node masses, any one mass

greater than 2 cm but not more than 5cm in greatest dimension
N3: Lymph node mass more than 5 cm in greatest dimension

Distant metastases (M)

M0: No evidence of distant metastases

M1: Nonregional or pulmonary metastases

M2: Nonpulmonary visceral masses

Serum tumor markers (S) LDH HCG (mIU/mL) AFP (ng/mL)

S0 N N N
S1 < 1.5 X N < 5000 < 1000

S2 1.5 – 10 X N 5000–50000 1000–10000

S3 > 10 X N > 50000 > 10000

Table 3 Stage grouping for testis cancer according to the

AJCC staging system

Stage grouping T N M S

Stage 0 pTis N0 M0 S0

Stage I T1–T4 N0 M0 SX

Ia T1 N0 M0 S0

Ib T2 N0 M0 S0
T3 N0 M0 S0
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Staging

The American Joint Committee on Cancer (AJCC) staging
for GCTs conceived a tumor, nodes, metastasis, and serum
marker staging (TNMS) system (Tables 2 and 3).

Serum markers used in the AJCC staging are serum
human chorionic gonadotropin (HCG), a-fetoprotein
(aFP), and lacticodeshydrogenase (LDH).
T4 N0 M0 S0

Ic Any T N0 M0 S1—S3
Stage II Any T Any N M0 SX

IIa Any T N1 M0 S0

Any T N1 M0 S1

IIb Any T N2 M0 S0
Any T N2 M0 S1

IIc Any T N3 M0 S0

Any T N3 M0 S1

Stage III Any T Any N M1 SX
IIIa Any T Any N M1 S0

Any T Any N M1 S1

IIIb Any T Any N M0 S2
Any T Any N M1 S2

IIIc Any T Any N M0 S3

Any T Any N M1a S3

Any T Any N M1b Any S
Treatment

‘Radical’ orchiectomy, consisting of removal of the whole
testis by inguinal approach, is the first step of treatment,
except in case of bilateral tumor or tumor occurring in a
solitary testis that may be treated conservatively. Orchi-
ectomy provides histologic diagnosis local staging (pT)
and local control of the neoplasm. Because more than half
of patients with testicular tumors present with metastatic
disease, further treatment after orchiectomy is usual.
Modalities of treatment (surgery, radiotherapy, chemo-
therapy) depend on histology and staging. Not only mul-
timodal therapy, but also the accuracy of clinical staging
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and the ability to recognize failure early are of first
importance for treatment efficacy.
Prognosis

Seminoma

In stage I seminoma, the 3-year and the 5-year survival
rates after treatment are 99% and 95%, respectively.
In stages II and III, the 5-year survival rates range from
80 to 90%.
Nonseminomatous Germ Cell Tumor

The cure rate for patients pathologically confirmed stage
I NSGCT is roughly 95%with surgery alone. Patients with
metastatic NSGCT disease classified as good or intermedi-
ate prognosis do well with standard chemotherapy, with
response rates of 80–90%. Patients with advanced disease
classified as poor prognosis, however, have only a 50–60%
therapeutic response. Therefore, more aggressive chemo-
therapy should be used in this population.
Trends in Mortality

Comparison of specific death rates from testis cancer
revealed that in Eastern Europe, mortality decreased
slower than in Western Europe, and that decline in mor-
tality occurred later (only since the late 1980s). In the
United States, as in Western Europe, mortality has fallen
by about 70% since the 1970s as a result of the introduc-
tion of modern cisplatin-based chemotherapies.

See also: Cancer: Global Burden/Trends and Projec-

tions; Cancer Screening; Cancer Survival; Radiation

Therapy.
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Introduction

Tetanus is a disease of generalized muscle spasms and
cardiovascular instability. Once established there are no
specific treatments and therapy is essentially supportive,
requiring modern intensive care facilities. Current lack of
effective treatments means mortality remains high. The
disease is completely preventable by vaccination, which
was introduced in developed countries during the 1950s
and 1960s. Nevertheless, in 2004 an estimated 40million
pregnant women were not immunized and 27million chil-
dren failed to complete their primary immunization course;
thus, in the developing world, tetanus remains a common
cause of morbidity and mortality in children and young
adults but particularly in neonates, causing an estimated
257 000 neonatal deaths a year (7% of all neonatal deaths)
(Figure 1).

Etiology

The disease is caused by the bacterium Clostridium tetani

(C. tetani). This is a Gram-positive, anaerobic spore-
for ming bacillus (Figu re 2 ). The spores are highly resis-
tant and are able to exist in the environment for long
periods ready to grow when suitable conditions occur.
The spores are resistant to heating and dry environments
and most household disinfectants. They can survive boil-
ing for several minutes and destruction requires autoclav-
ing at 121 �C for 15–20min. C. tetani has been isolated
from human and animal feces as well as street dust, soil,
and operating theaters throughout the world. Spores enter
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the body through minor cuts and lacerations. Often these
wounds are too small to notice, or skin has healed over the
top. In neonates the usual portal of entry is the umbilical
stump.

Once in a suitable environment the bacteria begin
to grow and multiply. Tetanus is caused by the toxin
produced by C. tetani. Strains that do not produce the
toxin cannot cause tetanus. The toxin is a powerful neu-
rotoxin that is encoded on a plasmid. It is produced as a
single amino acid chain that undergoes posttranslational
cleavage resulting in a heavy chain and a light chain
linked by a disulfide bond. The toxin is either taken up
by local motor nerve endings or by distant terminals after
circulation around the body. The heavy chain contains
regions that bind specific regions of the motor neuron
membranes and facilitate toxin entry into the cell. It also
mediates retrograde transport of toxin up the axon and
across the synaptic cleft where the toxin affects GABA-
ergic inhibitory interneurons. These neurons are inhibi-
tory neurons to the alpha motor neurons and the toxin
prevents synaptic release of neurotransmitter in these
neurons, removing the check on motor neuron discharge.
The light chain is a zinc-dependent endopeptidase, able
to cleave one of the molecules necessary for synaptic
vesicle relase (VAMP-2) at a single peptide bond. This
is a very similar action to the closely related botulinum
toxins; however, in tetanus, the action occurs within the
GABA-ergic cells of the CNS, resulting in a very different
clinical picture.

It is likely that the toxin causes similar disinhibition of
autonomic nerve fibers resulting in the cardiovascular
instability seen in severe tetanus.



Figure 2 Clostridium tetani (C. tetani) showing characteristic

‘drumstick’ appearance due to presence of terminal spore.
Photograph courtesy of Jim Campbell, Oxford University

Tropical Research Unit, Hospital for Tropical Diseases, Ho Chi

Minh City, Vietnam.

Figure 1 Neonatal tetanus. Reproduced from Thwaites CL

(2005) Tetanus. Current Anaesthesia and Critical Care 16: 50–57.
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Epidemiology

Tetanus is arbitrarily subdivided into tetanus affecting
older individuals and neonatal tetanus (NT), which is
defined by the World Health Organization (WHO) as
‘‘an illness occurring in a child who has the normal ability
to suck and cry in the first 2 days of life but who loses this
ability between days 3 and 28 days of life and becomes
rigid and has spasms’’ (WHO, 2006). Sometimes the term
maternal and neonatal tetanus (MNT) is used to describe
tetanus affecting neonates and mothers in the postpartum
period. Elimination of MNT has been one of the key aims
of theWHO and its partners in the Expanded Program on
Immunizations (EPI) since the World Health Assembly
called for the ‘elimination’ of NT by 1995. (In 1999 mater-
nal tetanuswas added to the program thus the target became
the elimination of MNT.) Unfortunately this target was not
met and the date was postponed to 2000. Yet in 2000 there
were still 57 countries in which NT was greater than the
target (defined as less than 1 case per 1000 live births in
every district) and the date had to be further postponed
to 2005.

The main strategies involved are to increase vaccina-
tion coverage among pregnant women using current
guidelines (see the section titled ‘Prevention’). In some
high-risk areas, a more aggressive vaccination strategy is
employed, targeting all women of childbearing age with
a primary immunization course. In addition efforts have
been made to educate birth attendants. Unclean delivery
surfaces and traditional midwifery practices, such as cov-
ering the umbilical stump in cow dung or cutting the cord
with grass, are known to be associated with increased rates
of NT, thus this eductation is of prime importance.
Undoubtedly progress has continued to be made, but
WHO data show that by the end of 2005, 49 countries
had still failed to eliminate MNT (WHO, 2006). Further-
more MNT elimination has to be regarded as ongoing
work, since C. tetani will not be removed from the envi-
ronment. Thus countries who have achieved elimination
today will still need to maintain good vaccine coverage
and hygiene standards to prevent a return of the disease.

Accurate data on other forms of tetanus are more diffi-
cult to obtain – part of the MNT program includes
enhanced surveillance that is not necessarily extended to
other tetanus cases. Incidence is estimated to be between
200 000 and 1 000 000 cases a year. Tetanus requires the full
complement of modern intensive care facilities to be man-
aged effectively andwithout it mortality rates range from 50
to 80%. Therefore, as most tetanus (including NT) occurs
in places with poor health-care infrastructure, the mortality
rates are also high. Nevertheless, improved vaccination
coverage among infants and children as part of the EPI
initiative has resulted in a reduction in tetanus in children
(Thwaites et al., 2004). However, most immunization initia-
tives have focused on primary immunization in infants;
long-lasting immunity requires at least five immunizations
(primary series plus two boosters). Therefore there is con-
cern as to what will happen to those given only a primary
series as they get older if no further boosters are given.

In developed countries tetanus, although rare, can still
be a significant problem. Those at most risk are the
elderly and injecting drug users. The elderly have lower
antibody levels due to natural decline with age. A recent
study by McQuillan et al. (2002) in the United States
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showed more than two-thirds of those over 70 had subpro-
tective antibody levels. It has long been recognized that
injecting drug users are prone to tetanus infection and
indeed suffer a particularly severe form of the disease.
Drug users may have incomplete vaccination histories, but
also certain forms of injection such as skin popping (subcu-
taneous injection) are associated with anaerobic foci and
therefore high risk of tetanus (Beeching and Crowcroft,
2005). This was illustrated by the recent outbreak of cases
in the UK (Health Protection Agency, 2004). Furthermore
the drug itself can make tetanus more likely as seen in the
case of heroin. This is often cut with quinine or other acidic
substances, and acidic pH may enhance tissue damage
and facilitate tetanus toxin entry into nerves. Other dis-
eases, such as HIV, further complicate management of the
critically ill patient.
Clinical Features

A classic triad of muscle spasms, rigidity, and autonomic
disturbance characterizes tetanus. Tetanus usually devel-
ops in a predictable manner: about a week after a wound
is sustained patients experience initial symptoms as mus-
cle tone gradually increases, and eventually frank spasms
occur. Initial symptoms are usually muscle stiffness,
pain, or trismus. Spasms increase in frequency and dura-
tion reaching a maximum during the second and third
week of illness. At about this time in severe cases,
autonomic disturbance becomes apparent. More severe
tetanus tends to progress more rapidly, although in the
elderly progression is more variable. The terms incuba-
tion period (time from injury to first symptom) and period
of onset (time from first symptom to first spasm) are
commonly used to indicate the rate of disease progression.
In severe cases, incubation periods of 7 days or less are
common, with period of onset at 24–48 h. Using these and
other clinical features on presentation, researchers have
attempted to predict the eventual severity of tetanus.
Several scores have been created, but the best validated
and most useful are the Tetanus Severity and Dakar
scores (Thwaites et al., 2006b).

Muscle spasm involving either the laryngeal muscles
(resulting in airway obstruction) or respiratory muscles
are the most common causes of death in settings without
access to mechanical ventilation. In these settings mortality
from tetanus is extremely high in all age groups. If ven-
tilators are available then spasms can be controlled using
muscle paralysis agents and mortality rates are reduced
(Thwaites et al., 2004). Cardiovascular instability due to
autonomic disturbance then becomes the most frequent
cause of mortality. Other problems common to critically
ill patients such as nosocomial infection and thromboem-
bolus are also common. Thus, even in settings with good
intensive care facilities mortality is still significant, at
between 10 and 20% (CDC, 2004b; Thwaites et al., 2004).
Diagnosis

Microbiological diagnosis is difficult and unreliable.
One-quarter of patients have no wound from which to
take samples and in many others healing has occurred
before clinical tetanus develops. Thus, the diagnosis is
entirely clinical, based on the presence of the directly
observed features described above; microbiological cul-
ture of C. tetani is purely supportive.
Management

Initial management aims to eliminate C. tetani, minimizing
further toxin production and removing any unbound
toxin. A careful search should therefore be made for any
possible source of infection and the wound thoroughly
cleaned and debrided as necessary. Antibiotics (preferably
metronidazole, but penicillin may also be used) should be
given as well as antitoxin. Antitoxin is available in two
forms. Ideally human tetanus immune globulin (HIG)
should be given but if this is not available – a common
occurrence in much of the world due to its cost – then
equine antitoxin may be substituted.

Beyond these specific therapies, management is essen-
tially supportive. Spasms are minimized using intravenous
benzodiazepines. Diazepam is used most frequently due
to its cost and widespread availability, but shorter-acting
drugs, more suitable for prolonged intravenous infusion,
are preferable. High doses are commonly required. If
spasms are not controlled adequately, and ventilators are
available, muscle relaxants are used and ventilatory sup-
port is given.

Cardiovascular complications are treatedwith increased
sedation (including morphine and high-dose benzodiaze-
pines) and specific cardiovascular drugs such as calcium
antagonists or inotropes as indicated. Beta-adrenoceptor
blockers are not favored as their use has been linked to
periods of profound hypotension and cardiac arrest. An
exception may be esmolol, which has a very short-acting
half life, and is unlikely to result in such long-lasting hypo-
tension. The alpha-2 agonist clonidine has been used with
success in tetanus but no large-scale studies have been
reported.

Recent interest has surrounded the use of magnesium
sulfate to control muscle spasms and cardiovascular insta-
bility. Initial uncontrolled studies by Lipman et al. (1987)
and Attygalle and Rodrigo (2002) have reported favorable
results – even that mechanical ventilation may be avoided.
However these have not been borne out by a large, ran-
domized controlled trial, although magnesium sulfate



Table 1 Management of tetanus-prone wounds

Low-risk tetanus prone High-risk tetanus prone

1. Wounds or burns As low risk, but with heavy
contamination with material

likely to contain tetanus

spores and/or extensive

. Requiring surgical

intervention or when

treatment delayed > 6h
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does appear to have beneficial effects on cardiovascular
control and reduce the need for sedatives and muscle
relaxant drugs (Thwaites et al., 2006a).

Finally it should be remembered that tetanus does not
result in future immunity. Thus all patients should receive
a full immunization course to prevent recurrence.
devitilized tissue
All should receive one dose

HIG

Active immunization if

vaccination history
incomplete

. With significant degree of
devitalized tissue

. Containing foreign bodies

. Individuals with systemic

sepsis
2. Puncture type injury

particularly in contact with

soil/manure
3. Compound fractures

If vaccination history

incomplete active

immunization
Human tetanus immune

globulin (HIG) only if

vaccination history

incomplete

Source: Salisbury DM and Begg NT (1996) Tetanus. Immunisa-

tion Against Infectious Diseases (The Green Book), pp. 367–384,

Department of Health: http://www.dh.gov.uk/en/policyandgui

dance/Healthandsocialcaretopics/Greenbook/DH_4097254.
Prevention

Tetanus can be prevented by adequate immunization
and/or effective wound care. The former is most likely
to be successful as tetanus can arise from extremely minor
wounds or abrasions. Most cases of tetanus occur in
superficial wounds not deemed worthy of medical atten-
tion. Nevertheless, tetanus has been reported in those
with complete vaccination history thus thorough wound
cleaning and if necessary debridement should be routine.

Immunization ideally consists of a primary course of
three vaccinations in infancy followed by two or three
boosters at strategic intervals. Tetanus vaccines are made
from tetanus toxoid, which is not particularly immuno-
genic, so is further absorbed onto aluminum to increase
immunogenicity. They are available as single-dose tetanus
toxoid (TT), or combined with diphtheria toxoid of which
there are two preparations: high-dose diphtheria toxoid
(DT) for use in children under 7 years, or low-dose diph-
theria toxoid (dT) for use in older individuals. Combina-
tions of DTor dTare available with whole-cell or acelluar
pertussis (DTwP, DtaP, dTwP, or dTaP). Even more com-
prehensive preparations are now available containing
hemophilus influenza B, hepatitis B, or polio.

Tetanus toxoid (including the standard combination
vaccines) is extremely safe. Adverse effects are unusual
and usually very mild. Tetanus toxoid can safely be used
during pregnancy (indeed a vital element of MNT pre-
vention) as well as in immunodeficient individuals,
including those with HIV. Care should be taken in HIV
patients as immune responses may be diminished. Malaria
also reduces transplacental antibody passage and may
decrease the effectiveness of NT prevention.

The WHO recommendations are for a primary course
in infancy followed by boosters at ages 4–7 years and
12–15 years and one more booster in adult life, for example,
during the first pregnancy or for military service (WHO,
2006). This differs slightly from recommendations in the
UK, where this sixth booster is not recommended routinely.
However, if a person sustains a tetanus-prone wound
(Table 1) or is traveling to a country in which booster
vaccination may be difficult to obtain if a wound is sus-
tained, then a booster should be given (Salisbury and Begg,
1996). U.S. guidelines are similar to the WHO’s except an
additional dose is given at 14–16months (CDC, 2004a).

In nonimmunized adolescents and adults a three-dose
primary course is advised with the first two doses given at
least 4 weeks apart and the third at least 6months after the
second. If two further boosters are given, the total of five
doses is expected to confer lifelong protection. In pregnant
women, the same schedule is recommended if there is
incomplete or unknown vaccination history: at least two
doses (usually dT) should be given at least 4 weeks apart
during the pregnancy, with a third 6months later and two
boosters at yearly intervals. If the person has had a primary
course in infancy then just two further doses (at least
4 weeks apart) are recommended. This can be reduced to
one dose if they also had a childhood booster. A final (sixth)
booster at least 1 year later should give lifelong immunity.

Tetanus immunization should also be given after cer-
tain tetanus-prone wounds. In very high-risk situations
additional passive immunization with HIG should be
given to neutralize any existing tetanus toxin.

See also: Cholera and Other Vibrioses; Immunization;

Syphilis; Typhoid Fever.
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Introduction

Tobacco is the second leading cause of death in the world
today, currently responsible for about 5million deaths
each year. If current tobacco use trends continue, it will
cause some 10million deaths each year by 2020 and over
1 billion deaths combined in the twenty-first century.

Manufactured cigarettes are the predominant form of
tobacco used worldwide and by far and away the most
lethal type of tobacco use. In fact, one could argue that
eliminating cigarettes would be a logical and particularly
potent harm reduction intervention. In 2004, manu-
factured cigarettes accounted for 95% of total smoked
tobacco sales, with cigars and other smoked tobacco
such as roll-your-own cigarettes, pipes, bidis, and kreteks

accounting for the remainder. Oral smokeless tobacco is
common in Southeast Asia and regionally is popular in
parts of Europe (Sweden) and the United States.

Despite the devastating health consequences caused by
tobacco use, tobacco remains a valued economic com-
modity worldwide, making it a challenge for governments

to control. In 2002, the world market for tobacco products
was worth some US$354 billion. In developed countries
tobacco sales are slowly losing volume due to health
concerns and price rises, while developing countries are
gaining volume due to demographics. In 2002 the four
largest markets – China, the United States, Japan, and
Russia – accounted for 52% of global tobacco consump-
tion, with China alone accounting for almost one-third of
the global market.

Between 2002 and 2004, global cigarette volume
declined for the first time, driven largely by sharp reduc-
tions in cigarette sales in Western Europe and the United
States, resulting from a combination of higher cigarette
prices, increasing health awareness, and implementation
of smoke-free laws. In the United States, litigation has also
been an important factor affecting cigarette prices. For
example, the Master Settlement Agreement (MSA) of
1998, obliged tobacco companies to contribute billions
annually in payments to states for health-care claims in
return for litigation relief. Because of the decline in the
cigarette market inWestern Europe and the United States,
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the tobacco industry has begun to concentrate its efforts
on emerging new markets in low- and middle-income
countries such as Eastern Europe, Southeast Asia, the
Middle East, and the African continent. Over the next
decade the factors that are likely to influence trends in
tobacco consumption will be price competition resulting
from the dismantling of cigarette monopolies, the growth
in contraband (nonduty-paid) cigarettes, and legislation
altering the marketing and use of tobacco products.

Historically, efforts to prohibit the sale of tobacco
products have not worked. The first recorded prohibi-
tion against tobacco use resulted from a clash between
Peruvian native and Christian religious customs which
led to a 1586 Papal decree declaring it a sin for any priest
to use tobacco before celebrating or administering com-
munion. In the early 1600s King James I of England
attempted to discourage the use of tobacco by taxing it,
the czar of Russia exiled tobacco users to Siberia, and in
China, those caught selling tobacco were executed. In July
2003, the Kingdom of Bhutan in the Himalayas banned
tobacco sales, mainly for religious reasons. However, it is
unlikely that many other countries will follow Bhutan’s
example, since the economic benefits of tobacco are per-
ceived to be too large to give it up. Instead, most govern-
ments have adopted a harm minimization approach to
tobacco control.

Harm minimization, in contrast to prohibition, accepts
as a basic premise that tobacco use will continue to be
part of society and that eradication is not practical. Harm
minimization for tobacco control comprises programs and
policies designed to accomplish three goals: (1) reduce the
demand for tobacco; (2) reduce the supply of tobacco; and
(3) reduce the harm caused by tobacco products. Demand
reduction interventions have the goal of reducing con-
sumer interest in using tobacco, while supply reduction
attempts to reduce tobacco use by limiting the supply of
tobacco to the population. Harm reduction assumes that
people will continue to use tobacco and thus seeks to
minimize the harm caused by using tobacco products by
altering their potential to cause disease and disability to
both users and nonusers. Table 1 gives examples of
demand, supply, and harm reduction interventions.

The remaining sections of this article describe the ratio-
nale and evidence for the effectiveness of various demand,

supply, and harm reduction interventions intended to min-
imize the harm caused by tobacco in society.

Demand Reduction

Demand reduction programs and policies have the goal
of reducing consumer interest in using tobacco or assis-
ting those who use tobacco to quit. One of the most
straightforward ways to influence consumer demand for
tobacco is through taxation.

Tobacco taxation

The rise in the taxes and duties applied to cigarettes has
been the main driver of market value growth over the past
decade. The average tax per pack in Western Europe is
more than four times that in Eastern Europe and Africa
and the Middle East. In Western Europe, the huge tax
discrepancies on a pack of 20, varying between $6.80
(USD) inNorwayand $5.90 (USD) in theUnited Kingdom
to $1.47 (USD) in Spain, suggest the future scope for tax
revenue growth. Price has been a key global market driver
over the years between 1998 and 2002. Since 1998 prices
have nearly doubled in the United States as a result of
higher taxation and price increases by the manufacturers
to recoup the costs of the MSA. However, cigarette prices
in the United States at $3.85 (USD) for a pack of 20 in 2003
were still well below the levels to be found in the United
Kingdom, which were at $7.47 (USD).

Studies indicate that taxes on tobacco products, usu-
ally in the form of an excise tax, are passed directly onto
the consumer. Economists use estimates of the price elas-
ticity of demand to quantify the impact of a change in
price on consumption. Formally, the price elasticity of
demand is defined as the percentage change in consump-
tion resulting from a 1% increase in price. While a rela-
tively wide range of estimates has been produced for the
price elasticity of demand for cigarettes, most of the
estimates from the high-income countries tend to fall in
the relatively narrow range from �0.25 to �0.50. Thus, a
cigarette price rise by 10% translates into a reduction in
cigarette smoking by between 2.5 and 5%. Several studies
have documented that those with less disposable income
are more sensitive to tobacco price changes. For example,
some estimates imply that teen smokers are up to three
times more sensitive to price than adult smokers.

While tobacco taxation is a fairly direct means of influ-
encing consumption it can also have adverse effects that
actually do harm to tobacco control efforts. For example,
in parts of Africa (e.g., Malawi) and rural China, govern-
ment officials have become so dependent on tobacco sales
there is little incentive for them to support programs
and policies that would discourage people from using
tobacco. Even in high-income countries, tobacco taxation
is a double-edged sword, preventing enactment of truly
effective tobacco control policies for fear that tax revenues

Table 1 Demand, supply, and harm reduction interventions

Demand reduction Supply reduction Harm reduction

Tobacco taxation Product bans Smoke-free laws

Advertising bans Youth access laws Product regulation

Consumer

education

Licensing Access to lower

risk products
Tobacco cessation Trade policies

Smoke-free laws
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might decline. Also higher taxes on tobacco products
brings with it the real threat of illegal enterprises that
often crop up to take advantage of opportunities for tax
evasion. Cigarettes are the world’s most widely smuggled
legal consumer product (see later section titled ‘Supply
Reduction’).

Tobacco taxes are not the only way to influence the
price of tobacco products. For example, policies that
impact price marketing of tobacco products such as rules
dictating minimum package size, banning product sampling,
or restricting use of coupons and price promotions (e.g., buy
one, get one free) all can impact consumer demand. Differ-
ential tax policies on different forms of tobacco can also
influence demand. For example, in Western Europe the
impact of rising taxes on cigarettes may have caused
some smokers to switch to roll-your-own cigarettes, since
loose tobacco is taxed at a lower rate, making it a cheaper
substitute for factory-made cigarettes.

Advertising bans

Research has also shown that awareness of tobacco adver-
tising and participation in tobacco promotions are asso-
ciated with smoking status. For example, several studies
have found that young people’s future smoking behavior
is predicted by their awareness and involvement in
tobacco advertising, sponsorship, and merchandising. Pol-
icy makers have responded to the public health threat
posed by tobacco advertising and promotional activities
by introducing regulatory policies to control the indus-
try’s marketing. The policy options that have been pro-
posed for the control of tobacco advertising have included
limitations on the content of advertisements, restrictions
on the placement of advertising, restrictions on the time
that cigarette advertising can be placed on broadcast
media, total advertising bans in one or more media, coun-
teradvertising, and the taxation of advertising. A recent
study by the World Bank concluded that a comprehensive
set of tobacco advertising bans can reduce tobacco

consumption, but that a limited set of advertising bans
will have little or no effect.

Consumer education

Declining cigarette consumption in developed nations
corresponds directly to increased public awareness of
the dangers of tobacco use. The extent to which smokers
understand the magnitude of these health risks has a
strong influence on their smoking behavior. For example,
in developed countries the level of news media coverage
of smoking and health from 1950 to the early 1980s
mirrors population trends in awareness about smoking as
a cause of lung cancer and rates of smoking cessation.

At present, most smokers concede that tobacco use is a
health risk; however, important gaps remain in their under-
standing of these risks and the level of knowledge is not
uniform across the globe. Even in high-income countries
with long histories of progressive tobacco control efforts,
significant proportions of smokers continue to underesti-
mate the serious risks of smoking, including heart disease,
stroke, and respiratory disease, as well as the risks of
secondhand smoke. Communicating the health effects of
smoking remains a primary goal of tobacco control policy.

Pack warnings

The provision of health warnings and/or product infor-
mation on tobacco packages is an important means of
informing consumers about the health risks of smok-
ing as a first step toward changing behavior. Nearly all
countries throughout the world require package warning
labels on cigarettes, although the content and size of the
warnings vary widely. Canada, Brazil, Singapore, Thailand,
and Venezuela have recently introduced picture-based
warnings that cover at least half of cigarette packages
(Figure 1). In addition, the European Union (EU) has
created an ‘optional’ list of pictorialwarnings for its member
states, although to date, only Belgium has committed to
implementing these warnings. Research indicates that

Canada 2000

Australia 2006 Uruguay 2006 European union pictorial warnings (optional)

Brazil 2002 Singapore 2004 Venezuela 2004 Thailand 2005

Figure 1 Pictorial health warnings on cigarette packages. Reprinted with permission from Hammond D, Fong GT, Borland R,

Cummings KM, McNeill A, and Driezen P (2007) The impact of UK health warnings on cigarette packages: Findings from the

international tobacco control four country survey. American Journal of Preventive Medicine 32: 202–209.
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warning labels on cigarette packs are a salient means
of communicating with smokers, although their effective-
ness depends upon their size and comprehensiveness:
obscure text-only messages are unlikely to be noticed,
whereas large pictorial warnings are effective in engaging
smokers and promoting message recall. A recent study
comparing reports of adult smokers in Canada, Australia,
United Kingdom, and the United States found that two-
thirds of smokers cited cigarette packages as a source of
health information, with a significant association between
the strength of package health warnings and the likeli-
hood of citing packages as a source of health information.
In short, larger, more comprehensive warnings were more
likely to be cited as a source of health information.

Not only were health warnings self-identified as an
important source of health information about smoking;
they were also an effective means of communicating that
health information. The results provide evidence at both
the individual- and country-level that health warnings on
cigarette packages are strongly associated with health
knowledge. Health knowledge was found to be strongly
associated with intentions to quit among smokers in all
four countries. This finding supports previous evidence
that although awareness and acceptance of the health risks
of smoking may not be a sufficient condition for quitting,
it is likely a necessary one for most smokers and serves as
an important source of motivation.

Countermarketing

Antitobacco mass media campaigns, when adequately
funded, can be effective in reducing cigarette consumption.
The first large-scale national counteradvertising campaign
to educate the public about the health risks of tobacco use
occurred in the United States between 1967 and 1970 when
the Federal Communications Commission required licen-
sees who broadcast cigarette commercials to provide free
media time for antismoking public service announcements
under the Fairness Doctrine. Between 1967 and 1970 ciga-
rette consumption in the United States dropped at a much
faster rate than during the period immediately before or
after the time when the Fairness Doctrine antismoking
campaign was operational. Subsequent studies in several
other countries have confirmed that adequately resourced
mass-media campaigns that have the objective of educating
the public about the risks of smoking lead to reductions in
cigarette consumption.

Tobacco cessation

Historically, the vast majority (>90%) of former smokers
have reported that they stopped smoking without receiv-
ing formal assistance or help from anyone. However, in
high-income countries this statistic is changing with the
introduction and widespread availability of effective drug
therapies to help smokers alleviate withdrawal symptoms
commonly associated with cessation. Two-milligram,

prescription-only nicotine gum was first introduced in
the early 1980s and was followed by prescription-only
nicotine patches introduced in the early 1990s. Since
then, a wide variety of nicotine medication formulations
including 4-mg nicotine gum, a nasal spray inhaler, and
lozenge have been marketed.Table 2 describes the advan-
tages and disadvantages of various nicotine medication
formulations.

A recent systematic review of studies evaluating
commercially available forms of nicotine replacement
therapy (e.g., nicotine gum, the transdermal nicotine
patch, nicotine nasal spray, nicotine inhaler, and nicotine
sublingual tablets/lozenges) concluded that these treat-
ments increase quit rates approximately 1.5- to 2-fold
regardless of clinical setting or treatment. Over the past
decade governments have altered their policies to permit
over-the-counter sale of certain nicotine medication for-
mulations such as the gum, patch, and lozenge. Studies
have suggested that this policy has increased use of nico-
tine medications, although the overall effect on popula-
tion tobacco use remains unclear. In the United States,
Australia, Canada, and the United Kingdom, studies show
that over one-third of smokers who report having made a
quit attempt in the past have tried some form of nicotine
(patch, gum, inhaler, nasal spray) or non-nicotine thera-
peutic aid (bupropion).

A number of new therapeutic approaches for treating
nicotine dependence have recently been introduced (e.g.,
varenicline) or are under development, which could dra-
matically alter the way nicotine dependence is treated in
the future. For example, varenicline is a new non-nicotine
medication recently for sale in the United States that
works by directly targeting nicotine receptors and the

Table 2 Advantages and disadvantages of different nicotine

medications

Nicotine
medication Advantages Disadvantages

Gum Oral administration;

comes in different
flavors

Low compliance;

underdosing is
common

Patch Once a day

administration

Fixed dose; slow

delivery not

conducive to
treating acute

cravings

Nasal
spray

Fast delivery of nicotine Unpleasant side-
effects discourage

repeated use

Inhaler Hand-to-mouth action

stimulates smoking a
cigarette; comes in

menthol flavor

Low compliance;

underdosing is
common

Sublingual

tablets/
lozenge

Oral administration;

better nicotine
delivery than gum

Low compliance;

underdosing is
common
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dopamine system. Varenicline is a selective a4b2 partial
agonist developed to enhance smoking cessation by mod-
erating symptoms of nicotine withdrawal, including
reduced craving and decreased smoking satisfaction and
psychological reward. Early studies suggest that vareni-
cline may not only help with smoking cessation, but also
may help prevent relapse back to smoking with extended
use. Clinical trials are also underway testing a vaccine to
block nicotine delivery to the brain, thereby removing the
main reinforcement for smoking. The conjugated vaccine
works by stimulating the immune system to produce
antibodies that find and attach to nicotine molecules,
making them too large to pass over the blood–brain bar-
rier preventing delivery of nicotine to the brain. Other
drugs are being investigated that either block or replace
the reinforcing effects of nicotine in the brain. The high
cost of these medications is likely to be a limiting factor
preventing their widespread dissemination to tobacco
users, especially in low- and middle-income countries.
However, advancements in drug development hold con-
siderable promise to dramatically alter how nicotine
dependence is perceived and addressed in the future.

Supply Reduction

Supply reduction interventions seek to control tobacco
use by limiting the supply of tobacco products in the
population. One of the most straightforward ways to influ-
ence the supply of tobacco is simply to ban it.

Product bans

With nearly 1 billion tobacco users worldwide, a total
prohibition on tobacco sales is not practical. However,
some countries have tried to limit the sale of specific
types of tobacco products, such as smokeless tobacco
and high-tar cigarettes, usually with the intention of
removing products perceived as particularly risky from
the market. Moist snuff is banned in Australia and most
parts of the EU, with the exception of Sweden. There is
evidence that such prohibitions do influence the types of
tobacco products people use. For example, in Sweden
where snuff can be legally sold, the percentage of male
cigarette smokers is low compared to other parts of
Europe, whereas use of snus, a type of smokeless tobacco,
is common. The opposite is true in other parts of Europe
and Australia where cigarette smoking is very prevalent
and use of smokeless tobacco is extremely rare. In North
America, where both cigarettes and snuff are legally sold,
cigarettes are used far more frequently.

Policies that attempt to limit the supply of tobacco
products can have adverse consequences, such as increased
smuggling and/or counterfeiting. Tax hikes as well as
cross-border discrepancies in prices have fueled a growing
contraband/counterfeiting cigarette market. Each year
approximately 400 billion cigarettes, or one-third of all

legally exported cigarettes, end up illegally smuggled
across international borders. Cigarette smuggling has the
effect of increasing the number of smokers by providing a
less-expensive supply of cigarettes, especially for the
young and the poor. Cigarette smuggling also has an indi-
rect impact on the adoption of demand-reducing policies,
such as cigarette taxation, because the threat of smuggling
can discourage governments from raising cigarette and
other tobacco taxes, or can lead others to reduce their
taxes, resulting in lower prices than would exist in the
absence of smuggling. A black market in cigarettes can
also undermine efforts to limit youth access to tobacco
products as the presence of smuggled cigarettes can put
legitimate retailers at a competitive disadvantage, leading
some to be less compliant with tobacco-control laws than
they would be in the absence of competition from a black
market.

Counterfeiting involves illegally manufacturing and
distributing tobacco products without a license. The mar-
ket for counterfeit cigarettes has grown in recent years as
cigarette prices have increased and the distribution sys-
tem for contraband cigarettes has expanded. For example,
the sale of cigarettes over the Internet has allowed the
distribution of counterfeit and low-taxed cigarettes to
flourish, making it difficult for governments to block the
supply of these illegal products.

Licensing and product tracking

Governments have attempted to limit smuggling and
counterfeiting of tobacco products by creating licensing
systems for manufacturers, distributors, and retailers and
implementing systems to track the distribution of tobacco
products from manufacturers to consumers. Increasingly,
countries are adopting strong antismuggling policies that
include marking cigarettes to allow better tracking and
identification of smuggled products, mandatory licensing
of all parties involved in cigarette distribution, chain-of-
custody recordkeeping to allow for tracking of cigarettes
from the factory to the final country of sale, and the
elimination of duty-free sales, which has in the past
served as a major source of smuggled cigarettes. Regional
agreements between countries, such as those governing
the EU, have begun to evolve on issues like taxation and
systems for tracking the distribution of tobacco products
so as to reduce incentives for smuggling and counterfeit-
ing. In the United States, credit card companies and major
private shippers have recently agreed to not accept
charges for cigarettes from Internet retailers, and to not
deliver cigarettes to individuals, in an effort to stem the
flow of low-taxed and counterfeit cigarettes.

Trade policies and industry configuration

International trade agreements can also have a major
impact on the price and marketing of tobacco products.
Over the past decade there has been a trend toward
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dismantling state-owed tobacco monopolies in favor of
allowing privately owned tobacco companies to compete
for market share in a country. The result of this trend
has been an increased demand for tobacco fueled by
lower prices and increased marketing. Monopolies still
account for over 40% of world tobacco sales by volume,
although over two-thirds of this volume is attributable to
the Chinese monopoly. In countries with state-owned
tobacco, monopolies’ import taxes typically keep foreign
tobacco brands out of the market. However, China’s recent
admission to the World Trade Organization has resulted
in China cutting tariffs on foreign brands, dramatically
reducing the price differential between local and foreign
brands. The Chinese government has also changed legis-
lation that affects the distribution of foreign cigarettes in
China. Previously, retailers had been required to apply for
two licenses to sell cigarettes – one for domestic products
and one for foreign brands. Now, retailers need only one
license to sell both local and foreign brands, which will
simplify foreign firms’ access to the market. Future trends
in tobacco consumption, especially in Southeast Asia, the
Middle East, and parts of the African continent where
manufacturing monopolies remain, are likely to be influ-
enced by trade agreements that permit private multi-
national tobacco corporations to enter a market and
compete with state-owned tobacco companies.

Industry consolidation is another trend that is likely
to influence tobacco marketing and pricing. Between 1990
and the end of 2003, there were over 50 major changes
of ownership of privately owned tobacco companies.
Key changes of ownership include the acquisition of
RJ Reynolds’ international business by Japan Tobacco, the
acquisition of Rothman’s International by BAT, and the
acquisition of Reemtsma by Imperial Tobacco. The result
of these acquisitions has been the creation of a smaller
number of companies that control a larger share of the
worldwide cigarette market, the emergence of global
super-brands, and cost savings obtained through con-
solidation of marketing and distribution channels. The
worldwide cigarette market is controlled by a handful of
companies of which China National Tobacco Corporation
is the largest with 32% of the cigarette sales. Philip Morris
controls about 16% of worldwide cigarette sales, followed
by British AmericanTobaccowith 11%, and JapanTobacco
with roughly 7% of sales. Philip Morris has recently
entered into a joint venture agreement with ChinaNational
Tobacco Corporation to manufacture andmarket theMarl-
boro brand in China; Philip Morris also recently acquired
Indonesia’s Sampoerna tobacco company, gaining entry into
that country’s kretek and cigarette market.

Some have argued that tobacco harm minimization
might benefit by moving toward, rather than away from,
state-owned tobacco monopolies. Such monopolies could
have a public health mandate to reduce supply and
demand, and perhaps phase out tobacco sales over time.

Youth access laws

Most governments have policies that attempt to limit
minors’ access to tobacco products. The argument for
limiting tobacco sales to minors is based on the idea that
children and adolescents may not be mature enough to
adequately appreciate the long-term consequences of
their use of tobacco. Abundant evidence illustrates that
many youths who begin to use tobacco do not fully
comprehend the nature of addiction and, as a result,
believe that they will be able to avoid the harmful con-
sequences of smoking by stopping smoking after a few
years. Laws intended to curtail tobacco sales to minors
date back decades in most countries, but enforcement of
these laws varies widely across regions of the world.
Moreover, the real impact of these laws on deterring
youth smoking is open to debate. The real public health
benefit of policies to limit youth access to tobacco may not
lie so much in the direct effect on youth smoking behav-
ior, but rather on the declarative effects of reinforcing the
social norm that disapproves of tobacco use.

Harm Reduction

Harm reduction assumes that people will continue to use
tobacco and thus seeks to minimize harm caused by
tobacco products by altering their potential to cause dis-
ease and disability. Harm reduction interventions include
smoke-free policies that serve to protect nonsmokers from
breathing tobacco smoke pollution and policies to regu-
late tobacco products including the use of incentives that
encourage tobacco users to adopt less harmful alternatives
to conventional tobacco products.

Smoke-free environments

Policies restricting indoor smoking have a dramatic and
immediate impact on reducing the levels of indoor air
pollution, thereby minimizing harm to nonsmokers and
smokers. Also, there are plenty of studies to show that
smoke-free policies reduce smoking rates.

Where smoking is permitted it is a significant source of
indoor air pollution; banning smoking indoors typically
reduces exposure to fine particle air pollutants by
80–90%. While mechanical ventilation and air cleaning
devices can reduce exposure to tobacco smoke pollutants,
these methods are costly and are not nearly as efficient as
banning indoor smoking.

Fifty years ago there were virtually no laws regula-
ting smoking in public locations such a schools, public
transportation, government buildings, elevators, and res-
taurants. However, as scientific studies regarding the
health consequences of passive smoke exposure began to
emerge in the 1980s, policies limiting where people could
smoke also increased. Today, nearly all countries have
laws restricting smoking in at least some public places
and workplaces, and over 20 countries have adopted and
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implemented comprehensive smoke-free laws that pro-
hibit smoking in virtually all public venues including bars
and restaurants (Table 3). Compliance with smoke-free
regulations has varied across countries and localities, but
where smoking rates are declining and the population has
been educated about the health risks of tobacco smoke
pollution, compliance with the smoke-free policies has
been high. The trend toward smoke-free indoor environ-
ments is likely to continue in the future and be an impor-
tant factor influencing how people perceive tobacco use,
making it less acceptable, more inconvenient, and less
pleasurable, thereby discouraging uptake of smoking and
encouraging cessation of smoking.

Product regulation

Nicotine in tobacco is the primary reasonwhymost tobacco
users continue to expose themselves daily to tobacco toxins.
However, historical efforts by both the tobacco industry and
government regulators to reduce the harm caused by
tobacco products have often ignored this fact. In some
cases well-meaning, but misguided public health policies,
such as the adoption of standardized product testing
regimes, did more harm than good. Many smokers con-
tinued to smoke rather than quit because they were under
the illusion that lower, machine-measured tar levels were
equivalent to a healthier smoke. Internal industry docu-
ments now reveal that the companies were well aware of
compensatory smoking, and even counted on it to retain
customers who they knew were addicted to nicotine and
would simply alter how they smoke to maintain their daily
nicotine delivery.

We now know that so-called low-tar cigarettes do not
expose smokers to less tar because smokers compensate
to get their daily dose of nicotine by taking more puffs,
bigger puffs, and, in some cases, smoking more cigarettes
per day. Studies have confirmed that low-tar cigarettes have
not altered the risk of cancer or heart disease in smokers
who have switched to these products. Unfortunately, this
message has not gotten across to consumers. Over the past
decade there has been a global trend toward lower tar levels
of cigarettes.

The birth of so-called low-tar cigarettes was a direct
result of the 1964 U.S. Surgeon General’s Report, which
‘officially’ linked cigarette smoking to cancer and other
diseases. Within days of the report, American Tobacco

Company announced Carlton brand cigarettes, with tar
and nicotine levels about one-tenth the market average at
the time (2.5mg tar, vs. an average of about 25mg). This
also marked the introduction of the ventilated filter, which
changed the cigarette market, as it allowed tar and nico-
tine yields to be cheaply lowered, but facilitated compen-
satory smoking such that smokers could titrate their dose
of nicotine to maintain satisfaction.

Under the misguided belief that smokers were better
off smoking low-tar cigarettes, government regulators
introduced standardized product-testing regimes that
would allow consumers to compare the machine-measured
tar yields of different cigarette brands. In 1967 the U.S.
Federal Trade Commission (FTC) introduced a stan-
dardized system for machine-testing smoke yields for
cigarettes. Other countries adopted the International Orga-
nization for Standardization (ISO) protocol that was essen-
tially the same as the FTC method. Even though FTC and
ISO both acknowledged that their testing schemes were
flawed and underestimated the actual amount of exposure
consumers might get from smoking, cigarette manufac-
turers used the data to market new lower tar brands and
establish brand line extensions. The trend toward lower tar
cigarettes, often with increasingly sophisticated filters to
retain flavor and improve brand competitiveness, has
continued to dominate the cigarette industry to the present
day. This trend is likely to continue unless governments
intervene to change it.

However, just the opposite has occurred. In 2004
the European Commission implemented new maximal
values for tar (10mg), nicotine (1mg), and carbon mon-
oxide (10mg) per cigarette, as measured by machines
using the ISO method. A similar policy has recently been
adopted in China that issued a regulation banning the
sale of cigarettes above 15mg/stick after July 2004. Regret-
tably, these well-intentioned policies are flawed because
cigarette manufacturers are able to easily adjust to the
new standards by increasing the filter ventilation of their
existing brands. Unfortunately, increased filter ventilation
promotes increased smoke intake by smokers because of
increased puff volumes and blocking of filter vents with
lips or fingers, meaning that the standard has not made
smoking less risky, although some smokers may believe
this to be so.

Because cigarettes are an important cause of residen-
tial fires, some governments have recently implemented
standards for cigarette ignition propensity. In 2004,
New York State became the first locality in the world
to mandate fire safety standards for cigarettes. In 2005,
Canada became the first country to adopt a fire safety
standard for cigarettes. Both the New York and Canadian
laws require cigarette brands licensed for sale to meet
a performance standard whereby the cigarettes self-
extinguish on a standardized test. Each measurement
involves placing a lit cigarette horizontally atop 10 layers

Table 3 Countries with comprehensive smoke-free laws

Belgium (2007) Iceland (2007) Norway (2004)
Bhutan (2004) India (2004) Scotland (2006)

Cuba (2005) Italy (2005) Singapore (2006)

England (2007) Ireland (2004) Spain (2006)

Estonia (2007) Lithuania (2007) Sweden (2005)
Finland (2007) Malta (2005) Uganda (2004)

France (2008) New Zealand (2004) Uruguay (2006)
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of filter paper. Whether the cigarette burns to the begin-
ning of the tipping paper (the paper covering the filter)
is the outcome of interest. At least 75% of cigarettes
of each tested variety should self-extinguish before reach-
ing the tipping paper. Preliminary data from New York
State suggest that the law has reduced smoking materials
fires; however, what remains unknown is whether design
changes engineered into the cigarette to meet the fire
safety standard have altered smoking behavior in ways
that might potentially lead smokers to smoke differently.

Concern over the fireproof cigarette standard raises the
larger question of how product modification designed to
reduce harm in one regard might inadvertently increase
harm in areas that were unintended. This is exactly the
concern that has been raised in recent years as cigarette
manufacturers have introduced a variety of modified
tobacco products with claims that they reduce exposure
to selected harmful toxins found in conventional cigar-
ettes. The first of these products to be commercially mar-
keted was Premier, which was sold in test markets in 1988
(Figure 2(a) and 2(b)). Premier was promoted as a cleaner
cigarette promising reduced secondhand smoke and

exposure to other toxins found in conventional cigarettes.
Premier was not really a cigarette in a conventional sense,
but rather a nicotine inhaler that could satisfy the addicted
smoker’s daily need for nicotine. Philip Morris has
recently tested a new product called Marlboro Ultra-
Smooth that boasts a high technology carbon filter (see
Figure 2(c) and 2(d)). Other manufacturers have mar-
keted similar products with claims of reduced exposure
to selected smoke constituents, but questions remain about
whether these products actually lower disease risk.

The marketing of reduced risk products is a sensitive
area because in many countries strict laws limit making
health claims so manufacturers are wary to label any-
thing as ‘reduced harm’ for fear of litigation. However,
in countries like China where the tobacco business is
operated by the state, there is no such concern – China
National Tobacco Corporation markets Zhongnanhai
3mg, which explicitly claims that its ‘1þ1’ nano-technol-
ogy filter reduces PAHs and TSNAs in cigarette smoke
(see Figure 2(e) and (f )).

Because a large component of the risk inherent in
smoking comes from the thousands of combustion

(a)

(c)

(e)

(b)

Marlboro ultraSmooth

Marlboro 
ultra light
N. Dakota

Marlboro
ultra Smooth 
Atlanta

Marlboro
ultra Smooth 
Salt Lake City

(d)

(f)

Figure 2 Examples of advertising and construction of potential reduced-exposure products. (a) and (b) represent Premier

(RJ Reynolds), (c) and (d) represent Marlboro UltraSmooth (Philip Morris USA), and (e) and (f) represent Zhongnanhai 3mg

(China Tobacco).
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byproducts generated by burning paper and tobacco, sim-
ply reducing one or two selected chemicals is unlikely to
alter harm. For smoked tobacco products reduced harm
might be possible by requiring changes in product design
that make the product less (not more) acceptable to the
consumer. For example, nicotine could be eliminated,
filter vents could be banned, and the use of flavorings
and additives that mask the harshness of tobacco smoke
could be prohibited. Each of the design alternations would
make the product less acceptable to the user thereby
discouraging uptake and promoting smoking cessation.

Access to lower-risk products
It is ironic that the most addictive and toxic tobacco
products are also the most heavily advertised and least
regulated. Liberalizing government regulations so that
cleaner forms of nicotine are made more acceptable and
accessible to smokers compared to tobacco products has
the potential to revolutionize the way the tobacco prob-
lem is perceived and dealt with in the future. The dream
of a tobacco-free society is not likely to be accomplished
anytime soon. Given this reality, competition to produce a
less harmful alternative to smoked tobacco products
would benefit the goals of public health. However, today
there is really no real competition, as the cigarette cartel is
dominated by a small group of companies who have little
incentive to change the status quo. Competition to pro-
duce consumer-acceptable alternatives to cigarettes
would be helped by educating consumers about differ-
ences in disease risk between smokeless and medicinal
nicotine products and smoked tobacco. Ironically, many
smokers don’t perceive much difference in health risk
between smokeless tobacco products, nicotine medica-
tions, and cigarettes. Yet if all nicotine products were put
on a risk continuum the actual difference between smoke-
less and nicotine medications would be seen as pretty
minor compared to the difference in disease risk between
smoked and smokeless products. Experts have estimated
the risk from low nitrosamine smokeless tobacco to be
approximately 90% less than that from cigarettes; the risks
for medicinal nicotine are even lower compared to those
from cigarettes. Government regulations such as those in
the EU that prohibit the sale of smokeless tobacco while
permitting the sale of smoked tobacco may be counter-
productive since they contribute to confusion about the
real relative risk of different smoked and smokeless
tobacco products and prevent competition for the market-
ing of less dangerous alternatives to smoked tobacco.

Of course, the question remains as to whether smokers
would be willing to abandon smoked tobacco products for
a delivery system that is substantially different. However,
until smokers are given enough information to allow them
to choose for themselves, then the status quo will remain.
Government policies could help move this process along

by allowing for differential regulation of product market-
ing and taxation rates linked to product risk. The natural
experiment in Sweden suggests that promoting smokeless
tobacco can displace at least some cigarette smoking,
resulting in less cancer, although it is unclear if this result
in Sweden can be replicated elsewhere.

Global Tobacco Control

The global effort to reduce the burden of tobacco use has
recently culminated in the creation and adoption of the
Framework Convention on Tobacco Control (FCTC),
which is the first global health treaty negotiated under
the auspices of the World Health Organization (WHO).
The FCTC is an attempt by the WHO to have all
countries adopting the same rules regarding tobacco
rather than having legislation varying from country to
country. The treaty closed for signature on 29 June 2004;
168 countries have signed the FCTC, and 146 (as of April
2007) have become parties to the treaty. The FCTC
commits countries to implement a range of tobacco harm
minimization measures including increased tobacco taxes,
comprehensive bans on tobacco advertising, inclusion of
significantly sized health warnings on cigarette packets,
protection of people from secondhand smoke, efforts to
combat smuggling such as placing final destination mar-
keting on packs, and product regulations such as the dis-
closure of ingredients in tobacco products and provision of
treatments for tobacco addiction.

The FCTC protocols are legally binding only on
countries that ratify them. Thus the onus will be on
national governments to implement the FCTC and pro-
tocols. How effective the FCTC will be in slowing and
eventually reversing the global tobacco epidemic will be
determined by the how fully governments implement the
obligations contained in the FCTC.

See also: Second Hand Smoke; Smoking Cessation;

Smoking, The Burden of Mortality of; Tobacco,

Integrated Control of.
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The Nature of the Tobacco Industry

The tobacco industry is defined as the groups and indivi-
duals who grow, manufacture, market, and retail tobacco
products. Although the majority of the people involved are
in small-scale tobacco growing and processing, the indus-
try is dominated by large companies. Over 70% of the
worlds’ tobacco by volume is sold by four manufacturing
and marketing companies: the stated-owned China
National Tobacco Corporation (CNTC), Philip Morris
(part of the Altria group), British American Tobacco
(BAT), and Japan Tobacco International (Mackay and
Eriksen, 2002). Over 80% of tobacco is used in cigarettes
(van Liemt, 2002).

Except for a few state monopolies, businesses that
are dependent on tobacco sales seek to increase their
assets and the profits on the capital invested. In some
countries, the laws for business companies and corpora-
tions require that the company officials must act to main-
tain and increase profits.
Tobacco Company Characteristics

The characteristics of the major multinational tobacco
companies include large size, having a substantial or pre-
dominant part of their business relating to tobacco, being
global in their operations (except for CNTC), and being
relatively capital intensive. Other characteristics include
the reliance on brand differentiation (and a high degree
of marketing ability), a high investment in research and
public relations, and ownership of key related businesses,
such as those making cigarette machines.

Tobacco manufacturers usually require economies of
scale and access to significant sources of new capital.
Some tobacco manufacturing in developing countries
has been an exception to this rule, for instance bidi and
kretek making in India and Indonesia. Of the approxi-
mately 1.5million people with jobs in the tobacco proces-
sing industry, over half are in China, India, and Indonesia,
with over a third in the latter two (van Liemt, 2002).

The economies of scale stem from the comparative
efficiency of cigarette making machines with large output
volumes, the ability to dominate the tobacco leaf-buying
environment, and the comparative cost-effectiveness of
world-scale marketing through brand development, among
other things. The increased globalization of commerce (the
erosion of national borders, and the relative decline of
the power of national governments relative to commercial
organizations) has also encouraged an increase in the size
of tobacco companies (UNCTAD Secretariat, 1978).

Access by the dominant companies to sufficient extra
capital is necessary in order to buy competitors, be able to
invest for the long term in brand marketing, and acquire
the most efficient manufacturing machinery. The very
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large investment by the dominant companies in creating
international brands, and the large minimum costs of estab-
lishing international tobacco brands, increases the cost of
international market entry for competitors. This, and the
dominant companies’ relative ability to outbid competitors
for the purchase of smaller companies, has produced a trend
to larger and fewer companies with greater market domi-
nance. The movement of foreign tobacco company compe-
titors and investors into developing countries has also
resulted in the greater use of more productive machinery
and fewer factories (van Liemt, 2002).

For much of the twentieth century, a number of
countries made tobacco manufacturing and marketing a
state monopoly. Over the last 20 years, the number of such
monopolies has sharply diminished, and the state-owned
companies have been sold off (usually to a multinational
tobacco company).
Cooperation among the Largest Tobacco
Companies

Although the largest tobacco companies compete on brand
sales, much of their activity is done in cooperationwith each
other, including strategies to delay or prevent regulations
that affect them, present public relations images that advan-
tage thewhole industry, and prepare for anddelay litigation.
This cooperative activity appears to have occurred from the
1960s or before, for at least the companies with headquar-
ters in Britain and the United States. For instance, from
1977 or before, seven of the largest companies organized
the International Committee on Smoking Issues (later the
International Tobacco Information Centre – INFOTAB)
which carried out a ‘defensive smoking and health strategy.’
In these organizations, the tobacco companies worked
together to assemble arguments for their case and to apply
pressure against tobacco control interventions and suppor-
ters (Francey and Chapman, 2000).
Risks for Tobacco Companies

Tobacco companies face efforts by many groups to
establish the companies’ legal liability for the harm from
their products. The plaintiffs include governments (e.g.,
Canadian provinces), unions, health insurers, and indivi-
duals. Although about 300 such cases against the compa-
nies were presented up to the early 1980s, with no awards
being paid out, in the 1990s over 1500 cases were filed.
A number in the United States resulted in large awards to
plaintiffs. Most prominent was the Master Settlement
Agreement between most U.S. states and some tobacco
companies. Besides payments by the tobacco companies,
the settlement included the release of millions of internal
tobacco industry documents. By 2001 well over 4000 cases
had been filed in the United States alone.
However, the degree of risk to tobacco companies from
litigation is unclear. Some research has indicated that
initially, successful nongovernment suits in the United
States had an adverse impact on tobacco industry market
values. However, theMaster SettlementAgreement appears
to have provided some assurance of reduced risks to the
suppliers of new capital to the tobacco companies, with a
result of reduced capital costs to the companies (Sloan et al.,
2005). For other risks faced by tobacco companies, see the
section Future Issues.
The Documentation on the Industry

Legal and government action, largely in the United States,
has resulted in the publication of the most comprehensive
set of primary documents from any industry that adversely
affects health. This set comprises largely the documents
released by the Master Settlement Agreement, and can be
found on websites (see the Relevant Websites section).
However, some documents are missing or have been delib-
erately destroyed or concealed in a number of ways, and
tobacco companies have deliberately avoided document-
ing many actions and practices.
Companies and Possible Endgames

At least some of the major companies may have some
sort of exit strategy to protect their asset bases from the
threat of successful lawsuits or major revenue declines.
One possible avenue is divestment. In the last 10 years the
RJ Reynolds and Philip Morris/Altria companies have
divested assets and distributed cash to shareholders, effec-
tively removing some of their capital from these threats.
Another possible avenue is protective bankruptcy. Philip
Morris suggested in 2003 that a proposed court bond in the
United States would bankrupt it. Japan Tobacco’s Canadian
branch sought protection in 2004 to avoid a court order for
the payment of taxes. A further avenue could be legal
relocation. In a situation similar to that for tobacco compa-
nies, an Australian asbestos materials company, James
Hardie, in 2001 moved much of its assets to an associated
company in the Netherlands in the face of impending
claims for compensation from asbestos victims.
Tobacco Industry Markets, Marketing,
and Public Relations

Market Trends

Despite sustained growth in the previous 40 years, there
was no change during the 1990s in world tobacco con-
sumption (van Liemt, 2002). Sales are predicted to rise in
the 10-year period up to 2008 in Latin America, Asia,
Africa, and Eastern Europe but to fall in North America
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and Western Europe. The greatest potential for increased
tobacco sales (in the absence of an adequate public health
response) is to women in developing countries ( Jha and
Chaloupka, 1999; Mackay and Eriksen, 2002).
The Change in Market Focus

In the last half-century, the largest tobacco companies
have been moving their focus from the developed world
to developing nations. International trade law, and pres-
sure from nations that host large tobacco companies, have
been used to allow the companies to enter countries and
use the advanced marketing tactics developed elsewhere.

Some authors have suggested that removal of barriers
to international trade in tobacco, along with increased
foreign investment in tobacco production and marketing
in developing countries, have increased the likelihood of
greater tobacco consumption in those countries, because
the regulation of tobacco marketing generally does not
advance sufficiently to counter the advantages to tobacco
companies of changes in trade and investment law
(Shaffer et al., 2005).
Marketing

How do tobacco companies capture and hold their custo-
mers? Their marketing involves advertising, sponsorship,
the use of in-store placement and salience for products,
packaging, and many other means of promoting their
brands. A wider definition of tobacco marketing is all of
the means used to encourage brand loyalty in smokers,
minimize the doubts of smokers about smoking, and ensure
that some nonsmokers will find the image of smoking or
particular brands attractive and normal. This includes
setting and maintaining sufficiently low prices for the pro-
ducts. The efforts to decrease effective risk perception by
consumers includes the use of deceptive product brands
and descriptors, the use of colors associatedwith health, and
product pack design (Wakefield et al., 2002).
Tobacco Brands

Tobacco brands are created through extensive research.
The most effective brands have a worldwide reach to a
wide target market. To a large extent, the success of
product promotion by a tobacco company is encapsulated
in the value of its brands. Brand value is the total effect of
the projection of names, logos, shapes, colors, images, and
their associations in creating an attraction for a product,
differentiating it from others, and providing a competitive
advantage over other companies. Brands are particularly
important with a product such as cigarettes or tobacco, in
which there can be few other differences between the
items produced by different companies. Brands create a
difference – a ‘unique selling point.’ The value of the
brands is part of the tobacco industry’s intangible assets,
which also includes human resources and business and
political connections.

The value put on brand worth by the companies was
demonstrated by a 1985 BAT report on Philip Morris,
which ascribed the Philip Morris success to its long-
term investment in marketing and in its brands.

The belief that success in the market place, and consumer

orientation will lead to long-term business profitability,

lies behind the business strategy of Philip Morris. This is

a belief in which they are prepared to invest, and accept

losses for periods of up to, and in excess of, ten years,

provided that the long-term holds out a possibility

of viability . . . [Philip Morris’s] strong commitment to

the construction of the brand image over the long-

term . . .[and to] all aspects of the brand that contribute

to the image – product, packaging etc (British American

Tobacco, 1985).
Transnational Marketing

The large tobacco companies have increasingly used
transnational means to add to the impact of their brands,
such as Internet marketing and satellite television cover-
age of sponsored sports and other events. The nature of
the increasingly large-scale and transnational media has
meant that tobacco brand marketing has been progres-
sively concentrated on fewer, selected brands. In turn, this
has meant that the best-selling brands have taken a larger
part of the world market and become increasingly valu-
able. The resilience of the largest brands has insulated the
companies who invested in them from market downturns.

The worldwide trend toward limiting some forms of
tobacco advertisements, from the 1970s on, stimulated the
tobacco industry to research and develop transnational
and nonadvertising means of projecting brands and reach-
ing customers. These include sponsorship, retail displays,
product placement in film and other media, tobacco
pack design, and social communication (for instance,
word-of-mouth).
International Trade in, and Smuggling of,
Tobacco

The world trade in cigarettes has grown rapidly in the last
50 years, and the large companies are among the most
active in this growth. The proportion of internationally
traded cigarettes that are smuggled may be over 30%,
accounting for between 6–8% of world tobacco consump-
tion (Merriman et al., 2000). Significant parts of the inter-
national distribution process used by the tobacco industry
are illegal. A number of governments (e.g., Canada) and
courts (e.g., in Hong Kong) have stated that multinational
tobacco companies have been involved in smuggling.
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The Deputy Chairman of BAT, in a February 2000 letter
to the Guardian newspaper, stated: ‘we act, completely
within the law, on the basis that our brands will be avail-
able alongside those of our competitors in the smuggled
as well as the legitimate market’ (Clarke, 2000). This
statement appears to be saying that BAT ensures that its
brands are smuggled.
Other Parts of the Tobacco Industry

The dominance of the large multinational tobacco compa-
nies extends to an effective control of all stages of the
industry from leaf production to retail supply. Although
tobacco growers have formed associations, these do not
appear to have been able to effectively counter the strength
of the large tobacco manufacturing and marketing compa-
nies. The relative proportions of the final retail price of
tobacco products going to various parts of the produc-
tion and marketing chain varies widely across countries.
Although the proportion of the final retail product value
going to tobacco farmers may be small (often under 2%),
farmers in some countries find that tobacco is a more
profitable and reliable source of revenue than other crops
( Jha and Chaloupka, 1999).

Compared tomanufacturing andmarketing, the growing
and retailing of tobacco is far more fragmented. Tobacco
growers are generally individual farmers. Tobacco is usu-
ally grown in areas with warm summers, lighter soils, ade-
quate rainfall, and a sufficient labor force. The largest
producers of tobacco leaf in 2001 were China (by far the
biggest), India, Brazil, United States, andTurkey. Significant
exporters of tobacco leaf include Brazil, United States,
Zimbabwe, China, and Turkey. For nations such as Malawi,
tobacco leaf export is a significant part of their economy.

In a number of countries, tobacco retailing is domi-
nated by a limited number of retail organizations (often
supermarket or service station chains), and for these
retailers, tobacco products usually form a minor part
of their overall turnover. However, for many retail busi-
nesses, large or small, tobacco products provide both a
high profit margin per item sold and a stream of custo-
mers who will also buy other items.

A number of other industries are closely linked to the
process of producing andmarketing tobacco. These include
suppliers of materials involved in the manufacturing pro-
cess (e.g., paper, filters, additives, packaging) and those
involved in marketing tobacco (e.g., advertising agents,
media carrying tobacco advertising).

Tobacco companies are part of an investment process
that includes pension funds, government agencies, uni-
versities, and other investors. The investment process for
tobacco companies requires the participation of financial
advisers, stockbrokers, banks, law firms, and other parts of
the finance industry.
The Context in which the Tobacco
Industry Operates

The regulation of the industry by international agreements
and attempts to affect the industry by public or commercial
pressures have largely developed in the last 20 years. For
instance, the Infact organization developed an international
boycott of two of the most active multinational tobacco
companies, Philip Morris and RJ Reynolds, and organized
actions against others such as BAT. The actions targeted the
companies’ food products, which included the brands Kraft,
Post, Nabisco, and Maxwell House.
The Framework Convention on Tobacco Control

In 1996 the World Health Organization (WHO) began the
work that led to the Framework Convention for Tobacco
Control (FCTC). This is an international treaty designed
to control tobacco industry activities, such as marketing
and smuggling. The FCTC promotes health objectives
and long-term economic and social objectives in the
control of the tobacco industry over the consideration of
short-term trade or financial grounds. The final agree-
ment was accepted by the World Health Assembly in May
2003 and became part of international law for the ratify-
ing nations in February 2005. By May 2007, 168 nations
had signed the treaty and 147 had proceeded to the stage
of ratification.

The FCTC treaty requires the ratifying countries to
implement policies that directly affect the tobacco indus-
try. This includes restricting tobacco marketing (includ-
ing banning advertising, sponsorship, and promotion, as
far as the countries’ constitutions allow) and requiring
effective warning labels for tobacco products. It requires
policies for smoke-free indoor workplaces and public
places where there is national jurisdiction. One section is
particularly relevant to the industry:

Parties shall act [to protect public health] from commer-

cial and other vested interests of the tobacco industry in

accordance with national law (Article 5, section 3).

The conditions of the FCTC are particularly demand-
ing for some small nations because of trade relations with
larger nations with strong tobacco industry interests.
Why Is the Tobacco Industry so Significant
for Public Health Policy?

Product Harm

The industry’s main product, cigarettes, is addictive for
nearly all users and kills over half the long-term users.
Indeed, all tobacco products are addictive and dangerous
to health, including chewing tobacco and other ‘smokeless’
tobacco such as snus and snuff. Particularly dangerous are
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those products involving tobacco heating or combustion:
cigarettes (including kreteks, bidi, and other variants),
cigars, pipe and ‘roll your own’ tobacco, and tobacco used
in water-pipe variants. Altogether, tobacco products cause
the early and preventable deaths of at least 1 in 10 people
worldwide, and this proportion is predicted to increase to
at least 1 in 6 within 25 years. Tobacco is also a significant
cause of health inequalities within and between countries.
The Health Impacts of Insufficient Information

The industry is unusual in the extent to which it relies on
consumers having insufficient knowledge of the health
consequences of long-term use, which means they dispro-
portionately discount the future effects of being addicted.
This lack of knowledge changes with experience, and in
developed countries, most smokers do not want to con-
tinue to smoke. However, they are forced to continue
buying the products because of their addiction. (In a
2002 survey across Canada, the United States, the United
Kingdom, and Australia, about 90% of smokers regretted
having started smoking.)

The extent of the addiction is shown by the 95%ormore
of unaided attempts at quitting smoking, which are followed
bya return to smokingwithin a year. Because of the lessened
ability of smokers to give up smoking due to addiction, and
despite the proportion of the price of tobacco that is gov-
ernment tax (over 70% in some jurisdictions), tobacco
companies frequently are able to make more profit on less
volume by increasing the profit margin per unit sold.
The Health Sector and the Industry

The nature of the industry and its products has attracted
considerable attention from the world health sector. Pub-
lic health advocacy groups, communities, and nations
have tried a range of strategies in their attempts to control
the tobacco industry. These include the creation of new
laws, application of existing laws, public relations, and
social and economic pressure on the industry, its employ-
ees, and investors by means such as disinvestment and
consumer boycotts.

The distance between the objectives of public health
groups and those of the industry has meant that health
authorities and the industry often tend to be in direct
conflict. For instance, a World Health Organization report
in 2000 stated:

[T]obacco companies have operated for many years with

the deliberate purpose of subverting the efforts of the

World Health Organization to control tobacco use. The

attempted subversion has been elaborate, well financed,

sophisticated, and usually invisible. . . . tobacco compa-

nies instigated global strategies to discredit and impede

WHO’s ability to carry out its mission. . . . tobacco
companies sought to divert attention from the public

health issues, to reduce budgets for the scientific and

policy activities carried out by WHO, . . . to distort the

results of important scientific studies on tobacco, and to

discredit WHO as an institution. (Zeltner et al., 2000)

The tobacco industry has resisted control by health
authorities by exerting pressure on national and interna-
tional political processes. Although the forms of pressure
and the tactics and strategies used have varied, some
common themes have emerged. They included the crea-
tion of alliances with other interest groups; the investment
in social, economic, academic, and political contacts and
in political access and favors; and the use of every possible
avenue of the legal process (Sweda and Daynard, 1996).

By these means, industry groups have sought to oppose
all substantive actions to reduce smoking and the harms
from second-hand smoke. They have also sought to erode
the ability of tobacco control organizations and individual
advocates to function in a multitude of ways.
Adverse Environmental and Occupational
Health Impacts

Besides the direct health effects of the use of tobacco
products, other effects from tobacco industry activity
that have health consequences include those on the phys-
ical environment (e.g., litter that pollutes waterways, air
pollution from curing) and those stemming from the
cultivation of tobacco (e.g., fertilizer and pesticides). The
removal of trees for use in the tobacco curing process is
estimated to account for over a quarter of all deforestation
in some developing countries and to cause an average of
5% of the deforestation in 66 developing countries (Geist,
1999). Besides pesticide exposure, working with tobacco
leaves can result in the absorption of nicotine through the
skin, resulting in poisoning.
Future Issues

Developments that may face the world tobacco industry
include the greater organization and implementation of
tobacco control at an international level (e.g., the FCTC
of WHO) and damaging events at a local or national level
(e.g., lawsuits) whose effects are felt over national borders.
However, the industry’s sales and profits in the developing
world may continue to grow, in the absence of sufficient
effective national and international tobacco control efforts.

National or international tobacco control activity
could have an impact on the tobacco industry. The poten-
tial impacts include decreased demand for tobacco (for
instance, through increased tobacco taxes, more attractive
alternative nicotine products, or greater controls on
tobacco marketing and promotion), the removal of the
ability to trade in or profit from the sale of tobacco, and
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the making of the industry’s executive processes more
open to surveillance and control. Another possible devel-
opment is the withdrawal of investments in tobacco com-
panies by government-controlled agencies.

Future developments, positive or negative for the indus-
try, are likely to result from a combination of social, eco-
nomic, and legal changes. Law that is adequately enforced
has the potential for controlling most aspects of the tobacco
industry. The potential scope of legal regulation includes
controls on brand promotion and marketing, increased
requirements for the disclosure of business and govern-
ment-relations methods (including political donations),
the increased disclosure of product ingredients, and
requirements for safety measures (e.g., fire-safer cigarettes).
At the more restrictive end of the control spectrum, the
right to operate in certain ways, or at all, could be removed,
or the companies could be subject to civil legal actions or
criminal prosecutions for a range of their actions.

A more direct approach to controlling the industry
would be to remove its ability to trade in, or profit from,
tobacco. This could occur by disallowing companies from
selling to wholesalers, retailers, or the public, or by a
combination of levies and price freezes.

If tobacco-manufacturing companies were required to
sell only to an official or nonprofit agency with public
health objectives, that agency would have the ability to
control both the nature of the product and the distribution
and retail structure for tobacco. The systems used could
graduate from the agencies’ use of the present retail
arrangement to the eventual supply of tobacco in relatively
clinical settings, where health promotion and the treatment
of nicotine dependence could be the dominant imperative.
In one option, the tobacco companies would be involved
only where they met the agency’s supply requirements for
products of a specified nature (Callard et al., 2005).

The model would require legislative arrangements to
ensure that before the tobacco companies exited markets
in any way, they would be required to be bonded to cover
their liabilities. Otherwise, the companies could escape their
liabilities by bankruptcy proceedings or by transferring
assets out of jurisdictions where the assets are threatened.

See also: Second Hand Smoke; Smoking Cessation;

Smoking, The Burden of Mortality of; Tobacco - Harm

Minimisation; Tobacco, Integrated Control of.
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In February 2005, the World Health Organization’s first
piece of international law, the Framework Convention on
Tobacco Control, came into force. This convention calls
for, but only in some instances mandates, a broad range
of actions that would, in total, represent an integrated
approach to dealing with this major public health prob-
lem. The existence of the convention is the clearest possible
manifestation of the realization that to effectively deal
with a problem as complex as tobacco requires an integrated
and comprehensive approach. Even though the first author-
itative reports concluding that smoking is a major health
hazard appeared in the early 1960s, little action to stem
the epidemic occurred until the 1980s, and then only in a
few countries. Unfortunately, until recently, there was
little systematic effort to evaluate the actions that have
been taken, and even less to explore possible interactive
effects between government actions on the one hand and
responses of the tobacco industry on the other. This article
outlines actions that are being taken to reduce tobacco-
related disease. A (. . . tobacco-related disease), organized
around two main approaches, interventions focussing on
tobacco use, and those focussing on the activities of the
tobacco industry (Figure 1).
Tobacco Use Control

This has been the main focus of efforts to date. Here we
include actions where the smoker or potential smoker is
the direct target.
Ensuring an Informed Population

Strategies here range from mandated warning and product
information on packaging, at point of sale, and in advertising
(where it is allowed) to provision of information, largely
through the mass media, in both paid and unpaid form.

There is now strong evidence that warning labels on
packaging increase knowledge and stimulate quitting,
although their net effect on cessation is probably small.
The larger and more graphic the warnings, the better.
Warnings with graphic photographs of smoking-related
harms, first introduced in Canada in 2001, are the current
state of the art in this area. Some jurisdictions (e.g., in
Australia) mandate signs either warning of the harms or
promoting Quitline services at point of sale, but the
impact of these is unclear.

Ensuring that as much as possible of the scientific
research on tobacco and its harms gets into the mass
media is important. Research in the United States shows
a strong link between the number of media stories and
quitting-related activity. Similarly, well-constructed adver-
tisements about the harms of smoking, and possibly about
the devious behavior of tobacco companies, encourage
smokers to seek help to quit, increase quit rates, and act
to discourage youth from tobacco use. Part of the preven-
tion effect seems to stem from disgust, rather than the
anxiety that drives smokers. By contrast, outrage seems to
be the mechanism when the focus is the behavior of
tobacco companies. In the next few years there is likely
to be increased international coordination of efforts to get
important tobacco stories into the media, and continuing
pressure for governments to continue to warn against the
harms. Although most people have heard that tobacco
is harmful, because it doesn’t seem harmful, the level of
harm, and thus the need for action, is widely underesti-
mated. Keeping the issue before the public and making
the harms emotionally salient remain important strategies
for discouraging use. There is also considerable evidence
that mass-media campaigns are a particularly important
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strategy for less well educated populations, and provide
one way to reduce the disparities in tobacco use across
socioeconomic strata.
Smoking Cessation

There is now overwhelming evidence that a range of
medications, including nicotine itself, aid in smoking ces-
sation when used for periods of about 6 to 12 weeks. Other
medications, including buproprion, work on aspects of the
brain’s reward system. Advice-based programs increase
in effectiveness with increased contacts (at least 4 to 8),
with the best programs being at least as effective as medi-
cation. Even self-help booklets have a small positive effect.
Advice-based programs are increasingly delivered by means
of the telephone rather than face-to-face, and automated
intelligence programs have also been shown to be effec-
tive. Combining advice-based programs with medication
gives the best results, as the two seem to have largely
independent effects. However, acceptance of help, partic-
ularly advice-based help, remains low, even when the help
is subsidized or is free. This is probably due to a combi-
nation of beliefs, such as one ‘should be able to do it
myself ’ and the deep ambivalence about change that
characterizes tobacco use and other dependencies. As
noted, promotion of the issue in the media drives people
to seek help, as does product-specific advertising. Because
smoking cessation involves a lifestyle change as well as
overcoming a dependence, and because treatments lead
only to short-to-medium-term behavior change, unless
ex-smokers really come to value a smoke-free lifestyle
they are likely to be at ongoing risk of relapse, even years
after successfully quitting.
Prevention of Tobacco Use

Programs targeted at preventing the uptake of tobacco use
have generally not shown any marked long-term effects.
The more effective programs seem to incorporate infor-
mation about the harms (i.e., reasons for not smoking),
understanding of dependence/addiction, skills training
(especially refusal skills), and information countering the
common misperception that more young people smoke
than actually do. In recent years the tobacco industry has
provided prevention programs in schools that notably
deemphasize the health harms and focus on choices.
There is concern that these programs are ineffective at
best, and may encourage some tobacco use by helping
frame tobacco use as a legitimate (thus sensible) choice.
Many experts in the field believe that good public educa-
tion plays a useful and probably necessary role, but unless
accompanied by strong societal policies discouraging all
harmful tobacco use (including among adults), it is
unlikely to have much effect.
Smoke-Free Policies

One area in tobacco control where there has been major
progress is in the move to smoke-free public places, moti-
vated by the evidence on the harms of passive smoking,
especially to nonsmokers. Wherever smoke-free public
places have been mandated they have been complied with
and supported by an overwhelming majority of the
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population, including, oddly enough, a majority of smo-
kers. The most difficult places in which to prohibit
smoking are bars and gambling venues. Even here, as
demonstrated in Ireland in 2004, totally smoke-free pubs
are not only achievable, but strongly supported by the
community (Fong et al., 2006). Mandated smoke-free pub-
lic places (including workplaces) lead to reduced cigarette
consumption among continuing smokers, and a small
increase in cessation (Borland and Davey, 2004). In addi-
tion, they seem to have a positive, albeit small, effect on
people making their homes and apartments smoke-free,
which in turn seems to aid in successful cessation. There is
also some evidence that the existence of smoke-free pub-
lic places inhibits the uptake of smoking.
Socioeconomic Differentials

In Western countries, and increasingly in developing
countries, smoking is linked to social disadvantage. It
is the educated and well off who get the message and
quit, and who protect their children from becoming
smokers. Smoking rates are very high among the dispos-
sessed within rich societies, and where they exist among
‘First Nation’ peoples. A major effort is required to
address these inequalities as high smoking rates cause
increased financial stress (due to the cost) and make a
major contribution to the higher levels of ill health and
premature mortality.
Controls on Marketing of Tobacco
Products

Tobacco is one of the first consumer products to be suc-
cessfully mass marketed. Although some restrictions have
been put in place, the tobacco industry continues to lead in
the development of new marketing techniques, motivated,
at least in part, by the constraints put on some of their
strategies. Modern marketing is framed around the ‘four
Ps’: Product, Promotion, Place, and Price. Tobacco control
activities to date tend to focus on promotion and, through
taxation, price.
Price

There is now compelling evidence that even though
tobacco is addictive, its use is price sensitive. Increased
prices (in real terms) increase cessation and reduce con-
sumption. Price appears to have a stronger effect on
uptake, at least in part because adolescents have less
disposable income. Many governments around the world
use tax on tobacco to raise revenue. In recent years,
tobacco control advocates have pushed for tax increases
as a means of controlling use. Tobacco taxes are one of the
few popular taxes (even among smokers). However, rarely
has a significant proportion of tobacco tax money been
committed to programs to further reduce tobacco use – it
appears that tobacco taxes are addictive to governments!
In countries with strong tobacco control policies up to
approximately 75% of the retail cost is made up of taxes.
High taxes also have the effect of limiting tobacco com-
panies’ flexibility to use price as a marketing tool, but
in some countries this is complemented by price controls
(e.g., minimum prices) to prevent discounting as a promo-
tional tool.
Restrictions on Promotion

Efforts to restrict tobacco advertising have been a promi-
nent part of tobacco control activities since the 1970s.
Legislative bans, or other agreements to eliminate tobacco
advertising on television, often lead the way. In many
countries bans now extend to all electronic media, news-
papers, and magazines and billboards. Increasingly, adver-
tising is also being eliminated at point of sale. Reviews of
the impact of such laws indicate that when they are
relatively comprehensive they do reduce tobacco use,
but if they are weak, tobacco companies can compensate
by spending more on areas that are still allowed ( Jha and
Chaloupka, 1999). Several countries, including France
and Thailand, now require cigarettes to be kept under
the counter to eliminate the promotional aspect of large
prominent cigarette displays. There is no good evidence
on the impact of these laws.

In some countries all conventional advertising has been
banned, including sponsorships of high-profile sporting
and/or cultural events, but this does not mean that pro-
motions have been eliminated. The essence of modern
marketing is the brand, and tobacco products are all
attractively branded. This results in smokers becoming
unpaid brand promoters each time they publicly display
the brand they are smoking. The other major promotional
strategy is what is sometimes known as relationship, or
‘buzz,’ marketing. This involves building and helping to
sustain a lifestyle in which the product, in this case,
cigarettes, is designed to fit – just one of the things you
do and have. There need be no mention of the product,
so legislative controls are difficult if not impossible to
maintain. A final challenge, and one that the parties
to the Framework Convention on Tobacco Control are
developing a protocol on, is cross-border advertising,
which is occurring through satellite broadcasting and
Internet communications. As long as tobacco companies
make money from selling their products to consumers,
they will find ways to promote them. Some people are
now beginning to argue that the only way to effectively
eliminate tobacco promotion is to remove the right of
for-profit tobacco companies to market their products
direct to consumers.
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Places of Sale

Tobacco remains one of the most readily available con-
sumer products on the market. Many countries have pro-
hibited sales to minors, and a few like France limit its sale
to specialist retailers; however, in most countries, tobacco
is still available in places where children buy sweets, and is
often as cheap or cheaper than popular confections. Based
on experience in restricting sale of other products, there is
little doubt that reducing the number and type of outlets,
and/or hours of purchase, would reduce consumption.
Product Regulation

Efforts to reduce the harmfulness of smoked tobacco
products have not been successful. Industry obfuscation
and misleading behavior coupled with official neglect has
slowed understanding of this and has allowed an unac-
ceptable situation to continue. Modern cigarettes are
engineered to taste less harsh than the ‘gaspers’ of old.
Consumers interpret this reduced averseness as evidence
of reduced harmfulness, and are less concerned about
smoking’s potential harms. The clearest example of this
is so-called Light and Mild cigarettes, cigarettes designed
to taste less harsh, and to appear to deliver lower levels of
toxins. These cigarettes have filter ventilation, small holes
in the paper around the filter, which allows air to mix with
the smoke. The industry knew, what we know now, that
smokers would compensate for this dilution effect: they
block some of the holes and take larger and deeper puffs
(which is easier to do with the cooler, more dilute smoke),
ending up with similar levels of inhaled toxins and the
same levels of disease (including new kinds of cancer
deeper in the lungs). At the point of writing, no country
has done anything more than ban the use of the misleading
terms ‘mild’ and ‘light’ (the European Union first in 2003)
and remove the misleading yield measures from packaging
where they had been previously mandated (Australia first
in 2006). There has been one other advance, legislating to
reduce the propensity of cigarettes to start fires when left
on potentially flammable surfaces (first in NewYork State,
USA, then Canada). Discussion has begun about the legit-
imacy of additives and engineering features of cigarettes
that effectively mask aspects of their inherent toxicity.

The tobacco industry has invested large amounts of
money in attempting to develop less toxic cigarettes that
are attractive to consumers. To date they have failed. It is
becoming clear that combusted tobacco products are
likely always to be extremely harmful, especially when
the toxins are taken into the lungs. Some public health
people and some tobacco companies are exploring the
potential of smokeless tobacco as a harm reduction strat-
egy. Sweden led the way in reducing the toxicity of smoke-
less tobacco (Snus in Swedish). Epidemiological research
indicates that Snus and products like it cause no, or very
little, cancer and overall is probably at least 90% less
harmful than cigarettes (Foulds et al., 2003). One of the
biggest questions in tobacco control is whether smokeless
is part of the solution to smoked tobacco. It depends on
whether smokers can be weaned on to the alternative
product more quickly than getting them to quit altogether,
on whether people will become dependent on smokeless
tobacco, and on whether smokeless tobacco is sufficiently
benign for long-term use.

As yet we do not have answers to these questions,
although we know it is unlikely that we would want to
have very large numbers of people dependent on smoke-
less tobacco. A related question is whether smokeless is a
gateway to smoked tobacco. Research seems to be showing
that it does not act in this way, but instead simply provides
an alternative form of nicotine use (Ramstrom and Foulds,
2006). Overall, it appears that Sweden, where Snus has
been popular for many years, is not doing any better in
tobacco control than are some countries that do not have
smokeless as an option. In Sweden Snus has not been used
to systematically engineer a move away from smoked
tobacco and most Swedish smokers still believe it is as
harmful as cigarettes. The controversy over what, if any,
role smokeless tobacco – or long-term recreational use of
other cleaner forms of nicotine – might play in solving the
tobacco problem is likely to continue.
Industry Illegality

In some legal circles there is a view that marketing
tobacco itself, or at least some of the strategies used,
might be construed as illegal, given that tobacco is harm-
ful when used as intended, and given the appalling record
of the industry in not unambiguously warning about those
harms (Liberman and Clough, 2002). As a result there
have been a number of successful prosecutions of tobacco
companies, primarily in the United States. However, the
deep pockets of tobacco companies and the complexities
of the cases make this a difficult strategy. A lack of options
short of eliminating tobacco use overnight, with the fears
of the social dislocation prohibition might bring, is also
inhibiting prosecution of the central illegalities. However,
as alternative solutions to the tobacco problem begin to
gain acceptance as viable, it may be that litigation rather
than legislation will be the tool that brings about the
major changes to the industry many believe are needed.
Conclusion

In summary, reducing the harm from use of a depen-
dence-inducing substance that has been and in many
ways still is deeply embedded in national cultures and



economic activities, is a complex and difficult task. No
single strategy has much potency in itself. The mix of
strategies that have been used today has reduced the
prevalence of cigarette use to less than 20% of the popu-
lation in the most successful countries. To make further
progress is likely to require greater application of the
existing known strategies as well as new strategies based
on a more fundamental appraisal of the role of the tobacco
industry and the marketing of tobacco products.

See also: Smoking Cessation; The Tobacco Industry;

Tobacco - Harm Minimisation.
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Introduction

Historically, the practice of torture focused on the dyad of
the torturer and his or her victim in the quest to obtain
information. In the past fewdecades it has become clear that
the impact of torture is far beyond the individual and
includes society as a whole. The practice of torture is an
attempt to instill fear in the community, not merely to
oppress a single individual, and as such, the public health
impact of torture is far reaching. In response to increasing
recognition of torture as a public health problem, a field of
research is evolving which seeks how best to help survivors.
International law has also provided mechanisms to hold
perpetrators accountable. However, the ultimate human
rights and public health goal is to prevent torture from
occurring at all.
Defining Torture

Torture has been practiced over the centuries, at times in
public view and often with social and government sanction.
But it was only in the wake of the atrocities of WorldWar II
that torture was publicly condemned as an abuse of human
rights. Article 5 of the Universal Declaration of Human
Rights (1948), proclaimed that ‘‘No one shall be subjected
to torture or cruel, inhuman or degrading treatment or
punishment.’’ The World Medical Association’s Declara-
tion of Tokyo (1975) provided the first explicit definition of
torture, declaring that it was the ‘‘deliberate, systematic or
wanton infliction of physical or mental suffering by one or
more persons acting alone or on the orders of any authority,
to force another person to yield information, to make a
confession, or for any other reason.’’ Ten years later,
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governments united to denounce state-sponsored torture
when they ratified The Convention Against Torture and
Other Cruel Inhuman or Degrading Treatment or Punish-
ment (1984) which defines torture as:

any act by which severe pain or suffering, whether physical

or mental is intentionally inflicted on a person for such

purposes as obtaining from him or her or a third person

information or a confession, punishing him for an act he or

a third person has committed, or intimidating or coercing

him or a third person, or for any reason based on discrimi-

nation of any kind, when such suffering is inflicted by or at

the instigation of or with the consent or acquiescence of a

public official or other person acting in an official capacity.

It does not include pain or suffering arising from, inherent

in or incidental to lawful sanctions.

Today there are many international and regional
instruments prohibiting torture and ill-treatment, which
are listed in Table 1. Some of those declarations and
treaties have helped develop mechanisms by which tor-
ture can be monitored and perpetrators held accountable,
which is discussed further on.
Epidemiology

As the global community has turned its attention to
torture, reporting of torture has increased. The Amnesty
International (AI) Annual Report (2006) showed that tor-
ture and ill-treatment currently occur in 150 countries.
However, torture still goes underreported. Survivors often
choose not to disclose their experiences, because of fear of
putting themselves and their families in further danger,
impairment of memory resulting from torture, cultural
sanctions, or simply as a coping strategy (Mollica and
Caspi-Yavin, 1991). Therefore, it is difficult to determine
the true prevalence of torture.

Complex humanitarian disasters, characterized by
massive population dislocation, are often accompanied
by an erosion of international humanitarian law and a
breakdown of security which put individuals at greater
risk of being subject to torture. Torture is frequently an
element of war, conflict, ethnic and religious persecution,
and ethnic cleansing, although it can also be an isolated
event. Today, there are 9.2million refugees and approxi-
mately 10million people of concern (asylum seekers,
returned refugees, internally displaced persons, stateless
persons, and others) who are at high risk for human rights
abuses (UN High Commission for Refugees, 2006).
Torture can be found in 5–30% of the world’s refugees,
and in even higher percentages in certain ethnic groups
(Baker, 1992; Jaranson et al., 2004). Efforts have been made
in a variety of settings to document the prevalence and
incidence of torture in community and clinic samples, and
across specific cultural groups and ethnicities; the results
are summarized in Table 2.
Torture as a Public Health Problem

Impact

Torture is highly destructive toward individuals and
can have long-term physical and psychological effects
on survivors, which are summarized in Table 3 and
Table 4. There is international discourse about the
potential psychological sequelae in torture survivors,
and at one time, questions were raised as to the presence
of a torture syndrome. This idea was replaced by Western
phenomenology using diagnostic criteria such as ‘post-
traumatic stress disorder’ and ‘depression.’ Globally ques-
tions have been raised about the possibility of different
cultural expressions of traumatic stress, which require
more cross-cultural research to be resolved.

Torture can take many different forms, some of which
are quite common and others that are specific to certain
geographic regions. Examples of different forms of torture
are listed in Table 5. As a response to the increase in
human rights monitoring over the past few decades, tor-
ture methods are now often devised so that they leave
no physical signs or evidence of torture after the fact
(Forrest, 1996).

Although torture victims are sometimes killed, the true
aim of torture is not murder, but to send a message of fear
to the community through the returning victim. The
traumatic effects of torture can be transmitted intergener-
ationally to the family, thus spreading the impact beyond
the individual (Danieli, 1998). Torture also has impacts
on the broader community by sowing widespread mistrust
of the government and social structures. When military
and police officials commit acts of torture, they under-
mine the relationship between peoples and their govern-
ment. Sadly, health professionals also sometimes
participate in torture; physicians and psychiatrists can be
employed to monitor torture, approve its continuation,
and write fraudulent documentation, including death cer-
tificates and medical records of injuries sustained by tor-
ture victims (Miles, 2006). These acts of complicity by
medical professionals validate the culture of torture. The
impacts of torture on a community which must live in
constant fear of reprisals affect the ability of citizens to
challenge the status quo or speak in favor of human rights.
Prevention

The end goal of human rights advocates and health pro-
fessionals is the complete eradication of torture. However,
there are many levels to the prevention of torture.



Table 1 International instruments on the absolute prohibition

of torture and ill treatment

Universal texts on torture

The United Nations Charter

International Covenant on Civil and Political Rights

Optional Protocol to the International Covenant on Civil and
Political Rights

International Covenant on Economic, Social and Cultural

Rights

Convention against Torture and Other Cruel, Inhuman or
Degrading Treatment or Punishment

Convention on the Rights of the Child

International Convention on the Elimination of All Forms of
Racial Discrimination

Convention on the Elimination of All Forms of Discrimination

Against Women

Optional Protocol to the Convention on the Elimination of
Discrimination against Women

Convention on the Prevention and Punishment of the Crime of

Genocide

International Convention on the Suppression and Punishment
of the Crime of Apartheid

Nonbinding texts adopted by the UN

Universal Declaration of Human Rights

Declaration on the Protection of All Persons from Being
Subjected to Torture and Other Cruel, Inhuman or Degrading

Treatment or Punishment

Vienna Declaration and Programme of Action
Declaration on the Elimination of Violence Against Women

Declaration on the Protection of Women and Children in

Emergency and Armed Conflict

United Nations StandardMinimumRules for the Administration
of Juvenile Justice

United Nations Rules for the Protection of Juveniles Deprived

of Liberty

Body of Principles for the Protection of All Persons under Any
Form of Detention or Imprisonment

Basic Principles for the Treatment of Prisoners

Standard Minimum Rules for the Treatment of Prisoners
Principles of Medical Ethics relevant to the Role of Health

Personnel, particularly Physicians, in the Protection of

Prisoners and Detainees against Torture and Other Cruel,

Inhuman or Degrading Treatment or Punishment
Basic Code of Conduct for Law Enforcement Officials

Basic Principles on the Use of Force and Firearms by Law

Enforcement Officials

Guidelines on the Role of Prosecutors
Declaration of Basic Principles of Justice for Victims of Crime

and Abuse of Power

Declaration on the Human Rights of Individuals who are not
Nationals of the Country in which They Live

Declaration on the Protection of all Persons from Enforced

Disappearance

United Nations Declaration on the Elimination of All Forms of
Racial Discrimination

Declaration on the Right and Responsibility of Individuals,

Groups, and Organs of Society to Promote and Protect

Universally Recognized Human Rights and Fundamental
Freedoms

Prohibition of torture in humanitarian law

Common Article 3 of the Geneva Conventions

Continued

Table 1 Continued

Geneva Convention for the Amelioration of the Condition of the

Wounded and Sick in Armed Forces in the Field

Geneva Conventions for the Amelioration of the Condition of
Wounded, Sick, and Shipwrecked Members of Armed

Forces at Sea

Geneva Convention relative to the Treatment of Prisoners

of War
Geneva Convention relative to the Protection of Civilian

Persons in Time of War

Protocol I Additional to the Geneva Conventions of 12 August

1949, and relating to the Protection of Victims of International
Armed Conflicts

Protocol II Additional to the Geneva Conventions of 12 August

1949, and relating to the Protection of Victims of

Non-International Armed Conflicts
Prohibition of torture in the international criminal court and the ad

hoc tribunals

Statute of the International Criminal Tribunal for the Former
Yugoslavia

Statute of the International Criminal Tribunal for the Rwanda

Rome Statue of the International Criminal Court

Regional texts concerning torture
African Charter on Human and Peoples’ Rights

African Charter on the Right and Welfare of the Child

American Convention on Human Rights

Inter-American Convention to Prevent and Punish Torture
Inter-American Convention on the Prevention, Punishment and

Eradication of Violence Against Women

Inter-American Convention on the Forced Disappearance
of Persons

European Convention for the Protection of Human Rights and

Fundamental Freedoms

European Convention for the Prevention of Torture and
Inhuman or Degrading Treatment or Punishment

Resolution 690(1979) on the Declaration on the Police

Recommendation No. R(87) 3 of the Committee of Ministers to

Member States on the European Prison Rules
Recommendation No. R(98) 7 of the Committee of Ministers to

Member States concerning Ethical and Organizational

Aspects of Health Care in Prisons
Recommendation No. R(99) 3 of the Committee of Ministers to

Member States on the Harmonization of Medico-Legal

Autopsy Rules

Concluding Document of the Third Follow-up Meeting (OSCE/
CSCE)

Document of the Copenhagen Meeting of the Conference on

Human Dimension and the OSCE

Document of the Moscow Meeting of the Conference on the
Human Dimension of the OSCE

Charter for Human Security

Charter of the Fundamental Rights of the European Union

Guidelines to EU policy towards third countries on torture and
other cruel, inhuman or degrading treatment or punishment

The Cairo Declaration on Human Rights in Islam

Arab Charter on Human Rights

Compiled by L. Piwowarczyk from International Rehabilitation
Council for Torture Victims (2006) International Instruments and

Mechanisms for the Fight Against Torture: A Compilation of

Legal Instruments and Standards on Torture. Copenhagen:
IRCT. http://www.irct.org/Default.aspx?ID¼159&M¼News&PID¼
5&NewsID¼ 394.
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http://www.irct.org/Default.aspx?ID=159&M=News&PID=5&NewsID=394.
http://www.irct.org/Default.aspx?ID=159&M=News&PID=5&NewsID=394.


Table 2 Prevalence of torture

Type of
sample Author a

Sample
size Location Prevalence

National De Jong et al., 2001 Algeria 8%

Cambodia 9%

Gaza 15%

Ethiopia 26%
Modvig, 2001 1033 East Timor households in 13 districts 39%

Prison

detainees

Paker et al., 1992 246 Turkish prisons 85%

Refugees Shresta et al., 1998 85078 Bhutanese refugees in a UNHCR camp in Nepal 2.74%
Iacopino et al., 2001 1180 Kosovar refugees in Albanian and Macedonian camps 3%

Tang and Fox, 2001 242 Senegalese in two refugee camps in Gambia 16%

General
ambulatory

clinics

Crosby et al., 2006
Eisenman et al., 2000

Eisenman and Keller, 2000

142
638

121

Foreign-born – Boston hospital, USA
Three primary care Latino clinics in Los Angeles, USA

Foreign-born – New York hospital, USA

11%
8%

6.6%

Selective

ethnic
groups

Lie, 2002

Montgomery and
Foldspang

Elkblad et al., 2002

Jaranson et al., 2004

Marshall et al., 2005

462

74
218

622

512

586

Resettled refugees in 20municipalities in Norway (5/04–9/05)

Middle Eastern asylum seekers
Airline list of accepted refugees arriving in Sweden

Somalis resettled in Minneapolis St. Paul, Minn, USA

Oromos (of Ethiopia)

Cambodians in Long Beach, California

6%

30%
51%

36%

55%

54%

aCited in Quiroga and Jaranson (2005).

Table 3 Physical findings in torture survivors

Skin Scars from lesions inflicted by torture, such as abrasions, contusions, lacerations, puncture wounds, cutting
wounds, gunshot wounds; burns from cigarettes or heated instruments; electrical injuries; injuries to nail beds

Face Evidence of fracture, crepitation, swelling or pain

Eyes Conjunctival hemorrhage, lens dislocation, subhyeloid hemorrhage, retrobullar hemorrhage, retinal

hemorrhage, and visual loss
Ears Rupture of the tympanic membrane; hearing loss; otorrhea, vestibular dysfunction

Nose Misalignment, crepitation, and deviation of the nasal septum

Jaw, neck,

oropharynx

Mandibular fractures and/or dislocations, temporomandibular joint syndrome, crepitation of the hyoid bone or

laryngeal cartilages, lesions in the oropharynx, injury to parotid gland or ducts
Oral cavity/teeth Tooth avulsions, fractures of the teeth, dislocated fillings and broken prostheses

Chest and abdomen Lesions of the skin; pain; tenderness and discomfort related to injuries of the musculature, ribs (including rib

fractures), or abdominal organs; retroperitoneal, intramuscular, and intra-abdominal hematomas
Musculoskeletal

system

Musculoskeletal aches and pains including changes in mobility of joints, contractures, compartment syndrome

(acutely), fractures with or without deformity, and dislocations, amputations

Genitourinary

system

In females: bruises, lacerations, tears, bleeding, or vaginal discharge, ecchymoses, sexually transmitted

diseases (including human immunodeficiency virus), scarring, and deformity
In males: pain and sensitivity, hydrocele and hematocele, testicular torsion, erectile dysfunction, injuries to the

penile ligaments, strictures, atrophy of the testes, and scarring

Anal region: fissures, rectal tears, disruption of the rugal pattern/scarring, skin tags, and purulent drainage

Central nervous
system

Cognitive and mental status changes; motor and sensory neuropathies related to trauma (including painful
peripheral neuropathies); brachial plexopathy; radiculopathies; cranial nerve deficits; hyperalgesia;

parathesias; hyperesthesia; change in position and temperature sensation, motor function; gait and

coordination disturbances

Adapted from Piwowarczyk LA, Moreno A, and Grodin M (2000) Health care of torture survivors. Journal of the American Medical
Association 284(5): 539–541. Copyright ã 2000 American Medical Association. All rights reserved.
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Primary prevention focuses on high-risk groups which
may be recruited for involvement in torture, including
medical professionals and law enforcement officials, and
uses training to help these individuals prevent acts of
torture. Secondary prevention can include human rights
monitoring in areas of social unrest or political instability.
Tertiary prevention encompasses the institution of legal
frameworks which allow survivors of torture to seek jus-
tice and restitution.

Public involvement in the prevention of torture is
helpful in bringing pressure on governments and also
important because civilians are frequently targeted for



Table 5 Examples of the forms of torture

Beating

with hands or fists

with batons, rods, sticks, canes, whips

on the soles of the feet (falanga)
resulting in head trauma

Kicking, pushing, being jumped on

Being suspended or restrained

Being forced to hold certain body positions
Forced to walk on one’s knees

Electric shocks

Asphyxiation

choking, submersion, with chemicals
dry asphyxiation: covering of head with plastic bag, use of

ligature

Burned
with cigarette butts, rubber, wax, hot oil, or battery acid

Excessive noise, cold, heat, isolation

Sexual violence

rape, attempted rape
nudity or humiliation

instrumentation

direct sexual trauma

Waterboarding
Threats to self or family

Mock executions

Forced to sign fake confessions or denounce others
Witness the torture of others

Forced to participate in the torture of others

Table 4 Common psychological responses to torture

Posttraumatic stress disorder
Somatic complaints such as pain and headaches

Depressive disorders

Substance abuse
Neuropsychological impairment

Psychosis

Enduring personality change

Generalized anxiety disorder
Panic disorder

Acute stress disorder

Somatoform disorders

Bipolar disorder
Phobias

Adapted from Piwowarczyk LA, Moreno A, and Grodin M (2000)

Health care of torture survivors. Journal of the American Medical

Association 284(5): 539–541. Copyright ã 2000 American Medi-
cal Association. All rights reserved.
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torture. When a spotlight is placed on any known acts of
torture, perpetrators are more likely to be held account-
able for their actions, and society engages in broad dis-
cussions about the inalienability of certain human rights.
Increased public awareness of the prevalence of torture
and its impacts on society makes it more difficult for
perpetrators to attempt to justify their actions as neces-
sary for the defense or stability of society.

Health professionals, especially, can engage in the
prevention of torture on many levels. Not only can
physicians provide direct care to survivors and provide
expert testimony for individuals seeking asylum, but
also public health professionals in general can act on
the front lines of torture prevention through identifica-
tion of possible victims and perpetrators, research on
torture, and education. It is critical for professional
organizations around the world to speak out against
torture, to support members working on behalf of
survivors, and to hold accountable any health profes-
sionals involved in or complicit with acts of torture.
There are specialized organizations for health and
legal professionals, including Amnesty International,
Physicians for Human Rights, Global Lawyers and Phy-
sicians, and Human Rights First. However, to reach a
broader base of support it is important that broader
national or international professional organizations,
such as the American Medical Association and the
World Medical Association, take on torture as a health
problem. Clear ethical statements and guidelines by
professional organizations about involvement in torture,
such as those listed in Table 6, are important aids to
prevention, as is offering continuing education to mem-
bers. Advocacy for not just an end to torture itself but
also for strong international humanitarian law and legal
frameworks of accountability is critical for solving
the problem.
Legal Frameworks for Reporting and
Responding to Torture

The first campaign against torture launched by Amnesty
International (AI) in December 1972 was meant to educate
the public and engage governments in ending torture. In
1984, AI’s second campaign developed a 12-point program
for the prevention of torture, summarized in Table 7
(Amnesty International, 1983) This campaign addedweight
to the Convention Against Torture and Other Cruel, Inhu-
man, or Degrading Treatment or Punishment, which was
adopted by the United Nations (UN) in that same year,
although it didn’t come into force until 1987. This conven-
tion requires state parties to outlaw and prevent torture
within their borders, and speaks to the complete indefensi-
bility of torture as well as the need for accountability. It also
established a monitoring body, the Committee against Tor-
ture, which in certain jurisdictions conducts investigations,
hears complaints against torture, and receives state reports
on states’ compliance with the Convention.

Since the Convention against Torture went into effect,
several other monitoring bodies have been created.
The Special Rapporteur on Torture reports to the UN
High Commission on Human Rights, which investigates
complaints. In addition, the Optional Protocol to the UN
Convention against Torture (United Nations General
Assembly, 2002) put in place a subcommittee to the UN
Committee against Torture, international visiting bodies,



Table 6 Health professional standards on torture

The World Medical Association
. Declaration of Geneva
. Guidelines for Medical Doctors Concerning Torture and Other Cruel, Inhuman or Degrading Treatment or Punishment in Relation to

Detention and Imprisonment
. Support for Medical Doctors Refusing to Participate in, or to Condone, the Use of Torture or Other Forms of Cruel, Inhuman, or

Degrading Treatment

The International Council of Nurses
. The Nurse’s Role in the Care of Detainees and Prisoners
. Nurses and Human Rights
. Torture, Death Penalty, and Participation by Nurses in Execution

The World Confederation for Physical Therapy
. Guidelines Concerning Torture and Other Cruel, Inhuman, and Degrading Treatment or Punishment
The World Psychiatric Association
. Madrid Declaration on Ethical Standards for Psychiatric Practice

Standing Committee of Doctors of the European Communities
. Statement of Madrid
International Counsel of Prison Medical Services
. The Oath of Athens

International Federation of Gynecology and Obstetrics
. Resolution on Violence Against Women
International Union of Psychological Science
. Statement by the International Union of Psychological Science

UN General Assembly
. Principles on the Effective Investigation and Documentation of Torture and Other Cruel, Inhuman, or Degrading Treatment or

Punishment

Compiled by L. Piwowarczyk from International Rehabilitation Council for Torture Victims (2006) International Instruments and Mechan-

isms for the Fight Against Torture: A Compilation of Legal Instruments and Standards on Torture. IRCT: Copenhagen. http://www.irct.

org/Default.aspx?ID¼ 159&M¼News&PID¼5&NewsID¼394.

Table 7 Prevention of torture by agents of the state: Amnesty

International 12-Point Program

1. Condemn torture

2. Ensure access to prisoners

3. No secret detention

4. Provide safeguards during detention and interrogation
5. Prohibit torture in law

6. Investigate

7. Prosecute

8. No use of statements extracted under torture
9. Provide effective training

10. Provide reparation

11. Ratify international treaties

12. Exercise international responsibility

Amnesty International (2005) http://web.amnesty.org/library/

index/engact400012005 (accessed October 2007).
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and a national visiting bodywhich go to detention centers to
monitor for torture. The work of the Committee for the
Prevention of Torture has shown that monitoring can
(1) provide opportunities to make recommendations about
conditions and procedures; (2) facilitate ongoing communi-
cation between authorities and detention personnel; (3)
provide support to detainees; and (4) encourage detention
personnel to improve conditions (United Nations, 2002).

The European Convention for the Prevention of Tor-
ture (1989) established a further commitment to monitor
special populations, including persons institutionalized in
psychiatric hospitals and prisons. The terms of this
convention allow monitors unlimited access to any per-
sons ‘‘deprived of their liberty by a public authority.’’ The
visiting committee can then make private recommenda-
tions to the government, which will be made public if the
recommendations go unheeded. This regional commit-
ment to preventing torture provides support for interna-
tional efforts to go further with monitoring for human
rights abuses.

One area of the Convention against Torture that still
needs much support to be put into effect is that addressing
the issue of reparations. Article 14 of the Convention
against Torture states that victims of torture ‘‘shall obtain
redress, compensation, and rehabilitation from the state.’’
As of 2003, there still existed large discrepancies between
this law and its implementation, and a study concluded
that perpetrator impunity is currently the single largest
obstacle both to the prevention of torture and to obtaining
equitable reparations (Redress Trust, 2003). In most cases,
torture survivors and their families do not have legal
recourse or receive reparations of any kind. Although
some survivors have received monetary compensation,
there are no legal guarantees that torture will not recur,
and survivors are not provided with rehabilitation. The
paucity of data makes it difficult to quantify the number of
complaints and determine whether reparation has been
awarded. This is further aggravated by the fact that in

http://www.irct.org/Default.aspx?ID=159&M=News&PID=5&NewsID=394.
http://web.amnesty.org/library/index/engact400012005
http://web.amnesty.org/library/index/engact400012005
http://www.irct.org/Default.aspx?ID=159&M=News&PID=5&NewsID=394.
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many countries, torture is not an offense within domestic
law, which limits the judiciary incentive to pursue and
prosecute torturers.
Treatment and Rehabilitation of Survivors

In December 1972, Amnesty International engaged health
professionals to document torture as part of their effort to
abolish it (Eitinger and Weisaeth, 1980). A medical group
affiliated with AI established the first Rehabilitation and
Research Centre for Torture Victims (RCT) in Denmark
in an effort to help survivors. Their initial publication in
the Danish Medical Bulletin of the characteristics of 200
survivors from many countries shed light on torture
and its effects and the potential role for health providers
in healing and recovery, but it also heightened awareness
of the role of health professionals in torture itself
(Rasmussen and Lunde, 1980). The next major step for-
ward in torture treatment came in 1999, when an ad hoc
committee presented to the UN the Manual on Effective

Investigation and Documentation of Torture and Other Cruel,

Inhuman or Degrading Treatment or Punishment, now known
as the Istanbul Protocol (Iacopino et al., 1999). The
Istanbul Protocol is a set of international guidelines on
how to assess torture survivors, document and investigate
torture, and present findings to judiciaries. It has been
promoted by the UN and various nongovernmental orga-
nizations (NGOs), such as Physicians for Human Rights,
Global Lawyers and Physicians, and Amnesty Interna-
tional, with the goal of global implementation.

There are now 119 programs in the International
Rehabilitation Council for Torture Survivors (IRCT)
network (International Rehabilitation Council for Tor-
ture Victims, 2006). The treatment movement overall
contributes to the advance of human rights by (1) increas-
ing knowledge that torture can have long-term effects
contrary to what is postulated by torturers; (2) increasing
awareness that torture and trauma can have intergenera-
tional effects; (3) engaging the community in the recovery
of survivors, leading to broader human rights-related
activity; and (4) educating policymakers at treatment cen-
ters (Johnson, 1998).

Controversy exists as to whether the care of torture
survivors should be mainstreamed or whether specialized
centers should continue to operate and teach other pro-
viders and sectors of society (Gurr and Quiroga, 2001).
Closing down the specialized centers would result in the
loss of multidisciplinary services with expertise in engag-
ing with the community and working with multicultural
patients. However, the specialized centers cannot reach
everyone in need of their services, so it is important that
torture treatment centers collaborate with local hospitals
and networks of general health practitioners. Through
cooperation between mainstream and specialized health
centers, knowledge about the identification and rehabilita-
tion of torture survivors can be disseminated, and survivors
will be more likely to receive the care they need.
Research on Torture

There are many challenges to researching torture.
Although there are universal guidelines defining torture,
individuals may define their experiences otherwise; for
example, in some places, beatings are so commonplace
that survivors of such brutality might not consider it
torture. This can make it difficult to identify survivors.
In addition, ethical issues arise when doing international
or multicultural research. There may be limited under-
standing of informed consent in cultures unaccustomed to
legal expectations of privacy or rights of refusal.

When research on torture occurs in a country where
torture is taking place, there can be risks for both the
researchers and the participants. Government operatives
in some countries have harassed health professionals
known to treat torture survivors (Physicians for Human
Rights, 1996). If information from the study is released or
leaked, the torture survivors may be exposed to risk of
further abuses. Other ethical issues include the paucity of
resources as an incentive for participation in studies, the
power dynamics between the researcher and the partici-
pant, how the results will be used, and whether commu-
nities interviewed are benefited by their participation in
research.

Research can also occur in receiving countries to which
torture survivors flee for asylum. In these countries, there
can be additional stressors for the survivor such as perse-
cution, loss, bereavement, and the challenges of accultur-
ation, all of which confound the effects of torture.
In addition, when research or treatment involves exten-
sive questioning that may simulate interrogation, there is
a risk of retraumatizing the survivor.

A great deal of research is needed on the effects of
torture. Quantitative studies could elicit the psychobio-
logical mechanisms of torture, the neuropsychological
effects of head injury, the coping mechanisms of survivors,
and the influences of culture and gender on the response
to trauma. In addition, outcomes research to develop
standardized assessment instruments and analyze the
efficacy and cost-effectiveness of treatment approaches
could aid in the development of highly responsive and
effective treatment for torture survivors (Quiroga and
Jaranson, 2005).
Conclusion

Torture is a global public health problem and an abuse of
human rights that requires a multiperspective approach to
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its prevention. Public health professionals and human
rights advocates must unite. Lawyers, doctors, research-
ers, educators, and politicians must come together to work
on every angle of this issue. Health professionals in par-
ticular are in a unique position to work for the eradication
of torture and the promotion of human rights. Whether
through research, education, or advocacy, public health
workers have the power to provide a far-reaching
response to the problem of torture.

See also: Ethnic Conflict and Public Health; Health and

Human Rights: Overview; Human Rights, Approach to

Public Health Policy.
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Pluralism and Professionalization

It would be difficult to find an Asian medical system
representing a single, pristine tradition. In theory, major
systems can be distinguished by certain teachings and
texts. In practice, however, the boundaries between them
can be highly permeable and difficult to define. Moreover,
healing traditions often overlap with one another, in the-
ory and practice, just as they overlap with the so-called
Western systems of biomedicine. As with most of the
world, patients and practitioners in communities through-
out Asia are known to combine their medicines and
therapies. Ethnographers often refer to this phenomenon
as medical pluralism.

The major Asian medical systems became known as
such primarily because of revivalist movements among
the rapidly growing middle classes in colonial and post-
colonial India (Attewell, 2007; Sivaramakrishnan, 2006;
Langford, 2002), reformist efforts in Republican and
Communist China (Lei, 2002; Taylor, 2005), and other
nationalistic endeavors in Japan (Oberländer, 1998),
Korea, and elsewhere (Leslie, 1976; Leslie and Young,
1992). Proponents of these movements emphasized that
the therapeutics they offered were not piecemeal folk
medical practices, but formed a ‘system’: they had a long
history, a large archive of theoretical and clinical treatises,
a codified materia medica, and they distinguished, as does
scientific medicine, between diagnostics and treatment, in
addition to their acknowledged contributions to preven-
tive care. Contemporary Asian medical systems trace
their roots to the ancient Asian sciences (Sivin, 1987;
Farquhar, 1994). Their transmission need not be confined
to oral transmission within secret lineages or in personal
relations to mentors but can be taught and examined in
the classroom (Hsu, 1999; Schneid, 2002), and their cor-
relative reasoning accounts for causality, as do the modern
sciences, just in subtler ways (Unschuld, 1992). Nation-
alistic sentiment provided the incentive that led to
the nationwide standardization of each of these Asian
medical systems and thereby transcended the regional
parochialism of family traditions, which became known
as Ayurveda (‘science of life’) and Unaani Tibb (literally,
‘Greek medicine’) in South Asia, traditional Chinese
medicine (zhongyi) in China, of which acupuncture
and moxibustion (zhenjiu) is the most widely known sub-
discipline, kanpo (literally, ‘Chinese recipes’) in Japan,
hanbang (also literally ‘Chinese recipes’) in Korea, sowa
rigpa (‘science of life’) in Tibet, and so forth.

Unaani practitioners, known as hakims, trace the
humoral precepts of their system to the Hippocratic and
Galenic teachings of ancient Greece. These teachings
were incorporated with the health-related statements of
the prophet Muhammad (Tibb u Nabbi) and further
developed during the medieval flourishing of the Otto-
man and Moorish empires (Sheehan and Hussain, 2002).
Unaani returned to occidental Europe by way of the
modified works of scholars such as Al Razi (Rhazes) and
Ibn Sina (Avicenna). But it retained its Islamic framework
in Mughal South Asia, where it came into contact with
Ayurvedic medicine.

Ayurveda derives its physiology from the Samkhya
school of Hindu philosophy, but is similar to Unaani in
its approach to human variation and model of illness as an
imbalance of humorlike doshas. Some of these similarities
arose independently; others may be the result of cultural
diffusion between medical systems. For example, there is
some evidence that Unaani Tibb influenced Ayurvedic
methods of pulse reading (Leslie, 1992). Ayurveda, in
turn, had a very strong influence in the development of
Tibetan medicine in the Himalayan north and the Siddha
and Kalari systems in the Dravidian south ( Janes, 1995;
Scharfe, 1999; Zarrilli, 1998).

Transregional flows of technology, knowledge, and peo-
ple have also shaped the many currents of Chinese medical
learning, of which the standardized contemporary form has
as its core the five phases theory (wuxing). Notably, this
theory was in antiquity attributed to an otherwise unknown
figure, a certain Zou Yan, which ignited a controversy over
its origins (Needham, 1956: 232–246). Yan’s five phases
theory was systematically applied to medicine by the
Yellow Emperor’s main interlocutor, ‘Qibo,’ a name that
as Paul Unschuld suggests may be a Chinese approxima-
tion of ‘Hippocrates.’ It is likely that in China, just as on
the Indian subcontinent, transregional knowledge flows
played a significant role.

The most widely known subdiscipline of Chinese medi-
cine is zhenjiu (acupuncture andmoxibustion). Acupuncture
involves needling according to an elaborate medical ratio-
nale, which frames bodily processes mostly in terms of
yinyang and qixue (breath and blood) and occasionally also
in terms of wuxing (five phases). Moxibustion involves cau-
terizationwith crushed Artemisia vulgaris leaves according to
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the same rationale. Although today many practitioners are
only familiar with acupuncture, cauterization was, at an
earlier stage than acupuncture, systematically applied
within the therapeutics of the Han dynasty (206
BCE–220 CE) as is evident from manuscript recordings
unearthed from a tomb, closed in 168 BCE, located near
Mawangdui in the southern parts of central China. The
subdiscipline of zhenjiu was practiced within one of the
four imperial medical departments in the Tang dynasty
(618–907 CE) and one of 13 in the Song dynasty
(960–1279 CE). The Tang dynasty also recognized the sub-
discipline anmo (pressing and rubbing) massage. Although
this subdiscipline disappeared in the Song dynasty, it
is part of the official Chinese medical curriculum today,
along with tuina (pushing and pulling) massage. The Tang
and Song ImperialMedical Institute also included amedical
department for incantations, but in the secular modern
world of medicine these are no longer considered part of
Chinese medical treatment (Hsu, 2007a).

As Buddhism spread throughout Asia in medieval
times, so too did scholarly medical learning. The Japanese
system of kanpo traces its roots to the Tang dynasty, when
traveling Buddhist monks and government-sponsored
scholarly expeditions transferred knowledge of medicine,
philosophy, and the sciences from mainland China to
Japan. In the 1500 years that followed, Japanese scholar-
practitioners not only refined their exegeses of the
Chinese classics but also founded their own schools
(e.g., Kuriyama, 1999), which has resulted in a thriv-
ing plurality of contemporary practices (Lock, 1980;
Ohnuki-Tierney, 1984). Hanbang in Korea may also have
roots in the Tang dynasty, although it generally traces its
textual tradition to the times when the Korean script was
invented in the seventeenth century ( Jeon, 1998).

Sowa rigpa (gSo ba rig pa) is a more syncretic medicine.
While Mahayana Buddhism spread primarily from China
into Tibet from the eighth century onward, the basic
traits of sowa rigpa theory in extant texts from the twelfth
century mainly build on Ayurvedic teachings (Meyer,
1981). Thus, Tibetan theories about illness causation
relate to the three Buddhist vices of the mind (desire,
anger, and delusion), while the Tibetan three nyepa (Nyes
pa), five jungwa (‘Byung ba), and seven lüsung (Lus gzungs)
correspond to the Ayurvedic three dosha (vata, pitta,
kapha; wind, bile, phlegm), five elements, mahabhuta

(earth, fire, water, wind, and ether/space) and seven
dhatu (‘tissue types’). However, Tibetan sphygmology
resembles Chinese teachings and Tibetan urine analysis
is reminiscent of the Greco-Arabic (Khrom) school.

The pluralism of Asia’s many medical systems con-
trasts with the simple dichotomies of ‘traditional Eastern
medicine’ versus ‘modern Western medicine.’ It may
sometimes be necessary to use the term traditional medi-
cine on an operational basis, but care must be taken not to
erase the differences within such a category, or to assume
common differences with a single system of biomedicine.
Asian medical traditions may include university-trained
and fully licensed professionals, as well as local forms of
herbalism, ritual healing, and shamanism in its widest
sense. Further, many practitioners are dual-trained or
cross-trained in biomedicine. For instance, in the People’s
Republic of China, students of traditional Chinese medi-
cine are required to learn biomedical principles just as
students of biomedicine must learn about acupuncture
and general medicine (Unschuld, 1985). In India, many
Ayurvedic and Unaani physicians are known to order
biomedical laboratory tests and prescribe antibiotics. It
is not uncommon to find Indian biomedical physicians
practicing extended pulse readings and prescribing Ayur-
vedic diets (Waxler, 1984), or Indian patients preferring
certain biomedicines because the color of the capsule cor-
responds to a concept of heat or coldness (Nichter, 1980).

White coats and stethoscopes are ubiquitous across the
Asian medical professions and many herbal medications
are now packaged and sold in much the same manner as
biopharmaceuticals (Bode, 2004), particularly in recent
years, where folk and elite medical practices have been
amalgamated into commercialized medications competi-
tive on the global health market (Frank, 2004). These
patent (or formula), medicines are easy to consume and
easy to apply as they treat ailments arising from popular
understandings of Western and Asian medical learning,
such as sugar (diabetes), pressure (hypertension), arthri-
tic pain, or overweight (Hsu and Høg, 2002). Their ingre-
dients sometimes are derived from classical formulas,
sometimes from family secrets or local folk recipes. They
are sometimes mixed with vitamins or other pharmacolo-
gically active substances, such as steroids or aspirin. Their
composition takes account of Asian scholarly medical
rationale, folk knowledge, and the Western medical sci-
ences (Hsu and Stollberg, forthcoming). In the light of all
this it is apparent that East and West are no longer
adequate points of orientation in the medical marketplace.
History and Textual Traditions

Transregional knowledge streams are well documented
(for medieval times) in the rich corpus of Dunhuang
medical manuscripts (ca. sixth through eleventh centuries;
Despeux, forthcoming). These manuscripts date from the
time of Buddhist expansion. This was also the period
when the first book of the most fundamental text of
Chinese medicine, Suwen (the first book of Basic Questions),
or The Yellow Emperor’s Inner Canon (Huangdi nei jing),
was presented to the imperial throne as the standard
examination text in 672 CE. The Suwen concerns medical
theory, cosmology, ethics, lifestyle, longevity, and illness
prevention. It also provides detailed discussion of named
medical disorders and their etiology, diagnosis, and
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treatment. Contrary to its traditional dating into the third
millennium BCE, the textual material it contains presum-
ably dates to between the last three centuries BCE and
first three centuries CE. Much like the second book in the
Inner Canon called Lingshu (Numinous Pivot), which in its
current form is based on a text retrieved from Korea in
the Song dynasty, the therapy it discusses most frequently
is acupuncture (Needham, 2000).

Chinese therapeutics with decoctions (tangye), that is,
water in which a variety of plant, animal, and/or mineral
ingredients ( yao) have been simmered, were developed in
the same medical circles as the diagnostic methods of
investigating the complexion and pulse (maise) in the
third century BCE and early Han dynasty (Yamada,
1998). Presumably, doctors then attended primarily to
emotional distemper among the upper ranks of society,
processes conceived largely in terms of yinyang imbal-
ances. By the time Zhang Zhongjing compiled the Shang-
han zabing lun (Treatise on Cold Damage and Other

Miscellaneous Disorders) in 196 CE, however, yinyang imbal-
ances accounted for a wide range of pathological pro-
cesses in the body, and, in his particular work, fevers. In
the Song dynasty, the Treatise was edited into three sepa-
rate books, the Shanghanlun (Treatise on Cold Damage Dis-

orders), Jingui yaolüe (Essentials in the Golden Casket), and
Maijing (Pulse Canon), all of which are central to clinical
medical practice today.

The Shanghanlun became the core text of kanpo in Japan
(Agren, 1986), and the Maijing the best-known text
in early modern Europe. These books accounted for
individual patterns of disorder, which in traditional
Chinese medicine have been redefined as ‘distinguishing
patterns’ (bianzheng). These distinguishing patterns do not
describe diseases but rather ‘patterns of disorder’ particu-
lar to individual persons. Their rationale, which links
diagnosis to treatment in a comprehensive and holistic
way, has in recent years also integrated knowledge from
contemporary currents of learning.

Ayurveda traces its textual origins to the Vedas, the
earliest scriptures of Brahminical Hinduism. In particular,
the Atharva Veda (ca. 700 BCE) describes human anatomy,
and the etiology and treatment of certain diseases. The
three canonical Ayurvedic texts written in the golden age
(ca. 800 BCE–700 CE) include the Caraka Samhita, which
may have been a redaction of the older Agnivesha Samhita.
The Caraka Samhita covers core principles and eight
divisions of internal medicine. The Susruta Samhita is a
surgical text that includes procedures for cosmetic
surgery, trauma surgery, cataract and prostate removal,
and the repair of fistulas. The most recent commentaries
of Vagbhata (ca. 700 CE), which include the Ashtanga

Hridaya and Ashtanga Sangraha, relate to the subjects
described in the Caraka and Susruta Samhitas (Wujastyk,
1998; Zysk, 1991, 1996). Although these texts continue
to be cited and taught today, it should be noted that
Ayurvedic medical practice has been subject to numerous
adaptations throughout its development (Trawick, 1991;
Leslie, 1992; Obeyesekere, 1992).

The Gyushi (Four Tantras) is the central work of sowa
rigpa. According to legend, it was introduced into Tibet by
an Indian bodhisattva, but most historians trace it to Yu
Thong the Younger from the twelfth century CE. Tibetan
medical students still memorize this text today, even in
government-regulated institutions like the Mentsikhang
of Lhasa. The Blue Beryl of the seventeenth century is also
widely taught, particularly due to its plates of illustrations
(thankas), which depict the textual contents of the Gyushi

(Meyer, 1992).
Finally, within the Korean medical tradition, the med-

ical encyclopedia Tongui bogam (Precious Mirror of Eastern

Medicine), compiled by Ho Chun, deserves particular
attention, as some historians maintain that it is even
more comprehensive than Li Shizhen’s famous Bencao

gangmu (Systematic Materia Medica) of 1596, from which
it evidently drew. The latter compiled knowledge from
a wide range of scientific and medical writings about
natural sources (plant, animal, mineral, human) and also
various artifacts used in ritual and medicinal treatment
(Bray, 1993).

Contemporary practitioners of Asian medicine often
(Métailié, 2001) cite the aforementioned texts for having
the authority of ancient knowledge. But despite their long
histories, some of these texts have undergone substantial
transformations and their interpretations have changed sig-
nificantly. Even the texts of the most renowned physicians
are often subject to many different interpretations. Several
ethnographies of traditional Asian medicines have dis-
cussed how textual knowledge is integral to medical prac-
tice. Farquhar (1987) has always emphasized the centrality
of practice and experiential knowledge ( jingyan), and also
highlighted the important role of medical case records
( yi’an) (Farquhar, 1992), as they allow for an accumulation
of experience through individual case material (see also
Bray, 1995; Furth, 1999; Cullen, 2001). It should be noted
that texts on medical theory have a prescriptive tone and
may have been written in a subjunctive mood, expressing
possibilities and probabilities rather than describing facts.
Hsu (1999: 88–127) discusses in detail different modes in
which these texts are quoted in medical practice and crea-
tively interpreted (linghuo zhangwo) and how this affects the
doctor’s position of authority.
The Body Ecologic

In Asian medicine, the body dwells in its environment:
many Asian medical concepts have ecological meanings as
well. Hot and cold do not merely describe tactile qualities
of a mammalian skin or qualities of an ingested drug, but
also the environment’s climate and weather and one’s own
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feelings and emotions (Kuriyama, 1993). In Asian medi-
cine, the body may be enveloped by skin (Despeux, 1996),
but the skin is porous and permeable to exchange with its
surrounding environment marked by seasonal changes
(Kuriyama, 1994). Thus, the body in Ayurvedic medicine
changes with the three seasons, the monsoon, the dry and
the cold season (Zimmerman, 1987). The body in Chinese
medicine resonates with the five seasons (Hsu, 2002),
which are brought on by the winds blowing from the
five directions (Hsu, 2007b). Asian medical reasoning
often considers what might or should come into being
rather than taking into account only material structures
that already exist.

Asian medical practitioners describe bodily processes
with a flowery vocabulary (Kuriyama, 1999a). Sometimes
these terms are used in a vague and general sense, and
sometimes in a polysemic sense, which means that they
can have many distinct meanings specific to particular
situations. In Chinese medicine, for instance, yin is some-
times used to denote any quality that is put in opposition
to yang. Yin can be the dark and shady, the humid, the
lowly, the earthy, the female, as opposed to yang, which is
the light, the dry, the one on high, the heavens, and often
is considered pure and male (Ots, 1990). In other contexts,
the term yin can be used in a polysemous way. Yin denotes
blood in a nourishing context, or water in the context of
opposition to fire (Porkert, 1974).

One hesitates to say that Asian medical terms are
‘technical’ ones, for the latter should be unambiguous
and clearly defined. Asian medical vocabularies, by
contrast, thrive on ambiguity and unspoken connotations,
which often have moral or political overtones. For
instance, the term yin can be used much like the English
word ‘lowly,’ which has negative moral connotations in
certain contexts. In other contexts, yin is like the word
‘earthy’ and thus has positive connotations, such as
Mother Earth or life-giving waters. Historically, such
terms were developed in settings in which traditional
patriarchic authority prevailed, and doctors conversed
with only a genteel clientele. A doctor attending to these
clients would not want to be precise and blunt, nor too
general and vague, but polite and polysemic (Hsu, 2000).

To complicate these linguistic issues, the colloquial
meaning of a term often differs from that of the Asian
medical specialist. The common vocabulary between
local healers and their clientele, in contrast to Western
medical professionals’ unintelligible Latin, helps to explain
why local forms of medicine persist in the modern world.
However, as the ethnographer’s language skills improve, it
becomes evident that the same word can have different
meanings for the learned Asian medical doctor and the
patient. So, if a Chinese medical doctor attributes a
woman’s complaints of lethargy and nausea to ‘blood
depletion’ after an abortion, the blood he refers to is
not merely the blood that she lost during and after the
operation; it is a more abstract term, with some of the
connotations listed above for the term yin. Even if in such
a case, the patient and doctor do not share entirely the
same understanding, their encounter does not call into
question the patient’s worldview as biomedical Latin does.

The notion of balance is a central theme in all schol-
arly Asian medical traditions. Balance need not mean
equilibrium or homeostasis, notions central to the
biological understanding of living organisms. Nor does it
entail a material balancing of humors or fluids with dif-
ferent qualities, like hot and cold, dry and wet, as the term
humoral medicine appears to imply. Rather, balance is a
more dynamic concept with moral overtones. In contrast
to egalitarian societies that celebrate feasting and the
shared experience of ecstatic dancing and drinking, the
scholarly Asian medical traditions that evolved among
the literate elite in stratified societies emphasize regular-
ity in food intake, sleep, and sex. Health was a matter of
social distinctiveness and personal conduct. Asian medical
philosophies may be appealing to the middle classes in
modern nation states precisely for this reason.

Asian medical reasoning further entails politics and
history. Notions of ‘treatment’ are likened to those of
state ‘control’ (cf. zhi in Chinese; sarkari in Hindi): func-
tions of the internal organs are compared to offices in the
imperial administration, and channels within which
humors, winds, and heat flow are comparedwith irrigation
canals. Political history has been naturalized. In Ayurveda,
the positive value of the dry ( jangala) and the negative
value of the wet (anupa) reflect the political history of the
Arian conquest: the dry Deccan plateau provided ‘fertile’
lands for the invaders of the Indian subcontinent, while
the wet rainforests were best avoided (Zimmerman, 1987).
In a similar vein, the adherents of what later became
known as the wenbingxue (‘warmth-factor school’) in
Chinese medicine had geopolitical reasons for arguing
that since the ancient Zhang Zhongjing was from the
North, his principles for treating ‘cold damage’ disorders
were accordingly unsuitable for the delicate bodies of the
southerners in the urbanized lower Yangtze basin of
the late Ming dynasty (1369–1644) (Hanson, 1998).

Furthermore, the culinary arts, distillation, pickling,
and other food technologies have provided schemas for
understanding bodily processes, particularly with respect
to digestion. The ‘fires of digestion’ ( jataragni) are a
central element of Ayurveda and other Indian medical
traditions, transforming medicines and food alike into
their essential components for internalization (Barrett,
2008). Ayurveda, Unaani, and Chinese medicine conceive
of digestion as a cooking process, in which food becomes
gradually more refined, until it reaches the end stage of
the most essential bodily constituent, semen (Good, 1994:
88–115). The refined rises, a process well known from
distillation and the dregs are left behind and excreted. If
foodstuffs accumulate in the stomach and are not
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transformed, one experiences the heat of heartburn, like
that generated in a compost heap. In summary, in Asian
medicine, the processes in the body are understood in
terms of culture-specific relations to the environment,
from mundane cultural practices such as cooking and
gardening to political history, morality, and religion.
Religious and Ritual Healing

There are many Asian healing traditions that challenge
the distinctions between Western categories of religion
and medicine. In Ayurvedic anatomy, the body has five
sheaths ranging from the most material (gross body) to the
most etheric (subtle body), each reflecting and influencing
the state of the others. The Ayurvedic subtle body is most
closely related to a concept of the soul that is often, but
not always, considered to be a diminutive form of the
mysterious divine (Larson, 1993). Unaani Tib regards
the physical body as a microcosm of the universe, which
is made up of concentric spheres both natural and super-
natural (Good and Delvecchio Good, 1992). In Chinese
medicine the human body is also sometimes conceived of
being layered – sometimes it has six warps, sometimes
four sectors, sometimes layered tissues ranging from the
pore pattern on the body surface to the bones as the
innermost structure. Processes in the human body reso-
nate with those of the environment, and although it is
not generally explicitly stated, the spiritual is considered
immanent to these natural processes; a person’s ‘spirit-
mind’ (shen) resides in the heart and shines out through
the eyes, while the hun soul resides in the liver and the po
soul in the lungs. In each of these traditions of Asian
medical learning, physiology and cosmology are as linked
as the human is to the divine. Consequently, the treatment
of the body may be indistinguishable from that of its
immanent spirit.

There are also many Asian religious traditions that
promote healthy living as a foundation for spiritual devel-
opment. The classical system of yoga is a well-known
example of this. Indeed, people often associate yoga with
physical postures (asana) and breath work (pranayama),
but these exercises are only two of eight stages toward
achieving an advanced state of psychospiritual conscious-
ness (Alter, 2006). The practice of Siddha medicine in the
southern Indian state of Tamil Nadu employs a similar
but more extreme methodology, seeking an advanced
spiritual state through a stepwise withdrawal of senses
and immortalization of the body (Scharfe, 1999). In con-
trast to Siddha, the Malayali system of Kalaripayattu
engages the sensory world as a martial art in which the
practitioner gradually gains esoteric knowledge with psy-
chophysical advancement (Zarilli, 1998).

With the economic reforms in the People’s Republic,
the meditative practices of qigong and taijiquan started to
gain rapidly in popularity (Chen, 2003; Palmer, 2005).
Taijiquan (supreme ultimate boxing) is considered ade-
quate for elderly bodies, within which qi is diminished and
flows slower; qigong (working with the breath) is more
appropriate for younger bodies; and students of tradi-
tional Chinese medicine attend classes on the officially
approved form of qigong called yangshenggong (working for
nurturing life). Meditation is considered an indispensable
aspect of acupuncture and massage, and the practitioners
who engage in such manual techniques that directly
regulate the flow of qi cannot afford to be qi deficient.
Their meditation replenishes qi and ensures effectiveness
in therapeutics.

In the past, Chinese medical doctors would engage in
daily meditation, today called ‘soft qigong ’ (ruan qigong),
which involved ‘stillness’ ( jinggong) and strengthened the
‘inner qi ’ (neiqi). In contrast, the internationally popular
forms of qigong are derivatives of ‘hard qigong ’ ( ying qigong),
which can be traced to traditions of practitioners of the
martial arts. These forms involve ‘movement’ (donggong)
and strengthen the ‘outer qi ’ (waiqi ), and thus enhance
physical performance. Nevertheless, there are an enor-
mous variety of Chinese meditative practices available
worldwide and it can be difficult to discern which features
of these practices could be considered qigong. In the global
marketplace, patient demands are shaping the practice of
Indian and Chinese meditative traditions, as they shape
the medical traditions.

At an esoteric level, many studies have examined the
social and psychotherapeutic efficacy of spirit possession,
exorcism, and ritual healing against sorcery. By taking on
the spirits of certain deities, ritual healers in a South
Indian fishing village have the freedom and authority to
resolve conflicts in families and villages under the
auspices of removing a curse from certain patients/clients
(Nuckolls, 1992). In Sri Lanka, both Hindus and Muslims
conduct pilgrimages for healing by the deity Kataragama
and his possession mediums; those who find relief often
return to conduct trancelike austerities and may even heal
and advise others as mediums themselves (Obeyesekere,
1981). Some argue that such rites represent a kind of
psychotherapy, allowing the patient to confront repressed
fears and emotional conflicts (Kakar, 1982). In China, as in
India, such dissociative states may serve as socially sanc-
tioned outlets for the expression of psychosocial problems
that would otherwise be unmentionable (Kleinman, 1980).
Similarly, the attribution of spirits or sorcery allows
patients to avoid the social stigma of psychiatric diag-
noses, which are often associated with incurability and
moral failings (Kleinman, 1980).

Ritual healing and religious explanations can be a
source as well as a cure for the social stigma of certain
diseases. Hansen’s disease, or leprosy, is a classic example
of a condition in which the social stigma is often much
worse than the disease itself. Leprosy is only mildly
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contagious and curable with antibiotics, yet people
suffering from it are often branded as lepers for life and
ostracized from communities throughout Asia (Barrett,
2005). Contributing to this problem, certain Ayurvedic
texts such as the classic Caraka Samhita include sins com-
mitted in previous lives among its potential etiologies
(Weiss, 1980). Infertility can be severely stigmatized as
well, and infertile women are often blamed for casting an
evil eye (nazar lagna), causing otherwise healthy children
to become sick by jealously gazing at them (Inhorn, 1994).

Even when diseases are not overtly stigmatized, reli-
gious blame can nevertheless be implicated. Embedded
within Hindu religious traditions, Ayurveda recognizes
the role of karma in human disease such that suffering
may present an opportunity for spiritual liberation. Con-
sequently, vaidyas have debated the ethics of treatment
when the health of the bodymay be at odds with the health
of the soul (Weiss, 1980). Hakims have had similar debates.
The prophet Muhammed states that Allah has not given
humankind a disease without also providing a cure. Yet it is
difficult to determine at what point during an intractable
illness the duties of the healer to the patient conflict with
the will of Allah (Sheehan and Hussein, 2002). Salvation
and healing do not always work hand in hand.

Conflicts notwithstanding, Asian ritual traditions can
serve an important role by ascribing meaning to the
human experience of disease, even when the patient is
undergoing biomedical treatment. For instance, an X-ray
or biopsy can point to a given disease, and a physician can
explain how it arose, but a ritual healer can explain why it
arose in a certain patient at a certain moment in his or her
life. Such explanations can play an important role in the
alleviation of illness, the lived experience of a disease
(Kleinman, 1978). In addition, ritual healers can serve as
important sources of referral and legitimacy for profes-
sional healers (Glucklitch, 1997). This is especially the
case for professional healers who work under the patron-
age of religious organizations.

Finally, it should be noted that certain combinations of
religion and medicine can influence the pluralistic beha-
viors of patients and practitioners. For example, a cultural
model of dawa aur duwa (‘medicine and blessing’) treats
medicines as a kind of ‘sacred food’ (prasad) such that the
identity or form of a given medication or medical system
is secondary to its role in the transmission of healing
power from provider to patient. This approach allows
for the widest possible range of therapies insofar as the
characteristics of specific medicines are not as important
as those of their healers. Moreover, because it is often
easier for the layperson to evaluate the sincerity of healers
rather than the theoretical merits of their medical sys-
tems, dawa aur duwa presents an opportunity for quality
control when faced with a confusing array of medical
services and limited resources with which to obtain
them (Barrett, 2008).
Safety and Efficacy of Traditional Asian
Medical Treatments

Although many Asian medical systems still retain the
label ‘traditional’, particularly throughout Asia itself,
once transferred into Western biomedical landscapes, they
have been reclassified as complementary and alternative
medicines (CAM). Within this classification, they have
been subjected to a great deal of scrutiny as heterdox
forms of medicine, particularly with respect to issues
of safety and efficacy. Aside from issues of malpractice,
biomedical professionals are concerned about the safety
of herbal, animal, and mineral drug prescriptions. Patients
often perceive traditional Asian medicines as safe because
they are developed from natural sources. But if a sub-
stance is efficacious, it can also have side effects and be
administered in ways that are harmful.

There are several plants of the Asian materia medica,
which contain substances that have been proven effica-
cious through biomedically recognized research methods.
Examples include qinghao, a Chinese preparation of
A. annua containing artemisinin, a substance known for
its antimalarial properties (McIntosh and Olliaro, 2007).
Curcumin, a substance found in tumeric that is commonly
used in Ayurveda-prescribed diets and medicines, has
been shown to reduce oxidative damage and the forma-
tion of amyloid plaques in animal studies of Alzheimer’s
dementia (Lim et al., 2001). However, other studies of
Ayurvedic efficacy are equivocal and identify the need
for further research (see Hardy, 2001; Park, 2005).

Recently, a Chinese weight-reducing pill that contained
the Chinese herb Aristolochia fangchi was found to produce
renal failure and the need for kidney transplants in some
patients (Nortier et al., 2000). Senior Chinese doctors, who
commented on these incidents, expressed awareness of the
potency/poison of Aristolochia. In this particular case, Aris-
tolochia erroneously was used for substituting another Chi-
nese medical drug, Stephania tetrandra. In discussions on
‘Aristolochia nephropathy,’ it became apparent that more
attention needs to be paid to the culture-specific modes in
which traditional drugs are administered.

Cross-culturally, highly potent and/or poisonous
drugs are often used together with other medications
that evacuate the digestive tract, a process that can hinder
the absorption of the herb’s potent/poisonous substances
in large quantities (Etkin, 1988). In the case of the Chinese
weight-reducing pill, a well-known potent/poisonous
‘traditional’ herb had been used in a newly devised ‘mod-
ern’ formula. Its daily application made it highly toxic.
These kinds of incidents reveal that research on Asian
medical drug quality, dosage, forms of application, toxi-
cology, and synergies need to be combined with ethno-
graphic recordings of their traditional application.

Sometimes, a semantic rather than chemical analysis is
necessary. Thus, the atomic absorption spectroscopy of
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Chinese ‘herbal balls’ (used for treating fever, rheuma-
tism, apoplexy, and cataracts) found traces of mercury and
arsenic (Espinoza et al., 1995). Whereas contamination
with heavy metals and other impurities can indeed point
out faults or negligence in the pill’s production process, it
deserves further exploration as to whether in this particu-
lar case the modern ‘herbal ball’ is a derivation from the
medieval ‘longevity pill.’ If so, it would be problematic
to equate the ancient Chinese notion of ‘longevity’
with that of ‘long life.’ It is well known in Chinese studies
(e.g., Strickman, 1979), but perhaps less so in esoteric
health circles, that Tang ascetics who retreated into
the mountains intentionally poisoned themselves with
longevity pills in their quest of becoming immortals.

In view of the above, anthropologists have advised the
public health policy makers who are involved with the
regulation of the health market to shift the focus from
substance control to educational criteria. An undue focus
on substance control leads to an unnecessary criminaliza-
tion of traditional Asian practitioners (Adams, 2002). Rather
than focusing on the chemical analysis of innumerable
substances only, which requires technologies, know-how,
and finances beyond the reach of many governments, par-
ticularly in the southern hemisphere, anthropologists have
urged policymakers to focus on the practitioners’ education
in traditional Asian medicine as primary concern for the
licensing and legitimation of their practice.More research is
necessary to determine to what extent well-trained Asian
medical professionals can make contributions to Western
health care, as they already seem to do in the domain of
primary and palliative care. Trials concerning their cost-
effectiveness have yielded promising results; for instance, in
the long term (after 2 years), a combination of conventional
treatment and acupuncture for lower back pain (10 sessions
during first 3 months) is significantly more efficacious than
only conventional treatment (Thomas et al., 2006) and,
ultimately, more cost-effective (Ratcliffe et al., 2006).

The double-blinded randomized control trial (RCT)
has become the gold standard for evaluating drug efficacy
in biomedicine, and this gold standard has also been
applied to the evaluation of traditional Asian medicines.
However, very few Asian medical interventions satisfy
these criteria. For example, the acupuncture randomized
trials (ARTs) and theGerman acupuncture trials (GERAC),
which significantly proved acupuncture’s efficacy for head-
aches (Linde et al., 2006) and lower back pain (Brinkhaus
et al., 2006), did so by simplifying the rationale of acupunc-
ture to rigidly implemented standard needling techniques
that are beyond recognition for the learned acupuncturist.
Does this indicate that Asian medical treatment basically
relies on the so-called placebo effect? Research on the
placebo effect has shown that it can be achieved through
personal relationships, the meaning encoded in the packag-
ing, and many other factors (Kaptchuk, 1998). The concept
of a placebo and double-blinded RCTs are useful for
identifying which of two drugs with similar effects is more
efficacious, but not for evaluating the overall situation of the
holistic kind of treatment that traditional Asian medicines
aspire to provide.

Medical scientists and practitioners themselves have
noted that RCTs provide valid and reliable results only
for an idealized average person and that they cannot
account for variation in human populations. They fur-
thermore agree that RCTs are not suitable for evaluating
surgical techniques. Where the legitimation for surgery
is derived from a powerful imagery of body mechanics,
Asian medicines aim at keeping bodies intact (bodies that
are considered unique to each person), and Asian medical
treatment can be interpreted as a manipulation of tempo-
rality as it often has by design several stages and rarely
is based on one quantifiable magic-bullet intervention
(Farquhar, 1992; Hsu, 2005a).

Anthropological research has highlighted that Asian
medical treatment often has a ritual structure akin to
rites of passage. Thus, the first phase of Asian medical
treatment often aims at shaking the patient’s usual sense
of self, often with violent therapeutic methods. In pancha-

karma treatment patients must first rid themselves of
impurities in the body through vomiting and diarrhea
(Zimmerman, 1992), in acupuncture the practitioner is
expected to inflict an unusual if not painful sensation
through needling (Hsu, 2005b). The second, liminal
phase of a treatment is typically marked by fluidity
between the usual boundaries of self and other, and prac-
titioners then often apply soothing, nourishing, and
energy-boosting therapeutic techniques. The third phase
of treatment is characterized by the patient’s reintegration
into society.
Conclusion

Studies in the social, natural, and medical sciences on
traditional Asian medicines are still in their infancy.
Landmark publications in the field of medical anthro-
pology are Charles Leslie’s (1976) Asian Medical Systems,
which highlight how history, education, changing demo-
graphics, and political-economic systems – such as the
rise of the bourgeoisie in India, and the seizure of power
by the Communist Party in China – gave rise to profes-
sionalized forms of literate medical traditions. A decade
later, Leslie and Young (1992) explored the same range of
medical traditions with a focus on the particularities of
their reasoning and on how they legitimated their claim to
being scientific.

More recently, two volumes have investigated these
traditions from the vantage point of current globalization
trends. Alter (2005) points to the need to transcend the
focus on the geographically bound nation-state and its
corresponding medicine and ask instead when, why, and
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how medicine can extend beyond the borders of its
nationalistic legitimation. Hsu and Høg (2002) emphasize
the need to pay more attention to patients and their
agency in the context of studying traditional Asian med-
icines. Patients play an important role in the shaping of
contemporary Asian medical treatments, especially their
commodified versions that currently are competitive on
the neoliberal health market. More needs to be done,
particularly on Asian ritual healing and its interface with
scholarly traditions and on the toxicology, ethnopharma-
cology, and ethnobiology of traditional Asian medicines to
do justice to their material aspects.

See also: East Asia and Pacific States, Health Systems

of; Medical Pluralism; South Asia, Health Systems of.
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Introduction

Transmissible spongiform encephalopathies (TSEs), also
known as prion diseases, are a group of rapidly progressive,
uniformly fatal brain degenerative diseases that occur in
humans and animals. Neuropathologic characteristics com-
montomostTSEs includeneuronal loss, spongiformlesions,
astrogliosis, andabsenceof inflammatoryreaction.Thepres-
enceofprotease-resistantprionproteincanbedemonstrated
in the brain and occasionally in other tissues of humans
and animals affected by TSEs. Acquired forms of TSEs are
characterized by long incubation periods, usually measured
in years. Purification of a hydrophobic protein presumed
to be the causative agent of TSEs was first reported by
Prusinerandcolleagues (1982). In1997,Dr. StanleyPrusiner
was awarded the Nobel Prize for his contribution in the
discovery and characterization of the TSE agent.

TSEs in humans include kuru, Creutzfeldt-Jakob disease
(CJD), variant CJD, Gerstmann-Sträussler-Scheinker syn-
drome (GSS), and fatal familial insomnia (FFI) (Table 1).
Kuru was identified in the 1950s among the Fore tribe
of Papua New Guinea and may have affected over 3000
patients, primarily women and children, before virtually
disappearing after cessation of the ritualistic cannibalism,
which facilitated its transmission (Will et al., 2004). TSEs
that occur in animals include scrapie, bovine spongiform
encephalopathy (BSE, also called mad cow disease), chro-
nic wasting disease (CWD), transmissible mink encepha-
lopathy (TME), feline spongiform encephalopathy, and
ungulate spongiform encephalopathy (Table 1). Feline
and ungulate spongiform encephalopathies represent trans-
mission of BSE to domestic cats and zoo animals, respec-
tively. Scrapie in sheep and goats, first reported in the
1700s in Europe, occurs endemically worldwide with the
probable exception of Australia and New Zealand. TME
has occurred in outbreaks among ranched mink in Canada,
Finland, Germany, Russia, and the United States. The last
known TME outbreak occurred in 1985 in Wisconsin.
TSEs were relatively obscure diseases, but they were cat-
apulted into wider recognition in the 1990s after the emer-
gence of BSE and its presumed transmission to humans
attracted much media and public attention.
Causative Agent of TSEs

Several agents had been proposed as possible causa-
tive agents of TSEs. Before the 1980s, the most widely
implicated agents were ‘slow viruses.’ However, no viral
particles or disease-specific nucleic acids were identified
in association with scrapie transmission in laboratory ani-
mals. Replication of the scrapie agent in the absence of
nucleic acids and its possible proteinaceous nature were
postulated as early as the 1960s by Alper and colleagues,
Pattison and Jones, and Griffith. The protein-only hypo-
thesis began to be widely accepted after Prusiner and
colleagues purified a hydrophobic protein and demon-
strated that the presence of this protein was required
for scrapie transmission in laboratory animals. In 1982,
Prusiner coined the colloquial term prion to describe this
protein by joining the first few letters from the descriptive
phrase ‘proteinaceous infectious’ particle. Since then, addi-
tional evidence has accumulated indicating that prions may
actually be acting alone in causing TSEs. However, some
critics of the protein-only hypothesis suggest that nucleic
acids undetected by current methods may play a crucial
role in the pathogenesis of TSEs.

Prions appear to be composed largely or entirely of a
protein designated as PrPSc and are abnormal conformers
of a host-encoded cellular protein designated as PrPC.
PrPC is a structural component of cell membranes pri-
marily in the brain but also in other tissues of humans
and other mammals. Although its function is unknown,
it may be involved in supporting neuronal synaptic activ-
ity and copper binding and may also interact with other
cell-surface proteins to render neuroprotective functions.
In humans, PrPC is encoded by the prion protein gene
located on the short arm of chromosome 20.

The fundamental event in the occurrence of TSEs
appears to be conversion of the cellular PrPC into the
abnormally folded, pathogenic PrPSc. This conversion
appears to be dictated by the presence of PrPSc and occurs
by a poorly defined posttranslational autocatalytic process,
requiring the aid of cofactors such as proteins or nucleic
acids. The initial PrPSc molecule may originate from exog-
enous sources or within the brain from somatic or germline
prion protein gene mutations. Knockout mice devoid of
PrPC do not develop a TSE even after inoculation with
infectious prions, indicating that expression of the prion
protein gene is a prerequisite for generation and propaga-
tion of PrPSc. Conversion to PrPSc seems to confer more
beta sheet structure and resistance to proteolytic enzymes,
conventional disinfectants, and standard sterilization meth-
ods. The cellular PrPC is sensitive to denaturation by these
chemical and physical methods, and its structure is primar-
ily composed of alpha helices.



Table 1 Characteristics of animal and human transmissible spongiform encephalopathies (TSEs)

Type of TSE Affected host

Year first
described
or identified

Mode of transmission/disease
occurrence Route of transmission

Sporadic CJD Humans 1920s Unknown None identified

Iatrogenic CJD Humans 1974a Via pituitary hormones, dura and

cornea grafts, neurosurgical
equipment

Intramuscular injection,

intracerebral, tissue
transplantation

Variant CJD Humans 1996 Consumption of BSE-contaminated

cattle products, human blood

products

Oral, intravenous

Familial CJD Humans 1924 Prion protein gene germline

mutations

Inherited

Gerstmann-Sträussler-
Scheinker syndrome

Humans 1936 Prion protein gene germline
mutations

Inherited

Fatal familial insomnia Humans 1986 Prion protein gene germline

mutations, sporadic

Inherited, none identified

(sFI)b

Kuru Humans 1950s Ritualistic cannibalism involving
brain tissue ingestion

Oral

Scrapie Sheep and goats 1700s Contaminated environment,

possibly direct contact

Oral

BSE Cattle 1986 Contaminated feed Oral
Chronic wasting

disease

Deer, elk, and moose 1967 Contaminated environment, direct

animal contact

Oral

Transmissible mink
encephalopathyc

Mink 1947 Contaminated feed Oral

Feline spongiform

encephalopathyd
Domestic and wild

cats

1990 BSE-contaminated feed Oral

Ungulate spongiform
encepahlopathyd

Exotic ruminants
(kudu, nyala, etc.)

1986 BSE-contaminated feed Oral

CJD, Creutzfeldt-Jakob disease; BSE, bovine spongiform encephalopathy.
aThe first report of iatrogenic CJD was in a recipient of cornea obtained from a CJD decedent; human pituitary growth hormone-

associated CJD was first reported in 1985 and dura mater graft-associated CJD in 1987.
bPatients with sporadic fatal insomnia (sFI) were reported beginning in 1999; they have clinical and neuropathologic features indistin-

guishable from that of fatal familial insomnia but lack family history and prion protein gene mutations.
cThe last known outbreak of transmissible mink encephalopathy occurred in 1981 in Wisconsin.
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Creutzfeldt-Jakob Disease

CJD, the most common form of TSE in humans, bears the
name of two German neurologists who reported patients
with rapidly progressive degenerative brain diseases in
the early 1920s. Neuropathologic review of Creutzfeldt’s
initial patient was inconclusive despite having the typi-
cal CJD clinical manifestations. In contrast, two of the
four patients reported by Jakob had the typical neuro-
pathologic features of CJD (Belay, 1999).

In most patients, CJD is characterized by the onset
of dementia, ataxia, or behavioral abnormalities between
the ages of 55 and 75 years. As the disease progresses,
neurologic dysfunction deteriorates and patients develop
speech abnormalities, movement disorders, such as myo-
clonus and akinetic mutism (Will et al., 2004). Typically,
the disease progresses rapidly, and over 50% of the
patients die within 6months and about 80% within
1 year of illness onset. Duration of illness longer than
2 years is extremely rare. A characteristic electroencepha-
logram (EEG) finding of triphasic, periodic sharp waves
can be demonstrated in about 75% of patients. In the
appropriate clinical context, elevated cerebrospinal fluid
(CSF) levels of 14-3-3 protein may also aid in diagnosing
CJD. More recently, abnormal brain magnetic resonance
imaging (MRI) findings in the basal ganglia and cortical
regions have been reported to be suggestive of a CJD
diagnosis. However, these MRI findings and CSF 14-3-3
protein elevation have been demonstrated in other brain
diseases mimicking CJD. A definitive CJD diagnosis
requires histopathologic or immunodiagnostic testing of
brain tissues obtained at autopsy or biopsy. Histopathologic
examination of brain tissue from CJD patients shows the
hallmark triad of spongiform lesions, neuronal loss, and
astrogliosis. Immunodiagnostic testing, such as immuno-
histochemistry and Western blot analysis, demonstrates
the presence of PrPSc, confirming a diagnosis of CJD.

CJD occurs in three different forms: a sporadic form
with no known environmental source of infection, an
iatrogenic form accidentally transmitted via medical inter-
ventions, and a familial form associated with prion protein
gene mutations. Decades of research have not identified
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a specific source of infection for sporadic CJD, which
accounts for about 85% of patients. Spontaneous gen-
eration of PrPSc was hypothesized as a cause for sporadic
CJD, possibly resulting from random somatic mutations or
errors during prion protein gene expression. Iatrogenic
CJD has resulted from receipt of contaminated cadaveric
human pituitary hormones and dura mater and corneal
grafts and from exposure to contaminated neurosurgical
equipment. In addition, beginning in the mid-1990s, a
newly recognized variant form of CJD linked with BSE
transmission to humans was reported.

Sporadic CJD can be further subdivided into five
different subtypes based on the Western blot character-
istics of protease-resistant PrPSc fragment and the poly-
morphism at codon 129 of the host prion protein gene
(Table 2) (Parchi et al., 1999). The different subtypes
correlate with specific clinical and neuropathologic phe-
notypes. The most common subtype is associated with
prion type 1 and the presence of methionine at codon
129 of the prion protein gene.
Bovine Spongiform Encephalopathy

BSE was first recognized in 1986 in the United Kingdom
where it caused a large outbreak among cattle (Table 3).
Earlier BSE cases were retrospectively identified from
1985, and a modeling study suggested that cases might
have occurred since the early 1980s. The number of UK
BSE cases increased almost exponentially, peaked during
1992–1993, and markedly declined thereafter. The clini-
cal signs of BSE include unsteady gait with falling, behav-
ioral abnormalities, and abnormal responses to touch and
sound. Because of the fearful and aggressive behavior
exhibited by some of the earlier BSE-infected cattle, the
public media used the term mad cow disease to describe
the strange disease affecting many cattle in the UK. This
Table 2 Characteristics of subtypes of sporadic Creutzfeldt-Jak

Subtype
Number of
patients (n = 609) Percent Clinicopathologic f

MM1/MV1 352 57.8 Typical CJD clinical
progressive disea

VV2 90 14.8 Commonly ataxia a

subcortical patho

MV2 83 13.6 Similar to VV2 but lo
cerebellum

MM2 52 8.5 Progressive demen

spongiosis

VV1 25 4.1 Usually young age a
relative sparing o

MM2 (sFI) 7 1.1 Similar to FFI but w

M, methionine; V, valine.
term continues to be used, sometimes erroneously, to
describe human TSEs such as CJD.

The original source of the BSE outbreak is unknown.
The leading hypotheses include spontaneous occurrence
of BSE and scrapie transmission to cattle from feed
containing rendered, infected sheep carcasses. The BSE
outbreak was greatly amplified by the recycling of the
agent through the practice of feeding cattle meat-
and-bone meal (MBM), containing rendered cattle car-
casses, some of which died of BSE (Wells and Wilesmith,
2004). In the past, cattle feed was rendered using several
treatment steps, including prolonged heating in the pres-
ence of a hydrocarbon solvent. In the late 1970s and early
1980s, the solvent-extraction steps were omitted, and this
may have contributed to the emergence of BSE
by allowing infectious prion concentrations to survive
the rendering process. Other factors that may have con-
tributed to the emergence of BSE in the United Kingdom
include a relatively high rate of endemic scrapie, a high
population ratio of sheep to cattle, and the inclusion of
MBM at high rates in cattle feed.

In the UK, over 2million cattle were estimated to
have been infected with BSE. Approximately half of these
cattle may have been slaughtered for human consumption,
potentially exposing millions of UK residents. Beginning in
1988, several protective measures were implemented to
prevent further exposure of animals and humans to BSE,
including animal feed bans and removal of infectious cattle
tissues such as the brain from human food. Infections of
additional UK cattle with BSE dramatically declined after
implementation of these protective measures.

BSE outside the United Kingdom was first reported
in Ireland in 1989 and Portugal and Switzerland in 1990
(Table 3). By 2005, the number of countries reporting
BSE among native cattle increased to 24; 20 of these were
European countries. In most European countries, the BSE
outbreak appears to be declining, although some cases
continue to occur. The first North American BSE case was
ob disease (CJD) and sporadic fatal insomnia (sFI)a

eatures

and neuropathologic manifestations, typical EEG, rapidly
se

t onset and late dementia, typical EEG rare, short duration,

logy, plaquelike deposits

ng duration and presence of kuru-type amyloid plaques in

tia, typical EEG rare, long duration, cortical pathology, coarse

t onset, typical EEG rare, severe pathology in cerebral cortex with
f cerebellum, faint synaptic prion staining

ithout prion protein gene mutations



Table 3 Number of reported bovine spongiform

encephalopathy (BSE) cases and year of first detection by

countrya

Country
Number of BSE
casesb

Year BSE first
detectedc

Finland 1 2001

Greece 1 2001
Israel 1 2002

United States 2 2005

Austria 4 2001

Liechtenstein 2 1998
Luxembourg 3 1997

Canada 12 1993

Slovenia 8 2001
Denmark 15 1992

Japan 33 2001

Slovakia 23 2001

Czech Republic 26 2001
Poland 55 2002

Netherlands 82 1997

Italy 139 1994

Belgium 133 1997
Germany 415 1992

Switzerland 464 1990

Spain 681 2000
France 984 1991

Portugal 1029 1990

Ireland 1604 1989

United Kingdom 184533 1986

aBSE cases reported to the Office International des Epizooties

as of October 5, 2007; data for the UK are as of September 30,
2007.
bBecause BSE surveillance methods and testing requirements
vary by country, the number of reported cases may not be

comparable among the different countries.
cYear first BSE was detected in imported or domestic cattle.
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reported in 1993 in a cow imported into Canada from the
UK. Rendered cohorts of this cow may have been responsi-
ble for the 14 BSE cases identified in Canada during
2003–07, including a BSE-positive cow identified in
Washington State and traced to a Canadian farm. In the
United States, BSE was confirmed in an approximately
12-year-old cow born and raised in Texas and a 10-year-
old cow from Alabama. The source of BSE infection in
the U.S. cows remains unknown but the Western blot char-
acteristics of the prions seemed to be atypical (H-type),
potentially representing a different BSE strain. Other
BSE cases with unusual molecular phenotype have also
been reported in other countries, including the L-type
in Belgium, Italy, and Japan and the H-type in France
and Germany.

Because cattle carcasses were included in the produc-
tion of animal feed, potential BSE transmission to other
animals was considered early during the BSE outbreak
in the United Kingdom. BSE-like diseases were identified
in zoo animals (ungulate spongiform encephalopathy)
beginning in the late 1980s and in domestic cats (feline
spongiform encephalopathy) beginning in 1990, indicating
the potential for the BSE agent to cross the species barrier
and spread to other animals. This development led to the
reestablishment of CJD surveillance in the UK to monitor
the possible transmission of BSE to humans.
Variant Creutzfeldt-Jakob Disease

In 1996, the UKNational CJD Surveillance Unit reported a
cluster of patients with a TSE having unusual but similar
clinicopathologic manifestations (Will et al., 1996). Because
the age and clinical and neuropathologic profile for the
patients differed from those of classic CJD patients, the
term variant CJD (vCJD) was used to describe this
emerging TSE in humans. In subsequent years, several
laboratory studies showed that the BSE and vCJD agents
were indistinguishable, indicating that vCJD was a new
disease and that its occurrence represented BSE transmis-
sion to humans. As ofOctober 2007, 204 vCJDpatientswere
reportedworldwide, including 166 patients from theUnited
Kingdom, 22 from France, 3 from Ireland, 2 each from the
Netherlands, Portugal, and Saudi Arabia, and 1 each from
Italy and Spain. The worldwide vCJD count includes 5
patients who likely acquired variant CJD during their past
residence in the UK but were residents of Canada
(1 patient), Ireland (1 patient), Japan (1 patient), and the
United States (2 patients) at the time of illness onset.

Clinical and laboratory findings (Table 4) distinguish
vCJD from the more common, classic CJD. Patients with
vCJD have a younger median age at death (28 compared
with 68 years), predominantly psychiatric manifestation at
onset, delayed appearance of frank neurologic signs, pulvi-
nar sign on MRI, virtual absence of typical EEG findings,
and longer illness duration (14 compared with <6months).
All vCJD patients tested to date almost exclusively had
methionine homozygosity at the polymorphic codon 129
of the prion protein gene. This homozygosity is present
in approximately 35–40% of the general population.
The neuropathology in vCJD is distinguished from that of
classic CJD by the presence of numerous ‘florid plaques’
consisting of amyloid deposits surrounded by a halo of
spongiform lesions.

In the UK, vCJD transmission has been reported in reci-
pients of blood collected up to 3 years before vCJD onset
in the donors (Llewelyn et al., 2004). Because many UK
residents have potentially been exposed to BSE, concerns
still exist about additional secondary spread of the agent
via blood and possibly contaminated surgical instruments.
Human TSEs Associated with Genetic
Mutations

One of the intriguing properties of human TSEs is that
they can be both inherited and infectious. The inherited



Table 4 Clinical and pathologic characteristics distinguishing variant Creutzfeldt-Jakob disease (vCJD) from classic CJD

Characteristic Variant CJD Classic CJD

Median age (range) at death (years) 28 (14–74) 68 (23–97)a

Median duration of illness (months) 13–14 4–5

Clinical presentation Prominent psychiatric/behavioral symptoms, painful

sensory symptoms, delayed neurologic signs

Dementia, early

neurologic signs

Periodic sharp waves on electroencephalogram Often absent Often present
‘Pulvinar sign’ on magnetic resonance imagingb Present in >75% of cases Very rare or absent

Presence of ‘florid plaques’ on neuropathologic

sample

Present in great numbers Rare or absent

Immunohistochemical analysis of brain tissue Marked accumulation of PrP-resc Variable
accumulation

Presence of agent in lymphoid tissue Readily detected Not readily detected

Increased glycoform ratio on Western blot
analysis of PrP-res

Present Not present

Genotype at codon 129 of prion protein Methionine/methionined Polymorphic

aU.S. CJD surveillance data 1979–2001.
bSymmetrical high signal in the posterior thalamus relative to that of other deep and cortical gray matter.
cProtease-resistant prion protein.
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or genetic forms of TSEs are associated with insertion,
deletion, or point mutations of the prion protein gene.
At least 24 different point mutations have been described
in association with human TSEs, having widely differ-
ent clinical and neuropathologic manifestations (Kong
et al., 2004). Historically, genetic forms of TSEs were
classified as familial CJD, GSS, and FFI in part based on
their phenotype.

A polymorphism at codon 129 of the human prion
protein gene coding either for methionine or valine
seems to markedly influence the clinicopathologic phe-
notype of human TSEs. The most striking example is the
phenotype associated with codon 178 mutation which
substitutes aspartic acid with asparagine. Patients who
have this mutation in combination with methionine on
the mutant allele at codon 129 present with the FFI
phenotype whereas patients who have valine at codon
129 of the mutant allele present with the familial CJD
phenotype.
Familial CJD

Familial CJD patients generally have clinicopathologic
phenotype similar to nongenetic forms of CJD. Other
family members are commonly affected with the disease
because of a dominant inheritance pattern. Familial CJD
has been reported among many family clusters from
Canada, Europe, Japan, Israel, the United States, and
several Latin American countries (Kong et al., 2004). It is
most frequently associated with a mutation substitut-
ing glutamic acid with lysine at codon 200 of the prion
protein gene. This mutation is the most common cause for
inherited human TSEs. A majority of family members
carrying the mutation eventually die of CJD. The largest
familial cluster of codon 200 mutations was reported
among Jews of Libyan and Tunisian origin. Fourteen
other less frequent mutations associated with familial
CJD have been reported from many countries.
Gerstmann-Sträussler-Scheinker Syndrome

The term GSS is used to describe a heterogeneous group
of inherited human TSEs characterized by a long illness
duration (median about 5 years) and neuropathologic
feature of numerous amyloid plaques primarily in the
cerebellum. GSS is named after the three physicians
who in 1936 reported the disorder in multiple generations
of an Austrian family. The disease in this family was later
shown to be associated with codon 102 mutation of the
prion protein gene and may have been first identified in
1912. At least 13 different prion protein gene mutations in
about 56 kindred have been reported in association with
the GSS phenotype from Canada, Europe, Japan, Israel,
Mexico, and the United States. GSS mutations are asso-
ciated with a greater degree of variability in disease phe-
notype than other inherited TSEs. The most frequent
GSS mutation results in leucine for proline substitution
at codon 102 and is coupled with methionine at codon
129 of the mutant allele. Patients with this mutation
commonly manifest with ataxia, dysarthria, movement
disorders, and possibly dementia and akinetic mutism.
The illness may last for 6 years in some patients with
GSS 102 mutation. An illness duration exceeding 20 years
has been reported in other forms of GSS.
Fatal Familial Insomnia

FFI patients have predominant involvement of the thala-
mus, resulting in severe sleep disturbances, often with
intractable insomnia, and autonomic nervous system
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Figure 1 Chronic wasting disease among free-ranging cervids by county, United States*.
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dysfunction, including abnormalities in temperature reg-
ulation, increased heart rate, and hypertension. Patho-
logic examination of the brain from FFI patients
consistently shows preferential involvement of the thala-
mus with more severe neuronal loss and astrogliosis than
seen in other brain regions. Although occasional sporadic
fatal insomnia cases with no prion protein gene mutation
have been identified, FFI is primarily associated with
codon 178 mutation, resulting in the substitution of aspar-
tic acid with asparagine in combination with methionine at
codon 129 of the mutant allele. FFI patients have been
reported from several European countries, Australia,
Canada, Japan, and the United States. The clinical signs
and illness duration in FFI patients are influenced by the
polymorphism at codon 129 of the nonmutant allele.
Chronic Wasting Disease

CWD is a TSE that affects North American cervids
in their natural habitat and captive environment. CWD’s
known natural hosts are mule deer, white-tailed deer, elk,
and moose. It was first identified as a fatal wasting syn-
drome of captive mule deer in the late 1960s in Colorado
and Wyoming research facilities (Williams et al., 2002).
It was recognized as a TSE in 1978 and among wild
cervids in 1981. CWD can be highly transmissible in
affected herds, in some cases reaching a prevalence of
over 90% within several years. The mode of transmission
among cervids is poorly understood. Transmission is
believed to occur by direct animal-to-animal contact or
indirect exposure to contaminated feed and water sources.

Surveillance and modeling studies have indicated that
CWD may have occurred endemically for decades in
a contiguous area in northeastern Colorado and south-
eastern Wyoming. Since 2000, CWD among free-ranging
deer and elk has been increasingly identified in nine
additional states and two Canadian provinces (Figure 1).
CWD has been experimentally transmitted by intracere-
bral inoculation into other animals, including cattle,
goats, squirrel monkeys, and laboratory mice. An in vitro

cell-free experiment demonstrated inefficient conversion
of human prion protein by CWD prions. However, no
human TSEs with strong evidence of a link with CWD
have been identified (Belay et al., 2004).

See also: Emerging Diseases: Overview; Re-emerging

Diseases: Overview; West Nile Disease.
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Introduction

The number of children born per woman and the timing
of births are directly relevant to public health and health
services in many ways. The level of childbearing, for
instance, determines the demand for obstetric and child
health services and has a direct effect on the maternal
mortality rate. The age pattern of childbearing influences
the incidence of obstetric complications, because preg-
nancies in the early teenage years and at ages over
35 years pose an increased risk to the mother. Fecundity
also declines after age 35, and thus postponement of
births will increase the need for assisted reproduction.
The spacing of births has important health implications;
conceptions occurring within 24months of a previous live
birth are at elevated risk of fetal death, prematurity, low
birth weight for gestational age, and infant mortality.
Unintended pregnancies may result in induced abortion,
which in many countries is restricted and unsafe.

Fertility also affects public health indirectly through
socioeconomic pathways. Birth rates are the crucial
determinant of population growth (or decline) and the
age structure of populations, and both factors have pro-
found socioeconomic implications. Countries growing
at 2% per year or more (implying a doubling in popula-
tion size every 36 years or less), because mortality has
declined but fertility remains high, face greater difficulties
in escaping from poverty and illiteracy than other coun-
tries, mainly because nearly half the population is aged
under 15 years, thus placing a heavy dependency burden
on the adult population. When fertility falls, an era of
several decades follows when the labor force is propor-
tionately large, the dependency burden is atypically low,
and prospects for making rapid socioeconomic progress
are especially bright. This era is inevitably followed by
a return to a high-dependency burden because of an
increase in the elderly population, which poses a strain
on governments’ health and welfare budgets.

The sequence is well illustrated by the case of the
Republic of Korea (Figure 1). By 1960, mortality had
already declined but fertility remained high at about six
births per woman, and the population was growing at
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2.8% per year. At that time, 42% of the total population
was aged under 15 years but only 3% were aged 65 or
more. In the next 40 years, fertility fell sharply and by 2000
the number of births per woman was about 1.4 and the
growth rate had abated to 0.6% per year. Between 1960
and 2000 the number of working-age adults (15–64 years)
per 100 dependants rose from 120 to 250. Between 2000
and 2040 it is projected that the proportion of Korea’s
population aged 65 or more will rise from 7.4% to 30.5%
and the ratio of workers to dependants will have fallen
from 250 to 137 per 100 dependants. All industrialized
countries now face similar problems of population aging.

In the absence of any constraints, it is estimated that the
average number of births per womanwould be about 15. In
all societies, fertility is held well below this biological
maximum by a blend of four main factors: restrictions on
sexual intercourse, typically operating through marriage
systems; lactation that inhibits ovulation; contraception;
and induced abortion. The highest fertility recorded for a
national population was 8.7 births per woman in Yemen
between 1970 and 1985. In premodern societies, fertility
was typically in the range of four to six births.

Between 1950 and 2005, the global fertility rate
halved from about five to 2.5 births. Under conditions of
moderate to low mortality, a little over two births per
woman is required to bring about long-term stabilization
of population size. Thus, the world as a whole may be
approaching the end of an era of sustained growth, from
1 billion in 1830 to 6.5 billion in 2005 and a projected total
of 9.2 billion in 2050 (United Nations, 2006). However,
these global figuresmask huge differences between regions
and countries. The level of childbearing in most indus-
trialized countries has fallen well below the two-child
mark and therefore these countries face the possibility
of population decline, combined with population aging.
Conversely, many of the poorest countries in the world
still retain buoyant fertility levels and can expect substan-
tial increases in population size. In this article, fertility
trends since 1950 will be described and the underlying
causes and implications discussed.
Trends in Industrialized Countries

In most of Europe and in North America, fertility decline
started in the late 19th century (well before the develop-
ment of modern contraceptives) and birth rates fell to low
levels in the Great Depression of the 1930s, giving rise to
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concerns about population decline. These concerns were
short-lived because, following the end of World War II,
fertility rose in most industrialized countries and in some
it continued to rise throughout the 1950s (Figure 2). This
postwar baby boom was most pronounced in the United
States, where fertility climbed from 2.9 births in 1946
to peak at 3.7 births in 1957. Japan is the clearest excep-
tion: This country experienced a dramatic decline from
4.5 births in 1947 to 2.0 births a decade later, partly in
response to a shift from pro- to antinatalist policies and
liberalization of abortion laws.

The mid-1960s marked the start of a second and
unforeseen phase of fertility decline. By 1980, fertility in
most (developed) countries had fallen below the replace-
ment level of two births. In 2005, childbearing was below
1.5 births in Italy, Spain, Germany, Austria, the Russian
Federation, and much of Eastern Europe, and also in
the economically advanced East Asian states and terri-
tories ( Japan, Hong Kong, Singapore, Taiwan, Republic of
Korea). Some of this decline can be attributed to increased
efficiency in the prevention of unintended births. The
advent of oral contraception in the 1960s represented a
decisive break of the sex–reproduction nexus. Access to
legal abortion was also made easier in many countries. In
2000, about 20% of known pregnancies were legally ter-
minated in France, Norway, Denmark, Italy, the United
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Figure 2 Fertility trends, 1950–2005: selected industrialized region
Social Affairs, Population Division (2007) World Population Prospects
Kingdom, and Sweden. This percentage exceeded 40% in
many countries of the former Soviet bloc and the Russian
Federation itself (United Nations, 2005). In the United
States, the fraction of births reported by women as
unwanted fell from 20% in the early 1960s to 7% by the
late 1970s, and the same trend no doubt occurred in many
industrialized countries, though is less well documented.

However, most commentators have sought explana-
tions in more fundamental changes than improved birth
control. The fertility decline in many industrialized
countries has been accompanied and partly propelled
by postponement of marriage and parenthood, rises in
cohabitation, nonmarital births, and divorce, increased
acceptance of diverse sexual lifestyles, and a growing
independence of women. These interwoven features,
dubbed the ‘second demographic transition,’ represent
an appreciable departure from marriage and parenthood
as the central pillars of adult life. The key underlying
cause is identified by some as the changing roles of
women in society, together with the sluggish adaptation
of men to this emancipation, for instance, by reluctance to
shoulder a more equal share of the burden of house-
keeping and child-rearing. The shift away from marriage
and motherhood has been called ‘the revenge of women
on men.’ Paradoxically, however, the level of childbear-
ing is lowest in countries where women’s labor force
1980 1985 1990 1995 2000 2005

ern Europe Western Europe

lia/New Zealand Japan

s and countries. Source: UN Department of Economic and
: The 2006 Revision. New York: United Nations.
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participation is also very low: Japan, Greece, Italy, and
Spain. It is also of note that these same countries have
low proportions of nonmarital births. Other experts, such
as Ronald Lesthaeghe and Dirk van de Kaa, have sought
an explanation in the development of broader ‘postmod-
ern’ values of individualism, secularism, and the desire
for self-fulfillment. Compelling region-specific explana-
tions abound. For instance, the turbulence and insecurity
caused by the break-up of the Soviet bloc coincides
with the period of sharpest decline in these countries.
Given the economic, social, and cultural diversity of the
very-low-fertility countries, it seems unlikely that there
is a single underlying cause.

A sustained fertility rate of 1.5 births implies a halving
of population size approximately every 65 years. While
this prospect of population shrinkage is welcomed by
some environmental groups, it is regarded with alarm
by many European and Asian governments. International
migration on a sufficient scale to offset low birth rates and
prevent population decline does not appear to be politi-
cally feasible. Hence, the main policy responses have been
aimed at stimulating reproduction and have included
generous maternity/paternity allowances (Sweden), child
allowances that increase with parity (France), and cash
payments at birth (Australia, Italy). Many other coun-
tries have shunned explicit pronatalist policies but have
attempted to make family building and work more
compatible, for instance, by better provision of infant
care centers. None of these policies can claim long-term
effectiveness at raising birth rates, and the demographic
futures of industrialized countries is uncertain (Gauthier,
1996). While most experts foresee the continuation of
very low fertility, the United Nations envisages a slight
but steady increase over the next 40 years. One factor
favoring an increase concerns postponement of births,
which depresses period rates but may not affect the num-
ber of children that women have over their life course.
Sooner or later, the trend toward delayed childbearing
must end and, when this happens, period fertility rates
will increase, typically by an average of 0.2–0.4 births per
woman (Lutz et al., 2003). It is also true that a two-child
family remains a widespread aspiration despite downward
shifts in some countries (Goldstein et al., 2003).
Trends in Developing Regions

In Asia, Latin America, and to a lesser extent Africa, life
expectancy increased sharply while birth rates remained
high in the two decades following World War II. The
resulting acceleration of rates of population growth rang
alarm bells because of evidence that socioeconomic pro-
gress would be jeopardized. Key U.S. leaders, such as
President Lyndon Johnson and Robert MacNamara, pres-
ident of the World Bank, became convinced of the need
to reduce birth rates through the promotion of family
planning. In 1969, the United Nations Fund for Popu-
lation Activities (now the United Nations Population
Fund – UNFPA) was created, with the shrewd choice of
a Filipino Roman Catholic as its first executive director.
Knowledge, attitude, and practice (KAP) surveys indi-
cated the existence of favorable attitudes toward smaller
family sizes and contraception in many poor countries.
Pilot programs in Taiwan and the Republic of Korea
showed that a ready demand existed for modern contra-
ception, specifically the intrauterine device. Thus, the
stage was set for a novel form of social engineering, the
reduction of fertility through government-sponsored
family planning programs. The number of developing
countries with official policies to support family planning
rose from two in 1960 to 115 by 1996.

Between 1950 and 2005, fertility in both Asia and Latin
America fell from a little under six births per woman to
about 2.5 births (Figure 3). Themain exceptions are Afgha-
nistan, the Lao People’s Democratic Republic and Pakistan
in Asia, and Guatemala, Bolivia, and Paraguay in Latin
America. In theArab states ofNorthAfrica, the correspond-
ing decline was from 6.8 births to 3.2 births. Only in sub-
Saharan Africa does fertility remain high at 5.5 births.

The relative influence of family planning promotion
and socioeconomic development (in particular, increased
life expectancy and education, which raise the number
of surviving children and the costs of rearing them) on
fertility trends is hotly contested. In most Latin American
countries, the role of state intervention has been minor.
Governments in this region were hesitant to promote
birth control partly because of the influence of the
Roman Catholic church, and early efforts to popularize
contraception were spearheaded by nongovernmental
organizations with the prime objective of reducing illegal
and unsafe abortions. The imprint of government actions
can be more clearly discerned in Asia, notably in China,
Bangladesh, and Indonesia. In China, programs to reduce
population growth started in 1972 and, in the next seven
years, fertility fell sharply – but not sufficiently, in the
opinion of government planners. In 1979, the one-child
policy was enacted and enforced rigorously in urban
areas, where fertility fell quickly to one child. In rural
areas, however, there was entrenched resistance and in
the 1980s policy implementation in many provinces was
relaxed to permit two children, particularly if the first
born was a daughter (Gu et al., 2007). China’s fertility is
currently estimated to be 1.7 births per woman. Because of
the vast size of China’s population, government policies in
this country have made a major contribution to global
stabilization but the price has also been high: denial of
reproductive freedom, sex-selective abortion, abandon-
ment of daughters, and instances of female infanticide.

In Bangladesh, one of the poorest and least literate
countries in Asia, governments, faced with a highly visible
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population problem, had little choice but to address
it as a top priority. Starting in 1975, a comprehen-
sive family planning service was created, accompanied
by incessant publicity through the mass media and
other channels. Between 1975 and the 2000, fertility
halved from six to three births per woman – a vivid
demonstration that poverty and illiteracy are not incom-
patible with small families.

The demographic histories of the Philippines and
Indonesia also demonstrate that high educational levels
and reasonably high status of women, factors thought to
be particularly conducive to low fertility, do not always
have this effect. In 1960, the Philippines was one of the
wealthiest countries of Southeast Asia. The level of adult
literacy was 72%, compared with only 39% in Indonesia.
Income per head was almost double the Indonesian level
at that time, life expectancy was 10 years longer, and
infant mortality correspondingly lower. It came as no
surprise, therefore, that fertility decline started earlier
in the Philippines than in Indonesia. However, since the
mid-1970s, the pace of decline has been much greater in
Indonesia; the level of fertility in 2000–05 was estimated
to be 2.5 births, one birth lower than in the Philippines.

The explanation for this unexpected outcome lies
well beyond the realm of statistical evidence, but almost
certainly involves the intertwined factors of religion and
government policy. The Indonesian government skillfully
evaded the potential danger of opposition from Islamic
leaders by eschewing abortion and contraceptive sterili-
zation. It mounted a very forceful family planning pro-
gram, with considerable community pressure on couples
to adopt birth control (Warwick, 1986). In the Philippines,
no compact between church and state was reached,
and Roman Catholic leaders remain strongly and openly
opposed to modern birth control. This opposition has
both inhibited the evolution of comprehensive family
planning services and no doubt influenced the climate
in which reproductive decisions are taken.

The persistence of rather high fertility in the Philip-
pines is made even more surprising in view of the rela-
tively high status of women in that country. Educational
levels for women are exceptionally high, as is labor force
participation. However, the example of the Philippines
suggests that the status of women – if defined in terms of
participation in public life, including paid employment –
is not such an important precondition for sustained fertil-
ity decline as so often claimed. Indeed, it is probably more
a consequence of decline than a cause.

Though fertility in sub-Saharan Africa remains high
on average, the subregion is demographically diverse.
In the Republic of South Africa and Zimbabwe (then
Rhodesia), vigorous family planning promotion started
before the advent of majority rule and fertility in both
countries, and in Botswana is now at a relatively low level.
HIV epidemics in southern Africa are especially severe
and thus falling fertility has been accompanied by rapidly
rising mortality. These countries face an exceptionally
abrupt end to an era of population growth.

In eastern Africa, fertility decline has started in most
countries, but most markedly in Kenya. In that country,
a vigorous family planning effort was initiated in the early
1980s and, in the next 15 years, fertility fell from nearly
eight to 4.8 births. Unexpectedly, the rate then plateaued,
one likely reason being that funds and energy were diverted
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from family planning to HIV/AIDS. Between 1988 and
2003, the proportion of contraceptive users relying on
government services dropped from 68% to 53% and the
percentage of births reported by mothers as unwanted
rose from 11% to 21% (Westoff and Cross, 2006). Both
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This sequence of events in Kenya may be an extreme
example of a more pervasive trend throughout much
of the region. Rather than gathering pace in the past
15 years, the trend toward lower fertility has faltered. In
west and central Africa, fertility typically remains close
to six births per woman, contraceptive use prevalence
among married women remains below 10%, and desired
family sizes are still high. The United Nations projects
that fertility in sub-Saharan Africa will decline steadily
to reach 2.5 births by midcentury. Even if this projec-
tion is accurate, Africa’s population is set to rise from
0.77 billion in 2005 to 1.76 billion in 2050. Most countries
will double in population size in the next 40 or so years,
and some will triple in size.

Is the persistence of high fertility throughout much of
sub-Saharan Africa simply a reflection of low socioeco-
nomic development or of distinctive features of culture
and social organization that set the region apart from Asia
and Latin America? Certainly, standards of living for
many Africans worsened in the 1990s, but equally high
levels of poverty and illiteracy did not stifle fertility
transition in Asia, as trends in Bangladesh and Nepal
since the 1980s show. It is also true that countless surveys
reveal that Africans attach a higher value to large families
than citizens elsewhere. According to Caldwell, the expla-
nation for this pronatalism lies in the subordination of
the nuclear family to the lineage. For lineage leaders,
the patriarchs, high fertility is advantageous because
it enhances their prestige, power, and patronage. Thus,
they see children as sources of wealth rather than as drains
on emotional and financial resources. A related explana-
tion stems from the multiplicity of ethnic and linguistic
groups in Africa, with the inevitable tension and conflict
over resources that this diversity implies. A buoyant
birth rate and numerical strength may well have confer-
red advantage in these circumstances, thus engendering
strongly pronatalist values.

Since the most recent International Conference on
Population and Development in Cairo, in 1994, policies
to reduce population growth through family planning
promotion have fallen from fashion and been replaced
by a broader agenda of women’s reproductive health and
rights. The topic of population has been marginalized in
key reports on development and was omitted from the
Millennium Development Goals. International funding
for family planning has fallen. This neglect may prove to
be mistaken. Figure 4 shows a display of the 76 poorest
countries with a current population of 5 million or more,
by fertility rate (2000–05) and by the level of unmet need
for family planning – defined as the percent of married
women who want no child for at least 2 years but are using
no method of contraception. Over one-third of these
countries, mostly in Africa, still have high fertility of
five births or more per woman, and the vast majority of
these countries also have a high unmet need for family
planning. In a further 25 countries, fertility is in the range
of three to five births, well above replacement level.
Conclusions

For millennia, the human population grew at a miniscule
rate because moderate fertility was matched by high,
albeit fluctuating, mortality. The scientific and tech-
nological revolution of the past 200 years broke this
demographic balance and gave rise to an unprecedented
surge in human numbers. The past 50 years has seen a
necessary and welcome return toward balance; fertility
has fallen in most countries, and world population may
stabilize in the latter half of this century. Thus, the
prospect of the Malthusian nightmare of famine and
warfare, so prominently proclaimed in the 1960s by Paul
Ehrlich and others, has receded.

No consensus on the ideal level of fertility exists, but
a range of 1.7 to 2.3 births per woman has much to
recommend it, as it implies modest growth or decline.
As shown in this article, the world is still far away from
such a benign outcome. Fertility rates in many industria-
lized countries have plunged well below 1.7 while many
poor countries have rates well above 2.3. Indeed, the
fertility of nations has rarely been so diverse. Our demo-
graphic future is still uncertain. Will birth rates in Africa
fall as fast and pervasively as in Asia and Latin America,
and will fertility edge steadily up in countries such as
Japan and Italy? What happens in Africa is partly a matter
of political priorities because a large body of successful
experience at reducing fertility has accumulated. Policies
to raise fertility do not have a successful track record,
and so trends in low-fertility countries are particularly
difficult to predict.

See also: Abortion; Family Planning/Contraception; Infer-

tility; Reproductive Rights.
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Glossary
Adenosine deaminase A body of enzyme often

found in high concentrations in fluid caused by

tuberculosis, for example the pleural fluid.

Anemia Reduced red blood cell count.

Auscultation Listening to the noises made by an

internal organ, for example the air passing into the

lungs. Usually carried out using a stethoscope.

Bronchus Main airway between the lung and the

trachea.

Caseation Changes within the granuloma caused by

infection with M. tuberculosis in which the center

degenerates to give a cheese-like material.

Granuloma A characteristic microscopic

inflammatory response of the human host to

M. tuberculosis infection.

Laparotomy A diagnostic operation by which the

abdomen is opened surgically.

Lymphohematogenous Spread through the lymph

or blood circulation system.

Mycobacterium A genus of bacteria with similar

characteristic staining properties due to a unique

bacterial capsule.
Nasogastric tube Small-diameter tube that passes

through the nose and into the stomach to obtain

specimens of fluid from the stomach.

Nucleic acid Part of the DNA structure of the

nucleus of a living organism.

Pulmonary Of the lungs.

Polymerase chain reaction A method of artificially

replicating bacterial DNA.

Trachea Airway between the bronchi and larynx.
Introduction

Definitions

Tuberculosis is a disease caused by a mycobacterium from
the Mycobacterium tuberculosis complex. These comprise
M. tuberculosis, M. bovis, M. africanum, and M. microti. For a
case of tuberculosis to be confirmed, it is necessary to isolate
one of these organisms from the affected organ or organs
(Migliori et al., 1999).

Definition of a case depends on the degree of certainty
of diagnosis and may vary from country to country.
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For example, a definite case is defined in the European
guidelines as ‘‘a case with culture confirmed disease
caused by M. tuberculosis complex’’ or, in countries where
culture confirmation is not possible, as ‘‘a patient with two
consecutive sputum smear examinations positive for
acid-fast bacilli or one positive sputum examination,
radiological signs and a clinician’s decision to treat.’’
The guidelines go on to define ‘‘other than definite
causes’’ as those meeting both of the following conditions:
‘‘(1) a clinician’s judgement that the patient’s clinical and/
or radiological signs and/or symptoms are compatible
with TB, and (2) a clinician’s decision to treat a patient
with a full course of chemotherapy’’ (American Thoracic
Society, 2000).

The American guidelines define ‘‘tuberculosis, clini-
cally active’’ as a person with ‘‘clinical, bacteriological,
and/or radiographic evidence of current tuberculosis,’’
so-called Class 3. A separate case of ‘‘tuberculosis suspect
(diagnosis pending),’’ the definition state ‘‘should be so
classified when a diagnosis of tuberculosis is being con-
sidered whether or not treatment has been started, until
diagnostic procedures have been completed.’’ The defini-
tion continues, ‘‘persons should not remain in this class
for more than three months.’’ These patients are allocated
to Class 5.

The guidelines go on to say that all positive smear,
culture, susceptibility, and nucleic acid amplification
results should be reported.

Patients may also be defined according to whether they
have had previous treatment, as relapse or not new.
Clinical Practice

In clinical practice, a large proportion of patients are
probably treated without bacteriological evidence either
by smear or culture.

In a recent survey of cases of tuberculosis in England
and Wales, no culture confirmation was made in 40% of
notified cases (34% of those with pulmonary disease and
50% of those with nonpulmonary disease). Inevitably, the
proportion with no positive culture results was much
higher in children, 78%, compared with 38% in adults.
A smear-positive result was only obtained in 43% of
patients with pulmonary disease.

Tuberculosis can be one of the easiest diagnoses to
make. A patient may present with characteristic symp-
toms, a chest radiograph may show a characteristic pattern
of disease, and sputum is easily obtained and shows posi-
tive on smear and later culture. Tuberculosis, on the other
hand, can also be one of the most difficult diagnoses to
make, particularly at a nonpulmonary site. Eventually, the
clinician may be forced to start treatment as a trial of
therapy and hope the patient will improve. I have had a
few patients in this category, who, after completion of
treatment, left me unsure as to whether they had actually
had active disease.

Because tuberculosis cannot always be confirmed by
laboratory means, the full clinical armamentarium of
symptoms and signs must be used toward the diagnosis.
Symptoms

Epidemiological Setting

Whenever a patient presents to a health-care professional
in need of a diagnosis, the epidemiological pattern of
disease is a factor by which the health-care professional
will be helped to come to a diagnosis. Tuberculosis is very
much more common in developing, resource-poor
countries than in developed, richer countries. Individuals
born in developing countries will therefore carry a much
higher risk. For example, in the UK, only approximately
one case of tuberculosis in every 20 000 white persons
is found annually. The risk is ten times greater in the
Chinese population, 20 times greater in the South Asian,
and 50 times greater in the African population. The risks
remain high in second- and third-generation immigrants.
The ethnic origin of the presenting patient must therefore
be borne in mind when coming to a diagnosis.
Pulmonary Disease

Tuberculosis may present without symptoms, for exam-
ple, when an individual who has been in contact with
an infectious case is screened and found to have disease.
Up to 50% of childhood tuberculosis may be detected
in this way.

The characteristic symptoms of pulmonary tuberculo-
sis in approximate decreasing order of frequency are:

. cough,

. malaise,

. fever,

. weight loss,

. night sweats,

. breathlessness,

. chest pain.

In a comparative study of patients with culture-proven
pulmonary tuberculosis compared with patients with
some other pulmonary infection, only weight loss and
night sweats were helpful in distinguishing TB from
other chest diseases (Table 1).

The cough of tuberculosis is typically constant and
irritating. Initially, it may be unproductive, but as disease
progresses and caseation goes on to cause cavitation
within the lung parenchyma, it may become profusely
productive of sputum. Rupture of a blood vessel may
lead to hemoptysis, which may be dramatic and rarely
life-threatening.



Table 1 Comparison of classic symptoms of tuberculosis in

patients with and without tuberculosis

Symptom
TB
(n5 47)

Non-TB
(n5516)

Odds ratio
(95% CI)

Cough 38 397 1.27 (0.59–2.69)

Fever 33 304 1.64 (0.85–3.15)

Weight loss 30 140 4.74 (2.53–8.86)a

Night sweats 26 141 3.29 (1.79–6.04)a

Dyspnea 22 258 0.88 (0.48–1.60)

Chest pain 13 135 1.08 (0.55–2.11)
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Malaise is of gradual onset but is likely to demotivate
the patient so that after a few weeks of the disease, they
want to do nothing but rest.

Fever is normally low-grade, rarely rising above
40� C and characteristically low in the morning and peak-
ing at night.

Weight loss is gradual, but if treatment is not started it
may become dramatic over the space of a few months, the
patient going on to lose 50% of body mass or more.

Night sweats may be profuse. ‘‘I thought I had wet the
bed, doctor.’’ They may continue for some months after
treatment has been started.

Breathlessness is a late feature occurring only when a
substantial part, probably more than 20%, of the lung has
been destroyed. In patients with preexisting lung disease,
this symptom may occur earlier. Chest pain is a relatively
common feature. It may be pleuritic in nature if disease is
localized to a lung surface but can also be vague and
difficult for the patient to locate precisely.

All these symptoms may occur in other chest diseases.
It is of interest that the study detailed in Table 1 showed
that only weight loss and night sweats were useful as
distinguishing symptoms from other chest diseases. It
should be emphasized that some or indeed all of these
symptoms may be absent in the tuberculosis patient or
present to different intensities.
Signs

Examination of the patient with pulmonary tuberculosis
is usually unrewarding. The commonest sign is the patient
being underweight, sometimes markedly so. Clinical ane-
mia may be present. When the disease is chronic with
long-standing lung and airway distortion, clubbing of the
fingers may be present. It is remarkable how extensive
radiographic changes may be without abnormal physical
signs present. There may be reduced expansion of one or
both sides of the chest. Dullness to percussion may be
present and the breath sounds may be reduced or even
absent. Crackles may be heard over the affected portion of
lung. Endobronchial tuberculosis can cause pronounced
narrowing of major bronchi so that a fixed monophonic
wheeze may be heard. In chronic disease where an ele-
ment of healing and fibrosis has taken place, there may be
distortion of the upper airway so that tracheal deviation
toward the side that is most affected can be detected.
Amphoric breathing caused by air passing across a large
cavity may be heard. In very extensive disease, the patient
may appear breathless at rest due to pulmonary insuffi-
ciency. If a very large fluid-containing cavity is present, a
succusation splash may be elicited. (The patient is rocked
back and forth while seated upright and then suddenly
stopped from moving. A splashing sound caused by liquid
in the chest continuing to move backward and forward is
heard on auscultation.)

A full examination may reveal signs of tuberculosis at
other sites. Pulmonary and nonpulmonary disease may
coexist, particularly in immunosuppressed patients.

All these signs may be present in other chest diseases
and are therefore not diagnostic on their own.
Investigations

As is the case for any disease, investigation to diagnose
tuberculosis may be nonspecific or specific. The chest
radiograph is an example of a nonspecific investigation.
It may provide a clue toward the diagnosis, but this can
only be confirmed by the specific bacteriological investi-
gations of smear and culture.
Radiographic Changes

No radiographic pattern is diagnostic of tuberculosis.
Some patterns are highly characteristic of tuberculosis but
it should be remembered that the disease can only be
confirmed bacteriologically. The distribution or radiolog-
ical shadowing shows a predilection for the upper lobes
and particularly the posterior segments. Bilateral disease
is common, the shadowing being fluffy or patchy or nod-
ular. Cavitation may be present, which can vary from
multiple small cavities less than 1 cm in diameter to a
single cavity occupying most of a lobe. In severe disease,
the upper parts of the lung may be completely destroyed,
leaving air spaces as infection and shadowing move into
the reaming lower lobes (Figures 1, 2, and 3).

Chronic disease may result in volume loss and fibrosis,
with elevation of the hila and if the disease is predomi-
nantly unilateral in deviation of the trachea and mediasti-
num. Calcification may develop after some time, usually
years, and indicates a degree of healing. The presence of
soft-edged shadows in the region of calcification suggests
reactivation of previously healed disease. The presence of
shadowing does not necessarily indicated active disease.
This can only be shown by bacteriological methods. Inac-
tivity can only be shown by negative sputum cultures and



Figure 1 Characteristic chest X-ray of postprimary

tuberculosis in an adult. The shadowing is in the upper zones and

has a soft, almost fluffy appearance with profuse cavitation
throughout.

Figure 2 Tuberculosis in a child aged 18 months. Primary

disease is present in the right middle lobe and has caused partial
collapse.

Figure 3 Tuberculosis in an HIV-positive adult. There is

nonspecific shadowing throughout the lungs.
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the failure of a particular radiographic lesion to change
with time or treatment.

A normal chest radiograph may be present even in
bacteriologically proven disease. Tuberculosis may pres-
ent with virtually any radiographic pattern so the clini-
cian may miss the diagnosis of tuberculosis if appropriate
specimens are not sent. This is particularly true where the
patient is immunosuppressed, as can occur in AIDS.

Miliary disease can present with innumerable small
lung nodules. This usually occurs as a result of lympho-
hematogenous dissemination.

Other radiographic techniques such as CTscanning do
not add very much to the diagnosis of tuberculosis but can
be useful in establishing or excluding a differential
diagnosis.

In very poorly resourced countries, the chest radio-
graph should only be done after several sputum smears
have been negative on direct smear for acid-fast bacilli
and a course of broad-spectrum antibiotics have failed to
give relief of symptoms.

Primary tuberculosis as distinct from postprimary dis-
ease described above results in a completely different
pattern of radiographic change, characterized by hilar
and paratracheal lymph gland enlargement with or with-
out adjacent lung shadowing. Though this pattern is more
common in children (see ‘Diagnosis in Children’ below),
it may occur in adults, in the UK, particularly in those of
Indian subcontinent ethnic origin.
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Bacteriology

Sputum smear
The unique character of the mycobacteria is that they are
acid fast. Once stained with an aniline dye such as carbol
fuchsin, they resist discoloration with acid and alcohol
and are therefore termed acid- and alcohol-fast bacilli or
AAFB, usually shortened to acid-fast bacilli or AFB. The
fixed smear is then counterstained with methylene blue or
malachite green so that the AFB are seen as red bacilli on
a blue-green background (Figure 4(a)).

This allows the detection of AFB specimens using a
simple staining technique described by Ziehl in 1882 and
modified by Neelsen in 1883. This is now universally
known as the Ziehl-Neelsen (ZN) technique, and despite
being over 100 years old, it remains the major tool in the
rapid diagnosis of tuberculosis.

The one modification of the ZN technique is the use
of a fluorescent stain such as auramine and light from an
ultraviolet source. The advantage of this is that it is less
onerous on the microscopist, although the rate of false-
positives is higher. Slides found positive on fluorescent
staining should be checked by ZN staining. The equipment
needed is also considerably more expensive (Figure 4(b)).

The detection of sputum by direct microscopy means
that there are at least 5000 organisms/ml of sputum and
sometimes up to ten times that number. Such a patient is
considered to be infectious. Fewer than 5000/ml means
that the smear is unlikely to be positive. In the UK, 56% of
patients diagnosed as having pulmonary TB are sputum
smear-negative. These patients are regarded, on the basis
of a number of contact surveys, as noninfectious.

The main role of microscopy is therefore to identify
the truly infectious patient so that the chain of infection
can be halted by treatment. It is accepted that 2–3weeks
of treatment with standard antituberculosis drugs will
render most patients noninfectious.
Figure 4 Staining of sputum by direct smear by two different

techniques. (a) The Ziehl-Neelsen technique. The bacteria
are seen as red rods on a bluish-green background. (b) The

phenol-auramine stain using illuminescence. The bacteria are

seen as bright yellow rods on a dark background. Reproduced
from Fig. 12.4, p. 210; Davies PDO (1998) Clinical Tuberculosis,

2nd edn. Dordrecht: Springer. With kind permission of Springer

Science and Business Media.
Specimens

Ideally, at least three sputum collections on successive
days should be provided. A single specimen will miss
approximately 25% of microscopically positive and
approximately 50% of culture-positive cases. If sputum
is not available, other means of obtaining a sample should
be attempted. In children, this is best achieved by gastric
aspiration. A nasogastric tube should be put in place
overnight and the gastric contents aspirated as the child
wakes in the morning. If the child is mature enough to
obey instructions, he should be asked to cough and swal-
low for 10min before aspiration.

In the adult, induction of sputum should be attempted
using nebulized twice-normal saline for 10min.

Alternatively, bronchoalveolar lavage using a fiberoptic
bronchoscope, which enables specific site sampling, can
be used. Care must be taken to ensure the bronchoscope is
properly disinfected between cases, since false-positives
on smear can occur because of contamination with
environmental mycobacteria. Mycobacterium chelonei is the
organism most likely to be involved.

Specimens from nonpulmonary sites will include aspi-
ration of pleural fluid, pus from any abscess, and cerebro-
spinal fluid (CSF) for suspected meningitis. If possible,
tissues from a site should be sent for culture.
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To detect genitourinary disease, 50ml of early morning
urine specimen should be examined on successive days.

With the advent of HIV infection leading to AIDS, due
to dissemination of infection, mycobacteria may be
obtained from other specimens such as feces, blood, or
bowel biopsies.
Culture

The isolation of M. tuberculosis in pure culture provides a
definitive diagnosis. However, this is achieved in only
approximately 80% of reported cases, even in developed
countries, and the diagnosis then has to be made on the
clinical and/or radiological features, sometimes with his-
tological evidence (see below).

In the UK, the most commonly used medium for the
isolation of tubercle bacilli is Lowenstein-Jensen (LJ).
This is a simple egg-based medium that has undergone
few modifications since its original description in the
1930s. From a sputum specimen positive by direct micros-
copy, LJ will show growth within 2–3weeks at 37 �C. The
colonies are rough and beige to brown in color and show
up well on the green background, because of the pres-
ence of malachite green. Smear-negative sputa and speci-
mens from nonpulmonary sites may not give growth for
6–8weeks.

Some laboratories use a liquid medium such as Kirch-
ner, to which an antibiotic mixture can be added to help
suppress the growth of other bacteria, but since it is a
liquid reporting is more difficult because the liquid has to
be centrifuged and ZN staining of the deposit then
undertaken.

Other methods used include the BBL-Septi-Chek
AFT system and the BACTEC460 radiometric system.
Both of these use Middlebrook 7H9 broth. In the BAC-
TEC system, the broth incorporates a [14C]-labeled
substrate, producing [14C]-labeled CO2, which is auto-
matically monitored in the head space gas by the machine.
Molecular Diagnostic Techniques

The advent of molecular technology has led to the devel-
opment and implementation of tests that are both rapid and
sensitive for the detection and identification of mycobac-
teria. They can be used in several ways: For the detection of
mycobacteria, the specific detection of the M. tuberculosis

complex, the differentiation of the M. tuberculosis complex,
and the detection of drug resistance.

Molecular detection methods use some common steps,
starting with the amplification of nucleic acid sequences.
The best known and the most widely employed is the
polymerase chain reaction (PCR). Other techniques
include transcription-mediated amplification (Amplified
PTC-2, Gen-probe, San Diego, CA, USA), strand
displacement amplification (Probe-Tec ET, Becton
Dickenson, Franklin Lakes, NJ, USA), and the QB repli-
case Galileo system (Gene-Trak/Vysis, IL, USA). These
alternative techniques have shown comparable perfor-
mance to PCR. Detection systems can be colormetric,
such as in the line probe assay, or LiPA (Innogenetics,
Zwijndrecht, Belgium) and Amplicor TB (Roche
Diagnostics, Indianapolis, IN, USA) or through chemilu-
minescent or fluorescent tagging of probes.

A major problem for these molecular techniques is
cost. While it is relatively easy to scale up production of
kits of molecular detection methods, once they have been
developed, their execution requires skilled laboratory
personnel, the concurrent performance of multiple con-
trols, several dedicated laboratory areas, and the use of
relatively expensive consumable reagents. All of these
factors make the costs prohibitive for laboratories in
developing nations. Furthermore, in developing nations,
where perhaps 95% of mycobacterial disease is due to the
MTB complex, the use of molecular techniques to differ-
entiate mycobacteria other than tuberculosis (MOTT) is
of little benefit as the incidence of these infections is
relatively rare.
Performance

The performance of molecular techniques in routine
clinical use is hard to determine. While tests are being
evaluated, they are performed by expert technicians in
ideal conditions. Often, when these techniques are trans-
lated inappropriately to ill-equipped laboratories, perfor-
mance will markedly decrease and contamination will
generate many false-positive results. Without appropriate
rigorous quality control, this may go undetected. The lack
of a perfect gold standard for evaluation further compli-
cates the issue. Discrepancies between culture data and
molecular data are re-evaluated with reference to pre-
sumptive clinical diagnosis; however, where agreement is
found the flawed gold standard is taken to be correct and
to validate the result.

Similarly, the sensitivity of such tests is hard to deter-
mine. It is sometimes claimed that sensitivity will be theo-
retically as low as one bacillus, or genome equivalent;
however, this is not generally borne out by experimental
data. It is likely that organisms will be lost during sample
preparation and, in the particular case of mycobacteria,
clumping leads to uneven distribution of bacteria through-
out the sample, so that duplicate tests often give discrepant
results, which can be hard to interpret. The presence of
inhibitors, such as drug metabolites or hemoglobin in the
sample, can further reduce the sensitivity of the tests on
individual samples. The expense of commercially available
molecular diagnostic kits has led many laboratories to
develop their own in-house assays, which, when suitably
controlled, have similar sensitivity and specificity to those
of commercial systems.
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Limitations

While molecular diagnostic tests provide rapid results,
they have several drawbacks. They cannot replace
conventional culture techniques and must be used in
conjunction with culture to ensure optimal isolation
rates and to establish archive cultures for further studies.
Multiple negative, positive, and inhibition controls must
be performed with each assay, to assure quality and reli-
ability, elevating costs and the time required. Tests should
only be carried out by staff with an adequate level of
training and skill in molecular testing. Due to the high
cost of these tests in routine use, samples should be
prioritized rather than tested universally.
Serological Testing

A wide variety of serological tests have been used in an
attempt to diagnose tuberculosis. All have lacked neces-
sary sensitivity and specificity because of the diversity of
the antigenic determinant of the tubercle bacillus and
exposure to environmental mycobacteria that share anti-
gens with the tubercle bacillus. These methods have never
progressed beyond the research stage and have been over-
taken by more accurate molecular methods (see the sec-
tion titled ‘Molecular diagnostic techniques’).
Table 2 Categories of disease that may commonly be
mistaken as being caused by tuberculosis within the developed

world

Other pulmonary infections
. Cavitation-causing bacteria

Staphylococcus

Klebsiella
. Other bacterial infections

Melioidosis (in tropical latitudes)
. Other bacterial infections in HIV-positive patients

Pneumocystis carinii
Cytomegalovirus

Kaposi’s sarcoma
. Other mycobacterial infections

Mycobacterium avium-intracellulare complex
M. malmoense

M. kansasii

M. xenopi

M. chelonei
. Viral pneumonia

Parasitic diseases
. Hydatid cysts
Malignancy
. Bronchogenic carcinoma (squamous cell can cause cavitation)
. Alveolar cell carcinoma
. Lymphoma
. Leukemia

Vasculitides
. Wegner’s granuloma

Pulmonary infarction
Sarcoidosis
Interferon Gamma Release Assays

For nearly a century, the tuberculin skin test was the only
tool available for the detection of latent tuberculosis
infection. The last decade has seen the emergence of
interferon-gamma release assays (IGRAs) for the diagno-
sis of tuberculosis infection in clinical practice. Two
assays are currently commercially available, the Quanti-
feron-TB Gold and the ELISPOT assay. These tests
involve the incubation of whole blood (Quantiferon) or
peripheral blood mononuclear cells (ELISPOT) with
antigens that are specific to Mycobacterium tuberculosis and
quantifying the synthesis of interferon gamma by T cells
to diagnose tuberculosis infection. Current evidence sug-
gests interferon-gamma release assays have higher speci-
ficity than the tuberculin skin test, better correlation with
surrogate markers of exposure toMycobacterium tuberculosis

in low-incidence settings, and less cross-reactivity as a
result of BCG vaccination compared with the tuberculin
skin test (Pai et al., 2007). While these tests have been
investigated predominantly for the diagnosis of latent
tuberculosis infection, recent evidence suggests that the
tuberculin skin test and Quantiferon-TB Gold have simi-
lar sensitivity in persons with culture-confirmed infec-
tion. However, as with the tuberculin skin test, negative
IGRA results do not exclude the diagnosis of tuberculosis
(Mazurek et al., 2007). Furthermore, the sensitivity and
specificity of these assays are unclear in children and in
patients with HIV infection.
Differential Diagnosis

The differential diagnosis of tuberculosis depends very
much on the geographical area of origin and the ethnic
origin of the patient. Table 2 lists the categories of the
disease that may commonly be mistaken as being caused
by tuberculosis within the developed world.
Investigation of Alternative Diagnoses

The isolation of M. tuberculosis confirms the diagnosis of
tuberculosis. Where this has not been done, an element of
doubt over the diagnosis remains.

First, have adequate specimens for bacteriology been
obtained? If the patient is unable to produce sputum, using
nebulized inhaled twice-normal saline may be used to
carry out sputum induction. It is important that these
procedures be carried out in an appropriate isolation
chamber to ensure that cross-infection does not occur.

Bronchoscopy with lavage may also be used to obtain
specimens. This procedure provides a means of directly
visualizing the bronchial tree to exclude the presence of
centrally located tumors. Bronchoscopy also provides a
means of biopsy either directly or transbronchially using
radiographic imaging. Histological examination of such
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biopsies is important in establishing a differential diagno-
sis such as malignancy.

Because of the increased risk of tuberculosis in HIV-
infected individuals, HIV testing should be considered for
any patient with disease.

If the diagnosis is suspected on a plain chest film,
further radiographic imaging may help establish an
alternative diagnosis. A lateral film can be helpful. The
radiographic lesion caused by tuberculosis is characteris-
tically posterior in its location in the upper or lower lobes.
CT scanning can be helpful in establishing the exact site
of a lesion and can be used for any site in the body.
Magnetic resonance imaging is helpful in identifying
lesions in solid tissue such as muscle or bone. Some
form of direct imaging should be carried out if operative
intervention to obtain tissue for diagnosis is being consid-
ered. Aspiration fluid such as pus from an abscess or
pleural fluid should be carried out if present for bacteri-
ology. The adenosine deaminase (ADA) concentration is
usually raised in the latter. Lymph node disease can be
established using fine needle aspiration.

Biopsy specimens should be sent for bacteriological
culture as well as histology.

Serological testing often helps to diagnose Wegner’s
granulomatosis when the antinuclear cytoplasmic anti-
body (ANCA) may be raised. The serum angiotensin
converting enzyme (ACE) may be high in sarcoidosis.
Diagnosis in Children

The diagnosis in children is usually more difficult than in
adults. The reason for this is that primary disease, which
children usually suffer from, is paucibacillary, that is has
relatively few bacilli, making bacteriological diagnosis
problematic. Primary infection in the lung is the initial
focus of inflammation in the alveolus and the proximal
enlargement of the lymph glands draining the site.

In developing countries, approximately half of all chil-
dren are diagnosed by screening the contacts of an adult
patient with infectious disease. They are usually therefore
asymptomatic when the diagnosis is made.
Presentation

A history of tuberculosis contact is therefore the single
most important fact in diagnosing tuberculosis in children.
They may present with symptoms of upper respiratory
tract infection with cough, coryza, and malaise. A chest
radiograph may show the features of primary tuberculosis
with a small peripheral opacity at the site of initial infec-
tion (Gohn focus) and enlargement of the hilar and para-
tracheal glands on the same side of the chest (Figure 3).

Enlargement of the lymph glands surrounding a
main bronchus or endobronchial tuberculosis may cause
complete obstruction of a main bronchus with resulting
collapse of the peripheral lung, causing an apparent sub-
lobar or lobar pneumonia. Sometimes, only partial
obstruction occurs so that air is drawn into the lung but
not blown out, with resulting inflation of the affected lobe
and even shifting away of the mediastinum.
Bacteriology

Bacteriological confirmation of disease in children, par-
ticularly under the age of 4 years, is the exception rather
than the rule. Bacteriological specimens are best obtained
by gastric aspiration. A nasogastric tube should be passed
the night before and then the first aspirate after waking
sent for bacteriology. If possible, the child should be
induced to cough a few times before the aspiration is
drawn off. Results from bronchoscopy are no more likely
to be positive than from gastric aspiration.
Distinguishing Features

In a paper comparing children with confirmed TB with
those who did not have TB but some other respiratory
infection, only the history of household contact was found
to be a distinguishing feature. The same study found no
specific clinical feature such as weight loss, respiratory
signs, or organomegaly helped to distinguish tuberculosis
from a chest infection due to another cause. From radiog-
raphy, only hilar gland or hilar and paratracheal gland
enlargement were helpful distinguishing features.

The tuberculin test was significantly positive in only
41% of the children with confirmed tuberculosis. This
compared with no children with a positive test among
those not thought to have tuberculosis.

A number of authors have set up a scoring system for
diagnosing tuberculosis in children. One such system div-
ides the potential population in countries of low prevalence
and high prevalence. A history of contact and a positive
tuberculin test scores higher in the low-prevalence country
score because children of a high-prevalence country are
more likely to encounter infection in the community in
which they live, outside of their own homes.

It should be said that these scoring systems have not
yet been subjected to rigorous trials.

A recent study from Spain, which unfortunately did
not include controls without tuberculosis, showed a
49.1% bacteriologically positive yield. This study
included patients up to the age of 18. Bacteriological
confirmation was higher in the older age group.
The Tuberculin Test

The tuberculin test is a test that detects previous infection
with M. tuberculosis. It entails the injection of purified
protein derivative (PPD) of M. tuberculosis into the skin.
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This can be done either with a single injection (the
Mantoux test) or using a six-pronged, spring-loaded gun
(the Heaf test). The efficacy of the test depends on the
body’s ability to mount a type IV hypersensitivity to the
injected protein when previously infected with M. tuber-

culosis. Different countries use different strengths of PPD
and use different cut-off points to define a positive test. In
the UK, the standard test uses 10 units of PPD (0.1ml of
100 units/ml) for the Mantoux test, which is read 48–72 h
after injection. A size of induration greater than 14mm in
diameter indicates infection. For the Heaf test, undiluted
solution containing 100 000 International Units of PPD is
smeared onto the skin and the spring gun caused to inject
into the skin through the solution.

Interpretation of the test may be difficult. It is a test of
infection, not necessarily disease. In the UK, 25% of the
population over the age of 60 may be expected to have
a positive test from infection incurred earlier in life. In
the very elderly, positivity may wane due to decline in the
efficacy of the immune system. The test may be rendered
weakly positive by previous BCG vaccination or by infec-
tion with environmental mycobacteria. In severe disease,
the tuberculin test may be negative. As a rule, it is a useful
diagnostic test when positive in the young.
Diagnosis of Nonrespiratory Disease

Central Nervous System Tuberculosis

Presentation
Onset is usually insidious, with fever, malaise, weight loss,
headache, double vision, altered consciousness, and menin-
gism. Cranial neuropathies resulting in double vision and
facial weakness may occur in isolation. In infants, there may
be failure to thrive and bulging of the fontanelles. Focal
neurological signs such as weakness of one side or one limb
or the upper or lower limbs together may occur.

Differential diagnosis

Tuberculosis meningitis must be distinguished from other
bacterial and viral meningitis. In HIV-positive patients,
fungal or cryptococcal meningitis occurs in 5–10% of
patients.

Investigation

The majority of cases of tuberculous meningitis occur in
the developing world where resources in confirming the
diagnosis are poor. Examination of the central spinal fluid
(CSF) by a lumbar puncture is the cornerstone of investiga-
tions. Characteristically, there arewhite cells present, which
are predominantly lymphocytes. The CSF protein concen-
tration is usually raised (>500mg/l) and glucose lowered,
less than 60% of the blood sugar. Smear microscopy may
be negative in up to three-quarters of patients and cultures
negative in up to half. A great proportion of tuberculous
meningitis cases are therefore not proven bacteriologically.
The tuberculin test may be negative, because the ability
to mount the immune reaction for the skin test may be
compromised by the severity of the disease.

Superficial Tuberculous Lymphadenitis

This is the commonest form of extrapulmonary tubercu-
losis in both HIV-negative and HIV-positive individuals.
The patient usually complains of swelling of the neck, in
the submandibular or supraclavicular glands (beneath the
jaw and above the collarbone). Glands in the axillae or the
inguinal region (armpit or groin) may rarely be involved.
Swelling is usually slow and painless, but they may be
tender on palpation. The diagnosis is made by aspiration
or biopsy.

If occurring in children, environmental mycobacteria
rather than the tubercle bacillus is the usual cause in
developed countries. In HIV-infected patients, the burden
of bacteria may be so great that smear will show loads of
bacteria. Smear results in the HIV-negative patient are
usually negative.

Bone and Joint Tuberculosis

Half of all bone and joint tuberculosis affects the spine.
The next most commonly affected areas are the other
large weightbearing joints. Other sites that may be
involved include the elbow, shoulder, wrist, hand, and
fingers. Nonarticular parts of the skeleton such as the
ribs, scapula, or skull may be affected. As with other
nonrespiratory sites, bone and joint disease is seen much
more frequently in patients of Asian ethnic origin and
HIV-infected patients.

The radiological features are often very characteristic.
In vertebral disease, there is destruction of the disc with
narrowing of the disc space. This is followed by destruc-
tion and collapse of the adjacent vertebral bodies starting
anteriorly. The result is a collapse and forward flexion of
the spine at the site of disease, with the typical deformity
of Pott’s disease of the spine. In severe cases, the vertebral
column may become unstable, with resultant crushing of
the spinal column and paraplegia below the lesion.

In peripheral joint tuberculosis, the commonest radio-
graphic abnormalities are bony erosions and destructive
changes and joint space narrowing.

The diagnosis is based on the radiographic changes.
Where possible, specimens should be obtained for
bacteriology.

Gastrointestinal Tract and Peritoneal
Tuberculosis

Tuberculosis should be considered in any patient with
fever and abdominal symptoms, particularly if they are
from a developing country or are HIV-infected. The most
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common symptom complex is malaise, abdominal pain,
fever, and weight loss. Constipation is more common than
diarrhea. Disease may present as an acute pain, and fever
is more commonly slow and insidious at onset.

Infection may disseminate to the peritoneal cavity with
fluid in the cavity (ascites) with distention.

Ascetic fluid may be aspirated for bacteriology. The
diagnosis may be made at laparotomy, where white dots
(tubercles) can be seen studded throughout the abdominal
contents. The unsuspecting surgeon may confuse the
appearance with secondary carcinoma, but histological
specimens and bacteriology will show tuberculosis. High
levels of ADA may be found in the fluid. Radiography
such as plain abdominal film, barium meal and follow-
through, enema, and CTscanning may lead to a suspicion
of tuberculosis but are nonspecific. Bulky mesenteric or
retroperitoneal lymph nodes may be seen and be mistaken
for lymphoma or carcinoma.
Genitourinary Disease

Urinary tract disease characteristically presents with pain
on passing urine, blood in the urine, and loin and abdom-
inal pain. Constitutional symptoms such as fever, weight
loss, malaise, and night sweats are unusual. Any part from
the kidney to the urethra may be affected.

In the male, the most common sites affected are the
epididymis and the prostate gland. Presentation is usually
with pain and swelling. The commonest presentation in
the female is infertility followed by pelvic pain, excessive
menstrual loss, amenorrhea, and vaginal discharge.

Diagnosis may be suspected by radiographic (an intra-
venous urogram) or CT investigation. This characteristi-
cally shows dilatation of the renal pelvis with ureteric
stricture. Calcification within the renal pelvis and in
other extrarenal sites may be seen in chronic disease.
Culture of M. tuberculosis is the key to diagnosis. Early
morning urine specimens should be taken for culture on
at least three consecutive days. A positive smear is unusual.
The diagnosis may be made histologically from a surgical
specimen if tuberculosis is not suspected (see below).
Pericardial Tuberculosis

This usually occurs in young adults and presents insidi-
ously as fever, night sweats, malaise, weight loss, subster-
nal pain, fast heart rate, cough, and a pericardial friction
rub. If there is a pericardial effusion with tamponade,
there may be breathlessness, reduced blood pressure, a
raised jugular venous pressure, an enlarged liver, and
peripheral edema. The chest X-ray may show an enlarged
cardiac shadow with pleural effusions. In chronic con-
strictive pericarditis, calcification of the pericardium
may be seen on X-ray. Pulmonary tuberculosis may also
be seen.
An echocardiogram may show the presence of an effu-
sion or thickening of the pericardium. Adenosine deami-
nase (ADA) may be raised in the pericardial fluid.
Diagnosis is confirmed by identifying M. tuberculosis.
This is unusual from the fluid, but a positive result is
more likely from a pericardial biopsy.
Tuberculosis of the Skin

Cutaneous tuberculosis is rare but is re-emerging where
HIV infection is prevalent. A primary cutaneous skin
complex may occur by direct inoculation of tubercle
bacilli into the skin by trauma. The commonest form of
secondary cutaneous tuberculosis is lupus vulgaris in
which dull, reddish, thickened lesions appear on the
head, face, and limbs. It is slowly progressive and may
take many years to diagnose. The diagnosis may be made
by histology but is always only confirmed by bacteriology.
Ethnic minority groups

Because nonrespiratory tuberculosis is so much more
common in ethnic minority persons, tuberculosis should
be considered if any symptoms or signs persist for more
than 6weeks, for example, backache or a swelling, in such
an individual.
Histological features

The basic inflammatory response to infection byM. tuber-

culosis is the granuloma. This consists of a chronic, com-
pact collection of activated macrophages, the principal
bacteria-engulfing cells in the blood, which are termed
epithelioid cells once positioned in the granuloma. Some
of these fuse together to form multinucleated giant cells.
In time, many granulomas may fuse together. The central
part may then break down to form a cheese-like material,
so-called caseous necrosis. The histological appearance is
virtually diagnostic of mycobacterial infection. Granu-
loma formation without caseation may be caused by a
number of diseases including sarcoidosis, leukemia, and
a foreign body. A positive histological finding may be
present in any organ system.
Diagnosis in HIV-infected individuals

The diagnosis may frequently be missed in HIV-infected
individuals because the infection can substantially alter
the way tuberculosis affects the patient and therefore the
presentation can vary.

The patient is likely to be very much more ill and
prostration may occur. The tuberculin test is often negative.

The presence of lung cavitation is less frequent in the
HIV-infected tuberculosis patient so that the concentra-
tion of bacteria in expectorated sputum is not as great. The
result is that the diagnosis based on sputum smear positiv-
ity is not so easilymade. This is particularly problematic as
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HIV-positive tuberculosis is commonest in the poorest
countries of Africa, where more expensive methods of
diagnosis such as culture are not routinely available.

The radiographic pattern of disease in HIV may not
show the characteristic upper zone shadowing and cavita-
tion. There may be generalized shadowing throughout the
lung fields or predominantly lower-zone shadowing. As a
general rule, the lower the patient’s CD4 count, the less
characteristic the pattern is likely to be.

Nonpulmonary sites, particularly meningeal disease
and disseminated disease, are more likely, particularly as
CD4 counts fall. Bacterial counts within tissue are very
much higher than in HIV-negative disease, and a smear of
a tissue biopsy may show ZN-fast organisms in profusion.
Also, bacteriological examination of blood and feces is
more likely to be positive than in the HIV-negative
patient.

Diagnosis in resource-poor settings

In very poor countries, the expense of chest radiography
in the diagnosis of tuberculosis should be avoided if
possible. A patient with symptoms of tuberculosis, partic-
ularly if they have had a cough for more than 3weeks,
should provide up to three specimens of sputum. If these
are negative, the patient should be treated with a broad-
spectrum antibiotic for 2weeks. If symptoms persist, spu-
tum specimens should again be sent for AAFB smear.
Only if all the sputum samples are negative should a
chest radiograph be done to establish a possible diagnosis.
Conclusions

Tuberculosis is a disease caused by M. tuberculosis, which
can affect any organ in the body but most commonly
affects the lungs.

The diagnosis of tuberculosis is made first on the basis
of symptoms, which is what the patient complains of. In
pulmonary disease, these are most commonly cough,
weight loss, malaise, night sweats, and less commonly,
chest pain and breathlessness. Secondly, the diagnosis is
made by the signs, which the health professional elicits, on
examination of the patient. These may be relatively few
but include fever, evidence of weight loss, and in advanced
disease, alteration in breath sounds characteristic of pneu-
monia, usually in the upper lobes. Thirdly, the diagnosis is
made on the basis of investigations, which may be specific
or nonspecific. The chest radiograph is an example of a
nonspecific investigation, which may lead to a suspicion of
tuberculosis but cannot prove the presence of the disease.
Only the isolation of M. tuberculosis complex from a sam-
ple from the patient, usually sputum, can confirm the
presence of tuberculosis.

See also: HIV/AIDS and TB; Tuberculosis Epidemiology;

Tuberculosis: Overview; Tuberculosis Prevention.
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Introduction

Tuberculosis has killed more persons in the history of the
world than any other infectious disease and is currently
the second most common infectious disease killer, claim-
ing 1.6million deaths per year (nearly 4400 per day)
(World Health Organization, 2007). It is estimated that
in the past two centuries, TB has accounted for approxi-
mately one billion deaths (Ryan, 1992). The discovery
of deformities consistent with tuberculosis disease in ske-
letons suggest that the disease was common in Egypt
at least 4000 years ago (Nerlich et al., 1997). In 500BC,
Hippocrates described patients with ‘consumptive disease,’
a classic description that endures to this day, characterized
by coughing bloody sputum, chest pain, and wasting. At the
time, of course, there was no effective treatment and patients
essentially withered away, consumed by their disease.

Tuberculosis grew in prevalence in Europe during the
seventeenth century, as the growing population moved
into larger cities, with concomitant crowded living condi-
tions and poor sanitation and ventilation. By the first half
of the nineteenth century, TB was responsible for one-
quarter of all deaths on the continent as a result of indus-
trialization and concentrated urban misery. As housing
conditions improved toward the end of the nineteenth
century, tuberculosis rates began to decline. However, as
colonialism took Europeans to Africa and Asia, the disease
accompanied the industrialization and urbanization pro-
cesses in these regions. In India and China, TB rates
reached epidemic levels at the turn of the twentieth cen-
tury, though low population density limited the spread of
TB in most of Africa. European immigration to the New
World accompaniedwith early industrialization in Eastern
urban centers brought high TB rates similar to the main-
land European continent.Mortality rates similarly reflected
epidemic proportions, with up to 600 deaths per 100 000
people (Stead et al., 1995).

TB declined in the industrialized world starting in the
late nineteenth century aided by improvements in labor
and housing conditions, and public health practices such as
the advent of the Bacille Calmette–Guérin vaccine. It was
not until widespread European immigration to South and
sub-Saharan Africa at the turn of the twentieth century
that TB became widespread there. The story was similar
among the indigenous populations of what is now Alaska
and Greenland, where TB took hold and ravaged the local
population (with rates above 1000/100 000 persons)
(Stead et al., 1995). In areas such as Indonesia and South
East Asia, TB was introduced in the early twentieth cen-
tury. It was not until the 1940s and the use of antibiotics –
especially streptomycin and isoniazid – that the TB death
rate began a steeper decline in Europe and North America
(although the rate of decline in incidence did not change
throughout that time). TB incidence rates in Western
Europe and North America declined consistently through
the twentieth century. In the late 1980s, however, a conflu-
ence of factors led to a reversal in the incidence rate in the
United States (especially in New York City) (Frieden et al.,
1995). This reversal was primarily due to the defunding of
tuberculosis control programs, combined with a rise in
HIV infection rates and outbreaks of multidrug-resistant
tuberculosis (Binkin et al., 1999). Increasing economic
inequality in the United States, with poverty, homeless-
ness in urban settings, immigration from high-burden
countries, and crowded housing also converged to cause
a resurgence of TB.

A century ago, TB ravaged affluent and poor societies
alike, although not equally. Today, however, rates of TB
are telling indicators of a country’s wealth or poverty
status and particularly of resource disparities within soci-
eties. Therefore tuberculosis, and the distribution of drug-
resistant TB, is not only a matter of the transmission of
TB infection, it is also a reflection of global resource
distribution (Kim et al., 2005). In much of sub-Saharan
Africa where there are few resources, TB rates are highest.
In countries where TB therapy was available but improp-
erly prescribed, or where there were frequent drug
shortages, rates of multidrug-resistant TB have risen. In
areas where TB programs were defunded and political
support for TB control waned, there were both increases
in TB and multidrug-resistant TB. Understanding social
inequalities is therefore central to understanding the per-
sistence and re-emergence of TB. The unprecedented
scale of the current TB epidemic and the human rights
aspects of the problem demand effective and urgent action.
The next section summarizes the epidemiology of the
current TB epidemic in terms of morbidity, mortality,
and economic burden.
Burden of TB Morbidity and Mortality

Case Notifications

Currently, approximately one-third of the world’s popu-
lation is infected with TB (World Health Organization,
2007). Among the 8.8million estimated new cases, and
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1.6 million estimated deaths, more than 95% are thought
to occur in developing countries. This enormous disparity
and imbalance of disease burden is due to the underfund-
ing of public health services, the spread of HIV, and the
emergence of drug-resistant tuberculosis. If tuberculosis
control is not strengthened through improvements in both
social conditions and health services, estimates are that
approximately one billion people will be newly infected
with the mycobacterium that causes TB, over 150million
people will develop TB disease, and 36million people
will die of TB between 2000 and 2020 (World Health
Organization, 2002).

It is impossible to know the true incidence of TB,
given that we do not know how many cases go undetected,
which makes aggregate case notification data from coun-
tries very important. Case notification data reflect health
service coverage and the efficiency of TB case-finding
and reporting activities of a country’s programs. In coun-
tries with effective TB control programs, case notifica-
tions can closely approximate the true incidence. Often,
poor program performance results in underdetection and
underreporting of cases. Therefore in most of the devel-
oping world notifications represent only a fraction of the
true incident cases as large sectors of the population have
no access to effective treatment. Despite limitations, case
notifications under stable program conditions in most
countries provide useful data on the trend of TB inci-
dence and rates stratified by age, sex, and some risk char-
acteristics. The World Health Organization uses case
notifications and modeling methods to estimate the global
TB disease burden.

In 2005, 199 countries (99.9% of the world’s popula-
tion) reported 5.1million TB cases to WHO, of which
2.4million of these were new sputum smear-positive
cases. Of this total, 35% of these cases were diagnosed
in the Southeast Asia region, 25% in the Western Pacific
region, 23% in the African region, 4% in the American
region, 5% in the Eastern Mediterranean region, and 7%
in the European region (World Health Organization,
2007). Figure 1 shows the TB notification rates from
2005. A total of 26.5million new and relapse cases were
notified by DOTS programs between 1995 and 2005. Case
notifications have been steadily falling for at least the last
two decades in Southeast Asia and Western Pacific
regions, in Western and Central Europe, and North and
Latin America. Case reports have been increasing in
Eastern Europe (the former Soviet Union) since 1990,
and in sub-Saharan Africa since the mid-1980s, although
the rate of increase has slowed in the past few years (Dye,
2006). The resurgence of TB in Eastern Europe is due to
economic decline, poor TB control, and a poor general
health infrastructure. The elevated incidence of drug
resistance in this region (sometimes over 10% of new
cases have multidrug-resistant TB) is probably a bypro-
duct of these forces and not a cause.
Estimated Incidence and Mortality

Global estimates of TB incidence are based on multiple
inputs, including case notifications, such as population-
based surveys of TB prevalence, vital registration data,
and independent assessments of surveillance system qual-
ity (Dye, 2006). In 2007, WHO estimated that prevalence
and death rates of TB had been falling for several years,
peaking sometime between 2000 and 2005. By 2005 the
incidence rate was stable or in decline in all six WHO
regions, a measure of the success of global DOTS pro-
grams. However, WHO also estimated that the global
incidence (absolute number of new cases per year) of
TB is growing at roughly 1% per year, due to the growing
caseload in sub-Saharan Africa and countries of the for-
mer Soviet Union (Eastern Europe and Central Asia), and
population growth (World Health Organization, 2007).

Worldwide, there were an estimated 8.8million new
cases of TB in 2005, with 3.9million cases thought to be
infectious (World Health Organization, 2007). The inci-
dence and mortality rates vary widely by WHO region
(Table 1). Developing countries show the brunt of the
epidemic, precisely the places with fewer resources to
combat the problem. It is estimated that 95% of the world’s
cases and 98% of the TB deaths occur in the developing
world (Raviglione and Uplekar, 2006). Figure 2 shows
the estimated numbers of newTB cases charted by country.
In 2005, almost 3million new cases were diagnosed in
South and Southeast Asia, which accounted for one-third
of all cases worldwide. Nearly half of the world’s cases that
arise every year occur in Asia. While there were fewer cases
in Africa (2.5million), the incidence per capita is nearly
twice that of Asia, with 343 cases per 100 000 population.
Similarly, most deaths from TB occurred in Asia (807 000),
but the highest mortality per capita was in Africa (74 per
100 000).

Twenty-two countries are labeled as high-burden
countries and account for 80% of the world’s case bur-
den. The five countries with the highest burden of TB
were India (1.8million cases), China (1.3 million cases),
Indonesia (533 000 cases), Nigeria (372 000 cases), and
Bangladesh (322 000 cases). The American (North and
South) and European regions (WHO designation) account
for 9% of the world’s total TB burden. However, in North
America and many European countries, more than 50% of
the TB cases reported are among persons who were not
born in those countries (foreign born). Among the
15 countries with the highest estimated TB incidence
rates, 12 are in Africa. This is largely explained by the
relatively high rates of HIV infection. Swaziland, Djibouti,
Namibia, Lesotho, Botswana, Kenya, Zimbabwe, Zambia,
and South Africa all have estimated incidence rates above
600 per 100 000 (World Health Organization, 2007).

In most locales, men have greater incidence rates of TB
than women, although in many of these places women are



The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health 
Organization concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.

Dotted lines on maps represent approximate border lines for which there may not yet be full agreement.
© WHO 2006. All rights reserved 

No report

0–24

25–49

50–99

100 or more

Notified TB cases (new and
relapse) per 100 000 population

Figure 1 Tuberculosis notification rates, 2005. From World Health Organization (2007) Global Tuberculosis Control: Surveillance, Planning, Financing. Geneva: World Health

Organization.

3
8
4

T
u
b
e
rc

u
lo
s
is

E
p
id
e
m
io
lo
g
y



Table 1 Summary of tuberculosis estimates by WHO region, 2005

WHO region AFR AMR EMR EUR SEAR WPR Global

Population in millions 738 890 541 882 1656 1752 6461
New cases of TB disease, all forms

Number of incident cases (thousands) 2529 352 565 445 2993 1927 8811

Incidence rate (per 100000) 343 39 104 50 181 110 136

HIV prevalence in new adult cases (%) 37 5.5 2.8 3.6 3.5 1.2 12
Attributable to HIV (thousands) 506 11 9.8 10.0 56 14 656

Attributable to HIV (%) 31 5.0 2.5 3.3 2.9 1.1 11

New sputum smear-positive cases of TB

Number of incident cases (thousands) 1088 157 253 199 1339 866 3902
Prevalence rate SSþTB (per 100000) 511 50 163 60 290 206 217

% Of incident cases HIVþ 28 7.9 2.1 4.6 3.9 1.0 11

Deaths from TB disease
Deaths from TB (thousands) 544 49 112 66 512 295 1577

Deaths from TB (per 100 000) 74 5.5 21 7.4 31 17 24

Deaths from TB in HIVþ adults (thousands) 208 3.7 4.8 3.0 26 5.5 251

% Of adult AIDS deaths due to TB 15 5.4 20 13 7.6 14 13
TB deaths attributable to HIV (%) 34 6.5 3.2 3.9 3.8 1.4 13

AFR, Africa; AMR, Americas; EMR, Eastern Mediterranean; EUR, Europe; SEAR, Southeast Asia; WPR, Western Pacific; TB, tubercu-

losis; SSþ, sputum smear-positive, HIVþ, HIV-positive; adult, 15–49 years old.

WHOAfrican Region comprises sub-Saharan Africa and Algeria. The remaining North African countries are included in theWHOEastern
Mediterranean Region.

Data from World Health Organization (2007) Global Tuberculosis Control: Surveillance, Planning, Financing. Geneva: World Health

Organization; Corbett EL, Watt CJ, Walker N, et al. (2003) The growing burden of tuberculosis: Global trends and interactions with the

HIV epidemic. Archives of Internal Medicine 163: 1009–1021.
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more likely to have poor access to health facilities and
diagnostic services. The observed difference in incidence
between men and women is due to an observed epidemio-
logic difference in exposure to infection (in the workplace,
poor housing conditions, other congregate settings) and
susceptibility to development of disease. Where the trans-
mission of the TB bacillus is stable or increasing, the
incidence rate is highest in young adults as most cases
result from recent infection or reinfection. As transmission
falls, the caseload shifts to older adults, as a higher propor-
tion of cases can be attributable to reactivation of latent
infection (Dye, 2006). In the established market economies
where rates of TB are low, indigenous persons with TB
tend to be older. Immigrants in these countries from high
incidence areas tend to be younger, although this depends
on the maturity of the epidemic in the host country.

The ongoing global TB epidemic is of great concern
for many reasons: (1) increasing global social and eco-
nomic inequality, with a widening income gap between
the rich and poor in various countries; (2) historical
neglect of TB control programs; (3) changing global
demographics (increasing world population and age
structure); (4) worsening drug resistance in many areas;
and (5) impact of the HIV pandemic (Maher et al., 2006).
TB/HIV

One of the primary causes of the resurgence in TB world-
wide is the increase in HIV infection, even in rural areas.
Among the 1.6million estimated annual deaths, 195 000
are estimated to also be infected with HIV (World Health
Organization, 2007). HIV is the strongest risk factor for
persons infected with Mycobacterium tuberculosis to acquire
TB disease – either drug-susceptible or drug-resistant
TB – following infection. The HIV virus suppresses the
body’s immune system, which promotes progression of
either recently acquired or latent tuberculosis infection
to TB disease. Persons infected with HIV who become
infected with M. tuberculosis have a very high risk of
developing TB disease within 2 years. The HIV epidemic
has therefore telescoped the TB epidemic of both suscep-
tible and drug-resistant strains, shortening the time to
generate the epidemic from years to months (Maher
et al., 2006). As a result, the global HIV epidemic has
increased the burden of TB in many countries. Between
1990 and 1999, the incidence of TB in sub-Saharan Africa
increased by over 250%, with an estimated one-third of
all new TB cases occurring among people who were HIV-
infected. This happened despite many countries having a
well-functioning national TB control program. In areas of
high tuberculosis prevalence, therefore, TB is one of the
most common opportunistic infections. TB may also
accelerate the course of HIV infection, increasing HIV
viral load in some patients, and is thought to be the
primary cause of death in up to 40% of those who are
HIV infected (de Jong et al., 2004).

Table 1 shows estimates of TB taking into account
interactions with HIV. In 2002, 11% of all new TB cases
in adults aged 15–29 years were attributable to HIV
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Figure 2 Estimated numbers of new TB cases, 2005. From World Health Organization (2007) Global Tuberculosis Control: Surveillance, Planning, Financing. Geneva: World Health
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infection (Corbett et al., 2003). Of the estimated global
burden of 1.6 million deaths from TB, 13% were attribut-
able to HIV. Again, sub-Saharan Africa bears the brunt
of these colliding epidemics, with over 500 000 incident
TB cases attributable to HIV and over 200 000 deaths
from TB in HIV-infected individuals. WHO estimates
that 11% of TB cases worldwide, and 31% in sub-Saharan
Africa, were attributable to HIV infection in 2005
(Dye, 2006). Figure 3 shows the estimate of TB/HIV
co-infection rates by country.

The proportion of adults with TB who were infected
with HIV varies greatly by region, from roughly 30%
in Africa to less than 2% in the Western Pacific. In high
TB burden countries such as China, Indonesia, Bangla-
desh, and Pakistan, HIV infection rates in TB cases have
remained below 1%. Where HIV infection rates are high
in the general population (generalized epidemic), they are
generally also high in persons with TB. Estimates for high
TB burden southern African countries such as South
Africa, Botswana, Zimbabwe, and Zambia exceed 50%.
HIV has probably had a smaller effect on the prevalence
of TB than on the incidence of TB, as HIV significantly
reduces the life expectancy of persons with TB, and in the
general population as well (Dye, 2006). Due to HIV and
TB mortality, life expectancy in many southern African
countries has dropped below 45 years.

In some areas with both high TB and HIV prevalence,
the symptoms of TB disease are often equated with HIV-
positive status by lay people. Persons exhibiting TB symp-
toms are therefore often stigmatized as HIV-positive, which
causes them to modify their social and health-seeking
behavior, and ultimately hinders TB control efforts at a
clinical level. The stigma surrounding both diseases pro-
motes shame and silence, which further exacerbates the
spread of both diseases. Approaching TB control with a
human rights lens therefore becomes imperative (World
Health Organization, 2001).

Although HIV has had a more profound impact on the
epidemiology of TB worldwide than any other risk factor,
other important risk factors should not be ignored (Maher
et al., 2006). More attention needs to be paid to the
increased risk of developing TB from smoking, as well as
from air pollution and other respiratory diseases. Chronic
diseases such as diabetes also play a large role, as does the
prevalence of undernutrition.
Drug-Resistant Tuberculosis

The emerging worldwide epidemic of drug-resistant
tuberculosis is a byproduct of ineffective or poorly
organized systems for TB control. It is therefore entirely
a human-made problem. Modulation of gene expression,
or dissemination of genes conferring drug resistance
through transformation of stretches of DNA, do not
occur in the TB bacteria as with other pathogens. Con-
versely, the natural selection of rare drug-resistant strains
(for isoniazid–rifampin resistance, the mutation frequency
is 1:1014) inside the human body occurs when inconsistent
or interrupted treatment (health services and/or patient
factors) is given, when the wrong drugs are prescribed for
the wrong amount of time, when drugs of inferior quality
are given, or when there is an interrupted supply of drugs.
Strains are identified as MDR TB (multidrug-resistant
TB) if they are resistant to at least isoniazid and rifampin,
the two most important drug used to treat the disease.
When susceptibility to these two core drugs is lost, more
toxic and more expensive drugs must be used to treat the
disease. While drug-susceptible TB is generally treatable,
the regimen for MDR TB can take up to 2 years to
complete and costs a TB program over 100 times more
than treating a drug-susceptible case. Before the advent of
a worldwide concerted effort to treat MDRTB, treatment
success rates were 50% for new cases and 30% for retreat-
ment cases in those who adhered to observed therapy
instituted by a program (Espinal et al., 2000).

In 1994, the World Health Organization and Interna-
tional Union Against Tuberculosis and Lung Disease
launched the Global Project on Antituberculosis Drug
Resistance Surveillance. The project’s goal is to measure
the prevalence and monitor the trend of antituberculosis
drug resistance worldwide using standardized methodo-
logy (World Health Organization, 2003). As of 2007, three
reports have been published, with the further report due
out in late 2007. Over 90 countries have contributed data to
the reports, although there is a great deal of missing data
from sub-Saharan Africa. According to the last report, the
prevalence of MDRTB varies greatly by region. Tubercu-
losis patients in Eastern Europe and Central Asia are ten
times more likely to haveMDRTB than patients in the rest
of the world. China, Ecuador, Peru, Israel, and South Africa
also have problemswith increasingMDRTB rates, with the
latter country burdened by more than 6000 cases per year.
The highest rates ofMDRTBoccur in Estonia, Kazakhstan,
Karakalpakstan (Uzbekistan), Tomsk Oblast in Russia,
Lithuania, and Israel. Overall, MDR TB among isolates
from new cases ranges from 0% to 14%, with a median of
1%. The median prevalence among previously treated
cases was 7% (World Health Organization, 2005). Recent
WHO modeling of the incidence of MDR TB estimated
that 424 203 (95%CI 376 019–620 061) new cases occurred
in 2004. China, India, and theRussian Federation accounted
for 62% of the estimated global burden of MDR TB,
roughly 261 362 cases (Zignol et al., 2006). Figure 4
shows the countries or settings with the highest rates of
MDR TB among new and previously treated cases of TB
between 1999 and 2002.

In response to the MDR TB problem, WHO and
partners formulated the DOTS-Plus Strategy in 1998,
which provides for the treatment of patients with MDR
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Figure 3 Estimated HIV prevalence in new adult TB cases, 2005. From World Health Organization (2007) Global Tuberculosis Control: Surveillance, Planning, Financing. Geneva:
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TB using more effective second-line medications. Given
the expense of these drugs, the Stop TB Partnership set
up the Green Light Committee to allow access to con-
cessionally priced second-line medications through a
bulk-purchasing mechanism for those programs that
could demonstrate an effective DOTS strategy. Beginning
at five pilot projects, the DOTS-Plus strategy grew to
include over 50 sites. Treatment success rates only
approach 65–70% in the best of these programs (Leimane
et al., 2005). International guidelines for the treatment of
drug-resistant TB have been published (World Health
Organization, 2006). The problem of default from therapy,
however, continues to plague the treatment of MDR
TB patients. DOTS-Plus and the treatment of MDR TB
patients has now been rolled into the global WHO Stop
TB Strategy.

In addition, HIV may also be contributing to increases
in MDRTB prevalence among TB patients. HIV infection
has been associated with many outbreaks of MDR TB
(mainly due to a lack of infection control), as well as
acquired rifamycin resistance. In the continent with the
highest rates of HIV infection, the only country with trend
data on anti-TB drug resistance is Botswana, a country
with one of the highest TB incidence rates worldwide at
approximately 600 TB cases per 100 000 population.
Three national drug resistance surveys conducted from
1995 to 2002 reported statistically significant increases in
resistance to any anti-TB drug, to isoniazid, and to strep-
tomycin among new TB cases without a history of prior
TB treatment (Nelson et al., 2005). The prevalence of
MDR-TB among new cases increased from 0.2% to 0.8%,
although this was not statistically significant. Given the
challenges in Botswana and other sub-Saharan African
countries, such as relatively high treatment default rates
and uncontrolled use of second-line drugs forMDRTB, the
possibility exists for further increases in MDRTB.

To make matters worse, extensively drug-resistant
tuberculosis (XDR TB) was described in 2005–2006 fol-
lowing a joint survey by WHO and CDC (Centers for
Disease Control and Prevention, 2006a). XDRTB is cur-
rently defined as MDR TB that is also resistant to any
fluoroquinolone and one of the three second-line inject-
able drugs (amikacin, kanamycin, or capreomycin)
(Centers for Disease Control and Prevention, 2006b).
The most recent reports have noted XDRTB in all areas
of the world, but most commonly in Asia and Eastern
Europe. The definition was created to put a name to a face
of a problem that had been described by clinicians who
reported encountering patients with difficult-to-treat
highly resistant TB. Even the best estimates of successful
treatment are that only 25–35% of XDRTB cases will be
cured (Holtz et al., 2005). In 2006, investigators from South
Africa reported the occurrence of highly resistant TB in
HIV-infected persons who were enrolled in antiretroviral
treatment programs, but whose case-fatality was alarm-
ingly high (98%) despite adequate response to drugs
(Gandhi et al., 2006). A large proportion of the cases had
never had TB before, and several were health-care
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workers, raising the question about nosocomial spread
and insufficient infection control practices in that region.
The specter of virtually untreatable strains of TB being
propagated throughout sub-Saharan Africa threatens to
undo decades of TB control work in the region where TB
is already on the rise.
Economic Burden of TB

Tuberculosis remains a prominent disease not only
because of the number of people affected, or the human
rights concerns about the neglected global response
despite its treatability, but also because it strikes down
adults in the prime of their productive lives. More than
80% of the burden of TB, as measured by disability-
adjusted life years lost, is due to premature death rather
than illness or disability (World Health Organization,
2000). Tuberculosis therefore extracts an enormous eco-
nomic burden on developing countries. These costs fall
into two categories: (1) Direct costs to the health services
and to the patient and patient’s family and (2) indirect
costs to society, community, and the patient’s family
through lost production (World Health Organization,
2000). Tuberculosis patients and their families pay the
cost of TB through their suffering, pain, and grief.
A protracted illness can also cause psychological and
social stress and costs. There is a great deal of stigma
that remains surrounding TB, as well as with TB/HIV,
and many patients may be rejected by society, their job, or
even their own family. In some societies, TB survivors are
seen as unmarriageable or unfit for work. Discrimination
in the health sector and in society can lead to mental
health stress and reduction in quality of life.

The largest indirect cost to the patient is lost income
through debilitation and sickness. Most patients are too
sick to work for 3–4 months during their illness, and up to
8–10 months if they have MDRTB, resulting in the loss of
a significant portion of their annual income. If the patient
dies, there is the further loss of 15–20 years of income
depending on the age of the patient. The substantial
nontreatment costs borne by patients and families of
patients are often greater than the costs of treatment by
the health sector. Households develop strategies for deal-
ing with actual losses and potential losses. Selling assets is
a common strategy, which is not advantageous in the long
term for patients or families (Maher et al., 2006). Reducing
food intake, withholding school fees, or delaying mar-
riages of children can all have important long-term
consequences for families.
Conclusion

Tuberculosis is an age-old disease than continues to afflict
the poor and disadvantaged populations around the globe
with alarmingly high mortality rates. Due to poor atten-
tion to global TB control, the annual incidence of TB
continues to rise at 1% per year, although recent gains
have been made in fighting the disease where it kills the
most people, such as in India and China. HIV and drug-
resistant TB present challenges to the global public health
community that will not be easily overcome. TB will
continue to be with us for our lifetime. With the advent
of more rapid diagnostic techniques and more effective
drugs against drug-susceptible TB and drug-resistant TB,
we will hopefully see an interruption in the transmission
of TB and a reversal in the global incidence in the twenty-
first century to correct the political, social, and public
health missteps of the twentieth century.

See also: Tuberculosis: Overview; Tuberculosis Prevention.
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Introduction

Tuberculosis (TB) remains one of the deadliest diseases
in the world. It is a social disease with medical implications.
It has always occurred disproportionately among disadvan-
taged populations such as the homeless, malnourished,
and overcrowded. Within the past two decades the spread
of human immunodeficiency virus (HIV) infection and
migration of persons from areas of high TB incidence have
resulted in an increased number of tuberculosis cases in
certain countries. The World Health Organization (WHO)
estimates that there were 8.8million new cases of TB
in 2003, of which 3.9million were smear-positive and
674 000 were co-infectedwithHIV. An estimated 1.7million
people died from TB in 2003, including those coinfected
with HIV.

For most people tuberculosis prevention means the
diagnosis and treatment of individuals with latent tuber-
culosis infection (LTBI). But tuberculosis can also be
prevented in other ways – among communities and even
countries. Thus actions can be taken to prevent spread of
the tubercle bacilli to other persons from an infectious
host, or to prevent development and the spread of
drug-resistant strains of tuberculosis. In this new age of
globalization, where movement of population is on a
massive scale, prevention of TB in high-income countries
may require a more global approach to tuberculosis con-
trol worldwide.

In this article, we focus on preventing TB on an indi-
vidual level by detecting and treating latent infection, thus
reducing the risk of development of active disease. This, in
turn, should impact on population prevention by reducing
transmission from contagious cases. On the community
prevention level, we briefly mention contact tracing, out-
break management, and public health intervention. We
also discuss vaccination and the prevention of drug resis-
tance, since these have an impact on disease prevention.
Prevention at the Individual Level:
Diagnosis and Treatment of Latent
Tuberculosis

Pathogenesis of Latent Tuberculosis

TB is dependent upon human hosts for its survival. Pri-
mary infection is usually self-limited and followed by
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latent infection, which can last from three months to a
lifetime. In some of those infected, latent infection may
reactivate to cause post-primary disease.

At the time of the initial infection, the distribution of
inhaled droplet nuclei is determined by the pattern of
lung ventilation and thus tends to favor the middle and
lower lung zones. In immunocompetent hosts, alveolar
macrophages ingest the M. tuberculosis organisms. When
innate macrophages’ microcidal activity is inadequate to
destroy the initial few tubercle bacilli, they start replicat-
ing in the macrophage. Although at the site of implanta-
tion the lesion is usually insignificant, TB bacilli will
spread to regional lymphatic nodes and then disseminate
through the bloodstream to all parts of the body. The
lymph node spread and bacillemia occur within four to
six weeks of primary infection even in perfectly normal
healthy hosts. Fortunately cell-mediated immunity and
delayed-type hypersensitivity develop at this time, limit-
ing further bacterial multiplication and creating granulo-
mata in all the sites at which bacillary seeding has
occurred. At this time the infection enters the latent
phase, but this hematogenous seeding sets the stage for
later reactivation of tuberculosis and explains why disease
can develop in pulmonary or nonpulmonary organs.
Diagnosis of Latent Tuberculosis Infection

Indication for testing

As cases of TB decrease in high-income, low-prevalence
countries, there has been renewed interest and focus on
the screening and treatment of latent TB as an important
TB-control strategy. In general, testing for latent TB
infection is indicated when the risk of development of
disease, if infected, is increased. There are three general
situations of increased risk: (1) recent infection, since 3 to
10% of recently infected persons will develop active TB
Table 1 Medical conditions increasing the risk of tuberculosis re

Medical conditions

HIV infection or AIDS
Organ transplant

Pulmonary silicosis

Chronic renal failure requiring hemodialysis

Recent infection with M. tuberculosis (within 2 years) based on tuber
Malignancies (head and neck cancer, lung cancer)

Infants and children aged less than 4 years

Immunosuppressive treatments (including tumor necrosis factor-alph

Diabetes mellitus
Cigarette smoking (1 pack per day)

Body weight <90% of ideal body weight

Certain hematological disorders (leukemias and lymphomas)
Malnutrition

Intravenous drug use

Prolonged corticosteroid use (defined as 15mg or more of prednison

Intestinal bypass or gastrectomy
Polymorphisms in natural resistance-associated membrane protein-1
disease within 1 to 2 years; (2) infection associated with
conditions which decrease immunity (Table 1); and
(3) radiological evidence on a chest X-ray of old inactive
tuberculosis (see Table 4) but no prior adequate treat-
ment. Recent infection is most commonly seen in people
who have been in contact with patients with active, smear-
positive pulmonary tuberculosis. Recent infection is also
seen in health-care workers serving high-risk patients or
having unprotected exposure to patients with TB disease
before the diagnosis is made and adequate airborne pre-
cautions are instituted. A fourth category, which differs
slightly from the previous ones because it does not neces-
sarily carry a greater risk of disease but rather is associated
with an increased prevalence of infection, comprises the
following:

. Residents and employees of high-risk settings such as
correctional facilities, long-term-care facilities, and
homeless shelters

. Certain populations who are medically underserved
and who have low income, as defined locally

. Populations at high risk who are defined locally as
having an increased incidence of TB disease

. Infants, children, and adolescents exposed to adults in
high-risk categories.
Tuberculin skin testing

A century-old test, the tuberculin skin test (TST) has
evolved since the time of its introduction to clinical
practice, but with the ever-changing epidemiology, clini-
cal features, and practice, the interpretation of the TST
remains controversial. When interpreting the TST, it must
be considered whether the patient belongs to a high-risk
population such as HIV-infected intravenous drug users,
aging population, immunocompromised hosts, or patients
activation

Relative risk

50–170
20–74

30

10–25

culin skin test (TST) conversion 15
16

2.2–5

a (TNF-a) antagonists such as infliximab) 4

2–3.6
2.0–3.0

2–3

1.8
1.8

1.6

e per day for one month or more)

(NRAMP-1) and the vitamin D receptor genes



Table 2 Interpretation of tuberculin skin test

Tuberculin
reaction size (mm)

Clinical setting in which a reaction
would be considered significant for
probable TB infection

0–4 HIV infection and high expected risk of

infection (household contact, abnormal

CXR)
�5 HIV infection

Close contact of active contagious case

Abnormal CXR with fibronodular disease

�10 Considered positive in countries with low
prevalence of NTM and/or high

prevalence of true TB infection

(sensitivity of 90%, specificity of >95%
in those countries)

�15 Positive in all other countries with a higher

prevalence of NTM (sensitivity of only

60–70% but a specificity of >95% in
most parts of the world)

Table 3 False-negative tuberculin skin test

Poor technique Subcutaneous injection, failure to inject

correct dose because of leakage

Immunosuppression Corticosteroids, cancer therapy agents,

HIV infection (especially if CD4 count
<500)

Malnutrition Particularly in the case of recent weight

loss

Advanced age Especially after age 65
Severe illness Including active tuberculosis and typhoid

fever

Viral illness TST should be delayed by at least one

month following major viral illness,
such as pertussis, measles, and

mononucleosis but not the common

cold
Vaccination TST should be delayed by at least one

month following live virus vaccine such

as mumps or measles
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taking immunomodulation therapy for inflammatory
bowel diseases or rheumatologic afflictions.

The material, manufacturer, and technique of adminis-
tration are all factors that can affect the result of a TST.
Currently, the only accepted material for use is purified
protein derivative (commonly called PPD) (Landi and
Gupta, 1975). Manufacturers must test each batch of
PPD against the original batch lot of PPD-S to ensure
standardization. Although different strengths of the testing
material are available, the WHO strongly recommends
that testing be done using 5 tuberculin units (5TU) of
PPD-S or its equivalent (Guld, 1954).

The administration methods vary. The most common
ones are the Mantoux method of intradermal injection, or
themulti-puncture techniques such as theHeaf orTine tests.

The Heaf test was performed mainly in the United
Kingdom but has recently been removed from the market.
The Tine test uses a small device that has four to six short
needles (tines) coated with tuberculin antigens. The tines
are pressed into the skin, usually on the inner side of the
forearm, forcing the antigens into skin. The test is read by
measuring the size of the largest papule. A negative result
is the presence of no papules. Because it is not possible to
precisely control the amount of tuberculin used in the
tine test, a positive test should be verified by using the
Mantoux test in order to interpret its significance. In
addition, sensitivity is about 15% lower than with the
Mantoux method. For this reason, the Tine test is consid-
ered to be less reliable than the Mantoux test and is
therefore not recommended.

The Mantoux method was found to have better repro-
ducibility (Furcolow et al., 1967) and a lower rate of false
negatives when compared to the two previously men-
tioned multipuncture devices. Based on currently avail-
able evidence, it can be strongly recommended that for all
tuberculin skin testing a dose bioequivalent to 5TU of
PPD-S (or 2TU of RT-23, an equivalent tuberculin test-
ing material more widely used in Europe (Comstock et al.,
1964)) be administered via the Mantoux technique of
intradermal injection with a 26-gauge needle. The inner
aspect of the forearm is commonly used as it is the most
convenient site, but the site of injection is not important,
as long as it is free of hair and scar.

Since all the data regarding risk of TB according to
clinical situation and size of tuberculin reaction are based
on TST measured 48–72 h after testing, readings should
take place 48–72 h following administration. Induration
can be defined by palpation or by the ballpoint method.
We recommend the ballpoint method, which consists of
running the ball of a pen at a 45� angle toward the site of
injection; the tip should stop at the edge of the induration.
The induration, not redness, should be measured and
recorded in millimeters (Table 2).

The interpretation of the TST does not consist only of
measuring the degree of the reaction but takes into account
the predictive values of the test based on the possible causes
of false positives and false negatives (Table 3).

Two important factors can result in a false-positive
TST and need to be considered when interpreting the
result. The first are non-tuberculous mycobacteria
(NTM), also called environmental mycobacteria, which
exist in soil and water depending upon the climate and
geography. There is antigen cross-reactivity between
NTM andM. tuberculosis.The importance of false-positive
TST in the setting of exposure to NTM depends upon
the prevalence of infection withM. tuberculosis and NTM,
as determined by the climate and geography. The second
factor is Bacille Calmette-Guerin (BCG) vaccination,
which results almost invariably in tuberculin conversion
within 4–8weeks, but this reaction often wanes over time.
The timing of the vaccination is also an important consid-
eration (Wang et al., 2002). There is a higher likelihood of
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a positive skin test within 10 years of the BCG vaccina-
tion. For those vaccinated in infancy (less than 1 year),
fewer than 1% will have a positive TST related to the
BCG vaccine after the age of 10, although more than 20%
of persons vaccinated at an older age will remain TST
positive after 10 or more years (Wang et al., 2002).

Chest X-ray

Chest X-ray is often said not to be an effective tool for a
diagnosis of latent tuberculosis infection because approxi-
mately 90% will have a normal chest X-ray (Table 4).
The prevalence of chest radiograph findings consistent
with old or healed tuberculosis in the general population
is 11% (Barnes et al., 1988).

IFN-g release assays

These newly developed ex vivo assays are based on the
principle that T-cells previously sensitized to tuberculosis
antigens produce high levels of interferon-g (IFN-g)
when reexposed to the same antigens. Two IFN-g release
assays (IGRA) are currently available commercially.
Although approved in many countries, including the
USA, Canada, and some European countries, their higher
costs, the uncertainty regarding future risk of active TB,
and concerns about reproducibility make it difficult to
recommend their use for the diagnosis of latent TB infec-
tion at the present time (Fietta et al., 2003). These assays
may now be considered alternatives to TST in certain
settings, such as in previously BCG-vaccinated patients.

Thus, prospective studies are needed to determine
whether IFN-g responses are reproducible and predictive
of those who have a high risk of progression to active
Table 4 Radiographic findings commonly believed to represent

Granuloma, calcified or not 2x risk of activation
Calcified hilar lymph node No increased risk of r

Costophrenic angle blunting, from past

pleural effusion or pleurisy

Increased risk of reac

thought to represen

Apical pleural capping Not felt to be related
individuals

Apical fibronodular disease 6–19x risk of reactiva

greater risk

Table 5 Regimens for treatment of latent TB infection

Regimen Duration Adult Childr

INH daily 9months 5mg/kg (max of

300mg)

10–15

300

INH twice weekly 9months 900mg 20–30
900

INH daily 6months 5mg/kg (max of

300mg)

10–15

300

Rifampin 4months 10mg/kg max of
600mg)

10–20
600m

DOT, directly observed therapy; HIV, human immunodeficiency virus
disease. Furthermore, the utility of this test in subgroups
of patients such as children and HIV-infected persons
needs to be clarified.
Treatment of Latent Tuberculosis Infection

Isoniazid (INH) remains the drug of choice for treatment
of latent TB infection. Its effectiveness has been reported
to range from 25 to 92% in patients compliant with the
medication; the protective efficacy is approximately 90%.

The preferred duration of treatment for latent TB
(Table 5) is based on secondary analysis of large trials
which suggest that the maximal benefit is achieved by
nine months of therapy (Comstock, 1999). Six months of
INH is an acceptable alternative in HIV-seronegative
adults. The dose recommended is 10–15mg/kg in chil-
dren up to a maximal dose of 300mg/day. In adults, the
dose is 5mg/kg up to 300mg daily. Intermittent regimens
of INH 900mg twice weekly can be given to children or
adults, but directly observed therapy must be used when-
ever intermittent therapy is given.

The most important adverse effect of INH is hepatitis.
The estimated rate of symptomatic INH-related hepatitis
ranges from 1 to 3 per 1000 persons depending on age and
up to 5% in people above the age of 65 (Nolan and Buskin,
1999). However, asymptomatic liver enzyme abnormal-
ities are relatively common (Byrd et al., 1979). All persons
taking INH should be educated about the symptoms
of hepatitis and about avoidance of alcohol, an important
co-factor in the development of liver injury with INH
treatment. INH should be discontinued if a symptomatic
patient’s serum transaminase levels are more than three
inactive TB and their respective risk of reactivation of active TB

eactivation if no associated parenchymal lesions are present

tivation in individuals from TB endemic areas, where this finding is

t previous primary TB

to TB infection, nonspecific finding, more common in older

tion, with more extensive abnormalities being associated with

en Comments

mg/kg (max of

mg)

Preferred regimen

mg/kg (max of
mg)

DOT must be used

mg/kg (max of

mg)

Alternative in HIV-negative patients

mg/kg (max of
g)

Should be used in contacts of INH-resistant
cases. Should not be used in certain HIV

patients (see text)

; INH, isoniazid.
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times the upper limit of normal or five times the upper
limit of normal in the absence of symptoms. Neuropathy is
also a common adverse effect in populations predisposed
to its development, such as patients with diabetes, uremia,
poor nutrition, alcoholism, pregnancy, or in HIV-infected
persons. In patients with these conditions, 25 to 50mg/day
of pyridoxine is added.

A major limitation of nine months INH treatment for
latent TB infection is poor adherence and low completion
rates. For this reason shorter durations of therapy are
recommended as alternatives. Six months INH provides
70% reduction of risk if taken well, which is significantly
less than the 90% reduction of risk with 9months INH, but
some would consider this acceptable. Two months rifam-
pin-pyrazinamide was recommended in 2000 (Gordin et al.,
2000), but this recommendation was withdrawn after more
widespread use led to unacceptably high rates of hepato-
toxicity, which was fatal in some instances. The only
remaining alternative is four months of rifampin, although
it is not as extensively studied. Four months of therapy with
rifampin is currently recommended for patients who are
contacts of cases with INH-resistant tuberculosis or in
individuals who cannot tolerate INH. Rifampin should not
be used in HIV-infected patients who are taking protease
inhibitors or certain nonnucleoside reverse transcriptase
inhibitors. Rifampin is prescribed at 10mg/kg/day, up to
a maximum of 600mg/day for adults and children.
Vaccination

Bacille Calmette-Guerin vaccination is a live, attenuated
vaccine derived fromM. bovis. It is one of the most widely
used yet controversial modern vaccines. BCG is routinely
given at birth in the majority of countries with an inter-
mediate or high incidence of TB. Approximately
100 million children receive BCG annually throughout
the world. Several countries follow their own special
policies, either by targeting selected high-risk groups or
by giving BCG in infancy with booster or repeat doses at
school entry and/or to individuals who either lack a scar
or are still considered to be tuberculin ‘negative’ by some
criterion. A recently published randomized clinical trial of
BCG revaccination of more than 250 000 school children in
Brazil showed no additional protection from revaccination
(Rodrigues et al., 2005). The WHO has recently issued a
statement discouraging the use of BCG booster doses.

The protection imparted by the BCG appears to be
more against systemic forms of TB, in particular child-
hood tuberculous meningitis and miliary disease, than
against pulmonary forms, although the vast majority of
studies have shown some degree of protection against
pulmonary tuberculosis. This fact, along with consistent
protection against severe systemic forms of disease, has
supported the use of vaccination in high-prevalence
countries (Fine, 2000). This practice is supported by 14
prospective trials and 12 case-control studies on BCG
efficacy, which indicated that vaccination reduces the
risk of tuberculosis by an average of 50% as documented
in a meta-analysis published in 2000 which reviewed all
those studies (Brewer, 2000). In that paper, seven trials
that used random allocation yielded a relative risk for
tuberculosis of 0.37 among those vaccinated, which is
equivalent to a protective effect of 63%. In seven trials
that studied death from tuberculosis, the combined rela-
tive risk for death due to TB among those vaccinated was
0.29 (95% CI 0.16, 0.53), which showed that vaccination
had a 71% protective effect against death due to TB.

There is a trend toward discontinuation of routine BCG
in Europe. In 1976 Sweden discontinued routine BCG in
infancy. This was followed by an increase in tuberculous
meningitis and lymphadenopathy among children, which
provided weak evidence of the efficacy of the vaccine
(Brewer, 2000). In the fall of 2005, the United Kingdom
announced that routine BCG would be stopped. Instead
BCG vaccination would be targeted to infants in commu-
nities with an average incidence of tuberculosis of at least
40 per 100 000 and to unvaccinated individuals who come
from, or whose parents or grandparents come from,
countries where the incidence exceeds 40 per 100 000.
This means that TST will become increasingly efficient
as a means of identifying people exposed to and latently
infected with TB.
Prevention at the Community Level

Contact tracing, outbreak management,

and public health intervention

The most important means to prevent TB is to prevent
transmission (primary prevention). This is best achieved
by prompt diagnosis and effective treatment of individuals
with active contagious forms of TB. The next most impor-
tant method is the identification and investigation of
contacts – namely individuals who were exposed to
cases recently diagnosed with active TB disease. It has
been estimated that in the United States approximately
nine contacts are identified for each case of active TB. Of
these 21 to 40% are infected and another 1 to 3% have
already progressed through active disease (Dasgupta et al.,
2000). Because of the high prevalence of infection and
active disease as well as the increased risk of progression
of infection to disease, infected contacts are high-priority
candidates for prophylactic therapy. The examination
of TB contacts is therefore one of the most important
methods of case finding.

Contact tracing may also identify a TB outbreak when
more newly infected persons or more TB cases are dis-
covered during the investigation than were anticipated
based on previous epidemiological data.
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In resource-poor, high-incidence countries the first pri-
ority in TB prevention is to assure effective therapy for all
cases diagnosed through passive case finding. In these
countries the role of contact investigation is considered
secondary to the treatment of active cases, due to concerns
over the yield, feasibility, and cost effectiveness of this
approach. One study demonstrated skepticism with regard
to the usefulness of contact examinations in eight different
territories in sub-Saharan Africa, since the yield of active
contact tracing was not higher than the rate in the general
population; another study conducted in Kenya showed that
the investigation of household contacts yielded an addi-
tional 15% of sputum smear-positive cases and high tuber-
culin reactor rates compared to the general population
(Andersen and Gesser, 1960; Devadatta et al., 1970).

Prevention of emergence of drug resistance,

including multi-drug-resistant tuberculosis

Soon after streptomycin was introduced in the 1940s, it
was recognized that patients who had initially responded
to monotherapy with streptomycin later relapsed with
disease that was resistant to the new agent (Chiba et al.,
1964). Subsequent work demonstrated that spontaneous
mutation by the tubercle bacillus accounted for the emer-
gence of resistance and could be largely prevented by
simultaneous treatment with two or three effective anti-
biotics. As a result modern therapy consists of a minimum
of three effective anti-TB drugs initially and at least two
effective drugs at all times. An additional factor that leads
to emergence of drug resistance is when patients prema-
turely discontinue therapy, leading to relapse with drug-
resistant organisms. In a given individual with active
tuberculosis, drug resistance can emerge either because
of physician error – prescribing inadequate treatment
regimens – or because of poor compliance. Patients who
develop drug resistance may transmit these organisms to
other patients who then present with drug-resistant active
TB without having ever been treated. This is called initial
or primary drug resistance and is considered an indicator
of regional or national TB control programs. To prevent
the development of drug resistance, compliance must be
improved by using directly observed therapy, and a single
drug must never be added to a failing regimen (Ormerod,
2005). Another important method is the use of fixed dose
combinations (FDC) of first-line anti-TB drugs – at min-
imum this prevents mono-therapy.

Multi-drug-resistant tuberculosis (MDRTB) is defined
as resistance to at least INH and rifampin, the two most
powerful anti-TB agents and the basis of short-course
chemotherapy regimens used in DOT programs. Patients
with disease due to MDR strains are more difficult to
treat, remain infectious for longer, pose a public health
hazard, and are more likely to die. Spread of MDRTB
within institutions such as prisons, homeless shelters, and
hospitals has been well documented and is a particular
concern when many highly vulnerable individuals, for
example those infected with HIV, congregate.

In 2004, the World Health Organization published its
third report on surveillance of anti-tuberculosis drug
resistance. The prevalence of resistance to at least one
anti-TB drug ranged from 0% in some high-income
countries to 56.4% in Kazakhstan. Median prevalence of
resistance to specific drugs in newcases was as follows: SM
6.3%, INH 5.9%, rifampin 1.4%, and ethambutol 0.8%.
Prevalence of MDRTB ranged from 0% in eight countries
to 14.2% in Kazakhstan and Israel. Other locations of high
prevalence of drug resistance were Tomsk Oblast of the
Russian Federation (13.7%), Karakalpakstan (Uzbekistan)
13.2%, Estonia 12.2%, Liaoning Province of China 10.4%,
Lithuania 9.4%, Latvia 9.3%, Henan Province of China
7.8%, Ecuador 6.6%, and South Africa 2.4%.

Rapid and early diagnosis of MDRTB is thought to
improve survival and is of public health benefit. Early iden-
tification of these patients would permit rapid isolation and
initiation of appropriate treatment with second-line ther-
apy, thus avoiding acquisition of additional resistance, until
results of further drug susceptibility testing are available.

Extensively drug-resistant tuberculosis (XDRTB) is
a newly recognized type of multi-drug-resistant tubercu-
losis (MDRTB), which is relatively rare but of great
concern. It is resistant to almost all drugs used to treat
TB, including isoniazid, rifampin, fluoroquinolones, and
at least one of the three injectable drugs (amikacin, kana-
mycin, or capreomycin). Because of this resistance to the
most powerful first-line and second-line drugs, patients
are left with treatment options that are much less effective.
This often results in worse treatment outcomes. XDRTB is
of special concern for persons with HIV infection or other
conditions that can weaken the immune system.
Conclusion

Two million people die every year of tuberculosis, and a
new infection develops every second. Prevention is the key
to controlling this disease. The major challenges are early
diagnosis and ensuring treatment compliance. Ensuring
treatment completion will ensure cure of individuals
while minimizing the risk of emerging multi-drug-resistant
strains, all-important issues in the worldwide control of
tuberculosis infection.
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Summary of Principles

Prompt initiation of effective chemotherapy for pulmo-
nary tuberculosis is the most important means by which
person-to-person transmission of Mycobacterium tuberculo-

sis is terminated; thus, treatment of tuberculosis is not
only a matter of individual health but also is an impor-
tant public health intervention (Hopewell et al., 2005).
Consequently, all providers who undertake treatment of
patients with tuberculosis must recognize that not only
are they treating an individual, they are assuming an
important public health function that also entails a high
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level of responsibility to the community, as well as to the
individual patient. For each individual patient, special
consideration should be given to the specific clinical and
social context in which tuberculosis treatment is being
administered so as to maximize the likelihood of success-
ful treatment completion. Overall, the goals of antituber-
culosis therapy are multifaceted and include achieving
cure without relapse of disease, stopping transmission of
M. tuberculosis and preventing the emergence of drug-
resistant strains.

Directly observed therapy (DOT), that is, providing
medications and watching the patient swallow them, is the
first step to achieving these goals and is recommended for
all patients as it has been shown to increase compliance and
completion of therapy (see the section titled ‘Promoting
adherence’). Consequently, tuberculosis is generally best
treated through public health agencies because of the sig-
nificant infrastructure and cost of administering DOT.
Tuberculosis treatment is generally divided into two phases:
the initiation (bactericidal) phase, which lasts 2months, and
the continuation phase, which lasts 4 to 7months for
patients with drug-susceptible disease (Blumberg et al.,
2003; WHO, 2003). Antituberculosis treatment should be
administered following bacteriologic confirmation of tuber-
culosis or empirically when there is a high clinical suspicion
for disease prior to culture confirmation and, in certain
cases, prior to the availability of acid fast bacilli (AFB)
smear microscopy results. Tuberculosis should never be
treated with a single drug and a single drug should never
be added to a failing regimen due to the risk of acquiring
drug resistance. Thus, multidrug therapy is always required.

Treatment is generally initiated with an empiric four-
drug regimen consisting of isoniazid, rifampin, ethambu-
tol, and pyrazinamide. Recommended dosages and dosing
schedules for first- and second-line antituberculosis med-
ications are shown in Table 1.

The efficacy of treatment should be monitored by
obtaining sputum for AFB smear and culture at least
monthly until two consecutive cultures are negative. Cul-
tures should always be obtained after 2months of treat-
ment as positive cultures at this stage predict the risk of
relapse and mandate prolongation of therapy. Drug sus-
ceptibility testing should be performed on the initial
culture and again if cultures remain positive after
3months of treatment.

Tuberculosis treatment with combination chemother-
apy can be complicated by both mild and serious adverse
reactions. Mild adverse reactions can generally be man-
aged with conservative therapy aimed at controlling
symptoms, whereas with more severe reactions the
offending drug or drugs must be discontinued. Managing
serious adverse reactions frequently necessitates expert
consultation. Although it is important to recognize the
potential for adverse effects, first-line drugs should not
be discontinued without adequate justification.
Antituberculosis Drugs

There are 10 drugs currently approved by the U.S. Food
and Drug Administration for treating tuberculosis plus six
other drugs that are effective but not approved for this
indication (Table 1) (Blumberg et al., 2003). An additional
agent, thioacetazone, is available and used in some parts of
the world, but is not approved for use in the United States.
The table lists the drugs, available preparations, and the
doses that are recommended (see Table 1).
Current Treatment Regimens

There are a number of published guidelines for the treat-
ment of tuberculosis (Blumberg et al., 2003). All are based
on the same principles, all recommend the same drugs,
and all agree that 6months is the minimum duration of
treatment for bacteriologically confirmed tuberculosis.
The principal difference between the guidelines lies in
the frequency of administration recommended (daily vs.
intermittent), which is primarily determined by the avail-
ability of resources for supervision.

The treatment regimens that are recommended cur-
rently by the American Thoracic Society (ATS), Centers
for Disease Control and Prevention (CDC), and the In-
fectious Diseases Society of America (IDSA) are shown in
Table 2 (Blumberg et al., 2003). These recommendations
are intended to guide treatment in areas where mycobac-
terial culture, drug susceptibility testing, chest radiogra-
phy, and second-line drugs are available routinely. The
treatment recommendations of the World Health Organi-
zation (WHO, 2003) are directed toward resource-limited
countries in which the above facilities are not available
routinely (Table 3).

The basic treatment regimen recommended by the
ATS, CDC, IDSA, and WHO for previously untreated
patients with either pulmonary or extrapulmonary tuber-
culosis consists of an initial phase of isoniazid, rifampin,
pyrazinamide, and ethambutol for 2months, followed by
4months of isoniazid and rifampin (Blumberg et al., 2003;
WHO, 2003). The recommendation of a four-drug initial
phase is based, in part, on findings of the British Medical
Research Council (Mitchison and Nunn, 1986), and
strongly suggests that where the prevalence of initial
resistance to isoniazid is likely to be high, treatment regi-
mens should include an initial 2-month, 4-drug initial
phase, and rifampin plus isoniazid should be given for a
4-month continuation phase. The results of this regimen
are nearly as good in the presence of resistance to isonia-
zid as for fully susceptible organisms.

Variations in the pattern of administration of the
basic regimen do exist and are designed primarily to
enable observation of medication ingestion (Table 2).



Table 1 Antituberculosis drugs, preparations, and doses

Drug/preparation

Doses

Adults/children Daily 2/week 3/week

First-line drugs

Isoniazid: Tablets (50mg, 100mg, 300mg); elixir (50mg/5ml); aqueous
solution (100mg/ml) for intravenous or intramuscular injection

Adults (max.)
Children (max.)

5mg/kg (300mg)
10–15mg/kg (300mg)

15mg/kg (900mg)
20–30mg/kg (900mg)

10mg/kg (600mg)
15–20mg/kg (600mg)

Rifampin: Capsule (150mg, 300mg); powder may be suspended for

oral administration; aqueous solution for intravenous injection

Adultsd (max.)

Children (max.)

10mg/kg (600mg)

10–20mg/kg (600mg)

10mg/kg (600mg)

10–20mg/kg (600mg)

10mg/kg (600mg)

10–20mg/kg (600mg)

Rifabutin: Capsule (150mg) Adultsd (max.) 5mg/kg (300mg) 5mg/kg (300mg) 5mg/kg (300mg)
Children Appropriate dosing for

children is unknown

Appropriate dosing for children

is unknown

Appropriate dosing for

children is unknown

Rifapentine: Tablet (150mg, film coated) Adults Approved for once/week
in continuation phase

(600mg)

– –

Children The drug is not approved

for use in children
Pyrazinamide: Tablet (500mg, scored) Adults (max.) 20–30mg/kg (2.0 g) 40–50mg/kg (4.0 g) 30–40mg/kg (3.0 g)

Children (max.) 15–30mg/kg (2.0 g) 50mg/kg (2.0 g) 40mg/kg (2.0 g)

Ethambutol: Tablets (100mg, 400mg) Adults (max.) 15–20mg/kg (1,6 g) 35–50mg/kg (4.0 g) 25–35mg/kg (2.4 g)

Children (max.) 15–20mg/kg (1.0 g) 50mg/kg (2.5 g) 30mg/kg (2.0 g)
Second-line drugs

Cycloserine: Capsule (250mg) Adults (max.) 10–15mg/kg/d (1.0 g in

two doses), usually

500–750mg/d in two
doses

There are no data to

support intermittent

administration

There are no data to

support intermittent

administration

Children (max.) 10–15mg/kg/d (1.0 g/d) – –

Ethionamide: Tablet (250mg) Adults b (max.) 15–20mg/kg/d (1.0 g/d),
usually 500–750mg/d

in a single daily dose or

two divided dosesb

There are no data to
support intermittent

administration

There are no data to
support intermittent

administration

Children (max.) 15–20mg/kg/d (1.0 g/d) There are no data to
support intermittent

administration

There are no data to
support intermittent

administration

Streptomycin: Aqueous solution (1-g vials) for intravenous or

intramuscular administration

Adults (max.) – – –

Children (max.) 20–40mg/kg/d (1 g) 20mg/kg (1 g) 20mg/kg (1 g)

Amikacin: Aqueous solution (500-mg and kanamycin 1-g vials) for

intravenous or intramuscular administration

Adults (max.) – – –

Children (max.) 15–30mg/kg/d (1 g)

intravenous or

intramuscular as a

single daily dose

15–30mg/kg (1 g) 15–30mg/kg (1 g)

Continued
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Table 1 Continued

Drug/preparation

Doses

Adults/children Daily 2/week 3/week

Capreomycin: Aqueous solution (1-g vials) for intravenous or

intramuscular administration

Adults (max.)

Children (max.)

–

15–30mg/kg/d (1 g) as a

single daily dose

–

15–30mg/kg (1 g)

–

15–30mg/kg (1 g)

p-Aminosalicylic acid (PAS): Granules (4-g packets) can be mixed
with food; tablets (500mg) are still available in some countries,

but not in the United States; a solution for intravenous administration is

available in Europe

Adults

Children

8–12g/d in 2 or 3–4
divided doses (10 g)

There are no data to support
intermittent administration

There are no data to support

intermittent administration

There are no data to
support intermittent

administration

There are no data to

support intermittent
administration

Levofloxacin Tablets (250mg, 500mg, 750mg); aqueous solution

(500mg vials) for intravenous injection

Adults 500–1000mg daily There are no data to support

intermittent administration

There are no data to

support intermittent
administration

Children – – –

Moxifloxacin tablets (400mg): aqueous solution (400mg/250ml) for

intravenous injection

Adults 400mg daily There are no data to support

intermittent administration

There are no data to

support intermittent
administration

Children – – –

Gatifloxacin tablets (400mg): aqueous solution (200mg/20ml;

400mg/40ml) for intravenous injection

Adults 400mg daily There are no data to

support intermittent
administration

There are no data to

support intermittent
administration

Children – – –

aDose per weight is based on ideal body weight. Children weighing more that 40 kg should be dosed as adults.
bFor purposes of this document adult dosing begins at age 15 years.
cDose may need to be adjusted when there is concomitant use of protease inhibitors or non-nucleoside reverse transcriptase inhibitors.
dThe drug can likely be used safely in older children but should be used with caution in children <5 yrs in whom visual acuity cannot be monitored. In younger children EMB at the dose of

15mg/kg/d can be used if there is suspected or proven resistance to INH or RIF.
eIt should be noted that although this is the dose recommended generally, most clinicians with experience using cycloserine indicate that it is unusual for patients to be able to tolerate this

amount. Serum concentration measurements are often useful in determining the optimum dose for a given patient.
fThe single daily dose can be given at bedtime or with the main meal.
g15mg/kg/d (1g) and 10mg/kg in persons >59 years of age (750mg). Usual dose 750mg–1000mg IM or IV, typically given as a single dose 5–7days a week and reduced to 2–3 times a
week after first 2–4months or after culture conversion, depending on the efficacy of the other drugs in the regimen.
hThe long-term (>several weeks) use of fluoroquinolones in children and adolescents has not been approved because of concerns about effects on bone and cartilage growth. However,

most experts agree that the drug should be considered for children with tuberculosis caused by organisms resistant to both INH and RIF. The optimal dose is not known.

Modified from Centers for Disease Control and Prevention (2003) Treatment of Tuberculosis, American Thoracic Society, Centers for Disease Control and Prevention, and Infectious

Diseases Society of America. MMWR Morbidity and Mortality Weekly Report 52(RR-11): 1–77.
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Table 2 Drug regimens for culture-positive pulmonary tuberculosis caused by drug-susceptible organisms

Initial phase Continuation phase
Range of total
doses

Ratinga

(evidence)b

Regimen Drugs
Interval and dosesc

(minimum duration) Regimen Drugs Interval and dosesc,d (minimum duration)
(Minimum
duration) HIV� HIVþ

1 INH
RIF

PZA

7days per week for 56 doses (8weeks)
or 5days per week for 40 doses

(8weeks)e

1a

1b

INH /RIF

INH/RIF

7days per week for 126 doses (18weeks)
or 5days per week for 90 doses (18weeks)e

Twice-weekly for 36 doses (18weeks)

182–130
(26weeks)

92–76 (26weeks)

A (I)

A (I)

A (II)

A (II)f

EMB 1cg INH/ RPT Once weekly for 18 doses (18weeks) 74 or 58 (26weeks) B (I) E (I)

2 INH

RIF

PZA

EMB

7days per week for 14 doses (2weeks)

then twice-weekly for 12 doses (6weeks)

or

5days per week for 10 doses
(2weeks)e then

twice weekly for 12 doses (6weeks)

2a

2bg

INH/RIF

INH/RPT

Twice-weekly for 36 doses (18weeks)

Once weekly for 18 doses (18weeks)

62–58 (26weeks)

44 or 40 (26weeks)

A(II)

B (I)

B (II)f

E (I)

3 INH 3a INH/RIF Thrice-weekly for 54 doses (18weeks) 78 (26weeks) B (I) B (II)
RIF

PZA

EMB

Thrice-weekly for 24 doses

(8weeks)

4 INH 7days per week for 56 doses (8weeks)
or 5days per week for 40 doses (8weeks)e

4a INH/RIF 7days per week for 217 doses (31weeks)
or 5days per weeks for 155 doses

(28weeks)e

273–195 (39weeks) C (I) C (II)

RIF 4b NH/RIF Twice-weekly for 62 doses (31weeks) 118–102 (39weeks) C (I) C (II)

EMB

aDefinitions of evidence ratings: A, preferred; B, acceptable alternative; C, offer when A and B cannot be given; E, should never be given.
bDefinitions of evidence ratings: I, randomized clinical trial; II, data from clinical trials that were not randomized or were conducted in other populations; III, expert opinion.
cWhen DOT is used, drugs may be given 5days per week and the necessary number of doses adjusted accordingly. Although there are no studies that compare 5 with 7 daily doses,
extensive experience indicates this would be an effective practice.
dPatients with cavitation on initial chest radiograph and positive cultures at completion of 2months of therapy should receive a 7-month (28-week; either 196 doses [daily] or 56 doses
[twice-weekly]) continuation phase.
eFive-day-a-week administration is always given by DOT. Rating for 5-day-a-week regimens is A(III).
fNot recommended for HIV-infected patients with CD4 cell counts < 100 cells/ml.
gOptions 1c and 2b should only be used in HIV-negative patients who have negative sputum smears at the time of completion of 2months of therapy and who do not have cavitation on

initial chest radiograph (see text). For patients started on this regimen and found to have a positive culture at 2months, treatment should be extended an extra 3months.

INH, isoniazid; RIF, rifampin; RPT, rifapentine; PZA, pyrazinamide; EMB, ethambutol.
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Table 3 Recommended treatment for persons not treated

previously

Ranking Initial phase Continuation phase

Preferred INH, RIF, PZA, EMBa,b

daily, 2months

INH, RIF daily, 4months

INH, RIF, PZA, EMBa,b

3x/week, 2months

INH, RIF 3x/week,

4months
Optional INH, RIF, PZA, EMBb

daily, 2months

INH, EMB daily,

6monthsc

aStreptomycin may be substituted for EMB.
bEMB may be omitted in uncomplicated childhood tuberculosis.
cAssociated with higher rate of treatment failure and relapse; they

should not be used in patients with HIV infection.

INH, isoniazid; RIF, rifampicin; PZA, pyrazinamide; EMB, etham-
butol.
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In circumstances in which DOT beyond the initial phase
is not feasible, the WHO guidelines recommend a contin-
uation phase of daily isoniazid and ethambutol. This is
intended to minimize the likelihood of rifampin resistance
developing. However, in a comparative clinical trial the
isoniazid/ethambutol continuation phase regimen was
significantly less effective than the isoniazid/rifampin
continuation phase regimen ( Jindani, 2004). Moreover, it
has been shown that in patients with HIV infection the
outcome is significantly better when the regimen contains
rifampin throughout (Korenromp et al., 2003).
Initial Susceptibility Testing

Where quality-assured laboratory facilities are available,
drug susceptibility testing against first-line medication
should be performed. This is of particular importance in
areas of high prevalence of drug resistance or among
persons in whom epidemiological circumstances indicate
a risk of drug resistance. If resistance is identified, regi-
mens can be tailored to suit the specific pattern. In certain
situations, expert consultation may be needed to guide
empiric selection of an expanded treatment regimen for
individuals suspected of having drug-resistant tuberculo-
sis, even before susceptibility results are available.
Promoting Adherence

Although it is well known that patients with tuberculosis
can be difficult to manage, this difficulty does not absolve
treating clinicians of their responsibility to render the
patient noninfectious and permanently cured. In effect,
successful treatment of tuberculosis requires not only the
selection of an appropriate regimen (prescribed in appro-
priate doses and for appropriate durations) but also assid-
uous efforts in assuring patient adherence to the
prescribed regimen.
The reasons for poor adherence to treatment for tuber-
culosis are complex and numerous, and prediction of who
will be adherent and who will not is unreliable (Burkhart
and Sabate, 2003). Numerous factors including cultural
and linguistic barriers as well as lifestyle circumstances,
such as homelessness and substance abuse, among a vari-
ety of other issues, can interfere with adherence (Moss et al.,
2000; Blumberg et al., 2003). It is clear that there is no
single approach to management that is effective for all
patients, conditions, and settings. Consequently, interven-
tions that target adherence must be tailored or customized
to the particular situation of a given patient (Blumberg
et al., 2003) and may include setting clinic hours to suit the
patient’s schedule; providing treatment support in the
clinic, the patient’s home, or other locations; and offering
incentives and enablers, such as transportation reimburse-
ments. This patient-centered, individualized approach to
treatment support is a core element of all tuberculosis
care and control efforts.

A central element in ensuring completion of therapy is
giving the drugs under DOT (Blumberg et al., 2003). Pill
counting or testing for drug metabolites in urine may also
be useful for assessment of adherence. Use of DOT has
been shown to be associated with improved outcomes of
therapy in several cohort analyses (Weis et al., 1994; Zhao
et al., 1996; Chaulk and Kazandjian, 1998). Patient-centered
approaches using the full range of accepted measures to
ensure medication ingestion are central to the WHO’s
global tuberculosis control strategy, known as DOTS
(DOTS is the acronym for Directly Observed Treatment,
short-course and is the brand name for the WHO-
recommended strategy for TB control), and comprised
of four elements in addition to DOT (WHO, 2002).
Although concerns have been raised that the direct
observation of medication ingestion does not lead to bet-
ter outcomes compared with self-supervised treatment
(Volmink and Garner, 2006), the full DOTS strategy has
been very successful in high-incidence countries such as
Peru and China (Suarez et al., 2001; Xianyi et al., 2002).
Predictors of Outcome

The optimal surrogate marker for predicting poor out-
come has yet to be identified, however, several factors
have been found to be associated with poor outcomes,
namely treatment failure (culture-positive tuberculosis
after 4months of treatment) or relapse (a second episode
of tuberculosis after attaining culture-negative cure at
completion of treatment) (Mitchison, 1993; Benator et al.,
2000; Blumberg et al., 2003). Culture status at the end of the
initiation phase is currently the most validated marker for
risk of poor treatment outcome (Perrin et al., 2007). The
U.S. Public Health Service Study 22 found that sputum
culture positivity at the time of completion of the initial
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phase of treatment in combination with the presence of
cavitation on the initial chest film were highly predictive
of either treatment failure or relapse (Benator et al., 2000).
For this reason, patients with cavitation on the initial chest
film who have positive sputum cultures at the end of the
initial phase of treatment should have the continuation
phase of treatment extended from 4 to 7months, making a
total of 9months as recommended by the ATS/CDC/
IDSA treatment guidelines (Blumberg et al., 2003). How-
ever, it should be noted that these recommendations differ
from those of WHO, as in many parts of the world radio-
graphic examination and cultures are not available. Addi-
tional factors that have been associated with poor
outcomes include inadequate weight gain while on treat-
ment (Khan et al., 2006), the use of alcohol, younger
age (but above 18 years), and poor clinic attendance
(Blumberg et al., 2003).
Monitoring Response

Sputum cultures should have converted to negative
within 2 to 3months of chemotherapy in 75–90% of
patients taking a regimen that includes isoniazid and
rifampin (Blumberg et al., 2003). Failure of the sputum
cultures to become negative by this time should prompt
further investigation, and may indicate that either the
patient is not taking the drugs or, much less commonly,
the organisms are resistant to the drugs being used.
Patients who continue to have M. tuberculosis in their
sputum after 2–3months of treatment should be started
on DOT, if not already being supervised in this manner,
and should have drug susceptibility tests performed, if
facilities are available. If resistance is found, the regimen
should be modified based on the results. If sputum sam-
ples are still positive after 4months of therapy, the regi-
men should be considered to have failed and a new
regimen begun, ideally, based on recent drug susceptibil-
ity test results (Blumberg et al., 2003).
Management of Relapse

Most relapses occur within 6 to 12 months after completion
of therapy (Blumberg et al., 2003). In general, the manage-
ment of patients who experience relapse despite the com-
pletion of a DOT regimen that contained isoniazid and
rifampin involves reinstituting the same regimen previously
used until susceptibility results are available. This approach
is possible because organisms known at the outset of treat-
ment to be sensitive to the first-line antituberculosis drugs
commonly retain full drug susceptibility when isoniazid
and rifampin were part of the original regimen. However,
if the patient is severely ill at least three new agents should
be added to the regimen for the possibility of drug re-
sistance. Drug susceptibility testing should be performed
and the regimen modified if resistance is detected. In addi-
tion, retreatment should be given under DOT.

Patients who experience relapse after completing a
regimen that did not contain rifampin should be consid-
ered to harbor organisms that are resistant to the drugs
that were used, at least until susceptibility is proven. The
likelihood of resistance is directly related to the duration
of previous treatment (Costello et al., 1980; Suwanogool
et al., 1984). The likelihood of resistance to isoniazid
increases approximately 4% per month of prior treatment
and resistance to streptomycin increases at approximately
2.5% per month of prior treatment.
Drug-Resistant Tuberculosis

Drug resistance can be present de novo in the initial isolate
or acquired during treatment. Features known to be asso-
ciated with the acquisition of drug resistance while on
treatment include the initial size of the bacillary popula-
tion (i.e., presence of pulmonary cavities), the drug regi-
men prescribed (i.e., inappropriate drugs, insufficient
dosage) and noncompliance of an otherwise adequate
regimen (Blumberg et al., 2003). If drug-resistant organ-
isms are suspected or confirmed by susceptibility testing,
assistance should be sought from a clinician who has
appropriate expertise in such situations. The basic princi-
ple of treatment for patients whose organisms demon-
strate resistance to one or more of the first-line drugs,
but not both to isoniazid and rifampin (see section titled
‘Multidrug - resistant and extensively drug-resistant tuber-
culosis’) is to administer a regimen that consists of any
remaining effective first-line drugs plus at least two (but
generally three to four) agents to which there is demon-
strated susceptibility (Blumberg et al., 2003). Unfortunately,
there are no evidence-based guidelines as to the relative
effectiveness of various regimens nor the optimal duration
of treatment, however, the likelihood of treatment success
does appear to be correlated to whether the organism is
susceptible to rifampin (Espinal et al., 2000). When the
organism is susceptible to isoniazid and rifampin, and is
treated with a regimen that contains these drugs, likeli-
hood of success is considered to be very high. In the
presence of resistance to isoniazid, treatment with rifam-
pin and ethambutol, supplemented by pyrazinamide, is
likely to be successful (Blumberg et al., 2003).
Multidrug-Resistant and Extensively
Drug-Resistant Tuberculosis

Multidrug-resistant (MDR) tuberculosis (MDRTB) is
defined by the presence of resistance to both isoniazid
and rifampin. Extensively drug-resistant (XDR) tubercu-
losis (XDRTB) is defined as MDRTB that is also resistant
to a fluoroquinolone and at least one of three injectable
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second-line drugs: amikacin, capreomycin, or kanamycin.
It is estimated that worldwide there are 400 000 inci-
dent cases of MDRTB and XDRTB identified each year
(Raviglione and Smith, 2007). Since 1994, the WHO and
the International Union Against Tuberculosis and Lung
Disease have been conducting drug surveillance monitor-
ing in 35 countries through a network of Supranational
Reference Laboratories that aid National Reference
Laboratories in conducting quality-assured drug suscepti-
bility testing. These surveys have shown that drug resis-
tance in general is ubiquitous (Aziz and Wright, 2005). The
surveys are being repeated every 3 to 5 years to determine
trend and in certain areas of the world rates of multidrug
resistance continue to be alarmingly high (Pablos-Mendez
et al., 1998; Espinal et al., 2001; Aziz andWright, 2005). These
so-called hotspots include Latvia, the Delhi region in India,
Estonia, the Dominican Republic, and Argentina.

A recent analysis of 17 690 isolates from 49 countries
by the CDC and WHO found that 2% of the isolates
met the definition of XDRTB. Moreover, XDRTB was
identified in all regions. For Latvia and the United States,
where drug susceptibility results were available for all
the tuberculosis cases, 4% and 19% of their MDR cases
also met the XDR definition, respectively. As part of
these projects an outbreak of HIV-associated XDRTB
was reported in 2006 from the KwaZulu-Natal Province
of South Africa. Of 221 MDRTB cases identified,
53 (23%) were also resistant to a fluoroquinalone (cipro-
floxacin) and an injectable (kanamycin) (Gandhi et al.,
2006). Only half reported a prior history of treatment
for tuberculosis. HIV test results were available in 44
patients and all were found to be seropositive, and
mortality was alarmingly high with 52 of the 53 patients
dying within a median of 16 days from the initial sputum
collection.
Treatment of MDR and XDR Tuberculosis

In general, the outcome of treatment depends largely on
the number of agents to which the organisms are suscep-
tible, the promptness and appropriateness of therapy, the
number of previous courses of therapy, and the HIV status
of the patient. Consequently, the outcome of treatment in
persons with tuberculosis caused by MDR organisms is
generally less good than that of treatment of disease
caused by susceptible organisms. Treatment of XDR
organisms is even more complex and is estimated to cost
upwards of $500 000 per case. Consultation with an expert
is strongly advised in treating patients with MDRTB and
XDRTB. The regimen selected represents the last best
chance for cure and must be implemented correctly. The
regimen should be based on the results of drug suscepti-
bility tests, however, the results are often not known until
several weeks after therapy is started. In such instances,
treatment should be empirically determined on the basis
of the patient’s history of prior therapy, avoiding reliance
on agents taken previously and on the prevailing resis-
tance patterns in the community or subpopulation of
which the patient is a member.

In a group of patients withMDRTBwho had undergone
multiple previous courses of chemotherapy, the rate of
successful outcome was only slightly better than 50%
(Goble et al., 1993). However, both in New York and in
San Francisco non-HIV-infected patients with MDRTB
who had not been extensively treated previously had a
much better rate of success (92% and 97%, respectively),
albeit with amuch shorter follow-up time (Telzak et al., 1995;
Burgos et al., 2005). In the report from San Francisco, the
prognosis for patients with HIV infection and MDRTB
was very poor, with all 11 patients dying during the period
of the study, although this group of patients was treated
prior to the availability of highly active antiretroviral ther-
apy (HAART) (Burgos et al., 2005). Whether HAART
would improve the outcome is not known. In the cohort
of 53 patients with XDRTB from the KwaZulu-Natal
Province, 15 were receiving antiretroviral therapy and
yet 98% of the cohort died (Gandhi et al., 2006).
Treatment of Extrapulmonary
Tuberculosis

Tuberculosis can involve virtually any organ or tissue in
the body. Nonpulmonary sites tend to be more common
among children and persons with impaired immunity. To
establish the diagnosis of extrapulmonary tuberculosis,
appropriate specimens including pleural fluid; pericardial
or peritoneal fluid; pleural, pericardial, and peritoneal
biopsy specimens; lymph node tissue; and bone marrow,
bone, blood, urine, brain, or cerebrospinal fluid should be
obtained for AFB staining, mycobacterial culture, and
drug susceptibility testing (Blumberg et al., 2003).
Central Nervous System Tuberculosis

Tuberculous meningitis is the most severe form of extra-
pulmonary tuberculosis and the most common form of
central nervous system tuberculosis (Hosoglu et al.,
2002). The clinical presentation is nonspecific making
early diagnosis difficult. Moreover, conventional appro-
aches such as AFB smear and culture from cerebrospinal
fluid for speciation and susceptibility testing are often
nondiagnostic. In view of the catastrophic consequences
and high incidence of mortality in poorly treated tubercu-
lous meningitis, the potential for resistant organisms
should be taken into account when treatment is initiated.
If there are no epidemiological indicators of possible
resistance, a regimen of isoniazid, rifampin, pyrazinamide,
and ethambutol should be effective. The recommended
length of the continuation phase is 7months for a total
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treatment duration of 9–12months, although there are
no clinical trials that serve to define the optimum treat-
ment duration (Blumberg et al., 2003). Isoniazid penetrates
the blood–brain barrier readily, and although data are
limited, in the presence of meningeal inflammation, rifam-
pin, pyrazinamide, and streptomycin enter the cere-
brospinal fluid in concentrations sufficient to inhibit
growth of the organism. Ethambutol penetrates poorly,
and doses of 25mg/kg body weight produce subinhibitory
concentrations.

Corticosteroid treatment has a beneficial effect in
patients with tuberculous meningitis and cerebral edema
(O’Toole et al., 1969; Girgis et al., 1991; Thwaites et al.,
2004). Given the severity of the process, reasonably good
data supporting corticosteroid use in more severe forms
of the disease, and a paucity of information in patients
with less severe tuberculosis meningitis, corticosteroid
treatment – specifically with dexamethasone – is recom-
mended for all patients, especially those with alterations
in their level of consciousness (Thwaites et al., 2004). The
recommended dose of dexamethasone is 12mg/day for
3 weeks then decreased gradually during the next 3 weeks.

The other major central nervous system form of tuber-
culosis, the tuberculoma, presents a more subtle clinical
picture than does tuberculous meningitis. The response to
antituberculosis chemotherapy is good, and corticoster-
oids are indicated only if there is an increase in intracra-
nial pressure.
Lymphatic Tuberculosis

Tuberculous lymphadenitis is a common form of extra-
pulmonary tuberculosis. Cervical adenopathy is most
common, but inguinal, axillary, mesenteric, mediastinal,
and intramammary involvement have also been described
(Golden and Vikram, 2005). A 6-month regimen is recom-
mended for treatment of tuberculous lymphadenitis
(Campbell and Dyson, 1977; Campbell, 1990; Jawahar
et al., 1990). However, even with effective regimens, the
rate of response is much slower than with pulmonary
tuberculosis. Lymph nodes may enlarge, new nodes may
appear, and fistulas may develop during treatment that
ultimately proves effective. This transient worsening may
be a manifestation of the immune reconstitution syn-
drome. Overall, true bacteriologic relapse after comple-
tion of therapy is unusual.

Corticosteroid treatment has been used to shrink intra-
thoracic nodes and relieve bronchial obstruction, primar-
ily in children. Corticosteroids also increase the rate of
resolution of radiographic changes thought to be due to
bronchial narrowing by lymph nodes or endobronchial
lesions in children with primary tuberculosis (Nemir,
1967). Apart from this indication, there is no clear role
for corticosteroids in lymphatic tuberculosis.
Pleural Tuberculosis

Two forms of tuberculous involvement of the pleura are
seen; a hypersensitivity to bacilli present in the pleural
space resulting in pleurisy, and a distinct form that repre-
sents true empyema (Baumann et al., 2007). Treatment of
the hypersensitivity variety of tuberculous pleural effusion
consists of standard antituberculosis drug regimens
(Blumberg et al., 2003). Repeat thoracentesesmay be required
to relieve symptoms, but drainage via tube thoracostomy is
rarely necessary. In general, the amount of residual pleural
scarring from this form is small. The use of corticosteroids
may increase the rate of resolution and decrease the residual
fluid, but such treatment is rarely indicated.

The second variety of tuberculous involvement of the
pleura is a true empyema. This is much less common than
tuberculous pleurisy with effusion and results from a large
number of organisms spilling into the pleural space, usu-
ally from rupture of a cavity or an adjacent parenchymal
focus by way of a broncho-pleural fistula. Although stan-
dard chemotherapy should be instituted for tuberculous
empyema, it is unlikely to clear the pleural space infec-
tion, probably because penetration of the antituberculosis
agents into the pleural cavity is limited. For this reason,
surgical drainage is often necessary and may be required
for a prolonged period of time both as treatment for the
infection and because of the frequent association with a
broncho-pleural fistula. Drainage may be accomplished
with a standard thoracostomy tube. In selected patients,
creation of an Eloesser flap, in which a small portion of rib
overlying the empyema space is resected and the skin is
sutured to the pleura, is the procedure of choice. Corti-
costeroids have no role in treating this form of pleural
tuberculosis.
Genitourinary Tuberculosis

The principal means of diagnosing genitourinary
tuberculosis is the isolation of M. tuberculosis from urine
(Christensen, 1974). In general, renal tuberculosis is trea-
ted with a standard 6-month regimen (Gow and Barbosa,
1984). Nephrectomy is seldom indicated except in
patients who have tuberculosis caused by MDRorganisms
and who can tolerate removal of a kidney. Nephrectomy
may also be indicated for patients who have recurrent
pyogenic bacterial infections in a kidney destroyed by
tuberculosis, for persistent pain, and for massive hematu-
ria. Surgical or endoscopic procedures may also be neces-
sary to correct ureteral strictures and to augment the
capacity of a contracted bladder.
Bone and Joint Tuberculosis

In musculoskeletal tuberculosis, the spine, hip, and knee
are the most common sites of M. tuberculosis infection
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(Davidson and Horowitz, 1970; Ludwig and Lazarus,
2007). Spinal tuberculosis (Pott’s disease) involves the
thoracic spine in 50% of cases (Watts and Lifeso, 1996).
Standard chemotherapy of 6 to 9months’ duration is
highly successful in skeletal tuberculosis, but surgery is
occasionally a necessary adjunct. The role of emergency
spinal cord decompression in such patients is unclear, and
if paraplegia is already present, the benefit of surgical
intervention is even less clear. Longer duration of treat-
ment has been suggested by some experts because of the
difficulties in assessing response. Several controlled stud-
ies have documented that chemotherapy conducted
largely on an ambulatory basis is effective in curing spinal
tuberculosis without the need for immobilization. More-
over, there is no well-defined surgical procedure of
choice. Surgery may be indicated in other forms of artic-
ular tuberculosis when there is extensive destruction of
the joint or surrounding soft tissues, in which case syno-
vectomy and joint fusions may be necessary.
Abdominal Tuberculosis

A 6-month regimen is effective for patients with perito-
neal or intestinal tuberculosis (Singh et al., 1969; Demir
et al., 2001). Surgery may be necessary to establish a
diagnosis and, in addition, is necessary to relieve intestinal
obstruction if it should occur. Corticosteroids have been
advocated in tuberculous peritonitis to reduce the risk of
adhesions causing intestinal obstructions, but this recom-
mendation is controversial because the frequency of
obstruction is generally low, and in small studies the use
of corticosteroids did not reach statistical significance in
preventing fibrotic complications (Singh et al., 1969).
Pericardial Tuberculosis

A 6-month regimen is recommended for treatment of
pericardial tuberculosis. Because of its potentially life-
threatening nature, antituberculosis agents should be
instituted promptly once the diagnosis is made or strongly
suggested. It appears that the likelihood of pericardial
constriction is greater in patients who have had symptoms
longer; thus, early therapy may reduce the incidence of
this complication. Several studies have suggested that
corticosteroids have a beneficial effect in treating both
tuberculous pericarditis with effusion and constrictive
pericarditis (Strang et al., 1987; Mayosi et al., 2002). How-
ever, a meta-analysis of studies examining the effects of
corticosteroids in tuberculous pericarditis concluded that
although steroids could have an important effect, the
studies were too small to be conclusive (Mayosi et al.,
2002). Nevertheless, in patients with proven tuberculous
pericarditis who are receiving adequate antituberculosis
therapy and who have no major contraindications to the
use of corticosteroids should receive them. The optimum
regimen is not known, but prednisone – 60mg/day for
4 weeks – followed by 30mg/day for 4weeks, 15mg/day
for 2 weeks, and 5mg/day for 1 week is the recommended
regimen (Blumberg et al., 2003). Corticosteroid therapy
should not be used if there is a strong suspicion that the
infection is caused by a drug-resistant organism unless
adequate antituberculosis chemotherapy can be ensured.

In general, if hemodynamic compromise occurs, peri-
cardiectomy is necessary. Although pericardiocentesis
generally improves the circulatory status, the improve-
ment is usually temporary. Pericardial windows with
drainage into the left pleural space also generally provide
only temporary relief. The criteria for selecting patients
for pericardiectomy are not clear, apart from those
patients who have severe hemodynamic compromise.
Disseminated Tuberculosis

Standard antituberculosis chemotherapeutic regimens
should be employed for disseminated tuberculosis unless
meningitis is present in which case the recommended
duration is 9–12months (Blumberg et al., 2003). Cortico-
steroids may be useful for severe pulmonary disease with
respiratory failure.
New Drugs for Tuberculosis

The primary goal of new antituberculosis drug develop-
ment will be to shorten the minimum duration of treat-
ment for bacteriologically proven tuberculosis from the
current 6months to 1–2months, and to develop more
effective treatments for latent tuberculosis infection
(O’Brien and Nunn, 2001). Forty years have passed since
the last novel antituberculosis drug, rifampicin, was intro-
duced (Glickman et al., 2006). The recent identification of
XDRTB and continued escalation of MDRTB further
underscores the critical need for the development of
new drugs. However, it is worth noting that the response
to MDRTB and XDRTB should be primarily the
strengthening of current tuberculosis control programs
to prevent additional cases, as well as the development
of new diagnostics for the rapid identification drug resis-
tance. Otherwise, in the absence of effective tuberculosis
control practices, resistance is likely to develop rapidly
against these new drugs. The recent explosion of knowl-
edge concerning the biochemistry, genomics, and proteo-
mics of M. tuberculosis will no doubt contribute to
identification of new drug targets as well as rapid diag-
nostics (Zhang, 2005). As of this writing there are 11
compounds undergoing preclinical and clinical testing
(Glickman et al., 2006; Raviglione, 2006). Of the drugs in
human trials, the quinolones are closest to completing
evaluation. There is preliminary evidence that inclusion
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of a quinolone, probably moxifloxacin because of its
greater potency, may be able to shorten the duration of
treatment (Burman et al., 2006; Rosenthal et al., 2006). As
of this writing, a multicenter Phase III treatment duration
shortening trial that includes moxifloxacin is under way.

See also: Respiratory Diseases: Overview; Respiratory

Infections, Acute; Tuberculosis Epidemiology; Tubercu-

losis: Overview; Tuberculosis Prevention.
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Mycobacteria are Gram-positive, nonmotile rods whose
species show great microbiological diversity. Many have
natural habitats in water and soil. However, some have
become intracellular pathogens of higher vertebrates
causing disease in animals and humans. Mycobacterium

tuberculosis belongs to this group and has been in our
midst since antiquity, but our ability to fight the organism
is less than 150 years old.

Charting the Disease Through History

A study that determined the frequency of genetic poly-
morphisms in clinical strains led to the hypothesis that
M. tuberculosis originated around 15 000 years ago and
that M. bovis was the likely pathogen in humans until
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1000 BC (Sreevatsan et al., 1997). After this, widespread
M. tuberculosis infection emerged. Early evidence of infec-
tion in mankind dates from examinations of the spines of
Egyptian mummies and of tomb paintings from 3500 BC,
which confirm tuberculosis as a common disease in Egypt
at this time (Zink et al., 2003). Around 2000 BC, tuber-
culosis was established in Europe, but the earliest evi-
dence of the disease in Britain comes from graves dating
from approximately 200 BC (Taylor et al., 2005).

There are references in the book of Deuteronomy,
thought to have been written in the seventh century BC,
to tuberculosis: ‘‘The lord shall smite thee with a con-
sumption, and with a fever, and with an inflamma-
tion, and with an extreme burning’’. In the Dark Ages
(400–1000 AD), references to tuberculosis are infre-
quent. As the Roman Empire declined, King Clovis of
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5th century France founded the Merovingian dynasty of
kings and claimed to heal tuberculosis by the touch of his
hand. The King’s evil became the term used for tubercu-
losis of the lymph glands as English and French monarchs
laid hands on scrofulous patients in regular healing ser-
vices. Queen Elizabeth I, for one, was faithful to this
custom. However, the powers of the monarchy were not
enough to protect themselves. King Edward VI succeeded
to the throne in 1547 as the last in the male line of the
house of Tudor. The king’s reign was cut brutally short
when he died from tuberculosis at Greenwich in 1553,
aged 15 (Holmes and McMorrough, 2001).

Although it has been suggested that colonial Europe
brought tuberculosis to the Americas, there is evidence
from Peruvian and Chilean mummified tissue a millen-
nium old, that humans inhabiting the Americas had been
exposed to mycobacterial disease before the advent of the
European ships. Unlike bubonic plague, which in the
Middle Ages swept through Europe in short, swift frenzies,
tuberculosis burned with a steady, consuming flame. The
disease was known as the white plague because of the
anemia of chronic disease that rendered sufferers pale.
Urbanization across Europe in the sixteenth and seven-
teenth centuries provided the perfect breeding ground for
tuberculosis, as poor populations with bad sanitation gath-
ered in close contact. Tuberculosis was responsible for
20% of deaths in London in the 1600s, as recorded in
the Bills of Mortality. Characters in Shakespeare’s Much

Ado About Nothing (1600) andMacbeth (1606) were afflicted
with consumption. The British heavily colonized Austra-
lia in the eighteenth and nineteenth centuries, leading to
bitter conflict with the native Aboriginal populations.
More devastating than the conflict, however, was the
impact of European diseases to which Aboriginal people
had no immunity, including tuberculosis. Aboriginal num-
bers decreased from an estimated 1 000 000 in 1788 to
approximately 93 000 in 1901.

The epidemic of tuberculosis in the nineteenth and
early twentieth centuries in Europe and the Americas is
illustrated in Figure 1 and underscored by the many
people who succumbed to the disease, both real and
in the arts. The heroine, Mimi, of Puccini’s La Bohème

suffers from tuberculosis (a theme carried over in the
modern film adaptation ‘Moulin Rouge’). Violetta, heroine
of Verdi’s La Traviata also dies of the disease. Dickens
described tuberculosis in Nicholas Nickleby as a ‘‘disease
in which death and life are so strangely blended, that
death takes the glow and hue of life.’’ Tuberculosis
patients were frequent characters in nineteenth-century
Russian literature, and even inspired a character type;
the consumptive nihilist, examples of which include
Bazarov from Turgenev’s Fathers and Sons, Katerina
Ivanovna from Dostoevsky’s Crime and Punishment, Kirillov
from Dostoevsky’s Demons, and Ippolit and Marie from
Dostoevsky’s The Idiot.
The real death toll was much more profound. Con-
sumption was probably the most common killer of
American colonial adults and accounted for more than
25% of deaths in New York City between 1810 and 1815
(Holmberg, 1990). James McGill, the founder of McGill
University, reported in his journal the culmination of
months of hopeless vigilance ‘‘At 2:00 am on July 4,
1812, my adopted daughter died of decay.’’ John Keats
died from tuberculosis at the age of 25 in 1821, as did
Frederic Chopin at 39 years in 1849. Tuberculosis killed
Emily Bronte in 1848 (Wuthering Heights), Anne Bronte in
1849 (Agnes Grey) and Charlotte Bronte in 1855 (Jane Eyre).
Doc Holliday, the American gunfighter and gambler,
worked as a dentist until 1872 when tuberculosis forced
him to move to the West for its dry climate, where he
eventually succumbed to the disease in 1887. Robert
Louis Stevenson died at 44 years in 1894 from tuberculo-
sis despite a partial recovery while in Saranac in 1887–88.
Franz Kafka, the Austrian Jewish novelist, contracted
tuberculosis in 1917 and died in a sanatorium in Kierling,
Austria in 1924. Jimmie Rodgers was American country
music’s first important recording star but died from
tuberculosis in 1933 shortly after writing one of his last
songs, ‘TB Blues.’ Mohammed Ali Jinnah, the founding
father of Pakistan and its first governor-general, died of
tuberculosis in Karachi in 1948. George Orwell died of
tuberculosis in January 1950, 1 year after the publication
of Nineteen Eighty-Four. Of course, these were the famous;
the death toll on the huddled masses was much more
far-reaching.

During World War II, increases in tuberculosis were
evident in all great cities. In Poland, the rate of tubercu-
losis tripled and the death rate in Warsaw from
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tuberculosis in 1944 was 500 per 100 000 people, a sharp
increase compared with the background mortality in
Western Europe at the time (Figure 1). By April 1945,
British Army forces had advanced across Lower Saxony
toward Bergen-Belsen. That day, the Germans opened
negotiations for the surrender of the concentration
camp, stating that the camp had 9000 sick inmates.
When the British took the camp on 15 April, the first
sights that they encountered were distressing. The appall-
ing conditions of the camp had been a perfect breeding
ground for tuberculosis.
Describing the Disease

An early written description of pulmonary tubercu-
losis was from the last great king of ancient Assyria,
Assurbanipal (668–627 BC): ‘‘The patient coughs fre-
quently; his sputum is thick and sometimes contains
blood. His breathing is like a flute.’’ Two centuries later,
Hippocrates (460–370 BC), in his writings, described
phthisis (a Greek word meaning chronic wasting or con-
sumption) as the most prevalent disease of the times, and
believed that it killed almost everyone affected. During
the reign of the Roman Empire, Claudius Galen (129–216
AD) served as personal physician to Marcus Aurelius and
recognized that tuberculosis was contagious.

Advances in the understanding of the disease were few
and far between for several centuries thereafter. However,
from the origins of the Renaissance came a revolution in
the knowledge of disease. In 1546, Girolamo Tracastoro
wrote the book De Morbis Contagiosis. Tracastoro wrote
that the seeds of contagion remain in such bodies as
articles of clothing and bedsheets used by the infected.
In the seventeenth century, the anatomical revolution
produced knowledge about the body from the study of
the dead. In his Opera Medica of 1679, the Dutch physician
Dr. Sylvius was the first to identify tubercles in the lungs
of consumptive patients. An edict issued by the Italian
Republic of Lucca in 1699 states that, ‘‘henceforth, human
health should no longer be endangered by objects remain-
ing after the death of a consumptive.’’ In 1720, the English
physician Benjamin Marten speculated, in his publication,
A New Theory of Consumption, that tuberculosis could
be caused by ‘‘wonderfully minute living creatures’’
(Doetsch, 1978). In 1761, Leopold Auenbrugger of
Austria, the father of percussion, published a book about
the relation of pathological changes and clinical signs of
tuberculosis. In 1782, the physicist Graumann presented a
treatise where he proved tuberculosis and syphilis were
not identical.

Significant research into the causes and cure of tuber-
culosis began in earnest in the nineteenth century. In
1810, Carmichael, a London physician, declared that the
tuberculosis of cattle is transmissible to man through the
use of tuberculoid meat or milk. The French physician
Gaspard Bayle described the damage caused by tuber-
culosis in 900 autopsies. René-Théophile-Hyacinthe
Laënnec, most famous for designing the stethoscope,
described the evolution of the disease from the initial
tubercle through its final stages. Laënnec died of pulmo-
nary tuberculosis in 1826 at the age of 45. Known until
then as scrofula or consumption, the name tuberculosis
seems first to have been used in 1839 by Johann Schoen-
lein. The Lancet in 1847 blamed London’s milk supply for
the rise in scrofula. In 1865, the French military doctor
Jean-Antoine Villemin demonstrated that consumption
could be passed from humans to cattle. On the basis of
this evidence, he postulated a specific microorganism as
the cause.

In 1880, Robert Koch was appointed director of the
bacteriological laboratories at the Imperial Health Office
in Berlin. In 1882, Koch discovered a staining technique
that enabled him to see Mycobacterium tuberculosis under a
microscope and showed that bacilli could be isolated in
pure cultures and produce tuberculosis in animals that
were inoculated. He published his work under the title
‘The Etiology of Tuberculosis,’ in the Berliner Klinische

Wochenschrift in which he proved the infectious nature of
the disease which ultimately earned him the Nobel Prize
in physiology or medicine in 1905 (Kaufmann, 2005).
Although meticulously documented, his research met
with some opposition; because of its chronic nature,
tuberculosis until then was widely believed to be inherited
rather than inhaled. However, the description of humani-
ty’s deadliest enemy had now truly begun and a century
later, in June 1998, the genome sequence of M. tuberculosis

was published (Cole et al., 1998).
Beginning the Fight Against the Disease

Early Measures

While the real fight against the disease began in the
nineteenth century, the foresight of Pliny the Elder
(28–79 AD), the Roman Senator, cannot be understated.
He sent one of his freedmen, who suffered from tubercu-
losis, on a cruise to Egypt and when the dry air of the
desert did not cure the patient, he sent him to a chalet in
the Alps. However, his dietary prescription was less con-
ventional: ‘‘For phthisis one had the liver of a wolf in wine,
the lard of a thin sow fed on herbs, the flesh of an ass with
a bouillon made from it.’’

Eighteen centuries later, Hermann Brehmer, a Silesian
botany student suffering from tuberculosis, traveled to the
Himalayan Mountains to pursue his botanical studies. He
returned home cured and began to study medicine. In
1854, he presented his doctoral dissertation, Tuberculosis is
a Curable Disease. In the same year, he built the first sani-
torium in Gorbersdorf. In 1883, Dr. Edward Livingston
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Trudeau, dying from pulmonary tuberculosis, traveled to
Saranac Lake in the Adirondack Mountains of New York
to spend his final days. He attributed his subsequent
recovery to the fresh air of the mountains and in 1885,
built the first American sanatorium. By 1930, the United
States had 600 sanatoriums with a total of 84 000 beds. For
the wealthy, the sanatorium was a combination luxury
hotel and hospital, as immortalized in Thomas Mann’s
novel The Magic Mountain. The sanatoria provided the
first effective step to control tuberculosis by separating
those infected from those who were not and providing a
healthy diet and climate for those who had the disease.

The Italian Forlanini in 1890 observed that lung col-
lapse tended to have a favorable impact on the outcome of
the disease. This is because M. tuberculosis is an obligate
aerobe and the absence of oxygen in the collapsed lungs led
to its demise. With the introduction of artificial pneumo-
thorax (Figure 2) and other surgical methods to reduce
lung volume, the depressing era of helplessness in the face
of tuberculosis was over, and active therapy had begun.

In 1886, de Cerenville introduced rib resection to
collapse the underlying lung. In 1900, Dr. Edward
Archibald, the father of thoracic surgery in North
America, had tuberculosis and was treated in the Trudeau
Sanatorium at Saranac Lake. In 1912, Archibald was the
first surgeon to perform thoracoplasty in North America
at Montreal. Thoracoplasty emerged from the array of
collapse techniques to become the predominant form of
collapse therapy. Furthermore, the discovery of radiation
by Von Röntgen in 1895 meant the progress and severity
of a patient’s disease could now be accurately followed.
Figure 2 Two examples of early twentieth-century
pneumothorax apparatus. Photo by the author.
By 1890, Koch had published a series of four papers
describing a remedy for tuberculosis – a glycerol extract
of pure culture of tubercle bacilli – as well as the reaction
of animals infected withM. tuberculosis and the differential
responses to tuberculin in healthy and diseased persons.
Koch noted that the extract ‘‘will enable us to diagnose
questionable cases of early consumption even when we
fail to detect bacilli’’ (Kaufmann, 2005). Arthur Conan
Doyle correctly challenged the therapeutic value of
Koch’s lymph, arguing that it might remove traces of the
enemy, but it left deadly germs ‘‘deep in the invaded
country.’’ Its real value, Conan Doyle asserted, was as
‘‘an admirable aid to diagnosis’’ to determine if a patient
was ‘‘in any way tubercular’’. In Paris, French bacteriolo-
gists Albert Calmette and Camille Guerin serially pas-
saged M. bovis 230 times from 1908 to 1919 at the Pasteur
Institute (Hagwood, 1999). The resulting strain, bacille
Calmette-Guérin, known commonly as BCG, was found
to be avirulent. It was first administered to humans in
1921 and is still applied today with varying efficacy.

Wade Hampton Frost’s epidemiologic studies in the
1930s showed that, even without chemotherapy, the inci-
dence of tuberculosis in the United States was declining
steadily (Frost, 1995). In Western countries, deaths from
tuberculosis fell from 200 per 100 000 in 1900 to 50 per
100 000 by 1950 (Figure 3).
The Antibiotic Era

In 1885, the Italian bacteriologist Cantani had tuberculo-
sis patients inhale cultures of nonpathogenic bacteria,
which led to a fall in the quantity of tubercle bacilli in
patients’ sputum. In 1939, Selman A. Waksman had dis-
covered the inhibitory effect of certain fungi, especially
actinomycetes, on bacterial growth. In 1940, his team at
the University of California were able to isolate an effec-
tive antituberculous antibiotic, actinomycin; however, this
proved to be too toxic for clinical use (Waksman, 1969). In
the years that followed, research with actinomycetes,
aspergillus, and other microorganisms demonstrated the
antituberculous activities of their products. In January
1944, Waksman announced the discovery of a drug called
streptomycin isolated from a fungus, Streptomyces lavendula
and Patricia, a 21-year-old woman was the first patient to
be successfully treated with the drug (Schatz, 1944).

In 1946, Lehmann announced the discovery of para-
amino-salicylic (PAS). By 1947, strains of M. tuberculosis

had developed resistance to streptomycin. In 1948, the
combination of streptomycin and PAS was found to be
very effective against M. tuberculosis. In 1952 at Seaview
Hospital, New York, a new drug called isoniazid was used
to treat tuberculosis patients by Robitzek and Selikoff.
Other antituberculous drugs followed with the discovery
of pyrazinamide in 1954, cycloserine in 1955, ethambutol
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in 1962, and rifampicin in 1963. The combination of the
early bactericidal activity of isoniazid and the sterilizing
activity of rifampicin shortened treatment to less than a
year, resulting in short-course chemotherapy. Several
studies from Madras and elsewhere demonstrated that
treatment was effective when given at home rather than
in the sanitorium and that antituberculous drugs were
effective when given intermittently rather than daily.
The clinical effectiveness of antituberculous drugs led to
the closure of the sanatoria in the 1950s and 1960s.

Deaths from tuberculosis in the United States dropped
from 188 per 100 000 in 1904 to approximately 1 per
100 000 in 1980.M. tuberculosiswas no longer a bacteriologi-
cal exception. It could be assailed and beaten into retreat.
Tuberculosis Resurgent

From the 1950s to 1985, the Western world saw a rapid
decline in the incidence of tuberculosis. For example,
84 304 contracted the disease in 1953 in the United States,
falling to 22 201 in 1985. In 1960, Dr. John Crofton at the
University of Edinburgh proposed that a combination of
streptomycin, PAS, and isoniazid made tuberculosis
completely curable and he declared all-out war to con-
quer the disease. In 1970, William Stewart, the U.S.
Surgeon General, is reported to have told the U.S. Con-
gress that the United States was ‘‘ready to close the book
on infectious disease.’’ In 1984, the Public Health Service
reported that the number of tuberculosis cases reported
annually in 1953 had declined by 74% (Huebner and
Castro, 1995). In 1987, the Advisory Council for the
Elimination of Tuberculosis put forth a plan to eliminate
tuberculosis (1 case per 1 million population) by the year
2010 (Anonymous, 1993). These advances contributed to
the sense that mankind had prevailed over M. tuberculosis

and funding for the fight against tuberculosis was dramat-
ically reduced in Western countries. Humanity had won
the war . . . or had it?

M. tuberculosis was not ready to leave without a fight.
Patients recovering rapidly after starting treatment and
then defaulting from further treatment as well as inade-
quate therapy of tuberculosis in counties with poor access
to antituberculous drugs led to the development of
multidrug resistance. A survey (1961–1968) in the United
States that examined drug susceptibility results found
3.5% drug monoresistance and the United States
reported the first outbreak of drug-resistant tuberculosis
in 1970. In 1985, for the first time in that century, the
decline in tuberculosis stagnated and then began a slow,
steady increase. Tuberculosis had outsmarted its smartest
opponent.

From 1990 to 1992, the Centers for Disease Control in
Atlanta investigated outbreaks of multidrug-resistant
tuberculosis in eight hospitals in Florida, New York,
and New Jersey (Young andWormser, 1994). Tuberculosis
was found to be transmitted not only from patient
to patient, but also from patient to health-care worker.
The WHO reported that the death rate of patients
with multidrug-resistant tuberculosis in the United States
was approximately 70%. The typical interval from diag-
nosis to death was 4–16weeks and 80% of cases were
HIV-positive. HIV and tuberculosis had forged a secret
alliance.
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The International Union against Tuberculosis and
Lung Disease (IUATLD) tested a countrywide system
for tuberculosis control by treating tuberculous patients
in several poor developing countries. It was proven effec-
tive even in difficult settings. As part of this system, it was
noted that the emergence of multidrug resistance could
be avoided by supervision of drug taking. The World
Health Organization (WHO) adopted the strategy and
named it DOTS (Directly Observed Therapy, short-
course) as a framework for global prevention and control
of tuberculosis that can be modified according to local
needs in its implementation. DOTS was crucial to the
restoration of tuberculosis control during the multidrug-
resistant outbreaks of tuberculosis in North America.

The possibility of an untreatable form of tuberculosis
attracted extensive media attention and the funding that
had been pulled from tuberculosis management was rein-
stated in many Western countries. From 1993 to 2003, the
incidence of tuberculosis in the United States decreased
44% and is now occurring at a historic low level (14 093
cases in 2005) (Taylor et al., 2005). However, the WHO
estimated that in 1995, there were more global deaths
from tuberculosis than in any previous year in history.
Once again, tuberculosis had adapted to its environment
and found new potential for survival in developing
countries, where poor health infrastructure and poverty
have contributed to a sustained increase in the incidence
of tuberculosis.

Currently, the WHO estimates that 2 billion people
(one-third of the world’s population) are infected with
tuberculosis. There are 2million deaths annually from
tuberculosis and 98% of these are in the developing
world. If left unchecked, within 20 years tuberculosis
will kill a further 35million people. In 2003, 8.8million
new cases of tuberculosis arose, with 80% occurring
in 22 countries. There are approximately 425 000 new
multidrug-resistant cases every year, with the highest
rates in the former USSR and China. Tuberculosis has
reestablished its position as the leading infectious killer in
the world, simply by changing its predominant hunting
ground.

See also: Bacterial Infections: Overview; HIV/AIDS;

Tuberculosis Epidemiology; Tuberculosis Prevention.
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History

The name typhoid fever is derived from the Greek word
t��foB meaning smoke, obscurity, stupor, and refers to
the apathy, confusion, stupor, and neuropsychiatric symp-
toms that are seen in severe infection. Typhoid fever was
probably described for the first time by Willis in 1659,
but before the nineteenth century, typhoid fever and
typhus were confused. The preeminent involvement of
the intestinal tract was noted by Louis and subsequently
by Jenner. In 1869, the more accurate term enteric fever
was proposed by Wilson as an alternative to typhoid fever
given the anatomic site of infection. In 1873, Budd
demonstrated the food- and waterborne transmissibility
of typhoid fever. The typhoid bacillus was described for
the first time by Eberth in 1880 (the name Eberth bacillus
is sometimes used) and isolated from the spleens of
infected patients by Gaffkey in 1884. In 1896, Pfeiffer
and Kalle obtained the first heat-killed organism vaccine,
and Widal described the agglutination reaction of typhoid
bacilli caused by serum of convalescent patients. Based on
this phenomenon, from the 1020s to 1940s, Kauffman and
White studied the antibody interactions with bacterial
surface antigens and established the antigenic classifica-
tion of Salmonella genus still used today. The modern age
for typhoid fever treatment began in 1948 whenWoodward
successfully treated some Malaysian typhoid patients with
chloramphenicol, just synthesized by Burkholder.
Epidemiology

Typhoid fever continues to be a serious public health
problem throughout the world. It has been estimated that
typhoid fever caused about 22million cases and more than
200 000 deaths globally in 2000. Until the twentieth cen-
tury, the disease had a worldwide distribution. Afterward,
the number of typhoid cases in developed countries
greatly decreased, as a result of changes in sanitation
and hygiene. Today, cases of typhoid fever occur through-
out the world. Countries with a high endemicity, clas-
sified as high-risk regions (incidence >100 cases per
100 000 population per year), include south-central Asia,
southeast Asia, and possibly southern Africa (more
detailed incidence studies are needed). Medium risk
areas (10–100 cases per 100 000) are the rest of Asia, Africa,
Latin America, and Oceania, except for Australia and New
Zealand. In the other parts of the world, the incidence of
typhoid fever is low (<10 per 100 000), and most cases in
these countries occur in travelers who visit regions in
which typhoid fever is highly endemic, particularly the
Indian subcontinent. Outbreaks of typhoid fever occur
when a relatively high number of cases are observed due
to the contact with a common source of infection. Epi-
demics are less common than sporadic cases. In the United
States they account for 7% of total cases.

Paratyphoid fever, a less severe enteric fever caused by
Salmonella paratyphi A, S. paratyphi B, and S. paratyphi C, is
estimated to have caused roughly 6million cases in 2000.
It has been reported that S. paratyphi A may cause up
to half of all cases of enteric fever in some endemic
countries. Some studies report that the incidence of dis-
ease caused by S. paratyphimay be higher among travelers,
probably due to a vaccine effect, which gives protection
only for Salmonella typhi.

In endemic areas, the incidence of typhoid fever is
highest in children from 5 to 19 years of age, but in
some settings typhoid can also be a significant cause of
morbidity from 1 to 5 years of age. In children younger
than 1 year, the disease is often more severe and is asso-
ciated with a higher rate of complications. An increased
risk of severe illness is also related to some preexist-
ing diseases (immunosuppression, biliary and urinary
tract abnormalities, hemoglobinopathies, malaria,
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schistosomiasis, bartonellosis, histoplasmosis). Travelers
from industrialized countries who visit endemic areas
are at particular risk of developing the disease, probably
because of their lack of the background immunity that the
local population has acquired as a result of multiple
subclinical infections.

S. typhi and S. paratyphi colonize only humans. People
can transmit the disease as long as the bacteria remain in
their body, from prior to the onset of symptoms to the first
week of convalescence. Approximately 10% of untreated
patients will discharge bacteria for up to 3months and
1–5% of typhoid patients become chronic carriers.

The disease is most often acquired by ingestion of food
or water contaminated by the feces of patients and car-
riers. Transmission related to contamination with infected
urine can occasionally occur. Direct person-to-person
transmission is also possible. The pathogen can survive
for days in water and for months in contaminated eggs
and frozen oysters. Polluted water is the most common
source of typhoid transmission. Contaminated raw fruits
and vegetables, shellfish, milk and milk products such as
ice creams have been shown as a source of infection.
Waterborne transmission of S. typhi usually involves the
ingestion of fewer microorganisms and therefore has
a longer incubation period and lower attack rate than
foodborne transmission, which is associated with larger
inocula.

Paratyphoid transmission usually needs a higher
infective dose than typhoid and thus is more frequently
associated with the ingestion of contaminated food from
street vendors.

A major problem is the emergence of antimicrobial
resistance involving both S. typhi and S. paratyphi strains,
particularly in endemic areas.
Etiology

Salmonella is a genus of the family Enterobacteriaceae.
According to the recommendations from the World
Health Organization (WHO) Collaborating Centre for
Reference and Research on Salmonella, the genus Salmonella
contains two species named S. enterica and S. bongori.
S. enterica is divided into six subspecies (I–VI); the majority
of Salmonella serotypes, including serotypes S. typhi and
S. paratyphi A, B, and C, belong to S. enterica subsp. I
(S. enterica subsp. enterica).

S. typhi is a Gram-negative, non-spore-forming, facul-
tative anaerobic bacillus 2–3� 0.4–0.6 mm in size, motile
by peritrichous flagella. Unlike other Salmonellae, it does
not produce gas on sugar fermentation. The bacterium
is characterized by its flagellar antigen, H, its lipopoly-
saccharide O antigens 9 and 12, and its polysaccharide
capsular Vi (for virulence) antigen, found at the surface
of freshly isolated strains. The cell wall O antigens are
components of lipopolysaccharide (LPS), which elicits
a variety of inflammatory responses. Vi antigen is asso-
ciated with increased infectiousness and virulence, but
Vi-negative strains can also cause the disease.

After treatment with different substances, antibodies to
the flagellar H antigen and to the somatic O antigen can
be used to agglutinate the organism. Serotyping of all
surface antigens can be used for formal identification.

The complete DNA sequence of a multidrug-resistant
isolate of S. typhi has been determined and shows that up
to 80% of the chromosome is similar to that in Escherichia

coli. Species or serotype-specific genes are scattered along
this conserved core. All types of S. enterica have two
large clusters of genes known as Salmonella pathogeni-
city island 1 (SPI-1) and SPI-2, that facilitate invasion
of and survival inside host cells. The S. typhi genome
also contains SPI-7, which has genes that code for Vi
polysaccharide production. Two plasmids are present
in some strains: pHCM1, which encodes several drug-
resistance determinants, and pHCM2, which shows
homology with the virulence plasmid of Yersinia pestis.
Sensitivity to specific bacteriophages can be used to dis-
tinguish S. typhi among other serotypes.

S. paratyphi A, B, C cause a very similar but often less
severe disease than S. typhi. S. paratyphi A and B share
the somatic O12 antigen with the serovar Typhi; some
S. paratyphi C strains can possess the Vi antigen. The
analysis of the S. paratyphi A genome indicates that it is
similar to the S. typhi genome but suggests that it has a
more recent evolutionary origin.
Pathogenesis

After ingestion of contaminated water or food, S. typhi
must overcome the host’s defenses to result in infection.
First, bacteria must transverse the acid barrier of the
stomach. Decreased gastric acidity seems to be the most
important factor in lowering the infectious dose, be-
cause salmonellae survive poorly at normal gastric pH
(i.e., <1.5), while they tolerate a pH 4.0 or higher well.
Then salmonellae must cross the mucus layer overlying
the epithelium of the small intestine and evade secretory
product of the intestine, pancreas, and gallbladder as well
as secretory IgA.

S. typhi invades the gut mucosa in the terminal ileum,
interacting with both enterocytes and microfold cells
(M cells) that overlie the ileal Peyer patches. A key,
early step in the infectious process is the induction of
the intestinal epithelial cells to increase the levels of
the membrane receptor through which S. typhi interacts
with them. Salmonellae are then internalized within
membrane-bound vacuoles and move from the apical to
the basolateral surface by transcytosis. Then bacteria
enter mononuclear and dendritic cells in Peyer patches



Table 1 Clinical features of typhoid fever

Symptoms Low-grade fever, headache, dry cough, sore
throat, abdominal discomfort. Rarely

psychosis and confusion

Signs Low-grade fever, constipation or diarrhea, pain

on deep abdomen palpation, increased
peristalsis, hepatomegaly and/or

splenomegaly, coated tongue, rose spots,

rhonchi

Complications Gastrointestinal bleeding, intestinal
perforation; endocarditis; localized

infections (pericarditis, orchitis, splenic or

liver abscesses)
Laboratory

findings

Leukopenia, elevated bilirubin and alanine

transferase serum concentrations

416 Typhoid Fever
or are taken up by macrophages, by inducing generalized
macropinocytosis, and are carried to the mesenteric
lymph nodes. After internalization within macrophages,
organisms multiply in the cytosol and move toward
adjacent cells. Intracellular salmonellae have the abil-
ity to induce macrophage cell death by activating the
pro-apoptotic protease caspase 1 while also initiating
a pro-inflammatory cytokine response. The ability to
induce phagocytosis by macrophages and epithelial cells
protects salmonellae from phagocytosis by neutrophils,
which can rapidly kill these bacteria. Vi antigen also
inhibits phagocytosis of S. typhi by neutrophils while
not interfering with internalization by more permissive
macrophages and epithelial cells.

Survival within macrophages is essential to typhoid
fever pathogenesis and the spread of the organisms beyond
the bowel to the systemic circulation. This primary bac-
teremia within 24 h of ingestion results in the organisms
reaching the liver, spleen, bone marrow, and other parts of
the reticuloendothelial system, where they survive and
replicate in cells of monocytic lineage. The increase in
generalizedmacropinocytosis mayalso be important in the
development of neutropenia, anemia, and thrombocyto-
penia because of stimulation of hemophagocytosis. During
the asymptomatic incubation phase most organisms are
localized intracellularly. Symptoms of typhoid fever occur
when a critical number of organisms have replicated,
inducing the secretion of cytokines by macrophages.
Cytokine release may also activate the pathophysiologic
mechanism of the neuropsychiatric manifestations of
typhoid fever. The characteristic enlargement of the
liver and spleen is probably related to S. typhi survival or
replication within reticuloendothelial cells, the pathologic
recruitment of mononuclear cells, and the development
of a cell-mediated immune response. Recruitment of
additional mononuclear cells and lymphocytes can also
result in marked enlargement and necrosis of the Peyer
patches after several weeks of infection. This process is
probably the cause of the abdominal pain that is char-
acteristic of typhoid fever.
Clinical Manifestations

The clinical presentation of typhoid fever is highly vari-
able, ranging from fever with little other morbidity to a
severe systemic illness with marked toxemia and asso-
ciated complications involving many systems (Table 1).

The incubation period ranges from 5 to 21 days
depending on the inoculum ingested and the person’s
health and immune status. After ingestion of the organism,
enterocolitis may develop and usually resolves before
the onset of fever. The clinical picture of acute non-
complicated typhoid fever is characterized by prolonged
low-grade fever, dull frontal headache, a dry cough,
sore throat, and nonspecific symptoms such as malaise,
dizziness, myalgia, anorexia, and nausea, which are fre-
quently present before the onset of fever. Alterations
of bowel habits varying from constipation in adults to
diarrhea in children and tender abdomen are typical
symptoms, even if abdominal pain is initially present in
only 20–40% of cases.

Neuropsychiatric manifestations, including psychosis
and confusion, occur in 5–10% of patients. This so-called
typhoid state has been described as muttering delirium
and coma vigil. Seizures and coma are very infrequent and
may represent febrile seizures of childhood.

The fever might rise progressively in a stepwise man-
ner, with 5–7 days of daily increments in maximal tem-
perature of 0.5–1 �C, to become persistent and high
grade (39–41 �C) by the 2nd week of illness. Continuous
high-grade fever can continue for up to 4weeks if left
untreated, followed by a return to normal temperature.
Weakness and lethargy can continue for 2months there-
after. Although fever is a classic sign of typhoid, it does
not always develop, and its pattern is not always useful
because typhoid may also have an abrupt febrile onset
instead of the typical subacute trend.

On physical examination, coated tongue is a frequent
finding (Figure 1). Small erythematous maculopapular
lesions 2–4mm in diameter (rose spots) are seen on the
abdomen and chest in 25–30% of cases late in the first week
of fever. Organisms can be cultured from punch biopsies of
these lesions. Rhonchi and scattered rales might be heard on
chest auscultation, with normal chest radiographs. Relative
bradycardia at the peak of high fever, previously considered
an indicator of typhoid fever, is neither a sensitive nor
a specific sign and occurs in less than 50% of patients.
Examination of the abdomen usually reveals pain on deep
palpation, and peristalsis is frequently increased. Hepato-
megaly and splenomegaly are often present. In approxi-
mately 3% of adults, cholecystitis develops.

Hematological abnormalities associated with typhoid
fever include leukopenia and anemia. In children and in
the first 10 days of illness, leukocytosis can be present.



Figure 1 Coated tongue in a child with typhoid fever.
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Thrombocytopenia that usually resolves spontaneously
develops in some patients. Liver involvement is com-
mon with elevated concentrations of serum bilirubin
and alanine transferase. Rarely proteinuria and immune
complex glomerulonephritis without irreversible loss of
renal function are noted.

Many of the complications of untreated typhoid fever
occur in the third or fourth week of infection. The com-
monest complications are gastrointestinal bleeding and
intestinal perforation. Gastrointestinal bleeding occurs
in 10–20% of cases due to erosion of the Peyer patch
into an intestinal vessel and can express with either occult
blood in stool or melena. Intestinal perforation develops
in 1–3% of hospitalized cases and is characterized by
recurrent fever, abdominal pain, and intestinal hem-
orrhage. In such cases, the patient’s blood should be
recultured and antimicrobial therapy broadened to cover
aerobic and anaerobic enteric organisms.

Other infectious complications include endocarditis
and localized infections such as pericarditis, orchitis, and
splenic or liver abscesses.

Vertical transmission of typhoid fever during late
pregnancy is a rare but often life-threatening event.
Neonatal typhoid usually begins within 3 days of birth
with fever, vomiting, diarrhea, and abdominal distention.
There might be significant hepatomegaly and jaundice.
Seizures can occur. Asymptomatic excretion can also be
the only consequence of infection.

The diagnosis of typhoid fever should be strongly
considered in travelers returning from tropical and sub-
tropical areas with fever. Because of early access to medi-
cal care, the stepwise fever curve is usually not seen in
this population. The differential diagnosis of gradual
onset of fever and abdominal pain with hepatosplenome-
galy also includes malaria, amebic liver abscess, visceral
leishmaniasis, and viral syndromes such as dengue fever.

In the preantibiotic era, approximately 15% of patients
with typhoid fever died. With the introduction of early and
appropriate antibiotic therapy, the average case fatality rates
are less than 1%. However, mortality rates of 10–30% have
been reported in certain Asian and African countries and
have been associated with multidrug-resistant strains and
delays in starting antimicrobial therapy. In children aged
1–5 years, typhoid fever can bemilder and canmimic a viral
syndrome. The rate of severe complications is lower than
at later ages.

Chronic biliary or urinary carriage may occur in 2–5%
of cases, even after treatment. The long-term carrier state
is defined as the persistence of S. typhi in stool or urine
for periods longer than 1 year. The frequency is higher
in women and in persons with biliary abnormalities
or concurrent bladder infection with Schistosoma. Long-
term carriage of S. typhi is a public health risk, especially
for infected individuals who work in the food industry.
Moreover, it has been associated with an increased inci-
dence of carcinoma of the gallbladder and other intestinal
malignancies. Some persons excreting S. typhi have no
history of typhoid fever.
Diagnosis

Definitive diagnosis of typhoid fever requires the isolation
of S. typhi.

Blood culture is the foundation of the diagnosis. Using
standard broth cultures, a positive result is yielded in
30–90% of cases, probably because small quantities of
S. typhi are present in patients’ blood. Sensitivity decreases
with increasing duration of fever. Scarce volume of
cultured blood, unsuitable ambient temperature, and anti-
microbials compromise the result. Culture of the blood
mononuclear cell-platelet fraction obtained by centrifu-
gation reduces the time to isolation of S. typhi, but does
not increase the sensitivity.

The sensitivity of bone marrow culture is 80–95%.
Bone marrow cultures are particularly useful for lengthy
illnesses and prior antibiotic treatment (up to 5 days),
since the sensitivity is not reduced.

Stool isolation alone is insufficient for diagnosis of
typhoid fever. However, it is helpful for carrier detection.
Children have a higher incidence of positive stool cultures
than adults (60% vs. 27%).

S. typhi can also be isolated from gastric or intestinal
secretions, urine, or rose spots biopsies.

Serologic tests include the classic Widal test and
new rapid tests. The Widal test identifies the agglutina-
ting antibodies against the O (somatic) and H (flagellar)
S. typhi antigens, which appear 7–10 days after disease
onset. False-positive results stem from sharing of O and
H antigens and cross-reacting epitopes with other Enter-
obacteriaceae. Results from a single acute sample should
be interpreted against the appropriate local cut-off value,
or there should be a fourfold rise in the antibody titer
of a second sample collected 2weeks later.
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New simple and rapid serologic tests have been devel-
oped: Tubex, Typhidot, and Typhidot M, as well as the
S. typhi IgM dipstick test. Tubex can detect IgM O9
antibodies from patients within a few minutes. The O9
antigen is extremely specific because it has been found in
serogroup D salmonellae but not in other microorgan-
isms. A positive result given by Tubex invariably suggests
a serotype D Salmonella infection. Infections caused by
other serotypes, including S. paratyphi A, give negative
results. In a preliminary study, the test performed better
than the Widal test in both sensitivity and specificity.

Typhidot can detect specific IgM and IgG antibodies
against a 50-kDa antigen of S. typhi and takes 3 h to
perform. The detection of IgM reveals acute typhoid in
the early phase of infection, while the detection of both
IgG and IgM suggests acute typhoid in the middle phase
of infection. False-positive results attributable to previous
infection may occur, since IgG can persist for more than
2 years after typhoid infection. False-negative results may
occur in cases of reinfection, if the significant boosting of
IgG masks the detection of IgM.

For solving these problems Typhidot-M was developed.
This test detects specific IgM antibodies only, by inactivat-
ing total IgG in the serum sample. The detection of specific
IgM suggests acute typhoid infection. High specificity
(75%), sensitivity (95%), and negative and positive predic-
tive values suggest that this test could be used as the gold
standard in laboratory diagnosis of typhoid fever.

The typhoid IgM dipstick assay detects specific IgM
antibodies to S. typhi LPS antigen. It is a rapid and simple
alternative for the diagnosis of typhoid fever. Sensitivity
seems to be lower than the culture method. Specific anti-
bodies usually only appear 1 week after the onset of
symptoms and signs.

Urinary Vi antigen can be detected by ELISA within
the first febrile week, but the specificity is low (false-
positive results in patients with brucellosis).

DNA probes and PCR-based tests are used for
research purposes.
Therapy

Treatment of typhoid fever reduces mortality and severe
complications drastically. It is also important to obtain
the rapid resolution of clinical disease and to eradicate
the organism promptly to prevent relapses and fecal
carriage.

Chloramphenicol has been the treatment of choice for
typhoid fever since its introduction in 1948. After oral
administration of 500mg four times daily, the duration of
fever is reduced from 14–28 days to 3–5 days and mortal-
ity from 20 to 1%. Problems with chloramphenicol ther-
apy are the emergence of plasmid-mediated resistance,
a high rate of chronic carriage, bone marrow toxicity, and
the withdrawal of oral formulation in some countries.

Amoxicillin and trimethoprim-sulfamethoxazole were
also used for the treatment of typhoid fever, but the
efficacy of these drugs has also diminished due to the
emergence of multidrug-resistant strains of S. typhi

(plasmid-mediated resistance).
Fluoroquinolones (ciprofloxacin, ofloxacin, pefloxa-

cin) are greatly effective for treatment of typhoid fever
because they are highly active against salmonellae in vitro,
effectively penetrate macrophages, and achieve high con-
centrations in the bowel and gallbladder. Ciprofloxacin
500mg orally twice daily for 10 days is the drug of choice
for the treatment of multidrug-resistant typhoid fever.
The clinical cure rate is approximately 98%, fever clear-
ance time is roughly 4 days and relapse and fecal carriage
rates are less than 2%. A relative fluoroquinolone resis-
tance due to chromosomal mutation has emerged in some
countries. Such S. typhi strains are nalidixic acid-resistant
(NAR) and have a higher minimal inhibitory ciprofloxa-
cin concentration (0.125–1mg/dl). Short courses of oflox-
acin 10–15mg/kg divided twice daily given for 2, 3, or
5 days appears to be simple, safe, and effective in the
treatment of uncomplicated multidrug-resistant typhoid
fever, with a fever clearance time of 4 days and relapse and
fecal carriage rates less than 3%, when the isolate strain is
nalidixic acid-susceptible. Patients infected with NAR
strains should be treated either with parenterally admi-
nistered third-generation cephalosporins or higher doses
of fluoroquinolones. Therapeutic options include ceftri-
axone (1–2 g daily for 10–14 days), ciprofloxacin (10mg/
kg twice daily for 10 days), or ofloxacin (10–15mg/kg
divided twice daily for 7–10 days).

Concerning parenterally administered third-generation
cephalosporins, short-course therapy for 5–7 days gives
an excellent response rate in uncomplicated typhoid fever,
but the relapse rate seems to be high. Currently, quinolones
are not recommended in children younger than 10 years
or pregnant women because of evidence of cartilage
damage in young animals; therefore the preferred treat-
ment of multidrug-resistant typhoid fever in children
is a parenteral third-generation cephalosporin. However,
quinolones have been used to treat multidrug-resistant
typhoid fever in children and pregnant patients without
adverse effects.

Azithromycin seems to be comparable to fluoroquino-
lones and ceftriaxone. It could also be an acceptable
therapeutic option for quinolone-resistant typhoid fever
in children.

Supportive treatment includes maintenance of hydra-
tion, appropriate nutrition, and antipyretics. The use of
glucocorticosteroids for 48 h, i.e., dexamethasone, 3mg/kg
intravenously, followed by eight doses of 1mg/kg every
6 h, should be considered for the treatment of severe
typhoid with altered mental status or shock, because this



Table 2 Licensed vaccines for typhoid fever prevention

Vaccine Composition Administration Age Schedule Efficacy Side effects

Ty21a Live attenuate
S. typhi strain

Oral >6 years 3–4 doses on
alternate days

51–80% Fever, enteritis, abdominal pain

Vi antigen Purified Vi

polysaccharide

Parenteral >2 years 1 dose 55–77% Fever, headache, erythema,

induration

Data from Connor BA and Schwartz E (2005) Typhoid and paratyphoid fever in travellers. The Lancet Infectious Diseases 5: 623–628;
Girard MP, Steele D, Chaignat CL, and Kieny MP (2006) A review of vaccine research and development: Human enteric

infections. Vaccine 24: 2732–2750; Guzman CA, Borsutzky S, Griot-Wenk M, et al. (2006) Vaccines against typhoid fever. Vaccine

24: 3804–3811.
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treatment was associated with a significant reduction
in mortality.

Treatment of chronic carriers is a public health topic
because it is useful to reduce the transmission potential.
Long courses and high doses of quinolones (ciprofloxacin
750mg orally twice daily or norfloxacin 400mg twice
daily for 28 days) can obtain negativization of stool
and bile cultures in 80% of carriers without gallstones.
In people with gallstones, cholecystectomy along with
antibiotic therapy might be required.
Prevention and Control

Safe water, safe food, personal hygiene, and appropriate
sanitation are the key preventive strategies against
typhoid fever. Vaccination is an additional tool and not a
substitute for avoiding high-risk food and beverages
because the protective efficacy is not 100%; further-
more, immunity can be overcome by high inoculum
dose. Vaccination is recommended in travelers from
developed countries to typhoid-endemic countries, par-
ticularly those traveling to small cities, villages, and des-
tinations off the usual tourist itineraries for 2 weeks or
more. It is also useful in preventing and controlling epi-
demics, as well as for children in endemic settings aged
2–19 years.

The parenteral heat-phenol-inactivate whole-cell vac-
cine is no longer used in developed countries, but it is
still licensed in many countries in spite of its reacto-
genicity. It showed to be effective in preventing typhoid
fever, but local and systemic adverse reactions occur
frequently (fever, severe headache, significant local pain
at the site of injection).

Two other vaccines are currently licensed, the attenu-
ate Ty21a live oral vaccine and the purified Vi poly-
saccharide parenteral vaccine. Both vaccines are safe and
relatively well tolerated (Table 2).

The Ty21a live oral vaccine is an attenuated S. typhi

strain that lacks the Vi antigen and is thus avirulent but
contains immunogenic cell wall polysaccharides. The
vaccine stimulates vigorous secretory IgA, serum IgG,
and cell-mediated immune response. Primary vaccination
consists of one enteric-coated capsule or lyophilized sachet
on alternate days for three to four doses. The vaccine needs
to be refrigerated. The overall protective efficacy varies
widely in different studies (51–80%). The multidose
administration schedule and the requirement for refrigera-
tion may be a problem in some settings. The safety and
tolerability are excellent: Themost common adverse events
reportedwere mild and transient gastroenteritis, abdominal
pain, and pyrexia. No serious adverse reactions have been
observed. The live oral vaccine is not recommended for
children younger than 6 years, pregnant women, and the
immunosuppressed. The concurrent use of antibiotics or
antimalarials (mefloquine, proguanil) may interfere with
the antibody response, so antimicrobials should be avoided
for 7 days before or after vaccination. Concomitant admin-
istration of other vaccination is allowed.

The Vi antigen parenteral vaccine contains only the
purified capsular polysaccharide antigen. A single sub-
cutaneous or intramuscular dose induces rapid anti-Vi
serum antibody production, but neither mucosal immunity
nor immunological memory. The vaccine is licensed for use
in adults and children older than 2 years. The protective
efficacy ranges between 55 and 77%. Rare side effects
include fever, headache, and local erythema or induration.
It is safe to be coadministeredwith other vaccines as well as
antimalarials, with no diminution in antibody response.

The lack of guaranteed efficacy of the licensed vac-
cines in children younger than 2 years has prompted
the development of a conjugate Vi vaccine using several
protein carriers to enhance immunogenicity. The median
protection rate after two parenteral doses seems to be
approximately 91.5%.

New vaccines are being developed based on outer
membrane proteins and new live oral vaccines.

Currently, there is no licensed vaccine for paratyphoid
fever. S. paratyphi A and B lack the Vi antigen, rendering
Vi polysaccharide-based vaccines ineffective. Some cross-
protection may be elicited by S. typhi live attenuated
vaccines, because S. paratyphi A and B share the somatic
O12-antigen with serovar Typhi.

See also: Bacterial Infections: Overview; Foodborne

Illnesses: Overview; Salmonella.
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Introduction

It must be remembered that privation of food is very

reluctantly borne, and that as a rule great poorness

will only come when other privations have preceded it.

Long before insufficiency of diet is a matter of hygienic

concern, long before the physiologist would think of

counting the grains of nitrogen and carbon which inter-

vene between life and starvation, the household will have

been utterly destitute of material comfort; clothing and

fuel will have been even scantier than food. . . . The home,

too, will be where shelter can be cheapest bought;

in quarters where commonly there is least fruit of sani-

tary supervision, least drainage, least scavenging, least

suppression of public nuisances, least or worst water

supply. . . . And while the sum of them is of terrible mag-

nitude against life, the mere scantiness of food is in itself of

very serious moment.

Karl Marx, Das Kapital (1867: 726)

Undernutrition and lack of food, as Karl Marx noted
when describing the plight of the English working
classes more than 150 years ago, are the culmination of
numerous deprivations. Even today risk factors for infec-
tions and undernutrition are concentrated amongst the
poor. Children of the poor are more likely to be born
with low birth weight to mothers who are undernour-
ished, and are less likely to receive energy-rich comple-
mentary food or iodized salt. The only advantage they
have, and this is only in poorer countries, is that they are
more likely to be breastfed, and for longer, than their
richer counterparts (although HIV is now eroding this in
some regions). Poorer children also live in environments
that predispose them to illness and death. They are
more exposed to diarrhea pathogens, being less likely
to live in households with safe water or sanitation, and
more likely to contract pneumonia, being exposed to
indoor air pollution – a result of the greater reliance
on burning coal and biomass fuel (wood, animal dung)
for cooking and heating, coupled with inadequate
ventilation.
The Significance of Undernutrition

There is now a solid body of evidence that underweight
and micronutrient deficiencies significantly increase the
risk of death in children. Pooled analysis of community
cohort studies estimates that underweight is the underlying
condition responsible for about 53%of all childhooddeaths
(Pelletier et al., 1995). About 35% of all childhood deaths
are due to the effects of underweight on diarrhea, pneumo-
nia, measles, and malaria. Similarly, intervention studies
have established that children over 6months of age with
vitamin A deficiency have a 23% increased risk of dying in
childhood and those with zinc deficiency a 15% increased
risk (Black, 2003). A recent systematic review of risk factors
for premature mortality quantified the total loss due to
undernutrition and other underlying risk factors:

Despite disaggregation into underweight and micronutri-

ent deficiency (which are not additive) and methodological

changes, undernutrition has remained the single leading

global cause of health loss, with comparable contributions

in 1990 (220million DALYs; 16% for malnutrition) and

2000 (140million DALYs; 9.5% for underweight; 2.4%,

1.8%, and 1.9% for iron, vitamin A, and zinc deficiency,

respectively; 0.1% for iodine-deficiency disorders).

Leading causes of burden of disease in all high-mortality,

developing regions were childhood and maternal undernu-

trition – including underweight (14.9%), micronutrient

deficiencies (3.1% for iron deficiency, 3.0% for vitamin

A deficiency, and 3.2% for zinc deficiency), unsafe sex

(10.2%), poor water, sanitation, and hygiene (5.5%), and

indoor smoke from solid fuels (3.6%).

(Ezzati et al., 2002: 1355)
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The Extent of Undernutrition

Unfortunately the progress in reducing hunger and under-
nutrition remains too slow in many parts of the world and
has actually reversed for many populations. According to
data from the Food and Agriculture Organization (FAO),
every day 799million people in developing countries –
about 14% of the world’s population go hungry. Whilst
there were reductions in the number of chronically hungry
people in the first half of the 1990s, between 1995 and
1997, the number increased by over 18million. Similarly
the number of undernourished people actually increased
by 4.5million per year in the late 1990s. Approximately
175million children under 5 years of age are estimated
to be underweight, 32% of preschool children are stunted,
16% of birth weights are below 2.5 kg, and 243million
adults are severely malnourished. Two billion women
and children are anemic, 250million children suffer
from vitamin A deficiency, and 2 billion people are at
risk from iodine deficiency. In sub-Saharan Africa the
proportion and absolute number of malnourished chil-
dren has actually increased over the past decade. Eastern
Africa is the sub-region experiencing the largest increases
in prevalence and numbers of underweight children,
increasing to around 36% by 2005. Findings for stunting,
or extreme shortness of stature – which reflects long-
term undernutrition – and extreme thinness, or wasting,
are similar.
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Causes of Undernutrition

An explanation often proffered for differences in levels of
stunting between populations is genetic differences. The
rapid increase in height among second-generation immi-
grants, such as the Japanese to the United States, as well as
significant rises in secular trends of average height in
countries that have recently undergone rapid develop-
ment, is just some of the vast body of evidence that
environmental factors are far more important. This is
recognized in UNICEF’s widely used conceptual frame-
work that displays the multifactorial nature of the causes
of undernutrition (Figure 1). It draws attention not just to
the immediate causes such as inadequate food and nutri-
ents and frequent illness, but also to how these in turn are
related to access to food through household food security,
the environment in which people live, and the caring
practices performed. The conceptual framework is essen-
tial in understanding the paradox of the poor progress
toward reducing levels of malnutrition in many parts of
the world, even though this has coincided with the great-
est expansion in crop and food production in human
history. There is now more than enough food to feed
everybody on the planet with a doubling in food produc-
tion over the last 40 years. However, it is clear that many
millions of people are not sharing in the benefits of this
increased production. Other articles in this encyclopedia
highlight the importance of high-quality primary health
nd
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care, hygiene and sanitation, and caring practices for good
nutrition and child survival. This article focuses on four
more distal or social determinants of undernutrition,
especially in sub-Saharan Africa: low levels of female
education, globalization of trade and agriculture, HIV/
AIDS, and inappropriate social sector reform.
Female Education

Female education leads to better health outcomes, even
after controlling for the higher household income that
usually goes hand-in-hand with higher levels of educa-
tion. For example, education (especially that of women) is
strongly associated with the level of health service use, the
type of provider, the choice of private versus public pro-
vider, dietary and child-feeding practices, and sanitary
practices. Overall, this can have a significant impact on
child health. In Sri Lanka, for example, under-5-years mor-
tality rate was over 30 per 1000 live births among mothers
with no education or only primary schooling, but less than
20 per 1000 among mothers with above primary schooling.
It is probable that this relationship exists because educated
women are better able to deal with their children’s illness
episodes; they are more likely to take them to modern
health facilities for treatment, follow health providers’
instructions carefully, and take their children back if medi-
cation does not seem to be working.

It is not just general education, but also health-specific
knowledge that matters. A recent study in Morocco
(Glewwe, 1999) suggests that, by themselves, general num-
eracy and literacy levels do not – at least in Morocco – lead
to better child nutrition. What enables educated women to
achieve higher levels of nutrition for their children is that
they are able to use their general knowledge and skills to
acquire health-specific knowledge. Closely related to
female education is women’s power. Women who have
relatively little control over household resources are less
likely to receive antenatal care, especially in the first tri-
mester of pregnancy (Beegle et al., 2001).
Globalization, Agriculture, and Trade

In less than 4 decades sub-Saharan Africa has been trans-
formed from a net exporter of food to a continent now
heavily dependent on food imports. Africa accounted for
18% of world imports in 2001 (up from 8% just 15 years
previously) (Beintema, 2002). This was caused by a sharp
decline in per capita output in sub-Saharan Africa. Agri-
cultural productivity per worker for the region as a whole
fell by about 12% from US$424 in 1980 to an estimated
US$365 per worker (constant: 1995 US$) in the late 1990s
(World Bank, 2002). Although overall agricultural output
has risen, this has been the result of expansion in the area
under cultivation. The UN Millennium Development
Goals (MDG) Hunger Task Team (2003) Interim Report
summarizes the consequences:

Expanding the area under food production is inherently

unsustainable, as the supply of new lands in densely

populated areas of Africa is largely exhausted or must

be maintained as natural systems for biodiversity conser-

vation and other ecological services. The first effect in

Africa and elsewhere in the tropics has been to expand

into land that was previously available for fallows. Leav-

ing land fallow allows land under cultivation the neces-

sary time to recover from the effects of the crops taking

nutrients from the soil. As a result of the reduction

or elimination of fallows, soil fertility has fallen dramati-

cally in many places, and yields are reducing with time.

As the land becomes exhausted, there develops a serious

tendency to continually subdivide land among family

members, which leads to holdings too small to produce

a family’s food. (World Bank, 2003: 52)

Significantly, the yields of most important food grains,
tubers, and legumes (maize, millet, sorghum, yams, cas-
sava, and groundnuts) in most African countries are no
higher today than in 1980. The environmental impacts of
deforestation and drought, floods, and the loss of topsoil
are being compounded by the lack of investment. Only
about 4.2% of land under cultivation in Africa is irri-
gated. This compares with 14% in Latin America and the
Caribbean, a region with similar population densities and
resource endowments (World Bank, 2003). Fertilizer appli-
cation is 15% lower today than in 1980. The number of
tractors per worker is 25% lower than in 1980 and the
lowest in the world. Africa’s share of total world agricul-
tural trade fell from 8% in 1965 to 3% in 1996 (World
Bank, 2003).

For years, public investment in agriculture has been
falling, not rising. In countries where 20 to 35% of the
population are defined as food insecure, agricultural spend-
ing averaged 7.6% of the national budget in 1992 and 5.2%
in 1998. For countries with more than 35% of their popula-
tion suffering food insecurity, agricultural spending in 1992
was 6.8% and declined to 4.9% in 1996, the last year for
which data are available (IFPRI, 2004).

The dramatic decline in investment in the rural econ-
omy is leading to increasing household food insecurity,
not just in sub-Saharan Africa but also in India – recent
survey data show that the average Indian family of four
has reduced annual consumption of food grains by 76 kg
compared with just 6 years ago, and this has now reached
levels last seen just after independence (Persaud and
Rosen, 2003). This dramatic fall is also a result of the
collapse in rural employment and incomes as liberaliza-
tion of the agricultural sector leads to the buying out of
small farmers.
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This process has been accelerated by the undermining
of the prices of agricultural commodities and products
because of the massive farming subsidies in the developed
countries. In the European Union, the average dairy cow
has a bigger annual ‘income’ than most people in the
world. In the United States the 2002 Farm Bill recently
authorized the paying out of US$180 billion over a
10-year period as ‘emergency measures,’ mainly in sup-
port of staple cereal crops. The Institute for Agriculture
and Trade Policy has calculated that United States sub-
sidies mean that major crops are put on the international
market at well below their production costs: wheat by an
average of 43% below the cost of production, soybeans at
25% below, cotton at 61% below, and rice at 35% below.
This depression of commodity prices is having a devastat-
ing effect on farmers in developing countries. Research by
the International Food Policy Research Institute (IFPRI)
shows that subsidies to agriculture in the Organization for
Economic Cooperation and Development (OECD)
countries, which totaled US$311 billion in 2001 (or US
$850million per day), are displacing farming in the devel-
oping countries, thereby costing the world’s poor
countries about US$24 billion per year in lost agricultural
and agro-industrial income. The deteriorating terms of
trade for developing countries are starkly expressed by
commodity prices. In 2000, prices for 18 major export
commodities were 25% lower in real terms than in 1980
and yet retail prices in the developedworld continue to rise.
For eight of these commodities, the decline exceeded 50%.

Reconciling the rhetoric of reliance upon the ‘free’
market for food security with the huge subsidies given to
large commercial farmers in the north can only be done
through recognizing the different interpretations of food
security applied. Contrast President George W Bush’s
interpretation of food security for the United States with
the urging of his officials to developing countries to rely
upon American exports:

It’s important for our nation to build – to grow foodstuffs,

to feed our people. Can you imagine a country that

was unable to grow enough food to feed the people?

It would be a nation subject to international pressure. It

would be a nation at risk. And so when we’re talking

about American agriculture, we’re really talking about a

national security issue.

(President Bush, quoted in McMichael, 1994: 12)

But it is a different story for developing countrieswhere
there has been a fundamental shift away from national food
sufficiency – world wheat and rice imports have grown
from 46 and 6.5millionmetric tonnes, respectively, in 1961
to 120 and 27million metric tonnes, respectively, in 2001
(World Bank, 2003). In many cases governments have been
powerless to reverse this state of affairs as IMF/World
Bank imposed policies, such as removing subsidies for
fertilizer or charging user fees for dipping of cattle,
directly impact the cost of agricultural inputs. Many
developing countries are now at the mercy of world food
grain prices that in turn can be extremely volatile since
production is now so concentrated. There are real fears
that grain prices may further escalate as increasing
amounts of cereals are dedicated to bio-fuel production.
This might benefit a few farmers in developing countries
but for the majority of the poor these price rises will
further increase household food insecurity.

The wider liberalization of trade (and financial mar-
kets) has accelerated during the past decade and a half and
is clearly impacting negatively on the living standards and
diets of the poor in some countries. For example, textiles
and clothing industries in Zambia, the poultry sector in
Ghana, and corn cultivation in Mexico have been deci-
mated by the lowering of trade barriers with resultant
social dislocations. In Mexico, 700 000 agricultural jobs
have been lost with rural poverty rates rising to more than
70% and infant mortality rates among the poor increasing
(Henriques and Patel, 2004).
HIV/AIDS

HIV, nutrition, and food security interact at a number of
different levels – biological, individual, and community. At
the biological level it iswell established that good nutrition
plays a critical role in the ability of the individual’s
immune system to withstand and respond to infections.
HIV is no exception. At the individual level poor nutri-
tional status (especially from a young age) leads to reduced
physical and intellectual capacity, ultimately leading to
reduced earning potential. Poverty is well recognized as an
important factor in increasing vulnerability to HIV. Poor
women are especially vulnerable. Finally, communities
with poor food security are more likely to be engaged in
high-risk strategies such as increased migration and com-
mercial sex and to have decreased access to health-care
services. They are therefore at increased risk of spreading
or contracting HIV. Similarly, HIV erodes social capital
and traditional coping mechanisms within communities,
thus increasing food insecurity. For example, one common
coping strategy is to grow and consume foods that are
easier to cultivate and cheaper to purchase, but these also
tend to be nutritionally poorer foods (such as starchy
foods). Many households also skip meals. Their vulnera-
bility is increased by a reduction of their capacity to
respond both at a biological level and at an individual
and community level.

The role that HIV/AIDS is playing in undermining
development in the African region is shown by the experi-
ence of the recent climatic changes compared with the
drought in 1991–92. The 1991–92 drought was far more
severe and yet there were far fewer starvation deaths
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reported. Through its devastating impact on economically
active members of society the epidemic is eroding the
capacity of many communities to cope with the usual
challenges that poverty brings. Young people are inheriting
debts and having to increase cultivation to feed more
dependants without the luxury of having gone through an
apprenticeship in agricultural techniques and with less
opportunity for accessing credit and knowledge through
community and state institutions. In Zimbabwe, a study
found that output on small-holder farms shrank by 29%
for cattle, 49% for vegetables, and 61% for maize if the
household had suffered an AIDS-related death (UNAIDS/
WHO, 2003). Overall, in maize production, there was a
decline of 54% of the harvested quantity. The amount of
land planted to cotton decreased by about 34% and mar-
keted output by 47%; while groundnut and sunflower
production experienced an average decline of 40%.

Even though HIV infects all sectors of society it is fairly
well established that once again it is the poorest that are the
most susceptible and have the highest rates of infection.
HIV/AIDS has a greater economic impact on poor house-
holds than on better-off ones because it forces them to draw
on their meager assets to cushion the shock of illness and
death; and households with fewer assets are likely to have
more difficulty coping than households with more assets. In
particular, it is women who are at increased risk. Overall,
about twice as many young women as men are infected in
sub-Saharan Africa. Not only do women have an increased
physiological risk of HIV infection but this is compounded
by economic need, lack of employment opportunities, poor
access to education, training, and information, and local
traditions. In rural areas, women tend to be even more
disadvantaged due to reduced access to resources and ser-
vices. A combination of these factors prevents women from
having choices, especially choices about sexual risk and
family health.

It is poor women in particular who are bearing the
brunt of HIV/AIDS. They are also responsible for 50
to 80% of food production, including the most labor-
intensive work, such as planting, fertilizing, irrigating,
weeding, harvesting, and marketing. Their work also
extends to food preparation, as well as nurturing activities.
The impact on them of HIV/AIDS is multilayered. It falls
on poor women to care for sick spouses, children, and
relatives while continuing to strive for household food
security. Quite often this is untenable: a survey carried
out in two Zimbabwean districts in 2000 revealed that
two-thirds of households that had lost a key adult female
had disintegrated and dispersed.
Percent of underweight
children

Figure 2 Changes in malnutrition and poverty in Latin America,

1970–2000. UNICEF (1998) State of the World’s Children. New
York: UNICEF.
Social Sector Reforms

Food security level or poverty alone does not explain
why many countries and populations, however poor, have
managed significant reductions inmalnutrition before there
were similar reductions in poverty. For example, in a com-
parison among Sri Lanka, Indonesia, the Philippines, and
Thailand, all countries with similar levels of poverty in the
1970s, Sri Lanka and Thailand showed rapid improvement
in nutrition in the 1980s to 1990s. Indonesia showed slower
but consistent improvement, and the Philippines showed
little progress (Mason, 2001). At the regional level, malnu-
trition in Latin America decreased from an estimated 21%
in 1970 to 7.2% in 1997, while the rate of poverty (measured
by income level) decreased only slightly over the past three
decades, from 45% in 1970 to 44% in 1997 (Figure 2).
These trends show that the reduction of malnutrition is not
solely dependent on increases in income. In Latin America,
the gains in reducing malnutrition are attributed, at the
underlying level, to good care practices (such as improved
complementary feeding) and access to basic health services,
including family planning and water/sanitation services;
and, at the basic level, to women’s empowerment in terms
of their education and the cash resources they control
(UNICEF, 1998).

Whatever the capacity of the state, communities and
families in many developing countries have been seriously
undermined as a result of the structural adjustment pro-
grams (SAPs) that have been imposed on developing
countries. These have usually involved reducing the bud-
get deficit through a combination of cuts in government
spending (e.g., reductions in staff numbers); trade liberal-
ization, including removal of price controls; deregulation
of foreign trade, investment, and production; phased
removal of subsidies including on basic foods; devaluation
of the local currency; and enforcement of cost recovery in
the health and education sectors.
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These economic reforms have been associated with
severe declines in economic and health welfare, and
hence nutrition, in many countries, with greatest impact
on the poorest people. In the Congo, for instance, the 1994
devaluation, prescribed by its SAP, resulted in increasing
food prices and a subsequent negative impact on the
nutritional status of children. In Zambia the wages of
public sector employees collapsed to a quarter of their
1975 levels in the early 1990s. A recent review of the
impact of SAPs on health and nutrition, by World Bank
analysts, concluded: ‘‘The majority of studies in Africa,
whether theoretical or empirical, are negative towards
structural adjustment and its effects on health outcomes’’
(Breman and Shelton, 2001: 15).
Conclusion

When considering the social determinants of under-
nutrition it is necessary to bear in mind the intercon-
nections between these different determinants or causes.
For example, in reading the literature on the impact of
HIV on household food security, it is easy to forget
that the epidemic does not just hit the most vulnerable
households the hardest, but also the countries that have
suffered the most with respect to new global trade and
financial organization. The focus in the literature is
usually on how HIV/AIDS is destroying households
and communities within African states too corrupt or
incapacitated to help. It is portrayed as an African prob-
lem. However, the underlying vulnerability of these
countries, communities, and households is inextricably
linked to the deteriorating terms of trade with the rest of
the world, and in particular the spectacular decline in
commodity prices. Similarly, the impacts of trade liber-
alization (with resulting declines in tax revenue from
trade tariffs) and the terrible effect of HIV/AIDS on
civil servants substantially reduces the capacity of the
state to respond to the increasing vulnerability of large
sections of its population.

There is an urgent need to raise the awareness of the
health and economic impact of poor nutrition among
senior policy makers, especially those in the Finance
Ministries who make key resource allocation decisions.
Nearly all countries have also made public commitments
toward achieving the Millennium Development Goals.
These will only be realized if serious investment in nutri-
tion is made.
See also: Demand and Supply of Human Resources for

Health; Governance Issues in Health Financing; Nutrition

and HIV; Social Determinants of Health, the United

Nations Commission of.
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Health and Health Care in Britain

Health care is one area in which Britain since 1945 has
experienced a quite distinctive arrangement compared
with other Western industrialized societies. In 1948 a
single health service funded from general taxation was
establishedwith aspirations to provide comprehensive and
universally available health care. This National Health
Service (NHS), which was to be available to all and not
based on the ability to pay at the point of delivery, has
continued to dominate the British health-care system ever
since. By comparison, most European countries have
developed similarly extensive health systems but have
relied mainly on social insurance as their form of funding,
and the United States has largely confined public funding
of health care to two groups, the elderly and the poor.
This article examines the emergence and development of
this unique form of health service and considers the many
pressures and changes it has faced. Also assessed are
trends in the health of British society over this period.
Health Services Prior to the NHS

To understand why a single, publicly funded health ser-
vice was established after the Second World War it is
essential to examine the state of health-care facilities
prior to this event. Before the NHS, Britain’s health-care
system was a disorganized and complex mixture of private
and public services. Following the 1911 National Insur-
ance Act, approximately 40% of the working poor were
entitled to free primary health care from a general practi-
tioner (GP), although this scheme did not cover their
hospital care or any health-care needs of their families.
Two main forms of hospital existed: the voluntary hospital
(established by philanthropy or public subscription) and
local authority or municipal hospitals (which evolved out
of Poor Law hospitals). Both kinds of hospitals typically
gave treatment to the poor free of charge, but admission
was selective and both struggled to finance adequate
services.

By the end of the Second World War several concerns
surrounding the state of the nation’s health care emerged.
Key among them was that over half the population was not
covered by national insurance and had inadequate access
to even basic primary care. Major reports commissioned
at the time drew attention to the low overall standards of
health in Britain, shortages of hospital facilities, and the
uneven nature of provision across the country. The high
levels of civilian and military casualties resulting from the
war further exposed the weaknesses of the system.
The Creation of a National Health
Service

In 1946 a national Health Services Bill was passed, to be
followed 2 years later by the establishment of the National
Health Service. Negotiations over the form this service
should take, between government and interested parties,
particularly the medical profession and local government,
were difficult and protracted. The issues behind these
disputes are important because they explain many of
the enduring features and problems of the NHS since
its inception. A compromise, required because of disputes
between the government and the medical profession,
resulted in an NHS that was essentially split into three
sectors: hospital medicine (by far the most important in
terms of share of expenditure), primary health care
(provided by GPs), and local authority health services
(such as public health, school, and maternity services).
Thus, despite being formally brought together under the
Ministry of Health, the NHS began life as a fragmented
tripartite system that was poorly integrated, coordinated,
and planned. Duplication, overlap, and lack of coordina-
tion among the various sectors placed the system under
increasing pressure. This, together with an emerging
funding crisis in which it became evident that the
money made available to the NHS by government was
no longer sufficient to meet increasing demands, resulted
in a series of organizational and managerial reforms
during the 1970s and 1980s.
The Rise of the Market in Health Care

The continuous need to reduce public spending and to
increase organizational efficiency and the promarket
orientation of the Conservative government merged at
the end of the 1980s and resulted in the most fundamental
reform of the NHS since its creation. The package of
reforms was first articulated in the 1989 White Paper,
Working for Patients, subsequently translated into legisla-
tion in the National Health Service and Community Care
Act of 1990, and finally implemented in 1991.
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Despite suspicion that the proposed reforms were the
‘thin edge of the wedge’ of privatization, the changes that
were implemented in 1991 did not alter the financial
underpinnings of the NHS. The government preserved
free access to health care and kept the tax-based financing,
but aimed to use competition among providers of services
to improve the efficiency and quality of those services.
Essentially this was to be achieved through the creation of
an internal market and the separation of health-care pur-
chasing from the provision of services. Producers of hos-
pital and specialist services would now compete with each
other for the purchasers of health services, district health
authorities, and GP ‘Fundholders’ (GPs who volunteer to
manage and control a share of their patients’ budgets).
The relationship between providers and purchasers would
be formalized through NHS contracts.

With the division of purchasers and providers, and the
creation of an internal health market, the NHS embarked
on a new trajectory in which established power structures,
systems, and values were challenged. Notions of bureau-
cracy, professionalism, and paternalism became replaced
with those of markets, consumerism, and user rights. The
previous postwar preoccupation with service coordina-
tion and universal care now took second place to concerns
about efficiency and choice. Until the late 1980s the NHS
had been essentially a ‘command-and-control’ bureau-
cracy; hospitals were owned and operated by the state,
and health-care staff were government employees. GPs,
although nominally self-employed, contracted almost
exclusively with the state for the provision of their ser-
vices. The system had many merits. Because doctors were
not paid on a fee-for-service basis there was little incen-
tive to overtreat patients. The system was also what econ-
omists call ‘macro-efficient,’ absorbing a relatively small
proportion of Gross National Product compared with
other countries, while providing a service that was not
notably inferior in quality or outcome. In other respects,
however, the system was less satisfactory because it
was generally considered to be ‘micro-inefficient.’ This
meant that the combination of clinical freedom and the
absence of costing mechanisms led to resources being
used in a manner that bore little relationship to their
cost-effectiveness and to wide variations in the perfor-
mance and costs of medical practice. Moreover, the famil-
iar complaint that its monopoly of power made the NHS
unresponsive to consumers was shared by those on the
policy Left and Right.

The government took the view that centralized con-
trols and the managerialism of the 1980s had been insuf-
ficient forces for change, especially at the clinical level.
The route to increased cost-effectiveness and quality lay
in influencing medical behavior, and this was to be
achieved through the introduction of market mechanisms
and competition. Once ‘money followed the patient’ pro-
viders would have a systematic financial incentive to cut
costs, improve quality, and be more responsive to what
consumers wanted. Purchasers, in turn, because they
would still be cash limited, would have an incentive to
bargain for improved value for money on behalf of their
patients. It was argued that GP Fundholders were better
placed to understand patient needs and preferences than
remote health authorities and that they would lead the
way in negotiating improvements in services.
1997: The New NHS?

In December 1997 the new Labour government announced
its plans for the NHS: the White Paper, The New NHS:

Modern, Dependable. It claimed to offer a newmodel of health
care for the UK, one that seeks to replace the internal
market with a system of ‘integrated care,’ founded on part-
nership rather than competition. The model was not a
return, however, to the 1970s command and control system,
which ‘focused on the needs of organizations rather than the
needs of patients.’ Instead, these reforms set out a ‘Third
Way’ that keeps the separation between planning and pro-
vision, expands the central role of primary care, and keeps
decentralized responsibility for operational management.

In practice, it is unclear how much has changed.
Although bearing different names, many of the core struc-
tures and processes under Labour bear great resemblance
to their Conservative predecessors. For example, the
purchaser–provider split has remained intact, although
the relationships between them were now expected to be
longer-term and were called ‘agreements’ rather than
‘contracts.’ Most notably, policy under Labour has
continued the shift toward a primary care-led NHS:
Although GP Fundholding was abolished in 1997, it was
replaced by Primary Care Trusts (PCTs), groups of GP
practices covering geographical communities of up to
100 000. These PCTs would be responsible for commis-
sioning and providing hospital, community, and primary
care services for their populations, thus taking over
responsibilities previously assigned to health authorities
and NHS trusts. Thus, the extent to which Labour’s Third
Way actually represents a break with the previous model
has – and continues to be – greatly debated.
The NHS Today

Funding

The total NHS health-care budget continues to be deter-
mined by Parliament and controlled by the treasury. It is
funded predominantly through general taxation and
National Insurance contributions, although about 5%
comes from miscellaneous sources such as patient user
charges (e.g., for prescription medications and dental
services) and income from the sale of land and other
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assets (Figure 1). Because the state plays such a central
role in UK health-care funding, and because global
resource allocation is largely carried out through admin-
istrative decisions rather than market mechanisms, the
UK NHS has been characterized as a ‘command and
control’ system (Harrison and Moran, 2000). Largely
because of this state involvement, the NHS historically
has been able to keep its per capita health-care costs lower
than many other Western industrialized nations. Whereas
the UK spent $2231 per capita on health in 2003, for
example, the US spent $5635, over twice as much. At
7.7% of GDP, UK’s health expenditure is also below the
OECD average of 8.8% (OECD, 2005). However, since
Labour came into power, funding for the NHS has more
than doubled, with then Prime Minister Tony Blair
promising to bring NHS spending up in line with the
rest of Europe by 2007–08 (Department of Health, 2006).
Expenditures

Resource allocation within the NHS is determined
largely through a weighted capitation formula: Local
PCTs are allocated resources based on the size of their
populations and adjusted for need (e.g., need will be
NHS bud

Hospitals and community
health services

Acute services 52%
Mental health 13%
Older people 9%
Administrative 6%
Learning disability 5%
Maternity 4%

Pharmaceuticals
GP payments
Dentists
Pharmacists
Optometrists

Family health s

Figure 2 Distribution of funding within NSH 2003–04. Reproduced
TBL_B10.htm (accessed August 2007).

NHS budget 2003–04

General
taxation

75%

National insurance
20%

Other
5%

Figure 1 Sources of NHS funding 2003–04. Reproduced from
The Information Centre (2006) http://www.ic.nhs.uk/pubs/

prescriptionsdispensed05 (accessed August 2007).
higher in a PCT with an older caseload than in a PCT
with a relatively young caseload) (DOH, 2005a).

The bulk of NHS funding goes to family health ser-
vices, and to hospitals and community health services,
largely in the form of professional salaries (Figure 2).
Capacity and Use by Service Sector

The NHS directly employs approximately 1.2million
staff and contracts with over 70 000 independent contrac-
tors, including about 32 000 GPs (Table 1).

Although the number of practicing physicians (per
1000 population) in 2003 was below the OECD average
in 2003, the average annual growth rate of practicing
physicians was higher at 2.4 physicians per 1000 popula-
tion compared with the OECD average of 1.8 (OECD,
2005). Similarly, the number of per capita doctor consul-
tations increased from 5.2 to 6.1 between 1990 and 2003
(OECD, 2005).

In 2002, the availability of hospital beds was slightly
lower than the OECD average of 4.2 beds per 1000 popula-
tion, at 3.7 beds per 1000 population (OECD, 2005). Hospi-
tal discharges, however, were higher than the OECD
average of 161 (per 1000 population), at 232 discharges,
representing a 15% increase since 1995 (OECD, 2005).

The availability of certain medical technologies and
therapies also tends to be lower than the OECD average
(Table 2). In 2002, for example, the NHS had 5.2 mag-
netic resonance imaging (MRI) units (per million popu-
lation), compared with the OECD average of 7.3.
Private Health Care

Private spending makes up about 18% of total health-care
expenditure in the UK (Ham, 2004; OECD, 2005). Of that
amount, roughly 13% comes fromNHS user charges (e.g.,
for prescription medication), 8% from out-of-pocket pay-
ments for hospital care, 17% from private medical insur-
ance, 8% for optical services, 5% for dental services, 7%
get

46%
31%
14%
3%
3%

ervices Miscellaneous

• Capital expenditures
• Departmental administration
• Central health services

from DOH (2006) http://www.performance.doh.gov.uk/HPSSS/

http://www.performance.doh.gov.uk/HPSSS/TBL_B10.htm
http://www.performance.doh.gov.uk/HPSSS/TBL_B10.htm
http://www.ic.nhs.uk/pubs/prescriptionsdispensed05
http://www.ic.nhs.uk/pubs/prescriptionsdispensed05


Table 1 National Health Service staff numbers, 2002

Directly employed = 1.2 million Independent contractors

Nurses, midwives, health visitors 368 000 General practitioners 32000
Hospital/public health doctors 73 000 Dentists 21 000

Scientific, therapeutic, tech support staff 117 000 Pharmacists 11 000

Qualified ambulance staff 16 000 Opticians 7000

Source: OECD Health at a Glance, Paris 2005. London: National Audit Office: Internaional Health Comparisons.

Table 2 Availability of medical technologies and therapies

UK
OECD
average

Magnetic resonance imaging units

(per million population) (2002)

5.2 7.3

Computed tomography scanners
(per million population) (2002)

5.8 17.8

Mammographs (per million population) (2002) 7.3 18.0

Radiation therapy equipment (per million

population) (2002)

3.9 5.5

Coronary bypass procedures (per 100 000

population) (2003)

56 70

Coronary angioplasty procedures

(per 100 000 population) (2003)

99 150

Cesarean sections (per 100 live births) (2002) 21.7 20.8

Source: OECD: Health at a Glance, Paris 2005. London: National

Audit Office: International Health Comparisons.
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for complementary medicine, and 1% for audiology ser-
vices. The remaining 41% is spent on over-the-counter
medicines (Keen et al., 2001).

In 2004, 686 million prescription items were dispensed
in England alone, 13% of which were subject to user fees.
In 2001–02, dentists had 1.8million patient contacts
(Department of Health, 2006).

In addition to traditional health-care services, an esti-
mated 20% of the UK population also used complemen-
tary and alternative medicine totaling some £1.6 billion,
with average provider fees in South West London ranging
from £16.50 to £40.00, depending on factors like the
duration of consultation (Ernst and White, 2000).

Approximately 11% of the UK population has private
insurance which is most frequently used to bypass wait-
ing lists, especially for nonurgent surgery. For this reason,
private insurance has sometimes been criticized as
establishing a two-tier system because it allows wealthier
patients to effectively ‘jump the queue’ and obtain treat-
ment more quickly.
Current Issues and Key Concerns
for the NHS

As life expectancy continues to improve, innovative treat-
ments become available, and the prevalence of chronic
illness increases – particularly among ethnic minorities
and low-income populations – the NHS faces great pres-
sure to find efficient and equitable ways to ration scarce
health resources, to tackle health inequalities, and to pro-
actively promote health rather than retroactively respond
to illness. Although these three issues are not new to the
NHS, they represent some of the key challenges facing the
NHS now. And even though they are treated in this article
as conceptually distinct, readers should keep in mind that
they are quite inextricably linked.
Rationing

Whereas the NHS has always explicitly aimed for univer-
sal and equitable access to care, it has never guaranteed
access to a specific level of care or treatment, despite the
rhetoric of comprehensive care from cradle to grave.

Thus, rationing is not new to the NHS, nor is the need
for rationing likely to dissipate in the future. Although
funded through taxation, the NHS nevertheless is a
‘third-party payment’ system, where care is largely free
at the point-of-service. As long as health care is purchased
by third parties (in this case the government) and patients
are insulated from the full cost of the care they consume,
there is evidence that demand for health care will exceed
its supply, and rationing will be inevitable.

Rationing can occur at three different levels: the
macro, meso, and micro levels. At the macro level, health
planners make policy decisions that have national impli-
cations, such as the size of the total health-care budget,
and, in some cases, explicit decisions about which inter-
ventions should or should not be offered. At the meso
level, intermediate bodies like health authorities, PCTs,
and hospitals negotiate how to allocate resources among
different treatments and population groups. And at the
micro level of the doctor–patient relationship, physicians
decide how to allocate resources among individual
patients (Coulter and Ham, 2000). At the meso and
micro levels the scope for discretion depends in large
part on the specificity of the decisions taken at the pre-
ceding level.

Within each of these levels, rationing can take a variety
of forms and can vary in visibility. For example, though it
is often not understood as rationing because it is not
visible as such, rationing can occur by price and according
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to the ability to pay when market forces are allowed to
determine resource allocation. At the other end of the
spectrum is rationing by denial which is the most visible
form of rationing. Other forms of rationing include ration-
ing by selection (selecting only certain patients to receive
treatment according to some exclusion criterion like ability
to benefit from treatment); rationing by deflection (steering
patients toward other – usually cheaper – interventions
or other service sectors); rationing by deterrence (making
access to treatment more difficult); rationing by delay
(placing patients on a waiting list); and rationing by
dilution (giving less resources to each person so that
everyone gets something but not the optimal amount).

Whereas the need to ration health care is not new, the
ways in which care is rationed in the NHS have changed.
It is well understood that rationing has been largely
implicit for much of the history of the NHS and ‘con-
cealed beneath the cloak of clinical freedom.’ That is to
say, questions about which patients got what treatment
and how quickly were largely left up to physician discre-
tion. GPs helped to contain demand at the primary care
level by restricting access to secondary care to only
those patients who they deemed truly required specialist
care, while specialists managed demand at the secondary
care level through waiting lists. As Aaron and Schwartz
describe:

Confronted by a person older than the prevailing unoffi-

cial age of cut-off for dialysis, the . . . GP tells the victim of

chronic renal failure or his family that nothing can be done

except to make the patient as comfortable as possible in

the time remaining. The . . . nephrologist tells the family

of a patient who is difficult to handle that dialysis would

be painful and burdensome and that the patient would be

more comfortable without it.

(Aaron and Schwartz, 1984: 37)

For this reason several authors have argued that rationing
went largely unnoticed for the first 30 years of the NHS.
With the economic recession of the 1970s, however, came
pressure to limit public spending on health care and the
government’s first systematic attempt to tackle rationing
head-on with the publication of its 1976 consulta-
tive document Priorities. Combined with several highly
publicized cases of treatment denials, rationing was
thrown into the spotlight and has been a very visible
issue ever since. Some such cases involved patients who
claimed to have been refused treatment due to their age,
disability, or lifestyle, calling into question the wisdom
and fairness of implicit rationing itself, with all the lack of
transparency it entailed.

According to reviews of recent NHS policies, rationing
decisions have become increasingly explicit, relying more
on mechanisms like selection and denial based on overt
criteria. The locus of rationing has also changed, with
greater involvement by patients and advocacy groups.
Evidence-Based Medicine

The push to improve the scientific basis of clinical deci-
sion making, otherwise known as ‘evidence-based medi-
cine,’ and the related development of analytical techniques
to assess the cost-effectiveness of therapies have added
another dimension to the debate over rationing. Propo-
nents argue that because resources are scarce, funding
should be reserved only for those interventions whose
health benefits justify their costs. Critics argue that it is
inappropriate and unfeasible to place a monetary value
on life and improved quality of life.

The recent debate over the cancer drug Herceptin is a
case in point. Herceptin has been shown to improve by
6% the chances that women diagnosed with a certain type
of early-stage breast cancer (‘HER2’) could remain dis-
ease-free after 3 years. At an estimated cost of £20 000 per
patient per year, however, its cost-effectiveness was in
doubt. Swindon PCT, for example, initially decided not
to offer the drug for this reason and was sued by Ann
Marie Rogers, a patient who was denied the drug. The
High Court ruled in her favor, and a few months later,
NICE (the National Institutes for Health and Clinical
Excellence) – which was established in 1999 largely to
assess the cost-effectiveness of pharmaceutical drugs and
interventions – concluded that Herceptinwas cost-effective
for selected patients.

It is important to note that evidence-based medicine
is conceptually distinct from rationing. However, as
Reynolds asks:

Could evidence-based medicine be used as a way of

prohibiting expensive treatments which have not been

formally evaluated? More importantly, could treatments

be prohibited for all patients, if they are effective for only

a minority of patients? (Reynolds, 2000: 31)

Reynolds (2000) and others suggest that evidence-based
medicine may, indeed, be used as a rationing tool, arguing
that the trend has been to invoke evidence, drawn from
medical or epidemiological research, that suggests that
services or procedures previously provided as a matter
of routine should be used more discriminatingly and
selectively. Others also suspect that a reduction in the
cost of care is high on the silent agenda of many who
promote the use of guidelines and that, as a result,
administrative efforts are more likely to be focused on
decreasing inappropriate care than on increasing access
to beneficial procedures.
Health Inequalities

Despite the principle of universal access to care that is
free at the point of service, access to care under the
NHS – as well as the quality of that care and health
outcomes – have all been found to vary according to sex,
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geography, race, and socioeconomic status. For example,
the prevalence of hypertension is higher among Afro-
Caribbeans and South Asians in the UK than among
Caucasians (Lane and Lip, 2001). Infant mortality rates
are lower among infants whose fathers have professional
or managerial occupations compared with their counter-
parts whose fathers are in manual occupations (DOH,
2005b). Fewer physicians practice in rural settings than
in urban areas, and patients who live in remote areas often
have trouble accessing their services.

Arguably the first sustained attempt at tackling in-
equalities in health occurred under the 1974–79 Labour
government. In 1979, a Working Party was established
under the chairmanship of Sir Douglas Black to investigate
the extent of social inequalities in health and to identify
the pathways by which class affects health and health-care
use. Its findings were published in 1980 after a new Con-
servative government had taken office, in what has become
known as the Black Report. Although the Black Report
stressed the multicausal nature of health inequalities, it
prioritized materialist explanations for health disparities
out of the four different pathways it identified. Its key
explanations are summarized in Table 3.

The Conservative government under Prime Minister
Margaret Thatcher, however, rejected the proposals made
by theWorking Group, opting for a behaviorist explanation
for Britain’s health inequalities. In keeping with more liber-
tarian political leanings, policy under Thatcher stressed
individual responsibility for one’s own health outcomes
and the focuswas on educating the public about good health
practices. The approach to tackling health inequalities was
fairly similar under Prime Minister John Major.

It was not until Labour came to power in 1997 that the
findings of the Black Report were taken seriously by
policy makers. On taking office, the Blair government
established a further inquiry into health inequalities,
chaired by Sir Donald Acheson. The Acheson inquiry
concluded that health inequalities were a severe and
continuing problem and proposed action and a total of
Table 3 Explanations for health inequalities

Artifact The relationship between social class

and health is an artifact of the ways

the independent and dependent

variables have been defined/
measured

Social selection Health status is the independent

variable and determines social

status, not vice versa
Materialist Deprivation in material

circumstances of life leads to

poorer health outcomes

Behavioral An individual’s risky behavior (e.g.,
sedentary lifestyle, smoking) leads

to poorer health outcomes
39 recommendations in several policy areas to reduce
them. These policies reflected a greater emphasis on
materialist explanations and an attempt to improve health
inequalities by reducing income inequalities. Policies
have included Health Action Zones and changes to taxes
and benefits (Baggot, 2004).

Since the Black Report, other theories about the pre-
cise pathways between socioeconomic status and health
have been developed, such as psychosocial explanations
(Marmot et al., 1991) and relative deprivation (Marmot
and Wilkinson, 2001). Indeed, the precise pathways
between socioeconomic status and health have proved
difficult to pinpoint, and the field appears to be drifting
toward more multifaceted explanatory frameworks, like
the Dahlgren and Whitehead (1991) multisectoral model,
as well as life course approaches (Blane et al., 2004), which
emphasize the cumulative effects of deprivation over time.
Which particular theory receives popular acceptance at
any given time, however, is often a function of political
sympathy and ideological leanings.
Health Promotion

The cost-effectiveness of medicine as a whole has long
been contested. Several historians and public health advo-
cates have argued that increased life expectancy in the
19th and 20th centuries can largely be explained by
improvements in nutrition, sanitation, and living stan-
dards rather than medical intervention (Fitzpatrick, 2000).

Regardless of the reason, life expectancy has indeed
increased and living standards have risen in the UK. With
that, a host of health issues have emerged, such as the
‘graying of the population,’ concomitant increases in mor-
bidity, and the rising incidence of diseases like heart
disease and diabetes which are largely caused or exacer-
bated by unhealthy lifestyle choices like the consumption
of high-fat food, lack of physical exercise, smoking, and
heavy alcohol consumption.

The rising incidence of such so-called lifestyle diseases
has, once again, sparked debate about the ‘biomedical
model’ of health care. Moreover, it has questioned health
care’s focus on providing health-care interventions where
health may be best promoted through prevention rather
than treatment.

The NHS first turned to health promotion in the
1970s, and the approach within the NHS to health pro-
motion has varied over its history. In the 1970s and 1980s,
the focus was on smoking cessation, better nutrition and
fitness, and preventing the spread of AIDS. In 1992, under
Prime Minister John Major, the Health of the Nation White
Paper was published, which, for the first time, made a
distinction between a health strategy and a health-care
strategy. Nevertheless, a biomedical model of disease
prevention was retained, and the focus of health promo-
tion policy under Major was the prevention of heart
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disease and stroke, cancer, accidents, HIV/AIDS, and the
treatment of mental illnesses.

Health promotion policy under Prime Minister Blair
largely continued the work of the Major government. As
set out in the 1998 White Paper, Our Healthier Nation,
health promotion policy under the Blair administration
specifically aimed to reduce nonelderly mortality from
heart disease and stroke by at least a third; to reduce
accidents by at least a fifth; to reduce nonelderly mortality
from cancer by at least a fifth; and to reduce the death rate
from suicide by at least a sixth by 2010. As discussed
earlier, however, a key difference in policy under Blair is
the acknowledgment that social deprivation must be tack-
led as part of an overall strategy to promote the nation’s
health. Indeed, ethnic minorities and individuals from
lower socioeconomic backgrounds tend to be dispropor-
tionately affected by these lifestyle diseases.

Critics have argued that the Labour government
has not delivered on its promise to make health promotion
a key focus of its health policy. Others have also criti-
cized retaining the biomedical, disease-based approach to
health promotion. Because many of these illnesses require
coordinated care between the primary and secondary care
levels, and across the health-care/social care divide, the
government’s policy has also been criticized for not doing
enough to break down the historical tripartite structure of
the NHS. Indeed, one reason the expansion of the private
financing initiative is controversial is that it effectively
commits the NHS to 30 years (i.e., over the length of the
lease) of providing hospital-based care when prevention
of disease and treatment in the community may be more
effective as well as more cost-effective.
Conclusion

As life expectancy increases and the population ages, the
NHS will face greater demand on its scarce resources
than ever before in its history. The health conditions the
NHS was created to combat are not the primary health
conditions that challenge British society today: Chronic
diseases like diabetes and heart disease have supplanted
infectious diseases as the major causes of death. This
changing pattern of disease will require health policy
makers to think of health system design in a different
way, to break through the historical divide between ‘medi-
cine’ and ‘public health,’ and to focus on promoting health
rather than responding to illness. Moreover, increasingly,
at the beginning of the 21st century, important decisions
are being faced about how many of the constantly appear-
ing scientific products of medical science can be provided
by public funds. More than at any stage of its history, the
value and effectiveness of services in the NHS are being
scrutinized. Nevertheless, because access to a wide range
of modern health-care facilities has been provided by
means of public funding of the NHS for so long, the
NHS continues to remain a strikingly popular institution
in public opinion, despite its many upheavals.
See also: NGOs (Non-Governmental Organizations);

Public/Private Mix in Health Systems; Urban Health

Systems: Overview; Western Europe, Health Systems of.
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The existing health-care delivery system in the United
States is a conglomerate of health practitioners, agencies,
and organizations, all of which share the mission of health-
care delivery but operate more or less independently. The
greatest portion of all patient services, approximately
80%, is provided in offices and clinics by physicians
who sell their services on a fee-for-service basis. About
two thirds of all active physicians – some 480 000 practi-
tioners out of a total of 717 500 – are involved in direct
patient care in an office- or clinic-based practice, while
the remainder are mostly residents in training, or full-
time staff members of hospitals.

The next most prominent form of health-care delivery
consists of services provided by hospitals. With the excep-
tion of tax-supported government institutions, hospitals,
like physicians, charge patients according to a fee-for-
service system. Nonprofit hospitals charge patients for
hospital services using the standard of recovering the
full cost of services provided and meeting the hospital’s
general expenses. Profit-making or proprietary hospitals
not only calculate the cost of services rendered but also
operate to realize a profit from those services. Nonprofit
and profit-making hospitals rely heavily on third-party
sources, either private health insurance or government
agencies, to pay most or all of a patient’s bill.

Besides office-based medical practices and hospitals, the
other types of organizations involved in the delivery of
health care to the American public are official agencies,
voluntary agencies, health maintenance organizations, pre-
ferred provider organizations, allied health enterprises in
the business community, and traditional healing services.

Official agencies are public organizations supported by
tax funds, such as the U.S. Department of Health and
Human Services, the Centers for Disease Control and
Prevention, the U.S. Public Health Service, and the Food
and Drug Administration, which are intended to support
and conduct research, develop educational materials, and
provide services designed to minimize public health
problems. Official agencies also have the responsibility
for the direct medical care and health services required
by special populations like reservation Indians, the
military, veterans, the mentally ill, lepers, tuberculosis
patients, alcoholics, and drug addicts.

Voluntary agencies are charitable organizations, such
as the Multiple Sclerosis Society, the American Cancer
Society, the American Heart Association, and the March
of Dimes, who solicit funds from the general public and
use them to support medical research and provide ser-
vices for disease victims.

Health maintenance organizations (HMOs) are man-
aged care prepaid group practices in which a person pays
a monthly premium for comprehensive health-care services.
HMOs are oriented toward preventive and ambulatory
services intended to reduce rates of hospitalization. Under
this arrangement, HMOs derive greater income from
keeping their patients healthy and not having to pay for
their hospital expenses than they would if large numbers
of their subscribers were hospitalized. There is evidence
that HMOs and other managed care organizations reduce
hospital use and produce lower overall medical costs
than the traditional open-market fee-for-service pattern
(Wholey and Burns, 2000). Most of the savings are due to
lower rates of hospitalization, but surgical rates and other
fees may be lower for HMO populations. Physicians
participating in HMOs may be paid according to a
fee-for-service schedule, but many are paid a salary or
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on a capitation (set amount per patient) basis. Member-
ship entitles patients to receive physicians’ services,
hospitalization, laboratory tests, X-rays, and perhaps pre-
scription drugs and other health needs at little or no
additional cost.

There are some disadvantages to HMOs, namely, that
patients (especially at night or on weekends) may be
treated by whoever is on duty rather than their personal
doctor, and a patient may need a referral from his or her
primary care practitioner to consult a specialist. HMOs
have attracted considerable attention because of their cost
control potential and emphasis on preventive care. The
number of HMOs and their enrollment have been rapidly
increasing in the last few years. In 1970 there were 37
HMOs serving 3 million people; in 2003 there were 454
HMOs enrolling 71.8 million people. The peak year was
1999, when there were 651 HMOs with 81.3 million
enrollees, or 31% of all Americans. The failure to meet
expenses or make profits, along with patient dissatisfac-
tion, has caused a decline in the number of both HMOs
and patients, leaving HMOs with some 24.6% of the
population as their clients. Included in this percentage
are patients seen by individual practice associations (IPAs)
which are solo practitioners or small groups of physicians
who contract independently with HMOs to provide care
to patients enrolled in their plans.

Preferred provider organizations (PPOs) are a form of
managed care health organization in which employers
who purchase group health insurance agree to send their
employees to particular hospitals or doctors in return for
discounts. PPOs have the advantage of being imposed on
existing networks of hospitals and physicians without
having to build clinics or convert doctors into employees.
Doctors and hospitals associated with a PPO are expected
to provide their usual services to PPO members, but
lower charges are assessed against the members’ group
health insurance. Thus, the health-care providers obtain
more patients and in return charge less to the buyer of
group insurance.

Allied health enterprises are the manufacturers of
pharmaceuticals and medical supplies and equipment
which play a major role in research, development, and
distribution of medical goods.

Traditional healing services are healing options out-
side biomedicine that constitute forms of complementary
and alternative medicine (CAM). CAM refers to the use of
treatments that are not commonly utilized by the medical
profession, such as visits to chiropractors, faith healers, folk
healers, acupuncturists, homeopaths, naturopaths, and the
use of dietary supplements to cure or prevent disease. CAM
also includes ayurveda, aromatherapy, shiatsu, crystal heal-
ing, biofeedback, and various other nonmedical techniques.
The National Center for Complementary and Alternative
Medicine was established by the U.S. Congress in 1992 to
facilitate research, evaluate, and disseminate information on
CAM techniques. The proportion of the population who
use CAM is not known, although it is popular among some
people (Baer, 2001). However, in relation to other health
professionals, CAM practitioners occupy a marginal posi-
tion in U.S. health-care delivery.

The majority of Americans have health insurance ben-
efits provided through their place of employment and
paid for by contributions from both the employee and
employer. In 1984, some 96% of all insured workers
were enrolled in traditional health plans that allowed
them to choose their own doctors and have most of their
costs for physician and hospital services covered in an
unmanaged fee-for-service arrangement. However, this
situation changed dramatically because of soaring costs
of health care and limitations being placed on the insur-
ance benefits provided. By 1998, only 15% of all insured
workers had unmanaged fee-for-service health plans,
while the remainder had managed fee-for-service plans
in which utilization was monitored and prior approval for
some benefits, like hospitalization, was required. The day
in which doctors and their patients decided just between
themselves what care was needed without considering
cost appears over, as financial concerns are increasingly
influencing how patients are cared for.

Some features of the health-care delivery system in
the United States remain unchanged. The system is plu-
ralist, that is, it has more than one major client. It serves
a substantial private sector, the elderly and the poor
with government-sponsored health insurance, and a large
uninsured population. But there has also been widespread
change. As employers, both government and private cor-
porations are the major purchasers of health services and
so dominate health policy. Managed care is now the pri-
mary form of medical practice. This development means
that more people with private health insurance are limited
in their use of health services to a particular managed care
network, such as an HMO or PPO. Physician practice has
shifted away from its historical roots in self-employment
toward group and salaried arrangements that are better
positioned to meet the current demands on providers
stemming from both the change to managed care and
the growth of medical technology (Gold, 1999). Physician
incomes are increasing less rapidly than in the past, and
professional autonomy is declining as well.

Given the magnitude of these changes – the reorgani-
zation of medical practice into managed care, along with
constraints on income and autonomy – it is not surprising,
as Gold (1999: 14) points out, that the satisfaction of
physicians with their work situation has decreased. How-
ever, as Warren and her associates (1998: 364) explain,

‘‘Whereas physicians twenty years ago may have been

horrified at the prospect of managed care, physicians

now accept it as the rules of the game – at least in areas

in which high percentages of patients belong to such

plans – and recognize that the price of refusing to play

by those rules is bankruptcy.’’
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Thus, many physicians have had to make the adjustment
to managed care, and the revenue, especially capitation
fees, from this type of practice now constitutes a growing
percentage of physician incomes.

Traditionally, doctors and hospitals have been paid on
a fee-for-service basis. This method of payment is consis-
tent with the principle of the open market, in which the
consumers of health care, like the consumers of other
products, are free to choose which health-care providers
offer the best services at prices they can afford. High-
quality services and affordable prices are supposed to
result from competition among providers. Theoretically,
physicians who are incompetent or who charge excessive
fees and hospitals with lower-quality services would be
driven out of the market by more competent, reasonably
priced, and more effective physicians and better hospitals.
To eliminate or reduce free choice would supposedly
undermine the incentive of physicians and hospitals to
satisfy patients.

The fee-for-service system is a highly attractive situa-
tion for doctors. It allows physicians to decide how much
money they should charge for their services, how
many patients they should have, how many hours they
should work per week, what branch of medicine
they should specialize in, and where they should practice
medicine. The market, professional ethics, and sense of
duty to their patients are supposed to block any desire to
make as much money as possible.

Fee-for-service health-care delivery, however, is not
a good example of a competitive marketplace. The funda-
mental law of the marketplace is supply and demand.
When the supply of a product exceeds the demand for
it, prices should drop. However, that law does not apply to
medicine because physicians define what patients need
and provide their services at prices they, their employers,
or the federal government set. Therefore, doctors and
hospitals create their own demand. Organized medicine
has traditionally opposed changing the fee-for-service
system because of the advantages it provides the profes-
sion. Yet fee-for-service discriminates against those people
who are unable to pay the fees, making them dependent on
welfare or charity. It also contributes to increased costs
through high fees and the unnecessary duplication of
technology and services by various providers and hospitals
seeking to gain or maintain income.

Rising costs and lack of universal access to quality care
finally forced changes, beginning with Medicare and
Medicaid in the 1960s, and continuing today with the
dominance of managed care systems charging a set capi-
tation fee to patients each month. However, as noted,
managed care constraints have eroded, leading to higher
contributions for health insurance benefits on the part of
both employers and employees, as well as higher costs for
the care itself. Not surprising, the number of people with-
out health insurance continues to increase. Light (2004)
depicts the American health-care delivery system as the
most costly, inefficient, wasteful, and inequitable system of
health care in the industrialized world, while Mechanic
(2004) describes it as disorganized and irrational. ‘In the
final analysis,’ states Mechanic (2004: 83), ‘fault is in
the failure of the United States to introduce a rational
system of universal health care.’
Rising Costs

Any discussion of the organization of health-care delivery
services in the United States would be incomplete with-
out considering the problem of rising costs. Besides cost,
the central issues in the public debate about health-care
delivery in the United States include problems of equity
and the distribution of services. However, no other single
issue in medicine has attracted more public attention in
recent years than the increasing cost of health care and
the diminished ability of certain segments of American
society to obtain health services adequate for their needs.
Despite living in a wealthy country, a substantial portion
of the American population does without even minimally
adequate health care. The Americans most affected by the
sharply escalating costs of medical services include not
only the poor but also the near-poor who are unable to
contend with rising health-care expenses. Furthermore,
the proportion of the population without health insurance
has increased. About 13.9% of the population under the
age of 65 did not have health insurance in 1990; this figure
stood at 16.6% in 2002.

In 1980, an average of $1063 per person was spent on
health care in the United States; by 2003 this figure had
risen to $5670 – up by $353 from 2002 and still the highest
in the world by far. For comparative purposes, Switzerland
(based upon 2001 figures) spent $3322 per person on
health, which was the second highest figure in the world
that year, whereas Mexico spent $536 and Poland $629
per capita. United States’ figures for 2001 were $5021 per
person. Not only is health spending in the United States
the highest in the world, but the jump to $5670 per capita
for 2003 is the highest yet recorded.

Also in 1980, Americans spent a total of $247.3 billion
on health needs, as compared with expenditures of
$1.7 trillion in 2003. Spending on hospital care was
$412.1 billion in 2000, $451.2 billion in 2001, and
$486.5 billion in 2002. However, hospital costs alone in
2003 were $515.9 billion – $268.1 billion more than all
health expenditures in 1980. Between 2000 and 2003,
annual hospital costs had risen over $1 billion in the
United States. Drug spending has soared as well from
$121.8 billion in 2000 to $140.6 billion in 2001, $162.4
billion in 2002, and $179.2 billion in 2003. Total national
spending on prescription drugs doubled between 1995 and
2000, tripled between 1990 and 2000, and continues to rise.

The rapid increase in drug expenditures has been due
not only to the aging of the population but also to the effects
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of prescription drug advertising, the wider availability of
insurance to cover drug costs, an increase in the number of
prescriptions written by doctors, and a shift toward greater
use of new, high-priced drugs. The use of certain drugs can
reduce health spending by lowering the need for hospital
care, but that is not the case for all drugs.Whereas spending
on drugs has shown a significant rise in recent years, the
greatest increases overall since 1960 are for hospital care
and doctors, dentists, and other professional services.

An illustration of the increase and magnitude of the
cost of health care in American society can be found in an
examination of the U.S. consumer price index. As in most
other nations of the world, the cost of goods and services
has been steadily rising. Between 1982 through 1984 and
2003, the cost of medical care increased more (297.1%)
than any other major category of personal expense.

Within the general category of medical care, the largest
single increase since 1982–1984 has been in the cost of
hospital and related services (394.8%). This category is
followed by increases in prescription drugs (326.3%) and
physician services (267.7%).

The greatest innovation in the delivery of health ser-
vices during the 1980s and 1990s was in the area of cost
containment, and little was accomplished with respect to
problems of equity and distribution of services. In the
public sector, the federal government instituted cost con-
trols for services to Medicare patients by establishing set
fees for diagnostic related groups (DRGs). As Ruggie
(1992) points out, the use of DRGs demonstrated the
government’s increasing role in controlling costs. The
federal government is no longer inclined to accept charges
set by health-care providers, but has instead taken the
lead on establishing the pattern of funding. In the private
sector, business corporations have increasingly turned to
lower-cost HMOs and PPOs to provide health care to
their employees. Some corporations have required second
opinions from other doctors before surgery could be
scheduled, and some have required data from insurance
carriers to enable them to evaluate the performance of
doctors and hospitals serving their employees. Many firms
have also increased the amount their employees had to
pay out of their own pockets for health care.
Managed Care

Thus, in the early to mid-1990s, private health care in
the United States experienced a dramatic reorganization
into managed care plans. Changing from a largely office-
based, fee-for-service system to an increasingly group- or
organization-based managed care system, American
medical practice took on a dramatically different new
structure (Pescosolido and Boyer, 2005). Some of this
restructuring was in response to the anticipated health
reforms of the Clinton administration, and some was due
to a ‘buyer’s revolt’ by business corporations and insur-
ance companies seeking to control health-care costs by
controlling medical work (Budrys, 2003; Stevens, 2005). In
2003, about 62% of all Americans (some 177.8 million
people) with health insurance were enrolled in managed
care programs; in 1988, only some 29% of the insured were
members of such plans. Managed care refers to health
organizations, like HMOs and PPOs, that ‘manage’ or con-
trol the cost of health care by monitoring the work of
doctors and hospitals, limiting visits to specialists within a
particular managed care network and to all physicians out-
side it, and requiring prior authorization for hospitalization.

Managed care alters the patient–physician relationship
by introducing a third party – the case manager – to the
decision-making process. The case manager represents
the bill payer, usually an insurance company, who certifies
that the care to be rendered is both effective and the least
costly alternative. The case manager also authorizes hos-
pitalization. Another feature of managed care is its reli-
ance upon capitation financing. Capitation (per capita)
financing is a fixed monthly sum paid by the subscriber
and his or her employer that guarantees care to that
person and the person’s immediate family with little or
no additional cost. Health-care providers, in turn, must
provide necessary care and are not paid for any additional
services. This measure is designed to discourage ineffi-
cient and unnecessary treatment.

In addition, patients are allowed to see a specialist only
after being screened by the primary care physician who
routinely cares for them. Since specialist care is usually
more costly, the primary care physician serves as a gate-
keeper to the use of specialists and is usually rewarded by
keeping referrals to a minimum. Finally, patients are
required to use the physicians within the managed care
network – unless the subscriber or a family member has a
medical emergency outside the plan’s geographic area.

The current cost containment effort in U.S. health
care had its origins in the federal government’s effort to
control payments to providers of Medicare services by the
introduction of DRGs. Hospitals, in turn, sought to shift
some of their costs from government payers to private
payers, primarily health insurance companies. The insur-
ance companies responded by playing a more substantial
role in the organization and management of the use of
services through managed care programs. Managed care
organizations emerged because corporate and govern-
ment purchasers of health care faced a crisis of excess
spending by the physician-dominated system and a new
concept was needed to control costs (Light, 2004). These
purchasers became stakeholders in the nation’s system
of health-care delivery. And, as stakeholders, observes
Light (2004:19),

‘‘they sought to rein in the excesses, replace professional

autonomy with accountable performance measures, and

reorganize the center of health care from hospital-based

acute intervention to community-based prevention and

primary care.’’
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Light finds that a large, new secondary industry arose in
support of managed care organizations. These new busi-
nesses designed benefits, selected providers, managed
services, defined outcomes, and established systems mea-
suring quality and performance. The control of managed
care was stripped away from physicians as the managed
care model became a product of big business (Mechanic,
2004). The attraction for business corporations was to
keep costs down through greater efficiency that would
nonetheless provide a pipeline into the huge profit poten-
tial in the health-care market. No longer is managed care
the alternative health-care delivery model that it once
was; rather, it has become the dominant model.

Some medical sociologists now point out that the
first ‘social contract’ between professional medicine and
American society for health care featuring fee-for-service
reimbursement, physician dominance, and limited gov-
ernment intervention has been replaced by a second one
(Hafferty and Light, 1995; Light, 2004; Pescosolido and
Boyer, 2005). The second social contract involves third-
party reimbursements, greater use of nonphysician provi-
ders, and direct government involvement in financing and
regulation. As Pescosolido and Boyer (2005:186) point out:

‘‘The nature of the second social contract has significantly

altered the powerful position of physicians, making them

more subject to limitations set by those who fund their

services and the demands of those employers who

purchase managed care plans.’’

This situation has led to a dramatic decline in the influ-
ence of physicians in the private medical market in the
United States (Light, 2004).

Has managed care controlled costs? The answer appears
to be that the system initially kept rising costs in check.
Between 1993 and 1997, health care’s portion of the GDP
fluctuated around 13.5%. In 1995, the U.S. Department of
Commerce estimated that national health expenditures
would exceed 15% of the GDP; however, only 13.4% of
the GDP was spent on health that year – the smallest
increase in several years. And by 1997, the percentage of
the GDP had fallen to 13.1. But by 2003, the percentage
of the GDP spent on health care had risen to 15.3 and the
total amount of spending had soared to $1.7 trillion. If
health spending continues to increase, then the percent-
age of the GDP spent on health care is certain to rise
if expenditures in other economic sectors stabilize or
decrease. Moreover, pressure from patients, physicians,
and employers to give patients more choice in obtaining
services has ended the requirement to obtain approval
from a primary care physician before seeing a specialist
in some managed care programs. And rising costs within
managed care plans have resulted in higher insurance
premiums and co-payments.

According to Mechanic (2004), some sources sug-
gest that the managed care model is either ‘dead’ or
transformed into ‘managed care lite’ as its controls on
costs have weakened. Mechanic finds the central cause
in managed care’s decline is the repudiation of its
rationing services by the middle class. He points out that
Americans are accustomed to having choice and auton-
omy in their utilization of health services and that the
middle class in particular has reacted negatively to restric-
tions. Pressure on managed care plans by physicians, the
media, and politicians responding to patients also helped
dilute cost controls. Employers and health-care plans
offering managed care health insurance retreated by
allowing the relaxation of cost constraints. Managed care
plans, in turn, adapted to the changing environment
by devising new provisions and practice arrangements.
As Mechanic (2004: 81) explains:

‘‘By the new century, health providers were increasingly

successful at consolidating and strengthening their bar-

gaining position as well, making it more difficult for

health plans to demand low reimbursement rates.’’

The result was a return of upwardly spiraling costs for
health care that are ultimately passed on to patients in the
form of higher out-of-pocket costs and health insurance
premiums. As for the managed care model, Mechanic
forecasts that it will persevere by dispensing with gate-
keepers and limited choices – instituting other ways of
forcing patients to be more frugal in their choices – and
reintroducing rationing.
Equity in Health Services

The problem of equity with respect to health services is and
remains a serious problem in American society. In a free
market system lacking national health insurance, those per-
sonswho are economicallydisadvantaged are alsomedically
disadvantaged when it comes to obtaining quality services.
The United States has a two-track system of health-care
delivery divided into a private track and a public track. The
public track is a system of welfare medicine supported by
public health insurance, especially Medicaid (for the poor)
but also Medicare (for the elderly).

Public health insurance has provided access to the
American health-care delivery system for the poor, but
the character of the services rendered – that of welfare
medicine – has not changed dramatically. The urban poor
have historically been dependent on public hospitals and
clinics rather than private hospitals and practitioners for
providing patient care. And that is still the case today for
many of the poor and near-poor as physicians, pharmacists,
and hospitals have joined banks, supermarkets, and depart-
ment stores in migrating out of inner-city areas where the
poor are concentrated. Vladeck (1983: 9) describes a pattern
that has remained unchanged for years:
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Apart from whatever esthetic differences such a pattern

might imply, the fact remains that the poor – and to an

even greater extent, the near-poor, who lack even the

limited access to private physicians Medicaid provides –

have no continuing relationship with individual physi-

cians. This means that access to other services resides in

the hands of bureaucratic strangers. The poor and near-

poor are more likely to be admitted to hospitals through

emergency rooms than a scheduled admission, and more

likely to be sicker when they are admitted. They are

more likely to be treated by a foreign medical graduate,

or a house staff physician still in training (or both) than a

fully trained American graduate. Their drug prescriptions

are written by physicians with less personal knowledge

and understanding of the patients’ characteristics and

problems, and they are likely to be seen on a follow-up

visit by a physician other than the one who treated them

originally.

The rural poor likewise have problems of access to
health care as medical facilities and health practitioners
may not be available locally. And the rural poor (as other
people living in rural areas) also may be more likely to be
treated by foreign medical school graduates. This situa-
tion is brought on by the doctor shortage in these areas
caused by a reluctance of many American-trained physi-
cians to work in small communities. Another segment
of society particularly affected by problems of equity
is the large number of Americans – over 16% of the
population – who do not have health insurance. The
largest proportion of persons (about 70%) without health
insurance in 2003 were those whose family income was
$50 000 or less. Most individuals and families without
health insurance make too much money to qualify for
Medicaid but still struggle financially. Many of them
work for small businesses that cannot afford to offer
health insurance to their employees. Not only does not
having health insurance prevent or delay getting care for
immediate health problems, but a lack of insurance over
time has a strong negative cumulative effect on a person’s
health (Quesnel-Vallée, 2004). Without health insurance
or available cash, people can be and are turned away from
hospitals and sent elsewhere. Ultimately, they may be sent
to ‘hospitals of last resort,’ which are generally public
hospitals under the jurisdiction of city, county, or state
governments. These hospitals are the ones that accept
patients other hospitals refuse to treat because of an
inability to pay for services.
Distribution of Services

Besides problems with rising costs and equity, the American
system of health-care delivery is not evenly distributed
geographically, and primary care or family practitioners
are underrepresented among physicians. A major factor in
obtaining adequate medical care for some people is the
numerical shortage of physicians serving patients in rural
areas and urban slums. Physicians generally prefer to
practice medicine in urbanized settings where they are
close to cultural, educational, and recreational facilities.
Another advantage of an urban practice is its proximity to
extensive technological resources in the form of well-
equipped hospitals, clinics, and laboratories staffed by
well-trained personnel. Also important are the relation-
ships with colleagues, which tend to enhance professional
life, and these relationships are more readily available in
urban areas where there are greater opportunities for
professional recognition. And finally, it should be recog-
nized that the more financially rewarding medical prac-
tices are those in large cities.

The maldistribution of physicians in the United States
can be illustrated by comparing differences between pre-
dominantly urban and rural states. Differences within states
are even larger. One out of every 20 counties in the United
States does not have a single doctor, and more than half of
all counties do not have a pediatrician. Even though small
communities often advertise and try actively to recruit
physicians, many doctors remain attracted to urban life.

The physician shortage is not limited to rural areas,
however; it also extends into certain urban locales. Physi-
cians in private practice are seldom found in neighbor-
hoods characterized by large numbers of poor and
nonwhite residents. Areas whose residents have relatively
low levels of education and income tend to have propor-
tionately fewer medical doctors in private practice. Con-
sequently, shortages of physicians may exist in parts of
New York City as well as in rural Alaska and Texas.

But there are a few signs that the distribution of phy-
sicians is beginning to improve. Part of this development
is due to market conditions. Some areas have an oversup-
ply of doctors, which encourages others to look elsewhere
for establishing their practice. Also, rural areas with only
one physician for every 3500 or more people and poverty
areas with only one doctor per 3000 or more are eligible
to apply for doctors under the National Health Service
Corps (NHSC), a federally funded program designed to
recruit and help organize the practices of health providers
such as physicians, osteopaths, dentists, and physician assis-
tants for isolated and low-income areas. Physicians who
volunteer for NHSC service are paid financial incentives
for joining, and medical students are given scholarships in
return for participation in the program after graduation.

Another factor in the maldistribution of physicians is
that of overspecialization, which has reduced the number
of doctors engaged as general practitioners in primary
care and family practice. The number of general and
family practitioners declined substantially from 95 980
in 1949 to 60 049 in 1980; but, by 2003, there was an
increase to 89 357.
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A major reason for the trend in specialization has to do
with the complexities of modern medicine. Kendall and
Selvin (1957) noted years ago that as students progressed
through medical school, more and more of them expressed
a preference for specialized training. They found that the
reason for the tendency to specialize was the students’
desire to restrict themselves to a particular area of knowl-
edge with which they could be highly skillful, rather than
trying to deal with what appears to be an insurmountable
body of knowledge. In addition, a specialized and more
manageable area of medicine may be less demanding of
personal time, has more prestige, and provides a greater
income. A particularly important factor for many younger
doctors is having a controllable lifestyle and family time.
This means more personal time away from the job and not
having to deal with patients after their usual working
hours. Consequently, medical specialties like dermatol-
ogy, radiology, anesthesiology, and even emergency-room
medicine became increasingly popular in the mid-2000s.
For example, a dermatologist averaged $221 000 annually
for 45 hours of work per week in 2005, while doctors in
internal medicine and pediatrics earned about $135 000
a year for a 50-hour work week. In comparison, general
surgeons made $238 000 a year for 60-hour weeks and
orthopedists $323 000 for 58 hours a week.

There are more than 30 specialty boards affiliated with
the AMA that certify physicians to practice in as many as
80 medical specialties, such as internal medicine, pediat-
rics, anesthesiology, family practice, obstetrics, gynecol-
ogy, dermatology, psychiatry, general surgery, orthopedic
surgery, urology, ophthalmology, and neurology. Although
medical specialization has produced positive benefits by
allowing physicians to concentrate their efforts on treat-
ing certain parts of the body, it has also produced negative
side effects by making it more difficult to find a physician
to take on continuing responsibility for the ‘whole’ patient.

The relatively low number and availability of primary
care practitioners inhibits the access of patients to the
health-care delivery system in the United States. Hospital
emergency rooms thus become centers of primary care
because of the lack of general practitioners, the reluctance
of physicians to make house calls, and the unavailability of
private physicians in the urban inner city. Also relevant is
the fact that hospital emergency rooms are accessible,
have a minimum of administrative barriers, and have the
resources of an entire hospital behind them. Those who
are most apt to use emergency rooms for primary care are
the underprivileged, who have minimal social ties and no
other regular source of medical care.
See also: Centers for Disease Control; NGOs (Non-

Governmental Organizations); Public/Private Mix in

Health Systems; Urban Health Systems: Overview.
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Glossary
Benefits package The range of benefits financed by

a given insurance contribution.

Community insurance System of voluntary

risk-pooling aimed at those working outside the

formal sector usually based on community rate

contributions paid into not-for-profit funds.

Community insurance is a common term for

voluntary health insurance schemes, organized at

the level of the community. These may be

alternatively labeled as mutual health organizations,

medical aid schemes, medical aid societies, or

micro-insurance schemes (see Carrin et al., 2005).

Community rating Procedure for setting equal

insurance contributions for all contributors within a

particular group. The premium is the sum of total

costs, administration, profit, and contingency divided

by the number enrolled.

Health insurance Mechanism by which the costs of

illness are pooled across a population. Protection is

based on a contract, implicit or explicit, that secures

members against financial loss arising from ill health

in return for a regular payment.

Risk rating Procedure for setting insurance

contributions that are based on the likelihood of using

services based on information on past utilization and

other risk factors.

Social health insurance This is often part of a wider

framework of social insurance embracing pensions,

sickness, unemployment, as well as health benefits.

System of compulsory risk pooling provided to those

making wage-related contributions and to their

dependants. Government may pay for nonworking

groups and the poor to be enrolled.

Solidarity-based system insurance system based

on income-related contributions and incorporating

both rich and poor members.
Paying for Health Care and Pooling Risk

Paying for Health Care

Individuals pay for medical care in two ways: Directly
in return for service or, indirectly, through payment in
return for an entitlement to treatment if sick. Direct
payments include user charges paid around the time of
illness; savings-based schemes, where users pay ahead
of time; and loan schemes, where payment is deferred
until after treatment. Savings schemes include provident
funds that are often offered to civil servants in develop-
ing countries and medical savings accounts, used in
Singapore, China, and some states in the United States.
Prepayment systems have the advantage over user fees
that people do not face large bills when they are sick but
can spread the cost of care over their lifetime. They may
be viewed as an interim stage in the progress towards
inter-personal risk pooling.

Indirect payments, or insurance entitlement, cover a
much larger potential cost of treatment than is reflected in
the contribution but is only effective in the event of
illness. Contributions from members reflect the costs of
the scheme including administration, contingency, and
cost of treatment. The serious and financially catastrophic
nature of some illnesses means that risk pooling is pre-
ferred, particularly for payments for major illness. A latent
demand for insurance is indicated in the observation that
individuals tend to be risk averse. This means that if
offered the choice between a certain income and an
uncertain, but mathematically equivalent, expected
income, they prefer the certain option.

Indirect payment systems can be provided through
explicit insurance, where members knowingly pay
contributions in return for coverage, or through implicit
insurance, where coverage is financed by taxation for
part or all of a population (see WHO, 2000: Chapter 5).
With implicit systems of insurance coverage, citizens or
residents or a particular community are covered regard-
less of whether they make a contribution. These are
mainly financed out of general taxation. Universal fund-
ing is closely linkedwith the ability to administer a system
of taxation. While most OECD countries collect more
than 30% of GDP in taxes, in low-income countries the
figure is usually less than 20% and sometimes as low
as 5%.

Explicit systems tend to limit coverage to those
that have made a contribution or to those where the
contribution is explicitly financed from another source.
A variety of explicit systems exist. One type is voluntary
commercial insurance organized by the private sector, on
a profit or non-profit-making basis, as a service for paying
contributors. In order to maximize profits and minimize
the problem of adverse risk selection (see below), contri-
butors are charged a premium related to their risk status
(risk rating).
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Another type of financing is social health insurance,
which differs from private insurance in that it is generally
offered on a noncommercial basis and financed from
compulsory deductions from employee wages. Employers
and government may also make a matching contribution.
Social health insurance is usually instituted by govern-
ment but can be managed by nongovernment bodies such
as employment-based organizations, unions, or locally
based mutualities. Government may finance the elderly
and poor, while insured members often cover dependants.
Even though contributions are related to income or wages,
the adverse selection problem is avoided by making
the scheme compulsory for a well-defined group of the
population.

Social insurance is based on the existence of an identi-
fiable payroll and on a relatively stable workforce. Yet the
context in many middle- and low-income countries is that
the workforce is transient, employment is casual, and no
formal payroll exists. In addition, there is often a distrust
of the state and considerable avoidance of taxation.
Community insurance offers a slightly different way of
developing risk coverage. Although there are many types
of community schemes, most provide a limited package of
benefits, often restricted to local facilities and limited
referral, and based on voluntary enrollment on payment
of a flat rate premium. The schemes have much in com-
mon with those offered by friendly societies and mutua-
lities in Europe during the nineteenth and twentieth
centuries. Adverse selection is an important issue since
the scheme is voluntary.

Organized health financing mechanisms also have
other important functions that can be achieved only by
pooling contributions for health care. One function is to
finance the cost of public health interventions or treat-
ments that have significant externalities. Positive extern-
alities are where treatments benefit people in addition to
those actually using the service; an example is the addi-
tional protection afforded to members of the community
as a result of a vaccination against a disease.

A further role of organized state funding is as a
mechanism for income redistribution by transferring
resources from the healthy who are often also relatively
wealthy to the sick and impoverished. This is achieved
in systems that base contributions on income such as
social insurance and universal systems based on pro-
gressive or proportional taxation regimes. There is less
scope for redistribution in voluntary community schemes
where contributions are generally flat rate. Income
redistribution plays no part in commercial systems of
insurance.

Another important function of organized risk pools
is to provide a stimulus for active purchasing. This term
describes a range of tools used to induce improvements
in the effectiveness and efficiency of provision such
as selective contracting, quality assurance, treatment
protocols and provider payment incentives. These tools
may be used both by social and private insurers in order to
extract better value for resources used. Closely related are
means to control consumer demand in order to improve
the distribution of services toward those most able to
benefit or in most need. Tools include access rules such
as primary care gatekeepers, prioritization of services, and
waiting lists.
Technical Concerns in Extending Coverage

Extending health insurance cover to a population –
however financed – raises a number of practical issues.
The first, adverse risk-selection, relates to the method of
assessing contributions. This problem arises because peo-
ple often know more about their risk status than does the
potential insurer: Individuals know if they have a chronic
condition, have been ill in the past or have a lifestyle
habit, such as smoking, that predisposes them to more
illness. As a consequence, a voluntary system with income
or flat-rated contributions tends to attract high-risk indi-
viduals and to deter those who are at low risk from joining
the scheme. This disturbs the central objective of insur-
ance, which is to pool risk between risk types, and can lead
to a substantial increase in premium for those that are still
willing to join.

The private sector solution to adverse risk selection is
to base premiums on risk rather than income. This
increases the cost of insurance to those more likely to
get sick who are also often in lower income groups. Since
many people cannot afford risk-rated insurance, commer-
cial insurance is not a good way of extending universal
coverage.

The problem of adverse risk selection means that the
most reliable way of extending coverage to a population is
by making insurance compulsory. Contributions can then
be based on ability to pay.

Further technical issues concern the practical difficul-
ties of identifying potential members, assessing contribu-
tions, and collecting premiums. These difficulties are
particularly acute where communities are not based
on well-defined static groups such as formal employ-
ment. Where coverage is compulsory, all three issues are
pertinent in developing a solidarity-based system. Where
coverage is voluntary, identification is mainly a matter of
marketing the scheme and selling policies to those that
require cover.

Sustaining the finance for a scheme is important for
the long-term development of coverage. Contributions
must be based on an accurate assessment of the risk
of those insured. To cover unexpectedly large costs, cal-
culations must build in the accumulation of a reserve.
Since the probability of incurring greater than average
costs diminishes with the number of contributors, large
insurance groups are much less at risk than smaller
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groups. This is a particularly important issue for smaller
community funds, which are highly exposed to such
uncertainty. Some state systems operate on a cash limited
pay-as-you-go basis, which rations the level of care
according to the amount of funds available.

Another issue that affects the sustainability of extend-
ing coverage is the excess use associated with care that
is free to patients at point-of-delivery. This problem,
known as moral hazard, has been particularly important
in OECD countries that have invested substantial
technical resources in minimizing its effects. The problem
is exacerbated where providers are paid in direct pro-
portion to levels of activity since neither consumer
nor provider has an incentive to contain demand. In
recent years both the Czech and Korean systems have
suffered from rampant increase in costs resulting from
this problem.
What is Universal Coverage?

Universal coverage can be described as the attainment of
complete insurance coverage of a population for the costs
of a specified package of priority health care. The target
has two dimensions described by Kutzin as breadth and
depth (Kutzin, 1998). Breadth refers to the proportion of a
population group covered by the insurance scheme; the
target is 100% of all citizens or permanent residents of a
country. Depth relates to the types of service included in
the benefits package. There is no absolute benchmark,
although a guide is provided by the ILO’s 1952 Social
Security Convention, which specifies the minimum cov-
erage to be provided under a social security scheme. This
includes:

. general practitioner care, including home visits;

. specialist care in hospitals and similar institutions for
inpatients and outpatients and such specialist care as
may be available outside hospitals;

. essential pharmaceutical supplies;

. prenatal, confinement, and postnatal care by medical
practitioners or qualified midwives;

. hospitalization where necessary.
Table 1 Degree of pooling in four representative countries

Spending

US$ % G

Bangladesh 2003 $14 3.4

Chile 2003 $282 6.1
Egypt 2003 $55 5.8

United Kingdom 2003 $2428 8.1

Data from World Health Organization (2006) The World Health Rep

Organization and OECD, online statistics.
GDP, gross domestic product.
The definition emphasizes levels of care whereas other
approaches place greater emphasis on the types of illness
for which treatment should be offered and the treatment
technologies themselves. A further refinement is to restrict
coverage to those technologies that are proven to be
effective or cost-effective. Faced with the rapidly increas-
ing availability of new drugs and technologies, such eval-
uation is increasingly being carried out in countries
including Australia, Canada, and the United Kingdom.

In most cases, the transition to universal coverage
cannot be accomplished quickly. A number of factors are
important. Given that total spending on health care is
mainly determined by the macro-economy, the most
important question is whether total resources available
are sufficient to match the needs of universal coverage.
A second factor is whether a sufficient proportion of total
spending on health care can be channeled to finance a
core package. Both questions are of importance in low-
and middle-income countries. While average health
spending in the OECD is around US$2500 per capita
(unweighted average in 2004 at purchasing power parity;
see OECD website), in low-income countries spending is
less than US$15. In addition, most low-income countries
pool a much smaller proportion of total health-care
spending. A rich country such as the United Kingdom,
for example, pools more than $2400 per capita, whereas
a low-income country such as Bangladesh pools around
$5 per capita (see Table 1).

Countries that are not able to afford an ILO-style
package sometimes specify a lower level of coverage that
can be financed on a universal basis from public funds.
This is the central concept behind the package of essential
services described in the 1993 World Development
Report (World Bank, 1993). This report suggests concen-
trating public funding on a small number of highly cost-
effective services. It is important to realize that many of
these services are of a public health or primary care
nature and high-cost curative hospital services are mostly
not included. Additional services are then financed by
individuals using voluntary insurance or in the gradual
addition of groups covered by more extensive, social or
voluntary, insurance.
Amount pooled

DP % Pooled US$ % GDP

% 35.0% 5 1.2%

% 76.0% 214 4.6%
% 47.0% 26 2.7%

% 90.0% 2185 7.3%

ort 2006: Working Together for Health. Geneva: World Health
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The high-breadth, low-depth issue is particularly
acute in those low- and middle-income countries that
claim to offer universal coverage on the basis that all
citizens can walk into public health facilities and obtain
consultation and treatment without official payment.
Shortage of resources often means that people must wait
long periods or make additional unofficial payments
before treatment is forthcoming. This has been common
in many postcolonial countries of Africa and South Asia
that have attempted to extend systems inherited from
their colonizers but without the resources to make the
claim to comprehensive cover truly effective.
Paths to Universal Coverage: OECD
Countries

The extent to which countries have achieved universal
coverage varies enormously across the world. Those
countries that have the most well-established and stable
risk-pooling systems are predominantly concentrated in
the OECD. (Much of this discussion focuses on the origi-
nal members of the OECD: Western Europe, North
America, Australia, and New Zealand. Later members
only partly fit this profile.) A characteristic of the transi-
tion in these countries has been the gradual development
of coverage. While it is tempting to focus on key events –
the 1883 Insurance Act in Germany or the 1946 National
Health Service Act in the United Kingdom, for example –
these events might be seen more as milestones in a much
longer process of transition.

Most established market economies extended risk cov-
erage through compulsory insurance for employees and
later their dependants. Beyond this there is a dichotomy.
First, there are countries that base coverage on the grad-
ual filling of gaps in existing coverage based on explicit
insurance. Second, some countries have chosen, at some
point, to legislate for 100% coverage financed from gen-
eral taxation (implicit insurance). Those taking the latter
route have generally first reached a significant level of
explicit coverage of the population. It is important to
recognize that while the explicit approach is less dramatic
than the implicit, universal approach, it still requires
committed and sustained policy effort.
Germany

The foremost example of the explicit insurance approach
is theGerman system. Often known as the Bismarck model
after the nineteenth-century German Chancellor (Count
Otto von Bismarck, 1815–1898), it is based on coverage
through compulsory membership of employment-related
risk pools financed by wage-based contributions. This
is referred to by Mesa Lago as the social insurance
approach, with separate programs for different risks
such as unemployment, old age pensions, and sickness
(Mesa-Lago, 1991).

The impetus to universal coverage was the 1883 Insur-
ance Act, which made social insurance compulsory for
certain categories of workers. Much of the social legisla-
tion of Bismarck, including this act, was part of an orche-
strated attempt to undermine the allure of socialism
by providing workers with a broad welfare safety net.
The main focal group was industrial workers who,
together with the trade unions they joined, were most
influenced by the wave of social democratic sentiment.
An added benefit was that it was easier to collect con-
tributions from this relatively well-paid group in steady
employment.

The 1883 act prepared the ground for the extension of
coverage but built on a variety of existing organizations
and legal obligations. Trade guilds traditionally offered
assistance to vulnerable members to finance funeral, food,
and housing expenses. Employers were legally responsible
for the cost of accidents to employees, although this often
placed an unsustainable burden on smaller enterprises.
Employees also found that the requirement to prove lia-
bility meant that obligations were often not met. Further-
more, poor relief, which was the responsibility of manorial
estates, often put a considerable strain on these rural
communities. Thus while legislation was not unconten-
tious and its urgency arose from political expediency, it
was undoubtedly assisted by the way in which it relieved
burdens at the same time as imposing new obligations on
employers, workers, and the state.

Initially the insurance act covered approximately 26%
of blue-collar employees, roughly 10% of the population.
Civil servants were covered in 1914, the unemployed in
1918, and self-employed agricultural workers in 1972.
Students were not included until 1975, 92 years after the
original act. Today less than 0.1% of the population is
without cover. Reforms introduced in 2007 will mean that
by 2009 coverage will be mandatory for all residents
either through private or social insurance – 125 years
since the original insurance act.

The system is financed from compulsory contribu-
tions for those in employment. Solidarity between rich
and poor was assured by the compulsory nature of the
system, although an opt-out for the better-off was
permitted from 1914.

Following Germany, both Austria (1888) and Hungary
(1891) enacted legislation on a similar basis. France also
followed a social insurance model but retained an impor-
tant role for top-up insurance provided by mutual
insurers. Switzerland for a long time rejected similar
legislation and it was not until 1996 that health insurance
became universal.
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United Kingdom

An alternative path to universal coverage is to legislate for
100% cover by including all groups based on citizenship
or residency rather than contribution. This is sometimes
known as the Beveridge model after the civil servant
W.H. Beveridge, who designed the British system intro-
duced after the Second World War. It is important to note,
however, that several other universal systems, notably the
system in New Zealand, actually predate legislation in the
United Kingdom.

In the United Kingdom, the 1946 act was the culmina-
tion of more than a century of change in the approach to
financing health care. The system in the UK could easily
have followed the German model. Social policy during
the nineteenth century focused on punitive welfare
designed to encourage workers out of poverty. Ever
since the Middle Ages, the parish had responsibility for
providing poor relief, which was consolidated through
revisions to the Poor Law in 1834. An enlightened policy
toward the improvement of public health was largely
pursued on the grounds that ‘‘labourers are suddenly
thrown by infectious disease into a state of destitution’’
(Edwin Chadwick, public health reformer, 1800–1890).
For the same reason, the Poor Law benefit was restricted
to discourage indigence.

By the beginning of the twentieth century, while public
health had largely been included in the duties of the state,
coverage for personal health care was still extremely frag-
mented. For the rich, treatment was paid for by commer-
cial insurance and out-of-pocket payments. For those on
low incomes, there were free Poor Law (public) and chari-
table hospitals to which doctors gave some of their time
without charge. For the aspiring working class, the friendly
societies organized provident funds for health and funeral
expenses. By the end of the nineteenth century, however,
many of these were in financial trouble as members were
living too long and payouts exceeded contributions.

A major departure from the Victorian emphasis
on morality was articulated by Winston Churchill, then
President of the Board of Trade, who advocated a princi-
ple of universality rather than attempting to distinguish
between deserving and undeserving poor. Both Churchill
and David Lloyd-George (Finance Minister, later Prime
Minister) favored a broad social insurance package, simi-
lar to that adopted in Germany, which eventually became
universal. The National Insurance Act of 1911 was more
circumscribed, including sickness benefit, primary care
contacts, and some specified services such as TB sanatoria
but no general hospital benefit. One reason was the severe
opposition from both professions and friendly societies.
The latter were clearly threatened by this state intrusion
on their virtual monopoly over prepayment for health
care. Another reason was that a comprehensive benefit
was simply not affordable at that time.
Interclass solidarity that built up during the Second
World War provided the much needed impetus to the
creation of a universal insurance system institutionalized
in the National Health Service (NHS). The 1942 report
on social insurance and allied services, known as the
Beveridge report after its main author (William
H. Beveridge, 1879–1963), sketched out the fundamentals
of the modern welfare state. The central principles were
comprehensiveness, contributions related to means, and
benefits based on need. Importantly, and in contrast to
Germany, the envisaged system integrated both financing
and provision of care.

The universal, implicit insurance approach has also been
adopted inNew Zealandwhere coverage was extended first
for inpatient care (1939) and subsequently outpatient and
pharmaceuticals (1941). Sweden legislated for universal
coverage in 1953 followed by other Scandinavian countries
(Norway 1956; Finland, 1963; Denmark, 1971; Iceland,
1972). Canada (1966) and Australia (1974) followed with
similar legislation.More recently, legislation has been intro-
duced in the southern European countries of Portugal
(1978), Spain (1978), and Italy (1980).
Russia

In Russia, parallels to the German experience were rec-
ognizable in the late nineteenth century. The state, as part
of a general policy of liberalization, intervened in the
funding and provision of services. Following the emanci-
pation of the serfs, a medical system was integrated into
the local government structure that provided polyclinic
and inpatient services. The 1912 Insurance Act, intro-
duced during the Fourth State Duma, placed an obligation
on employers to bear the costs of accidents, sickness, and
death of employees and dependants. As in Germany, these
benefits were aimed to assuage the demands of an increas-
ingly militant labor movement. But this was too little too
late, and the revolution led to a much more fundamental
transformation of medical care.

The Soviet system that developed following the second
revolution of 1917 was greatly influenced by the physician
A.N. Semaschko (1874–1949) who was head of the Central
People’s Commissariat of Health from 1918. The nationa-
lized health service, as in other sectors, placed emphasis on
the contribution of medicine to the process of industriali-
zation. Party congresses continually laid great stress on the
productivity losses arising from illness. As a result, the
three separate subsystems of industrial medicine and pub-
lic health, adult medicine, and pediatric care developed.
Specialized polyclinic care provided the entry point and
the system remained highly specialized and horizontally
segregated when patients were referred. The rural health
service, created during the late czarist regime, remained
and was eventually integrated into the Semaschko system.
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Although the system evolved during the 1920s, it was not
until 1935 that a centralized structure was finally agreed,
creating the Ministry of Health as supreme administrative
body. The head of the Ministry, always a doctor, was
made a permanent member of the cabinet. The Semaschko
system was used throughout the Soviet Union and, in
modified form, in most of Eastern Europe.
General Trends in Establishing Universal
Coverage in the OECD

A number of general features are evident in the transition
to universal coverage across the OECD.

1. Developing universal coverage was a slow process.
Building upon medieval structures, it took up to a
century to extend coverage to much of the population
of Western Europe.

2. Indigenous mechanisms for risk pooling existed in all
countries and attempts to extend coverage built on
these systems. This is exemplified in the integration
of the friendly societies into the administration of
national insurance after the First World War in Britain
and incorporation of the mutuelles in France. The latter
still have an important role today in providing supple-
mentary insurance.

3. Historic obligations on local authorities to provide
Poor-Law relief and on employers to provide accident
and sickness assistance promoted the need to create
more effective structures for risk pooling. It is also
noticeable across Europe that while a number of insti-
tutions provided the basis for a developing system of
social protection, state intervention was required to
unify, and sometimes pacify, disparate forces.

4. The administration of the provider network changed
relatively little with the development of universal cov-
erage. The major exception is the UK, which nationa-
lized its system after the Beveridge reforms, and the
Soviet Union where the entire system was taken into
state hands.

5. In almost all OECD countries, near universal coverage
required substantial state involvement. Intervention
ranged from the regulation of funds and their redistri-
bution in social insurance systems to the integrated
systems common in Scandinavia, New Zealand, the
UK, and southern Europe. The United States stands
out as the only one of the original members of the
OECD with substantially less than universal coverage.

6. Political factors were of considerable importance as a
catalyst to the development in a number of countries.
German social insurance was initially designed to
reduce socialist opposition, while the social reforms
of the Russian Fourth Duma were designed to do the
same for communism. Social insurance in Italy
between the wars was seen as a way of reinforcing the
classlessness espoused by National Socialism. The
Beveridge reforms partly came from a sense of solidar-
ity generated by the Second World War.

7. Those systems legislating for universality had already
achieved coverage of the overwhelming majority of their
population. The cost of extending coverage, in addition
to social and political factors, prevented some systems
from establishing universal coverage even earlier.
Paths to Universal Coverage: Developing
and Transitional Countries

Coverage of developing and transition countries is gener-
ally much lower than in the OECD, both in breadth and
depth. There is considerable diversity across countries.
Latin America

Much of Latin America has adopted the social insurance
model as a way of developing coverage between groups.
The region, encouraged by the International Labour
Organization (ILO), began to introduce social insurance
soon after the First World War. Mesa-Lago identifies
three waves of activity. In the first wave, the pioneer
countries Argentina, Brazil, Chile, Uruguay, and Cuba
introduced insurance on a piecemeal basis beginning
with civil servants followed by formal blue and white
collar workers in key large-scale industry: Transport,
energy, banking, and communications. Schemes were
later extended to other urban workers, agriculture, and
the self-employed. The result was a series of schemes
offering very different packages. Key industries and civil
servants received more substantive coverage than other
groups. Subsequently, this made unification of the schemes
difficult: Leveling up to the best plan has proved too
costly, while a reduction is resisted by those with more
comprehensive cover.

In Argentina, social insurance was based, until recently,
on compulsory contributions by workers and employers to
union-administered funds (Obras Sociales). There are
more than 300 funds, although the largest 30 account
for more than 70% of members. Many of these originated
in the nineteenth century. The schemes cover both work-
ers and their dependants. In addition, there are funds in
each of the 23 provinces to cover public workers.
A separate organization covers retired workers.

A number of problems have been identified. One is
the monopolistic nature of the funds since employees
were often obligated to obtain insurance from some-
times inefficient schemes. Another is the substantial
difference in level of remuneration offered with the
result that members of poorer funds are forced to make
significant out-of-pocket co-payments for treatment.
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New mechanisms to guarantee minimum funding,
through a redistribution fund, were approved in 1994.
Attempts are also underway to establish a minimum pack-
age of services to be guaranteed by each fund.

Chile was one of the first countries to introduce social
insurance in the 1920s. Starting in a traditional way with
insurance for workers in industry, by 1970 approximately
75% of the population were covered. As in the Argenti-
nean system, there were substantial variations in benefits
between groups. Nonmanual and, in particular, govern-
ment workers generally had access to better quality
services than manual workers.

Major changes were introduced by the Pinochet gov-
ernment, which attempted to widen the role of the private
sector by allowing people to opt out of the social insurance
system and purchase private coverage. This undermined
the solidarity principle of risk pooling across income and
risk groups. Those insuring privately are predominantly
low-risk, wealthier employees. This group is able to obtain
attractive coverage, choosing between a wide range of
providers at relatively low premiums. The elderly, chroni-
cally ill, and very young are generally more expensive and
less profitable and are mostly covered by the public insur-
ance fund. Combined with general reductions in public
funding for health, this has reduced the quality of the
public service, creating a two-tier system. Drop-out from
the public system in Chile has been much greater than in
other countries that permit opt-outs. One reason is that
whereas in the Netherlands and Germany opt-outs are
only permitted above a certain income, the Chilean system
permits opt-outs at any income.

Brazil is the only country in Latin America to legislate
for universal coverage. This followed the development of
employment-based social insurance coverage. The 1988
constitution introduced the Unified and Decentralized
Health System (SUDS) and established a citizen’s right
to use any public health service in the country. Various
factors have restricted the depth of coverage. Fundamental
to this are the large geographic differences in economic
status across the country. Central government provides
funding to states based on size of population, which are
then supplemented from local resources. Poorer states are
unable to top-up to the same degree aswealthier states and
the result is large differences in effective cover.

A second wave of social insurance adoption com-
menced in the 1940s heavily influenced by the Inter-
national Labour Organization (ILO). The countries
involved – Mexico, Colombia, Peru, Panama, Ecuador,
Bolivia, Paraguay, and Venezuela – were relatively devel-
oped but still predominantly rural economies. Coverage
has closely followed the industrialization of each econ-
omy. The Mexican social security system, for example,
currently covers around 50% of the population, mostly
formal employees and their families. The remainder have
access to the state-run system or, for those able to pay, to
the extensive network of private facilities. Unlike Brazil,
where people now have access to a wide variety of facil-
ities, the Mexican system remains vertically integrated,
with social security facilities reserved for those who are
covered under the scheme. Considerable discussion is
now underway regarding ways to achieve near universal
coverage through, for example, publicly subsidized access
to an essential services package aimed at the uninsured, in
particular the poor (Frenk et al., 2007).

A final wave of insurance coverage expansion during
the 1950s and 1960s is evident in poorer countries of
the region. The group includes Dominican Republic,
Guatemala, El Salvador, Nicaragua, and Honduras.
Extension of coverage is hampered by the low levels
of GDP, a relatively small industrial workforce, and a
scattered rural population.
Former Soviet Union and Eastern Europe

Since the collapse of the Soviet Union, there has been
widespread adoption of entitlement-based social insur-
ance across the region. The trend is important because it
represents a move away from the Semashko system that,
in theory, already offered universal coverage. The transi-
tion is based on the growing reality that depth of cover
has, in reality, never been comprehensive. Furthermore, it
has been deteriorating in recent years. The system proba-
bly always offered a two- or even three-tier service. Party
workers – the nomenclature – received the highest stan-
dard of service, followed by industrial workers in key
sectors, with the remainder of the population receiving a
varying quality of services often based on what they were
able to trade in return.

A number of motives were apparent in the develop-
ment of insurance legislation. Of paramount importance
was the need to provide additional and earmarked funding
for health care. Another reason was to improve the effi-
ciency of provision through the selective contracting of
services by nascent insurance funds. In theory this can
motivate competition between providers for insurance
fund contracts and so improve the efficiency of the
system. It is possible, in principle, to create a split through
a division in organizational responsibilities within a
country’s ministry of health. In countries where highly
centralized control has been the norm, as in the Former
Soviet Union (FSU), this separation can prove difficult.
Establishing a fund creates a split between the purchaser
of care (the insurance fund) and the providers, a change
that may enable the system to respond to consumer needs
rather than the concerns of providers.

A further development in some FSU countries has
been to encourage the creation of a competitive market
in which social insurers, like private insurers, compete for
business. For competition to exist, employees must have a
choice of a number of funds. The employee and employer
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contribution is then allocated to the chosen fund. This
objective of competition was pursued most vigorously in
the Russian Federation where the design of the new
system allowed people to choose between competing
funds. In practice, however, this competition often does
not function effectively because employers make the deci-
sion regarding which fund to enroll workers into or
because only one fund operates in a given geographic area.

A key problem with the imposition of social insurance in
the FSUwas that it imposed a burden in the form of a health
tax on employers just at the time when many were already
suffering from the impact of economic transition. Newly
created insurance agencies expected to improve the quality
of services. Yet the funds were often ill equipped to induce
a fundamental change in the provider system. Some evi-
dence in Russia, where regions have developed insurance at
differential speeds, suggests that even in the most advanced
regions the insurance funds have little changed the way in
which they purchase services (Twigg, 1999).

A weakness of the development of insurance in FSU
countries has been a failure to address the issue of declin-
ing risk pooling for health care. A characteristic of all the
countries has been increasing out-of-pocket payments,
official and unofficial, and a contracting formal workforce.
Since dissolution of the Soviet Union, most economies
have experienced a significant contraction in their econo-
mies in real terms – between 10% and 90% across the
region – and a break-up of state industries. Yet the
reforms offered were based on organizational mechanisms
to cover the formal, largely state, sector based on a payroll
tax. Particularly in the poorer states of the FSU – Central
Asia and the Caucuses – formal insurance may not have
addressed the economic realities of increasing unemploy-
ment and fragmentation of the labor market. Social insur-
ance has appeared to take root relatively successfully in
the wealthier and highly industrialized countries of
Eastern Europe: Hungary, the Czech Republic, and the
Baltic States. All have formal industrial sectors exceeding
70% of total employment.
Low-Income Countries

A key feature of most low-income countries (average
GDP $410 per capita, 1999) is that funding for health
care is dominated by direct payments for care. More
than 59% of spending on health is estimated to be private,
the majority out of pocket.

In most Sub-Saharan African and low-income Asian
economies, the main source of pooled funding is direct
taxation (supplemented by donor funding), which is used
to finance a publicly managed health center and hospital
system. These public systems tend to be underfinanced
and access favors urban residents and higher income
groups. Many governments now attempt to prioritize
certain services that are particularly cost-effective, such
as public health care. The strategy may have a considerable
impact on population health, but it still leaves individuals
exposed to the risk of high-cost catastrophic illness.

Extending risk pooling to populations in low-income
countries has followed a number of routes. One is through
traditional work-based social insurance. A variety of
countries have extended payroll-based insurance to the
public and private formal sector. The problem is that in
most low-income countries these sectors are extremely
small, perhaps constituting 6–10% of the population.
Another issue is that even for formal employers the obli-
gations to provide health care and protect employees from
accidents may be absent or not enforced. As a conse-
quence, there is little incentive for employers to seek to
develop insurance coverage for their employees. Those
that tend to benefit most are civil servants who, as a
relatively privileged subgroup, have less exposure to cata-
strophic financial risk. They are also male-dominated
since the majority of civil servants and formal sector
employees are men, although coverage of families widens
coverage somewhat.

In almost all sub-Saharan countries (excluding South
Africa), formal sector insurance covers less than 5% of
the population. The exceptions are Kenya, which has a
formal sector scheme that includes dependants covering
around 25% of the population, and Senegal and Burundi
that cover public sector workers constituting perhaps
10–15%. A number of African countries are nowattempting
to extend social insurance to a wider population. In Kenya,
action has begun to enlarge the existing base of formal
sector workers and civil servants to include a larger number
of small enterprises and self-employedworkers. In Ghana, a
system that ties together an existing social insurance scheme
for formal workers with district-based mutual insurance
for the rural population subsidized by taxation is now
being introduced (Appiah-Denkyira and Preker, 2007).

A similar situation characterizes low-income South
Asian countries. In Bangladesh and Pakistan, social insur-
ance is limited to a variety of provident funds for civil
servants, although the formal sector is increasingly turn-
ing to the private sector for health insurance coverage
for employees. All these countries maintain an exten-
sive but often decaying public system open to all on
payment of unofficial payments, and a vibrant private
sector offering almost anything on a fee-for-service and
largely unregulated basis.
Patterns of Transition

In recent times, both Korea and more recently Thailand
have taken the step of legislating for universal coverage.
The problems arising offer interesting lessons for the
extension of coverage in other low- and middle-income
countries.
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South Korea

One of the most dramatic extensions of coverage is
recorded in South Korea. A voluntary insurance law was
passed in 1963, but by 1977 less than 9% of the population
was covered. From 1977 compulsory insurance was grad-
ually extended, at first to large enterprises, through
employment and area-based insurance societies. Later
coverage was extended to civil servants (1978), smaller
companies (from 1981), the self-employed (1981), and
other rural workers. A separate scheme for the poor was
also established based on strict eligibility criteria. By 1987,
almost 60% of the population was covered by one of the
schemes and in 1989 health insurance was made compul-
sory for all long-term residents of the country.

Korea is an example of a system that has achieved good
breadth of cover in a short period. An important factor was
rapid economic growth that averagedmore than 10% from
1970 to 1990, while the proportion of the labor force
working in agriculture fell from more than 49% to 18%.
Some of the growth in breadth was at the expense of depth
of coverage. Insurance funds include all the items men-
tioned in the ILO social security convention, although
some expensive diagnostics such as MRI and PET are ex-
cluded (until 1996 CTwas also excluded). Significant co-
payments are, however, an important feature of the system.
Users contribute between 30% and 55% of the cost of
ambulatory care and 20% of the cost of inpatient care.
A monetary limitation is also placed on the reimbursable
cost of each 30-day period of illness. The substantial co-
payments are partly the consequence of regional economic
recession toward the end of the 1990s. They can also be
traced back to the fee-for-service basis for remuneration,
which has made cost containment difficult.
Thailand

In Thailand, from the 1970s, and more strongly from the
early 1980s, voluntary insurance was extended to a largely
rural population by marketing health cards. Later this
movement lost ground when the initiators left office.
More recently, the scheme has been revived and devel-
oped into a national scheme covering approximately 50%
of the target group. Social insurance (Social Security
Scheme, SSS) was introduced for the formal sector in
1991 and has been progressively extended to smaller
companies. A separate scheme for civil servants, including
teachers and medical staff, is financed fully by the gov-
ernment. Finally, a system of public assistance has been
extended to those on low incomes.

In 2001, a new government was elected promising
to combine the schemes and make coverage universal.
Unification is difficult because of the varied contributions
and benefits provided to members of the different
schemes. By 2000, all schemes covered roughly 70% of
the population, although offering uneven depth of cover-
age. The contributions for the scheme for civil servants,
which are paid fully by government, for example, are ten
times the contributions paid for the voluntary health card
scheme. While both civil servants and SSS members have
access to public and private facilities, health card and
public assistance members were restricted to public facil-
ities. Since 2001, while the schemes for civil servants and
employees remain separate, a universal scheme has
replaced health cards and the scheme for the poor to
cover the remainder (74%) of the population. Recent
studies indicate that this scheme is progressive in target-
ing benefits toward those with lower incomes, particularly
at the lowest levels of the system and financed by those
most able to pay (Tangcharoensathien et al., 2007). The
study suggests that this is largely because of the heavy role
played by general taxation in the financing of the scheme.
China

A reverse process of transition is evident in China. Three
schemes were established during the 1950s: The Govern-
ment Employees System (GIS), the Labor Insurance Sys-
tem (LIS), and Cooperative Medical Schemes (CMS).
Until 1980, universal coverage in China in rural areas
was ensured through the CMS, financed out of commune
funds. Members were entitled to free outpatient and inpa-
tient care as well as medicines. By 1979, more than 90% of
the rural population were covered by CMS. In urban
areas, the LIS and GIS provided protection for most
industrial sector employees.

In the early 1980s, there was a rapid collapse in CMS.
A number of factors have been suggested, including the
market reforms of Deng Xiaoping (1904–1997), which
introduced individual rather than collective responsibility
for agriculture and an erosion in commune funds,
increased income opportunities for medical workers, and
the demand by farmers for more sophisticated and costly
services. At the same time, medicine in both urban and
rural areas has become increasingly market-oriented.
This has led to rapid cost escalation and a deterioration
in access to services by vulnerable parts of the population.
Trends suggest a reverse process, with coverage of the
population deteriorating, a decline in risk pooling, and
greater reliance on direct payments for health care. While
the catalyst to change has been economic, the process
itself indicates the importance of retaining the support
of society. The difficulty in recapturing a sense of com-
munity solidarity, through the reinvention of the CMS
system, has proved difficult given the general distrust for
state-run social schemes. There is now a new attempt
to restore some government credibility through the estab-
lishment of a new CMS that will be run both with indi-
vidual contributions and matching contributions from
local and central government.
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Risk Coverage for the Informal Sector

The speed toward universal coverage is likely to vary
enormously according to country context. Studies exam-
ining the historic transition agree that there are a number
of key facilitating factors, including a fast-growing econ-
omy, a high level of formalization and industrialization of
the workforce, urbanization, good governance, and a high
level of social solidarity (Ensor, 1999; Carrin and James,
2005). Yet in many low-income countries, these condi-
tions will not exist for many years. Indeed, the difficulty
involved in extending social insurance mechanisms to a
wider population has led to alternative approaches. These
are usually based on networks that exist outside the for-
mal industrial sector: Specific communities, occupation,
or social groupings. In principle, schemes can be volun-
tary or compulsory. A number of countries, including
Korea and Taiwan, have now developed organizations
and levels of economic development that permit them to
make the schemes compulsory for the entire population.

Compulsory insurance for the informal sector in many
low- and middle-income countries is made difficult
because individuals can often evade contributions as
they do other taxes. Many cannot afford premiums and
the potential benefits, in terms of existing local health
services, do not provide adequate compensation for their
contribution. In response to this, a variety of voluntary
systems, collectively known as community insurance,
have developed. In general, these approaches are based
on voluntary enrollment, usually, but not always, based on
a fixed premium. These offer clearly identified benefits
that are highly valued. Beyond this, there is remarkable
diversity in approaches both in the services covered and
in the way they are set up to attract enrollees. Some offer
primary care only, while others include referral services.

A few voluntary schemes succeed in covering the
majority of the population in a given area. The Bwamanda
scheme in the Democratic Republic of Congo (former
Zaire) covers more than 60% and Goalpara in India
90%. One study found, in a survey of 62 schemes, that
most schemes cover no more than 30–40% of the target
group (Bennett et al., 1998).

Atim suggests that within the general category of insur-
ance for the informal sector there exists a wide range of
different types (Atim, 1999). These range from traditional
social solidarity networks based on tribal or ethnic group
through more inclusive mutual health associations. Both
of these place considerable emphasis on participation in
the governance of the schemes bymembers. This approach
has been labeled micro-insurance (Dror and Jacquier,
1999). Individual micro-insurance schemes may be linked
into networks to enable wider pooling of risks and shared
training and management support structures. In essence,
the approach attempts to get much closer to indigenous
systems for developing risk pooling, with the aim that
these are more likely to succeed than schemes that are
imposed from the outside.

A separate approach has been for organizations running
health-care facilities – government or nongovernment – to
develop prepayment and insurance schemes to promote
access to their facilities. A scheme may be established
either by the facility management or the parent body,
often an NGO. This is probably the dominant model in
both Africa and Asia. Facilities may even make it compul-
sory for users to join the scheme before they can use
facilities. The schemes tie the users to a particular type
of care. Some provide for member involvement in running
the scheme, although the majority do not.

In Bangladesh, widespread NGO-run micro-credit pro-
grams are being used to extend prepayment and risk pool-
ing. A number of Civil Society Organizations (CSOs) now
offer insurance to creditmembers providing low-cost access
to their health facilities. Some organizations are investigat-
ing how these could be extended to coverage for treatment
provided at referral level facilities. The nature of micro-
credit is that most members are women, although insurance
coverage may also be offered to family members.

Schemes in bothThailand (in the 1980s) andVietnam (in
the 1990s) were initially launched by government at a
national level, although they operated on different princi-
ples. In Vietnam, local pilot projects preceded countrywide
implementation, but a national scheme was quickly intro-
duced that allowed little local variation and provided
unlimited benefits. In contrast, the Thai system permitted
extensive local variation and involvement of communities.
In many areas, it limited benefits to a maximum number of
consultations in any year. The Vietnam scheme was
launched simultaneously with a parallel scheme for the
formal sector. While the formal scheme expanded quite
rapidly, the voluntary scheme has achieved far less
penetration.

Insurance for schoolchildren has been used by govern-
ments in several countries as a relatively low-cost way
of enrolling children and their families into insurance
schemes. Although sometimes thought of as a community
approach, it is closer to formal-sector insurance in that the
focus is on the semi-compulsory enrollment of all studying
within a specified organization. School insurance is attrac-
tive since the population is easy to identify and contribu-
tions can be collected at a fixed time in each school. The
group also tends to be quite low-risk since school children
of ages 5–15 are some of the lightest users ofmedical care. In
Vietnam, the mass enrollment of school children enabled
the struggling insurance scheme to boost coverage at low
cost in a short period (more than 3.4million enrolledwithin
3 years). In Egypt, more than 70% of children are now
covered by a similar scheme.

A number of design weaknesses have become evident
in community insurance schemes. One is that the small
scale of most schemes means that they cannot accumulate
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a sufficient reserve to pool unexpectedly large claims.
Another is that the problem of adverse risk selection is
endemic since flat-rate contributions mean that low-risk
individuals tend not to join. In turn this leads to smaller,
high-risk pools and greater costs. Finally, the administra-
tive costs tend to be large. Bennett et al. found that admin-
istrative costs range from between 5% and 17%, although
in some cases the amounts are much higher. They also
point out that the costs usually cover only the basic
administration of the scheme since the more sophisticated
active purchasing function is generally absent.

In addition to technical issues, there are wider factors
that relate to the extent which community insurance can
stimulate change and promote universal coverage. One
identified in the success of schemes has been the extent to
which they take account of local institutions. This was the
norm inWestern Europe, where the development of social
insurance often incorporated, at least initially, existing
systems of risk pooling and took advantage of worker
groups and employer obligations. This is not only a matter
of involving some community members in governance but
also involves taking account of context-specific factors
that influence the desirability of particular forms of risk
pooling. The success of one scheme in Cameroon, for
example, has been attributed to the active participation
of members in premium and benefit setting, a strong
ethnic base, and the incorporation of other benefits valued
by the community, including financial relief in the event
of death. Conversely, imposing a scheme without taking
account of indigenous social structures may lead to
greater exclusion of people that, while part of the indige-
nous social network of mutual aid, are unable to pay for
the imposed insurance system.

There is more scope for the insurer to promote system
change if it is not strongly linked with a particular health
facility but has the flexibility to negotiate with a range of
facilities to secure low prices or higher quality. Most
community schemes have not so far developed as strong
purchasers of services. They tend to provide what con-
sumers think they need – often medication – rather than
attempting to rationalize service use. There are excep-
tions. Schemes such as those of the Sajida Foundation in
Bangladesh and Bwamanda in former Zaire place an
emphasis on preventive care, contracts with local facil-
ities, and a strict referral system to higher levels.

Equity between and within community schemes is a
major issue. While a network permits the creation of a
large risk pool or enables a reinsurance function, the
reallocation of funds from rich to poor schemes is
hampered by the voluntary nature of association and
membership. Even in China, where commune insurance
was more or less compulsory until the early 1980s, evi-
dence suggests large differences in the wealth of schemes.
As a consequence, it is not usually feasible to expect large
reallocations between schemes.
A further equity issue is the extent to which poor
income groups are able to join the scheme. Some
schemes, such as Gonoshastya Kendra in Bangladesh
andMUGEF-CI in Côte d’Ivoire, have a sliding contribu-
tion scale according to income. The problem is that over-
coming adverse risk selection tends to militate against
sliding fees on the basis that those with high incomes
tend to have less need of care and the scheme would
risk losing the low risk from the pool. In the context of
schemes based on indigenous institutions, it may be that
members are more willing to cross-subsidize. This is less
likely in schemes imposed by external agencies where
social alliances are weaker. It is probably inescapable
that, in order to enroll a large proportion of the very
poor, some form of external subsidy is required. One
way to do this is through the provision of government-
purchased free cards, as occurred in Thailand and, to a
lesser extent, Vietnam.
Conclusion

There are many ways in which a country can achieve
universal coverage and each country’s experience is in
one sense unique. At the same time, there are some clear
patterns that emerge from the experience, particularly in
the decision of whether to rely on an explicit entitlement
approach or the more implicit approach based on resi-
dency. From a policy perspective, the role of government
in facilitating the transition is crucial. This includes
providing a legislative framework for mandating employ-
ers to provide social security for workers or opting into
established state-run schemes, ensuring that the poor are
provided with a basic guarantee of access, not only to
essential services, but also insurance coverage for cata-
strophic expenses, and also in helping small community
schemes to expand to cover the informal sector.

Extending coverage may sometimes imply a contradic-
tion between encouraging indigenous schemes based on
local institutions and scaling up for universal coverage.
The latter tends to require more uniformity and consis-
tency in contracts, which in turn may erode the traditional
forms of social solidarity. One way forward is to accept that
scaling will lead to changes in structure and that such
changes impose a cost on members, and to make that cost
acceptable. The benefits from change must exceed the
costs. Government roles in the extension of insurance are
often ambiguous. While government management of the
scheme may damage the local participation and attractive-
ness of the scheme, a clear role is seen in the provision
of technical advice, developing networks of schemes for
reinsurance and other purposes, ensuring smooth entry
and exit from the market, and subsidizing low-income
members.
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Introduction

The future of our planet now seems irrevocably urban, and
we need to be sure that this urban life is healthy, equitable,
and sustainable. A major study in 2007 by the Worldwatch
Institute reported that ‘‘by 2005, the world’s urban popu-
lation of 3.18 billion people constituted 49 percent of the
total population of 6.46 billion. Very soon, and for the first
time in the history of our species, more humans will
live in urban areas than rural places’’ (Lee, 2007:4).
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These findings were based on United Nations (UN) pro-
jections suggesting that nearly all of the population growth
in the future will be in cities and towns. Most notably, this
population growth will be in low- and middle-income
nations. Asia and Africa, today the most rural continents
of the world, are projected to double their urban popula-
tions, from 1.7 billion in 2000 to about 3.4 billion in 2030.
Overall there will be 60million new urban citizens every
year living in the towns and cities of the poorest countries
(UN Population Division [UNPD], 2006; Lee, 2007).

This article discusses the public health challenge
of urbanization. It looks at current trends in urban
demography, discusses the state of urban health, and con-
cludes with a brief outline of some current urban policy
options.
The Scale of Urbanization

Urban areas in developing countries now have more than
a third of the world’s total population, nearly three quar-
ters of its urban population and most of its large cities.
They contain most of the economic activities in these
nations and most of the new jobs created over the last few
decades. They are also likely to house most of the world’s
growth in population in the next one to two decades
(UNPD, 2006). Thus, how they are governed and what
provisions are made to house and service their expanding
populations has very large implications for economic and
social development – and for public health.

Urbanization in developing countries needs to be
understood as part of a global trend toward increasingly
urbanized patterns of production; changes in urbanization
levels in all the world’s regions and most of its nations
follow the increasing proportion of gross domestic
product (GDP) generated by industry and services and
the increasing proportion of the economically active
population working in industry and services. The world’s
urban population in 2007 was around 3.2 billion people
(UNPD, 2006) – more than the world’s total population in
1960. By 2007, half of the world’s population lived
in urban centers compared to less than 15% in 1900
(Satterthwaite, 2007a). Many aspects of urban change in
recent decades are unprecedented, including not only the
world’s level of urbanization and the size of its urban
population, but also the number of countries becoming
more urbanized and the size and number of very large
cities. The populations of dozens of major cities have
grown more than 10-fold in the last 50 years, and many
have grown more than 20-fold (Satterthwaite, 2007a).
There are also the large demographic changes apparent
in all nations over the last 50 years that influence urban
change, including rapid population growth rates in much
of Latin America, Asia, and Africa after the Second World
War (although for most these have declined significantly),
and changes in the size and composition of households
and in age structures (Montgomery et al., 2003).

Table 1 shows the scale of urban population growth
since 1950; it also shows how the proportion of the world’s
urban population living in different regions and between
high-income and developing countries has changed. Since
1950, most of the growth in the world’s urban population
has been in developing nations. Developing countries in
Asia contain close to half the world’s urban population.
Africa now has a larger urban population than North
America or Western Europe, even though it is generally
perceived as overwhelmingly rural. In 1950, Europe and
North America had more than half the world’s urban
population; by 2000, they had little more than a quarter.
Africa had 10% of the world’s urban population in 2000
compared to less than 5% in 1950. Asia increased its share
of the world’s urban population from less than one-third
to nearly one-half in these same five decades and most of
this was in developing nations.
The Growth of Large Cities

Two aspects of the rapid growth in the world’s urban
population since 1950 are important to understand in
the context of urban health: the increase in the number
of large cities and the historically unprecedented size of
the largest cities. Just two centuries ago, there were only
two ‘million-cities’ worldwide (i.e., cities with 1million
or more inhabitants) – London and Beijing (then called
Peking). By 1950, there were 75; by 2000, 380. A large (and
increasing) proportion of these million-cities are in devel-
oping countries.

The average size of the world’s largest cities has also
increased dramatically. In 2000, the average size of the
world’s 100 largest cities was around 6.3million inhabi-
tants. This compares to 2.0million inhabitants in 1950,
728 270 in 1900 and 187 520 in 1800 (Satterthwaite, 2007a).
While there are various examples of cities over the last two
millennia that had populations of 1million or more inha-
bitants, the city or metropolitan area with several million
inhabitants is a relatively new phenomenon – London
being the first to reach this size in the second half of the
19th century. By 2000, there were 45 cities with more than
5million inhabitants.

Aggregate urban statistics can be interpreted as imply-
ing comparable urban trends across the world or for
particular continents. But they obscure the diversity in
urban trends between nations. They also hide the partic-
ular local and national factors that influence these trends.
Aggregate urban statistics may suggest rapid urban change,
but the rate of increase in urbanization levels, and the rate
of increase of urban populations, has slowed in many
developing countries. Many of the world’s largest cities,
including Mexico City, São Paulo, Buenos Aires, Calcutta,



Table 1 The distribution of the world’s urban population by region, 1950–2010

Region or country 1950 1970 1990 2000a Projected for 2010

Urban populations (millions of inhabitants)
World 732 1329 2271 2845 3475

High-income nations 423 650 818 874 922

Low- and middle-income (‘developing’) nations 309 678 1453 1971 2553

‘Least-developed nations’ 15 41 110 166 247
Africa 33 85 203 294 408

Asia 234 485 1011 1363 1755

Europe 277 411 509 522 529

Latin America and the Caribbean 70 163 315 394 474
North America 110 171 214 249 284

Oceania 8 14 19 22 25

Urbanization level (percentage of population living in urban areas)
World 29.0 36.0 43.0 46.8 50.8

High-income nations 52.1 64.6 71.2 73.2 75.2

Low- and middle-income (‘developing’) nations 18.1 25.2 35.2 40.3 45.5

‘Least-developed nations’ 7.3 13.1 21.0 24.7 29.0
Africa 14.7 23.4 32.0 36.2 40.5

Asia 16.8 22.7 31.9 37.1 42.5

Europe 50.5 62.6 70.6 71.7 72.9

Latin America and the Caribbean 42.0 57.2 70.9 75.4 79.1
North America 63.9 73.8 75.4 79.1 82.2

Oceania 62.0 70.8 70.3 70.5 71.2

Percentage of the world’s urban population living in:
Major area, region, country, or area

World 100.0 100.0 100.0 100.0 100.0

High-income nations 57.8 49.0 36.0 30.7 26.5

Low- and middle-income (‘developing’) nations 42.2 51.0 64.0 69.3 73.5
‘Least-developed nations’ 2.0 3.1 4.8 5.8 7.1

Africa 4.5 6.4 8.9 10.3 11.7

Asia 32.0 36.5 44.5 47.9 50.5

Europe 37.8 30.9 22.4 18.4 15.2
Latin America and the Caribbean 9.6 12.3 13.9 13.9 13.6

North America 15.0 12.9 9.4 8.8 8.2

Oceania 1.1 1.0 0.8 0.8 0.7

aThe statistics for 2000 are an aggregation of national statistics, many of which draw on national censuses held in 1999, 2000, or 2001,

but some are based on estimates or projections from statistics drawn from censuses held around 1990. There is also a group of

countries (mostly in Africa) for which there are no census data since the 1970s or early 1980s so all figures for their urban (and rural)
populations are based on estimates and projections.
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and Seoul had more people moving out than in during
their last intercensus period. The increasing number of
megacities with 10million or more inhabitants may seem
to be a cause for concern but there are relatively few of
them (17 by 2000). In this year, they concentrated less than
5% of the world’s population and most are in the world’s
largest economies. Also, taking a longer-term view of
urban change, it is not surprising that Asia has most of
the world’s largest cities as this reflects the region’s grow-
ing importance within the world economy (and Asia has
many of the world’s largest national economies).
Urban Change and Economic Change

Although rapid urban growth is often seen as a problem,
it is generally the nations with the best economic
performance that have urbanized most in the last
50 years. In addition, perhaps surprisingly, there is often
an association between rapid urban change and better
standards of living. Not only is most urbanization asso-
ciated with stronger economies but generally, the more
urbanized a nation, the higher the average life expectancy
and the literacy rate and the stronger the democracy,
especially at the local level. Many of the largest cities
may appear chaotic and out of control, but most have
life expectancies and provision for piped water, sanitation,
schools, and health care that are well above their national
average – even if the aggregate statistics for each megacity
can hide a significant proportion of their population living
in very poor conditions. Some of world’s fastest growing
cities over the last 50 years also have among the best
standards of living within their nation – as in the case of
Porto Alegre in Brazil (Menegat, 2002).
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It is also important not to overstate the speed of urban
change. Recent censuses show that the world today is
also less urbanized and less dominated by large cities
than had been anticipated. For instance, Mexico City
had 18million people in 2000 – not the 31million people
predicted 25 years earlier (UNPD, 2006). Calcutta, São
Paulo, Rio de Janeiro, Seoul, Chennai (formerly Madras),
and Cairo are among the many other large cities that, by
2000, had several million fewer inhabitants than had been
predicted (Satterthwaite, 2007a).
What Drives Urban Change?

Understanding what causes and influences urban change
within any nation is complicated. Consideration has to be
given to changes in the scale and nature of the nation’s
economy and its connections with neighboring nations
and the wider world economy, and also to decisions
made by national governments, national and local inves-
tors, and the 30 000 or so global corporations who control
such a significant share of the world’s economy. Urban
change within all nations is also influenced by the struc-
ture of government (especially the division of power and
resources between different levels of government), and
the extent and spatial distribution of transport and com-
munications investments. The population of each urban
center and its rate of change are also influenced not only
by such international and national factors but also by local
factors related to each very particular local context –
including the site, location, natural resource endowment,
demographic structure, existing economy, and infrastruc-
ture (the legacy of past decisions and investments) and the
quality and capacity of public institutions.

The immediate cause of urbanization is the net move-
ment of people from rural to urban areas. The main
underlying cause is the concentration of new investment
and economic opportunities in particular urban areas.
Virtually all the nations that have urbanized most over
the last 50–60 years have had long periods of rapid eco-
nomic expansion and large shifts in employment patterns
from agricultural/pastoral activities to industrial, ser-
vice, and information activities. In developing countries,
urbanization is overwhelmingly the result of people
moving in response to better economic opportunities in
the urban areas, or to the lack of prospects in their home
farms or villages. The scale and direction of people’s
movements accord well with changes in the spatial loca-
tion of economic opportunities. In general, it is cities,
small towns, or rural areas with expanding economies
that attract most migration, although there are important
exceptions in some nations, such as migration flows away
from wars/conflicts and disasters. By 2004, 97% of the
world’s GDP was generated by industry and services
and around 65% of the world’s economically active
population works in industry and services, most of which
is located in urban areas. Political changes have had con-
siderable importance in increasing levels of urbanization
in many nations over the past 50–60 years, especially the
achievement of political independence and the building
of government structures that were important for most of
Asia and Africa; however, these had much less effect in
most nations from the 1980s onward.

Agriculture is often considered as separate from (or
even in opposition to) urban development, yet prosper-
ous, high-value agriculture, combined with prosperous
rural populations, has proved an important underpinning
to rapid development in many cities. Many major cities
first developed as markets and service centers for farmers
and rural households, and later developed into important
centers of industry and/or services. Many such cities still
have significant sections of their economy and employ-
ment structure related to forward and backward linkages
with agriculture.

Analyses of urban change within any nation over time
serve as reminders of the diversity of this change, of the
rising and falling importance of different urban centers, of
the spatial influence of changes in governments’ economic
policies (e.g., from supporting import substitution to sup-
porting export promotion), of the growing complexity
of multinuclear urban systems in and around many
major cities – and of the complex and ever-shifting
patterns of in-migration and out-migration from rural to
urban areas, from urban to urban areas and from urban
to rural areas. International immigration or emigration
has strong impacts on the population size of particular
cities in most nations. But it is not only changing patterns
of prosperity or economic decline that underpin these
flows of people. Many cities have been impacted by
war, civil conflict or disaster, or by the entry of those
fleeing them.
What Is Urban Health in Developing Countries?

In many of the towns and cities in Africa, Asia, and Latin
America – the so-called developing countries, only an
urban minority lives in healthy living conditions and has
access to good health services, education, and employ-
ment. Already, nearly one in two urban dwellers in devel-
oping countries live in low-income urban settlements,
known pejoratively as slums, with all that this implies in
terms of living conditions and health (Lee, 2007). Low-
income settlements are areas of a town or city where
people have no, or very limited, access to necessities
that would secure good health: clean and ample water,
sanitation, sufficient living space, and adequate housing
are all missing from these environments. Water and food
are often biologically contaminated, education and work
opportunities are available to a tiny minority and the
work that does exist is often in hazardous industries on a
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wage that does not provide a route out of poverty. Health
services are often inaccessible to the urban poor – not
because they are at a long distance, as in rural areas, but
because poorer people in low-income settlements often
do not have the financial means to access them. To make
things still more difficult, low-income urban citizens often
live with insecure tenure to their land and homes –
making the risk of homelessness a regular threat to their
well-being.

Both the wealth of a country and scales of urbanization
affect urban health patterns. In regions such as Asia, urban
populations are huge, but the proportion of urban popu-
lation in the region as a whole is still less than 50%. In the
‘least-developed’ nations only a quarter of the population
is urban. This can affect government and donor policies
toward urban areas – and can mean that rural areas are
prioritized for basic interventions that affect health (such
as vaccination, water and sanitation, and other infrastruc-
ture). In contrast, more urbanized regions, such as Latin
America, do not have this urban–rural divide in policy
terms – which can mean that national policies are aligned
to urban priorities. The rate of urbanization is also impor-
tant for urban health: where rates of urban growth are
very high, urban services are quickly overwhelmed and
large proportions of the new urban population live with-
out adequate infrastructure – including water, sanitation,
housing and transport, but also education, health, and
employment.
The Myth of the Healthy City

There is still a myth among health professionals – the idea
that rural peoples are less healthy than their urban coun-
terparts. The myth of the healthy city has been linked for
decades to a problem of data aggregation – where total
health statistics are sometimes presented for cities with
populations greater than those of nation states. Megacities
suffer particularly from a problem of super-aggregation,
in which health data on the whole city tell only part of the
story. Each city’s health will depend on a range of contex-
tual factors, just as a national health profile does.

A key predictor is often the overall state of ‘development’
of the city–measured in proportions of people with clean
water, sanitation, adequate housing, and access to health
measures such as vaccination and primary care. Thus a
megacity with a large proportion of people living in poverty
will have a health profile that reflects the profile of these
people. However, there is another problem: megacities
account for only about 9% of the total urban population
of approximately 3.2 billion citizens. Just over half of the
world’s city dwellers live in settlements with fewer than
500 000 inhabitants, and we still know little of the health
situation in smaller towns and cities internationally.
In every town and city, data that have been broken
down by income group tell a different story of urban
health – it is the tale of urban inequality. Within cities
and towns, disaggregated data show that there are inequa-
lities in living conditions and in access to services such
as health, water, and sanitation. There are also inequal-
ities in access to education and work. Thus, it is hard to
generalize about urban health profiles, as each city and
town may have a distinctive pattern of development and
distribution of resources. Even a rich town in a rich
country may have sharp inequalities that affect health
drastically – for example, a classic study in New York
found that black men in Harlem were less likely than
men in Bangladesh to reach the age of 65 (McCord and
Freeman, 1990).
Urban Health Profiles

Both the physical and the social environment of cities and
towns today affect urban health. The overall quality of the
urban environment is important for health, and so is the
extent of inequality within an urban environment. Some
problems of the urban physical environment, such as
ambient air pollution, may affect almost everyone in a
city. Other problems, such as contaminated water, indoor
air pollution, or lack of sanitation, may disproportionately
affect some groups more than others. Urban violence may
also affect some urban dwellers more than others. Rapid
urbanization in most cases exaggerates these problems, as
cities are unable to build enough infrastructure and pro-
vide enough jobs for an influx of migrants, many of whom
may be fleeing war or drought.

In the poorer countries of Africa and Asia a majority
of urban citizens live without clean water and sanitation,
and with limited public health interventions such as
vaccination. This is a consequence of a complex mix of
national economic situations, and of the scale and rate
of urbanization. In some urban areas, urban health indi-
cators can be worse than in rural areas. In poorer
countries, urban areas often have the worst of all
worlds–contaminated air, land, and water; deep poverty;
and a health profile that includes both the infectious
diseases of deep poverty and the so-called diseases of
modernity (obesity, cancers, and heart disease). In these
cases people carry a double burden of disease that poses a
daunting challenge for human health on an urban planet
(Stephens and Stair, 2007).

In wealthier countries, such as Brazil in Latin America,
most urban people have access to water and sanitation
even if their housing is precarious. Urban public health
interventions, such as vaccination, are also widespread. In
these urban areas, infant mortality rates are low, and urban
health problems are linked more to social outcomes, such



Table 2 Examples of high infant and child mortality rates

among national urban populations

Urban infant (age < 1)

mortality rates of 80–101,

per 1000 live births

Average for sub-Saharan

Africa. Mozambique (1997),

Chad (1997), Mali (1996),
Ethiopia (2000), Zambia

(1996), Rwanda (1992), Haiti

(2000), Benin (1996), Malawi

(2000), Tanzania (1996),
Central African Rep.

(1994–95), Eritrea (1995),

Niger (1998)

Urban infant (age < 1)
mortality rates of 60–79,

per 1000 live births

Guinea (1999), Madagascar
(1997), Côte d’Ivoire (1994),

Yemen (1997), Pakistan

(1990–91), Sudan (1990),
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as educational attainment and employment, and relate to
social inequality between urban groups. Urban violence is
a major problem in many cities of Latin America, where
rates of death from homicide affect adolescent health
profiles particularly. In some cities, urban industry affects
pollution levels, and the particular mix of industries
affects the type of health problems that will be associated
with the pollution. The key challenge for urban profes-
sionals is to understand the complex mix of urban health
problems that result from the unique mix of demographic
change, economic development, infrastructure, and social
conditions that make up every town and city. The follow-
ing sections outline some of these urban health challenges
in turn.
Uganda (1995), Bangladesh

(2000), Cambodia (2000),

Burkina Faso (1998/99),

Togo (1998), Comoros
(1996), Namibia (1992),

Cameroon (1998), Gabon

(2000), Nepal (1996)

Urban child (1–4 years)
mortality rates of more

than 100 per 1000 live births

Niger (1998), Mali (1996),
Chad (1997)

Urban child (1–4 years)
mortality rates of 80–100

per 1000 live births

Zambia (1996)

Urban child (1–4 years)

mortality rates of 60–79
per 1000 live births

Guinea (1999), Rwanda (1992),

Benin (1996), Malawi (2000),
Burkina Faso (1998–99),

Uganda (1995)

Adapted from Satterthwaite D (2007) In pursuit of a healthy urban

environment in low- and middle-income nations. In: Marcotullio PJ
andMcGranahanG (eds.)ScalingUrbanEnvironmentalChallenges:

From Local to Global and Back, pp. 69–105. London: Earthscan.
Infant and Child Survival in Urban Areas

In most low-income and many middle-income nations,
infant, child or under-5 mortality rates in urban areas
are 5 to 20 times what they would be, if the urban popula-
tions had adequate nutrition, good environmental health,
and a competent health-care service (Satterthwaite,
2007b). In some low-income nations, these mortality
rates increased during the 1990s (Montgomery et al.,
2003). However, there are also nations with relatively
low urban infant and child mortality rates (e.g., Peru,
Jordan, Vietnam, and Colombia) – while there are also
particular cities that have achieved low infant and child
mortality rates – for instance, Porto Alegre in Brazil
(Menegat, 2002).

Table 2 gives examples of nations with high infant and
child mortality rates within their urban populations.
These are all the more surprising in that in all these
nations, most middle- and upper-income groups live in
urban areas and will generally experience much lower
infant and child mortality rates. So these ‘averages’ for
national urban populations can hide the extent of the
problem faced by low-income populations.

The few empirical studies on infant and child mortal-
ity rates in low-income urban settlements suggest that
these are generally at least twice the urban average. For
instance, for Nairobi, Kenya’s capital and largest city,
under-5 mortality rates were 150 per 1000 live births in
its informal settlements (where over half the population
live) and 61.5 for Nairobi as a whole (African Population
and Health Research Center [APHRC], 2002).

In virtually all cities in low-income nations for which
data are available, and for most in middle-income nations,
there are also dramatic contrasts between different areas
(districts, wards, municipalities) of the city regarding
infant and child mortality rates – as well as in living
conditions and other health outcomes (Hardoy et al.,
2001; Stephens and Stair, 2007).
Infectious Diseases

In many towns and cities, particularly in Asia and Africa,
there is a major lack of water and sanitation facilities. This
has huge health repercussions – digestive-tract diseases
are a leading cause of death in the world and a major
urban health problem (UN Habitat, 2006).

Crowding is another major health hazard for the
urban poor. People in low-income settlements often live
in highly crowded homes, with four or more people
per room, often shift-sleeping and with many children
per bed. Contact-related diseases such as measles, tuber-
culosis (TB), and diarrhea are all linked to living in
crowded environments. Notably, some richer cities have
such deep pockets of disadvantage that diseases related to
urban poverty and crowding have reemerged during
periods of increased inequality within the city. A study
looking at TB in New York from 1970 to 1990, for exam-
ple, found an increase in childhood TB in the period and
that children living in areas of the Bronx, where over 12%
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of homes are severely overcrowded, were 5.6-fold more
likely than children in other New York neighborhoods
to develop active TB (Drucker et al., 1994).
Urban Nutrition

Although undernutrition is generally considered to be a
rural problem, the urban poor – forced to pay high prices
for food shipped into the city and often unable to grow
their own food – can often have the most difficulty
obtaining enough nutritious food. This has major impacts
on urban nutritional health, particularly for children.
A recent analysis of child health in 15 countries in
sub-Saharan Africa found that differences in child mal-
nutrition within cities were greater than urban–rural
differences (Houweling et al., 2006).

It is common for a third of all urban children to be
stunted within the lowest income nations. A study of
10 nations in sub-Saharan Africa showed that the propor-
tion of the urban population with energy deficiencies
was above 40% in all but one nation and above 60% in
three – Ethiopia, Malawi, and Zambia (Ruel and Garrett,
2004). Table 3 shows this.

As with infant and child mortality rates, there are large
differentials in most cities in the prevalence of severe mal-
nutrition between wealthy and poorer areas. For instance,
the prevalence of severe malnutrition among boys in the
slums of Bangladesh’s two largest citieswas nearly two and a
half times that in the ‘non-slums’ – measured by the per-
centage of children aged 12–59monthswithmid-upper arm
circumference less than 12.5 cm (UNICEF, 2000).

A study of the contribution of illness to poverty in the
slums in Dhaka highlights another aspect of the scale of
Table 3 Percentage of urban children stunted in a sample of
27 African nationsa

Percentage of urban
children stunted Nations

Over 50% Madagascar
40–49% Ethiopia, Rwanda

30–39% Cameroon, Chad, Malawi, Mali,

Nigeria, Tanzania, Uganda

20–29% Benin, Burkina Faso, Central African
Republic, Comoros, Guinea, Kenya,

Mozambique, Namibia, Niger,

Zambia, Zimbabwe
10–19% Cote d’Ivoire, Egypt, Ghana,

Morocco, Senegal, Togo

aThese statistics are drawn from demographic and health survey
data for surveys carried out between 1992 and 2001. The per-

centage of urban children stunted is likely to have changed

significantly in many of these nations, including levels of stunting
increasing in some of these nations since the survey (e.g., in
the health burden faced by low-income groups – in this
instance, the extent to which ill health caused a deterio-
ration in households’ financial status. In this study of 850
households, ill health was the single most important cause
of such deterioration, explaining 22% of cases where
households reported a deterioration in their financial
status. Illness led to reductions in income and increased
expenditures; often more loans taken out, assets sold, and
more adults resorting to begging (Pryer, 1993). Although
it is dangerous to draw general conclusions from one
or two studies, the living conditions described by these
two studies are similar to those in informal settlements
or tenements in many other urban centers in low- and
middle-income nations, so comparable links between high
health burdens and impoverishment would be expected.

Within this general picture, there are important excep-
tions. For instance, many Latin American nations that now
have predominantly urbanized populations have managed
to sustain long-term trends of falling infant and child
mortality rates and increasing average life expectancies.
This is also true for some Asian and African nations,
although the scale of the improvements in urban areas is
not clear, as the data are for nations or subnational (state
or provincial) units, not for urban populations or particu-
lar urban areas.

The industries that power urbanization also create
quantities of air pollution in urban areas. The combustion
of solid fuels (biomass and coal) in millions of homes
can contribute to ambient air pollution. In developing
countries, this domestic pollution combines with the
greater cocktail of coal-burning industries, diesel trucks
or cars, and small, two-stroke motorcycles.

Urban industries do not simply pollute the air – they
often contaminate the land and water of the city. This can
create a paradoxical kind of urban development: an imme-
diate economic benefit, but at great expense to the health
of current and future residents. As with other urban health
problems, pollution is concentrated on the poorer people
who both live around and work in these industries – in
both rich and poor countries. The urban poor may get
work – but at what risk? Bhopal in India was perhaps the
most notorious example of this kind of urban hazard and
inequality: in 1984 more than 40 tons of methyl isocyanate
gas leaked from a pesticide plant, immediately killing at
least 3800 of the city’s poorest people and causing signifi-
cant morbidity and premature death for many thousands
more (Broughton, 2005). Not only does this kind of urban
industrial development often fail to move people out of
poverty, it can harm thousands of lives over the long term.
Urban Violence

There is another risk in cities that is not easily addressed
with infrastructure interventions such as improved living
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conditions or infrastructure: urban violence, which is
in epidemic proportions in many cities internationally.
In some cities violence has actually started to reverse
overall trends of health improvement, particularly for
young people. For example, a longitudinal study looking
at trends in mortality for 15- to 24-year-olds in São Paulo
and Rio de Janeiro from 1930 to 1991 showed a steady
improvement in adolescent health until the 1980s, when
death rates started to rise again due to violence (Vermelho
and Jorge, 1996). The death rate due to violence can be up
to 11 times higher for young people from the poorest
communities than the rate for young people from a
wealthier community (Stephens, 1996).

In Brazil, urban violence takes an enormous toll on
poor young men in terms of both mortality and morbidity:
death rates from homicide in Brazilian state capitals in
2003 for young men aged 20–24 were 133 per 100 000.
This means that 1 child in every 1000 will be a victim of
homicide in these cities, a rate higher than that of any
childhood cancer. The United States has a similar prob-
lem, with violence affecting principally economically dis-
advantaged young urban men from ethnic minorities, who
are disproportionately represented in jails and in homi-
cides (Gawryszewski and Costa, 2005).

Injuries related to traffic accidents and violence are
now respectively the second and fourth causes of hospi-
talization in Brazilian cities. This makes trauma treatment
a top priority for urban health services in this country and
challenges health systems that are generally better
prepared for infectious or chronic diseases (De Souza
and de Lima, 2006).

The fear of violence can also be a significant hindrance
to mental well-being. Long-term anxiety, stressful life
events, lack of control over resources, and lack of social
support are all key preconditions for depression. Poor
women in cities are often the most vulnerable group.
Double Burdens

In many cities and towns of Africa, Asia, and Latin
America, ‘modern’ diseases such as asthma, heart disease,
and cancer are arriving in places that have yet to fully get
a handle on ‘old’ diseases such as TB, cholera, and diar-
rhea. Figure 1 illustrates the double burden of disease
brought by dirty industrial development and polluting
motor vehicles in Kolkata, India (Stephens, 1999). Up to
40% of people still live in poverty, but the route
to development is sought through highly polluting indus-
tries, and providing service to millions of people remains
a dream. Figure 1 shows the cause of death by age –
demonstrating, albeit crudely, that if people in Kolkata
survive the insults of contaminated water, they live on to
experience the severe risks of highly contaminated air.
This double burden is particularly exaggerated in unequal
cities in Africa, Asia, and Latin America, where affluent
people are increasingly dealing with expensive modern
maladies such as diabetes and heart disease while lower-
income people are still plagued by undernutrition and
infectious disease.
Urban Health Inequalities

A critical issue of urban health, but perhaps the most
important of all, is that of urban inequalities and their
impacts on health. Health inequalities are a problem
internationally, but cities have become the nexus for
both deepest poverty, and also extreme wealth. This
inequality spans across almost all urban resources includ-
ing land, food, water, shelter, education, health services,
and work opportunities. As a consequence, urban health
inequalities also span many health outcomes, as the pre-
vious sections have outlined – infectious disease inequal-
ities are linked to unequal access to water and sanitation
resources, while violence can be linked to social unrest at
gross socioeconomic disparities.

But this is not just an issue of differential access to
resources. It is also an issue of inequity. For example,
unequal access to water in cities is not a simple issue of
one group having less access to water than another in the
city: the urban poor pay more in absolute and relative
terms for potable water than their wealthier urban coun-
terparts (Cairncross and Kinnear, 1992). Meanwhile,
richer urbanites may use their cheaper water for watering
their gardens or filling their swimming pools. At times
of water shortage these inequalities become more
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pronounced – and richer urban citizens may be the only
group with a constant supply of water – while costs
of water may increase still further for poorer people.
These costs impact on poorer households severely –
using a large proportion of their income on water and
skewing the family budget away from other essentials
(Satterthwaite, 2007b).

Perhaps most difficult to address, many studies link
the high rates of urban violence to the gross urban
inequalities seen in cities and towns of Asia, Africa, and
Latin America. Many urban young people grow up in
grave environmental and social poverty, unable to fulfill
even their basic aspirations. Meanwhile their neighbors
may live in absolute affluence directly alongside these
disadvantaged youth. Many young people, particularly
young men, are drawn into urban violence through social
frustration or the lack of productive alternatives to occu-
pations linked to violence – for example, drug gangs often
provide work for young urban people, but it is dangerous
work requiring weapons. Some analysts see this violence
as an occupational hazard linked to high-risk professions
for urban, poor boys who have few alternatives to this
violent option. Urban violence is also linked more gener-
ally to urban inequality and this picture is true in cities
internationally (Pan American Health Organization, 1990;
Pinheiro, 1993; Wilson and Daly, 1997; Gawryszewski and
Costa, 2005).
Table 4 Estimates for the proportion of people without

adequate provision for water and sanitation in urban areas

Number and proportion of urban
dwellers without adequate provision

Region Water Sanitation

Africa 100–150million

(c. 35–50%)

150–180million

(c. 50–60%)
Asia 500–700million

(c. 35–50%)

600–800million

(c. 45–60%)

Latin America

and the
Caribbean

80–120million

(c. 20–30%)

100–150million

(c. 25–40%)

Reproduced fromUNHabitat (2006)Meeting Development Goals

in Small Urban Centres; Water and Sanitation in theWorld’s Cities
2006, p. 258. London: Earthscan.
The Growing Threat of Climate Change

An article on urban health in the twenty-first century
cannot conclude without some mention of the links of
urban health with climate change. Climate change will
affect the whole planet. However, it is increasingly
evident that cities are one of the main generators of
climate change, and that their urban peoples will be
some of the most directly affected, by impacts of the
changing climate. This includes impacts through temper-
ature changes (both heat and cold), but also through
extreme weather events, which hit densely populated
urban areas particularly hard and often very fast. Studies
show that urban citizens have adapted well to their urban
ecosystem and have developed shelter that protects them
from locally familiar heat and cold (Carson et al., 2006).
But unexpected changes to these temperatures can affect
people greatly – particularly vulnerable groups such as
the very young and the elderly. Heat-related deaths,
for example, can occur rapidly in extreme daily heat
episodes. These impacts can affect people even in cities
such as Delhi where the population is more used to
extreme heat (Hajat et al., 2005).

Coastal cities might be particularly at risk of extreme
weather events, and, since historically trade was by water
and sea, many major cities are on coasts or major rivers.
In an important workshop held in 2005 on Climate
Change and Urban Areas, Professor Rob Nicholls, of the
Tyndall Centre and University of Southampton, reported
that 1.2 billion people lived along coastal areas with low
elevation and were at significant risk of rising sea levels
and extreme weather events (UCL Environment Centre
and British Embassy Berlin, 2005).
Conclusions: Policies Toward
Urban Health

The first major concern of urban health internationally
is to improve basic public health in urban areas of devel-
oping countries. Around half the urban population in
Africa and Asia lack provision for water and sanitation
to a standard that is healthy and convenient (Table 4). For
Latin America and the Caribbean, more than a quarter
lack such provision. Inadequate provision for water and
sanitation contributes to many of the health problems and
the high levels of infant and child death described in
earlier sections. Public health improvements are especially
important for the 900million or so urban dwellers who live
in very overcrowded dwellings in tenements or shacks
lacking basic infrastructure and services. This should
include a focus not only on large or fast-growing cities,
but also on smaller urban centers, as these contain a high
proportion of the urban population in developing countries.

Concentrations of people in urban areas make it easier
and cheaper to provide good-quality piped water, sanita-
tion, and drainage. There are many examples showing
this – where informal/illegal settlements with a predomi-
nance of low-income households have been provided with
good-quality provision for water and sanitation at low unit
costs – and in many instances with close to full cost
recovery from the inhabitants (UN Habitat, 2006). But
these are still the exception – and in the absence of good
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provision, this concentration of people and their wastes
greatly increases health risks from a great range of water-
borne, water-washing, or water-related diseases.

It may be that trends in macroeconomic inequality will
have severe effects on the urban poor. There is some
evidence of this from two very different contexts: Studies
in the United States looking at trends in mortality
between the 1970s and 1990s found that African-
Americans living in cities experienced extremely high
and growing rates of excess mortality compared with
rural and wealthier communities (Geronimus et al.,
1999). A similar study in five African countries of rising
death rates for children under the age of five between the
1980s and 1990s found that in Zimbabwe the increase was
largest among urban children (Houweling et al., 2006).

In this context, what can we do to encourage the move
toward healthier cities? There is evidence that urban
inequalities decrease when local governments listen to
low-income residents and when such individuals are
included in urban plans and actions. Inequalities may
also lessen when health is used as a criterion to establish
priorities for urban policy. In Kolkata, India, for example,
an environment and development plan was based on
health priorities and on a consultation weighted toward
the views and needs of the poorest citizens. This did not
change the city overnight, but it gradually put the needs of
the urban poor on the policy agenda. There are also many
successful stories of self-help in water and sanitation –
where health and city equality have both improved when
local governments work with local people.

Donors, too, who are seeking to help the urban poor,
can better support health by listening to them. Looking
for a set of best practices, the World Bank embarked on an
institute-wide analysis of 45 participatory urban develop-
ment programs in the 1990s. The final report concluded
that community participation was absolutely essential for
any slum-upgrading projects. The authors noted that the
people who must move their homes to make way for roads,
public spaces, and sewage lines ‘‘must be involved in the
decision making process if they are to cooperate with it.’’
The report further concluded that community participa-
tion was ‘‘the single most important factor in overall
quality of project implementation – efficiency, effective-
ness, timeliness, responsiveness, and accountability’’
(Imparato, 2003: 10).

In some countries, such as Brazil, recent local and
national government strategies have systematically sup-
ported governance and budget setting that gives priority
to the needs of the urban poor and that puts public
services high on the overall agenda. Local government
support to the efforts of low-income city dwellers can
have effects on a surprising range of health challenges.
In Ilo, a small port town in Peru, for example, air pollution
policy finally got on the agenda when communities
were included in debates with the local mining company,
and access to public services increased dramatically as
community concerns were included in local planning
and budgeting. Green spaces increased, water contamina-
tion decreased, and sustainable development gradually
rose in importance on the agenda. During this period
the mayor noted that Ilo’s people and their mobilization
put the environment, poverty, and equity high on the
agenda – all themes that affected urban health (Palacios
and Sara, 2005).

It is not just inequalities in the physical environment of
cities that can be improved with more involvement of
citizens. It is notable that some of the most intractable
problems of urban inequality – such as urban violence –
are often only tackled in this way. It is young people
who are most affected by urban violence, and the urban
poor are often in constant threat of violence – either from
young people in other poor areas or from the police.
Interestingly, young people themselves often have the
solutions. For example, young men from one of the most
difficult favelas of Rio de Janeiro started a musical alter-
native to drug gangs, eventually spreading their combina-
tion of music and education to other favelas and starting a
health education program for young women and men
(Grupo AfroReggae, 2007).

Climate change too, can be addressed in cities. As the
participants of the 2005 UCL Environment Centre work-
shop on Climate Change and Urban Areas concluded
the world’s major cities are large contributors to CO2

emissions but also

[f]undamental to global GDP, realistic strategies for the

curbing of greenhouse gases and the reduction of its worst

effects were regarded as essential both for climate stabili-

zation and continued prosperity. Yet cities were also at the

forefront of design and innovation. They contained the

technical and creative capacity to deliver the changes in

lifestyles, energy usage, political discourse and planning

required to deliver truly sustainable development. While

cities (and especially coastal cities) might be facing the

brunt of climate change, their institutions and inhabitants

also held the key to its mitigation.

(UCL Environment Centre and British Embassy

Berlin, 2005: 2).

Finally, as health professionals we must be aware that
there are two urban worlds emerging. There is the world of
the urban wealthy, who experience the health profile of all
wealthy people internationally, whether they are born into
Asian, African, or American cities. And there is the world
of the economically and socially disenfranchised, who work
desperately to escape their poverty while risking their lives
every day in their homes, on the roads, and in their work-
places. There are many differences between these two
worlds, but perhaps the main one lies simply in the num-
bers: the wealthy urban world is for a tiny minority; the
disenfranchised urban world is for the vast majority.
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Perhaps the most startling thing about these urban
worlds is that they are not separated in space or time. In
every city the peoples of these worlds live alongside each
other. They breathe the same air and may travel along the
same streets. They also have, in essence, the same set of
aspirations: to live well and long and to give their children
a better future. Our urban future provides us with perhaps
the biggest challenge as human beings that we have ever
had to face. We have to bring these worlds together and
to move them both toward a sustainable future, or there
will be no chance of healthy lives for those living in
tomorrow’s cities.

There is no easy solution to the challenges of urban
health internationally. The majority of the urban world
demands, rightly, that their health needs involve meeting
their basic rights to clean water, sanitation, adequate
housing, education, access to health services, and work
that will be safe and remunerative. Interventions toward
this would guarantee survival for the urban millions who
die unnecessarily today. But alongside this, our urban
future needs creative, new solutions too: there are no
simple interventions that will address urban violence, for
instance. Technical interventions will not address an
urban health problem that is rooted in complex social
injustice. Obesity and mental health problems also need
a new lens. Cities that isolate us from nature and from
each other cannot be described as healthy cities for the
twenty-first century.

Equity is perhaps the key to the more complex social
problems of cities – and it also can lead toward sustain-
ability. A city where all peoples live together in peace,
sharing the same spaces and the same resources, is far
from today’s urban reality. A city where people think of
the next generation and the planet as a whole is also far
from this reality. But neither vision is impossible – either
to imagine or to achieve. As health professionals we must
rise to this challenge and reinvent public health as the
urban discipline of the future.
See also: Ethnic Conflict and Public Health; Health and

Human Rights: Overview; Population Growth; Worker

Health and Safety, International Issues.
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Introduction

Demographic trends suggest that there is an urgent need
to consider the health of urban populations. Cities are
becoming the predominant mode of living for the world’s
population. According to theUnitedNations (UN), approx-
imately 29% of the world’s population lived in urban areas
in 1950. By 2000, 47% lived in urban areas and the UN
projects that approximately 61% of the world’s population
will live in cities by 2030. Overall, the world’s urban popu-
lation is expected to grow from 2.86 billion in 2000 to 4.94
billion in 2030. As the world’s urban population grows, so
does the number of urban centers. The number of cities
with populations of 500 000 or greater grew from 447 in
1975 to 804 in 2000. In 1975 there were four megacities with
populations of ten million or more worldwide; by 2000
there were 18, and 22 are projected by 2015. As illustrated
byFigure 1, most cities are inmiddle- to low-income coun-
tries; in 2000 middle- to low-income countries contained
72% of the world’s cities. During the second session of the
World Urban Forum in 2004, world leaders and mayors
warned that rapid urbanization is going to be one of the
most important issues in this millennium.
A Brief History of Urban Health

Cities and their impact on health have been a concern for
millennia. City architects as early as the fourth century
BCE designed cities to maximize exposure to the sun in
winter, minimize solar exposure in the summer, and take
advantage of mountain and sea breezes (Semenza, 2005).
More familiar, recurrent plague epidemics in European
cities between the fourteenth and sixteenth centuries, and
pestilence within slums early in the Industrial Age became
a major concern for urban dwellers such that authorities
were required to develop and maintain knowledge for
dealing with the epidemics.

For centuries, researchers and scholars have consid-
ered the study of how cities may shape health an impor-
tant area of inquiry. Some of the early epidemiological
studies and interventions were centered on urban popula-
tions. John Graunt, considered by many to be the first
epidemiologist, published Natural and Political Observations

Mentioned in a Following Index, and Made upon the Bills of

Mortality in 1662. In it, he presented the first life tables, as
well documenting increases in urban populations due to
immigration. Almost two centuries later, John Snow, inwhat
might be considered a prototypical urban health interven-
tion, removed the Broad Street pump handle after observ-
ing differential attack rates for cholera in London.

Until relatively recently, in the academic literature,
urban living and its related exposures were considered
mainly in terms of their detrimental effects. This urban
health ‘penalty’ perspective, described by Andrulis and
others, focused attention on poor health outcomes in an
inner-city environment and disparities in the burden of
morbidity and mortality, as well as disparities in health-
care access, among specific subgroups. Recent work, how-
ever, has shown that urban living may be health promoting
andmayconfer an urban health ‘advantage.’ Urban areas can
provide access to cultural events, educational opportunities,
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cutting-edge medical facilities, and a plethora of health and
social services. Moving forward, academic interest in urban
health will likely balance the features of the urban environ-
ment that both promote and harm population health.
Defining Urban Areas

There is little conse nsus a bou t the definition of urban and
what con stitutes a cit y across national and inter national
entities and disciplin es. The U.S. Bure au of the Census
define s an ur banized area as ‘‘a place and the adjacen t
densely settled sur roundi ng ter rito ry that together com-
prise a min imum popu lation of 50,000 peopl e,’’ where the
‘‘densely settl ed su r roundi ng ter rito ry’’ is defined as ‘‘one
or more contig uous block having a population density of
at least 1,000 people per square mile.’’ The Cen sus bureau
thus provides a dichotomy where by ter ritory, popu lation,
and housin g units within specif ic size and density par a-
mete r s are desig nated urban and those that are outside
those par ameter s are no nurban. However, there are inh er-
ent limitation s to these definit ions: urban areas exist in
contras t to r ural or simply in con trast to nonu rban areas.
In the twenty-f ir st century, f ew cities exist in extreme
isolation such that what is not define d as city is r ural
(e.g., Las Vegas). Mos t cities (e.g., New York City, London,
Bangkok, etc .) are actua lly f ar-reach ing densely populated
areas, containi ng peri-ur ban and su burban areas, which
continu e relatively uni nter r upted for miles beyond the
munici pal city bou ndarie s an d the city center. Alter native
definit ions have been develope d and rates of diseas e, risk,
and pro tective behavior s vary between definitions.

The definition of ur ban also varies wide ly between
countr ies. Amo ng 228 countr ies on which the UN had
data for in 2000, almost ha lf (100) inc lude size and density
as criteria, 96 inc lude admi nistrative defini tions of ur ban
(e.g., living in the cap ital city), 33 inc lude functional
characte risti cs (e.g., econom ic activity, availa ble ser vices,
etc .), 24 have no def inition of urban, and 12 define all (e.g.,
Angu illa, Ber muda, the Cayman Islands, Gibral tar, the
Holy See, Hong Kong, Monaco, Naur u, Singapore) or
none (e.g., Pitcair n Island, Tokelau , and Wallis and Futuna
Islands) of their populat ion as urb an. Of ficial statistics (e.g.,
UN statistics deta iled previously) rely on country-s pecific
designa tions and as such vary wide ly. In specif ic inst ances,
definit ions of ur ban in adjacen t countr ies vary tremen -
dously (e.g., Cam bodia vs. Vietnam). Fur ther more, def ini-
tions of urban have changed over time in dif f erent ways in

http://www.un.org/esa/population/publications/wup2003/2003wupu
http://www.un.org/esa/population/publications/wup2003/2003wupu
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different countries. Therefore, global statistics are subject
to country-level differences in the definition of urban that
may be based on population density or specific urban
features (e.g., proportion of agricultural workers, munici-
pal services).
Conceptualizing Urban Exposure as a
Determinant of Health

We can conceptualize urban exposure in three main ways:
urbanicity, urbanization, and the urban environment. ‘Urba-
nicity’ focuses on characterizing the presence of conditions
at a particular point in time (i.e., prevalence) that are par-
ticular to urban areas or present in urban areas to a much
greater or lesser extent than in nonurban areas. The focus
on urbanicity is important to public health assessments on
prioritizing current needs and approaches.

Urbanization is more dynamic in that it refers to the
change in size, density, and heterogeneity of cities and
provides a perspective for public health planning. Factors
such as population mobility, segregation, and industriali-
zation frequently accompany urbanization. More simply
stated, urbanization is the process that involves the emer-
gence and growth of cities. Thus the process of urbaniza-
tion is not dependent on definition of urban per se, but
rather on the dynamics of agglomeration of individuals.
Although the pace of urbanization is independent of the
base size of the population, the population size/density
of surrounding areas may shape the pace of urbanization.
For example, urbanization may include the establishment
(or destruction) of new buildings or neighborhoods,
development (or removal) of transportation routes, and
the in-migration and out-migration of people, changing
the racial/ethnic composition of cities. The process of
urbanization gives rise to unique features of urban areas
that merit separate study. How the dynamics of urbaniza-
tion affect health can be considered with examples. An
influx of impoverished peoples to a city (e.g., immigration
driven by food or work shortages in nonurban or other
urban areas) in search of jobs and services may tax avail-
able infrastructure including transportation, housing,
food, water, sewage, jobs, and health care. Overtaxed sani-
tary systems may directly lead to rapid spread of disease as
has been the case many times in North America during the
past century and as continues to be the case in the devel-
oping world today. Also, the population strain on available
jobs may result on devaluation of hourly wage rates, higher
unemployment, and changing socioeconomic status for
persons previously living in a given city. This lowering of
socioeconomic status can result in more limited access to
health care and to poorer health. Therefore, characteristics
of urbanization, including the intensity, rate, and duration
of these changes, and the response to these changes, all
may have health effects on urban residents. Common
mechanisms may exist through which urbanization affects
health independent of the size of the city in question.

The urban context or environment can be defined as
the specific characteristics or features of cities that influ-
ence health. Consider the urban environment as three
distinct concepts: the social environment, the physical
environment, and the urban resource infrastructure. The
social urban environment comprises contextual factors
that include social norms and attitudes, disadvantage
(e.g., neighborhood socioeconomic status), and social cap-
ital (e.g., social trust, social institutions, etc.). The urban
physical environment refers to the built environment,
pollution, access to green space, transportation systems,
and the geological and climate conditions of the area the
city occupies. Features of the urban resource infrastructure
that influence health may include factors such as the avail-
ability of health and social services, and municipal insti-
tutions (e.g., law enforcement). Features of the urban
environment – the social and physical environment, as
well as the infrastructural resources – all in turn are influ-
enced by municipal, national, and global forces and trends.
Types of Studies to Investigate Issues of
Health in Urban Populations

Urban Versus Rural

Urban versus rural studies typically contrast urban areas
with rural areas in the same country or consider morbid-
ity and mortality in urban versus nonurban areas. Es-
sentially, these studies seek to determine whether
morbidity and mortality due to a specific health outcome
is different in specific urban areas as compared to specific
nonurban areas.

Urban versus rural (or nonurban) comparisons are
useful in drawing attention to particular health outcomes
that may bemore or less prevalent in urban areas andmerit
further investigation to examine the specific features of the
urban (or rural) environment that are associated with that
outcome. Recognizing that urban–rural comparisons are
too blunt, more recent work has refined distinctions such
as urban core, urban adjacent, urban nonadjacent, and
rural. However, such studies are limited in their ability to
identify what those factors may be and what the pathways
are through which they affect the health of urban dwellers.
Features of cities change over time and some factors may
not be conserved between cities (e.g., racial/ethnic distri-
bution). It is unsurprising then that different urban–rural
comparisons have provided conflicting evidence about
the relative burden of disease in urban and nonurban
areas. At best, these studies reveal gross estimates of the
magnitude and scope of health measures in broad areas
by geographical areas typically defined by size and popu-
lation density.
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Interurban

Interurban studies typically compare health outcomes
between two or more urban areas between or within
countries. Such studies can simply identify differences
between cities or theycan begin to examine specific features
of cities that influence health. Examples of the former are
numerous. For example, Vermeiren and colleagues (2003)
have compared mental health outcomes among adolescents
in New Haven (United States), Arkhangelsk (Russia), and
Antwerp (Belgium), providing insights about cross-cultural,
cross-urban similarities and differences in antisocial behav-
ior, depression, substance use, and suicide. A studyof Puerto
Rican injection drug users in New York City (United
States) and Bayamón (Puerto Rico) revealed several differ-
ences between the two ethnically similar populations; injec-
tion drug users in Puerto Rico injected more frequently
(Colon et al., 2001) and had higher rates of needle sharing as
compared to their New York counterparts (Deren et al.,
2001). The authors pointed to similarities in drug purity
(Colon et al., 2001) and differences in the onset of the crack
epidemic (Deren et al., 2001) as city-level factors that
influenced injector risk behaviors. When using the city as
the unit of analytic interest, one implicitly assumes that
city-level exposures are equally important for all resi-
dents. Studying differences in drug use risk behaviors
among two cities does not permit analysis of differences
in behaviors within cities because of location of residence,
intraurban variability in barriers to safer behaviors, or
variations in access to key services (e.g., drug treatment,
needle exchange) provided to different urban residents.
However, interurban studies such as the examples men-
tioned here can help guide municipal and state policy
makers when making decisions on service provision
throughout a city.
Intraurban

Intraurban studies typically compare health outcomes
within cities and are becoming widely used to investigate
specific features of the urban environment. These studies
often focus on neighborhoods, specific geographic areas
within a city that are generally administrative groupings
(e.g., census tracts in Canada, subareas or suburbs in South
Africa). However, it is important to note that these areas
may not represent residents’ perceptions of their neighbor-
hoods. The Project for Human Development in Chicago
Neighborhoods (PHDCN), which identified collective effi-
cacy as a determinant of violence in urban neighborhoods
(Sampson et al., 1997), is an example of such a study and has
demonstrated their potential to guide specific interventions
to improve urban health. As a result of findings from the
PHDCN, public health interventions have been developed
that attempt to increase collective efficacy and social capital
in particular urban neighborhoods.
Intraurban studies may contribute important insights
into the relations between specific urban features and health
outcomes. However, it may be difficult to generalize from
one city to another. For instance, the relation between
collective efficacy and violence may be modified by differ-
ent levels of policing or differential access to illicit sub-
stances within a given city. Furthermore, it is important to
consider that neighborhood residence is a function of geo-
graphical location and other types of social ties that are
facilitated or necessitated by the urban environment.
Defining and Quantifying Urban
Exposures

Social Environment

The urban social environment includes features such as
social norms and attitudes, income distribution, and social
capital. Although we summarize some key aspects of the
social environment, the list provided here is by no means
exhaustive. (For a more comprehensive consideration
of the urban social environment, see the section titled
‘Further reading.’)

Social norms are patterns of behaviors that are consid-
ered accepted and expected by a given society. From the
perspective of urban health, societal and cultural norms
are important considerations when thinking about the
behavior of urban dwellers and may exist on several levels.
For example, Frye et al. (2006) considered the role of social
norms in shaping behaviors among men who have sex
with men (MSM) in urban communities. They posited
that MSM may be influenced by the social norms of
the gay community, with its unique physical and social
structures and cultural characteristics as well as smaller
subpopulations within the gay community. These com-
munities may not be limited to one geographic location,
however. Thus, MSM may also be influenced by the
norms operating within their geographical neighborhood,
which may have norms that operate in conjunction with,
or opposition to, the prevailing norms of the broader gay
community.

Income inequality is the relative distribution of income
within a city or neighborhood, and is typically operationa-
lized with the Gini coefficient. Income inequality has been
associated with several health outcomes, including self-
rated health, cardiovascular mortality, and consequences
of illicit drug use. Income inequality is thought to operate
through material and psychosocial pathways to shape pop-
ulation health independently of absolute income. For
example, Subramanian et al. (2003) reported a significant
association between self-rated health and community-
level income inequality among adults in Chile, even after
adjusting for absolute household and community income.

According to Berkman and Kawachi in Social Epidemi-

ology (2000), social cohesion is the connectedness among
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groups and includes elements such as strong social bonds
and a lack of conflict within the community. Social capital
is thought to provide resources for collective action. There
is evidence that the absence of social capital is associated
with negative health outcomes such as increases in mor-
tality, poor self-rated perception of health, higher crime
rates, and violence.
Physical Environment

The urban physical environment refers to the built envi-
ronment (e.g., green space, housing stock, transportation
networks, etc.), pollution, noise, traffic congestion, and
the geological and climate conditions of the area the city
occupies. The built environment refers to ‘‘housing form,
roads and footpaths, transport networks, shops, markets,
parks and other public amenities, and the disposition of
public space’’ (Weich et al., 2001). Recent studies have
suggested that poor-quality built environments are asso-
ciated with depression, drug overdose, and physical activ-
ity. Examination of the association of built environment
and health overall is a relatively recent area of inquiry (for
a more thorough treatment of health and the built envi-
ronment, see the September 2003 issues of the Journal

of Urban Health 80(3): 359–519 and the American Journal of

Public Health 93(9): 1376–1598).
Green space (e.g., parks, esplanades, community gar-

dens, etc.) has the potential to significantly contribute to
the health of urban dwellers. Living in areas with walk-
able green spaces has been associated with increased
longevity among elderly urban residents in Japan,
independent of their age, sex, marital status, baseline
functional status, and socioeconomic status (Takano
et al., 2002).

Urban transportation systems include mass transit sys-
tems (i.e., subways, light rail, and buses) as well as streets
and roads. According to the Light Rail Transit Associa-
tion, there are 135 subways currently operating in 67
countries worldwide. Urban transportation systems on
one hand are key in the economic livelihoods of city
residents as well as cities as a whole. Yet on the other,
there are significant health considerations for mass transit
and roadways including security and violence, noise, and
exposure to pollutants. These exposures are relevant not
only for transit workers, but also for transit riders.

Pollution is one of the well-studied aspects of the urban
physical environment. Urban dwellers are exposed to both
outdoor and indoor pollutants that include heavy metals,
asbestos, and a variety of volatile hydrocarbons. For exam-
ple, one study in Bangkok (Thailand) reported high levels
of benzene and polycyclic aromatic hydrocarbons among
street vendors and school children sampled from traffic-
congested areas as compared to monks and nuns sampled
from nearby temples (Ruchirawat et al., 2005).
Urban Resource Infrastructure

The urban resource infrastructure can have both positive
and negative effects on health. The urban infrastructure
may include more explicit health-related resources such
as health and social services aswell as municipal structures
(e.g., law enforcement), which are shaped by national and
international policies (e.g., legislation and cross-border
agreements).

The relation between availability of health and social
services and urban living is complicated and varies between
and within cities and countries. In wealthy countries, cities
are often characterized by a catalog of health and social
services. Even the poorest urban neighborhood often has
dozens of social agencies, both governmental and nongov-
ernmental, each with a distinct mission and providing dif-
ferent services. Many of the health successes in urban areas
in the last two decades, including reductions in HIV trans-
mission, teen pregnancy rates, tuberculosis control, and new
cases of childhood lead poisoning, have depended in part on
the efforts of these groups. For example, social and health
services are frequently more available in cities than they are
in nonurban areas, which may contribute to better health
andwell-being among urban residents. Despite wider avail-
ability of social and health services in cities, many cities are
experiencing remarkable disparities inwealth between rela-
tively proximate neighborhoods, which are often associated
with disparities in the availability and quality of care. Low-
income urban residents face significant obstacles in finding
health care both in wealthy and less-wealthy countries.
Municipal, National, and Global Forces
and Trends

Municipal, national, and global forces and trends can have
a far-reaching impact on both urban living and urbaniza-
tion. Legislation and governmental policies can have
substantial influence on the health of urban dwellers.
Historically, municipal regulations regarding sanitation
in the nineteenth and twentieth centuries facilitated vast
improvements in population health and led to the forma-
tion of national groups dedicated to improving population
health like the American Public Health Association.
A contemporary example of the power of legislation to
influence health has been ongoing in the state of New
York (United States) since the early 1970s. In 1973 the
New York state legislature, with the encouragement of
then Governor Nelson Rockefeller, enacted some of
the most stringent state drug laws in the United States.
Characterized by mandatory minimum sentences, the
Rockefeller Drug Laws have led to the incarceration of
over 100 000 drug users since their implementation. Those
incarcerated under the Rockefeller Drug Laws overwhelm-
ingly are New York City residents (78%) and black or
Hispanic (94%). Assuming that each year incarcerated was
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a year of life lost, Drucker estimated the potential years of
life lost as a result of the Rockefeller Drug Laws to be
equivalent to 8667 deaths (Drucker, 2002).

Regional and global trends can affect not only urban
living, but also the rate and process of urbanization or
de-urbanization. Changes in immigration policies or pol-
icy enforcement can impact urban dwellers in a variety of
ways including, but not limited to, changes in access to
key health and social services for some subpopulations,
changes in community policing practices and changes in
social cohesion and levels of discrimination. Terrorist
attacks in urban centers (e.g., Baghdad, Jerusalem,
London, Madrid, New York) are associated not only
with morbidity and mortality among those directly
affected by the event, but also significant psychological
distress for other residents of the cities. Armed conflicts
have resulted in mass displacement of individuals, some of
whom have fled cities for other cities, regions or countries,
or camps for displaced individuals (e.g., Darfur).
Methods for Studying Urban Health

The study of urban health requires the employment of
analytic resources from diverse disciplines that can com-
bine to produce an understanding of how features of the
urban environment influence population health. We sum-
marize the contribution of selected qualitative and quan-
titative methods to the study of urban health.
Qualitative Methods

Participant observation

Participant observation involves systematic observation of
a phenomenon of interest while engaging as a participant
in that setting. Participant observation offers opportu-
nities for the researcher to develop an in-depth under-
standing of a particular social context through their
experience as an actor within that context. Some of the
classic studies of urban life were developed using partici-
pant observation, including William Foote Whytes’s Street
Corner Society (1943) and Carol Stack’s All Our Kin (1977).
A more recent example of participant observation in an
urban community was Bourgois’s (2003) study of crack
cocaine sellers in East Harlem, New York City. This study
highlighted the unstable, contingent, and constantly nego-
tiated nature of city living within the context of a pre-
dominantly minority and economically disadvantaged
neighborhood with open-air illicit drug markets.

In-depth interviews

In-depth interviews are designed to gather information
about the experience, interpretations, understandings,
and reactions to a particular phenomenon in a respon-
dent’s own words. Whereas quantitative interviews offer
respondents a set of predetermined response categories
from which to choose, qualitative interviews are usually
open-ended and invite respondents to discuss the topic of
interest in their own words. The structure of in-depth
interviews is variable, ranging from a set of predeter-
mined questions presented in a predetermined order to
a set of topics to be covered in no particular order within
the span of the interview. Often, the open-ended nature of
the questions allows researchers to explore and elucidate
areas that would not be captured in qualitative interviews.
Similarly, analysis of in-depth interviews can be con-
ducted in a manner that ranges from the application of
predetermined categories to more inductive approaches
in which the goal is to identify constructs and their rela-
tionships based on their presentation in the interviews.

Within urban contexts, in-depth interviews can be used
productively to elicit residents’ understandings of their
environments and perceptions of the ways that those envir-
onments influence residents’ health. Correspondingly, they
can be used productively with urban residents, health pro-
viders, and key decision makers to develop mechanisms to
improve social contexts and address health issues within
urban environments. Sampling decisions should be shaped
by the specific question of interest and may range from
random sampling to specific selection of key informants
(e.g., decision makers, longtime neighborhood residents).

Focus groups

Focus groups are interviews that are generally made up
of small samples of individuals – generally between 6 and
12 per group – to discuss a topic or process of interest in
detail. Focus groups are often used when the topic is one
that is not highly sensitive and when a goal is to enable
participants to interact with one another around the topic.
Focus group interviews often rely upon interactions among
group members on a topic provided by the researcher (who
may take the role of facilitator). Participants discuss ideas,
issues, insights, and experiences among themselves, com-
menting, criticizing, or elaborating on the views expressed
by previous speakers.

As with in-depth interviews, focus groups can be rela-
tively structured or unstructured. A facilitator knowledge-
able about the topic of interest, skilled in group facilitation,
and able to develop rapport with the focus group partici-
pants is essential to successful data collection. Analysis of
focus group interviews may proceed using a deductive
approach with categories determined a priori or with an
inductive approach that seeks to develop themes and cate-
gories out of the focus group material itself.
Quantitative Methods

Ecological analyses

Ecological analyses consider associations using grouped
or aggregated data for both exposure and outcomes.
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For example, ecological analyses can be used to consider
the association between HIV prevalence and legal repres-
siveness across cities (defined as hard drug arrests per
capita, police employees per capita, and corrections expen-
ditures per capita; Friedman et al., 2006). Such simple cor-
relations can suggest city features that covarywithmeasures
of city-level health for further consideration. More sophis-
ticated techniques (e.g., multilevel multivariate regression
analyses) can consider how particular features are asso-
ciated with particular outcomes while accounting for the
contribution of other potentially important variables. Eco-
logical analyses have historically been the primary method
used in interurban comparisons. In urban health research,
ecological studies have been used for generating hypoth-
eses. For example, ecological studies demonstrating that
relative income within cities was associated with asthma
hospitalization rates in New York City generated theories
about the role of race/ethnicity and the neighborhood
environment on the occurrence of asthma in cities.

Although ecological analyses are potentially useful in
identifying features of the urban environment that may be
associated with health, there are several inherent limita-
tions to inferences that may be drawn from ecological
analyses about how these features may impact health on
the individual level. Causal inferences at the individual
level cannot be drawn from ecological studies. For exam-
ple, the ecological observation that residential areas in
Tshwane (South Africa) with high socioeconomic circum-
stances have higher suicide mortality rates does not nec-
essarily imply that wealthier individuals are more likely to
commit suicide (Burrows and Laflamme, 2005). Such an
inference is frequently referred to as the ecological fal-
lacy, and highlights the limited interpretations that should
be drawn from ecological studies. Still, ecological analysis
will continue to be an urban health research tool for
hypothesis generation and will continue to suggest fea-
tures of cities that may be associated with health out-
comes. It is important to note that ecological studies are
not limited to interurban comparisons but can equally
generate hypotheses about features of intraurban units,
such as neighborhoods or residential areas, which can
shape population health.
Multilevel methods

Multilevel analyses integrate individual-level variables
with group- and macro-level variables so that multiple
levels of influence can be assessed simultaneously. Multi-
level models have been available since the 1960s although
they did not come into widespread use for more than two
decades due to limitations of early models. Multilevel
analyses allow researchers to consider how specific fea-
tures of cities or of units within cities (e.g., neighborhoods)
contribute to individual health independent of the contri-
bution of other individual and contextual variables.
In its simplest application to urban health, a multilevel
analysis uses data from individuals in multiple cities (or
neighborhoods within a city) to consider whether city
living independently explains interindividual variability
in health status after controlling for other relevant indi-
vidual characteristics. More useful to the study of urban
health, however, is the consideration of how different
characteristics of urban living at multiple levels may be
associated with a particular health outcome. For example,
multilevel analysis can test whether racial/ethnic segre-
gation between neighborhoods is associated with indi-
vidual access to preventative health care (e.g., influenza
vaccination) while controlling for social ties at the neigh-
borhood level and for individual race/ethnicity and other
key variables. With multilevel analyses, researchers can
evaluate the possibility that the effect of urban living
on health is different within and between cities by introdu-
cing random slopes that allow for varying strengths of the
associations between urban characteristics and health.
Conclusion

Urban health is the study of urban characteristics –
including features of the social and physical environment
and features of the urban resource infrastructure – that
can influence health and disease in the urban context.
Global demographic trends suggest urban living has
become normative and thus there is an urgent need to
consider how urban living may influence the health of
populations. The study of urban health requires a multidis-
ciplinary perspective that can consider different types of
studies, including inter- and intraurban studies and
urban–rural comparisons, and employs a multiplicity of
methods including qualitative and quantitative methods.
Epidemiologists, public health practitioners, urban plan-
ners, as well as social, behavioral, clinical, and environmen-
tal health scientists can contribute to the study of urban
health in conjunction with the active participation of com-
munity residents, civic, business, faith-based, and political
leaders. The International Society forUrbanHealth (see the
section titled ‘Relevant websites’) is an organization devoted
to furthering perspectives and approaches to improving
health in cities and can serve as a resource for those inter-
ested in further reading about the study of urban health.
See also: HIV/AIDS and TB; United States, Health

System of; Urban Health in Developing Countries.
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Arguably, in the entire history of humanity the concept
and practice of vaccination against infectious diseases has
resulted in greater benefits to the health of mankind than
any other cultural, social, or scientific advance. In testa-
ment to their historical importance, vaccines were ranked
first among the ten greatest public health achievements of
the twentieth century (Centers for Disease Control and
Prevention, 1999). Through their use, scourges of nature
have been eradicated, controlled, or rendered irrelevant,
and generations of children have survived into adulthood,
unscathed by diseases that earlier in history would have
been lethal. Vaccines harnessed the human immune sys-
tem to its fullest extent long before the fundamental tenets
of immunology were described; the concepts that form the
basis of vaccine science have since been extended to a
plethora of infectious and noninfectious diseases.

The history of vaccination parallels the history of
human scientific endeavor and illustrates a number of
important precepts common to all scientific inquiry:
major advances generally stem from incremental progress
that itself derives from the accumulation of ordered,
experimental observations that have been synthesized
from a variety of fields; landmark discoveries generally
do not occur in a vacuum but are instead based on expand-
ing pre-existing scientific thought; advances in technology
inherently drive advances in science, and both are fre-
quently products of specific unmet needs. Figure 1 pro-
vides a timeline of vaccine development within the
historical context of world events over the last 200 years.
The Foundations of Vaccinology

The history of vaccination, from a scientific standpoint, is
traditionally dated from the publication, in 1798, of
Edward Jenner’s landmark experiments with cowpox in
which he inoculated a neighbor’s boy with purulent mate-
rial from a milkmaid’s hand lesion in Berkeley, England
(Stern and Markel, 2005). The boy, 8-year-old James
Phipps, was subsequently shown to be protected against
a smallpox challenge. However, the concept that humans
could be protected against disease by intentionally expos-
ing them to the supposed cause of the malady probably
arose many centuries before Jenner, although this remains
poorly documented. Legend has it that Mithridates VI,
King of Pontus from 120 to 63 BC, protected himself
against assassination by ingesting sub-lethal doses of
poison in order to build his tolerance to such agents
(Parish, 1965). Buddhists in India in the seventh century
supposedly ingested snake venom to protect themselves
from its fatal effects (Plotkin and Plotkin, 2004). These
early forays into practical vaccination were based on
empiricism; although Jenner and his immediate predeces-
sors also appear to have based their theories on empiric
observations from nature, their observations were proba-
bly supported by a more substantial experiential tradition.

In many ways smallpox represented a natural choice
for the earliest explorations into systematic vaccination
because of its historical position as the greatest disease
scourge of mankind. The impact of smallpox on human
history has been well documented and has been the sub-
ject of numerous textbooks, works of literature, objects of
art, and theses regarding the rise and fall of civilizations
(Barquet and Domingo, 1997; Fenner et al., 1988). Because
it was commonly observed, as early as ancient times, that
survivors of smallpox were protected against further epi-
sodes of the disease, attempts to harness this information
to prevent infection were practiced long before Jenner.
Documentation in Chinese medical texts of the eigh-
teenth century reference practices in place in China in
the late seventeenth century for inoculating the noses of
healthy individuals with powdered scabs or lesional con-
tents from infected individuals (Parish, 1965). Other forms
of inoculation, later referred to as variolation (after the
word ‘variola,’ derived from the Latin word meaning
‘mark on the skin’ (Parish, 1965)) were probably used in
471



1775 War of the American revolution begins at
Lexington and Concord, Massachusetts

1777 George Washington orders inoculation against 
smallpox for continental army recruits

1798 Edward Jenner publishes his experi-
ences using cowpox vaccination to

protect against smallpox

1898 Spanish–American war begins with the sinking 
of the battleship Maine in Havana Harbor

1914 World War I begins with the assassination of
Archduke Ferdinand in Sarajevo, Bosnia

1939 World War II begins when Germany invades 
Poland

1941 U.S. enters World War II when Japan attacks 
Pearl Harbor

1950 Korean War begins when North Korea invades
South Korea

1961 U.S. support troops arrive in South Vietnam 
signaling U.S. involvement in Indochina

1977 Last naturally occurring case of smallpox 
identified in Somalia

2002−2003 Vaccination of civilian small-
pox response teams in the

U.S. and operational military personnel

1789 French revolution begins with the storming 
of the Bastille

1815 Napoleon defeated at Waterloo

1861 American Civil War begins when shots are 
fired by confederate forces on Fort Sumter

1945 U.S. drops two atomic bombs on Japan 
signaling the end of WWII

1986 Worst nuclear accident in history occurs at
Chernobyl nuclea power plant in Ukraine

1989 Berlin Wall topples, uniting East and West Germany

1879Louis Pasteur serendipitously discovers
that attenuated chicken cholera protects

against challenge with virulent organisms

1884Ilya Mechnikoff publishes his theory 
of cellular immunity, describing 

phagocytes for the first time

1885Pasteur administers first rabies vaccine
to humans, using attenuated virus

1897Paul Ehrlich describes active and passive 
immunity via the ‘receptor’ theory

1907Theobald Smith demostrates that toxoids
provide immunity against diphtheria in

guinea pigs

1931Ernest Goodpasture introduces use of hen 
chorio allantoic membranes as a cheaper and 

safer method for cultivating viruses

1949Enders, Weller & Robbins develop novel cell
culture technique for viral cultivation allowing 

these agents to be grown ex-vivo in a safe manner

1955Inactivated (salk) polio vaccine licensed

1970s−1980sSuccessful devel-
opment of purified

bacterial capsular polysaccharide vaccines against menin-
gococcus, pneumococcus, and H. influenzae type b 

1980Rachel Schneerson and John Robbins 
develop the first conjugate vaccine

1986 Licensure of the first recombinant vac-
cine: hepatitis B

1995 Elucidation of the entire genomic 
sequence of H. influenzae strain Rd

ushers in Genomic age

Figure 1 Timeline of sentinel events in vaccine history anchored by world events. From Artenstein et al. (2005) Military Medicine
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Africa, India, and the Ottoman Empire before being intro-
duced into Europe in the early eighteenth century. It was
common practice for women recruited from the Caucasus
for the Turkish sultan’s harem to be inoculated in child-
hood in inconspicuous areas of their bodies (Barquet and
Domingo, 1997).

Although the technique of variolation may have been
introduced into other parts of Europe through various
travelers returning from Istanbul, the credit for its intro-
duction into England is generally given to Lady Mary
Wortley Montague in 1721 (Figure 2) (Barquet and
Domingo, 1997). She had witnessed and been favorably
impressed by the practice during her husband’s tenure as
ambassador to the region. Material from the pustules of
afflicted persons was introduced into the arm of a healthy
person through multiple scratches or punctures, later



Figure 2 Lady Mary Wortley Montague (1689–1762).
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known as scarification. Lady Montague, herself scarred by
smallpox and therefore always pictured wearing a head-
piece, had her young son inoculated while in the Ottoman
court and upon the family’s return to England, had her
daughter inoculated in public, under the scrutiny of phy-
sicians of the royal court. The interest of the royal family
was thus piqued and, following several other successful
public inoculation experiments, including one on prison-
ers in exchange for their freedom and one involving two
royal children, the practice of variolation gained wide-
spread acceptance in England by the 1740s and from that
point on began to disseminate throughout Europe (Bar-
quet and Domingo, 1997).

Despite an observed mortality rate of 2 to 3% related
to variolation, the procedure still offered better odds than
the 15 to 30% mortality from naturally acquired small-
pox. The practice reached the NewWorld as well; in 1721
Reverend Cotton Mather successfully advocated for its
use to abort a smallpox epidemic in Boston. Variolation
gained the support of American thought leaders such as
Benjamin Franklin and became widespread in the colo-
nies. In 1777, with his army decimated by smallpox and
inoculated British troops boasting a significant tactical
advantage, General George Washington, with the support
of one of America’s preeminent physicians and statesmen,
Dr. Benjamin Rush of Philadelphia, adopted the bold and
unprecedented plan to inoculate all susceptible members
of the Continental Army, a strategy that is believed
to have tipped the balance in favor of the Americans
(Artenstein et al., 2005).
Alternatives to the practice of variolation with its
attendant risks arose from observations commonly recog-
nized among rural agricultural societies of the seven-
teenth and eighteenth centuries. It was believed,
although not necessarily widely known, that milkmaids
who developed cowpox, generally a benign disease in
humans manifested by pustular lesions on the hands or
forearms resulting from contact with infected cow udders,
were protected against smallpox. In addition, it was
reported that these women failed to demonstrate cutane-
ous responses to variolation (Barquet and Domingo, 1997).
In 1774, Benjamin Jesty, a farmer and cattle breeder in
Yetminster, England, noted first-hand that his two milk-
maids failed to acquire smallpox after caring for family
members who had the disease (Hammarsten et al., 1979).
Armed with this knowledge, a healthy dose of intestinal
fortitude, and the threat of epidemic smallpox in the
region, Jesty inoculated his wife and two sonswith infected
material from a neighbor’s cow. All survived the experi-
ment and resisted natural smallpox, and the two boys were
shown to be immune to subsequent variolation challenges
15 years later (Hammarsten et al., 1979). Jesty, though
recognized as the earliest inoculator of cowpox by the
Jennerian Society in 1805, was probably neither the first
nor the last to perform such pragmatic, local experiments.

Jenner, although aware of Jesty’s work, became the first
to systematically study and document the effect of vacci-
nation by using cowpox and to formally propose and
provide data to support his hypothesis that cowpox infec-
tion protected against subsequent smallpox infection
(Riedel, 2005). Jenner (Figure 3), known as a country
doctor but trained in the scientific method by the re-
nowned surgeon John Hunter, performed his now famous
experiments with cowpox in 1796 and subsequently
published his findings, at his own expense after having
his manuscript rejected by the Royal Society, in 1798
(Barquet and Domingo, 1997). In his work, entitled An

Inquiry into the Causes and Effects of the Variolae Vaccinae, a

disease discovered in some of the western counties of England,

particularly Gloucestershire and Known by the Name of Cow Pox,
Jenner coined the term ‘vaccination’ (from the Latin word
vacca, for cow) to describe the procedure (Riedel, 2005).
The monograph describes in detail his vaccination of 10
individuals and an additional 17 who resisted variolation
after acquiring natural cowpox infection (Baxby, 1999); it
also details seven individuals who were vaccinated with
material derived from a previous vaccinee’s lesion, thus
obviating the continued need for the animal intermediary in
potential larger-scale vaccinations. Jenner’s work was met
with considerable skepticism, but subsequent investigations
and experiences by himself and others largely confirmed
his findings and led to the dissemination of vaccination
against smallpox in the Western world by the early part
of the nineteenth century (Barquet and Domingo, 1997).
As is the case with subsequent major advances in



Figure 4 Louis Pasteur (1822–95). Source: http://en.wikipedia.
org/wiki/Image:Louis Pasteur%2C foto av F%C3%A9lixNadar.jpg
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Figure 3 (a) Edward Jenner (1749–1823). Source: http://commons.wikimedia.org/wiki/Image:Edward Jenner.jpg. (b) ‘Vaccination

cottage’ near the home of Edward Jenner in Berkeley, England, where he administered smallpox vaccine in thousands of the rural poor.

From Plotkin SA and Orenstein WA (eds.) Vaccines, 4th edn. Philadelphia, PA: Elsevier. Photo courtesy of Stanley A. Plotkin.
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vaccinology, the landmark work of Jenner drew incremen-
tally upon that of his predecessors to advance science to a
new level and create the nascent field of vaccinology.

Although scientific inquiry regarding vaccination
began in earnest with the dissemination of Jenner’s find-
ings, it would be 87 years before the next major advance
would take place. During that interval, however, incre-
mental steps were occurring that would lay the ground-
work for future major discoveries. The concepts of
attenuation, or weakening of a pathogen strain, and strain
passage, the transmission from one animal to another in
order to attenuate, as they related to smallpox vaccination
were discussed in scientific circles throughout the world
during this period (Plotkin and Plotkin, 2004). In addition,
as the practice became more widespread the risks of
transmitting other diseases through person-to-person
vaccination were becoming more apparent. It was in this
milieu that Louis Pasteur (Figure 4), a French chemist,
drew on the concepts promulgated by Jenner as he
embarked on experiments with attenuated cultures of
organisms in the latter part of the nineteenth century.

Pasteur had spent much of the 1860s and 1870s devel-
oping the germ theory in studies of fermentation, thus
laying the framework for modern microbiology. In the
summer of 1879, after inadvertently leaving a laboratory



Figure 5 Ilya Ilyich Mechnikov (1845–1916). Copyright ã
The Nobel Foundation.

Figure 6 Paul Ehrlich (1854–1915). Copyright ã The Nobel
Foundation.
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culture of chicken cholera (now known to be the bacterium
Pasteurella multocida) exposed to air over a long holiday,
Pasteur noted that the attenuated strain, weakened after
prolonged exposure to air, protected chickens against chal-
lenge with live, virulent organisms (Plotkin and Plotkin,
2004). He correctly deduced that this concept was similar
to Jenner’s and those of Jenner’s predecessors, allowing for
the fact that Pasteur had immunized animals with an
attenuated version of the challenge organism as opposed
to a related species as in Jenner’s work. This, again, demon-
strated Pasteur’s own axiom, stated years earlier in relation
to his basic chemistry experiments, that in the realm of
observation ‘‘chance only favors the prepared mind.’’

In 1881 Pasteur applied his findings to the larger goal
of preventing the transmission of a disease of great medi-
cal and economic importance at the time – anthrax.
Drawing on the landmark work of the German physician
Robert Koch, who five years earlier had demonstrated the
transmissible nature of Bacillus anthracis, Pasteur performed
a series of public experiments on livestock using attenuated
bacteria and a control group of animals that did not receive
inoculations (Plotkin and Plotkin, 2004). Within days after
both groups of animals were challenged with virulent
anthrax spores it was clear that only the vaccinated animals
were protected against disease and death. Thus, using his
own discoveries regarding attenuation as well as the tech-
nical advances of Koch and other early microbiologists,
Pasteur not only demonstrated the efficacy of a live, atte-
nuated bacterial vaccine, but he also laid a foundation
for future vaccine science through the creation of a stan-
dardized, self-perpetuating, laboratory-derived product.
Pasteur followed up his animal work involving a live,
attenuated anthrax vaccine by developing an attenuated
product for rabies, a fatal disease of suspected bacterial
etiology that was only much later found to be a viral
infection. The fact that these 1885 experiments involved
human subjects, not farm animals, and that there were
clearly vaccine-related deaths caused public outcry and
foreshadowed one of the persistent controversies engen-
dered by vaccines – the balance between safety versus
efficacy. Nonetheless, proof of principle was achieved,
rabies vaccine soon became widely accepted, and Pasteur
was credited with extending the concept of vaccination
beyond cowpox and smallpox to the general practice of
using a form of microbe to prevent an infectious disease.

Pasteur, Jenner before him, and of course, all of their
predecessors derived their hypotheses regarding vaccine-
induced prevention of transmissible diseases from reasoned
observations. Around the time that Pasteur was perform-
ing his pioneering human experiments with rabies, inves-
tigations were unfolding that would explain their empiric
findings and launch the fledgling field of immunology.
The work of two European scientists in particular, Ilya
Mechnikoff (Figure 5) and Paul Ehrlich (Figure 6),
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established the basis for the modern schools of cellular
and humoral immunity, respectively; their work led to
significant and rapid advances in vaccinology (Parish,
1965). Mechnikoff, a Russian zoologist, embryologist,
and student of Pasteur, published the first descriptions of
phagocytic cells and other forms of cell-based defense in
1884; Ehrlich, a German academic physician, pioneered
the concepts of active and passive immunization and
through his famous ‘side-chain’ theory, promulgated in
1897, sought to explain the interaction between toxins
and antitoxins, positing an argument that would later
expand to form the basis for the pervasive immunologic
concept of surface ligands and receptors (Winau et al.,
2004). Although both shared the 1908 Nobel Prize in
Medicine for their research on immunity, the work
of other scientists during the late nineteenth and early
twentieth centuries incrementally advanced the extant
knowledge of immunology that would drive vaccine sci-
ence for the next century.

Shortly after Pasteur’s successful, yet controversial
experiments with live, attenuated rabies vaccines in
humans, Daniel Salmon and Theobald Smith, in the
United States, reported the successful immunization of
pigeons against the hog cholera agent, later found to be a
bacterium, using a heat-killed vaccine. The concept of
killed vaccines appears to have developed concurrent-
ly with that of live vaccines; scientists in Pasteur’s insti-
tute, competing with Salmon and Smith, published their
results a year later in 1887. Over the next two decades or
so, and paralleling advances in microbiology, killed vac-
cines were developed that afforded protection against
typhoid, plague, and cholera, in most instances, through
the combined and competitive efforts of multiple scien-
tific groups working independently (Plotkin and Plotkin,
2004). These forays into expanding the range of vaccines
and the obstacles encountered therein had the effect
of informing the field of medicinal chemistry and the
conduct of clinical trials, and presaged future vaccine con-
troversies such as patent and discovery claims, informed
consent, ethics, and vaccine contamination by adventi-
tious agents.

By the beginning of the twentieth century, the funda-
mental concepts of vaccinology were firmly rooted. Fol-
lowing the independent discoveries of Emile Roux, a
Pasteur associate, and Alexandre Yersin that diphtheria
bacteria elaborate a soluble protein toxin during infection
that caused significant tissue destruction, and the inde-
pendent findings by Emil von Behring and Shibasaburo
Kitasato, protégés of Koch, that antitoxin in the serum of
surviving animals neutralized diphtheria toxin in vitro,
much of the active vaccine work during the early part of
the century was devoted to the development of antitoxins
and toxoids as vaccines against diphtheria and tetanus.
Theobald Smith, an early pioneer in the concept of killed
vaccines, also had an important role in the development of
toxoids through animal studies. Further modifications to
these products through medicinal chemistry, including
the discovery of the adjuvant effect of aluminum com-
pounds on toxoid immunogenicity in 1926, ultimately led
to toxoid vaccines for human use.

Other than the important work with bacterial antitox-
ins and the development, by disciples of Pasteur, Calmette
and Guerin, of a live, attenuated, partially protective
vaccine for human tuberculosis (BCG), the first 25 years
of the twentieth century produced significantly fewer
major advances in vaccinology than had the last 25 years
of the nineteenth century. The discovery of viruses led to
the next great period in vaccinology. In the latter part of
the nineteenth century the German scientist Adolf Mayer
noted that the agent of tobacco mosaic disease in plants
did not fulfill Koch’s postulates that had been established
earlier for bacterial organisms: although clearly transmis-
sible, it was unable to be cultivated via existing micro-
biological methods. Dimitri Ivanofsky of Russia extended
these observations in 1892 with the finding that the agent
was small enough to pass through porcelain filters that
would typically block bacterial passage, yet still retained
its infectivity. With the seminal, albeit incremental finding
by Martinus Beijernick of the Netherlands in 1898 that
these agents were capable of reproducing themselves in
living cells (Manrubia and Lazaro, 2006), a new class of
infectious agents, the ‘filterable agents,’ was recognized,
although it would not be until after the first decades of the
twentieth century that the modern connotation of ‘virus’
would become widespread in scientific circles.

In large part the nascent field of virology was limited
by technical considerations related to the inability to
cultivate viruses in laboratory environments. In 1931
Ernest Goodpasture (Figure 7), a professor of pathology
at Vanderbilt University and later the director of the U.S.
Armed Forces Institute of Pathology, developed the tech-
nique of growing viruses in the chorioallantoic mem-
branes of fertile hen’s eggs (Goodpasture et al., 1931), a
procedure that provided an inexpensive and safer alterna-
tive to whole animal inoculation and represented a major
advance in virology that would lead to substantial divi-
dends for vaccine science.
The Golden Age of Vaccines: 1949–1980s

The advances of the so-called ‘golden age’ of vaccinology,
while descended from branches of the Jenner-Pasteur
lineage, were a direct outgrowth of Goodpasture’s work,
although additional methodological refinements would be
necessary first. Safe, attenuated yellow fever, influenza A,
and killed typhus vaccines for human use were devel-
oped in the 1930s via the technique described by Good-
pasture; nonetheless, the field began searching for further
improvements to the laboratory methods for viral culture,



Figure 8 John F. Enders (1897–1985). Copyright ã The Nobel

Foundation.

Figure 9 Thomas H. Weller (1915–). Copyright ã The Nobel
Foundation.

Figure 7 Ernest Goodpasture (1886–1960). Courtesy of

Vanderbilt University.
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a search that eventually culminated in the seminal work of
John Enders, Thomas Weller, and Frederick Robbins
(Figures 8, 9, and 10) at Boston Children’s Hospital in
1949. These investigators, building upon and refining the
flask culture and continuous rolling bottle techniques
devised by other contemporaries in the field, demon-
strated the successful cultivation of Lansing type II polio-
virus in human fibroblasts (Enders et al., 1949), thus
permitting the practical, safe, and efficient ex vivo growth
of viral pathogens and representing a major leap forward
in vaccine research.

The novel method for growing viruses outside of living
hosts in tissue culture led to an immediate period of rapid
and sustained growth in vaccinology that continued for
decades in which scientific advances were used to fill
pressing public health needs. The vaccines that were
developed in this period quickly and substantially reduced
the burden and mortality associated with infectious
diseases, especially among children, and these products
continue to be used in global immunization programs.
During this period, a variety of technical improvements
were employed to produce effective products by several
methods: live attenuated, inactivated, and subunit; over
the course of the ensuing four decades, all contributed to
the scientific database and the development of important
vaccines that are still used extensively today.



Figure 10 Frederick C. Robbins (1916–2003). Copyright ã The

Nobel Foundation.

Figure 11 Jonas Salk (1914–95). Source: http://phil.cdc.gov.
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The significance of the discovery of Enders and his
colleagues was immediately apparent to scientific obser-
vers, as is evident by the fact that they were awarded the
Nobel Prize in Medicine a mere five years after their
discovery. Perhaps more important, though, was that
their breakthrough provided the critical technical piece
necessary to take the first giant steps toward conquering
the most medically significant contagious diseases of the
time. The first domino to fall was polio. Backed by the
financial support of the National Foundation for Infantile
Paralysis, which was also responsible for supporting
the basic research that defined the correlate of protection
in polio, Jonas Salk (Figure 11) developed a formalin-
inactivated polio vaccine (IPV) in 1954 and published his
findings of a safe and highly effective whole virus vaccine
(Salk et al., 1954). Clinical effectiveness was demonstrated
in the largest clinical trial in history up to that time,
directed by Salk’s mentor and perhaps the most respected
epidemiologist and clinical trialist of the era, Thomas
Francis of the University of Michigan. The field trial
included over 1.8million children from 44 states; the
trivalent vaccine proved to be 60–70% effective against
type 1 poliovirus and over 90% effective against types
2 and 3 (Markel, 2005), the three serotypes responsible for
clinical illness, and was licensed and in widespread use
within the year. Salk’s IPV was the first effective product
against polio but was not without controversy, requiring
technical modifications due to numerous incidents of
incomplete viral inactivation that resulted in cases of
paralysis in vaccinees and intermittent problems with var-
iable and suboptimal potency. It was supplanted inmuch of
the world by the live attenuated, oral polio vaccine (OPV),
developed by Albert Sabin (Figure 12) and introduced
in 1961 (Sabin et al., 1954). The story of the polio vaccine
was dominated by these two strong-willed and accom-
plished scientists and their career-long, professional com-
petition to develop an effective vaccine by using disparate
approaches. The history of polio vaccine also reinforced
the importance of carefully designed and executed clinical
trials in vaccinology and introduced the concept of large-
scale collaborations between government, industry, and
academics in the development of vaccines of public health
import, a concept that has been revisited most recently in
the field of biodefense. The widespread use of these
vaccines led to the eradication of polio in the Western
hemisphere and is the ongoing strategy being applied to
the worldwide eradication of polio.

Using variations and improvements on the viral culti-
vation methodologies of Goodpasture and Enders, the
late 1950s through the 1960s represented a period of
great accomplishments in vaccine science. Live virus vac-
cines were developed for a variety of important childhood
diseases: measles, by Katz, Enders, Hilleman, Schwarz,
and their colleagues using an attenuated Edmonston
strain; mumps, also by Hilleman (Figure 13) and collea-
gues, using an attenuated version of a viral isolate from
one of his daughters, the Jeryl Lynn strain; and rubella, a



Figure 13 Maurice Hilleman (1919–2005). Courtesy of the

Hilleman family.

Figure 12 Albert Sabin (1906–93). Source: http://en.wikipedia.
org/wiki/Image:Albert Sabin.jpg.

Vaccines, Historical 479
significant cause of congenital disorders. Following its
isolation in culture in 1961 by Paul Parkman, Malcolm
Artenstein, and Edward Buescher at the Walter Reed
Army Institute of Research (WRAIR) (Figure 14) and
independently by Thomas Weller and Franklin Neva at
Harvard Medical School, the rubella virus was propagated
and attenuated in duck embryo cells, which led directly to
several effective vaccine strains (Plotkin and Plotkin,
2004). By the early 1970s a vaccine combining the mea-
sles, mumps, and rubella products (MMR) was licensed,
in widespread pediatric use, and shown to confer long-
lasting immunity (Weibel et al., 1973).

Prior to his important contributions to childhood viral
vaccines and while still serving at WRAIR, Maurice
Hilleman serendipitously discovered adenoviruses during
an investigation of an outbreak of influenza at Fort
Leonard Wood in 1953 (Artenstein et al., 2005). These
agents were subsequently found to be the major etiologic
agent of acute respiratory disease in military recruits and
a significant cause of atypical pneumonia in civilian set-
tings. Within 3 years of the initial description of the infec-
tious agent, a formalin-inactivated, whole-virus vaccine
against the two most clinically relevant serotypes was
produced, studied, and found to be more than 90% effec-
tive in large field trials by the military. The adenovirus
vaccine suffered a major setback in 1963 when seed lots
were found to be contaminated by SV40, an oncogenic
simian virus that also caused significant problems with
Salk’s polio vaccine during the same period. However,
adenovirus vaccine resurfaced in the early 1970s as a
live, attenuated, bivalent oral product that halted any
further adenoviral outbreaks in military camps.

Influenza vaccine efforts that had begun in earnest
following the work of Goodpasture were active through-
out the latter part of the twentieth century and remain so.
The primary vaccine for human influenza is a killed one
and, as a consequence of the biology of this RNA virus,
requires annual antigenic manipulation followed by culti-
vation in embryonic hen’s eggs. A live attenuated vaccine
for influenza derived from cold-adapted mutant strains is
licensed and gaining acceptance as an alternative, practi-
cal product for certain individuals. Because of the per-
sistent dilemma of antigenic drift and shift with influenza
that requires frequent vaccine antigen reformulation,
novel approaches to vaccines for this virus are likely to
be brought to bear to solve this problem in the future.

The final live virus vaccine that targeted a major
childhood disease, varicella, was developed by Michiaki
Takahashi in 1974 at the Biken Institute in Japan
(Takahashi, 2001). He attenuated the Oka strain of the
varicella zoster virus derived from the vesicular fluid of a
3-year-old boy with classic chickenpox. After extensive
clinical studies demonstrated its safety and efficacy, the
vaccine was licensed for routine use in children in Japan
and Europe, but only after further, complicated study
was licensure obtained in the United States in 1995.
Recently, a new live, attenuated varicella-zoster virus
vaccine greater than 15-fold more potent than the earlier
formulation has shown efficacy in reducing the incidence



Figure 14 L–R: Edward Buescher (1925–99), Paul Parkman (1932–), Malcolm Artenstein (1930–76). Courtesy of Andrew

W. Artenstein, MD.
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of zoster and post-herpetic neuralgia in older adults
(Oxman et al., 2005) and represents a novel vaccine against
a chronic infection.

By the late 1960s, following the rapid successes of
vaccine development involving childhood viral diseases,
the scientific community began to explore the use of
bacterial subunits, such as proteins and polysaccharides,
to induce protective immune responses. Although the
subunit hypothesis, in essence, had been tested with the
toxoid-based vaccines for diphtheria and tetanus that
were developed in the late 1920s, attention was now
turned toward encapsulated bacteria, which were notori-
ous and prevalent human pathogens and attractive targets
because of their antigenic capsules. Theoretically, subunit
vaccines would confer protective immunity without the
inherent risks and toxicities associated with live attenu-
ated and whole virus vaccines.

The concept of polysaccharides as immunogens
derived from experiments performed by Michael
Heidelberger at Columbia and Oswald Avery and Colin
MacLeod at the Rockefeller Institute in the late 1930s
and early 1940s using Streptococcus pneumoniae (Artenstein
et al., 2005). Avery and MacLeod were two-thirds of the
team that subsequently identified DNA as the carrier of
genetic information in their further, seminal work on
pneumococci. Heidelberger tested a multivalent pneumo-
coccal polysaccharide immunogen at the Army Air Base
in Sioux Falls, South Dakota in 1945 and found that it
reduced the incidence of pneumonia among vaccinated
troops (Artenstein et al., 2005). His colleague at Columbia,
Elvin Kabat, expanded further on the potential role of the
bacterial capsule by demonstrating anticapsular antibo-
dies in the convalescent sera of animals recovering from
infection with Neisseria meningitidis, also an encapsulated
organism.

Drawing on such previous work and facing the serious
clinical problem of epidemic and increasingly drug-
resistant meningococcal meningitis in military recruit
camps, Malcolm Artenstein and colleagues at WRAIR,
in a series of classic investigations, elucidated the
correlate of protective immunity to meningococci, puri-
fied a polysaccharide vaccine candidate, and subsequently
performed two, large clinical trials among recruits that
demonstrated definitively the safety and efficacy of their
meningococcal group C polysaccharide subunit vaccine
(Artenstein, 1969; Artenstein et al., 1970). The U.S. military
immediately began using the newly developed vaccine; a
tetravalent vaccine, protective against four of the five
major serogroups of meningococci, was subsequently
licensed in 1981.

Other polysaccharide vaccines followed the meningo-
coccal success. Robert Austrian and colleagues, again
armed with knowledge from Heidelberger and Kabat’s
previous work on the pneumococcal capsule and the



Table 1 Vaccine-preventable diseases and their associated

vaccines*

Disease Type

Years of original
development or
licensure

Smallpox Live attenuated 1798
Rabies** Live attenuated 1885

Cholera Live attenuated 1896

Typhoid** Live attenuated 1896
Plague Inactivated 1897

Diphtheria Toxoid 1923

Pertussis** Inactivated, whole

bacteria

1926

Tetanus Toxoid 1927

Influenza** Inactivated 1935

Tuberculosis

(BCG)

Live attenuated 1936

Yellow fever Live attenuated 1939

Polio Inactivated 1955

Polio Live attenuated 1961

Measles Live attenuated 1963
Mumps Live attenuated 1967

Rubella Live attenuated 1969

Anthrax Purified protein 1970
Adenovirus type

4,7

Live attenuated 1971

Varicella Live attenuated 1974

Meningococcus** Polysaccharide
subunit

1975

Pneumococcus** Polysaccharide

subunit

1977

Haemophilus
influenzae type

b**

Polysaccharide
subunit

1985
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revelation that pneumococcal disease was a significant
cause of mortality despite the availability of antibiotics,
developed a multivalent vaccine that incorporated 23 of
the most clinically relevant serotypes. Several groups
working in the U.S. and Finland developed a capsule-
based vaccine against Haemophilus influenzae type b in the
1970s that was licensed in the mid-1980s; the routine
childhood use of advanced generations of this vaccine
essentially eradicated this bacterial disease as a significant
cause of pediatric morbidity and mortality.

Polysaccharide-based vaccines, although safe and
effective for older children and adults, act on mature
B cells independently of T-cell help, and thus as a group
are poorly immunogenic in children younger than 2 years
of age and induce poor memory responses. The need for
improved vaccine properties drove many of the most
recent advances in vaccinology that have resulted in
licensed products in clinical use: conjugate vaccines that
improve upon the immunogenicity and durability of poly-
saccharides by linking them to antigenic protein carriers,
such as diphtheria or tetanus toxoid. Through these incre-
mental refinements to extant vaccine technology, driven
by unmet needs, conjugate vaccines for H. influenzae,
pneumococcus, and groups A and C meningococci have
proven safe and effective.

Perhaps the most recent major advance of the golden
age of vaccines came in 1986 with the introduction of the
first recombinant vaccine (Hilleman, 2000). The hepatitis
B vaccine (HBV), a yeast-derived recombinant product,
was developed to supplant the plasma-derived vaccine
with its attendant safety concerns involving the transmis-
sion of incompletely inactivated blood-borne pathogens.
The recombinant vaccine was derived by cloning the gene
for hepatitis B surface antigen (HBsAg), the subunit viral
protein that represents the correlate of protective immu-
nity, into yeast cells and was shown to be as effective as the
plasma-derived product but lacked the toxicity concerns
of the latter. HBV represented the first recombinant
expressed vaccine to be licensed for use – a landmark
achievement in vaccine science. The molecular technol-
ogy allowing for the in vivo synthesis of the protective
microbial subunit, in antigenic form, leads the way for
other, genetically advanced vaccine strategies. Also, HBV
holds another distinction that presages the future of vac-
cinology: it is the first vaccine shown to prevent cancer,
hepatoma caused by chronic hepatitis B infection.
Hepatitis B Recombinant subunit 1986
Japanese

encephalitis

Inactivated 1992

Hepatitis A Inactivated 1995

HPV type 16 Virus-like particle 2006
Zoster Live attenuated 2006

*Excludes investigational products or those with very limited
indications.
The Future of Vaccinology

In vaccinology, as in all realms of science, major advances
are driven by emergent technologies coupled with unmet
needs. As previously noted, the advent of modern micro-
biology and immunology in the late nineteenth century
and the quantum leap that occurred after the Nobel Prize
winning work on viral culture methodology of Enders
et al. in the mid twentieth century had the immediate
effects of triggering a flurry of vigorous activity in
vaccine science that led directly to the successful devel-
opment and licensure of a host of vaccines against important
infectious diseases of the time (Table 1). Further scientific
developments, such as the recognition and exploitation
of subunit protection and the harnessing of recombinant
technology, also led tomajor progress in vaccines. Asmolec-
ular technology has become more advanced, especially
with thewealth of data accessible from genomics, the search
for vaccines against problematic pathogens, emerging
infectious diseases, and other, novel diseases has expanded
once again and may be expected to yield significant
dividends.
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Based on their biology and pathogenesis, many patho-
gens have proven to be especially problematic regarding
the development of effective vaccines. Some of these
agents, such as HIV-1, tuberculosis, herpes simplex, and
hepatitis C, are associated with a significant global burden
of disease but reside intracellularly and cause chronic
infections; others, such as influenza, owing to its frequently
mutating antigenic targets, and group B meningococcus,
by inducing immunologic tolerance through molecular
mimicry between the bacterial capsule and a human self-
antigen, have proven elusive to classic vaccine strategies
and require novel approaches to vaccine design. Some of
these innovative strategies target key virulence factors in
the pathogenesis of the organism; others may employ vec-
tored antigens in order to access sequestered sites in cells.
Most of the approaches under active investigation have
been informed by microbial genomics and new insights
into host immunity, with the goals of targeting antigens
derived by the former and optimizing specific responses in
the latter arena. To this end strategies include the use of
recombinant proteins, replication-defective viral particles,
‘naked’ DNA, and peptides (Plotkin, 2003). One approach,
reverse vaccinology, employs a genomics- and informatics-
based methodology to identify potential antigenic compo-
nents for use in a subunit vaccine (Abu-Bobie et al., 2003).
Such strategies may permit a nimble and flexible vaccine
posture that is required to respond rapidly to new and
emerging threats, such as agents of bioterrorism or pan-
demic influenza.

Using novel molecular approaches has led to effica-
cious vaccines against selected chronic infectious diseases.
In a double-blind, controlled study, a human papilloma-
virus type 16 (HPV-16) virus-like particle vaccine
expressed as a recombinant in yeast demonstrated signifi-
cant benefit in reducing the incidence of both persistent
HPV-16 infection and cervical intraepithelial neoplasia in
young women (Koutsky et al., 2002). Thus, as with the
recombinant hepatitis B vaccine, the HPV vaccine has the
potential to prevent a form of cancer resulting from a
chronic infection. Other recently developed vaccines
with efficacy against chronic infections include a herpes
zoster vaccine, discussed previously, and a recombinant
Lyme disease vaccine, with the gene for the spirochete’s
outer surface protein expressed in E. coli (Plotkin and
Plotkin, 2004). However, the latter product was with-
drawn from the market shortly after its licensure due to
persistent controversy over unproven toxicities and poor
public acceptance (Nigrovic and Thompson, 2007).

Molecular technologies hold the promise of extending
vaccinology to realms beyond those of infectious diseases.
Although the concept of vaccines against various forms of
cancer is not entirely new and has been clinically tested in
selected viral-associated neoplasms (see previous discus-
sion), progress has intensified over the past decade
with the introduction of advanced molecular and genetic
technologies. Numerous potential tumor antigens, multi-
ple potential delivery methods, including dendritic cells
and viral vectors, and several different disease targets have
been investigated (Stevenson, 2005). DNA-based vaccines
have received much of the attention, largely in phase I or
early phase II clinical trials in patients with advanced
malignancies, such as melanoma, prostate cancer, and
colon cancer, with limited evaluable immunologic data
to date (Stan et al., 2006). It is anticipated that further
progress will be based on future insights into cancer-
associated immune surveillance and protection.

Controversies related to vaccines have been an integral
part of their history since at least the early eighteenth
century, pre-Jennerian experiences with variolation.
Landmark events in vaccinology, such as Pasteur’s public
experiments with anthrax vaccine in livestock and rabies
vaccine in humans, and the intense, scientific competition
that played out in the media surrounding the polio vac-
cine effort, have been met with equal parts of praise and
criticism by the world community. There continue to be
substantial public misperceptions regarding vaccines,
such as questions concerning possible associations bet-
ween vaccine constituents and autism, autoimmune dis-
ease, or allergies, despite the lack of significant scientific
evidence for a causal relationship in most cases (Hivid
et al., 2003; Offit and Hackett, 2003). Similarly, there exists
an additional and perhaps growing number of controver-
sial issues related to vaccines: vaccine shortages and pro-
duction problems, related to production costs, return on
investment by industry, and liability concerns (National
Vaccine Advisory Committee, 2003); risk versus benefit
questions, which paradoxically have become more polar-
ized as vaccines have become more effective, thus render-
ing the ‘benefit’ side of the equation more difficult for
society to discern while accentuating cases in which the
‘risk’ side is highlighted (Maldonado, 2002); and compul-
sory childhood vaccination, which has always been a con-
tentious issue among some portions of society but has
once again revealed itself in the current controversy
over compulsory HPV vaccination of teenage girls in
some states in the United States.

The next ‘golden age’ of vaccinology may very well be
poised to begin and is likely to derive from the rapidly
accruing wealth of information acquired from molecular
genetics and a deeper and more detailed understanding of
the human immune system. The science, coupled with
inevitable technical advances, will spur new insights into
vaccine protection and will likely contribute to the solu-
tions to new and difficult disease problems, as occurred
during previous, fertile periods in the history of vaccines.

See also: Adenoviruses; Bacterial Infections: Overview;

Bacteriology, Historical; Hepatitis, Viral; Immunization;

Influenza, Historical; Influenza; Measles; Poliomyelitis,

Historical; Smallpox.
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myocardial infarction and stroke, and it is thought to be
the most preventable cause of hospital-acquired mortality.

VTE is initiated by the formation of a thrombus (blood
clot) in a larger vein, usually in the lower extremities, but
occasionally in the upper extremities or in unusual venous
beds such as the mesenteric circulation in the abdomen
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or venous sinuses within the cranium. Although more
commonly unilateral, it may present with bilateral limb
involvement. The potentially life-threatening embolic
complications occur when a part of or the whole clot dis-
lodges, travels proximally via the inferior vena cava and
heart to obstruct blood flow in the main pulmonary artery
or one of its branches connecting the right side of the heart
to the lungs. Because the patient presenting with the symp-
toms and signs of PEmay be asymptomatic for a DVT (and
vice versa), the two disorders are generally considered to
be part of the same disease continuum, collectively known
as VTE. Apart from the short-term risk of death from PE,
VTE is a significant cause of morbidity that can result in
prolonged hospitalization, and delayed disability due to
post-thrombotic syndrome (in up to 20% of patients)
and/or pulmonary hypertension (in 2–3% of patients).

The treatment of VTE with long-term anticoagulants
or ‘blood thinners’ carries with it a significant risk of
hemorrhage. Major bleeding complications occur in
2–3% of patients per annum on vitamin K antagonists
(the most commonly used long-term therapy for VTE),
and mortality – primarily due to intracranial bleeding –
may annually account for the death of 1 in 200 to 1 in 400
elderly patients on these agents. Since the incidence rate
for VTE in most populations has been estimated to be
between 1 and 2 per 1000 person-years, with a 30-day case
fatality rate of about 10%, this debilitating and potentially
deadly disease is appropriately considered a major public
health problem.
Pathophysiology

In 1856, Rudolf Virchow, a German pathologist, proposed
that changes in blood flow (stasis and/or turbulence),
changes in the composition of the blood (now often
referred to as thrombophilia), and changes in the vessel
wall all contribute in some proportion to the causation of
thrombosis (Figure 1). While this hypothesis remains a
useful framework on which to construct an understanding
of VTE, there remain many gaps in our knowledge
regarding the etiology of venous thrombosis. For example,
it is not known what stimuli are responsible for initiating
VTE in most patients, especially when it does not occur in
association with recent surgery or trauma. Unlike arterial
thrombosis, in deep vein thrombosis the vessel wall
beneath the thrombus – including its delicate lining cel-
lular layer known as the endothelium – is usually mor-
phologically intact. However, it is theorized, although
not yet conclusively demonstrated, that the endothelium
loses its potent repertoire of antithrombotic molecular
mechanisms at that point in time, thereby failing to resist
the prothrombotic influence of perturbed blood flow and/
or inherited or acquired thrombophilia(s).
Epidemiology

Incidence and Prevalence

Numerous studies have evaluated the epidemiology of
VTE in the general population. As up to 70% of cases
of VTE discovered at autopsy are asymptomatic antemor-
tem, the estimated incidence may be influenced by
autopsy rates and the diagnostic approach used. Notably,
autopsy rates continue to progressively decline in the
United States and other Western countries. Overall, how-
ever, the incidence of VTE is estimated to be in the range
of 1–2 per 1000 per year. Specifically, White (2003) esti-
mated the incidence of VTE to be approximately 1 in
1000 person-years. In published reports without and with
corroborating autopsy data, Hansson et al. (1997) found
the incidence of DVTand PE to be 182 and 205 cases per
100 000 person-years, respectively. Silverstein et al. (1998)
also used correlative data to describe a reverse in the usual
DVT to PE ratio, with 48 cases per 100 000 of DVTand 69
cases of PE per 100 000 person-years. In a study that did
not include autopsy data, Anderson et al. (1991) found the
population incidence of DVT (69 per 100 000 person-
years) to be more common than PE (48 per 100 000
person-years), a relative frequency that is more reflective
of the majority of current literature.

In the general population and in the subgroup of
pregnant women, the overall incidence of PE has been
reported to be decreasing over the past 30 years, even
though the incidence of DVT has remained constant.
Age

It has been conclusively demonstrated that the risk of
VTE increases exponentially with age. Silverstein et al.
(1998) reported an incidence of 1 case per 10 000 per
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annum in individuals aged less than 40 years old, rising to
approximately 5 cases per 1000 annually by age 80; these
observations have been corroborated in numerous other
studies. Tsai et al. (2002) reported that the risk of VTE is
13-fold greater in individuals aged 85 years old compared
to those aged 50. It can therefore be anticipated that an
increasingly aging population in Western societies will be
associated with an increasing prevalence of VTE in the
future.
Ethnicity

In the few studies that have evaluated the epidemiology of
VTE in ethnic/racial groups in the United States, the
incidence has been noted to be relatively low in the
Hispanic and Asian-American communities, with an inci-
dence risk ratio of 0.60 and 0.27 (respectively) compared
to a reference Caucasian population; conversely, the inci-
dence risk ratio of VTE in African-Americans is 1.27. The
biological reasons for these discrepancies are unclear, and
studies that have evaluated possible socioeconomic fac-
tors (such as access to care) have failed to provide a
satisfactory explanation. Therefore, it seems likely that
certain haplotypes predisposing to – or perhaps protect-
ing from – VTE are more or less represented in the
various ethnic/racial communities.
Table 1 Hereditary and acquired risk factors for venous
Sex

Most studies have shown that the incidence of VTE is
similar in both genders, albeit with an increased risk in
women of childbearing age (probably related to an
increased risk associated with pregnancy and the use of
hormonal therapies) offset by an increased risk in men
over the age of 75.
thrombosis

Hereditary risk factors
Factor V Leiden

Prothrombin gene mutation

Protein C deficiency

Protein S deficiency
Antithrombin deficiency

Acquired risk factors
Anti-phospholipid antibodies

Age
Hospitalization

Surgery

Pregnancy
Oral contraceptive and hormone replacement therapy

Major trauma

Cancer

Myeloproliferative syndromes
Paroxysmal nocturnal hemoglobinuria

Hyperhomocysteinemia

Obesity

Long-distance travel
Worldwide Differences in VTE Incidence

The incidence of VTE in Western countries is relatively
comparable. One study from the United Kingdom
demonstrated an incidence of VTE of 74.5 per 100 000
person-years. In a Norwegian, population-based study,
the incidence was 1.43 per 1000 person-years. Both stud-
ies also revealed that the incidence rate increased with
age, following surgery, and with underlying cancer. In
Asian countries, fewer studies have been published. How-
ever, the majority of these have reported a decreased
incidence of VTE compared to Western populations.
For example, in Hong Kong, the incidence of VTE was
found to be 16.6 per 100 000 person years. This estimate is
in good agreement with the study by White, in which the
reported incidence of VTE in Asian-Americans living in
California was 19 per 100 000 person years.
Risk Factors

As predicted by Virchow, both genetic and environmental
risk factors have been demonstrated to be associated with
an increased risk of VTE. In general, it is the combination
of multiple risk factors that appears to underlie most
events, with more than one risk factor identified in 65%
of VTE cases. A number of thrombophilias, which may be
either hereditary or acquired (Table 1), have been
described in the past four decades. As a rule, these throm-
bophilias, some of which are uncommon, are relatively
strong risk factors. Although more recently described
genetic variants are more prevalent, they are weak risk
factors that only cause VTE when other factors are
operative.
Hereditary

In general, the inherited forms of thrombophilia described
below are associated with an increased risk of first VTE,
and sometimes, recurrent VTE. These disorders are not
associated with any significantly increased risk of arterial
thrombosis in adults.
Activated protein C (APC) resistance

Activated protein C (APC) is a ‘natural’ anticoagulant
molecule that is derived from its circulating precursor
molecule protein C. APC is instrumental in the inactiva-
tion of coagulation factors Va and VIIIa, essential cofactor
proteins in the formation of a thrombus. In 1993, Dahlback
described a familial form of VTE in which the proband’s
plasma was relatively resistant to the anticoagulant action
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of APC added to patient plasma ex vivo. Subsequent studies
revealed that almost 90% of patients with inherited APC
resistance had a point mutation of an allele of factor V
(factor V R506Q , G1691A), now commonly referred to as
factor V Leiden, after the Dutch city in which the mutation
was discovered. This mutation is found in approximately
5% of the Caucasian population, and in about 10% of
allcomers with VTE. In the spectrum of hereditary throm-
bophilias leading to a VTE, factor V Leiden accounts for
approximately 50–60% of these cases.

The relative risk of first VTE in patients who are
heterozygous for factor V Leiden is 4–7, compared to a
relative risk of 50–80 for homozygotes. However, by age
65, only 6% of heterozygotes have developed VTE, with
most of these occurring in the presence of coexisting risk
factors (hospitalization, etc.).

Factor V Leiden is rare in individuals descended from
ancestors originating in sub-Saharan Africa or the Far East,
although when present, it confers the same risk of VTE.
Prothrombin gene mutation

This point mutation (G20210A) in the gene for coagula-
tion factor II (prothrombin) was first discovered by Poort
et al. (1996) by studying candidate genes in families with
idiopathic VTE. This mutation, located in the regulatory
domain of the prothrombin gene, results in a relatively
modest increase in plasma levels of prothrombin, a cir-
culating procoagulant that is converted to thrombin
(factor IIa) during the activation of coagulation. The
mutation is found in 2–3% of the Caucasian population
in the United States, and in approximately 7% of those
with VTE. The relative risk of first VTE in heterozygous
carriers is increased by a factor of 2–3, and thus, as is the
case with heterozygotes for factor V Leiden, VTE when it
occurs is usually multicausal. Also in common with factor
V Leiden, this mutation is rare in African-Americans,
Native Americans, and those of Asian descent.
Antithrombin deficiency

Antithrombin (formerly known as antithrombin III) is a
naturally occurring regulatory protein that acts as an
inhibitor of thrombin and other procoagulant enzymes
including factors Xa, IXa, and XIa. The therapeutic effi-
cacy of heparin as an anticoagulant is dependent on its
ability to accelerate the inhibitory effects of antithrombin.
A partial deficiency of this protein leads to a prothrom-
botic state, as now the balance is geared toward more
thrombin generation, that is, more thrombus formation.
In 1965, antithrombin deficiency was noted in a family
with a history of VTE. Homozygous deficiency of anti-
thrombin is probably incompatible with life. Heterozy-
gous deficiency of antithrombin is a relatively uncommon
thrombophilia, occurring in about 0.2% of the general
population and 0.5% of younger patients with VTE.
Protein C and protein S deficiency
Protein S is an important cofactor for activated protein C
(discussed earlier). The (partial) loss of either protein
leads to a prothrombotic state. Thrombophilic families
with protein C or protein S deficiency were first
described in the 1980s. A large number of mutations
have been documented in each deficiency state. Again,
both conditions are relatively rare, occurring in <1% of
the general population and approximately 2 to 5% of
younger cases of VTE.
Acquired

In this section, a number of established risk factors, many
of which can be considered acquired or environmental in
origin, are reviewed.

Antiphospholipid antibodies (APLs)

Antiphospholipid antibodies (APLs) are a group of auto-
antibodies that are directed against phospholipids (cell
wall components) associated with certain coagulation
proteins. Most relevant to thrombosis risk are lupus anti-
coagulants (or lupus inhibitors) and anticardiolipin
antibodies. When either or both are found in association
with arterial or venous thrombosis, or with recurrent
pregnancy loss, the term antiphospholipid antibody syn-
drome is applied. This syndrome most commonly occurs
in isolation, as primary antiphospholipid antibody
syndrome, but it may also be encountered as a secondary
manifestation of another autoimmune disorder, most
notably systemic lupus erythematosus. APLs in the
absence of a thrombotic history, and generally of lower
titer, are relatively prevalent in the general population,
having been described in 2–3% of healthy blood donors.

Obesity

Obesity, defined as a body mass index (BMI) > 30 kg/m2,
is in general associated with an increased predilection
to VTE. The Nurses’ Health Study (Goldhaber, 1997)
reported an increased relative risk of PE of 3.2 in those
with BMI >29 kg/m2 compared to the relative risk of 1.7
in the reference group (patients with a BMI of 25 kg/m2

or less). Similarly, Tsai et al. (2002) reported a relative risk
of VTE of 1.5 in those with a BMI 25–30 kg/m2, and 2.01
for those >30 kg/m2.

Obesity as a contributing cause of VTE will undoubt-
edly continue to increasingly contribute to the incidence
of VTE as it becomes more prevalent in the United States
and other Western nations. One retrospective study con-
cluded that the contribution of obesity to the incidence of
VTE between 1990 and 2000 could have accounted for an
excess of 38 000 new cases of VTE in the United States.
However, prospective trials should be completed in the
future to better estimate the increasing cost of this health
epidemic.
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Hospitalization and surgery
It has been well established that the risk of developing
VTE is increased during hospitalization. It has been esti-
mated that >12 000 000 inpatients, constituting about
30% of hospital discharges annually in the United States,
are potentially at risk of VTE, and that approximately
10% of hospital deaths are directly attributable to PE,
with the majority occurring in nonsurgical inpatients.

Surgical patients are at risk for VTE, but the magni-
tude of the risk varies according to the type of surgery as
well as comorbidities such as age, BMI, and underlying
cancer. In the absence of prophylactic anticoagulation, the
risk of thrombosis is reasonably well established, and
consensus guidelines on the appropriate use of prophy-
laxis in surgical and nonsurgical patients have been pub-
lished and are updated regularly (Buller, 2004; Geerts,
2004). In general, the risk of VTE is greatest in patients
undergoing surgical procedures for cancer and in major
orthopedic procedures, such as a total hip or knee
replacement.
Cancer

Patients with cancer are known to have an increased
risk of VTE. Certain cancers (of the brain, ovary, pancreas,
and lymph system, as in lymphoma) have been correla-
ted with a more marked propensity to VTE. Although
many postulated mechanisms have been described, the
molecular mechanism of cancer-induced thrombosis
remains largely unknown. The prevalence of VTE in
cancer patients is approximately 10–20%, and in patients
presenting with idiopathic VTE, the prevalence of occult
cancer may be in the range of 5–10%. The risk of VTE is
further accentuated in patients treated with chemother-
apy. Randomized controlled trials have demonstrated that
anticoagulation therapy (especially using low-molecular-
weight heparins) can prolong survival in patients with
cancer – especially those with nonmetastatic disease at
the time of presentation.
Pregnancy

The risk of VTE is increased in pregnant patients, and its
importance is emphasized because PE is the most com-
mon cause of maternal mortality in the United States and
much of Western Europe. The etiology of pregnancy-
induced VTE includes a combination of hormonal and
vascular changes, but also other risk factors, such as obe-
sity, bed rest, age, and preeclampsia. James et al. (1996)
determined that the prevalence of VTE in pregnant
patients is approximately 1 in 1000 pregnancies. The
risk of VTE is increased throughout pregnancy, but
the risk of PE is highest during the last trimester and in
the puerperium. The combination of pregnancy and con-
genital thrombophilia remains a controversial issue in
regards to the need for prophylactic anticoagulation to
prevent maternal VTE and/or pregnancy loss, presum-
ably due in major part to placental thrombosis. To
date, the only thrombophilic state in which randomized
controlled trial level evidence supports the use of prophy-
lactic anticoagulation to prevent pregnancy loss is anti-
phosphoplipid antibody syndrome. Anticoagulation with
the use of unfractionated heparin and aspirin compared to
aspirin alone demonstrated a significant improvement in
the live birth rate of 70% with combined therapy, as
opposed to 41% with aspirin alone.
Oral contraceptive therapy (OCT)

Many studies have focused on the risk of VTE during
hormonal contraceptive usage. Several factors contribute
to this risk, including the precise estrogen content, the
type of component progestagen in combined estrogen-
progestagen therapies, and other comorbidities. The
reported risk ratio of VTE in women taking non-third-
generation, combined, oral contraceptives ranges from
1.0 to 5.0, although the vast majority of studies demon-
strate some significantly increased risk. Unfortunately,
as the side effect profile of oral contraceptive therapy
(OCT) has improved, so too has the risk of VTE.
Thus, the risk of VTE appears to be a further two- to
threefold higher in patients taking OCTcontaining third-
generation progestagens compared to those containing
second-generation progestagens. The use of OCT is pref-
erably avoided in patients with a known history of VTE
and/or thrombophilia.
Hormone replacement therapy (HRT)

Estrogen-based hormone replacement therapy (HRT) is
also associated with an increased risk of VTE, with a
relative risk of 2–3 in several large-scale studies. Unlike
the case with OCT therapy in premenopausal women,
HRTadministered transdermally (using slow-release skin
patches) does not appear to be associated with the same
increased risk of VTE that may be seen with orally admi-
nistered preparations.
Homocysteine

Homocysteine is an amino acid that is derived from dietary
methionine. Plasma levels are influenced by genetic factors
as well as relative dietary deficiencies of folic acid, vitamin
B6, and/or vitamin B12, which are cofactors in the meta-
bolic recycling of homocysteine. Numerous case-control
studies have demonstrated that homocysteine levels may
be mildly elevated in numerous pathological conditions
(peripheral vascular disease, diabetes, cardiovascular dis-
ease, etc.) in addition to VTE. However, the clinical utility
of screening for hyperhomocysteinemia is unclear. In sev-
eral prospective studies, patients that had a documented
reduction in their homocysteine levels by dietary vitamin
supplementation failed to experience any reduction in
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recurrent VTE. In addition, the molecular mechanism(s)
by which homocysteine might exert its prothrombotic
effects remain(s) unknown.

Long-distance air travel

The possible association between prolonged (>6 hours)
air travel and VTE has attracted considerable media
attention in recent years. Lapostolle et al. (2001) found
that the incidence of fatal PE is approximately 1.5 per
1million travelers. Perez-Rodriguez et al. (2003) reported
that traveling for 4 or more hours approximately doubles
the risk of VTE for several weeks following the trip.
In contrast, several other studies failed to demonstrate
any increased risk of thrombosis with air travel. Reconcil-
ing these discrepancies with other available literature, the
most likely interpretation is that a subset of higher-risk
individuals (for example, those with thrombophilia, and/
or taking OCT) is uniquely susceptible to the coagula-
tion-activating effects of the hypoxic hypobaric con-
ditions during airline travel. In the general population,
however, the risk is considered to be very low to
negligible.

Interaction of risk factors

The interaction of these genetic and environmental risk
factors may be either additive or multiplicative. For exam-
ple, among young women on OCT, the risk of VTE is
increased about fourfold compared to women not using
OCT. Similarly, women who are heterozygous for the
factor V Leiden mutation are estimated to have about a
sevenfold increased risk of VTE. The interaction between
these two risk factors appears to be multiplicative rather
than additive; thus, women who are heterozygous for
factor V Leiden and are on OCT have a risk of VTE
that is increased by approximately 30- to 35-fold.
Clinical Presentation

The clinical presentations of DVTmay include leg pain,
tenderness, swelling, prominence of superficial veins, and
skin discoloration. Patients presenting with PE may com-
plain of chest pain (typically worse on inspiration, and
due to infarction of a portion of the lung), shortness of
breath, hemoptysis, and tachycardia. As already men-
tioned, PE may also present as a sudden loss of conscious-
ness or sudden death due to acute hypoxia. In general, the
symptoms and signs of both DVTand PE are nonspecific,
so that a high index of suspicion, and initiation of the
appropriate laboratory and radiological investigation is
required to make the diagnosis. Various validated clinical
scoring systems (such as the Wells score), which take into
account the patient’s profile and risk factors, have been
devised to increase the pretest probability of a diagnosis of
VTE. However, it has been demonstrated that the diag-
nosis is not confirmed by more objective criteria in
50–80% of patients with a clinical suspicion of DVT.
Diagnosis

Laboratory

Currently, the most common laboratory assay in use to
exclude the diagnosis of VTE is the measurement of
plasma D-dimer. D-dimer is the product of the break-
down of intravascular cross-linked fibrin (the insoluble
protein product of coagulation that stabilizes a thrombus).
Most centers use an enzyme-linked immunosorbent assay
(ELISA) or a variant thereof for the measurement of
D-dimer levels. The challenge with this test lies in its
interpretation. An elevated level is nonspecific, as many
conditions (sepsis, trauma, etc.) can also lead to activation
of coagulation and therefore a positive D-dimer. However,
a D-dimer within a previously validated normal reference
range for a given institution/instrument combination has
a negative predictive value of 95% or greater for VTE.
Imaging

Compression ultrasound

Compression ultrasound is a quick, noninvasive method
of evaluating for DVT. In essence, deep or superficial
veins are compressed using the ultrasound probe at spe-
cific sites in the affected extremity. The inability to com-
press these veins is indirect evidence of occlusion by
thrombus, with a specificity of >95%. In a symptomatic
individual, the sensitivity of the method for the diagnosis
of proximal DVT (popliteal vein or above) is 95% or
greater, and, in combination with a negative D-dimer, its
sensitivity in ruling out DVTapproaches 100%. However,
the sensitivity to distal DVT is not as high. Although distal
thromboses are unlikely to embolize, a fraction of them
may extend proximally and place the patient at risk for PE.
One validated clinical strategy that has been recom-
mended to rule out this possibility is repeating the ultra-
sound in 5 to 7 days. Compression ultrasound may remain
abnormal for 1 year in 50% of patients after the original
thrombus due to fibrotic organization of the thrombus.

Radionuclide lung scan (V/Q scan)

A radionuclide lung scan (V/Q scan) is used to evaluate
for a lack of vascular perfusion (Q scan) in a ventilated
portion (V scan) of the lung(s) during evaluation for PE.
An interpretation of a ‘normal’ V/Q scan is seen in only
10% of patients with suspected PE. While the interpreta-
tion of a ‘high probability’ mismatched defect has a posi-
tive predictive value of about 85%, it is only found in 10%
of symptomatic patients. The remaining interpretations of
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intermediate and low probability for PE are seen in 70%
of patients but in themselves do not exclude or establish
the diagnosis of PE. For these reasons, the V/Q scan,
although of great historical significance, is being used
with increasingly lower frequency in clinical practice.

Spiral computed tomography (spiral CT)

The spiral computed tomography (spiral CT) test has
become the most commonly employed method of evaluat-
ing for pulmonary embolus in the United States. The test
uses CT angiography to evaluate the pulmonary vascular
system. In the presence of vascular obstruction, the throm-
bus is visualized by a ‘filling defect’ (absence of intrave-
nously administered contrast). This finding is indicative of
approximately a 90% probability of pulmonary embolus.

Pulmonary angiography

Angiography is still considered the gold standard in the
diagnosis of PE. The procedure entails insertion of a
catheter into the pulmonary artery through which radio-
contrast media is administered to visualize vessel patency.
While pulmonary angiography has a high positive and
negative predictive value in screening for PE, the techni-
cal difficulty and invasiveness in performing this proce-
dure limits its value to those cases in which other
approaches have proven to be inconclusive.
Treatment

The mainstay of treatment for VTE is systemic anti-
coagulation therapy. Anticoagulant agents do not directly
induce clot breakdown or removal, but they do inhibit
thrombus extension and embolization. While the intensity
of anticoagulation is reasonably standard regardless of the
presentation, the duration of treatment will depend on
several factors. Foremost among these is the mode of
presentation. Patients developing VTE after a clear incit-
ing event (e.g., surgery or trauma) are at lower risk of
recurrence than those presenting with idiopathic (i.e.,
apparently unprovoked) VTE, and therefore require a
shorter duration of therapy (usually limited to 3months).
Other factors that may influence the duration of therapy
include patient comorbidities, risk of bleeding on anti-
coagulation, (some forms of ) thrombophilia, prior history
of VTE, age, pregnancy, patient preference, and the
type of VTE (DVT vs. PE).
Heparin and low-molecular-weight heparins
(LMWH)

As previously stated, heparin and low-molecular-weight
heparins (LMWH) work by accelerating antithrombin-
mediated inactivation of coagulation proteases. Both
forms can be given intravenously or subcutaneously.
LMWH has the added benefit of providing a longer
duration of therapy and does not require routine moni-
toring under usual circumstances. Both forms of heparin
have the advantages that their onset of action is immedi-
ate, and they are relatively rapidly reversible. They are
therefore used as the mainstay of early treatment in the
management of VTE. In a meta-analysis performed by
Quinlan et al. (2004), after reviewing at least 12 rando-
mized controlled trials, the major risk of bleeding was
1.4% among patients receiving LMWH compared to
2.3% among patients receiving unfractionated heparin
(odds ratio, 0.67 [confidence interval, 0.36 to 1.27]).
Oral vitamin K antagonists

Longer-term oral anticoagulation can be achieved using
one of the vitamin K antagonists; in the United States,
warfarin is the most commonly used agent. It is estimated
that almost 1% of the population is being treated
with warfarin, for various indications. By inhibiting the
vitamin K epoxide reductase enzyme, warfarin prevents
the essential recycling of vitamin K that is required to
process the final steps in the synthesis of several coagula-
tion factors in the liver. The cumulative effect of reduced
circulating levels of coagulation factors II, VII, IX, and X
partially inhibits the coagulation system to prevent
extension or recurrence of thrombosis. The major risk
of any form of anticoagulation therapy is bleeding, esti-
mated to be 2% during the first 3months of therapy, and
1–3% per annum thereafter, with the risks being particu-
larly high among the elderly. The case-fatality rate from
bleeding is approximately 13%. Therefore, the risk/
benefit ratio of anticoagulation therapy needs to be care-
fully considered, especially in patients at higher risk of
recurrence, where long-term anticoagulation therapy is
being considered.
Inferior vena cava (IVC) filter

An inferior vena cava (IVC) filter is a mechanical device
that allows blood and soluble elements to pass, but
obstructs the passage of thrombi that may result in symp-
tomatic PE. IVC filters are placed in situations when
necessary anticoagulation cannot be continued (e.g., due
to serious bleeding complications), or when recurrent PE
is documented despite seemingly adequate intensity
anticoagulation. However, a high incidence of recurrent
DVT distal to the filter has been recognized in patients
with permanent IVC filters, itself necessitating longer-
term anticoagulation therapy. More recently, several
types of temporary (removable) IVC filters have been
introduced. These devices may provide the necessary
short-term alternative to anticoagulation without them-
selves precipitating late distal DVTs.
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VTE Recurrence

The cumulative risk of recurrent VTE in patients with
idiopathic VTE is approximately 5–7% at 6–12months
after the initial event, and approximately 20–30% after
5 years. These rates are substantially higher than in
patients presenting with an event after an inciting epi-
sode. As already discussed, the assessment of the dura-
tion of anticoagulation needs to take into account all the
factors that contributed to the event. The D-dimer assay
has been used to evaluate for the risk of recurrence.
Specifically, when measured in patients after 3months
of anticoagulation for DVT, an elevated level is predic-
tive of a higher risk of recurrent DVT and may indicate
a need to continue anticoagulation for a more prolonged
period.
Prevention

Because the ability to diagnose VTE by clinical (non-
radiologic) means is so poor, emphasis should be placed
on the prevention of VTE in hospitalized patients.
Evidence-based guidelines, updated and published
every few years by the American College of Chest
Physicians’ consensus conference participants, recom-
mend the use of mechanical or pharmacological meth-
ods to prevent DVT in a large proportion (about
one-third) of hospitalized patients. In most of these
situations, the risk of low-intensity anticoagulation pro-
phylaxis has to be balanced against the risk of bleeding
due to (as well as cost of) anticoagulant medications.
High-quality evidence has gradually accumulated showing
that some types of surgery (e.g., total knee replacement)
are at particularly high risk of postoperative VTE. In
this, and in most other at-risk situations, prophylactic
anticoagulation reduces the relative risk of VTE by
about two-thirds.

Aside from short-term intervention using anticoagula-
tion in these types of situations, preventive strategies
should also be linked to controlling comorbid illnesses –
that is, better implementation of proven screening strate-
gies for cancer, improved control of intercurrent illnesses
such as diabetes to avoid hospitalization. Lastly, given the
link between risk factors – such as obesity, immobility, and
dietary habits – and VTE, the opportunity exists to
reduce the burden of disease by appropriately implemen-
ted prevention strategies. For example, the frail elderly –
who are at particularly high risk of VTE – may benefit
from appropriately implemented physical therapy pro-
grams. Similarly, a diet enriched in fish, fruit, and vege-
tables has recently been demonstrated to reduce the risk
of VTE. More work is required to understand the rela-
tionship between diet and dietary supplements in the
etiology and/or prevention of VTE.
Mortality

VTE remains a significant cause of mortality in our
society. Cushman et al. (2004) reported that the 28-day
mortality for those presenting for DVT was 9%, while
those presenting with PE was 15%. Similarly, White
(2003) reported a 6-month fatality rate of 10% from
DVT, compared to a rate of 14% from PE. The Interna-
tional Cooperative Registry (Goldhaber, 1999) for PE
revealed that the 3-month overall mortality rate was
approximately 15% for PE. Mortality rates are increased
with age, and in the presence of cancer. These findings are
fairly similar to the rates noted in Western Europe.
Although mortality rates from PE have been reported to
have decreased over the past 30 years, the declining
autopsy rates may be part of the explanation.
Future Directions

Over the past decade, considerable effort has been
invested in the development of novel anticoagulant thera-
pies. Some agents have recently been approved by the
regulatory authorities, although as yet, no orally available
agent to replace warfarin has been successfully developed.
However, this situation is likely to change within the next
5 years. One limitation of all newer therapies is the avail-
ability of a specific antidote to be given in the event of
urgent reversal due to bleeding; therefore, it is certainly
not a fait accompli that warfarin will become obsolete.

A better understanding of the reasons underlying the
ethnic/racial differences in the incidence of VTE would
seem to be a research priority, as would the availability of
improved clinical algorithms to predict the risk of recur-
rence in individual patients. Similarly, an improved
understanding of the scientific basis underlying the asso-
ciation between VTE and increasing age and obesity is a
high priority. Finally, because of the difficulties in the
diagnosis of early VTE, especially in hospitalized patients,
efforts will continue to focus on the prevention of VTE by
the appropriate use of prophylactic dose anticoagulation in
high-risk patient groups.

See also: Cardiovascular Disease: Overview and Trends;

Cardiovascular Disease Prevention; Genetic Factors of

Cardiovascular Diseases; Hypertension; Peripheral Arte-

rial Disease.
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Introduction

Violence against women is a major public health problem
and an abuse of women’s human rights. It is pervasive
worldwide, although its prevalence varies between sites, as
do the patterns and forms it takes. Violence against
women is an important risk factor for women’s health,
resulting in a wide range of negative outcomes for
women’s health and well-being, including their sexual
and reproductive health.

Violence against women can take many forms, includ-
ing: physical, sexual, and emotional abuse by an intimate
partner; rape and sexual assault whether by a partner,
acquaintance, or stranger, or in the context of war; sexual
abuse during childhood; trafficking for purposes of sex or
forced labor; forced prostitution; female genital mutila-
tion, child marriage, and other harmful traditional prac-
tices; and murders in the name of honor or related to
dowry. Violence against women is also referred to as
gender-based violence (GBV) because it is closely linked
to gender inequality and to the social norms that perpet-
uate women’s and girls’ subordinate status in society.
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This articles focuses on intimate partner violence (also
known as domestic violence), and sexual violence includ-
ing during conflict and displacement, while also touching
on child sexual abuse, trafficking of women and female
genital mutilation, both because they are common forms
of violence experienced by girls and women globally and
because of their particular impact on sexual and repro-
ductive health. While recognizing that the health conse-
quences of violence are far-ranging and include,
importantly, mental health, injuries, and other physical
health problems, this article focuses on the sexual and
reproductive health aspects.

How Widespread Is Violence
Against Women?

A growing number of studies worldwide are documenting
how common violence against women is. The majority of
the population-based studies so far have focused on inti-
mate partner violence, particularly physical and sexual
(few studies so far also include emotional abuse), and less
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so on rape (by all perpetrators) and other forms of sexual
abuse. Trafficking of women, violence during conflict and
war, and other forms of violence against women remain
understudied and not so well documented.
Intimate Partner Violence

A review (to 1999) of population-based studies from
around the world found that between 10 and 69% of
women reported being physically abused by an intimate
male partner at some point in their life (Heise and Garcia-
Moreno, 2002). This violence is usually accompanied by
sexual and emotional violence, and studies are beginning to
collect data on these other forms of abuse. Table 1 sum-
marizes existing data on the prevalence of partner physical
violence.

Until recently, data on this problem, while valid, have
been difficult to compare across countries due to meth-
odological differences, for example, in sample size, mea-
surement of violence, age, and characteristics of those
interviewed.

The World Health Organization’s (WHO’s) Multi-
Country Study on women’s health and domestic violence
was designed to document the magnitude and nature of
violence that women experienced, with a focus on inti-
mate partner violence (its risk and protective factors,
association with health outcomes, and women’s responses
to such violence), with comparable methods across
countries. Over 24 000 women were interviewed in
15 sites in 10 countries: Bangladesh, Brazil, Ethiopia,
Japan, Namibia, Peru, Samoa, Serbia, Thailand, and the
United Republic of Tanzania (comparable data are now
also available from Equatorial Guinea, the Maldives, and
New Zealand). The study found that the lifetime preva-
lence of physical intimate partner violence was between
13 and 61%, with most sites reporting between 23 and
49%. The lifetime prevalence of intimate partner sexual
violence was between 6 and 59%. Overall, between 15 and
71% of women reported physical or sexual violence, or
both, in their lifetime (Garcia-Moreno et al., 2006). Emo-
tional abuse was also measured, asking about the presence
and frequency of acts such as being insulted or made to
feel bad, belittled, or humiliated in front of others, or
threats to hurt someone you loved. Controlling behaviors
were also measured and included: keeping a woman from
seeing her friends, restricting contact with her family,
insisting on knowing where she is at all times, expected
to ask permission to seek health care, etc. Although there
is less agreement about what constitutes emotional abuse,
making it hard to determine its prevalence, women often
report this as a most disempowering and devastating
aspect of abuse by an intimate partner. Controlling beha-
viors by an intimate partner in the WHO study were
found to be associated with perpetration of physical and
sexual abuse. The study confirmed that there is wide
variation in prevalence both between and within countries.
The difference is particularly striking when looking at
violence in the past year, with women in developing
countries generally having a higher prevalence.
Intimate Partner Violence during Pregnancy

Partner violence often persists during pregnancy, with
negative consequences for both maternal and infant health.
Studies from the United States, Canada, and Europe have
found a prevalence of violence during pregnancy to be
between 3.4 and 11%. Studies from developing countries
have found that 4 to 32% of women reporting have been
subjected to physical violence (Campbell et al., 2004). In the
WHO Multi-Country Study, the prevalence of physical
abuse during pregnancy, among ever pregnant women,
ranged from 4 to 12% in most sites. Abuse during preg-
nancyoften involves blows to the abdomen,whichmay have
serious consequences for both the mother and the infant as
well. Overall, it would appear that this violence is a contin-
uation of ongoing violence, with a small but varying per-
centage of women, depending on the site, reporting that this
abuse started during the pregnancy. The evidence suggests
that in some settings, pregnancy may offer protection, with
violence decreasing during this time, while in others vio-
lence may increase (or start) as a result of pregnancy.
Sexual Violence, Including during Conflict
and Displacement

Sexual violence is a global problem that until recently has
remained hidden. It happens predominantly to women
and girls, but boys and men are also sexually assaulted.
The lifetime risk of attempted or completed rape is up to
20% for women ( Jewkes et al., 2002). Legal definitions
may vary, but rape is usually defined as the nonconsensual
penetration of the vagina, mouth, or anus, by a penis.
When an object other than the penis is used, the term
assault is usually employed.

There is increasing concern with the violence that
women and children, primarily girls, experience during
conflict and displacement. While exact estimates of the
magnitude of such violence are difficult to determine, it
has been documented in Bosnia, Colombia, Darfur in
Sudan, the Democratic Republic of Congo, Kosovo, and
Rwanda, to name a few places (McGinn, 2001; Amnesty
International, 2004). Abductions, sexual servitude, and
violent rape by armed actors have also been reported. In
situations of conflict and displacement, women may be
exposed to rape and sexual abuse during the flight, on
arrival and in camps, and after the conflict due to
increased societal disruption and presence of weapons.
Services are difficult to find in these situations, making
things even more difficult, and women may be forced to
trade sex for food or money.



Table 1 Prevalence of physical assaults on women by a male partner a

Country or area Year of study Region covered Sample size Study population Age (years)

Proportion of women physically
assaulted by a partner last

12months Ever

Africa

Ethiopia 2002 Meskanena Woreda 2261 III 15–49 29 49

Kenya 1984–87 Kisii District 612 V >15 42b

Malawic 2005 National 3546 30

Namibia 2003 Windhoek 1367 III 15–49 16 31

South Africa 1998 Eastern Cape 396 III 18–49 11 27

1998 Mpumalanga 419 III 18–49 12 28

1998 Northern Province 464 III 18–49 5 19

1998 National 10 190 II 15–49 6 13

Uganda 1995–96 Lira and Masaka 1660 II 20–44 41b

United Republic of Tanzania 2002 Dar es Salaam 1442 III 15–49 15 33

2002 Mbeya 1256 III 15–49 19 47

Zambia 2001–02 National 3792 III 15–49 27 49

Zimbabwe 1996 Midlands Province 966 I >18 17d

Latin America and the Caribbean

Barbados 1990 National 264 I 20–45 30e,f

Brazil 2001 Sao Paulo 940 III 15–49 8 27

2001 Pernambuco 1188 III 15–49 13 35

Chile 1993 Santiago Province 1000 II 22–55 26b

1997 Santiago 310 II 15–49 23

2004g Santa Rosa 422 IV 15–49 4 25

Colombia 1995 National 6097 II 15–49 19b

2000 National 7602 III 15–49 3 44

Dominican Republic 2002 National 6807 III 15–49 11 22

Ecuador 1995 National 11 657 II 15–49 12

El Salvador 2002 National 10 689 III 15–49 6 20b

Guatemala 2002 National 6595 VI 15–49 9

Honduras 2001 National 6827 VI 15–49 6 10

Haiti 2000 National 2347 III 15–49 21 29

Mexico 1996 Guadalajara 650 III >15 27

1996g Monterrey 1064 III >15 17

2003 National 34 184 II >15 9

Nicaragua 1995 Leon 360 III 15–49 27 52

1997 Managua 378 III 15–49 33 69

1998 National 8507 III 15–49 13 30

Paraguay 1995–96 National 5940 III 15–49 10

2004 National 5070 III 15–44 7 19

Peru 2000 National 17 369 III 15–49 2 42

2001 Lima 1019 III 15–49 17 50

\2001 Cusco 1497 III 15–49 25 62

Puerto Rico 1995–96 National 4755 III 15–49 13h

Uruguay 1997 National 545 IIi 22–55 10f
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Table 1 Continued

Country or area Year of study Region covered Sample size Study population Age (years)

Proportion of women physically
assaulted by a partner last

12months Ever

North America

Canada 1993 National 12 300 I >18 3d,f 29d,f

1999 National 8356 III >15 3 8j

USA 1995–96 National 8000 I >18 1e 22e

Asia and Western Pacific

Australia 1996 National 6300 I 3a 8b,d

2002–03 National 6438 III 18–69 3 31

Bangladesh 1992 National (villages) 1225 II <50 19 47

1993 Two rural regions 10 368 II 15–49 42b

2003 Dhaka 1373 III 15–49 19 40

2003 Matlab 1329 III 15–49 16 42

Cambodia 1996 Six regions 1374 III 15–49 16

2000 National 2403 III 15–49 15 18

China 1999–00 National 1665 II 20–64 15

India 1998–99 National 90 303 III 15–49 10 19

1999 Six states 9938 III 15–49 14 40

2004g Lucknow 506 IV 15–49 25 35

2004g Trivandrum 700 IV 15–49 20 43

2004g Vellore 716 IV 15–49 16 31

Indonesia 2000 Central Java 765 IV 15–49 2 11

Japan 2001 Yokohama 1276 III 18–49 3 13

Maldives 2006 National 1732 III 15–49 6 18

New Zealand 2002 Auckland 1309 III 18–64 5 30

2002 North Waikato 1360 III 18–64 34

Papua New Guinea 2002 National, rural

villages

628 IIIi 67

Philippines 1993 National 8481 IV 15–49 10

1998 Cagayan de Oro 1660 II 15–49 26

City and Bukidnon

2004g Paco 1000 IV 15–49 6 21

Republic of Korea 2004 National 5916 II 20 – 13.2 20.7

Samoa 2000 National 1204 III 15–49 18 41

Tajikistank 2005 Khatlon region 400 I 17–49 19 36

Thailand 2002 Bangkok 1048 III 15–49 8 23

2002 Nakonsawan 1024 III 15–49 13 34

Viet Nam 2004 Ha Tay province 1090 III 15–60 14 25

Europe

Albania 2002 National 4049 III 15–44 5 8

Azerbaijan 2001 National 5533 III 15–44 8 20

Finland 1997 National 4955 I 18–74 7

Finland 2005 National 4464 I 18–74 6

France 2002 National 5908 II >18 3 9l

Georgia 1999 National 5694 III 15–44 2 5
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Germany 2003 National 10 264 III 16–85 23d

Lithuania 1999 National 1010 II 18–74 42b,d,m

Netherlands 1986 National 989 I 20–60 21e

Norway 1989 Tronheim 111 III 20–49 18

Norway 2003 National 2143 III 20–56 627

Republic of Moldova 1997 National 4790 III 15–44 8 15

Romania 1999 National 5322 III 15–44 10 29

Russian Federation 2000 Three provinces 5482 III 15–44 7 22

Former Yugoslav Republics of Serbia and 2003 Belgrade 1189 III 15–49 3 23

Montenegro

Sweden 2000 National 5868 III 18–64 4h 18h

Switzerland 1994–96 National 1500 II 20–60 6f 21f

2003 National 1882 III >18 10

Turkey 1998 East/South-East 599 I 14–75 58e

Anatolia

Ukraine 1999 National 5596 III 15–44 7 19

United Kingdom of 1993g North London 430 I >16 12e 30e

Great Britain and 2001 National 12 226 I 16–59 3 19n

Northern Ireland

Eastern Mediterranean

Egypt 1995–96 National 7123 III 15–49 13 34

2004j El-Sheik Zayed 631 IV 15–49 11 11

Israel 1997 Arab population 1826 II 19–67 32

West Bank and Gaza 1994 Palestinian 2410 II 17–65 52

Strip population

Key to: Study population

I: All women

II: Currently married/partnered women

III: Ever married/partnered women

IV: Women with a pregnancy outcome

V: Married women; half with pregnancy outcome, half without

VI: Women who had a partner within the last 12months
aSource for all countries or areas, unless noted is adapted from Ellsberg M and Heise L (2005) Researching Violence Against Women: A Practical Guide for Researchers and Activists.

Washington, DC: PATH/WHO; United Nations (2006) World report on violence and children. Secretary-General’s Report. New York: United Nations.
bDuring current relationship.
cPelser E, Gondwre L, Mayamba C, Mhango T, Phiri W, and Burton P (2005) Intimate partner violence: Results from a national gender-based study in Malawi, South Africa. Crime and Justice

Statistical Division, National Statistical Office.
dAlthough sample included all women, rate of abuse is shown for ever married/partnered women (number not given).
eSample group included women who had never been in a relationship and therefore were not in exposed group.
fPhysical or sexual assault.
gPublication date (field work dates not reported).
hRate of partner abuse among ever married/partnered women recalculated from author’s data.
iNonrandom sampling methods used.
jWithin the last five years.
kHaar RN (2005) Violence against women in marriage: A general population study in Khatlon Oblast, Tajikistan, baseline survey conducted by the NGO Social Development Group. In Secretary

General‘s study on violence against women, United Nations document A/61/122/Add.1. Tajikistan: Unites Nations.
lSince the age of 18.
mIncludes threats.
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Child Sexual Abuse and Forced First Sex

Women and girls are most at risk of sexual violence from
people they know, whether partners or other family mem-
bers, boyfriends, neighbors, acquaintances, and less fre-
quently strangers. Precise estimates are difficult to give
since sexual violence, particularly during childhood,
remains a highly stigmatized and taboo subject in most
societies. However, studies from around the world show
that approximately 20% of women and 5 to 10% of men
report having been sexually abused as children (WHO
and ISPCAN, 2006). In the WHO Multi-Country Study
the most commonly reported perpetrators of this were
family members, particularly male family members other
than fathers and stepfathers, although strangers were also
an important category. Abuse during childhood has been
found to be associated with abuse in later life (Fergusson
et al., 1997; Coid et al., 2001). It is also associated with
many unhealthy outcomes, particularly behavioral and
psychological problems, low self-esteem and depression,
and with high, sexual risk-taking behaviors, such as
increased number of partners and increased use of alcohol
and other substances.

Forced sexual initiation is also a common occurrence.
The WHO Multi-Country Study confirmed that a sub-
stantial proportion of young women reported their first
experience of sexual intercourse as coerced or forced,
which is consistent with studies from other countries,
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such as Uganda (Koenig et al., 2004) and Ghana (Glover
et al., 2003). This was more likely to be the case the
younger the reported age of the first sexual encounter
(Figure 1). Coerced sex has been linked with lower
use of modern contraception and of condom at last
intercourse, more unwanted pregnancies, and more
genital tract symptoms among young girls in Uganda
(Koenig et al., 2004).
Trafficking of Women

This form of violence is hard to document, particularly as
it is an illegal practice, often carried out by bands of
organized crime. Several organizations collect data on
human trafficking, and while there is no agreement on
what is the best estimate, there is agreement that it affects
hundreds of thousands of people, particularly women and
children, who are trafficked across borders in many parts
of the world. Often this is for purposes of sex and prosti-
tution, and these women are at increased risk of violence,
sexually transmitted infections (STIs), and mental health
problems (Zimmerman, 2005).
Female Genital Mutilation

Other forms of violence against women include harmful
practices such as female genital mutilation (FGM). FGM
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is a global concern (WHO, 2008). The WHO estimates
that about 100–140million women have been subjected to
FGM in 28 countries in Africa as well as among immi-
grants in Australia, New Zealand, Canada, Europe, and
the United States. It appears that FGM is also practiced in
some countries of Asia especially among certain popula-
tions in India, Indonesia, and Malaysia. The practice is
being reported in the Middle East, particularly in north-
ern Saudi Arabia, southern Jordan, Iraq, and Yemen. It has
been estimated that approximately 3million girls are
mutilated each year (Yoder et al., 2004). The prevalence
of FGM varies from country to country, and also varies
between different ethnic groups within each country. For
example, the prevalence is above 90% in Djibouti, Egypt,
Guinea-Conakry, Mali, and Somalia, while the preva-
lence is only 5% in Niger and Uganda. The most severe
form of FGM, Type III, involves excision of the labia
minora and labia majora and suturing of the vaginal open-
ing (with only a small opening left for urinating). Since
FGM procedures are generally carried out under unhy-
gienic conditions, they commonly result in short- and
long-term complications and sequelae.
The Sexual and Reproductive Health
Consequences of Violence

Violence against women is associated with a wide range of
negative health outcomes (Resnick et al., 1997; Plichta and
Falik, 2001; Campbell et al., 2002), including injuries,
mental health problems, and adverse effects on sexual
and reproductive health (Figure 2). The latter include:
unwanted pregnancies and STIs, including HIV/AIDS,
gynecological problems (Wijma et al., 2003), and abortion
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Figure 2 Health outcomes found to be associated with violence ag
violence against women. Population Reports Series L, No. 11. Baltim
(Holmes et al., 1996). Vesico-vaginal and rectal fistulas can
also result from violent rape, and this is particularly
common in some conflict settings.

There are both direct and indirect pathways leading to
sexual and reproductive ill health. Rape and sexual
assault, for example, can directly result in unwanted preg-
nancy and STIs, including HIV. In addition, violence and
fear of violence make it difficult to use contraception and
to negotiate condom use and safe sex, thereby also leading
to unwanted pregnancy and STIs. Sexual abuse during
childhood has been associated with high-risk sexual
behavior during adolescence and later in life, including
an increased number of partners and early and unpro-
tected sex, and use of alcohol and drugs – all factors that
are associated with a higher risk of HIV infection.

Violence against women is associated with HIV and
AIDS in a variety of ways. Violence by an intimate partner
and fear of violence affect the opportunities for women to
protect themselves and to request safer sex practices
including condom use, and can also act as a barrier to
HIV testing. Rape by an infected person can be responsible
for HIV transmission or lead to other STIs and tears and
lacerations, which increase the likelihood of HIV infection.
Violence also interferes with women’s ability to access care
and treatment. Lastly, violence can be an outcome of taking
an HIV test and of disclosure of a positive serostatus
(Maman et al., 2000; Dunkle et al., 2004).

Intimate partner abuse often persists during pregnancy
(although, as stated previously, for some women this may
be a protected time during which the violence is reduced).
Abuse during pregnancy has been associated with prema-
ture delivery, second and third trimester bleeding, low
birth weight, risk behaviors such as smoking and substance
abuse during pregnancy, and late entry into prenatal care.
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FGM, particularly the more severe form, is associated
with recurrent urinary tract infections, dyspareunia (pain
during sexual intercourse), and genital ulcers. A recent
study in six African countries found that compared to
women without FGM, women who had Type III genital
mutilation were significantly more likely to experience
cesarean section, postpartum hemorrhage, and prolonged
hospitalization after delivery. Babies of women with FGM
were more likely to require resuscitation and to be still-
born or suffer neonatal death (WHO Study Group on
Female Genital Mutilation and Obstetric Outcome, 2006).
Responding to Violence Against Women

Preventing violence from occurring in the first place (i.e.,
primary prevention) is a public health priority, and the
health sector can play an important role in gathering
evidence and advocating for this. However, early child-
hood interventions, community-based and school-based,
(a) (b)

(c)

Figure 3 Examples of information/advocacy campaigns against vio
Inc. Photography by Lotte Hansen.
media, and other approaches to challenge social norms
and promote behavior change among men, may be better
suited for this (Figure 3).

Health-care services, particularly for sexual and repro-
ductive health, have an important role to play in secondary
and tertiary prevention by identifying women who are
suffering intimate partner violence as early as possible and
contributing to prevent its recurrence and mitigate its
effects on women’s health (and lives) and that of their
children. Most women come into contact with sexual and
reproductive health services at some point in their lives,
either for family planning, postabortion care, antenatal care,
postpartum care, or treatment for STIs, and these contacts
provide an opportunity for early identification and referral.
These opportunities are, however, often lost because of
health providers’ lack of training, lack of time, and fear of
offending women, among other constraints. Wijma et al.
(2003), for example, documented that despite the high
prevalence of physical, sexual, and emotional abuse
among women attending gynecological clinics in five
lence against women. Copyright (C) 2007 Men Can Stop Rape,
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Nordic countries, most victims of abuse were not identified
by their gynecologists. This may mean that abused women
do not get the care they need. Since violence affects both
women’s health and the relevance and effectiveness of the
care received, it is important that health-care providers
understand and identify the problem as they may know-
ingly or unknowingly impair women’s ability to deal with
this violence, offer inappropriate care, or put women at risk.

Health providers need to help women in abusive rela-
tionships to assess their risk and do a safety plan, and
ensure that they have access to other services as needed.
They also need to document the information in ways that
can be used in court if a woman desires to pursue this
option, while maintaining confidentiality and privacy.
Similarly, with rape and sexual assault, there is a need to
ensure that any provider can provide at least the initial
management, including treatment of injuries, preservation
of forensic evidence, prevention of unwanted pregnancies
and STIs, referral for pregnancy termination where legal,
and psychosocial support (WHO, 2003).

More needs to be done to educate physicians, nurses,
midwives, and other primary health-care providers on
gender equality and equity issues and on violence,
whether this is a focus of their work or not. The most
promising approaches in this regard are those that use a
systems approach that goes beyond training individual
providers. Profamilia, the family planning association in
the Dominican Republic, provides an example of such an
approach, in which attention to gender-based violence was
systematically integrated throughout all of the organiza-
tion’s services and at all levels (Population Council, 2006).
Typically, these programs address all elements of care
including both clinical and psychosocial support and estab-
lish partnerships with nongovernmental organizations or
other service providers to ensure referral is possible.
Others have attempted to provide all types of service in
one location, usually in a hospital setting, as is the case with
the One Stop Centers in Malaysia and other countries.

Programs need to be adapted to the specific context
and the realities of health systems in different parts of the
world. Everywhere, sexual and reproductive health-care
providers must rise to the challenge of responding to
women’s needs. Recognizing how common violence
against women is and its impact on women’s health and
lives is an important first step.
Conclusion

Violence against women is an important determinant of
women’s sexual and reproductive health and a public
health concern in all parts of the world. Health providers,
particularly those who care for women, need to under-
stand the nature of the problem, its dynamics and impact
on women’s health and that of their families, and what
they can do to mitigate its consequences and provide the
care and support that women need.

See also: Abortion; Child Abuse/Treatment; Child Wit-

ness to Violence; Gender Aspects of Sexual and

Reproductive Health; Reproductive Rights; Sexual and

Reproductive Health: Overview; Sexual Violence.
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Introduction

This article provides an overview of the public health
approach to violence and its prevention. This approach
has emerged over the last three decades, and has been
consolidated in the last decade by the forty-ninth World
Health Assembly declaring violence a priority in 1996,
the publication of the World Report on Violence and
Health by the World Health Organization (WHO) in
2002, the publication of subsequent strategic and policy
guidance documents detailing how to implement and
evaluate violence prevention initiatives, and the ongoing
Global Campaign for Violence Prevention coordinated
by WHO. While evidence of successful interventions to
prevent violence remains incomplete, for every form of
violence there is now some evidence of strategies that
have been effective and could be scaled up, given political
will and investment.

Three key themes emerge from the public-health-
focused research on violence over this period. Firstly,
violence is common, estimated to be responsible for
1.6million deaths per year globally and substantially
more physical, psychological, and social morbidity. Sec-
ondly, violence is not random, but like other forms of
injury can be predicted to some extent by demographic
and situational factors. The risk factors for violence are
relatively well known, and those who have experienced
one form of violence are more likely to experience
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another. Thirdly, violence is relational: The majority of
violent incidents occur between people who know one
another. Violence can be a means for one person or group
to demonstrate their power over another. In this article,
I will explore these themes in more detail, providing a
framework for a public health approach to understanding
violence. This article also points to other places in this
encyclopedia where more detail about specific forms of
violence and preventive strategies are explored (Figure 1).
Figure 1 World Health Organization, Global Campaign for

Violence Prevention. Violence in Red poster series: Youth
Violence.
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Figure 2 Typology of violence. From Wolf R, Daichman L, and Ben
Mercy J, et al. (eds.) World Report on Violence and Health. Geneva: W
Definitions

Public health practitioners generally define violence in
broad terms. The World Health Organization defines
violence as:

the intentional use of physical force or power, threatened

or actual, against oneself, another person, or against a

group or community, that either results in or has a high

likelihood of resulting in injury, death, psychological

harm, maldevelopment or deprivation. (Krug et al., 2002)

This definition states that the use of physical force or
power must be intentional in order for a violent act to
have occurred. Intentionality is usually clear to the victim
but many injuries that are intentional may be reported as
unintentional. For example, a victim of domestic violence
presenting to a hospital department with a violent partner
is unlikely to voluntarily disclose that an injury was
intentionally caused. An intentionally inflicted injury on
a sports field may be difficult to differentiate from an
accidental sports injury.

WHO’s definition is further expanded in their typol-
ogy of violence, which classifies violence according to its
nature and against whom it is directed (Figure 2).

As part of this typology, violence is classified as
self-directed, interpersonal, or collective. Much work in
violence prevention is aimed at interpersonal violence.
Articles in this encyclopedia also address self-directed
violence/suicide and collective violence in detail. Many
forms of violence occur simultaneously; for example, rape
may be used as a weapon of war, and victims of childhood
abuse are more likely to be both self-harming and violent
toward others in later life.

Definitions vary according to their purpose, whether
they are primarily to be applied for research, policy, legis-
lative, or advocacy purposes. Defining violence broadly
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StrangerAcquaintanceElderer
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nett G (2002) Abuse of the elderly. In: Krug E, Dahlberg L,
orld Health Organization.
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allows an examination of the range of risk and protective
factors that influence violent outcomes, in particular
those factors that are common across different types of
violence and in different settings. Legal definitions, such as
those of sexual assault or rape, are in general more narrow
and specific, given the implications for the perpetrators if
convicted. Defining violence in different ways has conse-
quences for the victim, the perpetrator, the legal and
health-care systems, and society more broadly. In some
cases, definitions of violence are highly contentious, for
example in relation to terrorism. Examples of definitions
of different forms of violence from differing perspectives
are provided in Table 1.

The use of the term victim is also not universal: Some
prefer to speak of survivors of violence, recognizing the
resilience and agency associated with recovering from a
history of abuse or violence.

Injury is generally taken to mean organic harm to a
person’s body caused by acute exposure to energy. How-
ever, a significant amount of the harm from violent injury
is sustained through psychological damage. Therefore the
definition of intentional injury may differ from that of
violence, although often the two are used interchangeably.
Table 1 Some definitions of different forms of violence from diffe

Type of violence Definition

Child abuse/

maltreatment

All forms of physical and/or emotional il

commercial or other exploitation, resu
development, or dignity in the contex

Organization, 1999)

Domestic violence A chronic syndrome characterized not on

psychological abuse the perpetrators
Elder abuse A single or repeated act, or lack of appr

expectation of trust, which causes ha

Family violence Conduct, whether actual or threatened,

person’s family, that causes that pers
apprehensive about, his or her person

Gender-based violence Violence occurring in the context of wom

maintain this unequal balance of pow
Intimate partner violence Physical, sexual, or psychological harm

Control and Prevention 2008)

Rape Physical forced or otherwise coerced pe

body parts, or an object (Jewkes et a
Sexual coercion The act of forcing, or attempting to forc

deception, cultural expectations, or e

his/her will (Krantz and Garcia-Moren

Sexual violence Any sexual act, attempt to obtain a sexu
or otherwise directed, against a perso

relationship to the victim, in any settin

Structural violence The physical and psychological harm th
economic systems (Gilman, 1983)

Violence against women Any act of gender-based violence that re

psychological harm or suffering to wo

deprivations of liberty, whether occur
Workplace violence Incidents where staff are abused, threat

including commuting to and from wor

well-being or health (International Lab

Youth violence Homicide and nonfatal attacks perpetra
In general, narrow definitions of violence involve physical
acts, whereas broader definitions also encompass neglect
and/or psychological harm. This is a critical point: It is
much easier to understand, analyze, and develop public
health interventions for injuries that can be physically
identified. Psychological damage is more pervasive and
the interventions required need greater input from other
sectors. However, as anthropologists Scheper-Hughes and
Bourgois remind us:

Violence can never be understood solely in terms of its

physicality – force, assault, or the infliction of pain – alone.

Violence also includes assaults on the personhood, dignity,

sense of worth or value of the victim. The social and

cultural dimensions of violence are what give violence its

power and meaning. (Scheper-Hughes and Bourgois, 2004)
Measurement of Violence

To understand the burden of violence, we need to accu-
rately measure its incidence and prevalence, impacts
on health, economic costs, and modifiable risk factors.
ring perspectives

l treatment, sexual abuse, neglect, or negligent treatment or

lting in actual or potential harm to the child’s health, survival,
t of a relationship of responsibility, trust, or power (World Health

ly by episodes of physical violence, but also by the emotional and

use to maintain control over their partners (Hegarty et al., 2000)
opriate action, occurring within any relationship where there is an

rm or distress to an older person (Wolf et al., 2002)

by a person toward, or toward the property of, a member of that

on or any other member of the person’s family, to fear for, or be
al well-being or safety (Commonwealth of Australia, 1975)

en’s and girl’s subordinate status in society, which serves to

er (Watts and Zimmerman, 2002)
by a current or former partner or spouse (Center for Disease

netration, even if slight, of the vulva or anus using a penis, other

l., 2002)
e, another individual through violence, threats, verbal insistence,

conomic circumstances to engage in sexual behavior against

o, 2005)

al act, unwanted sexual comments or advances, or acts to traffic,
n’s sexuality using coercion, by any person regardless of their

g, but not limited to home and work (Jewkes et al., 2002)

at results from exploitative and unjust social, political, and

sults in, or has a high likelihood of resulting in, physical, sexual, or

men, including threats of such acts, coercion or arbitrary

ring in public or private life (Watts and Zimmerman, 2002)
ened, or assaulted in circumstances related to their work,

k, involving an explicit or implicit challenge to their safety,

our Office, 2002)

ted by or against a person 10–29 years of age (Mercy et al., 2002)
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Data about violence are collected through both routine
administrative data sources and specially designed epide-
miological studies. Routine data sources include death
certificates; coroners’ or mortuary reports; ambulance,
hospital, and clinic records; occasions of service from
other responding agencies; police records; and court
records. These may be the only form of information
available in many circumstances. Routinely collected
data are a relatively inexpensive method of identifying
trends and patterns of violence over time. It may be of
particular value to identify subgroups at risk, whether as
a result of age, gender, ethnicity, religious, geographic,
or class background. However, violence is known to be
seriously underreported to any public agency. Accurate
prevalence data require denominator data, i.e., informa-
tion on the population at risk of violence. Representative
cross-sectional surveys taken from populations provide the
best information on violence incidence and/or prevalence,
and are collected anonymously, which facilitates reporting.
Victimization surveys ask specific questions about experi-
ence of violence within a defined population (e.g., women
in one particular area), within a specified time frame (e.g., a
lifetime, the last 12months), and from particular sources
(e.g., an intimate partner, a stranger). Perpetration surveys
identify whether or not the person surveyed has committed
a violent act, again within specified parameters, but these
types of surveys are rare. Cross-sectional surveys are rela-
tively costly compared to routine surveillance and need to
take into account the safety, security, and confidentiality of
participants.

Surveillance is the ongoing systematic collection, colla-
tion, and analysis of data and the prompt dissemination of
the resulting information to those who need to know so
that an action can result. The surveillance of violence
can therefore include both routinely collected data and
periodic surveys, particularly those conducted in a standar-
dized format so they can be compared by time and place. An
ideal surveillance system meets a number of criteria, in-
cluding that it is simple to use, acceptable to users, stable
over time, sensitive to changes in incidence, and contains
valid data. The most internationally comparable data about
violence are obtained when the International Classification of
Diseases (ICD) codes are used for classifying and recording
data collected through administrative data sets, such as
death registries and inpatient statistics. ICD codes are peri-
odically updated byWHO. The latest edition, ICD-10, uses
body region as the primary axis for classification, with type
of injury as a secondary axis. External causes of injury and
poisoning (known as E codes) classify how the injury hap-
pened, whether or not the injury was intentional or acci-
dental, the place where the event occurred, and the activity
of the person at the time of the injury. There are currently
efforts underway to develop more detailed classification
systems for injury, including violence, such as the Interna-
tional Classification of External Causes of Injury (ICECI)
codes. ICECI is intended to complement the ICD external
causes codes, and contains core data items and addi-
tional modules. A specific module on violence has been
developed.

Different countries and settings have very different
levels of surveillance for violent incidents. Even in the
wealthiest nations, the surveillance of violence is patchy
and incomplete, and often does not provide data that can
be acted upon in a timely fashion. WHO sets priorities for
countries to consider in their data collection relevant to
violence. These are, in order of priority: Fatal violence,
nonfatal incidents, socioeconomic risk factors, and behav-
ioral risk factors. For example, in situations of conflict or
displacement, it may be a priority to collect some basic
data on all people seen by health or police agencies with
nonfatal injuries rather than implement more sophisti-
cated surveillance systems. The importance of mortality
data for assessing the severity of complex emergencies is
presented elsewhere in this encyclopedia.

Communities at greater risk of violence can be identi-
fied through area-wide analysis of national data sets such
as census data or studies of risk factors that vary by area,
such as drug and alcohol use, concentration of alcohol
outlets, socioeconomic status, and unemployment. For
example, analysis of Australian data reveals much higher
levels of violence in some areas with high Aboriginal
populations. Much of this difference can be explained by
the concentration of risk factors in some communities,
including low socioeconomic status, high unemployment,
high numbers of young people, high levels of risky alcohol
consumption, real and perceived racism and discrimina-
tion, and poor access to services.
Epidemiology and Risk Factors

Worldwide, on any one day approximately 4500 people
will die a violent death: Half of these will be from self-
inflicted injuries, one-third will be murdered, and one-
fifth killed in war. Approximately 90% of these people
will live in a low- or middle-income country. Mortality
rates from violence vary significantly between countries,
with the highest rates in theWHO region of the Americas.
Figure 3 graphically displays global mortality from inter-
personal violence.

It is more difficult to obtain comparative data on
morbidity secondary to violence, for the reasons discussed
in the preceding section. Violent deaths are the tip of the
iceberg, with physical and psychological injuries much
more common (Figure 4). Given both the estimated life-
time prevalence of some forms of violence, for example
that 10–50% of women experience physical violence from
an intimate partner in their lifetime, and the significant
barriers to reporting, the burden of illness is likely to be
underreported and underestimated in most settings.
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Figure 3 Global mortality from interpersonal violence. From Peden M, McGee K, and Sharma G (2002) The Injury Chart Book:

A Graphical Overview of the Global Burden of Injuries. Geneva: World Health Organization.
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Figure 4 Violent deaths are the tip of the iceberg.
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Figure 5 Global interpersonal violence mortality by age group.
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Different types of violence have different risk and
protective factors, that is, those factors that can be ana-
lyzed to make inferences about populations at risk, and
where interventions are possible. There are some risk
and protective factors that are common to a number of
different manifestations of violent behavior. Risk factors
include alcohol abuse, access to firearms, neighborhood
concentrations of poverty, and social norms that support
violence. Protective factors include supportive and stable
parenting, successful completion of education, social and
gender equality, and strong police and judicial systems.
Age and Gender

Age determines risk of different forms of violence. Chil-
dren and old people are most vulnerable to neglect, and
young children to physical abuse. People of all ages and
both sexes may be subject to emotional abuse. Girls of
reproductive age are especially vulnerable to sexual abuse
and trafficking. Women are also more vulnerable to vio-
lence during pregnancy.

Being a young adult male is the most significant risk
factor for being both a victim and perpetrator of violence,
according to the methodology used by the WHO Global
Burden of Disease Study. The 15- to 29-year age group is
most at risk. Figure 5 demonstrates global interpersonal
violence mortality by age group, and Figure 6 the burden
of injury attributable to interpersonal violence by age
group. Men make up the majority of this burden of injury.
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This pattern has been shown around the world in many
different settings.

Men are more likely to be the direct victims of war, as
male combatants, and to be involved in gang and street
violence. Women are the predominant victims of intimate
partner violence and sexual violence, and are generally
more likely to be assaulted in their own homes than in
public places.
Alcohol and Drug Use

It is well known that there is a strong association between
alcohol use and violence, and alcohol use is a risk factor
for suicide, sexual violence, intimate partner violence,
and youth violence. However, there has been much debate
about whether alcohol actually causes violent behavior. It
is likely that it is not just the pharmacological properties
of alcohol per se, but the context in which alcohol is being
used that leads to violent outcomes. Individual responses
to alcohol are modified by a range of variables including
age, genetics, and personality characteristics. Police and
emergency department staff are well aware that violent
incidents are more common in times of peak alcohol use,
such as weekend evenings.

There is no direct link between drug use in general and
violence, although recent research is investigating the
relationship between aggression and methamfetamine
use. The environment surrounding drug trafficking and
distribution is linked to violence. Some drugs, including
alcohol, are used to facilitate sexual assault.
Socioeconomic Status

Although violence is known in every society and every
setting, around the world those most likely to be a victim
of violence are those who are socioeconomically disad-
vantaged or living in poverty. Maps of violence victimiza-
tion by areas of deprivation in developed countries show
consistent results: Violence is geographically concen-
trated in poorer areas. It is also concentrated in areas
with low social cohesion and high residential mobility.
Given the higher prevalence among young people, vio-
lence is also more likely in communities with a high
proportion of young people, or a youth bulge.
Access to Firearms

Having access to firearms is an important factor in violent
outcomes. Approximately 200 000 people are killed annu-
ally by firearms in nonconflict situations, and approxi-
mately 300 000 in armed conflicts. In the United States,
citizens are given the right to own firearms: The United
States has the highest rate of firearm-associated deaths of
all developed countries. The availability of firearms
increases the risks of both intentional (suicide and homi-
cide) and accidental firearm injuries and deaths. Small
arms are accessible, widely distributed, and available at
relatively low cost in many countries. They play a major
role in internal conflicts. Those with access to small arms
may use them to terrorize or exploit local communities.
Health Consequences

The health consequences of violence are both physical and
psychological. The severity and consequences of physical
injuries depend upon the amount of force inflicted and
access to medical care. Common injuries seen after physical
assault are gunshot and knife wounds, fractures, lacerations,
and bruising. Psychological injuries after physical abuse
depend upon the relationship between the victim and per-
petrator, the situation in which the violence occurs and
the actions taken after the incident. Longer-term psycho-
logical abuse can lead to mental health problems, drug and
alcohol abuse, physical illnesses, and an increase in self-
harming behaviors. As an example, the health impacts of
intimate partner violence are summarized in Figure 7.
A recent Australian study estimated that intimate partner
violence was responsible for more ill health and premature
death in women under 45 years than any one of the other
well-known risk factors, including high blood pressure,
obesity, and smoking.

Exposure to violence in childhood is strongly linked to
adverse outcomes in children’s development. Adults who
were maltreated as children have higher rates of risk-
taking behavior (e.g., smoking, alcohol and drug use,
high-risk sexual behaviors) and consequently higher
rates of ischemic heart disease, chronic lung disease, sex-
ually transmitted diseases, and cancer.
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Figure 7 Health impacts of intimate partner violence. Reproduced from Pan American Health Organization (2003) Violence Against
Women: The Health Sector Responds. Washington, DC: Pan American Health Organization.
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Collective violence can result in death, physical injuries
and disability, increased sexual violence, increased mental
health problems, and indirect effects such as increased
communicable diseases, poorer reproductive health out-
comes, and malnutrition. There are also multiple effects
on the determinants of health as well as on health services.
Figure 8 Ecological model. From Krug E, Dahlberg L, Mercy J,

et al. (eds.) World Report on Violence and Health. Geneva:
World Health Organization.
Ecological Model

The ecological model has been used extensively in the
public health field. In relation to violence, the ecological
model allows one to look at the different levels that may
increase or decrease the chance of a violent outcome for
an individual or community. At an individual level, for
example, a person with poor impulse control or with a
personal history of abuse is more likely to be engaged in a
violent incident. But they may be protected by a support-
ive and engaged family. They may live in a community
where violence is part of the social fabric, which again
increases their risk of being involved in a violent incident.
But there may be successful firearm restrictions in place at
the societal level that reduce the chance of a fatal out-
come from a particular violent incident. Factors can be
modified at any of these levels – individual, family, com-
munity, and society – to prevent violence. Interventions at
a number of levels are likely to be most effective. Sethi
et al. detail risk factors and preventive strategies at each
level of the ecological model in more detail. Individual
articles describe how to apply this model to specific forms
of interpersonal violence (Figure 8).
Public Health Responses

Public health responses to violence include measuring
and documenting its prevalence and impact; designing,
implementing and evaluating preventive strategies; colla-
borating with other agencies and sectors to enable multi-
disciplinary engagement and action; and advocating with
politicians and others for violence to be understood as an
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important, preventable public health issue. Leadership in
this arena is critical. It is also important for public health
practitioners to define where their remit starts and ends;
what forms of violence are most amenable to public health
methods; and, critically, how to do more good than harm.

Public health prevention can be generally divided into
primary, secondary, and tertiary strategies. Primary pre-
vention methods aim to prevent violence before an inci-
dent; secondary prevention either to reduce the harm and
mitigate the effects of an incident or reduce the risks of
harm in a high-risk population; and tertiary prevention to
rehabilitate and reintegrate victims and perpetrators of
violence. Interventions can be directed universally or at
individuals or groups at heightened risk of violence. The
ecological model provides a useful framework around
which interventions can be planned and implemented.
The types of interventions that have been most successful
are documented in other articles in this encyclopedia. For
example, the article on youth violence profiles parent
training programs, home visitation and family therapy;
the article on sexual violence discusses successful school-
based interventions to reduce sexual and physical violence
in dating relationships; and the article on violence preven-
tion and control classifies specific violence prevention
activities by their levels of effectiveness.
Conclusion

Violence is common and responsible for a significant
amount of the global burden of disease and mortality.
To some extent it is preventable, and public health practi-
tioners are increasingly part of a global effort to decrease
its impact. The ecological model is a useful framework for
understanding the complex interplay of individual, family,
community, and societal factors that leads to violent out-
comes. Looking upstream to the determinants of violent
behavior rather than simply criminalizing perpetrators is
an important component of the public health approach to
disease prevention.

See also: Disasters and Emergency Planning; Elder

Abuse; Humanitarian Responses to Complex Emergen-

cies; Sexual Violence; Suicide and Self-Directed Violence;

Terrorism; Violence/Intentional Injuries – Prevention and

Control; Young People and Violence.
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Introduction

Globally violence kills more than 1.6million people each
year, and of these approximately 520 000 die from inter-
personal violence, 870 000 from self-inflicted violence,
and 170 000 from war (World Health Organization, 2002).
Deaths are just the tip of the iceberg, and for every death
there are numerous admissions to hospital and emergency
departments. The clinical pyramid for all types of vio-
lence has not been properly estimated, but interpersonal
violence is thought to result in at least 16million injuries
severe enough to warrant medical attention. The impact
of nonfatal violence is thought to be enormous and has
grave long-term physical, psychological, economic, and
social consequences. This is particularly true of some
forms of violence such as child maltreatment, intimate
partner violence, and elder abuse, which are highly prev-
alent, and often nonfatal, but have far-reaching noninjury
psychological and reproductive health consequences.

Interpersonal violence is thought to be one of the most
frequently experienced yet commonly overlooked forms
of violence and is a threat to health and communal secu-
rity. Based upon data from victimization surveys, an esti-
mated 170million girls and 70million boys are subjected
to sexual abuse involving intercourse and other physical
contact each year. The WHO multicountry study on
domestic violence interviewed 24 000 women in urban
and rural settings in ten countries, and showed that the
proportion of women reporting having ever experienced
sexual and/or physical violence at the hands of an inti-
mate partner ranged from 15 to 71%. While some child
maltreatment and intimate partner violence results in
serious physical injuries, their major consequences are
more insidious and far-reaching, with risk behaviors
such as excessive smoking, eating disorders, and high-
risk sexual behaviors, which in turn are associated with
leading causes of death such as cancer and cardiovascular
diseases. Whatever its form, interpersonal violence kills,
maims, and otherwise destroys the health and well-being
of tens of millions of people each year.

Although all types of interpersonal violence happen in
all societies, their occurrence is far from random. Males
aged 15–44 years are at many times greater risk of being
involved – as victims and as perpetrators in both fatal and
nonfatal violence. Females are at substantially higher risk
thanmales of being victims of sexual violence and of serious
physical assault in intimate partner violence. Homicide
rates are strongly correlated with economic inequality,
the highest rates occurring in the poorest communities
of societies with the biggest gaps between the rich and
the poor.

Worldwide, violence results in large expenditures not
only for health care and social and economic development
and support foregone, but also for other sectors, such as
law enforcement, and compensating survivors for their
suffering. It diverts many billions of dollars from more
constructive investments. The fear of such violence pro-
vokes personal and societal reactions that further widen
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the gaps between the rich and the poor. There are enor-
mous indirect costs, too, with large societal losses that can
result in slower economic development, socioeconomic
inequality, and an erosion of human and social capital
(Waters et al., 2004). Those countries with the highest
levels of interpersonal violence have experienced profound
negative effects on their national economies by stunting
economic development and eroding human and social cap-
ital. Ninety percent of deaths from violence are borne by
low- and middle-income countries (LMICs), those least
able to absorb the enormous socioeconomic and develop-
mental impacts of violence.

This article highlights prevention strategies for inter-
personal violence prevention, paying particular attention
to child maltreatment and youth violence.
International Policy Priority

In 1996, the World Health Organization (WHO, 1996)
highlighted the importance of violence as a public health
threat in a World Health Assembly resolution WHA49.25
on the prevention of violence: A public health priority
called upon national governments to give this area greater
attention. This was followed in 2002 by the publication of
the World Report on Violence and Health (Krug et al., 2002),
which emphasized violence as a preventable public health
problem and distilled the evidence base of actions required.
Following this, the World Health Assembly resolution
WHA56.24 on implementing the recommendations of
the World Report on Violence and Health called on Member
States to take such action (World Health Organization,
2003). These recommendations consist of six country-
level activities and three international-level activities
(see Table 1), and form the backbone of the ongoing,
Table 1 Recommendations of the World Report on Violence
and Health

1. Create, implement, and monitor a national action plan for

violence prevention
2. Enhance capacity for collecting data on violence

3. Define priorities for, and support research on, the causes,

consequences, costs, and prevention of violence

4. Promote primary prevention responses
5. Strengthen responses for victims of violence

6. Integrate violence prevention into social and educational

policies, and promote gender and social equality
7. Increase collaboration and exchange of information on

violence prevention

8. Promote and monitor adherence to international treaties,

laws, and other mechanisms to protect human rights
9. Seek practical, internationally agreed response to the global

drugs trade and the global arms trade

From Krug E, Dahlberg LL, Mercy JA, and Zwi AB (2002)

World Report on Violence and Health. Geneva, World Health
Organization.
WHO-led Global Campaign for Violence Prevention
(World Health Organization, 2007c). Subsequently,
WHO regional committees for Africa, the Americas, and
Europe adopted resolutions calling on Member States to
implement the recommendations of the World Report on

Violence and Health.
The Millennium Declaration, adopted by the United

Nations’ Member States in 2000, to reach the Millennium
Development Goals (MDGs) by 2015 does not specifically
mention violence.However, there is increasing concern that
violence, in particular where it involves the use of firearms,
destroys lives and livelihoods, breeds fear, and has a pro-
foundly negative effect on human development, as stated by
the Geneva Declaration on Armed Violence and Develop-
ment in 2006 (signed on 7 June 2006 by 42 countries)
(World Health Organization, 2006). In addition, an emer-
ging international consensus considers the prevention of
violence necessary to the successful attainment of the
MDGs (World Health Organization, 2007b). Violence will
impede the attainment of all the MDGs. For example, a
death or disability due to violence will lead to poverty,
which will be most felt by the poorest, and violence will
hinder national economic and local community develop-
ment (MDG 1). Violence in the home will discourage
attendance at schools by children (MDG 2), and, when
targeting women, it can be used to maintain the status quo
of gender inequality; this has been shown to be worse in the
poorest (MDG 3). Women who have experienced violence
in childhood may give birth prematurely, and violence
during pregnancy may harm the fetus (MDG 4). Sexual
violence may increase the risk of unintended pregnancy, a
risk factor for maternal mortality (MDG 5), and increase
the likelihood ofHIV transmission (MDG6). The growth of
slums has led to unsafe environments with an increased risk
of interpersonal violence (MDG 7), which exposes the poor
to greater violence. In many countries, armed violence
discourages and impedes the developmental efforts of aid
agencies (MDG 8).
Defining Violence

The World Report on Violence and Health (Krug et al., 2002)
defines violence as the intentional use of physical force or
power, threatened or actual, against oneself, another per-
son, or against a group or community, that results either in
injury, death, psychological harm, maldevelopment, or
deprivation. Figure 1 shows the typology of violence,
which can be divided into self-directed (as in suicide or
self-harm), interpersonal (child, partner, elder, acquain-
tance, stranger), collective (in war and by gangs) and other
intentional injuries (including deaths due to legal inter-
ventions). This article addresses interpersonal violence
only. Many of the risk factors, however, are cross-cutting
and there are synergies in the strategies for prevention,
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whether they address interpersonal, self-directed, or col-
lective violence.

Interpersonal violence is violence between individuals
or small groups of individuals. It is an insidious and fre-
quently deadly social problem and includes child mal-
treatment, youth violence, intimate partner violence, sexual
violence, and elder abuse. It takes place in the home, on
the streets, and in other public settings, in the workplace
and in institutions such as schools, hospitals, and residen-
tial care facilities (Figure 1).
World Report on Violence and Health. Geneva, World Health

Organization.
The Ecological Model for Violence
Prevention and Risk Factors for
Prevention

Violent incidents are often seen as an inevitable part of
human life, events that are responded to, rather than
prevented. The World Report on Violence and Health (Krug
et al., 2002) challenged this notion and shows that violence
can be predicted and is a preventable health problem. The
report proposed an ecological model for understanding
violence and its prevention, which classifies risk factors
for violence by four levels: Individual, relationship, com-
munity, and societal (see Figure 2). Risk factors for vio-
lence are conditions that increase the possibility of
becoming a victim or perpetrator of violence. No single
factor explains why a person or group is at a high or low
risk. Rather, violence is an outcome of a complex interac-
tion among many factors. Although some risk factors may
be unique to a particular type of violence, the various types
of violence more commonly share a number of risk factors.

At the individual level, personal history and bio-
logical factors influence how individuals behave and
their likelihood of becoming a victim or a perpetrator
of violence. Among these factors are being a victim of
child maltreatment, psychological or personality disor-
ders, harmful alcohol use, substance abuse, a history of
behaving aggressively or having experienced abuse, low
educational achievement at school, and aggressive beliefs
and attitudes. Perpetrators of child sexual abuse are more
likely to be male; whereas the physical abuse of children is
more often at the hands of females, males are more likely to
inflict injuries that result in death.

Personal relationships such as those with family,
friends, intimate partners, and peers may also influence
the risks of becoming a victim or perpetrator of violence.
For example, a poor relationship with a parent, being
subjected to harsh physical punishment and humiliation,
poor parental supervision, and having violent friends may
influence whether a young person engages in or becomes
a victim of violence. Child maltreatment is more likely to
occur in households with a poor, young, single parent,
those with low education, drug abuse, isolation, and
unemployment; a prior history of abuse increases the
risk of inflicting abuse.

Community contexts in which social relationships
occur (such as schools, neighborhoods, and workplaces)
also influence the likelihood of violence. Risk factors here



Violence/Intentional Injuries – Prevention and Control 511
may include the level of unemployment, population den-
sity and mobility, accessibility of alcohol, the existence of a
local drug or gun trade, type and intensity of policing,
poverty, a lack of social capital, and access to schooling
and to adult supervision. Evidence from longitudinal and
cohort studies shows that these community-level risk fac-
tors interact with individual and family-level factors to
determine the risk of violence. These include being born
of an unwanted pregnancy, experiencing parental abuse
and neglect, coming from a dysfunctional family, and
associating with violent and delinquent friends and peers.

Societal factors influence whether violence is encour-
aged or inhibited. These include economic and social
policies that maintain socioeconomic inequalities be-
tween people, the availability of weapons, and social and
cultural norms such as those relating to male dominance
over females, parental dominance over children, and the
endorsement of violence as an acceptable method to
resolve conflicts. The depiction of violence in the media
may have some role. Violence is also more prevalent in
societies that have undergone armed violence or repres-
sion, and in those undergoing great social and economic
turmoil. It is also higher in societies with large inequal-
ities in wealth and lacking social protection policies. For
child maltreatment, additional factors include child and
family policies such as those relating to parental leave,
schooling, social protection, and the responsiveness of
the health and criminal justice systems. These can all
affect the resources available and ability of parents to
care for their children.

The ecological model is therefore useful in developing
the preventive strategies that work to mitigate the risk
factors and societal determinants of violence. Solutions for
violence prevention need to be directed at multiple levels.
Life Course and Intergenerational Aspects
of Violence

There is strong evidence of the intergenerational continua-
tion of child maltreatment. For example, mothers who had
been severely physically abused as children were found to
be at 13 times greater risk of having physically abused their
own children when compared to those with supportive
parents (Egeland, 1988). Mothers can break this cycle of
violence, however, and continuity is not the rule; there are
protective factors that need to be further researched. There
is also a strong association between childhood sexual abuse
and severe beatings by partners in adult life, with a 3.6 times
increased risk of this occurring in comparison to women
whowere not abused as children. Womenwhowere repeat-
edly abused as children had a much greater risk of revicti-
mization in adult life (Coid, 2001). Childhood sexual abuse
is a worldwide concern and, depending upon the case
definition and the population studied, its prevalence varies
from 2 to 62% in women and 3 to 16% in men. Studies
indicate that the father is the most likely perpetrator in
22% of cases and other relatives in 19% of cases, with
mothers as perpetrators in 4–8% of cases. Whereas the
physical injuries may heal, the long-term psychological
trauma can be severe (Johnson, 2004).

Filetti et al. (1998), in a cohort study of 26 000 California
adults, found a high prevalence of adverse childhood
experiences ranging from psychological abuse (11%), sex-
ual abuse (22%), and physical abuse (11%), to living with a
household member with substance misuse (26%), mental
illness (19%), witnessing their mother treated violently
(13%), and an imprisoned household member (3%). After
11 years of follow-up, a strong association was shown
between the degree of exposure to adverse childhood
experiences and adult health risk behaviors and diseases.
People who had experienced four or more childhood expo-
sures compared to those who had none, had 4–12 times
greater risk of alcohol use disorders, substance abuse,
depression, anxiety, sleep problems, and self-harm. There
was also an increased likelihood of health-damaging beha-
viors such as smoking, multiple sexual partners, and physi-
cal inactivity, resulting in an increased incidence of adverse
health outcomes such as sexually transmitted diseases, poor
self-rated health, obesity, coronary heart disease, cancer,
and respiratory illness. As the adverse childhood exposures
increased, the risk of perpetrating abuse and of being in an
abusive relationship, and the likelihood of being raped,
increased. This ground-breaking study highlights the scale
of adverse childhood experiences, the subsequent risk beha-
viors, perpetuation of the cycles of violence, and the con-
sequences for ill health and health service use. Studies such
as this and others indicate that the lifetime effects of child
sexual abuse account for approximately 6% of cases of
depression, 6% of harmful alcohol and/or drug misuse,
8% of suicide attempts, 10% of panic disorders, and 27%
of posttraumatic stress disorders. These results have pro-
found implications because they stress both the importance
of primary prevention and the need for future research into
risk and protective factors, screening for adverse childhood
experiences, and tailoring services to match the needs of at-
risk clients.
Public Health Approach to Violence Prevention

Figure 3 illustrates that the public health approach to
preventing violence is a systematic approach, taking four
logical steps. The first is surveillance, to find out the
extent of the problem, where it occurs, and whom it
affects. Second, risk factors are identified to understand
why a certain group of people is at risk. Step three is to
develop and evaluate interventions that work, and step
four, the wide implementation of proven strategies,
accompanied by evaluation. This approach can be used
by stakeholders from different sectors and ensures that
concrete measures are used to prevent violence.



1) Surveillance
Uncovering the size and scope

of the problem? 

2) Identification of risk and
protective factors 

What are the causes?

4) Implementation
Widespread implementation

and dissemination 

3) Development and
evaluation of interventions 
What works and for whom?

Figure 3 Public health approach to violence prevention. From World Health Organization (2007a) Preventing Injuries and Violence:
A Guide for Ministries of Health. Geneva: World Health Organization.
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Promoting Primary Prevention

Many effective strategies have been documented to
prevent violence at the individual level (interventions
such as preschool enrichment or life-skills training pro-
grams, and incentives to complete secondary schooling),
the relationship level (such as home visitation, parent
training and mentoring), the community level (such as
reducing alcohol availability and improving institutional
policies in schools, workplaces, hospitals, and residential
institutions) and at the societal level (public informa-
tion campaigns, reducing access to means such as fire-
arms, reducing inequalities, and strengthening police
and judicial systems). These are summarized in Table 2
by type of violence, the effectiveness of the interven-
tion, and the lead sectors that need to be engaged in
delivering the service. In classifying the interventions
according to level of effectiveness, the following defini-
tions are used:

. Effective: Interventions evaluated with a strong research
design, showing evidence of a preventive effect;

. Promising: Interventions evaluated with a strong re-
search design, showing some evidence of a preventive
effect but requiring more testing;

. Unclear: Interventions that have been poorly evaluated
or that remain largely untested;

. Ineffective: Interventions evaluated with a strong re-
search design, and consistently shown to have no pre-
ventive effect, or even to exacerbate the particular
problem (the term ineffective is used only in relation
to the impact on injury prevention).
Someof the areas for primary prevention are discussed in
thefollowingsections, startingwithsocietalandcommunity-
level interventions and ending with relationship- and
individual-level interventions.
Changing Cultural Norms That Support
Violence

Cultural norms, such as those that glorify violence,
diminish the status of children, and prescribe rigid gender
roles, may increase the likelihood of violence. Changing
cultural norms has been used effectively for other public
health measures such as smoking and drunk-driving. There
is growing evidence of effectiveness for violence preven-
tion, in areas such as changing attitudes toward hitting and
smacking children and female genital cutting. As in other
areas of public health, information campaigns work best if
accompanied by structural changes such as changes in
legislation and services across the sectors, which reinforce
messages with actions.
Promoting Gender and Social Equality

Gender inequality exists in most cultures to varying
degrees and is thought to be causally associated with
intimate partner violence. Cultural traditions that give
preference to male traditions, early marriage for girls,
female purity, and male sexual entitlement, place women
in a subordinate position and make them vulnerable
to violence. Ethnographic studies have shown that wife
beating is most likely to occur where men hold the house-
hold economic and decision-making power, divorce is



Table 2 Specific violence-prevention activities by type of violence, effectiveness, and sectoral involvement

Type of violence Intervention Effectiveness Lead sector(s)

Child maltreatment Preventing unintended pregnancies Promising Health, social, nongovernmental
Home visitation programs Effective Health, social services

Training programs for parents Effective Health, social services,

faith-based or community

Improving the quality of and access to prenatal and
postnatal care

Promising Health

Preschool enrichment, to strengthen bonds to school,

raise achievement, and improve self-esteem

Effective Education, social services, health

Youth violence Training programs for parents Effective Health, social services, faith-
based or community, justice

Family therapy for children and adolescents at high risk Effective Health, social services, justice

Educational incentives for at-risk high school students Effective Education, social services, justice
Life skills training programs Effective Education, health

Mentoring programs Promising Social services, education, justice,

community, private sector

Home–school partnership programs promoting the
involvement of parents

Promising Education, social services

Peer mediation and counseling Ineffective

Education on the dangers of drug use Ineffective

Intimate partner and
sexual violence

School-based programs to prevent violence in dating
relationships

Effective Education, health

Training health-care providers to detect intimate partner

violence and to refer cases

Unclear Health, justice

Elder abuse Building social networks of older people Promising Social services, health

Training older people to serve as visitors and

companions to individuals at high risk

Promising Social services, health, justice

Improve standards in and regulation of residential
institutions for elderly

Promising Social services, health

All types Reducing demand for and the availability of firearms Promising Justice, health, education

Sustained, multimedia prevention campaigns to change

cultural norms

Promising Health, justice, social services,

media sector
Reducing the availability of alcohol during high-risk

periods

Promising Justice, health, private sector

Improving criminal justice systems Unclear Justice, health, social services,
community

Strengthening social security systems Unclear Social services

Stand-alone education programs focusing only on

changing risky behavior

Ineffective

Adapted fromWorld Health Organization (2007) Preventing Injuries and Violence: A Guide for Ministries of Health. Geneva: World Health

Organization.
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difficult to obtain, and violence is used to solve conflict.
The Stepping Stones project from South Africa is an effec-
tive program that empowers women, discourages violence,
and promotes communication; it has been shown to reduce
both HIV transmission and intimate partner violence. Sim-
ilarly, the Intervention with Microfinance for AIDS and
Gender Equity (IMAGE) Study succeeded in reducing
intimate partner violence through the provision of micro-
finance to rural women; empowerment and educational
information were provided at regular meetings. Pronyk
et al. (2006) showed that rates of physical and sexual
violence for the intervention group were halved. The
profound implication of this study is that social and
economic developments can alter risk environments for
intimate partner violence. The inference for other types
of violence may be equally far-reaching, but requires
research to test this hypothesis.
Reducing Concentrations of Poverty and
Other Socioeconomic Factors

Social capital, social exclusion, the sense of cohesion that
a community feels and the networks that exist in a society
all influence individuals’ capacity to withstand social con-
flict without having to resort to violence. The explanation
as to why poverty and socioeconomic factors influence
the occurrence and outcomes of violence is complex.
Wilkinson and Marmot have proposed that this is a com-
bination of psychosocial factors, education, material
resource, physical and social environments, the organiza-
tion of work, high residential mobility, family disruption,
and health behaviors. The recent trends in the rapid
growth of urbanized populations in LMIC are a cause
for concern. When community factors are controlled for,
poverty per se has a weaker effect. What seems to matter
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more is income inequality, which is linked to homicide
rates; societies with more even income distribution and
structural safety nets seem to have lower homicide rates.
Research evidence is limited, but that from the United
States suggests that enabling housing schemes that allow
people to move into better neighborhoods are associated
with less adolescent violence and property crime.
Reducing the Availability and Misuse of
Alcohol and Drugs

Alcohol and drugs are strong precipitants to violent
behavior and they are associated with being both a victim
and perpetrator of violence. Much of the excess adult
mortality in the world has been attributed to alcohol
ingestion, with approximately 20–30% of all intentional
injury deaths due to this cause (Lopez et al., 2006). Alcohol
is implicated in up to 40% of violent attacks, though this
may vary by setting. The introduction of free-market
principles, the aggressive marketing strategies of alcohol
manufacturers (particularly to youth), weak regulatory
capacity, increasing social tolerance, illegal production,
and smuggling of alcohol have led to increased consump-
tion. The alcohol level in the blood is influenced by the
type, volume, and pattern of drinking. Binge drinking of
spirits is relatively common in youth in many countries
and is strongly associated with violence. Countries such
as some of the European countries in transition, which
have low social capital and traditionally high levels of
alcohol consumption, have seen large increases in alcohol
abuse in those people who are the weakest in terms of
social support and occupational status (Sethi et al., 2006).
Experiencing or witnessing violence can lead to the harm-
ful use of alcohol.

The creation of societal attitudes and environments
that do not allow alcohol to be used as a pretext for
violence and that discourage risky alcohol drinking is
central to reducing violence at a societal level. Increasing
alcohol prices through higher taxation is an effective way
of reducing consumption and violence: Studies from the
United States suggest that a 1% increase in the price of
alcohol will decrease wife abuse by 5% and a 10%
increase will reduce child abuse by 2%. Strictly enforcing
pricing and licensing requirements and working with the
entertainment industry and civic authorities are ways of
reducing risky drinking and potentially violent situations,
particularly in the urban nightlife environment.
Reducing Access to Firearms and Other
Weapons

The availability of licensed or unlicensed firearms is a
strong determinant of whether a violent episode will be
fatal. For example, in Bogota and Cali, Colombia, city
officials responded to high homicide rates at weekends
by banning the carrying of handguns during these times;
this resulted in a 15% decrease in homicides (Villaveces
et al., 2000). For example, in 1993, 4352 homicides (roughly
80 per 100 000 population) occurred in Bogota, Colombia,
a socially fragmented city where the homicide rate and
living conditions were startlingly different between the
rich and poor. Taking a lead from the recent experience
in Cali, Antanas Mockus, mayor of Bogota (1995–96
and 2001–03) confronted the homicide challenge. His
approach was to reverse the perception that violence
was unavoidable and to tackle the social fragmentation
between the rich and poor. Epidemiologists coordinated
data collection from hospital emergency rooms, mor-
gues, coroners’ offices, and the police to show clearly
that homicides peaked on weekends and paydays. These
were strongly associated with alcohol use and the
availability of firearms. Petty arguments were prone to
develop into fights that, owing to the availability of a
firearm, ended fatally.

A multisectoral group advised on a prevention plan to
reduce access to alcohol, the possession and carrying of
firearms, and illicit drug use and trading. Unsafe physical
environments such as unlit streets, poorly designed enter-
tainment venues, and unsafe busy pedestrian routes were
improved. Social inequalities were addressed by better
access to schooling, public libraries in poor neighbor-
hoods, job training, and employment opportunities for
high-risk young people. The plan incorporated strategies
for the prevention of unwanted pregnancies, home visits
and parent training for high-risk parents-to-be and new
parents, head-start programs for young children entering
school, and life skills and social development training for
children.

There was a decline in homicides on weekends, and, by
successfully integrating the program into the long-term
urban development strategy, Mr. Mockus ensured that it
was sustained by subsequent mayors. At 3-year follow-up,
homicide rates continued their downward trend and now
the homicide rate is 18 per 100 000, the lowest rate in
20 years. Industry and businesses have now started to
return and Bogota appears well on the road to rebuilding
its social capital and reclaiming health security for its
citizens.

Knives can also be lethal and the banning of their
carriage can be effective.
Improving Services for Victims of Violence

A comprehensive and equitable response needs to be
developed for all victims of violence. Acute treatment of
victims of violence by specialized emergency trauma ser-
vices can lead to a reduction in fatality. This requires
attention to treatment in both the prehospital and hospital
phases. Physical and psychological rehabilitation may be
required.
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Health professionals need to be trained to recognize
and treat types of violence that may be taboo, such as
child maltreatment, intimate partner violence, sexual vio-
lence, and elder abuse, as well as to provide long-term
rehabilitation to prevent victims from resorting to vio-
lence. In view of the reproductive and mental health
consequences of violence, often with the far-reaching
consequences highlighted above, there is a need to pro-
vide the appropriate mental health and social services for
victims. The impact of these services on breaking the
cycle of violence needs to be evaluated. Victims of vio-
lence require services from the health, legal, forensic, and
social sectors. An integrated and coordinated response
would be beneficial to victims and would require training
of workers. More research evidence is needed to evaluate
the form and effectiveness of these services in breaking
the cycle of violence.
Engaging the Health Sector in Violence
Prevention

The health sector has been slow to engage in violence
prevention, which is not perceived to be part of its tradi-
tional remit. However, health professionals are key players
in providing services for victims, surveillance, evidence-
based action, and evaluation, in acting as advocates and in
providing preventive programs.
What Works to Prevent Child Maltreatment?

Rigorous scientific evaluations have clearly shown parent
training and home visitation programs carried out by
professionals to have a strong effect in reducing the
abuse of children by parents. Therapeutic approaches to
modifying behavior in violent parents have had some
success. Training of police, teachers, and health profes-
sionals to recognize and manage abuse is also important.
In this respect, the health sector has a critical role in the
early detection of violence in children. Legislation to
improve laws against violence in the home, including
the physical punishment and humiliation of children at
home, in school, and other settings, and the mandatory
reporting of child abuse are examples of societal-level
approaches (Krug et al., 2002).
What Works to Prevent Youth Violence?

Consistent with a life-course approach that identifies
some of the key determinants of violence in infancy and
early childhood exposures, youth violence prevention
interventions with the strongest evidence for effectiveness
are those targeted during infancy and early childhood
to promote healthy brain development and prevent
behavioral problems. However, effective and promising
interventions have also been identified for work with
adolescents and young adults. Preschool enrichment pro-
grams improve educational achievement and self-esteem
and are associated with less violence in later life. Social
development programs that are geared to reducing
aggressive and antisocial behavior act to improve social
skills with peers and promote cooperative behaviors, by
managing anger, adopting a social perspective, resolving
conflicts, and solving social problems (Butchart et al., 2004
World Health Organization, 2004). These are most effec-
tive if delivered in preschool or school and can be targeted
to high-risk groups or be universal. Home visitation and
training in parenting are examples of programs aimed
at the relationship level. The former involves regular visits
to the child’s home by a health professional and provides
training, support, counseling, and monitoring for low-
incomemothers and for families at increased risk of abusing
their children. TheTriple-P Positive Parenting Programme
combines a media campaign with consultations with pri-
mary care to improve parenting practices, the provision of
intensive support to parents with children at risk of behav-
ioral problems, and has been shown to be cost-effective in
reducing violence (Saunders, 1999).

Promising community- and societal-level programs
include increasing the availability of child-care pro-
grams, preschool enrichment programs, creating safe
routes to school, improving street lighting, providing
extracurricular activities and after-school programs for
children and adolescents such as sports to reduce
involvement in underage drinking and antisocial behav-
ior, improving school environments, and monitoring and
removing toxins (such as lead) from the environment.
Reducing the availability of alcohol and drugs is impor-
tant. Providing incentives to complete high school is
more cost-effective than incarceration. Changing the cul-
tural and social environments by such means as deconcen-
trating poverty and reducing income inequality, altering
night-time environments in city centers, reducing eco-
nomic and social barriers to development, creating job
programs, reducing access to firearms, and strengthening
the criminal justice system are societal approaches that are
intuitively and ethically appealing and require further
evaluation.
Building the Foundations to Apply the
Public Health Approach

The World Report on Violence and Health recommends con-
crete measures that are needed for country-level action.
In all countries, but particularly in LMICs, it is important
to build a foundation that supports the development,
implementation, and monitoring of programs and policies.
This requires building an infrastructure that is also com-
mon to other public health problems. The steps are briefly
outlined below.
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Developing a National Action Plan and
Identifying a Lead Agency for Prevention

It is particularly important that the action plan engages
stakeholders from the government and nongovernmental
organizations (NGOs) and from all the concerned sectors,
including health, justice, education, welfare, etc. It should
be coordinated by an agency with the capacity to involve
the actors in the multisectoral response. Plans should
include reviewing and reforming legislation and policy,
building data collection and research capacity, strength-
ening services for victims and implementing and moni-
toring prevention programs, with clear mandates for
responsibility. One of the first steps is to document exist-
ing programs and policies for violence prevention.
Collecting Data for Action

Surveillance data are necessary to improve the under-
standing of the magnitude and causes of the problems in
order to set priorities and guide the development and
monitoring of prevention programs. This should consist
of the collation of routine data from the health sector and
other sectors, such as justice, on a number of key indica-
tors that can be reliably measured with accuracy. The
sharing of anonymized data from different sectors is key
to building a complete picture and fostering ownership.
For example, data from emergency departments capture
many more cases of nonfatal violence than those from the
police, capture the circumstances of victims’ injuries, and
can be used to build a more complete picture of risk
factors and to engage the police, civic authorities, and
the leisure industry in directing interventions to violence
hot spots, as shown in the United Kingdom. Routine
questioning by health professionals with computerized
data entry is an efficient way forward, as demonstrated
in Jamaica. Standardized data need to be collected on not
only the human costs of violence, but also the health and
societal costs, to help improve the global picture.
Implementing and Evaluating Specific Actions
to Prevent Violence

A number of effective and promising strategies can be
adapted to local contexts and implemented. Greater prior-
ity needs to be given to primary prevention, particularly
in children, to stop them becoming perpetrators of later
violence. Interventions designed to prevent child abuse
and youth violence are discussed in the sections above.
Strategies that satisfy criteria for effectiveness, appropriate-
ness, and sustainability need to be considered. Greater
efficiency can be attained if these are integrated into exist-
ing schemes, such as parent training and support as part
of regular maternal and child health checks (MacMillan,
2005). Rigorous evaluation of programs needs to be under-
taken to build the knowledge base, especially in LMICs.
Integrating Violence Prevention into Social
Policy

Violence prevention policies need to be integrated and
prioritized in the policies of the education and social
sector and thereby reduce gender and social inequalities,
which are risk factors for most types of violence. Social
welfare systems that provide an economic safety net pro-
vide some protection from extreme poverty. Tackling
inequalities requires political will to institute legal, edu-
cational, and social reforms. In LMICs, the integration of
health, nutrition, education, social and economic devel-
opment, and collaboration between government bodies
and civil society lead to successful child development
interventions. These multilevel interventions, with atten-
tion to cognitive development and better parenting skills,
lead to better outcomes (Engle, 2007).
Sharing Knowledge and Information

Many national and international agencies work on vio-
lence prevention, but there is a need for greater colla-
borative work and information sharing. Valuable lessons
could be shared between agencies, practitioners, and
researchers, and may catalyze further action.
Conducting Research on Primary Prevention

There is a also a need to recognize the gaps in knowledge
and to prioritize research and development, particularly
in primary prevention at the societal- and community-
level interventions. Most interventions have been devel-
oped in high-income settings, and there is a need to
ensure more evaluative research takes place in LMICs.
There is little information on the costs of violence and the
cost-effectiveness of approaches. Such information is
valuable for negotiating with policy makers.
Adherence to International Treaties

Adherence to international treaties and mechanisms for
safeguarding human rights need to be improved. The illicit
international trades in arms, drugs, alcohol, and people
could be tackled with greater collaboration and attention
to economic development in exporting countries.
Conclusion

This article has reiterated that interpersonal violence is a
preventable public health problem. In using the ecological
approach, the multiple risk factors and different levels at
which preventive programs can be targeted has been
emphasized. The intergenerational cycle of violence is
one of the factors in the perpetuation of violence, and
attention has been drawn to primary prevention efforts in
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early childhood to break the cycle of violence, and stop
children from becoming perpetrators or victims as youth
and adults. Good evidence already exists and has been
presented; more research is needed, but there is enough
knowledge to start convincing policy makers of the pro-
grams for prevention that make sound investments. This is
the case for high-income countries, which are the main
source of research evidence, and there is a need to engage
policy makers and civil society in scaling up effective
interventions in these settings. In contrast, in LMICs,
which suffer 90% of the death toll from violence, there
is a limited evidence base for what works for violence
prevention, in spite of the scale of the human and eco-
nomic burden, and the threat to future development in
these countries. Thus, local research is needed on the
underlying risk and protective factors, but more pressing
is the need for outcome evaluation studies of effective
preventive interventions that can be transferred from else-
where. To do so requires investing resources to build capac-
ity for implementing and evaluating these interventions
in LMICs targeted to those areas, where the epidemio-
logical data indicate that they would do the most good.

International policy initiatives such as the World
Health Assembly resolution on violence prevention have
been catalysts for policy action. For example, as of July
2007, 14 countries had drawn up action plans on violence
and health; 18 had produced national reports on this topic,
and over 100 health ministry officials had been appointed
to coordinate violence-prevention activities. Such actions
need to be scaled up and evaluated, and further resources
need to be mobilized for this task. Table 3 summarizes
some of the key messages to policy makers for the pre-
vention of child maltreatment and youth violence.

Globalization (with the rapid cross-border movement
of people, firearms, media messages, alcohol, and drugs)
Table 3 Key messages for policy makers

Child abuse is a highly prevalent societal problem and has far-

reaching consequences in perpetuating the circle of violence

as well as other heath effects
In all countries, young males are both the principal perpetrators

and victims of violence

Preventive measures have the potential to save hundreds of
thousands of lives and millions of cases of psychological

trauma in the world from interpersonal violence

There are cross-cutting interventions that are beneficial for

different types of interpersonal violence and may give the best
returns on investment

Interventions that should be implemented include home visitation

services, and parent training; these could be used to target

those at risk
Health professionals, police, and teachers should receive training

in early case detection and management

A better knowledge base needs to be developed for the primary

prevention of violence, particularly for societal- and
community-level interventions
and the rapid pace of urbanization (with immense con-
centrations of poverty) poses both threats and opportu-
nities. These threats can be counteracted by the flow of
knowledge and skills of what works in the way of
violence-prevention initiatives as a public health good.
To ensure a wider implementation also requires an
explicit recognition by policy makers and international
development agencies that violence is a preventable pub-
lic health problem. Resources need to be mobilized in
order to build capacity and implement and evaluate inter-
ventions on a broader scale across all the sectors. Policies
that safeguard children, youth, women, and elders from
violence need to be integrated and prioritized across the
broad range of social policy, whether this be education,
health, social welfare, economic, and law enforcement
policies. One of the challenges facing society is mobilizing
the political support needed to tackle the current norms
of violence, poverty, and alcohol consumption that per-
petuate interpersonal violence in all its pervasive forms
( Jewkes, 2002). Much of the action so far has focused at
the individual or at families; it is high time to also give
attention to society- and community-level interventions.

See also: Elder Abuse; Humanitarian Responses to

Complex Emergencies; Sexual Violence; Suicide and Self-

Directed Violence; Terrorism; Young People and Violence.
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Introduction

Acute gastroenteritis is among the most common illnesses
affecting humans and has greatest impact at the extremes
of age, severely affecting children and the elderly. The
spectrum of disease can range from asymptomatic infec-
tions to severe disease with dehydration, which can be
fatal. Diarrheal disease continues to be a major cause of
mortality in young children, particularly in developing
countries. Prior to 1972, the etiology of most episodes of
gastroenteritis was unknown, and cases were attributed to
a multitude of causes, including teething, weaning, diet,
old age, drugs, and malnutrition, as well as infections.
Intensive investigation of enteric infections in the past
three decades has resulted in the discovery of many new
viral agents filling in the ‘diagnostic gap’ in diarrheal dis-
ease.With the identification of theNorwalk virus, rotavirus,
astroviruses, enteric adenoviruses, and other caliciviruses in
the 1970s and subsequently, it has become increasingly clear
that viruses cause a significant proportion of the enteric
illnesses that did not earlier have a defined etiology.
With improvements in sanitation and hygiene, and better
standards of living, the proportion of diarrheal disease
attributed to bacteria has decreased, resulting in an increase
in the proportion of cases associated with viral infections.
Developments of new assays to identify viruses have also
resulted in the ability to identify the viral etiology of
episodes and epidemics of gastroenteritis.
Epidemiology of Viral Gastroenteritis

Approximately 5 billion episodes of diarrhea occur world-
wide annually, with virtually all children infected with the
most common agents by the age of 3 years. Widespread
use of oral rehydration therapy in the past two decades
has resulted in a significant decrease in mortality due
to diarrhea, by about 50%, to 2.2million annual deaths,
occurring mainly in developing countries. Infections
with gastroenteritis viruses differ from bacterial enteric
infections in that they affect children in both developing
and developed countries, suggesting that they may also be
transmitted by means unrelated to contaminated food or
water. Although feco–oral spread is the major route of
transmission for all enteric viruses, transmission through
contact, fomites, and a respiratory route has been
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suggested based on the recovery of these viruses from
inanimate objects during outbreaks.

The four distinct patterns of viral gastroenteritis –
endemic childhood diarrhea, outbreaks in closed commu-
nities, other food- or waterborne outbreaks among wider
communities, and viral gastroenteritis in immunocompro-
mised patients – reflect the differences in the pathogens,
transmission, and host response. These have a direct bear-
ing on strategies for prevention and control (Table 1).
Viral Gastroenteritis in Children

The highest rates of viral gastroenteritis occur between
3 and 24months of age. Protection in early infancy is
believed to be mediated by maternal antibodies, followed
by acquisition of protective immunity through repeated
exposure in early childhood. This pattern is seen with
all viral enteropathogens. However, for the caliciviruses
and astroviruses, immunity is not long-lasting, suggesting
waning of immunity or lack of cross-protection between
different viral strains.

Childhood diarrhea is best exemplified by the group
A rotaviruses, but a similar pattern of infection and illness
is seen with enteric adenoviruses, astroviruses, and sapo-
viruses. These agents infect children during the first few
years of life, with first infections being symptomatic and
protecting against subsequent disease. Disease is caused
by a limited number of specific serotypes and incidence
decreases with increasing age.
Table 1 Epidemiologic patterns of viruses causing acute gastroe

Endemic childhood
disease

Outbreaks in
closed
communities O

Viruses Rotavirus (group A) Caliciviruses C

Caliciviruses Rotavirus (group A) R

Enteric adenoviruses Astrovirus O
Astroviruses Enteric

adenoviruses

A

Transmission Unknown; contact?;

fomites, droplets,
aerosols or

person–person

Food, water,

contact?,
droplets, aerosols

F

Reservoir Humans Humans H

Antibody High prevalence by

5 years

Seroconversion in

epidemic

S

Immunity Good Short-term
(calicivirus)

S

Virus

variation

Many reassortants,

geographic limitation

of genotypes/strains

Many antigenic

variants of

caliciviruses

M

Control

measures

Vaccine-RV* (group A),

decrease contact

with affected person

Outbreak control;

improved food

safety and

handling

O

*RV, rotavirus.
Group A rotaviruses are the main cause of severe diar-
rhea in children under 5 years of age, and cause more than
130million episodes per year throughout the world, and
approximately 600 000 deaths annually. Reports from
Europe, Australia, and the United States indicate that rota-
virus may be responsible for 20–60% of cases of gastro-
enteritis requiring hospitalization. Recently, from Asia, it
has been estimated that 45% of gastroenteritis requiring
admission is due to rotavirus, a higher percentage than
previously recorded. Of the ‘non-group A’ rotaviruses,
group B rotavirus has been identified in epidemic outbreaks
of severe diarrhea in adults in China and in symptomatic
infections in children. Outbreaks of diarrhea due to group
C rotavirus have been identified in Asia, Europe, and South
and North America, but are not common. Human calici-
viruses, consisting mainly of noroviruses and sapoviruses,
are associated mainly with milder cases of gastroenteritis in
children, causing greater than 20% of diarrheal disease in
children in the community. In many studies, noroviruses
are the second most common cause of gastroenteritis
in children, following rotaviruses. Enteric adenoviruses
cause 10% of diarrheal disease in reports from developed
countries and have a variable incidence of 2% to 30%
depending on the region in developing countries. Astro-
viruses were found in approximately 1% of cases, when
electron microscopy was employed for detection, but with
the availability of a commercial enzyme immunoassay and
molecular techniques, the percentage of detection has
increased in hospital and community settings to 5% to 10%.
nteritis

ther outbreaks Immunocompromised patients

aliciviruses Cytomegalovirus

otavirus (group B) Epstein-Barr virus

ther rotaviruses Astrovirus, adenovirus
strovirus Torovirus
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Wide range of agents

utbreak control, safe

handling of food and water
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Viral Gastroenteritis Outbreaks in Semi-Closed
or Closed Communities

Outbreaks in closed or semi-closed communities such as
old-age homes, cruise ships, and hospitals are mainly due
to caliciviruses. Norovirus infections are a significant
cause of outbreaks in adults in nursing homes and resi-
dential care facilities and can lead to an increased need for
hospital care and increased mortality. Nosocomial out-
breaks occurring in hospitals have required the closure
of wards in order to control infections.

Outbreaks due to noroviruses and to mixed viral infec-
tions have been reported among military personnel.
Outbreaks of norovirus gastroenteritis are also being
recognized and are occurring with increasing frequency
on cruise ships. Attack rates as high as 30% have been
observed among cruise ship passengers, and repeated out-
breaks have continued even after cleaning and disinfec-
tion protocols were instituted on successive voyages.

In addition to infections in adult patients, viral agents of
gastroenteritis are an important cause of nosocomial infec-
tion in pediatric units. Between 20% and 50% of cases of
gastroenteritis caused by rotavirus in hospitals are consid-
ered to be of nosocomial origin, and nosocomial viral
enteric infections have been documented in up to 6% of
children admitted for more than 72 hours in both devel-
oped and developing countries. Infections in older indivi-
duals are usually due to caliciviruses, although adenovirus
infections have been documented. The prevalence and
transmission of nosocomial infection may be explained
by asymptomatic patients who excrete the virus and the
relative resistance of these viruses to normal disinfectants.
Food- and Waterborne Disease

The microbiological contamination of food and water is a
significant global problem. It is estimated that there are
approximately 1.5 billion cases and over 3million deaths
worldwide annually. The microorganisms associated with
about 50% of the foodborne disease outbreaks still go
unrecognized, particularly those occurring in developing
countries. The apparent failure to confirm a viral etiology
in such outbreaks has been due largely to the lack of
available tests, unavailability of food or water specimens,
and the failure to report outbreaks of mild gastrointestinal
disease. All of these factors have resulted in a drastic
underestimate of the true scope and importance of food-
or waterborne viral infection.

The most common types of food- and waterborne viral
disease are infectious hepatitis due to hepatitis A virus
and acute viral gastroenteritis associated with the human
caliciviruses. Noroviruses, transmitted by the fecal–oral
and the aerosol routes, are the most common cause of
outbreaks of nonbacterial gastroenteritis in industrialized
countries, but data from developing countries are lacking.
Noroviruses are responsible for an estimated 67% of all
illnesses caused by known foodborne pathogens and for
96% of nonbacterial gastroenteritis in the United States.
Many outbreaks can be associated with the consumption
of primarily or secondarily contaminated foods. Shellfish
and fruit implicated in outbreaks have been shown to be
contaminated at the site where these foods are harvested
or produced, whereas other foods, such as salads, cold
foods, and sandwiches, have caused outbreaks after being
contaminated by food handlers at the site of food prepa-
ration. Shellfish, in particular oysters and clams that are
raw or insufficiently cooked, is associated with noroviral
outbreaks, frequently occurring because these shellfish
filter contaminated seawater to feed and hence result
in a concentration of virus. Foodborne outbreaks due
to rotaviruses, parvoviruses, and astroviruses are also
occasionally reported. Water is also a common source
of outbreaks and may include water from municipal
supplies, wells, recreational lakes, swimming pools, and
ice machines. Rotaviruses, caliciviruses, and some adeno-
viruses are important causes of waterborne disease out-
breaks. Post-recovery and secondary transmission are a
particular concern in infections due to these agents.
Viral Gastroenteritis in the
Immunocompromised Patient

The main viral causes of severe gastroenteritis in immu-
nosuppressed patients are cytomegalovirus (CMV) and
Epstein–Barr virus (EBV), which mainly affect patients
with AIDS and transplant recipients. CMV is a frequent
pathogen in diarrhea associated with AIDS with CD4
counts under 100 cells/mm3. Other viruses that produce
HIV-associated gastroenteritis include astrovirus, picobir-
navirus, calicivirus, and adenovirus. There is evidence of
gastroenteritis due to astrovirus and adenovirus in both
child and adult bone marrow transplant recipients. Cali-
civiruses are now being increasingly recognized as a cause
of chronic diarrhea in patients undergoing transplants.
Toroviruses have been found in association with diarrhea
in immunocompromised children.
Etiologic Agents

Criteria to define a virus as an etiologic agent of gastro-
enteritis include (1) the identification of the virus more
frequently in study participants with diarrhea than in
controls, (2) the demonstration of an immune response
to the specific virus, and (3) the demonstration that the
beginning and end of the illness correspond to the onset
and termination of virus shedding, respectively. So far,
these include human caliciviruses, rotaviruses, astroviruses,
and the enteric adenoviruses. In immunocompromised
patients, gastrointestinal CMV and EBV infections also
cause significant morbidity. Coronaviruses, toroviruses,
the Aichi virus, and picobirnaviruses have also been found
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to be associatedwith diarrhea in some studies, but definitive
data are not yet available. Similarly, in conditions such as
HIV, it has been difficult to obtain definitive data on the role
of enteric viruses in the causation of symptoms. The study
of rotaviruses, enteric adenoviruses, and astroviruses has
been facilitated greatly by the ability to propagate these
viruses in cell culture, which has allowed the production of
reagents for use in diagnostic studies, a better understand-
ing of factors correlatedwith immunity to infection, and the
elucidation of each virus’s life cycle. Although human cali-
civiruses have defied numerous attempts to propagate them
in cell culture to date, recent developments in their study by
using molecular biology techniques have increased our
ability to diagnose and study infections due to these agents
(see Figure 1).
Rotaviruses

Structure and Classification

Rotaviruses are double-stranded RNA viruses constitut-
ing a genus within the family Reoviridae. The mature
virus particles are triple layered, approximately 70 nm
in diameter, and possess icosahedral symmetry. The
Figure 1 Electron micrographs of agents of viral gastroenteritis. (a)

triple-layered particles; (b) caliciviruses, approximately 27–35 nm in d

cup-shaped depressions or calices in sapoviruses; (c) coronaviruses

(d) astroviruses, 38–40 nm with six-pointed stars visible in a proportio
80–100 nm in diameter, with an icosahedral capsid, Filaments can so
rotavirus genome consists of 11 segments of double-
stranded RNA, which code for 6 structural viral proteins
and 6 nonstructural proteins. Of the nonstructural proteins,
NSP4 is of particular interest, as it has enterotoxin-like
activity and can induce diarrhea in mice. The classification
of rotavirus into 7 different groups (A–G) is based on the
antigenic specificity of the VP6 capsid proteins. Of the
7 groups, only groups A, B, and C are known to infect
humans. Severe, life-threatening disease in children world-
wide is caused predominantly by group A rotaviruses.
Variability in the genes encoding the two outer capsid
proteins VP7 and VP4 forms the basis of the current strain
typing of group A rotaviruses into G and P genotypes,
respectively. All known G serotypes correspondwith geno-
types; more P genotypes than serotypes have been identi-
fied. At least 15 G genotypes and 25 P genotypes have been
identified to date. Currently, the strains most commonly
reported include G1P[8], G2P[4], G9P[8], G4P[8], and
G3P[8], although unusual G and P types have been
reported from different parts of the world.

The rapid evolution of rotaviruses by a variety of mecha-
nisms provides one of the major challenges in epidemiolog-
ical studies. These mechanisms include genetic drift, where
Rotaviruses, approximately 70 nm in diameter, wheel-shaped,

iameter, with a feathery outline in noroviruses and clearer

, 60–220 nm with helicoidal symmetry and a spiculated surface;

n of negatively stained particles; (e) adenoviruses, nonenveloped,
metimes be seen projecting from the vertices.
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an accumulation of point mutations generates genetic lin-
eages leading to the emergence of antibody escape mutants,
and genetic shift through gene reassortment during dual
infection of a single cell. Hence methods of virus typing
need to be regularly monitored and updated to identify
emerging novel strains of epidemiological importance.
Clinical Features

Rotaviruses induce a clinical illness characterized by
vomiting, diarrhea, abdominal discomfort, fever, and
dehydration (or a combination of some of these symp-
toms) that occurs primarily in infants and young children
and may lead to hospitalization for rehydration therapy.
Fever and vomiting frequently precede the onset of diar-
rhea. Milder gastroenteric illnesses that do not require
hospitalization are common. The highest attack rate is
usually among infants and young children 6 to 24months
old. Neonatal infections are largely asymptomatic. Deaths
from rotavirus gastroenteritis may occur from dehydra-
tion and electrolyte imbalance. The severity of diarrhea is
measured by the Vesikari score which includes duration
and severity of diarrhea and vomiting, associated fever,
and degree of dehydration. In older children and adults,
rotavirus gastroenteritis occurs infrequently, although
subclinical infections are common.

Rotaviruses also induce chronic symptomatic diarrhea
in immunodeficient children. Rotavirus infections can be
severe and sometimes fatal in individuals of any age who
are immunosuppressed for bone marrow transplantation.
Rotavirus infections have also been associated with nec-
rotizing enterocolitis and hemorrhagic gastroenteritis in
neonates in special-care units. Recently, rotavirus antige-
nemia has been described early in infection in children
requiring hospitalization and RNA has been extracted
from serum of antigenemic children and cerebrospinal
fluid (CSF) of children with seizures, but the clinical signif-
icance of these findings requires further investigation.
Pathophysiology

Rotaviruses infect the mature enterocytes on the tips of
small intestinal villi, leading to villous atrophy with sec-
ondary hyperplasia of the crypts. It has been proposed
that cellular damage is secondary to villous ischemia. The
mechanism that induces the production of diarrhea is not
well understood, although it appears to be mediated by
the relative decrease of villous epithelium absorption in
relation to the secretory capacity of the crypt cells, as well
as the possible action of NSP4, the viral enterotoxin that
has been shown to cause secretory diarrhea in rodents.
There is a loss of intestinal permeability to macromole-
cules such as lactose, secondary to a decrease in disaccha-
ridase in the intestine. The enteric nervous system is
stimulated by this virus, leading to intestinal water and
electrolyte secretion.
The immunologic mechanisms responsible for protec-
tion against infection by rotavirus are still not well known.
Older children and adults usually have asymptomatic or
mild infection unless an overwhelming infectious dose is
delivered. Several studies have shown that local intestinal
immunity produced in response to infection protects
against subsequent severe episodes of diarrhea. Studies
in children indicate that the antibody response in primary
infection is homotypic with subsequent infections pro-
ducing a broadening of the immune response.

Rotavirus Detection

Laboratory procedures for diagnosis of rotavirus include
electron microscopy (EM), passive latex agglutination
assays (LA), electropherotyping using polyacylamide gel
electrophoresis (PAGE), enzyme-linked immunosorbent
assays (ELISA), and reverse transcription–polymerase
chain reaction (RT-PCR). In recent years, ELISA has
become the method of choice for screening. Early studies
on strain surveillance identified rotavirus serotypes using
neutralization assays. Monoclonal antibodies to specific
serotypes were used. Newmethods have greatly improved
data on circulating rotavirus strains and include multiplex
RT-PCR based genotyping based on VP7 and VP4 genes,
hybridization assays, and nucleotide sequencing.
Caliciviruses

Structure and Classification

The term ‘calicivirus’ is derived from the Latin calyx,
meaning cup or goblet, and refers to the cup-shaped
depressions visible by EM. These cuplike depressions are
more prominent in some strains, particularly the sapo-
viruses, leading to the characteristic Star of David appear-
ance fromwhich caliciviruses get their name. Caliciviruses
(family Caliciviridae) are a group of nonenveloped, icosa-
hedral viruses with a single-stranded, positive-sense RNA
genome. The genome is 7.5 to 7.7 kilobases in length and
has three open reading frames (ORFs). Noroviruses can be
genetically classified into five different genogroups (GI,
GII, GIII, GIV, and GV) which can be further divided into
different genetic groups or genotypes. Genogroup II, the
most prevalent human genogroup, presently contains
17 genotypes. Genogroups I, II, and IV infect humans,
whereas genogroup III is associated with bovine infections
and genogroup V has recently been isolated in mice.
Noroviruses were named after the places where the out-
breaks occurred. Recently a numeric classification system
has been proposed based on numbering genogroups with
Roman numerals and genotypes with numbers. For exam-
ple, the genogroup II norovirus, Lordsdale virus, is a
member of genotype 4, and therefore classified as a GII.4
norovirus. GII.4 viruses account for the majority of adult
outbreaks of gastroenteritis and often sweep across
the globe. Sapoviruses, previously called the classical
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caliciviruses, based on their morphology, have 8 human
genotypes in 5 genogroups, and have a similar system of
strain designation as noroviruses.

Clinical Features

The incubation period for caliciviral infections is short,
about 24 to 48 hours, and the mean duration of illness is
12 to 60 hours. Nausea is prominent, with vomiting, non-
bloody diarrhea, and abdominal cramps occurring in most
cases. These symptoms are experienced by all age groups,
but diarrhea is relatively more prevalent among adults,
whereas a higher proportion of children experience vomit-
ing. From 25% to 50% of affected persons also report
headache, fever, chills, and myalgias. Adults have died dur-
ing illness caused by noroviruses, presumably from electro-
lyte imbalance. Late sequelae have not been reported, but
the elderly often report persistence of constitutional symp-
toms for up to several weeks. Routes of transmission that
have been documented include water, food (particularly
shellfish and salads), aerosol, fomites, and person-to-person
contact. Infectivity can last for as long as 4 days after resolu-
tion of symptoms. Presymptomatic shedding has been sus-
pected on epidemiologic grounds but has not been proved
in volunteer studies.

Pathophysiology

Other than a murine norovirus, noroviruses have not been
grown in culture, making studies of pathogenetic mechan-
isms difficult. In studies carried out on volunteers, infec-
tion by calicivirus produces an expansion of the villi of the
proximal small intestine. The epithelial cells remain
intact with a shortening of the microvilli. The mechanism
by which diarrhea is produced is unknown. In volunteer
studies, infection by the Norwalk virus induces a specific
IgG, IgA, and IgM serum antibody response, even in
persons with preexisting antibodies. After norovirus infec-
tion, immunity appears to last for a few months but there
is little or no evidence of long-term protection. Volunteer
studies conducted in the 1970s also suggest that some
people are resistant to Norwalk virus challenge. Recently
two host factors have been identified that may contribute
to this resistance to infection. In volunteer studies homo-
zygous recessives for the a (1,2) fucosyltransferases gene
(FUT2), who do not express H type-1 oligosaccharide
were resistant to infection with Norwalk virus (non-
secretors). There is also evidence to suggest that different
norovirus strains bind to different blood group antigens.
Data on sapovirus infections and immune responses are
not yet available.

Calicivirus Detection

Electron microscopy was initially used for identification
of these viruses and continues to be used by many labora-
tories to screen stools for potential viral pathogens. This
method is insensitive compared with molecular detection
assays. Currently, RT-PCR assays are the most common
approach for establishing a diagnosis of norovirus infec-
tion. Virus-specific primers are used to amplify conserved
regions of the genome, usually in the polymerase or capsid
genes. No single primer pair can detect all norovirus or
sapovirus strains because of the high sequence diversity, but
in most geographic regions, more than 90% of currently
circulating strains can be detected using separate primer
pairs for genogroups I and II noroviruses and sapoviruses.

Antigen-detection ELISA assays for noroviruses have
been established in the last decade, but the first assays had
a very narrow reactivity. More broadly reactive assays
have been developed using monoclonal antibodies that
recognize cross-reactive epitopes or multiple monoclonal
antibodies, but are not widely used. Serologic assays
also have been developed to detect immune responses to
infecting norovirus strains, but are used more in epidemi-
ological studies than for diagnosis in individual patients.
Astroviruses

Structure and Classification

Human astrovirus is the prototype of the Astroviridae,
a family of nonenveloped positive-sense RNA viruses,
measuring 38–41 nm. By direct EM, astroviruses recovered
from stool display a distinctive surface starlike appear-
ance. The genome of astrovirus consists of positive-sense,
single-stranded RNA, 6.8 kb in length, organized in three
ORFs. All serotypes have at least three capsid proteins,
P1, P2, and P3, with the P2 protein carrying the group-
reactive epitopes and the P3 protein specifying serotype.

Astroviruses are classified into serotypes based on the
reactivity of the capsid proteins with polyclonal sera and
monoclonal antibodies. Astroviruses can also be classified
into genotypes on the basis of the nucleotide sequence of a
348-bp region of the ORF2, and there is a good correlation
with the serotypes. There are eight established genotypes.

Phylogenetic analyses have shown that it is common to
find multiple astrovirus strains circulating in one region
during a given period of time, and that there are also
variations in the prevalent type with time, suggesting
either a genetic shift or an introduction of new strains.
Serotype 1 is predominant in most studies, followed by 2,
3, 4, and 5. Serotypes 6, 7, and 8 are rarely detected.

Clinical Features
Clinically, these viruses cause similar symptoms to cali-
civiruses. Like rotaviruses, astrovirus infections occur
throughout the year with peaks in the winter months.
Infections have been shown to occur mainly in childhood.
Other studies showed that most of the cases of infection
are detected in children under 5 years of age with the
majority of the children being under 1 year of age. Out-
breaks of astrovirus infection involving children and elderly
patients have been described and prolonged excretion
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documented in immunosuppressed, immunodeficient, and
AIDS patients. Significantly higher seroprevalence rates of
astrovirus have been reported in adults exposed to contami-
nated water compared with a control group.

Pathophysiology
The pathogenesis of the disease induced by astrovirus has
not yet been established, although it has been suggested
that viral replication occurs in intestinal tissue. In animal
studies, atrophy of the intestinal villi is observed, as well
as inflammatory infiltrates in the lamina propria leading
to osmotic diarrhea.

Symptomatic astrovirus infection occurs mainly in small
children and the elderly, which suggests both an acquisition
of antibodies with increasing exposure and a reduction in
antibodies with advancing age. Studies in adult volunteers
indicate that people with detectable levels of antibodies do
not develop the illness, although epidemiological observa-
tions suggest that human astrovirus infections do not induce
heterotypic immunity, as an episode of astrovirus diarrhea
is not associated with a reduced incidence of a subsequent
episode.

Astrovirus Detection

EM is an insensitive technique, because a high concentra-
tion of viral particles is required for detection and the
typical five- or six-pointed star morphology is seen in
less than 10% of particles. Enzyme immunoassays have
been developed including streptavidin-biotin assays for
increased sensitivity of detection, and are used in most
diagnostic laboratories. For epidemiological research,
recently astrovirus-specific RT-PCR has been the screen-
ing method of choice. While some investigators have used
highly sensitive primers targeted to conserved genomic
regions coding for the nonstructural proteins and untrans-
lated regions, others prefer to use primers from the capsid
coding region which can be less sensitive but provide
typing information.
Adenoviruses

Structure and Classification

All adenovirus particles are nonenveloped, 60 to 90 nm
diameter, with icosahedral symmetry easily visible in the
electron microscope by negative staining, and are com-
posed of 252 capsomers: 240 hexons and 12 pentons bear-
ing fibers at the vertices of an icosahedron. The genome
is linear, nonsegmented, double-stranded DNA of 30 to
38 kbp. Based on their immunologic properties, oncoge-
nicity in rodents, genome, and morphology, adenoviruses
are classified into six subgroups A through F with 51
serotypes. Serotypes predominantly associated with human
infections include h-40 and h-41, which belong to sub-
genus F, and occasionally h-31 in subgenus A.
Clinical Features
Adenoviruses are widely recognized causes of respiratory,
ocular, and genitourinary infections. However, serotypes
40 and 41 (previously called fastidious enteric adeno-
viruses) primarily affect the gut, contributing to 5% to
20% of hospitalizations for childhood diarrhea in devel-
oped countries. Enteric adenoviruses have also been iden-
tified in pediatric gastroenteritis in developing countries.
Peak incidence is among children under 2 years of age,
but older children and adults may be infected, with or
without symptoms. Incubation is between 3 and 10 days,
with illness lasting 1week or longer, longer than for other
enteric viral pathogens. Diarrhea is more prominent than
vomiting or fever, and respiratory symptoms are often
present.

Pathophysiology

The lesions produced by serotypes 40 and 41 in the
enterocytes lead to atrophy of the villi and compensatory
hyperplasia in the crypts, with subsequent malabsorption
and loss of fluids. A neutralizing antibody response made
in response to infection results in control of disease and
protection from reinfection with the same serotype.
Asymptomatic virus excretion can continue for prolonged
periods even after an antibody response is documented in
acute infection. Although adenoviruses can be grown in
culture, little data are available on the pathogenetic
mechanisms of these agents of viral gastroenteritis.

Adenovirus Detection

Traditionally, adenoviruses have been detected and typed
by EM, virus culture, and neutralization assays. These
assays are time-consuming, and more rapid serological
assays including immunofluorescence, enzyme immuno-
assays, and latex agglutination have been developed.
The rapid assays are useful in the diagnostic laboratory,
but do not generally distinguish between serotypes. PCR-
based techniques are more sensitive and relatively rapid,
but have been shown to give discrepant results when
compared with serotyping by neutralization.
Other Viruses

Torovirus is a genus within the Coronaviridae family, and
toroviruses are known causes of diarrhea among cattle.
These viruses have an envelope of 100–140 nm, with a
helicoidal capsid and a single-stranded positive-sense
RNA genome. Torovirus was detected for the first time
in human gastroenteritis in 1984. They are associated with
persistent and acute diarrhea in children, and may repre-
sent an important cause of nosocomial diarrhea.

Coronaviruses are well-established causes of diarrhea
in animals and respiratory disease in humans. These
viruses are between 60 and 220 nm, with helicoidal
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symmetry, a spiculated envelope which gives them the
appearance of a crown, and a genome with positive-sense
single-stranded RNA. They have been identified in the
stool of persons with gastroenteritis (usually children
under 2 years of age), but human controls have been
found to shed them with higher frequency, raising doubt
about their etiologic role in human diarrhea.

Picobirnaviruses are small viruses, without an envelope,
30–40 nm in diameter, with an icosahedral capsid and a
genome made up of two or three segments of bicatenary
RNA. Reports from Brazil documented human cases of
diarrhea caused by picobirnavirus, which had been thought
to be a cause of diarrhea only in animals. The importance of
this pathogen is unknown, but it has been found in associa-
tion with HIVand Cryptosporidium-infected individuals.

Aichi virus, in the genus Kobuvirus, was first recog-
nized in 1989 in oyster-associated nonbacterial gastroen-
teritis in humans. Aichi virus appears to morphologically
resemble astroviruses when examined by EM. Recently
Aichi virus was isolated from Pakistani children and from
Japanese travelers with gastroenteritis returning from
tours of South-East Asian countries.

Twenty-three percent of children under 2 years of age
with gastroenteritis of unknown etiology were antigen-
positive for pestivirus, compared with 3% of controls, in
a study on an American Indian reservation. No further
studies have been done on the role of this agent in
gastroenteritis.

Parvovirus-like particles have been identified by EM
in stool specimens of both well and ill persons in Britain.
The relationship of these particles to disease is unclear,
but they have been associated with shellfish-related out-
breaks of gastroenteritis.

Enteroviruses cause awide spectrum of disease, inwhich
gastroenteritis plays a minor role. Although the entry of
polio, Coxsackie, echo, or other enteroviruses through
the gut may cause incidental mild diarrheal symptoms,
the spread of the virus through the bloodstream to
other organs (e.g., central nervous system, heart, pleura,
pancreatic islets) produces major disease manifestations.
Reports have linked some enteroviruses to illnesses in
which diarrhea was the sole symptom; nevertheless, an
outbreak or case of gastroenteritis should not be attributed
to an enterovirus merely because it was isolated in the stool
of an affected person.
Management of Viral Gastroenteritis

Treatment of viral gastroenteritis is symptomatic, and
its aim is to prevent or treat the dehydration secondary
to the disease. Dehydration is assessed using blood pres-
sure, pulse, heart rate, skin turgor, fontanelle depression,
mucous membranes, eyes, extremities, mental status and
activity, urine output, and thirst. Assessment of dehydra-
tion, particularly in children in community studies or by
field workers, relies on lethargy, restlessness, appearance
of eyes, skin turgor, and feeding/thirst.

Fluid and metabolic imbalances must be assessed and
corrected. The most important factor predicting adverse
outcome of viral gastroenteritis is delay in fluid and
electrolyte therapy. Clinically significant dehydration
can occur within 6 hours of onset of illness, especially
during primary infection in children. Malnutrition, malig-
nancy, and immunodeficient states predispose to a more
severe episode of illness or unremitting diarrhea that can
persist until the underlying condition is corrected.

Oral rehydration therapy is recommended for prevent-
ing and treating early dehydration and continued replace-
ment therapy for ongoing losses. Intravenous therapy is
required in severe dehydration, shock, and decreased
consciousness. In children, age-appropriate diet should
be continued during oral rehydration and following intra-
venous rehydration. Anti-emetics, anti-diarrheal agents,
and antibiotics should not be given to children, although
anti-emetics and anti-diarrheals may be used in adults.
Studies have shown that antirotavirus immunoglobulin as
bovine hyperimmune colostrum or human milk may
decrease the frequency and duration of rotavirus diarrhea.
Probiotics such as Lactobacillus casei GG and Saccharomyces

boulardii reduce the frequency and duration of diarrhea.
Racecadotril, an enkephalinase inhibitor, has been shown
in some studies to be useful in treating rotaviral diarrhea
in children. Zinc supplements have been suggested to
reduce severity and duration of illness.

Preventive measures can limit the number of episodes
of viral gastroenteritis both within the home and in insti-
tutions. Diaper-changing areas should be separate from
food preparation areas. Diapers should be disposed of
directly in the changing area and should be placed in
closed bags. Hands should be washed after contact with
soiled diapers and clothing. Interruption of transmission of
the infection is extremely important, especially in hospi-
tals and centers that care for small children. Therefore, it is
necessary to reinforce hygiene measures, such as hand-
washing, and clean all surfaces with suitable disinfectants.
As viruses do not replicate outside a host, decreasing the
potential inoculum is key to preventing further infection
of susceptible hosts. Further preventive measures in child-
care facilities and hospitals include isolation and cohorting
of ill children. Asymptomatic infections probably also play
an important role in the spread of infection.
Vaccines

Studies with vaccines against group A rotavirus began in
1982. The first vaccine developed was the tetravalent



human–rhesus reassortant vaccine, which induces protec-
tion against the four main rotavirus serotypes, G1–G4.
Efficacy studies showed a reduction in the appearance of
severe gastroenteritis caused by rotavirus in vaccinated
children, and the vaccine was approved in the United States
in 1998. However, the detection of an increase in the risk of
intussusception after vaccination led to its suspension. In
2006, two licensed vaccines became commercially available.
These are Rotateq, a live oral attenuated pentavalent vac-
cine from Merck which is recommended by the CDC
Advisory Committee on Immunization Practices to be
given at 2, 4, and 6months with the last dose administered
no later than 32weeks, and Rotarix fromGlaxoSmithKline,
a human strain derived monovalent live oral vaccine given
in two doses at 2 and 4months. Rotateq is licensed in the
United States and Rotarix in many countries in Europe and
South America. These vaccines need to be evaluated in
settings where there is marked diversity of rotaviruses
and infection occurs at a younger age, as in developing
countries. Owing to the high cost of these vaccines, vaccine
manufacturers in developing countries have initiated the
process of formulating and testing vaccines based on local
strains, whichmay address the issues of cost and heterotypic
immunity in settings where different viruses circulate.
DNA-based and virus-like particle vaccines may also pro-
vide an alternate method of prevention in the future.

Studies on virus-like particle-based vaccines against
Norwalk virus have also been initiated with capsid proteins
expressed in plants inducing an antibody response in exper-
imental models. However, these potential vaccines are still
in preclinical development.

In summary, viral gastroenteritis is a major cause of
morbidity in developed countries and mortality in devel-
oping countries. Hygiene is the first preventive step in viral
gastroenteritis and rehydration is the key to management of
clinical illness. The range of organisms that can cause
gastroenteritis is immense and vaccines will be important
in reducing the impact of childhood gastroenteritis.

See also: Adenoviruses; Arboviruses; Enteroviruses;

Foodborne Illnesses: Overview; Intestinal Infections:

Overview.
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Micronutrient Deficiencies

Micronutrient deficiencies – most notably vitamin A,
zinc, iodine, and iron deficiencies – are a major public
health problem globally, with low-income countries in
Africa and Asia carrying the highest burden of disease.
Young children and pregnant and breastfeeding women
are the main groups affected, because their relative
requirements for micronutrients are higher and thus the
impact of deficiency is more severe than in other popula-
tion subgroups. Micronutrient deficiencies have also been
described as hidden malnutrition, as subnormal levels of
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certain micronutrients can increase general morbidity and
mortality without any obvious clinical symptoms or signs
to suggest deficiency. This (and that micronutrient defi-
ciencies are mainly a public health problem in resource-
poor countries) explains why exact data on the prevalence
and impact of micronutrient deficiencies are unavailable
in many settings. However, it has been estimated that
more than 2 billion people worldwide are affected and
that many of them suffer from multiple micronutrient
deficiencies (WHO/WFP/UNICEF, 2006).

Up to 250 million preschool-age children and most
likely a substantial proportion of pregnant women are
estimated to suffer from vitamin A deficiency (VAD)
(WHO/FAO, 2004). Vitamin A (retinol) is essential for
visual function, growth and development, maintenance of
epithelial function, reproduction, and the immune sys-
tem. Corneal scarring due to vitamin A deficiency is still
the main cause of preventable childhood blindness in poor
populations, mainly affecting children under 3 years of
age. VAD also increases morbidity and mortality in
children up to at least 6 years of age. School-age children
may also be affected, but there is insufficient information
on the prevalence and impact of VAD in older children.
Vitamin A Metabolism

Vitamin A is a fat-soluble vitamin (WHO/FAO, 2004).
Vitamin A is either ingested as retinyl esters of fatty acids
from animal sources or as provitamin A carotenoids from
vegetable sources. In the digestive tract, they are freed
from the food matrices that they are bound into. This
is more effective for animal products than for vegetables
and fruits. They are then solubilized for absorption,
before passing into the intestinal mucosal cells. Products
of fat digestion and bile secretion, such as cholesterol,
phospholipids, bile salts, and so on, are important for the
effective solubilization of retinol and carotenoids. Absorp-
tion is reduced if dietary fat intake is low (less than 5–10 g
daily) or in the presence of digestive tract disorders, such
as frequent gastroenteritis, which interfere with normal
food absorption. Retinol and carotenoids are incorporated
into chylomicrons together with other lipids and deliv-
ered into the bloodstream by way of the lymphatic system.
Some carotenoids are converted into retinol in the intes-
tinal mucosal cells. Ninety percent of retinol is stored in
fat-storing liver cells until used, whereas carotenoids are
stored in fatty tissues. If retinol stores are low, these
carotenoids can be used after conversion to retinol in
the liver. Retinol is transported from the liver to target
tissues bound to retinol-binding protein (RBP), the mobi-
lizing protein. The retinol–RBP complex (holo-RBP)
connects in the blood with transthyretin, a larger hepati-
cally synthesized protein, which prevents holo-RBP from
being excreted by the kidneys. Disorders or dietary
restrictions that impair hepatic synthesis of mobilizing
and transporting proteins, as well as diseases that increase
renal loss of larger proteins (e.g., fever) interfere with a
normal vitamin A status.

The amount of provitamin A in a mixed diet that has
the same vitamin A activity as 1mg of retinol is called its
bioefficacy. The U.S. Institute of Medicine (IOM) esti-
mated that 2 mg of b-carotene in oil or 12 mg of b-carotene
in mixed foods has the same vitamin A activity as 1 mg of
retinol (U.S. IOM, 2000). However, bioefficacy varies with
the vegetable and fruit content of the diet and field studies
suggest that in some populations the bioefficacy of
b-carotene is even lower, requiring 21 mg of b-carotene
to reach the same vitamin A activity as 1 mg of retinol
(West et al., 2002).
Vitamin A Deficiency and the Eye

Ocular signs and symptoms, also known as xerophthalmia
or clinical disease, are the only specific clinical indicators
of VAD (WHO, 1996). However, their prevalence alone
will greatly underestimate the overall prevalence of VAD,
as nonspecific systemic effects of VAD frequently occur
without the presence of xerophthalmia (sometimes called
subclinical disease).

Night blindness (XN), due to lack of the visual pigment
rhodopsin that contains a metabolite of vitamin A, is the
most common and earliest ocular symptom of VAD, even
though ocular signs of VAD such as Bitot’s spots may
occur in the absence of XN. XN is defined as the inability
to see well at low levels of light.

Bitot’s spots (X1B) are cheesy or foamy patches of
desquamated, keratinized epithelium on the conjunc-
tiva. They are usually, but not always, found on the
temporal conjunctiva, and are usually present in both
rather than one eye only. Persistent, unresolved Bitot’s
spots may be present in older children and adults with
normal vitamin A status, but unlike Bitot’s spots in VA-
deficient children these do not respond to vitamin A
supplementation. Bitot’s spots may be preceded by
conjunctival xerosis (X1A), a keratinizing metaplasia of the
conjunctival epithelium, but this sign is rather subjective
and unreliable.

Corneal xerosis (X2) is dryness of the inferior cornea
(peau d’orange appearance) which, if untreated, can go on
to affect the whole cornea in some cases, leading to corneal
ulceration (X3) and keratomalacia, a full-thickness necrosis
of the cornea. If treated with oral vitamin A, X2 is fully
reversible, whereas X3 is not. X3 is usually graded by the
proportion of cornea affected, with X3A involving less
than one-third of the cornea and X3B involving at least
one-third. X3B often results in corneal perforation and
irreversible blindness. X3s are rare even in a population
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with a VAD problem of public health importance, and
occur most commonly in association with measles. The
case-fatality ratio of affected children has been estimated
at 50–90%. Corneal ulcers result in corneal scarring (XS)
with the extent, type, and position of the scar determining
the child’s remaining vision.

Ocular signs and symptoms are often associated with
chronic VAD. They are important indicators of the preva-
lence of VAD in a population.
Vitamin A Deficiency and Morbidity/
Mortality

A series of randomized, controlled trials conducted in the
1980s and 1990s showed that improving the VA status of
young children aged 6months to 6 years decreased their
mortality by an average of 20–30% (Beaton et al., 1993).
Also, vitamin A supplementation decreased the incidence
of severe infectious diseases and hospital admissions with
the possible exception of respiratory tract infections. The
converse is also true with infectious diseases – especially
diarrheal disease and measles–associated with deteriora-
tion in VA status due to a higher demand and lower intake
and/or absorption of VA. It is thought that protein-energy
(macronutrient) malnutrition impairs VA status even fur-
ther, possibly due to a shortage of transport proteins.
However, because protein-energy malnutrition without
vitamin A and other micronutrient deficiencies is rare,
the importance of this has not been conclusively proven
(WHO/FAO, 2004).

VAD or VA excess in the first trimester can lead to
congenital anomalies. VAD may interfere with growth, but
its impact is difficult to estimate, as VAD usually occurs
together with other types of nutrient deficiencies. Combin-
ing VA with iron supplementation improves hemoglobin
formation in anemic children. VAD may increase maternal
third trimester and postpartum morbidity and mortality.
Indicators of Vitamin A Deficiency

Technically, VAD has been defined as a concentration of
retinol in liver stores of<0.07 mmol/g. However, since it is
impractical and unethical to measure liver retinol con-
centrations directly, except in very exceptional circum-
stances, surrogate measures are used to determine the
prevalence of VAD in a population (WHO, 1996). The
most commonly used biological indicators are clinical/
functional or biochemical measures, as summarized in
Table 1.

Information on night blindness is easily obtained either
through proxy reports in children aged 24–71months or
directly from women who have had a live-born child
within the past 3 years, using a standard algorithm
(Table 1). The validity of night blindness reports varies
in different populations, although it is believed to be valid
in populations that use a specific, local term for night
blindness (when assessing data, the specific local term
for night blindness should be used). Night blindness usu-
ally responds to VA supplementation within 1 to 2 days.
Ocular signs of VAD are uncommon in most populations
and therefore require large sample sizes to establish their
prevalence with reasonable precision.

Biochemical measures of VA status require smaller
sample sizes due to the higher prevalence of biochemical
VAD (Table 1). There are several biochemical measures
that are practicable in field settings (WHO, 1996), even
though all of them are logistically more demanding and
expensive than ocular indicators due to the need for ap-
propriately collecting, transporting, and storing samples
and for access to good laboratory facilities for analysis.
There is no consistent correlation between the thresholds
used for biochemical measures (Table 1) and adverse
health effects, except for corneal disease in severely defi-
cient children with serum retinol concentrations below
0.35 mmol/l.

The most commonly used biochemical measure for the
assessment of VAD in populations is serum retinol, usually
measured by high-pressure liquid chromatography
(HPLC). However, serum retinol concentration cannot
be used to diagnose VAD in individuals, because the
serum retinol concentration is normally under effective
homeostatic regulation and so only reflects body stores if
these are very high or very low. Serum retinol is a negative
acute phase reactant, so its concentration can be reduced
substantially by acute infections.

The relative dose–response (RDR) test, and its logisti-
cally simpler variant the modified RDR (mRDR), are
indirect measures of liver stores of vitamin A, which
depend on the principle that a higher proportion of a
large dose of retinol will be taken into the liver the
lower the liver stores of vitamin A. In the mRDR, for
example, a large dose of a variant of retinol found in fish
(often known as A2), which is handled by the body in the
same way as human retinol (A1), is given to the subject at
time zero. A serum specimen is taken 4–6 hours later and
the serum concentration of A2 compared with that of
human retinol A1. Although much more time consuming
than simply measuring the serum retinol concentration,
the mRDR is increasingly used in research studies along-
side serum retinol concentration because it is more stable
in the presence of infections, and more closely reflects
the individual’s underlying vitamin A status.

Demographic and ecological factors such as infant
and childhood mortality, children’s anthropometric status,
and breastfeeding and dietary patterns, have recently
been proposed as a simple and cheap way to identify
areas and populations at increased risk of VAD (WHO,



Table 1 Clinical and biochemical population indicators of vitamin A deficiency as an important public health problem

Indicators

Prevalence indicating important
public health problem

Comments

Children
aged
6–71months

Pregnant and
breastfeeding
women

Clinical

Night blindness (XN) ≧1.0%a ≧5% Algorithm:

1. Does your child have any problem seeing in the daytime?

2. Does your child have any problem seeing in low levels of light?
3. If 2¼ yes and 1¼No, is this problem different from other children

in your community?

4. Does your child have night blindness (local term)?
Bitot’s spots (X1B) >0.5% – Reversible after VA supplementation

Corneal xerosis,

ulceration,

keratomalacia (X2–3)

>0.01% –

Cornal scars (XS) >0.05% –

Biochemical

Serum retinol

≦ 0.7mmol/l

≧10% – Serum retinol levels in pregnant women may be artificially low due to

hemodilution
Breast milk retinol

≦ 1.05mmol/l

n/a ≧10% 1–8 months postpartum

Relative dose response
≧ 20%

≧20% Requires 2 blood samples (1 at baseline and the other 5 hours after
ingestion of retinol as retinyl ester)

Modified relative dose

response ratio � 0.06

≧20% One blood sample 4–6 hours after ingestion of 3,4-dihydroretinol

acetate(A2)

aChildren aged 24 to 71 months.

Modified from World Health Organization (1996) Indicators for assessing vitamin A deficiency and their application in monitoring and

evaluating intervention programmes. Micronutrient Series WHO/NUT/96.10. Geneva: WHO; and International Vitamin A Consultative
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1996). Populations with under-5 mortality rates (U5MR)
of more than 50 in 1000 have invariably been shown to
have VAD of public health importance (IVACG, 2002).
Furthermore, if the U5MR is between 20 and 50 in
1000, VAD is possible, but must be confirmed using
biological indicators before interventions are introduced.
A prevalence above the threshold for two biological
measures, or for one biological measure and several
demographic/ecological factors, is usually required to
define a population as VA deficient.
Prevention of Vitamin A Deficiency

Improving the vitamin A status of VA-deficient popula-
tions has far-reaching consequences. Not only will it
usually lead to a reduction of the overall mortality by
about 25%, deaths from measles by 50% and from diar-
rhea by 40% (Beaton et al., 1993), but reducing the sever-
ity of disease will also reduce the strain on inpatient and
outpatient services and will improve the quality of life of
children and their families (IVACG, 2002). Furthermore,
improving the vitamin A status of women is likely to
decrease the prevalence of genetic anomalies, and
to reduce the prevalence of anemia (through vitamin
A/iron/hemoglobin interactions), and improve maternal
health and pregnancy outcomes.

In 2002, the UN Special Session on Children set a
global target for the elimination of VAD as a problem of
public health importance by the year 2010 (UN, 2002).
This is to be achieved through three major strategies: (1)
VA supplementation, (2) food fortification, and (3)
improved dietary diversity and quantity of VA intake
(including the promotion of breastfeeding).

1. VA supplementation: VA supplementation is the
delivery of VA as capsules or tablets. It is highly effective
both for preventing and for treating VAD. Prophylactic
VA supplementation is one of the most cost-effective
health interventions currently available to public health
(World Bank, 1993). Recommended VA supplementation
dosages and intervals are listed in Table 2. Supplementa-
tion should ideally be used alongside food fortification
(where feasible) and strategies to increase the dietary
intake of vitamin A. VA supplementation has been suc-
cessfully added to childhood immunization programs
(Expanded Program on Immunization (EPI), National



Table 2 Recommended vitamin A supplementation dosages and intervals in VA-deficient populations

Population group Recommended amount Frequency of administration

Infants 0–5months 50000 IU Three doses (total of 150 000 IU) with at least one month
between dosesa

Combine with routine childhood vaccinations (at 6, 10, and

14 weeks) if possible for programmatic reasons

Infants 6–11months 100000 IU Every 4–6 months
Children 12months and

older

200000 IU Every 4–6 months

Breastfeeding women 200000 IU and/or either of the following two

options:

Two doses (total of 400 000 IU) at least one day apart, within

6 weeks after delivery
. 10000 IU . Daily for 6 months after delivery
. 25000 IU . Weekly for 6 months after delivery

aThe efficacy of this recommendation for either a sustained impact on vitamin A status or on severe morbidity or mortality has not been

proven.

Table 3 Estimated mean requirements and safe levels of vitamin A intake

Population group Mean requirement (mg RE/day)a Recommended maximum safe intake (mg RE/day)a

Young infants (0–5months) 180 375

Older infants (6–11months) 190 400

Children (1–9 years) 200–250 400–500
Adolescents (10–18 years) 330–400 600

Men 300 600

Women 19–64 years 270 500
Women 65þ years 300 600

Pregnant women 370 800

Breastfeeding women 450 850

aRE, retinol equivalent.
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Immunization Days). Prophylactic high-dose VA supple-
mentation has been shown to be safe in all age and sex
groups except pregnant women, and is recommended in
children and breastfeeding women during the safe, non-
fertile period up to 6weeks after delivery. A lower dose
regimen of not more than 10 000 IU daily or 25 000 IU
weekly can be used for pregnant women or women in the
fertile age group, as there is an increased risk of terato-
genesiswith higher doses especially early in the pregnancy
(WHO, 1997). Long-term consumption of large amounts
of VA can damage the liver, cause bone anomalies, joint
pains, alopecia, headaches, vomiting, and skin desquama-
tion. However, at recommended doses side effects are
relatively uncommon and are mild (e.g., transient nausea
in infants or children, bulging fontanel in infants).

2. Food fortification: Commonly used food products,
such as sugar, wheat flour, monosodium glutamate (MSG)
(a food flavoring that is widely used especially in Asia), and
margarine, can be enriched with vitamin A. A successful
fortification program requires, among other things, a suit-
able food ‘vehicle’ that is centrally processed in a limited
number of factories and then widely consumed (even by
the poor) on a regular basis in amounts that do not vary too
much between individuals (WHO, 1996).

3. Increased dietary intake from natural (i.e., unforti-
fied) VA-rich foods: The aim of this strategy is to achieve a
continually adequate intake of VA according to recom-
mended dietary intake (Table 3). Approaches to achieve
this require intersectoral action aimed at increasing the
production of affordable VA-rich foods and encouraging
their consumption. Such approaches may also reduce pov-
erty by providing a new source of income, other dietary
improvements, and an opportunity for other health pro-
motion and education. However, these approaches require
time and sustained efforts to achieve measurable effects.
Partly for these reasons, there are few dietary improve-
ment (often called dietary diversification) programs whose
cost-effectiveness has been rigorously evaluated.

VA supplementation, with its ability to achieve an
immediate impact, coupled with the fact that it can be
delivered through one sector (health) and can be coupled
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to other public health interventions such as mass
immunization days, has been by far the most widely
implemented intervention for the prevention of VAD in
low- and middle-income countries. Promoting exclusive
breastfeeding for the first 6months of life is an important
dietary measure to improve VA status in infants.

Other public health measures such as immunization
against measles, improvements in water supply and
hygiene to prevent diarrheal disease, and regular
deworming will also have direct and indirect effects on
the prevalence and consequences of VAD in a population.

Vitamin A supplementation appears to be proportion-
ately as effective for mortality prevention among HIV-
infected infants and children as for uninfected, and should
form an adjunct to highly active antiretroviral therapy
(HAART). In other words, all HIV-infected infants and
children in VAD populations should be supplemented
with 4–6 monthly high doses of vitamin A, alongside
their uninfected peers. However, although initial observa-
tional studies showed a strong association between VAD
and both HIV disease progression in adults of both sexes
and of mother-to-child transmission (MTCT) of HIV,
these associations are not likely to be causal (or may be
due to reverse causality), as more recent randomized,
controlled trials of vitamin A supplementation to slow
progression or MTCT have been disappointing.

Emergencies such as wars and natural disasters often
precipitate or greatly exacerbate an epidemic of VAD due
to interrupted food supplies and an increase in infectious
diseases (WHO/WFP/UNICEF, 2006). Distribution of
appropriately fortified foods (e.g., VA-enriched dried
skimmed milk) is recommended, but women and young
children need additional vitamin and mineral supple-
ments, including vitamin A.
Treatment of Vitamin A Deficiency

Children with xerophthalmia, measles, or severe protein-
energy malnutrition should be treated with high-dose vita-
min A (WHO/UNICEF/IVACG, 1997). Children should
receive 50 000 IU if they are under 6months, 100 000 IU if
they are 6–11months, and 200 000 IU if they are 12months
or order. For xerophthalmia, this dosage is recommended
three times (on days 1, 2, and 14–30), for measles twice
(on successive days), and for severe protein-energy malnu-
trition once. Although extremely uncommon except in
famine situations, adolescents or adults with severe xeroph-
thalmia (i.e., X2 or X3) should receive three doses of vita-
min A (days 1, 2, and 14–30). This even applies towomen, in
whom the increased risk of teratogenesis in the fetus if the
woman is in the early stages of pregnancy is far outweighed
by the substantial risk of blindness in the mother.
Conclusion

VAD is one of the most prevalent – and yet most easily
and cost-effectively prevented – public health problems
in low-income countries and a substantial burden of dis-
ease and mortality in children in many middle-income
countries as well. It is a scandal that this remains the case
more than a decade after it was conclusively shown in
meta-analyses of a substantial number of large-scale, well-
conducted randomized, controlled trials that vitamin
A supplementation of young children in VAD populations
is one of the most cost-effective interventions available to
public health. Although it is very unlikely that the United
Nations target of the elimination of VAD as a problem of
public health importance by 2010 will be reached by that
date, all public health practitioners and policy makers
should be committed to ensuring that this target is
achieved within the decade after that.

See also: Blindness; Food Fortification; Infant Mortality/

Neonatal Disease; Longevity in Specific Populations;

Populations at Special Health Risk: Displaced Popula-

tions; Skin Diseases (Non-Cancerous); Vitamin D.
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Introduction

A vitamin is an organic substance needed in micro
amounts per day, and whose lack results in deficiency
disease. Gross deficiency of vitamin D results in rickets
or osteomalacia. However, recent research implicates
vitamin D insufficiency in the risk for, and the prospective
outcomes of, many diseases.

Vitamin D is produced in skin exposed to sunshine
when the UV index is at least 3. The supply of vitamin D
to humans is affected by the factors listed in Table 1,
each of which can increase the need for oral intake
of vitamin D. Vitamin D is unique among vitamins,
because traditional food intake cannot deliver amounts
now deemed optimal for health. A further distinction
is that vitamin D is the precursor of a hormone, 1,25-
dihydroxyvitamin D, whose concentration in plasma
is regulated, and which signals nuclear processes that
affect an array of biological responses. Vitamin D from
skin or the gut is metabolized readily in the liver to
25-hydroxyvitamin D (25(OH)D), which is the objective
measure of vitamin D nutrition. The 25(OH)D con-
centration diagnostic of nutrient deficiency rickets is a
serum or plasma 25(OH)D concentration below 10 ng/ml
(25 nmol/l). A deficiency in 25(OH)D impairs deposition
of calcium into the protein matrix of bone. In children this
results in rickets, with its classic bowed legs. In adults,
25(OH)D deficiency causes osteomalacia, a curable dis-
ease of low bone density, which is a cause of osteoporosis
if left untreated.

Despite abundant sunshine, many people in the devel-
oping world exhibit clinically deficient 25(OH)D concen-
trations, which adversely affects neuromuscular function
and balance. Many women reportedly suffer back pain
that is curable with vitamin D supplementation. Epidemi-
ologic studies associate higher 25(OH)D with lower risk
of cancers of colon, breast, and prostate, better neuromus-
cular function and improved overall well-being. Elderly
adults with higher 25(OH)D concentrations are less likely
to require institutional care in subsequent years. The
challenge for public health is whether or how to respond
to the evidence for health effects of vitamin D.
Chemistry

There are two molecules accepted as nutritional
vitamin D, namely, vitamin D2 (ergocalciferol) and
vitamin D3 (cholecalciferol). Vitamin D3 is the form
physiologically present in all animals. When light of
UVB wavelength, 280–315 nanometers, reaches the epi-
dermal layer of skin, this breaks open a molecule on the
pathway to becoming a cholesterol molecule. This disrup-
tion of the B-ring of 7-dehydrocholesterol produces what



Table 1 Factors that affect vitamin D production and absorption

Physical environment
. Angle of the sun over the horizon (sun needs to be at least 45 degrees over the horizon, i.e., UV index of at least 3)
. Angle of sunlight onto skin (horizontal posture vs. standing)
. Altitude (more UV with altitude)
. Cloud cover/pollution diminishes UV penetration
. Latitude: progressively longer vitamin D winters beyond latitude 35, when UVB is not intense enough for vitamin D production

Human phenotype
. Skin type: Type 6 skin requires 6 times the exposure as type 2 skin
. Constitutive vs. adaptive phenotype: Tanning can increase amount of UV exposure required to generate a minimal erythemal dose
. Skin of older adults contains less 7-dehydrocholesterol, and for a given exposure, skin of older adults produces less of an increase in

serum 25(OH)D

Human culture
. Institutionalized care
. Sunscreen use and active avoidance of sun exposure to prevent skin cancer
. Indoor work during mid-day
. Clothes that covers the body, face, arms, legs, head

Disease
. Malabsorption: Celiac disease, inflammatory bowel disease, gastrectomy, bariatric surgery (intestinal bypass), small bowel resection

(short gut syndrome), pancreatic insufficiency, cystic fibrosis
. Metabolism: Anticonvulsant therapy (particularly phenytoin, barbiturate derivatives, and carbamazepine)
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is called secosteroid which spontaneously isomerizes to
become vitamin D3. A different molecule, vitamin D2,
can be synthesized from ergosterol, a plant steroid.
Vitamin D2 has been used as a supplement since the
1930s, but is about half as potent as vitamin D3.

Vitamin D and its more active metabolites share most
of the multiring structure of classical steroid hormones
like cortisol, estradiol, progesterone, aldosterone, and tes-
tosterone. Vitamin D and its metabolites have poor solu-
bility in water, they require binding to vitamin D-binding
protein for transport in the circulation, and they need to
be metabolized into an active form. Metabolites of vita-
min D should not be thought of as the nutrient vitamin
D. The liver readily converts vitamin D into 25(OH)D,
which resides in the body for many weeks. The active
metabolite, 1,25-dihydroxyvitamin D, enters cells, and
binds to the vitamin D receptor (VDR), a specific, cyto-
solic nuclear protein that then binds to DNA to affect
transcription.
Tissue A Tissue B

synthesis

Final step
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hormone
synthesis

signaling
molecule  

Prehormone (e.g., dehydroepiandrosterone, T4, 25(OH)D)

Via blood
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Figure 1 The terminology of signaling molecules (S) and
hormones as a background to understanding the vitamin

D system. Specific receptors (R) are involved in the cellular

response to a hormone. Receptors may span the plasma

membrane or may be cytoplasmic and intranuclear with genomic
interactions. The signaling molecule is that form which interacts

with receptor at responsive tissues. Figures are based on

definitions from Stedman’s Medical Dictionary.
The Hormone and Signaling Molecule
Made from Vitamin D

A hormone is a signaling molecule produced and secreted
by specific glands and cells within the body. After secre-
tion into the bloodstream, a hormone regulates the behav-
ior of one or more distant target organs that respond to it.
Like cholesterol, vitamin D per se is not a hormone, but
rather an inactive precursor. The terminology of signaling
molecules is illustrated in Figure 1, and Figure 2 relates
this to the vitamin D system.

Vitamin D that enters the body is stored in approx-
imately equal proportions in adipose and muscle tissues.
The residence time of vitamin D in the body, expressed as



25(OH)D matches the criteria for “prehormone”;
1,25(OH)2D matches the criteria for “hormone”
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Figure 2 Overview of the vitamin D system as it relates to
metabolism. Vitamin D is a raw material used by the liver to

produce the prehormone, 25(OH)D, which can be utilized by the

kidney to produce the signaling molecule, 1,25(OH)2D. When
1,25(OH)2D is released into the circulation by the kidney it

functions as a classic hormone. When 1,25(OH)2D is produced

by peripheral tissues that do not release it into the circulation,

then it functions as a paracrine (different cells, via interstitial fluid)
or autocrine (same or adjacent cells) signaling molecule.
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a half-life, is about 2months. Virtually all the vitamin D
related molecules in the blood are in the form of
25(OH)D, produced by 25-hydroxylase enzymes that are
mostly in the liver. Cells in the kidney take up 25(OH)D
bound to vitamin D binding protein (DBP). DBP has a
half-life of about 3 days and if the 25(OH)D it carries is
not needed for metabolism by the kidney, it is recycled
back into plasma. The kidney synthesizes and secretes
1,25(OH)2D in response to the need for calcium. Thus,
one function of the kidney is to serve as a classic endo-
crine gland producing the hormone, 1,25(OH)2D, which
stimulates active absorption of calcium across the intes-
tine, and which promotes the incorporation of the calcium
into bone.

Vitamin D nutrition is measuredwith a serum 25(OH)D
assay. This metabolite is required for a growing number of
nonclassical effects that are not related to bone and mineral
metabolism. Nonclassical effects are thought to be the
result of enzyme present in various tissues that produce
1,25(OH)2D. Those tissues do not normally release their
1,25(OH)2D into the circulation. The activation in var-
ious tissues of 25(OH)D into the signaling molecule,
1,25(OH)2D, accounts for the broad-range, health-related
effects being attributed to vitamin D nutrition. These
effects range from influencing neuromuscular functions
that include well-being and muscle function, respon-
siveness to other hormones, and cell behavior. The non-
traditional effects of vitamin D are mediated through
local, paracrine, and autocrine signaling within tissues.

The feature that makes the principles of the vitamin D
system especially difficult to understand is that in
contrast to other hormones, the material needed to pro-
duce 1,25(OH)2D is scarce. Limited availability of sub-
strate poses challenges to the systems that regulate
production of 1,25(OH)2D. To illustrate this, Figure 3
depicts 25(OH)D metabolism as a series of flow-through
buckets, because like water in a pail, the flow through an
opening is determined very much by the amount of mate-
rial present. More substrate – that is, a higher 25(OH)D
concentration in the circulating plasma – increases the
capacity of various cells to produce 1,25(OH)2D. This
relationship between substrate and hormone is called a
first-order reaction. It is in stark contrast to the situation
typical for other steroid hormones. The concentration
of serum 25(OH)D is expressed as nanomoles per liter
(10�9M), whereas the concentration of cholesterol is mil-
limolar (10�3M; 1millimol¼ 1million nanomoles). It
does not matter what the cholesterol level is, there is
always more than enough to make steroid hormones –
this relationship with substrate is called a zero-order
reaction. Hormone production is almost always a zero-
order reaction – except for 1,25(OH)2D. Although vita-
min D and 25(OH)D are not molecules that send signals
to cells, they sometimes appear to behave as if they were,
because they can increase the cellular concentration of the
signaling molecule, 1,25(OH)2D.
Rickets and Osteomalacia, the
Traditional Vitamin D Deficiency Diseases

When there is a dietary absence of vitamin D or if there
is too little exposure of skin to ultraviolet light, then
bone mineralization is impaired. In children, the resulting
disease is called rickets and in adults, it is known as
osteomalacia. The classical skeletal characteristic of rick-
ets involves anatomic deformity of the bones, especially
in the pelvis, ribs, knees, wrists, and ankles. Moreover,
a myopathy (muscle disease) accompanies the lack of
vitamin D. Even before anatomic changes are evident, an
affected infant may be described as a weak, floppy, cry-
ing baby. Rachitic infants are especially susceptible to
pneumonia, because of the inefficient respiratory function
caused by the myopathy and because vitamin D adequacy
is necessary for optimal function of the immune system.

Regular access to vitamin D throughout life is neces-
sary so that the body can adapt to variation in dietary
calcium. A positive balance of calcium is essential for
normal growth and skeletal development. In mature
adults, a negative balance of calcium causes declines in
bone density. This is, first, because of inadequate miner-
alization of the protein matrix laid down in the normal
process of bone turnover. Poor mineralization of bone
matrix in adults is called osteomalacia, and it is not
normally accompanied by anatomic changes. The most
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widely known bone disease, osteoporosis, occurs when
bone tissue is normally mineralized but the mass, den-
sity, and strength of bone are decreased, resulting in an
increased risk of fracture. Osteomalacia is not distinguish-
able from osteoporosis by dual photon bone densitometry
(the usual measure of bone density). Rather, either a
diagnosis of osteomalacia is achieved with a pathology
examination of a bone biopsy sample taken from the indi-
vidual, or osteomalacia is assumed to be present if the
serum 25(OH)D is low. Patients with osteomalacia show a
strong clinical response when vitamin D supplement is
given, with a rapid (within 1 year) gain in bone density.
Osteomalacia is thought to be a preliminary, predisposing
factor in a natural progression toward osteoporosis.

The accepted biochemical criterion that poor vitamin
D nutrition is causing rickets or osteomalacia is a serum
25(OH)D concentration that is<10 ng/ml (<25 nmol/l). If
calcium intake is particularly low, thenvitaminDdeficiency
rickets or osteomalacia may occur with 25(OH)D concen-
trations higher than this, likely <40 nmol/l (<16 ng/ml).
Osteoporosis, a Vitamin D Deficiency
Disease

The weight of clinical trial evidence shows that if
healthy older adults are compliant and indeed take
their vitamin D and calcium, then their risk of fractures
declines by about one third (Bischoff-Ferrari et al., 2006).
Balance, muscle function, rate of falls, calcium absorp-
tion, and bone mineralization are all affected by vitamin
D status. However, UVB-related synthesis of vitamin
D in the skin significantly declines with age. Synthesis
rates in the elderly (�70 years of age) are about one
third those of young adults. Not only are the elderly at a
biological disadvantage with respect to their ability to
make vitamin D in the skin, they are exposed to less
total sunlight if they reside in nursing homes or hospi-
tals or if they have reduced mobility. Therefore, the
elderly population is particularly susceptible to vitamin
D deficiency, and this exacerbates osteoporosis and its
complications.
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Health Effects of Higher Vitamin D
Nutrition

In addition to clinical trials focusing on osteoporosis, a
host of epidemiologic studies have been conducted in
diverse populations. Disease relationships such as tuber-
culosis, multiple sclerosis and diabetes, cancers of the
colon, prostate, breast, and lung all suggest that higher
25(OH)D concentrations are desirable. Beyond the sta-
tistical event of a disease per se, higher 25(OH)D concen-
trations are associated with less depression, improved
well-being, and lower risk of nursing home admission.
In 2007, a randomized trial of American women was the
first clinical trial of vitamin D that used 1100 IU/day
(>28 mg/day) of vitamin D3 in addition to the usual
vitamin D intake. The study showed a substantial reduc-
tion in the rate at which new cancers were diagnosed over
the subsequent 4 years (Lappe et al., 2007). Those findings
have been criticized because the study was designed to
look at osteoporosis, and cancer was an incidental, sec-
ondary finding. If the opposite had been found, that is, if
the vitamin D and calcium had produced a substantial
increase in cancer rates, would there have been such
questioning of the findings? This illustrates the tendency
to accept bad news at face value, and to question the
beneficial effects evident with vitamin D.
Requirements for Vitamin D

Human biology evolved to be optimized for sun-rich
tropical environments without clothing. Under the con-
ditions present during human evolution, the supply of
the 25(OH)D substrate would have been optimal for the
endocrine, paracrine, and autocrine systems that depend
on 25(OH)D supplies – with blood 25(OH)D concen-
trations in the order of 150 nmol/l (60 ng/ml). In com-
parison, modern populations exhibit serum 25(OH)D
concentrations that are a fraction of that. Skin color is
the most obvious phenotypic adaptation of human popu-
lations that have migrated to temperate latitudes. If skin
color was optimized to ancestral latitude, then the rela-
tively recent, large-scale migration of humans with dark
skin away from the equator is probably contributing to an
unnecessary burden of disease for those with dark skin
living in temperate latitudes. Reduced ability to produce
vitamin D because of dark skin (in temperate climates)
imposes a substantially higher requirement for vitamin
D supplementation, but as of 2007, this problem has
not been taken into account by government-mandated
nutrition guidelines.

The current ‘adequate intake’ for vitamin D, as recom-
mended in 1997 by the Food and Nutrition Board of the
U.S. Institute of Medicine from birth to age 51 years is
200 IU/day (5 mg/day). For infants, the recommendation
is based, historically, on the amount of vitamin D in a
teaspoon of cod-liver oil; many years of experience have
proven this to be appropriate for preventing rickets. Since
adults have at least ten times the body mass of infants,
the 200 IU/day adult recommendation (Food and Nutri-
tion Board, 1997) is obviously a gross underestimation
of the amount of vitamin D that may be useful to adults.

When it comes to formal advice for any nutrient, not
just vitamin D, the goal of the recommended intake is to
ensure that practically all people who follow the recom-
mendation will reach or exceed some objective measure of
nutrient adequacy. For vitamin D the objective measure
of adequacy is especially straightforward. The concentra-
tion of 25(OH)D in serum or plasma is a long-term,
stable measure of adequacy. Based on clinical trials,
the desire is now to ensure that serum 25(OH)D concen-
tration is at least 30 ng/ml (75 nmol/l). Many studies
show that on average, the long-term intake of every
additional 100 IU/day (2.5 mg/day) of vitamin D3 will
raise the average 25(OH)D concentration by a further
1 ng/ml (2.5 nmol/l). These numbers offer a straightfor-
ward way to estimate the requirement for vitamin D. For
example, an adult whose serum 25(OH)D concentration
is 10 ng/ml (25 nmol/l) should want to raise this by
20 ng/ml (50 nmol/l) to 30 ng/ml. The dose required to
achieve this would be 20 times 100 IU/day, which equals
2000 IU/day. This is an estimate for the average adult,
so that about half of adults whose serum level starts
from 10 ng/ml (25 nmol/l) will need more than this dose
to reach the goal. It takes at least 3months before the
25(OH)D response to a steady, newdaily vitamin D intake
starts to approach its final concentration.
Why Vitamin D Is Controversial in
Public Health

Many strands of evidence point to higher serum 25(OH)D
as a positive contributor to health. For instance, randomized,
placebo-controlled clinical trials (RCTs) investigating the
effects of daily supplementation with 800 IU (20 mg) vita-
min D have shown that this dose prevents over 20% of hip
or nonvertebral fractures compared with placebo, in older
adults (>65 years) who are taking vitamin D regularly.
Furthermore, the minimum serum 25(OH)D concentra-
tion associated with fewer fractures was 75 nmol/l. A few
clinical trials in which adults were given calcium with
800 IU (20 mg) vitamin D failed to produce fewer fractures
because compliance was so poor that average blood levels
of participants did not reach 75 nmol/l. Thus, 25(OH)D
levels in older adults should exceed this amount, but the
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problem is, how do you get people to follow advice
to take vitamin D?

The totality of evidence favoring a higher serum
25(OH)D is increasingly compelling. However, the issue
of how to implement public health measures to raise
25(OH)D across the population is extremely controver-
sial, and complicated by a remarkable resistance of gov-
ernment-mandated advice to adapt to the evidence at
hand. Advice to spend time in the sun is complicated by
the factors listed in Table 1 and by risk of skin cancer for
some. Food fortification with vitamin D is difficult
because people vary in their dietary preferences, possibly
over-consuming or not at all consuming the fortified
food. The debate about fortification would be simplified
if higher doses of vitamin D were regarded as safe, but
there is still a widespread fear of vitamin D. Supple-
mentation with vitamin D in multivitamins is contro-
versial, because of the expense, because most people do
not take them regularly, and because there is sparse
evidence that widespread supplementation with a mix of
vitamins improves health. Supplementation with a single
nutrient, vitamin D, would be simple and inexpensive,
but this is complicated by the need of public health
professionals to adhere to the advice mandated by govern-
ments. For vitamin D, the current advice mandated by
governments for intake is too low to have a meaningful
effect on adults.

See also: Food Fortification; Infant Malnutrition/Breast-

feeding; Undernutrition and its Social Determinants.
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Water Pollution

Water is an essential constituent of life. One of the key
cornerstones of public health and community health is
access to safe water. Throughout history, polluted water
has frequently led to waterborne disease outbreaks with
acute and long-term health effects ranging from diarrhea
to death. Polluted water is often the main human exposure
pathway to infectious pathogens and carcinogenic organic
and inorganic contaminants. During the last few decades,
the increase in the human population as well as globaliza-
tion and its effects have not only raised the quantity of
waste, but has also introduced several emerging water
contaminants (e.g., pharmaceuticals, hormones, endocrine-
disrupting chemicals, viruses, and toxins). As analytical
methods continue to improve, recent studies have revealed
that emerging or re-emergingmicrobiological pathogens or
chemicals may be present in natural or treatedwater bodies.
Emerging contaminants, which have not historically been
considered pollutants, have now raised significant concerns
to public health professionals and environmental engineers
and scientists.

Most water pollutants originate from human activity,
while a small percentage of them have their sources in
natural activities such as volcanic eruptions. Primary
anthropogenic sources of water pollution include poorly
treated or untreated municipal sewage, individual septic
systems discharge, agricultural livestock wastes, fertili-
zers, pesticides, industrial chemical wastes, spilled petro-
leum products, mine drainage, spent solvents, etc. Once
pollutants are introduced into receiving surface water and
groundwater bodies via discharge processes, surface run-
off, subsurface infiltration, or atmosphere precipitation,
they are transported within the water cycle in a global
context. Pollutants also undergo various physical, chemi-
cal, and biological transformations.
Pollutants in water may cause waterborne diseases after
exposure or ingestion of contaminated water. For instance,
pathogenic microorganisms frequently cause gastrointes-
tinal illnesses and chemical pollutants may damage major
organs (e.g., liver and kidney) and functional systems (e.g.,
nervous and immune) and increase cancer risk. The major
categories of water pollutants are microbiological, chemi-
cal, and radioactive. Table 1 summarizes drinking-water
contaminants listed by the United States Environmen-
tal Protection Agency. The table includes regulated
contaminants, that is, National Primary and Secondary
Drinking Water Regulations (NPDWRs and NSDWRs).
The table also includes nonregulated contaminants listed
in the Contaminant Candidate List 2 (CCL2) that was
compiled by the United States Environmental Protection
Agency.
Regulations

The potential threat associatedwith contaminated drinking
water has prompted federal governments and organizations
to promulgate source-water and drinking-water regula-
tions. Drinking-water standards vary among countries and
regions mainly due to differences in the context of local
social, cultural, economic, and environmental conditions.
The World Health Organization (WHO) has established
Guidelines for Drinking-Water Quality (1st–3rd editions) that
provide a scientific point of departure for national autho-
rities to develop drinking-water regulations and standards
appropriate for each national situation.

In addition, the Council of the European Union (EU)
has implemented directives on the quality of water
intended for human consumption (i.e., EU Council Direc-
tive 80/778/EEC and 98/83/EC). Many European
countries have set up national legislations to govern their
539



Table 1 Summary of U.S. Environmental Protection Agency’s listed drinking water contaminants

Water quality indicator parameters
NPDWRs Turbidity

NSDWRs pH, total dissolved solids, foaming agents, color, corrosivity, odor

Microbiological indicators
NPDWRs Total coliforms (fecal coliform and Escherichia coli), heterotrophic plate counts

Microbiological contaminants
NPDWRs Cryptosporidium, Giardia lamblia, Legionella, enteric viruses

CCL2 Microsporidia, Aeromonas hydrophila, Cyanobacteria, Helicobacter pylori, Mycobacterium avium complex (MAC),

adenoviruses, caliciviruses, coxsackieviruses, echoviruses
Inorganic chemical contaminants

NPDWRs Bromate, chloramines, chlorine, chlorine dioxide, chlorite, antimony, arsenic, asbestos, barium, beryllium, cadmium,

chromium, copper, cyanide, fluoride, lead, mercury, nitrate, nitrite, selenium, thallium
NSDWRs Aluminum, chloride, copper, fluoride, iron, manganese, silver, sulfate, zinc

CCL2 Aluminum, boron, perchlorate, vanadium

Organic chemical contaminants
NPDWRs 1,1-Dichloroethylene, cis-1,2-dichloroethylene, trans-1,2-dichloroethytene, 1,1,1-trichloroethane, 1,1,2-trichloroethane;

1,2-dibromo-3-chloropropane (DBCP), 1,2-dichloroethane, 1,2-dichloropropane, 1,2,4-trichlorobenzene, 2,4 D; 34.

2,4,5-TP (Silvex), acrylamide, alachlor, atrazine, benzene, benzo(a)pyrene (PAHs), carbofuran, carbon tetrachloride,

chlordane, chlorobenzene, dalapon, o-dichlorobenzene, p-dichlorobenzene, dichloromethane, di(2-ethylhexyl)

adipate, di(2-ethylhexyl) phthalate, dinoseb, dioxin (2,3,7,8-TCDD, diquat, endothall, endrin, epichlorohydrin,
ethylbenzene, ethelyne dibromide, glyphosate, haloacetic acids (HAAs), heptachlor, heptachlor epoxide,

hexachlorobenzene, hexachlorocyclopentadiene, lindane, methoxychlor, oxamyl (Vydate), polychlorinated biphenyls

(PCBs), pentachlorophenol, picloram, simazine, styrene, tetrachloroethylene, toluene, total trihalomethanes (TTHMs),

toxaphene, trichloroethylene, vinyl chloride, xylenes
CCL2 1,1-dichloroethane, 1,1-dichloropropene, 1,1,2,2-tetrachloroethane, 1,2-diphenylhydrazine, 1,2,4-trimethylbenzene,

1,3-dichloropropane, 1,3-dichloropropene, 2-methyl-Phenol (o-cresol), 2,2-dichloropropane, 2,4-dichlorophenol,

2,4-dinitrophenol, 2,4-dinitrotoluene, 2,4,6-trichlorophenol, 2,6-dinitrotoluene, acetochlor, alachlor ESA and other
acetanilide pesticide degradation products, bromobenzene, DCPA mono-acid degradate, DCPA di-acid degradate,

DDE, diazinon, disulfoton, diuron, EPTC (s-ethyl-dipropylthiocarbamate), fonofos, p-Isopropyltoluene (p-cymene),

linuron, methylbromide, methyl-t-butyl ether (MTBE), metolachlor, molinate, nitrobenzene, organotins, prometon, RDX,

terbacil, TErbufos, triazines and degradation products of triazines
Radionuclides

NPDWRs Alpha particles, beta particles and photon emitters, radium 226 and radium 228, uranium

NPDWR, National Primary Drinking Water Regulations; NSDWR, National Secondary Drinking Water Regulations; CCL2, Contaminant

Candidate List 2.
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water intended for human consumption based on these EU
Council directives. Like the United States, most European
countries have similar regulatory systems administered by
federal environmental agencies and local governments.
However, England and Wales have developed a unique
tripartite regulation system involving the Environment
Agency, the Drinking Water Inspectorate (DWI), and the
Office of Water Services (Ofwat).

In 1974, the United States Congress passed the Safe
Drinking Water Act (SDWA) under which the U.S. Envi-
ronmental Protection Agency (USEPA) is in charge of
establishing drinking-water regulations. The SDWA law
was amended in 1986 and 1996 for taking further actions
to protect not only treated drinking water but also its
sources. Microbial contamination in drinking water is regu-
lated by several rules, including the Total Coliform Rule
(TCR), Surface Water Treatment Rule (SWTR), Interim
Enhanced SWTR (IESWTR), Long Term 1 Enhanced
SWTR (LT1ESWTR), and Long Term 2 Enhanced
SWTR (LT2ESWTR). These rules are intended to protect
the public against exposure to pathogens such as coliform,
Giardia lamblia, Cryptosporidium spp., Legionella spp., and
viruses. Under the SWTR, the USEPA set maximum con-
taminant level goals of zero for Giardia lamblia, viruses, and
Legionella pneumophila. This rule is applied to public water
systems (serving �10 000 persons) and surface water or
ground water under the direct influence of surface water.

Additionally, the Disinfectants and Disinfection By-
Products (D-DBPs) Regulation and the Stage 2 D-DBP
Rule (or DBPR2) require public water systems to meet
maximum contaminant levels for total trihalomethanes
and five haloacetic acids at each monitoring site in the
distribution system. In 2006, the United States finalized
the Ground Water Rule to protect the public from patho-
gen contamination in systems that use groundwater.
Microorganisms such as viruses are regulated under the
Ground Water Rule.

Currently, the USEPA has set the National Primary
Drinking Water Regulations (NPDWRs or primary stan-
dards) (which went into effect in 1977) and the National
Secondary Drinking Water Regulations (NSDWRs or
secondary standards). The NPDWRs regulate about 90
contaminants including some infectious microorganisms
and harmful chemicals or radionuclides. The NSDWRs
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consist of nonenforceable guidelines regulating contami-
nants that may cause cosmetic effects (e.g., skin or tooth
discoloration) or aesthetic effects (e.g., taste, odor, or
color) in drinking water.

In addition, the SDWA Amendment of 1996 requires
the USEPA to select a group of known or potential drink-
ing water contaminants periodically (approximately every
5 years) for regulatory consideration. In 1998, the USEPA
published the first drinking water Contaminant Candi-
date List (CCL) that included ten microbial and 50 chem-
ical contaminants. The second Contaminant Candidate
List (CCL2) (published in 2005) carries forward 51 (of
the original 60) unregulated contaminants from the
CCL1, including nine microbial and 42 chemical con-
taminants. Furthermore, the 1996 SDWA Amendment
also requires the USEPA to establish criteria for a program
to monitor unregulated contaminants. The Unregulated
Contaminant Monitoring Regulation (UCMR) program is
used to collect data for contaminants suspected to be
present in drinking water but that do not have health-
based standards set under the Safe Drinking Water Act.
Analytical results are stored in a National Contaminant
Occurrence Database that serves as the primary source of
occurrence and exposure data for EPA to determine
whether or not to regulate particular contaminants.

In the United States, the regulatory structure for
drinking water has been expanded to the protection of
source water, pipe-end tap water, and bottled water. For
instance, the final 1991 Lead and Copper Rule (LCR)
established a treatment technique to prevent lead and
copper from leaching into drinking water during distribu-
tion. The rule requires public water suppliers to treat
their water to make it as minimally corrosive as possible
to metals in their customers’ plumbing systems. Addition-
ally, the quality of bottled water is currently regulated by
the U.S. Food and Drug Administration (FDA) using the
USEPA tap water standards as a template.

Tables 2 and 3 summarize drinking-water standards of
the United States, European Union, and those recom-
mended by WHO. The regulated contaminants and
their guideline values are very diverse among these
drinking-water standards. Some contaminants listed in
U.S. drinking-water standards (e.g., aluminum, chloride,
sulfate, zinc, chlorobenzene, dioxin, polychlorinated biphe-
nyls, and trichloroethylene) are not included in EU and
WHO standards. For those contaminants regulated by
the United States, the European Union, and WHO, most
of the guideline values are similar but not identical.
Waterborne Disease Outbreaks

Poor water quality poses a major threat to human health.
According to WHO, diarrhea disease alone amounts to an
estimated 4.1% of the total daily global burden of disease
and is responsible for the death of 1.8 million people every
year. A significant amount of disease could be prevented,
especially in developing countries, through access to
safe water. It has been reported that 1.5–12million people
die per year from waterborne diseases (Gleick, 2002;
WHO, 2004).

However, the number of worldwide waterborne-dis-
ease cases and deaths summarized from the outbreak
reports received by World Health Organization (WHO)
during 2001–06 (Table 4) are much lower than those
estimated values. The true incidence of waterborne ill-
nesses is not reflected by the currently reported statistics.
Multiple factors influence whether waterborne outbreaks
are recognized, investigated, and reported. These factors
include public awareness, availability of laboratory testing,
requirements for reporting diseases, and resources avail-
able to local communities and health-care units. Even
though the outbreaks reported in Table 4 do not reflect
the actual number, they provide important information on
the trends of observed waterborne diseases worldwide. It
appears that acute watery diarrhea, cholera, and typhoid
fever are the major reported waterborne diseases. The
majority of these outbreak cases were reported in Africa
and some in Asia. It is important to note that the reported
disease outbreaks do not take into account chronic health
effects and inheritable mutations that could occur in case of
exposure to chemical, biological, or radioactive materials.

In the United States, the Centers for Disease Control
and Prevention (CDC) publishes surveillance summaries
for waterborne disease and outbreaks associated with
drinking water approximately every 2 years. Table 5
summarizes numbers of waterborne-disease outbreaks
associated with drinking water. In the last decade,
thousands of people in the United States were infected
by waterborne diseases every year, many of whom were
hospitalized. Many of these waterborne-disease outbreaks
were associated with groundwater consumption, which
was not treated in community water systems. Some of
the outbreaks are related to treated surface waters.

According to Craun et al. (2006), during the 12-year
period of 1991–2002, 207 waterborne disease outbreaks
and 433 947 illnesses were reported in the United States;
slightly more outbreaks occurred in noncommunity water
systems (42%) than either community (36%) or individ-
ual systems such as private wells (22%). Public water
systems are identified as community or noncommunity
based on definitions of the Safe Drinking Water Act.
A community water system serves year-round residents
(an average of 25 or more persons or 15 or more service
connections). Noncommunity systems can serve nontran-
sient (schools, hospitals, factories) systems with their own
water supply or transient systems with their own water
supply (campgrounds, motels, gas stations).

Table 6 presents the number of waterborne-disease
outbreaks associated with drinking water categorized by



Table 2 Comparison of drinking water indicator parameters and microbiological, radionuclide, and chemical standards in the United States, the European Union, and suggested by the

World Health Organization

United States EU WHO
United States
(mg/l) EU (mg/l) WHO (mg/l)

Indicator parameters Disinfectants and disinfection by products
Color 15 CU – – Bromate 0.01 0.01 0.01

Conductivity – 250mS/cm – Bromodichloromethane – – 0.06
Corrosivity NC – – Bromoform – – 0.1

Foaming agents 0.5mg/l – – Chloramines (as Cl2) 4.0 – –

pH 6.5–8.5 6.5–9.5 – Chlorine (as Cl2) 4.0 – 5

Odor 3 TO – – Chlorine dioxide (as ClO2) 0.8 – –
Oxidizability – 5mg/l O2 – Chlorite 1.0 – 0.7

Total dissolved solids 500mg/l – – Chloroform – – 0.3

Turbidity �1 NTU – – Haloacetic acids (HAA5) 0.06 – –

Microbiological Indicators Monochloramine – – 3
Clostridium perfringens – 0 in 100ml – Total trihalomethanes

(TTHMs)

0.08 0.1 –

Colony count 22 �C – 100/ml – Trihalomethanes – – S(conc/
quideline)<1

Colony count 37 �C – 20/ml – Inorganic chemicals
Enterococci – 0 in 250ml – Aluminum 0.05–0.2 0.2 –

Escherichia coli (E. coli) – 0 in 250ml – Ammonium – 0.5 –
Heterotrophic plate count 99% rem/inact – – Antimony 0.006 0.005 0.02

Total coliforms (fecal coliform and E. coli) �5% Positive

samples

0 in 100ml – Arsenic 0.05 0.01 0.01

Microorganisms Asbestos 7 MFL – –
Cryptosporidium 99% rem/inact – – Barium 2 – 0.7
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Giardia lamblia 99% rem/inact – – Beryllium 0.004 – –

Legionella 99% rem/inact – – Boron – 1 0.5
Pseudomonas aeruginosa – 0 in 250ml – Cadmium 0.005 0.005 0.003

Enteric viruses 99% rem/inact – – Chlorate – – 0.7

Radionuclides Chloride 250 250 –
Alpha particles 15 picocuries/l – – Chromium (total) 0.1 0.05 0.05

Beta particles and photon emitters 4 millirems/year – – Copper 1.3 2 2

Radium 226 and radium 228 (combined) 5 picocuries/l – – Cyanide (as free cyanide) 0.2 0.05 0.07

Total indicative dose – 0.1mSv/year – Cyanogen chloride – – 0.07
Tritium – 100Bq/l – Fluoride 4 1.5 1.5

Uranium 0.03mg/l – 0.015mg/l Iron 0.3 0.2 –

Lead 0.015 0.01 0.01

Manganese 0.05 0.05 0.4
Mercury 0.002 0.001 0.006

Molybdenum – – 0.07

Nickel – 0.02 0.07
Nitrate (as N) 10 50 50

Nitrite (as N) 1 0.5 3

Selenium 0.05 0.01 0.01

Silver 0.1 – –
Sodium – 200 –

Sulfate 250 250 –

Thallium 0.002 – –

Zinc 5 – –

CU, color units; NC, noncorrosive; TO, threshold odor; NTU, nephalometric turbidity units; % rem/inact, % removal/inactivation; MFL, million fibers/l.
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Table 3 Comparison of drinking water organic chemical standards in the United States, the European Union, and suggested by the

World Health Organization

Organic chemicals
United States
(mg/l) EU (mg/l) WHO (mg/l)

1,1-Dichloroethylene 0.007 – –

1,1,1-Trichloroethane 0.2 – –

1,1,2-Trichloroethane 0.005 – –
cis-1,2-Dichloroethylene 0.07 – –

trans-1,2-Dichloroethytene 0.1 – –

1,2-Dibromo-3-chloropropane (DBCP) 0.0002 – 0.001

1,2-Dibromoethane – – 0.0004
1,2-Dichlorobenzene – – 1

1,2-Dichloroethane 0.005 0.003 0.03

1,2-Dichloroethene – – 0.05
1,2-Dichloropropane (1,2-DCP) 0.005 – 0.04

1,2,4-Trichlorobenzene 0.07 – –

1,3-Dichloropropene – – 0.02

1,4-Dichorobenzene – – 0.3
1,4-Dioxane – – 0.05

2,4-D (2,4-dichlorophenoxyacetic acid) 0.07 – 0.03

2,4-DB (4-(2,4-dichlorophenoxy)butyric acid – – 0.09

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) – – 0.009
2,4,5-TP (Silvex) 0.05 – –

2,4,6-Trichlorophenol – – 0.2

Acrylamide 1 � 0.05% 0.0001 0.0005
Alachlor 0.002 – 0.02

Aldicarb – – 0.01

Aldrin and dieldrin – – 0.00003

Atrazine 0.003 – 0.002
Benzene 0.005 0.001 0.01

Benzo(a)pyrene (PAHs) 0.0002 0.00001 0.0007

Carbofuran 0.04 – 0.007

Carbon tetrachloride 0.005 – 0.004
Chlordane 0.002 – 0.0002

Chlorobenzene 0.1 – –

Chlorotoluron – – 0.03
Chlorpyrifos – – 0.03

Cyanazine – – 0.0006

Dalapon 0.2 – –

DDT and metabolites – – 0.001
o-Dichlorobenzene 0.6 – –

p-Dichlorobenzene 0.075 – –

Dichloromethane 0.005 – –

Di(2-ethylhexyl) adipate 0.4 – –
Di(2-ethylhexyl) phthalate 0.006 – 0.008

Dibromoacetonitrile – – 0.07

Dibromochloromethane – – 0.1

Dichloroacetate – – 0.05
Dichloroacetonitrile – – 0.02

Dichloromethane – – 0.02

Dichlorprop – – 0.1
Dimethoate – – 0.006

Dinoseb 0.007 – –

Dioxin (2,3,7,8-TCDD) 0.00000003 – –

Diquat 0.02 – –
Edetic acid (EDTA) – – 0.6

Endothall 0.1 – –

Endrin 0.002 – 0.0006

Epichlorohydrin 20 � 0.01% 0.0001 0.0004
Ethylbenzene 0.7 – 0.3

Ethelyne dibromide 0.00005 – –

Fenoprop – – 0.009

Continued
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Table 3 Continued

Organic chemicals
United States
(mg/l) EU (mg/l) WHO (mg/l)

Glyphosate 0.7 – –
Heptachlor 0.0004 – –

Heptachlor epoxide 0.0002 – –

Hexachlorobenzene 0.001 – –

Hexachlorobutadiene – – 0.0006
Hexachlorocyclopentadiene 0.05 – –

Isoproturon – – 0.009

Lindane 0.0002 – 0.002
MCPA (4-chloro-2-methylphenoxy acetic acid) – – 0.002

Mecoprop – – 0.01

Methoxychlor 0.04 – 0.02

Metolachlor – – 0.01
Microcystin-LR – – 0.001

Molinate – – 0.006

Monochloroacetate (MCA) – – 0.02

Nitrilotriacetic acid (NTA) – – 0.2
Oxamyl (Vydate) 0.2 – –

Pesticides – 0.0001 –

Pesticides (total) – 0.0005 –

Polychlorinated biphenyls (PCBs) 0.0005 – –
Polycyclic aromatic hydrocarbons (PAHs) – 0.0001 –

Pendimethalin – – 0.02

Pentachlorophenol 0.001 – 0.009
Permethrin – – 0.3

Picloram 0.5 – –

Pyriproxyfen – – 0.3

Simazine 0.004 – 0.002
Styrene 0.1 – 0.02

Terbuthylazine – – 0.007

Tetrachloroethene – – 0.04

Tetrachloroethylene 0.005 0.01 –
Toluene 1 – 0.7

Toxaphene 0.003 – –

Trichloroacetate – – 0.2
Trichloroethene – 0.01 0.02

Trifluralin – – 0.02

Trichloroethylene 0.005 – –

Vinyl chloride 0.002 0.0005 0.0003
Xylenes 10 – 0.5
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etiologic agent. Most of the waterborne disease outbreaks
were related to microbial agents (i.e., parasites, bacteria,
and viruses). Several cases were associated with exposure
to chemicals such as nitrite, fluoride, and chlorine. Some
of the outbreaks involved unidentified agents. The failure
to identify etiologic agents causing the waterborne disease
is most likely due to lack of sensitive analytical techniques.
For example, a newest surveillance summary from the
Centers for Disease Control and Prevention (CDC)
showed that one-sixth (five out of 30 cases) of drinking-
water-associated WBDOs during 2003–04 involved
unknown agents that cannot be detected and identified
by currently available analytical methods (Liang et al.,
2006). It is speculated that in a large percentage of the
unidentified causes of waterborne outbreaks, the respon-
sible agent is viral.
Emerging Water Contaminants

Emergingwater contaminants can be broadlydefined as any
chemical or microorganism that is not commonly moni-
tored in water but whose documented incidences have
increased recently and may cause known or suspected
adverse ecological and/or human health effects. A variety
of chemical substances and microorganisms that have not
historically been considered as pollutants have now
emerged as prominent agents that may cause waterborne
disease. Some of the causes associated with emergence are
changes in human behavior, demographic changes, land-
scape changes, water resources development projects,
developing technology, increased travel, microbial adapta-
tion, climate changes, and improved scientific methods of
detection and analysis. New analytical techniques and



Table 4 Number of worldwide waterborne disease cases (persons infected) and deaths based on World Health Organization outbreak reports (data summarized by the authors)

Acute diarrheal
syndrome Cholera Leptospirosis Poliomyelitis Typhoid fever Legionellosis Shigellosis

Year Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths
2001 0 0 122871 666 0 0 0 0 0 0 751 2 0 0

2002 6 691 3 36392 1325 0 0 0 0 0 0 0 0 0 0

2003 0 0 47544 849 0 0 10 0 200 40 29 2 2236 >23a

2004 0 0 29215 655 141 6 0 0 13 400 134 0 0 1340 11
2005 0 0 47586 788 0 0 453 0 42 564 214 0 0 0 0

2006 22101 219 71302 2518 0 0 466 0 0 0 0 0 0 0

aThe number of deaths for outbreak in Liberia was not registered.
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improved understanding of science and engineering lead to
the understanding of the risk on human and environmental
health that may be posed by emerging contaminants. A list
of emerging contaminants is provided in Table 7. These
include pharmaceuticals, microorganisms, algal toxins, and
various chemicals. To control and regulate emerging con-
taminants in water, we need better understanding of their
characteristics, occurrence, transport pathways, ultimate
fate, health effects, detection methods, and treatment
potential. This article provides an overview of three
Table 5 Waterborne disease outbreaks associated with

drinking water in the United States

Year Outbreak Casesa Hospitalized Died

1991–92 34 17 464 40 1
1993–94 30 405 366 4442 >7

1995–96 22 2567 NRb 0

1997–98 17 2038 NRb 0
1999–00 39 2068 122 2

2001–02 31 1020 51 7

2003–04 36 2760 NRb 4

aNumber of persons affected.
bNot recorded.

Table 6 Waterborne disease outbreaks associated with drinking w

summarized by authors)

Year Parasites Bacteria Viruses

1991–92 4 Giardia 1 Shigella 1 Hepatit

3 Cryptosporidium

1993–94 5 Giardia 3 Campylobacter –

5 Cryptosporidium 2 Shigella
1 Salmonella

1 Vibrio cholerae

1995–96 2 Giardia 2 Shigella 1 Small r

1 Plesiomonas
1 E. coli O157:H7

1997–98 4 Giardia 3 E. coli O157:H7 –

2 Cryptosporidium 1 Shigella

1999–2000 6 Giardia 4 E. coli O157:H7 3 Norwal

1 Cryptosporidium 2 Salmonella 1 Small r
2 Campylobacter

1 E.coli/C. jejuni

2001–02 3 Giardia 6 Legionella 5 Norovir

1 Cryptosporidium 1 Campylobacter
1 Naegleria 1 C. jejuni/Yersinia

1 E. coli O157:H7
2003–04 1 Giardia 8 Legionella 1 Norovir

3 Campylobacter

1 Salmonella

1 C. jejuni/Shigella

aExcludes two outbreaks involved mixed agents (i.e., Campylobacter

C. jejuni/norovirus/Giardia intestinalis).
representative types of emerging contaminants: cyanotox-
ins (chemical contaminants produced by living organisms),
pharmaceuticals (human-made chemical contaminants),
and microorganisms (biological contaminants). These rep-
resentative examples are not considered more or less
important than other emerging contaminants.
Examples of Emerging Water
Contaminants

Cyanotoxins

Fresh water toxins produced by cyanobacteria, or blue-
green algae, are generally referred to as cyanotoxins. At
least 19 of the more than 50 cyanobacteria genera have
been shown to exhibit toxic properties. About 60% of the
blooms associated with toxin-producing cyanobacteria are
toxic. Anabaena, Aphanizomenon, Microcystis, and Oscillatoria

are a few examples of the toxin-producing genera, but
only a few of the toxins from these genera have been
isolated and identified. Blooms of toxic cyanobacteria have
occurred worldwide for many years and have led to illness
in humans and to the death of animals. The reported
ater, by etiologic agent based on CDC Surveillance reports (data

Chemicals Unidentified Total

is A 6 Nitrate 23 34

1 Fluoride

3 Lead 5 30

3 Fluoride
2 Copper

ound virus 2 Copper 8 22

2 Nitrite
1 Sodium hydroxide

1 Liquid soap

1 Chlorine
2 Copper 5 17

k-like virus 1 Sodium hydroxide 17 39

ound virus 1 Nitrate

us 2 Copper 7 31

1 Copper/other minerals
1 Ethyl benzene, toluene,

xylene

1 Ethylene glycol
us 3 Copper 5 28a

2 Sodium hydroxide

1 Bromate

1 Cleaning product
1 Gasoline by-products

jejuni/C. lari/Cryptosporidium spp./Helicobacter canadensis and



Table 7 Emerging water contaminants

Contaminant Adverse effects Sources

Endocrine-disrupting compounds and
personal care products

Endocrine system disruption Wastewater

Pharmaceuticals Unknown Wastewater

Antibiotic resistance genes Pathogen resistance to antibiotics Human and animal antibiotics

Cyanotoxins Liver and nervous system damage Blue-green algae
Human parasites, bacteria, viruses Infections Wastewater

Zoonotic parasites, bacteria, viruses

pathogenic to humans

Infections Animal waste

N-nitrosodimethylamine Carcinogenesis Rocket propellant, by-product of
wastewater chlorination

Perchlorate Uncertain Rocket and missile propellant

1,4 Dioxane Carcinogenesis Stabilizer of solvents
Methyltertbutylether (MTBE) Toxicity Fuel oxygenate

Alkylphenol polyethoxylates (APEOs) Toxicity Degradation of surfactants

Petroleum-paper-plastic-textile industries

Fluorinated alkyl surfactants (FASs) Toxicity Industrial processes
Polybrominated diphenyl ethers Toxicity Flame retardants

Benzotriazoles Toxicity Anticorrosives, wastewater

Naphthenic acids Toxicity Crude oil, wastewater

New, chiral, and transformed pesticides Toxicity, carcinogenesis Wastewater
Disinfection by-products Toxicity Chlorination by-products of emerging

contaminants

Data from: Meslin, 1997; Chorus and Bartram, 1999; Szewzyk et al., 2000; Leclerc et al., 2002; Snyder et al., 2003; Huffman et al.,

2003; Mitch et al., 2003; Xu et al., 2003; Zenker et al., 2003; Deeb et al., 2003; Montgomery-Brown and Reinhard, 2003; Schultz
et al., 2003; Cotruvo et al., 2004; Pruden et al., 2006; Richardson, 2006.
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number of cyanobacteria blooms has increased due to
increased nutrient loading from farming, urban runoff,
and treated wastewater. Drinking-water treatment plants
that treat surface waters are at risk for cyanotoxin contam-
ination if a toxin-producing bloom develops in the source
water.

Cyanotoxins may be classified as hepatotoxins (toxins
that affect the liver) or neurotoxins (toxins that affect the
nervous system). Microcystin, nodularin, and cylindros-
permopsin are hepatotoxins that may cause internal hem-
orrhage or death, in case of acute exposure to high doses,
and carcinogenesis in case of long-term exposure. Ana-
toxins and saxitoxins are neurotoxins that may cause
paralysis, respiratory failure, or death. Occurrence data
suggest that hepatotoxins are the most prevalent of the
cyanotoxins. Microcystins are a group of hepatotoxins
that were named after the first organism found to produce
them,Microcystis aeruginosa. Microcystin and microcystin-
producing species of cyanobacteria have been found
worldwide and microcystin-LR has been identified as
one of the toxins of highest priority. In the United States,
this prioritization was based on four criteria: Human
health effects, occurrence, susceptibility to drinking-
water treatment, and toxin stability. In 1998, the World
Health Organization stressed the potential public health
importance of the occurrence of microcystin in drinking
water and adopted a provisional guideline value for
microcystin-LR of 1.0 mg/l. Drinking water guidelines of
1.3 mg/l and 1.5 mg/l have been proposed in Australia and
Canada, respectively. In the United States, microcystin-
LR and other cyanotoxins are not yet regulated but they
are currently on the USEPA Contaminant Candidate List.
Pharmaceuticals

Pharmaceuticals in the water supply have become a con-
cern over the past 10 years. With the development of
better detection methods, researchers are identifying
pharmaceuticals and personal care products in wastewa-
ter, drinking water, and surface water. In the past, the
environmental fate and effect of human pharmaceuticals
was largely ignored since their benefit was assumed to
greatly outweigh any environmental concern. The bene-
fits of pharmaceuticals have been well established but the
risks are unknown and often unrecognized.

Pharmaceuticals may enter the aquatic environment in
a variety of ways. Most commonly, a human ingests a
pharmaceutical and excretes either a partially or fully
metabolized form of the drug, which is disposed of
through wastewater. Subsequently, pharmaceuticals are
discharged to the environment in sewage effluent when
they are not completely degraded in sewage treat-
ment plants. Pharmaceuticals such as antibiotics are



Table 8 Emerging waterborne microbiological contaminants

Microorganisms in water
Protozoa Microsporidia (Enterocytozoon and Septata)

Bacteria Helicobacter pylori, E. coli O157:H7

Viruses Adenoviruses, Caliciviruses, Coxsackieviruses,
Echoviruses

Bacteria that produce toxins
Cyanobacteria (blue-green algae)

Bacteria growing in distribution system
Mycobacterium avium, Legionella pneumophila,

Aeromonas hydrophila, Pseudomonas aeruginosa

Microorganisms of animal origin that may infect humans
Protozoa Cryptosporidium parvum, Giardia lamblia
Bacteria Salmonella (except S. typhi), Campylobacter, E. coli,

Aeromonas hydrophila, Yersinia enterocolitica,

Vibrio cholerae, Leptospira
Viruses Hepatitis E virus, Norwalk-like Calicivirus (some

strains), Rotavirus A (some strains), Adenovirus

(some strains)

Antibiotic resistant microorganisms
Any microorganism that develops antibiotic-

resistant genes

Data from Meslin, 1997; Ford 1999; Slifko et al., 2000; Szewzyk

et al., 2000; Hubalek, 2003; Cliver and Moe, 2004; Palmer et al.,
2005; Cortruro et al., 2004.
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administered to animals at very high doses during veteri-
nary procedures. Animal excretion is a major source of
contamination. Other sources include aquacultures, phar-
maceutical production plants, and run-off from the appli-
cation of manure or sewage sludge to agricultural fields.

Although the concentrations of pharmaceuticals in
water are usually very small, their presence raises con-
cerns regarding their impact on human health. Most stud-
ies on the therapeutic effects of drugs are based on the
short-term ingestion of relatively high doses. Little is
known about potential health effects associated with
long-term chronic ingestion of low concentrations
through drinking water. Also, there is a possibility that
exposure to multiple pharmaceuticals, even at low con-
centrations, may have synergistic human health conse-
quences. Furthermore, the fate and transformation
pathways of pharmaceuticals in water and wastewater
treatment utilities are largely unknown. Water and waste-
water undergo a series of physicochemical processes.
These processes, like chlorination, degrade pharmaceuti-
cals, alter their consistency, affect their fate, and create
by-products. There are indications that routine wastewa-
ter or drinking water chlorination may transform specific
pharmaceuticals to more toxic compounds. The degraded
or transformed pharmaceutical compounds reach the pub-
lic through the consumption of drinking water. In addition,
a major health concern problem specifically related to
antibiotics is the development of antibiotic resistance
genes in pathogens of concern to humans.
Microorganisms

According to the Institute of Medicine, emerging patho-
gens are defined as those causing infectious diseases
whose documented incidence in humans has increased
during the past 20 years or threatens to rise in the near
future. Of the microorganisms that cause this class of
diseases, a number of viral, bacterial, and protozoan
agents have been associated with outbreaks of waterborne
illness. Several emerging pathogens have been identified
in natural water sources and, hence, have the potential to
cause disease outbreaks. Table 8 summarizes waterborne
microbial contaminants that are currently considered
emerging. An interesting category of microbiological con-
taminants are re-emerging pathogens, such as Vibrio cho-
lerae, which is the pathogenic agent that causes cholera.
There are a number of pathogens that are transmissible
between species, and water may serve as a vehicle for
human exposure. These are considered emerging pathogens
for humans. Manure and other wastes of various agricultural
animals contain high concentrations of infectious zoonotic
pathogens such as viruses, protozoa, and bacteria, and
manure application sites are a main cause of groundwater
and surface water microbial pollution. Waterborne disease
statistics estimate a growing global burden of infectious
diseases from contaminated drinking water. It is estimated
that currently consumption of water that is contaminated
with pathogenic agents is one of the leading causes asso-
ciated with human death and disease worldwide.
Pollution Control and Water Treatment

The removal and/or inactivation of waterborne pathogens
has been a principal objective in the drinking water indus-
try for approximately 100 years. Two of the most signifi-
cant public health innovations were rapid-rate granular
media filtration in the late 1800s and chemical disinfec-
tion in the early 1900s. Most surface water treatment
plants have incorporated these technologies to establish
a multiple treatment barrier approach to pathogen control
that is now called conventional treatment. In the early
1900s, implementation of conventional treatment signifi-
cantly reduced the number of typhoid and cholera out-
breaks in the United States.

The conventional treatment sequence includes coagu-
lation, flocculation, sedimentation, and granular media
filtration. This process is followed by disinfection. Mod-
ifications to this conventional treatment sequence include
direct filtration (coagulation followed by flocculation and
granular media filtration) and in-line filtration (coagula-
tion followed by granular media filtration). Optional



Table 9 Drinking-water treatment processes

Particle (inert and pathogenic) removal
Filtration (slow sand filtration, diatomaceous earth filtration,

direct filtration)

Membrane filtration (nanofiltration, ultrafiltration, microfiltration)

Biofiltration
Coagulation-flocculation-clarification (sedimentation, dissolved

air flotation)

Microorganism inactivation

Chlorination (chlorine gas, sodium hypochlorite, calcium
hypochlorite, chlorine dioxide, solid calcium, chloramines)

Ozonation

Ultraviolet light
Hardness removal

Lime softening

Ion exchange

Organic (synthetic and naturally occurring) compound removal
Activated carbon adsorption (granular, powdered)

Aeration (air stripping, packed tower aeration, diffused

aeration, tray aeration, shallow tray aeration, spray aeration,

multistage bubble aeration, mechanical aeration)
Radionuclide removal

Ion exchange

Reverse osmosis

Lime softening
Green sand filtration
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clarification methods such as dissolved air flotation and
sludge blanket clarification may be used in place of sedi-
mentation in the conventional treatment process. Alter-
natives to the conventional treatment process include
slow sand filtration and diatomaceous earth filtration.
During the last few years, innovative technologies such
as microfiltration and ultrafiltration membranes have
been introduced and effectively applied in the drinking-
water treatment field. Table 9 summarizes currently used
treatment processes. In most treatment plants, a combina-
tion of these technologies is used in a multiple treatment
barrier approach.

Treatment of water is probably one of the most
important ways to protect public health. Even though
treating water saves millions of lives each year, treat-
ment might have its tradeoffs at times. For example,
chlorination can effectively remove pathogens but at
the same time increases the potential of exposure to
carcinogenic chlorination by-products. Also, at times
a treatment scheme may be effective in removing a
set of contaminants but not very effective in removing
others. There is a lot of research currently on the
effectiveness of the existing treatment technologies in
removing and inactivating emerging contaminants. It
is a challenge to optimize operation of treatment uti-
lities with a goal to effectively remove a wide array of
contaminants.

See also: Arsenic; Carcinogens, Environmental; Human

Exposure Science; Mercury; Pesticides.
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Introduction: Magnitude of the Problem,
Overview, and Definitions

Water is essential to human life, to agriculture and animal
husbandry, and to modern industrial society. The absence
of water precludes human existence. People must have
adequate amounts of water as well as access to water of
sufficient quality that it does not harm them when drunk.
Re-use of water is common, and through this mechanism
human pathogens (of animal, human, or environmental
origin) can be introduced into water that may be used
multiple times between the time it falls from the sky and it
enters the sea. Some waterborne pathogens do not survive
for long periods of time in water, or when diluted into
large bodies of water fail to achieve a minimal concentra-
tion of organisms likely to cause infection (‘the infectious
dose’). Others are well adapted to survival in fresh or
brackish waters. Well over 400 organisms have been docu-
mented to cause waterborne disease, so that in this article
we focus on key principles of transmission and prevention,
while mentioning important specific diseases as needed.

Waterborne diseases, as a group, contain some of the
most important illnesses known to humans, such as
typhoid fever (enteric fever), rotavirus diarrhea, and the
pandemic disease cholera. Each of these currently, or
historically, has been a leading human cause of death.
Diarrheal diseases remain a leading cause of death in
children globally. While most deaths from diarrhea
occur in poor countries, the risk for waterborne disease
outbreaks remains a constant threat even in the richer
nations should the barriers to disease, sanitation, and
water treatment be compromised. There are many exam-
ples of modern water treatment failures in the ‘developed’
countries resulting in epidemics of waterborne disease
such as gastroenteritis or hepatitis. While waterborne dis-
eases have their greatest impact on children, they are
fully capable of causing significant death and morbidity
in adult populations. For example, when cholera was
re-introduced into South America in the early 1990s,
many adults died, shocking the sensibilities of societies
where child, but not adult, deaths were common.

Recent authoritative World Health Organization
(WHO, 2006) estimates are that unsafe water and a lack
of basic sanitation led to at least 1.6 million deaths in
children under the age of 5 years in 2004. An estimated
1.8million deaths, including adults, from diarrheal dis-
eases occur every year. Recent estimates (Prüss-Üstün
and Corvalán, 2006) are that at least 88% of diarrheal
episodes globally are attributable to poor water, sanita-
tion, and hygiene. Thus, for the purposes of understand-
ing the public health importance of waterborne diseases, a
focus on prevention via the provision of these services is
obvious.

Approximately 1.1 billion people do not have access to
an ‘improved’ source of drinking water, and more than
2 billion people in 2004 ‘‘did not have access to basic
sanitation facilities’’ (Prüss-Üstün and Corvalán, 2006).
The challenge of eliminating waterborne disease, espe-
cially for poor and rural populations, is thus immense. An
improved water supply can be as simple as a borehole
well, a public water pipe shared by a community, a pro-
tected well or spring, or collected rain water. None of
these ‘improved’ water supplies would meet modern cri-
teria for potable water in the richer nations, yet they
represent substantial improvements over open surface
water sources as they lower the risk of waterborne disease.

In the approximately 40 countries where 90% of all
childhood deaths occur, the major causes of death are
diarrhea, pneumonia, malaria, and neonatal disorders.
Clean water is important not only for drinking water,
but also because it allows related hygienic practices,
such as hand washing, to be effective. Recent studies
from Pakistan and elsewhere have shown that hand wash-
ing with soap decreases not only diarrheal episodes by
over 50%, but also pneumonia episodes by a similar
proportion (Luby et al., 2005). Measures that eliminate
the classically recognized waterborne diseases such as
diarrhea are thus likely to have important effects on
other communicable diseases such as viral respiratory
infections and trachoma. Indeed, 100 years ago, there
was a widespread recognition in the public health com-
munity that for every case of typhoid prevented by water
treatment or sanitation, somewhere between three and
ten other deaths could be prevented (the Mills-Reincke
phenomenon; see discussion on historical data).

Bacterial pathogens such as Salmonella, Shigella, Escher-
ichia coli, and Campylobacter cause much of the burden of
waterborne disease. Other high-impact human diseases
(viral, bacterial, and parasitic), such as hepatitis A, amebi-
asis, caliciviruses, leptospirosis, polio, and the other enter-
oviruses, schistosomiasis, giardiasis, and cryptosporidiosis,
are also waterborne. These diseases share the common
characteristics of water acting as a vector or vehicle for
transporting pathogens from other humans, other animals,
or the environment to new humans who, once infected
by the contaminated water, usually act as a source of
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infection for others. Water can also act as the site for
multiplication of a waterborne disease, such as for schis-
tosomiasis, where the parasite obligatorily multiplies in
water-associated snails before it can infect humans. In this
article we separate waterborne diseases from ones where a
vector of disease requires water but the pathogen does not,
such as mosquitoes that transmit malaria. It should be
noted, however, that these two are related, since the
creation of an impoundment or reservoir for improving
drinking water quality can provide new habitats for vec-
tors of disease.

Some authors divide water-related infections into
‘waterborne’ (the pathogen is ingested, such as typhoid
or cholera), ‘water-washed’ or ‘water-scarce’ (person-
to-person transmission because of a lack of water for
hygiene), ‘water-based’ (transmission via an aquatic inter-
mediate host, such as schistosomiasis), and ‘water-related
insect vector’ (with transmission by insects that breed in,
or bite near, water). These distinctions are useful intellec-
tual constructs, but in practice the divisions are sometimes
less clear, as explained later in the article. Indeed, reser-
voir construction is associated with increasing incidences
of both malaria and schistosomiasis, of which only the
latter is classically waterborne.

Waterborne diseases are intimately linked not only to
the ingestion of, or exposure to, water, but also to how
human and animal feces are separated from water and
food supplies (sanitation), and to the availability of clean
water for hand washing and bodily cleansing (hygiene).
Fecal pathogens frequently, through inadequate or absent
sewerage, enter surface waters (rivers, lakes, and recrea-
tional pools) or groundwaters (accessed through wells and
boreholes) to infect new hosts. Examples of these include
pathogens such as cholera bacteria, viruses, and Giardia

cysts. Human urine and feces can also contain schisto-
some eggs or other parasites, such as the cysts of Entamoeba
histolytica, the agent of human amebiasis. Human excre-
ment can contaminate hands, food, and environmental
surfaces, as well as soil. Thus, a disease that enters a
population through water can then spread through other
routes, via person-to-person transmission, or through
contamination of crops by wastewater. Similarly, a disease
Table 1 World Health Organization summary of requirements for

Service level Access measure Needs m

No access <5L/c/day >1 km; 30minutes Consum

Basic-often <20L/c/day 100–1000meters;

5–20minutes

Consum

basic f

Intermediate �50L/c/day Within 100m, 5minutes,
or by single tap

Consum
laundr

Optimal >100L/c/day Supplied by multiple taps Consum

L/c/day ¼ Liters per capita per day.

Adapted from Howard G and Bartram J (2003) Domestic Water Quant
that first spreads by person-to-person contact may then
enter water supplies through the fecal stream, and then
become waterborne. When considering waterborne dis-
eases, an ecological perspective is often useful in under-
standing the complex web of relationships that exist
between humans and these diseases. One obvious reason
why the control of waterborne diseases is so important is
that it can also decrease the likelihood of subsequent
person-to-person or foodborne transmission.

Some waterborne diseases, such as the parasitic infec-
tions schistosomiasis and dracunculiasis, require that
humans have direct skin-in-water (dermal) contact with
water bodies where the infectious forms of the parasites
dwell (‘water-based’ transmission). Globally, much of this
contact is due to the need of individuals to collect water
for household use, to engage in agricultural activities, and
for recreational bathing or swimming. Thus, there is also
merit in understanding that waterborne diseases are
affected by not only the quality of water, but also by
human behaviors and the local infrastructure. For exam-
ple, the provision of piped water or wells (forms of infra-
structure) in communities may alleviate the need for
children and others to collect water by hand from infec-
tious rivers or surface waters, but it is unlikely to affect the
natural desire of small children in a hot climate to play in
contaminated water (forms of behavior).
Water Needs: As Supply Increases, Health
Hazards Decrease

Depending on factors such as age, level of physical activ-
ity, and the need to produce breast milk, minimal daily
water needs range from between 1 and 3 liters (L) for
hydration; perhaps as little as 2 to 3 L for food prepara-
tion; 6 to 7 L for personal hygiene; and 4 to 6 L for
laundry. The World Health Organization (WHO) has
published estimates that minimal water needs are approx-
imately 7.5 to 10 L per person per day. As access to
quantities of water increases, the public health risks
decrease (see Table 1). When water is scarce, then people
are forced to drink unsafe water, and there is no water for
water service levels to promote health

et Health concern

ption not assured; hygiene not possible Very high

ption should be assured; hand-washing and

ood hygiene; laundry/bathing no

High

ption, ditto basic personal and food hygiene,
y/bathing

Low

ption and hygiene-all needs met Very low

ity, Service Level and Health. Geneva: World Health Organization.
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hygiene, or to carry feces away. By way of comparison,
many city dwellers in rich countries use 200 to 300 L of
water per day for consumption, sanitation, and cooking, as
well as ancillary uses such as watering lawns or washing
vehicles. These ancillary uses of water are not as critical as
drinking water, but it should be mentioned since histori-
cally much of the civic impetus to the provision of piped
water was the need to have water to fight fires.
Sources of Waterborne Diseases: Water
Types, Sanitation, and Risk of Waterborne
Diseases

Water for drinking, cooking, and hygiene purposes is
generally divided into surface waters and groundwaters.
Surface waters include lakes, rivers, reservoirs, ponds, and
streams. They are easily contaminated with pathogens,
and thus treatment of surface waters is important when
one considers the prevention of this group of diseases.
Surface waters that are small, such as ponds, may evapo-
rate during dry seasons, and it is common for people who
use seasonally affected surface waters to utilize multiple
sources over the course of a year.

Groundwaters are usually thought of as being ‘shallow’
or ‘deep,’ with the former easily contaminated and the
latter difficult to contaminate. Shallow wells and natural
springs tap into the upper aquifer table found in soil,
which fluctuates in depth by season. A spring is simply a
place where the water table and the surface intersect.
Shallow wells are typically hand dug, and springs are
usually found on hillsides. Protecting shallow wells from
waterborne pathogen contamination can be accomplished
by simple walls around the top of the well, and sculpting
the surrounding ground so that contaminated rainwater
runs away, rather than toward, the well. Well covers keep
small animals or children from falling in. Ideally, the water
should be pumped up by hand or electrical devices rather
than through the use of buckets, since the buckets can
serve as a route of contamination. Springs can be pro-
tected with an enclosing house or box, and water should
be taken downstream of the spring source.

Deep wells, popularly known as boreholes, access deep
aquifers that are usually below impermeable rock. This
renders the water much safer, but deep borehole water
may be less amenable to recharge from the surface. Bore-
holes are costly to drill, and thewell must be casedwhere it
traverses the upper soil levels to prevent upper, contami-
nated shallow water from contaminating the safer, deeper
water. Furthermore, the depth of these wells requires the
use of electric pumps when water is withdrawn.

Rainwater is often collected from roofs and stored for
use in dry seasons. This water may be contaminated by
bird and animal feces, leaves, and soil. Both sand filtration
and flushing tanks are used to decrease contamination.
Flushing tanks divert the initial flush of water during a
rainstorm, as it is assumed that most of the contaminating
substances are rinsed off in the initial rainfall. Outbreaks of
E. coli, Salmonella, and Cryptosporidium, among other patho-
gens, have been linked to the use of untreated rainwater.

Sanitation can be defined as the methods for dealing
with human wastes such as feces and urine, and the
principles can also be applied to animal wastes that con-
tain pathogens that can cause human waterborne disease.
Sanitation not only prevents waterborne diseases, but also
reduces the transmission of helminth infections such as
hookworm, Trichuris, and Ascaris, which require fecal con-
tamination of soil. The simplest form of sanitation is the
latrine, a pit covered with a robust cover. Latrines do not
use any water for waste transport, but act primarily as a
storage space (although they can easily be cleaned out to
extend their usable lifetime). Waterborne pathogen con-
tamination of the surrounding soil, and shallow ground-
water, can occur, especially if the soil is sandy and porous.
The bottoms of latrines should not come closer than
approximately 0.6meters to the top of the wet-season
water table to prevent contamination of nearby springs
and shallow wells. Where water tables are high, latrines
can be lined with impermeable stone or concrete.

The ventilated, improved pit (‘VIP’) latrine has solid
walls with no windows, and has a tight roof with a
screened ventilation pipe in it. The entryway is sited
downwind of the prevailing winds improving ventila-
tion, and flies are drawn to the screen where, unable to
escape, they die. Thus, the VIP latrine has fewer aesthetic
detractions than the unimproved pit latrines, but in many
societies it is considered unacceptable to defecate indoors,
pointing out the importance of behavioral factors in
waterborne diseases and in particular population accep-
tance. Community involvement in planning sanitation
systems is critical to their success or failure.

Water can be used to flush wastes into larger under-
ground cesspools, which will increase the risk of ground-
water contamination. Septic systems allow solids to settle
in a central tank and have effluent, perforated pipes to
distribute liquids into the surrounding ground. Alter-
nately, wastes can be flushed with water via gravity into
piped sewerage systems and then centrally disposed of.
This method is by far the preferred one in areas of high
population density Treatment of piped sewerage waste is
via settling (primary treatment), biological degradation
(secondary treatment), and disinfection (tertiary treat-
ment). Human wastes treated through these methods
have dramatically lower levels of waterborne pathogens
and can even be used as crop fertilizers. Biologi-
cal treatment, through the use of lagoons or wetlands
with nutrient-absorbing plants, requires little mainte-
nance and has great promise in the appropriate climates.
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Historical Elements: What We have
Known and Forgotten about the Benefits
from Decreasing Waterborne Diseases

At the Dawn of Waterborne Disease Prevention

The value of clean drinking water, and of sanitation, was
evident to the human population even before the germ
theory was widely accepted. Waterborne diseases are most
commonwhen drinking waters are contaminated by animal
and particularly human feces; this was recognized to one
extent or another before our scientific capacity to identify
specific pathogenswas developed (see water’s roles in trans-
mission, discussed earlier). Before water treatment technol-
ogies such as filtration and chlorination were widely
adopted, many municipalities in richer countries focused
on securing protectedwater supplies for future generations,
free of obvious contaminants, during the period of 1850 to
1900. In the absence of protected water supplies, commu-
nities sought water as free as possible from human or animal
feces. This principle of watershed protection remains a
critical one even today. The economics, logistics, and health
risks relating to waterborne diseases are profoundly differ-
ent for communities with pristine source water supplies
versus thosewith heavily polluted, pathogen-loadedwaters.
In practice, cities along rivers, without access to clean
water, should at a minimum try to obtain their drinking
water from less contaminated sites along the river, or build
aqueducts or pipes to carry water from more pristine sites.

When John Snow famously removed the Broad Street
pump in 1854 in the City of London during a cholera
outbreak, he did so because he realized that that specific
pump suppliedwater to a group of peoplewith a high risk of
death from cholera, which he believed to be caused by a
germ transmitted by unclean water (others believed it was
caused by poor hygiene or atmospheric conditions). He did
not use modern statistical methods to prove the connection,
but rather made a reasonable conclusion based on the state
of knowledge at the time. Indeed, the then novel theory that
waterborne disease was caused by pathogens – bacteria,
viruses, parasites – was unproven and widely disavowed.
John Snow was able to calculate that the number of deaths
from cholera in the population served by the Southwark &
Vauxhall Companywas 315 per 10 000, versus 37 per 10 000
for people served by the Lambeth Company, whose source
of water was upstream of London. In retrospect, we can
recognize that human sewage, containing cholera bacteria,
entered theThamesRiver inLondon above thewater intake
for the Southwark & Vauxhall water supply, which in turn
supplied the Broad Street pump.
From the 1850s through the Sanitary Period:
Stockholm and Chicago

It is instructive to examine the documented experiences of
rich nations that were once poor. For example, the infant
mortality rate in Stockholm, Sweden, in 1878 exceeded
20% (200 per 1000 infants per year) but declined to 50
per 1000 in 1925, with most of the decrease due to a near
abolition of deaths from diarrheal disease (Burström et al.,
2005). After the 1853 cholera epidemic in Stockholm, a
sanitation office was established to remove and manage
human and animal feces. Wastewater flowed in open
ditches, and was only occasionally covered by stones or
wooden planks, as is common in many poorer countries
today. Regulations for the control of wastes through the
construction of sewers, and separation from water sources,
were promulgated in Sweden during the 1870s and 1890s.

During this same period, the population obtained its
drinking water from open surface waters and wells of
varying quality. This circumstance is also identical to the
current situation of many communities in poorer
countries. After 1860, piped water was incrementally
introduced to provide water for fire fighting, to improve
hygiene, to ‘reduce the risk of epidemics,’ and to allow
industry better access to water. Initially, water posts were
provided throughout the city where water was provided
free of charge, andwith time, water pipes were extended to
dwellings, streets, squares, and courtyards. By 1896 about
half of apartment dwellers had piped water in their build-
ings, and a third had water taps in courtyards. Only 14%
had no access to piped water. Outdoor and indoor privies
numbered perhaps 60 000 in 1880, and by 1900, approxi-
mately 75% of families had private privies with only 3%
having to share facilities with more than one family. Sub-
sequently, the proportion of indoor facilities tied to sewers
increased and outdoor privies decreased.

The decrements in diarrheal mortality during this
period were enormous. During the period 1918 to 1925,
the diarrhea mortality rate in children under the age of
2 years had fallen to a rate of only 2 per 1000, down from
59 per 1000 in 1878 to 1882. Of no small importance is the
fact that the differential death rates from diarrhea
between rich and poor children essentially disappeared.
In 1878 to 1882, the mortality rate per 1000 children
under 2 years of age in the wealthiest group was approxi-
mately 38, while for the poorest it was about 85, with a
relative risk of death from diarrhea for the poorest, com-
pared with the wealthiest, of approximately 2.2. By 1918
to 1925, the overall diarrhea mortality rate had fallen to
about 2 per 10 000, and the relative risk for the poor,
compared with the wealthy, was only 1.3.

To summarize this experience, the provision of sanita-
tion occurred before clean drinking water provision or
water treatment with filtration or chlorination with major
decreases in the incidence of waterborne diseases, and it
led to the virtual elimination of deaths from diarrhea
in children. It allowed the demographic transition to
occur, and it provided an element of what we would now
term environmental justice, since these measures
improved the health of all citizens, and not just thewealthy.



Waterborne Diseases 555
Similar impressive reductions in mortality have been
documented for the period from 1850 to 1925 for Chicago,
Illinois, in the United States (Ferrie and Troesken, 2008).
Mortality rates dropped by 60% during this period, with
an estimated 30 to 50% of this decrement directly attrib-
utable to water purification and sanitation. Using typhoid
as a marker of waterborne disease, three events were
important: (1) around 1870, placing the intake for Chica-
go’s drinking water 2miles away from the polluted Lake
Michigan shoreline, and reversing the flow of a heavily
polluted river that dumped sewage into Lake Michigan;
(2) around 1893, improving water intake sites, and the
permanent closure of all shoreline sewage outlets that
might pollute the drinking water inlet sites in LakeMichi-
gan; and (3) in 1917, citywide chlorination of centrally
piped water. Again, it appears that sanitary improvements
that preceded the onset of water treatment had the great-
est effect on decreasing mortality from waterborne
diseases.
The Mills-Reincke Phenomenon

Coincident with impressive decreases in waterborne dis-
ease mortality in the rich countries were equally impres-
sive decreases in the death rates from all diseases, which
correlate to the timing of these waterborne disease pre-
vention efforts. This effect has been ascribed to ‘diffuse’
positive impacts on human health, and in the case of
Chicago, an elegant statistical analysis suggests that for
each death from typhoid that was prevented, an addi-
tional 4 to 5 deaths from other causes were prevented
as well. Hiram F. Mills and J. J. Reincke, in the late
1880s and 1890s, independently working in Lawrence,
Massachusetts, and in Hamburg, Germany (respectively),
documented dramatic changes in nontyphoidal death
rates that followed the initiation of water filtration in
each city in 1893. This included deaths from pneumonia,
influenza, heart disease, and tuberculosis, none of which
are classically considered waterborne. Hazen in 1907 and
Sedgwick and colleagues in 1910, along with others in the
following decade, repeatedly documented the existence of
the Mills-Reincke phenomenon after analyzing data from
multiple large and small U.S. cities, and U.S. Army bases.

In deciphering the events of a century ago, we cannot be
perfectly sure that we fully understand the reasons for this
extraordinary effect, but the reality of the effect is not in
doubt. It is likely that this general benefit was mediated, in
large part, through decreases in childhood diarrheal dis-
eases of all kinds, as well as through decreased mortality in
people who were no longer weakened and made frail by
having had typhoid. Beyond these effects, since diarrheal
diseases are known to have a negative impact on nutri-
tional status, it is possible that the elimination of water-
borne diseases leads to fewer deaths from diseases
worsened by malnutrition, such as pneumonia. This now
nearly forgotten, well-documented history supports the
thesis that improving water quality, sanitation, and hygiene
for the purpose of preventing waterborne disease may
have very substantial, while difficult to directly link, ben-
efits in countries currently undergoing the sanitary and
mortality transitions that rich countries have already
undergone.
Modern Evidence of the Benefits of Preventing
Waterborne Diseases

At least three lines of evidence from the current era speak
to the importance of preventing waterborne disease. They
include our experience with outbreaks of disease when
prevention fails; studies showing benefits after interven-
tions in the recent past; and emerging information about
the negative effects of having had waterborne diseases.

The elimination of waterborne diseases required, as it
requires today, political commitment, the enforcement of
regulations and the implementation of public health poli-
cies, attention to both water sources and wastewater,
properly trained labor, and adequate capital. When these
are absent, because of inattention, war, or calamity, out-
breaks of waterborne disease occur. Examples of these are
numerous. In the 1990s, in Tajikistan, a shortage of funds
for chlorination of water led to an outbreak of typhoid in
the capital Dushambe, which was halted as soon as chlo-
rination was restored. In Ontario, Canada, the town of
Walkerton suffered an outbreak of dysentery and diarrhea
caused by animal feces making their way into well water
that was erratically treated with chlorine. In a town of
approximately 5000 people, more than 2000 became ill,
with some deaths. The city of Milwaukee was the site of
the largest waterborne disease outbreak in the history of
the United States in 1993. Over 400 000 people developed
diarrhea when Cryptosporidium parasites (originating in
wastewaters) found their way into the drinking water
supply due to a filtration plant failure. In each of these
cases (and there are countless more), the medical, eco-
nomic, and social costs were enormous.

Although some have argued that economic develop-
ment is enough to explain the decreases in mortality that
rich nations have enjoyed, the weight of evidence is that
specific, targeted public health efforts focused on drinking
water, sanitation, and hygiene promotion are required to
produce these dramatic improvements in human health.
The elimination of waterborne diseases is likely to de-
crease the disparities between rich and poor, as was
seen a century ago in Sweden, and to lead to major
decreases in all-cause mortality, through well-understood,
direct effects as well as poorly understood ones. Two
positive, modern examples, from the United States and
from Malaysia, can be cited to illustrate these points.

In the United States, many of the aboriginal peoples
present before colonization by Europeans live on ‘Indian’
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reservations, and they represent the poorest ethnic group
in the country. In 1952, most peoples living on these
reservations carried water for household use and drank
from contaminated sites. Beginning in 1960, about 3700
sanitation projects were implemented on these Native
American reservations (Watson, 2006). These efforts
sharply reduced the cost of clean water, the incidence of
waterborne gastrointestinal diseases, and infectious respi-
ratory illness in infants. These benefits became evident
2 to 7 years after the infrastructure projects were begun. In
1960, the infant mortality rate on U.S. Indian reservations
was 53 per 1000, whereas for ethnically white U.S. resi-
dents, it was 26 per 1000. By 1998, the rates were 9 and 6
per 1000, respectively, and the author of one study has
ascribed approximately 40% of this improvement to water
and sanitation. This speaks to the importance of targeted
interventions, and to issues of social equity. In Sarawak,
Malaysia, water supply and sanitation intervention during
the period 1963 to 2002 led to a 200-fold and a 60-fold
decrease in the incidence of dysentery and enteric fever
(typhoid), respectively (Liew and Lepesteur, 2006). In this
Malaysian effort, communities had to invest in basic sani-
tation (pit or improved latrines) before the government
would invest in piped (not necessarily disinfected) water
to the community. These remarkable decrements in the
incidence of waterborne disease were progressive, and
directly related to the percentage of the population with
both sanitation and piped water. Hepatitis A also mark-
edly decreased as water supply coverage increased. This,
again, speaks to the importance of targeted interventions
to prevent waterborne diseases. Of note, epidemics of
cholera still occur in Sarawak, demonstrating that water-
borne disease epidemics can still occur when drinking
water is contaminated and not disinfected.

A third line of evidence speaking to the importance of
preventing waterborne diseases is emerging that revolves
around malnutrition. As intimated in the discussion of the
Mills-Reincke phenomenon, one benefit in the preven-
tion of waterborne diseases may be a decrease in malnu-
trition, which is an important cofactor in many infectious
diseases. In a recent retrospective study of 25 483 children
prospectively enrolled in a 1988 vitamin A study in Sudan
(Merchant et al., 2003), it was found that the risk of stunt-
ing was lowest in households with both household water
and sanitation facilities, and highest in households that
lacked them. Risks were intermediate for children in
households with sanitation, or with household water, but
not both. Furthermore, during the course of the study,
children in households with both water and sanitation
who were stunted when the study commenced had a
17% higher chance of reversing their stunting than did
children in households with neither barrier to water-
borne diseases. Data consistent with a protective effect
of clean water and sanitation against malnutrition have
also been acquired from Lesotho, Nigeria, and the
Philippines. Malnutrition has been linked not only to
increased morbidity and mortality from infectious dis-
eases, but also to cognitive impairment and lower socio-
economic achievement. There is excellent evidence that
children who suffer from specific waterborne diseases
such as shigellosis, cryptosporidiosis, and giardiasis are
more likely to be stunted, and to have poorer educational
performance, suggesting lifelong negative nutritional and
socioeconomic impacts above and beyond the medical
effects.

What, then, can be stated about the health benefits of
sanitation and water? It can be confidently said that their
provision can have profound, though sometimes not fully
understood, positive effects on decreasing disease,
on improving nutritional status, and on individual
development.
Problems with Understanding the Full
Range of Waterborne Pathogens

Etiologic agents of waterborne disease include viruses,
bacteria, fungi, helminths, trematodes, and protozoa, as
well as cyanobacteria. Prions are not believed to be agents
of waterborne disease. Our understanding of the agents of
waterborne diseases is informed by over 100 years of bac-
teriology and microbiology, but paradoxically remains
limited. For a waterborne disease to be recognized, it
must, in general, be detectable in human samples such
as feces, or be so well recognized that a serological test
exists, such as those for hepatitis A. Many bacteria, such as
the agents of cholera and other acute watery diarrheas,
and of dysentery, are easily isolated using bacterial culture
media. Other agents of diarrhea are fastidious, rarely
tested for, or (likely) unknown. For example, many obli-
gate parasitic and viral pathogens do not grow on culture
media, but rather only in people or other hosts. Their
detection requires sophisticated, often costly and there-
fore unavailable, technologies. Thus, the problem with
waterborne diseases is that disease pathogens are only
tested for if they are already known to exist and can be
tested by using inexpensive methods. Novel pathogens
will only be recognized if public health authorities or
scientific researchers devote resources to devising meth-
ods for the detection of new agents, and if the test-
ing method is inexpensive enough for widespread use.
For example, the burden of many viral waterborne patho-
gens was previously greatly underappreciated, because of
the lack of methods for detecting them other than electron
microscopy.

However, reasons for the continued recognition of
new waterborne pathogens go well beyond simply
increased technological capacities to detect pathogens.



Waterborne Diseases 557
These factors include the development of human subpo-
pulations who are at times exquisitely sensitive to specific
pathogens, such as people with HIV/AIDS or those on
immunosuppressive therapies, such as following trans-
plantation or during chemotherapy for cancer. Another
potential reason is the development of concentrated ani-
mal husbandry with industrial levels of manure produc-
tion where emerging zoonotic pathogens (originating in
animals but capable of infecting humans) are present
in urine and feces, and can contaminate water supplies.
In addition, inherent properties of the emerging patho-
gens may render them relatively or absolutely resistant to
water treatment technologies. These include the presence
of a waxy cell wall (Mycobacteria) or cyst wall (Cryptospo-
ridium, Giardia) resistant to chlorination, or the presence
of pathogen enzymes that can repair sections of double-
stranded DNA damaged by ultraviolet light disinfection
(using as a template the nondamaged strand) such as are
found in adenoviruses. In addition, as water treatment
technologies change, an untoward effect may be the aban-
donment of a technology that was effective against a
pathogen.

Two important waterborne pathogens prove these
points. As the AIDS pandemic began and spread, a disease
informally named ‘slim’ or wasting disease was recog-
nized, characterized by persistent diarrhea and wasting.
The most important causes of this syndrome are Crypto-

sporidium species and Microsporidia, neither or which
were recognized as causing human disease before the
HIV/AIDS era. In the Milwaukee (USA) epidemic of
cryptosporidiosis in 1993, more than 400 000 people
became ill, but only 12 people were diagnosed with Cryp-

tosporidium infection during the epidemic, because this
organism was rarely if ever tested for. The Microsporidia
were once thought to be protozoa, but are now believed to
be fungi, as they contain chitin in their cell walls and have
strong genetic similarities to other fungi. Although more
than 1200 species of Microsporidia infect invertebrate and
vertebrate hosts, only 14 are known to infect human hosts.
Waterborne transmission has been consistently identified
in epidemiological studies, as well as fecal–oral, oral–oral,
inhalation of aerosols, and foodborne transmission routes.
Characteristics of Microsporidia that favor waterborne
transmission include the ability to infect a wide variety of
mammals, excretion in urine and feces, extended survival
of the spores in water, a low infectious dose, and a small
enough size (1–3mm� 1.5–4mm) that removal by water
filtration is difficult. These characteristics are identical to
those for Cryptosporidium species, which are approximately
5mm in diameter. A list of potential important waterborne
disease agents is provided in Table 2.

Indeed, the U.S. National Academy of Sciences
recently described the obstacles to accurately estimating
the burden of waterborne diseases in the United States,
and these limitations are likely global. One critical issue
is that when a case of waterborne disease occurs, the
individual affected has likely had multiple possible expo-
sures to food, water, and other individuals (person-to-
person spread). The illness cannot be ascribed to water
unless the individual is part of an epidemiological moni-
toring program (surveillance) or epidemiological study.
Undoubtedly many cases of illness ascribed to food or
water are misclassified – or not classified – as to the origin
of the illness. Our ability to estimate the global burden of
waterborne diseases is limited by the realities: (1) that
endemic waterborne diseases are unrecognized unless an
epidemic occurs; (2) that the public health infrastructure
must be capable of recognizing an epidemic; and (3) that
inexpensive, widely available tools must be available to
identify the pathogen(s) involved. Without these, the inci-
dence of waterborne diseases will be underestimated.
Much evidence suggests that endemic waterborne disease
is common; it is a reality that national and international
surveillance for waterborne disease is woefully under-
funded; and that our capacity to identify pathogens
is not only overwhelmingly limited to rich nations,
but that within those countries it is still limited by the
capacities of reference laboratories.
Treatment of Waterborne Diseases:
Overview

The treatment of waterborne diarrheal diseases was essen-
tially revolutionized by the development, and implemen-
tation, of oral rehydration therapy (ORT). Most deaths
due to diarrheal disease are due to dehydration, and so
greatly decreasing the frequency of dehydration has led to
a decrease in deaths from perhaps 5 to 10million deaths a
year to current levels of 1.5 to 2million deaths per year.
While ORT has dramatically decreased mortality from
acute, watery diarrhea, it has not had any significant effect
on the incidence of waterborne disease, which is estimated
to be (for diarrheal disease alone) more than 4 billion
cases per year. Indeed, as deaths from acute, watery
diarrhea (such as cholera and rotavirus diarrhea) have
declined, there has been an increased appreciation for
the human burden of dysentery (bloody diarrhea, often
caused by Shigella) and of persistent diarrhea (diarrhea for
14 or more days), especially in malnourished and immu-
nocompromised populations. These problems are much
more difficult to address. Compounding the importance
of these diseases has been the development of antibiotic
resistance by many bacterial pathogens that cause dysen-
tery; the appreciation of new, emerging pathogens; and
the lack of antiretroviral treatment for people with
HIV/AIDS in most of the world. For many important
waterborne diseases, such as hepatitis A, no specific



Table 2 Examples of emerging waterborne pathogens

Acanthamoeba Widespread amoeba, causes brain infections in swimmers and keratitis in contact lens users
Adenoviruses Double-stranded DNA viruses, cause respiratory disease such as pneumonia, gastroenteritis, eye

infections; survive for long periods in water, commonly found in human sewage, very resistant to

disinfection with UV light (an emerging water disinfection technology being widely adopted)

Aeromonas hydrophila Widespread aquatic organism, resistant to chlorination and inherently resistant to common
antibiotics, such as penicillin and ampicillin; linked to cellulitis (skin infections), myonecrosis (death

of muscle), and ecthyma gangrenosum, a necrotic death of the skin

Caliciviruses (same family as

norovirus)

These are amongst the most common viruses causing gastroenteritis, and can be spread through

water, food, and via fecal–oral routes. Hepatitis E, a calicivirus, is an important cause of hepatitis in
Asia, is predominantly waterborne, kills�1–2%of infected individuals, but is more lethal in pregnant

women, where up to 25% of infected individuals may die

Circoviruses Torque tenovirus and torque tenovirus-like virus are nonenveloped DNA viruses that are highly
resistant to heat inactivation and are excreted in feces

Cryptosporidium Ubiquitous protozoan that causes disease ranging from the asymptomatic to the lethal, especially for

people with AIDS or other immunosuppressive conditions; associated with stunting in humans. In

temperate climates there are often two peaks of transmission (spring and late summer–fall), and in
warm tropical countries exposure tends to be linked to the rainy season. Humans mostly infected

with C. parvum, which infects many mammalian hosts, and C. hominis, which is almost exclusively

an human pathogen. Oocyst is resistant to chlorination and has caused many waterborne (both

drinking water and recreational water) disease outbreaks
Cyanobacteria Common blue-green algae that can produce hepato-, neuro-, and cytotoxins which induce skin

irritation, gastroenteritis, fever, muscle and joint pains, headaches, and hepatitis. Exposure is

mostly from drinking, or bathing in, contaminated water

Helicobacter pylori First recognized in 1983 as a human pathogen which colonizes the human stomach, causing gastritis,
duodenal ulcers, and an elevated risk of gastric adenocarcinoma. While person-to-person

transmission is most common, waterborne transmission is suspected

Microsporidia >1200 known species (Phylum Microspora) that infect invertebrates as well as vertebrates; 14 are
known to infect humans. Transmission of spore form by water, fecal–oral, and other routes. More

difficult to kill via chlorination than most bacteria or viruses but more sensitive than Giardia

Mycobacteria >50 species of non-tuberculous mycobacteria known to infect humans. Rod-shaped, acid-fast

bacteria commonly present in soils and water, have thick waxy coats that render them resistant to
many disinfectants, documented to cause outbreaks of waterborne disease in

immunocompromised people with AIDS. Exposure may also occur via aerosols formed in showers

Picobirnaviruses Small, nonenveloped double-stranded RNA viruses; cause gastroenteritis in children, the elderly, and

people with AIDS
Polyomaviruses Progressive multifocal leukoencephalopathy (PML) is a fatal, demyelinating brain disease caused by

the polyomavirus JC virus. JC virus sets us stable infection in the kidney and brain and is excreted in

the urine of normal and PML patients. Small, nonenveloped viruses with double-stranded,
supercoiled DNA which is quite resistant to heat inactivation
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treatment exists, and there are only supportive and preven-
tive measures. Treatment of specific diseases or syndromes
is beyond the scope of this article, and the reader is encour-
aged to seek out more detailed information about specific
diseases in the other articles in this Encyclopedia. These
circumstances have once again renewed interest in the
prevention of waterborne diseases through the provision
of potable water, hygiene promotion, and sanitation globally.
Prevention

As outlined earlier, the prevention of waterborne diseases
can have profound human benefits, including decreased
mortality and morbidity rates, increased life span, and
improved nutrition. The trilogy of water treatment, the
separation of human and animal sewage from drinking
water supplies, and the provision of clean foodstuffs
(e.g., foodstuffs uncontaminated by sewage and washed
by potable water) are substantially responsible for the
3-decade increase in the human life span enjoyed in
many countries during the twentieth century. While vac-
cinations, improved housing, and other sanitary and social
measures have contributed perhaps a third to this increase
in the human life span, many authorities believe that
nothing is as important as the prevention of waterborne
disease. The demographic transition to longer life spans,
and mortality due to diseases of old age and affluence
(cancer, heart disease, etc.), could not have occurred with-
out the prevention of waterborne disease.

Other benefits to the elimination of waterborne dis-
eases depend on the technologies and methods used.
For example, the provision of piped water removes the
economic and social costs of carrying water by hand. The
labor involved in obtaining water in many locations is a
substantial burden in terms of labor, time, and nutritional
cost, particularly for women and children. The provision
of sewerage removes the costs and risks of contact with
waste removal.
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Economic Considerations and Progress
Toward the Elimination of Waterborne
Diseases

Economic losses due to waterborne diseases include not
only the direct costs of illness and treatment, but also the
indirect costs of lost work, attendance in school, and other
productive activities, and of long-term nutritional and
socioeconomic achievement. Cost-effectiveness estimates
regarding the benefits of water quality interventions, pri-
marily for the prevention of diarrheal disease, have shown
that almost all of the studied interventions are highly cost-
effective, especially in poorer countries with high mortal-
ity rates. These interventions include: (1) improving
access to ‘improved’ water sources and basic sanitation,
such as latrines; (2) improving access to piped water and
sewerage; and (3) household treatment of water through
chlorination, filtration, solar disinfection, or flocculation
with disinfection. Indeed, the authors of a recent analysis
found that just the direct health-care cost savings to
governmental bodies outweighed the costs of controlling
waterborne diarrheal disease (see Haller et al., 2007). In
countries where the risk of waterborne disease is highest,
the cost of averting a disability-adjusted life year (DALY)
is as little as US$20. This compares quite favorably with
the cost of averting a DALY through the use of ORT.
Centralized Sanitation and Drinking
Water Provision

In many countries the provision of potable water and
sanitation as a communal effort has proven far less expen-
sive, and effective, than individual household treatment.
One of the traditional advantages of the ‘built’ environ-
ment (such as in cities or towns) has been the elimination
of waterborne diseases through commonly used sanitation
and water infrastructure that is inexpensive on a per-
capita basis. A major advantage is that excreta can be
inexpensively centrally eliminated, disinfected, and dis-
posed of away from sources of drinking water through
sewerage. By drinking water and sanitation infrastructure
we mean to include the identification of suitable source
water, and its protection from microbial and chemical
contamination; water disinfection and treatment; the
distribution of potable water to communities free of
cross-contamination with sewage or other pollutants;
the centralized collection of excreta and its ultimate
separation from water supplies unless disinfected; and
maintenance of each of these pieces. In addition, this
infrastructure obligatorily includes staff trained in sani-
tary engineering and operations. It must be noted that the
conditions for centralized water treatment and sanitation
do not exist in rural areas or in the burgeoning slums of
many cities in poor countries.
Point of Use Treatment of Water to Prevent
Waterborne Diseases

The recent explosive growth of urban centers globally has
far outstripped water and sanitation infrastructure, leav-
ing hundreds of millions of people at risk from waterborne
diseases. Given this reality, and noting that in rural areas
communal resources may be scanty, innovative methods
for the prevention of waterborne diseases – such as indi-
vidual household treatment by means of chlorination,
solar (ultraviolet light, UV) disinfection, and flocculation
with or without chemical disinfection – may be more
appropriate. While heating water to 60 oC for a prolonged
period, or boiling water, kills waterborne disease patho-
gens, the cost or availability of fuel may make the
use of these other methods more cost effective. These
circumstances explain the current, widespread interest
in studying, and implementing, household-level disinfec-
tion practices that are affordable even in the poorest of
communities. Recent studies have confirmed that killing
pathogens through oxidation with a halogen, such as
chlorine or chloramines, at the household level or at
some central water source remains the most cost-effective
strategy, with water filtration (at either a central site or the
home) adding substantial additional benefits although
with additional costs. Other methods include the storage
of water atop roofs in inexpensive, second-hand clear
plastic containers, where solar UV light can kill patho-
gens; simple settling, where particulates may carry adher-
ent pathogens with them to the bottom of a container; and
combined disinfection-flocculation.

With an ecological approach, it is possible to see that
the treatment of drinking water before ingestion and the
prevention of water contamination through sanitation
serve the same goal of eliminating waterborne disease
pathogens from transmission to humans. Sanitation has
the additional benefit of reducing the contamination of
agricultural foodstuffs. Good hygiene, promoted by the
provision of clean water, acts as a second barrier to trans-
mission within a household as well. There is an evolving
literature suggesting that sanitation efforts may be most
cost effective in densely populated urban areas, and water
treatment (including at the household level) may edge out
sanitation in more rural or slum areas. In cities, it appears
that the most cost-effective approaches to reducing the
burden of waterborne disease, and the largest reductions
in diarrhea morbidity, appear to be related to sanitation
alone; a combination of water quality and sanitation;
or hygienic behavioral practices alone. (Historically, as
outlined later, the near elimination of typhoid in rich
nations dates to the implementation of sanitation to pre-
vent fecal contamination of water, rather than to the
initiation of water treatment via filtration or chlorination.)
In addition, the promotion of basic hygienic practices
such as hand washing may be facilitated by having water
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connections in homes, as it has been shown that house-
holds with individual connections have less diarrheal dis-
ease than do households that use standpipe water. It has
been suggested that this is because water use is higher in
houses with individual connections, and the incremen-
tally greater use of water may go to improved hygiene.

There are excellent data to show that poor countries
do not need to have high per-capita incomes in order
to eliminate or greatly decrease waterborne diseases.
Typhoid is a disease caused by a Salmonella bacterium
that is essentially only found in, and transmitted from,
humans. It is excreted in feces and urine and can only
infect other humans when there is contact with the feces
or urine from infected people, for example, through
person-to-person contact or through water or food con-
taminated by human excrement. Other Salmonella bacteria
are found in many other animals such as chickens and
cattle. Thus, the incidence of typhoid in a population is a
measure of human contact with human excrement. As
sanitation, hygiene, and water treatment improve, then
the proportion of typhoid disease decreases and the pro-
portion caused by other Salmonella serotypes increases. In
Figure 1, it can be seen that some countries have essen-
tially eliminated typhoid despite having a per capita
Gross National Product of less than US$1000 in 1975
dollars, which is perhaps US$2000 now.

The fact that eliminating or controlling waterborne
diseases is cost effective does not mean, alas, that these
efforts are being undertaken at a pace that will ensure the
elimination of waterborne disease. A recent progress
report from WHO (2006) has made it clear that ‘‘with
half of developing country populations still lacking basic
sanitation, the world is unlikely to reach its target’’ of
halving the number of people without sustainable access
to safe drinking water and basic sanitation (UnitedNations
Millennium Development Goals [MDG]). It is estimated
that during the period 2005–2015, there will need to be
an additional 450 000 people per day who acquire basic
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Control and Prevention (http://www.cdc.gov/).
sanitation, and an additional 300 000 people per day who
acquire improved drinking water (see Figure 2). Without
additional political and economic resources, the challenge
of waterborne diseases will remain for decades or centuries
to come.
Source Water Protection and the
‘Multi-Barrier’ Approach

Optimally, source water is uncontaminated by pathogens,
and thus when it is ingested or used for cooking
or washing, it poses no risk of communicable disease.
Of course, this is rarely the circumstance, yet source
water protection is a critical element in the prevention
of waterborne disease. Over 100 years ago it was recog-
nized that protected watersheds, and groundwater (where
the soil acts as a filter), were far more safe than open
surface bodies of water or rivers. In 1908, Kober in the
United States reported mean typhoid rates (Table 3) that
showed a more than threefold higher typhoid death rate
in cities whose source water was an open river, as com-
pared with cities with either groundwater or protected
watersheds. Cities that draw on river water are, of course,
also drinking the diluted sewage dumped into the river by
the communities upstream of them. In some countries,
forward-thinking groups, governments, and civic institu-
tions have purchased land with pristine water for their
community’s future use, which both protects public health
and reduces the cost of water treatment. Protection can
also include measures such as banning the entry of human
or animal wastes into the source, limiting recreational use
of the source water, and banning nearby development
(residential, industrial, and agricultural).

The second concept of importance is the use of redun-
dant barriers to the contamination of water and redundant
methods for treatment, known as the multi-barrier approach
(see Figure 3). In a very real sense, source water
per capita (1975 dollars)
6000 8000 10 000
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Table 3 Mean typhoid death rates in USA, 1902–1906, by

source

Source
Death rate per
100000

No. of
cities

Ground water 18.1 4

Impoundments and protected

watersheds

18.5 18

Small lakes 19.3 8
Great lakes 33.1 7

Mixed surface and ground water 45.7 5

Run-of-river surface water supplies 61.6 19

Adapted from Kober, 1908 and Okun, 1996.
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protection is an important ‘barrier’ to waterborne disease,
but it is not adequate in and of itself. Source water can be
of variable quality; and should contamination of the
source occur, then some form of subsequent treatment
is needed to kill or remove pathogens. Conventional
water treatment that incorporates the multi-barrier
approach includes the use of flocculation agents, to
remove some of the suspended particles to which
pathogens can adhere, with settling tanks that allow the
flocculant to settle; filtration through sand or similar
media to physically remove pathogens, especially those
present as cysts or oocysts or eggs; disinfection with
halogenated compounds, such as chlorine or chloramines,
that will kill most viruses and bacteria, and some proto-
zoa, and which will persist in the piped delivery system so
that any residual pathogens do not regrow; and the pre-
vention of cross-contamination. By cross-contamination
we mean the contamination of treated water with
untreated water or sewage. Pipes laid in the ground may
corrode or crack, allowing contamination, and many epi-
demics have been documented where (for misguided rea-
sons of cost savings) sewer pipes and drinking water pipes
have been laid next to one another in the same trench.
Recent sophisticated studies have shown that short-term,
low- or even negative-pressure waves can occur in distri-
bution pipes. If the surrounding soil and water in the soil
contain pathogens, this will allow contamination to occur
if the pipes are cracked or lack one-way valves into
households.

In the absence of costly infrastructure such as centra-
lized water treatment and household delivery of water
through piping and taps, it is still possible to adopt a
multi-barrier approach at the household level. Water
used for drinking, cooking, or personal washing can be
disinfected through boiling or adding chlorine or com-
mercially sold bleach solutions. Behavioral modification
to enhance hand washing after defecation or taking care of
family members with diarrhea can prevent secondary
household transmission of waterborne diseases. Water
can be stored in traditionally shaped vessels with narrow
mouths, so that children and impatient adults do not soil
the water through hand contact during use. Defecation in
the open can be altered through education and efforts at
behavioral modification in the use of latrines, septic sys-
tems, and sewerage.

Historically, some cities and communities have chosen
to treat poor-quality source water rather than protect
their source water. Some communities have no choice
about what water is available to them, and must therefore
utilize robust water treatment to render their water



‘Conventional’ treatment:
Physical removal:
Flocculation to remove solids
Filtration to remove solids

Disinfection − halogenation with
chlorine, bromine, chloramines;
alternatives: ultraviolet light (UV),
ozonation, others.

Use of a residual disinfectant that
persists in the delivered, piped
water killing any residual bacteria
that might survive or re-grow in
the piped system.  

Prevention of
cross-contamination from 

wastewaters (leaky pipes)

Source water
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chemical contamination

Wastewater
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Prevention of
wastewater
entry into source
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Multiple barrier approach

Figure 3 The multiple barrier approach.
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drinkable. Often there is tension between adherents of
source water protection and those of water treatment.
For example, sanitary engineers may wish to add treat-
ment modalities such as filtration to a water supply, while
environmentalists may be concerned that this addition
will allow real estate developers to push for activities
that will degrade the source water. Urban communities
may push for increased recreational use of reservoirs
(boating, swimming) that inevitably lead to increased
fecal and chemical contamination. The rationale here is
that more robust treatment, if put into place, will ‘take
care’ of the increased contamination due to development
or increased recreational use in the watershed.
The Future: Emerging Issues andMethods
for Measuring and Understanding the
Burden of Waterborne Diseases

One key issue is that the etiologic agents of waterborne
disease are still incompletely understood, even if the
major source of disease (fecal contamination) is well
known. The majority of waterborne disease outbreaks
that cause diarrhea are still uncharacterized in terms of
their etiologic agents, perhaps because many are viral in
origin and few accurate, inexpensive tests are available for
their detection. It is likely that the major advances in
genomics will lead to the use of rapid diagnostic methods,
such as ‘chips’ withmany thousands of ligands for pathogen
DNA or RNA, to better identify the causes of waterborne
illness. Much of the impetus for this may be the desire to
detect pathogens that could be used for bioterrorism.
Related to the issue of emerging pathogens is the water-
borne transmission of diseases, other than gastroenteritis,
which may not be recognized as related to water, either
because of multiple routes of transmission, such as food, or
because they are still emergent. An example is Microspor-
idia, which can cause syndromes other than gastroenteritis
in susceptible hosts. Again, genomic microchips that recog-
nize signature genetic elements, or similar technologies,
could be used diagnostically from concentrated water sam-
ples (as well as from human specimens) to identify such
emerging pathogens.

A second key issue in waterborne diseases is to under-
stand the level and severity of endemic transmission of
these diseases, as opposed to the often more dramatic
(and therefore more easily noticed) epidemics of disease.
There is a substantial body of literature that suggests that
low-level, endemic transmission of waterborne pathogens
may be more important than epidemics, particularly
when partially or incompletely effective sanitation and
treatment is present, dampening the magnitude of epi-
demics but still allowing for transmission. This requires
not only good surveillance for these diseases, but also the
mathematical and biostatistical capacity to see associa-
tions that may not be obvious. For example, when a person
acquires a waterborne disease and does not know where
they acquired the organism, or does not recall contact
with an infected person, then the illness cannot be
ascribed to water by public health authorities with assur-
ance. Further complicating this situation is that many
waterborne pathogens have multiple potential routes
of transmission. Modern methodologies, such as time
series analysis, have proven useful in this regard. Indeed,
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through statistical means it is even possible to quantify
the ‘waves’ of illness that proceed through a commu-
nity after an illness has been introduced into a community
(Naumova et al., 2003).

Tied to the issue of epidemic and endemic disease is a
third issue, which is the capacity of water treatment to
deal with fluctuating levels of contaminants in source
waters. In particular, meteorological factors and climate
can profoundly affect the levels of pathogens in water. It
has been shown that rainstorms can increase concentra-
tions of parasites such as Cryptosporidium by several orders
of magnitude, as they are flushed from land or from
watershed sediments. It has also been shown that the
recognized epidemics of waterborne disease in the United
States are associated with prior heavy rainfall. Manure
from concentrated animal feedlot operations is often
sprayed on land to dry (presumably killing pathogens by
dessication and soil absorption), and can serve as a pow-
erful source of water contamination after heavy rainfall.
In addition, for reasons of economy, in many communi-
ties rainfall collection systems often empty into sewer
systems, the capacities of which in times of heavy rain-
fall can be overwhelmed, leading to sewage entering
drinking water sources without adequate treatment.
If a water system is designed to remove or kill 99.9% of
a rare pathogen, then it is unlikely that much endemic
disease will occur; however, in the event of a heavy
rainfall or sewage overflows, it must be expected that the
system will not be adequate to protect public health
and that high levels of ‘endemic’ or even epidemic disease
may result.
Summary

The control of waterborne diseases is an urgent global
problem that disproportionately affects poor nations and
rural populations, yet it remains a threat even in rich
countries. Simple sanitation practices, such as the use
of latrines, and water disinfection, can lead to major
improvements in human health. For those parts of the
globe where centralized sanitation and water treatment
plants are lacking, and are likely not to be built because of
poverty or low population density, novel methods for
the disinfection of water and wastes are a high priority.
Point-of-use disinfection methods are being devised and
refined, and may offer substantial advantages in these
circumstances. It must be noted that one advantage of
centralized systems – that they benefit everyone, rich
and poor alike – may be absent if only the wealthy can
afford to treat water in their own home.

See also: Cholera and Other Vibrioses; Gastrointestinal

Disorders: Overview; Hepatitis, Viral; Poliomyelitis; Sal-

monella; Shigellosis; Typhoid Fever; Viral Diarrhea.
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Introduction

Weapons of mass destruction (WMD) is a term commonly
used to refer to nuclear, chemical, and biological weapons
(BW), as the term was used in the report prepared by the
Weapons of Mass Destruction Commission (2006), but the
precise meaning of the term is unclear. There is no treaty
or customary international law that contains an authori-
tative definition. Instead, international law has generally
been applied to specific categories of weapons and not
to WMD as a whole. Many analysts believe the term is
too broad while others see it as too narrow. Too broad,
because the inclusion of chemical and biological weapons
within the term has been used by the United States and
other nuclear-weapons states, some experts believe, to
draw attention away from the especially devastating
effects of nuclear weapons and to justify use of nuclear
weapons against nation-states if they were to use chemi-
cal or biological weapons. Too narrow, because other
weapons – radiologic weapons, antipersonnel land mines,
and explosives or incendiaries used for ‘carpet bombing’ –
should, other experts argue, be included among WMD.
Definitions of WMD

The U.S. Department of Defense refers to WMD as
follows:

Weapons that are capable of a high order of destruction

and/or of being used in such a manner as to destroy large

numbers of people. Weapons of mass destruction can be

high explosives or nuclear, biological, chemical, and ra-

diological weapons, but exclude the means of transporting

or propelling the weapon where such means is a separable

and divisible part of the weapon

(Chairman of the Joint Chiefs of Staff, 2006).

The U.S. Federal Bureau of Investigation also includes
‘conventional weapons’ as potential WMD: ‘‘A weapon
crosses the WMD threshold when the consequences of
its release overwhelm local responders’’ (Federal Bureau
of Investigation, 1999).

Some experts consider only nuclear weapons to be true
weapons of mass destruction because ‘‘only nuclear weap-
ons are completely indiscriminate by their explosive
power, heat radiation and radioactivity, and only they
should therefore be called a weapon of mass destruction’’
(Harigel, 1998). They prefer to call chemical and
biological weapons ‘weapons of terror’ when aimed against
civilians and ‘weapons of intimidation’ when used against
military personnel. Former U.S. Deputy Secretary of
Defense Paul Wolfowitz used the term ‘weapons of mass
terror,’ apparently also recognizing the distinction
between the psychological and the physical effects of
many weapons currently falling into the WMD category.

An additional condition often implicitly applied to
WMD is that the use of the weapons must be strategic.
In other words, the use would be designed to ‘‘have con-
sequences far outweighing the size and effectiveness
of the weapons themselves’’ (Evans, 2004). This view of
the strategic nature of WMD use also defines their func-
tion in military doctrines of total war as targeting the
means a country uses to support and supply its war effort,
specifically its population, industry, and natural resources.

The alleged presence of WMD in Iraq was used to
justify the U.S. and UK ‘preemptive strike’ against Iraq
in 2003. Although Iraq had used chemical weapons (CW)
in the past, no stockpiles of WMD were found before
or after the invasion. Nonetheless, allegations of posses-
sion of nuclear weapons or other WMD or of capabi-
lity to develop or produce WMD have been used by
the United States, in particular, to justify strikes against
nation-states, particularly those termed by its administra-
tion as ‘‘rogue states.’’ Opponents of this potential ratio-
nale for an attack by the United States note that the
United States is a nation-state that possesses a large
stockpile of nuclear arms and is the only nation that has
ever used nuclear weapons.

Other related terms, such as ‘indiscriminate weapons’
and ‘genocidal weapons,’ describe the ways WMD may
be used.
Indiscriminate Weapons

International law prohibits the use of indiscriminate
weapons, but the definition is not precise. The balloons
carrying incendiary bombs launched by the Japanese into
the jet stream toward the United States in 1945 were
termed indiscriminate weapons. The Japanese govern-
ment hoped the bombs would cause forest fires in the
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western United States, but the balloons could not be
controlled enough to fulfill even this function. The V-2
rockets used by Germany against England near the end of
World War II were termed indiscriminate weapons
because they could not be directed at any target smaller
than an entire city. After the 1991 Gulf War, the U.S.
Department of Defense reported to Congress that the
SCUD missiles used by Iraq against Israel (which were
not much more accurate than the V-2) were indiscrimi-
nate and that their use constituted a war crime.

A weapon should not be termed ‘indiscriminate’
merely because it is highly destructive. Nuclear weapons,
for example, are not indiscriminate in the sense that they
cannot be precisely aimed. They can be effectively
directed against, and can destroy, military objectives.
The legal issues raised by nuclear weapons are whether
they will cause civilian casualties and environmental
damage disproportionate to the military targets they
destroy.
Genocidal Weapons

The term ‘genocide’ has been used in many ways. It is
defined by Article 2 of the Convention on the Prevention
and Punishment of the Crime of Genocide (2003) as
follows:

Any of the following acts committed with intent to de-

stroy, in whole or in part, a national, ethnic, racial or

religious group, as such: killing members of the group;

causing serious bodily or mental harm to members of the

group; deliberately inflicting on the group conditions of

life, calculated to bring about its physical destruction in

whole or in part; imposing measures intended to prevent

births within the group; and forcibly transferring children

of the group to another group.

Widely accepted examples of genocide include the
‘Holocaust,’ the attempt by the Nazis to kill those they
defined as members of the ‘Jewish race,’ and the massacres
of the Tutsi people of Rwanda and the people of Darfur.
Many types of weapons, from machetes, knives, and
clubs to the chemical agent Xylon B, have been used
in the practice of genocide (Beckerman, 2006).
Weapons Included among WMD

Nuclear Weapons

Eight countries have declared they possess nuclear weap-
ons and are known or have claimed to have tested a
nuclear weapon: China, France, India, Pakistan, Russia,
the United Kingdom, the United States of America, and
North Korea. Israel is considered by most analysts to have
nuclear weapons numbering in the low hundreds as well,
but it maintains an official policy of nuclear ambiguity,
neither denying nor confirming its nuclear status. Iran
is suspected by some countries of planning to dev-
elop nuclear weapons by producing plutonium or highly
enriched uranium, an allegation Iran denies by stating
that its production of fissile materials is limited to civilian
use. South Africa developed a small nuclear arsenal in the
1980s but disassembled it in the early 1990s, making it
the only country to have fully given up an independently
developed nuclear weapons arsenal. Belarus, Kazakhstan,
and Ukraine inherited stockpiles of nuclear arms follow-
ing the breakup of the Soviet Union but relinquished
them to the Russian Federation. Countries with access to
nuclear weapons through nuclear sharing agreements
include Belgium, Germany, Italy, the Netherlands, and
Turkey. The People’s Democratic Republic of Korea
(North Korea) has claimed to have developed and tested
a nuclear device although outside sources have been
unable to unequivocally support the state’s claim.

The first nuclear weapons, based on nuclear fission,
were detonated in 1945. In the 1950s, the United States
and then the Soviet Union detonated thermonuclear, or
‘hydrogen,’ bombs based on nuclear fusion (Nathan et al.,
1962; Sidel et al., 1962). Overall, there exist today approxi-
mately 20 000 nuclear warheads. These warheads have
an explosive force of about 150 000 bombs of the size
dropped on Hiroshima in 1945. This force is equivalent
to that of 8� 109 tons of TNT, approximately 1.5 tons for
every human on the planet. The historic high in explosive
capacity of nuclear weapons stockpiles worldwide was
reached in 1960 with an explosive capacity equivalent
to 20 000 megatons (20� 109 tons, or 40� 1012 pounds)
of TNT, equivalent to that of 1.4 million of the nuclear
bombs dropped on Hiroshima. In the United States in
1967, the nuclear stockpile had reached approximately
32 000 nuclear warheads of 30 different types. In 2003, the
U.S. stockpile was about 10 400 warheads, totaling about
2000 megatons – equivalent to 140 000 Hiroshima-size
bombs. Roughly 2000–3000 of such warheads, on missiles
in the United States, Russia, and possibly other countries,
are on ‘hair-trigger’ alert, ready to be launched on a few
moments’ notice.

The detonation of nuclear bombs over Hiroshima
and Nagasaki in August 1945 during World War II led
to the immediate deaths of approximately 200 000 people,
primarily civilians, as well as lasting injury and later
death of many others and massive devastation and wide-
spread radioactive contamination of the environment.
In addition to the potential for the use of nuclear weapons
by national armed forces, such as that described in the
recent U.S. Nuclear Posture Review, which threatened use
of nuclear weapons under a wider range of circumstances,
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there is an increasing threat of their use by individuals
and groups.

From 1945 to 1990, the United States produced
approximately 70 000 nuclear weapons, and other nations
also produced many nuclear weapons. Production of
nuclear weapons has led to major environmental con-
tamination. For example, the area around Chelyabinsk
in Russia has been heavily contaminated with radioac-
tive materials from the nuclear-weapons production
facility in that area. The level of ambient radiation in
and near the Techa River in the area has been docu-
mented as high as 28 times the normal background
radiation level. As another example, leakage of radio-
active materials from storage of wastes from nuclear
weapons production at Hanford, along the Columbia
River in Washington state, has led to extensive radio-
active contamination.

Open-air testing of nuclear weapons by the United
States, the Soviet Union, and other countries has also
led to environmental contamination, with increased rates
of leukemia and other cancers among populations who
were downwind from these tests (Levy and Sidel, 2005).
Thyroid cancer in children, caused by exposure to iodine-
131, a radioactive isotope of iodine produced by the
testing, has been documented by the U.S. National Cancer
Institute (Institute of Medicine and National Research
council, 1999).

The dismantling and disposal of nuclear weapons have
also led to environmental contamination. The primary
site for the disassembly of U.S. nuclear weapons is
the Pantex Plant, located 27.4 km (17miles) northeast of
Amarillo, in the Texas panhandle. Overall, the United
States has dismantled about 60 000 nuclear warheads
since the 1940s; during the 1990s, 11 751 warheads were
dismantled. More than 12 000 plutonium pits (hollow
shells of plutonium encased in steel or other metal, essen-
tial components of nuclear weapons) are stored in con-
tainers at Pantex. Plutonium, an element first produced
in the Manhattan Project in 1942, has a half-life of
24 000 years. Plans are under way to produce as many as
80 new pits annually at Los Alamos National Laboratory,
and the G. W. Bush administration advocates building a
modern pit facility capable of producing 250–900 pits
annually by 2018.

The Bush administration’s 2002 Nuclear Posture
Review proclaims a continuing role for nuclear weapons
in the future. The Review lists five nation-states as
potential targets of U.S. nuclear weapons: Iraq, Iran,
North Korea, Libya, and Syria. Russia and China remain
potential nuclear weapons targets. The Review reshapes
the U.S. nuclear weapons arsenal from one intended
mainly for ‘deterrence’ to one that may be used for
nuclear war fighting, and the distinction between nuclear
and nonnuclear missions and weapons becomes blurred
(Nuclear Posture Review [Excerpts], 2003).

In 1996 the International Court of Justice provided
an advisory opinion regarding the use and threat of use
of nuclear weapons. The statement is an authoritative
legal pronouncement but not legally binding. It states
that any threat of the use of force, or the use of force, by
means of nuclear weapons that is contrary to Article 2,
paragraph 4, of the United Nations Charter or that fails
to meet all the requirements of Article 51 might be
unlawful.
Chemical Weapons

CWare designed to produce direct chemical injury to their
targets, in contrast to explosive or incendiary weapons,
which produce their effect through blast or heat. Although
nations signing the 1899 Hague Declaration promised not
to use CW, during World War I these weapons, including,
in order of use, tear gas, chlorine gas, phosgene, and mus-
tard gas, were employed. Overall, 125 000 tons of CWwere
used during World War I, resulting in 1.3million casualties.
One-quarter of all casualties in the American Expedition-
ary Force in France were caused by them (Harris and
Paxman, 1982).

In 1925, 28 nations negotiated the Geneva Protocol for
the ‘‘prohibition of the use in war of asphyxiating poison-
ous or other gases and of all analogous liquids, materials
or devices and of bacteriological methods of warfare’’
(Geneva Protocol, 1990). In fact, however, the Protocol
prohibited only the use, not the development, production,
testing, or stockpiling, of these weapons. Furthermore,
many of the nations ratifying the Protocol reserved the
right to use such weapons in retaliation, and the Protocol
became in effect a ‘no first use’ treaty without verification
or enforcement provisions. The United States was one of
the initial signers, but the U.S. Senate did not ratify the
treaty until 1975.

Despite the Geneva Protocol, use of CW continued.
Italy used mustard gas during its invasion of Abyssinia
(Ethiopia), and Japan used mustard and tear gases in its
invasion of China. Germany, with its excellent dye and
pesticide industries, developed acetylcholinesterase inhi-
bitors known as nerve gases, and the United States and
Britain stockpiled CWduringWorldWar II. Transportation
and storage accidents, such as the bombing by German
bombers of a U.S. freighter with a cargo of mustard gas
docked at Bari in Italy, caused casualties, but there was
no known direct military use of CW. Following World
War II, CW were used by Egypt in Yemen, mustard and
nerve gases were used in the Iran–Iraq War, and Iraq used
CW against Kurdish villages in its own territory. CW
stockpiles and production facilities in Iraq were ordered
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destroyed by the United Nations following the 1991
Persian Gulf War. The United States and Russia are
known to maintain CW stockpiles, and a number of
other countries have either stockpiles or facilities for
rapid CW production.

During the Vietnam War, the United States military
used defoliants on mangrove forests and other vegetation,
which not only defoliated and killed trees and other plants
but may also have led to excessive numbers of birth
defects and cases of cancer among nearby residents in
Vietnam. In addition, development and production of
conventional weapons involve the use of many chemi-
cals that are toxic and can contaminate the environment.
Furthermore, there is now a plausible threat of indivi-
duals or nonstate agents using CW. A Japanese cult, Aum
Shinrikyo, used sarin in the subway system of two Japanese
cities in the mid-1990s, accounting for the deaths of
19 people and injuries to thousands.

Troops can be protected against these weapons for
limited periods by the use of gas masks and impenetrable
garments. Such protective gear, however, reduces the effi-
ciency of troops by as much as 50% and damages morale,
so use or threat of use of CWmaycontinue to be considered
effective against troops. Civilian populations, on the other
hand, cannot be adequately protected. Israel, for example,
provides every civilian in the country with a gas mask and a
self-injectable syringe filled with atropine, a temporary
antidote to nerve gas. However, this limited protection is
inadequate against weapons such as mustard gas that attack
the skin, or against longer-term exposure to nerve gas.
Furthermore, poorly trained civilians are likely to injure
themselves with equipment like self-injectable syringes.

Production of CWhas been associated with serious acci-
dents to workers and with high levels of pollution in the
production sites and nearby communities. Tests of mustard
gas, nerve agents, and psychochemicals, including lysergic
acid diethylamide, during and after World War II involved
thousands of military personnel, many of whom subse-
quently claimed disabilities from the exposure. Records of
participation and of effects are so poor that only a small
fraction of those who participated can be identified. The
potential for exposure exists, not only for military and
civilian populations who may be exposed during the use
of CW in wartime, but also for workers involved in the
development, production, transport, and storage of these
weapons and for community residents living near facilities
where these weapons are developed, produced, transported,
and stored. In addition, disposal of these weapons, includ-
ing their disassembly and incineration, can be hazardous.
Even destruction of the weapons is dangerous, since toxic
ash is produced by their incineration.

The Chemical Weapons Convention (CWC), which
entered into effect in 1997, prohibits all development,
production, acquisition, stockpiling, transfer, and use of
CW. It requires each state party to destroy its CW and
CW production facilities, as well as any CW it may have
abandoned on the territory of another state party. The
verification provisions of the CWC affect not only
the military sector but also the civilian chemical industry
worldwide through certain restrictions and obligations
regarding the production, processing, and consumption
of chemicals that are considered relevant to the objectives
of the convention. These provisions are to be verified
through a combination of reporting requirements, routine
onsite inspection of declared sites, and short-notice chal-
lenge inspections. The Organization for the Prohibition of
Chemical Weapons (OPCW) in The Hague, established
by the CWC, ensures the implementation of the provi-
sions of the CWC. The disposal of CW required by the
CWC has raised controversy about the safety of two
different methods of disposal: incineration and chemical
neutralization. The controversy about safety and protec-
tion of the environment has delayed completion of the
disposal by the date required by the CWC (Spanjaard and
Khabib, 2003).

In the 1960s and 1970s, the United States used both
tear gas and herbicides in Vietnam. Although most nations
that are parties to the Geneva Protocol considered tear
gas and herbicides to be CW, and thus prohibited under
the provisions of the Protocol, the United States until
recently rejected that interpretation. Many countries use
tear gas on a regular basis to quell civil disorders. The
signatories to the CWC have agreed not to use riot
control agents or herbicides as weapons of war.
Biological Weapons

Biological weapons (BW) depend on the ability of micro-
organisms to infect and multiply in the attacked organ-
ism. In this they differ from toxins, which, as biological
products used as chemicals, are covered under CW as
well as BW treaties. BW are very hard to defend against
and are not as controllable or predictable in their use as
are CW.

The effects of BW were officially summarized as fol-
lows by a U.S. government agency in 1959:

Biological warfare is the intentional use of living organ-

isms or their toxic products to cause death, disability, or

damage in man, animals, or plants. The target is man,

either by causing sickness or death or through limitation

of his food supplies or other agricultural resources. . . .

Biological warfare has been aptly described as public

health in reverse.

(Department of Health, Education,

and Welfare, 1959)
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During World War I, Germany is alleged to have used
the equine disease glanders against the cavalries of East-
ern European countries. During World War II, according
to testimony at the Nuremberg trials, prisoners in Ger-
man concentration camps were infected during tests of
BW. Great Britain and the United States, fearing the
Germans would use BW in World War II, developed
their own. Gruinard Island, off the coast of Scotland,
was contaminated by a test use of anthrax spores by the
United Kingdom and the United States; the island
remained uninhabitable for decades. The United States
developed anthrax spores, botulism toxin, and other
agents as BW but did not use them. In the 1930s, Japanese
troops dropped rice and wheat mixed with plague-
carrying fleas from planes, resulting in plague in areas
of China that had been free of it previously. During World
War II, Japanese laboratories conducted extensive experi-
ments on prisoners of war by means of a wide variety of
organisms selected for possible use as BW, including
anthrax, plague, gas gangrene, encephalitis, typhus, typhoid,
hemorrhagic fever, cholera, smallpox, and tularemia. Unlike
the Soviet Union, which in 1949 prosecuted 12 of those
involved in this work, the United States never prosecuted
any of the participants. As of 2007, 158 nations had ratified
the BWC, and an additional 16 nations had signed but not
yet ratified it.

After World War II, development of BW continued.
None of the numerous allegations of BW use have been
substantiated (or even fully investigated), but it is known
that extensive BW testing has been done. In the 1950s and
1960s, for example, the University of Utah conducted
secret, large-scale field tests of BW, including tularemia,
Rocky Mountain spotted fever, plague, and Q fever, at the
U.S. Army Dugway Proving Ground in western Utah.
In 1950 U.S. Navy ships released as simulants (materials
believed to be nonpathogenic that mimic the spread
of BW) large quantities of bacteria in the San Francisco
Bay area to test the efficiency of their dispersal. Some
analysts attributed subsequent infections and deaths
to one of these organisms. During the 1950s and 1960s,
the United States conducted 239 top-secret, open-air
disseminations of simulants, involving such areas as the
New York City subways and Washington National Air-
port. The U.S. military developed a large infrastructure of
laboratories, test facilities, and production plants related
to BW. By the end of the 1960s, the United States had
stockpiles of at least 10 different biological and toxin
weapons. In 1979, the accidental release of anthrax spores
near Sverdlovsk in the Soviet Union resulted in at least
77 cases of inhalation anthrax and at least 66 deaths
(Guillemin, 2001).

In 1969 theNixon Administration, with the concurrence
of the Defense Department, which declared that BW
lacked ‘‘military usefulness,’’ unconditionally renounced
U.S. development, production, stockpiling, and use of BW
and announced that the United States would unilaterally
dismantle its BW program. In 1973 the Soviet Union,
which had urged a more comprehensive treaty, including
restrictions on CW, ended its opposition to a separate
BW treaty. The United States, the Soviet Union, and
other nations negotiated the Convention on the Prohibi-
tion of the Development, Prevention and Stockpiling of
Bacteriological (Biological) and Toxin Weapons and on
Their Destruction (BWC). The BWC prohibits, except for
‘‘prophylactic, protective and other peaceful purposes,’’
the development or acquisition of biological agents or tox-
ins, as well as weapons carrying them and means of their
production, stockpiling, transfer, or delivery. The U.S.
Senate ratified the BWC in 1975, the same year it ratified
the Geneva Protocol of 1925. As of 1987, 110 nations had
ratified the BWC, and an additional 25 nations had signed
but not yet ratified it.

Invoking the specter of possible new BWand unproven
allegations of aggressive BW programs in other countries,
the Reagan administration initiated intensive efforts to
conduct ‘‘defensive research,’’ permitted under the
BWC. The budget for the U.S. Army Biological Defense
Research Program (BDRP), which sponsors programs in a
wide variety of academic, commercial, and government
laboratories, increased dramatically during the 1980s.
Much of this research work is medical in nature, including
the development of immunizations and of treatments
against organisms that might be used as BW.

While research and development of new BW are
outlawed by the BWC, it is possible that it will still
occur. Novel dangers lie in new genetic technologies,
which permit development of genetically altered organ-
isms not known in nature. Stable, tailor-made organisms
used as BW could travel long distances and still be
infectious, rapidly infiltrate a population, cause debili-
tating effects very quickly, and be resistant to antibiotic
treatment.
Radiologic Weapons

‘Dirty bombs,’ consisting of conventional explosive
devices mixed with radioactive materials, or attacks on
nuclear power plants with explosive weapons could widely
scatter highly radioactive materials. Another example of
material that some have termed a ‘radiologic weapon’
is depleted uranium (DU), uranium from which the ura-
nium isotope usable for nuclear weapons or as fuel rods
for nuclear power plants has been removed. DU, which
is both radioactive and toxic, is used militarily as a
component or a casing for armor-penetrating shells.
An extremely dense material, uranium used as a casing
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increases the ability of the shell to penetrate the armor of
tanks; uranium is also pyrophoric and bursts into flame on
impact. DU-encased shells were used by the United States
during the Gulf War, the Iraq War, and the war in Kosovo;
similar shells were used by the United Kingdom in the
Iraq War. DU, which is both radioactive and extremely
toxic, has been demonstrated to cause contamination of
the soil and groundwater. Use of DU is considered legal by
the nations using it, but its use is considered by other
nations to be illegal under the Geneva Conventions and
other international treaties.
Land Mines

Approximately 80million antipersonnel land mines are
still deployed worldwide in approximately 78 countries.
These land mines have been termed ‘weapons of mass
destruction, one person at a time.’ They have often been
placed in rural areas, posing a threat to residents of these
areas and often disrupting farming and other activities.
Civilians are the most likely to be injured or killed by land
mines, which continue to injure and kill 15 000–20 000
people annually. Since the entry into force of the Anti-
Personnel Landmine Convention in 1997, production of
land mines has been markedly reduced, and a number of
those that had been implanted in the ground have been
removed. Many of the mines are still buried, and addi-
tional resources will be required to continue unearthing
and destroying them, tasks that pose inherent risks to
demining personnel (Stover et al., 2000).
Explosives and Incendiary Weapons

Massive use of explosive and incendiary weapons, as in
‘carpet bombing,’ have caused them to viewed as WMD
(Reich and Sidel, 1967). Furthermore, the fuel-laden air-
planes used in the attack on the World Trade Center and
the Pentagon on September 11, 2001, have been consid-
ered WMD. Zacarias Moussaoui was indicted and tried in
the United States for participation in this crime. When the
jurors asked the judge in the death penalty trial to define
the term ‘weapons of mass destruction,’ they were told it
includes airplanes used as missiles.
Small Arms and Light Weapons

In the Millennium Report of the UN Secretary-General
to the General Assembly, Kofi Annan stated that
small arms could be described as WMD because the
fatalities they produce ‘‘dwarf that of all other weapons
systems – and in most years greatly exceed the toll of the
atomic bombs that devastated Hiroshima and Nagasaki.’’
How Can Use of WMD Be Prevented?

There are several ways in which health professionals can
promote the control, and ultimate elimination, of weap-
ons of mass destruction. First, health professionals can
educate themselves, their colleagues, and their commu-
nities about the dangers of these weapons and what
can be done to control and eliminate them. Second,
health professionals can advocate for stronger domestic
and international policies to control and eliminate these
weapons. For example, health professionals, individu-
ally and through their professional organizations, can
develop and support campaigns to influence policy
makers to strengthen the CWC and the BWC. And, per-
haps most important, health professionals can work in a
number of ways to abolish nuclear weapons (Levy and
Sidel, 2008).

Several specific actions that health professionals can
take to support the control and ultimate elimination of
these weapons are listed below (Forrow and Sidel, 1998).
Unenforceable Well-Meaning Resolutions

UN Resolution 1540, adopted by the UN Security Coun-
cil on April 28, 2004, recognizes the threat posed to
international peace and security by nuclear, chemical,
and biological weapons, as well as their means of delivery.
It called for greater effort by nations to limit proliferation
of such weapons.
Reliance on Monopoly

The United States from 1945 to 1949 relied on its monop-
oly of nuclear weapons and refused to internationalize its
control of them. The Soviet Union broke that monopoly
in 1949.
Reliance on Deterrence

From the 1950s to the 1990s the United States and Soviet
Union relied on ‘Mutually Assured Destruction’ (MAD).
Reliance on Treaties

The Partial Test Ban Treaty (PTBT), Outer Space
Treaty, Nuclear Non-Proliferation Treaty (NPT), Sea-
bed Arms Control Treaty, Biological and Toxin Weapons
Convention (BWC), and Chemical Weapons Convention
(CWC) covered one or more of the WMD. Not all nation-
states signed and ratified them and most had no provision
for enforcement.
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Reliance on Antiballistic Missiles (ABMs)

The United States unilaterally withdrew from the Anti-
Ballistic Missile Treaty in 2001 and has been attempting,
so far unsuccessfully, to construct a system to protect the
United States from ballistic missiles.
Reliance on Nuclear Disarmament

Article VI of the NPT calls for nuclear and general
disarmament but, despite the unanimous 1996 advisory
opinion of the International Court of Justice that a ‘good
faith effort’ was required, little progress has been made.

A Model Nuclear Weapons Convention (MNWC) has
been drafted and sent to the United Nations, but there has
been little progress.
The Role of Public Health

The role of public health in contributing to the control of
WMD is extremely important. The World Health Assem-
bly declared in 1981 that ‘‘the role of health workers in
promoting and preserving peace is a significant factor for
achieving health for all’’ (World Health Assembly, 1985).
But this call to health workers to play a role in promoting
and preserving peace is meaningless unless combined with
specific actions to control the proliferation and prevent
the use of WMD.

See also: Disasters and Emergency Planning; Humani-

tarian Responses to Complex Emergencies; Terrorism.
Citations
Beckerman LP (2003) Genocidal Weapons: Coming to a Theatre Near
You. http://www.geocities.com/beckermanlin/GenocidalWeapons.
html (accessed on August 30, 2006).

Chairman of the Joint Chiefs of Staff (2006) National Military Strategy to
Combat Weapons of Mass Destruction, p. 30. Washington, DC:
Department of Defense.

Convention on the Prevention and Punishment of the Crime of Genocide
(1948) http://www.un.org/millennium/law/iv-1.htm (accessed on
February 25, 2007).

Department of Health, Education, and Welfare (HEW) (1959) Effects of
Biological Warfare Agents. Washington, DC: Department of HEW.

Evans M (2004) What makes a weapon one of mass destruction? Times
Online, February 6, 2004. http://www.timesonline.co.uk/article/
0,7813-991589,00.html (accessed 9 January 2008).

Federal Bureau of Investigation (1999) The FBI and Weapons of Mass
Destruction. Washington, DC: FBI.

Forrow L and Sidel VW (1998) Medicine and nuclear war: From
Hiroshima to mutual assured destruction to Abolition 2000. Journal
of the American Medical Association 280: 456–461.

Gordon MR (2002) U.S. nuclear plan sees new targets and new
weapons. Contingencies for North Korea, Iran, Syria and Libya.
New York Times, March 10, 2002.

Guillemin J (2001) Anthrax: The Investigation of a Deadly Outbreak.
San Francisco, CA: University of California Press.
Harigel GG (1998) Military Sales and Nuclear Proliferation, Disarmament
and Arms Control: The twin problem of warheads and their
delivery vehicles. Where to put the priority during future treaty
negotiations? The Sixth ISODARCO Beijing Seminar on Arms
Control, October 29-November 1, 1998, Shanghai, China.

Harris R and Paxman J (1982) A Higher Form of Killing: The Secret Story
of Chemical and Biological Warfare. New York: Hill and Wang.

Institute of Medicine and National Research Council (1999) Exposure of
the American People to Iodine-131 from Nevada Nuclear Tests:
Review of the National Cancer Institute Report and Public Health
Implications. Washington D.C.: National Academy Press.

Levy BS and Sidel VW (2000) Preventing war and its health
consequences: Roles of public health professionals. In: Levy BS and
Sidel VW (eds.) War and Public Health, pp. 388–393. Washington,
DC: American Public Health Association.

Levy BS and Sidel VW (2005) War and other military activities. In:
Frumkin H (ed.) Environmental Health: From Local to Global,
pp. 269–297. New York: Jossey-Bass.

Nathan DG, Geiger HJ, Sidel VW, and Lown B (1962) The medical
consequences of thermonuclear war: Introduction. New England
Journal of Medicine 266: 1126–1127.

Reich P and Sidel VW (1967) Napalm. New England Journal of Medicine
277: 86–88.

Sidel VW and Levy BS (2003) Biological Weapons. In: Levy BS and
Sidel VW (eds.) Terrorism and Public Health, pp. 175–198.
New York: Oxford University Press.

Sidel VW, Geiger HJ, and Lown B (1962) The medical consequences of
thermonuclear war. II. The physician’s role in the post-attack period.
New England Journal of Medicine 266: 1137–1145.

Spanjaard H and Khabib O (2003) Chemical weapons. In: Levy BS and
Sidel VW (eds.) Terrorism and Public Health, pp. 199–219.
New York: Oxford University Press.

Stover E, Cobey JC, and Fine J (2000) The public health effects of land
mines: Long-termconsequences for civilians. In: LevyBSandSidel VW
(eds.)War and Public Health, updated edn., pp. 137–146New York:
Oxford University Press.

Weapons of Mass Destruction Commission (2006) Weapons of Terror:
Freeing the World of Nuclear, Biological, and Chemical Arms. http://
www.wmdcommission.org (accessed 1 June 2006).

World Health Assembly (1985) WHA34.38. In: Handbook of Resolutions
and Decisions of the World Health Assembly and the Executive
Board Volume II. 1973–1984, pp. 397–398. Geneva, Switzerland:
World Health Organization.

Wright S (1990) Preventing a Biological Arms Race. Cambridge, MA:
MIT Press.
Further Reading
Cukier W and Sidel VW (2006) The Global Gun Epidemic: From Saturday
Night Specials to AK47s. Portsmouth, NH: Praeger.

Guillemin J (2005) Biological Weapons: From the Invention of State-
Sponsored Programs to Contemporary Bioterrorism. New York:
Columbia University Press.

Levy BS and Sidel VW (eds.) (2008) War and Public Health, 2nd edn.
New York: Oxford University Press.

Levy BS and Sidel VW (eds.) (2006) Social Injustice and Public Health.
New York: Oxford University Press.

Levy BS and Sidel VW (eds.) (2006) Terrorism and Public
Health: A Balanced Approach to Strengthening Systems and
Protecting People (updated edn.). New York: Oxford University
Press.

Levy BS and Sidel VW (2005) War. In: Frumkin H (ed.) Environmental
Health: From Global to Local, pp. 269–287. San Francisco, CA:
Jossey-Bass.

Rhodes R (1995) Dark Sun: The Making of the Hydrogen Bomb. New
York: Simon and Schuster.

World Health Organization (2002)World Report on Violence and Health.
Geneva, Switzerland: World Health Organization.

http://www.geocities.com/beckermanlin/GenocidalWeapons.html
http://www.geocities.com/beckermanlin/GenocidalWeapons.html
http://www.un.org/millennium/law/iv-1.htm
http://www.wmdcommission.org
http://www.wmdcommission.org
http://www.timesonline.co.uk/article/0,7813-991589,00.html
http://www.timesonline.co.uk/article/0,7813-991589,00.html


West Nile Disease 571
West Nile Disease
S R Telford III, Cummings School of Veterinary Medicine, Tufts University, North Grafton, MA, USA
G D Ebel, University of New Mexico School of Medicine, Albuquerque, NM, USA

ã 2008 Elsevier Inc. All rights reserved.
Introduction

Certain mosquito-borne viruses are known to cause large-
scale epidemics, often on a recurrent basis. These agents
share epidemiological and ecological features that distin-
guish them within the 800 recognized arboviruses (arthro-
pod-borne) viruses. Those arboviral infections that may be
placed in this epidemiological category of recurrent large-
scale outbreaks include St. Louis encephalitis (United
States); Venezuelan equine encephalitis (Latin America);
Rift Valley fever (Africa and Middle East); chikungunya
fever (Africa, south Asia, Southeast Asia); yellow fever
(South America, west Africa); dengue fever (North and
South America, south Asia, Southeast Asia); Japanese B
encephalitis (south Asia, Southeast Asia); Sindbis virus
(northern Europe); and western equine encephalitis
(western United States). Tens of thousands of human
cases may be recorded from each such outbreak, ranging
into the hundreds of thousands. The duration of such
explosive episodes may be from months to several years,
but all characteristically wane for unknown reasons.
Many remain locally endemic but at low transmission
levels that signify little human risk. The proximal eco-
logical determinants that serve as the basis for the
waxing and waning of such outbreaks largely remain
undescribed.

West Nile virus (WNV) has long been classified in
such an epidemiological category. Since its description
in 1937 from a febrile woman in Uganda, WNV has
caused large outbreaks with hundreds or thousands of
reported cases in Israel (early 1950s and 2000), France
(early 1960s), South Africa (1974), Romania (1996), Russia
(1999), and the United States (early 2000s). Its enigmatic
introduction into the United States in 1999 serves as a
reminder of the potential for transcontinental spread of
arboviral agents and the public health burden assumed by
a country when there is such an event. We seek to review
the history of prior WNVoutbreaks as well as the current
American one; provide a brief overview of the biology of
WNV; and describe its mode of perpetuation. In addition,
we shall discuss institutional responses historically and
more recently; summarize control efforts and outline
other modes of intervention; and examine prospects for
the future. The American experience withWNV provides
public health practice with lessons in responding to new
large-scale outbreaks.
History of Epidemics due to WNV

WNVis the most widely distributed arbovirus in the world.
The viruswas first isolated from a febrile woman inUganda
in 1937, and subsequently was associated with sporadic
human cases and infrequent major outbreaks in Africa,
Eurasia, Australia, and the Middle East (Figure 1). Early
studies conducted during the 1950s in Egypt and the upper
Nile delta formed the basis for understanding the ecology
of the virus. Large epidemics (with hundreds to thousands
of cases) occurring prior to 1996 generally affected rural
populations, and few cases of severe neurological disease
were noted. Beginning in the 1990s, outbreaks began to
occur more frequently. These were focused around the
Mediterranean Sea and were associated with increases in
the frequency of severe disease, including viral encephalitis
and persistent neurological sequelae. For example: An out-
break of West Nile disease in and near Bucharest, Romania,
in 1996–97 led to more than 500 clinical cases with a case-
fatality rate of approximately 10%. Between 1996 and 1999,
major WNV epidemics occurred in southern Romania,
southern Russia, and the northeastern United States.
These outbreaks were notable because they were the first
epidemics reported in large urban populations (Zeller
and Schuffenecker, 2004). In 2000 in Israel, a countrywide
outbreak occurred with a case fatality rate of 8.4%, and
neuroinvasive WNV disease was observed in Russia in
2001 and Tunisia in 2003.

The current epizootic epidemic of WNV in North
America was the result of a single-point introduction in
the New York City area in 1999. The virus has since
undergone a dramatic range expansion, and is currently
distributed throughout the temperate and tropical Americas
(Figure 2). The mode of transport and rapid expansion
of WNV throughout the Americas remains to be fully
understood, although north–south movements clearly are
related to bird migratory behavior. This disease was pre-
viously unrecognized in the western hemisphere. During
1999–2007 (as of September 25, 2007), 26 282 cases were
reported in the United States, of which 1020 (3.9%)
were fatal (CDC, 2007a). West Nile disease also has
been noted in humans in Cuba and the Cayman Islands,
and in equines in Argentina, but scant evidence of human,
equine, or avian morbidity and mortality has gener-
ally been observed in tropical America, possibly due to
cross-protection from other flaviviruses circulating in
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Figure 1 Global distribution of West Nile virus. Reproduced from Centers for Disease Control and Prevention, Atlanta, GA.
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tropical regions, reduced virulence of WNV in the tro-
pics, or less competent arthropod and avian hosts than in
temperate regions in concert with the greater diversity of
host species in the tropics. The U.S. Centers for Disease
Control and Prevention now recognizes that WNV is
permanently established in the Americas, and predicts
annual seasonal epidemics into the indefinite future.
There have been no overt cases in the United King-
dom, even with evidence of serological conversions in
sentinel chickens. However since 2000, after at least
35 years without disease, WNV has been detected regu-
larly in neighboring France in the Camargue region, with
high levels of morbidity in equines. The lack of human
cases in northern Europe as compared to southern Europe
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may possibly be attributed to the feeding behavior of local
populations of the predominant vector, Culex pipiens, as
well as yet undescribed other factors.
Biology

West Nile virus is a member of the Flavivirus genus of the
family Flaviviridae, which contains approximately 70 mem-
bers, most of which are either mosquito- or tick-borne.
It is classified within the Japanese encephalitis ( JE) sero-
logical complex on the basis of cross-neutralization and
molecular genetic studies (Calisher et al., 1989). The
WNV virion, like other flaviviruses, is enveloped, spheri-
cal, approximately 40–60 nm in diameter, and contains
an electron-dense core. Mature virions contain a single
copy of the positive sense viral RNA packaged within
an icosahedral capsid formed by the capsid protein (C).
The genome-containing capsid is surrounded by a host-
derived lipid bilayer bearing dimers of the viral envelope
protein (E) and the membrane protein (M). Following
receptor-mediated endocytic entry, membrane fusion, and
uncoating, the RNA genome is transcribed as a single long
polyprotein that is co- and posttranslationally processed
into three structural proteins that form the virus particles
and seven nonstructural proteins that replicate the virus
genome and interfere with normal host cell function.
Thus, the antigenic, genetic, and three-dimensional struc-
ture of WNV and its constituent proteins, as well as its
replication strategy, are similar to several other flavi-
viruses, and form the basis for its classification.

The pathogenesis of WNV has been characterized as a
balance between virulence, immunity, and viral adapta-
tion (Samuel and Diamond, 2006). Mouse models have
been used extensively to characterize the pathogenesis of
WNV in vertebrates. After inoculation by mosquitoes,
WNV is thought to replicate in Langerhans cells in the
skin. These cells migrate to draining lymph nodes and
produce a viremia that allows virus seeding of peripheral
tissues. Mice that die of WNV appear to suffer severe
central nervous system pathology similar to severe human
disease. This pathology includes infection of and damage
to spinal cord-, hippocampus-, and brain stem-associated
neurons. The precise mechanism of WNV neuroinvasion
is currently not clear, but appears to be correlated with
increased viral load in blood. A wide array of immune
effectors are required for protection from lethal WNV
infection in mice, including complement, IFN-a/b, gd
T cells, antibodies, and CD8þ and CD4þ T cells. More-
over, an intact immune system is required for WNV
clearance in mice. This is consistent with epidemiological
and clinical observations that the immunocompromised
and elderly are more likely to suffer severe disease.

The human health burden imposed by WNV may be
quite severe. WNV causes ‘West Nile fever,’ along with
more severe illness, including meningitis, encephalitis,
acute flaccid paralysis, coma, and death. In humans,
approximately 25% of infected persons develop the
febrile illness West Nile fever. In fewer than 1%, neu-
roinvasive illness develops, with clinical symptoms that
include headaches, muscle weakness, cognitive difficulty,
and polio-like syndrome. Approximately 10% of neuroin-
vasive cases, or �0.1% of all infections, terminate fatally
(Mostashari et al., 2001). The elderly are significantly
more likely to develop neurologic disease; those older
than 50 are 10 times more likely, and those 80 years
or older are 40 times more likely than those who are youn-
ger. Case fatality rates range from 4 to 14% in the recent
Romanian, American, and Israeli outbreaks. No specific
therapy or vaccine is currently approved for human use.
Although heterologous immunity to Japanese B encephali-
tis ( JE) or yellow fever (YF) reduced the severity of disease
due to WNV in a hamster model, such an effect was not
observed in humans ( Johnson et al., 2005), suggesting that
the many tens of millions of individuals globally who have
been vaccinated against JE or YF would not be protected.
Host Associations

Like other flaviviruses within the Japanese encephalitis
antigenic complex, WNV has been isolated from a variety
of vectors, but is most commonly associated with Culex

mosquitoes and particularly the common house mosquito,
C. pipiens, which is cosmopolitan in distribution. WNV
is maintained in nature in an enzootic cycle between
ornithophilic mosquitoes and birds (Figure 3).

In South Africa, the vector is C. univittatus, a highly
ornithophilic mosquito that feeds both at the ground and
in the canopy. A variety of avian species there including
ducks, coot, ibis, egret, doves, and warblers appear to be
most important for WNV maintenance. In Israel, WNV
appears to be introduced periodically by migrating white
storks (Malkinson et al., 2001). Following introduction, it is
maintained locally by C. univitattus, and has caused exten-
sive outbreaks in domestic geese. C. univitattus also is
thought to be a major WNV vector in Egypt, although a
role for C. pipiens has been suggested. In Australia, WNV is
maintained by C. annulirostris and C. sitiens subgroup.
During an outbreak in Romania in 1996, C. pipiens was
implicated as the main arthropod vector, and several bird
species, including house sparrows and various species of
domestic fowl, had neutralizing antibodies against WNV.

In North America, C. pipiens and C. restuans maintain
WNV in their enzootic cycle in the northeast (Apperson
et al., 2004), while C. quinquefasciatus and C. tarsalis are
major vectors in the southern and western United States,
respectively. Approximately 317 species of birds have
been found infected in North America (CDC, 2007b).
WNV has been isolated from large domestic animals



WNV mostly cycles between
birds and mosquitoes

Mosquito carriers occasionally infect
humans and other mammals

Figure 3 Epornitic cycle of WNV. Reproduced from Metro Vancouver (2004) West Nile Virus. http://www.gvrd.bc.ca/WNV/wnv.htm,

with permission from Greater Vancouver Regional District.
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(horses, donkeys, goats, buffalo, sheep, pigs, cows), rodents
(squirrels, among others), and bats. The number of verte-
brate and invertebrate species implicated in WNV trans-
mission is an unusual feature of its ecology that has
emerged as its geographic range has spread.

Several aspects of the WNV enzootic transmission
cycle require further study. For example, the importance
of highly visible species such as crows and other corvids is
not well characterized, and may be largely dependent
upon site-specific ecological parameters such as mosquito
and bird density or overall biome species richness. It is
also unclear why the high avian mortality that has been
the hallmark of WNV since its introduction into the
United States was not observed in the Old World and
has not extended to tropical America. Finally, the impor-
tance of animals other than birds in WNV transmission
continues to be debated. Evidence has been presented that
other animals (e.g., some mammals and reptiles) are com-
petent hosts for WNV.

Recent observations have challenged the view that
bridge vectors are required for transmitting WNV to
humans and other nonavian hosts (Kilpatrick et al.,
2006). Typically, a vector-borne zoonotic agent is main-
tained in nature (‘enzootic’) by an arthropod with great
host specificity feeding on a few species of reservoir host.
The zoonotic condition (infection of humans) relies on
the participation of an indiscriminately feeding arthropod
that bridges the infection from the enzootic cycle to
people. Both population-based studies and examinations
of host feeding preferences have suggested that C. pipiens
are responsible for most human infections in the north-
eastern and north central United States, as well as in
eastern Europe and Russia. Early studies by Spielman
(1964) hypothesized that there were C. pipiens populations
that almost never fed on blood (autogenous), some that
required blood meals (anautogenous) from birds, and
hybrid offspring that formed late in the summer (i.e., in
August and later months) that fed indiscriminately on
either birds or mammals. It has thus been known for
years that C. pipiens possess atypical feeding patterns
marking two behaviorally and physiologically different
forms, autogenous (C. pipiens form molestus) and anauto-
genous (C. pipiens form pipiens) populations. C. pipiensmay
therefore be involved in both early season amplification of
WNV in enzootic cycles, and as bridge vectors when
autogenous–anautogenous hybrids become more com-
mon. In support of this observation, a series of field studies
has recently shown a strong temporal association between
shifts in mosquito feeding behavior from a strong to a
weak focus on American robins, with concomitant
increases in human disease. Two other significant enzootic
vectors in the United States, C. tarsalis and C. nigripalpus,
are similarly important as bridge vectors because of simi-
lar shifts in host feeding patterns. Two other species,
C. quinquefasciatus and C. salinarius, feed frequently on
both avian and mammalian hosts, including human beings.

The reasons that WNV appears to be increasingly
epizootic across large areas of the world remain specula-
tive, but themes seem apparent. Agricultural irrigation
was associated with WNV endemicity in the Nile River
delta. In Pakistan, irrigation was associated with great
densities of C. tritaeniorhynchus in a WNV enzootic site.
Interestingly, treated wastewater used for agriculture (an
increasing practice) created breeding sites for C. univittatus
in South Africa (McIntosh et al., 1976), and the crops
attracted dense infestations of birds, thereby juxtaposing

http://pioneer.utah.gov/internet_resources/features/west_nile.htm
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the two most important elements of the WNV life cycle.
Urban sites infested with pigeons may promote great
densities of C. pipiens, although pigeons themselves appear
irrelevant as reservoirs of WNV. Thus, WNV outbreaks
may have a largely anthropogenic basis.
Institutional Responses

WNV serves as the prototype for a rapid institutional
response to an emerging infection. Following the defini-
tive identification of the causative agent for the encepha-
litis cases detected in 1999, investigators from the CDC
and New York State undertook comprehensive epizootio-
logic and epidemiologic investigations in and around the
Bronx, New York City, and Long Island. In 2000, the
CDC published guidelines for surveillance to assist state
and local health agencies and developed ArboNET, an
electronic surveillance and reporting system. Annual con-
ferences sponsored by CDC also facilitated a concerted
public health response by state and local authorities.
Congressional budget appropriations began in 1999, and
in particular, $23.8million was made available through the
CDC to states through cooperative agreements. These
funds were designated to help state public health depart-
ments initiate and carry out surveillance, diagnosis, and
prevention of WNV. Such activities included active human
case detection, reporting of dead birds, surveys of mos-
quito infection, public education on personal protective
measures against mosquitoes, and serologic and virologic
diagnostics. The National Institutes of Allergy and Infec-
tious Diseases of the NIH funded at least 16 grant propo-
sals focusing on WNV during 2000–07, totaling about
$4million, primarily to develop new therapeutics or vac-
cines. This extraordinary degree of funding support cer-
tainly allowed for rapid expansion of the capacity for
public health officials to respond and for academic scien-
tists to undertake basic research.

Cases of WNV infection have been acquired from
blood transfusion, leading to an FDA mandate to screen
all donations for evidence of virus. Diagnostic assays to
detect WNV within blood donations were placed on
accelerated FDA review and approval. During 2003, 818
infected units were detected from about 6million dona-
tions. A formal cost–benefit analysis of various screening
modes suggested, however, that universal screening was
not economically justifiable given the overall low risk, but
that targeted screening (within high transmission areas
and of those units that may be provided to immunocom-
promised individuals) may have public health utility
(Korves et al., 2006).

The urgency with which federal authorities acted
requires explanation. From 1933–80, an estimated 10 000
cases of St. Louis encephalitis (SLE) (with 1000 fatalities)
occurred in the United States. SLE virus is maintained in
a similar epornitic cycle with Culex spp. as the mainte-
nance vectors. Indeed, the first human neurologic cases of
WNV disease from New York City were first thought to
be due to SLE. However, the institutional responses to
SLE outbreaks have largely been locally driven, with
considerably less available funding. The specter of a for-
eign disease invading the United States largely influenced
the vigorous institutional response, but it seems likely that
political pressure from a public alarmed in part by the
exotic name of the infection helped drive the federal
response. Regardless of motives, the exemplary response
to the WNV outbreak strongly suggests that the U.S.
infrastructure is capable of effectively responding to
other acute infectious disease outbreaks.
Interventions

Surveillance

In 1999, recognition of human cases was presaged by
weeks by reports of dead exotic and domestic birds in
the New York City area. This observation provided the
basis for a cornerstone of WNV surveillance: Reports of
dead birds, particularly crows, and the testing of select
specimens for evidence of virus, serves as a very sensitive
early warning of local transmission, as well as allowing the
mapping of transmission activity (CDC, 2003). Use of
sentinels such as live captive birds, attempting to docu-
ment seroconversion, or morbidity/mortality of horses
can be useful in rural sites where dead birds are less likely
to be detected. Mosquito sampling (particularly larval
counts) can provide evidence for trends in the density of
important vector species, and testing adult mosquitoes for
WNV infection may provide the earliest possible warn-
ings of an outbreak. ‘Gravid’ traps, in particular, will
provide samples with a greater probability of infection
than those taken by light traps because Culex spp. ovipo-
siting in the fetid water that is used as attractant will by
definition have taken a blood meal, whereas light traps
will sample mosquitoes that have never fed as well as
those that have.

The surveillance case definition (Table 1) demon-
strates the difficulty with which incidence may be mea-
sured. The case definition, in fact, is for arboviral disease
in general. Laboratory confirmation can be achieved by
direct evidence (isolation of virus or, more commonly,
detection of viral RNA by RT-PCR) or by seroconversion.
Seroconversion requires the use of specific reagents such
as recombinant WNV proteins, inasmuch as there is much
cross-reactivity among flaviviruses; even YF vaccination
(common for international travelers or immigrants from
South America) will induce antibody that may cross-react.

Active case detection for meningoencephalitis serves
to better define the public health burden of WNV but
plays little role if any in predicting zoonotic risk or need



Table 1 Surveillance case definition for West Nile virus and other arboviral infections

Clinical description
Arboviral infections may be asymptomatic or may result in illnesses of variable severity sometimes associated with central nervous

system (CNS) involvement. When the CNS is affected, clinical syndromes ranging from febrile headache to aseptic meningitis to

encephalitis may occur, and these are usually indistinguishable from similar syndromes caused by other viruses. Arboviral meningitis

is characterized by fever, headache, stiff neck, and pleocytosis. Arboviral encephalitis is characterized by fever, headache, and
altered mental status ranging from confusion to coma with or without additional signs of brain dysfunction (e.g., paresis or paralysis,

cranial nerve palsies, sensory deficits, abnormal reflexes, generalized convulsions, and abnormal movements)

Laboratory criteria for diagnosis
. Fourfold or greater change in virus-specific serum antibody titer, or
. Isolation of virus from or demonstration of specific viral antigen or genomic sequences in tissue, blood, cerebrospinal fluid (CSF), or

other body fluid, or
. Virus-specific immunoglobulin M (IgM) antibodies demonstrated in CSF by antibody-capture enzyme immunoassay (EIA), or
. Virus-specific IgM antibodies demonstrated in serum by antibody-capture EIA and confirmed by demonstration of virus-specific

serum immunoglobulin G (IgG) antibodies in the same or a later specimen by another serologic assay (e.g., neutralization or

hemagglutination inhibition)

Case classification
. Probable: An encephalitis or meningitis case occurring during a period when arboviral transmission is likely and with the following

supportive serology: (1) a single or stable (less than or equal to twofold change) but elevated titer of virus-specific serum antibodies; or

(2) serum IgM antibodies detected by antibody-capture EIA but with no available results of a confirmatory test for virus-specific serum

IgG antibodies in the same or a later specimen
. Confirmed: An encephalitis or meningitis case that is laboratory-confirmed

Comment
. Because closely related arboviruses exhibit serologic cross-reactivity, positive results of serologic tests using antigens from a single

arbovirus can be misleading. In some circumstances (e.g., in areas where two or more closely related arboviruses occur, or in
imported arboviral disease cases), it may be epidemiologically important to attempt to pinpoint the infecting virus by conducting

cross-neutralization tests using an appropriate battery of closely related viruses. This is essential, for example, in determining that

antibodies detected against St. Louis encephalitis virus are not the result of an infection withWest Nile (or dengue) virus, or vice versa,
in areas where both of these viruses occur

. The seasonality of arboviral transmission is variable and depends on the geographic location of exposure, the specific cycles of viral

transmission, and local climatic conditions

Reproduced from http://www.cdc.gov/ncphi/disss/nndss/casedef/arboviral_current.htm.
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for intervention. Interestingly, enhanced surveillance for
neurologic disease has increased our detection of other
arboviral infections endemic to North America such as
Powassan encephalitis (tickborne) or Jamestown Canyon
virus (mosquitoes). Ensuring that physicians report sus-
pect neurologic cases in real time, as well as requesting
the cooperation of diagnostic laboratories in reporting
results or forwarding specimens of cerebrospinal fluid
for further analysis can help state departments of public
health determine the appropriate allocation of resources
for predictive surveillance as well as better define the
public health burden.
Mosquito Control

When infected mosquitoes are documented, intervention
should be considered. Local and state public health boards
may differ on when intervention must occur; the choice of
a threshold for action is arbitrary but is based on the
density and distribution of infected mosquitoes. Two
complementary modes of intervention are typical: public
education campaigns to promote personal protection (lim-
iting activities at dusk; ensuring that houses have intact
window screens; use of repellants when outdoors activity
cannot be avoided), and reduction of adult mosquitoes
(‘adulticiding’).
Adulticiding targets those older mosquitoes that have
fed at least once, thereby providing the opportunity
to have acquired infection, as well as reducing those
newly emerged mosquitoes that may feed on hosts that
are currently viremic. Misperceptions exist among the
lay public regarding aerial or truck-mounted ultra-low-
volume (ULV) spraying for mosquito adulticiding, leading
to ‘environmental’ activism that hinders public health
efforts. Concerns regarding human exposure, nontarget
species kill (‘‘Beneficial insects such as dragonflies that
eat mosquitoes also die’’), and the limited value of the
exercise (‘‘Spraying doesn’t work – mosquitoes just
come back in a week or so’’) appear to be mistakenly
based on perceptions of agricultural crop dusting, which
is a crude approach and one for which such concerns
are valid.

ULV spraying for public health intervention utilizes
precisely engineered nozzles and atomizers such that
the droplet size that is delivered is 50 mm or less, and
occurs during dusk or nighttime hours to target flying
host-seeking mosquitoes. Wind speed, direction, and tem-
perature are also critically evaluated before undertaking
aerial ULV spraying for mosquitoes. The droplet size for
agricultural applications ranges from 100–400mm, which
allows delivery in a variety of weather conditions. The
precision of aerial ULV spraying for public health purposes

http://www.cdc.gov/ncphi/disss/nndss/casedef/arboviral_current.htm.


West Nile Disease 577
allow targeting for flying mosquitoes during their activity
period, reducing effects on nontarget species (Boyce et al.,
2007). The pyrethroid or organophosphate compounds
that are used are typically delivered at a rate of 3 oz. per
acre, compared with 50–90 oz. per acre for crop-dusting.
Thus, adulticiding is a highly targeted action with minimal
environmental effect. In fact, mosquitoes quickly reappear
within sprayed sites, often within a week or two, demon-
strating the absence of lingering environmental toxicity but
also confusing the public, who infer that the action was
unsuccessful in eradicating mosquitoes. What is unappre-
ciated is that older, infected mosquitoes were targeted and
killed; new mosquitoes that emerge subsequent to spraying
are less likely to be infected.

The utility of aerial ULV has been questioned with
respect to intervening against WNV because the main
vectors (C. pipiens) in the northern United States tend to
be in urban habitats and may be protected by buildings
and other infrastructure. However, C. pipiens seek out birds
in urban tree canopies as well as those roosting on or
within buildings and thus would be vulnerable to ULV
spraying. In addition, C. tarsalis, the main western U.S.
vector, and C. nigripalpis, an important southern U.S. vec-
tor, would be found in habitats amenable to ULV spraying
(irrigated agricultural fields for the former; virtually any
habitat for the latter).

Preemptive mosquito control may comprise source
reduction, in which potential breeding sites are identified
and cleaned. For C. pipiens, which tends to breed in semi-
permanent foul water such as sewers, larvicides such as the
growth regulator methoprene or BTI (Bacillus thuringiensis
israelensis, which secretes a toxin that is active only within
the alkaline midguts of mosquitoes) may be effective by
delivering it to such bodies of water. Periodic flushing of
sewers with large volumes of water may dislodge C. pipiens
larvae and wash them away: paradoxically, it may be that
floods due to heavy rains may actually be detrimental to
C. pipiens breeding because of this flushing effect.
Figure 4 Public awareness poster. Reproduced from Utah.gov, Pu
pioneer.utah.gov/internet_resources/features/west_nile.htm, with per
Personal Protection

Public education about mosquito breeding and biting
habits (Figure 4) may help to reduce risk at the individual
and community levels. Recommendations for avoiding
mosquito bites include reducing outside personal activity
during dusk and dawn as well as ensuring that screens
on windows are intact. Repellants are the main form of
personal protection, and a variety of products are com-
mercially available. The CDC has evaluated many such
products and generally continues to recommend DEET
(diethyltoluamide)-based repellants given their long re-
cord of efficacy and general safety record. Rare reports of
neurotoxicity, due to overapplication to infants by over-
anxious parents, have raised some concerns regarding
DEET use, but with tens of millions of applications to
humans over the years with only a handful of adverse
events, there cannot be any doubt about the public health
utility of this repellant. Efficacy is said to be related to
DEET concentration, with current recommendations for
using formulations containing only up to about 30%
active ingredient, which appears nearly as effective as
those with greater concentrations; the lower concentra-
tions further reduce the very small risk of an adverse
event. DEET needs to be reapplied frequently, depending
on formulation.Microencapsulated or liposome-based pro-
ducts tend to control volatilization and provide more
extended protection per application.
Vaccines

Vaccine development has been on an accelerated track
because of the perceived failure of anti-mosquito inter-
ventions in limiting the incidence and geographic spread
of WNV. Currently, a successful phase I (safety) clinical
trial has been undertaken with a live attenuated chimeric
virus based on the yellow fever 17D vaccine (Monath et al.,
2006). The YF premembrane and envelope genes have
blic Pioneer (2008) West Nile virus returns for ’07 season. http://
mission from Utah Department of Health.

http://pioneer.utah.gov/internet_resources/features/west_nile.htm
http://pioneer.utah.gov/internet_resources/features/west_nile.htm
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been replaced with those of WNV, with the envelope gene
itself being modified to reduce neurovirulence in mouse
models. The rapid development of this vaccine candidate
reflects the fact that YF 17D is generally recognized as
safe, with nearly half a billion persons globally having
been vaccinated over its half-century of use. Modifying
such a well-known product would facilitate regulatory
approval. The phase I trial demonstrated that all of the
45 subjects receiving the chimeric vaccine (Chimerivax
WN, Acambis Inc.) developed neutralizing antibody after
1 dose. Neutralizing antibody is critical in protection
against arboviral infections.

Effective vaccines for yellow fever, Japanese B encepha-
litis, and tickborne encephalitis have greatly reduced the
public health burden of these flaviviral infections, and it is
likely that a WNV vaccine will soon become available.
The costs and benefits of its routine use for public health
purposes, however, need to be formally stated.
Prospects for the Future

The American experience with WNV has provided a
lesson on the lacunae that still exist in responding to
explosive outbreaks of vector-borne infection. Although
a large pool of well-trained basic researchers and public
health workers existed and financial resources were
directed to risk reduction and basic research, WNV
marched inexorably across the United States from east
to west, crossing what appeared to be large geographical
barriers in ways that are poorly understood. This east-to-
west spread is not readily attributable to transport by birds
because few birds undergo migration in such a direction.
The distances across which WNV moved are too great to
be due to mosquito movements. Without fully under-
standing the mechanism of such spread, the United States
cannot effectively limit the potential for new public
health burdens due to other mosquito-transmitted infec-
tions that might be introduced as was WNV, such as
chikungunya, Rift Valley fever, Japanese encephalitis,
Venezuelan equine encephalitis, or dengue. Their even-
tual arrival into the United States, Europe, or any other
continental landmass may be predicted, but institutional
capacity to preempt invasion appears to be minimal.

See also: Factors Influencing the Emergence of New (and

‘‘Old’’) Diseases; Re-emerging Diseases: Overview.
Citations
Apperson CS, Hassan HK, Harrison BA, et al. (2004) Host feeding
patterns of established and potential mosquito vectors of West Nile
virus in the eastern United States. Vector-Borne and Zoonotic
Diseases 4: 71–82.
Boyce WM, Lawler SP, Schultz JM, et al. (2007) Nontarget effects of
the mosquito adulticide pyrethrin applied aerially during a West Nile
virus outbreak in an urban California environment. Journal of the
American Mosquito Control Association 23: 335–339.

Calisher CH, Karabatsos N, Dalrymple JM, et al. (1989) Antigenic
relationships between flaviviruses as determined by
cross-neutralization tests with polyclonal antisera. Journal of
General Virology 70 (pt. 1): 37–43.

Johnson BW, Kosoy O, Martin DA, et al. (2005) West Nile virus infection
and serologic response among persons previously vaccinated
against yellow fever and Japanese encephalitis viruses.
Vector-Borne and Zoonotic Diseases 5: 137–145.

Kilpatrick AM, Kramer LD, Jones MJ, et al. (2006) West Nile virus
epidemics in North America are driven by shifts in mosquito feeding
behavior. PLoS Biology 4: e82.

Korves CT, Goldie SJ, and Murray MB (2006) Cost-effectiveness of
alternative blood-screening strategies for West Nile Virus in the
United States. PLoS Medicine 3: e21.

Malkinson M, Banet C, Weisman Y, et al. (2001) Intercontinental
transmission of West Nile virus by migrating white storks. Emerging
Infectious Diseases 7: 540.

McIntosh K, Jupp PG, Dos Santos I, and Meenehan GM (1976)
Epidemics of West Nile and sindbis viruses in South Africa with Culex
(Culex) univittatus Theobald as vector. South African Journal of
Science 72: 295–300.

Monath TP, Jian L, Kanesa-Thasan N, et al. (2006) A live, attenuated
recombinant West Nile virus vaccine. Proceedings of the National
Academy of Science of the United States of America 103:
6694–6699.

Samuel MA and Diamond MS (2006) Pathogenesis of West Nile
Virus infection: A balance between virulence, innate and
adaptive immunity, and viral evasion. Journal of Virology 80:
9349–9360.

Spielman A (1964) Studies on autogeny in Culex pipiens populations in
nature: I. Reproductive isolation between autogenous and
anautogenous populations. American Journal of Hygiene 80:
175–183.

U.S. Centers for Disease Control and Prevention (2003) Epidemic/
Epizootic West Nile Virus in the United States: Guidelines for
Surveillance, Prevention, and Control. Ft. Collins, CO: US Dept of
Health and Human Services. http://www.cdc.gov/ncidod/dvbid/
westnile/resources/wnvguidelines2003.pdf (accessed January
2008).

U.S. Centers for Disease Control and Prevention (2007a) West
Nile Virus: Statistics, Surveillance, and Control. http://www.cdc.gov/
ncidod/dvbid/westnile/surv&control.htm (accessed January 2008).

U.S. Centers for Disease Control and Prevention (2007b) West Nile
Virus: Vertebrate Ecology. http://www.cdc.gov/ncidod/dvbid/
westnile/birdspecies.htm (accessed January 2008).

Zeller HG and Schuffenecker I (2004) West Nile virus: An overview of
its spread in Europe and the Mediterranean basin in contrast to its
spread in the Americas. European Journal of Clinical Microbiology
and Infectious Diseases 23: 147–156.
Further Reading
Edman JD and Taylor DJ (1968) Culex nigripalpus: Seasonal shift in the
bird-mammal feeding ratio in a mosquito vector of human
encephalitis. Science 161: 67–68.

Hayes CG (1989) West Nile fever. Monath TP (ed.), The Arboviruses:
Epidemiology and Ecology, vol. 5, pp. 59–88. Boca Raton, FL:
CRC Press.

Hayes EB, Komar N, Nasci RS, et al. (2005) Epidemiology and
transmission dynamics of West Nile virus disease. Emerging
Infectious Diseases 11: 1167–1173.

Kuno G, Chang GJ, Tsuchiya KR, et al. (1998) Phylogeny of the genus
Flavivirus. Journal of Virology 72: 73–83.

Lanciotti RS, Roehrig JT, Deubel V, et al. (1999) Origin of the West Nile
virus responsible for an outbreak of encephalitis in the northeastern
United States. Science 286: 2333–2337.

http://www.cdc.gov/ncidod/dvbid/westnile/resources/wnvguidelines2003.pdf
http://www.cdc.gov/ncidod/dvbid/westnile/resources/wnvguidelines2003.pdf
http://www.cdc.gov/ncidod/dvbid/westnile/surv&control.htm
http://www.cdc.gov/ncidod/dvbid/westnile/surv&control.htm
http://www.cdc.gov/ncidod/dvbid/westnile/birdspecies.htm
http://www.cdc.gov/ncidod/dvbid/westnile/birdspecies.htm


Marfin AA and Gubler DJ (2001) West Nile encephalitis: An emerging
disease in the United States. Clinical Infectious Diseases 33:
1713–1719.

Monath TP (1980) St. Louis Encephalitis. Washington, DC: American
Public Health Association.

Peterson LR and Marfin AA (2002) West Nile virus: A primer for the
clinician. Annals of Internal Medicine 137: 173–179.

Smithburn KC, Hughes TP, Burke AW, and Paul JH (1940)
A neurotropic virus isolated from the blood of a native of
Uganda. American Journal of Tropical Medicine and Hygiene 20:
471–473.

Taylor RM, Work TH, Hurlbut HS, and Rizk F (1956) A study of the
ecology of West Nile virus in Egypt. American Journal of Tropical
Medicine and Hygiene 5: 579.

Relevant Websites

www.mosqui to.org/mosquito-in formation/virus.aspx – The American
Mosquito Control Association.

www.cdc.go v/westnile/ – Ce nters for Disease Control and Preventi on
(CDC).

http://enviro nmentalrisk.cornell.e du/WNV/ – Cornell University,
Department of Communications Environmental Risk Analysis
Program.

www3.nia id.nih.gov/topics/we stnile – National Institute of Allergy and
Infectious Diseases.

http://www.nwhc.u sgs.gov/disease_inf ormation/west_nile_vi rus/ – US
Geological Survey, National Wildlife Health Center.

Western Europe, Health Systems of 579
Western Europe, Health Systems of
R Freeman, University of Edinburgh, Edinburgh, UK
A Schmid, University of Bremen, Bremen, Germany

ã 2008 Elsevier Inc. All rights reserved.
Background and Context

Europe is a region of approximately 50 independent
states, of which 27, largely in the west and center,
are now members of the European Union. The concept
of ‘western Europe’ refers loosely to those countries
situated to the west of the line that demarcated Soviet
and NATO spheres of influence from the end of World
War II until 1990. Western Europe includes the countries
of Scandinavia (Norway, Sweden, Denmark, and Finland)
to the north; Greece, Italy, Spain, and Portugal to the
south: the UK and Ireland to the northwest, and France,
Germany, Austria, Switzerland, and the Benelux countries
(Belgium, the Netherlands, and Luxembourg) in the con-
tinental center. This region has a combined population of
almost 400million.

By the end of the 20th century, and in most cases long
before, almost all of these people were guaranteed access
to health care paid for by a publicly mandated scheme.
After pensions, health care is in most of these countries
the largest component of public budgets. It is a major
source of employment, scientific and industrial innova-
tion, and economic growth. Not least for these reasons,
but also because health has such existential significance,
health is the stuff of much public debate and political
attention (Freeman, 2000).

That European states are also health-care states is the
effect of industrialization and of more or less continuous
economic prosperity. The health systems of western Europe
are the product of democratic politics, liberal and pluralist,
in which parties and pressure groups make key contribu-
tions to the formulation of public policy. Their development
is driven by managed capitalist economies of some kind.
They are, at the same time, the realization of a science-
based medicine, supported by vigorous and influential
pharmaceutical and biotechnology industries.
Health Systems in Western Europe

At the center of the system is the health-care system,
founded on scientific biomedicine and consisting of the
activity of one or more accredited physicians in relation to
disease located in an individual patient body.

This system exists in an uncertain relationship with
other complementary or alternative forms of healing,
incorporating some and competing with others. These
other forms include naturopathy, homeopathy, and chiro-
practic and are provided in different ways in different
countries. They are not usually part of standard welfare
entitlements, but are delivered by independent practi-
tioners operating in the marketplace.

Meanwhile, above and beyond (and arguably behind)
systems of health care are those of public health, meaning
those measures designed to protect the health of the
public, which include workplace safety, food standards,
health education, and immunization programs, among a
range of other services and regulations.
Health-Care Systems

Health systems, as we describe them here, are the formal
arrangements by which health care is provided and paid
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for in European countries. By the beginning of the 21st
century, these invariably are highly differentiated, com-
plex systems of interlocking institutions and organizations
(Marmor et al., in press). Because they are themselves so
extensive and sophisticated, such systems require exten-
sive and sophisticated forms of regulation to maintain
them. Respective arrangements for health-care provision,
finance and regulation are considered in more detail
below. We begin, however, by noting common patterns
into which such arrangements fall.

Two kinds of health-care system predominate in west-
ern Europe: social insurance systems and national health
services (NHS); for a comparison, see Table 1. Social
insurance schemes are financed by contributions paid by
their members into what for most of them are compulsory
schemes organized according to district, occupation, or
workplace. Funds and groups of funds contract with pro-
viders, usually groups of hospitals and doctors’ associa-
tions, to provide care to their members (insurance benefits
usually also include sick pay). Hospitals may be owned
and run by regional or local governments, by nonprofit
foundations, or as profit-making enterprises. Doctors are
either employed by hospitals or work independently in
local practice. This kind of system is often described as
self-governing to the extent that its management depends
on the outcome of negotiations between financing and
provider agencies, while the role of government is to set
framework conditions and directions.

National health services, by contrast, are financed for
the most part by government from tax revenues. Most
hospitals are state-owned and -run, and most doctors are
either public sector employees or independent contrac-
tors to public sector organizations. Patient entitlement to
health care is on the basis of citizenship or residence. As in
social insurance systems, there is a limited role for private
insurers and for commercial providers. The system as a
whole is clearly a government responsibility, though it
may often be delegated to regional levels.

National health services tend to predominate in northern
and southern Europe (in the UK, Denmark, Sweden,
Norway, and Finland; in Italy and Greece; and in Spain
and Portugal), social insurance systems in the center and
west (in France, Germany, Belgium, the Netherlands,
Luxemburg, Austria, and Switzerland). Since 1990, most
countries of central and eastern Europe have replaced
integrated, state-led health services with social insurance
schemes.

As these country profiles illustrate, brief descriptions
and classifications of health systems are inevitably crude.
All classifications are dependent on particular judgments
about particular characteristics, and such simple state-
ments as these entail judgments that are more than usually
arbitrary. No health system is the product of anything like
‘intelligent design’; health systems are not ‘systematic’
a priori, though systemic features emerge as the effect
of repeated interventions and adjustments over time. A
health system is not a machine but a piece of software,
always subject to bugs and fixes and then more occasion-
ally to revisions of its source code and operating systems.
Health-Care Provision

To describe health-care provision means describing the
social roles and identities, both individual and collective,
of patients and doctors and the organizational setting in
which encounters between them take place (see Table 2).
Hospitals

At the center of the system of medical care and provision
is the hospital. Hospitals may be owned by the state,
whether local, regional, or national. Many are run as
charitable, nonprofit organizations, and some are com-
mercial organizations run for profit. The organizational
structure of the hospital is an uneasy combination of
different lines of authority, one professional and scientific,
one administrative and managerial. Managerial capacity is
more developed in some countries than others.

GermanyandAustria havemore than eight hospital beds
per 1000 population, twice as many as Denmark, Norway,
Spain, and theUK (OECD, 2006). National sources indicate
that, in most countries, most beds are in publicly owned
institutions: 65% in France, up to 80% in Italy, 85% in
Norway, and more than 90% in the UK, though only 14%
in the Netherlands. In most countries, too, this figure has
declined since 1970. Private hospitals, both nonprofit and
for-profit, tend to be smaller than publicly owned ones. In
most countries, the private hospital sector is dominated by
nonprofit hospitals, in terms of both the number of facilities
and the number of beds.

In the course of the 1980s and 1990s, hospital capacity
(measured in numbers of beds) decreased across OECD
countries. Hospital activity, however, intensified, as new
treatments made possible higher rates of admission for
shorter periods of time. The average length of a hospital
stay in western Europe is now about a week.
Primary Care

The corollary of shorter hospital stays is that, across
systems, greater emphasis is being placed on primary
care (though what is understood by this term differs
markedly across countries too). Again, new drugs and
surgical techniques, often linked to new managerial
incentives, have made it possible to unbundle a propor-
tion of what were formerly hospital procedures into
ambulatory and home care. The role of the general prac-
titioner (GP) in the UK’s NHS and the sharp distinc-
tion made there between generalist local practice and



Table 1 Health system profiles, Germany and the United Kingdom

Germany United Kingdom

System type A social insurance system, in which all

citizens whose income falls below a fixed
(and high) ceiling are obliged to join a

sickness fund, making contributions

through the payroll that also cover their
dependants

A national health service, largely funded

through taxation, providing
comprehensive health care on the

basis of residence

Provision Hospital sector Just over half (53%) of all inpatient beds are

provided by public institutions, 39% by

nonprofit charitable organizations, and
8% by commercial, for-profit

organizations. Hospital investment is

cofinanced by federal and state

governments, whereas operating costs
are met by sickness fund payments

The hospital sector is dominated by

public provision, though some

services such as pathology or
laboratory work, can be outsourced to

private providers. Some hospitals in

England, called Foundation Trusts,

operate with greater managerial
autonomy than others. Private

hospitals account for a minor share

(less than 5%) of hospital beds.
Access to specialist hospital care is

solely by referral from a general

practitioner (GP)

Ambulatory
sector

Outpatient services are provided by
self-employed professionals, both

specialist and generalist. Regional

physicians’ associations negotiate

collective contracts with funds,
distributing fees among their members.

Patients make a small copayment for

visits to the doctor

General practitioners are self-employed,
providing services to the NHS under a

national contract. Most work in small

groups and are paid principally on the

basis of the number of patients
registered with them

Pharmaceuticals Pharmacies are privately owned businesses Pharmacies are privately owned

businesses

Finance Spending levels Germany spends 10.9% of its GDP on

health; public spending on health
accounts for 8.5% of GDP

Total health spending in the UK

represents 7.9% of GDP, whereas
public spending on health accounts for

6.8% of GDP

Sources Statutory health insurance makes up almost

70% of all public health spending; 10% is
direct spending by government, whereas

just over 20% is from private sources, split

almost equally between private insurance

and out-of-pocket spending

84% of NHS spending comes from

taxation and 2% from charges levied
on patients for prescriptions; 6% is

from private medical insurance and

8% from direct, out-of-pocket

spending

Continued

W
e
s
te
rn

E
u
ro

p
e
,
H
e
a
lth

S
y
s
te
m
s
o
f

5
8
1



Table 1 Continued

Germany United Kingdom

Distribution In 1999 (the most recent year for which
comparable figures are available) 30% of

total health spending in Germany went to

hospital services, 8% to nursing and

residential care, and 27% to ambulatory
care. Retail sales of pharmaceuticals and

other medical goods made up 20%,

health-care administration almost 6% and
public health organizations and other

industries the remainder

In the UK in 1999, 56% of all health
spending went to hospital services,

3% to nursing and residential care,

and 15% to ambulatory care. Retail

sales accounted for 17% and health-
care administration for 2%

Regulation Funds are governed by boards in which

employees and employers are
represented equally. Negotiations take

place between associations of sickness

funds and physicians’ associations at

both federal and Land levels, according to
a legislative framework set by the Federal

Ministry of Health. Hospitals are organized

separately under private rather than public

law

The NHS is the organizational

responsibility of the Department of
Health in England and in Scotland of

the Scottish Executive (as of the

respective Assemblies of Wales and

Northern Ireland). In each case,
subordinate bodies organized

territorially (in England, Primary Care

Trusts or PCTs) function as purchasers

of hospital and general practitioner
services. The DoH takes advice from

the National Institute for Clinical

Excellence as to both the clinical and
the economic effectiveness of services

Recent developments Reform proposals under discussion in

2006–7 seek to reduce administrative

costs and develop competition between
funds by standardizing contribution rates

through a central health fund, supported

by increased spending on health from tax

revenues

Current issues include the use of private

sources of finance and provision in the

NHS and the computerization of
medical records

Sources: OECD (2006) OECD health data 2006, version 2, October. Report of the Organization for Economic Cooperation and Development. Paris: OECD; Office of Health Economics

(2003) Compendium of Health Statistics, 15th edn. London: OHE; Grosse-Tebbe S and Figueras J (2004) Snapshots of health systems. The state of affairs in 16 countries in summer 2004.

European Observatory on Health Systems and Policies. Copenhagen: WHO; all OECD figures are from 2003 unless otherwise stated.
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Table 2 Health-care provision, selected western European countries, 2003

Coveragea
Hospital
bedsb

Hospital beds
by ownershipc

Average
length of
stayd

Health
employment
densitye

Practising
physiciansf

Practising
specialistsg

General
practitionersh

Practising
nursesi

CT
scanners j

Public
satisfactionk

Norway 100 3.1 Public 5.4 53 3.4 1.9 0.7 14.4 n.a. na

Sweden 100 2.2 Public *4.8 n.a. 3.3 1.8 0.6 10.3 n.a. 59

Denmark 100 3.3 Public 3.6 17.9 3 1.3 0.7 7 14.5 76
Finland 100 3.0 Public 4.8 31.5 2.4 1.4 0.7 7.3 14 74

United

Kingdom

100 3.6 Public 6.8 33.1 2.2 1.5 0.7 9.1 6.7 56

Ireland 100 3.0 6.5 31.3 2.6 0.6 0.5 14.8 n.a. 48

France 99.9 3.8 Mixed 5.6 32.6 3.4 1.7 1.6 7.3 8.4 78

Belgium 99.0 4.8 Mixed 7.3 n.a. 4 1.9 2.1 5.8 29.8 77

Luxembourg 99.0 5.7 7.4 *13 2.7 1.8 0.9 12.3 26.7 72
Netherlands 76.4 2.8 Private *7.4 31.1 3.5 0.9 0.5 13.9 n.a. 73

Germany 89.8 6.6 Mixed 8.9 46.4 3.4 2.3 1 9.7 14.7 50

Austria 98.0 6.6 Public 6.2 n.a. 3.4 2 1.4 9.4 27.2 83

Switzerland 100 3.9 Mixed 9.0 *59.4 3.7 2.5 0.5 n.a. 18
Greece 100 *3.8 *6.2 *14.9 4.7 3.3 0.3 *3.8 n.a. 19

Italy *100 3.7 Public 6.8 19.9 4.1 n.a. 0.9 5.4 24.1 26

Spain 98.9 2.8 Mixed 6.9 18.2 3.2 1.5 0.7 7.5 13 48
Portugal 100 3.1 7.0 13.7 3.3 1.9 0.5 4.2 12.8 24

W Euro

average

99.8 3.9 - 6.5 29.7 3.3 1.8 0.8 8.9 17.5 57.5

**OECD
average

93.3 4.1 - 7.1 2.9 1.7 0.8 8.1 ***18.8

aPercentage of population covered by public health-care systems.
bAcute care hospital beds per 1000 population.
cTotal hospital beds by predominant ownership category: public (public share >70%), private (public share <30%), mixed (public share 30–70%); own estimations based on diverse
national statistical sources.
dAverage length of stay for acute care in hospitals, measured in days.
eTotal health employment density per 1000 population; the number of persons (head counts) and number of full-time equivalent (FTE) persons employed (including self-employed) in health

services.
fNumber of practicing physicians per 1000 population.
gNumber of practicing specialists per 1000 population.
hNumber of practicing general practitioners per 1000 population.
iNumber of practicing nurses per 1000 population.
jNumber of computed tomography scanners per 1 000 000 population.
kPercentage of the population saying they are ‘fairly satisfied’ or ‘very satisfied’ with the health-care system in 1999 (Blendon et al. (2001), Eurobarometer 52(1)).

*Where data for 2003 are unavailable, data for most recent year are given.
**Average refers to OECD 30 or those countries of the OECD 30 for which data have been available.

***Japan (92.6) and Korea (31.9) raise the OECD average.

Source: OECD (2006) OECD health data 2006, version 2, October. Report of the Organization for Economic Cooperation and Development. Paris: OECD, unless otherwise stated.
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specialist hospital treatment make it the system most
strongly oriented to primary care (Macinko et al., 2003).
In general, coordination functions of primary care, such as
gatekeeping and referral, are more strongly developed in
national health services than social insurance systems, and
have increased with recent reforms. In insurance-based
systems, in which GPs and specialists tend to be in direct
competition in local practice, the gap between the rheto-
ric and the reality of primary care is much more marked
(Rico et al., 2003).

Meanwhile, it is arguable that many of the origi-
nal activities of the general practitioner are shifting to
other agencies and professionals as well as to self-help
groups and patients themselves. These activities include
continuing, family-oriented care from birth to death,
counseling, health-related information and advice, and
support and guidance in navigating the medical system
as a whole.
Health Employment

Health care remains labor- and technology-intensive. The
density of health employment in western Europe (the
number of persons employed or self-employed in health
services per thousand population) ranges from 20 or lower
in Italy, Spain, and Portugal to 33 in France and the UK
and to 46 in Germany. Across countries, this figure has
risen substantially since 1970, and in some countries more
than doubled. Reflecting the distribution of health labor,
most countries have three to four times as many nurses as
doctors.

The number of practicing physicians is highest in Italy
and Greece at 4.1 and 4.7 per thousand population respec-
tively and lowest in the United Kingdom (2.2). In most
western European countries, this figure varies between
3 and 3.5 per thousand. More doctors tend to be specialists
than general practitioners (only Belgium has more GPs
than specialists), not least because of the higher earnings
that specialists attract. In most countries, specialists work
either in hospitals or in independent local practice (in the
UK, almost all specialists work in hospitals). Across
countries, almost all general practitioners work in local
practice.

In 2002–3, Belgium had 30 scanners per million popu-
lation, Italy 24, Germany 15, France 8, and the UK 7. Such
differences may reflect different styles of medical prac-
tice, but also testify to the greater capacity of governments
in some systems to counteract professional demand for
new equipment and the costs it incurs.
Patients

As we observed at the outset of this survey, almost all
of the inhabitants of western European countries are
entitled to health care, goods, and services under public
programs. A principal, if limited, exception is Germany,
where membership in a statutory health insurance scheme
is mandatory up to a certain earnings ceiling; the self-
employed, civil servants (for whom the state covers half of
their treatment costs), and high-earning employees are
deemed capable of making arrangements of their own,
either in public or private schemes. Until 2006 in the
Netherlands, similarly, three-quarters of the population
held mandatory sickness insurance; since then, all resi-
dents have been required to hold basic coverage with the
insurer of their choice, public or private.

Although patients across Europe are guaranteed access
to health care, this guarantee is met in different ways. In
national health services, entitlement to health care is a
function of citizenship or residence; in social insurance
systems, it is a right earned by financial contribution to a
fund. It is notable that almost everywhere patient entitle-
ment is to consult a doctor: it is not to treatment as such,
which remains at the doctor’s discretion. This discretion is
limited at the margins by attempts in some countries to
restrict the availability of new treatments according
to evidence of their efficacy (see the section titled ‘Regu-
lation’ below).

At the same time, in some countries and as with other
areas of welfare and public service provision, such as
transport and housing, a revised conception of the citizen
as consumer is beginning to take hold, implying that the
conception of provision according to need is changing
to one more responsive to demand. What this means,
however, and what difference it makes in practice are
uncertain. In the UK, for example, patients’ rights to
choose (and change) the doctor with whom they are
registered are now specified more clearly, but evidence
of how many do so and for what reason is patchy. It does
seem that doctors are more likely to consult patients
about which secondary services they would prefer being
referred to. In other countries, attempts to give local prac-
titioners a gatekeeping function would restrict what is
currently a much greater freedom of choice. Since 1997,
in Germany, members of the statutory health insurance
scheme have been given new freedom to choose between
funds. At the same time, even though a greater proportion
of the high-earning, low-risk population has been newly
entitled to exit the statutory scheme for private insurers,
the rate of coverage of the statutory scheme has remained
broadly constant.

The available data suggest that, in most parts of west-
ern Europe, users are either ‘fairly’ or ‘very’ satisfied
with their health systems. The clear exception is southern
Europe, where the proportion satisfied is everywhere less
than half. Most popular seem to be those systems with
higher levels of funding and ready access to specialists.
Meanwhile, different systems afford citizens, patients, and
the insured different opportunities to participate in deci-
sion making about the conditions under which their
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health care is provided and paid for. Acr oss systems,
perhaps the key locus of decision mak ing is the consulti ng
room, where the authority of the doc tor re mains preemi-
nent. In social insuranc e system s, meanwhil e, fund mem-
ber s elect their gover ning boards, tho ugh in pr actice
par ticipati on in such electi ons is low and fund decisions
are ef f ec tively made by prof essiona l manager s. In dif f er-
ent countr ies, dif f erent levels of or ganization, inc luding
distric t and re gional health aut horities and national regu-
latory bodies, are advised by pat ient re prese ntatives in
various ways. More radically, perhaps, in mos t cou ntries
patien ts who can af ford to do so may exit public ar range-
ment s for health -care fin ancing and pr ovisi on to see k
private sector alter natives. Some f ew patients, simil ar ly,
cross national boundarie s in pur suit of quicker, cheape r,
or better quality health care.
Table 3 Health-care finance, selected western European countri

Public
Sources of he

Total health
spendinga

spending
on healthb Tax

Social
ins

Norway 10.1 8.5 68.6 15.1
Sweden 9.3 7.9 85.4 0

Denmark 8.9 *7.3 84.6 0 

Finland 7.4 5.7 59.7 16.5
United Kingdom 7.8 6.7 *83.4 0 

Ireland 7.2 5.6 77.3 0.6

France 10.4 8.2 3.6 74.7

Belgium 10.1 7.2 8.9 62.2
Luxemburg 7.7 7 17.7 73.3

Netherlands 9.1 5.8 2.9 60.1

Germany 10.8 8.5 10.0 68.7

Austria 9.6 6.8 21.2 49.1
Switzerland 11.5 6.7 17.9 40.5

Greece 10.5 5.6 27.9 25.7

Italy 8.4 6.2 73.6 0.1
Spain 7.9 5.5 65.1 5.2

Portugal 9.8 7.2 72.5 1

W Euro average 9.2 6.8 46.0 29.0

***OECD average 8.8 6.4 40.0 33.1 

aTotal health-care expenditure as a percentage of GDP.
bPublic health-care expenditure as a percentage of GDP.
cSources of health financing as a percentage of total health expenditur

security; social ins¼ social insurance schemes; private ins¼ private h
The figures do not always add up to 100% because of ‘other pr

inconsistencies (UK, Sweden).
dAverage annual growth of total health-care expenditure as percent G

distort growth rates do not enter the calculation).
eAverage annual growth of public health-care expenditure as percen

might distort growth rates do not enter the calculation).

* Where data for 2003 are unavailable, figure for most recent year is g
**OECD data unavailable. OHE suggests that 6% of total health expen

is paid out-of-pocket.

***Average refers to OECD 30 or those countries of the OECD 30 for

Source: OECD (2006) OECD health data 2006, version 2, October. Re
ment. Paris: OECD.
Finance

In 2003, weste r n Euro pean countrie s spe nt between 7 and
11% of their gross dome stic pr oduct (GDP ) on health
care (see Table 3 ). Switzerl and spent the most , followed
by Ger many, Greece, France, Belgium, and No rway, all
spendi ng more than 10%; for th e most par t, these
countr ies have the lar ger social insurance systems. The
exce ptions are Norway, with its except ional re source s of
its oil wealth, and Gree ce, to which we retur n later. The
UK, Spai n, Luxembur g, Finland, and Ir eland, all with
large national health services, spent significantly less,
between 7 and 8% of GDP.

Health financing in western Europe is broadly derived
from general taxation, social insurance, private insurance,
and out-of-pocket payments in different proportions.
es, 2003

alth financingc

Growth in
total health
spendingd

Growth public
spending on
healthe

Private
ins Out-of-pocket 1970–2002/3 1970–2002/3

n.a. 15.5 2.4 2.2
n.a. n.a. 0.9 0.8

0.8 13.9 0.3 0.3

2.4 19.4 1.2 1.5
**6 **10 1.8 1.8

6.4 13.4 1.0 0.9

12.2 7.7 1.9 2.0

3.4 23.5 2.6 n.a.
1.7 6.7 2.5 2.5

17.9 7.9 1.0 1.4

8.7 11.8 1.4 1.5

8.8 15 1.2 1.8
9 31.6 2.3 2.9

2.1 43.7 1.7 2.4

0.9 22.2 1.5 1.0
4.7 24.1 2.3 2.6

4.5 20.3 3.7 4.1

6.0 18.4 1.8 1.9

6.2 19.9

e (tax¼ general government spending on health, excluding social

ealth insurance; out-of-pocket¼ private out-of-pocket spending).
ivate funds’ (e.g., occupational health care) and data gaps or

DP (own calculations; years with breaks in time series whichmight

t GDP (own calculations; years with breaks in time series which

iven.
diture in the UK is financed by private insurance, while about 10%

which data are available.

port of the Organization for Economic Cooperation and Develop-
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In Denmark, Sweden, and the UK it comes overwhelm-
ingly (more than 80%) from taxation. Italy, Spain, and
Portugal, the other countries with a NHS, also raise between
two-thirds and three-quarters (65 to 75%) of their health
spending from taxation. France, Germany, Belgium, the
Netherlands, and Luxemburg finance health care mostly
(between three-fifths and three-quarters, 60 to 75%) through
social insurance, as wewould expect from our classifications.

It is of more than passing significance that health systems
are classified first according to their principal finance
mechanisms, from which much else seems to follow. How-
ever, differences among them are not always or necessarily
as great as they seem. The way in which social insurance
contributions are levied, for example,makes themmuch like
a form of payroll taxation – contribution rates are mostly
uniform, except in Germany, where individual funds set
rates to cover the costs of their respective memberships. In
contrast, tax-based systems might be thought of as simply a
different way of insuring against risk. Meanwhile, most
systems depend on a combination of payment mechanisms:
even the most public forms of national health service allow
for the private insurance of certain individuals in certain
circumstances. Almost all individuals, too, make direct, out-
of-pocket payments for ad hoc goods and services, aswell as,
in some systems, to partially finance their basic care.

On average, less than 10% of health financing in west-
ern European countries comes from private health insur-
ance. In some countries, such as Norway and Sweden,
because the entire population is fully covered for almost
all health care, the number of people with private health
insurance is negligible. In many other countries, private
health insurance serves a variety of functions (Colombo
and Tapay, 2004). For some people, such as those not
required to join the statutory scheme in Germany, it is
their primary source of coverage. In France, most people
have some form of complementary private insurance for
that portion of medical bills not covered by public
schemes. In the UK, the 10% of the population with
private health insurance effectively has duplicate cover-
age, because private insurance does not exempt or exclude
them either from contributing (through general taxation)
or being entitled to NHS services. It may provide access
to different providers or levels of service or to some
additional services not provided by the NHS.

Out-of-pocket spending – meaning direct spending by
private households, either as whole or partial payment for
services or medicines – makes up the larger part of non-
public spending on health, between 10 and 25% all health
spending across countries. It tends to be higher in south-
ern Europe and is remarkably high in Greece, where it
comprises 45% of all health finance. Greece is otherwise
interesting for its even distribution of revenue raised from
taxation (27.9%) and social insurance (25.7%), reflecting
the coexistence of its NHS with compulsory social insur-
ance and private health insurance systems.
On average, health spending (as a proportion of GDP)
has grown just less than 2% per annum across countries
since 1970, though this figure masks differences in rates of
change over time and between countries. In general,
growth in health spending reflects growth in national
wealth, which explains why it has increased faster in
southern Europe than elsewhere. Relatively restricted
growth in the national health services of northern Europe
(except in Norway, above) reflects the greater capacity of
governments to control health spending there (by
controlling the allocation of tax revenue to health care).
This begs interesting comparative questions about how
and why health systems are regulated or governed.
Regulation

The health-care state in Europe has three ‘faces’: it is at
once a welfare state, an industrial capitalist state, and a
liberal democratic state (Moran, 1995). This is to say that
European governments are now, in effect, politically
obliged to ensure access to health care for all their
citizens. However, they also hold responsibility for the
management of their economies, which means variously
providing a healthy workforce, supporting biotechnology
and pharmaceutical industries as well as the service econ-
omy of health care, and doing all of this without commit-
ting resources to such an extent or in such a way that other
parts of the economy are undermined. Meanwhile, the
decisions they face and make are subject to often intense
pressure and scrutiny in the media as well as by political
parties and pressure groups representing the often com-
peting interests of industry, doctors and other health
service workers, and, of course, citizens and patients. As
each of these sets of demands has increased – as health care
has become more complex, sophisticated, and expensive;
as national economies have been exposed to global pres-
sures; and as public expectations of quality, transparency,
and accountability have increased – so has the need to
reconcile them been intensified. Together, and in different
ways in different countries, these pressures have prompted
what has sometimes been called an ‘epidemic’ of health-
care reform in European countries, which has taken place
over the last two decades.

The regulation of health care in Europe is a story of
the slow establishment of public authority and then the
increasing use of market-like, corporate, and managerial
instruments to supplement it. Accompanying these changes
have been both extensive and intensive debate of the limits
of public responsibility and authority, the scope of the
market, and the appropriateness and effectiveness of self-
regulation on the part of doctors, hospitals, and insurance
funds (Rothgang et al., 2005). It has also meant reconsider-
ing the levels at which regulatory authority should be held,
whether central, regional, local, or even supranational.
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Different kinds of health system typically face differ-
ent kinds of problem. In social insurance systems, the
existence of multiple payers and multiple providers,
linked with the free access of patients to specialist ser-
vices, makes cost control difficult. At the same time, the
standard assumption that insurance contributions are
made from earnings makes for structural difficulty when
rates of unemployment are high. In an equal and opposite
way, tax-based national health services are much better
able to control costs and to match spending with revenue,
but face problems in ensuring ready access to high-quality
specialist care. Sector-specific problems such as these
have forced increased attention to the way in which dif-
ferent systems are organized and managed.

The classic form of the NHS is an integrated adminis-
trative system of finance and provision, organized hier-
archically from the center. Likewise, social insurance
systems turn primarily on lateral, network relationships
among payers and providers. Interestingly, to correct their
respective weaknesses, both types of system have sought
to introduce market-like competitive elements to rela-
tionships among different actors and agencies. In the
English NHS, for example, this has meant separating the
formerly integrated functions of purchasing and provi-
sion, as well as raising additional investment funding
from private sources. In the German social insurance
system, in which purchasing and provision were already
separated, contracts between funds and institutional pro-
viders have been made more flexible, and fund members
have been given a greater degree of choice as to which
fund they join. Similarly, in some countries, privatization
trends seem to have accelerated recently. In Norway, the
private share of hospital provision has increased signifi-
cantly; in the Netherlands, for-profit providers now have
access to a sector that used to be reserved for nonprofits.
In the UK, the small private sector is now dominated by
for-profit providers, whereas in Germany, the private, for-
profit hospital sector is expected to grow substantially.

All of this seems to mean that mixed forms of provision
and finance make for mixed modes and instruments of
regulation. Markets, hierarchies, and networks may be
found in almost all systems in different forms, each com-
plemented by the others. Fundamentally, nevertheless, the
manipulation of these relationships and the instruments by
which they are governed entails an increased assumption
of public authority. Sometimes this has been by means of
large-scale legislative reform, but as often as not it has
come as a result of a creeping extension of the power of
regulatory agencies (Hacker, 2004). The health systems
of western Europe remain highly bounded by the legal,
administrative and political authority of the state.

However, little changes in health systems without affec-
ting doctors, directly or indirectly. Governments’ attempts
to steer systems in new directions have invariably entailed
new regulation of the medical professions. This increased
regulation has meant combining more political account-
ability at the national level with closer and more detailed
management and accounting of the medical labor process
(Dubois et al., 2006). One of the most significant levers that
government has over the professions is through state control
of higher education, and another is the often nationwide
contract for services to be delivered both through national
health services and social insurance schemes. In addition, in
several countries, state-sponsored bodies for quality assur-
ance and standard setting, as well as clinical guidelines and
performance indicators, have been established. A pertinent
side effect of such developments is that other professions,
notably nursing, have become less subordinate to medicine
and more directly accountable to government.

Nevertheless, because their monopoly of medical
knowledge affords doctors something like a veto position
in health reform, government is invariably forced to nego-
tiate regulatory change with professional providers, such
that new regulation may often serve to reinforce the basis
of professional power (Kuhlmann and Burau, in press).
What counts as evidence-based medicine, for example, is
decided by doctors themselves. And though scientific
knowledge is effectively international, medical power
remains embedded in national institutional frameworks.

Meanwhile, the regulatory authority of the state has
been, at least in part, stretched and redistributed vertically.
For the responsibilities assumed by national governments
in the process of universalizing access to health care in
Europe in the mid- to late twentieth century are shared to
some extent with regional administrations and, albeit halt-
ingly, with the Commission of the European Union (EU).

Even the most centralized states, such as England and
France, are divided into regions and districts for adminis-
trative purposes. In the UK, political authority and policy
competence in some areas were devolved to Scotland,
Northern Ireland, and Wales, albeit unevenly, in 1999.
Similarly, in Spain, different regions hold different degrees
of responsibility for health care. Legislative clarification of
federal responsibilities in Italy has made regional govern-
ments almost wholly responsible for health administration,
whereas county council mergers in Sweden have increased
their capacity to carry out similar tasks. The subnational
government of health care makes for possible tension
between regional autonomy and a concern, most strongly
expressed in national health services, for universalism and
equity at the national level. In Germany, one side effect of
the unification of East and West in 1990, which increased
the number of regional states from 11 to 16, was to increase
the relative authority of the center.

At the supranational level, the EC has no direct
responsibility for the provision and finance of health
care as such and nor has it sought any. Its Directorate
General for Health and Consumer Protection remains a
relatively weak member of Europe’s international health
policy community, though it has taken more direct
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interest in aspects of public health, such as by establishing
a European Centre for Disease Protection and Control
and by increasing restrictions on tobacco advertising.
Nevertheless, legislative provisions meant to guarantee
the free movement of labor, capital, goods, and services
in the single market have inevitably affected one of the
largest areas of European economic activity, the health
sector (Greer, 2006). Beginning in 1998, for example, a
series of European Court of Justice decisions have effec-
tively guaranteed the right of citizens of one European
member state to use health services provided in another,
whereas labor legislation such as the Working Time
Directive, has begun to change the way trainee doctors’
work is organized in some countries. By the same token,
insurance and some hospital providers are increasingly
operating across national borders. However, use of the
EU’s ‘open method of coordination,’ a way of setting and
achieving common standards across countries by means of
benchmarking, information exchange, and peer review, is
less developed in health than in other areas of European
public policy. ‘Regulation by comparison’ has resulted, if
at all, from the benchmarking and target-setting activity
of other international agencies such as WHO.
Regulation and Convergence

For much of the 20th century, that period in which most
European countries introduced, expanded, and more or
less completed the public guarantee of access to health
care, what was notable was the range and variety of ways
and means by which they did so. By the end of the period,
however, the structural similarities noted at the outset of
this survey seemed to be increasing markedly (Mechanic
and Rochefort, 1996): the countries of western Europe had
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reached comparable levels of economic development, with
similar demographic structures, family patterns, and cul-
tural formations. Differences among their political systems
had narrowed markedly too: all are now forms of parlia-
mentary democracy. At the same time, their policy choices
have become subject to the common constraints set by EU
membership and the pressures of an increasingly global
economy. It is arguable, too, that health policymakers are
commonly inspired by the increasing availability of infor-
mation they have about each other. What has this meant for
the health systems of western Europe? Have they, should
they, might they become all more or less the same?

As we address these questions, we should be clear
about what they mean. Convergence can refer to a dimi-
nution of dispersion, to ‘catch-up’ processes, or to com-
mon movement toward a single model. The first two of
these require quantitative data and are used for assessing
levels of finance and service provision. The regulation
dimension is more qualitative and relies on conceptual
definition and judgment, which may be much of the
reason why it is so much debated.

With respect to levels of service provision across
countries, measured either by numbers of hospital beds
and/or by rates of health employment, findings point to
continuing and perhaps even increasing divergence
among Western European countries (Wendt et al., 2005).
Meanwhile, the EU proclaims economic convergence as a
major policy goal and has successfully implemented
instruments to promote it. Because national wealth is a
major determinant of health-care expenditure, economic
convergence tends to foster catch-up processes in health-
care spending. Figure 1 shows how the coefficient of
variation of total health spending has declined since 1970.

However, looking at the data excluding those countries
that started the period with health spending of less than
1990 1995 2000 2004

Western Europe

uropean countries, 1970–2004. Source: OECD Health Data 2006,
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4% GDP (Portugal, Spain, Belgium, and Luxembourg)
shows that there is much more limited convergence
among the other countries. It is the catch-up process of
these former low spenders that drives convergence in total
health-care financing. Patterns of spending, meanwhile,
tend to converge only in times of prosperity as in the early
1970s. As we have noted, because NHS systems are pre-
dicated on more powerful mechanisms of controlling
costs, public spending on health tends to diverge as soon
as different countries experience financial strain.

Evidence of convergence in health-care provision and
finance, then, seems mixed. In respect of regulation, stud-
ies using large country samples generally seem to high-
light common trends, whereas in-depth case studies
provide rather more differentiated findings. In social
insurance systems, based on the self-administration of
networks of corporate actors, elements of both hierarchy
and competition have been introduced and increased. In
national health services, predicated on public authority,
market and network mechanisms now complement the
regulatory structure. What seems to be a blurring of
regimes (Goodin and Rein, 2001), however, is not the
same as convergence on a single model. Many systems
are now characterized more readily as mixed types, but
the nature of the mix differs among countries. As analysts
seek to describe and explain these different mixes, policy-
makers continue to look for the right one.

See also: Scandinavia, Health Systems of; Southeastern

Europe, Health Systems of; United Kingdom, Health

System of.
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Introduction

The definition of health contained in the 1948 Preamble
to the Constitution of the World Health Organization
(WHO) as ‘‘a state of complete physical, mental, and social
well-being and not merely the absence of disease or
infirmity’’ has generated controversy ever since. It has
been variously called masterful or dysfunctional, profound
or meaningless; defended as indispensable in its present
formulation, seen as needing revision, or rejected as
inviting the medicalization of most of human existence
and abuses of state power in the name of health promotion
(Callahan, 1973).

According to the Preamble, nine principles, beginning
with the definition of health, are ‘‘basic to the happiness,
harmonious relations and security of all peoples.’’ The
second principle, declaring that ‘‘the enjoyment of the
highest attainable standard of health is one of the funda-
mental rights of every human being,’’ appears to temper
somewhat the extravagance of the definition itself. But it,
too, has been contested from the time it was first pro-
claimed, given that it leaves open the question of what
such a standard might be, and how shortfalls from attain-
ing it might be measured and compared. (The French
version refers to the highest standard of health ‘‘réalis-
able’’: ‘‘L’accès à la plus haute norme de santé réalisable
est l’un des droits fondamentaux de l’être humain.’’) The
third principle’s claim that ‘‘[t]he health of all peoples is
fundamental to the attainment of peace and security’’ has
been challenged as either vacuous or unattainable; it
offers a partial overlap with the initial declaration, leaving
‘‘security’’ in the text but dropping ‘‘happiness’’ and ‘‘har-
monious relations’’ while adding ‘‘peace.’’

Since 1948, the principles, including the definition of
health, have been repeatedly reaffirmed. But questions
were raised early, and continue to be raised, about
whether it can function as an operational definition for
today’s practices of measurement, assessment, and policy
making, and about how to interpret references to terms
such as ‘well-being,’ ‘health,’ and ‘happiness.’ In examin-
ing these questions, it matters to consider, first, the histor-
ical context, then the central terms used and alternative
definitions proposed, and finally the role the definition
might continue to play at a time when the scope for health
care and research has expanded beyond anything that
those who wrote theWHOConstitution could have imag-
ined when they set to work in 1946.
The Historical Context

In February 1946, the United Nations Economic and
Social Council voted to establish a single international
health organization. The following month, 22 public
health officials met in Paris as delegates to the Technical
Preparatory Committee, alongside observers and advi-
sors. They had been asked to draft a constitution to be
considered by the International Health Conference that
was to meet in New York later that summer with the
charge to adopt a final document. The delegates who
came together to plan for what would become the World
Health Organization had lived with the devastations of
World War II. They knew, as few others, the calamitous
health conditions around the world; the ravages of epi-
demics of influenza, typhus, and cholera; the many
millions who had died and the many others who lived at
the edge of subsistence. They recognized the special pre-
dicament of children: UNESCO estimated that 13 million
children were abandoned without parents after the war, in
addition to all those who had died or been killed during
the war years. Andwith Hiroshima and Nagasaki indelibly
imprinted in their memories, the delegates were passion-
ate in warning against further uses of what we now call
‘weapons of mass destruction’: The atomic bomb and
biological warfare, they wrote, ‘‘had become a fearful
menace and unless doctors realize their responsibilities
and act immediately, humanity runs the risk of total
annihilation’’ (Technical Preparatory Committee, 1946).

The delegates also shared the understanding of how
war and insecurity and persecution affected survival and
public health. The Preamble to the Charter of the United
Nations, adopted at its San Francisco meeting in
April–June 1945, stressed the common ends of maintain-
ing international peace and security and of promoting
economic and social advancement of all peoples. Later
in the Charter, Article 55 stated that ‘‘conditions of stabil-
ity and well-being [are] necessary for peaceful and
friendly relations among nations,’’ and that nations should
promote ‘‘solutions of international, economic, social,
health and other problems.’’ The term ‘health’ was
inserted into the U.N. Charter at the request of the Bra-
zilian representative, both in Article 55 and in Article 57,
which declared that specialized agencies shall be brought
into relationship with the United Nations.

Because the Cold War had not yet begun, it was still
possible to hope for unprecedented global collaboration



WHO Definition of Health, Rethinking the 591
among governments of the world, enlisting health profes-
sionals everywhere – the kind of collaboration that had
been derailed time and time again earlier in the century.
There had been 11 international sanitary conferences in
Europe between 1851 and 1903. In 1907, delegates from
12 states signed the Rome Agreement for the creation
of the Office international d’hygiène publique (OIHP)
(International Office of Public Hygiene). It was to moni-
tor global health and deal with public health emergencies.
The activities of the OIHP were suspended at the out-
break of World War I, and then resumed functioning until
the end of World War II. World War II brought in its wake
horrific epidemics of typhus and other diseases. It was
estimated that the 1918 influenza pandemic took over
20million human lives. Plans for a single organization
under the auspices of the League of Nations collapsed
as World War II broke out. In 1946, an interim com-
mission, formed to prepare for the first World Health
Assembly, was charged with the task of carrying on the
activities of the League of Nations Health Organization
and the United Nations Relief and Rehabilitation Admin-
istration (UNRRA). In the face of vast, urgent, postwar
health problems, it now seemed more realistic to envisage
great collective benefits from the ‘‘immense progress
[that the war had brought] in the fields of science and
technology as applied to medicine’’ (World Health
Organization, 1947).

From the outset, delegates expressed the aim to deal
not only with the most negative aspects of health but also
with all the factors that influence it, such as poverty,
malnutrition, and war, in order to achieve positive good
health. The delegates were in agreement that combating
disease and infirmity while also seeking to achieve the
highest attainable levels of positive health would require
promoting higher standards of living, better nutrition,
access to medical care for all, and universal health insur-
ance. These tasks, they further agreed, should be under-
taken on a global scale never before envisaged, and access
to all needed measures should be considered a right for all
men, women, and children everywhere.

Each of the five physicians who took the lead in pre-
paring initial drafts for the new organization’s constitu-
tion, which was distributed to the group on March 19–20,
1946, had long experience with domestic and interna-
tional public health. They were France’s foremost public
health officials, André Cavaillon and Xavier Leclainche;
Great Britain’s Chief Medical Officer, Sir Wilson Jameson,
called the ‘architect of national health’; U.S. Surgeon Gen-
eral Thomas Parran, a specialist on rural sanitation and
communicable disease; and Yugoslavia’s Andrija Štampar,
who had founded the School of Public Health in Zagreb
before World War II with a grant from the Rockefeller
Foundation, spent the war years imprisoned by the Nazis,
and was now dean of Zagreb’s medical school.
The five drafters met in consultation with the other
members of the Preparatory Committee. They devoted
long sessions to set forth aims for the new organization
and offer perspectives on health to be expressed in a
constitution. They wanted the preamble to cast the widest
possible role for the new health organization. To be polit-
ically independent in seeking to achieve its aims, it would
have to be set up as an independent agency; but its work
should relate to the central aims of the United Nations,
and above all to peace and security, an aim specifically
mentioned in the U.S., French, and Yugoslav drafts.

Dr. Štampar traced the historical background of inter-
national efforts leading up to the decision to form WHO.
Gradually, he pointed out:

the work was extended from the negative aspects of public

health – vaccination and other specific means of combat-

ing infection – to positive aspects, i.e., the improvement of

public health by better food, physical education, medical

care, health insurance, etc. (Štampar, n.d.)

Unlike the work done by previous international health
organizations, each of the drafts stressed that WHO
should address mental health, not only physical health.
The British draft specified, in the section on the organi-
zation’s scope and functions, that ‘‘[i]t should be made
clear that health includes mental health.’’ The U.S. draft
held that the new organization’s purpose would be to
‘‘improve the physical and mental health of all peo-
ples through international cooperation and mutual assis-
tance.’’ The purpose set forth in the French draft,
likewise, was that ‘‘of protecting and improving, with
the cooperation of all concerned, the physical and mental
health of the inhabitants of every country of the
globe.’’ Only the Yugoslav draft, however, written by
Dr. Štampar, provided an explicit definition of health in
its preamble:

Health is not only the absence of infirmity and disease but

also a state of physical and mental well-being and fitness

resulting from positive factors, such as adequate feeding,

housing, and training.

By the time the subcommittee submitted a joint draft
of the preamble on March 21, the Yugoslav formulation,
including the definition, had been adopted and somewhat
revised, and the word ‘social’ made its first appearance:
‘‘Health is not only the absence of infirmity or disease but
also a state of physical fitness and mental and social well-
being.’’ Finally, when the constitution as a whole was
submitted, the same day, there was further editing of the
definition, coming close to the definition finally adopted.
But the word ‘complete’ was still nowhere in sight:
‘‘Health is a state of physical fitness and of mental and
social well-being, not only the absence of infirmity or
disease.’’ The term ‘complete’ was first brought into the
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definition of health during the June–July 1946 International
Health Conference.

It was surely important for states to express the sense of
a new beginning for humankind and to link the pursuit of
health to that of peace, happiness, and security, in accor-
dance with the United Nations Charter. But where the
Preamble to the UN Charter speaks of ends, or aims, the
WHO Preamble adopted in 1946 introduced a seemingly
empirical (and, on its face, counterintuitive) claim that the
nine principles, including the first, defining health as
complete well-being, are basic to the happiness, harmoni-
ous relations, and security of all peoples.
Health, Well-Being, and Happiness

When the delegates to the 1946 June–July conference in
New York specified that they aimed to define health
positively and broadly, not negatively or narrowly as the
absence of disease or infirmity, they could draw on long-
standing understandings of health. Beginning with the
most ancient traditions of medicine, it has been known
that thriving is more than not suffering from identifiable
ailments, and that the positive side is harder to describe, to
put into words, than the negative one. There was nothing
new about linking the aim of combating disease and infir-
mity on the one hand and encouraging positive forms
of well-being on the other. Between 540–250 BC, the Hip-
pocratic texts in Greece concerned not only particular
diseases and symptoms but also advice regarding health-
promoting ways of living ( Jones et al., 1923). In the fourth
century AD, Aristotle referred to health as one of the
factors contributing to a state of well-being, flourishing,
or happiness (eudaimonia). And in India around the same
period, the Caraka Samhita, containing the oldest known
Ayurvedic writings, held that ‘‘[h]ealth is the supreme
foundation of virtue, wealth, enjoyment, and salvation.
Diseases are the destroyers of health, of the good of life,
and even of life itself.’’ But in spite of underscoring such
links, no earlier thinkers had claimed that complete health
was indispensable to human thriving or well-being.

Likewise, envisioning health as a state of complete
well-being has long antecedents. It posits as possible in
the here-and-now a state similar to that of the Golden Age
familiar from many ancient civilizations: a period in which
individuals were free from illness, death, and all other
evils. One of the earliest Greek poets, Hesiod, spoke of a
time when men had lived on Earth ‘‘without evils, hard
toil, and grievous disease.’’ But then Pandora’s curiosity
and greed led her to raise the lid of a box out of which
flew ‘‘thousands of miseries [that now] roam among men;
the land is full of evils and full is the sea’’ (Hesoid). The
historian of medicine Owsei Temkin (1973) points to the
story of Pandora as reflecting views that were common
among archaic cultures and are still to be found today:
that disease was imposed on human beings by gods or
other supernatural forces as punishment for some trespass
or sin or wrongdoing, or else as resulting from malevolent
spirits or sorcerers aiming to inflict suffering.

Alongside the view of a past Golden Age have been
conceptions of a future period devoid of suffering, includ-
ing illness – either in heaven or paradise after death for
those deserving such felicity, or in some earthly utopia.
Sir Thomas More wrote, in his Utopia, about the pleasure
of ‘lively’ or ‘perfect’ health, entirely free from all admix-
ture of pain:

almost all the Utopians reckon it the foundation and basis

of all other joys of life; since this alone makes the state of

life easy and desirable; and when this is wanting, a man is

really capable of no other pleasure. (More, 1519: 52)

Golden Ages and utopias apart, however, identifying
well-being as the enjoyment of such complete or perfect
health clashes with what most people ordinarily think of
as health. As with efforts to define many other abstract
terms such as ‘happiness,’ ‘suffering,’ ‘love,’ or ‘violence,’
there are no agreed-upon rules for defining any of them;
no established criteria for when they do and do not apply
to particular circumstances (Searle, 1970; Bok, 1999). The
same is true of ‘health’ and of ‘well-being.’ Such abstract
terms of universal scope provide ideal vessels into which
people can place quite different, sometimes clashing, sorts
of content.

It is no wonder, given the vast consequences that
adopting one definition of health or well-being rather
than another can have for individual lives and for institu-
tions, that some should wish to single out what alone con-
stitutes its ‘perfect’ or ‘complete’ form. In so doing, they
redefine the term at issue as different from how it is ordi-
narily understood. The same is true when it comes to, for
example, complete or perfect happiness (or love, courage,
and other valued states). Such definitions are often called
‘persuasive’ definitions (Stevenson, 1950; Halldén, 1960).

Because people over the millennia have expressed so
many clashing views about just what constitutes well-
being, qualifying the term by the adjective ‘complete’
serves to multiply the occasions for confusion and misun-
derstanding, the more so as ‘complete’ can be understood
in two incompatible senses: an all-or-nothing sense and
one that admits of degrees. Most meanings of ‘complete’
that dictionaries specify are of the first kind: something
either is or is not complete, entire, concluded, ended, or
thorough, consummate, perfect. There are no degrees, no
levels of completeness in this sense of the word. We speak
of complete disarmament, for example, of the complete
works of an author, or of a plant with complete parts. The
second sense of ‘complete’ does admit of qualification by
terms such as ‘more’ or ‘most,’ and thus also of compar-
isons, perhaps measurements. It specifies comprehensive-
ness of scope or thoroughness of treatment, as in the claim
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that a book is the ‘most complete’ treatment of a topic, or
that one health insurance scheme offers ‘more complete’
coverage than another. It is a sense rarely referred to by
linguists and frowned upon by some; and the WHO
definition makes no mention of more or less complete
states of health. Even if it did, efforts to compare or
measure greater or lesser degrees of health or well-being
would fail in the absence of some agreed-upon conception
of what ‘complete well-being’ itself might be.

To redefine ‘health’ as ‘complete well-being’ in that
sense of the term would not only be unsuitable for the
purposes of measuring and comparing states of health; it
would also leave us with a ‘null set’ of persons as actually
possessing health. Most people who take themselves to be
healthy are surely aware of a variety of minor allergies,
aches and pains, mood swings, digestive ups and downs.
They would not qualify as exhibiting complete well-being
in this sense. Not even seemingly thriving persons with-
out any diseases or impairments could be known to pos-
sess complete physical well-being in this sense, much less
mental or social well-being. Even if someone did achieve
such a state of complete health, it would be short-lived;
and there would be no chance of finding members of any
group, let alone inhabitants of a society or a region,
enjoying such a felicitous state simultaneously.

Aristotle (n.d.: 1098a) spoke of completeness in this
first, all-or-nothing, sense when he held that we can
only evaluate a life from the point of view of well-being
or happiness after it is over:

Therefore, the human good turns out to be the soul’s

activity that expresses virtue. . .. Moreover, it will be in

a complete life. For one swallow does not make a spring,

nor does one day; nor, similarly, does one day or a short

time make us blessed and happy.

The completeness of a life, in this sense, had nothing to
do with its length. A life either was or was not complete,
regardless of how long or short it had been. Aristotle
referred to Solon’s reputed reply to King Croesus boast-
ing of his wealth and asking whether he was not the
happiest among men: ‘‘Until he is dead, do not yet call a
man happy but only lucky.’’ Nor did Aristotle claim that
well-being or happiness in its own right could somehow
be characterized as complete. On the contrary, he listed a
number of factors, such as good health, income, and
friendship, that could contribute to the likelihood of
achieving or enhancing the ‘‘soul’s activity that expresses
virtue.’’

Today, psychologists, economists, and sociologists
explore the degree to which factors such as health,
income, employment, and marital status contribute to
people’s ‘subjective well-being.’ No more than Aristotle,
however, do they inquire about a state of complete well-
being, much less define health in such terms. Instead,
investigators ask individuals how happy or satisfied they
are with their lives, their work, their health, and other
factors, often using qualifying expressions such as ‘on the
whole’ or ‘in most ways’ (Diener, 2000).

Other researchers explore criteria they take to provide
objective evaluations of well-being – again, without
attempting to measure complete well-being. It is the
more difficult to arrive at agreement about such evalua-
tions, however, because the term ‘well-being’ is differently
used in different disciplines. Whereas economists often
address well-being in terms of preference satisfaction,
philosophers inquire into its relationship to happiness
and, with psychologists, ask how it may be enhanced or
diminished by factors such as wealth, friendship, and
health. In medicine, many take well-being – or being
well – to refer primarily to health; but it is also the focus
of controversies regarding health promotion (Downie
et al., 1990; Seedhouse, 1995).

The inclusion of the term ‘complete’ to qualify ‘well-
being’ in the WHO definition of health complicates, in
turn, efforts to understand the three different forms of
well-being included in the WHO definition – physical,
mental, and social. How are these to be specified, com-
pared, measured?

To begin with, it is hardly problematic to link physical
and mental well-being apart from the question of com-
pleteness. And to speak generally of estimating degrees to
which both forms of well-being obtain, in individuals as in
populations, is surely commonplace. Nevertheless, con-
troversies continue about how to measure different
aspects of physical and mental health; how to compare
them among individuals, groups, and societies; and about
whether the measurements and comparisons can be for-
mulated in any useful way in terms of well-being. The
occasions for misunderstanding arising from these con-
troversies, and for errors and abuses in health care as a
result, are multiplied to the extent that the term ‘com-
plete’ is taken seriously in the context of physical and
mental health. Without being clear about such a distinc-
tion, the notion of ‘complete physical and mental well-
being’ raises legitimate concerns about medicalizing all of
human experience.

All these problems are greater still when it comes to
the complete social well-being envisaged, first in the
Yugoslav draft of the WHO definition, and then adopted
as part of the Constitution in July 1946. We need only
look at totalitarian societies, or at any society in which
members of one gender, religious orientation, political
party, or ethnic background have lain down the rules for
what is and is not social well-being, to see the risks
involved – as in the Soviet mental hospitals in which
dissidents were imprisoned, classified as ‘mentally ill.’
Regardless of such extreme abuses, we have learned how
common it is to look at individuals as maladjusted or less
than fully adjusted from a social point of view – otherwise
bright and healthy school children, say, that teachers view
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as unwilling to learn, uncooperative, loners; or recalci-
trant employees, perhaps labor organizers, or persons with
unusual dietary or other preferences.

Those who prepared the drafts for the WHO Constitu-
tion, and especially Andrija Štampar, the Yugoslav delegate,
drew on the views of Henry Sigerist, a Johns Hopkins
historian of medicine and close friend of Štampar’s. Sigerist
(1941, 1943) had long stressed the social, as well as the
physical and mental dimensions of health, the priority that
should be given to preventive health measures, and the
controlling role of the state in enforcing these. A healthy
individual, he had written, ‘‘is a man who is well balanced
bodily and mentally, and well-adjusted to his physical and
social environment. He is in full control of his physical
and mental faculties. /. . ./ [and] contributes to the welfare
of society according to his ability. Health is therefore not
simply the absence of disease; it is something positive,
a joyful attitude towards life, and a cheerful acceptance
of the responsibilities that life puts on the individual’’
(Sigerist, 1941).

Inevitably, Sigerist’s claims about the healthy individ-
ual and the echoes of these claims in the WHO definition
invite questions: Are persons who are not well-adjusted to
their physical and social environment or who do not
contribute to the welfare of society somehow to be
thought of as less healthy? What of social environments
in which ‘social drinking’ to the point of inebriation is the
norm, and seen as healthy? Or in which provisions for
reproductive health, seen as necessary in many other
societies, are outlawed on social and religious grounds as
unhealthy? And what about individuals who claim to
prefer conditions, such as deafness, that others view as
infirmities?
Proposals for Alternative Definitions

By 1948, when WHO was established as a specialized UN
agency after sufficient Member States had accepted its
Constitution, cooperation turned out to be much more
difficult than first anticipated. The underlying tensions
between East and West had intensified. And, even apart
from such tensions, it had become clear that the aims
stated in the Constitution’s Preamble were not achievable
together: that the costs of prevention, research, and cura-
tive health care would often have to be weighed against
one another; and that societies could allocate greater
resources to health only by making sacrifices elsewhere,
say with respect to education, housing, or defense. Over
the ensuing decades, controversies have continued to
mount over access to health care, priorities for resource
allocation, and the responsibilities of richer societies with
respect to populations beset by malnutrition, violence,
and pandemics such as HIV/AIDS. At the same time,
the advent of life-prolonging technologies and drugs,
along with efforts at health enhancement through phar-
maceuticals, surgery, and genetic manipulation, have
raised new questions about how to interpret ‘‘the highest
attainable standard of health’’ that the Preamble’s second
principle sets forth as a fundamental right.

The process of reconsidering the WHO definition in
the light of such considerations began early and has
continued to this day. In 1973, Daniel Callahan surveyed
the many existing critiques of the definition, and con-
cluded that while some minimal level of health is required
if there is to be any chance of human happiness, ‘‘one can
be healthy without being in a state of ‘complete physical,
mental, and social well-being.’ ’’ What would his own
definition of health be? Having submitted the WHO
definition to ruthless pruning, he retained only the terse
statement ‘‘Health is a state of physical well-being’’ (1973:
87). It matters, in this regard, to distinguish between
defining and contributing factors. A variety of factors,
including hereditary and environmental ones, contribute
to health. This should not be thought to imply that they
define health; Callahan’s objection rightly cautions against
such a leap. For instance, most critics who agree with him
that ‘social well-being’ does not belong in an acceptable
definition of health would nevertheless acknowledge that
factors such as supportive family, community, and work-
related social networks contribute strongly to individual
as well as to population health.

Christopher Boorse, a few years later, took further
distance from the WHO definition. He eliminated the
term ‘well-being’ and rejected the view that a definition
of health should include positive health. Instead, he used a
biomedical definition of health as ‘the absence of disease.’
Stressing the importance of defining health in nonnorma-
tive terms, he saw it as ‘‘normal functioning, where
the normality is statistical and the functions biological’’
(1977: 524).

Leon Kass, in 1981, was equally dismissive of theWHO
definition:

For complete mental well-being – not to speak of the

more ambiguous social well-being, which will certainly

mean different things to Pope Paul, President Ford, and

Chairman Mao – goes well beyond the province of sanity,

depending as it does on the successful and satisfying

exercise of intelligence, awareness, imagination, pru-

dence, good sense, and fellow feeling, for whose cultiva-

tion medicine can do little. (1981: 5–6)

Kass suggested three alternative definitions of health:

Health . . . is a state of being that reveals itself in activity

as a standard of bodily excellence or fitness, relative to

each species and to some extent to individuals, recogniz-

able if not definable and to some extent attainable. If you

prefer a more simple formulation, I would say that health

is ‘‘the well-working of the organism as a whole’’ or again
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‘‘an activity of the living organism in accordance with its

specific excellences.’’ (1981: 18)

Norman Daniels, in 1985, adopted Boorse’s ‘‘narrow, if
not uncontroversial biomedical model,’’ modifying it
somewhat:

health is the absence of disease, and diseases (I include

deformities and disabilities that result from trauma) are

deviations from the natural functional organization of a

typical member of a species. (1985: 28)

He rejected the WHO definition, viewing health as an
idealized level of well-being, as overmedicalizing social
philosophy.

In 2001, Lennart Nordenfelt, while arguing that the
WHO definition had gone too far in specifying ‘‘optimal
physical, mental, and social well-being,’’ proposed an
alternative definition of ‘complete health’ that leaves out
the terms ‘social’ and ‘well-being,’ even as it provides a
more flexible but correspondingly more diffuse context
for the term ‘complete’:

A person is in a state of complete health, if and only if this

person is in a physical and mental state such that he or she

is able to realize all his or her vital goals, given a set of

accepted circumstances. (1999: 72)

Callahan, three decades after his first article on the
WHO definition, reiterated his critique of it as having
opened the way to turning all human problems into med-
ical problems by encompassing ‘social well-being.’ His
new definition expanded on his earlier one in several
ways. It brought back an echo of the WHO reference to
mental as well as physical well-being, even as it left out
the term ‘complete.’ Like Nordenfelt’s definition, it
included a mention of ‘vital goals’:

By health I mean a person’s experience of well-being and

an integrity of body and mind, the ability to pursue his or

her vital goals, and to function in ordinary social and work

contexts. . .. Health is no less characterized by the absence

of significant pain, suffering, and harmful disease.

(2003: 87)

Yet Callahan’s new definition appears vulnerable to his
own previous objection to the all-inclusive WHO defini-
tion. Can one not be healthy without possessing ‘integrity
of body and mind’? The same goes for being able to pursue
one’s vital goals. Depending on what those goals are,
many may be constrained by age, temperament, finances,
or family circumstances from pursuing their vital goals
even though their health remains robust. In reply,
Callahan might suggest that this all depends on how one
defines ‘integrity of body and mind’ or ‘vital goals.’ The
debate over such terms is definitely worth pursuing; but it
is not clear that it will be of practical use in defining
health.
Article 12.1 of the International Covenant on Eco-
nomic, Social, and Cultural Rights, adopted in 1966 and
entering into force in 1976, clearly draws on the WHO
definition, but departs from it in important ways. It offers
no explicit definition of health; and in speaking of a right
to health, does not bring in the terms ‘complete,’ ‘well-
being,’ or ‘social.’ The Article holds that ‘‘[t]he States
Parties to the present Covenant recognize the right of
everyone to the highest attainable standard of physical
and mental health.’’ The General Comment on the imple-
mentation of Article 12, in 2000, specified that the com-
mittee drafting Article 12.1 did not adopt the WHO
definition of health. The Comment goes on to point out,
however, that the express wording of 12.2 ‘‘acknowledges
that the right to health embraces a wide range of socio-
economic factors that promote conditions in which people
can lead a healthy life.’’ It then elaborates the role that
availability, accessibility, and other factors should play in
determining how to conceive of the highest attainable
standard.

In a 2003 survey of the literature on definitions of
health, Joshua Salomon and colleagues have pointed to
the considerable consensus on several matters: that health
is a separate concept from well-being; that any attempts to
measure health must include measures of body and mind
function; and that health is an ‘‘attribute of an individual
person although aggregate measures of health may be
used to describe populations.’’ If health were defined
broadly as well-being, they suggest, the health system,
including health ministries, would have to be seen as
responsible for all areas of human activity.

Apart from critiques of the WHO definition and pro-
posals for alternative definitions, there have been many
attempts within WHO to revise the organization’s defini-
tion. As late as 1998, an effort was made to modify the
rigidity of the notion of health as a state of well-being in
that definition, by inserting the word ‘dynamic.’ It was
also suggested that, instead of the three domains of
health, a fourth should be added – ‘spiritual.’ The defini-
tion thus altered was to read: ‘‘Health is a dynamic state of
complete physical, mental, spiritual and social well-being
and not merely the absence of disease and infirmity’’
(Sein, 2002).

The proposed changes were at first adopted by the
Executive Board. But in May 1999, a committee of the
World Health Assembly decided, after lengthy discussion,
not to consider any proposed amendments to the WHO
Constitution, including the above changes. Adding the
two terms ‘dynamic’ and ‘spiritual’ only augmented the
existing problems of interpreting the controversial terms
contained in the definition. While changes have been
made elsewhere in theWHOConstitution, no suggestions
for altering the definition itself have been accepted, and in
1999, all further changes were tabled, pending continued
discussion (WHO, 2001).
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Conclusion

If looked at strictly as a historical document, the definition
can function both as inspiration and as a cautionary
example. It can offer a much-needed reminder of the
hopes present at the founding of WHO for all that nations
could do together to improve health around the world; but
it can remind us, too, of the shortfalls in practice, given
such aspirations, and the abuses that can slip in, some-
times disguised by innocuous-sounding terms such as
‘social,’ when associated with the inspirational aspects of
the terms ‘complete’ and ‘well-being.’ But it is a mistake to
reintroduce the definition, as it now stands, without qua-
lifications, into WHO and other resolutions as if it served
more practical purposes. Ringing endorsements, as when
delegates to the Conference that adopted the 1978 Dec-
laration of Alma Ata ‘‘strongly reaffirmed’’ the definition
in its entirety as a fundamental human right, only serve to
prolong the confusions and conflicts the definition has
generated.

Instead, vigilance is needed with respect to each of the
terms, and above all with respect to ‘complete.’ That term
affects every other term and facilitates misjudgments and
abuses. It is equally important to be wary of health mea-
sures to implement ‘social well-being.’ True, a benevolent
social system, fully respectful of human rights, might
encourage such well-being without coercion and misjudg-
ment, but experience offers too many examples of abuses
even in democratic states andwell-run health-care systems.

Seen as a strictly historical document, the definition
can be left intact even as those who carry out the practical
work of WHO can continue to rely on more down-to-
earth and broadly shared understandings of basic health
needs and to carry out measurements and assessments for
policy-making purposes. It will never be possible to mea-
sure anything, in practice, as a shortfall from complete
well-being of any kind; and there are special dangers in
attempting to do so with respect to complete social well-
being. At the same time, it has long been evident that
there is no need for any inspirational definition of health
in order to measure, for instance, infant mortality or to
project life expectancies.

Once it is clear that the WHO definition should be
seen as a historical document and respected as such, but
not be made to serve operational purposes, learning from
the debates that it has engendered will be possible: to seek
to understand how individuals from antiquity on have
reflected on life and death, illness and health, thriving
and failing to thrive, and on what enhances and diminishes
human well-being and happiness; and to consider how
people, including those first drafters of the WHO Consti-
tution, have struggled to formulate what they regard as
most important. In turn, we can then see more clearly how
the WHO definition, and the Constitution, can provide
historical background against which to examine conflicts
that have become more evident in recent centuries: con-
flicts, for example, having to do with the role of the
pharmaceutical industry and other vested interests, med-
icalization, health ‘enhancement,’ allocation for preven-
tion, therapy, research, and palliative care, and global,
societal, and intergroup health inequities.
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Historical Perspective

Alexander Kinnier Wilson, an American-born neurologist
working in Great Britain in 1912, first described pro-
gressive lenticular degeneration. He described four cases
of a rare, familial, progressive, and invariably fatal disease
involving young patients manifested by involuntarymove-
ments, spasticity, dysphagia, dysarthria, and psychiatric
symptoms (Wilson, 1912). The disorder is characterized
by bilateral and symmetrical softening of the lenticular
nucleus and by cirrhosis of the liver. Wilson remarked
that the disease is likely to be due to ‘‘a toxin associated
with the hepatic cirrhosis and generated in connexion
therewith.’’

The first description of a patient with Wilson’s disease
(WD) was presented in the treatise by Frerichs in 1860
in a child with clinical and pathological features iden-
tical to those later described by Wilson (N. Gitlin, 1998).
Rumpel first made the relationship between excess copper
and the liver in 1913 (Loudianos and Gitlin, 1991). In
1929, Vogt and then Haurowitz and Glazebrook reported
on the excess of copper in the brain and liver of patients
dying fromWD (Stremmel  et al., 1991). The excess copper
in the cornea, or Kayser Fleischer ring was demonstrated
by Policard et al . in 1936 (Kayser, 1902; Stremmel et al.,
1991). Finally, Bennetts and Chapman make the relation-
ship between copper metabolism abnormalities and WD
after the demonstration of excessive urinary copper
excretion.
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Sternlieb and Gitlin made the finding of an almost
universal low level of ceruloplasmin in the sera of patients
with WD in 1952 (Sternlieb, 1980). This then permitted
the diagnosis of as yet asymptomatic patients and estab-
lished an objective method for confirming the clinical
impression of the disease.

The genetic basis for WD is linked to one of the
transport proteins. The genetic abnormality was linked
to the long arm of chromosome 13 by the identification
of the association of Wilson’s disease with esterase
D deficiency in an Arab inbred family (Bowcock et al .,
1987). Subsequent analysis revealed a defect in a P-type
ATPase involved in the transport of copper across
the trans-Golgi and into transport vesicles. Since then,
more than 100 mutations of the ATP7B gene have
been identified, which has permitted work on the
genotype–phenotype correlation and prenatal screening
(Adachi et al., 1997; Riordan and Williams, 2001).

Copper Metabolism and the
Pathophysiology of Wilson’s Disease

Copper is an essential metal for the function of a variety of
enzymes. Trace amounts of copper are required for enzy-
matic reactions involving connective tissue (lysyl oxidase),
free radical scavenging (superoxide dismutase), electron
transfer (cytochrome c oxidase), pigment production
(tyrosinase), and neurotransmission (monamine oxidase)
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(Stremmel et al., 1991; N. Gitlin, 1998). It is also involved
in connective tissue formation (lysyl oxidase) and iron
homeostasis.

Foods rich in copper include chocolate, nuts, and shell-
fish. The average daily intake of copper from the gastroin-
testinal tract is 1.5–5mg/day, with the majority of copper
absorbed in the stomach and the duodenum. Excess copper
intake induces the production of a metallothionein in the
enterocyte that captures copper. This allows the safe dis-
posal of excess copper through normal shedding of senes-
cent cells (Sternlieb, 1980; Loudianos and Gitlin, 1991).

Copper is taken up by albumin and the liver has a high
affinity for copper-bound albumin. More than 90% of the
copper bound to albumin is present in the liver within a
short period after absorption. In the hepatocytes, copper is
bound to a thiol-rich cytosolic protein and to specific
copper enzymes. Copper is also incorporated into apo-
ceruloplasmin, which has the ability to bind copper atoms.
Holoceruloplasmin is a ceruloplasmin protein with a full
complement of copper bound to the metal-binding motifs.
The incorporation of copper into apo-ceruloplasmin de-
pends on the action of a P-type ATPase that is located in
the trans-Golgi and termed ATP7B (Danks, 1991; Gollan
and Gollan, 1998). The protein has six metal-binding
motifs in its N-terminal domain. This protein directs the
incorporation of copper into both apo-ceruloplasmin and
the lysosomes. The copper-rich ceruloplasmin is then
released in the circulation with about 10% of the copper
in the body bound to it. The only physiologic route of
copper egress is through biliary secretion. Mutations in
this protein product are presumed to result in abnormal
accumulation of copper in the liver and an inability of the
cell to direct and mobilize the metal. The low ceruloplas-
min level is presumed to be caused by rapid intracellular
and extracellular degradation of apoceruloplasmin (Riely,
1984b; Brewer and Yuzbasiyan-Gurkan, 1992; Lazaridis
and Kamath, 1997; Zucker and Flieder, 1997).

The ATP7B protein is expressed in the trans-Golgi
network. It transports copper into the secretory pathway
for subsequent incorporation into ceruloplasmin and into
a vesicular compartment near the canalicular membrane.
The copper in the vesicular compartment is excreted into
bile and the ATP7B is redistributed back to the Golgi.

The mechanism of copper incorporation into the
ATP7B ATPase depends on the function of cupropro-
teins, which act as chaperon proteins for trafficking of intra-
cellular copper. Themutations inATP7B result in abnormal
interaction between the ATPase and the chaperon proteins
and result in accumulation of copper in the cytoplasm
(Brewer and Yuzbasiyan-Gurkan, 1992; Payne et al., 1998).
Ceruloplasmin

Ceruloplasmin is a multi-copper oxidase involved in
the oxidation of selected substrates. It is abundant in
the serum and contains a substantial proportion of copper
in plasma. The synthesis of holoceruloplasmin occurs in
the hepatocyte, and the half-life of the protein is esti-
mated to be 5 days. Ceruloplasmin is an acute-phase
reactant and its level increases in cases of inflammation,
infection, and trauma. About 10% of the synthesized
ceruloplasmin is secreted from the liver without copper
and is degraded rapidly with a half-life of approximately
5 hours.

Low ceruloplasmin level occurs in WD and in hetero-
zygote patients with aceruloplasminemia. In this later
category, there is no associated abnormal copper-related
liver pathology. The hepatocytes have, however, a marked
increase in iron content ( J.D. Gitlin, 1998). Other cases of
low ceruloplasmin occur in newborns, infants in the first
6months of life, patients suffering from protein-losing
enteropathy, and patients with liver cirrhosis of other
causes (Sokol et al., 1994).
Clinical Aspects

The original description by Wilson emphasized the neu-
rological aspects of the disease. Since then, it has become
clear that the neurological manifestations occur in late
stages and reflect the accumulation of copper after the
liver has been saturated. Neurological manifestations of
the disease invariably follow liver involvement, even if it
were a silent and unrecognized disease.

It is important to consider the diagnosis in patients
who have little if any evidence of the disorder and present
with subtle and nonspecific manifestations. A high index
of suspicion forWD should be considered in the following
circumstances, especially in adolescents and young adults
under the age of 40:

. Patients with elevation of liver enzymes found
incidentally or in the context of an acute hepatitis
episode;

. Patients with dysphagia and dysarthria that is not
explained by other neurological disorders;

. Patients with tremors and movement disorders;

. Patients with psychiatric symptoms and liver disease;

. Adolescents with mood disorders and minor elevations
of liver tests;

. Patients with Coombs-negative hemolytic anemia;

. Patients with liver cirrhosis;

. Patients with fulminant hepatic failure.

Liver disease is the most frequent initial manifestation
of WD. Overall, it accounts for close to 40% of the newly
diagnosed cases of WD. Neurological manifestations are
the second most likely presenting features. Involvement of
more than one organ system at presentation occurs in a
quarter of the cases.
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Hepatic Aspects

Liver manifestations of WD range from asymptomatic
elevation of enzymes to fulminant hepatic failure (Scott
et al., 1978; Zitelli et al., 1983; Sternlieb, 1984, 1988; Nazer
et al., 1986; Scholsky et al., 1991; Brewer and Yuzbasiyan-
Gurkan, 1992; Sokol et al., 1994; Santos Silva et al., 1996;
J.D. Gitlin, 1998; Kenngott and Bilzer, 1998; Ferlan-Marolt
and Stepec, 1999; Kreymann et al., 1999; Yuce et al., 2000). In
fact, WD can mimic a variety of liver conditions, including
autoimmune hepatitis, steatosis with or without hepatitis,
cirrhosis, and fulminant hepatic failure. A significant pro-
portion of patients present between 3 and 18 years of age
and, therefore, WD presentation is a pediatric one. A recent
report of a 3-year-old childwith acute hepatitis presentation
show that WD can present in the preschool years (Wilson
et al., 2000). Therefore, any child with liver disease manifes-
tation after age 3 should be screened for WD. Patients are
also diagnosed by screening when a family member is iden-
tified. Hepatic manifestations ofWD occur at a younger age
than manifestations of other organ systems. As Table 1
Table 1 Spectrum of clinical manifestations

Hepatic

Acute liver failure
Chronic active hepatitis

Steatosis

Cholestasis

Cirrhosis
Cholelithiasis

Ascites

Portal hypertension

Neurological
Ataxia

Dysarthria

Rigidity

Seizures
Spasticity

Tremors

Hematological
Hemolytic anemia

Coagulopathy

Thrombocytopenia

Eye
Kayser-Fleischer rings

Sunflower cataracts

Renal

Fanconi syndrome
Acidification defect

Lithiasis

Psychiatric
Dementia

Depression

Schizophrenia

Skeletal
Spasticity

Joint pain

Reproduced from El-Youssef MD (2003) Wilson’s disease. Mayo

Clinic Proceedings 78(9): 1126–1136, with permission from
Dowden Health Media.
shows, in contrast to neurological manifestations, the age
at presentation for hepatic disease occurs in children and
young adolescents a general trend of clinical manifestations
that may be related to variations of disease severity
depending on genetic mutations.

The following are hepatic presenting features of WD:

. Asymptomatic elevation of the liver enzymes found
on routine blood testing; this can be minor elevations
of one to two times the upper limit of normal (Nazer
et al., 1986);

. Bleeding diathesis with subsequent demonstration of
end stage liver disease from cirrhosis, including a first
esophageal variceal bleed;

. Portal hypertension with hypersplenism presenting as a
hematological problem;

. Chronic hepatitis with jaundice and malaise (Scholsky
et al., 1991);

. Acute hepatitis characterized by the sudden onset of
jaundice, hemolysis, anorexia, and fatigue; the episode
lasts 1–2weeks and is often considered of viral etiology;

. Fulminant presentation with severe coagulopathy and
encephalopathy.

Fulminant hepatic failure and hemolysis

Fulminant failure can be the presenting feature of WD
(Sternlieb, 1988; Kenngott and Bilzer, 1998; Yuce et al.,
2000). Often the diagnosis is not entertained until the
presumed viral hepatitis etiology is excluded. This serious
complication can occur suddenly. There are some features
that permit the differentiation of fulminant failure of WD
from other causes: a high level of bilirubin that is out of
proportion to the modest elevations of the transaminases,
evidence of hemolysis, normal or low alkaline phospha-
tase, and an AST:ALT ratio greater than 4. Fulminant
failure is often associated with renal toxicity from excessive
copper egress from dying hepatocytes and is associated
with tubular dysfunction characterized by glycosuria,
hypophosphatemia, and low uric acid. It is noted that
fulminant hepatitis with hemolysis occurs more frequently
in females than in males.

Intravascular hemolysis is an important component of
fulminant WD and is caused by the massive release of
copper from dying hepatocytes. The exact mechanism
that leads to massive necrosis of the liver is unknown
and is presumed to be caused by the accumulation of
large quantities of copper in the lysosomes with sub-
sequent degranulation of proteolytic enzymes and then
cell death (Scott et al., 1978; Zitelli et al., 1983.; Riely,
1984a; Sternlieb, 1984, 1988; De Bont et al., 1985; Nazer
et al., 1986; Saito, 1987; Scholsky et al., 1991; Brewer and
Yuzbasiyan-Gurkan, 1992; Sallie et al., 1992; Sokol et al.,
1994; Santos Silva et al., 1996; Hung et al., 1997; J.D. Gitlin,
1998; Kenngott and Bilzer, 1998; Payne et al., 1998; Ferlan-
Marolt and Stepec, 1999; Graff et al., 1999; Kreymann
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et al., 1999; Pfeil and Lynn 1999; Wilson et al., 2000;
Yuce et al., 2000).

Fulminant failure from WD carries near 100% mor-
tality unless liver transplantation is performed. Therefore,
it is imperative for the clinician to consider WD in the
differential diagnosis of any patient with liver failure and
to promptly consider him or her for transplantation
(Sternlieb, 1988).

Hemolysis is caused by the disruption of the red blood
cell membrane and the depletion of glutathione stores. In
animal models, it appears that the level of free serum
copper will cause hemolysis when it reaches 75 mg/dl
(Sokol et al., 1994; Pfeil and Lynn, 1999).

Chronic hepatitis

WD can present with features that are very similar to
other causes of chronic hepatitis, such as chronic viral
hepatitis, autoimmune hepatitis, or drug-related hepatitis
(Scott et al., 1978). The characteristic feature that would
help distinguish WD from other forms of chronic he-
patitis is the mild elevation of the liver enzymes in com-
parison to the severity of the coagulopathy and to the
pathological findings (Saito, 1987). Another important
feature is the association with renal tubular dysfunction
characterized by low phosphorus and uric acid. Chronic
hepatitis with fibrosis and even cirrhosis can present with
an acute hepatitis episode that leads to the discovery of
chronic liver injury.

Tables 1 and 2 summa rize the c linical findings of WD
from several series. With variations of reporting, not all
findings were uniformly described, hence the differences
in totals.
Table 2 Distribution of clinical manifestations from several

series

Cases/total Percent of cases

Hepatic
Jaundice 236/491 48

Hepatomegaly 103/491 20

Pain 35/327 11

Splenomegaly 114/491 23
Ascites 43/451 9

Coagulopathy 97/491 19

Neurological

Dysarthria 104/367 28
Tremor 86/367 23

Drooling 80/367 21

Gait 63/367 17
Movement disorder 20/276 7

Rigidity 34/316 10

Hematological

Anemia 10/276 3
Hemolysis 19/276 6

Renal 21/276 7

Reproduced from El-Youssef MD (2003) Wilson’s disease. Mayo

Clinic Proceedings 78(9): 1126–1136, with permission from
Dowden Health Media.
Pathology
Pathological features of liver involvement in WD can be
variable. There is no one feature that is pathognomonic
for the diagnosis of WD on liver histology. Even a rhoda-
mine stain for copper is not sufficient to determine the
diagnosis of WD on histological grounds alone. Liver
histology can be indistinguishable from autoimmune
hepatitis, with periportal inflammation, piecemeal necro-
sis, and lobular disarray (Figure 1). These features can be
seen in autoimmune and drug-related hepatitis. Another
feature is steatohepatitis, with inflammation and macro-
vesicular as well as microvesicular steatosis (Figure 2).
The accumulation of fat is presumed to be caused by
oxidative injury to the mitochondria with subsequent
alteration of lipid metabolism. The hepatitis is presumed
to result from lipid peroxidation and generation of reac-
tive species and depletion of glutathione. Again, micro-
vesicular steatosis can be seen in hepatitis C and in other
metabolic liver diseases in children. In fulminant hepati-
tis, massive hepatocyte loss is of course the hallmark of
liver injury. The differential diagnosis must be made with
viral and drug-related hepatitis causes of fulminant fail-
ure. Finally, the liver histology may show significant
fibrosis and/or cirrhosis by the time the patient comes
to medical attention (Figure 3).
Plasma albumin

Other tissues

Urine 
Brain
Eye
Kidney
Enzymes

Wilson’s chromosome 13 
Apo-ceruloplasmin 

Blocked excretion Chromosome 3

Biliary excretion Ceruloplasmin 

Liver
Apo-ceruloplasmin via
chaperone proteins
intracellular transport 

Figure 1 The pathway of copper metabolism. The bar

represents the metabolic abnormality of Wilson’s disease (WD).

In the absence of normal ATP7B, intracellular trafficking of
copper is inadequate, resulting in copper accumulation and

increased degradation of the apo-ceruloplasmin form of the

protein and a subsequent low serum level. Excess copper
eventually saturates the liver as well as other organs.

Reproduced from El-Youssef MD (2003) Wilson’s disease.

Mayo Clinic Proceedings 78(9): 1126–1136, with permission from

Dowden Health Media.



Trans-Golgi network with ATP7B

Incorporation
of Cu into
ApoC

Plasma secretion

Vesicular and canalicular
transport to bile 

Figure 2 Schematic representation of the transport mechanism of copper in the hepatocyte. The metal is transported into the

canalicular membrane with the help of the ATP7B molecule from the trans-Golgi. Copper in the cytosol is incorporated into

apo-ceruloplasmin for transportation to various enzymes and for plasma secretion. In the absence of normal transport, the copper is

not excreted into bile, and ceruloplasmin is rapidly metabolized, leading to low serum levels and copper toxicosis. Reproduced from
El-Youssef MD (2003) Wilson’s disease. Mayo Clinic Proceedings 78(9): 1126–1136, with permission from Dowden Health Media.
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Figure 3 Distribution of hepatic and neurological

manifestations of Wilson’s disease by age. Reproduced from

El-Youssef MD (2003)Wilson’s disease.Mayo Clinic Proceedings

78(9): 1126–1136, with permission from Dowden Health Media.
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Figure 4 Distribution of hepatic presentations of Wilson’s
disease. The graphs show the age-related presentation of WD,

with the hepatic manifestations predominant in the pediatric age

group in contrast to the neurological manifestations after 18
years of age. Equally important is the fact that no single hepatic

presentation predominates at that time. The data are obtained

from a review of several large series. Reproduced from

El-Youssef MD (2003)Wilson’s disease.Mayo Clinic Proceedings
78(9): 1126–1136, with permission from Dowden Health Media.
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Neurologic Aspects

Neurologic manifestations of WD tend to be one of two
presentations. The original description by Wilson empha-
sized the lenticular degeneration aspects of the disease,
and these tend to occur at a younger age (Topaloglu et al.,
1990; Willeit and Kiechl, 1991; Gow et al., 2000). The
pseudosclerosis type of presentation is more common in
adulthood. Lenticular degeneration is associatedwith dys-
tonia and is thought to be less responsive to chelation
therapy, whereas the dysarthria and tremors associated
with the later onset of pseudosclerosis tend to be more
amenable to therapy (Walshe and Yealland, 1992). The
frequency of the neurological presentations is outlined
in Figures 3 an d 4. The frequency of combined dysphagia
and dysarthria warrants prompt evaluation for copper toxi-
cosis in any patient that presents with both dysarthria
and an abnormal oral phase of the swallowing mechanism
(Topaloglu et al., 1990).

Patients may have an exclusive psychiatric presentation.
In up to 20% of patients, psychiatric symptoms dominate.
They range from depression to phobias, compulsive and



Figure 5 Features typical of chronic active hepatitis with portal

inflammation by lymphocytic infiltration and piecemeal necrosis
spilling into the parenchyma beyond the limiting plate. There is

evidence of lobular disarray with hepatocyte cords that seem to

be disrupted. Reproduced from El-Youssef MD (2003) Wilson’s
disease. Mayo Clinic Proceedings 78(9): 1126–1136, with

permission from Dowden Health Media.
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antisocial behaviors, to schizophrenic personality disorder
(Walshe and Yealland, 1992; Giacchino et al., 1997).

In children, the neurological manifestations of the
disease are rare before age 10, with dystonia being the
most common feature. Dysarthria, tremors, dysphagia,
and psychiatric disturbances do occur in the second
decade of life. Insidious dementia manifesting as antiso-
cial behavior, impulsivity, and decreased intellectual per-
formance can be detected with psychometric testing. In
1987, Saito reported on 283 cases of WD, showing that
jaundice was the most frequent presenting symptom. In
order of decreasing frequency, neurological manifesta-
tions were tremors, dysarthria, clumsiness, drooling, and
gait disturbance (Saito, 1987).

Computed tomography is more often abnormal in
symptomatic than asymptomatic patients. It shows ven-
tricular dilatation and hypodense areas from loss of tissue
due to copper toxicity. The affected areas are variable and
may show cortical, brainstem, basal ganglia, and posterior
fossa hypodensity and atrophy. Positron emission tomog-
raphy and magnetic resonance imaging may offer more
specific signal abnormalities as more patients are evalu-
ated with these modalities.

Eye

Yellow-browndiscoloration ofDescemet’s membrane in the
limbic area of the cornea is termed Kayser-Fleischer ring.
Its presence occurs in 98% of patients with neurological
disease and in 80% of all cases ofWD. The accumulation of
copper in this area can be demonstrated best by slit lamp
examination but can be visible to the naked eye as well.
Kayser–Fleischer rings are not pathognomonic for WD but
can be seen in other cases of cholestatic liver disease such as
primary biliary cirrhosis, autoimmune hepatitis, and intra-
hepatic cholestasis associated with prolonged parenteral
nutrition. Sunflower cataracts are greenish-gray and are
seen by ophthalmoscopic examination of the anterior lens.
They usually resolve with chelation therapy (Loudianos
and Gitlin, 1991; Stremmel et al., 1991; N. Gitlin, 1998).

Hematological Aspects

Hepatobiliary bilirubinate stones can be the result of
hemolysis. Hemolysis can be massive in the context of
fulminant failure or as a manifestation of chronic hepatitis
(Figu res 5 and 6 ). Hemo lysi s can be chr onic and isolated
or in combination with portal hypertension and spleno-
megaly. The patient may present initially to the hematol-
ogy service before being recognized as having liver
disease (Rosenfield et al., 1978).

Renal Aspects

Renalmanifestations ofWD involve the glomerulus and the
tubules. There is variable azotemia occurring in as many as
20% of patients. Reduction in the glomerular filtration rate
has been reported to vary from 10 to 14%. From a review of
the literature, it is not clear whether the changes in the
glomerular filtration rate is a primary result of copper
toxicity or is caused by the renal disease associated with
cirrhosis or both (Figure 7). Tubular disease is more clearly
related to copper excess as evidenced by the usual improve-
ment with chelation therapy. The spectrum of tubular dys-
function varies from increased uricosuria to Fanconi
syndrome with aminoaciduria, tubular acidosis, and various
electrolyte abnormalities. These can result in nephrocalci-
nosis. The loss of glucose in the urine can compound the
hypoglycemia of liver failure (Bearn et al., 1957).
Other Aspects

Heart

Cardiomyopathy and congestive heart failure have been
described as well as conduction abnormalities and are



Figure 6 Steatosis and steatohepatitis associated with the

accumulation of fat in a patient with Wilson’s disease. It is
presumed that mitochondrial injury results in disruption of fatty

acid oxidation with resultant lipid accumulation inside the

hepatocytes. Reproduced from El-Youssef MD (2003) Wilson’s
disease. Mayo Clinic Proceedings 78(9): 1126–1136, with

permission from Dowden Health Media.

Figure 7 Established cirrhosis in a patient with Wilson’s

disease. Note the extensive fibrosis bridging from one portal area
to the next. Reproduced from El-Youssef MD (2003) Wilson’s

disease. Mayo Clinic Proceedings 78(9): 1126–1136, with

permission from Dowden Health Media.
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presumably the result of copper excess. Electrocardiogra-
phic changes have shown left ventricular hypertrophy,
premature ventricular contractions, atrial fibrillation, and
sinoatrial block. Pathological examination has shown ven-
tricular fibrosis and dilated cardiomyopathy (Stremmel
et al., 1991).

Endocrine system

Hypoparathyroidism is one complication of WD. The de-
position of copper is one possible explanation. The en-
docrine manifestations of cirrhosis are another cause of
metabolic disturbances that are not necessarily directly
related to copper toxicity. Amenorrhea and testicular atro-
phy appear to result from copper toxicity and not neces-
sarily from cirrhosis (Loudianos and Gitlin, 1991;
Stremmel et al., 1991; N. Gitlin, 1998).

Muscle

Rhabdomyolysis has been described and may be attribu-
ted to the toxicity of copper to mitochondrial function
(Loudianos and Gitlin, 1991; N. Gitlin, 1998).
Bones and joints

Arthritis of the large joints is caused by copper deposition
in the synovium. Osteoporosis and osteochondritis disse-
cans may also occur. Vitamin D-resistant rickets can be
the result of renal dysfunction (N. Gitlin, 1998).
Genetics

Wilson’s disease is an autosomal recessive disorder of
copper metabolism that occurs in 1:30 000 individuals. It is
equally distributed in all ethnic groups and occurs
worldwide.

In 1987, genetic evaluation of an Arab family identified
several members to be suffering from WD and from a
mutation in the red cell enzyme esterase D (Bowcock et al.,
1987). This established the location of WD on chromo-
some 13. Subsequent multi-point linkage analysis identi-
fied the abnormal gene to 13q14-q21. Several groups later
identified the WD gene independently: it consists of a
transcript of 7.5kB expressed primarily in the liver, kidney,
and placenta. It is expressed in other tissues at lower levels.
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The mutations in the WD gene result in a frequency of
1:30 000 persons. The genetic mutation is estimated to
occur in 1:90 persons (Adachi et al., 1997; Loudianos et al.,
1999; Riordan and Williams, 2001).

The gene codes for a trans-Golgi P-type ATP transport
protein. The protein has several metal-binding domains, an
ATP-binding domain, a cation channel, and a phosphoryla-
tion region, and finally a transduction domain. The protein
helps channel copper to the canalicular membrane of
the hepatocyte to allow for the biliary excretion of excess
copper (Figure 8). The copper is also incorporated into
apo-ceruloplasmin for transport to other sites. When
apo-ceruloplasmin is not bound to copper it is degraded
intracellularly.

To date, more than 100 mutations have been detected
(Adachi et al., 1997; Riordan and Williams, 2001). Most
are missense mutations. The most common mutation
involves a Histidine ! Glutamine mutation at position
1069. This mutation is responsible for about 40% of
cases (Kemppainen et al., 1997; Pyeritz, 1997; Ivanova-
Smolenskaya et al., 1999). Whether the variability of the
disease affects the phenotypic expression is subject to
speculation. Some early reports suggest that some muta-
tions are associated with early onset of disease (Petrukhin
et al., 1993; Thomas et al., 1995; Shah et al., 1997). Muta-
tions that result in missense reading seem to cause a slow
and progressive hepatic and neurological deterioration,
whereas mutations that result in lack of protein product
result in early and possibly fulminant hepatic pre-
sentation. On the other hand, variability of presentation
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Figure 8 P-type ATPase that is responsible for the binding and
transport of copper. Note the six copper-binding domains, the

ATP-binding domain, the phosphorylation domain, and the

channel domain. Reproduced from El-Youssef MD (2003)

Wilson’s disease. Mayo Clinic Proceedings 78(9): 1126–1136,
with permission from Dowden Health Media.
occurring in the same family suggests other factors that
are operative in disease manifestation.

The Histidine!Glutamine mutation was studied in a
cell line demonstrating that this mutation results in
abnormal folding of the protein and its misdirection to
the endoplasmic reticulum with subsequent rapid degra-
dation. Therefore, mutations may result in defective pro-
duction, defective folding, defective transport function,
defective intracellular traffic, and defective chaperon pro-
tein interaction (Schaefer et al., 1999; Hamza et al., 2001).

Genetic testing can be used on family members of an
index case. The patient’s DNA is used as a reference to
recognize the disease-carrying chromosome in other
members of the family. Screening of these family mem-
bers using haplotype analysis with closely linked markers
provides precise carrier detection with a 1 to 2% margin
of error. The slow and tedious process of genetic testing
renders it unsuitable for routine detection of ill patients.
The more traditional methods of biochemical testing are
more suitable to identify index cases and to screen family
members. Genetic testing is available at a few research
laboratories (Gaffney et al., 1992; Maier-Dobersberger
et al., 1997). Table 3 illustrates the biochemical abnorm-
alities used for the diagnosis of WD (Perman et al., 1979;
Walshe, 1988; Martins Da Costa et al., 1992; Cauza et al.,
1997).

Although the genetic basis of WD is now established,
the presence of more than 100 mutations renders genetic
testing rather cumbersome, especially in fulminant pre-
sentations. Elevated liver copper occurs in cholestatic
liver disease such as biliary cirrhosis and autoimmune
hepatitis, but other features can help distinguish these
conditions from WD.
Table 3 Biochemical tests for the diagnosis of Wilson’s

disease

Test Wilson’s disease Normal

Ceruloplasmina <20mg/dl 35–55mg/dl

24-h urine

copperb
>100mg <50 mg

Hepatic copper >250mg/g <50 mg/g
Serum copperc <100mg/dl c �100mg/dl
Slit lampd KF ringsd Absent

Brain MRI/CT Atrophy, basal ganglia Normal
Midbrain pons white matter

aValues of ceruloplasmin vary between laboratories. Values are
increased during pregnancy and as an acute phase reactant.

Low in newborns and in patients with aceruloplasminemia and

in protein-losing enteropathies and end-stage liver disease.
b>1600 mg in untreated patients.
cValue increased in fulminant failure to >200 mg/dl.
dPresent in 98% of patients with neurological disease but in only
50% of patients with liver disease.
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Themeasurement of ceruloplasmin using immunoassays
includes both holo-ceruloplasmin and apo-ceruloplasmin.
Ceruloplasmin being an acute phase reactant may have its
value increased during acute illness to levels that would
be considered in the normal range. Thus, up to one-third
of patients with WD may have a normal ceruloplasmin
value. Conditions associated with low ceruloplasmin have
been mentioned in the section titled ‘Ceruloplasmin.’
One point is that cirrhosis from other causes can result in
a low ceruloplasmin value. In this situation, tissue copper
determination may be the only way to determine the
diagnosis of WD.
Therapy and Outcome

The rarity of the disease makes it difficult to conduct
double-blind placebo-controlled studies of sufficient sta-
tistical power to compare one regimen with another. The
myriad presentations of WD make it equally difficult to
measure outcomes in all major areas of presentation:
neurologic, hepatic, and presymptomatic (Walshe, 1996).
D-Penicillamine

Historically, the recognition of the copper-depleting effect
of penicillamine led to its adoption as the first choice
of chelation in treating copper excess. For more than three
decades now, it has been clear that D-penicillamine is
capable of reversing the hepatic, neurologic, and psychiatric
manifestations of the disease in the majority of patients. It
is therefore considered the gold standard of therapy against
which other treatments are measured. Asymptomatic
patients can be treated effectively and indefinitely, provid-
ed they remain compliant. D-Penicillamine is effective in
treating patients with severe liver insufficiency who are free
of encephalopathy (Durand et al., 2001).

Although D-penicillamine is a chelating agent, reports
of fulminant failure occurring in patients who stop the
medication abruptly cast doubt on the ability of the drug
to de-copper the liver. It is possible that the mechanism
of D-penicillamine is multifactorial and may involve in-
duction of intestinal metallothionein and/or act through
complex formation in the cell with excess copper (Walshe
and Dixon, 1986).

The patient takes 1 to 2 g per day in four divided doses
30 minutes before meals. Rapid mobilization of copper
and increased excretion in the urine is expected. Slow and
progressive amelioration of liver enzymes follows, and it
may take up to 1 year for complete resolution of hepatitis.
Likewise, histological improvement occurs in the inflam-
matory changes and less so with the fibrosis and portal
hypertension.

A syndrome of acute neurological deterioration has
been observed after initiation of therapy. This may occur
in as many as 20% of the patients. In this case, the dose
should be reduced to 250mg/day. Pyridoxine supple-
mentation at a dose of 25mg should be initiated since
D-penicillamine has a weak antipyridoxine effect (Van
Caillie-Bertrand et al., 1985; Walshe and Dixon, 1986;
Walshe, 1996; Durand et al., 2001).
Trientine

Triethylene tetramine dihydrochloride is used as an alter-
native therapy for patients who are intolerant to penicilla-
mine (Dubois et al., 1990). Some consider trientine as a
first-choice therapy because of its lower incidence of
adverse effects. The exact mechanism of action is unknown.
The usual dose is 1 to 2 g per day in three divided doses.
Sideroblastic anemia is the major side effect of therapy.
Most of the few but serious side effects of penicillamine,
including nephritis and arthritis, subside with trientine
therapy (Dahlman et al., 1995).
Zinc

Zinc’s principal mode of action is presumed to be the
induction of metallothionein in the intestine and the liver,
thereby sequestering it. Studies have not been able to
address the issue of zinc monotherapy as an effective de-
coppering agent alone since most patients had received
other chelating agents. One study suggests continued accu-
mulation of hepatic copper despite zinc therapy. Zinc
therapy is efficacious in presymptomatic patients, but
more data are needed to address its long-term efficacy.
Zinc can be used after chelation has been achieved and as
monotherapy in the rare patient who develops intolerance
to the both penicillamine and trientine (Brewer et al., 1983;
Hoogenraad, 1998; Brewer, 1999).
Thiomolybdates

Tetrahydromolybdate is an investigational drug and
has not been approved by the FDA. It is considered
particularly suited for the treatment of neurologic mani-
festations of WD because it is not associated with exacer-
bation upon initiation of treatment. It interferes with
copper absorption and binds to plasma copper. One side
effect is bone marrow suppression and another is copper
deficiency (Loudianos and Gitlin, 1991; N. Gitlin, 1998).
Liver Transplantation

Liver transplantation (Zitelli et al., 1983; Sternlieb, 1988)
is critical for the patient with fulminant hepatic failure. In
this setting, the use of living related transplantation results
in copper metabolism that is similar to patients who are
heterozygote genetic carriers, since a parent is often the
donor (Komatsu et al., 2002). It is also recommended for
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cirrhotic patients with end-stage liver disease. It is gener-
ally not recommended for the patient suffering from
neurological disease without significant liver deteriora-
tion. Hepatic manifestations are reversed by liver trans-
plantation. Neurological manifestations of the disease
may or may not reverse with transplantation, but the
number of cases is only anecdotal.

Recently, hepatocyte transplantation was performed in
Long-Evans Cinnamon rats, which model WD perfectly,
with encouraging results showing not only normalization
of histology, an indicator of the potential of transplanted
cells to repopulate and regenerate the liver, but also
biliary excretion of copper was restored to normal (Irani
et al., 2001).
Conclusion

WD has evolved from a uniformly fatal disease to an emi-
nently treatable condition. Our understanding of the dis-
ease has moved from the clinical description to the
biochemical and histological aspects, and finally to genetic
basis of copper metabolism. As always, each advance poses
newquestions and challenges in diagnosis andmanagement.
Wilson’s disease should be considered in the differential
diagnosis of any patient with abnormal liver function tests,
in patients with fulminant hepatic failure, and in patients
with an associated constellation of neurologic, hematologic,
and hepatic disease. It is also important to remember that
the disease is one of children and adolescents, and therefore
the possibility of a serious metabolic cause for a child with
liver disease should consider WD in its differential diagno-
sis. Finally, recognition ofWD in any patient should prompt
the evaluation of the family and genetic counseling. It is
imperative to initiate and maintain treatment of the asymp-
tomatic patient as soon as the diagnosis is made. It is no easy
task to convince a patient in his or her prime to
take relatively unpleasant medication for life when the
symptoms are not even present.

See also: Adolescent Health.
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Table 1 Lifetime prevalence of DSM III psychiatric disorders
Introduction

It is now widely understood that women’s well-being is
multifactorial and is not only determined by biological
factors and reproduction, but also by the effects of poverty,
nutrition, stress, war, migration, and illness. Approaching
mental health problems from a female perspective and
mainstreaming it requires a broad framework of health
for women that addresses mental health throughout the
life cycle and in domains of both physical and mental
health. First, we present evidence demonstrating that
women disproportionately suffer from certain mental dis-
orders and are more frequently subject to social issues that
lead to mental illness and psychosocial distress. Subse-
quently, the article will deal with the nature and types of
mental disorders in women; factors contributing to vul-
nerability; and specific issues such as poverty, migration,
HIV, war, natural disasters, and pregnancy-related psychi-
atric problems. It will also describe landmark studies that
have been conducted in the area and report interventions
that have been attempted with a public health perspective.
by gender

ECAa NCS b

Psychiatric disorder
Men
(%)

Women
(%)

Men
(%)

Women
(%)

Prevalence of any
disorder

36 30 48 50

Schizophrenic

disorders

1.2 1.7 – –

Affective disorders 2.3 5.0 17.5 24.9

Major depression 2.6 7.0 12.9 20

Alcohol abuse and/or

dependence

23.8 4.6 19.6 7.5

Drug abuse and/or

dependence

7.7 4.8 11.6 4.8

Panic disorder 0.99 2.1 3 6.2

Agoraphobia 3.18 7.86 1 1.6
Social phobia 2.53 2.91 11 13

Obsessive compulsive

disorder

2 3 1 2.6

Somatization disorder 0.02 0.23 – –

Antisocial personality 4.5 0.8 – –

aData from Robins LN and Regier DA (1991) Psychiatric Disorders

in America: The Epidemiologic Catchment Area Study.NewYork:
The Free Press.
bData from Kessler RC, Berglund PA, Demler O, et al. (2005)

Lifetime prevalence and age-of-onset distributions of DSM-IV

disorders in the National Comorbidity Survey Replication (NCS-R)
Archives of General Psychiatry 62(6): 593–602.
Sex Differences and Mental Disorders

Which Mental Disorders Are More Common
in Women?

Mental disorders affect women and men differently: some
disorders are more common in women and some express
themselves with different symptoms. Researchers are only
now beginning to tease apart the contribution of various
biological and psychosocial factors to mental health and
mental disorders in both women and men.

The disability-adjusted life year data recently tabu-
lated by the World Bank reflect these differences. Depres-
sive disorders account for close to 30% of the disability
from neuropsychiatric disorders among women, but only
12.6% of that among men. Conversely, alcohol and drug
dependence accounts for 31% of neuropsychiatric dis-
ability among men, but accounts for only 7% of the
disability among women. These patterns for depression
and general psychological distress and substance-abuse
disorders are consistently documented in many quantita-
tive studies carried out in societies throughout the world
(Murray and Lopez, 1996). Table 1 describes the sex
differences in prevalence of various psychiatric disorders.
Clinical Profile of Various Mental Disorders
in Women

Depression

Epidemiological and clinical studies have consistently
documented that depression across different cultures is
about twice as common in women as in men. Research
shows that before adolescence and late in life, females and
males experience depression at about the same frequency.
Because the gender difference in depression is not seen
until after puberty and decreases after menopause, scien-
tists hypothesize that hormonal factors are involved in
women’s greater vulnerability. In addition, the changing
psychological status and role of women in society follow-
ing puberty may place them in a vulnerable position in
times of stress.

The manifestation of depression also tends to be dif-
ferent in women. They very often present with medically
unexplained symptoms including vague aches and pains.
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Though severity has been reported to be similar in both
genders, depression in women has been found to be asso-
ciated with increased functional impairment and rates of
suicide attempts are higher than in men. Women also tend
to have onset of depression at an earlier age and often
become symptomatic in mid-adolescence, while depres-
sion in men usually begins in their twenties. Longitudinal
studies have shown that women develop more recurrent
depression and the individual episodes last longer.
Comorbid medical disorders such as thyroid problems,
migraine, and rheumatologic disorders are particularly
common. In addition, depression in women frequently
coexists with other psychiatric disorders, particularly
panic disorder and simple phobia. Other psychiatric con-
ditions such as eating disorders and personality disorders
are often associated with depression in women and add to
functional impairment and diagnostic problems.

Anxiety disorders

Anxiety disorders include generalized anxiety disorder,
panic disorder, phobias, and posttraumatic stress disorder
(PTSD), with women outnumbering men for each of
these illness categories. Women not only have a higher
risk of developing posttraumatic stress disorders, but they
are also more likely to develop long-term PTSD than
males, with higher rates of co-occurring medical and
psychiatric problems.

Schizophrenia

Schizophrenia is the most chronic and disabling of the
mental disorders, affecting about 1% of women and men
worldwide. The illness typically appears earlier in men,
usually in their late teens or early twenties, while women
are generally affected in their twenties or early thirties.
Thus, schizophrenia starts later in women compared to
men, with a second peak in the menopausal period. The
later age of onset confers some protection to women as
they are usually better socialized and have a better clinical
outcome.

Though the disease is reportedly less severe in women,
they may have more depressive symptoms, paranoia, and
auditory hallucinations than men and tend to respond
better to typical antipsychotic medications. A significant
proportion of women experience increased symptoms
during the postpartum period and may also have significant
problems in bonding with the child. Despite the better
clinical outcome, women with schizophrenia often have
to face higher stigma and face major problems in assimilat-
ing with the mainstream. In addition, they are prone to
abuse – both physical and sexual – which puts them at
further risk for physical and mental health problems. Addi-
tional problems that women with serious mental illness
face include problems related to parenting, sexuality, and
being more prone to drug side effects such as extrapyrami-
dal symptoms, endocrine side effects, and osteoporosis.
Dementias: Alzheimer’s Disease

The main risk factor for developing Alzheimer’s disease
(AD) is increased age. Studies have shown that while the
number of new cases of AD is similar in older adult
women and men, the total number of existing cases is
somewhat higher in women. Possible explanations include
that AD may progress more slowly in women than in men,
that women with AD may survive longer than men with
AD, and that men, in general, do not live as long as women
and die of other causes before AD has a chance to develop.

Caregivers of a person with AD are usually family
members – often wives and daughters. The chronic stress
often associated with the care-giving role can contribute
to mental health problems; indeed, caregivers are much
more likely to suffer from depression than the average
person. Since women in general are at greater risk for
depression than men, female caregivers of people with
AD may be particularly vulnerable to depression.
Suicide

Although men are four times more likely than women
to die by suicide, women report attempting suicide
about two to three times as often as men. Self-inflicted
injury, including suicide, ranks ninth out of the ten lead-
ing causes of disease burden for females worldwide.
A recent study on causes of maternal mortality in the
first year after childbirth in the UK reported suicide as
being the most common reason for death among women
within 1 year of childbirth.
Substance Use

Several studies have reported a marked difference in rates
of all substance use, with men outnumbering women.
However, complications related to substance use such as
alcoholic liver disease, neurological problems including
cognitive deficits, and sexual and reproductive conse-
quences of substance use in women lead to substantial
disability.
What Are the Factors That Contribute to
Increased Vulnerability in Women to
Mental Health Problems?

Life Stress and Mental Health Problems
in Women

Serious adverse life events are clearly implicated in the
onset of depression (Table 2). Most work investigating
the relationship of stressful life events and major depression
has largely or exclusively employed samples of women and
few studies have examined sex differences with regard to
stress and depression. However, initial research in this area



Table 2 Factors that contribute to increased vulnerability

among women

Life stresses

Sexual abuse and coercion

Intimate partner violence

Economic determinants: poverty
Migration

War

Natural disasters

Reproductive health: menstrual cycle, pregnancy, and
menopause

Hormonal and endocrine factors

Gender disadvantage and discrimination
Medical conditions

Self-esteem and body image issues
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has demonstrated that women are three times more likely
than men to experience depression in response to stressful
events. Brown and Harris were among the first to system-
atically describe the relationship of life stress to depression
and subsequent research has confirmed the role of stress in
women’s mental health.

One of the first research studies to look at the role of
social factors in depression in women was published by
George Brown and Tirril Harris in 1978 (Brown and
Harris, 1978). This study, conducted in inner city London,
delineated three important sets of factors in the causation
and manifestation of depression among women. The fac-
tors included vulnerability factors (lack of a confiding and
intimate relationship, three children under the age of 14 at
home, and loss of the mother before the age of 11),
provoking factors (stressful life events), and symptom
formation factors (past history of depression, severe life
event after the onset of depression, and any past loss). The
study was among the first that described a conceptual and
interactive model for the social and personal causes of
depression in women.
Sexual Abuse and Sexual Coercion

Trauma experienced by women such as childhood sexual
abuse, adult sexual assault, and intimate partner violence
also have been consistently linked to higher rates of
depression in women, as well as to other psychiatric
conditions (e.g., posttraumatic stress disorder, eating dis-
orders) and physical illnesses. Features of abuse that
determine the nature and severity of mental health pro-
blems include the duration of exposure to abuse, use of
force, and relationship to the perpetrator. In addition,
cognitive styles such as low self-esteem and even related
appraisals also have an important impact on how women
cope with abusive and traumatic life situations. In the
context of sexual assault, characteristics such as degree
and nature of physical force and perceived fear of death or
injury significantly affect psychological outcome.
Intimate Partner Violence

Depression is also highly prevalent among women who
experience male partner violence, which is often repeti-
tive and concealed. Depression and posttraumatic stress
disorder, which have substantial comorbidity, are the most
prevalent mental health sequelae of intimate partner vio-
lence. Depression in women experiencing intimate part-
ner violence has also been associated with other life
stressors that often accompany domestic violence, such
as younger age at marriage, childhood abuse, daily stres-
sors, many children, coercive sex with an intimate partner,
and negative life events. While some women might have
chronic depression that is exacerbated by the stress of
a violent relationship, there is also evidence that first
episodes of depression can be triggered by such violence.
Though most research focuses on physical and sexual
abuse, the impact of psychological abuse on mental health
is also evident. Most of the data point to the association of
substance use (particularly alcohol use) in women experi-
encing intimate partner violence. Substance use has also
been found to be a sequel to the experience of violence
among women. A postulated explanation of substance use
as an outcome of intimate partner violence is through
posttraumatic stress disorder. Women with posttraumatic
stress disorder might use drugs or alcohol to calm or cope
with the specific groups of symptoms associated with
posttraumatic stress disorder: Intrusion, avoidance, and
hyperarousal. Women can also begin to abuse substances
through their relationships with men or from wanting to
escape the reality of intimate partner violence. It is impor-
tant to address and understand these complex relations
between intimate partner violence, mental health, and
behavior to make an accurate diagnosis and intervene in
substance abuse problems. In addition to mental health
problems, women who experience violence use medical
and emergency services more often and are known to pres-
ent to primary care with unexplained somatic symptoms.
Poverty

Poverty among women has been steadily increasing and it
has been linked to mental health problems among women.
This association was observed more than two decades ago
by Brown and Harris (1978), and this link has been estab-
lished in recent studies. Affective disorders are common
among both men and women living in poverty and it has
been observed that more women live in poverty than men.
Poverty among women increases their risk for exposure to
traumatic life experiences such as physical and sexual
victimization. These experiences at times serve as barriers
to accessing mental health services. In addition, women in
poverty find it difficult to access health care because of
lack of insurance and transportation and inflexible jobs.
Mental health problems, when untreated, can lead to
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severe disabilities for women in poverty. In addition,
mental health problems, specifically depression, have
been reported to contribute to significant economic bur-
den in women living in poverty (Patel et al., 2007).
Migration

Migration involves uprooting oneself fully or partially
from the familiar, traditional community and relocating
in a foreign land. Immigration can be planned and volun-
tary for better prospects in life or it can be unplanned,
unanticipated, and forced, as in the case of civic unrest,
armed conflict, and violation of human rights. Migration
always calls for making adaptations, as people traverse
several interpersonal, cultural, language, ecological, and
geographic boundaries. The sociocultural differences and
scarcity of resources could lead to feelings of fear, isola-
tion, alienation, and helplessness in migrants. Migration as
such may not affect the mental health of the immigrants,
but the process of migration and adaptation can cause
increased stress and vulnerability to mental health
problems. For instance, evidence from South Asian immi-
grant women in Canada suggests that these women are
specifically at risk for mental health problems because of
the rigid gender roles in the South Asian community that
make smooth integration into the adopted country a chal-
lenge. Likewise, South Asian women residing in the UK
were more likely to report anxiety and depressive symp-
toms compared to their male counterparts. Loss of social
support, low social status, constraints in finances, and acces-
sing health services were major stressors for immigrant
women in Canada (Ahmad et al., 2004). Research studies
conducted on divergent ethnic and racial immigrant groups
residing in Europe found that complicated grief and post-
traumatic stress disorder were noted to be common psychi-
atric problems among refugees and asylum seekers.
War

Wars are known to cause immense human suffering in
several ways. War results in a shortage of food, water, fuel,
and electricity that are basic requirements of every
human being. During war, many civilians are exposed to
traumatic experiences such as shooting and shelling and
also seeing dead and wounded people, witnessing and
experiencing violence, and injuries to self and others.
Experiences of separation and displacement from rela-
tives and forced migrations are very common. In addition
to loss of valuable human resources, war results in damage
of infrastructure and depletion of natural resources.
There is substantial evidence on the mental health con-
sequences of war for individuals. High rates of posttrau-
matic stress disorder as well as depressive and anxiety
disorders were documented even among civilians. Studies
documented inconsistent but high prevalence rates of
PTSD among women affected by war. In addition, the
aftermath or the postwar sociopolitical conditions are
likely to contribute to mental health problems in women.
For instance, life in Afghanistan has been disrupted for the
past 20 years because of social and political disturbances.
The war had extraordinary health outcomes for Afghan
women, and women in Afghanistan have been found to
have significantly poorer mental health compared to men
(Cardozo, 2005).
Natural Disasters

Natural disasters are out of human control but the
consequences of natural disasters overlap with the
consequences of war or combat. In both contexts, there
is human suffering caused by damage to life, personal
property, and infrastructure. Families are displaced and
victims lose shelter. This is complicated further by
immense shortages of food and drinking water. Several
medical and psychological problems among the victims
are major offshoots of natural disasters. A summary of
research studies conducted between 1981 and 2004 in
both developing and developed nations yielded consistent
results with regard to the psychological consequences of
disasters on women. PTSD and major depressive and
anxiety disorders were the common mental health con-
sequences. The gender of the victims predicted several
post-disaster outcomes in many of these studies; consis-
tently, women were more likely to be affected than men.
For PTSD alone, the rates for women exceeded those for
men by a ratio of 2:1. In a few studies, being married was
found to be a risk factor because the severity of husbands’
symptoms predicted the severity of wives’ symptoms
more than vice versa (Figure 1).
Clinical Interface of Women’s Mental
Health with Reproductive Health and
Medical Disorders

Psychiatric Disorders in Relation to Pregnancy
and the Postpartum Period

Studies on psychiatric disorders among pregnant women
in community-derived samples have shown lifetime
depression risk estimates between 10% and 25%, while
studies that screened obstetric patients at random for
depressive symptoms found that up to 20% of patients
met criteria for a diagnosis of a depressive episode. Risk
factors for depression during pregnancy include young
age, low education, a large number of children, a history of
child abuse, a personal or family history of mood disorder,
and stressors such as marital dysfunction.

Marcus et al. (2003) found that one in five pregnant
women experience depression, but few seek treatment.
The stigma of having depression during pregnancy may
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prevent women from seeking active treatment because
they may feel guilty for suffering during what is supposed
to be a happy period. The impact of untreated depression
during pregnancy is known to have negative effects on
both mother and child.

Major consequences of untreated maternal

depression

In the mother

Mothers with depression may suffer from impaired social
function, emotional withdrawal, and excessive concern
regarding their future ability to parent. They are less
likely to regularly attend obstetrical visits or have regular
ultrasounds and show lack of initiative and motivation to
seek help, and experience a negative perception regarding
any potential benefit of obstetric services. Mothers
suffering from depression are also more likely to smoke
or use alcohol and have lower-than-normal weight gain
throughout pregnancy because of diminished appetite.
Severe depression also carries the risk of self-injurious,
psychotic, impulsive, and harmful behaviors. Untreated
depression may have associated obstetric complications
such as spontaneous abortion, bleeding during gestation,
and spontaneous early labor.

In the child

Untreated maternal depression has also been associated
with low birth weight in babies, babies small for their
gestational age, preterm deliveries, perinatal and birth
complications, admission to a neonatal care unit, and neo-
natal growth retardation. Neurobehavioral effects include
reduced attachment, reduced mother–child bonding, and
delays in offsprings’ cognitive and emotional development.
Lower language achievements and long-term behavioral
problems may also be seen in some children whose
mothers suffered from depression.

Postpartum psychiatric disorders

Postpartum psychiatric disorders are unarguably one of
the most complex groups of disorders that encompass
human experience. The joy of having a baby coupled
with distress caused by impaired mental health can render
the experience particularly traumatic to the mother,
infant, and family. History taking in overburdened emer-
gency maternity wards usually does not allow for details
about the mother’s psychiatric history, let alone her cur-
rent emotional status. In addition, short hospital stays and
lack of follow-up make early recognition of emotional
disorders difficult. The consequences of undiagnosed and
hence untreated puerperal disorders can have negative
consequences both on themother and the developing infant.
Psychiatric disorders in the postpartum period include
depression, anxiety-related disorders such as panic disorder
and obsessive compulsive disorders, mother–infant bonding
disorders and the relatively less common group of severe
mental illness. In addition, women with preexisting psychi-
atric problems may also have worsening of symptoms in the
postpartum period.

Epidemiology

Epidemiological surveys by Kendell et al. (1987) and Terp
et al. (1999) have established the incidence of postpartum
psychosis as somewhat less than 1/1000 deliveries. Post-
partum depression affects approximately 10–15% of all
mothers in the developed world, while slightly higher
rates have been reported from India (Patel, 2002) and
South Africa. Table 3 gives the prevalence rates based
on studies done in several countries around the world.



Table 3 Prevalence rates for postpartum depression across

various sites

Country/(state) Percentage (%)

India/(Goa) 23

China 11.2

Japan 17

Arabia 15.8
Zimbabwe 16

South Africa 34.7

Australia 14–17

Western populationa 10–15a

aData from meta analysis: O’Hara MW and Swain AM (1996)

Rates and risk of postpartum depression: A meta-analysis. Inter-

national Review of Psychiatry 8: 37–54.

Table 4 Risk factors for postpartum depression

Low marital age
Low education

Marital discord and violence

Inadequate social support
Low socioeconomic status

Past depression

Personality vulnerability

Life events during pregnancy or near delivery
Complicated delivery

Adverse in-law relationship
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The presence of depression in the last trimester of
pregnancy is a strong predictor of postpartum depression.
The preference for male children, deeply rooted in some
societies, coupled with the limited control a woman has
over her reproductive health may make pregnancy a
stressful experience for some women. Local cultural fac-
tors are also pertinent in shaping maternal socioaffective
well-being. For example, in rural China, mother-in-law
conflict was reported in nearly one-third of young women
who attempted suicide, as reported by Pearson (2002).
Similar data on the role of mothers-in-law in domestic
violence in pregnancy are available from different cul-
tures such as Hong Kong, India, Korea, and Japan.
Severe mental illness in the postpartum period

Psychoses in the postpartum period have been classified
as organic psychosis, schizophrenia, mania, or acute psy-
chosis. Several studies report a relationship between puer-
peral psychosis and bipolar disorders. Some of the
common clinical features of psychosis in the postpartum
include a polymorphic presentation, perplexity, confu-
sion, emotional lability, and psychotic ideas related to
the infant. In addition, preexisting severe mental illness
can also worsen in the postpartum period. Severe mental
illness after childbirth may raise several psychosocial
issues, particularly related to safety of the mother and
the infant. The Confidential Enquiry into Maternal
Deaths 1997–1999, carried out in the UK, reported that
psychiatric disorder, and suicide in particular, was the
leading cause of maternal death in the first year after
childbirth. The study has highlighted the need for routine
assessment of preexisting and recent-onset psychiatric
disorder in obstetric settings. It also emphasized the
need for specialized clinical services for mothers with
severe mental illness.

Depression

The presentation of this group of disorders can be hetero-
geneous. Mothers with chronic dysthymia, prepartum
depression continuing into the puerperium, depression
associated with recent adversity, and bipolar depres-
sion all fall into this common heading. Postnatal depression
can have untoward effects on infant development, and
depression may lead to reduced interaction and irritability
misdirected at the child.

One of the most popular and widely used screening
tools used for detection of postpartum depression is the
Edinburgh Postnatal Depression Scale (EPDS) (Table 5)
originally designed by Cox et al. (1987). This scale is
available in several languages around the world. A high
score on this ten-item self-rating questionnaire needs to
be followed by an interview clarifying the symptoms of
depression and comorbid psychiatric disorders. In addi-
tion to detecting depression, it is also important to explore
the wider context, including the mother’s life history,
personality, and circumstances; the course of the preg-
nancy, including parturition and the puerperium; and
relationships with the spouse, other children, family of
origin and, especially, the infant. In addition to diagnosing
depression and other disorders, one must identify vulner-
ability factors and the availability of support (Table 4).

Treatment and prevention of maternal

mental disorders

Several studies have assessed the efficacy of different
forms of treatment and prevention of postpartum depres-
sion. These include interpersonal psychotherapy, home
visits by nurses, prenatal and postnatal classes, debriefing
visits, and continuity of care models. A recent meta-
analysis on the efficacy of psychosocial interventions in
preventing postpartum depression has reported that
interventions that target at-risk women, are individually
based, and are done in the postpartum period rather than
during pregnancy appear to show more benefit. Interper-
sonal psychotherapy has also been used in the treatment
of postpartum depression with some efficacy.

Acute treatment of bipolar illness and psychosis is
usually with psychotropic drugs including mood stabili-
zers. However, knowledge regarding the safety of antipsy-
chotics and mood stabilizers in pregnancy and lactation is
needed and second-generation antipsychotics may be
safer. Lithium and other mood stabilizers are useful in



Table 5 Edinburgh Postnatal Depression Scale (EPDS)

1. I have been able to laugh and look at the funny side of things.
As much as I always could.

Not quite so much now.

Definitely not so much now.

Not at all.
2. I have looked forward with enjoyment to things.

As much as I always did.

Rather less than I used to.

Definitely not so much now.
Not at all.

3. I have blamedmyself unnecessarily when things went wrong.

Yes, most of the time.
Yes, some of the time.

Not very often.

No, never.

4. I have been anxious or worried for no reason.
No, not at all.

Hardly ever.

Yes, sometimes.

Yes, very often.
5. I have felt scared or panicky for no very good reason.

Yes, quite a lot.

Yes, sometimes.

Not very often.
No, never.

6. Things have been getting on top of me.

Yes, most of the time I have not been able to cope at all.
Yes, sometimes I have not been coping as well as usual.

No, most of the time I have coped quite well.

No, I have been coping as well as ever.

7. I have been so unhappy that I have had difficulty sleeping.
Yes, most of the time.

Yes, some of the time.

Not very often.

No, never.
8. I have felt sad or miserable.

Yes, most of the time.

Yes, quite often.
Not very often.

No, never.

9. I have been so unhappy that I have been crying.

Yes, most of the time.
Yes, quite often.

Not very often.

No, never.

10. The thought of harming myself has occurred to me.
Yes, quite often.

Sometimes.

Hardly ever.
No, never.

Cox JL, Holden JM, and Sagovsky R (1987) Detection of postna-

tal depression: Development of the 10-item Edinburgh Postnatal

Depression Scale. British Journal of Psychiatry 150: 782–786.
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treatment of bipolar disorders provided they are used with
monitoring and also following discussions with the
mother and the family. Antidepressants are indicated for
moderate to severe depression, especially when biological
functions are impaired or there is prominent suicidal idea-
tion. Inpatient care may be indicated in more severe cases
and requires specialized nursing and psychiatric care.
Postpartum psychosis has a recurrence rate of at least
one in five pregnancies and mothers with a past history of
puerperal or nonpuerperal psychosis have an enhanced
risk. There is some evidence that prophylaxis, given
immediately after delivery, reduces this risk.

Mother–infant bonding disorders that can occur as a
consequence of psychiatric problems or infant-related
issues are treated depending on the cause. Play therapy
and baby massage under supervision or done in a graduated
manner are often quite effective.
Menstrual Cycle and Menopause

Mild mood changes in relation to the premenstrual phase
have been reported commonly; however, significant men-
tal health problems have been reported in 3–5% of
women. This usually occurs in the form of late luteal
phase dysphoric disorders, which are mainly character-
ized by mood changes that significantly impair social,
personal, and occupational functioning.

Mental health problems in menopause may be attrib-
utable to a combination of factors including hormonal,
cognitive, and life-stage-related causes. Psychosocial fac-
tors including exit events such as illness or death of
spouse, retirement, and loneliness may contribute signifi-
cantly to mental health in the postmenopausal stage.

While the emphasis of the Women’s Health Initiative
(WHI) was more on the role of estrogen and progesterone
on osteoporosis, breast cancer, and cardiovascular disease,
the study also generated a large amount of data relevant
to mental health. The WHIMS (Women’s Health Initia-
tive Memory Study) found a lack of evidence for the
role of hormone therapy (estrogen alone or estrogen
and progesterone) in protection against dementia among
older women. The study also has important findings in
the area of quality of life and lifestyle issues related
to physical health, alcohol use, trauma, and panic disor-
ders in older women. The study included Caucasian,
African-American, and Asian women, was conducted in
the U.S., and has important implications in the care of
women over 65 years of age.
Reproductive Health Problems and Women’s
Mental Health

Infertility, female sterilization, and reproductive tract
complaints have all been related to poor mental health
in women. Infertility and the newer reproductive technol-
ogies are often fraught with uncertainties, leading to
depression. Infertility in cultures where fertility and
having children often determine the status of women has
important implications for mental health. Vaginal dis-
charge – both pathological (resulting from infections)
and nonpathological – is often associated with symptoms
of depression and anxiety. Women with somatic



Women’s Mental Health 615
complaints and depression are known to present to clinics
with a presenting complaint of vaginal discharge and need
to be screened for mental health problems.

A recent study fromWest Africa (Coleman et al., 2006),
explored associations between depression and reproduc-
tive health conditions in 565 rural African women of
reproductive age. The weighted prevalence of depression
in the community was 10%, but more importantly, being
depressed was significantly associated with widowhood or
divorce, infertility, and severe menstrual pain.
Malignancies and Impact on Mental Health

Cancer of the cervix and breast cancer are the commonest
cancers among women (the former in the developing
world) and have several mental health implications. Men-
tal health influences help seeking, early detection, and
participation in cancer screening programs. Subsequent
to diagnosis, depressive disorders are common and may
influence coping methods used in handling the illness.
Studies done on women with breast cancer have empha-
sized the role of coping not only in the context of mental
health but also in the progression of the disease.
HIV/AIDS

The efficacy of antiretroviral drugs has resulted in the
decline in the incidence of AIDS cases in developed
parts of the world but the proportion of women living
with AIDS in resource-poor countries has been increasing
steadily. Feelings of shame, guilt, fears related to stigma,
death, and dying, concerns associated with childbearing
and transmission of HIV to children are common sources
of stress among women with HIV/AIDS. HIV-infected
women face higher stigma and lesser social support than
men. A high incidence of depressive symptoms and anxi-
ety disorders among women with HIV has been found in
recent studies. HIV-infectedwomen were found to be four
times more likely to report current major depressive
disorder and report anxiety symptoms compared to
HIV-seronegative women. In the current context of
antiretroviral treatment being available to a growing num-
ber of HIV-infected women even in the developing world,
the recent literature has reported that depressive symp-
toms among women with HIV could lead to poor antire-
troviral treatment utilization and adherence (Cook et al.,
2002). Early detection and treatment of mental health
problems in HIV-infected women therefore may have
an impact on help-seeking behaviors andmedication com-
pliance. In addition, psychosocial factors such as poor
socioeconomic conditions, race, and ethnicity are also
likely to be associated with mental health problems
among women infected with HIV. For instance, HIV-
infected women in the United States are disproportion-
ately African-American or Latina and often live in poverty,
and are as a result vulnerable to several social disadvan-
tages. Understanding the psychological response to AIDS
among women and the psychosocial context in which
AIDS occurs is vital to prevent mental health problems
and improve adherence to treatment.
Medical Disorders and Impact on
Mental Health

Several medical conditions, especially endocrinological
diseases (such as thyroid and parathyroid disorders) and
collagen vascular disorders occur more commonly in
women. These can cause mental health problems in
two ways, one resulting from direct neuropsychiatric
effects and the other a consequence of the disability
caused by these conditions. Pain and somatic symptoms
in medical disorders can be worsened because of coexist-
ing mood disorders, which are commoner among women.
Interventions

Primary Prevention

Health policies that incorporate mental health into public
health and address women’s needs and concerns in differ-
ent life stages can be developed in numerous ways. Health
promotion through public health initiatives related to
education, men’s attitudes toward women, gender dis-
crimination, violence, safety, substance abuse, prenatal
care, and regular health assessments of older women will
help in preventing several mental health problems. Health
policies must also face the challenge of formulating ethi-
cal but culturally sensitive responses to practices that are
damaging to the emotional and physical health of women
and girls (such as female circumcision, female infanticide,
gender-specific abortion, and feeding practices that
discriminate against girl children).
Secondary Prevention

Integrated health programs that address and handle the
stigma of major mental illness, consequences of sexual or
domestic violence, the consequences of gender discrimi-
nation, and the stress of poverty are an important part of
public health. One of the more troubling mental health
consequences of the general health status of communities
is the effect on mothers of high infant and child mortality
rates and high HIV infection rates affecting multiple fam-
ily members across generations. Communication between
health workers, physicians, and women patients (and often
men as well) needs to be emphasized to facilitate disclo-
sure of mental health issues by women to facilitate early
detection. Training of nonmental health professionals in
the use of simple screening tools to detect mental health
problems such as the use of the General Health
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questionnaire or the EPDS (see the section titled ‘Depres-
sion’) will strengthen early detection efforts in primary
care. Training and enhancing the competence of primary
care physicians, mental health professionals, and health
workers to detect and treat the consequences of domestic
violence, sexual abuse, and psychological distress can also
play an important role. Helplines for women in distress
and suicide helplines have been shown to be effective for
women in early and accessible help seeking in the com-
munity. Women in most communities will need services
near their homes and without causing inconvenience to
child care and family.
Tertiary Prevention

Skilled clinicians as well as broader multidisciplinary pro-
grams in the community with links to hospitals are neces-
sary to address the more distressing and difficult needs of
women with serious psychiatric problems. These services
should also be available in other medical centers such as
those dealing with oncology or HIV infection and in obstet-
ric and gynecology clinics.

Although the social roots of many of these problems
mean that they cannot be managed only with medical
interventions, there is a need to strengthen the potential
role of the health-care system. In addition, there should be
increased consumer participation by women in formulat-
ing health-care policies and programs.
Conclusion

Women’s mental health needs to be considered in the
context of the interaction of physical, reproductive, and
biological factors with social, political, and economic
issues at stake. The multiple roles played by women
such as childbearing and child rearing, running the family,
caring for sick relatives, and, in an increasing proportion
of families, earning income are likely to lead to consider-
able stress. The reproductive roles of women, such as their
expected role of bearing children, the consequences of
infertility, and the failure to produce a male child in some
cultures are examples of mechanisms that make women
vulnerable to suffering from mental disorders. In addition,
biological factors may play a major role, particularly in
reproductive life events such as pregnancy, the postpar-
tum period, and menopause as well as in the clinical
manifestations of various mental health problems.

Public health and social policies aimed at improving
the social status of women are needed along with those
targeting the entire spectrum of women’s health needs.
Efforts to improve and enhance social and mental health
services and programs aimed at increasing the compe-
tence of professionals are also required.
See also: Forced Migration and Health; Mental Health

Policy; Mental Health Promotion; Mental Health Resources

and Services; Populations at Special Health Risk: Migrants;

Populations at Special Health Risk: Women; Reproductive

Ethics: Perspectives on Contraception and Abortion;

Sexual Violence; Specific Mental Health Disorders: Trauma

and Mental Disorders; Stigma of Mental Illness.
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Despite the fact that more than half of the International
Labor Office’s Conventions relate directly or indirectly to
occupational health, workers around the world, particu-
larly in developing countries, continue to suffer a signifi-
cant burden of disease from illness and injury. For
example, Rantanen et al. (2004) estimate that approxi-
mately 250million injuries, 150million diseases, and
over 1.1million fatalities arise as a result of workplace
hazards annually, with rates between 10 and 20 times
higher in newly industrialized and developing countries.

What are the factors driving this anomalous situation
in which, despite scientific advances in the tools available
to control workplace hazards, billions of working people
remain deprived of their right to a safe working environ-
ment, access to health care, and benefit from scientific
development?

Three broad sets of factors help explain why worker
health and safety continues to pose a major global chal-
lenge. First, the global trade and economic context shapes
a wide set of forces determining both the hazards to which
workers are exposed and the institutional and human
resources available to deal with these hazards. Second,
particular vulnerabilities have been generated by global
trade and economic developments for different sets of
working populations and groups. Third, the limitations
of current occupational health service (OHS) strategies to
address these problems adequately in many developing
country contexts require new strategies for advancing
global capacity to address these needs. These factors are
explored in the context of the global HIV pandemic and
the implications for workers’ health and safety.
Globalization, Economic Policies, and
Trade: Implication for Occupational
Health

Workers at the Auto Trim and Custom Trim plants put

leather covers on steering wheels sent to U.S. automakers.

Chemical adhesives are used to glue leather covering onto

the metal steering wheels, and then solvents are used to

remove excess adhesives. The work involves repeated,

forceful motions in awkward positions for the entire

eight-hour shift. . . .Production quotas for the cells were

also raised, increasing chemical exposures and ergonomic
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hazards. – Coalition for Justice in the Maquiladoras

writing about the Auto Trim plant, Matamoros, Mexico,

cited in Brown (2005)

Yes, I have money, but I have lost my health. I have a job –

but I have no rights and no security. – Colombian flower

worker, cited in London and Kisting (2002)

In light of the experience of workers employed in the
myriad expanding production settings created by the
increasing integration of trade across the world, how
does one interpret claims that globalization has exerted
an indirect positive effect on nutrition, infant mortality,
and other health issues, such as workers’ health and safety?
There is mounting evidence that the impact on the popu-
lations of lower- and lower-middle-income countries of
the international division of production and labor, the
unequal opening of nonindustrialized countries to capital
and exports from developed countries, intense and uncon-
trolled flows of financial capital, and the global spread of
severe environmental problems and behavioral patterns
that constitute globalization is highly contradictory. Glob-
alization of international trade has largely facilitated the
expansion of already strong economies and increased the
marginalization of weak economies through the inappro-
priate application of market policies in countries lacking
the necessary conditions for trade liberalization. This has
led to rising global social and health inequalities over past
decades. For example, the World Commission on the
Social Dimension of Globalization (2004) has shown that
the ratio between the richest and poorest countries has
increased from 53.9:1 to 121.1 over the past 40 years, and
income inequality has increased for 59% of the world’s
population.
Implications for Workers’ Health and Safety

Fiscal policies fostered under globalization have been
typically associated with adverse consequences for social
cohesion and for occupational and environmental health
in developing countries. Structural adjustment programs
have largely led to declining public sector employment
and an increasing preponderance of low-quality jobs with
few career advancement prospects. Increasing fluidity
of global production and markets has facilitated the trans-
fer of obsolete production technologies, posing hazards
to both working and nonworking populations. Moreover,
pressures to limit regulatory protections at the workplace
to enhance labor market ‘flexibility’ have been widely
promoted in developing countries as essential to attract
foreign direct investment, and have further acceler-
ated the decline in attention to health and safety for
working populations. Brown (2005) points to the experi-
ence of free-trade zones (FTZs) such as the maquilladoras
in Northern Mexico as illustrating that labor market
‘flexibility’ is often a pretence for minimalist regulation,
anti-union measures, and unsafe working conditions. Ironi-
cally, lowered costs due to labor market ‘flexibility’ have
driven a shift of production and services away from devel-
oped to developing countries, often at the expense of
jobs and/or protections (such as rights to participation,
right-to-know, right to refuse hazardous work) for workers
in developed countries.

An important mechanism by which these impacts have
occurred is through constraints placed on government
capacity to regulate in the interests of health, both
through loan conditionalities imposed by large lending
institutions and through free trade agreements, which
may have an impact on the setting of public health stan-
dards, nationally and internationally. For example, the
Global Agreement on Trade and Services (GATS) has
brought health-care services into the ambit of a free
market in ways never previously experienced and often
under conditions not anticipated by national govern-
ments. As a result, publicly funded health systems based
on equity and access, critical to the health sector in many
developing countries, are under threat, whereas interna-
tional trade agreements facilitate international mobility
and growth of private health care, thereby potentially
threatening the realization of the right to health.

In the occupational setting, trade agreements, such as
those made at the World Trade Organization (WTO),
present serious challenges to the future of the precaution-
ary principle. This is despite its adoption at the United
Nations Conference on Environment and Development
in 1992 and its relevance for worker protection where
considerable uncertainties remain in the risk assessment
process. Decisions emanating from the WTO on trade in
asbestos products and beef from hormone-treated cattle
have given little confidence that protection of workers’
and community members’ health will serve as sufficiently
cogent reasons for restrictions on trade where uncertain-
ties cannot be answered by traditional risk assessment
methods. Pressures on developing countries to accept
hazards that are rejected in many developed countries
stem from economic dependency and unfair terms of
trade, aspects which the WTO has steadfastly failed to
address. Indeed, experience in the field of genetically
modified (GM) foods has shown that producers perceive
developing country consumers to be more accepting of
new technologies due to greater levels of trust in regula-
tion, positive perceptions of science, and favorable media
influence. Further, in contexts in which civil society
organization is weak and democratic governance tradi-
tions poorly developed, opportunities for popular influ-
ence over standard-setting or for national governments
to assert independence in protecting health and safety
standards at work may be severely limited. This problem
has been highlighted in Central American trade negotia-
tions byRosenthal (2005)with regard to pesticide regulation
and the role played by pesticide companies in subverting
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restrictions on highly hazardous chemicals and undermin-
ing public health protections.

However, global integration has meant more than just
economic integration. Globalization has provided the
opportunity for significant advances in terms of health,
notwithstanding its ambivalent record in terms of eco-
nomic development. For example, globalization has con-
tributed to the dissemination of human rights norms,
widespread adoption of information technologies, and
employment opportunities for women in work from
which women were traditionally previously excluded.
Diffusion of new developments in cleaner production
technologies that generate less waste and promote envi-
ronmental sustainability stand in contrast to the traditional
flow of hazardous technologies to poorer countries. More-
over, as pointed out by Weissbrodt and Kruger (2003) and
Amnesty International (2006), globalization has also cre-
ated the possibility of upward harmonization of labor
standards to improve working conditions for employed
populations in developing countries.
Increasing Forms of More Hazardous
Production

Nonetheless, the World Health Organization’s Global
Plan of Action on Workers’ Health (2006) reflects con-
cerns that double standards on the part of multinational
companies may encourage them to take advantage of lax
(or nonexistent) regulatory frameworks and weak labor
organization to shift hazardous industrial production pro-
cesses to developing countries.

For example, the mining of crocidolite asbestos from
the end of the nineteenth century in Southern Africa, the
failed reprocessing (more accurately, dumping) of mer-
cury waste by a UK-based company, Thor Chemicals, in
South Africa, and the export of the sterilant nematicide
DBCP to banana plantations in Costa Rica, are all cases
in which export was allowed to take place at a time when
the hazards of these agents were well-recognized in the
countries of the parent companies. In all three settings,
workers from developing countries, unprotected by their
national regulatory frameworks, suffered tremendous
burdens of work-related mortality and morbidity. In
the case of Thor Chemicals, Butler (1997) showed how
this was exacerbated by the casualization of production,
resulting in poorer monitoring and follow-up of workers,
and under-ascertainment of the true health impacts. Not
surprisingly, the record on holding those responsible
accountable for their actions is slim. The effectiveness of
international conventions to control the transfer of haz-
ardous technologies, such as the Basel Convention on the
Control of Transboundary Movements of Hazardous
Wastes and Their Disposal and the Rotterdam Conven-
tion on Prior Informed Consent for trade in hazardous
chemicals and pesticides is hugely contingent on national
and international political will, under circumstances in
which workers’ health may be over-ridden by the influ-
ence of powerful vested interests.

Increased forms of hazardous production may also
arise indirectly as a consequence of changes in trade
occurring with globalization, both in existing sectors and
in new sectors. For example, London and Kisting (2002)
showed that in Zimbabwe, the annual increase in pesticide
usage more than doubled between 1991 and 1995 during a
period of donor-imposed structural adjustment, while in
Tanzania, liberalization of trade policy led to large
increases in pesticide imports, an 80-fold proliferation of
private retailers, and involvement of children in the retail-
ing of pesticides. Tobacco farmers in Latin America have
been reported to have been locked into a spiral of debt
and pesticide poisoning through loan agreements to repay
the increasing quantity of pesticides purchased for
tobacco production. Despite the existence of programs
to promote ethical trade, multinational companies’ con-
trol of food markets appears to have pushed developing
countries’ farmers into production that requires higher
inputs, including potentially hazardous pesticides, fertili-
zers, and genetically modified crops.

In addition to established sectors such as agriculture,
globalization has led to expansion of production in export-
linked sectors, such as chemical, electronic, and biotechnol-
ogy industries, thereby adding new hazards to those already
prevalent in developing countries. The double burden of
occupational disease parallels the experience of developing
countries facing the epidemiological transition, character-
ized by high rates of morbidity from noncommunicable
disease accompanying persisting high burdens of death
and disability from acute infectious disease. Indeed, Ranta-
nen et al. (2004) caution that the importance of major public
general health problems (such as malnutrition, violence,
TB, malaria, HIV, and infectious diseases) can act as a
potential distracter from national willingness to address
occupational hazards in developing countries.
Increasing Exposure of Particularly
Vulnerable Categories of Workers

Expansion of international trade and globalization there-
fore has the potential to exacerbate existing inequalities
and create new categories of vulnerability. Amnesty Inter-
national (2006) points out that although groups tradition-
ally viewed as vulnerable workers, such as migrants,
women, and young workers, may have benefited from
the extension of human rights norms globally, their work-
ing conditions may actually have deteriorated in practice.

For example, there is evidence that increased oppor-
tunities for women to work have been predominantly in
manual dead-end jobs, including the most precarious and
vulnerable work, thereby reinforcing gender inequalities
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in work. High levels of violence and abuse have been
reported as a major occupational hazard among female
street vendors in South Africa. Similarly, reports of vio-
lence and abuse against women continue to plague
the floriculture industry, which has expanded rapidly
in South America and East Africa over past decades,
supplying flowers to northern hemisphere countries
throughout the year. Employment in this sector is almost
entirely dependent on the recruitment of young women
into jobs with high potential exposure to neurotoxic and
endocrine-disrupting chemicals, often working under
conditions of extreme powerlessness.

Moreover, trade liberalization has typically targeted
productive sectors where women’s labor predominates,
and unfair competition from subsidized imports has led
to steep declines in employment and therefore dispropor-
tionately undermined the livelihoods of women produ-
cers, for example, in the garment industry. In addition,
women continue to carry the double burden of paid labor
on the market and unpaid labor in the home. Indeed,
women’s productive work is frequently an extension of
the undervalued work they do in the home manifesting as
work in the services sector or as lowly paid domestic
workers in private homes.

Furthermore, it has been proposed that the growth in
economic activity for women in poorly paying jobs may
worsen household food security and increase risks of
childhood injury and malnutrition. In some countries,
the prevalence of child labor has not declined with glob-
alization. Children continue to work in hazardous condi-
tions in construction, agriculture, domestic service, and
manufacturing industries in all continents and may be
encouraged to enter areas of employment not previously
open to young workers, such as described above with
regard to pesticide retailing in Tanzania following struc-
tural adjustment policies. This is particularly exacerbated
in countries with high burdens of HIV, where child-
headed households may rely on paid child labor for
their survival.

The process of globalization has therefore seen both a
reduction in formal employment and an acceleration of
the growth of informal sector employment in developing
countries. Cornia (2001) estimated that by the mid 1990s,
the informal sector constituted 58% of employment in
Latin America, 74% in Sub-Saharan Africa, 43% in
North Africa, and 62% in Asia. Unemployment is
known to be bad for your health – so, too, is informal
sector work. Lack of social security, often associated with
extreme working conditions and almost nonexistent labor
protection, characterize informal sector jobs. This is exa-
cerbated by intensive competition and resultant higher
levels of injury and disease. Occupational morbidity that
occurs in the informal sector is typically invisible to
national surveillance systems so is absent in data on the
burden of occupational disease.
Because globalization has differentially displaced
women workers from formal employment, women form
the majority of workers in the informal sector. One of the
consequences is that occupational morbidity and mortal-
ity among women is greatly underestimated worldwide.
For example, estimates of the proportion of disability-
adjusted life years (DALYs) attributable to occupation
risk factors have produced profiles that identify these
risks as occurring typically among men (e.g., in excess of
80% for carcinogens and over 90% for injury risks)
because they draw only on formal sector employment
data. Yet considerable evidence exists that in both the
formal and the informal sectors, women’s exposure to
occupational hazards such as pesticides, hazardous che-
micals, violence, and ergonomic hazards are substantially
underestimated.

The vulnerability of workers in the informal sector is
also emphasized by the downward migration of injured
and disabled workers ejected from the formal economy
(often as a result of inadequate health and safety protec-
tion) and the role it plays as a safety net for poor house-
holds’ income.

A further trend with globalization has been the growth
of precarious work, which includes outsourcing, casuali-
zation, and subcontracting, all forms of externalization of
production. Such shifts, largely related to a weakening in
the bargaining power of labor, have been seen both within
and across countries. For example, recent years have seen
an increasing contracting and casualization in the mining
sector and an expansion of home-based production in the
clothing industry in South Africa, both industries with
long-established traditions of formal employment and
significant levels of worker unionization. The World
Health Organization (2006) has noted that, even within
developed countries, declines in public sector employ-
ment, expansion of precarious work, and expansion of
the most hazardous forms of production among migrant
workers have been evident.

Externalization places the control of workplace haz-
ards largely in the private domain beyond the effective
reach of regulation, undermines trade union actions to
protect health, and reduces production costs for employ-
ers, with adverse implications for occupational health and
safety. It largely shifts the responsibility for safety onto
unregulated contractors or onto the worker herself, who is
often subject to piece work incentives that are contradic-
tory to health and safety. Outsourcing has therefore been
associated with production in cramped and unsuited work
environments, outmoded and unguarded machinery, poor
ventilation, and little or no personal protective equipment
or training.

Piece-work leads not only to greater physical, chemi-
cal, and biological hazards because of workers’ concerns
to maximize production and hence income, but also
increased job stress and job insecurity, both predictors of
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health status. London and Kisting (2002) highlight evi-
dence from Brazil suggesting a link between women’s
participation in informal sector work and mental health
impacts, and McDonough (2000) showed that job insecu-
rity predicted health status and psychological distress,
even when controlled for job stress, degree of control in
the job, level of exertion, and strain. Likewise, Cornia
(2001) drew links between the instant liberalization expe-
rienced in the countries of the former Soviet Union and
subsequent psychological impacts on workers related to
feelings of humiliation and hopelessness. Ironically, Sass
(2000) pointed out similar kinds of emotional impacts
reported among Costa Rican banana plantation workers
poisoned by the pesticide DBCP who were seeking
redress and compensation. McDonough (2000) describes
the work environment, specifically the increasing insecu-
rity of work, as analogous to a toxic agent ‘‘because it
erodes the view of the self as an active agent capable of
purposive action to meet desired goals.’’
Responses to Hazards – Limitations and
Opportunities for Occupational Health
Services

Occupational Health Services

The World Health Organization (2006) argues that to
respond adequately to the changing global context for
workers’ health it is important to recognize the need to
integrate OHS with broader public health and health
promotion services. Traditional OH frameworks that
originate in developed countries frequently focus only
on workplace hazards and their control, and are often
suited to large companies with an educated and organized
workforce. Such models may perform poorly in develop-
ing country settings, where a large informal sector exists
and where environmental routes of exposure involving
both workers and community members may outweigh
occupational exposures. Moreover, the heavy background
burden of both communicable and noncommunicable
disease in developing countries points to the need to
integrate occupational health into models of primary
health care appropriate to countries of different economic
development.
Regulatory Frameworks

There is a paucity of research in developing countries
addressing occupational health and particularly the vul-
nerabilities generated by new international economic and
trade relationships. Rantanen et al. (2004) point out that
whereas 80% of the world’s working population live in
developing countries, only 5% of occupational health
research takes place in these countries. Regulatory frame-
works in developing countries therefore lack a strong
research base and suffer from a reliance on risk assess-
ments conducted in northern hemisphere settings, which
may be of only marginal relevance for local conditions.
This is particularly evident in relation to pesticides,
whose conditions of use in developing countries are
more hazardous, where subcontracting exacerbates the
lack of safety controls, and where high levels of comor-
bidity (e.g., malnutrition, HIV, infectious diseases) in
working populations in developing countries exacerbate
the risks from workplace exposure considered ‘safe’ in
developed countries. Most developing countries continue
to rely on the World Health Organization’s classification
of pesticide hazards for their regulatory framework,
despite the long-time recognition that this system severely
underestimates risks for chronic adverse health impacts.
The use of many pesticides banned or restricted in devel-
oped countries still occurs in developing countries for
reasons of low cost, lack of institutional capacity for regu-
lation and enforcement, and lack of awareness.
Hazard Communication and Developing
Countries

The use of labeling and safety data sheets to communicate
hazard information about chemicals is viewed as essential
for protecting health at the workplace globally and fre-
quently forms the center of national health and safety
legislation in many countries. However, experience in a
number of developing countries has demonstrated poor
comprehension of hazard symbols and information.
Expectations that workers’ increased understanding will
result in behavior change overlook both the social con-
struction and cultural specificity of interpretations of risk.
Ironically, rather than protect workers, hazard communi-
cation tools may then lead to a paradoxical increase in risk
because of assumptions that workers could and should be
responsible for behaving safely. This is well illustrated in
the promotion of safe use of pesticides by the pesticide
industry whose emphasis on farmer training has not seen a
significant reduction in the extent of pesticide poisoning
among rural agricultural workers worldwide over the past
40 years. Indeed, far from being ignorant of pesticide
hazards, there is considerable evidence that farmers in
developing countries are well aware of pesticide hazards
but handle pesticides in hazardous ways because of struc-
tural factors beyond their immediate control. If poorly
targeted and untested, hazard communication materials
may therefore become a substitute for safer design and
cleaner production or may provide a false sense of secu-
rity to both users and regulators.

Nonetheless, the absence of uniform labeling practices
remains a major source of risk for workers in developing
countries, where requirements for hazard information on
labels and Safety Data Sheets (SDSs) may be substantially
lower than that exercised in parent countries of companies



Table 1 Objectives of the globally harmonized system for

chemical hazard classification and labeling (GHS)

. Enhance protection of humans and environment globally

. Facilitate international trade in chemicals whose hazards have

been properly assessed
. Avoid development of infrastructure de novo (duplication of

testing and evaluation)
. Provide data framework upon which to build comprehensive

safety programs

Adapted from Silk JC (2003) Development of a globally harmo-
nized system for hazard communication. International Journal of

Hygiene and Environmental Health 206: 447–452.
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exporting hazardous chemicals to developing countries.
Silk (2003) describes recent global efforts to harmonize
the classification and labeling of pesticides as an attempt
to establish global standards for both the classification of
chemical hazards and how such information should be
effectively conveyed to exposed groups. The intended
purpose of the GHS includes promotion of safety in
relation to chemicals but also to facilitate trade by har-
monizing registration and labeling requirements across
countries (Table 1). However, in the absence of effective
mechanisms to ensure adequate training and understand-
ing of hazard symbols and related information, the GHS
risks facilitating trade in hazardous chemicals at the
expense of protecting the health of workers and consu-
mers handling chemical products.

As a complement to upstream strategies, such as the
development of cleaner production technologies, or, in
the case of pesticides, Integrated Pest Management or
Pesticide Reduction policies, hazard communication can
play an invaluable role. Alone, however, reliance on haz-
ard communication runs the risk of exacerbating risks for
working populations from hazardous chemicals.
Human Resources

Economic policy reform under globalization has also been
synonymous with cutbacks on government spending and
reductions in employment levels of public servants. Yet
the control of occupational hazards requires a suitably
qualified human resource base, particularly in developing
countries where globalization has driven the expansion of
sectors that are particularly difficult to regulate (viz.,
informal sector and precarious work). Rantanen et al.
(2004) argue that the ‘brain drain’ of occupational health
professionals from developed to developing countries
remains a key concern and this will have been exacerbated
by the impact of HIV on the workforce of developing
countries most affected by AIDS. Even though data on
the pull and push factors specific to occupational health
professional migration is scant, there is little reason to
believe that occupational medicine and hygiene practi-
tioners would be any different than colleagues in other
health-care settings, who have left unsafe, unrewarding,
andpoorly remunerated jobs andmoved in large numbers to
countries of the north.Given the role ofOHS inmaintaining
workplace productivity, failure to invest in occupational
health capacity and retain human resources for occupa-
tional health will have adverse implications, not only for
human health and the environment, but also for sustain-
ability of economic development. These effects are experi-
enced in precisely those countries with the most vulnerable
economies in our globalized environment.
Surveillance

Although surveillance is key to estimating the extent of
workplace hazards and identifying prevention strategies,
surveillance systems for occupational injury and illness
are often incomplete, poorly coordinated, or entirely
lacking, particularly in developing countries, where
hazards and risks are highest. Many health-care providers
are not aware of occupational hazards, particularly those
experienced in nontraditional workplace settings. This
has meant that the burden of disease arising from occupa-
tional hazards associated with globalization has remained
largely invisible. Examples of efforts to address these gaps
have been initiated by international agencies as multi-
country surveillance projects to estimate the burden of
disease from acute pesticide poisoning and from silicosis.

The consequence of inadequate surveillance data is
substantial. All too frequently, the absence of any evidence
for an adverse effect of an occupational or environmental
exposure is regarded as evidence of absence of any effect,
as a result of which regulatory decisions may fail to
protect workers and communities. Wesseling et al. (2006)
demonstrated the importance of using surveillance data
on acute pesticide poisoning to inform regulatory deci-
sions with regard to pesticide registrations in Central
America, and van der Hoek and Konradsen (2006) have
highlighted similar experiences in Sri Lanka, where
regulatory interventions on highly hazardous pesticides
have resulted in a decline in deaths due to pesticide
poisoning. Moreover, biases in surveillance may disadvan-
tage particular vulnerable groups, such as women and
migrant workers. Absence of data from good surveillance
of occupational disease and disability has contributed to
the externalization of the real costs of hazards at the
workplace and has probably facilitated the transfer of
hazardous technologies.
Trade, Economic Policy, and Health

Inasmuch as unfair conditions of trade can put downward
pressure on occupational health standards, globalization
can also be harnessed to the reverse. For example, norms
and standards for multinational companies provide oppor-
tunities for civil society monitoring and oversight, and can
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complement collective agreements between trade unions
and employers that protect worker health and safety.
Although voluntarist systems for accrediting fair trade
and employment have the potential to undermine statu-
tory regulations and the sustainability of government-run
protections, their existence often helps drive upward the
prevailing view of what industry can achieve, and so are
helpful as a framework for advocacy and lobbying. Even in
the arena of donor grants and trade agreements, it may be
possible to strengthen workers’ rights to health and a safe
environment by, for example, linking adoption of ILO
conventions related to health and safety to these agree-
ments. Of course, political willingness to explore social
policies that prioritize vulnerable groups, including work-
ers, is key to the implementation and success of such
strategies.
HIV/AIDS at the Workplace – A Global
Challenge

The HIV/AIDS epidemic represents one of the most
profound challenges to human well-being of all time. Of
the 39million people living with HIV, over 90% are of
working age and over 60% are labor force participants.
Most workplace concerns relate not to occupational
transmission (which may rarely occur in very specific
high-risk jobs such as sex work or health-care provision
with blood contact) but more generally, because workers
are members of a broader community with existent risk
factors. Inasmuch as the organization of work may
increase social risks for HIV transmission, such as, for
example, in the role played by migrant labor in increasing
vulnerability to HIV, it should be recognized that the
workplace is a key site for addressing HIV. Indeed,
London and Kisting (2002) raise the question that it may
well be ethically appropriate, under such circumstances,
to consider HIV to be an occupational illness deserving of
compensation. However, such considerations should not
be mistaken for assuming the possibility of workplace
HIV transmission.

Initiatives to introduce workplace HIV testing may
therefore be seriously misguided if premised on presump-
tions of preventing HIV transmission or establishing fit-
ness for work, since a positive HIV test alone tells little
about a workers’ capacity to do a job, and is of little
prognostic value in determining future ability, particularly
with increasing availability and success of anti-retroviral
(ARV) treatment. Past examples of badly planned and
misinformed efforts to mandate HIV testing for workers
have illustrated how HIV testing may lend itself to
increased levels of discrimination at the workplace.
Indeed, for many vulnerable occupational groups such as
migrant workers, HIV testing and exclusion from work
remains a serious problem in a number of countries.
This is of particular relevance to global plans to
advance access to ARV treatment. Fear of stigma and
discrimination and potential dismissal is one of the
major barriers to early uptake of voluntary counseling
and testing (VCT) and enrolment in ARV treatment pro-
grams. Creating a non-discriminatory work environment
requires both a national legal and policy framework that
prohibits discrimination, and the presence of workplace
policies that are jointly agreed upon by employers and
workers and informed by the rights-based approach of the
International Labor Office (ILO) code of practice on
HIV/AIDS. Successful examples of adoption have helped
expand ARV provision and care in many developing
countries through joint public-private initiatives. The
success of such programs is largely related to ensuring
confidentiality, since, in the current climate of globaliza-
tion, job insecurity remains a major concern that poten-
tially undermines HIV prevention measures.

However, recent debates about the introduction of
‘routine’ testing at health facilities in countries most
affected by HIV have illustrated that there are underlying
tensions within approaches to HIV control, and is evi-
dence of a backlash against what are perceived to be
obstacles placed by rights-based approaches to more tra-
ditional population-based methods that limit individual
autonomy and community choices. To some extent, these
calls reflect an understandable desperation in the face of
the failure of existing strategies to address HIV and a
belief that ‘routine’ testing could help address problems
of stigma. However, particularly for working populations,
moves to limit rights-based protections in HIV control
could be disastrous if they open the door to workplace
victimization.

Addressing workplace stigma may be far better achieved
through effective health promotion and the workplace may
be an excellent site for effective HIV/AIDS interventions
that address both prevention and treatment. The experience
of many employers and employees in countries most
affected by the epidemic are an important guide to models
of HIV prevention in developing countries. For example,
HIV prevention programs on South Africa’s gold mines
have pointed to the critical importance of peer counseling
and theoretically grounded models for behavior change
essential for effective HIV control. Workplaces thus repre-
sent not only opportunities for production but also for sites
for education and prevention in relation to HIVand work-
place hazards.

Moreover, as the groundswell for ARV access gains
global momentum, large employers have provided much
of the data for cost-effectiveness and operational effi-
ciency of different models of ARV provision. Cooperation
between labor, employers, and government in both pre-
vention and treatment of HIV has proven to be a key
component of developing models for expansion of HIV
care and support.
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Central to the success of addressing HIV at the work-
place is the effectiveness of occupational health and safety
structures. Where HIV/AIDS are integrated as part of a
health and safety agenda, stigma and discrimination can
be addressed more effectively in that HIV/AIDS become
‘de-exceptionalized’ as simply one of a number of health
and safety concerns. Indeed, compared to routine testing,
mainstreaming HIV into OHS delivery may be both more
protective of workers’ rights and a far more effective
method to address stigma. If, however, occupational
health structures are poorly organized, opportunities for
effective HIV prevention and treatment programs become
impossible. Experience has shown that, in several high-
prevalence settings, availability of occupational health
services has made significant contributions to both HIV/
AIDS prevention and treatment programs, as well as
providing access to tuberculosis (TB) treatment, which,
given the comorbidity of TB and HIV, has helped to
sustain gainful employment. Many workplace programs
have also extended treatment to family members of
employees, frequently female spouses, or to selected
groups in communities, such as pregnant women, as part
of their integration in national HIV control efforts, thus
illustrating the importance of gender sensitivity in occu-
pational health programming. The recent proposed pro-
gram for Basic Occupational Health Services by the
WHO (2006) is therefore of great significance, not only
in signifying a standard to address occupational hazards
that arise directly from workplace exposures but also to
address the health and safety of workers generally, and, in
consequence, the productivity of working populations,
instrumental to poverty alleviation and sustainable devel-
opment. The elaboration of the ILO Code of Conduct on
HIV into an international standard would further acceler-
ate the process of using global governance to harmonize
upward international standards to protect workers’ health
and safety.
Conclusion

In all these initiatives, meaningful cooperation between
labor, employers, and government is key to addressing
HIV at the workplace, as it is in addressing hazards that
arise directly as occupational exposures. Establishing trust
between occupational health services and workers is con-
tingent on two key aspects – first, demonstrating evidence
of professional independence by OHSs from third party
influences, particularly employers, in clinical decision
making and in implementing programs to protect work-
ers’ health and safety, and, second, in recognizing workers
who are at risk for occupational injury and illness as
partners in improving OHS at the workplace.

Ethical practice by occupational health practitioners
that reflects upward harmonization of standards across
countries and solidarity of professional associations
around these standards could assist in addressing the
problem of dual loyalty faced in balancing the practitio-
ner’s obligation to the health of workers and the poten-
tially divergent interests of employers in relation to health
and safety at the workplace. Indeed, the sine qua non for
successfully addressing workers’ health and safety in the
current context of globalization must revolve around
upward harmonization of health and safety standards,
rather than allowing globalization to dictate the terms of
a ‘race to the bottom.’

Moreover, international health and safety agencies
have a key role to play in ensuring that the processes for
setting standards are transparent, independent, and based
on the best evidence. Contestation around safety stan-
dards in developed economies and at the international
level has major ramifications for many developing
countries, which usually lack institutional capacity to
develop standards and provide oversight over standard-
setting processes, and so borrow heavily from interna-
tional standards. Where such international standards are
subject to corporate or third-party influence, adverse
consequences for the health of workers in developing
countries are substantial.

Given the impact of trade agreements on workers’
and population health, leadership from international
agencies should help define approaches that prioritize
and protect health from being subjugated to the interests
of the market. Moreover, international occupational
health research agendas must include timely and action-
oriented surveillance for the impacts of global economic
and trade reforms on workers’ health and safety. Efforts to
harmonize health and safety standards globally should
place the human rights of workers, their families, and
communities at the center of policy considerations, in
ways that increase their capacity individually and collec-
tively, to make independent decisions affecting their
health and safety.

See also: Agricultural Health and Safety; Child Labor;

Environmental and Occupational Epidemiology; Environ-

mental Health: Overview; Health and Human Rights:

Overview; Occupational Health: Overview; Pesticides;

Risk Communication.
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However, unlike other specialized United Nations (UN)
agencies, the bank raised funds through private financial
markets and received donations on a regular basis from
the wor ld’s wealthies t cou ntries ( Wor ld Bank, 2007d ).
With these funds, it provided interest-bearing and inter-
est-free loans, credits, grants, and technical assistance
to war-damaged and economically developing countries
that could not afford to borrow money in international
markets. These activities are ongoing, making the bank the
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world’s premier economic multilateral institution (Kapur
et al., 2007).

Over the course of more than 50 years, the bank’s
priorities and development philosophy – along with its
role in the world – have changed from reconstructing
Europe to alleviating poverty in developing countries.
Perspectives on development also have changed dramati-
cally during that time. New theories and evidence have
deepened and transformed the international development
debate and have influenced the bank’s development prac-
tices and policy decisions. In particular, the bank now has
a more sophisticated view of well-being, living standards,
and poverty. In addition, evidence on the primary means
of poverty reduction and development has accumulated
throughout the bank’s history, and the bank now has an
improved, though still evolving, understanding of how to
achieve development objectives. In the 1950s and 1960s,
for example, when the prevailing wisdom was that eco-
nomic growth was the key to development, the bank
focused primarily on large investments in physical capital
and infrastructure, because such investments were viewed
as the most likely to increase national income.

However, in the 1960s through 1980s, development
theory shifted to encompass more than economic growth;
it aimed at meeting individuals’ basic needs, because the
objective was to provide all human beings with the oppor-
tunity for a full life. This approach appealed to bank staff
and especially to Robert McNamara, then president of the
bank. Consequentially, the World Bank’s focus began to
slowly shift to investments in family planning, nutrition,
health, and education. In the 1990s, the Washington
Consensus, which emphasized macroeconomic stability,
privatization, trade liberalization, and public sector con-
traction, dominated development thinking, and the bank
focused on open markets and economic management.
However, lessons learned from this period of market-
oriented reforms demonstrated that good governance,
strong institutions, and human capital are critical for
eradicating global poverty. Today, the bank views devel-
opment as a holistic and multidimensional process that
focuses on people in the societies inwhich it operates. This
comprehensive development framework now gives health,
nutrition, and population (HNP) programs a central place
in the bank’s work and mission.

The World Bank has gone from having virtually no
presence in global health to being one of the leading global
health institutions. Over time, its loans, credits, and grants
to fund HNP programs have become substantial. The
largest shift occurred over the past 20 years: World Bank
support for social services such as health, nutrition, edu-
cation, and social security grew from 5% of its portfolio
in 1980 to 22% in 2003 (World Bank, 2007c). The World
Bank is now the world’s largest external funder of health
(The Human Development Network, 1997), committing
more than $1 billion annually in new lending to improve
health, nutrition, and population in developing countries.
Moreover, it is one of the worlds’ largest external funders
of the fight against HIV/AIDS, with current commitments
of more than $1.3 billion, 50% of that to sub-Saharan
Africa (World Bank, 2007d). Because it allows long repay-
ment periods (up to 35–40 years and a 10-year grace
period), it provides the time and resources to address
special problems, such as widespread disease epidemics.
The Early Years: Bretton Woods

In July 1944, delegates from 45 national governments
convened in Bretton Woods, NH, to adopt the Articles
of Agreement for the World Bank and the International
Monetary Fund, establishing the two entities in interna-
tional law (World Bank, 2007e). The nascent bank was the
first multilateral development bank, a uniquely public
sector institution created in a post-World War II era
of intergovernmental cooperation. The International
Monetary Fund, by contrast, was created to stabilize the
international monetary system and monitor world
currencies. A year later, the UN General Assembly con-
vened in San Francisco, CA, to draft the UN charter.
A new era of multilateralism and intergovernmental coop-
eration had emerged.

By December 31, 1945, 29 governments had ratified the
bank’s Articles of Agreement. In March 1946, the board
of governors of the World Bank and the International
Monetary Fund were inaugurated in Savannah, GA,
where they adopted the institutions’ bylaws and elected
the bank’s executive directors (World Bank, 2007e). The
board first met on May 7, 1946. The bank’s first presi-
dent, Eugene Meyer, took office on June 18, and the bank
opened its world headquarters at 1818H Street, NW,
Washington, DC, on June 25 (World Bank, 2007b).

The job of being the first bank president was challeng-
ing. In the 10th anniversary issue of International Bank

Notes, Mr. Meyer noted that, ‘‘Finding the proper path
for this new experiment in international cooperation was
not easy. We had only the Articles of Agreement to guide
us, and they provided only the sketchiest of outlines’’
(World Bank, 2007a). Meyer resigned after 6months and
was succeeded by John McCloy, who held the position for
2 years, a period that initiated a rapid change in the World
Bank’s work and geographic orientation.
From Reconstruction to Development

McCloy helped shift the bank’s focus from postwar recon-
struction to economic development. On May 9, 1947, the
bank authorized its first loan: $250million to France for
postwar reconstruction. By August 1947, it had authorized
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reconstruction loans to The Netherlands ($195million),
Denmark ($40million), and Luxembourg ($12million)
(World Bank, 2003b, 2007e). These first loans were for
reconstruction (compared with project-specific loans),
and they launched the nascent bank into international
capital markets. However, the international community
soon realized that, instead of piecemeal loans, European
and Japanese reconstruction would require a full-fledged
effort by international leaders. Hence, the Marshall Plan
was established in June 1947 (Kapur et al., 1997). Relieved
of the reconstruction burden, the bank’s directors turned
their full attention to development.

In the postwar era, the prevailing wisdom in develop-
ment theory was that economic growth (increasing gross
national product or growth rates) was the key to develop-
ment. Therefore, during this era the bank focused primar-
ily on large investments in physical capital and heavy
infrastructure. From 1948 to 1961, for example, 87% of
its loans to less developed countries were for power and
transportation. The remaining commitments provided for
other forms of economic overhead, such as industry and
telecommunications, and a small fraction (4%) was
invested in agriculture and irrigation (Kapur et al., 1997).
Moreover, from January 1949 through April 1961, the
bank provided $5.1 billion to 56 countries for 280 different
loans, primarily for economic development (Kapur et al.,
1997). The first development loan ($13.5million), effec-
tive on April 7, 1949, was to Chile’s Corporacion de
Fomento de la Produccion for four electric power projects
and incidental irrigation (World Bank, 2003b). The second
development loan ($2.5million), effective the same day,
focused on machinery for Chilean agriculture. Education,
health, and other social sectors were not provided for in
the loans (Kapur et al., 1997).

This development theory and investment philosophy
remained constant for most of the bank’s first two decades,
espousing the idea that public utility and transportation
projects, financial stability, and a strong private sector
were the primary means to development (Mason and
Asher, 1973). These types of projects were also easier to
finance and were considered more appropriate for bank
financing (Curie, 1981). During this time, the World Bank
shunned public investments in sanitation, education, and
health (Kapur et al., 1997). One reason for this neglect,
as previously mentioned, was the prevailing develop-
ment paradigm that public utility investments and other
economic infrastructure were the key to economic
growth. Another reason related to the bank’s culture as a
financial institution, because ‘‘by the early 1950s the
bank’s operations and development thinking had been
set into a banker’s mold’’ (Kapur et al., 1997: 85) This
financial mold valued investments that showed a measur-
able and direct monetary return. As Edward Mason and
Robert Asher explain in their book, The World Bank Since

Bretton Woods :
The contribution of social overhead projects to increased

production . . . is less measurable and direct than that of

power plants. . .. Financing them, moreover, might open

the door to vastly increased demands for loans and raise

hackles anew in Wall Street about the ‘‘soundness’’ of the

bank’s management. It therefore seemed prudent to the

management . . . to consider as unsuitable in normal

circumstances World Bank financing of projects for elim-

inating malaria, reducing illiteracy, building vocational

schools, or establishing clinics. . ..

(Mason and Asher, 1973: 151–152)

Some bank staff and advisors disagreed with this view.
E. Harrison Clark, chief of the 1952 Survey Mission
to Nicaragua, returned from that country with strong
recommendations. The mission reported that:

. . . expenditures to improve sanitation, education, and

public health should, without question, be given first

priority in any program to increase the long-range growth

and development of the Nicaraguan economy . . . high

disease rates, low standards of nutrition, and low educa-

tion and training standards are the major factors inhibiting

growth of productivity. . . . (World Bank, 1953: 22–23)

Despite these recommendations, none of the 11 loans
Nicaragua received from the World Bank between 1951
and 1960 covered water, sanitation, health, or education
(Kapur et al., 1997).

By virtually ignoring the social sectors, the World
Bank charted a different course from the U.S. government
and other development institutions. From 1951 to 1954,
more than 30% of U.S. foreign aid to South Asia was for
health, agriculture, and education (Wolf, 1960). In partic-
ular, U.S. bilateral aid to Thailand for public health was a
significant priority (Muscat, 1990). Although the primary
motivation for U.S. bilateral human resource lending in
South Asia appeared to stem from the fear that poverty
and ill health bred communist ideology (Kapur et al.,
1997), such investments were consistent with the U.S.
postwar emphasis on individualism and human capacity
and its confidence in science and medicine (Pastor,
1980). Other development institutions, such as the U.S.
Agency for International Development; the Food and
Agriculture Organization, the UN Educational, Science,
and Cultural Organization; United Nations Children’s
Fund (UNICEF); and especially the World Health Orga-
nization (WHO), also focused on improving public health.

The rationale for the bank’s independent course was
both academic and financial. Academic development dia-
logue at the time emphasized that economic growth was
the principal tool for reducing poverty in developing
countries and that social services investments would be
counterproductive. Davesh Kapur et al. wrote, ‘‘Such mea-
sures would be temporary palliatives, at the expense of
savings and productive investment; direct and immediate
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attacks on mass poverty would only squander limited
national resources’’ (Kapur et al., 1997: 115).

This trickle-down economic approach was reinforced
by the idea that industrialization and urbanization were
necessary for economic growth (Morris, 1963), a view
dominating bank thinking during most of the 1950s and
1960s (Lewis, 1954; Chenery, 1955; Johnston and Mellor,
1961). Sociologists and economists agreed that urban-
ization was an inevitable component of development
(Cole, 1952), that income inequality was inevitably
linked to economic growth (Kuznets, 1955), and that
growth, not distribution, should be the focus of develop-
ment (Lewis, 1954).

The World Bank’s financial interests were equally at
odds with lending policies that favored social and human
resources. Robert Cavanaugh, the bank’s chief fundraiser
and a bridge between the New York stock market – the
bank’s primary funding source – and the bank’s lending
instruments during this period, stated in 1961:

If we got into the social field . . . then the bond market

would definitely feel that we were not acting prudently

from a financial standpoint. . .. If you start financing

schools and hospitals and water works, and so forth,

these things don’t normally and directly increase the

ability of a country to repay a borrowing.

(Cavanaugh, 1961: 63–64)

Cavanaugh’s statement reflected how the World Bank
was influenced by potential financial market reactions,
especially when it was trying to build a strong reputation
within financial markets and development circles. Even if
some bank officials thought health and education were
important to development, academic and financial influ-
ences swayed the bank to put aside welfare matters for
the first 25 years of its existence.
Investments in Health, Nutrition, and
Population Programs

On April 1, 1968, Robert S. McNamara became president
of the World Bank. During his long tenure (ending June
1981), he transformed the bank by moving poverty reduc-
tion to center stage. He sought to redefine the bank as a
bona fide development agency and not just a financial
institution (Kapur et al., 1997) and was a forceful agent of
change.

McNamara’s arrival coincided with a shift in academic
thinking and research about development. This shift
began in the 1950s, when orthodox views of development
(Lewis, 1954) – focusing on economic growth – were
questioned, and studies found that physical capital played
a smaller-than-expected role in economic growth. More-
over, it appeared that a residual factor existed in macro-
economic statistical models (Abramovitz, 1956). This
residual factor was believed to be investment in education,
innovation, entrepreneurship, and, later, health (Enke,
1963). The concepts of human capital and human devel-
opment – investments in people – also gained acceptance
(Shultz, 1961). The basic needs approach to development
influenced the way academics and policy makers viewed
development (Streeten, 1977), later forming the corner-
stone of the U.S. Agency for International Development
program (Sartorius and Ruttan, 1989).

These development ideas made sense to McNamara.
They both appealed to him personally and were consis-
tent with his own personal history, prior loyalties, and
experience with the U.S. government and the private
sector. Moreover, internal bank studies and country mis-
sion reports revealed that hundreds of millions of people
in developing countries were living in extreme poverty
and lacking health clinics, primary and secondary schools,
and safe drinking water (Kapur et al., 1997). Such condi-
tions of underdevelopment were key barriers to produc-
tivity, economic growth, and poverty reduction, and
poverty was a direct result of insufficient investments
in health and education. Dragoslav Avramovic, acting
head of the bank’s economics department just before
McNamara’s arrival, was a strong critic of prevailing
orthodox views. His critique of trickle-down economics
later provided key aspects of McNamara’s attack on pov-
erty (Avramovic quoted in Kapur et al., 1997). Although
shifts in academic thinking about development influenced
some bank staff in the 1960s, they did not take root in
the bank’s policies and institutional ethos until after
McNamara arrived in 1968.

The bank’s gradual shift toward more social sector
lending began with an emphasis on population control,
which McNamara regarded as the first step to alleviating
poverty. In a landmark speech at the University of Notre
Dame in 1969, he urged the international community to
address population growth, the ‘‘most delicate and diffi-
cult issue of our era, perhaps of any era in history’’ (World
Bank, 2003a). Population control was a major focus for
other development agencies at the time, particularly the
Ford Foundation and U.S. Agency for International
Development. By 1970, McNamara had established the
Population Projects Department in the World Bank and
continued to advocate population control in speeches and
dialogue with governments. In June 1970, the bank
approved its first family planning loan ($2million), to
Jamaica (World Bank, 2007f ). By the end of fiscal year
(FY) 1973, the bank’s lending in family planning totaled
$22million, less than 10% of that given for electric power
($322million) and telecommunications ($248million). It
was an even lower fraction of that given for agriculture
($938million) and transportation ($682million) (World
Bank, 2003c). On August 26, 1974, the report Population
Policies and Economic Development, which analyzed the effect
of rising populations on poverty, was published. However,
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population control failed to develop into a strong lending
program, perhaps because it could not meet the bank’s
interest in projects that were both acceptable to borrowers
and attractive to bank shareholders (Kapur et al., 1997).

McNamara’s attention then turned to nutrition, moti-
vated in part by the International Conference on
Nutrition, National Development, and Planning at
Massachusetts Institute of Technology in 1971 and the
International Nutrition Planning Program established in
1972 at the university and funded by the Rockefeller
Foundation and U.S. Agency for International Develop-
ment (Kapur et al., 1997). In November 1970, biochemist
James Lee became the bank’s scientific advisor and was
responsible for nutrition policy along with other areas of
science (Kapur et al., 1997). In his speech at the bank’s
1971 annual meeting, McNamara emphasized that ‘‘mal-
nutrition is widespread and it limits the physical, and
often the mental growth of hundreds of millions and it is
a major barrier to human development’’ (World Bank,
2003b). By January 1972, the World Bank report Possible
Bank Actions on Malnutrition Problems led to the establish-
ment of a bank nutrition unit. In 1973, Alan Berg’s book
The Nutrition Factor and a 1973 nutrition policy paper,
which called for a more active role in nutrition, reinforced
McNamara’s support for eventual bank lending in that
area (Kapur et al., 1997: 253–254). However, the bank did
not approve its first loan for nutrition (to Brazil for
$19million) until 1976 (World Bank, 2007f ).

Since 1970, McNamara had been advocating bank
support of health and nutrition programs, as in speeches
at Columbia University (1970) and the bank’s annual
general meetings (1972). In June 1973, he requested a
health policy paper from bank staff (Kapur et al., 1997).
The resulting 1975 Health Sector Policy Paper was one of the
bank’s first efforts to generate and disseminate knowledge
on health policy issues. In 1974, one of the bank’s most
successful programs, the Onchocerciasis Control Program
(OCP), was created to eliminate onchocerciasis (river
blindness) and enhance country and regional control of
the disease. This health initiative involved 11 countries in
West Africa and was sponsored, along with the World
Bank, by United Nations Development Program (UNDP),
the Food and Agriculture Organization, and WHO. It also
involved the private sector and nongovernmental orga-
nizations. Onchocerciasis is caused by a parasitic worm
and is spread by black flies that breed in fast-flowing
water. The group determined they could stop flies from
transmitting the disease by treating the water flow. The
OCP also established a program of insecticide application
to prevent the growth of black flies (World Bank, 2003d).

Because the bank was not notably engaged in health
issues at the time, its decision to tackle river blindness was
a turning point. The program, which continued for some
30 years, protected an estimated 34million people from
river blindness and cleared nearly 25million hectares of
land for agricultural use (World Bank, 2003e). The OCP
gave the bank a boost in the health sector. In 1979, the
bank established a health department and a policy to
consider funding stand-alone health projects, as well as
health components in other projects (Kapur et al., 1997).

These efforts in the health arena were influenced by
the growing recognition in academic and policy-making
development discourse that the basic needs approach was
essential to poverty reduction (Streeten and Burki, 1981).
McNamara, in particular, engaged with this dialogue. In
his 1976 address to the annual general meeting of the
board of governors in Manila, the Philippine Islands, he
underscored the need to reexamine trickle-down eco-
nomics and to focus on the unmet basic human needs of
hundreds of millions of people in developing countries
(McNamara, 1981: 337). Over the ensuing years, he called
for further research within the bank before endorsing a
full-scale lending program for basic needs.

Despite its failure to become fully institutionalized in
World Bank culture and policy, the basic-needs approach
laid the foundation for further expansion in the bank’s
HNP sector. Official recognition of this shift came most
publicly in the World Development Report, 1980 which
demonstrated that malnutrition and ill health were two
of the worst symptoms of poverty and that both could be
addressed by direct government action, with bank assis-
tance. The report also suggested that improving health
and nutrition would likely accelerate economic growth.
After a series of research papers suggested that health and
education were directly productive, these findings were
incorporated in theWorld Development Report, 1980 to argue
for greater emphases on social sector lending (World
Bank, 1980).

The bank translated development theory and research
into action by creating the Population, Health, and Nutri-
tion Department in October 1979 and allowing stand-
alone health loans. A 1980 Health Sector Policy Paper was
one of the first attempts to provide a rationale for stand-
alone investments in the health sector (The Human
Development Network, 1997).

In 1980, the bank approved another nutrition loan, to
the India Tamil Nadu Nutrition project. In 1984, it
provided a $2million grant for social emergency pro-
grams, and, in 1985, it gave a $3million grant to the
World Food Program for emergency food supplies to
sub-Saharan Africa (World Bank, 2007g). The creation
of the Population, Health, and Nutrition Department
became a landmark in the World Bank’s involvement in
health.

On February 10, 1987, the bank cosponsored – with
WHO and United Nations Population Fund – a confer-
ence in Nairobi, Kenya, on safe motherhood (World Bank,
2007g). This conference launched the bank’s Safe
Motherhood initiative, which was its first global commit-
ment to health issues of this nature; the program is now in
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its 17th year. This initiative solidified the bank’s commit-
ment to family planning and maternal and child health.
The public and financial commitments resonating from
this initiative became important pillars of the bank’s
health sector work. Safe motherhood projects increased
from ten in 1987 to 150 in 1999, with an annual commit-
ment of $385million between 1992 and 1999, 30% of total
bank HNP lending (The Human Development Network,
1999). Between 1987 and 1998, the bank supported
safe delivery activities in 29 countries (The Human Devel-
opment Network, 1999). In 1987, it loaned $10million for
Zimbabwe’s Family Health Project and $11million to
Malawi for its Second Family Health Project. In 1990, it
supported a $267million loan to Brazil’s Second Northeast
Basic Health Services Project (The Human Development
Network, 1999).

A second global health conference on safe mother-
hood, sponsored by the World Bank, WHO, UNICEF,
and United Nations Population Fund, took place on
January 30, 1989, in Niamey, Nigeria. A November 1989
World Bank report, Sub-Saharan Africa: From Crisis to

Sustainable Growth, followed and called for doubling
expenditures on human resource development (World
Bank, 2007g). Together, these events provided further
momentum for investments in family planning and
child and maternal health. In 1998, the bank loaned
$300million for India’s Women and Child Development
Project and $250million for Bangladesh’s Health and
Population Program Project (The Human Development
Network, 1999b). The bank’s family planning work was
not without controversy, however. Its World Development

Report, 1984: Population and Development, which emphasized
governments’ role in reducing fertility and mortality
(World Bank, 1984), was criticized, as were its family-
planning projects (drawn into abortion politics) in Latin
America and elsewhere (World Bank, 2007h).

Other noteworthy early HNP activities included the
first loan in 1981 to Tunisia to expand basic health ser-
vices, the 1987 study Financing Health Services in Developing
Countries: An Agenda for Reform, and the bank’s seminal
World Development Report, 1993: Investing in Health (World
Bank, 1993). The 1987 document, in particular, under-
scored the need for improved health sector financing and
included user fees/charges, which are highly controver-
sial, as one instrument for mobilizing resources. The
World Development Report, 1993 was a watershed in interna-
tional health, giving the World Bank greater exposure and
legitimacy in the health sector. The firstWorld Development

Report devoted entirely to health (signaling the bank’s
commitment), its overall aim was to make the case to the
broader development community for investing in health.
TheWorld Development Report, 1993 identified several major
problems in international health systems, in particular,
inefficient use of funds and human resources, inequitable
access to basic heath care, and rising health-care costs.
As a result, the bank advocated several key recommenda-
tions for improving health: Educating girls and empower-
ing women, reallocating government resources from
tertiary facilities to primary care, investing in public
health and essential clinical services, and promoting pri-
vate and social insurance and competition in health ser-
vices delivery. Although generally well received, the
report was criticized for introducing disability-adjusted
life years (DALYs), for lacking a strong evidence base, and
for promoting privatization (Abbasi, 1999b).
The World Bank’s Increasing Involvement
in Global Health

The World Development Report, 1993 has been supplemen-
ted over the past decade with bank operational research
and analysis, including the bank’s Special Program of
Research, Development and Training in Human Repro-
duction, the WHO/United Nations Development Pro-
gram/World Bank Tropical Diseases Research Program,
and the Global Micronutrient Initiative (The Human
Development Network, 1997). Since 1993, the bank has
also increased its support of country-specific research and
analysis of HNP issues, primarily through bank loans and
credits, which has resulted in significant external HNP
research funding in developing countries (The Human
Development Network, 1997). The World Bank’s own
Policy Research Department has also grown its interest
in HNP issues and now spends $1million annually (8% of
the department’s total research budget) on HNP studies
(The Human Development Network, 1997). Such policy
research builds on the bank’s comparative advantage in
economic and intersectoral analysis related to health
issues. Other areas of bank involvement in global health
knowledge include training and seminars on HNP topics
for policy makers in developing countries. Over the past
several years, the bank has produced 210 country-specific
HNP sector studies and staff appraisal reports and
hundreds of country strategy documents on HNP topics
(The Human Development Network, 1997), including,
for example, a study in Morocco on health financing and
insurance (Schieber et al., 1999).

Although the bank’s role in generating and disseminat-
ing global health knowledge is important, its main advan-
tage compared with other international institutions is its
ability to mobilize financial resources. By far the most
dramatic change in its role in global health has been its
increased financial support for HNP through loans, cred-
its, and grants. Indeed, it is now the ‘‘single largest exter-
nal source of HNP financing in low- and middle-income
countries’’ (The Human Development Network, 1997: ix).
In contrast to approving only one HNP loan in 1970,
it had financed 154 active and 94 completed projects
in 1997 with a total of $13.5 billion (The Human
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Development Network, 1997: ix). From 1987 to 1992
alone, it tripled its HNP lending, and the average number
of new projects per year increased from eight in FY
1987–1989 ($317 million annually) to 21 in FY
1990–1992 ($1.2 billion annually) (World Bank, 1993).
HNP projects grew from less than 1% of total World
Bank lending in 1987 to nearly 7% in 1991 (World
Bank, 1993). By the end of FY 1996, the World Bank’s
new annual lending was $21 billion, and 24% of that was
directed to HNP (11% or $2.4million), education (8%),
and social protection (5%) (The Human Development
Network, 1997).

The types of HNP activities pursued by the bank
also have changed over the past several years. Early pro-
jects focused primarily on strengthening countries’ basic
HNP infrastructure and services, specific diseases (e.g.,
OCP), and certain populations (e.g., rural development).
However, a late-1990s review by the bank’s Operations
Evaluation Development Department of 120 projects
conducted between FY 1970 and 1995 found that the
narrow focus on capital investment failed to achieve the
significant institutional and systematic changes necessary
for project effectiveness. It also found that the bank’s
HNP portfolio was fragmented and of uneven quality
(The Human Development Network, 1997). This assess-
ment has led the bank to shift its HNP activities away
from basic health services toward broader policy reforms
(The Human Development Network, 1997). The Opera-
tions Evaluation Development Department review also
called for a strategic policy direction and for lending
supported by rigorous analysis and research. The bank
responded with its 1997 HNP Sector Strategy Paper (The
Human Development Network, 1997). The review also
recommended enhanced selectivity, involving a focus
on country needs and an analysis of the costs, benefits,
and risks (including political, institutional, and economic)
of all planned HNP activities. The World Bank also
tried to tune into the international dialogue on the
need to improve the effectiveness of development assis-
tance through cooperation among agencies. A key lesson
learned over the past decades is that institutions acting
alone cannot meet complex HNP challenges. Thus, the
bank has been working to strengthen its collaboration
with other international organizations. In Brazil, Uganda,
and Ghana, it collaborated with other donors through its
sector-wide approach programs, which aim to bring mul-
tiple donors together to fund an entire sector, develop
comprehensive sector-wide policies, and pursue similar
policy objectives. Sector-wide approach programs are an
improvement on the previously fragmented approach of
multiple donors funding ad hoc projects without coordina-
tion, but they have not been without controversy (Abbasi,
1999b). However, the World Bank recognizes that it
must do more to strengthen its partnerships with client
countries, civil society, stakeholders, and other agencies.
Recently, it entered into collaborative agreements with
WHO that will provide technical assistance for improving
the design, supervision, and evaluation of bank-supported
projects. The WHO and the World Bank are collaborating
to advance international understanding of HNP issues, as
was done, for example, through the recent Framework
Convention for Tobacco Control, through which the
bank worked with WHO to establish the evidence base
on effective methods of curbing the prevalence and con-
sumption of tobacco products.
Criticisms of the World Bank

TheWorld Bank and its policies are among the most hotly
debated and highly criticized in the global development
community. With regard to health sector policies, key
concerns involve user fees, structural adjustment, use of
DALYs, and privatization.

In its 1987 report on financing, the bank highlighted
user fees as an instrument for mobilizing resources. How-
ever, empirical evidence demonstrates that user fees
reduce the demand for both necessary and unnecessary
care and that they disproportionately affect poor and sick
people. Evidence also suggests that such fees have not
been overwhelmingly successful in raising revenue or
enhancing efficiency. In its 1997 sector strategy, the bank
claimed that it does not support user fees; however, it
maintained that such fees are one tool for mobilizing
resources. In contrast, critics prefer the bank to reject
user fees entirely, a policy the World Bank has yet to
pursue.

In the 1980s and 1990s, the bank pressured countries to
adopt structural adjustment programs for their economies
and to follow many prescriptions of the Washington Con-
sensus by emphasizing economic management, macroeco-
nomic stability, privatization, trade liberalization, and
public sector contraction. This involved opening markets
(trade liberalization), reducing government expenditures
(in some cases for health), and privatizing state-owned
enterprises. Critics argue that such programs reduce
health-care spending and have deleterious health effects
(Rao, 1999). UNICEF estimated that structural adjust-
ment programs may have been associated with 500 000
deaths of young children in a 12-month period (UNICEF,
1989), even though a 1998 study of the effect of structural
adjustment operations on health expenditures and out-
comes and the World Bank’s own research (World Bank,
1990) found no negative impact (Van der Gaag and Bar-
ham, 1998). Still, much concern remains both within and
outside the bank on the efficacy and negative effect of
such programs, and the bank has moved away from endor-
sing them.

The bank also was criticized for introducing DALYs to
global health assessments. It described DALYs in theWorld
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Development Report, 1993 as a way to conceptualize and
measure the global disease burden and to associate this
burden with health and other social policies. Critics argue
that DALYs lack a sound theoretical framework and are
inequitable because they value years saved for the able-
bodied more than for the disabled, the middle-aged more
than the young or old, and the currently ill more than
those who will be ill tomorrow (Anand and Hanson, 1998;
Abbasi, 1999b). By introducing DALYs, the bank contends
it improved analysis of international health systems.
Critics remain concerned with its use in global health,
and the debate continues.

Critics also have been concerned about the negative
effects of the World Bank’s support for privatization in
general and the health sector specifically (Turshen, 1999).
Research focused on private markets in the health sector
has demonstrated that a strong government is necessary
to address market failures that occur in financing, con-
suming, and providing both personal and public health
services. Insurance market failures, credit shortages, infor-
mation asymmetries, and insufficiencies, in particular, can
inhibit people from realizing economic benefits that
accrue from collective risk reduction through risk pooling
(Ruger et al., 2001; Ruger, 2003a). However, although the
bank now admits that open markets and economic man-
agement are insufficient and that good governance and
strong institutions are critical for eradicating poverty, in
the health sector, more specifically, critics argue the bank
needs to present a clearer position on the trade-offs
between public and private financing and delivery of
health services (Abbasi, 1999a; Wagstaff, 2000).
Conclusion

The World Bank today is very different from the organi-
zation conceived at Bretton Woods in 1944. Its mission has
changed from post-World War II reconstruction and
development to worldwide poverty alleviation. Although
the bank invested almost exclusively in physical infra-
structure in its early days, its focus has broadened to
include significantly more social sector lending. A major
expansion of the bank’s work in HNP took place between
the late 1980s and late 1990s, and the bank is now the
world’s largest external funder of health and one of
the largest supporters in the fight against HIV/AIDS. The
World Bank’s role in global health has evolved through a
better understanding of development, which the bank
now sees as a holistic, integrated, and multidimensional
task that should balance the strengths of the market and
other institutions and focus on people in client countries
(World Bank, 2004). This approach reflects, in part, a new
paradigm of academic thought that development is the
process of expanding the real freedoms people enjoy
(Ruger, 1998; Sen, 1999; Ruger 2003b, 2004a, 2004b,
2004c), a concept set forth by Amartya Sen. Lessons
learned from 50 years of development experience and
theory suggest that economic growth, investments in
infrastructure and physical capital, macroeconomic sta-
bility, liberalization, and privatization still matter, but
that development is multifaceted and our understanding
of it must be broad and inclusive. A number of key
elements, including economic growth and stability, a
thriving private sector, investment in people and physical
assets, a sustainable environment, and sound institutions
and policies are necessary to promote prosperity, reduce
poverty, and improve the human condition. In the late
1990s, the bank’s Voices of the Poor study, which provided
detailed interviews of impoverished people in developing
countries (Narayan et al., 2000a, 2000b), showed that the
experience and determinants of poverty are multidimen-
sional. Poor people require not only higher incomes but
also security and empowerment, opportunities for educa-
tion, jobs, health and nutrition, a clean and sustainable
environment, a well-functioning judicial and legal system,
civil and political liberties, and a rich cultural life. Reflect-
ing these views, the Bank’s World Development Report,

2000–2001 on Poverty (World Bank, 2001) identified
good health and nutrition and effective reproductive poli-
cies and health services as critical for allowing countries
to break the vicious circle of poverty, high fertility, poor
health, and low economic growth. All of these changes in
the bank’s mission, leadership, research, and philosophy
have made health, nutrition, and population programs
priorities for its work and for the wider development
community. The World Bank’s evolution, like develop-
ment research and thinking, has been slow and steady,
suggesting that health’s importance to development
(Ruger, 2004d) is a concept with long-lasting implications.
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Founding and Mission

The World Health Organization (WHO) was established
on 7 April 1948 as a specialized agency of the United
Nations (UN), and the global authority on health issues.
It came into existence when 26 of its 61 founding states
signed its constitution. This day is marked as World
Health Day.

In the post-World War II era the global implications of
poor health were recognized. As a result, Brazil and China
put forward a joint declaration at the 1945 United Nations
Conference on International Cooperation. This declaration
called for a conference to look into the establishment of a
global health agency; approval was unanimous. In 1946 a
series of conferences were convened, leading to the incor-
poration, dissolution, or replacement by this new body
of the four major regional health bodies: Office Interna-
tional d’Hygiène Publique (OIHP), United Nations Relief
and Rehabilitation Administration (UNRRA), League of
Nations Health Organization, and the Pan American
Health Organization (PAHO). The functions of the OIHP,
UNRRA, and the League of Nations Health Organization
were taken over by the WHO. The PAHO still stands as a
separate international organization; its secretariat, the Pan
American Sanitary Bureau (PASB), serves as the regional
office of the WHO for the Americas. The name World
Health Organization was suggested by Dr. George
B. Chisholm, who at the time was the Deputy Minister of
National Health of Canada, and eventually became the first
Director-General of the WHO (UN WHO interim com-
mission 17) (Table 1).

The constitution of the WHO states its objective as the
attainment by all peoples of the highest possible level of
Table 1 Directors-general of the WHO

Name Country of origin
Term of
office

Dr M Chan People’s Republic of China 2007–date
Dr A. Nordstroma Sweden 2006–2007

Dr Lee Jong-wook Republic of Korea 2003–2006

Dr G. H. Brundtland Norway 1998–2003

Dr H. Nakajima Japan 1988–1998
Dr H. Mahler Denmark 1973–1988

Dr M. G. Candau Brazil 1953–1973

Dr B. Chisholm Canada 1948–1953

aServed as acting director-general.
health. Health was further defined as a state of physical,
mental, and social well-being and not merely the absence
of disease or infirmity. Additional entries in its constitu-
tion enshrine health as a human right and state its neces-
sity for peaceful living.
Structure

The World Health Organization has 193 member states.
Its headquarters is in Geneva, Switzerland, and it main-
tains six regional offices (for the Americas, Europe, Africa,
South-East Asia, Eastern Mediterranean, and Western
Pacific) and 148 country or special offices. Membership
is granted on acceptance of theWHO constitution for UN
member states, or by a simple majority vote of the World
Health Assembly (WHA) for other states. Instruments of
acceptance of the WHO constitution are deposited with
the Secretary General of the UN. The official languages
of the WHO are Arabic, Chinese, English, French,
Russian, and Spanish.

In line with its status as a global coordinator, the WHO
has a complex series of arrangements and agreements
with various bodies and governments. It is engaged in
partnerships with bodies both within and outside the
UN structure (e.g., United Nations Children’s Fund,
United Nations Development Program, World Trade
Organization, World Bank, the Joint United Nations Pro-
gram on HIV/AIDS, Gates Foundation, Food and Agri-
culture Organization, etc.).

The WHO is functionally decentralized, but three
main organs can be identified as stipulated in Article 9
of its constitution (Figure 1): The World Health Assem-
bly, the Executive Board (EB), and the Secretariat.
The World Health Assembly

This is the highest decision-making body of the WHO.
It convenes once a year, usually in May, on a date set
by the EB. However, special sessions may be convened.
It comprises delegations from the member states, and
various categories of observers invited by the WHO
Director-General (DG). Articles 18 to 23 of the constitu-
tion specify the functions of the WHA. Notably, it sets
the policy direction for the WHO, appoints the DG,
approves the biennial budget, and provides financial
oversight.
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The Executive Board

The executive board is made up of appointees from 34
member states. Member states eligible to appoint board
members are selected by the WHA, and remain so for
three years with renewable terms. These appointees serve
not as representatives of their individual countries but as
individuals with expertise in health matters. The board
has regular meetings twice a year, one before the WHA
and another immediately after the assembly for adminis-
trative matters. One of the board members is elected
the chairman of the board for a period of one year. Article
28 of the constitution specifies the functions of the
board. Notably it prepares the agenda for the WHA and
appoints regional directors following nominations by
regional committees. It also nominates a candidate, from
individuals put forward by member states, for the post of
DG. It serves as the executive arm of the WHO.
The Secretariat

The DG of the WHO is the head of the Secretariat, which
comprises all the WHO staff at all levels (headquarters,
regional offices, and country or liaison offices). The DG
serves as the chief technical and administrative officer. His
or her appointment to the post is by the WHA and lasts
for a term of five years. The Secretariat is responsible for
carrying out WHO activities and administrative functions
necessary for the WHA and EB to function. Within the
office of the DG there is a Deputy Director-General. All
staff worldwide are under the authority of the DG and are
granted the privileges of diplomats, in accordance with
agreements between the WHO and member states. Cre-
dence is given to this arrangement as the WHO is a
specialized agency of the UN (WHO, 2007).
Associated with the office of the Director-General are
11 divisions or offices run by Assistant Directors-General,
and the regional offices. The divisions are: Health Action
in Crises; Information, Evidence and Research; Commu-
nicable diseases; Noncommunicable diseases and Mental
Health; Family and Community Health; AIDS, Tuber-
culosis (TB) and Malaria; Health Systems and Services;
General Management; Sustainable Development and
Healthy Environments; Health Technology and Pharma-
ceuticals and WHO office at the UN. Within the divi-
sions, there are a varying number of directors. The DG
also has special representatives on various issues and links
to partner organizations such as the United Nations.

WHO maintains six regional offices, which encompass
the country offices. Member states are assigned to regions
based on geography, with some political considerations.
The regional offices are: Africa (AFRO), Americas
(AMRO), Eastern Mediterranean (EMRO), Europe
(EURO), South-East Asia (SEARO), and Western Pacific
(WPRO). A regional director heads each regional office.
A regional committee consisting of representatives of
member states in the region sets regional policies and
allocates resources based on the budget allocated to the
region by the WHA. The freedom to design their own
budget gives the regional offices some degree of auton-
omy. They work toward the overall objectives set by the
WHA but also take into account regions’ specific issues.
Hence the regions have different organizational struc-
tures and priorities.

WHO regional office for Africa (AFRO)

Located in Brazzaville, Congo, the AFRO covers
46 countries. The population of the region is approximately
748 million. Maternal and child health, malaria, TB, and
HIV/AIDS are high on the agenda with a renewed focus
on health systems development and disease surveillance.

WHO regional office for the Americas (AMRO)
The PAHO, as previously stated, acts as the regional
office for the WHO in the Americas. It also serves as the
specialized organ for health in the Inter-American system.
It covers 35 countries and is located in Washington, DC,
in the United States. Some countries are participating
states, associate members, or have observer status in the
PAHO even though they belong to other WHO regions.
This is because they have sovereign rights to nations
within the Americas. The population of the region is
approximately 893 million people. Regional concerns
include inequities in health care, vaccine coverage, and
human resources for health and tobacco control.

WHO regional office for the Eastern

Mediterranean (EMRO)

Located in Cairo, Egypt, the EMRO covers 21 countries.
The population of the region is approximately 557 million
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people. Priority programs of the office include: the
Tobacco Free Initiative, Roll Back Malaria, Stop Malaria,
and its community-based initiatives. The Special Program
on Polio Eradication reports directly to the regional
director.
WHO regional office for Europe (EURO)

Located in Copenhagen, Denmark, the EURO covers 53
countries in the region. The population of the region is
approximately 888 million. In this region, noncommunic-
able diseases account for 77% of the burden of disease,
and communicable diseases rank third, accounting for
9%. With cardiovascular diseases and cancer the leading
conditions, the prevention aspect of the WHO work
comes to the fore. Specific programs address risk factors
such as smoking, diet, exercise, and air pollution. Mental
health is an important issue for the region.
WHO regional office for South-East Asia (SEARO)

Located in New Delhi, India, the SEARO covers 11
countries in the region. The population of the region is
approximately 1.68 billion people. Reproductive health
issues, malaria, leprosy, and a variety of other communi-
cable diseases are high on the agenda in this region.
WHO regional office for the Western

Pacific (WPRO)

Located in Manila, Philippines, the WPRO covers 27
countries. The population of the region is approximately
1.75 billion people. The regional priorities include new
challenges such as emerging infectious diseases – severe
acute respiratory syndrome (SARS) and avian influenza –
and long-standing concerns such as HIV/AIDS, tobacco
control, and health worker migration.

Country offices are headed by WHO representatives,
heads of office, or liaison officers. They are appointed by
the regional director. These offices form the main struc-
ture for cooperation with governments. Only 145 country
offices exist, with three special offices: US-Mexican bor-
der office, WHO office in Jerusalem, and the office in the
UN administrative region of Kosovo. These country
offices are responsible for individual countries with some
such as those of Barbados, Venezuela, and Samoa covering
multiple countries. Thirty-four member states have no
country offices, for example, Canada, Ireland, Israel,
Malta, San Marino, United Kingdom of Great Britain,
United Arab Emirates, Australia, Japan, and the United
States. Thirty-two subcountry offices exist. The WHO
maintains other offices such as the WHO office at the
European Union, the WHO Center for Health Develop-
ment in Kobe, Japan, and the WHO office at the African
Union, but they are not classified as country offices.
Funding

The WHO derives most of its funding from two main
sources, obligatory annual contributions from member
states and voluntary contributions from the governments
of member states and other organizations. The exact
amount of obligatory contributions from member states
is determined using a formula agreed on by the WHA
and constitutes the regular budget. Voluntary contribu-
tions from governments and other agencies make up
the extra budgetary finances. Extra budgetary finances
account for a significant proportion of the operating
funds. In 2006/2007, it accounted for approximately
72% of the $3.3 billion budget. In the proposed budget
for 2008/2009 this proportion will rise to approximately
77%. Budgets are prepared on a biennial basis by the
DG with input from the divisions and regional offices.
In the current budgetary cycle 30% of the funds are
earmarked for the headquarters and the remaining funds
are divided in varying proportions among the regional
offices (6% for the Americas, 29% for Africa). This
continues the trend of shifting funds to the regions
(Figure 2). The DG forwards the final budget proposal
for consideration and approval by the EB and ultimately
the WHA.
Functions

The WHO, as specified in its constitution, acts as the
directing and coordinating authority in international
health work and its functions are listed in Article 2 of its
constitution. Given the definition of health in the consti-
tution and the inexact phrasing of its functions, its spec-
trum of activities is very wide. In the Ninth General
Program of Work the WHO provides a wordy description
of its function and activities, stating

‘‘WHO’s directing and coordinating functions include the

search for international consensus on health problems of

global priority and the most effective ways of assisting

countries to solve them, and advocacy of measures to

mobilize international resources and action for health,

including humanitarian assistance. They also comprise

what is often referred to as normative function of WHO,

that is, monitoring the health situation and trends through-

out the world; proposing conventions, regulations, norms,

standards and guidelines related to health; and stimulating

research, the advancement and application of knowledge,

and the sharing of information in the field, including the

bioethical dimensions’’ (WHO 1994: 23–24).

Periodically the WHO approves a general program of
work (GPW) that further defines the long-term policy
direction of the organization, the six-year medium-term
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strategic plan, and the biennial budget providing short-term
direction. In its 11th General Program of Work, covering
2006–2015, six core functions are highlighted (WHO
2006: 25–30):

1. Providing leadership on matters critical to health and
engaging in partnerships in which joint action is
needed.

2. Shaping the research agenda and stimulating the gen-
eration, translation, and dissemination of valuable
knowledge.

3. Setting norms and standards, and promoting and mon-
itoring their implementation.

4. Articulating ethical and evidence-based policy options.
5. Providing technical support, catalyzing change, and
building sustainable institutional capacity.

6. Monitoring the health situation and assessing health
trends.

This GPW incorporates attainment of the health-related
aspects of the Millennium Development Goals to a
greater degree than previous programs.
Programs

The precise scope of the functions of the WHO is open to
interpretation. A brief look at some of their actual
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activities and achievements may provide a better perspec-
tive of its role. TheWHO attempts to achieve its objectives
in a variety of ways, collaborating with states, intergovern-
mental institutions, nongovernmental institutions, and
engaging in public–private sector partnerships. They have
designated numerous institutes as collaborating centers
involved in various projects. They also raise expert commit-
tees and advisory panels to ensure expertise in addressing
thewide spectrum of issues that fall under its bailiwick. The
annual World Health Reports have raised awareness of
issues such as gaps in access to health care (1995), noncom-
municable diseases (1997), health systems performance
(2000), mental health (2001), and human resources for
health (2006). They have offices or commissions focused
on social determinants of health; child and adolescent
health and development; macroeconomics and health;
gender, women, and health; intellectual property rights,
innovation, and public health; disability and rehabilitation;
blood transfusion safety; and globalization of trade and
health. Initiatives launched include 3 by 5, Civil Society
Initiative, the Burden of Disease project, Global Campaign
for Violence Prevention, and the International Medical
Products Anti-Counterfeiting Task Force. The WHO uses
high-profile individuals to raise awareness of significant
health issues by designating them goodwill ambassadors
on a yearly basis. They also designate specific days of the
year to highlight specific health problems, for example, 24
March – World TB Day, 1 December – World AIDS Day,
and 14 November – World Diabetes Day.

A few notable achievements of the WHO include the
preparation and periodic revision of the International
Classification of Diseases (ICD) under the WHO Family
of International Classifications (WHO-FIC); the ‘Health
for All’ initiative launched in Almaty (formerly Alma-ata),
Kazakhstan (1978); the eradication of smallpox (1979), an
international code on the marketing of breast milk sub-
stitutes (1981); the global strategy on diet, physical activ-
ity, and health (2004); a review of international health
regulations (2005); the Framework convention on tobacco
control (2005); and the push for the eradication of polio.
The role of the WHO in facilitating research should not
be neglected: in league with its collaborating centers it has
made advances in the development of antimalarial drugs,
vaccines, anti-TB drugs, and the provision of uniform
treatment guidelines for various conditions such as diar-
rhea and malaria.

In 2003, the late DG of the WHO, Dr. Lee Jong-wook
said, ‘‘We must do the right things. We must do them in
the right places. And we must do them the right way. We
are putting countries where they should be – at the heart
of WHO’s work’’ (Lee 2003). This voices the importance
and necessity of the WHO country policy. The WHO
provides country-level support through its country offices
in the form of policy recommendations and technical
assistance in dealing with potential and existing public
health threats. A recent example of the effectiveness of
the WHO was seen in 2003 with the containment of a
potential SARS outbreak and the tracking and contain-
ment of the spread of avian influenza.

WHO is the administrator of a number of foundations;
a function either inherited from the League of Nations
Health Organization or designated so since its inception.
They include the Darling Foundation, the Léon Bernard
Foundation, the Dr. A. T. Shousha Prize and Fellowship,
and the Jacques Parisot Foundation Fellowship.
Publications

The WHO library information system (WHOLIS) main-
tains a collection of allWHOpublications and releases. The
WHO statistical information database (WHOSIS) main-
tains records detailing global health statistics. The WHO
headquarters and its regional and country offices publish a
number of journals, books, pamphlets, and handbooks.

The premier publication of the WHO is the World
Health Report. First published in 1995 and released annu-
ally on World Health Day, each edition is dedicated to
a specific theme. Its publication generates countless
research articles and discussions related to the highlighted
theme, effectively putting it on the world agenda. The
regional offices release regional health reports describing
the health situations in their regions and their efforts to
improve them. Periodicals released by the WHO or its
regional offices include the Bulletin of the World Health

Organization, Weekly Epidemiological Record, WHO Drug Infor-

mation, Eastern Mediterranean Health Journal, and the Pan

American Journal of Health.
The WHO Technical Report series contains the final

reports of expert committees or working groups appointed
by the WHO to examine specific issues. Other publications
from theWHO are released sporadically to highlight issues
and provide guidance to the public health community, for
example, ‘TB/HIV: A Clinical Manual’; ‘Pathology and
Genetic Tumors of the Skin’; ‘Basic Epidemiology’; and
‘Building Better Health: A Behavioral Change and Essen-
tials for Emergencies.’ The WHO Press is the main pub-
lisher of WHO materials. Their publications have won a
number of awards.
Challenges and Prospects

Some of the achievements of the WHO have been high-
lighted, but this by no means reduces the daunting task
facing the organization. In a world with a population
of over 6 billion, more that double that in 1948, the WHO
is more important than ever. Its definition of health envi-
saged a role beyond disease prevention and cure, although
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these remain the most visible aspects of its activities.
WHO activities cover a wider spectrum with programs
likeWHO-CHOosing Interventions that are Cost Effective
(WHO-CHOICE). This program assists member states
in setting priorities and identifying cost-effective inter-
ventions by assembling regional data on costs and health
implications of interventions. Another example is the Inter-
national Clinical Trial Registry Platform, which, while not
an administrative register, aims to establish ethical standards
for trials involving humans. They hope to create minimum
standards for reporting these trials and make this informa-
tion readily available to interested parties.

In some ways the organization is a victim of its own
success; prolonged life expectancy has come with an
increasingly aged population. This poses a challenge to
health systems in terms of shifting the burden of disease
and sustainability. Disease surveillance is carried out in an
increasingly political environment. There is an added
urgency in detecting new and old infectious diseases as
global travel has enhanced the speed and range of their
possible spread.

The WHO activities have not been without contro-
versy, from initial opposition to its attempts to promote
breast milk over formula feeds to the much derided rank-
ing of national health systems performance in the World
Health Report of 2000, it has sparked debate on the issues.
However, failures to achieve its target on polio eradication
and provision of AIDS medications also serve as remin-
ders of the organization’s fallibility.
Table 2 Neglected tropical diseasesa

Buruli ulcer

Chagas’ disease

Cholera

Dengue/Dengue hemorrhagic fever
Dracunculiasis (guinea worm disease)

Human African trypanosomiasis (sleeping sickness)

Leishmaniasis
Leprosy (Hansen’s disease)

Lymphatic filariasis (elephantiasis)

Onchocerciasis (river blindness)

Schistosomiasis (snail fever)
Soil-transmitted helminthiasis (roundworm, whipworm,

hookworm)

Trachoma
Tropical Diseases

An in-depth look at the fight against tropical diseases
shows how the agency has had to reinvent itself and
reach out to achieve its objectives. To start with, it is
worthwhile pointing out that the term tropical disease as
commonly used is a misnomer. It is used to refer to
conditions with a high prevalence in the tropics, or those
classified as less-developed countries. This includes not
only conditions exclusive to the tropics, the true meaning
of the term, but also conditions that have largely been
controlled in first-world nations. Thus, tropical disease
treatment refers to efforts to alleviate the burden posed by
mostly infectious conditions that constitute a high burden
of disease in the developing world.

In 1975, the WHO, the UN Children’s Fund
(UNICEF), the UN Development Program, and the
World Bank established the Special Program for Research
and Training in Tropical Diseases (TDR). It aims to
combat a portfolio of major diseases of the poor and
disadvantaged. Working in collaboration with research
labs and governments it uses two broad approaches to
achieve its aims: fostering research and development
focused on problems in endemic areas, and training and
strengthening capacity in endemic countries to facilitate
further research and implementation.

Since then, the WHO has entered into other alliances
with various organizations in an attempt to control tropi-
cal diseases. Within the structure of the WHO, a division
headed by an assistant director-general is devoted to
HIV/AIDS, TB, and malaria. Different programs, alli-
ances, and initiatives focus on tropical diseases. Some
of them include the Global Task Force on Cholera Con-
trol established in 1992; the International Guinea Worm
Eradication Program spearheaded by The Carter Center
in collaboration with WHO, UNICEF, and others
launched in 1996; the WHO Alliance for the Elimination
of Blinding Trachoma by 2020 (GET2020) launched in
1997; the Global Buruli Ulcer Initiative (GBUI) estab-
lished in 1998; the Roll Back Malaria partnership (RBM)
launched in 1998; the Stop TB partnership endorsed by
the WHA in 2000; and the Global Alliance to Eliminate
Lymphatic Filariasis launched in 2000.

These programs and initiatives have resulted in
numerous publications and recommendations, for exam-
ple, the reemergence of indoor residual spraying (IRS)
with dichloro-diphenyl-trichloroethane (DDT) and insec-
ticides as a control program, the guidelines on the treat-
ment of malaria, and the guidelines on the treatment of
diarrheal diseases.

In 2004 and 2005, the WHO developed a conceptual
framework for disease control that has been brought to
bear in the newly established Department of Neglected
Tropical Diseases (NTD). This framework shifts empha-
sis from a condition-specific approach to addressing the
conditions as a group. It has a three-pronged approach
consisting of broader coverage with rapid impact interven-
tions, strengthened vector control, and improved surveil-
lance and high-quality care. The department is currently
focused on the 13 conditions classified as neglected tropi-
cal diseases (Table 2).
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The department’s operations are divided into four
sections. The first of these, Disease Control in Humanitar-
ian Emergencies, works in association with the Communi-
cable Disease Working Group on Emergencies. The
second section, Vector Ecology and Management, focuses
on developing evidence-based strategies and providing
technical support to interested parties in the area of control
of vector-borne conditions. The third and fourth sections
function in similar ways, engaging in research and
providing technical support, but are distinguished based
on three characteristics: availability of effective chemother-
apeutic agents, intervention strategies available, and degree
of implementation of these strategies. The third section,
Preventive Chemotherapy and Transmission Control,
deals with conditions for which effective chemotherapeutic
agents and cost-effective intervention strategies exist. Thus,
their focus is on the widespread implementation of these
strategies. The fourth section, Innovative and Intensified
DiseaseManagement, is involvedwith conditions for which
chemotherapeutic agents are available, but for which cost-
effective strategies have yet to be developed and imple-
mentation of strategies that do exist is minimal. Thus, the
department focuses on refining existing strategies and
increasing implementation of the best available strategies.

In 2006, the department joined a coalition of interna-
tional partnerships to form the Global Network for
Neglected Tropical Disease Control (GNNTDC). With
an estimated 1 billion people suffering from one of these
conditions, the implications of continued ignorance are
apparent. In partnership with other international bodies
aimed at eliminating these conditions, national govern-
ments (e.g., Tanzania, Uganda, Mali, etc.), and institutes
such as the Albert B. Sabin Vaccine Institute and the Earth
Institute, the GNNTDC hopes to avert these conse-
quences. Its initial focus is on five of the neglected tropical
diseases (trachoma, soil-transmitted helminthiasis, lym-
phatic filariasis, schistosomiasis, and onchocerciasis).
They are also exploring the negative impact of these
conditions on the severity of malaria cases, and suscepti-
bility to HIV/AIDS and TB infection.

In a follow-up to this unified approach, the WHO, as
represented in the GNNTDC, has partnered with 24
other agencies to translate these guidelines into policy
initiatives by making the materials necessary for the
implementation available. The current focus of this new
partnership is on the provision of chemotherapeutic
agents effective in the prevention of a broad range of
diseases caused by worm infestation.

Since their inception, these intervention programs
have shown varying levels of success in real terms.
Major, significant accomplishments include:

. The elimination of leprosy as a public health problem
in 116 of the 122 endemic countries over the last
20 years.
. A decrease in guinea worm cases from 3.5million in
20 countries in 1985 to 10 000 in 9 endemic countries
in 2005.

. Elimination of onchocerciasis as a public health prob-
lem in ten West African countries.

. A reduction in the prevalence of sleeping sickness from
300 000 cases in 1995 to between 50 000–70 000 cases
currently.

. GET2020 has set 2020 as the target date for the elimi-
nation of trachoma, in its 11th GPW, WHO targets
2015 as the date for the elimination of Chagas’ disease.
Conclusion

The peculiar challenges have molded the current shape
and direction of the agency as it seeks to maintain its
comparative advantage. Margaret Chan, the current
WHO DG, in response to a question by The Lancet on
the role of the WHO today, said ‘‘No other international
or national agency can get to an outbreak scene within
24 hours’’ (Brown 2006). This holds true for many parts of
the world. Successive directors-general have navigated
the shifting global political terrain and engaged in neces-
sary reforms to the WHO system, streamlining budgetary
processes, eliminating redundancy, and creating better
cohesion toward achieving policy objectives. While still a
work in progress, the recognition of the need for the
WHO is the first step in a journey of a thousand miles.
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Introduction

Medical schools are the principal institutions created and
supported by world society to train physicians in the
science and art of ministering to the health needs of
individuals and communities. Although modern medical
schools (medical faculties) are centers for many other
health-related social and investigative functions, they are
primarily charged to produce well-trained ‘compassionate
healers,’ certified to have completed basic academic
courses and practical work in medical care and cure.
Other institutions also train professionals to improve
human well-being, but medical schools – in a form virtu-
ally unchanged for almost a century – remain the world’s
principal academic institutions designed to supply practi-
tioners to care for human malaise, disease, and illness.

For many, the training programs and goals of medical
schools appear relatively noncontroversial. Society’s man-
date in improving medical care worldwide is to support
and fund teaching institutions which emulate the so-called
‘Western’ or ‘Flexnerian’ medical education model. This
academic model – scientifically grounded, evidence-
based, university-affiliated, individual- and cure-oriented,
and infinitely reproducible, is designed to foster the
recruitment, training, and certification of practitioners to

best care for the physical and mental frailties of mankind.
Today’s medical school training, grounded in science-
based subjects believed to be essential to the rigorous
medical curriculum, is essentially the same throughout
the world, with academic and scheduling differences
based on culture, governmental input, disease patterns,
and the social and medical needs of each individual
geographic area. In virtually all countries, academically pre-
pared young men and women are selected, given a basic
background in the scientific arts, exposed to advanced
didactic and clinical skills in specific medical disciplines
by competent practitioners, and – based on their successful
completion of training – are licensed by society to use
learned skills to care for and cure individuals. Once
licensed, these new physicians are free to pursue advanced
training, move into related fields, or follow other – usually
health-oriented – paths. In most countries, completion of
medical school and the awarding of the graduate degree
brings with it significant social and economic rewards.

Closer examination of the role of medical schools
throughout the world – and ultimately of medical practice
itself – reveals, however, an infinitely complex educational
scenario strongly linked to wider societal issues. The
academic institutions, curricula, and certification pro-
cesses grafted onto the scientific discoveries of the last
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150 years have served the medical needs of the world
beyond expectation; everywhere, science-based medicine
has brought substantial gains in both individual and com-
munity medical care and cure. As a result, the schools, the
medical profession, and world society itself have accepted,
virtually without question, the assumed truth of the so-
called ‘Great Equation’: medicine equals health. Accord-
ing to this view, improved human health, both individual
and community, is based on providing the best of sci-
entific, curative medicine to the individual. Medical
care – supplied by well-trained physicians – will provide
well-being to all.

One of the most difficult ideas for our society to appre-
ciate is the concept that medical care contributes a rela-
tively small component to overall human health. Although
our society has come to regard ‘the Great Equation’ as the
ultimate truth, health is a much larger concept. Human
‘dis-ease’ is dependent on many factors beyond the scope of
medicine. In 1978, in the Alma Ata Declaration, the World
Health Organization defined health as ‘‘a state of complete
physical, mental and social well being and not merely the
absence of disease or infirmity.’’ This view – for some,
much too all-encompassing – clearly separates the role of
medicine as an essential contributor to health from a larger
view of human well-being. Few would question that well-
trained physicians are essential for medical care and,
indeed, for many aspects of human health, but are medical
practitioners the only and best providers of health and
well-being? In today’s world are they sufficiently well
trained in the many skills necessary to take care of the
myriad problems that affect the physical and mental life of
individuals and society? Nevertheless, despite the problems
surrounding the definition of health and the best way to
provide ‘health for all,’ our society now sustains and sup-
ports a network of medically oriented, science-based edu-
cational institutions which continue to be our primary
training centers for improving health.

The form of these institutions is largely the product of
centuries-old societal forces that have brought substantial
changes to all of our political, economic, and cultural
institutions. The Western model of medical education
and practice is founded on the belief that reason, science,
and rational experimentation, not superstition and un-
proven metaphysical concepts, ultimately govern the qual-
ity of human health. The increasing secularization of the
human world finds ultimate expression in the health arena,
where man and his institutions have the capacity to modify
all diseases which affect mankind, cure all manner of illness
and disability, and provide expertise, medications, and
counseling to improve human existence.

As society comes to examine more closely the defini-
tions of health, medicine, cultural well-being, and the
institutions it creates to support its views, it is beneficial
to look back to determine how the age-old medical teach-
ing process evolved and evaluate where medical schools

might be going in the future. The schools are reflections
of the needs and goals of a greater world society: the
development of medical teaching occurs within the larger
framework of humanity’s overall needs. As the needs of
society change, so too does the nature of its health practi-
tioners and the institutions which train them. Over the
centuries the types of practitioners have reflected both
what society demands and the knowledge available to
support and expand the health of individuals within that
society.

This article deals primarily with issues surrounding
the history, evolution, and future of Western medicine.
Although not denigrating the more traditional medical
education models which are a part of every society, this
article accepts that the world community has generally
endorsed and made resources available to sustain the
Western medical teaching model. Although the tenets
and practices of many of the classical, more ‘pastoral’
schools and their theories of health and illness may ulti-
mately have greater impact on the overall health of man-
kind than does the current model, the history of today’s
medical schools as societal institutions is – rightly or
wrongly – primarily the story of the rise of Western
medicine and the teaching philosophies and institutions
that support it. This article discusses briefly the pre-1700s
teaching institutions. Although the roots of medical train-
ing go back for centuries, both the form and content of our
present teaching institutions are of relatively recent ori-
gin; their current and future structure draws heavily on
older philosophies, but the story of today’s medical school
rests primarily in the more recent past.

Early Medical Education (Pre-1500)

It is difficult to determine the specific nature or academic
content of early medical training, primarily because of the
lack of verifiable records. That medical ‘schools’ have
always existed is without question. All societies require
someone to minister to human health needs, and in the
records of every civilization there are references to
‘schools’ and the teaching of future practitioners by
already established healers. The manner in which stu-
dents were selected, trained, and certified is not well
defined, but virtually all early medical schools operated
under some type of an apprentice system. This appren-
ticeship system was not unique to medicine; prior to the
1800s, all ‘trades’ including the church, operated under a
similar system. In medicine’s case, a respected healer or
master craftsman whose reputation for medical powers
was usually known by word of mouth, whether in Greece
or Rome, India, China, or the Arab world, gathered
promising disciples (apprentices), taught them what he
(or occasionally she) knew of health, disease, and the
interaction with patients, introduced the students to
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clinical problems among individual patients, and, on com-
pletion of their training, graduated them to minister to the
needs of society. Because the causes of illness were virtu-
ally unknown and the sources of human maladies un-
defined, medical training had strong early links to the
culture’s philosophical view of life, the relationships
between nature and the supernatural and metaphysical
worlds, and how external reality affected the health of
each individual.

There were three major themes characteristic of virtu-
ally all early medical teaching. First, the earliest societies
needed trained practitioners who cared for and cured
human ills. Because of the reliance of these societies
on philosophies which saw humankind as subordinate to
some higher power, effective practitioners were often
shamans or priests or those who acted as intermediaries
between humans and the power of larger forces. A suc-
cessful interpreter of these relationships transmitted this
knowledge and his understanding of natural remedies to
appropriate students. Second, in the absence of any real
science-based knowledge about the workings of the
human body, the origins of disease, or of effective treat-
ments, early healers generally sought to achieve and teach
the need for inducing some type of mystical ‘balance’
either within the individual or between the individual
and greater, supernatural forces. The most perfect health
existed when Hippocrates’ or Galen’s four humors (black
bile, yellow bile, phlegm, and blood) were ‘duly propor-
tioned’ within the human body. Humors were related to
the seasons, the environment, the elements, and parts of
the body. Ayurvedic (knowledge of life) healing in India
saw human health in terms of a balance between hot and
cold and among wind, bile, and phlegm; it depended on
magical, quasi-religious explanations for the sources and
amelioration of illness. Third, the lack of any verifiable
explanations for disease and illness allowed a successful
practitioner to teach disciples whatever he believed would
cure human ills. Until late in the medieval period, reli-
gious laws severely restricted the dissection of cadavers so
that even the most basic understanding of how the body
worked was based on mystical supposition. To be sure,
many early practitioners could recognize symptoms and
signs of specific diseases, but they possessed no verifiable,
physiologically based explanation of causation, nor any
proven method by which to treat the majority of maladies.
For example, the symptoms of syphilis were well
described in earlier medieval observations but were attrib-
uted to such phenomena as the ill effects of wind, the
misalignment of the planets or the production of faulty
humors within the human body. There was virtually none
of today’s scientific rationale behind instruction in care and
cure; most philosophies of disease, illness, and infirmities
invoked a pre-scientific approach in which suitable internal
or external balance had been lost, often because the indi-
vidual had somehow annoyed or angered the gods or god.

In the absence of any effective treatments, religious leaders
often provided mystical answers to man’s illnesses. Certain
saints were protectors, amulets safeguarded against illness,
and specific stars had power over the functioning of certain
organs. As the Christian church became a more powerful
force in Western civilization, this moral view of mankind
became more pronounced; disease was the bodily manifes-
tation of human sin, man’s transgressions, or the visitation
of god’s punishment on the morally unclean. One has only
to read the accounts of the Black Death in the 1300s
(‘‘God’s judgment on a sinful humanity’’) to appreciate
the lack of verifiable theories of causation, the unproven
methods of cure, and the invocation of powerful moral
forces that controlled not only medical practice but all
thought and action in the Western world.

The philosophies of early healers and leaders of
specific schools are well documented. Hippocrates
(460–377 BC) systematized the medical outlook for the
known world, described diseases and symptoms, and
taught a theory of illness and disease based on an imbal-
ance among the four humors. He laid out a daily regimen
that relied on the curative powers of nature, cleanliness, a
simple diet, and exercise. The medical perceptions of
Galen of Pergamum (129–200 AD) set the pattern for
the teaching and practice of Western medicine for over
1200 years. His views, especially on anatomy, influenced
all instruction in medicine in the West until the late
Middle Ages. Traditional Chinese medical teaching had
much in common with the teachings of the Greek,
Roman, Arab, and Hebrew physicians. The Chinese
schools saw the importance of the ‘rhythm’ of life, the
need to control and modify qi – human ‘life force’ or ‘vital
energy’ – by manipulating the balance between yin and
yang. Suitable balance, the curative powers of the natural
world, and the workings of greater forces were essential in
order to reduce impurities, eliminate symptoms, and
increase ‘harmony.’ And although these tenets were per-
haps excellent for improving human health, they were less
relevant in controlling human illness.

With the rise of Islam in 800 AD, both the Arab world
and the West were strongly influenced by teachers such as
Al-Rhazi (865–925) and Avicenna (1010). For these tea-
chers, spiritual integrity and physical health were strongly
interrelated. Avicenna authored a number of books on
medicine, including the Book of Healing and the 14-volume
Canon of Medicine, which, along with the works of Galen,
became the basis for medical teaching until well into
the 1500s.

By the eleventh century – at the beginning of the
so-called ‘HighMiddle Ages’ orCarolingianRenaissance –
there occurred a marked revitalization in Western civili-
zation accompanied by an improvement in the living
standards in Europe; certain, more formalWestern schools
were created and began to exert a powerful influence on
medical education. These medical schools were closer
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in form to the institutions we know today. The Schola
Medica Salernitana based in Sicily taught a fusion of
Arabic, Greek, Roman, and Hebrew medical theories and
practices; medical works from around the world were
translated, and students flocked to Salerno for instruction.
The famous compendium of medical knowledge – Regimen
Sanitatis Salernium – became part of teaching programs
throughout the Western world.

The works of Vesalius (1564), a Belgian physician
schooled at the universities of Paris and Padua, provided
the first ‘modern’ approach to an understanding of the
human body and its pathology. His anatomical studies,
based on actual dissection of human cadavers (and perhaps
influenced by the first anatomical drawings by Leonardo
da Vinci in 1500), transformed the long-held views of
Galen and the classical medical thinkers. Vesalius’ De
humani corporis fabric calibri septem (1543) discarded most
of Galen’s inaccuracies about the human body (including
Adam’s missing rib) which had influenced Western medi-
cine for centuries. His studies and subsequent teachings
were the first step in challenging the mystical and
unfounded medical beliefs of an earlier age; his observa-
tions created the early basis for an understanding of anat-
omy, the placement and possible functioning of human
organs, and the foundations on which effective cures
could be discovered, tested, and prescribed. By the end
of the seventeenth century the stage was set for the trans-
formation of medicine and medical teaching.Western man
was absorbing and transmitting new ideas; individuals
and societal institutions had begun to learn new ways of
looking at the human body.

In reviewing the history of early medical education,
it is difficult to accept that schools could exist based
on teachings about supernatural forces, the malignancy
of the gods, unproven remedies, suitable ‘balance,’ and
without any experimental physiological or therapeutic
basis. But a lack of understanding about specific causes
or therapies does not automatically obviate an educa-
tional system; one teaches based on the knowledge avail-
able. Today, for instance, we have putative ‘causes’ for
cancer; we teach and recommend a variety of therapies
to ameliorate or cure malignancies, yet we have little,
or conflicting, insight into the causes or remedies for
the condition. Until the end of the Middle Ages, virtu-
ally all medicine was taught and practiced without any
understanding of causation, progression, or therapy, and
even a basic understanding of anatomy, chemistry, or biol-
ogy was lacking.

Medical Education in Transition
(1500–1800)

Toward the end of the Middle Ages in Europe (1500),
medicine and medical teaching underwent a pronounced

cultural and scientific transition. This transition, unlike
the medical revolution of the 1800s, was not fueled by
specific scientific advances, the introduction of new thera-
pies, or by any dramatic revelations about the workings of
the human body. It was part of a larger overall societal
upheaval – The Renaissance – which saw an extraordinary
flowering of all aspects ofWestern civilization. New initia-
tives in art, literature, warfare, trade, the economy, and
virtually every human endeavor reflected a civilization-
wide process which had its roots in altered perceptions
of how individuals saw themselves, their institutions,
and their relationship to nature, each other, and to God.
In medical teaching, society began to embrace new the-
ories about how the human body functioned, what disease
processes could be observed and which problems of health
and illness could be approached rationally. New or reju-
venated universities – buoyed by the invention of the
printing press – took on central roles as centers for aca-
demic inquiry where man and his works, though still
subordinate to higher powers, were nevertheless consid-
ered to be appropriate subjects for discourse and investi-
gation. Medical schools appeared at Montpelier, Bologna,
Siena, and elsewhere. Formalized courses in anatomy,
therapeutics, and hygiene became more common, and
accurate anatomical drawings (in place of the Church’s
proscription on investigations involving dissection of the
human body) – became an important part of teaching.
Rembrandt van Rijn’s painting – ‘‘The Anatomy Lesson
of Dr Nicholas Tulp’’ – commissioned by the Amsterdam
Company of Surgeons in 1632, depicts observers im-
mersed in the new learning process. The painting reveals
the best of Renaissance philosophy and action; it is realis-
tic, human-centered, and reflects the pragmatic transmis-
sion of new medical knowledge free from metaphysical
abstraction and superstition.

The shift to a new way of approaching man and his
potential did not occur rapidly. Although Renaissance
theories and approaches touched many aspects of medical
teaching, the majority of physicians were still schooled
in the older, apprentice-based system based on classical
theories and practice. The understanding of human phys-
iology, pathology, and most medical conditions was
miniscule. Even within the best teaching institutions,
unproven theories and the use of arcane remedies and
other valueless therapeutic measures, such as bleeding,
purging, and blistering, continued to be taught by scholars
and used by the majority.

By the mid 1650s – as a subset of the societal forces
unleashed by the Renaissance and its sister movement, the
Reformation – medical education underwent a more radi-
cal, accelerated change. In part, this change accompanied
new discoveries in astronomy, physics, and biology by
Western investigators – Newton, Galileo, Copernicus,
Tycho Brahe, and others. The influence of the church
waned and there was a new freedom – especially expressed
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in medical teaching – from the long-held ‘moral view’
of the universe. Again, this acceleration in the form and
content of medical education did not occur in isolation;
new approaches touched all parts of Western civilization;
the later philosophies of the Age of Enlightenment sup-
ported the Renaissance revolution that investigative,
human-initiated action could influence many aspects of
world civilization. Systematic thinking – human reason
reinforced by experimentation – determined the nature
of humanity’s political institutions and the world’s ethical
framework and could remold not only medical teaching
but all aspects of the relationships between the individual,
society, and the state.

In medical teaching, the study of human anatomy
acquired major prominence. The capacity to accurately
observe the structures of the human body through actual
dissection was reinforced by Harvey’s investigations of the
circulation of the blood in 1628 and van Leeuwenhoek’s
observations with the microscope. Medical study moved
beyond classical passive acceptance and observation of
man’s body to the use of experimental and investigative
techniques to determine the nature of both normal and
pathological human function. The old medieval and clas-
sical order based on unproven hypotheses, mystical half
truths, an apprenticeship system, and often damaging
therapies was under increasing attack. New knowledge
demanded more time for instruction, more space to
perform experimental and investigative work, and new
liaisons among universities, clinical teaching and the re-
juvenated hospitals. Other societal factors – increased
wealth, population movements, and demands for improve-
ments in military medicine – fostered the need for well-
trained practitioners.

By the mid-1700s, despite the fact that there was as yet
no firm therapeutic base for care and cure, formal medical
teaching was incorporated into the structure of universi-
ties. Edinburgh and the German and French universities
became centers of instruction for pupils throughout
the Western world. Professional medical organizations
took the lead in setting definable academic standards for
the training of physicians. In 1760, the Company of Sur-
geons in England required a 4-year apprenticeship and
1 year of clinical study before certifying a practitioner.
John Morgan, who created the first medical school in
North America – The College of Philadelphia (now the
University of Pennsylvania) Medical School – accepted
that universities should offer formal courses in anatomy
and physiology and, like many of his New World collea-
gues, sought instruction in Europe. In part, this
incorporation of university-based instruction into the
training of all physicians was a major step by which
practitioners sought legitimacy for their profession;
today’s credentialing and licensing has its roots in early
medical participation in the offerings of the academic
world. All human institutions, but especially those

involved in teaching, underwent a major restructuring;
new laws began to delineate between physicians (a pro-
fession), surgeons (a craft), and apothecaries (a trade).
Medical teaching was starting to define its place within
the accepted institutions of civilization.

By 1783, Philippe Pinel, the father of modern psychia-
try, introduced a course of medical instruction in Paris
based on specific preclinical and clinical courses, the
creation of teaching wards, the careful selection of
patients for instructional purposes, and the assignment
of professors elected by competition rather than through
academic ‘intrigue’. At its base was Pinel’s idea that effec-
tive teaching was dependent on improving the student’s
judgment and relying on an appreciation of perceivable
evidence rather than simple rote memorization. The first
year of Pinel’s teaching program offered courses in anat-
omy, physiology, and hygiene; the second year, attending
rounds and the assignment of specific patients to pupils;
and the third year, clinical lessons with the student
charged with reporting on each patient’s illness. The
institutional framework for modern medical teaching
was beginning to fall into place.

The eighteenth century in Western Europe saw the
coming together of two major forces which initiated sub-
stantial change in medicine itself and within the world of
medical teaching. The new view of man and his potential,
and civilization’s ability to change old and create new
political institutions to support human aspirations, was
complemented by the beginnings of a ‘scientific revolu-
tion’ through which man and his investigative spirit could
observe, test, understand, and modify the health of the
individual and the functioning of society. Western Europe
began the process of changing its medical instruction
process, and institutions designed to foster new ideas
were created and sustained.

Outside of Western Europe and North America, these
pioneering influences were more muted; individuals and
governments by and large continued to function in age-
old ways; traditional remedies, humanity’s relationship to
authority figures and supernatural forces and the lack of
mobility restricted significant questionings of the older
order. Non-Western medicine continued in its role of
ministering to the health of the people but it was not a
large part of the revolutionary societal changes taking
place in the West.

Abraham Flexner and the Rise of the
Western Medical School

The nineteenth century saw massive changes in both the
form and content of medical education, culminating in the
‘‘Flexner Report’’ of 1910. Although it is popular to attribute
to Abraham Flexner the creation and consolidation of the
medical teaching process into the medical school of today,
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he was no more than the messenger; changes in the educa-
tion system had been percolating within themedical profes-
sion in Europe, Canada, Australia, North America, and
centers in India, Japan, and elsewhere for years. Neverthe-
less, the publication of the Carnegie Foundation’s Bulletin
Number 4, capitalizing on the scientific advances of the nine-
teenth century, was a major step in codifying the structure,
curriculum, and licensing mechanisms of the educational
system that serves the medical profession and society today.

Acceptance of the recommendations of the Flexner
Report was not inevitable. In the early 1800s, and despite
significant scientific and institutional advances, the pro-
fession of medicine and its system of instruction and
licensing was weak, troubled, and generally ineffective.
Saddled by what, at best, could be described as ‘therapeu-
tic confusion,’ physicians, no matter how well trained,
were neither effective arbiters of man’s temporal health
nor successful intermediaries between humans and the
older, virtually discredited metaphysical theories. The pro-
fession of medicine was a marginal one; physicians, usually
randomly educated, had few tools to comfort and cure
mankind and no longer could make authoritative judg-
ments about the external forces which influenced the rela-
tionships between man, God, and the perceived world. The
French Revolution, the beginnings of the Industrial Age,
the rise of the nation-state, and new social theories culmi-
nating in the works of Charles Darwin had reinforced
the changing nature of world civilization. Institutional
advances – especially in Europe – were substantial and
the universities had pioneered academic changes in many
disciplines, including the medical education curriculum.
By 1858 England had created a single register for all
medical practitioners and a professional council to coordi-
nate medical education. Europe was moving toward an
academic system in which a medical license was granted
only to graduates of approved programs and only those
whowere licensed could practice medicine. The number of
hospitals had increased, and encouraging new teaching
opportunities and advances such as the stethoscope had
helped delineate the signs and symptoms of specific dis-
eases. The early 1800s saw a plethora of well-described
disease entities – Pott’s disease (1779), Laennec’s cirrhosis
(1812), Bright’s disease (1827) – but medical instruction
in general continued on its descriptive and instructional
pathway.

Despite significant academic and scientific advances,
however, the major purpose of medicine – the ameliora-
tion or cure of human ills – remained locked in the
theories and practice of the past. For the most part, ratio-
nal therapeutic measures did not exist and, except for
Jenner’s 1790 process of vaccination, there were few
improvements in the physician’s capacity to heal. World
explorations, population movements, and new and more
destructive methods of warfare had brought increased
threats to health; the life-ending effects of malaria,

tuberculosis, leprosy, malnutrition, smallpox, and battle-
field wounds were increasingly apparent. Industrializa-
tion, new work pressures, and a growing and mobile
population had compounded the medical and public
health problems of childbirth, nutrition, and the provision
of safe food and water. Yet even the best-trained physi-
cians – although they could observe and describe illness
well – had few ways to improve human well-being. The-
ories and ‘schools’ (homeopathy, osteopathy, etc.) of cure
abounded, but the prevailing therapeutic skepticism sur-
rounding clinical medicine led some physicians to take a
new interest in social medicine, public health, and the
application of epidemiology to health problems. In a
number of countries, the imposition of government stan-
dards on the provision of good water, adequate housing,
and improved conditions in the workplace were instituted.
Yet for many – doctors and patients alike – medicine was a
cipher; Edward Bates, attorney general of the United
States under Abraham Lincoln, commented on the pre-
vailing medical ignorance and noted that ‘‘no two of them
[physicians] agree with each other and no one agrees
with himself two weeks at a time’’ (Goodwin, 2005:67).
The view that ‘‘a random patient with a random disease
consulting a doctor chosen at random stood only a 50:50
chance of benefiting from the encounter’, accurately
encompassed the public’s pre-20th century view of medi-
cine (Gregg, 1956).

It is impossible to divorce today’s medical education
process from the scientific revolution of the 1800s. To be
sure, larger cultural forces had created both the institutions
and social climate in which medical schools (and other
institutions) might play a major role in improving societal
conditions. Nevertheless, medicine lacked the theories and
practical methods to actually improve health. The medical
discoveries of the nineteenth century altered the whole
framework of healing and new advances were made by
Chadwick (public health, 1834, 1842, 1848), Morton and
Simpson (surgical anesthesia, 1847), Semmelweis (puer-
peral fever, 1847), Snow (transmission of cholera, 1853),
Pasteur (germ theory of disease, 1857), Lister (sterile
surgery, 1867), Koch (infectious diseases, 1876), Laveran
(malaria, 1880), Roentgen (X-ray, 1895), Ehrlich (chemo-
therapy, 1897), and Landsteiner (blood groups, 1900).
These and others transformed the philosophy and practice
of medicine and medical education; they laid the corner-
stone of today’s teaching and cure and created the scien-
tific basis by which the well-trained physician could
actually benefit the individual and society. Anesthesia
and sterilization gave practitioners, for the first time,
‘‘the ability to enter the body safely’’; surgical practice
expanded exponentially. New diagnostic methods comple-
mented the therapeutic advances, and, in effect, nineteenth-
century physicians and scientists created, modified, and
expanded the ‘‘scientific foundations of today’s clinical
medicine’’ (Flexner, 1910).
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The new discoveries were complemented in Europe by
governmental measures to institute ‘sickness’ or social
insurance. The academic administrative changes defined
by Flexner requiring specific courses for entrance, a stan-
dardized curriculum, and institutional and governmental
certification of proficiency created the form and institu-
tions of modern medical instruction and practice. Com-
petency could be compared against known guidelines,
many instructors were full time, examination results
were verifiable and – most importantly – a physician’s
credentials could be reviewed and evaluated by the pub-
lic. The German, French, and a few U.S. universities had
already pioneered modern methods of teaching – espe-
cially in the clinical sciences – and there were standar-
dized courses at both the basic and clinical levels.
National physicians’ organizations, especially in England
and the United States, had advocated academic systems
that required university-linked, science-based premedical
requirements, a standard curriculum encompassing anat-
omy, physiology, pathology, chemistry, and bacteriology, to
be followed by clinical instruction and licensure based on
certification of competence byexternal reviewers. Adequate
financial support for the school was essential, and the phy-
sician’s responsibility to the community was defined. In
essence, Flexner and the experience of the European uni-
versities and the British and American medical societies
introduced a standardized systematic application of the
scientific method through defined medical training and
drastically improved the quality of medical education.

World Medical Education at the End of the
Twentieth Century

By the late twentieth century the influence of the ‘Flex-
nerian revolution’ on medical education had spread glob-
ally. Although traditional healers continued to teach and
practice their skills in many countries such as China, the
Western, allopathic medical system and its teaching pro-
grams became the premier approach to health worldwide.
Traditional public health measures continued to play a
major role in the improvement of human health and in the
eradication (smallpox) or decline of many diseases, but
the hegemony of the medical approach and medical
schools was paramount. Reinforced by an expanding gov-
ernmental role in health, closer links with private indus-
try, a dramatic increase in research funding, the discovery
of new therapies and techniques (insulin, antibiotics, the
structure and purpose of DNA, surgical and transplanta-
tion methods, etc.) and a generalized public perception
that science-based medicine held the answer to human
health problems, medicine was king. Once again, as with
earlier advances in the medical education process, the
expansion of the Western medical school model reflected
larger changes in world society: the decline of colonialism,

the rise of nationalism, the improvement in living stan-
dards, the changed venues of many types of health care,
new methods of communication, and particularly the
overall globalization of the world economy.

Today, the nature of many of the schools outside
Europe generally follows the patterns set by former
colonial overseers (Britain, Spain, France, Germany/
Netherlands, or the United States), and as of late 2006
there were reported to be 1931 medical schools world-
wide (FAIMER, 2006). Over 50% of the schools began
instruction after 1961, and 75% of the institutions in the
World Health Organization’s (WHO) Africa, Eastern
Mediterranean, and South East Asian Regions came into
being after 1980. The United States alone created over
40 new schools between 1960 and 1980. These schools
are often linked to universities, and English is the pre-
dominant language of instruction. The duration of the
medical education process falls into two categories.
Under the European system, approximately 6.5 years of
medical education is required and premedical (biology,
chemistry, physics, etc.) training is incorporated into the
course of instruction. Under the American system, most
medical schools require a previous bachelor’s degree; the
student enrolls in medical school for 4 years, but premed-
ical courses are completed prior to entrance. In most
countries, an entrance test is required; these examinations
can be extremely rigorous, and only a predetermined
number, based on test results, are admitted. The curricu-
lum follows the ‘two year preclinical, two year clinical’
model, although there are modified and overlapping
courses within individual schools. Virtually all schools
require some type of national or school-administered
certifying examination before graduation, but there is no
basic global medical yardstick to measure medical com-
petence. There are a minimum of public health-oriented
courses and little clinical education outside tertiary
hospitals. Curricular differences between schools depend
on local conditions, the relative wealth of the school,
research priorities, and the manpower requirements of
specific national health systems, as well as on the inter-
ests, availability, and competence of the faculty. The
requirement for some form of scholarly dissertation is
variable; community service is not necessarily encour-
aged or required.

However, although the form of the Western medical
teaching institution has been exported relatively success-
fully to other countries, the ideal of a universal, rigorous,
standardized curriculum that ensures competency on
graduation has not always been realized. In some
countries, criteria for admission may be questionable,
the rigor of the courses does not always meet basic
requirements, and objective certification of medical
knowledge may be lacking. Laboratory facilities, libraries,
and methods of instruction may be substandard; proprie-
tary medical schools of questionable quality still exist;
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and methods to verify that all graduating physicians meet
certain standards requires significant attention.

In addition to the problems of quality control and the
need to meet regional quotas for physicians, the schools
themselves and the international bodies created to review
medical instruction are still wrestling with many other
educational problems. Should the medical curriculum use
the problem-based (PBL) approach or is the lecture for-
mat a better instructional tool? Should courses teach in
the traditional, discipline-based way or use the integrated
method? How should clinical time be allocated between
tertiary care hospitals and other locations? How do stu-
dents deal with the overload of knowledge, the demands
and opportunities presented by the computer age, and
the increasing emphasis on preventive medicine? How
much research? How much memorization? What about
continuing education? Disease-based or person-based?
Care or cure? Problems of future specialization, research
careers, ethics, and the changing demands of the outside
world are affecting medical schools everywhere. And per-
haps overriding specific concerns about the structure,
financing, and curriculum of today’s medical school is the
question of how to introduce acceptable global standards so
that the credentials of physicians moving between countries
may be rigorously evaluated. There is currently no global
mechanism by which society, governments, or the indi-
vidual patient can be assured that any given graduate
meets certain qualifications of medical competence.

There is little question that the Flexnerian model of
medical education has served the world well. Piggybacked
on changing social values and the scientific revolution of the
nineteenth century, the medical school in its current form is
a system of extraordinary political, economic, and social
power. As countries around the world improve their eco-
nomic political and social base, the medical school model
would appear to answer the need for improved health care.
The ‘good’ of the current education approach is obvious:
the introduction of consistent, enforceable standards; an
academic, university-linked enterprise which fulfills the
public’s demand for a high measure of individual care,
cure, and new research initiatives; a usually well-funded
institution which provides a focus for many health-related
initiatives; and the production of a well-trained graduate
who is professionally competent and whose credentials can
be evaluated. The ‘bad’ of the system is increasingly appar-
ent: a ‘straitjacket’ approach to education, a disregard for
nonmedical factors which affect human health, a failure to
adapt well to global changes and population movements,
an inability to deal effectively with the hypertrophied
knowledge base (the schools are finding that they can no
longer just ‘add one more course’), ‘medieval’ teaching
venues, new government initiatives in health, the cost of
the endeavor, and, perhaps most significant, the investment
into and the support of an educational systemwhichmay no

longer well serve the changed health needs of society. In
many schools, there is a growing dichotomy between
research and patient care agendas, a disconnect between
the school and the community and often between the
academic teacher and the practicing physician, and an
increasingly problematic relationship between the social,
patient-centered role of the medical school and its position
as a profit-making enterprise. Large amounts of money
from government, private industry, and patient care sources
now flow through medical schools, and business and service
functions are more intertwined. In some areas, the medical
‘center’, with its myriad of conflictingmissions, has engulfed
the medical school. And although a certain lip service is
paid to community service, inmost instances the schools are
divorced from the community’s needs and, indeed, are
barely a part of the larger university. The training process
is extraordinarily expensive and places inordinate demands
on students and instructors, and the increasing specializa-
tion of graduates tends to dilute the basic curriculum.

The problems of the world’s medical schools today are
not dissimilar to the situation facing U.S. and, indeed,
worldwide medical education at the turn of the last cen-
tury when the Flexner Report set the stage for extensive
changes in medical education. Global pressures, the
varied needs of specific geographical areas, the correct
delineation of medical standards, and other concerns
noted above are prompting some in the medical establish-
ment to ask for the creation of some kind of a modern
Flexner Report. It is beyond the scope of this article
to review objectively the necessity for such a report or
to outline the specific dilemmas of individual schools.
Suffice it to say that world medical education is in sub-
stantial need of reevaluation and significant change if it
is going to continue to meet successfully the changing
health needs of individuals and communities.

Behind these problems within our medical education
system lies a major, though rarely voiced, question: is
today’s medical school – heavily supported by society –
really giving society sufficient value for money? Are the
schools now training the best type of health practitioner?
For the most part, these practitioners are educated for
action against disease rather than action for health. Some
type of individual-based, cure-oriented system of medical
education is essential to humankind, but our current
mechanism is expensive, academically cumbersome, inef-
ficient, and relatively unresponsive to the needs of society.
A great deal of time, energy, and money is currently
poured into an academic enterprise which may not be
providing the kind of ‘health’ that the world now needs.
‘‘There is a lessening of public confidence in the good of
the enterprise’’ (Korn, 1996) and increasing concerns
about the direction and effectiveness of contemporary
medicine. Changed academic approaches to health-care
education are required.
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Physicians for the Twenty-first Century

What then should be the role of medical schools in the
twenty-first century? The dilemma that confronts medical
education today is based in large part on the substantial
changes occurring withinworld society. The rising standard
of living, globalization, new definitions of health, changed
health systems, a market-based economy, and many other
factors are placing untoward demands on our health infra-
structure. The ‘‘Flexnerian’’ model came into being over a
century ago when disease patterns, longevity, and threats to
human well-being were different. How should we be edu-
cating physicians for today’s world, andwhat paths are open
for a reorientation of our medical schools? Two possible
approaches to improving the educational process (not nec-
essarily mutually independent) could be considered.

If one assumes that the current science-based model
with strictly defined admission guidelines, a marked
emphasis on proficiency in biomedical subjects, required
preclinical and clinical courses, and licensing based on a
standard certification process – a concern already addres-
sed by the World Federation for Medical Education
(WFME) and WHO – best serves the health needs of
the public, then relatively moderate changes within the
current teaching structure should produce more compe-
tent practitioners. This approach asks that the world agree
on certain medical standards and respond to the current
problems within our medical education system.

In general, this initiative speaks to changes in the form
rather than in the content of medical education. It focuses
the majority of its resources on improvements – academic
and otherwise – in medical care. It asks to take the current
biomedically oriented, individual-based school format,
introduce new academic rigor to schools worldwide, stress
more intellectual discovery and critical thinking, add new
tools including increased use of informatics and simulated
medical situations, stress problem based learning (PBL),
institute clinical work earlier, and so forth, and create a
more modern version of the old model. For some, medical
schools require more leadership and a business approach
to better functioning; for others evidence-based practice,
systems approaches, and quality improvement need to be
pursued. The permutations are legion but the intrinsic
good of the basic enterprise is not questioned; a physician-
based, individual curative-care-centered model and
‘action against disease’ still holds the key to human health.
The critics of such change see this approach as maintain-
ing medical schools and their curriculum very much ‘as is’
and claim that such a path would encourage the schools to
continue to follow purely scientific and technological
interests without significant attention to the urgent health
needs of society.

The second approach is more radical and asks serious
questions not only about the basic form of today’s medical

school but also as to whether the medical school as pres-
ently constituted, or even modified, is still capable of
adequately preparing graduates to be significant guar-
dians of world health. This view takes a pro-health rather
than an antidisease stand in reorienting medical teaching
programs. Its advocates see a community-oriented medi-
cal school closely integrated with the health needs of the
community and committed to teaching social, economic,
and political, as well as biomedical, approaches to health.
Better health, not just better medicine, is the goal, and
social accountability is the key to a good medical educa-
tion. These medical schools would have much closer links
to each country’s health-care delivery system. They, too,
would demand certain global standards, but these stan-
dards would require evidence of social responsiveness.
Professionals from a variety of disciplines – medicine,
nursing, public health, etc. – would be trained to work
together as teams. Traditional medicine – now partially
subsumed under the concepts surrounding the holistic
approach to healing – would be included in teaching
programs around the world.

Some amalgamation of the two views might see a two-
tiered system of health education; ‘super docs’ would receive
largely biomedical training – perhaps at specified medical
schools – under a modified Western, science-oriented for-
mat. Theywould be educated to pursue a research agenda or
to become skilled at the specialized, technological, medical
services needed by society today. Other physicians would
enter a more community-oriented track or school that
would stress the ‘5-star’ aspects of health care. These popu-
lation-based physicians – not unlike the best primary care
physicians today – would be trained not only as care provi-
ders, but also as decision makers, communicators, health
advisors, community leaders, and team members.

Because of the centrality of medical schools in the
education of our professional care givers, the future of
medical education is of great concern to all interested in
the overall health of individuals and communities. There
is increasing malaise today that our medical education
system has gone too far in creating and sustaining a
‘sovereign profession,’ divorced from the health needs of
the public, rather than educating a cohort of compassion-
ate healers to serve society. Over the centuries, the medi-
cal education system has shown itself to be extraordinarily
adept at absorbing and transmitting new knowledge, mod-
ifying its format to follow cultural changes, and sustaining
institutions which meet its professional responsibilities
and society’s goals. In the past, traditional, apprentice-
based medicine supported human health needs; with sci-
entific discoveries and suitable academic institutions, the
Western model then took the central role in educating
physicians throughout the world. Today, largely in res-
ponse to changes in society, the medical school is seeking
modified forms and new directions.

The World’s Medical Schools: Past, Present and Future 649
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Introduction

Yaws, pinta, and endemic syphilis (bejel) are all grouped
together as nonvenereal endemic treponematoses, which
are chronic bacterial infections caused by treponemes.
These are mostly prevalent among communities living
in poor, unhygienic conditions in hot and humid areas.
Although seldom fatal, the treponematoses cause public
health, social, and economic problems in marginalized
populations living in remote, difficult-to-reach hilly and
tribal areas because of morbidity and disability associated
with the disease. In the landmass between the Tropics of
Cancer and Capricorn, these infections constitute a public
health problem.

Nonvenereal treponematoses are distinguished from
venereal syphilis on the basis of clinical and epidemiolog-
ical features because the treponemes that cause these
diseases have identical morphology. Pinta involves the
skin alone; yaws affects skin and bones; and endemic
syphilis involves the skin, bone, and mucous membranes.
Each disease tends to progress by stages, but these stages
are neither distinct nor as predictable as in syphilis. Con-
genital infection as well as cardiovascular and central
nervous system involvement occur rarely, if ever, in
these infections but are common in venereal syphilis.

With the availability of penicillin – the magic bullet for
the treatment of nonvenereal treponematoses – the fight
against endemic treponematoses has been a priority for the
World Health Organization (WHO) since its creation in
1948. In the period 1952–64, the WHO, in close collabora-
tion with UNICEF, launched the Global Endemic Trepo-
nematoses Control Programme (TCP), which became
an unusually successful public health campaign. Over
160million people were examined and approximately
50million patients, contacts, and latents were treated in
46 countries, reducing the overall prevalence of these dis-
eases by more than 95%. The prevalence of active yaws
lesionswas reduced from over 20% to less than 1% inmany
rural areas. In Bosnia, endemic syphilis was eradicated, the
only example of eradication of an endemic treponematosis.
Some scattered endemic foci of endemic syphilis in central
Asia, Australia, and India were treated and eliminated by
penicillin treatment campaigns in the 1950s.

The control strategy subsequently changed from a verti-
cal program to one integrated into the basic health services.
These basic health serviceswere to copewith the remaining
last cases of endemic treponematoses in the community
until eradication has been achieved. Because of relaxation
of active surveillance activities after the mass campaigns,
the goal of eradicationwas not attained and a number of foci
of transmission remained. By the end of the 1970s, a resur-
gence of the endemic treponematoses had occurred in
many areas of the world. The necessity for renewed
efforts was recognized by the World Health Assembly and
expressed in WHA Resolution 31.58. Since 1984, a global
conference in Washington, DC, three major regional meet-
ings, and partners’ meetings have brought the problem
of endemic treponematoses to the attention of health
policy makers and the international donor community.
This resulted in renewed control efforts in a number of
countries. WHO’s South East Asia Region has set the target
of yaws eradication and efforts are going on in this direction.
In a meeting organized by the WHO Department of Con-
trol of Neglected Tropical Diseases (NTD) at its Head-
quarters in Geneva in January 2007, the launch of a new
global initiative to address the problem of persistence
and resurgence of yaws was discussed.
Causative Agent

Treponema pallidum, the causative organism of syphilis, was
discovered in 1905 by Fritz Schaudinn and in the same
year Castellani discovered its subspecies pertenue, the
causative organism of yaws. Yaws and pinta are caused
by treponemes, which are conventionally designated as
651
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a unique species (Treponema pertenue causes yaws and
T. carateum pinta), but no significant morphologic or genetic
differences have been demonstrated among T. pertenue,
T. carateum, and T. pallidum. The etiological agents of
endemic syphilis and yaws are generally held to be identical
with T. pallidum and have been designated as T. pallidum
ssp. endemicum and ssp. pertenue, respectively. Pinta is
caused by T. carateum. Infection with one treponema
provides partial protection against the other, which indi-
cates that they share common antigens. There is no labo-
ratory test that can distinguish these treponemes from
one another.

Because of small size and mass of treponemes, they
cannot be seen with an ordinary microscope unless a
dark-field condenser is used. Their characteristics include
the following:

. They look like thin, silver threads coiled like a cork-
screw approximately 3–18 mm long having 8–20 spirals.
They stain very poorly because their thickness
approaches the resolution of the light microscope.

. They are motile with a characteristic rapid spinning
motion.

. The organisms are delicate, requiring pH between 7.2
and 7.4, temperatures in the range 30 �C to 37 �C and a
microaerophilic environment.

. The structure of these organisms is somewhat different:
The cells have a coating of glycosamine-glycans, which
may be host-derived, and the outer membrane covers
the three flagella that provide motility.

. In addition, the cells have a high lipid content (cardi-
olipin, cholesterol), which is unusual for most bacteria.
Cardiolipin elicits Wassermann antibodies that are di-
agnostic for syphilis.

. Treponema possesses a complex antigenic makeup that is
difficult to determine because the organisms cannot be
grown in vitro.

It is unclear whether the clinical and epidemiological
differences among yaws, pinta, endemic syphilis, and
venereal syphilis are solely determined by environmental
and host factors or are attributable to undefined biological
differences among the causal treponemes.

Humans are their natural host. Treponemal antibodies
are demonstrable in some proportion of nonhuman pri-
mates in regions of Africa where human yaws and
endemic syphilis are common, and pathogenic trepo-
nemes have been found in skin lesions and lymph nodes
of seropositive animals. These treponemes have produced
yaws-like lesions in susceptible monkeys and hamsters.
Epidemiology

Epidemiological characteristics of treponemal diseases
are summarized in Table 1.
Mode of Transmission

Yaws and endemic syphilis are diseases of young children.
Scanty clothing, poor hygiene, and frequent skin trauma
favor transmission of yaws among children. Spread occurs
by direct contact with infected lesions and perhaps by
passive transfer of treponemes by insects. Transmission
through fomites is insignificant. Skin-to-skin transmission
is less important in endemic syphilis than in yaws; instead,
infection of mucous membranes results from direct
mouth-to-mouth contact or from contaminated fomites,
such as shared drinking or eating utensils.

Pinta occurs only in theWestern hemisphere, with onset
at the age of 10–20 years of age. It is not very contagious and
its mode of transmission is not well defined.
Present Status

There is no regular system for reporting of nonvenereal
treponematoses. The information summarized here is
based on published reports and is shown in Figure 1.
Ivory Coast, Congo, Ghana, Togo, and Benin have large
reservoirs of yaws and account for over 90% of cases
reported to theWHO since 1982. North of these countries,
the Sahel nations of Mali, Niger, Burkina Faso, and Sene-
gal have prevalence rates in some areas of 10–15% for
endemic syphilis. Seroactivity and late manifestations of
endemic syphilis continue to occur among nomads in
Saudi Arabia. Attenuated or asymptomatic infection has
been observed.

In the Americas, foci of yaws persist in Haiti; Dominica,
St. Lucia, and St. Vincent; Peru, Colombia, and Ecuador; a
few areas of Brazil; and Guyana and Surinam. Pinta is
confined to Central America and northern South America,
where it appears to have regressed to remote Indian vil-
lages. Its prevalence today is probably less than 1% of that
found 20 years ago.

In Southeast Asia, active yaws cases were reported
from only two countries in 2006: Indonesia and Timor
Leste. India declared achievement of yaws elimination in
2006. Yaws elimination was defined as no reporting of new
early cases supported by laboratory investigations and on
the basis of good-quality search in all endemic areas of the
country with validation by independent appraisal.
Biologic Relationships

Specific humoral antibodies to T. pallidum are produced in
individuals with yaws, pinta, or endemic syphilis, but the
time of appearance of antibodies after onset of infections
is variable. The fluorescent treponemal antibody absorp-
tion (FTA-ABS) test, the T. pallidum hemagglutination



Table 1 Epidemiological characteristics of treponemal diseases

Characteristics Venereal syphilis Yaws Pinta Endemic syphilis

1. Organism T. pallidum ssp.

pallidum

T. pallidum ssp. pertenue T. carateum T. pallidum ssp. endemicum

2. Occurrence Sporadic, urban Endemic, rural Endemic, rural Endemic, rural
3. Geographical

distribution

Worldwide Africa, southeast Asia, western Pacific,

South America, Caribbean

Only in western hemisphere (Central and

South America, Southern Mexico and the

Caribbean islands)

Sub-Saharan regions of Africa, Central Asia,

Arabian peninsula, eastern Mediterranean,

Bosnia

4. Climate in which
the disease

mostly occurs

All types Humid, warm Semiarid, warm Arid, warm

5. Mode of transmission:

Sexual Usual No No No
Nonsexual Rare Skin-to-skin,

contaminated fingers

Skin-to-skin Household contacts: mouth-to-mouth or via

drinking, eating utensils

Transplacental Occasional No No Unknown
6. Reservoir of

infection

Adults Children 2–15 years old; contacts in home,

school, and village; latent cases capable of

becoming active

Cases with long-standing skin lesions Children 2–15 years old; contacts in home,

school, and village; latent cases capable of

becoming active

7. Transmissibility High High Low High
8. Age-group with

peak incidence

(years)

Adult Early childhood Adolescent Early childhood

9. Clinical presentations
Primary lesions Cutaneous ulcer

(chancre)

Framboise (raspberry), or mother yaws Nonulcerating papule

with satellites

Rarely seen

Secondary

lesions

Mucocutaneous:

Occasional
periostitis

Cutaneous papulosquamous lesions;

osteoperiostitis

Pintids Florid mucocutaneous lesions (mucous

patch, split papule, condylomalatum);
osteoperiostitis

Tertiary Gumma,

cardiovascular,
and CNS

involvement

Destructive cutaneous osteoarticular

gummas

Dyschromic, achromic macules Destructive cutaneous osteoarticular

gummas

From Perine PL, Hopkin DR, Niemel PLA, St. John RK, Causse G, and Antal GM (1984) Handbook of Endemic Treponematoses: Yaws, Endemic Syphilis, and Pinta. Geneva: World Health

Organization.
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Figure 1 Geographical distribution of the endemic treponematoses in the early 1990s.
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test (TPHA), and the T. pallidum immobilization (TPI)
test cannot differentiate the treponematoses.

Individuals who have had yaws or pinta are considered
relatively immune to syphilis, and persons with active
pinta or syphilis cannot be superinfected with T. pallidum

ssp. pertenue by experimental inoculation.
Figure 2 Early yaws papillomata on the wrist, before treatment.

Figure 3 Early yaws papillomata 2 weeks after treatment with

1.2 million units of benzathine benzylpenicillin.
Clinical Manifestations

Yaws

In areas where yaws has long been endemic, there are
synonyms for it in local languages. Of approximately
80 terms, some of its synonyms are pian (French), framboe-
sia (Dutch/German), buba (Spanish), bouba (Portuguese),
parangi (Sri Lanka), coco (Fiji island), and dube (Gold
Coast). The term yaws is thought to be of Caribbean
origin. In the language of the Caribs India people, yaya
was a word for sore.

The incubation period is 3–4weeks.
Yaws produces a great variety of skin, bone, and joint

lesions (Figures 2–5) and has been categorized as early
and late yaws lesions. Early lesions are usually infectious
and occur in the first 5 years of illness. These heal slowly,
leaving a scar, hyperpigmentation, or depigmentation. In
contrast, late lesions are not infectious and occur in about
10% of cases, starting 5 years or more after infection.
A thin yellow crust of serous exudates teeming with T.

pertenue covers the initial early lesions. The yaws lesions
have a number of common characteristics:

. Early lesions are often pruritic, and scratching facil-
itates both spread of the infection to other areas of the
body by autoinoculation and the transmission of the
disease within the community.
. The early lesions tend to occur in crops, which often
overlap with one another.

. Mixed (polymorphous) forms of lesions are often pres-
ent in the same patient.
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. A cha nge in c lima te may inf luence the num ber and
mor pholog y of yaws lesions. In the dry season, f ewer
lesions are present and they tend to be of the macula r
type; papil lomata tend to retreat to the mor e humid
areas of the body su rf ace such as axilla and ana l fold s.

. Erythe ma and induration do not occu r in ear ly yaws
lesions.

. Painf ul papilloma on the soles of the f eet result in a
cra b-like gait re f er red to as cra b yaws.
Figure 4 Early ulceropapillomatous yaws on the leg.

Figure 5 Osteoperiostitis and polydactylitis of early yaws.
. Histolog ic findin gs in ear ly lesions are monon uc lear-
cell infilt ration, acan thosis, hyperkeratosis, and the
prese nce of many tre ponemes, while lat e lesions show
endar teritis .

Const itutional sym ptoms su ch as f ever and malai se are
not significa nt in yaws. The lymph nodes dra ining cuta-
neou s lesions are freque ntly enlar ged and tender, but they
do not suppu rate. No ctur nal bon e pain and tende r ness of
the tibial shaft and other long bones due to periostitis are
common in ear ly yaws.

The nomenc lature, c lassificat ion, and inf ectiousne ss
of yaws lesions are given in Table 2 . Despite the
variety of yaws lesions, in endemic areas the disease can
usually be accu rately diagnos ed on the basis of c linical
findin gs alone. It bec omes less relia ble in the areas where
Table 2 Nomenclature, classification and infectiousness of
yaws lesions

Type Examples Infectiousness

Early yaws lesions

Initial lesions Papilloma +++
Papillomata Papillomata

(Figures 2 and 3)

+++

Serpiginous papilloma
Ulceropapillomata

(Figure 4)

Macules Squamous macules

palmar, plantar

+

Maculopapules Maculopapulomatous ++

Mucocutaneous

Papules Squamous

micropapules

++

Micropapules Polymorphous ++

Nodules +

Plaques +

Hyperkeratosis Plantar –
Palmar

Bone and joint

lesions

Polydactylitis –

Osteoperiostitis (Figure 5) –

Late yaws lesions

Hyperkeratosis (Hyperkeratotic lesions

may be similar
in both late and early

yaws)

–

Nodular Scars –

Ulcerated
nodular

Gangosa –

Plaques Osteoperiostitis –

Bone and joint Sabre tibia; goundou;
monodactylitis

–

Juxta-articular

nodules

–

–, Not infectious; +, infectious; ++, very infectious, +++, highly
infectious.

From Perine PL, Hopkin DR, Niemel PLA, St. John RK, Causse G,

and Antal GM (1984) Handbook of Endemic Treponematoses:

Yaws, Endemic Syphilis, and Pinta. Geneva: World Health
Organization.
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prevalence has decreased, necessitating the use of easily
performed serologic tests, such as the rapid plasma reagin
(RPR) card test. T. pertenue can be demonstrated by dark-
field examination in early cutaneous lesions but should
not be confused with other spirochetes found in tropical
ulcers. TPHA and FTA-ABS tests are more specific.

Pinta

Pinta is also known as mal de pinto (in Mexico), carate (in
Colombia and Venezuela), azul (in Chile and Peru) or
purupuru.

The usual incubation period is 2–3weeks.
The initial lesion of pinta is a small papule or an

erythematosquamous plaque located most often on the
uncovered part of the body, usually the extremities, the
dorsum of the foot, or the back of the hand. The papule
(or plaque) enlarges slowly by local extension or by merg-
ing with satellite lesions to form a hyperkeratotic, pig-
mented lesion accompanied by an enlargement of the
lymph nodes draining the lesion. Disseminated lesions
identical to the initial lesions develop 3–9months after
infection. These pintids vary in number and location.
They may slowly enlarge and merge to reach a diameter
of 7–25mm. The lesions become pigmented with age,
changing slowly from a copper color to lead-gray to
slate-blue as a result of photosensitization. Late pinta is
characterized by pigmentary changes, from dyschromic
treponeme-containing lesions to achromic treponeme-
free lesions. This depigmentation process occurs at differ-
ent rates even within the same lesion, giving rise to
different degrees of hypochromia and atrophy around
dyschromic and achromic lesions.

Pinta does not involve osseous tissue or viscera and
causes no disability or complication other than that asso-
ciated with cosmetic disfigurement (leukoderma).

Histologically, there is deposition of pigment in the
dermis with decreased melanin pigment in the basal cell
layer.

Reaginic and antitreponemal antibody tests are posi-
tive, but may take four times longer to become positive in
pinta than in venereal syphilis.

Endemic Syphilis

Synonyms for endemic syphilis are bejel (Arabic), njovera,
dichuchwa (in Zimbabwe), endemic syphilis of Bosnia, and
nonvenereal or childhood syphilis. Extinct forms of the
disease are believed to include the sibbens of Scotland in
the seventeenth century, the radesyge of Norway in the
eighteenth century, and the skerljevo of the Croatian coast
in the nineteenth century.

A primary cutaneous lesion is rarely seen in endemic
syphilis and when present is extragenital. The earliest
manifestation is usually a mucous patch on the oropha-
ryngeal mucosa, which may be followed by a variety of
secondary-type rashes or lesions. The latter prefer moist
body surfaces such as the axillary and genital areas. Peri-
ostitis is common. Regional lymphadenopathy occurs.
After a variable latent period, most patients develop late
lesions such as osseous or cutaneous gummas. Destructive
gumma, osteitis, and gangosa are more common than in
late yaws. Gumma occurs on the nipples of mothers who
have themselves previously had endemic syphilis and who
breastfeed infants with oral lesions. Both early and late
forms of endemic syphilis may coexist in the same family.
The tertiary lesions of endemic syphilis sometimes may
be a consequence of repeated exposure of a previously
sensitized host to reinfection.

Endemic syphilis differs from congenital syphilis in
that dental change, interstitial keratitis, and neurosyphilis
rarely, if ever, occur. Cardiovascular complications are
considered rare in both endemic and congenital syphilis.
Treatment

Treatment is similar for all the endemic treponematoses.
A single intramuscular injection of 1.2 million units of
benzathine penicillin in adults and half this dose in chil-
dren under 10 years results in rapid resolution of lesions
and prevents recurrence. In persons who are allergic to
penicillin, oral tetracycline hydrochloride in adults and
erythromycin in children (<8 years), pregnant and lactat-
ing mothers is recommended for a period of 15 days in
four divided doses.
Prevention and Control

The following measures are applied to prevent the non-
venereal treponematoses:

1. General health promotion measures: Health education
of the public about the value of better sanitation,
including liberal use of soap and water and the impor-
tance of improving social and economic conditions
over a period of years to reduce the incidence. Improve
access to health services.

2. Organize intensive control activities on a community
level suitable to the local problem; examine the entire
population, and treat patients with active or latent
disease. Treatment of asymptomatic contacts is benefi-
cial, and WHO recommends treating the entire popu-
lation when the prevalence rate for active disease is
above 10% (total mass treatment); if prevalence is
5–10%, treat patients, contacts and all children below
15 (juvenile mass treatment); if less than 5%, treat
active cases plus household and other contacts (selec-
tive mass treatment). Periodic clinical resurveys and
continuous surveillance are essential for success.
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3. Serological surveys for latent cases, particularly in
children, to prevent relapses and development of in-
fective lesions that maintain the disease in the commu-
nity.

4. Provide facilities for early diagnosis and treatment as
part of a plan in which selective epidemiological con-
trol campaigns are eventually consolidated into per-
manent local health services.

5. Treat disfiguring and incapacitating late manifestations.
Yaws Eradication

Yaws is amenable to eradication because humans are the
only reservoir of infection, the distribution of the disease
is focalized, thus allowing targeted interventions, the
causative organism is sensitive to penicillin and the avail-
able drug, benzathine penicillin, is safe, stable, inexpen-
sive, and effective in a single administration.

Learning from the success of smallpox eradication,
experts suggest that the strategy for yaws eradication
should emphasize ongoing active surveillance, investiga-
tion of outbreaks, and the treatment of active cases and
their contacts rather than mass treatment.
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Introduction

Yellow fever (YF) is a viral hemorrhagic fever with high
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regions where disease does not presently occur and regions,
such as Asia, where yellow fever has never occurred. Vector
control strategies once successful in eliminating YF from
many areas have faltered, leading to re-emergence of dis-
ease (Robertson et al., 1996). Consequently, immunization is
now the most important method of prevention of YF, sup-
plemented by prevention of mosquito bites.

Effective vaccines against YF have been available for
almost 70 years and are responsible for significant disease
reduction worldwide. Currently available vaccines protect
against all YF virus strains and are attenuated live-virus
vaccines derived from a virus originally isolated in 1927.

http://www.whoindia.org
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This virus strain was attenuated by passage in mouse
embryo tissue culture, then chicken embryo tissue cul-
ture, resulting in the 17D strain from which all current
vaccines are derived. Yellow fever is the only disease for
which immunization is regulated by international law.
Recently, newly recognized serious but rare adverse
events to YF vaccines have been described, and have
prompted investigation into the mechanisms of these
adverse reactions and into clarifying the most appropriate
indications for YF vaccine.
Virology

Yellow fever virus is a member of the genus Flavivirus,
small (40–60 nm) single-stranded RNA viruses. Yellow
fever virus is antigenically and evolutionarily distinct
from other flaviviruses. A single serotype exists, so vaccine
protects against all strains of the virus. Seven genotypes
have been identified, and entire genomes have been
sequenced for two: the Asibi strain, from which the 17D
vaccine is derived, and the French viscerotropic virus,
from which the French neurologic vaccines were derived
(Monath, 2004).
Epidemiology

Approximately 200 000 cases of YFoccur annually, result-
ing in about 30 000 deaths; 90% of cases occur in Africa.
Large epidemics, with over 100 000 cases, have been
recorded repeatedly in Sub-Saharan Africa, and multiple
outbreaks have occurred in the Americas. The virus has
never appeared in Asia or the Indian subcontinent
(Barnett, 2007). Historically, epidemics of yellow fever
occurred in the Americas beginning probably in the sev-
enteenth century, introduced by ships carrying infected
vector mosquitoes. Large outbreaks occurred in Philadel-
phia in 1793, the lower Mississippi Valley in 1878, and
NewOrleans in 1905. Identification of the mosquito as the
vector of transmission of yellow fever, as a result of the
work of Carlos Findlay in Cuba and Walter Reed and
colleagues in Panama, led to the aggressive vector-control
measures that resulted in elimination of the disease from
the United States and reduction in the areas in which
outbreaks of yellow fever occurred. Aedes aegyptii is the
major YF mosquito vector species. Vaccine development
occurred rapidly following isolation of the yellow fever
virus in 1927 and, combined with mosquito control, con-
tributed to significant reduction of disease in South
America and Africa in the first half of the twentieth
century (Monath, 2004).

A significant resurgence of YF has occurred since the
1980s, in both Sub-Saharan Africa and South America
(Robertson et al., 1996). A series of epidemics and smaller
outbreaks throughout West Africa were primarily respon-
sible for the increased incidence of YF in Africa, but the
first epidemic reported in Kenya in more than two
decades signaled that a change in the distribution of
disease was also occurring. Transmission in Africa is main-
tained by a high density of vector mosquito populations in
proximity to human populations that are, for the most
part, unvaccinated. Although some countries have incor-
porated YF vaccine into childhood immunization pro-
grams, vaccine coverage is not optimal.

In South America, disease occurs less frequently than
in Africa in part because of higher vaccine coverage
occurring primarily as part of mass immunization cam-
paigns in response to outbreaks. The largest outbreak in
South America since the 1950s occurred in Peru in 1995,
and cases were reported in Bolivia, Brazil, Colombia,
Ecuador, and Peru from 1985 to 1994. Resurgence of
disease in Brazil in the late 1990s and early 2000s
prompted mass vaccination campaigns. Transmission of
yellow fever in South America involves monkeys and
daytime biting mosquitoes that live in the forest canopy,
usually in relative isolation from humans. Forest clearing
and expanding agricultural activities are occurring with
increased frequency in areas of yellow fever transmission,
attracting workers who migrate from nonendemic areas.
Thus, factors related to resurgence of disease in South
America include relatively low vaccine coverage in areas
in which outbreaks occur, migration of susceptible indi-
viduals into forested regions where disease is transmitted,
and increasing urbanization of YF. Dengue fever is trans-
mitted by Aedes aegyptii as well, and there are concerns that
YF may become epidemic again in regions where dengue
has become epidemic.

Accurate data about burden of YF are difficult to
obtain because of under-reporting of disease especially
from isolated areas, limitations of passive surveillance,
lack of diagnostic capability in many YF endemic areas,
and occurrence of asymptomatic infection. Such chal-
lenges bolster support for immunization programs as the
mainstay of prevention in endemic areas.

Yellow fever has occurred in unvaccinated travelers.
From 1970 to 2002, nine cases were reported in unimmu-
nized travelers from the United States and Europe; dis-
ease was acquired in Brazil (three cases), Senegal (two
cases), Venezuela, Ivory Coast, the Gambia, and West
Africa. The mortality rate was 89%. Another case
occurred in 1987 in an immunized traveler from Spain
who visited four countries in West Africa (Monath and
Cetron, 2002; Wilson et al., 2004). Estimation of risk of YF
associated with travel is made difficult by fluctuation of
disease by year and season, vaccine coverage of the local
population, making it more challenging to estimate risk
to the unimmunized, and incomplete surveillance data
(Barnett, 2007). Areas of current risk for disease are
shown in Figures 1 and 2.
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Clinical Description of Yellow Fever

Yellow fever disease ranges from subclinical infection to
life-threatening systemic disease with fever, jaundice,
hemorrhage, and renal failure. Individuals of all ages are
affected, but disease is most severe, and mortality the
highest, in the elderly. Differences in virus strains as
well as incompletely understood host immune factors
are likely responsible for the range of clinical symptoms.
Genetic factors may also be important in susceptibility to
YF virus disease.

Three phases of YF are described. The first, during
which virus is present in blood (viremia), is characterized
by fever, malaise, generalized myalgia, nausea, vomiting,
irritability, dizziness, and a generally toxic appearance.
Laboratory abnormalities include leukopenia, present at the
onset of illness, and elevation of serum liver transaminase
levels on days 2–3 of illness, before the onset of jaundice.
Viremia peaks 2–3 days after infection, with fatal cases
having a longer duration of viremia than survivors. The
second phase, the period of remission, is characterized by
improvement in symptoms with a reduction of fever; this
may last up to 48 h, but is not noted in all cases. Some
infected individuals recover at this phase without devel-
oping jaundice; these cases are referred to as abortive
infections. Because of the nonspecific nature of the illness
when it resolves at this point, diagnosis cannot be made
clinically; it is therefore not known what proportion of
YF cases are subclinical or abortive.

The third phase, the period of intoxication, occurs in
about 15% of cases, and is characterized by return of
fever, nausea, vomiting, jaundice, and bleeding diathesis.
Severity of symptoms is related to the degree of liver
dysfunction that occurs. Antibodies appear in the blood
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as virus disappears. Multi-organ system involvement is
typical and may include renal dysfunction, bleeding
diathesis, myocardial injury, and central nervous system
dysfunction. Serum liver transaminase and bilirubin levels
are proportional to the severity of disease; they peak early
in the second week of illness and then decline rapidly in
patients who recover. In contrast to other forms of viral
hepatitis, AST levels typically exceed ALT levels. Case-
fatality rates vary widely, but were in the range of 20% in
West African patients with jaundice in several studies
(Monath, 2004).
Diagnosis

Clinical diagnosis of yellow fever is possible when
the pathognomonic features of biphasic/triphasic acute
illness and typical clinical features occur in unvaccinated
individuals with a compatible exposure history. Unfortu-
nately, these features are present only in a minority of
patients. Laboratory diagnosis of YF is made by detection
of either virus or virus antigen or genome (by enzyme-
linked immunosorbent assay (ELISA), polymerase chain
reaction (PCR), or inoculation virus into suckling mice,
mosquitoes, or cell cultures), or by serology (IgM capture
ELISA), though cross-reactions with other flaviviruses
complicate serologic methods of diagnosis. Postmortem
examination of the liver reveals pathognomonic features
of YF, including mid-zonal necrosis, and definitive diag-
nosis can be made by immunohistochemical staining of
tissues (liver, heart, kidneys) for yellow fever antigen. It is
important to note that liver biopsy should never be used
for diagnosis during YF illness because of the risk for fatal
hemorrhage at the biopsy site (Monath, 2004).
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Treatment

Treatment of YF is generally supportive, as no specific
therapy for YF exists. Information about potential treat-
ment modalities is available from studies of treatment of
YF in humans, from animal models, and from retrospec-
tive epidemiologic studies of YF virus adverse events
(Barnett, 2007). Rhesus monkeys were protected from
YF virus challenge when given YF antiserum; administra-
tion of immune serum after onset of clinical disease had
no beneficial effect (Monath, 2004). Clinical experience
with use of immune globulin in cases of vaccine-induced
viscerotropic disease (a rare and severe side effect,
described below) has not been promising, but use of the
product very early in the clinical illness, when there
remains potential for affecting the level of viremia, has
not been studied. Use of interferons for prevention and
treatment of YF is limited by the need to use these
products before infection or during the incubation period
in order to have therapeutic benefit (Monath, 2004).
Ribavirin is active in vitro against YF, but high doses
are required to achieve a beneficial effect. Ribavirin was
ineffective in monkey and mouse models, but did show
reduced mortality in a hamster model. A retrospective
study of corticosteroid therapy in 11 cases of vaccine-
induced viscerotropic disease identified a higher rate of
survival in patients receiving stress-dose steroids (75%; 3
of 4) compared with those who received no steroids, or
high- or low-dose steroids (29%; 2 of 7).
Prevention of Yellow Fever

Vector Control Strategies

Methods to control YF have focused on elimination of
possible breeding areas. Vector control strategies, initially
highly successful, have foundered due to lack of coordi-
nated political will, the shifting balance of human popula-
tions and development of rural areas, and global warming,
all of which have contributed to reducing barriers to the
spread of the mosquito vectors. It is unlikely that vector
control strategies alone will result in elimination of yellow
fever; such strategies must be combined with effective
vaccination programs.
Yellow Fever Vaccines

Vaccine Development

YF virus was isolated in 1927 in Lagos, Nigeria (Asibi
strain) and Dakar, Senegal (French strain). Research into
development of YF vaccine began soon thereafter in
England, the United States, West Africa, and Brazil.
Efforts to produce inactivated vaccines early in the
twentieth century were unsuccessful, and subsequent
work on vaccine development focused on live virus pro-
ducts. Use of French neurologic vaccine began in the
1930s and proved effective, especially in curtailing epi-
demic disease in West Africa, but this vaccine was discon-
tinued in 1982 because of an unacceptably high incidence
of adverse events, especially encephalitis.

All current YF vaccines derive from the 17D strain. In
the initial phase of YF vaccine production in the United
States and Brazil between 1937 and 1941, two main lineages
of the 17D line, 17D-204 and 17DD, were used for vaccine
production (Monath, 2004). Recognition that continued
serial passage could result in substrains with unacceptably
high rates of adverse events led to the adoption of the ‘seed-
lot’ system of vaccine production. Primary and secondary
seed lots were prepared and characterized, and all vaccine
lotswere prepared from a single passage from the secondary
seed. In 1957WHO published ‘‘Requirements for Yellow
Fever Vaccine,’’ which standardized the seed lot and man-
ufacturing procedures. These procedures, and the concept
of using a stable source of seed stock, are now also used for
other vaccines such as measles. New seed lots are tested
for neurovirulence and viscerotropism before being used
for vaccine production. The vaccine contains no antibiotics
or preservatives such as thimerosol, but some preparations
do contain gelatin, and latex is present in the stopper of the
vaccine vial (Monath, 2004).
Vaccine Response

Vaccination against YF produces high levels of protection,
with seroconversion rates of greater than 95% in children
and adults and duration of immunity of at least 10 years
(Poland et al., 1981). Ninety percent of vaccine recipients
develop neutralizing antibody within 10 days after immu-
nization, and 99% within 30 days. Although immunity is
likely to be lifelong after a single dose, international
health regulations recommend revaccination at 10-year
intervals for those remaining at risk. Neutralizing anti-
body titers at the time of booster immunization may affect
response to the booster dose: patients with lower pre-
vaccine titers developed a more robust antibody response
and had a more rapid decline in antibody titer in a recent
study of U.S. Army laboratory workers. Serologic response
to YF vaccine is not diminished by simultaneous admin-
istration of tetanus, diphtheria, pertussis, measles, polio,
Bacillus Calmette-Guérin, hepatitis A, hepatitis B, Vi
antigen capsular polysaccharide typhoid, oral Ty21a
typhoid vaccines, or oral cholera vaccine (Monath and
Cetron, 2002). Data on response to YF vaccine when
administered with Japanese encephalitis ( JE) vaccine are
lacking, though prior infection with JE does not interfere
with protection. Prior dengue infection may decrease
response to YF vaccine (Monath and Cetron, 2002).
Immune globulin did not decrease the antibody response
to YF vaccine when given 0–7 days before immunization.
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Chloroquine does not affect adversely the antibody
response to YF vaccine. Mild viremia with the YF vaccine
strain occurs 3 to 7 days after immunization in individuals
receiving their first dose of vaccine, lasting for 1 to 3 days.
Elevations of interferon-alpha, tumor necrosis factor-
alpha, and markers of T-cell activation occur at this time
and are likely mediators of common, mild side effects of
YF vaccine. A recent study from Brazil investigated phe-
notypic responses of major and minor peripheral blood
lymphocyte subpopulations and identified features asso-
ciatedwith both activation events andmodulatory pathways
following initial immunization with the 17DD YF vaccine.
The balance of these events may be important in the devel-
opment of an adequate immune response and the preven-
tion of adverse events to vaccine. Resolution of viremia
following first-time immunization occurs as neutralizing
antibody develops. Viremia does not occur with subsequent
doses of vaccine, and side effects are milder. No data are
available about levels or duration of viremia in children
or immunosuppressed individuals (Monath, 2004).
Common Vaccine Side Effects

Side effects are generally mild, and include headaches,
myalgia, and low-grade fever occurring 5 to 10 days after
immunization in less than 25% of those participating in
clinical trials of YF vaccine.
Severe Vaccine Adverse Events

Cases of severe multi-organ failure following YF vaccine
were reported beginning in 1996, raising awareness in the
medical community of adverse events associated with YF
vaccine. Identifying the spectrum of adverse events and
risk factors for severe reactions is the subject of intense
investigation (Barnett, 2007).

The three kinds of severe adverse events to YF vaccine
are immediate hypersensitivity reactions, neurologic dis-
ease, and viscerotropic disease.

Hypersensitivity reactions

YF vaccine is prepared in embryonated eggs, and indi-
viduals with egg allergy should not receive vaccine.
Individuals able to eat eggs or egg products can receive
vaccine. Systemic allergic reactions, such as anaphylaxis
and urticaria, have been reported in 1 in 58 000 to 131 000
individuals following administration of YF vaccine. Sensi-
tivity to other vaccine components, especially gelatin, but
also potentially latex found in the stopper of the vaccine
vial, may play a role in these events.

Yellow fever vaccine-associated neurologic

disease

Yellow fever vaccine-associated neurologic disease (YEL-
AND) (formerly termed postvaccinal encephalitis) was
historically the most common severe adverse event, espe-
cially in infants. Between 1945, when the seed-lot system
for vaccine development was introduced, and 2002,
encephalitis was reported in 25 patients worldwide
among more than 200million doses of vaccine distributed.
One patient died; the others recovered without sequelae.
Sixteen cases occurred in those under 9months of age
before age restrictions were placed on the use of YF
vaccine (Centers for Disease Control and Prevention,
2002a; Monath, 2004). An additional five cases have been
reported in the literature: two cases of encephalitis, one of
Guillain-Barré syndrome, and one of bulbar palsy, in
Europe from 1991 to 2001 (1.3 cases of YEL-AND per
million doses distributed), and a fatal case of encephalitis
in a man from Thailand with unrecognized HIV infection.
Incidence of YEL-AND in very young infants is estimated
to be 0.5 to 4 per 1000 (Monath, 2004). In the United
States, the reported rate for YEL-AND following yellow
fever immunization is approximately 0.5 per 100 000
doses distributed (Eidex et al., 2007). The Vaccine In-
formation Statement (VIS), prepared by the U.S. Centers
for Disease Control and Prevention (CDC) for distri-
bution to vaccine recipients, states the incidence as
1:150 000–250 000 doses.

Onset of YEL-AND in recent cases has ranged from 4
to 23 days after vaccination, and the syndrome is asso-
ciated with fever, headache, and either focal or
generalized neurologic dysfunction. Laboratory findings
include CSF pleocytosis (100–500WBCs per mL) and
elevated protein, indicating inflammation of the central
nervous system. Liver function tests are usually normal.
Laboratory methods used to make a diagnosis of YEL-
AND have included finding virus, viral genome, or YF-
specific IgM in cerebrospinal fluid (Centers for Disease
Control and Prevention, 2002b). The case-fatality rate is
less than 5%, and most affected individuals recover with-
out sequelae. A recent review of 15 cases of neurologic
disease associated with YF immunization in the United
States from 1990 to 2005 identified cases of acute
disseminated encephalomyelitis and Guillain-Barré syn-
drome in addition to encephalitis (McMahon et al., 2007).
Twelve cases of aseptic meningitis were reported in asso-
ciation with the 2001 YF mass immunization campaign in
Juiz de Fora, Brazil.

Yellow fever vaccine-associated viscerotropic
disease

Yellow fever vaccine-associated viscerotropic disease
(YEL-AVD), a syndrome of fever, jaundice, and multiple
organ system failure following YF vaccine, was reported
in ten patients worldwide, ranging in age from 5 to
79 years, from 1996 to 2001 (Centers for Disease Control
and Prevention, 2001). In 2002 two additional suspected
cases of viscerotropic disease and four of neurologic
disease were reported in U.S. recipients of YFV, and two



Table 1 Yellow fever vaccine contraindications and
precautions

Contraindications Precautions

Age < 6 months Age 6–9 months

Thymus disease or history
of thymus disease

Age > 60 years for first-time
vaccinees

Immunosuppression Pregnancy

Hypersensitivity to eggs Lactation
Asymptomatic HIV infection with

laboratory verification of

adequate immune system

function
Hypersensitivity to gelatin, latex

Family history of adverse event to

yellow fever vaccine

Modified from Barnett ED (2007) Yellow fever: Epidemiology and
prevention. Clinical Infectious Diseases 44: 850–856.
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fatal cases, both in young women, were reported in
2005 and 2007 (Centers for Disease Control and Pre-
vention, 2002b). As of August 2006, more than 30 cases
were described worldwide (Eidex et al., 2007). Though
identified first in 1996, characterization of a YF virus
strain as vaccine-derived – from what was thought initi-
ally to be a fatal case of YF in Brazil in 1975 – suggests
that this syndrome has been present for at least several
decades.

Yellow fever vaccine-associated viscerotropic disease
(YEL-AVD), initially called febrile multiple organ system
failure, ranges in severity from moderate disease with
focal organ dysfunction to severe multisystem failure
and death, and may include neurologic disease. The syn-
drome resembles severe wild-type yellow fever and labo-
ratory evidence indicates overwhelming infection with
vaccine strain YF virus. It has occurred only in first time
nonimmune vaccine recipients. Symptoms begin 2 to
5 days after immunization, and include fever, elevated
hepatocellular enzymes, respiratory failure, blood dyscra-
sias, and in some cases renal failure. Initial crude estimates
placed incidence of YEL-AVD in the range of 3 to 5 cases
per million doses distributed (Eidex et al., 2007).

A study of reports submitted to the Vaccine Adverse
Event Reporting System in the United States identified
advanced age as a risk factor for adverse events associated
with YF immunization, though cases have occurred in
younger individuals (Martin et al., 2001). The U.S. CDC
VIS states incidence as 1:200 000–300 000 doses for all
first-time vaccine recipients; for those aged 60 years or
older, 1:40 000–50 000 doses. An update on advanced age
as a risk factor for serious adverse events to YF vaccine
was published in 2005, affirming the increased risk and
documenting a reporting rate ratio of 5.9 (95% CI
1.6–22.2) in first-time vaccine recipients aged 60 years
and older (Khromava et al., 2005). Disease of the thymus
gland has been identified as another risk factor for devel-
oping severe reactions after YF vaccine. Fifteen percent of
26 individuals with YEL-AVD described in a 2004 paper
had a history of thymus disease, including thymoma and
myasthenia gravis (Barwick, 2004). The CDC’s Health
Information for International Travel describes thymus
disease as a contraindication to YF vaccine (Eidex et al.,
2007).

YEL-AVD is characterized by a widespread inflamma-
tory response with exuberant viral replication. Antibody
levels are significantly higher than expected. Examination
of tissues from fatal cases of YEL-AVD reveals wide-
spread dissemination of YF vaccine strain virus and active
viral replication in multiple organs; sequencing studies do
not identify mutations in vaccine virus to explain these
adverse events (Monath, 2004). The occurrence of two
cases in one family in Brazil supports the hypothesis that
host genetic factors may be associated with a predisposi-
tion to YF vaccine adverse events (Monath, 2004).
Treatment of YEL-AND and YEL-AVD

There are no standardized treatment protocols for treat-
ment of adverse events to YF vaccine. Supportive care
remains the mainstay of treatment, and patients should be
managed in settings where intensive care is available.
Indications, Precautions, and Contraindications
for Yellow Fever Immunization

Table 1 lists contraindications and precautions for use of
YF vaccine. Travelers to countries or regions where there
is increased risk of YF should receive a single dose of
vaccine at least 10 days before departure unless there are
specific contraindications (Centers for Disease Control
and Prevention, 2002b; Wilson et al., 2004; Marfin et al.,
2005; Eidex et al., 2007). YF vaccine must be given at
official YF vaccine centers and documented in an Inter-
national Certificate of Vaccination, valid from 10 days
through 10 years after the date of immunization. Vaccine
is contraindicated absolutely in children under 6months
of age, and should be given to infants 6 to 9months of age
only if risk of disease is significant and other methods of
prevention cannot be employed. The single most impor-
tant step in judicious use of YF vaccine is to immunize
only individuals traveling to YF-endemic areas: in one
report two out of five individuals with multi-organ system
failure were traveling to areas where YF had never been
described (Centers for Disease Control and Prevention,
2001). Individuals should also use personal protective
measures to prevent mosquito bites, such as mosquito
repellants and protective clothing.

History of thymus disease is a contraindication to
YF vaccine (Eidex et al., 2007). Immunocompromised
individuals also should not be immunized. Asymptomatic
HIV-infected individuals with CD4 counts greater than
200/mm3 who face increased risk of YF infection and
cannot avoid potential exposure should be offered the
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choice of immunization (Eidex et al., 2007). Such indivi-
duals, however, may have impaired response to vaccine
and if they remain at risk for YF, testing for neutralizing
antibody may be advisable. Individuals immunized for the
first time after age 60 are at increased risk for adverse
events. Those who have a family member who sustained a
severe adverse event to YF vaccine may also be at
increased risk. Use of YF vaccine in such individuals
requires careful review of risk during the travel itinerary
and elucidation of information about the likelihood of
severe adverse events.

Safety of YF immunization during pregnancy has not
been established, and little is known about the potential of
vaccine-associated virus strains to infect the fetus (Tsai,
2006). Fetal infection was documented in 1 out of 41
infants exposed to maternal vaccination, and increased
risk of spontaneous abortion was found in a Brazilian
study of 39 pregnant women immunized with YF vaccine
compared with 74 control patients. Immunization during
pregnancy may result in antibody concentrations inferior
to those obtained following immunization of nonpregnant
women. A mass vaccination campaign in Brazil in early
2000 resulted in inadvertent immunization with 17DD
vaccine of 480 pregnant women who were followed until
the infants were 1 year of age. Maternal seroconversion
was high, and no infants were found to be infected at birth
(no IgM antibodies were detected and no placental or
umbilical cord blood was found to contain YF vaccine
strain virus by PCR). Therefore, YF immunization should
be avoided during pregnancy except when there is a clear
and unavoidable increased risk of infection. Inadvertent
administration of vaccine during pregnancy is not an
indication for termination of pregnancy.

There are no reports of transmission of YF vaccine
virus from nursing mothers to their infants, and it is not
known whether YF vaccine virus is excreted into breast
milk. Lactating women who travel to YF-endemic areas
and whose risk of YF infection exceeds the theoretical risk
of transmission of vaccine virus to their infants may be
immunized (Eidex et al., 2007).
Conclusion

Yellow fever continues to occur in parts of Africa and
South America. Immunization of susceptible populations
with YF vaccine is likely to be the most effective method
of reducing the prevalence of the disease. Recent descrip-
tions of serious adverse events to YF vaccine have lent
new urgency to defining criteria for judicious use of YF
vaccine. Future research is focused on defining the spec-
trum of adverse events to YF vaccine and host factors that
would increase risk to these events, and on identifying
potential treatment modalities for YF and for YF vaccine-
associated viscerotropic and neurologic disease.
See also: Dengue, Dengue Hemorrhagic Fever; HIV/AIDS

and TB; Vaccines, Historical; West Nile Disease; Yellow

Fever, Historical.
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The Earliest Epidemics

Although yellow fever has undoubtedly been endemic in
tropical Africa for thousands of years, it was only after the
arrival of the European migrants in the NewWorld at the
end of the fifteenth century that this scourge emerged in
the form of devastating epidemics. The Yucatan peninsula
of Mexico is credited with the first known epidemic in
1648, which affected Spanish settlements and indigenous
populations. Yellow fever was therefore considered for a
long time as a primarily American disease, all the more so
since large outbreaks occurred in the New World during
the seventeenth, eighteenth, nineteenth, and early twen-
tieth centuries. The term ‘vomito negro’ was used in those
days to describe clinical aspects of this pathological con-
dition, because death was frequently preceded by black
vomit, or partially digested blood. Other terms used to
designate yellow fever included ‘Yellow Jack’ and ‘Safran
scourge,’ in reference to the jaundice observed in many
patients.
The Philadelphia Epidemic (1793)

Among the heaviest epidemics which struck the United
States, and also which were the most thoroughly studied,
were those of Philadelphia in 1793 and New Orleans in
1853. In 1793, Philadelphia, Pennsylvania, was a flourish-
ing but quite insalubrious city with 40 000 inhabitants. Its
port on the Delaware River was very active, harboring
vessels from all over the world, mainly from the Carib-
bean. In July, the sloop Amelia from Santo Domingo
moored with a cargo of coffee, even though the captain
and some sailors were seriously ill. During the very hot
summer of 1793, mosquitoes were abundant everywhere
in the city but nobody paid attention to this nuisance.

The first cases of the disease that appeared around the
harbor were accompanied by high mortality. Municipal
authorities and physicians were unable to determine the
true nature of the disease. By the first week of September,
300 cases had already been registered; some patients died
in less than 12 hours. Various diagnoses were put forward,
such as influenza, contagious catarrh, or intestinal fever.
Another explanation for the disease was attributed to the
alteration of the coffee freight from the Amelia, which
went rotten on the wharf, thus generating ‘miasmas.’
The disease was in fact yellow fever.

During October there were 100 deaths each day,
and the total mortality among patients reached 55%.
City life was paralyzed and trade entirely disrupted.
By 14 November, Thomas Mafflin, the Governor of
Pennsylvania, announced the end of the scourge but
by then 4044 citizens – or one-tenth of the population –
had died.
The New Orleans Epidemic (1853)

Between 1793 and 1853, the number of epidemics in the
United States increased steadily, but the most devastating
outbreak in an American town hit New Orleans during
the summer and fall of 1853. At that time, the city’s
population was about 150 000 persons. Its prosperity was
dependent on its port activity. It was only 170 kms from
the Mississippi River delta, which carried all the cotton
trade from the Mississippi and Missouri basins. Docks
were loaded with sugar, rice, and other goods. However,
the city was built on marshes and bayous and was fre-
quently flooded, so mosquitoes were very abundant in the
city during the summer and fall of 1853.

In June 1853, the first cases of yellow fever appeared
gradually around the harbor docks in the poor districts of
the city, but their number quickly increased in July.
Municipal authorities and newspapers minimized the sit-
uation. During August the number of deaths reached 100
and then 250 each week, and corpses accumulated along
the streets. The epidemic was finally identified as yellow
fever. By the end of August the number of cases had
decreased, but 740 persons were still reported to have
the disease during the first week of September. Finally
the epidemic stopped in November, when a small out-
break of Asiatic cholera occurred. During five months,
40 000 inhabitants felt ill, among whom 11 000 died
(27.5%). Trade activities gradually went back to normal,
sanitation was rigorously developed, and by 1881 the
population rose to 220 000. By 1905, when yellow fever
broke out in the city again, important progress had been
made regarding knowledge and prevention of the disease,
and only 423 deaths were registered.
Imported Yellow Fever in European Ports

During the eighteenth and nineteenth centuries, yellow
fever arrived in Europe. Infected ships arriving from the
Caribbean brought epidemics to Portugal, Italy, Spain,
France, and England. For instance, the Gran Turco from
Havana, Cuba, suspected of participating illegally in the
slave trade, introduced the disease in Barcelona, Spain,



Figure 1 Carlos Finlay (1833–1915). Cuban stamp.
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during August 1821. The epidemic broke out in the poor
suburbs and finally devastated the center of the city,
killing about 120 000 inhabitants, or one-sixth of the
total population.

Even so, by 13 July 1861, the three-master Anne-Marie

from Havana, arrived at Saint-Nazaire, France, with a
cargo of sugar. While crossing the Atlantic Ocean, the
captain and ten sailors had been seriously ill, and two
seamen died. Nevertheless, nobody among the medical
or harbor authorities was worried, and unloading started. At
the beginning of August, yellow fever appeared in the city
of Saint-Nazaire and its surroundings; several other ships
arriving or departing were then contaminated, thus spread-
ing the disease. During the 2-month period of outbreak, 44
caught the disease, among whom 26 died.
The Discovery of the Viral Nature of
Yellow Fever

The Earliest Studies on the Etiology of
Yellow Fever

During the last quarter of the nineteenth century, the
etiology of yellow fever remained a mystery, although it
was generally explained to be caused by the inhalation of
‘miasmas’ emanating from decomposition of organic mat-
ter. However, at that time, the role of several bacteria had
been demonstrated in diseases such as anthrax, tubercu-
losis, and Asiatic cholera by Louis Pasteur in France and
Robert Koch in Germany. The etiological role of molds or
bacteria in yellow fever therefore appeared to be a credi-
ble hypothesis, and a number of microorganisms had been
isolated from patients in South and North America.
Among these, the Bacillus icteroides isolated in 1897 by
Guiseppe Sanarelli in Montevideo, Uruguay, seemed a
plausible candidate. Frequently isolated from patients’
blood during epidemics and inducing jaundice by inocu-
lation to guinea pigs, it was considered by several authors
as the causative agent of the disease until F. G. Novy
demonstrated in 1898 that it was, in fact, the well-known
agent of hog cholera, a Salmonella.

Moreover, in 1881, a Cuban physician, Carlos Finlay
(Figure 1), hypothesized that ‘vomito negro’ was trans-
mitted in nature by the bite of a specific mosquito: Culex
fasciatus (¼ Stegomya fasciata ¼ Aedes aegypti L). In order to
confirm his theory, Finlay carried out at least 104 experi-
ments on human volunteers between 1884 and 1900 in
order to transmit the disease from a yellow fever patient
to a healthy subject via the bite of C. fasciatus that had
previously engorged on the patient. Although he obtained
only mild pathological episodes, he claimed success in 11
attempts. Today, it is quite evident that these experiments
failed because the experimental protocol was inadequate
(Chastel, 2003).
The First US Commission in Cuba (1879)

In 1879, a first US Commission was sent to Havana, Cuba,
a permanent focus of yellow fever (Figure 2) that contin-
uously threatened the southern and northern ports of the
United States. This commission was headed by Standford
Challié from New Orleans, assisted by Juan Guiteras, a
Cuban physician, and George M. Sternberg of the U.S.
Army Medical Service. The objective of this commission
was to carefully study the infectious nature of the disease.
Autopsy material was studied but no clear conclusion was
suggested, and no bacteria were isolated from patients’
blood. However, the pathological material collected
allowed the great pathologist W. T. Councilman in 1890
to describe the yellow-fever lesions of the liver, particu-
larly the so-called ‘Councilman bodies,’ which are quite
pathognomonic for the disease (Figure 3).
The Second US Commission in Cuba (1900)

In 1900, Surgeon General G. M. Sternberg, appointed
director of the U.S. Army Medical Service, recruited
Major Walter Reed (Figure 4), a fine pathologist and
microbiologist from the same service, in order to run a
second scientific commission to Cuba, together with
James Carroll, Jesse Lazear, and Aristides Agramonte, a
Cuban physician. The first aim of this new commission
was to answer the question: Was yellow fever contagious?

By 25 June 1900, the staff was at work at ‘Columbia
Barracks.’ Serendipitously, a new yellow fever outbreak
was starting in Quemados, near Havana. Reed and his
colleagues quickly established that the disease was not
a contagious disease, that is to say, directly transmitted
by contact between humans such as in measles or scarlet
fever. Moreover, as had been recently demonstrated by
H. P. Carter in Missouri (1900), at the beginning of an
outbreak, the period from the first (infecting) case to the
secondary cases generally ranged from 2 to 3weeks, thus
indicating an indirect mode of transmission of the disease.
Hence the mosquito-vector theory regained great interest
(Chaves-Carballo, 2005).



Figure 2 The Harbor of Havana, Cuba, at the end of nineteenth century.

Figure 3 Two ‘Councilman’s bodies’ in a histological liver section from a patient deceased with yellow fever.

Yellow Fever, Historical 667
As no laboratory animal was sensitive to yellow fever,
Reed decided to repeat Finlay’s experiments, that is, the
inoculation of soldiers and other volunteers via mosquito
bites. These new experiments were successful, but two
accidental infections occurred among the staff. James
Carroll and Jesse Lazear were infected by mosquitoes
previously allowed to feed on yellow fever patients. Carroll
recovered but Lazear died. This disaster greatly affected
the members of the commission, and Leonard Wood,
military governor of Cuba, decided that the human



Figure 4 Walter Reed (1851–1902). CourtesyWelcome Library,
London.

Figure 5 Clara Maass, a U.S. nurse and martyr of earliest
yellow fever research (U.S. stamp).
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experiments would be continued only when the Columbia
Barracks could be sufficiently secured, for instance after
covering windows and doors with mosquito-proof wire
mesh. In these better conditions, the experiments started
again with success, and by the end of 1900 it was demon-
strated that the causative agent present in patients’ blood
during the early phase of yellow fever, was transmitted from
infected blood by Aedes aegyptimosquitoes, and was a filter-
able virus. Reed and his colleagues also concluded that the
viral infection was not life-threatening or hereditary in the
mosquito vector. In addition, an interval of about 12 days
was necessary after engorgement on a patient before the
mosquito would be able to transmit the virus during
the next bite.

Confirmation of Walter Reed’s results by other
searchers

In 1900, Juan Guiteras, who had been a member of the
first US Commission, performed further experiments of
mosquito transmission in human volunteers in Cuba.
Three persons died, including an American nurse, Clara
Maass, a real heroine in the United States (Figure 5). More-
over, all these experimental conclusions were entirely con-
firmed in Rio de Janeiro, Brazil, from 1901 to 1905, by a
French team consisting of P. L. Simond, E. Marchoux,
and A. Salimbeni. However, unlike Reed’s conclusions,
Marchoux and Simond discovered that the infection was
hereditary in female Ae. aegypti, an observation first denied
by other scientists but confirmed at the end of the 1970s by
several American entomologists. The experimental results
obtained by the French team contributed to the success
of the yellow fever campaign initiated later by Oswaldo
Cruz in Rio.
Sanitation in Cuba and Panama

At the beginning of the twentieth century, the solution to
control and eventually eradicate yellow fever appeared
quite evident. By exterminating the mosquito vector, Aedes
aegypti, the disease would quickly disappear.
The leading part of William C. Gorgas

Putting into practice this concept, Major William
C. Gorgas (Figure 6), chief sanitary officer in Havana
and a very strong personality, initiated sanitation pro-
grams in Cuba and later in Panama with the objective to
eradicate yellow fever. With the active support of Walter
Reed, a drastic program was implemented in Havana in
February 1901; the main measures were as follows: (1) any
case of yellow fever would be registered and quickly
admitted to a specialized ward in a secured hospital;
(2) the patient’s house and surroundings would be fumi-
gated in order to exterminate adult mosquitoes; and (3) each
inhabitant would carefully look for any domestic breeding
site for mosquito larvae, and any container filled with
water would be covered with a lid or a wire netting.

These very simple measures were strictly applied, and
the results were immediate and spectacular. Although
during previous years hundreds of deaths occurred each
year, the last case to be registered was in September 1901,
and not a single case was observed from 1902 to 1904.
Thus, the mosquito-control campaign undertaken by
Gorgas and Reed eliminated the pestilence from one of
the unhealthiest areas of the New World.

However, a greater challenge was waiting for William
Gorgas: the Panama isthmus, an area of considerable strate-
gic and economical interest for the United States, also quite
insalubrious. ‘‘One of the hottest, wettest and most feverish
regions in existence’’ reported W. C. Gorgas in 1912.

For instance, in 1893, the Fourth Infantry of the United
States Army crossed the isthmus from the eastern coast to
California. General Grant was the quarter master of this
regiment. The troops were transported half way by rail-
road and the other half by marching through the jungle.
Eighty men out of 810 died from yellow fever between
Colón and San Francisco.



Figure 7 Ferdinand de Lesseps (1805–1894).

Figure 6 William C. Gorgas (1854–1920). Courtesy of Welcome

Library, London.
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At the same time, the building company imported
foreign workers to finish the railroad across the isthmus,
first 1000 men from West Africa and then 1000 from
China. All died within six months after their arrival at
the building sites.
The Panama Canal crisis

However, the most dramatic episode occurred during the
French initial phase of the construction of the Panama
Canal. In 1881, Ferdinand de Lesseps (Figure 7), a French
diplomat and businessman, confident in his success after the
openingof the SuezCanal in 1865, began operations through
the isthmus with a staff of French engineers training
nonacclimated foreign workers. Field difficulties and health
risks were largely underestimated by de Lesseps. Panama
rocks were not sandy grounds, and Central American jungle
was more insalubrious than the Egyptian desert.

By 1889, the Panama operation was a financial and
health disaster and had stopped. Gorgas estimated that
22 189 deaths had occurred among managers, families,
and workers between 1881 and 1889, mainly due to yellow
fever or malaria. At that time, the ‘Panama crisis’ exploded
in Paris, causing the ruin of many investors.

When the United States took charge of the Canal in
1904, Gorgas was colonel, appointed chief sanitary officer,
and responsible for sanitation in the Canal zone. Accord-
ing to him, the health conditions there were very bad, but
considerable efforts were displayed to control diseases.
Finally, the Panama Canal was ready to pass ships during
fall 1913; it officially opened 1 January 1915. During the
American period, only 4000 workers were lost, essentially
due to malaria, but ‘‘most important of all, yellow fever
has been entirely banished’’ (Gorgas, 1912).
The theory of permanent foci of infection

Following these brilliant successes in Cuba and Panama,
William Gorgas, together with H.R. Carter, developed a
theory concerning the ‘permanent foci of infection.’ In
areas such as Panama, Vera Cruz, Brazil, or West Indies
harbors where yellow fever was endemic and transmitted by
Ae. aegypti (the only vector known at that time), mosquito-
control programs should quickly eliminate the disease and
lead to its later eradication.

Unfortunately, this theory was quickly refuted; yellow
fever reappeared in Latin America, for instance in Bucar-
amago, Colombia, by 1923, despite the US$13 000 000
spent by the Rockefeller Foundation in various sanitation
campaigns. At the beginning of 1928, the northern part of
Brazil was struck by a severe outbreak. The permanent foci
of infection theory was called into question.
Isolation of the Virus from West Africa

The failure of the Gorgas’ theory and campaigns imple-
mented to eradicate the mosquito vector Ae. aegypti was a
very serious matter, as there was no alternative to fight
against yellow fever.
The error of Hideyo Noguchi (1919)

In addition to the confusion, the results of experiments
carried out by Reed, Simond, and Marchoux and their
colleagues showing that the etiologic agent of yellow fever
was of filterable (viral) nature were denied by a Japanese
bacteriologist, Hideyo Noguchi. At this time, Noguchi
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was an influential member of the commission sent by
the Rockefeller Foundation to Guyaquil, Ecuador, to in-
vestigate on yellow fever (Flexner, 1929). Between 1918
and 1924, Noguchi studied a number of patients present-
ing with feverish jaundice (erroneously diagnosed as yel-
low fever), from whom he isolated in culture a spiral
organism which he named Leptospira icteroides. This lep-
tospira reproduced symptoms and pathological changes
in guinea pig that resembled those of yellow fever in
man. This was a tragic double error: the clinical experts
confused hemorrhagic jaundice (Weil’s disease or lepto-
spirosis) with yellow fever, and Noguchi confused
Leptospira icterohaemorrhagiae, the true agent of Weil’s dis-
ease, with the so-called L. icteroides. Other bacteriologists
using the Noguchi’s technique of culture isolated L. icter-

oides, although not consistently, whereas other bacteriolo-
gists did not. Noguchi proposed a vaccine prepared with
L. icteroides cultures that he considered efficient and
injected it into himself.

AlthoughNoguchi was very creditable among bacteriol-
ogists for his previous discoveries, the (true) thesis of a
filter-passing virus as the cause of yellow fever was aban-
doned for years. This regressive option caused an irrepara-
ble delay in achieving an understanding of yellow fever
etiology and pathogenesis, as well as the possibility of
developing a vaccine. It is quite ‘‘difficult to understand
how Noguchi’s claims became so widely accepted, but
they unquestionably affected the whole of the yellow fever
programme in the Americas and Africa’’ (Porterfield, 1989).

Confirmation of the viral nature of yellow fever in

Africa (1927)

Fortunately, the Rockefeller Foundation’s programs foc-
used on West Africa, where many outbreaks occurred
at the end of the nineteenth and the beginning of the
twentieth centuries. A laboratory was established near
Lagos, Nigeria, under the authority of the West African
Yellow Fever Commission. Between 1925 and 1927, many
competent researchers from this institution failed to iso-
late L. icteroides from yellow fever patients. Guinea pigs
did not react when inoculated with the blood of patients,
and no immune response to L. icteroides developed among
the convalescents. So, uncertainty about the Noguchi’s
theory increased more and more.

Suddenly, at the beginning of 1927, yellow fever
appeared in force along the coasts of West Africa, from
the mouth of the Senegal river to Angola.

As guinea pigs and also African monkeys were not
susceptible to yellow fever, the quest for a suitable labo-
ratory animal was the main concern among the research-
ers there. On the initiative of Henri E. Beewkes, the
director of the West African Yellow Fever Commission,
Asian monkeys, including rhesus monkeys (Macaca mulatta),
were imported from Europe during spring 1927. These
primates debarked on May 25, 1927, in Accra, Gold Coast
(presently Ghana), where A. F. Mahaffy and J. H. Bauer
were studying a small outbreak of yellow fever. After
several inconclusive attempts, they obtained a clear exper-
imental infection after inoculating to rhesus monkeys the
blood of a mildly ill, 27-year-old, African man named
Asibi. The symptoms and severe pathology induced in
rhesus reproduced those of the human disease. The Asibi
strain was then studied by Bauer and Adrian Stokes in the
Lagos laboratory, Nigeria. It was ‘‘a period of feverish and
fruitful research activity’’ (Hudson, 1966).

Experimental results from the Lagos laboratory

In this laboratory, Stokes, Bauer, and Hudson began a
series of experiments on rhesus monkeys and succeeded
in transmitting the disease from monkey to monkey by
using Ae. aegypti. Moreover, Stokes established that the
rhesus monkey was not susceptible to L. icteroides, and
immune serum prepared against this leptospire did not
protect rhesus monkeys from the inoculation of the Asibi
strain. Thus, the earlier experiments carried out by the
Reed commission (1900) were at last validated, but 27
precious years had been lost. Tragically, Adrian Stokes
was infected by handling infected monkeyswithout gloves.
He died on 19 December 1927. The experiments on rhesus
monkeys inoculated with the Asibi strain were in fact
extremely hazardous, and a number of other researchers
inWest Africa died from laboratory-acquired yellow fever:
Edward Haynes and William A. Young, as well as Hideyo
Noguichi, who arrived in Accra on 17 November 1927 in
order to set up his own laboratory there. Before his death
in Accra, Noguchi confirmed the Stokes’ discovery and
failed to identify L. icteroides from West African patients.

Experimental results from the Pasteur

Institute, Dakar

At the same time, a yellow fever outbreak was studied
at the Pasteur Institute, Dakar, Senegal, by C. Mathis,
A. W. Sellards, and Jean Laigret. They quickly confirmed
the results of Stokes. Using rhesus monkeys imported
from India and a strain of Ae. aegypti from Havana, Cuba,
they isolated a virus from a young Syrian man, 17-year-
old François Malayi, who had fallen ill on 20 December
1927. Like Asibi, he survived his illness, and the virus
isolated from him is the ancestor of the FN (French
neurotropic) strain of the yellow fever virus.

Max Theiler and the white mouse (1930)

Now experimental study of yellow fever could begin in
earnest, helped by the discovery in 1930 by Max Theiler,
from the Rockefeller Foundation in New York, of the high
susceptibility of the white mouse to the virus inoculated
by the intracerebral route. The white mouse was a com-
mon laboratory animal and easier to handle than monkeys.
Max Theiler, a future Nobel Prize of Medicine winner
(1951), also finalized a neutralization test that used mice,
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the ‘mouse protection test,’ after observing that specific
yellow fever antibodies protected the mouse from experi-
mental disease. This relatively simple test allowed a pre-
cise determination of the geographical extent, which had
been largely underestimated, of the disease in America and
Africa.
The Discovery of Jungle Yellow Fever

Until 1932, yellow fever was considered an urban disease
transmitted exclusively by Ae. aegypti, a domestic and
highly anthropophilic species of mosquito that bit man
during the day. However, as early as 1907 an outbreak in
Colombia strongly suggested that yellow fever might also
be acquired in a virgin forest environment from mosqui-
toes other than Ae. aegypti (Monath, 1988).

The leading role of Fred L. Soper (1932)

The revolutionary concept of ‘jungle’ or ‘sylvatic’ yellow
fever was defined when F. L. Soper and his colleagues
from the Rockefeller Foundation studied in March 1932
a small rural outbreak that occurred in the valley of
Chanaan, state of Spirito Santo, Brazil. This outbreak
developed during 3months in a strictly rural area where
no Ae. aegypti were found but where wild mosquitoes were
prevalent, such as Aedes (O.) scapularis and Ae. (T.) flaviatilis,
two species quite different from the ‘classical’ Ae. (S.)
aegypti (Soper et al., 1933).

In this area, man was only contaminated when in con-
tact with the virgin forest, for instance when woodcutters
cut down trees, a mechanism by which the infected mos-
quitoes living together with monkeys in the canopy were
thrown down to the ground with the cut trees, there able
to bite and infect man. Back in their villages, the infected
woodcutters could contaminate other inhabitants, thus
causing the epidemic in this remote area of Brazil.

Based on this concept, F. L. Soper and his colleagues
studied sporadic, fatal cases of yellow fever occurring
quite silently in the rain forest of Brazil. They used a
special device, the so-called ‘viscerotom,’ to remove
small fragments of liver from corpses, which showed the
typical lesions of yellow fever. This study led Soper and
colleagues to conclude that jungle yellow fever generally
occurred in ‘silent’ forest foci not discernible without the
help of such field surveys (Soper et al., 1934).

Thus, in addition to the classical ‘urban’ yellow fever
described by the work of Walter Reed, H. R. Carter, and
W. C. Gorgas, another epidemiological form of yellow
fever existed in the rainforest, and the mechanism for
the conservation of the disease was located in the Amazo-
nian canopy. Here, the virus circulated among a number
of wild monkeys, such as howling monkeys (Alouatta),

spider monkeys (Ateles), or douroucoulis (Aotus), and sev-
eral forest mosquitoes mainly of the Haemogogus and
Sabethes genera. In fact, the reported annual incidence of
jungle yellow fever varied in South and Central Americas
between 50 and 300 cases (Monath, 1988).

Because yellow fever was found to occur as an enzootic
viral infection in wild nonhuman primates in South
American rainforests, the eradication of the disease
appeared impossible, and this is still true today. The
only opportunity to avoid extensive epidemics in man
was to carefully control Ae. aegypti, its urban vector, in
large metropolises of the Americas. Control efforts against
this mosquito during the 1940s associated with immuni-
zation campaigns using the 17D vaccine (see Yellow Fever
Vaccines) resulted in the disappearance of urban yellow
fever from South America between 1942 and the 1970s.

Jungle yellow fever also existed in tropical Africa

Since it was demonstrated in the New World that yellow
fever was primarily a zoonosis, that is, an animal infection
only occasionally transmitted to man, involving forest
monkeys and mosquitoes, it was logical that an equivalent
of this phenomenon would be found in Africa, especially
because large rural epidemics had occurred in eastern
Africa during the 1940s to 1960s. In 1941, yellow fever
devastated the Nuba Mountains in Sudan, causing about
1500 deaths, in the absence of any Ae. aegypti. Moreover, in
1960–1962, a more serious rural outbreak (30 000 deaths)
struck Ethiopia, propagated by Aedes simpsoni, a mosquito
species quite different from Ae. aegypti.

To identify the jungle yellow fever in eastern Africa, a
field study area was selected by the British virologists
of the East African Virus Research Institute (EAVRI) of
Entebbe, Uganda: the Bwamba forest, also located in
Uganda. Here, rare sporadic cases of human yellow fever
were registered in humans who lived along the edges of
the forest. In this area the following epidemiological
schema was established in 1948 by A. J. Haddow and
colleagues (Haddow et al., 1948). In the highest canopy,
when Cercopithecids monkeys settled into their nests for
the night, they were bitten during their sleep by a noctur-
nal mosquito, Aedes africanus, and became infected with
the yellow fever virus. In the day time, infected monkeys,
carrying the virus in their blood, reached nearby villages
to find some food in small banana plantations. Within the
leaves of banana trees (Colocaria), larvae of a second mos-
quito species, Aedes simpsoni, were developing. The adults
of Ae. simpsoni, an amphophilic and diurnal species, were
then able to bite both monkeys and human beings, thus
transferring the infection to humans. This process
explained the occurrence of sporadic, generally mild
cases of human yellow fever that were observed on the
borders of the Bwamba forest. Eventually these sporadic
cases might have been the spark to trigger an extensive
rural outbreak.

However, this mechanism was only demonstrated for
eastern Africa and, more precisely, for the Bwamba forest.
Everywhere else other biological mechanisms were
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operating. In West and Central Africa during 1970–1980,
French virologists from the Instituts Pasteur d’Outre-Mer
(Dakar, Bangui, Abidjan), together with entomologists
from the Office de la Recherche Scientifique et Tech-
nique Outre-Mer (ORSTOM), revealed a number of
other explanations for the persistence of the disease in
French territories of Africa (Monath, 1991). For instance,
in the field station of Kedougou, in the eastern part of
Senegal, the yellow fever virus was maintained in nature
within a specific zoonotic cycle. There, forest monkeys
(Erythrocebus patas, Cercopithecus aethiops) were associated
with wild mosquitoes of the Aedes genus, such as Aedes

opok, Ae. luteocephalus, and Ae. furcifer taylori group, ensuring
the survival of the virus. From these yellow fever sanctu-
aries the virus might occasionally escape from its forest
biotopes and infect the villages bordering the forest and
surrounding savannahs.

Thus, it was possible to explain the explosion in 1965
of a devastating rural outbreak in the Djourbel area of
Senegal. Originating in the southeastern forest areas, this
outbreak was transmitted by Aedes aegypti, which had
adapted to the rural environment and bred in clay jars
or ‘canaries’ used for water storage.

Similar observations were made in the Bozo-Bouboui
field station, near Bangui, in the Central African Republic.
Furthermore, during these studies it was demonstrated
that a number of infected female mosquitoes might transit
the virus congenitally (through their ovaries) to their eggs
and thus to their descendants. This process also contrib-
uted to the field conservation of the virus. Thus by several
complex but efficient ways, the virus of yellow fever was
maintained through zoonotic cycles in rain forests in both
the New and Old Worlds, thereby making its eradication
impossible.
Yellow Fever Vaccines

Fortunately, another means existed to control yellow
fever, the immunization of the populations in endemic
areas. For this purpose two live attenuated vaccines
became available: the ‘Dakar French neurotropic vaccine’
attenuated in white mice and the ‘17D vaccine’ from
the Rockefeller Foundation attenuated in tissue cultures
(Barrett, 1987).

The Dakar French neurotropic vaccine (Dakar FNV)
This vaccine was developed by researchers of the Institut
Pasteur deDakar, Senegal, from awild-type strain of yellow
fever virus isolated during the 1927 epidemic in Dakar
already discussed. This viral strain was attenuated by serial
intracerebral passages in white mice and progressively lost
the ability to cause systemic yellow fever in rhesus monkeys
and mice. At passage 237 in mice this modified virus was
considered sufficiently adapted to be used as a vaccine for
human beings (Sellards and Laigret, 1932).
This vaccine was extensively used in the French colonies
and territories of Africa between 1939 and 1952. In fact,
38 667 543 vaccinations were performed on a total popula-
tion of about 17.5million. In the form of a ‘dry’ (lyophi-
lizated) vaccine, it was found adequately stable and highly
effective when administered by scarification of the skin. It
was also possible to use the dry vaccine in association with
the Jenerian vaccine (against smallpox) in large campaigns
of double immunization of entire populations. In French
West Africa this vaccination program resulted in the disap-
pearance of the disease from this area from 1939 to 1965.

On the contrary, in the British West African colonies,
where large-scale immunization campaigns were not con-
ducted, several outbreaks were registered during the 1950s,
mainly inGold Coast (Ghana) andNigeria (Monath, 1988).

However, it was also proved that a number of cases of
encephalitis were directly related to the administration of
the Dakar vaccine. This appeared quite evident during
the epidemic affecting the region of Djourbel, Senegal, in
1965, a direct consequence of the abandonment of immu-
nization programs by the Senegalese authorities after
accession to independence. As a result of vaccinations
performed in an emergency situation, a great number of
cases of encephalitis occurred, mainly in children under
14 years old. This sanitary disaster led the World Health
Organization (WHO) to prohibit the use of Dakar vaccine
in young populations and eventually to its progressive
abandonment during the 1970s, preference being given
to the safer 17D vaccine.

The Rockefeller 17D vaccine

The 17D vaccine was developed by Max Theiler and his
coworkers in 1936 (Theiler et al., 1937), using the Asibi
strain of yellow fever virus isolated in 1927 from a sick
man of that name in the Gold Coast, as previously
discussed. This wild strain was passaged first in mouse
and chick embryo tissue cultures, and then in chick
embryo tissue cultures from which the nervous tissues
had been removed in order to eliminate any neurotropic
content. Finally the 17D vaccine was prepared by inocu-
lating fertile hen eggs (Theiller and Smith, 1937) and
administrated by subcutaneous injection. The initial vac-
cine trials were conducted in Brazil in 1937–1938, during
which 59 000 people were vaccinated without any adverse
reaction.

Later on some problems appeared at the beginning of
its large-scale utilization, mainly during the Second
World War, when cases of jaundice were observed after
vaccination of U.S. soldiers, caused by accidental contam-
ination of the vaccine batches by infected human sera.
Once these products were removed, the 17D vaccine was
safe again and was officially approved by the WHO.

The only serious difficulty encountered with this vac-
cine was its poor thermostability in the field, thus exclud-
ing its large-scale use in tropical areas where high ambient
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temperatures might inactivate the vaccine. Research to
stabilize it was then undertaken in a number of pharma-
ceutical laboratories, which led to new 17D thermostable
yellow fever vaccine preparations. These were finally
available for intensive use in tropical areas in Africa and
South America, including the hottest ones.

Today, the 17D vaccine is largely used either individ-
ually (for travelers going to endemic areas) or collectively
for populations at risk. For instance, in tropical developing
countries, the thermostable 17D vaccine is frequently
associated with six other vaccine components in the
Expanded Program on Immunization (EPI) for the
greater advantage to young children.
American or African Origin of Yellow Fever

For a long time many American and European authors
considered yellow fever to be primarily an American
disease that first emerged in the Yucatan, Mexico, in
1648. However, in 1931, the great American epidemiolo-
gist H. R. Carter claimed that the true origin of the
disease was in Africa (Carter, 1931).

In fact, there are now many convincing arguments for
the African origin of yellow fever. If one considers the
history of epidemics occurring in the early European
colonies established in the New World (Guadeloupe,
1635; Yucatan and West Indies, 1648), or aboard the fleets
1648
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putting into ports or trading posts of the West Africa
coasts (Cabo Verde Islands, 1585; Benin, 1588; Sao
Tome, 1599), it appears that yellow fever was active in
West Africa before 1778, the ‘official date’ of the first
occurrence of the disease in Senegal (see Figure 8).

Indigenous peoples of the Americas appeared highly
susceptible to yellow fever, as were the Europeans coming
recently from Spain, Portugal, or France. However, the
black slaves brought from Africa to the Americas were
found to be relatively resistant, as though they had been
already infected and immunized in their home countries.

Aedes aegypti, the vector of urban yellow fever, has long
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fauna of the Americas but was transported from Africa by
the slave ships, which initiated their shameful traffic as
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In America, yellow fever is a fatal disease of wild
monkeys, and jungle yellow fever develops in successive
waves of high mortality in these primates, spreading
through the forests, as it did between 1948 and 1954 in
Panama and Central America (Figure 9). This pattern
clearly indicates that the yellow fever virus has been
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adapted yet there to its vertebrate hosts. On the contrary,
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death among monkeys and inducing generally only a mild
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disease among human beings contaminated in rainforests.
This indicates an ancient and efficient adaptation of the
virus to its environment (Chastel, 1998).

Molecular biological studies of yellow fever virus strains
have resulted in the definition of at least five geographical
genotypes: West Africa I, West Africa II, Central and Eastern
Africa, South America I, and South America II. The most
recent molecular studies have favored an African origin of
this disease (Tolou et al., 1998).
Yellow Fever Today

Global Epidemiological Situation
(December 2006)

Today, the disease occurs only in sub-Saharan Africa and
tropical South America, where it is endemic and intermit-
tently epidemic. A total of 18 735 cases and 4522 deaths
were reported from 1987 to 1991 (Robertson et al., 1996),
and the global epidemiological situation remained quite
nasty in 2006.

In Africa, where most cases are reported, the fatality
rate is greater than 20%, and infants and children are
exposed to a greater risk of infection. A survey in rural
West Africa during interepidemic or ‘silent’ periods
indicates that such periods may last for years and even
decades. The incidence of yellow fever was estimated to
be 1.1–2.4 cases per 1000 persons. In 1991, an urban
epidemic of yellow fever reappeared in Abidjan, Ivory
Coast; among the 280 cases there were 6 deaths.

In South America, cases occur most frequently in
young men who have occupational exposure to forest-
dwelling mosquito vectors in forested or transitional
areas of Bolivia, Brazil, Colombia, Ecuador, Venezuela,
Guyana, French Guiana, and Peru. In these countries the
incidence of yellow fever is lower than in Africa because
the mosquitoes which transmit the virus between monkeys
in the forest canopy do not often come in contact with
humans and because immunity in indigenous populations
is high. Urban epidemic transmission has not occurred in
South America for many years, but the risk of introduction
of the virus in towns and cities is ever present.
Risk for Travelers

Only a small proportion of yellow fever cases are officially
reported because the disease occurs in remote areas. So
travelers in endemic areas in both African and South
American areas may take the risk of contracting the dis-
ease if they are not vaccinated. Four out of five cases of
yellow fever among travelers from the United States and



Europe in 1996–2002 were exposed to the virus in South
America. All five cases were fatal and occurred among
unvaccinated travelers. The risk of illness in travelers
from yellow fever has been estimated to be 0.4–4.3 cases
per million travelers in yellow fever-endemic areas (Cen-
ter for Disease Control and Prevention, Atlanta, GA,
12 December 2006; see Relevant Websites).

See also: The History of Public Health During Colonial-

ism; Quarantine Through History; Vaccines, Historical.

Citations

Barett ADT (1987) Yellow fever vaccines. Bulletin de l’Institut Pasteur
85: 103–124.

Carter HR (1931) Yellow Fever. An Epidemiological and Historical Study
of Its Place of Origin. Baltimore, MD: Williams and Wilkins.

Chastel C (1998) Origin of yellow fever. Médecine Tropicale, Marseilles
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The Magnitude of Youth Violence

Youth violence is a devastating public health problem
worldwide. According to the World Health Organization,
over 540 adolescents and young adults die every day from
interpersonal violence. Annually, anywhere from 3.5 to
7.5million young people experience injuries from vio-
lence requiring hospital treatment. Indeed, the health
consequences of violence are severe, including death,
permanent physical disabilities, high costs of medical
care and rehabilitation, and immeasurable grief and
suffering. The availability of guns heightens the lethality
of youth violence. In fact, the problem of youth violence
in the United States and in many other countries is of
major health and social significance because it is largely a
problem of gun violence.

The public health approach to prevention comprises
the following steps: (1) Defining the problem, (2) identi-
fying risk and protective factors associated with the prob-
lem, (3) developing interventions to address these factors,
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(4) implementing and evaluating the effectiveness of
interventions through initial pilot work and larger-scale
studies, and (5) disseminating successful models. This
approach has been successfully applied to many causes
of morbidity and mortality, including smallpox, lung can-
cer, and motor vehicle crashes. As described below, these
steps can also be applied to youth violence and are, in fact,
critical for its prevention (Mercy et al. 1993).

Worldwide, violence is one of the most serious threats
to the health of adolescents. In 2000, the World Health
Organization World Report on Violence and Health estimated
that 199 000 youth between the ages of 10 and 29 (9.2 per
100 000) were murdered globally. Around the world, there
are stark differences in youth homicide rates linked to
clear, identifiable socioeconomic and political factors.
Where there is political and social instability, such as in
Colombia in the 1990s and in Russia, youth homicide
rates are high (84.4 per 100 000 in Colombia in 1995,
18.0 per 100 000 in Russia in 1998) (Krug et al., 2000).
In South Africa in 2004, 51.7% of injury deaths in 15- to
24-year-olds were caused by violence (Matzopoulus,
2005). Conversely, in the politically stable countries of
Western Europe, homicide rates were much lower (<2
per 100 000 estimated in 2000) (Krug et al., 2000). In the
United States, the National Adolescent Health Informa-
tion Center reported that an average of 14.5 youth aged
10–24 were murdered each day in 2004 (8.4 per 100 000).

Around the world, homicide rates are substantially
higher for males than for females. The magnitude of this
disparity varies greatly, however, and is primarily deter-
mined by the male homicide rate, as female homicide
rates are comparatively consistent globally. For instance, in
1998, the male homicide rate for youth 10–29 years old in
France was 0.7 per 100 000 and the rate for females was 0.4
per 100 000 (Krug et al., 2000). Thus, the ratio of male to
female homicides in France was 1.9. InMexico, on the other
hand, the homicide rate for males in 1997 was drastically
higher than that of France at 27.8 per 100 000, while the
homicide rate for females was 2.8 per 100 000 (Krug et al.,
2000). Consequently, the male to female homicide ratio was
a much higher 9.8.

Globally, firearms are the most common method of
perpetration in youth homicides. In 2004, 45% of inten-
tional injury deaths among 15- to 24-year-olds in South
Africa were from gunshots (Matzopoulus, 2005). In the
United States, 82% of youth aged 10–24 murdered in
2004 were killed with firearms (National Center for Injury
Prevention and Control, 2007). The sharp rise in youth
homicides from 1983 to 1993 was linked to an increase
in firearm usage in the commission of crimes. Similarly,
the drop in homicide rates from 1993 to 1999 can be
traced largely to a decline in the use of firearms (Depart-
ment of Health and Human Services, 2001). The 2005,
Youth Risk Behavior Surveillance (YRBS) found that in
the United States, 9.9% of males and 0.9% of females
reported carrying a gun at least once in the past 30 days,
while in 1991, 13.7% of males and 1.8% of females reported
the same.

TheWorld Report on Violence and Health reported a global
increase in youth homicides between 1985 and 1994.
During this time, the increases in homicides were greatest
among males and in developing countries. While other
methods of attack remained steady or decreased, use of
firearms as the method of attack in homicides increased
during this period of increasing homicides. In the United
States, there was a peak in arrests of young people for
violent crimes from 1983 to 1993. However, in the 1990s,
youth arrests began to decline and, by 1999, rates were
nearly back to 1983 levels. While arrest rates for homi-
cides declined, however, self-reports of violent behavior
remained level throughout the 1990s (Department of
Health and Human Services, 2001).

Nonfatal violence is far more common than homicide.
For example, while the homicide rate in the United States
in 2004 for 10- to 24-year-olds was 9.6 per 100 000, the
assault rate was 3079 per 100 000 (National Adolescent
Health Information Center, 2007). Physical fighting is
prevalent among school-age children around the world.
Studies in several countries in the late 1990s found that
approximately one-third of adolescents reported involve-
ment in fighting (Krug et al., 2000). Bullying behavior is
also common, but varies considerably between countries.
In a cross-national survey conducted during the 1997–98
school year in classrooms where the average ages
were 11.5, 13.5, and 15.5 years, 9% of youth in Sweden
reported more than two incidents in the past school term
where they were either bullied, victimized by a bully, or
both, while in Lithuania the prevalence of these bullying
behaviors was 54% (Nansel et al., 2004). Of U.S. youth
in the 2005 YRBS, 9.2% reported being hit, slapped,
or physically hurt on purpose by their boyfriend or
girlfriend.

The violence of war and armed conflict reaches into
many childhoods around the world. The United Nations
Wor ld Youth Re por t 2003 (2004 ) estimated tha t, in the pre-
vious decade, two million young people were killed by
armed conflict and another five million were disabled.
Between 1989 and 2000, there were 111 armed conflicts
in the world. Most of the warfare occurred in the devel-
oping world. In 2003, an estimated 300 000 youth soldiers
aged 10–24 fought in active armed conflicts.

The considerable variations in youth homicide rates
and nonfatal violence between countries and regions of
the world support the conclusion that violence is preven-
table. If violence were inevitable, rates from country to
country would be expected to be very similar. In fact,
there are many strategies that have been shown to be
effective in reducing youth violence.
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Risk and Protective Factors for Youth
Violence

The Resilience Paradigm

The paradigm of resilience proposes that adolescents’
vulnerability to health-jeopardizing outcomes, such as vio-
lence, is affected by both the number and nature of stres-
sors in their lives, as well as the presence of factors that
buffer and protect against adverse outcomes. Based on the
work of Chase-Landsdale and colleagues, and modified by
Resnick in 2000 (Resnick, 2000), the paradigm incorpo-
rates multiple processes in characterizing the dynamics
that affect the well-being and specific behaviors of young
people. Depicted in Figure 1, behavioral outcomes and
health status, both positive and negative, are described as
emanating from the interplay of factors enacted within the
significant social systems in young peoples’ lives, including
their families, schools, peer groups, and neighborhoods.

Research on health-compromising behaviors has tradi-
tionally focused on the so-called problemness of young
people. The resilience paradigm, in contrast, seeks to
identify protective, nurturing factors in the lives of those
who would otherwise be expected to have poor outcomes.
Rather than focusing solely on pathology, this framework
seeks to understand successes, strengths, and solutions
embedded in young people’s lives. Thus, a resilience-
based approach to violence prevention might focus on
issues related to family functioning, which is associated
with violence involvement among youth, with the goal of
improving parent–child connectedness in a prosocial con-
text and, in doing so, reduce violent behaviors.
Individual Risk and Protective Factors

The strongest predictor of involvement in violence is a
history of previous violent behavior. Physical fighting and
bullying behaviors often precede more serious violent
behaviors, including weapon carrying, fight-related injury,
and homicide among youth. In the United States, simila-
rities noted between the demographic patterns of physical
fighting and homicide suggest that fighting is part of a
spectrum of violent behavior that includes homicide. In
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Figure 1 Conceptual schema for resilience paradigm.
addition to aggressive behaviors and violent acts, early
involvement in nonviolent offenses, such as burglary, is a
powerful risk factor for adolescent violence (Department of
Health and Human Services, 2001).

Notably, the factors that predict violence perpetration
parallel the risk factors for sustaining violence-related
injury. In fact, studies have documented that victims of
violence are disproportionately the perpetrators of violence
(Rivara et al., 1995). Violence-related injury has been
described as analogous to a chronic recurrent disease, with
rates of recidivism as high as 44%and 5-yearmortality rates
as high as 20% (Sims et al., 1989).

Both theory and research suggest that multiple prob-
lem behaviors cluster among adolescents. A generation
ago, Jessor’s Problem Behavior Theory described health-
risk behaviors, such as violence, alcohol and drug use,
suicidal behaviors, and sexual activity, as a syndrome
among adolescents, most likely reflecting common
underlying etiological factors. The association between
violence and alcohol and drug use has been widely docu-
mented. Both perpetrators and victims of violence have
frequently used alcohol and/or other drugs (American
Psychological Association, 1993; Department of Health
and Human Services, 2001). Although suicidal behavior
has been described as a quietly disturbed behavior and
interpersonal violence as an acting-out behavior, self-
directed and interpersonal violence are interrelated. For
example, factors that are strong predictors for attempting
suicide, such as a previous suicide attempt, suicide, or
suicide attempt by a family member or friend, depression,
and violence exposure, are also risk factors for interper-
sonal violence involvement among young people (Resnick
et al., 1997, 2004; Borowsky and Ireland, 2004).

Hyperactivity, impulsiveness, and attention problems
in childhood increase the risk for subsequent violence
involvement among youth. Longitudinal studies in Copen-
hagen, Denmark; Dunedin, New Zealand; Orebro, Sweden;
Cambridge, England; and Pittsburgh, Pennsylvania in the
United States have found associations between these child-
hood personality traits and both self-reported violence
and convictions for violence in adolescence and early
adulthood. Low intelligence, learning problems, and school
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failure are also significant risks for youth violence (Krug
et al., 2000).

Individual-level protective factors for violence include
emotional health, school achievement, and a personal
sense of religiosity or spirituality (Resnick et al., 2004).
Other key protective factors found in resilient young
people are positive social skills and general self-efficacy.
Family Risk and Protective Factors

At the family-level, exposure to family violence impacts
youth violence. Children who are abused or witness vio-
lence in their home are more likely to become perpetrators
or victims of violence themselves, both in their intimate
relationships aswell as outside the home.Other family-level
risk factors for violence are parental substance abuse, over-
crowding, economic deprivation, high levels of parenting
stress and family conflict, and ineffective parenting. Ineffec-
tive parenting includes overly harsh and inconsistent disci-
pline, inadequate supervision of children, and lack of
affection (American Psychological Association, 1993; Krug
et al., 2000).

Family caring and connectedness has repeatedly been
found to be a powerful protective factor against violence
and other health-risk behaviors among youth (Resnick
et al., 1997). Family connectedness includes closeness to
and perceived caring by a parent, satisfaction with one’s
relationship to parents, and feeling loved and wanted by
family members. In addition to supportive parent–child
relationships, positive and consistent discipline, parental
monitoring and supervision, and good communication in
families are critical family protective factors in promot-
ing resilience to violence involvement. Across cultures
and economic circumstances, research shows that chil-
dren and teens raised in homes characterized by authori-
tative parenting show strong advantages in psychosocial
development, mental health, social competence, academic
performance, and avoidance of problem behaviors com-
pared to their peers raised in any of the other three styles,
referred to as permissive or indulgent, authoritarian or
autocratic, and unengaged (or neglectful at the extreme)
(Barber et al., 1992). The authoritative parent is warm and
involved but is firm and consistent in establishing and
enforcing limits, guidelines, and appropriate expectations.
Extrafamilial Risk and Protective Factors

Youth who socialize with peers who are engaging in
violent or criminal behavior, whether by choice or by
default, are more likely to engage in violent behavior
themselves. Involvement in antisocial groups such as
gangs promotes violence among youth. Exposure to
neighborhood and community violence is also a risk fac-
tor for participation in violence (Herrenkohl et al., 2000;
Krug et al., 2000).
This dynamic of differential association highlights the
salient role of peer behaviors and perceived peer norms in
the modeling and diffusion of violent behavior among
adolescents. However, in regard to the specific manifesta-
tion of violence in the form of firearm use, international
data support the link between availability and access to
guns and gun violence. Studies comparing rates of vio-
lence in cities with different gun control policies have
identified gun availability as a critical factor associated
with firearm-related violence. For example, the relative
risk of assault and homicide by firearm was significantly
higher in Seattle, Washington when compared to Vancou-
ver, British Columbia, where handguns are less available
due to more stringent gun control (Sloan et al., 1988).
Furthermore, studies in the United States have identified
gun ownership as an independent risk factor for homicide
in the home, usually by a family member or intimate
acquaintance (Duke et al., 2005).

The availability of guns makes youth violence more
lethal. Injury outcomes are affected by both the frequency
and severity of violent incidents. While factors such as
alcohol and drug use and economic inequality affect the
frequency of violent events, guns increase the severity of
violence, since guns are more likely to kill than any other
weapon used in an assault. If firearm injuries could be
prevented, violent events would still occur, but the sever-
ity of the injuries would be greatly reduced.

Poverty and its contextual life circumstances are
strongly linked to violence. Globally, there is a strong link
between income inequality and violence, with studies in
both industrialized anddeveloping countries demonstrating
a robust, significant association between income inequality
and homicide rates (Krug et al., 2000). Regardless of race or
ethnicity, at the population level, violence is most prevalent
among the poor. Beyond neighborhood effects such as
heightened exposure to violence, potential mechanisms
for how poverty influences children’s behavior includes
effects at the family level, such as less parental supervision,
more parental distress, parents’ lower levels of emotional
responsiveness to their children, more frequent use of phys-
ical punishment, and lower-quality home environments
among children in low-income families.

The culture and history of violence in a society have
important effects on rates of violence aswell. Societal norms
and values may support violent behavior by endorsing and
teaching violence as an acceptable way to resolve conflicts.
Cultural influences include folk heroes and media images
that glorify interpersonal violence, violent team sports, and
guns and war toys that are marketed to young children
(American Psychological Association, 1993).

Estimates indicate that the average U.S. child or teen-
ager views over 10 000 acts of violence per year on televi-
sion (Krug et al., 2000; American Academy of Pediatrics
2001). Access to media in other parts of the world is
variable, but overall is extensive and growing. Hundreds
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of studies have led to the firm conclusion that viewing
violence increases real-life violence (Centerwall, 1992;
Paik and Comstock, 1994; Krug et al., 2000). Research
shows that viewing violence on television is associated
with short-term increases in aggressive behavior. It can
also lead to emotional desensitization toward violence and
an increased fear of becoming a victim of violence. Fur-
thermore, longitudinal studies conducted in the United
States over 10–15 years demonstrate long-lasting effects
of childhood television viewing on aggression in adoles-
cence and early adulthood (Department of Health and
Human Services, 2001). Shorter longitudinal studies in
other countries have shown inconsistent results (Krug
et al., 2000).

A powerful protective factor against violence is school
connectedness. Components of school connectedness
include perceived closeness to people at school, perceived
teacher caring, feeling part of your school, feeling happy
at school, believing that teachers treat students fairly, and
feeling safe at school. School connectedness, like family
connectedness, has been found to be protective against
almost every health-risk behavior among youth, including
violence (Resnick et al., 1997). Other extrafamilial envi-
ronmental protective factors are perceived connectedness
with adults outside of the family, who recognize, value
and reward prosocial, not antisocial behavior, and per-
ceived neighborhood safety.
Multiple Opportunities for Prevention

Because there are multiple factors that predispose to and
buffer against violence involvement and injury (summar-
ized in Table 1), there are also multiple prevention strate-
gies to choose from. Violent injuries result from a chain of
Table 1 Risk and protective factors for youth violence

Individual Family

Risk factors
Previous violent behaviors: Aggression,

bullying behaviors, physical fighting

Violence victimization

Substance use

Depression
Hyperactivity

Problem (antisocial) behavior

Learning problems

School failure
Low IQ

Family violence
Parental substance a

Low socioeconomic

Overcrowding

Family conflict
Ineffective parenting

Protective factors
Emotional health
School achievement

Spirituality

Strong social skills
Self-efficacy

Parent and family ca
connectedness

Parental monitoring a

Positive discipline m
Good parent–child c

Effective family prob

Authoritative parentin
circumstances and, consequently, present multiple oppor-
tunities for prevention along that chain. A combination of
strategies used together is likely to be most successful in
preventing youth violence.
Interventions to Prevent Youth Violence

While most of the hundreds of youth violence prevention
programs implemented in schools and communities
throughout the world have not been rigorously evaluated,
there are sufficient evaluations of acceptable methodologi-
cal rigor from which to draw conclusions about some
approaches to youth violence prevention that work, that
do not work, and that are promising (Table 2). In order to
be designated as an effective strategy, programs must have
multiple controlled evaluation studies demonstrating their
positive effects in reducing violence. Ineffective programs
have had multiple evaluation studies demonstrating their
lack of effect or negative effects on violence. Promising
programs are those that have demonstrated success, but
lack multiple evaluation studies. Several reviews inform
this section (Sherman et al., 1998; Tolan and Guerra, 1998;
Krug et al., 2000; Department of Health and Human Ser-
vices, 2001; Thornton et al., 2002).
Individual-Level Interventions

Many interventions focus on the individual and attempt
to modify individual risk factors for youth violence.
Individual-level interventions are prevalent because much
of the discussion regarding youth violence has been
grounded in the belief that the problem results pri-
marily from the dysfunctional behavior of individuals.
Extrafamilial environments

buse

status

Involvement in antisocial groups
Neighborhood violence

Availability and legal access to firearms

Poverty

Culture and history of violence
Media violence

ring/

nd supervision

ethods
ommunication

lem solving skills

g style

School connectedness
Connectedness to an adult in the community

Neighborhood safety



Table 2 Interventions to prevent youth violencea

Individual Family Extrafamilial environments

Social problem solving/social competence
trainingE

Didactic programsI

Social caseworkI

Scare tacticsI

Boot campsI

Parent trainingE

Home visitation programsE

Marital and family therapyE

Peer mediation programsI

Classroom management/cooperative learning

strategiesE

Metal detectors in schoolsP

Mentoring programsP

Proactive policingE

Gun buyback programsI

Reducing exposure to television violenceP

Laws and policies restricting
availability/access to gunsP

aPrograms are designated as effective (E), ineffective (I), or promising (P). Refer to text for designation criteria.
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Interventions at this level are also popular because they are
easier to implement and their effects are easier to measure
than other types of interventions.

Programs focused on increasing social problem-solving
and competency skills are an effective individual-level
intervention. These programs train participants to follow a
sequence of discrete steps when solving common social
problems. They also teach and rehearse perspective-taking
skills and moral reasoning. These programs have been
found to improve social problem-solving skills and social
competence and reduce conduct problems and aggressive
behavior among participants. An example of this type of
program implemented in the school setting is Promoting
AlternativeThinking Strategies (PATHS), which consists of
20- to 30-min sessions taught three to five times a week
throughout the elementary school years. PATHS has suc-
cessfully been used with general education and special
education students throughout the United States and in
England, Wales, Scotland, the Netherlands, and Australia.

Several individual-level interventions are demonstra-
bly ineffective. Didactic programs that focus on dissemi-
nation of information in a lecture format are ineffective.
A well-known example of this is Drug Abuse Resistance
Education (DARE). DARE is the most widely imple-
mented youth drug prevention program in the United
States. The curriculum is taught by police officers over
17 weekly lessons, primarily to 5th and 6th graders.
Numerous well-designed evaluations and meta-analyses
have consistently shown little or no deterrent effects of
the program on substance use or delinquent behavior.
Nonetheless, DARE receives substantial support from
parents, teachers, police, and government funding agen-
cies. Changes are being made in an attempt to improve
the program’s effectiveness, such as adding social skills
training sessions to the core curriculum.

Social casework, which is used extensively in the juve-
nile justice system, is also an ineffective violence preven-
tion strategy. This approach is a mainstay of juvenile
justice and social services, but research indicates that
it is not effective in preventing or reducing serious
antisocial and violent behavior, even when services are
comprehensive and carefully delivered. Evaluated numer-
ous times, intensive casework has failed to show positive
effects and in some cases, negative effects have been
shown among youth receiving the casework services as
compared to control groups.

Scare tactics, such as Scared Straight programs, where
youth with minor offenses have brief encounters with
maximum security prison inmates who describe the bru-
tality of prison life, do not work and, in some studies, have
been associated with increased rates of crime and re-
arrest. Boot camps for delinquent youths are modeled
after military basic training. The primary focus is on
discipline. Compared to traditional forms of incarceration
or parole, boot camps have been found to produce either
no significant effects or an increase in repeat offending.
Family-Level Interventions

Family-level interventions are among the most promising
interventions known to date. Interventions of this type
have repeatedly shown efficacy and effectiveness for
reducing behavioral problems, violent and delinquent
behavior, and substance use among youth. Successful pro-
grams promote effective family functioning, including
developing strong family emotional bonding, providing
good supervision of children, clearly communicating and
enforcing behavioral norms, and using critical thinking
skills to solve problems. Effective family-level interven-
tions include parent training programs, home visitation
programs, and family therapy.

The evidence base documenting the effectiveness of
parent training programs in improving parenting skills and
family cohesion, and reducing aggressive behavior and
substance use among children and adolescents is extensive
(Kumpfer and Alvarado, 1998). The efficacy of parent
training has been observed in numerous randomized con-
trolled trials in high-risk populations including children
and adolescents with serious behavioral disorders and
delinquency and those with detectable problems who do
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not yet meet criteria for a behavioral disorder. Parent
training programs have been found to produce significant
improvements in parenting skills and child behavior
problems among families from diverse economic back-
grounds. Many programs are video-based, showing effec-
tive and ineffective parenting skills in videotaped
vignettes. These programs have significantly improved
parenting skills and reduced child behavior problems
even when self-administered. Moreover, the children’s
behavior continues to improve over the long term. The
addition of consultation sessions with a therapist to the
videotape program has been shown to result in even better
outcomes. Evidence from evaluation studies in Australia
and the United States further suggests that weekly tele-
phone sessions are an effective way to deliver parenting
education to reduce aggressive behavior and violence in
children and youth (Borowsky et al., 2004). Telephone-
based delivery can facilitate access to parents throughout
a wide geographic area and holds promise as a strategy for
widespread dissemination of effective interventions.

Examples of successful parent training programs include
the Triple-P-Positive Parenting Program in Australia,
implemented inChina, Germany,NewZealand, Singapore,
and the United Kingdom, and the Incredible Years Parent-
ing Series used in the United States. Of early interventions
to prevent serious crimes,Greenwood and colleagues (1998)
found that parent training was the most cost-effective, and
was much more cost-effective than incarceration.

Home visitation programs involve weekly to monthly
visits by nurses during pregnancy, continuing for the first
2 years of a child’s life. The nurses provide parenting
information, emotional support, counseling, and linkage
to social services. Long-term follow-up indicates that
children who are visited have lower rates of offending as
teenagers, less antisocial behavior, and less substance use
than those not receiving home visitation (Olds et al., 1998).
The positive impact of this approach illustrates that an
intervention during the first 2 years of a child’s life can
have an enduring effect on development. Home visitation
programs have been implemented throughout the world,
including Australia, Canada, China, Denmark, Estonia,
Israel, South Africa, Thailand, and the United States.

Marriage and family therapy approaches have also
demonstrated positive impacts on antisocial behavior in
children. Family therapy seeks to change patterns of fam-
ily interaction and communication through a therapist
working with family members together in a group.
Three successful family therapy programs used in the
United States with youth already involved in violence
and/or chronically offending and in the juvenile justice
system are Functional Family Therapy, Multisystemic
Therapy, and Multidimensional Treatment Foster Care.
Program outcomes include long-term reductions in arrest
rates among juvenile offenders.
Extrafamilial Environmental-Level Interventions

This broad domain includes interventions directed
toward peers, schools, neighborhoods and communities,
and society as a whole.

In peer mediation programs, students agree to have
their disputes mediated by a peer who has been trained to
help both parties analyze the problem and reach a non-
violent resolution. The process is designed to reach consen-
sus, maintain confidentiality, and avoid blame. Evaluations
have found no evidence of a positive effect and, in some
cases with high school students, harmful effects.

Classroom management interventions include estab-
lishing expectations for classroom behavior, using rewards
and punishments to enforce classroom rules, and using
instructor aides and parent volunteers to assist in the
classroom. Cooperative learning strategies include small
group learning to reinforce and practice what is learned.
The Seattle Social Development Project is a program
used in both elementary and middle school that includes
these components and has been found to have a strongly
positive impact both on academic outcomes as well as
delinquency and drug use in follow-up studies over two
decades. The Olweus Bullying Prevention Program
includes classroom management strategies to establish
and enforce class rules against bullying, in conjunction
with a school-wide component and an individual compo-
nent that includes working with students identified as
bullies and victims, and their parents. Initially implemen-
ted in elementary and junior high schools in Bergen,
Norway, the program has been replicated in England,
Germany, and the United States. The intervention has
been associated with significant reductions in bullying
and antisocial behavior.

Another school-level violence intervention is changing
the physical environment of the school so that it is more
physically secure. Using metal detectors and other security
systems has been shown to significantly reduce weapon-
carrying in schools, but they have not been found to reduce
threats and fighting either within or outside of school. With
fewer guns in school, however, there is the potential to
reduce the lethality of conflicts within the school building.

Mentoring programs recruit an adult to meet with a
young person on a regular basis, in an effort to duplicate
the kind of relationship with a caring adult that is so protec-
tive for youth against an array of health-jeopardizing
outcomes. Challenges encountered by mentoring programs
include making an appropriate match between the adult
and the child, maintaining a regular schedule of contact, and
defining expectations of the mentoring relationship. The
majority of mentoring programs have not been evaluated as
antiviolence strategies. A large-scale evaluation of the Big
Brother/Big Sister program in 1992 and 1993 in eight cities
in the United States found that over an 18-month period,
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mentored youth were less likely than controls who were
placed on a waiting list to initiate alcohol and drug use or to
hit someone. Moreover, they skipped half as many school
days as control youth. This Big Brother/Big Sister program
emphasizes frequent contact between the adult and the at-
risk youth. They screen volunteers and conduct an orienta-
tion and training. Support is also offered by professional
case workers.

In contrast to reactive policing, e.g., responding to 911
calls, proactive policing, as the name suggests, takes a
more proactive approach to crime control. One example
of this is targeting high-risk venues to suppress hot spots.
The Boston Miracle, a dramatic reduction in youth homi-
cides and all gang-related gun violence in Boston in the
1990s, was at least in part attributed to policing interven-
tions. Tactics included systematic tracing of illegal fire-
arms, interventions focused on gangs, and aggressive
enforcement of terms of parole. Consistent with public
health practices in other areas of prevention and behavior
change, this intervention was multisectoral, involving the
collaboration of law enforcement with education, health
and social services, and the involvement of influential
community opinion leaders.

Gun buyback programs are expensive and have consis-
tently shown no effect on gun violence. There is some
evidence that most of the guns turned in are dysfunc-
tional, and that most people turning in guns have other
guns at home.

Public policy is perhaps the most fertile but underuti-
lized area for youth violence prevention. Because policy is
broad-based, its potential impact is far greater than other
programing. Additionally, public policy and other societal-
level interventions are powerful because they have the
potential to work automatically to protect children from
violent injuries. Many of the interventions that operate at
the individual and other environmental levels are active
strategies. These interventions require the action of a
child, a parent, or a teacher on every occasion to work.
Strategies such as using social problem-solving skills in a
conflict situation, practicing positive parenting skills to
prevent misbehavior, or recognizing warning signs in a
troubled student and obtaining appropriate help can be
very effective when implemented. But active strategies, in
general, are not as effective as passive strategies, because
they depend on repeated actions to work, thereby affording
many opportunities for human error. Passive strategies are
safety nets that work automatically to help prevent injury.
Not having a handgun in the home is one example of a
strategy that works automatically to protect against injury,
by limiting immediate access to means for a highly lethal
form of violence. There are two types of societal-level
interventions that have been empirically evaluated to
some extent and are directly related to adolescent violence:
Decreasing exposure to media violence and decreasing
access to firearms, especially handguns.
The studies that have been conducted to date on media
violence suggest that any significant effect on youth vio-
lence is likely to require decreasing media violence con-
tent and the exposure of children and adolescents to such
violence, as well as encouraging parents to monitor and
critically discuss with children and adolescents the vio-
lence seen on television and through other media.
A randomized controlled study conducted of an interven-
tion to reduce television, video, and video game use that
included third- and fourth-grade students in two elemen-
tary schools in California found that the intervention
significantly reduced aggressive behavior in these chil-
dren (Robinson et al., 2001). Other studies include natural
experiments. A remote town in Canada was unable to
receive television for several years. When television
again became available to residents, aggressive behavior
among children increased sharply. In South Africa, many
communities were denied access to television for political
reasons. After reforms, television was introduced and the
murder rate greatly increased. The results of these natural
experiments should be interpreted with caution, however,
as social and political factors may confound the relation-
ship between television and the observed violence.

Several studies provide evidence that restricting access
to handguns may reduce community-wide homicide
rates. A study evaluating a regulation in Washington,
DC, restricting the purchase, transfer, and sale of hand-
guns, with stiff penalties for violation of the ordinance,
demonstrated an immediate and significant reduction in
firearm homicides following adoption of the regulation.
Nonfirearm homicides did not decrease significantly in
the same time period, and firearm homicides in nearby
comparison areas also did not drop (Loftin et al., 1991).
During the 1990s, gun carrying was banned in areas of
Colombia during certain weekends known to have higher
homicide rates, such as weekends after paydays. Homi-
cides were found to be lower when the ban on carrying
guns was in effect (Villaveces et al., 2000).

A systematic review of the effects of federal and state
laws restricting access to firearms on violence in the
United States found insufficient evidence to determine
effectiveness due to a paucity of studies. Design modifica-
tions to reduce the lethality of firearms, particularly
handguns, is a prevention strategy with potential for
reducing injury from firearm violence that requires devel-
opment and evaluation (Duke et al., 2005).
Principles of Effective Interventions

Dusenbury and colleagues (1997) compiled a list of key
components of promising violence-prevention programs,
based on a review of the literature and interviews with
violence-prevention experts. First, effective programs
include a comprehensive, multifaceted approach that pro-
motes connectedness to family, school, and community.
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Effective programs are developmentally appropriate, begin
in the early grades, and continue through adolescence.
They promote competence in the areas of self-control,
decision making, problem solving, listening, and communi-
cation skills. Promising programs involve interactive tech-
niques and rehearsal, as children and youth often learn best
by doing, and learning is reinforced through a variety of
activities, such as group work, discussions, and role plays.
Promoting cultural identity, providing staff training, and
promoting a positive climate are all important elements
of effective interventions. Lastly, effective school-based
violence-prevention programs include activities that foster
a climate that does not tolerate violence, aggression, or
bullying. The goal is to create a culture where peace is
the norm.
Challenges to Disseminating Successful
Models

Although there are many effective youth violence preven-
tion strategies, the effectiveness of most existing programs
worldwide is unknown because the strategies used are
untested. At the same time, the presence of persuasive
evidence is not sufficient to assure adoption of demon-
strably effective interventions. Even the most effective
strategies for preventing violence and other behavioral
problems among youth, such as parent training interven-
tions, have not been widely implemented. Challenges for
community adoption and implementation include locat-
ing resources to initiate programs and successfully repli-
cating interventions implemented in another setting.
When the resources and political will are present to
permit implementation of successful interventions, the
complex issues of adaptation to fit community norms
and needs can stymie progress, or result in modification
or elimination of intervention characteristics most critical
for success. Beyond this, when effective strategies are
enacted, including successful adaptation to assure good
fit with community characteristics, the challenges of sus-
tainability are often insurmountable. Maintaining effec-
tive interventions over time usually requires creative
multisectoral mobilization and advocacy to both build
and sustain the agenda for ongoing youth violence pre-
vention. And to assure a continued goodness of fit
between an intervention and a changing youth population
in evolving social contexts, periodic evaluation and feed-
back is a necessary (and often neglected) component.
Conclusion

The short- and long-term consequences of violence at the
individual, familial, and community level continue to
make youth violence prevention a compelling public
health concern around the world. From the perspective
of public health research, programs, policy, and practice,
there are well-established, well-understood factors that
dramatically increase the likelihood of violence involve-
ment, just as there are known, effective approaches to
reducing and preventing young people from witnessing,
experiencing, and perpetrating violence. The movement
to adopting and sustaining strategies that both reduce risk
and enhance protective factors, grounded in the evidence
of what works, requires a public health knowledge base, a
deep understanding of community context, and the req-
uisite skills in advocacy and agenda building that can
effectively promote the use of effective strategies. The
growing evidence base demonstrates that there is an
ever-widening array of interventions, at the individual,
family, and community level, that will decrease the
reach, the severity, and the likelihood of violence involve-
ment among all young people.
See also: Violence/Intentional Injuries – Epidemiology

and Overview; Violence/Intentional Injuries – Prevention

and Control.
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